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BBeneHue

HacTtosawmin MHPOpMaunNoOHHO-TEXHUYECKUA CNPABOYHUK MO HaUNyyYlWwUM LOCTYMHbIM
TexHonornam «l1pon3BOACTBO MPOYUX OCHOBHbIX HEOPraHUYECKUMX XUMMUYECKUX BeLLecTB»
(nanee — cnpaBoyHuk HOT) siBNsieTCcs 4AOKYMEHTOM MO CTaHgapTM3aumn, paspaboTaHHbIM B
pesynbTaTte aHanuaa TEXHOJNOrMYECKNX, TEXHUYECKUX U YNpaBrieHYeCKUX peLleHnn, npume-
HAEeMbIX NPy NPOU3BOACTBE TBEPAbIX U APYrMX HEOPraHNYECKUX XMMNYECKNX BELLECTB.

CtpykTypa HacTtoswero crnpasoyHuka HAT cootBetctByeT NOCT P 56828.14—2016
«Haunydwue goctynHble TexHonornn. CTpykTypa MH(POPMAaLNOHHO-TEXHUYECKOIO CrpaBoY-
Huka» [1], dbopmaT onnucaHust TEXHONOrMM, paccMaTpmBaeMbIX B CNPaBOYHUKE, COOTBETCTBY-
et NOCT P 56828.13—2016 «Hauny4dwue goctynHble TexHonornn. dopmart onucaHna Tex-
Homnormm» [2], TepmuHbl npuBegeHbl B cootBeTcTBumn ¢ NOCT P 56828.15—2016 «Hawunyu-
LuMe OOCTYNHble TEXHONOrMK. TepMunHbl 1 onpegeneHnsa» [3].

KpaTkoe coaepxaHue cnpaBOYHMKA

BBepeHue. NpeacraBneHo KpaTkoe coaepkaHne cnpaBodHuka HOT.

Mpeaucnosue. YkasaHa Lenb paspaboTkm cnpaBoyHuka HOT, ero ctaTyc, 3akoHoAa-
TenbHbIA KOHTEKCT, KpaTKoe onucaHve npoueaypbl Co3gaHus B COOTBETCTBUM C YCTaHOBMEH-
HbIM MOPSAKOM, a TaKKe B3aMMOCBSA3b C aHaNOM4YHbIMU MeXAyHapo4HbIMU JOKYMEHTaMW.

O6nactb npumeHeHuA. OnucaHbl OCHOBHbIE BMAbI AEATENBbHOCTU, HA KOTOpble pac-
npocTpaHsieTca gencraune cnpaBoyvHuka HOT.

B paspene 1 npeacrtasneHa nHgopmaumst O COCTOSHUM M YPOBHE PasBUTUS TBEPAbIX
N ApYrmx HeopraHn4yecknx XMMmn4eckux eellects B Poccurickon degepaumn. Takke B pasge-
ne 1 npuBeneH KpaTkui 0630p 3KOSIOrMYECKMX acrnekTOB MPOM3BOACTBA MPOYMX OCHOBHbIX
HEeopraHMYeCKNX XMMNUYECKMNX BELLLECTB

B paspenax 2-12 npegctaBneHa wWH@OpMauuss nNo NPOM3BOACTBY rMnoxmnopura
HaTpua, rMNOXNopuTa Kanbumsi, GTOPUCTBLIX CoeanHeHUI, Kapbuaa KpeMHusi, nepokcnga Bo-
popoaa, nepkapboHata HaTpua, Xnopuaa xenesa, cynbdaTa HaTpus, BOOOPOAa dNeKTposun-
30M BOAbl, Kanbuus XrOPUCTOrO CONMSIHOKUCIOTHLIM PasfoXeHNEM U3BECTHSKOBOIo KaMHS,
CONSAHOWN KMCMNOTbI U XMOPLLENTOYMHOMY NPOU3BOACTBY.

Paspgenbl 2-12 copgepxat cnegyrowime nogpasgensi:

- obwasa nHdopmauus;

- ONMcaHne TEXHOMOIMYECKNX NPOLIECCOB, UCMOSb3YEMbIX B HACTOSLLIEE BPEMS;

- HOPMbI pacxoda Cblpbsa U AHEPropecypCos;

- TeKyLlne YpOBHN 3MUCCUUN B OKPYKaIOLLYHO cpealy.

B paspgenax 13-16 npencraeneHsl onpeaenenve HAT, obwue HOT, 3KoHOMMYeckne
acnekTbl peanu3auun HOT 1 nepcnekTMBHbIE TEXHOOMMN

3aKknounTenbHbIe NMONOXEHUA U pekomeHpauuu. [pueBeaeHbl ceBefeHuss 06 wmc-
Nonb30BaHHbLIX MaTtepuanax npu noarotoBke crnpasoyHuka HOT, a Takke cBegeHna o pas-
paboTumnkax cnpaBoyvHunka HAT.

Bubnuorpadwma. NpnBegeH nepevYeHb MCTOMHMKOB MHAOPMAaLUK, UCMOSb30BaHHbIX
npu paspaboTtke cnpasoyvHmka HAT.
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Llenn, ocHOBHblE NpMHUMNbI 1 NOPSAOK pa3paboTkm cnpaBoyHuka HAT ycTtaHOBMEHDI
noctaHoBneHunem [lNpasutensctea Poccuiickon depepaumn ot 23 gekabpsa 2014 r. Ne 1458
«O nopsagke onpefeneHns TEXHOMOMMU B KavyecTBe Haumnyywen OOCTYMNHOW TeXHONornu, a
TaKke paspaboTku, akTyanusaumm n onybrnmkoBaHUA WMH(OPMAaLNOHHO-TEXHUYECKMX Crnpa-
BOYHUKOB MO HaWNy4YLWMM OOCTYMHbIM TexHonornam» [4]. NepedyeHb obnacten npumeHeHus
Hauny4ywmx OOCTYMHbIX TEXHOMOMMN ornpegernieH pacnopsbkeHnem [NpasutensctBa Poccui-
ckon ®Pepepaumn ot 24 gekabps 2014 r. Ne 2674-p [5].

1 CtaTtyc AOKyMeHTa

HacTtoswun cnpaBoyHuk HOT saBnseTca AOKYMEHTOM MO CTaHgapTu3aumn n paspabo-
TaH B COOTBETCTBUWM C MOSNIOXEHUSMU, TPeOOBaAHUAMM U TEPMUHOMOIMEN, U3NOXEHHBIMU B
HauMoHanbHbIX CTaHA4apTax B 0611acTv Haunyywmnx JOCTYNHbIX TexXHonornn [1-3].

2 Undpopmauma o paspaboTumkax

CnpaBoyHnk HOT paspabotaH TexHuyeckon pabouen rpynnon «lMpon3sBoacTBoO npo-
YMX OCHOBHbIX HeopraHudeckux xmmuyeckux Bewlects» (TPl 34), coctaB KOTOpou yTBEp-
XOEeH NpOTOKOMOM COBeLlaHus nofd npeacenarenbCTtBOM 3amectutend MuHuctpa npombiLu-
neHHocTu n Toproenun Poccuinckon ®epepauumn ot 22 mapta 2017 r. Ne 15-OB/12. lNepeyeHb
opraHusauun n ux npeacrtaBuTenen, NPUHUMAaBLLMX yvacTue B pas3paboTke crnpaBo4vHMKA
HOT, npuBeneH B pasgene «3akniounTenbHble MOMOXEHUS U PEKOMEHOALNN.

CnpaBoyHnk HOT npeacrtaBneH Ha yTBepXaeHne Bopo Hamnyudwmx AOCTYMHbIX TeX-
Honormn (ganee — bropo HAOT) (www.burondt.ru).

3 KpaTkas xapakTepucTuka

CnpaBoyHnk HOT cogoepxunt onucaHwe npuMeHsieMblX B MPOU3BOACTBE rMnoxsroputa
HaTpWs, rMNoxnopuTa Kanbums, MTOPUCTLIX cCoeAnHEHUI, Kapbuaa KpeMHus, nepokcnaa Bo-
popofaa, nepkapboHata HaTpus, Xrnopuaa xenesa, cynbgaTa HaTpus, BoOOpoAa 3NeKTponu-
30M BOAbl, KanbLMs XNOPUCTOMO COMAHOKUCIIOTHBIM PasfioXXeHMEM U3BECTHSAKOBOrO KaMHS,
COMSAHOM KUCIOTbl N B XJIOPLUENIOYHOM NPOU3BOACTBE, peanu3oBaHHbIX Ha Tepputopumn Poc-
curickon denepaunmn TEXHONMOMMYECKNX NpoueccoB, 060pyaoBaHNA, TEXHUYECKMX CnocoboB,
MeTO40B, B TOM 4ucre MNO3BOMSAIOWNX CHU3UTbL HEraTUBHOE BO3OAEMCTBME HA OKPYXKaHOLLYHO
cpeay, BogonotpebneHune, NoBbICUTb IHEProapPeKTUBHOCTb, pecypcocbepexeHue. N3 onu-
CaHHbIX TEXHOMOrM4yecknx npoueccoB, 06OpyaoOBaHUSA, TEXHUYECKMX CnocoboB, METOOO0B
onpeaeneHbl peLleHns, aBnaoLWmnecs HamnyywmnmMmm goctynHbiMu TexHonornamm (HOT). Ons
HOT B cnpaBoyHuke HOT ycTaHOBMNEHbl COOTBETCTBYHOLLME TEXHONOIMMYECKNe nokasartenu
HAOT.

4 BzanmocBA3b C MeXxAayHapoaHbIMU, permoHaribHbiIMU aHanoramm

Mpu paspaboTke cnpaBoyHuka HOT 6b1IM ncnonb3oBaHbl cNpaBoOYHUKKM EBponenckoro
coto3a no HOT ¢ y4yeTom ocobeHHOCTEN NPOU3BOLACTBA MPOYMX OCHOBHbLIX HEOPraHU4eCKnx
XMMmn4eckmx sewlecTts B Poccurickon degepaumm:

- «EBponenckas komucems. CnpaBoYHbIN JOKYMEHT MO HaUNyYWUM AOCTYMHbIM TeX-
HOMOrMAM A5 NPOW3BOACTBA TBEpAbIX W OPYrMx HEeOopraHW4ecknx XumMukaToB. ABrycT
2007 r» [6];

VIl
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- «EBponenckas Komucena. Hauny4ywme goctynHble TexHonormm. CnpaBoYHbIA OOKY-
MEHT N5 Npou3BoAacTBa xropa 1 wenoun. flekabpb 2001 r.» [7];

- «<EBponenckas Komuccusa. Haunydwme goctynHele TexHornorum (HOT). CnpaBoyHbIN
OOKYMEHT AOnsi XNop-wernoyHoro npoussoacTtsa. OkoHyaTenbHbIM NpoekT. Anpenb 2013 r.»
[8], a Takke B 06beMHbIV 0630p, onybnunkoBaHHbI EBponerickon komuccnen B 2014 r.;

- European Commission. Joint Research Centre Science and Policy Reports. Best
Available Techniques (BAT). Reference Document for the Production of Chlor-alkali. 2014.
EUR 26844 EN [9].

5 Coop AaHHbIX

MHpopmauma o TexHonornmyecknx npoueccax, obopyaoBaHUM, TEXHUYECKUX CMOCOo-
Bax, meTogax, NpMMeHsieMbIX Npu NPOU3BOACTBE MMNOXIOpUTa HaTpUA, rMNoXnopuTa Kanb-
umns, TOPUCTBbIX COeAMHEHUN, Kapbuaa KpemHus, nepokcmaa Bogopoaa, nepkapboHaTa
HaTpuA, Xnopuaa xenesa, CONAHOM KUCIOTbl N XMNOPLLENOYHOMY NMpoun3BoacTBy B Poccum-
ckon ®epgepauunm 6bina cobpaHa B npouecce pa3paboTkm cnpaBodHuka HOT B cooTBETCTBUM
¢ Mopsakom cbopa gaHHbIX, HeobxoanMMbIX AN pa3paboTKM MHPOPMALNOHHO-TEXHUYECKOTO
CrpaBoOYHMKA NO HAUMYYLIMM OOCTYMHbIM TEXHOMOMMAM U aHanu3a npuopuTETHbIX Npobnem
oTpacnu, yTBepXxaeHHbIM npukasomMm Pocctangapta ot 23 nons 2015 r. Ne 863 [10].

6 B3anmocBssb ¢ apyrumu cnpaBoyHukamu HAOT

B3anmocBasb Hactosiwero crnpasodHvka HOT ¢ gpyrumu crnipasovHukamu HOT, pas-
paboTaHHbIMWN UK pa3pabaTbiBaeMbiMM B COOTBETCTBUMN C pacnopsbkeHmeM [NpaBuTenbcTBa
Poccuiickon ®epepaumm ot 31 oktsbps 2014 r. Ne 2178 p [11], npuBeaeHa B pasgene «O6-
NnacTb NPUMEHEHNS».

7 UHdbopmaumsa o6 yTBepxxaeHMu, onyobnmkoBaHumM 1 BBeAeHUU B AeCTBUE

Cnpasounnk HAT yTtBepxgeH npukasom PocctanHpgapta ot 15 pekabpa 2017 r.
Ne 2847.

CnpasoyHvk HOT BBeaeH B gencteme ¢ 1 nonga 2018 r. oguymnansHO onybnmkoBaH B
NHOPMAaLMOHHON cucTeMe obulero nonbL3oBaHMA — Ha ouumansHom cante deagepanbHO-
roO areHTcTBa MO TEXHWYECKOMY pPErynmpoBaHui0 KU MeTposiormm B ceTn WHTepHeT
(www.gost.ru).






UTC 34—2017

MHPOPMALUUOHHO-TEXHUYECKUN CNPABOYHMUK
NO HANMAYYWUMUM OOCTYNHBIM TEXHONOIMAM

NMPOU3BOACTBO NMNPOYNX OCHOBHbIX
HEOPITAHUYECKUX XUMUYECKUX BELWECTB

Production of other basic inorganic chemicals

DaTta BBegeHua — 2018-07-01
O6nactb NpUMeHeHUA

HacToswwun cnpasoyHnk HOT pacnpoctpaHaeTca Ha npouecchl NPON3BOACTBA:

- rMnoxnopuTa HaTpus;

- rMnoxnopuTa Kanbuus;,

- pTOopA;

- pTOpMaa Bogopoaa n ptopmcToBOAOPOAHOM KACHOTHI,

- rekcaTopmga cepel;

- pTOpPMAAa Kanbuus;

- Nepekncu Boaopoaa;

- nepkapboHaTta HaTpus;

- XJTOPHOrO Xenesa;

- Kapbnoa KpemHus;

- NPOMBbILLSIEHHbIX FA30B (Bogopoaa);

- XI1opa;

- rmapokcmaa HaTpus (e4koro Hatpa);

- rmapokcmaa kanus (egkoro kanw);

- Xxniopuga Bogopoaa U CONAHOM KUCNOThI;

- cynbdarta HaTpus;

- BOOOPOAA 3MeKTPOonnM3omM Boabl;

- KanbLusa XNOPUCTOro CONSIHOKUCITIOTHLIM PasfoXeHNEM U3BECTHAKOBOIO KaMHS.

MponsBoacTBa ykasaHHbIX XUMUYECKMX MNPOLAYKTOB OTHOCATCSA B COOTBETCTBUMM C
OK 029—2014 [12] K «nNpOon3BOACTBY NPOMbILLAEHHbIX ra30B» U «MPOU3BOACTBY MPOYMX OC-
HOBHbIX HEOPraHMYECKNX XUMUYECKNX BELLIECTB».

Kogbl OKB3[], cooTBeTcTBYylOLWME 0BNACTU NMPUMEHEHNSA HACTOSALLErO ChpaBOYHMKA
HAOT, npuBegeHsl B npunoxeHun A.1.

HavmeHoBaHMs NpOYMX OCHOBHbIX HEOPraHMYECKUX BELLECTB C yka3aHuem kogos O6-
LLIEPOCCUINCKOro Kraccudgukatopa BngoB akoHomuyeckon gestenbHoctn OKB3[ (OK 029—
2014) [12] n kogoB 06LLEPOCCUMICKOrO KnaccudumkaTopa NpoaykumMm no BMaam 3KOHOMUYE-
ckon geatenbHocTn OKIL 2 (OK 034—2014) [13] npeactasneHbl B npunoxexHun A.1.

CnpaBoyHuk HOT Takke pacnpocTpaHseTCcs Ha TEXHOMOrM4Yeckne npoLecchl, CBA3aH-
Hble C OCHOBHbIMW BMAAMWN OEATENbHOCTU, KOTOPbIE MOMYT OKa3aTb UM OKa3blBalOT BIIMSHUE
Ha KONM4ecTtBO (MaccCbl) AMUCCUIN B OKPYXKaloLLylO cpeay MM Ha macwTabbl 3arpasHeHus
OKpyXatoLen cpenbl:

- XpaHeHMEe 1 NoaroToBKa Chlpbs;

- NPON3BOACTBEHHbIE MPOLIECCHI;
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- MeTobl NpeaoTBpaLLeHNs N COKpaLLeHMs aMUCccui u obpasoBaHnsa OTXOO0B;

- ynakoBKa 1 XpaHeHune NpoayKumn.

CnpaBoyHuk HOT He pacnpocTpaHaeTcs Ha:

- Ao6bIvy 1 06paboTKy Cbipbs HA MECTOPOXAEHUSIX;

- BONPOCHI, OTHOCSALLMECA UCKMOUYMTENBHO K obecneveHunto npomMbiuneHHon Gesonac-
HOCTW UInM OXpaHe Tpyaa.

Bonpocbkl oxpaHbl Tpyda paccMaTpuBaloTCs YaCTUYHO U TOMBKO B TEX criydasx, Korga
OHW OKa3blBalOT HEMOCPEeACTBEHHOE BIMSHUE Ha BUAbl AEATENbHOCTU, BKMOYEHHbIE B OO-
nacTtb NpUMEHeHUs HacTosLero cnpasoyHuk HAOT.

[ononHutenbHble BUAbI 4EATENbHOCTU, OCYLLECTBIISEMbIE MPU NPOU3BOACTBE MPOYMX
OCHOBHbIX HEOpraHM4YecKMX XMMUYECKUX BeLLEeCTB, U COOTBETCTBYHOLUME MM CMPaBOYHUKU
HAOT, onpepenexHble pacnopsixeHnem MNpasutenbctea PP ot 31 oktsabps 2014 r. Ne 2178-p

[11], npmBeaeHsbl B Tabnumue 1.

Tabnuua 1 — [dononHuTernbHble BUAbI AEATENbHOCTY NPU NPON3BOACTBE NPOYNX
OCHOBHbIX HEOPraHMYEeCKNX XMMNYECKMX BELLECTB U COOTBETCTBYIOLLME UM cripaBovHukM HOT

Bug peatenbHoCTH

HanmeHoBaHWe cooTBeTCTBYIOLWEro cnpaBodHuka HOT

Hob6blya cbipba

NTC 16—2016 «lopHogobbiBalowasd nNPOMbILLNIEHHOCTb.
Ob6wwue npouecchl u MeToabl»

OuncTka BbIbpoCOB BpeaHbIX
(3arps3HsOLLNX) BELLECTB B
aTtMocdepHbIN BO3ayX

NTC 22—2016 «Ounctka BbIGpOCOB BpeaHbIX (3arpss3Hs-
OLKNX) BELWEeCTB B aTMOCEpPHbIA BO34yX Npu Npoun3Boa-
CTBE NpoayKuumn (TOBapoB), a Takke MNpwu NpoBedeHnn pa-
60T 1 oKaszaHWUM yCryr Ha KPYNHbIX NPENPUATUSX>

OuuncTka 1 yTunmusaumsi CTouy-
HbIX BOZA,

NTC 8—2015 «O4nctka CTOYHbIX BOA Npu NpOu3BOACTBE
npoaykuun (ToBapoB) BbINOMHEHUM paboT M okasaHuu
YCNYr Ha KPYNHbIX NPpeanpusaTuax»

YTunusauus n obesBpexmea-
HWe 0TX0J0B

NTC 15—2016 «YTunmsaums n obesspexmBaHne OTXOO0B
(kpome 06e3BpeXMBaHUA TEPMUYECKMM CNOCOOOM (CXura-
HWe 0TX040B))»

PasmelueHne otTxonoB

NTC 17—2016 «PasmelieHne OTX0O4OB NPOM3BOACTBA WU
notpebnexHns»

XpaHeHue 1 cknagmposaHue
TOBapoB (MaTepmnarnos)

NTC 46—2017 «CokpalleHne BblIOGPOCOB 3arpA3HAOLLMX
BeLLeCTB, COPOCOB 3arpsA3HSAIOLNX BELLECTB NPU XpaHeHU
N CKNagupoBaHMM TOBapoOB (rpy30B)»

Cuctembl oxnaxaeHus

NTC 20—2016 «[MpOoMbILLIIEHHbIE CUCTEMbI OXNTAXKAEHUS»

Mcnonb3oBaHue aHeprmn un
3Hepropecypcos

NTC 48—2017 «[loBblweHne aHepreTnyeckon adpdeKTus-
HOCTM MPU OCYLLECTBIIEHUN XO3SANCTBEHHOW W (MNKN) MHOW
OeAaTenbHOCTU»

Ob6palleHne co CTOYHbIMK BO-
Aamu 1 Boibpocamm

NUTC 47—2017 «Cuctembl o06paboTkn (obpalueHuns) co
CTOYHbIMM BOAAMW U OTXOAALMMW rasaMyv B XMMUYECKOM
NPOMBILLSIEHHOCTU»

OcyuiecTBneHue npoussoa-
CTBEHHOTO 3KOSTIOrM4eCcKoro
KOHTpONS

NTC 22—2016 «O6wme nNpuvHUMNLI NPON3BOACTBEHHOIO
9KOJIOMMYeCcKoro KOHTPONSA U ero meTponoru4yeckoro obec-
nevyeHns»
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Bonpockl obecnevyeHns NpoMbIWINEHHOM 6e30nacHOCTM M OXpaHbl Tpyga YacTU4HO
paccMaTpmuBalOTCA TOMbKO B TEX CryvasaX, Korda okasblBalT BNUSHUE Ha BUAbl OeATernbHO-
CTM1, BKNIOYEHHbIE B 06NacTb NpUMEHEHNA HacTosLwero cnpasoyvHmka HAT.

Paspen 1. O6wasn nHpopmauusa o6 oTpacnn XMMN4eCcKou
NPOMBILUFIEHHOCTH

XvMmunyeckast oTpacsib NPOMbILLSIEHHOCTU UMM XMMUYECKUI KOMMIEKC NPUHAANEXUT K
yncny 6as3oBbIX OTpacnen PoCCUNCKOM MHAYCTPUN. XMMUYECKUA KOMMNIEKC 3aknagbiBaeT oc-
HOBbl ee JO0NITOCPOYHOro U CTabunbHOro pasBMTUSA N OKa3biBaeT CyLLECTBEHHOE BNUAHME Ha
CTPYKTYPHbIE NU3MEHEHNS B 9KOHOMMKE, obnagarmLlime CcyecTBeHHbIM MakpOIKOHOMUYECKUM
appekToM 1 BNMSOLLME HA YPOBEHb HALMOHANbLHOW KOHKYPEHTOCMOCOBHOCTN U TeMIbl Po-
CTa 3KOHOMWKM B LLeroM.

XvmMmunyeckast otpacnb BoctpeboBaHa BCEMU APYIMMU OTPACNAMKU XO3SMCTBA U OT ee
COCTOSHUSI N PasBUTUA 3aBUCUT YPOBEHb HALMOHANbHOW KOHKYPEHTOCNOCOBHOCTM, TeMMbl
poCTa 9KOHOMUKM, BNaroCoCTosiHNE rocygapcTea. 3Ha4YeHne XMMUYEeCKOM oTpaciy NPOMbILL-
NEHHOCTN NOCTOAHHO pacTeT. Ee npogykumusa ctabunbHO M pa3HOO6pa3HO MCNOMb3yeTcsa BO
BCeEX chepax YernoBevecKom AeATeNbHOCTM U B BbITY.

MoTpebutensammn NpoayKUMM XMMUYECKOrO KOMMIIeKca ABMSTCA NpakTUYeCckn Bce OT-
pacnv NpPOMBbILMEHHOCTN, TpaHcnopTa, CenbCKOro Xo3AncTea, cdepa ycnyr, TOprosns,
Hayka, KynbTypa n obpasoBaHne, 000POHHbI KOMMJIEKC.

B xumn4yeckon otpacnu cocpegotoyeHo 6onee 4,5 % OCHOBHbIX POHAOB MPOMbILL-
NEHHOCTN CTpaHbl. [peanpusatms xmmudeckoro komnnekca obecneynatoT okono 4,7 % o6-
LLiepoccumckoro obbema BantoTHON BbIPYYKU.

B xvmuyeckon nHayctpmm HacumntbiBaetTcs okono 800 KpymHbIX U CpedHUX MPOMbILL-
NeHHbIX Npeanpusatui n 6onee 100 Hay4HbIX U MPOEKTHO-KOHCTPYKTOPCKUX OpraHun3auumm,
OMNbITHLIX W 3KCNEpPUMEHTarnbHbIX 3aBOAOB C OOLUE YMCNEeHHOCTbID COTPYAHWKOB 6onee
740 TbIC. YenoBekx.

Xnummnyeckmnn komnnekc Poccuiickon denepaumm BriovaeT B cebs aBa YKPYNHEHHbIX
BMOa 9KOHOMMYECKOM aeatenibHocTh [14] (cM. pucyHok 1.1):

- XMMU4ecKoe NPou3BOACTBO;

- NPON3BOACTBO PE3NHOBLIX N NSIACTMACCOBbIX U34EeSUN.
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XUMNYECKUA KOMIIJIEKC

\/

XVMVYECKOE IIPOM3BOINCTBO - 65,2%

[IponsBOOCTBO
OCHOBHBIX XVMUNUECKUX
BemecTB — 49,2%

\/

[IPOV3BOICTBO PE3MHOBHX

M IJIACTMACCOBHX
VBIEJINA - 24,8%

[IpoM3BOOCTBO MELIA;

MOKRMMX, UYNUCTAIMX U

NOJIMPYRIIMX CPEenCTB;
nap@oMepHEIX U
KOCMEeTHYEeCKUX
cpencTtB - 6,7%

[Ipoms3BOOCTBO

yonoOpeHum u —

A30THEIX COeIVHEHUN
- 19,1%

[Ipom3BOOCTBO
IPOUMX XUMUUECKUX
nponykToB - 5,0%

[Ipoms3BOOCTBO
[IPOUYMX OCHOBHEIX

OPTaHNYEeCKMX 1

XVIMUUE CKMUX
BemecTs - 9,0%

[[poM3BOOCTBO KpPacCoOK
u Jjaxkor - 3,0%

[Ipom3BOOCTBO

CUMHTETNYECKOTI'O 1

Kayuyka - 3,1%

[Ipom3BOOCTBO
MCKYCCTBEHHBIX
VI CUHTEeTUYECKUX
BoJIOKOH — 0, 6%

[Ipom3BOOCTBO
jlacTMacc u

CHMHTETMYE CKIUMX 1

CMOJI B TEPBUUHBIX
dopmax - 9,8%

[Ipom3BOOCTBO
XUMUYECKMX CPeICTB
3aMMTE PaCTEeHUN
(mecTMUMIOOB) U

IpoumMx
aTPOXMMMUE CKUX
nponykToB - 0,7%

lIpoune - 8,2% —

[IlpomsBOOCTBO
[JIaCTMaCCOBEIX
uzngegun - 19,8%

[lpoM3BOOCTBO WMH U
PE3UHOBLEIX U3OeJIUM
- 5,0%

[lpoM3BOOCTBO WMH,
NOKpPHIIEK UM KaMep
- 4,52%

Ha PUCYHKe He yKa3aHO Npou3BOACTBO (hapmMaLeBTUYECKOM NPOLYKLMN,
coctaensowee ~10 % oT obLiero Npon3BoACTBa XMMNUYECKOro KOMMekca

Poccuinckon ®egepaunn

PucyHok 1.1 — CTpyKTypHasa cxema XmMm4eckoro komnriekca Poccumnckom
®epepaumn, 2014 r., % (no aaHHbIM SPG, HUMTIXWUM, MunnpomTopra

Poccun)

[ona xumuyeckoro KOMMfekca B CTPYKType MNpOMbILSEHHOrO npoussoactea PO B
2014 r. coctaBuna okono 6 %, yctynas nobblve nonesHbix nckonaemoix (23 %), MaMHOCTPO-
eHunto (10 %), NpoM3BOACTBY U pacnpedeneHunto anekTpoaHeprin, rasa n sogpl (10 %), metan-

nypruyeckomy npounssoactay (10 %) n npomsBoACTBY nuLeBon npoaykuum (11 %) [14].
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[laHHble 0 CTPYKTYype NpOMbILLNIEHHOrO Npon3BoacTBa PP npveeaeHsbl B Tabnuue 1.1.

Tabnuuya 1.1 — CTpykTypa NpoMbiLLnIeHHOro nponssoactea B PO, 2014 r. [14]

Otpacnb npombiwneHHocTn B Poccunckon deaepavuinm fons otpacny & npombiLu-
neHHoctH, %

[loObl4ya Nones3HbIX NCKoMaembIix 23
[Mpon3BoaCTBO NULLEBLIX NPOAYKTOB 12
[Mpon3BoacTBO M pacnpeaerieHre anekTpo3Hepruum, rasa n Boapl 11
MeTannypruyeckoe npov3BOACTBO M NPOU3BOACTBO rOTOBbLIX 10
MeTannnuyecknx n3genum
MalumHocTpoeHue 10
XNMNYECKMI KOMIMIMEKC, BKNOYas Npon3BoLCTBO U3gennn us 6
nnactmacc u PTH
Mpon3BoacTBO 3nekTpoobopyaoBaHUS, ANEKTPOHHOIO 1 ONTH- 4
Yyeckoro obopyaoBaHus (dNeKTpoHuKa)
Mpon3BoACTBO NPOYMX HEMETANTMYECKUX MUHEPATbHbIX MPO- 3
AYKTOB
Mpoune oTpacnn (CermeHThbl) 21
[MpOMbILLNEHHOCTL BCErO 100

Xnmumyeckasi NpOMbILLNEHHOCTb 06nagaeT LWMPOKOWN CbipbeBON Ga3on, NO3BONSAIOLLEN
YyTUNN3MPOBaTb HEKOTOPbIE BUAbI OTXOA0B NPON3BOACTBA M NOTPEONEHNA N aKTUBHO MCMONb-
30BaTb BTOPUYHOE Cbipbe, YTO CnocobCTBYET Bonee SKOHOMHOMY pPacxXxo40BaHMIO NPUPOLHbIX
N aHepreTudecknx pecypcoB. Kpome TOro, oHa cosgaeT npoaykTbl (BewiectBa), KOTopble
NPUMEHSIOT ANA XMMUYECKOM OYUCTKM M obes3apakmBaHus BOAbI, BO3adyxa, AN 3aWMThbl U
pocCTa pacTeEHNN U BOCCTAHOBIIEHUS MOYB.

C Opyron CTOpPOHbI, XMMUYECKaa MPOMBbILLNIEHHOCTb OTHOCUTCHA K YMCiy AO0CTaTOYHO
Npo6NeMHbIX, C TOYKN 3PEHUSA IKOMOrMu, oTpacrien, BO3LENCTBYIOLLMX NPAKTUYECKM Ha BCe
KOMMOHEHTbI OKpYXXatoLen cpeabl, 4To onpeaenseT Heo6X0ANMMOCTb U aKkTyanbHOCTb peanu-
3aummn 4ONONHUTENBHbLIX NPUPOLAOOXPAHHBLIX MEPONPUATUIA, obecnednBatoLLnx HeoBXxoauMyHo
N OOCTaTOYHYH 3KOSIOrMyeckyto 6e30nacHOCTb NPOM3BOACTB.

JKornornyeckme akTopbl B XMMUYECKOW OTPACN NPOMbILLIIEHHOCTU HE TONbKO BIIUS-
IOT Ha KOHKpPEeTHOe pasmelieHne N PYHKLUMOHMPOBAHUE XMMUYECKUX MNPeanpusTUiA, HO U
onpeaensiT HeobxoaMmocTb U 3(P(EKTUBHOCTL MCMNOMbL3OBaHUA U NepepaboTkm nobbliX,
Aaxe caMblX TOKCMYHBIX M OnacHblX 0TxoaoB. OgHako Bce Bonee akTyanbHbIM U 3HAYMMbIM
CTaHOBUTCA BONPOC 00 yTunusaumm nNpoaykKuumnm XMMUYECKUX NpeanpuaTuii, Tak Kak MHOrue
paHee U3BECTHbLIE N HOBbIE BELLECTBA M MaTtepuarbl, CO3gaBaeMble OTPaCHblo, NPaKTUYECKN
He pasnaratoTcs. [naBHble Npobnemebl, CTosILME Nepen OTpacbio — pa3BuMTME NPON3BOACTB
HOBENLUMX BUOOB NPOAYKUMN TOHKON XMMUKM (YMCTblE BELLECTBA, peakTusbl), MUKpOBUosoru-
YeCKOM MPOMBILLSIEHHOCTN, CO34aHne HebonbLUMX MPOU3BOACTB, HE OKa3biBalOLMX Cylle-
CTBEHHOIO BO34ENCTBMS Ha OKpYXKaloLLyto cpeay.

Mo o6bemMy MHBECTULMI B OCHOBHOM KanuTtan B 2014 r. XMUYECKNA KOMMSIEKC 3aHSN
TPeTbe MECTO cpean BCeX OTpacren poccumnckon npombiwneHHoctn (5,4 %) nocne gobblum
nonesHbix nckonaemsolix (40,5 %) n NnpomM3BoACTBa M pacnpeaeneHus 3NeKTPO3Hepruu, rasa u
BoabI (21,9 %) [14].
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Ha cerogHAWHUN OeHb MOXHO BblAENUTb pag KNHOYEBbIX NPOBreM XMMUYECKOW OT-
pacnu npomblwneHHocTn Poccuinckon ®eagepaunn.

1) BbICOKME LIEHbI N OTCYTCTBME HEOOXOAMMOro acCCoOpTUMEHTA CbIpbs ANSA OTAENbHbIX
NPOU3BOLACTB XMMNYECKOW OTPAaCN NPOMBbILLIIEHHOCTMU;

2) BbICOKMI YpPOBEHb U3HOCA psfa NPOU3BOACTBEHHbIX MOLLHOCTEN;

3) BbiCOKME KanuTarbHble 3aTpaTbl HA CTPOUTENLCTBO HOBbIX XUMUYECKUX MNPOU3-
BOACTB;

4) HegoCTaTOYHOE pasBUTUE HAYYHOrO M TEXHOMOMMYECKOro noTeHuuana XmmMmy4eckoro
KOMMnekca;

5) BbICOKME LIEHbl Ha 3MEKTPOIHEPIUIO U KEere3HOLOPOXHbIe NepeBO3KU, HeAOoCTaToK
TPaHCNOPTHO-NOMMCTUYECKON MHAPACTPYKTYPbl, CIIOXHOCTb ee paclumpeHns n obecnevyeHns
A0CTyna K Hew;

6) HegocTaToO4YHOE pas3BUTUE CUCTEMbI TEXHWYECKOro peryrimpoBaHuUs, OTpacneBbiX
CTaHAapTOB U CUCTEMbI KOHTPOSIA KavyecTBa NpoayKLMMU XMMUYECKOro KOMMIEKCa;

7) HegocTaToO4Has eMKOCTb BHYTPEHHEIO PblHKa XMMUYECKNX NPOOYKTOB;

8) 3aBMCMMOCTb CTpaTernyeckux Npon3BoaCcTB OTPACIM OT UMMOPTHOIO CbIPbS;

9) HegocTaTOYHOE pasBUTME KagpOBOro MoTeHuuana W BbICOKONPOU3BOAUTENbHbIX
paboumx mMecT.

O6o3HayeHHble NpobrnemMbl Haubornee akTyanbHbl AN BCEX OTpacnerd XUMUYEeCKOM
NPOMbILLIIEHHOCTU N KOMMMEKCHO BIIUSKOT HA COCTOSHWE BCEW MPOMBbILLNIEHHOCTU B LENOM,
NO3TOMY WMX peLleHNEe MOMOXET 3HAYUTENIbHO MNOBLICUTH KOHKYPEHTOCNOCOOHOCTb XMMUYe-
cKoro komnnekca Poccum n Kaxgoro n3 ero CEerMeHToB B OTAEIbHOCTH.

Cnepyet Takke OTMETUTb HEKOTOPbIE NPENMYLLECTBA XMMUYECKOrO KOMMNIeKca nepes
ApYrMmMmn oTpacnsmu:

- pasHoobpasune 1 oTHocuTernbHaA AOCTYNHOCTb UCXOAHOIO Chipbs;

- OTHOCUTENBLHO HeborbLIaa 4oNs OTXO0A40B NPOU3BOACTBA, MMOX0 NoAAaLLMXCa YTH-
nm3aumm nnmn o6e3BpEXNBAHNIO;

- UCMOMNb30BaHNe MaTepuarnbHbIX PECYPCOB U 3HEPrOPECYPCOB MOXET ObITb KOMOUHK-
POBaHHbIM;

- BO3MOXHOCTb NpON3BOACTBA MOAEHTUYHbBIX NPOAYKTOB N3 Ppa3HOro UCXOLHOrO ChIPbS.

1.1 NMpoun3BoaCcTBO NPOYMX OCHOBHbIX HEOPraHUYeCKNX XMMMUYECKUX
BellecTB

Mpoune OCHOBHbIE HEOpPraHM4YecKne XMMUYeckme BeLLeCTBa COCTaBMAT MPUMEPHO
12 % Bcex 6a30BbIX NPOAYKTOB OTpACAN U SABMASKOTCA CTapenMMn XMMNUYECKUMU NPoayKTa-
MU. K HUM OTHOCATCA BOLOPOA, XNOp, MMAPOKCUMA HaTpus (KaycTudeckas cofa, HaTp enkun,
KayCTUK, HaTpueBas LenoYb), rmapokcua Kanusa (eakoe Kanwu), rmnoxnopuT HaTpus, pasnuy-
Hble HeopraHM4yeckne KUCnoTbl, B TOM YUCNe COoNsAHas U NnaBMKOBas KMUCIOTA, a Takke conu
yKa3aHHbIX KMCHOT.

OgHoM M3 3HAYUTESNbHBIX N KAKYEBbLIX COCTaBMSAWMX XMMUYECKOro komnnekca PO
SABNAeTCA NPOM3BOLACTBO BOAOPOAA, XMopa M rMApoKcMaa HaTpus UM Tak HasblBaemoe
XJTOp-LLEeNoYHOE NPOM3BOACTBO, KOTOPOE MNO3BOSISET OAHUM N3 TPEX ANEKTPOXUMNYECKUX Me-
TOAOB OOHOBPEMEHHO MOfyYaTb cpasy TPU XMMWUYECKMX BELLECTBa M MpoAyKTa: BOAOPOA,
XNOop M rmapokecua, Hatpua (HaTp efkun, kayctmyeckasl cofa, KaycTuK, HaTpueBas LUEenoYb).
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Tak, B 2012 r. o6bem nponssoacTtea xropa B PO coctasmn 1032 ThiC. T, KAyCTUYECKOW COAbl
1094,4 Tbic. T. O6bem notpebneHusa xnopa B 2012 r. coctaBun 1018 ThIC. T, KayCTU4ECKON
coabl — 984,7 TbiCc. T. Poccus aBnaeTca HeTTO-9KCMopPTEPOM 3TUX MPOAYKTOB, YTO OEMOH-
CTPUPYIOT CBEAEHUS, NpuBeAeHHbIe B Tabnuue 1.2.

Tabnuya 1.2 — lNpounssoacTtso n notpebneHne xnopa n kayctmdeckom cogbl B PO B
2012 r

MpoaykTt Mpouseoactso, OKCMopT, ThiC. T Vimnopr, MoTpebnenme,
TbIC. T TbIC. T TbIC. T
KaycTtudeckas coga 1094 125 16 085

Mpona3BoacTBO KaycTudeckon coapbl 1 xnopa B Poccun ocyuiectensatot 6onee 10 kom-
naHWni, nNpu 9TOM OCHOBHbLIN O6bEeM MpoM3BOACTBa MNonNMMepa — MONMBUHUIIXIOpKUAA
(MBX) — ¢ ncnonb3oBaHMeM xsiopa COBCTBEHHOrO NPOM3BOACTBA NMPUXOAUTCHA TOSMbKO Ha 3
npeanpuatvs. Egkun HaTp, BOAOPOA M XNOp BblipabaTbiBalOTCA TPEMS Pa3HbIMU 3MEKTPOXM-
MUYecKnMu Mmetogamu. [1ea N3 HUX — 3MNeKTpPoNu3 ¢ TBepabiM KatoaoM (auadparMeHHbIn n
MeMbpaHHbI MEeTOAbl), TPETUN — J3NEKTPOSNN3 C XKUOKUM PTYTHbIM Katoaom (PTYTHbIN Me-
TOoA). B MmpoBoK npon3BoACTBEHHOW npakTuke n B Poccuickon ®epepauum peanns3oBaHbl
BCe TPW MeTofa MofyyYeHna xropa u KayCcTuka ¢ ABHOW U YCTOMYMBOW TEHOAEHLUMEN K yBENU-
YeHuo gonn membpaHHoro anekTponusa. B Tabnuue 1.3 npyBeaeHbl OCHOBHbIE MOKa3aTenu
yKa3aHHbIX MeTO4OoB 3rekTposiM3a B nepecyete Ha npoussoactso 1 1 100%-Horo eakoro
HaTpa.

Tabnuya 1.3 — OCHOBHbIE NOKa3aTenu anekTPOXMMMUYECKUX METOA0B MONyYeHns
BOOOpPOAA, Xropa u rmgpokecunga Hatpus (B nepecyete Ha 1 ToHHy 100 % NaOH)

HanmeHoBaHue PTyTHbIN OuadparmeHHbIN Mem6paHHbI

nokasartensi MeTon MeTon MeTon
Bbixoa xropa (no Toky), % 99 96 97-98,5
Pacxopg anektpoaHepruu, kKBT-u/T 3150 3260 2520
M NaOH
%accosaﬂ ponda NaOH B wenokax, 50 12 31-35
YuncTtoTa xnopa Clz2, % o6. 99,2 98 98,0-99,3
YnctoTta Bogopoaa Hz, % 99,9 99,9 99,9
CopepxaHue Oz B xrope, % 06. 0,1 1-2 0,3-0,7
MaccoBas gonga xnopua-monHa Cl™ B
NaOH., % 0,003 1-1,5 0,005

B Poccun npnbnuantensHo 35 % OT BCEro BbiNyCKaeMoro KaycTtuka BbipabaTtbiBaeTca

3MEKTPONN30OM C PTYTHbIM KaTogoMm u 6onee 65 % — 3NeKTponM3oM C TBEPAbIM KaTOAOM.
OCHOBHbIMM NOTPEOMTENAMM €4KOr0 HaTpa ABMAKTCA: XMMu4eckast npomblwneHHocTb (52 %
cymmapHoro cnpoca B 2012 r.), uennono3Ho-bymaxHasi npomMblwnieHHoCTb (13 %), anomu-
HueBas NPOMbILLIIEHHOCTL (8 %), NPOM3BOACTBO Mbifa N Ae3040paHToB (7 %), TeKCTUIbHas
NpoMbILWEHHOCTb. [loTpebneHune kayctmudeckon cogbl B PO B 2012 r. no KnNo4eBbIM OTpac-
NAM NPOMbILLIIEHHOCTU NpeaCcTaBneHo Ha puUcyHke 1.2.
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Mbina v gesogopaHTsl 79

8 %
AnOMUHYEBaS NPOMBILLNEHHOCTL '
LlennonosHo- ByMaskHas NPOMbILLNEHHOCTE

PucyHok 1.2 — lNoTpebneHue kayctnyeckon cogbl B PO B 2012 r. no
KMNOYEBbIM OTPACHsAM MPOMBbILLIIEHHOCTU

Xnmudeckan NPOMBIWNEHHOCTDL

B HacTosilwee Bpemsa Ha npegnpuatnax Poccum n ctpan CHIM Hanbonee wmnpoko npwm-
MEHSIOTCSA PTYTHBIN 1 AMadparMeHHbI MeToAbl NOMy4YeHNsa Xrnopa 1 KayCcTU4Yeckon cofbl, TO-
roa Kak aHepretmyeckn 6onee 3dpdEKTUBHBIN N IKOMOMMYECKN NMPEeanoYTUTENbHbIM METOoq
MembpaHHOro anekTponusa Obin peanu3oBaH B 2006 r. B OAO «CasiHckxuMmnnacTt», B
2014 r. — B OO0 «PycBuHunx», r. KctoBo Hmxkeropoackon obnactu, B 2015 r. Ha npeanpus-
Tmn OO0 «HoBoMOCKOBCKUI xnop», r. HoBomockoBck Tynbckon obnactu, n B 2016 r. — Ha
npegnpusatum AO «BTE HOro-Boctok», MockoBckas obnacte 1 B OO0 «Copga-Xnopat»,
r. bepesHuku (Npon3BoA4CTBO BOAOPOAA, XIIOpa U rmapoKkcuaa Kanms).

Poccuiickne npomssoguTenu xmnopa u Kkayctuka npopabartbiBaloT BO3MOXHOCTU nepe-
Xo4a Ha MeMbpaHHbI MeTon 3NeKTponusa, HO peanusauusa OaHHbIX NPOEKTOB Tpebyer
onpegerieHHbIX TEXHUYECKUX PELUeHU U 3HaYUTENbHbIX MaTepuanbHbIX 3aTpaT, No3TOMy B
HACTOALLMA MOMEHT UX YCUINUSA HanpasBrieHbl Ha ONTUMU3aUUIo AeNCTBYIOLWEro Ha B6OMbLUVH-
CTBE M3 HUX AnadparMeHHOro 3ANeKTponnsa, a Takke Ha MoLepHU3auuio pTyTHOro meToaa
anekTponusa.

Takum obpasom, B HacTosilee BpeMsi Ha npeanpusatuax PP peanusoBaHbl Bce Tpwu
3ANEeKTPOXMMUYECKMX MeToda NMPOou3BOACTBA BOAOPOAA, XJfiopa W rmapokcmaa HaTpus: aua-
dparMeHHbIn, MeMOpaHHbIN U PTYTHbIA 3MEKTPONM3 HAaCbIWEHHbIX PacTBOPOB Xnopuaa
HaTpus.

Kpome Toro, B HacTtosliee BpeMsa B NpoMbilLfieHHOM MacwTtabe B Poccuickon dene-
pauun peanu3oBaHa TEXHOSOMMS MNPOU3BOACTBA COMSHOM KUCHOTbl MEeTOLOM B3auMoaew-
CTBMS XJl0pa U Bogopoaa ¢ nocneaywowen abecopbumnen obpasyrollerocs xmopmaa Bogopoaa
BOZOW C NOJSTy4EHNEM COSITHOWN KUCNOTHI.

1.2 Nepe4yeHb NpeanpUATUNA, BbINYCKaOLWMUX NPOAYKLUIO,
OTHOCSALWLYIOCA K cdhepe pacnpocTpaHeHusa cnpaBoyHuka HOT

MeyveHb npegnpusaTuin Poccuinckon ®epepaumn, BbinycKaroLWmMX NPOYMe OCHOBHbIE He-
OpraHn4yeckne XxMMmmnyeckmne BelLecTBa, OTHOCALLMECH K chepe pacnpocTpaHEHNA HACTOSLLe-
ro cnpaBoyHuka HOT, npuBeaeH B Tabnuue 1.4.

8



UTC 34—2017

Tabnuuya 1.4 — lNepedeHb NpeanpuAaTUI, BbiNyCKaOLWMX NPOYNE OCHOBHbIE
HeopraHMyeckme XuMmn4yeckne BeLLecTea

Ne | HammeHoBaHue opraHusa- |HaumeHoBaHue rpynmnel, Pervv|0H . "opoa (HaceneHHbIN
n/n Lmn accouuaumun, xonauHra Poccuickon MYHKT)
denepauuu
1 AO «balukmpckas cogo- Accounaums Pecnybnvka r. Ctepnmtamak
Basi KOMMNaHUs» «PycXnop» BawkopTocTaH
5 AO «KAYCTUK» 'pynna komnaHu | Bonrorpagckas r. Bonrorpag
«HUNKOXUM>» obnactb
3 OAO «Bomxcknin abpa- — Bonrorpagckas r. Bormxkckun
3MBHbIN 3aBOa» obnactb
4 000 «Xumnpom» Accounaums KemepoBsckas r. KemepoBo
«PycXnop» obnactb
5 MAO «HwxHekamck- — Pecnybnuka r. HmxHekamck
HedpTEXUM» TaTapcraH,
6 AO «[pynna “Unnm™» Accounaums NpkyTckas r. bpatck
«PycXnop» obnactb
7 AO «BTE KOO-BOCTOK» Accounaums MockoBckas r. Mocksa
«PycXnop» obnactb
3 MAO «Xnmnpom» Accounaums Yysawickaa |r. HoBouebokcapck
«PycXrnop» pecnybnuka
9 OO0 «HoBomockoBckui EBpoXum Tynbckas r. HoBomockoBck
Xnop» obnactb
10 000 «PycBuHun» Accounaums Hwxeropoa- r. KctoBo
«PycXnop» ckast obnactb
11 000 «lranolonumep Kun- Accounaums KnpoBsckas r. Kuposo-Yeneuk
poBo-Yeneuxk» «PycXnop» obnactb
12 AO «CasHckxumMmnnacT» Accounaums NpkyTckas r. CagHck
«PycXnop» obnactb
13 000 «Copa-xnopar» Accounaums Mepmckun r. bepesHuku
«PycXnop» Kpamn
14 AO «HoBoTpouukuii 3aBos — OpeHbyprckas r. HoBoTpouuk
XPOMOBbIX COeANHEHNIN» obnactb
15 OAO «Conukamckum mar- — Mepmckni r. Conukamck
HWEBBIN 3aBOO» Kpau

B Tabnuue 1.5 npuBegeHbl nepeyvyeHb Npoaykuuun, npeanpuatnini u cnocobos (MeTo-
A0B) NPOU3BOACTBA, a Takke ykaszaHbl MOLLHOCTM NPOU3BOACTB NPOYMX OCHOBHbIX HEOPraHu-
YECKMX XUMNYECKNX BELLLECTB.
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Tabnuuya 1.5 — lNepedeHb NpoayKUMn, MPUMEHSIEMbBIX TEXHOSOMMIA Y MOLLHOCTH

npou3BoOACTBa
MoLwHoCTb
HanmeHoBaHne npou3Boa-
n/n Mpoaykuus P A Cnocob npounseoacTea
opraHusaumm cTBa, ThIC. TB
roa
1 |AO «bauwkupckas cogo- | Xnop 196 ONeKTPonNn3 pTyTHLIM U

Bad KOMNaHUA»

AanadgparMeHHbIM MeTo-
A0M

HaTp egkum tex- 217 OneKTPOoNn3 pTYTHLIM U
HU4eckun (rmapokK- anadpparmMeHHbIM MeTO-
cug HaTpus) aom
Bopopoa —
Hatp egokum tex- 50 BeinapusaHue pacteopa
HUYECKUIN YeLlyn- rmgpokcuaa HaTpus u
POBaHHbIN Kpuctannuaaums
Kncnota consiHas 83 CvHTE3 xnopuaa Bogopo-
CUHTETUYECKas Aa c nocrneayrouien ab-
copbuuen Bogomn
Mnoxnoput 8,0 XnopupoBaHue Lweno4u
HaTpuA
2 |AO «KAYCTUK» Bogopoa 37450 OnNeKTPOoNn3 pTYTHLIM U
Tbic. M3 | anadparMeHHbIM MeTo-
AoM
Xnop (Kuakvn mn 215 ONEeKTPOoNn3 pTYTHLIM U
razoobpasHbii) anadpparMeHHbIM MeTo-
AoMm
Kncnota consiHas 218,82 CvHTE3 xnopuaa Bogopo-
CUHTEeTUYecKas na v ero abcopbumsa Bo-
aon
HaTtp egkumn tex- 145,8 — | OnekTponus pTyTHbIM Me-
HU4eckun (rmagpokx- dakT TOOOM
cug HaTpus)
HaTp egkum Tex- 100,0 AnekTponuna gnadpar-
HU4eckun (rmapokK- MEHHbIM METOA0M
cug HaTpus)
HaTtp egkumn tex- 112,0 BbinapuBaHue pacteopa
HUYECKUIN rpaHy- rmgpokcunaa Hatpus
NMNPOBAaHHbIN
Mnoxnoput 25,8 XnopuposaHue pacTeopa
HaTpus Lesnioyu
XIopHoe Xeneso 12 XropupoBaHue pacTteopa

XITOPUCTOrO XeJe3a

10
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MoLHoCTb
HanmeHoBaHune npouseoa-
n/n Mpoaykumsa P A Cnocob npounseoacTea
opraHusaumm CTBa, ThIC. T B
rog
3 |OAO «Bomxckui abpa- |Kapbua kpemHus 80 B3anmopenctBue okcuaa

3MBHbIN 3aBOO»

KPEMHMS C Yrnepoaom npm
TemnepaTtype

4 000 «Xnmnpom»» Kucnota consaHas 9,0 CuHTes xnopuga Bogopo-
r. KemepoBo (X. 4.M4.) Aa n ero abcopbumsa Bo-
aon

Kncnota consiHas 45,0 CuHTe3 xnopuaa Bogopo-

CUHTEeTUYEecKas na v ero abcopbumsa Bo-
aon

Kucnota consHas 5 CuHTEe3 xnopuaa Bogopo-

NHrMbrnpoBaHHas Aa n ero abcopbums Bo-
aon

HaTtp egkumn tex- 44,0 AnekTponuna anadpar-

HUYECKUN MEHHbIM METOA0M

XIop Xuakuu 40,0

Bogopoa —

Hatpusa runoxno- 12,0 XnopupoBaHue pacTeopa

PUT TEXHUYECKNI Lenoyu

5 |MNMAO «HwxHekamck- AnekTponutnye- 4788,957 |Onektponus
HeTEXUM» CKuin Bogopona TbiC. M3
6 |AO «[pynna ,num“» HaTp eakun Tex- 72,095 AnekTponuna anadpar-

HUYECKUN MEHHbIM METO0M

Xnop Xngkun 58,056

Bogopoa —

KncnoTta consiHas 6,454 CvHTE3 xnopuaa Bogopo-
aa v ero abcopbumsa Bo-
aon

Mnoxnoput 5,443 XnopupoBaHue pacTeopa

HaTpUs Lenoyu

7 |AO «BTE KOro-Boctok» |['mnoxnoput 22,5 — C KoHUeHTpauunen ot

HaTpuA doakT 172 r/gm® npu KOHLUEHTpa-

45,0 — M1 cBOOOAHON LLLEenoYyun
NpoekKT 10-15 r/am3

11
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[MpodomkeHue mabnuubi 1.5

MoLwHoCTb
n/n Haumerosanme Mpoaykuus NpON3BoA- Cnocob npounseoacTea
opraHn3auumn CTBa, ThbiC. T B
ron
Hatp egokum tex- 41,329 OreKTponn3 ¢ UCnosib3o-
HU4Yeckum (kaycTtu- BaHWeM AByX BUNONSAPHbIX
yeckasi Cco- MeMOBpaHHbIX 3NEKTPONn-
na) mapka PM-B 3epoB (64 A4YENKN B Kax-
AOM) C HOpMarsbHOW Nn-
HEeMHOW Harpyskon oo
11340 A Ha KaxXabl drekK-
Tponusep
Kucnota consiHaqa 35,938 — | CuHTE3 xnopuaa Bogopo-
CUHTETUYeCKas dakT aa un ero abcopbumsa Bo-
40,0 — |pon
NpoekKT
8 |MAO «Xnmnpom» XIop KUaknn 88,7 AnekTponuna anadpar-
r. HoBouebokcapck HaTtp egkumn tex- 99,5 MEHHbIM METOAO0M
HUYECKNI
Bogopoa —
'mnoxnoput 12,2 XropupoBaHue pacTteopa
HaTpUs Lenoyn
lNepekuncb Bogopo- 90 M3onponunosbiv meToA
aa
MepkapboHaT 60 BsanmopgencTteue pacteopa
HaTpWs kapboHaTa HaTpusa ¢ pac-
TBOPOM Nepokcuaa BoAo-
poAna
9 |O00O «HoBomockoBckui | HaTp eakuin Tex- 100,0 OnekTponu3 meMmbpaHHbIM
XJ10p» HUYEeCKUMn MEeToa0M
Xnop 88,0
Bogopoa —
Kucnota consHas — CuHTe3 xnopuaa Bogopo-
CUHTETUYECKas aa un ero abcopbumsa Bo-
aon
10 |OOO «PycBuHun» Hatp egokum tex- 230,0 OnekTponun3 meMmbpaHHbIM
HUYECKUN MEeToa0M
Xnop 203,9
Bogopoa —
11 |OO0O «[lanollonumep Hatp egokum tex- 118,2 OneKTponu3 pTyTHbIM Me-
KupoBo-Yeneuk» HUYecKnin (rmapok- TOOOM
cung HaTpus)
Xnop 107,78
Bogopoa —

12
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MarHMeBbIN 3aBOO»

MoLHoCTb
n/n Haumerosarine Mpoaykumsa rpoVIsBoA- Cnocob npounseoacTea
opraHmn3auumn CTBa, ThbiC. T B
ron
KncnoTta consiHas 17,0 CuHTe3 xnopuaa Bogopo-
CUHTEeTUYecKas Aa un ero abcopbumna Bo-
aon
Kanbuumn xnopu- 300,0 PactBopeHne n3BecTHAKO-
CTbIN BOro KaMHS 1 ero npume-
CeN CONAHOMN KNCNOTOMN
®TOp 0,75 ONEKTPOXuMm4eckoe pas-
noxxeHun 6e3BogHOro pTo-
pucToro Bogopoga
Kanbuumn prtopu- 0,05 B3anmopencrteume xnopu-
CTbIN CTOro Kanbuus n propuaa
Kanus
"ekcodTopnaa ce- 0,72 dTopupoBaHue cepbl raso-
pbl oOpasHbiM hTOPOM
12 |AO «CasgHckxumnnacTt» |HaTp egkun Tex- 203,0 OnekTponu3 meMmbpaHHbIM
HUYecKnin (rmapok- MEeToa0M
cua HaTpus)
Xnop 180,0
Bogopoa —
13 |O0O0 «Copga-xnopat» Eokun kanun xua- 40,0 OnekTponun3 meMmbpaHHbIM
Knn (rmgpaT oKucu MEeToa0M
Kanus)
Xnop 25,0
Bogopoa —
Enkun kann TBeEp- 26,0 BbinapuBaHue pacteopa
abln (rmgpaT OKUCK €JKoro Kanm
Kanus)
Kucnota consiHaqa 27,0 CuvHTE3 xnopuga Bogopo-
CUHTEeTUYecKas na v ero abcopbumsa Bo-
aon
14 |AO «HoBoTpouukuii 3a- | Cynbdat HaTpus 72 PactBopeHue cynbarta
BOJ, XPOMOBbLIX COeaun- HaTpus — cbipua ¢ no-
HEHUN» cnegyoLwen 04UCTKOM OT
npumMeceu, ynapmBaHuem,
OTAENEeHneM KpucTannos
cynbdaTa HaTpus 1 CyL-
KOW
15 OAO «Conukamckum Xnop 3 QnekTponus

13
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Paspgen 2. [lponsBoacTBO rMnoxsopuTa HaTpus
2.1 O6wasn nHdopmauus

MMnoxnoput HaTpusa (XNOPHOBATUCTOKUCTILIM HATPUK, xumuyeckas dopmyna NaClO)
BbINYCKaeTCHA NPOMbILUNEHHOCTbIO B BUAE XWUAOKOCTU 3ereHoBaTo-XenToro useTta. Bo3amoxHo
nonyyeHve TBepgoro natuesogHoro kpuctannorngpata NaClO-5H20. Mo [15] npoaykT gon-
XEeH UMeTb crneaytoLme nokasatenu (cMm. Tabnuuy 2.1).

Tabnuuya 2.1 — TexHMYeckne xapakTepucTUKn rmnoxnoputa HaTpus [15]

HanmeHoBaHWe nokasarens Mapka A Mapka b
MaccoBasi KOHUEHTpaLMs akTUBHOIO XJiopa, 190 170
r/om3, He MeHee
MaccoBasg KOHUEeHTpaLuus Wwenoyum B nepecyeTte 10-20 40-60
Ha NaOH, r/gm3
MaccoBas KoHLeHTpauus xenesa, r/am3, He 6o- 0,02 0,06
nee

B cootBeTcTBUM C [16] TEXHMYECKME XapaKTEPUCTUKM TMNOXNopuTa HaTpUSA OOSDKHbI
oTBe4vaTb TpeboBaHUAM, yKa3aHHbIM B Tabnuue 2.2.

Tabnuya 2.2 — TexHn4ecKkne xapakTepuCcTUKM rmnoxnopuTta HaTpusa [16]

NeNe | HaumeHoBaHue nokasaTe- Hopwma
n/n | ng Mapka A Mapka b
1. BrewHnm sng AKnakocTtb 3ene- KnagkocTb 3eneHOBaTO-XKeNToro
HOBaTO-XXeNnToro yseTa. [lonyckaeTca BblnageHue
uBeTa HEe3Ha4YuUTEeNbHOro ocagKka, Hanu4yme
MEeSIKOANCNEPCHbIX TOYEK N B3Be-
cen
2. MaccoBasi KOHLUEeHTpauma 120 120
aKTMBHOIO Xnopa, r/am3, He
MeHee
3. MaccoBas KOHUeHTpauus 40 90
Leno4vn B nepecyeTe Ha
NaOH, r/am3, He Bonee

B cooTtBeTCcTBUM C [81] TEXHMYECKME XapaKTEPUCTUKMN TMMOXIOpUTa HaTPUS OOSDKHbI
oTBeyaTb TpeboBaHMAM, ykasaHHbIM B Tabnuue 3.

Tabnuua 2.3 — TexHnyeckme xapakTepucTukmn rmnoxnoputa Hatpus [81]

NeNe Hopma
A/ HanmeHoBaHue nokasartens
Mapka A Mapka b
2. MaccoBas KOHUEeHTpaLumMsi akTUBHOIO 120 120
Xropa, r/am3, He MeHee

14
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OkoHyaHue mabnuupi 2.3

NeNe Hopma
A/ HanmeHoBaHuMe nokasaTtens

Mapka A Mapka b
3. MaccoBas KOHLUEeHTpaLums LLesioym B 40 90

nepecyete Ha NaOH, r/gm3, He Bonee

'MNOXNopuT HaTPUA MMEET LUMPOKYD 06M1acTb NPUMEHEHMWS, OCHOBHbIE U3 HUX NpUBE-
AEHbl HUXE:

- pesnHdekums n obessapaxnBaHme Boabl, 06e3BpEXMBaAHNE CTOKOB;

- otbenuBaHne xnon4yaTobyMaXKHbIX N NbHSAHbLIX TKAHENR;

- besycagoyHas obpaboTka LEePCTAHbIX U3OENNN;

- oTOenka agpeBeCHON Macchl;

- XJTOPUPOBAHNE OKMUCINEHNE OpPraHNYeCKUX COEANHEHWI;

- NPOM3BOACTBO MMApasunHa;

- B Ka4eCTBE aHTMCENTMYECKOrO pacTBopa B MeanLMHE.

Cnocobbl Nony4YeHnst rMNOXnopuTa HaTpUs MOXHO pa3fenvTb Ha ABe rpynnbl:

- XJIOPUPOBaHNE KayCTUYECKOM U KarnbLUHNPOBaHHOW COAbl;

- ANEKTPOSIM3 BOAHOrO pacTBopa xnopuaa HaTpus.

MNoxnoput HaTpusi MNPOM3BOOAT MEPUOAMYECKMM WKW HENpepbiBHbIM Cnocobom.
B ocHoBe MeToga XnopMpoBaHUSA KayCTUYECKOM COObl NEXUT peakuns:

2NaOH + Cl2 — NaCIO + NaCl + H20

XnopupoBaHue pacTBopa eOKoro HaTpa MpoBoAAT nyTem GapGoTaxa xropa 4epes
pacTBOp LLEeNo4Yn B pe3epByapax unv abcopOUMOHHBIX KOMOHHAX C HacaakoW, opollaemoi
LMPKYMPYOLWUM LLENOYHBIM PACTBOPOM.

3HauuTenbHble 06GBEMBI TMNOXIIOPUTA HAaTPUA NPOU3BOASATCA Ha MECTe NoTpebneHus.

Hwke B kadecTBe TUNMYHOrO npumMepa npeactaBneHo Hambornee obwee onucaHue
TEXHOJSIOrMYeckoro npouecca Npon3BoaCcTBa rmnoxnopuTa HaTpud, KOTopoe HUKOMM obpa3om
He MOXEeT paccMmaTpuBaTbCs KakK eOQWHCTBEHHOE OonucaHue npoLlecca, COOTBETCTBYLLee
Kputepmam u nokaszartensam HOT.

2.2 OnucaHue TexXHONOrM4YeCcKux nNpoLeccoB, UCNOJNb3yeMbIX B
npomn3soactBe rmnoxmnoputa HaTtpus
MpoMbILINEHHbIA CNocob Nony4YeHnUs rMNoXIopuTa HaTPUsS — XrNopupoBaHue PacTBo-

pa eaKoro HaTpa aneKkTPOoNMTUYECKMM XITOPOM Mnu abrazamn. TexHomnormyeckas cxema npo-
M3BOACTBa NpuBeLeHa Ha pUCyHKe 2.1.
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Kaycmuueckasi coda
B

Boda
—_—>

[MpurotoBnexune
BOAHOro pacreopa

€4KOro HaTtpa

UcnapeHHbIl X10p

—_—
Xor0d — 20 °C
—»

SnekmpoaHepausi
S ——

BOAHOrO pacTeopa

XnopuposaHue

€AKOro HaTtpa

A 4

lunoxnopum Hampusi

= nompebumernsim
dunbTpauns OrtcTon P
rmnoxnopura runoxnoputa —»
HaTpus HaTpus

PucyHok 2.1 — lMpuHUMnuanbHas cxema norydeHust pacteopa rurnoxnoputa

HaTpus

CxeMa BKIHOYaeT LMPKYNSALNOHHbBIA HAcOC, XONOAUNbHUK, (UNbTP UCNAPEeHHOro Xro-

pa, UIbLTP TMNOXNOpPUTa, OTCTOMHWK TUMOXJIOpUTa HaTpuUs.

PactBop epgkoro Hatpa

(18 macc. % — 22 macc. %), cneumanbHO NPUrOTOBIIEHHbIA U3 KOHLLEHTPUPOBAHHOMO €4KOro
HaTpa NPUHUMAIOT B XnopaTtop, oxnaxgarT pacconom (MUHyc 20 °C) nnu 3axorioKeHHON

BOAOW B XONOAUIbHUKE LIMPKYNSLUMEN MO KOHTYPY «XJIOPaTOP-HAaCOC-XONOAMMbHUK» U BeayT

XNnopupoBaH1e ncnapeHHbIM XJTOPOM Npu 3agaHHon TemnepaType. [locne xnopupoBaHus rm-
NOXNOPUT HaTpUa OUNbLTPYIOT UK OTCTaMBaKOT M OTIPYXKaKT NoTpebuTtenam. Yepes kaxable
ABe onepauuu (punbTp rmnoxnopuTa HaTpus NPOMbIBaOT BOAOW. [lpouecc xropupoBaHus
perynupyeTcs no OKUCINTESNTIbHO-BOCCTAHOBUTENBLHOMY NOTEHUuWany.

OnucaHne TexXHONOrM4eckoro npowuecca npueeaeHo B Tabnuvue 2.4, nepedyeHb OCHOB-
HOro obopyaoBaHus npmMeeaeH B Tabnuvue 2.5.

Tabnuuya 2.4 — OnucaHne TEXHOMNOIMYECKOro npoLecca NpoM3BoACcCTBa rmrnoxnopuTa

HaTpus

OcHoOBHOE TexHomoru-

BxoaHoi noTok Moanpouecc BbixoaHOM NOTOK Amucecumn
yeckoe obopynoBaHue
KaycTtuyeckas MpurotoBneHue |BoaHbIn pacTeop | EMkoCTH M'mppokeng
cofa BOJHOro pacTBO- |e4KOro HaTpa HaTpus
Bopa pa egkoro HaTpa
McnapeHHbIn XnopupoBaHue |l'mnoxnoput XnopaTtopsbl (abcopb- | Xnop
Xnop BOOHOrO pacTBO- |HaATpus LMOHHbIE KOMOHHbI),
pa egkoro HaTtpa | OTxoasiwme rasbl | LEHTPOOEXHbIE HACO-
Cbl, XONOANSTbHUK
M'Mnoxnoput dunbTpauusa rm- | Fvunoxnoput dunbTp —
HaTpus noxnopuTta HaTpus
HaTpus
Mmnoxnoput OTcTton runo- Mmnoxnoput OTCTOMHUK Xnop
HaTpus XnopuTa HaTpusa |HaTpus
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Tabnuya 2.5 — lNepevyeHb OCHOBHOro 060pya0BaHMs NPOU3BOACTBA MMNOXIOpUTa HaTpUS

HanveHoBaHune
obopyaoBaHus

HasHayeHune obopynoBaHus

CyLLeCTBEHHbIE XapaKTEPUCTUKM
TEXHONOrM4eckoro o6opyaoBaHus

LleHTpoGexHbIn

Ons nogaun 18 % — 22 %

MpowunssoanTensHocTb oT 20 Ao 100 m3/y

LLlenloYHas

Hacoc pacTBopa eaKkoro HaTpa
KonoHHa abcopbumn | XnopupoBaHue BogHoro | BepTukanbHbin annapaT, BMECTU-
(xnopaTtop) pacTBopa efKoro Hatpa MoCTb — 6-25 m3, paboyas cpega —

KoxyxoTpybHbIn Ten-
NOOBMEHHUK (Xono-
AVNBbHUK)

OxnaxgeHue pactBopa
e[Koro HaTpa

Mnoliaab NoBEPXHOCTM TENNOoOMeHa

32-52 m?

EmkocTHOe o6opygo-
BaHue

Mpuem n xpaHeHue eako-
ro HaTpa, XpaHeHue To-
BapHOro rmnoxnopuTa

BmecTMmocTb B COOTBETCTBUN C 0ObE-

MOM MNMpomn3BoaCTBa

dunbTp rmnoxnopuTa
HaTpus

dunbTpaumsa runoxnopuTa
HaTpus

OunbTpyOLWMIA aNeMeHT — doToponnact

OTCTOWMHWMK rMnoxro-
puTa HaTpus

OTcTton runoxnoputa
HaTpus

MabapuTHble XapakTepPUCTUKN B COOT-
BETCTBUM C 06bEMOM NPON3BOACTBA

2.3 Hopmbl pacxoga cbipbsi U 3HEepropecypcosn

HopMbl pacxogoB MaTepuanbHbIX U 3HEPreTUYeCKUX pecypcoB npuBedeHbl B Tabnu-

ue 2.6.

Tabnuua 2.6 — HopMmbl pacxogoB MaTtepuarnbHbIX U 3HEPreTUYECKUX PECYPCOB MNpu
Npou3BoACTBE MMMNoXfiopuTa HaTpus

HaumeHoBaHue Pacxod Ha 1 T npoayKLmum
EonHuubl nsmepeHns

pecypcos MuHMManbHbIN MakcumanbHbIN
WcnapeHHbIn xnop, o 158 (120 *) 190
100 % Cl2 130 ** 151**
Eakvin Hatp 100 % Kr 171 213
fgg"ojj’m HATpUA KT 0,10 0,33
Bona obecconeHHas m3 0,65 1,61
Boaa o6opoTHas m3 0,1 0,1
Bopaa 3axonoxeHHaa** m3 25 50
Boaayx cyxoit cxa- M 117,0 1255
Thbil
Map M 41,8 420,7
Xonopg (MyHyc
20 °C — MUHYC MIx 162,2 (418,7) 165,8 (420,6)
30 °C)
OnNeKTpoaHeprms KBTy 6,2 30,0
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OkoHyaHue mabnuuybl 2.6

HaunmveHoBaHune Pacxog Ha 1 T npoaykumm

EonHuubl namepeHmns - -
pecypcos MuHUManbHbIN MakcumanbHbIn

* [1pn ncnonb3oBaHuM xnopa abrasHoro.
** [pu BbINycke npoaykta no CTO 00203312012—2011, TY 6-01-29-93..
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2.4 TeKywme ypoBHM 3IMUCCUN NPU NPOU3BOACTBE MMNOXJIOPUTA HaTpUs

2.4.1 Bblbpocbl B atmocepy npu Npon3BoACTBE rMNOXIIOpUTa HaTpus

Bbibpockl B aTMOCcdepy npy NPOM3BOACTBE FMNOXIOpUTa HaTpusi NpuBeaeHbl B Tabnuue 2.7.

Tabnuuya 2.7 — Belibpockl B aTMOCepy Npu NpON3BOACTBE MMNOXnopuTa HaTpus

MeToa 04NCTKM, MOBTOPHOIO

O6bem n (Unn) Macca BbIGPOCOB 3arpsi3HSIIOLLMX BELLECTB

MCcTOYHUKU Bb|6poca HaunmeHoBaHue NOCJie OYUCTKU B pacyeTe Ha TOHHY 1 T npoayKuuu, Kr/T
NCMonb30BaHUA
MuHumanbHoe MakcumanbHoe CpenHee
Bo3gyLuHblie nMHKMM xnopaTo- Abcopbuns paboynm pac-
AyRs PaTo~ 1% nop PoUMA p P 0,000054 0,189 _
pa, OTCTOMHUKA, EMKOCTEN TBOPOM €4KOro HaTpa
'mapokcu
MponsBoacTBO B LENIoOM Ap A — — 0,014115 —
HaTpuA

LTOC—VE J1U
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2.4.2 O6pallieHue co CTOYHbIMM BogaMun

lMpoMmblWneHHble CTOYHbIE BOAbI, coAepXawue Xropua-aHWOoH, HanpaBnAlTCA Ha
CTaHUMIO yCpedHeHNa N HenTpanusauun u ganee nepenarwTcs B CTOPOHHME OpraHusauuu
Ansa ob6es3BpexunBaHns (kak BapuaHT HanpaBnsalTCA Ha AOMOMHUTENBbHY OYUCTKY Ha BGuono-
rMMYyecKne OYUCTHbIE COOPYXKEHUS).

JInBHeBbIE CTOYHbIE BOAbI cOpachiBalOTCA B IMBHEBYIO KaHanuaauuio. YpPoBHM COpoO-
COB npvBeaeHbl B Tabnuue 2.8.
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Tabnuuya 2.8 — COpocChI 3arpA3HAOLLNX BELWECTB NPU NPON3BOACTBE IMMNOXIIOpMTa HaTpUA

HanpasneHue MeTon oumeTw O6bem u (Mnn) macca cOpOCOB 3arpsA3HAIOLLMX Be-
cbpocos (B BOAHbIN ' LLEeCTB MNOCre OYUCTKM B pacdeTe Ha TOHHY 1 T npo-
NcTouHnkm cbpoca HanmeHoBaHue 0BBLEKT, B CHCTEMbI NOBTOPHOIO nyKuM, Kr/T
NCNonNb30BaHUA

KaHanusauum) MuHumanbHoe MakcumanbHoe CpegHee
[MpombiBHBIE BOABI  OT | Xnopua-aHWoH Ha craHuuio ycpep-
dunbTpoB nocne  Ae- | (xnopugbt) HEHUS W HenTpanu-
XITopnpoBaHu4, npo- — 3auuu n ganee nepe- — 10,7 —
MbIBKM 00OpyaoBaHus, JalTca B CTOPOHHME
CMbIBbI C NOJIOB, opraHusauum

LTOC—VE J1U
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2.4.3 OTxoabl NPoOU3BOACTBA MMMNOXSopuTa HaTpuUA

TexHomnormyeckmx 0TXo40B, XapakTepPHbIX A1 NPOM3BOACTBA MMNOXopuTa HaTpusi He
obpasyetca. Obpasyowmecs B npoLecce NpPOM3BOACTBA rMNOXNopUTa HaTpUA OTXoAbl, CBS-
3aHHbIE C OCYLLECTBIIEHMEM BCMOMOraTeNbHbIX Oonepauuii: 0TXoabl MUHEParbHbIX KOMMpec-
COPHbIX Macer, OTX0Abl YNNOTHUTENbHbIX MaTepuanoB. OTxXoabl MMHEpPAarbHbLIX KOMNPECCOop-
HbIX Macesn nepeaarTcs CTOPOHHEN opraHM3aumm Ha yTunusaumio. OTxoabl YnnoTHUTENbHbIX
mMaTepuarioB NOCTYNaKT HA NOSIUIOH MPOMBbILLNIEHHbLIX OTXOAO0B.

Pazpgen 3. [NponsBoacTBO rMnoxsiopuTa KanbLus

3.1 O6wan nicpopmauus

Mnoxnoput Kanbuus (HeUTparnbHbIA XITOPHOBATUCTOKUCIILIM KanbLUWW, XuMUYeckas
dopmyna — Ca(CIlO)z2) npeacrasnseT cobon NopoLkoobpasHbIn NPoayKT 6enoro useta unm
cnabookpaweHHbii. CornacHo [17] ToBapHbIN MMMNOXIOPUT Kanbuus LOMKEH COOTBETCTBO-
BaTb crnegyrowmnm TpedosaHuam (cm. Tabnuuy 3.1).

Tabnuya 3.1 — TexHU4ecKne xapakTepUCTUKM rMNoXopuTa Kanbuma [17]

Mapka A
HavmeHoBaHMe nokasaTens - - Mapka b
1-n copt 2-n copT

MaccoBas gonst akTuBHOro xropa, %,

A pa, 7o 60 52 25
He MeHee
MaccoBas gons Boabl, %, He 6onee 2 3 3
MaccoBasa gonsa HepacTBOPUMOro

A pacTeop 0,90 0,85 0,90
ocTaTtka, %, He bonee

B cooTtBeTcTBUM C [82] TEXHUYECKME XapaKTEPUCTUKMN TMNOXIopUTa Kanbuns AOMKHbI
oTBeyvaTb TpeboBaHMAM, yka3aHHbIM Tabnuue 3.2.

Tabnuya 3.2 — TexHn4ecKkne xapakTepUCTUKM rMnoxnopuTa kanbumnsa no [82]

HanmeHoBaHune Hopma ans mapok MeTon
nokasarens A | 5 | C aHanusa
1 BHewHunn BuAa lMopoLwkoobpasHbI NpoaykT 6enoro LBe- Mo 5.2
Ta unmn cnabooKpalleHHbIn
2 MaccoBas oonsi akTue- 65 65 55 Mo FOCT
Horo xrnopa, %, He MeHee 25263
3 MaccoBas gons Boapl, 3,0 10 10 Mo FOCT
%, He bonee 25263
4 MaccoBas gong Hepac- 12 12 12 Mo NMOCT
TBOpUMOro ocagka, %, He 25263
bonee
5 KoadpdpurumeHT Tepmo- 0,90 0,85 0,85 Mo NOCT
CcTabunbHOCTK, HE MeHee 25263

MMnoxnopuTt Kanbuus npeaHasHaveH Ansi 06e3BpeXMBaHNSA NPOMbILLNEHHbIX LIMaHCO-
aepXawmx CTOKOB 30M0Toaobbiun, obes33apaxkuBaHusi BOAbl, OE3UHAEKUUW, OTOEnku.
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HentpanbHas comnb rmnoxnopuTta Kanbuusi XapaKkTepusyeTcs MUHUMarbHbIM coaepXaHnem
HepacTBOPUMbIX MpPUMECEN, SIBNSIETCA CTabWUNbHbIM, HaAeXHbIM U YOOOHbIM HOCUTENEM
xnopa.

MNOXMNopUT KanbLmMs NoNy4arT NyTeM XSTIOPUPOBaHUS M3BECTKOBOIO MOJIOKA:

2Ca(OH)2 + 2Cl2 — Ca(ClO)2 + CaClz + 2H20

B 3aBMCMMOCTM OT KOHLEHTpauun rmapokcuaa KanbUus, TemnepaTypbl, KOnM4ecTBa
NOrfoLWEeHHOro xnopa BblAeNnATCs pasnuyHble Kpuctannuyeckne dgopmbl Ca(ClO)2. Ong
NPOM3BOACTBA MMNOXNOpUTa KanbLUnMA XapakTepHbl TEXHONOMMYECKNEe TPYAHOCTU, CBA3AHHbIE
C CyLUKOM NacTbl 1 OBOAHEHMEM rOTOBOrO NpPoAyKTa Npu XpaHeHUN.

HexenatenbHoe obpa3oBaHune xnopuaa kanbuus MoXeT OblTb NpeaoTBpaLLeHo nyTem
AobasneHns rmgpokcnaa HaTpus:

Ca(OH)2 + 2NaOH + 2Cl2 — Ca(Cl)2:2H20 + 2NaCl

3.2 OnucaHune TeXHONIOrM4YeCcKUX NpoLeccoB, UCMONb3yeMbIX B
NpoOM3BOACTBE rMNoxsiopuTta KanbLus

B NPOMBbILLUNEHHOCTU TMNOXITOPUT Kanbunda nony4yarT HaTpueBbiM MEeTOO0M, TEXHOIIO-

rmyeckas cxema npusegeHa Ha pucyHke 3.1. CbipbeM npouecca SBseTcH raweHas u3BecTb,
€AKuUn HaTp 1 xXnop.
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HIBECTHOBOE MOADKD

1 - annapat gns NpuUroToBIiEHWs pacTBopa eAKoro HaTpa; 2 - OyHkep mpuema u nogaym ussectu; 3,4 - annapaT NpPUroToBIEHWUS U3BECTKOBOIO
Monoka; 5,16 - wHek; 6 - ueHTpudyra; 7,8,9 - xnopatopsl; 10,11 - emMKOCTb;12 - cywwunka; 13 - UMKMOH; 14 - pykaBHbld unbTp; 15 - anesatop;

17 - rpaHynaTop; 18 - rpaHynatop; 19 - Bubpocuto; 20,21 - abcopbLMOHHasa KONOHHA; 22,24,25 - eMKOCTb; 23 - A03MPOBOYHbIN pe3epByap

PucyHok 3.1 — lMNpuHuMnuanesHas cxema nonyvyeHusl pacteopa rmnoxsoputa Kanbums
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TexHoNorn4ecknin npouecc nosly4eHns rpaHynmMpoBaHHOIO rmMnoxnoputa Kanbuus co-
CTOMT 13 crneayrLnx cTagumn:

- NoNyYyeHne pacTBopa eaKoro Hatpa ¢ maccoBow gonen 32 %;

- NoNy4eHne N3BeCTKOBOrO MOJIOKa;

- NepBas ctagus xrnopupoBaHus — xnopuposaHue 32 %-Horo pacTeopa efKoro Hatpa
N BblAeSIeHNe pacTBopa rmnoxmnoputa HaTpus.

HasHayeHne nepBon cTagum XrnNopupoBaHUS — MonyYeHne U OCBETNEeHME pacTBopa
rmnoxsioputa Hatpus. [pu xnopmpoBaHUM pacTBopa efKOro HaTpa B peakuMOHHOW cMecu
HakKannmeaeTCsa XJSIopua HaTpPUA, KOTOPbIN NOcrne OOCTUXKEHUA HaCbIWEHUS, YaCTUYHO BbIKPU-
CTannM3oBbIBaeTCHA U3 pacTeBopa B Buae ocafgka. [locne xnopupoBaHus cMecb nopgaetcs B
LUeHTpudyry, rae NponucxoauT OCBETNEeHNe pacTBopa N OTAENEeHWEe BNaXXHOro ocajka xmnopu-
Aa Hatpud. B ocBeTneHHOM pacTBOpe KOHTPONMpYyeTCcs codepXXaHue akTMBHoro xropa. [llo-
NyYEHHbIN OCafoK Xxrnopuaa HaTpua (coaepXxawmi Hebonblloe KONMMYecTBO rmnoxnopura
HaTpUa M Kanbuus) HanpasnseTca Ha nepepaboTky. OCBETMEHHbIN pacTBOP rmnoxmoputa
HaTpUA — Ha TPeTbio cTaguio.

- BTropas cragus xnopupoBaHusi — XfiopvpoBaHMe U3BeCTKOBOro Mosnoka (40%-Hbin
pacTBOp rMApoKcuaa Kanbuus) 1 BblaeneHme ocagka AByOCHOBHOW COMKM rMnoxnopuTa Karnb-
Lms.

HasHa4eHne BTOpOW CTaguun XropupoBaHUA — MorlydeHne 1 BblgeneHne ocagka aBy-
ocHoBHoW conu runoxnoputa kanbuma Ca(OCl)2-2Ca(OH).. PeakunoHHaa cmecb, noryveH-
Has Npu XNOpMpPoOBaHNN N3BECTKOBOIO MOJIOKa, NepekaynBaeTcs B MPOMEXYTOUYHYH €MKOCTb.
3 npomexyTo4yHOM eMKOCTU CMeCb nofaeTcd B LeHTpudyry, rage npoucxoguTt pasgerieHne
BNa)HOro ocagka ABYOCHOBHOW COMM U MaTOYHOro pacTeopa (COAEpPKUT XNopuabl Kanbuma n
HaTpusa 1 HeboNbLIOE KONMMYECTBO rMMNOXiopuTa Kanbums). BrnaxHblh ocagok 4BYOCHOBHOWM
COJSIM TMNOXIopuUTa KarnbLMA HanpaBnaeTCca Ha TPeTbi CTaguko XITOPUPOBaHUSA, @ MaTOYHbIN
pacTBOp HanpaBndeTcs Ha nepepaboTky.

- MonyyeHne peakunoHHOM cMecu Ons TpeTben cTaguu XopupoBaHus (pacTBopa
ABYOCHOBHOWM CONU rMnoxnopuTa Kanbumnsa) — CMeLleHne rmnoxsioputa HaTpus 1 nacTbl ABY-
OCHOBHOW CONW rmnoxrnopuTa Kanbuus.

- TpeTbs cTagusa XnopupoBaHUS — XIOpUpPOBaHWE pacTBopa ABYOCHOBHOMW COSU M-
noxnoputa Kanbuus ¢ nocneaywmm BbigeneHnemMm ocazka HemTpasibHOM COMu rmnoxropuTa
Kanbum4.

HasHauyeHne TpeTben cTagum XnopupoBaHUs — NofyyYeHue 1 BblgeneHne KpucTanm-
Yeckoro HentpanbHoro runoxnoputa kansuma Ca(OCI)2 - H20. BnaxHbii 0caiok 4BYOCHOB-
HOW CONM rMMNOXSIopuUTa Kanbuus cycneHaupyeTcs B OCBETSIEHHOM pacTBOpe runoxroputa
HaTpUa M NoJaeTcs B peakTopbl XrnopupoBaHus. locne xnopuposBaHUs CMeCb nepekavvsa-
€TCHA B NPOMEXYTOYHYI €MKOCTb. M3 NpoMexyTo4yHOM eMKOCTU CMeCb NoJaeTcd B LEeHTPU-
dyry. Ha ueHTpudpyre npoucxoauTt pasgernieHme MaTtovyHOro pacteopa v nactbl runoxmnopura
Kanbuus. MaTtoyHbl pacTBop cobupaeTtcsa B cObopHUKe, OTKyAa B BuAe Cbipbsi BO3BpaLLaeTcs
B npouecc (B peakTopbl XNOpuMpoOBaHuUs MepBOM M BTOpou cTaguum). [lacta runoxnoputa
KanbLUMa HanpaefsgeTCs Ha YeTBEPTYH CTaguio — CyLUKa W rpaHynupoBaHUe HeuTpasibHoro
rmnoxsiopuTa Kanbuus.

- CTagusa cywku BblOENEeHHOro ocajka HenTpanbHOM CONW rurnoxnoputa Kanbuus c
nosiy4eHMem TOBapHOro rMnoxropuTa Kanblus, rpaHynvpoBaHne u ¢pacoBka runoxmoputa
Kanbuus (BbliNOMHEHa B 3 TEXHOMNOMMYeCKue fiMHNN).
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HasHauyeHne ctagum CyLlku — MofyyYeHne TOBapHOro runoxsnoputa kansums. MNacta
rmnoxnopuTa Kanbuusi, Nofy4YeHHas Ha TpeTbeM 3Tane, BbICYLUMBAETCH B CyLUWUIIKE B MOTOKE
ropsyero Bosgyxa. BbICyLLEeHHbIV TMNOXNOPUT Kanbuusa oTAeNsieTCs B UMKIOHax, noasepra-
eTcsa rpaHynupoBaHuMio, pacceBy N pacdacoBblBaeTcs B MeTannuyeckue 6apabaHbl. Bo3gyx
nocre CyLWnKn, CoAepXaLlmi Nbifib MMNOXSIopUTa Kanbunsa 1 crnepl Xyiopa o4yuwaeTcs B py-
KaBHOM ounbTpe n abcopbLMOHHOM KOFOHHE.

- ABcopbLmoHHasa ouncTka abrasoB CTaguni XNopuUPOBaHUS N Y3NoB LIEeHTpUdyrmposa-
HUS.

HasHauyeHune y3na 04nCTKN ra3oBbiX BbIBPOCOB CO CTagum XSIOPMPOBaHNA N LEHTPUGY-
rMpOBaHNst — MOCTOSIHHOE ynaBfvBaHWE XNlopa M XNOPUCTOro BogopoAa, coaepXallmxcs B
abraszax gaHHbIX CTagui. YTuUnusaums rasoBbiX BbIGpOCOB OCyLLeCTBNAeTcsd mMeToaoMm ab-
COpPOLIMOHHOrO NOrnoLweHns xopa.

- ABcopbumoHHasa ouncTka abra3oB cTaguu CyLLKK.

[na kaxgonm n3 Tpex JIMHUA CYLWKW npefgycMmaTpmuBaeTca CBOS CUCTeMa MOrfioLeHns
ra3oBbIX BbIOPOCOB, coAepKaluux Xrop U MNbiflb MMNOXIIoOpUTa Kanbums. YTunusauusa ykasaH-
HbIX ra30BbIX BbIBPOCOB OCyLLECTBSeTCS MeTOA0M abcopOLMOHHOrO NOrnoLeHns xnopa.

OnucaHne TexHonorMyeckoro npouecca npueegeHo B Tabnuvue 3.3, nepedyeHb OCHOB-
Horo obopygoBaHna — B Tabnuue 3.4.

Tab6nunya 3.3 — OnucaHue TEXHOMOMMYECKOro npoLecca Npou3BoACTBa rMnoxropuTa

Kanbumsa
OCHOBHOE TEXHO-
BxoaHoi noTok Moanpouecc BbixogHon noTok | nornyeckoe obopy- 3AmMunceuu
JoBaHune
Eokun HaTtp MpurotoBneHue |32 % mac. pac- [031MpOBOYHbIN —
Booa pacTBopa e4Kkoro |TBOP e4Koro 6ak, ueHTpobex-
HaTpa C MaccoBOW | HaTpa HbI HacocC
gonen 32 %
BosspaTtHbin ma- |[lonyyeHune peak- | PeakumoHHas — —
TOYHbIA PacTBOpP | LUMOHHOW CMEecu CMecCb
32 % mac. pac- Ans nepBou cTa-
TBOpP €4Koro Anun xropuposa-
HaTpa HUS — CMeLleHune
BO3BpaTHOro Ma-
TOYHOro pacTeopa
c 3 cragum n
32 %-Horo pac-
TBOpa eaKoro
HaTpa
32 % mac. pac- XnopuposaHue PeakuunoHHas PeakTop Xnop
TBOpP eaKoro 32 %-Horo pac- XMOKOCTbL nocne
HaTpa TBOpa eaKoro 1 ctagun peakumm
Xnop HaTpa
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OcHoOBHOE TEXHO-

BxoaHow noTok Mognpouecc BbixogHOM MNOTOK | norndeckoe obopy- Omuccnn
JoBaHune

PeakunoHHas Paspnenenue cyc- |PactBop runo- LleHTpudpyra —
XWOKOCTb NMOCrie |NEeH3Un — peak- | Xroputa HaTpus
1 cTagnmn peakuum | LUOHHOM XXNOKO-

CcTW nocne

1 ctaguu peak-

uunu, BblaeneHune

pactBopa rmno-

Xnoputa HaTpus
'mopokeug kanb- |lNpurotoBneHne | M3BectkoBoe Mo- |LLIHek, camoBca- —
ums N3BECTKOBOIO MO- |JTIOKO CbiBaOLLNI

rnoka Hacoc, NPOMEXY-

TOYHbIN Bak

N3BecTkoBOE MO- |llonyyeHue peak- |PeakumoHHas LleHTpo6exHbIn —
NOKO LUMOHHOM CMecu  |CMecb Hacoc
BosBpaTHbIN Ma- |Onst BTOPOW CTa-
TOYHbIN PacTBOp |AUK XIopupoBa-

HUS — CMeLLeHne

BO3BpaTHOro Ma-

TOYHOro pacTteopa

c 3 ctagun n pac-

TBOpa U3BECTKO-

BOro MOJsioka
N3BecTkoBOE MO- | XropupoBaHue PeakuunoHHas PeakTop, Hacoc, | Xnop

FIOKO
Xrnop

M3BECTKOBOIo MO-
J10Ka

YKNOKOCTb nocne
2 cTagun peakuum

pacLMpUTErbHbIN
6ak

PeakunoHHas
YKNOKOCTb nocne
2 cTagun peakumm

Pasgenenue cyc-
NeH3nn — peak-
LIMOHHOW XKNAKO-
CTW nocne

2 cTaguun peak-
umn, BolageneHne
ocajika oByoc-
HOBHOW COSU -
noxsiopura Kanb-
uma

Ocapok aByoc-
HOBHOW COSU -
noxnopwuTta Karb-
ums

LleHTpudyra,
COOpPHMK MaTou-
HOro pactBeopa,
LLUHEK
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[NpodomkeHue mabnuubi 3.3

OcHoOBHOE TEXHO-

BxoaHow noTok Mognpouecc BbixogHOM MNOTOK | norndeckoe obopy- Omuccnn
JoBaHune
'noxnoput lMony4eHune peak- |PeakunoHHas [031poOBOYHbLIN —
HaTpuA LMOHHOM CMecn | CMecCb pe3epByap, Hacoc
[Macta oByoCHOB- |AN1s TpeTbeu CTa-
HOW COMnW rnno- Anun xropupoBa-
XfiopuTa Kanbuus |Hus (pacteopa
ABYOCHOBHOW CO-
N rmnoxnopuTa
Kanbumnsa) —
CMeLLEHMe rmno-
xyiopuTa HaTpus u
nacTtbl BYOCHOB-
HOW COMnn rnno-
xJyiopuTa Kanbuus
PactBop aByoc- | XrnopupoBaHue PeakunoHHas Peaktop, Hacoc | Xnop

HOBHOW CONK n-
noxnopuTta Kanb-
ums

Xrnop

pacTtBopa AByOC-
HOBHOW CONK -
noxnopuTta Kanb-
ums

XNOKOCTb nocrne
3 cTaguu peakuum

PeakunoHHas
XWAKOCTb nocne
3 cTaguu peakuum

Pasgenenue cyc-
neH3nm — peak-
LIMOHHOWN >XKNAOKO-
CTW nocne

3 cTaguu peak-
LuMun, BblaeneHme
nacTbl HeUTpanb-
HOro rmnoxnopura
Kanbums

MacTa HenTpanb-
HOro rmnoxropuTa
Kanbumsa

Pesepsyap, Haco-
Cbl, LeHTpudyra

Ocapok
HenTpanbHOM Co-
nn runoxnopurta
Kanbums

Cyuika BblgeneH-
HOro ocagka
HenTpanbHOM Co-
N rmnoxnopuTa
Kanbuus

BbicyLleHHbIN
0ocajokK
HenTpanbHOM Co-
nv runoxnopurta
Kanbums

LHek ons cyxom
CMecw, CyLuunka,
LIMKITOHHBbIN cena-
paTop, PyKaBHbIN
duneTp, NUTa-
Tenb, WHeK Ans
BO3BpaTa NnopoLu-
Ka U3 pyKaBHOrO
dunbTpa, BO3Y-
xo4yBKa Ans cyL-
Kn

Okcup asora,
anokcua
asorta, 6eH-
3anunpeH, ok-
cua yrnepo-
na
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OcHoOBHOE TEXHO-

TBOpP €4KOro
HaTpa
OTxopsime rasbi
CO cTagun LeH-

AALNX ra3oB Co
cTaguun LeHTpu-
dyrmpoBaHuna n
CYLLIKM

Xnopwuta HaTpuda

NOYHOro pacTBo-
pa, abcopOLMOH-
Hasi KONIOHHA,

UMPKYISALUNOHHBIN

BxoaHown noTok Mognpouecc BbixogHOM MNOTOK | normudeckoe obopy- Omuccnm
JoBaHune
BbicyLleHHbIN 'paHynupoBaHue |[paHynupoBah- LLIHek 0o3nMpoBKM —
ocagok rmnoxnopuTa HbIA TMNOXMAOPUT | U rPaHyNATop,
HeuTparibHOM CO- |KanbLuums Kanbuus (rotoBbIn | gpoburka
nn rmnoxnopuTa NPOaYKT)
Kanbums
['paHynupoBaH- dacoska rotoBoro | ToBapHbI runo- | Bubpocuto —
HbIV TUMNOXIOPUT | NPOAYKTa XNOPUT Kanbuus
Kanbums
Eokvin HaTp MpurotoBneHne |32 % mac. pac- Ky6 KONMOHHBbI —
Boaa pacTtBopa e4Kkoro |TBOP e4Koro
HaTpa C MaccoBOW | HaTpa
pornen 18 %

32 % mac. pac- Abcopbuus oTxo- |PactBop rmno- AbcopbunoHHas | Xnop, xno-
TBOP €4KOro AALWNX ra3oB CO | XJIOpUTa HATPUSA | KONOHHa PUCTbIN BO-
HaTpa cTagum Xnopupo- aopoa
OTtxogsuwme rasbl |BaHuUs
CO CTagmn xnopu-
poBaHUs
32 % mac. pac- Abcopbuus oTxo- |PactBop rmno- PesepByap we- | Xnop

pacTBopa Comnen K
BblNapMBaHMIO

TpudyrmposaHus HaCoC, BbITAXXHOW

N CYLLKM BEHTUNATOP

YcpeaHeHHbIn MoaroToBka YcpeaHeHHbIn [exnopaTopsl —
pacTBop conemn yCpPeaHEHHOTO pacTBOp conemn

PacTtBop conen

Bbinapka Boabl 13
pacTtsopa coneu
XIIOpnaoB Karb-
LMs 1 HaTpus

CycneHsna conemn

BbinapHon anna-
paT

CycneHsna conen

dunbTpoBaHME
CYCMeH3uu C Bbl-
aereHvem Tosap-
HOro XrOpUCTOro
Kanbums u pac-
TBOPEHWE XJ10pK-
CTOro HaTpus

XnopucTbIn Kanb-
Lumn

LleHTpudpyra

29




UTC 34—2017

OkoHuyaHue mabnuusi 3.3

OcCHOBHOE TEeXHOo-

BxoaHoi noTok Moanpouecc BbixogHon noTok | norndeckoe obopy- AmMunceuu
JoBaHue
OTtnapeHHbIn YnaesnusaHue oT- | Pactsop runo- PeakTop runo- XnopucTbiv
Xnop NapeHHOoro xrnopa |xnopurta HaTpua |XfiopuTa HaTpuda, |BOAOPOA

C Nnosny4YeHvem
pacTtBopa rvno-
XriopuTa HaTpusi

unbTp rpybon
OYMCTKU, PUNbLTP
TOHKOW O4YUCTKM

Tabnuua 3.4 — NepeyeHb OCHOBHOro 060pyA0BaHUSA NPOU3BOACTBA rMnoxnopuTa

Kanbuus
CyLlecTBeHHble XxapaKkTepu-
HanmeHoBaHue yul P P
HasHayeHune obopygoBaHus CTUKMN TEXHOIOrM4YecKoro obo-
obopynoBaHus

pyooBaHus

Peaktop nepsou cta-
ANN XNOPUPOBaHMS

XnopuposaHue 32%-Horo pacteopa
e[Koro Hatpa

Annapat ¢ nepemelunBato-
wmm yctporcteoMm. O6bem
7,5 M3

LleHTpudpyra nepson

PasgeneHue cycneHsnm — peakum-
OHHOW XMAKOCTU nocne 1 ctagum pe-

[NponssoguTENbHOCTL OT 3

cTagumn akumu, BblaeneHne pacteopa rmno- 0o 20 m3/y
xriopuTta HaTpu4
[NpurotoBneHne N3BeCTKOBOro Moso-
Pesepsyap Kap O6bem 6,3 m®
Peaktop BTOpOM cTa- | XNopupoBaHMe M3BECTKOBOrO MOJIOKa
P P prp O6bem 5 m3

AV XJIOPUPOBaHMUS

LleHTpudpyra sBTopou
cTaguu

PaspgeneHue cycneHsnm — peakuu-
OHHOW XXNAKOCTW nocne 2 cragum pe-
akumu, BblaeneHne ocagka oByoc-
HOBHOW CONW rMnoxnopuTa Kanbums

[NponssoguTeNbHOCTL OT 3
0o 20 m3/y

[1031pOBOYHLIN pe3ep-
Byap

[MonyyeHue peakUMOHHOW cMecn Ans
TpeTben cTagum XsiopmpoBaHna (pac-
TBOpa ABYOCHOBHOW COMY MMMNOXI10pn-
Ta Kanbung) — CMeLleHne rmnoxno-
puTa HaTpus 1 NacTbl 4BYOCHOBHOW
conun 'XK

O6bem 9 m3

PeakTop TpeTben cTa-
Ann XropupoBaHns

XnopupoBaHue pacTsopa [1ByOCHOB-
HOW CONnW runoxnopuTa Kanbuus

O6bem 5,3 m3

LlenTpudpyra tpetben
cTaguu

PasgeneHue cycneHsnm — peakum-
OHHOW XNOKoCTu nocne 3 cragun pe-
aKkumu, BblaeneHne nactbl HENTparb-
HOro r’MNOXmopuTa Kanbums

MponsBognTENLHOCTL OT 3
0o 20 m3/y
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CyLlecTBEHHbIE XapakTepu-

Kanbuus

HavnmeHoBaHwue
HasHayeHune obopygoBaHus CTMKWN TEXHOMOrM4Yeckoro o6o-
obopynoBaHus
pyAOBaHUs
LUHek ong 3arpysku CyLka BblaeneHHoro ocagka
Maccbl B CyLUUITKY HenTpanbHOW Conu rmnoxsiopuTa [MponsBoauTenbHOCTL
MrHOBEHHOro ncnape- |Kanbums 1,5 M3y
HUSA
CyLka BblaeneHHoro ocagka
Cywwunka ¢ MrHoBeH- y y [MponsBoauTenbHOCTL
HenTparnbHOW Conu rmnoxropuTta
HbIM UCNapeHnem 625 Kr/4
Kanbuus
CyLka BblaeneHHoro ocagka
. . . MpounsBoanTENbHOCTD
LINKNOHHBLIN cenapaTop | HEMTparibHOW CONMKU rMnoxnopuTa 625 Kl

PykaBHbI ounbTp

Cyuika BblgeneHHoro ocagka
HenTparnbHOW Conu rmnoxropuTa

[MoBepxHOCTb unbTpaLmnm
420 M?, cTENEHb OYUCTKM

JIOHHa

ANN XIopMpoBaHMUs

Kanbuus 99,5 %
y paHynMpoBaHmne rmnoxmnopuTa Karb- Mpon3BoanTENBHOCTL
BankoBbI rpaHynsaTop
ums 1 000 Kr/v
dacoBka rotoBoro npoaykra MponseognTeNbHOCTL OT 3
Bubpocuto pory P A 3
0o 5 M3y
AbcopbumnoHHas ko- Abcopbumsa oTXxoasLwmx rasoB co cTa- Mpon3BoanTENBLHOCTL
NOHHa AN XNopupoBaHUs 8 000 HM3/Y
AbBcopbunoHHas Ko- AbGcopbuus oTxoadaLmnX ra3os Co cTa- Mpon3BoanTENBHOCTL

20 000 HMm3/Y

C6opHuK-ycpegHuTenb

lMogroToBka ycpegHeEHHOro pacTeopa

conew K BblinapnBaHuio

. . O6bem 50 m3
pacTBopa conei cone K BbinapnBaHuio
MogroTtoBka ycpeaHeHHOro pacTesopa
Hexnopatop 1 cTynexHu A y yepen P P O6bem 4 m3
conei K BbiNapyBaHuUio
MoaroToBKa ycpeoHEHHOro pacTeopa
[exnopaTtop 2 cTyneHu A yepen P P O6bem 4 m3

BeinapHown annapat

Bblinapka Bogbl U3 pacTBopa Cosnen
XNOPUAOB Kanbuns n HaTpus

Mnowagb NoBEPXHOCTU
TennoobmeHa 140 m?2

LleHnTpudpyra

®dunbTpoBaHMeE CyCcrneH3un ¢ Bblaene-
HMEM TOBaPHOIO XMOPUCTOro KanbLUus
N pacTBOPEHME XMOPUCTOro HaTpus

MpounsBoanTENbHOCTD
3,8 M3/4 no cycneHaun

COopHuk xnopuga

CDVIJ'IprOBaHVIe CycneH3nun C Bblaerne-

HaTpus

KanbLS HMEM TOBaAPHOro XJIOPUCTOrO KanbLus O6bem 50 m3

N pacTBOPEHME XIOPUCTOro HaTpua

YnaenvBaHue oTnapeHHOro xmnopa c
PeakTop runoxnoputa 3
T nony4yeHnem pacteopa runoxmopuTa O6bem 6,3 m

HaTpus

y YnaBnuBaHue oTnapeHHoro xsiopa ¢

dunbTp rpydon ouncT- Mpon3BoanTENBHOCTL
" nosily4eHMem pacTteopa runoxnopuTa 14 m3l
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OkoHuyaHue mabnuusi 3.4

HanmeHoBaHue
obopyaoBaHuns

CyLlecTBEHHbIE XapakTepu-

HasHadeHune O60pyD,OBaHVIFI CTUKM TeXHoNorn4eckoro o6o-

pyaoBaHUs

YnaenvBaHue oTnapeHHOro xmnopa ¢

PUNbTP TOHKOM OYUCT- [MponsBoauTenbHOCTL
nony4YyeHnem pacTteopa runoxnopuTa 3
Kn 14 m°/M
HaTpus
3.3 Hopmbl pacxofa cbipbsi U 3HEepropecypcosB
HopMmbl pacxogoB mMaTepuaribHbIX U 3HEPreTUYEeCKMX PecypcoB npvBedeHbl B Tabnu-
ue 3.5.

Tabnuua 3.5 — HopMbl pacxogoB MatepuarnbHbIX U 3HEPreTUYEeCKNX pecypcoB npu

npon3BoACTBE NMnoxnopuTta Kanbuus

EanHnubl PacxognalT
HanmeHoBaHWe pecypcos
n3mepeHus npoaykumm

["aweHas n3BecTb T 0,8
Xnopra3 (100 %) T 0,9
HaTtp egkumn TexHudeckun (46 %) T 1,021
Bopa TexHuyeckas T 1,9
Bo3BpaTHbIit MaTOUYHMK m3 3,88
LLinam conn c npounssoactea [ XK T 0,09
MaTo4HbIN pacTBOP C NPOM3BOACTBA M'MMNOXOPK- 1,386
Ta Kanbuma T

Kucnota consiHas (27,5 %) T 0,25
Cynbcut HaTpua (100 %) Kr 0,228
Eokun Hatp (100 %) T 0,065
Map (1,1 Mla) T 0,16
Bona obopoTHas ThiC. M3 0,1
ONEeKTPoaHeprms MBT-yac 0,5
Bo3gyx TexHonornyeckum TbiC. M3 0,016
Xonopg (MuHyc 10 °C) lkan 0,013
Bopa tennodukaunoHHas kan 0,003
Bogoa 3axonoxeHHas (7 °C — 12 °C) lkan 0,3
Oxnaxpgatowmi paccon (MmHyc 10 — munHyc 5 °C) lkan 0,183
Boaayx TexHuveckun (0,6 Ml1a) HMS3/Y 150
Bosayx KUIMuA P = 0,6 MIMa HM3/Y 32
a3 NpupoaHbIV HM3/T 448
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3.4 TeKywme ypoBHM 3IMUCCUN NPU NPOU3BOACTBE rMNoxsiopu1Tta
Kanbuus

3.4.1 Bblbpocbl B atmocdepy npu NpoM3BoACTBE rMNoxsiopuTta Kanbums

Bbibpocbkl B aTMOCdepy npu NpoM3BOACTBE MMNOXIopuTa Kanbuus npuseneHbl B Tab-
nnue 3.6.
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Tabnuya 3.6 — Beibpockl B aTMOChepy Npy Npon3BOACTBE rMMNOXopuTa KanbLms

MeToa o4ncTKu, no-

O6bem u (Mnun) Mmacca BbIGPOCOB 3arpsAA3HSAOLLMX BELLECTB MNo-

NcTouHukm Beibpoca HanmeHoBaHve BTOPHOrO UCMOrb30Ba- Crne OYMCTKM B pacyeTe Ha TOHHY 1 T npoayKuuu, Kr/T
HUA MuHumanbHoe MakcumanbHoe CpenHee
BeHTuUnsaumonHble |B3BelleHHble BellecTBa — — — 0,018
BbIOpOCHI KapboHnaTt HaTtpus nHaTpumn
P P pus (4 P . _ _ 0,0000133
kapboHar)
[Mbinb HeopraHwyeckaa C CO-
AepXaHMemM KpeMHUsi MeHee
_ — — 0,0000005
20 %, 20 % — 70 %, a Takxe
donee 70 %
AbBcopOLKNOHHOE  MO-
Xnop PoL — _ 0,04
rMoLeHust xropa
XropuUcTbIn BOA4OPOA — — — 0,00014
Hatpun rugpokeng (HaTpus
rMMOPOOKUCH, HATP eaKuKn, coaga — — — 0,0007

KaycTnyeckas)

LTOC—VE J1U
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3.4.2 O6pallieHue co CTOYHbIMM BogaMun

CTOYHblE BOAbLI NPOM3BOACTBA rMNoxnopuTa kanbums o6bémom 60 Thic. M3 B rog OT-
BOOAT B HakonuTenb, nepepabaTbiBalOT C NOSyYEHMEM TOBApPHbIX FMMOXroputTa HaTpus m
XNOPUCTOrO KanbLMs, paccona, KOTOpbI HanpaBnalT B NPOM3BOACTBO XlOpa U KaycTuka, a
NPOMbIBHbIE BOAbI HANPaBMST Ha CTAHUUIO HEUTpanusaumm KUCIOTHO-LWENOYHbIX CTOKOB;
yaenbHas macca cbpoca xnopuaos 2,3 Kr/T NpoayKumu.

3.4.3 OTxoabl NpoU3BOACTBA MMMNOXNopUTa Kanbuus

B npouecce npoussoacTea runoxmnoputa Kanbuusa XxapakTepHbIX TEXHONOMMYECKNX OT-
X000B He obpasyeTtcs. Obpa3oBaHMe OTXOAOB CBA3AHO C OCYLLECTBIIEHMEM BCNOMOraTesb-
HbIX onepauun: nHOycTpuanbHble Macra (HanpaBrslTCA Ha pereHepauumio), UCrnonb30BaH-
Hble PUINbTPYOLLNE dNeMeHTbl (HanpaBnslTCA Ha 3aXOPOHEeHue), Tapa M3-nog MU3BeCcTU U
cynbdaTa HaTpus (HanpaBnSTCA Ha 3aXOPOHEHNE).

Paspen 4. lNponssoacTtBo PTOPUCTLIX COeANHEHUN

4.1 O6wasa nHcpopmaumua o paccmaTtpmBaeMoun oTpacnu
NPOMBLILUNEHHOCTU UNN MeXoTpacrieBon npobneme

®dTOp AOBONBHO LLUMPOKO pacnpocTpaHeH B npupoge. o gaHHbim . durHepa [18], Ha
ero gonto npuxoamntcsa 0,065 % ot macchbl 3emMHOW Kopbl. 1o cogepxaHuio B nntocdepe OH
3aHMMaeT 13-e MecTo cpeam Npounx aneMeHToB. PTop BeCbMa paccesiH B Npupoae; nNpucyT-
CTBYSl MOYTM BO BCEX OCAAOYHbIX M MarmMaTU4eCKMX NopoAax, OH KpavHe peako obpasyer
3HauuTenbHble cKkonnenus. Jnwb okono 10 MMHepanoB MOXHO Ha3BaTb dTOpcoAEPKALLUMM.
Hanbonblwee Konmyectso oTopa HaxoauTCHa B CNO4ax, BaXKHENLLMM MUHEPANioOM Takxke siB-
ngaetca anatut [18]. B HacTosiLee BpeMs NPOMbILLIIEHHOE 3HAYeHWE UMEKT OBa MUHepa-
na — cnoopuT (NNaBMKOBbLIN LWINAT) U anaTturT.

dTOpUCTLIE COEANHEHUSA NCNOMB3YIOTCA NS NPOM3BOACTBA anNtOMUHNA, B TEXHONOMMN
peakux MeTansnoB, B XOnoaunbHOW TexHuke. LLnpokoe passuTue nonyyvmna NpoMbILLSIEH-
HOCTb OpraHuyecknx OTOpPNPOn3BOAHBIX, KOTOpPas 3aHMMaeT BeayLlee MecTo no notpebne-
HUO Topa. dTopcoaepxawime nonumepbl o6nagarT LEHHENWLWMM aHTUKOPPO3MOHHLIMU Y
TennoMn3an4eckuMmm CBOMCTBaMM, YTO AenaeT UX He3aMEHMMbIMU MaTepuanaMmm B Xmmuye-
CKOW NPOMbILLIIEHHOCTU N MALUMHOCTPOEHUN. 3HAYNTENBHOE KONMNYECTBO (DTOPUCTLIX COean-
HEHUN UCMONb3yeTCsl B YEPHOW MeTannyprum, B NpOMbILLIIEHHOCTU CTPOUTENbHbBIX MaTepua-
10B, B NPON3BOACTBE KepaMn4eckux nsgenum [19].

4.2 O6nacTtb NnpUMeHeHus

4.2.1 O6nacTtb npuMeHeHUsa CuHTeTU4Yeckoro cprtopmaa kanobumusa (Cakz)

CuHTeTHYeckMn pTtopna KanbLMsi MOXET ChYyXUTb 3(PQEKTUBHBIM 3aMeHUTENEM
donNOPUTOBOrO KOHUEHTpaTa B Npou3BoACTBE (PTOPUCTOro BOAOpOAa Ui NiaBUKOBOW KUC-
NOTbl CEPHOKUCIIOTHBIM PasfioXXeHNneM U METOAOM BblCOKOTEMMEpaTypHoro rmgponunaa. CuH-
TeTnyecknn otopua KanbLms No CBOMM CBOMCTBAM WHorga npesocxoaut dgnooput. OH ner-
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Yye pasnaraeTcs CepHOM KUCMOTOM MO CPaBHEHUIO C NMPUPOAHbLIM (PNIOOPUTOBBLIM KOHLEHTpa-
TOM, YTO CHMUXaeT pacxo CEpPHON KMCNOTbI Ha nosnyvyeHve HF [18].

MckyccTBeHHbIM (bTOpMA KanbLms MOXeT ObiTb NOSTlyYEH C MEHbLUMM COAEep)KaHUEM
BpedHbIX NMpUMecei, Yem NraBuMKOBLIN WnaT. BaxxHoe MecTo MOXeT 3aHATb MCKYCCTBEHHbIN
CaF2B MeTannyprmyeckorn NpPOMbILINIEHHOCTN B BMAE OKaTbiwen unu 6pukeTtos, noTped-
HOCTb B KOTOPOM MOXET COCTaBUTb COTHU TbICAY TOHH. ViccnegoBaHusi nokasanu BO3MOX-
HOCTb MOMy4YeHUs Ha OCHOBE CUHTETUYECKOro (OTOPUCTOrO KanbUMs OKaTblwen U BpuKkeTos,
KOTopble NpuUrogHbl 4518 BbinNnaBky ctanun. MenkogucnepcHbl (OTOPUCTBIN KarnbLMi MOXET
NCNonb30BaTbCA B MPOM3BOACTBE creLmanbHbIX MapoK TEPMOCTOMKUX PE3UH.

CuHTeTnyeckun ropug kanbumsa 6onee HM3KOro kavectsa (C BbICOKMM COAEpPXKaHMEM
SiO2, CaCOs, Fe203 n gpyrnx npyumecen) NnpurogeH Ans NonyyYyeHus BSXYLUX MaTepmanos v
B KayeCTBe HamnomHuMTens npu npou3BoacTBe nnactmacc. [loTpebHocTn uemeHTHon npo-
MbILUSIEHHOCTN B 3TOM NpoaykTe 6yayT B OCHOBHOM onpenenatbca macwtabamu ero npoms-
BOACTBA Ha 3aBodax dOCHOPHbIX yA0BpeHUn N NOSTOMY A0 U3BECTHOM CTEMNEHU HEOorpaHu-
YEeHHbI.

4.2.2 ObnacTtb NnpMMeHeHusA rekcacpropuaa cepbl

"ekcadpTopuna cepbl (SFs) — Heroptounin ra3 6e3 useta n 3anaxa. Cpeam CBOWCTB, KO-
TOpble NPeAcTaBnsalT NUHTEPEC OS5 NPOMBILLNEHHOCTU, criedyeT OTMETUTbL creyoLume:

- B 5 pa3 Takenee atMocepHoOro Bo3ayxa;

- UHepTeH B npegenax temnepaTtyp go 500 °C — 700 °C,;

- 0o 300 °C He pearvpyeT HM C OOAHUM U3 MaTepuarnos, NPUMEHSAEMbIX B BbICOKOBOIb-
THOW 3NEKTPOTEXHUKE;

- He BCTYNaeT B peakumto C KUCrnoTaMmn u Lwenovyamu, BOLOPOAOM U KUCNIOPOOOM;

- ManopacTBopuUM B BOAE, ANITUNOBOM 3h1pe N 3TUITOBOM CNUpPTE;

- XOPOLLO pacTBOpsSeTCA B HATPOMETAHE;

- OTNNYAETCH HU3KOW TEMMONPOBOLAHOCTLIO U BbICOKOW TEMITOEMKOCThIO;

- obnagaeT BbICOKMMU NPOBMBHBLIM HANPSXXEHNEM N INIEKTPUYECKON MPOYHOCTBIO.

Ho Takmmn cBorctBamn obnagaeTt YncTbi ras. [pn HapylweHun TexXHOMNormm npoms-
BOACTBA B arierase MoryT cogepXaTbCs npumMecu, no CBOMM OTpaBAOLWMM CBOMCTBaM Mnpe-
Bocxoaswme docreH, Hanpumep S2Fio. MNMpumecn kncnopoga v napoB BOAbI MPUBOAAT K
YCKOPEHHOMY 00pa3oBaHWIO MPOAYKTOB PasfoXeHus, BpeAHbIX ANS 4YernoBeka W OKpyXaro-
Len cpefbl U HEraTMBHO BIMAIOLWNX Ha obopyaoBaHue. [NpoayKTbl pas3foXeHns pearnpyroT
c MeTannamu ¢ obpasoBaHuemM nx PTopnaos, 0bpasyoT TBEPAbIE NPUMECH, KOTOpble OTKMa-
AbIBAlOTCH Ha NOBEPXHOCTAX annapaTypbl. ANEKTPUYECKUA paspsa NPUBOANUT K pasnoXeHuto
anerasa, 4to obycnoBnuBaeT BbICOKMe TpeboBaHus K 0b6paboTke paboumx NOBEpPXHOCTEN
3MEeKTPOTEXHNYECKON annapaTypbl.

TpeboBaHUA K YNCTOTE pa3nMyHbl ANA pa3HbiX o6nacTen NPMMeHeHUs

Oneras NOBbILWEHHOW YMCTOThI [22, C nameHeHnsiMn 1-6] cootBeTcTBYeT TpeboBaHMAaM
IEC 60376:2005. [apaHTUMHBIN CPOK XpaHEeHuUss — 5neT Cco [OHA WU3roTOBIEHUS
(cm. Tabnmuy 4.1).

Tabnuya 4.1 — CsowcTBa anerasa B COOTBETCTBUM C [22]

MapameTpsbl Hopma

MaccoBasa gons SF6, %, He meHee 99,9
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OkoH4yaHue mabnuuysi 4.1

MapameTpsbl Hopma
MaccoBas gonga npumecen (Kmcnopog, a3sor, 0,04
BO34yX), %, He Gonee
TeTtpadTopmeTaH, %, He Gonee 0,04
MaccoBas gons Boabl, %, He 6onee 0,0015
KncnoTHoCTb B nepecyeTe Ha MacCoBYHO 0,00003
ponto HF, %, He Bonee
MaccoBaga gonsi ruaponumampyemMbix ptopu- 0,0001
A0B B nNepecyeTe Ha Mmaccosyto gono HF, %,
He Gonee
TOKCUYHOCTD * He Tokcu4yeH

* Y\cnblTaHUS HA TOKCUYHOCTb npoBOOATCA Ha 6enbix Mmblwax. M3rotosutens 06s3aH Bbl-
AaTb 3aKrn4yeHne 0 TOKCU4YHOCTU roTOBOro NpoaykKra.

FekcadTopua cepbl ANA INEKTPOTEXHUYECKOW OTPACNM U NIEKTPOHUKMU

B kayecTBe m3onaTopa M xnagareHta B BbICOKOBOSIbTHOM TexHuKe, paboyero Tena B
ayroracawmx yctponcteax. LLUMpoko npumeHsieTcs B 9NEKTPOHUKE, Hanpumep npy NnpousBoa-
CTBE KOHAEHCATOPOB, NOANOXEK U T. M.

Aneras B MeTannyprum

MpuMEHST B KayecTBe 3alMTHOW cpedbl NMpu BbINSABKE HEKOTOPbLIX METansnos,
HanpUMep CnnaBOB MarHus, a Takke Ansg OYUCTKU pacninaBoB antoMUHNS.

Aneras B MEOQULIMHCKOWN TEXHUKE

MpUMEHSAT Ans M3roTOBMEHUSA Na3epHOro U MMMNYfbCHOrO 0bopyaoOBaHWsA, a Takke
rMrMeHNYecKknx CpeacTB Ha OCHOBE Kanbuma ptopuaa.

Aneras3 B 060pyaoBaHUM ANA NOXapoTyLUeHUs

OpobpeH B kayecTBe areHTa B rasoBom noxapotyweHun BHUUMO MBI Poccun
ANEKTPOTEXHNYECKUX U ANEKTPOHHBIX NPUBopoB.

FekcadpTopua cepbl ANsA CTPOUTENBLHOM U APYrMX OTpacren

B kadecTBe 3anonHuUTens BHYTPEHHEW MOfoCTU CTeKknonakeToB. Bo3aMoXHOCTb onpe-
AEnaTb ranoreHuabl NpyM Manomn ux KOHUEHTpauumn onpenensaeT MCnornb3oBaHue rekcadTo-
puga cepbl Kak rasa-tectepa gnsi obHapyxeHus Teden B OTBETCTBEHHOM O6OpyaOBaHWUM:
TpybonpoBogax, KoTfiax OTONfeHns 1 T. .

CxemaTU4HO CTpyKTypa Npou3BOACTBA (PTOPUCTbIX COEOMHEHWA NpeacTaBrieHa Ha
pucyHke 4.1.
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PucyHok 4.1 — CTpyKTypa npon3BoacTea hTOPUCTbIX COEANHEHNN

4.3 OnucaHue TeXHONIOrMYeCKUX NpPoLieccoB, UCMOSNb3yeMbIX
B HacToslllee BpeMsi B pacCMaTpuBaemMoun oTpacnu
NPOMbILLSIEHHOCTHN

4.3.1 NpounsBoacTBo (hpTopa

Mpouecc nony4vyeHnsa ptopa TEXHUYECKOrO COCTOUT N3 CreayoLWmMX OCHOBHbIX CTaaun:

- NpUeM n ncnapeHne pTopoBoaopPOAa;

- NPUrOTOBIIEHNE ANEKTPONUTA;

- HacblLWEHNE 3NEKTPOSIN3EPOB;

- nosilyyeHve (ptopa TEXHNYECKOro NyTeM dNeKTponnaa;

- TpaHcnopTMpoBKa hTopa noTpebutensm.

TexHonornyeckasi cxema rnpom3BoAcTBa hTopa COCTOMT U3 crnefyowmnx ctagumn: noa-
roTOBKM (PTOPMCTOro BOAOPOAA W SNEKTPONUTA; SNEKTPONN3a; OYUCTKU ra3oB, NOMYyYEeHHbIX
Nnpwn SNEeKTPOoM3e; KOMNPUMNPOBAHNSA; XPaHEHUST U TPAHCMOPTMPOBKN doTOpA.

4.3.1.1 NMpwuem n ucnapeHune ¢propucToro sBogopoaa

bes3BogHbIN PTOPUCTBIM BOOOPOA B XUAKOW dhase LeHTPOoOeXHbIM HAacoCOM nepeka-
YMBAIOT MO MEXLEXOBOMY TpybonpoBoay B pacxoaHble eMKOCTU. TemnepaTypy B pacxogHbIX
€MKOCTSAX Mpu npuemMe 1 XxpaHeHnn oTopMCToro Bogopoaa nogaepxueatot He Bolwe 15 °C, a
npu ncnapeHnn — 25 °C — 35 °C. [na ncnapeHus oTopmucToro Bogopona B 3MeeBUK, ycta-
HOBIMEHHbI B pacxo4HON eMKOCTU, NoAdaloT nap AaBneHueMm 7 Krc/cM? 1 pas3orpeBaloT Xua-
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Knin (pTopuCTbI BOLOPOA B pacxodHOM eMKocTu Ao Temnepatypbl 25 °C — 35 °C. dtopu-
CTbi BOAOPO[ B BMAe NapoB M3 pacxogHOM €MKOCTU NOoCTynaeT Ha NoAnuTKy anekTponuse-
POB.

4.3.1.2 MNMpuroToBneHne aneKkTponura

Heobxoaumbln Onst nycka anekTponusepa 3neKkTponuT rotoBAT cMeweHnem dTopu-
CTOro Bogopona u uncroro éudprtopuga kanms B oborpeBaemblx 6akax. [a3oobpasHbln pTo-
pUCTbIN BoAopoa obpasyeTcda B ucnaputensx, oTkyga nepegaeTcs Ha NoAnNUTKY 3MNeKTponu-
3epoB 1 NpUroToBreHune anekTponuta. [pu NpUrotToBNeHNn anekTponuTa pTopucTbii BOJO-
pon noctynaeTt B Oak yepe3 cneumnanbHbin 6apboTep, YeM OAHOBPEMEHHO AOCTUraeTcsa u
Xopollee nepemMeLLvBaHue.

Heobxogumein ansa nponssoactea topa Gudtopua Kanna roToBAT CMELLEHNEM pac-
CUYMTAHHbIX KONIMYECTB NSIAaBUKOBOMW KMCNOThI U NoTalla UivM eakoro Kanu.

4.3.1.3 NMonyyeHue pTOopa TeXHUYECKOro

Ons npnpgaHua 6e3sogHon HF anekTponpOBOAHOCTM B 9NEKTPOnuT AobaensoT goTo-
pug kanus. MNonyyeHne Topa TEXHUYECKOro, TakuM 0Bpa3oM, OCYLLECTBASIOT 3MeKTponu-
30M pacTBopa TpugTopmaa Kanus B aneKTponusepax cneumanbHON KOHCTPYKUMN. DNeKTpo-
nu3ep npegcrasnseT cobon BaHHY NPSAMOYrosibHOW POpMbl C NocKkonapaniesnbHbIMN 3Mek-
Tpogamun. Kopnyc anekrponuaepa u3rotosrieH n3 cranu. o ueHTpy B BepxXHen 4acTu Kopny-
Ca BaHHbl rOPU3OHTarNbHO NpMBapeHa cTanbHasa nnuMTa co WTylepamun, KoTopas pasgenser
anekTponu3ep Ha ABe oAMHaKoBble cekuuun. Kaxgasa cekums anekTponmsepa KoOMMneKkTyeTcs
KaToAHbIM M aHOAHbIM ©6roKamMun, 3MEeEBMKOBBIM TEMIOOOMEHHUKOM W KpbILWKOW. KaToaHbIn
BroK CeKkumMm COCTOUT U3 6 CTarnbHbIX KATOAHbLIX NNACTUH, KOTOPbIE NS YNYyYLEeHUS UMPKYNs-
U1K 3NeKTponuTa BbIMNOMHEHbI ¢ nepdopaunen. KatoaHble nnacTuHbl NpUBapeHbl K CTEHKE
Kopryca anekTponuaepa CO CTOPOHbI KaTOOAHOW LWWHbI. [ns mMcknioveHus TemnepaTypHbIX
NepekocoB KaToAHble MMacTUHbl (C APYron CTOPOHbI 3MeKTponu3epa) YCTaHOBMEHbl B
HanpaensoLwue, BbINOSIHEHHbIE U3 YroNKOB. TennoobMEHHUK KaKOoW CeKLMUM COCTOUT U3
TPEX 3MEEBMKOB, U3rOTOBMEHHbIX U3 CTanbHbIX TPYD, KOTOpPbIE MPOMOXEHbI BHYTPU KOpryca
BaHHbl BOOSMb KAaTOAOB B HECKONbKO psaoB. Kpbllka Cekunn anekTponusepa crarnbHas, nna-
KnpoBaHHas HuUkenem. K Kpbilke npuBapeHbl N0 4 NPAMOYrofibHbIX KONMOKOSa U3 HUKENs, KO-
TOpble 00BbEeMHAITCA B BEPXHEN YACTW MOA KPbIWKOW. Ha KpbilwKe pasmMelleHbl WTyLepsb:
Ana oTBoAda (propa M3 aHOL4HOro NPOCTPaHCTBA, ANS NPOAYBKM aHOOHOMO M KaTOAHOro npo-
CTPaHCTB, ANA YCTAHOBKU Had KaTOAHbIM MPOCTPAHCTBOM MpefoXpaHUTEmNbHbIX MemOpaH,
ANSA BbIBOAA U KPEMnneHns TOKONOoABOAALLMX CTepXXHeN aHo40B. AHOAHbLIN BMOK CEeKUMn anek-
Tponusepa COCTOUT M3 12 yronibHbIX aHOAOB, KOTOPble MOABELUMBAOTCH Ha KpbILKe 3fek-
Tponuaepa BHYTPU KOSIOKONOB Ha MeAHbIX TOKOMOABOAALUMX CTEPXHAX. YTONbHble aHoAbl
pacrnonararloT BHYTPU KOpryca 3rekTponuaepa napansnenbHO KaToaHbIM nriacTuHam. BeiBog
TOKOMOABOAALLNX CTEPXKHEN OCYLLECTBISAETCA Yepe3 OTBEPCTUSA B KPbILLUKE, HA KOTOPOW TOKO-
noaBoAsiLLMe CTEPXKHU KPENATCA U OOQHOBPEMEHHO 3S1IEKTPOU3ONUPYIOTCH OT HEE C MOMOLLbLIO
CanbHUKOBBIX YCTPOWUCTB. [N canbHUMKOBOW HAGMBKM MCnonb3yoT dptoponnact-4. KpblIwku
CEeKLMIN C yKpenmneHHbIMU Ha HUX BrnokamMmn ycTaHaBNMBaOT Ha KOPMyC anekTponusepa vyepes
3NEKTPON30NNPYIOLLYIO NPOKNaaKy.

Ha ueHTpanbHON NnuTe anekTponvaepa pasmMeLleHbl WTylepb:

- Ans nogayn ptopuctoro Bogopona yepes 6apboTep B SNEKTPONUT;
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- Ang oTBOAA BOOAOPOAA U3 KaTo4HOro NpoOCTPaHCTBa;

- ans yctaHoBku KUTnA.

lMepen BkntoYeHWEM B paboTy aMeKkTponM3ep 3anofiHAT anekTponutom. [na pasae-
NeHnsa KaToAHOro U aHOL4HOro NPOCTPAHCTB ANIEKTPONUT B 3MEKTPONU3ep 3anueatoT 4O TaKo-
ro YPOBHSI, YTOObI HWXXHUIA Kpal aHOOHbIX KOFIOKOSIOB NOrpy3urica B 9MEKTPONUT Ha rnyouHy
80—-120 mMm. nybuHa norpyXeHus Korokona B 3NeKTPonuT onpefensdeT aBreHue rasa B
aHOAHOM NMPOCTPaHCTBE, KOTOPOE AO0IMKHO BbITh He Bonee 120 mm BOA. CT.

OnNeKkTponu3epbl MOHTUPYIOT Ha M30MSATOpPax B OTAENbHbIX N30NMPOBAHHbLIX KabuHax.
Ha Bcex TpybonpoBoaax anekTponvsepa yCTaHaBnMBalT pasbeanHUTENN N3 TOKOHENpPOBO-
Adulero matepmana.

B kabuHax, roe ycTtaHOBMEHbl 3MEeKTPONU3epbl, NOAOEPXKMBAIOT pa3pexeHue OT no-
CTOSAHHO AENCTBYIOLLEN BbITSXXHOW cucTembl. [pu nageHun paspexeHusi BbITSHXXKHOW BEHTU-
naumn 0o 30 MM BOA. CT. aBTOMATUYECKN Pa3MbIKalTCA BBOAHbIE KOHTAKTOPbLI MONYynpoBOA-
HWKOBbIX BbliNpAMUTENbHbIX arperatoB (BAK), npu aToMm npekpallaeTcs nuTaHne 3neKkTponu-
3€epOoB 3NEeKTPUYECKUM TOKOM. [pynnbl 3NEeKTpOoNn3epoB 06bEANHAIOT B CEPUN N KAXKAYIO Ce-
pUIO BKIKOYAIOT B NEKTPUYECKYIO Lienb NOCTOAHHOroO TOKa nocregosartesibHo. [luTaHve anek-
TPONN3epoB MOCTOAHHBIM TOKOM OCYLLIECTBIIAIOT OT MOMYyNPOBOAHUKOBOIO BbINPAMUTENBHOIO
arperaTta Cc BOASAHbIM oxnaxzaeHuem. [1pn ncyesHoBeHUM NPOTOKa BOAbl HA OXNaXaeHue no-
NyNPOBOAHMKOBbLIX BbIMPSAMUTESbHBIX arperatoB u perynatopos HanpsbkeHna (PHTO) aBTto-
MaTU4YeCKN pa3MbIKaloTCA BBOOHbIE KOHTaKTOPbI, MNP 9TOM OTKIOYaAETCA NUTaHUE 3MeKTPOo-
aHepruen BAKos n PHTO, koTopble ycTaHOBNEHbI Ha noactaHumun. [loason Toka K YronbHbIM
aHogam — BHYTPEHHUW, Yyepe3 MedHble Tokonoasogsdwme cTepxHu. lNogson Toka K KaTo-
AaM — BHELLHWI, Yepes NpuBapeHHYo K KOprycy 3rekTponniepa KaToaHyo WuHy. Harpyska
Mo TOKY Ha Cepuio ANeKTPonn3epoB coctaBnsaeT He 6onee 10 KA.

[Mpn BegeHUn npouecca anekTponuaa Ha anekTpoAdax NpoTekawT creaylolme peak-
Lmm:

- Ha yroribHOM aHoge:

2F — 2e — F;
- Ha CTaJibHOM KaToAae:
2H* + 2e — Ha.

4.3.1.4 TpaHcnopTupoBKa pTopa TEXHUYECKOro noTpedbuTtento

DTOp TEXHNYECKUIN N3 INEKTPONM3EPOB NO OOLLIEMY KOSMEKTOPY NOCTyNaeT B rasrosib-
Aep KOMNoKoSibHOro tuna. B kayecTBe 3aTBOPHOWN XMUOKOCTU MCMOSb3YIOT pacnnas TpudTopu-
Aa kanusa ¢ cogepxaHunem B HeM 37 % — 40 % (Bec.) dptopuctoro Bogopoaa. YUtobbl Tpu-
pTOPUA Kanua Haxogurncs B pacnsiiaBfieHHOM COCTOSIHUMM, B rasronbgepe noaaepxusaroT
Temnepatypy 80 °C — 90 °C. U3 rasronbgepa PTOp TEXHUYECKUIA LIEHTPOOEXHON ras3oays-
KoW nogatoT ¢ gasneHnem He 6onee 200 MM Bog. CT. B pacnpeaenuTenbHbi Konnektop. U3
pacnpenenuTenbHOro Konmekropa pTop TEXHUYECKUI TpaHCMoOpTUpyeTCca Ha notpebneHune
B NpOM3BOACTBE (PTOPYrNepoaHbIX CMa3oK, a TakKke B OTAefieHMe KOMMNpUMMpOoBaHUA AN
nocneayrLero UCnonb3oBaHUA B NpousBoacTBe prtopyrnepona, pTopyrnepoaHbIX XUOoKo-
cTen v anerasa. [na UckniyeHnsa yteykn ptopa 13 rasoyBku B CanbHUKOBOE YMNJIOTHEHME
HenpepbIBHO nogalT as3oT B konmdectBe 500-800 n/4. B npousBoacTtee hropyrnepoaa,
bTOPYrNepoaHbIX XXUAKOCTEN N anerasa NpUMEHsAT (PTop TEXHUYECKUn gaBreHnem He 6o-
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nee 0,6 krc/cM?. [N cxxaTusl rasa MCMonb3yT arperaT KOMNPeCcCopHbI MeMGpaHHOro Tuna
1,6MK, KOoTOpbIN COCTOUT N3 MeMBpaHHOro Komnpeccopa, anekTpoasuratensa n KOMMyHUKa-
UM ons NoACOeANHEHUS K BHELLHMM ceTaM. ArperaT cHabXXeH cucteMon aBToMaTukn. Arpe-
rat KOMNPECCOPHbIN MEMOPaHHbIN NO NPUHLMNY AENCTBUSA U YCTPONCTBY OTHOCUTCA K MaLUu-
Ham ob6bemHoro Tuna. Cxatune rasa B KOMNPECCope NPOUCXOANT B pe3yrbTaTe YMEeHbLUEHUS
Kamepbl cXaTusa BCneacTeue nocTynaTeribHOro ABMXEHUS MOPLUHS, rae B KayecTBe MOpLUHSA
ncnonb3yeTcs Kpyrnas rmbkas memopaHa. [na 3anonHeHna membpaHHbiX 6110KOB KoMnpec-
copa ucnonbayetca cmaska Yl (nepdprtopnpoBaHHoe macno). PTop TEXHUYECKUA U3 pac-
npegenuTenbHOro Komnmektopa Yepes 3epHUCTbIM (punbTp, rae oTunbTpoBbIBAETCA OT
TBEpPAbIX YacTuL, anekTponuTa n apyrmx abpasmBoB, NOCTyNaeT B KOMNPECCOP N CKUMAETCS
[0 naBneHus He Gonee 0,6 krc/cm?. CxaTbl ra3 4yepes MacrooTAenuTenb HarHetaeTcs
B BydhepHyto eMKOCTb 1 NepeaaeTca notpeburento.

4.3.1.5 OuncTtKa nony4veHHbIX NPU INEKTPOsn3e rasoB

"a3bl, BbIXOOALWME U3 3MEKTPONM3epa, 0cCobeHHO (PTop, 3axBaTbiBalOT C COBON HEKO-
TOpOEe KONMMYeCTBO MblneobpasHoro anekTponMTa, KOTopbin MOXeT 3abuBaTb apmaTypy U
KOHTPOSbHO-U3MepUTENbHbIE NPUBOPbLI, MO3TOMY MPOBOAAT OYUCTKY pTOpa MpPOMycKaHWem
ero yepes nbiNeoTCTOMHMKM U punbTpbl. asbl Takke yHocaT ¢ cobon HF, kucnopop, He-
B6onblwme konunyecTBa okcuaa propa un ropyrnepoaHbix coeamHeHm. OT PTOpUCTOro BO-
aopopa rasbl (BOOOPOA U (PTOP) oumLLaoT oxnaxgeHunem nx go mmHyc 50 °C; npu aToM npo-
ncxoanT ero koHgeHcaums. CKOHOEHCMPOBaHHbIM PTOPUCTLIN BOAOPOS cobupaeTcs B em-
KOCTb, OTKyAa Yepe3 ncnaputenbHyto CUCTEMY NogaeTca obpaTHO Ha NUTaHWE 3NeKTponmnse-
pOB.

4.3.1.6 OuncTtka Bogopoaa ot hTopmcToro Bogopoaa

Bogopoa ¢ npumecbio ptopucToro Bogopoaa vM3 obuiero Komnnekropa, B KOTOPbIv
npeaoycMOTpeH NoAayB a3oTa pacxodoM He Gonee 4 m3/4 nocTynaeT ¢ gaBrneHnem 5-40 Mm
BOA. C. B abCopOLMOHHYIO KONMOHHY. B abcopbLMOHHOM KONOHHE HEMNPEPLIBHO HACOCOM LMp-
KynvpyeT opoLualoLwuni pacTBop rmapara okucy kanus. OpoLuarLwmn pacTBop KOHUEHTpaum-
en 20 % — 28 % (Bec.) roTOBAT B pacTBOpUTENE U NEPUOMYECKM 3aKaumBaloT HACOCOM B
Ky6 abCcopOLMOHHOM KONMOHHBbI.

dTopUCTLIN BOAOPOL, COAEpKaLMINCA B ra3oBoun (pase, B3auMogencTByeT C rmapaTom
oKucK Kanusa ¢ obpasoBaHuem propmnaa kanvs 1 BolgeneHmem Tenna.

[Ons cHATMS M3BbITOYHOrO Tenna OpoLLALWNA PacTBOP LMPKYNUPYET Yyepes Tennoob-
MEHHUK, OXNnaxgaembli Bogon. TemnepaTypa LUMPKYNSLMOHHOMO pacTBopa AOSMKHA ObiTb He
6onee 60 °C. C uenbio YCKOPEHHOro nonyyeHuns udtopmnaa Kkanus ansa Hyxza npousBoACTBa,
TEeXHOmMormyeckas cxema npegycmaTtpmBaeT nogady no cudoHy B Ky6 abcopObumoHHOM KO-
NOHHbI PbTOPUCTOro BOAOPOAA U3 PACXOAHON EMKOCTH.

Booopopa, oumweHHbIi 0T oTopucTOoro Bogopoda, cbpackiBatoT M3 abcopOLMOHHON
KOMNOHHbI MO ra300TBOAHON NMHUM Yepes rmapo3aTBop M OrHenperpaguTens B aTMocdepy 3a
npegensl uexa. B rugposaTtBop Yyepes3 NpoMeXyTOYHbIN Ba4yoK HeNpepbIBHO NogatoT BoAy C
pacxogom 10-15 n/4. Cnue Boabl C rmgpo3aTBopa B COOPHUK CTOYHbIX BOA NPOU3BOAAT 4e-
pe3 nepenueBHon 6a4vok. [MaposaBTOop npegHasHadeH ana obecneyeHus OasreHus 5—
40 mm BOA. CT. B abCOpPOLMOHHON KOMNOHHE.
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[MpombIBHbIE BOAbLI NOCHe NoAroToBKM abCOPOLUMOHHOM KOMOHHbI K PEMOHTY OTKaun-
BalOT B COOPHMK CTOYHbIX BOA.

B npouecce o4ncTkM BOOOPOLA OpPOLLAKOLWMNA pacTBOP NEPUOSUYECKN KOHTPONMUPYIOT
Ha cogepXaHne B Hem pTopucToro Bogopoaa. lNpu cogepkaHun B opoLuatoLLieM pacTBope
7% — 11 % (Bec.) pbtopucToro Bogopoaa, pacteop un3 Kyba abcopObUMOHHOM OTKauMBalOT
HaCOCOM Yepes pyKaBHbIN PUNbLTP B KpUCTanni3artop.

4.3.1.7 BbigeneHune oudropuaa kanusa

B kpuctannusatope opoLualLlwmn pactBop, NpUHATBIN N3 kyba abcopbumMoHHOM KO-
NOHHbI, OXNaxgatoT, nNpu nepemMmewumnsanum, o temnepatypbl 5 °C — 10 °C. Ona oxnaxae-
HWSA NogatoT paccon ¢ TemnepaTtypon MuHyc 5 °C.

OxnaxgeHHbIn pacTBOpP CNUBAKOT M3 KpucTannusaTopa Ha HyTY-ounbTp U OTUNb-
TPOBbLIBAOT KpUCTannnyeckui bugrtopma Kannua oT MaTtoyHOro pacTBopa C MOMOLLbIO BaKy-
yM-Hacoca.

MaTouHbIn pacTBOp cobupatoT B COOPHUKE M HACOCOM OTKayMBalT B pPacTBOpPUTENb
OIS NPUroTOBMEHNSA pacTBopa ruapaTa OKUCU Kanus.

[nsa vcknioyeHna nonagaHUs MaTOYHOroO pacTBopa B BaKyyM-HacoC Ha NUHUK Bakyyma
yCTaHOBIeHa NoBYLLUKa.

BrnaxHyo conb budtopnaa kanus ns Hyty-unbTpa 3arpyxatoT Ha CYLLKY B Neyvb C
anektpooborpesomM. CyLiky conu npoBogsT npu temnepatype 110 °C — 120 °C B TeyeHue
6—9 4. TemnepaTypa B nevn nogaepxunBaeTca aBTomatnyeckn. lNapbl U3 neyn otTcacbiBatoT-
Csl BEHTUNSATOPOM U NepefarTca Ans O4YMCTKM Ha ckpybbep ¢ nocneayowmm cbpocom B at-
Mocdoepy 3a npeaesbl Lexa.

BbiCcylleHHY0 U oxnaxaeHHyto 0o TemnepaTypbl 40 °C conb GudTopuaa kanus Bbl-
rpy>arT U3 neyu, 3aaTapusatoT B NOMNITUMNEHOBbLIE MELLKN 1 OTNPaBNAIOT Ha cknag.

MocTynarowmn Ha cknag budTopua Kanua aHanu3aupyrT Ha cooTBeTcTBue TY u oT-
rpy>atoT noTpebutensam unm ncnonb3yoT B NPOU3BOACTBE ANSA NPUrOTOBIIEHUS 3MNEKTPONu-
Ta.

4.3.1.8 YTunusaumsa oTxoaos

lMepen BbIBOOAOM B PEMOHT pacxofHblX €MKOCTEeN ocTaTkum (PTOPUCTOro Bogopona w3
HUX UCMapsaT U NepedatroT No ra3ooTBOAHON NUHUKM B aBCOPOLMOHHYO KOMOHHY AN nony-
YeHUs NIIaBMKOBOW KUCMOTHI.

MimeeTcs BO3MOXHOCTb Nepefadn octaTkoB (PTOPUCTOro BoAOpoAa B KONMOHHY. [Napbl
TOopMCTOro Bogopoaa B abcopbuMOHHOM KOMOHHE YnaBfMBaKOTCA BOAOW, KOTOpasa Henpe-
PbIBHO LMPKYNNPYETCHA B KOSIOHHE HACOCOM.

Bo3gyx, ounweHHbI OT napoB OTOPUCTOro BOAOpOAa, NOCTynaeT Ha ckpybbep ¢ no-
cnegyrowmm cbpocom B aTMOCepy 3a npeaensl Lexa.

BogHbin pactBop dptopmcToro Bogopoda u3 kyba abcopObUMOHHON KOMOHHbLI OTKaYn-
BalOT HACOCOM B pacTBOpPUTESIb U HACOCOM NepeaaroT Ha HenTpanuaaumo rmapaTomM OKUCK
Kanus B pacTBOpUTESb.

HenTpanusoBaHHbIA pacTBOP W3 pacTBOPUTENS UCMONb3YT ONA OpolleHus B ab-
COpPOBUMOHHBIX KOMOHHax wunvM nepefarwT B KPUCTannM3aTopbl C UEenbi BblAENEHUs COonu
ondTopmaa kanus.
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OTtpaboTaHHbIN 3anekTponuT (TpudTopna Kanus) 13 dNeKkTponim3epoB cobupatoT B
nnaBuIibHbIE KOBLUW U Nepuoaudeckn noaBeprarT pereHepaunn ¢ Lenbio BblAeneHna conu
budTopmnaa kanus.

PereHepauunio anekTponuta npoBogAT B pacTBopuTerne, B KOTOPbIA npeasapuTensHO
3aKaumBalOT MaTO4HbIM pacTBOp M3 annaparta unu 3anuseatoT Bogy. [Npn BKMOYEHHON Me-
Lanke pacTtBopuTens U HENPEPLIBHOW LIMPKYIALMM MaTOYHOrO pacTteopa (BoAbl), OCyLLEeCTB-
NSeMON HacoCoM, B pacTBOPUTESb CAMBAIOT 3arpsA3HEHHbIA pacniaBfeHHbIA ANEKTPONNT U3
nnasunbHoro koswa B konuyectse 300 kr. [NMpu nepemeluBaHmMm oTpaboTaHHbIN ANEKTPONNT
pactBopsieTcs. [MonyyYeHHbIN pacTBOP U3 pacTBOPUTENSA NepeKkaymMBaloT HACOCOM B annapar,
roe HemTpanuaylT rmapaTtoM OKUCU Kanusa 00 copepXaHus B pacteBope 7 % — 11 % (Bec.)
dpTopucToro sogopoa. M3 pactesoputensa nornyvyeHHbI pacTBOP OTKa4MBalT B KpUCTansu-
3aTop C nocneaytouwen nepepaboTkon n BbligeneHmem conu dudtopuaa kanus aHanorm4Ho
nepepaboTke opoluaoLLero pactesopa 13 abcopOLUMOHHbBIX KONOHH.

OTtpaboTaHHy0 Hacagky 3epHUCTbIX UIbTPOB MEPUOLMYECKN NOLBEPralT pereHe-
paumn. [1na npoBeneHnsa pereHepaummn Hacagkun unbTpbl OTKAOYAKT OT paboTatowen cu-
CTEMbI, NPOAYBAOT a30TOM, OTCOEAUHAT OT KOMMYHUKaLMIA U TPaHCNOPTUPYIOT BMeCTe C
Hacagkow B cneumanbHyto KabuHy.

Hacagky B punbTpax npombiBalOT BOAOM A0 HENTparbHOW cpefbl, KOHTPOSb MO YHU-
BepcanbHOM MHAMKATOpPHOW Bymare, nocrne 4ero cywaT ropsaymmMm BO3gyXOM C TemnepaTypomn
100 °C — 120 °C u pacxogom He Gonee 100 M3/4, perynvpyemblii orpaHUYUTENBHON aAuna-
dparmon. Bosgyx ons CywKkM Hacagkm NoaorpeBatoT B nogorpeBartene ¢ anekTpooborpesom.
BbicylwieHHy0 Hacagky BbIrpyxawT u3 unbTpa 1M NoaBepraT NPOCEeMBaHUID Yepe3 CEeTKy
Ans pasgeneHvs no pakuusam B Lensx ganbHenWwero ucnonb3oBaHnsa B ounbTpax. [paHy-
nbl ¢ paamepamm 3—5 MM — HWXKHUW CIOW, MeHee 3 MM — BEPXHUWN CIOMN.

4.3.1.9 OuncTtka CTOKOB U BbIOpOCOB

Bosgyx ¢ npumecbio oTOpUCTOro BOAOPOAA, BbITECHAEMbIN U3 PACXOAHbIX €MKOCTEN
npu npueme B H1MX 6€3Bo4HOr0 hTOPUCTOrO0 BOAOPOAA, NO ra300TBOAHOM NNUHUM NOCTyNaeT B
abCcopOUNOHHYIO KOMOHHY ANS MOMyYeHWs MAaBUKOBOW KUCNOTbl UM abCopOUMOHHYI0 KO-
noHHy. Mapbl pTopmucToro Bogopoaa B abCopbUMOHHOM KONOHHE YNaBnMBalOTCSA BOLOM, KO-
TOpas HeNPEpPbIBHO LMPKYNNPYETCst B KONIOHHE HACOCOM.

Bo3ayx, oumeHHbIn OT OTOPUCTOro Bogopoaa yepes ckpybbep, BbiOpacbiBaeTcs B
aTMmocdepy 3a npenensl uexa.

Bo3ayx n3 npomsBOACTBEHHbLIX NOMELLEHNA OT 060OpyaoBaHUS, rae BO3MOXHO Bblae-
NIEHNEe KUCIbIX MapoB M ra3oB NOCTynaeT Ha ra3oouUCTHblE yCTaHOBKW. Kaxgas ra3ooumct-
Hag ycTaHOBKa 0bOopyaoBaHa BbITSXKHbIM BEHTUNATOPOM, CKpy66epom n LUPKYNALNOHHBIM
Hacocom, nogatowmum B ckpybbep Ha opowueHune 0,6 % — 3,0 % pacTBop coabl KanbLUHUPO-
BaHHOW U pacTBOp eaKoro Hatpa.

Ckpy66ep 1 obcnyxusaet nomelieHne n kabvHbl 3ana anektponmsa. Ckpybbep 2 06-
CNyXXnBaeT NoOMeELLEHME rasroNbAepoB U OTAENEeHWE nonydYeHns budgptopmaa kanus.

O6bem Lweno4Horo pacteopa B ckpybbepe aosmkeH 6biTb He 6onee 2500 1.

TemnepaTtypa uMpKynupytowero B ckpybbepe 1 pactBopa KOHTPONMPYETCS KOHTYPOM
1 JosmkHa ObiTb HE MeHee 2 °C.

Pacxod umpKynupylowero pactsopa KOHTPONMPYETCHA KOHTYPOM M [OMKeH ObiTb B
npenenax 10-40 m3/u.
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[1nsi NOCTOSAHHOIO KOHTPONSA KOHLEHTPALUKN LIMPKYNMPYIOLWEro pacteopa coabl Unv ea-
Koro HapTta ckpy6bepbl 1 obopypoBaHbl pH-meTpamu, pH uupkynupytowero pactesopa 1
JOImKHa ObITb HEe MeHee 8 ef.

OunLLEHHBIN BEHTUNALMOHHBIN BO34yX M3 ckpybbepoB cbpacbiBaeTcs B atmocdepy
3a npegensbl Lexa.

Boabl OT NpOMbIBKM TEXHOMNOMMYECKOro 060pyaoBaHNA Npu NOLroTOBKE €ro K PEMOHTY
N CMbIBbI C MONOB coBMpatoTcst B COOPHMK CTOKOB (3ymMndd), rae NpoucxXoamT ocaxaeHue me-
XaHU4ecKkux npumecen. N3 aymncpa ocsBeTneHHbIe BOAblI OTKA4YMBaKOT MOrpy>XHbIM HACOCOM B
KaHanm3aumto KMCrblX CTOKOB.

OTtpaboTtaHHas Boga mn3 pyballek TennoobMeHHOM annapaTtypbl, KOMApeccopa CrnvBa-
eTCs B KaHann3aumio yCNOBHO YNCTbIX CTOKOB.

Boga, cnuBaemas n3 rugposatsopa abcopbUMOHHOM KOMOHHbI, BakyyM-Hacoca, casnb-
HWKOB HacocoB cobupaeTca B COOPHMK CTOKOB, OTKyda CrMBAETCs UMM OTKa4yMBaeTCs Haco-
COM B KaHanu3aumio KUCNbIX CTOKOB.

B3anmocBAsb cTagui npoussBoacTBa pTopa CXeMaTU4yHO MpefcTaBrfieHa Ha PUCYH-
Ke 4.2.

OnucaHne TexHOMNOrM4yeckoro npouecca M OCHOBHOe obopyaoBaHuMe npuBeneHO B
Tabnuuax 4.2 n 4.3.
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Tabnuuya 4.2 — OnmMcaHne TEXHONOMMYECKOro npouecca

Omuc-
OcHoBHoOEe cun
BxoaHoi noTok Mognpouecc BbixoaHoM NOTOK TexHonornyeckoe | (Hanme-
obopynoBaHue HoBa-
Hue)
HKngkun ptopuctein | Mpuem xungkoro | XKungkum otopuctein | PacxogHas em-  |HF
BOAOpPOL HF BOZOpPOL, KOCTb (pTOpUCTO-
ro sogopoaa
Kugkun ptopuctein | icnapenue [[a3oobpasHbii pT1o- |UcnaputenbHas |HF
BoAoposL *xngkoro HF PUCTbIN BOOOPOA €MKOCTb, npea-
Ha3Ha4eHHas
Ansa npuema,
XpaHeHNs 1 nc-
napeHus gtopu-
CTOro Bogopoaa
[a3oobpasHbi pT1O- | AnekrTponus ®dTop razoobpasHbIn, | AnekTponuaHasa |HF
pUCTbIV BOOOPOA, BOOOPOA ra3oobpas- |BaHHA
TpudTopmakanus HbIN
®dT1op razoobpasHbin | CxaTtue ptopa | PTop razoobpasHbin | LleHTpobexHaa |HF
TEXHUYECKOro rasogyBska, ras-
ronbgep
®Top razoobpasHbin | TpaHcnopTupoB- | PTop razoobpasHbii | ArperaT KOM- HF
Ka cpTopa notpe- NPECCOpPHbLIN
outento MeMOpaHHbI

Tabnuua 4.3 — OcHoBHOe ob6opyaoBaHue

MonyyeHue cpTopa

HanmeHoBaHue
HasHauyeHune obopygoBaHus TexHonornyeckme xapakTepucTukm
obopyaoBaHus
NcnaputenbHasa | OcHoBHOe TexHonoruye- [V =5 MmS.
€MKOCTb ckoe obopyaoBaHue. MoBepxHOCTb TennoobmeHa 3MEeeBUKOBOrO
MpenHasHayeHa ansa npu- |oborpesatens 0,7 m?
emMa, XpaHeHunsa n ncnape-
HUS PTOPUCTOro BOAOPO-
aa
onektponuaHasa | OcHoBHOe TexHonormnye- |lMpaMoyronbHbIM - annapat, pasgefieHHbIn
BaHHa ckoe obopyaoBaHue. UeHTpanbHOM nnuton Ha 2 cekuun. Kowm-

NNeKkTyeTcs KaToaHblIM W aHoAHbIMK Bnoka-
MW, 3MEEBUKOBbLIM TEMNNIOOOMEHHMKOM U
ABYMsi nonykpbiwkamn. KatogHein 6nok co-
CTOMT 13 12 cTanbHbIX NAcTUH ¢ nepdgopa-
umen. AHogHbIM BNoK cocTouT mn3 24 yronb-
HbIX aHOOB

46




UTC 34—2017

OkoHyaHue mabnuubi 4.3

HanmeHoBaHune
HasHauyeHune obopynosaHus TexHonorn4yeckme xapakTepucTukm
obopynoBaHus
Komnpeccop OcHoBHoe TexHomnornye- | MNponsBoanMTENBHOCTL MO BO3ayXy — 11 m3/y.

ckoe obopynosanue. MNog- | [JaBneHne HarHeTaHusa gonyctumoe — 0,4—
rotoBka btopa ansa xpa- | 1,25 MlMa (He Gonee 12,5 krc/cm?)
HEHUS N TPaHCNOPTUPOBKM

PacxofHble HOpMbI Cbipbsi U SHEPrOPeCYpPCOB NpuBeAeHbl B Tabnuue 4.4.

Tabnuuya 4.4 — PacxogHble HOPMbI CbipbSi U 3HEPrOPECYPCOB Ha NPOU3BOACTBO (hTopa

Ha 1 T npoaykTa
Pacxop
MwuHumansbHoe MakcunmanbHoe
Kanun egkmn, T 0,009 0,065
dTopucCTbIN BOAoOpoA, T 1,01 1,45
A30T, M3 59 100
OneKTpoaHeprus, KBT-y 11 360 16 654
Bona, m3 264 714
Map, Nkan 7,91 15,64
Xonog — 15, lNkan 0,02 0,04

4.3.2 NMpousBoacTBo (pTOPUCTOro Kanbums

MowHocTe — 12 T/roa (npoektHas — 0,22 T/cyT).

MprHUMNManbHaa cxema npouecca nonydYeHnss PTOPUCTOro Kanbuus NnpuBedeHa Ha
puUcyHke 4.3.

OnucaHve TEexXHONOrM4yeckoro npouecca U OCHOBHOE OBOpyAOBaHWE NPUBEOEHDI
B Tabnuuax 4.5 n 4.6.

4.3.2.1 NMpurotoBneHue pacteopa hTopucToro Kanus

PactBop (pTtopmaa kanusi nony4yaeTcs nepmoandeckn n3 6e3sogHoro ptopuctoro Bo-
aopoaa, Xo3aMcTBEHHOW BOAbI M €AKOro Kanusa B peakTope.
B peakTope nponcxoanT aK3oTepMUYECKas peakLums:

HF + KOH = KF + H20 + 73,6 k[>x/Monb.

[na cHATMS u3nuwKa Tenna pacTBOp, COAEPXaLLMWCA B peakTtope, Npu NOMOLLN
Hacoca uMpKynmpyeT vyepes TennoobMeHHMK, oXnaxgaemblii pacconomMm ¢ TeMnepaTtypon Mu-
Hyc 15 °C.

lMonyyeHHbIN pacTBop pTOopuaa Kanusi ¢ KoHueHTpaumen 15 % — 25 % ueHTpobex-
HbIM HACOCOM MepeKadYnBaeTCs B €eMKOCTb, UM MEPHUK. 3 eMKOCTK pacTBop pTopmuaa Ka-
nnsa Nepruoanyeckn HacoCoM 3akadmBaeTCcsa B MEPHUK. M3 MepHUKa pacTBop dpTtopmaa Kanma
pacxogyeTcs Ansa nosly4eHus CUHTETUYECKOro (TOPUCTOrO KarnbLMS.
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4.3.2.2 PazbaBneHune pacTtBopa XJIOpPUCTOro Kanbuus

PactBop xnopucToro kanbumsa ¢ KOHUeHTpaumen He meHee 32 % nocTynaeT B aBTOLM-
CTepHe U3 Luexa, U3 KOTOpPoWM HaCOCOM nepekaynBaeTca B COOpHUK. N3 cOopHuKa pacyeTHoe
KONMYEeCTBO pacTBOpa XJIOPUCTOrO Kanbuusa 3aKkadnsBaeTcs B MPOMEXYTOYHYIO EMKOCTb, B 3Ty
Xe eMKOCTb NnofaeTcsl pac4eTHOE KOSNMMYECTBO MOXapO-XO3ANCTBEHHOW BOAbl U3 3aBOCKOrO
TpybonpoBoga, 3aTemM NPOU3BOAMTCA LMPKYNSaUMa pacTtBopa B TedeHne 1,5-2 4 ¢ NOMOLLbIO
Hacoca. /13 MmepHMKa pacTBOp XMOPUCTOro Kanbuus pacxogyetcs AN rnonyyeHus CUHTeTU-
4YeCcKoro oTOPUCTOro Kanbuus.

4.3.2.3 Nony4yeHue cycneH3nm CUHTETUYECKOro (hTOpMCTOro Kanbuus

CuHTeTHYeckMn (OTOPUCTLIN Kanbuumn Nory4aeTcs B peakTope B pesyrnbTate Xumuye-
CKOro B3auMOeunCTBUS XINOPUCTOro KanbLUms U ptopuaa kanus B pactsope npu temnepary-
pe 100 °C — 110 °C.
CaClz + 2KF = CaFz| + 2KCI.

PacuyeTHOe KONMYeCcTBO pacTBopa XMOPUCTOrO Kanbuus U3 MepHMKa CaMOTEKOM Chu-
BaeTCs B peakTop. PacTBop XIOpUCTOro Kanbumusa B peakTope HarpesaeTcsa 40 TeMmnepaTtypsbl
100 °C — 110 °C npu HenpepbiBHOM nepemewmBaHmm melwankon. ObpasoBaBLuasca Cyc-
NeH3ns PTopuUCToro Kanbumsa AONOSTHUTENBHO BblAEPXUBAETCH B peakTope npu Temnepary-
pe 100 °C — 110 °C u HenpepbiBHOM nepemMelumBaHum meluankon B TevyeHne 20-30 MuH.
[Mocne BblAepXXKN CYCNeH3ns cnuBaeTcs Ha HyTY-unbTp A4ns unbTpaunm u NPOMbIBKU.

4.3.2.4 dunbTpauua cycneH3mm U NpoMbiBKa ocagka (pTopmMcToro Kanbuus

dunbTpauusa cycrneHsnm n npomMbiBka ocagka TOPUCTOro KanbLuus NpoM3BOAUTCS Ha
HYTY-PUNbTPE, Ha KOTOPOM BaKyyM-HacoCOM CO3[aeTcs paspexeHue MuHyc 1-0 krc/cm?.
B kadyecTBe unbTpylowero martepuana npumeHsieTca 6enbTuHr. B kayecTBe NpPOMbIBHOWM
XNOKOCTU UCMonb3yeTcs nogorpeTas noxapo-xXO3siCTBEHHas BoAa, KOTOpas nogaeTcsd Ha
HYyTY-OUNbTP N3 COOPHUKA.

4.3.2.5 Cyuwka ¢propucToro Kanbums

[MpoMbITEIN 0CagoK PTOPUCTOrO Karnbuus U3 HYTY-PUbTPa BbIrPyXXaeTca Ha NpOTUB-
HW, KOTOpble MepeBO3ATCA crneumaribHOM TENexXKoW U aarnee rnomeLlarnTca B MeYb CYLUKMU,
oborpeB koTopon npousBoauTcs napom P = 4 krc/cm?. TemnepaTypa B neyu nogaepxusaeT-
cq B npegenax 90 °C — 140 °C. Npouecc cywkn gnutca 36—48 u.

4.3.2.6 Apo6neHue n npoceB hTOPMUCTOro Kanbuus

BbICylWweHHbI 1 caMooxaxgeHHbln OO0 TemnepaTtypbl He Bbiwe 40 °C pTopuUCTbIN
Kanbuui U3 NpOTMBHEN 3arpyxaetca B OyHKep BanbueB Ans ApobneHus. PasgpobneHHbin
dPTOPUCTLIN KanbLWii NOCTynaeT B MeNbHULY BO3OYLUHYIO, Nocne pasMmona TOpUCTbIN Karb-
UMM ynaenvBaeTCsa B UMKINOHe. PasMonoTbii (pTOPUCTBIN KarnbLUMA N3 LUKITOHA BbiCbINaeTcs
B ByHKep cesAnkn ansa npocenBaHns, OTKyAa 3arpyxaetcs B MELLKU.
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Boaa H>0 (morok Nel) Bbessoaubwiii HF (rmorok Nel)

Eaxknit kanmuiit KOH
(rmoTtok Nel)

TI"'azoouucrtka

A

— ]

I'Tonyuenue pacrBopa KF

XmopucThlii Kanbliuii 20%
(rmoTok Ne2)

TTonydyenue PTOPUCTOrO KalabIilUst

dTopuUucThlii Kanuii
(rmoTok Ne2)

CycneHnsust (pTopucTOTO
KanbUUs (ITOTOK Ne2)

DunbTpanms, IPOMbIBKa PTOPUCTOTO KaJIbLIUS

Brnaxaplii @ropucTshlii
Kanbuuii (ITOTOK Ne3)

MaTo4HBIi pacTBOpP., MOMBIBHAsI
BOa (TTOTOK Ne3)

Cyumika pTopHUCTOro KaldbILUs A

Cyxoi hbTopUCTHIii
KaJIbIIUM (IMTOTOK Ned)

KKC
(1rm03.70/3)

JpoOneHue u npocerB PTOpPUCTOrO KaJIbLIUs

Cyxo0ii npocesitHHbIN (PTOPUCTHIHI
Kanbuuii (rmorok Nes)

Ckian

PucyHok 4.3 — lNpuHumMnuansHasa cxema npotecca nonyyeHns (oTopucToro
Kanbumsa

Tabnuuya 4.5 — OnmMcaHne TEXHONOMMYECKOro npouecca

Omuc-
OcHoBHoe cun
BxoaHoi noTok Mognpouecc BbixogHoM NOTOK TexHonornyeckoe | (Haume-
obopyanosaHue HoBa-
Hue)
20 % pacTtBop eakoro | CmeweHnune 20 % | PactBop dptopuctoro |PeakTtop ans no- |HF

Kanusa; 6e3BoAHbIN
HF

pacTBopa eakoro
kanua u 6e3soa-
Horo HF

Kanund

nyyeHnsa propu-
CTOro Kanwus,
TennooOMeHHMK
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OkoHyaHue mabnuuybi 4.5

BxogHown noTok

Mognpouecc

BbixogHon noTok

OcHoBHOEe
TexHornornyeckoe
obopyanoBaHue

amunc-
cun
(Hanwme-
HoBa-
Hue)

32 % pacTBOp Xnopu-
CTOro Kanbuusd, Boaa

CmeleHue pac-
TBOpa: 32 %
pacTBopa XJ10-
PUCTOro Kanbuus
" BOAbI

PacTtBop xnopuctoro
Kanbums

EmMkocTb npome-
XYTOYHasa ons
pacTBopa XJo-
PUCTOro Kanbuus

20 % pacTtBop pTO-
puctoro kanus; 20 %
pacTBOpP XJIOPUCTOro
Kanbuus

Peakuus 20 %
pacTtBopa (To-
PUCTOro Kanus u
20 % pacTtBopa
XJTIOPUCTOro
Kanbuus

CycneHsna CaF2
B pacTBOpe Xrnopu-
CTOro Kanus

PeakTop ¢ o6o-
rPeEBOM U Me-
Lankom

CycneHsna CaFzB
pacTBope XIIOpUCTOro

dunbTpauus
cycrneHsnm pto-

Cblpon CaF2, pac-
TBOP XJTOPUCTOrO Ka-

HyT4-puneTp
ans puneTpauum

Kanms PUCTOro Kanbuus | nns N MPOMbIBKU
CUHTETUYECKOrO
dTOpUCTOro
Kanbums

Coblpon CaF2 Cywka ptopu- | Cyxon CaF2 [Meyb-cywinnka —

CTOro Kanbuus
Cyxon CaF2 [OpobnexHne u Cyxon CaF2, apob- BanbuoBas gpo- —

npoces pTopu-
CTOro Kanbumsi

TNeHbIn

ounka

Cyxon CaF2, apo6-
NeHbIN

PacceB

OTcesaHHbIn CaF2

Ceqanka gns
npoceBa CUHTe-
TNU4eckoro pTo-
PUCTOro Kanbuus

Tabnuuya 4.6 — OcHoBHOe obopynoBaHue

HavnmeHoBaHne obopynoBaHms

HasHaueHue
obopynoBaHus

TexHonornyeckne xapakTepucTukm

MonyyeHue pTopun-

BepTukanbHbIM LMANHOPUYECKUIA
annapart: gnameTp — 1200 mm,

Peakto CTOro Kanus, peakuus
P peaku BbicoTa — 1300 MM, oObemM —
HF ¢ KOH 3
1,5m
[TOpu30oHTanbHbIV LMNMMHOPUNYECKNI
PasbaeneHue pac- P 4 Ap
annapart: gnameTtp — 1300 mm,
EmkocTb TBOpa XNOPUCTOro

Kanbuus

2.5 M3, P-HanuB

annHa — 2600 mm, o6bem —
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HavnmeHoBaHne obopynoBaHms

HasHaueHue
obopynoBaHus

TexHonornyeckne xapakTepucTukm

HyTy-ounetp

dunbTpauusa u
NPOMBbIBKN CUHTETU-
4eCcKoro ToOpmUCToro

Kanbums

BepTukanbHbIM LUINHOPUYECKUIA
annapat 6e3 BepXHEN KPbILLKW:
BbicoTa — 330 MM, P-Bakyym

Cyuika cuHTeTuYe-

"OpU30OHTanNbHbIN LUANHOPUYECKUIA
annapart C YyCTaHOBMNEHHbIM BHYTPYU
napoBbIM 3MEEBUKOM U HAPY>XHOW

Meyb cywku CKOro qoTOpUCTOro -
n3onsiumen n oborpesom: gua-
Kanbuus
meTp — 1300 mm, P-atmocgepHoe,
annHa — 1800 mm
Banbubl ona gpobneHus cuH Banbui.
tbl ana Ap [OpobneHne 3n. gBuraTtens:

TETUYECKOIo Kanbuuns

n — 1500 06./MuH., N — 1,7 kBT

MenbHWua BO3ayLLHAA

Paamon cuHTeTnye-
CKOro ¢propuctoro
Kanbuus

MenbHuua BO3ayLLHASA.
3n. gsurartenb
n — 3000 06./MmnH, N — 10 kB

Cesdrnka

PacceB cuHTeTMYE-
CKOro ¢propuctoro
Kanbumsa

Cesnka.
3n. gsurartenb
n — 950 00./MuH, N — 4,5 kBT

PacxogHble HOpMbI Cbipbsi M SHEPrOPECYPCOB NpuUBeAeHbI B Tabnuue 4.7.

Tabnwuua 4.7 — PacxogHble HOPMbI Cbipbsi U 3HEPropecypcoB Ha NPOM3BOACTBO

PTOPUCTOrO KanbLus

Ha 1 T npogykTta
Pacxop
Hwana3soH CpegHee
Kanun egkun, Kr 1650-1850 1750
dTopucTbint Bogopoa, 100 % kr 600 600
Kanbumn xnopuctbin 32 % mapka «J1», kr 4900-5370 —
OneKTpoaHeprus, kKBT-y 7500-7500 —
Map, Nkan 27,7 27,7
Bopga npovsBoacTeeHHas, m3 200 470
Boga xo3ancrteeHHas, M3 38 38

4.3.3 NpousBoacTBo rekcadpTopuaa cepbl

lMpouecc nonyyeHus rekcadropuaa cepbl (3nerasa) COCTOUT U3 CriedyroLmMx OCHOB-

HbIX CTaAWUN:

- NPVEM U XpaHeHue Cepbl;

- CMHTE3 rekcadptopuaa cepsbl;

- MNPOJIN3 ra3a CUHTE3a,

- OMNCTKA rasa nnporin3a sogHoO-LWENNIO4YHbIM METOOM;
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- OCYyLUKa 1 KOMMPpUMUPOBaHUeE chipLa rekcadpropmaa cepsbl;

- OYMCTKa rekcadgropma cepbl METOAOM pekTUdukaumm;

- pO3nuB rekcadropuga cepsbl.

MpuHUUNUaneHas cxema noslydyeHus rekcadropuaa cepbl npusegeHa Ha pucyHke 4.4.

OnucaHnve TEexXHONOrM4yeckoro npouecca U OCHOBHOe OGOpyAoOBaHME NPUBEOEHDI
B Tabnuuax 4.8 n 4.9.

4.3.3.1 Npnem n xpaHeHue cepbl

Mprem 1 xpaHeHue cepbl OCYLLECTBISETCS creaytolmm o6pasoM: pasrpyska ¢ aBTo-
TpaHcnopTa Ha CKnaj XpaHeHusi cepbl, AOCTaBKa CO CKilaga XpaHeHusl cepbl Ha naHayc ane-
rasa.

4.3.3.2 CuHTe3 rekcacpropuaa cepbil

Cepa 3arpyxaetca B nnasutenb cepbl. [naButenb cepbl 060pyaoBaH 3arpy304HbIM
MOKOM, pybalukon ans oborpeBa U KOP3MHOW C CETKOW ANS ynaBnuBaHWSA TBEPAbIX NpuMe-
cen u3 pacnnaea. PacnnaeneHHas cepa 13 nnasBuTens nepegasnvMBaeTcsa No ceponpoBoay
cxaTbiM a30ToM AaBrieHnem He 6onee 0,6 Krc/cMm? B peakTopbl CUHTE3a rekcadpTopuaa cepbl.
CeponpoBoabl o6orpesatotca napom P =5 krc/cm?. Peaktop cuHTesa npepactasnsaeT cobow
NATUCEKLMOHHBIA rOPU3OHTarnbHbIA annapaT, CEKLUUN KOTOPOro ¢ O4HOM CTOPOHbI COEAUHEHDI
CEepPHbIM KOMNNEKTOPOM W YeTbIpe CEKLUUN C APYron CTOPOHbI 06bEeAMHEHBI KONNEKTOPOM BBO-
Aa Topa. ATn YeTbipe CEeKLMM 3anofIHEHbI pacniaBoM cepbl U paboTaloT Ha CUHTE3 rekca-
dTopmnaa cepbl, a NATaAA CEKUMA — KakK KOHTPOSIbHbIA peakTop — 3anofiHeHa 3acCTbIBLUNM
nnaBOM Cepbl, YTO NO3BONSAET CBA3bIBATb M30ObLITOK (PTOPaA, OCTABLUMIACA B ra3e CMHTE3a.

4.3.3.3 NMnuponuns rasa cuHTe3a

[na O4YNCTKM OT OCHOBHOW TOKCUMYHOW NpuUMecu — rneHTadpTopmnaga cepbl ra3 cuHTesa
nogsepraeTcsa NMponunay.

MpenBapuTenbHO ra3 No4orpeBaeTCs B HarpeBaTesne ra3a, KOTopbli COCTOUT U3 OBYX
cekumin. [lanee ra3 nocTynaeTt B peakTop NMponusa, rae npy tTemnepaTtype CTEHKM peakTopa
475 °C — 500 °C npoucxoauT pasnoxeHune neHtadpropuga cepbl. OUnLEeHHbIM OT NATUPTO-
pucTton cepbl ra3 n3 6noka nuponmsa c temnepatypon 350 °C — 450 °C noctynaeTt B CMecu-
Tenb. OxnaxaeHHbln B cMmecutene o Ttemnepatyp 60 °C — 120 °C ras HanpaBnseTcs Ha
y3en O4UCTKM ra3oB nuponmnsa.

4.3.3.4 OuncTtKa rasa nMponusa BoAHO-WeNI04YHbIM METOA0M

OuuncTtka rasa OT KUCHbIX NpUMECEN, a Takke TeTpadTopuaa cepbl U cynbdypundgTo-
puga npous3BOOUTCA B TPeEX MOCNedoBaTeNbHO YCTAHOBMIEHHbLIX HAcaAoOuYHbIX KOSIOHHAX,
opollaeMbIX BOOOM W pacTBOPOM efKoro kanus. B nepsBon no xogy rasa KOSIOHHE Mpou3Bo-
ANTCA BOAHas OTMbIBKA PeakuMOHHOro ra3a OoT OCHOBHOW MaccChl KUCIbIX npumecen. [lanee
ras npoxoAuT nocrnenoBaTesibHO ABe KOMOHHbI, OpoLUaeMble paCcTBOPOM €4KOro Kanwusl.
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4.3.3.5 OcywkKa u KomnpMMmupoBaHue cbipua rekcacgpropmaa cepbl

BraxHbln ouMLLEeHHbIN ra3, NOCTynarLwWwmi co CTagum OYUCTKKU, OXIaxgaeTca B Tensno-
oOMeHHMKe, B MEXTPYOHOE NPOCTPaAHCTBO KOTOPOro nogaeTcs paccon ¢ TemnepaTypon Mu-
Hyc 15 °C. OxnaxaeHHbI ra3 HanpasBnseTCs B KONOHHbI, 3aMofIHEHHbIE LIeONUTOM, rae npo-
NCXOOMT ero ocCylKa OO0 coAepXaHus Braru, COOTBETCTBYILIEN TemMrnepaTtype TOYKU pPOChl
He Bbllwe MuHyc 40 °C. [lanee OCyLUEeHHbIN ra3 oyniaeTcs oT Mblnn Leonuta Ha ounbTpax u
noctynaet B pecumep. OcylleHHbIN ra3 n3 pecusepa vepes ounbTp rasoBbin NOCTYyNaeT B
KoMnpeccop, rae cxmmaeTca Ao 10-16 krc/cm?.

4.3.3.6 Ounctka rekcachropmaa cepbl METOAOM pekTUdMKauum

OuucTtka rekcadpTopmaa cepbl OCYLLECTBIISETCA HENPEPbLIBHON pekTudukaumen B oByxX
nocnegoBaTenbHbIX pekTUdUKaUMOHHbBIX KONoHHaX. Celpel, rekcadtopmia cepbl U3 pecuse-
pa NocTynaeT Ha OOMNOSIHUTENbHYIO OCYLUKY B OCYLUMTENW W fanee B TEnnooOMeHHUK, rae
oxnaxpgaetcsa pacconom muHyc 15 °C go temnepatypbl 7 °C — 15 °C.

4.3.3.7 Po3nuB rekcadgTopuaa cepbl

ekcadTopma cepbl cogep)xaHMemM OCHOBHOro BeuwlectBa He meHee 99,9 % mac. co
cTagumn pektTudumkaumm noctynaeT B O4HY M3 eMKOCTEN roToBoro npogykra. CooTBeTCTBYIO-
W TpedboBaHuaM rekcadpTopuma cepbl pasnueatoT B 6GannoHbi.

MpoussoacTBO rekcadpropmaa cepel (3nerasa)

CuHTe3-ra3, Chipeu
cofiep. SFg, Chipey SFs,
HF, CF,, SFs, HF, H0, Cuipeyy "k,
. SF4, S5F 10 SF,, CF{BoaHo-wenouH| cF, | Ocywkan SFs CFy % Posnus
—2 5 CunTes SF; S| Muponus S| an ouncrka 3> KOMIPUMUPO-Ba PeKTH(UKALMA —>|  FOTOBOTO
Hie npogykTa
Cepa o

cKknaga

PucyHok 4.4 — lNMpuHumMnmnanbHas cxema norydeHus rekcagpropuaa cepsbl

Tabnwnuya 4.8 — OnmMcaHne TEXHONMOIMMYECKOro npolecca

Smuc-

cumn

. . OcHOBHOE TEeXHOMOr-

BxogHoun noTok Mognpouecc BbixoaHoM NoToK (Hanme-
yeckoe obopygoBaHue HoBa

Hue)

Cepa TBEpaas Mpuem n xpaHe- |Cepa xunakas MnasuTenb cepbl —
HMe cepbl

Cepa xungkas, dpTop CwuHTes ras: SFs, | PeakTtop cMHTE3a —
HF, CF4, SFa,

S2oF10

CwuHTes rekca-
dTopuaa cepbl
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OkoHyaHue mabnuuybi 4.8

Omuc-
. . OCHOBHOE TEXHOIOrM- o
BxogHown noTok Mognpouecc BbixoaHoM NoToK (Hanme-
yeckoe obopynoBaHue
HoBa-
Hue)
CwuHtes ras: SFe, HF, |luponus rasa Coblpen SFs, HF, |Peaktop nuponusa SFs
CF4, SF4, S2F10 CUHTE3a CF4, SF4,
Ceoblpey, SFs, HF, CF4, |OuuncTtka rasa SFe, CF4, H20 Tpwu nocneposatenb- | SFe
SFa, CUHTE3a HO YCTaHOBNEHHbIE
Hacago4Hble KOMOH-
Hbl
SFe, CF4, H20 Ocywka u kom- | Cbipey, SFs, CF4 | TennoobMeHHuK, Ko- | SFs
npuMMpoBaHne NOHHbI C LLEOSIUTOM
ON151 OCYLUKM rasa,
raszoBble OUNbTpbI,
Komnpeccop
Coblpen SFs, CF4 Pektndpukauma |3Oneras SFs PektndpukaumoHHas |SFe
rekcaprTopmga KONOHHA, OCyLUnTEnb,
cepbl TeNnNoobMeHHNK
Oneras SFs Posnue rotoBoro | 9neras SFs EMkocTb-xpaHunuwe |SFe
npoaykta

Tabnuua 4.9 — OcHoBHOe obopyaoBaHue

HanmeHoBaHne O60pyﬂ,OBaHVI$'-|

HasHaveHune
obopyaoBaHuns

TexHonornyeckne XapakKTepuCcTunkn

[Mnasutenb cepbl

[MnaBneHve cepsol

V=04m

BepTukanbHbin annapat ¢ pybaiu-
Kowm

PeakTop cuHTe3a

lMpouecc cnHTesa
rekcadrtopuga cepsl

V=04m

CeapHown annapat ¢ 5 ropu3oH-
TanbHbIMU CEKLUMSIMU, BEPXHAS
4YacTb KOTOPbIX OXNaxaaeTcs
BOOOM, HWXHASA obopyaoBaHa
pybawikon ansa oborpesa napom

bnok nuponunaa

PasnoxeHune
neHtagTopmaa cepsbl

Tun «Tpyba B Tpybe»

V=303n

Temnepartypa cteHkn — 500 °C

KonoHHa HenTpanusauuu

BogHas oTmblBKa
peakLuMOHHOro rasa
OT KUCIbIX MpUMecen

H — 6970 mwm;
0 — 250 mm

KonoHHa uaprosasi, HacagodHas.
Hacagka — konbua Pawwura
n3 otoponnacra-4
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HavnmeHoBaHne obopynoBaHms

HasHaueHue
obopynoBaHus

TexHonornyeckne xapakTepucTukm

KonoHHa ocywmnTtensHas
ANSA OCYLLUKM cbipua

Ocyuwika oT Bnaru

BepTukanbHbIM LMINHOPUYECKUIA
annapar
0 — 500, H — 3000,
obopynoBaH 06bEMHON KOP3MHON.
Hacagka — ueonut NaA

Komnpeccop

CxaTtue rasa

MowHocTb — 4 kBT

KonoHHa pektudukaumnm

KoHaeHcauusa

KonoHHa yaproBas Hacago4vHas
0 — 159 mm;
H — 7300 mwm;
Ppas — 14,5 krc/cm?

EMKOCTb Ans xpaHeHusa ToBap-
HOro rekcadgtopuaa cepbl

C6op n xpaHeHue

BepTukanbHbIM annapat
C 3ANNUNTUYECKUM OHULLEM
V — 6,3 m3;

Ppas — 20 krc/cm?

PacxoaHble HOpMbI Cbipbsi U SHEPrOPECYPCOB NpuBeAeHbl B Tabnuue 4.10.

Tab6nuuya 4.10 — PacxofHble HOPMbI CbIpbsl 1 SHEPrOPECYPCOB Ha NPON3BOACTBO

rekcadrtopuga cepbl

Ha 1 T npoaykTa
Pacxon

[wnana3soH CpegHee
Cepa monortad 0,24-0,37 0,305
Kanun egkun 0,074-0,242 0,158
LUeonut 0,13-0,77 0,45
dTop-ras 0,91-1,0 0,955
OneKkTpoaHeprus, KBT-4 1184-1736 1460
Map, MNkan 7,9-15,6 11,75
Bona npoussoacteeHHas, m3 10,8-29,1 19,95
Bona obopoTHas, m3 538-1220 879
Xonog — 15, lNkan 2-2,3 2,15
Xonog — 40, lkan 1,02-2,2 1,61
Boaayx, m® 829-1976 1402,5
AsoT, m3 12-50 31

4.4 TeKkywime ypoBHN 3MUCCUUN B OKPYXKaKoLLYyIO cpeny

4.4.1 NMpousBoacTBo hTopa

BbiGpocbl 1 cOpOChI 3arpa3HAKLWMX BELWECTB NpuBeaeHbl B Tabnvuax 4.11 n 4.12.
OcyulecTtBnsaeTca cOpoC CTOYHbIX BOA, B CUCTEMY BOAOOTBEAEHUS.
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Tabnunuya 4.11 — BbliGpocChl 3arpA3HAOLLMX BELWECTB B aTMocdepy

O6bem u/unm macca BbibpocoB

VICTONHMK HanveHoBaHune MeToa o4ncTKm, 3arpAasHaLWmX BewecTs
Bb1600Ca 3arps3HAaoLLEro NMOBTOPHOro nocne o4ncTkn
P BellecTtBa Mcnosib3oBaHUA Cpep'Hee
OnanasoH
3HayeHue
MponssoacTeo | OTOPUCTLIN BO- KoHaeHcaums, 0,03-0,86 mr/m3 0,23 mr/m®
dpTopa popoa (HF) BOOHasA U LEenoy-

Hast abcopbumsa

— 1,52 kr/T

Tabnwnuya 4.12 — COpoChl 3arpA3HAIOLLNX BELLECTB

O6bem u/unm macca
VlCTOMHMK HanmeHoBaHne HanbasneHme MeTog ouncTky, | COPOCOB 3arpsA3HAOLLIMX
3arpsI3HAOLLErO P NMOBTOPHOrO BELLECTB NOCre OYUCTKM
cbpoca cbpocos
BelllecTBa NCNonb30BaHuUs CpenHee
[vanasoH

3HayeHune
Mponssoacteo | dTOpPUA-aHMoH |Hakonutens, |HenTtpanusauus 2,5— 3.75 mr/n

dTopa KaHanusaums 5,0 mr/n ’
KMCNbIX CTOKOB — — 20,45 kr/T

4.4.2 NMpousBoacTBo (pTOPUCTOro Kanbums

BbIbpochl 3arpssHAOWNX BELECTB M npouvne hakTopbl BO3AEWCTBMA NpUBEAEHDI
B Tabnumuax 4.13 n 4.14.

C6pocbl He obpasytoTcs.

[MponsBoaCTBEHHbIE OTXOAbI HE 0Bpa3ytoTcs.

Tabnunuya 4.13 — BblGpocChl 3arpA3HAOLLMX BELWECTB B aTMocdepy

O6bem u/unm macca BbibpocoB

VICTOuHMK HanveHoBaHune MeToa o4ncTkm, 3arpAsHALWmnX BewecTs
Bb1600Ca 3arps3HAoLLEro NMOBTOPHOro nocne o4ncTkn
P BeuwlecTBa ncnosb3oBaHUA Cpep'Hee
OnanasoH
3HayeHune
MpounsBoacteo | PTopucTbiii Bo- | Abcopbuns 0,01-0,33 mr/m® 0,17 mr/m3

dTopmaa kanb-
ums

popopa (HF)

_ 2,41 kr/T
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Tabnuya 4.14 — lNpoyne cakTopbl BO3OENCTBUSA

YpoBeHb MeToa cHuxeHus
BO34ENCTBMS OBHS1 BO3aen-
NcToYHUK EonHnubl A yp A
HanmeHoBaHue . CTBUSI 0 HOpMa-
BO31eNCTBUS N3MEpPEHMS
MHTepBan Cp TUBHbIX MOKa3a-
Tenen
Lym MenbHMua BO3- OBA 98,6 98,6 |lNpoBeneHue
aywHasa onsa pas- MepPOnNPUATUN Mo
MoJ1a CUHTETUYe- wymo3sawurte
CKoro oTopucToro
Kanbums

4.4.3 NMpousBoacTBo rekcadpropuaa cepbl

BbiGpochl 1 cOpochl 3arpA3HAILLNX BELWECTB NpuBeaeHsl B Tabnunuax 4.15 n 4.16.
OcyuwiecTtBnseTcsa cOpoC CTOUHbIX BOA, B CUCTEMY BOOOOTBEAEHUS.

Tabnuuya 4.15 — BblIOpoChl 3arpAasHAOLWMX BELLECTB B aTMOChepy

O6bem u/unm macca BbibpocoB
VICTOUHMK HanveHoBaHune MeToa o4ncTKn, 3arpAasHaLWmX BewecTs
8bI6pOCa 3arps3HAoLLIEro NMOBTOPHOro nocne o4ncTkn
BellecTBa MCMNOoJIb30BaHUA Cpep'Hee
Avanason 3HayeHve
Mponssoacteo |[ekcadpTopug
rekcadptopmnga |cepbl (SFe) — 16,5-16,6 kr/T 16,52 kr/T
cepbl

Tabnunya 4.16 — COpoCkl 3arpA3HSOLMX BELLECTB

Ob6bem n/unn macca
VICTOMHMIK HanmeHoBaHue HanpaBReHMe MeToa ouncTku, | COPOCOB 3arpsA3HSAOLLIMX
3arpsasHsAoLLEero b NMOBTOPHOro BeLeCTB Nnocrie o4ncTku
cbpoca cbpocos
BellecTBa NCMONb30BaHUsA CpenHee
OnanasoH
3HayeHwue
Mpownseoa- dTopua noH HakonuTtenb,
CTBO rekca- KaHanmaauus
— — 139,7 kr/T
dTopuaa KMCIbIX CTOKOB
cepsbl

Paspgen 5. [lponsBoacTBO nepokcuaa sogopoaa

5.1 O6wan nHcpopmauus
lMepokcua Bogopoada (nepekucb Bogopoda, xmmudeckass popmyna H202) nsrotasnu-

BaeTCsd B 3aBMCUMMOCTM OT HasHayeHuss B BuAEe BOAHOIO pacTBopa C KOHUeHTpauuewn
30 % mac. — 40 % mac. no [23], [24], [25] nmbo B BMAE BbLICOKOKOHLIEHTPMPOBAHHOIO pac-
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TBOpa, cogepaliero ctabunmaatop (MMpOOPHOKNCIBbIN HATPUIA, ONTOBSIHHOKUCIILIN HATPUin)
N NHIMBUTOP KOPPO3UKN (a30THOKUCHBI aMMOHWIN) B COOTBETCTBUM C [26].

PU3MKO-XMMMYECKME NOKa3aTenum nepokcuaa BoAopoaa pasnmyHbiX MapoK NpuUBeAEHbI
B Tabnuuax 5.1-5.3.

Tabnuya 5.1 — TpeboBaHus K PUBNKO-XUMUYECKMM NOKa3aTENAM BbIMyCKaeMoro
nepokcuaa sogopoaa [23], [26]

Hopma no [23]
Hopma no [26]
TeXHN4YeCKad
HanmeHoBaHne v E
nokasarerns MeauumnHckasn apka Mapka | Mapka | Mapka
Mapka Al Beicwmit | Mepebid | mg.gs | MB-98 | MB-100
copT copT
MaccoBas gons He me- | He me- | He me-
nepokcuaa Bogo- 30-40 35-40 | 3540 30-40 Hee Hee Hee
poaa, % 84,5 97,5 99,5
MaccoBasi KOHLEH-
Tpaumsa cepHomn
PaLnA CepHoy 0,30 035 | — — - | = | -
KMUCnoThl, r/gm?>,
He bonee
MaccoBasi KOHLEH-
Tpauus YKCYCHON 6 8
KUCIOTbI, r/am3,
He bonee
Tabnuuya 5.2 — TpeboBaHUs K PUNKO-XMMUYECKNM MOKa3aTENSIM BblMyCKaeMoro
nepokcuaa sogopoga mapok b n B [24]
5 Hopma gns mapok b n B
HanmeHoBaHme nokasatenen
Bb-6 Bb-8 B-6 B-8
1 BHewHunn sng becuBeTHada npo3payHas XUOKoCTb
2 MaccoBas gonsa nepokcuaa Boao-
A pokchaa BoR 35-40 35-40 50-55 50-55
poaa, %
3 MaccoBas KoOHUEeHTpaumnsa ceoboa-
HbIX KUCNOT (B NepecyeTe Ha CepHy0), — — — —
r/gm3, He Bonee
4 MaccoBasi KOHUEeHTpaLmst YKCYCHON
3 6 8 6 8
KucnoThl, r/gm®, He bonee
5 MaccoBasi KOHLEHTpaUMa HeneTy4ve-
;l Pau Y 0,7 0,7 0,7 0,7
ro ocrtaTka, r/gm3, He 6onee
Tabnuya 5.3 — TpeboBaHus K PUBNKO-XUMUYECKMM NOKa3aTENAM BbIMyCKaeMoro
nepokcmaa sBogopoaa [25]
3HaveHne ansa Mapok
HanmeHoBaHue nokasatend A 5 B

1 BHewHunn Bna

BecuBeTHas npo3payHas XMaOKOCTb
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OkoH4yaHue mabnuubl 5.3

3HaveHne ansa Mapok
HanmeHoBaHmne nokasartensd
A b B
2 MaccoBas gonsa nepokcuaa sogopoaga, % 35-50 35-50 50-60
3 MaccoBas KOHUEHTpaums YKCyCHOW KUCO- 6 6 6
Thl, I/am3, He Gonee
4 MaccoBasi KOHLeHTpauusa HeneTy4ero 0,7 0,8 1,0
ocrtaTka, r/gm3, He Gonee
5 lNokasaTenb akTMBHOCTN MOHOB BOJOPOAA, 0,0-3,0 0,0-3,0 0,0-2,0
pH
6 TepmMoCTabunbHOCTb (CTEMNEHDb Pa3NOXEHNS 5 15 5
3a 16 4 npu 96 °C), %, He Bonee

BoaHbIn pacTBOp nepokcnaa Bogopoaa UCMONb3yeTCs Kak OKUCASAWWIA, TMOPOKCUIIN-
PYIOLMA N 3NOKCUAMPYIOLLMA areHT B XMMUYECKUX MNPOM3BOACTBAxX, Kak oTbOenusatoLlee
CpencTBO ANdA XNonka, TEKCTUNs, wepcty, Bymarn, CUHTETUYECKUX BOJSIOKOH, HaxoauT npu-
MEHeHue B KocMeTuKe, B (hapmaueBTUYECKON, NULLEBON, CTPOUTENBHON 06N1acTax NPOMbILLI-
NEHHOCTN, a Takke B 00MacTn OKpyXatollen cpenpl, SBNAACb YHUBEPCaAnbHbIM peareHToM
Ans 06e3BpeXnBaHNA TOKCUYHbBIX BELLECTB B NPOMbILLMEHHbIX CTOKaX M ra3oBbiX BbiOpocax.
KoHUEeHTpMpOBaHHbIN NepoKcua BOOOPOAa MOXET NPUMEHSATbCHA B KayecTBe XUOKOro YHu-
TapHOro ToMNnMBa WU OKUCNNTENS B ABYXKOMMOHEHTHbIX PakeTHbIX TOMnfnBax.

TexHonorns Npon3BoACTBa Nepokcuaa BOAOPOLa B HACToOsILlee BPeMsi pa3BMBaETCS
Ha OCHOBE MCMNOJSIb30BaHUSA OpPraHMYeckoro cbipbs. Hanbonbluee pacnpocTpaHeHne nosnyyu-
nwn aBa metoaa nonyyvyeHna Hz2O2: aHTpaxMHOHOBLIM U N30MNPOMNUNOBLIN, B KOTOPbLIX OpraHuye-
CKMEe COeAMHEHUs1 urparoT pofib nepeHocymka Bogopoa. CylHOCTbL nepBoro cnocoba 3a-
KNnyaeTcss B BOCCTAHOBMEHUN aHTPaxXMHOHA UMW ankunaHTpaxmHoHa C nocrnegyowmm ero
OKMCNeHneM n obpasoBaHMEM MEPEKMCU BOOOPOAA N pEreHepaumen MCXOAHOro aHTPaxmMHO-
Ha. M3onponunosbin cnocob BKNOYaeT xuMakodasHoe OKUCNEHME M3onpornaHona ¢ nocrne-
AyloLWnm BbiaeneHnem obpasoBaBLLENCS NEPEKNCU BOAOpOaa:

CH3CHOHCHs + O2 — CH3COCHs3 + H202.

O6pa3oBaBLUMIACA aLIETOH BOCCTaHaBNMBAOT BOAOPOAOM [0 MU30MponaHona v BO3-
BPAaLLaloT B LK.

5.2 OnucaHue TeXHONOrM4Yecknx NpPoLeccoB, UCNOsb3yeMbiX
B Npou3BOACTBe Nepokcmaa sogopoaa

CoBpeMeHHbI NPOMBILLUNIEHHbIM CNOCO6 Nony4yeHns nepokcuaa BoAOpoAa OCHOBaH Ha
OKUCMNEHUN U30NponumoBoro cnupTa (13onponunosbii MeTtoAd). CbipbeM npouecca ABnseTcs
BOOOPOA, M30MponunoBbii cnvpT. MNpuHUMnanbHaa TeXHONnornyeckasi cxema ¢ 3aMKHYTbIM
LMKITIOM MO CNUPTY NpuBefeHa Ha pucyHke 5.1.

Cxema BkniovaeT cnegyrowime atanb:

- NeperoHka n3onponaHona;

- OKUCreHne N3onponuroBoro CnupTa,
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- ABYXCTaguiHas neperoHka peakLMoHHOro pacTtBopa C BblAENEHNEM NEPEKNCU BOOO-
poaa;

- pasgeneHune n3onponaHona u aueToHa,;

- 'MapuvpoBaHne aLeToHa,;

- OYMCTKA CTOYHbIX BOA;

- abcopbumsa cayBoK CO CTagnn rmapupoBaHus;

- OYUCTKa OTXOSLLMX ra30B CO CTaanM OKUCTIEHNS;

- abcopbumsa cayBokK (OblxaHWsl) EMKOCTEWN, KONTOHH.
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OuucTtka (neperoHka) U3onponusIoOBOro cnupTa

Cblpbe (M30MponunoBbi CNUPT) NoABepratT OUCTUNNSALUUN B KOMNOHHE MNOAroTOBKU
cnupTa.

[MoporpeTbin pacTBop M3oMponaHona nocTynaeT B PeKTUPUKALNOHHYK KOSIOHHY C
KONNayKoBbIMW Tapesnkamu, rge 3a cY4eT MHOroKpaTHOro McnapeHus N KoHAeHcaumMm npouc-
XOOUT O4YUCTKA M yKpenneHme n3onponaHora Ao coctasa a3eoTpona.

Tenno, Heobxoanmoe ans npouecca pekTugukalmm, coobLiaeTcs Yepes KUNATUNbHUK
KOJTIOHHbI, 0B0orpeBaembIn napom.

[Mapbl N3 BEpXHEN YacTU KONOHHbI KOHOEHCUPYIOTCH B TENI00OMEHHMKE 1 HanpaBns-
I0TCS B MPUEMHYIO €MKOCTb. M3onponaHon 13 npMemMHoOn eMKOCTU Jarnee HanpasrseTcsa Ha
CTaguIo OKUCNEHUS.

M3 npnemMHOM eMKOCTM YacCTb pacTBopa Nof4aeTcs B KONMOHHY B BUAe nermMol.

Ky6oBbIin pacTBOp KOMOHHbI, NPeACTaBnsloWwmnn cobon 3arpsa3HeHHy0 Bogy C npume-
Cbl0 M30MNponaHona, aueToHa M nepokcmaa Bo4OpoAa, MOCre OxNaxaeHus HanpaBnseTcs
B CaAHMUTAPHYH KOMOHHY A9 OYUCTKN CTOYHbIX BOA.

OKucneHuve n3onponunoBoro cnupTa

[anee Ha cTagun OKUCNEHUST N3ONPOMNUIOBBIA CAMPT OKUCNAIOT B NPOTUBOTOYHOM pe-
aKTope-oKUCnuTerne KUCopoaoM BO3adyxa Wnu BO3AyLHO-kucropoaHou cmecn BKC (nasne-
Hne — ot 1,0 po 1,2 Mlla, Temnepatypa — ot 105 °C go 148 °C).

KoHTakT nsonponaHosna ¢ Bosgyxom unv BKC ocyuwectBnsgetrca npy npoTMBOTOYHOM
ABVKEHUM XXMAOKOCTU U rasa 3a cyeT 6apboTnpoBaHnsa NOCNeaHEro Yepes XnaKkocTb NO BCEW
BbICOTE peaKTopa-oKUCIUTENS. PeakuVOHHLIA pacTBOpP M3 HWXHEW 4YacTU OKucnmTens
HenpepbIBHO OTBOAUTCS, NOcnenoBaTeNlbHO NPOXOAUT CUCTEMY TEMNNOOOMEHHUKOB U XOJ10-
ANITBbHUKOB, rae OXNax4aeTcsa U CMBaeTCsa B eMKOCTb ANS AarnbHenLwen nepepaboTku.

OTtxogsawume rasbl, cogepaxaline asoT, KUCNOpPo4 U OpraHn4yeckne npumMecu 1u3 peak-
TOpa-oKMUCNUTEnNs, NOCTynatT Ha NPOMbIBKY B abcopbep And ynasnvBaHusi N30NpOnNUIoBoro
cnvpTa U aueToHa M 3aTeM BO3BpaLLalTCA Ha CaHUTAPHYK KOMOHHY W farnee B npouecc
OKMCIIEHUS.

BbigeneHue nepokcuaa sogopoaa

PeakumMoHHbIN pacTBOp Nocre peakTopa-oKUCIUTENS U3 EMKOCTU HACOCOM HerpepblB-
HO HanpaBnsieTCA B BaKyyMHYK PEKTUMPUKALMOHHYIO KOMOHHY ANs BblAENeHus nepokcmaa
BoOopoAda noa BakyymoM 64—77 klla 4yepe3 TennoobMeHHWK, rae HarpeBaeTcs napom.
B konoHHe meTooOoM pekTudmKaummn naet pasgeneHne napoB «OpraHuKu» (aueToH, N3onpo-
naHos), nepemMeLlarLmnxca BBEPX, U BOOAHOMO pacTBopa nepokcmaa Bogopoaa, nepertekato-
wero B Ky6OBYIO YacTb KOMOHHbI. B NMHMIO NMTaHuA KONOHHbBI NpegycMoTpeHa nogada Boa-
HOro pacTBopa MHrIMGMTOpa KOPPO3unMW.

Tenno, HeoGxoanmoe Anga npouecca pekTudurkaumm, coobuaeTca yepes TpybyaTbiv
KMNATUNBHKK, 06orpeBaeMbii Napom.

KyboBas xugkocTtb, npeactasnstowias coborn rotoBbi NPOAYKT — NePOKCUMA BOAOPO-
Aa, nocTynaet CaMOTEKOM B MPUEMHYIO EMKOCTb, Yepe3 XOSNOAUIbHUK, oxnaxgaembin 060-
POTHOM BOAOW.

OTroHsiemas B OUCTUNNAT CMECb M3OMpPONUOBOro CnvpTa, aueToHa M BOoAbl nocne
KOHAEHCcauun napoB cobrpaeTcsa B NPUEMHON €MKOCTW, 3aTEM HanpaBfisieTCs B KOJIOHHY Ha
CTaguvio pasgerneHvs nsonponaHona 1 aueToHa.
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PaspeneHne nsonponaHosna v aueToHa

PasgeneHne 1M3onponumnoBoro cnvpta M aueTtoHa BeaeTCcss MeTOAOM peKkTudumKaumm
Ha HenpepbIBHO AENCTBYIOLLEN KOFNIOHHE C OQHOBPEMEHHOW OYMCTKOW aueToHa OT Npumecemn
MeToa0M APOOHOM KOHAEHCAUNN.

McxogHaa cmecb — BOAHBIM pacTBOP M30MponaHona v aueToHa C y3na BblaeneHus
TOBaApHOro nepokcuga BOAOpPOAA M3 EMKOCTM HacocoM nojaeTcs B NoporpeBaTtenb-
pekynepartop, oborpeBaembin Ky6oBOW XNOKOCTLIO, 3aTEM B NogorpeBaTtenb, oborpeBaembii
napom.

Tenno, Heobxoanmoe Ansa npouecca pekTugukaunum noaBoaANTCS Yepes ucnapuTens,
oborpeBaembln MapoM.

KyboBas »ungkocTb, OTAaB CBOE TEMSO B TENN00OMEHHMKe-pekynepaTope NCXOAHOMY
pacTBopy, Nocne AOMNOMHUTENBHOIO 3ax0NaXXMBaHUA B XONOAMMbHUKE CIIMBAETCH B EMKOCTH
Ana ganbHenwen nepepaboTky Ha CTagum OKUCTIEHWS.

[Mapbl aueToHa, BbiXxoaslmMe M3 Bepxa KOSOHHbI, MOCTYNakT B KOHAEHCATop U, oxna-
XOAsCb OOMOMHUTENBbHO B XONOAUITbHUKE, OBOPOTHOM BOAOW CRMBAOTCA B MPUEMHYIO €M-
KOCTb 4151 HanpaBneHns Ha CTaguio rmapupoBaHns.

M'mppupoBaHMe aueToHa

'mapuvpoBaHMe aueToHa NpPoBOAAT B TpybyaTOM peakTope C peumkriom Bogopoda B
NpUCYTCTBUM HUKENEBOro Katanuaartopa npu temnepatype ot 70 °C go 150 °C.

Kuokaa dasa, cogepxawiaa nM3onponaHon M3 KOHAEHCATOpOB, oxnaxaaembix 060-
POTHOM BOAOM MOCNE OYUCTKU Ha (punbTpax OT BO3MOXHbIX MEXaHUYeCKUX rnpumecen, rno-
CTynaeT B eMKOCTb AN HanpaBfeHns Ha KOSIOHHY MEPEroHKM CnupTa, 3aTeM HanpasnseTcs
Ha CTaguIo OKUCIEHUS.

["a3oBble BLIOPOCHI CO CTaauMn rMapUPOBaHUS, Coaep kallme napbl aueTtoHa U n3onpo-
naHona oumwatotcsa B abcopbepe, opoLiaemMomM NapoBbIM KOHOEHCATOM.

AbGcopbep aAns O4YMCTKM ras3oBbiX BblOpocoB paboTaeT B pexmme npOTUBOTOKA.
B HWXHIOK 4YacTb nogaeTcs rasoBasi CMeCcb, B BEPXHIOK — KoHAeHcaT. OuunlleHHbIn ras
cbpacbiBaetcs B atmocdepy. AbcopbeHT cnvBaeTcss B COOPHUK, 3aTeM — Ha KOJIOHHY
OYUCTKM CTOYHbIX BOA.

OuuncTKa CTOUYHbIX BOAO

CTouHble BOAbl, a Takke BOAHblE PaACTBOPbI, coAepXalime WU3onpornaHon M aueToH
(abcopbeHTbl CO CTaaMM OYUCTKM OTXOLSALLMX ra3oB C OKMCIAUTENEN, OUYUCTKN COAYBOK C rna-
PUPOBaHUS, OYUCTKU CAYBOK AbIXaHUS eMKOCTeN), cobupaloT B éMKOCTb, OTKyda Hacocamu
nogaroT Yepes OYUCTUTESNb B TENNOOOMEHHUK-peKynepaTop, oborpeBaemMbli KyGOBOK XKUAKO-
CTbIO U3 CaHUTaPHOW KONMOHHbLI. [Janee pacTBop NocTynaeT B TENNOOOMEHHWK, rae Harpesa-
eTCs NapoM M NOSAETCH HAa CaHUTaPHYHO KONTOHHY AN NePEroHKN CTOYHbIX BOA.

PekTndumkaumsa Ha KONOHHE BEAETCS C LEeNblo U3BMEYEHNa n3onponaHona n auetoHa
N3 CTOYHbIX BOA W NOSTyYEeHUS «KyBOBOWM» XXMAKOCTM C MAaCCOBOW KOHLIEHTPaUMEN «OpraHuKn»
(n3onponunoBbIN CAMPT, aUeToH) B Npeaenax onyCTUMbIX HOPM.

Tenno, Heobxoanmoe Ana npouecca pekTudukauumn, coobuiaeTcs Yyepes KUNSaTunb-
HUK, oborpeBaembii NapoM.

Mapbl n3onponaHona, aueToHa 1 BoAbl U3 BEPXHEN YACTU KOFIOHHbI MOCTYNaKT B KOH-
AeHcaTop, oxnaxaaeMbli 060pOTHOM BOAOW, rAe KOHOAEHCUPYIOTCS U MNOCTYNatT YacTUYHO B
BMAe pnermbl B KOMOHHY, YaCTUYHO B BUAE AUCTUNNATA B NPUEMHYKD €MKOCTb U fanee Ha
CTaano OKUCNEHNS, YacTb Ha KOMOHHY pasgeneHnsa n3onponaHosia u aueToHa.
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«KyboBbIi» pacTBop, OTAaB CBOE TEMMO B TEMNOOOMEHHUKE-pEKynepaTope UCXOAHO-
My pacTBOpY, NOCTyrnaeT B TennooOMeHHMK Ans AONONHUTENBHOrO 3axonaxnsaHus 06opoT-

HOW BOLOW, 3aTeM HarnpasnseTCcsa Ha CTaHuuio HenTpanusaumm n Ha BOC.

OnuncaHne TEXHONMOIMYECKOro npoLecca npMeBedeHo B Tabnuue 5.4, nepeyeHb OCHOB-
Horo obopygoBaHua — B Tabnuue 5.5.

Tabnuuya 5.4 — OnucaHue TEXHONOMMYECKOro npoLecca Npou3BoACTBa Nepokcuaa

BOAopoaa
OcHoBHoOE
BxogHown noTok Mognpouecc BbixogHon NoToK | TeXHOMorn4yeckoe Smucenn
obopynoBaHue
M3onponunosbin |MNeperoHka n3o- | O4nLEHHbIN Tapenb4yaTtas MN3onponunoBbin

CNUpT: CO cKna-
[a, co cTaamm

nponaHona

N30MponunIIoBbLIN
cnvpT.

KOMNOHHAa, Tenso-
0OMEeHHMUK, ucna-

cnupt

pasgerneHus, KyboBbin ocTa- |putenb
CO cTaguu rna- TOK
pUpoBaHUS
OuuLeHHbIN OkucrneHve n3o- |PeakumoHHbIN PeakTop- M3onponunosbin
N30NpPONUMOBLIA | NPONUIIOBOrO pacTBop. OKMCNUTENb, CcnnpT, aueToH
cnmpT. cnvpTa OTxogsawme rasbl | XONOAUINbHUK,
N3onponunosbin TenIo00bMEHHUK
CMpT CO cTaguu
pasgeneHus.
Boaayx (unu
BO3YyLLUHO-
KncnopogHas
CMeChb)
PeakumoHHbIn [ByxctagunHasa |llepokcng Bogo- | Pektudumkauym- —
pacTBop neperoHka peak-|poaa. OHHasi KONOHHa
LMOHHOro  pac- | Cmecb nsonpo-
TBOpa C Bblde-|NUNOBOro cnupTa
neHneM rnepeku- |1 aueToHa
cu Bogopoaa
Cwmecb nsonpo- |PasgeneHue ALETOH. Tapenb4yaTtas —
NUIOBOro cnupTa | M3onponaHona u |AsonponaHon KONOHHa
N aueToHa aueToHa
ALETOH. 'mopupoBaHne | M3onponaHor. TpybuaTtbin —
Booopopg (cBe- |aueToHa CaoyBsku peakTop

XURA, LMPKYNS-
LIMOHHBbIN)
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OcHoBHoe
BxoaHoi noTok Moanpouecc BbixogHOM NOTOK | TEXHOMOrM4yeckoe AmMunceuu
obopynoBaHue
A6copbeHT co Ouuctka ctou-  |CTouyHble Boabl | KonoHHa —
ctagum abcopb- | HbIX BOA
U1K COYBOK.
ABcopbeHT co
CTagnn OYUCTKM
OTXOAALMX ra-
308B
Cpyskn co cta- |Abcopbuma cay-| AbcopBeHT. Abcopbep M3onponunosbi
Avn rmapupoBa- |BOK cO cTagwuu|lasbl B aTMo- CnupT, aueToH
HWA aueToHa. rmgpupoBaHus | ccpepy
KoHgeHcaTt
Otxogswme ra- |Ounctka  oTxo- | AbcopbeHT Abcopbep M3onponunnosbin
3bl. ASLMX rasoB CO CnupT, aueToH
KoHpeHcaTt cTagun  okucne-
HUS
CpoyBkn oT emko- | Abcopbums cay- | AbcopbeHT Abcopbep M3onponunosbi
CTEWN, KONMOHH. BOK  (OblxaHuA) CnunpT, aueToH
KoHgeHcaTt eMKoCTeN, KO-
NOHH

Tab6nuuya 5.5 — NepeyeHb OCHOBHOrO 06OPYyAOBaHMA NPOM3BOACTBA Nepokcmaa

BoAgopoaa
HanmeHoBaHune CyLecTBEHHbIE XapaKTePUCTUKN
HasHaueHune obopygoBaHus
obopynoBaHus TEXHONorn4eckoro obopyaoBaHms

TapenbyaTas KosioHHa
neperoHkn naonpornaHorna

[MeperoHka nsonponaHona

HnameTp 1,8 M, o6was BbicoTa
31,6 m, 40 Tapenok, pacyeTHoe
nasnenuve 0,03 MlMa, obbem kyba
4,6 m3

Peaktop-okncnurenb

OkncneHne nsonponuno-
BOro crnvpTa

Monbin annapaT KONOHHOro TUna
pasfernieHHbIN Ha CEeKLUUM.
O6bem 252 m3, guameTp 3,2 M,
obwas BbicoTa 25 M

BakyymHas pexktuduka-
LIMOHHAA KOSOHHA

BblaeneHne nepokcuga
BOOOPOAA U3 peaKLMOH-
HOM cMecun

KonoHHa ¢ perynsapHon Hacagkou.
[OnameTp 3 M, obwada Bbicota 18 m

PekTndukaumoHHas Ko-
NOHHa

Pasgenenune nsonpona-
HONa n aueToHa

KonoHHa ¢ perynsipHon Hacagkou.
O6bem 96 M3, anameTp 3 M, obLuas
BbicoTa 14,7 m, 20 Tapesok, pac-
yeTHoe gasneHue 0,1 Mla

PeakTop rugpupoBaHus
aueToHa

BoccTtaHoBneHue aueToHa
A0 u3onponaHona

TpybuaTbIi KOHTaKTHbINM annapart
C peuvrKrnom Bogopoaa
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5.3 HopMbl pacxofa cbipbsi U 3Hepropecypcos

Hopmbl pacxogoB mMaTepuanbHbIX U 3HEPreTUYECKUX PeCypCoB NpuBEAEHbl B Tabnu-

ue 5.6.

Tabnuua 5.6 — HopMbl pacxofoB MatepuarnbHbIX U SHEPreTU4EeCKNX pecypcoB npu
Npon3BOACTBE NepokcMaa Bogopoaa

HavmeHoBaHune Pacxog Ha 1 T npogyKumu
EonHuubl nsmepeHns
pecypcos MuHUManbHbIN MakcnmanbHbIn
N3onponunoBbIn —
P K 12,5
cnupT
Booopon HMS3 255 —
docdaTt HaTpus oa- —
HO3aMELLEHHbIN Kr 0,4
ABYBOHbLIN
AMMOHUIN a30THOKUC- —
< Kr 0,06
nbin
HaTtpuin onoBsaHHO- —
aTp - ono © Kr 0,015
KUCNbIN
Map kan 1,717 —
Xonog munHyc 10 °C kan 0,092 —
Bona obopoTHas m3 398 —

5.4 TeKywue ypoBHU 3MUCCUM NPU NPOU3BOACTBE Nepokcmaa

BoAopoAaa

5.4.1 Bblibpocbl B aTtmoccepy npu NnponsBoACTBE Nepokcuaa Bogopoaa

Bbibpockl B aTMocdepy npy Npou3BOACTBE Nepokcuaa Bogopoaa npveeneHbl B Tab-

nuue 5.7.
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Tabnuuya 5.7 — Beibpockl B aTMOChepy npy npon3BoACTBE Nepokcmaa Bogopoaa

MeToa o4ncTkM, NOBTOpP-

O6bem n (Unun) Macca BbIGPOCOB 3arpsi3HSIOLLMX BELLECTB

NCcTOYHUKU Bb|6poca HaunmeHoBaHue nocrne O4YNCTKN B pacyeTe Ha TOHHY 1T npoaykuuu, Kr/T
HOINo ncnonb3oBaHUA
MwnHmanbHoe MakcumanbHoe CpenHee
BeHTUnaunoHHble wax- CmflpT visonponnno- 0,067 0,074 0,070
Tbl, aTMOCdEpPHbIE TPYObI il Abcopbuns
! PHBIE TRYOS! P eTon 0,081 0,095 0,088
B3BelueHHblEe Belle- — 0.000038 0.000038
cTBa
H A — 0,0017 0,0017
"paaupHy TAaToW yTotpaT - =
pun cy 0,0037 0,0037
(HaTpusa cynbdar)
Kanbumin kapboHaT — 0,00037 0,00037
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5.4.2 O6pallieHue co CTOYHbIMM BogaMm

[MpoMbILieHHbIE CTOYHbIE BOAbI HANPaBMAKTCA Ha CTaHUMIO YCpeOHEeHUS U HenTpa-
nusauumn n ganee nepenarTcs B CTOPOHHME opraHm3aummn ans obesspexmBanus. JINBHEBbIE
CTOYHbIE BOAbI OYMLLAKTCS U HanpaBnaAnTCa B BO4OOOOPOTHbIN Uukn (cm. Tabnuuy 5.8).

Hopma obpasoBaHuns CTOYHbIX Bog — 562 Kr/T.

CocTaB CTOYHbIX BOA,

Tabnuya 5.8 — CoHpochl

lNokasaTenb 3HavyeHune

MaccoBas KOHLEeHTpauusa n3onponunoBoro
HeHTpall P He 6onee 200 mr/am3

cnmpTa

MaccoBas KOHLUEHTpaums aueToHa He 6onee 100 mr/am3
MaccoBas KOHUEHTpaums nepokcmaa Bogopoaa He 6onee 5000 mr/am3
MaccoBas KOHUEeHTpaLuus YKCYCHOW KMCMOTbI He 6onee 1200 mr/gm3

5.4.3 OTxoabl Npou3BOACTBAa NepoKkcuaa Bogopoaa

B npouecce npoussoacTBa nepokcuaa sogopogda obpasyloTcs crnegyolime Buapl OT-
XOO0B: MUHeparibHble Macna KoMnpeccopHble (nepefarTca Ha yTUnuM3aumio CTOPOHHUM Op-
raHnsaumsam), Tapa, a Takke oTpaboTaHHbIN KaTanu3aTop Ha OCHOBE HWKENS B KONMYecTBe
0,00189 kr Ha TOHHY npoaykumm (Nocrne UCTEeYEeHUA CpoKa IKcrryaTauuMm BO3BpallaeTcs
NPOn3BOAUTENIO).

Paspnen 6. NpousBoacTBo nepkapboHaTa HaTpus

6.1 O6wasn nHopmauums

lMepkapboHaT HaTpusa (HaTpusa kapboHaTa nepokcurngpat, HaTpus NepPoKCMcoNbBaTa
kapboHat, xumndeckas gopmyna Na2COs-1,5H202) npeactasnsaet cobon 6enbie ctabunu-
3MPOBaHHbIE M KancynMpoBaHHbIE rPaHysbl.

lMepkapboHaT HaTpMs NPUMEHSAETCS Kak:

- oTbenuBaloLmn, YUCTAWMIN N YAANSAOWMA NATHA areHT NS NOPOLUKOBbIX CUHTETU-
YeCKMX MOKLLMX CPEACTB U COCTaBOB A4S aBTOMATUYECKOM MOWKM NOCyAbl;

- otbenuBaTtenb AN TEKCTUIBbHON U LENnono3HO-0yMaXKHON NPOMbILLNEHHOCTY;

- NSTHOBbLIBOAMTENb ANs CNeumarnbHbIX CPeACTB AN BbiBEAEHUS NSATEH;

- OKMCNUTENbHbIN Ae3MHMUKAHT AN pasnnYHbIX BapuaHTOB NPUMEHEHMS.

CocTtaB ToBapHoro nepkapboHaTta HaTpus mapok [1-70 n b (B cootBetcTBuM ¢ [30])
npueeneH B Tabnuue 6.1.

Tabnuuya 6.1 — Coctas ToBapHoro nepkapboHata HaTpus [30]

HanmeHoBaHMe KOMMNoOHeHTa MaccoBas aongd, %
HaTpus nepkapboHaT, He meHee 84,4
OunHaTtpui kapboHaT, He Gonee 5,9
AunHatpuin cynbdat, He Gonee 7,0
KpemHueBas kucnota HatpueBon conum (no SiO2), He Gonee 1,9
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HanmeHoBaHMe KOMMNOHEHTa

MaccoBasi gons, %

XnopucTtbi HaTpun, He bonee

0,5

Cnocob nony4veHnsa nepkapboHaTa HaTpusi OCHOBaH Ha B3aMMOLEWCTBUM pacTBopa
kapboHaTa HaTpusa C pacTBOPOM NepPOKCMAa BOAOPOAA C NOCNeayoLen rpaHynaumen n cyLu-

KOW.

Na2CO3z + 1,5 H202 — Naz:CO3-1,5H202.

6.2 OnucaHue TeXHONOrM4YeCcKux NpoLeccoB, UCNOJb3yeMbIX

B NpOM3BOACTBe Nepkapb6oHaTa HaTpuA

MpombiwneHHbIn cnoco® nonydeHns nepkapboHata HaTpus — B3aMMOLEWCTBUE
KanbLUMHMPOBAHHOW COAbl C MEPOKCMAOM BOAOPOAA B MPUCYTCTBUW CTabUnNuanpyowmx go-
6aBoK C nocnegytoLwlen Kancynaunen MHepTHbIMU coeanHeHnamu. MNockonbky nepkapboHat
HaTpusa cnocobeH pasnaraTtbCsl NO4 BUSHWEM BRaru, MOHOB TSXKENbIX METannoB, opraHnye-
CKMX N ME€XaHUYEeCKUX 3arpA3HEHUI, B €ro COCTaB BBOAUTCHA KOMMIEKC cTabmnnnsaTtopos: no-
nngocdat HaTpus, cunukaTt HaTpus, cynbdat marHus. [pouecc kancynupoBaHus nepkap-
BGoHaTa HaTpuA 3akno4vaeTcs B HENPEPbLIBHOM pacnblfieHnn pacTBopa cynbdaTa HaTpus Hag,
rpaHynamu nepkapboHaTa HaTpusi B CyLUUIIKE C NCEBAOOXMKEHHBIM CIIOEM.

TexHonornyeckas cxema npon3BoAcTBa npveeneHa Ha pucyHke 6.1.

OcCHOBHbIe aTanbl TEXHOOMMYECKOro npoLiecca:

- pacTBOpEHME KalbLUMHUPOBAHHOW COAbl B ropaven BoAE;
- NPUroTOBIIEHME PACTBOPOB CTabunuanpyowmnx gobasBok;
- NpuroToBneHne pabo4yero pactesopa kapboHaTa HaTpus;

- CUHTE3, rpaHyNMpoBaHMe 1 CylwKa nepkapboHaTta HaTpus;

- NoBepxHoCTHasi obpaboTka (kancynupoBaHue) nepkapboHaTa HaTpusS.
OnucaHne TeXHONOrM4eckoro npowuecca npueegeHo B Tabnuvue 6.2, nepedYeHb OCHOB-

Horo obopygosaHus — B Tabnuue 6.3.
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Monudocdart Hatpua, 5ur

PacTteop M@OH, 21,665 kr

Copa kanbuuHwuposaHHan, 640

Boaa, 16,665 kr

“\L

MpurotoeneHne
pacTeopa nonubocdaTta
HaTpua, t=(40-60) °C

TUAPOCUNUKAT HATpUA, T Kr

Bopna, 14 kr

I

MpuroToBneHue
PacTBOpa MUAKOTO
crewna, t=(50-60) °C

Bopga, 1230 kr

4

| t=(40-60) °C

Hunroe
cTerno, 21 ur

MpUroToBAEHKE pacTeopa
kapBoHaTa HaTpwMA

Mpurotoenexue pabouero
pacTeopa kapboxata

Cynbdat marnma, 2 kr

l

Bopna, 20 kr

MpuroToBneHUe
pacTEOpa cynbdata
marnua, t=(40-60) °C

HaTpuA,
=(50-60) °C

PacTeop cyncdata mardua, 22 kr

Pab. pacteop
kapboHaTta
HaTpUA,
585,37 kr

Meporcug ecgopona , 1095 kr

Tas npupogrsii, 237,3 kr

Yroc MKH, 2721,18 kr

Bopa, 600,0 kr

-

Motepu, 2704,8rr

3l .
v

CUHTE3, TPaHYIMPOBAHKME, CYLLIKA
nepkapfoHata HaTpMa

t (kun.cnos )=(60-82) °C, pazpemenue
{munyc 0,1 - munyc 0,5) kllla

MKH Texuuuecumit, 992,2 ur

Yuoc MKH, 20,8437 «r

MosepxnocTHas obpaboTwa,
KancynuposaHHWe
nepkapBoHaTta HaTpMA
t{kmn.cnoa}=(45-82) °C,
pazpemxenue (munyc 1,2-muryc
0,1)xMNa

Cynbdat Hatpua, 50 kr

Bopna, 157,5kr

Pacteop cynbdarta
HaTpwA, 207,50 kr

}

lpuroTosnexue
pacTsopa cybdara
HaTpua

ToBapHbii, 1000 kr

— >

Mokpas o4mncTra
OTXOAALLMX T3308

Bona
TexHonoruuyeckan, 637,15

OumcTra n B0O38paT B
NpPOU3IBOACTBO
TEXHONOTMYECKOW BOAbI

Hatpua neprapbonat

OuMlEeHHaA EOOE B
npou3eoAcTeo, 690 Kr

PucyHok 6.1 — lMpuHUMnuanbHas cxema nonyydeHust nepkapboHaTa HaTpust
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Tabnuuya 6.2 — OnmMcaHne TEXHOMOMMYECKoro npouecca Npon3sBoacTBa nepkapboHaTa

HaTpus
OcHoBHoe
BxogHoun noTok Mognpouecc BbixogHoM NOTOK TexHonorn4yeckoe Amuccnn
obopynoBaHue
Copa kanbumHn- | PactBopeHue PactBop kapbo- |PeakTop KapboHaTt
pOBaHHas. KanbUWHMPOBaH- |HaTa HaTpusa HaTpuUs
Booa HOW coabl B rops-
yen Boge
Monudoocpat PacTtBopeHune no- |PacTtBop nonu- PeakTop —
HaTpu4. nnudgocdaTta doocaTta HaTpus
Bopa HaTpuUs B ropayven
BoAe
Cynbdpat marHus. | PactBopeHue PacTtBop cynbda- |PeakTop —
Booa cynbarta marHus | Ta MmarHus
B ropsiyen Boge
M'mapocunukat MpurotoBneHne |PacTBop xungkoro |Peaktop —
HaTpus. pacTtBopa cunu-  |cTekna
Bopga KaTa HaTpusi
Cynbdpat HaTpu4. | PacTtBopeHue PacTtBop cynbda- |PeakTop —
Booa cynbcarta HaTpusa |Ta HaTpus
B ropsiyen Boge
PacTtBop kapbo- |lpurotoBnenHne |Paboumn pacTtBop |PeakTop —
HaTa HaTpus. pabouyero pac- kapboHaTa
PactBop nonu- TBOpa kapboHaTa |HaTpus
docpata HaTpusa |HaTpus (c gobas-
Kamu ctabununsm-
pytoLLero Komno-
HeHTa)
PactBop kap6o- |lMpurotoBneHne |Paboumn pacteop | PunbTp-npecc, —
HaTa HaTpuMa K pabouyero pac- kapboHaTa peakTop
nonudocdarta TBOpa kapboHaTa |HaTpus
HaTpuA. HaTpusa (c gobas-
Kngkoe ctekno  |kamu ctabunmsm-
PYHOLLNX KOMMO-
HEHTOB)
Pabouni pacteop | CuHTes, rpaHynu- |NepkapboHaT Cywwunka- Hatpusa nep-
kapboHaTa poOBaHWE 1 CyllKa |HaTpus rpaHynaTop, kapboHaT
HaTpuS. nepkapboHaTa TEXHUYECKUN. €MKOCTb NepokK-
PacTBop cynba- |HaTpus OTxogsiwme rassl |cnga Bogopoaa
Ta MarHus.
Mepokcng Bogo-
pona
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OkoH4yaHue mabnuuysi 6.2

OcHoBHoOE
BxoaHoi noTok Moanpouecc BbixoaHOM NOTOK TEeXHonorn4yeckoe AmMunceuu
obopynoBaHue
MepkapboHaT MoBepxHocTHaa |Hatpus nepkap- |Cywwunka Hatpus nep-
HaTpusa TexHnde- |obpaboTka (kan- |OoHaT Kancynn- | B NCEBAOOXMXKEH- | kapboHaT
CKUA. CynmpoBaHue) pOBaHHbIN HOM crnoe
PacTBop cynba-
Ta HaTpuA
Hatpua nepkap- |®acoska, oopmu- | HaTpusa nepkap- — Hatpusa nep-
OoHaT Kancynu- | poBaHue napTun | BoHaT Kancynu- kapboHaT
pPOBaHHbLIN roTOBOro NPOAyK- |pPOBaHHbLIN TOBap-
Ta HbIN

Otxogsiwume rasbl. |Ounctka otxoasa- |Boga texHonoru- |KombuHmpoBaH- |Hatpus nep-
Bopga LNX rasos yeckas. HbI OYMCTUTENb |KapboHaT

MoTepwn nepkap- |Nbinu

GoHaTa HaTpus
Booa texHonorn- |Ouuctka TexHo- |Bopa TexHonorn- | YcTtaHoBKa BOOO- —
Yyeckas norn4yeckon Bobl |4Yeckas (Bo3spaT B|OYMCTHAS;

NPOn3BOLCTBO) dumnbTp-Npecc,

peakTop

Tabnuuya 6.3 — lNepedyeHb OCHOBHOro 060pya0BaHMs NPOM3BOACTBA NepkapboHaTa

HaTpus
HanmeHoBaHue CyLLl,eCTBeHHbIe XapakTepucTtukn
HasHauyeHue obopynoBaHus
obopynoBaHus TEXHonorn4eckoro obopynosaHms
. |Obbem 25 M3, oBEe MeLLanku
PactBopeHue kanbunHMpoBaHHOM
Peaktop Conbl B ropsiel Boze 60 06./MvH, TemnepaTypa
P 50 °C — 60 °C
PacTtBopeHne nonudocdata O6bem 2 M3, meluanka, TeM-
Peaktop . o o
HaTpuA B ropaden soge nepatypa 40 °C — 60 °C
PactBopeHue cynbata marHus O6bem 2,5 M3, MeLlarnka, Tem-
PeakTtop o o °
B ropsiyen Boge nepartypa 40 °C — 60 °C
PactBopeHue cunukata HaTpus O6bewm 6,3 M3, MeLlarnka, Tem-
PeakTop o o o
B ropsiyeun Boge nepatypa 40 °C — 60 °C
PactBopeHune cynbaTta HaTpus O6bem 6,3 M3, meluanka, TeM-
Peakrtop . o o
B ropsiyeun Boge nepatypa 50 °C — 60 °C
MpurotoBneHune paboyero pacteo- |O6bem 10 M3, mellanka, Tem-
Peaktop

pa kapboHaTta HaTpusa

nepartypa 50 °C — 60 °C

Cywwunka-rpaHynaTtop

CwuHTEe3, rpaHynMpoBaHue, cyLuka
nepkapboHarta HaTpus

BmecTtumocTb 87 M3, noBepx-
HOCTb CyLUkM 12,5 M?, Temne-
paTypa KuMsLLero crnos

60 °C — 82 °C, paspexe-
Hue -0,1 +-0,5 kla
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HanmeHoBaHue
obopynoBaHus

HasHauyeHue obopynoBaHus

CyLlEeCTBEHHbIE XapaKTEPUCTUKU
TEXHONOrM4Yeckoro o6opyaoBaHNs

EmMKocTb nepokcuaa
Bogopoaa

CuvHTe3, rpaHynmMpoBaHue, CcyLlka
nepkapboHaTta HaTpus

BmectumocTb 50 M3, anameTp
2800 MM, BbicoTa 8655 mMm

Cywwunka ¢ ncesao-
OXWXXEHHOM CIToeM

lMoBepxHOCTHasA obpaboTka, kancy-
nupoBaHuenepkapboHaTta HaTpus

TemnepaTtypa KMnALwero cros
45 °C — 82 °C, paspexeHune
-1,2 +-0,1 klMa

KomOBunHnpoBaHHbIN
OYNCTUTEND NbINK

Mokpasi o4nCcTKa OTXOASALLMX ra3oB

O6bem 30 M3, anameTp

2000 mm, BbicoTa 5145 mmMm,
NpPOVN3BOANTENBHOCTbL MO O4M-
waemomy rasy 25 000—

30 000 m3/y4, pacxon Boabl Ha
opouieHue 1,5-2,0 m3/u, cTe-
neHb o4ncTkm 99,5 %

YcTtaHoBKa BOAO-
ouynctHas (punbTp-
npecc, peakTop)

OuuncTka 1 Bo3BpaT B NPOU3BO.a-
CTBO TEXHONOIMMYECKO BOAbI

MponssoanTenbHOCTb 20 M3/y

6.3 Hopmbl pacxofa cbipbsi U 3HEepropecypcosB

Hopmbl pacxogoB mMaTepuanbHbIX U 3HEPreTUYECKNX PeCypCoB NpUBEAEHbI B Tabnu-

Lue 6.4.

Tabnuua 6.4 — HopMbl pacxogoB MaTepuarbHbIX U 3HEPreTUYEeCKNX PecypcoB npu
nponsBoacTBe NepkapboHaTa HaTpus

EauHnub Pacxog Ha 1 T npoayKkumm
HanmeHoBaHue pecypcoB
n3MepeHus MuHUManbHbIN MakcmanbHbIN

Mepokeng Bogopoaa 30 % Kr 1095,0 1105,06
CvnukaTt HaTpus Kr 7,0 14,11
MonudoocdaTt HaTpu4a Kr 5,0 5,04
MarHun cepHOKUCbIv Kr 2,0 2,02
Cynbdpat HaTpusa, Kpuctan- ‘ 50.0 80.0
nnsaumsa

Copa kanbunHMpOBaHHas Kr 640,0 654,26
OnNeKTpoaHeprms KBTy 230 240,0
Map kan 0,24 0,38
Bo3ayx TexHonorm4eckuii m3 60,0 90,0
Boaa peyHas m3 2,2 2,46
a3 NpupoaHbIV m3 220,0 290,0
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6.4 TeKywme ypoBHM IMUCCUN NPU NPOU3BOACTBE NepkapboHaTa
HaTpus

6.4.1 Bblbpocbl B atmocepy npu nponsBoacTBe nepkapoboHaTta HaTpus

Bbibpocbkl B aTMOcdepy npu npon3soacTBe nepkapboHaTta HaTpus npueBeaeHbl B Tab-
nuue 6.5.

6.4.2 O6palleHue co CTOYHbIMU BogaMun

X036bITOBbIE 1 NMPOMbILLINEHHbIE CTOMHBLIE BOAbLI NPOM3BOACTBA NepkapboHaTa HaTpust
HanpaensATCA B HAKoNUTENb. YPOBHM COPOCOB NpuBeAeHbl B Tabnuue 6.6.
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Tabnuuya 6.5 — Beibpockl B aTMOcepy nNpy Nnpon3BoACcTBe nepkapboHaTa HaTpus

MeToa O4YnNCTKKM, MOBTOPHOIO

O6bem n (Mnn) Macca BbIGPOCOB 3arpsi3HSOLLMX BELLECTB

NCcTOYHUKU Bb|6pOC3 HaunmeHoBaHue NocCIie OYUCTKU B pacyeTe Ha TOHHY 1 T npoayKuuu, Kr/T
MNCMOoJ1Ib30BaHUA

MwuHuMmansbHoe MakcunmanbHoe CpepHee

MpoussoactBo B KapESOHaT HaTpusa (ouHa- | AbcopbunoHHas ouucTka — 00106 0,009994
uenom (Bce atanbl) | Tpyun kKapboHaT) OTXOAALWMX ra3oB

Hatpus nepkapboHaTt — 0,42 0,239492

HaTpus cunukat — 0,007 0,001535

MarHusa cynbdar — 0,005 0,001209

Bogopoaa nepokcuna — 0,000025 0,000022

OvHatpun cynbdat — 0,0004 0,000113

Tabnuya 6.6 — COpochl 3arpA3HAOLMX BELWECTB NPy NpOM3BOACTBE NepkapboHaTa HaTpus

Hanpasne- O6bem u (Mnn) macca BbIBPOCOB 3arpA3HAIOLLNX BELECTB Nocne
Hue cobpocoB MeTopn OYUCTKM B pacyeTe Ha TOHHY 1 T NnpoayKumu, Kr/T
B BOOHbIA | OYUCTKK, NO-
NcTouHnkm cbpoca HanmeHoBaHue ( A
OObeKT, B | BTOPHOIO UC-
CMCTEMBI Ka- | NonbaoBanus MuHumanbHoe MakcumanbHoe CpegHee
Hanusauum)
NpombliwneHHble | CynbdaTt-aHUOH Cyrb-
P yned (cy _ 0,0018 — 0,002703
CTOYHbIEe BOAbI daThbl)
B3BelleHHble Hakonwreny
— — 0,006 0,000893
BellecTBa

LTOC—VE J1U



UTC 34—2017

6.4.3 OTxoabl Nnpou3BoACTBa NepkapboHaTa HaTpus

B npouecce npoussoacTtea nepkapboHaTta HaTpus obpasyloTca crneayowme Buabl OT-
XOJOB: LWfaM C OMUCTHOW dounbTpaummn B konuyectee 0,928 kr Ha TOHHY npoaykumn (nepe-
BOAUTBLCS B FOTOBYO NPOAYKLMIO U NpodaeTca noTpedbutensiMm no OroBopy), OTXOAbl CUHTE-
TUYECKUX N NOMYCUHTETUYECKUX Macen U rmapasnnyecknx XXuUakocten (nepenarTcsd CTOPOH-
HeWn opraHusauun), oTxoabl CPeAcTB MHAMBUAYANbHOM 3alMThl (HAaNpaBnsaTCA B crneuumanu-
3MpPOBaHHYI0 OpraHM3auuio).

OTxoabl 3 knacca onacHOCTU — oTpaboTaHHble Macna HakannMBalTCs B cneuyunanb-
HbIX MeTannmMyecknx Boykax, pacnofioXXeHHbIX B MOMELLEHMUM HA NpUerarwLLen Tepputopum
npeanpusatuii. Bce octanbHble 0TX0Abl 3—5 KNaccoB OMNacHOCTU, KPOMe KOMMYHarnbHbIX (Obl-
TOBbIX) OTXO40B, XPAHATCA B MeTannmMyeckux 6oykax mnv KoHTenHepax Ha obopyaoBaHHOM
nnowazke npoMbILSIEHHbIX OTXOA0B U NepesaroTcsa No AoroBopamM Ha MUCMNoNb3oBaHWe, yTu-
nm3aumio unum obesBpexnBaHMe C nepexogoMm npasa COOGCTBEHHOCTM Ha OTXOA4 Mocne ux
TPaHCNOPTUPOBKN B agpec crieumnanm3mpoBaHHOW opraHn3aumm.

Paspgen 7. lNponsBoacTBo xnopuaa xenesa (1)

7.1 Obwasa nHdopmauums

Xnopua xenesa (Ill) (keneso XnoOpHOe, TPUXNOPUA Kerfesa, XMmumyeckass popmyna
FeCls) npounsBoamMtca B BuAe BOLHOrO pacTBopa (BHELWHWA BUMA — XMAKOCTb Oyposato-
KOopn4yHeBoro uBeTa). B cootBeTcTBUMM € TpeboBaHmamMM [31] npoayKT OOMKEH UMETb cneay-
owme nokasatenu (cm. Tabnuuy 7.1).

Tabnuuya 7.1 — TexHMYeckne xapakTepUCTUKM XITOPHOro xenesa [31]

HanmeHoBaHWe nokasartens Mapka A Mapka b
MaccoBaga gons xernesa xnopHoro, %, He MeHee 40 30
MaccoBasga gons xenesa xnopucrtoro, %, He 60- 1 1
nee
MaccoBasi ,onst HepacTBOPUMbIX B BOAE Be- 5 5
wectB, %, He bonee
MaccoBasa gonsi KUCNnoTbl consaHon, %, He Gonee 15 2,0
MnotHocTk npu 20° C, r/cm3, He meHee 1,41 1,29

XnopHoe Xeneso NpMMEHSIIOT B Ka4ecTBe KoarynsiHta Ans BOAOOYUCTKM, B KayecTBe
KaTtanusatopa B OpraHM4eCckOM CUHTE3e, B paauoTEXHUKE ANst TPABNEHUS nNeYaTHbIX nnar.

XnopHoe xerne3o nonyyatT abcopbumen abrasHoro xropa BOAHbIM PacTBOPOM XI10-
PUCTOro xenes3a B abCOpPOLMOHHBIX KONTIOHHAxX C Hacagkon u3 konew, Pawwra ¢ nonydyeHmem
Ha BbIXO[e BOAHOIO pacTBopa XMOPHOro Xenesa.
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7.2 OnucaHMe TEXHONOrM4YeCKMX NPoLeccoB, UICNOMb3yeMbIX B
Npou3BOACTBE XJIOPHOrO Xenesa

[MpoMbILEHHbIN Cnocob NonyyYeHUs XMOPHOro xenesa — abcopbums abrasHoro xno-
pa BOAHbIM paCTBOPOM XJIOPUCTOrO Xenesa.

B3anmoperictBue abrasHoro xnopa ¢ pacTBOPOM XITOPUCTOrO Xere3a OCyLLecTBNsAeT-
ca B abCOpPOLMOHHBIX KONTOHHAxX HaCaA04YHOro TUMNa no peakuun:

1Cl2 + FeCl2 — FeCls

Xnopuctoe xeneso B BuMAe BOAHOrO pacTtBopa MNorfyvyaeTcs B pesynbTaTe peakuuu
BOCCTaHOBSEHNA XJIOPHOIO Xenes3a craribHOM CTPYXXKOW. [1pouecc BOCCTaHOBNEHUS XITOPHO-
ro xenesa npoTekaeT No peakuuu:

2/3FeClz + 1/3Fe — FeCl2

Kpome OCHOBHOM peakumn, B peakTope naeT peakums B3avMOLeWCTBUA CTarbHOWU
CTPY>XKM C CONAHOWN KMCIOTOW, COAEpKaLLENCa B pacTBOpeE XNIOPUCTOro XKenesa:

2HCI + Fe — FeCl2 + H2

Peakuuns BocCTaHOBEHNA NPOTEKAET B PeakTope, B HMKHIOW YacTb KOTOPOro Hernpe-
PbIBHO NoJaeTcs BOAHbIM PacTBOP XJSIOPHOIO Xene3a, a CBepXy Nepuoanyveckun 3arpyxxaetcs
MeTannumyeckasi CTpyxka. [lepnoanyHOCTb 3arpy3ku CTPYXKU onpenensieTcs no temnepary-
pe B peaktope. [1pu cHmxeHun Temnepatypbl 40 80 °C B peakTop A0rpyXaeTcs CTpyXKa xe-
nesa manbiMm obbeMamu 4o Ha4vana yBennyeHus Temnepatypbl. KOHUEHTpaums XnopmucToro
Xenesa B BOAHOM pacTBope nogaepxuBaercs nyteM gobasrneHusi BOObl B peakLUOHHYHO
Maccy rnocre peakropa.

TexHonornyeckasa cxema nNnpovMsBoACTBa NpuBeeHa Ha pucyHke 7.1.
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PucyHok 7.1 — MNpurHUMNManbHas cxema nony4yeHust XImopHoro xernesa
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OnncaHne TeXHOMOrMYeckoro npoLecca npueeaeHo B Tabnuue 7.2, nepevyeHb OCHOB-
Horo o6opyaoBaHNst NPOM3BOACTBA NpUBEAEH B Tabnuue 7.3.

Tabnuuya 7.2 — OnucaHue TEXHONOMMYECKOro npoLecca Npon3BOACTBa XITOPHOIo Xenesa

BXOZHOM MOTOK Moanpouecc BbIXOQHOM MOTOK OcHoBHoe TexHororu- | Imuc-
yeckoe obopygoBaHue cun
Xnop abrasHbin. | Abcopbums abrasHo- |Abrasbl. ABcopbunoHHbIE KO- | Xnop-
XnopucTtoe xe- |ro xropa XnopHoe Xeneso | IOHHbl HACa404YHOro  |Hoe
neso notpebuTento. TMNa, EMKOCTHOE xene-
XnopHoe xeneso | obopygoBaHue 30,
Ha cTaauio BOC- Xnop,
CTaHOBIEHMS rmopokK-
cng
HaTpus
XropHoe xene- |BoccTaHoBneHne Xnopuctoe xe- |BoccTtaHoBUTENDb, XO- —
30. XNOPHOro Xenesa neso. noaunbHUKK, EMKOCT-
Ctpyxka metan- Wnam Hoe obopyaoBaHue
nn4yeckas.
Booa

Tab6nuuya 7.3 — NepeyeHb OCHOBHOrO 06OPYA0BaHMA NPOM3BOACTBA XMOPHOrO Xernesa

HanmeHoBaHune
obopynoBaHus

HasHauyeHue
obopynoBaHus

CyLlEeCTBEHHbIE XapaKTEePUCTUKU
TEXHoNorm4yeckoro o6opynoBaHus

ABCcopOLUNOHHbIE KO-
NOHHBbI

Abcopbuus abrasHo-
ro xnopa

BmectumocTb 16,1 m3, anametp 1000 mm,
BbicoTa 22 300 mm, Hacagka — HecTaHOapT-
Hble Konbua Pawwvra, cpega — BogHbIN pac-
TBOP XJIOPUCTOr0, XSIOPHOro Xenesa

Bydep abrasHoro
xrnopa

Mpuem abrasHoro
xnopa

BepTukanbHbIM annapaT, BMECTUMOCTb
10 m3, anameTp 2000 MM, BbicoTa 4430 MM,
nasnexune 1,6 MlNa, cpega — xnop

OxnaxgeHue pac-

BepTukanbHbIN KOXYXOTPYOHbIN TEN006-

XonoaunbHUKK TBOpa XJIOPUCTOro MEHHWUK, NnoLaab NOBEPXHOCTU Tennoobme-
xenesa Ha 42 m?
BepTukanbHbIM annapaT, BMECTUMOCTb
BoccTtaHoBneHve 12 m3, guameTp 2200 MM, BbicoTa 6000 MM,
BoccTaHoBuTenb

XIIOPHOrO Xeresa

[aBneHne — atmocdepHoe, cpeaga — BOA-
HbI PacTBOP XIIOPHOTO, XNOPUCTOrO Xenesa

7.3 Hopmbl pacxofa cbipbsi U 3HEepropecypcosB

HopMbl pacxogoB MaTepuanbHbIX U 3HEPreTUYeCKUX pecypcoB npuBedeHbl B Tabnu-

ue 7.4.

79




UTC 34—2017

Tabnuua 7.4 — HopMbl pacxofoB MatepuarbHbIX Y SHEPreTU4EeCKnX pecypcoB npu
NpoOM3BOACTBE XJIOPHOTO Xenesa

Pacxog Ha 1 T npoaykumm

HanmeHoBaHue pecypcoB | EguHuua namepeHus

MuHMManbHbIN MakcrmanbHbIn
Xnop abrasHbi ana-
doparMeHHbIN Unn Xnop-
ras oCyLUeHHbIN B nepe- T 0,49 0,7635
cyeTe Ha 100%-HbIn
XJiop
MeTansbl YepHble BTO-
pUYHbIE, CTPYXKa T 0,44 0,484
crtanbHas 14A
Boaa o6opoTHas m3 62 100
TennoaHeprus kan 0,24 2,58
ONeKTpPoaHeprms KBTy 50 200

7.4 TeKywme ypoBHU 3IMUCCUN NPU NPOU3BOACTBE XJIOPHOIro Xeresa

7.4.1 Bblbpocbl B aTmocepy nNpu Npon3BOACTBE XJIOPHOIO Xenes3a

Bbibpocbl B aTMocdepy npu NpoOM3BOACTBE XMOPHOrO Xenesa npuBeaeHbl B Tabnu-
ue 7.5.
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Tabnuuya 7.5 — Beibpockl B aTMOcepy Npy Npon3BOACTBE XITOPHOrO Xenesa

MeToa o4ncTkn,

O6bem u (Mnn) macca BbIBPOCOB 3arpA3HAIOLLMX BELECTB Nocne
OYMCTKM B pacyeTe Ha TOHHY 1 T npoayKumu, Kr/T

nosyLuka

NcTo4uHuKM Bb|6poca HanmeHoBaHue NMOBTOPHOIo

ncnonb3oBaHUs MwHumanbHoe MakcumansHoe CpepHee
HacagouHass  ab-|XXenesa Tpuxnopug (8 00833
copbumoHHas KO- |MepecyeTe Ha Xeneso) ’
NoHHa, wWeno4vHasa | Xnop 0927
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7.4.2 O6palleHue co CTOYHbIMM BogaMm

[Mpon3BOACTBEHHbIE CTOYHble BOAbl He 06pasyloTcsd. X036bITOBble CTOYHbIE BOAbI
HanpaBnsalTCA Ha COBCTBEHHble BMONorMvyeckme OYUCTHbIE COOPYXKEHWUS C nocriegylowum
HanpaBneHWeM OYULLIEHHbIX BOA Ha MMAPOTEXHUYECKME COOPYXEHUA — Mnpyabl-ucnaputenu.
C6pocbl B BOAHbIN O6BHEKT OTCYTCTBYHOT.

7.4.3 OTXoAbl NPOM3BOACTBA XJIOPHOrO Xerne3a

OCHOBHbIM OTXOAOM SIBNSETCHA OTXO[ BOCCTAHOBIIEHUS XIOPHOIO Xernesa CTanbHOW
CTpy>XKkoun B konmnyectee 250,4 kr Ha 1 TOHHY NpoAaykTa (HanpaBnseTcs Ha 06bEKT UCMONb30-
BaHuA (yTunusaumm), obesspexmBaHns 1 pasmeLleHnsi OTX040B).

Paspen 8. lpon3sBoacTBO Kapbuaa KpemMHus

8.1 O6wan nHcpopmauus

Kapbug kpemHusa (SiC) npumeHsieTcs B crieayowmx obnacrsx:

- TBEpOOTENbHAs ANIEKTPOHMKA U ANIEKTPOTEXHUKA;

- pexyLmne n abpasnBHble MHCTPYMEHTHI, LUMdOBarbHble MaTtepuansl,

- aBTOMOOUNbHAA NPOMbILLNIEHHOCTb (TOPMO3HbIE OUCKN);

- BbICOKOMNPOYHbIE KOMMNO3UTHbIE MaTepuarbl, OrHeYNopHbIe U3AENns;

- MeTannyprmyeckas npoOMbILLNIEHHOCTb;

- IOBENUPHbIE U3aenus.

B 3aBMCUMMOCTM OT Ha3Ha4YeHMs NPOU3BOAMMBIA KapOua KpeMHUS UMEET pasfiMyHbIv
rpaHyrnoMeTpu4ecknn U XMMmyecknn coctas. Pasmep 4yacTtuy BO opakuMsiXx MOXET Kore-
B6aTtbca ot 1 Mkm go 15 mm, a cogepxaHue SiC MoxeT HaxoguTbca B npegenax 88,0 % —
98,5 % mac. (octanbHoe — Fe, C).

Kapbug KpemHuss nony4alT BOCCTAHOBMEHWEM AWOKCUOA KPEMHUS Yrnepoaom
B arieKTponeyax.

8.2 OnucaHme TeXHONIOrM4YeCKUX NpoLeccoB, UCMONb3yeMbIX B
npon3BoACTBe Kapbuaa KpemMmHus

[MpOMBbILWNEHHBIV NPOLIECC MOSyYeHus kapbuga KpeMHUs 3aknoyaeTcd BO B3auMMO-
AEVNCTBUN OKCMAA KPEMHUS C YrNepoaoM. Tun XMMNYecKkon peakumnm — BOCCTaHOBIEHNE, NpH
39TOM MPOMCXOOUT 3aMeLleHne aTOMOB KMCNopoda aToMaMm KPEMHWUSA NMpU BbICOKOW Temne-
paType. Peakuusa obpasoBaHusa kapbuga KpeMHUss UMeeT BUA:

SiO2 + 3C — SIiC + 2CO
Kapbug kpemHusa nonydatoT npu temnepartype okono 2200 °C. Npu npoBegeHum oc-
HOBHOW peakuuun nonyvyeHnsa kapbuaa KpemMHusi Npu HarpeBe CbipbeBbIX NPOAYKTOB MAYT CO-

NyTCTBYHOLWNE OKUCITUTENBbHO-BOCCTAHOBUTENTIbHbIE peaKUunn. I'IpM 9TOM NnpouncxoguTt OKuUcre-
HMe 4acCTu KOKCa U co,u,ep>|<au.|,e|7|09| B HEM Cepbl, a TaKXKe OKMCINeHne a3oTa Bo3ayxa.

2C +202 - 2CO + CO2
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2CO+C — 2C + CO2
S+ 02— SO2
N2 + O2 —» 2NO
2NO + O2 — 2NO2

Mpn HarpeBe Kokca (He@Tekokca) MpoucxoauT BblgeneHne BOOOPOAA, KOTOPbIN
yyactByeT B obpasoBaHun cepoBogopoga. lNpn aToM BbligenstoTcs yrnesogopoabl (npe-
penbHble C1 — C10) ¥ pag opraHMY4eCcKux coeauHeHnn.

OCHOBHbIM CbipbeM 45151 NPOU3BOACTBA Kapbuaa KpeMHUSA SBMSKOTCA KBapLEBLIN ne-
COK 1 KOKC.

OcCHOBHbIe aTanbl TEXHOOMMYECKOro npoLiecca:
noaroToBka HEPTAHOIO KOKCa;

NPUroTOBIIEHME LUNXTbI;
noaroToBKa W 3arpyska rneyen ConpoTUBNEHUs;
3M1EKTPOTEPMUYECKNI NPOLIECC;

- pasbopka nedven ¢ npeaBapuTENbHbIM NOSIMBOM BOAOW B LUMTAX,;

- COpTMpOBKa 1 apobneHne kapbuaga KpeMHUS.

MonyyatoT Kapbma KpeMHUS B anekTponeym ocobor KOHCTpyKuun. [na npespalleHns
3NEKTPMUYECKON SHEPINN B TEMSIOBYIO B LIEHTPANbHOM 4YacTu Neyn 3arpyxaeTcsi TOKONpOBO-
OAWWA CrOWN yrnepoaucToro matepuana, BbIMOSHALWNMA OYHKUMM OOHOMO U3 9NeKTpoaoB.
Takum obpasom, 3arpyXeHHasa CbipbeBasi Macca LWNXTbl N SABMSETCA Harpy3kon (ConpoTme-
neHneMm) anekTpuyeckon uenu. MNpeBpalleHne 3neKTpUYecKkon SHeprun B TENMOBYH NPOU3-
BOAUTCSA B 3aKpbITOM ob6beme a4verkn nnasneHna 6e3 gocTtyna LOCTATOMHOrO KOnmM4yecTsa
Kncrnopoga Bo3gyxa AN ropeHus yrnepogcogepXawmux matepmanoB. 3TO No3BongeT nony-
YyaTb B 3MEKTPUYECKUX Mevax BbICOKME TemnepaTtypbl 6€3 3Ha4YNTENbHOro OKUCNEHUS yrie-
poaa (BbiropaHusl), KOTOPbINA ABMSIETCA OAHUM M3 OCHOBHbLIX MPOAYKTOB B Mpouecce nonyye-
HUS Kapbuaa KpeMHUs.

Wnxta ana ero nonyyYyeHns COCTOUT M3 U3MENbYEHHbIX U TWAaTENbHO NepeMeLlaHHbIX
KOMMOHEHTOB: KBapLEBbIN NECOK, KOKC (HedTeKoKC), BO3BpaTHble MaTtepuanbl (peuukn):
HenpopearMpoBaBLUas WKxTa, amopd (kapbug KpeMH1Us aMOpdHON CTPYKTYPbI).

[Mocne anekTpoTepmuyeckoro npouecca neyn oxnaxparwTcsa 304 Ha yyacTke BO3-
AYLIHOro oxnaxaeHusa uexa (OTCTOW Ha OTKPbITOM nrowagke). [anee neyn nocrtynawT Ha
BOASHOE oxnaxaeHwe (Monue) B 7 3akpbITbIX OywMpylOWKMX kamepax. [Monue neun 3Hauu-
TeNbHO YMeHbLUIAET BblAeneHne 1 BbIGpoC nbinn kapbuga kpemHus B atmocdepy 1 Bo3gyx
paboyen 30HbI Npu pasbopke, COPTUPOBKE M OYUCTKE NEYM CONPOTMBIIEHNSA OT LUMXTbI Ha CO-
OTBETCTBYIOLMNX y4acTKax Lexa.

[MonyyYeHHbIN M OTCOPTMPOBAHHBLIA Kapbwug KpeMHUA TpaHcnopTUpyeTca Ans Aalb-
Henwero gpobneHuns n knaccuuuMpoBaHns Ha pasnnyHblie pakumm, 3aTeM ynakoBblBaeT-
cs Ans peanusaumm notpedurento.

BosBpaTHasa wwuxta, amopd u rpaut (BOCNOSHAEMbIN NPU peakumn LeHTparnbHbIn
TOKOMPOBOASALLMA CINOW — 3MeKTpo) CHOBa MOLAKTCA Ha y4acToK 3arpy3ku nedven. [leuyb
TPaHCNOPTUPYETCA Ha Y4aCTOK 3arpy3ku ANs 3a4nCTKM MOAWMHBI U NOCRenyoLwen 3arpysku
LUMXTOBbLIMM MaTepuanamm ansa ganbHenwero Npon3BoacTea kapbmaa KpeMHus.

TexHonornyeckas cxema Npon3BoACTBa NpMBeaeHa Ha pucyHke 8.1.

83



UTC 34—2017
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[Tecok Hedrsinioii ke Bosspartbie

KBapLEBbI i MaTepHalbl

G

Hpotnenue

I Jlosuposanue l

/

Jlosupopanue

Cmellenue J

\

3arpyska caMOXO0AHOH
neyu CONnpoOTHRICHHA

DAEKTPOTEPMHUUECKHIT

npouece (njaaeka)

Bosayuwnoe oxjiaxkaeH1e
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Copruposka kycka kapbuaa
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HpoGnenne
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Cyuika v kiaccnpurarus 3 Ynakosika

PucyHok 8.1 — lNpuHuMnuanbHas cxema rnosnyvyeHns kapouaa kpeMHus

OnuncaHue TexXHONorMyeckoro npouecca npueedeHo B Tabnuvue 8.1, nepeyeHb OCHOB-
Horo obopynosaHus — B Tabnuue 8.2.

Tabnuua 8.1 — OnncaHme TEXHONOIMYECKOro npoLecca NponssoAcTBa kapbuaa KpeMHUs

. | OcHoBHOE TEXHO-
. BbixoaHon
BxogHoun notok Mognpouecc HOTOK norndeckoe o6o- Amuccnn
pyaoBaHue
Mecok kBapue- |[o3upoBaHue kBap- |llecok BbyHkep, Bubpo- |lbinb
BbI LIleBOro necka KBapueBbIn |nuTaTesb
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OcCHOBHOE TEeXHO-

. BbixoaHon
BxogHom noTok Mognpouecc HOTOK norunyeckoe o60- AmMunceuu
pyooBaHue
HedTaHon kokc | ApobneHune HepTs- | ApobneHbii |[Opobunka Mbinb
HOro Kokca HeqTsHOM
KOKC
[pobneHbin [oaupoBaHue [pobneHbin | ByHkep, BU6po- |lMbinb
HEeMTAHOM KOKC | HEdTAHOro Kokca HedTAHON |nNUTaTelNb
KOKC
BosBpaTHble Ma- |[Jo3npoBaHue BO3- BosBpatHble | ByHkep, Bubpo- | [lMbinb
Tepuanbl CO CTa- |BpaTHbIX MaTepmnanos | Matepuanbl |nuTaTenb
AN COPTUPOBKM
Mecok kBapue- CwmelueHune LnxTa — Mbinb
BbIW.
[OpobneHbin
HedTAHOWN KOKC.
BoaBpaTHble Ma-
Tepuanol
LLnxTa OnekTpotepmudeckun | Kycok kap- | CamoxogHas A3oTa gnokeuna.
npouecc (nnaska) B6uga kpem- |nedb conpoTMB- |A30Ta OKCUA.
HUA nexHuvsa CepoBogopoga.
Cepbl guokeua.
BeHzannpeH
Kycok kapbuga | CopTupoBka Kapbug — Mbinb
KpeMHus KpEMHMNA Ha
apobnexue.
BosBpaTHble
mMaTepuanbl
Ha cMmelle-
HWe
CopTtunpoBaHHbin | [pobneHue [pobneHbin — Mbinb
Kapbug KpemHus kapbwua
KpeMHuS
HpobneHbin kap- | Cywka n knaccudun- | Ppakuymm — Mbinb
O1a KpemMHMUs KaLus kapbuoa
KpeMHUs Ha
YyNaKoBKY

Tabnuya 8.2 — lNepeveHb OCHOBHOro 060pyaoBaHMst Npon3BoAcTBa Kapbuaa KpeMHus

HanmeHoBaHune CyUJ,eCTBeHHbIe XapakTepucTtunkmn
HasHayeHune obopyaoBaHus
obopynoBaHus TeXHonorn4eckoro obopynosaHms
ByHkepbl Mpuem 1 nogadva cbipbs O6bem 30-40 m®
Mutetenu MnactuH4atble, TapenbyaTble, BUbpa-

lNogaya cbipbs

LNOHHbIE
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OkoH4yaHue mabnuuybi 8.2

HanmeHoBaHue CyLlecTBEHHbIE XapaKTepUCTUKN
HasHayeHune obopynoBaHus
O60pyﬂ,OBaHVIF| TEXHOJ10r’n4yeckoro 060pyﬂ,OBaHMﬂ
BubporpoxoTsl dpakumoHnpoBaHue ma- —
Tepnana
Apobunkn Opobnexne matepuana Bankosble, AByxBasikoBble, LEKOBbIe

KoHBenepbl NeHTouY-
Hble

TpaHcnopTupoBaHue mMa-
Tepunanos

[osaTtopbl

[losnpoBaHue cblpbs

CmecuTenb

CwmelueHune cbipbst

MponssoanTensHOCTb 95 M3/Y

[Meun conpoTmBNEHUS

NnaBneHue

MepeaBuxHble

8.3 Hopmbl pacxoga cbipbsi U 3HEepropecypcos

HopMbl pacxogoB MaTepuanbHbIX U 3HEPreTUYeCKUX pecypcoB npuBedeHbl B Tabnu-

ue 8.3.

Tabnwuua 8.3 — HopMbl pacxogoB MatepuanbHbIX U 3HEPreTUYECKMX PECYPCOB Npu
Npon3BOACTBE kapbuaa KpeMHus

Pacxog Ha 1 T npoaykuum

HanmeHoBaHne
EonHunua namepeHna
pecypcos MuHuManbHbIN MakcumanbHbIn
HedptsaHom kokc T 1,4 1,6
KBapueBbI Necok T 1,4 1,6
Bopa m3 5,6 6,5
OnNeKTpoaHeprms MBT-4 7,5 8,5

8.4 TeKywme ypoOBHM IMUCCUN NPU NPOU3BOACTBE Kapobuaa KpeMHus

8.4.1 BbiGpochkl B aTMocdepy npu npousBoAcTBe Kapbuaa KpeMHus

Bbibpocbl B atmocdepy npyu Nnpou3BoacTBe kapbuaa KpemMHus npuBeneHbl B Tabnu-

ue 8.4.
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Tabnuya 8.4 — Beibpockl B aTMOChepy nNpu npon3BoacTBe Kapbmaa KpeMHus

MeToa o4ncTkm,

O6bem 1 (Mnn) macca BbIBPOCOB 3arpA3HAIOLLMX BELECTB Nocne

MNcTouHmkm BeIGpOCa HaumeHoBaHue OYUCTKW B pacyeTe Ha TOHHY 1 T NpoAyKLMK, Kr/T
NMOBTOPHOIo UCMNoJib30BaHUA
MuHumManbHoe MakcumanbHoe CpenHee
Meun conpoTtumene- | A3oTa guokeng — 0,565 0,958 0,75
HUSA, A4erKkn Boas-
A7 | AsoTa okema _ 0,28 0,464 0,375
HOro oxnaxaeHus
Neuyn conpoTuene-
s P beHsannpeH — 0,000 18 0,000 3 0,000 23
Apobunkn, TpaHc-
nopTepsbl, y3nbl
neperpysku maTte-
puana, y3nbl Bbl-
rPy3Ku 1 3arpysKku,
Py Py MbiNb HeopraHn4yeckas ¢
BbIrpy3ka nbinn n3 -
KITOHOB. ACTW- cogepxaHnem KpemHnsa | batapeinHble LMKIOHbI,
4 ' meHee 20 %, 20% — acnupaunoHHbIN KOSnek- 5,347 8,849 7,17
PaLUMOHHbIX KOJI-
HEKTODOB. OTKDbI 70%, a Takxke 60- TOp
y POB, OTKP nee 70 %

TbIW CKNag maTe-
puanos, ne4u co-
NPOTUBNEHMS,
AYENKN BOOAHOIO
oxnaxaeHus
[Meuun conpoTuBrne-
HUA, a4enkn soaa- | Ceposogopon — 3,3 5,55 4,46
HOro oxnaxgeHus

Cepbl guokeuna — 6,52 10,8 8,66

Yrnepoga okcug — 431,4 718,8 5751

LTOC—VE J1U
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MeTton ouncTtku,

O6bem u (Mnn) macca BbIOPOCOB 3arpsi3HAIOLLMX BELLECTB Nocre

MNcTouHmkm BeIGpOCa HaumeHoBaHue OYUCTKY B pacyeTe Ha TOHHY 1 T NpoAyKLMK, Kr/T
NOBTOPHOIo NCnoJib30BaHUA

MuHumanbHoe MakcumanbHoe CpenHee
Yrnesogopoasl npeaesnb-
Hble C1 — Cs (Mcknioyas — 9,9 16,5 13,2
MeTaH)
Yrnesogopoabl npeaens- . 9.9 16.5 13.2
Hble C12 — Ci9
BeHaon — 0,27 0,45 0,36
OumeTnnbeHson (kcunon)
(cmecb meTa-, OpTO- U — 0,73 1,22 0,975
napan3omMmepoB)
MeTunbeHson (Tonyon) — 2,1 3,51 2,81
OT1unbeHson (ctupon).
ApomaTuyeckume nonu- L 0,0125 0.47 0,0625

LUMKNMYeCcKme yrneBoao-
poapl

LTOC—VE J1U
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8.4.2 O6pallueHue co CTOYHbIMM BogaMun

Ha npeanpuatum cywecTByloT ABe cucTeMbl 0O6OPOTHOrO BOAOCHabxeHus: obuiesa-
BOACKasi U MeCTHas.

ObwesaBoackasn: oTBoANMAN CTOYHAsA BoAa OT LIEXOB U C TEPPUTOPUN NpeanpuaTng
nocTynaeT Ha OYUCTHbIE COOPYXKEHMS, r4e NOCne OYUCTKM OT B3BELLUEHHbIX YacTul 3abupaeT-
Cs1 HACOCHOW cTaumen n nogaetcs B 060POTHYO CUCTEMY.

MecTHasa cuctema oboOpOTHOrO BOAOCHADXEHUA NPUMEHSETCA ANS OXINaXOEeHUs Tex-
Horlornyeckoro obopyaoBaHns (KOMNPEeCcopoB, NeYHbIX TPaHCOPMaTOpPOB).

[MpoMbILWEHHbIE CTOYHbIE BOAbI, NMMBHEBLIE U Tanble BOAbl C TEPPUTOPUM Npeanpus-
TUS OTBOOATCHA Ha OYMCTHbIE COOpPYXeHus npeanpuatna. O4mcTka MOCTYNUBLUMX CTOYHbIX
BOJ OCYLLECTBNSAETCA MO ABYM fIMHUSIM rOPM3OHTarbHbIX OTCTOMHMKOB, paboTatowmx noove-
peaHo. [na MexaHW4YecKkon OYUCTKU (OTCTaumBaHWUSA) CTOYHbIX BOA MPUMEHSIETCA KOarynsiHr,
Ansa 6onee NOMHOro OCaXXaeHWsi B3BELLEHHbIX BELWECTB, Aaniee Boda NocTynaeT Ha necyaHo-
rpaBuiiHble PUNbTPbI (7 KOMOHOK), rge NpoxoAuT OKOHYaTerlbHyl OOOYUCTKY. 3aTeM BoAa
cobvpaeTcs B NPUEMHYIO Kamepy HAaCOCHOW CTaHLMK U Aanee BHOBb BKMOYAETCH B TEXHOMO-
rmyeckme npoueccs.

[ns 0O4YNCTKM OTCTOMHMKOB NPUMEHSAETCS KO3TOBOW KpaH, rpendepomM ocagok — Liam
(TOHKO3EepPHUCTLIN KOHLEHTpAaT Kapbuaa KpemHus, cogepxkaHue kapbuaa kpemuusa ot 60 % go
80 %) rpy3unTcHa Ha aBTOTPAHCMOPT U BbIBO3UTCH HA Yy4aCTOK CYLUKWN.

TOHKO3EPHUCTLIN KOHUEHTPpaT Kapbuaa KpeMHUSA BbIBO3UTCS Ha NMOLWaAKy Ansi CYLUKK,
roe npegycMoTpeHa ApeHakHasi cuctema Ans ydaneHus CTOMHOW BOAbl U3 LUamMOBOro
ocagka. [lanee TOHKO3EePHUCTbIN KOHLUEHTpaT Kapbuga KpemMHus oTrpyaeTca notpebutento
HaBasioM UM ynakoBbIBaeTCHA B MSATKME KOHTENHepbI (bur-oer).

8.4.3 OTxoabl npou3BoACTBa Kapbuaa KpeMHusA

YronbHas u rpacguTHasi Nbifb, yrnaBnuBaemas LMKIOHAMW Ha cTaguym NoaroTOBKU
HedTSIHOro KOKca M CTagun COpTUMPOBKM M ApobneHns kapbuaa KpemHus, UCnonb3yeTcs BTO-
puvyHO. Bos3BpaTtHasi WwmxTa co cTagum NPou3BOACTBA kapbuaa KpeMHUs Ha nepenBuiKHbIX
neyax COMpOTMBIIEHUSI Takke HanpaBnseTcs Ha BTOPUYHOEe ucnonb3oBaHue. CBeaeHus ob
0b6pasyroLLmMXCs 0OTXOAax NPOM3BOACTBA NPeACcTaBneHbl B Tabnuue 8.5.

Tabnwunya 8.5 — OTxoabl Nnpom3BoacTBa kKapduaa KpemHus

O6bem u (Mnn) macca
MeToa o4ncTKy,

Knacc NcTouHmKkm pasmeLleHHbIX OTX040B
HanmeHoBaHue NOBTOPHOrO
OnacHocTH obpasoBaHus B pacyeTe Ha 1 T npo-
NCNoNb30BaHUs
OyKUMK, Kr/T

Mbinb yronbHas
ra3ooyuCTKM Npu 4 0
n3mMernb4YeHnn LIMKNOHBbI
Mbinb rpacT BTopwn4iHoe uc-

4 nonb3oBaHue 0
Hadqa
Bo3BpaTHas 4 lNeyb conpoTumB- 0
wmxTa nexHvda
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Pazgen 9. XnopLwenoyHoe nNponsBoACcTBO U NPOM3BOACTBO CONSAHOMN
KUCIOTbI

9.1 O6wan nHcpopmauus

9.1.1 O6was nHcpopmMaLma o0 NPoOM3BOACTBE rMAPOKCcHMAa HaTpusa (KayCTUYeCKoMn
coAabl, eAKoro HaTpa)

OCHOBHbIMM 06nacTaAMM NPUMEHEHNSA TMOPoKcnaa HaTpusa (KaycTMyYecKon coabl, eaKo-
ro HaTpa) ABNATCA XMMUYECKas n HedpTexnmmyeckasa oTpacnb, HedTenepepabaTbiBatoLas,
ropHogobbIBatoLada, Lennono3Ho-oyMmaxHas, TEKCTUIbHaA M NuweBass oTpacnn MNpOMbILL-
NeHHoCTU. EQKnii HaTp MCNonb3yeTcs Takke B SHEPreTuKe, MUKPOISIEKTPOHMKE, LBETHON Me-
Tannyprmm (NpomM3BOACTBO aniOMUHUA) U B 0BMacTu oxpaHbl OKpyXatollen cpebl Ang
HenTpanusauum 1 OYUCTKM CTOYHBIX BOA, U MPOMBbILLSIEHHbIX BbIBpoCcoB [34], [35].

CTpyKkTypa NpUMEHEHUS XUOKOro e[KOro HaTpa B pasfnyHblX CeKTopax POCCUMCKON
NPOMBILLMIEHHOCTN LOCTAaTOMHO AvBepcuduumMpoBaHa U ctabunbHa. Ha BHyTpeHHEM pbiHKe
KaycTudeckasa coga B HambomnbLUMX KOMMYECTBaX UCNOMb3yeTcs B XMMUYECKOM U HedTexu-
MMWYECKON, LLEN0N03HO-0YMaXKHON MPOMBbILLNIEHHOCTX, MeTannyprum n aHepretuke. Ha go-
0 XUMUYECKON N HEPTEXMMUYECKON MPOMBbILINIEHHOCTN NpuxoguTca 46 % cymmapHOro
obbema poCCUMIUCKOro NoTpebneHns XXUOKOM KayCTUYEeCKOM Coabl, Ha Lentofio3HO-0yMakHyo
npombilieHHocTb — 29 %, gonga metannyprum coctasnsaet 10 %, aHepretukn — 10 %.

HaTtp egkmin TexHnyeckun mapkn P npumeHsieTca B XMMUYECKON, HEPTEXMMNYECKOM,
HedTenepepabaTtbiBaloLLen, LENSON03HO-6yMaKHOW, ropHO4O6bIBAOLWEN, TEKCTUITbHON,
nuweson (ona obesxmpuBaHua n 06paboTKM TexHonormdeckoro obopygoBaHUA WM Tapbl)
NPOMbILLIIEHHOCTU, B LIBETHOW METannyprum, aHepretTuke, MUKPO3NEKTPOHUKE N B APYrux OT-
pacnsax.

HaTtp egknin ounweHHsin mapkn PP npumeHseTcs B NpoOM3BOACTBE XUMUYECKUX HUTEN
N BOSIOKOH, NOHOOOMEHHbIX CMOJS1, PEaKTMBOB, B MELULMHCKON MPOMBbILLUNIEHHOCTHN, B NPOMU3-
BOACTBE HEMULLEBOW LIENMIONO3HOM MAEHKN, YNCTbIX METannoB, B LEN003HO-0yMaHON
NPOMbILLIIEHHOCTU, ANA NPON3BOACTBA MUHEParbHbIX Y4006peHUN.

B uenom obbem notpebneHus Xnokux COpTOB KayCTUYECKOM COoAbl HA POCCUMCKOM
pblHKe no ntoram 2016 r. coctaBnsAeT okorio 970 ThIC. T/r (C y4eTOM BbiNycka TBEPAOro Kay-
CTUKa).

B cTpykType notpebneHns TBepAoro eakoro HaTpa OCHOBHbIMWU CErMEHTaMu SABNSAOT-
CH: NuweBas oTpacrib, MeTannyprusi, XuMmuyeckas NpoMbILLNIEHHOCTb. Ha nuweByo oTpacrb
npuxoantcs nopsagka 25 % obwero obbema noTpebrieHnsi, Ha XUMWYECKYHD NPOMbILLNEH-
HOCTb — 21 %, Ha meTannypruto — 14 %, cermeHT fobblum meTannos coctaenseTt 11 %. Ha
KaXkayto M3 ocTarnbHbIX cdhep NPUMEHEHNA TBEPAOro KaycTuka (MalMHOCTpoeHue, HedTe- n
rasofobblyy, 3NEKTPOIHEPTrETMKY N NPOYMNE oTpacnn) npuxoamtca meHee 5 %.

OcHoOBHble 061aCTV NPUMEHEHMSA TMOPOKCMAA HaTpuUsA NpeacTaBneHbl B Tabnvue 9.1.
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Tabnuya 9.1 — OcHoBHble 0611aCTU NPUMEHEHNA TMAPOKCUAA HaTpus (e4Koro HaTpa)

[34]-[38]

O6nacTb NpUMEHEHNs

HeTanu (onncaHue) npuMeHeHns

Xnmnyeckas n Hedptexmmmyeckas
NPOMBILLNEHHOCTb

[Mpon3BOACTBO rMMNOXSIOpUTa HAaTPUA; MPOM3BOACTBO
rmgpokcmnaa n okenga marHus; oopaboTka n oumcTka
HedTU N HEePTAHbLIX PpakLMn; HenTpanmMsauus KUCrnoT
N KACIOTHbIX OKCUAO0B; AN1S NPOU3BOACTBa Macer

LlenntonosHo-6ymaxHast NpoMbiLL-
NEHHOCTb

[nsa penurHndukaumm uenntonosbl (ApeBeCUHbI), B
npoussBoacTee Bymarun, KapToHa, MCKYCCTBEHHbIX BO-
NOKOH, APEBECHO-BONTOKOHHbIX MNAUT

FopHoao06bIBatoLLAas NPOMbILLNEH-
HOCTb

BoblwenaynsaHue (LenoyHoe BCKpbITME) Nopog npu
Aobblye, obpaboTke n oboraweHun pyabl

HedTte- 1 rasogobuiBatoas oT-
pacnb NPOMbILLUNIEHHOCTH

OuuncTka HePTU K rasa OT HexenaTenbHbIX NpUMecen
HenocpeaCcTBEHHO HAa MECTOPOXAEHUSX

TekcTunbHaga NPOMBbILLNEHHOCTb

Mepcepmsaum XInonka, wepcTtn n Opyrux BOJIOKOH

LiBeTHas meTannyprusi, npon3Boa-
CTBO antoMUHMUS

Ons TpaBleHnAa antoMMHNA 1 B Npon3BOoACTBE YNCTbIX
LBETHbIX METAroB

Muuwesas NPOMBbILLUJTIEHHOCTb

Ob6e3zxunpmaHune n obpaboTka TEXHONOMMYECKOro
obopynoBaHus 1 Tapbl; 4N1s MbITbSt U O4UCTKM (PPYK-
TOB M OBOLLEN OT KOXMLbI; B NPON3BOACTBE LLOKONaaa
N Kakao, HaNnnTKOB, MOPOXXEHOrO; OKpalUMBaHNA Kapa-
Menu; onga pasMsardeHns MacrvH 1 NpugaHus UM vep-
HOW OKpacKu; Npu Npon3BOACTBE XNe6o6YNOYHbIX 13-
aenuvn. MNMpumeHseTca B kayecTBe nuueBon aobaBku
E-524

Mpon3BoaCTBO XMMUYECKUX
cpencTB 3awmThl pacteHun (XC3P),
MOHLLINX U YUCTALLMX CPEACTB, pe-
aKTMBOB

Mcnonb3oBaHue ana npoussoactea XC3P, uncTbix n
BbICOKOYMCTbIX XUMUYECKUX BELLECTB, AN OMbINIEHUS
XUPOB B NPOU3BOACTBE MOKLLMX N YACTALLMX CPEACTB

Mapdromepusa, megmumnHcKasa u
dapmaueBTUYeECKas NPOMbILLNEH-
HOCTb

Mcnonb3oBaHue B KQ4eCTBE KOMMOHEHTA J1IeKapCTBEH-
HbIX N1 KOCMETUYECKUX CPeaOCTB U peareHTa anda CUHTe-
3a

MpombiwneHHas Monka obopyno-
BaHWS U NMKBUOALMSA 3aCOPOB B Ka-
HanNM3aunoHHbIX Tpybax

[1lNna 04nCTKN n3genuimn n3 Hepxxaserowen cranm ot
Xupa 1 MacnsiHbIX BELLLECTB, @ TakKe OT OCTaTKOB Me-
XaHu4yeckon obpaboTku; ans Monku npecc-popm aB-
TOMOOUNBHbIX LUNH

NHble cdepbl npuMeHeHna: oxpaHa
OKpYyXXatoLlen cpeabl, 3HepreTuka,
MUKPO3MEKTPOHMKA, KOCMETOSOMNS;
npoM3BoACTBO brnoamsens

Hentpanusaumsa n o4ncTka npupoaHbIX N CTOYHbIX
BOJ, OYMCTKa NPOMBbILLSIEHHBIX BbIOPOCOB; NPOUN3BOA-
CTBO BMoAM3ens U3 pacTUTenNbHbIX Macen; Ansa yaa-
NEeHWsi OPOroBEBLUNX Y4ACTKOB KOXW, Nanusiniom
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9.1.2 O6wan nHcpopmaumua o NPon3BOACTBE XJopa

Kak yxe oTMevanochb Bbllle, XSIOP B NPOMbILLMEHHbIX MacwTabax nony4awT BMecTe
C pacTBOPOM rMapoKcuaa HaTpusi M BOAOPOAOM MOCPEACTBOM PasfUYHbIX METOLOB dfek-
Tponusa pacTeopa NoBapeHHOW COru.

lMpumeHsieTca Tpyn BapyaHTa 3MeKTPOXMMMUYECKOro MeToda MnonyyYeHus xropa: gsa us
HUX — guadparMeHHbIn 1 MeMOpaHHbIN MeToAbl (3MEKTPONU3 C TBepAbIM KaTtodom), Tpe-
TUN — PTYTHbIA METOA 3ANEeKTponu3a (3NeKTponm3 C XUOKAM PTYTHbIM KaTogoMm). Bbixod u
Ka4yecTBO Xropa, Mory4aemMoro 3reKTPOXMMUYECKUMU MeTodamu, OTNNYaTCHA He3Hauu-
TenbHO.

BaxkHenwas oco6eHHOCTb XITOp-LLENOYHOro NPOM3BOACTBA 3aKMO4YaeTca B TOM, YTO
fonblias YacTb NPOM3BEAEHHOrO ANEKTPONIMTUYECKOrO Xropa HaxoauT NPUMEHEHNE BHYTPU
BblpabaTbiBatloLLEro ero npeanpuaTMa Npy BbiMyCKe LUMPOKOro CrnekTpa TOBapHOM MpOAyK-
uun: BUHUNXnopuaa (NONUMBUHUAXIIOPMAA), CUHTETUYECKON N UHTMOBUPOBAHHOW COMSIHON KUC-
NOTbI, XIIOPUPOBAHHbLIX NapadguHOB, NMNOXropuTa HaTpus, XSIOPHOrO Xernesa, B TO BpeMs Kak
NOCTaBKM XJlopa Ha Apyrve NpOMbIWSIEHHbIE NPeanpuaTUA, B TOM 4Yucne U 3apybexHble,
OCYLLEeCTBMATCA, KakK NpaBuio, TONbKO MOCMNe ero CyLUKN N CXMKEHUS.

KntoyeBbIM cerMeHTOM noTpebneHns xsiopa Ha POCCUUCKOM pblHKE SBNAETCA NpOou3-
BoacTeo nonusmHunxnopuga (MBX), Ha gonto koToporo npuxogutcs notpebnexHve 6Gonee
83 % npowussoaumoro B Poccum xnopa.

Xnop ncnonb3yeTcs Takke AN nosflyYeHUs XropopraHUyYeckux pactBopuTernien, Xno-
PUPOBaHHbIX NapaduUHOB Pa3fnYHbIX MapOK, CUHTETUYECKOro Kaydyka, necTuumMaoB, fekap-
CTBEHHbIX CPeACTB U MHOIMX OPYrnX NPOOYKTOB XNIOPMPOBaHUSA OPraHNYeCcKuX CoeanHEHUN,
Ha 4TO 3aTpayMBaeTCs OKOMO MOSIOBMHbLI NPOU3BEAEHHOro B Mupe xnopa. OcTtanbHoe Konu-
4YeCTBO Xxfopa noTpebnseTcsa ONs CUHTEe3a HeopraHM4eckux Xrnopwuaos, B LESHOMO3HO-
ByMaXKHOW NPOMbILLNEHHOCTN AN oTbenuBaHnsa ApeBeCHOWN Nynbnbl, 41159 04UCTKU U 06e33a-
paxvBaHus BOAbl. XrOp MCMONb3YKT Takke B MeTaniypruieckorm npoMbILLIIEHHOCTU: Tak,
C €ro NOMOLLbIO NOSTY4aT OYEHb YMCTbIE MeTanmnbl — TUTaH, OfI0BO, TaHTarn, Hnobun. Cxu-
raHnemMm BOOoOpOAa B Xriope nosiyvaroT XnopucTtbii Bogopoa (rmapoxnopua), a U3 Hero — CUH-
TETUYECKYIO CONSAHYIO KUCIOTY pasfivyHOM YUCTOThI (B TOM YUCIE XMMUYECKU YUCTYIO) N UH-
rMOUPOBAHHYIO CONSAHYIO KUCHOTY.

Cnpoc Ha ToBapHbIV XUAOKMIA XINOp B HacTosiLLee BpeMsi obecneynBaroT npeanpuaTng
BOOOOYUCTKM, LIENMONO3HO-OYMaXXHON, MEeTannyprmyeckon, XMMUYECcKon U HedrTexmmmnye-
CKOW oTpacnen npombiwneHHocTn. 3a 2016 r. gona npegnpuaTun Lensono3Ho-6ymakHom
oTpacnu MpPOMbILWIEHHOCTU B CTPYKType noTpebneHns ToBapHoro xmnopa B P® coctaBuna
50,1 %, npegnpusaTUin BOOOOYUCTKM — 21 %, nNpegnpuatui XMMUYECKOM U HedTexmmmude-
CKOW oTpacnu npombiwneHHocTn — 16,6 %, metannyprum — 12,3 %.

OcHoBHble 0briacT NpUMeHeHKs xnopa npeacraeneHsl B Tabnuue 9.2 [39], [40].
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Tabnuya 9.2 — OcHoBHble 06nacTn NnpumeHeHns xnopa [39], [40]

O6nacTb NnpUMEHEeHs

HeTanu (onncaHue) npuMeHeHns

Xumunyeckasi otpacrb NPOMbILLNEH-
HOCTM

[MonyyeHue BUHUNXNOpUAA-MOHOMEpa U OUXIiopaTaHa
B npoussoactee [1BX; runoxnoputa Hatpus u runo-
XnopuTta Kanbuus; NPOU3BOACTBO COMSHOW KUCAOTHI;
NPOU3BOLCTBO XJIOPMPOBAHHbBIX MapadguHOB; MNpPous-
BOACTBO XIOPHOrO Xenesa; NpouM3BOACTBO BWHU-
nnaeHxnopuaa; Npou3BOACTBO  rekcaxsiop-napa-
Kcurnona; npon3soacTBo xropbeHsona.

Mpon3BoacTBO XMNOPHOM M3BECTM, ODEpTONETOBON CO-
nn.

[Mpon3BoaCcTBO XNOPUAOB METanoB.

[Mpon3BOACTBO XMOPUPOBAHHOIO U XIOpPCYIbduUpo-
BAHHOMO NOSIM3TUNEHA, XJTOPUPOBAHHBIX Kay4yKOB

MeTannyprusi UBeTHbIX U peaKo3e-
MenbHbIX MeTannoB

Mpon3BOACTBO TUTaHa, ONoBa, TaHTana, HMobus, opy-
TMX MeTannoB NyTem XJIOPMPOBaHWUS UCXOOHONM pyabl
UNW KOHLEHTPAaTOB pyAbl U BOCCTAHOBIEHMS XIIOPMA0B
MeTannoB

Mpon3BoacTBO NMTLEBOW BOAbI U
obe33apaxuBaHne Boabl

XnopupoBaHue (obe33zapaxvmBaHue) NpMpPoOaHON BOAbI
N CTOYHbIX BOA

Llenntono3Ho-0ymakHasi NpoMbilLL-
NEHHOCTb

OtbenueaHne bymarn, KapToHa 1 ApYrnx BOSIOKOH

[Mpon3BoaCTBO XMMUYECKUX
cpencTtB 3awmThl pacteHun (XC3P)
N XMUMUYECKUX peaKkTUBOB

Mcnonb3oBaHne gna npoussoactBa XC3P, ynucTbix un
BbICOKOYMCTbIX XMMUYECKNX BELLLECTB, PEaKTMBOB

Mapdromepus, papmaueBTnyeckas
NPOMbILLIIEHHOCTb

Mcnonb3oBaHne B Ka4ecTBe MCXOOHOro Chipbs B MPO-
N3BOACTBE NEKapCTBEHHbIX U KOCMETUYECKUX CPEACTB,
GakTepuLUNaHbIX CPeaACTB, KOHCEPBAHTOB

MHble cdhepbl NPUMEHEHUSA: OXpaHa
OKpYyXatoLlen cpeapbl; nuwesas
NPOMBbILLNEHHOCTb; NPON3BOACTBO
yaobpeHnin

Ounctka n obeszapaxnBaHme BOAbl U CTOYHbIX BOA;,
nuwesasn gobaska E925; npomssoacTeo yaobpeHui

9.1.3 O6was nHcpopmauma o Nnpom3BoACcTBE Boaopoaa

OcHOBHbIMK obnacTamu npuMmeHeHna Boaopoda ABMAKTCA. NPOM3BOACTBO Xiopuaa
BoAgopona u COSITHOW KUCHOTHhI, nonyvyeHne BUHUNXNopunaa-MOHOMEpPa AnA npoun3BoacTBa
NoOJNIMBUHUNXIIOpPpKMAA, a TakKKe 3KONIorm4eckmn 4Ymcrtoe npom3BoacTtBo Tennosou OHEpPrnn B Bu-

ae napa [41].

OcHoBHble obnacTn npMMeHeHns Bogopoaa npeacrtaBneHsl B Tabnuue 9.3.
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Tabnuya 9.3 — OcHoBHble 06nacTn NpuMmeHeHns Bogopoaa [41]

O6nacTb NnpUMEHEeHs HeTanu (onncaHue) npuMeHeHns

Xumunyeckasi otpacnb NpOoMbILWSeH- | [porM3BOACTBO BUHUMXIIOpUAA-MOHOMEpPA; NPOU3BOA-
HOCTM CTBO Xxfnopuaa Bogopona U COMSHOW KUCMOTbI; NPoun3-
BOACTBO aMMuaka, MeTaHona, OpraHmyeckux coeam-
HeHuK, nnacTtMmacc

OHepreTnyeckasi oTpacrib Mpon3BoacTBO TensoBon aHeprun (napa) nyTem Cxu-
raHMs Bogopoda B u3bbiTke BO3Ayxa; NPUMEHEHWEe
ANSA OXNaXOEHUS MOLLHbBIX 3MEKTPUYECKUX reHepaTo-
pOB; NPUMEHEeHNe B BOAOPOAHO-KUCIOPOAHBLIX TOM-
NMBHbIX 3N1IEMEHTaX; NPMMEHEHNE B KayeCTBE pakeT-
HOro Tonnvea

M1weBasa NPOMbILLIIEHHOCTb 'MapuvpoBaHue pacTUTENbHbIX Maces U XUpoB; NuLe-
Bad pobaska E949 (ynakoBOYHbIN ras) m BCnomora-
TenbHOe cpeacTBO

MpoM3BOACTBO XMMUYECKMX peak-|lcnonb3oBaHne Ana NpovM3BOACTBa rMApvAaoB MeTan-
TMBOB N TOHKWUN OPraHN4YeCKU CUH-|NOB, YMUCTbIX N BbICOKOYUCTBIX XMMWYECKUX BELLECTB,

Tes peakTMBOB, OPraHN4YeCKMX BELLECTB
NHble cchepbl NPpUMEHEHMUS: Mcnonb3oBaHne B KayecTBe rasa-HocuTensa B Xpoma-
razopas xpomartorpaus, MeTeo-|Torpadun; NpUMEHeHne Ans 3anofiHEHUSA Laponu-
pornorus, aTOMHO-BOAOPOAHAs | TOTHbIX 060104€EK; NCNOSb30BaHNE aTOMapHOro BOAO-
cBapka poda Ansi aTOMHO-BOAOPOAHON CBapKU

OTnnunTenbHOM OCOBGEHHOCTBIO MPUMMEHEHUS BOAOPOAA MO CPaBHEHUIO C OPYrMMu
npoayKTamu XJop-LenoYyHoro npoM3BoacTBa (XNIOpoOM U KayCTMKOM) SIBMISIETCA €ro npakTu-
4YeCKn NOSIHOEe UCNoNb30BaHME HEMOCPEACTBEHHO Ha NPeanpuUsTUM — NPOU3BOAMTENE XJlopa
N KayCTUKa UNn Ha NpOU3BOACTBEHHOM NfoWadke Ans NPpOM3BOACTBA TEMSIOBOM 3HEpPrum
(napa) Ha TennoreHepupyLLnX yCTaHOBKaX.

9.1.4 O6wan nHcpopmauma o NPonM3BoOACTBE N’MAPOKCUAA Kanusa (e[Koro Kanm)

OCHOBHbIMM 0bONacTAMU MPUMEHEHUS TMOPOKCUAA Kanus SBNSATCH: XMMUYEcKas U
HedTeXxMMMYeckass OoTpacib NMPOMbILUNEHHOCTM, 3HEpreTuka, MeTannyprusi UBETHbIX U pea-
KO3eMenbHbIX MeTannoB, NPOU3BOACTBO XMMUYECKUX CPEACTB 3alluTbl pacTeHun, Mbina,
MOIOLLIMX CPEeACTB, NPOM3BOACTBO Kay4yKOB 1 KaTann3aTopos.

OcHOBHblE 00MacTn NPUMEHEHUs1 TMAPOKCUAA Kanus npeactaBreHbl B Tabnuvue 9.4
[42].

Tabnuuya 9.4 — OcHoBHble 0611aCTK NPUMEHEHUS rMApoKenaa kanua [42]

O6nacTb NpMMEHEHUS JeTtanu (onvcaHue) npUMeHeHUs

Xumunyeckas n Heptexmmmyeckaa | [pon3BoacTBo conerv M COeONHEHUW Kanusl, B TOM
oTpacnb NPOMBbILLUNIEHHOCTHN yucne kapboHarta kanus, nepMmaHraHata un buxpomarta
Kanug; npousBOACTBO KCAHTOreHaToB; MPOU3BOLCTBO
aHTUroNoNeadHbIX peareHToB; MPOU3BOACTBO Kanum-
HbIX yOoOOpeHui 1 KpacuTenemn; neperoHka Hedtu
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OkoHuyaHue mabnuusi 9.4

O6nacTb NnpUMEHEeHs HeTanu (onncaHue) npuMeHeHns

rlpOl/I3BO£I,CTBO pEe3nNHOTEXHUYECKNX Mcnonb3oBaHue B KayecTBe peareHTa Ond nonyvYeHud
N3genmn u CUHTETUYECKUX Kay4yKOB | CUHTETUYECKMX Kay4YyKOB U KOMIMOHEHTa KaTalm3aTo-

poB

MeTannyprus uBeTHbIX 1 pegko3e- |lMcnonb3dyeTca gns nonyyeHns obecdTopeHHoro rma-

MeIbHbIX METANMoB pOKCMAA LIMPKOHMSA B MPON3BOACTBE LIMPKOHUS

OHepreTuka MpoM3BOACTBO 3MEKTPOSNIMTOB AN LLUENOYHbIX aKKyMy-
NATOPOB (ankanuHoBble 6aTapen)

HedTe- n rasopoboeiBatoas oT- Hob6aBka B 6ypoBble pacTBOPbI U KOMNO3ULUN

pacnb
LienntonosHo-6ymaxkHasi npombiww- | Mpon3BoacTBO crneumarnbHbiXx COpToB Bymaru
NEeHHOCTb

MnweBas NPOMbILLIEHHOCTb MuweBas pobaeka E525; npom3BOACTBO MNULLIEBBLIX
NpoaYyKTOB

[Mpon3BoaCTBO XMMUYECKUX Wcnonb3oBaHue ana npoussogctea XC3P, 4nucCTbIX U

cpeacTs 3awwnTbl pacteHun (XC3P), | BBICOKOYNCTbIX XMMUYECKUX BELLECTB, PEAaKTUBOB, Mbl-

peakTUBOB, Mbifla N MOKOLLMX na n MOLLNX CpeacTB

cpencts

Mapdromepus, meguumnHckas n Mcnonb3oBaHue B kKayecTBe peareHTa npuv rnonyyeHun

(papmaueBTUYeCcKas NPOMbILLMEH- | NIEKAaPCTBEHHbIX U KOCMETUYECKUX CPeacTB; ANd neye-

HOCTb, KOCMETOmNorms H1a 6opoaaBoK B MeamumHe

MpombiwneHHasn monka, obpaboTka |MpumeHaeTca ONs OYUCTKM U3OENUA U3 HEpXaBeto-

BOAbl U CTOYHbIX BOJ LWen ctanu oT Xupa 1 Opyrux MacnsiHblX BewecTsB, a

Takke OT OCTaTKOB MexaHu4veckon obpaboTku; ans
HenTpanusauum BoAbl U CTOYHbIX BOA, PerynupoBaHus
pH pacTtBopoB

9.1.5 O6wan nHcpopmauusa o NPoOoN3BOACTBE CONSIHON KUCNOTbI

OcCHOBHbIMM OBnacTaAMM NpUMEHeHUs xnopuaa BogopoAa U CONSHOW KMCMOTbl ABNSA-
IOTCA: XMMUYecKass oTpacsib NPOMbILLIIEHHOCTH, BKMNOYAsA NPOM3BOACTBA XMOPUOO0B Kanbuus,
CTpoHUMSA, Bapus, anioMUHUSA, NONUOKCUxnopuaa anioMUHUS, XIOPUCTOro MeTuna; Hedre-
pobbiBatoLan oTpacrb, MeTannyprust YepHbIX, UBETHbLIX U PeAKO3eMerbHbIX METansoB..

[ons npeanpusatmin XuMmM4eckon U HedpTEXMMUYECKON OTpacren NPOMBbILLSIEHHOCTU
B CyMMapHOM obbeme noTpebrneHns CUMHTETUYECKOW COMSHOM KUCROTbl No utoram 2016 r.
coctaBnset 59 %, a Ha mMeTannypruyeckyrd NPOMbILLIIEHHOCTL NpuxoauTtca nopsgka 21 %
obLepoccnmnckoro notTpebneHns ToBapHON CUHTETUYECKOW CONAHON KUCIOThI.

Kak npasuno, razoobpasHbin xnopug Bogopoda He HaxoOuT LUMPOKOro MpUMEHEHUS
B KaYeCTBe TOBapHOro npoAykra, a nogasnswlwiee 60nbWMHCTBO obnacterm npuMeHeHus
Xnopuga Bogopoada OCHOBaHO Ha MUCNoSib3oBaHUKM Bonee yaobHOro n cTabunbHOro XWOKOro
TOBaApPHOIro NpoaykTa — ConsiHOW Kncnotbl. B Poccuinckon ®efepaumm B HacTosLlee BpeMs
TOBaPHYI0 CUHTETUYECKYHO COSIIHYIO KUCMOTY NPOU3BOASAT 6 NPOMBbILUNEHHbIX NPeanpuaTuin.

OcHoOBHble 06n1acTM NPMMEHEHMSA Xrnopuaa BOAOpOo4a M COMSHON KUCIOTbl NpeacTas-
neHbl B Tabnuue 9.5 [41], [43]-[45].
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Tabnuya 9.5 — OcHoBHble 0611aCTU NPUMEHEHNA XOpMaa BOAOPOAA U CONSIHOM KUCNOTbI

[41], [43]-[45]

O6nacTb NpUMEHEHNs

HeTanu (onncaHue) npuMeHeHns

Xumunyeckasi oTpacib NPOMbILLNEH-
HOCTM

Mpon3BOACTBO rMApPOKCUOA HATPUSA SNEKTPOXUMUYE-
CKMMK MeTogamu (NoaKUcreHne paccona); NnpounsBoa-
CTBO XNOPWOOB METanmoB: XMOpuaoB  Kanbuus,
cTpoHuMs, 6apus, antoMUHUA U OPYruX; NPOU3BOACTBO
NoNMoKcuxXnopuaa anoMUHULA; NPOU3BOACTBO  XIOp-
MEeTUNa n apyrmx opraHNYeckmx COeanHEHU; nony4ye-
HUEe MHIIMOMPOBAHHOWN CONAHOWN KMCMOTbI

HedTe-
pacnb

n rasogobbiBawowas oT-

Ona kucnotHom 06paboTkm nNpu3abonMHOM  30HbI
HeTSAHBIX CKBaXKWH C LENbl MOBbIWEHNS HedTe- n
rasooTgayv M nogasneHust cynbdaTBOCCTaHaBNUBA-
towmnx 6akrepun (CBB)

MeTannyprus 4epHbiX M LBETHbIX
MeTannos

Ncnonb3oBaHne ana obpabotkm u oborawieHus pya
LUBETHbIX, YEPHbIX N PeOKO3eMENbHbIX METannoB U
nony4YeHnst XNnopnagos MeTannos

cpencTB 3awmnTbl pacteHnn (XC3P),
YUCTbIX BELLECTB N XMMUYECKUX pe-
aKTUBOB

TennoaHepreTuka Vicnonb3oBaHue Anst XMMMYECKON YNCTKN KOTNOB, Ter-
NooBMeHHNKOB 1 06opyaoBaHUs
MponssoacTBo xumndeckmx | icnonb3oBaHmne ansa npousBoactea XC3P, uncTbix u

BbICOKOYUCTbIX XUMNYECKNX BELLECTB, PEAKTNBOB

CDapmau,eBTquCKaﬂ N nmuieBasa oOT-
pacnn NpomMbILLUITEHHOCTU

rlpOVI3BO£I,CTBO NleKapCTBeHHbIX nMNpenapatoB U WC-
nonb3oBaHne B Ka4ecTee nNuLleBon gobaBku

NHble cdepbl NpuMeHeHus: obpa-
6oTka MeTannoB; OxpaHa OKpYya-

TpaBneHne 4YepHbIX MEeTansioB U U3Oenun U3 HUX;
HenTpanusauusa LWenoYHbIX CTOYHbIX BOA M obe3Bpe-

toLLLen cpeabl XMBaHWe (HelTpanusaums) LWenoYHbIX 0TX040B

9.2 OnucaHne TeXHONIOrM4YeCKUX NpPoLEecCcoB, UCMONb3yeMbIX B
HacTosillee BpeMs B pacCMaTpuBaeMoOMn OTPacnvm NPOMbILLIEHHOCTH

HacTtosawui cnpaBoYHMK paccMmaTpmBaeT TPU OCHOBHbIX 3MEKTPOXMMUYECKNX MeToaa
Npou3BOACTBa BOAOPOAA, Xfopa W rmapokcuaa Hatpua (e4Kkoro Hatpa), peanu3oBaHHble
B NpoMbILLNIeHHOM MacwTabe B Poccuinckon egepaunu:

- AnadparmeHHbI MeTO, 3NEKTPONM3a HacbILEHHOro pacTBopa xfopuaa HaTpus;

- MeEMOpaHHbIA MeTo 3NEKTPONN3a HacbILWEHHOrO pacTBopa Xnopuaa HaTpus;

- PTYTHbIN METO[ 3eKTponu3a HaCbILWEHHOro pacTBopa Xropuaa HaTpus, a Takke
paccMmaTpmBaeT Npomn3BOACTBO BO4OpOAa, xnopa u eagkoro kanm (KOH) metogom membpaH-
HOro 3MeKTponn3a pacTeopa xrnopuaa Kanms.

HacTtoswuin cnpaBoYHNK paccMaTpuBaeT Takke OCHOBHOM cnocob npomM3BOACTBaA CUH-
TETUYECKON CONMHAHOM KUCIOTbl TEXHUYECKOM, OCHOBAHHbIN Ha CUHTE3e Xxnopuaa Bogopoaa
B3aMMOAENCTBMEM BOAOPOAA M Xxnopa C nocneaywowen abcopbumen xnopmga sogopoaa
(HCI) Bogon ¢ nony4eHMem ConsiHon KucnoTbl ¢ MmaccoBon gonen HCl ot 31 % po 35 % —
36 %.
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9.2.1 OnucaHue TeXHONOrM4YeCcKMX NpPoLeccoB, UCNONb3yeMbIX B HacTosiLee
BpeMs B NpOU3BOACTBE BOoAOpOAa, Xnopa U ruapokcuaa Hatpus
AnadparmMeHHbIM MeTOAOM 3fIeKTpPOnn3a

Mpn npomnsBoacTBE BOAOPOAA, Xfopa U rMapokcmaa HaTpusa guadparMeHHbIM MeTo-
AOM 3neKTponmsa Hambonee BaXHbIMU CbipbEBBIMW MaTepuanamm aBnaTCS:

- paccon xnopuaa HaTpusa Uy NoBapeHHasi Conb (ranuT, KaMeHHas Corb);

- KOHLEHTPMPOBaHHAA CepHas KMCMNoTa UMM ofieyM, UCMonb3yemble AMsi OCYLLUKWA XI10-
pa;

- acbecT Xpn30TUNOBLIN (XPU3OTUN NPUPOAHBLIN).

OCHOBHbIM BNMOOM 3HEPreTUYeCcKUX pecypcoB, UCNONb3yeMbIM B NPOM3BOACTBE BOOO-
poga, xfiopa ¥ rmgpokcuga Hatpust guadparMeHHbIM MeTOAOM 3JMeKTponu3a, sBnseTcs
3NEKTPOIHEPTNSA MOCTOSHHOMO TOKA.

9.2.1.1 O6wue cBegeHNA O NPOU3BOACTBE Bogopoaa, Xfiopa un rugpokcmaa
HaTpuAa amadparMeHHbIM MEeTOAOM 3NeKTponunsa

Hanbonee npocTbiM M3 MPOMbILLSIEHHbLIX 3NEKTPOXMMUYECKMX METOAO0B MNONy4YeHUs
BOOOPOAA, Xfopa M rmapokcuaa HaTpus, B NfaHe co3gaHus, opraHmMsauum n akcnnyataumm
NPON3BOACTBA N OOCTYNHOCTU KOHCTPYKLUMOHHbBIX MaTtepuarnoB AN 3feKkTponuaepa, siBnseT-
cs anadparMeHHbI MeTOA.

PactBop conu B anadparMeHHOM 3neKkTporiM3epe HenpepbiBHO NoJaeTcss B aHO4HOe
NPOCTPaAHCTBO M NpoTeKaeT Yyepes, Kak NpaBuno, HaCaXxeHHyI Ha CTanbHYH KaTOOHYK CEeTKY
acbecToByto unu acbononMmepHyo guagparmy.

HacacbiBaHve guadparmbl Nnpomn3BoaAnTCS NyTeM NpoKavyMBaHUAa Yepes KaTOA4HY ceT-
Ky CO CTOPOHbl aHO4HOro MPOCTpPaHCTBA NynbMbl U3 acbecToBbIX UM acbonosIMMEPHbIX BO-
FNIOKOH, KOTOpble, 3acTpeBasd B CeTke katoAa, obpasyroT MOPUCTLIN CNOW, UrpatoLnin ponb
anadpparmbel. AcbononumepHyto guadparmy nepeq Hadanom aKcnayatauuu nopsepraroT
TepmoobpaboTke.

Bo MHOMMX KOHCTPYKUMSIX SNEKTPONM3epoB KaTog MOSHOCTLIO MOrpYyXeH nog Criov
aHonuTta (dnekTponuTa U3 aHOOQHOro NPOCTPaHCTBA), a BbIAENSAIWUNCA HA KaTOAHOW ceTke
BOAOPOS OTBOAMTCH U3-NMoA Katoda npu MOMOLLM ra3ooTBOAHbIX Tpyb, HE MpoHMKas yepes
Anadpparmy B aHOAHOE NPOCTPaHCTBO Bnarogaps NpOTUBOTOKY.

MpOTUBOTOK — BeCbMa XapakTepHas OCOOEHHOCTb YCTpPOWCTBa AmadparMeHHOro
anekTponusepa. MmeHHo Bnarogapst NPOTUBOTOYHOMY NOTOKY, HanNpaBneHHOMY U3 aHOL4HOrO
NPOCTPaHCTBa B KaTogHOE Yepe3 NopuUCTyro anadparmy, CTaHOBUTCHA BO3MOXHbIM pasferb-
HOe MOonyYeHue LWESoKoB 1 xnopa. NpoTUBOTOYHBINA NOTOK paccYnTbiBaeTCs Tak, 4Tobbl Npo-
TMBOAEeNCTBOBaTb AUddy3nn n murpauun OH-nMoHOB (rMOpOKCUA-MOHOB) B aHOAHOE Mpo-
cTpaHcTBO. Ecnn BenuumHa npoTMBOTOKA HeAocTaTtoyHa, TO B aHOOHOM MPOCTPaHCTBE
B 6onblnx konmnyecTBax HaymMHaeT obpasoBbiBaTbCA rmnoxnoput-moH (ClO7), koTopbin 3a-
TEM MOXET OKUCNATLCA Ha aHoae Ao xnopart-uoHa ClOs-. OBpasoBaHune xnopaT-MoHa cepb-
€3HO CHMXaeT BbIXOL XJfiopa Mo TOKY U SIBASIETCA OCHOBHbIM MOOOYHLIM NPOLLECCOM B 3TOM
mMeToge. Tak e BpeauT 1 BblAeneHne Kucnopoaa, Kotopoe, K ToMy Xe, BefeT K paspyLUeHuto
aHOAOB U, ECIN OHWU U3 YrNepoaHbIX MaTepmnanos, NonagaHuo B XJS1I0p npumecen docreHa.
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B kauyecTtBe aHOOa B AnadparMeHHbIX 3N1eKTponiM3epax B HacTosLee BpeMs UCMOSb-
3yl0TCS B OCHOBHOM TUTAHOBbIE aHOAbl C NMOKPbITUEM N3 CMELLAHHbIX OKCUAOB PYTEHUSA U TU-
TaHa (aHogbl OPTA) unu apyrne manopacxogyemMble aHoAbl.

BbiTekalowme M3 KatogHOro NpOCTPaHCTBa 3MeKTpOoLLenoka noasBepraTcs Bbinapu-
BaHuto. [1py 3TOM noBapeHHas Cosib, CynbdaT HaTpUA U Apyrve nNpuMecu npu noBbILLEHUN
NX KOHLIEHTpauum B pacTBOpe Bbllle UX Npeaeria pacTBOPUMOCTM BbinagatoT B ocagok. Pac-
TBOP €[KOW LLerioum AeKaHTUPYHT OT ocajka 1 nepefarT B KadecTBe roToBOro npogykra Ha
CKnazg unv npogosmkarT CTaguio ynapmBaHusa Ons noryydeHuss TBepaoro npoaykra, ¢ nocne-
AYLWUM NnaeBneHneM, YellynpoBaHneM uUnm rpaHynsumnen.

O6paTHyto, T. €. KpUCTaNNM30BaBLLYOCA B OCa[OK, MOBAapPEHHYH COMfb BO3BpaLlatoT
Ha3ag B NpoLecc, NPUroTaenmeas U3 Hee Tak Ha3biBaeMbI 06paTHbIN paccon. 3 obpaTHoro
paccona BO usbexaHwe HakannmBaHWa yaansalT pasfnuMyHbiMK cnocobamm npumecu, B OcC-
HOBHOM, CynbdaTbl U XJyI0paThl.

YO6binb aHoNUTa BOCMOMHAT A06AaBKOW CBEXEro paccona, nosiy4aemoro nog3eMHbIM
BbllLieNna4ynMBaHNEM COSISHbIX NIACTOB ranura, a Takke pacTBOPEHWEM COMW B crieynanbHbIX
€MKOCTSAX Ha MecTe npoussoacTtea. CBexuin paccon nepen cMelnBaHMeM ero ¢ obpaTHbIM
pPaccofioM OYMLLAOT OT MEXaHWYeCKUX B3BECEeW N 3HAYUTESIbHOM 4acTW MOHOB KarbUnA U
MarHusi.

[MonyyYyeHHbIN ANEKTPONUTUYECKUIN XNOP OTAENSeTCAa OT NapoB BOAbl, OXraxgaeTcs,
CYLLUMTCS OT Bfiarn, KOMNpumMmpyeTca n nogaetca nnbo Ha NPOM3BOACTBO COMSAHOM KUCMOThI U
APYrMX Xnopcoaepxalmx npoayKkToB, MO0 Ha CKMKEHNe n pacosky.

Bnarogapsa oTHOCUTENBbHOM NPOCTOTE M BOMNee HU3KOMY YPOBHIO KanuTanbHbIX 3aTpar
Ha co3faHue Npou3BoACTBa AnadpparMeHHbIn MeTo NonyyYyeHnsa Bogopoaa, xsiopa U rupok-
cupa HaTpus 00 CUX NOP LUMPOKO UCMOSb3YEeTCH B MPOMbILLSIEHHOCTM.

Mony4yaembin B pesynbTaTe NPOM3BOACTBA 3MEKTPONUTUYECKUA BOOOPOL MNocne
OYMCTKU, CYLUKM U KOMMNPUMUPOBAHUSA, KakK NpaBuio, UCNOSb3yeTCs Ha TOM Xe npeanpuatum
A58 nonyyeHus xnopuaa Bogopoda M CONAHON KUCNOTbI, AN NPOM3BOACTBA BUHUMXIIOpUaa-
MOHOMEpa, a TaKkke AN nosly4eHus TenrnoBon aHeprun (napa) MeTOAOM CXUraHusi Bogopo-
Aa B n3bbiTke Bo3gyxa. OCHOBHble 0BnacTn NpMMeHeHWs Bogopoda npuBedeHbl B Tabnu-
ue 9.3.

lMony4yaembln B JaHHOM TEXHONOMMYeCKOM npouecce 3MeKTPONIMTUYECKUI XINop nocne
OXJTaXOeHNSA, OCYLLKM U KOMNPUMMPOBAHUA, Kak npaBusio, UCMOMb3yeTCcsa Ha TOM Xe npea-
NpUATAN ONA NoSfydeHus xropuaa Bogopona M CONSAHOM KUCAOTLI, ONA Npou3BoACTBa OU-
XJlopaTaHa N BUHWUIIXIIOpUAA-MoHOMepa, AN NPOM3BOLCTBA MMNOXiopuTa HaTpud, Npous-
BOACTBA XJIOPMPOBaHHbIX NapaduHOB (xrioprnapadguHoOB), XNOPMETAHOB, a Takke AN nony-
YeHnst ToBapHOro xuakoro xmnopa. OCHOBHble 0651acTM NPUMEHEHUs Xxriopa NpuBEAEHDI
B Tabnuue 9.2.

PactBop rmgpokcuaa HaTpus, nonyyYaemMbld AaHHBIM METOLOM 3MeKTposiv3a, UCMNosb-
3yeTcH B pasnnyHbIX OTPacrisixX NPOMbILLIIEHHOCTU, B TOM YMCIie Npu NpoM3BOACTBE IMMNOXIo-
puUTa HaTPUs TEXHUYECKOrO, B LIENM03HO-0yMaXXHOW NpombliwieHHoCcTH, OCHoBHble obna-
CTW NPUMEHEHNS TapoKcMaa HaTpusa npueeneHbl B Tabnuue 9.1.

[dvadparmMeHHbIn METOA 3MEKTPONM3a xXapaktepuayetca Hanbonee BbICOKMM yaerb-
HbIM pacxo4OoM 3IIEKTPO3IHEPrun 1 TennoBon aHeprumn Ha npoussoncTeso 1 T 100 % NaOH no
CpaBHEHWUIO C ABYMS APYIMMU METOAaMWU 3MEeKTponm3a — MeMOpaHHbIM U PTYTHbIM. Kpome
TOro, AnadparMeHHbIn MeTo, AMeKTponu3a NpPUBOAMT K MOSYYEHUIO XUOKOro eaKoro HaTtpa
¢ 6onbwnM cogepxaHMem nNpumecen xnopuaa HaTpust U K NOSYyYEHUIO ANEKTPONUTUYECKOro
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Xriopa C MeHbLUMM COAEP>KaHNEM OCHOBHOIMO BELLECTBA MO CPaBHEHUIO C APYrMMY MeTod4amMum
anektponusa (cm. Tabnuyy 1.6).

9.2.1.2 OnucaHne TeXHONOrM4YeCcKNX NpoLeccoB, UCMOSNb3yeMbIX B
npousBoACTBE BOAOPOAA, Xnopa n ruapokcuaa Hatpus avadparMeHHbIM
MeTOAOM 3NeKTponusa

B HacTodWwem pasgene paccmMaTpuBalOTCA TEXHOSOMMYECKMe npoLuecchbl, OCHOBHOE U
npupoaooxpaHHoe obopyaoBaHMe NPOM3BOACTBA BOAOPOAA, Xfopa WM rmapokcuaa HaTpus
anadparMeHHbIM METOLOM 3MEKTponm3a.

TexHonorns nponsBoACcTBa BOAOPOAA, XJlopa U rmagpokcmaa HaTpusa anadparMeHHbIM
METOLAOM 3SIEKTPOSiM3a 3aKftovaeTcss B OAHOBPEMEHHOM UMK NocreaoBaTeNbHOM peanusa-
Uumn cnegyowmx TEXHONOMMYeCckUx ctagum, CoctaB KOTOpbIX onpegensercs BuaomMm (Mapkom)
ueneBblX MPOAYKTOB — BOAOPOAA, Xfopa v ruapokcuaa HaTpus (kaycTuka):

- NPUeM, XpaHeHNE U pacTBOPEHNE UCXOOHOW MOBAapPEHHOM COMNU v Npuem u Noaro-
TOBKa CbIpOro paccona;

- NPUroTOBNEHNE pacTBopa KapbOHM3NPOBAHHbLIX ANIEKTPOLLENOKOB UM pacTeBopa Co-
Abl KanbUWHUPOBAHHOM;

- OYMCTKa CbIpOro paccona OT MOHOB KarbLMs U MarHUs COA0BO-KayCTUYECKUM METO-
A0M;

- OTCTamBaHue (OCBeTMeHne) paccona u punbTpaums CryLeHHOM LWIaMoBOW CyCreH-
3un;

NOLKMUCIEHNE OCBETIIEHHOIO (OYMLLIEHHOrO) paccona;
n3rotoBneHne acbectoBon nnu acbononmmepHon anadparmbl Ans ANEKTPONN3epos;
3NEKTPONnN3 OYMLLEHHOIO paccoria B MOHOMOMSAPHbLIX 3feKkTponmaepax unu B émno-
NAPHbIX ANeKTponumaepax;

- BblapmBaHWe 3fEKTPOLLENOKOB C NoMy4YeHneM TOBAapHOro KaycTuka (egkoro Hatpa);

- OXNaXaeHue N OCyLLKa ANEKTPONIMTUYECKOrO Xropa CEPHOMN KNCIOTON;

- KOMNpUMMpPOBaHME, KOHAEHCAUUS, bacoBKa N XpaHEHME XMOKOro Xopa;

- oxnaxaeHue, ocyLlKa U KOMNPUMUPOBaHME 3MEKTPONUTUYECKOro BO4OPOAa;

- (pacoska, xpaHeHue (cknagMpoBaHWe) N OTrpy3Kka roToBOro NPOAYyKTa;

- OYMCTKa NPOMbILLNEHHBbIX BbIOpocoB (abra3os) oT xnopa,;

- pereHepaums (KOHUEHTpUpoBaHne) mnu obesBpexumBaHne oTpaboTaHHOM CepHON
KMCROTbI.

B pamkax HacTtosduwero cnpaBoyHuka HOT npoueccbl Aobblum noBapeHHOW Conn Unu
CbIpOro paccona (pacteopa xsiopmaa HaTpus) nogpobHO He paccMaTpmBatoTCS.

O6wasn npmMHuMnuanbHaa cxema TEXHONOMMYEeCKoro npouecca Nnpon3BoACTBa BOAOPO-
Aa, xnopa u rmgpokcuga Hatpust guadparmMeHHbIM MeTOOOM 3MeKTponmsa npencraBneHa
HWxXe Ha pucyHkax 9.1 n 9.2 (B 3aBUCMMOCTHU OT BUa UCMNONb3yeMOro Cbipbs).
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Na , (0 ; LonsHas kucaoma
[lodsemroe
pacmBoperue conu
OdpamHsi paccon Oyucmka
paccona
OvuwerHsIl  paccon Pemoum
3aekmponusepob
B
3nexkmpoaus
——
MocmosanHsil NpecdpazoBanue
mox RepeMeHHOZ0 MoKa
Bnaxusiu Bodopod
BAGXHbIU XA0P
H,50,
Beinapubarue KomnpumupoBarue Oxnaxdenve u Oxnaxdenue u
3nexmpouenokob xnopa ocywkd xAopa koMnpumupoBanue
8odopoda
OmpadomarHas H, 50,
Kaycmuyveckasa coda
xudkas
c flpouzBodcmbo
KU)eHUe XxA0pa ;
P Abza3s koHdeHcayuu CEAAEDE RUERGTIE
Xudkud xnop
ﬂpﬂU?ﬁDdffﬁﬂU LonsaHas kucaoma cuHmemuveckas
2unoxnopuma uny uH2UGUpoBaHHan
Hampus

runoxaopum Hampus

lpuryunuansHas cxema npouzBodcmBa xnopa u Kaycmu4eckod codsi OuagpazMeHHsIM Memodom

PucyHok 9.1 — Cxema TexHONorm4eckoro rnpowecca npon3soacTea Bogopoaa,
XJiopa v rmgpokcuga HaTpua guadparMeHHbIM METOLOM C UCMNOSIb30BaHUEM
CbIpOro paccorna
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y

Kngkuin xnop Ha pacoBky

PucyHok 9.2 — Cxema TexHONorm4eckoro rnpotecca npon3soacTea Bogopoaa,
XJiopa v rmgpokcuaga HaTpua guadparmMeHHbIM METOLOM C UCMNOSIb30BaHUEM
NPMBO3HOWN TBEPLAOW CONMU

Hwxe B kadecTBe TUMMYHOrO npumepa npeacraBneHo Havbonee obulee onucaHve
TEXHOMOrM4Yeckoro npouecca nNpousBOACTBa BOA4OPOAA, Xflopa M rMapokcuaa HaTtpus aua-
parMeHHbIM MeToO4OM, KOTOPOE HUKOMM 0DBpa3oM He MOXET paccMaTpuBaTbCs KakK eauvH-
CTBEHHOE onncaHue npouecca, COOTBETCTBYHOLLEE KpUTepUsM 1 nokasatensam HOT.

101



NUTC 34—2017
9.2.1.3 OnucaHue ctagun gnacpparMeHHOro MeToAa 3reKTponu3a

MpurotoBneHne pacTBopa KapooHU3NPOBaAHHbLIX 3NIEKTPOLLENIOKOB U pacTBopa
KanbLMHUPOBaHHOMN coAbl

CyLLHOCTb XMMUYECKOro npoLecca Metoga kapboHu3aumm aneKkTpoLLEnoKoB OCHOBaHa
Ha n3bnpartenbHOM NOrnoLweHnn abcopbeHTOM — INEKTPOLLENIOKaMK YrEeKUCNoro rasa us
AbIMOBbIX Fa30B MO peaKkuuun:

2NaOH + CO2 — Na2COs + H20

[biMoBble rasbl NogatnTcs B kKapboHM3aTop, NpeacTaBnsaiowmin cobor BepTMKanbHbIN
UUINMHAPMYECKUIA annapaT € ANAMNTUYECKUM OHULLEM, 3anOSTHEHHbIVN HAaCaAKoW U3 MeTannum-
Yyeckux unm dToponnacToBbix koney Pawwura pasmepom 50 x 50 MM, BbicOTa Hacagku
4000 mMm.

OnekTpoLlenoka nogatTcsl cHayana B eMKOCTb (COOpHMK) M 3aTeM HanpaBnAlTCs
B TeNNO0OMeHHUK. N3 TennooOMeHHUKa anekTpoLiernioka noctynawT B kapboHusaTop, rae
NPOUCXOANT peakumnsa NOrnoLeHns yrinekucnoro rasa. B cnyvyae npekpalweHus nogayun Abl-
MOBbIX ra3os, cogepxatumx CO2, B pacTBOp KanbLUMHUPOBAHHOW COAbl MOMy4atoT nytemM pac-
TBOPEHWNA CYXOW KanbLUWHMPOBAHHOM COAbl B 0O0OPOTHON BOAE MU KOHAEHCATE.

OuucTtka pacTBopa HaTpus xropuga

[Mpouecc ouncTKkM pacTBopa HaTpusa xnopuaa OT NpUMEcen Corien Kanbunsa, MarHus,
Xeresa OCHOBaH Ha COA0BO-KayCTUYECKOM MeTode O4YUCTKE, NPU KOTOPOM B pesynbraTte Xu-
MUYECKOWN peakumm obpasytoTcs manopacTBopuMblie ocagkm CaCOsz, Mg(OH)2, Fe(OH)s.

Mpn cogoBo-KayCcTUYECKON OYUCTKE MPOTEKalT criedyolme XmmMmyeckne peakumm:

- obpasoBaHMe HepacTBOPUMOro ocazka kapboHaTta Kanbuus:

Ca?* + Na2CO3 — CaCOs + 2Na*;

- obpasoBaHMe HepPaCTBOPMMOro ocafka rMapPOKCUAOB MarHus 1 xernesa:
Mg?* + 2NaOH — Mg(OH)2 + 2Na*;
Fe3* + 3NaOH — Fe(OH)s + 3Na™.

[Mpn ouncTke pacTBOpa HATpuUs XIopuaa, Kak npaBurio, B kKayectBe OIIOKynsHTa ucC-
nonb3yeTcsa rmaponn3oBaHHbin nonvakpunamug (MAA).

PactBop HaTpusa xnopuga C MacCOBOM KOHLUEHTpauuen xropuga HaTpus He MeHee
300 r/am® nocTtynaeT no TpybonpoBody OT paccornonpoMbicnia WnM OT y3na pacTBOPEHMUS
NPMBO3HON CONMW B OTAENEHWE OYMCTKM paccona B Gakm XpaHeHuss U ganee Ha CcTaguio
OYUCTKM OT MPUMECen CONnen Kanbuusi, MarHus, xenesa COAOBO-KayCTUYECKUM METOAOM.
PacTBopbl 9NeKkTpoLenokoB, KapBOHN3NPOBAHHbLIX 3MEKTPOLLESNTIOKOB MU KanbLMHUPOBAH-
HOW cofbl NepeMeLINBaOTCH C paCTBOPOM HATpUs Xnopuaa B peakropax v ganee nocrynawT
B OCBETNUTENb-CrycTuTens Tuna otctonHuka Joppa, KC nnn OBP-TLW, rae nponcxoguTt Bbl-
AeneHne npumecen B BUAe ocajka, ero oTCTon u ynnotHeHne. OUYNCTKy U oTCTanBaHue pac-
cona uenecoobpasHo nposoauTb npu 40 °C — 50 °C. Npu gaHHOM TemnepaType Bbinagato-
lMe B 0CafoK HepacTBOpUMblE coeanHeHust obpasytoT 6onee KpynHble KpucTannel, 6naro-
Aapsa 4Yemy OTCTavMBaHWe paccona npoucxoaut Gbictpee. Ona cogenctsna obpasoBaHuto
XNoMnbeB B PacTBOpE HATpus Xnopuaa B NMHUIO Nogauynm K cryctutento gobasnserca prnoky-
naHT — [MAA. B pesynbtate donokynupyrowlero genctens NAA nponcxoanTt yKpyrnHeHue ya-
CTUL OcajKa corien, YTo yny4dwaeT YCroBUSA OCaXaeHUsl 0cajka B OTCTONHUKE.
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OunLLEHHBIN 1N OCBETIMEHHBIM PacTBOP HATpUs xnopuaa u3 Cryctutens HanpaBnseTcs
B EMKOCTb XpaHEeHUsi OYMLLEHHOro pacTeBopa Hatpua xnopuga. Wnam, npeacrasnsaiowmm co-
Bon ocagok conewn Kanbuusi, MarHus, xenesa u HepacTBOPMMOro OCaZka B pacTBOpPE HaTpus
xnopuaa, U3 HWXHeN KOHYCHOW YacTu Cryctutens (OTCTOMHMKA) nepuoandeckm no Tpybonpo-
BOAY BbIBOAUTCA B COOPHUK LINama, yCTaHOBMNEHHbIV B 3arnybneHHom nogaoHe. M3 cbopHu-
Ka wWwnama Hacocamu LunamoBasi CycneH3usi Mo HamopHoMmy Tpybonposoay nogaetcs Ans
dunbTpaumn Ha unbTp-npecc. GunbTpaums LWNAaMOBOW CYCNEH3UN C LEenbio MonyvYeHus
OYULLIEHHOrO pacTBopa HaTpus xnopuaa Npon3BoAMTCH Ha MeMBpaHHOM UIbTP-Npecce.

OunLLEeHHBIN pacTBOp HaATPUA xnopuaa U3 eMKOCTEN XpaHeHUs NnocTynaeT npu Heob-
XOOMMOCTU Ha [JOHAachILLEeHMe pacTBopa OO0 KOHUEHTpauun xnopvaa HaTpusa 310-318 r/gm3,
HenTpanusauuio 1 ganee HanpaBnaAeTCHA B 3NeKTponu3epbl. TennoobMeHHUK, YyCTaHOBMEH-
HbI Ha NMMHWMM NOAA4YN OYULLIEHHOrO pacTBopa HaTpma xnopuga, obecneynmBaeT NOAOrPEB €ro
no 74 °C — 90 °C.

AneKTponus pactBopa HaTpusa xnopuaa

OneKkTponua pacteopa HaTpusa Xropuaa OCyLLeCTBRseTcs B AnadparMeHHbIX anek-
Tponusepax ¢ TBepAbiM CTarnbHbIM KaTO4OM, METanfI00KUCHBIM aHO4OM U BEPTUKanbHOMW ac-
©ectoBon nnu acbononumepHon anadparMon. MOHOMOMNSPHbLIX 3NEKTponM3epax unn B ou-
NOSIAPHLIX AIEKTPONn3epax.

OneKTponunaepbl KOHCTPYKTUBHO BbINOJSTHEHBI C BEPTUKANbHO PACronOXeHHbIMU 3r1eK-
Tpoaamu.

B aHoaHyI0 Kamepy nofdaeTcs HacbIWEeHHbIM pacTBop xnopuaa Hatpud. Ha aHoge (Tu-
TaH C MOKPbITUEM N3 CMELUAHHbIX OKCUOOB PYTEHUS U TUTaHa) MOHbI Xropa paspsikatoTcs U
obpasytT xnopra3. ObeaHEHHbIN paccon U3 aHOOHOW Kamepbl Yepes anadparMmy nepeteka-
eT B KaTOAHYI0 KaMepy, rae obpasyoTcs BOAOPOA U LLEeNoYb.

B 3ane anekTponusa, kak npaBusio, yCTaHOBMEHbI O4HA UMK OBE CEPUN INEKTPONn3e-
POB, PacnONOXeHHbIX B HECKOSTbKO PSAOB M NMUTaeMbIX NocnegoBaTenbHO No TOKY U naparn-
nenbHO NO pacTBopy xropuaa Hatpusa. [MutaHme ocywecTBnaeTca OoT npeobpasoBaTenbHON
noacTtaHuuu.

B npouecce anekTponusa BOAHOrO pacTeBopa HaTpusa xropuaa B AuadparMeHHbIX
aNneKkTponnaepax KOHEeYHbIMW MPOAYKTaMW SBNSATCA OAHOBPEMEHHO ra3oobpasHbii Xrop,
razoobpasHbii BOOOPOS W SMeKTpowlernoka, coaepxaliMe rmapokcua HaTpus u Xnopua
HaTpusa. OCHOBHbIM MPOLECCOM, NPOTEKaKLWUM Ha MeTarnroOOKUCHOM aHode AYEenKU Srek-
Tponusepa, aBnaeTcsa paspsa MOHOB Xropa:

NaCl — Na* + CI-
2CI" — 2e— — Cl2?

Ha ctanbHoMm KaToge siYeinku NPOUCXOAMT paspsia MONeKyn BOAbl U3 LWENOYHOro 3riek-
TponuTa:

H20 + e- - OH + H (apn)
C nocriegyownm obpasoBaHNEM MONEKYNSPHOIro BOAOpOaaA:
2H (ap) — H2t

Mpu aTom MoHbI OH™ 06pasyloT C MOHAMWM LLIENOYHOro MeTarnsna pacTBop ruapokcuaa
HaTpus:

Na* + OH  — NaOH
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CyMmapHOM peakuunen anekTponmnsa asnaeTcs:
2NaCl + 2H20 — Cl21 + H21 + 2NaOH

Paspsa noHoB HaTpmsa M3 BOOHbLIX PaCTBOPOB HATPUSA xfiopyvaa Ha TBEPLOM CTarbHOM
KaToge HeBO3MOXeH BcreacTeme bornee otpuuaTenbHOro noteHumana paspsiaa no cpaBHe-
HUIO C MoHamu H™.

Paspsgy Ha anekTpogax ueneBblX MOHOB B 3HAYUTENBHOW Mepe crnocobCTBYeT U Co-
cTaB anekTponuta. [NpucyTcTBMe B 9NeKTpPoniMTe NOCTOPOHHMX MOHOB MPUBOAUT K NoTepe To-
Ka 3a cyeT paspsga 3TUX WOHOB, K 3arpA3HEHUIO dMNeKTponiMTa U NPOAYKTOB 3MeKTponunaa.
K Taknm noHam otHocatca O2-, CIO-, (ClO3)™, (SO4)% u ap.

OpgHMm n3 Hambonee BaxHbIX QAKTOPOB MpoLecca 3NeKTponusa C¢ unbTpytoLen
AnadparMon ABMSEeTCH NepeToK 3fekTponuta vyepesd anadparMy OT aHofa K Katofy, CKO-
POCTb KOTOPOro BblGupatrT Takmm obpasom, YToObl NpenaTcTBOBaTb ABUMXEHUIO MOHOB OH™
K aHogy. Ecnn ckopocTb npoTekaHnsa anekTponuTa yepes auadparmy (NpoTMBOTOK) ByaeT
Bonble ckopoctn murpauum moHoB OH™, TO B kaTOAHOE MPOCTPaHCTBO MOXET MPOHUKATb
XNop, 4YTO NpuBedeT K NOTEepsiM LiefieBbiX NPOOYKTOB U CHUXEHUIO BbixoAda rno Toky. pu cko-
pPOCTWN NPOTUBOTOKA MEHbLUE CKOPOCTU Murpaumm noHoe OH™ 3TK MOHbI NPOTEKaKT B aHOA-
HOe MPOCTPaHCTBO, YTO TakXke MPMBOAUT K MNOTEPAM BbIXxOo4a efKkoro HaTtpa no Toky. Ontu-
MarbHbIM ABNAETCH PaBEHCTBO CKOPOCTEN NPOTUBOTOKA U ABMXEHNA noHoB OH™.

[MoBbIWEeHMe MacCOBOW KOHLEHTPaUUU HaTpUsS xnopuaa nosioXUTeNbHO CKasblBaeTCH
Ha npouecce 3aneKkTponuaa, Tak Kak Bo3pacTaeT akKTMBHOCTb MOHOB XNopa, YBenn4MBaeTCcs
A0S TOKa Ha BblAeNeHne xfiopa Ha aHo4e M YMEHbLUAeTCa OoNs TOKa Ha BblAernieHne Kuc-
nopoga. Kpome TOro, ¢ poCToMm MacCOBOW KOHLUEHTpauUMn HaTpus xnopuaa ymMeHbllaeTcs
pPacTBOPMMOCTb XJlOpa B aHONUTE M KONMYECTBO €ro, nonajaruiee B KaToNuT U pearnpyto-
Lee ¢ obpasoBaHMeEM rmnoxmnopuTta.

Takxe C pOCTOM MacCOBOM KOHUEHTpauun HaTpus xrnopuga B pacTBOpe yBenunyvea-
€TCHA ONeKTPOMNpPOBOAHOCTb, YTO CHWXAaET 3aTpaTbl ANEKTPOIHEPrUM Ha BbINYCK €AUHULbI
npoaykummn. 3aBUCMMOCTb BbIXOAa MO TOKY OT MacCOBOW KOHLEHTpauuu eakoro Hatpa
B QM1EKTPOLLIENIOKaX BblpaXXaeTcs B BUAE KPUBOW, N3 KOTOPOW CrieayeT, YTo Npu yBENUYEHUN
MacCcOBOI KOHLEHTpaLum eakoro Hatpa 6onee 140 r/am® BbIXOA NO TOKY HAYMHAET pPes3ko na-
AaTb, NO3TOMY NpPU 3NeKkTponuie ¢ unbTpyowen guadparmMon mMaccoBas KOHLEHTpauma
€[KOro HaTpa B 3NeKTPoLLeNnokax He JomkHa npesbiwatb 140 r/gms.

TemnepaTtypa npoLecca 3neKTponMsa Takke MOXET oKasblBaTb onpeaeneHHoe Brivs-
HWe Ha X0 W HanpaBfeHne dNeKTPOXMMUYECKUX U XMMUYECKUX peaKkumin. Tak, npu nosbille-
HUW TemnepaTypbl CHUXAeTCs NepeHanpsXXeHne BblAeneHns BoAopoaa Ha CTanbHOM KaTtoae
N Xriopa Ha aHoAe, CHUXaeTcsl paCTBOPUMOCTb Xriopa B 31EeKTPONnUTe N yMeHbLlaeTcs Aons
obpasoBaHusa xnNopaToB.

CyLieCcTBEHHOE HeraTMBHOE BIIMSIHAE HA MPOLECC 3NEeKTponiM3a C uibTpyoLLen
anadparmMon okasblBaloT NPUMECUM MOHOB HEKOTOPbLIX METanmnoB, KOTOpble MPUCYTCTBYIOT
B McxogHom paccone (Ca?*, Mg?*, Fe** u . a.).

B nopax guadparmbl, roe KUCIbIA aHOMUT BCTPEYaEeTCA C LUESNOYHBbIM KaTOSUMTOM,
npoucxoauT B3aMMOLeNCTBME PaCTBOPUMbLIX COMEn KamnbLMs U MarHUs C €KUM HaTpoOM W
kapboHaTamn ¢ obpasoBaHMEM HepacTBOpUMbIX ocagkoB. [locnegHue 3abuveatoT nopbl
dunbTpyowen anadparMmbl, YTO YMEHbLLUAET CKOPOCTb MPOTMBOTOKA M YCKOPSeT npexae-
BpeMeHHbIV BbIXo AuvadparmMbl U3 CTPOS.
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KpoMe OCHOBHbIX peakuuin Ha aHoae M Katode, B 3MeKTponusepe npotekarT nobou-
Hble 3MEeKTPOXUMMUYECKME N XMMUYECKME MPOLIECCHI, CHUXKAKOLLME BbIXOA MO TOKY MO LEeNeBbIM
NpoayKTaMm.

Mo6ou4HbIe Npouecckl B aHOAHOM NPOCTPaHCTBe

Bbigensawowmiica Ha aHoe XNop MOXEeT npeTepnesBaTh rMMAPONN3 Mo peakumsam:

Cl2 + H20 — HCIO + HCI
Cl2 + OH- — HCIO + CI-

B aHoOHOM NpocTpaHcTBe B CpedHeM noaaepxusaeTcs cnabokucnasa cpega. OgHako
B CIyyae MCMosb30BaHWs NUTaloLLEero paccona ¢ pH >7 nsbbiTok eakoro HaTpa, coaepkallie-
rocsl B HeM, pearupyeT ¢ xnopoM. Kpome Toro, ¢ Xfiopom pearvpyoT U MUrpUpyoLLIMe U3 Ka-
TOZAHOrO NPOCTPaHCTBa B aHOAHOE NPOCTPaAHCTBO MOHbI OH™

Cl2+ 20H™ — CIO + CI” + H20
HCIO + OH — CIO" + H20,
c 06pa3oBaHNEM CUIbHO AUCCOLUMPOBAHHOIO rMNoXsiopuTa HaTpus.

O6pasoBaBLUMECS MOHBbI XJTOPHOBATUCTOW KUCINOTbI paspsikaloTcsl Ha aHode Mo peak-
umm:

6CIO™ + 3H20 — 6e— — 2ClOs- + 4CI~ + 3/2 O2 + 6H"

MoHbI XJ'IOpHOBaTVICTOI7I KMCNOTbI Npu NOBbIWLEHNN TEMNEPATypPbl TakXXe MOryT noaBep-
ratbCA aBTOOKUCIEHUIO C o6pa30|3aH|/|eM XnopaT-noHOB:

3CIO™ — CIOs- + 2CI7
MoHbl OH™ moryT paspsikaTbCAa Ha aHoAe:
40H™ — O21 + 2H20 + 4e”

Mpuyem meTannuyeckue (TUTaHOBbIE) aHOAbI C aKTUBHbLIM MOKPbLITUEM U3 OKCUOOB pY-
TeHns Hanbonee GNAronNpUSTCTBYIOT NPOXOXAEHUIO 3TOW peakumun. NMoTepu Toka Ha Nobou-
HbI NpoLecc BblaeneHus kucrnopoaa OyayT 3aBUCETb OT COCTOSIHUS MACCOBOW KOHLEHTpa-
umm noHoB CI~ u OH™ B aHonuTe 1 6yayT TeM MeHblue, YeM Bornblle MaccoBasi KOHLEHTpa-
UMa HaTpust xrnopuga B pacTBOpPE M MEHbLUE MacCoBasi KOHUEHTpauMa rMAPOKCUIbHbIX
noHoB. [lepeHanpsikeHMe BblOENEHUS XNopa B HACbIWEHHOM HeWTpanbHOM pacTBope
HaTpUsa xnopuaa 3HauYnTeNlbHO MeHbLUE NnepeHanpsXeHUs BblAeNeHNsa KUcropoaa, noaTomy
noHbl OH™ paspskaloTCa Ha aHo4Ee B HE3HAUYNTENbHOW CTEMNEHN.

Kucnopoa moxeT 06pa3oBbiBaTbCA TakKe B pe3ynbTaTe KaTanuTUYeckoro pasnoxe-
HUSI MIOHOB rMMNOXIopuTa:

2CIO0™ — 2CI" + O21

3HayeHne pH nprMaHOAHOro Crnosi pacTBopa HaTpusa xropuaa onpenenseT COOTHOLe-
HUe mMexay BbIxodamu Mno TOKY XJlopa U Kucropoga. YCTaHOBMEHO, YTO ONTUMasibHbIM SBMS-
etcq, 3HadeHue pH 3,5-4,0. lMNMogaepxaHne pH aHonuta MeHee ONTUMArbHOrO 3Ha4YeHus
CHMWXaeT pacTBOPMMOCTb Xfopa B pacTBOpE, HO B TO e BPeMSA yBenuymBaeT M3HOC acbe-
cTOoBOWN uUnu acéononumepHon anadparvei.

KauectBo gumadparmbl npu paboTte s4enku onpegensdeT KayeCTBO CaMON SUYEUKMW.
MpakTnyeckn Bce oyepeaHble aKCnnyaTaunoHHble onepaunn npu paboTe s4enkn nocesLla-
I0TCA yxoay 3a guMadparmon. oyt BCe TekyLme NPOBEPKN N UCTIbITAHUS AYENKU NPOBOLSAT-
CA C Uernblo onpeaeneHna ee coctosHus. 1o cBoen CTpykType amadparma aBnsetcs camom
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XPYMKOW YacCTbio AYENKN, N BCE XK€ 3TO €OMHCTBEHHbIA 3fIeMEHT, OTAENAWMA aHOSTUTHYHO
30HY OT KaTOSNIMTHOM W, criegoBaTerbHO, pasgensaiowen nonydyaemMble NpoayKThbl.

Ona anadparmbl NCNONb3yOT acbeCTOBONOKHUCTBIM MaTepuan «Xpu3oTus», KOTOPbIN
npeacraBnseT cobon BONMOKHUCTBIM cunukat marHus. [pu nogade TOKOBOW Harpysku Ha ce-
PUIO 3MEKTPONIN3EPOB aHONUT B A4Yelrikax CTaHOBUTCSA cpasy KUCMbIM, CO 3HaYyeHueM pH, paBs-
HbIM 2 UnNn MeHee. NOToK aHONUTa 4Yepes anadparmy pacTBoOpsieT MarHu U3 aHoOSIUTHOW
CTOPOHbI Anadparmbl, TeM cambiM Mg?* nepensuraetcs k katogy. [Npu obpasoBaHuMn eakoro
HaTpa B kaTonuTte obpaTHasa murpaums noHos OH™ B acbecT BbI3blBaeT OCaXaeHne MarHus B
BMAE rens ruApoOoOKMCU MarHus BHyTpu anadparmel. HenpepbiBHOe obpa3oBaHue 3Toro rens
obecneunBaeT noggep)xaHue Cnos rens BHYTPU Anadpparmbl, BbICTyNaloLWEero B KayecTse
OCHOBHOIO KOMMOHEHTA B pexume paboTbl gnadparmbl.

Mpn yoaneHun marHns n3 aHONMUTHOW 30HbI AnadpparMbl OCTaeTCA CroW, COCTOSALLMMI
B OCHOBHOM W3 BOJIOKOH ABYOKNCU KPEMHUS, KOTOpble 06r1agatoT KUCNOTOYNOPHOCTBLIO U pac-
TBOPSIOTCA B LWenoyHon cpege. lNMpun yBenuyeHun obpatHon murpauum noHos OH™ BHyTpu
AYeKn yCTaHaBnMBaeTCs rpagueHT paBHoBecus pH, Tem cambiM B aHonute pH 6yaet npwm-
6nm3nTenbHO paBHbIM 4. I3aMeHeHne pabo4dero pexuma, BAUSAIOLLEro Ha rpagueHT paBHOBe-
cuna pH, okasbiBaeT NpAMOe BO3gencTBMe Ha guadparmy. [NoHwxkeHne pH B aHONUTe BbI3bl-
BaeT pacTBOpPEHME YacTu rens rmgpooKUCU MarHusi U NOBTOPHOE OCaXAeHuwe BHYTpU aua-
dparmbl. YBenuyeHme obpatHon murpaumm noHos OH™ Bbi3biBaeT pacTBOPEHME YacTh BOMO-
KOH [BYOKUCU KPEMHWUS B aHONUTHOM 30He. Oba cnydvas GyayT okasbiBaTb OTpuUaTenbHOE
BO34eNCTBME Ha guadparmy.

['pagneHT pH BHYTPU SYENKN B3aMMOCBA3aH C Harpy3kom SiYenKku, CKOPOCTb MOTOKa
pacTBopa HaTpus xnopuaa n KoHUeHTpaumnen eakoro Hatpa B katonute. [Npu yctaHoBNeHUn
COCTOSIHUSI paBHOBECUS HeOBXOAMMO CBECTU K MUHUMYMY U3MEHEHUEe 3TUX perynmpyembixX
nepemMeHHbIX, C TeM YToBbl 4OCTUYb MakCUMaribHOro cpoka cryx6bl Anadparmol.

NMo6oyHble npouecchbl B KATOAHOM NPOCTPaHCTBE

MpoTekatownn yepes agnadparmy 3reKTPONUT COOEPXKUT PaCTBOPEHHbLIN XIOP, UOHbI
CIO™ n CIOs-. Xnop, pacTBOPEHHbIV B 3MEKTPONUTE, pearpyet ¢ eakMm Hatpom, obpasys
rMNOXMOPUTLI N XropaTbl HAaTPUS.

Ha kaTtoge moryT npoTtekaTb NO60YHbIE NPOLECCHI YACTUYHOIO BOCCTAHOBNEHNSA aHWNO-
HOB rMNOXMopuTa 1 xnopaTa HaTpUs No peakunsim:

CIO™ + H20 + 2e™ — CI™ + 20H~
CIO% + 3H20 + 6e™ — ClI™ + 60H"

Bce xummnyeckne npeBpalleHns, Npoucxogsine B drneKkTponuaepe, NpMBoasT K noTe-
psAM Xxroprasa, e4koro Hatpa, BOAOPOAA, a Ha 3NeKTPOXMMUYecKkne npespalleHnd, ¢ obpa-
30BaHMeM NoBOYHbIX NPOAYKTOB, 3aTpavyMBaeTCa LONOMHUTENbHAA SHEPTUSA U CHMWXKAETCS Ka-
4YeCTBO KOHEYHOro Npoaykra.

Takum o6pas3om, Ansa yBenmyeHnsa Bbixo4a no TOKY KOHEYHbIX MPOAYKTOB 3NeKTponmsa
HeobXxoaMMO BECTU NPOoLECC Npu ONTUMarnbHbIX NapaMeTpax MacCOBOW KOHLEHTpauun uc-
XOOHOro xnopuga HaTpusi, pH nuTarowero paccona u aHonuta, TemnepaTtypbl pacTtBopa
HaTpua Xropwuaa, CKOPOCTM MPOTEKaHUsl 3NEeKTPonmMTa, MacCOBOW KOHUEHTpauum enkoro
HaTpa M Xxrnopuaa HaTpusa B ANEKTPOLLENOKaX, BbIXOAALLNX N3 INEKTPONM3epa, a Takke ¢ Mu-
HMManbHON MacCOBOW OONieN MPUMECEN B pacTBOpe HaTpus Xxnopuaa, nogaBaeMoOM Ha
ANEeKTponns.
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OneKTpoLLenoka BbIXOAAT Yepes HWKHUKN LWTyLep KaTOAHOM KaMepbl SYEnKu, K KOTO-
poMy npucoeavHeHa nepkonsuMoHHas Tpyba nnbo cnmBHOE YCTPOWCTBO C nMpepbiBaTenem
CTPYM M3 HE3NEKTPONPOBOAHOIrO MaTepmana. M3 nepkonsaynoHHonm TpyObl (CAMBHOIO yCTPOK-
CTBa) 9NEKTPOLUENoKa CNuBarTCA B COOpHbLIA KOpOO, KOTOpbIN cOOMpaeT SMNeKTPOLLENOKa,
BbIXo4sdLWME U3 A4eek anekTponuaepa. [lonoxeHne nepensmxHOM 4acTU NEpPKONSLMOHHON
TpyObl onpefensieT ypoBeHb 3IEKTPOLLENOKOB B KATOAHOM NPOCTPAHCTBE.

KauecTBo anadparmbl onpegensiet kKa4ecTso paboTbl caMmon a4yerikun. 1o cBoen CTpyk-
Type auadparma sBngeTcs camomn Xpyrnkom 4acTblo A4EeNKU, OHa — €OUHCTBEHHbIN 3JIEMEHT,
OTAENSAIOWMNNA aHONMUTHYKO 30HY OT KaTonuTHoW. [Npu paboTe anekTponudepa MOPUCTOCTb
anadgparm s4eek Co BpeMeHeM U3MEHAETCS, B pe3yrbTaTe Yero npoTekaemMocCTb UX CTaHo-
BUTCS HEOAMHAKOBOW. PasnuyHasa npoTekaeMoCcTb AnadparMm oTaerbHbIX S4eek npu oguHa-
KOBOM YpOBHE aHONuTa B HUX NPUBOAUT K YCTAHOBMEHUIO Pa3fIM4HOM MacCOBOW KOHLIEHTpa-
UMM edKkoro Hatpa no syerkam. [lpuBeneHne K HOpME MaccoBOW KOHUeHTpauun 120-
140 r/am® aneKTPONUTMYECKOro eAKOro HaTpa B AYelKax aNeKTponn3epoB NPon3BOaST pery-
NMpPOBaHUEM YPOBHS KaToSMTa C NMOMOLLbIO MEPKONALUNOHHBIX TPYD sveek, a Takke gobaBkom
B A4erikn acbeCcToBOW Nyrbnbl.

B BaHHax Opyrnx KOHCTPYKUMK perynupoBaHuve NUTaHWUs paccoria 3akryaeTcs He B
COXpaHeHUU MOCTOSAHHOIO YPOBHS aHONUTa B BaHHe, a B nojade B KaXxayt BaHHY NOCTOSH-
HOro N paBHOro Konuyectsa paccorna. [lpu Takom pexume nuUTaHuMs B 3aBUCUMOCTU OT CO-
CTOAHNA AnadparM pasHble YPOBHM aHONMUTa B BaHHaX, HO KOHLUEHTpauus ruapokcuaa
HaTpnsa NaOH B 9neKTponmMTMyecKon Lwenoym npubnmsntensHO OAUHAKOBa BO BCEX BaHHAX.
KoHTponb ypoBHSA aHONUTa OCYLLECTBASETCH C MOMOLLbI YPOBHEMEPHbIX CTEKOT.

YpoBeHb aHonuTa B HGake s4erikn C pacTBOPOM HaTpusa xnopuia UMeeT peluarouee
BNUAHME Ha KayeCcTBO paboThl anekTponuaepa. PasHoOCTb Mexay 3Ha4YeHUsIMU YPOBHEN aHO-
nuTa B Bake C pacTBOPOM HaTpus XIopuaa U KaTonuTa B KaTOAHOW KaMepe sBnseTcs OBU-
XyLLEen CUron HenpepbiBHONO npouecca anekTponusa, obecnevnBatoen NOCTOSAHHbIN NPo-
TOK anekTponuta yepe3 gvadparmy. [JaHHbI pa3HOCTHbIM Hanop obecneymBaeT Takke Le-
NOCTHOCTb AnadparmMbl, ONA KOTOPOW ceTyaTas NMOBEPXHOCTb KaToda CIYyXWT Onopou co
CTOPOHbI KaTonuUTa, TOrda Kak Co CTOPOHbl aHONUTa POJSib TaKOW ONOPbl BbIMOMHAET rmapo-
cTaTu4eckoe faBrieHne arekTponuTa.

OnTuManbHbLIN YPOBEHb aHOMUTa B 3MeKTponu3epe onpenenserca B COOTBETCTBUMU
C pesynbTaTtaMyn aHanNMTUYEeCKOro KOHTPONA N UHAMBMAYANEH ANA KaXaoro anekrponusepa.
MuyHMManbHbIM YPOBEHL aHONUTa onpegenseTca B TOM YUChie U KOHCTPYKUMOHHBIMU OCO-
BEHHOCTAMM KPbILLKN KOHKPETHOM Moaenu anektponusepa. MakcMmansHO JONyCTUMbIA YpO-
BEeHb aHonuTa B Gake C pacTBOPOM HaTpusA xnopuga ormkeH obecneymBaTb HOpPManbHOE
oTAeneHue ny3bIPbKOB XJlopa U npedoTBpalleHne MOBbILEHHOro yHOCa aHomnuTa ¢ Xropra-
30M.

YpoBeHb aHonNuTa B Gake s4eriku C pacTBOPOM HATpus XJfiopuaa umeeT onpepeneH-
HOe BNUSIHWE M Ha nogaep)xaHne MacCoBOW KOHLEHTpauumn eakoro Hatpa B a4yerke B npege-
nax Hopmbl. Kaxabln anekTponm3ep CHabXeH CUrHanms3aTopoM YPOBHSI aHONUTa, KOTOpPbI
nogaeT 3BYKOBOW M CBETOBOW CUrHarbl Npy JOCTUXEHUW 3a4aHHOro YPOBHS aHonuTa B 6akax
A4eek anekTponuaepa. [na HopmanbHoM paboTbl anNeKkTponusepa BaxHoe 3HayeHne umeet
nogaepxaHue nOCTOAHHOW TOKOBOW Harpysku, NOCTOSIHCTBO TEXHOMOMMYECKUX MOTOKOB U UX
napameTpoB. KonebaHusa cunbl Toka NpMBOAAT K HEPaBHOMEPHOCTM B paboTe anadparmbl u
HeobpaTUMbIM HapyLLIEHMAM B €€ CTPYKTYpe U, COOTBETCTBEHHO, CHUXKEHUIO BbIXOA4a MO TOKY
OCHOBHOIO NpoAyKTa 3rekTponunaa.
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CHmxeHMe MacCoBOW KOHUEHTpaumn xropuaa HaTpus B 3NEKTPONuTe Bbi3biBaeT pas-
BUTME NOBOYHBIX peakuuin, Tak Kak 4ONs MOHOB MMAPOKCUa B TOKONEPeHoce BO3pacTaeT 3a
CYET CHWXEHUS KONmMyecTBa MOHOB Xropa, YTO MPUBOAUT K PE3KOMY CHWKEHUIO BbiXxoda Mo
TOKY OCHOBHbIX MPOAYKTOB. HepaBHOMepHas ra3oHanofHEHHOCTb ANEKTPONMTa CnocobCTBy-
eT HepaBHOMEPHOMY pacrnpenenieHnio NNOTHOCTU TOoKa W OTKIMNOHEHUSAM TEXHOIOrm4yecKoro
pexumMma oT HOPMbI.

lMnTaHne 3anNeKkTpoNu3epoB MOCTOSHHLIM TOKOM OCYLLEeCTBNAeTcs OT npeobpasosa-
TenbHoM nogctaHuuun. Cepusi aNeKkTponmn3epoB NUTaAeTCa NOCTOSAHHBLIM ANEKTPUYECKMM TOKOM
OT OBYX WNU TpexX napannesibHO YCTaHOBMEHHbIX Ha npeobpasoBaTenbHOM NOLCTaAHLUUK
KPEMHMEBLIX BbINPAMUTESNbHbLIX arperatoB, KpOMe 3TOro, MMeeTcsa ewe OAUH Pe3epPBHbLIN
BbINPAMUTENBHBIN arperaT. OneKkTponn3epbl B CEPUN MO MUTAHUIO NMOCTOSHHLIM TOKOM CO-
eanHeHbl nocnegoBaTeribHO, NO NUTaHUIO PAcTBOPOM HaTpUs xropuaa — napanmnernbHo.

B npouecce anektponusa obpasyeTcs ra3oobpasHbiii XNop, ANEeKTPOLLENnoka N anek-
TponmMTudeckun sogopon. BnaxHbeln xnopras n3 syeek anekTponn3epoB NocTynaeTt B Konnek-
TOPp W OTBOAUTCHA B MEPBUYHBLIA XONOLUMbHUK BII@XXHOrO Xrfiopa Ha CcTaguio OXnaxgeHus,
CyWwku xrnoprasa. Bakyym B obLiem KonnekTope xnoprasa nogaepXuBaeTcad aBTOMaTUYECKU
B npegenax muHyc 250-100 NMa perynatopom gaBreHus, KranaH KOTOporo yCTaHOBMEH Ha
NMHUM Bbixoda xnoprasa u3 unbTpa.

Ha obLiem xnopHOM KonnekTope yCTaHOBMEHbI ABa rmapo3aTBopa: Ha AaBneHne n Ha
BakyyMm. ['mgposaTtBop cpabaTbiBaeT nNpu OOCTMXKEHMM LaBEHUSI B XJSIOPHOM KOSNEeKTope
0,50 klMa, npn aTom xnopras no TpybonpoBoay OTBOAUTCHA B KOFIOHHY Ha CTaauto HeWTpanu-
3auum xnopa. lNpu atom nocTosiHHbIN BakyyMm MuHyc 1,05-0,90 klNa nogaoepxunBaeTca pery-
NATOPOM BaKyyma, KnanaH KOTOpOro YCTaHOBMEH Ha NuHUKM cBpoca xroprasa B KOMOHHY
HenTpanusauuun. 'maposaTBop cpabaTbiBaeT Npu AOCTMXKEHUN BaKyyma B XJSIOPHOM KOJIfEK-
Tope muHyc 0,50 kla, npyn 3aTOM BO34yX 3acacbiBaeTcsa 4yepes wryuep rugposatsopa. [pu
HOpManbHOM Be[eHUM TEXHOSIOMMYECKOro rnpouecca B XMOpPHbIE MMAp03aTBOpPbl U BOAOPOA-
Hble r’MapPO3aTBOPbI NPeYCMOTPEHA MOCTOsIHHAA nofdada BoAbl 060pPOTHOM (CTauMoHapHas
nnHng). ns aBapunHOro 3anofHeHus rMapo3aTBOPOB BOL4OW NpeayCMOTPEHO ANCTaHLUMOH-
HOe yrnpaBneHue nepekniovaTenieM B NoOMeLLeHNN LeHTPanbHOro wuTta ynpasneHus. Xnop-
Hasa Bo4a OT rMAapo3aTBOPOB OTBOAUTCS B 6ak cbopa XnopHOM BoAbI.

Bopgopoa 13 anekTponiMs3epos MocTynaeT B KOSINEKTOP U OTBOAUTCA Ha CTaauio oxna-
XOEHWS 1 Nepekaykn Bogopoaa B KOMOHHY. [laBneHne Bogopoaa B obLuem Konnektope noa-
AepxuBaeTtca aBTomaTudeckn B npegenax (MuHyc 200-0 IMa). Mpun goctmxkeHun gaBneHus
0,45 klMa Ha anekTponu3epax BOAOPOA OT KaAoro anekTponusepa cbpacbiBaeTcs B aTMO-
cepy BHE NMOMELLEHNS Yepes rMapo3aTBopbl U orHenperpagntTenu. Ha obwem BogopogHoOM
KONNeKTope yCTaHOBMEH rmapo3aTBop, cpabaTbiBalowmi Npy JOCTUXKEHUN OaBreHUs B BO-
aopoaHom konnektope 0,50 kla, n orHenperpagutens. [Ana npeaoTepalleHns BO3MOXHOCTU
o6pa3oBaHMs B3PbIBOOMACHbLIX BO34YLUHO-BOAOPOAHBLIX CMECEN NMpu MycKe 3NeKTpOonmn3epoB
npegycMoTpeHa npoayBka BOOOPOOHbLIX KOJSINEKTOPOB, OrHenperpagutenen asotom. [lpu
cbpoce BoOopoAda Ha MHAMBMAYaNbHYH CBEYy B OrHenperpaguTenu OOfKeH HenpepbiBHO
nogayesatbCcsa nap unm asot. KoHgeHcaT OT orHenperpagnTenen, ruapo3aTBopoB, KOMSEKTOo-
poB cbpacbiBaeTcsi Yepes rmapo3aTBopbl B MPUEMHUK SNEKTPOLLLESTOKOB.

OnekTpoLlenoka M3 aNeKkTponm3epoB Yepes CNnBHbIE TPYObl NOCTYNAT B NPUEMHbIE
kKopoba, 13 KOTOpbIX MO KOMMEeKTopam MOCTYNakT B MPUEMHUKA SMEKTPOLLESIOKOB, OTKyAa
Hacocamu NoaarTCA:

- B OTAENEHNE BbiNapnBaHus;
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- B OTAENEeHe OYUCTKM pacTBoOpa HaATpUs Xnopuaa;

- Ha CTaauMIo OXNaXAEeHUS, CYLLKM Xroprasa;

- B OTAereHne HacacblBaHUs guadparmbi.

B npuemMHMKM 3NeKTpOLLENOKOB NpeaycMOoTpeHa nogada caMoTekoM ruapocynbduaa
HaTpWUs UK TMocynbdarta HaTpus 13 npueMHoro 6aka Ans paspyLleHms XSTOPHOBATOKMUCIIONO
HaTpusi (aKTMBHOMO XIopa) B 3MEKTPOLLENoKkax kak Mepa Ans 3awutbl Tpy6onpoBOAOB U eM-
KOCTHOro 0bopyaoBaHWs Ha CTaauu BbiNapyBaHUS 3MeKTPOLLEenokoB. [py 3ToM npoTekaeT
COTBETCTBYHOLLAA XUMUYECKAA peakums:

3NaClO + NaHS — NaHSOsz + 3NaCl unm
2NaOH + 4NaOCI + Na25203 + 5H20 — 2Na2S04 + 4NaCl + 6H20.

OxnaxpaeHue U cyllKa xnoprasa

BnaxHbin xnopras ¢ temnepartypoun 80 °C — 94 °C n3 anekTponnsepos nocTtynaeT no
TpybonpoBoay B nocreaoBaTenbHO YCTAHOBMIEHHbIE MEPBUYHBLIN XONOAUNBHUK U TENNoo6-
MEHHUK AN oxnaxaeHud. MNepBruYHbIN XONOAUSbHUK 1 TENSTIO0OOMEHHVK NpeacTaBnsaT Co-
bon KoxyxoTpybyaTble, BepTMKanbHO YCTaHOBMEHHble annapatbl. B nepBMYHOM Xornoawnb-
HUKe xnopras oxnaxpgaetca obopotHom Bogon o 30 °C — 45 °C, a B TennooOMeEHHNKe —
xonogom (7 °C — 11 °C) (3axonoxeHHon Bogon) oo temnepatypbl 12 °C — 17 °C.

XnopHasi Boaa, KOHAEHCUPYIOLWAACS Npu oxnaxgeHun xnopa, caMmoTekom cobupaetcs
B COOPHUK, N3 KOTOPOrO OTKAYMBAETCH B AEXN0OpATOp U Aanee Ha HeNTpanusaumio.

HenTpanusaumnsa ocTatoyHOro xnopa rnpovcxXoamT No crnefyowen peakumm:

NaHS + 3Cl2 + 7NaOH — 6NaCl + Na2S0s3 + 4H20 nnm
Na2S203 + 4CI2 + 10NaOH — 8NaCl + 2Na2S04 + 5H20.

OxnaxgeHHbIn xnopras nocTyrnaeT Ha OYUCTKY OT YHOCUMbIX W3 3NeKTpOonu3epos
MenbYanLnX Kanenb pacTBopa Xxrnopuaa HaTpus B (UnbTp BrAXHOro Xriopa Co CTeKNoBO-
nokHoM. Nocne cunbTpa xnopras n3 gunbTpa NOCTynaeT Ha CyLLKY B Tpy nocnegoBaTenibHO
YyCTaHOBMEHHblE HacagouYHble KOMOHHbI CYLLKWU Xroprasa, opollaeMble CEPHON KUCNOTOW, No-
AaBaeMon NPOTUBOTOKOM Xrlopraay.

B nepBon no xogy xrnopa KOSIOHHE KOHLEHTpauus CEPHOW KUCMNOTbI NogaepKuBaeTca
B npegenax 78 % — 80 %, B TpeTblo, NOCIEAHI0 NO X04Yy XJfiopa KOMNMOHHY nodaeTcHd cepHas
KMCIOoTa C MacCOBOW KOHLUEHTpaumen He meHee 96 %. Kaxpas cywmnbHasi KOfoHHa cHab-
XeHa UMpPKyNsauMOHHbIM HacocoM. KyboBasi 4acTb KOMOHHbI CAYXXUT MPOMEXYTOYHOW eMKO-
CTbIO ANA HacocoB. LIMpKynauma cepHOn KUCMNOTbl Yepe3 KOMOHHbI OCYLLeCTBIseTcs vyepes
KOXyXxoTpybyaTble TennoobMeHHMKN, B KOTOPbIX CHMMAaeTcs Tenno, BblAenstolieecs npu
pa3baBneHnn cepHon KMCNOoTbl B NPOLECCe CYLLKM Xnopa. N30bITOK CepHOn KMCNOoTbI nocre-
AoBaTesibHO nepenuBaeTcs U3 TpeTbern No Xo4y Xropa CyLUbHOM KOMTOHHbLI BO BTOPYHO, Aa-
nee B nepsyto. 13 ky6oBOM YacTu NepBON KOMOHHbI M36bITOK 78%-HON KUCMNOTbI OTBOAMTCS
B OTMApPHY KOMOHHY, KyAa NpOTUBOTOKOM nogaetcs Bo3gyx. M3 kucnoTel ygansetcs 6onb-
Laga YaCTb pacTBOPEHHOIO Xfopa.

OcyLleHHbIN B KOMOHHAXx Xropras npoxoauT Yyepes unbTp Cyxoro xroprasa ang yaa-
neHus kanernb (TymMaHa) CepHOM KMCIOTbI U 3aTeM NMOCTynaeT Ha Bcac KoMnpeccopa oTaene-
HWA NepekaYvkn xrnoprasa.

KoHueHTpupoBaHne oTpaboTaHHON CEPHOWN KUCNOTbI

[Mpouecc KOHUEHTPMPOBaHUS CEPHOW KUCMOTbI OCYLLECTBIISETCH BblNapMBaHMeEM Bna-
r nog BakyymoM npw nosbileHHOW TemnepaTtype. OTpaboTaHHasa cepHas Kucnota u3 eMko-
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CTW HacoCOM MoAdaeTcs Ha y4acToK MPOU3BOACTBA XWAKOro Xropa AfNa ocaxAeHua ocajka
MexaHW4ecKkux npumecen B cepHoun kucrnote. OTCTOeHHas cepHas KMcrnoTa OT yyacTka npo-
N3BOACTBA XUAKOro Xsiopa noctynaeT B eMKOCTb, OTKy[a NoJaeTcs Ha YCTaHOBKY NOMyYeHus
pereHepvpoBaHHOMN CEPHOW KUCMOTbI U Janee Ha CTaauio CYLLKM Xroprasa unm Ucnosb3yeT-
CSl B KayeCTBe TOBAHOro NpoaykTa.

Opyrmm cnocobom KOHLEHTPUpoBaHNA OTpaboTaHHOW CEPHOM KUCMOTbI SIBMSIETCA ee
cmeweHune ¢ oneymom. OTpaboTaHHasa cepHas KucnoTa nocre GalleH oCyLKM xnopa nocTy-
naeT B €MKOCTb-COOPHMK, OTKyAa OTKauMmBaeTCs Ha cknag cepHon kucnotbl. OTpaboTaHHas
Kncnota ¢ KoHueHTpauuen 78 % — 80 % mac. cmelmnBaeTcss B HEOOXOANMbIX NPONOpLnNAX
C ONNeyMOM C NorlydeHneM CepHOM KUCNOTbI KOHUEeHTpaunen He meHee 96 %.

MNMepekayka xnoprasa

OcyweHHbIn xropra3 ¢ Temnepatypon 12 °C — 20 °C nocTtynaeT Ha Bcac LEHTpO-
BGexXHOro 4eTblpexctyneHyaToro Typbokomnpeccopa, rge KoMnpumumpyetTca A0 AaBreHus
0,3-0,650 MTlla. KomnpumupoBaHHbIn xmnopras ¢ temnepartypoun 20 °C — 40 °C TpaHcnopTu-
pyeTcs no TpybonpoBOAYy Ha CXKWMXKEHWE, Ha CUHTE3 XNOPUCTOro Bogopoda wunum notpebute-
nam.

Hentpanusaumsa xnopa

[Mpn HOpmManbHOM BedEeHUU TEXHOMOMMYEeCKOro rnpouecca B KOSIOHHY HeuTpanusaumm
Xrnopa nocTynaroT xrnopcogepxawmne abrasbl OT KONOHHbI OTAYBKWU Xnopa v abrasbl U3 eMKo-
CTN pereHepupoBaHHOM (YKpensieHHOM) CepHOM KUCNOThbl NpW NPOAyBKe JIMHUN CEPHOWN KUC-
notbl. [Mpn pemoHTe TypGoKOMNPeccopoB, PMbTPOB CyXOro xsfiopra3a B KOFIOHHY HEUTpanu-
3aumm xnopa cbpacbiBatoTcs xrnopcogepxawime abrasbl 0T Ux Nnpogysok. Kpome Toro, B Ko-
NOHHY HenTpanusauum Xropa nocTynarT aBapuiHblie BbIOPOCHl Xfiopa vyepes rmapos3aTtsop
npy NOBbILLEHNN OABNEHUA B XJITOPHbIX KOMMeKTopax, copockl OT NpefoXpaHUTenbHbIX Kra-
NMaHOB XIOPHbIX KOMMPECCOPOB U pPa3pbiBHbIX MeMOpaH KOMOHH CYLIKM Xfoprasa, a Takke
abrasbl xJyilopa OT yyacTka NpoM3BOACTBA XMAKOro Xrnopa.

Abrasbl NOCTyNaKT B KOSIOHHY HEWTpanuM3aumm xnopa nog 4eWCTBMEM BaKyyMa MUHYC
1,05-0 klMa, cosgaBaemoro BeHTUNATOpOM. Bakyym nogaepxuBaeTcss aBToOMaTUYeCKU pery-
NATOPOM BaKyyma, KnamaH KOTOpPOro yCTaHOBIIEH Ha NUHUKM cbpoca abra3oB Ha KOSOHHY
HenTpanusauuu xnopa.

KonoHHa HenTpanusaummn xnopa npeacraBnset cobon TUTaHOBbLIN BEPTUKANbHbBIN Ln-
NUHAPUYECKNI annapaTt gnamMeTpom nopsagka 2—3 M 1 BblcoTom okono 10 M co cchepuryeckun-
MW KPbILLKOW N aHUWEM. B BEpPXHIOW ee YyacTb BMOHTUPOBAH pacnpeaenutens. KonoHHa 3a-
nonHeHa drtoponnacrtoBbiMn Konbuamu Pawwura 50 x 50 MM, BbiCOTa Hacagku OKOJI0O 3 M
(Hanpumep, 3000 Mm).

Abrasbl NOCTyNatT B KOSIOHHY CHWU3Y, a NPOTUBOTOKOM Yepe3 pacnpeaenutenb nocTy-
naeTt pacTBOp €4KOro HaTpa M3 eMKOCTU, NpeacTaBnsatoLwen cobon ropnusoHTanbHy LUnH-
APUYECKYI0 EMKOCTb, BbINOSTHEHHYIO U3 TUTaHa.

B pesynbTaTte nornoweHna xnopa eakMuMm HaTpom obpasyeTcs runoxmnoput u xropart
HaTpUA NO peakuumu:

2NaOH + Cl2 — NaOCI + NaCl + H20
NaOH + Cl2 — NaCl + HOCI 2HOCI + NaOCl — NaClOs + 2HCI
NaOCI + HCI — NaCl + HOCI

B npouecce paboTbl 0gHa M3 eMKOCTEN HAaXOAUTCS B pe3epBe U 3anofiIHEHA CBEXUM
pacTBOpOM efkoro Hatpa ¢ maccoson posien 10 % — 20 %. He BcTynuBline B peakuuto
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abrasbl, BbIXO4sLLME U3 KONOHHbI, NOAAKTCSA C MOMOLLLIO BEHTUASATOPA B KOSIOHHY HENTpanu-
3aumm xrnopa. KonoHHa HenTpanusaumm xrnopa n3rotoBneHa U3 TutaHa v npeacTtaBriseT co-
Gon BepTUKanbHbIN LUMIMHOPUYECKUA annapaT cO CepUyYECKMMU KpbIKamMnU U OHULLEM.
B BepxHen ee 4acTu BMOHTUPOBAH pacrnpeenuTens Ans pactBopa e4Koro HaTpa.

KonoHHa 3anonHeHa dToponnactoBbiMM Korbuamu Pawwura 50 x 50 MM, BbicOTa
Hacagkm 2300 mm. Abrasbl MOCTYNalT B KOMIOHHY CHU3Y, a NPOTUBOTOKOM Yepe3 pacnpene-
nnTenb NOCTynaeT pacTBOP €4KOro HaTpa OT Hacoca M3 eMKOCTM pacTBoOpa e4Koro HaTtpa u
rmnoxnoputa Hatpus. [pu JOCTMXKEHUM MaAcCoBOW A0NM efkoro HaTtpa 3 % B nornowatowem
PeLMpKyNALMOHHOM pacTBOpe B KOSIOHHE OH 3aMEHSIETCS BHOBb MPUrOTOBMIEHHbLIM PacTBO-
pOM eaKoro Hatpa ¢ maccoson gonen 10 % — 20 %.

M3 emMKOCTU rMNoXnopuT HaTpus OTKauMBaeTCcsa ANS BHYTPM3aBOLACKOro notpebneHus
UNN B >XeNe3HOAOPOXHbIE UM aBTOMOOUIbHbIE LIMCTEPHBI ANA UCNOMb30BaHUSA B KayecTBe
ToBapHoro npoaykta. OTpaboTaHHbIN pacTBOP U3 UCXOAHOM €MKOCTM NepekaynBaeTCcsi Haco-
COM B €MKOCTb AN pacTBOpa €4KOro HaTpa U rmnoxmnoputa HaTpus. [pu SOCTUXEHUN Mac-
COBOW fonu egkoro Hatpa 3 % B nornowarwemMm peumpkynaumoHHOM pacTBOpPE B KOSTOHHE,
OH 3aMeHsIeTCs BHOBb MNPUrOTOBIIEHHbIM PAacTBOPOM €4KOro HaTtpa C MaccoBOW AoNen
10 % — 20 %. Paboumn o6bem NOrnoTUTENbHOrO pacTBopa pPe3epBHOM EMKOCTU pacCcymnTaH
Ha MonHoe MorroLeHne 3NeKTPONNTUYECKOro xrnopa B TedeHne 10-15 muH.

Mo ncreveHmm paboTbl CTagmm HeWTpanmsaumMm xmopa B aBapUiHbIX YCIOBUSX B eM-
KOCTb C OTpaboTaHHbIM pacTBOpoM AobaBnseTcss pacyeTHbI 06bem 060POTHOM BOAbI AN
OXNaXAeHNsa pacTBoOpa C LeNbio NpeaynpexaeHns pasrnoXeHus runoxnopura Hatpus. 3atem
oTpaboTaHHbIN PacTBOpP HEWTPAnNu3ylT pPacTBOPOM rMAapocynbguaa wnn Tuocynbdata
HaTpus. NepemewmBaHne oTpaboTaHHOroO pacTeBopa ¢ rmapocynbMuUaoM Unn TMocynbdaTtom
HaTpUSA NPOMUCXOANT 3a CYHET LMPKYNsALMM HacocoM. locne nonHOM HenTpanusauum rmnoxsio-
puta HaTtpus (I'T1X) HenTpann3oBaHHbIM PacTBOP NOL4AETCSA B APYron Kopnyc.

OxnaxaeHne U KOMNpUMMpPOBaHMe BoaopoAaa

BrnaxHbin BOOOPOA, U3 9MNEKTPONM3epoB NocTynaeT no TpybonpoBoay B HUXKHIOW YacTb
HacafoO4YHOWM KOMOHHbI OxnaxaeHus Bogopoda. Oxnaxgawwmn areHT — obopoTHasa Boaa.
Mpongsa KONOHHY CHU3Y BBEPX, Bogopoa ¢ Temnepatypon 25 °C — 45 °C noctynaeT Ha KOM-
npuMUpoBaHMe B KOMNPECCOpP 1 Aanee notpedutento.

HacacbiBaHue acbectoBoun anacdparmbl

OcywecTBnaeTcss AeMOHTaX O0OBA3KM anekTponusepa, ero pasdopka M npombiBKa.
OneMeHT anekTponuisepa C KatogoM, OTMbITbIN OT cTapon Auadparmbl, NPOTPaABEHHbIN,
BTOPMYHO MPOMbITbIA U HEUTPANM30BaHHbIM PACTBOPOM MHIIMOMPOBAHHOW CONSAAHON KNCMOTOMN
OTNpPaBrsieTCA B PEMOHTHbIN LieX ANA NPOBEeAEeHUS PEMOHTA.

BbinapuBaHue 3aneKTpoLLesioKoB

KonnyecTBO BbIMNapHbIX annapaTtos, NapameTpbl nogayv napa, perynmpoBaHUs KOH-
ueHTpaumm no ctagusMm BbiNapuBaHWUA, BbIBOA4 CpedHen U cynbgaTHOW cOonu, napameTpsbl
OXNaXXAEHNSA KayCTMKa ONpeaenstoTca Ans Kaxaoro NnponssoacTtea paspaboTynkom npouec-
ca. Hmwke npuBegeH TMNNYHBLIA NPUMEP TEXHOMOMMYECKOro npoLecca ctaguun BbiNapyMBaHus
3MEKTPOLLENIOKOB, peannu3oBaHHOro Ha npeanpuaTnax Po.

BbinapuBaHue 3nekTpoLeniokoB MpOM3BOAUTCHA C UCMOSNb30BAHMEM TPEXKOPMYCHOM
NPOTUBOTOYHOW BbINApPHOM CUCTEMbI NO MeToay «TpUMMeKkc» C 3KcnaH3epom — Geckamep-
HbIM BbliNapHbIM annapaTtoM. [logaya rpetowero napa B CUCTEMY OCYLLECTBIISIETCA NPOTUBO-
TOKOM BbiNapMBaeMoMy pacTtBopy. AnnapaTtbl BTOPOro u TpeTbero kopnycos paboTtatoT noa
BaKyyMOM, NepBoro — nofj AasneHveM. BoeiBog pacTBopa HaTpa e4Kkoro B 3KCrnaH3ep npous-
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BOAUTCA M3 nepBoro kopnyca. [logaya rpetowero napa npovMsBoOUTCA B rPEOLLYI0 KaMepy
nepBoro Kopnyca.

OnekTpoLLenoka n3 oTaAeneHns anekTponn3a HenpepbiBHO NOSAKTCA B NpUeMHble 6a-
Ku BMecTumocTbio 2000 m3. 3 6akoB aneKTpoLLenoka HeNpepbIBHO NOAAOTCA Ha YCTaHOBKY
BbiMapmnBaHnAa B cenapaTop. BeinapHom annapaTt COCTOUT U3 cenapaTtopa U LUMPKYISLMOHHON
Tpybbl C BMOHTUMPOBAHHOW B HEe BbLIHOCHOW rpetlowen kamepoun. [petowas kamepa npea-
ctaBndeT cobon BepTUKanbHbBIA KOXYXOTpybyaTbid TennoobMeHHUK, Yyepe3 TpybHoe npo-
CTPaHCTBO KOTOPOro LMPKynuMpyeT ynapvBaeMbli pacTBop. B HWXHen yactv UMpKynsiuMOH-
HOW TPyBbl CMOHTUPOBAH LIMPKYNSAUMOHHBLIN HAcOC ANS CO34aHuUs LMPKYnsauMmM pacteopa Ye-
pes rperoLLyto Kamepy U LMPKYNALUOHHBLIA KOHTYP.

B BepxHen yactn annapata — cenapatope 3a CHET CHWXKEHUS JaBrieHUss NPoUCXoanT
KMneHve ynapvBaeMoro pactBopa. [leperpeB 3TOro pactBopa MNpou3BOAMTCA B TpyOHOM
NPOCTPaHCTBE rpetoLlen Kamepbl 3a CYET TennoTbl KOHAEHCaunn COKOBOro rnapa npeablay-
Lero BbinapHoro annapaTta. B npouecce ynapvBaHusa 3NeKTPOLLENOKOB B BbiMapHbIX anna-
paTtax BCneacteue yganeHus BoAbl NPOUCXOANT YBENUYEHUE KOHLEHTpaLmMmM Wenoyn n xro-
puUCTOro Hatpus B pacTtBope. B cenapatope npoucxoguT ocaxaeHue KpucTansioB COnu
B KnaccudpukaTop. Knaccudukatop npeacrtaBngetr COOON HWMXKHIOW, HaUMEHbLUYH LINIUH-
ApUYeCKyto YacTb cenapaTopa.

BBopg umpkynupyoLero pactesopa B cenapatop nponsBoguTCA no KacaTtenbHOW NMHUN
(TaHreHuuwanbHo). B pesynbTate 3TOro XuMAKOCTb B cenapaTtope npuobpeTtaeT Bpalwiatenb-
HOe OBWXEHWe, YTO CMocoBCTBYET YaCTUYHOM Knaccudukaumm KpucTansoB conv B cenapa-
Tope. bonee ykpynHeHHbIe KpyUCTanmbl COMW, OKa3biBalLLMeCs Ha nepudepun cenaparopa,
ocaxgatTcsa B knaccudukaTop, a bonee Menkue Kpuctansbl OCTalTCA B LIMPKYNALNOHHOM
KOHTYype. B knaccudukatope 3a cyet nogadv onpegeneHHoro obbema HacbILLEeHHOro ynapu-
BaeMoro pacteopa M3 npefplayLiero Koprnyca B HWXKHIOK €ro 4acTb NoOAEepXMBaETCH «KU-
NALWMM Cron», B pe3yrnbTaTe Yero co3faloTcs YyCrnoBusa Ana pocta KpUcTannos U yHoca Mern-
KMX Kpuctannos B cenapartop. [lony4yeHne KpynHbIX KPUCTamMoB CONU B KraccudukaTopax
ABMSETCA OQHUM U3 YCNOBUN 3PPEKTUBHOIO pasgeneHnsa CycneH3nm Ha LeHTpudyrax.

BbiBOg coneBon cycrneH3nn 13 kraccudukatopa cenapartopa npovsBoauTcs no Tpy-
6onpoBoay B cOOpHMK, 3aTeM Ha NUTaHUE LeHTpudyr. MaTouHbIn pacTBop nocne LeHTpugy-
rMpoBaHMsa BO3BpaLLaeTCcsa Ha ynapueaHue B TPETUIM KOPMyC BbiNapmBaHus, a CoNnb noctyna-
eT no xenoby B conepacTBopuTenb W danee B BUAE COMEBOW Nyrbhbl HA NPUrOTOBIIEHUE
paccona. lNNoTHOCTb CycneH3uuM conu B KraccudukaTope cenapatopa nogaepxuBaeTrcs
B npeaenax (1,42 +0,05) T/m3.

OrneKkTpoLLenoka B BbiMapHOM annapaTe TpeTbero Kopryca ynapvBarTCcs OO Macco-
BOW Jonu eagkoro Hatpa (15 £ 2) %. YnapeHHbI pacTBOP OCBETNSAETCHA B MMAPOLMKIIOHE, KpU-
cTansbl CONMM BO3BPALLAKTCA B LMPKYISALUMOHHBIA KOHTYP, @ OCBETMIEHHAsa 4YacTb Nnoctynaer
BO BTOPOM KOpMycC BbinapueBaHus. BbiBog coneBoun cycneHsuu n3 knaccudgukaTtopa cenapa-
TOpa NpounsBoanTCA no Tpybonposoady B cObopHuk. CycrneH3nsa conu, BbIBOAMMANA U3 Knaccu-
dukaTopa cenapaTtopa, CoaepXuT Hambonbluee KONMYecTBo cynbdaTtoB. Kpuctannumyeckas
Corb nocrie u3BnevyeHns n3 Hee cynbgaToB MNOCTyNaeT Ha AOHAChILWEHNEe OYULLEHHOrO pac-
cona B OTAeNneHne OYUCTKM paccona, a CToYHble BOAbl (MaTOYHUK) C NPUMEChIo cynbdaTa
HaTpUS HaNpPaBnAKTCA B MMOPOTEXHUYECKOE COOPYXEeHUe UNn Ha yTunudaumo. [NnoTHoCTb
cycrneHsum conu B KnaccudgukaTtope cenapartopa nogaepxuBaeTcs
(1,46 + 0,05) T/m3. PacTBop LIeNoYM B BbiMApHOM annapate BTOPOro Kopryca ynapvBaeTcs
A0 MaccoBoW Jonu eakoro Hatpa (25 + 2) %. YnapeHHbI pacTBOP OCBETNSETCS B rMApOLMK-
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NOHe, KpucTansbl CONM BO3BPALLATCA B LUMPKYNSAUMOHHBLIN KOHTYP, @ OCBETMEeHHas 4acTb
nocTynaeT B NepBbI KOPMycC.

BcneacTtere BbICOKOW KOHLIEHTPaLMK LWENOYM B NEPBOM KOpnyce BbinapuBaHus obpa-
3yetcsa TpovHasa conb (NaCl, Na2SO4, NaOH), koTopas BblBOOUTCA U3 KnaccudgukaTopa ce-
napaTtopa B LMPKYNAUUOHHbLIA KOHTYpP BTOPOro Kopnyca BbinapusaHus. Bo BTopom kopnyce
BbiMapmMBaHNAa NPOUCXOANT pacTBOpPEHME TPOMHOW conu Bnarogaps 6onee HWM3KOM KOHLEH-
Tpaumm weno4un. MNnoTHOCTbL CyCrneH3nn conu B KnaccudukaTope cenapartopa nogaepxusa-
eTca B npegenax (1,55 + 0,05) 1/m3.

YnapeHHbI 4O MacCcoBOW AONN HaTpa enkoro (45 = 2) % pacTBop LLENOYN U3 NEPBOro
Kopnyca BbliNapnBaHna Yepes rmapoLnKIoH NoAaeTcs Ha cTaamio oxnaxaeHnda. OxnaxaeHue
pacTBOpa HaTpa e[Koro BedeTCHd C Uernbl YMeHbLIeHUS B HEM MacCOBOW A0MM xropuaa
HaTpUS 3a CHET CHUXXEHUS €ro pacTBOPUMOCTU MPU YMEHbLUEHUN TeMnepaTypbl.

Cuctema oxnaxgeHus cCocTouT U3 ceMu nocnenoBaTernibHO KackagoM YCTaHOBIIEHHbIX
eMKOCTEMN, OXIaxdeHne pacTtBopa B KOTOPbIX NMPOU3BOAUTCHA nocrnenoBaTenibHO 060pOTHOM
BOAOW N 3aX0NOXEHHOW BOAOW, NoJaBaeMON B 3MEEBUKU, PaCMnoNOXeHHbIE B 3TUX EMKOCTSX.

PacTtBop HaTpa efkoro nocne oxnaxgeHus NnocTyrnaeT Ha OCBETMEHWE B LUHEKOBbIE
ueHTpudyrn. OCBeTNEHHbIN pacTBOP HATpa e4KOro No4aeTcs Ha XpaHeHue B EMKOCTU Aanee
Ha Hanme. Conib Nocne OCBETNEHUS pacTBopa HaTpa efKoro U3 LeHTpUdyr caMoTeKkoM Mo-
CTynaeT B €MKOCTb, e pacTBOpPSeTCs 3NeKTpoLerniokaMn u nogaeTcd Ha BblinapuBaHue
B TPETUN KOPNYC BblMapBaHus.

OTrpy3ka rotoBoro npoaykra

OcyLecTBnAeTCA HaNUB HaTpa €4AKOro TEXHUYECKOro B XXeNe3HO4OPOXKHbIE LIMCTEPHBI,
TaHK-KOHTENHepPbl U/ KOHTENHEP-LUMCTEPHBI U B aBTOUMUCTEPHY NnoTpebutens.

OnucaHne TeXHONOrMyecKkoro npolecca onpeaensaeTca MHAMBMAYaNbHO ANSA KaXXaoro
KOHKPETHOro NPOU3BOACTBA C YY4ETOM MMeloLeroca obopyaoBaHMs N NPUHATBIX NPOEKTHON
opraHusaumen n pas3paboTynkom npoLecca TEXHUYECKNX PEeLLEHUN.

Hwxe B Tabnuue 9.6 npvBegeHO onucaHMe TUMUYHOINO TEXHOMOrMYeckoro npolecca
Npou3BoACTBa BOAOPOAA, XJflopa U rmgpokcnaa Hatpusa gnadparMeHHbIM MEeTOAOM 3MeKTPOo-
nmMs3a Cc ykasaHvem BUOOB SMUCCUM Ha KaxaoMm 3Tane (noanpouecce) M Kaxaon cragum Tex-
HOJI0rM4YecKkoro npouecca.
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Tabnuuya 9.6 — OnmcaHne TEXHOMNOIMYECKOro npoLecca NpoM3BoACTBa BOAOPOAa, Xopa U rMapokecuaa HaTpus AadparMeHHbIM

MEeTOOM 3NEKTPOIn3a

BxogHoun noTok

OTan npouecca
(noanpouecc)

BbixogHon noTok

OcHoBHOE TexHOMnorm4yeckoe
obopynoBaHue

Amucenn

1. Manut (conb)
2. Bopa
3. QnekTpoaHeprua

Ctagus pactBopeHus
NnoBapPEHHOM CONn U
NPUroTOBIIEHME CbIPOro
paccona

1. Celpon paccon
2. lWnam

1. Bak-pacTtBopuTenb
2. Bak-HakonuTenb

Xnopuva-aHUOoH, Hepac-
TBOPUMbIN OCafoK, TBEP-
Obl 0TX0A Ha OOBbEKT
pa3mMeLleHns

Chblpoli paccon oT pacco-
nonpomebicna

Cragusa npuema n noa-
rOTOBKM CbIPOro pacco-
na

Cblpon paccon (BogHbIN
pacTBOp xnopuaa HaTpus)

bak-HakonuTenb (eMKo-
CTW XpaHeHna paccona)

1. Cblpown paccon

2. ObpaTHbIN paccon
3. NpombiBHbIE BOAbI
LLUSTaMOBOW CYCMeH3nn
4. KanbunHMpoBaHHas
cofa

5. ConsHas kucnoTa
6. M'moponM3oBaHHbLIN
pacTBOp nonuakpuiamu-
aa

7. QNeKkTpo3Heprua

8. MNap

CTtagus o4mcTkm pacco-
na oT npumMmeceun cogo-
BO-KayCTMYECKUM METO-
Aom

1. OunweHHbIn paccon
2. linamoBas cycneHsus
n3 oceeTnuTens

1. OcseTnutenb unu oT-
CTOMHUK [loppa

2. bak ocBeTneHHoro
paccona

3. KapboHnusaTtop

4. Annapart (peakrtop) ans
pacTBOpeHUs coapbl

5. M'mgponusep

5. Cmecutenb-
HeuTpanuMsaTop

6. bak HenTpannsoBaHHO-
ro paccona

7. TennoobMeHHMK KOXY-
XOTPYOHbIN

Xnopwua-aHuoH (xnopua
HaTpus), KapboHaT Karnb-
ums, rmapokeuabl MarHus
N Xernesa B LWamMoBOM
CYCNeH3nn Ha ocBeTne-
Hue (oTCcTamBaHue) u
unbTpaumto

LTOC—VE J1U
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BxogHon noTok

OTan npouecca
(nognpouecc)

BbixogHon noTok

OcHoBHOE TexHOMnorm4eckoe
obopynoBaHue

Amucenn

1. inamoBas cycneHsus
n3 ocBeTnuTens.

2. Bopa (koHaeHcar rpe-
toero napa).

3. OneKkTpoaHeprus

Mpuem n npombiBKa
LLUTaMOBOW CYCMeH3nn

1. WinamoBas cycneHsus.
2. NpombiBHbIE BOALI

MepHuK-peakTop

Xnopwa-aHuoH, kap6o-
HaT Kanbums, rmapokeug,
MarHusi, CycneHauns
(wnam) Ha cTaHuuo
HenTpanuaumm KNCnbIx
CTOYHbIX BOA

1. WnamoBag cycneHsus
N3 ocBeTNUTENs Unn oT-
cTonHuka [Joppa.

2. OneKkTpo3Heprud

Cragus covnbTpayuu
paccona OT LWamMoBoMn
CyCneH3nn cogoBo-
KayCTUYECKOWN OYMCTKU

1. OunweHHbIn paccorn.

2. MHOroyHKLUMOHaNbHbIN
HanonHutens MOH (B oT-
AenbHbIX npoueccax)

dunbTp-npecc,
necyaHbln PUNbTP

Kek punbTpaumm, wnam
OYUCTKM paccona.
Mecok nepnnToBbIN OT-
paboTaHHbIN

1. O6paTHbI paccorn.

2. PacTtBop xnopucrtoro
Kanbuus.

3. PactBop lNAA (drnoky-
ngaHTa)

4, DnekTpoaHeprus

BbiBOA cynbdaTos,
O4YMCTKa paccona ot
cynbdartos

1. O6paTtHbIN paccon.
2. 'vinc

1. Peaktop-cmecuTtens.
2. BapabaHHbIn Bakyym-

dounbTp

Xnopua-aHuoH, cynbdart
Kanbuus.

TBepabin oTxog (r1nc) Ha
00BbEKT pasmeLleHus oT-
X040B

1. OuniieHHbIn paccon.
2. QneKkTpo3Heprua

[nadparmeHHbIN anek-
TPONN3 OYULLLEHHOTO
pacTBopa xfopuaa
HaTpuA

1. OnekTpouienoka.

2. ONeKTPONUTUYECKNI
XI10p BNaXHbIN.

3. SNeKTponUTUYecKnmn Bo-
[0po[, BnaXHbIN

1. HanopHbIn 6ak pacco-
na.
2. OnekTponuaepsbl

1. BnekTpomarHuTHoe
BO34eNCTBUE (3arpsisHe-
Hue).

2. dMuccuma TennoBon
3Heprumn

LTOC—VE J1M
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BxogHon noTok

OTan npouecca
(nognpouecc)

BbixogHon noTok

OcHoBHOE TexHOMnorm4eckoe
obopynoBaHue

Amucenn

1. BnekTponnTuyecknin
XJ10p BNaXHbIW.

2. Oneym 24 % wnu KOH-
LEeHTpMpoOBaHHas cepHas
kncnota (92 % — 98 %).
3. OneKkTpoaHeprus

OxnaxgeHue, ocyLlka u
KOMMPUMUPOBAHUE XIO-

pa

1. BnekTponunTuyeckmmn
XJ10p CyXOW.

2. OtpaboTtaHHasa cepHas
Kucnora.

3. XnopHas Boga

1. Tennoo®MeHHUK K/T.
2. dunbTp BNaXXHOro
xnopa.

3. bawwHu (KONOHHbI)
CYLLKM Xriopa ¢ Hacaakou
n3 koney, Pawwura.

4. BawwHu (KONMOHHbI)
CYLLKWN Xriopa C perynsp-
HOW HacagKow.

5. bawHsa otbonHasga ¢
Hacagkoun u3s konew Pa-
wura.

6. PNbTp Cyxoro xnopa.
7. Peaktop aons ykpenne-
HUSA CEPHOWN KNCHOTHI.

8. Typbokomnpeccop

1. OtpaboTaHHas cepHas
KMcrnoTta Ha npogaxy, unm
Ha pereHepaumto, unm Ha
obe3BpexnBaHue.

2. XnopHas Boga (xnop
pacTBOPEHHbIN) Ha ae-
XnopupoBaHue

1. XnopHasa Boga.
2. CongHag kucnora.
3. Map

[lexnopupoBaHue xnop-

HOW BOAbI

ObecxnopeHHasa Boga

1. dexnopatop | ctyneHn.
2. [lexnopatop

[l cTynenw.

3. Cmecutennb

ObecxnopeHHasa Boga
(xnop pacTBOPEHHLIN,
XNOpUA-aHNOH)

1. ONeKkTponUTUYECKUi
BOZOPOA BNaXXHbIN.
2. OnNeKTpo3Heprus

OxnaxpgeHue, komnpu-
MUpoBaHue Bogopoaa

1. DnNeKkTponUTU4EeCKnin BO-
[0poa CyxoWn.
2. BogHbin koHOeHcaTt

1. Komnpeccop.

2. TennoobMeHHMKMN Ko-
XYXO-TpYyOHble

(F =754 w?;, F = 224 m?;
F =249 »?)

BoaHbin koHOeHcaT B
obLue3aBoACKyt0 cuctemy
0060pOTHOro BOgOCHab-
XeHuns

LTOC—VE J1U
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BxoaHol noTok

OTan npouecca
(noanpouecc)

BbixoaHoM NOTOK

OcHOBHOE TEXHOorn4yeckoe
obopyanoBaHue

Smuceun

1. dnekTpoLyenoka.

2. dyraT cpegHuUx Lweno-
KOB.

3. MNap.

4. DnekTpoaHeprus

BeinapusaHue anek-
TPOLLENOKOB (KOHLEH-
TpupoBaHue pacTeopa
e[Koro HaTtpa)

1. Kayctnyeckas cona
Xungkas.

2. CycneHsna cpeaHunx
LLIESTOKOB.

3. KoHaeHcarT oT rpetowiero
napa.

4. BeinapeHHas Boaa

1. BoinapHble annapartsil |,
[l v [l kopnycoB Ha Tpex
BblNapHbIX CUCTEMAX.

2. TennoobMeHHWKM KIT
ANa nogorpesa LerioKoB.
3. bak-oTCTOMHUK KayCTun-
Ka.

4. TennoobMeHHUK cnn-
parbHbIN.

5. bBapomeTpuyeckum
KOHOeHcaTop

1. Xnopma-aHWoH B corne-
HOM KOHAEeHcaTe.

2. mucecna TennoBon
3Heprnu.

3. Wym

1. CycneHsna cpegHnx
LLIEIOKOB.

2. BoinapeHHas Boaa.
3. AnekTpoaHeprua

MpurotoBneHne obpar-
HOro paccona

1. O6paTtHbIN paccon.
2. dyraT cpegHuX LLENoKoB

1. HanopHbIn 6ak cp. Lwe-
FOKOB.

2. LleHTpudpyra.

3. bak-
cornepacTBopuTErb.

4. bak-0TCTOMHUK pacco-
na

1. Xnopua-aH1oH.
2. Wym.
3. Bubpauus

LTOC—VE J1M
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BxogHon noTok

OTan npouecca
(nognpouecc)

BbixogHon noTok

OcHoBHOE TexHOMnorm4eckoe
obopynoBaHue

Amucenn

1. BnekTponnTuyecknin
Xnop.

2. ONeKTpo3Heprus.

3. Xonop -20 °C

CxmxkeHne xnopa

1. XKngkuum xnop.

2. ABrasbl CXMKEHUA.

3. Abrasbl BakyymmnpoBa-
HUS.

1. PekynepaTop KOXyXxo-
TPYOHbIN.

2. KoHgeHcaTop KoXyXo-
TPYOHbIN.

3. KoHageHcaTop-
ncnapuTensb.

4. XonogunbHas mawum-
Ha.

5. TaHk xnopa

Xnop B abrasax cxmxe-
HUSA N BaKyyMUPOBaHMS
ncnonb3yeTcsi B NPOuns-
BOACTBE rmnoxsiopura
HaTpUsa ONA XIOpHOW
OYUCTKM CTOKOB Npeanpum-
ATUSA.

Xnop B aTmMmocepy — He
6onee MNAOK B Bo3ayxe
paboyen 30HbI

1. ABrasbl CXMKEHUS.

2. Abrasbl BaKkyymmnpoBa-
HUS.

3. Kayctnyeckas coga.
4. Booa

Mony4eHune rmnoxnopu-
Ta HaTpua n3 abrasos
xnopa

1. Mnnoxnoput HaTpus 13
abrasos xnopa

Xrnopartop

Xnop B atMocdepy He
6onee MNAOK B BO3ayxe
paboyeln 30HbI

1. OtpaboTaHHas acbe-
cToBaga anadparma.

2. MNHrmbumposaHHas co-
ngHasa kucnora.

3. Boga.

4. JNeKTpoaHeprus

PeMOHT anekTponuse-
poB (y3en cMbiBa oTpa-
B6oTaHHOM gnadparvbl)

1. OTtpaboTaHHbIN acbecT.
2. dunbTpaT N NPOMbIBHbIE
BOAbI

1. NMopaaoHbl Ans cMmbiBa
anadoparmbl 1 TpaBneHus
KaToOoB.

2. MNaTpoHHbIN PUNbTP.
3. KoHconbHas kpah-
6anka.

4. BakyymHas cuctema

AcbecToBas nbifb (Mbifb
HeopraHuyeckas c co-
AepXaHNeM KpeMHUSA me-
Hee 20 %) Ha 0OBbeKT
pasmeLleHnsa 0TXo40B,
CTOYHble BOAbI (Xnopua-
aHMOH) B KaHanMsaumio

LTOC—VE J1U
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BxogHon noTok

OTan npouecca
(nognpouecc)

BbixogHon noTok

OcHoBHOE TexHOMnorm4eckoe
obopynoBaHue

Amucenn

1. AcBecT Xpu3oTUIOBbLIN.
2. JneKkTpoLLenokKa.

3. Boaa.

4. DnekTpoaHeprus

PeMOHT anekTponuse-
poB (y3en HacacbiBaHus
HOBOW guacdhparmbl)

AcbecTtoBasi anadparma

1. MaccHbIn ponn co
CKMMNOBbLIM NOABLEMHUKOM.
2. MNoppoH n 6ak ansa
HacacblBaHUA anadppar-
Mbl.

3. Cywwmnka gByxkamep-
Has

AcbecToBas nbifb (Mbifb
HeopraHuyeckas c co-
AepXXaHnem KpeMHUsA me-
Hee 20 %) B aTmocdepy

LTOC—VE J1M
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OcHoBHOe TexHonornyeckoe obopyaoBaHve onpeaenseTca HAMBMAYanbHO AN Kax-
A0ro KOHKPETHOro NPon3BoACTBa C y4ETOM €ro MOLUHOCTU U MPUHSATBIX NPOEKTHOW OpraHu3a-
umen n pas3paboTynkom npouecca TEXHUYECKUX peLueHUA. TUNMYHOE OCHOBHOE TEXHOOMN-
yeckoe obopyaoBaHue, MCnonb3yemoe B MPOU3BOACTBE BOAOPOAA, Xfopa WM rmapokcuaa

HaTpusa anadparmMeHHbIM METOAOM 3MNeKTPonn3a, npuseaeHo B Tabnuue 9.7.

Tabnuuya 9.7 — OcHoBHOe TexHoNnornyeckoe obopyaoBaHne Npon3BoaCcTBa BOAOPOAA,
Xnopa v rmgpokcmaa HaTpus amadparmMeHHbIM METOAOM 3MeKTponm3a

LLIerTOKaMm YrneKMCroro
rasa u3 AbIMOBbIX ra30B —
nony4yeHune kapboHata
HaTpus

HanmeHoBaHue
HasHauyeHune obopygoBaHus TexHonornyeckme xapakTepucTukm

obopynoBaHus
Kap6oHunsaTop [MornolieHne anekTpo- BmectumocTb 27 m3; D = 2200 MM;

H = 6550 mM; Hacagka — KonbLua
Pawwura 50 x 50 mMm; BbIcOTa
Hacagkun 4000 mm; paboyas Temne-
patypa 20 °C — 70 °C; cpega —
AbIMOBbIE ra3bl, ANeKTpoLLenoka

PeakTop cmelueHnus

CmelleHne peareHToB
OISl COO0BO-KayCTUYECKOW
OYMCTKM

BmectumocTs 32 m3; D = 3200 mm;
H = 4000 mm; TemnepaTypa

47 °C — 53 °C; paBneHue aTMo-
chepHoe

HaTpus xnopuaa

OTtctonHuk doppa OcaxpaeHune ocagka B BmectumocTb 4000 m3;
pacteope HaTpusa xropu- |D =30 000 mm; H = 5000 mm; Tem-
aa nepatypa 44 °C — 53 °C; gaBne-
HUe aTmocdepHoe
CaTtypaTtop [oHacbllweHne pactBopa |BmecTtumocTb 150 m3; D = 4500 mm;

H = 9700 mm; TemnepaTtypa

64 °C — 68 °C; naBrneHue aTmo-
chepHoe; cpega — pacTBop
HaTpua xnopuaa

dunbTp-npecc memopan-
HbI

dunbTpauusa wnamoBomn
cycneHsmmn CKO

[Mnowanb noBepxXHOCTU hunbTpa-
uum 37,3 M2, BMECTUMOCTb

0,407 m3; cpega — WwnamoBas cyc-
neH3ns
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UTC 34—2017

HanmeHoBaHune
obopynoBaHus

HasHauyeHune obopynosaHus

TexHonornyeckne xapakTepucTukm

BunonapHbin  guadppar-
MEHHbIN 3reKTponmsep
N MOHOMONApPHbIE Ana-
doparMeHHble 3eKTPosSin-
3epbl

OnekTponua pacrteopa
HaTpusa xnopuaa

OnnHa 5635 mMm; WwnpuHa 2178 mm;
H = 3673 MM; HOMWHanNbHasa TOKO-
Bas Harpyska 72 KA, BbIxog Mo TOKY
96,5 %; aHogHaga NNOTHOCTb TOKa
2045 A/m?; cpegHee HanpshkeHue
a4yenku (npu nycke) 3,2-3,5 B;
pacxon aneKkTpo3Heprum Ha 1 TOHHY
100%-Horo egKkoro HaTpa B aJiek-
Tpowenokax 2450 kBT-4; maccoBasd
npoussoauTensHocTL Mo 100 %
xnopy 1012 kr/4; maccoBasi npouns-
BoanTEenNnbHOCTb Mo 100%-Hou anekK-
TponuTtuyeckon wenoum 1140 kr/y;
Macca bunonapHoro anemMeHTa
2333 Kr.

B aHogHOM npocTpaHcTBe: Bakyym
muHyc (0,10-0,14) kla; Temnepa-
Typa 90 °C — 98 °C; macca aHoza-
HOro KoHe4Horo anemeHta 2910 Kr.
B kaTogHOM npocTpaHcTBe: aaBrne-
Hue 0,06-0,12 kla; Temnepartypa
90 °C — 98 °C; macca kaTtogHoro
KOHEYHOro anemeHta 3244 kr

XonoauneHWK BepTUKarb-
HbIN KOXYXOTpyb4aTbin

OxnaxpgeHue xnoprasa

Mnowaab NOBEPXHOCTU TENNO06-
MeHa 272,6 M2, B MexTpyoHOM
NpOCTpaHCTBE: Temneparypa

28 °C — 45 °C; pasneHue 0,4 Mla;
cpena — Boja.

B TpybHOM npocTpaHcTBe: TEMMe-
paTypa 30 °C — 94 °C; Bakyym Mu-
Hyc (0,15-0,25) kla, cpena —
xnopras

TennoobMeHHMK KOXyXO-
Tpyb4aTbIi BEpTUKANbHbIV

OxnaxageHue xnoprasa

Mnowaab NoBEpXHOCTU TEeNNoob-
meHa 104,5 m2. B MexTpyoHOM
npocTpaHCcTBe: TemnepaTtypa

7 °C — 13 °C; paBneHue 0,4 Mla,
cpepa — Boga. B Tpy6Hom npo-
cTpaHcTBe: Temneparypa 12 °C —
45 °C, BakyyM MuHyc (3,25—

3,35) kla; cpega — xnopras

121




UTC 34—2017

lMpodomkeHue mabnuubi 9.7

HanmeHoBaHune
obopynoBaHus

HasHauyeHune obopynosaHus

TexHonornyeckne xapakTepucTukm

KOnOHHbI CcyLlKM xroprasa

Cywka xnoprasa

D = 2600 mm; H = 14775 mm;
BakyyM (8,65-12,65) klla; Temne-
patypa 12 °C — 32 °C. Hacagka —
Kepamuyeckme konbua Pawwura

50 x 50 mMm; BblCcOTa Hacagkum

3000 MM; KONUYECTBO CMNoeB
Hacagku — 2; cpefa — cepHas
KUCIoTa, BNaXKHbIN N CyXOW XI10p

Typ6okomnpeccop

MNepekayka xnoprasa

Ob6bemHas Nnpon3BoANTENBHOCTb
6493,0 m3/y; pasneHne 0,7 MMNa;
anekTpoaBuraTenb: 3aKpbITbin, 06-
AyBaeMoro UCMOfIHEHUS; MOLLHOCTb
630 kBT; yacTtoTa BpalLeHus

1488 muH™1; Temnepatypa Bcaca
12 °C — 20 °C; Temnepartypa
HarHeTaHus 20 °C — 40 °C;

cpefa — XNop OCYLUEHHbIN

KornoHHa

Heuntpanusauyua xnopa

D = 1400 mm; H = 6700 mMm; paBne-
Hue 2,0 kla; Temnepartypa 0 °C —
60 °C.

Hacagka — (ptoponnactoBble
konbua Pawwra 50 x 50 MMm; BbICO-
Ta Hacagku 2300 mm; cpena —
BJ1@XXHbIW XJIOp, pacTBOp HaTpa ef-
KOro, pactBop rmnoxsioputa HaTpus

YcTaHOBKa Nosiy4eHuns pe-
reHepMpoBaHHOM CEPHON
KMCNOTbI

BbinapvBaHue Bnaru nog
BaKyyMOM M3 CEPHOM KUC-
noTbl

BmectumocTb 2,1 m3; D = 1500 mMm;
H = 2050 mm; Temnepartypa

216 °C — 229 °C; BakyymM MUHYC
(93,8-94,5) kla; cpega — cepHas
Kucnota

KornoHHa

OxnaxageHue Bogopoaa

D =2000 mm; H = 17700 mm.
Hacagka — kepamuyeckme konsua
Pawwra 50 x-50 mm; BbicOTa
Hacagkm kaxgoro crnosi 3500 mm;
KONnM4ecTBO CrioeB — 2.
HasneHue munyc (2,05-0,50) kla;
Temnepartypa 25 °C — 80 °C; cpe-
ha — Bogopoa
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HavmeHoBaHune

HasHaueHune obopygoBaHust | TexHonornyeckme xapakrepucTukm
obopynoBaHus

Komnpeccop BuHTOBOM Mepekayka Bogopoaa O6bemHasi NpoM3BOANTENBHOCTb
6500 m3/u.

Ha HarHeTaHuu: Temnepartypa
150 °C; pasneHue 20-110 k[a.
Ha Bcace: Temnepatypa 45 °C; Ba-
Kyym muHyc (2,05-0,50) klla.
QrnekTpoasuraTesib B3pblBO3aLLn-
LLIEHHOro UCMONHEHUS; MOLLHOCTb
300 kBT; yactoTa BpalleHus
2970 MUH-1; Hanps>XeHue

6 kB; cpega — Bogopoa

TennoobMeHHUK OxnaxgeHue sBogopogHo- |lnowaab NOBEPXHOCTU TENNo06-
ro KoHaeHcara MeHa 224 M?. B MexTpyGHOM npo-
cTpaHcTBe: Temneparypa 25 °C —
56 °C; pasnenue 0,3 Mrla; cpe-
Aa — BOOOPOAHbIN KOHOEHCAT.

B TpyGHOM npocTpaHcTBe: Temne-
patypa 22 °C — 36 °C; naBneHue
0,5 Mla; cpepa — BoAa

petowasa kamepa nepBo- |Harpes pactBopa HaTpa |llnowagb NOBEPXHOCTU TEN006-
ro kopnyca efKoro MeHa 445 M2. B MexTpyGHOM npo-
cTpaHcTBe: Temneparypa 177 °C;
nasnenune 0,9 MlMa; cpega — nap.
B Tpy6HOM npocTpaHcTBe: Temne-
patypa 155 °C; npaBneHue

0,03 Mla; cpena — pacTBop HaTpa

eaKoro
"petowasa kamepa BTOpOro | Harpee pactBopa HaTpa |[loBepxHOCTb TensioobmMeHa nno-
kopnyca eaKoro waabko 785 M2, B MexTpyGHOM

NnpocTpaHCTBe: TeMnepaTtypa
107 °C; paBneHwune 0,0336 Mlla;
cpefa — BoAsiHOM nap.

B Tpy6HOM npocTpaHcTBe: Temne-
patypa 94 °C, pasnenue 0,03 Mlla;
cpefa — pacTBOp HaTpa efkoro
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TexHonornyeckne xapakTepucTukm

petoasa kamepa TpeTbe-
ro kopnyca

Harpes pactBopa HaTpa
eaKoro

Mnowaab NoBEPXHOCTU TENNOO06-
MeHa 785 M2, B mexTpyGHOM npo-
cTpaHcTBe: Temneparypa 94 °C;
Bakyym muHyc (0,063-0,634) Mlla;
cpena — BoasiHom nap. B Tpy6HoOM
npocTpaHcTee: Temneparypa 60 °C;
nasnenune 0,03 Mla; cpega — pac-
TBOP HaTpa eaKkoro

CenapaTop nepBoro Kop-
nyca BbiNapmBaHus

OcaxpgeHue kpuctansos
conu

BmectumocTb 196 m3; D = 5400 mwm;
H = 18115 mm; Temnepartypa

152 °C — 158 °C; paBneHue
0,0334 Mla;

cpefa — CycrneH3usi Conm/CoKoBbIV
nap/pacTBop HaTpa efKoro

CenapaTop BTOpPOro Kop-
nyca BbiNapvBaHus

OcaxpgeHue kpuctansos
conm

BmecTtumocTb 258 m3; D = 6000 MM;
H = 18600 mm; TemnepaTtypa 92 °C;
Bakyym muHyc 0,0637 MTlla;
cpefa — CycrneH3unsi Conn/CoKoBbIN
nap/pacTtBop HaTpa efKoro

CenapaTop TpeTbero Kop-
nyca BbiNapvBaHus

OcaxaeHune kpucTannos
conu

BmectumocTb 298 m3; D = 6400 mMMm;
H = 18 650 mm; Temnepatypa

57 °C — 63 °C; BakyyM MUHYC
0,0904 Mrla;

cpefa — CycrneH3uns cosim/CoKoBbIv
nap/pacTBop HaTpa eaKkoro

JKcnaHsep

PasgeneHune pacTtBopa
HaTpa eakoro

BmectumocTb 17 m3; D = 1920 mm;
H = 6885 mm; Temnepartypa

87 °C — 93 °C; Bakyym MUHyC
0,0904 Mlla; cpega — COKOBbIN
nap/pacTBop HaTpa eaKkoro

LleHTpudpyra wHekoBas

OcBeTneHne pacteopa
HaTpa eakoro

MaccoBas Npon3BoANTENBHOCTb
3,6 T/4 no cyxmum kpuctannam; oos-
eMHas Npon3BoaMTENBHOCTb

29,2 m3/4 no nogaye. AnekTpoasu-
raTenb 3aKkpbITbln, 064yBaEMOro
NCMNOJSTHEHUS, MOLLHOCTL 75 KBT.
YacToTa BpalleHns 1475 MuH™;
cpefa — pacTBOp HaTpa eaKoro.
OnekTpoasuratenbs: 3aKpbITbin, 06-
AyBaeMoro UCMOfHEHUS; MOLLHOCTb
0,25 kBT; yacTtoTta BpalleHus

1325 MuHt
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LleHTpudpyra nnyHxepHas

PaspeneHue cycneHsnm

MaccoBas Npon3BoANTENBHOCTb
14,5 T/4 no cyxvm KpucTannam.
OrnekTpoasuraTesib 3akpbITbin, 06-
AyBaeMoro UCNoSIHEHUS; MOLLHOCTb
45 kBT. yacTtoTa BpaLweHus

2950 muH™t; cpega — cycneHaus
conu

Hacoc umpKynaumMoHHbIN

Lnpkynsums pacteopa
HaTpa eakoro

O6bemMHas Nnpon3BoaUTENBHOCTb
8200 m3/y; paBnexue 0,03 MMa.
OnekTpoasuraTesib 3akpbITbln, 06-
AyBaeMoro UCNosTHeHUS1; MOLLHOCTb
250 kBT; yacTtoTa BpalleHus

1500 mMuH™1; HanpsixeHne 6000 B;
Cpena — pacTBOp HaTpa eaKkoro

Hacoc umpKynaumMoHHbIN

Lnpkynsums pactesopa
HaTpa eakoro

O6bemHas Nnpon3BoaUTENBHOCTb
8200 m3/y; paBnexue 0,03 MMa.
OnekTpoasuratenb 3aKpbiTbin, 06-
AyBaeMoro UCNosTHeHUS1; MOLLHOCTb
250 kBT; yacTtoTa BpalleHus

1500 MuH™1; HanpsixeHne 6000 B;
cpeaa — pacTBOp HaTpa eakoro

Hacoc umpKynaumMoHHbIN

Linpkynsums pacteopa
HaTpa eaKkoro

O6bemMHas Nnpon3BoaUTENBHOCTb
8200 m3/y; paBnexue 0,03 MMa.
OnekTpoasuratenbs 3aKpbiTbin, 06-
AyBaeMOro UCMONHEHMS; MOLLIHOCTb
250 kBT; yacTtoTa BpalleHus

1500 mMuH™1; HanpsixeHne 6000 B;
cpeaa — pacTBOp HaTpa eakoro

Hacoc umpKynaumMoHHbIN

Linpkynsums pacteopa
HaTpa eaKkoro

O6bemMHas Nnpon3BoaUTENBHOCTb
759 m3/y; gaBnexve 0,016 MMa.
OnekTpoasuratenbs 3aKpbiTbin, 06-
AyBaeMOro UCMONHEHMS; MOLLIHOCTb
15 kBT; yactoTa BpaLleHuns

1450 muH™1; cpega — pacTBop
HaTpa eakoro
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HanmeHoBaHue
HasHauyeHune obopygoBaHus TexHonornyeckme xapakTepucTukm
obopyaoBaHus
MOpoumMKnoH OcBeTneHne pacTteopa HOnameTp 553 mm; BbicoTa 1750 mMm;

HaTpa eaKoro

Temnepartypa 150 °C — 153 °C;
pasneHuve 0,07 Mla; cpega — cyc-
neH3unsa conu.

HOvameTp 765 mm; BbicoTa 2460 mMwm;
Temnepartypa 92 °C — 98 °C; nas-
nenuve 0,1 Mla; cpena — cycneH-
318 conw.

OuameTtp 990 mm; BbicoTa 3045 M,
Temnepartypa 57 °C — 63 °C; gas-
nexwue 0,07 MlMa; cpega — cycneH-
318 conu

KoHaeHcaTop — mncnapu-
Tenb

KoHaeHcaums anekTponu-
TUYECKOro xropa

"OpUn30OHTanNbHbIN KOXYXOTPYOHbIN
TennoobMeHHUK; anameTp

1165 mm; annHa 8600 mm; nno-
Wwaab NOBEPXHOCTN TensioobmeHa
305 m?; cpea B MEXTPYGHOM Mpo-
CTpaHCcTBe — XNlagoH-12, cpena B
TPyOGHOM NpOCTpaHCTBE — XN0p

Typ6okomnpeccop

KomnpumupoBaHue napos
dpeoHa (xnagoH-12)

[Mpon3BoOaMTENBHOCTL MO Xonoay
1026 525 kkan/4y. nekTpoasura-
Tenb HOPMarbHOIro NUCMOJTHEHWS.
Cpepa — xnagoH-12

KoHaeHcaTop xnagoHa

MonyyeHue xngkoro xna-
AoHa

TennooBMeHHUK KOXKYXOTPYOHbIN;

D =685 mm; L = 4152 mm; nnowagb
NOBEPXHOCTU TennoobmeHa 120 m2.
Cpepa — xnagoH-12

OKOHOMaK3ep xnagoHa

[ns cHWXeHus aaBneHus
[0 v Temneparypsbl xna-
AoHa-12 °C no 10 °C —
20 °C

[(loOpu3oHTanbHbIM annaparT; BMe-
ctumocTb 3,3 M3; D = 980 mM;

L = 5084 mm.

Cpepa — xnagoH-12

OKOHOMam3ep xrnagoHa

[na cHwxeHus gaBneHus
n TemnepaTtypbl xnago-
Ha-12 oo muHyc 5 °C —
3°C

TennooBMeHHUK KOXKYXOTPYOHbIN;

D =457 mm; L = 4522 mm; nnowagb
NMOBEPXHOCTN TennoobmeHa

24,5 w?. Cpega —xnafgoH-12

bak noBTOpHOro ucnape-
HUA XnagoHa

[lnsa BbinapuBaHus xnago-
Ha-12 v oTAeneHns macna

[(loOpn3oHTanbHbIM annaparT; BMe-
ctumocTb 0,15 m3; D = 457 mwm;
L =1200 mm.

Cpepa — xnagoH-12
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TaHK XxpaHeHUs XXngKoro
xnopa

XpaHeHune Xngkoro xropa,
Bbldaya notpebutensam un
OTrpy3ka

[(Opu3OHTanbHbIM annapar; BMme-
ctumocTb 125 m3; D = 3000 mMm;

L = 18290 mm; paboyee faBneHune
1,6 Mla; paboyas TemnepaTtypa
mMuHyc 50 °C — 50 °C; cpepna —
Xnop

WcnapuTenb xngkoro
xnopa

WcnapeHue xngkoro xno-
pa

TennoobmeHHUK kopobyaTbIi;

L = 4957 mm; H = 1800 mMm; wnpuHa
12 800 mm; nnowaab NOBEpPXHOCTU
TennoobmMmeHa 3ameeBuMKa xnopa

30 mM?; nnowaab NOBEPXHOCTU Ten-
noobmeHa NapoBOro 3ameeBnka

4,6 w2,

MapoBon 3meeBuk: paboyee fas-
nexwue 0,8 MlNa. XNopHbLIN 3MeEEBUK:
pabouyee gaBnenune 1,0 Mla.
Cpepa — nap, Boga, xnop

Bydep ncnapeHHoro xsno-
pa

[nsa ctabunnsayum gas-
NEHNSA N CHKEHUS Nyrb-
cauumn

BmectumocTsb 10 m3; D = 2000 mm;
H = 4430 mm; paboyee gaBneHue
1,6 MlNa; pabo4yas Temnepatypa
30°C—50°C

BoaayLwHbi komnpeccop
3rn

KomnpumupoBaHue BO3-
Ayxa

O6bemMHast Nnpon3BoANTENBHOCTb —
13 M3/MUH; JaBneHne HarHeTaHus
1,8 Mla.

onekTpoasuraTesl HopManbHOro
MCMNOMNHEeHUs; MoLWwHocTb 132 KBT;
yacToTa BpaLlleHna potopa 500
MUHL

KoHueBow xonognnbHUK

Oxna)kgeHue cxxaToro
BO3ayxa

TennooBMeHHUK KOXKYXOTPYOHbIN;

D =400 mm, L = 3690 mm, nnowagb
TennoobmeHa 61 m2.

[asneHne TpybHOro npocTpaHcTBa
0,5 MIa; cpega — Boaa. [laBneHune
MeXTPYOHOro NpocTpaHcTBa

1,6 Mla, cpena — BO3ayx

Bnarootoenutensb

OTtpeneHne Bnarm

BepTukanbHbIM annapaT; BMecTu-
mocTb 1,4 m3; D = 800 MM;

H = 3160 mm; pabo4yee naeneHue
1,6 Mla; paboyas TemnepaTtypa
5°C—60 °C

127



UTC 34—2017

[NpodomkeHue mabnuubi 9.7

HanmeHoBaHue
HasHauyeHune obopygoBaHus TexHonornyeckme xapakTepucTukm
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Bnarootgenurtens OtpeneHve Bnaru BepTukanbHbIM annapaT; BMecTu-

MocTb — 1 m3;

D =720 mm;H = 2530 mm;

pabouee gaBnenue 1,6 Mla; pabo-
yaq Temnepatypa muHyc 40 °C —
60 °C

BalHsa ocyLwku cxaTtoro
BO3JyXxa

Ocywika cxaToro Bo3agyxa
A0 TemnepaTtypbl poCbl HE
Bbile MuHyc 40 °C

BepTukanbHbIM annapaT; BMecTu-
mocTb 1,78 m3; D = 1000 mwm;

H = 2910 mm; paBnenune 1,6 Mla;
Temnepartypa 20 °C — 200 °C

QrnekTpornogorpesaTtenb
BO34yxa

Harpes Bo3gyxa ans
OCYLLIKU

BepTukanbHbIn annapar;

D =400 mm; Y = 2055 mm; moLL-
HOCTb HarpeBaTesnbHOro afnemMeHTa
87 kBT; paboyas Temnepatypa oo
230 °C; pabouee gaBneHune

1,6 Mla

dunbTp

OuucTtka cxartoro Bosgyxa
OT NbINn

BepTukanbHbIM annapaT; BMecTu-
mocTb 1,1 m3; D = 1000 mwm;
H=2125 mm.

[Mnowanb noBepxHOCTU hunbTpa-
uum 4,15 m2; pasneHue 1,6 MMa;
Paboyas Temnepatypa go 60 °C

C6opHuk Bo3gyxa

[nsa ctabunusayum gas-
NEHUS N CHUXEHUS Nynb-
cauumn

BepTukanbHbIM annapaT; BMecTu-
mocTb 10 m3; D = 1600 MM;

H = 5600 mm; pabo4yee naeneHne
1,6 MlNa; pabo4yas Temnepatypa
MunHyc 40 °C — 50 °C

C6opHuk Bo3ayxa

[nsa ctabununsauum gas-
NEHNSA N CHKEHUS Nynb-
cauun

BepTukanbHbIn annapat; BMeCTU-
mocTb 1 m3; D = 800 mm;

H = 2530 mm; paboyee gaBneHue
1,6 MlNa; pabo4yas Temnepatypa
mMuHyc 40 °C — 50 °C.

KONOHHbI caHuTapHoOM
O4YMCTKKN abrasos

MornoweHue abrasos
Xriopa ¢ nony4yeHmem
XMNOPHOro Xenesa

BmectumocTb 16,1 m3;

D = 1000 mm; H = 22300 mm.
Hacagka — HecTaHOapTHbIE KOMb-
ua Pawwura. Cpega — BoAHbIN pac-
TBOP XJTOPUCTOrO U XINOPHOTO Xene-
3a

Bydep abrasHoro xnopa

C6op abrasoe ot annapa-
TOB M MX Nogava Ha Ko-
NOHHbI abcopbummn

BepTukanbHbIM annapaT; BMecTu-
MocTb 10 m3; D = 2000 mMM;

H = 4430 mm; pasnenue 1,6 Mla;
cpega — xnop
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dunbTp

[ns o4ncTkm celiporo pac-
cona

BepTukanbHbli  annapaT; BMeCTUH
MocTb 25 m3; D = 3000 mm; H = 4823
MM; aasrneHune — 0,4 Mla; Temnepa-
Typa — (45+50) °C

dunbTp

[ns mexaHn4yeckon
OYMCTKM CbIPOro paccona

["Opu3OHTanbHbIN, UMNUHAPUYECKNN,
nnowanb — 24 M2, Npou3BOAUTENb-
HocTb — 120 m3/4; D = 3000 mMm;
H = 9450 mm

MoporpesaTensb

Mopgorpes paccona

KoxyxoTpyb4yaTblin, ropu3oHTanbHbIn
D = 1200 mm; H = 3500 mm; nno-
Waab MNOBEPXHOCTU TennoobmeHa
305 ™m?;, paBneHue TpybHoe — 0,4

Mla; pasneHue mextpybHoe — 0,5
Ml la; Temnepartypa — (60+80) °C

KornoHHa

[lna oTnapku XxnopHou BO-
abl

BepTtukanbHas, uunuHapundeckas

D = 1200 mm; H = 6850 mm; Temne-
patypa - 110°C; Bakyym — Ao
1,5«klMa

BaluHsa

[ns ocywkn xnoprasa

BepTukanbHas, umnuHgpuyeckas

D = 1800 mm; H = 9200 m; BMeCTH-
MocTb 21,3 m3; Bakyym — 10 8,4 klla;
Temnepatypa — 40 °C

TennoobMeHHUK

[nsa oxnaxgeHus xnopa

BepTukanbHbIn, UUNMHAPUYECKAIA
D = 1200 mm; H = 5190 mm; nno-
Wwagb MOBEPXHOCTM TennoobmeHa
305 m?; [laBneHue B MexTpy6.np. —
0,4 Mla; Bakyym B Tpy6.np. — 1,5
klMa; Temnepatypa B MeXTpyO.np.
— 15 °C; Temnepatypa B Tpyb.np. —
45 °C

XonogunbHUK

[nsa oxnaxaeHust cepHon
KMCNOTbI

BepTukanbHbIn, UMNMHOPUYECKNIA

D = 600 mm; H = 3600 mm; nnowaab)
NoBepXHOCTU TennoobmeHa 40 m?;
AaBrneHne B MEXTPYO.np. -
(0,15+0,20) MIlla; paBneHve B
Tpy6.np. — (0,25+0,3) Mlla; Temne-
paTtypa B Mextpyb.np. — (8+12) °C;
TemnepaTtypa B Tpy6.np. —
(10+40) °C

dunbTp

[ns ynaeBnueaHna aspo-
30en CepHON KUCNOTbI

BepTukanbHbIn, ULMNINHOPUYECKUN
D = 1800 mm; H = 7179 MM, BMe-
ctTumoctb 14 m3; pgaBnenme — 0,05
Ml la; Temnepatypa — (35+80) °C

XITOPHbIN KOMMNpeccop

KomnpumupoBaHue xnopa

[laBneHne pabouyee — 0,35 MIrla;
npounssoguTensHoctb — 2500 m3/y;
anekTpoasuratesnb, MOWHOCTb — 315

KBT
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TennoobMeHHUK [ns oxnaxaeHusa Bogo- BepTukanbHbIn, UMNMHAPUYECKNIA
poaa D = 1200 mmMm, H = 4594 mMm; nno-
Waab MNOBEPXHOCTU TennoobmeHa
445 m?
BooopogHbin [Mepekayka Bogopoaa [aBneHne paboyee — 0,15 MIlla;
Komnpeccop npounssoguTenbHocTtb — 3000 m3/y;
anekTpoaBuraTesib, MOWHOCTb — 132
kBT
BooopogHbin KomnpumupoBaHue Bogo- [[JaBneHue pabodee — 0,8 Mlla; npo-
Komnpeccop poaa n3soguTenbHocTb — 1800 m3/4; anek-
Tpoasuratenos — [JCK-3-13-24, moLy-
HocTb — 200 kBT
Ancopbep Ocywka Bogopoaa BepTukanbHbIN, LMNMHLOPUYECKNIA

D = 2000 mm; H = 8060 mMm; BMe-
cTumoctb 25 Mm3; paBnenme — 0,8
Ml la; Temnepatypa — 320 °C

petowasa kamepa
BblMapHOro annapara

Harpes pactBopa egkoro
HaTpa

BepTukanbHbIin, UMNNHOPUYECKUN

D = 1550 mm; H = 9315 mm; no-
Wwagb MOBEPXHOCTU TennoobmeHa
480 M?; OaBneHve B MeEXTPYGHOM
npocTtpaHcTee — He bonee 0,4 Mla;
TemnepaTtypa B TpyGHOM MpOCTpaH-
ctBe — (100+135) °C; paBneHve B
TpyObHOM nNpocTpaHcTBe — He Gornee
0,1 Mlla; Temnepatypa B MeXTpyb-
HOM npocTpaHcTBe — He 6onee
170 °C

CenapaTtop

[na ynapnsaHus
LLlenoyn

BepTukanbHbIn, UMNMHOPUYECKAIA
D konbua max — 4250 mm; D konbua
min — 1000 mm; H = 13285 MM; BMe-
cTumocTb 89 m3; Bakyym — (0,06<0,1)
Ml la; Temnepatypa — (85+135) °C

LInpKynaumoHHbIM Hacoc

Linpkynauma pactesopa
e[IKoro HaTpa

[laBneHue paboyee — 0,1 Mla; npo-
n3BoauTenbHOCTb — 4500 M3/4; anek-
TpoaBuratens; MowHocTb — 200 kBT

LleHTpudpyra PasgeneHnue cycneHsun  [[lpousBogutenbHocTb — 25 T/,
anekTpoasuratenb;, MowHOCTbL — 30
kBT

LleHTpudpyra Pasgenenue cycneHsnn  [[pousBogutenbHoctb — 10 T/,
anekTpoasuraTenb, MOLWHOCTb  —
15 kBt

LleHTpudpyra OcBeTneHne pacTteopa [Mpon3BoanTENBHOCTL MO CyCNeH3un

eKoro HaTpa

— 15,8 T/4; anekTpoaBuraTenb, MOLL-
HocTb — 75 KBT

KonoHHa caHuTapHas

[nsa ynaenueaHus abra-
30B XxJiopa

BepTukanbHas, uMnNuHapuyeckas;
TN — nonoYHbin; D = 2800 mm; H =
7576 MMm; BMmectumocTtb 50 Mm3; gaB-

neHue — 0,02 MlMa

130



OkoHyaHue mabnuubl 9.7

UTC 34—2017

JINTNYECKOro xXmnoprasa

HanmeHoBaHue
HasHauyeHune obopygoBaHus TexHonornyeckme xapakTepucTukm
obopynoBaHus
TaHkK [na xpaHeHus xxmgkoro  |(CBapHOM rOpU3OHTarNbHbIN, LUMNH-
xnopa Apuyeckumn annapar co cpepuye-
ckum gHuwem; D = 3000 mm; H =
16600 MM; BMECTUMOCTbL- 125 M3;
nasnexHune — 0,7 Mla; Temnepatypa
—He MeHee MuHyc 23 °C
KoHpgeHcaTop [na OKMKeHNs anekTpo-  [TOpU30HTarbHbIN, KOXYXOTPYOHbIN

ANIEMEHTHbIN 8-MW CEKLUNOHHBIN Ten-
NOOOMEHHUK, B O4HOW cekummn 56
Tpy6ok anametpom 20 Mm
lMnowanb NoBEPXHOCTU TeNNooTaa-
4m — 140 m?; D = 325 mm; H = 4670
MM; gasneHune Tpyo. npoctp. — 0,35
MMa; paBneHne mexTpy6. npocTp. -
0,7 Mla; TemnepaTtypa TpyO. Npo-
CTp. — He MeHee MuHyc 23 °C
TemnepaTtypa MexTpyb. npocTp. —
(MuHyc 30+MuHyc 26) °C

9.2.1.4 CBeageHusa o6 ncnonb3yemMom NpupoaooxpaHHOM o6opyaoBaHUMU
npounsBoACcTBa BOAOPOAA, Xfopa U rmapokcuaa Hatpusa amadparMeHHbIM
MeTOAOM 3eKTponusa

MprpopooxpaHHoe obopyaoBaHWe onpeaensaeTca NHANBMAYaNbHO ANS KaXKOOro KOH-
KpeTHOro nNpomnsBoAcTBa C Y4€TOM €ro MOLLHOCTM U MPUHATBIX MPOEKTHOW OpraHusaunen u
pa3paboTymMkoM Npouecca TEXHUYECKNX PELLEHW.

B Tabnuue 9.8 npeacraBneHo TUNMYHOE NMPUMPOLOOXpaHHOe obopyaoBaHue, npegHa-
3Ha4YeHHoe AN OYMCTKM NMPOMBbILLSIEHHbIX BbIBPOCOB NpOn3BOACTBA BO4OPOAA, Xfopa U rma-
pokcuaa HaTpua guadparMeHHbIM METOLOM 3S1IEKTPOIn3a OT 3arpA3HAILLNX BELLECTB.

Tabnuua 9.8 — lMNpupogooxpaHHoe o6opyaoBaHNe NPOM3BOACTBA BoAopoaa, Xropa u
rMapokcuaa HatTpusa anadgparMeHHbIM MeTOA0M 3NeKTponun3a

HanmeHoBaHmne
obopynoBaHus

HasHauyeHune obopygoBaHus

TexHonorn4yeckne XapakKTepucTtukn

CaHuTapHas KonoHHa

OuncTtka NPOMBbILLNEHHbIX
BbIBbpoCcoB (raso-
BO3yLLUHOM CMecu —
BC) ot xnopa

BepTukanbHbIM annapaT € KpbiLu-
Kon; paspexeHue oT muHyc 0,6 ao
MuHyc 1,2 klMNa; BMecTMMocTb 82 m3;
pacxon NBC 0,0199 m3/c; Temnepa-
Typa 'BC 30,0 °C; achdheKkTUBHOCTb
ounctkn — go 100 %; BbicoTa Tpy-
Obl 22 M

CaHuTapHas KonoHHa

Ouunctka rasoBbix BbI6pO-
COB Ha y4yacTKe cknaga u
CTaHUMM UCNapeHns Xuna-
Koro xropa

BepTukanbHbIM LMANHOPUYECKUIA
annapart; pacxoa 'BC 0,074 m3/c;
TemnepaTtypa 'BC 22,0 °C; adpek-
TUBHOCTb 04MNCTKM — A0 100 %;
BbicOoTa Tpybbl 17 M
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OkoHyaHue mabnuuybi 9.8

HanmeHoBaHne
obopynoBaHus

HasHauyeHune obopynosaHust

TexHonornyeckne xapakTepucTukm

CaHuTapHasi KonoHHa

OuuncTtka rasoBbix BbIO6po-
COB Ha yyacTke cknaga v
CTaHUM1 UCNapeHus Xua-
KOr0 CEPHUCTOro aHrua-
puaa (aBapuirHasi BEHTU-
NAUMS TAHKOBbIX OTCEKOB
SO2) B npon3BoaCTBE
Xngkoro xnopa

BbicoTa Tpybbl 17 m; guameTp
ycTtba 0,2 M; 06bem (pacxopn) MBC
0,064 m3/c; TemnepaTypa BC
21,0 °C; acppekTmBHOCTE QY —
0o 100 %

CaHuTapHas KonoHHa

OuuncTtka abrasos (BbiOpo-
COB) OT xnopa

BepTukanbHbIn LNINHOPUYECKUIN
annapar, tutaH, D = 2800 mm,

H = 7576 MM; Hacagka NOMO4YHOro
Tnna; cpega — 20 % NaOH, runo-
XI1IOpUT HaTpUs

CaHuTapHas KonoHHa

OuucTtka abrasos (BbIOpo-
COB) OT Xxnopa

BepTukanbHbIM LMANHOPUYECKUIA
annaparT, CoCcToALWMnn 13 3 uapr;
peleTka n3 TutaHa, opocuTenbHoe
YCTPOWCTBO — TUTaAHOBAas Taperika;
D = 2800 mm, H = 14000 mm.
Hacagka — kepamuyeckme konsua
Pawwura 50 x 50 mm, o6bem Hacaa-
kn — 33,8 M3; kepaMuyeckme Korb-
ua Pawwra 100 x 100 MM, o6bem
Hacagku — 47 m3

KonoHHa HenTpanusauuu

Heuntpanusauusa anektpo-
NNTUYECKOro xfioprasa 1
xnopcogepxawmx abra-
30B

BepTukanbHbin LMNUHOPUYECKUIA
annapar; D =1400 mm,
H=6700 mm

CaHuTapHas KonoHHa

Abcopbums guokcmaa ce-
pbl

BepTukanbHbIM LMANHOPUYECKUIA
annapart; D = 812 mm;

H = 4000 mm; Hacagka: kepamuye-
ckme Konbua Pawwura 25 x 25 mm

HacapouHas abcopbun-
OHHas KOJIOHHa

OuncTtka NPOMBbILLNEHHbIX
BbIOpPOCOB OT Xxropa

BepTukanbHbIn LNNHOPUYECKUIN
annapart; D = 1000 mwm;
H =22 300 mm; V =16,1 M3

LLlennoyHoM npomMbiBaTENb

MornolieHne napos cep-

D =800 mm; H = 1830 mm;

HOW KUCMOTbI V =0,63 m3
EmkocTb-HelTpanuaatop |HeiTpanusaumsa abrasos |V = 38,1 m3; D = 2200 MM;
CepHOW KNCNOTbI L =10456 mm

MpeaoctaBneHHbIn B

Tabnvue 9.8 nepeveHb NpPUPOOOOXpaHHOro obopyaoBaHWs He
MOXET pacCMaTpUBaTbCA Kak MUCYEpPMbIBAOLMIA, MOCKOSIbKY BO3MOXHO MPUMEHEHUE WMHOTIO
o6opyoBaHUsi, NO3BOMAOLLENO 4OCTMYb YCTAHOBMEHHbIE TeXHONornyeckne nokasatenu HAT.
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9.2.1.5 OcHoBHbIe haKTOpbl, XapaKTepusylLlime oxpaHy oKpyxatrLen cpeabl U
yCTOM4YMBOE pa3BMTUE NPOU3BOACTBA BOAOPOAA, XJSIoOpa U rMApoOKcuaa HaTpua
AvnadparMeHHbIM MEeTOAOM 3fIeKTposin3a

OCHOBHbIMUK (paKTOpaMu, xapakTepusyoLMMM OXpaHy OKpYXKatoLlen cpebl npu npo-
N3BOACTBE BOAOPOAA, XNopa M rmapokeuga HaTpusa guadparmMeHHbIM METOAOM 3MEKTPOnm-
3a, ABNATCA:

- yaenbHoe noTpebneHne anekTpoaHeprnm n TensioBon aHeprumn (napa);

- yoenbHoe notpebnenune xnopuaa HaTpusa Ha NPOM3BOACTBO NPOAYKUUMK;

- yaenbHoe noTpebnexHune acbecta (xpusoTuna);

- yoenbHoe notpebneHne n aMmMccmsa CEPHON KACIOTbI AN1S NOSTyYeHUs Xopa;

- Hanuune n 3aPPEeKTUBHOCTL YyTUNM3aumm (pereHepaummn, UCNoSib30BaHUS) OTXOO0B
NPOU3BOACTBA, COAEPXKALLUMX CEPHYIO KMUCMNOTY WM LaMbl OYUCTKM paccosia, B TOM 4ucne
B APYrMX OTPacnsax 9KOHOMUKW;

- Hannume 1 3PPEKTUBHOCTb OYUCTKM WU/MNN MOBTOPHOIO MCMOSMb30BaHUSA CTOYHbIX
BOJ NPOM3BOACTBA, coaepXalumx cynbdaT HaTpUsa 1 Xropua HaTpus;

- KOHTPOSb 3arpsi3HeEHUs aTMocdepHOro Bo3ayxa XrfopoMm, Xnopuaom Bogopoaa, rma-
POKCUOOM HaTpuS.

OCHOBHbIMUK (hpaKkTOpamMu, XapakTepusyrLwmMn yCTOMYMBOE pasBUTUE MPOU3BOACTBA
BOAOpOAA, Xfopa v rmgpokcuaa Hatpua avadparMeHHbIM MEeTOOOM 3MeKTponu3a, ABngaT-
cs:

- Hannume 1 6NN30CTb PacrnonoXeHNs MecTopoXaeHui No Aobblye pacTBopa xropuaa
HaTpusa (paccona) unm KaMeHHoOn (MoBapeHHOM) CONU C LeNbio obecnevyeHnss NpoM3BOACTBa
CblpbEM 1 COXpaHeHus 3anacoB B TedeHune 20—40 ner;

- obecnevyeHHOCTb NPON3BOACTBA ANEKTPOIHEPTUNEN;

- obecneyeHHOCTb CcTabunbHOro 1 cbanaHcMpoBaHHOIO CObITa WU/MNU UCNONbL30BaHUA
(nepepaboTkKn) BCEX TPEX NPOAYKTOB NPON3BOACTBA.

9.2.2 OnucaHue TeXHONOrM4YeCKUX NpPoLeccoB, UCMONb3yeMbIX B HacTosiLee
BpeMs B NPOM3BOACTBE BOAOPOAA, XSlopa U rMAPOKCUAA HaTpMA MeMOpPaHHbIM
MeTOAOM 3reKTponusa

B HacTosLLEee BpeMEHSA COBEPLUEHCTBOBAHME TEXHOMNOMMNU MEMOPaAHHOroO anexkTponmsaa
NO3BONMMO OOCTUYb TEXHUKO-3KOHOMWYECKUX MOKasaTenien, KOTopble MO3BOMSAKT LUMPOKO
BHEOPSATb 3TOT NPOLECC B NMPOMBbILLINEHHOCTb. B ocHOBE MeToaa MeMOpaHHOro anekTponunsa
NEXUT ABNEeHne nepeHoca MOHOB Yepe3 MOHOOOMEHHble MeMbpaHbl Mo OeNCTBUEM 3nek-
Tpudeckoro Toka. OCHOBHblIE OOCTOMHCTBA MeMOpaHHOro mMeToga — 3Konormyeckas 6es-
ONaCHOCTb, 3KOHOMWSA IHEPropeCcypCcoB, BbICOKOE KA4eCTBO MOfydYaembiX MPOAYKTOB, BbICO-
Kas cTeneHb aBTOMaTM3auum NpoM3BOACTBa U Marnble NPON3BOACTBEHHbIE NMOLAaMN.

B nponsBoactBe mMemMbpaHHbIM METOAOM 3MEKTPONM3a WUCKMYEHA 3MUCCUSA PTYTU
B OKpY)KaloLLyto cpefy M He ucnonb3yeTcs acbecT, O KaHUEepOreHHbIX CBOMCTBax KOTOPOro
noyT OXWUBNEHHble AMCKyccuu. Mo CpaBHEHUIO C PTYTHbIM METOAOM MeMOpaHHbIN MeToq
obecneynBaeT 3KOHOMUIO IMEKTPUYECKON IHEPrMM MaBHbIM 0Opa3oM 3a CYET CHUMKEHUS
HanpsbkeHUst Ha anekTponuaepe. o cpaBHeHWO ¢ anadparMeHHbIM MeTOAOM — cylle-
CTBEHHO CHWXalOTCA 3HeprosaTpaTbl Ha BbiNapKy, NOCKOSbKY BbiNapMBaHUIO MOABEpPrarTCs
Bbonee KOHUEHTPUPOBaHHbIE PACTBOPbLI €4KOr0 HaTpa, NPakTUYECKM He coaepalme xnopua
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HaTpusa. CymmapHble 3Hepro3aTpaTtbl Npy MeMbpaHHOM MeToae 9MeKTponM3a NPUMEpPHO Ha
25 % — 40 % Hwxe, YeM npu TpaouMUMOHHBIX MeTodax AnadparMeHHOro U pTyTHOro anek-
Tponuaa.

Xnop, nony4yaembii N0 MembpaHHOMY MeTOAY, B OTNNYME OT NPOAYKTa, Nony4aemoro
no guadparMeHHoOMy MeTony, He COAEPXUT NMPMMECK BOLOPOAA, YTO MO3BONSET MOBbLICUTb
cTeneHb ero cxwkeHus. NponssoacTBO BOAOPOAA, Xnopa U eakoro Hatpa MemMbpaHHbIM Me-
TOAOM XapakTepusyeTcs criefyowmnmMm npenmMyLLLecTsaMmm nNpu akcnnyaTaumm:

- bonee NPoaOMKUTENBHBIN CPOK CryXObl 6€3 peMoHTa (3aMeHbl) ANEeKTPOIM3EepOB;

- BO3MOXHOCTb M3MEHEHMS B LUMPOKUX Mpeferiax Harpysku Ha anektponusepax 6es
yXyALeHUs nokasaTenen npouecca, 4To AaeT BO3MOXHOCTb MMOKOro 1 9KOHOMHOIO UCMOSb-
30BaHNA ANEKTPOIHEPTUN C Y4ETOM MUKOBBIX HAarpy3oK B TEYEHME CYTOK,;

- OTCYTCTBME onepauui no cbopy meTannmMyeckon pTyTM UnvM amanbraMmHOro macna,
XapaKkTepHbIX ANs1 PTYTHOrO MeToAa anekTponunsa;

- OTCYTCTBUWE OrnepaLmmn, CBA3aHHbIX C NPUroToBreHMeM acbecToBou Mynblbl, HAacackbl-
BaHWEM N CMbIBOM AnadparmMbl, YTO XxapakTepHO Ans AnadparMeHHoro Metoaa.

B 3aBMCUMOCTM OT KOHKPETHbIX YCrOBUW MeMOpaHHble MpouM3BOACTBA MOryT OCHa-
LWaTbCA Kak MOHO-, TaKk U BUNoNApHbIMAU 3rekTponu3epamMmm, NO3TOMY Jierko BMUChIBAOTCS
B CyLLEeCTBYOLME NPOM3BOACTBEHHbIE KOMMNNEKCHl. MeMbpaHHble 3neKTponu3epbl 3aHMMaKoT
npumepHo Ha 50 % MeHblUe nnowiagn NPoOu3BOACTBEHHbLIX NMOMELLEHUA, Yem anadparmeH-
Hble UM PTYTHbIE TOW e NPOn3BOAUTENBHOCTU. [03TOMY nepeBos OENCTBYIOLMX PTYTHBIX
unu guadgparMeHHbIX MPOU3BOACTB Ha MeMOpaHHbIM MEeTOA4 NPOU3BOACTBA MOXET OCy-
LLeCTBNATLCS C yBENMYEHMEM MOLLHOCTU NPUMEPHO B 2 pasa.

Hapsigy ¢ ykasaHHbIMW OOCTOMHCTBaMW peanu3aums U akcnnyaTauus membpaHHoro
MeTo[a MpoM3BOACTBA CBA3aHa C pPSAOM TPYAHOCTEW, OCHOBHbLIMU M3 KOTOPbLIX SABNAKOTCA
[46], [47]:

- BbICOKWE KanuTarbHble 3aTpaTtbl NpyY cO34aHuUn NPON3BOACTBA;

- BbICOKas YyBCTBMTENbHOCTb MEMOpPaH K OTNIOXKEHNIO 0CaaKOB (K NpuMecsam);
A0pPOroBM3Ha MOHOOBMEHHbIX MeMBpaH;

Heo6X04MMOCTb M CIIOXKHOCTb JOMNOSTHUTENbHOM OYMCTKN MCXOOHOMO paccona;
Heob6Xxo4MMOCTb KBannMUMpOBaHHOW aKcnnyaTaumMm membpaH, npeaoTBpaLlatoLen
NX paspyLleHne npy MoHTaxe n paboTte anekTponuaepa;

- MOBbILLEHHbIE TPebOoBaHNSA K KOPPO3MOHHOW CTOMKOCTM MaTepuanos, annapaTtypbl U
KOMMYHUWKaLMIA, B YaCTHOCTN MeMOpPaHHbIX 3NeKTPONn3epos;

- HEOBXOOUMOCTb NPUHATUSA crieumanbHbIX Mep, obecneynBaoLMx MUHUMArbHbIE TO-
KN YTEYKN, a TakKe paBHOMEPHOE pacnpegeneHne 3NeKTPUYecKkoro Toka U MatepuanbHbIX
NMOTOKOB B MHOTOS]MEMKOBbIX 9NEKTPONn3epax.

B ocHoBe meTofa MeEMOPaHHOIO 3NEKTPONM3a NEXUT siBfieHMe NepeHoca MOHOB Yepes
NOHOOOMEHHbLIE MeMBpaHbl Nog AENCTBMEM 3MEKTPUYECKOro Toka. loHoobmMeHHble Membpa-
Hbl OTNNYAKOTCHA OT TPaAMLUMOHHO MPUMEHSIEMbIX B 3NEKTPOXUMUU MOPUCTLIX NEPEropoaoK
TEeM, YTO C UX MNOMOLLIO obecrneynBaeTcs NPENMYLLECTBEHHbIN NEPEeHOC OA4HOMMEHHO 3aps-
XXEHHbIX NOHOB. Yepes ngeanbHyto KaTMOHOOOMEHHYD MeMbpaHy OCyLLeCcTBSeTCA NepeHoc
TONbKO KaTUOHOB, Yepe3 aHMOHOOOMEHHYO — TOMbKO aHWMOHOB. B peanbHbIX yCNoBUsX MeEM-
OGpaHbl NepPeHOCAT MOHbI 060OMX 3apAaOoB, NOCKONbKY He 0bnagalT naeanbHON CenekTUBHO-
CTbi0. 3@ OTHOCUTENbHO KOPOTKUA CPOK COBEPLUEHCTBOBaHME MeMOpaH, TeXHONOrMm anek-
TPONM3a N KOHCTPYKUWUWN SMEKTPONM3EPOB NO3BONUAN FOBOPUTL O nepexoae MembpaHHbIv
TEXHOJSIOrMM Ha Ka4eCTBEHHO HOBbIN TEXHUYECKUN YPOBEHb. Tak, 3a 9TO BpeMs pacxop anek-
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TpoaHeprum cHmsunca ¢ 3400 go 2500 kBT-y/T NaOH, a KOHUeHTpauus nony4aemoro pac-
TBOpa €4KOro Hatpa (3neKkTpoLLenokos) noBbicunack ¢ 8 % o 35 %.

Mpn npounsBoacTBe BOAOPOAA, XJlopa U rmapokcMaa HaTpus MembpaHHbIM MEeTOA0M
anekTponusa Hanbonee BaXkHbIMU CbIpbEBbIMW MaTepuanamMmm siBfsTCS:

- paccors xnopuaa HaTpus unu noBapeHHas cornb (ranur);

- CMHTEeTMYecKas CornsHas KMCNoTa BbICOKOW YNCTOThI AS1A NOAKUCIIEHUSA paccona;

- KOHUEHTpPUpPOBaHHasa cepHasa KucnoTta unm oneym, UCnosibdyemble Ons OCYLLKM XI10-
pa.

OCHOBHbIM BUOOM 3HEpPreTUYeckux pecypcos, UCNONb3yeMbIM B NPOU3BOACTBE BOOO-
poga, xnopa 1 rmgpokcuga HaTpus memOpaHHbIM METOAOM JMeKTPonn3a, ABMSETCS deK-
TPO3HEPrusi, B TOM YUCIEe 3MEKTPOIHEPrus NoCTOSTHHOrO TOKa, a Takke TensioBas SHeprus
(nap) Ha cTaguu Bbinapku KaTonuTta (anekTpoLyenoka).

B HacTodwWwem pa3sgene paccmMaTpuBalOTCA TEXHOSIOrMYEcKMe npouecchbl, OCHOBHOE U
npupogooxpaHHoe obopyaoBaHME MPOM3BOACTBA BOOOpOAa, Xflopa M rmapokcuaa HaTpus
MeMbpaHHbIM MeTO4OM 3NeKTponusa.

9.2.2.1 O6wume cBegeHNs 0 NPOM3BOACTBE BoAopoaa, Xsiopa n rugpokcmaa
HaTpUA MeMOpaHHbLIM MEeTOAO0M 3fIeKTPOoNun3a

MembGpaHHbIN MeToa NPOM3BOACTBA BOAOPOAA, Xfopa M rmapokcuaa HaTpus sBnsieT-
Csl 3HepreTn4eckm Hanbonee acpPeKTUBHLIM CPpean BCEX peann30BaHHbIX B NPOMbILLIIEHHOM
MacliTabe 9NeKTPOXMMUYECKMX METOOO0B, OAHAKO Ha TEKyLMN nepuog 3TOT MeTon npous-
BOACTBA OCTaeTcA Haubonee CrnoXHbIM B OpraHu3auum u akcnnyatauuu, a takke Tpebyet
Bornee BbICOKMX KanuTasnbHbIX 3aTpaT Ha co3gaHue u aKchyaTaunio Npon3BoACTBa.

C TOUYKM 3peHns INEeKTPOXMMMYECKNX MPOLIeCCOB MeMOpaHHbI MeToA NPOU3BOACTBA
nogobeH anadparMeHHOMY, HO aHOAHOE M KaTOAHOe NPOCTPAaHCTBA MOMHOCTLIO pasferneHsbl
HenpoHuLaemon Ansi aHMOHOB KaTMOHOOOMEHHOW MeMOBpaHon, No3ToMy B MeMOBpaHHOM
anekTponusepe, B OTNMYKe OT gnadparMeHHOro, He OuH MOTOK, a ABa: aHOMUTHbLIN N KaTo-
NNTHBIN.

B aHogHOEe npocTpaHCTBO MOCTynaeT, Kak U B AMadparMeHHOM MeToae, NOoTOK Hachbl-
LLeHHOro pacTeBopa CofiM, a B KaTOAHOE NPOCTPaHCTBO — [AEeWOHU3upoBaHHas Boga. U3
aHOOHOro NPOCTPaHCTBA BblTEKAET NOTOK 06eAHEHHOro aHonuTa, CoAepXKallero Takke npu-
MECW MMNOXJIOPUT- U XNOPaT-UOHOB U BbIXOAUT BAXHbLIA SNEKTPONUTUYECKMI XIT0P, a U3 Ka-
TOAHOro NPOCTPAHCTBA — 3JNEKTPONIUTUYECKUIA BOOOPOA M dneKTpoLlernoka (kaTonuT), npak-
TUYECKN He coaepxalwime npumecu n bonee 6nu3kMe K TOBapHOW KOHLIEHTpaALUW LLEenoym
(31 % — 33 % NaOH), 4TO ymeHblUaeT pacxod TEnroBOW 3HEPrun Ha MX ynapusaHue wu
OYUCTKY.

OpHako nuTalrLWnn pacTBOp COMM (Kak CBEXWUIW, Tak U OBOPOTHLIAN paccon) U Boaa
npeaBapuUTenbHO MakCMMasibHO O4YMLalTCa OT nobbix npumecen. HeobxoanmMocTb Takomn
TWaTenbHOM OYUCTKM WUCXOLHOro paccosia ornpeaeniieTca BbICOKOW CTOMMOCTbIO Monumep-
HbIX KATUOHOOOMEHHBIX MEMOpPaH 1 UX YS3BUMOCTbBIO K NPUMECSIM B UCXOOHOM paccorie.

Kpome TOro, orpaHuyeHHas reomeTpuydeckas opma, a Takke OTHOCUTESbHO HU3Kas
MexaHuyeckas MpoOYHOCTb U TepMU4eckasi CTOMKOCTb MOHOOOMEHHbLIX MeMBpaH BO MHOMOM
onpenensT CPaBHUTENbHO CMOXHbIE KOHCTPYKUUW YCTaHOBOK MeMBPaHHOro anekTpornuaa.
Mo ToOW Xe NpuyMHe yCTaHOBKM MeMBPaHHOro anekTponuaa TpebyoT Hanbonee CNoXHbIX Cu-
CTEM aBTOMAaTUYECKOro KOHTPOSIA U yNpaBreHus.
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ToBapHbIN pacTBOp rMapokcuaa HaTpus (€4KMA HaTp TeXHUYECKWUin), noryvaembin
MeMbpaHHbIM METOAOM 3fIeKTponM3a 1 cogepxawmm He meHee 46 % NaOH, ncnonbsyetcsa
B pasfiMyHbIX OTpacnsax NPOMbILLMIEHHOCTU, B TOM 4Yucie npu npovsBoacTBe TBepaoro (rpa-
HYIIMPOBAHHOIO UMM YeLlyMpoOBaHHOIO e4KOro HaTpa), rmnoxrnopuTta HaTpus TEXHUYECKOro,
B LIENSII0NO3HO-6yMaXHOM MPOMBILSIEHHOCTX, B MPOM3BOACTBE MOKLWMUX U YUCTALMX
cpeacts, B papmaueBTuyeckon otpacnu. OCHOBHble 0BnacTn npuUMeEHeHus rmgpokcuaa
HaTpusa npuBeneHbl paHee B Tabnuue 9.1.

lMony4yaembln B JaHHOM TEXHONOMMYECKOM npoLuecce 3MeKTPOSIMTUYECKUI XINop nocne
OXNaXXAEHUA, OCYLLUKN U KOMNPUMUPOBAHUA, KaK NpaBuIio, UCMONb3yeTcsa Ha TOM Xe npea-
NPUATUX ONA Nosly4eHns xropuaa BoAopoda M CONsIHOM KUCHOThl, ANS NOMyYeHna Ouxnop-
aTaHa 1 BUHUNXNopuaa-moHoMmepa B npoussoctee NNBX, ons npoussoacTBa runoxnopura
HaTpus, NPOM3BOACTBA XIOPUPOBAHHLIX NapadUHOB pasfMyHbLIX Mapok (xropnapaduHoB),
XNOpPMeTaHOoB, a Takke Ana NnoryyYeHns TOBapHOro XUAKOro xropa, peanu3yemoro pasnund-
HbIM noTpebutenam. OcHoBHble 061aCTN NPUMEHEHNSA XJTOpa NpUBeAEHbI B Tabnvue 9.2.

Mony4yaembin B pesynbTaTe NPOM3BOACTBA 3JMEKTPONUTUYECKUA BOOOPOL MNocne
OYUCTKM, CYLUKN N KOMNPUMUPOBAHWS, KaK NpaBuno, UCMonb3yeTcs Ha TOM Xe npeanpuatum
AN1A nonyyeHus xnopuaa Bogopoaa M CONAHOW KUCNOThbI, ANA NPOM3BOACTBA BUHUMXIIOpyaa-
MOHOMepa B npoussogctee nonueuHunxnopuga (MBX), a Takke Ana nonyyeHus TenrnoBow
3Heprum (napa) MeToaoM CXuUraHusi Bogopona B n3bbiTke BO3ayxa.

OcHoBHble 0bnacT NnpuMeHeHna Bogopoaa npmeeaeHsl B Tabnuue 9.3.

9.2.2.2 OnucaHne TeXHONOrM4YeCcKNX NpoLeccoB, UCMNOSNb3yeMbIX B
npousBoACTBE BOAOPOAA, Xiopa U rmapokcuaa HaTpus MeMbpaHHbLIM MeTOA0M
aneKTponusa

TexHonorns NpoM3BoACTBa BO4OPOAA, XNopa U rmapokenga Hatpusa membpaHHbIM me-
TOAOM 3NEeKTponM3a 3akn4yaeTcs B OAHOBpPEMEHHOM (MapannenbHon) u/vnn nocnenosa-
TEeNbHOW peanusaunn cnegyoLwmnx TEXHONOMMYECKUX CTaamn, COCTaB KOTOPbIX onpeaenseTca
HanpasfieHMeM MCMNoSib30BaHUSA 1 BUOOM (MapKoM) LieneBbiX NpoagyKTOB — BOAOPOAA, Xrnopa
N rmapokcuaa Hatpusa (KaycTtuka):

- NpueM, XpaHeHue 1 pacTBOPeHNEe NCXOOHOW NOBApPEHHOW COMU Unu rnpuem u nogro-
TOBKa CbIpOro paccorsa (paccorna oT No43eMHOro BbilenadmBaHns conu);

- OYMCTKa CbIpOro paccona OT MOHOB KarbLMs U MarHUs COA0BO-KayCTUYECKUM METO-
AOM OYMCTKM N OYUCTKA OT CyrnbdaT-MOHOB XMMUYECKUM METOLOM,;

- ocBeTneHne obpaboTaHHOro paccora B OCBETNUTENSX M OTCTOMHMKax Joppa;

- hunbTpaums WnamoBon cycneH3mm Ha punbTp-npecce (Npy Hanu4um);

- hunbTpaums paccona oT MexaHUYeCKUX NpumMecen;

- pononHuTenbHasa (oMHULWHAas) MOHOOOMEHHast O4MCTKa paccorna OT NPMMECEN NOHOB
Kanbuus n MarHus;

- NOHOOBMEHHaA O4YMCTKa paccona oT CynbdaToB M XNopaToB (NpW NX HANU4YUK);

- MNEKTPONIM3 OYMLLEHHONO paccoria B BUNonsipHbIX 3neKkTponmsepax, CHabXeHHbIX
cneumanbHon GUnNonNAapHON NOHOOOMEHHON MeMbpaHon;

- BaKyyMHOe obecxrnopuBaHne aHonuTa;

- BbIBOA (YOoaneHue) cynbcatoB U3 aHONUTa;

- paspyLueHue xsiopaToB B aHoNUTe (Ha yCTaHOBKE paspyLUeHUs XrnopaToB);
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- oHacblweHne obecxnopeHHoro aHonuta (NaCl — 160 r/am3®) oo maccoBol KOHLIEH-
Tpauun NaCl — (305 +5) r/gm3 nyTem ero CMeLLeHUs1 C COMbio, C OYMLLEHHBIM UMK CbIPbIM
paccofnom unu nyTem ero NCnofb3oBaHUA A5 NOA3EMHOrO BbllLenavymBaHNa KAMEHHOW CONm
(ranuta);

- KOHLEHTPUPOBAHNE 3NEKTPONUTMYECKOIO KayCTuKa (BbiMapka 3MEKTPOLLENOKOB) C
nosilyyeHmem ToBapHoro eakoro Hatpa (50%-Horo NaOH);

- OXNaXkgeHue, OCyLUKa U KOMMPUMUPOBaHUE (CKUKEHUE) INEKTPONTMTUYECKOrO XNopa;

- pereHepaums (KOHLEHTpMpoBaHMe) oTpaboTaHHON CEPHON KMCMOTHI;

- OXNaX[aeHue U KoOMMpuMMpoBaHWe BoJopoda C NocrnedyrluM HanpasneHnem no-
Tpebutento, B TOM 4ncre Ha Npon3BoACTBO TEMSIOBOW aHeprun (napa);

- OYMCTKa NPOMbILLNEHHBbIX BbIOpocoB (abra3os) oT xnopa,;

- (pacoska, xpaHeHue (cknagMpoBaHWe) N OTrpy3ka roToBOro NPoayKra.

B pamkax HacToduwero cnpaBoyHuka HOT npouecc gobblun noBapeHHOW COnvM Unu
CbIpOro paccorna (pacteopa xsiopuaa HaTpus) nogpobHoO He paccmaTpmBaeTcs.

O6wasn npuMHuMnuanbHasa cxema TEXHONOMMYeCcKoro npowuecca nponsBoACcTBa BOAOPO-
Aa, xnopa u ruapokcuga HaTpua MemOpaHHbIM METOAOM JMEKTPONu3a nNpeacTaBneHa Huxe
Ha pucyHke 9.3.

[MpeacTaBneHHyo Ha pucyHke 9.3 obLLY0 NPUHLMNNANbHYIO CXEMY TEXHONOMMYECKOro
npouecca Npon3BoACTBa He criegyeT paccMmaTpuBaTb B Ka4yeCcTBe eAMHCTBEHHOW CXEMbl, CO-
OTBETCTBYIOLLEN KpUTEPUAM 1 TexHonornyeckum nokasartenam HAT (cm. npunoxeHue b).
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Hwxe B kadecTBe TUMWYHOrO npumepa npeacraBneHo Havbonee obuiee onucaHve
TEXHOJSIOrM4Yeckoro rnpolecca npovs3BOACTBa BOOOPOAA, Xopa W rmapokcuga HaTpus Mem-
OpaHHbIM MEeTOOOM 3NeKTponM3a NS BapMaHTa, B KOTOPOM B Ka4yeCcTBe Cbipbs MCMOSMb3YHOT-
cs TBepaas conb (ranuT). [JaHHoe onucaHue npouecca HUKOMM 0o6pa3omM He MOXEeT pac-
cMaTpuBaTbCH Kak eQUHCTBEHHOE M ucyepnbiBalollee onvcaHue, COOTBETCTBYOLLEE KpUTe-
pUsM 1 TeXHOMNormyecknum nokasatenam HOT.

9.2.2.3 OnucaHme ctagmm meMbpaHHOro MeToaa 3NeKTponusa

CTtagusa pacTBOpeHUs, NPOMbIBKM COJNM, HacCbIWeHUA n o6paboTkn paccona

Cblpas conb 3arpyxaetcs ¢ NoOMoLbio norpy3dnka B 6yHkep onga conu. U3 ByHkepa
Cblpas Coflb BbIrpyKaeTcsa BubponutaTenem Ha NEHTOYHbIA KOHBEWEP M NOAAETCsA Ha peLueT-
Ky COPTMPOBOYHOM MaLUWHbI OS89 OTAEeNeHna KpynHblX Yactuy. [NpocesHHas cornb KoHBeue-
poM rnogaeTcs Ans U3MeSibYeHUA Ha MeribHULY. BHYTpUM MenbHUUbl Kpuctannsl conu npe-
UMYLLLECTBEHHO pa3pyLLalTCs BAOSMb MSIOCKOCTEN, OCcnabneHHbIX NPUCYTCTBYIOWNMM B KpU-
cTanne npumecsamu, YTo B XO4€e AanbHeunwen NPpOMbIBKM paccoriom obnervaet yganeHue
3TUX npumecen. KOHCTPYKLMS MeNbHULbI NO3BOMSET KOHTPONUPOBaTb CTENEHb U3MESIbYEHNS
C BbICOKMM BbIXOLOM KPUCTansoB COnu Xenaemoro pasmepa. 13 MmenbHUUbl conb nogaeTtcs
B MOEYHYH MalUMHy, rOe MESiKMe BKITYEeHUs TPYAHOPaCTBOPUMbLIX NMPUMECEN, TakMxX Kak
rnc, OTAENATCA OT COMY C NOMOLLBIO NoAaBaemMoro NPOTMBOTOKOM CHU3Y BBEpX paccona.
Mogaya paccona KOHTPONMpPyeTCcs B COOTBETCTBMU C Ka4eCTBOM Cbipon conu. Kpuctannebl
CONU OMNyCKaltTCH BHU3, OMbIBAsiCb PacCOSfioM, LMPKYNMPYOWUM B MOEYHOW MaluuHe. [lpu
3TOM pacTBOPUMbIE MPUMECK C MOBEPXHOCTU KPUCTasnMoB COnu nepexoaaTt B paccon. M3
nepBon MOEYHOW MalUMHblI CYCNEH3NA CONM nepeaaeTcsl BO BTOPYHO MOEYHYH MaluuHY, rae
npumMecu oTaensalTCcsa OT CONMM C NOMOLbLI0 AekaHTauuu. [pumecu, cogepxalimecs B cyc-
NEeH3Nn Conn, yoansatTcs U3 Hee NPOTMBOTOKOM YMCTOro paccona. OuuueHHasi cConb KOH-
LEHTpUpyeTCA B BEpxXHenW 4YacTu MOeYHOW MalwuHbl. Paccon ¢ npumecaMmm ocBeTnsieTcs
B KIflaccudukaTope, B KOTOPbIM NogaeTcs ProKynsaHT — rmaponiM3oBaHHbIA nonnakpunaMmmng,.
OuuwieHHas conb 1 paccon pasgensoTcs B ueHTpudyre. O4vneHHas conb nogaeTcs neH-
TOYHbIM KOHBEMEPOM Ha cKnag NpoMbIToM conu. Paccosn npy NpombIBKE CONWU LMPKYnNupyeT
B NPOTMBOTOKE C ABWMXEHMEM conn. 3 NpusaMKa-oTCTOMHUKA OCBETIIEHHLIA paccosn nepeka-
YMBaETCH B MOEYHYK MalUuHy, rge OH U3BriekaeT npumecu u3 conu. I3 MoeyHon MalluunHbl
paccon noctynaeT B KnaccudukaTop CYCneH3uu CONu, rae OH BbIMbIBAET M3 COMWN MeEskue
YacTuubl npumecen. LLnamoBasi cycneH3ns OT NPOMbIBKM COMWM KakK OTX0L OTrpyxaeTcs
HacoOCOM B aBTOLMCTEPHbI U KOHTenHepbl. Conb CO cknaga NpoMbITOW CONM nogaeTtcs no-
rPy34nMKOM B NPUSMOK-caTypaTop paccona, Kyaa Ans pacTBOPEHUs Conv nogaeTca Aexnopu-
poBaHHbIN 06eAHEHHbIN paccon (aHoMUT) U Boga. HacbIWeHHbIN Cbipon paccon 13 npusMka-
catypartopa nepenveaeTcsa B 6ydepHbIn NPUSMOK CbIpOro paccona v 3ateM B MPUEMHYIO eM-
KOCTb CbIpPOro paccona, oTkyga OH NnogaeTcsi HaCOCOM CbIpPOro paccoria Ha crieylLuyo cTa-
avio.

Crapunsa coqoBoO-KayCTU4ECKOM OYUCTKM paccora u yaaneHusa cynbdgatoB

MpenBapuTenbHO B NEPUOOUYECKOM PEXMME OCYLLECTBSETCA NPUroTOBMEHME pac-
TBOpOB Xxnopuaa 6apusa BaCl: n kapbonaTta Hatpus Na2COz ¢ ncnonb3oBaHmem obecconen-
Hon Boabl. Boga mn BewectBa BaClz 1 Na2COs 3arpyxatTcd B eMKOCTb pacTBopa xfiopuaa
Gapua n B eMKOCTb pacTtBopa kapboHaTa HaTpusi, 060pyaoBaHHble Melwankamu. HacblweH-
HbIA paccon ¢ cogepxaHmem NaCl 300-315 r/am® nocTynaeT B peakTop O4MCTKM paccona oT
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cynbdaToB M MOHOB Kanbuus, rae paccon cmewmnaeTcs ¢ pactsopamu BaClz n Na2COs ans
yaaneHns COOTBETCTBEHHO Cynb(aT-MOHOB M MOHOB KamnbLNA U3 paccorna B BUAe HepacTBO-
pumMbix conen BaSO4 n CaCQOgs, KOTOpble OcaxgatTcs U3 paccona.

M3 peakTopa O4MCTKM paccorna OT CynbdaToB U MOHOB KarbLMs paccosl nepetekaet
BO BTOPOW peakTop paccona, rae K mcxogHomy paccony gobasnsetcs pactsop NaOH. MNpwu
3TOM U3 paccona ynandalTcs MOHbl MarHWd, ocakparlllmecss B BUOe ocagka rmapokcuaa
mMarHus. Paccon, npowewunn npeasapuTenbHy0 XMMmMyeckyto obpaboTky, nocTtynaeT ganee
B OCBETNUTENb U/Unu oTcTonHuK [oppa.

Crapusa ocBeTneHus paccona, GunbTPpoBaHUSA CryLEeHHOro wramMma u oopaboTku
wnama

Cblpon paccon nocTtynaet u3 BTOPOro peakropa paccofna B OCBEeTNUTesb paccona.
Mpun aToM B paccon gobasnserca riokynsiHT, NoA4aBaeMbli HACOCOM U3 eMKOCTU pacTBope-
HUA pnokynsHTta. [NpurotoBneHne pacteopa rIOKyNsHTa BeOeTCH B NepUoOaNYECKOM Pexu-
M€ NonepeMEHHO B OOQHOMN U3 ABYX eMKOCTen. PnokynsHT obecneymBaeT yKpynHEHME YacTul,
N ocaxkgeHue TBepablX BellecTB U renen B oceetnutene. OCBeTNEHHbIM paccos NOCTynaeT B
pesepByap A1 Nofayun paccorna Ha unbTpauuio 1 3aTtem nepekavyatbecsl B cucteMy usb-
Tpauuu. WWnam, ocaxgawwmnca Ha OHO OCBETNUTENS, nepekadmBaeTcs amadparmMeHHbIM
HaCOCOM LUfiaMa B EMKOCTb LUfiama, B KOTOPON cobupaeTcs Takke LufaM M3 peakTopoB pac-
cona. B emkocTu TBepable BelwecTBa NoAEPKMBAKOTCA BO B3BELLEHHOM COCTOSIHUM MeLuarn-
Kon. 3aTeM Wwram rnogaeTcs Ha (PunbTp-Npecc nutTaTesibHbIM HAacOCOM LWama. 3TO Hacoc
AnadpparMeHHO-NopLUIHEBOrO TuNa cnocobHbin pas3suBaTb AasneHue 15 6ap. Bo Bpems
dunbTpaunmn pereHepupoBaHHbIN paccon cobupaeTcs B eMKOCTb hunbTpaTta U 3aTem Haco-
COM (hunbTpaTa C perynmpyemMon npom3BOANTESNbHOCTBIO BO3BPALLIAETCS B peakTopbl pacco-
na. Korga paesneHve unbTpaumm ocTuraeT Makcumyma, Uukn omnbTpauumn 3aeBepluaeTca
n wnam (kek) c cogepxaHnem soabl oT 40 % o 60 % Bbirpy>KaeTca NeHTOYHbIM KOHBENEPOM
B KOHTeNHep (byHKep) nog ounbTp-Nnpeccom.

Ha ycTtaHoBKe unbTpaumm Takxke npegycmaTpvBaeTCa cucTeMa nepuoamnyveckomn
KMCITOTHON MOWKM ONS1 NPOMbIBKM (OUNbTPOBanbHOW TKaHW BO u3bexaHue ee 3abuBku. JTa
cucTemMa BKIOYaeT eMKOCTb C COMSIHOM KUCIIOTOW U CUCTEMY [03UPOBAHUSA C KEKTOPOM, B
KOTOpbIN NogaeTca AeMnHepanM3oBaHHas Boaa.

Crapgusa counbTpaumm paccona oT B3BelWeHHbIX YacTul (npumecen)

OcBeTneHHbIN paccosl NepekaymBaeTCa HaCOCOM OCBETIIEHHOIO paccofia B ABYyXCTa-
AUnHYI0 cuctemy punbtpaumn. lNepBas ctagus ounbTpaunm OCyLLECTBAAETCA Ha ABYX UMnn
TPex aHTPauMTOBbIX (hunbTpax, yCTaHOBMNEHHbIX NapannenbHo. Kaxabin cnocobeH obpaba-
TbiBaTb He MeHee 50 % OT Heo6XxoaAMMOro NPoOM3BOACTBY MOMHOrO NOToKa paccona. epwuo-
ANYECKM OOUH U3 PUNbTPOB UCKIOYaeTcs M3 paboTbl, U NPOMbIBaeTCA (PUAbTPOBAHHLIM
pacconom, nogaBaeMbliM HACOCOM OOpaTHOM NMPOMbIBKU. 3arpsi3HEHHLINM paccon nocne npo-
MbIBKM @aHTpauuMTOBbIX (bnbTpoB cobmpaeTcs B eMKOCTM obBpaTHOro paccona, obopyaoBaH-
HOM MeLlarnkou, N3 KOTOpon BO3BpaLLL@aeTCsl HACOCOM Ha CTaauio npeaBapuTenibHOM OYUCTKN
paccona. Bropasa cragmsa dunbTpaumm ocyLLecTBAAeTCa Ha 2 ounbTpax paccosna naTpoHHO-
ro Tuna. PunbTpbl 06bLIYHO paboTatoT napannensHo. Oba unbTpa paccynTaHbl Ha paboTty
co 100 % oT HeobxoaMMOro NpoM3BOACTBY MOJSIHOrO MOTOKa paccona. Bo Bpemsi onepauuu
OYUCTKM OOHOro ourbTpa BeCb paccon HanpasnseTca B gpyron cuneTp. MNepen nyckom B
paboTy B ounbTpe pacconia JOfmKeH ObiTb HaMbIT crion unbTpytowero matepuana. Cyc-
NeH3ns Ona HaHeceHUsa Cros (PunbTpyloLero martepuana npurotaBnMBaeTCs B €MKOCTU
HaMbIBHOro Matepuana, rge punbTpyoLwmMin MmaTepman TwaTtenbHO AUCcneprupyeTcs MmeLuarn-
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KOW B (pusibTpOBaHHOM paccorsie, nocsie Yero nogaeTca B PUNbTPbl HACOCOM PUNbTPYIOLLETO
maTtepuana. K paccony, noctynawouiemy B omnbTpbl, 4o06aBnseTcss BCrnoMoratenbHbIi unb-
TPyOLWNN MaTepuan B BuAe CYCNeH3uu, NoaroToBfIEHHOM B €MKOCTU BCMOMOraTerlbHOro
unbTpyowero Matepmnana. B 3ToM eMKOCTU BcriomoraTernbHbI OUbTPYOLWNn MaTepuarn
TWaTenbHO ancneprmpyetca B 06ecconeHHon Boge mellankon. 3atemMm OH HAaCOCOM [03Upo-
BaHWA BCMNOMOraTtenbHOro (unbTpylowero martepvana Hanpasnsetcs B UIbTPbI.
B ka4ecTtBe omnbTpytowero matepmana HambIBHOro Crnos counbTpaumm n BCroMoraTenbHOro
JunbTpyoWwero matepuana ncnonbdyetcs o-uennonosa. KoHueHTpauum cycneHsnn mare-
puana HaMbIBHOrO Crnos usnibTpaumMm n BCnomMoratensHOro ounbTpyowero matepmana pas-
nnyHbl: 3 % — 4 % ang HambIBHOrO crost U 1 % — 2 % ana BcnomoraTesibHoro ounbTpyro-
wero maTtepuana. lNpumMmeHeHne a-Uennonossl UMeeT ABONHOW 3(PEKT: OHa OTNNYHO noa-
X0OuT B KayecTBe hunbTpylowen cpeabl, 6onee agpekTUBHON, YeM MaTepuan naTPOHHbIX
unbTpoaniemeHToB. KpoMe TOro, oHa AenaeT KOpKy Lwiama bonee pbIxfion, 4To obneryaet
cbpoc oThunNbLTPOBaHHOIO LWama n obecnevmBaeT nNnpoBeaeHne npouecca omnbTpauumn npm
B6onee HU3koM nepenage aasnexus. Korga paboyee gasneHne Ha punbTpe JOCTUraeT Mak-
CMManbHOro 3HaveHus, ounbTp AoMKeH 6biTb ounwieH. O4McTka OCyLLecTBseTCA B aBTO-
MaTM4YECKOM pexume nogaden cxatoro Bo3gyxa w3 pecuBepa. lMocne cbpoca wnama c
PUNLTPOINEMEHTOB OH BbICYLLUMBAETCS BO3AYXOM C AOCTMXEHWEM ObLIEero cogepxaHus cy-
xunx BewecTts 50 % — 60 %, 1 3aTeM OH BbIrpy>XaeTcs U3 punbTpa B Ka4ecTBe oTxoha B ne-
penBMXKXHOWN KOHTENHEP, YCTaHOBMEHHbIN NO4 (PUITbTPOM.

Ctapmsa o4NCTKM M NOArOTOBKKU paccona (BTOpMYHasa o4YMCcTKa paccona)

PunnbTPOBAHHbLIN paccosn u3 dunbTPoOB cobrpaeTca B EMKOCTU (PUnbTPOBAHHOIO pac-
cona, 3aTemM OH HacocamMm NoLaeTCs Ha OYMUCTKY B MIOHOOOMEHHbIE KOJNTOHHbI Yepes3 nogorpe-
BaTenb (PUNbLTPOBAHHOIO paccona, rge nogorpeBaeTcs OO TemnepaTtypbl okono 60 °C —
65 °C. Ytobbl rapaHTMpoBaTb CTabunbHyto paboTy MemMOpaHHbIX A4eek ANEeKTPON3epoB U
AONMIn CPOK Cnyxbbl MmeMbpaH, B 94enkn OOMMKEH NoAaBaTbCA OYeHb YncThlin paccosn. Co-
AepXXaHne MOHOB KarbLMS U MarHUs B paccosne He LOSMKHO NpeBbiwaTb onpeaeneHHbIn ypo-
BEHb, TaK KaK OCaXgeHue 3TUX MOHOB Ha MembOpaHe BnusieT Ha ee paboTocnocobHOCTL n
BeOET K yBENMNYEHUIO 3HepronoTpedbneHuns. [1ee MOHOOOMEHHbIE KOMOHHbI, MCNOSb3YHOLLMECS
AN BTOPUYHOM OYUCTKM paccona, coefuHeHbl nocrneaoBaTenibHO Apyr 3a ApYroM C pacno-
noXeHWeM no npuHuMny «Begywias/nocrneaywowas». Kaxgaa KOMOHHa paccyuTaHa Ha
OYUCTKY BCEro noTtoka paccona. Bropas konoHHa chakTudeckn senaetcsa pesepsHon n pabo-
TaeT Ha MOJSIHYK Harpysky, Korga gpyras KorioHHa pereHepupyetcd. [locne pereHepauuu
NpouCXoauT MepeknioyYeHne noToka paccona, U pereHepupoBaHHAa KOMTIOHHA CTaHOBUTLCA
«BegyLwen» (nepBon No xo4y NOTOKa paccona), a paboTaBllas KOMOHHA CTAaHOBUTCS «MO-
cnegytouwien» (BTopor No xoAay notoka paccona). MoHOOOGMEHHbIE KOMOHHbI 3anofHEeHbl Ka-
TUOHOOBMEHHOW CMOSION, UMEKLEN PYHKLMOHANbHbIE rPYnnbl, CNOCOOHbIE M3BMEKAaTb NOHbI
meTannos (Me?*) ¢ obpa3oBaHMeM reneBbiX KOMMMEKCOB U OOHOBPEMEHHbIM BbICBOOOXae-
Hnem noHoB Na*. PereHepaunsa cMosbl BbINOSHAETCA Yepes perynspHble NPOMEXYTKU Bpe-
MEeHW, aBTOMaTMUYeCKOn cucTemon, kKoHTponnpyemon PCY npoussoacTea.

Cmona pereHepupyetcs pasbasneHHon congHon kucnoton (5% — 7 % HCI) npwm
3TOM NPOUCXOAUT 3aMelleHne NoHoB Me?*Ha noHbl H*. Mocne aToro cmona obpabaTbiBaeT-
cs pasbasneHHbIM pacTtBopoM wenoum (5 % NaOH) ans nepesoga CcMonbl U3 BOLOPOLHOM
dopmbl (R - - - - H) B HaTpuesyto (R - - - - Na). Micnonb3ayemble onsa pereHepaumm ncxogHas
35%-Has consiHaa KucnoTta n ucxogHbin 32%-Heint pacteop NaOH npegBaputensHo pasbas-
NATCA aBTOMATUYECKN PErynvpyeMbiM NOTOKOM AeMUHEPann3oBaHHOW BOAbI U MPOXOAdAT
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yepes3 CMecuTENb KUCNOTbl U BOAbI UM CMECUTENb LWEenoYn u Boabl Ans obecnevyeHns nos-
HOro cmelueHus xxuakocten. CTOKM OT pereHepaumm cobmpatroTca B eMKOCTb CTOKOB, OTKyAa
OHM HaCcoOCOM BO3BpaLLAOTCH B NPOLECC B CEKLUMIO HacbILWeHUs paccona. AHanus cogepxa-
HMS kaTMoHOB Mg?*/Ca?* gormkeH BbINOMHATLCS Ha PErynsipHoi OCHOBE, YTO MO3BONseT 06-
Crny>XnBatoLLLEMY NepcoHany CBOEBPEMEHHO BbINOMHUTL HEOOXoaUMbIE AEUCTBUS NO NPeaoT-
BpaLLEeHUto noBpeXxaeHns mMembpaH anekTponusepa. Ecnu KOHUEeHTpaums
Mg?*/Ca?*npeBbllLaeT onpeaeneHHyo BenuyuHy (20 ppb), To 3To ykasbiBaeT Ha TO, YTO «Be-
ayuwas» B AaHHbIN MOMEHT MOHOOOMEHHas KOMOHHA OfmKeH ObiTb NOABEPrHyTa pereHepa-
ummn. MNocne MOHOOBMEHHBIX KOMMOHH OYULLEHHLIN paccon NocTynaeT Ha anekTponua. Ouu-
LLIEHHbIN paccos Co cTagun MOHOOOBMEHHOM (BTOPMUYHOWM) OYUCTKMN NMOCTYNaeT B ANEKTPonm3ep
yepe3 TennoobmeHHUK paccona. TennoobmeHHUK paccona obecneymBaeTr HeobxoguMyto
ANSA 9NeKTponM3a TeMmneparypy paccona: 9To 03Ha4aeT, YTO B HOPManbHOM pexunme paboTbl
1 NpuU Nycke anekTponuaepa, oH paboTaeT kak NnogorpeBaTtenb, a BO BpeMsi onepawmi no oT-
KNKOYEHUIO ANeKTponn3epa, oH paboTaeT Kak XONoANNbHUK.

Cragusa anekTponusa

BunonapHbin MemMBpaHHbI 3anekTponuaep, kak npasuno, coctout ma 130-200 oT-
AENbHbIX 3NIEMEHTOB — SA4YeeK, NocrneaoBaTeflbHO COEOQUHEHHbIX ANEKTpuYeckn. B kaxabin
3fIeMeHT NoAdaeTCs OMULLEHHBIM PAacCon U BOAHbLIA pacTBOP e4KOro Hatpa. Adyerka Bkro4vaeT
aHogHOe M KaTog4HOEe NPOCTPaHCTBA 3NEKTPOAOB, MemMOpaHy, dnaHubl 1 CUCTEMY YMMOTHe-
HUSA. AHOA, Kak npaBuIio, BbINOSIHEH U3 TUTaHa, a KaTtod — U3 Hukend. [logada Ha anekTpo-
nn3ep 3NeKTPUYECKOro TOKa OCYLLEeCTBRSeTCs Yyepe3 TpaHcdopMaTop M BbINpAMUTENb, KO-
Topble obecne4vnBatoT npeobpasoBaHMe NePeMEHHOro Toka HanpsbkeHnem 35 KB B nOCTosH-
HbIn TOK HanpsbkeHnem (540-660) B. [na oxnaxageHuns TpaHcdopmaTopa M BbiNpAMUTENS
ncnonb3yeTcst 000pOTHaA BoAa, KOTopasd cobupaeTcs B eMKOCTb 060POTHOM BOAbI, U3 KOTO-
pon BoAa BO3BpaLLaeTCca HacocoM B cucteMy 060poTHOM BoAbl. OYNLLIEHHBIN paccon NocCTy-
naeT B aHOL4HOE NPOCTPaHCTBO, rAe Ha aHoae obpasyeTcs xmop.

OcHoBHas aneKkTpoxMMmuyeckas peakums, NpoMcxoasLlas Ha aHoge:

NaCl — Na* + CI-
2CI- - 2e— — Cl2?

Takke BHYTPU aHOOHOrO NPOCTPaHCTBA MMEEeT MeCTO psif NOBOYHBLIX peakumi, No Ko-
TOpbIM B HEGOMbLUMX KONMYecTBax obpasyoTcs cneayowme noboyHble NPoaYyKTbI:

40H™ + 4 e~ — O2 + 2H20 (o6pasoBaHue kucnopoaa)
3Cl2 + 60H™ — 3H20 + 5CI~ + ClOs- (o6pasoBaHue xnoparta)
Clz + 40H™ — 2H20 + 2CIO~ (0bpasoBaHue runoxnoputa)

Paccon, BbIXOAALMIA U3 A4YENKU dnekTponusepa, — aHonuT coaepxut 160-220 r/am?
NaCl. B cooTBETCTBUM C KOHCTPYKUMEN INEKTPONM3Epa aHOQHOE M KaTOAHOE MpOCTpaHCTBa
pasgensatoTcs meMmbpaHon, KoTopasi Nno3eonseT AnddyHaANPoBaTh B KATOAHOE NPOCTPAHCTBO
TONbKO MoHam Na* n onpegeneHHOMy KONM4ecTBy BOAbI.

[Byxda3Hasa cMecb xropa u aHonuTa nocTynaeT Yyepes nepenusHyto TpyOby B KOMnek-
TOp aHonuTa, rge OCHOBHAasi YacTb ra3oobpasHOro xrnopa OTAENseTca OT aHonuTa. AHOMUT
nocTynaeT B éMKOCTb aHONUTa, a OTTyAa nepekavymBaeTcsa Ha y3en gexnopupoBaHud. [ops-
YMIN, HACbILWEHHbIN BOAOW ra3oobpasHbii Xop NocTynaeT Ha ctaamio obpaboTku xnopa. Bo-
aopoa 1 noHsl OH™ obpasytoTcsa Ha KaTogax npu pasnoxeHum H20.
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OCHOBHas aMeKTPOXNMMYEecKas peakLus, NPoONCXoasilas Ha kaToae:
2H20 + 2 e— — H2t + 20H"

Enkuii HaTp obpasyeTcss B KaTOAHOM NPOCTPaHCTBE B pes3ynbTate MuUrpauum MOHOB
HaTpus Yepe3 MembpaHy M3 aHOAHOro NPOCTPAHCTBA B KATOAHOE:

Na* + OH- — NaOH

[na 3Ton 3anekTPOXMMUYECKON peakumm n pasbaBneHns LMPKyIupYyoLwero noToka Ka-
TonuTa Heobxoammo gobasneHve BOAbl B KOHTYP LMPKyNnAunm katonuTta. Boga B KOHTYp no-
CTynaeT 4YacCTMYHO 3a CYET BbILIEYNOMAHYTOro siBfieHnst nepeHoca H20 yepe3 membpaHy 13
aHOAHOro NPOCTPAHCTBA, a TakkKe 3a CYET NoJaun B KOHTYP LUMPKynsumMm katonuta obecco-
neHHon BoAbl. [1ByxcasHasa cmecb pacTBopa eakoro HaTpa (katonuTa) u Bogopoda nocryna-
€T U3 KaToAHOro NPOCTPaHCTBA Yepe3 NnepernivBHyo Tpyoy B KOMMEKTOP KaTonuTta, rae BOAo-
pon otaoensieTca oT katonuTa. lNogaepaHne NOCTOAHHOMO nepenaga AaBfieHU Mexay Ka-
TOAHLIM U @aHOAHbLIM MPOCTPAHCTBOM HEOOXOANMO AN NPaBUIIBHOIO pexmnma paboTbl SYEEK.
[aBneHne Bogopoaa Bcerda nogaepxueaeTca npubnusntensHo Ha 20 mbap Bbiwe, Yem
AaeneHue xrnopa. 3tum obecneuvmBaeTcs TO, 4TO MeMbpaHa TONbKO COMpUKAcaeTCcsa C aHo-
Aom. MNpu yBenuyeHnn gaBneHns xnopa B A4erkax gaxe HEMHOrO Bbilwe paboyero 3HayeHns
200 mbap, xnop HadMHaeT aBTOMaTUYeCKM cOpacbiBaTbCA B CUCTEMY ra3oBbiX BblOpocoB
(cekumna aBapuMMHOrO MOrMOLLEHNA Xnopa), B KOTOpon xrnop abcopbupyeTtcs pasbaBneHHbIM
pacTBOPOM efKoro HaTpa ¢ obpasoBaHvem runoxnoputa. lNMpu ganbHenwem MoBbILLIEHNN
AaBfeHNs NPOLIECC ANEKTPONIM3a OCTaHaBMMBAETCA NOCPEACTBOM aBTOMAaTMYECKOro OTKIO-
YeHUs1 ANEKTPUYECKOro ToKa. Xrnop copacbkiBaeTcsa B CUCTeMy aBapuinHon abcopbumm xnopa.

Crapusa BbinapuBaHUA 3neKTpoLlenoka (Katonura)

MonyyeHHbIn B anekTponusepe 31 % — 33%-Hbi pactBop NaOH, Tak Ha3blBaeMbin
KaTonmT, NOCTynaeT B eMKOCTb KaTonnTa, U3 KOTOPOM YacTb NOTOKa KaTonmMTa Bo3BpaLlaeTcs
Ha 3MeKTPOoNnn3, a 4YacTb NOTOKa NepekayMBaeTcsa fanblue Ha cTaguio Bbinapku. Katonut
BO3BpaLLL@eTCs Ha 3NeKTpPonm3 Yyepes TennoobMeHHWK kaTtonuta. Npn HopManbHOM pexnve
paboTbl M NpW OCTAHOBKE 3NeKTponuaepa 3TO0T TEeNnOOOMEHHUK perynuvpyeT TemnepaTypy
KatonuTa, paboTtas kak xonoaunbHuk. MNpu paboTe anekTponusepa B HEyCTaHOBMBLUEMCS
pexume npu nycke TennoobmMeHHuK paboTtaeT kak nogorpeBaTenb. OTBOAMMBIV Kak NpoayKT
anektponusa 31 % — 33%-Hbi pactBop NaOH nogaetcsi HACOCOM KaTtonmTa Uinn B EMKOCTb
xpaHeHuna 32 % NaOH, npoxoas 4yepes xonoauribHUK, U Ha YCTaHOBKY KOHLUEHTPUpOBaHUA
N YellyupoBaHus kayctudeckon cogbl. PactBop 31 % — 33%-Horo NaOH, xpaHawwmncs B
€MKOCTSAX, MOXET MnepekaymBaTbCs B CUCTEMY KOHLIEHTPUPOBaHUSA (BbiNapuBaHUs) KaycTude-
CKOW COAbl, @ TaKKe B CEeKLMI0 aBapUMHOIo NnornoLeHns xmnopa, obecneynsas ee CBEXMUM Ka-
ycTuKkoM gnst abcopbuumn xnopa.

Cuctema Bbinapkn (KOHLEHTPUPOBAHUS) 3MEKTPOLLENIOKa BKIIOYaET OBYX- WU TpeXx-
CTyNeH4aTylo BbiNapKy C ABYMS MW TPEMSA KOHLUEHTpaTopaMn — BbiMapHbIMK annapatamu,
obecneunBaroLLyto KOLEHTpUpOBaHUe pacteopa wenoun ¢ 32 % ao 50 % NaOH, n 3akntouu-
TENbHYK CTYMEHb BbINApKM C OOHUM KOHLIEHTpaTopoM, obecnedmBatolyo nonyyYyeHne pac-
nnaea egkoro HaTtpa mn3 50 % pacTteopa wenoyn. Bce KOHUEHTpaATOpPbl 3TON CUCTEMbI SBMS-
IOTCS BbINApHbLIMK annapartamu ¢ nagatroLen nieHKon XNOKocTu, B BEPXHEN YaCTu KOTOPbIX
yCTaHOBMEHbl TennoobmMeHHKM (pubonnepsl). BoinapHon annapat ¢ nagarowen nieHKon
XNOKOCTU — annapar, B KOTOPOM LLENOYHON pacTBOP KOHLIEHTpUpyeTca B Tpybkax pubon-
rfiepa C BbICOKOW CKOPOCTbIO, rapaHTupytoen TypObyneHTHbIN NOTOK Yy MOBEPXHOCTU TEnmno-
obMmeHa, YeM [OCTUraeTcsl BbiCOKasi MHTEHCMBHOCTb Tennonepenayn. PacnpenenexHue Lie-
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FNIOYHOro pacTBopa B Tpybkax pubonnepa MMeeT BaxXHOe 3Ha4veHue u obecneymBaeTcsa ycra-
HOBKOM Ha BXO4Ee B KaKayt TpPybKy HaKOHEYHWKOB-pacnpegenurenewn, pacCuMTaHHbIX Ha
KoMneHcauuo adpdrekTa «BOSMH» B XUOKOCTU N UBMEHEHUW pacxoda nuTaroLlero notoka. Bbl-
BGop coyeTaHusa ABYXCTyne4vyaTomn Bbinapku Anga nonyvyeHms 50%-Horo pacteopa Lenoym un 3a-
KNIOYNTENbHOM OAHOCTYNEeHYaTon Af1S NOofyyYeHus pacnnasa LWesiovn TUNUYEeH, 3TO Haumyud-
LIMA KOMNPOMMUCC MeXAY IKOHOMMEN napa, KanutanoBrnoXeHnsaMn n npobnemamm, BO3HMKa-
IoLWUMN n3-3a 60MbLIOro pocTa TemMnepaTypbl KUMNEHNS KOHLEHTPUPOBAHHOMO KayCcTuka.

[na n3eneyeHna tenna oT KOHAEHcATa U KOHLEHTPUPOBAHHOIO pacTBopa KaycTuka u
oxnaxgeHusa npoaykta go 6esonacHon TemnepaTypbl NpeaycMoTpeHbl nogorpesartenn nu-
TawLllero pacrteopa. [uTtarowmm ycTaHOBKY KOHLEHTPUPOBAHNA PacTBOP LUENIoMM MOXET Mo-
CTynaTb Kak KaTONMUT U3 3ieKTponmn3epa Unm Kak KayCTuK U3 eMKoCcTen xpaHeHus. [ns cHu-
XeHus TemnepaTypbl KMNEHUA pacTBopa LUenovm npouecc KOHUEHTPMPOBaHUS NPOBOAUTCH
nog BakyymMOM, CO3[aBaeMblM BaKyyM-HacOCOM, BXOASLWMM B cocTaB obopyaoBaHus ycTa-
HOBKW KOHLIEHTPUPOBAHUA. TEXHONOrMYECKMIA KOHOEHCAT YCTaHOBKM KOHLUEHTpMpOBaHus (BO-
Aa, BbinapmMBaemas npu KOHUEHTPUPOBaHMM pacTBOpa LWEeNoYmn) yTUIM3npyeTcs BHYTPU Npo-
n3BoacTBa. ATOT KOHAEHCAT cobupaeTca n nepekaymBaeTca B cekumto obpaboTkm paccona,
roe ncnonbadyeTtcs A51s NoSlyYeHnsa HacbILWEHHOro paccona.

KoHTyp wenoyHoro pacteopa. Katonut ¢ perynmpyeMmbiM pacxogoM nofaeTcsa Herno-
CPEeACTBEHHO B BEPXHIOK TPYOHyI0 pelleTky pubonnepa KOHUEHTpaTtopa BTOPOW CTYMEHMW.
WcnapeHue Bogbl nponcxoguT 3a cyeT Tensia napa, NocTynawLlero ¢ Bepxa KoHueHTpaTopa
NnepBON CTYMNEeHW U 3aKMYMTEeNbHOro KoHueTpaTopa. B BepxHeln YyacTn KOHUeHTpaTopa BTO-
pou CTyneHn napbl OTAENATCA OT pacTBopa LWenoyn; pacteop Npu 3TOM KOHUEHTPUPYETCS.
Lleno4yHon pacTtBOp OTKayMBaeTCH M3 KOHLEHTpaTopa HacoCcoM W nogaeTca B Noporpesa-
Tenb ANa pekynepauuu Tenmna KOHUEHTPUPOBAHHOIO LWENoYHOro pacteopa, nocrne yero no-
CTynaeT B BEPXHIOK TPYOHyHO pelleTky pebonnepa KoHUeHTpaTopa nepBon CTyneHu Bbinap-
Kn. icnapeHune n3bbiTOYHOM BOAbI NPOMCXOANT NOA BO3OENCTBUEM TEMNOTLI Napa U pacTeBop
weno4yn gocturaet Tpebyemon koHueHTpauun 50 % mac. [opsaumi WwenoyYyHon pacteop ne-
pekadnBaeTca HacocaMun Yyepes nogorpesaTerb, rae TennoTa nepegaeTcs NOTOKY NUTaroLLe-
ro HU3KO KOHLEHTPMPOBAHHOIO pacTeopa.

[Mony4yaembll Ha ycTaHOBKE KOHLEHTpUpoBaHUA 50%-HbI pacTBOp KaycTuka, MocCTy-
naeT B eMKOCTU xpaHeHus 50%-Horo NaOH 4epes KOHEYHbIN XONOo4UbHUK, YTOObI NONYyYnTb
Tpebyemyto TemnepaTtypy 45 °C — 50 °C. YacTtb 50%-Horo pactBopa NaOH nocbinaercs
HaCOCOM HenocpenCTBEHHO N3 KOHLIEHTpaTopa NepBon CTyNeHN Ha CTaanio 3aKknNiyYnUTeNbHON
KOoHUeHTpaunn. Pacteop 50%-Horo NaOH, nonyyaembi Ha yCTaHOBKE KOHLIEHTpauWKn Kay-
CTUYECKOW COAbl U XpaHSALWMIACA B eMKOCTAX XpaHeHnsa 50%-Horo NaOH, 3aTtem nepekaynBa-
€TCHA HaCOCOM Ha y3esl Hanmea LWesioyn B X/O-UMCTEePHbl U TaHK-KOHTENHEPBI.

Ctaausa nony4yeHusi TBepAoro eaAKoro HaTpa (npyv NnpousBoACcTBe TBEPAOro
YyelwynpoBaHHOIO UMK rpaHysIMPOBaHHOIoO eAKOro HaTpa)

Ha ctaguu nonyyeHus TBepOoro eakoro Hatpa McexogHblid 50%-HbIW WenoYHou pac-
TBOP NOCTynaeT B pubonnep 3akniuYnTENbHONO KOHUEHTpaTopa, raAe OH HarpeBaeTcsi pac-
nraBneHHbIM COJSIEBbIM TEMMOHOCUTENEM, NOCTynalLwWmnM 13 nogorpesartenis TenoHocuTe-
ns. B KoHUeHTpaTope neperpeTtbini KOHUEHTPUPOBAHHbLIN LLIENTOYHON MIHOBEHHO BCKMMAET,
Bblaensast n3bbITOYHbIA Nap, NOCe Yero NoslyYeHHbI pacnsiaB KaycTMka CamoTEKOM MOCTY-
naeT Ha y3en nonyyYeHns TBepaoro YellympoBaHHOro kayctuka. [lapel, Bbixogswime u3 3a-
KNOYMTENBbHOIO KOHUEHTpaTopa, NoChInatTcs B pubonnep KoHUeHTpaTopa BTOPON CTYNEHW.
Ansa ynydweHns kadecTsa YellynpoBaHHOro kayctuka B 50%-HbI pacTBOp KaycTuKa, NocTy-
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narwLWmMi Ha CTaguio 3aknioYMTENbHOIO KOHLEHTPUPOBaHUA, HAacOCOM nogdaeTtca HebonbLioe
KONM4eCcTBO pacTBOpa caxapa. Y3en 4YelwympoBaHusa Kayctuka. [pu nonyyeHun 4vewympo-
BaHHOro TBEPOOro KaycTuMka pacnnaB KayCTMKa MOCTynaeT B arperaTt YelympoBaHus Ha
BHELLHIOI MOBEPXHOCTb Bpallatoleroca 6apabaHa, oxnaxgaemoro U3HyTpu BoLoOMW, U cTe-
KaeT B NOAAO0H, pacnonoXxeHHbl nog 6apabaHom. M36bITOK pacnnaBa CTekaeT No nepennBy
B APEHaXHY eMKOCTb, rae pasbaBnsercs BOAOW M HACOCOM BO3BpaLLaeTCs Ha KOHLEHTPU-
poBaHue. NoBepxHOCTb BapabaHa arperata YellynMpoBaHUA MMEET cnmparbHble xernoba ¢
warom 20 MM, obecneydnBarome dparmMeHTauunio 3acTbiBalOLLEro Ha Her pacnnasa KaycTu-
ka. bapabaH BpallaeTcs C perynupyemMon CKOpOCTbiO, NMpU 3TOM pacnsiaB, 3axBaTbiBaeMbIi
6apabaHom 13 nogaoHa, 3acTblBaeT U cHMMaeTca ¢ 6apabaHa ckpebkamu, yCTaHOBMEHHbIMM
Ha pame YCTPOWCTBa, B BMAe 4ellyek, KoTopble cbpacbiBaloTcs B OyHKep nog arperaTtom.
Y3en pacgacoBkn YelwynpoBaHHHOIO KaycTuka. N3 GyHkepa YellynpoBaHHbIN TBEPAbIN Kay-
CTMK KOBEMEPOM MOLAETCs Ha y3en ynakoBKW, r4e OH aBTOMAaTU4EeCKM pacdacoBbiBaeTCs
B MONM3TUIEHOBbIE MELLKU BecoM 25 Kr. MeLukn popMupyoTca HENOCPEACTBEHHO Npu pac-
dacoBke M3 PyfIOHUPOBAHHOM MOSIMSTUNEHOBOW MNMEHKU. 3aTEM MELLKM C YellyMpOBaHHbLIM
KayCTUKOM MOAAKTCA POSIMKOBBIM KOHBEMEPOM Ha y3ern py4YHOro naketupoBaHusa ans dop-
MUPOBaHNA TPaHCMOPTHbIX NakeToB. KOHTYp mapa u 4icToro koHgeHcata. [nsa nonyyeHus
50%-Horo pacTBopa KayCcTuka Ha YCTaHOBKE KOHLEHTPUPOBaAHWS UCNONb3yeTcsa nap cpeaHe-
ro gaBrieHus, NOCTynarLwmnn U3 NapoBbIX ceTen npegnpuatnsa. MNMap nogaetca B MeXTpybHoe
NpoCTpaHCTBO pubonnepa KoOHLUeHTpaTopa NepBoOn, rge OH KOHAEHCUpPYeTCa C oThaden ten-
NOThl LWeNo4YHoOMy pacTBopy, Tekywemy B Tpybax. KoHaoeHcaT aToro napa npoxoguT nogo-
rpeBaTternb N BO3BpaLLaeTCs C YCTAHOBKM B KOHAEHCATHbIE CeTu NpeanpusaTus ansa nocneny-
owen ytunusauumn. KoHTyp TEXHONOMMYEeCKoro napa u TeXHONIormM4eckoro kKoHaeHcara. lapsbl,
obpasyowmecs B 3aKkMoYMTENbHOM KOHLEHTpaTope, OXSaXaalTCA TEXHONOMMYECKUM KOH-
AeHcaToM M MOoCTynawT B MeXTpybHOe npoCcTpaHCTBO pubonnepa KOHLeHTpaTopa BTOPOW
ctyneHu. lNMapbl, obpasyolimecsa B KOHUEHTpaToOpe NepBOM CTYMEHW, OXNaXAaTCA TEXHOIO-
rMYECKMM KOHAEHCATOM W NOCTYNakT B MeXTPyObHOEe NMpoCcTpaHCTBO pubonnepa KOHUEHTpa-
TOpa BTOPOW CTyneHW. TamM OHW KOHOEHCUPYKOTCH, U KOHOEHCAT NocTynaeT B KOHAEHCATOP.
Mapbl NOCTYNaoT B NOBEPXHOCTHbIN KOHAEHCATOP, rAe BoAa B BUAE KOHAEHcaTa OTAendeTca
OT HEKOHAEHCUPYHOLLNXCH ra3oB (BO34yX U3 pacTBopa, BO3A4yX, NoACacbiBaEMbIi BaKyyMOM,
n 1. o.) KoHgeHcat cobupaetca n 3aTeM nepekadnBaeTcss HaCOCOM Ha CTaguio HacblWeHUs
paccona. BakyymHas cuctema. KoHueHTpaTop BTOPOW CTyneHW Bbinapkm pabotaeTt nopg Ba-
KyyMOM AN YMEHbLUEHUS TeMnepaTtypbl KMNEHUs pacTBopa KaycTuka. HekoHgeHcupyoLwme-
cs rasbl (BO34yX) OTAENSATCHA OT BOASIHOMO Napa B KOHAeHcaTope. OTU rasbl OTCacbiBalOTCA
N3 KOHAEHcaTopa XNOKOCTHO-KONbLEBBIM BakyyM-HacOCOM M BblbpacbiBaloTCa B aTMocdepy.

Y3en coneBoro TenyIOHOCUTENA

[ns nonyyeHusa pacnnaBa e4Kkoro HaTpa Ha YCTaHOBKE KOHLEHTPUPOBAHUSA UCMOMb3Y-
eTCs pacnnaB COMEBOr0 BbICOKOTEMMEPATYPHOro TennoHocutensa (HUTPUT-HUTpaATHas
CMeCb), NOCTyNarLnn U3 y3ra CoNneBoro TENSIOHOCUTENS, BXOASLLEro B coctaB obopyaosa-
HWSA YCTaHOBKWN KOHUEeHTpupoBaHus. ObopyaoBaHue y3na coneBoro TeMNOHOCUTENS BKOYa-
eT B cebs eMKOCTb COMeBOro pacnnasa, HacoC LMPKYNALUM CONeBOro BbICOKOTEMMNEpaTypHO-
ro TENIOHOCUTENSA M NoAorpeBaTeNb LUMPKYNUPYOLWEro conesoro tennoHocntens. EMkocTb
coneBoro pacnnaesa v TpybonpoBoabl pacnnasa obopyaoBaHbl cuctemon oborpeBa Ons
nnaBneHNs ConeBoro TENSIOHOCUTENS Npu nycke obopyaoBaHusa B paboTy u npegoTspalLe-
HWA ero 3acTbiBaHus. [logorpeBaTenb COMNEBOro TEMMIOHOCUTENS COCTOUT U3 TPeEX CEeKUUN.
[lopernka yctaHoBrieHa B BepXHEW 4YacTu paguaHTHOW CeKUMU, U3 KOTOPOW TOMOYHbIE rasbl
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NOCTYNatoT B KOHBEKLIMOHHYIO CEKLMIO N farnee B CReayoLLyo CeKUUIO, rae OHM noaorpesaroT
BO34yX, nogaBaeMblil B ropenky. MasyT, ncnosnb3yemblin B nogorpesaTtesie ConeBoro Tenso-
HOCUTENS B KayecTBa TOMNMBa, NOCTynaeT B NPOU3BOACTBO B X/O-UMCTEpPHaX, BbIrpyxXaeTcs
B nNpedycMaTpuBaeMble eMKOCTU XpaHEeHUA TONnvBa, OTKy4a HAacOCOM MoJaeTCcHa B roperky
nogorpesaTtens conesoro TensioHocutens. lNogaya n cxuraHne TonnmBa KOHTPONMPYKOTCA C
MECTHOrO LWu1Ta NogorpeBaTens coneBoro TENIOHOCUTENS.

YcTaHOBKa KpucTannumsaumm egKoro Hatpa

Pacnnas NaOH camoTekoM nogaeTca B YCTAHOBKY Kpuctannusaumu, rge npoaykTt 3a-
TBEPAEBAET HA HAPYXHOW MOBEPXHOCTU GapabaHa, KOTOPbIN BHYTPU OXNa)kaaeTcs BOLOMW.
910 0bopyaoBaHMe COCTOUT U3 KapKaca M3 yrnepoancTon CTanu 1 BpalwarLerocs Hukene-
Boro 6apabaHa, KOTOPbIN 3aKPbIT B BEPXHEN CEKLMN KPbILLKOW C CMOTPOBbLIM OKHOM. bapabaH
YCTaHOBKN — HUKerneBblin 69 uMnuHAp C BUHTOBOW KaHaBkon ¢ warom 20 mMm. BuHTOBas ka-
HaBKa OcyLlecTBnsieT pasgeneHne nneHkn. Oxnaxgatrowasa sBoga yepes Tpyby ¢ pacnbinure-
NSMU OpOLLAeT BHYTPEHHIOK MOBEPXHOCTbL BapabaHa Ha NPOTsKeHUN BCen ero AnuvHbl. ba-
pabaH, pacnosioXXeHHbIN Ha OBYX onopax, NPMBOANTCS BO BpallaTeribHoe ABMXeHne 3ybya-
TOW nepefaden oT anekTpoaBuraTens C perynaropomM CKOPOCTM, PacrnosioXKEHHOro C Kpatro
YCTaHOBKW BblAeneHus. NepegaTtoyHoe YMCNO perynsatopa CKOPOCTU MOXET PerynmpoBaTbCs
COOTBETCTBYHOLUMM MaxoBuKOM. [1ogaoH, coaepXalimi Xnakui npoaykT rnone BbloeneHus,
pacnonaraeTcsa B HWKHen 4yactm nog 6apabaHom. ogaoH ocHalleH nepenvBoM M3ObiTKa
NaOH B npusmok ¢ pasbasneHnem Bogon. PaszbasneHHbin NaOH Bo3BpallaeTca B cuctemy
nogauun. lNMpn BpaweHnn H6apabaHa xMaKocTb cobupaeTcsa B NOAAOH, a NPOAYKT Mpu oxna-
XOEeHUM NpuHUMaeT copMmy Yellek. Yewyrkn cunwarotea ¢ bapabaHa ckpebkamu, 3akpen-
NEeHHbIMKM Ha Kapkace. Cuctema perynupyet 3a3op mexay 6apabaHom n ckpebkamun. Ckpeb-
Kn pacnpegeneHsl No Bcen anvHe bapabana. NMog ckpebkamn HaxoauTcs ByHKep U3 Hepxa-
BeloLen cTtanun, oTTyaa NpoayKT TPaHCNOPTUPYETCA KOHBEMEPOM Ha YNaKOBOYHYH YCTaHOB-
Ky.

YnakoBo4YHasi ycTaHOBKa

[MpooykT B3BelIMBaeTCs aBTOMaTUYEeCKM U OTMpPaBfseTcs Ha YCTaHOBKY (DACOBKM B
MeLkn. MeLwkn popMMpytoTCS aBTOMaTUYECKN U3 MONMUITUNEHOBOIO PYyIiOHa, PachnoNnOXeH-
HOro C3aaM ynakoBOYHOW MalUWHbI. HanonHATCA aBTOMAaTUYECKU U BbIFPYXAaKTCA Ha Ma-
LUMHY CNanku LLUBOB M 3aTeM [OCTaBMSAOTCA POSIMKOBLIM KOHBENEPOM B OTAENEHME PYYHON
nanetmnsaunun. Harpesatenb pacnnaBfieHHON COMN.

YcTaHOBKa COCTOUT U3 CreayoLwWwmnx 351IEMEHTOB:

1) PesepByap pacnnaBneHHOW HUTPUT-HUTPATHOM CMECH, KOTOpbIn Heobxoaum Ons
cbopa HUTPUT-HUTPATHOW Cmecu. PacnnaBneHHas HUTPUT-HUTPaATHas CMeCb LUPKynupyet
Yyepes paanaumnoHHyo 30HY nogorpesartensd, nornowas Tenno, kotopoe yaeT nepeaaBaTbCs
Ha CeKUMIo KOHLEHTpupoBaHUs. PacnnasneHHaa cMecb 3aTeM BO3BpallaeTcs B pesepByap
XpaHeHus, 4ToObl NOTOM MOBTOPHO MATWU Ha HarpesaTenb. B cnyyae oTkntoveHus Harpesa-
Tensa unn NpomM3BOACTBaA BCe pacniaBfieHHas CMeCb aBTOMaTUYECKN CNYCKaeTCs B pe3epBy-
ap xpaHeHusa 4yepes3 BannacHbI knanaH. Npu 3anycke cuctema TpyobonpoBOAOB pacnnasa
CMecu 1 pesepByap XpaHeHus ByayT nogorpeBaTbCs CUCTEMOM HarpeBaHus, YTobbl obecne-
YNTb pacnnaBfieHne cMecu Nepen LUmMpKynaumen n nsbexartb 3aTBepaeBaHus.

2) HarpeBaTtenb pacnnasrneHHOW HUTPUT-HUTPaATHOW cmecu. HarpesaTenb — KOM-
NnakTHag cuctema M3 XapornpoyHbIX M TYronnaBKMX MeTarnsnoB. YCTaHOBKA COCTOUT U3 Tpex
OCHOBHbIX ceKkuuin. [lopenka nogcoeanHeHa K Bepxy pagnauyMoHHOW 30HbI, U NpeaBapuTenb-
HO NOAOrpeTbI BO3AYX ANHA rOpeHns nogaeTcs TaHreHumansHo K Hen. B pagnaumoHHoOn 30He
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Tpybbl pacnnaBneHHbIX COMen He conpukacarTCs HenocpeACTBEHHO MflaMEHEM, HO OHU
HarpeBalTCHa paguauuMoHHON TennooTtaadven. [opsyme abiMoBble rasbl 3aTeM BBOAAT B Crie-
AYIOLLYIO CEKUMIO, rAe KOHBEKTUBHOMW Tensionepenadent oHy otaatoT 60nbluyo YacTb CBOErO
Tenna pacnnasneHHbIM consaMm. B cnegytowlen cekuun ObIMOBbIE rasbl HanpaensglTCA Mpo-
TMBOTOKOM MOCTynarwLiemMy BO3a4yXy AN rOpeHuUd, KOTOpbIA nogorpeBaeTcs 4O nofdayv Ha
ropenky. Kak cnencreue, TemnepaTtypa AbIMOBbIX ra3oB, BbiyckaeMblX B atmocdepy, Ao-
BOJIbHO HU3Kas, YTO roBopuUT 06 o4eHb Bbicokom Kl ycTaHOBKM.

HdexnopupoBaHne ob6paTHOro paccona (aHonuTa) 1 pasnoXxeHue xnopara

AHONUT (0BeaHeHbIn paccos), NOCTynawLWu U3 S4YeeKk JNeKTponmsepa B €MKOCTb
aHomnuTa, COAEPXKUT PaCTBOPEHHbIN XITOP. ATOT OCTATOYHbIN XIOpP, PacTBOPEHHbIA B aHOMN-
Te, yOanswT, Kak npaBuio, Ha YCTaHOBKe (CTagun) gexnopupoBaHus. [dexnopupoBaHue
aHonuTa OCYLLEeCTBAAKT B OBe TexHonormdeckux craguu. lNepeas cragus — gecopbums
Xnopa nopj Bakyymom. Ha BTOpon cTtagum oCTaBLUMUCA B aHONUTE XIOp CBA3bIBAKOT XMMUYeE-
ckn. MNepen nocTynneHMeM B €MKOCTb aHOnMTa aHONUT NOOKUCHSIT B €MKOCTU CMeLUEeHUS
paccona, cMeluMBas ¢ NOAKUCIEHHbIM pacconioM U3 peaktopa xnopaTta. M3 emkocTn aHonu-
Ta aHONWUT NOJAalT HAaCOCOM B KOSIOHHY AEXNOpMpPOBaHUA paccorna, rae OCHOBHOE Korimye-
CTBO XxJopa gecopbupyeTtcsa nog Bakyymom, CO3gaBaeMblM BakyyMHOW yCTaHOBKOW. Boay na
AecopObMpoBaHHOro xrnopa ygansiT B XONogunbHUKE BriaxHoro xnopa. lNepen nocneayto-
LM XMMUYECKNM AeXITOpPUpOBaHNEM paccon (aHONUT) nogLenaymeator.

XNMU3M peakumm AexrnopupoBaHUsa aHoONMTa ONUCbIBAeTCs crieayroLwen peakumnen:

Na2S0s3 + H20 + Cl2 — Na2S0a4 + 2HCI

PacTtBop cynbuta HaTpus, npuroTaBfiMBaeMbli B €MKOCTU CyrnbduTa HaTpud, noga-
0T HACOCOM CynbuTa HaTPMsl BO BCACbIBAIOLLYIO FIMHUIO HAcoca AEXNOPUBAHHOIO paccona.
B pesynbtate noBOYHbIX 3MEKTPOXMMUYECKMX Peakuuin B siYenkax anekTponudepa obpasy-
toTCH xropatbl. B cBA3n ¢ atum ansa npepotepalteHna HakonsneHmss NaClOs B unpkynmpyto-
Lem paccone HeobxoouM y3en pasnoXxeHus xnopatoB. PasnoxeHue xnopaToB OCyLLECTB-
NSAEeTCsA C NOMOLLbIO CONAHON KMCNOTbI ¢ 06pa3oBaHnemM cBob6ogHOro xmopa.

XMN3M peakumnn pasnoxXeHnsa XnopaTosB ONUCLIBAETCA CrneayroLen peakunen:

NaClO3 + 6HCI| — 3Cl2 + NaCl + 3H20

[ns pasnoxeHus xyiopaToB aHOMUT NOAAETCA B peakTop CMELLUeHNa aHonuTa n cons-
HOM KUCnoTbl. M3 aToro peaktopa (EMKOCTM) aHONMWUT MepeTekaeT B peakTop pasfoXeHus
XnopartoB. XnopaTt pasnaratoT CONSIHON KMCIIOTON Npwu NOBbILLEHHOW Temnepatype, obecne-
YnBaeMown nogaden B peaktop napa. Kncnbin o6egHeHHbI paccon nocne pasnoXeHus Xno-
paToOB UCMONb3YWT ANA NogKUCNEeHus aHonuta. [exnopupoBaHHbii 0befHEeHHbI paccon
(aHONUT) nogaeTca B CEKUMIO HacbIWEHWUs paccona, a BblAENUBLUMACA XJIOp nocTynaeT
B KONSEKTOP XSopa.

OxnaxaeHue 1 ocyLlKa 3NeKTPONMTUYECKOro xmopa

[lopaumin, BNaxHbIA 3MNEKTPONUTUYECKUIA XITOP, BbIXOAALWMN N3 S4eek anekTponusepa
c Temnepatypon 86 °C — 88 °C, npegsapuTenbHO oxnaxaawT U unbTpytoT. Xrop oxna-
XOAKT B NEPBOM XOnoaunbHMKke xropa obopoTHon Bogon ao 40 °C n 3ateMm BO BTOPOM XO-
noaunnbHUKE Xrnopa 3axonoxeHHon Bogon go 12 °C — 15 °C. KoHageHcaT, obpa3syrowmncs
B TeNNooOMeHHMKaX, HanpaBngeTcs B CUCTEMY aHONUTa. [JaBneHue xmnopa B f4Yenkax anek-
Tponuaepa KOHTPONMpyeTca aBToMaTndeckn. Ecnv gaBneHne B s4enkax Yype3mMepHo Bo3pac-
TaeT, XyIop cbpacbiBaeTCs Ha YCTAaHOBKY AEXSIOPMPOBAHNSA ra3oBblX BblIOpoCcoB (aBapuUMHOro
nornoweHns xnopa). 3aTeM OXNax4eHHbIN XIop NPOXoauT Yepes punbTP BNaXKHOro Xxropa,
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oTAeNnsAWNN BoAsHbIE Kannn 1 aspo3onib NaCl. [Nocne gpunbTpa BNaXHbIN XN1op noctynaeT
B KOJIOHHY OCYLUKM XIiopa, B KOTOPOMW MNPy MOMOLLM KOHLEHTPUPOBAHHON CEPHOW KUCNOTHI
XNop cywaTr A0 OCTaTOYHOro CoAepXaHwsa Bnaru B HECKOSIbKO AecATKoB ppm. KorioHHa
OCYLLKN OBbIYHO COCTOUT U3 HAcadO4YHOM CEKUUW, TYHHENbHbIX Tapenok u KanneotborHuka
B BEPXHEW 4acCTU KOSMOHHbI. Kncrnota uMpKynupyeT Yyepes3 HacaZo4vHYy CEKUMIO C MOMOLLbLIO
Hacoca umpkynauum pasbasneHHon H2SOas. Bbligensioulyoca B npouecce CywKuM TennoTy
pasbaBneHns oTBOOAT B XonoaunbHuke pasbasneHHon H2SOas, nogaepxuBarolLeM Temne-
paTypy okono 15 °C. U36bIToK KMcnoTbl, 0bpasyowmimncsa 3a c4et abcopdbunm Boabl n gobas-
NEeHUs CBEXEeW KUCMNOTbl, NepenmBaeTca U3 HUXHEN YacTu KOMOHHbI OCYLUKM B €MKOCTb pas-
6aBneHHon H2SOs. PasbaBneHHas KucnoTta 3aTeM MnodaeTcsi B KOJNOHHY AexXropuBaHus
H2SO4, roe pacTBOpeHHbIN XI1Op OTAyBaeTcs Bo3gyxoM. Bo3gyx, cogepxalumin xnop, nocry-
naeTt B CUCTEMY OYMCTKM ra3oBbIx BblIbpocoB. [lexnopupoBaHHas pasbaBneHHas Kucnorta ne-
pnoanyecKkn oTKaumBaeTCs B CKIAACKY0 eMKOCTb pasbaBneHHon H2SOa4, OTKyaa oHa 4o3u-
POBOYHbLIM HAcOCOM MOJAETCs Ha YCTAHOBKY KOHUeHTpupoBaHua (pereHepaumn) H2SOa.
CepHas kucnota nocre YCTaHOBKM KOHUEHTpPUpOBaHUA (pereHepauuu), coaepkalias
95 % — 98 % mac. H2SO4, Bo3BpallaeTcd B EMKOCTb XpaHeHUs KOHUEHTpupoBaHHON H2SO4,
a 3aTem nogaeTcsa B KOMMNPECCOpP Xropa U HAaCOCOM MnoJayn CBEXEeW CepPHOW KUCIOTbl noaa-
€TCHA B XONOAUITbHUK KOHUEHTPUPOBAHHOW CepHOW KUCMOoThl. [pegycmaTtpuBaeTcss BO3MOX-
HOCTb nogayn oTpaboTaHHOM CEPHOM KUCIOTbl Ha 3anofiIHEHWE B X/O-UNCTEPHbI C MOMOLLbIO
YCTPOWCTBA HanuBa CEPHON KUCMOTbl ANSA OTIPY3KM NOTPEeOMTENt0 Nnn B KOHTEMHEPbI U aB-
TOLMCTEPHbI ANS HanpasneHnsa Ha o6e3BpexXmBaHne Unu pasmeLleHmne.

KomnpumupoBaHue xnopa

Cyxon xnop nocTtynaeT Ha BCacC >XWOKOCTHO-KOMbLEBOro KOMMpeccopa, B KOTOPOM
B kKayecTBe paboyen Xunagkoctn nucnosb3dyeTcs cepHasa kucnota. CxaTbl Xyiop punbTpyeTcs
B KanneyrnosuTerne Ana OoTAENeHUa aspo30Mfs CepHOM KuUcnoTbl. Kucnota — paboyas xua-
KOCTb KOfibLi@a KOMMpeccopa UMPKYNupyeT MO 3aMKHYTOMY KOHTYpY: OHa MpOXOAWUT 4Yepes
KOMMpeccop M BbIXOOUT OTTyAa BMeCTe CO CXaTbiM ra3om, nocrie 4Yero otaensieTca oT rasa
B cenaparope. 3aTeM OHa NocTynaeT B XONOAUIbHUK, rae oxnaxagaercs Ao Tpebyemon tem-
nepaTypbl 1 BO3BpaLLaeTcs B KoMnpeccop. Bpemsa oT BpeMeHu, Korga KoHUEeHTpaums CepHON
KMCNOTbI, LMPKYNUPYIOLWEN B KOHTYpe KOMMpeccope Xfnopa, CTaHOBUTCHA CIIULIKOM HU3KOW
WUNU Korda ypoOBEHb KUCMOTbl B KanneynoBuTerne CrAWLLKOM BbICOKMM, KUCIOTa CrivBaeTcs
B CEKLMI0 OCYLLKKN XJiopa. XOTS CoAepXaHue BoAopoaa B Xrnope, BbIXOAsALWEM U3 3MeKTporv-
3epa o4YeHb HU3Koe, NpedycMaTpuBaeTCs NMOCTOAHHBLIM KOHTPOMb W perucTpaumsa cogepxa-
HUSA BOL4OPOAA B XJIOpe C NOMOLLbIO razoaHanu3aTtopa, YCTaHOBIIEHHOIO Ha MarncTpanbHOM
TpybonpoBoge xropa nocrne komnpeccopa. CxaTtbln XSIOp NOAAETCA Ha CXKMXKEHME WU yCTa-
HOBKY MOJSTy4eHUS CONSAHOWN KNCHOThI.

CxXuxeHue xnopa

[Mocne KOMNPUMUPOBAHNS OCYLLEHHbIN ra3o0bpasHbli XNop NOCTynaeT Ha yCTaHOBKY
CKMxKeHust xrnopa. KoMnpMmupoBaHHbLIM ra3oobpasHbi Xnop noctynaet B TpybHoe npo-
CTPaHCTBO KOHOEHcaTopa Xnopa, rge oxnaxgaeTcs U OXmKaeTcsa 3a cHeT ucnapeHus xnaaa-
reHtTa — peoHa B MexXTpyObHOM NpoCTpaHCTBe KoHAeHcaTopa nubo 3a cYeT KOHTakTa B
TennoobMeHHNKe C xonogom c Temnepartypon (MuHyc 29 + 2) °C.. XnagareHT noctynaet
B KOHAEHCATOp Xfopa W3 XONOA4MMbHOrO arperaTta, BxoAsdulero B coctaB obopynoBaHus
YCTaHOBKU CXWXKEHUS XNopa. YCTaHOBKa CXMXKEHUSA Xropa COCTOUT U3:

- O4HOro hpeoHOBOro KOMMpPeccopa;
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- 0QHOro KoHAeHcaTopa dpeoHa: KOXyXoTpyb4aToro TennooOMeHHUKa C LMPKYnnpy-
owwen B Tpybax oxnaxagatoLlen BOAOW; KoHAeHcaTop obopyaoBaH pecnBepoM (hpeoHa;

- 0OOHOro (bpeoHOBOro 3KOHOMaN3epa — KOXYX0TpybyaToro TennoobMeHHMKa;

- OOHOro OXmXxutensa (KoHgeHcaTopa) Xrnopa — ropu3oHTaNbHOrO KOXyXoTpybyaToro
TennoobMeHHVKa, B KOTOPOM XJ1OP KOHAEHCUPYETCS 3a cYeT ucnapeHunsa ppeoHa.

MpuHUMN OencTBus XONOAMIbHOrO KOMMpeccopa COCTOUT B CXaTuM BCacbiBAEMOro
napa xnagareHTa, COOTBETCTBEHHO, C YBENUYEHNEM AaBfeHUs napa xnagareHta nosbllla-
eTcqa TemnepaTtypa ero KoHAeHcaumm — 00 TeMnepaTypbl Bbille TeMNepaTypbl OKpyXKatoLlen
cpefbl. ATO NO3BONMSET KOHOAEHCUPOBaTb Mapbl XnagareHTa B KOHAEHCATope C NMOMOLLbHO
oxnaxgatoLlen obopoTHon Bogoun. Knakui xnagareHT nocTtynaeT B ucnapuTens, rae xnaga-
reHT ucnapsieTcsa npy NOHWXEeHHOM AaBfeHun, 0TBOAS Tensio OT KOHOeHCUpytoLerocs (Cxu-
Xatowerocs) xnopa. Komnpeccop nogaepxmnBaeT HU3KOe OaBrieHWe B uUcnaputene xnaja-
reHTa, oTcacbiBasd napbl xragareHTta, obpasyowmeca B ucnaputene. Napbl opeoHa nepen
KOMMpeccopoM noJorpeBatoTCca B 3KOHOMansepe opeoHa, oxnaxaas Xuakum peoH nepes
KoHOeHcaTopoM xropa. KoHngeHcaTtop dpeoHa — KOXyxoTpybuyaTtbii  TennoobMeHHUK,
B MEXTPYOHOM MPOCTPAHCTBE KOTOPOro CXKMKAETCA CXaTbl ra3zoobpasHbii (OpeoH ¢ NoOMO-
Wb Oxnaxpatuwen Bodbl, NnogaBaemMon B TpybHOe npocTpaHcTBO. CKOHOEHCUPOBAHHbLIN
(PpeOoH MOCTOAHHO CTEKaeT B pecmuBep XUOKOro opeoHa, OTKyaa OH NocTynaeT B KOHOEeHca-
TOp xnopa. M3 koHaeHcaTopa xropa Xuakui xnop ¢ gasneHnem npumepHo 3,2 6ap n temne-
paTypon -10 °C noctynaeT B pe3epByapbl (TaHKW) XUOKOro xrnopa.

Abrasbl KOHAEHCaUUKN xnopa, BKIYaLme HeCKOHAEHCUPOBAaBLLYIOCA YacTb XJiopa U
HEeKOHOEHCUPYIOLLMECS rasbl — MPeMMyLLEeCTBEHHO Kucnopod, Bogopon u CO2, nocne KoH-
AeHcaTopa xfnopa HanpaendalTCcs B cMCTEMY abcopbumm xmnopa UM Ha yCTaHOBKY CUMHTE3a
CONsIHOM KucnoTbl. HM3koe copgepxxaHve Bogopoda B xnope, nofydaeMom B MeMOpaHHOM
anekTponusepe, U npegycMmaTpuBaeMble XapakTePUCTUKN N PEXMUM paboTbl YCTAHOBKN CXU-
XeHus xnopa obecneymBaloT cogepkaHme Bogopoaa B abrasax CKMXKEHUs xnopa Ha ypoBHe
cyuiecTBeHHO Huxe, Yem HKIB Bogopoaa B cmecu ¢ xnopom (4 % (06.)).

OxnaxpgeHue, ocyLlKa U KOMNPUMUpPOBaHUe Bogopoaa

OnNeKTPoONUTUYECKUN BOAOPOA, BbIXOOAWMNA U3 sYeeK 3rekTponmsepa, nocregosa-
TenbHO oxnaxgaeTcsa 060pPOTHOM OxnaXaaroLwen BoAON B XONoauIbHUKE BOAOpoda U aanee
3ax0SIOXKEHHON BOAOW B XONoaunbHWKE Bogopoda. 3ateM Bogopo4 nocTynaeTt B ounbTp —
BNaroynoBuTenb BAAXHOro BoAopoAa ANs OTAENEHNa TymMmaHa M aspo30ss LWeno4vn, nocne
4Yero BOAOPOS HamnpaBnsAeTcsi Ha NPOM3BOACTBO CUHTETUYECKOM COMSIHOWM KUMCMOTbI, HA MNpo-
n3BOACTBO Napa (B naporeHepatop) unM Ha NPOM3BOACTBO BUHUMXIIOpMAA-MOHOMEpa.
B cnyyae otcyTtctBua notpebneHnsa Bogopoaa m3bbiTOK BOOOpoaa aBToOMaTUYeCKn cOpachl-
BaeTCHa B aTMocepy 4Yepes cBedy Boaopona, CHabXeHHyto orHenperpagutenem. B cnyyae
NOBbILIEHNS JAaBNEHNNA B 3MEKTPOnM3epe BoAopo  Takke cbpacbiBaeTcs Yepes cBedvy BOLO-
poaa.

Cuctema nony4vyeHus neMUHepannM3oBaHHOM BOAbI U OMUCTKU BOAbI

Cblpyto BOAY, KOTOPYH (hUNbTPYIOT AN yAaneHus B3BELWEHHbIX YacTul, NoaatoT B Ka-
TUOHUTHbBIE M @HWOHUTHbIE KOMOHHbI, 3aTEM BOAA NPOXOAUT AOOYMUCTKY B MOHOOOMEHHbIX KO-
FMIOHHAX CO CMeLLaHHbIM cnoem. 3Ta ycTaHoBKa paboTaeT aBToMaTUYECKN MO ynpaBieHnem
NporpaMmMmpyemMoro forM4yeckoro KoHTpossiepa. KaTUMOHWTHbIE KOMOHHbI pereHepupyroTcs
pa3baBneHHON CONSIHON KUCMOTOW, aHUOHUTHbIE KONOHHbBI pereHepupytoTca pasbaBneHHbIM
pactsopom NaOH. Nonyyaemyto Ha ycTaHOBKE AeMUHEPanM30BaHHYI0 Bogy COOMPaloT B eM-
KOCTU XpaHeHNsa AeMuHepannu3oBaHHOW BOAbI U 3aTEM MoAatoT C MOMOLbLI0O Hacoca AeMuHe-
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panu3oBaHHOW BOAbl B pacrnpegenutenbHoe Komnbuo, rae AasreHve noaaepXuBaeTtcs no-
CTOSIHHbIM MpK pasnuyHoM notpebneHnn Boabl, HEOHXO4MMOM MPOM3BOACTBY B pasnuyHoe
Bpems. CTOKM OT pereHepauun MOHOOBMEHHbIX CMOJT YCTaHOBKM cObMpatoTcs B eMKOCTU CTO-
KOB MPOMbIBKM M BO3BpaLLalOTCA B CUCTEMY paccona C MOMOLLbI0 Hacoca nogadn CTOKOB
npombiBkM. CTOKM OT pereHepaumMm MOHOOBMEHHbIX CMOJST U KOHLEHTPUPOBAHUSA pacTBopa
e[KOoro HaTpa yTUNU3NPYHTCS BHYTPU NPOU3BOACTBA — NOLAKTCH B PaCCOSbHbIN LUKN A1
nony4yeHnst HacblLWEeHHOro paccona. Bce npoyne cTokm nponseoacTea, NPenMyLLecTBEHHO U3
cucteMbl 060pOTHOM BOAbI (MpoAyBKa CUCTEMbI), cobmpatoTcsl B NMPUAMOK CTOYHOM BOAbI
npegycMmaTpnuBaeMon CUCTEMbI OYUCTKM CTOYHbIX BOA NPOM3BOACTBA. B npusamke CTOYHYHO
BOAY HEMTPANU3yKT e4KUM HaTpPOM M CONSAHOW KMCNOTOW, a gobaBneHue cynbuta HaTpus
obecneynBaeT MMHUMaNbHOE COAEep)KaHue B CTOKax cBobopHoro xnopa. OuvueHHasa Boga
nepenvBaeTcsa B MPUSMOK OYULLIEHHOW BOAbI, OTKy[da ee nepekayMBaloT C NMOMOLLbIO Hacoca
OYULLEHHOW BOAbl B CYLLECTBYIOLLYIO CUCTEMY KaHanu3aunm npegnpuaTtus.

Hwxe B Tabnuue 9.9 npuBeneHO onucaHue TEeXHOSOrMYecKoro npolecca npous3Boa-
cTBa BOAOPOAa, Xnopa v rmgpokcuaa Hatpuss MemMbpaHHbIM MeTOAOM 3reKTponun3a ¢ ykasa-
HMeM BMAOB 3MUCCUN Ha KaXxaoM aTane (MoAnpoLecce) n Kaxaon ctagumn TEXHOMNOMMYecKoro
npouecca.

lMpeactaBneHHoe B Tabnuue 9.9 onucaHMe TUMUMYHOIO TEXHOMOMMYECKOro npolecca
Npon3BOACTBa BOAOPOAA, XJlopa U rmapokcnaa Hatpua meMmbpaHHbIM METOLO0M 3MEeKTPonn3a
He cnefyeT paccMmaTpmBaTb B KayecTBe eQUMHCTBEHHOro OnucaHus npouecca, COOTBETCTBY-
OLLLEro KpUTEPUAM N TEXHOSOrMYeckMm nokasatenam HAT.
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Tabnuuya 9.9 — OnncaHne TEXHONOMMYECKOro npoLecca NpoM3BoACcTBa BOAOPOAa, Xropa U rmapokecuaa HaTpust MEMOpPaHHbIM

MEeTO4OM 3NEKTPOIn3a

BxogHoun noTok

OTan npouecca
(nognpouecc)

BbixogHon noTok

OCHOBHOE TexHonorm4eckoe

obopynoBaHue

Amucenn

1. Conb kKameHHad

2. Bopa pemunHepanuso-
BaHHas

3. QnekTpoaHeprusa

PacTtBopeHune conu n
NPUroTOBIIEHME CbIPOro
paccona

Cblpon paccon (pacTtBop
xnopuaa HaTpus)

Catypatopsbl (conepac-
TBOpPUTENN); PeakTopsbl
cMmewleHuns; Peaktopbl
BblAEPXKKM;

LLinam pacTBopeHus conu
(oTxon)

1. O6eaHeHHbIN (06paT-
HbI1) PAcCON C KOHLEH-
Tpaumen NaCl 200 r/am®
2. OnNeKTpo3Heprus

MNoasemHoe pacTtBopeHmne
Conn, NnepekaymBaHmne
paccona B oTaerneHve
OYUCTKM paccona

Cblpon paccon ¢ KOHLUEH-
Tpauuen NaCl 300 r/am?

Hacocbl BbIcOKOro aaB-
nexHus

[MpnemMHble eMKOCTU Cbl-
poro paccona

Lym

1. Cbipon paccon NaCl
2. KapboHaTt HaTpusi nnm
CO2

3. Egkun HaTp

4. Monnakpunamng,

5. O6paTHbIn paccon

CopoBo-kaycTunyeckas
O4YUCTKa paccona oT
Kanbuusi, MarHns un xene-
3a, OCBeTIIeHMe pacTBopa
xnopunga HaTpus (pacco-
na)

1. MoporpeTbin OCBET-
NEHHbIN Paccosi C KOH-
LeHTpauuen 290 r/am3
2. lnamoBas cycneHsus
COO0BO-KayCTU4YeCKom
OYUCTKM paccona

C6opHMKKM (EMKOCTN)
npuemMa n xpaHeHus pac-
TBopa NaCl. OTCTONHUKN
Hoppa. OceeTnutenu ku-
nawiero cnos. [lekaHta-
TOpbI

LLinamoBas cycneH3na
(wnam) cogoBo-KayCcTU-
4eCKOM OYUCTKK paccona
Ha pa3MeLleHune (3axopo-
HeHune)

1. WnamoBag cycneHsus
CO0BO-KayCTMYECKOM
OYUCTKM paccora

2. QneKkTpo3Heprua

dunbTpauusa wnamosomn
CyCrneH3un cogoBo-
KayCTUYECKOWN OYMCTKK

1. OunweHHbIN OTPUNb-
TPOBaHHbIN paccon

2. Kek wnama cogoBo-
KayCTUYECKON OYMUCTKU

dunbTp-npecc

Kek wnama conoso-
KayCTUYECKOWN OYUCTKU
paccona Ha pasMeLleHne
(3axopoHeHune)

OcBeTneHHbIN paccon

dunbTpaumnsa paccona Ha
dunbTpax ¢ HaMbIBHbIM
crnoem

OcBeTneHHbIN paccon,
OTUNBbTPOBAHHBIN OT
B3BELUEHHbIX YacTuL

CDVIJ'IprbI C HaMbIBHbIM
crnoem 13 o-uennnosbl

OTtpaboTaHHbIN, 3arpsas-
HEHHbI HAMbIBHOW CI1OM
dunbTpa (0TX04)

1. OcBeTneHHbIN paccon
2. OnNeKTpoaHeprus

dunbTpayusa paccona Ha
necyaHbIX U/unu aHTpa-
UMTOBbIX UnbTpax

OcBeTneHHbIN paccon,
OTPUNBbTPOBAHHBIN OT
B3BELUEHHbIX YacTuL

[MecyaHble pUnbTpLI;
AHTpauuToBble PUIbTPLI

OTtpaboTtaHHbIn, 3arpss-
HEHHbIN Necok; oTpabo-
TaHHbIN aHTpaunT

O6paTHbIN paccon (aHo-

nnT)

YpaneHue cynb@aTos u3
obpaTHoro paccona

Paccon, ounLleHHbIn oT
cynbaToB

YcTaHoBKa yganeHua
cynbaToB

LTOC—VE J1M
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BxogHon noTok

OTan npouecca
(nognpouecc)

BbixogHon noTok

OcHoBHOE TexHOMnorm4eckoe
obopynoBaHue

Amucenn

1. Paccon ¢ akTUBHbIM
XNOPOM (aHONUT)
2. CongHag kucroTa

YpaneHue xnopartos 13
obpaTHoro paccona
(aHONUTA)

Paccon (aHonuT), ouun-
LLEHHbIN OT XfiopaToB

YcTaHoBKa yganeHua
xnoparos; Peaktop noa-
KMCNEeHus aHonuTa

HesHauuTenbHble BbIOPO-
Cbl Xriopuga Bogopoaa

O6paTHbIN paccon (aHo-
nnT), cogepXalluun xnop

YpnaneHme octaToyHoro
xnopa m3 obpaTHoro pac-
cona (aHonura)

Ob6eaHeHHbIN paccon
(aHonuT) obecxnopeH-
HbIN

1. KonioHHa BakyyMHOro
AexriopMpoBaHus
2. BakyymHble Hacocsl

HesHauuTenbHble BbIOPO-
Cbl Xnopa

O6eaHeHHbIN paccon
(aHONUT), copepxaLymm
Xnop

YpganeHue octaTouHOro
Xriopa u3 obpaTtHoro pac-
cona (aHonuta)

Paccon (aHonuT) obec-
XITOPEHHbIN

1. dunbTp C aKTUBUPO-
BaHHbIM yrnem
2. C6opHuK paccona

OTtpaboTaHHbIV YromnbHbIN
dunbTp C aKTUBNPOBAH-
HbIM yrrem

1. OcBeTneHHbIN, OT-
GonNbTPOBaHHLIN paccors
2. loHooOMeHHas cmona

3aknounTenbHasa O4YnCT-
Ka paccona oT npumMmecemn
Kanbuus U MarHus Ha
yCTaHOBKE MOHOOOMEH-
HOM OYUCTKMK

OThuNbTpOBaHHLIN O4M-
LLEHHbIW paccon anga
anekTponusa

1. MlOHOOBMEHHBbIE KO-
NOHHbI (YCTAaHOBKM O4YUCT-
Kn).

2. CH60pHMKM (EMKOCTM)
npvema n xpaHeHus pac-
cona ans anekrtponusa

OTtpaboTtaHHas NMOHOOO-
MeHHasi cMona

1. OunieHHbIn paccon
AnNs 3anekTponunaa

2. AHonut

3. lemnHepanusoBaHHas
Boda

4. ConsiHasa kucnoTa

5. OneKkTpoaHeprus

6. OQHeprus (nap)

AnekTponuna B bmunonsp-
HbIX MEMOpPaHHbIX 3NeK-
Tponuaepax

1. BnekTponunTuyeckmin
XI10p BNaXkHbIn

2. ONeKTPONUTUYECKNI
BOOPOL BNaXHbIi

3. Katonut — anekTpo-
wenoka 31 % — 33 %
NaOH

4. AHonuT (C cogepxaHu-
€M aKTUBHOro xriopa)

1. HanopHbIn 6ak pacco-
na,

2. bunonsipHele anekTpo-
nmnsepbl ¢ MembpaHon;

3. AnekTponuaepsbl

OneKTpoMarHMTHoe BO3-
aencteue (3arpsisHeHue).
IMuccus TENOBOW 3HEp-
rmm

LTOC—VE J1U
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BxogHon noTok

OTan npouecca
(nognpouecc)

BbixogHon noTok

OcHoBHOE TexHOMnorm4eckoe
obopynoBaHue

Amucenn

1. BnekTponnTuyecknin
BOAOPO BNaxHbIn
2. OneKkTpo3Heprua
3. Boga obopoTHas

OxnaxageHue n komnpu-
MUpPOBaHMe Bogopoaa

1. BnekTponnTuyeckmin
BOLOpPOL CyxXoun oxna-
YKOEHHbIN

2. BogHbin koHOoeHcaT

1. TennooO®MeHHUKN KO-

XY-XOTpybBHble ANABOAO-
poaa (F = 754 m?;

F =249 m?)

2. Komnpeccopsl

3. MNpombiBOYHas 6aluHsA
4. YcTaHOBKa KOMNpUMU-
poBaHMsa BOAOpoaa

BoaHbi KOHAEHCaT B
00Le3aBOACKY0 CUCTEMY
obopoTHOro BogocHab-
XeHus

1. BnekTponnTuyeckuin
XJ10p BNaXHbIn

2. KoHueHTpupoBaHHas
cepHas kncnota(92 % —
98 %) unu oneym 24 %
3. OneKkTpoaHeprus

4. Boga Ha abcopbuunto
UnNn pacTeop rmgpokcuaa
HaTpus (LLenoyn)

5. ObopoTHas Boaa

6. 3axono)eHHasi Boaa

OxnaxgeHue n ocyLuka
xnopa

1. BnekTponunTuyeckmin
XJ10p Cyxomn

2. OTpaboTtaHHasa cepHas
Kucnota

3. XnopHas Boga vnu ru-
NOXNOPUT HaTpUA

1. TennooOMeHHuKN K/T;
2. dunbTp BNaXXHOro
xnopa;

3. balwHu (KONOHHbI)
OCYLUKM Xriopa ¢ Hacag-
Kown 13 koneu Pawwura,
4. BawwHu (KONOHHbI)
CYLLIKW Xriopa C perynsp-
HOW HacagKow;

5. bawHs otbonHas ¢
Hacagkoun u3 konew Pa-
wura;

6. dNbTP Cyxoro xnopa;
7. Typbokomnpeccop

1. OtpaboTaHHas cepHas
KMcrnoTta Ha npogaxy, Ha
pereHepaumto unm Ha
obe3BpexunBaHue, Unm Ha
3axOpOHEHME.

2. XnopHas Boga (Boga ¢
pacTBOPEHHbLIM XITOPOM)
Ha 4exnopupo-BaHne nnm
pacTBOp runoxsopuTta
HaTpUs Ha YTUNU3aumio B
KOHType paccona

3. OTpaboTaHHble dunb-
TPbI CyXOro xsiopa

LTOC—VE J1M
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BxogHon noTok

OTan npouecca
(nognpouecc)

BbixogHon noTok

OcHoBHOE TexHOMnorm4eckoe
obopynoBaHue

Amucenn

1. KaTonut — anekTpo-
wenoka (31 % — 33 %)
2. BoinapeHHas Boga
(koHaeHcaT) unn obecco-
neHHas Boga

3. Tennosas aHeprus
(4,2 kBT-4/T 50%-Horo
e[IKOro HaTpa B nepecye-
Te Ha 100 % NaOH)

4, DnekTpoaHeprus

BbinapuBaHue katonuta
(3nekTpoLLenokoB) —
KOHLEHTpMpOBaHue pac-
TBOpa €4Koro HaTpa C
nosly4eHMem ToBapHOro
npoaykra no

FOCT P 55064

1. KOHUEHTPUPOBaHHbLIN
pacTBOp €4KOoro HaTpa
TEXHUYECKOro

2. KoHgeHcart ot rpetouye-
ro napa

3. BeinapeHHasa Boaa

1. BeinapHsble annapartsil |,
[l v [l KopnycoB Ha Tpex
BbIMapHbIX CUCTEMAX UNK
OBYXKOpMycHas Bbinap-
Hasa ycTaHOBKa; ncnapu-
TENU C nagaroLlen nneH-
KOW

2. [pagnpHsa ¢ npuHyau-
TESIbHON TAron

3. bak-oTCTONHUK nnu
€MKOCTU XpaHeHUs Kay-
CTUKa

4. TennoobMeHHUKM

5. BakyymHbIN KOHOEHCa-
TOp

1. BMuceua Tennosow
3Heprnm
2. Wym

1. EOQKun HaTp TeXHU4Ye-
CKUI (KNOKUR)
2. QneKkTpo3Heprua

XpaHeHune n oTrpyska
pacTBopa HaTpa eaKoro
TEXHUYECKOro

KaycTtuyeckas coga xuna-
Kasa (pacTBop HaTpa eaKo-
ro TEXHUYECKOro)

1. CtaHuusa oTrpysKku Kay-
cTnyeckom coabl 50 %

2. EMkocTun xpaHeHus
Lenoyn

3. Hacocbl ans weno4n

HesHauntenbHble BbIOGPO-
cbl aspo3ons NaOHB aT-

Mocdepy

1. ONeKkTponUTUYECKUI
XINop Cyxomn

2. OnNeKTpo3Heprus

3. Xonop -20 °C

KomnpumupoBaHue n
CXWXeHue xropa

1. Xngkum xnop

2. AGrasbl CXXmKeHns

3. Abrasbl BakyymrnpoBa-
HUS

4. XnopHas Boga unwu rm-
NOXmNopuT HaTpuSa

1. YcTtaHoBKa KOMMpUMU-
poBaHUA xropa
2. Typbokomnpeccop

Bbibpochl xnopa B atmo-
cepy

LTOC—VE J1U
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OkoHyaHue mabnuuysbi 9.9

BxogHon noTok

OTan npouecca
(nognpouecc)

BbixogHon noTok

OcHoBHOE TexHOMnorm4eckoe
obopynoBaHue

Amucenn

1. XnopHasa Boga

2. ConsiHas kucnoTa
3. MNap

4. DnekTpoaHeprus

[lexnopupoBaHue xnop-
HOW BOAbI

Ob6ecxnopeHHasa Boga

1. lexnopatop | ctyneHun
2. Aexnopatop Il cTynexHun
3. Cmecutenb

ObecxnopeHHasa Boaa
(xnop pacTBOPEHHLIN,
XNOPUA-aHUOH) B KaHanm-
3auuto unm Ha bOC

LTOC—VE J1M
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OcHoBHOE TexHorormyeckoe ob6opyaoBaHMe, UCNonb3yeMoe B NPOVU3BOACTBE BOAOPO-
[a, Xropa v rmapokcuaga HaTpuss MemopaHHbIM METOAOM J3NEKTPONN3a, NpMBeaeHO B Tabnu-

ue 9.10.

Tabnunya 9.10 — OcHoBHOE TexHoMornyeckoe obopyaoBaHMe NPoOM3BOACTBa BOAOPOAA,
Xriopa u rmgpokcuaa HaTpusi MeMGpaHHbIM MEeTOAOM 3reKTponn3a

HanmeHoBaHue
obopyaoBaHuns

HasHauyeHune obopynosaHus

TexHonornyeckne xapakTepucTukm

CaTtypatopsbl (conepac-
TBOPUTENN)

PacTtBopeHune conu

EmMkocTn xpaHeHuna pac-
cona

XpaHeHue paccona

PeakTopbl cmeLLeHns

OuncTka paccona cogoBo-
KayCTU4eCKMM METOLOM

PeakTopbl BblAepKKK

OuucTtka paccona (npoTe-
KaHue peakumm)

OcBeTnuTenu, gekaHTa-
TOpbI

OcBeTneHne paccona
(oToeneHve npumecen)

OceeTnuTenu KMnsiLwero cnos

OtcTonHukm doppa ¢ me-
Larnkom

OuncTka paccona meTo-
OOM pasgeneHuna gas
(ocaxpeHus) B pagnans-
HbIX OTCTOMHMKaX

AnnapaT unnmHapuyeckum BepTu-
KanbHbIA C KOHUYECKUM OHULLEM;
D =15 000 mM; BMECTUMOCTb
1200 m3

Tennoo®meHHMKN pacco-
na

MoporpeB ocBETNEHHOIO
paccona

Mnowaapk Tennonepenaym 120 m?

PunbTPbl MEXaHNYeCKne

Ana douneTpaunm oceeT-
NeHHOoro paccorna

AnnapaT unMnmHapuyeckum BepTu-
KanbHbIAN CO ChepudeckumMm gHULLEM
N KPbILWKOW, 3arnoSfIHEH MpaMOpPHOM
KPOLLIKOW; NMOBEPXHOCTb (hunbtpa-
uum 7,1 m2; D = 3000 mMm;

H = 3667 mm

PunbTPbl MEXaHNYeCKne

Ana douneTpaunm oceeT-
NeHHOoro paccona

AnnapaT unnmHapuyeckum BepTu-
KanbHbIA C 3NAUNTUYECKOWN KPbILL-
KOW N KOHWYECKUM OHULLEM, C YCTa-
HOBMEHHbIMW (OUNBbTPYOLWMMU
anemMeHTaMu; NoOBEePXHOCTb PUsb-
Tpauun 9 m?%; D = 2400 MMm;

H = 3740 mm

dunbTp-npecc

dunbTpaumnsa wnamosomn
CyCrneH3unn N3 OTCTONHU-
koB [loppa, ocBeTnuTenen

Mnowagb noBepxHOCTU hunbTpa-
unmn 7,1 M2 nnu 40 m2.
Twvn YM 40/40-800x800Mb

(DVIJ'IprbI C HaMbIBHbIM
cnoem

dunbTpayunsa paccona ot
npuMecen

dUnbTPbI C HAMBIBHBIM CITOEM U3
a-Lienonossbl

[MecyaHble PuUnbTPLI

dunbTpauunsa paccona

AHTpauumToBble PUNLTPLI

dunbTpauunsa paccona
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UTC 34—2017

HanmeHoBaHne
obopynoBaHus

HasHauyeHune obopynosaHust

TexHonornyeckne xapakTepucTukm

MNoHOOOMEHHbIE KONOHHbI

OuucTtka paccona oT npu-
Mecen KanbLus U MarHus
MEeTOAO0M MOHHOro obmeHa

AnnapaT umnmHapuyeckmi (KosoH-
Ha) 3arnofiIHEH CNOEM MOHOOOMEH-
HOW CMOnbl

oHOOBMEHHbIE hUnbTpbI

Ounctka paccona meTo-
AOM MOHHOro obmeHa u
dunbTpaumnm

AnnapaTt uMnuHapUYECKnin ¢ an-
NMNTUYECKOWN KPbILLKOW N OHULLEM,
3arnosiHeH crioemM MoOHOObMeHHOoM
cmonbl; V = 7,06 m3; D = 2500 MM;
H = 3500 mm

YcTaHoBKa (peakTtop)
yAaneHus xropaToB

YpaneHue xnopartos 13
paccona (aHonuTta)

PeakTtop nogkncneHus aHonura
CONSAHOWM KUCII0TOWN

YcTaHoBKa ygarneHus
cynsartos

YpaneHuve cynb@dartos 13
paccona (aHonuta)

KonoHHa (6aLwHs) Baky-
YMHOTO 4eXNoppoBaHus
aHonuTta

YpaaneHue xnopa 13 pac-
cona (aHonuta) — obec-
XNopuBaHMe aHonuTa

BepTukanbHbIM LMANHOPUYECKUIA
annapaT C NSIOCKUMW KPbILLKOW 1
AHWLLEM, CO CITOEM Hacagku.

D =2200 mm; H = 6400 mm

KoHgeHcaTop naporaso-
BOW cMecu

[lna oxnaxgeHunsa napora-
30BOW cMecu npu obec-
XNOPUBaHUM aHONUTa

TennoobMeHHUK NnacTUHYaTbIn;
nnowaas TennoobmeHa 62,9 m?

BogokonbLueBblie Bakyym-
Hble HacoCbl

[nsa co3pgaHna paspsixke-
HusA B GallHe gexnopupo-
BaHUSA

MponssoanTenbHOCTb 110 HM3/Y

dunbTP C aKTMBMPOBAH-
HbIM yrrnem

YpaneHue xnopa u3 pac-
cona (aHonuta)

Peaktopbl pactBopeHus n
ocaXaeHus wnama

MpeobpasoBaHue n oca-
XOeHue wnama

EmkocTb KaTonuTa

C6op katonuTta

EmkocTb aHonuTa

Cbop aHonuTa

EmMkocTb npurotoBneHuns
20%-Horo kaycTuka

MpurotoBneHne 20%-Horo
pacTBopa KaycTuka

EmkocTu kaycTuka.
bak npnema n xpaHeHus
HaTpa eakoro

[na npuema n xpaHeHus
HaTpa eKoro TeXHNYeCcKo-
ro

Linnungpuyecknii 6ak ceapHom, €
KOHUYECKOWN KPBLILLKOW U NIIOCKUM
anvwem; D = 12 500 mm;

V = 3500 m3
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HanmeHoBaHne
obopynoBaHus

HasHauyeHune obopynosaHust

TexHonornyeckne xapakTepucTukm

onekTponunsepbl 6uno-
nNspHbIe

OnekTponua pacrteopa
Xropvaa HaTpusi ¢ nosny-
4yeHneM BoJopoaa, xrnopa
N e4KOro HaTpa TexXHuYe-
CKOro

1. DnekTponusepsbl; HaNpPsHKEHNe Ha
anektponunsepe 600-700 B; Hanps-
XeHne Ha eauHNYHON a4enke 3—
3,5 B; konnyecTtBo A4eek — 198
(200).

2. Onektponusepbl, MEMOPaHHbIV
BMNONAPHbBIA C ABYMSI MPUXKUMHbBIMN
npeccamu; Kofim4yecTBo sS4Yeek —
130-140. Nnowagb membpaHbl

2,7 M2, TINOTHOCTb TOKa Makc. 6 KA.
3. OnekTponuaepsbl. HanpsxeHne
Ha eauHU4YHON A4venke ao 3,6 B; ko-
nnyecTteo sA4eek — 150. PacyeTHbIN
TOK 16,2 KA; MakcumarnbHoe
HanpsbkeHne Ha 3nekTponmsepe
540 B

YcTaHoBKa KOHLEHTPUPO-
BaHWSA (BbliNapuBaHus) Ka-
TonuTa

KoHueHTpnpoBaHue Kay-
cTnyeckom cogbl ¢ 31 % —
33 % o maccosow gonu
rmapokcmaa HaTpus

46 % — 50 %

1. [IByxkopnycHas BbinapHas ycTa-
HOBKa (aBe ctagun).

2. TpexcTtyneH4aTtasi BbinapHas
yCTaHOBKa B MPOTMBOTOKE, BKIHOYas
TPy ucnaputens ¢ nagarowen
NIIEHKON 1 TENNTOOOMEHHNKW

BeinapHown annapat

BeinapmnBaHue pactBopa
rmopokcunaa HaTpus

Mnowaak TennoobmeHa — 250 m?;
D =2200 mm; H = 14695 mm

BakyyMmHble koHOeHcaTo-
pbl

KoHgeHcaumsa cokoBoro
napa v cosgaHue Bakyyma
B CUCTEME BbINapKku Lue-
noyu

BMecTMMOCTb TpyGHOro NpocTpaH-
ctBa — 2,2 M3; MeXTpybHOro —
3m3

pagupHsa ¢ NpuHyan-
TEeNbHOW TAron

O6opoTHOE BogocHabxe-
HWe oTAEeneHus BbinapKu

BeHTunsitopHas rpagupHs

[(azonpombiBOYHas
OawHa 1

[ns oxnaxneHua anek-
TPONMTUYECKOrO Xropa
(xnoprasa)

Annapat BepTuKanbHbIN C MIOCKUM
OHULLEM U cheprnyECKON KPbILLKOW
CO CroeM Hacagku U3 NonMBUHUA-
xnopuaa (MBX) n ¢ kanneoTbonHu-
kom; D = 2200 mm; H = 13800 mm

TennoobmeHHuKM (xono-
AUITbHUKK) Xropa

OxnaxgeHue anekTponu-
TMYECKOro xropa

TennooBMeHHUK KOXKYXOTPYOHbIN;
nnowanp Tennonepenayn 120 m?

dunbTp BNaxHOro xnopa

dunbTpauuns BAaXXHOro
Xnopa oT Bnaru

dunbTp BNaXHOro xnopa

KonoHHbI nnu 6awHs
OCYLLIKW Xriopa

Ocywika anekTponutnye-
CKOro xropa

Annapat BepTuKanbHbIN C MOCKUM
AHULLEM 1 chepUYeCcKON KPbILLKOW
C Hacagkomn u3 koneuy, Pawwura
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UTC 34—2017

HanmeHoBaHne
obopynoBaHus

HasHauyeHune obopynosaHust

TexHonornyeckne xapakTepucTukm

[[a3onpombiBOYHas
OalwHa 2 unu daluHa
OCYLLIKWN Xrlopa

Ocywika anekTponutnye-
CKOro xropa

AnnapaTt BepTUKanbHbIA C NNIOCKUM
OHULLEM 1 chepUYeCcKOnN KPbILLKOW
CO CII0EM HaCbINHOW Hacagkn n3
MBX u ¢ kKanneoTboMHMKOM;

D =1800 mm; H=17600 mm

YcTaHoBKa KOMNpUMU-
poBaHus xnopa.
Typ6okomnpeccopbl

KomnpumupoBaHue ocy-
LLIEHHOro Xxropa

LleHTpobexHbIn Komnpeccop Lue-
cTepeH4aToro Tuna; Npoun3Boau-
TenbHoCTb 2100 HM3/Y

EmMkocTn pactBopa kay-
CTUKa M rmnoxnopurta

Cb6op pacTtBopa KaycTuka
N rMnoxnopuTa HaTpus

[MpoMbILWNEHHbIN OXNaaun-
Tenb BOAbI

[nsa oxnaxgeHust Xx1IoOpHOKn
BOAbl B CUCTEME LIMPKYNS-
LM nNepBou rasonpomsbl-
BOYHOM BaLlHm

Yunnepobl-oxnagntenn; nponssogu-
TenbHocTb 42000 KKkan/y kaxkabin

MpomMbIBOYHas GaluHa ans
BoAopoaa

[ns oxnaxneHua anek-
TPONMTUYECKOro BO4OPO-

aa

BepTukanbHbIn annapat ¢ annun-
TUYECKNM OHULLEM U KPbILLKOW C
ABYMs1 CITOSIMW Hacagku u kanne-
oTbonHnkom; D = 2000 mm;

H =13900 mm

TennoobmeHHuK (xono-
AWnbHWK) BOgOpOaa

OxnaxgeHue Bogopoaa

TemnnoobmeHHMK ¢ 060pOTHON BO-
JOW C Hacagkon 1 KanneoTbomHu-
KoM

YcTaHoBKa KOMNpUMU-
poBaHusA Bogopoaa

KomnpumupoBaHune Bogo-
pona

BopokonbLeBon komnpec-
cop

KomnpumuposaHue Boao-
poaa

Komnpeccop; P = 0,175 MTlla,
Q =1980 M3y

LleHTpoGexHble Hacockl

[lns 3anuBa HaTpa egkoro
TEXHUYECKOro B X/O- 1 aB-
TOMOOUNbHbIE LUUCTEPHDI

Hacocbl, 06beMHas nogaya Hacoca
90 m3/y; naBneHue, pa3BMBaeMoe
Hacocom, — 0,36 Mlla

9.2.2.4 CBeageHnA 06 ncnonb3yemMoM NpupoaooxpaHHOM o6opyaoBaHUn
npouM3BoACTBa BOAOPOAaA, Xfopa U rmapoKcuaa Hatpus MeMopaHHbIM MeTOAO0OM

ANIeKTposnnsa

B Tabnuue 9.11 npeacrtaBneHo B KayecTBe npumMmepa nNpupoaooxpaHHoe obopyaosa-
HWe, NpegHa3HayYeHHoe AN OYUCTKU MPOMBbILNEHHbIX BbIBPOCOB NPOM3BOACTBA BOAOPOAA,
Xnopa un rmapokcuga HaTpuss MemMbpaHHbIM METOAOM 3MEKTPONnMn3a OT 3arpA3HALINX Be-
wects. MNMpeacrasneHHbii B Tabnuue 9.11 nepeyeHb NpMpPOAOOXpaHHOro 0b6opyaoBaHNA He
MOXeT paccMmaTpuBaTbCA KaK MCYEepPnbIBAKOLLMA, MOCKOSNbKY BO3MOXHO MPUMEHEHUE WHOTO
NpUpPOaOOXPaHHOrO 06OPYAOBaHMSA, NO3BOMSAIOLWErO JOCTUYb YCTAaHOBIEHHbLIX TEXHONOIrM4e-
ckux nokasatenen HOT (cm. npunoxeHue bB).
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Tabnuuya 9.11 — lNpupoagooxpaHHoe obopyaoBaHne NPon3BOLCTBA BOAOPOAA, XJlopa U
rmgpokcuga HaTpua membpaHHbIM METOAO0M 3MEKTponmn3a

HanmeHoBaHne obopyaoBa-

s HasHaueHne oGopynoBaHus |  TexHomornyeckme xapakrepucTukm

CaHutapHas konoHHa (ko- | OuncTtka Bbl6pocoB (ra3o- |BepTukanbHbIi annapat C KpbiLl-
noHHa abcopbuun xnopa) |BO3QYLLUHON CMECU — Kon; paspexeHune oT muHyc 0,6 ao
BC) oT xnopa muHyc 1,2 kMa, BMecTumocTb 82 M3;
pacxoa NBC — 0,0199 m%/c; Tem-
nepatypa 'BC 30 °C; acppekTums-
HOCTb o4nCTKM — o 100 %:; BbICO-
Ta TpyObl — 22 M

CaHuTapHas KornoHHa Ouunctka rasoBbix BblIbpo- | BepTukanbHbIN LUAMHAPUYECKNI
COB Ha y4acTKke cknaga u |annapar; pacxog [BC —

cTaHuuu ucnapenus xua- | 0,074 m3/c; Temnepatypa NBC

Koro xropa 22,0 °C; appEeKTUBHOCTb OYUCT-

kn — o 100 %; BbicoTa TpyObl —
17 m

YcTaHoBKa pereHepaumn | PereHepauums otpaboTaH- |—

(KOHUEHTPUPOBaAHUSA) cep- | HOM CEPHOM KUCTOThI
HOW KUCNOTbI

9.2.2.5 OcHoBHbIe haKTOpbl, XapaKTepusylLlimue oxpaHy oKpyxatrLen cpeabl U
yCcTOM4YMBOE pa3BUTUE NPOU3BOACTBA BOAOPOAA, XJlOpa U rMApoKcuaa HaTpus
MeMOpaHHbIM MEeTOAO0M 3JeKTponumsa

OCHOBHbIMM (bakTOpaMu, xapakTepusyoLmMMM OXpaHy OKpyXXatoLlen cpebl npu npo-
N3BOACTBE BOAOPOAA, XJlopa U rmapokcuaa Hatpus MembpaHHbIM MEeTOO4OM 3MeKkTponusa,
ABMAKOTCA:

- yoernbHoe notpebneHne anekTpoaHeprum 1 TeNOBOWN SHEPruu;

- yoernbHoe notpebneHune xnopuaa HaTpus Ha NPOM3BOACTBO NPOAYKUUMK;

- yoernbHoe notpebneHne n aMmccmsa CEpHON KNCIOTbl NPY NONy4YeHUU Xnopa;

- Hannume n 3aPMEKTUBHOCTL YTUNM3aunn (MCNosib30BaHMS) OTXOA0B NPOU3BOACTBA,
coepXaLlmx CepHYI KUCIOTY U LWrambl OYUCTKM paccona, B TOM Yucrie B ApYyrux oTpacnsax
9KOHOMMUKMU;

- Hanuune M 3PPEKTUBHOCTb OYUCTKM UMW NOBTOPHOIO MUCMNOSIb30BAHUA CTOYHbIX BOA
NPoOn3BOACTBA, coAepXalux cynbgaT 1 Xropua HaTpus;

- KOHTPOSIb 3arpsi3HeHUs aTMocdepHoro Bosgyxa (xnop, xnopug Bogopoaa, rmapok-
cua HaTpus).

OCHOBHbIMUK (hbakTOpamu, XapakTepusylLMMn YCTOMYMBOE pa3BUTUE MPOU3BOACTBA
BOAOPOAA, Xropa v rugpokcmaa Hatpus MeMbpaHHbIM MeTOO0M 3ANEKTPonn3a, SABnatTCS:

- Hann4yme 1 6nNM3oCTb PacrnonoXeHNa MecTopoXaeHu nNo gobblye pacTsopa xropuaa
HaTpua (paccona) unuM KameHHon (MoBapeHHOW) conu C Lenblo obecneyeHns NpoM3BoaCTBa
CbIpbeM U coxpaHeHus 3anacoB B TedeHue 20-40 ner,

- obecnevyeHHOCTb NPON3BOACTBA ANEKTPOIHEPTUNEN;
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- obecneyeHHOCTb cTabunbHOro 1 cbanaHcMpoBaHHOrO CbbITa U/MNU NCNONb30BaHUS
(nepepaboTkn) BCex Tpex NpoAyKTOB NPON3BOACTBA.

9.2.3 OnucaHue TeXHONOrM4YeCKNX NpPoLeccoB, UCMONb3yeMbIX B HacTosiLee
BpeMs B NpOU3BOACTBE BOAOpOAaA, Xnopa U ruapokcuaa Hatpusi pTyTHbIM
MeTOAOM 3reKTponusa

B HacTodleM pasgene paccmaTpyBaloTCs TEXHONOMMYECKMe NpoLecchbl, OCHOBHOE U
npupodooxpaHHoe oGopyaoBaHWe MpoM3BOACTBA BOAOPOAA, Xfopa W rmapokcuaa HaTpus
PTYTHbIM METOZOM 31eKTPONn3a.

9.2.3.1 O6wume cBegeHns 0 NPOM3BOACTBE BoAopoaa, Xyiopa n rugpokcmaa
HaTPuUA PTYTHbIM METOAOM 3NeKTponu3a

B pagy anekTpoxummnyeckux MeTogoB NPOM3BOACTBA BOAOPOAA, Xopa M ruapokcuaa
HaTpUs PTYTHbIA METOA JrfeKTponiM3a no3BonseT nofyyaTb CaMblli  YUCTbIM - XNOP
(cm. Tabnuuy 6) 1 cambll YACTBIN KayCTUK (€CNK HE CYMTaTb HE3HAYMTENbHYIO NMPUMECH pac-
TBOPEHHOW PTYTH).

YcTaHoBKa AONfsi PTYTHOrO 9neKkTposiv3a COCTOMUT U3 3MeKTponuaepa, pasnaraTens
amarnbrambl HaTpPUA M PTYTHOrO Hacoca, 06beANHEHHbIX Mexay cobon COOTBETCTBYHOLLMMMU
KOMMYHUMKaUMsMn. KaTtogoM aneKkTponuaepa CrnyxuT Xuakasa pTyTb, NpokaymBaemas cneuu-
anbHbIM HacocoM. AHoObl — ManousHalwusawwmnecd. Bmecte co pTyTbio Yepes anekTponu-
3ep HenpepbIBHO NPOXOAUT MNOTOK NUTAIOLLEro pacTeopa xfiopuaa HaTpus (paccona).

Ha aHoZe npoucxoguT OKMUCIIEHME MOHOB Xropa U3 3eKTPonnTa, 1 BbliaenaeTcs anek-
TPONMUTUYECKUIN XITOP. DNEKTPOSIUTUYECKUN XIOP M aHOSMUT OTBOAATCA U3 dneKTponimaepa.
AHONUT, BbLIXOOALLMA N3 ANEKTPONIM3epa, AOHACHILLAOT CBEXEWN, OYULLEHHOW COSblO, yaans-
0T N3 HEro NPUMecK, BHECEHHbIE C COJblO, @ Takke BbiMbIBAEMbIE M3 aHOLOB N KOHCTPYKLM-
OHHbIX MaTepuarnoB 3NEeKTPONN3epoB, N BO3BPALLAOT Ha anekTponua. lNepea AoHacbIWEHN-
eM M3 aHonuTa yaanstoT 60nbluylo YacTb pacTBOPEHHOrO B HeM xropa (obecxnopuBaHue
aHonuTa).

Pactywme TpeboBaHusa K akonormyeckon 6e30nacHOCT! NPOU3BOACTB M, B YACTHOCTH,
nonoxeHns MuHamaTCcKoM KOHBEHUMM MO pTyTh [48] BeOyT K NOCTENEHHOMY U HEN3BEXHOMY
BbITECHEHUIO PTYTHOrO MeToda MeTodaMu 3reKTponu3a ¢ TBepAblM KaTo4oM, B YAaCTHOCTU
3HepreTuyeckn bonee adpdekTMBHBIM N 3konornyeckn 6onee 6e3onacHbIM MeMOPaHHBIM
METOAO0M 3MeKTponnsa.

PactBop rmgpokcmaa HaTpusi BbICOKOrO KayecTBa M BbICOKOW KOHLIEHTpaLuMuK, nony4ya-
eMbI JaHHbIM METOOOM 3NIEKTPONIN3a, XapakTepu3yeTcs BbICOKOW YACTOTOM U UCMOSb3YyeTCs
B pasfiMyHbIX OTpacnsax NPOMbILLMEHHOCTM, B TOM YMcne npu npovM3BOACTBE TBepaoro (rpa-
HYNIMPOBAHHOIO NNN YeLlyMPOBAHHOIO e4KOro HaTpa), rmnoxnioputa HaTpuUst TEXHUYECKOro, B
LEennono3Ho-6yMaKHON MPOMBbILLIIEHHOCTU, B NPOU3BOACTBE MOILLMX M YUCTALLMX CPEeACTB,
B (phapmauesTunyeckon otpacnn. OCHOBHble 0651aCTM NPUMEHEHUS TMAPOKCMAA HaATPUA Npu-
BeaeHbl B Tabnvue 9.1.

lMony4yaemMbln B J@aHHOM TEXHOMOMMYECKOM npoLuecce 3MeKTPOSIMTUYECKUI XINop nocne
OXNaXXAEHUSA, OCYLLKN U KOMNPUMUPOBAHUSA, KaK NpaBusio, UCNONb3yeTcsl Ha TOM Xe npea-
NPUATUX ANA NOSyYeHUs xropuaa BOAOpOAa M COMSIHOM KUCHOThI, ANS NOMyYeHnsa guxnop-
3TaHa 1 BUHUNXMopuaa-moHoMmepa B npoussoactee MNBX, ons npousBoacTBa runoxnopura
HaTpus, NPOM3BOACTBA XIOPUPOBAHHLIX NapaUHOB pasfMYHbLIX Mapok (xropnapaduHoB),
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XNOPMETaHOB, a Takke Ans Nofy4YeHUs TOBapHOro XWUAKOro xmnopa, peanvsyemMoro pasnuy-
HbIM noTpebutenam. OcHoBHble obnacTn npumeHeHusa xnopa 6binv NpvBedeHbl B Tabnu-
ue 9.2.

[Monyyaembin B pesynbTaTe MNPOU3BOACTBA 3MEKTPONUTUYECKUA BOAOPOL mnocne
OYUCTKN, CYLLUKM U KOMMPUMUPOBAHWS, KaK NPaBusio, UCMOMNb3YeTCa Ha TOM e Npeanpusitum
ANSA nonyyYyeHnsa xnopuaa Bogopoga v ConsiHOM KUCNOThI, ANA NPOU3BOACTBa BUHUMXNopuaa-
MOHOMepa B npoussoacTee NBX, a Takke Ans nonydeHns TensoBon aHeprum (napa) MeTo-
AOM CXuraHusa Bogopoa B u3bbiTke Bosayxa. OCHOBHble 0bnacTu npuMeHeHus Bogopoaa
npusegeHsl B Tabnuue 9.3.

9.2.3.2 OnucaHne TeXHONOrM4YeCcKNX NpoLeccoB, UCMOSNb3yeMbIX B
npousBoAcTBe BoAopoaa, Xxfiopa u ruapokcuaa HaTpust pTyTHbIM MeToAo0M
aneKkrtponusa

TexHonorma npovsBoACTBa BOAOPOAA, XJlopa U rMapokcuaa Hatpust pTYTHbIM METO-
AOM 3reKTponn3a 3akrnyaeTcs B nocnegoBatenbHoOM u/vunn ogHoBpeMeHHoW (napannenb-
HOW) peanu3auuu crnegyroLlmnx TeXHONOrMyeckux CTaui, COCTaB KOTOPbIX onpedensercs
BMOOM (MapKon) LeneBbiX NPOAYKTOB: BO4OPOAA, Xfopa 1 rmapokeuaa HaTpus (kaycTuka):

- NPUeM, XxpaHeHne 1 pacTBOpPEHNE NCXOLHOM NOBAPEHHOW NI BbINAPEHHOW CONU nnn
npuvem 1 NoaroToBKa CbIPOro paccona;

- OYMCTKa CbIpOro paccona oT NpMMecen COAOBO-KayCTUYECKMM METOOOM C rnocrneay-
IOLUM OTCTamBaHMeEM (OCBeTIeHMEM) 1 unbTpaLmen oT NpumMecen;

- ANEKTPOSIN3 OYMLLEHHOIO paccona B 3NeKTponusepax ¢ pTyTHbIM KaTogoM C nocrne-
AYIOLWNM pasnoXeHneM amarnbrambl HAaTpUs B pasnaraTensx;

- obecxnopvBaHne 1 foHacbIWeHne aHoNuTa;

- oxnaxaeHuve, unbTpauusa n Nnepekayka pacTesopa egkoro HaTpa;

- OXNaXxgeHue, OCyLKa U KOMNPUMUPOBAHNE 3NEKTPOSIUTUYECKOTO XI0pa;

- OXNaXgeHue, 0MUCTKa N Nepekadka Bogopona K Mecty nepepaboTku;

- KOHAeHcaums, bacoBka, XpaHeHne 1 oTrpy3Ka XngKoro xsnopa;

- oYncTKa abrasoB OT XNnopa;

- OYMCTKa U BOOOOTBEAEHME PTYTbCOAEPKALLUMX CTOYHbIX BOA,;

- TepMuyeckasi nepepaboTka (ob6e3BpexnBaHme) pTyTbCOAEPKALLNX OTXOAOB,;

- (pbacoBka, xpaHeHue (cknagupoBaHne) U OTrpy3Ka roToBOro eaKoro HaTpa.

- Obwasa npuHUMnManbHasa cxema TeXHONOrM4yeckoro npouecca nosnyyeHnss BOAopoaa,
Xnopa n rmgpokcuaa HaTpus pTYTHbIM METOAOM 9rfeKTporv3a npencrtaBrieHa Ha pPUCYH-
ke 9.4.
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PucyHok 9.4 — Cxema TexHONorm4eckoro rnpotecca npon3soacTea Bogopoaa,
Xfiopa v rmgpokcuaa HaTpus pTYTHbIM METOOOM 3MeKTponu3a ¢
Mcnosfib3oBaHMEM TBEPLAOWN COMun

[MpeacTaBneHHyo Ha pucyHke 9.4 obLLy0 NPUHLMNNANbHYIO CXEMY TEXHONOMMYECKOro
npouecca Npon3BoACTBa BOAOPOAA, Xfopa U rmapokcnaa HaTpus pTyTHbIM METOAOM Jnek-
Tponuaa Hukoum obpas3om He criegyeT paccmaTpuBaTb B KadecTBe €OVHCTBEHHOW CXeMbl,
COOTBETCTBYIOLLEN KPUTEPUAM U TEXHOMNOrMYecknm nokasatenam HOT.

Hwxe B KadecTBe TUNMYHOrO nNpumMmepa npmBedeHo Hambornee obuiee onucaHne Tex-
HOJIOrMYecKoro npouecca nNpovMs3BoACTBa BOOOPOAA, XJlopa M rMapokeuaa HaTtpust pTYTHbIM
METOOOM 3MEKTPONnN3a, KOTOpoe HUKOMM 0Opa3oM He MOXET pacCMaTpuBaTbCs KakK eauH-
CTBEHHOE OrucaHue npouecca, COOTBETCTBYIOLLEE KPUTEPUAM N TEXHOSTOrMYEeCKMM MoKasa-

Tenam HOT.

9.2.3.3 OnucaHue cTaamMn TeXHONOrMYEeCKOro rnpouecca pTyTHbIM MEeTO40M

ANIeKTposnunsa

9.2.3.4 CopoBo-KaycTU4yeckas o4McTKa paccona

Paccon nocne npeaBapuTensHOro Noforpesa noaaeTcs B peakTop, B KOTOPLIN U3 ae-
nUTens noaaeTcs pacTBOP COAbl KanbLMHUPOBAHHOW M CaMOTEKOM PacTBOpP €4KOro Hatpa u3
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HanopHon emkocTu. B peakTtope npoucxoout obpas3oBaHuWe B3BELUEHHbIX 4acTul, Hexena-
TenNbHbIX NPUMECEN N0 peakUUsIM:

Ca?* + Na2COz — CaCOs + 2Na*
Mg?* + 2NaOH — Mg(OH)2 + 2Na*
Fe?* + 2NaOH — Fe(OH)2 + 2Na*
Fe3* + 3NaOH — Fe(OH)3 + 3Na*
Me™ + nNaOH — Me(OH)n + nNa*

PeakunoHHass cMecb M3 peakTopa OTKauuBaeTCca B AenuTenb, OTKyda HenpepbiBHO
nocTtynaeT B ocBeTnuTenb. Paccon B ocBeTnutene ocsoboxaaeTcs OT B3BELLUEHHbIX YacTu
N, OCBETIIEHHbIN, Yepe3 APEHaXHY0 peLleTKy noctynaeT B cOOpHbIN xenob, 3atem B KapmaH
ocCBeTNUTEens, OTKyJa CaMOTEKOM HanpasBnseTcsl B EMKOCTb OCBETMEHHOro paccorna.

OcBeTtnuTtenb npeacTtaBndetr cobov BepTMKamnbHbIA annapat C KOHWYECKON HUXHEN
yacTtblo. LnamoynnoTHuTeNnb OCBETNUTENA 3aHMMaeT UeHTparbHY UUNUHOPUYECKYHO
YyacTb. Mo nepumeTpy WNaMOynnoOTHATENSA PacnonoXeHbl TpY psaa WramMmo3abopHbIX OKOH.
[MpogomkeHnem LWNamMoynnoTHUTENS ABNAETCA YaCcTb OCBETNUTENS — LUNaMOHaKoNUTerb.

B3BelleHHbIV B paccone ocagok NoAHMMAaeTCs C pacconom BBepX. 3a CYeT yBenu4ye-
HUA paboyen 30HbI OCBETNNTENSA CKOPOCTb NOAbEMA CHWXAaeTCs, BEPTUKANbHO YCTAHOBMEH-
Hble >Xan3n cnocobCTBYIOT NpeKpaLLEeHNO BpallaTenbHOro ABMKeHNA paccona. Ha yposHe
LWamo3abopHbIX OKOH B ABWXEHUW pacconia npeobnagaetr ogHO HanpasfieHne — BepTU-
KanbHO BBepXx. B 3TOM 30HE co3garTcs yCcroBus ANd paBHOBECUS OBYX CUI: CUIMbI TSXKECTH
YyacTuy, ocajka n NogbEMHON CuUnbl paccona. Yactuubl ocagka B 30He obpa3oBaHuMs LWamo-
BOro unbTpa HaxoOAATCA B AWMHAMUYECKOM paBHOBECUW, MOCTEMEHHO CKanmuBalTCs,
YKPYMHAIOTCA 1 06pasytoT LWaMoBbin punbTp. YKPYNHEHUIO YacTuy, wiama cnocobcTeyeT
pacTBop ruaponmsoBaHHoro nonunakpunamuga (MAA), KoTopbin NogaeTca U3 eMKOCTU Herno-
CpencTBEHHO B 30HY LWnamoBoro ounbtpa. OntumansHoe cooTHoweHune NMAA n paccona co-
ctaBnseT ot 1,5 o 2,5 r MAA Ha 1 M3 ounweHHoro paccona. Nocne obpasoBaHns yCTONYM-
BOM 0651aCTV CO B3BELUEHHbBIM LUNAMOBbIM (OUITbTPOM C TEYEHUEM BPEMEHW NPOUCXOANT PAa
HeobpaTUMbIX PU3NKO-XMMUYECKMX MPOLIECCOB, MPUBOASALMX K YMEHbLUEHUIO NOTEHUManb-
HOW SHEpPrMm 4actuu U CTPYKTYPHbIM M3MEHEHUSM, Ha3blBaeMbIM CTapeHuemM ocagka. [Ans
HOopmanbHOW paboTbl WwnamoBoro cunbTpa Heobxoaumo obecneunTb perynupoBaHue no-
CTYNMEeHWs paccona B LWNaMoyniioTHUTENb Yepes Wwnamo3abopHble OKHa NyTeM Tak Ha3blBa-
eMOM «OTCeYKU» paccona, A 3Toro npou3BOAUTCA HaCTpoMKa WHTEHCUMBHOCTWU MnepeTtoka
paboyen cpeabl Yepes3 BEPXHUA OTBOAHOW LUTYLEP LWNaMoynnoTHUTENs. 3T1o obecneynsaeT
pPaBHOMEPHYIO pPOTaUMIO (PNOKYNMPOBAHHbBIX YacTuL, B LIMAaMOBOM (OuUnbTpe, YMeHbLuaeT
AnanasoH konebaHuin BepxHen rpaHuubl WnaMmoBoro unbTpa M npegoTepallaeT BO3MOX-
HOCTb CMELLEHUNS ee B 30HY OCBETNEHHOro o6bema nepen c6OpHbIM Kenobom.

OcBeTneHHbI paccon 13 eMKOCTU OTKauyMBaeTCs Ha punbTpaumio B MeXaHU4eCKUn
dunbTp 1 3atem B 6akm oumnLeHHoro paccona. MexaHnyeckuin unbTp NnpeacraBnseT cobon
rOPM30HTanbHbIN UUANHOPUYECKMA annapaT. [JpeHaXxHoe YyCTPOUCTBO (busibTpa COCTOUT U3
YyeTblpex NIaTOpPMEHHbIX TUTAHOBbIX KOMNNEKTOpoB. PunbTpyrownM MaTtepmanom sBrnseTcs
KBapLEBbIA NECOK UM MpaMOpHas KPOLLKa.

BbinapuBaHue paccona

BbinapuBaHue paccona, kak npaBuio, OCyLeCTBNAETCHA B ABYX WKW TpeX BblNapHbIX
ycTaHoBkax. Kaxxgas ycTaHOBKa BKOYaeT B cebsa Tpu Unm YeTbipe BbiNapHbIX annapaTta, Ba-
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KYyM-CUCTEMY, TPU UMK YeTbipe camoucnapuTens, KOHAeHcaTHblIe HacoCbl, HAacoChl Ans ne-
peKkaydku nynbnbl, OTCTOMHUKM MyNbMbl, LEHTPUDYTN.

LleHTpucyruposaHue cycneHsnm conu

YnapeHHbIn paccon (CycneHausi conu) ¢ NOBbIWEHHbIM coAepXXaHnem cyrbdaToB U
MaccoBou gonen teepaoun dasbl ot 15 % o 20 % HenpepbIBHO BbIBOAUTCH U3 KOHYCHOW Ya-
CTW cenapaTopa BbiNApHOro annaparta. Yepes nepenueBHoe YCTPOMCTBO (CMOTpoBown 6ak)
CyCMNeH3us HanpaBnAeTCca B OTCTOMHUK. B OTCTOMHMKax cycneH3ns conu oceaeT B KOHYcCe, a
AeKaHTUPOBaHHbLIA paccor No NepesiMBHON JIMHUKX NOCTYNaeT B NMUTaLLY eMKOCTb.

CryweHHasi cycneHausi Conm m3 KOHyCcOB OTCTOMHUKOB HEMNPEPLIBHO NOL4AETCS Ha LEH-
Tpudpyrn. OTCTOMHNKN YCTAHOBMEHbI HA TEH30BECHI AN KOHTPOSIS MacChbl CYyCMEH3Un COonu,
nogaBaemMon Ha ueHTpudyrn. [na OTMbIBKM COMM OT CynbgaTtoB U NPOMbIBKU LEHTPUdYr
noaBeaeHa NUHUS «CONEHOro» KOHAEHcaTa M O4YMLLEHHOrO paccona.

lMpoOMbIBKA OTCTOMHUKOB OCYLLIECTBIISAETCS «CONEHbIM» KOHAeHcaToM. OaHOBPEMEHHO
C nogayen KoHAeHcaTta Npomns3BoaaT bapboTaxk OTCTOMHMKA NyTEM NOoAavn TEXHONOMMYECKOro
BO34yxa B 30HY MpoMbIBKN. M3 LeHTpudyr npombiTas conb cOpacbiBaeTcsl B rMapOTpaHC-
nopT, Kyaa Ana TpaHCNoOpTUPOBKM nogaeTca aHonuT. U3 rugpoTpaHcnopTa HAcOCOM CyCreH-
3151 CONMM OTKaYMBaETCA B pacnpeaenuTenbHbI KONMeKTop, OTKyaa noctynaet B nwobon ms
NATU caTypaTopoB, rae Kpuctannuyeckasi Corb OcaxgaeTcs, a TPaHCNOPTHLIN paccon caMo-
TEKOM MO NepenuBHOWM NMHMKM nodaeTca B HGaku paccona. MaTouyHbI paccon C LeHTpudyr
nogaeTcsa B OTCTOMHMK U anee rnocrtynaeT B eMKOCTb.

Mpn BegeHnn npouecca BbiNapnBaHUA NO HEMPEPLIBHOM CXeMe coepkaHue cyrnbda-
TOB B 3aMKHYTOM 06beMe BbINapHOro LuKIia NnocTosiHHO yBenuumeaeTcs. [na nogaepxaHus
cynbcaTHOro 6anaHca Ha ypoBHe MaccoBOW KOHLeHTpaumu oT 10 ao 50 mr/gm3 pacTBopeH-
HOro BellecTBa HeOHXOAMMO OTBOAMTL YacCTb YNapeHHOro cynbdaTHOro paccona C Lesbto
YMEHbLUEHNA KOHLEHTpaunn cynbgaToB B obLeM uukne. YNapeHHbIn CynbgaTHbIn paccon
npu HeobxoaAMMOCTM NogaeTcs noTpedutensm.

Ob6ecxnopuBaHMe U AoHacbIWeHue aHonuTta, unbTpaymsa paccona

Ob6ecxnopuBaHue aHONMUTA

AHONMUT CO CTagun 3NeKTponu3a, NOAKUCIIEHHbIM OO0 3HAYeHUA nokasaTenst aKTUBHO-
CTW BOAOPOAHbIX MoHOB OT 1,8 oo 2,8 eannHuy, pH, ¢ Temnepatypon B npegenax 80 °C —
85 °C HenpepbIBHO nogaeTcs B 4eCOPOLMOHHbIE BaKyyM-KOMOHHbI ANA BakyyMHOro obec-
xfiopuBaHus. BeligenuseLlumimncsa 3 aHonuTa BrnaXKHbIA XNop Yepes KOHAEeHcaTop OoTcackbiBaeTcA
BaKyyM-HacocoM 1, Nponasa yepes BnarootgenuTens, NOCTynaeT B OTAENEHME CYLUKU XI10-
pa. AHONUT nocne BakyymMHOW Aecopbuum yepes rmgpo3aTBop MOCTynaeT B eMKOCTb. [Onsa
HenTpanuaauum oCTatoMHOro CBOBOAHOrO Xropa B aHOMUTE B JIMHUIO Nepe 3TOM eMKOCTbIO
nogaeTcsa pacTBop €A4KOoro Hatpa.

[JoHacblweHne aHonNUTa

[Ona goHackiweHna ob6efHEHHbIN aHONMUT CO cTaaumum obecxrnopmBaHusa NOCTynaeT B
catypaTopbl, rge npoMcxXoamT MOBbIWEHMEe KOHUeHTpauun xnopuga Hatpust NaCl npu pac-
TBOPEHUM NpeaBapuUTeNbHO OCaXXAEHHOW BbiNapeHHoOW conu. M3 npuemMHoOn eMKOCTM aHONUT
nepekadmBaeTcs B catypatopbl. CaTypaTtop npeacTtasnseT cobon umnmHapuyeckmii annapat
C KOHYCHbIM aHuWweM. BHyTpu annapaT pytepoBaH KUCMOTOYMNOPHbLIM Kupnndom. Beepxy Ko-
HYCHOW 4acTu yCTaHOBIIEHa peLueTka (NoxHoe AHuLe). Ha peleTky HacbkinaH crnown rpasus,
NoBepX Hero npu MNpoOXoXAEeHUM COSieBOM CyCrneH3nunm hopMUpyeTCa OCaouHbIA CIOW Kpu-
cTannMyeckon conu, nogaBaemMoun B caTtypaTopbl CO CTaguu LeHTpUdyrmpoBaHna Yyepes rua-
POTPaHCMNOPT HACOCOM.
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TpaHcnopTnpoBKa BbIMapeHHOM CONMv B caTypaTopbl MPOU3BOAUTCH MO KOJSINEKTOPY,
nMetoLLleMy pa3BOKY Ha Kaxabln catypaTtop. [Nogada aHonnTa Npon3BoAUTCS B Y3KYH YacTb
KOHyCa caTypaTtopa rnof noxHoe gHuue. PaBHoMepHO pacnpefenssach Mo Ce4YEHU0 U BbICO-
Te annaparta, MOTOK aHonuMTa HeNpepbiBHO pPacTBOPSAET 3arOTOBMEHHbIN 0CadoK COJW.
HacbllWweHHbIn paccon Yepes NepenuBHON LUTYyLlEep caTypaTtopa No TUTAHOBOMY KOSNIEKTOpY
noctynaet B 6ak HacbilweHHOro paccona. PerynupoBaHve 3Ha4YeHUs MacCOBOW KOHLEHTpa-
UMM xnopuaa HaTpus B paccorie nocrie HacblWeHUs B caTypaTopax OCyLLEeCTBNAeTCcA aBTo-
MaTmyeckmn npmbopom nytem pasdbasneHnsa paccona obeaHEeHHbIM aHONIMTOM, MOCTyNnarLWwmMm
co cTagmn obecxnopmBaHus. YacTb aHonMTa OTBOAUTCS Ha rMAPOTPAHCNOPT COnM Ans cTa-
AN LeHTpUyrnposaHus.

dunbTpauymsa paccona

HacbILWEeHHbIM paccosi ¢ MaccoBOM KOHUEHTpauuen ocHOBHOro BewectBa ot 300 go
310 r/am® NpoxXoamnT Yepes CTaanto MEXaHNYECKOW OYMCTKN — TOHKOM cpunbTpauuu.

Paccon n3 6akoB Hacocamu NogaeTca Ha NepBYyH CTyNeHb npeaBapuTenbHON usb-
Tpauum B MexaHun4deckne unbTpbl. PuUnbTpyOWMM MaTepuanoMm B unbTpax sBnseTca
KBapLueBbI NECOK MM MpaMOpHasa KpoLlKa, KOTOpble AOSMKHbI ObiTb HAcbiNaHbl paBHOMEP-
HbIM CITOEM Ha peLlleTKy C ApPEeHaXHbIMW KOoSinekTopamu, npefoTepallarolimiMm YHOC necka
NN KPOLLKK C PUbTPOBaHHbLIM PaccosioM.

Paccon BBoANTCA B BEPXHIOK YacCTb punbTpa, NPOXOANUT vyepes (PUNbTPyoLmMiA Crion
N U3 HWKHEN YacTn punbTpa noctynaet B 6ak npegBapuTeNbHO OYULLEHHOrO paccona, OT-
KyZa Hacocamu rnofgaeTcs Ha BTOPYH CTYMNeHb OYUCTKN B MexaHundeckne punbTpbl. N3 aTmx
unbTPOB paccon noctynaet B 6akym O4YMLLEHHOrO paccona, oTKyda 3aTeM npu NOMOLUM
Hacoca nogaeTtcs B NpueMHbI 6ak, yCTaHOBMNEHHbIN HA CTagumn anekTponmsa.

Crapunsa anekTponusa pTyTHbIM MeTOA0M

PactBop noBapeHHOM conu (paccosn), npeasBapuTenbHO OYULLEHHBIN OT NpUMecen u
HacCbILWEHHbIN 10 MaccoBOW KOHLUeHTpauun xnopuaa HaTpua 300-310 r/am3, HenpepbIBHO
nogaeTcs no OAHOW UINv ABYM NIMHUAM Yepe3 KOXYXOTPYOHbIN TUTAHOBbLIA TEMNNIO0OMEHHUK 1
B TUTAHOBLIN HanopHbIn 6ak. B TennoobmeHHUKe paccon nogorpeBaeTcs A0 TemnepaTypbl
50 °C — 75 °C, koHTponvpyemon aBTomaTudeckn. B 6ake paccona nogaepxmBaetca Heob-
XO0OUMbIN ypoBeHb paccona. lNepen nogaden B aNeKTponmsepbl, paccosl NogkucnaeTcs co-
NAHOW KMUCMOTOW, KOTOpas MoCTynaeT M3 HamnopHbIX eMKocTen. Paccos, nogkUCeHHbIN O
3HayeHna BodopoaHoro nokasartena 2,5-4,5en. pH, pacnpegensdeTca MNo KOmnnekropaw,
pacnonoXXeHHbIM BOOMb KaXXA0ro psaa anekrponunsepos. [pu NpoxoXKaeHUn aneKTpmuyecKoro
TOKa NpPoOMCXoanT YacTudHoe obeaHeHne paccona, T. €. YMEHbLUEHME MAaCCOBOW KOHLIEHTpa-
LMK HaTpusa xnopuaa Ha 25-50 r/gme.

[Mpouecc anekTponusa BOAHOMO pacTBopa NOBApPEeHHOW COMnMu Ans NosflyvyeHus ra3oob-
pas3Horo xrnopa, BogopoAa M HaTpa efKoro OCyLEeCTBIISETCA B rOPU30HTASTbHbIX 3NEKTPOsiv-
3epax C pTyTHbIM KaTogoM. CyMMapHOe ypaBHEHUE SNEeKTPOXMMUYECKOro npolecca Onuchl-
BaeTCA cneayroLLen cXxemMomn peakumm:

2NaCl + 2H20 — 2NaOH + Cl2 + Ha.

oT0T npouecc npoTekaeT B ABE CTaAuMn B ABYX B3aMMOCBA3aHHbIX annapatax, U3 Ko-
TOPbIX COCTOUT PTYTHadA BaHHa: HENOCpeaACTBEHHO B CaMOM 3EKTponn3epe 1 B pasnaraterne
amanbrambl. B AneKkTponn3epe Ha nepBon ctaaunn npouecca rnponucxoauT IJIEKTPOXUMUNYE-
CKOe€e pa3rnoxeHune xnopunga Hatpua c o6pasoBaHmeM Xnopa v amarnbramMmbl HATpPUA.

2NaCl + 2nHg — Cl2 + 2NaHgn.
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BTopas ctagus npouecca — pasnoXeHne amarnbrambl HaTpUsi — NPOUCXOAUT B pas-
naratene amarnbrambl C MoOfyYeHMEeM KOHLEHTPUPOBAHHOIO pacTBopa HaTpa €AKoro U raso-
obpasHoro BoAopoaa, a pTyTb NPy 3TOM pereHepupyeTcs:

2NaHgn + 2H20 — 2NaOH + H2 + 2nHq.
B BogHOM pacTBope MOneKyrbl NOBapeHHOM CONMU AUCCOLUUPYIOT Ha UOHbI:
NaCl — Na* + CI".
Mornekynbl BOAbl AUCCOLNNPYIOT HA NUOHBI:
H20 — H" + OH".

KaTogHbIn npouecc

Mpyn NpoOXOXOAEHUM MOCTOSIHHOrO 3MIEKTPUYECKOro TOKa Yepes3 3MEKTPONUT KaTUOHbLI
Na*, H* gBmXyTca K Katody, KOTOpbIM SABASIETCA PTYTb, M NPAKTUYECKN HA XUOKOM KaTtoae
BblOENAETCA TONbKO HaTPUN, XOTS HOPMarnbHbIA MOTEHUMAnN BblAENEHUSA HaTpus ropasgo
bonblie, YeM NoTeHunan BblAeneHus Bogopoaa:

Ena® =-2,714 B,
EH2" =-0,414 B.

OTO CTAaHOBUTCSA BO3MOXHbLIM 13-32 OONbLLOro NnepeHanpsiKeHnsa BblaeneHns Bogopo-
Aa Ha PTYTU N HU3KOro noTeHumana BblOeneHnsa HaTpusa n3-3a BbICOKOW aHeprun obpasosa-
HUSA amarnbrambl HaTpus. Booopoa Takke BblAeNsaeTca Ha pTyTHOM KaTode, O4HaKo Npu Hop-
MarbHbIX YCMOBUSAX Mpouecca anekTponuaa (npexae Bcero npu MMHMMasribHOM cogepXXaHum
npuMecen TSXKenbIX MeTansioB) KOMMYECTBO BbIAENSIOLLErOCH NpM 9TOM BOAopoda OTHOCU-
TeNbHO HEBESIMKO.

Taknum obpa3omM, OCHOBHbIM MPOLIECCOM Ha PTYTHOM KatoAe SABNsieTcs paspsaj WOHOB
HaTpuss — Na*:

Na* + & + nHg — NaHgn.

NMoMMMO OCHOBHOrO npoLiecca, Ha PTYTHOM KaToJe BO3MOXHO BbiAerneHne Bogopoaa
npu yyactum noHos H*, npu yuyactum monekyn H2O — ¢ o6pasoBaHueEM LLENOYM:

2H* + 2é — H2t,
2H20 + 2é — H21 + 20H".

Mo mepe npoTekaHWs anNeKkTponusa cogepxaHune HaTpusa B amarnbraMe yBenuynmBaeT-
CS N yBENUYNBAETCH €e BA3KOCTb, YTO NPUBOAUT K HAPYLUEHUIO LUMPKYNAUMM amarnbrambl U
pe3KoMy YBENUYEHUIO CKOPOCTU BblAeneHnsa sogopoaa. Ytobbl npegoTBpaTnTb yMEHbLUEHUE
TEKy4yeCTn amarbrambl, CpeHee 3HayeHMe MacCOBOMW J0SIM HaTpus B HEW Ha BbiIxode U3
anekTponusepa (kpenkas amansrama) nogaepxuneaetcs He 6onee 0,35 % — 0,5 %. Obea-
HEHHbIN paccon (aHomnuT), BMecTe C 06pa3oBaBLUMMCS XJIOPra3oM, BbIBOAUTCSA U3 INEKTPO-
nmnsepa 4epes XIIOPaHONUTHBLIW WTYLIEP B KOSINEKTOP M NOCTynaeT Yyepel dhasopasgenurenbs
B cOOpPHMKM aHONUTA.

[na nydwero otaeneHuss xfiopa aHoNUT MNOAKUCNAETCA OO0 3HAaYeHUs BOOOPOLHOro
nokasatens pH 1,8-2,8 cMHTETUYECKON CONSIHOM KMCMOTOW, NOCTynarLwen n3 HanopHoro 6a-
Ka. N3 cOOpHMKOB aHONMUT HeNpepbIBHO OTKaYMBaEeTCHA Ha cTaauio obecxriopmpoBaHna U o-
HacblweHns. ObecconeHHaa BoAa, ucnonb3yemas And pasnoXeHus amanbrambl HaTpus,
nocTtynaeT B HanopHble 6akn. M3 HanopHbIx 6GakoB obecconeHHas Boga pacnpeaensercs no
KONneKkTopam, pacrnofioXXeHHbIM BOOMb KaXOoro psida anektponusepoB. M3 konnekTtopa
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obecconeHHasa BoAda nog NOCTOSIHHBIM HAMOPOM MOCTynaeT B pasnaratenn u BO BXOAHblE
KapMaHbl 351IEKTPONN3epOoB.

PasnoxeHue amanbrambl HaTpus ocyLlecTBNAeTCa B pasnaratensx. B anekrtponuse-
pax yCTaHOBIEHbl pasfnaraTtenu BepTUKanbHOro Tuna C KyCKOBOW rpacpuToBOW Hacadkou, a
Apyrne anekTponuaepbl CHabXeHbl rOpM3oHTanNbHbIMW pasnaratensiMm C Hacagkon u3 rpa-
onTOBbIX 6NOKOB.

Bopopopn, obpasoBaBlwMiCca B pasnaratensx, oxnaxgaercsa obopoTHOM unm 3axono-
YXEHHOW BOOOW B TENIIOOOMEHHMKaX, YCTAHOBMEHHbIX Ha NioKax pasnaratenen, n nocrynaet
B OTAEeNeHne oXnaxaeHus n o4ncTkM Bogopoda. PacTtBop egkoro HaTpa mM3 pasnaraTtenen
nocTynaeT B pAgoBble KOMNMNEKTOPbI, 3aTeM B COOPHUKM Ha cTaguio omnbTpaumm n 6akm roto-
BOM npoaykumun. B xnopHoM cucteme anekTponumsa nogaepxvBaeTcs HebonbLION Bakyym.
BnaxHbin xnop u3 otgeneHuss anekTponu3a v abrasbl M3 otgeneHus obecxnopupoBaHus
aHonuTa nocTynawT B oTAerieHne ocyliku xnopa. Ocylika xnopa npousBoanTCca B ABYX Na-
pannenbHbIX cuctemax (cuctema', cucrema'), KoTopble COCTOAT U3:

- TUTAHOBbIX KOXYXOTPYBOHbIX TENNO0OMEHHUKOB, PaCNOMNOXEHHbIX FOPU3OHTAITbHO;

- TUTAHOBbIX KOXYXOTPYOHbIX TENNO0OMEHHUKOB, PaCcnONOXEHHbIX BEPTUKANBHO;

- hunbTPOB BNAXHOro xropa, pyTepoBaHHbIX Anaba3oBon MANTKOWN, C YeTbIPbMS -
NNHOPUYECKUMUN TUTAHOBbLIMU KacceTaMu, 3anoSTHEHHbIMU CTEKITOBOSTOKHOM;

- HacaO4HbIX KONTOHH OCYLLUKW.

B mexTpybHOEe npoCTpaHCTBO Tensioo6MeHHMKOB nogaetca obopoTHas UM 3axorso-
XeHHas Boga. OxnaxgeHHbIn Xrnop, TemnepaTtypa KOTOPOro KOHTPONMpyeTca aBToMaTuye-
CKMW, U3 Tenro0OMEHHMKOB BMECTE C KOHOEHCaTOM NOCTYMaeT B HWXHIOK 4acTb (punbTpoB
BNaXHOro xsiopa. B ounbTpe BNaxxHOro xsiopa ycTraHoBeHbl NO YeTbipe camooymLLaoLmecs
dunbTp-KacceTbl ANa o160 Kanens BOAbI N adp030ren XSTOPUCTOro HaTpUs, YHOCUMbIX XIO-
poM. MOKpbI pexunm o4YnCTKM obecrneymBaeTcs 3a CHeT ynaBnMBaHWUS Kanenb paccona u
Bflarn nocrtynatulero xnopa. M3 BepxHen yactu punbTpa Xnop noctynaeTt B Tpu nocneno-
BaTesIbHO COeQMHEHHbIE KOMTOHHbI OCYLUKU U B OUIbTPbI CYXOro Xrnopa, opoLllaemble Kpernkon
cepHon kucnoton. Cuctema OCyLLKKU XJiopa paccynTaHa Tak, YTO Npu OTKNHYEHUU OQHOM KO-
NOHHbI ABe Apyrne obecneyvvBatoT MOMHY OCyLKY. OCyLeHHbIN Xropras, OYULLEHHbIN OT
CEPHOM KUCMOThbl M a3p03051en Conen, HanpaBnseTcs Ha XnopHble Typbokomnpeccopb! (XTK).
XTK umeeTt yeTblpe cTyneHn cxaTtus. [locne kaxgon CTyNeHU cxaTua Xrnop oxrnaxnaeTcs B
annaparax BO3ayLlWHOoro oxnaxaeHus. OxnaxaeHue xrnoprasa npomcxoauT 3a cyHeT nepegaym
ero TennoTbl Yepe3 pebpucTble MOBEPXHOCTU annaparta, BO3OyXOM, HarHeTaemMblM CHU3Y
BEHTUNSATOPaMW.

Ha komnpeccope yctaHoBneHbl adeKTUBHbIE annapaTbl BO3AYLUHOMO OXMaXOeHWUS.
AnnapaTbl BO34YyLIHOro oxnaxaeHna 1, 2, 3-i CTyrneHen cxaTusa oxnaxgatTcsd OOHUM BeH-
TUNATOPOM, annapaTt BO34YLLUHOrO OXNaXaeHus 4-1 CTyneHu cxaTus oxnaxgaeTtca ABYMs
BeHTUnaTopamun. [ina ONOMHUTENBLHOIO OXNaXXAeHUsa Xroprasa npefycMoOTpeHo KanesibHoe
opolleHve annapaTtoB 060pOTHON BOAOW M3 OBLLEro Konnekropa 4Yepes pacnbiimTenu, pac-
NOMOXEHHble HaZ BO3QYLUHbIMW BEHTUMNSTOPaMW, Kanmu BoAbl MOTOKOM BO3Ayxa opoLiatoT
TENOOOMEHHMKM, NCNapATCSA, CHUMasa Tenno C MOBepXHOCTU TennoobmeHHukoB. Nanee
XNop HanpasnseTcs noTpebutensam.

Booopoa 13 3ana anekTponusa nocTynaeT Ha OXNaXKgeHue B KOXYXOTPYyOHble Tenno-
OOMEHHMKI, B KOTOPbIX XragoareHToOM CAy>XnT o6opoTHAA Nnn 3axonoXxeHHas Boaa.

Ouuctka Bogopoda OT PTYTVM BedeTcs B ABYX NapanneribHbIX CUCTemax, Kaxaas u3
KOTOPbIX COCTOUT U3 TpeX nocregoBaTesibHO COeANHEHHbIX KOMNOHH, OpoLLaeMbIX: nepBas no
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X0y BOAOpOAa — XIOPHOW BOLOW, BTOpasi — pacTBOPOM €4KOro HaTpa, TpeTbs — 060opoT-
HoM BOoAOW. KOSMOHHbI 3anofnHeHbl KepaMmuyecknmm Konbuamu Pawvra. O4nctka sogopoga ot
PTYTU OCHOBaHa Ha B3auMOAEWNCTBUMN PTYTU C aKTUBHbIM XJTOPOM C 06pa3oBaHNEM CyneMbl U
Kanomenu:

Hg + Cl2 — HgClz,
2Hg + Cl2 — HgzCl2.

lNocne ouyncTkn ot pPTYTM B KOJTOHHaAX BOAOpPOA NMoCTynaeT B HMXXHKOK 4aCTb Hacago4-
HbIX KOJTIOHH, NpeaHa3Ha4YeHHbIX On4d HGVITp3]’IVI38LI,VIVI Xnopa, yHOCMMOro 13 KOJ1OHH. XuMnye-
CKada peakuud npouecca, nportekawwero B HaCaao4HbIX KOJIOHHaX:

2NaOH + Cl2 — NaCl + NaClO + H20.

lMocne o4ncTKM OT Xnopa BO4OPOL HanpaBnseTca B Hacafo4YHble N'YMMUPOBaHHbIE KO-
FMIOHHbI Ha NPOMbIBKY 0OOPOTHOW BOAOW OT €4KOro HaTpa.

[Mocne o4YMCTKM OT LWEeNoYn BOAOPOA MOCTynaeT Ha Bcac KomnpeccopoB. Pabouen
XNOKOCTbIO iBMsieTCA obecconeHHasn Boaa, kotopasi nogaeTcs B KOMMNPEeCccopbl U3 HAaNOPHOro
6aka. Bogopopa, cogepawmin napbl pTyTW, OT KOMIPECCOPOB NOCTYMNaeT NocnegoBaTenbHO B
XONOANNbHUKN, rae oxnaxaaetcsa go Temnepatypbl 0 °C — 5 °C. OxnaxageHve XonogunbHU-
KOB OCYLLIECTBIIIETCA X0N040M ¢ TeMmnepaTypoun (MuHyc 29 + 2) °C.

OxnaxgeHHbIN U YaCTUYHO OYULLIEHHBIN BOOOPOA MOCTynaeT B nogorpesaTenb, rae
HarpeBaeTcsl NnapoMm O TemnepaTtypbl He 6onee 40 °C, nocTynalowmum B MexTpybHoe npo-
CTPaHCTBO nojorpesaTtesnis C uernbio neperpesa ocrasllencs B HemM Bnaru. [lanee sogopon
nocTynaeT Ha agcopbuMOHHY0 OYUCTKY B agcopbepbl, paboTalowme nocnegoBatenibHO Unn
napannesnibHoO, 3anofIHEHHbIE aKTUBMPOBaHHbLIM yrnemM. OuunuieHHbIM BOOOPOA HanpasnsieTcs
notpebutento.

HaTtp egkun 13 3ana anekTposiMsa nocrtynaeTt Ha ounbTpbl Nepsorn ctyneHu. MNponaa
nepBylo CTyneHb unbTpauuu, HaTp edKkMd NMocTynaeT Ha BTOPYH CTyneHb punbTpauum B
apyrve ovnbTpbl. PUNLTPYIOLLMM MaTepuanioMm CiyxuT unbTpoBasribHasa TKaHb C HAHECEeH-
HbIM Ha Hee CIoeM ocafka U3 Xpu3oTuroBoro acbecra B cMecu ¢ rpadouToBON MNbinbto. Bos-
MOXHa paboTa no ofgHOCTyneH4YaTon cxeme ounbTpauun, Korga HaTp edkui nogaeTcs Ha
BCEe UNbTPSLI.

Mocne BTOpon CTyneHn ounbTpaunn HaTp eaknin noctynaet B 6ak. [lanee HaTp eakumn
HanpasnseTca Ha cobcTBeHHOe noTpebneHune unu Hanue B XKL, nnun Tapy notpebutens.

Craausa nony4yeHust XXMAKoro xsiopa

CXXuxXeHue 3neKTPOSIMTUYECKOro xrnoprasa TeXHu4ecKkoro

BenvnuvHa gasneHus npu KOMNpUMUPOBaHUM XJlopa onpeaerniseTca Ncxoaa u3 Mapku
KOMNpeccopHOro obopyaoBaHns U 0COHGEHHOCTEN BEAEHNSA TEXHONOMMYECKOro pexmma KOH-
KpeTHOro npounssoacTea. Hanpumep, Ha 0O4HOM NMPOU3BOACTBE Xrfopras nogaeTcsa ¢ gasre-
Huem ot 0,15 pgo 0,28 MlNa B 6Gydep, OTKyaa HanpaBnsieTCA B KOHAEHCATOpPbl, KOTOpble
npeacTaBnNAlT CcOBON TFOPU3OHTalbHbIE KOXYXOTPYOHbIE 3fIEMEHTHbIE TEMNNOOOMEHHUKMN.
B Tpy6HOE npocTpaHCTBO NofgaeTcs Xrop, B MEXTPYOHOEe — Xonoa unm opeoH.

M3 KoHOeHCaToOpOB XUOKNn Xnop BMecTte ¢ abraszamu, obpasoBaBLUIMMUCA B pe3yribTa-
T€ HEenoJSIHOrO CXMXEeHMs Xropa, NocTtynaet B abrasooTgenuternb, B KOTOPOM MPOUCXOLUT
OTAENEHME XKMAKOro xropa ot abra3oB. XXuakuim xnop cnuBaeTcsa Yepes KNOKOCTHOM 3aTBOp
B €MKOCTM 115 XXUAKOro Xrnopa — TaHkW. Kaxabli TaHK pacrnonoXxeH B OTAEeNbHOM, repmMe-
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TMYHO M30NIMPOBAHHOM OTCEKe M NpeacTaBnsieT cobon CTauMOHAPHYI FOPU3OHTasNbHYK Ln-
NMNHOPUYECKYI0 €MKOCTb C SMISTIUMTUYECKUM OHULLEM U FTHOKOM.

OOuvH 13 HECKONbKNX TAHKOB SAABNSIETCA pe3epBHbIM M 3aMOfIHAETCSA TOMNbKO B aBapun-
HbIX cnyyaax. VI3 TaHKOB XXMAKMI XNop nog AasneHnem He 6onee 1,2 MlNa no nuHuam xug-
KOro xnopa nogaetcs notpebutenam. Ha nMHMAX XXnaKoro xsopa yCTaHOBIEHbl OTCeKatoLwme
KnanaHbl C ANCTAHUMOHHbIM YNpaBneHneM.

Abrasbl U3 abrasooTaenutensa HanpasfsATCA Ha NPOU3BOACTBO CUMHTETMYECKOMW CO-
NAHOW KUCIMOThl U (Mnn) Ha rpebeHKy nogayun xropra3a Ha MNpOM3BOACTBO TMMOXnopuTa
HaTpUSA M KOHUEeHTpaTa 6enuaHbl. 3HadeHne obbemHoOM AonM BoAopoda B abrasax KOHOEH-
caumm n3 koHgeHcatopoB He 6onee 4,0 % nogaepXkuBaeTca NyTemM aBTOMaTUYECKOro pery-
NMPOBAHUSA UNN B PYYHOM PEXMME NMyTEM U3MEHEHUSs 0OBEMHOro pacxofa xnagoHoCUTenNs,
NnocTynaroLlero B KOHgeHcaTopsbl.

Mpn pocTwkeHmn obbemHoM gonu Bogopoda B abrasax koHaeHcauumm Gonee 4,0 %
HEOOXOOMMO CHU3UTb CTEMNEHb CXWMKEHUS 3a CYET YMEHbLUEHMSI 3HAYEHUS OaBIIEHUSI KOH-
AeHcaunn unm NoBbILLEeHUs TeMnepaTypbl KOHOEHCALMWMW.

OnuncaHue TeXHONOrM4Yeckoro npolecca onpeaenseTca MHAnBMAyanbHO ONst Kaxaoro
KOHKPETHOro NpPOM3BOACTBA C y4ETOM UMetoLLLEerocs 060pyaoBaHNA U NMPUHATLIX TEXHUYECKUX
peLleHnn NPOEKTHOM opraHu3aumen n paspabotumkom npouecca. Hmke B Tabnuue 9.12 npu-
BeEHO TUMNYHOE OnMcaHne TEXHONOMMYeCcKoro npouecca NpoM3BoACcTBa Bogopoaa, Xnopa u
rmopokcnaa HaTpusa pTYTHbIM METOOOM SNEeKTpPonu3a C ykasaHMeM BUOOB 3MUCCUN Ha Kax-
AoM aTane (nognpolecce) 1 Kaxaon ctagum TEXHONOrMYeckoro rnpoecca.

MpuBegeHHoe B Tabnuue 9.12 onncaHne TEXHOMOMMYECKOro npouecca Npon3BoacTBa
BOOOPOAA, XJlopa U rmapokcmaa HaTpusa pTYTHbIM METOAOM 3feKTponi3a He crnefyeT pac-
cMmaTpuBaTb Kak eAMHCTBEHHOE U UcYepnbiBaloLee onMcaHue, COOTBETCTBYIOLEE KpUTEpU-
M 1 TexHonorndeckum nokasarenam HAT ana gaHHoro npomssoacTea (CM. npunoxexune b).
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Tabnuua 9.12 — OnncaHme TEXHOMNOMMYECKOro npoLiecca Npon3BoACTBa BOAOPOAA, XJlopa M rmapokcuaa HaTpust pTyTHbIM MeToA0M

anekTponusa

BxogHoun noTok

OTan npouecca (nognpo-
uecc)

BbixogHon noTok

OcHoBHOE TexHoMnorm4yeckoe
obopynoBaHue

Amucenn

1. Manut (conb)
2. Bopa
3. QnekTpoaHeprua

Ctagus pactBopeHus no-
BapeHHOW COnn 1 NpUro-
TOBJIEHNE CbIPOro pacco-
na

1. Celpon paccon
2. lLnam oT pacTtBopeHusi
conu (ocagok)

1. Bak-pacTBopuTernb
2. Bak-HakonuTenb

LLinam oT pacTtBopeHus
conu (ocagok) Ha obbekT
pasmMeLleHnsa 0TXo40B

Coblpown paccon co ctagum
pacTBOPEHNSA CONU UMK
paccononpomsbicna

Cragusa npuema un noaro-
TOBKW CbIpOro paccona

Cblpon paccon (BogHbIN
pacTBop xsiopuaa
HaTpUs)

bak-HakonuTenb (eMKo-
CTW XpaHeHna paccona)

1. Cblpown paccon

2. ObpaTHbIN paccon

3. NpombiBHbIE BOAbI
LLUSTaMOBOW CYCMeH3nn
4. KanbunHMpoBaHHas
coga nnu kapboHmn3npo-
BaHHbIE 3MeKTpoLLenoka
5. ConsHas kucnoTa

6. N'moponM3oBaHHbLIN
pacTBOp Nonunakpunamm-
aa

7. QNeKkTpo3Heprua

8. MNap

Cragus cogoso-
KayCTUYECKON OYMCTKU
paccona oT NPUMECEN

1. OunweHHbIn paccon
2. lnamoBas cycneHsus
n3 oceetnutens (oTcTom-
HMKa)

1. OcBeTnuTenb NN oT-
CTOMHUK [loppa

2. bak ocBeTneHHoro
paccona

3. bak ocBeTneHHoro
paccona

4. Peaktop Ons pacTtBo-
peHna coapl

5. M'mgponusep NMAA

5. Cmecutenb-
HenTpanusaTop

6. bak HenTpann3oBaHHO-
ro paccona

7. Tennoo®MeHHUK K/T

LLiInamoBas cycrneH3us Ha
OYUCTKY

LTOC—VE J1M
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BxogHon noTok

OTan npouecca (nognpo-
uecc)

BbixogHon noTok

OcHoBHOE TexHoMnorm4yeckoe
obopynoBaHue

Amucenn

1. inamoBas cycneHsus
n3 ocseTnuTens

2. Bopa (koHaeHcar rpe-
toLero napa)

3. OneKkTpoaHeprus

Mpuem n npombiBKa
LLUTaMOBOW CYCMeH3nn

1. WinamoBas cycneHaus
2. NpombiBHbIE BOALI

MepHuK-peakTop

Xnopwa-aHuoH, kapbo-
HaT Kanbuus, rmapokcua
MarHusi, CyCrneHsuns
(wnam) Ha cTaHumto
HeuTpanuMsauum 3aBoa-
CKMX KUCIbIX CTOKOB

LLiInamoBas cycrneH3us n3
ocBeTnuTens (unu oT-
cTonHuka [Joppa)
OnNeKTpoaHeprms

Cragus covnbTpayuu
paccona OT LWamMoBoMn
cycneHsum

1. OunweHHbIn paccon

2. MHorodgyHKUMOHarb-
HbIN HanonHutens MOH
(B OTAENbLHBIX NpoLeccax)

dunbTp-npecc, nec4yaHbln
dounbTp

LLinam ouncTkun paccona
[Mecok nepnvToBbIN OT-
paboTaHHbIN

1. O6paTHbIn paccon
2. PacTtBop xnopucrtoro
Kanbuus

3. 'moponn3oBaHHbIN
pactsop MAA

4. DnekTpoaHeprus

Ounctka obpaTtHoro pac-
cona ot cynbgaTos (Bbl-
BOJ, CyIibdhaToB)

1. O6paTHbIN paccon
2. ['vnc BRa)kHbIn

1. Peaktop-cmecuTtenb
2. BapabaHHbIn Bakyym-

dunbTp

Xnopwua-aHuoH, cynbdart
Kanbuus, TBEpAbIA 0TX04
Ha 00BEKT pa3MeLLeHNs

1. OunieHHbIn paccon
2. OneKkTpo3Heprus no-
CTOSIHHOrO TOKa

3. ObecconeHHada Boaa

PTyTHbIN anekTponus

1. EgKnn HaTp TeXHUYe-
ckun mapku PP

2. ONeKTPONUTUYECKUI
XJ10p Br@XHbIN

3. DNeKTponUTU4ECKnmn
BOOPOL BNaXHbIi

1. HanopHbIn 6ak pacco-
na

2. OnekTponuaepsbl ¢ BeEp-
TUKanbHbIM pasnararte-
nem amanbramsl

3. dnekTponusepsl C ro-
PU3OHTaNbHbLIM pasnara-
Tenem amanbrambol

OneKkTpoMarHMTHoe BO3-
aencteue (3arpsisHeHue).
ImMuccus TENOBOW 3HEp-
rmm

LTOC—VE J1U
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BxogHon noTok

OTan npouecca (nognpo-
uecc)

BbixogHon noTok

OcHoBHOE TexHoMnorm4yeckoe
obopynoBaHue

Amucenn

1. BnekTponnTuyecknin
XJ10p BNaXHbIn

2. CepHas kucnoTta KoH-
LeHTpMpoBaHHas

3. OneKTpoaHeprus

OxnaxgeHue, ocyLlka u
KOMMPMMUPOBaHUE xnopa

1. BnekTponunTuyeckmin
XJ10p Cyxomn

2. OTpaboTtaHHasa cepHas
Kucnota

3. XnopHas Boga

1. Tennoo®MeHHUK K/T

2. dunbTp BNaXXHOro
xnopa

3. bawwHu (KONOHHbI)
CYLLKM Xriopa ¢ Hacaakoun
n3 koneu Pawwra

4. BawwHu (KONMOHHbI)
CYLLIKW Xrlopa C perynsp-
HOW Hacagkou

5. bawHsa otbonHasga ¢
Hacagkoun u3 konew Pa-
wura

6. dnnbTp cyxoro xnopa
7. Peaktop ans ykpenne-
HWSA CEPHON KUCTOThI

8. Typbokomnpeccop

1. OtpaboTaHHas cepHas
KMcnoTta Ha npogaxy, pe-
reHepauuo unm Ha obes-
BpeXuBaHue

2. XnopHas Boga (xnop
pacTBOPEHHbIN) Ha ae-
XnopupoBaHue

3. Wym

4. Imuccusa TensIoBon
3Heprumn

1. XnopHasa Boga

2. ConsiHas kucnoTa
3. Map

4. JNeKTpoaHeprus

[lexnopupoBaHue xnop-
HOW BOAbI

Ob6ecxnopeHHasa Boaa

1. exnopatop | ctyneHun
2. Aexnopatop Il cTynexHn
3. Cmecutenb, TUTaH,

1 wr.

ObecxnopeHHasa Boaa
(xnop pacTBOPEHHLIN,
XNOpPUA-aHNOH)

1. ONeKkTponUTUYECKUi

BOAOPOS,
2. OnNeKTpoaHeprus

OxnaxgeHue, KoMNpUMM-
poBaHue Bogopoaa

1. dnekTponuTn4eckni
BOJOPOA CyXOn
2. BogHbin koHOeHcaTt

1. Komnpeccop
2. TennoobMeHHUKN K/t
(F = 754 M2, F = 249 w?)

BoaHbin koHOeHcaT B
obLue3aBoACKyt0 cuctemy
0060pOTHOro BOgOCHab-
XeHuns

LWym, Bnbpaums

LTOC—VE J1M
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BxoaHol noTok

OT1an npouecca (nognpo-
uecc)

BbixoaHoOM NOTOK

OcHoOBHOE TexHonorn4yeckoe
obopyanoBaHue

Smuceun

1. BnekTponnTuyecknin
xnop

2. ONeKTpo3Heprus

3. Xonog —20 °C

CxmxkeHne xnopa

1. XKngkum xnop

2. ABrasbl CXMXKeHUs

3. Abrasbl BakyymrnpoBa-
HUS

1. Pekynepatop K/T

2. KoHgeHcaTtop K/T

3. KoHageHcaTop-
ncnaputenb

4. XonogunbHas MallmMHa
5. TaHk xropa

Xnop B abrasax cxmxe-
HUSA N BaKyyMUPOBaHUS
ncnonb3yeTcs B Npons-
BOACTBE rmnoxmopura
HaTpUsa ONA XIOpHOW
OYUCTKM CTOKOB Npeanpu-
ATUS.

Xnop B aTMocepy — He
6onee MNAOK B BO3ayxe
paboyen 30HbI

1. ABrasbl CXMXKeHus

2. Abrasbl BakyymunpoBa-
HUS

3. Kayctnyeckas coga

4. Bopga

[MNony4eHue runoxnopurta
HaTpua 13 abrasos xnopa

1. M'mnoxnoput HaTpusa 13
abrasoB xnopa

XrnopaTtop

Xnop B aTmMocepy He
6onee MNAK B Bo3ayxe
paboyeln 30HbI

LTOC—VE J1U
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OcHoBHOe TexHororndyeckoe obopyaoBaHWe AaHHOro NPOW3BOACTBA ornpeaenseTcd
WHOMBUAYANbHO A5 KaXXO0ro KOHKPETHOro NpouM3BOACTBA C Y4ETOM €ro MOLLHOCTU U MPUHS-
TbIX NPOEKTHOW OpraHm3auuen n paspaboTymkom npouecca TEXHNYECKUX peLLEHUN.

OcHoBHOe TexHonornyeckoe obopyaosaHue, 06bIMHO NCMOMb3yeMoe B NPOU3BOACTBE
BOAOPOAA, Xnopa v rmapokcuga Hatpust pTyTHbIM METOAOM 3MeKTponun3a, npuseaeHo B Tab-

nnue 9.13.

Tabnuuya 9.13 — OcHoBHOe TexHonormyeckoe obopyaoBaHne Npon3BoLCTBa BOAOPOAA,
Xrnopa v rmgpokcunaa HaTpusa pTyTHbIM METOOOM 3NEeKTponunsa

HanmeHoBaHue obopy-
AOBaHus

HasHauyeHune obopyno-
BaHUSA

TexHonornyeckune XapakTepucTtukn

Peaktop cogoBo-
KayCTUYECKOWN OYNCTKU
paccona

CmewweHue paccona
CO LLIeNoYybIo, Coaomn
KanbUWHMPOBaAHHON,
nosivakpunamMmaom
(MAA)

Temnepatypa 55 °C — 65 °C; annunc
3340-2230 mwm; BbicoTa 1500 MM; KOnnye-
CTBO Mellanok — 2 Wt. Bmectumocts 9 m3,
cpefa — pacTBop HaTpus xnopuaa, pac-
TBOP COAbl KanbLUWHUPOBAHHOMW, MMAPOSIN30-
BaHHbIN [TAA, pacTBop eakoro HaTtpa, pe-
TYPHbIV WNam

OcBeTnuTenb

Ounctka paccona ot
noHos Ca, Mg, Fe

Temnepatypa 55 °C — 60 °C; gaBneHue
0,30-0,40 MMa; BMecTmocCTb 225 m3; cpe-
Aa — paccon, rmgponn3oBaHHbIA Nosinak-
punamua, WwnamoBasi CyCcrneHsusi, pacteop
coAbl KanbUMHMPOBAHHOW, pacTBOP €4KOro
HaTpa

OTCTOMHUK-CTyCTUTENb
([oppa)

OuncTtka paccona ot
noHos Ca, Mg, Fe

CocTouT 13 GETOHHOM YaLm n
MeTansM4yeckoro YyaHa, Kyrnona, cteH. [JHuwe
KOHMYecKoe, gaBrneHne B annapare —
aTMocepHoe; Npom3BoaANTENLHOCTL 160
m3/4; D = 18000 mm; H = 5150 mMm;
BMeCTUMOCTb = 1600 m3

BbinapHon annapat

BbinapuBaHue conu
Ha KpucTann

Temnepatypa He 6onee 105 °C; cpega —
pacTBOpP NOBApPEHHOM COMK

petoasa kamepa

Mogorpes paccona

KonunyecTtBo Tpybok 439 WT.; guameTp Tpy-
6ok 38,2 mm; BbicoTa 7000 Mm; nnowaab
NOBEpPXHOCTU TennoobmeHa 367 mM?; cpeaa:
MEeXTpyOHOE NPOCTPaHCTBO — Nap, nap ¢
npumMecsto xnopuga Hatpusa. TpybHoe npo-
CTPaHCTBO — pPacTBOp CONU

LInpkynsiuMOHHbIN
Hacoc

Mogaya paccona

HaeneHune 0,25-0,35 Mla; o6bemHas npo-
nssoauTenbHocTb 3600 m3/4; cpeaa — pac-
TBOp Xnopuaa HaTpus

CenapaTtop

OtpeneHve (cenapa-
umns) TBepaon gasbl
OT Xnakon gasbl
paccona

D = (3000-4650) mm; H = (10 500 -
18 450) mm, BMecTumocTb (50 — 220) m3;
cpefa — nepeHachbILWEeHHbIA pacTBop XJ10-

puaa HaTpus
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HanmeHoBaHue obopy-
[OBaHUs

HasHauyeHune obopyno-
BaHUA

TexHonornyeckme xapakTepucTmkm

BbinapHon annapat

BbinapnBaHue conun
Ha KpucTann

Temnepatypa He 6onee 105 °C; cpega —
pacTBOp xnopuaa HaTpus

petoasa kamepa

Mopgorpes paccona

H = (7000-9407) mm; nnowanb NOBEPXHO-
cT TennoobmeHa — (367-1062) m?; cpeaa:
MeXTpybHOe NpoCTpaHCTBO — nap, nap ¢
NPMMECHIO NOBapPEHHON conu; TpybHoe npo-
CTPaHCTBO — PacTBOP NOBAPEHHON CONu

Cenapatop

OtpeneHune (cenapa-
umns) TBepaon dasbl
(conu) oT xngkon
drasbl paccona

Temnepartypa 50 °C — 75 °C; naBneHue
0,02-0,06 MIMa D = 3000 mwm;

H = 10250 mm, BmecTumocTb 40 m3; cpe-
Aa — NnepeHachbILWeHHbIA pacTBOp xnopuaa
HaTpus

LInpkynsiuMOHHbIN
Hacoc

Mogaya paccona

Temnepatypa 80 °C — 100 °C; naBsneHue
0,25-0,35 Mrla; o6vemHas npon3soan-
TenbHocTb 1600-1800 m3/4; cpena — pac-
con

OTCTOMHUK OcaxngeHue conu Temnepatypa 70 °C — 80 °C, D = 3000 mm,
H = 6800 mm; BMecTumocTb 40 m3; cpeaa —
MaTOYHbI PAcCOS, CyCrneH3uns
OTCTONHUK OcaxpgeHune conu Temnepatypa 70 °C — 80 °C; D = 3000 mm,
H = 6600 mm; BMecTumocTb 30 M3, cpeaa —
MaTOYHbIN Paccos, CyCneH3ns conm
LleHTpudpyra Pasgenenune matoy- | Temnepatypa 70 °C — 80 °C, maccoBbIi
HOro paccona un conun |pacxog ocagka 15 1/4, cpega — cycneHsus
conu
LleHTpudpyra PasgeneHue matoy- | Temnepatypa 70 °C — 80 °C; maccoBbIN
HOro paccona u conu |pacxopg ocagka 7,5 T/4; cpega — CycneHsus
conu
CaTtypaTtop HacblweHne aHonuta | Temnepatypa go 85 °C; D = (5000-

[10 KOHLeHTpauumn
300-310 r/gm?

8530) mm, H = (8940-10650) mm; BMeCTU-
mocTb (200-500) m3 cpega — paccon, cyc-
NEeH3UsA CONn, aHOmMMUT, Conb

PunbTp MexaHu4ye-
CKUM

dunbTpauunsa paccona

Temnepatypa 55 °C — 80 °C, D = 3000 mm
L = 9700 mm; nnowanb NOBEPXHOCTU JTOXK-
HOro gHuLLEa 24 M2; BMECTUMOCTb 63 M3;
cpega — AeKaHTMPOBaHHbLIN paccor, 06o-
poTHada Boda

dunbTp MexaHuye-
CKNN

dunbTpauusa paccona

Temnepatypa 70 °C — 80 °C, D = 3000 mm,
L = 9700 mm; nnowanb NOBEPXHOCTU JTOXK-
HOro gHuLLEa 24 M2; BMECTUMOCTb 63 M3;
cpefna — paccon
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HanmeHoBaHue obopy-
[OBaHUs

HasHauyeHune obopyno-
BaHUA

TexHonornyeckme xapakTepucTmkm

PunbTp MexaHu4ye-
CKUM

dunbTpauusa paccona

Temnepatypa 70 °C — 80 °C; gnameTp
3300 mm; gnnHa 9700 mm; pelueTka c ape-
HaXXHbIM TUTAHOBbLIM YCTPOWCTBOM;, M10-
Laab NOBEPXHOCTM NOXKHOIO AHMULE 24 M?;
BMECTUMOCTb — 63 M3, cpega — paccon

EmkocTb

[Nprem HacbILEeHHOro
aHonuTta

BepTukanbHbln UMNUHOPUYECKUIW, OaBEHUE
— aTMocdepHoe; Temnepartypa cpedbl — [0
75 °C; D = 8500 mm; H = 8510 mm; BMeCTu-
MOCTb — 445 m3

Bak HanopHbIN

Bak HanopHbIN HaKo-
NUTENbHbIN paccorna
AN anekTponusa

MaTepuan — TutaH; BMecTumocTb 100 m3;
anameTp 3000 mm; anuHa 13 400 mm; Tem-
nepaTtypa paboyasa 50 °C — 5 °C; naBneHue
aTtmMocdepHoe; cpefia — paccor

TennoobMeHHKK KO-
XYXOTpPY6HbIN

TennoobmeHHUK ansa
noaaepXnuBaHusa Tem-
nepaTtypbl paccona
Ha 3NeKTponu3

MaTtepwuan: TutaH. B Tpybax: nnowagb no-
BEPXHOCTM TennoobmeHa 365 M2, naBneHve
0,1-0,3 Mna; Temnepatypa 50 °C — 75 °C;
anametp 1200 mm; BbicoTa 7000 mm; cpe-
Aa — paccorn; MexTpybHoe NpoCTPaHCTBO:
Boga — faBneHue He meHee 0,35 Mla;
nap — aasneHue He 6onee 0,07 MlNa

TennoobmeHHUK rno-
Jorpesa paccona Ha
3MeKTpOnn3

lNoporpesa paccona
Ha 9nNeKkTponun3

"OpM30OHTanNbHbIN UWUANHOPUYECKMI
KOXXYXOTPYOHbI annapart; MexXTpyoHoe npo-
CTPaHCTBO: NapoOKOHAEHcAT; Temnepartypa —
po 131°C; pasnenue — go 0,65 Mlla;
TpybHOE NPOCTPaHCTBO: paccorT;
Temnepatypa — o 105 °C; gpasneHune — 0,5
MMa; D = (443-635) mm; H = (4710-5885)
MM; Nnowaab NOBEPXHOCTM TennoodbmeHa —
(44,3-119) m?

AnekTponunsep

AnekTponuaep ans
NpoBeOEHNS ANEK-
Tponusa

MaTepuan — cTanb ryMMMpoBaHHas; anek-
Tponusep: Bakyym 0—100 lNa; TokoBas
Harpy3ka He 6onee 200 KA; TemnepaTtypa Ha
Bxoge 70 °C — 75 °C, Ha Bbixoge 84 °C —
90 °C; L =17 000 mm; H = 1150 mm; nno-
waab katoga 20 m?; cpeaa — paccorn. Pas-
naratenb BepTUKanbHbIN: CTarb,

D =700 mm; H = 3800 MM; Hhac = 2600 mm;

TemnepaTtypa go 100 °C
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onekTponunsep

OnekTponuaep and
NpoBeAEHNS anek-
Tponusa

MaTepuan: gHuwe — ctanb, 6oKoBble CTEH-
KN — CcTarnb ryMMMpOBaHHAsA U TENEH;
KpblLLKa — cononumep TeTpadTopaTuneHa
n rekcadtopnponuneHa (TeneH); anekTpo-
nmnsep: TokoBas Harpyska He 6onee 350 KA;
annHa = 11 400 mm; wmpuHa = 2100 mm;
cpega — paccors. PasnaraTtenb BepTuKanb-
HbIW: CTanb; cucTeMa perynmpoBaHusa — aB-
TOMaTUYECKOE perynmpoBaHme HanpshkKeHus

onekTponunsep

OnekTponuaep ans
NpoBeAEHNS anek-
Tponusa

MaTepuan — ctanb 3. QnekTponuaep:
Bakyym 0—100 lNa; TokoBas Harpy3ka He 60-
nee 120 kA; TemnepaTtypa 80 °C — 85 °C;
annHa — 14 500 mm; wmpuHa — 2400 mMwm;
cpefa — paccorn; pasnaraternb ropu3oH-
TanbHbIV: aaeneHne He 6onee 400 lMa; Tem-
nepatypa go 100 °C; gnvmHa — 14 500 mwm;
wunpmnHa — 400 mm; cpega — eakun HaTtp;
anekTpogsuraternb PTYTHOrO Hacoca: HOMuU-
HanbHasa MmowHocTb — 0,9 KBT;
HanpsxeHue 42 B; yactoTa BpaweHus
anektpoasuratens 450 MUH™; HopmanbHoe
NCMOSHEeHNe; cuctemMa perynmpoBaHna —
aBTOMaTU4eCKoe perynupoBaHue Harnpsxe-
HUS
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OnekTponuaep Mo-
AEepPHN3NPOBaHHbIN

OnekTponuaep and
NpoBeAEHNS anek-
Tponusa

MaTepuan: gHuwe — ctanb 3, KapMaHbl,
BokoBble CTEHKM, Neperopogka — TeneH
(TepMOpEeaKkTMBHbIN NIACTUK), KPbILLKN —
cononumep TeTpadTopaTUIIEHA U rekca-
dToprnponuneHa; anekTponuaep: Bakyym 0—
100 IMa; TokoBasi Harpy3ka He 6onee 120 KA;
TemnepaTtypa 80 °C — 85 °C; anvHa —

14 866 MMm; WwiMpnHa — 1582 mm; wWnpuHa
obwas — 2400 mm; cpega — paccon.
Pasnaratenb ropnsoHTanbHbIn: gaBneHue
He 6onee 400 lMNa; TemnepaTtypa 65 °C —
100 °C; gpnuHa — 14 500 mm; WwimpmHa —
400 mMm; cpefla — eaKkuin HaTp.
QnekTpoasuraTesi pPTyTHOro Hacoca: Ho-
MUHarnbHasa MowHocTb 0,9 KBT; HanpskeHne
42 B; yacToTa BpalleHust aneKTpo-
nBuratens 450 muH~t. HopmanbHoe ucnon-
HEeHne; cuctema perynmpoBaHus — aBTomMa-
TUYECKOE pEerynmpoBaHne HanpsiKeHus

COopHUK aHoMnMTa

COopHUK aHOoMNUTa
nocne anekTponusa

MaTepwuan: ctanb 3, ryMMUPOBaHHbIN, Y-
TepoBaHHbI AnabasoBom MIANTKOWN.
BmectumocTs 16 m3; anameTp 2012 Mm;
annHa 5305 mm; paspexeHne He MeHee
100 MNa; Temnepatypa 80 °C — 85 °C; cpe-
ha — paccon

Hacoc ueHTpobexHbin

Hacocbl ueHTpobex-
Hble AN OTKa4YKu
aHonuTa

MaTtepwuan: TutaH (BT1-0), o6bemHasa npo-
nssoguTensHocTb 280 mM3/y;

nasneHune Hacoca 0,29 Mla; anekTpoasu-
ratenb B3pbIBO3ALUNLLEHHOTO UCMONHEHUS;
MOLLIHOCTb anekTpoasuratena 32 kBT;
YyacToTa BpalleHNs anekTpoaBuraTens
1470 muH™L; cpena — paccon

bak HanopHbIn

HanopHbin 6ak obec-
CONMeHHOW BOAbl HA
aneKkTponms

MaTepwuan: ctanb 3, ryMMUPOBaAHHbIN;
BMecTUMocTb 12,5 m3; D = 1800 mwm;

L = 5205 mm; gaBrneHne aTtMocqepHoeE;
TemnepaTypa OKpyxatoLlen cpeapl;
cpena — obecconeHHas Boga

TennoobMeHHUK

TennoobmeHHuK ans
OXIaXXOEHUS U KOH-
AeHcauuun Bnaru 3
BNa)HOro xnopa ot
anekTponusa

MaTtepwuan: Tutan (BT-1-0); cpega — Bnax-
HbI xnopras; B Tpybkax: paspexeHue He
MeHee 200 lNa; nnowaab NOBEPXHOCTU Ter-
noobmeHa 317 m?; anametp 1000 mm; Anu-
Ha 6080 mm
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TennoobMeHHKUK KO-
XKYXOTPYOHbI

TennoobmeHHUK ansa
OXNaXXOAEHUS N KOH-
JeHcauuun Bnaru mn3
BMa)kHOro xnopa

MaTtepwuan: Tutan (BT-1-0); cpega — Bnax-
HbI Xropras; B TpybOkax: pa3pexeHune He
MeHee 200 [Ma; nnowanb NoBEepXHOCTU Ten-
noo6bmeHa 240 m?; gnvHa 5000 mM; ava-
meTp 800 Mm

dunbTP BNaXXHOro
xnopa

OTyncTka BNaxHoro
XJiopa 13 aneKkTponu-
3a OT Kanenb BoAbl 1
a’po3onen XnopucTo-
ro HaTpa

Matepuan: ctans 3, ryMmMypoBaHHas, y-
TepoBaHHasa AnabasoBou NANTKOW, BMECTU-
MocTb 16 M3; BbicoTa 6360 MM; agnameTp —
1800 mm; Temnepartypa 10 °C — 18 °C;
pa3spexeHune He meHee 200 lNa; cpepa —
BNaXHbIN Xnopras; BHYTPU YCTaHOBIIEHbI
YyeTblpe camooumLLarLmecs punbTp-
KacceTbl; MaTepuan: OnopHOW KOHCTPYK-
UUN — TUTaH; OUNbTPYIOLEro afieMeHTa —
CTeKnoBosiokHo TGW15.

Pacxopg rasa 4yepes oguH anemMeHT 625
HMm3/y.

AP DHEKTUBHOCTL YraBNMBaHUSA YacTuL:
100 % pa3mepom b6onee 1 MUKPOHa,

98 % pasmepom 6onee 0,5 MUKpOHa

KonoHHa Hacago4Has
nos.

Ocyuika knucnoton
CEpPHON BIIAXXHOro
Xriopa nocrnegosa-
TenbHbIMW TPEMS KO-
NOHHaMW MO ABYM
napannenbHbIM HUT-
Kam

MaTtepwuan: ctanb 3, ryMMUpoOBaHHas KMCO-
TOYNOPHbLIM KMpnuyoM. Hacagka — kepamu-
Yyeckune konbua Pawwura pasamepamun 50 - 50,
80 - 80, 100 - 100.

PaspexeHne 200-700 lNa; Temnepatypa
Kncnotbl He 6onee 45 °C; anameTp

2000 mm; BbicoTa 9000 MM; BMECTUMOCTb
28 m3; cpena — xrnop, cepHas Kucrota

PunbTp KacceTHbIN

MapannenbHas
O4YUCTKa xJiopa nocrne
OCYLUKMN OT YHOCUMbIX
aspo3sosien n TymaHa
CEpPHOMN KNCIOTbI

Cranb 3, CTEKNOBOSIOKHO; Nrowwaib punb-
TpyloLLEl NoBepxHOCTU 24 M?. Paspexe-
Hne — He bonee 2,4 klMa; Temnepatypa

20 °C — 45 °C; D = 2000 Mmm; H = 4160 mwm;
cpefa — Cyxon xnop

Komnpeccop ueHTpo-
OeXHbIn

CospgaHune Bakyyma,
Ha anekTponuse,
CYLLKN N OYNCTKE
Xnopa, u gaBneHus, B
NNHWK Xnopa Ha
HarHeTaHum noTpebun-
Tenam

MaTepwuan: cbopHbI; 06bbeMHasi NPoOn3Bo-
auTenbHocTb 2500 m3/y;

yacToTa BpalleHnsa Bana Komnpeccopa
186,6 ¢! (11 200 muH™1); paBneHue Ha
HarHeTatenbHoMm naTpy6ke 0,35 Mrla.
[aBneHne rasza Ha BcacbiBaloLleM naTpyodke
0,09-0,098 MIa, yacTtoTa BpaLleHNs Arek-
Tpoasuratens 3000 muH™Y; cpega — cyxoM
Xnop
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TennoobMeHHKUK KO-
XKYXOTPYOHbI

OxnaxpneHne Boao-
pofa Ans KoH4eHca-
LUK Briarm n yHocu-
MOW PTYTH

MaTtepwuan: TutaH (BT-1-0), B MexTpybHOM
npoctpaHcTee: Temnepatypa 50 °C; gasne-
Hue 150-400 [Ma; nnowanb NnoBepXHOCTH
TennoobmeHa 226 m?; guameTp 1000 mm;
AnnHa 5374 mm; cpega — BoA4opoa.

B Tpy6ax: paBnexue 0,35-0,55 Mla; tem-
nepartypa — 25 °C; cpega — Boga

TennoobMeHHUK KO-
XKYXOTPYOHbI

OxnaxpneHue Boao-
poaa ans KoHAeHca-
LUK Briarm n yHocu-
MOW PTYTH

MaTtepuan: koxyx — ctanb 20, Tpyokun —
TuTaH (BT-1-0).

B Tpybkax: nnowaab NOBEPXHOCTU TENSIO-
obmeHa 100 m?; amameTp 630 MM; ANUHA
6890 mm; nasneHne 150400 lMa; Temnepa-
Typa He 6onee 30 °C; cpega — BoAopoa.

B mexTpybHOM npocTpaHCcTBe: AaBneHne
0,35-0,55 Mrla; Temnepartypa 7 °C —

25 °C; cpega — Bofa

TennoobMeHHUK KO-
XKYXOTPYOHbI

OxnaxpneHue Boao-
poaa ans KOHAEeHca-
LUK Briarm n yHocu-
MOW PTYyTH

MaTtepuan: TutaH (BT-1-0) B Tpybkax; nso-
LL|a[b NOBEPXHOCTU TennoobmeHa 140 m?;
D = 1250 mm; L = 5490 mm. B Tpybkax: aas-
nexne 150-400 lNa; TemnepaTtypa He Gonee
30 °C; cpega — Bogopoa.

B kopnyce: pasneHne 0,35-0,55 Mlla; Tem-
nepatypa 25 °C; cpega — Boja

KonoHHa Hacago4Hasd

OtuncTtka Bogopoaa
OT PTYTK B ABYX Na-
pannenbHbIX KONOH-
HaX

MaTtepwuan: ctanb 3, rymMmmupoBaHHas. O6b-
eM Hacagku 17,3 m3; nasnexue 150—

400 lMa, TemnepaTtypa He 6onee 30 °C,

D =2000 mm; H=10000 mm; cpega — BO-
Aaopon

KonoHHa Hacago4Has

OTmbIBKa BOgopoaa
OT YHOCMMOTrO Xropa

MaTtepwuan: ctanb 3, ryMMUpPOBaHHas.
O6beM Hacaaku 17,3 m3; naBsneHue 150-
400 lMa; TemnepaTtypa He 6onee 30 °C;

D =2000 mm; H =10 000 mm; cpega — BO-
AopoAa

KonoHHa Hacago4Has

OTtmbIBKa BOAopoAa
OT YHOCMMOTO HaTpa
eaKoro

MaTtepuan: ctanb 3, ryMMUpOBaHHas.
O6beM Hacaaku 17,3 m3; naBneHue 150-
400 MNa; Temnepatypa He 6onee 30 °C;

D =2000 mm; H = 10 000 mm; cpena — BO-
aopof,

Komnpeccop

lNepekayka Bogopoaa
notpebutento

MaTepwuan: cbopHbI; 06beMHasi NPOn3Bo-
anTenbHocTb 33 M3/MUH; YacToTa BpalleHus
anekTpoasuraTensa 1500 muHt; cpena —

BOOOPOA,
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OoBaHNA BaHUA
Komnpeccop lMepekayka Bogopoaa |Matepuan: cbopHbIi; 06bemMHas NPon3Bo-
noTpeduTento AUTENBbHOCTb 25 M3/MUWH; YacToTa BpalleHNs
anekTpoasuratens 740 MuH™; cpega — BO-
aopoa
XonoannbHUK OxnaxgeHue Boo- MaTtepwuan: ctanb yrnepoaucrasi; BMECTU-
poda Ao Temneparty- |MocTb 1,236 m3; H = 4274 mm; nnowap no-
pbl 0 °C —5°C ana |BepxHOCTU TennoobmeHa 176 m?; Temnepa-
O4YUCTKM BoAopona oT [Typa paboyasa 0 °C — 5 °C; aaBneHuve
pTYTU 1 BNaru 0,050-0,175 Mrla; cpega — Bogopoa
MoporpeBaTensb Harpes Bogopoaa MaTtepwuan: Ctanb 12X18H10; anuHa
napom go temnepa- |5070 mm; gnametp 600 mm; nnowagb no-
Typbl He Gonee 40 °C |BepxHOCTU TennoobmeHa — 0,81 m3; cpe-
C Lenblo neperpesa B |4a — BOAOPO4; MEXTPYOHOE NpOoCTPaHCTBO:
HeM Braru BMecTumocTb 0,912 m3
Ancopbep ApncopbuunoHHas MaTtepwuan: BCT3 cnb, Hacagka — akTuBu-

ouncTKa Bogopoda ot
pTyTK B agcopbepax,
3anoJSIHEHHbIX aKTu-
BMPOBAHHbIM Yrrem

POBaHHbIN Yronb; BMECTUMOCTb 23,5 m3;
H = 7785 mm; D = 5400 mMm; gaBneHune
0,050-0,175 MTlla; Temnepatypa paboyen
cpenbl 35 °C — 40 °C; cpega — sogopoa

dunbTp pamHbIn

dunbTpauusa HaTpa

€[lKoro oT pTyTu Me-
XaHU4eCcKux npume-
cen

MaTtepwvan: gByxcrnonHas crarnb

BMCT3 cn-X18H10T. lNnowaab noBepxHo-
CcT1 unbTpaumm 50 M?; PUNLTPYOLWNIA Ma-
Tepvan — unbTpoBarbHasa TKaHb C HaHe-
CEHHbIM MOKPbITUEM N3 XPU3OTUNOBOIO ac-
BGecTta B cmecu ¢ rpadhnuToBON NbIbIO;

D = 1500 mm; L = 1840 mM; gaBneHune He
6onee 0,2 MlMa; TemnepaTtypa MUHYC

50 °C — 80 °C; cpega — eakun HaTp

bak egkoro HaTpa

Bak ans cbopa, xpa-
HEeHUs N Bblgauu ro-
TOBOW NMpoayKunm —
HaTp eaKkumn

MaTepwuan: ctanb 3, nnaknpoBaHHas!, BMe-
ctumocTb 1000 m3; D = 12 000 MM,

H = 9600 mm; gaBneHne atmocdepHoe;
TemnepaTtypa 50 °C — 80 °C,;

cpena — ekum HaTtp

bak egkoro HaTpa

Bak ans cbopa, xpa-
HEeHUs N BblOauu ro-
TOBOW NpoAayKumMm —
HaTp eaKun

MaTtepuan: ctanb 3, yMMUpOBaHHas.
BmecTtmocTb 1000 M3; D = 12 000 mwm;

H = 9600 mm; gaBneHne atMocqepHoeE;
TemnepaTtypa 50 °C — 80 °C; cpega — eg-
KWK HaTp

Bydep anekrponutu-
Yeckoro xnopa

lNprem n pacnpege-
NeHne ANeKTPonnTn-
4YecKkoro xmnopa

BepTukanbHbIn LMNNHOPUYECKMIA annapar;
BMecTUMOCTb 10 M3; TemnepaTtypa MUHYC
20 °C — 50 °C; H = 5680 mm; D = 1600 mwm;
nasneHue paboyee 0,15-0,28 Mlla
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KoHaeHcaTop xnopa

KoHaeHcaums (cxu-
XEHWe) aneKkTponuTu-
4yeckoro xropa

["OpM30OHTanNbHbIN TPEXCEKUNOHHBIN anna-
pat. lNnowaabe noBepxHOCTU TennoobmeHa
80 mM?; paBneHune paboyee B TPYGHOM Mpo-
ctpaHctBe — 1,5 Mla; paBneHue paboyee
B MeXTpybHoM npoctpaHcTBe — 1,0 MIa;
TemnepaTtypa B koprnyce muHyc 30 °C; Tem-
nepartypa B TpybHon yactu muHyc 20 °C;
XnagoHocuTenb — paccon (B MeXTpybHOM
NpoCTpaHCTBE); cpena — xnop (B TpyoHOM
NpOCTpPaHCTBE)

AbrasooTtaenuTtenb

OTpnenexHuve Xuakoro
xnopa ot abrasHoro

BepTukanbHbIn LMNNHOPUYECKMIA annapar.
BmectumocTs 0,82 m3; H = 1630 MM;

D = 800 mm; gaenenue 1,6 MlNa; Temnepa-
Typa muHyc 50 °C; cpega — xrnop

TaHK XXnakoro xnopa

Mpuem, xpaHeHue n
Bblga4va XXWaKoro
Xriopa notpeburtento

["lOpM30OHTanNbHbIN UWUANHAPUYECKMIA anna-
paTt. BMectumocTtb 40 m3; D = 2200 MMm;
H = 9778 mm; Temnepatypa munHyc 40 °C;
cpena — XJ10p XUOKNN

Mcnaputenb ropnsoH-
TarnbHbIA MOrpPyXHOM

McnapeHue »ngkoro
Xfiopa ¢ nocnegyto-
LLen nepegadvemn uc-
NnapeHHoro xmnopa no-
Tpebutento

["lopmn3oHTanbHbIM annaparT; nnowagb no-
BEPXHOCTM TennoobmeHa 53 M?; naBrneHve B
3meeBuke 1,5 MlMa; TemnepaTtypa B BaHHe
70 °C; Temnepartypa B 3meesuke 150 °C;
cpega — xnop, Boga

Bydep ncnapeHHoro
xnopa

lMNpepoTBpalleHne
NPOCKOKa >XMAKOro
Xriopa K notpebutento

BepTukanbHbIn LMNNHOPUYECKMIA annapar.
BmectumocTs 0,8 m3; H = 2180 mm;

D =813 mwm; gaBneHue 1,2 Mlla; cpepa —
Xriop

9.2.3.5 CBeaeHusa o6 ncnonb3yemMom NpupoaooxpaHHOM o6opyaoBaHUMU

MpumeHeHne NpMpoaoOXpaHHOro obopyaoBaHMS B JaHHOM npou3BoacTBe 0bycnoBs-
NeHo HeobXOAMMOCTbIO OYMCTKM MPOMbILLMEHHbBIX BbIOpOCOB (abra3oB) OT xfiopa U pTyTH,
cogepxawmx B Bblbpocax, C Lenbld CHUWKEHUA 3MUCCUM Xnopa U PTYyTU B aTMOCHEPHbIN
BO34yX U CHWXEHNSA NOTepb LIeNeBoro Nnpoaykra ¢ Beibpocamu, a Takke Heobxogumo ans co-
KpawieHmsa obuien ammccumn pTyTyM B OKpYXatoLlyto cpedy C OTXO4amMu M CTOYHbIMW BOAAMM
NPOM3BOACTBA, BKMNIOYasi COKpalleHne obliero konmyectsa obpasylolmxca pTyTbcoaepxa-
LLMX OTXOAO0B, 06e3BpEXMBAHNE UMK YTUNN3ALMIO 3TUX OTXOO0B C LENbIO BblOENEHNSA U3 HUX
MeTannmMyeckon pTyTu U ee Bo3BpaTa B TEXHONOMMYECKUIN LMK, Kpome Toro, oumcTka pTyThb-
coaepXallmx CTOYHbIX BOA OT PTYTU TaKKe CTaBUT CBOEN Lenblo nMbo Bo3BpaT pTyTU B TeX-
HOSOrMYeCKNn UMKN, nMbo nepeBoq TOKCUYHBIX POpM PTYTU (MOHHOW UM MeTannmn4yecKkomn
PTYTU) B HETOKCUYHYIO U HeonacHyk ¢opmy cynbduga ptytm — HQS, KOTOpbIN ABNAeTCS
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BELLLECTBOM 4-r0 Knacca onacHOCTM B COOTBETCTBUM C knaccudumkaumen no MOCT 12.1.007
[49].

B Tabnuue 9.14 npeacraBneHo OCHOBHOE NpupogooxpaHHoe obopyaoBaHue, npegHa-
3Ha4YeHHOEe ANS OYMCTKM NMPOMBbILLNIEHHbIX BbIOPOCOB NpOn3BOACTBA BOAOPOAA, Xnopa U rma-
pokcuaa HaTpus PTYTHbIM METOAOM 9MNEKTPONn3a OT 3arpsa3HALWLNX BELWECTB.

MpuBegeHHbIN B Tabnuue 9.14 nepeveHb OCHOBHOMO NPUPOAOOXpPaHHOro obopyaosa-
HUS NPOM3BOACTBA BOAOPOAA, XNopa U rmapokcnaa HaTpusa pTyTHbIM METOLO0M dneKkTponunaa
He crnefyeT paccmaTpuBaTb Kak McdepnbiBaoWwWmn nepeveHb obopynoBaHusi, COOTBETCTBY-
IOLLero Kputepmam W TexHorormdeckum nokasatenam HAT gna pgaHHoro npows3sBoacTBa

(cm. npunoxeHwne b).

Ta6nuua 9.14 — MpupoaooxpaHHoe 060pyaOBaHME NPOM3BOACTBA BOAOPOAa, Xopa U1
rMOPOKCUAA HAaTPUS PTYTHLIM METOAOM 3MEeKTponuaa

HanmeHoBaHne obopyaoBa-
HWSA

HasHauyeHue obopynoBaHus

TexHonornyeckme xapakTepucTu-
Ku

BeHTunsatop abrasHbin

TpaHcnopTupoBka abra3oB 13
KapMaHOB 311eKTPONIN3EpPOB 1
OydepHbIX eMKoCTEN

TutaH, Q = 5000 m3/y,
H = 300 mm BOA. CT.

XonoaunbHUK abrasHbiin

OxnaxpeHne abrasos 13 Lie-
NOYHbIX KAPMaHOB

TutaH F = 197 m?,
L = 6000 mm, D = 800 mm

Ckpy66ep abrasHbiv OuucTtka abrasoB 13 kapmaHoB | TutaH, D = 1400 mm,
n BypbepHbIx emkocTen anek- |H =5120 mm, konbua Pawu-
Tponun3epos OT xnopa u ptytm |ra — 50 x 50 mm, 80 x 80 mMm
COopHuK [nsa cbopa weno4yHoro pac- Ctanb rymmumpos.
TBOpa runoxnoputa, umpkynu- |D = 1200 mm, H = 1600 mm,
pyto-LLero Yyepes ckpybbep V=15m3
Hacocebl Ans umpkynsumm wenoyHoro | TutaH, Q = 45 M3, N = 17 kBT,
pactBopa runoxnoputa HaTpus | n = 3000 06./MuUH
yepes ckpybbep
Apncopbep yronbHbIn [ns ounctkm Bogopoga ot pty- | Ctanb ryMMupos.,

™

D = 3000 mm, H=5770 MM,
V = 32 m3, Hacagka XMP-3MM,
YMNP

PunbTP aspO30MbHbIN

[na ynaBnueaHusa rpadmMtoBom
NbiNn U3 Bogopoaa nocne ag-
copbepa

Cranb rymmumpos.,

D =2800 mm, H = 5225 mm,
V = 22,5 M3, Huac = 1370 MM,
CTEKITOBOJIOKHO 2 MKM

MapoBown nogorpeBaTenb

[lna nopgorpesa Bogopoaa ne-
pea nogayven B agcopbep

Cranb, F = 7,5 M2, D = 325 mm,
LTp = 1500 mm

Xnopartop

[ns nornowieHnsa xnopa u3 ab-
rasoB OT npoayBkun obopyao-
BaHuWsl, pa3baBfieHHOro xsiop-
rasa npw nycke-ocTaHOBKe

TutaH, D = 2000 MM,
H = 6000 mm, V = 18 m3,
Ppa6 =05 Krc/cm?
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HanmeHoBaHue oGopyaoBa-
HUA

HasHauyeHue obopynoBaHus

TexHonornyeckune XapakTepuctu-
KK

KonoHHa Hacago4Has
(caHuTapHasi KonioHHa)

[nsa noo4ynctkmn abrasos OT
Xnopa nocrie xropaTtopoB

Ctanb rymMunpoB., pyTepos.
unu tutaH D = 1800 mm,

H = 8000 MM, Huac = 3200 MM,
Hacagka — konbua Pawwura ns
®-4 50 x 50 mm

Bak unpKynsUMOHHbIN

[nsa c6opa wenoyHoro pac-
TBOpPA, LMPKYINNPYIOLLIETO Ye-
pe3 KONMOHHY

TutaH, D = 2400 mmMm,
H = 4000 mm, V = 18 m3

Hentpanusatopbl

[nsa HenTpanusauum pTyTHbIX
CTOKOB C MNOJIOB 3ana areKkTpo-
nn3a ConAHOWN KMUCIIOTOMN

Ctanb rymmumpos.
D = 1800 mm, H = 5220 mm,
V=6,3m

EmkocTtb 6ydhepHas

[nsa cbopa CTOYHbIX BOA U
ycpeAHeHue coctaBa

CTtanb ¢ 3awmton pTopriakom
D = 7000 mm, H = 4480 mm,
V=170 m3

MpuemMHble 6akn CTOYHbIX
BOA

[ns npnema CToYHbIX BOA U3
OydepHoOn eMKkoCTK

Cranb, anokcuaHasa cMmona,
V =200 m3, D = 7000 MM,
H =8300 mm

HanopHbin 6ak

[lna nogayn CTOYHbIX BoA Ha
OUYMCTKY B Kackafl peaKkTopoB

Cranb, V=1 m3, D = 1000 MM,
H=1250 mm

Bak HanopHbI ons pac-
TBOpa rugpocynbduia
HaTpus

Mogayva rmpgpocyneduaa
HaTpua B Bak-peakTop Ans
OoCaxaeHnsa pTyTn N HenTpanu-
3auumum runoxnopuTa HaTpus

Cranb, V=1 m3, D = 1000 MM,
H=1250 mm

bak HanopHbIM onga pac-
TBOpa cyrnbdaTa xeresa

[nsa nogaum cynbdarta xenesa
B 6ak-peakTop Anga cBs3biBa-
HWMA n3bbiTka rmgpocynsduaa

Ctanb rymMmupoB., V = 1,4 m3,
D =1200 mm, H = 1265 mm

Bak HanopHbIn ons pac-
TBOpAa LLeno4un

[nsa nogaym pacTteopa Lwenoyu
B 6ak-peakTop Anga HeuTpanu-
3aummn n3bbiTKa cynbdaTa xe-
nesa

Cranb, V=1 m3, D = 1000 MM,
H=1250 mm

Bbakn-peakTopsl

[ns ocaxgeHus pTyTu, CBA3bI-
BaHuA n3bbiTka cynbdunaa
HaTpus U cyrnbgara xenesa

Cranb rymmumpos.,V = 3,2 M3,
D = 1600 mm, H = 1600 MM,
Nwew = 13 KBT,

Nwew = 64 06./MUH

Bak cTokoB ¢ MeLuankomn

[nsa npyema CToYHbIX BOA U3
OakoB-peakTopoB 1 PUNbLTPO-
Bcnomorartens (nepnura)

CTtanb rymmMunpoB., pyTepos.,
V =32 m3, D = 3000 mm,

H = 4500 MM, Nwew = 5,5 kBT,
Nuew = 160 06/MWH

dunbTp-npecc

Ana dounbTpaunmn ocagkos U3
XMMOYULLEHHbIX CTOYHbIX BOA
Ha TkaHn TTO, TIN®

dunbTp-npecc; 08X22H6T,
F =25 m?, 3780 x 2150 x
4240 mm
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HanmeHoBaHue oGopyaoBa-
HUA

HasHayeHune obopynoBaHus

TexHonornyeckune XapakTtepucrtu-
KK

Bak (emkocTb) ansa cbopa
dunbTpaTa

Ansa cbopa unbTpata cTou-
HbIX BOJ C pUIbTPOB

Cranb, V = 10 m3,
D = 2400 mm,
H=2200 mm

dunbTp Hacago4HbIN

[Onsa pononHuTensHou ousb-
Tpauun punbTpaTa CTOYHbIX
BOJ C MNbTPOB

Cranb rymmumpoB., V = 10 m3,
D =2000 mm, H = 3700 mm,
HacafKka — KBapLeBbl NeCOK
0,5-2 mm

PuNbTP NOHOOOBMEHHbIN

[N [OOYMCTKU CTOYHbIX BOZ
OT PTYTV Ha cmone

Cranb anokeug., V = 25 m3,
D = 2600 mm, H = 4885 MM,
Huac = 2000 mm

KonoHHa ¢ NOHOOOMEHHOM
cMonou

[ns 04nCTKM N30bITOYHOIO
aHonuTa oT pTyTH

Ckpy066ep

[ns OTMbIBKM OT MexaHu4ye-
CKMX npumMmecen abra3os 13 ne-
Y1 NpOKarnku 3arpa3HEHHOro
pTYTbio 060pyaOBaHNS

Cranb 20, H = 3000 mwm,
D =600 mm, V = 0,7 M3,
Hacagka — chapdopoBbie
Konbua

BydepHas emKoCTb

Ans cbopa UMpKynaLMOHHOMN
BOAbI CO cKpybbepa OTMbIBKU
abrasos

Crtanb, H = 1240 mm,
D =800 mm, V=1m3

Mbl NPOKarnku wnamos n 060-
pyaoBaHus OT pTyTU nocne ra-
300yBKM

[a3opyBka [ns oTcoca napos pTyTn 13 UyryH, Q = 4230 m3/y,
neyen omKura n NpPoKarsnkn N = 11 kBT, n = 3000 06./MuH
obopyaoBaHus

Apncopbep [ns ounctkm Bo3gyxa c cucte- |Cranb, FOPU3OHTarbHbIN LM-

NUHAPUYECKN annaparT C KO-
NTOCHMKOBOW PeLLEeTKOW, Ha KO-
Topown HacbinaH crion YIP nnu
XIP-3I1 BbicoTon 1 M,

D =2000 mm, L = 4000 mm,
V=12 wm3

Abcopbep NoONoOYHbLIN

Hewntpanusauma abrasos oT
xrnopa

BmectumocTb 21,2 M3, Hacaga-
Ka — Kepamumyeckue Konbua
Pawwra, opolwieHne pacTtBo-
pom HaTpa egkoro 10 % —
20 %, temnepartypa 20 °C —
60 °C

OpocoB OT pTYyTH

Abcopbep HenTtpannsaums abrasos ot MoBepxHOCTb TennoobmeHa
XMopu1cTOro Bogopoaa 12,5 m?
Ancopbep OumncTka NPOMBILLNEHHBIX Bbl- |BMecTuMocTb 10,2 M3, norno-

TUTENb XMMNYECKNX NapoB
pTyT1 Mmapku XIMP-3I1 vnu yr-
NepoaHbIn pTyTh Mapku YTP-I
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HanmeHoBaHne obopyaoBa-
HMS

HasHayeHune obopyaoBaHus

TexHonornyeckme xapakTepucTu-
Ku

Apncopbep

OuncTka NPOMBbILLNEHHbIX Bbl-
OpocoB OT pTYyTH

BmectumocTb 22,1 m3, norno-
TUTENb XMMUYECKMX NapoB
pTyT1 Mapku XIMP-3M1 unu yr-
nepoaHbIv NOrNoTUTENb PTYTH,
mMapku YTP-I"

ABapumrHas KonoHHa

Heuntpanusauua xnopa

BepTukanbHbin umnuHapuye-
cknn annapat, H = 7780 mm

D =800 mm, cpega — Lienoub,
rMNOXITIOPUT HaTpUs

CO6opHMK-HENTpanu3aTop

HenTpanusauus CTOYHbIX BOS,
cogepkalumx rmnoxnopuT
HaTpuA

BmectumocTb 14,11 m3,
D =2100 mm, L = 4470 mm,
TemnepaTypa OKpy>atoLLen

cpefbl, cpefa — CTOYHbIe BO-
abl

9.2.3.6 OcHOBHbIe (haKTOpbl, XapaKkTepu3ylLlme oXpaHy OKpyXatrlLlen cpeabl 1
yCTOM4YMBOE pa3B1UTUE NPOU3BOACTBA BOAOPOAA, XJSIOpa U rMAPOKcUAa HaTpua
PTYTHbIM METOAOM 3rneKTponusa

OcCHOBHbIMUK (pakTOpamK, XxapakTepu3yloLWNMMM OXpaHy OKpyXatlLen cpeabl N pecyp-
cocbepexeHune npu Npon3BoACTBE BOAOPOAA, Xropa M rmgpokcmaa Hatpusa pTYyTHbIM METO-
AOM 3MeKTponn3a, ABnsTCS:

- yaenbHoe noTpebneHne anekTpoaHepPrnm n TENSTOBON IHEPTUU;

- yoenbHoe notpebneHne meTtannmyeckon pTyTu n ee SMUCCUS B OKPYXKaloLLYIO Cpeay;

- yoenbHoe notpebneHne n aMmccmsa CEPHON KNCIOTbI NPY NOMyYEHUU XN0opa;

- Hanuune n 3PPEKTUBHOCTb yTUNM3auum (MCNonb30BaHUs) OTXOL4OB NPOU3BOACTBA,
cogepXallmx CepHYI KACIOTY M LWnamMbl OYUCTKU paccosia, B TOM Yucrie B ApYyrnx oTpacnsax
9KOHOMUKM;

- Hanuuune n apeKkTNBHOCTL 0OE3BPEXNBAHNA UK YTUNN3aLMK (MCNOMb30BaHMKS) OT-
X040B NPOM3BOACTBA, CoAepXaLlumx pTyThb;

- Hanmuune n 3pPPEKTUBHOCTb OYNCTKM PTYTbCOAEPKALLMX CTOYHbIX BOL U/UK UCMOfb-
30BaHu1s CTOYHbIX BOA NPOM3BOACTBA, coaepXalumx cynbgaTt u Xnopua Hatpus;

- KOHTPOJSIb 3arpA3HEHNA aTMOCepHOro Bo3ayxa no BellecTBam Xrop, xrnopua Bogo-
poada, pTyTb, MMOPOKCUA HAaTPUS.

OCHOBHbIMUK (hpaKkTOpamMu, XapakTepusyrLmMn yCTOMYMBOE pasBUTUE MPOU3BOACTBA
BOOOPOAA, Xropa U rmapokcnga HaTpusa pTyTHbBIM METOLAOM 3NEKTPONM3a, ABNATCS:

- Hann4une n 65IM30CTb PacnonOXeHUs MeECTOPOXAEeHUI No AobbIYe pacTBOpa xropmaa
HaTpusa (paccona) unm KaMeHHoOn (MoBapeHHOM) CONU C LieNbio obecnevyeHnss NpoM3BOACTBa
CbIpbEM U COXpPaHEHUs1 3anacoB B TeveHne bnmkanwmx 10-17 ner;

- obecneyveHne NPON3BOACTBA ANEKTPOIHEPTUEN;

- obecneyeHne crtabunbHoro u cbanaHcMpoBaHHOIO CObITa, MCMOML30BaHUS, B TOM
yncne 6onee rnybokon nepepaboTkn BCceX Tpex NPOAYKTOB NPON3BOACTBA.
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OpHako B HacToslee BpeMs MOMOXEHUAMU MyHKTa 2 ctatbM 5 u npunoxeHnem B
(wactb I) MuHamaTckon KOHBeHUUM no pTyTn [48], nognucaHHon Poccunckon denepaumen
Ha ocHoBaHun PacnopspkeHus lNMpaButensctea PP Ne 1242-p ot 7 nona 2014 r. [50], ycta-
HOBIMEH CPOK MO3TanHoro BbiBoAa M3 obpalleHns XMOpHO-LWEeNOYHOro Npou3BOACTBa PTYT-
HbIM MeToZOM anekTponm3a — 2025 r. CornacHo nyHkTam 1-6 ctatbn 6 MMHamaTCKOW KOH-
BeHUMM noboe rocygapctBo UNKU perMoHanbHas opraHm3aums 3KOHOMUYECKOW MHTerpauum
MOXeT 3aperucTpupoBaTb OAHO UMW HECKOSbKO MCKITOYEeHUM B OTHOLLUEHWW CPOKOB MnoaTar-
HOro BblBOAA U3 obpalleHus, yka3aHHbIX B npunoxeHnn b MuHamatckon koHBeHuuun [48],
obLen NpoaomMKMTENbHOCTLIO He Bonee 10 neT, T. €. MakCcMManbHO NPOASIUTbL CPOK IKCMIYy-
aTauyum xrop-LLeniovyHoro Npom3BoacTea pTyTHLIM MeTogom Ao 2035 .

B cBA3M C ykasaHHbIM Bbille TEXHOSIOrMsi Npon3BoACcTBa BOAOpOAA, Xropa U rmapok-
cuga HaTpusa PTYTHbIM METOLAOM 3JreKTponmn3a MOXeT paccmaTtpuBaTtbes B kadectse HAT
TONbKO BNOTh A0 nepuoga 2025-2030 rr., T. €. HA CPOK AENCTBUA HACTOSALLEro CrpaBoOYHMKa
HOT. MNocne atoro nepuoga AaHHasA TEXHOMOMMS He MOXET paccMaTpuMBaTbCA Kak Haunyd-
Wwas OOCTynHas TeXHONOorMa n JosmkHa ObITh BbiBeAeHa u3 obpalleHusi, B TOM Yucne nytem
3aMeHbl Ha aHepreTuyeckn bornee 3(PPeKTUBHYIO N IKONOrMYeckn 6e3onacHyro TeXHOMOrM
Npoun3BOACTBa BO4OPOAA, Xfopa 1 KayCcTuka MeMObpaHHbLIM METOAOM 3MeKTPorm3a.

9.2.4 OnucaHne TeXHONOrMYeCKNUX NPOLIeCCOB, MCNOMb3yeMbiX B HacTosLee
BpeMsi B Npou3BoACTBe TBepAoro ruapokcuaa Hatpus (egkoro HaTpa)

[Mpn npousBoacTBe TBEPAOro rMapokcuaa HaTpus (e4KOro Hatpa) OCHOBHBIM Chlpbe-
BbIM MaTepuariom sSBNseTcs:

- pacTBOp €4Koro Hatpa ¢ MmaccoBon KoHueHTpauunen NaOH He meHee 45 %.

OCHOBHbIM BUAOM 3HEpPreTUyeckMx pecypcoB, UCMOSb3yeMbliM B NMPON3BOACTBE TBEP-
AOro rmapokcuaa HaTpua (egkoro HaTpa), ABNAeTCHA TennoBas 3HEPrus, reHepupyemMas Cxu-
raHMem nNpupoaHoro rasa u/vnu Bogopoaa.

B HacTosLwem pasgerne paccmaTpuBarTCHA TEXHOOrMYeCcKne npoLecchl Npon3BoaCcTBa
TBEpPAOro rmapokcnaa HaTpus.

9.2.4.1 O6bwme cBegeHMss O MpPOU3BOACTBE TBEpPAOro ruapokcupga HaTpus
(eakoro HaTpa)

ToBapHbIN TBEPAbIA TMAPOKCUA HATPUS (eOKUA HaTpP, KayCTUK), coaepxalimm He me-
Hee 98,5% NaOH, ncnonb3yetcsa B pa3nn4yHbIX OTpacnsax NPOMbILLIIEHHOCTN, B TOM 4YuUCle B
XMMUYECKOM oTpacrnv npomblwrieHHocTU. OCHOBHble 06nactv NpUMeHeHus TBepAoro rma-
pokcuaa HaTpua npueeaeHbl B Tabnuue 9.1.

9.2.4.2 OnucaHwme TEeXHONOrn4YecKux npoLeccos, ncnosnb3yeMbIX B
npou3BOACTBE TBEPAOro rmapokcmaa HaTpus (eaKoro HaTpa)

TexHonorns nponsBoacTBa TBEPAOro rMApPoKCcuaa HaTpus (eQKoro HaTpa) 3akroyaeT-
Cs1 B NocreaoBaTenbHOM peanusaunm CreayoLwmx TEXHONOMMYECKNX CTaaun:
- HarpeB N LMPKYyNsLuMs OpraHM4ecKoro TennoHocuTensa — audeHnnokenaa (auHm-
naj;
- HarpeB WM UMPKYNsAUUsa pacnnaBa HEOPraHUM4ecKoro TEmnSIOHOCUTENS — HUTPUT-
HUTPaTHOM CMecK (MPY HaNUYUKU JaHHOW CTaaun);
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- BblNapuBaHWe Bnarn U3 Hatpa e4KOro OYULLEHHOrO C UCMONb30OBaHUEM KOHTypa
UM nNapa BbICOKOTEMMNEPATYPHOro OpraHNYecKoro TennoHocuTens (aAuHuna);

- BbiNapuBaHue Bnaru u3 pacteopa eakoro HaTpa npu HenocpeacTBEHHOM KOHTak-

Te pacTBopa KayCTuka C NpoAyKTamu CropaHus BO4opoda B KUCIIOPOAE U C UCMNOSb-
30BaHMEM KOHTypa pacnsiaBa HeoOpraHM4ecKkoro TensIOHOCUTENS;

- KpUCTannu3auusa 1 YelynposaHue Unmn rpaHynMpoBaHne NpoayKkTa;

- (bacoBka, XxpaHeHue (cknagupoBaHne) 1 oTrpy3ka roToBOro nNpoaykTa.

Mpumep obLien npmHUMNManbHON CXeMbl TEXHONOMMYECKOro npoLecca Npon3BoacTBa
rmgpokcuaa Hatpus (TBepOoro HaTpa), BKovatowen ABe CTyrneHn BbinapuBaHus, npeacTas-
neH HWke Ha pucyHke 9.5. [laHHbIN npumMep HMKOUM O0Bpa3oM He MOXEeT paccMaTpuBaTbCS
KaK eQUHCTBEHHbIN N UCYepnbIBalOWUM BapuaHT CXeMbl TEXHONOMMYeCKoro npolecca, cooT-
BETCTBYIOLUMA KPUTEPUAM W  YCTAHOBMEHHbIM TexHonormyeckum nokasatenam HOT
(cm. npunoxeHwne b).

OTtnap-
HanA
KOMOHHA
J-2 ————————
>
Ha y3en YellyiposaHiA
—
KoHTakT- >
BrinapH HO- Beinap- Beinap-
Sl o BbINapHo HOR HoR
annapat i annapat annapat
J-7 annapat J-12 J-14
L X102

LI — Ll 5 T
J-73 Bax Bak
(EmKkocTe J-5 J-10
pacTsopa

45% 7

NaOH}

PucyHok 9.5 —[Tpumep npuMHUUNMansHOM TEXHONOMMYECKON CXeMbl NMPON3BOACTBA TBEPLO-
ro e4Koro Hatpa (4eLlynpoBaHHOrO)

Hwxe npeacrtaBneH TUNUYHBIA NPUMEP ONMUCAHUSA TEXHOMOMMYECKOro mnpouecca npo-
N3BOACTBA TBEPLKOro rmapokcmaa Hatpusa (egkoro HaTpa), KOTOpbIM HUMKOMM 06pa3om He
MOXeT paccMmaTpuBaTbCA Kak €AUHCTBEHHOE M MCYepnbiBaloLlee OnucaHme TexHorornye-
CKOro npotecca, COOTBETCTBYIOLLEE KPUTEPUSM U YCTAHOBIIEHHLIM TEXHOSTOMMYECKMM MOKa-
3atenam HAOT (cm. npunoxeHue b).

OnucaHue nponsBoacTBa TBEpPAOro €e4KOro Hatpa ¢ UCNoJfib30BaHMEM

opraHu4ecKoro TennoHOCUTENs, NPMPOAHOro rasa, Bogopoaa u Kucnopopa (npumep)

McxogHbIM cbippeM Onsi NonyvyeHus TBEpOOro €4KOro HaTpa SBNSieTCA HaTp e4KuK
OYULLEHHbIN PTYTHOrO 3NEKTPOnM3a C MacCoBOW J0Nen OCHOBHOMO BellecTBa He MeHee 45
%, Hanpumep, pacteop Mapkn PP, unn Hatp eakmn mapku PM, nponssegeHHbIN METOAOM
MeMBpPaHHOro aneKkTponun3a, KOTopbI NocTynaeT B nNpuemMHble emkocTu. Ha cnydvan aBa-
PUNHOrO CNMBa KayCcTuka u3 cMcTeMbl NPeayCcMOTPEH CIMB B NPUEMHbIE EMKOCTMW.
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Pacxoq npuMHATOro pacteopa €4Koro Hatpa KOHTPONUpPYeTCs No KOHTYpyY, TeMnepary-
pa B NMPUEMHbIX EMKOCTAX KOHTPONMPYETCA U PEerncTpupyeTcsa ¢ NOMOLLbIO CrneunanbHbiX
KOHTypoB B npegenax (20 - 60) °C. MuHumanbHoe 3HadeHune Temnepatypbl 20 °C duken-
pyeTca curHanunsauuen (CBeT, 3BYK).

YpoBeHb €4KOro HaTpa B NPUEMHbIX EMKOCTSIX KOHTPONMPYeTCa ABYMS HE3aBUCKMMbI-
MU JaTyMKaMn YPOBHS C MOMOLLbIO cheunanbHbIX KOHTYpoB B npegenax (150 - 2700) mm
nnm (5 - 90) % c curHanmnsaumen (cBeT, 3BYK) MUHMManbHoro 150 MM, npeaMmMHUManbHOro
- 500 mMm, npegmakcumansHoro - 2600 MM 1 MakcumaribHoro - 2700 MM 3Ha4YeHUn N peru-
cTpupyetcs. [Npyn MakcumarnbHOM 3Ha4YeHUM YPOBHS aBTOMaTUYECKM 3aKpbIBaETCH OTCEYHON
KnanaH ans npefoTBpalleHnst nepenmea KayCcTuka M3 npueMHbIX eMKOCTEN CO CBETOBOW U
3BYKOBOW curHanusaumen. lNocne CHMXeHUs1 YpOBHS B MPUEMHbIX eMKOCTAX MeHee 2400 Mm
OTCEYHON KnanaH OTKpbIBaeTCa U NpoM3BOAMTCS NpoayBka TpybonpoBoaa npvema Kayctu-
Ka B OTAENbHYD EMKOCTb a30TOM AMS UCKNIOYEHUS KpucTannmsaumm egkoro Hatpa B Tpy-
6onposoae.

Ha nvHuMM BO3QyLIKM NpUEeMHbIX EMKOCTEN YCTAHOBMEH BnarooTaenuTens Ansa pasge-
NeHns NPOAYyBOYHOMO a3oTa OT YHOCUMbIX Kanerb pacTBopa eakoro HaTpa. [locne Bnaroot-
aenuTensa asoT Yepes3 BO34yLLKY cbpacbiBaeTca B aTMocdepy, a ynoBNeHHble Kannu pac-
TBOpa €4KOoro HaTtpa CnNMBatTCA B NPUEMHYIO NN OTAESbHYIO €MKOCTb.

M3 npeMHbIX eMKOCTeN ek HaTp HacocamMu NoAdaeTcs B KONOHHY Aera3aumm ¢ pac-
xogom B npegenax (0,5 - 5,0) M3/, rae cMelnBaeTCa C COKOBbIM MapoM, NMocTynaroLwmum B
BEPXHIOK YacCTb KOJTIOHHbI U3 cenapartopa. Pacxoq edKkoro HaTpa B KOMOHHY Aera3aumu KOH-
TponupyeTtcs KOHTypoMm no3. FRC-29 u perynupyeTca knanaHoMm. PacTBop eaKoro HaTpa Ha
BbIXO€ M3 KOMOHHbI Aerasaumm noctknaeT B 6ak no3.J-5 ¢ Temnepatypon He 6onee 200 °C.

KonoHHa gerasauuun paboTtaeT nog BakyymoM, BakyyMm B JaHHOW CUCTEME CO3[aeTcs
BaKyyM-HacocaMun 1 perynupyeTcs knanaHom. [lapbl C MIHEPTHBIMU razaMu U3 KOMOHHbI Ae-
rasaumm oTcacbIBalOTCs Yepes KanneoTbonHnk n GapomMeTpuyecknin kKoHgeHcatop nos. J-4,
opoLlaembin 060pOoTHOM BOAOW, U cOpackiBaloTca B aTMocdepy. B 6apomeTpmuyeckom KOH-
AeHcaTope napbl KOHOEHCUMPYIOTCA 3a CYeT cMelmnBaHus ¢ 06opoTHOM Bogowm u no Hapo-
mMeTpudeckon Tpybe cnvearoTcs B ruapo3aTteop noas. J-17.

TemnepaTtypa 060poTHOM BOAbLI Ha BbIxode M3 GapomeTpuyecKkoro KoHaeHcaTopa noas.
J-4 He 6onee 50 °C perynupyeTcs KnanaHoMm, YCTaHOBJIEHHbIM Ha TpybonpoBoae nogayu
obopoTHOW Boabl B GapomMeTpuyeckmin KongeHcatop nos. J-4.

PacTtBop efkoro HaTpa 13 KONMOHHbI Aerasaunn n kanneotbonHuka nos. J-3 cnveaeTcs
B 6ak no3. 5. Cenapartop no3. J-15, KONOHHa aerasaumn nos. J-2, kKanneoTdonHuk nos. J-3
paboTatoT nog Bakyymom B npegenax (42 - 63) kMa (0,42 - 0,63 krc/cm?), co3gaBaeMbiM Ba-
KyyM-Hacocamu yepes3 bapomMeTpuyeckuin koHgeHcatop nos. J-4.

TemnepaTypa COKOBOro napa Ha Bbixode 13 kanneoTOonHUKa CocTaBnseT B npeaenax
(100 - 210) °C.

Eokuin HaTp Hacocamu napannensHO NoJaeTcs B HUXKHIOW YacTb BblMApHOro annapa-
Ta nos. J-7 ¢ pacxogom B npegenax (5,0 - 10,0) m3/4. BTropuyHbIn Nnap u3 cenapartopa nos.
J-13 ¢ Temnepatypon B npegenax (180 - 250) °C n gaBneHnem He 6onee 0,07 MlMa (0,7
Krc/cm2) nogaeTcs B BEPXHIOK YacTb MEXTPYOHOro NpoCTpaHCTBa BbiNnapHOro annapara.

Mopgaya pacTBOpa edKkoro Hatpa B BbINMApHOW annapart perynmpyeTca perynartopom
ypoBHS B npegenax (650 - 1170) mm (50 - 90) %, yctaHoBneHHbIM Ha 6ake no3.10 n knana-
HOM, YCTaHOBMEHHbIM Ha TpybonpoBoae Nogayn pacTBopa €4KOro HaTpa OT HAaCOCOB B Bbl-
napHown annapart nos. J-7.
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PactBop efkoro HaTpa 13 BbINapHOro annapara CHM3Yy BBEPX Mo Tpybkam nNocTynaeT B
cenaparop nos. J-8, rae noa BakyymoM B npegenax (68 - 95) kMa (0,68 - 0,95) krc/cm? Bbl-
napusBalroTCs BOASAHbIE Napbl U3 pacTBopa e4Koro Hatpa.

TemnepaTtypa efqkoro HaTpa Ha Bbixo4e U3 cenapartopa nos. J-8 coctaBnseT He 6onee
130 °C. BogsHble napbl M3 cenapatopa noa. J-8 oTcacbiBalOTCs BakyymM-Hacocamun B 6apo-
MEeTPUYECKNIN KoHaeHcaTop no3. J-9, rae opowarTcs 060pOTHOM BOAOW.

TemnepaTtypa 060poTHON BOAbI Ha BbIXOAe M3 KoHAeHcaTopa no3. J-9 He 6onee 50 °C
perynmpyeTcsa KnanaHoMm, yCTaHOBMEHHbIM Ha Tpybonposoae nogadn obopoTHOM BOAbI B
KoHAeHcaTtop nos. J-9.

BTopuyHbIN nap nocne KoHAeHcauuu B BbIMapHOM annaparte nos. J-7 nocTynaeTt B
rmgpo3arteop. Ha Bbixoge 13 rugposaTtsopa no3. J-17 KOHTPONupyeTcs BOLOPOAHbLIN NOoKa-
3aTenb 06opoTHOM Boabl B Npeaenax (6,0 - 9,0) pH ¢ nomowwbio KoHTypa no3. AIR-400.

[MoporpeThbin pacTBOp €4KOoro Hatpa u3 cenapaTtopa no3.J-8 ¢ Temnepatypon He 60-
nee 130 °C cnuBaeTca B 6ak no3. J-5, a Takke npeaycCMOTpeH Nepenue eakoro Hatpa no
nepenueHon nuHmun B 6ak no3s.10.

B 6Gake nos. J-5 NnoTOKM eakoro HaTpa u3 annapartoB no3. J-2, no3. J-7 cMellnBarTCca
N HacoCOM MNOAalTCHA B KOHTAKTHbIWM BbiNapHoM annapaT no3. X-102. 3 KOHTaKTHOro Bbl-
napHoro annaparta no3. X-102 yepes3 rmapo3aTtBop no3.E-115 BbiNapeHHbI eaKkuin HaTp C
KOHLUeHTpauuen He meHee 60 mac.% noctynaet B 6ak nos.10.

Enkun Hatp 13 6aka no3. J-10 norpy>kHbIM Hacocom no3. J-11 nogaeTca B BbiNapHOM
annapart nos. J-12 ¢ TemnepaTypon He 6onee 250 [1C. [ina npefoTBpalleHnsi nepenosnHe-
HnaA 6aka nos. J-10 npegycMoTpeHa NMMHUA cnmBa B NPUEMHYI0 eMKOCTb no3. J-73A.

B BbinapHOM annapaTte no3.J-12 pacTBOp €4Koro Hatpa HarpesaeTcs napamu aude-
HUMBHOW CMecKn N NocTynaeT B cenapartop no3. J-13, rae npoMcxoguT BbiapnuBaHue BOASA-
HbIX MAapOB M3 pacTBOpa eaKoro Hatpa. BogsHble napbl U3 cenapartopa nos. J-13 noctynatoT
B MEXTpPybHOE NpOCTPaHCTBO BbINApHOro annaparta no3. J-7, a pacTBOp €4KOro Hatpa no-
cne cenapaTtopa no3.J-13 pasgensetca Ha ABa NoToka. [NepBbli MOTOK CaMOTEKOM MOCTY-
naeT B TPOWHUK, rge CMellmnmBaeTCs C pacTBOPOM e€4KOro HaTpa, nogaBaeMbiM OT Hacoca
nos. J-11. BTopon NnoTok camoTeKoM NOCTynaeT B BbiMapHoOW annapat nos. J-14, rae Harpe-
BaeTca napamu aueHnnbHoOn cMecn 1 ganee noctynaeT B cenapatop noa. J-15. Temne-
paTypa pacTBopa efKkoro HaTpa B cenapartope no3. J-15 cocrtaenset B npegenax (340 -
365) °C.

CenapaTtop nos. J-13 paboTaeT noa gasneHnem He 6onee 0,07 Mlla (0,7 krc/cm?), ce-
napaTop noa. J-15 - nog Bakyymom B npegenax (42 - 63) kMa (0,42 - 0,63 krc/ cm?).

B BbinapHbIx annapaTtax no3. J-12 n no3. J-14 pacTBOp €4KOro Hatpa HarpeBaeTcs
napamMmv AngeHnIbHon cMecu, NocTynarLwmMm n3 cenapartopa nos. J-22. B BbinapHbIX an-
napartax napbl AUEHUIBHON CMECU KOHAEHCUPYIOTCA U BO3BpaLLaloTcs 0b6paTHO B HUXK-
HIOIO YacTb cenapartopa nos. J-22. Temnepatypa ONMPEHUTBHON CMecu Ha BbIxode U3
BblMapHOro annaparta no3. J-12 v Ha BbiXxoAe M3 BbiNapHOro annapara nos. J-14 - He 6o-
nee 340 °C.

PasHocTb TemnepaTypbl pacTBopa €4Koro Hatpa M KoHeHcaTa COKOBOro napa B rnpe-
aenax (80 - 160) °C B BbinapHbIX annapaTtax no3. J-12 n nos. J-7 perynupyeTtcsa npyu nomMmo-
LW KranaHa, YCTaHOBIIEHHOro Ha Bbixode KoHAeHcaTa ANdEeHUbHOM CMecu U3 BbiMapHOro
annaparta noas. J-12.
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PacnnaB egkoro HaTpa 13 cenapartopa nos. J-15 yepes rugposaTtsop no3. J-16 no-
CTynaeT B pacrpefenurenbHyt0 eMKOCTb no3. J-16/1 n pasgendetcs Ha Tpu noToka npwu
NOMOLLM OTKUOHOWN PYYKM:

- MePBbIN MOTOK Ha YeLlyMPOBOYHYIO MaLUMHy no3. J-18a,

- BTOPOW MOTOK Ha YeLLUyMPOBOYHYIO MaLUnHY noa. J-18,

- TpeTUn NoToK - B 6ak no3s. J-10 (Ha umMpKynsumio).

[MpeoycMmoTpeHa BO3MOXHOCTb NoAayu pacnrnaBa KayCcTuka OQHOBPEMEHHO Ha 4yelly-
NPOBOYHbIE MaLUMHbI N03. J-18a n no3. J-18. [1na KOHTpONA LUMpKyNaumm pacnsasa e4Kkoro
HaTpa Ha KpblKe pacnpeaenuTenbHoOn eMKOCTU Nno3. J-16/1 Ha kaxgow cekuuu npeny-
CMOTpPEHbI CMOTPOBbIE JTHOKMW.

Cragusa kpuctannusauum v YewympoBaHus (rpaHynMpoBHUS)

Kpuctannmsauusa v yewympoBaHWe pacniaBa e4Koro Hatpa npou3BoguTCcAa B Yellyu-
POBOYHbIX MaLUMHaX, NpeacTaBnawowmx cobon kpuctannmusarop 6apabaHHoro Tuna.

Kpuctannusauusa v rpaHynupoBaHue pacrnnasa e4Koro Hatpa nponsBoauTcs B cneum-
anbHbIX rpaHynaTopax

Pacnnas kayctuka no Tpybonposoay nogaeTcs B KOPbITO YeLlyMPOBOYHOM MaLUWHbI, B
KOTOpOe YacTuU4HO norpyxeH ©GapabaH kpuctannusatopa. Ha xonogHow NOBEepXHOCTU
BpaLjaloLweroca Hag KopbiTom 6GapabaHa NpoMCXOAuT KpucTannusauum enkoro Hartpa.
CkpucTannm3oBaBLUMINCA KAYCTUK C NOBEPXHOCTM GapabaHa cpe3aeTca HoXXaMu 1 nocTtyna-
€T Ha TpaHcnopTep 1 Aanee y3en pacgacoBKu U YNakoBKU.

BapabaH kpuctannusatopa npeactaBngeT cobor Nonbii UMAMHAP, CTEHKU KOTOPOro
OXNaXgarTcs LMPKYNMpyoLWen BHYTpY umnuHapa obopoTHon Bogon. Bxoa v Bbixod BoAb!
OCyLlecTBNAeTcs ¢ TopLoB no Bany bapabaHa. ObopoTHasa Bofa pacnbinaeTcs BHyTpu 6a-
pabaHa Yyepe3 OPCYHKM.

Cragusa ¢acoBku

UellynpoBaHHbLIM U rpaHyNMPOBAHHLIN TBEPAbIN €0KUA HaTp HanpasnsalT Ha pas-
AernbHble NMMHUN hacoBKK, B TOM YUCMEe C UCMOMb30BaHMEM BECOB aBTOMATUYECKUX U Ma-
LUMH (paCOBOYHbIX aBTOMaTUYECKUX:

- B MeLku no 25 kr unu no 50 «r;

- B 6ur-6ern (msirkme kKoHTerHepsbl) no 600 — 1000 kr;

- B 6apabaHbl (No 3asBKaMm OTAENbHbIX NOTpebuTenen).

OcHoBHOe TexHorormdyeckoe obopygoBaHWe AaHHOro Npou3BoAcCTBa onpeaenseTcd
WHOMBMAYaANbHO [AONS KaXOoro KOHKPETHOro npowu3BoACcTBa C YYETOM €ro MOLLUHOCTU WU
NPUHATBIX NPOEKTHOW OpraHm3aunen n paspaboTymkom npouecca TEXHUYECKUX peLleHmnn.

[MprMmepbl OCHOBHOIO TEXHOMOrM4Yeckoro obopyaoBaHusi, OObIYHO MCMOMb3YEMOro B
NpOn3BOACTBE TBEPOOro rmapokcuaa HaTpus, npmesegeHsl B Tabnuue 9.15.

Tabnuuya 9.15 —OcHoOBHOEe TexHonorndeckoe obopyaoBaHMe NPOU3BOACTBA TBEpP-
40ro rmgpokcmaa Hatpus (rpaHynMpoBaHHOIO MUY YeLynpoBaHHOIO e4Koro HaTpa)

HaumeHoBaHue o6opyno- | HasHaueHue obopynosa- TexHonornyeckue
BaHUNA HUA XapaKTEPUCTUKN
Koten HarpeB opraHuyeckoro BepTukanbHbIN LMAMHOPUYECKNA an-
TennoHocutensa napart co 3ameeBukamu; S = 275 m?;
(maytepma) cpena B Tpybkax — gaytepm; cpefa B

TONOYHOM NPOCTPaHCTBE — MPUPOA-
HbiX ra3; MOLLHOCTb KOTNa -
20,65 MOx/4; D = 3900 mwm;
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HanmeHoBaHue ob6opyno-
BaHWNA

HasHaueHne o6opynosa-
HUS

TexHonornyeckue
XapaKTepUCTUKM

H = 7800 mm; T =380 [IC

BbinapHble annapartsl

BbinapuBaHve Bnarun u3
pacTBopa efKoro HaTpa

BepTukanbHbIA UMANHOPUYECKUN an-
napart C KOXyxoTpybyaTbiM TeNN006-
MEHHMKOM; nnowaab Tennoobme-

Ha = 70 m?; D = 3900 mm,

H = 7800 mm, Tpa6 =380 [1C

KoHTaKTHO-BbINapHOM
annapart

BbinapvBaHue Bnaru npu
HernocpeacTBEHHOM KOH-
TakTe pacTBOpa kaycTuka
C NpoAdykTamMu CropaHus
BOOOPOAA B KMCnopoae

BepTukanbeHblM annapaTt co cgepuye-
CKUM OHULLEM; Ha BEPXHEM LWITyLEpe
YCTaHOBMNEH naporeHepaTop
BmectumocTb annapata — 2,46 m3;
H=3272 mm; D =1240 mm; cpepa —
pacTBop e4Koro HaTpa

lMpenBapuTenbHbIN
KOHLEHTpaTop pacTeopa
eKoro HaTpa

MpeoBaputenbHoe  KOH-
LeHTpupoBaHue (ynapu-
BaHWe) pacTtBopa eakoro
HaTpa) — nepBasi CTyneHb
BblNapmBaHus

H=9738 mm, D =950 mm; nnowagb
NOBEPXHOCTU TennoobmeHa — 168 m?,
nasneHve B TpyOHOM NpoCTpaHCTBE —
aTMoCcepHoe; AaBneHne B MexXTpyob-
HOM npocTpaHcTBe — 6,8 kla; Temne-
patypa B TpybHOM npoCTpaHCTBE —
100 [IC; TemnepaTtypa B MEXTPYOHOM
npoctpaHcTBe — 300 [IC; cpega B
TPpybHOM nNpoCTpaHCTBE — pacTBOp
HaTpa efgkoro; cpeda B MeXTpybHOM
NPOCTPaHCTBE — Nap, COKOBLIN Nap

KoHueHTpaTop

KoHUeHTpmnpoBaHue
(ynapuBaHue) pacteopa
€e[IKoro HaTpa) C UCNoJsib-
30BaHMEM HeopraHuye-
CKOro TensfioHocuTens —
BTOpas CTyneHb BbiNapu-
BaHUS

Annapart, cocToawmn n3 28 otaenbs-
HbIX, BEPTUKAITbHO YCTAHOBIIEHHbIX B
nBa psiga TpyOHbIX 3NIEMEHTOB, C py-
HalLkon n NnapocnyTHUKOM; NPON3BO-
ONTEnNbHOCTb — 7252,6 Kr/4; paBnexne
B TPYOHbIX aneMeHTax — atmocgep-
Hoe; D TpybHoro anemeHTta = 112 mm.
L = 6630 mm; paboyas cpeaa: BHyTpU
TPyOHOro anemeHTa — HaTp eOKun; B
pybaLLKe - BbICOKOTEMMNEPATYPHbIN
HeopraHU4Yecknn TenmnoHocuTeNb

EmMkocTb pacnnaea ef-
KOro HaTpa

KoHueHTpupoBaHue
(ynapuBaHue) pacTtsopa
€e[IKoro HaTpa) C UCNoJsib-
30BaHMEM HeopraHuye-
CKOro TensoHocuTens

['Opn30OHTanbHbIN LMNUHOPUYECKNI
cocyq, pasgeneHHbli neperopoakomn
Ha gOBa paboumx npocTpaHCcTBa, C
Hapy>XHbIM KOMOWHWPOBAHHbLIM 3Mee-
BMKOM; paboyasi cpefa: B €MKOCTU —
pacnnas HaTpa egkoro, T =390 [IC; B
BMEEBMKE — BbICOKOTEMMNEPATYPHbI
HeopraHM4Yeckun TENSIOHOCUTENb, Nap

Bblcokoro gasnenus; D = 1500 mm,
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HanmeHoBaHne obopyno-
BaHWS

HasHauyeHune obopynosa-
HUS

TexHonornyeckne
XapaKTEPUCTUKN

L=12760 mm, V =20,8 m3.

Wcnaputenb

BbinapuBaHue pacteopa
€[KOro Hatpa C WCMorb-
30BaHMEM HeopraHuye-
CKOro TennoHocuTens
(TpeTbst CTyneHb BbINa-
puBaHuns)

AnnapaTt, COCTOAWMA U3 ABYX NOOb-
EMHbIX U OQHOW OMYCKHOM BepTUKarb-
HbiX TPpyD, NPUCOeAMHEHHbIX BBEPXY K
cenapatopy; TpyObl CHabXeHbl KOM-
BUHMPOBaAHHBLIM TEMMOCNYTHUKOM, Ce-
Napatop — HapPYXHbIM 3MEEeBUKOM;
Npon3BoanTENbHOCTb — 7137 Kr/4; Ba-
Kyym — MuHyc (93,9 —92,6) kla; pa-
boyasa cpepa: B annapate — pacnnas
HaTpa efKoro, COKOBLIWM nap; B TeMso-
CNyTHUKE — BbICOKOTEMIME-paTypPHbIU
HeopraHM4Yeckun TensioHoCUTesb, nap
BbICOKOrO [aBfieHus; B 3MeeBUKe —
TENMOHOCUTENDb «AayTepM»; OuameTp
Tpy6 — 76 MM, AnvHa Tpy6 — 6550 MM

Pa3bpbi3rnBartenb
neeyHbIn

Pa3bpbl3rnBaHmne
nnaBa eaKkoro HaTpa

pac-

BepTtukanbHoe UMnMHapuyeckoe
YCTPOMCTBO CO BCTPOEHHbLIM CeTva-
TbiIM OUNLTPOM; cpeda — pacnnas
HaTpa enkoro;, oaBneHue — He 6Gonee
200 kla; anametp NNacTUHbI —
190 mm

BawHs rpaHynaumm

Kpuctannusauua wun rpa-

BepTukanbHbld  MeTanInM4yeckum uu-

OYUCTKM abrasos

HbIX BblOpocoB (abra3os)
OT a’3po30ns M NbiNu en-
KOro HaTpa

HynuMpoBaHue €[KOro NMMHAPUYECKNn annapaT, Nosbli BHYT-
HaTpa pu. lNMponyckHas cnocobHocTb — 6810
kr/4; D = 5600 mm; H = 27560 mm
Ckpy66ep MOKpon | OuncTtka npoMbllneH- Annapat MEPEMEHHOIO CEYEHUs, B

KOMMnekTe C pacnblIUTESNbHbLIM
YCTPOMNCTBOM BOAbI U KanneoTbonHm-
kom; paboyasa cpega — pacTBop HaTpa
EKOro C MaccoBOW OOfien HaTpa ea-
koro He bonee 2 %. B nnane: 2400 x
42500 mm, H = 3280 mm

ByHkep enkoro HaTpa

Mpuem rpaHynupoBaHHO-
ro egKoro Hatpa

BepTukanbHbIN, KOHYycOOGpasHbii an-
NapaT C HapyXHbIMU 3MeeBUKaMMW.
Cpepa: B annaparte — rpaHysbl HaTpa
eOKoro; B 3MeeBuke — soaaHon nap; D
= 500/5500 mm, H = 4530 mm

XonogunbHUK
GapabaHHbIn

OxnaxgeHwe  rpaHynu-
POBaHHOIO eAKoro HaTpa

[ opn3oHTanbHbIN LMTMHOPUYECKUN
annapat CO BCTPOEHHbIMWM Tennooob-
MEHHbIMM  3nemeHTamu; pabouas

cpefa: B annapaTte — HaTp eakun rpa-
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HanmeHoBaHne obopyno- HasHauyeHune obopynosa- TexHonornyeckme
BaHWA HUA XapaKTepucTmnkmn
HyNMPOBaHHbIA, B  TensI00OMEHHbIX
SremMeHTax — oxnaxpgatowasa soga; D
= 2500 mm; L = 14500 mm
ByHkep Mprem OXNaxaeHHOro BepTukanbHbIn LMNNHOPUYECKUA CO-

rpaHynMpoBaHHOIO eaKo-
ro HaTpa

Cyd C KOHun4Yecknum gHuuem. Cpepa —
HaTp edKUA rpaHynNuMpOBaHHbLIW; OaB-
neHne — atmocgepHoe; D = 5000 mwm;
H = 14326 mwm;

V =200 m3

Becbl aBTOMaTnyeckue
(py4Has chacoska)

dacoBka (py4Has) eakoro
HaTpa

[TlponsBoguTenbHocTb - 150 melukoB
B Yyac; cpefa — HaTp efKun rpaHynu-
pOBaHHbIN

MawwuHa  dacoBoyHas
aBToMaTmn4yeckas

ABTOMaTH4yeckasa acos-
ka (ynakoBka) e[dKoro
HaTpa

[TponsBoguTenbHOCTb: 650 MeLLKOB B
Hac no 25 kr, 500 mewwkos B 4ac no 50
Kr

Mutatenb WNo30BOMN

Y3en sarpysks rpaHynu-
pOBaHHOIO eaKoro HaTpa
B MKP

MaccoBasi npoM3BOOUTENBbHOCTb —
3500 Kr/4; 4YacTtoTa BpalleHuUs POoTOo-
pa— 25 MuHl; cpega — HaTp eaKun
rPaHyNMPOBaHHbIN; anekTpoasura-
TeNb — PEeAYKTOPHbIA, HOPMarbHOro
NCNONHEHNS

Meub

["openka

EmMKocTb  HeopraHuye-
CKOro TENnoHocuUTens

Harpes 1 umpkynauus
HeopraHM4Yeckoro Teno-
HOCUTENsa C MUCMosnb30Ba-
HMEM TENyoBON JHEpPrnun
OT CXUraHusi NPUPOLHOro
rasa

Tennonpon3BoguTenbHOCTb — 5,7
106 KkKkan/y; CKOpOCTb LMPKynaumm
TennoHocuTens - 2,2 m/c;

Krng=0,82; D = 3120 mm; rabaput-
Has BbicoTa — 10 020 Mm

TennonpounssogutensHocTb — (1,75 —

6,9)x106 kkan/4; TOMNMBO: MNPUPOA-
HbI ra3
[ opn3oHTanbHbLIN LMTMHOPUYECKUN

cocyq ¢ pybalukon u OByMS MNOrpyx-
HbIMW 3MeeBMKamu;, OaBneHue B CO-
cyae — atmocdepHoe; paboyas cpe-
na: B cocyge — HUTPUT — HUTpaTHas
CMecCb; B pyballuke n 3MeeBMKax — nap
Bbicokoro paasneHuss. D = 1000 mm,
L = 6276 mm, V = 15,77 M3

EmMKOCTb BblCOKOTEMNA-
paTypHOro OpraHn4ecko-
ro TennoHocuTens

(maytepma)

MonyyeHune (Harpes) Bbl-
cokoTemnepaTypHOro op-
raHM4ecKoro TEensoHOCK-
Tens

BepTukanbHbin  UWNUHOPUYECKUN CO-
CyAd CO BCTPOEHHbIM 3MEEBUKOM; OaB-
neHne B cocyae — aTMocdepHoe.;
paboyas cpefa: B cocyge — opraHu-
MEeCKU TernnoHocuTenb «aayTepm»; B
3MeeBuke — BoasiHon nap. D = 1300
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LWMHBI (KpucTannusaTtop)

nraBa kaycTvMka u yeLly-
MpoBaHue

HanmeHoBaHne obopyno- HasHauyeHune obopynosa- TexHonornyeckme
BaHWA HUA XapaKTepucTmnkmn
MM, L = 2450 mm, V = 2,97 v®
Meyb anekTpuyeckas KonnyectBO HarpeBaTtesibHbIX ane-
MeHTOB — 12.; HarpeBaemas cpeja:
TENNOHOCUTENb «aayTepm»
YelwynpoBoYHble ma- | Kpuctannusaums pac- ArperaTt ¢ Bpawawwumcs 6apabaHom

N opobunkon; YyactoTa BpalleHus 6a-
pabaHa — ot 0 go 45 06/mMuH; npouns-
BoauTenbHOCTb — 4,33 T/4

BbinapHown annapat

MNpenBapuTenbHbIN
Harpes W BbliNapvBaHue
KaycTuKa

BepTukanbHbin LUWIIMHOPUYECKUIA KO-
KYXOTPYOUaThi TENNTIO0OOMEHHUK;

D =900 mm; H 6800 mwm;

B Tpy6HOM npocTpaHcTBe:

Bakyym (68-95) «lla; TemnepaTtypa
90-130) °C; nnowagb NOBEPXHOCTU
TennoobmeHa — 47,6 m2

TemMnapaTypHOro opraHu-
4ecKoro TensIoHOCUTENS
Ha NapoByl U XXUAOKYH
pasy

Hacoc Lnpkynsuma BbicokoTeM- LIeHTPOBEXHbIN HacoC C TOopLEBbLIM
nepaTypHOro opraHudye- ynroTHEHMEM; nogada - 450 wm3/y;
CKOro TennoHocuTtens Hanop — 104 m; Temnepatypa (350-
380) °C; MOLWLHOCTb anekTpoasurate-
ns - 55 kBT
EmKocTb XpaHeHne  BbICOKOTEM- [[OpU3OHTamnbHbIA,  LUIIMHAPUYECKUN
napaTypHoOro opraHuye- gnnapaTt,; BMECTUMOCTb — 25 M3;
CKOro TennoHocuTtens D = 1900 mm; H = 9250 mm; Temnepa-
Typa — 100 °C; paBneHue — atmo-
cchepHoe
CenapaTtop Pasgenenve BbICOKO- BepTuKanbHbIN LUMNUHOPUYECKNA an-

napat; BMectumoctb — 13,5 M3, D =
2000 mm; H = 5150 mm; gaBreHuve -
0,7 MlNa; Temnepatypa (350-380) °C

Hacoc norpyxHou

Mogava kayctmka B Bbl-
napHbie annaparbl

BepTukanbHbi, LEHTPOOEXHbIW, 0a-
HOCTyNeH4yaTbld Hacoc, nojada —
30 m3/y; Hanop - 0,3 MIla

MowHoCTb anekTpoasuratens 12 kBt

Hacoc norpyxxHom

MoaonuTtka cucTeMbl Bbl-
cokoTeMnapaTypHbIM Op-
raHM4YeCKUM TemnnoHoCU-
Tenem

BepTukanbHbin, NATUCTYNEHYaTbIN;
nogadya - 35 m3/4; Hanop — 126 wm;
Temnepatypa — (80-90) °C; MOLLHOCTb
onektpoasuratensa - 30 kBT

Hacoc ueHTpobexHbii

Mogaya ucxogHoro kay-
CTuKa

LleHTpo6exHbIN, rOpU3oHTanNbHbLIN
Hacoc;, nogava — 12,5 m3/4; Hanop —
80 M; MOLLHOCTbL 3rnekTpoaBuraTens -

22 kBT
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OkoH4yaHue mabnuuysi 9.15

HaumeHoBaHue o6opyno- | HasHaueHue obopynosa- TexHonornyeckue
BaHUNA HUA XapaKTEPUCTUKN

CkpebkoBblIii KOHBelViep | TpacnopTupoBka rotoBo- [1pon3BoanTeNnbHOCTE — 6+8 M3y,
ro npogykra K yany 3a- [gfivMHa KoHBenepa — 14,624 m; npuson
Tapku — MOTOP-peayKTop; MOLLHOCTb 3riek-

TpoaBuratena — 3,0 kBT

[osatop lNonyaBTOMaTM4yeckas [TponsBoguTenbHocTb: 240 MeLKOB B
dacoBka (ynakoBka) epn- Hac no 25 kr
KOro HaTpa

9.2.4.3 OcHOBHbIe (haKTOpbl, XapakTepu3ylLlime oXpaHy OKpyXaroweun cpeabl n
yCTOM4YMBOE pa3BuUTUE NPOU3IBOACTBA TBEPAOro rmapokcuaa HaTtpus

OCHOBHbIMK hakTOpaMK, XapakTepusyloLMMM OXpaHy OKpYXKatoLlen cpedbl Npu npo-
N3BOACTBE TBEPAOro rmapokcmMaa Hatpus (e4koro HaTpa) sSsBnsTCS:

- yoenbHoe noTtpebneHne TennoBon 3Heprun (Bogopoda M Kucropoda, NpUpOAHOro
rasa);

- yaenbHoe notpebneHne pacteBopa rmgpokcuaa HaTpus Ha NpoM3BOACTBO NPOAYKUMK
N AMUCCUS TMOPOKCMAA HAaTPUSA B OKPYKatoLLYyO cpeay;

- KOHTPOSb 3arpsi3HEHNS aTMOCHEPHOro BO34yxa adpo30feM rmapokcuga Hatpusa u
AbIMOBbIMU razamu.

OCHOBHbIMK (hbakTOpamu, XapaKTepu3yLWMMN YCTONYMBOE pa3BUTME MPOU3BOACTBA
TBEpOOoro rmapokcuaa HaTpus, SBnsOTCS:

- HannyMe NPou3BOACTBA pacTBopa rMapokcuaa Hatpus (kaycTuka) pTyTHbIM (Mapka
PP), onadparmeHHsim (PO) nnun membpaHHbim metogom (Mapka PM);

- obecneyYeHHOCTb NPOM3BOACTBA TEMNNOBOW 3HEPrMen, B TOM 4YMcne NpupoaHbIM ra-
30M N1 BOAOPOAOM.

9.2.5 OnucaHMe TeXHONOrMYeCKUX NPoLLeccoB, UCNONb3yeMbIX B HacTosiLee
BpeMs B Npou3BOACTBE BoAopoaa, Xyiopa U ruapokcuaa Kanusa MeMopaHHbIM
MeTOAOM 3rIeKTponu3a

Mpn npousBoacTBe BoAopoOAa, XJfiopa U rMapokcuaa Kanvss MembpaHHbIM MeToaoM
3MEeKTPONMN3a OCHOBHbLIMU CbIPbEBBIMU MaTepuanammn SBnsatoTCS:

- paccon xnopuaa kanusa unm teepabin xnopug kanna KCl — cunbsuH;

- KOHUEHTPUpPOBaHHas CepHas KMcrnoTta, ucrnonb3yemMasi 4ns ocyLKku xmopa.

OCHOBHbIM BUOOM 9HEpPreTM4ecKnx pecypcoB, UCMoMb3yeMbiM B NPOM3BOACTBE BOO-
poda, xnopa u rmgpokcmaa Kanus memMbpaHHbIM METOOOM 3MEKTPONnn3a, ABNAETCA 3MeKTpo-
3HEeprna NOCTOAHHOIO TOKAa, a Takke TennoBas aHeprus (nap) Ha cTaguu BbINApKM KaTtonuTa
(3NEeKTPONUTMYECKOro €4KOro Kanu).

B HacTodWwem pasgene paccmaTpuBalOTCA TEXHOSOrMYeCcKMe npoLuecchbl, OCHOBHOE U
npupoaooxpaHHoe obopyaoBaHWe MPOM3BOACTBA BOAOPOAA, XJSlopa W rMApoKcuaa Kanus
MeMOBpaHHbIM METOAOM 3NIEKTPOnM3a.
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9.2.5.1 O6wume cBegeHNs 0 NPOM3BOACTBE BoAopoaa, Xyiopa un rugpokcmaa
Kanusa MeMbpaHHbIM METOAOM 3JIeKTPONnu3a

B HacTosilwee Bpems B Poccuiickon ®egepauumn B NpoOMbILLIIEHHOM MacluTabe peanu-
30BaH MeMbpaHHbIN MeToA NPOM3BOACTBA BOAOPOAA, Xflopa M rmapoKcMaa Kanus, KOTopbin
ABNSAETCA dHEepreTMyeckn Hanbonee ahPEKTMBHBIM Cpean BCEX ANEKTPOXMMUYECKUX METO-
A0B, O4HAKO Ha TeKyLUn nepmog 3ToT MeTo NPOM3BOACTBA OCTaeTcs Hambonee CrNoXHbIM B
opraHuMsauumn 1 aKcnyaTaumm, a Takke TpebyeT 6onee BbICOKMX KanuTasnbHbIX 3aTpaTt Ha Co-
34aHne 1 AKCnyaTauuio NpoM3BoACTBa.

C TOYKM 3peHUsT ANEKTPOXMMUYECKMX NPOLLECCOB MEMBpaHHbLIM METOA NPOM3BOACTBA
rmgpokcuga kanusa nogobeH aHanormyHoMy MeToay NpoM3BOACTBA MMOPOKCMAa HaTpus.

B aHogHOEe npocTpaHCTBO MOCTyNaeT NOTOK HACLILWEHHOro pacTeopa Xxrnopuaa Kanus.
A B KaTogHOE NpOCTPaHCTBO — AenoHM3MpoBaHHas Boda. VI3 aHoAHOro NpocTpaHcTBa BbiTe-
KaeT noTok ob6egHEHHOro aHonuTa, CoaepXallero Takke NpuMecu rmnoxnopuT- u xmopart-
WOHOB WM BbIXOOUT BIIAXHbIA 3NEKTPONUTUYECKNA XITOP, @ M3 KaTOL4HOro NpOCTpaHCcTBa —
ANEKTPONUTUYECKMI BOAOPOL WM 3NeKTpoLernoka (KaTtonuTt), NpakTU4eCcKn He coaepkalime
npumecu n bonee 6nu3kme K TOBApHOW KOHUEHTpaumm kanuveson wernoun (31 % — 33 %
KOH), 4To yMeHbLUaeT pacxoq TEMNIOBON 3HEPrMM Ha UX ynapuBaHue n odncTtky. OgHako nu-
TalLWUN pacTBop xfopuga Kanus (Kak CBeXun, Tak u 060poTHbIA pacTBOp) U Boga npensa-
PUTENBHO MakCMManbHO O4YMLLAKOTCA OT NobbIX HexenaTenbHbiXx npumecen. Heobxoaw-
MOCTb TakoW TLaTenbHOM O4YUCTKN UCXOAHOro paccoria onpenenseTcs BbICOKOM CTOUMOCTbIO
NONIMMEPHbBIX KATUOHOOOMEHHbLIX MEMOpPaH N UX BbICOKOM YyBCTBUTENbHOCTbIO K NPUMECSAM B
NCXO4HOM pacTBOpe Xropuaa Kanus.

Mony4yaembin B pesynbTaTe NPOM3BOACTBA 3MEKTPONUTUYECKUA BOOOPOL Mnocne
OXNaXXAEHNSA UCMONb3yeTCsl Ha TOM Xe NPeanpusaTUn Ans NoNyyYeHust xropuaa Bogopoaa u
COJISTHOW KMCNOTbI.

lMony4yaembln B JaHHOM TEXHONOMMYECKOM npouecce 3MeKTPOSIMTUYECKUI XINop nocne
OXNaXXAeHNa UCMonb3yeTcs Ha TOM Xe NpeanpuaTUn Ons nonyyvyeHus xnopuaa sogopoja u
COJISTHOW KMCNOTbI.

ToBapHbIN pacTBOp rMapokcnaa kanua (eakoe Kanw, Kanuesasa Wenodb, rmapaTt oKucu
Kanug), nony4yaemMbli MEMOPaHHbIM METOAOM 3IEKTPONM3a U cogepawmnn He meHee 46 %
KOH, ncnonb3yeTcda B pasnnyHbiX OTPACsX MPOMbILIIIEHHOCTU, B TOM YMCIE B XMMUYECKOWN
OTpacnv NPOMBbILLSIEHHOCTM NP NPOU3BOACTBE TBEPAOro YELUyMPOBAHHOIO rmapata OKUCK
Kanus, npu npousBoacTBe kapboHaTta kanus (noTtawa), B HedTe- 1 rasogobbiBalowen oT-
pacnu, B NPOU3BOACTBE CUHTETUYECKUX Kay4yKOB WU KaTanm3aTopoB, B MPOU3BOACTBE MOKO-
LLMX U YUCTALLNX CPEeCTB, a Takke B 3HepreTvke 1 B hapmaLeBTUYeCcKon OTpacrv.

OcHoOBHble 061aCTV NPUMEHEHMSA TMOPOKCMAA Kanusa npueeaeHsl B Tabnuue 9.4.

9.2.5.2 OnucaHne TeXHONOrM4YeCKNX NpoLeccoB, UCMNOSNb3yeMbIX B
npou3BoACTBE BOAOPOAA, XJiopa U rmapoKcuaa Kanus meMopaHHbIM MeTOA0OM
aneKTponusa

TexHonorns Npou3BoACTBa BOAOPOAA, XJlopa U rmapokcmaa Kanuss MemopaHHbIM Me-
TOAOM 3NEeKTponM3a 3aknyaeTcsa B OAHOBpPeEMeHHOoM (MapannenbHon) u/vnn nocnenosa-
TeNbHOW peanu3auuun crnegyrLwmnx TEXHONOMMYEeCKUX CTagmim, COCTaB KOTOPbIX onpeaensieTcs
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HanpaBfieHMEM MCMNOSb30BaHUA 1 BUOOM (MapKomn) LiefnieBbiX NpoaYyKTOB — BOAOPOAA, Xnopa
N rmgpokcuaa Kkanus (eakoro Kanm):

- NpueM, XpaHeHne U pacTBOPEHNEe UCXOAHOW CONv Kanus XIOopUCToro (xnopuga ka-
nns) U NOAroTOBKAa CbIPOro paccona;

- oyncTKa cbliporo pacteopa KCl cogoBo-kayCTUHECKUM METOAOM OYUCTKM;

- ocBeTneHne obpaboTaHHOro paccoria B OCBETNUTENSX M OTCTOMHMKaxX [oppa;

- punbTpaums paccona oT MeXaHUYeCKnX NpuMecen Ha MexaHN4Yecknx ounbTpax;

- NOHOOOMEHHas O4YNCTKA paccona oT NPUMeCcen MOHOB KamnbLMS U MarHus;

- 3MNEKTPONIN3 OYMLLEHHOrO pacTBopa Xfiopmaa Kanua B aNeKTponimaepax, CHabXeHHbIX
cneunanbHon BMNonNApHON MOHOOBMEHHO MeMbpaHon;

- BakyyMHOoe obecxnopuBaHve aHonuTa;

- OYMCTKa aHomnuTa OT XfopaToB (Ha YCTaHOBKEe pa3pyLUeHNs XIiopaToB);

- KOHUEHTpUpPOBaHME 3NEeKTPONUTUYECKOro eQKoro Kanu (Bblinapka aneKkTpoLLEeSIOKOB) C
nosly4eHMem ToBapHoro rugpata okucu kanma (50%-Horo pactesopa KOH);

- OXnaxaeHue aneKTPONIMTUYECKOro XNopa;

- oXnaxaeHve Boaopoda C Nocreayrwmm HanpasneHneM Ha CMHTE3 xfopuaa BoLo-
poaa;

- OYMCTKa NPOMbILLNEHHBbIX BbIOpocoB (abra3os) oT xnopa,;

- (pacoska, xpaHeHue (cknagMpoBaHWe) N OTrpy3ka roToBOro NPoayKra.

O6wasn npyMHuMnuanbHaa cxema TEXHONOMMYeCcKoro npouecca npoM3BoACTBa BOAOPO-
Aa, xrnopa u rmgpokcuga kanvss meMbpaHHbiM METOAOM 3MEKTPOoNnM3a npeactaBrieHa HuxXe
Ha pucyHke 9.8 (NOMHOCTBLIO aHanorM4yHa Npou3BOACTBY BOAOPOAA, Xnopa M rmgpokcuaa
HaTpUs MemMOpaHHbIM METOAOM 3NEKTPONN3a).

B Tabnuue 9.16 npeacrtasneH npumep onMcaHuMs TEXHOMNOMMYECKoro npouecca npoms-
BOACTBa BO4OPOAA, Xflopa M rmapokenga Kkanusa membpaHHbIM MeTO40M 31eKTponn3a, KoTo-
poe HMKOMM 06pa3oM He MOXET pacCMaTpuBaTbCs Kak €OMHCTBEHHOE U ucyepnbiBakoLlee
onucaHwe, COOTBETCTBYHOLLEE KPUTEPUAM N YCTAHOBNEHHbLIM TEXHOMOMMYECKNUM MoKasaTensam
HAOT (cm. npunoxeHue bB).
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Kanusa (rmgpokcmnaa HaTpusl) MemOpaHHbIM METOA0M
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Tabnuua 9.16 — OnucaHne TeXHONOrMYeckoro npoLecca NPon3BoAcTBa BOAOPOAA, Xflopa U rmapokcuaa Kanvst MeMobpaHHbIM MeTo0M

anekTponusa

BxogHoun noTok

OTan npouecca (nognpo-
uecc)

BbixogHon noTok

OcHoBHOE TexHOMnorm4yeckoe
obopynoBaHue

Amucenn

1. Xnopug kanna TexHu-
YecKkum
2. Bopa pemunHepanuso-
BaHHas

PactBopeHne xnopuga
Kanusa n npurotosneHune
Cblporo paccona

Cblpon paccon (pactBop
xnopuaa kanus)

Catypatopsbl (conepac-
TBOPUTENN); peakTopbl
CMELLEHMS; peaKTopbl
BbIAEPXKKM

LLinam pacTBopeHus conu
(oTxopn)

O6egHeHHbIN (06paT-
HbI1) PAcCON C KOHLEH-
Tpaumen KCI 200 r/gm3

MNoasemHoe pacTtBopeHne
Conn, NnepekaymBaHmne
paccona B oTaernieHve
OYUCTKM paccona

Cblpon paccon ¢ KOHLUEH-
Tpauuen KCI 300 r/gm?

Hacocbl BbIcOKOro aaB-
nexHus

[MpnemMHble eMKOCTU Cbl-
poro paccona

Lym

1. Cbipon paccon KCI
2. KapboHaT kanus

3. Egkoe kanu

4. MNonwakpunamung
5. O6paTHbIn paccon

CopoBo-kaycTunyeckas
O4YUCTKa paccona oT
Kanbuusi, MarHns un xene-
3a, OCBeTIIeHMe pacTBopa
xnopuvaa kanus

1. MoporpeTbin OCBET-
NEHHbIN Paccosi C KOH-
LeHTpauuen 290 r/am3
2. lnamoBas cycneHsus
COO0BO-KayCTU4YeCKom
OYUCTKM paccona

C6opHMKKM (EMKOCTN)
npuemMa n xpaHeHus pac-
TBopa KCl. OTCTONHMKN
Hoppa. OcseTnutenu ku-
nawiero cnos. [lekaHta-
TOpbI

LLinamoBas cycneH3na
(wnam) cogoBo-KayCcTU-
4eCKOM OYUCTKK paccona
Ha pa3MeLleHune (3axopo-
HeHune)

LLiInamoBas cycneH3us
CO0BO-KayCTUYECKOM
OYUCTKM paccorna

dunbTpauus wnamoBomn
CyCrneH3um cogoBo-
KayCTUYECKOWN OYMCTKU

1. OunweHHbIN OTPUNb-
TPOBaHHbIN paccon

2. Kek wnama cogoBo-
KayCTUYECKON OYMUCTKU

dunbTp-npecc

Kek wnama conoso-
KayCTUYECKOWN OYNCTKU
paccona Ha pasMeLleHne
(3axopoHeHune)

OcBeTneHHbIN paccon

dunbTpaumnsa paccona Ha
dunbTpax ¢ HaMbIBHbIM
crnoem

OcBeTneHHbIN paccon,
OTUNBbTPOBAHHBIN OT
B3BELUEHHbIX YacTuL

OunNbTPbI C HAMbIBHBLIM
crnoem u3 anbdga-
Lennonossbl

OTtpaboTaHHbIN, 3arpsas-
HEHHbI HAMbIBHOW CI1OM
dunbTpa (0TX04)

OcBeTneHHbIN paccon

dunbTpayusa paccona Ha
necyaHbIX U/unu aHTpa-
UMTOBbIX oUnbTpax

OcBeTneHHbIN paccon,
OTPUNBbTPOBAHHBIN OT
B3BELUEHHbIX YacTuL

[MecyaHble PUNbTPLI
AHTpauuToBble PUIbTPLI

OtpaboTtaHHbIn, 3arpss-
HEHHbIN Necok; oTpabo-
TaHHbIN aHTpaunT
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BxogHon noTok

OTan npouecca (nognpo-
uecc)

BbixogHon noTok

OcHoBHOE TexHOMnorm4eckoe
obopynoBaHue

Amucenn

O6paTHbIN paccon (aHo-
nmT)

YpaneHue cynb@aTos u3
obpaTHoro paccona

Paccon, ounleHHbIn oT
cynbaToB

YcTaHoBKa yganeHua
cynbaToB

1. Paccon ¢ akTUBHbIM
XNOPOM (aHONUT)
2. CongHag kucnota

YpaneHue xnopartos 13
obpaTHoro paccona
(aHONUTA)

Paccon (aHonuT), oum-
LLEHHbIN OT XfiopaToB

YcTaHoBKa yganeHua
XI1opaToB; peakTop noa-
KucneHust aHonuTa

HesHauuTenbHble BbIOPO-
Cbl Xriopuaa Bogopoaa

O6paTHbIN paccon (aHo-
nuT), copgepKaLmm xnop

YaaneHue octaTo4vyHOro
xnopa m3 obpaTHoro pac-
cona (aHonuta)

O6eaHeHHbIN paccon
(aHonuT) obecxnopeH-
HbIN

1. KonoHHa BakyyMHOro
AexnopupoBaHus
2. BakyymMHble Hacocbl

HesHauntenbHble BbIGPO-
Cbl Xriopa

1. O6egHeHHbIN paccon
(aHONUT), copepxaLymm
Xnop

YpnaneHne octaToyHoro
xfiopa u3 obpaTtHoro pac-
cona (aHonuta)

Paccon (aHonuT) obec-
XITOPEHHbIN

1. dunbTp C aKTMBUPO-
BaHHbIM yrnem
2. C6opHuK paccona

OTpaboTaHHbIN YronbHbIV
dunbTp C aKTUBNPOBAH-
HbIM yrnem

1. OcBeTneHHbIN, OT-
PUnbTPOBaHHLIN paccon
2. NoHoobOMmeHHas cmona
TP-208

3akniounTeribHas 04ncT-
Ka paccora oT npumecemn
Kanbumsi 1 MarHms Ha
yCTaHOBKE MOHOOOMEH-
HOM OYNCTKMU

OTmnNbTpOBaHHBIN O4n-
LLIeHHbI paccon ansa
anekTponusa

1. NoHOOBMEHHbIE KO-
NOHHbI (YCTAHOBKM O4YUCT-
Kn)

2. COopHMKM (EMKOCTI)
npyema n xpaHeHus pac-
cona ans anekrtponusa

OtpaboTaHHasi MOHOO6-
MeHHasi cMona

1. OunieHHbIn paccon
Ans anekTponusa

2. AHonut

3. lemnHepanusoBaHHas
BOOa

4. ConsHasga kucnota

5. QnekTpoaHeprusa

6. OQHeprus (nap)

OnekTponuna B bmunonsp-
HbIX MEMOpPaHHbIX 3Mek-
Tponuaepax

1. BnekTponunTuyeckmin
XJ10pP Br@XHbIN

2. ONeKTponuUTUYECKUn
BOOPOL BNaXHbIi

3. Katonut — anekTpo-
wenoka 31 % — 33 %
KOH

4. AHonuT (C cogepxaHu-
€M aKTUBHOro xropa)

1. HanopHbIn 6ak pacco-
na

2. bunongapHbIN 3NekTpo-
nusep ¢ 1 NPUXUMHbIM
npeccom. Konnyectso
a4yeek — 84 wr.

OneKkTpoMarHMTHoe BO3-
aencteue (3arpsisHeHue).
OMu1CCcUS TENNOBOWN aHEpP-
mm
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BxogHon noTok

OTan npouecca (nognpo-
uecc)

BbixogHon noTok

OcHoBHOE TexHOMnorm4eckoe
obopynoBaHue

Amucenn

1. BnekTponnTuyecknin
BOAOPO BNaxHbIn
2. OneKkTpo3Heprua
3. Boga obopoTHas

OxnaxageHue n komnpu-
MUpPOBaHMe Bogopoaa

1. BnekTponnTuyeckmin
BOLOpPOL CyxXoun oxna-
YKOEHHbIN

2. BoaHbin koHOoeHcaT

1. TennooO®MeHHUKN KO-

XyXOTpyOHble Ans Bogo-
poaa (F = 754 m?;

F =249 m?)

2. Komnpeccopsl

3. MNpombiBOYHas 6aluHsA
4. YcTaHOBKa KOMNpUMU-
poBaHMsa BOAOpoaa

BoaHbi KOHAEHCaT B
00Le3aBOACKY0 CUCTEMY
obopoTHOro BogocHab-
XeHus

1. BnekTponnTuyeckuin
XJ10p BNaXHbIn

2. KoHueHTpupoBaHHas
cepHas kucnota (92 % —
98 %) unu oneym 24 %
3. OneKkTpoaHeprus

4. Boga Ha abcopbuunto
U1 pacTeop rmapokcuaa
Kanus

5. ObopoTHas Boaa

6. 3axono)eHHas Boaa

OxnaxgeHue n ocyLuka
xnopa

1. BnekTponunTuyeckmmn
XJ10p Cyxomn

2. OTpaboTtaHHasa cepHas
Kucnota

3. XnopHas Boga nnu ru-
NOXNOPUT HaTpUA

1. Tennoo®MeHHUKN K/T
2. dunbTp BNaXXHOro
xnopa

3. balwHu (KONOHHbI)
OCYLLKM Xriopa ¢ Hacag-
Kown 13 koneu Pawwura

4. BawwHu (KONOHHbI)
CYLLIKW Xrlopa C perynsp-
HOW Hacagkou

5. bawHsa otbonHasga ¢
Hacagkoun u3 konew Pa-
wura

6. dnnNbTp cyxoro xnopa
7. Typbokomnpeccop

1. OtpaboTaHHas cepHas
KMcnoTta Ha npogaxy, Ha
pereHepaumto, Unu Ha
obe3BpexunBaHue, Unm Ha
3axOpOoHeHne

2. XnopHas Boga (Boga ¢
pacTBOPEHHbLIM XITOPOM)
Ha OexnopupoBaHue unu
pacTBOp runoxsopuTta
HaTpUsa Ha YyTUNU3aumio B
KOHType paccona

3. OTpaboTaHHble dunb-
TPbI CyXOro xsiopa

LTOC—VE J1M
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BxogHon noTok

OTan npouecca (nognpo-
uecc)

BbixogHon noTok

OCHOBHOE TexHomnorm4eckoe

obopynoBaHue

Amucenn

1. KaTonut — anekTpo-
wenoka (31 % — 33 %)
2. BoinapeHHas Boga
(koHaeHcaT) unn obecco-
neHHas Boga

3. Tennosas aHeprus

BbinapuBaHue kaTtonuta
(3nekTpoLLenokoB) —
KOHLEHTpMpOBaHue pac-
TBOpa €4KOro Kanu c no-
nyyeHNMeM TOBapHOro
npoaykra no

FOCT 9285—78

1. KOHUEHTPUPOBaHHLIN
pacTBOp €4KOro Kanu
TEXHUYECKOro no

FOCT 9285—78

2. KoHgeHcaT oT rpetoLye-
ro napa

3. BoinapeHHasa Boaa

1. BuinapHsle annapartsil |,
[l v [l KopnycoB Ha Tpex
BbIMapHbIX CUCTEMAX UIK
OBYXKOpMycHas Bbinap-
Hasa ycTaHOBKa; ncnapu-
TENU C nagaroLlen nneH-
KOW

2. [pagnpHsa ¢ npuHyau-
TESIbHOM TAron

3. bak-oTCTONHUK nnu
€MKOCTUN XpaHeHUs Kay-
CTUKa

4. TennoobMeHHUKM

5. BakyymHbIN KOHOEHCa-
TOp

1. BMuceua Tennosow
3Heprnm
2. Wym

1. Eakoe kanun TexHuye-
ckoe (kngkoe)

XpaHeHue 1 oTrpyska
pacTBopa HaTpa eaKoro
TEXHUYECKOro

KaycTtuyeckas coga xuna-
Kas (pacTtBop rmgpata
OKMCW Kanus)

1. CtaHuus oTrpysku ea-
Koro kanm 46 % — 50 %
2. EMkocTun xpaHeHus
Lenoyu

3. Hacocbl ans weno4n

HesHauntenbHble BbIOGPO-
cbl aapo3onsa KOH B at-

Mocdepy

1. ONeKkTponUTUYECKUI
XINop Cyxomn

2. OnNeKTpo3Heprus

3. Xonog —20 °C

KomnpumupoBaHue n
CXWXeHue xropa

1. Xngkum xnop

2. AGrasbl CXXmKeHns

3. Abrasbl BakyymrnpoBa-
HUS

4. XnopHas Boga unwu rm-
NOXmNopuT HaTpuSa

1. YcTtaHoBKa KOMMpUMU-
poBaHUA xropa
2. Typbokomnpeccop

Bbibpochl xnopa B atmo-
cepy

LTOC—VE J1U
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OkoHyaHue mabnuuybi 9.16

BxogHon noTok

OTan npouecca (nognpo-
uecc)

BbixogHon noTok

OcHoBHOE TexHOMnorm4eckoe
obopynoBaHue

Amucenn

1. XnopHasa Boga
2. CongHasg kucroTa
3. MNap

[lexnopupoBaHue xnop-
HOW BOAbI

Ob6ecxnopeHHasa Boga

1. exnopatop | ctyneHun
2. Aexnopatop Il cTynexHn
3. Cmecutenb

ObecxnopeHHasa Boaa
(xnop pacTBOPEHHLIN,
XNOPUA-aHUOH) B KaHanm-
3auuto unm Ha bOC

LTOC—VE J1M
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B Tabnuue 9.17 npuBegeHO OCHOBHOE TEXHONorMyeckoe obopyaoBaHMe MNpoun3BOa-
CTBa BOAOPOAaA, XJiopa 1 rmgpokcmaa kanmss MeMmOpaHHbIM METOOOM 3MEKTPONn3a.

Tabnunya 9.17 — OcHoBHOE TexHonornyeckoe obopyaoBaHMe NpoM3BoACTBa BOAOPOAA,
Xriopa u rugpokcuaa kanust MembpaHHbIM METOAOM 3MEKTPONM3a

HanmeHoBaHne obopyaoBa-
HMS

HasHauyeHue obopynoBaHus

TexHonornyeckme xapakTepucTu-
Ku

CaTtypatopsbl (conepac-
TBOPUTENN)

PacTtBopeHune xnopuga kanus

EmMkocTn xpaHeHua pac-
TBOpa KCI

XpaHeHuve pacTBopa xnopuaa
Kanus

PeakTopbl cmeLLeHns

OuncTka paccona cogoBo-
KayCTU4eCKknumMm MeToaoM

PeakTopbl BblaAepXKK

Ouuctka pacteopa KCI (npoTe-
KaHue peakumm)

OcBeTnuTenu

OcseTrneHune pacteopa KCI
(oToeneHve npumecen)

OcBeTnuTenu KMnsiLero cnos

OtcTonHukm doppa ¢ me-
LIankon

Ounctka pactBopa KCl meTo-
Aom pasgeneHus ¢gas (oca-
XOeHus) B pagmanbHbIX OT-
CTOMHUKAX

AnnapaT uMnmHgpuyeckum
BEPTUKanbHbIN C KOHUYECKUM
gHnwem; D = 15 000 mm; BMe-
cTumMocTb 1200 m®

CDVIJ'IprbI MexXaHn4eckme

[na dovnbTpaunm oCcBETNIEHHO-
ro pacteopa KCI

Annapat yMnuHgpuyecknmn
BepTUKanbHbIN CO chepunye-
CKUM OHULLEM U KPbILLKOW, 3a-
NOJSIHEH MPaMOPHOW KPOLLIKOW;
NOBEPXHOCTb PUnbTpaumm
7,1 m?, D = 3000 mwm;

H =3667 mm

CDVIJ'IprbI MexaHn4eckme

dunbTpauuns 0CBETNIEHHOrO
pacteBopa KCI| oT mexaHn4e-
CKNX npumecen

Annapat yMnuHgpuyecknmn
BEPTMKanbHbIN C aNIMnTu4ye-
CKOW KPbILUKOW N KOHUYECKUM
OHULLEM, C YCTaHOBIIEHHbIMN
PUNbTPYOLWNMU 3rieMeHTamu,
NOBEPXHOCTb pUnbTpaumm

9 m?, D = 2400 mwm;

H =3740 mm

dunbTp-npecc

dunbTpayusa WnaMmoBomn cyc-
neH3nu n3 otctonHmnkos Hdoppa

MoBepxHOCTb unbTpaLmn
7,1 M2 unu 40 m?,

(DVIJ'IprbI C HaMbIBHbIM
crnoem

dunbTpayusa paccona ot npu-
mecem

(DVIJ'IprbI C HaMbIBHbIM CJ10€M
13 a-Uennonoa3bl

MNoHOOOMEHHbIE KONOHHbI

OuncTka paccona oT npume-
Ccen KanbLuga n MmarHms

KonoHHa ¢ kKaTMOHOOOMEHHON
cMonou
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HanmeHoBaHue oGopyaoBa-
HUA

HasHauyeHue obopynoBaHus

TexHonornyeckune XapakTepuctu-
KK

MoHoOBMEHHbIE hrnbTpbI

OuuncTtka paccona meTogom
NMOHHOro obmeHa u cunbTpa-
Lunm

AnnapaTt UMnnMHOPUYECKN C
AMNMUNTUYECKOWN KPbILLKOU Y
AHULLEM, 3aMnOoSfTHEH CNoeMm
NOHOOBMEHHON CMONbI;

V = 7,06 m3;, D = 2500 mMMm;

H = 3500 mm

YcTaHoBKa yganeHus
XnopaToB U3 aHonuTa

YpaaneHue xnopaToB 13 pac-
cona (aHonuta)

PeaKTop nogKncrneHnd aHosmnu-
Ta

KonoHHa (6alwuHs) Baky-
YMHOIO OeXOpUpoBaHns

YpaneHue xnopa 3 pactsopa
(aHonuTa) — obecxnopuBaHune
aHonuTta

BepTukanbHbin umnuHapuye-
CKUK annapat C NioCcKNMu
KPbILLKOW U OHULLEM CO CIoeMm
Hacagkn; D = 2200 mm;

H = 6400 mm

KoHaeHcaTop naporaso-
BOM CMecu

[nsa oxnaxaeHus naporasoBown
cmecu npm obecxnopmBaHnm
aHonuTa

TennoobMeHHUK nnacTuHya-
ThbllA; NMoLwaab TennoodbmeHa
62,9 M2

dunbTp ¢ aKTMBMPOBAH-
HbIM yrrnem

YpaneHue xnopa 3 pacteopa
KCI (aHonuTa)

EmkocTtun pacteopa KClI

C6op pacteopa KCI

EmkocTb KaTonuta

C6op katonuTta

EmkocTn egkoro kanu; 6ak
npuemMa n xpaHeHusi eaKo-
ro Kanwu

[ns npuema n xpaHeHns eaKo-
ro Kanu TEXHUYECKOro

Unnnngpunyecknn 6ak, ceap-
HOWN, C KOHNYECKOW KPbILLKOW N
NIOCKUM OHULLEM;

D = 12500 mwm; V = 3500 m3

OnekTtponuaepbl Guno-
nsipHble

OIeKTponn3 pacTteopa xopu-
Aa Kanuvs ¢ nony4yeHvem Bogo-
poja, xropa v pacrteopa rma-
pokcuaa kanus (30 % KOH)

bunonsapHbIn anekTponunsep,
OAHOCTOPOHHEE UCMNOSTHEHNE C
1 npwxnMMHbIM npeccoM. Konu-
4YecTBO AYeek — 84 wT. Cuna
Toka 14,045-16 kA; NfIOTHOCTb
ToKa 4,278 KA/M?; HanpskeHne
300 B; adbdekTnBHaa noBepx-
HOCTb MeMbpaHbl 3,276 M2

YcTaHOBKa KOHLEHTpU-
poBaHUSA (BbliNapuBaHus)
Kanuesou Lienoym

KoHUEeHTprpoBaHMe X1aKoro
epkoro kanu ¢ 30 % KOH no
MacCcoBOM A0Nn rmapokcmaa
Kanusa 46 % — 50 %

[iByxkopnycHas BbinapHas
yCTaHOBKa (OBe ctagun);
ABYXCTyrneH4yaTas BbinapHas
ycTaHoBka. Vcnaputenu ¢ na-
Jaroulen nneHKon, npeacras-
nawouwme cobon HepxaBeroLnn
annapar 13 rpetowemn Kamepbl
N cenaparopa; TenrioobmMeHHu-
Kn
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OkoHyaHue mabnuubi 9.17

HanmeHoBaHue oGopyaoBa-
HUA

HasHauyeHue obopynoBaHus

TexHonornyeckune XapakTepuctu-
KK

BbinapHon annapat

YnapusaHue pacteopa rma-
pokcuaa Kkanus

Mnowaab TennoobmeHa —
250 m?; D = 2200 mMm;
H = 14695 mm

BakyymMmHble KoHOeHcaTo-
pbl

KoHaeHcaums cokoBOro napa u
co3faHue Bakyyma B cucteme

BmectumocTb TpybHOro npo-
cTpaHcTBa — 2,2 M3;
MeXTpybHoro — 3 m3

pagupHsa ¢ NpuHyan-
TENbHON TAroN

[ns cucrtembl 060pOTHOrO BO-
AOCHabXeHus oTaeneHus Bbl-
napkm

BeHTunsitopHas rpagupHs

"a3onpombiBoYHas 6aluHsA

[nsa oxnaxaeHust anNeKkTponm-
TM4yeckoro xropa (xnoprasa)

Annapart BepTuKanbHbIN C
NSIOCKUM OHULLEM U chepurye-
CKOW KPbILLKOW CO CITIOEM
Hacagku n3 NBX n kanneot-
©onHukom; D = 2200 mMm;

H = 13800 mm

TennoobmeHHuKkM (xono-
ANITbHUKK) Xropa

OxnaxaeHve anekTponuTuYe-
CKOro xropa

TennoobMeHHMK KOXyXoTpy6b-
HbIX; Nnowaab TennoobmeHa
120 m?

[MpoMbILWNEHHbIN OXNnaaun-
Tenb BOAbl

[nsa oxnaxgeHust XnopHOW BO-
Abl B CUCTEME LMPKYNALMM ra-
30MpOMbIBOYHOM BaLLHM

Yunnepobl-oxnagntenn; npous-
BoguTenbHocTb 42 000 kKan/v
KaXkabln

TennoobmeHHuK (xono-
AUIbHUK) BoAgopoaa

OxnaxageHue Bogopoaa

TemnnoobMeHHMK ¢ 06opoT-
HOW BOOOM

lMpeacTtaBneHHbl B Tabnumue 9.17 nepeyeHb OCHOBHOIO TEXHOMOrM4Yeckoro obopyao-
BaHUSA HE MOXEeT pacCMaTpMBaTbCs KaK MCYEPMbIBAOLLMA, NOCKOMbKY BO3MOXHO NpUMEHe-
HME MHOrO TEXHOMOrMYecKoro o6opyaoBaHMs, NO3BOMSIOLEr0 JOCTUYb YCTAHOBIEHHbIX TEX-
Honornyeckmnx nokasatenen HOT (cm. npunoxeHue b).

9.2.5.3 CBeaeHus 06 ncnonb3yemMom NpUpoaooxXpaHHOM o6opyaoBaHUMU

B Tabnuue 9.18 npeacraBneHo OCHOBHOE NpUpoaooxpaHHoe obopyaoBaHue, npeaHa-
3HaA4YeHHOEe A5 OYUCTKM NPOMBbILLSIEHHBIX BbIBPOCOB NPOM3BOACTBA BO4OPOAA, XNopa U rma-
pokcuga Kanus MembpaHHbIM METOOOM 3feKTponv3a oT 3arpasHalowmx BewecTs. [pea-
CTaBrneHHbI B Tabnuue 9.18 nepeyeHb NpUpoaoOXpaHHOro obopynoBaHUA HE MOXET pac-
CMaTpuMBaTbCA KaK MCYEpMnbIBAOLIMA, MOCKOMbKY BO3MOXHO NPUMEHEHME WMHOro Mnpupoao-
OXpaHHOro 06opyaoBaHMs, NO3BOMSAIOLLIErO 4OCTUYb YCTAHOBIIEHHbBIX TEXHOMOIMYECKMX NoKa-
3atenen HOT (cm. npunoxexue b).
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Tabnuuya 9.18 — lNpupoagooxpaHHoe obopyaoBaHne NPon3BOLCTBA BOAOPOAA, XJlopa U
rmgpokcuaa Kkanus memépaHHbIM METOAOM 3MeKTponm3a

HanmeHoBaHne obopyaoBa-

s HasHaueHne oGopynoBaHus |  TexHomornyeckme xapakrepucTukm

CaHutapHas konoHHa (ko- | OuncTtka Bbl6pocoB (ra3o- |BepTukanbHbIi annapat C KpbiLl-
noHHa abcopbuun xnopa) |BO3QYLLUHON CMECU — Kon; paspexeHune oT muHyc 0,6 ao
BC) oT xnopa muHyc 1,2 kMa, BMecTumocTb 82 M3;
pacxoa NBC — 0,0199 m%/c; Tem-
nepatypa 'BC 30 °C; acppekTums-
HOCTb o4nCTKM — o 100 %:; BbICO-
Ta TpyObl — 22 M

CaHuTapHas KornoHHa Ouunctka rasoBbix BblIbpo- | BepTukanbHbIN LUAMHAPUYECKNI
COB Ha y4acTKke cknaga u |annapar; pacxog [BC —

cTaHuuu ucnapenus xua- | 0,074 m3/c; Temnepatypa NBC
Koro xropa 22,0 °C; appEeKTUBHOCTb OYUCT-
kn — o 100 %; BbicoTa TpyObl —
17 m

9.2.5.4 OcHOBHbIe (haKTOpbl, XapaKTepu3yrLlme oxXpaHy OKpyXatrlLlen cpeabl 1
yCTOMYMBOE pa3BMTUE NPOU3BOACTBA BOAOPOAA, XJIOpa U rMapoKcuaa Kanusa
MeMOpaHHbIM MEeTOAOM 3J1eKTponun3a

OCHOBHbIMUK (baKTOpaMK, XapakTepU3yoLLMMM OXpPaHy OKpYXKatoLlen cpeabl npu npo-
N3BOACTBE BOAOPOAA, XJlopa U rmgpokcmaa kanna MmemOpaHHbIM METOAOM 3f1EeKTPONun3a, SB-
naTCs:

- yoenbHoe notpebneHne anekTpoaHeprum 1 TENIOBOWN AHEPTUN;

- yoenbHoe notpebneHne n aMMccmsa CEPHON KNCIOTbI NPY NOMyYEHUU XNopa;

- Hanuune n 3PPEKTUBHOCTb yTUNM3auum (MCNonb30BaHUs) OTXOLAOB NPOU3BOACTBA,
cogepXaLlmx CepHYI KACIOTY U LWnamMbl OYUCTKU paccosia, B TOM Yucrie B ApYrnx oTpacnax
3KOHOMUKM;

- HanMune M 3PPEKTUBHOCTb OYUCTKM UK NMOBTOPHOIO MCMNOJSIb30BAHUSA CTOYHbIX BOA
NPOn3BOLACTBA, CoaepXaLmux cynbdat n xnopua, Kanus;

- KOHTPOSIb 3arps3HEHNS aTMOCGEPHOro Bo3ayxa (Xnop, cepHas Kucnora).

OCHOBHbIMUK (hpakTOpamMu, XapakTepusyrLwmMn yCTOMYMBOE pasBUTUE MPOU3BOACTBA
BOOOPOAA, Xropa U rmapokcnaa kanma memMbpaHHbIM METOAOM SMNEKTPONM3a, ABMASATCS:

- Hannume 1 6NN30CTb PacrnonoXeHNa MecTopoXaeHui No Aobblye pacTBopa xropuaa
Kanus nnu TeBepaoro xnopuaa kanms — cunbeuHa KCl ¢ uenbto obecnedeHuns npomsBoacTea
CblpbEM 1 COXpaHeHUs 3anacos B TedeHune 20—40 ner;

- obecnevyeHHOCTb NPON3BOACTBA ANEKTPOIHEPTUEN;

- obecnevyeHHOCTb CTabunbHOro M cbanaHCcMpoOBaHHOIO CObITA UMM UCNOSb30BaHUS
(nepepaboTkKn) BCeEX TPEX NPOAYKTOB NPON3BOACTBA.
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9.2.6 OnucaHue TexXHONOrM4YeCcKMX NpPoLeccoB, UCNONb3yeMbIX B HacTosiLee
BpeMs B NPOM3BOACTBE CUHTETUYECKOMN CONAHOM KUCIOTbI

B HacTodWweM pasgene paccmMaTpuBalOTCA TEXHOSIOrMYecKMe npouecchbl, OCHOBHOE U
npupogooxpaHHoe obopyaoBaHME MPOM3BOACTBA CUHTETUYECKOW CONAHOW KUCIOTbl METO-
AOM CMHTEe3a xropuaa Bogopoaa ¢ nocneayrowen abcopbumen BOAON.

TexHonorna npon3BoAcCTBa CUHTETUYECKOW COJSIAHOM KMCNOThI 3akrkoyaeTcs B nocne-
AoBaTeribHOW peanuaauum crieayrowmx TEXHONOrMYeCKUX CTaanm:

- CMHTEe3 xJfiopuaa Bogopoaa u3 xrnopa v Bogopoaa;

- abcopbums xnopuaa Bogopoaa BoAOW C NONyYEHMEM CONAHON KMCAOTbI;

- OYMCTKa Unn HenTpanu3aumsa abra3oB NpoM3BOACTBa OT XNopMaa BO4OPOAa;

- NONy4YeHne MHIMBMPOBAHHOW CONAHON KMCIOTbI (MPY HEOBXOANMOCTI);

- (pacoska, xpaHeHue (cknagMpoBaHWe) N OTrpy3ka roToBOro NPoayKra.

Xnmusm npoecca NponsBoacTBa COSSTHOM KUCIOTbl OMUCLIBAETCA CrnefyoLlen 3K30-
TEPMNYECKON XUMNYECKOWN peakuunen:

H2 + Cl2 = 2HCI + 184,7 k[]x/Mmonb.
9.2.6.1 O6wume cBegeHUA O NPOU3BOACTBE CONIAHOM KUCIOTbI

B HacToswwee Bpems B Poccuiickon degepauum B NnpoMbilLIEHHOM MacwTabe peanu-
30BaHbl ABa MeToda (cnocoba) NpoM3BOACTBA CONAHOWN KMCAOTbI:

- METOA B3aMMOAENCTBMS XJlopa 1 Bogopoaa ¢ obpasoBaHMeM xnopuga Bogopona C
nocnegyoLien ero abcopobumen Bogomn ¢ NosTy4eHMEM CUHTETUHECKON CONAHON KMCMOTbI;

- meTopq, abcopbunn Bogon abrasHoro xnopuga sogopona, obpasyrowerocs npu xno-
PUPOBaHUM OpPraHNYECKUX COEAMHEHUIN ra3o0bpasHbIM XITOPOM, NMMBO Npu OKUCNEHUN (CXU-
raHnn) XnopopraHNYecknx CoeanHeHn, ¢ Nony4eHnem abrasHom COnsAHON KNCIOTbI.

OCHOBHbIM METOAOM MPOM3BOACTBA CONSIHOM KUCNOTbl ABNSAETCA B3aMMOLEWNCTBUE
Xnopa n Bogopoaa ¢ obpasoBaHMEM Xfopuaa Bogopoda € nocnefyrouwen ero abecopbumnen
BOLOW C MOSTy4YEHNEM BbICOKOKQYECTBEHHOW CUHTETUYECKOW CONMSAHOWN KUCIOThI. [JaHHbIN Me-
TOA NO3BOMSIET MNOSlydaTb BbICOKOYUCTYHO COMSIHYKO KUCMNOTYy ¢ maccoson gonen HCI go
35 % — 38 %.

B otnnumne ot nepeoro metoga nonyveHus meton abcopbuum Bogon abrasHoro xro-
puga Bogopona, obpasyowerocsi Npu XnopmpoBaHUM pasnmyHbIX OPraHNYeCcKUX CoeaAMHEHUN
razoobpasHbiM XIIOPOM, XapakTepusyeTcs MoNyYeHMEeM MeHee YUCTOMW, Tak Ha3blBaemMoWn
abra3Hon, CONSIHOM KUCIOTbI, COAepKaLllen OpraHM4eckne NpMMecu n akTmBHbIn xnop. Kpo-
Me Toro, B abrasHoM CONsiHOM KMUCNOTE MaccoBasi AONs xnopuga Bogopoda cCocTaBnsieT
20 % — 28 %, T. €. HMXKEe, YEM B CUHTETUYECKOM COonsiHOW Kucnote. [JaHHbIn MeTod npous-
BOACTBA CONSIHOW KUCMOTbI crieQyeT paccmaTpuBaTb Kak MEeTo4 NOonyvYeHusa nonyTHOW Mpo-
AYyKUMM — abrasHom CONAHON KUCIOThbl B NPON3BOACTBAX XJIOPMETAHOB, XJIOPMPOBAHHbIX Na-
paduHOB, rekcaxnop-napa-kcunona, xnopbeHsona, XnopmMpoBaHHOrO NONMAITUNEHA U OPYINX
XNOpPUPOBaHHbIX YrNeBOAOPOA0B.

OcHoBHble 061acTV NPUMEHEHUS CONAHON KMCNOTbI NpuBeAeHbI B Tabnvue 9.13.

B HacTodwem cnpaBoyHuke HOT npencraBneHbl cBeOeHUS U TEXHONOMMYeckme noka-
3aTenun NpoM3BOACTBA CUHTETUYECKON CONAHON KUCNOTbI METOAOM B3aUMOAENCTBUSA Xnopa U
BOAOpOAa ¢ nocneayowen abcopbunen obpasytoLlerocs xnopmaa Bogopoaa BoLOMN.
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9.2.6.2 OnucaHue npouecca Nosy4eHUA CUHTETUYECKON CONAHOWN KUCTOTbI

TexHonornyeckum npouecc nosly4eHUss CUHTETUYECKON CONSAHOM KUCMNOTbI BKMOYaeT B
cebs cnepywowme ctagum:

- CMHTE3 Xxnopuga BoAopoda B3aMMOAEWCTBMEM XSflopa WM Bogopoda B cneumaribHbIX
nevax CMHTe3a, CHabXXeHHbIX rOPEnKon;

- abcopbumsa xnopuaa Bogopoaa B abCopOLMOHHbBIX KOFTOHHAX C NOSTyYeHNEM KUCIOTbI
CONAHON CUHTETUYECKON TEXHUYECKOW;

- O4YUCTKa u/unn HenTpanusauma abra3oB NPOM3BOACTBA;

- XpaHeHne N OTrpy3Ka COSIAHOM KUCNOTbI NOTpeduTento.

Ha pucyHke 9.9 npuBegeHa npuHuunuanbHas cxema npous3BOACTBa KUCNOTbI COMSIHOM
CUHTETMYECKON TEXHUYECKOW, KOTOPYK HMKOMM O0Opa3oM He crefyeT paccmaTpuBaTth Kak
€[MHCTBEHHYK CXEMY NMPOU3BOACTBA KMCNOTbl CONAHOM CUHTETUYECKOW, COOTBETCTBYIOLLYIO
Kputepuam n TexHonorndyecknum rnokasatenam HOT.
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Mpou3BoACTBO KUCNOThLI CONAAHOW CUMHTETUUYECKON TeXHUYECKOM

Xnopra3s OCyLUEHHbIN

. Meyn cuHTE3a . Abcopbep, KonoHHa
(xnop BNaXHbIN) XnopucTbii BOAOPOL,

HacagoyHas

4
Y

Bopopopa TexHnyeckuii |

(3aneKkTponuTU4eCKun) EmMkocTb, cOOpHUK

KucnoTta consHasa cMHTeTu4eckas COJISAHOW KNUCNOTbI

abrassbl

10-23%-HbIi pacTBOpP HATpPa €4KOro TEXHUYECKOro

>

A

nnn 0 — 7%-Hblil pacTBOP COMAHON KUCMOThI KononHa

PucyHok 9.9 — lNpuHumMnuansHas cxema Nnpou3BoACTBa KUCMOTbl COSIAHOM CUHTETUYECKOWN TEXHUYECKON
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Hwxe B Tabnuue 9.19 npuBegeHO OCHOBHOE TEXHOMOrM4yeckoe obopyaoBaHne npouns-
BOACTBa CMHTETUYECKOM CONAHOW KMCMNOTbl METOOOM CUMHTE3a Xropuga Bogopoda u3 Boo-
poga u xrnopa ¢ nocrniegyrowien abcopbunen xnopmaa BoAopoaa BOAOMN.

Tabnuya 9.19 — OcHoBHOE TexHoMornyeckoe obopyaoBaHme NPon3BoACTBa
CUHTETUYECKON CONAHOWN KUCIOTbI

HanmeHoBaHune obopy-
AoBaHusA

HasHauyeHue obopynoBaHus

TexHonornyeckme xapakTepucTmkm

Bydep

Mpuem u pacnpenenenve
abrasHoro n/vnun anekTpo-
NINTUYECKOro xnopa

BmectumocTs 10 m3; H = 2500
(4430) mm; D = 2000 mm; faBneHue pa-
6ouee 0,6-1,5 MIla; cpega — xnop

[Neyb cuHTE3a

MonyyeHue xnopwuaa Bo-
Jopopa nytem cuHTesa
xriopuga sogopona na
abrasHoro xnopa n/unu
XJlopa TEXHUYECKOrO U
BOOOPOAA 3NEKTPONUTK-
YecKoro

1. BepTuKanbHbIA LMNUHAPWUYECKUIA an-
napaT u3 BYyX YCEeYEHHbIX KOHYCOB,
BEPXHU KOHYC: BblcoTa 3800 mm; ava-
meTp Bepxa 1100 mm; guameTp H13a
1700 mMm. HmxHUKM koHyc: H = 1600 mm;
anameTp Bepxa 1700 mm; gnameTp HM3a
900 mm; TemnepaTtypa 450 °C — 580 °C;
cpefa — xnop, Bogopoa.

2. BepTukanbHble LunuHapuyeckue
LenbHOCBapHble annapaTbl C KOHMYe-
CK/M OHuLLEM 1 Kpbiwkon: D = 1800 mm,
H =9660 mm; D = 1400 mm,

H =9000 mm; D = 1600 MM,

H = 9000 mm; cHabxeHbl ropenkon.

3. Annapar c pybaiukon D = 600 mm,

H = 7500 mm, roperka coCcTouT 13 AByxX
KBapLeBbIX TPYO: AMameTp HapyXHbI
100 mm; gnameTp BHYTPeHHUA 50 MM.

4. Unnungpuyecknin annapaTt, BMECTU-
MOCTb 25 M3, D = 2000 MM, Ppas —

0,06 MIMNa, TemnepaTtypa 450 °C. ['open-
ka anametpom 100 mm. Cpeaa: xnop,
BOAOPOA, XNOPUCTbIN BOOOPOA

Abcopbep

Abcopbuma xnopmaa Bo-
aopoga Boaoun

Kopo6oH; nnowanb NnoBEPXHOCTM Ten-
noobmeHa 12,5 m?; TemnepaTypa 0o
200 °C; cpega — XnopucTbi BOOOPOS

EmMKoCTb XpaHeHusa
KMCNOTbI

lNpnem, xpaHeHne u Bbl-
Jaya KNCIoTbl CONAHOU
CUHTETUYECKOWN TEXHUNYE-
cKou

CreknonnacTuk unvm ryMMmMpoB. eM-
KOCTb; BMecTumocTb 100 m3; L = 14 500
(14 895) mm, D = 3000 mm; cpepa —
consHas Kucnorta

Abcopbep

Abcopbuma xnopmaa Bo-
aopoga Boaou

Kopo6oH; nnowaab NoBEPXHOCTM Ten-
noobmena 12,5 m?, cpea — consHas
KMcroTa, XropucTbi BO4OPOS
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lMpodomkeHue mabnuybi 9.19

HanmeHoBaHue o6opy-
[OBaHUs

HasHauyeHue obopynoBaHus

TexHonornyeckme xapakTepucTmkm

Abcopbep

Abcopbuma xnopmaa Bo-

aopoga Boaou

Kopo6oH; nnowaab NnoBEPXHOCTM Ten-
noobmeHa 16 mM?, cpeaga — consaHas
KMcnoTa, XNOpUCTbIN BOOOPOA

Abcopbep

Abcopbuusa xnopuaa Bo-

aopoja Boaoun

Kopo6GoH; nnowaab NOBEPXHOCTM Ten-
noobmeHa 12,5 m?, cpega — consiHas
KMcroTa, XropucTbi BO4OPOa

Abcopbep

Abcopbuma xnopmaa Bo-

aopoga Boaou

lMnowaab NnoBepXHOCTM TeNsIoobMeHa
368 m2; D = 1380 mm; H = 7900 mwm.

B TpyGHOM npocTpaHCcTBE: TemnepaTypa
MuHyc 40 °C — 60 °C, paBneHune

0,07 Mla. Cpega: xnopucTbii BOAOPOL,
KMcnoTta consiHas.

B mexTpybHOM npocTpaHcTBe: aaBne-
Hue 0,45 Mla; cpega — Boga o6opoT-
Has

Abcopbep

Abcopbuma xnopmaa Bo-
aopopaa Bogou

lMnowaab NnoBepXHOCTM TeNSIoobMeHa
370 m?; D = 1480 mm; H = 6607 MMm.

B TpyGHOM npocTpaHCcTBE: AaBneHne
paboyee 0,07 Mla, TemnepaTypa pabo-
yasa mmHyc 40 °C — 60 °C. Cpepga —
XNOPUCTLIN BOAOPOA, KACNOTa ConsiHas.
B mexTpybHOM npocTpaHcTBe: faBne-
Hue pabouee 0,30-0,45 Mla, Temnepa-
Typa pabouyas 27 °C. Cpega — Boga
obopoTHas

KornoHHa

Abcopbuus xnopmnga Bo-
aopopaa sogoun

BmecTtumocTb 2,4 m3; nasneHme — ot
atmocdepHoro go 0,07 MMMa.
Temnepatypa 40 °C — 60 °C.
BHyTpeHHUn guametp 600—800 mMm. Bbl-
coTa 6012 mm. Hacagka: dotoponnacTto-
Bble Konbua Pawwra 50 x 50 mm. Beico-
Ta Hacagkm 3500 mm. Cpega — kucrnoTta
consiHasd

EmkocTb

lNpnem, xpaHeHue n oT-
rpy3ka KMCnoTbl CONAHON

BmecTtumocTtb 70 M3, L = 8800 MM,
D = 3200 mm; cpena — conaHas KACro-
Ta

EmkocTb

Mpuem, xpaHeHue u OT-
rpyska KMcrnoTbl CONAHON

BmectumocTs 50 m3, D = 2400 mm, cpe-
[a — conaHas KucnoTa

EmkocTb

Mpuem, xpaHeHue u OT-
rpy3ka KMCnoTbl CONAHON

BmectumocTb 40 m3, D = 3000 MM,
L = 5460 mm; cpena — consHas KACIo-
Ta
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OkoH4yaHue mabnuuysi 9.19

HanmeHoBaHne obopy-
noBaHNS HasHauyeHune obopynoBaHus TexHonorn4yeckne xapakTepucTukn
EmMkocTb Mpuem, xpaHeHne u oT- BmectumocTb 20 m3; L = 5500 mwm;
rpyska kucnotbl congaHon | D = 2500 mm; cpega — consgHas K1cno-
Ta
EmMKocTb Mpuem, xpaHeHne n oT- BmectumocTb 80 m3; cpena — consaHas
rpy3ka KUCrnoTbl CONAHON | KMUCNoTa
EmkocTb lNpnem, xpaHeHue n oT- BmectnmocTb 105 m3; nasneHune
rpyska knmcnotbl consgHon | 0,3 Mlla; TemnepaTtypa 90 °C.
D =3200 mm; L =12000 mm. Cpepa —
KMcrnoTta consHas

Hwxe npuBeneHoO onucaHme TEXHOMOMMYECKOro npouecca Npon3BoacTBa KUCNOTbI CO-
NAHOW CUHTETMYECKOMW, KOTOpPOe HMKOMM OOpasom He criegyeT paccMatpumBaTtb Kak eauiH-
CTBEHHOE 1 McYeprnbiBaloLLiee onvcaHue npoLecca, COOTBETCTBYIOLLErO KpUTENAM U NoKasa-
Tenam HOT.

9.2.6.3 OnucaHme ctaaMn Npou3BOACTBA CONMAHON KUCNOTbI

CuHTe3 xnopuaa sogopoaa
B ocHoBe cuHTe3a xnopuaa Bogopoaa NexXnT 3Kk30TepMumyeckasl XMMuyeckas peakums
B3aMMOOENCTBUSA TEXHNYECKOro Xrnopa (xrnoprasa) ¢ anekTponImMTM4eckMM BOAOPOAOM:

H> + Cl2 = 2HCI + 184,7 k[]x/Mmonb.

[Mpn HarpeBaHWM CcMecK xropa 1 BO4OPOAa Unu nog AEWCTBMEM SIPKOro CBeTa Morne-
Kyna xfiopa guccoummpyeT Ha atombl (boToxmmuudeckass guccoumnauns), npyu atom obpasy-
toTcs aBa pagukana xnopa (Clz + hv = 2Cl'), koTopble 3aTeM BCTynatT B peakuuio ¢ MOJieky-
namu Bogopoaa, obpasys xnopucTbii BOAOPOA M pagukan Bogopoaa:

Hz + CI' = HCl + H.’

[MocnegHun B CBOKO ovepeab pearnpyeT ¢ MOMEKynoun xnopa, obpasysa XnopucTbli BO-
Aopoa u pagukan xnopa:

H +Clb=HCI+Cl nr. A

Takum obpasom, obpasyeTcs kak Obl Lenb nocrneaoBaTenbHbIX peakuun, npuyem 3a
CYEeT Kaxaow nepBOHa4anbHO pacnaBLUENCs MOSeKynbl xriopa obpasyeTcs B CpegHeM CTO
TbICAY MONEKYN Xfiopuaa BoAOPOAA, U peakumnsa npoTekaeT ¢ BonbLIO CKOPOCTb. Peakumm
nogo6HOro TMna Ha3bIBalTCA LiEMHbIMMU.

B npon3BOACTBEHHbIX YCMOBUAX CUHTE3 OCYLLECTBISETCA B CneumasnbHbiX YCTaHOBKaX
(neyax cuHTe3a), B KOTOPbIX BOAOPOA HENPEPLIBHO CropaeT pPOBHbIM NlaMEHEM B TOKE XI10-
pa, CMeLUMBAsAChb C HUM HENocpeacTBEHHO B hakerie ropesiku.

AGcopbuusa xnopuaa Bogopoaa BOAOWU U NONyYeHNEe KUCNOTbl CONIAHON
CUHTETUYECKOWN TEXHUYECKOUN

Kucnota congHasi cMHTeTUdeckas TexHudeckaa obpasyetca npu abcopbumm (norno-
LLEHNN) CUHTE3NPOBAHHOMO XIOPUCTOro BOAOPOAa OBECCONMEHHON MM UHOW TEXHUYECKON
Bogown. Mpu abcopbumm ras nepexogut u3 razoobpasHon ¢asbl (ra30BOM CMECK) BO BHYT-
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peHHue cron abcopbeHTa, obpasysa pacTBop rasa B xugkoctu. lNpu nsotepmudeckon ab-
copbunn Tenno oTBOAMTCS NYyTEM HEMOCPEACTBEHHOIO oxnaxaeHus abcopbepa Bogom.

[MonyyeHne KUCNOTbl CONSAHOW CUHTETUYECKOM TEeXHUYECKOW OCyLLeCTBNSeTCs B Mo-
crnegoBaTernibHO YCTaHOBMNEHHbIX abcopbepax mnm abcopbumMOHHbIX KONMoHHax. Kaxabin ab-
copbep npeacraBnsdeT cobor nnacTuH4YaTtbii TennoobMeHHMK Tuna «KopoOGoH» unn MHOM
annapat gns abcopbumm — abcopOLMOHHYIO KONOHHY. B abcopbep vepes TpybKy ¢ 6GoKoBbI-
MW OTBEPCTMSIMM NofaeTcs o6ecconeHHasa unn pevHas oTCTosHHasA Boda unu cnabas cong-
Hasi KucnoTa, KoTopble, MOrnoLast XNOpMCTbIN BOAOPOS, 06pa3ytoT CONsHYIO KACMOTY.

XpaHeHue n oTrpy3Kka CONAAHOW KUCNOTbI

Craguna npegHasHadeHa ANs XpaHeHUs M OTrpy3KM roTOBOro nNpoaykra notpedurento,
B TOM 4MCne B ryMMUPOBAHHbIE KENe3HOLOPOXHbIE LIMCTEPHbI, TAHK-KOHTENHEPbI, NoNIMMep-
Hble KOHTelHepbl 06beMoM 1 M3 UNK MHbIM OGBEMOM.

[aHHasa cTagua xapakTepusyeTcsi OTHOCUTENbHO HU3KUM yAeribHbIM noTpebneHnem
9NEKTPO3HEPINM, YMEPEHHbIM NoTpebneHnem OBOPOTHOM BOAbI, MPUMEHSIEMOWN ANns OXna-
XOEHWS NOMYYEeHHOro NpoayKTa, He3HauYUTENbHBIM YPOBHEM 3MUCCUM Xrlopa K Xropuaa Bo-
aopoga B aTMocdepHbIn Bo3ayx. CTOYHbIe BOAbl M MPOM3BOACTBEHHbIE NOTEPU Ha AaHHOW
CTaguun OTCYTCTBYIOT.

9.2.6.4 CBegeHMA 06 NCcnonb3yemMoM NpupoaooxpaHHOM o6opyaoBaHUU

B Tabnuue 9.20 npeacraBneHo OCHOBHOE NpupogooxpaHHoe obopyaoBaHue, npegHa-
3Ha4YeHHOE AN OYUCTKM NPOMbILLMEHHbIX BbIOPOCOB NPON3BOACTBA CUHTETUYECKOWN CONSIHOM
KMCIOTHI.

Tabnuuya 9.20 — lNpupoagooxpaHHoe ob6opyaoBaHne NPON3BOLACTBA CUHTETUYECKOM
COJISTHOW KUCIOTbI

HanmeHoBaHne obopyaoBa- TexHonornyeckne xapakrepucTu-

HUA

HasHayeHue obopynoBaHus

K1

CaHuTapHas KonoHHa

OuncTka BbIBPOCOB OT XSI0pU-
Aa Bogopoaa

BepTukanbHbin umnuHapuye-
CKMI annapaT ¢ Hacagkon —
konbuamu Pawwura 50 x 50 mwm;
D =600-1115 mm, H = 5500—-
6650 mm; pacxog BC —
0,036 m3/c; adhdheKTUBHOCTb —
00 100 % (95 % — 99 %)

CaHuTapHas KonoHHa

OuncTka rasoBbix BbIGpocoB OT
xnopuaa Bogopoga

Bbicota Tpy6bl — 15 M,
AnameTp yctbd — 0,160 m,
ob6bem (pacxon) NBC —
0,036 m%/c, Temnepatypa
BC — 21,3 °C, achbhekTns-
HocTb [OY — no 100 %

CaHuTapHas KonoHHa

OuncTka rasoBbix BbIOpocoB OT
xnopuga Bogopoga

D =600 mm, H = 9700 mm,
BblcoTa Hacagkn — 5000 mm,
adpekTmBHOCTL 95 % — 99 %
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HanmeHoBaHne obopyaoBa-
HMS

HasHayeHune obopynoBaHus

TexHonornyeckme xapakTepucTu-
Ku

CaHuTapHasi KonoHHa

OuuncTka rasosbix BbIOGPOCOB OT
xrnopuvaa sogopoaa

D =800 mm, H = 4540 mm;
Hacagka — (pToponsiacToBble
KonbLa

CaHuTapHas KonoHHa

OuuncTka rasoBblx BbIGPOCOB OT
xrnopvga Bogopoaa

D =1000 mm, H = 4590 mwm;
Hacagka — (pToponsiacToBble
KonbLa

CaHuTapHas KonoHHa

OuncTka rasoBbix BbIOpoCcoB OT
xnopuga Bogopoaa

D =900 mm, H = 3500 mm;
Hacafka — pToponnacToBble
Konbua 32 X 32 MM,

50 x 50 mm, 80 x 80 mm

CaHuTapHas KonoHHa

OuuncTka rasoBblx BbIGPOCOB OT
xrnopvga Bogopoaa

D =600 mm, H = 3600 mwm;
Hacagka — (pToponsiacToBble
konbua 50 x 50 mm

CaHuTapHas KonoHHa

OuncTka BbIBpOCOB METOAOM
abcopbumn xnopuaga sogopoaa

Kopo6oH; nnowagb NnoBepxHO-
cTu TennoobmeHa 12,5 m?.
Cpepna — congHas Kucrnora,
HCI

CaHuTapHas KonoHHa

OuucTtka BbIBpoCOB METOOOM
abcopbunn xnopuaa Bogopoaa

Kopo6oH; nnowiagb noBepxHO-
CTU TennoobmeHa 5 m2.
Cpepna — congHas Kucnora,
XJITOPUCTbIN BOAOPOA

CaHuTapHas KonoHHa

OuncTka rasoBbix BbIOpocoB OT
xnopuaa Bogopoaa

BmectumocTsb 7,7 m3. Hacag-
kKa — konbua Pawwura

50 x 50 mm; paBneHue

0,45 Mla; TemnepaTtypa 40 °C.
D =1050 mm; H=9100 mm
Cpepna — pactBOp eaKoro
HaTpa

[laHHOe Npoun3BOACTBO XapakTepuayeTcsl MPaKTUYECKN MOMHbIM OTCYTCTBUEM OTXOLO0B
Npou3BoACTBa U KpaiHe HU3KMM YpOBHEM 06pa3oBaHUS NMPOMbILLNEHHBIX CTOYHbIX BOA, a
obLuas amuccus xnopa v xnopuaa Boaopoaa B OKpyXKatoLLyo cpefy BeCbMa He3HaunTebHa.
X035MCTBEHHO-ObITOBbIE CTOYHbIE BOAbI, OOpasyomnecs B pesynbTate OesATeNnbHOCTU nep-
coHana npou3BoACTBa, HAaNpPaBNsATCS Ha BMonorMyeckme OYUCTHbIE COOPYKEHMST OpraHu3a-
LMW, OCYLLIECTBINAIOLLIEN BOOAOOTBEAEHNE M OYMUCTKY CTOYHbIX BOA.

9.2.6.5 OcHOBHbIe (haKTOpbl, XapaKTepu3yloLlme oxXpaHy OKpyXatrlLien cpeabl 1
yCTOM4YMBOE pa3BUTUE NPOU3BOACTBA CONAHOMN KUCIOTbI

OCHOBHbIMUK (haKTOpaMu, xapakTepusyoLMMM OXpaHy OKpYXXatoLlen cpebl npu npo-
N3BOACTBE COMSIHOW KUCIOThI, ABMAKOTCA:

- Hannuune n 3 PEKTUBHOCTb CUCTEMbI YNaBfMBaHUS OTXOASLLMX ra30oB NPOM3BOACTBA
(ra3oBbix BbIOPOCOB) C BO3BpPATOM XJflopuaa Bogopoaa B TEXHONOMMYECKUI LMK,
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- pekynepaumsa TeNNOBON SHEPIUN, BbIAENSIOLLENCS NPU NPOM3BOACTBE;

- KOHTPOJSIb 3arpsi3HeHns aTMocdepHOro Bo3ayxa (xnop, xnopua sogopoaa);

- MpaKTU4eCcKoe OTCYTCTBME OTXOL0B NPOU3BOACTBA M NPOMbILLUSIEHHbBIX CTOYHbIX BOZ,.

OCHOBHbIMM (paKkTOpamMu, XapakTepusyrLwmMn yCTOMYMBOE pasBUTUE MPOU3BOACTBA
CONSAHOM KNUCNOTbI, ABNSAOTCSA:

- obecneyeHHOCTb NPON3BOACTBA BOAOPOAOM U XIOPOM;

- obecneyeHne ctabunbHoro cbbita U/Mnn mMcnonb3oBaHusa (NnepepaboTkn) NPOU3BO-
JNMOW CONSIHOWN KNCIOTbI.

Kak npaBuno, nonyyaemasi CUHTETUYECKAs CONsSIHAA KMCNoTa B 3HAYMTENbHOM OObe-
Me MCMNoJSib3yeTCa HENOCPEeACTBEHHO CaMUM NMpeanpuaTueM-npousBoauTenemMm Unn coceaHu-
MU NpegnpuATUAMN 4NS NPON3BOACTBA PasfMYHbIX XIOPMA0B METAaNoB:

- Xnopuga Kanbuus;

- xnopuga 6apus;

- Xropuga antoMuHUS;

- OKCuxnopuaa vn nosimokcmuxropmaa antoMmHus,

- TakkKe 4N NoNyYeHUs XNopucToro MeTuna n MHrMbmMpoBaHHOW CONSAHOWN KMCMOTbI.

9.3 Tekywme ypoBHM 3MUCCUUN B OKpPYXKaloLLyLO cpeay u
notpebneHus pecypcos

OCHOBHbIMM BMAAMU BO3LENCTBUSA Ha OKPY>XaloLLyHo cpefy, CBA3aHHbIMW C NPOU3BOA-
CTBOM BOAOpPOAA, Xflopa v ruapokcuga Hatpusa (rmapokemnaa kanus), aensiTca notpebneHve
3NEeKTPO3HEPruun, TENMOBOM 3HEPIrMM U 3arpssHeHne aTMoCcqepHOro Bo3gyxa MapKepHbIMU
3arpssHALWMMUY BelecTBaMu.

Ctagus anekTponuia HacbIWEeHHOro pacTBopa xfiopvaa HaTpusa unu xnopuga kanus
CBsi3aHa C CyLleCTBEHHbIM NOTPeBNEeHNnEM INEKTPOIHEPTUN N ABNAETCA OCHOBHbIM UCTOYHU-
KOM 9MeKTPOMarHMTHOro N3nyyYyeHns 1 Bo34enCTBMSA Ha pabo4yto 30Hy NPOU3BOACTBA.

OCHOBHbIMM BMAAMU BO3LOENCTBUSA Ha OKPYXXKaloLLyHo cpefly, CBA3aHHbIMW C NPOU3BOA-
CTBOM XIOpvaa BOAOpPOAA M COMSHOW KUCMOThbl, ABMSIOTCHA He3HaunTenbHoe 3arpsi3HeHue
aTMocepHOro Bo3gyxa MapKepHbIMWU 3arpsasHALWMMKY BeELLeCTBaMW Ha CTaguu cuHTesa
xnopuvga sogopoga

K NpOMBbILWAEHHBIM NCTOYHMKAM 3MUCCUIA B OKPYKatoLyo cpeny unvm obbektam Hera-
TMBHOMO BO3AEWCTBMS Ha OKPYXKaKOLLYKO cpefdy OTHOCATCS ntobble npeanpuaTne, yCTaHOBKa,
TEXHOMOrMYEeCKUN NpoLECC, MPOM3BOACTBEHHbIM OOBLEKT, moTpebnsiowme 3neKTpUYeckyro
n/vnu TENNOBYIO 3HEPTUIO U BbIAENAIOWNE B OKPYXKAKOLLYIO Cpeay 3arpsasHsaioLmne BelecTsa
B BMAe BbIOPOCOB B aTMOCEPHbIA BO3a4yX, COPOCOB CTOYHbLIX BOA B BOAHbIE OOBEKTHI UMK
B BUOe OTXOAOB MPOM3BOACTBA M NoTpebneHusi, KoTopble noanexar obpaboTke, pasmelle-
HUO, yTunusauumn nnun obesspexmBaHnio. KOHKpeTHbIe NCTOYHUKM 3MUCCUI — 3TO Npeanpu-
ATUA, OCYLLECTBASOWME MHBEHTapu3aunio BblIOpOCOB mn/mnn cOpoCoB 3arps3HAOWNX Be-
LWecTB, OTXOAOB M creumanbHbil y4eT aMuccumn (Mpomn3BOACTBEHHbLIN 3KONMOMMYECKUN KOH-
TPOSb) OT UCTOYHMKOB HEraTMBHOMO MK Ntoboro TEXHOreHHOro Bo3aencTand. Ha ocHoBaHMm
YKa3aHHOro yyeTa aMUCCUIA NO NpeanpusaTMsamM oTpacnum u bbina BbiNOSHEHA OLEHKA TEKYLLNX
YPOBHEN 3MUCCUI B OKPY>KaLOLLYO cpeay M noTpebneHns pecypcos.
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9.3.1 TeKyLine ypoOBHU 3IMUCCUIN B OKPYXaKoLyHo cpeay U noTpebneHus
pecypcoB B Npou3BoACTBe BoAopoaa, Xfopa U ruapokcmuaa HaTpus
anadparMeHHbIM MEeTOAOM 3NeKTponu3a

9.3.1.1 XapaKTepuCTUKa UCNONb3YeMOro Cbipbsi, MaTepuanoB U obpasyoLmnxcs

NnpoAyKTOB npou3BoAcCcTBa

B kayecTBe OCHOBHbIX BUAOB MCXOOHOMO Chipbsi B NPOU3BOACTBE UCMOMb3YOTCA:

- TBEpAas KameHHas (noBapeHHasd) conb (ranuT) pasnnyHbiX MECTOPOXOEHWI, Hanpu-
Mep npuBo3Has KameHHasa conb Conb-Mneukoro mectopoxaeHusi, KameHHasa conb Ap-
Buwkapakckoro mectopoxaeHust unv Kamckas nosapeHHas corsib;

- pacTBOp Xnopuaa HaTpus UM Tak Ha3blBaeMbli CbIPOW Paccosl, Nosly4aemblin MeTo-
[IOM MNOA3EMHOro BbILLENaYMBaHNA KaMeHHOW conu 1 cogepxaiumin 280-315 r/am® NacCl,
HanpumMmep pacTBOp HaTpusa xropuaa (KamMmeHHOW conu), BbiMyCKaeMbl N0 CTaHOapTy OpraHu-

3auunm [51].

Hopmupyemble TeXHUYECKME XapaKTepUCTMKM pacTBopa Xxropuaa Hatpus (Cblporo
paccona) no craHgapTy opraHusaumm [51] npuBegeHsl B Tabnvue 9.21.

Tabnuuya 9.21 — TexHMYeckme xapakTepucTmkm (nokasaTenu kayecTsa) pacTesopa

xnopuvga Hatpus [51]

HanmeHoBaHWe nokasartens

3HayeHune

1 BHewHunn sng

BecuBeTHas XnaKocTb C HaNMYMEM B3BELLEH-
HbIX YacTuu, ocefarowmux npu otctoe. He go-
nyckaeTcs HanMyme opraHnveckon gasbl (He-
pacTBOPUTENS)

r/gm3, He Bonee

2 MaccoBas KoHLeHTpauusa xnopuaa 300
HaTpus, r/am3, He MeHee

3 MaccoBasi KOHLIEHTpaLMA MOHOB Karslb- 2
uusa, r/ame, He bonee

MaccoBasi KOHLEHTpaumMa MOHOB MarHus, 1,2
r/gm3, He Bonee

MaccoBasi KOHLEHTpauus xernesa, r/om3, 3
He 6onee

MaccoBasg KOHUeHTpauus cyrnbdaTos, 7

Mpumeyanue — lNpn TemnepaType Bo3ayxa MeHee 0 °C pgonyckaeTcsl CHWXeHWe mac-
COBOW KOHLIEHTpaLuK xnopuaa HaTpus B pacTBOpe KaMeHHoW conu Ao 278 r/ams.

BbIxoa NpoayKkToOB MO TOKY 3MeKTponu3a Haxoautes B npegernax 95 % — 98 %.
B pesynbTaTe anekTponuisa pactsopa xrnopuaa Hatpusa nonyyaroTca nonynpoayKrbl:
- AneKTponuTMyeckas wWwernoydb (dnekrpollenoka) ¢ maccoson gonen NaOH B npege-

nax 11 % — 13 %, vnu 115-140 r/am3;

- MNEKTPOSNIMTMYECKMIA XJTOP UNK Xnopras, cogepxatumin xnop — 52,52 % (06.); sogy —
46,17 % (00.), kucnopog — 0,5 % (06.), azot — 0,11 % (06.) n Bogopoa — 0,11 % (06.);
- ANEKTPONUTMYECKMA Bogopod, copepxawun 72,83 % Bogopoda, 27,17 % Boabl u

0,4 % — 0,5 % (06.) kncnopopga.

219



UTC 34—2017

B pesynbTaTe BCero Xnop-wernoYyHoro npousBOACTBEHHOrO MpoLecca MosyyarTcs
criegyloliye ToBapHble MPOAYKTbl UMM NPOAYKTbl, UCMOMNb3yeMble Ha CamMOM NpeanpusaTUn

B CMEXHbIX NMPpOn3BOACTBaAX:

- eKUin HaTp TexHu4eckun mapkn PL (pactBop gmadparmeHHbin) no [35];
- ANEKTPOSNIUTUYECKUIA XJTOP UMK XINopras OCYLUEHHbIN;

- XXuakum xrnop no [39];

- ONEKTPONUTUYECKUI BOOOPOS, OCYLLUEHHbIN.
TexHu4eckne nokasaTtenu (NokasaTenu KadecTtBa) NonyyaemMblX TOBAPHbIX NPOAYKTOB
(>knpgkoro xnopa 1 eakoro HaTpa) npmBeeHsbl B Tabnmuax 9.22, 9.23.

Tabnuuya 9.22 — TexHU4ecKne xapakTepucTmkm (MokasaTenu Ka4ecTBa) XKULKOro xmnopa

no [39]

HanmeHoBaHWe nokasartens

Hopma

Bbicwnn copt
OKIT 21 1431 0120

MepBbIn copT
OKIM 21 1431 0130

He bonee

1 O6bvemHasn gonga xnopa, %, He meHee 99,8 99,6
2 MaccoBas gons Bogbl, %, He bonee 0,01 0,04
3 MaccoBas gons TpexxsiopucToro asoTa, 0,002 0,004
%, He bonee

4 MaccoBas Jonga HerneTy4yero octaTtka, %, 0,015 0,10
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Tabnuuya 9.23 — TexHM4eckme nokasaTtenun HaTpa eakoro TexHM4eckoro no [35]

Hopma ons mapok

HanmeHoBaHne PO
nokasarens TP PP T Bbicwnii MepBbiii PM-A PM-B PM-B
copT copT
1 BHewHunn Bug YewynposaH- | becuseTHas |[1naBneHas |becuBeTHas nnu okpa- becuseTHasa | becuseTHas | becuBeTHas
Has macca b6e- | npo3payHas |Mmacca 6eno- |weHHasi npo3payHas npo3payvHasa | npo3padHasa | npo3pavHas
noro ugeTa. XngkocTtb | ro ygeta. [o- |>kuakocTb. [JonyckaeTcs XNOKoCTb XNOKOCTb XNOKoCTb
HonyckaeTtcs nyckaeTcs BbIKPMCTaNMM30BaHHbIN
cnabas okpac- cnabas ocagok
Ka oKpacka
2 MaccoBas gons 98,5 42,0 94,0 46,0 44,0 48,0 46,0 31,0
rmgpokcmaa
HaTpu4, %,
HEe MeHee
3 MaccoBas gonsi 0,8 0,5 1,0 0,6 0,8 0,10 0,20 He Hopmu-
kapboHaTa pyeTcs
HaTpus, %,
He Gonee
4 MaccoBasi oons 0,05 0,05 3,5 3,0 3,8 0,024 0,40 He Hopmu-
xXnopvaga HaTpus, pyeTcs
%, He Bonee
5 MaccoBas gons 0,004 0,0015 0,03 0,007 0,02 0,0015 0,0020 He Hopmu-
xenesa, %, (B nepecyeTte |(B nepecyete| (B nepecyeTe | (B nepecye-| (B nepe- pyetcs
He bonee Ha Fe203) Ha Fe203) Ha Fe203) Te Ha cyeTe Ha
Fe203) Fe203)
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lNpodomkeHue mabnuubi 9.23

Hopma ons mapok
HanmeHoBaHne PO
nokasarens TP PP T Bbicumit MepsbIii PM-A PM-B PM-B
copT copT

6 Cymma macco- 0,02 0,02 He Hopmupy- | He Hopmu- | He Hopmu- | He Hopmun- | He Hopmu- | He Hopmu-
BbIX JONIEN OKCK- eTcs pyeTcsa pyeTtcs pyeTtcs pyeTcsa pyeTtcs
0B Xenesa u
anomMmuHus, %,
He Gonee
7 MaccoBasi gons 0,02 0,008 He Hopmupy- | He Hopmu- | He Hopmun- | He Hopmu- He Hopmu- He Hopmu-
KpeMHEeBOW KuC- eTcs pyeTcsa pyeTtcs pyetcs pyeTcsa pyetcs
noTbl B nepecyeTe
Ha OMoKcug, Kpem-
HuSA, %, He Gonee
8 MaccoBas gons 0,03 0,03 0,4 He Hopwmu- | He Hopmu- 0,012 0,012 He Hopmu-
cynbaTta pyeTcs pyetcs pyetcs
HaTpus, %,
He Gonee
9 Cymma macco- 0,01 0,003 He Hopmupy- | He Hopmu- | He Hopmu- | He Hopmun- | He Hopmu- | He Hopmu-
BbIX 40OSen Kanb- eTcs pyeTcsa pyetcs pyetcs pyeTcsa pyetcs
UMsa U MarHns B
nepecyete Ha
Kanbuun, %,
He Gonee
10 MaccoBas go- 0,01 0,01 0,06 0,25 0,3 0,0020 0,0040 He Hopmu-
nsa xnopara pyetcs
HaTpu4, %,
He 6onee
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OkoHuyaHue mabnuuypbi 9.23

Hopma onst mapok

HavnmeHoBaHwue PO
nokasarens TP PP Ta BbicLumii MepBbii PM-A PM-b PM-B
copT copT

11 Cymma macco- 0,01 0,003 He Hopmupy- | He Hopmu- | He Hopmun- | He Hopmu- He Hopmu- He Hopmu-
BbIX JOMNEN Taxe- eTcs pyeTcs pyeTcs pyeTcs pyeTcs pyeTcs
NbIX METannos,
ocaxgaeMmblix ce-
pOBOOOPOAOM,
B nepec4yeTe Ha
cBUHeL, %,
He 6onee
12 MaccoBasi oo- 0,0005 0,0005 He Hopmupy- | He Hopmu- | He Hopmun- | He Hopmu- He Hopmu- He Hopmu-
na pTyTu, %, eTcs pyeTcs pyeTcs pyetcs pyeTcs pyetcs
He Gonee
13 MaccoBas He Hopmupy- | He Hopmu- | He Hopmupy- | He Hopmu- | He Hopmu- 0,00012 0,00012 He Hopmu-
aona Hukend, %, eTcs pyeTtcs eTcs pyeTcsa pyetcs pyetcs
He 6onee
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9.3.1.2 NoTpebneHune cbipbs, MaTepuanoB U 3HepropecypcoB B Npon3BoaAcTBe
BOoAoOpoAa, Xxysiopa u rugapokcmaa Hatpus aumadparMeHHbIM MeTo40M

anekTponusa

B tabnuue 9.24 npuBegeH pacxopn Cbipbsi, MaTepmanoB U SHEPropecypcoB Ha NPou3s-
BoacTBO 1 T 100%-Horo rugpokcuaa HaTtpusa guadparMeHHbIM MeToA0M aneKTponuaa (eako-

ro HaTpa TexHudeckoro mapku P[l) ¢ ydeTOM OQHOBpPEMEHHOro nosiyvyeHusi (Npomn3BoaCcTBa)

875—-890 Kr oxnaxxaeHHOro, OCyLLIEHHOro 1 KOMAPUMUPOBAHHOIO (MNW XUAKOro) xnopa n 25—

30 kr (unun 270-290 HM3) oxNnaXxaeHHOro 1 OCYLLEHHOro BOAOPOAa.

Tabnuuya 9.24 — Pacxoa cbipbd, MaTtepmanos U 9HEPropecypcoB Ha NPOM3BOACTBO 1 T
100%-Horo rugpokcuaa HaTpusa guadparMeHHbIM MeTOA0M 3f1eKTponmsa

Cblpbe, MaTepuarnbl, SHepropecypchbi

EauHnup Pacxopn Ha 1 TOHHY npoayKumm
HanmeHoBaHne

n3mMepeHus MWUHUManNbHbIN MaKCUMarnbHbIN
Conb (ranut) unu pacteop 310 r/gm3 Kr 1485 1720
NaCl B nepecyete Ha 100 % NaCl
HaTp egknn TeXHUYeCcKum nnm anek- Kr 0,8 28,9
TpoLlenoka B nepecyete Ha 100 %
NaOH
Copa kanbumHMpoBaHHasa nnun kapbo- Kr 15,0 40,0
HMU3MpPOBaHHAas anekTpoLLenoka Ha
100 %
[Monunakpunamug B nepecyeTe Ha cy- Kr 0,03 0,05
XON
Kanbuunn XropuCTbIn TEXHUYECKNI Kr 21,0 25
KucnoTta consHas TexHnyeckasi B ne- Kr 3,8 47,1
pecyeTe Ha 100 % HCI
Bona obecconeHHas m3 0,8 1,8
Boga ansa pacteBopenusa conu (soga Kr 4454 16800
peyHas OTCTOsIHHas U NUTbEBas)
AcBecT Xpn30TUNOBLIN (XPU30TNN) Kr 0,10 0,244
KucnoTa cepHas KOHUEHTpUpOBaHHas Kr 11,0 28,9
nnu oneym B nepecyete Ha 100 %
Mecok nepnuToBbIn Kr 0 0,15
Hukenb cepHokucnbein 100 % mnnu Kr 0,003 0,0038
Hukenb  xnopug  (I)  6-BOAHBIN, Kr 0,0007 0,009
Mapka 4
Pytennin 100 % r 0,025 0,03
Wpngun 100 % r 0,047 0,06
HaTtpus tnocynedart Ha 100 % Kr 0,30 0,60
Hatpus cynbdut Ha 100 % Kr 0,092 0,15
Hatpua rugpocynedug Ha 100 % Kr 0,56 0,62
Boaa oGopoTHas unm m3 30 301
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Cblpbe, MaTepuarnbl, SHepropecypchi

EauHnup Pacxopg Ha 1 TOHHY npoayKumm
HanmeHoBaHne
n3mMepeHuns MUHUManbHbIN MaKCUMarnbHbIN

3ax0rnoXXeHHas m3 20 150
ONEKTPOIHEPrMst MOCTOAHHOIO TOKa KBT-4 2200 2500
OneKTPO3HEepPrmus NepeMeHHoOro Toka KBT-y 13,3 500
TennoBas aHeprusi B nape O 13,18 187
Bo3ayx ocyLueHHbI TEXHONOrnMYeCcKnm m3 44 270
Xonopg ¢ Temnepatypou (9 £2) °C MIOx 375 670
Xonog € TemnepaTtypod  MUHYC M 25

(29 £2) °C

A30T razoobpasHbii TEXHUYECKNI m3 6,5 11,0

Mpon3BoacTBO BOOOpOAA, Xropa M rmapokcuaa Hatpus amadparmMeHHbIM MeToaoM
3NEeKTponn3a xapakTepmsyeTcsd OTHOCUTENBHO HU3KUM UM YMEPEHHbLIM CbIpbeBbIM NUHOEK-
CcoM, Haxogawmumesa B npegenax 1537-1891 kr/T 100 % NaOH (6e3 y4yeTta BoAbl Ha pacTBO-
pPEeHne Conun 1 BbiNapMBaHNE 3MEKTPOLLLENOKOB).

9.3.1.3 BbIxoa OCHOBHbIX U NONYTHbLIX NPOAYKTOB NP Npou3BoACTBe
BoAoOpoAa, xyfiopa U rugpokcuaa Hatpusa aumadparmMeHHbIM MeToA0M

anekTponusa

B Tabnuue 9.25 npuBeaeHbl BbIXoAbl NOAYNPOAYKTOB, OCHOBHbLIX U NOMYTHbLIX MPOAYK-
TOB Npu Npomn3BoacTBe 1 T edKoro Hatpa TexHudeckoro mapku PL (B nepecyete Ha 100 %)

AvadparmMeHHbIM MeTO40M 3MeKTposnn3a.

Tabnuuya 9.25 — Bbixog OCHOBHbIX 1 NMOMYTHbLIX MPOAYKTOB Npu npousBoactee 1 T

100%-Horo rugpokcuaa HaTpusa guadparMeHHbIM MeTOA0M 3f1eKTponm3sa

I‘Ipoquu,m;l, nonynpoaykTtbl, NOMNYTHbIE NMPOAYKTbI, SHEPropeCypChbl
EauHnub Bbixog Ha 1 ToHHY 100 % NaOH
HavnmeHoBaHwue -
nsmMepeHu1 MWUHMManNbHbIN MaKCUManbHbIN
Eokvin HaTp Xuaknn T 1,00 1,00
Xnop anekTponMTUYECKNA UIn XIop- T 0,880 0,913
ras OCyLUEHHbIN B nepecyeTe Ha
100 %
Booopoa anekTponnutniecknn T 0,025 0,031
(TexHu4eckumn) mapkm A
Kucnota cepHasa ons pereHepauumm v Kr 11,0 28,85
HenTpanusauyuu Ha 100 % H2SO4
Paccon o6patHbin 310 r/am® NaCl Kr 94 124
CuHTEeTUYEeCKNn CbipbeBON MaTepuan T 0,36 0,49
MoH
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9.3.1.4 XapakTepMcTMKa 3MUCCUM B OKpPYXKaroLLyHo cpeay B NPpOon3BoACTBe
BOoAoOpoAa, Xxysiopa u rugapokcmaa Hatpus aumadparMeHHbIM MeTo40M
aneKTponusa

OCHOBHblE BUAbI AMUCCUI B OKPYXKAKOLLYKO cpedy OT OAaHHOro Npou3BoAcTBa NpuBe-
AeHbl B Tabnmuax 9.26-9.29.

OcCHOBHble BbIOPOCHI MapKEPHbIX 3arpsi3HAOLLIMX BELLECTB, BKIHOYAA XIOpP U CEPHYH
KMCIOTY, 0OpasyroTcsl Ha CTaaum OXNaXOeHusl, OCYLIKM, KOMMPUMUPOBAHUST NN CKUKEHUSN
xnopa. Obpa3syoLlmnecs NpoMbILLNEHHbIE BbIBPOCHI NOABEPratdTCs OMUCTKE OT XSlopa C npwu-
MeHeHneM abCcopOLMOHHBIX CAHUTAPHbIX KOFOHH.

TexHonornyeckne nokasateny NpoM3BOACTBA BOAOPOAA, Xropa U rmapokcmaa HaTpus
AnadparMeHHbIM METOAOM NPUBEOEHDLI B MPUNOXEHUN A.
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Tabnuuya 9.26 — BbIOpoCbl MapKepHbIX 3arpA3HAIOLLNX BELWECTB B aTMOCEpPHbIN BO34yX B MPON3BOACTBE BOAOPOAA, XSlopa U
rmapokcmaa Hatpus ganadparMeHHbIM METOA0M 3S1EKTPoNm3a

Macca BbIGpocoB 3B 40 oumncTkM

Macca BbiGpocoB 3B nocne o4ncTkm

Hanmerosanme EauHuua B pacyeTe Ha 1 TOHHY npoaykTa VICTOYHMKM MeTon B pacyeTe Ha 1 ToOHHY npoaykTta
SaATPASHAIOISTO | avepenuit (100 % NaOH) BLIGPOCOB OUMCTKM (100 % NaOH)
BewecTBa (3B)
OwnanasoH CpepHee JnanasoH CpepHee
Xrnop (npousBoa- Kr/T 0,001-0,04 0,021 KonoHHbI cyw- | Xemocop©b- 0,001-0,04 0,0205
CTBO XJlopa) Kn Xxnopa; ums, abcopob-
XIOPHbIA KOM- | UM Wenoy-
npeccop; cta- |HbIM pacTBoO-
LMOHapHbIE UC- | pOM
TOYHMKN
M'mopokemg Kr/T 0,005-0,075 0,04 OnekTponunaep — 0,005-0,075 0,04
HaTpus (Npous- BbiMapHble an-
BOLCTBO €4KOoro napaTbl, CTa-
HaTpa, KayCcTuka) LUMOHapHbIE UC-
TOYHMKN
CepHas kucnota Kr/T 0,002-0,01 0,006 Cragus cywkn — 0,002-0,01 0,006
(nponsBoacTeo Xfiopa; ycta-
xnopa) HOBKa pereHe-

pauum cepHon
KNCNOTbI
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Tabnuua 9.27 — OTxoabl NPOM3BOACTBA M NOTPEDLNEeHUs B NPOM3BOACTBE BOAOPOAA, XNopa U r’MapoKcuaa HaTpus AmadparMeHHbIM

MEeTO4OM 3NEKTPOIn3a

Macca o6pasoBaHus oTxoaa

Macca pa3meLLeHHoro

HanmeHoBaHue Knacc Epnnuua B pacyeTe Ha NcTouHUK MeTon 0TX0Aa B pac4yeTe Ha
oTxoda OMacHoCTM | M3MepeHust 1 ToHHy 100 % NaOH o6pasoBaHus OYMCTKM 1 ToHHy 100 % NaOH
JnanasoH CpegHee JnanasoH CpepHee
LLinam pactBopeHus 4 Kr/T 10-64 HeT gaHHbIX | MpuroTtosne- — 10-64 —
noBapeHHOW conu Hue paccona
LLinam o4ncTkm pac- 4 Kr/T 35-53 HeT gaHHbIx | OuncTtka pac- — 35-53 —
cona cona
LLInam oT 3a4ncTKM 4 Kr/T 38,74 38,74 EmkocTtun npu- — 38,74 38,74
€MKOCTen OT noBa- roToBNeHUs
PEHHOM conun paccona
LLinam oT 3a4nctkm Kr/T 0,3 HeT gaHHbIX | 3auncTka obo- — 0,3 0,3
obopyaoBaHus py4OBaHUA OT-
npou3BoACTBa aenexHuns pac-
KanbLMHUPOBAHHOW COJTOO4UCTKM
coapl
LLinam runcoBbin 4 Kr/T 28,65 28,65 Ounctka 06- — 28,65 28,65
CO CTagun BbiBOAA paTHOro pac-
cynbgar-noHoB cona ot Cyrb-
daTtos

AcbecT xpn3oTu- 4 Kr/T 0,1-0,31 HeT paHHbIX | 3ameHa acbo- — 0,1-0,31 —
NOBbIN, 3arpsi3HEH- nosniMMepHomn
HbIA XNOPUCTBIM anadparmel
HaTpuem
LLinam acbecToBbin, 4 Kr/T 0,1-0,2 0,15 PeMOHT anek- — 0,1-0,2 0,15
He3arps3HeHHbIN Tponu3epos
onacHbIMK BeLe-
cTBamu
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OkoHyaHue mabnuuybi 9.27

Macca obpasoBaHusi oTxoaa

Macca pasmeLleHHoro

HanmeHoBaHune Knacc EavHnuya B pac4eTe Ha NcTouHmnk MeTon 0TX0A4a B pacHeTe Ha
oTxoaa ONacHoOCTW | M3mepeHust 1 ToHHy 100 % NaOH o6pa3oBaHus OYUCTKM 1 ToHHy 100 % NaOH
JnanasoH CpepHee JnanasoH CpepHee
OTxoabl acbecTa B 4 Kr/T 0,085-0,1 0,09 3ameHa acbe- — 0,085-0,1 0,09
KycKoBOW oopme CTOBOW Ana-
doparmel
KucnoTta cepHas 2 Kr/T 0,01-25 HeTt paHHbix | CTagus ocyw- | PereHepa- 0-25 12,5
oTpaboTaHHas npu Kn xrnopa ums (Ha obes- (Ha obes-
OCYLLKe xriopa (Bbinapm- BpEXMBa- BpEXUBa-
B NpOn3BOCTBE BaHue) Hue) HKUe)
xsiopa
Konbua Pawwvra, 5 Kr/T 0-0,19 HeTt paHHbix | CTagmnsa oxna- — 0-0,19 —
3arpsi3HeHHbIe XOEHUS 1
cynbaT-noHamu OCYLLKW
OTxoabl 3a4MCTKK 3 Kr/T 0,144-0,7 0,445 Ynctka em- Mcnonb3o- 0,14-0,7 0,445
€MKOCTEN XpaHeHNS KOCTHOro nap- |BaHwe ans
LLIeNIOKOB B NPOMn3- Ka OT ANEeKTpO- | HEN-
BOLCTBE r'MapOKCH- LLIeNIOKOB U Ka- | Tpanu3sa-
Aa HaTpus yCcTuka unmn
OT1xoapbl aHTUKOP- 4 Kr/T 0-0,051 0,026 PeMOoHT Kpbl- — 0-0,051 0,026
PO3MOHHOM PE3UHbI LLEK 9NeKTpo-
npu obcnyxmBaHmm nmn3epos
obopyaoBaHusa ons
XPaHEeHUs1 XuMmmn4ye-
CKNX KOPPO3MOHHO-
aKTUBHbIX NPOAYK-
TOB

LTOC—VE J1M



0€c¢

Tabnwunuya 9.28 — COpoChl 3arpA3HAKOLLNX BELLLECTB B BOAHbIM 0OBLEKT OT NPOM3BOACTBA BOAOPOAA, XJIopa U rmapoKkcuaa HaTpus
AnadparMeHHbIM METOAOM 3NEKTPONM3a

HaumMeHoBaHue Macca cbpocoB 3B fo ounctku Hanpaenexue Macca c6pocos 3B nocne
3arpssHaoLero EAnnmua B pac4eTe Ha 1 TOHHY NcTouHMK cbpoca (B BOA- Metoa oduetki O4YUCTKM B pacyeTe Ha
BewecTra (3B), | MePe npoaykTa c6poca 3B HbIl 0BbekT, | Lo v MOBTOPHOTO 1 TOHHY NpoAayKTa
HUS MCNonb30BaHUs
nokasarens [vanasoH CpenHee LCB, I'TC*) [vanasoH CpenHee
Xnop akTUBHbIN Kr/T He 6onee 0,48 0,1 KonoHHa B LUCB u Ha Hevitpanusa- | 0-9,7-10° |HeT gaHHbIx
otnapkm |BOCunm Bl TC| uma TMocynb-
XITOpHOM draToOM HaTpus
BOAbI nnnm NaHS
Xnopwa-aHMoH Kr/T 2,0-250 126 Crapusa B LICB n Ha Mcnonb3oBa- 2,4-250 126
(xnopwuapl) ounctkm |bBOC mnn B I'MC | HKMe gns nony-
paccona YeHusa paccona
CynbgaTt-aHMoH Kr/T 0,15-115 57,6 MpombiBKa B LUCB u Ha — 0,15-115 57,6
(cynbdpaTthbl) ueHTpudpyr | BOC mnn s NMC
n obopyao-
BaHNA

* LJCB — ueHTpanu3oBaHHas cuctema BogooTteeaeHns; bBOC — Guonornyeckne o4NCTHbIE COOPYKEHUS,

COOpYXKEHME.

'TC — rmapoTexHnyeckoe

LTOC—VE J1U



T€C

Tadbnwunuya 9.29 — lNpoune hakTopbl BO3AENCTBUSA B NPON3BOACTBE BOAOPOAA, Xlopa U ruapokcnaa HaTpus agnadparMeHHbIM
METOLOM 3MEKTponm3a

HanmeHoBaHue

YpoBeHb BO3ENCTBUA OO CHU-

YpoBeHb BO34eNCTBUA Nocne

CTBEHHOEe 06opyao-
BaHue

cakTopa Bo3aei- Eﬂ”””"“"v XeHuA (MOCTOAHHBLIN YPOBEHb) MCTO:*H”K Meton CUHV')KeH”ﬂ CHWKEHUA(NOCTOSAHHbIN YPOBEHD)
N3MEepPEHNN BO34eENCTBUA BO34ENCTBUA
cTBUA Onana3soH CpeaHee Anana3soH CpeaHee
LWym OBA 62-96 79 Hacocbl; punbtp- | [pumMmeHeHne 32-96 HeT gaHHbIX
npecc; ueHTpudy- |CcpencrTs 3aLnTbl
r; KOMMpeccopbl; |OpraHoB criyxa
aneKTponunsepsl
Bubpauus ab 82-108 — Hacocbl; punbTtp- — 82-108 96
npecc; ueHTpudyrm
Komnpeccopbl
OreKTpoMarHuT- MTn 14,5 14,5 QrnekTponusepsl — 14,5 14,5
HO€ n3ny4vyeHune C anadparmomn
(MarHuTHas uH-
aykums MNMIT)
Tennosoe BO3- °C 22,6-23,7 23,1 OneKTponnsepsol; — 22,6-23,7 23,1
aencreve BbiMapHble annapa-
Thl; npou3Boa-
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9.3.2 TeKyLune ypoOBHU IMUCCUM B OKPYXKaKoLLyHO cpeay U noTpebneHus
pecypcoB B Npou3BoACTBe BoAopoAa, Xfopa U rmapokcuaa Hatpusa
MeMbpaHHbLIM METOAO0M 3fIeKTponu3a

B kayecTBe OCHOBHbIX BUOB UCXOOHOIO CbIpbs B MPOU3BOACTBE UCMOSb3YHOTCS:

- TBepdas kaMeHHas (noBapeHHas) conb (ranuT, Xrnopwug HaTtpus), Bbinyckaemas no
TEXHUYECKUM YCITOBUAM;

- CbIpOW paccon xrnopuaa HaTpus, nosiyyaembl NOA3EMHbIM BbileraynBaHUEM Ka-
MEeHHOW conu 1 coaepxatumin 280-315 r/am® NacCl.

B ka4yecTBe MOHOOOMEHHOW CMOSbl HA CTagMM NOHOOOMEHHOM OYMUCTKM pacTBOpa Xro-
puga HaTpusa OT MOHOB KanbLUMs U MarHuUsi UCMONb3yeTCsl KATUOHHAA MOHOOOMEHHas.

Bbixoa xrnopa no Toky anekTponusa Haxoautcsa B npegenax 93 % — 98 %.

Bbixoa Bogopoaa no Toky anektposnimsa coctasnseTt 98 % — 99 %.

B pesynbTaTe anekTponuisa pactsopa xrnopuaa Hatpusa nonyyaroTca nonynpoayKrhbl:

- aneKkTponuTMyeckasl wenods (katonut) ¢ Maccoson pgonem NaOH B npegenax
31 % — 33 % wnun egkun HaTp TexHundecknn mapku PM-B no [35], KOTOpbI HaxXoauUT TOMNbKO
OorpaHn4YeHHoe NPUMEHEeHNe Kak ToBapHbIA NPOOYKT;

- ANEKTPOSIMTUYECKNA  XNOPp, WNW  Xropras, coepXalumi Xxnop, — He MeHee
52,52 % (06.); Bogy — 46,17 % (06.), kncnopog — 1,09 % (06.), aszotr — 0,11 % (06.) n BO-
popog — 0,11 % (06.);

- ANEKTPONUTMYECKMIA Bogopoa, cogepxaiwmn 72,83 % sogopoaa n 27,17 % soabl.

B pesynbTtate Bcero xmop-wenovyHoro npou3BOACTBEHHOrO npouecca nonyyarTcs
crnegyrowme ToBapHble NPOAYKTbl UM NPOAYKTLI, UCNOSb3yeMble Ha CaMOM NpeanpuaTMm B
CMEXHbIX NMPON3BOACTBAX:

- eQkun HaTp TexHudeckun mapok PM-A, PM-b wnn PM-B (pactBop mMemOpaHHbIN)
no [35] nnn No MHbBIM TEXHUYECKUM yCroBusaM (CTaHaapTam);

- ONEKTPONUTUYECKUI XITOP UMK XNopras OCYLIEHHbIN;

- XXnakum xnop no [39];

- ANEKTPONUTUYECKUIA BOAOPOL OCYLLEHHbIN.

TexHunyeckne nokasaTtenu (MokasaTenu KayecTBa) MOfyvYaemMblX TOBapPHbIX MPOOYK-
TOB — >KMAKOrO Xnopa M edKkoro Hatpa TexHudeckoro mapok PM npuBegeHbl B Tabnu-
yax 9.22, 9.23.

9.3.2.1 Pacxopa cbipbsi, MaTepuanoB U 3HepropecypcoB NpomM3BoAcCTBa
BOAOpOAA, Xfopa U rmapokcmaa Hatpus MeMopaHHbIM MeTOAOM 3MeKTPonn3a

Pacxop cbipbs, maTepuanoB M 3HepropecypcoB Npon3BoACTBa BOAOPOAA, Xropa u
rmgpokcuga Hatpust MeMmbpaHHbIM MEeTOLOM 3feKTponM3a Ha 1 TOHHY €4KOro Hatpa Mapku
PM B nepeyeTte Ha 100 % NaOH npuseaeH B Tabnmue 9.30.
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Tabnuuya 9.30 — Pacxoa cbipbd, MaTtepmanos U SHEPropecypcoB Ha NPOM3BOACTBO 1 T
pacTtBopa eakoro Hatpa mapku PM (Ha 100 % NaOH) membpaHHbIM METOOOM 3MeKTponuns3a

Cblpbe, MaTepuarbl, 3HEPropecypcsi

EQvHMUbI Pacxog Ha 1 ToHHy 100 % NaOH
HanmeHoBaHne

n3mMepeHuns MWUHUManNbHbIN MaKCUManbHbIN
Conb (ranut) unu paccon xnopuaa Kr 1485 1860
HaTpus B nepecyeTe Ha 100 % NacCl
HaTp eakun TeXHMYEeCKUn Unun anek- Kr 2,0 2,5
TpoLlenoka B nepecyete Ha 100 %
NaOH
Copa kanbunHUpoBaHHas unu kapbo- Kr 15,0 33,6
HNU3NPOBaHHas ANeKTpoLLerioka Ha
100 %
Monuakpunamug B nepecyeTe Ha Cy- Kr 0,03 0,05
XON
Kucnorta consHas TexHnyeckas B ne- Kr 14,2 47,07
pec4yeTe Ha 100 % HCI
Booa ansa pactBopenusa conu (soga T 4,454 5,90
peyHas OTCTOsIHHAasA)
KucnoTa cepHas KOHUEHTpUpOBaHHas Kr 0 29
unun oneym B nepecyete Ha 100 %
Bona obecconeHHas m3 0,8 1,5
HaTtpus tnocynedart Ha 100 % Kr 0,50 0,60
Bona obopoTHas m3 10 Ox 10,9 MOx
ONEKTPOIHEPrnst MOCTOAHHOIO TOKa KBT-4 2200 2500
ONEKTPOIHEPrnss NePeMeHHOro Toka KBT-y 13,3 15,0
TennoBas aHeprmua B nape MOx/kBT-4 2198/4,2 2250
Bo3ayx ocyLleHHbIN TEXHONOrMYeCcKnin m3 220 270
Xonopg ¢ Temnepatypou (9 £2) °C MIOx 15 25
A30T razoobpasHbIii TEXHUYECKNI m3 - -

Mpon3eoacTBO BOAOPOAA, XJIopa M rmapokcnaa HaTpus MeMbpaHHbIM METOOOM 3IIEK-
TPONM3a XxapakTepm3yeTCca HU3KMM CbiPpbEBbIM MHAEKCOM — B Npeaenax 1516—-1973 kr/T (6e3
y4yeTa BOAbl HA paCcTBOPEHNE KaMEHHOM COSM U Ha BbIMapKy KatonuTa).

9.3.2.2 BbIxoa OCHOBHbIX M NOMYTHLIX NPOAYKTOB, 3HEpropecypcos B
npousBoACcTBe Bogopoaa, Xxfiopa U ruapokcuaa HaTtpusa MeMbpaHHbIM MeToA0M

ANIeKTponunsa

B Tabnuue 9.31 npmBeaeHbl BbIXOAbl OCHOBHbIX, MOMYTHbIX NPOAYKTOB U NONYNPOAYK-
TOB B Npom3BoAcTBe 1 T efKoro Hatpa TexHudeckoro mapkm PM (B nepecdete Ha 100 %
NaOH) membpaHHbIM METO4OM 3EKTPONNn3a.
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Tabnuuya 9.31 — BbIxog OCHOBHbIX 1 NMOMNYTHbLIX MPOAYKTOB Npu npousBoactee 1 T
pactBopa egkoro HaTpa mapku PM (Ha 100 % NaOH) membpaHHbIM METOAOM

Mpoaykums, NonynpoaykTbl, MONyTHbIE NPOAYKTLI, 3HEPrOpeCypChl

EauHnup Bbixog Ha 1 ToHHY 100 % NaOH
HavnmeHoBaHwue .
nsmMepeHu1 MWUHUManNbHbIN MaKCUMarnbHbIN
Eokun Hatp xugkun mapku PM T 1,00 1,00
Xnop aneKkTpOoNUTUYECKUIN NN XIop- T 0,885 0,896
ras B nepecyeTte Ha 100 % Cl
Bopoopoa anekTponutuyecknn nnu T 0,025 0,031
TexHn4eckumn B nepecyete Ha 100 %
H2
CepHas kucnota otpaboraHHas Kr 0 29

9.3.2.3 XapakTep1cTMKa 3MUCCUM B OKpPYXKaroLLyHo cpeay B NPOoU3BoACTBe
BOAOpOAA, Xyiopa U rmapokcmaa HaTpus MeMOopaHHbIM MeTOAOM 3MeKTPoNmn3a

OCHOBHblE BUAbI AMUCCUIN B OKPYXKAKOLLYKO cpedy OT OAaHHOro nNpow3BoAcTBa NpuBe-
geHbl B Tabnunuax 9.32-9.35.

OCHOBHble BbIOPOCHI MapKEPHbIX 3arpsi3HAIOLLMX BELLECTB, BKIHOYAA XOp U CEPHYHO
KMCIOTY, 0OpasyroTcsl Ha CTaaum OXNaXOeHusl, OCYLIKMA, KOMMPUMUPOBAHUST NN CXUKEHUS
xnopa. ObpasyroLmnecs NpoOMbILLIIEHHbIE BbIOPOCHI OT OPraHM30BaHHbIX CTaLMOHAPHbLIX MC-
TOYHMKOB BbIOPOCOB, Kak NpaBwuIio, NOABEPraldTCs OYMCTKE OT XJlopa C NpUMeHeHnem ab-
COPOLMOHHbIX CAHUTaPHbIX KOMOHH.

B Tex cnyyasx, korga anekTponnMTUYEeCcKMin XJSilop He NOABEPratoT CyLIKe C MCMNOoSb30Ba-
HMEM KOHLIEHTPMPOBAHHOW CEPHOWN KUCNOTbI UK oneyma, BblIOpOCbl CEPHOM KUCMAOTbI OTCYT-
CTBYIOT KakK TakoBbl€E.

TexHonornyeckme nokasaTtenu NpoM3BOACTBa BOAOPOAA, Xropa U rmapokcunaga HaTpus
MeMOpaHHbIM METOAOM NMPUBEAEHbI B MPUMNOXEHUN A.
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Tabnuuya 9.32 — BbiOpoCbl MapKepHbIX 3arpA3HAIOLLNX BELWECTB B aTMOCEpPHbIN BO34yX B MPON3BOACTBE BOAOPOAA, XSlopa U
rmgpokcnaa Hatpmss MeMbpaHHbIM METOLOM 3MEKTPONM3a

Macca BbiGpocoB 3B nocne

HanmeHoBaHue Eqmna Macca BriGpocos 3B o 00‘-IVICTKVI B Toummiu OUNCTK B pacuieTe Ha 1 TOHHY
3arpsA3HAIOLLEro pacyeTe Ha 1 ToHHy 100 % NaOH MeToq o4nCTKM 100 % NaOH
n3mepeHus BblOpoCOB o N&a
BewecTBa (3B)
JnanasoH CpepHee JnanasoH CpegHee
Xrnop (npousBoa- Kr/T 0,001-0,04 HeT paHHbix | Tpyba paccemBa- |Abcopbuus 0,001-0,04 HeT gaHHbIX
CTBO XJlopa) HWS, a3paLnoH- pacTBOpPOM
HbIM poHapb weno4mn

CepHas kucnota Kr/T 0, 02-0,01 HeT paHHbix |CTagus cyLlkm — 0, 02-0,01 HeT paHHbIX
(nponsBoacTeO xriopa
xnopa)
Hatpwun rugpok- Kr/T 0,02-0,08 0,05 EmkocTun xpaHe- — 0,02-0,08 0,05
cng NaOH (npo- HUS LWenoyu
N3BOACTBO €4KOro
HaTpa)

Tabnuuya 9.33 — OTxoabl NPOM3BOACTBA M NOTPEDGNEHUA B NPOM3BOACTBE BOAOPOAA, XIopa MU r’mapoKcmaa HaTpust MeMbpaHHbIM
MEeTOOM 3reKTponmaa

Macca obpasoBaHusi oTxoaa

Macca pa3meLLeHHbIX

HanmeHoBaHne on':;:gzm EanHnua B pacyeTe Ha 1 TOHHY McToYHMK otﬂj;ﬁ(i 0TX0O0B B pacyeTe Ha
BUZA OTX04a n3amepeHus 100 %NaOH o6pa3oBaHus ’ 1 ToHHY 100 %NaOH
ana OC yTunusauum
JnanasoH CpepHee [OnanasoH CpegHee
CepHas kucnorta, 2 Kr/T 0,024-0,20 0,03 Cragus cywkn — 0,024-0,20 0,03
oTpaboTaHHas npu XJiopa, raso-
OCYyLLKe XJiopa NPOMbIBOYHasA
BalwHsa
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lNpodomkeHue mabnuubi 9.33

Macca obpasoBaHusi oTxoaa

Macca pa3meLLeHHbIX

HanmeHoBaHune on}:;igzm EavHnuya B paC"'eToe Ha 1 TOHHY NcTouHmnk Otﬂj;:lgi 0TXoHAo0B B pa;:t-leTe Ha
BUZA 0TX04a P n3mepeHus 100 %NaOH o6pa3oBaHus yranvsaLMn 1 ToHHY 100 %NaOH
JnanasoH CpepHee OnanasoH CpegHee
Lnam dovnbTp- 5 Kr/T 55,7 55,7 dunbTp-npecc — 55,7 55,7
npecca ctagum pac-
COJTIO04UCTKM
LLinam nocne 3 Kr/T He Hopmu- | HeT gaHHbIX | CTagms o4ncTkm HeT — HeT paHHbIX
npecc-gpunbTpa pyeTtcs paccona,
dunbTp-npecc
OTtpaboTaHHbIN 5 Kr/T He Hopmu- | HeT gaHHbIX |[lecoyHble HeT — HeT gaHHbIX
necok nocrne ne- pyeTcs GunbTpbI
COYHbIX UNBbTPOB paccona
OTtpaboTaHHbIN aH- 4 Kr/T He Hopmu- | HeT gaHHbIX | AHTpauuTHbIE HeT — HeT paHHbIX
TpauuT Nocne ax- pyeTcs GunbTpbI
TpauUTHLIX PUnb- paccona
TpoB
OtpaboTaHHas 4 Kr/T He Hopmu- | HeT gaHHbIX | loHOOOMEHHLIE HeT — HeT gaHHbIX
NOHOOOMEHHas pyeTcs KONMOHHBbI
CMOa N3 KONOHHBbI
n3sneyeHuns Cau
Mg
OtpaboTtaHHble 4 Kr/T He Hopmun- | HeT gaHHbIX | ®UnbTpbI- HeT — HeT gaHHbIX
KacceTbl KapTpua- pyeTcs KapTpuomKm
XHbIX PUNBTPOB
OTtpaboTaHHbie 4 Kr/T He Hopmu- | HeT gaHHbIX | QnekTponuaepsbl HeT — HeT gaHHbIX
MembpaHbl 6uno- pyeTcs ounonsapHble

NAPHBIX 3NEKTPO-
nn3epos
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lNpodomkeHue mabnuubi 9.33

Macca obpasoBaHusi oTxoaa

Macca pa3meLLeHHbIX

HaumeHosaHmne Knacc EquHnua B pacyeTe Ha 1 TOHHY MCTOUHMK MeTon OTXOZOB B pacyeTe Ha
BUZA 0TX04a o;l;(;chgm n3mepeHus 100 %NaOH o6pa3oBaHus yTa;MmcsT;SW 1 ToHHY 100 %NaOH
JnanasoH CpepHee OnanasoH CpegHee
OTtpaboTaHHbIN 4 Kr/T He Hopmu- | HeT aaHHbIX | PunbTp pacco- HeT — HeT gaHHbIX
KapTpuox hunbTpa pyeTcs na nepeg CYC
paccona cucTembl
N3BIieYEHUs CyIib-
gata
OtpaboTaHHble 4 Kr/T He Hopmun- | HeT gaHHbIx | OTpaboTaHHble HeT — HeT gaHHbIX
HaHOUIbTPLI U3 pyeTtcs HaHOUILTPLI
punbTPOB CTaaUN CYC
N3BIieYEHUs CyIib-
daToB
3arpsi3HEHHbIN 4 Kr/T He Hopmu- | HeT gaHHbIX | dunbTpbl BNax- HeT — HeT gaHHbIX
PpunbTp (BHYTPEH- pyeTtcs HOro xropa
HWe yCTpoucTBa
«cBeYyemn») U3 Ty-
MaHoyroBuTens
BNaXHOro xriopa
HeperynsapHasa 4 Kr/T He Hopmu- | HeT gaHHbIX | KONOHHLI oCcyLu- HeT — HeT gaHHbIX
Hacagka 13 KONMOHH pyeTcs Kn xropa
OCYLLKM xriopa
3arpA3HeHHbIN 4 Kr/T He Hopmun- | HeT gaHHbIX | PnnbTp cyxoro HeT — HeT gaHHbIX
punbTp (BHYTPEH- pyeTtcs xriopa
HWe yCTpoucTBa
«cBeYyemn») U3 Ty-
MaHoyroBuTens
CyXxoro xriopa
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OkoHyaHue mabnuuybi 9.33

Macca obpazoBaHus oTxoaa Macca pa3meLLeHHbIX
HaumeHosaHmne Knacc EquHnua B pacyeTe Ha 1 TOHHY MCTOUHMK MeTon OTXOZOB B pacyeTe Ha
BUZA 0TX04a o;l;(;chgm n3mepeHus 100 %NaOH o6pa3oBaHus yTa;MmcsT;SW 1 ToHHY 100 %NaOH
JnanasoH CpepHee OnanasoH CpegHee
HeperynsapHasa 4 Kr/T He Hopmu- | HeT gaHHbIX | KONOHHBI ab- HeT — HeT gaHHbIX
Hacagka KONMOHH pyeTcs copOuum xnopa
abcopbumn xnopa
OTpaboTaHHbIN aK- 4 Kr/T He Hopmu- | HeT gaHHbIX | dunbTp Aexno- HeT — HeT paHHbIX
TUBNPOBAHHbIN pyeTca pupoBaHunA pac-
yronb cona

Tabnuya 9.34 — COpocChl 3arpA3HSAOLWLMX BELWECTB B BOAHbLIN OOBEKT OT NPOM3BOACTBA BOAOPOAA, XJlopa U rmapokcuaa HaTpus
MeMbpaHHbIM MEeTOOOM 3NeKTponmnsa

HaumeHoBaHue Eqmmua | Macca c6pocos 3B 10 ouncTkm Hanpaenexue MeTOR OuNCTIH Macca cbpocos 3B nocre
3arpsasHaoLLero n3mepe- | B pacieTe Ha 1 ToHHy npoayKTa NcTouHUMK CGE)OC&] (B BOO- MM OBTOPHOFO O4YMCTKM B pacHeTe Ha
BellecTBa (3B), cbpoca 3B | HbIh 06BEKT nnn 1 ToHHY npoaykTa
HUS NCrnonb3oBaHus
nokasarens [vanasoH CpenHee B LICB *) [vanasoH CpenHee
Xnop akTUBHbIN Kr/T He Gonee 0,48 0,1 KonoHHa B LICB n Ha Hentpanusa- | 0-9,7-10° | OtcytcTBre
oTnapku BOC LS TMOCYIb-
XITOpHOM draToOM HaTpus
BOAbI nrnm NaHS
Xrnopua-aHMoH Kr/T 1,4-245,4 123,9 Cragusa B LICB n Ha Mcnonb3oBa- 1,4-245,4 123,9
(xnopwuapl) OYUCTKM BOC HWe anga nony-
paccona YeHus paccona
Cynbdat-aHMoH Kr/T 0,1-113,2 56,7 MpombiBKa B LICB n Ha — 0,1-113,2 56,7
(cynbdpaTthbl) ueHTpudyr BOC
n obopyao-
BaHUS

* LJCB — ueHTpanuaoBaHHasa cuctema otBeaeHunsi; BOC — Gronormyeckne o4MCTHbIE COOPYXEHUS.
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Tadbnwnuya 9.35 — lNpoune hakTopbl BO3AENCTBUSA B NPON3BOACTBE BOAOPOAA, XNopa U ruapokcnaa HaTpust MeMbpaHHbIM METOA0M

aneKkTponmnsa
HaumeHoBaHue YpoBeHb BO3OENCTBUSA 4O CHU- YpoBetib Bo3fercTaus vnocne
taktopa ELI,VIHVILI,va EHUS (MOCTOSHHbIA YPOBEHD) V|CTOV'-IHVIK MeTton CtWI)KGHVIFI CHMXKEHUA (MOCTOSAHHBIN YPO-
BO3,EI,el7|CTBVIFI N3MepEHNn BO34eNCTBUA BO3OenNcTBuUA
OwnanasoH CpegHee JnanasoH CpepHee
Lym ABA 62-96 96 Hacocebl; komnpec- | [pumeHeHne 74-96 —
COpbl; UeHTpUdyru; |cpeacTs 3aLiu-
AneKTponmnsepsbl Tbl OpPraHoB
cnyxa
Bubpaums b 82-108 102 Hacocbl; ueHTpudpy-| CoorBetcTByeT 82-108 96
MM KOMMNpPEeCccopsbl HOpMaTMBaM
OneKTpoMarHuT- MTn 14,5 14,5 AneKkTponunsepsl CHwuxeHune 14,5 14,5
HOe n3ryveHune BpeEMeEHU
(MarHuTHas uH- BO3JENCTBUS
aykuna MMIT) dakTopa
Tennosoe BO3- °C 22,6-23,7 23,7 OneKTponnseps.l; CHuXeHune 22,6-23,7 —
nenctene BTy 735 735 BbINapHbIE annapa- |BpPeMEHHU 735
Thbl; TPy6ONpOBOAbI | BO34ENCTBUSA
napa v ropsiyen Bo- |dakropa

bl
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9.3.3 TeKyLuMe ypoOBHU 3IMUCCUM B OKPYXKaKoLyH cpeay U noTpebneHus
pecypcoB B NnpoM3BOACTBe Bogopoaa, Xfiopa U rmapokcmaa HaTpusi pTyTHbIM
MeTOAOM 3reKTponusa

TeKkyLumMe ypoOBHU 3MUCCUM B OKPYXKatoLLyto cpedy v noTpebneHns pecypcoB B Npouns-
BOLCTBE BOOOPOAA, XMNopa U rmapokcuaa HaTpus pTyTHbIM METOOOM 3rekTponmsa onpene-
neHbl N0 (hakTUYecKnm gaHHbIM, NpeacTaBneHHbIMKU npegnpuatuamm P® 3a 2016 r. MNMpowns-
BOACTBO BOAOPOAA, XJflopa v rugpokcuaa HaTpus pTyTHbIM METOAOM 3MEeKTPonn3a xapakre-
pu3yeTcs yMepeHHbIM YPOBHEM 3MUCCUM 3arpsaAsHSIOLLNX BELEeCTB B OKPYXaloLLylo cpeny,
OTHOCUTESTbHO HU3KUM CbIPbEBbIM MHOEKCOM TEXHOMOMMW U KpanHe BbICOKMM YPOBHEM MO-
TpebneHns aNeKTPOIHEPTUKN, YTO CBA3AHO CO CNEeUMEPUKON INEKTPOXMMMYECKOTO MeToaa no-
nyyeHUs egkoro HaTpa.

9.3.3.1 NoTpebneHue cbipbs, MaTeEpPMarnioB U 3HEPropecypcoB B NPpOU3BOACTBE
BogopoAaa, Xfiopa u rmapokcmaa HaTpusi pTyTHbIM MEeTOAI0OM 3neKTponusa

B kayecTBe OCHOBHbIX CbIpbEBbIX KOMMOHEHTOB B MNPOU3BOLACTBE UCMNOMb3yeTCA TBEp-
Aas KaMeHHasi conb (ranuT) pasnnyHbiX MECTOPOXAEHWA, HanpMmep NpMBO3HAsa KaMeHHas
conb Conb-Mneukoro MeECTOPOXAEHUS, KaMeHHasa conb Ap-bukagakckoro MecTopoXaeHus,
UM paccosn xmopuga HaTpud, norydYyaemMblini METOAOM NOA3EMHOIO BbllenadnBaHUs KamMmeH-
HOW CONv, HanpumMmep pacTBOp HaTpuUA Xnopuaa, BbiMyCcKaeMbl N0 CTaHOapPTy opraHu3aumm
[51].

B kayecTBe pTyTM MeTannMyeckom Ha cTaguu dneKkTposiM3a C PTYTHbIM KatogoM UC-
nonb3yeTca pTyTb MeTannmyeckasa mapok Pi1, P2 unu Ps unu pereHepnpoBaHHas pTyThb.

Bbixo npoayKTOB NO TOKY 3f1IEKTPOSiM3a coctaBndeT He meHee 95 %.

B pesynbTaTe anekTposiMsa pactsopa xsiopuaa HaTpua nosryvarTca NPOAYKTbI:

- ANEKTPONUTUYECKUIN XNOp uUnNu xnopras, cogepxawmn 98,3 % xnopa, 1 % Boabl n
0,7 % kncnopoga, U KOTopbIA NOCne oxXnaxaeHUsa, OCYLIKNU U KOMNPUMUPOBAHUA nNpeBpalLla-
eTCH B TOBapHbIM XJ10p Xnakun no [39];

- ANEKTPONUTMYECKMI Bogopoa, cogepxaiwmn 75 % sogopoaa v okono 25 % sofpbl;

- HaTp ek TexHudecknin mapkm PP no [35] nnu HaTp egkun ouumuleHHbIn no [36] ¢
maccoson gorien NaOH go 50 %, koTopble MCMOmb3yTCA B TOM Yucne Ans npov3BoACTBa
TBEpAOoro eakoro Hatpa mapkm PP no [35] unn TBepaoro eakoro Hatpa no ctaHgapTam opra-
Hu3aumn [37], [38].

TexHnyeckne nokasatenu (nokasaTenu KkayecTtBa) noslydaemMblX TOBAPHbIX NMPOAYKTOB
(eakoro HaTpa M XnaKoro xrnopa) npuBegeHsl B Tabnmuax 9.22 n 9.23.

Pacxog OCHOBHbIX BUAOB Cbipbsi, Marepuanos N 3HEPropecypcos NpousBoaCTBa BO-
gopoga, xrnopa v rugpokcuaa Hatpusa pTyTHbIM METOL0M 3NeKTPoriM3a Ha 1 TOHHY r’MapOoKCU-
Aa Hatpus (100 %) npmueeneH B Tabnumue 9.36.
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Tabnuuya 9.36 — Pacxoa cbipbd, Matepmanos, 3HEPropecypcoB Ha NPOM3BOACTBO 1 T
efkoro Hatpa mapku PP B nepecyeTe Ha 100 % NaOH pTyTHbIM METOL4OM 3MeKTposnim3a

Cblpbe, MaTepuarbl, 3HEPropecypcsi

EQvHMUbI Pacxop Ha 1 ToHHY 100 % NaOH
HanmeHoBaHue

n3mMepeHus MWHUManNbHbIN MaKCUMarnbHbIN
Conb (ranuT) unu cblpon paccon Kr 1485 1881
xnopuga HaTtpusa Ha 100 % NaCl
Eokvin HaTp TexHU4eckumn B nepecye- Kr 7,8 43,1
Te Ha 100 % NaOH
Kucnorta consgHasa cMHTeTu4yeckasa B Kr 6,3 38
nepecyete Ha 100 % HCI
Copa kanbunHMpOBaHHas B nepe- Kr 0,31 22,1
cyete Ha 100 % Na2CO3
Monuakpunamug (dnokynsaHT) 100 % Kr 0,15 0,9
Xnopug kanbuus 32%-Hbin CaClz Kr 8,1 32,1
Hatpus rmgpocynsdpua NaHS nnu K Kr 0,038 0,045
HaTpusa TMocynbdaT Na2S203 0,3 3,1
PTyTb MeTannuyeckasqa P1, P2, Ps3 r 4,9 55
Bona obecconeHHas m3 0,8 2,61
Kncnota cepHasa KOHUEHTpUPOBaH- Kr 14,5 50,0
Has unu oneym Ha 100 % H2SO4
[Mecok kBapueBbI PpakLNOHUPO- Kr 0 0,32
BaHHbIN [K, [K® kpynHbIn 1,6-1,0
[MornoTuTenn xummnyeckne napos Kr 0 0,15
PTYTW UNK YrNepoaHbi NOrnoTuTenb
Bona npoussoacTBeHHas m3 0,31 12,1
ONEKTPO3HEPrns NOCTOAHHOIO ToKa KBT-4/Mx 2800/10080 3293/11855
ONEKTPOIHEPIUs MEPEMEHHOIO TOKa KBT-4/M[x 55/198 140/223
Tennosasi aHeprusa B nape MIOx 837 9650
Xonopg ¢ Temnepatypon (9 £2) °C MIx 778 800
Xornopg ¢ Temnepar. MUHYC Mk 12 30
(29 £2) °C
Boaa o6opoTHas m3 36,8 914
Bo3gyx ocylieHHbIn (CxaTbin) HMm3 44 170
A30T razoobpasHbii HMS3 2,9 64,2

[MponsBoacTBO BOgOpOAa, Xnopa v ruapokcuaa HaTpust pTYTHbIM METOOOM 3NeKTpo-
nmn3a xapakTepusyetcsl OTHOCUTESNbHO HU3KUM CbipbE€BbIM WMHAEKCOM, HaXOAAWMMCA B Mpe-
penax 1522 5-2067,1 kr/T (6e3 y4eTta BoAbl, HEOO6XOAMMOW NS paCTBOPEHUSI COMK, MPUro-

TOBIEHMS paccoria U pasnoXeHns aMmanbrambl HaTpUS).
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9.3.3.2 BbIxoa OCHOBHbIX U NONYTHbIX NPOAYKTOB, 3HEpropecypcoB B
npousBoACTBe BogopoAaa, Xfiopa U ruapokcmaa HaTpusl pTyTHbIM MeToAO0M
aneKTponusa

[Mpon3BoacTBO BOAOPOAA, XNopa U rMapoKcMaa HaTpusa PTYTHbIM METOAOM JMEKTPOo-
nn3a CBA3aHO C BbICOKMM YPOBHEM MOTPebneHns anekTpo3aHeprum, 4To obycrioBneHo cne-
UMAGUKON 3MEKTPOXMMUYECKOTO MpoLiecca NPOM3BOACTBA, a TakkKe CBA3aHO C YMEpPEHHbIM
noTpebneHnem oboOpOTHOM BOAblI M Xonoda, 4To 0bycrnoBneHo HEOOXOOMMOCTLIO oxnaxae-
HUS U KOMIPUMUPOBAHUSA Xropa Ha CTaguu NONyYeHUs XXUAKOro xropa.

B Tabnuue 9.37 npuBeaeH BbIXOA4 OCHOBHbIX, MOMYTHbIX NPOAYKTOB U NOMYnNpoOayKTOB
Ha NPOM3BOACTBO 1 T TOBApPHOro eakoro Hatpa mapku PP B nepecyeTe Ha 100 % NaOH.

Tabnuya 9.37 — BbIxo4 OCHOBHbIX M MONYTHbIX NPOAYKTOB Ha NPOM3BOACTBO 1 T
100%-Horo egkoro HaTpa mapku PP pTyTHbIM MeTO40OM anekTponunsa

I'Ipo,quuMﬂ, nonynpoayktbl, NONYyTHbIE NPOAYKTbI, SHEPropeCcypChbl
EQvHMUbI Bbixog Ha 1 ToHHY 100 % NaOH
HanmeHoBaHne .
namepeHumn MUHUManbHbIN MaKCUMarnbHbIN
EQkun HaTp Xngkmn T 1,00 1,00
Xnop anekTponuTu4ecknin (xnopras) T 0,885 0,891
UIN XJ10P OCYLLEHHbIW B nepecyeTte
Ha 100 % Cl2
Booopoa anekTponmtuyeckui nnu T (HMm3) 0,025 0,032
BOOOPOA TEXHUYECKUI B NepecyeTe (275) (290)
Ha 100 % H>
Kucnota cepHaga ans pereHepauum u Kr 3,5 22
HenTpanusauum (N noTepwu) B ne-
pecyeTe Ha 100 % H2SO4
M'Mnoxnoput Hatpusa (pactesop 90— Kr 15 6,0
110 r/am® akTMBHOrO xrnopa)
CTO4HbIE BOAObI PTYThCOAEPXKALLME m3 0,56 1,01

9.3.3.3 XapakTtepucTuka aMMCCUN B OKpYXKaloLLyto cpeay B NpouM3BoACTBe
BOAOpOAA, Xnopa u rmapokcmaa HaTpusa PTyTHbLIM MeTOAO0M 3feKTponusa

OCHOBHble BUAbl 3MUCCUIN B OKPYXXaloLLy0 cpedy OT JAaHHOro Npow3BoAcTBa npuse-
JeHbl B Tabnuuyax 9.38-9.41.

OcCHOBHble BbIBPOCHI MapKEPHbIX 3arpsA3HAILWNX BELLECTB, BKIHOYAA XOp U CEepHYHo
KNCIOTY, 0BpasyroTcs Ha CTagun OXNaxOeHUsl, OCYLIKW, KOMMPUMUPOBAHUS UNN CKUKEHUSNA
xnopa. O6pasyoumecss NPoMbILLNIEHHbIE BbIOPOCHI NOABEPraldTCA OYUCTKE OT XJlopa ¢ npu-
MeHeHneM abCcopObUNOHHbBIX CAaHUTAPHbBIX KOFOHH.

B Tex cnyyasx, korga anekTponMTUYECKMiA XJ1op He NOABEPratoT CyLKe C MCMNOSb30Ba-
HMEM KOHLEHTPUPOBAHHOW CEPHOWN KUCMOTbl UK orneyma, BbIbpOCbl CEPHOM KUCOThLI B aTt-
MOCCEpPHbIN BO3QYX OTCYTCTBYIOT KaK TaKOBbI€.

TexHonornyeckne nokasatenu NpoM3BoACTBa BOAOPOAA, Xropa U rmapokcmaa HaTpus
PTYTHbIM METOAOM NpUBEAEHbI B MPUMNOXeHUN A.
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Tabnuuya 9.38 — BbIOpoCbl MapKkepHbIX 3arpA3HAIOLLNX BELWECTB B aTMOCEPHbIN BO34yX B MPON3BOACTBE BOAOPOAA, XSlopa U
rmopokcnaa HaTpust PTyTHbIM METOLOM 3MeKTponn3a

Macca BbibpocoB 3B 40 04MCTKM

Macca BbiGpocoB 3B nocne o4ncTkm

HanmeHosanme EauHuua B pacyeTte Ha 1 ToOHHY npoaykra VICTOYHMKM MeTon B pacyeTte Ha 1 ToOHHY npoaykTta
SaTPASHAIOISTO | s mepenmii 100 % NaOH BLIGPOCOB OUMCTKM 100 % NaOH
BewecTsa (3B)
[OnanasoH CpepHee [OnanasoH CpepHee
Xnop (npouseoa- Kr/T 0,005-0,15 0,05 OcHoBHOe 060-| Abcopbuus 0,005-0,15 0,05
CTBO Xriopa) pyLoOBaHUE; Typ- |LLENOYHbIM
GokoMnpeccopbl | pacTBOPOM
CepHas kucnota Kr/T 0,0014-0,006 0,0037 KonoHHbl cywkn | Abcopbuus 0,0014-0,006 0,0037
(npon3BoacTBO Xnopa; yCTaHOB- | LEeSTI0YHbIM
Xnopa) Ka pereHepaumm |pacTBopoM
oTpaboTaHHON
CEPHOM KNCAOTbI
PTyTb (Npon3Bosa- Kr/T 0,001-0,05 0,007 OcHoBHOe 060-|Agcopbuus 0,001-0,03 0,006
CTBO e[KOro HaTpa) py4LoBaHue Ha yrne
HaTtpun rugpokcmg, Kr/T 0,001-0,05 0,025 OcHoBHoe 060- — 0,001-0,05 0,025
NaOH (npon3Bog- pyaoBaHue
CTBO €4KOro HaTpa,
KaycTuka)
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Tab6nwuua 9.39 — OTxoabl NnponsBoacTBa 1 NOTpebrneHns B NPON3BOACTBE BOAOPOAA, XIopa M rmapokcuaa HaTpust pTYTHbIM METOAOM

aneKkTponmnsa
Macca obpasoBaHus oTxoaa Macca pasmeLleHHbIX OTXO-
HanMeHoBaHMe Knacc EquHnua B pacyeTe Ha 1 TOHHY npo- MCTOUHMK MeTon [0B B pacyeTe Ha 1 TOHHY
oTxoda onackocTy n3MepeHus ayKta obpasoBaHus oHneTKA, npoaykra
ana OC yTunusauum
JnanasoH CpepHee OnanasoH CpepHee
CepHas kucnorta, 2 Kr/T 3,5-21,2 HeTt paHHbix |CTagms cywkun | KOHUEeHTpu- 0-21,2 —
oTpaboTaHHas npu xsiopa poBaHue
OCYLLKe xriopa KMCNOThI
LLinam conepacrT- 4 Kr/T 41,5-48,5 41,5 Ctaguu o4mcTkn — 0-48,5 41,5
BOPEHNA N pacco- paccona u
NOOYNCTKM (B TOM OYMCTKM aHOSU-
4yuncre aHonuTa) Ta
Hacapgka rpacuTto- 4 Kr/T 0,02-0,10 0,10 Hemepkypusa- |[MpombiBKa 0,02-0,10 0,1
Basi oTpaboTaHHas unsa rpaduTo- | BOOOM
nocne gemMepkypu- BOW Hacagkm
3aumm pasnaratenen
lMecok oTpaboTaH- 4 Kr/T 0-1,20 1,0 CTtaans o4ncTKu — 0-1,20 1,0
HbIW OT NecYyaHbIX CTOYHbIX BO,
dunbTPOB (dbmnbTpauyunn)
LLnam ¢ yctaHOBKM 4 Kr/T 1,0 1,0 dunbTpaums Hemepky- 1,0 1,0
peareHTHOM OYNCT- CycrneH3umu pusauus,
KN CTOYHbIX BO OT CTOYHbIX BO, NpoMbIBKa
pTYTU peareHTHOW BOOON
OYMCTKU
PesunHa, otpabo- 4 Kr/T 0,6 0,6 3ameHa oTpa- |[lpombiBKa 0,6 0,6
TaHHas 13 Npouns- BGoTaHHbIX pe-  |BOOOM
BOZCTBa xJiopa u 3MHOBbIX MaTe-
e[Koro Hatpa puanos
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lNpodomkeHue mabnuusi 9.39

Macca obpasoBaHusi oTxoaa

Macca pasmeLleHHbIX OTXO-

HanmeHoBaHue Knacc ED.V'HV'U.a B pac4eTe Ha 1 TOHHY MpPO- NcTOYHUK MeTOD, OOB B pacyeTe Ha 1 TOHHY
oTxoda onacrocTh n3mMepeHus AyKTa obpasoBaHus OHneTIM, npoaykta
ana OC yTunusauuu
JnanasoH CpepHee OnanasoH CpegHee
PeaunHoacbecTo- 4 Kr/T 0,06 0,06 3ameHa ynnot- |lpombiBKa 0,06 0,06
Bble oTxoAabl (U3ae- HUTENbHbIX Ma- |BOAON
nus otpaboTtan- Tepuanos
Hble)
TkaHb unbTpO- 4 Kr/T 0,1 0,1 3ameHa punb- | [lemepky- 0,1 0,1
BanbHasa oTpabo- TpoBanbHoOWM pusaums,
TaHHas TKaHu NpoOMbIBKa
BOOMN
YrnepoaHbin no- 4 Kr/T 0-0,04 0,04 OuyucTka BOOO- — 0-0,04 0,04
rMOTUTENb PTYTU pofa OT napoBs
OTpaboTaHHbIN pTYTW B aacop-
Nnpoun3BOACTBa Bepax, ouncrka
Xnopa v egKoro abrasoB neven
HaTpa npokKanku wna-
Ma
Cmona noHoob- 5 Kr/T 0-0,45 0,225 Ounctka ctou- |lMpombiBKa 0-0,45 0,225
MeHHasa oTpabo- HbIX BOA, OT PTYy- | pacTBOPOM
TaHHas B NMNpous- T B npousBoa- |NaOH wn Bo-
BOACTBE XJlopa 1 CTBE xJiopa u aon
e4Koro HaTpa KaycTuka
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lNpodomkeHue mabnuusi 9.39

Macca obpasoBaHusi oTxoaa

Macca pasmeLleHHbIX OTXO-

HanmeHoBaHue Knacc ED,I/IHI/IU,a B pac4eTe Ha 1 TOHHY MpPO- NcTOYHUK MeTOD, OOB B pacyeTe Ha 1 TOHHY
oTxoda onacrocTh n3mMepeHus AyKTa obpasoBaHus OHneTIM, npoaykta
ana OC yTunusauuu
JnanasoH CpepHee OnanasoH CpegHee

OTtxogbl pTyTbCO- 3 Kr/T 1,9-4,0 2,01 UncTtka kapma- | Tepmunye- 1,7-3,0 2,0
aepxawme npu 3a- HOB 31EKTPO- ckasi pere-
yncTtke obopy- nn3epoB U Apy- |Hepauus
A0BaHUA Npoun3s- roro o6o- pTYyTK B ne-
BOZCTBa xJfiopa u pyooBaHus yax
KaycTuka
HeopraHu4yeckui 3 Kr/T 1,4-3,0 15 YcTtaHoBKka Tep- |Mcnonb3so- 1,4-3,0 15
OCTaTOK TepMuye- MWUYECKOM pere- |BaHuWe Ons
CKOW pereHepaumm Hepauuu pTyTn |nukeBuaa-
MeTannmyeckon (obesBpexmBa- |UUKU Kapbe-
PTYTU N3 PTYTbCO- HUA PTYTbCO- poB, rmapo-
AepxaLumx oTxo- Aepxawmx oT- | TEXHUYECKUX
A0B Npon3BoACTBA X0[40B) coopyxe-
XIiopa u KaycTtuka HUM (F'TC)
PTYTHbIM METOAOM
Ocapok oTcTamBa- 4 Kr/T 0,3-0,7 0,37 3auncTtka emko- |NMpombiBKa 0,3-0,7 0,37
HUSA paccona, oT- cTen ctagum BOOON, UC-
paboTaHHOro npu OYUCTKM aHOMNU- | NOSb30Ba-
pereHepaunm Ta HWe ons
unbTpa OYMCTKM nukemaa-
aHonuTa B Npous- LMK Kapbe-
BOZCTBE XJlopa u pos, 'TC
KayCcTuKa pTyTHbIM
MeTOL4OM
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lNpodomkeHue mabnuubi 9.39

Macca obpasoBaHusi oTxoaa

Macca pasmeLleHHbIX OTXO-

HaumeHoBaHue Knacc EauHuua B pacyeTe Ha 1 TOHHY npo- MICTOYHUK Meton 0O0B B pacyeTte Ha 1 TOHHY
oTxoda onacrocTi n3mMepeHus AyKTa obpasoBaHus OHneTIM, npoaykta
ana OC yTunusauuu
JnanasoH CpepHee OnanasoH CpegHee
dToponnact oTpa- 4 Kr/T 0,01-0,1 0,1 3ameHa otpa- |[lpombiBKa 0-0,1 0,1
OOTaHHbIN B Npo- OOoTaHHbIX N3- BOOOW
NM3BOACTBE Xropa u nenum ns gpto-
KaycTuka ponnacTta
Cmecb ocagkos 1 Kr/T 0,5-15 1,0 3aunctka obo- | Tepmunue- 05-15 1,0
MEXaHN4YEeCKON 1 pyLoBaHUs ckasq pere-
dom3unKo- npou3BoACTBa | Hepa-uus
XNMUYECKON OYNCT- Xnopa u Kayctu- | pTyTu
KN CTOYHbIX BO, Ka pTYyTHbIM Me-
npon3BoACTBa TOOOM
Xnopa u Kayctuka
PTYTHbIM METOA0M
NoHoobmeHHas 1 Kr/T 0,01-0,5 0,255 OuuncTka cTou- — 0,01-0,5 0,255
cmona, otpabo- HbIX BOA, NPOM3-
TaHHasi NPy OYMCT- BOCTBa xnopa
Ke CTOYHbIX BOA N KaycTuka
npon3BoACTBa PTYTHbIM METO-
Xnopa v Kayctuka aom
PTYTHbIM METOA0M
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OkoHyaHue mabnuuybi 9.39

Macca obpasoBaHusi oTxoaa

Macca pasmeLleHHbIX OTXO-

HanumeHoBaHue Knace EavHnua B pacyeTe Ha 1 TOHHY npo- NCTOYHUK MeTon OB B pacyeTe Ha 1 TOHHY
oTxoda onacrocTh n3mMepeHus AyKTa obpasoBaHus OHneTIM, npoaykta
ana OC yTunusauuu
JnanasoH CpepHee OnanasoH CpegHee

Yronb akTMBmpo- 1 Kr/T 0,01-0,08 0,045 OuuncTka npo- — 0,01-0,08 0,045
BaHHbIN, 3arpsas- OYKTOB N OTXO-
HEHHbIN PTYTbIO OAWMX ra3oB B
npu OYNCTKE CTOY- npous3BOACTBE
HbIX BOZ NMpoun3- Xriopa v kaycTtu-
BOACTBa XxJiopa n Ka
KayCTuKa pTyTHbIM
MeTo40M
OT1xoabl TepmMnye- 1 Kr/T 0,7-1,0 0,85 YcTaHoBKa Tep- — 0,7-1,0 0,85
CKOW pereHepauum MU4YecKoun pere-
N3 pTyThCOOEPXKa- Hepauuu pTyTu
LKMX OTXOO0B Mpo-
NM3BOACTBa Xropa u
KayCTuKa pPTyTHbIM
MeTo40M
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Tadnwunuya 9.40 — COpocChl 3arpA3HAIOLLNX BELLLECTB B BOAHLIM 0OBbEKT OT NPOM3BOACTBA BOAOPOAA, XJIopa U rmapoKkcuaa HaTpus
PTYTHbIM METOAOM 3MEKTPOoNn3a

HaumMeHoBaHue Macca c6pocos 3B o ouncr- HanpaeneHue M Macca c6pocos 3B nocne
3arpasHaoLLero EavHnua | KW B pacyeTe Ha 1 TOHHY Npo- | cTouHMK cbpoca (B BOA- CTOA OHNCTKA O4NCTKM B pacyeTe Ha
BellecTsa (3B), | nsmepeHus OyKTa cbpoca HbIl OO BHEKT, VN NOBTOPHOTO 1 ToHHY NpoaykTa
Mcnonb3oBaHUA
rnokasarens [vanasoH CpenHee UCB nnm I'TC *) [vanasoH CpenHee
Xnop aKkTUBHbIN Kr/T 0-0,2 — KonoHHa B LCBuHa |Hentpanusaumsa| 0-9,7-10°° OrtcyT-
oTnapku BOC vnn TUOCYynb-haToM cTBUE
XNOopHOM1 BITC HaTpuA unn
BOAbI NaHS
Xnopwa-aHWOoH Kr/T 10-1300 655 Cragusiebl-| B LICBwuHa |Wcnonb3oBaHue 0-1300 650
(xnopwuapl) napku conm BOC vnn Ansa nonyveHns
BITC paccona
Cynbdart-aHnoH Kr/T 0,1-1,1 0,55 Craguasbel-| B LCB uHa OuuncTtka ot 0-1,0 0,5
(cynbdraThbl) napku conm BOC unn cynbdaToB U
BITC BO3BpaT B LMKI
PTyTb Kr/T 0,0001-0,001 — C6opHuK B LICB 1 Ha — 0-0,0002 0,0001
CTOYHbIX BOC nnn
BOA BITC

OpYXXeHue.

* LUCB — ueHTpanunsoBaHHaga cuctema otBefeHusi; bBOC — Guonornyeckne o4mcTHble coopyxeHus; 'TC — rugpoTexHmyeckoe co-
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Tabnuuya 9.41 — lNpo4ne dakTopbl BO3AENCTBMS B NPOM3BOACTBE BOAOPOAA, XIopa U rmapoKenaa Hatpmus pTyTHbIM METOLOM

Thbl; Tpyb6ONpoBoAbl
napa v ropst4yen Bo-
abl

nencrteuns dak-
Topa

aneKkTponmnsa
HavnmeHoBaHue YpoBeHb BO3AENCTBUA O CHU- YpoBeHb BospencTans
taktopa ELI,VIHVILI,va EHUS (MOCTOSHHbIA YPOBEHD) V|CTOV'-IHVIK MeTtog CtWI)KGHVIFI nocne CHE’DKGHV'F'
BO30ENCTBUS n3MepeHunn BO34EeNCTBMS BO34EeNCTBUS (NOCTOSIHHBIN YPOBEHb)
[Owana3soH CpegHee [wnana3soH CpepHee
LWym ObA 62-96 79 Hacocbl; komnpec- | [puMmeHeHne 74-96 79
COpbl; UeHTpUdyrn |cpeacTs 3aLiu-
Tbl OpPraHoB
cnyxa
Bubpaums b 82-108 95 Hacocbl; ueHTpudpy-| CoorBetcTByeT 82-108 95
r; KOMNpeccopsbl HOopMaTMBaMm
OneKTpoMarHuT- MTn 14,5-16,5 15,5 AneKkTponunsepsl CokpalueHue 14,5-16,5 15,5
HOe n3ryveHune BpEMEHU BO3-
(MarHuTHas uH- aencreus ak-
aykuna MMIT) TOpa
Tennosoe BO3- °C 22,6-23,7 23,7 OneKTponnseps.l; CokpalleHue 22,6-23,7 735
nenctene BTy 735 735 BbINapHbIE annapa- |BpPeMEHUN BO3- 735
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9.3.4 TeKywine ypoBHU 3IMUCCUM B OKpYyXaroLyro cpeay U notpedneHus
pecypcoB B Npou3BoACTBE TBEPAOro ruapokcuaa HaTpus (eaKkoro HaTpa)

TekyLwme ypoBHM 3IMUCCUN B OKpPYXKaloLLyo cpeay U noTpebneHnsa pecypcoB B Npous-
BOCTBE TBEpAOro rmapokcnaa Hatpus onpeeneHsl no pakTMyecknuMm gaHHbIM, npeacras-
neHHbiMK npegnpuatuamm P® 3a 2016 roa. MpomnsBoacTBO TBEPAOro rmapokcuaa HaTpus
XapaKkTepusyeTcs HU3KUM YPOBHEM IMUCCUN 3arpA3HSAIOLLNX BELLLECTB B OKPY>XKatoLLYO cpeqy,
HU3KUM CbipbEBbIM WHOEKCOM TEXHOSMOMMU M BbICOKMM YPOBHEM NOTpebrneHvem TennoBown
3Hepruu, 4YTo CBA3aHO CO creumukon meToaa NonyyYyeHUs TBepaoro eaKoro HaTpa — Bbina-
pvBaHMEM BOLHbIX paCTBOPOB €4KOro HaTpa.

9.3.4.1 NoTpebneHue cbipbsi, MaTepMarnoB U 3HepPropecypcoBs B NpOU3BOACTBE
TBepAoro rugpokcuaa Hatpus

B ka4yecTBe OCHOBHOIO CbIpbEBOro KOMMOHEHTa B NPOW3BOACTBE UCMOSb3yeTCs HaTp
eakmn mapkm PP nnn mapku P, Beinyckaembi no [35], HATp e4KM OYULLIEHHBIN, BbiNyCcKae-
MbI no [36], unnM pacTBOp e4Koro HaTpa, BbiNycKaeMbl MO WUHBbIM TEXHUYECKUM YCMOBUSM
(cTaHgapTam opraHusaumn).

TexHnyeckne nokasaTenu (nokasaTenu ka4ecTsa) Nosly4aemoro TBepaoro rmapokcunaa
HaTpus (eakoro Hatpa) mapok TP n T[ npuBeneHsbl B Tabnuue 9.23 [35] nnn B COOTBETCTBY-
OLLMX TEXHUYECKMX YCrOoBUSX (CTaHOapTax opraHu3aumm) Ha TBepablin eaknin HaTp (rpaHynu-
pPOBaHHbIN Unn TabneTmpoBaHHbIn) [37, 38].

Pacxog OCHOBHbIX BWOOB Cblpbs, MaTepuarioB M 3HEPropecypcoB MpOM3BOACTBA
TBEPAOro rmapokcuaa Hatpusa Ha 1 ToHHy npoaykTa (100 % NaOH) npuBegeH Huxe B Tabnu-
ue 9.42.

Tabnuuya 9.42 — Pacxon cbipbsi, MaTepmnanoB, 3HEPropecypcoB Ha NPoOU3BOA-

CTBO 1 TOHHbI TBEPAOrO €4KOro HaTpa (YeLynpoBaHHOIO UK rpaHynMPoOBaHHOIO) B Nepe-
cyeTe Ha 100% NaOH

Cblpbe, MaTepuarbl, 3HEPropecypchbl
HanmeHoBaHune EavHnupl Pacxog Ha 1 ToHHY 100% NaOH
n3mMmepeHunsd MWHUMarbHbIN MaKCcunMarsb-
HbIN
HaTp eaokum OYmLLIEHHBIN MNK Kr 1001,0 1013,0
HaTp eakun mapku PP B nepe-
cyete Ha 100% NaOH
Caxap-necok Kr 0,049 0,058
TennoHocutenb — ANgEeHU Kr 0,18 0,20
(anHwnn)
HaTpuin asoTuctokmucnbin Kr 0,065 0,066
Cenntpa kanueBas TexHu4e- Kr 0,060 0,061
ckas
Bogopon TexHu4eckuii ™3 0,35278 0,38512
Kucnopopa razoobpasHbiit Tex- ™3 0,14909 0,16132
HU4ecknn, 95 %
MpupoaHbI ras ™3 0,1053 0,1242
Map kan 0,0084 0,30
Xonop (MoHb — CeHTAGPD) kan 8,0 8,0
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Cblpbe, MaTepuarnbl, 3Hepropecypcsl
HanveHoBaHune EonHnubl Pacxog Ha 1 ToHHY 100% NaOH
n3mMmepeHunsd MWHUMaribHbIN MaKCcunMarsb-
HbIN
Boaa xumounLieHHasa nnu m3 25,7 (90) 71 (91)
obecconeHHas (Mnu peyHas)
Bopa o6opoTHas m3 108,4 140,9
OIEeKTPO3Heprus ThbiC. KBT-Y 0,0408 0,0850
Bo3ayx cxatbin (OCYLUEHHbIN) HM3 0,0079 0,0338

Mpon3BOACTBO TBEPAOrO €A4KOro HaTpa XapakTepudyeTCs HU3KUM CbIPbEBbIM WUHOEK-
com, Haxoasawmmcesa B npegenax 1001,5 — 1014 «kr/t (6e3 yyeTa pacxofa aHeproHocuTenen u
BOAbl).

9.3.4.2 BbIxo4 OCHOBHbIX W MOMNYTHbIX MNPOAYKTOB, 3HeEpropecypcos B
npou3BOACTBE TBEPAOro ruapokcuaa HaTpus

Mpon3BoaCTBO TBEPAOro €4KOro HaTpa He CBA3aHO C 06pa3oBaHMEM KaKUX-NNGO
MOMYTHbIX MPOAYKTOB M 3HEPropecypcoB, YTO 06YCINOBNEHO OCOBEHHOCTBIO TEXHOTOrU-
Yyeckoro npouecca NPOM3BOACTBA.

9.3.4.3 XapakTepucTMka 3MUCCUMA B OKpYXawllyl cpeay B NpouU3BOACTBE
TBEpAOro ruapokcuaa Hatpus (e4Koro HaTpa)

OcCHOBHbIE BUAbI AMUCCUIA B OKPYXKaloLLYO cpeay OT JaHHOro npon3BoacTBa npusene-
Hbl HWXKe B Tabnuuax 9.43 — 9.46.

OcHoBHble BbIBPOCHI MapKepPHbIX 3arpA3HAOLWNX BELWeCcTB — OKCuaa yrnepoga, mMeta-
Ha, rmgpokcuaa Hatpus ob6pasyloTCa COOTBETCTBEHHO Ha CTaguWM HarpeBa TEMMOHOCUTENS
(Mpn CcXuMraHMm NPUPOLHOro rasa) U Ha cTaguun Kpuctannmsauumn (YelwymnpoBaHusa unm rpa-
HYNMpoBaHUS) N (pacoBKM TBEPLOro e4Koro HaTpa.

TexHonornyeckme nokasaTtenun Npou3BoACTBa TBEPAOro rmapokcmaa Hatpus (egkoro
HaTpa) NnpuBeaeHbl B MNpunoxeHun A.



Tabnuuya 9.43 — BbiGpocbl MapKepHbIX 3arpsi3HAOLLMX BELWECTB B aTMOCHEpPHbIM BO34yX B NPOM3BOACTBE TBEPAOro rma-
pokcuaa HaTpus (egKoro HaTpa)

€a¢

HanmeHoBaHune EanHnua Macca BbiGpocoB 3B o NcTOYHMKM BbI- MeTopq Macca BbiGpocoB 3B nocne
3arps3HAoLLIEro namepe- O4YUCTKM B pacyeTe Ha 1 6pocos o4nCT- OYNCTKM B pacyeTe Ha 1 TOHHY
BellecTBa (3B) HUK TOHHY NpoaykTa K npogykta 100% NaOH
100% NaOH
[Owana3soH Cpeg- [Owana3soH CpenHee
Hee
Yrnepoaa okcung Kr/T 0,1-0,30 0,16 Cragus — 0,1-0,3 0,16
MeTaH Kr/T HeT OaH- HeT Harpesa Ter- — HeT OaHHbIX HeT AaHHbIX
noHocuTenen
HbIX AaHHbIX
(B coctase
AbIMOBbIX ra-
30B)
A3oTa gunokcug Kr/T 0,03 - 0,07 Cragu4a — 0,03-0,10 0,07
0,10 HarpeBsa Tern-
A30oTa ocupg Kr/T 0,01 - 0,012 noHocutenen — 0,01 - 0,012
0,02 (B cocTtaBe
AbIMOBbIX ra-
30B)
Hatpua rmgpok- Kr/T 0,02 — 0,07 Cragvus kpuc- — 0,02 -0,12 0,07
cna, NaOH 0,12 Tannnnmaa-
unm (dewuym-
poBaHus, rpa-
HynupoBa-
HUA)M cTagms
dracoBKu npo-
AyKTa
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Tabnuya 9.44 — OTxoabl Npon3BOACTBA M NOTPeBNEHMs B NPOM3BOACTBE TBEPAOro rMapoKkcmaa HaTpus (egKoro HaTpa)
HanmeHoBaHue oT- Knacc EovHmua | Macca obpasoBaHust 0Txo4a B NcTouHumk obpa- MeTon Macca pasmeLLeHHbIX
xopa onac- nsamepe- pacyeTe Ha 30BaHUA OYUCTKN, OTXO[0B B pacyeTe Ha
HOCTU HUA 1 TOHHY npofyKTta yTunuaa- 1 TOHHY npofyKTta
ana OC OnanasoH CpegHee unn JnanasoH Cpeg-
Hee
OT1xoapbl npons- 1 Kr/T 0-0,9 0,53 Mpouecc pas- Tepmuye- 0-0,9 0,53
BOA-CTBA OCHOB- noxeHunsa gnudoe- | CcKoe Cxu-
HbIX Op- HUIMbHOM CMEcKn | raHme
raHN4YeCKNX Xu- npu NpPon3Boa-
MWUN-YECKUX BE- CTBe HaTpa ea-
LWEeCTB NpoYmx Koro
(NnpoaykTbl pas-
noxeHus gude-
HUITbHOM CMecH
OTxopabl cone- 3 Kr/T 0-0,82 0,41 3ameHa He- — 0- 0,41
BbIX TEMIIOHOCU- opra- 0,82
Tenewn B Bnae HUYECKOro
HUTPUT- TEenmoHOCKU-
HUTPAaTHbLIX CMe- Tens

cen

LTOC—VE J1M



S1oT4

Tabnuuya 9.45— CHpochl 3arpa3HSAOLLNX BELWECTB B BOAHbBIM OOBEKT OT NPOM3BOACTBA TBEPAOro rmapokcnaa HaTpus (eako-

ro HaTpa)

HanmeHoBaHune EovHnua Macca c6pocos 3B ao NcTOYHMK HanpasneHue MeTon Macca c6pocos 3B no-
3arpsisHsoLLe- n3me- OYMCTKM B pacyeTe Ha 1 cbpoca cbpoca (B BOAHbIN | OYUCTKU UMM | Cre OYUCTKM B pacyeTe
ro BellecTsa peHus TOHHY NpoayKTa 06bekT, LUICB nnn | noBTOpHOro Ha 1 TOHHY NpoaykTa
(38B), nokasa- [Owana3soH CpenHee TC*) ucnonb3oBa- | [uanasoH Cpeg-

Tens HUS Hee
Hatpui rugpok- Kr/T 0,1-5,8 5,0 Coop- B LUICB n Ha Ncnonb- — —
cug HUK BOC unu B 3ytoTcA
CTOM- mc ans
HbIX HeuTpa-
BOA nu-3ayumn
CTOYHbIX
BOA C
HU3KNM
3Have-
Hnem pH

coopyxeHue

*LICB — ueHTpanuaoBaHHasa cuctema otBegeHusi. BOC — buonornyeckmne ouncTHele coopyxenus; 'TC — rugpoTexHmyeckoe
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Tabnuuya 9.46 — lNpoyvne hakTopbl BO3AENCTBMS B NPOM3BOACTBE NPON3BOACTBA TBEPAOro rmapokcnaa Hatpus (egkoro

HaTpa)
HanmeHoBaHune EanHnybi YpoBeHb BO3OENCTBUS OO NcTouHuk Bo3aen- MeTopn cHMKeHus YpoBeHb BO3OENCTBUSA
¢akTopa Bo3gen- n3MepeHunm CHVKEHUS (MOCTOSIHHBIN cTBUA BO34eNCTBUSA nocrne cHmwkeHus (NocTo-
CTBMS YPOBEHb) SAHHbIN YPOBEHbD)
[nana3soH CpegHee [Owana3soH CpegHee
Wym OBA 70-90 80 Hacocbl; BeHTUnA- | lNpumeHeHne 70-90 —
TOPbI; Yelwynpo- CpeacTB 3aWmThl
BOYHada MalluMHa, OopraHoB crnyxa
dracoBoyHas ma-
LnHa
Bubpauus ab 70-90 80 Hacocbl; yewwyn- CooTBeTcTBYET 70 - 90 —
poBOYHas MalunMHa | HopMaTueam
UNn rpaHynaTop
Tennosoe °C 15-23 — Ctagus Bbinapu- CokpalleHune 15-23 —
BO3OencTeune BaHMA pacteopa BpeMeHU BO3-
e[Koro HaTpa, aencreus ak-
Yyellynposo4Has TOpa; NnpumMeHe-
MaLlMHa unu rpa- HWe cnevyogexabl
HYNATOP; eMKOCTM | 1 cneuobysu
TENSOHOCUTENEN;
KOTEn; neyb CXu-
raHnsa NpUPoOAHOro
rasa
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9.3.5 TeKkylwune ypoBHU 3MUCCUN B OKPYXKaIOLLYIO cpeay U noTpebneHus
pecypcoB B NpoM3BOACTBE Boaopoaa, Xfiopa U rugpokcuaa kanus
MeMOpaHHbIM MeTOL4O0M 3JIeKTponusa

9.3.5.1 NoTpebneHne cbipbeBbLIX MaTepManoB Npu NPou3BoACTBe BOAOPOAA,
XJiopa v rmapokcuaa Kanmsa MeMopaHHbIM MeTOAO0M 3J1eKTponu3a

B ka4ecTBe OCHOBHOIO ¥ €ANHCTBEHHOIO MCXOAHOMO Chipbsl B MPOM3BOACTBE MCMOSb-
3yeTca TBepAdasd COMb Kanus — Kanuin XNOPUCTbIA TEXHUYECKMN Mapkum A, BbinyCKaeMbln
no [52].

B kayecTBe MOHOOOMEHHOW CMOSbI HA CTaguM MOHOOBMEHHON OYMCTKM pacTBOpa Xro-
puaa kanusa ot MOHOB KanbLus U MarHUsa MCnonb3yeTcs KaTMoHHasi MOHoobMeHHas cmona.

Bbixo npoayKTOB NO TOKY SNEKTPosi3a coctaBnsaeT He meHee 95 %.

B pesynbTaTte anekTtponusa pactsopa xsiopuaa Kanus nosiy4atroTca:

- ANeKTponMTMYecKas LWeno4vb eakoro kanu (katonut) ¢ maccosomn gonent KOH 30 %;

- ONEKTPONIMTUYECKU XIOp unu xrnopras, cogepxawmn 98,3 % xnopa, 1 % Boabl U
0,7 % kncnopopaa;

- ONEeKTPONMTMYECKUI BoAopoa, cogepxawmn 73 % sogopoaa n 27 % Boabl.

B pesynbTtate Bcero xmop-wernoYyHoro npou3BOACTBEHHOrO npouecca nonyyarTcs
cnegywoouwune ToBapHble NPOAYKTbl UM NPOAYKTbI, UCMOSb3yeMble Ha CaMOM MNpeanpuaTum
B CMEXHbIX MPON3BOACTBAX:

- Kanusa rmgpat OKUCK TeXHUYeckuin no [42];

- ONEKTPOSIUTUYECKUIA XITOP UMK XNopras OCyLUEHHbIN;

- XXMakmn xnop no [58];

- ONEKTPOSIUTUYECKMI BOAOPO OCYLUEHHbIN.

TexHnyeckne nokasatenu (nokasaTenun kavecTsa) nofnyyaemMblX TOBapHbIX MPOAYKTOB
npvBeaeHbl B Tabnuue 9.21 n B [42].

B tabnuue 9.47 npuBeneH yaenbHbIN pacxod Cbipbs, MaTepuarnoB 1 3HEPropecypcoB
Ha npouseoacTBo 1 T 100%-HOro rmgpokcuaa kKanvs Mapkm mMembpaHHbIM MEeTOOOM 3dieK-
Tponusa.

Tabnuuya 9.47 — Pacxoa cbipbs, MaTepmanos U 9HEPropecypcoB Ha NPOM3BOACTBO 1 T
100%-Horo rugpokcuaa Kanusa mapkm memopaHHbIM METOAOM 3f1EKTPOnM3a

Chblpbe, MaTepuarnbl, SHepropecypchl

EQvHMUbI Pacxog Ha 1 ToHHy 100 % KOH
HanmeHoBaHne
n3mMepeHus MWUHUManNbHbIN MaKCUMarnbHbIN
Kanuin xnopucTbii TEXHUYECKUN 1NN Kr 1460 1480
pactBop KCI B nepecyete Ha 100 %
KCI
Efgkoe kanu xunakoe B nepecyeTe Ha Kr 15,0 16,0
100 % KOH
KapboHaT Kanua rpaHynmpoBaHHbIN Kr 9,0 10,0
B nepecyeTe Ha 100 %

257



UTC 34—2017

OkoH4yaHue mabnuubi 9.47

Cblpbe, MaTepuarnbl, 3Hepropecypchi

EamHuubl Pacxog Ha 1 ToHHY 100 % KOH
HanmeHoBaHne

n3mMepeHuns MUHUManbHbIN MaKCUMarnbHbIN
KapboHat 6apus B nepecyeTe Ha Kr 10,3 11,5
100 %
®dnokynaHT (nonvakpunamua) Kr 0,01 0,017
Mepekncob Bogopoaa 35 % Kr 0,3 0,4
KucnoTta consiHaa cMHTeTuyeckas Kr 21,8 25,0
B nepecyeTe Ha 100 % HCI
Bopaa ansa pacteopeHus xnopuaa ka- T 4,80 5,84
nuna (Boga pevHasa OTCTOsIHHas)
Anbga-uenntonosa Kr 0,13 0,14
Bopga obecconeHHas m3 0,8 1,0
Boga o6opoTHas (oxnaxaatoLuas) m3 60 67
OneKTPO3HEepPrms NOCTOSAHHOIO ToKa KBT-y 1550 1650
ONeKTpPo3Heprna NepeMeHHoro Toka KBT-y 45,2 60
Tennosas aHeprusa B nape Ix 2,13 2,56
Bo3ayx TexHonormyeckuii m3 41,8 50,0
CxaTbli Bo3ayx KUMunA m3 15,0 16,5
A30T ra3oobpasHbIf TEXHUYECKUI HM3 5,5 12,5

Mpon3BOACTBO BOAOPOAA, Xropa U rMapokcuaa kannus MemopaHHbIM MeToAoM 3eK-

TpoJn3a XapakTtepundyetca HU3KMM CblpbE€BbIM MHOEKCOM, HaxoAAWMMCA B npepgenax —

2315,5-2532 kr/T (6e3 y4yeTa BoAbl, UICNONb3yeMOn N5l pacTBOPEHUS Xropuaa kanms).

9.3.5.2 BbIxo OCHOBHbIX U NOMNYTHbLIX NPOAYKTOB MpPU NPou3BoACTBE
BoAopoAa, Xxnopa u rmapokcmaa Kanus MeMopaHHbIM MEeTOAO0M 3f1eKTponmn3a

B tabnuue 9.48 npuBeaeHbl BbIXOA4bl OCHOBHbIX M MOMYTHbIX NPOLYKTOB NPWU NpPOu3-
BoacTBe 1 T egkoro kanm TexHudeckoro (B nepecdete Ha 100 %) membpaHHbIM METOLOM

aneKkTponuaa.

Tabnuya 9.48 — Bbixo4 OCHOBHbIX M MONYTHbIX NPOAYKTOB B NepecyeTe Ha NpOM3BOLACTBO
1 1 100%-Horo ruapokcmaa kanust MeMopaHHbIM METO40M

Mpoaykums, NonynpoaykTbl, NONyTHast NPOAYKLMUS,, SHEPropecypchl

EquHnup Bbixoa Ha 1 ToHHy 100 % KOH
HanmeHoBaHue .
N3MepeHnn MWUHUManNbHbIN MaKCUManbHbIA
Epnkoe kanu »knagkoe T 1,00 1,00
Xnop anekTponnTU4eCcKni T 0,630 0,660
Booopop anexkTponutnyeckui T 0,017 0,020
CTOYHbIE BOAbI m3 0,23 0,40
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9.3.5.3 XapakTepucTuka aMMCCUN B OKPYXKakoLyo cpeay B NPOM3BOACTBE
BOAoOpOAA, Xfiopa U ruapokcuaa Kanma meMmépaHHbIM MEeTOA0M 3feKTponumsa

OCHOBHbIE BMObl 3MUCCUI B OKPYXKaOLLY0 Cpedy OT AaHHOro Npov3BOACTBa MpuvBe-
JeHbl B Tabnuuyax 9.49-9.51.

OcHOBHbIe BbIGPOCHI MapKEPHbIX 3arpsi3HALLNX BELLECTB, BKIHOYAA X10p U CEPHYHO
KMCNOTY, 0bpasyloTca Ha CTagum OXnaXKO4eHWUs, OCYLLKW, KOMMPUMUPOBAHUSA UNN CKMKEHNSA
xnopa. ObpasyoLmecss NpoMblLLNEHHbIE BbIOBPOCHI NOABEPralTCs OYUCTKE OT Xnopa C npwu-
MeHeHneM abCopObUNOHHBIX CAHNUTAPHbBIX KOMOHH.

TexHonormyeckne nokasartenu NpovM3BoACTBa BOOOPOAA, XJlopa U rMapoKkcuaa Kanus
MeMOpaHHbIM METOAOM NpUBEAEHbI B MPUIOXEHUN A.
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Tabnuuya 9.49 — BbiOpoCbl MapKepHbIX 3arpA3HAIOLLNX BELWECTB B aTMOCEPHbIN BO34yX B MPON3BOACTBE BOAOPOAA, XSlopa U
rmopokcmnaa kanusa membpaHHbIM METOLOM 3M1EKTPONM3a

KOH (npousBoga-

CTBO €[KOro Kanwu)

HNA €0KOro Kanu

HanmeHoBaHMue Macca Bbi6pocoB 3B [0 04MCTKM Macca BbibpocoB 3B nocne o4ncTku
3arpASHSIOLLEro Eantmua B pacyeTe Ha 1 TOHHY NpoayKTa VIcTONHIKN MeTon B pacyeTe Ha 1 TOHHY MpoayKTa
N3MepeHus BblIGpoCOB OYMCTKM

BellecTsa (3B) Nunana3oH Cpentee Nunana3oH Cpentee
Xnop (npon3Boga- Kr/T 0,001-0,01 HeT paHHbIX | Tpyba paccenBa- — 0,001-0,01 HeT goaHHbIX
CTBO XJlopa) HUS1, a3paLnoH-

HbI hOoHapb

Kanusa rugpokeng, Kr/T 0,02-0,08 HeT gaHHbIX | EMKOCTUM XpaHe- — 0,02-0,08 HeT paHHbIX

Tab6nuuya 9.50 — OTxoabl NPoOM3BOACTBa M NOTPEDLNEeHUs B NPOM3BOACTBE BOAOPOAA, Xropa U r’MApoKcuaa Kanuss MeMOpaHHbIM
MEeTOO0M 3reKTponmaa

Macca obpasoBaHust oTxoaa Macca pasmeLLeHHbIX
HanMeHoBaHMe Knacc Equiuua | B pacdeTe Ha 1 ToHHy 100 % UCTOUHMK Meton OTXOZOB B pacyeTe Ha
BMZa oTXoda ONACHOCTA | s MmepeHms KOH o6pasoBaHus oHneTKA, 1 ToHHY 100 % KOH
ana OC yTunusauum
JnanasoH CpepHee OnanasoH CpepHee
LLinamoBas cyc- 4 Kr/T 8350-9190 | Het gaHHbIX | CTagns 04NCTKU — 8350-9190 | HeT gaHHbIX
neHsusa (3awunamo- pacTeBopa XxIo-
BaHHasa BoAa) puaa Kkanumsa
LLinam nocne 3 Kr/T 0,05-0,9 HeT paHHbIX | CTaans 0o4nCTKU Het 0,05-0,9 HeT paHHbIX
npecc-punbTpa paccona,
dunbTp-Npecc
OTtpaboTaHHbIN 5 Kr/T He Hopmu- | HeT gaHHbIX |[lecoyHbie Het — HeT paHHbIX
necok nocne ne- pyeTtcs PunbTpbI
COYHbIX (hnnNbTPOB paccona
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OkoHyaHue mabnuuybi 9.50

Macca o6pasoBaHus oTxoaa

Macca pa3meLLeHHbIX

HanmeHoBaHue Knace EquHuua B pacyeTte Ha 1 ToHHy 100 % MICTOYHMK MeTon OTXO[O0B B pacyeTe Ha
OnacHoCTU OYMCTKM,
BMAA 0TX0Aa namepeHmns KOH obpa3oBaHVis 1 ToHHY 100 % KOH
ona OC yTunusauuu
HnanasoH CpenHee Hnana3soH CpenHee

OTtpaboTaHHbIN 4 Kr/T He Hopmu- | HeT gaHHbIX | dunbTp Aexno- Het — HeT paHHbIX
aKTMBMPOBaHHbIN pyeTcs puUpoBaHUA

yronb paccona

Tab6nuua 9.51 — C6pocbl 3arps3HAIOLLMX BELLLECTB B BOAHbI 0GbEKT OT NPON3BOACTBa BOAOPOAA, XJlopa U rMapokcmaa Kanust
MeMOBpaHHbIM METOAOM 3MeKTponn3a

HanumeHoBaHue Macca c6pocos 3B 10 0MCTKM B Hanpaenexue MeTOR OumeTIN Macca cbpocos 3B nocrne
3arps3HAOLLEro EomHmua pacueTe Ha 1 TOHHY NpoaykTa WcTtouHmk | cBpoca (B BOA- MOBTOPHOFO G- O4UCTKM B pacyeTe Ha
BewecTtBa (3B), | usmepeHus cbpoca HblA OO BHEKT, 1 ToHHY npoaykTa
. nonb3oBaHus
nokasatens AnanasoH CpepHee LICB %) AnanasoH CpeaHee
Xnopwa-aHWoH Kr/T 1,0-110 55 — LCB, BOC — 1,0-110 55
(xnopwnapl)
CynbaTt-aHMOH Kr/T 0-5 2,5 — LICB, BOC — 0-5 2,5
(cynbdaTthbl)

* LJCB — ueHTpanuaoBaHHasa cuctema otBeaeHusi; BOC — Gronormyeckne o4MCTHbIE COOPYXKEHNS.

LTOC—VE J1M



UTC 34—2017

9.3.6 TeKyLiMe ypOBHU 3IMUCCUM B OKPYXKaKoLyH cpeay U noTpebneHus
pecypcoB B NPOM3BOACTBE CUHTETUYECKON CONIAHON KUCIOTbI

9.3.6.1 NoTpebneHue cbipbeBbIX MaTepuanoB Np1M NPoM3BoACTBE
CUHTETUYECKOMN CONAHON KUCTOTbI

B kayecTBe OBYyX OCHOBHbIX Cbipb€BbLIX MaTepunasnioB B JaHHOM MPOU3BOACTBE UCMOSb-
3yl0TCS XJIOpras Uim OCYLUEHHbIN 3NEKTPONIMTUYECKMIA XITOP UITM UCNAPEHHBIN XII0P U 3nek-
TPOSIUTUYECKUI BOOOPOS, OCYLLEHHbIN.

Bbixog npogykra no xnopy coctasnseTt okono 100 %.

B pesynbTtate npon3BoACTBEHHONO npouecca nosiyvyaetca OauH eAMHCTBEHHbIN Npo-
AYKT: KUCnoTa consiHaa cuHteTndeckada no [43] unuv no [45].

TexHunyeckne nokasatenu (nokasaTesnivm KayecTsa) NOsly4aemMon CUHTETUYECKOMW COrsi-
HOW KMCNOTbI NpMBeAeHbl B Tabnuuax [43] u [45].

Mpon3BoaCTBO CUMHTETUYECKOW COJSIAHOM KUCIOThl CBA3AHO C OYE€Hb HU3KUM YPOBHEM
noTpebneHnemM aneKTPO3HEPTMM N TENSTIOBON IHEPrUK, YTO O0OYCNOBNEHO OTHOCUTENBHO He-
3Ha4YnTENbHbLIM KONIMYECTBOM U HU3KOW 3HEPrOoEMKOCTbI0 OCHOBHOIO TEXHOSIOrM4Yeckoro 06o-
pyaoBaHud, NOTPEBNSOWEro 3MeKTPOIHEPINIO, N 3HAYUTESNIbHON 3K30TEPMUYHOCTLIO NpPO-
Lecca CuHTesa xnopuga sogopona ns sogopoga u xrnopa (184,7 kbx/monb).

B Tabnuue 9.52 npuBeaeH yaenbHbIN pacxod Cbipbs, MaTepuanoB N 3HEPropecypcoB
Ha NPon3BOACTBO 1 T CMHTETUYECKOW CONAHON KNCNOThl B nepecyeTte Ha 100 % HCI.

Tabnuya 9.52 — Pacxop cbipbs, MaTepnanos 1 3HEPropecypcoB Ha Npon3soacTso 1 T
CUHTETUYECKON CONAHOM KMCNOThbl B nepecyeTe Ha 100 % HCI

Cblpbe, MaTepuarbl 1 3Hepropecypchbl

EamHuubl Pacxog Ha 1 ToHHY 100 % HCI
HanmeHoBaHue
n3mMepeHus MUHUManbHbIN MaKCUMarnbHbIN
Bopgopoa TexHuyecknn mapka A nnm Kr (HM3) 30,2 46,4
b (anekTponutuyeckun) B nepecyeTe (326) (516)
Ha 100 % H2
Xnop anekTponuTuyecknin (xmnopras) Kr 972,5 977,4
NN XMOpP OCYLUEHHbIN, UK XI0pP
abrasHbIv, Unn X1op UcnapeHHbIN
B nepecyete Ha 100 %
Boaa obecconeHHas nnm m3 1,74 2,23
BOJA peYyHasi OTCTOsAHHAas m3 1,74 2,23
HaTtp eokum TexHn4ecknn unu Hatp Kr 0,6 1,42
€0KNIN OYMLLEHHBbIN B nNepecyeTe
Ha 100 % NaOH
OnekTpoaHeprmna 380 B Mx 1,37 kBT1y 13,6 kBT-4
TennoBas aHeprusi Mx 150 550
Bona obopoTHas M>x 174 4847
Boaa oGopoTHas (oxnaxaatoLuas) m3 133 150
Bo3gyx TexHonorn4yeckuin cyxom HMm3 10,1 35,8
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OkoH4yaHue mabnuuybi 9.52

Cbipbe, MaTepuarnbl U 3Hepropecypcbl
EamHuubl Pacxog Ha 1 ToHHY 100 % HCI
HanmeHoBaHune
n3mMepeHud MWUHUManbHbIN MaKcuMarbHbIN
Bosgyx KUMuA HMm3 1,72 2,7
A30T rasoobpasHblii m3 2,3 38,4

[Mpon3BOOCTBO COMAHOM KUCIIOThbl XapaKTepusyeTCcsd HU3KUM CbIPbEBbIM MHOEKCOM,
Haxopadawmmea B npegenax 1002,7-1023,8 kr Ha 1 ToHHY 100 % xnopuga Bogopoga (cons-
HOW KNCNOTbI), YTO 0OYCMNOBNEHO MPOCTOTOM XMMMYECKOro npoLecca CUHTE3a xfopuaa BO-
popoga, npaktnyeckn 100%-HOM KOHBEPCUMEW WUCXOOHbIX peareHToB U MpakTUYeCcKu
100%-HbIM BbIXOOOM LiefieBoro npoaykKra no Xnopy.

9.3.6.2 Bbixoa OCHOBHbIX U MOMYTHBLIX NPOAYKTOB NPU NPOU3BOACTBE
CUHTETMYECKOMN CONSIHOM KUCNOTbI

B Tabnuue 9.53 npmBeaeH Bbixon TONbKO OCHOBHOMO NpoAykTa npu npoussoacTee 1 T
CUHTETUYECKOW COMSIHOW KMUCMOTbI, MOCKOMbKY MOMYTHbIE UM NOGOYHbIE NPOAYKTHI B AAHHOM
npouecce He obpa3syoTcs.

Tabnuuya 9.53 — BbIxog OCHOBHbIX 1 NONYTHbLIX MPOAYKTOB B NepecyeTe Ha Npon3BoACTBO
1 1 100%-HOWM KUCNOTbl CONMAHON CUHTETUYECKON

Mpoaykumsa, NonynpoAayKTbl, MONyTHAaA NPOAYKLMSA, SHEPropecypchbl
EauHnubl Bbixoa Ha 1 ToHHY 100 % HCI
HanmeHoBaHune . — »
M3MEepeHnn MWUHUManbHbIN MaKcuMarbHbIN
KncnoTta consiHasg cuHTEeTMYECKas T 1,00 1,00
TexHu4yeckas B nepecyete Ha 100 %
HCI

9.3.6.3 XapakTtepucTuka IMMCCUN B OKpYXKatoLLyto cpeay B NpouM3BoACcTBe
CUHTETMYECKOMN CONSIHOM KUCNOTbI

OcCHOBHblE BMAbI 3MUCCUIA B OKPY>XKaloLLYyO cpedy OT OaHHOro npou3BOACTBa npuvBee-
JeHbl B Tabnuuyax 9.54-9.56.

OcHoBHble BbIOPOCHI MapKEpPHbIX 3arpA3HSAIOLWLNX BELLECTB, BKNKOYas Xf0p U XIopu-
CTbIh BOOOPOA, 00pa3yloTcs Ha cTagusax cuHTesa u abcopbuum xnopuaa sogopona. Obpa-
3yloLMeCcs NPOMBbILLSIEHHbIE BbIOPOCHI NMOABEPralOTCs OYMUCTKE OT Xropa C npumMeHeHnem ab-
COpPOUMOHHBLIX CAHUTaPHbIX KOMOHH.

OTxoabl B JaHHOM NpoM3BOACTBE He 06pa3syroTCs.

O6pa3soBaHne CTOYHbIX BOA4 B AAHHOM MPOW3BOACTBE HE3HAYMTENBHO U B OCHOBHOM
cBOANTCSA K 06pas3oBaHUIO XO35MCTBEHHO-ObITOBBIX CTOYHbIX BOA, 0Opasylowmnxca npu ges-
TENbHOCTN NepcoHana Npou3BoACTBa.

TexHonornyeckne nokasaTenm npon3BoaCcTBa CUHTETUYECKOM COSISIHOWM KUCIOThI NpU-
BeAEHbI B NPUMNOXeHnn A.
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Tabnuuya 9.54 — BbiOpoCbl MapKepHbIX 3arpA3HAIOLLNX BELWECTB B aTMOCHEPHbIN BO3AYX B MPON3BOACTBE CUHTETMYECKOW CONSIHOM
KMCNOThI

Macca BbiGpocoB 3B nocne o4ncTkm

LTOC—VE J1U

Macca BblOpocoB 3B g0 ouncTkn
Haumerosarine Eannnua P 1 100 % HCI NcToYHMKIM B pacyeTe Ha 1 TOHHY
3arps3HALLLEro . | B pac4eTe Ha 1 TOHHY 0 MeToa ouncTku 100 % HCl
n3mMepeHuin Bbl6pocos 3B 0
BewecTsa (3B)
JnanasoH CpegHee JnanasoH CpegHee
Xnop Kr/T 0,0001-0,7 0,35 Meun cuHTesa|Abcopbums Bo- 0,0001-0,7 0,35
xnopuga BO-|A40M U HEUTpanu-
aopogaa 3auns pacTtBo-

poM Tuocynbda-
Ta Unun rmapo-

cynbnga
HaTpus
XnopucTbIn BOOO- Kr/T 0,005-1,7 0,85 Abcopbepbl 1 | Abcopbuus Bo- 0,005-1,7 0,85
poa (rmapoxropua) CaHUTapHble |40V N HenTpanu-
KOMNOHHbI 3aums pacTtBo-

POM LLENOoYN

Tabnuuya 9.55 — COpochl 3arpA3HAOLLNX BELWECTB B BOAHbLIN OOBEKT OT NPON3BOACTBA CUHTETUYECKON COSIAHOM KUCMNOTbI

HaumeHoBaHue Macca cbpocoB 3B 0o oumncTku Hanpaenexue M Macca c6pocoB 3B nocne
eToq OYMCTKM
3arps3HAIOLLErO Eounuua | B pacuyeTe Ha 1 TOHHY npoayk- NcTouHuK cbpoca (B BOA- i I'IgBTO HOO O4YUCTKM B pacHeTe
BewecTBa (3B), | usmepeHus Ta cbpoca 3B HbIi O0BEKT, P Ha 1 TOHHY npoAykTa
. NCNoNb30BaHUs
rnokasatens [uana3oH CpenHee LICB %) Nuana3oH CpenHee
Xrnopua-aHMoH Kr/T 0-10,0 0,6 JesaTtenb- LCB, bOC — 0-10,0 0,5
(xnopwuapl) HOCTb nep-
COHana

* LJCB — ueHTpanuaoBaHHasa cuctema otBeaeHusi; BOC — Gronormyeckne o4MCTHbIE COOPYXKEHUS.

C6pocbl B BOAHbIV O6BEKT CTOYHbLIX BOA OT NPOM3BOACTBA CUHTETUYECKON CONAHON KMCNOTbl OTCYTCTBYIOT.
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Tabnuuya 9.56 — lNpoyne dakTopbl BO3OENCTBMS B NPOM3BOACTBE CUHTETUYECKOW COMNAHOMN KMCMOThI

YpoBeHb BO34eNCTBUA

YpoBeHb BO34eNCTBUA Nocne

HanmeHosanme EAVHULbI [0 CHIDKEHUS! (MOCTOSIHHBIN MCTOUHMK MeTOo CHIKEHMs! | CHVKEHMS (MOCTOSHHBIN Ypo-
dakTopa . . .
BO30ENCTBUS n3MepeHunin YPOBEHb) BO34EeNCTBUS BO3EeNCTBMSA BeHb)
[AunanasoH CpenHee [unanasoH CpenHee
Lym OBA 71-90 78,6 Hacocsbl; neun cuH- | lNpumeHeHne 71-90 78,6
Tes3a; OCHOBHOe CpeAcTB 3amThl
obopynoBaHue OpraHoB criyxa
Bubpauus ab 82-108 96 Hacocbl; CooTBeTcTBYET 82-108 96
HOpMaTuBam
Tennosoe BO3- °C 23,2-27 26,2 lMeun cuHTe3a; — 23,2-27 26,2
jgencrtene THC nHpekc 25-25,2 25,1 KOJTOHHbI abcopbuumn 25-25,2 25,1
OneKTpoMarHuT- B/m(5Ty— 15 15 OcHoBHoe anekTpu-|CooTBeTCTBYET 15 15
HOe n3rny4veHue 2 kly) 1,5 1,5 yeckoe ob6opyaoBa-|HopMaTMBam 1,5 1,5
(HanpskeHHOCTb B/m (2— Hue
nepemMeHHoro 400 kl'w)
3NEKTPUYECKOro
nons, u)
OneKkTpoMarHuT- HTn (5 Ty — 200 200 OcHoBHOe anekTpu-|CooTBeTCTBYET 200 200
HOe M3ry4eHune 2 kly) HTN (2— 4 4 yeckoe obopyaoBa-|HOpMaTMBaM 4 4
(MNOTHOCTL Mar- 400 kl'w) Hue
HUTHOrO NOTO-
ka — MMIM)

LTOC—VE J1M
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Pazpgen 10. NMpounsBoacTBo cynbdarta HaTpus

10.1 O6wan nHcpopmauuns

Cynbdat HaTpus (HaTpuK CepHOKUCHbIN, xumuyeckasa opmyna Na2S0a4) BbinyckaeT-
Cs1 NPOMBILLUNEHHOCTLIO B BUAe 6enoro kpuctannuyeckoro nopowka. o [80] npoaykT AosmkeH
UMeTb creayowme nokasatenu (cm. Tabnuuyy 10.1).

Tabnuya 10.1 — TexHn4eckne xapaktepuctukun cynbgaTta HaTpusa [80]

HanmeHoBaHWe nokasartens Bbicwmi copt 1-n copt 2-n copT
MaccoBasa gonsa cynbdgarta HaTpus, %, 99,6 98,5 97,4
He MeHee
O6bwas wWweno4YHoCcTb B nepecyeTe Ha 0,15 0,6 0,6
Na2COs, %, He bonee
MoTepn maccebl nNpu npokanusaHuu, %, 0,2 0,3 0,3
He Gonee
MaccoBas gonst HepacTBOPUMOro B BO- 0,15 1,0 1,0
ae ocrartka, %, He bonee
CopepkaHne cepHOM KUCNOTbI [lomkeH BblaepXX1BaTb UCMNbITaHNA MO

FOCT 21458—75 (nyHKT 3.8)
MaccoBasa gons Kanbuua M MarHusa B 0,01 0,05 0,05
nepecyete Ha CaSOa4, %, He Gonee
Maccosaa nonsa xenesa (Fe®), %, He 0,003 0,008 0,010
bonee
MaccoBas gonss uuHka (Zn?%*), %, He 0,04 0,3 0,7
bonee
Maccosas gons xnopuaos (Cl™2), %, He 0,01 0,06 0,06
bonee
MaccoBasa gonsi Boabl, %, He 6onee 0,04 0,05 0,05

Cynbat HaTpus npuMeHsieTcs B NPOU3BOACTBE MOKLIMX CPeAcTB, B LIBETHOM Me-
Tannyprum, B CTEKOSIbHOW, LENON03HO-0YMaXKHON, TEKCTUIbHOW, KOXXEBEHHOW MPOMbILL-
NEHHOCTU, B MeauunHe 1 BeTepuHapun. B kayecTBe Cbipbsi MONyyYeHus cyrnbdaTta HaTpus
nucnonb3yeTca cynbdaT HaTpusa — cbipel, obpasylowminca npyu NPon3BoOACTBE BarioBoro 6u-
XpomaTa HaTpus, a Takke ranyprmieckoe NnpMpoaHoe Cbipbe — MUpadbunur.

10.2 OnncaHue TeXHONOrmM4ecKmnx npoLeccoB, UCNOSb3yeMbIX B
npousBoAcCTBe cynbaTa HaTpUA

MpombiwneHHbIM cnocob nonyveHnsa cynbdarta HaTpus — pacTBopeHue cynbdata
HaTpuUA — cbipua C NocneaylLwen O4UCTKON OT NpUMecen, ynapuBaHUeM, oTAeNeHNEM Kpu-
cTtannos cyrnbdara HaTpuUa U CYLIKOW. TexHosnornyeckass cxema npous3BoAcCTBa npuBeneHa
Ha pucyHke 10.1.
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PucyHok 10.1 — lMNMpuHumnuaneHaa cxema nonyyeHuUs pacteopa cynbgaTa
HaTpus

Cblpbem Ong Npon3BoAcTBa CyrnbdaTa HaTpus SBMSeTCa Cynb@aTt HaTpus — cbipel,
obpasylowmncs Ha OgHOM U3 MepeaenoB NPOW3BOACTBA BarioBoro Guxpomata HaTpus.
Cynbat HaTpusa — cbipel, pacTBOpsIOT B 6akax Ansg NpuroToBneHMs pacTBopa cynbdaTta
HaTpu4. LlecTtnBaneHTHbIN XpOM BOCCTaHaBNUBAKOT B pacTBoOpe cyribdara HaTpus — cbipua
pacTBOpOM BucynbguTta unu cynbduTta HaTpus 4O HEPACTBOPMMOWN TpeXBaneHTHON (hopmbl
C nocneaywowen dpunbTpaunen ons otaeneHuns npumecen. OYnLEHHbIN pacTBOp cynbdaTa
HaTpuWsa ynapvBaloT C NOCNeAyrLWmMM oTAeNEeHNEM KPpUCTannoB cynbdaTta HaTpust OT MaTou-
HOro pacTBopa Ha ueHTpudyrax u yganeHmem Brarv n3 Kpuctansnos nNpu CyLuKe.

OnuncaHue TexHONorm4yeckoro npouecca npmeegeHo B Tabnuue 10.2, nepeyeHb oc-
HOBHOro obopyaosaHus — B Tabnuue 10.3.

Tabnunya 10.2 — OnncaHne TEXHONOMMYECKOro npoLecca NpomM3BoACTBa cynbdaTta

HaTpuA
OcHoBHOE TEXHOSO-
BxogHon notok Mognpouecc BbIxogHom NoToK | rmyeckoe obopyno- | Amuccumn
BaHue
Cynbdat Hatpus — |lpuem un cknagupo- | Cynbdar ByHkep, apobun- —
cblpel BaHWe Cblpbs HaTpUa —  Cbl- | Ka, TpaHcnopTep
peu
Cynbdpat HaTpua —| PactBopeHne cynb- | LUuxTta bak —
cbipeL ata HaTpus —
cbipua
LWunxTta Ouuctka cynbpata |Cnek bak-peakTop, —
HaTpUsa OT Npumecen PuUnbTp-
cryctutenb,  OT-
CTOVHUK
Cnek YnapuBaHue pac-|PactBop MOHO-|Annapat Bbinap- —
TBOpa cynbdaTta | XxpomaTa HOM
HaTpuA HaTpuA
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OkoHyaHue mabnuuypsi 10.2

OCHOBHOE TEeXHOIO-
BxogHon notok Mognpouecc BbIxogHom NoToK | rmdeckoe obopyno- | Amuccumn
BaHue
PactBop MoHOxpo-|OTaeneHve kpu- Kpuctannbl LleHTpudpyra —
Marta HaTpus cTannoB cynbaTta |cynbdarta
HaTpus HaTpuS.
Cyxon  wnam
(pyoHbIN  coTa-
TOK)
Kpuctannel  cynb- lotoBbn  npo-|Cywwunka  6apa-|Cepbl an-
(haTta HaTpus Cywka wn ynakoBka|AOyKT GaHHas oKeua;
roToBOro nNpoaykra yrnepopga
okeng,

Tabnuya 10.3 — lNepeveHb OCHOBHOro 060pyaoBaHMst NPON3BOACTBA CyribdaTa HaTpus

CKkpebKoBbIl

HanmeHoBaHue HasHauyeHue 060- | CyllecTBEHHbIE XapakTePUCTMKN TEXHONOrMYecKoro obo-
O60pyﬂOBaHMﬂ pyooBaHuUA pyooBaHuUA
KpaH  moctoBon|llpuem n cknagum-|[pysonogbeMHOCTb 5 T, BbicOTa nogbema 16 M, em-
ANeKTpUYeckmm poBaHue cbipbs KOCTb rpeidepa 1,5 m®
rpendepHbIn
Opobunka MpurotoBnenue |lMpounssogutensHOCTb 40 T/4
LINXTbI
ByHkep cynbda-|lMogaya cbipba Boicota 3500 mm, pgnuHa 4000 mMm,  WMpuHa
Ta-cblpua 3000 mm
TpaHcnopTtep Mopava cbipbs OnnHa nentbl 18 000 mMm, wunpmHa ckpebka 200 mm,

npousBoauTenbHOCTb 20 T/Y

Bak pactsopeHus

[MpurotoBneHue
pacTBopa  Cylb-
data HaTpu4

Ounametp 2600 mm, BbicoTa 2400 mm, obopynoBaH
MeLlarnkomn

bak-peakTop

Ouunctka cynba-

Ouametp 2600 mm, BbicoTa 2400 mm, obopynoBaH

Ta HaTpus  OT|MeLuankomn

npuMecen
dunbTp- Ouuctka cynba-|Odunametp 1670 mm, BbicoTa 4730 MM, MOBEPXHOCTb
Crycturersnb Ta HaTpus  OT|dunbTpauum 56,5 m?

npumecen
OTCTOMHUK Ouunctka cynba- | dnametp 6500 mm, BbicoTa 5500 Mm

Ta HaTpusa  OT

npuMecen

AnnapaT BbInap-
HOW

YnapuBaHue pac-
TBOpa cynbgarta
HaTpus

OpHokopnycHon, anameTp KunaturibHuka 1400 mm,
BbicOTa KunatunbHuka 4990 MM, MOBEPXHOCTb
Harpesa 315 wm?, guameTp cenapatopa 2600 Mm,
BbicOoTa cenapatopa 8900 mMm, obopyaoBaH LMPKy-
NAUMOHHBIM HacocoMm NPOM3BOAUTENLHOCTLIO
3550 mM3/MuH, Hanop 3,6 M
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OkoHyaHue mabnuuybi 10.3

HanmeHoBaHune HasHa4yeHue ob6o- CyLLl,eCTBeHHbIe XapaKTeEPUCTUKN TEXHOJIOTMYECKOro obo-
060pyﬂ,OBaHVIFI pyaooBaHuUA pyaooBaHuUA
LleHTpudpyra Otpenexne kpu-|Onametp 6GapabaHa 2600 mm, obbem 1250 n, no-
cTannoB cyrnbda-|BepxHocTb punbTpauun 4,5 m?
Ta HaTpus
Cywwnnka 6apa-|Cywka cynbdarta|Quametp 6apabaHa 1200 mm, gnuHa 10 000 mm,
GaHHas HaTpus Npon3BOAMTENBHOCTL 12 T/4, 06OorpeB NpPUPOOHbIM
rasom

10.3 Hopmbl pacxoaa Ccbipbsi U 3HEepropecypcos

HopMbl pacxogoB MaTepuanbHbIX U 3HEPreTUYEeCKUX pecypcoB NpuBedeHbl B Tabnu-

ue 10.4.

Tabnunya 10.4 — HopMmbl pacxogoB maTepuanbHbIX U AHEPreTUYeCKUX pecypcoB nNpwm
NpPon3BOACTBE Cynbdarta HaTpus

Pacxog Ha 1 T npogyKumu
HanmeHoBaHne pecypcoB ELI,VIHVILI,I:I n3mMmepeHunsd
MuHMManeHbIM MakcrmanbHbIn

Cynbgat HaTpua — Cbl- . 1.05 1.05
peu
Bucynbut HaTpu4,
100 % T 0,012 0,012
Cynbdut HaTpu4,
100 % . 0,01 0,01
KucnoTa cepHasa TexHu-
yeckas, 100 % T 0.01 0,01
Copa kanbunHMpPOBAaH-
Hasi, 100 % . 0,004 0,004
OnNeKTpoaHeprms KBT-u/T 61 65
TennoaHeprus lkan/T 2,05 2,15
T -

orvaBo (ra3 npupog ; 5.0 5.
HbI) M3/T
TexHunyeckad Boaa m3/T 0,62 0,62

10.4 TeKywme ypoBHM 3IMUCCUN NPU Npon3BoAcTBe cynbaTta

HaTpusA

10.4.1 Bbibpocbl B atmoccepy npu nponsBoacTBe CcynbgaTta HaTpuaA

Bbibpochl
Tabnuue 10.5.
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Tabnuya 10.5 — Beibpockl B aTmMoccepy npu Npon3BoACTBeE CyrbdaTa HaTpus

NCTOYHMKM BbI-

MeTo4 04NCTKK, MOBTOPHO-

O6bem u (Mnn) macca BbIGPOCOB 3arpsA3HAIOLLIMX BELLECTB Nocne

HanmeHoBaHue OYUCTKU B pacdeTe Ha 1 T npoayKuuu, Kr/T
6poca ro NCcrnoJJyib3oBaHUA
MwnHumanbHoe MakcumanbHoe CpenHee
Mpownssoa- Cepbl gnokeng LinknoH, ckpy66ep, Mok- — — 0,02
CTBO B LenomMm |Yrnepoga okcua PbIN LINKITOH, Kanseyro- — — 0,25
OuvHaTtpui cynbdat BUTENb 0.069
(HaTpus cynbdar) o o ’
Hatpun rugpocynscut —_ — 0,00076

LTOC—VE J1U
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10.4.2 OTxoabl Nnpou3BoACTBa cynbgaTta HaTpuA

B npouecce npomnsBoacTBa cynbdaTta HaTpus 06pasytoTca 0TX0Abl MUHEpPanbHbIX Ma-
cen MHAYCTpuanbHbIX (4ACTUYHO UCMONb3YEeTCHA B KA4eCTBE CMa304HbIX MaTtepuanoB, a Tak-
Xe nepegaeTcs CTOPOHHEN opraHusaummn), oTxoAbl Tapbl (NnepegaeTcs CTOPOHHEN opraHusa-
LUUKX UM HAaNPaBNATCA Ha MOMWUIOH 3aXOPOHEHUS NMPOMBbILLMEHHbLIX OTXOAO0B).

Paspen 11. NMpousBoacTBo BoagopoAa 3/IeKTPOSIM30OM BoAbI

11.1 O6wan nHdopmaums

TexHonorna npoussBoacTa BoAOpoAa 3EeKTPONnM3oM BOAbl UMEET psaa NpeuMyLlecTs
nepeg opyruMmm metogamu nosnyvyeHus Bogopoa: no3sofdeT nonyvyatb NpoayKT C BbICOKOW
ynctoTon [87]; melseBoe Chipbe — BOAA; OTCYTCTBUE BPEAHbIX OTXOOO0B; NPOCTOoTa U Henpe-
PbLIBHOCTb TEXHOMOMMYECKOro npouecca, BO3MOXHOCTb aBTOMAaTU3aUMn; NMPOOOITHKUTESTbHbLIN
CPOK 3KCrnnyaTaumm aneKkTponn3epos.

Tabnuya 11.1 —TexHU4ecKkne xapakTepucTukm Bogopoga no [87]

Hopma ons mapkm
HanmeHoBaHWe nokasartens
A b
1. O6bemMHas gonsa Bogopoaa B nepecye- 99,99 99,95
Te Ha Cyxon ras, %, He MeHee
2. CymmapHasa obbemMHasi 4ofs KUCnopo-
Aa v asota, %, He 6onee 0,01 0,05
3. MaccoBasi KOHUEeHTpaLums BOASHbIX Na-
pos npu 20 °C u 101,3 kla (760 mm pr.
cT.), /M3, He Gonee:
a) B TpybonpoBogax 0,5 0,5
0) B 6annoHax noa gaBneHnem 0,2 0,2

Bopgopog mapku A ncnonb3yeTcs B 9NEeKTPOHHOW, (hapmaueBTUYECKOU, XMMUYECKON
NPOMbILLITEHHOCTAX, B MOPOLUKOBOM MeTannypruu: Ansa ocaxgeHus TyronnaBknx coeamHeHnn
N3 OKMCNOB MeTasnmnoB; Npu CrekaHun nU3gennin U3 NOpPOLLKOBbLIX MaTepuarnos, cogepXalimx
XpOM 1 Hepxasetwme ctann. Bogopog mapkm b ucnonb3yeTcs B 3fEKTPOHHOW, XUMUYe-
CKOW, LBETHOW MeTannypruv, gapmMaueBTU4ECKON MPOMBbILLNEHHOCTAX, NPOMbILWITEHHOCTH
CPEeACTB CBSA3M U B SHEPreTuke.
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11.2 OnucaHue TeXHONOrnM4yecKoro npouecca npou3BoacTBa
BoAgopoaa u3 Boabl

TexHonornsa npomn3soAcTa BOOOPOA 3IEKTPONM30M BOAblI OCHOBaHa Ha npoecce pas-
NoXeHus BoAbl NPU BO3OENCTBUM MOCTOSAHHOIO 3IIEKTPUYECKOro TOKa M BKIOYaeT CcTaguu:
NPUroTOBIEHUS NUTATENbHOW BOAbI; MPUrOTOBMEHUS 3MEKTponuTa; MnonyyYeHns Boaopoaa
3MEKTPONN30M; OYUCTKM U OCYLLIKM Bogopoaa. Ha pucyHke 11.1 npeacrtaBneHa Gnokcxema
npon3soACcTBa BOAOPOAA METOAOM 3M1eKTponu3a Boabl.

Kucnopog B
atmocdepy

Yaen
Y3en ouncTku 1
MapoBoit KoHgeHcaT npurotosnenus | uTateneHas Yaen nonysenna |_BOAopoA OCYLLIKM

= i BOAOpOAa
(unm BopsHOW Nap) HMTiTO?bITHOM A0POA BOAOPOAA notpebutensm

NpUroToBneHna
AneKTponuta

PucyHok 11.1 — cxema npoun3BoacTBa BOAOPOAA AIEKTPONN3OM BOAbl

[MapoBon KoHOeHcaT MNocTynaeT Ha y3en NpuroToBieHNA nNuTatenbHou Boabl. [NuTa-
TenbHas (QUCTMNNUPOBAHHAs) BoAa MONy4yaeTcHd 3a CYET MnepeucnapeHnsa u KoHAeHcauum
napoBOro KoOHAeHcaTa Unn KoHAeHcauun BOAsSHOro napa, u npeacraesngeT cobon oucTmnnm-
poBaHHyto BoAy. [uTaTenbHaa Boga NoJaeTcsa B 3reKTponnaepbl Ha y3en nony4yeHns Bogo-
poaa.

B kadecTBe anekTponuTta B anekTponunsepax ucnosbdyetca 25-28 % pacTsop Lenoyu,
KOTOPbIN FOTOBUTCH Ha Yy3re MpuUroToBfIEHUS dNeKTponuTa nyteM CMeLLeHUs AUCTUNNMPO-
BaHHOW BOAbl C rTMAPOOKUCHLIO Kanusl.

lMpouecc nonyveHus Bodopoda B 3rEKTposiM3epax OCHOBAH Ha pPasfnoOXeHuu BoAbl
nog AenCTBMEM MOCTOSIHHOIO 3IEKTPUYECKOro ToKa Ha Bogopon U kucropod. Npu npoxox-
OEHNN NOCTOSAHHOIO 3NIEKTPUYECKOro Toka ¢ HanpsikeHmem 380 B n cunon toka go 8000 A
yepes ANEeKTPONIM3ep Ha anekTpodax NPoUCXoauT paspsid MOHOB BOAOPOAA M rMapokcuna ¢
nocrneayowmm BblgeneHnem: Ha katoge — razoobpasHoro BoAopoda, Ha aHoge — rasoob-
pasHoro Kucnopoaa.

Kucnopoa 13 anekTponvsepoB HarnpasnseTcsa B aTMocdepy, a Bogopon nogaetcs
AN19 TPOMEXYTOYHOro XpaHeHus B rasrosnibaep. M3 rasronbaepa Bogopos noctynaet Ha KOM-
NnPUMMpPOBaHMNE U Jarnee Ha y3en O4YMCTKM 1 ocylwkn. O4nctka Bogopoaa OT Kucnopoga ocy-
LLEeCTBISETCA B peakTope Ha CTauMoHapHOM antomonansiagueBoM KaTanusaTope, a ocyLuka
OT Bnarn B ocywumtensax Ha ueonutax. O4YMLEeHHbIA U OCYLUEHHbIN 3MEKTPONIMTUYECKUIA BO-
Aopoa HanpaesnsaeTcs no TpybonpoBogy notpedbutensam.
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OnucaHue TexHOMOrnM4yeckoro npouecca npuseneHo B Tabnuue 11.2, nepedeHb oc-
HoBHOro obopyaoBaHma — B Tabnuue 11.3 .
Tabnuuya 11.2 — OnucaHue TEXHOMOrMYeCcKoro npouecca Npon3sBoacTea BOAOpoLa U3 BO-

Abl
BxoaHol noTok Mognpouecc BbixogHol no- | OcCHOBHOE TEXHOo- | dmMuccumn
TOK norudeckoe 0b6o-
pyooBaHue

MapoBon koHaeH- | MNepencnapenue | MNutatenbHas | Annapat nepe- | Boga kotno-

cat (BoasiHOM nap) | NnapoBOro  KOH- | BoAa ncnapeHus Bas
AeHcaTta

Kanusa rmgpookucek | PactBopeHue onektponut | Peaktop C Me- | HET
rmMapooKUCKH Ka- Lankomn
nusa B BOAe

[MutatenbHaa Bo- Bogopopn chbl- | Onektponusep Kucnopoan B

. nekTponus

aa; pey, aTmocdepy
BOAbl

AnekTponut

Bopopog cbipey, 0 Bogopoa Annapatbl  TvA- | Boga nocne
HMCTKa " ounerHbii p1poBaHNA W | pereHupaumm
ogﬁg"a BOAO- OCYLLKM ocylmTenei,
P Wym 92 nBA

Tabnuuya 11.3 — lNepeyeHb OCHOBHOro o6opyaoBaHMs NPOM3BOACTBA BO4OpO4a U3 BOAbI

HanmeHoBaHue | HasHayeHune obopygoBaHna | CylwleCTBEHHbIE XapaKTEPUCTUKN TEXHO-
obopynoBaHus norn4yeckoro obopyaoBaHus
Annapat nepe- | [lepencnapeHve napoBoro | BeinapHon annapaT TpyGuaTbli, BepTu-
ncnapeHuns KOHOeHcaTa C MNOJSlyYeHMEM | KalibHbIN

BOAbI 45 3MEeKTponunaa
dnekTponusep | AnekTponus BoApl HanpsikeHnune - 360 B

Cuna Toka - 7500-8000 A
Mpon3BoaANTENBHOCTL NO BOAOPOAY
- 500 HM3/4, no kucnopoay 250 HM3/Y

KoHTaKTHbIN
annapaTt (peak-
TOP)

OuncTtka Bogopoaga OT KuC-
nopoga

BEPTUKAmNbHLIA  LMNMHOPUYECKUIA anna-
paT, BHYTpeHHU anameTp - 1200 mm

BbicoTa umn.4actum - 1524 mm

11.3 Hopmbl pacxoaa Cbipbsi U 3HEepropecypcos

HOprI pacxogoB MaTtepuanbHbIX U 3HEpPreTn4eCKnx pecypcoB npmeeneHbl B Tabnuue

10.4.
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Tabnuuya 11.4 — Hopmbl pacxogoB MaTepuanbHbIX U QHEPreTUYECKUX PeCypCcoB Npu npo-
N3BOACTBE BOAOPOAA AMEKTPONN3OM BOAbI

HanmeHoBaHue pecypcos EaovHuubl namepe- Pacxon MakcumanbHbIn
HUS
KoHaeHcaT napoBoli Kr/Tbic.M3 866,94
Kanusa ruapookncb Kr/TbiC.M3 0,421
Kanus duxpomar Kr/TbiCc.M3 0,016
Lleonut NaA Kr/Tbic.Mm3 0,341
KaTtanusaTop All Kr/TbiCc.M3 0,011
OnNeKTpoaHeprms KBT-4/ Tbic.M3 5450
TennoaHeprusa (BogsaHowW nap) Mkan/ Tbic.m3 0,406
Tonnueo (ra3 NPUPOAHbIN) Tbic. M3./ TbiC.M3 1
Boaa o6opoTHas m3./ Tbic.m3 360

11.4 Tekywme ypoBHM 3IMMUCCUIU NPU NPOU3BOACTBE Boaopoaa
3NeKTponnM3omM BoAbl

Mpn npon3BoACTBE BOAOPOAA 3arpsasHsaoLWmMX BblbpocoB B atmocdypy HeT. Bbibpocos
3arpAsHALLNX BELLETB B aTMOC(epHbIM BO3ayX.

11.4.1 Copocbl Nnpy NPpOoU3BOACTBE BOAOPOAA INEKTPONIM3OM BOAbI

C6pocbl npy Npon3BoacTBe BOAopoaa npmeeaeHsl B Tabnuue 11.5.

Tabnuya 11.5 - Tekywume ypoBHM cOpOCOB B BOAHYIO Cpeay npu Npon3BoacTBE BO-
Aopoja 3neKkTponn3omM Boabl

3HauyeHue, He bonee
(kr/TbiC. M)

Xummnyeckoe notpebneHme kucnopoga (XIK) 0,43

3arpssHsitoLLee BelecTBo

11.4.2 OTxoAabl NpOU3BOACTBa BOAOPOAA INEKTPONM3OM BOAbI

B npouecce npoussoacTBa BOAOpoAaA 3NEKTPONN3OM BOAbl 06pasytoTcs oTxodbl MU-
HeparnbHbIX Macen, oTpaboTaHHbIV NanagueBblii KaTanM3aTop, OTpaboTaHHbIN LIMONUT.

Tabnuuya 11.6 - Tekywme ypoBHM OTXOAOB MpM NPOU3BOACTBE BOAOPOAA IMEKTPOSIM3OM
BOAbI

YpenbHoe 3Ha-
YyeHume, Kr/Tbic.
M3, He Bornee

Knacc onacHo- MeTtog oGesBpexu-
cTUn BaHus

3arpssHsiloLLee Belle-
CTBO

Ne

MNepenaetca Ha
Ha 3aBof Ans
N3BneYeHuns
apar.meTannoB

KaTtanusartop anomo-
1 | nannagueBblv OTpa- 0,011 3
BGoTaHHbIN
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3arpsasHsoLlee Bellle-

YpenbHoe 3Ha-

Krnacc onacHo-

MeTton o6e3Bpexu-

Ne YyeHue, Kr/TbiC.
CTBO 3 CTn BaHU4A

m°, He Bonee

3axopoHeHune Ha
Lleonut oTpaboTaHn-
2 Hbli 1,77 NONUroHe npom.
0TX0J0B

3 | Macno otpaboTaHHoe 2,79 CxxuraHme B neyu

Paspen 12. Mpon3BoAcTBO KanbLus XJIOPUCTOrO CONIAHOKUCIOTHBLIM
pa3noxeHnemM U3BeCTHAKOBOIo KaMHS

12.1 O6wan nHdopmaums

Kanbumi xnopuctbii  (KMAKMA, NOPOLLKOOBPa3HbIN, rpaHyMpoOBaHHbIN) B 3aBUCMMO-
CTM OT BMAa M KayecTBa NPOAYyKTa MCMOMb3yeTCHa B KayecTBe peareHTa (ToOMnaHaXHbIA pac-
TBOP) ANSA MHTEHCUMKaumm npoueccoB HepTeaobblun, B NPON3BOACTBE NracTnugukaTopos
ApeBeCcHO-BOJTOKHUCTLIX NnuT (ABI1), ana Bbicagku TaXenbiX MeTansioB U3 pacTBOPOB fto-
MMHOGOPOB, B Ka4eCTBE COCTAaBHOW 4acCTW LUNXTbl NPy Npon3BoacTBe kuHeckonos. OguH n3

OCHOBHbIX KOMMOHEHTOB B (DapMOKOMNENHOM MPOU3BOACTBE.
Kanbumi X1OpnUCTbIN BbINyCKaeTCa CreayoLwmnx Mapok:

* KanbLUn XSTOPUCTbIN rPaHYNIMPOBaHHbIN;

* KanbLUnn XNOPUCTbIN XNOKNN MapKu «J1»;

* KarnbLUNN XITOPUCTbIN XNOKUN,

* KarnbLUnW XNOPUCTbIN NOPOLLOK,;

* peareHTbl NPOTMBOrononeaHbIe TBEPAbIE HA OCHOBE XJTOPMUCTOrO Kanbuus.

CornacHo [83] no OM3NKO-XMMUYECKMM MOKasaTeNnaM XJIOPUCTbIN KanbLMi OOSHKEH
COOTBETCTBOBATL creaytoLwmnm TpeboBaHnam (cm. Tabnuuy 12.1).

Tabnuuya 12.1 - TexHUYeCKMe XxapakTePUCTUKM XJSTOPUCTOro Kanbums [83]

KanbunHupoBaHHbI

HanmeHoBaHue 'mppaTuposaH- X .
nokasartens Bbicluuni 1-% copT HbIN viaKan
copT

1. BHeluHwii Bug, MpaHynbl Genoro useTta | MOPOLLIOK MW PacTBop
rpaHynbl 6eno- | >xentoBaTo-
ro Unn ceporo | Cceporo nnu
uBeTa 3eneHoBaTo-

ro useTta
Nnpo3payHbIn
Unn ¢ nerkom

MYTbO

2. MaccoBas fons xrnopucro- 96,5 90 90 32

ro kanobuus, %, He meHee
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KanbunHMpoBaHHbI
HanveHoBaHune ) qupaTm?OBaH- Knakwii
nokasarensi Bbicumii y HbIN
copT 1-un copt
3. MaccoBasa gona marHusa B 0,5 0,5 He He
nepecyete Ha MgClz2, %, He HOpMUpPYeTCA | HOpMUpyeTCs
bonee
4. MaccoBasa fons npoynx 1,5 He Hopmu- 55 3
XnopuagoB, B TOM  4uUC- pyeTcsa
ne MgClz, B  nepecyeTe
Ha NaCl, %, He Gonee
5. MaccoBas pons »xenesa, 0,004 To xe He He
(Fe), %, He Gonee HOpPMUpYEeTCHa | HOpMUpYeTCs
6. Maccosasa pona He pac- 0,1 0,5 0,5 0,15
TBOPMMOro B BOAe oOcCTaTka,
%, He bonee
7. Maccosas pons cynbda- 0,1 He 0,3 He
TOB B MepecyeTe Ha Cyrb- HOpMUpYyeT- HOopMUpyeTCsH
daT-noH, %, He Gonee ca
MpumeyaHus:

1. Anga xnopucToro Kanbuus, nony4aemoro B Buae nobovyHoro npoaykta npu nponssoactese 6eprto-
NeTOBOW COMKU N rnMnoxnopuTa KanbLmd, MaccoBasa o4 XSiopaToB B nepecyeTe Ha XJTOPHOBATOKUC-
NIV Kanun gosmkHa ObiTb He 6onee 2,7% B ruapaTtMpoBaHHOM NPOAYKTE 1 He 6onee 1,2% B Xngkom
NPOAYKTE.

2. [lonyckaeTcs B XNOKOM XFIOPUCTOM KanbLMK, N3rOTOBASEMOM B TeYeHUM roga no 6esynapoyHomy
cnocoby, maccoBasi 4OnNst XSIOPUCTOro Kanbuusa He meHee 32%, a B NpoAyKTe, 3roToBNseMoM Apy-
rmMn cnocobamu B nepuod ¢ okTabps no anpenb (BKAKYMTENBHO), MaccoBas [OMSA XOPUCTOro
Kanbuug - He meHee 30%.

3. JonyckaeTcs B ruapatMpoBaHHOM XMOPUCTOM KarbLMW MaccoBasi 40N XNOPUCTOro Kanbuus He
MeHee 76% po 01.01.95; B ruagpaTMpoOBaHHOM XIOPUCTOM KanbLUK NO COrfacoBaHuIo ¢ notTpebuTe-
nem goryckaeTca mMaccoBas 4oNs Npoynx xnopuaos, B ToM vnucre MgClz, B nepecyete Ha NaCl, He
bonee 6%.

4. [1na anekTpoTEXHNYECKON MPOMBILLUNIEHHOCTU B KalNbLMHUPOBAHHOM XIOPUCTOM KarbLinUK BbICLUE-
ro copta MaccoBas Jons cynbaTtoB B nepecyeTe Ha cynbdaT-UoH AosmkHa 6biTb He 6onee 0,05%.

TexHnyeckne TpeboBaHMA M XapaKTEPUCTMKU KMAKOrO XIIOPUCTOro Kanbums (npo-
3payHblv pactBop) CaClz mapku «J1» (B cooTBeTCcTBUM C [84]) NpBeaeH B Tabnuvue 12.2.

Tabnuya 12.2 - TexHN4eCcKne xapakTepuUCTUKN XIOPUCTOrO Kanbums [84]

HanmeHoBaHWe KOMMNOHEHTa MaccoBas gons, %

CopepxaHne OCHOBHOroO BewecTsa, % He meHee 32
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HanmeHoBaHMe KOMMoHeHTa MaccoBas gons, %

MaccoBasa gonsi npumecen He 6onee, % 0,71

B dapmokonenHom npomsbliwneHHocTH. [ns npomMssoacTea JIIOMUHOGOPOB, nractugukaTo-
pOB, KNHECKOMNOB, APEBECHOBOMOKHUCTbIX NIIUT

TexHnyeckne TpeboBaHMA M XapaKTEPUCTUKM TBEpAbIX NPOTMBOroMoneaHbIX peareH-
TOB [85] npnBeaeH B Tabnuue 12.3.

Tabnuya 12.3 - TexHU4ecKkne xapakTepucTMKn NPOTUBOroNoneaHbIX peareHToB [85]

HanmeHoBaHue nokasartens 3HaveHune nokasatens gns Tuna
XKHTB MPKTB MPTB
BHewHun Bug [‘paHynbl, KpUcTannbl, Yewys
LiBeT Ot 6enoro Ao cBeTNO-CEPOro n CBETNO-
KOPUYHEBOIO
3anax OtcyTtcTByeT
MaccoBaga gonst xnopucToro Hatpus, % He 80 75 80
bonee
MaccoBas gons XnopucToro kanbuus, % He 20 20 15
bonee
MaccoBaga gonsi xnopucroro kanuvs, % He
- 20 10
bonee
MaccoBaga [onst HepacTBOPUMOro B BoAe 2
ocTtatka, % He bonee
MaccoBas gonsa Bnaru, % He bonee 5
BooopoaHbin nokasaterns 20 % pactBopa, 5.10
ed. (pH)
3epHOBOW CcOCTaB, MaccoBas 4O YacTul
pa3Mepom:
cBbiwe 10 mm He gonyckaeTtcs
cBbile 5 mm go 10 mm Bk, % He Bbonee 10
cBbiwe 1 mm go 5 mm Bk, % He 6onee 75
1 MM 1 meHee. % He bonee 15

TexHnyeckne TpeboBaHUA U XapaKTEPUCTMKM MaTtepuana npoTUBOrononeaHoro -
XKHM [86] npuBeaeH B Tabnuue 12.4.

Tabnuuya 12.4 - TexHUYeCcKme xapakTepucTMkM MmaTepuana npoTmeorononeaHoro [86]

HanmeHoBaHWe nokasartens Hopma gnsa mapok
Mapka A Mapka b
BHewHnn Bua KpucTtannbel cepoBaToro LuBeTa C BKoYe-

HUSIMM TEMHO-CEPOUN, KpaCHOBATOMU U ro-

ny6oBaTom OKpacKu

MaccoBasi fons X1opucToro HaTpua, % He 73-83 \ 83-92
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HanmeHoBaHWe nokasartens Hopma gnsa mapok
Mapka A Mapka b
bonee
MaccoBas gonsa xnopucroro kanbumd, % He
Somee 4 P HiA, 7o 15-25 5-15

MaccoBas Jonsa HepacTBOPMMOro B BoAe 15
ocTaTtka, % He bonee '
MaccoBas gons Bnaru, % He 6ornee 2
BogopoaHsin nokasatens 1 %BogHOro pac-

7-10
TBOpAQ, ea. (pH)
['paHynomeTpun4eckmin CocTas:
0o 2,5 mm, % He meHee He HopMupyeTCcH 85
cBbiwe 4,5 mm, % He Bonee He HopmupyeTcA 5
1,0 — 5,0 MM, % He mMeHee 75 He HopMupyeTCcH
meHee 1,0 mm, % He Gonee 15 He HopmMupyeTcA

12.2 OnucaHue TeXHONOrmM4eCcKux npoLeccoB, UCMOJb3yeMbIX B
Nnpon3BOACTBE Kanbuua XfO0puUcToro

TexHoNorn4eckmnin Npouecc Npon3BoACTBa KarnbLUMA XNOPUCTOrO XMOKOro 3aknovaeT-
CH B paCTBOPEHUN U3BECTHAKOBOIO KaMHS1 U €ro NpuMecen CoONnaHON KUCITOTOMN.

Mpouecc naeT B n3bbITke COMSAHOWM KUCMOTbI C BblAeNeHMeM Tenna u obpasoBaHneM
KMCNOro cbipLa-pactBopa XJIOPUCTOro KarnbLms, COAEPXKALLEro NPUMECH XIOPUCTOro MarHus
N Xenesa n HepacTBOPMMOrO B COMSIHOM KMCNOTe ocTaTka. [lonyyeHHbI Takum cnocobom
KMCAbIV CbipeL-pacTBOpP XFIOPUCTOrO Kanbuus NoaBepraeTcss XMMUYECKON OYMCTKE, KoTopas
3akno4vaeTcs:

- B HENTpanm3aumm n3bbITOYHON CONAHON KMCAOTbI M3BECTKOBBLIM MOSTOKOM;

- B nepeBoae pactBopumbix npumecen (MgClz , FeClz . FeCls) B HepacTBopuMble rng-
pookucu gencrtemem nssectkosoro mosioka (Ca(OH)z2).

[Mony4yaemble Ha y3ne pacTBopeHust abrasbl, NPOXOAAT ABYXCTYMNEHYATY0 OYUCTKY B
HacagouYHbIX ckpybbepax. Nocne XMMM4ecKonm OYMCTKM CbIpeL, - PacTBOP XMOPUCTOro Kanb-
UMsa noctynaeT B OTCTOMHUK, rde NPOUCXOOUT eCTEeCTBEHHOE pasfefieHne ero Ha OcBeTIieH-
HYIO YacTb M OOHHYIO hbasy. OcBeTneHHasi YacTb nNpeacTaBnseT cobon KanbLuui XSTOPUCTbIN
TEXHUYECKUIN XUOKUIA, cooTBeTCTBYlOWMIA TpeboBaHmam [83]. [oHHasa dasa, cogepxaiias
pacTBOp XIOpUCTOro Kanbuus, rugpookuncu: Mg(OH)z, Fe(OH)2, Fe(OH)s n HepacTBOpUMbIN
OoCTaToK, noasepratTca punbTpaumm n obbegmHSeTCa C OCBETNIEHHOM 4acTbio pacTBopa
XNOPUCTOro Kanbuus.

YacTtb nonydeHHoro pactBopa CaCl: HanpaBnaeTcs Ha cKrnajg roToBoro npoaykrta,
Apyras yactb nogsepraeTcsa AOMNONHUTENBHON UNbTPaLUN.

PacTtBop, noaBeprHyTbin ounbTpauum cooTBETCTBYET TpeboBaHUAM [84] 1 MOXET ne-
pefaBaTbCs Ha 3anvB B XXENEe3HOAOPOXHbIE LMCTEPHbIl, HA y3ern NoAKUCNEHUs pacTBOPOB
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3aTeM Ha CYLUKY W IpaHynsauuio XIopuUCTOro Kanbuus, nnbo BHYTPM3aBOLCKMM MoTpebuTe-
nsam.

TexHonornyeckas cxema nNpPOM3BOACTBA KanbLUWMSA XNOPUCTOrO KarnbLMHUPOBAHHOMO
COCTOUT U3 CneayoLmx y3nos:

- MIPMEM KanbLms XIOPUCTOro XNOKOro;

- IPMEeM NPUPOAHOro rasa;

- MONyYeHne CyLUUIBbHOrO areHTa;

- 06e3BoOXMBaHMeE (CyLUKa) pacTBopa KanbLuusa XnopucToro;

- OYMCTKA OTXOASALUMNX ra3os;

- (pacoBKa roToBOro NpPoayKTa;

- YTUNn3aumnsa NPpOMbIBHbIX U CTOYHbIX BOA;

- OTrpy3Ka roToBOM NpoayKumm notTpedurento.

TexHonorn4yecknin NpoLecc nm cxema npou3BOACTBA rPaHyNIMPOBAHHOIO XMOPUCTOrO
Kanbumsi U3 BOOHOIO pacTBopa XSIOPUCTOro Kanbumnsa COCTOUT U3 cneayroLmnx y3nos:

- MONYY€HUS KOHLEHTPMPOBAHHOIO pacTBOpa XSIOPUCTOro KanbLnS;

- MONYY€HUS CYLUMUIMBHOIO areHTa;

- 06e3BOXNBAHMS KOHLEHTPUPOBAHHOIO pacTBOpa XSIOPUCTOro Karnbuus C NOSyYeHu-
€M rpaHynMpoBaHHOIo NPOAYyKTa;

- MOKPOW OYMCTKOM OTXOAALLNX ra30B.;

- OXNaXXOEeHMSA U TPAHCNOPTUPOBKM FOTOBOrO NPoAyKTa B ByHKep;

- 3aTapuBaHuS, YyNakoBKN, XPaHEHNS 1 OTIPY3KNU rOTOBOrO NPOAYKTA;

- OYUCTKM acnnpaumMoHHbIX Bbibpocos oT nbinu CaClz;

- yaaneHue obpasyowmxca TBepablX U XUOKUX OTXOO0B.

PeareHTbl npoTuBorononeaHole TBepAble Ha OCHOBE XSIOPUCTOro KanbUWs MpOn3BO-
AATCA MO aHanorMyYHbIM TEXHOSOMUAM:

- CMEeLUeHne XITOPUCTOro KarnbUusa C XNOPUCTLIM HaTpueM 1 MoandununpyrowmnmMm ao-
6aBkamu;

- CMEeLUEeHNe XITOPUCTOro Kamnbuusa C XNOPUCTbIM HAaTpueM 1 MoanduunpyowmnumMm ao-
6aBkamu ¢ nocriegyowen rpaHynsumen.

TexHonornyeckue cxemMmbl MPON3BOACTBA NpuBeaeHbl Ha pUCyHkax 12.1 — 12.3.
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M3secTHAK Conadan M3BECTHOBOE MONOKD
HWUCNCOTa
L J
Paccee
W3IBECTHAHE B atmocdepy
L J v I
PacTeopuTenb OTxoaAWKE rasel B
chpyODep 4nA oYKMCTHR
F 3
w L 4
HeliTpanusaTop
L h
Wnam Ha xpaHeHue OceeTtneHue K
* hUnbETpELMA

PacTBOR XNOpMCTOND
KAELUKMA B EMHOCTE

PucyHok 12.1 — MNpuHuMnunanbHas cxema nosyyYeHust XXnAKoro KanbLusi XSTOpucToro
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PaCTBop()) CaCl Bbibpocebl ¢ yana
l 32% H20 l ‘ CYLLIKU
MeHHbIn Mapo-rasosas Crpybbep-
ckpy66ep cuech > KanneoT6onHUK
—
Pacteop CaCl2
45%
Mapo-rasoBas
cMecb
\ 4
CywunbHasa balHs
Bbibpocsbl
C y3na pacoBku
CaCl
KanbLUHWP. H,0
2
v l
Mbinb
Y3en dacoBku CaCl, Ckpy66ep

CacClz

l CaCl2

KanbunHUp.

CkpybepHble BOAbI B
ponssogcTeo CaClz

PucyHok 12.2 — lNpuHumMnuansHasa cxema nonyvyeHns Kanbumsa XnopucToro (MopoLLoK)
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Pacteop CaCl:

32%

Beibpocel ¢ yana

rpaHynauumn
lNeHHbIn >
ckpy66ep
PacTteop CaCl:
45%
Mapo-rasosas
cmecb
v
paHynsTop
—
lMpombiBHbIE BOAbI C
y3na rpaHynsuum
CaClz
KanbLMHUP.
v
Mbinb
Y3en acoBku CaCl
— CacClz >
[MpombiBHbIE BOAbI C
y3na ¢hacoBku
CaClz
KanbLWHUP.

PucyHok 12.3 — lMpuHUMnuanbHasi cxeMa nonyyYeHus KanbLmsi XJI0pUCTOro rpaHynm-

POBaHHOrO

OnuncaHne TEXHONOrM4YeCcKoro npolecca npueBedeHo B Tabnuue 12.5, nepeveHb Oc-
HoBHOro obopyaosaHms — B Tabnuue 12.6.

Tabnuuya 125 — OnucaHMe TEXHONOrMYEeCKOro npouecca nNPOU3BOACTBA XIOPUCTOro
Kanbuus
OcHoBHOE TEXHO-
BxoaHoi noTok Moanpouecc BbixoaHOM NOTOK normyeckoe 060- Amucecumn
pyooBaHue
[Mony4eHne kanbuus XSIOPUCTOro XMOKoro

Congnas kucnota, | lNpuem n nogro- | ConsHas  kucnorta, | EMkocTHoe o060- | Kap6o-
NM3BECTHSK, U3BECT- | TOBKA Cbipb4 N3BECTHSK, W3BECT- | pyaoBaHue, OyH- | HaT
KOBO€E MOJI0KO KOBO€E MOJI0KO Kep pacxogHbin Kanbuus

CongaHag kucnora,
MU3BECTHSK,

PacTtBopeHune
N3BECTHSKOBOIO

PeakunoHHas mac-
ca: KNCNbIK cblpel -

PactBoputenb
aosartop, ckpy6-
O6ep Hacago4HbIN
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OcCHOBHOE TeXHOo-

CO cTagum dhacos-
Kun, Boga

ASALNX ra3oB OT
dbacoBku

B NPON3BOACTBO
CacCly,
OTxopswue rasbl B
aTMmocdepy

BxogHoun noTok Mognpouecc BbixogHon noTok noruyeckoe o60- Amumcenn
pyaoBaHue
KaMHs pacTBOp XJIOPUCTO-
ro Kanbums
N3BecTkOBOE MO- Hentpanusauma | Cbipey - pacteop | Hentpanusa-top —
FIOKO KMCMOro peakumn- | XSIOpuCcToro  Kanb-
OHHOro pacTBoO- | UusA
pa
Colpeu, - pacTtBoOp OcBeTneHne n Winam Ha pasme- | OTCTONHMK, —
XITOPUCTOrO Karb- dpunbTpaums weHue Ounbtp KMIM nnu
uma PacTtBop xnopucrto- | aHanor
ro KanbuuMsi B €wMm-
KOCTb
PacTtBop xnopwucto- | JononHuTenb- Kanbumn xnopu- | dunbtp MAP nnu —
ro Kanbums Has oNbTpauns | CTbIN XUOKUN MapKu | aHanor
Jl
MonyyeHune kanbumsa XnopucToro (NOPOLLOK)
PactBop CaClz, Abcopbuus ra- Pacteop CaCl: Linpkynaumon- CaClz
32% 30B OT cTaguun 45% HbI 6ak, ckpy6-
CYLLKM 6ep neHHbIN,
ckpy66ep-
KanneoTOOoMHMK
PactBop CaClz, Cyuwka pacteopa | CaClz kanbunHupo- | CywmnsHas —
45% XIOPUCTOro BaHHbIN OawHa, Tennore-
Kanbuus HepaTop raso-
BbIW,
LIMKITOH
CaClz KanbLI,VIHI/I- dacoska CaCl, CaClz vKaJ'IbLl,I/IHVIpO- PacxoaHbin 6yH: —
POBaHHbIN BaHHbIN HE MeEHee | Kep, BUHTOBOW
90% nutaTenb
OTxogsiwue rasbl Ounctka oTxo- CkpybepHble Boabl | Ckpybbep CaClz

Mony4yeHne KanbUus XNOpPUCTOro rpaHyMpoOBaHHOMO

PactBop CaClz,

32%

Abcopbuusa ra-
30B OT CTaauu
rpaHynsumMm  wu
CYLLKM

PactBop CaClz
45%

Peaktop
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OCHOBHOE TEXHO-
BxogHoun noTok Mognpouecc BbixogHon noTok noruyeckoe o60- Amumcenn
pynoBaHue
PactBop CaClz, | N'panynsumsa [MpombiBHBIE BOAbI € | paHynaTop  kn- | CaClz
45% y3na rpaHynauum nsLlero crnos,
[Mapo-rasoBas TennoreHepaTop
cMecb rasoBblH,
CaClz kanbuuHupo-
BaHHbIA rpaHynmMpo-
BaHHbIN
CaCl2 dacoBka MpombiBHbIE BOAbI ¢ | PacoBoOYHas CaCl2
rpaHynMpoBaH-HbIn y3na ¢pacoBku MaLLWHBbI
CaClz kanbuuHupo-
BaHHbIA.  rpaHynu-
pOBaHHbIN

Tabnuua 12.6 — NepeyeHb OCHOBHOIO 060pyAOBaHMS MPON3BOACTBA KarbLusi XIOpPUCTO-

ro
HanmeHoBaHue HasHaueHne ob6opygoBa- | CylleCTBEHHbIE XapaKTEPUCTUKM TEXHOMNOornye-
o6opynoBaHus HKS ckoro o6opyaoBaHus
PacTtBopuTtenb PacTtBopeHne wunsBect- | O6bem 27,8 m3
HSIKOBOIO KaMHS1
Ounbtp KMIM dunbTpauma  peakum- | Mnowaab dunsTpaumum 25 m?
OHHOW Macchl
BawHa  cywwunb- | Cywka xnopwuctoro | NponssoantensHocTb 1,1 T/4
Has Kanbums D=5500 mm H=10480 mm

V=180 m3

BepTukanbHbin UMNUMHOPUYECKNA annapaT C
TaHreHynanbHbIM BBOAOM CYLUUITbHOIO areH-
Ta. KoHyc cywwunbHon 6GawHu obopynosaH
an. subpaTopamm 1 pyYHbIMU TOMKaATENSMMW.
Cranb yrnepoguctasi, Tennon3onnmpoBaH.

Ckpy66ep Haca-

MpeaoHasHayeH ons

Cranb yrnepogucras rymmumpoBaHHas, yre-

Kanbuusi XNOpUCToro 13
oTpaboTaHHbIX ra3os

OOYHbIN O4YUCTKM abrasoB C y3na | poBaHHada rpaduToBon NNuTKon, H —
pacTBOpeHNSA U3BECT- 9660MM. BbicOoTa paboyero cnosi u3 Konetw
HSKa Pawwura 4m.

'panynaTop c | FpaHynupoBaHne xno- | NMNpounssogmTensHOCTb 4,4 T/4

cekumsamn  KC  u | puctoro kanbums D=3000 — 4000 mm;

ra3oo4nCTKM H=26 000 mm

LinknoH YnaBsnuBaHue noinn | D=2200mMm H=4600MMm

Cranb yrnepoauncras
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HanmeHoBaHue
obopynoBaHus

HasHaueHve ob6opynoBa-
HUS

CyLLeCTBEHHbIE XapaKTepPUCTUKN TEXHOMormye-
ckoro obopynoBaHus

Ckpy©6ep neHHbIN

Mokpasi o4nctka OTXO-
ASALLMX TOMOYHbIX ra3oB

O6opynoBaH aBymsa paboymmn peieTkamm um
kanneotbomHbiM cnoem koneuy, Pawwra. Nme-
eT (POPCYHKM NSt NPOMbIBKM OTOOMHOro Crnos
KoneL, OpoLLatoLLEN XKUOKOCTbIO

MaTtepwan - TutaH BT-1-0

Ckpy66ep-
KanneoToonHUK

YnaenvBaHue Kanenb-
Hon Bnarm u3 otpabo-
TaQHHOrO  CYLUWIBHOIO
peareHTa

MmeeT gBa psga TMTaAHOBBLIX KacceT ¢ pTo-
ponsacToBon CTpykkon. CHabXeH pacnbinu-
TenbHbIMN popcyHokaMmn. MaTepwuan - TuTaH
BT-1-0

12.3 Hopmbl pacxoaa Cbipbsi U 3Hepropecypcos

Hopmbl pacxofoB MaTepuanbHbIX U SHEPreTUYECKMX PeCYpPCOB NpuBeAeHbl B Tabnumue

12.7.

Tabnuua 12.7 — HopMmbl pacxodoB MaTepuarnbHbIX U 3HEPreTU4ecknx pecypcos npuv npo-
N3BOACTBE KanbLMsi XIIOPUCTOro

HanmeHoBaHue pecyp-

EonHnuybl namepe-

Pacxog Ha 1 T npoaykuum

coB HUs MuHMManbHbIN MakcnmanbHbIn

Kal\fleHb N3BECTHAKO- . 0.28 0.3
BbIN
ConsgHasa kucnora,
100 % T 0,79 0,8
Enkun HaTp T 0,0003 0,0004
dToprunc T 0,03 0,03

Pacxop aHepropecypcoB Ha Npon3BOACTBO KarbLNA XITOPUCTOrO XNOKOro
ONEeKTPoaHeprms KBT-u/T 4,7 4,8
Map lkan/T 0,02 0,03
Bopa ropsyas kan/T 0,01 0,02
Bopga nponsBoacBTeH- w3/ 0,01 0,04
Hasq
Bo3gyx cxaTbin m3/T 37 64

Pacxopg aHeprope

CypCOB Ha NPON3BOACTBO KarbLMs XJIOPUCTOro (MOPOLLOK)

OnNeKTpoaHeprms KBT-u/T 74 75
Map lkan/t - -
Bopa ropsyas kan/T - -
S;)ﬂp,a NPOW3BOACBTEH- M3/T 0.1 0.5
Bosgyx cxaTbin m3/T 2000 2500
MpupoaHbIv ras m3/T 200 240

Pacxoq aHepropecypcoB Ha NPOM3BO/ACTBO KamnbLIMsA XNOPUCTOro rpaHynMpoBaHHOro

OIEeKTPO3Heprus

KBT-u/T

100 110
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HavnmeHoBaHue pecyp- EonHnubl nsmepe- Pacxog Ha 1 T npogyKkumu
CcoB HUA MuHMManeHbIM MakcnmanbHbIn

Map lkan/T 0,06 0,07
Bopa ropsyas lkan/T 0,01 0,01
Bopa npousBoaceTeH- w3/ 0,18 0.3
Has

Boagyx cxaTbin m3/T 700 740
MpupogHbIn ras m3/T 200 230

12.4 TeKywme ypoBHU 3IMUCCUIN NMPU NPOU3BOACTBE KalbLUA
XIOPUCTOro

12.4.1 Bbibpocbl B atMmoccepy npyv NnponsBoACTBE KanbLUA XITOPUCTOro

Bbibpocbl B atmocdepy npu NpOM3BOACTBE KarbLMs XJIOPUCTOro npvBegeHbl B Tab-
nmue 12.8.
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Tabnuya 12.8 — Bbibpockl B aTMocdepy npu NpoOn3BOACTBE KasbLUA XSTOPUCTOro

NcTouYHNKM Bb|6poca HanmeHoBaHue MeTO,EI, O4YNCTKH, no- | O6bem un (VIJ'IVI) Macca Bbl6pOCOB 3arpAa3HALWKNX BEWECTB Nnocrne o4ncT-

BTOPHOrO  UCMOMb30Ba- | KM B pacyeTe Ha TOHHY 1 T NpoayKuun, Kr/t

HUA

MwnHmanbHoe MakcumanbHoe CpenHee
Y3en pacTtBopeHusa u -
P P Kanbuun kapboHat | Abcopbuus — — 0,011

dounbTpaumnn
Y3en cyLiku Kanbuusa xnopug Abcopbuus — — 23,3
Y3en rpaHynsaumm Kanbuun xnopug Abcopbuus — — 0,57

LTOC—VE J1M
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12.4.2 CopocbIl npu NPpOU3BOACTBE KanbLUUA XJIOPUCTOro

C6pocbl otcyTtcTBytoT. Obpasyowmeca abcopbunoHHble (CKpybepHble) XMAKOCTU U
NPOMbIBHbIE BOALI BO3BPALLAKTCSA B NPON3BOACTBEHHbIV LIMKIT.

12.4.3 .OTxoAbl NPOM3BOACTBA KanbLuusi XJIOPUCTOro

B npouecce npousBoacTBa Kanbuusa XNOpuUCTOro obpasyeTcsa wnam-oTxon U3BeCTb
HEeKOHOMUMOHHaA B konnyecTtee 6360,8 TOHH B rogd. OTxon HanpaBnisgeTcs Ha pasMmeLleHue.

Pazpgen 13. OnpeageneHne Hauny4wmnx AOCTYNHbIX TEXHONOMMM

B cooTtBeTCcTBUM C onpeneneHneM, npuBedeHHbIM B ctatbe 1 ®efepanbHOro 3akoHa
Ne 7-®3 ot 10 aHBaps 2002 r. «O6 oxpaHe OKpyXalollen cpebl», Hauny4lasi AoCTynHas
TEXHOMOrMs — TEXHONOrMA NpPou3BOACTBa NpoAyKuun (TOBapOB), BbINOMHEHNA paboT, oka-
3aHuA ycnyr, onpegernsemMasi Ha OCHOBE COBPEMEHHbIX OOCTUXEHUA Hayku U TEXHUKU U
HaUNy4ylero coveTaHus KpuTepueB OOCTUKEHUS Lenen OXpaHbl OKpyXatlolen cpedbl npu
YCIOBUW HaNMM4nsa TEXHUYECKON BO3MOXHOCTU ee npuMmeHeHus [54]. 3T1o onpeneneHne naex-
TUYHO onpegerneHuto, copmynuposaHHoMy B [OupektnBe 2010/75/EC 0 NpOMbILLNIEHHbIX
aMMCCUAX — OCHOBHOM 3akoHogaTenbHoMm AokymeHTe EC, yctaHaBnmBatowem obssaTternb-
HOCTb npumeHeHna HAT ana oTpacnenm 3KOHOMWKWU, OTHECEHHbIX K OCHOBHbIM 3arpsi3HuUTe-
NSM OKpYXaloLen cpefbl U XapakTepusyrLmnXcsa 3HaunTeNbHbIM NoTpebneHnem cbipbeBbIX
N 9HEepreTUYECKUX pecypcoB Npu NponsBoacTee [55].

[MoHATUE «TeXHONOorMmM» OTHOCUTCA KaK K MCMOMb3yeMbIM TEXHOSOMMAM NPOU3BOACTBA,
Tak uU K cnocobam MpoeKkTMpoBaHUs, CO34aHus, OBCNY>XMBaHWUA, ynpaBrneHns, akcnnyaTauum
1 BbIBOAA NpeanpusaTui N3 aKcnnyaTaumn.

JocTynHble TEXHONOMMN — 3TO TEXHONOMMK, paspaboTaHHble B MacwTabax, No3Bons-
IOLNX UX BHEOPUTb B COOTBETCTBYHOLLEN OTPaCM NPOMbILLIIEHHOCTU 3KOHOMUYECKN U Tex-
HUYECKM OCYLLECTBUMbIM CMOCOBOM C y4€TOM COOTBETCTBYHOLLMX MaTepuanbHbiX 3aTpaT u
BbIroA.

Hawvny4imne TexHonormm — 3To TEXHOMNOrMu, nossonstowmne Hambonee apHeKTUBHbLIM
crnocobom JOCTMYb OBLLEr0 BbICOKOrO YPOBHS 3aLUMThl OKpYXatoLLen cpeabl B LLernoMm.

Takum obpasom, onbiT npumeHenns HOT B EC HenocpeacTBEHHO CBSI3aH C BHeape-
HMeM B CTpaHax — YneHax EBponenckoro coto3a CUCTEMbl KOMMIIEKCHBIX NPUPOA0OXPaHHBIX
paspelleHun Ons KIYeBbIX NpeanpusaTuini — 3arpsasHuTenen okpyxawulen cpebl. [Npu
atom B [OupektnBe 2010/75/EC peyb nmoet o TeXHONorm B Hambonee LUMPOKOM €€ CMbIC-
ne — TEXHOMNOMMN Kak COBOKYMHOCTU MeTOA0B 06paboTkM, N3rOTOBNEHUSA, U3BMEHEHUS COCTO-
AHUSA, CBOWCTB, (POPMbI, Cbipbs, MaTepuanos, NPUMeEHSeMbIX B Npouecce Npon3BoAcTBa A1
nosly4eHunsi roToBOM Npoaykummn [55].

B HekoTopbix cnydyasax ynomuHatoT HOT, nmesa B Buay HoBenwne pelleHus, Hanpas-
NeHHble Ha 3alUMTy OLHOro U3 KOMMOHEHTOB OKPY>XXaloLen cpeabl U Ha peLleHne KOHKpeT-
HOM Npobnembl. OTO CBA3aHO C UCTOpMEN Bonpoca u asonoumen noHatna HAT, a Takke ¢
TeM, YTO npuBnekatenbHOCTb uaen BHegpenna HAT, npu3BaHHbIX 06ecneynTb BbICOKMM
YPOBEHb 3alUMTbl OKpYXatoLen cpeabl U 3KOnorndeckon 6e3onacHoCTH, pacnpoCTpaHSeTCs
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Ha camble pasHble OTPACIM SKOHOMMWKW, BKIIHOYAS KUIULLHO-KOMMYHasbHOE XO38MCTBO, ro-
pOLCKOEe XO3SMUCTBO, 3MEeKTPOoCeTH, TENMoBble CETU U T. 1.

[na noHnmaHusa koHuenuun HOT B uenom 1 HanpaBfeHNn ee NpPakTU4ecKoro npume-
HeHus1 B Poccurickon degepaumm uenecoobpasHo NpMBECTU NEPEYEHb KPUTEPUEB, B COOT-
BETCTBUM C KOTOpPbIMU crefyeT oueHuBaTb, ABNAETCHA NW JaHHas TEXHOSIOrMsl Haunydlwen
AOCTYMNHOW TexHonornen. K 4ymcny Takmx OCHOBHbIX, HO HE MCYEpNbIBAOLLMX KPUTEPUEB OT-
HOCATCA:

- paumoHanbHoe noTpebreHne chipbs, MaTtepmanos U Bogbl (pecypcocbepexeHune);

- obecneyeHne BbICOKOW 3HEProadhHEKTUBHOCTMU;

- MPUMEHEHNE ManooTXOAHbIX MM 6€30TX0AHbIX NPOLIECCOB;

- XapakTep 1 ypoBeHb HeraTMBHOro BO3LEVCTBUA Ha OKPYXKaloLLyo cpefy U BO3MOX-
HOCTb CHWXEHUS yAeSibHbIX 3Ha4YeHU 3MUCCUIN, CBA3AHHbIX C NPOLECCOM;

- UICMOMb30BaHME B TEXHOMOMMYeCcKMx npoueccax BewecTB, KOTOpble B HaMMeHbLUEN
CTEMEHN OMacHbl AN YeroBeKa M OKpYXatolen cpeabl, U 0TKa3d OT MCMNOoSib3oBaHUA 0Ccobo
OnacHbIX BELLECTB;

- CHMXXEHME BEPOATHOCTM aBapuin U MHLMAOEHTOB, CBA3AHHbIX C MPOU3BOACTBOM,;

- BO3MOXHOCTb pereHepaumMm n noBTOPHOrO UCMONb30BaHUA (PEUMKNHIa) BELLECTB,
NPUMEHSAEMbIX B TEXHOMOMMYECKMX NpoLieccax, B TOM Yncne B cOCTaBe 00pasyoLmxcsa oTXo-
0B,

- cBUAeTeNbCTBa npeablaywero yCnewHoro NpUMeHeHns B NpOMbILLIEHHbIX MacLUTa-
BGax conocTaBMMbIX NPOLLECCOB, YCTAHOBOK, 060pyA0OBaHUSA, METOLOB YNpPaBneHns:;

- CPOKM BBOZa B 3KCNsyaTauuio Ans HOBbIX U CyLLECTBYIOLWNX YCTAHOBOK,;

- 3KOHOMMYECKas NPUEMNEMOCTb AS151 OTPACIM 3KOHOMUKM.

B HacTosdlWwee BpemMsa npu onpefeneHnm Haumnyudwmx AOCTYMNHbIX TEXHOMOMMn Bce
Oonbluee BHUMaHWE yaensaeTcs cucteMam MeHemkMeHTa. Tak, npeanpuaTuamM npakTUyecku
BCEX OTpacnen 3KOHOMMUKM HACTOATENbHO pekoMeHAoBaHO pa3spabaTtbiBaTb M BHEAPSATb CU-
CTEMbl 9KONOMMYECKOro MeHeKMeHTa, a TakkKe CUCTEMbl 3HEepPreTUYecKoro MeHeLXKMeHTa,
NO3BONAOLME YYECTb NMPUOPUTETHLI OXPaHbl OKpYXKaloLen cpedbl U NOBbIWEHNA 3Heproad-
PEKTMBHOCTM NPW MNAAHMPOBAHUN U OCYLLECTBIEHUN OEATENbHOCTU XO3ANCTBYIOWNX CYyOb-
€KTOB.

M3meHeHusi, BHeceHHble B depepanbHbii 3akoH Ne 7-®3 ot 10 aHBapsa 2002r.
«0O6 oxpaHe okpyxatwen cpeabl» dPeaepanbHbiM 3akoHOM OT 21.07.2014 Ne 219-03 [56],
onpenensalT NpaBoOBYK OCHOBY ANSA LUMPOKOro MpakTU4eckoro npumMmeHeHus B Poccuinckon
degepaumm HanNyyWmMX OOCTYMHbIX TEXHOMOMN U KOMMSEKCHbLIX 9KONOMMYECKMX paspeLue-
HUW.

Ona peanunsaunn TpeboBaHun PepepanbHoro 3akoHa Ne 7-03 ot 10 aHsapsa 2002 .
[54] B o6bnactn HOT Heob6xoammo paspaboTtaTb pasnuyHble HOPMATUBHbIE OOKYMEHTbI, WUH-
PopMaLMOHHO-TEXHUYECKNE CMPAaBOYHUKKN, AOKYMEHTbI MO cTaHgapTusauuu n np. MNpu atom
uenecoobpasHo Hambonee MofHO y4ecTb OTEYECTBEHHbBIN U MEeXAYHAPOLHbIA ONbIT, HAKOM-
NEHHBIA MPOMBbILNEHHBIMU MPEANPUATUAMM U OPYTMMU CyDBbeKTaMn 3KOHOMUYECKOW Aesd-
TEeNbHOCTH.

OnpegeneHve Haunyywmnx OOCTYMHbIX TEXHOMOrMM B 06nactm NpuUMEHEHUs HacTos-
wero cnpasovHnka HOT npoBogunocb Ha ocHoBaHwuu [MpaBun onpegeneHus TeXHoONormm B
KayecTBe Haunyylen OOCTYMHOW TEXHOMNOMMK, a Takke pa3paboTku, akTyanusauum n onyo-
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NMKOBaHNA UHPOPMALMOHHO-TEXHUYECKUX CNPABOYHMKOB MO HAUIyYLIMM OOCTYMHbIM TEXHO-
norvaMm, yTBepXAeHHbIM nocTaHoBneHnem [lpasutenbctBa P® ot 23 gekabpa 2014 r.
Ne 1458 [1] n ¢ y4eTOM MeTOANYECKNX peKOMeHAaUnn no onpeaeneHno TEXHONOrMn B kKaye-
CTBE Haunyywen OOCTYNHOW TEeXHONOormn, yTBepXAeHHbIX npukasoM MwuHucTepctBa npo-
MblLLeHHOCTU 1 Toproenn P® ot 31 mapta 2015 r. Ne 665 [57].

Mpn onpegeneHnn TeXHONOMMN, B TOM YUCHE TEXHONOrMYeckoro obopyaoBaHus, B Ka-
yectBe HOT yuntbiBanucb cnegyroline KpuUtepuun, YCTaHOBIEHHbIE OENCTBYHOLLMM 3aKOHO-
AaTtenbcTBoM Poccuiickon ®epepauum [4]:

- HAMEHbLUUIN YPOBEHb HEraTUBHOIO BO3AENCTBUSA Ha OKPYXatoLLyto cpefly B pacyeTte
Ha eQuHULY BPEMEHN UNn Ha eanHuLy obbema (Macchbl) NPoOM3BOAMMON NPoayKuumn (ToBapa)
nmbo COOTBETCTBME APYrMM rokasaTensam BO3OENCTBUS Ha OKpPYXawLlyk cpedy, npegy-
CMOTPEHHbIM MeXayHapoaHbIMu gorosopamu Poccunckon denepaunn;

- 3KOHOMUMYecKasa aPPEKTUBHOCTb BHEAPEHUSA N SKCNNyaTaunmn Npon3BoaCTBa;

- MPUMEHEHNE pecypco- 1 aHeprocbeperatroLwnx MeToaoB, NPoLEeCCOB;

- ONTUManbHbIV (NPUEMNEMbIN) Nepuos BHEOPEHWS;

- MPOMbILLIIEHHOE BHEAPEHME TEXHONOMMYECKNX NpoLeccoB, 060pyaoBaHNA, TEXHMYE-
CKMx cnocoboB., MeToa0B Ha ABYX U 6onee obbekTax B Poccuinckon degepauunm, okasbiBato-
LMX HeraTUBHOE BO3ENCTBME Ha OKPYXKatoLLyto cpeay.

Ha ocHoBaHuK ykasaHHbIX [MpaBun onpegeneHna TEXHOOMMM B Ka4yecTBe Haumny4Llemn
AOCTYMNHOW TexHonoruu [1] u meToguyeckux pekomeHaaunn no onpegeneHnto TeXHONormn B
KayecTBe Haunydwen OCTYNHOM TexHonorum [57] npu paspaboTke cnpaBovHmka HOT Gbinn
onpeerneHbl Hanny4ywme AOCTYMNHblE TEXHONOMMN B MPOU3BOACTBE NPOYMX OCHOBHbIX HEOP-
raHNYECKMX XMMUYECKNX BELLLECTB, BKIHOYasa NpoM3BOACTBa:

- MPOM3BOACTBO BOAOPOAA, Xfnopa v rmgpokcmaa Hatpusa avadparMeHHbIM MeTOL40M
3NeKTponun3a;

- MPOM3BOACTBO BOJOpOAA, XMopa W rumagpokcuga Hatpuss MembpaHHbIM MeToLoM
3NeKTponnsa;

- NPON3BOACTBO XNlopa, BoAOpOAa U rmapokcuaa HaTpust pTYTHbIM METOAOM 3S1EKTPO-
nm3a;

- NPOM3BOACTBO XJ10pa, BOAOPOAA M rMApoKcMaa Kkanmsa meMbpaHHbIM METOAOM Jriek-
TpOnu3a;

- MPOM3BOACTBO TBEPAOrO KayCcTUKa;

- NPON3BOACTBO CUHTETUYECKOW COSIAHOM KUCIOThI,

- MPOM3BOACTBO MMNOXIOpUTa HaTpUS;

NpOn3BOACTBO Cyrnbdarta HaTpus;

Npou3BOACTBO PTOPA;

Npoun3BoACTBO (pTopmnaa Bogopoaa U TopUCTOBOLOPOAHON KUCMOTHI;
Npon3BoACTBO (pTopmnaa KanbLUuUs;

NPOM3BOACTBO Kapbuaa KpemHus;

NPOM3BOACTBO Nepekncn Boaopoaa;

NPOM3BOACTBO Nepokcuaa HaTpus;

NPOn3BOACTBO nNepkapboHaTta HaTpus;

NPOn3BOACTBO XJIOPHOrO Xernesa;

NpOn3BOACTBO Cynbdarta HaTpus;
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- NPOU3BO/CTBO BOAOPOAA IMNEKTPONN3OM BOAbI;

- MPOn3BOACTBO KaJibLIMA XITOPUCTOIo COJTAHOKUCITIOTHBLIM pas3rioXKeHnem n3BeCTHAKO-
BOIro KamMH4.
TexHonorndeckne nokasaTtenm npoueccoB, KOTOpble onpegeneHbl B Ka4decTBe

Hauny4ywmx AOCTYMHbIX TEXHOMOMMA B MPOU3BOLCTBAX MPOYMX OCHOBHbIX HEOpraHU4Yeckux
XUMUYECKMX BELLECTB, NpeacTaBneHbl B nogpasgene 9.3 (tabnuubl 9.33-9.60), a B npuno-
XeHun A npuBefeHbl OCHOBHbIE TEXHOJSIOMMYEcKMe nokasaTtesniv Npon3BOACTBEHHbIX NpoLec-
coB 1 0b6opyaoBaHus, COOTBETCTBYHOLWMX KpuTepuam HOT ans ykasaHHbIX NPOU3BOACTB.

OdopmneHne ykasaHHbIx Tabnuy nogpasgena 9.3 u npunoxeHna A 6bino npoBeaeHo
C y4eTOM TEPMUHOMOMMN N OOLLMX NOSOXKEHUN, NpeacTaBneHHbiXx B defepanbHOM 3akoHe
«0O6 oTxogax npom3BoacTBa un notpebnenus» [58], B PeagepanbHom 3akoHe «OB6 oxpaHe aT-
moccepHoro Bo3gyxa» [59], B ®PenepanbHom 3akoHe «O BoAoCHabXeHun u BoAooTBee-
HUn» [60], a Takke C y4eTOM NepeyHs 3arpsa3HALWnX BeLWwecTB, B OTHOLEHUN KOTOPbIX Npu-
MEHSIIOTCA Mepbl FOCy4apCTBEHHOMO perynupoBaHua P® B obnactn oxpaHbl OKpyXatoLlen
cpenbl, yTtBepxaeHHoro PacnopsbkeHvem [lpaButenbctBa Poccuiickon ®epepauum oT
08 monsa 2015 r. Ne 1316-p [53], n € y4eTOM HaMMeHOBaHU BUOOB U KIAacCOB ONACHOCTU OT-
X0O0B Npou3BoacTBa M NoTpebneHus, BkNoYeHHbIX B deaepanbHbI KnaccuguKkauMOHHbIN
katanor otxogoB (®KKO), yrtBepxgeHHbIn npukasom PocnpupogHaasopa Ne 242 ot
22.05.2017 [61].

Kpome Toro, B pasgerne 14 v B npunoxeHnn B HacTosLLlero cnpaBovHMKa paccMmoTpe-
Hbl cMexHble HOT, KoTopble pekoMeHOOBaHbl K BHEAPEHUIO B NPOU3BOACTBAX MPOYMX OC-
HOBHbIX HEOPraHNYEeCKNX XMMUYECKMNX BELLECTB C Liefbto NOBbILEHUS 3HeProdeKTMBHOCTH
NPOU3BOLCTBA, COKPALLEHUS pasfiMyHbIX SMUCCUIN B OKPYXKatOLLYIO cpeny, YrnydlleHns pecyp-
cocbepexeHnsa 1 NOBbILEHNA KayecTBa KOHTPONA U MOHUTOPUHra NPon3BOACTBEHHbLIX MPO-
LIlecCOB 1 SMUCCUMN.

Pazpgen 14. Haunyywue AOCTYMNHbIE TEXHOMOIMNN

14.1 Hauny4ywme fOCTYMNHbIE TEXHOOMMMU B NPOU3BOACTBE NMPO4UX
OCHOBHbIX HEOpraHU4eCcKnx XMMM4ecKkux BeLlecTB

B npunoxeHun A npuBegeHbl OCHOBHbIE TEXHUYECKME, SKONOrMYyeckne u uHble rnoka-
3aTenn TEXHONMOMMYeCcKNx MpoueccoB, COOTBETCTBYOLWMX Kputepuam HOT Oons ykasaHHbIX
npPoOmn3BOACTB MO cocToAHMo Ha 01.09.2017.

B naHHOM pasgene npeacTtasnieH 06w Nnoaxoa K Belbopy AocTMxkeHus 6onee BbICo-
KOro YpOBHS 3alUMTbI OKpYXatoLen cpenbl, akonormyeckon 6esonacHoctn n 6onee adpdek-
TMBHOIO pecypcocbepexeHns B Npon3BoACTBaX NPOYNX OCHOBHbLIX HEOPraHNYECKNUX XUMUYe-
CKMX BeLLecTB: BOAOPOAa, Xropa, rmapokcuaa HaTpus, rmapokcmaa Kanusi, CONstHOM KMCo-
Thl, XJIOPHOrO Xernesa, MnoxnopuTa HaTpus, MNoxnopuTa Kanbuus, nepkapboHaTta HaTpus 1
APYrMX NPOYMX OCHOBHbIX HEOPraHNYECKUX XMMUYECKNX BeLecTB. Hapsay ¢ MMHMMm3aumen
obpa3oBaHNA 1 NOBTOPHbLIM MCMNOJIb30BAHMEM MPOU3BOACTBEHHbLIX NOTEPbL (OTXOAOB, CTOY-
HbIX BOL NPOM3BOACTBA), MaTepmnarnoB U 3HEPINK, B 3TOM pa3gerie paccMaTpmBaroTCcsa Mpo-
Bnembl NpoNakTUKKN, KOHTPONSA, MOHUTOPUHIA, PELMKITMHIA N MMHUMMU3ALUM PacxoaoB Cbl-
pPbs N 3HEPrn Npun NPOU3BOACTBE NPOAYKLMM OAHHOW OTPACM MPOMBbILLIEHHOCTN.
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B Tabnuue 14.1 npeacrasneHo obuiee MHpopMaUMOHHOE coaepkaHme onTUManbHOro
COYeTaHNsa MEeTOAMYECKOro moaxoda U TEXHUYECKOro pelueHns npyu obocHoBaHUM HeObBXO-
ONMOCTU BHeOpEeHUs Hauryywen OOCTYNHOM TeXHOMOrmu B COOTBETCTBYHOLLEM MPOU3BOA-

CcTBe.

Tabnuya 14.1 — NHdopMaunoHHOE coaepXaHne onTUManbHOro CoMeTaHus
MeToaudeckoro noaxona (Metoga) u TEXHUYECKOro pelleHnsa npu peanusauun HOT

Bua nHgopmaymn

CopepxxaHne nHgpopmauum

OnucaHue

TexHn4yeckoe onMcaHme MeTogM4ecKoro noaxona n TexXHu-
YeCKune peLleHna, BKIo4ada YepTexu, Tabnuubl 1 cxembl

O deKTbl 4Ns OKpyXKaroLen
cpenpl

OcHoBHble achdekTbl ANA OKpyXKatoLLen cpeabl, B TOM Ync-
ne CHWKeHne 3aTpaT 3Heprun, CbipbeBbliX MaTepuaros,
yBerMyeHne Bblnycka NpoayKumu, NpomM3BoaUTENLHOCTH,
3(PPEKTUBHOCTU UCNONL30BAHNA SHEPIUN AN AAHHOTO
MeToda U TEXHNYECKOro peLleHns

BosgencTteue Ha pasnunyHble
KOMMOHEHTbI OKpYXXatoLLen
cpenpbl

B3anmopencTeme pasnmyHbix METOO0B N TEXHUYECKUX pe-
LLIEHMI NO 3alunTe OKpyxatoLen cpebl. ConocraeneHue
nx adpPeKTOB ANA OKpYXatoLLen cpebl B Lernom

3KcnnyaTa LUMNOHHbIE NOKa3aTe-
Jn

CBeaeHus o noTpedbneHnmn cbipbsi, 3HEPTUN U AMUCCUSX

A5151 NPOM3BOACTB, UCMONb3YOWNX AAHHBbIN METO, U TEX-
HU4eckoe pelleHue. [lononHuTensHas nHopmaums, Ka-
caloLLascs peXMMOoB 3KCMNnyaTauum n pesynbTaToB KOH-
Tpons

MpurogHocTb (NOTEHUMan Tex-
Hoslormm n obopyaoBaHns)

AHanunsmpylTcs U onpeaensitoTcs BUabl yCTAaHOBOK, B KO-
TOPbIX MOTYT ObITb UCMOMb30BaHbl AaHHbIE METOAbI U TEX-
HUYeckne pelleHust, rkcupyeTcs Bo3pacT (CpokK aKcnnya-
Tauuu), pasmep 1 NPon3BoaNTENBHOCTb YCTAHOBKN, BUA,
NPOAYKLMK, Y>Ke UCTOoNb3yeMble MeToAdbl U TEXHUYECKNe
peLleHns

OKOHOMUYeCKnin acppekT

CBefeHuns 0 LeHax, pa3Mepax MHBECTULMIA, pacxodax Ha
aKcnnyaTauuio, BO3MOXHOM CHUXKEHUW YAEeNbHbIX 3aTpaT
CbIpbsl, 3HEPIUM, COKpaLLIeHNM BbIODPOCOB 1 OTXOA0B

[BwxyLias cuna ans BHeape-
Ha HOT

YXecToueHne NnpupoaooxpaHHoro 3akoHogatenocrea PP un
pernoHanbHbIX TPeOOBAHUIN K OXpaHe OKpy>KatoLLen cpeapl.
WHopmauma o gpyrmx npudmnHax BHegpeHuns (pocT npoms-
BOOUTENbHOCTH, NOBbILWEHNE 6Ee30NacHOCTU U T. MN.) Haps-
A4y C 3alunTomn OKpyxatoLen cpeabl

[Mpnmepbl yCTaHOBOK U NPOU3-
BOACTB

CsefeHus 06 ycTaHOBKax U NPOM3BOACTBAX, B KOTOPbIX
MCMonb3yeTcs AaHHbIA METOA U TEXHUYECKOe peLleHne

Mcnonb3oBaHHas nutepaTtypa

INuTepaTypHble U APYre UCTOYHWUKU, UCMONb30BaHHbIE MpU
pa3paboTke AaHHOro pasfena u coaepxaluve getanm
[aHHOro MeTo[la U TEXHNYECKOro peLleHust
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3aTpaTbl Ha peanuaauuio TEXHUYECKUX PELUeHU, CBA3aHHbIX C yaarieHneMm unm co-
KpalleHneM aMUCCUMA B OKpYXXaloLLyto cpedy (3arpsisHeHuin), cnefyeT OueHuBaTb C Y4E€TOM
TMNa TEXHOMNOMMYEeCKOro M NPUPoLoOXpaHHOro obopynoBaHuda, 3PdEKTUBHOCTU MeToda U
TEXHUYECKUX PELLEHMI, a TaKKe NHANBMAYANbHbIX OCOOEHHOCTEN NPUMEHEHUSA TEXHUYECKNX
peweHun (MeToaoB).

Hwke npuBegeHbl HaMMEHOBAHUS W OCHOBHblE METOAMYECKME COCTaBnsolme
HauNy4yWwmx AOCTYMHbIX TEXHOMOMMNA, BHEAPEHUE KOTOPbIX LienecoobpasHo M akTyanbHO B
NPON3BOACTBAX MPOYMX OCHOBHbIX HEOPraHMYECKMX XMMWUYECKMX BELLECTB, B TOM 4uUCne B
Npon3BOACTBaX BOAOPOAA, XNopa, rmapokcnaa HaTpus, rMapoKeuaa Kanums, ConstHOM KUCIo-
Tbl, XFIOPHOTO Xenesa, rmnoxnoputa HaTpus, rmnoxrnoputa kKanbLms, nepkapboHata HaTpus u
APYrux nNpoYnx HeopraHM4ecKnX XMMUYECKUX BELLECTB U KOTOpPble MO3BOMSAT COKpaTUTb
3MUCCUN B OKPYKaloLLYO cpeay, notpebneHne cbipbs, BOAbI, SHEPIMM U CHU3UTL 0bpa3oBa-
HMe OTXOOOB U CTOYHbIX BOA C Y4ETOM HEeobXoOuMOW M OOCTAaTOYHOW 3KOHOMUYECKOW -
PeKTUBHOCTM (NPMEMIIEMOCTM) NPON3BOACTB.

Mpoun3BoaCcTBO rMNOXsop1Ta HaTpus

HAOT 1. BHegpeHue cucTeMbl HENPEPbLIBHOrO aBTOMaTUYECKOro KOHTPOMA coaepXaHus
Xnopa B BO34yxe NPOW3BOLACTBEHHbLIX U CKMaACKMX MOMELLEHMI, a Takke B TpybonpoBoae
OTXOASALLNX ra3oB..

HOT 2. BeegeHne NOCTOAHHOIO KOHTPOMA OCTATOMHOW KOHUEHTpauuu LWeroyu, Tak
KaK Mpy CHWXEeHWM MacCOBOW KOHLEHTpauuu Lienoun Hmke 10 r/gm3 mMoxeT mpoucxoauTb
OypHOE pasnoXeHne peakLMOHHON MaccChbl C BblAENEHNEM 3HAYUTENBHOIO KONMYeCTBa xopa
N Kucnopoga.

HOT 3. YcTaHoBKa cTauMoOHapHbIX €MKOCTEN AN XpaHeHUsa Tnnoxnoputa HaTpus,
MMEILWMX NOCTOSIHHOE COoeanHEHNE C aTMocepon vyepes AbiXaTerbHbIW KranaH unn nHoe
TEXHU4YEeCKoe YyCTPONCTBO, obecneumBatoliee nogaepKaHme gaBreHnsa B eMKOCTU Ha YPOBHE
aTtmMocepHoro.

MpoussoacTBo hTopa

HAOT 4. OcywecTtBneHne TpudTOpMaHOro npouecca. Micnonb3yeTcs anekTponuvT, co-
aepxawmn ~1 r-monb KF Ha ~2 r-monb HF. [lo3Bonget BecTu npouecc npu temnepaType
~100 °C. Obneryaet nogaepxaHve HeobxoaANMMOro TemnepaTypHOro pexunma, Tak kak otna-
AaeT HeobXoOMMOCTb BHELUHEro nogorpeBa. A Takke CO34aeTcsl BO3MOXHOCTb noagepxa-
Hus cogepxxaHus HF B anekTponuTte B 6bonee LUMPOKOM AnanasoHe.

HOT 5. ObGecnevyeHne cTabunbHOCTM NPOM3BOACTBEHHOIO npouecca. YCOBEpPLUEH-
CTBOBaHME CUCTEMbl aBTOMATUYECKOrO KOHTPOSA: aBTOMaTtnyeckass CMCTeMa NUTaAHUSA dnek-
TpONu3epoB (PTOPUCTLIM BOAOPOOOM, (PMKCAUUA U KOHTPOMb Crnefylwmx napameTpos: B
anekTponusepax cuna Toka, HanpshkeHue, TemnepaTypa SMneKkTposita, KoOHUueHTpaumsa goTo-
pUCTOro Bo4opoda B 9reKTponuTe, ypoBEHb AIIeKTponuTa B BaHHe, JaBrieHne B ra3oBblX Ka-
Mepax 3reKTpoNu3epoB, anekTpuyeckas msonauus BaHH. OnpefensTcs Takke pacxon
dTopMCTOro BoAopoaa, Bbixoq dptopa, KaueCTBO MCXOQHOIro oTOPUCTOro Bogopoaa U coctaB
nosly4eHHoro ptopa, coctaB Bo3ayxa, BblbpacbiBaeMoro B atmocaepy.

[MOCTOSIHHBIN KOHTPOMb YPOBHS PH LmMpKynupytowero abcopbunoHHOro pacTeopa.

HOT 6. cnonb3oBaHWe 3neKkTponM3epoB C MNfiockonapasnnenbHbIM PacrnonoXeHUeM
anektpogoB. Co3gaHue anekTponm3epoB 60MbLLION MOLLHOCTH.
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HAOT 7. MNMonHaa repmeTmsauums annapaTtypbl, YCTaHOBKa Hanmbonee OTBETCTBEHHbIX
annapaTtoB — 3MEKTPONM3epPoB B U30NMPOBAHHbIE KAaOUHBbI.

HAT 8. MNogrotoBka K peMOHTY 060OPYAOBaHUA C y4ETOM HanNU4umMs He3arpsA3HALLLNX
BellecTB. [lepea BbIBOAOM B PEMOHT pacxXofHblX €MKOCTEN ocTaTku (dTOPMUCTOro Bogopoaa
N3 HUX UCNAapSOT U NepeaatoT Nno ra3ooTBOAHOM NMHMKM B aBCOPOUNOHHYIO KOMOHHY ANns no-
nyYeHns NIaBUKOBOW KUCMOTHI.

HOT 9. PereHepaunsa oTpaboTaHHbIX TexHonornveckux cpeq. OTpaboTaHHbIN anek-
TpoNUT (TPUMTOPUA Kanus) U3 anekTponn3epoB cobupatoT B NnaBuUSibHbIE KOBLUW U NEPUO-
ANYECKN NOABEPraoT pereHepaumm ¢ Lenbto BblAeneHns conu budtopmnaa Kkanusi.

OTpaboTaHHylo Hacagky 3epHUCTbIX (PUNbTPOB NEPUOLMYECKM NOLBEPratoT pereHe-
paumu.

HOT 10. OpraHu3aumsa o4MCTKM BO3ayxa MPOU3BOACTBEHHbLIX NomeleHni. Bosgyx us
NPOU3BOACTBEHHbLIX MOMELLEHNA OT 060pyaOBaHWs, rae BO3MOXHO BblAeneHue KUCIbIX na-
POB U ra3oB NOCTYMNaeT Ha ra3004NUCTHbIE YCTAHOBKM.

HAOT 11. OpraHusauma pasgenbHoro cbopa n obpalleHnsa co ctokamum (Kucnas KaHa-
nmsaums 1 yCrioBHO YncTas).

MpousBoacTBo (hTOPUCTOro KanbuuUs

HAOT 12. Cnocob nony4yeHns oTOPUCTOro Kanbuusa M3 rmapokecunaa kanus, (oTopmuctoro
BOJOPOAA U XINOPUCTOrO Kanbuus NO3BOSISET NonyyaTb NPOAYKT MOBbILLEHHOIO KayecTsa ang
NCrnonb30BaHWS NPy NPON3BOACTBE CreyMapoK (PTOPKay4vyKoB.

Xnopuweno4yHoe Npon3BoACTBO U NPOU3IBOACTBO CONIIHOW KUCNOTbI

HOT 13

HOT ana MuHUMM3auuK pacxoda 3MeKTPOIHEepPrum nyTeM NPUMEHEHUsT CreayroLmx
TEXHUYECKUX PELLEHM MO OTAENBHOCTU U B COMETAHWUN:

MeTtop, MyHKT

Ncnonb3oBaHne a(pekTUBHLIX 1 aBTOMATU3NPOBaHHLIX CUCTEM ynpasneHus no-|9.2
TpebneHmem aneKkTposHeprum 9.3
Ncnonb3oBaHne Apyroro OCHOBHONO U BCMOMOraTerlbHOro TexHonornyeckoro o6o-|9.2
pyLoBaHUA ¢ 6onee BbICOKOM aHEProadhdeKkTMBHOCTLIO (Gonee BbICOKMM koadhdu-|9.3
LUMEHTOM NOJSIe3HOro encTBuns)

HAOT 14
HOT ona MuHUMM3auumn pacxoga TennoBOW 3HEPruvM u xnagoareHToB nytem npume-
HEeHUs cnefywmnx TEXHUYECKUX peLleHnn No OTAENbHOCTU UM B COMETaHUMK:

MeTtop, MyHKT

Mcnonb3oBaHue cuctem pekynepaumn Tenna B XfopLieno4YHom nponssoactee u B|9.2
NnpPon3BOACTBE CONSAHOWN KUCAOThI 9.3
Mcnonb3oBaHne Apyroro OCHOBHOIMO TexXHosiormdeckoro obopyaoBaHua ¢ Gonee|9.2
BbICOKOM 3HeproapekTnBHOCTbIO (6onee BbICOKUM KOIGPMULNEHTOM MnonesHoro | 9.3
AencTeuns)
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HAOT 15
HOT no npumeHeHnto mep GesonacHocTM Npu paboTe Ha NPom3BOACTBE NyTEM MpU-
MEHEHNA criegyoLwmx TEXHNYECKUX peLleHnii No OTAENbHOCTU UMK B COMETaHUN:

MeToq MMyHKT
BHegpeHne ob6opynoBaHus, MallnH, yCTAaHOBOK, NO3BOMAOLLMX aBTOMATU3MpPO- 9.2
BaTb TEXHOOrMYeCcKnin npouecc (MOMHOCTLIO NN YaCTUYHO) 9.3
BHepnpeHne acbdekTmBHOM cnuctembl obecnbinmBaHna Ha ctagumn dpacoBku npoms- |9.2
BOACTBa TBEPOOro e4Kkoro HaTtpa 9.3
[MpMeHeHe nHaMBMAYanbHbIX CPEACTB 3alinThl OT HeGnaronpuATHOM nponssoa- |9.2
CTBEHHOW cpebl (BpeaHbIX YCNoBUN Tpyaa) 9.3

HAOT 16
HOT ons CHUWXeHMs U NpeaoTBpaLleHUst NMPON3BOACTBEHHbLIX NOTEPb NyTEM NpUMeHe-
HMS crneayoLwmx TEXHUYECKUX peLLEHMI MO OTAENbHOCTU UMM B COMETaHUN:

MeTon MMyHKT

[MoBTOpHOE wucnonb3oBaHMEe CynbgaTHOro paccosia U aHonuta And nonyyvyeHus | 9.2
paccona xnopuga HaTpus 9.3
Mcnonb3oBaHue wnama (keka) unm LamMmoBOW CYCneH3umn B KavyecTBe Cbipbs Ans | 9.2
nonyyeHus paccona unu gnsa nofyvyeHns MuHeparnbHbIX HanosrHUTenen n cuHte-|9.3
TUYECKMX MaTepuanos
Mcnonb3oBaHne oTpaboTaHHON CEPHON KUCNOTbI B Ka4ecTBe NOMyTHOro npogykra|9.2
C UHOM 06NacTbO MPUMEHEHUS UNW OIS HEMTpanuM3auun CTOYHbIX Boa 1M o6e3Bpe-|9.3
XMBAHUS LLENOYHbIX OTXO40B

HAOT 17
HOT onsa cHwxkeHna (MMHUMM3auumn) YPOBHS LLyMa B NPOM3BOACTBE NyTEM NpUMeHe-
HUSA cnegyoLwmnx TEXHUYECKUX peLLEeHNiA No OTAENbHOCTU UK B CONMETaHUN:

MeTtop, MyHKT

3akpbITe (3KpaHUPOBAHNE) NCTOYHUKA LWyMa 9.2

9.3
MuHUMHU3auma Wwyma nytem UCrnonb3oBaHNS 3BYKON30NIMPOBAHHBLIX COOPY>XEHUN 1 | 9.2
obopyaoBaHus 9.3
N3onsums Tpyb 1 0TBOOOB BEHTUMASTOPOB, KOTOPbLIE NMOMELLAT B 3ByKOusonupy- 9.2
toLne ycTponcTBea 9.3
YCTPOWCTBO LIYMOMOrnoWwarLwmnx CTeH U/Mnn NpUpoAHbIX LLYMOMOrMOLALLMX 9.2
npenaTcTBumn 9.3
Mcnonb3oBaHue ansa wymHoro obopyaoBaHus (KOMnpeccopos) 3Bykonornowiat- 9.2
LLNX YKPBITUI 9.3
Mcnonb3oBaHune ans obopyaoBaHusa pe3nHOBBLIX NPOKNaaokK, npeaoTepawanwmx 9.2
KOHTaKT «MeTann — Metann» 9.3
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MeTtop, MyHKT
CoopyxeHue 30aHnin Unm UCnornb3oBaHWe PacTyLUMX 4ePEBLEB U KYCTapPHUKOB 9.2
ANSA 3aWmThl cennTebHbIX TEpPUTOPUIM OT BO3AENCTBUA LLYyMa 9.3

[MepeyveHb TEXHONOIMYECKNX NokasaTenen, COOTBETCTBYOLLMX Tekywemy yposHio HOT
ANA NPOU3BOACTBA MPOYMX OCHOBHbIX HEOPraHUYeCcKUX XMMuYeckux sellects B PO, npuse-
AeH B rnpunoxeHum A.

MepeyeHb Bcex HOT, paccmaTtpmeaembix B pamkax WTC HOT n no3sonstowmx cokpa-
TUTb SMUCCUN B OKPYXaloLLy cpeay, notpebneHue cbipbs, BOAbl, 3HEPropecypCcoB U CHU-
31Tb 06pas3oBaHMe OTXOAOB M CTOYHbIX BOA, NPeACTaBneH B NpunoxexHum B.

NMpon3BoACTBO KasibLMA XNOPUCTOrO COJITHOKUCIOTHLIM pa3noXeHuem
M3BECTHAKOBOIro KaMHS

HOT 18

[Mpon3BOACTBO KamnbLMsa XNOPUCTOrO yIyyLIEeHHOro kadyectsa obycrnoBneHHoOe NUCNoSb-
30BaHMEM NpoLecca pasfoXeHUss N3BECTHSAKOBOroO KaMHsi abrasHon CONsIHOM KUCIOTOW C OT-
AeneHnem npumMecemn n UcknveHmeM obpasoBaHUsA CTOYHbIX BOA.

14.2 NMpenmywecTBa, KOTOPble MOTYT ObITb AOCTUTHYTLI NMPU
BHeapeHun HOT

Mpn BHeapeHun npmeeaeHHbIX Boiwe HOT MoryT ObiTb 4OCTUMHYTHI cnegyowme npe-
NMYyLLLECTBa HOBbIX TEXHOSIOMMN U 060PYAOBaHUA ANs pacCcMaTpMBaeMOn OTpacru:

- COKpaLlleHue yaenbHbIX 3aTpaT anekTpoaHeprun (HOT 13) Ha npousBoAcCTBO TOBap-
HOW NpoayKuuu;

- COKpalleHue yaenbHbIX 3aTtpaT TensioBon aHeprun (HOT 14) Ha npomn3BoACTBO TO-
BapHOW npoayKuuu;

- COKpalleHe Mpou3BOACTBEHHbIX MOTEPb U UCMOMb30BaHWE MOOOYHLIX NPOAYKTOB
(oTxo40B) B Ka4yecTBe MOMYTHLIX MPOAYKTOB B pa3nnyHbiX cpepax npumeHenus (HOT 16);

- CHWXKEHNe YpOBHSA LWyMa B MPOM3BOACTBE M BO3LEWCTBUS LUYMa Ha OKPYXXatoLlyto
cpeny v cpeay obutaHna yenoseka (HOT 17).

14.3 OrpaHu4YeHUs No NPUMEHMMOCTU HaNNYYLLUMX AOCTYMHbIX
TEeXHONOrnm

HOT ¢ 13 no 17 moryT 6bITb BHEOPEHBLI N NPUMEHEHbI B NMPOM3BOACTBAX MPOYMX OC-
HOBHbIX HEOPraHMYeCKNX XMMUYECKMX BELLLECTB B CreayoLWmMX cnyyasx:

- NIpy MOoAepHU3auUnMMm U PEKOHCTPYKUMN OTAENbHbIX CTaguun, YCTaHOBOK WU BCETO
npeanpusTus B LENOM;

- Npu co3gaHuu (Npu CTPOUTENBLCTBE) HOBOrO NPON3BOACTBA.

14.4 TexHonorn4yeckue nokasarenu HOT

TexHonornyeckue nokasatenu HOT npuBeneHsl B Tabnuue 14.2.
TexHonornyeckne nokasatenu HOT npeacrtaBneHbl B Tabnuue b.1.
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UTC 34—2017

TexHonornyeckni nokasaTternb

Bbibpocsl C6pochl (B BOAHBIN 06BHEKT)
MpoaykT/Npon3BoAcTBO
3arpssHsiiowee —— 3arpsasHsiowee | 3HadeHue,
BELLECTBO BELLECTBO Kr/T
M'Mnoxnoput HaTpus Xnop He 6onee Xnopwua-aHuoH |He 6onee
0,0033 10,7
'Mnoxnoput kanbuma Xnop He 6onee 0,04 — —
Mepokeng Bogopoaa CnunpT nsonpo- |He 6onee
NUIoBbIN 0,074
ALETOH He 6onee o o
0,095
MepkapboHaT HaTpus Hatpusa kapbo- |He 6onee 0,01 |Cynbdat- He Gonee
HaT (auHaTpun |He 6onee 0,42 |aHuoH (cynb- | 0,0027
kapboHarT) daThbl)
Hatpusa nep-
kapboHaT
Kapbug kpemHus BeHsanupeH He 6onee
CepoBogopog |0,0003
Yrnepopa ok- |He 6onee 5,55 T T
cug He Gonee 718
Xnopua xenesa XKenesa Tpu- He 6onee 0,08
xnopug (B ne- |He 6onee
pecyeTe Ha xe- 0,227 — —
neso)
Xnop
MpownssoacTBO BOgOpOAa, |Xnop He Gonee Xnopwua-aHuoH |He 6onee
Xfiopa v rugpokcuaa Mmapokeng 0,035 (xnopwnapl) 210
HaTpua gunadparmMeHHbiM | HaTpuUs He 6onee 0,07 |Cynbdart- He Gonee
MeTOLOM 3reKTponm3a CepHas kucno- aHWOH (cynb- |97
Ta (B nponsBoa- |He 6onee daThbl)
CcTBe xnopa) 0,006
MpounssoacTBO BOgOpoAa, |Xnop He Gonee Xnopwua-aHuoH |He 6onee
Xfiopa v rmgpokcuaa Mmapokeng 0,008 (xnopwuapl) 210
HaTpna MembpaHHbIM Me- | HaTpus He 6onee 0,07 |Cynbdart- He Gonee
TOOOM 3MIeKTponmsa CepHas kucno- |He 6onee aHuOH (cynb- |97
Ta (B npoussoa- (0,006 daThbl)

CTBe xnopa)
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OkoH4yaHue mabnuupbi 14.2

TexHonornyeckni nokasaTternb

CTBE Xsiopa)

Bbibpocsl C6pochl (B BOAHBIN 06BHEKT)
MpoaykT/NnponsBoacTso
3arpssHsiiowee —— 3arpsasHsiowee | 3HadeHue,
BELLeCTBO BELLIeCTBO Kr/T

MponsBoacTeo Bogopoaa, |Xnop He 6onee 0,05 | Xnopua-aHnoH He 6onee
Xriopa v rmapokcvaa PTyTb He 6onee (xnopuabl) 1100
HaTpuA PTYTHLIM MeTodom | CepHas kucno- |0,003 Cynbdar-
aneKkTponusa Ta (B npounssoa- |He 6onee aHvoH (cynb-  He Gonee

cTBe xropa) 0,0051 patbl) 100

napokena Pyt He Gonee

HaTpUs He 6onee 0,02 0,00017
MponsBoacTeo TBepaoro | mapokeua He 6onee 0,07 |'mapokcua He Gonee
rmgpokcunaa Hatpus (egko- |HaTpus HaTpus 5,0
ro HaTpa)
MpounssoacTBO Bogopoaa, |Xnop He 6onee Xnopwua-aHuoH He 6onee 94
xrfiopa v rugpokcuga kanva | f'mgpokeng ka- | 0,008 (xnopuabi)
MeM6paHHbIM METOAOM nvs He 6onee 0,07 | Cynbdat- He Gonee 4,2
anekTponusa CepHas kucrno- |He Gonee aHVOH (Cynb-

datbl)
Ta (B npouseoa- | 0,006

Cynbdpat HaTpus

Cepbl gnokeng
Yrnepoaa ok-
cua

He 6onee 0,02
He 6onee 0,25

Mpoun3BoacTBO Kanbums
XNOPUCTOro CONSAHOKUC-
NOTHBIM Pa3roXeHNEM U3-
BECTHSIKOBOIO KaMHSi:

- )XWAKOrO;

- MOPOLLUKOBOIO,

- rPaHynMpPoOBaHHOIO

Kanbunn kap-
boHaTt
KanbLusa xno-
pna

Kanbuun xno-
pna

He 6onee
0,011
He 6onee 23,3

He bonee 0,57

Pasgen 15. 9KOHOMMYeCKUe acneKTbl peanusaymum Haumny4mx
AOCTYNHbIX TEXHONOMMN

B cBs13n ¢ orpaHnyeHHbIM 06 beMOM MHGOPMALIMN O4YEHb CMOXHO BbIMNOMHUTL 0B6OCHO-
BaHHblE N KOPPEKTHble pacyeTbl U OLEHKY CTOMMOCTM BHEOPEHUSI HaUMyuYlwnX AOCTYMHbIX
TEXHOMNOMN B NPOU3BOACTBE MPOYMX OCHOBHbLIX HEOPraHNYEeCKUX XMMUYECKMX BELLECTB. TeM
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He MeHee C y4eTOM CBeAeHU, NpeacTaBNeHHbIX POCCUMCKUMU NPeanpuaTuaMm, MOXHO OT-
MeTUTb criegyoLlee.

Mpn BbIGOPE BMOA MCXOOHOIO CbIPbsl MU TEXHONOMMM NPON3BOACTBA HaMbonee BaXKHbI-
MU SIBASIOTCA crnegyowme nokasaTenu u KpuTepun:

- HanMune n GnM30CTb PaCMONOXEHUS OTKPbLITLIX MAW NOA3EMHbLIX MECTOPOXAEHUN
KameHHOW conu (ranuta) unu cunbBrHa (Xnopuaa Kanus) no OTHOLUEHWUHO K MPOU3BOACTBEH-
HOW nnoLwagke Xnop-Lweno4yHoro Npon3BoAcCTBa;

- cTabunbHaa obecneyvyeHHOCTb XJTOP-LEeNOYHOro NPoOM3BOACTBa Hanbornee geleBon
3NEKTPO3HEPrNEN 1 TENNOBON 3HEPrMen B Heobxoanmom obbLeme;

- Ka4yecTBO (CTeneHb NPUrogHOCTM) CONMKU (Xnopuaa HaTpus Unu xropuaa kanug) ans
3P PEKTUBHOIO UCNOSIb30BAHUS B XNOPLLENTOYHOM NMPOU3BOACTBE.

Mpwn BLIGOPE BUOA NCXOOQHOIO Chipbs U TEXHONOMMM NPON3BOACTBA CUHTETUYECKON CO-
NSIHOM KUCNOTbI Hanbornee BaXXHbIMU ABNAIOTCA HaNMyne 3NeKTponNmTUYEeCKoro, OCyLLEHHOrO,
abrasHoro unM MCnapeHHoro xmnopa u Hanuune 3NEeKTPONIUTUYECKOrO UMM OCYLUEHHOro (Tex-
HUYECKOro) BOOOPOAA B CTEXMOMETPUYECKMUX KONMYECTBaxX UM C y4eTOM ONTUMAribHOro m3-
ObiTka Bogopoaa 10 % oT HeoBXo0aMMOro CTEXMOMETPUYECKOTO KONMYECTBA.

Ha ocHOBaHMM nmerloLencs, He3HaunuTenbHoM No ob6bemMy MHdOpPMaUun npoeeaeHa
NpnbnuanTenbHasi oueHKa CTOMMOCTU CO34aHNst HOBbIX UM CTOMMOCTb PEKOHCTPYKUUN OeW-
CTBYIOLLUMX NPOU3BOACTB MO TEXHOMOrMsM, CooTBeTCTBYWNX Kputepuam HOT n nokasarte-
naMm, NpuBeaEHHbLIM B HacTosiweM cnpaBodHuke HOT no npounsBoacTeam:

- BOAOPOAA, Xfopa u ruapokecnaa Hatpus anadparMeHHbiM, MeMOpaHHbIM U PTYTHLIM
MeTodamMm 3reKTpPonn3a;

- BOOOpOAa, Xnopa un ruapokcmaa kanns meMobpaHHbIM METOA0M 3NeKTPonuaa;

- CUIHTETMYECKOW COMSAHON KMCMOTbl METOAOM CUMHTE3a xropuaa Bogopoaa u abcopb-
Lunen BoOgomn.

Hwxke B Tabnuuax 15.1-15.9 npeacraBneHbl HEKOTOPbIE 3KOHOMUYECKNE acnekTbl CO-
OTBETCTBYIOLLUNX MPOU3BOACTB OCHOBHbIX HEOPrarmyeckux XMMmn4ecknx BeLLecTB.

MpoussoacTBo hTopa

OcyuwiecTtBnenne TpudtopmaHoro npouecca obneryaet nogaepxaHme Heobxoaumoro
TEMNepaTypHOro pexuma, Tak Kak oTnagaeTt HeobXxoOuMOCTb BHELLUHEro nogorpesa U
yMeHbLUIAeT 3aTpaThbl 9HEPropecypcoB.

OKOHOMMYECKNE acnekTbl npuBeaeHsl B Tabnuue 15.1.

Tabnuya 15.1 — BKOHOMUYECKME acneKkTbl NPOM3BOACTBa (hTOpa

KanutanbHble 3aTtpaTtbl Ha BBOA SKCI'IJ'IyaTaU,VIOHHble 3aTpathbl

TexHonorus obbekTa B aKkcnnyaTaumio,
MIH py6./roq
MITH py6.
MponssoacTBo B Le- 180,1 315

nom (Bce aTanbl)

MpousBoacTBo (hTOPUCTOro Kanbuus
OKOHOMMYECKNE acnekTbl npuBeaeHsl B Tabnuue 15.2.
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Tabnuya 15.2 — SKOHOMUYECKME acneKTbl MPON3BOACTBa oTOpUaa KanbLms

KanuTtanbHble 3aTpaTtbl Ha BBO
3KCI'IJ'IyaTaLI,VIOHHbIe 3aTparhbl,

TexHonorus o6bekTa B aKcnnyaTauumio,
MIH py6/rog
MIIH pyo6.
[Mpon3BoacTBO B Le- 1,725 17,39

nom (Bce aTanbl)

MpounsBoacTBO rekcacdTopuaa cepbl
OKOHOMUYECKME acnekTbl npuseaeHbl B Tabnuue 15.3.

Tabnuya 15.3 — BKOHOMUYECKME acneKkTbl NPOM3BOACTBA rekcadTopmaa cepbl

KanuTtanbHble 3aTpaTtbl Ha BBO
3KCI'IJ'IyaTaLI,VIOHHbIe 3aTparhbl,

TexHonorus o6bekTa B aKcnnyaTauumio,
MIH py6./roq
MIIH pyo6.
[Mpon3BoacTBO B Ue- 180,1 315

nowm (Bce aTanbl)

MpounsBoacTBO NepkapboHaTa HaTpuA

HecmoTps Ha TO, yTo BbIGOp HOT He npoBoguTCSA, CyLecTByeT BO3MOXHOCTb MOAEp-
HU3auMn npeacTaBneHHoro cnocoba npoussBoacTsBa nepkapboHaTa HaTpus. lNepeveHb Tex-
HOMOrMYEeCKNX MeponpuaTU NpueeaeH B Tabnuue 15.4.

Tabnwunya 15.4 — OnncaHne TEXHOMNOMMYECKNX MEPONPUATMIA NPOM3BOACTBA
nepkapboHaTta HaTpus

OddekT OoT BHeAPEHMS
CHwxeHune
OnucaHve me- amuceui
DONpUSITUS O6bekT BHeApeHus! OCHOBHbIX | OHeproadhdekTus- | Pecypcocbepexe-
3arpA3HAo- HOCTb, OTH. eA. HUe, OTH. el.
mMx Be-
LecTB
MogepHusauusa | KancynuposaHue nep- — — OKOHOMMUYECKNI
y3na pacnpe- kapboHaTta HaTpus adpdekT oT
AeneHns n BHEOpEHMs Co-
KOHTpOnsi 06b- cTaBnser
€MHON noaayu 5255 TbicC. pyb. B
pacTtBopa rog
cynbdaTta
HaTpUs
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OdbdhekT OT BHEOPEHMS
CHwuxeHune
OnucaHnue Me- amuccui
pONPUSTUS OGbekT BHeApeHus OCHOBHbIX | QHeproadpdekTuB- | Pecypcocbepexe-
3arpA3H4ro- HOCTb, OTH. eA. HWe, OTH. en.
LmMx Be-
wecTs
CospgaHue y3- | KancynupoBaHue nep- — — OKOHOMUYECKNI
na nepepabort- kKapboHaTa HaTpus appekT ot
KW Nbinu BHeJpeHus co-
ctaBnseT
4073 TbiC. pyb. B
rog
MoHTax cxembl |  Bbirpyska BaroHoB- CHwuxeHne — —
acnupaumm Xornnepos BblOpOCOB
B aTMO-
cdrepHbIn
BO34yX Ou-
HaTpus
kapboHaTta
Ha 11,4 %

Xnopuweno4yHoe Npon3BoACTBO U NPOU3IBOACTBO CONIIHOW KUCNOTbI

Tabnuya 15.5 — BKoHOMUYECKME acnekTbl NPOM3BOACTBA BOAOPOAA, Xfopa U rmapokenaa
HaTpua aMadparmMeHHbIM METOAOM 3r1eKTponm3a

TexHonorus

KanuTanbHble 3aTpaTthbl Ha BBOA 06b-
eKTa B aKcnnyaTtaumio, MiH pyo.

OKcnnyaTaunoHHble 3aTpa-
Tbl, MITH py6./rog

Mpona3soacTBo B LiENoM
(Bce aTanbl)

326-620,6

(PEKOHCTPYKLMS NPON3BOACTBA)

130,2-164,4

Tabnuua 15.6 — SKoHOMMYECKNe acnekTbl NPOM3BOACTBA BOAOPOAA, Xropa U rmapokcuaa
HaTpusi MembpaHHbIM METOOM 3NEKTPONM3a

TexHonorus

KanutanbHble 3aTpaTbl Ha BBOA 00b-
eKTa B aKcnnyaTtauuto, MiH pyo.

OkcnnyaTaunoHHble 3aTpa-
Tbl, MIH py0./roa

MponassoacTBo B LieNom
(Bce aTanbl)

1219,645-60 000,0 *

[aHHble oTCyTCTBYIOT

*C y4eTOM CTpOUTESIbCTBA LESTIoro KomMmnmiekca no npon3soactey BuUHUNXnopmnga MoHO-

Mepa 1 nonnBnHUNXnopuaa.
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Tabnuuya 15.7 — BKOHOMMYECKME acnekTbl NPON3BOACTBA BOAOPOAA, XJlopa 1 rmapokcmaa
HaTpuA PTYTHLIM METOOO0M 3MeKTponuaa *

TexHonorus

KanuTanbHble 3aTpathl Ha BBOA 06b-
eKTa B aKcnnyaTtaumio, MiH pyo.

OKcnnyaTaunoHHble 3aTpa-
Tbl, MITH py6./rog

Mpon3BoacTBO B LENIOM
(Bce aTanbl)

471,7-486,9
(Ha peKOHCTPYKUMIO U MOOepHU3a-
LMIO0 9NEeKTPONM3epoB)

62,4-82,9

* C yyeToMm peweHurn MuHamaTCcKoM KOHBeHUun [48] CTpOUTENBLCTBO W SKCnyatauus
HOBbIX MPOM3BOACTB BOAOPOAA, Xropa W rmapokcuaa HaTpus pTyTHbIM METOAOM 3MeKTpo-
nn3a npakTn4ecku HelenecoobpasHbl U HEBO3MOXHBbI.

Tabnuuya 15.8 — BKOHOMMYECKME acnekTbl MPON3BOACTBA BOAOPOAA, XJlopa v rmapokcmaa
Kanusa memOpaHHbIM METOO4OM 3MEKTPONn3a

TexHonorus

KanutanbHble 3aTtpaTtbl Ha BBOA 00b-
€KTa B 3Kcnnyartayuo, MJH py6

OkcnnyaTaunoHHble 3aTpa-
Tbl, MITH py6./rog

Mpon3BoacTBO B LENIoM
(Bce aTanbl)

1220-60 000,0

[aHHble oTCyTCTBYIOT

Tabnuya 15.9 — BKOHOMUYECKME acneKTbl MPOM3BOACTBA CUHTETUYECKOWN COSSIHON

KUCINOTbI

TexHonorus

KanuTanbHble 3aTpaTthbl Ha BBOA 06b-
eKTa B 9KcnnyaTtaumio, MiH pyo.

OKcnnyaTaumnoHHble 3aTpa-
Tbl, MITH py6./rog

MponseoacTBo B LeNom
(Bce aTanbl)

4,5-45,2 *

6,72-32,92

* MprBeaeHbl JaHHble O KanuTamnbHbIX 3aTpaTax Ha PEKOHCTPYKUMIO Nneyen cuHTesa u

cTagunn abcopbumm.

MponsBoacTBO Kanbuusa XIOPUCTOro

BECTHAKOBOIo KamMmHsA

CONMAHOKUCIIOTHbIM pa3sfioXkeHnem wu3s-

Tabnuya 15.10 — OKOHOMUYECKME acneKTbl NPOW3BOACTBA KamnbLUs XMOPUCTOro
CONAHOKUCMNOTHBIM pa3noXeHneM U3BECTHAKOBOIO KaMHSA

TexHonorus

KanutanbHble 3aTpaThl Ha BBOA 00bEk-
Ta B 9KCMnyaTauuto, MiH pyo.

OkcnnyaTaunoHHble 3aTparThl,
MIH py6./rog

[Mony4eHune >xmgkoro Xxno-

LS rpaHynsums

66,6 351,8
PUCTOro Kanbuus
MonyyeHne  nNOPOLUKOOG-
pa3HOro XJOpPUCTOro Kanb- 4,1 21,1
LMS: CyLlKa
Mony4yeHne rpaHynmpo-
BaHHOrO XrOPUCTOro Karb- 183,2 83,1
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Bonee petanbHoe W MNOMHOE OTpPaXKeHWEe 3SKOHOMWYECKUX acCMeKToB peanusauuu
Hauny4ywmx AOCTYMHbIX TEXHOMOMMA B MPOU3BOLCTBAX MPOYMX OCHOBHbIX HEOpraHU4Yeckux
XMMNYECKMX BELLECTB B paMkax HacTtosiwero crnpasovHuka HOT He npencraBnsinocb BO3-
MOXHbIM B CBSI3M C OrpaHNYe€HHbIM 06 EMOM UMK OTCYTCTBMEM HEOOXOANMbBIX CBEAEHWI, NO-
CTYNUBLLMX OT NPeanpUATUA JaHHOW OTpaciv NPOMbILLIIEHHOCTH.

Pa3pen 16. lNepcnekTUBHbIE TEXHONOIMU

16.1 MNepcnekTUBHbIE HanpaBleHUs B TEXHONONMMN NPou3BOACTBA
runoxsiopurta HaTpus

HecmoTpa Ha TO, YTO 3MEeKTPONUTUYECKOe MOoflydeHne pacTBOPOB rUMnoxsopuTta
HaTpusa TpebyeT BbICOKOro pacxoaa afekTPO3HEePrumn, YNCIo NPON3BOACTB 3TUM Cnocobom Ha
MecCTe UCMONb30BaHNA pacTeT, a8 CTOUMOCTb TEXHONOMMN CHUXKaeTCS.

Cpeou nepcnekTMBHbIX HanpaBneHuUrM B TEXHOMNOrMu npou3BOACTBA runoxnoputa
HaTPUS MOXHO BblAENUTb peanu3aumio MEPONPUSTUI NO CHUXEHUIO 3IMUCCUM CBOBOLHOrO
xnopa:

- BocctaHoBneHme NaClO pasnuyHbimu areHtamn: NazS, Na2S:20, H202;

- KaTanuTuyecKkoe pasnoXeHne B NPUCYTCTBUW HUKENEBOro KatanusaTtopa, NPoMOTU-
POBAHHOIO ene3oM, HAHECEHHOr0 Ha OKCUA antOMUHNS;

- TepMUYECKoe pasnoxeHune npun temnepartype okoso 70 °C;

- UCMOMb30BaHWe NOTOKOB CTOYHbIX BOA Ha APYrnX yCTaHOBKaX.

16.2 MNepcnekTUBHbIE HanpaBleHUs B TEXHONONMMN NPpou3BOACTBA
runoxsiopuTta KanbLums

PasBnTMe TEXHOMOMMM NONYyYEHNsI TMNOXIOPUTa KanbLMs MOXeT ObITb HanpaBreHo Ha
COKpallleHNe HeraTMBHOIro BO34EeNCTBMS Ha OKpY»KatoLyto cpeay, NoBbIEHMe KayecTBa npo-
N3BOAMMON NPOAYKLMW 1 3aKMoYaeTcs B peanvsaumm MeponpusTuii no MoaepHu3aumm u pe-
KOHCTPYKLUMN 0BOpyaoBaHns, 3aMeHe OTAEeNbHbIX Y3M0B, YCOBEPLUEHCTBOBAHUM aBTOMATK-
3MPOBAHHOW CUCTEMbI YNPaBIeHus.

[erictByolas TEXHOMNOMMS MNONyYeHUss rMNoxnoputa kKanbLUus SBRsieTcs Haubornee
coBeplueHHor. OHa npegycMaTpuBaeT NofydeHne roToBOl NPOAYKLUN C BbICOKUM coaepka-
HUEM aKTUBHOrO Xropa, Npu 3TOM SIBNSAETCS ManooTXOAHOW, CTOYHbIE BOAbl BO3BpaLLAOTCS
B MpoLiecc NpoM3BOACTBA, YTO COKpaLlaeT HeraTMBHOE BO3OEWCTBUE Ha OKpY)KaloLLyo cpeay
1 MOBbILLEHNE KayeCcTBa NPON3BOAMMON NPOaYKLMN.

16.3 NepcnekTUBHbIE HanpaBreHUs B TEXHONIOMMMN NPOou3BOACTBA
¢hpTOpPUCTBLIX COEeAUHEHUN

MpousBoacTBo hTopa

MmetoTca npennoXxeHnst OCyLWECTBNATL ANEKTPONN3 Npu NoMOLLM NEPEMEHHOTO TOKa
NPOMBILLSIEHHOW YMCTOThLI. [dns 3TOro NpeanoXeHo BOCMONb30BATLCS BbINPAMIISIOLMMM
cBoncTBaMu kobarnbTa, KOTOPbIN NO3BOMSET NPU NPOMNYCKaHUN Yepe3 Hero NeEPEMEeHHOro Toka
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BblAENATbLCA Ha HeM Bogopoay npu 8 B, B To BpeMs kak dotop Aaxe npu 20 B He BblaenseT-
ca. Vicnonb3ysa B KayecTBe aHoga Yronib, a B KayecTBe Katoga kobanbT, 3nekTponv3 ocy-
LeCcTBNAT B TpudTOopuaHOM anekTponute ¢ gobaskon 1 % dpropmaa nutusa npu 100 °C n
HanpsixkeHun 8—20 B.

PaspaboTaHa KOHCTPYKLMS OTKPbITOro arekTponu3epa nns nonyyvyeHusa drtopa u3
TPpUdTOPMOHOrO anekTponuTa. [epmMeTUYHON ABMSETCH TOSbKO aHoA4HaA syenka. B aTon Kor-
CTPYKUMN UCNONb3yeTCcs MOPUCTbIN YrofibHbIM aHoAd. Belgenswowminca Ha aHoge doTop nog
AaBMNeHVEM HapY>XHOro Cros 3MeKTponuTa NpoxoauT Yepes Nopbl BO BHYTPEHHIOK MOMOCTb
aHoda, U3 KOTOPOro yaanseTca no MegHon Tpyoke, YKpenneHHON B Kpbilwke aHoda. MegHas
Tpybka sABNAeTCA OAHOBPEMEHHO TOKOMPOBOAOM K aHogy. MonoxuTtenbsHon O0COBGEHHOCTbIO
TakoW KOHCTPYKLUUKN ABNAETCS eLle U TO, YTO pacCTOAHNE MEeXAY 3MeKTpogaMn B HEN MOXET
ObITb MUHUMATbHBIM [21].

MpoussoacTBo PTOPUCTOrO Kanbumusa

[Mpobnema nNonyyYyeHNs CUHTETUYECKOro (PTOPUCTOrO Kanbumns MMeeT BonbLIoe 3Haye-
HME B CBSA3W C AeuuMTOM NpUpoaHOro onopuToOBOro Cbipbs. KadecTBO CUHTETMYECKOIO
dhTopmnaa kanbumna MOXeT BbiTb YCTAaHOBMEHO B COOTBETCTBUM C TpeboBaHUAMU, NpeabaBns-
eMbIMU K (PrOOPUTOBLIM KOHLUEHTpaTam KMCIIOTHOro, MeTaniyprryeckoro n KepamMmm4eckoro
copta [19].

B otnuume ot npepctaBneHHoro Apyrne cnocobbl nonyyveHus dropuaa Kanbumsi oc-
HOBaHbI HA NCNOMb30BaHUM PTOPULOB N KpeMHedpTopnaoB. BoNbWNHCTBO MEeTOAOB Nosyye-
Hna CaF2 ocHoBaHbl Ha peakuuMn HeuTpanu3aumm KpemMHedTOpUCTOBOAOPOLAHOM KUCIOThI
kapboHaToM Kanbumsa ¢ nocnegyowmm pasgeneHmem CaFz n guokcmaa KpeMHUa unm ammu-
adyHom cnocobe nepepaboTky, 3aknoyvawwemcs B nonyvyeHun CaFz2 M3 NpPOMEXYTOYHOro
npogykta — propnaa ammoHusi/ctopmnaa-budropmnaa aMmMoHus.

[MpeanoxeHbl pasnuyHble BapuaHTbl NosydeHna otopuaa Kanbums Ha OCHoBe OTO-
pruaoB 1 KpeMHedTOPUAOB:

- HenTpanmsaumst KpeMHeEPTOPUCTOBOAOPOOHOM KNCIOTbI MESTOM;

- B3aMmogencTeme kapboHaTa Kanbumsi C pacTBOpoM ptopmaa-omudpTopnaa aMMOHUS;

- BupTopmaa ammoHusa un rmnca;

- 3anaTeHToBaH Cyxou cnocob nonydeHus Topuaa Kanbuus, 3aKnoyaroLUncs BO
B3anmogencteum CaCOs c pacnnaBoMm OudTopvaa aMMOHMS NpU TemnepaType OKOMo
175 °C;

- B3aMmogencTene (pTopuaoB LWEeNOYHbIX MeTanos ¢ kKapboHaToM nnu rmapokcnaom
Kanbums, a Takke ¢ CynbdaTtom Kanbums n ApyruMmn HeMTpanbHbIMU CONAMUN KanbLUS;

- KOHBepcusa pTopnaa aMMOHUS Cynb(aToM Kanbuma ¢ nosiydeHmem drtopuaa Karnb-
Umnsa 1 cynbdaTta aMMOHUS;

- B3anmogencteue pacteopa NHsF ¢ kapboHaTtom kanbuus;

- ocaxgeHue pTopuaa KanbUMs U3 pacTBoOpa, codepXxallero propuabl Kanua n am-
MOHWUS.

[ocTaTo4HO YMCTbIN (PTOPUA KanbLUMs MOXHO MOSy4YMTb HENOCPEACTBEHHO U3 pacTBO-
POB KPEMHEe(TOPUCTOBOAOPOAHON KUCHOTbl, MWHYS CTaguid aMMuadHoro ruaponusa.
B nateHTax npegnoxeHo ncnonb3oBaTtb pas3baBneHHble pacTtBopbl H2SiFe. Npouecc Bbige-
neHna Topuaa Kanbuus OCYLLeCTBNAKT B ABe CcTaguun: Ha nepBon — B pacTtBop H2SiFs
BBOAAT 85 % OT cTtexmomeTpuyeckn Heobxogmmoro konudectea CaCOs, Ha BTOpon — [o-
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BGaBneHnemM LOMOMHUTENBLHOIO KonNuyectea mena gosoaat pH pacteopa go 7,0-7,3. B3aun-
MOAENCTBME KOMMOHEHTOB ocylecTBnseTcs npy temnepatype 2 °C — 38 °C. Mpu atom 06-
pasyeTcs KpucTtannuiceknn ocagok CaFz 1 KONmovaHbln pacTBOP KPEMHEKUCNOTbI, KOTOpble
pasgensaT purbTpoBaHUEM.

Opyrve cnocobbl nonyvyeHus:

- TepMmyeckasa guccoumauma rekcagptTopcunukaTa Kanbums;

- BbiaepxvBaHne BoaHon nynbrnbl NazSiFs n Ca(OH)2, B3siTbIX B MOMISAPHOM OTHOLLIE-
HUM 1:3, npu aHeprnyHom nepemerumsaHmmn n temnepatype 70 °C — 100 °C B TeyeHune 20—
30 muH [19].

lNMpousBoacTBO rekcacTopuaa cepbl

PasButme cnocoba nonyyeHus rekcadptopuga cepbl OCYLLECTBNSETCA NO NyTU COBEpP-
LEHCTBOBAHUA OTAESNbHbIX CTagun npouecca MxX annapaTtypHoro OOpMIeHNUd, CHUXKEHUNA
3MUCCUI NPy NPOM3BOACTBE U NOTpebneHun.

Cnocobbl CHMXeHNA aMmuccumn rekcadpTopuaa cepbl Npy NPOn3BOACTBE N NOTPedneHnn
COCTOAT B CrnefyoLem:

- peanusaumsa cMcTemMbl HanosnHeHns GannoHoB 6e3 BbLIOPOCOB, UCMOMb30BaHWE Bbl-
AerneHHbIX TpybonpoBoAOB NO3BONSAET OTNPaBMATbL B CUCTEMY OYMCTKM NOOOW noTeHunanb-
HbI BbIMYCK ra3a BO BPeMS HarnoNHeHs;

- UICMOMb30BaHWe NIIa3MeHHOW ropesiku st OYUCTKU OTXOASLWMX ra3oB. Temnepartypa
npoueccopa — >7000 °C, muHumanbHasa Temnepatypa — 4000 °C, acbdeKkTnBHOCTb 60pbObI
C 3arpsisHeHnem — >99,9 % [6];

- BHegpeHue HenpepbiBHoro aHanuaa (MK n Y®) otxoasawmx ra3oB yCTaHOBOK;

- YBEINIMYEHHas peumnpKynsaums/noBTOpHOE ncnonb3osaHne SF6.

16.4 MepcneKTUBHbIe HanNpaBlieHUs B TEXHONIOrMK NPOU3BOACTBA
nepokcuaa Bogopopaa

[MepcnekTuBHbIE TEXHOMOMMM NPOM3BOACTBA Nepokcuaa Boaopoaa OCHOBaHbI Ha Nps-
MOM OKMCNeHUn Bogopoda KucropofoM. B HacTosiee BpeMs pa3BmBaroTCca Tpy noaxoda K
peanusauumn npsamMoro cuHTesa H202: kaTanuTuyeckoe okucrneHve Bogopoaa, nonyvyeHue ne-
pekncu Bogopoaa B TONSIMBHOM 3fieMEHTE, NNa3MOXMMUYECKUA MeToS,.

KaTanutudeckoe okucneHne Bogopona NpoBoaAT B OpraHM4YeckoM pactBoputene (Kak
npaBumno, B METAHOIE) B NPUCYTCTBUM HEOPraHNYECKNX KUCIOT U KaTanns3aTtopoB, COAepXa-
wmx 6naropogHblie metannbl (Pd, Pt, Au) [27]. OaHHbIi meToq yaobeH anga nonydeHus nepe-
Kncm Bogopoda HenocpeacTBEHHO Ha MecTe noTpebneHna B Hebonbwmnx konuvecteax. Oc-
HOBHble NpPobremsbl, KOTOpble NPeACTOUT PEeLLUTb A1 KOMMEPYEeCKOro BHeApeHUs npouecca:
HU3KME KOHLEHTpauusa npoaykTa, CEeNeKTUBHOCTb M CKOPOCTb peakuuu; onacHble paboyue
YCINOBWS; BbICOKOE COAepXaHUe KUCNOThbl.

B TexHonormn nonyveHuss nepekMcu BOAOPOAa B LUENOYHOM TOMSIMBHOM 3f1IeMEHTE
NCNonb3yeTcs peakunoHHOEe YCTPOMCTBO, COCTOsILLEE U3 aHOAA, MOHOOOMEHHOW MeMOpaHbI
n katoga. Bogopon Ha aHoae guccoummpyeT Ha MOHbI, KOTOPbIE NPOXOAAT Yepe3 meMbpaHy
N Ha MOBEPXHOCTWU KaToda pearupylT C aacopObupoBaHHbIM KUCNOPOAOM C MOfy4YeHUEM
H20:2. MNpenmyuiectsa cnocoba nony4eHns nepekucy Bogopoga ¢ MCnosfb30BaHNEM TOMMMB-
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HbIX 3NIEMEHTOB 3aKM4alTCs B MOBbILLEHHON 6e30MacHOCTM M BO3MOXHOCTU BbipaboTKM
3ANeKTpoaHeprum [28].

Mnasmoxumnyeckun metog cuHTesa H202 ocywecTBNAT B YCTPOMUCTBE, COCTOSALEM
13 BbICOKOBOSNbTHOMO 3M1EeKTPOAAa, ANANEKTpUKa 1 3asemngdioLiero anektpoga. Koraa Hanps-
YKEHHOCTb 3MEKTPUYECKOro Nons Mexay dMneKkTpogamu AoCcTuraeT onpenenieHHoro 3HayeHus,
B peakTtope BO3HUKaeT H6apbepHbin pa3psag, a rasosas cmecb H2/O2 npesBpawjaerca B nnas-
My. B nnasme monekynbl peareHTOB ANCCOUMMPYIOT Ha aKTMBHbIE paauKarbl, pearnpyoLime
Apyr ¢ gpyrom ¢ obpasosaHuem H202 [29]. iccnepoBaHusa 1 pa3paboTku B ob6ractu nnasmo-
XMMMYECKOro MeToAa CUHTE3a NepokcMaa Booopoaa HanpasBfeHbl Ha NOBLILEHNE CENEKTUB-
HoCTU o6pa3oBaHns H202 1 6e30nacHOCTM OCYyLLLECTBNEHNS NpoLecca.

16.5 NepcnekTUBHbIE HanpaBreHUs B TEXHONIONMMN NPou3BOACTBA
nepkapboHaTa HaTpuA

B MypoBon npakTtuke NnOMMMO MeToAa NpPou3BOoACTBa NepkapboHaTa HaTpusi C rpaHy-
NAUMEn U CYLLIKOW NPUMEHSETCA MeTon KpucTannusauuu. OTOT npouecc npeacraBnseT co-
6O KNaccMYecKknin MOKpbIN MeTOA, B KOTOPOM pacTBOp kapboHaTa HaTpus BBOAAT B peak-
LMIO C NepoKcuaoM Bogopoaa ¢ obpasoBaHMEM KpUCTanNnoOB neprugpaTta kapboHaTa HaTpus,
KOTOpble OTAENSIT OT MaTOYHOro pacTBopa LeHTPUdyrnposaHUeM.

[MepBas cTagmna aToro npouecca BKIYaeT NPUroToBreHne pacTeopa, B KOTOPOM Kap-
BoHaT HaTpma 1 conb (XNopua HaTpua UNu gpyrme Hatpuesble conu) fobaBnAaloT K nepepa-
6oTaHHOMY MaTO4YHOMY pacTBOpY, NOCTynawweMy co CTaaun UeHTpudyHrnposaHus. Pac-
TBOP kapboHaTa M CONMM MOXET coaepxaTb HebOonblIoe KONMMYEeCTBO HEepacTBOPUMbIX Be-
LecTB, KOTOpble yaansTca gekaHTaumen unu unetpoBaHnemM. [lanee pacteBop nogawoT B
KpucTannuaaTtop, B KOTOPOM KapboHaT HaTpusa nogsepratoT B3aMMOOENCTBUIO C pacTBOPOM
nepekMcn Bogopoaa ¢ obpasoBaHMeM KpucTannoB nepkapboHaTa Hatpus. KpuctannuaaTop
oxnaxgawT, YToObl OTBECTU TENSOTY peakunmn 1 yMeHbLINTb pacTBOPUMOCTb nepkapboHaTa
HaTpua. Kpuctannel nepkapboHata HaTpusa OTAENST OT MaTOYHOro pacTBopa B LEHTPUAY-
re. MaTouHbI pacTBOp cobupaeTcs B EMKOCTU ANSA XpaHeHUs 1 Bo3BpallaeTcs obpaTHO Ha
CTaguio NPUroToBrneHns pacteopa. M36bITOYHbIM MaTOYHbIA PacTBOP MOXHO MCMNOMb30BaTb
ANsa yaaneHusa u3 npouecca HebonNbLLIOro KONMYecTBa 3arpsa3HALLMX BELECTB, NPUCYTCTBY-
owmx B coipbe. MNMocne 06paboTkm n3bbITOYHBIM MaTOYHbIV PAcTBOP BbIFPy>KaeTcs B KaHanu-
3auMoHHy0 cuctemy. OTgensemMble KpucTanmbl nepkapboHaTa HaTpuUst UMEKOT OCTaTOYHYH
BNaXHOCTb NpubnuautenbHo 5 % — 15 %, yaansemyo B CyluUrnike C MNCEBAOOXKMKEHHbBIM
cnoewm. Npn HeobxoaMMOCTH Cyxon nepkapboHaT HaTPUSA OXNaXKa4atoT U NPOCEMBaloT.

16.6 NepcneKkTMBHbIE HaNpaBfieHUs1 B TEXHOJIOrMM NPOU3BOACTBaA
XNOPHOro xenesa

PasButne texHonorum npon3BoAcTBa XJIOPHOro xejfe3a BO3MOXHO Mo npuBeaeHHbIM
HWXe HanpaBJiEHUAM.
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16.6.1 A6copbuunsa xnopa BOAHLIM PaCTBOPOM XJIOPUCTOrO Xerne3a,
NOJIy4eHHOr o XNIOPMPOBaHUEM CTaNlbHOW CTPYKKMU CONAHOM KUCITOTOM

XnopucTtoe xeneso norny4arT B3anMOAeNCTBMEM CTallbHON CTPYXKU C CONAHOW KUC-
noton npu Temnepartype Bbiwe 80 °C C BblgeneHMeM BOAOPOAA; MOSyYEHHbIN pacTBOp
HanpaBnaeTcsa Ha XfIopupoBaHMe C NoslydeHMeM pacTBopa XropHOro xeneasa:

Fe + 2HC| — FeCl2 + H>
FeCl2 + %Cl2 — FeCl3

16.6.2 XnopupoBaHMe remaTtuta COnsiHOM KUCNOTOMN

PasnoxeHue xenesHown pyabl (cogepxaHne rematuta 6onee 70 %) B CONAHON KMCNO-
Te NPOBOAAT Npu aTMocdepHoM aasneHuun npu Temnepatype 80 °C — 120 °C B TeveHne 1—
2 4 c panbHenwen punbTpauynen wnama:

Fe203 + 6HCI — 2FeCls + 3H20
16.6.3 XnopupoBaHMe MarHeTUTa COJNIAHOM KNCIIOTOWM

Mpouecc BkntovaeT pasnoxeHue xenesHon pyabl (Fe203-FeO) npu TemnepaType Bbl-
we 80 °C c obpasoBaHMEM CMECU XJTOPHOrO U XJSIOPUCTOrO Xeres3a ¢ NocrneaylLwmm oKucre-
HUEM XJTOPUCTOrO Xernes3a XropoMm, NePOKCUAOM BOOOPOAA UMM XJTOPaTOM HaTpUA:

Fes304 + 8HCI| — 2FeCls + FeCl2 + 4H20
FeClz + ¥Cl2 — FeCls,
nnn
FeClz + HCI + %2 H202 — FeCls + H20,
nnn
FeClz + ¥2NaClOs — FeCls + %2NaOCl

B0o3MOXXHO Mony4yeHve XJIOPHOro Xenesa XropupoBaHWeM OTpaboTaHHbIX PacTBOPOB
XIOPUCTOrO Xernesa, CoAep)KallMX CONSAHYH KMUCMOTYy, o6pasylolwmnxcs, Hanpuvep, B ctane-
NUTERHOM, ranbBaHU4YEeCKOM NPOU3BOACTBAX.

Cpeaun nepcrnekTMBHbLIX HanpaBreHuidi pa3BUTUA TEXHOMOMMKU criegyeT OTMEeTUTb YTU-
nn3aumio Tenna aK30TepMMUYecKoro npoLecca Npou3BoACTBa XMOPHOIo XKenesa, a Takke op-
raHvM3aumio peuykia Bogopoaa.

16.7 MNepcnekTUBHbIE HanpaBfeHUsA B TEXHONONrMMN NPou3BOACTBA
BoAgopoAa, Xfiopa U ruapokcuaa Hatpusa

B HacTosiLlee Bpemsi Ansi NpoM3BOACTBA BOAOPOAA, Xropa W ruapokcuaa HaTpus
AvadgparMeHHbIM MeTOAOM 3eKTponmM3a NepcrnekTUBHbIE TEXHOMOMMU OnpeaenstoTcs Uc-
crnepoBaHnsiMM U pabotammn B obnacTtu co3gaHus U BHEOPEHUS BbICOKOI(EKTUBHbLIX Ana-
dparmMeHHbIX siueek, He coaepKallumx achecT, N BbICOKOI(PPEKTUBHbBIX INEKTPOLAOB C BbICO-
KM pecypcom paboTbl, O4HAKO AeTanbHO 3T TEXHOMOrMM n obopyaoBaHne He paccMaTpu-
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BalOTCS BBMAY HEQOCTATOMHOCTU AAHHbIX O HANM4yuu, pesdynbtaTtax anpobupoBaHusa 1 xapak-
TepUCTUKaX TakMxX TEXHONOMN ykazaHHOro Metoaa npon3BoacTBa.

[na npousBoacTBa BoAopoAa, xXmnopa v rmgpokcmaa HaTpma MembpaHHbIM MeToaoM
3neKTponun3a nepcrnekTUBHbIE TEXHOMOMMW He paccMaTpuBaloTCA BBUAY HeLOCTaTOYHOCTU
AAHHBIX O Hanuuun, pesynbTaTax anpobupoBaHUS N XapakTEPUCTUKAX TaKMX TEXHOMOrUMN.
BeaycnoBHyo nepcnektnBy B 4aHHOM MeToAe MPOM3BOACTBA MMEKT OonbiTHas anpobaums,
NPON3BOACTBO UM UCMOSIb30BAHNE HOBbLIX WOHOOOMEHHbLIX MeMbpaH, XapaKTepu3ylLnxcs
OonbLUIMM pecypcoMm aKcnnyaTaumm M MeHbLIEN CTOMMOCTbIO, YEM CYLLECTBYHOLLME TUMbl U
BNObl MemMOpaH.

B HacTosilwee n bnvxanwee Bpemsa 4N NpoM3BOACTBa BOAOPOAA, Xropa U rMapoKCu-
Aa HaTpua pPTYTHbIM METOAOM 3fIEKTPONM3a MosIBNEHNE U BHEOPEHNE Kakmx-imbo nepcnek-
TMBHbIX TEXHOMOIMI N TEXHOSOrMYECKOro obopynoBaHNsA BeCcbMma NpobrnemMaTnyHo 1 manose-
POATHO, NOCKOSbKY XITOpLLENIOYHOE NPOU3BOLACTBO PTYTHbIM METOAOM 3SIEeKTPOnmn3a LOIMKHO
OblTb MOSIHOCTBIO MpeKpalleHo B TedeHne 2025—-2035 rr. B COOTBETCTBUM C MOSTIOXKEHNAMMU
MwnHamaTckon koHBeHUMM o pTyTh [48]. TeM He MeHee B HacTosiLee BpeMsi HE0BXo4MMO n
aKTyanbHO COBEPLUEHCTBOBATbL OTAENbHbIE CTaAUM TEXHONOMMYECKoro npouecca (NoaroTos-
Ka U 0MMCTKa paccona, CoKpalleHne aHepronoTpebneHnsa Ha cTagusax anekTponuaa v Boinap-
KW, yrnpaeneHue pTyTbCcogepXalmnmMm oTxo4amu U T. M.), a Takke OCyLeCTBNATb Mepornpus-
TV NO JanbHENWeMy COKpaLLeHM0 NOTPeBNEHNA PTYTU U ee AMUCCUN B OKPYXKatoLLyt0 Cpe-
ay.

[ns npousBoacTBa TBepOoro rmgpokcuaa Hatpua (egkoro Hatpa) nepcneKkTuBHbIE
TEXHOSIOrMM HEe pacCMaTpuBalOTCA BBMAY HEOOCTATOYMHOCTM AaHHbIX O HanuMyuu, pesynbTa-
Tax anpobupoBaHNA U XapakTepPUCTUKaxX Takux TEeXHONOrnn. BesycnoBHyk nepcnekTuBy B
AaHHOM MeToe MPOM3BOACTBA MMEKDT OMbITHas anpobaund, NPon3BoACTBO U UCMNOSb30Ba-
HUe TennoobMeHHbIX annapaToB M KOSIOHH BbiMapuBaHUS, XxapakTepusyrowmxcs onee BbICO-
knm KIMO, meHbwnm pacxogom (MeHbLWMMK NOTEPAMM) TEMMOHOCUTENSA U 3HEPropecypcos, a
TaKkKe MeHbLUe CTOMMOCTbIO M MEHbLUMMU 3SKCNSyaTauuoHHbIMWU 3aTpaTaMu, Yem Ccylle-
CTBYIOLLME TUMbI KONOHH BbiNapuBaHua (McnapuTtenemn) n TennoobMeHHbIX annapaTtos.

16.8 MNepcnekTUBHbIE HanpaBleHUs B TEXHONIONMN NPOU3BOACTBA
BoAopoaa, Xyfiopa n rugpokcuaa Kanma MeMopaHHbIM MeTo40M
aneKkTponusa

B HacTosilee Bpems OnA nNpow3BOACTBa BOJOpoAa, Xfiopa W rmapokcuaa Hatpust
MeMbpaHHbIM METOAOM 3NeKTponu3a nepcneKkTMBHbIE TEXHOMOrMM He paccMaTpuBaloTcs
BBMAY HEJOCTAaTOMHOCTU AaHHbIX O HANM4un, pesynbTaTax anpobupoBaHUA U XapaKTepuUCTu-
Kax Takux TexHonorui. OnpefeneHHyo nepcrnekTnBy B JaHHOM MeToAe Npou3BOACTBa UMe-
0T OonbITHaA anpobauus, NPoM3BOACTBO N UCMOMb30BaHNE HOBbIX MIOHOOOMEHHBIX MeMbpaH,
XapakTtepuayroLmxca 60nbwnM pecypcoM KcnnyaTaumm U MeHbLlen CTOMMOCTbBIO MO Cpas-
HEHMIO C CyLleCTBylOLWNUMU Tunamu MembpaH, a Takke cosgaHve n BHeapeHue bonee adg-
PEKTUBHBIX U 3KOHOMUYHbIX CUCTEM (YCTAHOBOK) XMMWYECKOW U MOHOOOMEHHOW OYMCTKU
pacTBopa Xriopuaa Kanus oT HexenaTerbHbIX MpUMecen.
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16.9 MNepcneKTUBHbIE HanpaBfeHUA B TEXHOJSIOMMU NPOM3BOACTBa
CUHTETUYECKOU CONAHON KUCNOThbI

B HacToslwee Bpemsa Ang Npon3BOACTBa COSMSIHOM KUCNOTbl NEPCNEKTUBHbIE TEXHOMO-
rMKn He paccMaTpuBalroTCs BBMAY HEOOCTATOMHOCTU AAHHbIX O HannuMm U XapakTepucTukax
Takmx TexHonormn. CyuiecTByrowlasi TEXHOMNOMMSA MPOM3BOACTBA COMSIHOW KUCNOTbI Npea-
CTaBNAETCA Ha TeKyWMA MOMEHT Hamboree NpoCTOM, ONTUMANbHOW U 3HEpPreTuyeckn ag-
PEeKTUBHON, a TakKe XapakTepusyeTcs KparHe HU3KUM CbipbeBbIM MHOEKCOM npoLecca, Bbl-
COKMM YPOBHEM pecypcocbepexeHns n BeCbma He3HauYnTEeNbHbIM YPOBHEM 3MUCCUIA 3arpsis-
HAIOLLNX BELLECTB B OKPYXKaloLLYO cpeay.

[MosBneHne HOBbIX NEPCNEKTUBHbLIX TEXHONOMMNU NPON3BOACTBA CUHTETUYECKOWN CONs-
HOWM KMUCIOTbl MOXET ObITb CBA3aHO C pa3paboTKOW, UCNbITAHNEM U BHEAPEHNEM TEXHUYECKN
N aHepreTndeckn 6onee appeKTMBHOM KOHCTPYKUUM NeYen CUHTe3a Xxropuga Bogopoaa,
CHabXeHHbIX CUCTEMON 3PGEKTUBHON peKynepaumm TennoBOW 3Heprun obpasytoLlerocs
xnopuga sogopoaa. T. e. NosiBfieHNE U BHEAPEHNE HOBbIX MEPCMNEKTUBHBIX TEXHOMOMMA MO-
XeT ObITb CBSA3aHO C MOBbILWEHNEM 00LWEN 3HEProadHEKTMBHOCTN NPON3BOACTBEHHOIO NPO-
uecca, CHWXKeHneM yaernbHoro notpebneHns o6opoTHOM BOAbI U XJlagareHToB M MOBbILEHW-
€M CpoKa aKcnnyaTtauum neden cuHTesa n abcopbLMOHHbIX KONMOHH. OgHako B nepuoa pas-
paboTkn HacToswero cnpasovHuka HOT 6bINno HegoCTaToOMHO MHpOpMaUUK O Hanu4uu, pe-
3ynbrtatax anpodbvpoBaHUSA M XapakKTEPUCTMKaX TakUX TEXHOMOrMMMW UMM TEXHOSIOrMYeckoro
obopynoBaHus Ans NPou3BOACTBA CUHTETUYECKOW COMSIHOM KACIOThl PasnnyHbIX Mapok.

16.10 MNepcneKkTUBHbIE HanpaBnNeHUs B TEXHOSOIMMMU

npousBoAcCTBa cynbdara HaTpus

Cpean nepcnekTUBHbIX HanpaBleHUn B TEXHONOMMN NPon3BOACTBa cynbdaTa HaTpus
MO>HO BbIOENUT:
— 0e3peTypHas cyllKa B KANSILLEM CIOE;
— 006e3BOXMBaHWE B pacnblMTENbHbIX CYLUUIKaX;

— usBlrie4vyeHune Cyﬂbd)aTa HaTpua meTogamMmum BbicarimBaHuUA

16.11 MNepcneKTUBHbIE HanpaBneHUs B TEXHOSOMMMU
npou3BoACTBa Kanbuusa XJIOPUCTOro CONAHOKUCIIOTHBLIM

pa3noxeHnem N3BeCTHAKOBOIo KaMHA

PasBnTre TexHomnormm kanbLUusi XSIOPUCTOrO M NPOAYKTOB HA €ro OCHOBE HamnpaBneHo
Ha COBEpPLUEHCTBOBAHMMW CTaau HEWTPanu3aumm 1 o4McTkn (MCNonb3oBaHNe pPasnnyHbIX pe-
areHToB), a Takke CTagui CyLLKWU, rPaHynsiLUN U OYUCTKN ra3oB (COBepLLUEHCTBOBaHME anna-
paTypHoro ocopmMreHust npouecca).
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OpHol 13 ocobeHHOCTel npouecca SIBNSETCS BblCOKasi KOPPO3MOHHasi aKTUBHOCTb
TEXHONOrMYecknx cped. PelueHne aaHHOro Bonpoca BO3MOXHO MyTeM MCMONb30BaHUS WH-
rMOUTOPOB KOPPO3NU U COBPEMEHBIX KOPPO3MOHOCTONKUX MaTepuarnos.

16.12 OGwume pekoMmeHOaLMUN NO NEePCNEeKTUBHbIM TEXHOSIOMNAM
nponsBoAacTBa

BbiBOA4 O TOM, KaKyto MEPCNEKTUBHYIO TEXHOMOIMMIO NMPOM3BOACTBaA BOAOPOAA, XNopa U
rmapokcuaa HaTpusa pasnuyHbIMKM METOAAMM ANEKTPONM3a U NPOM3BOACTBA COMSHOM KUCHO-
Tbl crniegyeT BblbpaTb ANA peanu3auuum B KavyecTBe Haunydlwen AOCTYNHOW TeXHONormu B
bnvxanwem Byayuwiem, Heob6xoOMMO OCHOBbIBaTb Ha CrnedyrLUX OCHOBHbIX, HO HE ucYep-
NbIBaOLLNX KPUTEPUAX:

- Hanbonee HU3KMe yaenbHble BbIBPOCHI MapKepHbIX 3arpsA3HALWNX BELWECTB B aTMO-
cepHbIn BO34yX, B TOM 4ucrie Hambonee HM3kuin obLmi BanoBbI BbIOPOC 3arpsa3HAOLLNX
BELLECTB OT NPOM3BOACTBA WNN OT OTAENbHOM CTaguu npouecca B nepecyeTe Ha eanHuly
npoaykuuu;

- Hanbonee HM3KUN OBLLMI CbIPbEBOM MHOEKC TEXHOMNOMMN B NepecyeTe Ha Npou3Boa-
CTBO eauHuLbl Nnpoaykuun (bonee adhdekTnBHOE pecypcocbepexeHme);

- HaMMeHbLlee yaenbHoe aHepronoTpebrieHne  HanMeHbLLMI PacXod dHepropecyp-
COB (3NEeKTpOo3Heprum, Bogbl, 060POTHOM BOAbI, XOr04a, CXKaToro BO3ayxa) Ha eauHULy npo-
AyKunn, B TOM YMCIe 3a CHeT pekynepaumm TensioBon aHepruu;

- Hanbonee apeKkTUBHAsA U/MNM HaNMeHee 3HeproemMkKast cMcTema OYUCTKU MPOMbILL-
NEHHbIX BbIBPOCOB N OYMCTKM CTOYHbIX BOJ;

- BO3MOXHOCTb M1 Gonee BbicoKas 40Nsi MOBTOPHOrO MW MHOMO (anbTepHaTUBHOIO) UC-
Nonb30BaHUA OTXOAOB M CTOYHbIX BOA NPOU3BOACTBA, B TOM YMUCHe NOcne UX odncTkm (obpa-
60TKN), pereHepauumn n NyTemMm peLmKmHra.

3aknuuTesibHbIe NOJIOXEHUA U pekoMmeHgaunmn

Hactoawmn cnpasoyHuk HOT nogrotoBneH TPl 34. Hambonee aktuBHoe yyacTtue
B paboTte no cbopy, obpaboTke, aHann3y n cuctematmsaumm nHpopmauumn, a Takke B Hanu-
caHun TekcTa cnpaBoyvHka HOT n ero obcyxaeHum NpUHANIM cneunanucTbl Crneayrowmx op-
raHm3aunn:

- AO «KAYCTWK», r. Bonrorpag;

- Accoumnaumsa «PycXnop», r. Mocksa;

- AO «bawkunpckasa coposasa komnaHusa» (AO «bCK»), r. Ctepnuramak;

- O0O TlMpomnsBogcTBeHHOe 0b6beanHeHne «xXUMIMPOM», r. KemepoBo;

- AO «BTE KOIO-BOCTOK», r. Mocksa,;

- AO «MXK «EBpoXum», r. MockBa,;

- AO «CagHckxumnnacTt», r. CasHck;

- MAO «HwmxHekamckHedTexM», I. HUXHEKamck;

- OAO «Bomxckun abpasmBHbI 3aBOA», . Bormkckun;

- O0O0 «lanolonnmep Knposo-Yeneuk», r. Kuposo-Yeneuk;

- OO0 «HoBomMocKkoBCKUKN xnop», r. HOBOMOCKOBCK;
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- OO0 «Copa-Xnopat», r. bepesHuku;

- OO0 «PycBuHun, r. KctoBo;

- dununan OAO «Ipynna «nnm», r. bparck;

- Oryn «BHUADOTPU»;

- AO «<HNYND»;

- OAO «ConukamMmckn marHmeBbIn 3aBOO;

- AO «HoBoTponuKnin 3aBo, XPOMOBbLIX COEANHEHNN;

- MAO «Xumnpowm», r. HoBo4yebokcapck.

Mpw nogrotoBke cnpaBoyHmka HAT 6binn Mcnonb3oBaHbl Matepuansbl, NOSy4YeHHbIE OT
POCCUNCKUX MNPOU3BOAMTENEN MNPOYMX OCHOBHbLIX HEOPraHMYeCKUX XMMUYECKUX BELLECTB,
B TOM 4ucCrie OT Npou3BoAnUTENen Xropa, eKoro HaTpa, eKoro kanv, Bogopoaa, rurnoxmnopu-
Ta HaTpUs, MMNoxXsiopuTa KanbLms, CONSAHOW KACNOTbI, XSTOPHOTO Xenesa, kapbuaa KpeMHus 1
APYrMX NPOYNX OCHOBHbIX HEOPraHMYECKUX XMMUYECKMX BELLECTB, B xoae obmeHa nHgopma-
umen, opraHmsosaHHoro bropo HOT B 2017 r. Kpome TOro, cocrasutenu cnpasoyHuka HOT
yunTbiBanu pesynbTaTtbl OTEYECTBEHHbIX Hay4YHO-UCCredoBaTerNbCkuX paboT, MapKeTUHro-
BbIX MCCefoBaHUN, a TaKkKe POCCUUCKUX U MeXOyHapOOHbIX MPOEKTOB, BbINOSIHEHHbLIX B
Poccunckon ®egepaumm B 2011-2017 rr. n onybrmMkoBaHHbIX Ha canTax cetn MIHTepHeT.

Mpn paspaboTtke HacToswero cnpasoyHuka HAT 6binyn Takke MCNONb30BaHbl 3apy-
GexHble Matepuanbl, B YaCTHOCTU cnpaBovHukn EC 1 nybnukaumm no Hamnydwmm JocTyn-
HbIM TEXHOSOMUAM:

- European Commission. Reference Document on Best Available Techniques for the
Manufacture of Large Volume Inorganic Chemicals — Solids and Others Industry. August
2007. (EBponewnckas kommuccus. CnpaBoYHbIN AOKYMEHT NO HAUMYYLUM LOCTYMHbIM TEXHO-
norvaM Ans npousBoAcTBa TBepAbIX U APYrMX KPYMHOTOHHAXHbLIX HEOPraHMYeCcKUX XMmuka-
ToB. ABryct 2007 r.) [6];

- European Commission. Reference Document on Best Available Techniques in the
Chlor-Alkali Manufacturing industry. December 2001. (EBponenckaa Komucena. Havny4dwwme
AOCTYNHble TeXHONormm. CnpaBoYHbIN OKYMEHT AN HAUNyYLWmMX AOCTYMNHbIX TEXHOMOrMn B
Npon3BOACTBE xnopa u wenouun. lekabpb 2001 r.) [7];

- European Commission. Best Available Techniques (BAT). Reference Document for
the Production of Chlor-alkali. Final draft. April 2013. (EBponenckas Komuccusa. Hauny4wme
poctynHble TexHonorun (HOT). CnpaBoYHbI AOKYMEHT AN XOp-LLEeno4YHOro NponM3BoACcTBa.
OkoHuaTenbHbIn npoekT. Anpenb 2013) [8];

- European Commission. Joint Research Centre Science and Policy Reports. Best
Available Techniques (BAT). Reference Document for the Production of Chlor-alkali. 2014.
EUR 26844 EN. Authors: Thomas Brinkmann, German Giner Santonja, Frauke Schorcht,
Serge Roudier, Luis Delgado Sancho [9].

OO6uwee 3aknoyeHne, KOTOPOe MOXHO caenaTtb B pesyrbTaTe NOArOTOBKN HACTOSILLErO
cnpaBoyvHuka HAT, cocTtouT B TOM, YTO BefyLiume OTeYeCTBEHHble NpeanpuaTUs akTUBHO
OCYLLECTBNAT BHeOPEHUe COBPEMEHHbIX TEXHOMOIMMYeCcKUx npoLeccos n obopyaoBaHus,
paspabaTbiBalOT 1 peanu3yoT NporpamMMbl NMOBbILLEHUSA SHEProadPPEKTUBHOCTU N IKOMOrU-
Yyeckon 6e3onacHOCTN NPOM3BOACTBA, pecypcocbepexeHus.
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PekomeHgaumn coctasutenen cnpaBoyHuka HOT ocHOBaHbl Ha crieylowemM 3aksto-
YeHUn:

1) na npoaswxeHna n peanudauumn naen nepexoga Kk HOAT HeobxoomMmo opraHu3o-
BaTb MacCLUTabHYy0 MHPOPMAaUMOHHO-NPOCBETUTENBCKYID KaMMaHUIO U CUCTEMY MOArOTOBKM
KagpoB, B TOM YuUCre NOBbIWEHWE KBanudukaumn, nonyy4eHne AonosiHUTensHoro npodgeccu-
OHanbHOro obpasoBaHus 1 T. N. AHann3 n obcyxaeHne CyTn nepeMeH u HOBOro nogxoaa K
3KOJSIOrMYEeCKOMY HOPMMPOBAHUIO NPU3BaHbl NOArOTOBUTL K HUM NPeanpuaTUS N pasbsCHUTD
OCHOBHbIE MOTUBbI U CTUMYTIbl 3KONOMMYECKON MOAEPHU3ALMM HALNOHANBbHON 3KOHOMUKM.

2) HOT n cooTeeTCTBYOWMNE UM TEXHOMOIMYECKME MOKa3aTenu, onpeaerieHHble Co-
cTtaButenamm cnpaBoyvHuka HAOT, MOryT n 4OmkHbI ObiTb YTOYHEHbI U CKOPPEKTUPOBAHbI MpK
yyacTuu npencraBuTenen poccumncknx npegnpuatmin. C aTon Lenbio Heobxoammo npuBnieYdb
X BHMMaHWE npu nogaepkke npodunbHbIX accouMaunn, LeHTpoB CcTaHdapTusaumMm n mMet-
ponioruun, a Takke TeppuTopuanbHbix ynpasneHun PocnpupogHagsopa no cybvektam Poc-
cunckon degepaummn, BbICLLUMX YY4EOHbIX 3aBEEHUIA, KOHCYNbTAUMOHHbBIX KOMMaHWUM, NPOEKT-
HbIX, HAY4HbIX N UHbIX OpraHn3auunin.

3) AP PeKTMBHLIM NHCTPYMEHTOM akTyanuaaumm cnasovHnka HOT moxeT ctaTb pea-
nms3auusa NUAOTHBIX NPOEKTOB MO anpobaunm n BHELPEHUIO HOBbIX TEXHOMOMMN NPOM3BOA-
CTBa M HOBOIO TEXHOMNOrM4Yeckoro obopyAoOBaHUSA, K y4acTMIO B KOTOPbIX LienecoobpasHo
npusneys BedyLMX MPOU3BOAUTENEN MPOYUX OCHOBHbLIX HEOPraHMYeCKMX XUMUYECKUX Be-
LecTB.

LlenenanpaBneHHasa pabota Hag cnegyrowumMmm n3gaHmamu cnpasovHuka HOT moxeT
ObITb NPOAOMKEHA C YY4ETOM peanuaaummn crnegyowmx MeponpuUAaTUR:

- cbop 1 cuctemaTusaums gaHHbIX 0 hakTUYEeCKUX pacxogax (MHBECTULMU, KanuTarnb-
Hble 3aTpaTtbl U 3KCMyaTauMOHHbIE pacxodbl HA NPOU3BOACTBO), CBA3AHHbIX C TEXHOMOMMEN,
paccmaTpuBaemon B kavyectse HAT;

- cbop n cucrtemaTmsaums mHdopmaumm O 3atpatax Ha 3(PEEKTMBHYIO peanu3aumto
TEXHOMOMMA OYUCTKM MPOMBILLNEHHbLIX BbIOPOCOB, yTUNN3aUUN UM OYUCTKN CTOYHBIX BOA B
Npon3BOACTBAX;

- cbop n cuctematmsaumsi MHOPMaLMM O COOTHOLUEHUM Mexay TUNom npouecca,
o6opyaoBaHuA 1 yaenbHbIMU AMUCCUMSMU B OKPYXKatoLLYIO Cpefy B BUAE OTXOAOB, BbIGPOCOB
3arps3HSAOLLMX BELLECTB, COPOCOB CTOYHbIX BOS;

- cbop n aHanu3 nHpopmaummn o pesynbTatax MOHUTOPUHIA MPOMBbILLSIEHHbIX BbIOPO-
COB 1 NEPUONYHOCTN MOHUTOPUHIA;

- aHanuM3 1 UCMNosib3oBaHWe METOANYECKMX AOKYMEHTOB M CTaHOapToB 006 o0Owmx
NPUHLMNAX 3KONOrM4eCcKoro MOHUTOPUHTA;

- cbop n cuctemaTusaunsa mHgpopmaumm o6 aHepronoTpebneHnn pasnuyHbiX TUNOB
9NEKTPONN3epoB, BbiNAapHbIX YCTAHOBOK, MEYen CUHTE3a M OCHOBHOrO 0bopyaoBaHus Npu
NPOU3BOACTBE Pa3fIMYHbIX BUOOB NPOAYKLMM;

- NpOBEAEHME UCCMEOBAHUN U cuCTeMaTU3auUnsa OaHHbIX O peanu3aumm meponpus-
T No cHuxeHuto Bbibpocos HCI, Cl2, NaOH, KOH, H2SO4, HF, F2 n apyrux MmapkepHbIX 3a-
FPA3HAIOLWNX BELLECTB NPOM3BOACTBA MPOYMX OCHOBHbIX HEOPraHMYECKUX XMMUYECKUX Be-
LLleCTB;

- U3y4eHne BO3MOXHOCTU UCMONb30BaHUsA (BHEAPEHUS) NEePCNEeKTUBHbLIX TEXHOMOMN U
pecypco- 1 aHeprocbeperatoLero obopygoBaHus.
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lMpouecc coBepLlUeHCTBOBAHNA U akTyanusauum cnpasoyHuMka HOT gormkeH oTpaxaTtb
NPUHUMN nocnegoBaTenbHOro ynyyleHns — KNyYeBOW NPUHLMN COBPEMEHHbLIX CUCTEM Me-
HeopxmeHTa. CocTaBuTenn HacTosiwero cnpasodHnka HOT HagewTcsa, Y4TO KOnmeru rotosbl
pasgenuTb 9Ty NO3VUMI0O U nogdepXaTb COBEPLUEHCTBOBAHWE AOKYMEHTa W NPOABMXEHWe
HAOT B ykazaHHOM NPOW3BOACTBE.
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MpunoxeHue A
(obsizaTenbHoe)

Cdrepa pacnpoctpaHeHus cnpaBovyHuka HAOT

Tabnuuya A.1 — Cdepa pacnpocTpaHeHus

OKrAg 2

HanmeHoBaHue npogykuun no OK
034-2014 (OKI14 2)

HanmeHoBaHue BMaa nes-
TenbHocTn no OKB3 2

OKB3[ 2

[Mpon3BoacTBO MPOMBILLI-
NEHHbIX rasos

20.11

20.11.11.110

Bogopoa

[Mpon3BoaCcTBO NPOYMX
OCHOBHbIX HEOpraHuye-
CKUX XMMWYECKUX Be-
LLecTB

20.13

20.13.21.110

Xnop

20.13.21.111

XNop XUOKNN

20.13.21.112

Xnop razoobpasHblii

20.13.21.130

d1op

20.13.24.110

Xropug Bogopoaa, KucrnoTa consi-
Hasq

20.13.24.111

Xnopwug Bogopoaa, HCI

20.13.24.112

Kucnota congHas, HCI

20.13.24.141

dTopua Bogopoaa (kucrnoTta nna-
BMKOBas)

20.13.25.111

'mppokeng HaTpus (coga KaycTu-
Jeckas)

20.13.25.112

M'mopokena kanua (Kanum egkun,
Kanu egkoe)

20.13.25.113

nepOKCI/Iﬂ,bI HaTpunAa Unn Kanmnd

20.13.31.000

["anoreHnabl meTannos

20.13.32.110

M'mnoxnopuTsl

20.13.41.130

Cynbdartsbl

20.13.52.110

CoeavHeHNa HeopraHuyeckue, He
BKITHOMEHHbIE B ApYyrne rpynnnpoB-
Kn

20.13.62.190

Conu HeopraHn4ecknx KMcnoT unun
NepOKCUKNCIIOT Nnpo4vyune

20.13.63.000

Mepokcna Bogopoaa (nepeknchb
Bogopoaa)

20.13.64.120

Kapbuabl
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MpunoxeHune b
(obsizaTenbHoe)

TexHonorn4yeckue nokasartesriv NPou3BOACTB MPOYUX OCHOBHbIX
HeopraHn4eCckmnx xmmm4yeCcKkmnx eeLlectB

Tabnnya Bb.1 — lNepeveHb TEXHONMOIMYEKNX NOKa3aTenen

MpoaykT/Nnpon3BoacTeo

TexHonornyeckui rnokasarternb

Bbibpochi

C6pochbl (B BOAHbIN 00BEKT)

3arps=|3H;n0L|_|,ee BeuwecTBoO

3HayeHue, Kr/T

3arpsisHsiowee
BELEeCTBO

3HayeHue, Kr/T

M'Mnoxnoput HaTpus

Xrnop

He 6onee 0,0033

Xnopuva-aHUoH

He bonee 10,7

MMnoxnopuT Kanbuma

Xnop

He 6onee 0,04

Mepokeng Bogopoaa

CnupT n3onponunosbiv
ALETOH

He 6onee 0,074
He 6onee 0,095

MepkapboHaT HaTpus

KapboHat HaTpus (au-
HaTpun kapboHar)
Hatpusa nepkapboHaT

He 6onee 0,01
He 6onee 0,42

CynbdaTt-aHMOH
(cynbdpaTthbl)

He 6onee 0,0027

Kapbug kpemHus

BeHsanupeH
CepoBogopop
Yrnepoaa okcung

He 6onee 0,0003
He bonee 5,55
He bGonee 718

Xrnopwua xeneasa

YKenesa Tpuxnopua (B
nepecyeTe Ha Xeneso)
Xrnop

He 6onee 0,08
He 6onee 0,227

Mpon3BoACTBO BoAopoaa, Xropa u rma-
pokcuaa HaTpus anadparMeHHbIM Me-
TOAOM 3NEeKTponm3a

Xnop

M'mppokena HaTpus
CepHas kucnota (B
npPoM3BOACTBE XNopa)

He 6onee 0,035
He 6onee 0,07

He 6onee 0,006

Xnopuva-aHuoH (xno-
pvabl)
Cynbdart-aHnoH
(cynbdpaTthbl)

He 6onee 210
He 6onee 97
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9TE

OkoHyaHue mabnuuysi 6.1

MpoaykT/Nnpon3soacTeo

TexHonornyeckum rnokasarternb

Bbibpochl

C6pochbl (B BOAHbIN 00BEKT)

3arps=|3H;n0L|_|,ee BeuwecTBo

3HayeHue, Kr/T

3arpsisHsiowee
BEeLEeCTBO

3HayeHue, Kr/T

Mpon3BoACcTBO BoAopoaa, Xrnopa v rua-

pokcuaa HaTpust MeMBpaHHbIM METOLOM

anekTponusa

Xnop

M'mopokena HaTpusa
CepHas kucnota (B
npoM3BOACTBE XNopa)

He 6onee 0,008
He 6onee 0,07
He 6onee 0,006

Xnopuva-aHuoH (xno-
puabl)
Cynbdart-aHnoH
(cynbdpaTthbl)

He bonee 210
He 6onee 97

Mpon3BoacTBO Bogopoaa, Xrnopa u rua-
pokcuaa HaTpust pTYTHbIM METO0M
anekTponusa

Xrnop

PTyTb

CepHas kucnota (B
NPOn3BOACTBE X10pa)
Mmopokeua HaTpusa

He 6onee 0,05
He 6onee 0,003
He 6onee 0,0051

He 6onee 0,02

Xnopuva-aHWoH (xno-

puabl)
Cynbdat-aHnoH

(cynbdaThbl)
PTyTb

He 6onee 1100
He 6onee 100

He 6onee 0,00017

Mpon3BoaCcTBO TBEPAOIrO rMApoKcHMaa
HaTpus (egkoro HaTpa)

M'mopokecua HaTpusa

He 6onee 0,07

Mpoun3BoacTBO Bogopoaa, xnopa v rma-
poKkcuaa Kanusa MmemopaHHbIM MeTo0M
aneKTponunsa

Xrnop
M'maopokeung kanus
CepHas kucnota (B

He 6onee 0,008
He 6onee 0,07
He 6onee 0,006

Xnopuva-aHuoH (xno-

puabl)
Cynbdart-aHnoH

He Gonee 94

He G6onee 4,2

NPOn3BOLCTBE X10pa) (cynedpate)

Cynbat HaTpus Cepbl anokeng He 6onee 0,02 _ B
Yrnepoga okcng He 6onee 0,25

MponssoacTBO BOAOPOAA AMEKTPON- XIK He 6onee 0,43

30M BOAbI

Mpon3BOACTBO KanbLs XNOPUCTOrO
CONSAHOKUCIIOTHBLIM Pa3noXeHnem ns-
BECTHSIKOBOIO KaMHS:

- XMUOKOro;

- MOPOLLIKOBOTO;

- rPaHynMPOBaHHOIO

Kanbumin kapboHat
Kanbuusa xnopug
Kanbuun xnopwug

He 6onee 0,011
He bonee 23,3
He bonee 0,57
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MpunoxeHune B
(obsizaTenbHoe)

UTC 34—2017

NMepeyeHb MapKepHbIX 3arpA3HSIIOLWLNX BELLecTB

Tabnuuya B.1 — lNepeyeHb MapKepHbIX 3arpA3HAIOLLNX BELLECTB

HanmeHoBaHue nponssoacTea

MapkepHble (3arpasHstoLme) BellecTsa

B BblOpocax

B cOpocax B BOAHbIN OOBbEKT

'Mnoxnoput HaTpuA

Xrnop

Xnopuna-aHUOoH

MMnoxnopuT Kanbuma

Xnop

Mepokeng Bogopoaa

CnunpT nsonponuno-
BbI
ALETOH

MepkapboHaT HaTpus

Kap6oHat HaTpus (au-
HaTpun KapboHar)
Hatpusa nepkapboHaT

CynbgaT-aHnoH (cynbaTbl)

Kapbug kpemHus

BeHnsanupeH
CepoBogopog
Yrnepoaa okeng

Xrnopua xeneasa

XKenesa Tpuxnopua (B
nepecyeTe Ha Xeneso)
Xnop

Mpoun3BoACcTBO BOAOPOAA, Xopa U
rmapokcuaa Hatpusa avadpparMmeH-
HbIM METOZIOM 3IEeKTPONn3a

Xnop
'maopokemg HaTpus
CepHaga kucnota

Xnopua-aHuUoH (xnopuabl)
CynbgaT-aHnoH (cynbgaTbl)

MNMponsBoacTBO Bogopoaa, Xrnopa u
rMapokcuaa HaTpust MeMBpaHHbIM
METOZOM 3NeKTponun3a

Xnop
'mapokcug HaTpua
CepHaga kucnota

Xnopua-aHuoH (xnopuabl)
CynbgaT-aHnoH (cynbaTbl)

MpounssoacTBoO BOAOPOAA, Xropa u
rMOPOKCUAA HATPUA PTYTHLIM METO-
[IOM 3MeKTponusa

Xnop

'mopokeng HaTpus
CepHaga kucnota
PTyTb

Xnopua-aHuoH (xnopuabl)
CynbgaT-aHnoH (cynbgaTbl)
PTyTb

Mpon3BoacTBO TBEPAOrO rMMOPOKCU-
Aa HaTpus (egkoro HaTpa)

'mapokcug HaTpu4a

'mapokcug HaTpu4a

[Mpon3BoacTBO CUHTETUYECKOW CO-
NSAHOW KMUCNOTbI

Xnop
Xnopuva Bogopoaa

Cynbcpat HaTpus

Cepbl gnokeng
Yrnepoga okcug

Mpon3BoacTBO Bogopoaa 3MeKTpo-
NM30M BOZbl

XTK

Mpon3BOACTBO KanbLs XNOPUCTOrO
CONSAAHOKMCIIOTHBIM Pa3snoXeHNem
N3BECTHAKOBOIO KaMHS

Kanbuui kapboHaTt
Kanbuusa xnopug

317



UTC 34—2017

MpunoxeHue I'
(obsizaTenbHoe)

MepeyeHb HOT, no3BonAOLWMX COKPAaTUTL AIMUCCUN B

OKpYXaloLLyl cpeay, NoTpebneHue Ccbipbs, BOAbl, SHEPIUU U

CHU3UTb OOpa3oBaHMe OTXO0A0B

Tabnuuya N2 — MNepevenb HAT

Homep HOT

HanmeHoBaHne HOT

MpounssopcTBO rMNOXNopUTa HaTpus

BHenpeHue cucteMbl HEMPEPbIBHOIO aBTOMAaTMYECKOro KOHTPOMS COAepXa-
HMS Xropa B BO34yxe MPOU3BOACTBEHHbIX U CKNAACKMX NMOMELLEHUI, a Takke
B TPyOONpoBoAe OTXOASLMNX ra3oB

BBeageHne NOCTOSIHHOrO KOHTPOMS OCTAaTOMHOM KOHUEHTpauuu Lenoyu, Tak
KaK Mpu CHWKEHUM MacCOBOW KOHLIEHTpauuu wwernovm Hwke 10 r/gm® moxet
npoucxoanTb BypHOe pasnoXeHne peakuMOHHOW Macchl C BblAENEHNEM 3Ha-
4YUTEeNbHOro KONMYecTBa Xrnopa v kucrnopoaa

YcTaHOBKa CTauMOHapHbIX €MKOCTEeN AN XpaHeHus rmnoxnoputa HaTpus,
MMEIOLLNX MOCTOSAHHOE CoeIMHEHNE C aTMOCdepor Yepes AblXxaTeNbHbIA Kra-
NaH UNNU UHOEe TexHMYeckoe YCTPOMCTBO, obecneuvBalollee nogaepxaHve
AaBneHnss B eMKOCTM Ha YpPOBHE aTMOCKEpPHOro

MpousBoacTBo hTopa

OcyuwiecTtBnenne TpudTopuagHoOro npouecca. Ncnonb3yeTcs anekTponuT, co-
pepxawmn ~1 r-monb KF Ha ~2 r-monb HF. No3BonaeT BecTn npouecc npu
Temnepatype ~100 °C. ObneryaeTt nogaepxaHue HeobxoauMmoro Temnepa-
TYPHOrO pexmuma, Tak Kak oTnagaeT HeobXxoaMMOCTb BHELIHEero noporpesa.
A Takke co3gaeTcs BO3MOXHOCTb noadepxxaHus cogepxanua HF B anekTpo-
nute B 6bonee LUMPOKOM AManasoHe

ObecnevyeHne cTabunbHOCTM MPOU3BOACTBEHHOIO MNpoLEecca. YCoBepLUEH-
CTBOBaHME CUCTEMbl aBTOMATMYECKOrO KOHTPOMSA: aBToOMaTU4eckas cuctema
NMUTaAHUSA 3NEKTPONM3epoB (PTOPUCTLIM BOAOPOAOM, OUKCAUMA U KOHTPOIb
cnefywowmnx napamMeTpoB: B 3NeKTponusepax — cuna Toka, HanpshkeHue,
TemnepaTypa 3neKkTponuTa, KOHUeHTpauma (pTopuctoro Bogopoda B 3dnek-
TpONuTe, YpPOBEHb JMNeKTponuTa B BaHHE, AaBfeHue B rasoBbiX Kamepax
3NEeKTPONMN3epoB, anekTpuyeckaa wusonauus BaHH. OnpefensalTcs Takke
pacxon (ptopucTtoro BogOpoAa, BbIXod (PpTopa, KavyecTBO MCXOOQHOro doTopu-
CTOro BOAOPOLA M COCTaB MOSy4eHHOro otopa, cocTaB BO3ayxa, BblOpachl-
BaeMoro B atmocdepy

Mcnonb3oBaHue 3nekTponn3epoB C MrockonapanenbHbiM pacnofioXeHNEM
anekTpoaoB. Co3gaHue anekTponmM3epoB 60MbLLION MOLLHOCTU

MonHas repMeTusauus annapaTtypbl, ycTaHoBKa Hambonee OTBETCTBEHHbIX
annapaToB — 3eKTPONM3epoB B N30NMPOBaHHbIE KabWHbI
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lMpodomkeHue mabnuubi .1

Homep HOT

HanmeHoBaHne HOT

8

MoarotoBka K peMOHTY 060OpPYAOBaHUSA C YYETOM HaNMuUS B HUX 3arpsi3Hsto-
Wwmx BewecTB. Meped BbIBOOOM B PEMOHT pacxoOHbIX €MKOCTEN OCTaTKu
dTopucToro Bogopoaa M3 HUX MCNapsitoT U nepefaroT No ra3ooTBOAHOM Nu-
HWUM B aBCOPOLIMOHHYIO KOMOHHY ANsi NOMyYeHns NaBUKOBON KUCHOTbI

PereHepauna otpaboTaHHbIX TexHonornveckmx cped. OTpaboTaHHbIN 3nek-
TponuT (TpUdTOopMA Kanusa) M3 3NeKTponusepoB cobupaloT B NNaBuibHblE
KOBLUM N NEepuoanYecKn noaBepraroT pereHepaunn ¢ Lenbio BbligeneHnsa conu
budTopmaa kanus

10

OpraHusaums OYUCTKM BO3ayxa NPOU3BOACTBEHHbLIX MOMeLWeHnn. Bosgyx us
NPOM3BOACTBEHHbIX NMOMELLEHMI OT 0bopyaoBaHuUs, rae BO3MOXHO Bblaere-
HME KUCIbIX NapOoB W ra3oB, NOCTyNaeT Ha ra3004NCTHbIE YCTAaHOBKU

11

Oprannsauusa pasgenbHoro cbopa n obpalieHus co cTtokamm (Kucnasi kaHa-
nM3aumsa 1 yCrioBHO YncTast)

MpoussoacTBo PTOPUCTOrO Kanbuusa

12

Cnoco6 nony4yeHust GTOPUCTOrO KanbLmMs U3 rmapokcuaa kanus, TopUcToro
BOAOPOAA M XJTIOPUCTOrO KanbLUs NO3BONSET nofy4YyaTb NPOAYKT NOBbILLEHHO-
ro Ka4yecTBa [OJ19 UCMOb30BaHUS NpU NPOU3BOACTBE creuMapok dTopkayuy-
KOB

Xnopuweno4yHoe Npon3BoACTBO U NPOU3IBOACTBO CONSAHOW KUCNOTbI

13

HOT ong MmHMMU3aumm pacxoga 31EKTPOIHEPrUn NyTem NpUMEHEHUs crie-
AYIOLWNX TEXHUYECKUX PELLEeHNI NO OTAENBHOCTU NN B COMETaHUN:

- Ucnonb3oBaHMe 3APMPEKTUBHBIX N aBTOMaATU3NMPOBAHHbLIX CUCTEM ynpasre-
HUS NOTpebneHneM 3neKkTPoaHePry;

- UCNOJSb30BaHWE OpYroro OCHOBHOIO M BCMOMOraTesflbHOroO TEXHOSIOrMYeCcKoro
obopynoBaHusa ¢ 6onee BbICOKON 3HEProddEKTUBHOCTLIO (Gonee BbICOKMM
KO3 PULIMEHTOM MONE3HOro AENCTBUSA)

14

HOT ona MmHMMM3aumm pacxoga TensioBOM 3HEPIUU U XNafoareHToB nyTem
NPUMEHEHNS CreayoLWnX TEXHUYECKUX peLleHnn No OTAEeNbHOCTU UNn B CO-
YyeTaHuu:

- Vicnonb3oBaHne cucTteM pekynepauuu Tenna B XOpLLENOYHOM NMpou3Boa-
CTBE 1 B NPOU3BOACTBE CONAHOM KUCNOTbI;

- UCMOMb30BaHWe OPYroro OCHOBHOrO TexHorornyeckoro obopygosaHus ¢ 60-
rniee BbICOKON 3HeprodddeKTUBHOCTLIO (Oonee BbICOKMM KOIPULIMEHTOM
None3Horo AencTeuns)

15

HOT no npumeHeHutio mep GesonacHocTM Npu paboTe Ha Npou3BOACTBE Ny-
TEM MPUMEHEHUS CneayrLwmnX TEXHUYECKUX PeLleHnn MO OTAENbHOCTM UIu B
coyeTaHuu:

- BHegpeHne obopyaoBaHUsA, MalUWH, YCTAaHOBOK, MO3BOSIAIOWMX aBTOMaTU-
31MpoBaTb TEXHONOrMYeckun npouecc (NONIHOCTLIO NN YaCTUYHO);

- BHegpeHve adhpekTmBHOM cucteMbl obecnbinMBaHUA Ha CTagumn hacoBKu
npoun3BoaCcTBa TBEPAOro e4Koro HaTpa;

- MpumeHeHne HAMBMAYanNbHbIX CPEACTB 3alnTbl OT HebnaronpuaTHOW nNpo-
N3BOOCTBEHHOW cpeabl (BpeaHbIX YCNOoBUN Tpyaa)
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OkoHyaHue mabnuusi .1

Homep HOT

HanmeHoBaHne HOT

16

HOT ons cHwkeHna n npefoTBpalleHuss NPOoU3BOACTBEHHbLIX NOTEPb MyTeEM
NPUMEHEHNA cnefyLwmnX TEXHUYECKUX peLleHu No OTAENbHOCTU UM B CO-
YyeTaHuu:

- [NoBTOPHOE MCNOMb30BaHWe CynbgaTHOro paccosia u aHonuTa ansa nonyye-
HWA paccora xnopuaa HaTpus;

- Ncnonb3oBaHue wnama (keka) unm LwrinamMmoBOn CyCrneH3nun B Ka4ecTBe Cblpbs
ANa nonyyYyeHnsa paccona unu ang nonyyeHnsa MuHeparbHbIX HanonHUTENen n
CUHTETMYECKUX MaTepunarnos;

- Wcnonb3oBaHne oOTpaboTaHHOM CEPHOWM KUCMNOTbl B KayecTBe MOMYTHOro
npoAayKTa ¢ MHOW 06NacTblo NPUMEHEHNA UNU ANA HENTPanu3aumMn CTOYHbIX
BOA 1 06e3BpEXMBaAHUSA LLIEMNOYHbIX OTXOLO0B.

17

HOT ona cHwkeHus (MUHUMM3auuK) YPOBHA LWymMa B MPOU3BOACTBE MyTEM
NPUMEHEHNS CREeaYLWNX TEXHUYECKUX PELLUEHU NO OTAENbHOCTUM UNKN B CO-
yeTaHuu

3akpbiTe (3KpaHUPOBAHNE) NCTOYHMKA LIyMa

MuHMMHU3aumnsa Wwyma nyTem UCnosib30BaHUsS 3BYKOU3ONUPOBAHHBLIX COOPYXe-
HUM 1 obopyaoBaHus

M3onsums Tpyb 1 OTBOAOB BEHTUNSATOPOB, KOTOPbIE MOMELLAOT B 3BYKOU3O-
nupyoLime ycTtponctea

YCTPONCTBO LLYMOMOrMOWawWmnx CTeH WU/MNU MPUPOOHbLIX LLYMOMOrnoLato-
LLNX NpenaTCTBUN

Mcnonb3oBaHue gnsi WymMHOro obopynoBaHusi (KOMNPEeccopoB) 3BYKOMOrSo-
LLaKOLWNX YKPbITUN

Mcnonb3oBaHue gns obopygoBaHWA pe3nHOBLIX MPOKMaZoK, npegoTepalla-
IOLLIMX KOHTaKT «MeTann-metann»

CoopyxeHue 3gaHuin MnM UCnonb3oBaHME PacTyLMX AEPEBLEB U KyCTapHU-
KOB NS 3aUTbl CENUTEOHbIX TEPPUTOPUIA OT BO3LENCTBMUS LUyMa

npOM3BOACTBO Kanbuua Xnopnuctoro CoNnAHOKMUCIIOTHbLIM pa3fmioXXeHuem
N3BECTHAKOBOIro KamMHs

18

Mpon3BoaCcTBO KanbUMA XJSTOPUCTOrO YNyyLEeHHOro kadectsa 00ycrnoBneHHoe
MCNonb30BaHMEM MpoLecca pasfnoXeHUss U3BECTHSIKOBOIO KamMHs abrasHom co-
NAHOM KUCNOTOW C OTAENEHWEM MNpuMecen N UCK4YeHnem obpasoBaHus

CTOYHbIX BOO
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MpunoxeHnue
(obsizaTenbHoe)

AHeproacpheKTMBHOCTb

0.1 KpaTtkasa xapakTepucTtmka oTpacnum ¢ TOYKU 3peHUs pecypco- 1
3HepronoTpeodneHusn

[.1.1 MNponsBoacTBo BOAOPOAA, XNopa v rmapokecnaa Hatpua guadparMeHHbIM MeTo-
AOM 3NeKTponunsa SBMseTcs BbICOKO3HEProeMKnuM Npou3BOACTBOM C MoTpebneHvem aHep-
ru, COCTaBNALMM 0KoMo 68 % — 73 % oT 06X pacxogoB Ha NPON3BOACTBO.

[ns npoussoacTea Bogopoaa, xfiopa v rugpokcmaa Hatpusa guadparMmeHHbIM MeTo-
AOM 3reKTponmn3a Ucrosnb3yrTCs:

- TBepAas kKameHHas (noBapeHHasd) cosfb (ranuT) pasnnyHbiX MECTOPOXOEHUI, Hanpu-
Mep NpuBO3Has KamMeHHasi cornb Conb-Kneukoro mectopoxaeHus, TbIpeTCKOro MecTOpOX-
AeHus, kKameHHasqa conb Ap-buwkagakckoro mectopoxaeHus unu Kamckas noBapeHHas cosb;

- pacTBOp Xropuga HaTpus, UM Tak HasblBaeMbll CbIPON paccor, nosrly4aembli MeTo-
[OM MOA3EMHOr0 BbILLeNavYMBaHNA KamMeHHOW comnu u cogepxawmin 280-315 r/am® NacCl,
HanpumMmep pacTBOp HaTpus xnopuaa (KameHHon conun) CBETNOSIPCKOro MeCTOPOXAEHMS, Bbl-
nyckaembln No ctaHgapTy opraHuadaumm CTO 93522978-01—2008 [51].

CpegHuin yaenbHbI pacxod 3rekTpoaHeprun Ans npou3BoacTBa Bogopoaa, xropa u
rmgpokcuga Hatpusa gnadparMeHHblM MeTogoM B pacdeTe Ha 1 ToHHy 100 % rmgpokcuaa
HaTpusa mapkn P[0 coctaBnset 2200-2500 kBT-u/T.

CpeoHui ygoenbHbI pacxod TENOBOW SHeprnn Ans npousBOACTBa Bo4opoaa, Xropa
N rmgpokcuaa Hatpus anadparMeHHbiM MeTodoM B pacyeTe Ha 1 ToHHy 100 % rugpokeuaa
HaTpua mapkun Pl B Poccunckon degepaumm Haxoautesa B npegenax 13,1-187 M'Ox/T.

HenocpeacteseHHO B npov3BOACTBE BOAOpOa, XJfiopa W ruapokcuaa HaTpus aua-
hbparMeHHbIM METOAOM 3MEKTPOSiM3a NCNONb3YeTCA HaCbILWEHHbIW pacTBop (paccon) Xrnopu-
Aa HaTpus, coaepXxawmin xnopua Hatpusa B npegenax 300-315 r/am® 1 npumecu Xnopuaos
Kanbuus, MarHug, xxenesa un cynbara HaTpus (CynbgaT-aHUOHbI).

[.1.2 MNMpon3BoaCcTBO BOAOPOAA, XJIOpa U rmapokenaa Hatpust MembpaHHbIM METOL0M
3NEeKTponNn3a ABNAETCA BbICOKOIHEPrOEMKUM NPOU3BOACTBOM C NOTpebrieHnem aHepruu, co-
CTaBnALWNM NPUGM3nTENBLHO 65 % — 70 % OT 00LWMX pacxogoB Ha NPOM3BOACTBO.

[na npousBoacTBa BOAOpOAa, Xnopa v rmgpokcmaa HaTpma MembpaHHbIM MeToa0M
3MeKTponmn3a Ucrnonb3yTCs:

- TBEpAas KameHHas (noBapeHHasd) conb (ranuT) pasnnyHbiX MECTOPOXOEHWI, Hanpu-
Mep npuBoO3Has kameHHas conb Conb-Mneukoro mectopoxaeHus, kameHHas conb HoBomoc-
KOBCKOro MectopoxaeHus unv Kamckaa noBapeHHas corb;

- pacTBOp Xropuga HaTpus, UM Tak HasblBaeMbll CbIPOW paccor, nosriy4aembli MeTo-
[IOM NOA3EMHOrO BbillienadymMBaH1sA KaMeHHOWM conu u coaepxatumin 280-315 r/ame Nacl.

CpeoHuin yaoenbHbIA pacxo 3NeKTpo3Heprun aAns npou3BoAcTBa BOAOpOAA, Xropa U
rmgpokcuga Hatpus membpaHHbiM MeToaoM B pacyeTe Ha 1 17 100 % rmgpokcuaa Hatpus
mMapku PM coctaBnseT 2200-2500 kBT-u/T.
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CpenHui yaoenbHbI pacxod TENSIOBOW SHEPrnn Ansi NpOM3BOACTBa BOL4OpPOAa, Xropa
N rmapokcmaa Hatpus MemOpaHHbIM MeToooM B pacyeTe Ha 1 ToHHy 100 % ruagpokcmaa
HaTpusa mapkn PM B Poccuiickon ®epnepauumn Haxoautea B npegenax (2,2—2,7) I'Ix/T.

HenocpeacteseHHO B Npou3BOACTBE BOAOpOAa, XJSlopa W rmgpokcuaa HaTpusi MeM-
OpaHHbIM METOAOM 3MEKTPONM3a UCMONb3yeTCA HaCbIWEHHbIN pacTBop (paccon) xnopuaa
HaTpus, codepXalumin xnopug Hatpus B npegenax 300-315 r/am® n npumecu xnopvaos
Kanbuus, MarHug, xxenesa un cynbara HaTpus (CynbdaT-aHMOHbI).

[.1.3 NponsBoacTBo BoAopoda, xfiopa M rmapokcuaa HaTpus pPTYTHbIM METOLOM
3NEeKTPOnmn3a sIBMsieTCA BbICOKO3IHEPrOEMKNM NPON3BOLACTBOM C NOTpebneHnem aHeprum, co-
cTasnaowmnm npumepHo 70 % — 75 % oT obLymx pacxogoB Ha NPOU3BOACTBO.

[ns npoussoacTeBa Bogopoda, XJyiopa U ruapokcmaa HaTpus pTyTHbIM METOAOM 3fek-
Tponun3a Ucnonb3yTCs:

- TBepAas kKameHHas (noBapeHHasd) cofb (ranuT) pasnnyHbiX MECTOPOXOEHUI, Hanpu-
Mep NpuBO3Has kameHHas conb Conb-Nneukoro MecTopoXaeHUss UM KaMeHHasa conb Ap-
Bulikagakckoro MecTopoXaeHus;,

- pacTBOp Xropuaa HaTpus, Unn Tak HasblBaeMbl CbIpOW paccor, nonyyvyaembli MeTo-
[OM MOA3EMHOr0 BbIlLenavyMBaHNsa KamMeHHOW comnu un cogepxawmn 280-315 r/am® NacCl,
HanpumMmep pacTBOp HaTpus xropuaa (kameHHown conu) CBeTNOSIPCKOro MecTopoXaeHu s, Bbl-
nyckaembln No ctaHgapTy opraHudaumm CTO 93522978-01—2008 [51].

CpeoHui yoenbHbIA pacxoq 3feKTpo3Heprun aAns npou3BoAcTBa BOAOPOAA, Xropa U
rmgpokcnga Hatpusa pTyTHbIM MeToAoM B pacdeTe Ha 1 ToHHy 100 % rugpokcuaa HaTpus
mapkun PP coctaBnsieT 2800-3293 kBT-u/T.

CpenHui yaoenbHbI pacxod TENSIOBOW 3HEPrnn Ansi NpOM3BOACTBA BO4OpOAa, Xropa
W rmgpokcuaga HaTpua pTyTHeIM MeTogom B pacdeTte Ha 1 ToHHy 100 % rmgpokcuaa HaTpua
mapkun PP B Poccunckon degepauum Haxogutcsa B npegenax 1,465-5,782 M'x/T.

HenocpeacteseHHO B NPOM3BOACTBE BOAOPOAA, Xfopa U rmapokcmaa Hatpus pTYTHbIM
MeTOJOM 3MEeKTPOoriM3a UCMNONb3yeTCH HaCbIWEHHbI pacTBOp (paccon) xrnopuga HaTpus, co-
Aepxalimin xnopua Hatpusa B npegenax 300—315 r/am3 1 npumecH xnopuaos Kanbuums, Mar-
HUS, )xenesa n cynbdaTa HaTpus (CynbdaT-aHNOHBI).

[.1.4 MNMpon3BoaCcTBO BOAOPOAA, Xflopa M rmgpokcuaa Kanna MemopaHHbIM MeToa0M
3NEeKTPOnn3a sIBMsIeTCA BbICOKO3IHEPrOEMKNUM NPON3BOACTBOM C NOTpebneHnem aHeprum, co-
crtasnsowmm 60 % — 70 % oT obLnx pacxoaoB Ha NPON3BOACTBO.

[ns npousBoacTBa BOAOPOAA, XNopa WM rMapokcuaa kKanuvss MembpaHHbIM MeToaoM
anekTponmsa ncnonb3yeTcs Kanuun XJTOPUCTbIN TEXHUYECKUIN Mapku A no
TY 2152-013-00203944—2011 [52] npoussoacTtBa [MAO «Ypankanuin» unu kKanvi Xrnopwu-
CTbI TexHu4eckum npoussoacTea OAO «benapycbkanun.

CpeoHui yoenbHbIA pacxo 3NeKTpo3Heprun aAns npou3BoAcTBa BOAOpOAA, Xropa U
rmgpokcuga kanvst membpaHHbIM MeTogoM B pacdeTe Ha 1 ToHHy 100 % rmgpokcuga Hatpus
mMapku PM coctaBnsaeT 1550-1650 kBT-u/T.

CpenHui yaoenbHbI pacxod TENSIOBOW 3HEPrnn Ansi NpOM3BOACTBA BO4OpPOAa, Xropa
N rmgpokcmaa kKanus membpaHHbiIM MeTo4oM B pacyeTe Ha 1 ToHHy 100 % ruagpata oKucu
kanua B PO HaxoguTtca B npegenax 2,13-2,56 M'x/T.

[.1.5 Npon3BOACTBO CUHTETUYECKOM CONAHOMN KUCMOTbI XapakTepuayeTca KpanHe HU3-
KMM YpOBHEM NOTpebneHnsa aHepropecypcos, YTO 06YCNOBNEHO XMMN3MOM CUHTE3a Xnopuaa
BOoJoOpoAa M cneundukon TEeXHOMNOrMM MNONyYeHUs CONAHOW KucnoTbl. [ons pacxogoB Ha
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TENMoBYIO SHEPIUIO N SNEKTPOIHEPINIO HaxoamTca B npegenax 7 % — 10 % ot obwmx pac-
X0J0B Ha NPOM3BOACTBO.

CpeoHui yaernbHbIM pacxoq TensioBorM SHEpPrnn B NpPou3BOLCTBE CUHTETUYECKOW CO-
NSAHOM KucnoTbl B nepecyete Ha 1 ToHHY 100%-Horo HCI Haxogutca B npepgenax 150—
550 MOx/T.

[1.1.6 BHegpeHne aHeprocbeperarowmx TEXHOSMOrMM, CHwKeHue obulero pacxopa
3Heprumn (ANeKTpoaHepruun, Tenna (napa), xonoga, obopoTHOM BOAbI) HA €ANHULY NPOU3BO-
ANMOW MpPOoAyKUUKM, pauuoHanbHas opraHuv3aumsa pacxoga Cbipbs ABNAKTCH akTyarbHbIMU
3agavamu gaHHoW oTpacnu npomMbliwneHHocTn (cm. 9.3, 9.5 n npunoxenue IN).

.2 OcHOBHbIe TexXHosorn4yeckue npowuecchl, CBA3aHHbIe C
MCMoNb30BaHMEM 3Hepruu

OCHOBHbIMM TEXHOSIOrMYECKNMU MpoLieccamMu, CBA3aHHbIMU C UCMONb30BaHNEM 3r1EK-
TPO3HEpPruM B NpoM3BOACTBaX BO4OPOAA, Xfopa M rmapokcuaa HaTpust pasfvyHbIMU MeTOo-
AaMKn 3MeKTponv3a u B NPOU3BOACTBE BOAOPOAA, Xfopa M rmapokcraa Kanus meMmopaHHbIM
MeTOJOM 3reKTponn3a, ABNATCA npoueccol (CTagun) anekTponusa — aNeKTpoOXuMmn4eckmne
NpoLEecChl, MPOUCXOAdALLNE B ANIeKTponmn3epax pasnnUyHoro Tmna n KoOHCTpykuuun. OnucaHme u
OCHOBHblE XapaKTePUCTUKU ITUX TEXHOSIOrMYEeCKMX npoueccoB npueedeHsl B 9.2.1, 9.2.2 n
9.2.4.

OCHOBHbIMM TEXHOSOrMYECKNMM MpoLieCCamMu, CBA3AHHbIMU C UCMNONb30BaHWEM Ter-
1no0BOW 3Heprum (napa) B NpomM3BOACTBaX BOLOPOAA, XJSIopa M MMApoKCnaa HaTpus pasfinyHbl-
MU MeToZaMu dNeKTponm3a 1 B Npon3BoACTBE BOAOPOAA, Xfopa U rmapokcuaa Kanvs Mem-
OpaHHbIM METOAOM 3MEKTPONM3a, ABNAOTCA:

- NpouecChl BbiMapuBaHUA 3MEKTPOLLENOKOB (KaTonuta) B AnadparMeEHHOM U MeM-
GpaHHOM MeToAax Xnop-LenoYHOro NponM3BoACTBa;

- Npouecc BbinapmBaHusa obpaTHOro paccona (aHonuta) ¢ Lenbio ero KOHUeHTpMpoBa-
HUSA BO BCEX METOAaX AfeKkTponnsa.

OnuncaHne 1 OCHOBHbIE XapaKTEPUCTUKN ATUX TEXHONOMMYECKUX NPOLEeCCoB npuseae-
Hbl B 9.2.1-9.2.4.

OCHOBHbIM TEXHOMOMMYECKMM MPOLLEeCCOM, CBA3aHHbIM C UCMNOSb30BaHMEM TEMNIOBON
3Heprum (0O60OpPOTHOM BOAbI, XMagoareHTa) B NPOM3BOACTBE CUHTETUYECKOW COMSAHOW KUCHO-
Thbl, ABAsieTCA npouecc abcopbumm xnopuga Bogopoaa sogon. [na peanusauumn aToro npo-
uecca B M30TEPMUYECKUX YCNOBUAX B Ka4yeCTBe OxSlaxgalowlero areHrta, Kak npasuno, uc-
nonb3dyeTca Hambonee OOCTYMHbIN U 3KOHOMWUYHBIA XnagareHT — obopoTHas Boga. Onuca-
HWE 1 OCHOBHbIE XapaKTePUCTUKN JAHHOIO TEXHOSOrMYEeCcKoro npouecca npuseneHsl B 9.2.5.

0.3 YpoBHU NOTpebneHus aHeprum u cbipbeBbIX MaTepuanos

[.3.1 YoenbHbin pacxof CblpbeBbIX MaTepuanoB Ha NPou3BOACTBO 1 T rMapokcuaa
HaTpus mapkn P onadparmeHHbIM MeTOAOM 3nekTponunia B nepecyete Ha 100 % NaOH
npuseeH B 9.3.1. (tabnuua 9.24) n B npunoxenuu E, n. 1.

YaenbHbIn pacxon 3MeKTPO3HEPrMM Ha NpPou3BoACTBO 1 T rmapokcnaa HaTpus Mapku
PO anadparmeHHbIM MeTOOOM anekTponuia B nepecyete Ha 100 % NaOH npusegeH B 9.3.1
(tabnuua 9.24) 1 B npunoxenun E, n. 1.
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YaenbHbI pacxod TENMOBOW 3HEPINMK Ha NPoM3BOACTBO 1 T rmapokcuaa HaTpua map-
kn PO ounadpparmeHHbiIM MeTogoM anekTtponuida B nepecdeTte Ha 100 % NaOH npuBegeH
B 9.3.1 (Tabnuua 9.24) n npunoxenun E, n. 1.

[.3.2 YaenbHbIl pacxoq CblpbeBbIX MaTtepuarnoB Ha npoum3BoAcTBO 1 T ruapokcuaa
HaTpusa mapkn PM memGpaHHbIM MeTo4oM anekTponusa B nepecyete Ha 100 % NaOH npwu-
BegeH B 9.3.2 (tabnuua 9.30) n B npunoxenun E, n. 2.

YpenbHbIn pacxon 3MeKTpo3HepruM Ha npons3soacTso 1 T ruapokcnaa HaTpusa Mapku
PM membpaHHbIM MeTogOoM anekTponu3a B nepecyete Ha 100 % NaOH npuBeaeH B 9.3.2
(Tabnuua 9.30) n B npunoxexHun E, n. 2.

YpenbHbIn pacxoq TENMOBOW 3HEPrMN Ha NPOU3BOACTBO 1 T rugpokcuaa HaTpusa map-
kn PM membpaHHbIM MeToAOM anekTponusa B nepecyeTe Ha 100 % NaOH npueegeH B 9.3.2
(tabnuua 9.30) 1 B npunoxenun E, n. 2.

[.3.3 YaenbHbl pacxoq CblpbeBbIX MaTtepuarnoB Ha npom3BoAcTBO 1 T rugpokcuaa
HaTpna mapkm PP pTyTHbIM MeTogoM anekTponusa B nepecyete Ha 100 % NaOH npuBeneH
B 9.3.3 (Tabnumua 9.36) n B npunoxexHun E, n. 3.

YpenbHbIn pacxon 3MeKTpo3HepruM Ha npon3soacTso 1 T ruapokcuaa HaTpusa Mapku
PP pTyTHbIM MeToaOM anekTponuia B nepecyete Ha 100 % NaOH npuegeH B 9.3.3 (Tab-
nnua 9.36) u B npunoxeHuu E, n. 3.

YpenbHbIn pacxoq TENMOBOW 3HEPrMN Ha NPOU3BOACTBO 1 T rugpokcuaa HaTpusa map-
kn PP pTyTHbIM MeTogoM anekTponu3a B nepecyete Ha 100 % NaOH npusegeH B 9.3.3
(tabnuua 9.36) 1 B npunoxenun E, n. 3.

[.3.4 YpenbHbIn pacxoq CblpbeBbIX MaTepuanoB Ha NPOM3BOACTBO 1 T rmgpaTa oKucu
Kanua membpaHHbIM METOAOM 3nekTponuaa B nepecyete Ha 100 % KOH npuBeneH B 9.3.4
(tabnuua 9.47) n B npunoxexHun E, n. 5.

YpenbHbIn pacxon aneKkTpoaHeprum Ha npousBOACTBO 1 T rmagparta OKUCKU Kanusa Mem-
OpaHHbIM MeToLOM anekTponusa B nepecvete Ha 100 % KOH npuBegeH B 9.3.4 (Tabnu-
ua 9.47) v B npunoxenuun E, n. 5.

YpenbHbl pacxoq TENnoBOW 3HEPrMm Ha Npou3BOACTBO 1 T ruapaTta OKUCUM Kanus
mMeMbpaHHbIM MEeTOAOM anekTponusa B nepecdete Ha 100 % KOH npueeaeH B 9.3.4 (Tab-
nnua 9.47) n B npunoxeHuu E, n. 5.

[.3.5 YaenbHbIn pacxo CbipbeBbIX MaTepuanosB Ha NPoOu3BOACTBO 1 T CUHTETUYECKOU
consiHon kucnotbl B nepecyete Ha 100 % HCI npmeeaeH B 9.3.5 (Tabnuua 9.52) n B npuno-
XeHun E, n. 6.

YOenbHbIn pacxod 3MNeKTPO3HEPrMM Ha Mpom3BoACTBO 1 T CUHTETUYECKOM COSISTHOW
Kncnotbl B nepecyete Ha 100 % HCI npuBeaeH B pasgene 9.3.5 (tabnuua 9.52) u B npuno-
xeHun E, n. 6.

YpenbHbIn pacxo TENNOBOW SHEPrMM Ha NMPOU3BOACTBO 1 T CUHTETUYECKON CONSAHOWN
Kncnotbl B nepecvete Ha 100 % HCI npuBegeH B 9.3.5 (tTabnuua 9.52) n npunoxenun E,
n. 6.
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0.4 Havny4wune focTynHble TEXHONOrMM, HanpaBlieHHble Ha
NoBbilWeHne 3Heproad)peKTUBHOCTU, ONTUMU3ALIMIO U COKpaLLeHue
pecypconoTpebneHus

Tabnuuya [.1 — Haunydwue OOCTYNHbIE TEXHOSOMMU, HanpasfieHHbIE Ha MOBbILEHME
3HeproapPeKTMBHOCTU, ONTUMMU3ALMIO N COKPaLLEHME pecypconoTpebnenns
Homep HanmeHoBaHne HOT Pasgen / nyHKT
HOT CcrnpaBoOYHMKA
HOT HOT ons MMHMMM3auuKn pacxoga aneKkTpo3HePrum ny- 12.1
13 TEeM NMPUMEHEHUS CreayLWNX TEXHNYECKNX peLleHni

No OTAENBbHOCTU UMW B COMETAHUU: NPUMEHEHNE aB-
TOMaTU3MPOBAHHbIX CUCTEM ynpaBneHnsa notpebne-
HMEM 3NEKTPO3HEPrun; ncnonb3oBaHne obopyaosa-
HUS C BbICOKOMW 3HEpProapekTnBHOCTLIO (Gonee Bbl-
COKUM KO3(p(PULMEHTOM NOMEZHOIO AENCTBUS)

HOT HOT ans MmuHMMM3auum pacxoga TEenmoBOW 3HEPTUN U 12.1
14 XlafoareHToB NyTeM NPUMEHEHNS CrneayoLwmx Tex-
HUYECKUX PELLEHM MO OTAENBbHOCTU UK B CcoYeTa-
HUW: UCNONb30BaHNE CUCTEM peKyrnepauum Tenna B
XJIOpLLENOYHOM NPOM3BOACTBE U B NPOU3BOLCTBE CO-
NAHOW KUCNOTbI

HOT 4 NMpousBoacTeo pTopa 12.1
OcyuwiectBneHune TpuTopnagHOro npowecca ¢ 1c-
Nnofib30oBaHNEM 3neKTponuTa, cogepxawiero ~1 r-
mosnb KF Ha ~2 r-monb HF. No3BonseT Bectu npouecc
npu Temnepartype ~ 100 0C. ObneryaeT nogaepxa-
HMe HeobxoaMMOro TeMmnepaTypHOro pexuma, T.K. OT-
nagaeTt HeobxoaAMMOCTb BHELLHEro nogorpesa. A Tak-
Xe co3gaeTcsa BO3MOXHOCTb NogaepXaHus cogepxa-
HUs HF B anekTponute B 6onee WMPOKOM AMana3oHe
HOT 5 ObecneyeHne ctabunbHOCTM NPOM3BOACTBEHHOIO 12.1
npouecca. YCcoBepLUEHCTBOBAHNE CUCTEMbI aBTOMa-
TUYECKOro KOHTPONS

0.5 dkoHOMMYecKuMe acnekTbl peanusauun HAOT, HanpaBneHHbIe Ha
noBbiWeHue 3HeproappeKTMBHOCTU, ONTUMU3ALUIO U COKpaLLEeHUe
pecypconoTpebneHus

[1na npom3BoaCcTBa CUHTETUYECKOW CONSHOM KACMOTbI NpeacTaBnsieT cobon nHTepec u
3KOHOMMYECKN nepcrnekTnBHo BHeapeHne HOT, cBasaHHOW ¢ 3pPEKTUBHON peKkynepaumnen n
NCrNonNb30BaHMEM TEMSOBOW 3HEPTUM, BbIOENSIOLLENCA Ha CTagumn CMHTE3a Xnopuaa Bogopo-

aa.
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MpunoxeHune E
(cnpaBoYHOe)

MokasaTenu noTpebnsieMbIX 3HEPropecypcoB U CbIpbsl, TEXHONOrM4Yeckne nokasarenm
XNopLenoYyHoro Npou3sBoAcTBa U NPOU3BOACTBA CONSIHOM KUCTOTbI

E.1 Hopmbl pacxoaa cbipbsi U 9HEPropecypcoB U TEXHONOrMYeckue nokasaresnim NponsBoAcTBa

BoAopoAa, xyiopa U rugpokcuaa Hatpusa amadparMeHHbIM MeToAoM anekTponu3a (Ha 1 ToHHy 100%-Horo

NaOH)

Tabnuuya E.1 —Hopmbl pacxoga cbipbsi U 3HEPropecypcos

HavmeHoBaHue noTpebnsieMbix 3HEPropecypcoB, TEXHONOMMYECKMX Nnokasartenei, obopyaoBaHus, ean-

TexHonornyeckne nokasatenun no

Ne n/n HWULbI UBMEPEHUs], Ananas3oH 3Ha4YeHUN cnpaso4Huky EC [8, 9]
1 | YOenbHbI pacxoq anekTpo- QAnekTponuaepsl ¢ AnagparMon, OCHOBHOE 2200-2500 2305-2750
9Heprun, KBT-u/T N BCNomoraTesibHoe TeXHONorm4yeckoe
obopyaoBaHue
2 | YpgenbHbI pacxoq TensoBOn TpexcTtyneHyaTas BblNapHasi yCTaHOBKa, 13,1-25,6 7,03-13,8
aHeprum (B nape), MNIx/T ncnaputenu ¢ nagaroLen nNIeHKon; Tenno-
0OMeHHMKIN; OCHOBHOE 06opyaoBaHue
3 | YaenbHbIM pacxod KaMeHHOW AnekTponunaepsbl ¢ acbectoBon agnadpar- 1485-1720 1461-2075
CONU UNn CbIPOro paccona Ha | MOW, OCHOBHOE M BCMOMOraTernibHOe TEXHO-
100 % NacCl, kr/t nornyeckoe obopyaoBaHue
4 | YpenbHbI pacxod BoAbl Ha OcHoBHOe TexHonormyeckoe obopyaosa- 0,8-4,7 0,78-7,3
npounssoacTeo, M3/T HWe; cTagus NoLroTOBKW paccona
5 |Yp@enbHbi pacxon acbecta B AnekTponuaepbl ¢ acbectoBon unm acbo- 0,1-0,24 0,1-0,3

npounssoactee NaOH, kr/T

nonnmepHoun guadparmon
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JXAS

OkoHyaHue mabnuuysi E.1

HanmeHoBaHne I'IOTpe6J'IF|eMbIX 3HEepropecypcoB, TEXHOJIOMNMYECKMNX nokasaTtenen, O60py,D,OBaHVIF|, ean-

TexHonornyeckue nokasartesnun no

Ne n/n .
HULbI U3MEPEHMS, AMana3oH 3Ha4YeHnin cnpaBoyHuky EC [8, 9]

6 MaccoBas koHueHTpaums xropa | [pon3BoacTBO XI10pa; KONMOHHbI OCYLLKK 0,1-20 0,02-20
Cl2 B BbIOpocax, Mr/m3, XJlopa; CaHUTapHbIE KONOHHbI; TypBOoKOM- 1-40 0,01-13,3
N yaenbHbIn BbIBpOC xnopa Npeccopbl; TaHKU XPaHEHUS XNOKOro xrnopa
Cl2 B atmocdoepy, r/T B npouns-
BOACTBE XJlopa

7 | MaccoBas koHUueHTpauma rma- | CTaunmoHapHble MCTOYHUKN BbIGPOCOB; 0,003-5300 -
pokcuaa HaTpua B Bblbpocax, HacOCbI A1151 NepeKkaykn egKkoro HaTpa; 5-50 HeT gaHHbIX
Mr/M3, 1 yaenbHbI BbIGpOC TpexcTyneH4yaTas BblnapHasi yCTaHOBKa,
rmgpokcuaa HaTpus B aTMo- ncnaputenu ¢ nagarowiemn nNNeHKon; Npoms-
chepy, r/T B NpoM3BOACTBE €4- |BOACTBO TBEPAOro e4Koro HaTpa
KOro Hatpa

8 |MaccoBas koHUeHTpauus cep- | KOnOHHbI OCYLUKK Xropa; CaHUTapHbIe KO- 0,5-1000 HeT gaHHbIX
HOW KMCNOTbI B Bbibpocax, NOHHbI; CTauMOHapPHbIE UCTOYHUKM BbIOPO- 2-6
Mr/M3, 1 yaenbHbI BbIGpOC COB; yCTaHOBKa pereHepauum (KOHUEHTPU-
CEPHON KMCNOTbI B aTMOCepy, |pOBaHUS) CEPHOM KACIOTbI
r/T B NpON3BOACTBE XJiopa

9 YaenbHasa amuccmnsa Bogopoaa B | OnekTponuaepbl; CTagus oxnaxaeHus, 0,3-14 <0,3-12,4
aTtmocdepy B NpoM3BOACTBE OCYLLUKM N KOMNPUMMPOBaHUA BogopoLa
Bogopoaa, Kr/t

10 |YgenbHbI pacxon cepHom Knc- | KONOHHbI OCYLLIKM XNopa; yCTaHOBKa pere- 11,0-28,9 0,1-3,0
noTbl B NPON3BOACTBE XI10pa, Hepauuu (KOHLEHTPUPOBAHNSA) CEPHOWN KUC-
Kr/T noTbl; COOPHMKM CEPHOM KUCMOThI

11 |CobipbeBon nHAeKC TexHonormn, | OumcTka paccona, ocyllka Bogopoaa u 1,537-1,891 HeT paHHbIX

T/T NnpoaykTa

Xropa; aneKkTponm3epsi

LTOC—VE J1M
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Tabnuuya E.2 — Hopwmbl pacxofa Cbipbsi U 3HEPropecypcos

E.2 HopMmbl pacxoaa cbipbf U 3HepropecypcoB U TeEXHOJIOrMYecKne nokasarenu npoMsBoacTBa
BoAopoAa, Xxfiopa U rmapokcuaa HaTtpma MeMbpaHHbIM MeToAoM 3nekTponusa (Ha 1 ToHHy 100%-Horo NaOH)

HavmeHoBaHue noTpebnsieMbix 3HEPropecypcoB, TEXHONOMMYECKMX Nnokasartenei, obopyaoBaHus, ean-

TexHonornyeckue nokasarenu

Ne n/n .
HULbI U3MEepEeHNa 1 uanasoH 3Ha4YeHun no cnpaso4Huky EC [8, 9]
1 |YnoenbHbI pacxon 3feKkTpo- AnekTponunaepbl BUNONApHLIE C MOHOOO- 2200-2500 2040-2660
3HEeprum NOCTOAHHOrO TOKa, MeHHON MeMbpaHon, OCHOBHOE M BCMOMO-
KBT-u/T ratenbHoe TexHonormyeckoe obopyaosa-
Hue
2 | YpenbHbIN pacxond TennoBown [Byx- unun TpexcryneH4yaTtas BbinapHas 2,2-2,7 1,29-4,43
aHeprum (B nape), MNAx/T yCTaHOBKa; ucCnaputenu ¢ nagatowiemn
NNeHKon; TennoobMeHHMKN
3 MaccoBas KoHLUeHTpaumsa xrnopa | KonoHHbI oxnaXxgeHnsa u OCyLLKK Xropa; 0,1-200 0,02-20
Cl2 B BbIGpocax, Mr/m3, CaHUTapHbIe KOJTOHHLI, abcopbepbl; HAacochl 0,01-10 0,01-13,3
NN yaenbeHbIN BbIBPOC Xriopa B |1 XNOpHble TypbOoKOMNpeCccopbl; TaHKK Xpa-
aTtmocdepy, r/T B NpOn3BOACTBE | HEHUSA XUAKOro xriopa
xnopa
4 MaccoBas KoHueHTpaumsa rma- | EMKoOCTU XxpaHeHnsa pactBopa Lenoyu; 0,001-500 —
pokcuaa HaTpus B Bblbpocax, OBYX- NN TpexcTyneH4yaTas BbinapHas 5-70 HeT gaHHbIX
Mr/mM3, 1 yoenbHblli BbIGPOC yCTaHOBKa; UCnaputenu ¢ nagatowiemn
rmgpokcmaa HaTpusi B aTMO- NAEeHKON; HacoChl; NPOM3BOACTBO TBEPOOIO
chepy, r/T B NpoM3BOACTBE ef- |eaKoro HaTpa
KOro HaTpa
5 |MaccoBas koHUeHTpauus cep- | KONOHHbI OCYLLKM XJ10pa; eMKOCTU XpaHe- 0,001-150 -
HOW KMCNOTbI B BblIOpOCaXx, HUS CEPHOW KMCNOTbI; yCTaHOBKA pereHe- 1-6 HeT gaHHbIX

Mr/mM3, 1 yoenbHblli BbIGPOC
CepHOM KNCNOTbl B aTMocdepy,
r/T B NpON3BOACTBE XJlopa

pauum CEPHON KUCIOTbI

LTOC—VE J1U
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OkoHyaHue mabnuuysi E.2

HavmeHoBaHue noTpebnsieMbix 3HEPropecypcoB, TEXHONOMMYECKMX Nnokasartenei, obopyagoBaHus, ean-

TexHonornyeckue nokasarenu

T/T NnpoaykTa

Xnopa; anekTponmaepbl bunonspHbie ¢
MemObpaHoun

Ne n/m HWULbI UBMEPEHUS U nanasoH 3Ha4YeHUN no cnpaso4Huky EC [8, 9]

6 | YaenbHbi pacxod conu noBa- | AnekTponusepbl bunonsipHbie ¢ membpa- 1485-1585 1461-2074,5
PEHHOW MNN CbIPOro paccora Ha |HOW, OCHOBHOE TexHonormyeckoe obopyno-
100 % NacCl, kr/T BaHue

7 |YOenbHbIM pacxod BoAbl Ha OcHoBHOe TexHonormyeckoe obopyaosa- 0,8-1,5 0,68-2,4
npoun3BoAcTBO, M3/T HWe, SNeKTPoM3ephbl; BbiNnapHas yCTaHOBKa

8 | YOenbHbIn pacxod cepHou Kuc- | KonoHHbI OCYLLKM Xropa; yCTaHOBKa pere- 0-29 0,1-3,0
NnoTbl B NPOU3BOACTBE XJ10pa, Hepaumn (KOHLEHTPUPOBAHNSA) CEPHON KMUC-
Kr/T NOTbl; COOPHUKN CEPHOM KMCNOThI

9 | YgenbHas amuccusi BOAOPO4a B | QNEKTPOSIM3EpPbI; CTagust OXNaXKaeHus, 0,2-14 <0,3-12,4
aTmocdepy B NponssoacTee OCYLUKMN 1 KOMMPUMUPOBaHUSA Bogopoaa
Bogopoaa, Kr/t

10 |CoblpbeBon nHAEKC TexHonormn, |O4mncTka paccona, ocyllka Bogopoaa u 1,516-1,973 HeT gaHHbIX

E.3 Hopmbl pacxoaa cbipbsi U 3HEpPropecypcoB U TeXHONIOrM4eckme nokasartesniv Nnpon3BoAcTBa
BoAopoAa, XJsiopa U ruapokcmaa HaTpusi pTyTHbIM MeToAO0M 3nekTponusa (Ha 1 ToHHy 100%-Horo NaOH)

Tabnuya E.3 — Hopmbl pacxoga cbipbs M 3HEPropecypcoB

HavmeHoBaHue noTpebnsieMbix 3HEPropecypcoB, TEXHONOMMYECKMX nokasartenei, obopyaoBaHus, ean-

TexHonornyeckne nokasartenu

Ne n/m HULbI UBMEPEHUs], AnanasoH 3Ha4YeHUN no cnpaso4Huky EC [8, 9]
1 | YpenbHbIM pacxon anekTpo- OnNeKTponn3epbl C PTYTHbIM KAaTOAOM 10,08-11,86 -
3HEeprum NOCTOAHHOMO TOKa Ha P-20M; 30 M2; P-101M; P-101 M (2800-3293) (2660-3900)
anektponua, I'Mx/T (kBT-4/T)
2 | Tennosas aHeprus (nap), [[x/T |BbinapHble annapaTbl NO BbiNapuBaHUIO 0,837-5,782 —
(Mkan/T) (KOHUEHTpUpPOBaHUIO) conm (0,20-1,38)
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lNpodomkeHue mabnuus! E.3

HanmeHoBaHne I'IOTpe6J'IF|eMbIX 3HEepropecypcoB, TEXHOJIOMNMYECKMNX nokasaTtenen, O60py,D,OBaHVIF|, ean-

TexHonornyeckue nokasartenu

Ne n/n HULbI U3MEPEHMS, AMana3oH 3Ha4YeHni no cnpaso4Huky EC [8, 9]

3 | YpenbHbIn pacxoa (aMuccums) OneKTponn3epbl C PTYTHbIM KAaTOAOM 5-37 0,11-87
PTYTV MeTannM4yeckomn, r/t P-20M; 30 M2; P-101 M; P-101 M

4 YpenbHbIn pacxod conv noea- O6opynoBaHne cTagumn OYUCTKM CbIPOro 1461-1881 1461-2074,5
PEHHOM MK CbIPOro paccona Ha | paccona; OnekTponn3epbl C PTYTHbIM Ka-
100 % NaCl, «kr/T Toaom P-20M; 30 M2; P-101M; P-101 M

5 |MaccoBas KoHUeHTpauus cep- | CTaumoHapHble UCTOYHMKM BbIBPOCOB Npo- 0,1-150 —
HOW KUCMOTbI B BbIbpocax, Mr/m3, | ©3BOACTBA; KOMOHHbI OCYLLKM XIopa; ycTa- 1,4-51
N yaernbHbI BbIBpOC cepHON HOBKa pereHepaumm (KOHLEHTPUPOBaHMS)
Kncnotbl B atmocdepy, r/T B CepHOW KNCNOTbI
npou3BOACTBE Xnopa

6 MaccoBas koHueHTpauus xnopa | CTaunoHapHble MCTOYHUKM BbIBPOCOB Npo- 0,1-25,0 0,2-1,0
Cl2 B BbIGpOCax, Mr/m3, N3BOACTBA; KOJNTOHHbI OXMNaXKOEHUS U CYLLKN 1-50 (abcopbUNOHHBIE KOMOHHbI)
N yaenbHbIn BbIGPOC xiopa B Xrnopa; Hacocbl U XNopHble Typbokomnpec- 0,01-13,3
aTMmocdepy, r/T B NpOU3BOACTBE |COpPbIl; TAHKMU XpaHEeHUs xrnopa
xnopa

7 MaccoBasg koHueHTpaums pTytn | CTaumMoHapHbIe UCTOYHUKM BbIBPOCOB Npo- 0,006-8,1 —
Hg B BbiGpocax, Mr/m3, M3BOLCTBA; 3J1IeKTPONn3epbl C PTYTHLIM Ka- 0,31-1,04
N yaenbHbIn BbIBpOC pTyTU B TOOOM; pasnaratefniu amanbramMmbl HAaTPUS;
aTMmocdepy, r/T B NpOn3BOACTBE |yCTaHOBKA TEPMUYECKOW pereHepauumn pTy-
NaOH ™

8 |MaccoBas koHueHTpauus NaOH | EMKOCTM xpaHeHus pacTBopa Lenoyu; 0,001-500 —
B BblOpocax, mMr/m3, HacOCbl; yCTaHOBKa MOfyyYyeHns TBepaoro 1-2

N yaenbHbIn BbIBpoC rugpokcmaa
HaTpusa B aTMocdepy, /T B Npo-
nssogctee NaOH

efKoro HaTpa (rpaHynMpOBaHHOIO NN Ye-
LLYMPOBAHHOrO)
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OkoHyaHue mabnuuysi E.3

HanmeHoBaHne I'IOTpe6J'IF|eMbIX 3HEepropecypcoB, TEXHOJIOMNMYECKMNX nokasaTtenen, O60py,D,OBaHVIF|, ean-

TexHonornyeckue nokasartenu

Ne n/n HULbI U3MEPEHMS, AMana3oH 3Ha4YeHni no cnpaso4Huky EC [8, 9]

9 |YaoenbHbIM pacxod cepHon Kuc- | KOMOHHbI OCYLLKM Xropa; yCTaHOBKa pere- 3,5-23,8 0,1-3,0
NnoTbl B MPOU3BOACTBE XJ10pa, Hepaumn (KOHLEHTPUPOBAHNSA) CEPHOM KUC-
Kr/T NoTbl; COOPHUKM CEPHON KMCMNOTbI

10 |YpenbHas ammMccus BoAopoaa B | QNeKTponu3epbl; cTagust OXnaKaeHus, 0,1-20 <0,3-12,4
aTmocdepy, Kr/T OCYLLKU 1 KOMNPpUMUPOBaHUA Bogopoaa

11 |YgenbHbI pacxod BoAbl AeMU- | QNEKTponu3epbl C PTYTHbIM KaTogoM, pas- 0,8-2,61 0,5-2,1
Hepanu3oBaHHoOW (0becconeH- |naraTenu amanbrambl HAaTpPUN
HOW), M3/T

12 | CblpbeBOM NHOEKC TEXHOMOMMN, | DNEKTPOnM3epbl C PTYTHbIM KaTogoM, Oc- 1,522-2,067 HeT gaHHbIX

T/T npoaykTa (6e3 yyeTta Boab!
Ha pacTBOpPEHWE CONu 1 passno-
XXeHne amanbrambl)

HOBHOE TexHornormyeckoe o6opyaosaHune
npoun3BoaCcTBa

E.4 Hopmbl pacxoaa cbipbf U 3HEpPropecypcoB U TeEXHOJIOrMYecKne nokasatenu npoMsBoacTBa
TBepAaoro ruapokcuaa Hatpusa (Ha 1 ToHHy 100%-Horo NaOH)

Tabnuuya E.4 — Hopwmbl pacxofa Cbipbsi U 3HEPropecypcoBs

Ne n/n HanmeHoBaHmne notpebnsemMbiX 3HEPropecypcoB, TEXHOMOrMYECKUX NokasaTtenen, obopygosaHund, ean- | TexHonornyeckme nokasare-
HULbI N3MEPEHNA, AManasoH 3Ha4YeHun nun no cnpasoyvHnky EC

1 YaenbHbI pacxoq 9NekTpo- OcHoBHOe TexHonormyeckoe obopyaosa- 40,8 - 85,0 HeT JaHHbIX
aHeprumn, KBT-4 HWe, Hacochbl

2 YpenbHbIn pacxon Tennosoun BbinapHble annapatbl NO BbiNapnBaHuio 0,0084 - 0,300 HET JaHHbIX
3Heprum (napa), kan pacTBoOpa e4Koro HaTpa

3 YpaenbHbI pacxon pacteopa OcHoBHOe TexHonormyeckoe obopyaosa- 1001,0 - 1013,0 —
eakoro Hatpa Ha 100% NaOH, | Hue. BeinapHble annapartbl
Kr

4 YaenbHbi pacxog npupoaHoro | ObopygoBaHue Ans Harpeea opraHuye- 105,3-124,2 HeT AAaHHbIX
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OkoHyaHue mabnuuysi E.4

Ne n/n HanmeHoBaHue I'IOTpGGJ'IFleMbIX 3HepropecypcoB, TEXHOJOINMYEeCKNX n0KasaTenel7|, oGopyp,oaava, egn- TexHonornyeckme nokasarte-
HWLUbI N3SMEepeHUd, Anana3oH 3Ha4YeHUn I No cnpaBO4YHUKY EC
rasa, m3 CKOro n/unm HeopraHNM4yecKoro TeNSIOHOCK-
Tens

5 YaenbHbI pacxoq Bogopoaa BbinapHble annapaTtbl NO BbliNapnBaHUIO 352,8 -385,1 HeT AaHHbIX
TEXHMYECKOro m3 pacTBopa eaKoro HaTpa

6 YpenbHbIn pacxo kucrnopoga | BeinapHble annapatbl No BbinapnBaHMio 149,1 - 161,3 HeT OaHHbIX
TexHu4eckoro, 95%, m3 pacTBopa e4Koro HaTpa

7 MaccoBasi KOHLEeHTpauma EMKOCTM XpaHeHns1 pacTBopa LWenoyu; 1-6000 HeT AAaHHbIX
NaOH B BbIGpocax, mr/m? HaCOCbl; YyCTAaHOBKW MOSy4YeHuUsa TBepaoro
N yaenbHbIA BbIGPOC rMapokK- e[Koro Hatpa (rpaHyfMpoBaHHOIO UIu 20-70 HeT JaHHbIX
cvaa HaTpus B aTMocdepy, /T | YellympoOBaHHOrO); cTaausa hacoBKu TBEP-
B npoussoacTee NaOH [O0ro egKoro Hatpa

8 CblpbeBou nugekc texHonormm, | OCHoBHoe TexHonormyeckoe obopyaosa- 1,0015-1,014 HeT AaHHbIX
T/T npoaykTa (6e3 yyeTta Boabl) | HME

E.5 Hopmbl pacxoaa cbipbf 1 3HepropecypcoB U TeEXHOJIOrMYeckne nokasarenu npoMsBoacTBa
BoAopoAa, Xyfiopa U rmapoKkcuaa Kanma membpaHHbIM MeToAoM anekTponusa (Ha 1 ToHHy 100%-Horo KOH)

Tabnuya E.5 — Hopmbl pacxofa cbipbsi U 3HEPropecypcos

HanmeHoBaHue I'IOTpGGJ'IFleMbIX 3HepropecypcoB, TEXHOJOINM4YeCKMNX nokasaTenen, OGOpYD,OBaHVIFl, ean-

TexHonornyeckue nokasartenu

Ne n/n .
HULbI U3MEPEHUA 1 AMana3oH 3HayYeHUn no cnpaso4Huky EC [8, 9]

1 | YpenbHbI pacxopg anekTpo- | Onektponusepbl GunonspHele ¢ MembpaHon, 1550-1650 1453-1896
39HEpPrMn Ha ANEKTPONms, OCHOBHOE N BCNoMoraTefibHOe TEXHONorn4ye-
KBT-u/T ckoe obopyaoBaHue

2 | YpenbHbin pacxog TennoBon |[1ByxcTyneH4aTas BbliMapHas yCTaHOBKA; UC- 2,13-2,56 0,94-3,13
3Hepruu (B Nape) Ha BbiNapKy |napuTenu c nagatroLen nneHKon; Tennoot- 0,32-1,07 T napa Ha BblNapKky
katonuTa, [[[x/T MEHHUKMN KaTonuta
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OkoHyaHue mabnuuybi E.5

HavnmeHoBaHMe noTpebnsaembix 3HEPropecypcoB, TEXHOMOMMYECKUX NokasaTenen, obopynoBaHus, eau-

TexHonornyeckne nokasartenu

Ne n/m HWULbI UBMEPEHUS U AanasoH 3Ha4YeHUN no cnpaso4Huky EC [8, 9]

3 MaccoBas KOHUeHTpauus CraumoHapHbIe NCTOYHWUKM BbIBPOCOB NpOm3- 0,1-200 -
xropa Clz2 B BbiGpocax, Mr/M3, |BoACTBa Xnopa; KONMOHHbI OXNaXXaeH s 1 0,01-10 0,01-9,5
N yaenbHbIA BbIOPOC XJ10pa B | OCYLLKW Xr0pa; CaHUTapPHbIE KOSTOHHBbI
aTmocdepy, r/T B NponsBoa-
cTBe XxJiopa

4 MaccoBasi KOHLUEeHTpauma EMKOCTM XpaHeHUs1 pacTBopa e4Koro kanw; 0,001-500 -
KOH B BbiGpocax, Mr/m3 HacoOCbl A4Sl NepeKaykn eaKoro Kanm

5 |YpenbHbIM pacxod conv B OnekTponuaepbl GunonsipHbie ¢ MembpaHon, 1460-1480 1329-1400
nepecyeTte Ha 100 % KCI, kr/T | OCHOBHOe TexHonornyeckoe obopynosaHve

6 |CbipbeBou nHaekc TexHono- | Ounctka paccona, ocywka Bogopoda u xrnopa; | 2,315-2,532 HeT gaHHbIX

rn, T/T npoaykTta (6e3 yyeta |anekTponusepbl GunonspHble ¢ MeMBpaHou;
BOAbl HA pacTBOPEHME COMKM) |BbiNapHble YCTaHOBKM

E.6 HopMbl pacxoaa cbipbsi U 3HEPropecypcoB U TEXHOSIOrMYeckue nokasaresnum nponsBoacTBa
CUHTETUYECKOMN COoNnAHOU KncnoTbl (Ha 1 ToHHy 100%-Horo HCI)

Tabnuua E.6 — Hopmbl pacxoaa cbipbs U 9HEPropecypcos

HanmeHoBaHne I'IOTpe6J'IF|eMbIX 3HEepropecypcoB, TEXHOJIOMNMYECKMNX nokasaTtenen, O60py,D,OBaHVIF|, ean-

TexHonornyeckue nokasartesnun no

Ne n/n HULbI U3MEPEHMS, AMana3oH 3Ha4YeHnin cnpaBoyHuky EC [8, 9]
1 |BHepronoTtpebneHue (TennoBas | AOCOPOLIMOHHbBIE KOSIOHHbI; TENSTIO0OMEHHM- 150-550 -
aHeprus), MIx/T Kn
2 Pacxop xnopa Ha 1 ToHHy cons- |[leyn cnHTesa xnopuga sogopona; abcopb- 972,5-977,4 971-975

HOW KUCMOTbI B NepecyeTe Ha LIMOHHBbIE KOJTOHHbI
100 % HCI, kr/T
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OkoH4yaHue mabnuubi E.6

Ne r/ HanmeHoBaHme noTpebnsaembix 3HEPropecypcoB, TEXHONOMMYECKUX nokasartenen, obopygosaHus, ean- | TexHonornyeckme nokasartenu no
HWULbI U3BMEPEHUs], Ananas3oH 3Ha4YeHUN cnpaso4Huky EC [8, 9]
3 Pacxop Bogopoaa Ha 1 TOHHY Meun cnHTesa xnopuaa sogopoaa; abcopb- 30,2-46,4 30,2-31,5
COJNIAHOW KUCNOTbI B NepecyeTe | LMOHHbIE KOMNOHHbI
Ha 100 % HCI, kr/T
4 | MaccoBas kKoHUeHTpaumsa xnopa | OpraHm3oBaHHbIE MCTOYHWUKM BbIBPOCOB, 0,4-20 0,4-3,0
Cl2 B BbIGpocax, Mr/m3, neyun CMHTE3a XJIOPUCTOro Bogopoaa 0,1-5,0 0,1-2,0
N yaenbHbIN BbIOpOC xnopa B
atmocdepy, r/T
5 MaccoBas KoHueHTpauma xno- | OpraHn3oBaHHbIE UCTOYHUKK BbIOPOCOB; 0,2-10000 0,2-10
puaa sogopoaa HCI B BbIGpo- neym CUHTE3a XNoPUCTOro Bogopoaa; ab- 5-40
cax, mr/m3, COpPOLMOHHbIE U CaHUTapHbIE KOMOHHbI
N yaenbHbIA BbIGPOC xnopuaa
Bogopoda B atmocdepy, r/T
6 CblpbeBoi MHOEKC TexHonoruu, |lMeun cnHTesa xnopuaa sogopoaa, abcopb- 1,003-1,024 1,001-1,007
T/T NpoayKTa B nepecyeTe Ha UMOHHbIE KOMOHHBbI
100 % HCI
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XapaKkTepuCcTUKU OCHOBHbIX 3arpA3HAIOLWUX BELWeCcTB B
BblOpocax xsiopLyesio4HOro Nnpon3BoAcTBa U NPon3BoACTBa
CONAHOU KUCIOThbI

XapakTepuCTUKM OCHOBHbIX 3arpsisHSIOLLMX BELLECTB B BbiOpocax NpoM3BOACTBA Bogopoaa,
Xropa v rmapokcuaa HaTpus anagparMeHHbIM 1 MeMGpaHHbIM MeTogamMmn 3NeKTponmaa

MAK s Bo3ay- MoK s atmoc- Knacc onacHocTu Be-
HanmeHoBaHue BeLe- bpytToO- xe paboyen | cdepHOM BO3ayxe wecrtsa no
cTBa dopmyna 30HbI [62], | HaceneHHbIx MmecT | [OCT 12.1.007—76
mr/m3 [63], mr/m3 [49]
Xnop Clz 1 0,1 */0,03 ** [l
Mmopokcua HaTpus NaOH 0,5* 0,01 * (ObYB) [l
[64]
CepHas kucnota H2S04 1 0,3*/0,1* Il

* MpuBegeHa makcumanosHaga pasosas MNAOK (OBYB).
** [MpuBegeHa cpegHecMeHHas unu cpegHecytodHasa MNMAakK.

XapaKTepuUCTUKM OCHOBHbIX 3arpsisHSAOLLNX BELLLECTB B BbIOpocax Npon3BoACTBa BOAOPOAA,
Xriopa v ruapokcuaa HaTpusi pTyTHbIM METOAOM 3MeKTponunsa

MAK s Bo3ay- MoK s artmoc- Knacc onacHocTu Be-
HanmeHoBaHue Belue- BpytTO- xe paboyen | cdepHOM Bo3ayxe LecTBa no
cTBa dopmyna 30Hbl [62], | HaceneHHbix mecT | OCT 12.1.007—76
mr/m3 [63], mr/m® [49]
Xnop Clz 1 0,1*/0,03 ** [l
'mppokena HaTpus NaOH 0,5* 0,01 * (ObYB) Il
[64]
PTyTb Hg 0,01 %/ 0,0003 ** I
0,005 **
CepHas kucnota H2S04 1* 0,3*/0,1** Il

* MpnBegeHa makcumanosHaga pasosas MNOK (OBYB).
** [pnBeneHa cpegHecMeHHas unu cpegHecytoyHas MNak.
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XapakTepuCTUKM OCHOBHbIX 3arpsi3HSOLLMX BELLECTB B BbIOpocax NpoM3BOACTBA BoAOpPOAa,
Xropa v rmapokcuaa kanust MemopaHHbIM METOA0M 3NeKTponm3a

MAK s Bo3ay- MoK s atmoc- Knacc onacHocTu Be-
HavmeHoBaHue Belle- BpyTTO- xe paboyen | cdepHOM BO3gyxe LecTBa no
cTBa dopmyna 30Hbl [62], | HaceneHHbix mecT | TOCT 12.1.007—76
mr/m3 [63], mr/m® [49]
Xnop Clz 1 0,1*/0,03 ** [l
Mmopokecua kanma KOH 0,5* 0,03 * [l
CepHas kucnota H2S04 1 0,3*/0,1* Il

* MpuBegeHa makcumansHaga pasosas MNAOK (OBYB).
** [pnBeneHa cpegHecMeHHas unu cpegHecytoyHas MNok.

XapaKTepI/ICTI/IKI/I OCHOBHbIX 3arp4a3HALWNX BELLECTB B Bb|6pocax npon3BoacTBa COSIsTHOM

KMUCNOThbI
MAK s Bo3ay- MoK s atmoc- Knacc onacHocTtu Be-
HavmeHoBaHue BeLe- BpyTTO- xe paboyen | depHOM BO3gyxe WwecTtBa no
cTBa dopmyna 30HbI [62], | HaceneHHbIx MmecT | [OCT 12.1.007—76
mr/m3 [63], mr/m3 [49]
Xnop Cl2 1~ 0,1*/0,03 ** [l
Xnopwg Bogopoaa HCI 5* 0,2*/0,1** [l

(consiHas kucnota)

* MpuBegeHa makcumanosHaga pasosas MNAOK (OBYB).
** [MpuBegeHa cpegHecMeHHas unu cpegHecytodHasa MNMAakK.
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