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BBeneHue

Hactoawwmn cnpasoyHnk HOT pasgeneH Ha 7 pasgenos, cofepalimx MHopmaLnio
06 ypoBHE TEXHUYECKOro N TEXHOSIOMMYECKOro pasBuTusa cepbl 06e3BpexmMBaHNA 0TXOO0B
TEPMUYECKMM CNOCOOOM, MPUMEHAEMbIX HAUIyYLWNX SOCTYNHbIX TexHonormax (HOT) n pas-
MNYHBIX acnekTax UX NPUMEHEHUs, a Takke NepCneKkTUBHbLIX Haunyywmnx AOCTYMNHbIX TEXHO-
nornax. B npunoxeHun k cnpasoyHmky HAT B gononHenune k NMHCT 22—2014 «Hauny4wme
AOCTYMNHble TEXHONOrMN. TepMUHbI U onpeaeneHnsi» NPUBOAATCA OCHOBHbIE cneunannsnpo-
BaHHble TEPMUHbI U ONpeaeneHns, UCnonb3yeMble Npu onucaHum cpepbl 06e3BpexmBaHNs
OTXOA0B TEPMUYECKUM CMOCOBOM.

B pasgene 1 gaHa obuwasn nHgopmaums o cepe o06e3BpexmBaHna O0TXOO0B TEPMU-
YeCKMM CrnocoboM: Ha OCHOBaHUM MPefOCTaBfEHHbIX MPeAnpUATUAMU aHKeT npuBeneHbl
0006LLEHHbIE OaHHbIE O TEXHOMOMMSAX U obopyaoBaHUM, NPUMEHSIEMBIX Ha NPeanpUsaTUSX
pasnuyHbIX oTpacnen 3KoHoMukn Poccuinckon depepaumm ana TepMmyeckoro obesBpexu-
BaHWS OTXOOOB, COAEPXaLlMX B CBOEM COCTaBe OpraHMYyeckue BeLLecTBa, C LeSibio CHUXe-
HUS YPOBHSA MX OMACHOCTU U (MIM) YMEHbLUEHUS X MaccChl, UX reorpaduyeckomM pacronoxe-
HUKW, NPUBOOUTCA KpaTKM 0630p IKOSIOrMYECKUX acnekToB M CBA3AHHbIX C HUMU OCHOBHbIX
3Konormyeckmx Nnpobnem B paccmatpmBaemon cepe oeaTenbHOCTH.

B pasgene 2 npuBoanNTCA OnMcaHne TEXHOMOMMA N TEXHONOMMYECKUX NPOLLECCOB, UC-
nosfib3yeMblX B HacTosiLee BpeMsi B cdhepe obe3BpexunBaHna 0Txoq0oB TEPMUYECKUM CMOCO-
bom kak B Poccunckon Pegepaumm, Tak M 3@ pybEexXoOM, UX OCHOBHbIX 3KOSOro-
9HEProTEXHONOrMYEeCKMX NapaMmeTpoB, OCHOBHbIX TUMOB CYLLECTBYHOLLUX PeaKTOpoB, UX npe-
UMYLLLECTB U HE4OCTaTKOB.

B pasgene 3 TexHONoOrMnm TepMmnYeckoro obesspexmBaHna OTXO4OB PacCCMOTPEHbI C
TOYKM 3PEHUA UX BO3AEWNCTBUS HA OKpYXaloLWyl cpeay, NpUBOOATCS nokasaTesniv OLeHKU
TEXHOMOIrM1, B TOM YNCe MapKepHble 3arpsasHsoLmMe BewwecTBa B Bbibpocax B atMmocgepy,
N TeKyLLMe YPOBHN SMUCCUN B OKPYXKaIOLLYIO cpeay.

B paspgene 4 npuBoautca obwiaa mMeTogonorna onpeaeneHns TEXHONormm TepMmuye-
CKOro obesBpexnBaHnst OTXOA0B B KA4eCTBE Haunyywen AOCTYNHOW TEXHOSOMMK, B TOM YUC-
ne ¢ MCnosib3oBaHMEM MeTOoLO0B, MO3BONSAOLMX NOLIAroBO PacCMOTPETb HECKOSIbKO TEXHO-
norvMn 1 BblbpaTh HaMMyYLYHO OOCTYMNHYIO TEXHOMOIMIO.

B pasgene 5 npuBogdatca obuine TexHonormyeckne cxembl Ha OCHoBe Hanbonee pac-
NPOCTPAHEHHbBIX METOLOB TEPMUYECKOrO 06e3BpEeXNBAHNSA OTXOL0B — CXUraHWUA, NMponnsa,

rasuncdpukaumm; nepeveHb HOAT ¢ onucaHMemM OCHOBHOrO TEXHOSorMyeckoro obopyaoBaHus,

Vi



BapUaHTOB TEXHONOMYECKUX MPOLIECCOB, TEXHUYECKUX aCNeKTOB; TEXHONOMMYeCckne nokasa-
Term HAOT.

B paspene 6 paccMoTpeHbl 3KOHOMUYECKME acnekTbl peanu3auun HOT, npuBoasTtcs
3KOHOMMYECKNe nokasaTtenu, xapaktepusywowme HOT, — kanutanbHble M akcnnyaTaumoH-
Hble 3aTpaTbl, PAaCCMOTPEHA UX CTPYKTYpa, cnocobbl nonyvyeHmns n obpaboTkm nHgpopmaumm
9KOHOMMYECKOrO XapakTepa, OLEeHKM 3aTpaTt 1 Nofly4aemblX BbIros.

B pasgene 7 paccCMOTpeHbl HOBeMLINEe TEXHONOrMm, otTeevarowme tpebosanHuam HAT,
KOTOpble HAXOAATCA Ha CTaguM HayYHO-UCCNeaoBaTENbCKUX U OMbITHO-KOHCTPYKTOPCKUX pa-
00T 1N ONbITHO-NPOMbILLIIEHHOrO BHEAPEHUS, NPeACTaBNeHbl UX NEPCNEKTUBHbIE NMPeEnMy-
LLleCTBa 1 CyLecTBYyoLWMne NpobnemMbl AnNa BHEAPEHWS.

Mpn coctaBneHun Hacrtosdwero crnpaBoyHuka HOT 6bim yuteHbl nonoxeHus dege-
panbHoro 3akoHa oT 10 saHBapsi 2002 r. Ne 7-03 «O6 oxpaHe okpyxatowien cpegbl», Pene-
panbHOro 3akoHa oT 24 utoHs 1998 r. Ne 89-d3 «O6 oTxogax npousBoacTBa U notpebne-
HUA» (C M3MeHeHusaMn Ha 29 aekabpsa 2014 r., pegakuus, gencteyowasa ¢ 1 nwona 2015r.),
depepanbHoro 3akoHa ot 30 mapta 1999 r. Ne 52-93 «O caHMTapHO-3aNMAEMNONOrMYECKOM
Bnarononyymn HaceneHunsay (C nameHeHmsiMmn Ha 29 gekabps 2014 r., pegakuns, OENCTBYLO-
waa ¢ lwona 2015r.), ®depepanbHOro 3akoHa OoT 23 Hosibps  1995r.
Ne 174-03 «O6 akonorndeckon akcrneptTnse» (C nameHeHnsMun Ha 29 gekabps 2014 r., pe-
aakuus, pgeunctsywowas ¢ 1wuwonsa 2015r.), dPegepanbHoro 3akoHa oT 4 maa 1999r.

Ne 96-93 «O6 oxpaHe aTMocdepHOro Bo3gyxa» (C usmeHeHMsiMmn Ha 29 aekabpsa 2014 r.).
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MpeaucnoBue

Llenn, OCHOBHblE MPUHUMMNBI 1 NOPSA0K pa3paboTkM cnpaBOYHMKA YCTAHOBIEHbLI MO-
ctaHoBneHueM [pasutensctea Poccuinckon depepaumm ot 23 gekabps 2014 r. Ne 1458
«O nopsigke onpefeneHna TEXHONOMMU B KayecTBe Hausyylen AOCTYMHOW TeXHonoruu, a
Takke paspaboTku, akTyanmsauum n onybrimkoBaHust MHPOPMAaLMOHHO-TEXHUYECKNX Chnpa-

BOYHMKOB MO Hauny4vywnm OOCTYMNHbIM TEXHOJTOTUAM».

1 CtaTyc AOKYMeHTa
Hactosiwmii MHPOPMaUMOHHO-TEXHUYECKUIA CNPaBOYHUK MO HauyylMM LOCTYMHbLIM

TexHosorusam (ganee — cnpasoydHuk HOT) aBnseTca AOKYMEHTOM Mo CTaH4apTM3auuu.

2 NHdhopmaumsa o paspaboTumkax

CnpaBoyHnk HOT paspabotaH TexHuyeckon pabouen rpynnon Ne 9 «Ob6esBpexmBa-
HMe OTX04OB TepMMYecKkMM crnocobom (cxuraHue otxomos)» (TPI-9), cosgaHHOW npukasom
Pocctanpgapta ot 17 wiona 2015 r. Ne836 (pen. ot 18.11.2015 r.).

[ononHutenbHas nHgopmaums o paspaboTumkax npuBegeHa B pasgerne «3aknioun-
TenbHble MOMNOXEHNS U pekoMeHaaunmn».

CnpaBoyHuk HOT npeacrtaBneH Ha yTBepxaeHne Bopo Haunyudwmx AOCTYMHbIX Tex-

Honorun (ganee — bropo HAOT) (www.burondt.ru).

3 Kpatkasa xapaktepucTuka

CnpaBoyHnk HOT cooepXut onucaHne npumeHsieMblx B cepe 06e3BpexmBaHus oT-
XOO0B TEPMMYECKMM CNOCOOOM TEXHOMNOMMYECKMX NPOLIECCOB, 000PYA0OBaHUS, TEXHUYECKNX
cnocoboB, MeTOAOB, B TOM 4uCrie MNO3BOSISAKOWMX CHU3UTb HeraTMBHOE BO3OEWCTBUE Ha
OoKpYyXatoLlyo cpegy, BogonotpebrneHme, NOBbICUTL AHEPrO3IIEKTUBHOCTL, pecypcocbepe-
XeHune. M3 onncaHHbIX TEXHOMOrMYECKNX MPOLECCOB, 000OpyaoOBaHUS, TEXHUYECKUX CMOCOo-
60B, MeTOAOB onpeaeneHbl pelweHnsl, ABNALWMECT HAaUNYYLWMMN AOCTYNHBIMW TEXHOMOrn-
amu. Ana HOT B cnpaBoyHnke HOT ycTaHOBMNEHbI COOTBETCTBYOLME TEXHOOMMYECKMEe No-

Ka3aTernu.

4 B3anmocBsi3b C MeXAyHapoAHbIMU, permoHasribHbIMU aHanoramu

CnpaBoyHnk HOT paspaboTtaH c ydeToM cnegyloLwmx crnpaBoOYHUMKOB EBponenckoro
COK3a MO HaUNyYLUM SOCTYMNHbIM TEXHOSTOMNAM:

- cnpaBoyHUK EC no Havnyywmnm JOoCTynHbIM TeXHoMormam «EBponenckas KoMuccus.
KomnnekcHoe npegynpexneHue u KOHTPOsb 3arpa3HeHuin. CnpaBoyHOE pPyKOBOACTBO MO

Hauny4ywum [OCTYNHbIM TexHonoruaMm. Cxwuranve otxopos. Asryct 2006 r.» (European

Vil


http://www.burondt.ru/

Commission. Integrated Pollution Prevention and Control. Reference Document on Best
Available Techniques for the Waste Incineration. August 2006);

- cnpaBoYHUK EC no Hamnyywmm OOoCTynHbIM TexHonormam «EBponerickas komuccus.
KomnnekcHoe npeaynpexaeHne u KOHTPONb 3arpsasHeHuin. CnpaBodHOE PYKOBOACTBO MO
Hauny4ywmm OocTynHbiM TexHonornam. O6paboTtka oTtxomoB. ABryct 2006 r.» (European
Commission. Integrated Pollution Prevention and Control. Reference Document on Best
Available Techniques for the Waste Treatments Industries. August 2006).

MHpopmauma n3 cnpaBoYHUKOB MCMNONb30oBanacb ¢ y4eToM ocobeHHocTen obesBpe-

XUBaHUA O0TXOA0B TepMMYecknm cnocodbom B Poccunckon degepaumn.

5 C60p AaHHbIX

MHdopmaumss o TeXHOMOrMYecknx npoueccax, obopyaoBaHMM, TEXHUYECKUX CMOCO-
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OBE3BPEXWBAHUE OTXOAOB TEPMWYECKUM CNMOCOBOM
(CXXUI'AHUE OTXOAOOB)

Neutralization waste thermal processes (waste incineration)

Odata BBegeHna — 2016-07-01
O6nactb NpUMeHeHUA

HacTtoawwun cnpaBoyHuk HOT pacnpocTtpaHaeTcs Ha OCHOBHOW BUA AeATESNTbHOCTU —
obe3BpexunBaHne 0TXo40B, cogepXallunx B CBOEM COCTaBe OpraHn4yeckne BelecTsa, TepMu-
4YeCKnMm crnocobom C MCronb3oBaHNEM METOLOB CXUraHus, NMPonu3a, rasndukaumm.

[daHHOMY BUOY OeATENbHOCTU YacTMYHO cooTBeTcTBYeT koA OKIM 38.21.23 «Ycnyru
Nno CXUraHM HeonacHbIX 0TxoAoB». COOTBETCTBYOLME AAHHOMY BMAOY OEATENbHOCTU KOabl
OKB3[ oTcyTCTBY!IOT.

CnpaBoyHuk HOT Takke pacnpocTpaHseTcs Ha NpoLecchl, HENOCPEACTBEHHO CBA3aH-
Hble C OCHOBHbIM BUAOM AEATENbHOCTU, KOTOPbIE MOTYT OKa3aTb BfMsiHME Ha 06beMbl AMUC-
cuin unu macluTabbl 3arpsi3HEHNS OKPYXKatoLLLEen cpeabl:

- HaKonneHue (XpaHeHwe) u NpegBapuTernibHas NOAroToBka obe3BpexMBaeMbIX OTXO-
Aos.,

- BbIGOp 1 nogroToBka NnoTpebnsaembix Matepmanos U TONNNBA;

- MeTOoAbl NpeaoTBpaLLEHNS U COKpaLLLEHNS AMUCCUI U 0Bpa3oBaHNA OTXOLOB;

- CNocobbl yTUNM3auum BTOPUYHbIX 3HEPreTUYeCKMX pecypcos.

CnpaBoyHuk HOT He pacnpocTpaHaeTcs Ha:

- TexHonornm obe3BpexmnBaHms OTXOAOB, B NPOLECcCe KOTOPbIX UCMONb3YTCA METOAbI
TEPMUYECKOro BO3OENCTBUS, HE NPMBOASALIME K LEeCTpyKumMm obe3BpexuBaeMbiX OTXOLOB
(cywka, gucTunnaumsa u T. n.);

- TEXHONOMMN TEePMUYECKOro 06e3BpeXMBaHNA OTXOAOB, SABMSAKOLLMECA HeoTbeMmsie-
MbIM MOANPOLECCOM TEXHOMNOMMYECKOro npowuecca npoms3BoAcTBa OTpacrneBon NPoayKUMU Ha
npeanpusaTusXx;

- cneumanbHble TEXHOMOMMN TEPMUYECKOro obe3BpeXxunsaHna GUonormyecknx n megm-

LMHCKUX OTXOA0B;



- TEXHOMOMMN TEPMUYECKON YyTUNM3ALUN OTXOO0B, OCHOBHOM LIESTbI0 KOTOPbIX SBMSET-
CSl UCMONb30BaHME OTXOO0B B Ka4yeCTBe anbTepHaTUBHbBIX MCTOYHUKOB TOMNSIMBA 4S5 Nonyye-
HUSA Tenrna v 3Heprum n (Unn) NPoM3BOACTBa NPOAYKLUUU;

- BOMPOCHI, Kacalwmecsa UCKIYMTeNbHO obecnedyeHns npombillnieHHon 6e3onacHo-
CTW UM OXpaHbl TpyAaa.

[ononHuTtenbHble BUObI OEATENbHOCTU Npy 06e3BpeXnBaHN OTXOA0B TEPMUYECKUM
cnocobom mn cooTeeTcTBYlOWME MM cnpaBodHukn HOT (no pacnopspkeHuto NpaButenbcTea

Poccunckon ®epepaumm ot 31 oktadbps 2014 r. Ne 2178-p) npuBegeHbl B Tabnuue 1.

Ta6n|/|ua 1 ,D,OI'IOJ'IHI/ITGJ'IbeIe BObl OEATENBbHOCTU NpU 06838pe)KVIBaHVII/I OTXO0A40B TEPMUYECKNM

crnocobom 1 CoOTBETCTBYHOLME UM cnpaBoYHnkn HOT

Bua pesatenbHocTM CootBeTcTBYtOWMN cripaBoYHnk HOT

O6esBpexuBaHne oTxoaos apyrnmm cnoco- | CnpasoyHuk HOT «O6e3BpexmBaHme OTX0-

tamu JOB»

3axopoHeHne 0TXoa40B CnpaBoyHuk HOT «3axopoHeHne oTxoa0B

nNpoun3BOACTBa U NoTpebrneHnsa»

Paspen 1. O6wan uHpopmauusa o cpepe o6e3BpeXxmMBaHMA OTXOQ0B

TepMMUYECKUM CNOCOOOoM

1.1 O6wan nHcgpopmaumsa o chepe feATeNILHOCTU

B HacTosilwem pasgene Ha OCHOBaHWWM MNPefoCTaBIIEHHbIX MPeAnpUATUAMU aHKeT
npegcTasBneHbl TexHorormm n obopygoBaHue, NpUMeHsemMble Ha NpeanpUATUAX pasinyHbIX
oTpacnen akoHoMukn Poccunckon depepaummn ona TepMUYECKoro obesBpexmBaHnst OTXO-
[A0B, coaepallux B CBOEM COCTaBe OpraHnyeckue BeLLeCTBa, C Leribio CHKEHUST YPOBHS MX
ONacHOCTU U (UNK) YMeHbLUeHUA ux maccol. Crneumanmsaums paccMaTpmBaeMblX TEXHOOMMN
He 3aBUCUT OT crneumdukn oTpacrnen 3KOHOMUKN, B KOTOPbIX OHU MOTYT NPUMEHATLCA, a Opu-
eHTUpOBaHa Ha rpynnbl BUOOB OTXOAOB, COAEPXaLlMX B CBOEM COCTaBe OpraHuyeckue Be-
LLecTBa 1 nognexalumnx TepMmyeckoMmy obesBpexnBaHuio.

NcTouyHnkamu obpasoBaHMs OTXOAOB, CoAepXalux B CBOEM COCTaBe OpraHu4yeckue
BELLECTBa, ABMSETCH KaK XU3HeOeATeNbHOCTb HaceneHus, Tak U NpouM3BOACTBEHHAA U aj-
MUHUCTPATMBHO-XO3SIMCTBEHHAA OeATeNnbHOCTb Npeanpusatui. lNpumepamu Takmx OoTXoO0B
ABNAIOTCA: TBepAble KoMMyHarnbHble otxoabl (TKO); 3arpsisHeHHble OopraHMyYecKnmMun Belle-
CTBaMU IPyHTbI; NpULLEALLne B HErOAHOCTb U 3anpeLleHHble NecTuumabl; CTOMKME opraHnye-

CKW 3arpsi3HATENW, B TOM 4YMCIEe MONMXNIOPUPOBaHHblE GUdEHUNbI; HedTellnaMbl; OTXoabl
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XNOPOpraHNyYecknx MpPOU3BOACTB XUMUYECKON NPOMbILLNEHHOCTN; OTXOAbl MPOM3BOACTBA
MUHEeparnbHbIX YA0OPEHNN N XMMUYECKNX CPEACTB 3alLnTbl pacTEHWUA; OTXOAblI MPOM3BOACTBA
OpraHuM4yeckoro cuHtesa (KACroT, anbAernaoB, KeTOHOB, CNUPTOB M Ap.); HEKOHAWLUWOHHOE
pakeTHOe TOMMNMBO; OCafKN CTOYHbIX BO4 U MHorve gpyrue [1].

Ansa Bbibopa onTMManbHbIX TEXHOMOMMYECKUX U KOHCTPYKTUBHBLIX XapaKTePUCTUK UC-
Nonb3yemMbIX TEPMUYECKMX YCTAHOBOK M 0BOPYAOBaHUA HEOOBXOAMMO MUCXOOUTb U3 KOHKpEeT-
HbIX BUOOB OTXOA0B, NOABEPraeMbIX TEPMUYECKOMY 06E3BpPEXMBAHUIO, HA OCHOBE Knaccu-

douKaLmm oTxXo4oB, NpmBeaeHHon B Tabnuue 1.1 [1].



Tabnuua 1.1 — Knaccudmkaumsa 0TX040B NPUMEHUTENBHO K TepMudeckomy obesspexmnBanuio [1]

Bo3moxHocTb

Temnepatypa xuako-

CaO, CaCO3) n

aMMua4yHas Boaa

ArperatHoe Tun HenTpanuay-
JleTyyecTb Op-| BO3rOHKW MWHE- | MNIIaBKOro COCTOSHMUSA
cocTosiHne | FoptovecTb loLLero peareHTta
CocTtaB BeLLecTB raHMYecknx | panbHbIX NPOAYK- | MUHeparnbHbIX NPo-
(cbmaunyeckas oTxona CUCTEMbI OYUCTKN N
npumecemn TOB 06e3Bpexun- | OyKToB 06e3Bpexm-
dopma) rasos
BaHMWSA BaHMWSA
YKngkme otxo- |loprovne OT1xoabl, cogepxallune Tonbko opra- | B kavecTtBe Jlerkonetyune |lMonHocThLO BO3- | BellecTtBa ¢ Temne-
bl 0TXOAbl, HUYEeCKMEe N HeOpraHNYecKne Belle- | HeMTpanmaytoLero rOHsIIOLLMECS Be- | paTypou Xuakonnas-
ONA KOTO- | CTBa, NPWU OKMCNUTENbHOM 06paboTKe | peareHTa Ucnosb- LecTBa KOro COCTOSIHUS, 3Ha-
pbIX koTopbix obpasytorca CO,, H,O, N, | 3ytoTCA LWenoyHble YUTENbHO MpeBbILLa-
AT yae 2 peareHTbl (NaOH, owen to
0°C Na,CO3, KOH,
K>COy)
Teepable oT- | Heroptoune | OTxoabl, cogepxalme opraHmdeckue | B kadyecTtBe JleTyume MpakTnyecku BeuecTtBa c Temne-
Xoabl oTXo4pbl, N MUHeparbHble COEANHEHNS a30Ta, |HEeUTPanuayrLLnX HEBO3rOHSOLWMNE- | paTypou XUAKONNaB-
ANA KOTO- | NpY OKUCnuTenbHon obpaboTke KO- | peareHTOB UCNOSb- Csl BelecTBa KOro COCTOSIHUSA,
pbIX TOpbIX 06pa3yloTCsl OKCMabl a3oTa 3YOTCS LENOYHO- ©nun3kon k pabouen
AT yake < (NOy) 3eMenbHble pea- Temneparype npo-
0°C reHTbl (Ca(OH)s,, Luecca obesBpexusa-

HUA tor




Bo3moxkHoCTb

Temnepartypa xngko-

ArperatHoe Tun HenTpanuay-
JleTyyecTb Op-| BO3rOHKW MMHE- | MNIIaBKOro COCTOSIHUS
cocTosiHne | loptovecTb loLLero peareHTta
CocTtaB BeLLecTB raHWYECKNX | panbHbIX NPOAYK- | MUHeparbHbIX NPO-
(cpmsnueckas oTxona CUCTEMbI OYUCTKMU N
npumecemn TOB 06e3Bpexu- | OyKToB 06e3Bpexu-
dopma) rasos
BaHWS BaHWS
MacTtoobpas- OTxoabl, cogepxallme opraHndeckme | B kauectse Manonetyuyne |YactnyHo Bosro- |BeuwlecTtBa c Temne-
Hble OTXOoAbl coeauHeHus anemeHnToB S, P, Cl, F, |HenTpanuaylowero HSAIOLWMECS BeLle- | paTypon Xungkonsas-
(wnamel, nnel, npv okUcnuTensHon obpaboTke KO- | peareHTa Ucnorb- cTBa KOro COCTOSIHUSA, 3Ha-
ocagkn) TOpbIX 06pa3sytoTcst ra3oobpasHbie 3YyI0TCS LWESTOYHbIE YNTENbHO MEHbLLEN
KMcnoTbl unn okucnbl (SO,, P4O1q, M Weno4yHose- tor
HCI, HF) MerbHbIE peareHTbl
OT1xoabl, cogepxallne opraHuye- bes HenTpanusa- |Henetyuyne

CKne, MmHeparlibHble BellecTBa Uinn

LU ObIMOBbIX ra-

(xnokun ocra-

opraHumyeckue coenHeHNs ANieMeH- | 30B TOK)

ToB Na, K, npu okncnmutensHomn o6-

paboTke KOTopbIx 06pa3yroTcs MUHe-

panbHble conu (NaCl, Na,SOy,,

Na,P,07, Na,CO3, KCI)

OT1xoabl, cogepxallne opraHnyeckmne Henetyune
BELLECTBA, 3N1IEMEHTbI, UX OKUCIIbI, (TBEpabIv
CONU NI OpraHnyeckne coeanHeHns OCTaToK)

3N1EMEHTOB, NPV OKUCIUTENbHOW 00-
paboTke KOTOpbIX 0b6pa3sytoTca ane-
MeHTbI unu okucnbl (CuO, Cu,0,
TiO,, NiO, ZnO, Fe,03, Cr,053)




Knaccudumkaums oTxogos, nogsepraeMblx TepMnyeckoMy obesBpexnBaHuio, obbean-
HAET CEMb OCHOBHbIX MOKa3aTenen.

1) Mo arperaTHOMY COCTOAHUIO U U3MYEeCKoM popme OTXoAbl pa3fdensrTca Ha
3 rpynnbl: Xnakve, TBepable N nactoobpasHble.

B cootBeTtctBUM ¢ PKKO-2014 oTxoabl MO arperatHOMY COCTOSIHUIO U OM3UYECKOMN
dopme nogpasgensoTcs crnegyowmm obpa3omM (4eBATLI U OECATbIN 3HAKM KO4A): KUAKoe
(10); TBeppoe (20); aucnepcHble cuctemsl (30); TBepAable coinyyne maTtepuans (40); nsgenua
N3 TBEPAbIX MaTepuarnos, 3a UCKIoYeHMeM BOMNOKOH (50); nagenusa na BonokoH (60); cmecn
TBEPAbIX MaTtepmanos u nagenun (70).

2) Mo roprodecTn oTXoAbl Pa3fenaTCa Ha ABa Krnacca: roptoumne n Heroproyme.

"optoume oTxoabl NpUM KOMHATHOW TemnepaType ropsiT caMocTodATenbHo, 6e3 3atpar
AOMNOMNHUTENBHOIO TONNBA.

Ana Tepmnyeckoro o6e3BpexxMBaHUA HErOPHYMX OTXOOO0B NPU KOMHATHOWM Temnepa-
Type Heobxoaumbl 3aTpaTbl AONOMAHUTENBHOIO TONNMBA.

3) Mo cocTaBy BeLecTB OTX0Abl NOAPA3AeNATCa Ha S rpynn.

K nepBou rpynne OTHOCATCS OTXOAbl, CoAepXalime B CBOEM COCTaBe OpraHnyeckme m
HeopraHM4YeckMe BELLECTBa, MPU OKUCINTENbHON nepepaboTke KOTopbiXx obpasytTcs 6e3-
BpegHble abimoBble rasbl (CO,, H20, Ny), He TpebytoLmne HUKaKon O4YUCTKM.

Bo BTOpyto rpynny oTHecCeHbl OTXOA4bl, KOTOPblE KPOME BELLECTB MEepBOM rpynmnbl CO-
AepxaT coeMHeHUs a3oTa, Npu orHeBoM 0b6e3BpeXxmBaHNN KOTOPbIX 0BpasyeTcsa okcug aso-
Ta (NO).

K TpeTben rpynne OTHOCATCA OTXOAbl, COAEPXKalLUNe OpraHN4Yeckne coeguHeHus ane-
meHTOB S, P, CI, F, npn okncnutensHon obpaboTke KOTOpbIX 0bpasyoTcs razoobpasHble
Kncnotbl 1 okncnbl (SO2, P4O1o, HCI, HF).

K 4yeTBepTon rpynne oTHOCATCA OTXOAbl, Npu 0b6e3BpexmBaHNN KOTOPbIX 06pasytoTcs
NaCl, Na;SO4, NasP,07, Na,COs3, KCI.

K naton rpynne OTHOCATCA OTXOAbl, COAEpXKallmMe opraHMyYeckne BeLLeCTBa, 3NeMeH-
Tbl, UX OKUCHbl, CONM NN OPraHN4YeCcKne CoOeaUHEHNSA ANEMEHTOB, NPU OKUCNNTENBHON O0bpa-
B6oTKe KOTOpPbIX 006pasylTcs anemMeHTbl unu okucnbl (CuO, Cu,0, TiO,, NIiO, ZnO, Fe,0s,
Cr203, HgO, As;03).

4) Mo TMNy HENTPANU3yHLLEro peareHTa CUCTEMbl OUUCTKWN ra3oB OTXOAbl pas3aensioT-
cs Ha 4 rpynnbl.

K nepBoi rpynne OTHOCATCSA OTXoAbl, Ans 06e3BpeXuBaHUA KOTOPbIX B KayecTBe

HEeNTpanu3ylLero peareHTa UCNonb3yoTcsa LwWenodHole peareHTbl (NaOH, Na,COs, KOH,



K2CO3). OTK peareHTbl UICNOMb3YOTCA NPU NOBLILLEHHOW TeMnepaType paboyero npowecca u
BO3MOXHOCTW NPOTEKaHUA ra3oasHom peakumm HenTpanusaumm.

Ko BTOpOW rpynne OTHOCATCS OTXOAbl, ANs 06e3BpeXMBaHUSA KOTOPbIX B KayecTBe
HEeNTPanu3ylLLero peareHTa UCNonb3yTcs LWenoyYHo3eMenbHble peareHThl (Ca(OH),, CaOo,
CaCOg3). OTK peareHTbl NPUMEHSIOTCA NMPU OTHOCUTENBHO HWU3KOW TemnepaType pabodero
npouecca 1 BO3MOXXHOCTU NpoTeKaHnsa reTepodasHon peakumm HenTpanmsauuu.

K TpeTben rpynne OTHOCATCSA OTX0Abl, Npu 06e3BpexmBaHMM KOTOPbIX B KayecTBe
HEeNTpanu3ylLLero peareHTa UCNonb3yTCA LLEMNOYHbIE U LWenoYHOo3eMerbHbIe peareHThbl.

K 4yeTBepTon rpynne oTHOCATCA OTXOAbl, MPU TEPMUYECKOM 06e3BpEXMBaHMUM KOTOPBIX
He TpebyeTca NpUMEHeHne HENTPaNU3yHLLNX peareHToB.

5) Mo neTy4yecTn opraHMyeckmx npumecen oTxoabl pasgenstotca Ha 5 rpynn. [Mpwu
OLEHKEe NeTy4ecTu BEeLeCTB COMOCTaBMSAT Temnepatypy MX KMNEeHust tgyn C paBHOBECHON
TemnepaTypon ucnapeHusi BOAbl tpasy B PAChbIIEHHOM COCTOSIHAM B KOHTakTe C AbIMOBbIMU
rasamu unu ¢ TemnepaTypon KUNeHus BOAbl NpU aTMOCHepHOM aaBneHun. B 3aBucmmocTu
OT NEeTy4YecTu BCe BellecTBa, CoAepXalimMecs B 0TX0A4ax, noapasgensaioT Ha nerkoneTyyue,
netyyve, MmanoneTyune, HeneTy4dne (B BUAE XNOKOrO NN TBEPAOro ocraTtka).

YCNoBHO K NnerkonetyyMMm BellecTBaM OTHOCAT BellecTBa C TeMnepaTypon KUNeHus
Hmke 85 °C, BewecTtBa ¢ Temnepartypon kuneHus 85 °C < tyn < 100 °C OTHOCAT K NeTy4mm,
K ManoneTyyMm OTHOCAT BeWecTBa C BbICOKOM TemnepaTypon KuneHusa tyn > 200 °C,
K HeNneTy4yMMm — BeLlecTBa, KOTOpble NPaKTUYECKN HE UCNapsAoTCS.

6) Mo TemnepaType >KUOKOMNMNABKOrO COCTOSHUA MWHepanbHbIX MPOAYKTOB OTXOAbl
noapasgenarTcs Ha Tpu rpynnbi:

a) oTxo4bl C TemnepaTypon Hadana CrnekaHus 305bl, 3HAYUTENbHO MNPEBbILIAOLLEN
TemnepaTypy npouecca 06e3BpexXnBaHus;

6) oTxoAbl C TEMNepaTypon Havana cnekaHmsa 3osbl, 6nNn3kon Kk paboyen TemnepaType
npouecca 06e3BpexnBaHus;

B) OTXOAbl C TEMMNepaTypol Hayana CrnekaHusi 30fbl, 3HAYUTENbHO MEHbLUEN, YeMm
Temnepartypa npouecca ob6e3BpexnBaHus.

7) Mo BO3MOXHOCTM BO3MOHKM MUHEparbHbIX MNPOAYKTOB Mpouecca TepMUYeCcKoro
o6e3BpexnBaHnst 0TXOAbl NOAPA3LAENSTCA Ha TpU TUNa:

a) NONHOCTbIO BO3rOHAOLLMECH BELLECTBA;

6) YaCTMYHO BO3rOHSAKOLIMECS BELLECTBA;

B) npakTn4eckn He BO3IroHArLmnecq seecrtea.



B npaktuke BblICOKOTEMMNEPATYPHOro 0Oe3BpexmnBaHUs OTXOOO0B, coepXalmx opra-
HU4YeCKMe BeLleCcTBa, HaLlm LWMPOKOE NPpMMEHEHME TPU OCHOBHbIX MeToAa [2]:

a) BblicokoTemnepaTypHbI OKUCTIUTENbHBIA MeTo (CxuraHue). Ero cylwHOCTb 3aknto-
YaeTcsl B CXKUraHUM roproymx OTXOL4OB MMM TepMuyeckon (orHeBor) obpaboTke Heroproumx
OTXOAOB BbICOKOTEMMEPATYPHbIM TENMOHOCUTENEM (NPOoAyKTaMy CropaHus Tonnuea, nnas-
MEHHOWN CTpyen, pacnnasom u Ap.). MNpn ncnonb3oBaHMM 3TOr0 MeTofa TOKCUYHbIE KOMMO-
HEHTbl NOABEPratTCs TEPMUYECKOMY PA3SIOXKEHMIO, OKUCIIEHUIO U OPYIMM XUMUYECKUM npe-
BpalLeHMaM ¢ obpasoBaHMEM rasoB M TBepablX NPOAYKTOB UNKW pacnnasa (OKCuaoB meTan-
nos, conen n gp.).

6) NMuponns — npouecc TEPMUYECKOrO PasfoXeHUs OTXO4O0B, coAepXKalumxX OpraHu-
Yyeckme BeLLeCTBa, NpU HegocTaTke UM OTCYTCTBUWM OKUCNUTENS, B pesynbTaTe yero obpa-
3yloTCA TBEPAbIN YrnenogobHbI OCTaTOK U NUPOSN3HBIN a3, COAEpKaLLMIA BbICOKOKMNALMNE
cMonoobpasHble BelecTsa. Tennota cropanus rasa ~13—21 MDx/m°. Mpu HU3KMX Temnepa-
Typax nuponuaa (~400 °C — 600 °C) 6onbLue gons ob6pasyoLwmnxca XUAKUX CMONI00bpasHbIX
nNpoayKToB, a npu Bblcoknx (~700 °C — 1050 °C) — 6onblle gonsa ra3oobpasHbix NPOLYKTOB.

OkucnuTenbHbIN NMPONN3 — 3TO NPOLECC TEPMUYECKOIO PasfioXXeHNs 0TX0L40B Npu NX
YAaCTUYHOM CXUraHUW UM HENOCPeaCTBEHHOM KOHTaKTe C NpogykTaMu CropaHus Tonnuvsa.
Ma3000pasHble NPOAYKTbl PasnoXeHUs OTXOO40B CMELLMBAKOTCS C NPOAYKTaMM CropaHus Ton-
nMBa UM 4acTn 0TXO040B, MO3TOMY Ha BbIXOAE U3 peakTopa OHWM MMEKT HU3KYI0 TeNMOTY Cro-
paHund, HO MOBbLILWEHHY TeMmnepaTypy. 3aTeM CMEeCb ra3oB CXMUratoT B OObIYHbIX TOMNOYHbIX
ycTponcTBax. B npouecce okncnmtenbHoro nuponusa obpasyeTcs TBepabl YrnepoancTbIn
ocTaTtok (Kokc). B ganbHenwem KOKC MOXHO MCNofb3oBaTb B KayecTBe TBEPAOro Tonnvea
UnNu B Apyrux Lensx.

Moa cyxvM nMponM3oM MNOHUMAKOT MPOLECC TEPMMYECKOTO Pa3fOXeHUs OTX0O0B,
TBEPOOro M Xuakoro tonnvea 6e3 goctyna okucnutens. B pesynbtate cyxoro nuponusa oT-
X040B 006pasytoTcs NMUPOSIM3HBIA a3 C BbICOKOM TEMMOTOM CropaHusl, XMAKME NpoayKTbl W
TBEpAbI YrnepoancTbii ocTaTok. KonmyectBo n Ka4ecTBO MPOAYKTOB CyxOro nuponusa 3a-
BUCAT OT COCTaBa OTXO40B U TeMnepaTypbl npoLecca. B 3aBucMmocTn ot Temnepatypbl pas-
nnYalrT TpU BUAaA Cyxoro nMponmaa:

- HU3KOTEMMEPATYPHbIA NUPONU3, unu nonykokcosaHue (450 °C — 550 °C), npu KOTO-
POM MaKkCMMarneH BbIXOA >XMAKMX NPOAYKTOB M TBEPAOro octaTka (Monykokca) u MMHUMarneH
BbIXO4 MMPOSIN3HOrO ra3a ¢ MakCUManbHOW TENNOTOW CrOPaHNS;

- cpegHeTeMnepaTypHbIn  NUPONU3, WUNKM  cpegHeTemnepaTypHoe KokcoBaHue (4o
800 °C), npm KOTOPOM BbIXO ra3a yBenmymBaeTCcs Npu yMeHbLUEHUN ero TennoTbl CropaHuns,

a BbIXO4 XNOKUX NMPOAYKTOB U KOKCOBOIo OCTaTKa YMEHbLUAETCH;
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- BbICOKOTEMMEpPATYPHbIN NuUponn3, unm kokcosaHme (900 °C — 1050 °C), npu koTo-
POM MUHUMAIEH BbIXOA XNOKNUX NPOAYKTOB M TBEPAOro octaTtka M MakCMMarneH BbIXod Nupo-
NN3HBIX ra30B C MUHMMAaITbHOW TEMMOTOWN CropaHus.

B) Masndmkaumna — npouecc Tepmmyeckor o6paboTkm 0TX0A0B, coaepXKallumx opraHu-
Yyeckue BellecTBa, OKMcnuTenem (Bo3gyxom, KMCNopoaoM, BOASIHbIM NapoM, YriekncnbiM ra-
30M WUSIM UX CMECBI0) C PacXxofoM HUXKE CTEXMOMETPUYECKOrO, C NOMYy4YEHMEM reHePaTOPHOro
rasa (cMHTe3-rasa) u TBep4oro Unu pacnnaBfeHHOro MMHeparnbHoro npoaykra. NepepaboTka
OTXO40B rasuukaunen MMeeT cregyroume npemmyLLecTsa no CPaBHEHNIO C METOAOM CXU-
raHus:

- Nofy4aemMble roproymne rasbl MOryT ObiTb MCNONb30BaHbI B KAYECTBE SHEPreTU4EeCcKoro
N TEXHOJTOrMYECKOro TONMMBaA, B TO BPEMS KaK MPU CXKUTAHUN MPaKTUYECKM BO3MOXHO TONbKO
3HEepreTMyYeckoe NCNonb3oBaHME TEMMOTbLlI OTX0A0B (MOoNy4YeHne BOASHOMO napa unu ropsyen
BOAbI);

- nony4aemas cmosia MoXeT ObITb MCMONb30BaHa Kak XXUaKoe TONSIMBO U KaK Xumuye-
CKOE€ CbIpbE;

- CoKpaLlaloTcs BbIOpOCH 3051bl U CEPHUCTLIX COEANHEHUI B aTMOCcdepy.

PesynbTatbl cuctematmsauumn npumeHsiemoro B Poccun obopyaoBaHusa ans tepmuye-
ckoro o6e3BpexnBaHNsl KOHKPETHbLIX TUMOB OTXOAOB MO NPEeACTaBlIEHHOW NpeanpusaTUSMA
nHdopmMauum B aHKkeTax npueedeHbl B Tabnuuax 1.2, 1.3, 1.4, 1.5, 1.6, 1.7 no pasgenam:
CXKuraHue, nuponuns un rasmdukaumsa. NpeacrtaBneHHbIe TEXHONOrMM 1 0bopygoBaHMe CucTte-

MaTU3NpOBaHbI:

no rpynnam obesspexmBaemblix 0TxogoB (koabl PKKO-2014) [3];

no Npomn3BoaANTENIbHOCTHU,

Mo NPMMEHSIEMON TEXHOMNOMMN TEPMUYECKOro 06e3BpeXxmnBaHuns;

no cncremMmam O4YNCTKN ra3oB;

no reHepaunm sHeprum,

no O6pa3yPOLL|,I/1MCFI oTXoOam,

no cteneHn BHegpeHUA,

MO HaNMYUIO paspeLLEHN Ha NPUMEHEHNE, 3aKntodeHnn N9J;

no o6bekTaM BHEAPEHUS.

PaccmaTtpmnBaemoe obopynoBaHne MMeET NPOEKTHYH TEXHUYECKYI0 AOKYMEHTaLMIO Ha
HOBYHO TEXHUKY U TEXHOSOIMIO, NOJSTYYMBLLYIO MOSNOXMUTENbHbIE 3aKMIOYEeHNA rocyapCTBEHHON
3KOSOrMyeckom akcnepTusbl. B ocHOBY aTOM MHOpMaUMWM MOMNOXeHbl JaHHble, npeacTas-
neHHble nucbMoM PocnpupoaHagsopa ot 22 aHBaps 2015 r. Ne BC-08-01-28/721, cooepxa-

LMecs B peecTpe BblAaHHbIX PocnpupoaHaasopom 1 ero TepputopuanbHbiMyY opraHamu no-
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NOXWUTENbHbIX 3aKNOYEHWUI roCyAapCTBEHHOW 3KONTOMMYECKOW 3KCNepTU3bl NO NPOeKTam Tex-
HUYECKON JOKYMEHTaLUMM Ha HOBYIO TEXHUKY U TexHonoruio 3a 2011-2014 rr., pasmeLeHHOM
Ha oduumansHomMm cante PocnpupogHaasopa http://rpn.gov.ru/ n B aHkeTax npeanpusaTui.

Mo konuyecTBy BHeapeHHOro B Poccum obopyaoBaHus Mo TeM UMW UHbIM TEXHOSOMM-
AM TepMuyeckoro o06e3BpexuBaHWA MOSyYMTb MOMHYK MHAOPMaUM He NpeacTaBuioch
BO3MOXHbIM, Tak Kak MHOrMe npeanpusaTus He OTBETUNM Ha 3anpoc O npeacTaBrieHun UMn
aHkeT. Ha ocHoBaHMM MOMy4YeHHbIX aHKET MOXHO KOHCTaTMpoBaTb, YTO Haubonbluee pac-
NPOCTPaHEHNE NOSYYMUIN MHCUHEPATOPbI U yCTaHOBKM Tuna «Popcaxy, «MH» n «KTO».

Tabnuua 1.7 oTpaxaeT reorpaduyeckoe pacnpegeneHne obopygoBaHust No obes-
BPEXMBAHUIO OTXOO0B TepMMYeckum cnocobom no dpefepansHbeiM okpyram Poccuinckon de-
aepauun. Kak crniegyeT u3 gaHHbIX Tabnuubl, TEXHOIOrMU TEPMUYECKOro obe3BpeXxnBaHna u
obopyaoBaHMe MO CXKUraHUKD OTXOOO0B pasMeLlleHbl NMpakTUyecku BO BceX heaepanbHbIX
okpyrax. B 3HaunTenbHO MeHbLUEN CTeNEHN pacnpoCcTpaHeHbl NO CTpaHe YCTaHOBKM MUPOsn-

3a 1 rasudukauum.
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TT

Ta6nmua 1.2 — PGSyJ'IbTaTbI cuctemaTtmsauum TEXHOMOrnm TEPMUYECKOIo 06€3Bpe)KVIBaHI/IFI OTX040B Ha OCHOBaAaHUKN NpeaoCTaBJIEHHbIX

npeanpuaTuaMmn aHKeT

LMKIOH

Koa v HanmeHoBaHue 611o- Hanwuune
Mpounseo- Cre-
Ne |X@M Tuna OTXOA0B No O6opynoBa- auteno- Cucrema "eHepaums Obpasyio- neHb paspe- MpumeHeHne Ha
— | PKKO-2014 TexHonorusi | OYUCTKU ra- wmecs oT- LIeHns Ha
n/n Hue HOCTb, 3Heprum BHEn- npeanpusaTUsIX
30B XoAabl npmume-
Bug otxopa T/vac peHus HeHMe
1 2 3 4 5 6 7 8 9 10 11
CXKUTT'AHUE
7.30 — OTXO[Abl KOM- M i .
MYHAMbHBIE, MOIOB- | TexHornornye- Corative a | 6e00fon. Moo
HbIE KOMMYHAJTbHBIM | ckas nukms o i (mBechOB%e BbipaGoTka o | Ecte, sa-
HA NMPON3BOOCTBE, CKUraHWUIO 8,33 T1/vyac nepeTan- MOMOKO *+ Al anektpo- | lWnak u 30- nen- Kroye- CneugaBop Ne 2,

1 |OTXOObl NP NPEQO- Teepabix (8,33x3 = KMBF;}O eit | TBMoosan- SHepruM | nia ot cxkm- | o | Hie 33 |IM'YI «3koTexnpomy,
CTABJINIEHWN YCIYT KOMMyHanb- | = 25 T/4ac) KOJ'IOCHUI/-IlKo— Ml pFOJ'Ib) 1,2-3=3,6 raHusi 06ba- He npeno r. Mocksa
HACEJTEHUIO HbIX OTXO40B o y o MBT P CTaBneHo

BOW peLleTke | pyKaBHbIV 3ey,

TBepAable KOMMYHanbHbIE (TP NNHUK) bUALTP
otxogbl (TKO)
7.30 — OTXO[Obl KOM- TexHONOMYG-
MYHAIBbHbIE, NMOAOB- cKas IHUS MO CxuraHue Ha | Pacnpegenu- Mpo- | EcTb, 3a-
HbIE KOMMYHATbHbBIM 24 T/ HaKMoHHo- TenbHbIN ab- | BoipaboTka MbILL- | KroYe-

CXXUraHWIo LLnak u 30- 000 «E®H-
HA NMPON3BOOCTBE, (24x2 = nepetan- copbep, py- AeKTpo- neH- Hue

2 TBepablx . > na oT CXu- - Okotexnpom MC3
OoTXOo4dbl NPX NPEOO- KOMMVYHATTo- KuBatoLlen KaBHbIN 3Heprum FaHUS HbIN rod Ne 3». 1. Mockaa
CTABJIEHUN YCIYT HEIX o¥xo oB =48 TM) | konocHuKo- GunbTp, Cu- 11 MBT ob6pa- | He Npeno B '
HACEJEHUIO A Bow peweTtke | ctema CKB 3eL | cTaBneHo
TKO (oBe nuHUK)

7.30 — OTXOAbl KOM- Mokpo-cyxou

MYHAIbHBbIE, NMOOOB- T exXHOMOMYG- abcopbep

HblE KOMMYHAJIbHbIM CKAS! TS 1O 13,5 T/vac (n3BecTko- Mpo- Ecte. 3a- | Cneusason Ne 4

HA NMPON3BOOCTBE, (13,5x2 = | CxwuraHue B | Boe MONOK + | BblpaboTka MbILL- ’ H A N2 2,
CXUraHuio " Lnak n kntoyeHne | Komnnekc no Tb n

OoTXOabl NP NPEQO- =27 T, BUXPEBOM aKTMBMpo- 3NeKTpo- neH-

3 Teepablx o 3ona ot . [RCIC] BO,
CTABNEHUWN YCIYT KOMMVYHATbe ogHa nu- Knnsiem BaHHbIN 3Heprum CKULEHUS HBIA | eno | FYTT «3KkoTexnnomy
HACEJIEHUIO y HWNS B pe- cnoe yrone), py- | 6-2=12 MBT obpa- pea b

HbIX OTXO40B 9 CTaBMeHo , I. MockBa
3epBe) KaBHbIN 3ey
TKO (Tput nvHMM) duneTp,




A

Koo n HanmeHoBaHue 6no-

Hanwuuve

Ne |X@M Tuna OTXOA0B No O6opynoBa- Tﬁﬁziii- Cucrema "eHepaums Obpasyio- ﬁgﬁ; paspe- MpumeHeHne Ha
— | PKKO-2014 TexHonorusi | OYUCTKU ra- wmecs oT- LIeHns Ha
n/n Hue HOCTb, 3Heprum BHEn- npeanpusaTUsIX
30B XoAabl npmume-
Bug otxona T/vac peHus
HeHune

1 2 3 4 5 6 7 8 9 10 11

7.30 — OTXO[Abl KOM- T exHONOMITE-

MYHAJIbHBIE, NOOOB- CKaS! TIVHUS! 1O CxwuraHue Ha Mpo- EcTb. 3a-

HbIE KOMMYHAJIbHBIM obpaTHoO- Ocagutenb- MblLLI- ’

HA MPOV3BO CXKUraHWIo 6 T/uac (6-3 Lnak n kntoveHue | MYT1B «CneusaBop
OCTBE, a nepetar- Hasa Kamepa, OTnyck neH-

4 TBepabix = . PN 3ona ot . rod Ne 1»
OTXOMBI TPV TIPEAO- KOMMYHanb- | = 18 1/4ac) kMBAlOWLEH | GaTapeiHLIi renna CXUraHus HbIV He npeno r. BnaanBocTtok
CTABNEHWW YCIYT e O¥XO o KOMOCHMKO- LIMKIOH o6pa- maaﬁeﬂo - [ Bnaa
HACEJIEHUIO A BOW peLueTke 3el
TKO (TpY NKHUK)

7.30 — OTXOObl KOM- T
MYHATbHbIE, MOAOB- extonornse- Mpo- | o
HBIE KOMMYHABHBIM | ©€% TR O | Cxurarme Ha ey | Mo [ o0 28

5 HA NMPON3BOACTBE, TBEDIbLIX (152 = BasikoBow QnekTpo- OTnyck 308 OT neH- 99 OAO «3aBog TO
OTXOoAbl NP NPEQO- KOMMpﬂaﬂb- - 30 T/uac) KOINOCHUKO- PunbTp Tenna CKUTEHMS HbI He NDpeno TBO», r. MypmaHck
CTABNEHWN YCIYT y = BOWi peLueTke o6pa- pea
HACENEHUIO HbIX OTXOJ0B ael CTaBMeHo
TKO (OoBe nuHUK)

7.30 — OTXO[Obl KOM- TexHONOMYG-

MYHAJIbHbBIE, NOOOB- Mpo- E

HbIE KOMMYHAJIbHBIM n((:)Kii:rV;:TA?o 15 T1/yac Cxwmrarine Ha LLnak n MbILL- Kn(r:;:’esa-e MaTturopckun Ten-
HA NMPON3BOOCTBE, _ BarnkoBow SnekTpo- OTtnyck neH- P .

6 TBepabIx (15-2= 3ona ot N RCIC) noaHepreTuyecKni
OTXOObI NPV MPEAC- koMMyHanb- | =45 T/4yac) KONOGHMKo- punbTp renna cXuraHus HOM 1 He npepo KOMMneKc
CTABJIEHUN YCIYT HBIX o¥xo oB - BOW peLueTke obpa- CTaBﬁeﬂO
HACEJIEHUIO (o nMHﬂM) 3el
TKO
7.30 — OTXOObl KOM- T
MYHAJbHbIE, MOAOB- Z’(‘:;‘;‘;L"‘:: Kamepa go- Mpo- | cort sa
HbIE KOMMYHAJTbHbLIM CnoeBoe XUraHus, MbILL- ’ YepenoseLkuii 3a-

no cxuraHumo | 1,5 T/vac LWnak n KIoYeHne
HA NMPON3BOLOCTBE, _ CXuraHme ¢ | nogada us- OTnyck neH- BOA O1151 KOMMIIEKc-

7 Teepabix (1,52= 3ona ot . [RCIC] .

OoTXOAbl NP NPEAO- KomMMyHanb- | = 3,0 T/uac) NOABWMXHbLIM | BECTHSKa U Tenna CKULEHUS HBIM | oeno | HOM nepepaboTku
CTABNEHUWN YCIYT HBIX o¥xo OB - nogom yrng, pykas- obpa- CTaBﬁeﬂO TBO
HACEJIEHUIO A HbI PUNbLTP 3eu

TKO

(oBe NuHuK)




€T

Koo n HanmeHoBaHue 6no-

Hanwuuve

Ka 1 TMna oTXxo4oB Mo Mpou3so- Cucrtema O6pasyto- Cre- pa3spe-
Ne OKKO-2014 Obopynosa- AnTenNE- TexHonorna | OYUCTKW ra- Fenepauns Lunecs oT- NEHE 1 ienma Ha Mpumenenne Ha
n/n Hue HOCTb, 308 3Heprum XOmbI BHEA- |~ e npeanpusaTUsIX

Bug otxopa T/vac A peHus P

HeHune

1 2 3 4 5 6 7 8 9 10 11

7.30 — OTXO[Abl KOM- 6aKTOD CO

MYHANbHBbIE, MOOOB- TexHonornye- Coruranme na pcmecmge- BblpaboTka EcTb. 3a-

HbIE KOMMYHAJIIbHbIM cKast NMnMHKuA ) 3reKTpo- m '

HA NMPOV3BO/CTBE, MO CKUraHMIo Mexanme- nem sHeprum Ha nakn 1 Huok | kmoenne
8 OTXO[bl MNPV NPEO- Teepapix 20-24 1/yac | CKOWM KOMoOC- | yBRaxXHUTe- NapoBoil 3ona ot = rod HeT

CTABJIEHUM YCIYT KOMMYyHarb- HUKOBOV pe- | - 11em 1 py- TypbuHe 24 | SXAraHna He Npeao

HACEJTEHUIO HbIX OTXO40B Lwetke KaBHbIV MeT CTaBneHo

TKO duneTp

2.10 — OTXO[Obl OOBbI- Moo- EcTb,

Y1 TOMNMBHO- P ros

SHEPTETUYECKWX MO- CuraHue Bo sonaor | mon. | Ne292— | OO0 «3KO Mooy,
9 |NNE3HbLIX MCKOIMAEMbIX Y3rr-1m 6 T/vac BpaLlato- ckpy6bep HeT KArAHNS M7t 08/XM3-0 r. llaHrenac,

3amasy4eHHbIe rPYHTHI, LLencsa neyn 242/02 ot | TMAO «JIYKOWUIT»

obpa-
OypoBble Lnambl, OKanvHa 14.07.200
3ey 8r

M NponaHThI




Vi

Ne
n/n

Koo n HanmeHoBaHue 6no-
Ka 1 TMna oTXoA4o0B Mo
OKKO-2014

Bupg otxopa

O6opynoBa-
Hue

MNpownsso-
anTernb-
HOCTb,
T/vac

TexHonorus

Cuctema
OYUCTKM ra-
30B

"eHepaums
3Heprum

O6pasyto-
Lmecsi oT-
xoppl

Cre-

neHb

BHe[-
peHus

Hanwuuve
pa3spe-
LleHus Ha
npume-
HeHue

MpumeHeHne Ha
npeanpusaTUsIX

2

4

6

8

10

11

10

3 — OTXO[Obl OBPABA-
ThIBAKOLWEW NMPOMBbILL-
JIEHHOCTW;

4- OTXOObl NOTPEBNE-
HNA MPON3BOOCTBEH-
HbIE

M HEMNPOM3BOOCTBEHH
blE; MATEPWAIBI, N3-
JENNA, YTPATUBLLNE
MOTPEBUTENBCKUE
CBOWCTBA, HE BO-
WEAOLINE B BITOKN 1-3,
6-9;

7- OTXO[Obl NMPU BOOO-
CHABXXEHWW, BOOOOT-
BEOEHNW, OEATE/b-
HOCTW NO CBOPY

N OBPABOTKE OTXO-
noB.;

9- OTXO[Obl NPW Bbl-
MONHEHWK NPOYMNX
BOOB OEATENBLHO-
CTW, HE BOWEQLWNE

B BJIOKM 1-3, 6-8

OTxopabl 3-5 knaccos
ornacHocTU, B TOM 4Yucne
cogepxalume HedTenpo-
AYKTbl, MEAULMHCKME U
Ouonornyeckne oTxoasl,
OTXOAbl XMMMPOM3BOACTBA

MHcuHepaTop
WH 50 Typ-
ManuH

50—
5000 kr/yac

CxwuraHue B
nogoBown ne-
un

Kamepa po-
Xura rasos,
LIMKITOH,
ckpy66ep
(cyxon/ mok-
pbIi)

Bo3moxHO
KoMnekTa-
uusi BOAO-
rPenHbIM
yTUnu3arTo-
powm (Ten-
noobmeH-
HUKOM)

3ona ot
CXUraHus

Mpo-
MbILL-
nex-
HbIN
obpa-
3ey

EcTtb,
rod
Ne 202
oT
12 anpen
a2013r.

175 npegnpuatuni
Ha TeppuTOpUn
Poccuiickon depe-
pauun

11

7.20 — OTXOAbI NMPU
CBOPE N OBPABOTKE
CTO4YHbIX BOA

MmnopTHoe
obopynoBa-
Hne

3,4 T/yac

CxuraHue B
ne4m kunsa-
Lero cros

AnekTpo-
unbTp, 2-X

CTyneH4yaTbIn

EcTb, BbI-
pabaTbiBa-
€TCS 3NeK-

3ona ot
cXXuraHumga

Mpo-
MblILL-
neH-

EcTb, 3a-
KntoveHne
[KCIC)

YN " Bogokanan
CaHkT-
MeTepbypra", 3a-




GT

Kog u HanmeHoBaHue 6no- Moon3B0- Cre- Hannune
Ne |X@M Tuna OTXOA0B No O6opynoBa- F;Tenb- Cucrema "eHepaums Obpasyio- neHb paspe- MpumeHeHne Ha
— | PKKO-2014 PyA A TexHonorusi | OYUCTKU ra- paul wmecs oT- LIeHns Ha P
n/n Hue HOCTb, 3Heprum BHEn- npeanpusaTUsIX
30B XoAabl npmume-
Bug otxona T/vac peHna | e
1 2 3 4 5 6 7 8 9 10 11
O6e3BOXEHHbIV 0CagokK ckpybbep | TpoaHeprus Hbll | HE Npeao BOL, CXMUraHus
CMecH CbIporo ocagka Ha napoBoW obpa- | cTaBneHo | ocagka CTOYHbIX
CTOYHbIX BOA, U U30bLITOY- TypOuHe 3el, BoA KOro-3anagHbix
HOro YNAOTHEHHOro Una. OC.
3.01 — OTXOAObl NPO-
N3BOACTBA MULLEBbIX
MPOAOYKTOB, HAMWT-
KOB, TABAYHbIX N3[E- 1. OunbTp
nmn : .
4- OTXOMbI MOTPEEJIE- Ipyoon
HUA NMPON3BOOCTBEH- (LnKnoH)
HbIE 2.0unbT 3ona ot Mpo- EcTb, 3a-
N HEMPOM3BOOACTBEHH Coruratve B :I'OHKOI7Ip oxmranms | MPIL- quéHme OOO «AreHTCTBO
blE; MATEPUAIbI, N3- Meub neH- PtyTHas Besonac-
12 [ENVSI, YTPATUBLUVIE VYH 0.8 0,5-2 1/yac | neuu Gapa- OYUCTKM HeT PYHT Tex- LT [FCIC) HOCTbY, KpacHo-
NOTPEBUTENLCKVE GaHxoro Thna (C;gygggg c ”O‘Zi;"l;l"e' o6pa- ;'fagﬁzﬂg [apcKkuit kpait
CBOWCTBA, HE BO- o o) 3ey
WEOLWWME B BITOKA 1-3, o
6-9 (20 % we-
noYHom pac-
OTxopnbl, cofepxaiimne T8op NaOH)

HedTenpoaykTbl, pacTu-
TernbHbIE U XXUBOTHbIE XW-
pbl, cnupTocoaepXatlmne
oTXo4pbl.




oT

Ko n HanmeHoBaHue 6ro- Hannune
Mpounseo- Cre-
Ne |Ka@MW ThNa OTXO/0B Mo O6opynoBa- auteno- Cucrema "eHepaums Obpasyio- neHb pa3pe- lMpumeHeHne Ha
OKKO-2014 TexHonorusi | OYUCTKU ra- wmecs oT- LIeHns Ha
n/n Hue HOCTb, 308 3Heprum xOgb! BHe- npume- npeanpusTusax
Bug otxona T/4ac peHus
HEeHue
1 2 3 4 5 6 7 8 9 10 11
3 — OTXO[Obl OBPABA-
ThIBAKOLWEW NMPOMBbILL-
JIEHHOCTMW;
4- OTXO[Obl MOTPEBIE-
HAUA NPON3BOOCTBEH-
HBIE Kamepa po-
 HEMPOW3BOACTBEHH Moxararas,
blE; MATEPWAIbI, N3-
OENVS, YTPATUBLLUVE ckasi odncTka
NOTPEBUTEJIbCKUE rasos (py-
CBOWCTBA, HE BO- KaBHbIN EcTb, Bbi-
LWEALLVE B BITOKM 1-3, g‘g";::gc;jm pabaTbiBa- Mpo- | cooo N
6-9; . | eTca Tenno- MBbILLI- ’
7- OTXOObl MNP BOOO- | KTO-1000.3.B Cxuranve Bo | naTpOHHLIIA Basi aHeprus| 3ona oT neH- ras 000 «TK «Hedre
13 | CHABKEHWW, BOOOOT- | /KTO-1000.| LT/4ac | Bpawal- | Quibtp, | "o fo ™| ranns | v | e 077 0T | Xumlasy r. Mocksa
BEEHM LI,E’FITEJ'II:— ’ Lencs neyn | Mokpoe nbl- psueit Bogbl o6pa- 28 okTabp 2) OAO "PXO"
HOCTU I'Ié CEOPY neynaenu- 1nv napa sel| a2014r. r. Mockea
1 OBPABOTKE OTXO- BaHne) X- | 5 5 3ar
[0B: Muyeckasi '
9- OTXO[bI MPY Bbl- oumcTka ra-
MOSIHEHWUM MPOYNX 308 (Cyxoi,
BWIOB AEATENLHO- rorycyxou,
CTW, HE BOWELLWVE ""o%pg”"
B BJIOKM 13, 6-8 cKpy66ep)
TKO, HedbTecoaepxaLine
OTXOAbl, AepPEBSIHHbIE
wnansl, MeauUuHCcKue 1
Ononoruyeckne oTxoapl
7.20 — OTXOA4bI INPA KTO-1000.BM Cxwranve B | Kamepa go- | EcTb, BbI- 30na oT Mpo- EcTb, 1) OO0 «[lasnpom
14 | CBOPE N OBPABOTKE KCXK/ 1 T/Mac LUMKINOHHOM | Xura ra3oB, | pabaTtbiBa- CKULAHUS] MbILL- rod MHBecT 3anagy,
CTO4YHbIX BOA KTO-1000.6M peaktope MEX04YUCTKa | eTca Tenso- neH- | Ne677 ot | KC «[NoptoBas»




LT

Kog u HanmeHoBaHue 6no- Hannune
Mpounseo- Cre-
Ne |X@M Tuna OTXOA0B No O6opynoBa- auteno- Cucrema "eHepaums Obpasyio- neHb paspe- MpumeHeHne Ha
— | PKKO-2014 TexHonorusi | OYUCTKU ra- wmecs oT- LIeHns Ha
n/n Hue HOCTb, 3Heprum BHEn- npeanpusaTUsIX
30B XoAabl npmume-
Bug otxona T/vac peHus
HeHune
1 2 3 4 5 6 7 8 9 10 11
.U rasoB Basi sHeprus Hblh | 28 OKTS0p crie,
(bnnbTpbI B BMAE ro- obpa- | 12014 r. | 2) OO0 «lMasnpom
PYKaBHbIN, | pa4er Boabl 3ey, no6blya Hagbim»,
Kepamuye- unu napa BoBaHeHKkoBCKOE
cKui na- 1,5-2 KeT HIM'KM AHAO,
Ocagkv NPOMbILLNEHHbIX TPOHHBIN, r. Hagbim
MOKpPOE Mbl- 3) OAO «BbIkCcyHCK
CTOYHbIX BOA, o
y neynaenu- Ui MeTannyprude-
B T. 4. METaHOMbHbLIN pac- N
860 BaHue), Xu- ckuii 3aBoa» Hwke-
P MOYMCTKa ra- ropopckas obnacTb,
30B (CyxoH, r. Boikca
NosTyCyxon, 4) 000 «lasnpom
MOKpbIV WHBECT 3anagy
ckpyb6ep) KC «KnpuHckasn»
Crie
3 — OTXOAbl OBPABA-
ThIBAKOLLEW MPOMBbILL-
JIEHHOCTW;
4- OTXO[Obl MOTPEBIE-
HNA NPON3BOLACTBEH-
HbIE
N HEMNPOMN3BOOCTBEHH CxwuraHue B Moo-
blE; MATEPWUAIIbI, N3- Mycopocu- KamepHom MSLU_ Ectb
OENWA, YTPATUBLUME neyn cxura- ) ) rod
15 |NOTPEBUTENLCKUE Jerensnas .| 03thac | wus, oopy- 'f'f‘w":aeprggg HeT C?K‘;’::HOMTQ mer | Ne 180 or /?OA‘:': FEIK’;’
CBOUWCTBA, HE BO- y 128SW-L JoBaHHasd 06Da- 18 nekab ) AbIP
WEOLWWME B BITOKA 1-3, cucTemon 35 ps 2014 r.
6-9; nogaysan H

7- OTXOAbl NPV BOOO-
CHABXEHWW, BOOOOT-
BEOEHWWN, OEATENb-
HOCTW MO CBEOPY

1 OBPABOTKE OTXO-
AOB;




8T

Kog u HanmeHoBaHue 6no- c Hannune
Ka 1 TMna oTXxo4oB Mo Mpou3so- Cucrtema O6pasyto- Te- pa3spe-
Ne O6opynoBa- auteno- "eHepaums neHb lMpumeHeHne Ha
OKKO-2014 TexHonorusi | OYUCTKU ra- wmecs oT- LIeHns Ha
n/n Hue HOCTb, 3Heprum BHEn- npeanpusaTUsIX
30B XoAabl npmume-
Bug otxoaa T/vac peHus
HeHune
1 2 3 4 5 6 7 8 9 10 11
TBO, NPOMBbILLIIEHHbIE, B
T.4. HedpTeconepxawyue,
oTxoabl
3 — OTXOAbl OBPABA-
ThIBAKOLLEW MPOMBbILL-
JIEHHOCTWY;
7.30 — OTXO[Obl KOM- n
MYHAMbHbIE, MOOB- PO~ 1 Ecr,
HBIE KOMMYHABHBIM |, Cxuranme K 3 MBI g 000 «YHP-17>
16 |FATPOVOEOICTEE, | | SCT0%8 | 1o0anac | \OMPECTr | Kaneba i | gy | Somaor | 7o | noarsor|  Brasww
OTX0onb! NMPY NPEAO- P P 24 HosI6p ckas o6,
CTABNEHUM YCNYT ke) o0pa- | 'C o004 1,
HACENEHMIO sed
TBO, NpOMBbILLIIEHHbIE, B
T.4. HedpTeconepxalyue,
oTXxoabl
7.30 — OTXO[Abl KOM-
MYHAJIbHbBIE, NOO0B-
HblE KOMMYHAINbHbLIM
HA NMPON3BOLOCTBE, Mpo-
OoTXOdbl NMPW NPEOO- MbILL- EcTb,
CTABNEHWM YCHYT Vikcurepa- Coxvranme 8 | Kamepa mo- Sonaor | ned- | 993 MY MO «HP»
17 TopHas ycta- | 0,18 T/yac HeT g «MepepaboTunk»
HACEJIEHUIO HoBka NY-80 neyn Xura rasos CXUraHua HbI | He Npedo r. HeploHrpy
9- OTXOObI MNMPU Bbl- obpa- | cTaBneHo '
MONMHEHWN MPOYNX 3ey

BMNOOB AEATEJIbHO-
CTW, HE BOLWEAOLWINE
B BJIOKN 1-3, 6-8




6T

Koo n HanmeHoBaHue 6no-

Hanwuuve

Ka 1 TMna oTXxo4oB Mo Mpou3so- Cucrtema O6pasyto- Cre- pa3spe-
Ne OKKO-2014 Obopynosa- AnTenNE- TexHonorna | OYUCTKW ra- Fenepauns Lunecs oT- NEHE 1 ienma Ha Mpumenenne Ha
n/n Hue HOCTb, 308 3Heprum xOgb! BHEA- |~ e npeanpusaTUsIX
Bug otxoaa T/vac peHus P
HeHune
1 2 3 4 5 6 7 8 9 10 11
OTxogpl NULLLEBON NPOAYK-
uun, HedpTecoaepxalime
oTX0Abl, OTXOA4bI LiEeNsio-
NO3HO-ByMaXXHOro Npons-
BOACTBA, OpraHnyeckue
oTXxoAbl, 0TX0Abl MeaULNH-
CKUX ydpexaeHun
3 — OTXOAbl OBPABA-
ThIBAKOLLEW MPOMBbILL-
JIEHHOCTWY; Kamena [o-
4- OTXOMbI NMOTPEEJIE- L
HUNA NMPON3BOOCTBEH- M '
HbIE exaHunye-
M HEMPOW3BOACTBEHH C'ii;’;?g;"a
blE; MATEPWAIbI, N3- KTO-50 K20 KABHbIiA Ectb, gnsa
OENNA, YTPATUBLUNE KTO-50 K40.M bULTD, Ke- KTO 150
MOTPEBUTENBCKWE KTO—50. EM .I'I KT050 aMI/N:(’)KI/IVI BblpabaTbl- Mpo- EcTb
CBOWNCTBA, HE BO- KTO—106 K4-0 (0,05 T1/yac) Coruranve B ?‘IaT oHub | BAETCA Ten- MbILL- FSS, 20 npegnpuaTUiA Ha
18 WEALWWNE B BJTIOKA 1-3, n R Kt0100 N P nosas aHep-| 3ona ot neH- Tepputopun Poc-
o nogoBown ne- unbeTp, . Ne 677 ot v N }
6-9; KTO-100.MK (0,1 T/yac) am MOKDOE Hb- | V% B BUAE | OKuraHns HBIA | oo 196 cuiickon depepa
7- OTXOObl NPV BOOO- KTO-150 '3 n K10150 e FJ)'IaBJ‘IVI- ropsayen obpa- 2 2014 rp Lmm
CHABXEHWW, BOOOOT- KTO—150.5|'\/I (0.15 T/yac) Bazme) Xy | BOAbl nm 3el, '
BEOEHWW, OEATE]b- n U MMYecKas napa 0,3—
HOCTW MO CBOPY OUNCTKA ra- 0,4 KeT
N OBPABOTKE OTXO- 9
[10B: 30B (cyxmil,
9- OTXOAb! MPVI Bbl- oy e
MONHEHWN MPOYMX P
ckpy66ep)

BMNOOB OEATEJIbHO-
CTW, HE BOWEOLWNE
B BJIOKN 1-3, 6-8




0¢

Koa n HanmeHoBaHue 6no- Hanuuune
Mpounseo- _| Cre- )
Ne |X@M Tuna OTXOA0B No O6opynoBa- auteno- Cucrema "eHepaums Obpasyio neHb paspe MpumeHeHne Ha
— | PKKO-2014 TexHonorusi | OYUCTKU ra- wmecs oT- LIeHns Ha
n/n Hue HOCTb, 3Heprum BHe- npeanpusTusax
30B xoabl npume-
Bua otxona T/vac peHus
HEeHue
1 2 3 4 5 6 7 8 9 10 11
TBO, npombiwneHHble (B
TOM umucne HedpTecoaep-
Xawme), MeguuuHckme,
Ounonornyeckne oTxoapl
3 — OTXOAbl OBPABA-
ThIBAKOLLEW MPOMBbILL-
JIEHHOCTMW;
4- OTXO[Obl MOTPEBIJIE-
HANA NMPOU3BOLCTBEH-
HbIE
M HEMPOM3BOOCTBEHH
blE; MATEPUAIbI, N3- Moo-
OENMNA, YTPATUBLINE MOBUABHbI MbFI>LIJ- EcTtb, 3a- | OOO «AreHTCTBO
19 QSSEE?EZEQECBKSE WHCUHepaTop 50— Cxwurarnne B | Kamepa go- HeT 3ona ot neH- m?;%-'me PTyTHsgclissonac-
LEQUIE B’BJ'IOKVl 13 «Hlusri(l;)?n- 75 Kr/Mac | KamepHoMned | >xura rasos CXUraHms Ol-élzz_ He npeo KpacHomapckuii
6-9; sel| CTaBneHo Kpan

9- OTXO[Abl NMPW Bbl-
MNONHEHWUWN MPOYNX
BMNOOB AEATEJIbHO-
CTW, HE BOWEALWINE
B BJIOKWN 1-3, 6-8

np0MbILUJ'IeHHbIe, meaun-
LUMHCKKne, 6I/IOOpFaHI/I‘-Ie-
CKMe oTxoabl




T

Koo n HanmeHoBaHue 6no-

Hanwuuve

Ne |X@M Tuna OTXOA0B No O6opynoBa- Tﬁﬁziii- Cucrema "eHepaums Obpasyio- ﬁgﬁ; paspe- MpumeHeHne Ha
— | PKKO-2014 TexHonorusi | OYUCTKU ra- wmecs oT- LIeHns Ha
n/n Hue HOCTb, 3Heprum BHEn- npeanpusaTUsIX
30B XoAabl npmume-
Bug otxoaa T/vac peHna | e
1 2 3 4 5 6 7 8 9 10 11
4- OTXO[Obl MOTPEBJIE-
HUA NMPON3BOOCTBEH-
HbIE
N HEMPOM3BOACTBEHH E
blE; MATEPUANbI, N3- Moo- é;;
OENNA, YTPATUBLLNE c P Ne 77.01. | 6 10
MOTPEBMTENBCKIIE YcTtaHoBka KaM:nMera: I/(I:(:OI? Kamepa po- 3ona ot '\J/!Ibelll:llJ—_ 36 31.2 J'I. :::; Ha Trclapeﬂllglil_
20 |CBOWCTBA, HE BO- 0,057/4ac P ba A HeT ' ole ppUTO
WEALIME B BIOKA 1-3 «dopcax-1» paHus (6o4- | >kura rasos CXUraHus Heln | 07782.04. | puu Poccuiickon
6-9- ’ Ke) obpa- 3ot depnepauymm
3 3ey | 3anpens
Hedreconepxalume oTxo- 2003 r
Abl, oTpaboTaHHble PUnb- '
Tpbl; NPpOMacneHHas Be-
TOLWb, ONWUIIKK; oTpaboTaH-
Hble COPOEHTbI.
MAPOJIN3
2.10 — OTXOAbl OOBbI- EcTtb, Oo-
Y TOMJIMBHO- NOMAHUTENb-
OHEPIETUYECKKMX NO- Hwuskotemne- HO KOM- Muponma- Mpo- EcTb
JIEBHbIX NCKOMAEMbIX paTypHbIv _ | nnekTyeTcs | Mbi- ’ " _
800— NMponK3, 663 dunbTp Nn CACTEMO Hoe Ton nen- [RCIC) OOO HIM "Coto3s
21 yTO-2 PONU3HbIX nnBO, Nun- o Ne 576 ra3TexHonorns»
1500 kr/4ac | goctyna Kuc- pekynepa- . HbI
rasos POSIU3HbIN 0118.09.2 r. TtoMeHb.
HedTewnamsl, oTxoasbl nopopa B Lumm Tenna u obpa-
ras, necok 014r.
OypeHus peakTope BbIpaboTKM 3ey
anekTpuye-
cTBa
3 — OTXOAObl OBPABA- Het
TbIBAKOLWEW NMPOMbILL- MnaHnpyeT- nUPonmns- Mpo-
NEHHOCTY YcraHoska o | o7 Aoocra- woe wacnol | wbiw- | ST S| iy
patyp LLileHne NeH- TEXHUYe- NeH- N
22 PeanHOCOnepKaLLINe 1 no- nuponusa 345 kr/yac | nmponus B HLIM 2nna- HeT CKMiA yrne- | HbliA [RCIC) KpacHopapckun
nMmepcoaepaLlmne oTxo- FORTAN-2 peTopTHO paTtom gnis poa/ me- | obpa- HE Npeao kpau
neuu CTaBIIEHO
abl OYUCTKM ra- Tannokopn | 3ey

30B




A4

Ko n HanmeHoBaHue 6ro- Moon3B0- Cre- Hannune
Ne |X@M Tuna OTXOA0B No O6opynoBa- ﬂ?/ITeﬂb- Cucrema "eHepaums Obpasyio- neHb paspe- MpumeHeHne Ha
— | PKKO-2014 TexHonorusi | OYUCTKU ra- wmecs oT- LIeHns Ha
n/n Hune HOCTb, 308 3Heprum xOgb! BHEA- |~ e npeanpusTusax
Bug otxona T/vac peHus P
HEeHne
1 2 3 4 5 6 7 8 9 10 11
2.10 — OTXO[Obl OOBbI- Knokne
Y TOMNMMNBHO- yrneBopo-
OHEPTETUYECKMX MO- | OnbITHbIN 06- Huakotemne- poapl, He-
JIESHbIX MCKOIMAEMBbIX | paseL o6opy- paTypHbI Tennogas opraHuye- OnbiT- Ectb, 3a-
OOoBaHusA Tep- nuponms oHeps g | CKAE MaTe- | o | KilloYeHne
23 mMuyeckow ne- | 0,3 T/yac HeTAHbIX Ckpy66ep B gro o puansl 06pa- RCIC) HeT
pepaboTku LUNaMOB B qeﬁl)] 8O pbl (necok, ok- 3ep He npeao
HedTaHble wnambl HeTAHbIX napoBon A cuapl xe- Y | crasneno
LuiamoB cpene nesa, rnu-
Ha, rpasumn
v ap.)
3 — OTXOAbl OBPABA-
TbIBAKOLEW MPOMBbILL-
JIEHHOCTW;
4- OTXO[Obl MOTPEBINE-
HNA MPON3BOACTBEH-
HbIE
N HEMPOM3BOOACTBEHH
blE; MATEPWATNbI, N3- EcTb CUHTETY-
RENVA, YTPATABLUVIE YCTaHoBKa HuskoTemne- BbipabaTthbl- YeCcKmin MNpo-
NOTPEBUTENLCKUE nepepaboTku ! P PO~ 1 Ect, 3a-
CBOWCTBA, HE BO- 0TX0[10B PaTYPHBIN | 1 excTynen- | BasTeA re- (AMponM3- | Mbll- |\ o e ime
24 |WEALME B BMOKN 1-3, | 9KOMALL-01/ | 250 krfuac | MPOM3B | (oraq oumcr- | HEPATOP- | HbI1a3). | nek- | "irqq 7 | Opexoypr, Mepme,
6—9- ! KoMmneke LaxTHOM pe- KA [E30B HbI ra3 gns | MNuponns- HbIN He npeao Apocnasnb, Teepb,
7- OTXOfbl MPY BOJO- | EcoMachine s 2ob e | o MO Ofga' CTaBneHo
CHABXXEHWK, BOOOOT- AMR-100 ' H
HepaTopa | na (caxa)

BEOEHWW, OEATENb-
HOCTW NO CBEOPY

N OBPABOTKE OTXO-
AOB;

TBO, pe3nHoTeX. U3nenus,
oTxoapbl nnactmaccs, LIBK,
opraHuyeckue, meguumH-
cKue.




€c

Koo n HanmeHoBaHue 6no-

Hanwuuve

Ka 1 TMna oTXxo4oB Mo Mpou3so- Cucrtema O6pasyto- Cre- pa3spe-
[:\l/i PKKO-2014 060%@08& ﬂ:gs::- TexHonorns | O4YUCTKM ra- r:ea:eep?;";'ﬂ Lwmecs oT- ;ﬁ:b_ LeHns Ha rll_lpZMiH(;:lgﬁﬂia
’ 30B P XoAabl A npmume- PEANP
Bug otxoaa T/vac peHna | e
1 2 3 4 5 6 7 8 9 10 11
4- OTXO[Obl NMOTPEBJIE-
HUA NMPON3BOOCTBEH-
HbIE E
M HEMPOW3BOACTBEHH mmoorms. | PO | To3
blE; MATEPUAIbI, N3- LienTpobex- HOF; Ton- | ML 1 Ne 299
o5 OEJTNA, YTPATUBLUNE VMOP-1ul 250 Kr/uac Muponns B | HbIM cenapa- HeT B0, Me- NeH- | e M3-0 000 «3KO lMntoc»,
MOTPEBUTENBCKWE peaktope TOp aspo3o- B HBIA | 545100 o1 r. JlaHrenac
CBOWCTBA, HE BO- nen sona obpa- 14 wions
WEAOLWWME B BJIOKA 1-3, 3ey
6-9: 2008 .
PesnHocogepxalume oT-
X04bl U BETOLWb
4- OTXO[Obl MOTPEBJIE-
HUNA NMPON3BOOCTBEH- EcTtb, Oo- 1) YN KanuHuk-
HbIE ONHATENE™ | 1 honms- rpagckon obnactu
VI HEMPOW3BOJCTBEHH HuskoTemne- HO KOM- P Mpo- paa
. 9 Hoe Ton- EcTs, «EgnHas cuctema
blE; MATEPUAIbI, N3- paTypHbIi OUNLTD nu- | MIEKTYETCA | L | Ml 33 0BDALLEHNS C OT-
OENUSA, YTPATVBLUVE Anponus, 6es P cncTemoit M en- paul
26 YTO-1 100 kr/yac POSN3HbIX POSIU3HbIN . Ne 576 xogammy,
MOTPEBUTENBCKNE AocTyna Kuc- pekynepa- HbI
- rasos ras, me- o0118.09.2 r. KannHnHrpag.
CBOWNCTBA, HE BO- nopoga B wamTennan| oo o obpa- 014 r 2) 000 HIM "Co-
WEALWWNE B BJTIOKA 1-3, peakTope BbIpaboTkM | 3seu '
j 3ona H03ra3TexXHONorus»
6-9; anekTpude-
r. TioMeHb.
Pe3nHoTexHuyeckme oTxo- cTBa

Obl, WNHbI




ve

Koo n HanmeHoBaHue 6no-

Hanwuuve

Ka 1 TMna oTXxo4oB Mo Mpou3so- Cucrtema O6pasyto- Cre- pa3spe-
Ne OKKO-2014 OBopynosa- ANTEIb- TexHonorusi | OYUCTKU ra- Fexepauns wmecs oT- neHb LIeHns Ha Mpumerenne Ha
n/n Hue HOCTb, 308 3Heprum xOgb! BHEA- |~ e npeanpusaTUsIX
Bug otxoaa T/vac peHus P
HeHune
1 2 3 4 5 6 7 8 9 10 11
3 — OTXOAbl OBPABA-
ThIBAKOLEW NMPOMBbILL-
JIEHHOCTWY;
4- OTXO[Obl MOTPEBIE-
HVA NPON3BOOCTBEH-
HbIE
N HENPOWM3BOLOCTBEHH Kamena 10-
blE; MATEPUANbI, N3- XUra ?asﬂoa
OEJNNA, YTPATUBLUNE «cxaﬂ»,
MOTPEBUTENBCKNE B y E Mpo- E
CBOVICTBA, HE BO- y bICOKOTEM- | O4MCTKA ra- CTb, Ten- ML~ CTb, 3a-
» HCcuHepaTop nepaTypHbIf | 30B, Ha Oc- nosas _ | knoyeHmne
27 LUE"_J'LUME B BIIOKM 1-3, «Mronnep» 0,05 T/vac nuponuns B HOBe pea- 3Heprus Sona ot new red 00O «buonoteHuu
6-9; C.P.50 - 6 CXKUraHus HbIN any», r. KpacHogap
7- OTXO[bl MPY BOMO- P. KaMepHoii | reHToB B BU- | ANs 06o- o6pa- He npeno
CHABXEHWV. BOOOT- neyn e KamHel | rpesa Boapl 3ol CTaBMeHo
BEAEHWW, AEATENb- KarbLma v
aKTUBUpPO-

HOCTW MO CBEOPY

1 OBPABOTKE OTXO-
A0OB;

9- OTXOMb! NMPU Bbl-

MOMHEHUW MPOYMX

B/OOB OEATENBHO-
CTW, HE BOLWEALWWE
B B/TOKN 1-3, 6-8

BaHHOrIo yrns




T4

Koo n HanmeHoBaHue 6no-

Hanwuuve

Mpounseo- Cre-
Ne |X@M Tuna OTXOA0B No O6opynoBa- auteno- Cucrema "eHepaums Obpasyio- neHb paspe- MpumeHeHne Ha
— | PKKO-2014 TexHonorusi | OYUCTKU ra- wmecs oT- LIeHns Ha
n/n Hue HOCTb, 3Heprum BHEn- npeanpusaTUsIX
30B XoAabl npmume-
Bug otxona T/vac peHus
HeHune
1 2 3 4 5 6 7 8 9 10 11
CO3, cenbCckoxo3ancTBEH-
Hble 940XMMKKaThl, OTXO-
Abl MPOM3BOACTBA, BKMIO-
yas nNnacTukK, Coaepxa-
LLMe XJITIOPUPOBAHHbIE Yr-
NeBOAOPOAbI; XUakue, B
TOM ymucne cogepxaiime
HedTenpoayKTbl, 0OCaaKku
CTOYHbIX BOA, «XBOCTbI»
TBO, oTxoabl MeauUmH-
ckue n buonoruyeckue,
nuwieson n hapmaueBTn-
YEeCKOW MPOMBbILLIIEHHOCTM.
FTASNPUKALNA
7.40 — OTXO[Obl OEA- Bbipaba-
TEJIbHOCTW MO OBPA- TeDMUYe- TbiBaeTCS Mpo- | Ectb, 3a-
BOTKE OTXO00OB o P reHepa- MbILW- | KrOYe-
Buxpeson ra- ckas KOH- | CKkpybb6epbl C y
1000- TOpHbIV ra3| 3ona oT neH- Hue
28 3oreHeparop Bepcus npu | TennoobmeH- o
1200 kr/yac ansa ra- CXKUraHusi HbIN rod
MB-3000 HegocTaTKe HUKamu
XBocTtel TBO 30nopLu- obpa- | He npeno
Kncropoga
HEBOrO re- 3eL | CTaBneHo
HepaTtopa
7.40 — OTXO[dbl OEA- Joxuratenb 500 [oxur. ra- (apPro,5 3ona ot (OPr | Ectb, 3a-
29 | TENNbHOCTWM MO OBPA- rasoB pere- M3/u 30B B Kame- ecTb HeT) CXKuUraHus 0,5 Kntoye-
BOTKE OTXOOOB HepaTMBHbLIN pe cropa- OPIr-5-20 4,3% HOK Hue




9¢

Ko n HanmeHoBaHue 6ro- Moon3B0- Cre- Hannune
Ne |X@M Tuna OTXOA0B No O6opynoBa- A;Teﬂb- Cucrema "eHepaums Obpasyio- neHb paspe- MpumeHeHne Ha
— | PKKO-2014 TexHonorusi | OYUCTKU ra- wmecs oT- LIeHns Ha
n/n Hue HOCTb, 3Heprum BHe- npeanpusTusax
30B xoabl npume-
Bua otxona T/vac peHus
HEeHue
1 2 3 4 5 6 7 8 9 10 11
aOre-0,5 gpPr- HuS, 2-X pe- ropsiyasi P) red
5, APr-1o0, reHepaTumB- BoAa OPIr-5— | He npeno
OPr-20 HbIX Kame- 20 CTaBlieHO
pax c ra- Mpo-
30NpoHuLLa- MblILL-
3arpsisHeHHble razoobpas- emMou Ten- neH-
Hble OTXOAbI nooObmeHHon HbIN
Hacagkow B obpa-
YCI. UHTEH- 3el
CUBHOrO ne-
pemeluvBa-
HUS
7- OTXOObl NP BOOO-
CHAB>XEHWW, BOOOOT- VeTaHoBKa PacnbineHne Mpo- Ecte
BEOEHNWN, OEATENb- TEDMUYECKON B Napoo6bt- MblLL- FSS’
30 HOCTW MO CBOPY J'II/?KBI/I AL 10 m3/uac pasHOoM Co- HeT HeT 3ona ot neH- Ne 576 HMM «CIrMTy,
N OBPABOTKE OTXO- Aaul CTOS\HUM B CXKUraHusi HbIN P r. ToMeHb
. CTOYHbIX BO, 07118.09.
[OOB; VTIICB nnams raso- obpa- 2014 r
Kngkaa dasa otxonos BOro dpakena 3el ’

OypeHus
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Ko n HanmeHoBaHue 6ro- Moon3B0- Cre- Hannune
Ne |X@M Tuna OTXOA0B No O6opynoBa- ﬂ?/ITeﬂb- Cucrema "eHepaums Obpasyio- neHb paspe- MpumeHeHne Ha
— | PKKO-2014 TexHonorusi | OYUCTKU ra- wmecs oT- LIeHns Ha
n/n Hune HOCTb, 3Heprum BHeA- npeanpusTusax
30B xoabl npume-
Bug otxona T/vac peHus
HEeHne
1 2 3 4 5 6 7 8 9 10 11
4- OTXO[Obl NMOTPEBIE-
HNA NMPON3BOLCTBEH-
HbIE
N HEMPOM3BOLACTBEHH
blE; MATEPWUAIbI, N3-
OENMNA, YTPATUBLNE
MOTPEBUTENBCKWE TepMmye-
CBOWNCTBA, HE BO- CKOE YHU-
WEOWWE B BJTOKA 1-3, YTOXEHME Mpo- E ® A
6-9; pa3Ho00- MbILLI- I_%T;’ o Aomnvgg «A30T»
7- OTXOAbI NMPW BOOO- Meub oxvra- pasHbIX OT- nex- «IOBEAMHEHH
31 CHABXEHWM, BOOOOT- HWSI OTXOA0B 6,30 m3/y XOIOB MDO- He ykasaHo HeT He ykasaHo M7t Ne 576 as xmMMmuyeckas
! npon3soacTBa A P o118.09. | komnanua «YPAJl-
BEOAEHWWN, OEATEJb- M3BOACTBA B obpa-
HOCTW MO CEOPY aMEHe sel 2014 r. | XMy, r. bepesHukn
M OBPABOTKE OTXO- npUpoaHOro
JOB,; ras.

OTtpaboTaHHOe Komnpec-
COpHOE 1 MaLLMHHOEe Mac-
o, TaHKOBbIE U NPOAYBOY-
Hble ra3bl, KybOBbIN OCTa-
TOK, BO3yX OT MECTHbIX
0TCOCOB
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Tabnuua 1.3 — MNpeanpusaTtns, Ha KOTOPbIX NPUMEHSATCA MHCUHepaTopbl VIH 50

Ne HanmeHoBaHmne, mecToHaxoxaeHne
1 OAO «MPTC-BocTok», r. KOxkHo-CaxanuHck
2 TOO «Minertools (MannapTtync)»
3 000 «Meg-Okonorusay», r. ChiKTbIBKap
4 [lenapTameHT nMyLLECTBEHHbBIX OTHOLEHM AOMUHUCTPaumn ropoga HoBbln YpeHron, r. HoBbIn YpeHron
5 ®rKy «PocrpaHcTpoin»
6 00O «CtpoutenbHasa nHBecTULMOHHAA rpynnax», benropoackas obnactb
7 HaxonkuHckas ropoackast 6onbHuua OO0 «OUNC», r. Haxoaka
8 AsponopT YnaH-Yas
9 000 «TENP°C WUHTerpauusy, r. CaHkr-MNetepbypr
10 AaponopT Tomck
11 000 «TENP°C UnTerpauusy, r. CaHkr-MNetepbypr
12 3A0 «3onoTtogobuiatolasa komnaHus «llontocy, KpacHosipckuia kpan
13 00O «BkoTpaHcCepsucy, r. HYepenosel
14 BY3 «BopoHexckuin obracTHom LeHTp no npodunaktuke n 6opsbe co CMNAL n MHpEeKUMOHHBIMKU 3aboneBaHnAMMY, I. BopoHex
15 MonuroH TBO, r. Hanbuuk
16 000 «3konoruyeckne cuctembl», r. Hosocnbupck
17 00O «UeHTp ytunusaummy», r. Tomck
18 OAO «Mopckown ToproBbin nopT «YcTb-Jlyra», @Y «PocmopnopTt», JleHnHrpaackas obn.
19 00O «bntom Kennr» OINYI «EanHas cuctema obpatleHms ¢ otxogammy» (ECOOQO), r. KanuHuHrpag
20 Y3 YntumHckmin 0bnacTtHoOn OHKONOrMYECKnin gucnaHcep, r. Yuta
21 000 «3k°Cepsucy, r. bapHayn
22 00O «lMpomakonorusy, r. EkatepmHoypr




62

Ne HanmeHoBaHmne, mecToHaxoxageHune
23 000 «3koTexHonorm», r. Omck
24 OAO «THK-BP»
- 00O «THK-YBat» TtomeHckasi 061., MecTopoxaeHus: TamknHckoe, YpHeHckoe, YcTb-Terycckoe, KOxHo-lNeTberckoe. QkennyatumpytoLiee
npegnpuatne OO0 «YHueepcan-Cepsuc»
26 OAOQO «lMasnpomy, n/o Aman, JOAO «CneurasaBToTpaHcy, JlabbITHaHMK
27 [Npon3BoOACTBEHHLIN y4acTOK Ha BoBaHEHKOBCKOM MecTopoXaeHun, . Vbxkesck, YamypTus, HK «PocHedTb»
28 3A0 «BaHkopHedTb» KpacHosipckun kpawn, n. TypyxaHck
29 OAO «TpaHcHedTb
30 000 «CMHIT «Ko3bMmuHo» Mpumopckun kpan, r. Haxoaka
31 3A0 «TpecTt KokcoxummoHTax», r. Mockea
32 OAO «bokeut TumaHar, r. Yxta BaxTtoBbl nocenok CpeaHe-TUMaHCKOro pyaHuka
33 Poccuinckasn aHTapkTnyeckasa akcnegmumna AHTapktnyeckasa ctaHumus «lporpecc- 2», AHTapkTnyeckasa ctaHuusa «HoBonasapeBckasi»
34 Mocenok BoeHHoM 6a3bl 0. Anekcangpbl, 3emnsa ®paHua-Mocnda (CesepHbIn nontoc)
35 000 «JNEKTPO-IT», r. Mocksa
36 Cnyxb6a BHelHen pa3egku Poccum B/4 55240, r. Mockea
37 OO0 «YTunutcepsucy, TromeHckasa obn.: r. CypryT, r. TtoMeHb
38 000 «YTunutcepsucy, r. Hosocnbupck
39 TOO «Omxkac», KasaxctaH: r. Anmartsl, r. Aktobe, r. ActaHa, r. KaparaHga, r. Tapas
40 ®epepanbHaa TamoxeHHasa cnyxba Poccrum TaMoxeHHbIV NOCT M NyHKT nponycka «Agnep», CtaHuus Becenoe, r. Coun
41 OO0 «PCY Ne 5», CaHkr-lNetepbypr
42 depepanbHas TamoxeHHas cnyxba Poccun, MATT «BepxHun Jlapcey, r. Bnagnkaskas
43 00O «npekuusa no ctpoutensctay MAI»
44 OIYT «focyaapCcTBEHHbIV 3aBOA MeOMUMHCKMX NpenapaToBy, r. Mockea
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HanmeHoBaHWe, MecToHaxoxaeHme

45 LleHTpanbHbin 6aHk Poccuiickon depepauun, TexHonornveckun ueHTp «Hygonby, n. HapbeiHka, MockoBckast 06n.
46 00O «Bkonornyeckasa nHnuumatTmneay, r. Knpos,
47 Monuron TBO, n. KocTuHo
48 000 «CaxanunHckas KoMnaHua No yTunuaaumm otxogoB «Ak°CepBucy, r. KOxxHo-CaxanmHek
49 00O «LleHTp ynpaBneHusa meguuuHCKnMmn otxogammy, r. KypraH
50 00O «LleHTp ynpaBneHus meguumnHcknmm otxogammny, MNMepmckun kpan, Monurod TBEO B BATO «3Be3gHbIn»
51 MwuHuncTepcTBo 060poHbI Poccuiickon Penepauun, BoeHHbIn rocnutans BOB, r. KpacHo3HameHck
52 MuHucTepcTBo 060poHbl Poccuickon ®enepaunm, BoeHHbih rocnutans BB, r. Tyna
53 MwuHuncTepcTBo 060opoHbl Poccuiickon ®enepauun, BoeHHbin rocnutans JleHBO, r. Beibopr, JleHnHrpaackas obn.
54 rapHN30HHbIM rocnuTans n. Poidaunn, 3ATO «BuntounHck», KamuyaTtckasi oon.
55 Oryrn «rYCC Janbcneuctpon», r. XabapoBck
MwuHunctepcTBo o6opoHbl Poccunckon Peaepauunn, MonnKNMHNYECKNIA KOHCYNbTaTUBHO-AnarHoctuiecknn LleHTtp, r. Kambapka, pecnybnu-
56 Ka YamypTtus
57 3A0 «IMKO «TromeHb-YH1BEpCcan»
58 MpaButenscTBO pecnybnuku Yomyptus
59 Y3 «PecnybnvMkaHCKMI KITMHUYECKUI OHKONOMMYECKNA aucnaHcep»,
60 'Y «YKC lNpasutensctea Yamyptckon Pecnybnukuny, r. Mbxesck
61 Ory3 LUMCH Ne 38 ®MBA Poccunm, r. CocHoBbin bop, JleHuHrpaackas obn.
62 AHrapckas ropogckasa 6onbHuua Ne 1, r. AHrapck
00O «KnuHuka XX| Beka — coOBpeMEHHbIV MeanunHckmmn LeHTp nm. X. M. CoBmeHa», pecnybnuvka Agpires, ayn Adwvncun, Taxtamykam-
63 CKWUiA p-H
64 Mapus ropoga Onbcbypr, Janua, EC (Mporpamma TACUC)
65 Mapus ropoga KanuHuHrpaga, MY3 «lfopoackas mHoronpodunsHas 6onbHuuar, r. KanuHuHrpas
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HanmeHoBaHWe, MecToHaxoxaeHme

66 MpaButenbctBo CaHkT-MNeTepbypra, Y3 «lopoackas TybepkynesHas 6onbHuua Ne 2», r. CaHkT-lNetepbypr
AamunHncTpaums Npkytckom obnactu, OINY3 «MpkyTtckaa obnactHas ncuxmatpudeckasn 6onbHmua Ne 3», o. CocHoBbin Bop, UpKyT-

67 ckas o6n.

68 PoounbHein gom npn MY 3 «KpacHorsapaevickas ueHTpanbHasi 6onbHuua», ¢. KpacHorsapgerickoe, CTaBpononbCKuin Kpam

69 PogunbHein gom r. banakoso, CapatoBckas o6n.

70 BetepunapHas kopriopaumst OO0 «But-Lxopxusa», r. Tounucu, Npysus

71 000 «I'epakny», r. Kotnac, ApxaHrenbckasi oon.

72 AaponopT «HwkHeBapToBck», OAO «HwxHeBapToBCK-ABMay», . HWKHEBapTOBCK

73 Asaponopt «XaHTbl-MaHcuinck», OAO «HOrpa-Asma», XMAO

74 AomuHncTpaums ropoga Yool, MYT «CneuaBToxo3ancteo no ybopke ropogay, r. Yoga, pecnybnuka bawkmpus

75 AnomMmuHucTpauus ApxaHrenbckon oonactu, CMYI1 «CneuaBToxo3sicTBo», . CeBepoaBUHCK

76 AomuHucTpauus r. Maragana, MY «Kom6uHat 3eneHoro xossancreay, r. Maragax

77 MY «ABTOoTpaHcnopTHoe ynpasneHne», XMAO, r. HwkHeBapTOBCK, I. JlaHrenac

78 MIYI «lMNpomoTxoabl», r. Mocksa

79 3AO0 «3aBog «TIAKOHy, akcnnyaTtupytowee npegnpuatne OO0 «LYOOy, r. CaHkT-lMNeTepbypr

80 000 «lNpomcTpon «CY-1», r. Yankosckuin, MNepmckuin kpawn.

81 OO0 «lleHs3aBTOpCLIPLEY, I. [1eH3a

82 000 «Buagkomy, r. CaHkT-lNeTepbypr

83 TOO «Bect Jana», r. ATbipay, KasaxctaH

84 TOO «bapt Meguay, r. Anmatbl, KazaxctaH

85 TOO «CneuCepsuc-Aktay», r. Aktay, KasaxctaH

86 000 «KOTA», lNpopackon nonuroH TBO, r. HaraHb

87 Monuron TBO, r. bepesHuku, MNMepmMckui kpan
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HanmeHoBaHWe, MecToHaxoxaeHme

88 00O «Ctumyny, r. Jluneuk

89 ®IrBYH UHCTUTYT Npobnem XnMMmmnko-aHepreTndecknx TexHonorui PAH, r. buiick

90 "HU Poccuinckon ®epepauunm OIryr «UHUMXM um. [. . Mengeneesay, r. Mocksa

91 OAOQO «l"asnpom»

92 3A0 «AmanlasHBecT»

93 OAO «I'mnpocneuras», CaHkrt-lNeTepbypr — reHnpoekTnpoBLmrK MarnctpanesHbin rasonposog « CPTO-Topxok», KC «BykTbinbckas»,
KC «IMpuBoanHoy», KC «HoeorpsisoBeukas», KC «HoBorobunenHas»

94 OAO «AK «TpaHcHedTbY

95 AMERCO International LTD BenukobputaHus

96 00O «CneumopHedTenopT Npumopcky», JleHnHrpaackas oon.

97 HK «Jlykonn»

98 OAO «PT1K «Bbicouk-Jlykonn-2», Hedbtenopt «Bbicouky, JleHnHrpagckas obn.

99 OAO «PX[», YnpasneHnune Oktabpbckon x/a, r. CaHkT-lNeTepbypr

100 |[TOO «Onxac», r. AnmaTbl, KasaxcTtaH

101 |BaxtoBblv nocenok HedtenopTa B noc. [leKactpu (CaxanuH-1)

102 |PoongLim, Co., FOxHasa Kopea — reHnoapsiaumk

103 |ActpaxaHckun [T13, r. AcTpaxaHb

104 | TOO «WMBonra XonguHry, r. KoctaHan, KasaxctaH

105 |3AO «PocllpogmnopTy», r. BnagnsocTtok

106 |OAO «HUMWIasnepepaboTkar, r. KpacHoaap

107 | oIy no nponssoactsy b6aknpenapatoB HAMOM mwm. Mactepa, r. Caxkt-MNeTepbypr

108 |OAO «MoxruHckoe cTpouTernbHoe obbeauHeHner, r. Moxra, YamMmypTckas p-ka

109 |YnpaBneHue 3gpaBooxpaHeHus ApxaHrenbckon obnactu, r. CeBepoaBuHck, r. HoBoaBMHCK
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HanmeHoBaHWe, MecToHaxoxaeHme

YHP MuHuctepctBa o6opoHbl Poccuiickon ®enepaumm, OkpykHon BoeHHbI rocnmtanbs CKBO MO Poccunckon ®eapepaumm, 522 LieHTp

110 npuema, 06paboTkM 1 oTnpaBku nornbLumx, r. Poctos-Ha-AoHy ¢ MH-50.1 (50 kr/4) - rpy3 200

111 | OkpyXHOW coumanbHbIN rePOHTONOMMYECKUI LEHTP U OeTCKUIA oM, N. CHeXHbIN, r. CypryT

112 |CI'MYI «TennoBuk», r. CypryT, TtomeHckas oon.

113 | MY «TybepkynesHas 6onbHuua Ne 11», r. ConHevHoropck, MockoBckasi 0611.

114 | OAO «HK «PocHedTb», BaxToBhIN NOCENOK CTpoUTENEN onopHon 6a3bl Npombicna «BaHkopy», KpacHosipckun kpaw

115 |OAO «Mopckon nopt, «CaHkT-lNeTepbypr»

116 |[Jetckas 6a3a oTabixa «Masik»

117 | ®Pryn «Pocmopnopty», r. Mocksa Mopckor nopT «BocTouHbIn-2», 1. Haxogka, MNpumopckuii kpan

118 |lMpasutenbcTtBo CLUA, Fluor International Inc Raytheon Technical Services Company LLC

119 | PIY «PegepanbHbli LLEHTP OXpaHbl 340POBbA XUBOTHBIX», . Bnagnmup.

120 | OO0 «YTunutcepsucy, TromeHckas obnacTb, r. ToMeHb, r. CypryT

121 | TOO «Omxacy», KazaxctaH (gns r. YnmkeHT), r. Anmarthbl

122 | dabpuka «o3Hak,» r. CaHkT-lNeTepbypr

123 | Cnyx6a BHeluHen pa3senkun Poccum B/4 55240, r. Mocksa

124 | OAO «Hwxdbapm»/ r. HmwkHuin Hosropog

125 | OAO «KpacHbli rngponpeccy»/ r. TaraHpor

126 | OAO «[lleTtpoxonoa»/ r. CaHkt-NeTepbypr

127 | 3A0 «MocnpomcTpomn»/ upma «MoccTpor-16», r. Mocksa

128 |lNpaBuTtenbctBo CaHkT-MeTepbypra, MocyaapCcTBEHHbIN MeaUUNHCKMIA yHuBepcuTeT uM. ak. U. T1. Maenos.a, r. CaHkT-MNeTepbypr
129 |YnpaBneHue BeTepuHapum Cnb, MNMpasutensctBo CaHkT-MeTepbypra, 'Y «opoackon BeTepmuHapHbIv LeHTP», I. CaHkT-MNeTepbypr
130 |lpasutenbctBo CaHkT-lMeTepbypra, Y3 «JleHuHrpagckas obnactHasa geTtckas KnuHuveckasa 6onbHuuay, r. CaHkr-MNMetepbypr
131 |HMIT «Yuctein ropog», MonuroHd TBO, r. HoBokynbbILWweBCK
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HanmeHoBaHWe, MecToHaxoxaeHme

132 | YHutapHoe myHuumnansHoe HIMIM no obpaeHunto ¢ otxogammn «3konony», Monurod TBO, r. BopoHex

133 |3aBopg no nepepaboTke pe3MHOTEXHUYECKUX n3genun, r. Mockea

134 | TpamBaviHbIn napk, r. CaHkT-MeTepbypr

135 |LUex aepeBoobpaboTkm Ynpaenenus XXKX Napronoeckoro parnoHa, r. CaHkt-lNeTepbypr

136 | WM ObskoHos AnekcaHap AnekcaHgpoBuy/ 1. KOxxHo-CaxanuHck

137 |T'Y «blopo cyomenakcnepTnadbl HoBocubupckon obnactuy, r. Hosocnbupck

138 'Y «bropo cyamenakcneptumabl JleHnHrpagckon obnactuy, r. TocHo, JleHuHrpaackasi oon.

139 | OAO «MPTC-BocTtok», r. KOxxHo-CaxannHck

140 |Tockopnopauusa «Pocatomy

141 | OrYn «KombuHat «Onektpoxmumnpubopy, r. JlecHon (CBepanosckas obnactb)

142 | 3A0 «YpanobopygoBaHuey, r. EkatepuHbypr

143 | PIr'YT «PocmopnopTy, r. Haxogka, MNMpumopckun kpawn

144 | OAO «AK «TpaHcHedTenpoaykT», Mopckon Toproeuin NopT, r. MNpumopck, JleHnHrpagckas oon.

145 | OAO «PX[O», OO0 «Tuxopeukni LINanonponMToYdHbi 3aBoa», KpacHogapckuii kpam

146 | HK «Jlykonn», OO0 «Jlykonn-KannHuHrpagmopHedTb», r. KanuHuHrpag

147 degepanbHOe areHTCTBO MO aTOMHOW 3HepPruun, reHnpoekTupoBLmK: PIYTT «FocygapCTBEHHbIN cCneumann3npoBaHHbIA NPOEKTHbLIA UHCTU-
TyT», r. MockBa

148 |lNpasutensctBo CLUA, Fluor International Inc, Raytheon Technical Services Company LLC

149 | ®rY «PegepanbHblIi LLEHTP OXpaHbl 300POBbA XUBOTHBLIX», . Bnagumup

150 |ABB LummusGlobal, CLUA

151 «CaxanuH-1», BaxToBbIln Nocernok, MectopoxaeHme Yanso

152 | YnpaBnenue no OCC gnsa ynpasneHus no BetepuHapun npasutensctsa CaHkT-lNetepbypra, 'Y «["opoackon BeTepuHapHbIA LLEHTP»

153 |I'YIT PM «CapaHckuin BeTepuHapHO- CaHUTapHbIN yTune3aBoay, r. CapaHck
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Ne HanmeHoBaHmne, mecToHaxoxageHune
154 | KomuTeT ropoackoro xo3sinctea AAMUHUCTPALIMKM FTOPOACKOro okpyra, LIeHTp yHUUTOXeHNs Bpoasumx XUBOTHbIX, . KanuHuHrpag
155 | OO0 «Konbckaga kopnopaTuBHaga komnaHusi»/ noc. Kona, r. MypmaHck
156 | OOO «Yuctbii ropogy, r. bBnaroselueHck, AMypckasi o6n.
157 |3AO «AsrycT-ben», MuHckas o6n., benapycb
158 | OAO «BypHapckui 3aBoa cmeceBbIx NpenapaTtosy, M. BypHapsl, pecnybnvka Yysalums
159 | OO0 «YTunurtcepBucy, r. TromeHb, r. CypryT
160 |3A0 «PocllpogmnopTy, r. BnagneocTok
161 |3AO «Bonoroackuin noaLWMNHUKOBLIN 3aBoay, I. Bonorga
162 | MYl «CneuaBTtobasa», r. EkatepuHbypr
163 | OO0 «[puH-MopTt», r. Opecca, YkpanHa
164 | OO0 «3kopecypcy, r. KpacHosipck
165 |OAO «[lasnpom», KC «lNopTtoBasa»
166 | 3A0 «PyclasVHXuUHUPUHrY, I. Beibopr
167 |OAO «P>X[», BoctouHo-Cubupckas x/g, Liex ytunmsaumm otxonos, x/a craHums Taryn, VpkyTtckas obn.
168 |OOO0 «Powanbckni 3aBog nnactugukatoposy, r. Powans, Mockockas obn.
169 |OO0O «lMnactonny, r. Nepmb
170 |®I'YAI «NynkoBoy, r. CaHkT-lNeTepbypr
171 | 3AO «[MMonwuron NTA», r. CypryT, TtomeHckasa obn.
172 | TOO «Bect Oana», r. ATbipay, KasaxctaH
173 | MectopoxgeHnusa: Mactepbenbckoe, CeBepo-Mactepbenbckoe, OAO «KomHeapa», pecnybnvka Komu.
174 |SHELL, Benukobputanus-lronnanguns, SalymPetroleumDevelopment N. V., r. TiomeHb
175 | OAO «Mopckon nopt «CaHkT-INeTepbypr» (Il panoH)
176 | 3AO «PocllpogmnopTy», r. BnagnsocTok
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Ne HanmeHoBaHmne, mecToHaxoxageHune
177 | MectopoxaeHnusa: Mactepbenbckoe, CeBepo-MacTepbenbckoe, OAO «KomHeapa», pecnybnvka Komu.
178 |TOO «[lloteHuman Ouny», r. ATbipay (KasaxcTtaH)
179 | YICB Oktabpbckas MNpaBobepexHoro LINTHI, OAO «CapaToBHedTeras», CapaTtoBckas obn.
180 OAO «KoHuepH JHeproatom», YKC ctposwerica Poctoeckon ASC, NONUIOH TOKCUYHBIX OTX040B BOnrogoHCKoro xumMmyeckoro 3aBsoga,
r. BonrogoHck, PoctoBckas obnactb
181 |OAO «Mopckon Toproebii nopT YcTb-Jlyray, n. Yctb-Jlyra, JleHnHrpagckas obnactb
182 |Cneuynnowagka nonuroHa TBO n. KoctnHo, Knposckas o6n.
183 |®depepanbHOe areHTCTBO MO Hayke U MHHOBaumamM Poccuiickon ®egepaumu, r. Mocksa
184 | OO0 «3Jkonornyeckasa nHuumatmneay, r. Knpos
185 |MectopoxaeHue «lNecyaHoe» OAO HAK «Akun-OTtbip», XMAO
186 |BepxHe-Canatckoe mectopoxaeHune, Tomckasa obn., OAO «TomckHedDTb»
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Tabnuua 1.4. MNpeanpunatnd, Ha KOTopbIX NpuMeHstoTcs yctaHoBku KTO-50, KTO-100, KTO-150

Ne HanmeHoBaHWe, MecToHaxoXxageHue

1 3A0 «BaHkopHedTb», . KpacHosipck

2 00O «PH-CeBepHas He(Tb», I. YCUHCK

3 000 «PH-YBaTtHedTerasy, r TromeHb

4 000 "UpkyTckasa HedTaHass komnaHms", r. VIpkyTck

5 000 dPumpma "SIKOTPAK", r. Mockea

6 Ul KapabaHos A.B., Bonoroackas obnacTts, r. Yepenosel

7 OAOQ "TMpwubopHbIn 3aBog "CurHan”, Kanyxckas obnactb, r. O6HMHCK

8 OAO «[lNepBeHeuy, UpkyTckasa obnacTb, r. boganbo

9 000 "OKCA", XMAO-Krpa, r. Cypryt

10 OO0 "TMK", NMpumopckui kpan, r. BnagneocTtok

11 OO0 «3onoTtapby, r. BnagmocTtok

12 OO0 «bymepaHr», MNpumopckui Kpaw, r. Yccypuiick

13 "Ok°Cepsuc", KOxxHo-CaxanuHck, pexxnmHas 3oHa asponota r. KOxxHo-CaxanuHck

14 TOO 3TK "KasCnaHel", KasaxcTtaH, r. Yctb-KameHoropck

15 MBY YKC no 3acTtpoike HmkHeBapToBckoro panioHa, XMAO-KOrpa, r. HmwkHeBapToBCK

16 OAO «AkumoHepHas HedbTAaHas komnaHus «bawHedTby», pecnybnuka bawkopTocTaH, r.Ydga
17 00O "Mapamywmp-rpag», Kamuatckun kpan, r. NMetponaesnoBck-KamuyaTckuii

18 Aamunnctpaums 3ATO ConHeuHbin, TBepckas obnactb, p.n. ConHeYHbINn

19 KomuteT no npupogononb3oBaHuto 1 akonorum Agmuiuctpauuu r. Cypryta, XMAO, CypryT
20 Hay4HO-Npon3BOACTBEHHbIN LIEHTP MO oXpaHe okpyxatowen cpeabl — dununan OAO «PX[O», r. Apocnasnb
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Tabnuua 1.5 MNMpeanpuaTtus, Ha KOTopbIX NpuMeHsatoTest yctaHoBkn KTO-1000.6M.KCXK / KTO-1000.6M.L

Ne HanmeHoBaHWe, MecToHaxoXxageHme

1 00O «lasnpom nHeect 3anag», KC «MopToBasy, r. CankT-MeTepbypr

2 000 «l"asnpom aobbiva Hagbim», boBaHeHkoBckoe HI'KM, AHAO, r. Hagbim

3 OAO «BbIkcyHCKkuin meTannyprudeckun sasog», Hmxeropogckas obnactb, r. Belkca
4 OO0 «lMasnpom nHBecT 3anag», KC «KupuHckasy, r. CaHkTt-lNeTtepbypr

Tabnuua 1.6 NpeanpusaTna, Ha KOTOPbIX NPUMEHSIIOTCA YcTaHoBKa «Popcadk-1»

Ne

HanmeHoBaHue, MecToHaxoxaeHue

OAO «[opT Tpounubl», n. 3apyburHo, XacaHcKoro panoHa, lNpumopckoro kpas

000 dupma «3k°CaeT», r. KpacHogap

00O «bCK «'PAHO», Tomckas obnacTb, r.Tomck

OO0 «UNHTek Arpoy, I. Apocnasnb

OAO «Cubupb-MNonumeTtannbl», AnTanckui kpan, Pybuosckun panoH, n. MNotepsieBka

OAO «MK» OpeHbyprckas obn., r. Opck
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Tabnuua 1.7 — lNeorpaduryeckoe pacronoxeHne obopygoBaHust No 06e3BpeXmnBaHNI0 OTXOA0B TEpMUYECKMM criocoboMm no PeaepanbHbIM OKpyram

Poccuiickon ®egepaunn

Ne HanmeHoBaHne obopyaoBaHms LUPO | OPO | C30O | PO | CPO | YOO | MO | CKPO | KO
CXKUTAHNE

1 YctaHoBka Y3I-1m, (4na ytunusauum 3aamasyyeHHbIX rpyHTOB, - - - - \% \% \% - -
LLUamoB)

2 MHcuHepaTop NH 50 \ \% \ \ A% \Y \Y \Y

3 3aBo[ CKuUraHust ocagka CTOYHbIX BOA \/ - - - - - - - -

4 YcTaHoBKa cxuraHms Hetewnamos YYH 0,8 - \Y/ - - - - - - -

5 Komnnekcbl KTO-1000.3.B, KTO-1000.L, KTO-1000.EM.KCXK, \Y - \Y - - \Y \Y - -
KTO-1000.BM.4,

6 MycopocxkuratenbHas yctaHoBka CB 128SW-L - - - - - \% - - -

7 YctaHoBka «Popcax-2M» V - - - - - - - -

8 MHcuHepaTopHasg yctaHoska NY-80 - - - - - - \% - -

9 YcraHoBku KTO-50.K20.M1, KTO-50.K40.11; KTO-50.6M.T; \Y - \Y \Y \Y \Y \Y - -
KTO-100.K40.1T; KTO-100.MK; KTO-150.3.1; KTO-150.BM.IT

10 MobunbHbIN HCKMHepaTop «Hurikan-150» - \% - - - - - - -

11 YcTtaHoBka «Popcax-1» \% \ - \% \% - \% - -

NMPONN3

12 YcTaHoBka TepMuyeckon gectpykuum YTO-2 - - - - - \% - - -

13 YctaHoBka nuponumsa FORTAN-2 - \% - - - - - - -

14 YctaHoBka nepepabotkun otxogos SKOMALL-01/ Komnnekc \% - - - - - \% - -
EcoMachineAMR-100




oy

Ne HanmeHoBaHne obopynoBaHus UeO | OPO | C300 | APO | CPO | YPO | NMPO | CKPO | KO
15 YctaHoBka YTOP-1w - - - - vV - - - -
16 YctaHoBka YTI-1 - - V - - vV - - -
17 WHcmHepaTop «Miwonnep» C.P.50 - Vv - - - - - - -
FASNOUKALINA

18 Buxpesown rasoreHepatop MB-3000 \Y - - - - - - - -
19 [oxwuraTtene rasoreHepatopHbin [1MP-0,5 APr- 5, APIr-10, APr-20 - - - - - \/ - - -
20 YcTaHOBKa TepMUYeCcKon nukenaaunm ctodHblx sog YTJICB - - - - V - - - -
21 Meub cxuradmna otxogos nponssoactea OAO «OXK «YPANXM» - - - - - - V




1.2 KpaTkun 0630p OCHOBHbIX 3KONTOrM4eckmnx npoodnem B cepe

o6e3BpexXMBaHUsl OTXOA0B TEPMUYECKMM CNOCOGOM

1.2.1 9konornyeckue acnekrbl

Qkonornyeckne npobremel B cepe 06e3BpeXmMBaHMA OTXOL0B TEPMUYECKUM CMOCO-
OoM onpenensitoTCA 3KONOrMYeckKMMM acrnekTamu, KOTopble OKasblBalT UM MOTryT OkasaTb
npsMoe BO3AeNCTBUE Ha oKpyxatowyto cpeqy. CornacHo ISO 14001 [4], akonornyeckmin ac-
NEKT — 3TO ANEMEHT AEATENbHOCTM OpraHM3auun, ee NPoayKLMMU U YCIyr, KOTOPbIA MOXET
B3aMMOENCTBOBATbL C OKpYXalLen cpeomn.

Mpn Tepmumyeckom 06e3BpeXMBaAHUN OTXOOO0B K 3KOMOrMYEeCKUM acrnekram, OKasbiBa-
oMM NPAMOe BO3AENCTBME Ha OKPYXaloLLyo cpefy U 340pOBbe YeroBeka, OTHOCATCS:

- BbIGpocCkl B aTMOCEpy;

- cbpocCbl CTOYHbIX BOA;

- o6bpasoBaHMe OTX040B;

- cbop u xpaHeHue (HakonneHune) obGe3BpexMBaeMbIX OTXOAOB W peareHToB, B TOM
4yucrie onacHbIX.

K akonormyecknm acnektam, okasbliBalOLMM KOCBEHHOE BO3LENCTBME Ha OKpYKato-
YO cpeay Y 340pOBbe YenoBeka, OTHOCATCS:

- 9(p(PEeKTUBHOCTb CUCTEMbI YNPaBEHNS OXPaHOWN OKpYXatoLen cpeabl;

- KOMNETEHTHOCTb NepcoHana B BONPOCcax OXpaHbl OKpYXatoLLen cpeabl;

- KOHTPOSTb U MOHUTOPUHI BO3AENCTBUSA Ha OKPYXKaloLyto cpeay (Hannyve, ocratoy-
HOCTb, Ka4eCTBO M3MEPUTENBHOIO U KOHTPONUPYHLLEro obopyaoBaHus);

- noTpebneHne cbipbsa U MaTepPUanos;

- noTpebneHne 3Hepropecypcos u Ap.

CxuraHnem HasblBaeTCA KOHTPONMPYEMbIN NPOLECC OKUCNEHMS TBepablX, NacTtoob-
pa3sHbIX UKW XXUOKUX rOpHYnX OTXOAO0B, CoAepKalLUMX opraHn4eckmne BewecTtsa. [pu ropeHun
B OCHOBHOM 00pa3syloTcs AMoKcua yrnepoaa, soga v 3ona. Cepa 1 a3oT, cogepxailumecs B
oTxo4ax, 0bpasyoT Npu CKUraHMM pasnuyHble OKCuapbl, a Xrop BocctaHasnmeaeTca Ao HCI.
Mommnmo razoobpasHbiX NPOAYKTOB MPU CXUraHMM OTXo4oB obpasytoTcs U TBepable YacTu-
Ubl — MeTannbl, CTEKMO, Wakn 1 ap., Kotopble TpebyloT AanbHenwen yTunmsaumm munm 3a-
XOpOoHeHus. [pn cXMraHmm MoneKyrnbl OPraHNYeCKUX COeQMHEHUN pa3pyLualoTCcs, a Heopra-
HUYeCKMe coeMHeHUs npeBpaLLaTca B oKenabl U kapboHaTbl, KOTOPble BbIBOAATCS BMeECTe

CO wnakamu u 3onon. MenkoamcnepcHble YacTulbl OKCUMOOB U KapboHaToB, coaepKallmnecst
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B TOMOYHbIX rasax, ynaBfMBalTCA B «MOKpPbIX» CKpybbepax unm 6apboTaxHbiX annaparax
[5], [6].

Tepmuyeckoe obesBpexmnBaHme OTXOAOB HA COBPEMEHHOM YPOBHE Pas3BUTUS HayKu U
TEXHUKN obecrneynBaeT NPaKTUYECKN NMOMHOE pa3pyLUEHNe HaXOOSLWMXCS B OTX04aX OpraHu-
YeCKMX BpedHbIX BELLeCcTB, YTO LOCTUraeTcsi C MOMOLLBI BbICOKMX Temnepatyp (6onee
1000 °C). 310 OTHOCUTCA U K ANOKCUHAM 1 hypaHam, KOTopble pa3pylwatoTca 6onee 4yem Ha
90 %. lNpu Temnepatype 850 °C AMOKCMHBbI pacWEensiSioTCA Ha UX COCTaBHble YacTu. [lpwu
OXNaXXAEHUN ObIMOBbIX ra30B CyLLEeCTBYEeT BO3MOXHOCTb TOro, YTO O4YeHb Hebonbluas YyacTb
obpa3oBaBLUMXCA (PparMEHTOB CHOBa coeauMHUTCA. [Nna Mx HageXHoro oTaeneHus npume-
HAOTCA pyKaBHble (OUMbTPbl B CUCTEME OYUCTKN AbIMOBbIX Fa30B C BO3MOXHOCTbIO LOMOSTHU-
TEeNbHOW Nofayn NOpPOLLKOOOPa3HOro akTUBMPOBAHHOIMO YInsi U, TeM caMbiM, 3EKTUBHON
cenapauum Bcex OMOKCUHOB M dpypaHoB [7], [8], [9]. OTn TexHonorndeckue peleHuns 3akna-
AbIBAOTCA NPW CO34aHUN LEnoro psaa yCTaHOBOK TEPMUYECKOro obe3BpexmnBaHnsa 0TXo40B
METOLAOM CXWUraHusi 1 HENOCPEACTBEHHO Peanu3yoTCa Ha COBPEMEHHbBIX MyCOPOCKUratoLLMX
3aBogax. [ns O4MCTKM AbIMOBBLIX ra30B Ha MYCOPOCKMralLWmx 3aBogax no TepMuyeckomy
obe3BpexunBaHunio TBepabix 6bITOBbIX 0TX0A0B B Poccun npumeHsaeTcs obopyaoBaHue, B OC-
HOBHOM MMMOPTHOE, C TPEXCTYNneH4YaToOM CUCTEMOWM OYMCTKM OTXOOALMX AbIMOBbLIX rasos,
afanTUPOBaHHOM K UCMOSb30BaHMIO XMMUYECKNX peareHTOB POCCUNCKOro npomssoacTaa [10],
[11], [12]. Ha nepBomn cTyneHn o4ncTkM B abcopbepe NpoucxoamT HeruTpanusaumsi KUCIbIX
KOMMOHEHTOB [ObIMOBbIX FA30B M3BECTbIO B MPUCYTCTBUN MENKOAUCNEPCHBIX BOASHbLIX Ka-
nenb. Ha BTopon CTyneHn B pykaBHOM (bunbTpe OCyLLECTBNSAETCA rnybokasi 04McTKa OT ne-
Ty4yen 305bl 1 copbums TAKEeNbIX MeTanoB U AMOKCUHOB B nNpouecce punbTpoOBaHUSA AbIMO-
BbIX rasoB 4epe3 CroM M3BECTU W aKTMBUPOBAHHOIO Yrnsi Ha (punbTpoBanbHOM TKaHW.
Ha TpeTbein CTyneHn O4YNCTKN OCYLLECTBASETCA BOCCTAHOBIIEHME COAEPXKALLMXCA B AbIMOBbIX
rasax OKCMZOB a3oTa 40 MOJSIEKYNSIPHOro a3oTa C UCMNoNb30BaHNMEM aMMMavyHOM Boabl. Heop-
raHM4yeckme  BpedHble  BellecTBa, Takume Kak  TsKenble  MeTannbl, KOTOpble
He 06e3BpeXMBAIOTCS AaxXe MpU BbICOKMX TemrnepaTypax, B MHOMOCTYNeH4YaTOW YyCTaHOBKe
ANSA OYUCTKM ObIMOBBIX ra3oB U Npy nepepaboTke OCTaTKoOB OT CXUraHWUs AOSMKHbI BblAENATb-
Csl B KOHUEHTPUPOBaHHOM BuAe, U3BMeKaTbCA U CBA3bIBaTbCA. [locne atoro obpalieHune ¢
HUMW OOJTDKHO OCYLLECTBMATLCA 3KONorndeckn 6esonacHoiM cnocobom. Obpasyrowmecsa npum
CXKMUraHMM marnoonacHble LUnaku, NoxoXme Ha ropHyk nopoay, MoryT ObiTb 6e3onacHo yTu-
nn3npoBaHbl. B Mepmanuun, Monnangun v gpyrux ctpaHax OHU MCNOMb3YTCA B TOM 4ucrne
Kak 3aMeHuTENb OPOXHOro WebHA nnn gnsa 3sykonsonauyumn ctex [13], [14].

TexHonornn Tepmmuyeckoro obe3BpexnBaHUa OTXOO40B MeTogaMum nNUponmsa u rasu-

duKaunmn He NONYYUNN LUMPOKOTO PacnpoCTPaHEHMS MO CPAaBHEHMIO CO CXKUraHUEM.
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Tepmuyeckoe obesBpexnBaHme OTXOO0B MO TEXHOMOrMM NMPOnn3a 3akniovaeTcs B UX
HeobpaTMMOM XMMUYECKOM U3MEHEHUWN NOA AENCTBMEM MNOBLILLEHHOW TemnepaTypbl 6e3 go-
cTyna unu C OorpaHUYeHHbIM OO0CTYMNOM KUcrnopoda C BblAeNeHWEM ropryero nMposiM3Horo
rasa (nuporasa) [2], [15]. TexHonornyeckasa uenb 3Toro cnocoba yTunuaaumm coCTouT U3 ye-
Thipex nocnegoBaTernbHbIX 3TanoB: NOAroToBKa OTX0A0B; nepepaboTka NOArOTOBIIEHHbIX OT-
XO40B B peakTope ASs NosfydyeHus nuporasa u nobBOYHbIX XMMUYECKUX COEAMHEHMUI XJ10pa,
asoTa, Topa; oxnaxaeHue M oYUCTKa nMporasa OT 3arpsA3HALWMX BewecTB (CoeanHEHNN
xnopa, gTopa, cepbl, LMaHMAOB) C Lernblo NOBbILWEHUS ero 3KONMOrMYeCcKUx nokasatenen u
9HEProeMKOCTH; CXKUraHne OYULLIEHHOro Nuporasa B TOMKe KOTna-ytunusartopa ansa nonydye-
HUA napa, ropsiden BoAbl UM ANEKTpoaHeprn. Tepmuyeckas nepepaboTtka 6e3 ncnosb3o-
BaHWUA Kucropoda unu ¢ 6onsblwmMM HeJOCTaTKOM KMCNopoda B YCOBUAX 9HOOTEPMUYECKOro
npouecca nNpoTekaeT C UCNOSb30BaHMEM BHELLHEN 3HEPrUK, NOfy4YaeMon 3a cYeT CKUraHud
nuporasa, KOTopbIn Ucnonb3yeTcs Ana nogaepxaHus npouecca. Ob6pasyowmmncsa npu 3Tom
KOKCOBBbIN OCTaTOK MMEET BbICOKYIO MNIOTHOCTb, YTO PEe3KO YMeHbLIaeT 06beM obpasyroLmxcs
OTXO0B.

Masndukauma — 31O Npouecc TepMmuyeckon obpaboTkm OTXOAOB, CoAepXKallumMx B CBO-
€M COCTaBe OpraHu4eckune BellecTBa, OKUcnuTenemM (Bo3gyxoMm, KUCNOPOOOM, BOASHbIM Na-
POM, YrMEKNUCIbIM ra3oM UM UX CMECHIO) C PaCXOAOM HMXKE CTEXMOMETPUYECKOro, C nonyye-
HMWEeM reHepaTOpHOro rasa (CUHTe3-rasa) U TBEpPAOro Unu pacnnasfieHHOro MUHepasibHOro
npoaykra.

Takum obpasom, CyLleCTBEHHbIMU 3KOMOrMYEeCKUMM acnekTaMym TepMmn4eckoro obes-
BpEeXMBaHUS OTXOO0B, OnpeaensaiownuMnca npexae BCero TEXHONOrMYeckMMmn npoueccamm
CXKUraHus, ABMSKOTCA:

- BbIGpPOCKHI B aTMOCcdepy, COCTaB U YPOBEHb KOTOPbIX CYLLECTBEHHO 3aBUCUT OT rpynn
B1OoB 06e3BpexmBaeMbIX OTXOAOB;

- YPOBEHb MOTPEBNEHNS 3HEPropecypcoB, KOTOPbIN TakKe B 3HAYUTESNbHOW CTEMEHMU
3aBUCUT OT rpynn BUAOB 06e3BpeXMBaAEMbIX OTXOA0B.

Mpn oueHKe COOTBETCTBUS pacCMaTpMBaeMblX TEXHONOMN 1 06opyaoBaHNSA KpUtepu-
am HOT cywectBeHHOe 3HaveHue OyaeT MMeTb onpefeneHve nepeyHs KOHTPONMpyemblX

MapKepPHbIX 3arpA3HALLNX BELLECTB B Bbl6p008X B aTMOCCbeprIIZ BO3AYX.
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1.2.2 OCHOBHbIe 3Konornyeckue npooénemoli

OcHoBHble akonornyeckme Npobnemsbl, CBsA3aHHbIE C 06e3BpeXNBaHMEM OTXOAOB TeEp-
MWUYECKMM CNOCOBOM, MOXHO MoapasfenuTb B 3aBUCMMOCTU OT MPUYUH UX BO3HWKHOBEHUS
cnegyoowmnm obpasom:

- OpraHM3aLMOHHO-NPaBoBbIE;

- pecypcocbeperatoLiue;

- TEXHUKO-TEXHOSTOMMYECKNE;

- PpMHaHCOBO-3KOHOMUYECKNE;

- COBCTBEHHO 3KOJTOrMYeCcKNe N CaHNTapPHO-TMIIMEHNYECKUE;

- KOHTPOMS U MOHUTOPWHTA;

- coumanbHO-NCUXONOrM4ecKume.
1.2.2.1 OpraHusayMoHHO-NpaBoBbIe NPOoGeMbI

B HacToswwee Bpems B Poccunckon denepaumm oTCyTCTBYET HOPMATUBHBIN NMPaBOBOM
AOKYMEHT doefiepalribHOro ypOBHS, KOTOPbIA Bbl OCYLLEeCTBNAN perynMpoBaHne MUCnosib3oBa-
HUSA TepMUYECKNX MeTo0B 06e3BpeXnBaHna 0TXOA0B, onpenensan ycnosus u yctaHaenmean
TpeboBaHNA K OCYLLIECTBIIEHMIO 3TON AeATENbHOCTU. Bo3aMoXxHO, Heobxoammbl paspaboTka u
NPUHATUE COOTBETCTBYHOLLLErO TEXHNYECKOrO perfnamMmeHTa.

Cnaboe pasButne cenekTMBHoOro cbopa TBepablX KOMMYHasbHbIX OTXO40B, UX COPTU-
POBKM C UCMNOJSIb30BAaHNEM COBPEMEHHbLIX COPTUPOBOYHbLIX KOMMSIEKCOB, UCKOYaOLWNX BEPO-
ATHOCTb MonagaHusa B MOTOK HamnpaBnsieMblX Ha TepMuyeckoe obe3BpeXmnBaHMe OTXOLOB
BTOPUYHBIX MaTepuarnbHbIX PEeCcypcoB, OMacHbIX OTXOA0B MNOTpebneHus (PTYTHbIX namn u
ApYyrux pTyTbcoaepxawmnx npubdopos, baTtapeek, akkyMynsaToOpoB U Ap.), cO34aeT cepbesHble
TPYOHOCTU ONsl pas3BUTUS TEPMUYECKOro obes3BpeXxmnBaHna OTXOAOB, B TOM 4ucCrie B 4acTu
obecneyeHnsa ONyCTUMbIX YPOBHEN BO3AENCTBUS Ha OKpyxatowyto cpeay. MNpuHatne depe-
panbHoro 3akoHa oT 21 unionsa 2014 r. Ne 219-03 «O BHeceHUn nameHeHun B PegepanbHbii
3akoH «O6 oxpaHe OKpyXaloLLen cpeabl» N OTAeNbHble 3aKkoHOAAaTeNbHble akTbl Poccuiickomn
degepaumm» B 3HAYUTENbHOM Mepe CrnoCOBCTBYET pPeLUeHUIo yKasaHHbIX npobrem npu

YCINOBMM peanunsaumm ero nosiokeHnn B NofIHOM obbeme.
1.2.2.2 NMpobnembl pecypcocbepexeHus

Cepbe3Hoe BHMMaHMe Heobxoanumo YOENNTb HE TOJIbKO CO34aHuIo ycn03|/||7| ana mns-
Brie4YyeHnda 13 MNMOTOKOB OTXOAO0B LEHHbIX BTOPUYHBLIX MaTepualribHbIX pecypcoB M UX Oallb-

Heunwero SCb(beKTVIBHOFO MCNoJib30BaHUA, HO U npo6neme MaKCMMarnbHOro Mcrnofb3oBaHNA
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BTOPUYHbIX 3HEPreTUYECKUX PECYpPCOB, KOTOpble 0bpasyloTcs B pesyrbTaTe TepMUYECKOro
obe3BpexmBaHus oTxodoB. [aHHas npobrnemMa ocobeHHO akTyanbHa Ans TakuxX KPYrHbIX
06bEeKTOB, Kak MyCcOpOCXKUraTesbHble 3aBOAbl, B TOM YUCIE C TOYKM 3PEHUS NOBLILLEHMS KX

3KOHOMMYECKON 3(PPEKTUBHOCTM.
1.2.2.3 TexHUKO-TeXHONorM4eckue npobnemol

Heobxoanmo yumTbiBaTb COXHBLIA U Pa3HOMMNAHOBLIN XapakTep Npou3BOACTBa MO
TepMmnyeckoMy 06e3BpeXMBaHNIO OTXOL4OB, B KOTOPOE BXOAAT TakMe y4acTKu, Kak:

- cbopa u HakonneHus obesBpexmnBaeMbix O0TX0A0B. Ona puTmudHon n 6ecnepeboinr-
HOM paboTbl OCHOBHOrO 0B6OpyAOBaHMS MO TEPMUYECKOMY 00Ee3BpEeXMBAHMIO OTXOAO0B, YTO
obecneynBaeT, B TOM YnChe, U YPOBEHb LOMYCTMMOrO BO3OENCTBUSA HA OKPYXXatoLLyto cpeay,
Heobxo4MMbl OOCTATOYHbIE MO MNMoWaan U COOTBETCTBEHHO OOOPYyAOBaHHbIE MOMELLEHUS
(nnowagkn). B uenax obecneyeHns 3KONOrMYECKOM, NPOMBbILLSIEHHON M NoXapHon 6e3onac-
HOCTM [OOSKEeH OblTb OpraHn3oBaH 3(EMEKTMBHLIN BXOAHOW KOHTPOSb MOCTYNalLWMX Ha
o6e3BpexnBaHme 0TXOA0B, a TakkKe NOCTOAHHbIN NPON3BOACTBEHHbIN KOHTPOb;

- NpeABapuUTENbHON MNOArOTOBKM OTXOAO0B K HanpaBneHuto Ha obes3BpexuBaHue, 4To
Takke TpebyeT M COOTBETCTBYHOLLErO0 TEXHUYECKOrO OCHALLEHUSA, U NOCTOSAHHOrO NPOun3BOAa-
CTBEHHOTrO KOHTPOnS;

- TepMUYeckoro 0b6es3BpeXnBaHNS, YTO COMPSKEHO C 3KCMyaTauuen CroXHOro Tex-
Honornyeckoro obopyaoBaHusi, HEOOXOOUMOCTbID YETKOro COOMAEHUSS TEXHOMNOTMYECKMX
PEeXUMOB, perynsapHbiM obcnyxuneaHmem obopyaoBaHus, HEOBXOOUMOCTbIO TEXHUYECKOTO U
TEXHOMOrMYeCcKoro COBepLLEHCTBOBAHNA NMPOLLECCOB TEPMUYECKOro 06e3BpEXUBAHNS;

- obesBpexnBaHus BbIOpOCOB, COPOCOB, 0OpasyoLWNXca B pesynbTate TepMUYECKOro
o6e3BpexunBaHnst 0TX0O0B, UTO TpebyeT Cepbe3HOro TEXHUYECKOro OCHALLEHUS U MOCTOSAH-
HOro NPOM3BOACTBEHHOIO KOHTPOSIS, B TOM YMCNEe aHaNUTU4YeCKMMN MeTogamu;

- cbopa n HakonneHus oTxonoB, obpasylWnxcs B pesynbrate TepMuyeckoro obes-
BpEeXMBaHMA OTXOOO0B, B TOM 4ucCre OT BCrMoMoraTeNnbHOW OesTenbHOCTU (o6cnyxuBaHue
obopyaoBaHus, NpoBeaeHne PEMOHTHbIX paboT, cogepxaHue NpPoM3BOACTBEHHON nnowan-
KW, XM3HEeOesaATeNbHOCTb NepcoHana M T. 4.), 4To TpebyeT opraHusaumm obpalleHnsa ¢ yka-
3aHHbIMW OTXO4aMN B COOTBETCTBUMN C YCTAHOBMEHHbIMU TpeboBaHNAMY;

- YTUNU3auumn BTOPUYHbIX IHEPreTUYECKNX PECYPCOB.

Mpn Tepmnyeckom o06e3BpeXMBaHMM OTXOAOB BO3HMKAET HeobxoomMmocTb cobnione-
HUSA OOCTATOYHO XXECTKMX YCIOBMI OCYLLECTBNEHUA TEPMUYECKOrO npouecca:

- HEOBXOOUMOCTb CXUraTb OTX0A4bl C 6oNbLIMMK M3ObITKAMK BO3AyXa U3-3a LUMPOKOrO

Anana3oHa namMmeHeHuna TennoTbl CropaHnd N coCtaBa NX KOMMOHEHTOB;
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- obs3aTenbHas Bblaepkka razoobpasHbiX NPOAYKTOB CropaHusa npu Temnepartype 60-
nee 850 °C B TeveHue 2 ¢ n 6onee ons AeCTPYKUUN OpraHUYeCcKUX 3arpsasHUTEnNen, B NepByto
odepeapb NonMxnopupoBaHHbIX AMOEH30ANOKCUHOB U (DYPaHOB;

- OrpaHnYeHne TemnepaTypbl AbIMOBbIX Fa30B Ha BXO4E B KOHBEKTUBHbLIE NMOBEPXHOCTU
(He 6onee 750 °C) no ycnoBnamM MMHUMM3ALUK LLNTAKOBAHUS 3TUX MOBEPXHOCTEMN;

- noagepxaHne ontTuManbHOW Ang paboTbl CUCTEMbI FA3004UCTKN TeMnepaTypbl Abl-
MOBBbIX ra3oB Ha BbIxoae u3 kotna (06bi4HO 180 °C — 200 °C);

- 06s3aTENBHOE NPUMEHEHNE MHOIOCTYNEHYATON CUCTEMbI Fa3004NCTKM.

Muponuns n rasmdurkauma n nx BbiIcOKoTEMNepaTypHasa Moandukaumna — nnasMmeHHas
nepepaboTka [16], [17] — vmeloT onpegeneHHble NpenMyLLecTBa, HO Af1s nonHoMacwTabHo-
ro obesspexmBaHna TBepAbIX KOMMYyHanbHbIX 0TxodoB (TKO) npumeHstoTca B HacTosuwee
BpEMSI CpaBHUTENbHO PEeaKO BCreacTBMe TpeboBaHMI K M3MENbYEHUIO OTXOAOB nepen ne-
pepaboTKOM, HN3KOW HAaZEXHOCTN NMOO MOBbLILWEHHOrO aHepronoTpebneHus. Tak, cywecTBy-
IOT JOCTaTOYHO XecTkne TpeboBaHus k nogrotoske TKO, Hanpasnsembix Ha NMPonu3 (rasu-
dukauunto):

- COPTMPOBKa OTXOAOB C LENb M3BneYyeHns 6bannactHbix gpakumi (CTekno, metan-
nbl, KAMHW, MenKasa dpakums);

- CyLLKa OTX00B;

- NpegBapuTenbHoe ApobreHne oTXOA0B.

MocnegHee TpeboBaHMe NPUBOAUT K CHMXKEHWUIO HAAEXHOCTU MycoponepepabaTbiBa-
IOWKMX NpeanpuaTUn, UCNONb3YHLWMX TEXHOMOMMIO NUPONM3a, MOCKOSbKY HanMymMe KpynHbIX
Hepa3apobrieHHbIX (hpakuuin, Yacto BCTpedarowmxcs, Hanpumep, B TKO, HapywaeT paboty
YCTaHOBKU U BbIBOAUT 0B0OpyaoBaHMe U3 CTPOS.

[Ans ycnosun Poccuun npu co3gaHun npeanpusatii M NpoekTUpoOBaHUM COOTBETCTBY-
IOLMX YCTAaHOBOK HEOOXoauMo B 00si3aTenbHOM Nopsifke yunTbiBaTh cnegytowmne CBOMCTBA,
npucywme poccurcknm TKO:

- 0TXOAbl KpanHe HeOOHOPOAHbI MO COCTaBy; COCTaB 3HAYMTENbHO U3MEHSIETCH B 3a-
BUCMMOCTU OT «NapTUN» OTXOO0B, a TaKKe OT BpEMEHU: B OCEHHEe-3UMHUIA nepuoa B oTxodax
HabngaTCa MakCuManbHble BAAXHOCTb M MAOTHOCTb, B BECEHHE-NETHUIA nepuoa — yBe-
NNYeHne coaepKaHus NONIMMEPHbIX OTXOAOB, OPraHUKN N CMeTa,;

- BMTAXXHOCTb POCCUMCKUX OTX0A0B Ha 15 % — 20 % Bbilwe, YeM B CTpaHax 3anagHoun
EBponsl;

- POCCUNCKMM OTXO[4aM CBOWCTBEHHA CTPYKTYpHasd MexaHu4yeckasd CBS3aHHOCTb 3a

CYET BOJIOKHUCTLIX U BNaXHbIX dopakumn;
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- POCCUICKME OTXOAbl OTNINYAKOTCA CMEXMBAEMOCTbIO MPU XPaHEHUN U TPaHCMNopPTU-
pOBKe, BblAENeHnemM punbTpaTa;

- POCCUICKME OTXOA4bl OTNINYAKOTCA NOBbILLIEHHON abpa3MBHOCTbLIO, KOTOpPas CcBA3aHa C
Hanudnem dapdopa, CTekna, KamMHs;

- BbICOKME BMAXHOCTb M CoAep)XaHWe pasfnuyHbIX coner B oTxodax CrnocobCTByOT
KOPPO3MOHHOMY BO3AENCTBUIO HA MeTans Npu AMTeNbHOM KOHTaKTE;

- HabntogaeTcs anu3ogmyeckoe nonagaHve TXenbiX, TPYAHO ApOoOMMbIX NpeaMeToB,
BbIBOAALLMX U3 CTPOS nepepabaTbiBatoliee ob6opyaoBaHue.

OTN hakTbl MOryT co3aBaTb onpegerieHHble NpobnemMel Npu agantaumm 3apybexXHbix
TEeXHOMormm Tepmoobe3BpeXXMBaHNSA OTXOO0B.

MpeanpuaTus, 3aHMMaOWMECa CXKUraHMEM OMacHbIX OTXOA4OB, MOCTOSIHHO CTarnkua-
I0TCA C NpoGrnemon npeBbllleHNs coaepXaHUs OKCMOOB a30Ta, Cepbl U yrnepoaa, a Takke
ANOKCUHOB, BeH3annpeHa u T. N. B ra3oBblx Bblbpocax Hag npenenbHO AONYyCTUMbIMU HOP-
MaTmBamu. [NoBbIWEHHbIE BpeaHble BbIOPOCHI NOABASOTCA B OCHOBHOM Mpu 3arpy3ke HOBOM
NopLMN OTXOAO0B N PE3KOM MOHMKEHUN KOHLEHTPALMN KUCIopoAa B peakTope Uin 1u3-3a He-
AOCTaTOYHOro nepemMeLlnBaHns ropoyen Macchbl, W, cnegoBaTenbHO, HA3KOW Tennonepea-
yn. Ona 6opbbbl ¢ aTMM 3dhPEKTOM peakTop neyn Heobxogmmo obopyaoBaTb CUCTEMaMM
OCTaHOBKM Nofayn OTXOAOB 4O MOMEHTa BOCCTAHOBIIEHNSA KOHLEHTpaLUUnM Kucnopoga 4o on-
TMManbHOW MW AONOSHUTENBHON UHXEKLNN KNCNOPOoAa B 30HY FOPEHUS.

MpucyTcTBUE B OTXOAALLMX ra3ax ANOKCUHOB M AUGEHUITOB 3HAYMTENBbHO OCMOXHSAET
X OYUCTKY Npexae BCero n3-3a Manow KOHUEHTpauumn 3TUX BbICOKOTOKCUYHBIX COeOUHEHWNN
(Mmetowmx, K ToMy e, YpesBbldanHo Manble yposHu MNMOK); TpebyeT co3gaHnst COBpeMEHHbIX
N JOPOroCTOSILLMX MHOTrOCTYNeH4YaTbIX (0ObIYHO TPEXCTYNEHYaThbIX) CUCTEM OUUCTKMW.

Bce BblweckaszaHHoe TpebyeT COOTBETCTBYHOLLNX TEXHOMNOMMYECKMX PELLeHnin, focTa-

TOYHOW KBanudukaumm obcnyxmnsaroLLero nepcoHana u matepmanbHo-(pMHaHCOBLIX 3aTparT.
1.2.2.4 ®uHaHCOBO-3KOHOMUYECKUE NpoodemMbl

Bo-nepBbIX, co3gaHne M (PYHKUMOHMPOBaHME MNPeanpuUATUA MO CKUraHuo, npexae
Bcero TKO, TpebyeT Hemarnbix MHAHCOBbLIX BIIOXXEHWI, KOTOPbIE UMEIOT 3HAYUTENbHbIE CPO-
KN OKynaemMocCTMU.

Bo-BTOpbIX, 06€e3BpeXMBaAHME OTXOAOB U OpraHusauus Npon3BOACTBEHHOIO 3KOMOMu-
4YeCKOro KOHTPOIS AaHHbIX MPOM3BOACTBEHHbIX NPOLLECCOB NPUBOAMUT K OTHOCUTESNBHO BbICO-
KUM N HEeNnpou3BoAMTENbHbIM 3aTpaTtaMm B OTCYyTCTBME 3PIEKTUBHONO MexaHusma CTUMYIu-

poBaHnA 3TON AeATEeNbHOCTN.

47



1.2.2.5 3konoru4yeckme n CaHUMTapHO-rMrmeHn4Yeckne npodrnemoli

CxuraHne OTXOAO0B SABMASIETCHA OTYACTU HE MOSTHOCTLIO KOHTPONMPYEMbIM NPOLIECCOM C
BblAeneHnem (B TOM YUCIe HeyYTEHHbIX) NOBOYHBLIX MPOAYKTOB, MHOTME U3 KOTOPbIX HAHOCAT
Bpen OKpyXatoLlen cpene v 34opoBbto nogen. B 6onbluMHCTBE criydyaeB B pesynbrate Cro-
paHna oTXo40B obpa3syeTcs (SMUTUPYET B OKPYXaloLMi BO34yX) 3HaAYMTENbHasa rpynna 3a-
rpsasHaWKNX BellecTB. Kak yxe oTMevanoch Bbile, AN NofaBfieHns BpedHbiX BbIOPOCOB
Heo6Xxo4MMO MCMONb30BaHWE LOCTATOYHO CIOXHbIX U LOPOroCTOALUMX CUCTEM OYUCTKU OT-
XOOALLMX ra3os.

JTioboe cxuraHve sBRSEeTCA UCTOYHMKOM BbIOPOCOB MapHMKOBBLIX rasoB, perynupye-
MbIX (OrpaHMYMBaEMbIX) PSAOM MEXAYHAPOOHbIX COrnaLleHni.

TexHonornyeckme (CToYHbIE) BOAbI Takke TPEOYIOT COOTBETCTBYIOLLMX CUCTEM OYUCTKMN.

3ona (ynoeneHHas) 1 wnak, obpasyrowmecs nNpu cropaHnn OTXOAOB, B CUITy CBOWUX
PU3NYECKMX N XMMUYECKUX CBOWCTB (CoaepXaT Tshkernble MeTansbl, Hepeako B AOCTaTOYHO
BbICOKMX KOHLEHTpaumMsax) He MoryT ObiTb 3aXOpoHeHbl Ha nonuroHax TKO unm mncnonb3o-
BaTbCsl B NPON3BOACTBE CTPOMTENbHBIX MaTepuranos, a TpebyloT 3aXOPOHEHNSA Ha cneuunarnb-
HbIX NOSIMFOHAX UMM B cneuunarbHbIX XpaHUmwax (C KOHTPONEM U OYUCTKOW CTOKOB), YTO CO-
34aeT onpeneneHHble opraHn3aunoHHbIE U 3Konorndeckme npobnemel. OnepaTtopbl U pabo-
4yne, oTBevaroLme 3a cbop M TPaHCMOPTUPOBKY 3011bl, MPEACTaBMAT 0COBY0 rpynny pucka.

Lnakn mycopockuratenbHbiX 3aBOoAoOB OObIMHO He paccMaTpuBalOTCA B KavecTBe
onacHbIX 0TxoaoB. OQHaKo OHU TOXEe coep)XaT TOKCUYHbIEe BellecTBa, KOTOpble MOryT Bbl-
MbIBaTbCS U3 MECT MX 3aXOPOHEHNSA N HAHOCUTb CYLLIECTBEHHbIN Bpe OKpyXatoLLlen cpeae.

Ocobyto npobnemy (ocobeHHO Ans obenyXxusarowero nepcoHana) Moryt cosgasaTtb
HeopraHn3oBaHHbIe BbIOPOCHI N3 YCTAHOBOK M 060pya0BaHNA, OT MECT XpaHEeHMs 0TXO40B, B
HEKOTOPbIX Cryyasix — 3arnax, TeXHONOrM4ecknin Wwym n Bmbpaums, buonornyeckoe sarpss-

HEeHME «CBEXMX» OTXOOOB.
1.2.2.6 NMpobnembl KOHTPOSNA U MOHUTOPUHIa

®yHKUMOHMPOBaHE MPeanpuUsATUn (3aBOAOB U YCTAHOBOK) MO TEpMUYEcKoMy obes-
BpPEXMBaHMIO 0TXOO0B 00YyCroBNMBaeT HEO6X0AUMOCTbL OpraHM3aLmMmn CUCTEM IKOSTOrMYECKO-
ro NPOU3BOACTBEHHOIO KOHTPOSSI W 3KOMOrMYECKOr0 MOHUTOPUHra 3a MX OesTernbHOCTbIO.
370, B CBOIO o4epedb, onpeaensieT HeoGXoANMOCTb NPUOBPETEHUS KakK NpeanpuaTneM, Tak
N KOHTPONMPYHOLLMMUK opraHamMu crneumnanbHbiX (06bIYHO AOPOroCTOSALLMX) CPEACTB KOHTPONS
N MCNONb30BaHUSA creunanbHbIX XMMUKO-aHanUTUYeCcKMX NpubopoB M aTTeCcToBaHHbIX MEeTO-

AVK (NpY HAaNM4YUM COOTBETCTBYHOLLIMX CNELMUanmcToB).
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Hanpumep, Oupektnea EBponenckoro napnameHta u CoBeta EBponenckoro cotosa
Ne 2000/76/EC ot 4 gekabps 2000 r. «O cxuraHmm oTxogoB» pernameHTMpyeT B BbiGpocax
COOTBETCTBYHOLLMX NpeanpuaTun (YCTaHOBOK) criegyoLlime BelecTBa: fietTyqas 3o51a v nbiib,
OopraHuyeckne BeLLecTBa, XNOPUCTbLIM BOAOPOS, (PTOPUCTLIM BOLOPOL, CEPHUCTLIN aHrnmapus,
oKcuAbl a3oTa, okeug yrnepoa, aMMuak, KagMuin, Tannum, pTyTb, kobanbT, XpoM, MapraHed,
HUKeIb, MbIWbSK, Medb, CBMHEL, CypbMa, BaHaauKn, OUOKCUHBI, oypaHbl. B aTOT nepeveHb

cnegyet 0obaBuntb GeH3anupeH.
1.2.2.7 CoumanbHO-NCcUxXonornyeckue npoodnemol

HaceneHne B 3HA4YNTENbHON CBOEWN YacTWM HEraTUBHO OTHOCUTCS K AaHHOMY cnocoby
obe3BpexunBaHna o0TXo4oB, OCODEHHO B TexX cnyyasix, Korga creunarnbHble 3aBoAbl U ycTa-
HOBKM MO TepMudeckoMy o06e3BpexmBaHUIO OTXOO0B pa3MeLLalTcs B HernocpeacTBEHHOW
6rmM30CTn OT ceNUTEBHBIX, PpEKpeaUmOHHbIX U NPUPOLAHO-3HAYMMbIX TEPPUTOPUN.

OGbIYHO NPOTUBHUKM CXUraHUS OTXOLO0B anenfiMpyroT K TOMY, YTO OHO MPOTMBOPEYNT
TpeM NpuHUMNam MexgyHapogHOro 3akoHoAdaTesbCTBa: NPeaoCTOPOXHOCTU, NpeaoTBpalLe-
HUIO U OrpaHNYEHUIO TPAHCIPaHNYHbIX 3OEKTOB.

OTmevaeTcs Takke, YTO CyLLEeCTBYKOLLAs naes nonyvyeHus 3reKTPU4ecKon aHeprum
Npu CKUraHUn BbITOBLIX OTXOAOB HE BHECET CYLLEeCTBEHHOro BKMada B pelleHne npobnembl
3HEepropecypcoB, Tak kak He MeHee 80 % npoun3BefeHHOW 3HEPrMM MUCNosib3yeTca Ha cob-
CTBEHHble HyXabl 3aBoga. CornmacHo aHanmay, BbinosiHeHHoMmy B 2001 rogy JloHAOHCKOM
LLIKOSION SKOHOMUKW, 3Heprusi, nonydaemasi npy cxuranun TKO coctaBnseT nuwb 5 % oT
9HepreTMyeckux 3atpaT, MCMOMb30BaHHbIX A1 NPOU3BOACTBA MaTepmanoB, COCTaBNAOLNX
TKO.

Kpome Toro, cornacHo CTOKrOfIbMCKOM KOHBEHLUUM O CTONKUX OpraHNYeCKuX 3arpsisHu-
Tensax, K kotopon Poccusa npucoegnHunace B 2002 rogy, oTxXo4bl AOSHKHbI YAANATECA Takum
o6pa3om, 4ToObl coaepkalunecst B HUX CTOMKME OpraHnyeckue 3arpsasHUTEnn YHUYTOXanmcb
unu HeobpaTuMo Npeobpas3oBbIBANIUCE U HE MPOSIBASIIN CBONCTB CTONMKUX OpraHU4ecKknx 3a-
rpasHuTenen. CobniogeHne atoro TpeboBaHus TpebyeT OGonblwmx MatepuanbHo-

TEXHUYECKMX U (DUHAHCOBLIX 3aTpar.
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Pazgen 2. OnucaHue TeXHONOrM4YeCcKNX NPoLeccoB UCMOJb3yeMbiX B
HacTosiwee Bpemsi B chepe o6e3BpexXMBaHUs OTXO40B

TePMMUYECKUM CNOCOOOM

2.1 O6wume nonoxeHus

B obuwem Buae TexHonormyeckasi cxema KOMMMEKCHOW YCTAHOBKM BbICOKOTEMMEpa-
TypHOro o6e3BpexmnBaHmsa 0TX040B, COAEPXKaLUUX OpraHNYyeckme BeLLeCTBa, BKOYaEeT B ce-
05 [7] cnepyrowme ctagmm (6nokn):

- 6roK NnpeaBapuUTENbLHON, B TOM YMCIE peareHTHON, 06paboTkM OTX0O0B;

- 6510k COBCTBEHHO TEPMUYECKOW (BbICOKOTEMMEPATYPHOW, OrHEBOM) 06paboTKn OTXO-
AOB;

- 6riok Tennoucnonb3oBaHMs (B NpocTenwemM Bnae 650K OXnaxgeHus BbICOKOTEMMNE-
paTypHbIX ra3006pa3sHbiX NPOAYKTOB 06e3BpEeXMBaHUSA BOLOW UK BO3OYXOM);

- 6nok nony4yeHns NOBOYHbIX OpraHMYeckux NPOAYKTOB (CMHTE3-ras, Xuakoe TOnmBo,
KOKC);

- 6nok nony4vyeHns NoGOYHbIX MUHeEparbHbIX NPOAYKTOB (Kepamuka, LEeMEHT, MUHe-
panbHble COMNW, KUCNOTbI, MeTanmbl 1 Ap.);

- BNIOK MHOroCTyneH4aTon O4YMCTKM M 0Be3BpexmBaHUA OTXOOSALMX ra3oB nepeq ux
BbIGpocomM B aTMOCdepy.

McxogHble gaHHble Anga pa3paboTkM YCTaHOBKWM BbICOKOTEMMEpPaTypHOro obesBpexu-
BaHWS OOSMKHbI 00A3aTeNbHO BKMOYATb XapakTepUCTUKY 0b6e3BpexmnBaemblx OTXOAOB B CO-
OTBETCTBMM C MpuBeAeHHOW B pasgene 1 knaccudukaumen OTXOO0B WU arperatHyro MOLL-
HOCTb (Harpy3ky). o arperaTHON MOLLHOCTU MOXHO BbIOENUTb:

- NOKanbHble CTaLMOHAapHbIE WU NepeaBuKHble, MOOUIbHbIE (pa3MeLleHHble B TOM
4yucre Ha aBTOTPAHCNOPTE UNKN Ha Xene3HOAOPOXHOW nnaTtdopmMe) YCTAaHOBKM Marion MOLL-
HocTh (10-500 Kr/u);

- YCTAHOBKM CpeAHeN MOLLIHOCTW, B TOM Yucne TpaHcnoptabenbHble (T. €. CNoCoBHble
K nepebasmpoBaHu1Io Ha HOBYIO NSOWaaKy) ¢ arperatHon Harpyakon 500—2000 Kr/y;

- LEHTpann3oBaHHble, perMoHasibHble YCTaHOBKM — CTaHuuMuM OOnbLlUIOW arperaTtHoun
mMoLuHocTh (2000—10000 Kr/v).

B pamkax cosgaHms HOT Bo3MOXHa peanu3aums pasnnuyHbiX TEXHONMOIMYECKUX CXEM,
npegycmaTpmBaloLLMx MakcMMmarnbHoe 3HeprocbepexeHne unu BbipaboTKy aHeprum u nony-
YeHne NobOYHbIX MUHEpPArbHbIX U OpraHMYeckux NpoaykToB. Bece TexHnyeckme pelweHus 6a-

3UPYKOTCA Ha OCHOBE MeToaunyeckmnx peKOMeHﬂ,aLI,VIVI onpepgeneHna TexHonormn B Kadyecrtsee
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Hauny4wen AOoCTynHoW TexHorormn (npukas MwuHnpomTtopra Poccum ot 31 mapta 2015T.

Ne 665), yunTbIiBaOLLMX COBOKYMHOCTb COOTBETCTBYIOLLUX KPUTEPUEB.
2.2 OCHOBHbI€e 3KOJI0ro-3aHeproTexHosiornyeckme napameTpsbi [7]

OKOMOro-aHeproTexHonorMyeckne napaMmeTpbl onpeaensatT SKOMOrMyeckyro N 3KOHO-
MUYECKYH 3(PPEKTUBHOCTIN N HAOEXHOCTb NpoLecca o6e3BpexmnBaHms OTXOL4O0B:

a) TemnepaTypHbI ypoBeHb npoLecca. 1o aTomy napameTpy TepMmyeckne npoLecchbl
N peakTopbl MOXHO MOAPa3AennTb Ha HU3KOTEMNepaTypHble (TemnepaTypa OTXOAdAWMX ra-
30B tor =400 °C — 600 °C); cpegHeTemnepatypHble (tor = 600 °C — 1000 °C); BbICOKOTEM-
nepatypHble (tor = 1000 °C — 2000 °C u BbliWwe).

0) Bpemsa npebbiBaHus (6e3 ydeTa kamepbl OOXUIaHUS) TOKCUYHBLIX KOMMOHEHTOB B
paboyen 30He TEPMUYECKOro peakTopa tmpes. [10 BpeMeHn npebbiBaHUsA TepMmuyeckme peak-
TOPbl MOXHO pa3fenuTb Ha crieayoLme rpynnbi:

1) thpes < 0,1 ¢ (Manoe oTHolleHne paboyero obvema peaktopa V (M%) kK 06bem-
HoMy pacxogy rasoB V; (M°/c);

2) tpes = 0,1-0,5 ¢ (cpeaHasa senuunHa Vp/V,);

3) tpes = 0,5—2 ¢ (noBbiweHHas BenuynHa Vo/V;);

4) thpes > 2 C (CBepxBbicoKas BenuunHa Vp/Vr).

B) MIHTEHCUBHOCTb NepeMeLLMBaHNSA KOMMNOHEHTOB B paboyer 30He TEPMUYECKOro pe-
akTopa. PasnuyaloT aBa ruapoamMHaMNYecKnx pexmmMa: naMmmHapHbIn (npu yucnax PenHonb-
AiCa, MEHbLUMX KPUTUHECKOro 3Ha4YeHnss Re < Repur); TYpOyneHTHbI (Mpu Re = Reypour).

r) CocTaB rasoBow aTMOCcepbl B TEPMUYECKOM peakTope. PasznuyatoT Tpu pexnma:

1) okucnutensHasa atmocdepa (koadpdpuumeHT pacxoga okucnutensa a > 1);

2) BoccTaHoBuUTeNbHaa atmocdepa (a < 1);

3) nepeMeHHas No 30HaM peakTopa atMmocdepa (Hanpumep, BOCCTAHOBUTENbHO-
oKucnuTenbHas).

A) MNpuHuun TennoreHepauun (TN BHELLHEro, AOMOMHUTENBbHOINO MCTOYHUKA SHEPIUN).
Ha npakTuke ncnonb3yeTcs:

1) opraHudeckoe TonnNMBO (razoobpasHoe, Xnakoe unu TBepaoe, a Takke roproudne
0TX0abl);
2) aneKkTpoaHeprus (MHAYKUMOHHbIN, 3NEKTPOAYrOBOM UKW NMNasMeHHbIN NCTOYHUK);
3) KOMOUHNPOBAHHBIN NCTOYHMK.
e) Tun okncnutens. NpumeHseTcs:
1) Bo3ayx;
2) TEXHUYECKUI KACITOPOA;
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3) oboraleHHOE KACNOPOAOM BO3AYLIHOE AYThE;
4) BogsaHoOM nap;
5) ABYOKMCb yrnepoaa.
X) Pexxvm wnakoypanenna. Ha npakTnke MCnonb3yTCs peXnMbl:
1) ¢ Xngkum wnakoyganeHmem;
2) c TBEpAbIM LUMakoyaaneHnem.
3) Cnocob HenTpanuaauumn obpasyomxcs npyu TepMmmyeckom obe3BpexmBaHMm OTxo-
A0B raszoobpasHbix OKUCOB 1 KUCroT (SO,, SOz, HCI, HF, P401p). NpumeHsitoTcs:
1) cnocobbl ¢ NnpeaBapuUTENbHON, peareHTHOM 06paboTKON OTXOA0B;
2) cnocobbl ¢ nogaven peareHToB HENOCPEeACTBEHHO B TEPMUYECKUA peakTop;
3) cnocobbl, xapakTepusyroLmecs nogadyen peareHToB Ha CTaaulo OXNaXKaeHus ra-
3000pasHbIX NPOAYKTOB 06e3BpEXMBAHUS;
4) cnocobbl Nogayn peareHToOB Ha CTaguio HU3KOTEMNepaTypHOM OYUCTKN ra3os.
OnTUMM3aumst SKONOro-3HEeProTEXHOIOMMYECKNX NapamMeTpoB No3BoNsieT BbibpaTb Co-
OTBETCTBYIOLIMA TUM TEPMUYECKOrO peakTopa Ans 00e3BpexuBaHWUs XUOKUX, TBEPAbIX U

nactoobpasHbIX OTXO40B.

2.3 OCHOBHbIE TUMbI CYLECTBYHLUX PEAKTOPOB, UCMONb3YHLNX

opraHu4yeckoe tonnueo [18], [19]

2.3.1 CnoeBble neuun

B oTeuecTBeHHON 1 3apybexHOM NpakTUKe ANs BbICOKOTEMMepaTypHOro obesspexu-
BaHWS TBepAbIX U NacToobpasHbIX OTXOO0B, COAEPXaLLMX OpraHMyeckne BellecTsa, Hanbo-
nee LWMpPOKO UCMOb3YyTCHA COEBbIE MEYN.

B nocnegHue rogbl criegyeT OTMETUTL BONbLIOE KONMMYECTBO POCCUNCKNX pa3paboTok
N 3apyBexHbIX NOCTABOK MOKarbHbIX YCTAHOBOK OrHEBOro 06e3BpexmBaHUS OTXOAOB C UC-
nonb3oBaHWeM croesblx Tonok. Hanpumep, ycraHosku Tuna «Cmapt Awy» (ogHOKaMepHas) u
«MeanbypH» (OByxkamepHasi) MowHocTblo 22 kr/v kaxpas (CLUA) (cm. pucyHkm 2.1, 2.2),

ycTaHoBka «®Popcax-2», ycraHoBka YCO-200 (Poccus).
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PucyHok 2.2 — YctaHoBka «MegubypH» (CLUA) [19]

Bo Bcex aTnx yctaHOBKax OTCYTCTBYET CUCTEMA OYUCTKM OTXOASALLMNX ra3oB.

OTaenbHble YCTaHOBKWM COCTOSIT U3 KaMepbl CXUraHus, TAroayTbeBoro obopynoBaHus,
annaparta CyxOW ra3oouMCTKM (LMKIOH-3050YNIOBUTENb) U OCHOBHbLIX COEAMHUTENbHbLIX TPY-
HonpoBoaoB. 3arpy3ka OTXOO0B OCYLUECTBRSETCS B OOMbLUMHCTBE CrydaeB BPYYHYHO, a KX
ropeHne NpoucxoamT B HENOABWXHOM Croe Ha oyTepoBaHHOM CMIIOLIHOM Moay.

Bonee coBpeMeHHble yCOBEPLLUEHCTBOBAHHbIE CMOEBbLIE NMEYN BbINYCKAOTCA C Harpys-

kor 170 n 340 kr/y (AcTpus), ¢ Harpy3kon oT 12 go 250 kr/4 10 Tunopasmepos (F'epmaHus),
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¢ Harpyskoun oT 200 go 1000 kr/u (Lsenuapus, Benukobputanna, PpaHuma, Pecnybnnka Ko-
pes), nHcuHepatop «Miwonnep» C.P.50 (PpaHuna) n gp.

AHanoruyHble yctaHoBku Tuna KTO (cm. pucyHok 2.3), MH-50 (cm. pucyHok 2.4) u
«Q4YTO» paspabotanu poccuinckme npounssogutenn. NMocneaHas paspaboTka npegycmart-
puBaeT npenBapuTENbHOE TEPMUYECKoe pasfnoXeHUe OpraHMyYyeckon COCTaBnsLWEen OTXO-
poB B GeckucrnopogHon atMmocdepe (nuponus), nocrne 4yero obpasoBasLUasica napora3oBas

CMeCb HanpaslideTCda B KaMmepy OO0XUTraHuA.

PucyHok 2.3 — YcTtaHoBka Tuna KTO [20]

Onsa cxuranmna TKO wmnpokoe pacnpocTpaHeHME HaLMM CNoeBble TOMKM C KONTOCHUKO-
BbIMW peLLeTkamun, B TOM 4Yucre BogooxnaxgaembiMu. Hanbonee 4yacto npu CrnoeBOM CXu-
raHUM OTXOO0B MPUMEHSIOT PeELLETKU Tpex TUMNOB: MOCTynaTenbHO-nepeTankmeatowme, ob-
paTHO-NepeTankMBalLwue 1 peLleTkn BankoBoro Tuna.

[Mpn cnoeBoM CxuraHum oTXo40B TemnepaTypa Ha HaKMOHHOW KOSTOCHUKOBOW peLueTke
N3MeHsieTca OT TemnepaTypbl OKpyXatoLlen cpeabl B BepxHen 3oHe 3arpy3ku go 1100 °C —
1200 °C B orHeBoW (HWxHen) 30He. 1o Mepe NpoaBMKEeHNA MaTepuana NnponucxoauT ero no-

CTEMNEHHbIN nporpes, conposom,qarou_mﬂc;l npoueccamun CyLUKn, nnposnmnisa, ropeHun4.
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PucyHok 2.4 — YcTtaHoBka Tuna MH-50 [21]

B uenom Heo6xoaAMMO OTMETUTL, YTO CNOEeBble NeYn HaAeXHbl B 3KChyaTaumm, npo-
CTbl npu obcnyxmBaHMM (OCOBEHHO TOMKU C HEMNOABWXHbLIM MOAOM) U UMEKT ONUTESbHbIN
pecypc paboyen kamnaHUn, OAHAKO NPUrOAHbI A4S TEpMUYECKOro o6e3BpeXxmBaHns orpaHu-
YEHHOro Knacca oTxoAoB. [MpakTnyeckn HEBO3MOXHO 3(PeKTUBHO 0b6e3BpexmBaTb B 3TUX
nevyax oTxoApbl, coaepxalime nerkonnaBkne MuHepanbHble CoeaMHEHNa N BellecTBa B nna-
CTUYECKOM COCTOSIHMM, TaK KaK NPOUCXOAMT 3amMasbliBaHWe U 3alUiakoBbIBaHWE CrOA.

OCHOBHOWN HeOOCTATOK fOKanbHbIX CIIOEBLIX NeYen — Hu3kasa akonormyeckast acpdek-
TMBHOCTb TEPMUYECKOro 06e3BpeXMBaHUA OTXOO0B — MOBbILUEHHbIA MEXaHUYECKUA Hedo-
XOr, T. €. Harnnyme OCTaTOYHbIX TOKCUYHbIX OPraHNYeCKUX COeAMHEHUI B LUMAKe U BbIBPOCHI C
AbIMOBbLIMU Fa3amu CynepTOKCUKaHTOB: xnopuctoro sogopoga (HCI), monekynsipHoro xmopa
(Cl,), docrena (COCI,), nonuxnopupoBaHHbIX anbeHsoanokcuHos (MXOMQ) n aubeHsodypa-
HoB (MXO®P).

Huskne ygenbHble Harpyskum npu ob6e3BpexmMBaHUM OTXOAOB, FPOMO3AKOCTb U Me-
TannoeMKOCTb, OTHOCUTENbHO BbICOKME KanuTasbHble W 3KCMnyaTauMOHHbIE pacxodbl W,
rmaBHoOE, HU3Kasl aKosiornyeckass adPEeKTUBHOCTbL HE MO3BOMSAT PEKOMEHAOBAThL ClOEBbLIE
neym ons TepmMuyeckoro obesBpexmnBaHns OpraHMYeckux OTXOL40B B JIOKaSibHbIX YCTaHOBKaX
Marnown MOLLHOCTM.

Hepoctatkamu 60MbLUMHCTBA OEWCTBYHOLMX BbICOKOTEMMNEPATYPHbIX YCTAaHOBOK CO
CNoeBbIMU NeYyamMn Takke ABNATCS:

- MPOCKOKN TOKCUYHBbIX KOMMOHEHTOB, YCYrybneHHble Nepnoamyeckon 3arpy3kom OTHO-

CUTENBbHO BOMbLIMX pa30BbIX obbemoB YHUYTOXaeMbIX OTXO0B;

55



- o6pasoBaHV|e TOKCUYHOIO LWJ1aKa, coaeprkallero pacrtBopmMblie COJIN TAXKEIbIX Me-

TanmnoB N OCTaTKMU OPraHUYeCcKNX KOMMOHEHTOB.
2.3.2 bapabaHHble Bpallatowmecs neyum

BapabaHHble BpalLatowmecs nevu LUMPOKO MCMOMb3YHT 3a pybexoM ANns CKUraHus
TBEpAbIX U NacToobpasHbIX NPOMbILWEHHbIX, BbITOBbIX U MEAULMHCKMX OTXOAOB, a TaKxke
06€e3BOXEHHbIX 0CagKoB CTOYHbIX BoAd. O6blMHO GapabaHHas Bpawjalwowasaca neyb npea-
ctasnseT cobon ctanbHon 6apabaH, nmerLwnin yTepoBKY U3 OrHEYNopHOro kupnuya, 6eto-
Ha UM BOAOOXNaXX4aemyto, KOTopbIn BpallaeTcsi co ckopocTbto 0,05—2 06/MUH.

BapabaHHble neyn yctaHaBnMBalOTCA C HEDOMbLIMM HaKMOHOM B HarnpasfieHUn ABU-
XeHus oTxofdoB. TemnepaTypy B 6apabaHHOM neyn B 3aBUCUMOCTU OT BUAA CKUIaeMblX OT-
xogoB nogaepxusatoT B npegenax 900 °C — 1400 °C. B cnyvyae Heob6xoanMMOCTU LOMOMHK-
TenbHOEe TONMIMBO WNN XUAKME roprodmne oTXoAbl NOSAKTCH Yyepes ropenovyHoe YyCTPOUCTBO,
noBbILWAas Temnepatypy BHYTpU neyvn. MNMocTynueluMe OTXOAbl, NEpeMeLLMBasACb Npy BpaLle-
HAW NeYyun, NOACYLUMBAKOTCS, YAaCTUYHO rasmduUUMpPYOTCa U NEPEMELLAOTCA B 30HY rOpeHus.
M3nyyeHne OT nnameHn B 3TOW 30HE packansieT (pyTepoBKy neyn n crnocobCTByeT Bbiropa-
HWIO OPraHMYecKon 4YacTn OTXOO0B WM MOACYLUKM BHOBb NocTynuBlwnX. OTX04bl U TONMMBO, a
TaKke okucnuTenbe (BO34yX) NOLAKTCH CO CTOPOHbI 3arpy3ku, LWaK BbIrPy>XaeTcsi C NPOTUBO-
MONOXHOro TopLa Neyn B TBEPAOM BMAE N B BUAE pacniasa.

B cBA3n ¢ manoadekTMBHLIM NepemeLlinBaHMeM OoTxoaoB 6apabaHHble BpallaroLLn-
€Csl NMeYn XapakTepusyrTCa HU3KOW yaernbHOW TenroBOW M MacCOBOW Harpy3Kon TOMOYHOro
ob6bema, rpoMO3KK, a B AbIMOBbIX radax HabnogaeTcs NoBbILWEHHbBIA XMMUYECKNIA HEOOXKOT.

B 10 Xe Bpemsa HGapabaHHble Bpalarowmecsa neyn C Xuakum LinakoyganeHuem, Oo-
NOJSTHEHHbIE KAaMepPOWn OOXUraHUA ra3oobpasHbiX NPoAYyKTOB 06e3BpeXMBaHUs, XapakTepusy-
FOTCS BbICOKOW 3KOSTOrm4yeckon agopeKTMBHOCTBIO.

B Nepmanun, CLUA, LWsenuapun, GvHASHAMM U Apyrnx CTpaHax HakonsieH 6onbLion
OnbIT pa3paboTku LEeHTpPann3oBaHHbIX CTaHLUM TepMuyeckoro obesspexmnsaHnsa ¢ bapabaH-
HbIMM BpaLlaowmnmMmca nedamu. B HacToswee BpemMsi 3a pybexxoM yCneLHO aKCnnyaTupyrT-
cs 6apabaHHble BpaljaloLmnecs neyn Ansi COBMECTHOIO CXUraHnsa TBepAbIX, NacToobpasHbIX
N KNOKUX OTXOAOB C arperaTtHomn Harpy3kom ot 2 go 6 1/4 [1].

B 1996 roay B r. bBpyHcbiotTens (Fepmanns) ompmon Noell — KRC Energie und Um-
welttachnik GmbH BBegeHa B akcnnyaTauuMio ogHa U3 cambix 0onbLUMX B MUpe BapabaHHbIX
BpaLLaloLWmMXca neven ¢ Harpyskon no TBepapiM M nactoobpasHbiMm otxogam — 40000 T/rog.
OunameTtp neun — 4,8 M, anuHa — 12 M. TemnepaTtypa OoTXOAALNX ra3oB (Ha BXOAe B Kamepy

aoxuranmst) — 1200 °C.
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B anpene 1997 roga B r. I3amut (Typums) doupmon Lurgi AG nywieH B akcnnyaTaumio
LEeHTp Tepmudeckoro obesBpexmBaHus TBEPAbIX U NAacTOOOpa3HbIX OTXOL40B MOLLHOCTbIO
35000 1/rog. CtoumocTb ueHTpa cocTtaBuna 450 MNH Hemeukux Mapok. HeunTpanusauus
xnopwuctoro Bogopoaa (HCI), obpasytoierocs npu obe3BpexnBaHnmn XnopopraHMYeckmx oT-
X0[0B, OCYLLECTBMNSAETCA B CUCTEME MOKPOW ra3o0unCTKN NyTEM BrpbiCKa COOTBETCTBYHOLLNX
LLEeNOYHbIX UMK LWeNnoYHo3eMenbHbIX peareHToB. LUnak n3 6apabaHHon neun yganseTcs B
XnOKom cocTosiHum (B BUAE pacnnasa).

B Poccun Takke paspabatbiBaloT U peanuaytoT GapabaHHble Bpaljarowmeca neyu
(c™m. pucyHok 2.5).

Heobxoanmo noayvyepkHyTb, YTO B TEXHONOrMYeckoM OTHoweHun GapabaHHble Bpa-
Lwarowmeca neyn apnaTca Hanmbonee yHuBepcasribHbIMKM TEPMUYECKUMU peakTopamu Ans
nepepaboTkM KPYNHOKYCKOBbIX OTXOA0B NepeMeHHOro cocTaBsa.

Cnenyet 3amMeTuTb, YTO oyTEpOBKa Neyver Npu BpaLLeHUW HaAXOAUTCHA B YCHOBUSAX
4YacTon CMeHbl TeMnepaTyp, YTO Bbi3biBaeT 0O6pa3oBaHNe B HEW TPELMH U ObICTPbIN BbIXOA
n3 cTpos. 3ameHa o4vH pa3 B Nonroaa BHYTPEHHEN hyTepoBKM nevn — onepaumst Tpygoem-
Kasi, CnoXHasi n goporasi, ee CTouMocCTb coctasnseT okono 10 % ot ctommocTu neyn. Uc-
Nnosfib30BaHNEe AOPOroCTOSLMX TEPMOCTOMKMX U XMMUYECKM CTOMKUX (pyTepoBOK B BapabaH-

HbIX neYyax npnBoauT K CyleCTBeHHOMY MNMOBbILLEHNO CTOMMOCTU arperatos.

PucyHok 2.5 — BapabaHHas Bpawatowasncsa neys [20]

[nsa noBbILWEHMA OONTOBEYHOCTU NeYn MHorga BMecTo OyTEPOBKM MPUMEHSIOT BOAS-
HOoe oxnaxaeHue MeTannmMyeckon CTeHkn BapabaHa (AnoHust) NMBO NPUMEHSAT oxnaxae-

HWe KUPMUYHOWN pyTepoBKU neun (PUHNAHOUSA).
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CneuunanbHOe COOpY)XeHMe IKONornmyeckn apeKTUBHOM NOKaNbHOW YCTAaHOBKM Ma-
o MoLWHOCTM ¢ GapabaHHOW BpallaloLWencsa nedbto Ans TepMUYecKoro obesBpexmnBaHms
OpraHN4YeCcKMx OTXOLO0B U3-3a BbICOKMX KanuTanbHbIX M 3KCMIyaTauMOHHbIX pacxonoB uerne-
coobpasHO TONbKO ANs OTAESbHbIX PErMoHOB. Takas ycTaHOBKa, M3roToBreHHasd B Yexun,
BHegpeHa B CBepanoBckon obnactu ans obesspexmnsaHng MeanUnMHCKMX 0TXOO0B.

B 10 ke BpeMsi He BbI3blBa€T COMHEHUSI TEXHMYEecKas MU IKOHOMUYecKas Lenecoob-
pa3HOCTb CO3[aHUs B pPermoHax LeHTPanvM30BaHHbIX CTaHLMIA COBMECTHOMO TEPMUYECKOro
06e3BpeXxnBaHna TOKCUYHbIX TBEPAbIX, MACTOOOPA3HbIX U XUAKUX OpraHNYeCcKnX OTXO4O0B C
OonbLUOK arperaTHOM Harpy3kon Ha ocHoBe BapabaHHbIX BpaLLaloLLMXCs NeYen.

B HacTosilem pa3sgene He pacCMOTPEH OMbIT BbiCOKOTEMMNEpPaTYypHOro obe3Bpexunsa-
HMA TKO 1 NpOMBILNEHHbIX OpraHMYecknx OTXo4oB, OTpaboTaHHbIX aBTOMOOWIbHBLIX MO-

KpbILLEK BO BpaLLarLMXCa nevax LLeMEHTHON NHOYCTPUM.
2.3.3 llaxTHbIe neun

B Hawen cTpaHe 1 3a pyb6exxom paspabaTbiBalOTCS M UCCNEQYIOTCS Ha ONbITHLIX U Ae-
MOHCTPaLMOHHbIX YCTaHOBKaX MpOLEeCChl NMponun3a 1 rasndukaumm TBepabix 1 nactoobpas-
HbIX OpraHMYeCcKNX OTXOO0B B LLUAXTHbIX NeYax B PuUnbTpyeMOM NOTHOM Croe.

B Poccun BbINONHEHbI pa3paboTky WaxTHbIX ra3ngunkaTtopoB TuNa 4OMEHHbIX NeYen ¢
Xngkmm wnakoyganeHnem (npouecc «lypBOKC»), OAHAKo 3TU pa3paboTkn He peann3oBaHbl
B MPOMbILLNEHHOCTU. [1oKa He BHeApeH B MPAKTMKY W LUAXTHbIA NMPONn3 TBepAbiX ObITOBbIX
OTXO0B C Mia3MeHHbIM HarpeBOM («MNfasMeHHbIn NMponn3 n octeknosaHne TKO»).

HMO «PagoH» BHeapwn WaxTHYH Ne4Yb C niasMeHHbIM HarpeBoM AN TEPMUYECKON
nepepaboTkn TBEPAbIX PagNoaKTUBHbLIX OTXOAOB.

B Poccun paspaboTtaH npouecc napoBO3AyLHOW radvdukaumm OTXOAOB B LLUAXTHOM
rasndukaTope ¢ nocneayrLmm JOXUraHmeM roproumnx ra3os.

Mpouecc B WaxXTHOM rasundukaTope ocyLlecTBnseTcs cneayowmm obpasom. B waxty
3arpy)xaeTcsa CMeCb MHEPTHOro MaTepuana (LwamoTa) U OTXOA4O0B. 3arpy>keHHasi Macca CHU3y
npoAdyBaeTcs NapoBO34YLLUHON cMecbto. LLlamoT BbINONHAET yHKUMIO TENNOHOCUTENS U CO-
30aeT onTUManbHble YCNoBUS ANs npouecca rasndukaummn. NpogsuxkeHne paboyen maccol B
peakTope npoucxoguT nog Aencrenmem cobCcTBeHHOro Beca. B BepxHen 30He peakTopa npwm
TemnepaTtype 100 °C — 200 °C npomncxoauT noAcyLlka nocTynatrLwero cblipbsi, NpogyBaemo-
ro cMHTes-rasom. B 6eckncnopogHon cpege NPoONCXoanT TEPMUYECKOE pPasfoXKeHNe U KOKCOo-
BaHWe opraHudeckon macchl. B cpegHen 4actu peaktopa npu temnepatypax 1000 °C —

1200 °C npoucxoguT npouecc rasndukaumm KOKCOBOro ocrtatka ¢ obpasosaHnem CO n H,.
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B camon HWXHEen 30He LaxXTHOM MNeYn TBePAbI OCTATOK OKOH4YaTEeNbHO oxnaxgaeTca OO0
TemnepaTtypbl 100 °C —150 °C (cMm. pucyHoK 2.6).

[MonyyYeHHbIN B LLAXTHOW MeYun roproYnin CUHTE3-ra3 nogsepraeTcst OYUCTKE OT KUCTIbIX
rasos, Hanpumep, HCI, a 3aTem cxuraeTca B TOMKE NapoBOro KOTMa npu n3dbiTke BTOPUYHO-
ro Bosgyxa.

MockonbKy nNpouecc NapoBO3ayLLHOM rasudukaumm NpoBOANTCSA B NSIOTHOM Crloe KycC-
KOBOro marepuana npuv HU3KUX FIMHEWHbIX CKOPOCTAX MOTOKa, B BbIBOAMMOM M3 peaktopa
CUHTE3-rase NpakTU4eCKN OTCYTCTBYET 30M10YHOC. [lepemellascb CBEPXY BHU3, CMECb OTXO-
AO0B 1 LWamoTa nocregoBaTtenbHO NPOXOAUT 30HbI NOAOrpeBa, CyLIKWU, Nuponunsa u rasndum-
Kauuun. lNMonyyaembln B pesynbTaTe npouecca wWnak npakTUY4eckn He COO4epXUT MpoayKThbl
MexXaHW4YeCcKoro HefoXora v nocne BbIrPYy3KNn U3 peakTopa NoaBepraeTcs rpoxXoyeHuto onsg

oTAaeneHnsa wamoTa, NCnosib3yemMmoro noBTOPHO.

3arpyaka
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CUHTE3-rasa l
. I;

S | ARG
-l
<«— [Mopava
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803Ayxa

N

Buirpy3ka
wnaka

PucyHok 2.6 — LLlaxTtHas neub [19]

YcpeHeHne coctaBa roptodmx OTXOA4OB U MX paBHOMEpHas nogaya B npouecc Tep-
MO0O6paboTKkM ABNATCA HEOBXOAUMbBIMKU YCNOBUAMM obecneveHnsa ctabunmsauumn tTepmmye-
CKOro npouecca, noBbleHNs ero 3aeKTUBHOCTN U NOCHeAYOLWEN ra3004UCTKN.

MpenmyLlecTBamMm AaHHOro npouecca 06e3BpexmBaHNa OTXOL0B B LUAXTHOW NeYvu aB-
naTcsa: BblCOkMn aHepretndecknn KM (ao 95 %), nossonswowmi nepepabarbiBaTtb 0TXOAb!
C HU3KNM cogepXaHnem roproumx BewectB (301bHOCTb 90 %) nnu ¢ BbICOKOW BRAXHOCTLIO;
CXKuUraHve CUHTEe3-ra3a B COBPEMEHHbIX ra3oBbIX ropesikax — Hanbonee YMcTbi Cnocob Cxu-

raHngd, Nnpm KOTOPOM B ObIMOBbIX ra3axX OTCYTCTBYET HELOXOT .
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B Poccun Ha AO «BrnekTpocTanbTsXKMall» MMEeeTCs OnbIT JKChnnyaTtauumn yCTaHOBKM
TepMmnyeckoro obe3BpexmnBaHms NacToobpasHbIX OTXOA0B (3aKanoyHbIX Macen).

OueHnBasa 3KOMOro-TexHosorMyeckme nokasatenu npolecca rasugukaumm opraHmye-
CKMX OTXOLOB B LLUAXTHOM Neyun, CTOUT OTMETUTb CrneaytoLlme aKonornyeckme npenvyLlectaa
Mo CpaBHEHMIO C APYIMMU TEPMUYECKMMN NpoLieccaMu:

- NpeaoTBpaLleHne 30M10yHOCa C rasamMn M ynaenuBaHve B CBOeobpasHOM punbTpe
TOKCUYHBIX TSXKENbIX MeTanmnos;

- Temnepartypa OTXOASALEero U3 peakropa roptovero rasa He npesbiwaet 150 °C, npu
3TON Temnepartype nety4dme Tskenole metannel (Cd, As, Pb, Zn) HaxoasaTcsa B CKOHOEHCUPO-
BaHHOM BUAE N NPaKTU4eCKn UKCUPYIOTCH B LUNAKe.

B TO e Bpems npouecc rasugukanmm B LWAxXTHbIX NeYax NnpurogeH Anst TepMmyYecKoro
06e3BpexnBaHns OrpaHUYEHHOro Yncra oTXo40B, NpMYEM TONbKO APOBMEeHbIX, ChiMyyunx, ra-
3onpoHunuaembix. NactoobpasHble, kpynHorabapuTHble TBepAble OTX0Abl, NraBsAwmMecs npu
HU3KNX TemnepaTtypax, TPYAHO nepepabaTbiBaTe METOAOM rasudukauuun. YkasaHHbI rras-
HbIN HeJOCTaTOK Npouecca B (hunbTpyeMoM MIAI0OTHOM Crloe, NPMBOAMBLLMI K HApyLLEHUIO ra-
30MPOHNLIAEMOCTM M 3aKyrnopKe NonepeyHoro ceveHnsa peakrtopa Habnwgancs Ha CTeHAOBbIX
AEMOHCTPAaLMOHHbIX yCTaHOBKax. B 4acTHOCTM, nonbiTka OCYyLLECTBIEHUS npouecca rasngu-
Kauuun TBepablX OTXO40B NPOU3BOACTBA Kanporakrama Ha CTeHAO0BOW ycTaHoBke NHCTUTyTa
npobnem xumnyeckon cusnkn PAH (r. YepHoronoska) okoH4YMnack NOMIHOM Heydavyen — 3a-

nnaeBneHnem NonepeyHoOro cevYeHust peakTopa.
2.3.4 Meu4wm ¢ XnaKon BaHHOM pacnrnaBa

Cpean MHOruMx npegnaraemMbiX TEXHONOMMA TepMMYECKOro 06e3BpexnBaHNsa O0TX0O0B
CBOEN OPUrMHANbHOCTLIO BbIAENSETCSA TEXHOMOMMA YHUUTOXEHUSS TOKCUYHBIX OpraHN4ecKmnx
OTXO040B B pacnnaBax HeopraHmndecknx conen (CLUA).

CywHocTb MeToaa 3akntovaeTcs B crneaywouwem. [lewesble HeopraHn4yeckme coegu-
HeHus (Hanpumep, Coay WK HeralleHyl N3BECTb) PacnnasfsioT B KEpaMUYECKOM peakTope
npu TemnepaTtypax 800 °C — 1000 °C. Yepes pacnnas npogysatoT BO34yX M NOAAIOT B peak-
TOp opraHudeckme otxoabl. CTteneHb 06e3BpeXMBaHUSA, NO OaHHLIM aBTOPOB TEXHOMOMMM,
coctasnseT 99,9999 %.

MeTop 06paboTkm oTxo4oB B pacnnasneHHbix consax (OPC) BbirngguT oveHb npuene-
KaTenbHbIM, OAHAKO €Llle He BbIlLen U3 CTaaun OnbITHbIX U AEMOHCTPALMOHHbIX UCTMbITAHUA.

B Hauane 1990-x rogoB onsi Tepmuyeckon nepepaboTkn TBepAbiX ObITOBbIX M MNpO-
MbILUSIEHHBIX OTXOAOB Oblna NpeanoXxeHa poccunckas TeXHONOrMs coxuraHusa B 6apboTtupye-

MOM pacnnase Lnaka Ha ocHoBe neyn BaHtokoBa (CM. pucyHok 2.7). CyTb TEXHONOMMYECKOrO
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npouecca nepepaboTkM OTXOO0B 3aKNYaeTCsl B BbICOKOTEMMNEPATYPHOM Pa3foXeHUn oTXo-
AoB B cnoe 6bapboTmpyemoro wnakoBoro pacnnasa npu temnepartype 1250 °C — 1400 °C n
BblAepXXnBaHmMm ux B TeveHme 2—3 c. Pacnnas obpasyeTca 13 nogaBaemblx B OTHEBOW peak-

TOP Pa3NMYHbIX LLMAKOB, B YaCTHOCTM 30J10LUMaKoBbIX 0Txo4oB T3L.

3arpy3ka

MevHbie ra3vi

AyTtee
@ QOQ ¢! Bbinyck wnaka
AVARRY
! 5 Bwinyck metanna
A
58568 : Aymee
Nt P 6

1 — 6apboTupyemMbI Cron Wwaka; 2 — Criov CMOKOMHOrO Waka; 3 — Crion Metanna;
4 — orHeynopHasa noguHa; 5 — cudoH Ang Bbinycka wwraka; 6 — cudoH Ang Bbinycka
MeTanna; 7 — nepeTokK; 8 — BogoOXNaxgaeMble CTEHKN; 9 — BO4OOXITaXAaEMbIN

ceop,; 10 — 6apboTaxHbie pypMmbl; 11 — dypmbl Ana goxuraHms; 12 — 3arpy3oyHoe

YCTPOMWCTBO; 13 — KkpblliKa; 14 — 3arpy3o4dHasi BOpoHkKa; 15 — natpybok razootBoaa
PucyHok 2.7 — lNeub € Xungkon BaHHOW pacnnasa [22]

OGe3BpexrBaeMble OTXOAbl HEMPEPLIBHO 3arpyakTcs Yepes CBo Meyn Ha NoBepx-
HOCTb LUNAKOBOrO pacrnnaea, KOTopblii NpoayBaeTcs Yepe3 HMKHUE PYPMbl OKUCIUTENEM.
MNMonagas B pacnnae, OTXOA4bl OLUNAKOBLIBAKOTCS M NOTOKaMK LUNaka pacnpenensoTcs no ero
obbemy. Mpu 3TOM M3 OTXOOOB yAansTcs Briara U netydne KOMNoHeHTbl. MuHepanbHas
4acTb OTXO[OB pacTBOPSIETCH B LUMaKe, COCTaB KOTOPOro KOPPEKTUPYETCS MUHeparnbHbIMU
pobaekamu. M3 cogepalimxcst B OTXo4ax MeTannoB obpasyeTcsl mMeTannmyeckasi BaHHa,
pacnonoXeHHasi HXe YpoBHS LWnaka. Obpasyolmecs MeTann 1 LWak HenpepbiBHO pas-
AenbHO BbIBOAAT U3 Neyvn Yepes oTAenbHble NeTkn. Bbiaenvelumecs 13 LwnakoBoW BaHHbI ro-
ptouMe rasbl OOXWUrarTCs HENMoCpPeACTBEHHO HaZ MOBEPXHOCTbI pacniaBa KUCIOPOAHbLIM

AyTbeM, nogaBaemMbliM Yepe3 BEPXHUE (*)prbI.
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O6Ge TexHONOrMM UCMbITaHbl B OMbITHO-NMPOMbILLSIEHHbIX YCOBUSAX HA OMNbITHOM 3aBO4e
«MvHuBeTMeTa» B r. Pasann (nepepaboTtka TKO) 1 Ha 0XXKHOKOpPENCKOM Npeanpusatumn dup-
Mbl Samsung Heavy Industries (nepepaboTka HEKOTOPbIX BUAOB MPOMbILLIIEHHBIX OTXOA0B).

OcCHOBHbBIM MpenmyLLeCcTBOM Mpouecca BaHiokoBa no cpaBHEHWO C TPaAWULMOHHBIM
CNOEBbIM CXUraHWEM OTXOLOB SABMSETCH CYLLECTBEHHOE CHWXXEHME KONMUYECTBa OTXOAALLMX
rasoB 3a CYET UCMNONb30BaHUSA 0BOraLleHHOro KUCNopoaoM AyTbsl U NonyyYeHne 6e3BpegHoro
LLMAKOBOro pacnnasa.

OcCHOBHbIM HegoCTaTKOM MNpoLecca SABMSeTCA MCMOMb30BaHWE AOPOrocTodAlen nna-
BUNIbHOW MeTannyprrieckon TEXHOMOrMM ans Tepmmyeckon nepepaboTkm OTXO40B.

Kpome Toro, otcytctBue B 6ONbLUMHCTBE ClyyYaeB B COCTaBE OPraHM4eckMx OTXOO0B
MUHEeparnbHbIX COCTaBMSALWMX BeAEeT K He0OXOAMMOCTU NoAAepKaHUSE UCKYCCTBEHHOrO Luna-
KOBOrO pacniasa MMHepasbHbIX BELLECTB.

B uenom coGCTBEHHO nNnaBwuibHas MeTannypruyeckass nedb C KeCCOHMPOBAHHBLIMMU
BOAOOXIAXAAEMbIMN OrpaKAeHUSAMU, CUCTEMOMN KUCIOPOAHO-BO3OYLUHOMO AyTbsl MOA CIon
pacnnaBa, NO30HHLIM BbIMYCKOM pacnnaBa npeacraBnsieTcss peaktopom 6onee CrnoxHbiM B
3KCMnyaTauumn HeXenu peakTopbl MPSMOro CXKUraHus OTXOAOB. Tennota ropeHust 0TxonoB
TONbKO B HE3HAYUTENBbHOW CTEMNEHM pacxodyeTcsa Ha MiaBfieHue LWraka, NOCKOsMbKy B nna-
BUNbHOM MEYN OCYLLECTBASIETCS NULb YAaCTUYHOE OKUCIIEHWE OpPraHMYecKUX KOMMOHEHTOB
OTXOAOB, a AOXUraHne — OCHOBHOM MCTOYHMK TENnsoTbl, BbIHECEH 3a Npeaenbl BaHHbl pac-

nnasa.
2.3.5 UnMKnoHHble peaKkTopbl

LINKNOHHbIE peaKTopbl SABMASKOTCSA 9KOMOrMYeckn IPAEKTUBHBIMU N HAZEXHBIMU
yCTpOMCTBaAMM AN TEPMUYECKOro 00e3BpexuBaHusi OpraHUYeckMx OTXO0AoB. Bbicokue
yAenbHblE MAcCOBbIE HArpy3kn LIMKIOHHBIX PeaKTopoB 00YyCMNoOBIEHbl NOMUMO 0cobor aspo-
ANHAMUYECKOWN CTPYKTYpbl ra30BOr0 NOTOKa TOHKUM AMCNEPrMpoBaHMEM OTXOL4OB cneuunarb-
HbIM pacnbiIMTenemM NN HenocpeacTBEHHO CKOPOCTHbIM NOTOKOM ra3oB B 06beme peaktopa
[2].

B Poccun  paspaboTaHbl  UMKMNOHHbIE  peakTopbl  pasnuyHon  moauduKauum
(cMm. pucyHok 2.8) onst orHeBoro (BbICOKOTEMMEPATYPHOro) 06e3BpEeXNBAHUS XKUOKNX OTXO-

OOB, cogepXalunx opraHn4eckne n MmHeparbHble BellecTBa.
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1 — TonnmnBo; 2 — BO3AYX; 3 — XUOKNE OTXOoAbI

PucyHok 2.8 — Cxema UMKIOHHOro peakTtopa C OrHeynopHon pyTepoBKOM 1 TENSIOBOW

naonsaumen [2]

MpmeHsaemble Npu 00e3BpEXMBAHUN MUHEPANM30BaHHbLIX OTXOO0B rapHUCCaXHbIe
byTEPOBKM 3TUX pPeakTopoB obecneymBaloT ANUTENbHYD MEXPEMOHTHYH pabouyto kamna-
Huto. Mo Bcemy CoseTtckomy Coto3dy oT 3anagHoro 'pogHo o cmbupckoro KemepoBo u y3-
Bekckoro ropoga Ympuuk 6b1no BHeapeHo 6onee 150 Takumx yCTaHOBOK, MOLLHOCTb KOTOpPbIX
coctasnsana ot 200 kr 4o 16 T 0Txo4oB B 4ac. JIMueH3un Ha ycTaHoBKY Obinv NnpodaHbl B pag,
CTpaH coumanmncTU4ecKoro cogpyxecraa un AnoHuto, 3atem B Pecnybrnvky Kopes.

Mo cpaBHEHMIO C OBbIYHO NPUMEHAEMBIMU KAMEPHbLIMU W1 LLAXTHBIMU NeYamMu, LIMKIOH-
Hble peakTopbl ABMAITCA Hanbonee a(peKkTUBHBIMU U yHUBEPCANbHbIMK, YTO OBycnasnu-
BaeTCHA MX adpoauHaAMMNYECKMMMN OCOBEHHOCTAMMU. YaernbHble MacCOBble Harpy3ku B LMKITOH-
HbIX peakTopax 6onee 4em Ha NOPSAOK Bbille HArpy3oK LUAXTHbIX U KaMEepHbIX MeYen, 4YTo
Nno3BOMWIo co3naTb ManorabapuTHble YCTPONCTBA.

MpakTuka akcnnyaTauum yCTaHOBOK TEPMMYECKOrO 06e3BpEXNBAHNSA XKNOKMX OTXOL40B
C UMKMOHHBIMW peakTopamMu NoATBepauria ux TEXHUYECKME N IKOHOMUYECKNE NpenmyLLecTBa
nepeg opyrumm TunaMmm yCTaHOBOK:

- CHWXKEHWe KanuTanbHbIX 3aTpar;

- YMEHbLUEHME 3KCMNNyaTaLMOHHbIX PAaCXOA0B;

- BOBMOXHOCTb U3BJ1Ie4EHUA BTOPUYHbIX MUHEPAlbHbIX NPOAOYKTOB,
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- BblCOKas akonormyeckas adeKTMBHOCTb, COOTBETCTBYIOLAA CaMbIM XXECTKUM €eB-
poMnencknm HopmaTuBam, Npu o6e3BpexmnBaHmm nobbix TUMNOB OpPraHMYEecKnXx OTXo4oB, CO-
Aepxawmx B TOM vucne nonuxnopupoBaHHble dudenuns (MXB), nectnumapl n gpyrmue cy-
NepaKOTOKCUKAHTBI;

- BbICTPbIV 3anyck;

- HAOQEXHOCTb U JONTOBEYHOCTb 3KCMyaTaumn.

Takum obpasom, npobrnema o06e3BpeXMBaAHUA TOKCUYHBIX XXUOKUX OTXOL4OB B HACTOS-
LLlee BpeMs NpakTU4eCcKn peLleHa.

MonoxutenbHble pesynbTaTbl NOMyYeHbl NPY LUKIOHHOM CXUraHuM AUCneprmpoBaHbIX
TBEpPAbIX OTXOA0B M NacToobpasHbIX OCaAKOB CTOYHbIX BOA (CM. pUCYHOK 2.9). YcneluHbin
onbIT HakonneH Takke B CLUA npu Tepmuyeckon nepepaboTke 305bl MyCOPOCKUraTENbHbIX
3aBOJOB M 3arpA3HEHHOro rpyHTa € NOslyYeHMEM OCTEKIMOBAHHOrO LWnaka, a Takke B epma-
HAW NPU CKUraHUM OTPabOTaHHOIO aKTUBMPOBAHHOIO Yrisi (KOKCa) U3 CUCTEMbl CYXOM OYUCT-

KN ObIMOBbIX ra30B.

PucyHok 2.9 — [NoOpM30HTanbHbIN LUKNOHHbBIA peakTop ANnd TEPMUYECKOro

obes3BpexnBaHus wnamos [19]

B 10 xe Bpems B UMKIOHHbLIX peakTopax npu rpybom gucneprupoBaHun TBEPAbIX U
nactoobpasHbIX OTXOA0B (MM HEBO3MOXHOCTM UX APOBNIEHMA N pacnbiiMBaHNS) Pe3Ko CHU-
)KaeTcs MHTEHCUBHOCTb Npolecca 0be3BpexmBaHus. YaernbHble MaccoBble Harpy3ku Takux
peakTopoB yMeHbluaoTes 4o 100—-150 kr/M>4, 4To COOTBETCTBYET Harpy3kaMm CroeBsbix U 6a-

pabaHHbIX NeYyen.
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CnepyeT elle pa3 nog4YepkHyTb, YTO MPU TOHKOM AMCNEeprMpoBaHMM nactoobpasHbIX
OTXOAOB B LMKIIOHHbIX peakTopax [AOCTUralTCs YyAenbHble MacCoBble Harpysku Ao
1000 kr/mM3-4 1 Gonee, 4TO NO3BOMSIET B KOPOTKWE CPOKM COOPYXaTb KOMMNAKTHbIE, Manoraba-
PUTHbIE YCTAHOBKM C ManbiMy KanuTanbHbIMK 3aTpaTtamu.

BbiCOkasi MHTEHCMBHOCTb MepeMEeLUMBaHNS YacTUL, OTXOAOB B ra3oBOM MOTOKE LMK-
NIOHHOrO peakTopa NO3BOMsEeT JOOMTLCA NPaKTUYECKN MOMHOIO BbIrOPaHUSA TOKCUYHbIX Oopra-
HUYECKMX BELLECTB HEMOCPEACTBEHHO B 0OObEME peaKkTopa — OCTaTO4YHas KOHLUEHTpauns OK-
cuaa yrnepoaa (CO) B AbIMOBbIX ra3ax He npesbiwaeT 50 mr/m>.,

O ekt LeHTpobexHoN cenapaumm obecneynBaeT ynaBnmBaHne NogaBnsOLEro KO-
nnyecTBa MUHeparnbHbIX cocTaBnawwmx (4o 80 %) ¢ BbINyCKOM MX M3 peakTopa B TBEPAOM
BMAE UNWN B BMAE pacnnasa (CTEPUIbHOrO LMaka).

Takum obpasom, ans obe3BpexnBaHnsa NnacTtoobpasHbIX OTXOA40B Npu obecneyeHnm mx
TOHKOIo AMCNeprmpoBaHns (MHEBMATUYECKUMN UM MEXAHUYECKUMUN PacnbIUTENsiMn) peko-
MEeHAYeTCHA NCNONb30BaTb LIMKIMNOHHbIE PeakTopbl.

Mpwn 3aTpygHEHNAX B pacnblfIMBaHUN TaknMx OTXOAOB NMPUMEHEHME LMKIMNOHHBIX peakTo-

poOB HeLenecoobpasHo, Tak Kak NpMBEAEHHbIE Bbille NPeEMMYLLECTBA HUBENUPYIOTCS.
2.3.6 PeakTopbl KunsiLero crnos

MpuHUMN paboTbl peakTopoB C KUMNHALWMM CrOeM COCTOUT B nodade rasoB (Bo3gyxa)
Yyepes CNon MHepTHOro Matepuarna (Necok ¢ pasmepom yactuy 1-5 mm), nogaep>xmBaemoro
KOJTOCHMKOBOW peLueTkon. NMpun KpUTUYeCKon CKOPOCTU NOTOKA rasa MHEPTHbIA CIOoW nepexo-
AT BO B3BELLUEHHOE COCTOSIHME, HAanNOMUHAIOLEee KUMALLYH XUOKOCTb. [MOCTynmMBLUNIA B peak-
TOP OTXOA MHTEHCUBHO MepemeLunBaeTcsl C MHEPTHBLIM CrOEM, NPy 3TOM CYLLLECTBEHHO WH-
TeHcuduumpyeTcs TennoobmMeH.

BosgyxopacnpegenuTenbHaga pelueTtka obecnednmBaeT paBHOMEPHOCTb NPOXOXAEHUS
NnoToKa BO3Ayxa yepes criom Ans obecneyeHns XopoLlero nceBgooxmkeHms. MNMpumeHsaioTcs
Tpy TUNa obblYHbLIX peweTok: nepdopmpoBaHHas pelleTka, peleTka ¢ Hacagkamu n Tpybya-
Tas pelueTka.

[na yCcTaHOBOK, B KOTOPbIX Pa30orpeB Criosi OCYLLECTBISETCA C NOMOLLbIO ra3oBblIX ro-
pPenok unmM masyTHbIX (POPCYHOK, KOHCTPYKLMS peLleTkn OormkHa ObiTb paccuMTaHa Ha npo-
xoxgeHue ropsumnx raso. OBbIMHO B TakMx criydasix NPUMEHSIIOTCS BOOOOXNaXAaeMble pe-

LeTKn nnbo peweTKn U3 Xapornpo4HblX, NermpoBaHHbIX cTanemn.
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B 3aBvcUMMOCTM OT XxapakTepa MNCeBOOOXWKEHUS pasnuyaloT Tpu Moaudukaumm Kun-
NALLEro cros:

a) Peaktopbl ons cxkuraHus TBepAblX OTXOAOB, LUIIAMOB U OCagKOB CTOYHbLIX BOA CO
CTauMOHaPHbIM KUNALLMM CrioeM OBbl4HO COCTOAT U3 LUUITMHAPUYECKON MNN NPAMOYIroSIbHON
TOMOYHOM Kamepbl (CM. pucyHok 2.10), orpaHM4YeHHON rasopacnpenennTteribHONn peLLeTKOMN,
KOHCTPYKLMNA KOTOPOW npeaycmaTpmMBaeT BO3MOXHOCTb yaaneHus wnaka. PeakTtopbl co cTa-
LUMOHaPHbBIM KUNSALWKUM CrOEM LUMPOKO UCMOnb3yT Ana oxuraHus otxogos B CLUA, Nepma-

HUK, ANOHMM N MHOTUX OPYrMX CTpaHax.

PucyHok 2.10 — Tonka ¢ kunawum cnoem [11]

6) HekoTopoe KONMMYECTBO WMHEPTHOrO MaTepuana npu yBernMYyeHUU CKOPOCTU ras3os
CBEPX CKOPOCTU BUTAHUSA HAYMHAET BbIHOCUTLCSA U3 CMOSI HACTOMbKO MHTEHCUMBHO, YTO HEOb-
X0OuMO ero BocnosnHeHue. Lmpkynupyowmn kunawmumn cnon (LUKC) otnnyaetca ot ctaumo-
HaPHOro KMMNSALWEro Criosi Hann4mMeMm no TpakTy AbIMOBbIX ra30B LMKIMNOHHbLIX 30510yNoBUTENen
(cm. pucyHok 2.11). YNnoBneHHbIn MaTepman BO3BpaLLlaeTCa M3 LUKNOHOB B CMOW, rae npo-
aormkaetcs obpaboTka 0TXO40B.

Ha MnpoBoM pbiHKe npefcTaBneHbl TEXHOMOMMN YHUYTOXEHNST OTXOAOB B LIMPKYNNPY-
towem kunswem croe (Mepmanus, CLUA). TexHonornsa cxxuraHist TBEpAbIX OTXO4OB U OCBET-
neHHoro wnama ¢ ucnonb3oBaHnem LIKC 6Gbina Bnepsble onpoboBaHa B HuaepnaHaax u
Benukobputanmn. B N'epmaHnmn 3TOT cnocob CxuraHnsa ctan NpUMeEHATbCA nocne BBeAEHUs
3akoHogaTenbHbIX HOpM 17 BimSchV no oxpaHe okpykatoLLen cpeapbl B YacTu cCoaepXaHns B
yxoaswmx rasax 0,1 Hr/m3 anokcuHoB. B aBrycte 1995 roga Bowrna B NPOMbILLAEHHYHO 3KC-

nnyatayuio T3L, Northampton (CLUA) ¢ kotnom Foster Wheeller ¢ LUIKC MoOLWHOCTLIO
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110 MBT gnga cxuraHms otxogoB yrneoboraweHus, a B 1997 rogy BHegpeHa yCcTaHOBKa C
LIKC pana cxuranma TKO Ha 3aBoge PobuH3 B Yukaro (CLUA) npomsBoaMTENbHOCTbIO
500 TbIc. T/rog. Harpyska kaxgoun u3 asyx neden ¢ LUIKC 25 1/4. KpynHOCTb 3arpykaemoro

matepmana 100 MM, MMHMMarbHasa TensioTa cropaHns — okosio 2450 Kkan/Kr.
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1 — aKoHOMaK3ep; 2 — KOHBEKTUBHbIN NaponeperpesaTesib; 3 — LMKIOHbI

PucyHok 2.11 — KoTten ¢ LUKC anga cxuraHms 6bITOBbIX OTXOL0B, YCTAHOBMEHHbIV Ha

npeanpuatum Lomellina (MTanus) [11]

LlenecoobpasHoCTb CXUraHWsi OTXOA0B METOAOM NCEeBAOOXWKEHUS AOMKHA onpeae-
NATLCS C YY4ETOM KaK JOCTOMHCTB, Tak U HeJOCTaTKoB 3TOro MeToga. K OCHOBHbIM JOCTOUH-
cTBaM MocreaHero OTHOCATCS:

1) MHTEHCUBHOE NepemelunBaHue TBepaon pasbl, NpUBOAsLLEE NPaKTUYECKM K Mon-
HOMY BblpaBHMBaHWIO TeMnepaTyp, KOHLUEHTpauuii 1 Apyrux napameTpoB Nno oGbemy nces-
[AOOXUKEHHOIO Crosi;

2) GnaronpuaTHble TMOPOAUHAMUYECKUE YCIOBUS, ONpeaensieMble MOBbILLEHHON OT-
HOCUTENbHOW CKOPOCTbLIO rasa;

3) HEe3Ha4YunTesrnbHoOEe rmapaBiindeckoe ConpoTuBIiIEHNE CIOoA;
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4) BO3MOXHOCTb UCMNOSIb30BaHMSA AOCTATOMHO KPYMHbLIX OTXOA0B B TBEPAOM, XUAKOM U
nactoobpasHOM COCTOSIHMM (A5 0COBO0 KPYMHbIX OTXO40B HEO6X0ANMO rpyboe n3menbyeHne
nepen nogaden B peaktop);

5) cpaBHUTENBHO NPOCTOE YCTPOMUCTBO annapaTtoB U BO3MOXHOCTb UX aBTOMaTU3aLmu,;

6) oTCyTCTBUE NOABWMXHbBIX YacTen U MEXaHU3MOB B ropsiden 30He peakTopa;

7) Npy CXUraHUM OTXOO0B B KUMSLLEM CIlO€e JIerko CBA3bIBAOTCH KUCIOTHbIE cCoeanHe-
HWA ranoreHoB, cepbl U ¢occopa nytem JoGaBkM B CNON HENTPANU3YIOLWINX COEANHEHUN
Kanbuus.

K HepgocTaTkam mMeToda NCEBAOOXMKEHUSA (KaK ANa CTauMOHapPHOro, Tak U AN UnpKy-
NNpYoLLLEro Criost) OTHOCATCS:

1) HepaBHOMEPHOCTb BpeMeHu npebbiBaHMs B NCEBAOOXKMKEHHOM crioe obpabaTbiBa-
eMblIX YacTuy, TBepaon dasbl. Hanpmumep, ognHaAKoBO BO3MOXHbI ObICTPLINA MPOCKOK YacTuL, 1
NX HaxXOXAeHWe B Cnoe Josblie cpegHecTaTUCTUYECKOro BpeMeHun npebbiBaHmns;

2) BO3MOXXHOCTb CreKkaHust U CrivnaHusa TBepabiX vactuu. [Ansa MCKoYeHUs BO3MOX-
HOCTW LUMNAKOBaHUA Criosi ero temnepartypa AoSbkHa ObiTb HWXE TemnepaTypbl NiaBfeHus
30J1bl OTXO0B;

3) HeO6XOOUMOCTb YCTaHOBKM MOLLHbBIX 30510yNaBNnBaloLLMX YCTPONCTB Ha BbIXO4Ee
rasoB M3 NCEBOOOXWKEHHOrO Criosi, 0OCOBEHHO MpU pasHOM FPaHyrIOMEeTPUYECKOM COCTaBe
OTXO0B.

BblwenepeyncneHHble HeJoCTaTKM MOryT BbITb YCTPaHEHbl NPY UCMONb30BaHUN peak-
TOPOB NCEBOOOOXIMKEHHOIO CNOS HOBOrO, TpeTbero (Nnocre CTaumoHApHOro N LMPKYNMpyo-
LLIero) NoKoneHus.

B) B BenukobputaHuun paspabotaHa TEXHONOMS CKXUraHus TBepAoro Tonsvea B KoTrne
C BpaLlaLWmmMcs KUnawmm cnoem. 9ta paboTa 6bina nepsbiM OMbITOM BUXPEBOro MU Bpa-
waroerocs kunswero cnos. Koten ¢ kunsawmum cnoem ovpMbl UMEN HaKMOHHYIO peLueTky,
pasgeneHHyo Ha 3 CeKkuumn ¢ pasnnyHbiM pacxogoM BO3ZyXa B KaXKaykt U3 HUX, a YacTb ne-
pegHero MemMOpaHHOro akpaHa pacrnosioXeHa napansnefsibHO pelueTKe M BbINOMHAET pofb
Aednektopa. BblHyXOeHHAA UMPKYNAaUMS KUNALWEro Criosi NoaAepXMBaeTCsl He TONbKO KOH-
CTPYKTMBHbIM peELLUEHMEM, HO U BAYBOM TBEPAOro TONMMBA B NepeaHen U 3agHen CTeHKax
KoTna. B koTnax gaHHOro Tmna ycrnewHo OCyLWeCTBASANOCh CKUraHne Takux TUMNOB NPOMbILL-
NEHHbIX OTXOA0B, KakK OTX0A4bl YrNa W KOKca, pa3gpobrieHHble aBTOMOOUbHbLIE MOKPbLILLKK,
oTxoabl rnukons. B Benukobputanun onpobosaHo 6onee 10 Menkux yCTaHOBOK C OQHOBUX-
PEBbIM KUMALWMM CNnoem. YCTaHOBKM UCMNONb3YOTCA ANns 06e3BpexmnBaHms NPOMbILUIIEHHbIX,

MeONUUNHCKNX N TBEPAObIX ObITOBbIX OTXOA0B, npu4emM 3KCniyaTnpyroTcAa OHn B 1-2 CMEHY.
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AnoHckas pupma NpoaosKMna 1 yCcoBepLleHCTBOBaNa AaHHy TEXHOMOMIO, a Takke
yCnewHo BHeApuria ee Ha MHOMMX ANOHCKUX 3aBodax no cxuraHuio TKO. B EBpone aTa Tex-

HOJIOrMsi U3BEeCTHa nof Has3BaHMeM Rowitec (CM. pUCyHOK 2.12).

1 — 3arpyska 0TX040B; 2 — BpaLlalLnnca KUnawmim cnon; 3 — nogada Bosgyxa ans
CO34aHunsA KUNsALWwero cnos; 4 — BbIXo4 AbIMOBbIX ra3oB; 5 — gednekTop
(oTpaxaTensb); 6 — BbIrpy3Ka 30J1bl KAMSILLEro crosi (Lwnaka); 7 — HaKJIoHHas

connosas peLleTka
PucyHok 2.12 — MNpuHUMN AencTBUS BUXPEBOro Kundiero cnos [19]

TexHonornsa cxvraHmsa Bo Bpallaroliemcs kungawem crnoe Rowitec nmeet 3 ocobeHHo-
CTW.

dypmeHHOe aHUWEe peakTopa (peLleTKkn) COCTOUT U3 HECKOSbKUX Kamep, Yepes KOTOo-
pble NoAatTCA pasnuyHblie NOTOKM MNEPBUYHOrO BO34yxa C Lenblo AOCTUXKEHUS NCEBLOOXM-
XKEHHOrO Crosi B coMeTaHum ¢ BpalleHneMm. HaknoHHasa pelueTtka obneryaeT BbIrpy3Ky LUnaka
13 peakrtopa.

HednekTopbl (oTpaxaTtenu) Hag TONOYHOM Kamepown obecrnedmBaloT BpalleHue Crnos,
onpenensiT CTeneHb ero paclMpeHns U YMEeHbLUAT BbIHOC TenroHocuTens, Gnarogaps
YyeMy JOCTUraeTcsl TOYHOE reoMeTpuyeckoe BpaLleHue Crios.

[Ba annMnTMYecKnx BUXPS, BpaLLAOWKUXCA B MNPOTMBOMOMOXHBIX HanpaBrieHnax
BCTPEYaloTCHa U conpukacarTca B cepeguHe u obycnosnuearT onTuManbHoe pacnpegene-
HME N UHTEHCUBHOE UCTMpaHMe OTXoAoB, obecneuymBasd cropaHue oTxogoB Horee 4Yem Ha
99 %. lNocne npegBapuUTesibHONO U3MerbYeHNa oTxXoaoB A0 KyckoB MeHee 300 MM ¢ nomo-
Wb ABYX NPOTUBOABMXYLLMXCS LLHEKOBbLIX NUTaTENen oTxodbl NnepeMeLLatoTcs B TONOYHYHO

Kamepy, rae nogaepxuaeTtca Temnepartypa 6onee 850 °C.
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[Ana 0OCTWXEHNS NOSIHOTO CropaHus TOKCUYHbIX KOMMOHEHTOB B AbIMOBbLIX ra3ax B 30-
HY, PacnonOXeHHY0 Hag KUNAWMM Crnoem, BBOAUTCHA BTOPUYHbLIA BO34YyX, KOTOPbIA CNOCO6-
CTBYET NOJSTHOMY JOXUraHUIo ObIMOBbIX ra3oB npu TemnepaTtype 1100 °C — 1200 °C.

B Poccun ykasaHHasa TeXHONorus peann3oBaHa B NPOMbILLIEHHOM MacluTabe Ha MC3
Ne 4 (npom3oHa PygHeBo).

TexHonormsa BpallaloWerocsi KMNsLWero Crnosi Xopowo 3apekoMmeHaoBana cebs npu
CXKuUraHuM crneayroLmnx TMNoB TBEPAbIX U NacToobpasHbix opraHndeckmx otxoaos: TKO; npo-
MbILUMIEHHbIE LWNaMbl, coepXallume HedTenpoayKTbl; OTXOAbl MMacTMacc; CenbCKOXO035M-
CTBEHHble OTXObl; aBTOMOBOUIbHbIE NMOKPbILLKM.

OKCNepUMEHTbI, NPOBEAEHHbIE HA OTHEBOM CTEHAE, Ha ABYX OMNbITHO-NPOMbILUSIEHHbIX
yctaHoBkax B I. [lycaH (Pecnybnuka Kopesi) n B r. OpexoBo-3yeBo (MockoBckas 065.), noka-
3anu OGornbluMe nepcnekTMBbl UCMONb30BaHMA JOKaNbHbIX PEaKTOPOB OTHOCUTESNBbHO He-
6onbwon mowHoctn (o 200 Kr/4) ¢ 0OQHOBUXPEBLIM BpaLLAOLIMMCA KAMNSALWMM CloemM Ans
TepMmnyeckoro obes3BpexmnBaHma TBeEpAbIX U NacTooOpasHbIX opraHn4yeckmx otxogos. lMpwu-
MEHEeHne O4HOBUXPEBOTrO KUMSALLEro Crosi C BbICOKMMW YAENbHbIMU Harpy3kaMm 3Ha4YnMTeNbHO
yrnpowaeT annapatypHoe odopMreHne npouecca n obcnyxmsaHme yCTaHOBKMW.

Mpn ob6e3BpexmBaHUN KPYNHOKYCKOBBIX XITIOpcoAepKalumx OTXOA0B (pa3Mep oTAenb-
HbIX KyckoB o 70 mm) obecneumBanach BbiCOKasi akonornyeckas acpekTmBHOCTb npouecca.
B nepBon cTyneHn peaktopa B 30He Bpaujakouweroca cnos npu temnepartypax 800 °C —
900 °C B npucytcteum nssectn (CaO nnu Ca(OH);) ocyLiecTBnsnock BbiropaHne OCHOBHOM
Maccbl OpraHM4yecKnx BeLwecTB N HenTpanusaumsa xnopuctoro sogopoga (HCI) ¢ obpasosa-
Hnem CacCl,.

Bo BTOpOW CTyneHu peakTopa — 30HE AOXWUraHWs OOCTUranocCb MNOSIHOE OKMCMeHue
npumecein (ocTtaTodHasi KoHueHTpaumsi CO <50 Mr/M®) u HelTpanusauusi kapBoHaTom

HaTpus (Na,COs3) octatkoB HCI (koHUeHTpaumst HCl B AbIMOBbIX rasax meHee 10 mr/m®).
2.4 Acnonb3oBaHue Nna3MeHHbIX UICTOYHUKOB 3HEPruun

B nocrnegHve rogbl B 3apyGexxHON M OTEYECTBEHHOW TEXHUYECKOW nuTepaTtype no-
SIBUIICS OFPOMHbI MaccvB maTepuaros, B 6onblUel CTeNeHn pekramMmHoro xapakrepa, no mc-
MOMb30BaHUIO Nia3MeHHbIX UCTOYHMKOB 3HEepPrum (3MeKTpoayroBbiX reHepaTopoB) B YCTAHOB-
Kax BblCOKOTEMMNepaTypHON nepepaboTku pasnmyHbIX OTXOAOB, COAEPXAaLUMX OpraHudeckue
BellecTBa (TBepAbIX ObITOBbIX, MPOMbILUNEHHbIX M MEOULIMHCKAX).

CnepyeT OTMETUTb, YTO BO MHOMMX Ny6rmkaumsax MCNosb3yeTcs, N0 HaleMy MHEHUHO,
HETOYHbIA TEPMWH, HampuMmep «nrasMeHHas rasudmkaumsy, XoTs paccMaTpuBaeTcsi Npo-

Llecc TepMMYecKon nepepadoTKn — HEMNOSHOrO OKUCINEHUsI OpraHUYecknx BELLECTB, K KOTO-
70



poMy nnasma He meeT HenocpeACTBEHHOro OTHoWeHus. Nna3ma BbiCTynaeT B ponn UCTOY-
HUKa SHepruun, T. e.reHepaTtopa BbICOKOTEMMEPATYPHbIX ra3oB — 3aMeHUTerns MpoAyKTOB
CropaHns opraHMYeckoro Tonnmea.

OCHOBHbIMM BapyaHTaMu UCNOJSIb30BaHUS Nia3MeHHbIX MCTOYHUKOB 3HEPrnn B TEXHO-
norvax BblcOKOTeMnepaTypHoOn nepepaboTkm n obesBpexmnBaHus TBepAblX ObITOBbIX, MPO-
MbILUTEHHBIX N MEAULUHCKUX OTXOA0B ABNAOTCS:

- NNasMoxuMmnyeckas JNMKBM4auna CynepTOKCUKAHTOB HenocpeacTBEHHO B Ma3MeH-
HoW ayre;

- BO3AENCTBME Ha CITION TOKCUYHbBIX OTXOA0B YAAapHOW NyiasMeHHOWN CTpyen;

- TepMmnyeckoe obesBpexnBaHne 0TXOAOB B NNOTHOM PUITbTPYEMOM Crloe C UCMOMb-
30BaHMEM MNJIa3MeHHbIX UICTOYHUKOB 3HEPruu;

- AOXUraHMe OTXOAALLMX U3 NeYver rasoB C NMOMOLLbIO Nfa3MeHHbIX NCTOYHUKOB 3HEpP-

’n.
2.4.1 NMnasmoxmmMmu4yeckas nMKBMaauua CYynepToKCUKaHTOB

XKngkne n gucneprupoBaHHble (MbIeBUAHbIE) TBEpAble OTXO4bl, coAepKalme CTon-
Kne opraHudeckune 3arpssHUTenn, MoryT noasepratbcs 06e3BpexmBaHnI0 HEMNOCPELCTBEHHO
B nnasmeHHoun ayre [2]. MNMpwn TemnepaTypax Bbiwe 4000 °C 3a cHEeT SHEPrnn 3MEKTPUYECKON
Ayrv B NNasmMoTPOHE MOMEKYIbl KUCNopoAa N OTXOA0B pacLLennanTCcs Ha aToOMbI, pagukansl,
3MEKTPOHbI U NOSTIOXUTENBbHBIE MOHLI. [1pK OCTbIBaHUK B Nriasme npoTekatoT peakuumn ¢ obpa-
30BaHMEM NpOCTbIX coeauHeHun (CO,, H,O, HCI, HF, P4,O1p n gp.). CTeneHb pasnoxeHus
NOSNIMXNOPUPOBaHHbIX AnbeH3oanokcuHoB n cdypanos (MXA0 v MXOP), nonuxnopbudeHun-
nos (MXB), xnop-, pTOp-, Cepa-, poccopcogep)awmnx nectmumaos gocturana 99,9999 %.
WcnbiTaHus, Bkntovatowmne gectpykumio cmecenn CCly ¢ METUNITUIKETOHOM M BOAOW U Oe-
CTPYKUMIO TpaHCopmMmaTopHOro macna, cogepxawero 13 % — 18 % [MXb n ctonbko xe Tpu-
xnopbeH3ona, nokasanu, 4To 3PPEKTUBHOCTb YHUUTOXEHUSA XJTOPCOAEPXKALLUX KOMMOHEH-
TOB npesbiwana 99,9995 % [2].

Mpn obesBpexmBaHUM XNOPCOAEPKALLMX OTXOO0B B pesdynbraTte paspyLleHUst XuMu-
YeCKnx CBA3EN Mexay aToMaMu UCXOOHbIX coeauHeHun B nnasme obpasyeTca 6onbLuoe Ko-
NINYECTBO NOHOB XJ10pa, KOTOpble NPU MEeANEHHOM OCTbIBaHMM OTXOASLMX ra30B (OTCYyTCTBUK
3PPEKTUBHON X 3aKarnkun) B3auMoOenCTBYIOT C MOHaMK yrnepoaa, Kucrnopoga u sogopoaa,
BHOBb 06pa3sysi BTOPUYHbIE CyNepTOKCUMKaHTbI, B ToM Yucne MXA0 U MXOo.

B Poccun B 2007 rogy paspaboTtaH cnocob yTunusaumm Xuokux oTXO4oB, coaepxa-
wnx NXB, 3aknoyarowmncsa B Ux npeasapuTenibHOM UcnapeHun 1 nogaye HernocpencTtBeHHO

B CTpyl nrasmoobpasytowero rasa [23]. BeBog OTX0O0B OCYLLUECTBSIETCA COBMECTHO C
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HEeNTpanu3ylLLNM areHTOM — HeraweHou MU3BECTbIO, M3MENbYEeHHON A0 KPYNHOCTU MeHee
74 mkm. CesasbiBaHue xnopa B CaCl, npegoTBpallaeT CMHTE3 BTOPUYHbBIX OpraHUYeckux Ccy-
NepTOKCUKAHTOB.

OTeuecTBEHHBIMU CrneynanucTaMn Takke paspaboTaHa TEXHOMOMMA U peakTop Ans
nrasMmeHHon nepepaboTkn nectmumaoB (CM. pucyHok 2.13). OTnMYnTENbHOM OCOBEHHOCTLIO
3TON TEXHONOrMM ABNAETCSA HENTpanM3aunsa KUCNOTHbIX ra3oB B CUCTEME MOKPOM OYUCTKM 3a

CTYNEHbKO 3aKalrikm oTxoaAdwnx ra3os.
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PucyHok 2.13 — TexHonorn4eckas cxema yCTaHOBKM ANnd nna3MeHHon nepepaboTku

nectnunaos [23]

Bbicokme 3atpaTtbl 3HEPrMM U CROXHOCTb annapaTtypHOro ogOpMIIEHUSI PEaKTOPOB
OrpaHNYMBalOT BO3MOXHOCTU LUMPOKOro NPUMEHEeHUs cnocoba oKMCrmMTenbHOro obesBpexu-
BaHWsi OTXOA0OB HENOCPEACTBEHHO B Na3MEHHON CTpye.

Bonee nepcnekTMBHbLIM SIBRSIETCA NpUMeEHeHMe cnocoba C BNPbICKOM XUAKUX OTXOL40B
B NSIA3MEHHYIO CTPYIO0 ANnd nepepaboTkm OTXOAO0B B BOCCTAHOBUTENBHOW Cpefe C Lenbto no-
NyYeHUs LEeHHbIX TOBApPHbIX NPOAYKTOB.

B CCCP, Hanpumep, 6bin paspaboTaH 1 goBeaeH Ao CTagum OnbITHO-MPOMbILLIEHHbIX
UCNbITAHUA NMUPONN3 XNOKUX XNIOPOPraHNYEeCKMX OTXOL40B B HU3KOTEMMEPATYPHOM BOCCTAHO-
BUTENbHON Nria3Me, MO3BONANOLWMIA MONy4YaTb aueTUneH, 3TUMEH, XIOPUCTbIM BOAOPOA U
NPoOAYKTbl HA X OCHOBE [24].

MprHUMNManbHasa cxema NNasMOXMMUYECKOM YCTaHOBKM AN nepepaboTku xnopopra-

HMYECKMX OTXOAOB B OpraHMyeckme npoayKTbl NpuBeaeHa Ha pucyHke 2.14.
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1 — UCTOMHWK INEKTPONUTAHUS; 2 — NIasMOTPOH; 3 — peakTop; 4 — 3akano4vyHoe
YCTPOWCTBO; 5, 9 — TennoobMeHHNKK; 6 — unbTp; 7 — KOMMpeccop; 8 — peakTop
cenekTmeHom ouncTku; 10 — peaktop cuHTE3a; 11 — KonoHHa pasgeneHus.
| — nna3smoobpasyowmn ras; || — otxogpl; |l — 3akanoyHbIn areHT; |V — xnagareHT;
V — TexHudecknn yrnepog; VI — xnop; VII — opraHnyeckne npoaykrbl;

VIl — ky6oBbI OCTaTOK

PucyHok 2.14 — lNpuHumMnmnanbHas cxema niasmMoxXmMmnYeCcKOn YCTaHOBKU

nepepaboTKnN XITOPOPraHUYeCcKnX 0TXod0B [24]

TexHONorn4ecknin NPoLLeCc COCTOUT U3 CrieayoLmnx CTaguin:

- NMNPONIN3 OTXOAOB;

- OYMCTKa ra3oB NMponuaa (Nnporasa) oT TEXHNYECKOro yrnepoaa;

- OYMCTKa ra3oB NMPonM3a OT roMOSIoroB aueTuneHa n yrnesogopoaon (Cs, Cy);

- CMHTE3 XJTOPOpPraHNYeCcKnx NPoayKTOB.

Muponns oTXo4oB OCYLLECTBRSETCA B Nnasmoarperarte, COCTOSWEM M3 NasMoTpoHa
2, NNasMoOXMMMYECKOro peaktopa 3, 3akano4dHoro yctpouctea 4. [luTaHne nnasMoTpoHa
OCYLLECTBMAETCSA OT CUCTEMBI 3reKTponuTaHmna 1.

MnasmoarperaT paboTtaeTt cneaywowumMm obpasom: nnasmoobpasyowmin ra3 Harpesa-
eTca B NnasMoTpoHe Ao cpegHemaccoBon Temnepatypbl 3500-5000 K, 3aTem B BUAE HWU3KO-
TemnepaTypHOM nnasmbl MOCTynaeT B MNMA3MOXMMUYECKUA peakTop, Kyda dopcyHkamm
BMPbICKMBAIOTCS XJIOpOpraHnveckne otxoapl. [1pyM cMelleHnn oTxo40B C Nna3Mom Npoucxo-
ANT UX UcnapeHne, NMponn3 ¢ nonyvyeHmnem oneguHoBbix yrnesogoponos, HCI, n caxn (Tex-
Huyeckoro yrnepoaga). NMonyyeHHbI ra3 nogBeprawT CKOPOCTHOM 3akanke B 3aKarnovyHoOM
YCTPOWNCTBE, a 3aTEM OXJTaXKAAT, OYULLIAIOT OT CaXKu, OCYLLECTBIIAIOT CENTEKTUBHYIO OYMCTKY
OT romoJsioros auetuneHa n yrnesogoponoB (Cs, Cj). OunLLeHHbIN ra3 HanpaBnsAT Ha CUH-

TE3 XINOopopraHn4ecknx npoaykToB.
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Mpon3BoanTENBHOCTb YCTAHOBKM NO oTxofgam — 750 Kr/4, aHepro3atpaTtbl Ha nepepa-

60TKy 0TX040B — He 6onee 2 KBT-uy/kr.
2.4.2 Bo3gencTBMeE Ha CFION TOKCUYHbIX OTXOAO0B yAapHOW NiasMeHHOWN CTpyeun

B 1990-x rogax B LUBenuapun paspaboTtaHa n BHeapeHa B r. Muttenz yctaHOBKa Bbl-
cokoTemnepaTypHoro  obe3BpexmBaHuUs  ONacHbIX  OTXOAOB  MOLWHOCTbO 1 T/Y

(c™m. pucyHok 2.15).

74



s 0.3 MW Plasma torch

Drum feed chamber
Drum manipulator

1.2 MW
Plasma torch

Pyrolysis chamber

200-liter Drum
Centrifuge

Plasma arc Melt bath

(to 20,000 °C)

Slag
removal chamber

Drum feed chamber — kamepa ansa 6ou4ek;

Drum manipulator — manunynaTtop ansa 6oyex;

0,3 MW Plasma torch — nnasmoTpoH mowHocTeo 0,3 MBT;
Rotating electrode (for opening drums) — BpaLlaloLwunncsa anekTpoa (4ns OTKPbITUS
Bo4eK);

1,2 MW Plasma torch — nnasamoTpoH MoLHocTbio 1,2 MBT;
200-liter Drum — 200-nuTpoBas 6ouyka;

Pyrolysis chamber — kamepa nuponuaa;

Centrifuge — ueHTpudyra;

Melt bath — BaHHa pacnnasa;

Plasma arc (to 20,000 °C) — nnaameHHas gyra (go 20000 °C);
Oxygen jets — KUCropogHble CTPyW;

Off-gas — oTxoasdiume rasbi;

Oxidation chambers — kamepa okucneHus;

Pig iron mold container — koHTeWHep 4Ns YyryHa;

Slag removal chamber — wnakoBas kamepa

PucyHok 2.15 — YcTaHOBKa BbICOKOTEMMNEPATYPHOIro 06€3BpEXMBAHMSA ONACHbIX

0TX0A0B [25]
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TexHonornsa nonyymna HassaHue «llnasmokc» [25]. LleHTparnbHbIM 35ieMEeHTOM yCTa-
HOBKM SIBISIeTCA LeHTpudyra ¢ YyCTaHOBMEHHOW B HeW nna3meHHow ropenkon. OTxodbl B
BGoykax nuTaTenem NoaatTCa B MEASIEHHO BpaLLaloLLYOCs BOAOOXNAXAAaEMY0 LeHTpudyry,
roe OHW pacnpenensiTcs Ha nogy nedw. NnasmeHHasa ropesnka NoCTOSIHHOIO TOKa, MOLLHO-
cteto 1,2 MBT HarpeBaeT maTtepuan M paspyllaeT TOKCUYHble OpraHM4eckue BeLlecTBa.
Ha nogy o6Gpa3syeTcsi pacnnaB MuHepanbHbIX KOMMOHEHTOB C Temnepatypou ~ 1600 °C.
TepMmunyeckaa OeCcTpyKUuUs opraHMYecKnx KOMMOHEHTOB OCYLLECTBNAETCS rMaBHOW MniiasmeH-
How ropenkon. OBpasyloLlmecs rasbl Yepes nepexmmM, B KOTOPOM YCTPOEHa elle OfHa rops-
yas 30Ha C MOMOLLbIO BTOPOW nria3sMeHHon ropesniku mowHocteto 0,3 MBT, noctynaiT B
OKUCIUTESNbHYIO Kamepy, B KOTOPOM OHU HaxoadaTcs B TedeHune 2 ¢ npyn 1200 °C.

TexHonorns 1 yctaHoBka MrnasmMoOXMMMYeckoro yHuuToxeHunsa NXb-cogepalumx KOH-
AEeHcaTopoB MnpennoxeHa amepukaHckon ¢upmon. [MnasmeHHo-ayroBasi LEHTpobexHast
yctaHoBka Plasma Arc Centrifugal Treatment System, «PACT-8» (undpa 8 cooTBeTCTBYET
anameTpy ueHTpudyrmn B coytax, 1 gyt = 0,3048 m) paspabatbiBanack ovpmon ¢ 1985 roga
[26].

MXb-cogepxalume KoHAeHcaTOPbl U3MENbYalTCa B crieynanbsHOM YCTPOUCTBE U LIHE-
KOBbIM MMUTaTenemM nogatTcs B NEpPBUYHYIO KaMmepy nepepaboTkn. B peakumoHHyo 30HY nep-
BUYHOW KaMepbl nogaeTtcsa Kucnoposd (Bo3ayx) U OTXoAbl, HA KOTOpble BO3AENCTBYET MOTOK
naasmMbl U3 ANEKTPOLYrOBOro nnasmMoTpoHa. [pu BbICOKOW TemMnepaTtype B NepBUYHON Kame-
pe nepepaboTkmn (Temnepartypa B peakumoHHon 3oHe 0o 1300 °C) npoucxoauT AecTpyKums
MXBb (nuponmn3a u CXuraHne) W nnaBfneHNe HEeOPraHN4YeCcKNMX KOMMOHEHTOB OTXOAOB.
B pesynbtate obpasyoTca razoobpasHble 0TX0Abl, HanpaBnsemMble Ha AanbHENLWY nepe-
paboTKy, W LWnak.

Mpu BpaweHnn LeHTpUdyrM NPoOUCXoauUT paBHOMEPHBLIA MPOrpeB N nepemMeLlunBaHne
OTXOAOB W LUMAKOBOro pacnnaea, bnarogapsa Yemy AOCTUraeTcs BbICOKas CTeneHb OeCTPyK-
uunu MXB 1 apyrnx TOKCUYHbBIX KOMNOHEHTOB 0TX0A0B. B ycTtaHoBke «PACT-8» ncnonb3yeTtcs
opurMHanbHasa cuctema popMmpoBaHna dakena nna3mbl C UCNONb30BaHMEM BOA4OOXIaXaa-
€MbIX 9NeKTpoaOB.

[[a3006pas3Hble 0TXO0Abl NOCTYNalT BO BTOPUYHYIO Kamepy nepepaboTkun. Bce rasbl,
BbIXo4sALWME U3 NEPBUYHON KaMepbl, OOMKHbI BblAEPXKMBATLCA B 3TOW Kamepe npu Temnepa-
Type He Huxe 980 °C He MeHee 2 C Npu KOHUEHTpaLumn Kkucropoda He MeHee 6 %.

TexHnyeckasa xapakrtepucTtuka yctaHoBkm «PACT-8»: mowHocTe 1 MBT; Temnepatypa
B 30He nnasmeHHom ayrn 10000 °C — 20000 °C; TemnepaTypa B pPeaKUMOHHON 30HEe

1000 °C — 1300 °C; npousBoguTenbHOCTb No kKoHaeHcatopam 300-500 kr/v; cteneHb Oe-
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cTpykuum 99,9999 %; KonNMYecTBO TBEPAbIX OTXOA0B Ha TOHHY nepepabaTbiBaeMblX KOHOEH-
catopos — 0,4 7.

YnpouleHHbiM BapnaHtoM «lMnasmokc» n «PACT-8» 6e3 ycTaHOBKM LEeHTpUdyrn se-
naetcsa nnaeunbHas nedys EUROPLASMA (r. bopao, ®paHuma) ana nepepaboTkm TOKCUYHOMN
3onbl MC3 (cM. pucyHok 2.16). MowHOCTb 3TUX yCTaHOBOK (PpaHums, AnoHus v gpyrue
CTpaHbl) cocTaBnseT ot 6 Jo 41 T/cyT. HeneTyyne MuHepanbHble KOMMOHEHTbLI, B TOM Yucne
COnn TSXKENbIX MEeTanoB U3BNEKaTCA U3 Nevn B BUAe pacnnasa (BTOPUYHOIo NpoaykTa), a
BO3rOHbI NETY4YMX BELLECTB (KagMui, pTyTb, CBMHELL) NOCne cuctemMbl copbumm n ynaenuea-

HUsi cobMparTCcs AN NOCneayLWero KOHLEHTPUPOBaHUS, YTUNM3aLUN NN 3aXOPOHEHNS.

Plasma torch — nna3moTpoH;

Exhaust gas — yxogdiume rasbl;

Refractory — orHeynopbl;

Hazardous waste injection — BBof, OrMacHbIX OTXOA0B;
Slag — wnak;

Plasma plume — nnasmeHHbIN daken,

Slag exit — BbIX0A LUNakKa;

Heater — HarpeBartersb;

Cooled rolls — oxnaxpatoimne ponuku;

Vitrified end product — kepamuyeckuin NpoayKT

PucyHok 2.16 — lNnasmeHHasa neds EUROPLASMA anga nepepaboTku TOKCUYHOM
3onbl MC3 [19]

Cneuuwanuctamn Pecnybnukun benapycb paspaboTtaHa, M3roToBfieHa W UCMNbITaHa

nnasmeHHas KaMepHasi nedb Nepuoanyeckoro gencTema MowHocTeo Ao 50 kBT 1 nponsso-
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antenbHocTblo 20-30 Kr/4, nokasaHHas Ha pucyHke 2.17 [27]. MNedyb npegHasHadeHa Ond
o6e3BpexuBaHnst CpaBHUTENbHO HebonbwnXx 06BHLEMOB MeAUMKO-OMONOrMYecknx OTXOAOB.
Mocne 3arpy3kn 0TXo40B B KonmdecTse NpumepHo 10—15 Kr u BKMOYEHUS NNa3MOTPOHa LMK
nx nepepaboTku (cxxuraHmnsa) coctasnsget ~10 MUH 1 3aBUCUT OT cocTaBa oTxoAoB. ocne 3a-
BepLUEeHUs unkna paboTbl NasMoOTPOH BbIKMIOYAETCS M Nedb NepexoauT B PEXUM OCTbIBaHUA
n pasrpy3ku wnaka. CymmapHoe BpeMsi peanusaumm BCeX CTagun COCTaBNAeT OKOSO

30 MUH, Nocre 4yero neYvb rotToBa K cnenyrou.leﬁl 3arpyske " BKIH4YeHUHO.

PucyHok 2.17 — lNna3meHHas neyb Ans 06e3BpexmBaHns Meamko-61onornyeckmx

oTXo4oB [27]

lMnasmeHHasa ycTaHoBKa nepepaboTkM UHPULMPOBAHHBLIX MEAULMHCKUX OTXOL4O0B MO-
CTpoeHa Ha TeppuTopun MOCKOBCKOW FOPOACKON MHMEKLMOHHOM KINMHUYECKON OONbHULbI
Ne 1 [28], [29]. MMpuHUMNUanbLHas TexXHoMnorMyeckas cxema ycTaHOBKM NpuBedeHa Ha pUCyH-
ke 2.18.

OcHoBy ob6opynoBaHWs COCTaBnseT OByXKaMepHasi KEeCCOHHas MeTannypruyeckas
nevyb C BaHHOW pacniasa Lufaka n metanna v nnasmoTpoHOM Ha 6okoBon cTeHke, obecne-
ynBaroWmnM TemnepaTtypHbin ypoBeHb oT 2000 °C go 5000 °C. MakcumarnbHas npoekTHas
nponyckHas cnocobHocTb No oTxogam — 60 kr/y (500 T B rog).

Mo psgy TEXHUYECKMX U IKOHOMUYECKMX (PaAKTOPOB YKa3aHHas yCTaHOBKa He Obina

BBeJEeHa B NOCTOAHHYIO 3KCMNI1yaTauunto.
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Omxo0st

PucyHok 2.18 — TexHonornyeckasi cxema nnasmMeHHOW yCTaHOBKW Ans

00e3BpeXnBaHNS MEANLNHCKUX OTX040B [28]

B uenom paccmoTpeHHas TexHornorus obpaboTkm HeNnogBMXKHOMO CNOSI TOKCUYHbIX OT-
XOO0B yAapHOW MNNasMeHHOW CTpyen xapakTepu3yeTcsl HU3KOW 3ddEeKTUBHOCTLIO Tenso- 1
MaccoobmeHa. CylleCTBEHHOE YCITOXHEHWE YCTaHOBKM 3a CYET BCTPOEHHOW UeHTpudyrn
ANa nepemMelnBaHUs pacnfnaBa Ha nody neyn KapAuHanbHO He MOBbILWAEeT 3KOSoro-

TEXHOJIOrMYEeCKMe napameTpbl NpoLecca.
2.4.3 Tepmuyeckoe o6e3BpeXxnBaH1Me OTXOA0B B NSIOTHOM (PUNLTPYEMOM crioe

Hanbonblwee pacnpocTpaHeHWe B NpakTuke nuponusa v rasudukauun teepablx Obl-
TOBbIX, MPOMBbILLSIEHHbIX 1 MEOULNHCKUX OTXOA0B HaLUN BEPTUKANbHbIE LLUAXTHbIE NeYn.

Knaccuyeckrum npMMepom MpoOTMBOTOYHOM LLIAXTHOM Neyu Ans nnponusa Teepabix OT-
xonoB sBnsietcs peaktop [30], npeacTaBneHHbIN Ha pucyHke 2.19.

Uepes y3en 3arpy3ku ynakoBKM C OTXOO4aMW MOCTYNatoT B BEPXHWE CroWU LaxTbl WU,
onyckaacb nod AeNCTBMEM CUSTbl TSXXECTU, HarpeBaKTCs 3a CYET TeNnoThl ra3oB, OBUMXYLLNX-
CSl BBEPX UM HaBCTpeuy.

MCTOYHUKOM SHEprnm cnyxat Ayrosble nna3smMOTPOHbI, YCTAHOBSIEHHbIE B NO4OBOW Ya-
CTM neyu Hag BaHHOW. B kayecTBe nnasmoobpasylowero rasa ucnosnb3dyeTca Bo3ayx. [Mpu-
MeHeHWe BO3aYLUHbIX MNa3mMOTPOHOB JOCTAaTOMHOM MOLLHOCTM MO3BOMMUIIO OTKa3aTbCsa OT OO-
NOSTHUTENBLHOro TonsnMea. B BepxHen 4YacTu neyu oTXodbl NPOXOAAT CTaguun CYLUKU U NUpo-
nnsa, conpoBOXaarLwmecs NHTEHCMBHbLIM ra3oBblAeNieHNEM.

B BbICOKOTEMMEPATYPHOM 30HE LUAXTHOW MEeYM B HUXKHUX CNOSAX OTXOO0B MPOMCXOOUT

BO3rOHKa feTy4nx CoeaMHEHUN. B TO e Bpemsi B cpeaHEM 1 BEPXHEM YPOBHSIX LLAXTbl Neyun,
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B 30HE OTHOCUTENBbHO HU3KMX TEMMepaTyp, 3TN COEAMHEHUS KOHLEHTPUPYHOTCA U copbupy-
OTCSI B CII0€ OTXOA0B.
KokcoBbIN OCTaToK B 3HAYUTENbHOW CTEMEHN BbRKUraeTcs, a MUHeparbHble KOMMOo-

HEHTbI MIaBATCA U NOCTYyNakT B 30HY HAKOMJIEHNA pacrjiaBa.

1 — y3en 3arpysku; 2 — waxta; 3 — nogd; 4 — 6oKc npvema Lunaka;

5 — nnasmoTpoH; 6 — cTonop; 7 — BbIXo4 Nuporasa
PucyHok 2.19 — lNnasmeHHas waxtHas nedb anga nepepabotkm tBepabix PAO [30]

TexHonornyeckass cxema OrMbITHO-NPOMbILIEHHON YycTaHoBKM «[nyToH», paspabo-
TaHHOW AOnsi 06e3BpeXuBaHUA pPaaMOaKTMBHBLIX OTXOA4OB, C arperaTHon Harpyskom 200-
250 kr/y [31] npuBegeHa Ha pucyHke 2.20. JTa ycTtaHOBKa MNO3BONSET nepepabaTbiBaTb
CMeLlaHHble TBepable 0TXOAbl, coaepXallume He TONbKO ropryne KOMMOHEHTLI (OpEeBECUHY,
Oymary, BeTOLWb, NAacTUKK), HO U Heroptoumne (MeTans, CTeKno, rpyHT, U3ONAUNOHHbLIE MaTe-
pvanbl).

Temnepatypa OTXOOALWMX ra3oB Ha BbIXOAEe M3 LWAXTHOW Meyu He npesbilwiana
250 °C — 300 °C, nuporas noM1MMO roptoYmnx ra3oB Coaepkan CMONUCTbIe BELLECTBA N aspo-
3011 CaXun U 305bl, KOTOpble NnoaBepranncb 06paboTke B MHOrOCTyneH4YaTon cucteme noise-

ra3004UNCTKMN.
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1 — waxTHas neyb; 2 — NIasMoTPOH; 3 — UCTOYHMK NMUTAHUS NNAa3MOTPOHOB;

4 — TennoBon 3kpaH; 5 — cknag PAO; 6 — npueMHbI OyHKep; 7 — repMeTUYHbIN
KoHBeliep; 8 — 3arpy3ouHbin 6yHkep; 9 — ctonop; 10 — 6okc npuema pacnnaea
wnaka; 11 — koHTenHepbl meTannnyeckme; 12 — wnbepa; 13 — BEHTUNATOP
ayTbeBown; 14 — kamepa goxuranus; 15 — ncnaputenbHbli TEMNNOOOMEHHNUK;

16 — counbTp pykaBHbIN, 17 — TennoobmMeHHuK; 18 — ckpybbep; 19 — XonoannbHuK;
20 — eMKOCTb-403aTop wWenoun; 21 — Hacoc; 22 — eMKOCTb 060poTHas;

23 — rasoBbli cenapartop; 24 — cbOpHUK KOHAEeHcaTa; 25 — cMecuTenb ra3oBbIN;

26 — PUNbLTP TOHKOM OYUCTKUN; 27 — BbITSHXKHbIE BEHTUNATOPLI
PucyHok 2.20 — TexHornornyeckas cxema yctaHoBkU «[1nyToH» [31]

TemnepaTtypa LUnakoBoro pacnnaea B BaHHe neun gocturana 1600 °C — 1800 °C wu
nocne oxnaxgeHus 6bin NnonyyYeH NPoOAYKT, NPUrogHbIN Ans 6e30nacHOro XpaHeHus.

Ha ocHoBe yctaHoBku «[InyToH» paspabotaH komnnekc no nepepaboTke TBepAbIX
ObITOBbLIX OTX040B B M3panne ¢ npoekTHon Harpy3kor 500 kr/4 (CM. pucyHok 2.21), BBe4EH-

HbI B akcnnyaTauuio B 2007 rogy no KOHTpakTy ¢ uspaunbckon komnaHnen EER.
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PucyHok 2.21 — O6wmnii Bua, TEXHONOMMYECKoro Komnsiekca no nepepaboTtke TBepabIX

ObITOBbIX OTX0A0B B MN3paune [17]

LWaxTHas neyb onst TepMuYeckon nepepaboTkn TBepabiX ObITOBbLIX, NPOMbILLUIEHHbIX U1
MeanKo-bnonornyecknx oTxXodoB C arperatHon Harpyskon ao 200 kr/v paspabotaHa B Pec-
nybnuke benapycb [32], [33]. B kayecTBe nnasmeHHbIX rOPenoYHbIX YCTPOUCTB MPUMEHSIHOT-
CS1 9NEeKTpOoAyroBble NIasMOTPOHbI MOCTOSHHOIO U NEPEMEHHOro TOKa.

WaxTHbIM npouecc nepepaboTkm Aan BO3MOXHOCTb peann3oBaTb peXnm NnpoTMBOTOKa
npyv HarpeBaHUn N TepMmnyeckorn obpaboTke OTXOO0B, OXNAXAEHME U PUNbTPaLNI0 OTX04s-
LMX ra3oB HEMOCpeaCTBEHHO B camoM cnoe. [1ns aToro B cocTaB WNXTbl 4o6aBnsnm opra-
HU4YEeCKM PUNbTPYHOLLNIN MaTepuan — Merkue ApeBECHbIE ONMUITKN.

ABTOpbI pa3pabotanu nnasmoTpoH noctosiHHoro Toka MAC-50/3-03, napameTpbl Ko-

TOpOro npeacrtaBnexbl B Tabnuue 2.1.

Tabnwuua 2.1 — MNMapameTpbl pabdoTbl nnasmoTtpoHa MNAC50/3 [32]

OHTanbnug
Cuna |HanpsikeHue, | Pacxopg rasa Temnepatypa nnas-
Kra, % NaasMeHHOM CTpyu,
TOKa, A B (Bo3gyx), r/c MeHHou cTpyu, K
MOx/kr
120 320 3,6 58 6,5 3700
130 340 4,5 59 6,1 3550
110 340 4,0 60 5,9 3500

I'ny60|<oe pereHepaTtnBHoe MUCNOJib30OBaHME TEMJ10Tbl OTXOOALWUX ra3oB, npucyllee
ONMUCaHHbLIM BbillEe NMPOTUBOTOYHbIM LUAXTHbIM nNevyamMm nuposin3a u ra3|/|q3v||<au|/||/| opraHunye-
CKMX O0TX040B ob6ecnevmBaeT MMHMMarbHbIE 3aTpartbl AOMNONHUTENBHON QHEPIrnn Ha npokLecc.
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OpHako npu NCnonNb3oBaHUN NPOTUBOTOYHbLIX NeYen (PEKTOPOB) NPOABNAOTCA U CyLLEeCTBEH-
Hble HegocTaTKU. [TMPONN3HbIE CMONONPOAYKThI, POPMUPYIOLLMECS B 3HAYUTENBbHbLIX KONUye-
CTBax B BepXHeNn 30He (B 30HE OTHOCUTENBLHO HU3KMX TeMnepaTyp), BbIHOCATCS U3 NeYn BOC-
X04dAWmMM (BCTPEYHbIM) ra3oBbiM MOTOKOM, 3arps3HAs cobor npoayuupyembli CUHTEe3-ras.
OTO BegeT K HeobXoAMMOCTU TLLATENbHONW MHOFOCTYNEHYaTON OYUCTKM CUHTE3-rasa, cylle-
CTBEHHO YCITOXHSS NPOLECC 1 YBENMYMBAsi Kak CTOMMOCTb 060pyaoBaHuUSA, Tak U aKcnnyaTta-
LUMOHHbIE pacxoabl.

B NpsAMOTOYHbIX peakTopax C HACXOAALWMUM NOTOKOM NPOAYKTbl NMponunsa, coopMmpo-
BaHHble B BEPXHEW HU3KOTEMMepaTypHOM 30HEe Mneyun, NpoxXoaaT Yepes3 HWKHIOI BbICOKOTEM-
nepaTypHylO 30HY peakTopa, rae noABeprawTCcs TepMUYecKoMy pasnoxeHut. [lpyn aTtom
YBENUYNBAKOTCS BbIXOA rOPHOYEro rasa 1 ero Tensiota cropaHnsa n, 4To camoe CyLeCTBEHHOE,
oTnagaeT HeobXo4MMOCTb B OYUCTKE CUHTE3-ra3a OT CMOSIONPOAYKTOB.

PaccmoTpum npssAMOTOYHbLIN ra3oreHepaTop, pa3pabotaHHbii B Poccun [34]. PeakTop-
rasudgukaTop (CM. pUCYHOK 2.22) npeacTtaBnseT cobon BepTUKasbHYH LWaxTy, pyTepoBaH-
HYIO OrHeynopHbIM Knpnuyom. OTXOA, 3arpyxaembll Yepe3 BEePXHIOH KPbILWKY, MOSTHOCTbIO
3anonHAeT BHYTPEHHUI 06bEM peakTopa M NEXUT Ha KONTIOCHUMKOBOW peLleTKe, pacnosioXeH-
HOW B HWXXHEW YacCTu LaxThl.

[MNasMOTPOH yCTaHOBMEH HA OAHOM M3 DOKOBbLIX (bflaHUEB, U NOTOK ropsiden nnasmbl
pacnpegensieTcs no OKPYXHOCTU WaxTbl Yepes psg 60KOBbIX, paBHOMEPHO PaCMOSTOXEHHbIX
oTBepcTUi. MNMonyyeHHbIn B pe3ynbTaTe CUHTE3-ra3 oTbupaeTcs N3 HXKHEN YacTu peaktopa.

MpoBeneHne npouecca rasvdukaumm npu temnepatype 6onee 1200 °C nossonser
n3bexatb NOSABMEHNA B CUHTE3-rase Xuaknx cpakummn (cmon). Beicokast Temnepatypa npo-
uecca obecnevmBaeT paspyLlleHne TOKCUYHbBIX OpraHNYeCKNX COCTaBSIOLWMX OTXOL40B U Npwu
HanUuMM B OTXO4ax XropcoaepXalux npuMMmecen UCKNYaeT CUHTE3 BTOPUYHbBIX CynepTOK-
cukanTtoB (MXOO v NMXOP) [35].
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1 — y3en 3arpy3ku; 2 — HaKoMUTENbHbIN ByHKep; 3 — reHepaTop nnasmbl;
4 — waxTa peaktopa; 5 — oTBepcTusl BBOAA AOMOSNHUTENBHOIO AYThS;
6 — AaT4nKM TemnepaTypbl; 7 — BbIXo NPOAYKT-rasa;

8 — BpalLaloLWKMIACa KONMOCHUK; 9 — BOAAHON 3aTBOP
PucyHok 2.22 — PeakTtop-rasuncukatop [34]

B uenom, cnegyeT 3aMeTUTb, YTO TEXHOMOMS BbICOKOTEMMEPATYPHON NPSMOTOYHOM
rasndpukaumm oTxogoB mmeeT 6onbwnin noteHuman 3ddeKkTMBHOM paboThl, YeM npouecc
nuponmsa, 4To 06yCroBMNEHO BLICOKOM TEMMNepaTypon npouecca, NoYTu NosIHOM KOHBEPCUEN
yrnepoacoaepKalmx BeLLEeCTB B CUHTETUYECKUA FOPHOYUKM ras, a Takke nonyvyeHnem 6es-
BpegHOro HeopraHM4ecKoro Lwnaka.

C noBbllweHeM TemnepaTtypbl B peaktope 40 BenuyunH nopsgka 1100 °C — 1200 °C
3a cYyeT MCMNONb30BaHUA NIa3MeHHO-4YroBbIX NCTOYHMKOB 3HEPrun BO3HMKNA BO3MOXHOCTb U
LuenecoobpasHOCTb MCNOSIb30BaHUSA B Ka4eCTBE TEMNMOHOCUTENS U peareHTa-okKUCnunTens Bo-
ASHOro napa.

B HacTosilee BpemMs OTCYTCTBYIOT Kakme-nnbo TexHW4yeckme cpeactBa, Kpome nnas-
MOTPOHOB, NO3BOSIAOWME pasorpeTb Gonblwime konumyectsa H,O go nnasmMeHHOro cocros-
HUS. YpOBEHb pPasBUTUS Ma3MOTPOHHOW TEXHWUKM MO3BONSET YTBepXAaTb, YTO MOLUHbIE
3MEeKTPOAYroBble reHepaTopbl BOASHOW Mnasmbl, YCTOMYMBO U HAA4EXHO paboTtatowine B Te-

YeHne ONUTEerbHOro BpEMEHN 3aNMyT CBOE MECTO B MPOMbILLNIEHHOCTH [36].
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MoMMMO CyLLECTBEHHOIO MOBLILIEHNUS TEMMOTbl CropaHWsi CUHTe3-rasa, a criegoBa-
TenbHo, obLen aHepreTnyeckon achbPEKTUBHOCTM MpoLecca rasudurkaumm, NCnonb3oBaHne
H,O B kauyecTBe nnasmoobpasyloLllero rasa ucknioyaeT pa3baBrneHne LEeneBoro npoaykra
NHEPTHbIM (6annacTHbIM) KOMMOHEHTOM — a30TOM BO3AyXa, He co3aaeT BpeaHbIX npumeceit
OKCMOOB a30Ta, ynpoLyasi CUCTeMY rasoodUCTKM U cokpallasi 06beMbl ee annapaTos.

3Tn ABa hakTopa NOBbLIAKT 3HEPTrETUYECKYIO U SKOJTOTMYECKYH0 NPUBEKaTENbHOCTb
BbICOKOTEMMEpPaTypHO NapoBOy rasudukauum TeepabiX ObITOBbIX, MPOMBbILLNEHHbIX U Meau-

LMHCKMUX OTXOM0B.

2.4.4 loxxuraHme oTxoasLLUX U3 neyem rasoB C MNOMOLLbIO NMNa3MeHHbIX

UCTOYHUKOB 3HEepruumn

B nocnegHue roabl nNpakTuKyeTcsl OBYXCTyneH4aToe Tepmuyeckoe obesBpexuBaHue
OpraHMYecknx OTXOAOB: B MEPBOW CTYNEHW, peanusyeMon B Buae kamepHown, 6apabaHHon,
LUAXTHOM NeYn UM peakTopa NCeBAOOXKMKEHHOrO CMos, OCYLLECTBISAETCS HEMNOSIHOEe CXura-
HWe, NMPONn3 UNKU rasngukauns OTXo4oB, a BO BTOPOW CTYNEHW MPOBOAUTCA OOXUraHue
NPOAYKTOB HenosiHoro ropenus (yrnepoa, H,, CO, CyHy, cMonbl), nocTynarwLwmx ¢ rasoob-
pasHbIM MOTOKOM M3 NepBOM CTYNeHN [7].

OtaenbHble paspaboTunkm (Hanpumep, PpaHums) npeanaratoT UCNONb30BaTh B KAMe-
pax AOXUraHusi NIasMeHHbIN UCTOYHMK SHEPIUN (CM. PUCYHOK 2.23). AHanNorMyHoe pelueHune
NPUMEHUN PS4 POCCUNCKUX OUPM U OpraHmn3aunin, yCTaHOBUB Ma3MOTPOHbI B KamMepe A0XU-
raHusi ra3oB NUPOSIM3a, OTXOAALLMX U3 LWAaXTHOW neyu [37].

OpHako pacyeTHble U 3KCNepuMeHTarnbHble UCCNeoBaHUS MOKa3sblBaloT, YTO nnas-
MeHHble reHepaTopbl He MoryT obecneunTtb aPPEKTUBHOE NepemelInBaHne OTHOCUTENBHO
bonbworo obbema AObIMOBbIX ra3oB C MoggepXaHnem WX TemnepaTypbl Ha YPOBHE
~ 1200 °C — 1250 °C npwu BpemMeHn ux npedbiBaHMs MpU YyKa3aHHOW Temnepatype —

He MeHee 2 C.
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WASTE
or

TurboPLASMA

/

GASIFICATION|
VESSEL |

WASTE or BIOMASS — otxoabl unm buomacca;
TurboPLASMA — Typbonnasma;

Steam recovery — BbIXo, napa;

Plasma Torch 1 — nnasmoTpoH 1;

Syngas No tars — cuHTes-ra3 6e3 cmon;

Steam 200 °C — nap TemnepaTtypon 200 °C;
Syngas 850 °C — cuHTe3-ras Temnepatypon 850 °C;
GASIFICATION VESSEL — 30Ha rasudmkauum

PucyHok 2.23 — TexHonormyeckasi CxeMa yCTaHOBKM TepMUYECKON NepepaboTku

OTXOA0B C Nfia3aMeHHbIM goxuratenem [37]

OnbIT CBUAETENbLCTBYET, YTO TOMbKO MPUMEHEHUE byTepoBaHHOW LMUIMHOPUYECKON
KaMepbl AOXUraHUs! C TaHreHUManbHbIM BBOAOM AOMOMHUTENBLHOIO ra3o06pasHoro Unm Xua-
KOro Tonnvea nNpuBoauT K adpeKkTMBHOMY TypOyneHTHOMY nepemellnBaHnio ra3oo6pasHbIx
NPOAYKTOB M MPaKTUYECKN MONHOMY OKUCIEHUIO OCTATOYHbIX OpPraHUYeCKUX COeAMHEHMUIN OT-

XOOALMX ra3os.

2.5 BbicoKkoTemnepaTypHoe orHeBoe obe3BpexnBaHue

cyneptokcukaHToB (MXB, nectuumnaos)

TexHonorns TepMOOKUCIIUTENBHOIO (OrHeBoro) obesspexunsanuns xuakux MNXb6 B ymk-

NTOHHOM peakTope cTana nobeautenem MexayHapoAHOrO TeHAepa Ha Nyylly TEXHOMOMMIO
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ero obesBpexnBaHusi, opraHmaoBaHHoro CeBepHOM 3Konorndeckon ruHaHCOBOWM Kopropa-
unen (NEFCO) [38].

B ocHOBY opraHusaumu npouecca OrHeBoro o6e3BpexuBaHuUs XUOKUX OTXOA0B, CO-
aepxawmx MXbB, nonoxeHsl cnegyowme npuHumnel [39], [40]:

a) obesBpexnBaHMe OTXOLOB OCYLLECTBMASETCH B LMKIIOHHOM peakTope C OrHeynop-
HOW BO34yxooxnaxgaemMomn pyTepoBKon;

6) HenTpanusaumsa obpa3syrLmnxcsa KUCnoTHbIX ras3oB (HCI) — HenocpeacTBeHHO B
ob6bemMe LMKNOHHOIo peakTopa BrPbLICKOM pacTBoOpa LLEMNOYHOro peareHTa ¢ nosiy4eHnem He-
TOKCUMYHbBIX MUHEeparibHbIX Conen;

B) obGecneyeHne ycnoBmm acpekTUBHOM AECTPYKLMN CYNEPTOKCUKAHTOB — ANOKCUHOB
n dpypaHoB:

1) Temnepatypa npouecca 1200 °C — 1250 °C;
2) Bpems npebbiBaHMs NPOAYKTOB 06e3BpeEXMBaHMS B 30HE BbICOKMX TEMMepaTyp ~
2c¢;
3) KOHUEHTpaums Kicrnopoga B Cyxux AbIMOBbIX razax — 6onee 3 % (koadpdpuum-
€HT pacxoaa okncnutens onee 1,2),
4) acpbbekTnBHOE TYypOYNeHTHOE NepemeLlunBaHme ra3oB B 06beme peakTopa;
r) 3akanka BblCOKOTEMMNepaTypPHbIX AbIMOBbLIX ra30B B UcnapuTenbHOM ckpybbepe.
MprHUMNManbHasa TEXHOMOrMYeckas cxema yCTaHOBKWM BbICOKOTEMMeEpaTypHoOro obes-

BpexmnBaHus xunakmx NXb npeacraBneHa Ha pucyHke 2.24.

Tonnueo (npupodwsil 283)

Komnpeccop lrf opavul 603dyx - _ lopsvui eo3dyx H.O, N,

i

0, CO,
Pexynepamop 2

) XKudxue omxode NX6

Emxocme

3
3
3
o
£
2
2
g
)
e

Boda

NaOH —_—

Emxocms E:I
o]
Bewmuns Hacoc
Hacoc /

20% NaOH

KapGamud

PucyHok 2.24 — lNpuHumMnmnanbHas TexHonornyeckas cxema yCcTaHOBKU

BblCOKOTEMMNEpaTypHOro obeaspexusaHna xungkmnx MXb6 [39], [40]
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B ycTaHOBKe BbicOKOTEMMNEPATYPHOro obesspexnBanns xmakux NXb npegyCcMoTpeHsb!
cnefyoLne TexHonormyeckme npuemsl:

- UICNONb30BaHNE TEeNnOoTbl OTXOAALMX AbIMOBbIX ras3oB Ans nogorpesa OyTbEBOro
BO37yXa B peKynepaTope;

- Cyxasi 0MUCTKA ObIMOBbIX ra30B OT MUHEPAIIbHOrO MblfieyHOCa B TKAHEBOM PUNbLTPE;

- NOAOrpeB yXo4ALWMX AbIMOBbIX ra30B 3a AbIMOCOCOM.

YcTaHoBKa BblICOKOTEMMNEpPATYpPHOro obesspexmnsanns xuakmx NXb coctont mu3 gyTte-
POBaHHOIO LIMKIMOHHOIO peakTopa, phyTepoBaHHOro rasoxoga, pekynepartopa | ctyneHu, pe-
Kynepartopa Il ctyneHn, ckpybbepa-ncnaputens, kanneynosuTtens, pykaBHoro punestpa, an-
napata agcopbuMOHHOM SOOYMCTKN, cMecuTens, AbIMOBOM TPybbl U BCnoMoraTesibHoro 060-
py4OBaHWNA: EMKOCTEN, HACOCOB, BEHTUIIATOPOB, AbIMOCOCa, KoMMpeccopa.

XKuakne otxoabl NPUHUMAKOTCH B €MKOCTb M HAacOCOM NOJAlTCH K NMHEBMATUYECKUM
dopCcyHKaM UMKINOHHOrO peaktopa. PacnbinuBaHue Xnaknmx OTXOA0B OCYLLECTBISETCS KOM-
NPEecCopHbLIM BO34YyXOM, NOCTynawwWmumM oT Komnpeccopa. OTonneHne LMKINOHHOIO peaktopa
NPOV3BOANTCA NPUPOAHBLIM Fa3oM (Knakmm Tonnmneom). Bosayx ans ropeHnsa Tonnmea un xma-
KMX OTXOAOB NOCTynaeT u3 pekynepatopa Il ctyneHn. PacTBop Lenoym npurotaBnmBaeTcs B
€MKOCTK, 000opyaoBaHHOM NepeMeLlnBaolLmMM YCTPOMUCTBOM. [1puUroTOBREHHbI pacTBOp C
KOHUeHTpaumen ~ 20 % HacocoM nogaeTcd K MexaHn4yeCcknm oopCyHKaM LIMKIOHHOMO peak-
Topa.

B UMKNOHHOM peakTope OCyLLEeCTBASETCS ropeHne NpMpoaHOro rasa (>KMAKOro Tonnm-
Ba) W XUAKMX XJNIOPCOAepXKalLmMx OTX040B. TepMU4ecKkoe pasroXeHue U OKUCIIEHNE OpraHu-
Yyecknx komnoHeHToB MXB knucnopogom Bo3gyxa B MOTOKE BbICOKOTEMMEPATYPHbLIX NPOOYK-
TOB CropaHusi npoTeKaeT No CrieayoLWwmMM XMMUYECKUM PeaKLMaM:

CsH3Cl3 + 60, = 6CO, + 3HCI

Cle7C|3 + 130, =12C0O, + 2H,0 + 3HCI

C12HeCly + 12,50, = 12C0O;, + H,0 + 4HCI

C12HsCls + 120, = 12C0O, + 5HCI

[[a3006pasHbIfn XNOPUCTbI BOAOPOA, 06pasyowmnnca npu TepMUYecKoM passoxXeHnm
OpraHNU4YecKMX BEeLLEeCTB, HEMTPANM3yeTCa LEeNOYHbIM peareHTOM HeENoCpeaCcTBEHHO B 0Obe-
M€ LIMKITOHHOIO peakTopa Npu BbICOKMX TeMnepaTypax:

HCIl +NaOH = NaCl + H,O + Q;

N36biTouHbin NaOH nogsepraetca kapboHusaumu:

2NaOH + CO, = Na,CO3 + H,O + Q2

MwHepanbHble conn BMecTe C AbIMOBbIMW ra3aMm U3 LUKIOHHOIO peakTtopa Hanpas-

naTca B oyTepoBaHHbIn razoxo. O6bem rasoxoga no ycrioBusiM 3peKTMBHOM OECTPYK-
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UUKN CYNepTOKCUKAHTOB BbINOSIHEH C y4eTOM obecrneyeHns HeobxoaumMoro BpeMeHu npedbl-
BaHWs AbIMOBbIX ra30B B 30HE BbICOKMX TEMMNEpPATyp — HE MeHee 2 C.

M3 razoxoga OobiMoBble rasbl MOCTYNalT B pekynepatop | cTyneHu, B KOTOPOM NOAO0-
rpeBaeTcs BO3ayX, HaNpaBrseMbll 3aTeM B CMECUTENb Ha NOJOrpeB ObIMOBbLIX ra30B U CHU-
XeHne Nx BNaxXHOCTHU.

Bosgyx B pekynepaTop | cTyneHn nogaeTcsi BEHTUNATOPOM.

M3 pekynepaTtopa | cTyneHM AbIMOBblE rasbl, UMeKLWMe Temnepatypy nNpUMepHO
1100 °C, HanpaBnswTcs B pekynepartop |l cTyneHn, B KOTOPOM NogorpeBaeTcsl BO3QyX, No-
CTYNaLMIi B UUKINOHHbBIA peakTop A5 ropeHnsa Tonnmea.

Bosgyx B pekynepaTtop Il cTyneHn nogaeTcsi BEHTUNATOPOM.

[na BOCCTaHOBNEHUSA OKCMOOB a3oTa, 06pasyolmxca Npu ropeHnn Tonnmea, npeay-
CMOTpPeH BBOA NapokapbamunaHoW cmecu B ras3oxof nocne pekynepartopa | ctyneHu. Beopg
napokapbamMmngHonm cMecu OCyLLEeCTBNSETCHA Yepes Cconma, YCTaHOBMEHHbIEe B HUXHEN YacTu
pekynepaTtopa |l ctyneHu.

BoccraHoBneHme okcuaoB a3ota NPoMCXoauT No XMMUYECKON peakumm:

2NO + CO(NHz)z + 0,502 =CO, + 2H,0 + 2N, + Q3.

YacTuyHo oxnaxgeHHble oo Temnepatypbl npumepHo 930 °C — 960 °C gbiMoBbIe ra-
3bl U3 pekynepaTopa Il ctyneHn HanpaBnsawTca B cKpybbep, rae oxnaxgarTcs 3a cyeT uc-
napeHus BoAbl, NnogaBaemMon K popcyHkam ckpybbepa ns emkoctu HacocoMm. OxnaxaeHue
AbIMOBbIX ra30oB OCYLLEeCTBNAETCA OO0 TemnepaTyp, 0OyCrnoBneHHbIX TpeboBaHNaAMN husb-
TpoBanbHOro matepmana punbTpa.

[Ansa ucknioyeHna nonagaHna KanenbHon Bnarm B ounbTp NpeaycMOTpPeH Kanneyno-
BUTENb, YCTAHOBMIEHHbIA B rasoxoge mexay ckpybbepom u cunbtpom. B dunbTpe ocy-
LLIeCTBNSETCH yNnaBnuBaHue U3 AbIMOBbIX ra30B MblfiM HETOKCUYHbBIX MUHEPASbHbIX COSen.

OunieHHble ObIMOBbIE rasbl U3 PyKaBHOro bunbTpa HanpaeBnsalTCA B annapart aj-
COpPOLMOHHOM JOOYNCTKM N Aanee AbIMOCOCOM HarnpaBnsioTca B AbIMOBYO TpyOy, B KOTOPOM
yCTaHOBMEH cMecuTenb. B cmecutene ObiMOBbIE rasbl CMELUMBAKOTCS C FOPSMMM BO3L4YXOM,

nogaBaeMbIM U3 pekynepaTopa | cTyneHu, n BolbpackiBaloTcsl B aTMOCHEpY.
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Paspnen 3. [NokasaTenu oueHKMU TeXHOSOMUN U TeKyLLue YPOBHMU

IMUCCUMN B OKPYXaWLLYHO cpeny

3.1 YpoBHM BO3aenCcTBUSA U NOTpebrneHns B cchepe o6e3BpexuBaHUA

OTXOA0B TEPMUYECKUM CITOCOOOM

CornacHo 7-®3 [43] oxpaHa oKpy»atoLlen cpeabl NpeactaBnseT cobon AeaTenbHOCTb
opraHoB rocygapcTteeHHoun Bnactu Poccunckon ®epgepauum, opraHoB rocygapCcTBEHHOW Bria-
ctn cybbvektoB Poccuiickon denepaumm, opraHoB MECTHOrO CaMoynpaBrieHus, obLecTBEH-
HbIX U UHBbIX HEKOMMEPYECKNX 06 beaAnHEHUI, OPUONYECKNX U (DU3NYECKMX NNL, HanpasneH-
Has Ha coxpaHeHue N BOCCTaHOBMNEHWE NPUPOAHON cpeabl, paumMoHanibHOe UCNofNb30BaHNE n
BOCMNPOM3BOACTBO MPUPOAHBLIX PecypcoB, NpedoTBpalleHne HeratMBHOro BO3OEeWCTBUSA XO-
39MCTBEHHOMN U MHOW OEATENbHOCTM Ha OKPYXXaHoLLYIO cpeay M NIMKBMOaUMio ee NnocneacTBun.

K Bngam HeraTMBHOrO BO3OENCTBUSA Ha OKPYXaloLylo cpefy OTHOCATCS: BblOpoChl B
aTMocdepHbIM BO34yX 3arps3HALWMX BELWECTB U UHbIX BeLLeCTB; COpOChl 3arpsi3HSOLLINX
BELLECTB, WHbIX BELLECTB U MUKPOOPraHM3MOB B MNOBEPXHOCTHbIE BOAHbIE OOBbEKTLI, NOA3EeM-
Hble BOAHble 0O6bEKTbI U Ha BOAOCOOPHbIE Nowaan; 3arpsasHeHne Hegp, Noys; pasMeLleHne
OTXOAOB MPOM3BOACTBA U NOTPebNeHns; 3arpa3HeHne OKpyXXatoLLlen cpebl LWyMOM, TENSOM,
3NEKTPOMarHUTHbIMWU, MOHU3NPYIOWMMU U APYIMMU BugamMu (OU3MYECKMX BO3OENCTBUN; a
TakKe NHble BUAbl HEraTMBHOIO BO34ENCTBUS HA OKPY>XKatoLLYIO cpeay.

HeraTuBHOe BO3AENCTBME HA OKPYXKaIOLLYHO cpefy aBnseTcs nnatHbiM. Popmbl Nnathbl
3a HeraTMBHOE BO3OENCTBUE HA OKpYXXaloLLylo cpedy onpeensiTca deaepanbHbIMU 3aKo-
HaMMW.

CtaTtben 21 [43] npeoyCMOTPEHbI HOPMAaTUBbLI Ka4yeCTBa OKPpYXatollen cpenbl, KOTO-
pble yCTaHaBNMBAOTCHA ANSA OLEHKN COCTOSIHUS OKpYXatlolen cpefpbl B Lensix COXpaHeHus
€CTECTBEHHbIX 3KOITOrMYEeCKNX CUCTEM, FTEHETUYECKOro poHaa pacTeHUM, XXUBOTHbLIX U OPYrnX
opraHu3mosB. [1pu ycTaHOBMNEHUN HOPMATUBOB KadyeCTBa OKpyXawLlen cpelbl yYUTbIBAKOTCH
NpUpoaHble 0COBEHHOCTM TEPPUTOPUN M aKBATOPWUIN, Ha3HaAYeHMEe MPUPOOHbLIX OOBLEKTOB n
NPUPOAHO-aHTPOMOreHHbIX 00BHLEKTOB, 0COBO OXpaHAEMbIX TEPPUTOPUIA, B TOM vncre ocobo
OXpaHseMbIX MPUPOAHBIX TEPPUTOPUIA, a Takke NPUPOAHbIX NaHAWadToB, nMerLmnx ocoboe
NPUPOLAOOXpPaHHOE 3HAYEeHMe.

HopmaTuebl JOMYCTMMOro BO3OEWCTBUSA Ha OKPYXaloLyto cpedy yCTaHasnmMBaloTCS
Kak Onsi lopuandeckux, Tak n gns omsnyecknx nuy B Lensx npegoTBpalleHns HeratTmBHOro

BO3JENCTBUA Ha OKPYXalLLylo cpedy XO3AWCTBEHHOM W WMHOW OesATeNbHOCTU U OOSMKHbI
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obecneunBatb cobniogeHne HOpMaTMBOB KayecTBa OKpyxaloLwen cpedbl C y4eToM npupoa-
HbIX 0COBEHHOCTEN TEPPUTOPUIA N aKBATOPUIA.

HopmaTuBbl 4OMNYCTUMOrO U3bATUS KOMMOHEHTOB NPUPOAHON cpeapbl (cTtaTbs 26 [43])
N NOpSAOOK UX YCTAHOBMEHUSA ONpedensatTcs 3akoHOA4AaTeNbCTBOM O Heapax, 3eMesibHbIM,
BOAHbIM, NECHbIM 3aKoHO4ATeNbCTBOM, 3aKOHOAATENbCTBOM O XMBOTHOM MUPE U UHbIM 3a-
KOHOAAaTeNbCTBOM B 00M1acTn OXpaHbl OKpYyXXatoLlen cpeabl, NPUpoAoNnofb30BaHNA U B COOT-
BETCTBMM C TpeboBaHMAMK B 06NacTn OXpaHbl OKpyXatowen cpedbl, OXpaHbl U BOCMPOU3-
BOACTBA OTAENMbHbIX BUAOB NPUPOAHbLIX PECYPCOB, YCTAHOBNEHHbIMU YKa3aHHbIM heaepanb-
HbIM 3aKOHOM, ApyrMMmn deaepasribHbIMU 3aKOHaMN U UHBIMWU HOPMAaTUBHBLIMU NPAaBOBbLIMU akK-
Tamun Poccuiickon ®egepauum B 061acTy OXpaHbl OKpyXKatoLen cpeapl.

HopmaTuBbl OMYCTMMOW aHTPONOreHHOM Harpy3kn Ha oKpyXxatoLLyto cpeay (ctatbs 27
[43]) ycTaHaBnuBaloTCs NO KaXaoMy BMAY BO3LENCTBUSA XO3ANCTBEHHOW U MHOW OeATENbHO-
CTM Ha OKpYXaloLLyto cpey U COBOKYMHOMY BO3OENCTBUIO BCEX UCTOYHWUKOB, HaXOASLLMXCH
Ha 3TUX TeppuTopusx u (unn) aksatopuax. Npu ycTaHOBNEHMM HOPMATUBOB JOMYCTUMOWN aH-
TPOMOreHHOM Harpy3kn Ha OKpPYXKaloLLyHo cpeay YyYnTbiBaTCs NpUpoaHble 0COOEHHOCTU KOH-
KPETHbIX TEPPUTOPUIA N (MNIN) aKBaATOPUNA.

OxpaHa aTmocdepHoro Bo3gyxa B Poccuickon degepaumm ocyecTBngeTcs B COOT-
BETCTBMMU C NonoxeHnsmn 96-d3 [42].

[aHHbIN beaepanbHbIN 3aKOH YyCTaHaBMMBaET NpaBoOBble OCHOBbLI OXpPaHbl aTMocdep-
HOro BO34yxa M HanpaBsfeH Ha peanu3auunio KOHCTUTYLMOHHBIX NpaB rpaxaaH Ha Gnaronpu-
ATHYIO OKPY>KatoLLyo cpefy U AOCTOBEPHYIO MH(POPMALUIO O ee COCTOSHUM.

B [42] onucaHbl TpeboBaHNA OxpaHbl aTMOCEEPHOro Bo3gyxa npu MpOeKTUPOBaHUN,
pasMeLLEeHNN, CTPOUTENBCTBE, PEKOHCTPYKLMM N SKCNyaTauun 06 beKTOB XO3ANCTBEHHOM U
WHOW OEeATenbHOCTU, perynvpoBaHue BblOPOCOB BpeAHbIX BeLecTB Npy Npou3BOACTBE U
aKcnnyaTauumn TPaHCMOPTHBIX U MHbIX NepeaBMKHbIX CPeACTB, a TakkKe Npu XpaHeHUK, 3axo-
POHEHUU, 06E3BPEXNBAHUN U CKUTAHMM OTXOL0B NPOM3BOACTBA U NOTPebneHus.

CornacHo ctatbe 14 [42] «BbIOBPOC BpeOHbIX (3arpssHsAOLLMX) BeWeCcTB B aTMocdep-
HbIN BO3OyX CTAUMOHAPHbLIM UCTOYHUKOM [O0MYyCKaeTCA Ha OCHOBaHUM paspelleHus, BbloaH-
HOro TeppuTopuarnbHbIM OpraHoM heaepanbHOro opraHa MCNOMHUTENBbHOW Briactu B obna-
CTW OXpaHbl OKpYXXatolwen cpenbl, opraHaMmuv MUCNOSTHUTENbHOW Bnactu cydbekTtoB Poccui-
ckon Pefepauunmn, OCyLECTBAIOWNMM rOCYAapCTBEHHOE YynpasBneHne B obriacTv oxpaHbl
OKpy>XatoLlen cpeabl, B nopsiake, onpeneneHHom NpasutensctBom Poccuinckon ®eagepaumn.

B cootBeTcTBUM cO cTaTben 67 [43] (nyHKT 5 BBeaeH [44]) npu ocyLiecTBNeHUn Npo-
N3BOACTBEHHOIO 3KONTOMMYECKOr0 KOHTPOMS U3MepPeHNs BbIOPOCOB, COPOCOB 3arpA3HAOLLMX

BewecTB B 06s3aTenbHOM nopagke npom3BogAaATCcA B OTHOLUEHUW 3arpA3HAKLWNX BeLLeCTB,
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XapakTepuayLwmnx npuMeHsieMble TeXHONOrMmM n 0COB6eHHOCTU NMPOU3BOACTBEHHOINO npouec-
ca Ha obbekTe, OKasblBaloLEM HeraTMBHOE BO3LENCTBME Ha OKpYXatoLlyto cpedy (Mapkep-
Hble BellecTBa).

[MporpaMmmbl NPOM3BOACTBEHHOIO 3KOMOrMYECKOro KOHTPONSA AOSDKHbI yYUTbIBaTb MU-
HUMarnbHbIA NepevYeHb MapKePHbIX BELWECTB C y4eTOM npuobpeTaemMon TexHonornm onpege-
NEeHHOM NPOU3BOANTENBHOCTU N 06E3BPEXMBAEMbIX €10 OTXOA0B.

Bbicokasa akonormyeckas a(pdeKkTUBHOCTb TEPMMYECKOrO 006e3BpexmnBaHns 0TXOL0B
obycnosneHa BO3MOXHOCTbIO PasfnoOXeHUs U NpeBpaLleHns NpakTUYeckn NobbiX opraHuye-
CKMX N OKUCNSIOLWNXCA HEeopraHU4eckux npumecen npu BbICOKMX TemnepaTypax B 6e3Bpen-
Hble NPOAYKTbI MOIHOMO CropaHus. YKkasaHHasi BO3MOXHOCTb peanuadyeTcs npy obecnevyeHum
onpeaeneHHbIX PeXMMHbIX NapamMeTpoB NpoLecca — TeEMMNepaTypHOro ypoBHSI B peakTope,
yOenbHOW Harpysku paboyero obbema peaktopa, ANCMEPCHOCTU pacnbinnMBaHna (Ons Xua-
KX OTXOAOB), adpOANHAMUNYECKOM CTPYKTYPbl U CTEeNEHN TypOyneHTHOCTN ra3oBOro NoToka B
peakTope, BugamMm 1 Korim4ecTBOM BBOAMMbIX peareHToB 1 Aap.

[ns oueHkn akonornyeckon agdEKTUBHOCTU nNpoLecca TepMmnyeckoro obesspexmea-
HWSA OTXOAOB, COAEPXaLLMX opraHn4yeckme BeLwecTsa, MoryT 6biTb NCNONb30BaHbI ABE MEeTO-
AVKK:

- MeToanka AreHTcTBa no 3awmTte okpyxawwen cpegbl CLUA (EPA) ocHoBaHa Ha
OLeHKEe YCTaHOBOK TEPMMYECKOro 06e3BpexnBaHnsa 0TX040B MO 3PPEKTUBHOCTU YHUUTOXKE-
Hus DE (destruction efficieng) nnn agdgektmBHoCcTM paspywenna n obesppexuBaHusa DRE
(destruction and removal efficieng). DE (%) nokasbiBaeT COOTHOLUEHWE pa3pyLUEHHbIX KOM-
NOHEHTOB K MOCTYNMBLUMM C OTX04amMu B npeaeniax Tepmudeckoro peaktopa, DRE (%) noka-
3blBA€T COOTHOLLUEHME YKa3aHHbIX TOKCUYHbIX KOMMOHEHTOB ANSA YCTAHOBKW TEPMWUYECKOro

06e3BpeXMBaHUSA OTXOAO0B B LIENOM

mmcx _ BbIOpOC
DRE = —'—%, - 100 %,
m;
roe m:ACX’ — COOTBETCTBEHHO KOHUEHTPaunUn TOKCUYHbIX OpraHM4eCKnx KOMMNOHEHTOB B
meI6p00 oTXo4ax n B ,El,bIMOBOIZ pr6e.

i

B cootBetcTBUM C NpuHATEIM EPA ctaHgaptom 40CFR 264.343 ycTtaHOBKa TepMuye-
ckoro obesBpexuBaHUa OTXOAOB, COAEpPXKalLUMX OpraHMyeckue BelwecTBa, AoSmkHa obecne-
ynBaTb paspyLleHue n obesspexmsaHme Ha yposHe DRE = 99,99 %. Cnegyet oTMETUTb, YTO
ANa  NONMXIOpPMPOBaHHbIX  GudbeHMnoB  3TOT  nokasaTenb  AOS/MKEH  COCTaBnATb
DRE =99,9999 %,;
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- MeToguka, ucnonb3dyemasa B 3anagHon EBpone, npegycmaTpmBaeT KOHTPOSb OCTa-
TOYHbIX KOHLIEHTPaLMA TOKCUYHbBIX KOMMOHEHTOB B YXOOALWMX AbIMOBLIX ra3ax npu 3akoHona-
TEeNbHO NPUHATLIX HOPMATUBHbIX BENUYMHAX.

115 NONHOWM 3KONOrMYeckom OLEHKM YCTaHOBKM TEPMMYECKOro 06e3BpexmnBaHnst 0TXO-
J0B HEOOXOAMMO COBMECTHO MCMNOSb30BaTh 06€ MEeTOANKN.

MpepenbHO OOMNYyCTMMbIE 3HAYEHUSA KOHLEHTpauui BpeaHblX BewecTB, BbibpacbhiBae-
MbIX B aTMOcepy, ycTaHoBneHbl Oupektnson [45]. 3Tn TpeboBaHNA Ha CErogHAWHWUIA OEHb
ABNAOTCA Hanbonee XeCTKMMUN IKONOrmYeCckKMM/ HopMaTMBaMmn B YacTW ra3oBbIX BbIBPOCOB.
CpefHecyTo4Has KOHUEeHTpaums BpeaHbIX BeecTB B oTxoaswmx rasax (npyn 11 % kucnopo-

[a, CyxOI ra3) AofmKHa CoCTaBnsTb He bornee ykasaHHbIX B Tabnuue 3.1.

Tabnuua 3.1 — lNpegenbHO-OONYCTUMbIE 3HAYEHUST KOHLLEHTPAaLMIA BpeadHbIX BewecTB [45]

KomMnoHeHT OcTaTo4Has KoHLeHTpaums, mr/m®
Mbinb 10
Copr 10

HCI 10
HF 1
SO, 50
CO 50
NOx 200
nxgn + Nxae 0,1 Hr/m®
Hg 0,05
Cd + Tl 0,05
CyMma ocCTarnbHbIX TSXKENbIX MeTanmnoB 0,5

Heobxoanum Takke yyeT BbIOPOCOB C AbIMOBLIMW ra3amMu TOKCUYHbIX KOMMOHEHTOB,
CYHTE3MPYEMbIX Ha Pa3fiMyHbIX CTaausax COBCTBEHHO TEXHOMOrM4YecKoro npouecca (Hanpwu-
mep, obpasoBaHue n BbiIbpoc pocreHa CoCl, Npy CXMraHMm XNOpopraHNYEeCcKNx 0TXo40B).

OpraHusauusa n npoBeaeHve HabnogeHUN 3a 3arpssHeHneM atmocdepbl B ropoax,
Ha pernoHanbHOM U (POHOBOM YPOBHSIX, METOAMKM XMMWUYECKOro aHanmsa KOHLUEeHTpauuin
BpegHbIX BewecTB B aTMocdepe, MeToabl cbopa, 0bpaboTkM U CTaTUCTMYECKOro aHanmsa
pes3ynbTaToB HabnwaeHun yctaHaBnusatoTcs [46].

Ansa obecneyeHns eguHCTBA U3MEPEHUI HA CETU MOHUTOPWUHIAa 3arpA3HEHUsT OKpyXKa-

towler cpeabl BBeaeH depepanbHbIi NepeyvyeHb METOAMK BbIMOMHEHUS WU3MepeHui, Oomny-
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LWEHHbIX K MPUMEHEHUIO MpU BbINOMHEHUMM paboT B 0b6nactu MOHUTOPUHra 3arps3HeHust
OKpYyXatoLen npupoaHon cpeapl [47].

B cooTtBetcTBUM C 52-D3 [48] 1 [49] paspaboTaHbl rurmeHndeckne Hopmatmebl (n. 1.1
[50]) npegenbHO aonycTumbix koHueHTpauun (MAOK) 3arpssHsowmx BewecTs B atmocdep-
HOM BO3[yXe HacerneHHbIX MecCT.

CornacHo n. 1.4. [50] npuBegeHHbIe HOPMAaTUBbLI UCMONb3YHTCA MPU MPOEKTUPOBAHUN
TEXHOJSIOrMYeCcKMx npoLeccos.

Kpome Toro, Heobxoanmo B XOAe LeneBOoro aHanusa onpegensTb coaepxaHve map-
KEepHbIX BELLECTB B AMana3oHe JOBEPUTESIbHOMO MHTepBaria yCTaHOBIEHHbIX HOPM ANiF npe-
AerbHbIX BbIOPOCOB 1 COPOCOB 3arps3HSOLLMX BELLLECTB B OKPYXKaIOLLYIO cpeqy.

MeTogunyeckne ykasaHus [51] ycTaHaBnmBaloT NopsLoK Bblbopa TOYEK U nporpamm
HabnogeHns, a Takke onpeaensatoT NyT BblAeNeHUss MapKepHbIX BELLLECTB Npu opraHm3aumm
nccrnegoBaHMn B pamMkax rocygapCTBEHHOW CUCTEMbl COUManbHO-TMMIMEHNUYECKOro MOHUTO-
PpUHra Ha nokansHOM (MECTHOM) YPOBHE.

B cootBetcTBUM € 3.2 [51] ycnoBnemM adheKTUBHOCTM MOHUTOPUHIra aTMOCHEPHOro
BO3[yxa SIBMNSeTCA HannyMe cUCTeMbl MUHMMArbHO OOCTATOYHbIX NMokasaTerien, no3Bonsio-
LLler KOHTPOSIMpOBaTb CaHUTAPHO-3NUAEMUONIONNMYECKY0 U 3KOSIOro-rmrmeHnYeckyto cutya-
LUMIO C HAUMEHBLUMMW BPEMEHHbBIMW, (PUHAHCOBLIMWU U TPYAOBLIMU 3aTpaTamu.

K nokasaTensiMm AnarHOCTMKM (Mapkepam) OTHOCATCH Te, UBMEHEHUS1 KOTOPbIX cBuae-
TENbCTBYIOT O BEPOATHbLIX M3MEHEHUSIX Lerioro KoOMnrekca gpyrnx nokasaTtenen n no3sBonstoT
NPOrHO3npoBaTb YPOBEHb BO3AENCTBUA HA HAceneHune.

YTOYHEHME NepedHa MapKepHbIX 3arpsisHSOLWMX BewecTB B Bbibpocax B aTMocdep-
HbIN BO34yX Npn 06e3BpexmBaHnn OTAENbHbLIX PYNN OTXO40B TEPMUYECKUM CNOCOBOM No3-
BOJIUT COKpPaTUTb NepeveHb MHCTPYMEHTAlIbHO KOHTPONUPYEMbIX BeLEeCcTB, OCHOBbIBAsCb Ha
B3aVMMO03aBMCUMOCTM BeLLeCcTB B 06beme Bbibpoca.

Mpn aTOM CNOCOBHOCTL BeLeCTBa BbICTyNaTb B KA4eCTBE Mapkepa (nokasaTtensa auna-
FTHOCTMKM) paccMaTpmMBaeTCs B KayeCTBe OCHOBHOrO Kputepusi Bblibopa 6a30Bbix nokasaTe-
new Ang BKMNOYEHUS B NpOrpaMmMbl MOHUTOpPUHra (CM. NyHKT 6.1 [51]) npu ycnosun perynsip-
HOCTU U NEPUOANYHOCTM HabnoaeHNNA.

PacnopsikeHnem [pasutensctBa Poccuinckon ®epepaumn [52] B COOTBETCTBUM CO
ctatbenn 4.1 [42] yTBepXOEH nepeyeHb 3arpssHsaoWmMX BewecTB, B OTHOLUEHUMM KOTOPbIX
NPUMEHSAOTCA Mepbl rOCYAapCTBEHHOIO perynupoBaHuMst B 06MacTn OXpaHbl OKpyXatoLien
cpeapbl.

B cooTBeTCTBUM C 3aKOHOM B 3TOT MepeyeHb BOLUM 3arpAas3HAoLMe BellecTsa, Ans

KOTOPbIX MUMEKTCA METOANKN N3MEPEHUA.
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PekomeHaoyemas nepuvoanMyHOCTb KOHTPOSS MapKepHOro 3arpsi3HsIloLLErO BeELLEeCTBa B
Bblbpocax B aTMOC(EpPHbIN BO3AyX Npu 06e3BpexxmBaHUN OTXOA0B TEPMUYECKMM CMOCOGOM

npeacraeneHa B Tabnuue 3.2.

Tabnuua 3.2 — MeproaNYHOCTb KOHTPOIS MapKEPHbIX 3arpsi3HSIIOLLMX BELLeCTB B BbiOpocax B

aTMoCcepHbIN BO3aOyX

MeproanyYHOCTb KOHTPOMS C y4EeTOM
CYMMapHOW NpoV3BOANTENBHOCTU YCTaHOBKM, T/CyT

HanmeHoBaHWe mapkepHoro
no 10 oonee 10
3arpsA3HAIOLLEro BellecTBa
Execy- | Exxeme- | PazB | Execy- | Exxeme- | PasB
TOYHO CSIMHO rog TOYHO CSYHO rog
A30Ta gnokeug, + - + + - +
AsoTa okecug + - + + - +
Cepbl gnokeng + - + + - +
Yrnepoaa okcug + - + + + +
AnkaHbl (yrnesogopoapl npegerbHble + _ 4 4 _ +
C12-C19)
Yrnepog (caxa) + + + + + +
B3BelueHHble BellecTBa + + + + + +
BeHs(a)nupeH - + + - + +
XIOpUCTLIN BOAOPOS + - + + + +
dTOPUCTBIV BOAOPOS + - + + + +
[NOKCKHbBI (NONNXNOPUPOBaHHbIE AN-
6€eH30-N-ANOKCUHbI N ANBeH30dypaHbl)
B nepec4yeTe Ha - - + - - +
2,3,7,8-TeTpaxnopanbeHso-
1,4-ANOKCWH, HIr/HM®
PTyTb 1 eé coeanHeHus - - + - - +
Kagmun + Tannuin + +
CyMMa OoCTanbHbIX TShKENbIX METanoB + + + + + +

YCTaHOBKM BKNHOYAKOT KOMMSIEKC B3aMMOCBA3AHHbBIX TEXHUYECKUX U TEXHOSTOrMYeCKmnx
peweHnn ona obecneyeHns coaepXaHnsa 3arps3HALNX BELWECTB B OTXOOAWNX U3 ObIMO-
BOW TpyObl rasax B npegenax yaenbHbIX nokasaTtenen, yCTaHOBIEHHbIX B SKCMyaTaLMOHHON
AOKyMeHTauuun. B cBsisan ¢ aTuM, He npefcTaBnseTcsi BO3MOXHbIM KOPPEKTHO onpenenntb
BbIOPOCHI 3arpsi3HAOLLMX BELLECTB 4O OYMCTKM pacCyYETHbIMU U IKCNEepPUMEHTalbHbIMKU METO-
aamu.

Mpn onpegeneHnn NepnoanYHOCTM KOHTPONS MapKepHbIX 3arpsa3HAoLWMX BelwecTs B
Bblbpocax B aTMOCHEPHLIN BO3AyX YyyuTbiBanucb TpeboaHus [Oupektusbl 2000/76/EC
EBponenckoro napnameHta n Coseta EBponenckoro Coto3za "O cxkuraHmm oTxogoB" u B

yacTHocTn Ctatba 11 « TpeboBaHUA K UISMEPEHMUIOY.
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[ns npOrHO3HOM OLEHKM BO3AENCTBMS HA OKPYXXatoLLYyO cpeay v noTpebneHuns B cde-
pe o6e3BpexnBaHusi OTXOA0B TEPMUYECKMM CNOCOBOM MOryT GbITb MCMOMBb30BaHbI METOAbI
CUCTEMHOrO aHanusa n maTemMaTU4ecKoro MoaenMpoBaHNS:

- METO/ aHaroroBbIX OLEHOK W CpaBHEHME C YHUBEpPCAlbHbIMU CTaHAapTaMMU;

- METO/ 9KCMEPTHbIX OLIEHOK A51s1 OLEHKN BO3OENCTBUIA, HE NOAdaloLWMXCa Henocpen-
CTBEHHOMY U3MEPEHWUIO;

- MeTop, CrMcka 1 MeToa MaTpuL, ANs BbISIBIIEHMS 3HAYMMbIX BO3AENCTBUMN;

- MEeTOA NPUYNHHO-CIIEACTBEHHbIX CBA3EN OS5 aHanu3a HenpsiMbiX BO34EeNCTBUN;

- pacyeTHbIM MeToA onpeneneHns NpPorHo3mpyembix Bbibpocos, cbpocoB n HopMm 06-
pa3oBaHMsA OTXOLOB.

BbIbpocbl Ons KaKgon KOHKPETHOW YCTaHOBKM OMpefensitoTcs B MHAMBUAYaANbHOM
NPoeKkTe C Y4eTOM HOMEHKNaTypbl 06e3BpexMBaEMbIX OTXOL4OB U CAHUTAPHO-TEXHUYECKMUX
HOPMAaTMBOB MO NpeAesSibHbIM AONYCTUMbIM BblOpocam.

MprHMMasa BO BHUMaHWE CyLLECTBYHOLLYIO CUCTEMY OBpalleHnss C 0TXogamMu B panioHe
pacnosioXXeHns yCTaHOBKM, A4S nepuoga akcnnyaTtaumm Cnncok u o6bem obesBpexmBaemblx
OTXOOO0B crieayeT onpenensatb No YKPYMHEHHbIM MoKasaTensam, TPeOyllwnM YyTOYHEHUS B
npouecce nycko-Hanaaku.

Mprmep MapKepHbIX 3arpsi3HAKLINX BeELeCTB B BbiOpocax B aTMOCHEPHbIA BO3OyX
npyn o06e3BpeXXMBaHUN OCHOBHbIX FPynn BMAOB OTXOAOB (OTHOCUTENBHO COCTaBa BELLECTB)

npencraeneH B Tabnuue 3.3.

96



Tabnuua 3.3 — Mpumep MapKepHbIX 3arps3HALWNX BELECTB B BbIOpOCaX YCTaHOBOK TEPMUYECKOTO

O6e3Bpe)KI/IBaHVIF| OTXO0O0B A1 OCHOBHbIX BNAOB OTXOO0B

Bug otxogos, noa-
Knacc onacHo- | nexawmx Tepmmye-
HanmeHoBaHWe 3arpsisHsoLLLErO BelecTBa
cTn CkoMy 06e3Bpexu-
BaHUIO *
A30Ta guokeua 1l 1-5
A3oTa okcua 11 1-5
Cepbl gnokeng 11 1-3,5
Yrnepoaa okcug v 1-5
AnkaHbl (yrnesogopoghbl npegensHole C12 — C19) v 1,25
Yrnepog (caxa) 1l 1-5
B3BelueHHble BellecTBa 1l 1-5
BeHs(a)nupeH I 1-5
XIOpUCTLIN BOAOPOS, Il 3,4
dTopucThHI BOAOPOS Il 1-3,5
[unokcuHbl (B nepecyeTe Ha 2,3,7,8-TeTpaxnopanbdeHso- I 1-5
1,4-OMOKCUR), HI/HM®
PTyTb 1 €é coeanHeHus | 1-3,5
Kagmun + Tannuin | 1-3,5
CyMma ocTanbHbIX TSHKEMNbIX METANIOB 1-3,5

*) Bugpbl 0TX040B, Noanexatumx TepMmyeckomy obesBpexxmBaHmIo:

1 - oTxogbl, coaepXxalime B CBOEM COCTaBe OpraHMYecKne u HeopraHn4yeckne BeLLecTBa; 2 -
OTXOAbl, KOTOPbIE KPOME BELLECTB NEPBOW IPynnbl CoAepKaT COeaNHEHUsT a30Ta; 3 - OTXOAbI, Coaep-
Xalluue opraHuveckne coeguHeHus anemeHTtoB S, P, Cl, F; 4 - oTxogbl, npu 06e3BpEXMBAHUN KOTO-
pbix o6pasytotca NaCl, Na,S04, Na,P,0,;, Na,CO;, KCI; 5 — oTxoabl, cogepxalimMe opraHuyeckme

BellecCTBa, 3fieMeHTbl, X OKUCI1bl, CONTN NN OpraHn4yeckme coeanHeHmna anIeMeHTOB.

Heobxoanmo npuvHMMaTb BO BHUMaHWE, 4YTO MOpdponormyeckui cocrtas, (pu3nko-
XMMUYECKME CBOMWCTBA, rabapuUTHO-BECOBbLIE XapaKTEPUCTUKM OTXOAOB SIBASKOTCA PasHOO6-
pasHbiMU. Knaccudukaums oTXo40B, NoABEpPraeMbiX TEPMUYECKOMY 06e3BpeXMBaHUID, 00b-
efuHsALWasa 7 OCHOBHbIX NokasaTenen, npeactaeneHa B Tabnuue 1.1.

MpakTnyeckne BO3MOXHOCTU AOCTUXEHNA MaKCUMarbHOW MNOSIHOTLI CrOpaHNa 0TX040B
3HAYUTENBbHO OCMOXHAKTCA TEM, YTO KarlOPUMHOCTb OTXOAOB MO CPaBHEHUIO C OObIYHbLIM
TOMMMBOM, KaK NpaBuro, HEBbICOKA U MOXET U3MEHSTLCS B LUMPOKOM MHTEpBare 3Ha4yeHun B
3aBUCMMOCTM OT COCTaBa.

Ha ocHoBaHuUM vHOpMaLMK, NONYyYEHHOM OT MPeanpuaTUr, OCYLLEeCTBNSAIOWUNX Tep-
Muyeckoe obesBpexrBaHNe OTXOO0B, B @aHKeTax v npunararowemncss K HUIM TEXHUYECKOW [O-
KyMeHTauumn, MOXHO caenaTtb psig BbIBOAOB M peKOMeHAALNN.

30nbl, WAk U Mblflb OT TOMOYHbIX YCTAHOBOK N OT TepMu4eckon obpaboTkm oTxoa0B
OTHOCATCA K BelwlectBaM |V—V krnaccoB onacHOCTU C XUMWYECKMM HEeLOXOromM, COCTaBIisto-

UMM, KaK npaBuro, He 6onee 3 %.
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30MbHbIN OCTaToOK, 06pasyLWmnca B pesynbtaTte 3Kcnryataumm yCTaHOBOK Mo TepMu-
Yeckomy 06e3BpeXnBaHUIO OTXOO0B, HEOBXOANMO BhIrpy>KaTb B 30110COOPHUK, rae nepmoamn-
4YecKn opolaTtb BoAoN. Py4Has Bbirpy3ka 30MbHOr0 octaTtka TpebyeT AONOMNHUTENbHbIX opra-
HU3AUMNOHHBIX Y TEXHUYECKUX PELLUEHUN.

OTpaboTaHHy0 cycneHauto n3 ckpybbepa cnegyet oTnpaBnaTb Ha 0b6e3BpexnBaHue,
a ouYunLaeMyro Boay pekoMeHOyeTCsa UCMOonb30BaTh LMKINYECKN.

Hwuxke B Tabnumuax 3.4 n 3.5 nokasaHbl TEKyLLME YPOBHN BO3AENCTBUSA HA OKPYKaIOLLLYHO

cpeay B COOTBETCTBUM C AaHHbIMU aHKET NPeAnpPUSTUN.

Tabnuua 3.4 — TekyLine ypoBHU BbIOPOCOB B aTMOCHEPHbIA BO3AYX

HanmeHoBaHme 3arpsasHsoLLEero BelecTea YpOBHM BbIBPOCOB, MI/HM?
[unokeng asorta 30-100
Okcunp asoTa
[unokcug cepsbl 1-40
Okeng yrnepoga 5-30
CyMMa rnpegesibHbIX yrnesog0poaoB 1-10
yrnepog (caxa) <10
B3BelueHHble BellecTBa 1-5
BexaanupeH, Hr/m® 0,001
XIOpUCTLIN BOAOPOS 1-8
dTopnCTHIV BOAOPOS <1
[NOKCUHBbI (MONMXNIOpMPOBaHHbIE ANGEH30-M- 0,01-0,05
OWOKCUHbI U ambeH3odypaHbl) B nepecyeTe Ha
2,3,7,8-TeTpaxnopanbeH3o-1,4-ANOKCHH, Hr/HM®
PTyTb 1 ee coeanHeHus 0,001-0,02
Kagmuii n ero coegmHeHus 0,001-0,03
Tannun
Tsaxenble MeTansbl (CyMMa OCTanbHbIX) 0,005-0,05

3HayeHns1 ypoBHEN BbIOPOCOB COMOCTaBUMbI C aHaANOrMYHbIMK NPeaenbHO 4onyCTu-
MbIMW 3HAYEHUAMM KOHLEHTpaUMn BpedHblX BewecTB B cooTBeTcTBUM ¢ Adupektnson EC
[45]).

Ha ypoBeHb BbIGPOCOB BNUAIOT YCrOBUS TensioMaccoobMeHa B kamepe AOXWUraHus.
[na nogbema TemnepaTtypbl ObIMOBbIX ra3oB HeO6XO4MMO NPUMEHATb AOMOMHUTENBHOE
(oobaBo4yHOE) TONNUBO.

PekomeHayeTca npMMeHeHue MNoLroTOBMEHHbIX XUOKUX FOPHOYMX OTXOL4OB C [OCTa-
TOYHOW KanOPUMHOCTBLIO M MOHUMXEHHOM 30S5TbHOCTbLIO OCTaTKa.

Mcxoaa v3 ceegeHun, npegocTaBneHHbIX NpeanpusaTUSMU, OCYLLECTBISIOWMMN Oes-
TENbHOCTb MO 00e3BpEeXNBAHNIO OTXOLOB TEPMUYECKMM CMOcoboM, ObWnn yaenbHbIA pac-
X0[4, Au3enbHoro tonnuea (Kr/kr obe3BpexunBaeMblix OTXOAOB) crnefyet obecneymBaTb pas-

HbiM He bonee 0,15.
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3KCI'IJ'IyaTaLWIFI YCTaHOBOK MO TEPMUNYECKOMY O6e3Bpe)KVIBaHVII-O OoTX0O40B TaKxXe npen-

nojlaraeétT MMHUMU3auUno yaesibHbIX pacxoaoB TENSI0BON " SJ'IeKTpM‘-IeCKOIZ QHeprnm (KBT/KF

06e3BpexXrMBaeMbIX OTXOA0B).

CobcTtBEHHOE NOTpeOneHne aNeKTPUYECKOW 3JHEPrMM YCTaHOBKOW TEePMUYECKOro

obe3BpexunBaHnsa oTxodoB criegyet obecneunBaTb paBHbIM He 6onee 5 % OT noaBeaeHHON

TENOBOMN MOLLHOCTN.

Tabnuua 3.5 — Tekywue ypoBHM COPOCOB CTOYHbBIX BOA OT CUCTEM MOKPOW ra300unCTKU

HavmMeHoBaHWe 3arpsAsHAIOLLEro BellecTsa

YpoBHU, Mr/n

OO0LLee KoNnMYecTBO B3BELLUEHHbIX YacTuL, 10-45
XIK 50-250
pH 6,5-11
PTyTb 1 ee coeguHeHus (HQ) 0,001-0,03
Kagmui n ero coegunHenus (Cd) 0,01-0,05
Tannun n ero coegnHenuns (Ti) 0,01-0,05
MbIWbSK 1 ero coeguHeHus (As) 0,01-0,15
CeuHel u ero coegnHenus (Pb) 0,01-0,1
Xpom u ero coeguHexus (Cr) 0,01-0,5
Meab u ero coegnHenus (Cu) 0,01-0,5
Hukenb n ero coegnHenns (Ni) 0,01-0,5
LIMHK n ero coegmHeHnus (Zn) 0,01-0,1
CypbMa 1 ee coegmHeHus (Sb) 0,005-0,85
KobanbT 1 ero coeguHexus (Co) 0,005-0,05
MapraHey u ero coegnHeHus (Mn) 0,02-0,2
BaHagun n ero coeguHeruns (V) 0,03-0,5
OnoBo u ero coegnHeHus (Sn) 0,02-0,5
MonuxnopupoBaHHble AMOEH30ANOKCUHBI
(MXOA), Hr/n 0,01-0,1

Onbensodypanbl (MXOP), HI/N

3.2 MeponpusaTns Nno CHUXKEHUIO BO3AENUCTBUSA TEXHOSIONNMN Ha

OKpyXXaloLlyo cpeay

TexHONornyeckunii MpoLecc TePMNYECKOro 06e3BpeXNBaHUS OTXOO0B OCHOBaH Ha 06-

paweHnn ¢ oTxogammn pasrind4Horo Kriacca onacHoOCTU (CM. pasgen 1) nocpeacTtBoM UCMOJb-

30BaHUA cneunaribHbliX TEXHNYECKNUX CUCTEM B COCTaBE COOTBETCTBYHOLLUNX TEXHOITOMNMYECKNX

NUHUN.

Mpy nocTynneHun Ha obGe3BpexuBaHMe M3 OTXOAOB LEernecoobpasHo BblAENATb Ccrie-

Ayowme rpynnbi:

- 3anpeLweHHble K o6e33pe>|<MBaHmo TepMn4yecknm cnocobom (B TOM 4uUcCrie pTyTbCO-

Aepxatyye);

- cogepkalime CTonkne opraHmnyeckume 3arpasHutenu (CO3);

- TBepAble 1 nactoobpasHble HedTecoaepkawme otxoapl (HCO);
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- xugkue HCO.

Qkonornyeckas 3apPeKkTMBHOCTb TEPMUYECKOrO 06e3BpexmnBaHus OTX0O0B, cCoAep-
XalLMX TOKCUYHbIE KOMMOHEHTLI, 0becnevnBaeTcs nogaepXXaHMeM crie4yoLmx napameTpoB:

- TeMnepaTypHbI YpOBEHb NpoLiecca;

- CKOPOCTb NMNofayn oTXo40B B MeYb;

- BpeMs npebbiBaHWs ra3oB Npu yCTaHOBMNEHHOW TeMmnepaType 6onee 2 c;

- ahheKTMBHOE TypOYyneHTHOE NepemMeLlInBaHme ropsLLnx OTXOL40B U ra3os;

- ONTMManbHOE HacCblLWEeHNe KUCNoPOoaOoM;

- peskoe oxnaxaeHue o Temnepatypbl 250 °C — 300 °C, uckntovaroLee noBTOpHoOe
obpasoBaHmne ONOKCUHOB;

- OYMCTKa OTXOOALLMX ra3oB B ckpybbepe n agcopbepe (B TOM YnCre C BO3MOXHOCTLIO
ynaBrnmBaHUs OKUCIOB TSXXeSbIX METansoB 1 CNeaoBblX KONMYECTB a3po30fien, B TOM Yucne
OT BO3MOXHbIX BTOPUYHbBIX OUOKCUHONOAOOHbIX COEANHEHNA HA YronbHbIX copbeHTax B py-
KaBHbIX punbTpax);

- yTUnNu3aums wnama.

Mpremy oTX0O0B pPasfMYHOro Kracca OnacHOCTU AOSMKeH npedllectBoBaTh npeasa-
pPUTENbHBLIN BXOOHOW KOHTPOSIb OTXOA0B, COMPOBOXAAKOLMXCA NacrnopTtaMyM OnacHbIX OTXO-
A0B 1 U NPOTOKOSIaMM XMMUYECKOro aHanmaa, BKNo4vaeT B cebs:

- onepaTUBHbIN BU3YyarnbHbIA KOHTPOSb, BKAOYAKOLWMA COBMogeHne nepeyHss 0TXo40B,
3anpeLleHHbIX Ans BbICOKOTEMMNEPATYpHOro o6e3BpexuBaHusi, COPTMPOBKA OTXOAOB MNpwu
HeobxogumocTun (c cobnogeHnem npasun obpalleHnsa ¢ oTxo4amMu COOTBETCTBYHIOLLNX BU-
AoB);

- paanaunoHHbIA KOHTPOSb MPUHMMAEMbIX OTXOA0B;

- nabopaTopHbIA KOHTPOSb U onpeaeneHne XMMU4YeCcKoro coctaBa OTXO40B.

OCHOBHbIE MEPONPUATUA MO OXpaHe aTMOoCdEPHOro Bo3ayxa HanpasneHbl Ha obec-
neyeHme cobnogeHns HOPMaTUBOB KadecTBa Bo3adyxa paboyen 30HbI U COKpalleHue Bpea-
HbIX BbIOpOCOB B aTMocdepy 40 HOPMAaTMBHOIO YPOBHSI OT BCEX MCTOYHMKOB 3arpsi3HEHMS Ha
BCeX cTaamax pabor.

MeponpusaTus NO CHWXEHUIO BbIOPOCOB 3arps3HSAOWNX BELLECTB B aTMocdepy Ha
06beKkTe TepMmyeckoro o6e3BpexxmMBaHUA OTXOAOB LOMMKHbI ObiTb NpeayCMOTPEHbl B COOT-
BeTCTBUM C TpebosaHuamn 96-O3 [42] n gencTeyoEen HOpMaTUBHO-NPABOBOM ©a3omn, YTo
npegycmaTpmBaeT NiiaHMPOBaHME U OCYLLECTBIEHWE MEPONPUATUA MO yrnaBnMBaHuio, obes-

BpeXMBaAHMIO, COKpaLUEeHU0 Uinn MUCKI4YeHuto Bbl6pOCOB 3arp4Aa3HAWnX Bewects B aTtMo-

cehepy.
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CHwmxeHne BbIOpOCOB B AbIMOBLIX razax HeobxoaMmo npegycMmaTpuBaTb C MOMOLLBIO:

- 6ecnepebonHOro TEXHONOrMYeCcKoro NpoLecca;

- 30 PEKTMBHOIO TEPMUYECKOTO 00E3BpEXNBAHNS;

- yBENnuMYeHust appeKTUBHOCTU TEMMONCNONb30BaHUS;

- nogaepXXaHue pac4yeTHOM TENSI0OTAAYM B KOTNE-yTunuasaTtope.

B uenax MmHMMmnsauum HeraTMBHOTO BO3OENCTBUS Ha BO3AYLLHYKO cpedy NpUMEHUMbI
crnegyrowme TeXHUYECKNE N OpraHM3aLMOHHbIE PELLEHUS, TNaBHbIMU U3 KOTOPbIX ABNAOTCSA:

- UCMOMb30BaHME MHOMOCTagUMHOIO TEPMMYECKOro 06e3BpeXMBaHNS OTXOO0B;

- OCHaLLeHe obopyaoBaHUSA ra3o04vMCTHBIM 06opyaoBaHMeM (CKpybOGepoMm, pyKaBHbIM
dunbTpom-agcopbepom);

- MOHUTOPWHI OTXOASALLNX ObIMOBbIX ra3oB;

- BPEMEHHOE CKMagupoOBaHME LWNAKOBbIX OTXOAOB B KOHTEMHEPE C KPbILKOW, yCTa-
HOBJIEHHOM Ha OTKPbITOWN NSiowaake ¢ 6eTOHMPOBAHHbLIM MOKPbITUEM;

- UICMOMb30BaHME TONbKO WUCMPaBHOW TEXHMKU, MPOLUEALIEN KOHTPOSb TOKCUYHOCTMU
OTpaboTaHHbIX ra3os.;

- perynmpoBka TOMSMBHOW annapatypbl 060pyAoBaHUA ONsi CHXKEHUS pacxoga Ton-
nnBea;

- Npy HeBNaronpuUsATHLIX METEOPONOMMYECKUX YCINOBUSIX PEKOMEHOYETCHA NpoBeaAeHune
paboT C BO3MOXHbIM MUHMMaIbHbIM UCMOMNb30BaHNEM TEXHUYECKUX CPEeACTB Ha TEXHOMNOr-
yeckown nnowiagke;

- pa3paboTka 1 NCNoSb3oBaHNE NPOrpaMmbl SKONIOMMYECKOrO MOHUTOPUHTA.

Buabl 1 KOHLEHTpaLMKM 3arpa3HAOLLIMX BELLECTB 3aBUCAT OT TMNa TONMnBa, UCMNonb3y-
€MOoro Ans TepMmyeckoro o6e3BpexmBaHns OTXOO0B.

[na aBTOTpaHcnopTa M Au3enb-reHepaTtopa, a Takke B KayecTBe TENnSIOHOCUTENS
AOJTKHbI MCNONb30BaTbCA yaoBneTBopsiowmne TpeboBaHNaM CTaHOapTOB copTa roptodero, a
TaKke AOOSMKHO ObITb 0becneyeHO KavyeCTBEHHOE TeXHMYecKoe obCnyXmBaHMe U KOHTPOSb
rpy30nogbeMHON TEXHUKN.

CHmxeHne BbIOPOCOB Okcuaa asoTa ABUratensamMu TEXHUKM, Npyu paboTe Ha Manom
pexnme, MOXXHO obecneunTb perynmpoBKOM TONMIMBHOW annapaTtypbl, NO3BONAKOLWEN CHU3NUTb
yron onepexeHusi BNpbiCka TONMnea.

MpepoTBpalleHne BO3AENCTBUS Ha BOAHble OOBLEKTbI crnegyeT peanu3oBbiBaTb 3a
CyYeT:

- cenekTnBHoro cbopa 1M Nnogaymn Ha COOTBETCTBYHOLUME TEXHOMOIMMYECKME NIUHUM OTXO-

OOB B Creunanmn3mpoBaHHbIX KOHTeVIHean N €MKOCTAX;
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- XMMWYeCKNe 1 gpyrme BpeaHble BELLEeCTBa, XUAKME U TBepAble OTX0Abl OOMKHbI CO-
OupaTtbcs, XxpaHUTbCS A0 06e3BpeXMBaHUSA B CreumanbHO OTBEAEHHbIX MECTAX U EMKOCTSX,
NCKMIOYaoLLNX UX NonagaHne B NOBEPXHOCTHO-JTIMBHEBbLIE CTOKMY;

- BPEMEHHOE CKnagumpoBaHue nocTtynawLwmx ana obesspexmBaHmst OTXO0O0B B 3aKpbl-
TbIX KOHTEHEepax Ha BGeToHMPOBaHHOWM MroLwaaKke nog HaBecom ¢ 06opAHPOBKON UMK B MNO-
MELLEeHUN HENOCPEeACTBEHHO Nepes yCTaHOBKaMu TEpMUYECKOro obesBpexmnsaHns B obbeme
CYTOYHOro noTpebnexHns;

- opraHu3aums cbopa OTX040B NPoOM3BOACTBA (He 06e3BpexMBaeMbIX Ha OCHOBHOW
NPON3BOLCTBEHHOW NSIOLLAAKE) B KOHTEMHEPDI, pa3MeLlaemMble Ha 06BanoBaHHbIX y4acTKax C
rmapounsonsaunen ¢ nocneayrowmnm yaaneHnem;

- pacxogHble 6aku An3enbLHOro TonnMBea U NPUEMHbIX EMKOCTEN XNakux HedpTecoaep-
Xallnx oTXo40B crieayeT BbIMOMNHATL C ABOMHBIMU CTEHKAMW, MEXAY KOTOPbIMU 3anuTa KOH-
TPONbHAaA XMUAKOCTb (TOCOM) C LEenbl UCKIOYEHNSA NPONMBOB HEPTENPOLYKTOB B NOMELLE-
HUSX U T. A.

K yCnoBHO 4MCTbIM OTHOCATCA BOAbI, Npoweawmne TenioobMeHHble annapaTbl, B HUX
He NPOMCXOANT U3MEHEHUS COCTaBa, a TONbKO TemnepaTtypbl. OcTanbHble NPON3BOACTBEH-
Hble CTOKM ByayT OTHOCUTBCA K 3arpA3HEHHbIM.

MckntoueHne 3arpsasHeHns MOBEPXHOCTHLIX U NoA3eMHbIX BOA AOMKHO obecneymBaTb-
Csl cnegywmmMmn MeponpusTUSIMK:

- JOCTaBKa OTXO40B B BOAOHENMPOHMLLIAEMON YNAKOBKE;

- NpoBegeHne Bcex paboT No npuemMy OTXOOO0B Ha crneunanbHO 060pyaoBaHHbIX Tep-
pUTOpUSX (3aKpbITbIX MOMELLEHUAX, TEPPUTOPUAX C TMAPOU3ONSALMOHHLIM MOKPLITUEM, ac-
dranbTMPOBaHHOM NN BETOHMPOBAHHOW NoWaAKax C pasyKnoHKON nnm obopapoBKon);

- MOViKa MalUMH N MEXaAHU3MOB B crneumanbHO 060pyaoBaHHbIX MECTAX;

- 0BYCTPOMCTBO MECT CTOSHKM TEXHWUKW, UCKIYaloLlee 3arpsa3HeHne noa3eMHbIX n
NOBEPXHOCTHbIX BOA;

- NIPUMEHEHNe Ons TMAPOU3oNAUMN MaTepuarnoB, He OKasblBalOLNX OTPMLATENbHOMO
BIIMSIHNA Ha OKPY>KatoLLyto cpeay;

- MOViKa aBTOTEXHUKMN W BbINOJSTHEHNE HEOOXOOMMbBIX PEMOHTHBIX M NPOGUNAKTUYECKNX
paboT TOMbKO Ha crneumanbHO 060pyaoBaHHbIX NS TUX Lenen nnowankax, pasmeLleHHbIX
3a npegenammn BogoOXPaHHbIX 30H U NPUBPEXHBIX 3aLLUTHBIX NOJSIOC BOAHbLIX OOBbEKTOB;

- OpraHu3aumst HabnogaTenbHbIX CKBaXXMH ONs1 NPEBEHTUBHbBIX MeEP 3aLUMTbl NMOBEPX-
HOCTHbIX 1 NOA3EMHbIX BOA.

BenuunHa BO30enNCTBUS Ha reonorMyeckyto cpefy B 3Ha4MTeslbHOM Mepe 3aBUCUT OT

cobnoaeHnst pernaMmeHTMpPOBaHHOW TexHororun. B gononHeHne k paHee nepeyncrieHHbIM
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MEpPONPUATUSAM, B LIENsIX OXpaHbl reoriormyeckon cpefbl U NoYBbl, OOSDKHbI BbIMNOMHATLCA
crnegyrowme OCHOBHbIE MEPOMNPUATUS:

- peanusaunsa TpeboBaHUN B YaCTW CHATUSI U XPaHEHUSA NNOLOPOLHOIO CrOs;

- pa3melLeHe obopyaoBaHNs Ha MOArOTOBIIEHHbIX TEPPUTOPUSAX (C TBEPABIM MOKPbI-
TMEM);

- obga3atenbHoe cobntogeHne rpaHuy, TeppuTopun, OTBEAEHHON BO BPEMEHHOE U MNO-
CTOSIHHOE MNONib30BaHWE B Nepuoabl CTPOUTENbLCTBA, JKChnyataumm u nuKBugaumMm nNpous-
BOACTBA N0 TepMn4eckoMy obe3BpeXxnBaHuio OTXOO0B;

- Ucnonb3oBaHWe B paboTe UcnpaBHOWM TEXHUKU MPU OTCYTCTBUWM MOATEKOB Macra u
TONMMBa, a TakKKe OYULLIEHHbIX OT Hapy)XHOW CMaskum TPOCOB, CTPOMOB, MCMOMNb3yeMblX
YCTPOWCTB 1N MEXaHW3MOB;

- cobntogeHne TpeboBaHUN TEXHNYECKOTO 0BCNYXMBaAHWUS;

- BbINOSIHEHNE TpeboBaHUM TeppuTOpManbHbIX opraHoB PocnpupogHasgopa n Pocno-
TpebHaasopa.

MpumeHsiemoe obopyanoBaHe HEOBXOOUMO pa3MellaTbh Ha nroLwagkax B cneymansHo
NpeaycMOTPEHHbIX 34aHusX (NOMeLLeHNAX) ¢ TBEpPAbIM MOKPbITUEM U 3aUTHBIM obBanoBa-
HUEeM, rMOPON30NALNEN U OPEHAXKEM.

MuHMMH3aumnsa pusanyeckoro BO3AeNCTBUS AOCTUTrAETCa NyTeM UCKITHOYEHUSA UCTOYHU-
KOB 3NEKTPOMarHUTHOIro BO34ENCTBUSA N MOHU3MPYIOLLMX N3My4YeHUI Ha OObekTe.

K meponpuaTrusm no oxpaHe oT omn3ndecknx qoakTopoB OTHOCATCA:

- UICNONb30BaHNE CepTUPULMPOBAHHOIO OBOPYAOBAHUA U TEXHUKKW, YAOBMETBOPSIO-
LLIMX YCTAHOBIIEHHbIM HOPMAaTMBHbIM TPebOBaHMAM;

- pacnonoxeHne obopyaoBaHNA B 3aKPbITbIX MOMELLEHUSIX M Ha cneuunanbHbiX OyH-
AaMeHTax;

- OfpaHMYEeHNEe CKOPOCTU AOBWMXKEHUST aBTOMOOMMBHOrO TpaHcnopTa Mo Tepputopum
Npon3BOACTBEHHOIO obbekTa (He 6onee 10 kKm/y).

Onpegensitowm akTopoM U3N4EeCKOro BO3AENCTBUS SABMSETCS LWYMOBOE BO3AeMN-
cTBME.

AKyCcTU4eckne pacyeTbl HeOBXOAMMO BbIMOMHUTL C Y4EeTOM LOCTMXKEHUST OOBHEKTOM
NPOEKTHON MOLLHOCTK, Npu paboTe obbekTa B LUTATHOM peXMMe IKCnnyaTaumm yCTaHOBOK M
obopynoBaHus.

OCHOBHbIMM UCTOYHMKAMK aKyCTMYECKOrO BO3AENCTBUA (BHELUHErO LUyMa) TEXHOMOMu-
Yyeckoro obopyaoBaHus KOMMNSieKkca TepMUYeckoro o6e3BpexxnBaHms 0TX040B ABMASKOTCH Abl-

MOcoC 1 abiMoBast Tpyba. [Ins cokpaleHusi ypoOBHEN LUYMOBOrO BO3AENCTBUS Ha npunerato-
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Lwme Tepputopun B TpyH6ONpoBOA Mexay ObIMOCOCOM U AbIMOBOW TpyOOW yCTaHaBNMBalTCH
ryWwnTenu wyma.

YuntbiBaeMbiM UCTOYHMKOM LLYMa Ha TEXHOMOrMYeckon nrnowjagke asnsetca paborta
aBTOMOOUITBHOIO TPAHCMNOPTa M CMELUTEXHUKM, a Takke TEXHOOrM4Yeckoro obopyaoBaHus.

C uenbilo MCKNYEHNa BO3AENCTBUS Ha OOBbEKTbl PpacTUTESTbHOMO M XUBOTHOrO Mupa
pasmeLleHne TeXHOMNormyecknx 6r1okoB HEOBXOANMMO OCYLLECTBMATbL Ha y4acTKax, KoTopble
ABNSAOTCA COCTABHOW 4acCTbl) OCBOEHHbLIX MPOMBILLNEHHbLIX 30H BHE apearnoB obutaHus ka-
KNX-NN60 BMAOB XXMBOTHbIX 1 NPOU3pacTaHNs pacTUTENbHOCTMU.

Heobxoanumo npeagycmatpusaTh crieytolwme Mepbl Mo CMAMMEHUIO BpeaHbIX BO34en-
CTBUIN Ha OOBEKTbI PACTUTESNTbHOCTH:

- KOHTPOSb PaboT NO pacyMCTKe PacTUTENbHOrO MOKPOBA C Lenbio cobnogeHnsa rpa-
HWL, COrNacoBaHHbIX Y4aCTKOB 3eMeSIbHOro 0TBOAa;

- NnpoBefeHne paboT N0 BOCCTAHOBIEHMIO pacTUTENBHOrO NOKPOBa, NpeaynpeXxaeHuto
3PO3MNOHHbIX MPOLIECCOB;

- MPUHATUE MEP K COXPaHEHMUIO NPUPOLHbIX NaHALWAadTOB.

OxpaHa 06beKTOB XMBOTHOrO Mupa obecnednBaeTcs NyTeMm:

- 3anpeTa Ha BefeHue CTpouTerbHbIX paboT B Mepuvod MacCoBOro PasMHOXEHUS U
MUrpaLmm Ha3eMHbIX NO3BOHOYHBIX;

- 3anpeLeHns UCNosb30BaHNSA CTPOUTENbHON TEXHUKU C HEUCMNPaBHbIMU CUCTEMaMM
OXNaXxaeHuns, NMUTaHnsa UM CMasku;

- 3anpeTa Ha YCTaHOBMNEHWE CMSOLWHbIX, HE MMEIOLMX cheumanbHbiX NPOXO4oB 3a-
rpaXxgeHUn n CoopyXEHU Ha NyTSX MacCOBON MUrpaLmmn XNBOTHBbIX;

- XpaHeHus Tonnmea (HedTenpPoaYKTOB) B repMEeTUYHbLIX EMKOCTSX.

O6ycTponcTBO MECT 1 cnNocobbl BPEMEHHOIO XpaHEHUs (HAKOMMEHNSA) OTXO40B AOSXK-
Hbl COOTBETCTBOBATb IMrMEHMYECKMM TpeboBaHWAM K oOpalleHuto ¢ oTxodamu Mpou3Boa-
cTBa u noTpebneHus.

B npouecce akcnnyataumMm yCTaHOBKM TEPMUYECKOro 00e3BpexmBaHnst OTXOO0B Bpe-
MEHHOE CKnagmpoBaHMe obpa3oBaBLUErocs Lnaka, 305bl, YIIOBNEHHOW B cKpybbepe, npons-
BOAUTCS B 30510COOPHUK C KPbILLKOW, YCTAHOBMEHHbIN HA BETOHMPOBaHHON NrioLaakKe.

OObIYHBIMW KOMMOHEHTAMM 3051bHbIX OTXOAOB SBMNSAOTCA CUMMKATbI, COeANHEHUS Luie-
NOYHO3eMENbHbIX METansoB, Xnopuapl, cynbdaTbl, Tskenble MeTannsl (Hanpumep, As, Cd,
Cu, Pb). OCHOBHbIMM COCTaBASKOWMMN SBASAIOTCA MUHepanbHasa dpakuus, HecropesLlas

dopakumnsa 1 meTannosiom.
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lMocne 3anonHeHWst EMKOCTU HaKOMMEHUsA 305bHbIX OTXOAOB crnefyeT NpoBOAUTb OT-
6op ycpeaHeHHOM Npobbl ANs NPOBEAEHNSA KOMMIIEKCHOrO XMMMUYECKOro aHanmaa, nocne 4ve-
ro onpeaensaTcsa cnocodbl ganbHenwero obpalleHms ¢ HUIMMN.

[OmKHOCTHbIE NUua, OOonyLleHHble K obpalleHnio ¢ oTxogamu, NPUHMMaeMbiMU Ha
obes3BpexunBaHne n obpasywwmnmmca B npouecce obesBpexmnBaHnd, OOMKHbI UMETb COOT-
BETCTBYIOLLYIO NpOoheCccrMoHanbHyo NOAroTOBKY.

HomkHa ObiTb paspaboTaHa nporpamma MNpPOU3BOLACTBEHHOIO 3KOSIOMMYECKOro KOH-
Tpons (MOHMTOPMHra) obpalleHnsa ¢ NPUHMMaeMbIMN U 0BPa3yLLNMUCA OTXO4aMU.

B coctaB MeponpuATMn NO KOHTPOSO MECT BPEMEHHOIO XpaHeHus1 (HakonmeHus) oT-
X040B, NPOM3BOACTBEHHbLIX MIOLWAaAoK No 06e3BpeXxmnBaHMO OTXOAOB HEOOXOAMMO BKMHO-
yaTb:

- BbIMOSTHEHNE 3KOSOrMYECKMX, CaHUTaPHbIX U UHbIX TpeboBaHMI B obnactn obpatle-
HWUSI C OTXO4aMWU;

- cobnogeHne TpeboBaHuin noxapHon B6e3onacHocTn B obractu 3a obpalieHnem ¢
OTXO0AaMu;

- cobntogeHve TpeboBaHui 1 NpaBuIT TPAHCNOPTUPOBAHNST ONACHbBIX OTXOAOB;

- cobnogeHe HOpPMaTUBOB BO3AENCTBUSA HA OKpYXaloLlyto cpegy npv obpalieHnn ¢
OTXOA4aMW W BbIMOMHEHMEM YCNOBUA paspelunTesibHON OOKYMEHTauMM Ha pasmMelleHne oT-
XOO0B U T. A.

Ha aTane onbITHO-NPOMBILUNEHHBLIX UCMbITAHUA U B pamMKax MOAEPHU3ALUMM TEXHOMO-
TMYECKUX JIMHUIA CriefyeT y4uTbiBaTb MOJHbIA MEepeYvYeHb KOHTPONMpPYEMbIX MapameTpoB (C
y4eTOM NPOBEPKN COAEP)KAHUA BPeaHbIX BELLECTB Ha cpe3e AbIMOBOM TpyObl U coaepaHns
BpeAHbIX BELLECTB B 30/IbHOM OCTaTKe M OTX04aX ra3o0uMCTKN, BKIOYAsa OLEHKY OCTPOW TOK-
CMYHOCTM METOAOM BMOTECTUPOBAHMS KaXKOO0ro BMAa OTXOAOB UM uUx cmecu). Takke crnepy-
eT onpegenvitb U 06OCHOBaTb MepevYeHb OTXOA0B, BO3MOXHbIX K 0OE3BPEXMBAHUIO C UC-
Nnonb3oBaHMEM COOTBETCTBYHOLMX MOOEPHU3NPOBAHHBLIX TEXHOMOrMYECKUX JIMHUIA OTHOCU-

TE€JIbHO MaKCUMaJibHOIo ypoBHA ©e3onacHocTu.

Pasgen 4. OnpepeneHne Hauny4lnX AOCTYMHbIX TEXHOOMMMN

4.1 O6wan meTogonorusa onpeaeneHnsi TeXHONOrMM TePMUYECKOro

obe3BpexunBaHMA oTxonoB B Kavyectee HOT

B Poccuiickon ®depepaumn Kputepum onpeneneHuss texHonormm B kadectse HOT
ycTaHoBrneHbl ctatben 28.1 [43]. CornacHo ykasaHHoOM cTtaTtbe ®3, NpyuMeHeHne Hausy4Lmnx

[AOCTYNHbIX TEXHOMOMMIA HanpaBneHo Ha KOMMMEKCHOe npeaoTBpalleHne u (Mnn) MMHUMK3a-
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LM HEraTMBHOIO BO3OENCTBUSA Ha OKpyxatwyo cpeny. CoyeTaHnem KpuTepueB OOCTUXKE-
HUSA uenen oxpaHbl OKpyXatwLen cpefbl ana onpegenenuna HOT asnsatoTcs:

- HAMMEHbLUUW YPOBEHb HEraTMBHOIO BO3AENCTBUS Ha OKpYXaloLlyo cpefy B pacyeTe
Ha eguHULY BPEMEHN NN 06BEM NPOM3BOAMMOKM NPOAYKUMK (TOBapa), BbiNnonHsemon pabo-
Tbl, OKa3blBaeMoMn ycrnyrm nubo apyrme npenycMOTPEHHbIE MeXAyHapOoAHbIMM AOroBOopamu

Poccuitckon ®epepaunn nokasatenu (kputepum 1);

9KOHOMMYecKast aPPEKTUBHOCTb ee BHeEQPEHMUS U IKCnnyaTaumm (Kputepun 2);

NPUMEHEHNE pecypco- U aHeprocbeperatowmx metToaos (kputepun 3);

nepuog ee BHeapeHus (kputepui 4);

NPOMbILLIIEHHOE BHEAPEHNE 3TON TEXHOSOMMM Ha ABYX U bonee ob6bekTax, OkasblBa-
IOLLMX HEraTMBHOE BO3OENCTBUE HA OKPYXXaloLLyto cpeay (Kputepun 5).

CraTbsa 28.1 3 [43] Takke yCTaHaBNMBAET crieayloLlee:

- NOPSAOK onpegeneHus TexHonormm B kadectee HOT yctaHasnuBaeTca [NpaButens-
ctBoM Poccuickon ®eagepaunu;

- MeToANYECKNEe pekoMeHaaumm rno onpeaeneHno TEXHONOMN B Ka4eCcTBe Haumy4Lllen
AOCTYMNHOW TEXHOMOMMN paspabaTbiBaloTCs YNONHOMOYEHHbLIM [1paBuTenscTtBom Poccuiickomn
depepaumn peaepanbHbiM OpraHoOM UCMOSTHUTESTbHOM BNACTM.

B HacToswee Bpems noctaHoBneHnem [paButensctBa Poccuinckon Pepepauumn ot
23 nekabpa 2014 r. Ne 1458 yTtBepxaeHbl NMpaBuna onpegeneHns TEXHOMNOMMU B KavyecTBe
Hauny4ylwen AOCTYNHON TEXHONOrMK, a Takke pa3paboTku, akTyanusauum u onybnmkoBaHus
NH(POPMALNOHHO-TEXHUYECKNX CMPaBOYHMKOB MO HaUMy4ywnM SOCTYMNHbIM TexHonornam [53]
(oanee — lNMpaBwuna). YkasaHHble [MpaBuna yctaHaBnvMBalT NOPAO0K onpeaeneHns TeXHONo-
run B kavyectee HAT, B TOM uncrne onpeaeneHns TEXHONOrM4Yeckmux npoueccos, obopyaosa-
HWUA, TEXHUYECKMX CNOCOBOoB, METOO0B 4SS KOHKPETHON 061acT NPUMEHEHMS.

B lNpaBunax ytoyHeHa hopMynmnpoBKa BbllLEHA3BaHHbIX KPUTEPUEB, HA OCHOBAHWUU
KOTOPbIX TEXHOMornm4yeckne npouecchl, obopyaoBaHue, TEXHUYECKME Crnocobbl U MeToabl
oueHuBatrTcsa B kadectee HOT:

- HAMMEHbLUUI YPOBEHb HErAaTUBHOIO BO3AENCTBUS HA OKPYXKaloLLy0 cpefy B pacyeTte
Ha eavHuUy BpeMeHu nnn o6bem Npons3BoaAMMON Npoaykumm (ToBapa), BbINomnHseMon pabo-
Thbl, OKa3blBaeMOW ycrnyrm nMbo cOOTBETCTBME APYrMM nokasaTensiM BO3AENCTBUS Ha OKpY-
Xawwyo cpefy, NpegyCMOTPEHHbIM MexXayHapoaHbIMu gorosopamu Poccuinckon depepa-
unn (kputepun 1);

- 9KOHOMUYecKas AP(PEKTUBHOCTb BHEAPEHUS 1 IKCNyaTaumm (Kputepui 2);

- NPUMEHEHNE pecypco- U aHeprocbeperatowmx metTogos (kputepun 3);

- Nnepuopg BHeapeHUs (kputepumn 4);
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- NMPOMbILLIIEHHOE BHEAPEHNE TEXHOMNOMMYECKNX NPOLECCOB, 060pyaOBaHUS, TEXHUYE-
ckmx cnocoboB, MeToaoB Ha ABYyX n Bonee obbekTax B Poccuiickon ®egepaumnm, okasbiBato-
LLIMX HEeraTMBHOE BO3ZENCTBUE Ha OKpYXaloLlyto cpeay (Kputepun 5).

MpaBuna Takke ycTaHaBNMBAlOT, YTO OnNpeaeneHne TeXHONOrMYeckux npoLiecCcoB,
obopynoBaHus, TEXHUYECKNX CnocoboB, METOOOB (Aanee — TexHornornn) B kadvectse HAOT
NpoOBOAMTCA B COOTBETCTBUN C METOANYECKMMU pPeKOMeHAAUNAMU NO onpeneneHnto TeXHOo-
normm B KayecTBe HAOT, KoTopas, Kak yKasaHo B ctatbe 28.1
[43], pa3pabaTtbiBaloTCca ynonHoMoyeHHbIM [MpaButenbsctBoM Poccuinckon depepaumn de-
AepanbHbIM OpraHoOM MCNOJSIHUTENBbHOW BriacTu. B HacTosdwee Bpemsa npukaszoMm MuHucTep-
CTBa MpoMmbIWeHHoCcTn 1 Toproenn Poccunckon Pepepauunn (Munnpomtopr Poccum) ot
31 mapTta 2015 r. Ne 665 yTBepxaeHbl (pa3paboTaHHble B COOTBETCTBUM C YKa3aHHbIMU Bbl-
Le HOpPMaTMBHbIMW NPaBOBbIMM akTamun) MeTogmyeckme pekomeHaauuu no onpeaeneHuto
TEXHOSIOMMM B KaYeCTBE Haumny4len AOCTYNHOM TexHonormm [55] (nanee — PekomeHaauun).
maBHOM Lenbio PekomeHgauun asngetcs oopmMmpoBaHmMe HaydyHO-MeToauyeckon 6asbl ans
TexHuyeckux pabounx rpynn (TPI) no TexHonorum B kayectse HOT Ha OCHOBaHUW OaHHbIX,
NOSTYYEHHbIX OT MPOMBILLSIEHHOCTU U OPYrMX MHGOPMUPOBAHHLIX CTOPOH. B PekomeHgaumsx
YyCTaHOBIIEHA COBOKYMHOCTb KPUTEPMEB OTHECEHUS TexHonormm K HOT, paccMmoTpeHbl obwue
mMeTogosiornyeckme noaxoabl k onpegenenmo HOT, nopsaok oTHeceHust TexHonorum K HOT v
NPUHLUKUNLI B3anmoaencTens uneHos TPI.

OTaenbHble MEeTOAMYECKME aCMEKTbl OnpeaeneHnsa Hamnyywmnx OOCTYMHbIX TEXHOMNO-
MM, B TOM Yncne TexHonormm ob6e3BpexmBaHns OTX040B TEPMUYECKMM CMOCOBOM (CXUraHus
0TX00B), cogepXaTcs B psae Apyrnx JOKYMeHTOB [56]-[61], B KOTOPbIX OTMEYEHO, YTO Npu
onpegeneHun TexHonormn B kadectee HOT uenecoobpasHo yunTbiBaTb COOTBETCTBUE €€
HoBenwWwnM paspaboTkam B AaHHOW cepe MPUMEHEHMUS; SKOHOMUYECKYI0 U NPaKTUYECKYHO
NPUeMNEMOCTb TEXHOMOMMN ANsi 0ObeKTa XO3ANCTBEHHOW AEATENbHOCTU; OnpaBAaHHOCTb
NPUMEHEHNSA TEXHOSOMMU C TOYKU 3PEHUST MUHUMU3ALUMN TEXHOrEHHOro BO3AENCTBUS Ha
OKpY)KatoLLyto cpeay.

B obwem crnyyae npu OTHECEHUN TexHorormm o6e3BpexMBaHUA OTXOL4OB TepMuye-
ckum cnocobom (ganee — TexHonorma OOTC) k HOT cobniogaetca cneaylowasa nocneao-
BaTenbHOCTb AENCTBUN:

a) nepBoHaYvasnbHO LenecoobpasHo BblAENUTb TEXHOMNOMK, HanpaBneHHbIe Ha peLle-
HWe paHee BblAeNeHHbIX IKONorm4ecknx npobnem (C y4eToM MapKepHbIX 3arpsa3HAOLMX Be-
LecTB, oTxo4oB obe3BpexmBaHus, BbIGpocoB, COPOCOB M MHbIX BUOOB HEraTUBHOIO BO3AeN-

CTBMS, a Takke NoTpebnsiembiX pecypcoB U MaTtepmarnos).
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6) ona BblAeNeHHbIX TEXHOMOrM NPOBOAUTCA OLUEHKa BO3OEUCTBUSA Ha pasfnyHble
KOMMOHEHTbI OKpY)XatoLLen cpeabl U YPOBHEN NOTpebneHnsa pasnmyHbiX pecypcoB U Matepu-
anos.

B) oLEeHKa, Npu HanMunm HeobxooMMon UHopMauuK, 3aTpaT Ha BHeOPEHNE TEXHOIO-
M n cogepxaHne obopyaoBaHns, BO3MOXHbIE NbroTbl U NPenMyLLLeCTBa Nocre BHeApPEeHUs
TEXHOJSI0rM1, Nepunog BHeAPEHNS.

r) no pesynbTaTam OUeHKN 13 BblaeneHHbIx TexHonormn OOTC BbIGUpatoTCa TEXHOMO-
rm:

1) obecneumnBatolime NpefoTBpaLLEHNE UM CHWXKEHWE BO3OENCTBUS Ha pasnuy-
Hble KOMMOHEHTbI OKpYyXatoLen cpepbl (ANa BbIOPOCOB — MO KaXXAOMY M3 OCHOBHbIX 3arpsis-
HAIOLNX BELLECTB, A5 OTXO40B 00e3BpeXmnBaHna — no KaxgoMy 13 OCHOBHbIX BUAOB OTXO-
A0B, onpeaeneHHbIX paHee) unm NnoTpebneHns pecypcos;

2) BHepeHMe KOTOpbIX He NpuBedeT K CyLeCTBEHHOMY YBENMYeHU0 06 beMOB Bbl-
OpocoB Opyrnx 3arpsasHaOLWLMX BeLecTB, COPOCOB 3arpsi3HEHHbIX CTOYHbIX BOA, 06pa3oBaHus
0TX040B 0b6e3BpexnBaHus, NOoTpebneHns pecypcos, UHbIX BUAOB HEraTUBHOIO BO34ENCTBUS
Ha OKPY>KaloLLIO Cpealy U YBENMYEHUIO pUcka s 300PpOBbs HACeNeHNs Bbile NpUeMsemMoro
NN ONYCTUMOrO YPOBHS;

3) BHeOpeHMe KOTOpbIX He npuBedeT K Ype3MepHbIM MaTepuanbHO-OUHAHCOBbLIM
3atpatam (C y4eTOM BO3MOXHbIX fIbrOT U NPeMMyLLecTB Npu BHEOPEHUN);

4) nmeroLine npuemsieMble CPOKU BHEAPEHWS;

[) YCTAHOBMEHWE TEXHOMOrM1M, UMELWMX MOMOXUTENbHOE 3akrlyeHne rocynap-
CTBEHHOW 3KOMOMMYECKON JKCNEPTU3bl Ha MNPOEKTbl TEXHUYECKOW OOKYMEHTaLuMM Ha HOBble

TEXHUKY, TEXHOJIOTNIO, NUCMNOJ1Ib30OBaHNE KOTOPbLIX MOXET OKa3aTb BO3OENCTBME Ha OKpYy>Xato-

Lyto cpefy.

4.2 MeToabl, NO3BONAKOLWME NOLWIAroBO PaCCMOTPETb HECKOJbLKO

TeXHONOrun 1 BblbpaTb HaMNy4LUyH AOCTYNHYH TEXHONOIMIO

Ha npaktuke, cornacHo PekomeHgauusim [55], oueHka TEXHOMOrmM Ha MX COOTBET-
CTBME YCTAHOBJIEHHbIM HOPMaTMBHbLIMW MPABOBbIMW akTaMn KPpUTEPUSM onpeaeneHns B Ka-
yectBe HOT ocyuwecTBngeTca B crefyoolen odepedHOCTH, BKYawwen 5 nocrnenosa-
TenbHbIX LWAroB. 3aknoymTenbHbIM (6-M) LWarom aBnsaeTcs npuHsaTMe yneHamu TPIT pelweHns
06 oTHeceHun TexHonoruu B HAOT, KOTOpoe ocyLecTBNAETCS B COOTBETCTBUN C YCTAHOBIIEH-

HbIM PekomeHngaumamm [55] nopsgke (tabnuua 4.1).
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Tabnuua 4.1 — O4yepefHOCTb PACCMOTPEHUS KPUTEPUEB, YYUTLIBAEMbIX NP OTHECEHUWN TEXHONOMMK

OOTC k HAT

OuepegHocTb (war)

pacCcMoTpeHus OCHOBHbIe aencTeus
(anropuTm OLEHKK)
TEXHONornu

PaccmoTpeHnune kputepus 5. MNpoMbILLIeHHOE BHELPEHNE TEXHOMOrN-

1 Yeckux npoLeccos, 06opyaoBaHUs, TEXHUYECKMX CNOCOO0OB, METOA0B
Ha 2-x u bonee obbekTax B Poccurickon degepaunm, okasbiBarOLLMX
HeraTMBHOE BO3ZAENCTBME Ha OKPYXKaloLLyLo cpeny
PaccmoTpeHue kputepua 1. HanmeHbLLMI ypOBEHb HEraTUBHOIO BO3-
OENCTBMSA Ha OKPYXKaloLLYo cpefly B pacyeTe Ha eanHuLYy BpeMeHu
nnn o6bEM Npomn3BoAMMON NPOAYKUUK (ToBapa), BbINOMHAEMON pa-

: 60TbI, OKa3biBaemMon ycnyrn nnbo cooTBeTCTBME APYrMM nokasaTe-
NaM BO3OENCTBUS Ha OKpYXKaloLLyo cpeay, NpeayCMOTPEHHbIM MeX-
AyHapoaHbiMu gorosopamu Poccuickon degepauum
PaccmoTpeHue kputepusa 2. AkoHoMmnyeckas 3pdHeKTUBHOCTb BHEA-

3 peHus 1 aKkcnyaTaumm

4 PaccmoTpeHnune kputepus 4. lNepunog BHeapeHUs
PaccmoTpeHue kputepus 3. lNpnmeHeHne pecypco- n sHeprocbepe-

> rarowmnx MeTogoB

6 MpuHaTue uneHamn TPl pewlenuns o6 oTHeceHun TexHonormm k HAOT

4.2.1 War 1. PaccmoTtpeHune kputepusa 5 «lMpombiwneHHoe BHeaApeHWe

TeXHOJIOrMYeCKUX NnpoLeccoB, 060pyaoBaHUs, TEXHUYECKMX CNOCO6OB,

MeToAo0B Ha 2 n 6onee o6bekTax B Poccunckon depgepaumm, okasbiBaroLwmx

HeraTMBHOe BO34eUCTBME Ha OKpyXarwwyr cpeay»

PaCCMOTpeHI/Ie OaHHOIo KpUtepua oCyleCTBITAETCA B ABa 3Tana.

- atan 1. MNonyyeHne obLen MHpopMaumm o NPUMEHSEMbIX Ha NPaKTUKE TEXHOMOIUSIX

OOTC;

- atan 2. Beibop TexHonormn OOTC, BHeApeHHbIX Ha ABYX unu 6onee npeanpuaTnax

B Poccuinckon degepaunn.

Ha atane 1 (aTtan cbopa n 0bpaboTkn gaHHbIX) npoBoguTcs cbop M aHanus obLumx

CBeLEeHMIN 0 NpUMeHseMbIX Ha npakTuke TexHonormax OOTC.

OCHOBHbIM UCTOYHUKOM Mchopmau,mm O TMpUMEeHAEMbIX Ha MNpPakKTuke TEeXHOJOIMax

OOTC saBnsitoTcA CBeAeHUs!, NosyYeHHble B pe3ynbTaTe aHKeTUPOBaHUS NpeanpusiTUi, Ko-

TOpOE OCyLleCTBIIAEeTCA Ha OCHOBE cneymanbHOW aHKeTbI.
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AHKeTa Ans KaXgoro npeanpusitud, Ha KOTopoM npumensitotcst TexHonorum OOTC, B
oba3aTenbHOM nopsake BKAYaeT cnegywowme pasgensl (BONPoCbl, Ha KOTOPble AOSKHbI
ObITb NONy4YeHbl OTBETHI):

- MHpopMaUMA O NPeanPUATUM;

- NepevYeHb OTXO4O0B, MPMHMMAEMbIX Ha 06e3BpeXnBaHNe TEPMUYECKMM Cnocobom (C
ykasaHnem nx nHgekca B PKKO u knacca onacHocTw);

- CBeeHNsa 0 cocTaBe NpPOU3BOACTBA C YKa3aHMEM UCNOSb3yeMOro TEXHONOMMYECKOro
npouecca (cyLuka, cxuraHme, NMponus, rasndukaumns, nnasMmeHHbIn Metoa) n obopyaoBaHus,
BKMNtoYasa nepeyeHb OCHOBHbIX TEXHONOMMYECKMX Y3MN0B, CPOK IKCMyaTaumm, MOLHOCTb OC-
HOBHOro 0bopyaoBaHuUs;

- rpadmyeckas cxema TEXHONOMMYECKOro npoLecca, Ha KOTOPOW AOSMKHbI ObiTb yka3a-
Hbl 3Tanbl TEXHOIOrMYECKOro npolecca (HakonmeHne n npeaBapuTenbHas NOAroToBka obes-
BPEXMBAEMbIX OTXOO0B, TepMUYeckoe obe3BpexmBaHMe, TENNONCNONb30BaHNE, NOMyyYeHne
n obpalieHne ¢ NoBoYHbIMM NPOAYKTaMM, OMUCTKA ra3oBbiX BbIOpOCOB, obpalleHne ¢ obpa-
3YOLWMMNCA OTXOA4aMN) N BCE BO3MOXHbIE MCTOYHUKN SMUCCUN (C YKa3aHUeM cpeapl, B KOTO-
Py MPOUCXOOUT SMUCCUSA);

- onncaHne NPou3BOACTBEHHOINO MPOLECCa M OCHOBHbIX TEXHUYECKMX N TEXHOMNOrnye-
CKMX pPEeLUEeHUn Npu TepMMYeckoM 0De3BpeXnBaHnM OTXOO0B, BKMOYAsh ONMcaHWe OCHOBHbIX
ero cragumn (npuvem nocTynarLnx OTXOA4OB; XPaHEHNEe OTXOA0B M Cbipbsi; NpeaBapuTenbHas
obpaboTka 0TX040B, 3arpy3ka OTXOAOB B Neyb (YCTAHOBKY); TEXHOMNOMKN, NPUMEHSIEMbIE HA
aTane TepMmudeckon obpaboTKM — KOHCTPYKLMS Meyn W T. 4.; 3Tan pereHepauum 3HEpruu,
Hanpumep NapoBble KOTNbl M Nogadva 3HEpPrum; TEXHONOTMMN OYMUCTKM ra3oobpasHbiX NpoaykK-
TOB CropaHusi, KoTopble rpynnupyrTcsl Mo BeLlecTBaM; YTUNn3aums oCcTaToOuHbIX NMPOAYKTOB
razoobpasHbiX NPOAYKTOB CrOpaHus; KOHTPOIb 3a BbIBpOCaMM; KOHTPOSb M OYUCTKA CTOYHbIX
BO4, B TOM u4ucne B peaynbTaTte gpeHaxa nnowagky; ytunusauma m obpaboTtka nen-
na/30nbHbIX OCTaTkoB). B cnyyasix HanmmMumsi KOHKPETHbIX TEeXHONOruMrM COOTBETCTBYHOLLME
CeKLMM noapasnensitoTcs Ha NoACeKUMM B 3aBUCUMOCTM OT BUAA OTXOAOB;

- TEXHNYECKas XxapakTepuctmka u TeXHONOrM4eckne napameTpbl UCNOMb3yemoro o6o-
py4OBaHUSA (OCHOBHOMO U NPUPOOOOXPAHHOMO) C yKka3aHnem npoussoantens (pupmbl, cTpa-
Hbl);

- cBeeHunsa o matepuanoHoM 6anaHce;

- cBegeHna o6 yaenbHbIX AMUCCUSIX BpeaHbIX BewecTB (COpockl, BbIOPOCHI, OTX0A4bI),
BKMOYasa AaHHble 0 cobnogeHn HoOpMaTUBOB KadecTBa aTMOCKEpPHOro Bo3gyxa nocne pac-
cenBaHus BbIOpPOCOB;

- cBeleHus1 06 onacHbIX 1 BpedHbIX pakTopax Npov3BOACTBa;

110



- CBeeHnAa O NnoXapoB3pPbIBOMACHOCTU TEXHOJITIONTM4YeCKnx cpen (B CcCOOTBEeTCTBMN C

[62]);

- cCBeleHNnA O COOTBETCTBUU MNMPON3BOACTBaA Tpe6OBaHI/IFIM no>|<apH017| 6630|'IaCHOCTI/I;

- cBeJeHnA O BbINOJIHEHHbLIX TEXHOJTOTMYECKUX, TEXHUYECKNX N OPraHN3alNOHHbIX Me-
pPoNpUATUSAX;

- cBeeHuna o paspaboTunke TexHonormm n obopyaoBaHus;

- KOMUN TEXHUYECKUX M paspeLunTenbHbliX AOKYMEHTOB (nacnopTa obopyaoBaHus, 3a-
KNKYEHUST rocyLapCTBEHHON 3KOSIOrMYECKOW 3KCMEPTU3bl, paspeLlueHns Ha MNpUMEHEHMe,
cepTudunkaTbl COOTBETCTBMUS U T. M.).

AHKeTa 3anoniHseTcs nNpeanpusaTuaMm U opraHmsaumsiMm, BHEAPUBLUMMW TEXHOMOM-
Yyeckue npoueccobl, 06opyaoBaHue, TeXHMYeckMe cnocobbl, MeToabl TepMUYeckoro obesspe-
XuBaHma otxogoB. Ona uenen onpefeneHus nepcnektueHblx HOT aHkeTa 3anonHseTtcs
Takke n npeanpuaTUaMn (opraHunzauusimm), OCYLLECTBASAOLLNMUN Hay4HO-
nccrnegoBaTesibCkMe U ONbITHO-KOHCTPYKTOPCKME paboTbl UM OMNbITHO-MPOMBbILINIEHHOE
BHegpeHue TeXHONOMn B AaHHon cpepe. HeobxogmMmo yuntbiBaTb, 4To K HOT, noMumo Tex-
HOJTOrMYECKMX MPOLIECCOB HENOCPEACTBEHHO TEPMUYECKOrO 06e3BpEXMBAHUSA OTXOL4OB, MO-
ryT 6bITb OTHECEHbI TakMe CTaaum TEXHOSOrMYECKOro npoLecca, Kak opraHmsauus npvema,
npegBapuTensHon o6paboTkm u XpaHeHus (HakomnneHus) obes3BpexmBaeMbiX OTXOAOB,
O4YMCTKa OTXOASALIMX rasoB, OMMCTKA CTOYHbIX BOA, MeTOoAbl obpaweHnsa ¢ oTxogamu, obpa-
3ylowmmmca B pesynbTate 06e3BpexmBaHnst OTXO40B TEPMUYECKMM CNOCcoOoM, MeToabl yTu-
nmnsauumn nonyv4aemMbiX BTOPUYHbBIX 3HEPrOPECYPCOB.

B kayecTBe JONOMHUTENBHBIX NCTOYHUKOB MHPOPMaLMN UCNOSb3YOTCA MexXayHapoa-
Hble CNpaBOYHMKM HOT, cTaTucTudeckme CcObOpHUKN, pesynbTaTbl Hay4HO-
nccnegoBaTenbCkUX U OUCCEPTAUMOHHBIX paboT, MHbIE UCTOYHWMKK, a Takke WHdopMaums,
nosfly4YeHHasi B Xo4e KOHCYnbTaLMi C SKCnepTaMn B COOTBETCTBYIOLLLEN obnacTu.

KOHEYHbIM UTOrOM JaHHOro aTana siBAsieTCcs noslydyeHne creayrowen nHpopmMmauuu:

- NepeYeHb N KpaTkasa XxapakTepucTuka OTXOA0B, B HacTosilee BpemMs obe3BpexmBa-
€MbIX TEPMUYECKNM CNOocobowM;

- pacnpegeneHue npeanpusTvi no sugam (Tunam) obesBpexxmBaemMbiX OTXOLO0B;

- KONWMYECTBO NPeanpuUaTUn, ncnonbayowmnx TexHonormm OOTC;

- pacnpegenexHue npeanpusTuin No Npon3BoACTBEHHON MOLLHOCTH;

- TeppuTOpManbHoe pacnpegeneHne nNpeanpusTUiA ¢ y4eToM KIMMaTUYeCcKUx YCro-

- MMaBHblE CTagnn NpPpon3BoACTBa,
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- OCHOBHbIE 3Konornyeckme npobnemol ons gaHHoM obnactu npumeHenus HOT (koTo-
pble paccMOTpeHbl B noapasaene 1.2);

- XapakTtepHble obwme n yaenbHbole 06beMbl BbIGPOCOB/COPOCOB 3arpA3HAIOLNX Be-
LecTB (yCTaHaBNMBAKOTCS KIHOYEBbIE, UMM MapKEPHbIe, 3arpsisHAoLLmne BewecTsa), obwme n
yAaenbHble nokasaTtenu o6pa3oBaHUA OTXOL4O0B M NPOMMPOAYKTOB (0CO60 BbIAENSTCA OTXO-
Abl, HaNpaBnsemMble Ha pas3MmeLleHne, N NPOMNPOAYKTbI, HaNpaBnseMble Ha fanbHenwee uc-
Nnonb30oBaHWe) 1 NOTpebneHnsa pecypcoB (BoAbl, SHEPTUKN, peareHToB 1 T. n.).

Ha atane 2 ocywectensetca Bbibop TexHonormn OOTC, BHeapeHHbIX Ha 2 n 6onee
npeanpuaTMax B Poccun, KOTOpPbIA OCYLLECTBASETCA B COOTBETCTBUM C anrOpuTMOM, PEKO-

MeHAOoBaHHbIM B [55] (cM. pucyHok 4.1).
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C6op cBegenun o TexHonoruax OOTC

O6paboTka obLumx cee-
JEHUI 0 TEXHOMNOIUSX:

- KONNYeCTBO Npeanpus
TUA, NCNOSTb3YIOLLINX
AaHHY0 TEXHOMOINIO,
TeppuTOopuarnbHoe pac-
npegeneHe nT. a.;

- 9KOHOMMYEecKne noka-
3arenu;

- OCHOBHbIe 3Konorn4ye-
CKkue npobnemsbl U T. 4.

O6paboTka cBegeHun o
TEXHONOrNAX, BKIKOYas
CTaauu 1 JaHHblE:

- obe3BpexmnBaemble OTXO-
Abl (cbipbe);

- BCrioMoraTenbHble maTe-
pvanbi;

- Ucnosnb3yemas aHeprus;

- MOArOTOBKA CbIpbS;

- nepepaboTka cblpbsi U Ma-
TEepnarnos;

- ncnonb3oBaHne NoboYHoOM

O6paboTka cBegeHun o Te-
KyLLleM BO3OEeNCTBUN Ha
OKpY>KaloLLyto cpeay:

- XapaKTepucTmnka amMmccun
(BbIBGpOCHI, COpPOCHI, OTXOAbI)
B Llenowm;

- yoernbHble 3MUccun (Bbl-
©pocsbl, copockl, 0OTX0ab!);

- onpegeneHne MmapKepHbIX
3arpsA3HAILLNX BELLECTB;

- noTpebneHne pecypcos

NpoAYKUMA 1 T. A.
[

\

BbiGop TexHonornn: Ha OCHOBE BblAENEeH-
HbIX paHee 3KoNornmyecknx npobnem (cm.
pasgen 1.2) u3 Bcex TEXHONOrnmn Bblbu-
paloTcs Te, KoTopble:

- obecneunBaloT CHUXKEHME UK NpeaoT-
BpaLLiEHNE SMUCCUN OQHOTO UITN HECKOSb-
KMX MapKEPHbIX 3arps3HAOLLMX BELLECTB

(B coctaBe BbIGpocoB, c6pocoB, 0TXOA0B), |

nnm
- 06ecneynBatoT CHKEHME UK NPEAOT-
BpaLleHune Apyrnx xapakTepHbIX BUOOB
BO34EWNCTBUSA Ha OKPYXatoLLyto cpeay
(wym, 3anax),

nnm

- o6ecneynBatoT CHUXKEHME NOTpebneHus
pecypcoB (3Hepruu, cbipbsi, BOAbI)

OnpegeneHne ansa BbIGpaHHbIX TEXHONOMNIA
napameTpoB, Npu KOTOPbIX yaaeTcst 40CTUYb
BbICOKOM 3KONOrn4yeckon appekTUBHOCTH:

- N060YHOE BO3AENCTBME HA pasfnyHble
KOMMOHEHTbI OKpY)KatoLLen cpeabl;

- TEXHUYECKNE XapaKTEPUCTUKM;

- MPUMEHUMOCTb;

- 3aTpaTtbl Ha BHeOpEHME;

-CPOKM BHEApEHWS;

- OCHOBHbIE NpUYMHbI, 0BycrosnueatoLmne
HeobXx0ANMOCTb BHEOPEHUSA

!

M3 BbIGpaHHbIX TEXHOMNOMMI BbIAENATCA Te, KOTopble MOryT cuntatbca HOT
(Ecnu npombiwnNeHHoe BHeAPEHME TEXHONOMN HE BbISIBNIEHO UM OHA UCMNONb3YEeTCH TOMbKO Ha
O4HOM NpeanpusaTm B PP, To TeXHONOrMs BKIOYaAETCA B NepeyYeHb NepCneKkTUBHbIX TEXHOO-

PucyHok 4.1 — Anroputm Bbibopa TexHonorun OOTC B kayectse HAT.

O6paboTka nHdopmaumn ans Boibopa TexHonormn OOTC, BHeapeHHbIX Ha 2 n 6onee

npeanpuaTmsax B Poccumnckon degepauunm, BKNKOYaET:

- FPYNNMPOBKY (KNnaccudukauunio) NCnonb3yemblX U nepcnekTnBHbIX TexHonormm OOTC
no TMnam OTXO4OB (Hanpumep, HeobpaboTaHHble TBepAble KOMMYyHanbHble oTxoabl (TKO),

TKO nocne npegBaputenbHon obpaboTku, oTxogbl 1-—4-ro KnaccoB OMACHOCTU LUMPOKOro

CneKTpa, ocagky CTOYHbIX BOA, MeOULMHCKME OTX0Abl, PTyTbcoaepKallme oTxoabl U T. 4.);
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- TPYNNUPOBKY TEXHOMOMMYECKUX NpoLeccoB, 06opyaoBaHUs, TEXHUYECKNX CNocoboB,
MeTOo40B, NPUEMOB 1 CPEACTB MO CTaANAM, HA KOTOPbLIX OHWN NMPUMEHSIOTCS;

- Y4ET OrpaHnUYeHni No NPUMEHMMOCTUN KakuxX-imbo TEXHOMOrMI, CBA3aHHbIX C Teppu-
TopuanbHbIMK (PErMoHanbHbIMK) YCIOBUSIMW, B TOM YUCHE KITMMATUYECKUMW; MPU HaANMyYum
CYLLECTBEHHbIX Pasfnymi B NPUMEHSIEMbIX TEXHOMNOIMMAX B 3aBMCUMOCTU OT TeppuTopuanb-
HbIX (pPermoHasnbHbIX), B TOM YMCNEe KINMMaTUYECKMX, YCOBUI TEXHONOIMK criegyeT crpynnu-
poBaTb B 3aBMCMMOCTM OT YCIIOBWUW, B KOTOPbIX OHU MPUMEHSAIOTCS; B TakoM criydae HOT
onpeaenstTca Kak ans obnactu npumeHernns HOT B uenom, Tak u ans Kaxxaow rpynnmpoBKU
TEXHONOrM B OTAENbHOCTY;

- OLEHKY BO3[ENCTBUSA Ha OKpyXaloLly cpedy U noTpebneHns pecypcoB Ha BCeX
cTagusax NpousBOACTBa, BKMOYasa onpeneneHne cragum npousBoACTBa, XapakTepusyowmx-
cs1 HambonbLUMM BO3OENCTBMEM Ha OKpyxatoLLyto cpeay (no BMaam BO3L4ENCTBUSA, MO BUAAM
3arps3HAILLMX BELLECTB W KrlaccaM OMacHOCTM OTXOAOB) 1 NoTpebneHnem pecypcos (Nno Bu-

[laM pecypcoB — Bofa, 3HEprus, peareHTbl U T. 4.).

4.2.2 War 2. PaccmoTtpeHune kputepua 1 «HammeHbLWNN ypOBEHb HEFaTUBHOIO
BO34eMCTBUA Ha OKPYXKaloLLylo cpeay B pacyeTe Ha eAUHULYY BPpeMEeHU unum
o6bemM nponsBoaMMON NpoAyKuuu (ToBapa), BbINONHAeMOMN paboThbl,
OoKa3bliBaeMoW ycnyru inbo cooTBeTCTBUE APYruM nokasatenssm Bo3aeMcTBuUA
Ha OKpyXXaroLlylo cpeay, NpeayCcMOTPEeHHbIM MeXAyHapoAHbIMU AOroBopaMu

Poccunckon Pegepaummn»

[laHHbBIN KpUTEPUIN paccMaTpmBaEeTCs B ABYX OCHOBHbIX acrekrax:

- ONAaCHOCTb MCMonb3yeMbiX M (Mnn) obpasyowmxca B TEXHOMOMMYECKNX MpoLeccax
BELLECTB A1 aTMocdepbl, NOYBbI, BOAHbLIX CUCTEM, YESTOBEKA, OPYIMX XMUBbIX OPraHM3MoB U
9KOCUCTEM B LIENOoM;

- XapaKTep HeraTMBHOro BO34ENCTBUSA U yAenbHble (Ha eanHuLy 06e3BpeXeHHbIX OT-
X040B) 3HAYEHNS AMUCCUIN BpeaHbIX BELLECTB (B COCTaBe BbIOpOCOB/COPOCOB/OTXOAOB).

B nepBom cnyyae ycTtaHaBnuBalTCA BCe BUObl SMUCCUN BpeaHbIX BeLlecTB (B cocTa-
Be BbIOpocoB/cOpocoB/0TX0A0B) N X 06bembl (Macca). NMpu oueHke onacHOCTU UCNosnb3ye-
MbIX U (MnK) 0Bpasyomxcs B Xo4e TEXHOMOrMYeCckMx npoLeccoB BpeaHbIX BELeCcTB ycTa-
HaBNMBAOTCA TaK Ha3blBaeMble MapKepHble 3arpssHaAloLMe BelecTBa, BblAensowmnecs B
aTMocdepy, nocTynarowme B BogHble 00BHEKThI, B MPOMEXYTOUHbIE MPOAYKTLI U TBEpAble OT-
xoabl. o cTeneHn BO3AENCTBUA Ha OpraHnM3M BpegHble BelwecTBa NoapasfenstoTcs Ha ve-
Tbipe Kracca onacHoCTU: 1-n — BewecTBa Ype3Bbl4aMHO OnacHble; 2- — BeLLeCcTBa BbICO-

KoonacHble; 3- — BelecTBa YMEPEHHO onacHble; 4- — BellecTBa MarnoonacHbole [12].
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Ocoboe BHUMaHWe crnegyeT obpaTuUTb Ha AaHHble O cobniogeHn HOPMaTMBOB KayecTBa aT-
MoccepHOro Bo3ayxa nocre paccemBaHus BbiIGpocoB, 0CO6GEHHO BewecTB 1-ro u 2-ro knac-
COB OMacHOCTU, a TakKe Ha COCTaB OTXOAOB 06e3BpexMBaHNA (OCTaTOYHbIX NPOOYKTOB Mne-
pepaboTkM 0TX040B), 0Opa3yoLNXCA B XO4Ee TEXHOMOIMYECKNX NPOLECcCOoB, N Ha COCTaB Bbl-
©pocos B aTMocdepy.

Mpwn obpawieHnn ¢ oTxogamm ob6e3BpexmnBaHms HEOBX0AMMO yuUnUTbIBaTb cneaytoLlee:

- TEXHONOrMYeCckMe npoLeccbl CONpPoBOXAalTca obpasoBaHMEM TBEPAbIX U KUAKMX
0TX0A0B 06e3BpexuBaHUA, KOTopble MOryT ObiTb LOMOMHUTENBHO NepepaboTaHbl U pa3mMe-
LLIeHbl NMMBO B MecTax nx obpasoBaHus, NMOO BbIBE3EHbI C NPEANnpPUATUS Ans nepepadoTkuy,
NCNONb30BaHMsA UK pasMeLLeHns B Apyrom MecTe;

- MPUOPUTETHBLIMU SABMAKTCSA TEXHOSOMMKU, CNOCOGCTBYHOLLME MaKCMManbHO BO3MOX-
HOMY npefoTBpaLleHn0 0bpa3oBaHMs OTX0A0B. EcCnn ¢ TEXHUYECKOM MMM SKOHOMWUYECKOWN
TOYKM 3pEHUS HEBO3MOXHO NpeaynpeanTb obpasoBaHne O0TX040B 00e3BpexmBaHUs, TO OHU
AOJTKHbI ObITb pasmelleHbl (MCNoNb3oBaHbl) TakMM 06pa3oM, YToObl n3bexaTb NN MUHUMU-
31MpoBaTb HeraTMBHOE BO3OENCTBUE HA OKPYXKaloLLytO cpeay;

- PV CpaBHEHUWN anbTepHaTUBHbIX TEXHOMOIMI, B pe3ynbTaTe KOTOpblIX 0b6pasytoTcs
0oTX0Abl 06e3BpEXMBaHNA, PEKOMEHOYETCS UCMNONb30BaTb aHaNn3 nx KonmMyecTsa, coctaBa U
BO3MOXHOIO BO3AENCTBUS Ha OKpy»atoLlyto cpeqy. MNpn npoBeaeHMn nHBeHTapusaunm oTxo-
AoB 06e3BpexMBaHUA (OCTaTOYHbIX NPOAYKTOB), 0Opasylolmxca B pesynbTaTe KaXaon 13
paccMmaTpmBaeMbIX CYLLECTBYIOLWMX TEXHOMOMMA, cnegyeT pasaenatb Ux no Knaccam onac-
HOCTM ONSA OKpyXatuwen cpefbl: | knacc (4pesBbidanHO onacHble), |l knacc (Bbicokoonac-
Hble), Il knacc (ymepeHHo onacHble), |V knacc (manoonacHble), V knacc (MpakTuyeckn He-
onacHble) [64];

- ANA KaXOO0W M3 YKa3aHHbIX KaTeropun HeobxoguMo ykasaTb KONMYecTBO obpasyio-
LLMXCA OTXOA4OB 06e3BpexuBaHUs (OCTaTOYHbIX MPOAYKTOB) B KuSlorpaMmmax Ha efuHuLy
npoaykuun (Ha eanHnly nepepaboTaHHOro Ccbipbs — 00E3BPEXEHHbIX OTXOLO0B).

Mpwn oueHke BbIOpOCOB B aTMocdepy HEOOXoANMMO y4nTbiBaTb Crieayolme napameT-
pbl:

- XapaKkTep nocneacTsuin BO3LENCTBUS — OONTOCPOYHbIE HeoBpaTUMble BO3AENCTBUSA
pekoMeHOyeTCsi paccMaTpuBaTh Kak HaHocsLMe GonblIMA Bpen OKpyXalllen cpege, Yem
obGpaTuMble KpaTKOCPOUYHbIE MNOCNeaCTBUS;

- 3arps3HAOLLME BeLeCcTBa, XapaKTepuayowwmecsa BbICOKOW CTOMKOCTbIO, BMoakkymy-
nsuMen, TOKCMYECKMMUN U KaHUEepOoreHHbIMu adbdektammn, pekomeHOyeTca paccMmaTtpuBaTb
Kak NpuopuTeTHbIE B CBA3N C BO3MOXHOCTbIO UX NepeHoca Ha farnbHue paccTtosiHus (B TOM

yucne TpaHCrpaHNYHbIM NEPEHOCOM).
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Xapaktep HeraTMBHOIO BO3AENCTBUS U yAeSbHble 3HAa4YEHNA 3MUCCUA (B COCTaBe Bbl-
6pocoB/cHpOCOB/OTXOA0B) OLLEHMBAIOTCA HA OCHOBAHMM CReayoLWMX NoKka3aTenen:
a) Ans BbIOpOCOB 3arpA3HAOLLMX BELWECTB B aTMOCHEPHbIA BO3AYX:
1) xapakTepucTnKa MCTOMHUKOB BbIOPOCOB 3arps3HAIOLLNX BELWECTB B aTMocdepy;
2) nepeyveHb 3arps3HSOLLMX BELLECTB, coaepXallmxcs B Bbibpocax B aTMocdepy;
3) o6beM u (Mnn) macca BbIOPOCOB 3arpsi3HAKLLMX BELLLECTB A0 OYUCTKM B pacyeTe
Ha TOHHY nepepaboTaHHOro Cbipbs (06e3BPEXEHHBIX OTXOA0B);
4) HanM4ymMe OYUCTHbBIX COOPYXKEHWUN;
5) MeToa 04YUCTKKN, NOBTOPHOIO MCMONb30BaHUS;
6) o6bem u (UnnM) macca BbIBPOCOB 3arpsA3HAOLNX BELLECTB MOCIEe OYUCTKU B pac-
yeTe Ha TOHHY nepepaboTaHHOro Cbipbs;
7) nHpopmauusa o cobnoaeHnn yctaHoBeHHbIX HopmaTtmeos NB;
6) onsa cOpOCOoB 3arpA3HAIOLLNX BELLECTB:
1) xapakTepucTmka NCTOYHNKOB COPOCOB 3arps3HAOLLMX BELLECTB;
2) HanpasneHne cbpocoB (B BOAHLIN OOBLEKT, B CUCTEMbI KaHanNM3auum U T. 4.);
3) NnepeyeHb 3arps3HSOLLMX BELLECTB, coaepXalumxcs B copocax;
4) 06bem un (Mnu) macca cOpPOCOB 3arpA3HAOLLNX BELLECTB O OYUCTKM B pacdeTe
Ha TOHHY NepepaboTaHHOro Cblpbsi (06e3BPEXEHHbBIX OTXOA0B);
5) HanMM4ymMe OYNCTHBIX COOPYKEHWUI;
6) MeToa OYNCTKKN, NOBTOPHOIO MCMONb30BaHUS;
7) o6bem u (Mnu) macca cOpocoB 3arpsi3HAOLLMX BELECTB NOoCne OYUCTKU B pac-
yeTe Ha TOHHY NnepepaboTaHHOro CbIpbs;
B) 4Nsl 0TX0A0B 00e3BpexmBaHns (OCTaTOUHbIX MPOAYKTOB) M OTXOA0B NOTpebneHuns:
1) ncTouHnKN obpasoBaHus;
2) nepeyveHb 0bpasyroLLmMXCs OTXO040B NO Kriaccam OnacHOCTY;
3) 06beMbl 06pa3oBaHMs OTXOA0B (abCONOTHLIE U yAESbHbIE) U UCTOYHUKN NX 00-
pa3oBaHus;
4) nepeyeHb pas3meLLaeMblx OTXO40B MO KrnaccaM OnacHoCTY;
5) 06beMbl pa3meLLeHns OTX0A0B (abCcontoTHbIE U yaernbHbIE);
6) nepeyeHb 0b6e3BpexnBaemMblx, nepepadaTbiBaeMbIX U MOBTOPHO UCMNOSb3yEeMbIX
OTXOAOB;
7) o6bemMbl 06e3BpeXMBaHUS, NepepaboTkn U NOBTOPHONO MUCMOSNb30BaHUS OTXO-

AoB (abcontoTHbIE U YAENbHbIE);
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r) AN npounx pakTopoB BO3AENCTBUA (LUyM, 3anax, 3fIeKTPOMarHUTHbIE N TENNoBble

BO3[EeNCTBUSA):

1) nepeyeHb (haKkTopoB;

2) NCTOYHMKN BO3AENCTBUS;

3) ypoBEHb 3arpsi3HEHNs] OKpyXKaloLlen cpedbl 0O CHUXKEHUS B pacyeTe Ha TOHHY
NpoAyKUUN (N1 MOCTOAHHBLIN YPOBEHB);

4) meTof, CHWXEHNSI YPOBHS BO3AENCTBUS;

5) ypoBeHb 3arpsi3HEHNs OKpyXXatoLLlen cpeabl NoCrie CHUKEHUS B pacyeTe Ha TOH-
HY Npoaykumm (nepepabaTbiBaeMoro cbipbsi).

BoamoxHoe (BEpOATHOE) M3MEHEHME (CHMXKEHME) PUCKOB HEraTMBHOrO BO34ENCTBUS
amuccuinn (B coctaBe BbIBPOCOB/COPOCOB/OTXOA0B) NoOcne BHeAPEHUS OaHHOW TEeXHOSormu
pekoMeHayeTCcs cuMTaTb AONONHUTENBHBIM KpUTEPUEM OTHECEHUS TexHonormm k HAOT.

PekomeHnayeTcs w3 aHanmMsa WUCKMOYUTL BCe BMAbl BO3AENCTBUSA, KOTOpble
He OKa3blBalOT CYLLECTBEHHOrO BfMSHWUS HAa OKOHYaTESbHbIA pe3ynbTaT Npu onpeaeneHum
TexHonormm B kavectee HAT. [Ina obecneyeHns npo3payHOCTU Npu NpeacTaBieHnn KOHeu-
HbIX pe3ynbTaToB BUAbl BO3AENCTBUS, KOTOPbIE ObININ UCKMOYEHbI KaK HE3HAYMMbIE, AOSMKHbI
ObITb YKa3aHbl, a UX UCKItoYeHne 060CHOBaHO.

Mo pesynbTatam paccmoTpeHus kputepus 1 «HavmeHbwnin ypoBeHb HeraTMBHOIO
BO3AENCTBUS Ha OKPYXKaloLLy0 Cpeay B pacyeTe Ha eauHuLy BpeMeHu nnn obbem npousBo-
ANMON npoaykuumn (ToBapa), BbINOMHAEMON paboThbl, OKkasbiBaeMow ycrnyrm nmbo cooTBeT-
CTBWE OPYrMM nokasaTensiM BO3OeNCTBUS Ha OKPYXKaloLLyo cpeay, NpeayCMOTPEHHbIM MeX-
AyHapoaHbiMu  goroBopamu Poccuinckon depepaumm» opmMupyeTcs COOTBETCTBYHOLLMMN
nogpasgen cnpasoyHuka HAOT, BKoYaowmm creayrowme nosoXeHUs:

- XapaKTepuCTUKY OKpyxatowen obCTaHOBKM, KOTOpasi npedycMmaTtpyvBaeT aHanus oc-
HOBHbIX (PU3NYECKMX NapamMeTpoB UccnegyeMmon obrnactn n xapakTepucTuky nonynsauun, no-
TeHLManbHO NoaBEPKEHHbIX BO3OENCTBUIIO;

- NOEeHTUMKaLMIO MapLLPYTOB BO3OENCTBUS, UCTOMHUKOB 3arpsi3HEHUs], NoTeHuunarnb-
HbIX MyTEN pacnpoCTpaHEHNSA N TOYEK BO3LENCTBUS HA YENOBeEKa;

- KOFNIMYECTBEHHYH XapaKTEePUCTUKY IKCNO3ULUN — YCTAHOBMEHNE U OLEHKY Benuyu-
Hbl, 4aCcTOTbl U NPOAOIMKUTENIBHOCTM BO3AEUCTBUMA ONS1 KAaXO0ro aHanuM3nmpyemoro nyTu no-

cTynneHua 3MUCCUN.
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4.2.3 War 3. PaccmoTtpeHue kputepus 2 «JKOHOMMYeckana 3(ppeKTMBHOCTb

BHeApPEHUs1 U IKCnnyaTauum»

AHanna aKoHOMU4YeCKON 3(PPEKTUBHOCTU 3aKMOHaETCA B OLEHKe 3aTpaT Ha BHefpe-
HWEe W 3KCnyaTauuio TEXHOMOMMU N BbIrOAbl OT ee BHeAPEeHUs NyTeM NpUMeHeHUs MeToda
aHanusa 3aTpart v BbIrog [55]. Ecnu BHegpeHne pasnuyHbiX TEXHOMNOMM AaeT NOSTIOXUTENb-
Hble pe3ynbTaTbl, TO TEXHONOIMMEN C CaMOMN BbICOKOW pe3ynbTaTUBHOCTBLIO CYMTAETCH Ta, KO-
TOpas JaeT Haunydllee COOTHOLIEHNe «UeHa/kadecTBo». HegocTtaTok JaHHOro Buaa aHanm-
3a 3aknto4vaeTcs B HeobxoanmocTn obpaboTkm BONbLLOro KoNM4ecTsa AaHHbIX, NPUYEM He-
KOTOpble BbIro4bl CII0XKHO NPeacTaBUTb B AEHEXHON hopme. AnbTepHaTMBOM MeToLy aHanu-
3a 3aTparT M BbIrog, Kak ykasaHo B PekomeHgaumsx [55], MOXeT CryXuTb aHanna agdekTns-
HOCTM 3aTpaT, UCMosnb3yembl Ofs onpefeneHus TOro, Kakme MeponpuaTus sBhsioTCA
Hanbonee npegnoOYTUTENBbHBIMU ANA OOCTMXKEHMS OnpeaerieHHON 3KOMOrMyeckon Lenu npu
CamMou HU3KOM CTOMMOCTH.

OKOHOMMYECKYD 9P(PEKTUBHOCTb TEXHONOMMM PEKOMEHOyeTCa onpenendatb cnepyto-
LM obpasom [55]:

ogoBble 3aTpaThl, pyb.
CokpaLlleHne amuceni, T/rog

OkoHoMMYeckast apPeKTUBHOCTb =

B koHTekcTe onpegenexHna HOT ucnonb3oBaHWe noaxona 3KOHOMWYECKOW addpek-
TUBHOCTU HE ABMISIETCS McYepnbiBaoWmMM. TeMm He MeHee paHxuposaHue BapmnanHToB HOT no
Mepe BO3pacTaHns UX IKOHOMMYECKON IPEKTUBHOCTM SIBNSAETCA MOME3HbIM, Hanpumep,
YTOObI MCKNIYNTL BapUaHTbl, KOTOPble HEOBOCHOBAHHO U HEONPABAAHHO AOPOrK Mo CpaBHEe-
HUIO C MONYYEHHOWN 3KONOrMYeCcKOn BbIrOL4OWN.

MeTogonorna pacyeta 3atpaT ycTaHaBnuBaeT anroputM, NO3BonsowmMin cobpatb U
npoaHanM3npoBaTb AaHHble O KanuTasibHbIX 3aTpaTax U 3KCnsyaTauMoHHbIX U3AepXKKax Ans
COOPYXXEHUS, YCTAHOBKWN, TEXHOMNOMN UM NPoLecca C Y4ETOM Kputepust 2 « QKOHOMUYeckas
3(PPEeKTUBHOCTb BHEOPEHMUS U IKCMyaTaumumy».

Mcnonb3oBaHue nocrnegoBaTefnibHOro (NoatanHoro) noaxoga Mno3BONSIET CPaBHUTL
anbTepHaTMBHbIE BapuaHTbl JaXe B TOM Cryyae, ecnv AaHHble Obinn nonyyYyeHbl u3 pasnmy-
HbIX KOMMaHWI, PasfiMYHbIX OTPacnen NPOMbILLIIEHHOCTN, PasfnUYHbIX PEMMOHOB NI CTPaH.

OCHOBHbIE NPUHLMMBI (3Tanbl) OLEHKN CXEMATUYHO NOKa3aHbl Ha PUCYHKe 4.2.
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OcHoBHOWM NpuHLUMN 1
YTo4yHeHue obnactn npumeHeHnsa n oueHka HOT

\ 4

OcHoBHOWM NpUHLMN 2
C6o0p 1 060CHOBaHME AaHHbIX, Kacalowmxcs
3aTpaT Ha BHegpeHue TeXHONorum

\ 4

OcHoBHOM npuHUMN 3
OnpepeneHune coctaBa 3aTpaT Ha BHegpeHue
TeXHOJIornum;
- KanuTanbHbIe 3aTpaThbl;
- TeKyLwjme Npon3BOACTBEHHbIe 3aTpaThbl;
- 3aTpaTbl HA TEXHUYECKoe o6CnyXuBaHue,
- AoxoAbl U 3KOHOMMUSA 3aTpar

\ 4

OcHoBHOW NpuHUMN 4
O6paboTka n npeacraBneHne nHcpopmauum o
3aTtparax B pe3ynbTare:
- U3MeHeHuUs bupxKeBbIX KYpPCOB;
- HNALUK,
- LleH, yCTaHOBJIEeHHbIX B 6a30BOM roay;
- AUCKOHTUPOBAHMUA U rOAOBOMN CTaBKN NPOLEHTA,;
- KANbKYNALUM eXerogHbix 3aTpar

\ 4

OcHoBHOM NpuHUMN 5
OueHkKa 3aTpaT, OTHOCALMXCSH K 3awwmTe
OKpyXxatoLlen cpeabl

PucyHok 4.2 — OCHOBHble NPUHLMMNbI OLLEHKN 3KOHOMUYECKOW LieriecoobpasHoCcTH

BHegpeHua HOT/meTogonorms oueHkn 3aTpaTt

OcHoBHoW NpuHUMN 1 — onpegeneHve obnact NPUMEHEHUs U MaeHTMdUKaUUM anb-
TEPHATUBHbIX TEXHOMOMMI. DTOT NPUHLIMN aHarorM4yeH OCHOBHOMY NpuHUMMIY 1 B MeToA0s10-
MMM OLIEHKWN KOMMIEKCHOro BO3AENCTBUSI TEXHONOMUIA Ha OKpYXKatoLLyto cpeay.

OcCHOBHOW NpuHUMN 2 — cBop 1 NpoBepKa NpaBMIIbHOCTU (Banuaaums) OaHHbIX O 3a-

TpaTax Ha BHeOpeHWe TEeXHOsorMn. ATOT NPUHUMM NOMOoraeT Nonb3oBaTento NpPoOWTU Bce
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aTanbl, Heobxoaumble ana cbopa, aHanmsa n 0OOCHOBaAHUSA, yunTbiBad NOyo Heonpeae-
NEHHOCTb B UMEILNXCH AAHHbIX.

OcHoBHOM NpuHUMN 3 — onpeaeneHne CTPYKTypbl 3aTtpaTt. ATOT NPUHLUMNA yCTaHaBn-
BaeT COCTaB 3aTpaT, KOTOopble AOMKHbI OblTb BKNIOYEHbI B OLIEHKY UMW UCKMOYEHbI U3 OLEH-
Kn. NMpu oueHke pe3ynbTaToB 3TOT NPUHUMN NOME3eH Ans nvua, NpUHMMAaloLero peLleHune,
TEeM, YTO MOMOraeT NMOHATb CTPYKTYPY 3aTpaT M CTaTbW, Ha KOTOpble 3aTpaTbl Obinn OTHece-
Hbl: KanuTanbHble NN 3KCNNyaTaumMoHHble 3aTpaTthbl. [NpuHumn TpebyeT, yTobbl 3aTpaThl Obl-
Ny npeacTaBneHbl HACTOMNBKO NPO3PaYHO, HACKOSIbKO BO3MOXHO.

PacnpeneneHve 3aTtpatr no KOMMOHeHTaM (Hanpumep, WHBECTUUMOHHbIE 3aTpaTthl,
3KCMNnyaTaunoHHbIe 3aTpaTtbhl U T. A4.) ABNASETCS CyLeCcTBEeHHbIM Ansa obecneveHns npospad-
HOCTW MpoLecca, XOTs Hepeako Ha NpakTuke TPyAHO caenaTth pasrpaHudeHne mexay 3atpa-
TaMu Ha peanuaauuio npouecca 1 3KONorMyeckumMm 3aTtpatamu (3aTpatamm Ha MeponpuUATUS
no 3awjuTe oKpyxatoLlen cpeabl).

OcHoBHoW npuHumn 4 — obpaboTka 1 npeacTaBneHne HpopMaunmn o 3aTpartax. AToT
NpUHUMN n3naraeTt npoueaypbl No o6paboTke u nNpeacTtaBneHnio MHopMaumm O 3aTparax.
3aecb Heo6X04MMO NPUHSATL BO BHUMaHWE HOPMY AUCKOHTUPOBAHUA Y FOA0BYHO NPOLEHTHYHO
CTaBKYy, MOSE3HbIN CPOK Crybbl 060pyA0BaHNSA N LLEHHOCTL NNoMa, obpasyroLerocs B KOHLE
XU3HEHHOro uMkna obopygoBaHusa. Tam, roe 3To BO3MOXHO, 3aTpaTbl AOSMKHbI ObITh Npea-
CTaBreHbl B BUAE €XeroaHblx 3aTpar.

OcHoBHOM NpUHUMN 5 — onpeaeneHne 3aTpar, OTHOCALLUMXCA K OXpaHe OKpyXKatoLlen
cpeabl. ATOT NPUHUMN YCTaHaBNMBAaET pas3nmunga Mexay 3aTpatamu Ha OXpaHy OKpyXatoLlen
cpeabl 1 apyrmmmn 3aTpatamu (Hanpumep, 3aTtpaTtaMy Ha MoAepHU3auuio npouecca unm 3a-
TpaTamu Ha noBbleHne 3PPEKTUBHOCTM NpoLecca).

B xoge BbINOMHEHUS OLEHKN 3KOHOMUYECKOW LenecoobpasHocTn BHeapenua HAT
Heob6Xxo4MMO TakKe pacCMOTpPETb:

- ONbIT NpeablayLLEero ycnewHoro Ncnob3oBaHnsa B NPOMbILLINIEHHOM MacliTabe cono-
CTaBUMbIX TEXHOSOIMIA;

- MHbopmaumo 06 M3BECTHBIX aBapusiX, CBA3aHHbIX C BHEOPEHUEM U 3KCnnyaTaumen
AAHHOW TEXHOMNOrMM Ha NPon3BOACTBE;

- reorpadgudeckne akTopbl KNnMMaTa BHEAPEHUS TEXHOMOMMI (pacnonoXeHne OTHO-
CUTENbHO MCTOYHUKOB 3HEPrUn, ee OOCTYMHOCTb, IOTMCTUYECKME LIEMOYKM), @ Takke TeXHO-
norMyeckne orpaHuYeHnsi, CBA3aHHbIE C perMoHanbHbIMU PU3NKO-reorpatn4eckuMmn u reo-
NOrMYeCcCKUMM YCrOBUAMM, @ Takke Hanmynem ocobo oxpaHsieMbIX NPUPOLHbLIX TEPPUTOPUNA,

NMaMSTHUKOB KyNnbTypbl N 0O LEKTOB pekpeaLnn.
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Mpu cbope n 060CHOBaHMM OaHHbIX, KacalLMXCa 3aTpaT Ha BHeApEeHNEe TEXHONOru,
pekomeHnayeTcst 06paTtuTb 0coboe BHUMaHUE Ha CrieQyoLime NonoXeHUs:

- UICTOYHMK U JaTa NPOUCXOXAEHUST MHOPMaLUMK AOSMKHbI ObITb ACHO yKa3aHbl;

- AaHHble 0 3aTpaTax LOMKHbl OblTb MakCUMarnbHO NOSTHbIMU;

- JaHHble O 3aTpaTax crnegyeT nonyyaTb U3 HECKOMbKNX (HE3aBUCKMMbIX) MCTOYHUKOB;

- UICTOYHMKN MOMYYEHUS U NPOUCXOXAEHUS BCEX AAHHbIX HEOOXOAMMO YyKasblBaTb MO
BO3MOXHOCTUN TOYHO;

- peKOMeHayeTCa UCnonb3oBaTb COBPEMEHHbIE LOCTYMNHbIE U AENCTBYIOLWNE B HACTO-
Allee BpeMs JaHHbIE;

- Ans 060CHOBaHUA AaHHbIX criegyeT NpeacTaBuTb AMana3oH KONMYECTBEHHbLIX MoKa-
3aTenen; ecnu e 3TO He NpeacTaBNsAeTCs BO3MOXHbIM, TO PEKOMEHAYeTCs MCNofb3oBaTb
Ka4YeCTBEHHbIN NPU3HaK.

[Ana npoBefeHns OUEHKW npeanaraemMon K BHEOPEHUIO TEXHOSOMMM pekomeHayeTcs
onpenenuTb CTPYKTYpy 3aTpaT C BblAeNieHMeM KanutanbHbIX 3aTpaT (Ha CTPOUTENbCTBO CO-
OpYXXeHuI, NpnobpeTeHne n MoHTaxx 0b6opyaoBaHNA) N IKCNNyaTauMOHHbIX. B akcnnyataum-
OHHbIX 3aTpaTax HeobX0AMMO BbIAENUTb 3aTpaThl HA TEXHUYECKOEe 06CNyXNMBaHUE N PEMOHT,
9HEeproHoCUTENN, MaTepuansl 1 ycrnyriu, 3aaTpaTtbl Ha onnaTty Tpyaa.

Mo ntoram cbopa uHGoOpmauuM O 3aTpaTax pekomeHayeTcss obpaboTaTb ee Ans
obecneyeHnsa ganbHenwero 06 bEeKTUBHOrO CpaBHEHNSA paccMaTpMBaEMbIX anlbTEPHATUBHbIX
BapuaHToB. [1pn aTOM MOXeT noTpeboBaTbCA pacCMOTPEHNE TaKMX BOMPOCOB, Kak pasnuny-
Hble 3KCnSlyaTaunoHHbIE CPOKM Cnyxbbl TexHonornn (obopyaoBaHus), rogoBasi NPOLUEHTHas
CTaBka No KpeauTy, pacxodbl Ha KpeauTHble BbinnaTbl, BNUAHWE WHMASUMM N BanNOTHLIN
KypcC.

BHegpeHue TeXHONOrMm sIBRSeTCA CNOXHbIM U TPyOOEMKUM NpoLeccoM. JTo obbsc-
HAeTCA HeoBXOANMOCTbIO BHEAPEHWS aBTOMATU3NPOBaHHbLIX METOLOB YNpaBfeHns, a Takke
HanuuMem Ha OencTBYOLWMX 00 beKTax TEXHUYECKNX CUCTEM Pa3NIMYHOIO Ha3HaYeHs.

Mpn onpegeneHnn aKOHOMUYECKOM 3PPEKTUBHOCTU OCYLLIECTBIEHUSI NMPUPOLOOXPaAH-
HbIX MEPONPUATUA N OLEHKN 3KOHOMMYECKOro yuiepba, NpUYMHAEMOro HapOAHOMY XO3sn-
CTBY 3arpsi3HEHMEM OKpyXatollen cpedbl, PEKOMEHAYETCA PYKOBOACTBOBATHCH MOSNOXEHUSA-
MM, NoAxo4amMm U MeToANYEeCKMMU npnemamm, 060cHoBaHHLIMM BO BpemeHHon Tunosom me-
ToavKe onpeaeneHns 3KOHOMUYECKON 3hPEKTUBHOCTN OCYLLECTBNEHNS NPUPOLOOXPaHHbIX
MEPONPUATUA N OLIEHKN 3KOHOMUYECKOrO yuepba, NPUYNHAEMOro Hapo4HOMY XO35IMCTBY 3a-

rpsiIsHEHNEM OKpYXatoLen cpeabl [14].
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4.2.4 War 4. PaccmoTtpeHue kputepus 4 «lMepuoa BHeapeHUA»

[na oueHkn BpeMeHW BHeApPEeHNA TEXHONOMMN criegyeT UCnonb30BaTh Nepuos okyna-
€MOCTW onpeneneHHoNn TEXHONOMN B CPaBHEHMM C 3aTpaTamu, OTHocAWwmMMUCS Kk obecneve-
HUIO OXpaHbl OKpyXatolwlen cpedbl. HeobxoouMO NpPoOBECTU OLEHKY CKOPOCTM BHeOpeHWUd
HAOT, Tak Kak MMEHHO CPOKUM BHeOpeHUs MOryT ObiTb KPUTUYHBIMU OS5 MPOMBbILLIIEHHOCTMW.
[Mpn aToM pekomMmeHOyeTcs pasfenbHO paccMmaTpuBaTb CKOpoCcTu BHeapeHus HOT cnepyto-
LMX BPEMEHHbIX MacwTaboB [55]: KpaTKOCPOUHbIA (OT HECKONbKMX HedenNb 0O MEeCALEB);
CpeaHecpoYHbIn (OT HECKOSBbKMX MEeCSILLEB 0 roaa); 4ONrOoCPOYHbIN (06bIMHO CoCTaBNsAeT He-
CKONbKO feT).

TexHunyeckne un TexHonornyeckne pewenns HOT gormkHel obecnedmBaTb BO3MOX-
HOCTb CO3[aHus NPOU3BOLACTBEHHO-TEXHNYECKMX KOMMSIEKCOB NMYyTEM UX UHTErpauumm, OTKpbl-
TbIX AN MOAEPHU3aUUN 1 pasBUTUS, OTBEYAIOLLNX NOSNOXEHUAM HACTOSLEro CnpaBoYHMKa.

Bbibop BpemMeHn MoaepHU3aumMn OOSMKEH COBMAcTb C NSIAHOBOM 3aMEHOW CyLLEeCTBY-
towero obopyaoBaHus, a UHBECTULMOHHbIE LUKITbl MOTYT ObliTb 3h(EKTUBHBIM CPeaCcTBOM
ana peHtabenbHoro BHeapeHust TexHonormu. OueHuBasi CKOpPOCTb (Nepuod) BHeApeHus
HOT, pekomeHayeTca Takke npoaHanuaMpoBaTb MpefernbHble 3aTpaTbl HA MOAEpPHU3aALMIO.
Ona HOT, koTopble TpPeOykT CYLLECTBEHHbIX MHBECTULMOHHBLIX KanuTanbHbIX 3aTpaT unu
3HauYuTEemNbHbIX MOAMdMKALMA MPOU3BOACTBEHHbIX MPOLECCOB U MHGPACTPYKTYpbl, npea-

CcTaBnsieTcst HeobBXoaMMbIM npeagycmMmaTtpmBaTb bonee gnutenbHbIe nepunoabl X BHeOpEeHUA.

4.2.5 War 5. PaccmoTtpeHue kputepus 3 «NMpumeHeHue pecypco- u

3Heprocbeperarowmx MeToa0B»

Mpn paccMOTpeHUN OAHHOIO KpuTepusi creayeT yuuTbiBaTb TpebosaHus Metoande-
CKUX pekoMeHaaumi [55] 1 NonoXeHUs CyLLeCTBYOLMX HOPMATMBHO-MPABOBbLIX JOKYMEHTOB
Nno 3Hepro- u pecypcocbepexeHnto. OCHOBHbIM MeTOAMYECKMM NPUEMOM, MCMONb3yeMbIM
NPy PacCMOTPEHMN OAHHOMO KPUTEPUS, SIBNSIETCS CpPaBHUTENbHbLIA aHanu3 TEXHOMOrnnh ¢
TOYKW 3pEHUst UX aHeproaddpekTUBHOCTU U pecypcocbepexerus. Llenbio aaHHoro aHanusa
AIBNAETCS YCTAHOBMNEHME TEXHOMOMMM UMM TEXHOMOMIA, KOTOPble XapakTepuaylTcs (cpeau
paccmaTpuBaemblx) NyYwMMy NokasaTensimMm aHepro- 1 pecypcocoepexeHus.

CnepyeT, npexne Bcero, NpoBeCTM CPpaBHUTENbHBIN aHann3 TEXHOMOMMI No noTpeob-

JIEHNIO OCHOBHbIX peCypcCoB, NpuHMMasa BO BHUMaHUE:
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a) noTpebneHne aHeprnm:
1) ypoBeHb 3HepronoTpebneHms B LENomM U B pasfnnydHbiX (OCHOBHbIX, BCMOMOra-
TeNbHbIX M 0BCNY>XMBAKLLNX) TEXHOMOIMYECKUX npoueccax (C OLEHKOW OCHOBHbIX BO3MOX-
HOCTEWN €ro CHUXEHNS);
2) BUA 1 YPOBEHb UCMNOSIb30BaHUA TONNMBa (MPUPOAHbLIN ra3, 6eH3nH, MasyT, ropto-
4yne oTxoabl U T. A4.);
6) notpebneHne BoAabI:
1) TexHONorMyeckue NPoLEecchbl, B KOTOPbIX UCMOMNb3YeTCH BOAA;
2) o6bemM noTpebneHnst Boabl B LIENIOM U B PasfiIMYHbIX TEXHOSIOrMYECKMX npoLec-
cax (C OLEHKON BO3MOXHOCTEN €ro CHMKEHMS UM NOBTOPHOIO MCMOSb30BaHNS);
3) HasHayeHne Boabl (MPOMbIBHASA XXMAKOCTb, XNagareHT U T. 4.);
4) Hann4ne cnucTemM NOBTOPHOIO UCMONb30BaHNS BOAbI;
B) 06bem noTpebneHuns coipbsa U BCNOMOraTesbHbIX MaTtepuarnoB (peareHToB U T. 1.) C
OL€HKOW BO3MOXXHOCTEN MX NOBTOPHOIO MCMOMb30BaHKS.
3ateMm Heob6XxoaMMO Takke pacCMOTPETb BO3MOXHOCTb pereHepauun 1M peumknmHra
BELLECTB U peKynepaunm 3aHeprum, UCNosb3yOLLMXCA B TEXHOMNOrMYEeCKOM npoLlecce, NpuHu-
Masi BO BHUMaHWeE, YTO:
a) 4Na CHWXKeHUs 3HepronoTpebneHnss MoryT ObiTb MCNOMb30BaHbl CreayrLmne meTo-
Abl 1 NpUeMbI:
1) BHegpeHWe Ha NpeanpuUsTUM CUCTEM SHEPTrOMEHEAXKMEHTA;
2) 3HeproaddeKTMBHOE NPOEKTUPOBAHME Ha 3Tane CTPOUTENbCTBA NPeaNnpUATUS;
3) 6becnnameHHoe cxuraHune (becnnameHHoOe OKUCIEHUNE);
4) nCcnonb3oBaHME CXaToro BO34yXa B KayecTBe CPeacTBa XpPaHEHUs 3Heprum
nT. o,
6) onsa cHWxeHnsa noTpebneHns Boabl:
1) 13MeHeHMe TEeXHOMOorm4yeckoro npouecca (Bo3gyLIHOE OXnaxaeHne BMecTo
BOOHOrO, 3aMKHYTbIN BO4O060POT);
2) npeaBapuTenbHasa obpaboTka Boabl 1 ee NOBTOPHOE NCMNONb30BaHWE U T. 4.;
B) 4NS CHWXXEHNS NOTPebneHns Cblpbs:
1) Bo3BpaT He NoABEpPrHyTbIX CMELLUMBAHNIO PpeareHToB;
2) Bo3Bpat 6osi/noma nsgenuin B TEXHONOrMYECKN NpoLiecc;
3) ncnonb3oBaHWe OTXOL4OB APYrMX OTpacrien NPOMbILSIEHHOCTU (Hanpumep, Kak
TONNMBO).
B kayecTBe OCHOBHbIX MokasaTenen aHeproadPEKTUBHOCTM U pecypcocbepexeHus,

npuMeHdaeMbIX 014 CpaBHMTeﬂbHOVI OLEHKMN paccmMaTpunBaemMbIX TEXHOSIOMNH, MCNOJ1b3YIKOTCA
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(Mpn pernameHTMpPOBaHHbIX YCMOBUSX aKCnyaTaumm obopyaoBaHnd) yaenbHble nokasatenm
— yOernbHble pacxobl 3NeKTPO3Hepruum, Tenna, Tonnmnea, BoAbl, pa3fnUyHbiX MaTtepuanos, T.
e. hakTnyeckme 3atpaTbl TOro UM MHOrO pecypca (3NeKTpo3Heprun, Tenna, BoAbl, peareHTa
W T. A.) HA eguHnLy 06e3BpPEXEHHbIX OTXOAOB, BblpaXaeMble, Hanpumep, ANa 3NEeKTPO3Hep-
run B KBT-4 Ha 1 T 00e3BpeXeHHbIX OTXOAO0B, A TENMOBOW 3Heprn B [kan/T oTxoaos, aAns
BOAbl B M>/T OTXOA0B U T. A.

PecypcocbepexeHue (T. e. cbepexeHne aHeprum n matepmanoB) OLEHMBAETCSA Takke
C TOYKM 3PEHNSA BO3MOXHOCTM peanumaaumss COOTBETCTBYIOLNX NPABOBbIX, OPraHM3auUMOHHbIX,
Hay4HbIX, NPON3BOLACTBEHHbIX, TEXHUYECKUX N IKOHOMMUYECKMX MEP, HampaBNeHHbIX Ha ag-
dekTMBHOE (paunoHanbHOE) WCMONb30BaHME W SKOHOMHOE pacxogoBaHWEe TOMSIMBHO-
3HEepreTMYeckUX N Opyrux maTtepuanbHbiX pecypcoB. Ha npaktuke noteHuman pecypcocbe-
peXeHNs peannayeTca Yyepes3 KOHKPETHblE 3HEepPro- u pecypcocbeperaroime mMeponpuaTus,
KOTOpble MOXHO pa3fdenuTb Ha OpraHM3auMOHHO-TEXHMYECKME, Npeanonararwme nosblle-
HWe KynbTypbl NPOU3BOACTBA, COBNOAEHNE HOMMHANbHBLIX PEXMMOB 3JKChnyaTauum obopy-
AoBaHusa, obecneyeHme ONTUMArbHOrMO YPOBHS 3arpy3ku arperaToB, NIMKBMAALUMIO NPAMbIX
noTepb TOMSIMBHO-3HEPreTUYECKUX PECYPCOB, CBOEBPEMEHHOE BbINOSIHEHME HanagouYHbIX U
PEMOHTHO-BOCCTAHOBUTENbHLIX PaboT, NCNONb30BaHME BTOPUYHbBIX 3HEPropecypcos, (ctoga
K€ MOXHO YCNOBHO OTHECTU YTUNMU3ALUMIO HU3KOMOTEHLMANbHOrO Tenna BEHTUNSAUMOHHBIX
BbIOpPOCOB, a Takke NMPOoLEeCcChbl pereHepaunm nu pekynepawumm 3Heprum), ocHalleHne npmnbo-
paMn yyeTa MCMONb3yEMbIX SHEPreTUYECKNX N OPYrMX PECYPCOB, U MHBECTULMOHHbIE, CBSI-
3aHHbIE C CBOEBPEMEHHbIM 3aMeLLEHMEM MOparibHO YCTapeBLUMX NPON3BOACTBEHHbLIX MOLL-
HOCTEeN (MPOM3BOACTBEHHbLIX Y310B), BHEAPEHWEM COBPEMEHHOIO 3HEProadPEKTUBHOIO M
3Heprocbeperatowiero obopyaoBaHus, MogepHU3aUmnen n aBTomaTnsaumen CyLLECTBYOLLINX
TEXHOJTOrMYECKMX NPOLECCOoB.

JTioboe BO3MOXHOE npeobpasoBaHMe TEXHOMOrMYECKOro npouecca u(nnu) Mcnonbay-
emoro obopyaoBaHus, Brekyliee 3a CO60N YMEeHbLUEHNE YAEenbHOro pacxoga aHepro- n gpy-
rMX PecypcoB Ha eauHuuy obe3BpeXeHHbIX OTXOAO0B, OCOOEHHO MPU CHWXKEHUM (MNK, XOTSA
Obl, ocTatoLemcs ypoBHe BbIGpOCOB M COPOCOB BpeaHbIX BELLECTB) CrieayeT OLUEeHNBaTb Kak
NOBbILLIEHNE ero 3HepProdddEKTUBHOCTM U pecypcocbepexeHnsa (C y4eToM 3KOHOMUYECKOM
3P PEKTUBHOCTN N TEXHONOMMYECKOM HAaAEXHOCTN AAaHHOro NpeobpasoBaHns).

Ocoboe BHMMaHWe cnenyeT yaenuTb aHannay BO3MOXHOCTEN BTOPUYHOIO UCMOMb30-
BaHUA 0Opasylolnxca nNpu TepMn4eckoMm 006e3BpeXnBaHUM OTXOO0B MOBOYHLIX NMPOAYKTOB

(3ona oT CxuraHus, Wnak, MeTansniom, CTekrno, NMPosIM3HoOe TONMMBO, MUPOSM3HBIN ra3 u ap.).
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Pe3yﬂbTaTbI paccMOTpeHna OaHHOIo Kputepua ABnAOTCA OAOMNOJIHUTESIbHLIM MOJTOXUN-
TeJ1IbHbIM q)aKTOpOM npn NpUHATUN peleHnd B OTHOLLEeHU onpeaeneHnsd TOW NN NHOW TEX-

Honornn OOTC B kavectBe HAT.
4.2.6 War 6. NpuHatue yneHamm TPl peweHnsa o6 oTHeceHun TexHonormu K HOT

TexHonornsa OOTC moxeT 6bITb onpefeneHa B kavyectse HOT npu goctuxkeHun co-
rnaweHus mexagy scemun yneHamu TPl no gaHHomy Bonpocy [55]. Mpyn BO3HMKHOBEHUU pas-
NMYHbIX MHeHUN B TPl no kakomy-nnb6o Bonpocy deaepanbHbiM OpraHoM UCMOMNHUTENBHOM
BNacTn, OTBETCTBEHHbIM 3a pa3paboTKy MHPOPMALMOHHO-TEXHUYECKNX crnpaBoYHmkoB HOT,
MOXeT ObITb NPeasIoXKeHO KOMMPOMUCCHOe pelueHue. NMpyu BO3HMKHOBEHUM CEpPbe3HbIX pas-
HOracum OTHOCUTENBHO TOrO, Kakne TexHosnorum onpegennts B kadectse HOT, MoxeT BbITb
nposegeHa 6onee yrnybneHHas KOMMeKCHas oLeHKa TEXHOSTOMMMN.

OkoH4aTenbHOe pelleHne O Bbibope TEXHONOMMN NPUHUMAIOT He TOMBbKO C y4eTOM ee
«3KOSOrMYHOCTM», HO N C YY4ETOM €€ LOOCTYNHOCTU C PMHAHCOBOW TOYKM 3peHus. B aaHHOM
crnyyae peKkoOMeHOYeTCs OpPUMEHTUPOBATLCA Ha Ccrnefylwun norndecknn nopxon (pucy-
HOK 4.3).

Her
TexHUYeckn BOIMOXHO? He HOT

T

EcTb Bhiroge: Ans oxpyxaroLen LHer ]
cpeai? ——e

He HAT

Bairoas: Ans ckpyxakwein cpeab l Her l He HAOT
Bonbe IKOHOMUYECKUX 3aTpar? o

[

3arparsl uenecoobpasHbl 41 oTpacny Her
NPOMBILLNEHHOCTA?

|=
[Har |

PucyHok 4.3 — B03MOXHbIN Nnormyecknin nogaxon Ansg NpuHATUA pewenna no HOT

He HAT

Mpw Hannumm ocoboro MHeHna no onpeaenenuto TexHonornn OOTC B kavectee HAT,
He nogaep)xmBaeMoro Bcemun uneHammn TP, Takaa TexHonorust MoxeT ObiTb onpeaeneHa B

kayectse HOT wn BkntovyeHa B MHMPOPMaLUNOHHO-TEXHUYECKNU cnpasovHuk HOT, 4yTto conpo-
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BOXOaeTcs cneumanbHbiMU yKa3aHMAMU Ha ocoboe MHeHMe u gonyckaetcs npwu cobnwoge-
HUW cneayoLwmnX YyCrnoBun:

- B OCHOBe 0Co00ro MHeHusi nexaT OaHHble, KoTopbiMu pacnonaraeTt TPl un dene-
panbHbIN OpraH UCMOMHUTENbHOW BNACTWU, OTBETCTBEHHbLIN 3a pa3paboTky MHOPMALNOHHO-
TexHun4yeckux crnpasoyvHnkos HOT, HA MOMEHT NOAroTOBKKU BbIBOAOB OTHOCUTENbHO HAT;

- 3aMHTEpecoBaHHbIMM YneHamn TP npeactaBneHbl 060CHOBaHHblE O0BOAbI ANs
BKMOYEHUA TexHonornn B nepedveHb HAT. JoBoabl ABNstoTCA 060CHOBAHHLIMU, €CNN OHM
noaTBEPXOAKTCA TEXHUYECKUMU N SKOHOMUYECKUMU OaHHBIMU, AAaHHBIMW O BO3AENCTBUM HA
pasnuyHble KOMMOHEHTbLI OKpYXXatoLlen cpeabl, COOTBETCTBMEM paccMaTpuBaeMOn TEXHOSO-
MK MOHATUIO «HaumyYLWwas OCTyNHaa TEXHOorMa» 1 kputepusm onpegenenuna HOT B cooT-
BeTcTBUM C PepepanbHbiM 3akoHOM OT 10 aHBaps 2002 r. Ne 7-d3 «O6 oxpaHe OKpyxato-

Lien cpeabi»[43].

Paspgen 5. Haunyuywume goctynHbie TexHonorum B cepe

O6933pe)KVIBaHMﬂ oTXoA0B TepMN4YeCKMm cnocooom

5.1 O6wume nonoxeHus

B HacTosiwem pasgene nepedvvcrieH psag oblmx nonoXeHumn, KoTopble Heobxoanmo
yunTbiBaTh Npu onpeaeneHnn HAOT obe3BpexnBaHnst 0TXOA0B TEPMUYECKMM CNOCOBOM.

MpuBogaTcs anemMeHTbl 060pyaoBaHUSA 1 (UNK) YCTAaHOBOK UK npouenyp obcnyxusa-
H1A obopyaoBaHMsa M (UNM) YCTAHOBOK, MO3BONAKOLIME MPeaoTBpaTUTb UMK COKPaTUTbL BO3-
AENCTBME Ha OKpYXXaloLLylo cpedy, a Takke TeXHOMOrMin, NO3BOSAIWNX COKpaTUTb NoTpeb-
neHne pecypcoB (Cbipbs, BOAbI, SHEPINN) NN NPeaoTBpPaTUTL 06pa3oBaHME OTXOO0B, KOTO-
pble MOryT 6bITb onpegeneHsl kak HAT.

MprHMMasa BO BHMMaHMWe OCHOBHbIE 3KOsornyeckme npobnembl B cepe ob6e3Bpexu-
BaHWsl OTXOAOB TepMUYecknm cnocobom (pasgen 1.2), npeacTtaBneHbl NOMOXEHUS, KOTOPbIE
Heob6xo4MMOo yunTbiBaTb Npu BHeapeHun HAOT.

OnucaHns BapnaHTOB TEXHOSOMMYecKoro npouecca, anbTepHaTUBHbLIX TEXHOMOrn4e-
CKMX NPOLECCOB NpeAcTaBneHbl B BUAE TEXHOMOIMYECKMX CXeM, Ha 6a3e KOTopbIX peanuay-
eTca TepMmmnyeckoe obesBpexnBaHne OTXOAO0B, C y4eTOM pe3ynbTaTtoB cbopa nHgpopmaumm o
NPUMEHSAEMbIX Ha NPOMbILMEHHBIX NPEAnPUATUAX TEXHOMOrMYeckmx npoueccax, obopyno-
BaHMM, 06 UCTOYHMKAX 3arpsa3HEHNs OKpYXKatoLwwen cpedbl, TEXHONOMMYECKNX, TEXHUYECKUX U
OpraHn3aunoHHbIX MEepPONPUATUSX, HanpaBfEeHHbIX Ha CHWXKEHUEe SMWUCCUU 3arpsa3HSALLNX

BELLECTB M NOBbILEHNE 3HEPrO3(PPEKTUBHOCTU U pecypcocbepexeHus.
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YKasaHHble BapuaHTbl TEXHUYECKNX N TEXHONOMMYECKUX PEeLLEeHUI NpeacTaBnsaioTCca B
cooTBeTCTBUN C 0bLien nHdopmaumen o cepe 0b6e3BpexnBaHUss OTXOAO0B TEPMUYECKUM
cnocobom (cm. pasgen 1), a Takke nNepeyvHs NpUMEHsIEMbIX TEXHOMOMMN B cdepe obesspe-
XUBaAHUA OTXOA0B TEPMUYECKMM CNOCOBOM (CM. pasgen 2).

TexHonornyeckne cxembl U TexHmnyeckme acnektol HOT B chepe Tepmmyeckoro obes-
BpEeXMBaHMA OTXOO0B MOArOTOBIIEHbI C Y4ETOM €BPONENCKOrO OnbiTa NMPUMEHEHMS CNpaBoYy-
HukoB HOT EC «Waste Incineration» (WI) n « Waste Treatments Industries» (WTI).

Mcxoasa na yctaHoOBEHHOrO BMaa oTxo4oB (cM. Tabnuvuy 1.1), nogBepraembix TepMU-
YeckoMmy 06e3BpeXmnBaHuio, NMPUHMMAETCA pelleHue, CBA3aHHOe C onpefeneHnem OonTu-
ManbHbIX TEXHONOrMYECKUX U KOHCTPYKTMBHbBIX XapakTepPUCTMK UCNOSb3yeMbIX TEPMUYECKNX
yCTaHOBOK 1 060pyaoBaHus.

TexHonorn4yeckne npoLeccbl CUCTEMaTU3MpoBanuCcb ¢ y4€ToM BUOOB 0be3BpexvBae-
MbIX OTX040B (CM. pa3gen 1 n nogpasgen 3.1).

B HacTosiee BpeMsi Ha yCTaHOBKaXx, MPOM3BOACTBEHHO-TEXHONOMMYECKMX KOMMeKcax
N MycopOoCXKUraTenbHbIX 3aBOAax WCMONb3YT pasfMyHble TexHonorum obes3BpexvmBaHus
OTXOAOB, B OCHOBE KOTOPbIX Yallle APYrMX UCNONb3YTCA creayrolmne TepMmyeckne Metopbl:
CXKuraHve, nNMpornus, rasudukaums.

PesynbTaTthl cuctematmsaumm TEXHONOrMM TePMUYECKOro ob6e3BpeXxmnBaHus OTXOLO0B
rnocrne aHKkeTUpoBaHUA NpuBeaeHbl B Tabnuue 1.2.

Hanbonee pacnpoCTpaHeHHbIM METOOOM SBNSAETCS CXuraHme (OrHeBon MeEeTOoA),
ncnonb3yembln Ans obes3BpexunBaHus U nepepaboTkn XUOKUX, TBepAblX, NacTtoobpasHbIxX

oTxoaoB. brnok-cxema cxuraHus npunBoanUTCA Ha PUCYHKE 5.1
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Cobipbe
(TBepAable oTxoAbl)

i

Cbipbe CopTupoBka n
(xknpkue oTxoabl) nogrotoska
i v
NoarotoBka un
3arpyska
[o3npoBaHue
> A 4
Bnok nepBuyHon -
> P ——> 305bHbIX OCTATOK
| TepMoOeCTPyKLUM
MNopava
3HEepProHocUTenNs K
ropenkam Y
| » Kamepa goxuraHus OuncTKa CTOUHbIX BOJ,
4
Bnok P OxnaxpeHue YTunmsauus 30mnbHoro
TennoncnonbL3oBaHus | AbIMOBbIX ra3oB ocTaTtka

v
OuuncTka rasoBs oT

MeXaHUYeCKNx
npumecen

OuucTka rasos ot
KNCIbIX NpuMecen

A

[bimoBas Tpyba —>» Ortxopgsawme rasbl

PucyHok 5.1 — O6wasa cxema CKuUraHnsa OTXO40B

MeTod CXuraHusi NPUMEHSIETCS Ha COBPEMEHHbIX MpeanpuaTUsaX W cyuTaeTcs
Haubonee yHMBepcasnbHbIM, HageXHbIM W 3EMEKTUBHLIM MO CPaBHEHUIO C APYrYMU
TEPMUYECKMMU MeToAamMn 06e3BpeXXnBaHNS OTXOL0B.

Brnok-cxemMa nuponusa npMBOAMTCS Ha pUCYHKe 5.2.
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Cbipbe
(TBepAble oTxoAbl)

i

CopTtupoBka u

noaroToBka
Cbipbe
(kmpKue oTxopabl)
\ 4
l YTunusaums 30nsbHoro
3arpyska
ocTaTka
MoarotoBka 1
Ao3npoBaHme i
| - 30MbHbIN OCTaTOK,
_| MMPONN3HbIN peakTop ———>  KOKC, TeXHUYECKUM
| - yrnepoa
Mopava ]
3HeproHocuUTens K
ropenkam v
v OyucTKa rasos
OxnaxpneHne
NMUPONM3HbIX Fra3oB.,
KOHAeHcauusi, cbop v
ObimoBasi Tpyba +——> OTtxoasiwue rasbl

TonnuBo nuponusa

PucyHok 5.2 — Obwwaga cxema nmponunsa oTxXo4oB

Muponuna oTxoaoB UMeeT ABE Pa3HOBUOHOCTMU:

a) OKUCNUTESbHBIN NMUPONN3 SIBASIETCA OAHON U3 CTagun rasundukaumm, npegcrasnseT
cobon npouecc TEPMMYECKOrO PasfioXeHUsi OTXOAOB MPUM UX YACTUYHOM CXUraHuM Wnm
HenocpeacTBEHHOM KOHTaKTe C NPOAYKTaMu CropaHus TOMnea;

6) cyxon nuponua (cyxad neperoHka) — MeTod TepMUYeckoro obesBpexuBaHus
OTX040B, obecneumBaloWLnm UX BbICOKOI((eKTUBHOE 06E3BPEXNBHME N UCMONb3OBAHME B
KadecTBe TOnnmMea u (UNn) XMMMUYECKOro Chipbsl. B 3aBMCMMOCTN OT TemnepaTypbl pasnuyarT
TpW BUAA Cyxoro nuponusa:

1) HM3KOTEMNEPATYPHBLIN  NMUPONU3 UMM MNOJSTIYKOKCOBAHWE Mpu  TemnepaTtype
450 °C — 500 °C;

2) cpegHeTeMnepaTypHbIM MMPONN3 UK cpegHeTeMnepaTypHOe MNOfyKOKCOBaHWe
npu Temnepartype go 800 °C;

3) BbICOKOTEMMEPATYPHbIN NMPONM3 nnu kokcorsanme (900 °C — 1050 °C).
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asndmkaums oTxo4oB, ncnonb3yemas ans nepepabdoTku TBepablX U XXUAKUX OTXOAO0B

C nosny4yeHnem ropro4yero rasa, CMOJibl U WJIakKa, npencraBlieHa Ha pucyHke 5.3.

Cbipbe
(TBepAable oTxoAbl)

i

CopTtunpoeka n
noaroToBka
Bo3ayx, kucnopogn,
BOAAHOM nap,
AnoKcupa yrnepoaa v
3arpyska
MNoason
rasnuumpyoLmnx
areHToB v
| > ]
= rasndunkaTop —> 305bHbIA OCTaTOK
| >
Nopava
3HeproHocuTens K
ropesnkam
Ouunctka rasos
\ 4 \ 4
Cenapauus
pau ObimoBasi Tpyba +——> OTtxoaswue rasbl
NpoayKToB
v
OxnaxpeHne
npoaykToB raso, ——» MpoayKTbl
KoHOeHcauus, cbop

PucyHok 5.3 — Ob6wwaga cxema rasndumkanmm 0TXxo00s

KoMbBuHupoBaHHble MeToabl. MprMeHseMble TEXHOMOMMMU Peako MOryT OblTb CBELEHbI
K ogHOMY BMAy (OM3NKO-XMMUYECKMX npeBpaleHnii. Kak npaBumno, UMerT MeCTO KOMBUHMPO-
BaHHbIE MPOLECChI, ABNAIOLIMNECH COYeTaHNEM ABYX M Bonee TMNOB npeBpalleHnii, OaUH 13
KOTOPbIX MOXET BbITb NpeobnagaroLmm.

Kak npaBuno, ncnomnb3yTcs KOMOUHUMPOBAHHbLIE TEPMUYECKME METOObl 00e3BpeXu-
BaHUSA OTXO4O0B, BKOYAOLLME MPOLECCHI «MMPONN3 — CXUraHne» U «NMponns — rasmduka-

umnsa» (CM. pUCYHOK 5.4).
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Cbipbe

(TBepAble oTxoAbl)

l

A

MUponun3HbIN peakTop ———>

\ 4

$_1

CopTtupoBka u
noaroToBka
Bo3ayx, kucnopoga, A
BOASAHOW nap,
Auokcua yrnepoaa v
3arpyska
MopBop,
rasncpmumpyowmnx
areHToB v
| I
| > asudmkaTop
MNopava
3HeproHocuTens K
ropenkam

OuuncTka rasos

v

Cenapauus
NpoayKToB

ObimoBast Tpyba —>

A4

OxnaxnaeHue
NpoAyKTOB rasos,
KOHAeHcaums, cbop

—_—

MpoaykTbl

30nbHbIN OCTAaTOK

OTxopsAwme rasbl

PucyHok 5.4 — lNpumep peanunsauumn KOMOMHMPOBAHHOW TEXHOMOMMK

BHe,qpeHme TEXHOJIONMYECKUX CXeM " Hal'lpaBJ'IeHI/IIZ X MHTErpaunmn npegycmatTpmBaeT

ncrnonb3oBaHMe o6LMX y3roB (CMCTEMA OYMCTKM OTXOOALMX ra3oB, CHabxeHue aHeprope-

cypcamu U T. 4.).

rlpl/l 060CHOBaHUM CUCTEMbI aHANMUTUYECKOrO KOHTPONA NO OCHOBHbIM CTagundAM TeX-

HOJTOr’M4YeCKmnx npoueccoB UCMNOJIb30BaHbl pe3yribTaTbl OLEHKU ypOBHeIZ BO3OENCTBUA U NO-

TpebneHus B cepe 0b6e3BpexmnBaHma 0TX040B TepMuyecknm cnocobom (nogpasaen 3.1).

5.2 NepeyeHb HauNy4LWUX JOCTYNHbLIX TEXHONOMMUN

5.2.1 OnncaHne OCHOBHOIO TeXHONIOrMYECKOro o6opyaoBaHusi, OTHECEHHOrO K

HOT

Mpw onucaHnin TexHONOrMin paccMaTpmuBaroTCsa cnegyrolme atanbi:

- NpneM noctynarvwmx Ha o6e33pe>|<|/|BaHV|e O0TX040B;

- XpaHeHue (HakonneHne) obe3BpexnBaemMbiX OTXOAOB;

- NpeaBapuTenbHasi NOAroToBKka OTX040B (Cbipbs);
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- TEXHONOMN, NPUMEHSAEMbIE Ha 3Tane TEPMUYECKOro 06e3BpeXnBaHUS;

- 9HepProadPEKTUBHOCTL; TEMNIONCNOSb30BaHME;

- TEXHONOMMN OYUCTKM ra3oobpasHbIX NPOAYKTOB CropaHus (rpynnupyroTcs  no
BelllecTBaM);

- ob6e3BpexnBaHMe OCTaTKoB, 0OPa3yOLLMXCS NPU OYMCTKE ra3doobpasHbiX NPOAYKTOB
cropaHus;

- yoaneHme oOcCTaTkoB, 00pasylowmxca npu  o4YncTke rasoobpasHbix MNpPOAYKTOB
cropaHus;

- MOHUTOPWHT (MPOM3BOACTBEHHbIN KOHTPOSIb) U perynnpoBaHne BbIbpocoB;

- KOHTPOSb N 06paboTKa CTOYHbIX BOA;

- obpalleHre co wnakamm n 305bHbIMW OcTaTkamu, obpasylwmMMnuca B pesynbtarte

CXUraHus.
5.2.2 NMpuem noctynaroLwWwmx oTXxoa0B

CoBoOKynHocTb 060pyAOBaHUSA, BXOOALWErO0 B COCTaB TEXHOMOIMYECKON JIMHUKU, UMeeT
onpegerieHHoe  (pyHKUMOHanNbHoe  HasHayeHwe. [lnanasoHbl  KOHCTPYKUMOHHBLIX U
TEXHONOIMYECKNX napameTpoB ONPedensalT OrpaHuYeHus, npeabsBrsemMble K oTxogam
(cbipblo).

K HexenaTernbHbIM XapakTepucTukam oTxonoB (Cblpbsl) OTHOCHTCS:

- cogepxaHuve pTyTu;

- 4yacToe Wu3MeHeHue (U3NYECKO-XMMUYECKNX XapaKTepucTuK OoTXodoB (TennoTta
cropaHuvisi, BnarocogepxaHue, nroTHOCTb, pa3Mepbl);

- MPEBbLILLIEHME MPOEKTHbIX HOPM MO COAEpPXKaHWI0 HEeKOTOPbIX KOMMOHEHTOB (XJiopa,
©poma, noga, cepbl, UMHKA).

Ans obGe3BpexuBaeMblX OTXOAO0B, WMEILWMX HexenaTernbHble XapaKTepUCTUKK,
OCHOBHOMY TEXHOJIOrMYECKOMY MpoLeccy AOMKHbl MNpeaLwecTBoBaTb OOMNOMHUTENbHbIE
noaroToBuTemnbHbIE npouenypbl (cMm. Tabnuuy 5.1). MNogobHble meponpusaTva MoryT ObiTb
onpegerieHbl ornepaTtopomM YCTaHOBKM Ha 6ase COOCTBEHHOro onbiTa, B COOTBETCTBUM C

TEXHNYECKUM OCHalleHnem I'IpOI/I3BOLI,CTBeHHOl7I nnowaagkun.
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Tabnuua 5.1 — lMpoueaypbl NpoBepkM 1 0TOOpa NPob, NPUMEHsIEMbIE OS5 Pa3fIMYHbIX TUNOB

oTxo4oB [14]

Twn oTxonoB

Mpouenypbl

KommeHTapum

CwmewaHHble TKO

- BusyanbHasi nposepka B byHkepe;

- BbIGOpOYHas NpoBepka OTAeNbHbIX
OTXO[0B;

- B3BELUVBAHWE NOCTaBMSIEMbIX OTXO-
A0B;

- pagvauUMOHHbI KOHTPOSb

Heobxognmo yaenate ocobo npu-
cTanbHOe BHMMaHWe B CBSI3W C puUcKa-
MU, KOTOPbI€ MOTYT BO3HUKHYTb Npu
obpaboTtke cmewaHHbix TKO

MpenBapuTenbHO
obpaboTaHHble
TKO

- BusyanbHas npoBepka;

- nepmnogundecknin otbop npob n npo-
BedeHne aHanuaa ansa onpeaenexms
OCHOBHbIX CBOMCTB/BELLECTB

OnacHble oTxoAbl

- BusyanbHasi npoBepka;

- KOHTPONb M CpaBHEHME OaHHbIX MO
CMUCKY C NOCTaBNEHHbIMU OTXO4aMMU;

- oTbop npob/aHann3 Bcex TpaHCnopT-
HbIX CPeACTB ANns NepeBO3KN OTXOA0B;
- BbIOOpOYHas NpoBepKa OTXOA0B,
pa3MeLLEeHHbIX B OOYKY;

- pacnakoBKa W NpoBepKa ynakoBaH-
HbIX OTXOAO0B;

- OLleHKa NapamMeTpoB CXUraHus;

- MPOBEpPKA Ha CMELLEHME XNOKNX OT-
XO[0B nepea XpaHeHVeM;

- KOHTPOJb TOYKM BOCNNaAMEHEHUs Ans
0TX0A0B B DyHKepe;

- NPOBEpKa NOCTynatLMX OTXOA0B Ha
3IEMEHTHbI COCTaB

lnga 3Tnx oTXo000B 0COOEHHO BaXKeH
JeTarnbHbl aHanms.

[ns ycTaHOBOK, NPUHMUMAIOLLMX OTXO-
Obl OOHOMo B1Aaa, MOryT NPOBOAUTLCS
npoueaypbl MO YNPOLLEHHON CXeme

Ocapkn
BOO

CTOYHbIX

- MNepuoagnyeckunin otbop npob n npo-
BeAeHVe aHanu3a anga onpegenexHns
OCHOBHbIX CBOMCTB W BELLECTB

- NpoBEpKa HanM4usa TBepAbIX MaTepu-
anoB (Hanpumep, KaMHen/MeTannos,
nnacTtmMacc) nepea ctagusiMy nepekad-
Kn, 06€e3BOXMBaAHUSA U CYLLKK

- KOHTPOSb NpoLlecca Angd agantauum K
N3MEHEHNSM OCaaKoB

Mpouenypbl noadupatoT B 3aBUCUMO-
CTV OT BMAa 0CaaKoB CTOYHbIX BOA,
Hanpumep: CBEXero ocagka, CoOpoXeH-
HOro ocajka, OKUCNEeHHOro ocaaka

nT. A

MeguunHckne oT-
XoAbl

- KOHTporb 1 cpaBHEHWE AaHHbIX NO
CMMCKY C NMOCTaBNSAEMbIMU OTXOAAMM
- NpoBepka Ha paanoaKkTUBHOCTb

Puck nHdeKUNOHHOro 3apaxeHna ae-
naet ot6op Npob HeuenecoobpasHbIM.
TpebyeTca KOHTPOSb OTXO40B Ha aTa-
ne obpasoBaHus

MpenBapuTenbHbIM BXOOHOW KOHTPOSIb OTXOOO0B U UX WOEHTUMKAUUA BKNHOYaOT B

cebs:

-OI'IepaTI/IBHbIﬁ BI/I3yaJ'IbeIIZ KOHTPOJIb C y4eTOM nepedHd O0TX0oOO0B, 3anpelleHHbIX

Onda CXUraHm4d B YCTaHOBKE;

- paﬂ,I/IaLI,VIOHHbIVI KOHTPOJ1b NPUHMMAaEMbIX OTXOO0B;

- NaBGopaToOPHbIN KOHTPOIb U ONpeaeneHne XMMMYEeCcKoro coctTaBa OTXOA0B.
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5.2.3 XpaHeHue (HakonsneHue) oTxoaoB

LlensiMu xpaHeHUs1 0TX0A0B ABNSAOTCS:

- BesonacHoe xpaHeHne 0TX040B nepen nogaven nx Ha obesBpexmnBaHne;

- oGecneyeHne HaKoMMeHUs TEXHONOrMYEeCKNX NapTuii;

- obGecrneyeHne HenpepbIBHOCTY NPOLIECCOB MOAroTOBKM (MO3TOMY Ha NMPOU3BOACTBEH-
HbIX Nowaakax AoMKHbI OblTb 0OYCTPOEHbI MecTa Ans XpaHEeHUs/HaKoMNNeHUss OTXOO0B ne-
pen UX NoAroTOBKOW Ha creumarnbHbIX yCTaHOBKax, paboTaloWwmx B HENPEPbIBHOM PEXUME);

- obrneryeHve NPOLIECCOB CMELLMBaHUS, COCTaBMNEHUS CMECel U NepeynakoBKU OTXO-
A0B;

- obecrnevyeHme BO3MOXHOCTM MOPLMOHHOIO O06aBneHus peareHToB, HeobXOAUMbIX

Ans NpoBeAeHns1 TUMOBbLIX NpoueccoB 06paboTkn OTXO40B.
5.2.4 MNpepBaputenbHas NOAroToBka oTXo40B

BonblUMHCTBO onepauunn, CBSA3aHHbLIX C NOATOTOBKOM OTXOAOB, MOXHO pasfenuTb Ha
TPpU rpynnbl:

- 0bpaboTkKa;

- NeperpynnupoBka;

- NpenBapuTenbHasi NOAroToBKa.

Mocne NnoaroToBkM K 06e3BPEXNBAHNIO OTXOAbI AOSTKHbI HaKanMBaTbCs OTAENbHO OT
HenoaroToBMEHHbIX OTXOA0B.

Bcneacteme reteporeHHON nNpupoabl OTXO40B CMELLUMBAHUE N MPUTrOTOBIIEHME CMecen
TpebyeTca B GOMbLUIMHCTBE onepauuin o6e3BpexnBaHnsa 0TX040B, YTOObI rapaHTMpoBaTh ro-
MOreHHO€e 1 cTabunbHOEe UCXOOQHOE Chipbe N3 OTXOO0B.

[na TBepabIX OTXOAOB CTaaus npeasapuTesisHONM NoarotToBkn (cMm. Tabnuuy 5.2) mo-
XeT COCTaBnsATb COPTUPOBKY, LUpeanpoBaHne, dpakumoHMpoBaHme, opobneHune, namernbsye-
HUe, rPOX0OYEeHNE, BbICOKOTEMMNEPATYPHYHO CYLLIKY, KOHOULMOHNPOBAHNE, KOMMAyHOMPOBaHME,
obe3BoxnBaHne. Hanbornbliee pacnpocTpaHeHwe nonyyuno cnegywouwee obopyaosaHue,
npegHasHayeHHoe Ansi Nogadn TBepPAbIX OTXOA0B B KaMepy CXKUraHus: 3arpy3oyHble YCTpOou-

CTBa, KOHBeKepbl, Tenbdepbl, KpaH-0anku, norpy3vmkun, rpendepnl 1 T. n.

Tabnvua 5.2 — O6uwue cnocobbl NOArOTOBKM OTXOAOB AN 0b6e3BpexnBaHms

Cnocob Lenb Mpumep
OuuncTtka OtgeneHune He npurogHbIxX K 06esspe- | KoHaeHcaTopbl 1 TpaHchopmaTopbl C
XUBaHUIO (ppakunm 0TXo40B Mnx
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Cnocob Lenb Mpumep
lMepeynakoBka Bcnencteme HM3KOM NNOTHOCTM OTXO0- | Paamep n dbopma Toka 06bI4HO onTu-
(Hanpumep, nake- |AOB B HEKOTOPbIX Cy4vasix TpebyeTca | MM3MPYIOTCS AN TPaHCNOPTU-POBaHUS
TMpPOBaHME) UX ynnoTHeHwe. Ons ynnoTHEHNs NC- | M NOBTOPHOrO UCMNONb30BaHUS
Nonb3YKTCH pasnnyHble Npecchbl

YcpeagHeHne

OcaxpgeHne OtpgenstoTcs TBepable KOMNOHEHTLI B | [logrotoBka Tonnvea Angd ropenok ns
XUOKUX OTXo4ax Ans ganbHenwero yrnesogopoacoaepxalmnx 0Txoqos
0be3BpexnBaHus

"poxoyeHne Wcnonb3yeTca ana otaenexHvs kpyn- | [MoarotoBka Tonnmea A5s ropenok u3
HbIX YyacTuy,. VicnonbaytoTca Bubpaum- |yrneBogopoaconepalymx OTX040B
OHHOEe CUTO, cTaTn4eckoe cuTo n ba-
pabaHHoe cuUTO

Kngkne otxogbl moryT obpabaTbiBaTbCA C MOMOLLBO ApOOMNOK, MauepaTopos, M3-
MenbunTenen unu gpyroro obopyagoBaHus, npegHasHa4YeHHOro Ans u3mMenbYeHUst KpynHbIX
MEeXaHU4YeCKNX BKITHOYEHU Nepeq nogaven Ha popCyHKN; HarpeBaTeNbHble 3fIEMEHTbI U T. 1.
Cioga ke MoxeT ObiTb BKMNtOYEHa CTagusa ycpeaHeHus (LMpKYynsiuMOHHbIE Hacocbl U Tpybo-
npoBoabl); obopynoBaHue, NpeaHasHavYeHHoe ANs Nodayn XUAKMX 0TX0O0B Ha (OOPCYHKN U

pacnbina (KoMnpuMMpytoLmne Moaynn, HacoChkl, KOMMPECCOPbI, BEHTUNSATOPHI).
5.2.5 TexHOnoruu, npuMeHsieMble Ha 3Tane TepMUYECKOro o6e3BpexmBaHusA

B oTeuecTBeHHON NpakTMKe W3BECTHO MCMOSb30BaHWE CIOEBbIX TOMOK, GapabaHHbIX
BpaLLalLMXCSA, MHOrONOA0BbIX, KAMEPHbIX, LUAXTHbIX MeYeun, TOMOK KOTESbHbIX arperaTtos,
pPeakTopoB C MNCEBAOOXMXKEHHBIM CITIOEM, MEHHO-0apOOTaXHbIX, LMKMIOHHbBIX PEaKTOpPOB W
pPasnnyHbIX MHTEPALWIA BblLLENEPEYNCTIEHHOIO.

O6ocHOBaHHO BblIOpaHHas KOHCTPYKUMA nedven obecneumBaeT Tpebyemyro nNpounsBo-
ANTENbHOCTb, CMELUMBAEMOCTb 06pasyoLLMXCS ra3oB C KMCOPOAOM, NoaaepKaHne gocTa-
TOYHO BbICOKOW TemnepaTypbl, YTO JAEeT BO3MOXHOCTb MOSIHOrO 3aBEPLUEHNSA npouecca Tep-
MMYECKOro 06e3BpexXmBaHNA OTXOO0B.

OnTuMM3aumst TEXHOMNOIMYECKOro npouecca Ha atane TepMUYeckoro o6esBpexxnBaHns
CBOAUTCS K peanm3aunmn TEXHUYECKNX, TEXHONMOMMYECKMX N OPraHN3aLUMOHHbBIX PeLUEeHURn, oc-
HOBHOW LIENbI0 KOTOPbIX ABNSAETCS YAOBNETBOPEHME HOPMAaM TEXHONOMMYECKOro npouecca m
MUHMMM3aLUNS BO3OENCTBUSA HA OKPYXKatoLLyto cpeay.

OnTumMmnsaums ctexmomeTpumn Bo3gyxa. B 6nok cobCTBEHHO TepMumyeckor (BbICOKO-
TemnepaTypHOn, OrHEBOM) 06PabOTKM OTXOO0B AOSMKHO NOABOAUTLCA AOCTATOYHOE KoSnde-
CTBO Kucropoga (B Buae Bosayxa) ons obecneyeHnsa toro, 4tobbl peakuum ropeHnst Npoxo-
ANNKN 0O NOJSTHOMO 3aBEpPLUEHNS.

TpebyeTca obecneunBaTb pacHeTHOE KONMMYECTBO BO3a4yXa B 3aBUCUMOCTHU OT:

- TMNa 1 XxapakTepUCTMK OTXOA0B (TennoTa CropaHusi, BNaXxHOCTb, reTEPOreHHOCTb);
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- TMNa Kamepbl cropaHus (4na kunsawero crnosi Tpedyetca 6onblee obuee Konuye-
CTBO BO3[yxa BCNeacTBME BO3pacTatoLLero nepeMeLllnBaHnst OTX0A0B, YTO NPUBOAUT K POCTY
B3aMMOOENCTBUSA OTXOO0B C BO34YXOM).

OnTMmunsaums n pacnpegeneHme nogaym nepBMYHoOro Bo3ayxa. lNepBuyHbI BO3oyX —
3TO TOT BO34YyX, KOTOPbIA NOAAaeTcsi B CrOW OTXO4OB WIM HEMOCPEACTBEHHO Hag HUM Ans
obecneyeHnsa noTpebHOCTN B KNCIOpoae, HEOBX0AMMOM ANa CxMraHus. MNepBuYHbIN BO3QyX
TaKke NOMOraeT CyLlKe, rasudurkaumm 1 OXnaxXaeHno HEKOTOPbIX 31eMEHTOB BGTOKOB TEXHO-
norn4yeckoro obopyaoBaHus.

Bo Bpawatoumxca nevax, co CTyneH4yaTbiM U HENOABWXKHbLIM MOAOM, NEPBUYHLIN BO3-
AyX BBOAUTCA OObIYHO Bbilwe cnosi 06e3BpexnBaemMbiX OTXOA0B. B HEKOTOPbIX KOHCTPYKLUMSIX
neyemn CO CTyneH4yaTbiM NOAOM MEPBUYHBLIN BO3AYX MOXET YaCTUYHO BBOAMTLCSA HUXKE CIos
OTXO0A0B.

B cucrtemax ¢ KuMnsgwmMm cnoem nepBUYHBLIM BO34yX BBOOAMTCA HENOCPEACTBEHHO B
NCEeBOOOXKMKEHHbIN MaTepman N CRyXuUT Takke ANS OXKUXKEHUS caMoro crnosi, Ansl Yero npo-
AyBaeTcsa yepes conmna Co AHa Kamepbl CropaHusi B COMN.

PaBHoBecre mexay nepBUYHbIM M BTOPUYHBIM BO34yXOM OyaeT 3aBUCETb OT XapakTe-
PUCTUK OTXOO0B M OT TOrO, Kakas MCNOSib3yeTCA TEXHOMOrMsS cxuranms. OnTummuaaumnsa aToro
paBHOBeECMKS SIBNSIETCA HeobGxoauMowm Ans NPOTEKaHUA TEXHOMOrMYeCcKoro npouecca M Bbl-
6pocoB. B o6uiem, npy NOBbILLEHHOW TENNOTE CropaHUsa OTXOA0B YAAeTCa CHWXaTb NoTpeb-
ngemMblin pacxo Bo3ayxa.

MHxekuma BTOPUYHOrO BO3dyxa, onTuMmsauus u pacnpegeneHue. B npouecce npo-
CYLLUMBAHUA CbIpbsl, CXUraHus, NMMponusa un rasmukauum ropoyme KOMMOHEHTbI OTXO4O0B
npeobpasytoTcs B ra3oobpasHyto hopmy. 3T rasbl ABASKOTCA CMECbH MHOIMMX NeTy4YnXx KOM-
NOHEHTOB, KOTOPbIE AOMMKHbI AOMNONTHUTENBHO OKUCNATBLCA, AN YEero U UCNnonb3yeTcs Aonos-
HUTENbHbIN BO34YX (BTOPUYHBIN).

OHeproappeKTMBHOCTb TEXHOMOMMN CXUTAHUSI MOXHO MOBLICUTb C MOMOLLIbIO NOO0-
rpeBa Bo3gyxa. B HeKOTOpbIX cnyyasx BTOPMYHBIA BO3OQyX MOXeT obecneunTb Takke WU
OXNaXkaeHne ObIMOBbIX ra3oB.

MecTta oTBEpPCTUI ONS1 NHXEKTUPOBAHWUS, HanpaBfieHNsa U KonM4yecTtBa MOXHO MCche-
A0BaTb M ONTMMMU3NPOBATb AN Pa3NMYHbIX FEOMETPUIA NeYven, NCNonb3ys, Hanpuvep, Moae-
nMpoBaHue noToka.

Pa3bpoc TemnepaTyp Ha BbIXOAE M3 FOPENOYHbIX YCTPOWCTB MOXET BHECTU 3Ha4Yu-
TenbHbIA BKNag B obpasoBaHme NOy. TunuyHble TeMnepaTypbl HaXo4ATCA B AManasoHe OT

1300 °C po 1400 °C. Wcnonb3oBaHMe conen crneumanbHON KOHCTPYKLMU U PeLmpKynaumm
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AbIMOBbIX Fa30B MOXET CHU3UTb TeMnepaTtypy cornen B 30He ropeHusi, YTO NpUBELET K CHU-
XeHuto obpasoBaHunsa NOs.

[ocTuraembin 3KoNorM4ecknin 3pgekT 3aknovaeTcs B criegyoLlem:

- HU3KME N YCTONYMBbIE BbIOPOCHI BELLLECTB, CBA3AHHbLIX CO CXUraHUEM;

- YNyYLlLEHNE OKUCIIEHUSI MPOAYKTOB CXUraHus, obpas3oBaBLUNXCS B TE€YEHUE paHHUX
CTagun CXKUraHus;

- CHWXKEHWe yHOCca NpoayKTOB HEMOMHOro CXUraHUs 1 neTyyYyen 305bl B CTaansaX OYUCT-
K1 ObIMOBbIX ra3oB.

Peunpkynsaums abiMoBbIX ra3oB. [NpeBblleHNE NHXEKLMM BTOPMYHOIO BO3ayxa BeaeT
K CHWKEHWUIO 3HEepProaddeKTUBHOCTM YCTAHOBKM B LIESTIOM, TaK Kak KONMYeCTBO AbIMOBbLIX ra-
30B yBenuMuymBaeTcs. OTO BeAeT K AOMOSNHUTENbHbIM 3aTpaTaM, CBA3aHHbIM C MOHTaXXOM U
3KcnnyaTaumen ra3aooumMcTHOro obopyaoBaHus.

3a cyeT 3aMeHbl YacTu BTOPUYHOIO BO3ayxa AbIMOBbIMM ra3amm (MOcre ra3ooumncTku),
TaKke MOXHO COKpaTuUTb Bblbpocbl NOy, Tak Kak KOMYecTBO a3oTa B BO3yXe B 30HE rope-
H1A By4eT OTHOCUTENbHO MEHBLLUMM N YMEHbLUUT KOPPO3nto 060pyaoBaHumS.

O6oralleHne Bo3gyxa KMCNOPOAOM MPUMEHSAETCS ANA OOXUIaHUA OTXOAALWMX ObIMO-
BbIX ra3oB U T. A.

B 3aBMCUMMOCTM OT YpOBHSI NoAaymM KMCNopoaa 1 kayecTBa rasa, TemnepaTypa B kame-
pe cropaHusi obblYHO HaxoguTcs B amanasoHe oT 850 °C go 1500 °C, xoTa B OTAENbHbIX
cnyyasax temnepartypa goxoamt go 2000 °C wunum Bbiwe. Mpn Temnepartypax Bbiwe 1250 °C
nnaBUTCA 3axBavyeHHasa AbIMOBbLIMU ra3amum fneTyyas 3ona.

BbicTpoe 1 adhheKTMBHOE CXUraHNE MOXET NPUBECTU K O4YEHb HU3KMM U KOHTPONMPY-
eMbIM Bbibpocam CO n apyrnx 3arpsisHSAOLLMX BELWECTB.

Oxnaxgaemble Bpawarowmecsa neyn. [JaHHbIM TUN KOHCTPYKUMM UMEET psa npeumy-
LecTB B obnactu obpalieHmst ¢ oTxogamu, Tak Kak TpeboBaHMs K COCTaBy U CBOMCTBaM Chbli-
pbsi MeHee xecTkne. OgHaKo K CyLLeCTBEHHbIM HegocTaTkaM OTHOoCUTCA GbiCTpasa nop4ya or-
HeynopHoM oyTEPOBKM, TakK Kak B KITACCUYECKOM KOHCTPYKLMN OHa HaxoamuTcsl B MOCTOSAHHOM
ABWKEHMMW, CONPOBOXAAKLLEMCS YaCcTbIMM CMEHaMK TeMnepaTyp.

BbipaBHMBaHME TemnepaTypHbIX Harpy3ok obecnedmBaeTcsl MCMNOSb30BaAHUEM XWUa-
KOCTHOro oxnaxgeHusi. B HeKoTopbIx criydyasx 3TO NO3BONSET UCMNONb30BaTb 060pyaoBaHNE
npu 6onee BbICOKMX TEMMNepaTypax.

Cuctema oxnaxxgeHus BpalLatoLWEencs nevm CoCToMT U3 ABYX KOHTYPOB OXMaXKOEHUS.
[MepBUNYHbIN KOHTYP XUOKOCTHOrO OXNaXKAEHUS MOCTaBNSAET NEPBUYHYKO OXNaXKaatoLLy BO4Y
B BEPXHIOK YacCTb BpallaloLLENCa Neun n paBHOMEpPHO pacnpeaensiet ee ans obecneveHus

adpdpekTa paBHOMEPHOrO OXNaXxgeHusi BCero kopnyca neyn. 3aTteM XOnoAHbIA TensioHOCK-
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Tenb cobupaeTcs B YeTblpex BogocbopHbIx BaccenHax (kanopudepax). XKnakoctb LUpKynm-
pyeT yepe3 punbTp N TeNTIOOOMEHHMK C MOMOLLBI LMPKYNSALMOHHOIO Hacoca. McnapeHue
KOMMNEHCUPYETCS C MOMOLLbIO MOAMMTOYHOW XXMAKOCTU, B KOTOPYIO MOXET BBOAUTbLCA Bydep-
HbI pacTeop ¢ NaOH ansa npefoTepalleHust KOppo3uu.

BTOPUYHBIN KOHTYP CHUMaeT Tenno M3 NepBUYHOIO KOHTypa C NOMOLLBIO TENI006MEH-
HWKOB (KanopudepoB) 1 nepegaeT BoAy ANA ucnonb3oBaHus. Ecnu HeT HeobxogmMmocTn B
YTUNM3aUnn 3Heprum, MOXHO MUCMNOSIb30BaTb MHOTOCEKLUMOHHYHO BO34YXOOXNaXKAatoLy cu-
CTeMy AN CHATUS Tenna U3 cuctemsl. [1ns Toro 4Tobbl UCKNIOYMTL 3amep3aHne, CMeCb BOAbI
C IMMKONEM UUPKYNMpYeT Yyepes TENNOOOMEHHNKN «KNMOKOCTb — BO34YX».

BnaronpuaTHO ckasbiBaeTCs BblpaBHMBaHME TeMnepaTypbl Ha CTEHKax Mneyu, ocy-
LLlecTBIsieMOe NoA4BOAOM [bIMOBbIX ra30B K TPYOHOMY MEXKOHTOPHOMY NPOCTPAHCTBY.

YBenuyeHue BpeMeHU BbIAEpPXKKU OTXOAO0B B Kamepe cxxuraHus. CteneHb nosiHo-
Tbl CrOPaHWUsi OpraHMYecKom YacT OTXOAO0B MOXHO NOBLICUTH C MOMOLLLIO: NeYen, B KOTOPbIX
OTX04bl 3PPEKTUBHO MEpeBOPaYNBAOTCA U NepeMeLlnBalOTCA; npeaBapuTesibHOn noaro-
TOBKW OTXOJOB M UCMOMb30BaHUS 3aTeM Kunswero crnos (npyu oTcyTcTBUKM ocobbix TpeboBa-
HWA 1 orpaHnyeHnin); 6onee ANUTENLHOrO BpeMeHn npebbiBaHMsA B 30HaX NOSIHOMO CropaHus
neyun; KOHCTPYKUUN NeYn ansa oTpaxeHus TennoTbl y4encrnyckaHns 1 noBbILIEHUsT NONHOTbI
CropaHus; onNnTMMM3aunmn pacnpegeneHns U nogadv nepBuMYHOro Bosgyxa; gobasku Opyrmux
OTXOO0B/TONMMB NSl COAENCTBUA IPPEKTUBHOMY CKUMAHUIO U, KaK CreAcTBUE, CHKEHUIO
COAepXaHNa YypPOBHEWN OpPraHM4Yeckoro yrnepoga B 305oLwiniake; M3MesnbyYeHUs; NoBTOPHOMO
TepMmnyeckoro obesBpexmnBaHus.

K OCHOBHbIM NpenMyLecTBaM BHEAPEHUS NepedNCreHHbIX peLleHnin OTHOCATCA: yBe-
nM4yeHne TepMUYECKOn OEeCTPYKUMM OTXOOO0B; YnydlleHne BO3MOXHOCTEN LN MCMNoSib3oBa-
HWSA OCTaTKOB; YTUNM3aLMs NOSTHON SHEPreTUYeCKOW LEHHOCTN OTXOO0B.

MoBbiweHMe TYpOyneHTHOCTM B Kamepe [oxura. [1pMmepbl KOHCTPYKUMIA Kamep
AoXura C MOBbILWEHHOW TYpOYNEeHTHOCTbIO BKIOYAKOT: LMKNOHHbIE KaMepbl, LMKINOHHO-
BUXPEBbLIE TOMKW, UCMOMNb30BaHNE MEPEropoaOK MMM BXOLOB ANSA YCNOXHEHUSA TpaeKTopum
OBWXEHUS ra3oB, TaHreHuuanbHOe pacrnosioXeHWe ropesiok, yCTaHOBKY U pasMeLleHne cu-
CTEM MHXEKUUN BTOPUYHOrO BO3ayxa.

TypOyneHTHbIN pexmMm No3BONsIET CHU3UTb NOTPebneHne BTOPUYHOIO BO3ayxa U, cre-
AoBaTeribHO, CHU3UTb 00bEeMbI AbIMOBbLIX ra3oB 1 obpasoBaHne NOy, yBENUYUTL AOXUIaHne
ObIMOBbIX ra30B C OAHOBPEMEHHbLIM CHWXEHUEM YPOBHEW NEeTy4umx OpraHu4ecknx coeauHe-
Hur n CO.

OnTumMusaums BpeMeHu, TemnepaTypbl, TYpPOYNEeHTHOCTU ra3oB B 30HE CXUraHUs U

KOHLIEHTpaumn kucnopoaa. OAns AocTuxkeHust 3PMEKTUBHOIO AOXKUIaHUS OTXOASALMX ObIMO-
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BbIX ra30B, 06pasyr0u.w|x0ﬂ B Té4eHune rnpouecca CxXuraHuma, Heobxoanmo CTpeMUTbCA K Of-

TUMU3aLMN COOTBETCTBYHOLLNX KpUTepues (cMm. Tabnuuy 5.3).

Tabnuua 5.3 — HekoTopble TexHUYeCKne TpeboBaHMs, NPeabaBSiEMbIE K CXKUraHUIO 0TX040B [14]

MapameTp

TexHudeckne Tpe6OBaHVIF|

Lenb

MunHnmanbHaa Temne-
paTypa CXuraHus B Te-
YeHne BpeMeHn Npeodbl-
BaHWA rasa

Mo kparHen mepe 850 °C unum no
KpanHen mepe 1100 °C gnga onac-
HbIX OTX0A0B c bornee YyeM 1 % ra-
NOreHMpPOBaHHbIX OPraHNYeCcKnX Be-
wects (kak Cl)

[ocTtaToyHble TemnepaTtypbl ANs
BO3MOXXHOCTMW OKUCIIEHNS

MwHMmaneHoe Bpems
npebbiBaHWs rasa

2 c nocne nocriegHero NHXEKTNPO-
BaHUA BO3AyXa ONA CKXUraHnA

HocTtaTtoyHoe Bpems npebbiBaHWs
npv AOCTaTOYHO BbICOKOW Temnepa-
Type Npu HanNM4YnM 4OCTAaTOYHOrO
KOnm4ecTBa KMCnopoaa anis pearu-
pPOBaHUA N OKUCNEHMUS

TypOyneHTHOCTb

HoctaTtoyHas ans obecneveHus
3PPEKTMBHOIO CMELLEHNSA rasa 1
peakunn ropeHns

CmeLueHve rasa ansi BO3MOXXHOCTU
peakuui, NPOXoasaLmnX No Bcemy
NOTOKY rasa

KoHueHTpauus kucno-

BonbLlie yem 6 %

JlomkHo BbITb NOCTaBNeHo gocra-

poaa (M3bbITOK) TOYHOE KONMMYECTBO Kucnopona ans

BO3MOXHOCTU OKUCI1EHNA

Ana poctmxkeHnst acpPeKkTUBHOrO A0XUraHust rasoB, obOpasyloLwmnxcs BO BpeMsi Npo-
Lecca ropeHust OTX04oB, rasbl JOSMKHbI ObiTb NepemMellaHbl ¢ TpebyemMbiM KONMYECTBOM KuUC-
nopoja, npu JOCTaTOYHO BbICOKOW TemnepaType U B TedeHue ANUTENbHOro BpeMeEHW, [0-
CTaTOYHOrO A1 MOSIHOrO UX CropaHus.

Llenbto ycTaHOBneHMa 3TUX KputepueB sBnsieTcs obecneveHve MnpoeKkTUpOoBaHUS U
3KcnnyaTaumm yCTaHOBOK No 06e3BpeXMBaHNIO OTXOAOB, Taknm obpasom, 4Tobbl rapaHTUpoO-
BafioCb OKWCIIEHWe ra3oB W MOSIHOE paspylleHMe OpraHUYecKMx BeLLecTB, YTOObl CHU3UTb
BbIOpPOCHI 3arpA3HAOLLMX BELECTB B aTMOCdepy.

Mcnonb3oBaHue aBTOMaTM4YeCKM paboTawwmx BCNoMoraTenbHbIX FOpPEenokK.
Ob6ecneyeHne JocTaToOuHOM TemnepaTypbl Ha BCEX aTanax aKcnfyaTauum yCTaHOBKNU cnepy-
eT obecneymBaTb C NOMOLLbIO BCMIOMOraTesbHbIX FOPENnoYHbIX YCTPOUCTB. OHM MCMNONb3YHOT-
csl, Korga TemnepaTtypa nagaeT HUXKe pacCUMTbiBAaeMbiX 3HAYEHU MUHMMAanbHOW Temnepa-
Typbl.

Myck 6e3 BcnomoraTernbHbIX rOPEriok BO3MOXEH, O4HaKo Gornee CNOKOWHbIN MyCK CO
CHMXEHHbIM 0Opa3oBaHNEM CaXm U Ny4YLIMM KOHTPONEM TemnepaTtypbl 4OCTUrAeTCAa Mpu UX
ucnonb3oBaHuun. lNyck 6e3 BcnomoratenbHbIX FOPENoK MOXeT MPUMBECTM K MOBbILLEHHOMY

PUCKY KOPPO3NN TEXHOJTOTNMHECKNX GnokoB BCNeacTBMe Hanuums Xnopa B oTxXoaax.
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5.2.6 QHeproacpdekTuBHOCTL. Tennoucnonb3oBaHUe

YBennyeHns aHeproaddekTUBHOCTM TEPMUYECKOrO 06e3BpEXNBAHNSA OTXOA0B MOXHO
AOCTUYb MYyTEM MUCMNONb30BaHUA Tenna: Ans BHewWHero notpebneHns — ¢ nony4yeHmeM rops-
4Yyen BOAbl, OTOMNSIEHMUS MPOU3BOACTBEHHbLIX MOMELLEHUN, BbIPAOOTKOM 3MEKTPO3HEPrMM, a
Takke nyTeM UCMofb30BaHMsS Ha COOCTBEHHbIE TEXHOMOMMYECKNE HYXObl — ANSA NOSyvYeHns
napa, ropsidero Bosgyxa, oborpesa 1 CyLUKM OTXOA0B.

PecypcocbepexeHne Takke ABNAETCA OCHOBOMW CHMXEHUS MaTepuasno- U 3Heproem-
KOCTM NPOEKTUPYEMbIX YCTAaHOBOK 6e3 yuiepba ona ee KadyeCTBEHHbIX NapaMeTpoB U yBENU-
YeHUs abCONTHLIX 3HAYEHU MPON3BOANTENBHOCTY.

Mcnonb3oBaHMe aHeprum OT YCTAHOBKW ANl CKUraHUs OTXOAOB rMaBHbIM 0b6pa3om
CBSA3aHO C TennoTon cropaHus oTxoaoB. OgHako noaBod AOMNOMHUTENbHbBIX SHEProHOCUTEe-
nen HeobxoguMm Onda nogaep)XaHus YCTOMYMBOrO TEXHOMNormdeckoro npouecca. pu atom,
OTHOCUTENbHO HEeBOMbLIOE NOBbILWEHNE 3HEProdPEKTUBHOCTU MOXET obecneynTb 3Ha4u-
TenNbHY0 9KOHOMUIO TOMMMBA.

lMepexoa c xuakoro Tonnvea (Au3esibHoe TOMNUBO, MasyT) Ha NPUPOAHbLIA ras, nNpu-
MEHEHNE MHOIOTOMNSIMBHbLIX U MHOFOCOMNESbHbIX FOPEnoYHbIX YCTPOMCTB, YCTaHOBKA NapOBbIX
dOpPCYHOK M Gornee COBPEMEHHON KOHCTPYKLMM MOXET Takke obecneumBaTtb MOBbILIEHNE
3HeproaekTUBHOCTH.

Ontmunsaums K1 yctaHOBOK COCTOUT B TOM, YTOBObI ONTMMU3NPOBaTb BECb MpoLecc
Tepmuyeckoro o6e3BpexmnBaHust. ITo BKIOYAET B ceOs1 yMEHbLUEHME NOTEPb N OrpaHNYeHne
npouecca notpebneHus.

Mpwn onpegeneHun oNTUMarnbHOM 3HepreTuyeckon 3PPEKTUBHOCTU cCreayeT YYuTbl-
BaTb criegyrowme akTopbl:

- MECTOMOJIOXEHME W KNUMaT;

- CMPOC Ans pekynepauum aHepruu;

- C€30HHYI0 U3MEHYMBOCTb CNpoca Ha Nap/aneKkTpo3HEPIUIO;

- HAOEXHOCTb B MOCTYMMEHUN TONNMBA/3NEKTPOCHABXEHNS;

- perMoHarsbHyt0 PbIHOYHYKO CTOMMOCTbL TEMsa 1 3NEKTPOIHEPTUN;

- cocTaB, PM3NKO-XMMUYECKME XapaKTEPUCTUKN N NX konebaHmst Npu NOCTYnNIeHUN OT-
XO[OB.

YcTaHOBKM crnegyeT OCHawaTb M3MepuTenbHbIMU npubopamu/aHanusatopamu Ans
BbIMONHEHUS 3a4a4y TEXHNYECKOro 006CNYyXMBAHNSA N TEXHUYECKOWN NOAOEPKKN.

OCHOBHbIMM UCTOYHMKAMKN 3HAYUTENBHOIrO NOTPEONEeHNa 3HeEpPrMmn B NpPoLIECCE TEPMU-

Yyeckoro o6e3BpeXnBaHNs 0TXOO0B SABNSAOTCS BEHTUNATOPLI; 060pyAoBaHNeE ANns TpaHCnop-
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TMPOBaHWA, 3arpy3km OTXo40B (Hanpumep, Hacochbl, KpaHbl, rpendepsl, LWHEKOBbIE NuTaTe-
nn); BO3OYyXOOXNaXaaeMble KOHAEeHCaTopbl U T. M.

C uenbto obecneveHns CyLLeCTBEHHOIO aHeprocbepexxeHns, CBA3aHHOro ¢ ONTUMMN3N-
POBaHHbLIM YNpaBfeHNEM TEXHOSIOrMYECKMM MPOLECCOM, YMEHbLUEHMEM M3HOCA MeEXaHuye-
CKOro OCHOBHOIO M BCNOMOraTenbHOro 0bopyaoBaHnsa U CHUXKEHMEM YPOBHS LLYMOBOIMO BO3-
AencTena npu konebaHuax Harpyskm Moryt ObiTb MCMONb30BaHbl YaCTOTHO-pErynmpyemble
npueoabl.

Bo MHOrMx cnyyasx, korga TpebyoTcs U3MEHEHUS B TEXHOSOMMU OYUCTKU ObIMOBbIX
rasoB, YeM HWXe npefesibHble 3Ha4YeHusi BbIOpOCcoB, TEM BOrbLUEe 3HEPrMM NOTPebNseT cu-
cTema ra3ooumcTkn. oaTomy BaXHO, YTOObI BO3AENCTBUE HA OKPYXKaIoLLYIO cpefly OT yBenun-
YeHus1 NoTpebneHns 3Heprum COOTHOCUIOCH C BbIrOAAMWN OT CHUXEHUSA BO3OENCTBUS 3MUC-
CUWn.

[na oxnaxxgeHnsa ncnonb3yTcst TPU OCHOBHbBIX CUCTEMBI:

a) BoOgsHOe oxflaxgeHue C MNOMOLLbK KOHBeKUuu (rpaguphHu). B atom cucteme uc-
nosib3yeTcsa NOBEPXHOCTHasi BoAa, KOTopas CHoBa cOpackbiBaeTcsl B BOAOEM, NMOCe TOro Kak
OHa Harpenacb Ha HeCKOSbKO rpagycoB. [Ana 9TOW CUCTEMbI OXNaxaeHus TpebyeTcsi MHOro
BOAObl, M 3TO NPMBOAUT K OONbLUOK TEMNSIOBOW Harpyske Onsi MECTHOW 3KOCUCTEMbI. Takown
cnocob ncnosnb3yeTcs, ecnn UMeKTCS NOMTHOBOAHbIE PeEKN N Ha nobepexbe;

6) ncnaputenbHoe BogsHoe oxnaxaeHue. Boga ncnonb3yeTca ons oxnaxaeHus KoH-
AeHcatopa. OHa He cbpacbiBaeTcs, HO NoaBepraeTcs PeuuKMHIy rnocrne npoxoga mcnapu-
TEeNnbHOM oxnaxgatwien bawHn, rge oHa oxnaxgaeTca 3a cyeT ucnapeHnsa HebornbLon va-
cTn Boabl. HebGonbLon NoTok BoAbl AOMKEH cOpacbiBaTbCAa ANA NoadepKaHus KadecTsa BO-
Abl B cucteme. MimeeTtca Tpu OCHOBHblE TEXHMYECKME BapuaHTa UCMapUTENbHOIO oxnaxae-
HUS:

1) oxnaxpgarouwme GalHn ¢ BO3AYLWHbIM OYTbEeM, KOrga Bo3ayx, Tpebyowmncsa ans
ncrnapeHnsa Bofbl, NO4AETCHA C MOMOLLbI0 BEHTUNATOPA, C COOTBETCTBYIOLWNM NoTpedbneHmem
3MEKTPOIHEPruu;

2) oxnaxpatowme GalHN C eCTeCTBEHHOW KOHBEKLMEW, Koraa NpUHYAUTENbHbIN
BO3AYLUHbIN NOTOK BbI3blBaeTcA (HebonbLMM) pOCTOM TemnepaTtypbl Bo3gyxa (KpynHble Ge-
TOHHblEe oxnaxgarwme 6awwHn Boicoton 100 m);

3) rmbpuaHble oxnaxpawowme 0OalHN C BO3MOXHOCTbIO CHMXKEHUSI BENUYUHDI
wnerda BbIGpOCOB BOASHOIO napa.

YpOBEHb LLyMa CUCTEM C NMPUHYAUTENbHBIM OYTbEM BbICOKMI, @ YPOBEHDb LUyMa B KOH-

BEKLUMNOHHOW CUCTEME CPEeaHUN;
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B) BO34YyLIHOE oxnaxaeHue. 34ecb nap KOHAEHCUMpyeTcs B TEnSI00OMEeHHMKe TUnuy-
HOW KOHCTPYKLUMUWM C BO3OQYXOM. B aTux KoHOeHcaTopax Mcnonb3ytTcs 6onblive KonvyecTsa
3NEKTPOIHEPINN, TaK Kak TpebyeTca ABMXKEHME BO3ayxa Nog OeNCTBUMEM KPYMHbIX BEHTUNSA-
TOPOB, KOTOPbIe ABNATCA UCTOYHMKaMU Wyma. Takke TpebyeTcsa perynspHas 3aymctka no-
BEPXHOCTU KOHAEHcaTopa.

KMO tennoobmeHHbIX annapaTtoB 3aBUCUT OT TemnepaTypbl BOAbl, TemMnepaTypbl U
BNaXXHOCTK Bo3fgyxa. [locrne KOHBEKTUBHOINO OXNaXXAEeHWUsi BOAOW paunoHaribHO CTaBUTb UC-
naputensHoe oxnaxgeHne n Bo3ayLHOe oxnaxaeHue.

OaHuM 13 cambix 3PPEKTMBHBLIX CNOCOOOB NOBbILLEHWST AHEPrO3dEKTUBHOCTHM YCTa-
HOBOK SAABMSIETCS pereHepaumst Tenna TOMOYHbIX ra3oB M ero UCMNonb3oBaHWe Ansa nogorpesa
BO34yxa Ans ropeHns. AP deEKTUBHbIN NOAOINPEB BO3AyXa TaKkKe cneayeT NPUMEHATb B cove-
TaHUN CO CBOEBPEMEHHbLIM TEXHUYECKMM OBCryXMBaHMEM OCHOBHOro o6opyaoBaHus, YTOObI
noggepxmBaTb MakCUMarbHyl0 nepegadvy tTenna.

Bbibop anbTepHaTMBHbIX peLleHnn nogorpesaTtenen OSMKEH yYnTbiBaTb TUN Npume-
HAEMOro TonMBa U BEPOATHbIE YPOBHU BO3AENCTBUA HA OKPYXKatoLLyto cpeay.

OnTuMM3aums KOHCTPYKUUK KOTNa-ytunuaatopa. YTunmsmpyemoe Tensno — 3T0 aHep-
rs, KoTopasl nepefaeTcsa OT AbIMOBbIX ra3oB napy (Mnm ropsiyen Boge). Ocratowascsa aHep-
s ObIMOBbIX Fa30B Ha BbIXoAe M3 KoTna 0bblivHO TepsaeTca. [MoaTtomMy, Ans Toro 4Tobbl Mak-
CMManbHO YTUIN3MPOBaTb SHEPIUO, HEOBXOANMMO CHU3UTL TemnepaTypy AbIMOBbIX ra3oB Ha
BbIXOA€E U3 KOTna-ytunusartopa.

KoTen-ytunusaTtop OOMMKEH MMEeTb AOCTATOYHYH NOBEPXHOCTb TenfioobmeHa, HO Tak-
K€ N XOpPOLLO CKOHCTPYMPOBAHHYK reoMeTpuio. 3TO MOXHO LOCTUrHYTb B BEPTUKAIIbHOM, ro-
PU3OHTANbHOM WMNN KOMOMHMPOBAHHOM (BEPTUKANbHO-TOPU3OHTANIbHOM) MCMOSHEHUSIX KOT-
na-ytunusatopa. Huwke npuBeaeHbl NpUMepbl KOHCTPYKLNN:

- CKOPOCTb rasa AoJfmKHa OblTb HU3KOW U pacnpefensiTtbCa paBHOMEPHO (4Nna npenoT-
BpaLLEeHMsA 3acTosi, KOTOPbIN MOXET Bbl3BaTb oOpacTaHue unu 3abusaHue) No BCEMY KOTIy-
yTUNn3aTopy;

- AN Noaaep>KaHUsa HU3KUX CKOPOCTEN rasa npoxoAbl AOMKHbI ObiTh LUMPOKMMK B NO-
nepeyHoM CevyeHum, a uX reoMeTpusi 4OrmkHa BbiTb «adpOANHAMUYECKONY;

- NepBbIN NPOX0A KOTNa-ytunusatopa OOJDKEH: He coaepXaTb TennooOMeHHbIX Mno-
BEPXHOCTEN U MMETb AOCTaTouYHble pa3mepbl (B 0OCOGEHHOCTU BbICOTY), AN TOro 4Ytobbl No-
ABUNAcb BO3MOXHOCTb CHWXEHUS TemnepaTypbl AbIMOBbIX ra3oB Hwxke 650 °C — 700 °C.
OpHako He JOMKHO BbITb OXNaXAEHMST C MOMOLLIbIO TONMOYHbIX 9KPaHOB;

- nepBble TPYOHbIE My4YKU HEe OOSMKHbI YCTaHaABNMBATbLCA B MeCTax, rAe MOXeT Hanu-

naTtb NneTty4vyad 305a, T. €. TaM, rae Temnepartypa CIIMKOM BbICOKas;
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- 3a30pbl Mexay TPYOHbIMM nNyykamu AOMKHbl ObITb AOCTATOYHO LUMPOKUMWU OIS
npegoTBpalleHns obpactaHnsa MexXTpybHOro NpoCcTpaHCTBa;

- LMPKYNAUna BoAbl M Napa B MEXTPYOHOM MPOCTPaHCTBE N KOHBEKTMBHbIX 3f1IeMEHTax
AOIMKHA BbITb ONTUManbHOW, ANA TOro YToObl NPeaoTBpaTUTL HEPABHOMEPHBINM ChbeM Tenna,
HeaPeKTMBHOE oxNnaxaeHne ObIMOBbIX ra3oB U T. A.;

- FOPU3OHTAamNbHbIA KOTEN-YyTUNN3aTOP AOIMKEH KOHCTPYMPOBATbCA TaK, YTOObI MOXHO
ObINI0 U3BMEHUTL TPAEKTOPUIO ABMXKEHMSA AbIMOBbLIX ra3oB, NMPUBOASALLYIO K CTpaTudmKaumm
TemnepaTypbl 1 HE3PEKTUBHOMY TENNOOOMEHY;

- DOMMKHbI OblTb NpefyCMOTPeHbl creuuanbHble YCTPOWCTBa AN OYUCTKM KoTna-
yTunuaatopa ot obpacraHus;

- ONTMMM3ALUNSA CUCTEMbI KOHBEKTMBHOIO TennoobmeHa (NpOTMBOTOK, NapannenbHbin
NOTOK U T. A.), ANSA TOro YToObl ONTUMM3NPOBATL NOBEPXHOCTb TEMNNO00OMEHa B COOTBETCTBUM
C TemnepaTtypoun Ha Tpybkax 1 npeaoTBpaTUTb KOPPO3N0 annapaTa.

KOHCTPYKLMA CO CHWXKXEHHbIM obpacTaHMeM KoTna-yTunusatopa yMeHbllaeT npebbl-
BaHME MbIfIM B BbICOKOTEMMEPATYPHbIX 30HAaX, KOTOpble MOryT Bbi3BaTb PUCK 3abuBaHus
TPYOBHbIX Ny4ykoB 1 cbon B paboTe ycTaHOBKM 06e3BpEXMBAHNSA OTXOA0B.

CHmxeHne TemnepaTypbl AbIMOBbIX Fa30B MOCMe KOTMa-yTunmsatopa orpaHny4nBaeTcs
TOYKOWM POCblI OTXOAALMX ra3oB. Takke cnegyeT yuuTbiBaTb TemMnepaTypHbIn pexum B 6ro-
Kax ra3zoo4mcTKu, Hanpuvep:

- B Cfny4ae npoLeccoB C MOMyCyXOoW raso0uMUMCTKON MUHMManbHas Temnepatypa Ha
BXoge onpegensetrca Tem (PakToM, YTO MHXEKUMS BOAbl CHMXaeT TemnepaTypy rasos.
O06bIYHO OHa gormmkHa coctaenaTtb 190 °C — 200 °C;

- NPOLIECC C MCMNOSIb30BAHNEM CYXOW ra3004MCTKM MOXET NPOBOAUTLCA Npu Temnepa-
Typax 130 °C — 300 °C. MuHumanbHas Tpebyemasa TemnepaTypa Ans npouecca CyxoMu
copbumm ¢ BBOOOM B MOTOK AbIMOBLIX ra3oB bukapboHata HaTpus coctasnseT 170 °C. OT1o
06bsACHAETCA HEOOXOANMMOCTLIO YBENUYEHUST YOENbHON NOBEPXHOCTU BukapboHaTa HaTpus
N, criegoBaTtesibHO, ero npeobpasoBaHnemM B 6oree apekTMBHbLIN COPOLIMOHHBIN peareHT.
MoryT ncnonb3oBaTbCs 1 Apyrue peareHTbl, onpegenstowmue TemnepaTypy npouecca;

- MOKpbI€ CUCTEMbI Fa3004NUCTKN HE UMEIOT YETKOro TemnepaTypHoro gnanasoHa. Og-
HaKo, YeM Hmxe TemnepaTypa rasa Ha Bxoge B ckpybbep, TeM Hmxe noTpebrneHue Boabl
CcKkpyb6epom.

Mcnonb3oBaHue ckpybbepoB C KoHAeHCauMen ObIMOBbIX ra3oB CBS3aHO C MpUMEHe-
HMeM opoluaemMoro ckpybbepa, KOTOpbIN KOHOEHCUMPYET BOASAHbIE Mapbl U3 ObIMOBbLIX ra30B
CUCTEM MOKPOWN, NOSTYCYXON U CyXOW ras3ooymctkn. OBbIYHO 3TOT NPOLIECC MCMONb3yeTcHa B

KOHLIe CUCTEeMbIl ra3004NCTKN.
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OxnaxgeHune obecneynBaeTcst C MOMOLLbIO TENNOOOMEHHbIX NPOLECCoB (Hanpumep, ¢
MOMOLLIbIO TENIOBOMO Hacoca).

Mcnonb3oBaHue TennoBbIX HACOCOB ANA MNOBbIWEHUA yTUnuM3auum Tenna. Ten-
N0OBbl€ HACOChl ABNATCA CPeACTBOM 00beANHEHUS Pa3SIMYHBbIX OTHOCUTENBHO HMU3KOTEMME-
paTypHbIX MOTOKOB AS11 Harpeea Apyroro Notoka. OTO NO3BOSISIET, HAaNpMMep, aKCnyaTnpo-
BaTb CKpyb6epbl C KOHAEHCaunen abIMOBbIX ra3oB U MMETb BO3MOXHOCTb reHepaumum Tenno-
BOW 9HEpPrun.

Mcnonb3oBaHMe TennoBbiX HACOCOB A1 NOBbIWEHNSA yTuUnmMsauun Tenna obecneyu-
BaeT MMHMMMU3ALMIO OBLLUMX 3KCNyaTauuMoHHbLIX 3aTpaT Ha OTONSEHME U KOHAULMOHMPOBA-
HWe 30aHNA (COOPYXeHNs ).

BHegpeHne aBTOMATM3MPOBAHHbLIX CUCTEM, NpeaycMaTtpuBatroiee MHOGAKTOPHbIE
N3MEPEHNSA N KOHTPOSb TEXHOSOMMYECKNX CMCTEM, paboTatlowmnx Ha ToNnMBe 1M Bo3gyxe Ans

ropeHus, SBNSTCA onpeaensiownmn anst 3ekTMBHOro yHKLMOHMPOBaHWUS YCTAHOBOK.
5.2.7 TeXHONOrmm o4YUCTKU rasoo6pasHbIX NPOAYKTOB CropaHus

MmeeTca cneayowmm (HencyepnbiBaoLwmnmm) nepevyeHb obLwmx gakTopos, Tpebyowmnx
paccMoOTpeHNs Npu BblIGope CUCTEM OYUCTKU ObIMOBbIX ra30B:

- TUN OTXOA0B, UX COCTaB M OOHOPOOHOCTb COCTaBa;

- TN Npouecca CKXUraHus U NPOU3BOAUTENBHOCTb YCTAHOBKM;

- pacxopg 1 TemnepaTypa AbIMOBbIX ra30B;

- XapaKkTtep HeOAHOPOAHOCTUN CBOWCTB AbIMOBbIX ra30B;

- Tpebyemble npefernbHble 3Ha4eHNS BbIBPOCOB 3arpsi3HAIOLLNX BELLECTB;

- TeMnepaTypHbIN AManasoH;

- OrpaHUYEeHns No npegesibHbIM 3HAYeHUsIM 3arpsi3HEHHOCTU MpU COpPOCEe CTOYHbIX
BOA,

- KNUMaTn4eckne ycrnosus;

- HanuM4yne HeobxoaMmon nnowaaun Ang pasmMeLLeHnsa razaoo4uncTHoro o6opyaoBaHns;

- aHanu3 3aTpart, CBA3aHHbIX C yTUnn3aunemn OTXo40B C CUCTEM ra3004MUCTKY;

- COBMECTMMOCTb MeXJy CYLUEeCTBYLWNUMU fieMeHTaMn TEXHOITOrMYeCcKoro rnpouecca
TepMmnyeckoro obesBpexnBaHms;

- BO3MOXHOCTb UCMOMb30BaHWs BOAbl U XMMUYECKUX PeareHToB;

- HeOBXOOUMOCTb 3HEPrMM (HanpuMep, NoCTaBka TEMNOBOW aHepPrnn oT ckpybbepos C
KOHAEHCcaunen obIMOBbIX ra3oB);

- OLIEHKa YCroBuM ANS NOAKMIYEHUS K CyLEeCTBYHOWMM CUMcTeMaM aHeproobecneye-

HUA;
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- YPOBEHb LLUYMOBOIO 3arpA3HeHns.
5.2.7.1 CHuXeHue BbIOPOCOB NbINK.

MpeaBapuTenbHoe obecnbIIMBaAHNE CHMKAET Harpy3ky Mo B3BELUEHHbIM BeLeCcTBaM 1
MexXaHU4YeCKUM NpUMecaM Ha rnocreayrLmx CTagnuax CUCTEMbI ra3004UCTKM.

Ha yctaHoBkax Ons obesBpexuBaHUs OTXOA0B MOryT UCMONb30BaTbCs Crieayoline
cucTembl obecnbiNMBaHUS:

- UUKITOHbI U MYNbTULMKIOHBI;

- ONeKTPOUIbLTPLI;

- pyKaBHble pUnbTpPbI.

OANekTPoUNbTPbl U LUMKIOHBI 3dEKTUBHBI NS NpeaBapuTenbHOro obecnblinnMBaHus
n obecnevymBaloT OOCTMXKEHUS CaMbIX HU3KUX YPOBHEW BbIOPOCOB B COYETAHUW C APYruMu
TEXHOSIOrMsAMHN.

MokpbIn  aNekTPoUNbTP — 3TO OTAENbHbIA TUN 3nekTpodunbTpoB. OH 06bIYHO
He NPUMEHSETCA Ha cTaauu npeasapuTernbHoro obecnblinMBaHNAa U3-3a TemnepaTypHbIX Tpe-
bosaHun. OgHaKO ero MCNonb3oBaHWe pauMoOHanbHO CBA3blBaTb C AOOYUCTKOM MOCIe Cu-
CTEMbl ra3004UCTKM.

PykaBHble hunbTpbl ABNAKTCA 3P(EKTUBHLIM CPeaCcTBOM ANS yaaneHus noinn. Kpo-
Me 3TOro, TakKe MOryT MHXEKTUPOBaTbCS creunasnbHble peareHTbl A CO34aHNsa peareHTHO-
ro Cnosi Ha NOBEPXHOCTM TKAHOro Matepmana ans ysenuyeHnsa apekTMBHOCTU ynaBnuBea-
HusA Tskenblx metannos, NXOL/MXOP; 3awuTsbl OT KOPPO3UW.

O6bI4HO Ucnonb3yeMbiMU peareHTaMn ABASKOTCH U3BECTb U aKTUBUPOBAHHbLIN Yrorb.
Hanuune aktmBmpoBaHHOro yris cHwxaeTt Harpy3ky no MNXOA4/MNXOP Ha nocneayrowmx cra-
ANAX OYUCTKN ObIMOBbLIX Fa30B. B criydae MOKpbIX CUCTEM 3TO NOMOraeT B yaaneHun pTyTn u
oceaHny ANOKCUHOB Ha MaTtepuanax Kopnyca n OCHOBHbIX 35ieMeHTOB ckpybbepa.

[na 9Ton TEeXHONOrMM caMbiMU 3HAYUTENBHBIMU BO3OEUCTBUAMU MeXOy cpefjaMun AB-
naTCs:

- NoTpebneHne 3Heprun pykaBHbIMU (buUNbTpamMu BbILE, YEM APYrMMW cucTemamu
BCreAcTBme 6onbLUMX NOTEPL AaBMEHMS;

- obpasoBaHue neTyyen 30Mbl NPy OYUCTKE rasos;

- KOHUeHTpauun NMXOAO/MNXOP B AbIMOBbLIX razax MOryT BO3pacTu B Te4eHne npedbiBa-
HUSA B anekTpodunbTpe, ocobeHHO Npu paboTe B TemnepatypHoM amnanasoHe oT 200 °C go
450 °C.

MpumeHeHne cuctem JOOYUCTKM ObIMOBBIX ra3oB MUCMNOMb3yeTCca AN 3aKnioyYnTesibHO-

ro0 CHMXeHuA Bbl6pOCOB nblJin NocCne nNpuMeHeHnAa gpyrux 3fieMeHToOB ra3oO4YnCTKMN 1N nepen
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BbIOpOCOM rasoB 13 AbiMoBOM Tpybbl B aTMocdepy. OCHOBHbIMM NPUMEHSEMbIMU CUCTEMA-
MU SBMSOTCS:

- pyKaBHble PUNbLTPBLI;

- MOKpPbIN 3NEKTPOPUnbTP;

- AnekTpognHammnyeckue ckpybbepbl BeHTypu;

- hunbTpyloLwmMe MOAYIM C HAKOMNSIEHUEM MNbINW;

- MOKpble CKkpy66epbl C MOHM3aLUMeEN ra3oBon cpeabl.

Mcnonb3oBaHne CUCTEMbI MOKPOW OYMCTKU AbIMOBbIX Fa30B Takke ABMSEeTCS JOOYUCT-
KOW nocne gpyrux cuctem, npegHasHadeHHbIX Ana O4YMCTKM OT KUCTIbIX ra3oB U T. 4.

Kpome cHWXeHusi BbIGPOCOB Mbifiv, BO3MOXHO A0BUTLCA adhekTa CHMXEHNA BbIOpo-
COB CrieyrLiMx BeLLEeCTB:

- TSXKenbIX MeTanmnoB, Tak Kak UX KOHUeHTpauuu B Bblbpocax obbl4HO cBSA3aHbl C ad-
hEKTUBHOCTBIO YAaneHus nbinu;

- ptytv 1 NXO0/MNXOP, korga copbeHTbl 406aBNAITCS B pyKaBHble (PUNbTPSI;

- KNCMNbIX ra3oB, Korga nobaBnsalrTcs WenoyHble peareHTbl AN 3almThbl PYKaBHbIX
PUNbTPOB.

Cnocob aBoMHOro unbTPOBaHMSA CBS3aH C UCMOMb30BaHMEM [ABYX PYKaBHbIX (PUMb-
TPOB, BKITHOYEHHbIX NOCreaoBaTesibHO B CUCTEMY OYUCTKU AbIMOBbLIX ra3oB.

PykaBHble unbTpbl YacTo NogpasfensaloTca Ha OTAENEeHUs, KOTopble U30NMpyrTCH
Apyr oT gpyra ansa obrnerdeHuss TexHuyeckoro obcnyxusaHus. [Ana ontumansHon paboThbl
BaXXHO MMeTb paBHOMEpPHOE pacnpeaeneHne AbIMOBbIX ra3oB. Belbop maTtepuanos ans py-
KaBHbIX PUITbTPOB AOSMKEH OCHOBLIBATLCA Ha XapaKTepucTukax TkaHu ons ounbTpaumm rasa
N BKNKOYaTb B cebs yyeT MmakcumarnbHon paboyen TemnepaTypbl U yCTOMYUBOCTL K KACIIOTaM,

Lenoyam n n3rnby (npu ounctke ounbTpoB).
5.2.7.2 CHuXeHue BbIOPOCOB KUCHbIX ra3oB

Mokpble ckpy©bepbl 06bIMHO OTAMYAOTCA MO KpavHen mepe ABYMS 3 dEKTUBHbLIMU
cTagusimMn, BO-NepBbIX, NPU HU3KUX 3Ha4YeHusx pH yganawTtcsa rmasHbiM obpasom HCI n HF;
Ha BTOPOM CTaauu NPoOMCXOauT OO3UPOBKA U3BECTU UMK rmapokcuaa HaTpusa n pabota npo-
ncxoant npu pH ot 6 go 8 rnmaBHbIM o6pa3om Ansa yganeHua SO,. Ckpybbep nHorga MOoXHO
ONUCbIBaTb Kak YCTPOWCTBO, paboTalollee B pexume Tpex unm bonee cragum — OOMNOMHU-
TenbHble cTagun obbIMHO NoApasfensitoTcs No NepBon CTagun C HU3KUMKU 3HavyeHusimmn pH

ANA cneuunanbHbIX Lienen.
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MoKpble cuCTeMbI NbINerazoouncTkn obecneynBaroT JONONHUTENBHOE CHUXEHUE Bbl-
GpocoB cnenyoLWwmnX BELLECTB:

- NbINK;

- NXOA/MXOP (ecnn ncnonb3yeTcss NPONUTAHHBIA YrNepoaoM CopOupyoWnn maTe-
puan, TO BO3MOXHO CHWXeHne Ha 70 % no BceMy ckpybbepy, B NPOTUBHOM Crydae CTerneHb
yaaneHusa dyaet npeHebpexxMMmo Manown; akTUBMPOBAHHbINA Yroflb UM aKTUBUPOBAHHbBIN KOKC
MoryT ObITb Ao6aBneHbl B ckpy6bep ans 6onee BbICOKOM 3hPEKTUBHOCTN NX YAaNeHns);

- Hg?* (ecnv ucnonb3yeTcs nepsasi CTaaust ¢ HU3KUM 3HaveHneMm pH (nopsiaka 1) v B
oTxodax umeroTcsa KoHueHTpauun HCI, npegyCcMOTpeHHble AN NOOKUCIEHMS 3TOW cTaguu,
Torga MoxeT umeTb MecTo yaaneHue HgCl,, HO Ha MeTannuyeckyto pTyTb BO3L4ENCTBME
06bI4YHO HE OKa3blBaeTCs).

OnpepneneHHble NepcnekTnBbl crnegyeTt oXunaaTb OT UCMOMb30BaHUS CUCTEMbI MOMYCY-
XOW OYNUCTKM.

Monycyxue cucTembl ra3ooumcTkm obecneymBatoT BbICOKYD 3EKTUBHOCTL yaare-
HUSA HEPaCTBOPUMbIX KUCHbIX ra3oB. H13kMe npeaenbHble 3Ha4YeHUs BbiIGPOCOB MOryT ObiTb
obecrneyeHbl C NOMOLLLIO perynMpoBaHus 403bl BBOAUMOrO peareHta n BblbpaHHOro Mecra B
cucTeme, Npyv 3TOM Yalle 3a cHeT Bo3pacTarLlero notpebneHns peareHToB 1 ypoBHeN 06-
pa3oBaHMsA OCTATKOB.

Monycyxue cuctemMbl NCNONb3YIOTCA C PyKaBHbIMU bunbTpaMu ANs yaaneHus 3arpsis-
HAIOLWMX BELLECTB M NPOAYKTOB UX peakuun. [1na ynaBnvBaHUA u3 ObIMOBbLIX ra3oB PTYTU U
NXO4/MXO0P, kpome wenoyHbiX, Takke MoryT 6biTb AoGaBneHbl Apyrve peareHTtbl. Yalle
BCEro ata cucTema UCMonb3yeTcs Kak OQHOCTaAUWHBLIN peakTop/dunbTp AN COBMECTHOrO
CHUXeHUs1 BbIOPOCOB:

- MbINM — PUNBTPYETCH C NOMOLLLIO PyKaBHOIMO puUNbTPa;

- NMXOA/MXOP — ynaBnuBarTCHA, €CNU UHXEKTUPYETCA aKTUBUMPOBAHHLIN Yronb, a
TakxXe Weno4YyHoOW peareHT;

- PTYTU — yNaBnMBaETCs, ECNMN UHXEKTUPYETCS aKkTUBUPOBAHHbLIN Yrofb, a Takke Lie-
NIOYHOW peareHT.

K HepgocTaTkam HacTosLWEro mMeToga OTHOCUTCS YBenuMYeHue ypoBHen obpasoBaHus
OCTaTKOB, KOTOPble TPeOyloT AONONHNTENBHOrO 00Ee3BpPEXNBAHNS.

CuctemMbl NOMNYCYyXOM OYMCTKM KOHCTPYKTMBHO WMCMOJSIHEHbI B BUMAE OPOCUTENbHOWM KO-

NOHHbI U pyKaBHOrO punbTPa.
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Peuunpkynauusa peareHToB UMeET criefyolimMe npenmyLliectTsa no CpaBHEHUIO C OpY-
rMMU CUCTEMaMM ra3004NCTKU:

- MOHMXEHHOEe NnoTpebneHne peareHToB (MO CPaBHEHWUIO C CyXOW U MOMYCyXON cucTe-
Mammn);

- MOHMXeHHoe obpasoBaHWe TBepAblX OCTATKOB (codepkaT MeHblue Hernpopearnpo-
BaBLLUEro peareHTa);

- MOHMXEeHHOoe noTpebreHne Boabl 1 OTCyTCTBME 0O6pa3oBaHMsA CToKa (MO CPaBHEHUIO C
MOKPbIMWU CUCTEMAMMN).

Bnpbick peareHTa 1 CKOPOCTb 3axBaTa MOJIEKYIT 3arpsa3HAOLLNX BelecTB TpebytoT on-
TUMU3aLMn Ons NpegoTBpaLleHnst Harpy3kn no copbeHTy U BO3MOXXHOIO NMPOCKOKa BelecTBa
(Hanpumep, ptytu u NXQO/MXOP, abcopbupyembix Ha yrre).

TpebyeTca npoBefeHMe MOHUTOPUHIA N perynpoBaHue YpOBHS BRAXHOCTU ANs NoA-
aepxaHns addekTUBHOCTM abcopOumm KMCHbIX ra3os.

Cuctembl Cyxom OMUCTKM ObIMOBbIX ra3oB. M3BecTb (Hanpumep, raweHas u3BecTb, 13-
BECTb C BbICOKOW yAenbHOW MOBEPXHOCTbIO) N BukapboHaT HaTpust 0ObIYHO UCMOMb3YHTCA B
KayecTBe LeroYHbIX peareHToB. [lobaBka akTMBMPOBAHHOIO YIMs npegycMatpuBaeTcs ans
ynaBnmBaHus ¢ nomoubio abcopbumm ptytn n NXOL/MXOP.

Mpn BNpbICKMBAHUM MENKO M3MerbyYeHHoro 6ukapboHaTa HaTpua B ropsidve rasbl
(Bbiwe 140 °C) oH npeBpallaeTcs B kKapboHaT HaTpPUs C BbICOKOW yAenbHOM MOBEPXHOCTLIO U
CTaHOBUTCA a(PPEKTUBHBLIM peareHToM aAnga abcopbumm KMCnbiX ra3os.

Mopbop weno4vHoro peareHta. B cuctemax rasoouMCTKM MCMOMb3YHOTCHA pasnuyHble
LLeNOoYHble peareHTbl (M MX coyeTaHus). Kaxabin BapuaHT obrnagaeT npeuMmyliectsamu um
HegocTaTkamu. [oabop peareHTOB SBMSIETCA KOMMIIEKCHON TEXHONOMMYEeCKon 3agaqven.

Bo Bcex TMnax cucteM OYMCTKM ObIMOBbIX ra30B UCMONb3yeTCA U3BECTb, OQHAKO Yalle
BCEro — B CUCTEMAax MOKPOW U MOMYyCYyXON OYUCTKU. DTO Kak ralleHas u3BecTb B CyXUX CU-
cTemax, Tak U rmapaTMpoBaHHasi U3BECTb B MOSTYyCYXMX CUCTEMAX, a Takke U3BECTb C BbICO-
KOW yaenbHOW NOBEPXHOCTbIO. bukapboHaT HaTpus NpUMeEHsIeTCs ANS HEKOTOPbLIX, MMaBHbIM
obpa3om cyxux, cuctem. 'Mapokecma HaTpUa U M3BECTHAK MPUMEHSAIOTCA TOMbKO AN Briax-
HbIX CUCTEM ra3004YUCTKMN.

B HekoTOpbIX criydasix peanmsyrtoTcs CMeLLaHHbIE CUCTEMbI OYUCTKN ObIMOBbIX ra30B.

Mpamaa gobaBka LWENOYHbIX peareHTOB K OTXO4aM WCMONb3yeTcs AN CHUXKEHUS
Harpy3kv Ha aNeMeHTbl YCTaHOBKM TEPMUYECKOro obe3BpexmnBaHms oTxogoB Gnarogapst To-
MYy, YTO LLENOYHbIE peareHTbl B3aMMOLENCTBYIOT C KUCMbIMWU razaMmm no mepe mx obpasoBa-
HMA B neun. Agcopbums B neym npu BbICOKMX TemnepaTtypax HamHoro 6ornee adpektmBHa

ansa SO,, yem gnsa HCI.
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Vcnonb3oBaHne WenoYHbIX peareHToB 6yueT M3MEHATb COCTaB LUJ1aKa, a TakKkKe CO-

CTaB U 3NeKTPUYECKOe CONPOTMBIIEHNE NeTy4Yen 30bl.
5.2.7.3 CHMXXeHune BbIOPOCOB OKCUAOB a3oTa

CenektnBHOe kaTanutnyeckoe BoccTaHosrieHme (CKB). Mpwu cxurannn otxogos CKB
npumeHseTcsa nocrne obecnbiNMMBaHNUS Y OYUCTKU OT KUCTIbIX ra3oB. [1pu ncnonb3oBaHUn gaH-
Horo crnocoba obbIvHO TpebyeTca nogorpes AbIMOBLIX Fa30B NMocne npeablayLmx ctagun ra-
3004UCTKM (TEMMepaTypa Ha BbIxoge M3 ra3ooumncTku coctasnget 70 °C ana MOKpPbIX CUCTEM
n 120 °C —180 °C gns 60onblWMNHCTBA pyKaBHbIX UnbTPoB). [Ana 4OCTUXEHNSA pabounx Tem-
nepatyp ans cuctemol CKB Heobxoamma Temnepatypa 230 °C — 320 °C.

Katanunsnpyemsble peakuun CKB npencraBneHbl HAXE:

4NO + 4NH3 + O, - 4N + 6H,0

NO + NO; + 2NH3 — 2N, + 3H,0

2NO; + 4NH3 + O, — 3N, + 6H,0

6NO, + 8NH3 — 7N, + 12H,0

CKB moxeT Takke kaTanutuyeckm paspywartb MNMXOOA/MXOP (3ddekTuBHOCTL Oe-
CTpyKummn coctasnset 98 % — 99,9 %).

Pabouas TemnepaTtypa katanusatopa — 100 °C — 220 °C.

MoHmxkeHHble TemnepaTypbl cuctem CKB MeHee aekTMBHbI ONd OecTpyKuuu
NXO4/mMxne, yuto moxet notpeboBaTb AOMNONHUTENBHLIX PACXOA0B KaTanusartopa.

CenektnBHoe HekaTanuTudeckoe BocctaHoBneHne (CHKB). B npouecce CHKB ammu-
ak (NHs) nnn mo4vesuHa (CO(NH>)2) BnpbicknBaroTca B nNeYdb Ans CHKeHnsa BoiopocoB NOk.

4NO + 4NH3 + O, — 4N; + 6H,0

NH3 Hanbonee agpdekTnuBHo pearmpyeT ¢ NOy B guanasoHe Temnepatyp ot 850 °C no
950 °C. Tlpu wncnonb3oBaHUM MOYEBUHbI IPMPEKTUBHBIMU SABMAKTCA Temnepatypbl 40
1050 °C. Ecnu TemnepaTtypa Bbllle Yka3aHHOWN, B pe3ynbTaTe KOHKYPUPYHOLEN OKUCIUTENb-
HOW peakuun obpasyroTcs HexenatenbHble NOy. Ecnu Temnepatypa HMXe HeobXxoammblx
AnanasoHoB unu Bpems npebbiBaHusa ana peakumn mexay NHs n NOy HegocTtaTtoyHoe, ad-
dhekTMBHOCTb BoccTaHoBNeHna NOy CHWXaeTcsa U MOryT BO3pacTy BbIOPOCHI M3ObLITOYHOMO
aMmMmmaka (NPOCKOK ammunaka).

OCHOBHbIMM akTOpamMu, BAUAIOWMMN HA (PYHKUMOHMPOBAHME CUCTEM OYUCTKU OT
NOy, aBnawTcs:

- CMELLEHNE peareHToB C OTXOAALWNMMU rasamus;

- TeMneparypa;

- BpeMms npebbiBaHWs B TeMnepaTypHOM OKHe.
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OTOT cnocob npumeHsaeTca Toraa, Koraa:

- pa3peLleHHoe cpefHEecyToYHOoe YCTaHOBMEHHOE 3HadeHune BbIOPOCOB HaxoguTcs B
avanasoHe ot 100 go 200 mr/Hm?;

- HET BO3MOXHOCTen ansa yctaHoBku CKB;

- UMelTCa noaxodsdlwmne mecta NS BrApbICKa peareHTa (Bkroyasa cobniogeHve Tpe-
6oBaHMN K Temneparype).

Mpwn BbIGOPE peareHTa HEOOXOANUMO YyYUTbIBaTb Pa3fnMyHble aKkTopbl, CBA3a@HHbIE C
3KCNnyaTaunoHHbIMKU NOoKa3aTensaMu npouecca u 3atpatamm Ha Hero, aAns obecneveHus on-
TMMarnbHOro Bbibopa Ans COOTBETCTBYHOLLEN YyCTaHOBKM (CM. Tabnuuy 5.4).

Pesynbtatom npumeHeHna obomx peareHTOB SBNAETCHA CHWXeHue BbidbpocoB NOy.
Bbibop peareHTa, KOTOPbIM Ny4lle BCEro NOAXOANT ANSA UCMONb30BaHMS Ha YCTaHOBKaX Tep-
MUYecKoro obesBpexmnBaHna OTXOAOB B neyn, JormkeH obecnevvBaTb CHUXEHUE BbIOPOCOB

NOy ¢ MMHUManbHbIM NPOCKOKOM amMmnaka n obpasoaHmem N,O.

Tabnuua 5.4 — NpenmyLlecTBa U HeQOCTATKM MCMONb30BaHUS MOYEBUHBI M amMuaka gna CHKB

PeareHT MpenmywiecTtea HepocTtaTku
AmMMpnak - BoaMOXXHOCTb NogaBneHns BLICOKMX |- Y3Kun TemnepaTypHbin gnana3oH (850 °C —
nMKoBbIX 3HadeHun NO, (npu xopo-|950 °C), noatomy TpebyeTcs TwaTenbHbIN KOH-
Len onTuMmnsaumm); Tponb;
- bonee Huskue Bblbpockl N,O (10-|- obpallieHne n XpaHeHne onacHOro BELLIECTBA;
15 mr/Hm®) - MOBbILWEHHbIE 3aTpaThbl HA TOHHY OTXOAO0B;
- NPOCKOK amMMuaka npumepHo 10 mr/Hm?®,;
- 3anax aMmuaka Mnpu KOHTaKTe MOTOKOB C
BIaXKHOW cpenon
MoueBuHa |- lUupe pgumanasoH 3PEPEKTUBHBIX |- MEHbLUMI NOTEHUMan noAaBreHns MUKOBbIX
Temnepatyp (540 °C — 1000 °C), no- | 3Ha4yeHuin NO, (MO CpaBHEHUID C aMMMAKOM Npu
3TOMYy TeMnepaTypHbIA KOHTPOMb Me- | ONTUMu3auum);
HEee KPUTUYEH; - Bbiwe Bbibpockl N,O (25-35 MF/HMB);
- MEHbLLIE OMAcHOCTb MPU XPaHEHUM U | - NPOCKOK ammuaka nopaaka 1 Mr/Hm®
obpaleHuy;
- H/XEe 3aTpaTthbl HA TOHHY OTXO40B

M pnMmedyaHune — MoHWKeHHbIe 3aTtpatbl HA MO4YEBUHY Hanbonee 3Ha4YMMbl ONst OTHOCUTENb-
HO HebonbLInX YCTaHOBOK. ,D,J'lﬂ bonee KPYMNHbIX YCTAaHOBOK MOBbILLIEHHbIE 3aTpaTbl HAa XpaHeHWue
aMMunaka MmoryT ObITb MOMHOCTLIO CKOMMNEeHCMpOBaHbI.

5.2.7.4 CHuxeHue BbiOpocos MNXOO/MNXOD

[na GonblIMHCTBA OTXO40B HEBO3MOXHO LOCTUXEHME Tpebyembix HOpM Mo BbIOpO-
cam MNXO4/MNMXOP TonbKo 3a cHET ONTMMU3aLMM NMPOLLECCa CXKUTAHNS.

MpepoTBpaweHne BTopuyHoro obpasosaHuna MXOOL/MNXOP B cucteme razooumnCTKM.
CHwxeHne BpemMeHn npebbiBaHUS 3anbIifieHHOro rasa B TemnepaTtypHon 3oHe ot 450 °C go

200 °C cHwxaeT puckun obpasoanua MNXOO/MXOP 1 nogobHbIx coeguHEHNI.
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Ecnu ctagum yganeHus nbinn UCMNONb3ykTCA B 3TOW TemnepaTtypHOW 30He, BpeMs
npebbiBaHNA neTy4en 30Mbl B 3TOM AnanasoHe YANMHSETCS, cneaoBaTtenbHo, hopMmpyeTcs
puckoasi 3oHa obpasoanus MNMXOL/MXOP. TemnepaTtypa Ha Bxoae B ctaguto obecnbinuea-
HUSA NO3TOMY A0SKHA 6bITb HKe 200 °C. OTOro MOXXHO JOCTUYL C MOMOLLbIO:

- OOMNOMNHUTENBHOIO  OXNaXAEeHUss B KOTMe-yTunmusatope (KOHCTPYKTUBHO KOTen-
yTunmnsaTtop B ananasoHe TemnepaTyp 450 °C — 200 °C gormkeH 6bITb BbINOMHEH TakK, YTOObI
orpaHn4nTb NpebbiBaHNE MNbifN B HUCXOAALLEM NOTOKE);

- ICNONb30BaHNEM OPOCUTESNBHON KOSTOHHbI AN CHUXEHUS TeMnepaTypbl Ha BbiXxo4e
KoTna-ytunmusartopa go temnepatypbl Hke 200 °C anga nocnenyowmx ctTagun o4UCTKN rasa;

- MOSTHOro oxnaxaeHusa oT TemnepaTtyp cxkuraHusa go 70 °C (Ha yctaHoBkax obesspe-
XWBaHUSA OTXOA0B C BbICOKMM cogepkaHueMm MXB);

- TennoobmeHa ras/ras (ra3 ¢ Bxoga Ha ckpybbep/ras ¢ Bbixoga ckpybbepa).

CyuwlecTtByeT nogxod, B COOTBETCTBUM C KOTOPbIM CTagusa obecnbinnBaHUs O0SMKHA
NPOBOANTLCS Ha BbICOKOTEMMEPATYPHbIX YCTAaHOBKAX yganeHus nbinun. Mocne vero BbINOs-
HAOT yaapHOe OXNaXaeHne ¢ UCnonb3oBaHMeM Unmn npeobpasoBaHNEM TEMNOBOWN SHEPTUN.

Hectpykuunsa MXOO/MXOP ¢ ncnonb3oBaHMEM CENEKTUBHOIO KaTanuMTUYeCcKoro BOC-
ctaHoBneHus (CKB).

Ba)xHO OTMEeTUTb, YTO MpK CXKUraHMM OTXOAOB Gonbluasi YacTb COAEpPKALUNXCS B BO3-
ayxe MXOQO/MXOP coeanHaeTcs € NbiNblo, ¢ AocTkeHnem pasHosecus MNXOL/MXO B ra-
3o0Bon (pase. Cnocobbl, KOTOPblE UCNONBL3YTCA ANS YAAneHUs Mbian, OOMKHbI NO3TOMY
yaansTtb nepeHocumble ¢ nbinbto MNXOO/MXOP, B To Bpems kak CKB (n gpyrme katanutude-
CKMe MeToAbl) TONbKO paspylarT HebonbLy MX YacTb B rasoBon gase. CoyeTaHue yaa-
NeHnst NbiNM U OecTpykumsi OObIYHO MPUMBOAAT K MWUHMManbHbIM 06WMM  BbiGpocam
NXaa/mMxne s sosayx.

O dekTnBHOCTL AecTpykumn ansa rasoson dasel NMXOAO/MXOP coctaBnseT ot 98 %
00 99,9 %. CKB npumeHsieTcst nocne HayanbHOro obecnbinuBaHus.

CHwxeHune koHueHTpauun MXOO/MXOP ¢ nomouwio 6noka CKB 6yaeT 3aBucetb OT
Konu4yecTBa CNoeB kaTanuaaTopa.

Aectpykuua MXO0/MXOP ¢ ncnonb3oBaHMeEM KaTanMTUYECKNX pyKaBHbIX (OUbTPOB.

A dekTnBHocTb gectpykumn NMXOL/MXOP, nocTynarowmx B Katanutuyeckme pykas-
Hble PMnbTpbl, ocTuraeT 6onee 99 %. GuNbTPLI Takke obecnevmBaloT yaaneHue nbinu.

O6wwme BbIGPOCHI ANOKCUHOB CHMXAKOTCS 3a CHET AECTPYKUUN U B MEHbLUEN CTEMNEHU
3a cyeT agcopbuun (aKTMBUPOBAHHBIM YrieMm).

TemnepaTypHbI AManasoH AN NpoTeKaHUs KaTanuTU4ecKon peakumm cocTasnseT oT
180 °C po 260 °C.
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OTOT cnocob peanunayeTca Tam, rae:

- He umeeTcsa Mecta ansa CKB, a anbTepHaTMBHbIE CPeaCcTBa AS1si CHUKEHMST BbIOPOCOB
NOy y>Xe yCTaHOBMEHbI;

- anbTepHaTMBHbIE CPeaCcTBa AN CHUXEHUSI BbIBPOCOB PTYTU YXKe YCTaHOBIEHbI (Ka-
TanuTuyeckne unbTpbl HE YNABMMBAKOT COEANHEHNSA PTYTK).

Hectpykuuna NMXOO/MXOP ¢ nomowpto noBTopHoro obxura abcopbeHtoB. OCHOBHOM
NPUHLMN cOCTOUT B TOM, UTO octatkm MNXOA/MXO®P, cobpaHHble B cMCTEME ra3004NCTKN, MO-
ryT ObiTb NOABEPTHYTHI AECTPYKUUM C MOMOLLbIO CXKUraHUA UX B YCTaHOBKe Anst 06e3Bpexu-
BaHWSA OTXOA0B, TEM CaMbIM CHMXas obLwnn Bbixog ¢ yctaHosku MXOO/MXOD.

NMXOA/MXO® nogeepratoTca AecTpykummn B npouecce obesspexmaHns. OgHako ume-
€TCHA PUCK TOro, YTO NPOM3oMAET PeuUMpPKyNALMS MeTannnm4yeckon pTyTn (M, cnegoBaTesibHO,
BbIOPOCOB), eCcnn Ha aTane O4YMCTKN ObIMOBLIX ra30B HE NPeayCMOTPEHO crneumanbHbIX Cno-
coboB ons ee yganeHus.

Apcopbuua MXOO/MXOP ¢ NOMOLWBID MHXEKUUN aKTUBMPOBAHHOIO Yrnsa UNn gpyrnx
peareHTOB. AKTMBUPOBAHHbIN Yrofb BNPbICKMBAETCA OOHOKOMMOHEHTHO UMW B COYETaHUN C
N3BECTbLIO UM BrukapboHaToM HaTpUs (LLENOYHbIM peareHTOM). BrnpbiCKMBaeMbIN LLIENOYHON
peareHT, NPOAYKTbl peakumn 1 yrofibHbI aacopbeHT 3aTeM cobupatoTcs B nblieocagutene.
Ancopbuus MXOO4/MXOP nponcxoanT B ra30BOM MNOTOKE Ha CIOe peareHTa.

ApcopbupoBaHHble NMXOO/MXOP cbpackiBatoTca ¢ gpyruMu TBEpObIMU OTXOA4aMu U3
pykaBHOro ounbTpa, anekTpodunbTpa unm gpyrux yCTPorucTB Ans cbopa nbinn B HUCXOAS-
LLIeM MOTOKE.

MwuHepanbHble aacopbeHTbl (Hanpumep, LEONUT, CMEeCWU [fIMHUCTBIX MWHeparnos,
dounnocunukaT (CroUCTbIN KpEMHUEBBIA MUHEPan) U AONIOMUT) TakKe MOryT UCNONb30BaTbCS
ana agcopbuumn MNXOA/MNXOP npu Temnepatypax go 260 °C 6e3 pucka BO3ropaHusi B pyKaB-
HOM ouUnbTpeE.

Ha noBepxXHOCTU aKTUBMPOBAHHOIO KOKCA B HEKOTOPOM CTEMEHU MPOUCXOAUT KaTanu-
Tnyeckas gectpykuuna MXOQO/NMXO0.

Apcopbuusa NMXOAO/MXOP B HenogBmxHOM cnoe. Mcnonb3ytTcst MOKPbIA U CyXOW He-
NOABWXXHbIA KOKCOBbIV/YronbHbIN crnon. Mokpas cuctema nmeeT NpOTUBOTOK.

Mcnonb3oBaHMe  martepuanoB, NPOMNUTaHHbLIX  Yyrnepoaom, Ana  agcopbuum
NXOa/mMxn® s mokpon raszooumctke. MXOOA/MXOP akTmBHO agcopbupyroTcs Ha 4YacTuuax
yrnepoga B matepuane. [ostomy BbIGpOCHI CHMXKAOTCA 1 NpegoTBpallaeTca addekt nams-

1 Bblgenenus MNXA4/MXA®. MoxHo cHM3UTb BbIGPOCHI NpU NyckKe.
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OTpaboTaHHbIN NPONUTaHHbBIN MaTepuan MOXeT pasMeLlaTbCsl Ha NONIMroHax unn Jo-
NoNHUTENBHO 06e3BpeXMBaTLCA. B HEKOTOPbLIX CNyyYasax OH NOABEPraeTCsl CKUraHuK B ycTa-
HOBKax Ansa o6e3BpexmBaH1st OTXOO0B.

Cnocob npMmeHuUM K npoueccam, Ans KOTOPbIX YXKe UCMNONb3YKTCA CUCTEMbI C MOK-
pbiMu ckpybbepamun. OgHako MMeroTca AaHHble 0 HakonneHun NMXO0/MXOP.

VMcnonb3oBaHWe yroribHOM CyCreH3uM B MOKPOW rasooudmcTke. Vcnornb3oBaHue cyc-
NeH3Mn N3 aKkTUBUPOBAHHOMO Yrnsi B MOKPOM CKpyb6epe MoxeT cnocobCTBOBaTb CHUKEHWIO
YPOBHS BbIOPOCOB ANOKCMHOB B MOTOKE AbIMOBbLIX ra3oB M NpeaoTBpaLLEeHUI0 HakannmBaHus
ANOKCMHOB B MaTepuarne ckpybbepa.

Mpn okonoHenTpanbHOM Auana3oHe pH akTMBMpOBaHHLIM yronb gobaBnseTcsa B Cu-
cTemy ¢ KoHueHTpaumen o 50 r/n. Nocne cucTteMbl MOKPOW OYMCTKM OOrKeH ObITb npeny-
CMOTpPEH (PUNbTP-OTCTOMHUK, B KOTOPOM OCaxaaeTcsl oTpaboTaHHbIN yronb, a Boga peuup-
KynmpyeTcsi.

MXOA/MXOP nepexodaT B XKUAKOCTb, KOTOPOMW opoLllaeTcsl AbIMOBOM ra3 B ckpybbepe
N OCaXOalTCs Ha aKTUBHbIX LeHTpaxX akTUBUMPOBAHHOIO YrMs B pe3yrbTaTe KaTanuTuyeckon

peakumn. AKTUBMPOBaHHLIN yronb obnagaeT Takke aacopbunoHHOM CNOCOBHOCTLIO K PTYTU.
5.2.7.5 CHMXXeHune BbIOPOCOB pPTYTHU

Mokpas rasoounctka ¢ HM3KMM pH n gobaBka agauTUBOB. Mcnonb3oBaHME MOKPbIX
ckpy66epoB Ans yaaneHus KUCnbix ra3oB NPMBOAMUT K CHMkeHuto pH B ckpybbepe. bonbluas
YacTb MOKpbIX CKpy66epoB BbIMOMHAET OYUCTKY B ABe cTaauu. [epBas ncnonb3yetcs rnas-
HbiM o6pasom ana HCI, HF u HekoTopown yactn SO,. Ha BTopon ctagum pH noagaepxmBaeTtcs
Ha ypoBHe 6-8. 3aecb npoucxoaut yganeHue SO,.

PerynupoBaHune 3HayeHus pH Hwxe 1 no3sonseT yBenuuntb 3EeKTUBHOCTL yaarne-
HUs noHHon pTyTK B Buae HYCl, 0o 95 %. HQCl, sBnsieTca OCHOBHbIM COEOMHEHMEM PTYTH
nocrne cxuraHmsa otxogoB. OgHako CTeneHb yaaneHus MeTannyeckon pPTyTuM cocTaBnseT
meHee 10 %.

Agcopbuma MeTannuyeckon pTyTM MOXET ObiTb MOBbileHa Makcumym o 20% —
30 %:

- C NoMoLLb0 A0DaBKM COEQMHEHMI CEepbI K pacTBOpPY B CKpybbepe;

- C NomoLLbo Ao6aBKM aKTUBMPOBAHHOIO YrNs K pacTBoOpy B ckpybbepe;

- C nomoLlblo Aob6aBKkM OKUCNUTENEn, Hanpumep Nepekucu Boaopoda, K pacTBopy B
ckpyb6epe. C nomoulpto 3TOro crnocoba mertannmyeckas pTyTb NPEBPaLLAEeTCA B WMOHHYHO

dopmy B Buge HgCl,, 4to obneryaeT ee ocaxaeHue.
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Ob6wasa ahdeKkTMBHOCTb yaaneHna pTyTn (Kak MeTannn4yeckon, Tak U MOHHOM) COo-
cTasnseT okono 85 %.

[ocTuraemble ypoBHU BbIOPOCOB MOCME CUCTEMbI MOKPOW ra3o04vMCTKM COCTaBMSOT
npubnuanTenbHo 36 MKI/HM®, ¢ MOKPbIM CKpy66epoM 1 pUnbTPOM M3 aKTUBMPOBAHHOTO Y-
nsi — < 2 MKI/HM® 1 NpU coYeTaHUM NpoLiecca Brpbicka U MOKPOro ckpyb6epa — 4 MKr/HM®.

Bnpbick akTMBupoBaHHOro yrnsa ans agcopbuumn ptytn. Agcopbumsi B NOTOKE U UC-
nonb3oBaHue punbTPoB (PYKaBHbIM PULTP U PUNLTPbI C UMMOOMIM30BaHHBIMW peareHTa-
MK).

MeTannunyeckaa pTyTb agcopbupyetca (06blMHO 3GFEKTUBHOCTL YyAaNEHUA OKOSo
95 %), 1 BLIGPOCHI B BO3YyX OKasbIBalOTCs Hibke 30 MKI/HM®. MloHHas pTyTb Takke yaansercs
C MNOMOLLbIO XeMOCOPOLMKN, BO3HMKAIOLLEN NPU COAEepPXaHUM cepbl B AbIMOBbIX rasax, Unmv npu
HaNU4YMM HEKOTOPbLIX TUMOB aKTUBMPOBAHHOIO YIS, MPOMUTAHHOIO CEPOWN.

B cnyyasx, korga TBepAbli peareHT nopsepraetca MNoOBTOPHOMY obxury (ans ge-
ctpykumu NXOO/TMNXOP) B ycTaHOBKE O515 CKUraHUs, BaXKHO, YTOObI:

- YCTAHOBKa UMena BbIXo4 AN pTyTu, KOTOPbIN NpeaoTBpallaeT NnosiBlieHne BHyTpeH-
HEero 3arps3HALWEro BewecTsa (M CriydariHbii MPOCKOK C BbIBPOCOM);

- anbTepHaTUBHbIA BbIXOA4 C AOCTATOMHOM CTEMEHbI0 yAaneHWs 3arpsi3HsIoLero Be-
LLeCTBa;

- MPY UCNONb30BaHNN MOKPbIX CKpy6OepoB pTyTb MOrfna nonagaTtb B NMOTOK CTOKa (3a-
TEM OHa MOXeT OCaXAaTbCs B TBEPAbIX OCTaTKax Mpu UCNOMb30BaHUN OYMUCTKK).

PasnunyHble TUNbl akTMBMPOBAHHOIO yriga obnagarT pasnuyHon agcopbunoHHon cno-
cobHocTblo. Elle ogHOM BO3MOXHOCTbLIO MOBbLILWEHWS YAAneHus pTyTu sIBRsieTCs nponuTka
agcopbeHTa cepon.

OTaeneHve pTyT C UCNONb30BaHMEM CMOINSHOro uneTtpa. Nocne otaeneHns nbinu
N NepBON MOKPOW KUCITOTHOW MPOMbIBKM KACAOTbI C TSHXKESbIMU MeTaniamMmm ¢ MOHHOW CBA3bIO
YHOCATCH Yepe3 MOHOOOMEHHbIN hunbTp € pTyThlo. PTyTb OTOoenseTcs B CMOMNSIHOM husb-
Tpe. 3aTem NponcxoauT HENTpanm3aums KUCrNoTbl C MCMOMb30BaHNEM N3BECTKOBOIO MOJSIOKA.

MHxekuusa xroputa ans KOHTPOSA afieMeHTapHon pTyTu. M3-3a Toro, 4To anemMmeHTap-
Hasg pTyTb HE pacTBOPSETCS B MOKPOM KUCINOTHOM cKkpybbepe, B psae criydaeB TPyAHO O0-
CTMYb 3HAYUTENBHOrO ee NoaaBeHUs.

Bnpbick areHTa ¢ CUNbHOW OKUCIIUTENTbHOM CMNOCOBHOCTBLIO AOMMKEH NpeBpaTuUTb ane-
MEHTaPHYIO PTYTb B OKUCMEHHYIO PTYTb U cOENaeT BO3MOXHON OYMUCTKY B MOKPOM CKpybbe-
pe. YTobbl HE NPUMEHATb MOKpPbIM CKpybbep, areHT C CUNbHOW OKUCIIUTENbHOW CNOCOOHO-

CTblO UCMOJIb3YETCA B peXnMe peakunmn ¢ apyrumm coegnHeHnAaAMmn (Hanpmmep, C ANoKCnaom
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cepbl), U OH BBOOUTCS HEMNOCPEeOCTBEHHO Meped pachnbliMTerNbHbIMW Hacagkamu nepBoro
kucnoTHoro ckpybbepa. B atom ckpybbepe pH nogaepxusaeTcsa B guanasoHe ot 0,5 0o 2.

Korga »MAOKoCTb nocne pacnbifMTeSNIbHOro consia BCTyrnaeT B KOHTAKT C Napamu Kuc-
NoTbl, COAepXaLLMMn XNOPUCTLIN BOAOPOA, XOp TpaHCopMUpyeTcs B ANOKCUA XJiopa, Ko-
TOPbIN ABNAETCA aKTUBHbIM coeaunHeHveM. CnegyeT OTMETUTb, YTO B OTNMYME OT APYrnx
OKUCIIMTENEN, TaKMX KakK ruMnoxmoput (oTbenuBaTenb), XMOPUT WK AWOKCUA Xnopa
He obnagaeT cnocobHOCTbIO BBOAUTH aTOM Xflopa B apoMaTuyecKkoe KOmMbLo W MO3TOMY
He MOXEeT U3MEHATb ANOKCUHOBLIN BarnaHc.

[obaBka nepekucn Bogopoaa ans MOKpOW ra3oouncTku. Llenb cnctemMbl COCTOUT B OT-
aenexHnn Hg, HCI n SO, 13 gbiMoBbIX ra3oB. B npouecce BCA anemMeHTapHasa pTyTb OKUCKS-
eTcsa 40 BO4OPacTBOPUMON PTYTH.

[bIMOBbIE ra3bl BCTYNalOT B KOHTAKT C XUOKOCTbIO CKpybbepa, coaepxallen nepekuchb
Bogopoaa. Kuagkoctb ckpybbepa pearnpyeT ¢ AbIMOBbIMU ra3amu, W KUCHble CTOYHbIE BOAbI

nepenarTca AN HeUTpanusauum 1 ocaxaeHust pTyTu.

5.2.8 O6e3BpexxnBaHMe OCTaTKOB, OOPa3yHOLMXCS NPU OYUCTKE ra3o06pasHbIX

NPOAYKTOB CropaHusA

LlemeHTMpoBaHMe OCTaTKOB OT OYMCTKM AbIMOBbIX ra3oB npeactaBnsieT cobow npo-
LecC CMeLUnBaHNS C MUHeparbHbIMU NN TMOPaBANYECKMMN BSXKYLLUMMW (HanpuMmep, LEMEHT,
neTty4yas 3ona yrnsa v T. 4.), peareHtaMu Ans perynMpoBaHus CBOMCTB MaTepuana (ans cHu-
YKEHWS BblLLENaynBaeMoCTN CBMHLIA UCMONb3YOTCA peareHTbl HAa OCHOBE OKCuAaa KpemMHusi, a
AN CHWKEHUS BbILLENa4YMBaeMoCT! APYrx MeTasnnoB — peareHTbl Ha OCHOBe Cynbduaos)
N OOCTaTO4YHbIM KONMMYEeCTBOM BoAbl Ans obecneyeHus TOro, YTObbl MPOU3OLLNN peakumnn
rmapatauumn onsa cBA3biBaHUS LieMEeHTA.

O6bI4HO OcTaTKM OOMMKHbI pearnpoBaTb C BOAOW U LEMEHTOM C obpasoBaHMEM rMa-
POKCMAOOB METannoB unmM kKapboHaToB, KOTOPbIE XyXKe PacTBOPMMbI, YHEM COEAUNHEHUSI NCXOA-
HbIX MeTanmnoB B MaTpuLe ocTaTka.

OTBepaeBLUME NPOAYKTbI pa3MeLLaTcs Ha nonuroHe. BolwenaymBaHne TaxXenbix Me-
TannoB M3 NPOAYKTOB B KPATKOCPOYHOW NEPCneKTUBE OTHOCUTENbHO HM3KOE; OOQHAKO BbICO-
Knin ypoBeHb PH cnctembl Ha LEMEHTHON OCHOBE MOXET MPMBECTU K 3HAYUTEITbHOMY BbiLLE-
naymBaHnio amgoTEPHbIX METANOB (CBMHEL U LINHK).

OcrTeknoBbIBaHME 1 NNaBneHne oCTaTKoB NPMBOAMT K MOBUNU3aLUKN NETYYMX SNEMEH-
TOB, TaKUX Kak PTyTb, CBUHEL, N LUMHK B TeYeHne npouecca ob6e3BpexmBaHunst; 3TO UCNOMb3Y-
eTCs B COYeTaHuM C ApyrMMmun napameTpamu Afs Npou3BOoACTBa MaTepuana C HU3KMM CO-

OepXXaHneM TAXennbIX MeTarisoB.
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M3BeCTHbI HEKOTOpble CMOCOObLI, UCMONb3yeMble ANA HarpeBa OCTATKOB: CUCTEMbI
31eKTPOonMaBKk1, CUCTEMbI, OTanMBaemMble ropenkamMu, u nnaeska ¢ gytbemM. OHM OTNUYarTCH
no cnocoby nepegayn aHeprum, OKUCNUTENbHOMY MO0 BOCCTAHOBUTENBHOMY COCTOSIHUIO B
TeyeHue paboTbl U NO KONMMYECTBY 06pa3yoLNXCA ra3oobpasHbiX NPOAYKTOB cropaHus. [Ans
3TOro UCMNONb3YKTCA METaNNypruyeckme neyn.

Cnocobbl, ncnonb3yemble AN OCTEKMOBbIBAHMSA W MMaBfEeHUs1 OCTaTKOB, MOXOXW BO
MHOIMMX oTHoweHusx. OCHOBHOE pasnuune rnaBHbIM 0O6pPa3oM COCTOMT B MpoLecce oxna-
XOEHWS, a TakKe B UCNOSb30BaHUM cneumanbHbliX 406aBOK.

OKCTparmpoBaHue KUCnoTon. JleTydasa 3ona ouuwaeTcsl KUCHbIMU CTOKaMU C NepBou
(kMCcnoTHOM) cTagum MOKporo ckpybbepa. 3ateM oOuyMLleHHble OCTaTKM MPOMbIBAKOTCA U
00bI4YHO CMELLMBAOTCSA CO LUMakoM nepes pasmeLleHNeM Ha NonuroHe.

B npouecce ygansetcs 3HayMTenbHas YacTb 06Lero KonnyecTea TSXKemnbiX MeTansos
n3 ocrtatkoB (Cd =85 %; Zn=85%; Pb, Cu=33%; Hg=95%). BbiwenaymBaemocTb
octaTka cHmxkaeTtcsa B 100—-1000 pas.

O6paboTka OCTaTKOB OT OYUCTKMN AbIMOBbIX Fa30B, NOSBSAOLWMXCS B NPOLECCEe OYUCT-
KN cyxmm GukapboHaTom HaTpusd, Anst UCNOMb30BaHMS B NMPOU3BOACTBE KanbLUMHUPOBAHHON
cogbl. OcTaTtkM OT OYMCTKM ObIMOBbLIX ra30B, NOSABASIOLWMECHA B MPOLIECCE OYMCTKU CYyXMM
OukapboHaTOM HaTpus, HakannueawTca B OyHKkepe [0 obesBpexmnBaHusa. 3aTtem OCTaTKu
pacTBOPSOT Npu perynuposaHum pH 1 npu gobaske peareHToB. Obpasyloasca cycneHauns
NpoxoanT 4epes3 punbTp-NPecc, B KOTOPOM OTAENATCA HEpacTBOPUMbIE BeLLEeCTBa: Ma-
POKCMAbI TSKENMbIX METansmoB, akTMBUPOBAaHHbIN Yronb M neTty4yast 3ona. Takum obpasom, no-
nyvyaeTcs HEOUYULLEHHbINM Paccon N OTOUNbTPOBAHHbLIN OCTATOK.

HeouuweHHbIM paccon 3aTeM NpOXoauT Yyepes3 NeCOYHbIN PUbTP U NocTynaeT B KO-
FNIOHKY C aKTMBMPOBAHHbLIM YrfeM, KOTOpbI abcopbumpyeT opraHn4yeckne coeauHeHust, KoTo-
pble MOryT HaxoauTbCsa B paccorne. CrneaoBbie KONMYECTBa TAXKENbIX METaNMoB yaanawTcs B
ABYX KOJIOHKax C MOHOOBOMEHHbIMW cMonamu, Ans Toro 4tobbl OCTUYL Knacca kayecTBa
NPUPOOHOro paccona, KOTOpbIi MOXHO MCNofb30BaTb B MPOMbILLSIEHHOM MNPOU3BOACTBE
KanbLUMHUPOBAHHOW COAbl.

OcTaTok (hnbTpoBaHUA, KOTOPLIA ABNAETCS €4MHCTBEHHbIM OCTalLLMMCA OTXOLOM,
pa3mMellaeTcsa Ha nonuroHe. ObLiee KONMYECTBO cocTaBnseT He 6onee 2—4 Kr Ha TOHHY CXU-
raembix TKO.

OunLEeHHbIN paccon n ocTaTtok MNbTPOBaAHUS SABNSAOTCA €4UHCTBEHHBIMU KOHEYHbI-
Mu npoaykTamu. NMpombiBHas Boga, peareHTbl MOHOOOMEHHbBIX CMON U T. A. MNOMHOCTLIO NoAa-

BeprarTcA I'IpOMG)KyTO‘-IHOVI O4YNCTKE N NMOBTOPHOMY UCMNOJIb3OBAHUIO.
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Ob6paboTka oCcTaTKOB OT OYUCTKMN AbIMOBbIX Fa30B, NOSABISIOLNXCA B NPOLIECCE OYUCT-
Kn cyxmm GrkapboHaTOM HaTpusi, C UICMOSb30BaHMEM rMapaBnuYeckmx Bsxywmnx. OctaTkm oT
OYUCTKN ObIMOBbIX ra30B, MOSIBMASKOLWMNXCA B MNPOLECCE OYMCTKM Cyxum OukapbGoHaToMm
HaTpus, HakannuealTca B ByHkepe A0 obe3BpexmBaHus. 3aTeM OCTaTKM CMELUMBAKOTCA C
rMApaBlNYECKMM BSXKYLLUMM, @ MOTOM BBOAATCS B BOOHbIA pacTBOP C HEKOTOPbIMU peareHTa-
mun. Obpasyroasaca Nnpy 3TOM CyCrneH3nst NPOXoanT vyepe3 unbTp-npecc, rae npomcxoauT
oTAeneHne HepacTBOPMMbIX BeELeCTB (CoAaepXallmx, B YaCTHOCTU, BOMbLUMHCTBO TAXENbIX
meTannos). MonyyatLwmmMmmcsa npoaykTaMmm sSiBNSAOTCS Paccon M OCTaToK OT (bMnbTpoBaHKUS.

Paccon 3atem noaBepraeTcsi o4MCTke Takmm obpasom, 4Tobbl ero MOXHO 6bino no-
BTOPHO MCNOMb30BaTh NPU NPON3BOACTBE KalbLUMHUPOBAHHOW COAbI.

OcTtaTtok OT uNbTPOBaHUSA, coaepXKalluin rmgpaBnuYeckne BsXXylme, oTBepXxaaeTcs

B MHEPTHbIN MaTepuan Ans pasMeLLleHnst Ha NOSINroHe.

5.2.9 YpaneHue ocTtaTkoB, 00pa3yloLWMXCA MPU OYUCTKE ra3ooopasHbIX

NPOAYKTOB CropaHus

OTaeneHve ctagun ynaBnuBaHWA Nbinv OT APYrMX CTaauMi OYUCTKU AbIMOBLIX ra3oB
UMEET BaXKHOE 3Ha4eHue. YaaneHue nbinu nepes cragusiMm ra3oouncTku (Ctagum yoaneHus
KMCMbIX ra3oB U AMOKCUHOB), MPW UCMONb30BaHUN 3NEKTPOUNLTPOB, LUKITOHOB UNN pyKaB-
HbIX ounbTpoB, 6e3 fobaBkM peareHTOB MNO3BOMSAET pacCMOTPeTb nepepaboTky U nocneay-
toLee obe3BpexmBaHne yganeHHom Nbinu.

OtgeneHHasi 3o0na MOXeT ObiTb BO3BpaLleHa Ha CTaguio CKUraHus Ans ganbHenwen
aectpykuumn nobbix MXOO/MXOP, 4TO MOXET NPMBECTU K CHUXKEHMIO OOLLIEro BbIXxo4a AMNOK-
CVHOB C YCTaHOBKM.

MpeaBapuTenbHoe obecnbiniBaHMe MOXET MOBbLICUTbL HAOEXHOCTb MOSTYCYXOW OYUCT-
KN ObIMOBbIX ra3oB M APYrMx CUCTEM ra3oouncTku. CHMKaeTcs yHOC TBEpAbIX YacTul, B No-
crnegyrowme crtagumn ra3oouUCTKM (B OCOBEHHOCTU CUCTEMbI MOKPOW Fa3004UCTKU), YTO MO-

XEeT ynyywnTb nx (*)yHKLlI/IOHI/IpOBaHVIe N CHU3NUTb 3aTpaTbl Ha 3TUX CTaandx.

5.2.10 MOHUTOPUHT (MPOM3BOACTBEHHbIN KOHTPOSb) U perynupoBaHue

BbIOpocoB

HeoagHOpoAHbIM cOCTaB MOCTynawLWwmMx Ha obe3BpexunBaHme oTxoaos TpebyeT nocrto-
SIHHOIO NMPOM3BOACTBEHHOIO KOHTPOSISI B HE3aBMCMMOCTU OT CTEMNEHN aBTOMaTM3aumMm cucte-
Mbl. KOHTpPONb OCHOBLIBAETCA Ha MOMyyYyeHUN OOCTOBEPHOM MHOpMauuu O npouecce no-
CpeacTBOM UCMOMb30BaHUS KOHTPOJIbHO-U3MEPUTENbHLIX NpubopoB. HeobxogMmo uMETb

OaHHble O TeMnepaTtype B pa3sinyHbIX MeCTaX KaMepbl CXKuUraHud, TOJNWMUHE CNod OTXO040B
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Ha Mony unuM B NOoANOAOBOM 30HE, CTEMEHU pas3peXeHusi B 30HE roOpeHus, TeMnepaTypHOM
rpaguMeHTe no NoBEepPXHOCTU neuvn, n3aMeHeHnax KoHueHTtpauun CO, O,, CO; 1 (unn) H,O (B
pasHbIX MecTax), AfMHE U MO3ULMOHUPOBAHUN (DPOHTA FOPEHUs B NeYn, KOHLEeHTpauun Be-
LLIeCTB B Bblbpocax Ha AbiIMOBOW Tpyoe.

BaxHbIM cnocobom KOHTpOnsi npouecca ABNAETCs MCNOoSib30BaHUE ONMTUYECKUX Unu
NMHpaKpacCHbIX N3MEPUTESIbHBIX CUCTEM, YNbTPa3BYKOBbIX N BU3yaribHbIX Kamep.

HenpepbiBHas KOppekTMpoBKa koahdumumeHta m3bbiTka BO34yXa MOXET YryyluTb
NPOLECC CXUraHus 1 NpeaoTepaTnTb obpasoBaHune psga BpeaHbIX BELLECTB.

MHppakpacHaa kamepa sBNSeTcss NPUMEPOM TEXHOSMOMKU, KOTopas MOXET ObiTb MC-
nosib3oBaHa ANd co3gaHus TepMmorpadun cnosi ckuraeMblx oTXo4oB. Micnonb3yoTcs Takke
yNbTpa3ByKOBble U BU3yarbHble kKamepbl. PacnpegeneHve Temnepatyp Ha pelueTke noasns-
€TCA Ha 3KpaHe Kak M30TepMUYECKOE MNosie C NOCTENEHHO U3MEHSIOLLMMUNCA OKPaLLEHHbIMU
obnactamu.

[na nocnegytowero KOHTpoNa paboTbl NeYn MOXHO onNpeaenuTb XapakrepucTudeckme
TemnepaTypbl MHAMBUAOYalNbHbIX 30H U Nepefatb MHAOPMaLUMIO B KOHTponnep, ynpasnsio-
lWnn paboTon neyn, Kak BXoOHble napamMeTpbl Ans nepemeHHbiX nedn. C ncnonb3oBaHMEM
HEeYeTKOW NOrNKKN, HEKOTOPbLIX NepeMeEHHbIX (Hanpumep, TemnepaTtypa, cogepxaHne CO, O,)
MOXXHO onpeaenMTb NocneaoBaTeNlbHOCTbL NPaBu ANg NoaaepXXaHusa npouecca B 3aaHHbIX
napameTpax.

C nomowblo mMcnonb3oBaHusa GbicTpogencTeytowero moHmtopmHra HClI go u nocne
Ornoka rasoo4ymMCTKM MOSIBNISIETCA BO3MOXXHOCTb KOPPEKTUpOBaTb paboTy CUCTEMbI OYUCTKM
AbIMOBbIX ra30B, C TeM 4YTOOblI KOSIMYECTBO UCMOSIb3YEMOro LLENOYHOro peareHta 6birio on-
TUMU3NPOBAHO 4S5 3a4aHHOro 3Ha4YeHNs BbIGPOCOB. ATOT CNOCOO OBLIYHO NPUMEHAETCS Kak
AOMNOJSTHUTENbHbBIA MEeTo4 ANA PerynupoBaHuUs NMUKOBbLIX KOHLEHTpaUMni, C CO34aHMEM Cros
peareHTa B pyKaBHbIX unbTpax, obecneuymBas Takke BaxHbl GydepHbii addekT ang
GonyKTyaumm peareHTa.

Bpemsa peakumm KOHTPONMPYHOLLEro YCTPOMUCTBA LOSMKHO ObiTb ObICTPbIM AM151 NPOXOXK-
AEHNS ynpaBnsaoLLero curHana Ha obopyaoBaHMe U CBOEBPEMEHHOMO A03MPOBaHUA peareH-
Ta anga obecneyeHns aHEKTUBHON peakunn.

KOHTpOMb YCTONYNMBOCTM K KOPPO3UM SIBIISIETCA BaXKHbIM acrnekToM, Tak Kak peyvb nget
0 YpesBbl4arHO arpeccuBHou cpefe. Npobnemon moxeT Takke OblTb oOpacTaHue BHYTPEH-
HUX MaTepuarnoB 1 anemMeHToB 060pyaoBaHWS 30510M U APYTMMU KOMMOHEHTaMN OTXOASALLMX
rasoB, a TaKkKe 3arps3HUTENsMU, COOEPXALMMUCH B XONOAHOM TensioHocuTene Tennoob-

MEHHbIX annapaToB.
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N3meHeHne B 03vMpoBaHMM AN NOAAEPXKAHUSA afCcopOLMOHHOM CnoCOBGHOCTN B CU-
CTEME OYMCTKM AbIMOBbIX ra30B MOXHO cAenathb:

- C NOMOLLbIO U3MEHEHNsT pacxoda C UCMOMb30BaHMEM HAacOCOB C NePeMEHHON CKOpPO-
CTbIO UMK LUHEKa-A03aTopa C NEPEMEHHON CKOPOCTbIO;

- C NMOMOLLIbIO M3MEHEHMSA KOHLIEHTPaLUUM peareHToB B MOMyCyXuX cuctemax, korga He-
6onblwmne 06beMbl CMECUTENS MOBbLILLAKT CKOPOCTb N3MEHEHNSA KOHLEHTpaLUun.

BaxkHon 3agayven MOHUTOPUHIa N perynupoBaHus BbIOGpPOCOB NpW CXXUraHUM OTXOO0B
ABNSIETCA PETPOCNEKTUBHBLIN aHanNu3 napameTpoB TEXHOMOrMYeckoro npouecca (MOMUMMO
NPOrHO3HOro MeToaa).

[nsa aTtoro Heob6xoaMmo npegycmaTpuBaTth 3anNUCb M XpaHeHWe pes3yrbTaToB MNokasa-
HUA KOHTPONbHO-N3MEPUTENbHBIX NPUGOPOB M ra3oaHanUTUYECKUX Moaynen (gaT4ymkos), na-

GopaTopHOro ANarHOCTUPOBAHMUS.
5.2.11 KoHTponb u o06paboTka CTOUYHbIX BOA

Mcnonb3oBaHne TexHUYecKon Boabl Ana obecnevyeHns peanusaumm TEXHOMOMM Tep-
MUYecKoro obesBpexnBaHust 0TXooB Tpebyetca aAnsa paboTbl ra3004MUCTKM OT KUCHbIX ra3oB
(ncnonb3oBaHMe MOKpbIX CkpybbepoB, ckpybbepoB BeHTypu); yaoBneTBopeHnsa TpeboBaHui
noxxapHon 6e3onacHoOCTV Npu NpeaoTBpaLLEHNN BO3ropaHnsa oTxonoB (obecneyeHne nogBo-
Aa Boabl K BGNoKy 3arpysku cbipbsl); TeNNOoOMEHHbIX NMPOLECCOB (rae ucnonb3yemas Boaa
NPUMEHSIETCA B Ka4YeCTBE XOSI0AHOr0 TEnsIoHOCUMTENs) U naporeHepaumm (B OCHOBHOM Ans
npoLeccoB NUponu3a un rasndukaumm).

[Mocne npuMeHeHns COOTBETCTBYIOLLNX TEXHONOIrMYEeCckMx 61oKoB kKayecTBo Bog byaeT
OTnMyaTbCsa OT UCXOAHbIX. HecMoTpst Ha To, YTO, Kak NpaBuso, BO4A MCMNONb3yeTCca B COOT-
BETCTBYOLLMX BrioKax LMKIMYECKN, Nnepnoandeckm Tpedbyetcsa ee oumncTka.

KoHTpONb CTOYHbIX BOA ANSA NPOU3BOACTBEHHOrO npouecca COCTOUT M3 uKCupoBa-
HUA PH 1 KOHUEHTpaLMM MeXaHUYeCKMX NpumMecen — AN NPUHATUSA PEeLLeHnn B YacTu BO3-
MOXHOCTW MOBTOPHOrO 1 (MNK) ganbHENLWero Ux UCnosfib3oBaHMsa C 4O3MPOBAHNEM XMMUYe-
CKUX peareHToB.

Opu1eHTMPOBOYHbIE MepeYdeHb 3arpsa3HSAOLLNX BELECTB M YPOBHU 3arpsi3HEHUS CTOY-
HbIX BOA4 B cOpocax C CUCTEM ra300YUCTKN YCTAaHOBKOK TEpMUYECKOro obesBpexmBaHns OT-
X0[40B NpuBeaeHbl B Tabnuue 3.5.

Hanbonee akTyanbHbIM 3TOT BOMPOC CYMTAETCHA ONs1 OYMCTKM CTOYHbIX BOA, obpa3sy-
owmxca npu obpaboTtke razaoobpasHbIX NPOAYKTOB ropeHusi. B Takmx CTOYHbIX BOAAx MOryT

coaepXaTtbCa TdAXenble MeTalrsbl, CONn peakuumn HeI7ITpaJ'IVI38L|,I/II/I, HenpopearmpoBsasLLune
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KUCIble U LWEeNoYHble BELLeCTBa, MeXaHU4YeCcKne NpMMeCcU U BbICOKOTOKCUYHbIE COEeQUHEHNS
ANOKCMHOBOW Ipynnbl.

CocraB 3arpsasHuTenen otpabotaHHoro abcopbLMOHHOro pacTeopa onpegenset nep-
CMEKTUBHOCTb UCNOJSIb30BaHNSA MeMOpPaHHbIX TEXHONOMMIA UM TEXHOMOMMI Ha OCHOBE obparT-
HOro ocMoca MM TeEpMUYECKOro BbinapmBaHus. Mcnonb3oBaHne MeMOpaHHbIX TEXHOMNOMNA,
o6GpaTHOro ocmMoca v BbiNapuMBaHUS, He CMOTPS Ha BbICOKYD CTOMMOCTb NpoLeccoB, addek-
TMBHO N1 OYMCTKM BOL OT PacTBOPEHHbIX CONien, KoTopble o6pasytoTcss B oTpaboTaHHOM
abcopObLUMOHHOM pacTBOpe Nocre NornoweHns KUCNbIX ra3os.

Takke Hawno npuMmeHeHne ucnosb3oBaHue unbTpoB. OgHaKo MCNonb3oBaHWe MNo-
cnefHUX akTyanbHO Mpu OTCYTCTBUM Bri0Ka NblneocaxneHusi Ha aTane ra3oo4ymcTkn. JTo Be-
AeT K OCaXAEHNI0 MeXaHU4YeCKUX npumMmecen B MOKpoM ckpybbepe n TpebyeT UX KOHLEHTpU-
poBaHWs B BMAe Lunama Ang npefoTBpalleHus BTOPUYHOrO 3arps3HeHus razoB, 0COH6EHHO
NPy HaNM4YMmM TSHXKENbIX MeTasnsos.

CxxuraHve Takoro wnama (3arpyska ounbTpa u COBCTBEHHO BblAENEHHbIX KOMMOHEH-
TOB) SIBMSETCA WCTOYHUKOM (POPMUPOBAHUS PUCKOBLIX 30H. Tak Kak, TsKenble MeTansnbl,
NXO4/mMxne cHoea 6yayTt nepexoauTtb B cpeabl NOBbILLEHHOW MUTPALMOHHON aKTUBHOCTMW.

Anga nonyyeHns nHgopmaumnm o6 MCNOoNb30BaHUN TEXHUYECKUX pPeLLUeHU NS OYUCTKU
CTOYHbIX BOA, obpasyowmnxca B 6yiokax ra3o04UCTKU, criegyeT nosfib30BaTbCs CNPaBOYHUKOM
HOT «Ounctka CTOYHbIX BOA NPy NpOU3BOACTBE NPOAYKUMN (TOBApPOB), BbINOSIHEHUM paboT 1

OKasaHWU YCIyr Ha KPYMHbIX NPeanpUATUSX».

5.2.12 O6paboTka u o6e3BpexnBaHue LLSIAKOB U 30J1IbHbIX OCTAaTKOB,

oGpasylowmxca B pe3ynbTaTe CXUraHus

B TeyeHne npoueccoB cxuraHusi MoryT oGpa3oBbiBaTbCS TBepAble OTXOAbl. Takue
TBepAble 0TX0/bl 0BbIMHO Ha3bIBAKOTCA «30Ma» UMK «Lwnak». 3ona GbiBaeT ABYX TUMOB: OAUH
Ha3bIBalOT «HENETYYMI OCTATOK», OObIYHO M3BMNEKAEMbIN Ha Noay Kamepbl CXXUraHus, Apyrou,
HasblBaeMbIl «NeTy4yasi 30na», COCTOUT U3 MENKOAMUCNEPCHbIX PpakLUiA U YHOCUTCS C AbIMO-
BbIMW razamu. OTOT MOCMEAHUA TUM OObIMHO M3BMNEKAETCS C MOMOLLL 0bopyaoBaHUS Ans
OYUCTKN ObIMOBBIX ra30B.

3ona OoT CKUraHust U OCTaTkn OT OYUCTKU AbIMOBbLIX ra30B ABMSATCS OAHMM U3 OCHOB-
HbIX MOTOKOB OTX0A0B, 0OpabaTbiBaeMblX C MOMOLbI MPOLIECCOB CTabunusauum u oTeep-
XOeHUs Nnbo B YCTAHOBKE Ansi CXKuUraHus (HanpumMmep, B HEKOTOPbIX MHCUMHepaTopax). Opyru-
MW METOAAaMU SIBIISIOTCS OYMCTKA M PELMKITMHT HEKOTOPbIX KOMMNOHEHTOB (Hanpumep, Conen).
MNpumeHsieTcst Takke U MeTod nepepaboTky 305bl OT CKUraHUS MyTem NnaBfeHus 30-bl B

nnasme npu o4eHb BbICOKMX TemrepaTypax, YToObl CTEKNOBATbL CTPYKTYpPY.
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TexHu4eckne pelueHns no obe3BpexmBaHUIo TBEPAbIX OCTATKOB OT CKUraHUS OTXOO0B
06bI4YHO OnNpeaenstTCs C NOMOLLbHO:

- COAEepKaHUs OpraHUYecKnx CoeauHeHu B ocTaTkax;

- cogepaHus TaXKenbIX MeTansnoB B ocTaTkax;

- BblLLiENa4YMBaEeMoCT MeTasnnoB, CoNnen U TSXenblX MeTanoB B OcTaTkax;

- hmusnyeckon NpurogHoOCTU (HanpumMep, pasMmepa 1 NPOYHOCTU YacTuL B OcTaTKax).

YnyJyweHne JOXWraHus wraka MoXeT ObiTb AOCTUMHYTO C MOMOLLbIO ONTMMMU3aLNN
napameTpoB CXUraHWs, AN TOro 4Tobbl NPOM3OLLO MOSIHOE CXKUraHne CBA3aHHOIO Yrrepo-
Aa.

[MoBbIWeHMe TeMnepaTypbl CropaHusi BMECTe C TeMrnepaTypon Cros TonnMeBa Bbi3bl-
BaeT pocT obpasoBaHna CaO B wnake. OTO BbI3bIBAET POCT 3Ha4YeHUs pH wnaka. 3HayeHue
pH cBexero waka 4yacTto npesblwaeT 12.

OTOT pocT pH Takke MOXeT NPUBECTU K POCTY pacTBOPUMOCTM aMpOTepHbIX MeTarn-
NOB, TaKMUX KaK CBUHEL, N LUUHK, KOTOpble HaXo4AaTCs B BbICOKOM Konn4yecTse B wnake. Benu-
YMHa pH Wwnaka MoOXeT CHU3UTBLCA NoCcne CTaguu CKUraHUs ¢ NOMOLLBIO Bbi3peBaHUS.

OTaeneHve Wnaka oT OCTaTKOB OYMCTKU AbIMOBbIX ra3oB. CMmelleHne oCcTaTKOB OYUCT-
K/ ObIMOBbIX ra3oB CO LUMAKOM MPUBOAMUT K 3arps3HeHuUio Wwnaka. Beneacreme 6onee BbiCco-
KOro cogepXaHusi MeTansnos, BbillenaynMBaemMoCcTn MeTansioB 1 cogepXaHnsa opraHM4Yeckoro
BellleCTBa B OCTaTKaX CUCTEMbI Fa3004YMUCTKN CHUXKAETCS KavyeCTBO LWnaka. OTo orpaHu4ymBa-
eT BapyaHTbl 4Ns NOCneayrLero NCNonNb30BaHUS LUaka.

PaspgeneHue wnaka n ocTaTkoB CUCTEMbI ra3004MCTKM COCTOUT B pasgesnibHoMm cbope,
XpaHEeHUN M TPaHCNOPTUPOBAHUM OOOMX MOTOKOB OCTATKOB. JTO CBHA3aHO, Hanpumep, CO
crneunarnbHO BblAeNneHHbIMU ByHKepamun A58 XpaHeHUs N KOHTerMHepamu, a Takke cneuuanb-
HbIMK cnocobamum obpalleHns ¢ MeNKMMKU opakunaMm U NbifibHbIMKM OCTaTKaMn CUCTEMbI ra-
3004UCTKMW.

OTtgeneHve oCTaTKoOB CUCTEMbl Fa3004YMCTKM OT LWSaka co3gaeT BO3MOXHOCTb €ro
AanbHenwero NCnonb3oBaHus (Hanpmumep, ¢ NOMOLLbI0 Cyxon 06paboTkn nnn NpoMbIBKA BO-
A0pPaCTBOPUMBbIX COMEN, TSHKEmbIX MEeTasnsioB B 3KCTPAKTOpe 305bl), Hanpumep, Ans nNpous-
BOACTBa 3aMeHUTeneun necka v rpasus. Takoe Npou3BoACTBO OOMKHO OCYLLECTBNATLCA Ha
OCHOBaHUN TEXHUYECKOW OOKYMEHTauMu, NOSyyMBLUEN MONOXUTENBHOE 3aKM4eHne rocy-
AAaPCTBEHHOW 3KOSTOrMYECKOM 3KCMEPTU3bl HA HOBbIE TEXHUKY, TEXHOSOIMMIO U/UNN HOBLIE Be-
LecTBa.

Cenapauus metannoB 13 wnaka. Cenapaums YepHbIX MeTansoB OCYLLECTBNSETCH C
ncnonb3oBaHMeM MarHuTa. LLnak BeirpyxaeTcsa Ha ABMXKYLLMIACA TpaHcnopTep unu smbpaum-

OHHbIN KOHBeVIep, N BCe€ MaAarHMTHble YaCcTulbl NPUTArMBarOTCA NnogBeLlleHHbIM MarHATOM. Ta-
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Kasi cenapaumst YepHbIX MeTannoB MOXeT ObiTb BbiNOfIHEHA HA HeObpaboTaHHOM Liake no-
Crne TOro, Kak OH MOKMHYN 3KCTpaKTop 30:bl. [1na addeKTMBHON cenapauumn YepHbIX MeTan-
noB TpebyeTca MHoroctagumHas obpaboTka C NPOMEXYTOYHOM cTaanen apobrneHns n npo-
CenBaHus.

Cenapaumsi UBETHbIX METasnsioB OCYLLECTBNSIETCS C WUCMNONb30BaHWEM cenapartopa
BMXPEBbIX TOKOB. BbICTPO Bpallalowasca KaTylwka MHAYKTUBHOCTM HaBOAUT MarHUTHOE none
B YacTMuax LUBETHbIX MeTanmoB, YTO BbiTankneaeT nx n3 notoka. Cnocob siBnsetcs acddek-
TMBHbLIM Ans YacTuy, ¢ pasamepom oT 4 oo 30 mm n TpebyeT xopoLlero pacnpeneneHuns marte-
punana Ha aswkywemcs TpaHcrnoptepe. Cenapauusi OCyLLEeCTBSIETCA Mocne oTAeneHus
YepHbIX MeTanmnoB, APobGNeHNa N NPOcenBaHus.

'poxo4veHune un gpobneHue wnaka. PasnuyHble onepauum no mexaHnveckom obpadoT-
Ke Wwaka npegHasHayeHbl Ans noarotoBkM MaTtepuarnoB Afsi JOPOXHOrO CTPOUTENLCTBA U
3eMnsHbIX paboT, KoTopble 0bnagatT yaoBNETBOPUTENBHBIMU FEOTEXHUYECKUMN XapaKTe-
pucTnkamun. HekoTopble onepaumm MoryT NpoOBOANTLCSA B TEYEHWE npoLecca NoaroToBKNU:

- rpaHyrnomeTpuyeckasa cenapaumst C NOMOLLBbI FPOXOYEHNS;

- YMEHbLUEHME Pa3MeEPOB C NOMOLLLI APOONEHNA KPYMHbIX OPaKUMA UK UHBIX CNO-
coboB paspyLLeHMs;

- COPTMpPOBKa B BO34YLLIHOM NOTOKE ANSA yAaneHus ferkux HecropeBLmnX hpakumi.

B nuHnn nepepaboTtkn MoxeT ObITb yCTaHOBeHa apobunka ana pasébusaHus 60rb-
LUMX KyCcKOB (0OObIYHO Ha BbIXOAE M3 NEPBOro rpoxoTa). YacTb YyCTaHOBOK OCHalleHa apobun-
Kamu, B HEKOTOPbIX MCMONb3yeTcHa cneunanbHoe obopyaoBaHue (MexaHnyeckasa nonara, no-
rpy3yunk, kKamHeapobunka v 1. 4.) ons apodneHnsa 650kos..

Pa3bvBaHne G0nbLIMX KYCKOB MMEET HECKOSIbKO NMPEeuMyLLEecTB: YMEHbLUIAeTCs KOmnu-
4YeCTBO KPYMHOro HaACUTOYHOIrO NPOAYKTA; MOBbLILLAETCS re0TEXHUYECKOE Ka4ueCTBO.

OTtgeneHne nerkux HecropeBlMX bpakunin mnm oTAeneHue B BO3AYLUHOM MOTOKE
obecneyvnBaeTcsa ¢ MOMOLLbLIO NPOAYBKM UKW acnnpaumu.

O6paboTka wWnaka C ucnonb3oBaHWeM Bbi3peBaHus. [locne cenapauun MeTansnoB
LUMAK MOXHO XPaHMUTb Ha OTKPbLITOM BO34yXe UIM B CNeuuann3npoBaHHOM KPbITOM 34aHUM B
TEYEeHME HECKONbKNX Hedenb. XpaHeHne oObl4HO OCYLLECTBNSETCA B OTBanax Ha 6eToOHHOM
nony. [lpeHax n ctoyHas Boga cobupatotcsa gns oumcTtkn. OTeanbl MOryT ObiTb YBAAXHEHbI
npu HeoBXo4MMOCTU C UCMNOSTb30BAHUEM CMPUHKITEPHOIO OPOCUTENS UN PYKABHOW CUCTEMBbI,
Ansa Toro 4tobbl NpeaoTBpaTUTL OB6pasoBaHMe Mbin U BbIGPOCOB M CO3aaHUA GnaronpuaT-
HbIX YCNOBUM AONs BblWlenadnmBaHusa conern u kapboHusauumm, ecnu Lwnak HeaoCcTaTOuvHO

BIaXXHbIN.
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Ha npaktnke 0Obl4HO ycTaHaBnuBaeTca nepuod ctapeHusa ot 6 oo 20 Hen (unuv oH
npegnuncoiBaeTcs) ana obpaboTku Wwnaka nepea Ucnonb3oBaHMEM B KQ4eCTBE CTPOUTENBbHO-
ro maTepuana unm B HEKOTOPbIX Cyvasix nepeq pasmeLleHnem Ha NofnroHe.

BblwenaymBaHne MOXHO KnaccuduumposaTh cnegyowmm obpasom:

- CHMXeHne pH Bcneacteue notpebneHusa CO, n3 Bosgyxa unm GMonornyeckom ak-
TUBHOCTH;

- co3gaHne GeckMCnopoaHbIX, BOCCTAHOBUTENbHbLIX YCIOBUIM Bcreactesne Guopasno-
XXEHNs1 OCTaTOYHOro OPraHMYecKkoro BeLLeCTBa;

- MECTHble BOCCTaHOBUTESbHbIE YCINOBUS BCreACTBUE BblAeneHus Boaopoaa;

- rMapaTupoBaHMe 1 apyrne N3aMeHeHns B MUHeparnbHbiX oasax, Bbi3blBaloLlne cuen-
neHne YyacTtuu,.

OTOT cnocob MOXHO MPUMEHATb KO BCEM HOBbIM WM CYLLECTBYIOLWINM YCTaHOBKaM, Ha
KOTopbIX obpasyeTcs Lnak.

O6paboTka Wnaka ¢ UCNOSIb30BAHMEM CUCTEM CYXOW OYUCTKU. YCTAHOBKM AN CyXOro
oboralleHnsa wnaka coveTaroT crnocobbl cenapaumm YepHbiX MEeTasnnoB, YMEHbLUEHUSA pas-
MEpPOB 1 rPOXOYEHUS, cenapaLmm LBETHbIX MeTannoB 1 ctapeHus obpaboTaHHOro waka.

O6paboTka Wwnaka ¢ MCNoNb30BaHNEM CUCTEM MOKPOW OYMCTKU. VIcnonb3oBaHue cu-
CTEM MOKPOW OYUCTKM Ana obpaboTkM wwnaka no3BonsieT nonyyaTb Wak ¢ MUHUMaNbHOW
BblLLleNa4YnMBaeMOCTbO MeTasoB U aHMOHOB (Hanpumep, conen). LLnak nocne cxuraHus 06-
pabaTbiBaeTcs ONS YMEHbLUEHUS pa3MepoB, MPOXOYEHUHA, MPOMbIBKM M cenapauun metan-
noB..

OcHOBHON OCOBEHHOCTLIO aTOM 06paboTKM ABNAETCA MOKpOe pasgefieHve dpakumm
0-2 mm. Tak Kak 6onbluas YacTb BbllenavymBaemMblX KOMMNOHEHTOB M OpraHUYeckux coegu-
HEHW OCTaeTCsa B MENKOW (Ppakumu, 3TO NPUBOANUT K CHIDKEHMIO BbllLEenaynBaemMocTn ocTa-
towenca ppakuumn npogykra (> 2 Mm).

Ob6paboTka LwWnaka c NOMOLLbD TepMuyeckunx cuctem B gumanasoHe ot 1100 °C pgo
2000 °C wnnu bornee BbICOKNX TemnepaTyp (418 NnasmMeHHbIX CUCTEM).

[MnasmeHHble CUCTEMbI UCMONB3YIOTCA OS5 OCTEKMNOBbLIBAHUS Y NNABAEHUS PasnmnyHbIX
NMOTOKOB HEOPraHMYeCcKnx OTX040B, BKIIKOYAs LWnakK v nety4vyto 3ony (temnepartypbl, UCNOMb-
3yemble AN OCTEKOBbIBAHUSA C NOMOLLbIO Mfla3MeHHOWM Aayrn, o6blYHO HaxoaaTcsa B Anana-
30He o1 1400 °C po 1500 °C), ¢ nocTaBnsieMon afeKTpoIHEPINEN.

MnasMeHHble neun paboTaloT ¢ yaenbHO MoLHOCTbIo oT 0,25 Ao 0,5 MBT/M? 1 ume-
0T Npou3BoAUTENbHOCTL nnaenernst 300 kr/u/m%. 3oHa BNMAHWS npouecca 06blMHO Hebomb-

Lad.

163



PesynbTtatom aTtoro crnocoba siBnsietcst cHmxkeHme obbvema (Ha 33 % — 50 %), oYeHb
HU3KUA YPOBEHb BbILLENAYMBaHNA U YpE3BbIYANHO CTAbUIbHBIA OCTATOK, KOTOPbLIN MOXHO
Nerko yTunmampoBaTb Kak HanoMHUTENb.

HeobxoaMMOCTb OYMCTKM OTXOASALUMX ra30B C YCTAHOBKM NNaBfeHus 30Mbl onpeaens-
€T BO3MOXHOCTb MHTErpauum HacTosLen YCTaHOBKM C TEXHOSOTMYECKMM KOMMIEKCOM Tep-

MNYECKOro 06€3Bpe)KVIBaHI/IFI OTXOO0B B 4YaCTN 0OLLMX OUYNCTHbIX coopy>KeH|/||7|.
5.3 BapMaHTbI TeXHOJTIOrM4YeCKoro npouecca

5.3.1 TexHonorn4yeckue npouecchbl Ha 6ase MeTo40B CXUraHUs

Mcnonb3oBaHMe CrnoeBbiX TOMOK [Ans 00e3BpeXunBaHUA OpraHUYecKknx OTXO4OB
AOJTDKHO CconpoBOXAaTbCA NpeaBapuUTenbHOM NOArOTOBKOW OTXOA0B Nepes, 3arpy3kom B rneyb.

KoHTponupyemoe BbICOKOTEMMNEpaTYpHOe obe3BpexuBaHMe OTXOA0B B YCTaHOBKaX
C6-2C, C7-1C, C7-2C, C16-1C, C20-1C, C20-2C, C20-3C (cm. Tabnuuy 5.5) (3arpsa3HEHHbIX
oTpaboTaHHbIX copbeHTOB, OTpaboTaHHbIX GUABTPOB, OOBTMPOYHOM BETOLUWN, OTXOO0B
ApeBecyvHbl NOAXOOALMX pa3MepoB, OTXOA0B ByMaXKHbIX U3Aenunh U ApYrnx OpraHnYeckux
oTX04o0B noaxogswmx pasmepoB) u B C16-1C (cm. Tabnuuy 5.5) (6mnonornyeckmux wu
MeANLMHCKNX 0TX0a0B (knaccoB A 1 B) 1 BbiluenepeyncneHHbiX) No TEXHONOrMYECKOM CXeEmMe

(cm. pucyHok 5.5), moxeT paccmaTpuBaTbCs B kKavecTse 6asoBbix HAT.
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Irenaukayus odopydoBarus
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Omxodawue 2a3zsi

Bozdyx

PucyHok 5.5 — lMpuHuunuansHasa cxema CrioeBoro CxuraHusi oTxogoB Ha 6ase
TexHonorn4eckmx yctaHosok C6-2C, C7-1C, C7-2C, C16-1C, C20-1C, C20-2C,
C20-3C (cm. Tabnuuy 5.5)

MopgobHass TexHonormst wMmMeeT Haubonbluee MNPOMbILSIEHHOE BHEAPEHUEe (CMm.
nogpasgen 3.1). YCTaHOBKM, KOTOpble NpeaHa3HavyeHbl Ans 06e3BpexnBaHnsa y3koro guana-
30Ha onpefeneHHbIX OTXOA0B (MM MNOABEPrHYTbIX BbICOKOMY YPOBHIO NpenBapuTenbHON
noaroToBKW, a crnegoBaTenibHO, 6onee romoreHHbIXx OTX040B), paboTaloT B Oonee y3koMm
AnanasoHe NpeaenbHbIX XapakTepUCTMK, YEM T€ YCTAHOBKU, KOTOPbIE MPUHUMAOT OTXOA4bI C
bonee nepemeHHbIMM XapakTepuctukammn. CnegoBaTenbHO, PUCKN, CBA3AHHbBIE C NPUEMKOWN
OTXOAOB, BNEKYT 3a cOOOW pag HeraTMBHbLIX BO3AENCTBUN HA OKPYXKatoLLy cpeay, MUHUMMN-
3aLMsa KOTOPbIX MOXET obecnednmBaTbCa 3a CYET KOHTPONS NpoLecca CXKUraHus 1 perynmpo-
BaHWs NapamMeTpoB TEXHONOMMYECKOro npouecca.

YOooBneTBOpUTENbHbIE  9KOHOMUYECKME nokasaTtenn obecneymBaloTCs  HU3KUMU
KanuTanbHbIMK 3aTpaTtamu. icnonb3oBaHne Grnoka ynpaBneHns, COBPEMEHHbLIX roperioyHbIX
YCTPOWCTB C perynupyemMbiM MOABOAOM BO3AyXa B 30HY CXUraHusi; TaTenbHbI BXOLHOM
KOHTPONb NOJABaeMbIX Ha CXWUraHMe OTXOAOB; AOCTAaTOYMHOE BpPeMsi NpebbiBaHMS Cbipbs B
6noke TEPMUNYECKOTO obe3BpexunBaHuns obecneunBaloT yAOBMNETBOPUTESbHbIE

JKOJ1I0rm4yeckme xXapakTtepucTukun. CooTBeTcTBME NOKaszaTendaM TEXHONOrM4YecKoro npotecca
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obecrneynBaeTCqd KayeCTBOM OSHEProHOCUTENS, LWTaTHbIM PEXUMOM paboTbl roperiok wu
cobnogeHnem  HopM  nNo  KO3ppmumeHTy  m3bbiTka BO3gyxa AN PasfMYHbIX
o6e3BpexnBaemblx 0TX000B, Typbunmsaumen B Kamepe JOXMraHus 3a cHeT nofgayn Bo3ayxa.

MsrotaBnuBaemoe obopyaoBaHue MOXeT OblTb WCMOMb30BaHO MO  NPUHLMMNY
nerkoTpaHcnopTupyemMblX MOBUNBbHBIX YCTaHOBOK. MakcumanbHass npou3BOAUTENBHOCTb
orpaHvyeHa nepuoanyecknmM pexmumMom ¢ pyyHOW 3arpy3kon OTXOO0B.

B kayecTBe anbTepHaTUBHOIO npoLlecca paunoHanbHO pacCMOTPETb TEXHOMOMNIO, pe-
annsyemyio B cootBetcTBun ¢ C24-1C. 3gecb npegycMoTpeHo ObICTpoe ynapvBaHue U
yny4lieHne CXuUraHus Npu MakCcumManbHOM TensoBOM BO3AENCTBUMN C UCMONb30BaHNUEM HUC-
Xo4swero nnaMmeHn ropenok, a Takke NpsaMoKn nepegaym Tenna u3 BTOPUYHON KaMepbl BHU3
Yyepes orHeynopHbeli MmaTtepuan. MimetTcsa aaHHble 06 obecrneyeHMn npemmyLiecTsa B OTHO-
LLEHMX CKOPOCTM npoLecca, pacxoda TonnvMea u asTomaTusaunm.

BesonacHoCTb TepmMnyeckoro o6e3BpexnBaHms 0TX040B C MOMOLLbLIO CroeBbIX (Nogo-
BbIX) neyen obecnevmBaeTcs aBTOMaTM3aUMEN N KOHTPOSIEM TEXHOJSIOrMYecKoro npolecca,
OTCYTCTBMEM 3afbIMNEHUN Ha MecTax paboTbl 0OCnyXuBarLero nepcoHana n BO3MOXHO-
CTbIO OYMCTKM ObIMOBbIX rasoB. CrnegyeT JoOCHaWaTb YCTAHOBKM TAroAyTbeBbIM 060pyao-
BaHMEM U OMOKOM MHOrOCTyneH4YaTOM O4YMCTKU WU OBe3BpexMBaHWA OTXOASLMX ra3os,
razoaHanuTu4yecknm obopynoBaHMEM ANSA KOHTPONS BbIGpPOCOB B aTMOCdeEpPY B peXnme OH-
NanH NO OCHOBHbIM 3arpA3HALLNM BeLLeCcTBaM.

Ana MMeLwWwmnxca TEXHUYECKNX PEeLLUEeHU HacTosAwmMe Npeanochbifikn peanusaumm no-
AOBOro CxXuraHms xapaktepHol ana C2-1M, C2-21, C2-3I, C15-1I1, C15-2I1, C26-1I1
(cm. Tabnmuy 5.5).

Cblpbe — mMeguumHckme otxoapbl (knaccoB A, b, B, ' — 4vactuyHo), 6uonornyeckune
OTXOoAbl, HedTewnambl, HedTe3arpa3HEHHble  [PYHTbl, NPOMAacnsHHas  BeTOLb,
oTpaboTaHHble 3arpsi3HeHHble COPOEHTbI U PUNBLTPLI, TBEPAbIE KOMMYHasbHbIE OTXOAbI.

PacnpoctpaHeHve MNpOMbLIWSIEHHOrO  BHEAPEHUst Takoro MeToda  sBnsieTcs
3HauyuTenbHbIM (CM. pasgen 2). OgHako Hanudme B nocTaBkax obopyaoBaHus 65okoB 12 u
13 He aBnseTcs obs3aTenbHblM B paMKax 30Hbl OTBETCTBEHHOCTM MpoM3BOaMTENEN
obopynoBaHusa. CnegoBaTtenbHO, HAaCTOSLWMIN BapuMaHT TEXHONOMMYECKOro npouecca MoxeT
OblTb YOOBMETBOPUTENBHO OLIEHEH MO YPOBHIO HEraTUBHOIO BO3AEWCTBUS HA OKPYXaroLLyto
cpegy — nNpu ero COOTBETCTBUMM HacTosdwen cxeme (CM. pUcyHok 5.6). Takke umeetcs
TArogyTbeBoe obopyaoBaHue, SABNAOWEECH MCTOYHUMKOM  LUYMOBOrO  3arpA3HEeHus.
Mcnonb3oBaHue NpPeBEeHTUBHLIX MEepPOnpUATUMA B 3TOW 4YacTM BO MHOIOM CKnaiblBaeTcs U3

NpaBUIIbHOrO MOHTa)a 00opyA0BaHMS U KOHCTPYKTUBHBIX 0cobeHHocTen 6rokoB 10 n 15.
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PucyHok 5.6 — TexHomnorn4eckas cxema CnoeBoro (nogoBoro) CXuraHust oTXxogoB Ha
0ase TexHonornvecknx pewenHunn C2-1r1, C2-2r1, C2-3r1, C15-11, C15-2r1, C26-1r1
(cm. Tabnuuy 5.5)

Mpn 3TOM oOpraHM3auusi npouecca TepMuUYeckoro obe3BpexMBaHWA OTXOA4OB MO
HacTosILLen TEXHOMOMMN AOSMKHa YYUTbIBaTb OTHOCUTESbHO HU3KYK0 MPOU3BOLAUTENBHOCTb
3TON KOHCTPYKLUUKM NEYN U CNOEBOr0 CXXUraHUs OTXOA0B B LIENTIOM.

3arpy3oyHoe YCTPOWCTBO  BbIMNOMHSAETCA B  BWOE  LIHEKOBOrO,  JIEHTOYHOrO
TpaHcnopTepa, rMapaBnnMyYecKoro TonkaTens.

Mepuogunyecknin BBOA XNOKMX LLUNAMOB B NOAOBLIE NEYN pacCMaTpUBAETCS Kak UCTOY-
HUK pe3epBHOro aHeprocHabxeHmsa npu ob6e3BpeXMBaHNN OTXOA0B C BbICOKON TEMSTIOTBOPHOM
CNOCOBHOCTbIO (HedTewnambl, OTpaboTaHHbIE U 3arpsi3HEHHble HedTenpoayKTbl U T. 4.).
Mpon3BoaUTENBHOCTL MO XWOKMM OTXO4AaM B TakOM Cllydae OPUEHTMPOBOYHO B TPWU pasa
MeHbLUe, YeM Mo TBepAbIM 0TXoA4amM — 6a30BOMY ChIpbHO.

lMporpeccuBHble ananasoHbl TEXHOIOMMYECKMX NapaMeTpoB, NCNOSb30BaHNE Pecypco-
N 3HeprocbeperaroLMx METO40B MO3BOMNNM UCMNOSb30BaTb YCTAHOBKY AN 06e3BpexnBaHus
cneunanbHbIX OTXOA0B.

YnoBneTBOpUTENbHbIE 3KONOrMYeckne nokasatenn no Bbibpocam BpeaHbIX BELLECTB C
OTXOOALWMMM razaMmm obecnevnBatoTCs MHOMOCTYMNEHYATON ra3oBoON OYMCTKOW (OT B3BELLEH-

HbIX BelWeCTB U BpeOHbIX KOMMOHEHTOB, ynasiinBaeMbIX LWWENOYHbIMM U LLEeNOYHO3EeMETTbHbI-
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MU peareHTamu); KOHTPONeM MoCTynarLmMxX OTXOA0B; KOHTPOMEM rnpouecca ropeHust OTxo-
poB. [1ns obecneyeHnsa nocnegHero B NogobHbIX YCTaHOBKaX UCNOMb3YHTCS UCNpaBHbIe ro-
penoYvHblie yCTPONCTBA, OTBEYaoLWmMe COBPEMEHHOMY YPOBHIO TEXHWNKM (C BO3MOXHOCTbLIO pe-
rynupoBaHusa noJavv 3HEeproHocuTens M aBTOMaTUYECKUM MoAAepXXaHWeM COOTBETCTBYHO-
wero koappuumeHta mn3bbiTka BO3gyxa; Bu3yanusaumen napameTpoB TEXHONOrMYeCKoro
npouecca u X apXMBMpoOBaHNEM); CMOTPOBbIE OKHA.

Ounctka rasoB OT B3BELUEHHbIX MPMMeECEN NPOM3BOAMTCS B MblfleOCaAUTENbHbIX Ka-
Mepax, 9nekTpodunbTpax, LUMKIOHAX U B MOKpPbIX MblneynoButenax (4ns 3KOHOMUYeCKOWm
3(pPEeKTUBHOCTN B OTEHECTBEHHOWN MpakTUKe nocrnegHee MHTErpupyeTcss C MOKpbIMU CKpy6-
bepamu).

Mpn ncnonb3oBaHUN MOKpPbLIX CKpyObepoB abCcopOLMOHHBIA pacTBOpP MCMONb3yeTcH
unknuyeckn. lMpyn aToM K 6a30BbIM TEXHOSTOMMYECKUM pPEeLUEHUSIM OTHOCATCSA FOKarnbHble
OYUCTHbIE YCTaHOBKW, paboTawowue no npuHuuny dunetpaumn. Cnegyet mucnonb3oBaTb
BHYTPUPEAKTOPHYKO OYMCTKY, KOTOpas obecneynBaeTca ypoBHEM NoaBoda OYMLLIAEMbIX Obl-
MOBBbIX ra3oB B CKpy66ep 1 ero rugpaBnmyeckuMmm xapakrepuctmkamu. lNMpu aTom crywaemblin
0CagoK TpaHCNopTUPYeTCs LWHEeKoBbIM TpaHcnopTepom (C15-3B, C15-21) (cm. Tabnuuy 5.5).
Takke wnmMeeTca OnbIT MexaHudeckon dunbTpauunm wn otctamBaHua (C2-4B, C15
(cm. Tabnmuy 5.5).

B kauecTBe [OOCTYMHOro TEXHWYECKOro noaxoda criegyeT paccMmatpyBaTb MCMONb30-
BaHME MEeMOpPaHHbLIX TEXHOSOMMIA OYMCTKN CTOYHBIX BOA, 06pasyoLmnxcsa B MOKpbIX cKkpybbe-
pax, peanusaumsa KoTopblix obycnasnveaeT yaopoxaHue npolecca nepepaboTkm OTXO4OB B
LenoM M MOXeT paccMaTpmBaTbCA AN OCHALLEHUS NMPOU3BOACTBEHHO-TEXHUYECKUX KOM-
NNEeKCOB MM MyCOpOCXKUraTenbHblX 3aBoAoB. Kak npaBuno, AoOCHalLleHne 3Tum 6GroKom
He BreYyeT 3HavYuUTenNbHbIX 3aTpaT, a Takke 3HaYMTENbHO COKpallaeT BAUSHUE Ha OKpYXato-
Lyto cpeny.

CxuraHme OTXOAOB C MNoMOLWb OapabaHHbIX Bpallalowmxcsa nedyen — Hambonee
pacnpocTpaHeHHbI MeToq. Peanunsaumst TEXHONOMMA C MOMOLLbIO TAaKOW KOHCTPYKLUUKN neyn
npegcrtasneHa C2-4B, C5-1B, C6-1B, C14-1B, C14-2B, C15-3B (cm. Tabnuuy 5.5 n pucy-
HOK 5.7). VX mncnonb3oBaHue MNO3BOMSET U3MEHATb pexuMmbl paboTbl 6e3 CyLecTBEeHHOro
TEXHUYECKOrO MNEPEBOOPYKEHNUST U CMEHbl TEXHOMNOMMW, CrnegoBaTenbHO, UCMOSib30BaHMe
3TOW KOHCTPYKUMM JaeT BO3MOXHOCTb nepepaboTkm Bonee WMpoKoro cnekrpa otxonos. B nx
4YNCNO BXOAAT TBepAble KOMMYHasnbHble WM MPOMbIWIIEHHbIE OTXOA4bl, HETSAHbIE LUNaMbl,
06€e3BOXEHHbIE OCaZKN OYUCTHBIX COOPYXEHUN, MeOUMUMHCKME OTXoAbl, Buonoruyeckne ot-
xoabl, CO3z-cogepxalume otxoabl 1 T. N. MHorouenesoe Ha3HayeHue onpefenseT 6onee ce-

pbe3Hble TpeboBaHMA kK obecnevyeHunto akonornyeckon bGesonacHocTu. [ns aTux uenem uc-
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noJyib3yeTcAa MHOrocrtyneH4artas ra3oo4ncTka, B COCtaBe KOTOpOVI paunoHanbHO NCcnosib3oBa-
HWne aﬂ,COp6Ll,I/IOHHbIX peakKkTopos, Hanbonee 4acTo UCMOSIHEHHbIX B BUAE PYyKaBHbIX d)I/IJ'Ib-
TpOB (O,D,HaKO MMEeKTCA U apyrue KOHCprKLl,I/II/I). B kauecTtBe aﬂ,COp6eHTOB TAXEIbIX MeTar-

NOB N COeANHEHUI rpynnbl AMOKCUHOB UCMOJ1b3YETCA aKTVIBVIDOBaHHbe/'I yrosib n UeoJInThbl.
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PucyHok 5.7 — lNpuHumMnuanbHaa TeXHONorMyeckas cxema CxuraHmst OTX040B BO Bpallatoulencs bapabaHHom neyn Ha 6ase

TexHonornyeckux pewennn C2-4B, C5-1B, C6-1B, C14-1B, C14-2B, C15-3B (cm. Tabnuuy 5.5)



Ha pucyHke 5.7, kpome NpuHUUNUanbHOro cocrtaBa 650koB, mmeeTtcsa 6GrIOK TOHKOW
OYUCTKM C BO3MOXHOCTbIO BrpbICKa aKTUBHbIX COPOEHTOB.

MeToabl pecypco- u aHeprocbepexeHns MoryT CBOAUTLCA K UCMOMb30BAHMIO KUOKNX
OTXOJO0B B KayecTBe anbTepHATMBHOIO TOMMAMBA Ha crieumanbHbiX OPCyHKaxX U CUCTeEMaMm
yTunu3aumm Tenna, Hanpumep, Ha obecnevyeHne ropssunMmMm BOAOCHabXeHNeM 1 oTonmeHnem
NPOU3BOACTBEHHbIX U BHYTPUMNOLLAAHBIX HY>XA.

MHoroBapuaHTHaa TexHuyeckass npopaboTka npupoaooxpaHHOro obopyaoBaHUA B
cocTaBe TexHonormyeckmx peweHun C2 (cm. Tabnuuy 5.5) nossonsieT caenaTb BbIBOA O
NYYLINX 3HAYEHUAX MO KPUTEPUSAM YPOBHSI BO3AENCTBUS Ha OKPYXatloLLyo cpeay.

Moaundukaums KOHCTPYKLUMM NeYn B BUAE UMKIOHHOro peaktopa (no3vums 13 Ha pu-
CyHke 5.8) no3BonsieT yBenmuntb NPpon3BoANTENBHOCTb MO XXUAKMM OTXO4aM.

LinknoHHas kamepa cxuraHus obopyayeTcsi TaHreHuuanbHO pPacrnonoXeHHbIMU [o-
penkamn, paboTtalowmnmMm Ha raszoobpasHoOM WNK XuOKoM Tonnuee, hopcCyHkamu nogayu
XNOKnx oTxogoB (B 3aBUCUMOCTM OT KOMMJEKTaLMK), NbiNecObopHMKOM (MM KaMepon cone-
OTITOXEHUS).

PacnpocTpaHeHbl TEXHONOrMYECKNE PeLLEHUS, TOe LUMKITOHHbIN PeakTop UCMOoNb3yeTcs
B KayecTBe Kamepbl Aoxura (CM. pucyHok 5.7). HeobxoanmMocTb BUXPEBOIO pexnma onpene-
naetca TpeboBaHUAMU K CXKUraHUIO BbICOKOTOKCUYHBIX cped. OTOT Noaxond peanvn3oBaH Ha
yctaHoBke C27-1L (cm. Tabnuuy 5.5), npowealwen MmogepHu3aumvio no BHeAPEHUIO aBToMa-
TMYECKOro pexnma ynpasneHus. Mimeetcs nHgopmaums, YTo 3TO NO3BONUIIO COKPATUTL Bbl-
OpoCbl U YMEHBLINTL NOTEPU, YMEHBLUNTL KONMYECTBO pabounx MecT u caenatb TEXHOMNOMI0
bonee 6e3onacHon.

LinknoHHasa Tonka obecneymBaeT Bonee KavyeCTBEHHOE CXUraHWe U OTHOCUTESNbHYH
MUHUMU3ALNIO KOHLEHTPaLMN KOHTPONMUPYEMbIX 3arpsA3HSOLLINX BELLECTB.

B kadyecTBe anbTepHaTUBHbBIX TEXHOMOIMYECKNX NOAXOAO0B crnegyeT OTMETUTb UHTe-
rPUPOBaHHbIE PELUEHUs, OPUEHTUPOBAHHbIE Ha BbICOKYD NPOU3BOAUTENBHOCTb, MUHUMMK3A-
LU0 BpeaHOro BO3OENCTBUSA Ha OKPYXKaKLLYK cpefy M OCHOBHbIE MPUHLMMbI SHEPro- U pe-
cypcocbepexerus: N23-2K, M23-3H, N23-4 (cm. Tabnuuy 5.5).

Mpn Npoumnx paBHbIX YCNOBUSAX (MPOM3BOAUTENBHOCTH, BUAAM OTXO40B U T. A.) peanu-
3auMl0 BapuaHTa TEXHOSIOMMYECKON CXEMbl B COOTBETCTBMM C PUCYHKOM 5.8 MOXHO cuuTaTb
ONTUManbHbIM peLleHneM, Tak Kak anbTepHaTUBHOE pelleHne TpebyeT 3HaunTenbHo 60nb-

LLNX KannTalribHbIX 3aTpar.
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PucyHok 5.8 — lNpuHuunmanbHasa TeXHONorm4eckas Cxema CXuraHmsi OTXO40B C
MCNONb30BaHMEM LIMKITOHHOMO AoXuratens Ha 6ase TEXHONOrMYEeCKNX peLLeHnii
C2-51, C15-4L (cm. Tabnmuy 5.5)

5.3.2 TexHonoru4yeckue npoueccbl Ha 6ase MeToA0B NUponunsa

B oTeuyecTtBeHHOW npakTuke obpalieHusi ¢ pe3MHOTEXHUYECKMMU U HedTecoaepxa-
LWKMMKN OTXO4aMN U3BECTHA TEXHONOIMMA TEPMUYECKON OECTPYKLMN Cbipbsi, KoTopas B 18-1H u
M8-2H (cm. Tabnuuy 5.5) peanusyeTcd B BuOe CyXOro HU3KOTEMMepaTypHOro nuvponusa
(cm. pucyHok 5.9). TMpouecc npeactasnseTr cobor COBOKYNHOCTb 3fIEMEHTAPHbLIX peakuni
pasnoXxeHus (4eCTPYKUUKN) OpraHMYeckoro BeLwecTBa Ha MPOAYKTbl C MEHbLUEeN MONeKynsap-
HoM mMaccown. Npn aTOM Nog CyxnuM NMUPOSIM3OM MOHUMAIOT NMPOLECcC AECTPYKUUKN, NpoTekato-
WK B peaktope 6e3 goctyna Knucnopoga, nof HM3KkoteMmnepaTypHbIM NMMPOSIM30M NOHMMaeT-

CA Mpouecc AecTpykuuu npu nogaepXkaHuM TemnepaTtypbl B MUPONIM3HOM peakTope OO0
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550 °C. K gaBneHuto ans obecnedyeHns nuponunsa ocobbix TpeboBaHU He NpeabsBnAeTcs.
Kpome atoro B TexHonorusix N8 gonyckaeTca peanusaums TexHonorum cywkm 6e3 goctyna
Kncrnopoga (C Uenbko CHMXKEHUSI BNAXXHOCTU Cbipbsi), TEXHONOMMN pereHepaumm oTaenbHbIX
KaTeropun cblpbsa (0TXOA0B pacTBopuUTeEnen u Ap.) MeTogoM AUCTUANALMK Nog aTMocdep-
HbIM JaBNeHneM, a Takke KOMOUHUPOBAHHbLIX TEXHONOMMIN NepepaboTKn ChbIpbS.

TemnepaTypHbI YPOBEHb OS11 TEXHOMOMMM CYLLKW CbipbSl U pereHepaumm mMeTonoM
ANCTUNNSALMM yCTaHaBNMBAETCA B 3aBUCUMOCTM OT XMMUYECKOro cocTaBa nepepabartbiBae-
MOrO CbIpbS (B 3aBMCUMOCTM OT TemMnepaTypbl KUMEHUS LEeneBoro npoaykra).

TexHu4eckoe OCHalleHue B 4YacTu pekTudmKauum nomy4aemoro rneyHoro Tonsvea u
YPOBEHb aBTOMAaTM3aUMN TEXHONOMMYECKOro npolecca no3BonsT cobnogatse JONYCTUMbIN

YPOBEHb aMnccun 3arpA3HAKLWNX BeWeCTB B OTXOO4ALWNX ra3ax.

1 bnok 3azpysku colpes 1

lupoza3zst

Lk O 1
0d03HayeHue Jkcnaukayus odopydobarus
amepuasbHuix 8
1% Howep:wa HaumeroBanue Ao
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llpuenmas karepa

9 10

UWnexoBui mparcnopmep

Tonka

onocBopHu

bnok zopenox
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2
3
4
5 NuponusHas kamepa
6
74
8
9

10 bnok mennoucnons3oBanus

" Tasoxudkocmusid pasdesumens

3/
0) | e

8 14 Tonnubreid Sax
@ Bo]dyx 15 Cucmema npodybku azomom
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2 lasocywunsHas KonoHHa

13 ludpozamBop

1
1
1
1
3
1
1
Quasmp nuponusHex 2a308 1
1
1
1
1
1
1
1
1

PucyHok 5.9 — TexHonormyeckasi cxema nuponu3a ¢ noslyYeHneM nNevyHoro Tonnvea

no texHonoruam M8-1H, MN8-2H (cm. Tabnuuy 5.5)

OKoHoMMYeckast adheEKTUBHOCTL NpoLecca obecnevunBaeTcs nonyvYeHnem Tonnmea uns
OTXOMOB.

B0O3MOXHOCTb KOMMNMEKTaunm ycTaHOBKM CUCTEMOM pekynepauun tenna u (unu) Bbl-
paboTKN SNEeKTPO3HEPrMn, a Takke UCMOoSib30BaHWE KOHAEHCUPYeMOro TOMnvMBa B KayecTBe
anbTepHaTUBHOIO AM3eNbHOMY TONNMBY SHEpProcHabxeHus oTBedvaloT kpuTtepuio «lMpumeHe-
HWe pecypco- 1 aHeprocbeperaroLLmX TEXHONOMUMY.

AHanornyHoe TexHoriormyeckoe pelleHve peanusoBaHo [122-1H (cm. Tabnuvuy 5.5 n
pucyHok 5.10). MimeeTcsa pag KOHCTPYKTUBHBLIX OTAIMYWUIA, B YACTHOCTU MCMNONb30BaHWE KOSOC-

HUKOBOW NeYun.

173



OpHako HacTosiLas TeXHOMOorMs MMeeT NpenMyLLecTBO nepes npeabiayllen, Tak kak
YKOMMIEKTOBAHO ra3o04nCTHLIM 060pyaoBaHNEM.

B kauecTBe anbTepHaATMBHOW TEXHOMOIMU PACCMOTPEHHbIM BapuaHTaM BbICTynaeT
cnocob peanusaunmn TEXHOMOMMN HU3KOTEMMEpPaTYPHOro NMponn3a ¢ Ucnonb3oBaHMeM napa

(Tepmonuns) B cootBeTcTBUM C 14-1 (cm. Tabnuuy 5.5 n pucyHok 5.11).

Jkcnaukayua odopydobarus

Homep Ha Konu-
HaumeroBarue
cxema vecmbo

1 bnok 3az2pysku ceipbs 1

MpuemHas kamepa

UWrekoBuii mpaHcnopmep

Tonka

lMuponusnas kamepa

3onocdopHuk

bnok zopenok

olo|w|la|lw|lsr|[w|N

Kondexcamop

10 Cenapamop

1 Yuknon

12 Adcopdep

13 Emkocms cdopa npodykmoB nuponuza

Bosdyx

lupozass 14 Abimococ

1
1
1
1
1
2
Komnpeccop 1
1
1
1
1
1
1
1

15 AsimoBas mpyda

PucyHok 5.10 — TexHonornyeckas cxema nuponusa ¢ nonyyeHnem Tonnvea no

TexHonoruu M22-1H (cm. Tabnuuy 5.5)

TexHonorns peanusyetcs B crefytollen nocrneaoBaTenbHOCTU: pa3orpeB 1M cenapa-
umMs wnamMa, NMPonu3 wrama, oxnaxaeHue n KoHaeHcauus NMponM3HOro rasa, oxnaxaeHue
TBEpAbIX NPOAYKTOB MUPONN3a, CKUraHue rasa u nomyvyeHue TennoHocuTens Ans Harpesa
peakTopa, OXNaXxaeHne N 04ncTka oTpaboTaHHOro TENNOHOCUTENS.

HacTosiwui BapnaHT MHTEpPEeCEH C TOYKWN 3pEHUsI OLLEHKN KpuTepueB: «HanmeHbluero
YPOBHSA HEraTMBHOIO BO3OEWCTBUSA Ha OKpyxarwllyro cpeny» u «lpumeHeHnsa pecypco- u
3HeprocbeperaroLmx MeTO40BY.

YKa3aHHbI TEXHONOIMMYECKUI KOMMIIEKC MOXET HaWTU LUMPOKOE NPUMEHEHue aOns

yTUnM3auum HedTeLLNaMoB, PE3MHOTEXHUYECKUX U34enuii U T. 4.
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PucyHok 5.11 — TexHonormyeckas cxema TepMonmnsHon nepepaboTkm HedTelnamon

MprHUMNManbHas cxema npouecca BbICOKOTEMMNEPATYPHOrO MMpPoONu3a B NpaKTUKe
TemnepaTtypHoro obe3BpexuBaHUA OTXOOO0B NpeacTaBneHa Ha pucyHke 5.12, B coOTBeT-
CTBMM C KOTOPOM BO BpaljaroLlencs neym obpasytTcs nuporasbl. [locnegHne nosiBnsitoTcA
npu NepBMYHON TepMMYEcko obpaboTke B yCrnoBMSAX HeaocTaTka Kucnopoga. ATo onpaega-
HO C TOYKWN 3PEHUSI SKOHOMUM IHEPTrOPECYPCOB, TaK Kak Noflydaembln NMpora3 umMeeT 3Ha4un-
TenbHOE KONMYECTBO HEQOOKUCIIEHHbIX KOMMOHEHTOB, 06MaaatoLLMX BbICOKOW TENNOTBOPHOM

cnocobHocTblo. MNpryem O0OKMUCNEeHNe nNMporasa MoOXeT NPOBOAUTLCA NPU YCIOBUM noaaep-

B COOTBETCTBUM C TexHonornewn M4-1 (cm. Tabnuuy 5.5)

XaHuna TemMmnepaTtypbl CaMoBOCIJTaMeHEHUA U n3bbITKa BO3ayXa.
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PucyHok 5.12 — TexHonornyeckasi cxema BbICOKOTEMMNEPATYPHOrO NMPOnmM3a B COOTBETCTBMM C TexHonormen M23-3B

(cm. Tabnuuy 5.5)




TexHomnorms MoXxeT ObITb peanvM3oBaHa B MOOUITLHOM MCMOSNTHEHWUM, YTO paclumpsieT

PYHKUMOHAbHbIE BO3MOXHOCTU €€ UCMNOSIb30BaHUS.
5.3.3 TexHonoru4yeckme npoueccbl Ha 6a3e MeToa0B rasumdukauum

lMepepaboTka OTXOAOB rasndukaLmen UMeeT cneayowme NnpenmMyLLecTsa no cpaBHe-
HUIO C METOAOM CXUraHus: noslydaemble roptodme rasbl MOryT 6biTb UCMNONb30BaHbl B Kaye-
CTBE SHEpPreTU4EeCKoro N TEXHOMOrMYeCcKoro TonmMBea, B TO BPEMS Kak Npu CXUraHUn npakTu-
YeCKM BO3MOXHO TOJTbKO 3HepreTuyeckoe MCnorb3oBaHMe TensioTbl OTXOLO0B (MofyvYeHne BO-
ASHOro napa unm ropsyen Bofbl); noriydaeMas cMmosia MoXeT OblTb MCMOMNb30oBaHa Kak Xua-
KOe TOMMMBO M KaK XMMMUYECKOE CbIpbe; COKpaLLalTCs BbIBPOCH! 30Mbl M CEPHUCTBLIX Coeaun-
HeHun B aTMocdepy. Cxema TexHONOrm4yeckoro npouecca rasmcukaumm, peannsyemon B
cootBeTcTBUM C [19-1, npeacTasneHa Ha pucyHke 5.13.

Yrnesogopoacoaepxallee cbipbe noasepraioT Tepmudeckon obpaboTke B HegocTaT-
Ke OKUCIUTESbHbIX KOMMOHEHTOB CXXuraemon cmecu. CuHTe3-ras oumwiaeTcs OT TBepablX Ya-
CTUL, N Kanenb, NPOUCXOaUT OXNaxkaeHne n KongeHcauus. Onga yaaneHnsa kanenb OTAINYHON
NSIOTHOCTN HEOBXOOMMO UCMONb30BaTh CUCTEMY LIMKNOHOB. [locne yero cmecb noasepratoT
pekTudmKkauun Ana BblAENEHUA OpraHnYeckux dpakumin B TemnepaTypHOM [JuanasoHe
180 °C — 300 °C. bonee nerkas pakunsa peunpkynmpyeTca B peakTop B napoBoun dase.
KyboBasa 4acTb pekTudurKauMOHHOW KOMOHHbI (6n1ok 16 Ha pucyHke 5.13) nogaetca B peak-
TOp (No3muma 6 Ha pucyHke 5.13) yepes BEPXHIO KPbILLIKY.

Peaktop pabotaeTt nNo LUMKNNMYECKOMY NPUHUUNY, B HENPEPbLIBHOM pexume. CUHXPOHMU-
3aumnsa cTaguin 3arpysku Cbipbs M Hacagka C BbIFPY3KOM Hacagkv v 30Mbl NO3BOMSAOT yBENu-
YNTb Ka4eCTBO NPoAyKTOB. KOHTPOSb N KOPPEKTUPOBKA 30HbI FOPEHUS C MOMOLLbIO BBEOEHMS
BO34yxa 1 napa cnocobCTBYOT ONTUMU3ALMN TEXHOMNOMMYECKOro npoLecca.

B kayecTBe KOHE4YHbIX NPOOYKTOB 00OpasyloTCa: nerkne Xuakue yrrnesogoponbl (kua-
KOe TOnnMBO — An3ernibHoe TonnuBo, 6eH3unH), MeTaHon, ammuak (kapbamug, cynbdat am-

MOHWUS).
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1% Hazpeb co B 8 1
15 Kononwa pexkmugpukauuvorHas 1
16 Kononna pexmugukauuvorHas 1
17 Tennoodmerruk-koHdeHcamop 1
N T4 18 bnox emxocmeu 1
0003HaYeHue Mamepua/bHsiX NomokoB
Coipse B
fusensHsie gpaky lapozazobas cmece
OmpadomanHsie xudkue Bodkeld crod ¥ i
™~ yznebodopodsi Opearuveckud cnol
Omxodayue 2as3
Bosdyx Omxodawyue 36/

18,

PucyHok 5.13 — TexHonornyeckasi cxema rasmdukauum yrinesogopoacoaepkallmnx 0TX040B B COOTBETCTBMM € TexHonormen M19-1

(cm. Tabnuuy 5.5)



5.3.4 TexHonorn4yeckue npoueccbl Ha 6a3e KOMOMHaLMM MeTO4O0B TEPMNYECKOro

obe3BpexnBaHuA

Mprmepom peanusaumm KOMOMHMPOBAHHBIX METOLOB B OTEYECTBEHHOW MPaKTUKE AB-
NATCA TEXHOMOrMYeckne cuctembl, NpeacTaBrieHHble Ha pucyHkax 5.14, 5.15 un 5.16, nc-
MOMHEHHbIE B COOTBETCTBMU C TexHudeckumun peweHnamm W23-4, N23-2, N21-1
(cm. Tabnuuy 5.5) COOTBETCTBEHHO.

Kaxxgas n3 HMx BbINoOnHeEHa ¢ yyeTom 6a3oBbiX U cneunanbHbix HOT, npuBeaéHHbIX B
eBponenckmnx cnpaBoyHukax HOT.

N23-4 (cm. Tabnuuy 5.5) npegHasHayeHa onst o6e3BpexmBaHms 0CagKkoB BOLOOYMCT-
HbIX COOPY>XEHUIN N N3ObITOYHOrO akTMBHOrO una. lNMpoueccy TepmMmyeckoro o6e3BpexmnBaHms
npegwecteyeT obpaboTka Ha NeHTo4YHOM unbTp-npecce. B 6noke 3 npoBoauTcs nNMponms,
B 4 — Tepmopecopbums. OTbumBKa 305bl YHOCA BbIMOMHAETCA OIOKOM LMKNOHOB. Nuporasbl
obes3BpexunBatoTcs B 6roke 6 (cM. pucyHok 5.14) ¢ nocneayrowien naporeHepaumen. Oumct-
Ka AbIMOBbLIX ra3oB peanu3yeTcs B pyKaBHbIX (hunbTpax C npeaBapuTesibHbIM BNPbICKOM ak-
TMBHbIX COPOEHTOB.

TexHonorns (cMm. pucyHok 5.15) peanudyema gnsi o6e3BpexmnBaHns HEPTAHbIX LWNna-
MOB U OCaZIKOB OYMCTHbIX COOPY>KEHUN.

CxuraHmio B KMNSALWEM crnoe npefwecTByeT AekaHTaums Ha TpexdasHon ueHTpudyre
n gekaHTtepe. [Npouecc MOXeT ObiTb NOMHOCTHI aBTOMATU3NPOBAH.

Ans peanusaunn kputepust «Pecypco- n aHeproadeKTMBHOCTUY UMEETCA TEXHUYe-
ckasi BO3MOXHOCTb. Hanpumep, ncnonb3oBaHne Tenna 4acTuyHo BeAeTCH ANs HarpeBa BO3-
Ayxa, nogaBaemMoro B 30Hbl FopeHus Ans Lenen CokpaleHus pecypconotpebnexms.

[nsa sakcnnyatauum TEXHONOrMYECKOro Kommnnekca TpebyeTcsa TonnmeBo (BO3MOXHO, He-
KOHOWUMOHHOE), copbEeHTbl U MeCcoK Ans NepuoanyYeckon 3ameHbl Kunswero (NceBOooXu-
YKEHHOr0) Crnosi BBMAY €ero CTapeHus.

TexHonornyeckun npouecc M21-1 peannsyem gnsi MHOrOTOHHaXXHOro ob6e3BpexmBa-

HUS pa3nnYHbIX 0TX0A0B (CM. pUCYHOK 5.16).
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Ikenaukayus odopydobarus

kcnaukayus odopydobarus

Horee ve HaumenoBanue Koy
cxema wecmBo
1 bnox nodzomoBru ceipes 1
2 Bbnok 3a2pysku ceipea 1
3 Bbnok nep8 i mepmuveckod odpade 1
‘ bnok ney i mey K0 08pad ”
(mepmodecopdep)
5 baox nwineocaxdenus 1
6 Kamepa doxuza 1
7 bnok 2openok S |
8 Pezynamop noda4u 3nepeoxocumens 3
9 EmMKOCMb XPAHEHUA 3HEp2OHOCUMENs 1
10 XudxownamoBas gopcynxa 2
1 bygepran emxocme xudkux omxodoB !
12 Mauepamop 1
13 Modawwui Hacoc 1
lla
Cbipbe

PucyHok 5.14 — TexHonornyeckas cxema KombuHaumm nuponusa, tTepmogecopbumm, CKmraHna B COOTBETCTBUM C TexHonornen N23-4

14 Bewmunsmop
15 bnox mennoucnons3oBanus
16 b0k mowkod ovucmKy
17 linekoBeui mparcnopmep
18 Emxocms xpanenus copdenma
19 Jonsnan menexxa
20 Abimococ
21 AvmoBas mpyda
9
=

Xudkue omxods!

1

3
==L o *
=
—
&—1 >
> -
m — =

(cm. Tabnuuy 5.5)

0do03HaveHue

MamepuansHsix_nomokol

Xudkue omxodst

Csipee

Boadyx

lupozas

Copderm
lap

CopBenm

18
17

Bo3adyx
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Omxodsl 60C

Hegpmecodepxauue
omxods!
y 1

PucyHok 5.15 — TexHonormnyeckas cxema komonHaumm pmsnko-xmmmieckom ob6paboTkm 0TX040B U CKUraHWsl B COOTBETCTBUM C

Ha

Bozdyx
_..y,
5
n 12
1! Y/
2
<
L a 12 3 e
19
[==]
.
: v . .
i T — =
5
Copdexm B
E e — T >
Ixcnaukayus odopydoBarus
x Flanep wa HaumeroBarue Konu-
cxema wecmBo
1 bnok nodzomobku 2omozenusauuy 1
2 bnok nodzomoBku nodoepeba 1
3 bnok mpukaumeprsix uesmpugye 1
4 bnok cdopa wepmenpodyxma 2
& 5 UHexoBuii mparnopmep 1
17
6 brok dekanmepusix uenmpupye 1
—_———P 7 bnok Bodoowwucmky 2
8 UWnamoBuie popcyrku 1
9 llevs kunswezo cnon 1
> q 10 bnok zopenok Vi
> 1 Pezynsmop nodasu mennoHocumens 1
0do3HayeHue
N\ MamepuansHeix nomoko8 74 bnox mennoucnons3o0Banus 1
1 Hegpmecodepxawue omxodsi 3 bnok neineocaxdenus 1
L Omxodsr 50C % Emxocmes xpawenus copdenma 1
- ” 15 bnok owucmku  kucabix 2a3ol 1
16 brok ogucmku u nodzomoBku pacmBopa 1
Bozdyx
9 17 3onHas menexxa 1
18 Asimococ 1
Copderm 19 AsmoBan mpyda 1

TexHonornen N23-2 (cm. Tabnuuyy 5.5)

AdcopdyuorHsii pacmBop
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Xudkue omxodsi

Ikenaukauus obopydobarus

= S

[ 8
£ Howep wa HaumenoBanue Komi-
. cxema wecmBo
P 1 EBnok 3a2pysku chipes 1
; 2 lMpuemnasn karepa 1
3 Bpawawwanca neys 1
4 Bnak zopenok 2
5 Peaynamop nodayu aHepeoHacumens 1
6 EHKOCME XDAHEHUR 3HEPZOHOCUMEAR 1
7 Xudkownamobas popryrka 1
8 Bypepras emxocme xudkux omxodod 1
34 g Mayepamop 1
35
10 Modawwud Hacoc 1
= 3 32 1" Benmuasmop 1
~—~
@ 2 Jonocdoprux 1
1 33 2 Enok 302pY3KU Chipes 1
——
14h [ 14 Yaen dosupobanun 1
29 - -
31 15 Konmelnep dan odpadomku napam kpynHod '
mBepdoi gazs
—
30 6 TonKka CxU20HUA MEPHOAUIHX 20300 7
le 17 bnok zopenok mepMoAusa 2
[ A 8 Enkocme dan monnuba 1
Copdenm 9 Peakmop mepHoAusa 1
20 Kowndencamap Gumyra 1
. » 21 Kowdencamop za3oodpasuex npodyxkmod 1
‘\ mepmosuza
OdosnaveHue MamepuaasHelx nomokod 22 Haxonumensusii omemodnuk xudkod gpaxyuy 1
Z
I 20 Xudkue omxodsl 23 bnok zopenox das mepMoAuIHex 20308 1
A 24 Mapozexepamap 1
A Hep2oH enlb 25 Cuemewa oxnaxdesus (zpadupws) 1
- Bosdyx 26 Cucmema npodybku azomam 1
] =
# 27 Cucmema abBopudHozo cxusaHus i
Adcopdyuonmed pacmbo)
Ol ? . d 28 Bnox dowuza 1
——— AxmuBupoBarHeit y20as
L i - 29 Bnok menaoucnons308akun 1
13HbIE
mbl MEPMOAU3a 30 BAok neineocaxdenus 1
25 BUmMYMOHA I EHHBIE 31 Baok o4ucmKy Kucasix zazol 1
npodykmsl mepMoAu3a
32 Baok owucmky u nadzomoBku pacmBopa 1
Omxodaujue 2a3si
33 baok mokkod oHucmKy 1
34 Aurmocac 1
35 AersoBas mpyda 1

PucyHok 5.16 — TexHonornyeckasi cxema KoMoGmHaLnm NnMponunaa n CxMraHusi B COOTBETCTBUM € TexHonornen MN21-1

(cm. Tabnuuy 5.5)




5.4 TexHn4yeckue acnektbl HOT B o6nactu Tepmmnyeckoro

obe3B pexnuBaHnA oTxonoB

Mcnonb3oBaHve BpallaloLMXCa NeYein JOBOMbHO LUMPOKO pacrnpoCTpaHeHo B oTeye-

CTBEHHOM npakTuke. an/IMep peann3aumnn cxXmraHmna ¢ noMoLlbio Takon KOHCTPYKUMKN NOKa-

3aH Ha puUcyHke 5.17.

Jkcnaukauus odopydobarus

H‘UJ'\:

Jkcnaukayus odopydobanus

Homep na
cxema

HaumeroBarnue

Konu-
vecmbo

Kamepa doxuza

B0k 3a2py3Ku CoipeA

1

Pekynepamop

Bbnok zopenok

Ckpydbep-ucnapumens

Benmunsimop

bnok oqucmky 2a3o08

Mpuenrasn kamepa

Asimococ

TI.

g

%

0do3HaveHue
mMamepua/bHsix_nomokob

nls|w(s

1
1
2
1

Bpawawwascs neys " AumoBas mpyda

PucyHok 5.17 — TexHonorn4eckas cxema orHeBoro ob6e3BpexxnBaHms npyweiwmx B

HEerogHoCTb NecTUUMIoB

[Ana addekTUBHOro, 3Hepro- n pecypcocbeperarowero npouecca ob6e3BpeXMBaHUSA
KOMMYHarbHbIX OTXOAOB M APYrux LWaMoB M3BECTHO UCMONb30BaHWE OBYXKaMepHOW Bpa-
warwenca Tpybyaton neun (M23-4). Tpaektopusa ABmxXeHMsA wrama (CM. pUucyHok 5.18)
no3sBongeT MUHUMU3NPOBATbL HEOOXOr OpraHU4YecKUX COCTaBMAKLWMX B 30S5IbHOM OCTaTke
(wnake). NyTb ObIMOBbLIX ra30B MHTEPECEH C TOYKU 3pEeHUa cTabunusauumm Harpy3ok Ha dy-
TEepOoBKM neyen n obecneveHns peanusaumm pecypcocbeperatoero npowecca.

B kavectBe npumepa HOT MoxeT paccmaTpmBaTbCs CXema CroeBOro KONOCHUKOBOIO
coxuradmnsa TKO. B Hel moxeT ObITb OpraHM3oBaHa CUCTEMA reHepauumn 3NeKTPUYeCcKon aHep-

’n.
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[eimoBoi
ras

|
Mopayva f lopenka
mMaTepuana

a3
nuponunsa

=)

PucyHok 5.18 — lNpumep o6opyaoBaHus Ansi BbICOKOTYPOYNEHTHOIO CXXUraHust

0TX0A0B U goxuranus nuporasos (123-3B) (cm. Tabnuuy 5.5)

dakTopamu, onpegensowmmMmm 3PEKTUBHOCTbL 06e3BpeXMBaHUSA, ABNAETCA Temne-
paTypa npouecca M COOTHOLUEHWE KOMMOHEHTOB ropeHusi. TemnepaTypa npouecca obes-
BPEXMBaHMS 3aBUCUT OT COCTaBa OTX040B M HaxoauTcst B uHTepBane ot 850 °C go 1300 °C.
Mpn pabounx Temnepatypax 850 °C — 900 °C nogaensitowiee GOMNbLUMHCTBO OPraHUYecKmux
coeanHeHun (CNUpPTbl, KUCNOTbl, anbAernabl, KETOHbl) CTAHOBATCA TEPMUYECKN HECTOMKUMW.
[na Tepmuyeckoro obesBpexnBaHusi OTXOAOB, COAEPXKALUMX LMKINYECKMEe, XrnopopraHmye-
CKue coenHeHus1, nonumepsl, Tpebyetca Temnepatypa 1000 °C — 1300 °C, koTopas MoXeT
co3gaTbCs B BUXPEBOM Aoxuratene abiMoBbix rasos (13-1, C15-4L (cm. Tabnuuy 5.5)) npu
OLHOBPEMEHHOWN HeWTpanuM3auuMu ranoreHoB nyTeM BBEAEHUS HeUTpanusylwmx Ao6aBoK.
B kauecTBe TexHMYECKON anbTepHaTMBbLI HACTOSLLEMY YCTPOMCTBY MOXET paccMaTpmBaTbCs:
YCTPOWCTBO TWUMa UMKIMOHHLIN goxuraTens M123-3B, N23-4 (cm. Tabnuuy 5.5 1 pucyHok 5.19).

Ctont oTMEeTUTb, YTO B pe3ynbTaTe peanu3auuu Ha NpakTUKe HacTosaWero noaxoaa
nony4arT maTepuan gna yctpouctea ambapoB (pyTepoBKM €ro CTEHOK M NOArOTOBKM K

AanbHerwemMy NCNonNb30BaHUIO).
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YKnpkocTtu, _ cycneHaun

CmoTtpoBoe
oTBEpcTUe

XXupgkocTu,
CyCneH3um

SN

lopenka

PucyHok 5.19 — NMpumMep KOHCTPYKLMK U NpyHLMna paboTtbl o6opyaoBaHua ans
BbICOKOTYPOYNEHTHOro CXXUraHmsa OTX040B M AOXUraHust nuporasos ([123)

(cm. Tabnuuy 5.5)

OGecneyeHne ctaguy NOArOTOBKM TBEPAbIX OTXOAOB (Cbipbsi ANS YCTAHOBKM TEpMMU-
Yyeckoro obe3BpexuBaHns) Ans npuaaHus nonyyYyaeMbiM nNpoaykTaM U MaTepuanam onpeae-

NEeHHbIX XapaKTepUCTUK NpeacTaBrieHo Ha pucyHke 5.20.
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o R
"""""""""""""""""""""""""""""""""""""""""""""""""" Dm D?.z D 7.3

) =N
o i 6.1 56-25 6.3

1 — npuemHbIn ByHKkep ansa TBepaon asbl 0TX0A0B OypeHus; 2 — yCTPOMCTBO
noAayn oTXo40B M3 NPUEMHOrO KOHTEHepa B NpUeMHbI GyHkep (OnpoKMabiBaTenb,
CKMMNOBbIN NOABEMHUK — B 3aBMCMMOCTU OT KOMMEKTauun); 3 — npmeMHbin ByHKep;
4 — WHeKOoBbIV NogaBaTenb 0TX0O0B; 5 — ABYXBasbHbIN CMeCUTENb CyxmMx A06aBOK;

6.1, 6.2, 6.3 — MepHble NnpuemMHble OyHkepa gobaBok; 7.1, 7.2, 7.3 — LUHEKN-003aTOPbI
nogayun nobasok; 8 — AByXBanbHbIN CMECUTENb A5 CMeLLeHNsi OTX0O0B C
nobaekamu; 9 — rpaHynsTop (B 3aBMCUMOCTM OT koMnsiektaumm); 10 — NEHTOYHbIN
TpaHcnopTtep; 11.1, 11.2 — pacTtapusatenb CbiNny4yMx Matepuanos; 12 — nnowagka

XpaHeHus 1 OTrPy3KN FOTOBOWM NPOAYKLMUN

PucyHok 5.20 — lNpuHuunuanbHaa cxema yCTaHOBKU No NoaroToBke TBepaon grasbl

oTX040B BypeHus C Lenblo NonyvyeHms cMecu anga nocneaywoulero obxura (C12-2)

Hannune B KOHCTPYKUMN nMedn OOMNOJTHUTENbHbIX TEXHOJIOMM4Y€EeCKnX OTBepCTMVI, KOTO-
pble MOryTt ObiTb  MCNONb30BaHbl  Ans ONbITHO-MPOMBbILUIIEHHbIX NCnbITaHWN, NyCKO-
Hanago4yHbIX p860T N OOMOJIHNTEJIbHOIO MOHUTOPUHIa rnpouecca Ha pa3findHbiX cTagnax
MogepHu3aunn ABndeTcAa BaXHbIM aCrekToM pearnmn3aunm TEXHOMNormm TEPMUNYECKOIo o0b6e3s-

BPEXMBaHUS B COOTBETCTBUM C npuHuunamu HAT.

5.5 TexHonoruyeckue nokasaresnv HaunNy4LWnNX AOCTYMHbIX

TeXHONormm

YcTaHoBKa AN TepMuYeckoro obesBpexmnBaHnsa 0TXO0B [A0MKHa NpeacTaBnsaTh Co-
6ol COBOKYNHOCTb 060opyaoBaHus, obecneynBaloLLero 3arpy3ky U nogady oTXo[oB, UX Tep-
MUYeckoe obe3BpexuBaHne, OYUCTKY M yaaneHue ObIMOBbIX ra3oB, BbIPY3Ky 307bl U Mpo-

AYKTOB ra3oouqnCTKM (B TOM YuCrie NeTy4Yen 301bl).
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MopgepHu3aumusa CyLecTBYOLWMNX NPON3BOLACTBEHHO-TEXHUYECKMX KOMIMIIEKCOB MO Tep-
MUYecKoMy 06e3BpeXnBaHMI0 OTXOAOB C 3aMEHOM OCHOBHOro obopyaoBaHust Npwu BHegpe-
Hum HOT moxeT notpeboBaTtb 3HauMTENbHO GOMbLUMX 3aTpaT, YeM ucnornb3oBaHue obopy-
A0BaHUS, CNPOEKTUPOBAHHOIO B COOTBETCTBUM C YCTAHOBSIEHHBIMU TEXHOMOIMMYECKMMM MNOKa-
3atenamun HOT.

Mpu atom nog BHeapeHnem HOAT noHuMmaeTca orpaHMYEeHHbIM BO BPEMEHMU Mpouecc
NPOEKTMPOBAHUS, PEKOHCTPYKLMU, TEXHNHECKOrO NEPEBOOPYKEHNA 0OBHEKTOB, OKa3blBaKOLLNX
HeraTMBHOE BO3LENCTBME Ha OKPYXKatoLLY cpefy, YCTaHOBKM 0O60OpyaoBaHWA, a Takke npu-
MEHEHNSA TEXHOSIOMMI, KOTOPbIE OnNucaHbl B ONyGNMKOBAHHbBIX MHPOPMALMOHHO-TEXHUYECKMNX
crnpaBoyvHukax HOT u (unun) nokasatenu BO3OENCTBUA Ha OKPYXaloLyl cpefy KOTOpbIX
He JOJMKHbI NpeBbIWaTh YCTaHOBIEHHbIE TEXHOornyeckne nokasarenu HOT.

Bbibop n BHegpeHne HOT HanpaBneHbl Ha obecnevyeHne KOMMSIEKCHOro noaxoga K
npegoTBpaLLEHNIO UNN MUHUMU3ALUNN TEXHOrEHHOrO BO3AENCTBUSA M Bas3npyroTca Ha cono-
cTaBneHun 3(p@eKTUBHOCTN NfiaHMPyeMbIX MEPOMNPUATUIA MO OXpaHe OKpyXKatowen cpeabl C
YCTaHOBIEHHbIMW 3aTpaTamu, KOTOpble AOSDKEH MNPU 9TOM HECTU CYOBLEKT XO3SMCTBEHHON U
WHOW OEATENbHOCTM AN NpefoTBpalleHUss UK MUHUMU3aunM OKasblBaEMOro MM BO34eW-
CTBMSI HA pasnu4yHble NpUpoLHbLIE Cpeabl.

Ona onpepenenna HOT yyuTbiBaeTcss KOMOMHaAUMA KpUTEpUEB OOCTWXKEHUS Leneu
OXpaHbl OKpY>KatoLLlen cpeabl N HEepPro- U pecypcoadPeKTUBHOCTHN, @ UMEHHO:

- HAUMEHbLUNIN YPOBEHb HErAaTMBHOIO BO3AENCTBUS HA OKPYXaloLLy Cpeay B pacyeTe
Ha eguHMLy BpeMeHM 1 obuias (NpoekTHasa u dakTudeckas) NpoM3BOANTENBHOCTL OCHOBHO-
ro obopynoBaHua (CyLllka, CKuraHue, NMposim3 (HU3KO- U BbICOKOTEMMEPATYPHbIN), rasndgu-
Kauus, nrasMeHHbIn Meto (0TAeNbHO 1 (Mn) B cOMETaHUN TEXHOMOMMYECKNX NPOLIECCOB));

- 3KOHOMUYecKasa IPPEKTUBHOCTb €€ BHEOPEHUS U SKCNIyaTauum B COOTBETCTBUN C
nepedyHem ob6e3BpexmBaeMbIX OTXOAO0B MO Krnaccam OnacHOCTU;

- UICMOMb30BaHME PeCYpCco- N 3Heprocbeperaowmx METOA0B C YY4ETOM OrpaHUYeHnin
Ha NPUMEHEHMNE;

- Nepuop, ee BHeLPEHUS C y4ETOM XapakTepa MogepHU3aLUmu;

- NPOMbILLIIEHHOE BHEAPEHME 3TON TEXHOMOIMM Ha ABYX 1 Bbonee obbekTax, okasbiBa-
IOLLMX HEraTUBHOE BO3OENCTBME Ha OKPYXKaloLLYIO cpeny.

HanmeHoBaHMs BHeOPEHHbIX TEXHOSOMMN, TEXHUKM N 06opyaoBaHUA TEPMUYECKOro

obe3BpexunBaHusa npeacrasneHsl B Tabnmue 5.5.
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Ta6n|/1ua 5.5 — HanmeHoBaHue BHEOPEHHbIX TEXHOMOMNIN, TEXHUKN U O60pyﬂ,OBaHI/IFI TepMMYECKOro O6e3Bpe)KVIBaHMF|

MponssoagnTens-
HanmeHoBaHue TexHonorum, Konunyectso
Wndbp . HOCTb, Cblpbe TexHnyeckme n TeXHOSTOrMYyeckne peLleHmnst
TeXHUKN, 0bopyaoBaHUA NHCTaNNAUNn
MeHee, T/
1 2 3 4 5 6
C1-1 |YcraHoBkM no nepepaboTke OT- 1 45000 T/roa 31300000000 |HacocHoe obopyaooBaHue, TennoobmeHHoe
XO[0B NpoU3BOACTBA 406 00000000 |obopynoBaHue, annapat BO34YLUHOMO
44250000000 |oxnaxageHunsa, 6Nokn emMKoCTeN, pagnuaHTHO-
44300000000 |KOHBEKTMBHbIE Meyu, Neym c ropmsoHTarb-
91920100000 |HbIM pacnonoxeHnem Tpyb, kopob4yaTblie
91920400000 |Tunbl nevyen, onddy3nNOHHbLIE FOPENKH,
92130000000 |dunbtpbl
C2-1MM |Komnnekc Tepmmnyeckoro obes- Bornee 15 0,05 (1) 40500000000 |MNMogoBas neyb, 3arpy304HbIN NIOK, FOPENKN,
BpeXnBaHNA OTXO40B 0,021 (x) 4 06 000 00 00 0 | bopCyHKM NoJauM XKnOKuUx oTXo4oB (B 3a-
KTO-50.K40.INM, KTO-50.K20.11, 44250000000 |BMCMMOCTM OT KOMMJIEKTALMM), YCTPONCTBO
KTO-50.6M.11 7222000000 0 |BbIrpy3Ku 3051bHOIO OCcTaTka, COOPHMK
C2-2I1 |KTO-100.K40.11 2 0,1 73100000000 |30omnbHOrO octaTtka, BopoLumTenu (npu
KTO-100.MK 73300000000 |HeobxoanmocTh)
C2-3I |KTO-150.3.M1 3 0,15 7 36 000 00000
KTO-150.6M.1M 91100000000
C2-4B |KTO-1000.3.B/KT0O-1000.LU 2 1 92100000000 |BapabaHHas BpaLLaoLLasAcs nedb, wmubep-
91920000000, |Has 3acrnoHka, 3arpy304HbIii NIOK, FOPErKu,
MeMLIMHCKNE OTXO- | hOpCYHKM Nogaum XUAKMX oTXo40B (B 3a-
Abl BMCUMOCTW OT KOMMNMEKTaLmm), yCTPOUCTBO
BbIrPY3KM 3051bHOr0 ocTaTka, COOpHMK
30/1bHOr0 OCTaTKa, ToNKaTenb
C2-51 [KTO-1000.BM.KCX/ 4 1 -«- LINKNOHHbIN peakTop, ropenky (TaHreHum-
KTO-1000.6M.L anbHO pacnonoXeHHble), POPCYHKN Noaa-
KTO-1000-MC.HMM / 1 YN XKNOKMX OTXOAO0B (B 3aBMCUMOCTU OT
KTO-1000.6M.L KOMMNneKkTauum), nbinecbopHuk (Mnu kame-
KTO-800.3.L 0,8 pa COneoTnoXeHus)
KTO-10T.XBMNC.EM 10
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C3-1 |CxuraHue Ha mexaHun4eckon 73000000000 |CxuraHue u rasoovncTka, BolpaboTka
KONMOCHMKOBOW peLueTke 740 000 00 00 0 |9neKTpoO3aHEepruun, HenTpanuaawums NPoayk-
TOB ra3oo4nCTKM
M4-1 | TepmonusHasa nepepaboTka 2 0,5 30800000000 |Bbnok npuema u 3arpy3km 0TXo040B, PeakTop
HegTellnamoB 406 00000000 |Tepmonuaa, TeNIOOOMEHHNK-CENApaTop,
74150000000 |cucTtema koHOeHcauun, ckpybbep, rpaamp-
91920000000 |Hs, gbimococ, Tpyba
91920100000
93100000000
C5-1B |YcTaHoBKka nepepaboTku Lwina- 1 8,4 29110000000 |BbapabaH Tepmuyeckon nepepaboTku, ro-
moB YITHLL-05 74150000000 |penkaXuakoTonnmeHas
91920000000
C6-1B |YcTaHoBKa yTMnmsaumm 1 6 91920100000 |lMe4vb omxuMra (BpaLLatoLLLasCa kKamepa CKuU-
HedTewnavos YYH-0,8 93100000000 |raHus u cTaHMHA), 3arpy304HOE YCTPOW-
CTBO, roperika, Bo3gyxoayBka, 6ak Tonnme-
HbIM, LMKNOH AN OYUCTKM OTXOASLIMNX ra-
30B, ckpy66ep, 6ok BOAONOArOTOBKM, Abl-
Mococ, Tpyba
C6-2C |YcTaHoBKa Ans CxXuraHms 2 0,06 44000000000 |CraHunHa, BEHTUNASLUMOHHbBIA BNOK (LeHTpOo-
HedpTecooepKaLLmx, NPOMbILL- 44250000000 |6exHbln BEHTUNATOP 1 ABUraTens), nebea-
NEHHbIX U BbITOBLIX OTXOL40B 89200000000 |ka onga nepemeLleHNsa MKEKTOPHON Kamepbl
«®Paken-1M» 91920000000 |cropaHud, BHYTPEHHU NaTpybok nogaym
BO34yxa B 30HY ropeHus, Tpyba, 6ouka, 3a-
KpblTast KOXKyXOM
C7-1C | YcTaHoBKa Ans CXuraHus bonee 2 0,07 44000000000 |Kamepa cropaHug c yctaHaBnmBaemomn
HedTecoaepaLmx, NPOMbILL- 4 4250000000 |KpblwKon (KpblwKa MMeeT naTpybok ons
neHHbiX n TBO «daken-O» 89200000000 |nogBoga BO3adyxa B Kamepy cropaHus u
C7-2C |YcTaHoBKa Ans cxuraHus Bonee 2 0,03 91920000000 |moxwura), kKamepa goxura ceepxy vyepes
HedTecogepaLmnx, NpOMbiLL- CETKy (MCKpoyAepKuMBatoLLasn pelleTka, uc-
neHHbIx n TEO «Paken-M3O» KpopacceuBaTenb), rmbkne BO3ayLUHbIE
LunaHru, wubep
M8-1H |YcraHoBKka TepMuyeckon ge- Bornee 1 0,1-1,5 29110000000 |3arpy3o4Hoe ycTporcTBO, 60K NMponuaa,

cTpykuumn YTO-1

33000000000

Onok emkocTen, 6Nok kKoHaeHcauuu, 6ok
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M8-2H |YcTaHoBka TepMMYeCcKon ae- Bonee 1 1 43000000000 |ropenok (Ha NMPONM3HOM TOMMMBE U Nep-
cTpykuumn YTO-2 74150000000 |BUYHBbIX IHEPrOHOCUTENSX), OXNAXKAEHUS
91920000000 |rasos, Bbirpy3ka ocTaTka, AbIMOcoC, Tpyba
AbiMoBas
C9 YcTaHoBKa gemMepKypusauum Bonee 20 0,05 PtyTbcopepxawme |KoHTenHep, go3aTop-apoburka, Harpesa-
pPTYTbCOAEPXKaLLMX OTXOA0B oTXoAbl Tenb Neyn, LUHeKoBas neyb, JoXuraTens,
YIOM-300 KoHOeHcaTop, agcopbep, BEHTMOAY b,
KOHBeWnep, cenaparop
C10-1 |[lMeub TpybuaTas BpallatoLasnca 1 2 PTyTbcopepxkawme | O6xuUr BO BpallaloLLENCst NeYu, LMKIOH,
Ne 1 oTxoAbl KOHAEHcaTop pPTYTU, peareHTHas 04ncTKa,
YcTaHoBKa penynbnartopa KOHAMLMOHUPOBaHWe, 06Xur wnama
11-1 |BwuxpeBon razoreHepaTopHbIN HNOKP 15 73000000000 |Tepmunyeckas KoHBEpPCUSA NPU HegoCTaTKe
arperat ['TB-3000 B coctaBe 74000000000 |kucrnopoda, COPTMPOBKA, CyLLKa XBOCTOB
TEXHMYECKOro KoMmnsekca nepe- TBO, nsamenbyeHune, Buxpesas rasndumka-
paboTtkn TBO uma xsoctoB TBO, o4yncTka n oxnaxgeHue
rasa
C12-1 |YcTaHoBKa TEPMUYECKOWN NUKBU- 1 10-50 21200000000 |lMogaya »xuakon basbl OTXO40B BypeHus B
Aauum cTouHbIX Bog YTJICB 29110000000 |pacnbineHHOM napoobpasHOM COCTOSHUN B
nnams dakena npu oTpaboTke ra3oBbIX U
ra3oKOHAEHCATHbIX CKBaXXMH
C12-2 |YcTaHoBKa no nepepaboTke 1 10 21200000000 |lNpueMHbIN KOHTENHEP, YCTPOMCTBO NoAauun
LL1aMOB 1 GYpPOBLIX OTXO40B 29110000000 |oTxoamoB, MPUEMHBIN BYHKEpP, LLIHEKOBDIW
mobunbHas CbLLU100 nogaBaTesib 0TX0A0B, 610K NOArOTOBKM
£o6aBoK, ABYXBasbHbIA CMECUTENb, rpaHy-
NATOP, NNEHTOYHbIV TPaHCNopTep, pactapu-
BaTesnb MaTepuanos 1 nrowagka xpaHe-
HUS1 NpOAYKLUMN
C12-3 |MobunbHasa mogynbHas ycTa- 1 21200000000 |lMNepenyHas nepepaboTka (nogrotoeka) Oy-
HoBKa nepepaboTkm 6ypoBbIX 29110000000 |poBbIX WNaMoB
LwnamoB
MMYT BLLU 500
M3-1 |doxuraTenb rasoB pereHepa- 1 4000-6000 M*/y asbl BuxpeBas neyb ¢ pereHepaumen tenna

TuBHbIn OP-0,5, API-5,
APr-10, APr-20
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C14-1B |YcTaHoBKa gns ytunusauum 3a- Bornee 2 6 29122001293 |3arpyska, TonnmeHbIN bak, MY, Bpawato-
Ma3y4eHHbIX PYHTOB C >apo- 41410000000 |wasacsa neyb, kopobka ckOpPOCTEN, AbIMO-
CTONKOW KaMepown CropaHusi 72310101394 |coc, UuKIoH, 6ak c BOOoK, CKpebKOoBbIW
Y3r-1MrxXK 91920100000 |koHBeKep, roperika, B3pbIBHOM KnanaH, pa-
92113002504 |ma, perynstop onopbl, AbiMoBas Tpyba
C14-2B |YcTaHoBKa ong ytunusauum 3a- Bonee 2 6 21200000000
Ma3y4YeHHbIX FPYHTOB OYpOBbIX 29110000000
LLUNamMoB oKarnuHbl 1 NPONaHToB 72310101394
Y3r-1m 92113002504
C15-11 | UHcuHepaTop MH-50.02, 36 0,05 (1) 29110000000 |Kamepa cxuranus, ropenka, 6ak gns gu-
MNH-50.02M, NH-50.02K, 0,025 (x) 307 000 00 00 0 |3enbHoOro TonnMea, ckpyodbep, Abimococ,
MNH-50.02KM 30800000000 |abimoBas Tpyba, NnynbT yrnpaBreHus.
31300000000 |B komnnekraumm M — 6ak onsa ansernsbHoOro
31500000000 |Tonnuea, BEHTUNATOP, KOMMpeccop, 6ak
31810000000 |ansa HedTewnamos, ounbTp, HAcoc, Wwna-
36100000000 |moBas opcyHKa
C15-2N | HcuHepaTop MH-50.1 (M), 6 0,10 4 05000 00000 |Kamepa cxuraHus, ropenka, 6ak ansa am-
MNH-50.2, -50.2M, -50.2K, 3 4 06 000 00 00 0 |3enbHOro ToNNMBa, BEHTUNATOP, CKPyObep,
-50.2KM, 417 00000000 |gbimococ, obimoBas Tpyba, NynbT yrnpas-
43500000000 |neHus. B komnnekrauum M — 6ak gnsa gu-
43800000000 |3enbHOro Tonnmea, BEHTUNATOP, KOMMNpec-
44250000000 |cop, 6ak ons HedTewnaMmoB, PUbLTP,
4 43 000 00 000 |Hacoc, wnamoBas opcyHKa
C15-3B |NH-50.2KB, -50.2KBM OKP 0,10 72220000000 |3arpy3o4Hoe yCTPOWCTBO, TPAHCNOPTEP,
WHcuHepaTop MH-50.4, 6 0,30 72300000000 |ppobunka, BpallaroLascs nedvb, kKamepa
-50.04M, -50.4KB, -50.4KBM, 73300000000 |poxuraHusi, TennOOGMEHHWK, YCTPOCTBO
-50.4B, -50.4BM 74100000000 |cbema Tenna, LMKMNOH, yCTAHOBKA CKPYO-
NH-50.5, -50.5M, -50.5B, 5 0,50 826 00000000 |6epa, pykaBHblii PUNLTP, ALIMOCOC, AbIMO-
-50.5BM, -50.5BML] 84100000000 |Bas Tpyba, NynbT ynNpaBneHusi; B KOM-
MH-50.6, -50.6M, -50.6B, 2 1,00 84210102214 |nnektaumm M — 6ak gons AvM3enbHOro Ton-
-50.6BM, -50.6KB 89100000000 |nuea, BeHTUNATOP, KOMMPeEccop, 6ak Ans
WH-50.7B, -50.7BM, -50.7BML| 2 2,00 91100000000 |HedTewnamos, huUbTp, HAacoC
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MH-50.8.8B, -50.8BM OKP Bbonee 3,00 91900000000 |HedTewnamos, Wwnamosasi HopCcyHKa
92100000000
93100000000
MeauuuHckue oTxo-
bl
C15-41 |WH-50.5-BMU, NH-50.5KL, 3 1,00 Texe un -«- LIMKIMOHHO-BUXPEBOWN peakTop
MH-50.6BML] 33000000000
C16-1C | YcraHoBKka no ytunmsaumm 6uo- 1 0,18 40500000000 |Kamepa cxuranus, Kpbillka ¢ KaMepomn 4o-
JIOMMYECKNX, NPOMBILLMEHHbLIX U 40590000000 |xwuraHus, BoixogHas Tpyba, mexaHnam
ObITOBbIX OTXOA0B, HedTellna- 4 06 00000000 |noabema KpbILWKK, NIOK ANs Bbirpebda 305bl,
Ma (MHCKMHepaTop) 91920100000 |wunbepHas 3acnoHka, roperika ansernbHas,
MHcmHepaTopHast ycTaHoBKa 91920400000 |BeHTUNATOPLI, NAHENb YNpaBrieHUs C Me-
ny-80 92100000000 |cTOM onNg XpaHEHWUS ropenku An3enbHomn,
MeguumHckme OTXo- | pama MeTannuyeckas, TOMnBHbIN bak,
abl (A, B) 30HT
M7-1 |MNeyb CXUraHms OTX040B NPOn3- 1 6,3 M/ 31010000000 |PasgenbHOe HakonmeHne oTXoa0B, TEPMU-
BOACTBA 31010100000 |4yeckoe yHN4YTOXEHME Pa3HOOBOpPa3HbIX OT-
31300000000 |xomoB npomnssoacTBa B NnyiaMmeHu npupoa-
40600000000 |Hororasa
72000000000
C18-111 | CxxuraHne 3amacneHHoro Lwna- 1 150,6 1/r 41400000000 |KamepHas nedb, npegoTepaLleHne BbIbpo-
Ma 1 NpUroToBsiEHNE pacTeopa ca BpeHbIX BELECTB C NOMOLLbIO Macnsi-
andeHnnokcmaa HOro 3aTBopa, paborta B atmocdepe asoTta
M9-1 |YcraHoBka rasudpukauunm yrne- 1 3 30800000000 |PeareHTHasa noaroToBKa, LLHEKOBAs 3a-
BOAOPOACOLEPKALLUMX OTXOL40B 36122202314 |rpy3ka, OyHKep peakTopa, LUMKIOH, TEMNMo-
40600000000 |obmeHHMKN, abCcopOLUMOHHAs oUnCTKa, ON-
72300000000 |cTunnauua cUHTE3-rasa
C20-1C |YcTaHoBKa ANS CKUraHus OTXo- 8 0,05 4 0500000000 |TpaHcnopTHas Tenexka c peMUBEPHOM Ka-

noB «Popcax-1»

40590000000
406 00000000
91920100000
91920400000
92100000000

MEpPOM, KpbILLKa C KaMepon JOXUraHus,
nepBUYHas kamepa cxuraHuna (bodka

200 n), Tpyba, BO34yX0BOAHLIN MEeTannop-
yKaB, CTEpXXEHb AN NepeMeLlnBaHns CXKu-
raemblX OTXO40B
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2

C20-2C

YcTaHoBKa Ang cxkuraHus npo-
MbILLEHHO-ObITOBbIX oTXo40B
«Popcax-2»

0,10

_((_

C20-3C

YcTaHoBKa A5 CKUraHns OTXO-
AoB
«dopcax-2M»

0,18

Kamepa cxuraHus, pacnonoxeHHas Ha
OMOPHOWN pame, KpbiLlKa C KaMepon JOXN-
raHus, Y, ropenka ansensHas, pykaBsa
BO34yxoBOAHble, Tpyba, MexaHnsm noab-
€Ma KpbILWKW, NOBOPOTHbIV MEXaHWU3M

n21-1

KomMnnekc TepmMmyeckon ytunum-
3aummn KTY-1000, KTY-2000

2 (T)
1 (%)

AHanornyHo C15 u
Takke
11410000000
11412000000
11414100000

MepBUYHasn TepMOAECTPYKLMSA, Kamepa
Aoxwura, TennoobmMeHHVKKN, NponapuBaHue,
TEPMOnn3, KOHOEHCUPOBaHUE, cenapaums,
OoK ropenok, ra3oo4uncTHoe obopynoBa-
HWe, AbIMOCOC, AbiIMOBas Tpyba

Nn22-1H

YcTaHoBKa no nepepaboTke pe-
3MHOCOAEpXKaLUMX OTXOA0B U
BETOLLM

YIMOP-1

5 T/cyT

91920100000
91920400000
92100000000

Bnok 3arpy3ku, KONOCHUK, OyHKep 3arpysku,
TNIOK BbIFPY3KKW, KOHAEHcaTop (TenIO00MeH-
Hasi KONOHHa), agcopbep (HacagovHas Ko-
FNIOHHA TOHKOM OYUCTKW), LLEHTPOBEXKHbIN
cenapartop aspo3osien, rasoBas ropernka,
LUVKITOH, BEHTUNATOP, AbIMOCOC, ObIMOBast
Tpyba

C23-11

lNeyb neprnoagmn4vecKkoro 4encTeus

0,5

XvMunyeckoe opy-
Xue, TBepable n
nactoobpasHble oT-
xoabl

Meyb Nnepnogmyeckoro 4ENCTBUA — YaMm-

OycTop, roperka, 6rok Tennoucnonb3oBa-
HUA, pyKaBHbIA unbTP (C BO3MOXHOCTbBIO
npegsapuTenbHOro Bnpbicka copbeHToB),
oxnaguTenb, AbIMOCOC, AblMoBas Tpyba

N23-2

MexaHu4deckas n TepmMmmyeckas
yTunusauusa HedpTellniamos
MNeyb ¢ KMNALWMM crnoem

3 08 000 00 00 0
40600000000
72220000000
72300000000
91920100000
93100000000

Bnok nogrotosku, 6nok ueHTpudyr, 6ok
roMoreHu3aummn, TennoobmMeHa, neds ¢ Ku-
nswmM croem, 6nok ropenok, wnamMoBble
dopcyHKKn, 6NOK TEeNNONCNONb30BaHWS, py-
KaBHbIN hUnbTP, oxnagutens n ckpybbep
BEHTYpU, AbIMOCOC, AbiMOBas Tpyba
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M23-3B |YcTaHoBKa BpalatoLemncs 2 -«-
TpybyaTon neun LLIHekoBOE 3arpy3o4yHoe YCTPOMCTBO, Bpa-
Wwarowasaca TpybyaTasa neydb, UMKIOH, Ka-
Mepa goxuranug (typabyctop), 6rok Ten-
NIONCNOSb30BaHMA NN NAapOBOW KOTEN U
anekTporeHepaTop, ckpybbep
N23-4 | Tepmnyeckas yTunmsaums ro- 4 72220000000 |O6esBoxmBaHMe Wwiama B cyLunske Ha 6a-
POACKNX CTOKOB 72300000000 |3e neHTOYHOro ounbTp-npecca, [Byxka-
93100000000 |mepHas BpawatoLasca Tpybyatasn neyb
(NMpobycTop), LUMKIOH, KaMepa AOXUraHUS
(TypabycTop), MacnsiHbI TENSTOOOMEHHUNK,
A03vpoBaHne copbeHTOB, pyKaBHbIN
dumnbTp, A4bIMOCOC,
C24-1C | MycopocxkuraTernbHas ycTaHOB- 0,3 40500000000 |Kamepa cxuraHusi, Kamepa goXuUraHus,
ka CB 128SW-L 4 0590000000 |6nokropenok, agbimoBas Tpyba; paborta B
406 00000000 |aBTOMaTMYECKOM pPeEXUME, UCMNOSb30BaHWE
91920100000 |Y®-gaTtynkoB nrameHu, pene perynaropoB
91920400000 |nnameHu ropernok, opcyHOK
92100000000
C25-1 |lMeun cxunraHus TBepAbIX U Xna- 2,5 TlcyT 41400000000 |lMe4yb cxuraHms TBepObIX N XUOKNX OTXO-
kux otxogoB General combusu- 0,0005 1/4 44250000000 |pgoB, AbIMOCOC, 3aKano4HbIn 6ak, ckpyobep
tion A1214/G 1958 4 43 00000000 |BeHTypu, TyMaHoocaguTenb
72300000000
91920400000
C26-1IN | MobwunbHbIA nHCUMHepaTop Huri- 0,15 7 3000000000 |Kamepa cxuraHus, kamepa AOXUraHus, ro-
kan-150 84100000000 |penku, BEHTUNATOP, NOAMNOAO0BLIN 30510-
92100000000 |cbopHuK, NynbT ynpaBneHus, NOpTaTUBHBLIN
4 0500000000 |aneKkTpuyeckui reHepaTop
30822000000
C27-1L |Cxema obesBpexunBaHus Kybo- 1,3 (1) 31010000000 |ULmknoHHas neyb, aBToMaTU3aUNS TEXHO-
BbIX OCTATKOB 1 MPOMCTOKOB 0,006 (x) 31300000000 |nornyeckoro npouecca




[ns onpegeneHuss TexHonornyeckux nokasatenen HAT Obinn npoaHannavpoBaHbI
npeacTaBfieHHble B aHKeTaX TeKyline ypoBHM BbIOPOCOB 3arps3HAOLLMX BeLlecTB B aTMO-
cepHbIn BO3AyX OT POCCUMIACKMX 0OBbEKTOB 00e3BpeXMBAHNA OTXOA0B TEPMUYECKUM CMOCO-
OoM, SABnAIWNECS CYLLECTBEHHbIM 3KOMNOrMYeckUM acrnekToM AaHHOro Buaa OesTenbHOCTH,
COOTBETCTBYHOLLUNE €BPONENnCcKne TexHonormyeckne nokasatenu. Kak yxxe rosopmnocb B noa-
pasgene 3.1, TeKywme ypoBHM BbIOBPOCOB 3arpsi3HAIOLLNX BELLECTB B aTMOCMEPHbIA BO3OYX
OT POCCUICKMX OOBEKTOB NO BCEM MOKa3aTENAM HUXE YCTaHOBIIEHHbIX €BPONENCKMX, No OT-
AenNbHbIM MoKasaTensM — 3HaYUTENbHO HWXKe. JKCnepTbl, YneHbl TeXHW4Yeckon paboyen
rpynnbl, NPOBOAMBLUME aHaNuU3 UCXOLHOW MHGOPMaLMKM, coAepXallencs B aHKeTax npen-
NPUATUIA, NPULLNK K 06LLEeMY BbIBOAY O TOM, YTO OOMNbLUMHCTBO NPeanpUsTUA MHOPMaLUIo O
TEKYLLUMX YPOBHSAX BO3OEWCTBUA Ha OKPYXaloLlyr cpedy npeacrtaBunn Ha OCHOBaHUWU pe-
3yNnbTaTOB OMNbITHO-NPOMBbILLSIEHHOM 3KCNIlyaTaumMm yCTaHOBOK, Koraa YCnoBus aKcnnyatauum
Hanbonee BnaronpuaTHbl. B CBA3KM C 3TUM NPUHATO peLleHne NPeasioKUTb TEXHOSOrMYeckune
nokasatenu HOT ana poccuinckux obbekToB 06e3BpeXMBaHUS OTXOLOB TEPMUYECKUM CMO-
coboM Ha ypoBHe eBpOMnencKnx TEXHONOMMYECKUX nokasaTenen, Kpome nokasarteneun no Bbl-
Opocam yrnesogopoaoB npenenbHbiX Ci2-Cig M 6eH3(a)nupeHy, KOTOpble YCTAHOBMEHbI MO

BEPXHEN rpaHuue TekyLwmx Boibpocos (cm. Tabnuuy 5.6).
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Tabnuua 5.6 — NpeanoXxeHnsa No yCTaHOBMEHNIO TEXHONOMMYECKMX NoKasaTenen

No MepeudeHs TexHONorue- YDOBHM BLIBPOCOB B COOTBET- EBponeickne TexHonormyeckue MpennoxeHus No yctaHoBmne-
. /_n CKVIX MOKA3aTENEil CTBIV G AAHHBIMY AHKET. MM nokasartenu (no EBponenckomy HUIO TEXHONOMMYECKMX Nokasa-
A ’ cnpasouHuky HAT), mr/m® Tenen, mr/m*
1 NOX 30-100 200 200
2 cepbl AMokeng, 1-40 50 50
3 yrrnepoa okcug 5-30 50 50
4 yrnesogopoabl npenenb- 1-10 ) 10
Hble C12'C19
5 yrnepog, (caxa) <10 10 10
6 B3BelLEeHHble BellecTBa 1-5 10 10
7 GeH3anupeH, HI/m3 0,001 - 0,001
8 XITOPUCTLIN BOAOPOA 1-8 10 10
9 dTOPUCTLIN BOAOPOA <1 1 1
10 JUNOKCUHBI, HI/M3 0,01-0,05 0,1 Hr/m3 0,1 Hr/m3
11 PTYTb U ee coeaNHeHNs 0,001-0,02 0,05 0,05
12 Cd + Tl 0,001-0,03 0,05 0,05
14 CymMMma ocTasnbHbIX Tshke- 0,005-0,05 05 05
NbIX METaNoB
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TEXHOJIONM4YeCKoro rpouecca TepMmn4ecKoro o6e3|3pe>|<|/|BaH|/|;| oTXo4oB pasfiMt4HbIMA METO-

AJaMu rnpoeoanTcAd B COOTBETCTBUN C Tabnuuen 5.7.

AHanUTMYeCcKnn KOHTPONb (NabopaTopHbI, aBTOMATUYECKUIN) MO OCHOBHbLIM CTaguAM

Tabnuua 5.7 — AHanNUTUYECKUI KOHTPOSb TEXHONOMMYECKOro npolecca

- HopmaTtuBHble
Ne HavmeHoBakme cTanui . KoHTponupyemble OOKYMEHTbI Ha MeToAb!
n/n | NPOHECCE, aHanMsMpyemein nokasarenu n3mMepeHui (UCrbITaHUN KOH-
NPOAYKT
Tponsi, aHann3oB)
1 2 3 4
1 Craguns 3arpysku otTxonos, | OnpegeneHme XMMmMy4ecKoro Xpomaro-macc-
0TXOAbl PA3NMYHOro Krnacca | coctaBa 0TX040B CNEeKTPOMETPUYECKMI
ornacHoCTH - cogepxaHue Boabl, % P 39-0147098-015—90
- cogepXaHue pTyTu B OTXo4ax Xpomarto-macc-
CNEeKTPOMETPUYECKNI
- cogepkaHne Mbilbsika Xpomaro-macc-
CNEKTPOMETPUYECKNI
Pagunonornyecknin KOHTpOIb, FOCT 30108—94
Bk/kr
KpynHorabapuTHble npegameTbl BusyanbHbIn KOHTPOINb
EmkocTn nog gaBneHuem
ToncrocTeHHble MeTannu4ye-
Ckue npeameThl
2 «Mokpasi» ouncTka raso- |O6Liee conecogepxaHue, mMr/n OCT P 52963-2008
BbIX BbIOPOCOB, TexHN4e- |pH, B npegenax FOCT P 52963—2008
cKas (rpyHTOBas) BOAa | HekapboHAaTHAas XKECTKOCTb, Mr- FOCT P 52407—2005
3KB/N
3 «Mokpas» weno4Has B3BelueHHble BellecTBa, I/n OCT 3351—74
O4MCTKa ras3osblx BbIOpo- | Cynbgat HaTpus, r/n, He Gonee FOCT P 52964—2008
COB, CTOYHbIE BOAbI Xnopug HaTpwsg, r/n, He 6onee FOCT 4245—72
4 3onoynanenue, 3onbHbi | CogepxaHne HedpTenpoayKToB., PO 39-0147098-015—90
ocTaToK Mmr/kr, He bornee
5 «Mokpasi» ounctka raso- |pH FOCT P 52963—2008
BbIX BbIOPOCOB, OpoLLato-
LK1 pacTeop
6 KoHTponb MmapkepHbix 3a- | CornacHo tabnuue 3.2
rPSA3HAIOLLMX BELLECTB B
BbIGpocax B aTMoCepHbIN
BO34yX

Kaxgas u3 nepeuyncneHHbix B pasgene 5 HOT nmeeTt npenmyuwiectsa n HegoCTaTKM,
NnoaTomy BbIOOP KOHKPETHOro Metoda obe3BpexmBaHUs OTXOOO0B CreayeT BECTU C Y4eToM
MHOIMX )akTOPOB U nokasaTenemn, Hanbonee BaXkHbIMU U3 KOTOPLIX SABASOTCS:

- KanutalibHble N SKCnnyaTtauyMnoHHbIE 3aTpaThil,
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- TEXHMKO-3KOHOMUYECKME NokasaTenu paboTtbl 06opyaoBaHNa U HEM3MEHHOCTbL cebe-
CTOMMOCTU NPOM3BOAMMbIX paboT unm NpoayKumMm ¢ y4eTOM BHOCUMbIX U3BMEHEHUIN B TEXHO-
NOrno NPoM3BOACTBA;

- 9KONorn4yeckme nokasatenn KOHKpeTHOro metoaa nepepaboTku;

- paKkTU4yecKkass BO3MOXHOCTb BHEOPEHUA OaHHOro MeToda B YCIOBUSIX KOHKPETHOro
NPOVN3BOACTBA;

- BO3MOXHOCTb yTunmnsaumm obpasyowmxca noboyHbIX NpoayKTOB OT yTunmM3aumm oc-
HOBHOIO MepBOHAYaribHOr0 OTXOA4a Ha caMoM npeanpuaTun 6e3 yBenuyeHust HeraTUBHOWM
TEXHOreHHOWN Harpy3kn Ha OKpYyXXatoLLyto cpeay;

- CBeEHNEe K MMHMMYMY NPaKTU4EeCKOM BEPOSITHOCTM aBapUMHOrO UM ONacHoOro Cco-
CTOsIHUA paboTbl NpeanpuaTUS.

Mpon3BoaMTENBHOCTL YCTAHOBOK MOXeET npeBblwaTb 3 T/4. OTO OAHOBPEMEHHO yBe-
nnynBaeT puck ocriabneHusi BXO4HOro KOHTPONSA OTXO40B U BeAeT K yBeNnMyeHuio o6bemMoB
AbIMOBbIX ra3oB, YTO B CBOK O4Yepeab onpeaensieT NoBbILWEeHHY Harpy3ky Ha o6opyaoBaHue
OYUCTKN OTXOAALMX ra3oB. Peanusaumsi Takux TEXHOMOIMMI OOIMKHA BbIMOMHATLCA C KOAh-
duuneHToM 3anaca, Ang Yero MOryT UCMorib30BaTbCH NapanfesibHble JIMHUU C OANHAKOBbIM
obopynoBaHMEM AN paBHOMEPHOrO pacrnpegeneHus Harpysok u (Mnu) pesepBHbIX NMHURA,
nepekntoYeHne Ha KOTopble MOXET BbIMOMHATLCA aBTOMATUYECKM U (MNN) B PYYHOM peEXMME.

Qkonornyeckaa 3ddOEKTUBHOCTL TEPMMUYECKOro 006e3BpeXmnBaHuUs OTXOLOB, coaep-
XalLMX TOKCUYHbIE KOMMOHEHTLI, obecnevnBaeTcs nogaepXaHMeM HEKOTOPbIX NapamMeTpoB:

- TemnepaTtypHbin  ypoBeHb npouecca — 6onee 800 °C (B ©GapabaHHoM neun),
1200 °C — 1250 °C (B kaMepe JOXUraHus);

- Bpems npebbiBaHMSA ra3oB Npu ykasaHHOW TemnepaTtype — bonee 2 c;

- ahheKTMBHOE TypOYyNeHTHOE NepemMeLlnBaHme ropswmx 0TXo40B U ra3os.

YcTaHoBKM MOryT pabotaTb nog paspexeHuem un obecneymBaloT TepMmmnyeckoe obes-
BpeXMBaHME OTX040B C TemnepaTypHbiM pexnmom 850 °C — 1250 °C.

MpumeHenne HOT obecneynBaeT BbINOMHEHWE AaHHbLIX YCHOBWW, NpegoTBpallaeT
obpas3oBaHMe CynepaKOTOKCMKAHTOB (dpypaHbl, 6eH3(a)nnpeH n ap.), NOHWXaeT Knacc onac-
HOCTW OTXOAO0B Nocrne 06e3BpexXmBaHuS.

OOwan onTuMM3aumst 1 B3aMmMoaencTene Mexay afieMeHTaMm CUCTEM ra3004unCTKM (a
TaKkKe OCTanbHbIMK YacTAMM NPOLEcca CKUraHNA 0TXOO0B) BaXKHbl Kak AN HOBbIX, TaK U AN
CYLLIECTBYIOLLIMX YCTAHOBOK. [N CyleCTBYIOLWNX BapuMaHTbl UX MogepHu3aunum moryT 6biTb
OrpaHnYeHbl N0 CPaBHEHWUIO C HOBbIMU YCTAHOBKaMM TakKMMM NpUYMHaAMM KaKk HEOBXOAMMOCTb
pacwmMpeHns NpPOM3BOACTBEHHbBIX MOMELLEHUN, BEPOSATHOCTb HapyLUEHUS repMeTU4HOCTU

©nokoB 3aBOACKOWN rOTOBHOCTU npn 3aMeHe OoTAENIbHbIX 3JTEMEHTOB YCTAHOBKU U T.1.
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CpaBHeHme arnbTepHaATUBHbLIX TEXHNYECKUNX peLLleHVI17I NO3BOJIAET BbIABUTb Npucyline
mMmeToay MOKpOVI OYUCTKUN XapaKTEPUCTUKA:
- CaMbl€ HU3KNE YPOBHMU I'IOTpGGJ'IeHI/IFI peareHToB,

- CaMble HU3KMe YPOBHM 06pa3oBaHnst TBEPAbIX OCTATKOB;

noBbIiLLEeHHOE n0Tpe6neHV|e BOAbl;

obpa3oBaHne CTOKOB, KOTOPbIE TPEOYIOT yNpaBreHus;

NnoBbILEeHHast BUOMMOCTb Lnenda 3arpsisHeHn;

Hakonnenwe MXOO/MXOP (3dpdekT namaTn) Ha NIACTUKOBBIX KOMMOHEHTaX CKpyo-
Oepa TpebyeT NpUHATUS Mep;

- eCrnv TeMnepaTtypa Ha BbIXOAE CIMLIKOM BbiCOKas, MaTepuar, UCNofb3yeMblil B KOH-
CTPYKLMM MOKpPOro ckpy6bepa, MoxeT ObiTb paspyLueH.

Ha cywiecTBylOLWNX YCTAHOBKaX Takme U3MeHeHus NoTpebyroT AeTanbHON NepeoLeHKu
npouecca OYMCTKM AbIMOBbIX ra3oB, yaenss ocoboe BHUMaHWe pacrnpegeneHuio u Ucnonb-
30BaHuto Tenna.

[MepcnekTMBHO Takke peanun3oBbiBaTb KOMOMHAUMIO MeponpuAaTUR, npegycmaTpuBa-
lowmnx bonee anuTenbHOe BO3AENCTBME MPU TEPMUYECKOM 06e3BpexmnBaHuK, NOBbILLEHUE
TemnepaTtyp B KaMepe CropaHus, MHTEHCUPUKaALMIO MEXaHNYECKOrO NepeMeLLMBaHNSA OTXO-
[0B.

OKoHoMU4eckasi apPeKTUBHOCTb NMpoLecca Bo3pacTaeT C NOBbILUEHNEM HALEXHOCTU
N yBENMYEHNEM cpoka aKcnnyaTaumm obopynoBaHUs, a Takke ¢ BHeAPEHWEM AOMOMNHUTENb-
HbIX TEXHOMOIMI MO BbIMYCKY CEPTUDPULNPOBAHHON NPOAYKUMM (TOMMAMBA, CTPOUTENBbHbBIX Ma-
Tepuanos u T.4.).

B0o3MOXHOCTb KOMMNEKTauum yCTaHOBKN CUCTEMOW pekynepaumm Tenna u unu Bblpa-
OOTKM 3MEKTPOSHEPrUn, a TakKe MCMNOMb30BaHWE KOHOAEHCMPYEMOro TOMMMBa B KayecTBe
anbTEePHATUBHOIO AN3ENbHOMY TOMMNBY 3HEProcHabXeHus oTBevatoT KpuTepuio «lpumeHe-
HMe pecypco- U aHeprocbeperaroLLmMX TEXHONOMNNY.

YnyJyweHne cTeneHn OOXWUraHusi 30M0LWWSaKkoB (TBepAbIX OCTATKOB) MOXeT ObiTb O0-
CTUTHYTO C MOMOLLbIO ONTMMM3aUMM NapaMeTpoB TEPMUYECKOrO 06e3BpEXMBaAHUS, KOTOPbIE
paccMOTpeHbI B pa3sgene 5.

KoHueHTpauusa okecnaoB TSXKENbIX MeTansioB B 3051€ 4Yacto 6biBaeT Ha Nopsaok Bbille,
4YeM B CKUraembix oTxogax. [10aToMy, XOTA METOA CXKUraHUst N NO3BONSET CYLLECTBEHHO CO-
KpatuTb 06bemM oTxodoB, Npu 3TOM obpasytTcsa ewe 6onee onacHble ONs OKpyXatoLlemn
cpeabl BeLlecTBa, KoTopble TpebyloT OTAENbHbIX 3aTpaTHbIX Mep MO yTUnuM3aumm unu pas-

MELLEHWIO.
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B0O3MOXHOCTb yTUNM3auumn TBepablix OCTaTkoB 0BbIMHO onpeaensaeTca B 3aBUMCUMOCTM
OoT:

- coAepXXaHus OpraHNYeCcKUX COeaUHEHUN;

- obLLero cogepxaHna MeTanos;

- BblLLiENa4YMBaeMoCT MeTasnnoB, CoNnen 1 TSXenblX MeTasnsos;

- UX PM3nNYEeCKON NPUrogHOCTH.

[Ansa nonHoro ob6e3BpexuBaHns 0TX040B U MUHUMM3AL MK BbIGPOCOB (0COOEHHO B BO3-
AyX) KONMMYecTBO 3Heprum, Heobxogmmon Ans paboTbl YCTaHOBKM, OOMKHO obecnedmBaTtb
TepMunyeckoe obe3BpexnBaHme C NMPOEKTHOW MPOM3BOANTENbHOCTLIO.

Hanbonee aHeproemMknmmn B NpoLiecce CXXUraHust ABNATCS:

- BbITSPKHOW M HarHeTaTerbHbI BEHTUNATOP ANA NogaepXaHua OaBfeHus B cucteme
nogayv Bo3gyxa Ans CKUraHus;

- obopyagoBaHue Ans nNepeBO3Kn/3arpy3kM OTXOAOB (Hanpumep, Hacocbl/KpaHbl U
rpendgepbl/LUIHEKOBbIE NUTATENN);

- Kanopudepsbl;

- obopygoBaHue aAnsg NoaroToBKN OTXOA0B K nepepaboTke (wpenepb! U T. 4.);

- cuctemMa nogorpesa AbIMOBbIX ra30B nepen yCTpouCcTBaMm AN OYUCTKU 3arpsasHSAto-
LLUMX BewecTB (HanpuMep, pykaBHble PUIbTPbI);

- nogaya Tonnmea Angd nycka/octaHoBKM (Hanbonee akTyarnbHO OS5 OTXOAOB C HU3KOW
TENnoToN cropaHuns);

- CUCTEMa MOKPOM OYMCTKM ObIMOBbLIX ra3oB, oxnaxgarowaa addeKkTnBHee, Yem no-
nycyxasl n cyxast CUCTeMbl;

- cucTeMa anekTpocHabxeHus, Heobxoammasi 4N AONONHUTENbHbIX YCTPOWUCTB.

K mepam, No3BONSOWNM CHU3UTb NOTPEOHOCTL NPOLIECCOB B AOMOMHUTENBHON 3HEpP-
TN, OTHOCATCS:

- UCKNIOYEHME 13 npoLuecca AoMNOoNHNTENbHOro 06opyaoBaHus;

- KOMMEKCHbIA NOAX04 C onTuMM3aumen noTpebneHns aHeprun BCcen ycTaHOBKOW;

- pa3mMeLLeHre BbICOKOTEMMNEPATYpHOro obopyaoBaHUsA B cneumnanbHO OTannmBaeMblX
nomeLLeHnsx (3oHax);

- BBOJ, B CUCTEMY TEMNNIOOOMEHHMKOB AJ1S1 CHUXKEHUS NOTPpebneHnsa aHeprum;

- ICNONb30BaHNEe 3HEpPrnn, NPON3BOANMON Ha YCTAaHOBKE ANs1 CKUraHUs OTXOA0B, AN
COOCTBEHHbIX LiEeNewn;

- KCnnyataums BpawarLierocs obopyaoBaHus (BEHTUNATOPbI M HACOChI), UMEIOLLLErO
anemMeHThbl, paboTaloLme ¢ nepeMeHHON CKOPOCTbIO, C YaCTOTHbLIM PerynmpoBaHuemM npu no-

HWXXEHHOWN Harpyske. OTO MO3BOMNUT CYLLECTBEHHO CHU3UTb cpeaHee noTpebreHne aHepruum,
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NMOCKONbKY N3MeHeHnsa aaBneHns byayTt 3a cHeT M3MeHeHUsa CKOPOCTEN, a He C NMOMOLLbIO pe-
rynupoBaHusa paboTbl KnanaHoB.

HekoTopoe KonNn4ecTBO reHEPMPYEMON SHEPTMN BO3MOXHO MCMNONb30BaTb Npu paboTe
cCaMOW YCTaHOBKMW.

OntTumMusaums paboTbl YCTAHOBKM COCTOUT B ONTUMMU3ALMM BCEro TEXHONMOMMYHCKOro
npouecca. OHa 3akrnoyaeTcs B CHUKEHUN SHEPTroNOTEPb B TEXHONOMMYECKOM NpoLiecce.

CHmxeHne notpebHOCTM Npouecca B 3HEPrM ymeHbllaeT noTpebHOCTb B NPOU3BOA-
CTBE 9HEPrMM M3 BHELLUHUX MCTOYHUKOB WM MO3BOSISET NOCTaBNATb Oorbluee KOnMyecTBO
3Heprnn. ITo JocTuraeTcsa 3a c4eT nogdopa onTUMaribHOM Mo TUMNy 1 NPOM3BOAUTENBHOCTU
CUCTEMbI ra3004MCTKMN.

[lononHUTENbHO YyTUNU3NpyemMasi 3Heprns MoXeT ObITb MCNONb30BaHa B COOCTBEHHbIX
uensix, npyu aToM LOMMKHO obecneumBaTtbes Ge3onacHoe n apdekTnBHoe 0be3BpexunBaHne
OTXOAOB.

MoBbILWEHHbIN JOX0A OT peanusaunm NPpoAaax 3HePrum Nofy4varoT 3a CYeT:

- yBenu4yeHns obbema noctaBokK arnekTpuyeckon aHeprum Ha 20 % — 30 %. Buicokne
YPOBHUM OOCTUraloTCa Npy npegsaputenbHOM NOAroToBKE OTXOA0B (OTMETUM, YTO CTaguu
npegBapuTenbHON MOArOTOBKM OTXOLOB 4acTo TpebytT aHepruu, n npu 9TOM MOXHO UC-
Nnonb30BaTb SHEPIUI0, NOSTYYEHHYHO B pe3ynbTaTe CKUraHus Tonnmea), B YaCTHOCTM Npu Npo-
N3BOACTBE 3HEPTNN M3 OTXOAOB MPU CKUFAHUN B KUMSALWEM CNoe, M BbICOKMX MoKasaTensax
napa — Bbliwe 40 atm. 1 400 °C;

- UHBECTMLMN B MOLEPHU3aUMIO TENMOBbIX CeTer ANs MOBbILEHUS UCMONb30BaHUS
nmetoLencs aHeprum Ha yposHe KI[ oo 80 % — 90 %, ecnu B Te4eHWe BCero roga uMeeTcs
CMpOC Ha TENMOBY 3HEPTUIO.

Ecnu 6onbluas YyacTb TENNIOBOW 3HEPIMM HE MOXET BbITb MCNOMNb30BaHa, NpaBuibHeEE
OyaeT ocywecTBnAaTb KOMOUMHUPOBAHHOE MPOM3BOLACTBO TEMSIOBOW U ANEKTPUYECKON SHEpP-
rmn. Ecnu TennoBas aHeprusi NOMHOCTbIO He peanuayeTcsi, TO NOyYEeHHYI0 3HEPrno Heoob-
Xoanmo npeobpasoBaTth B ANIEKTPUYECKYIO.

Mpon3BOACTBO ANEKTPOIHEPTUMN B MONIHOM 0O6BbEME MOXET ObITb AOCTUTHYTO C NOMO-
LK MCMONb30BaHMS Napa C NOBbIWEHHbIMK napameTpamu. Beibop napameTtpos napa (Bbl-
COKME UIN HU3KMNE) B BONbLUMHCTBE Cry4aeB OLeHMBAETCS MO 3KOHOMUYECKMM MOKa3aTensim.

3HaunTenbHasi YacTb AOMOSHUTENBbHO NOTPebNSAeMon Heprum ceBsidaHa C NpUMeHe-
HMEM JOMNOSNTHUTENbHbBIX TEXHOMOMMA OYUCTKN AbIMOBbLIX ra3oB, KOTopble camu no cebe no-
TPeONSAT SHEpPruIo.

Mpyn NONHOM PEKOHCTPYKUMM Ha paboTatowen yctaHoBke BbIOOp BapuaHTOB OrpaHu-

YeH BcieacTtBve OONOJIHUTENIbHbIX 3aTpar. YcTaHoBKY, KOTOpble Obinu MoaepHU3nNpoBaHbl C
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Lenbilo AOCTUWXEeHUA KOHKPETHbLIX npeaeribHbIX 3HaYeHNN BbI6DOCOB, MMerT NoBbILLEHHOE

aHepron0Tpe6neH|/|e, TakK KaK yCTaHaBJIMBAOTCA Ha «KOHLE pr6bl».

Pa3pen 6. 9KOHOMUYECKMe acnekTbl peanun3aumn Hamny4ywmx

AOCTYMNHbLIX TEXHOJNTOIN'N "

Mpwn BHeapeHnn HOT Ha o6bekTe XO3ANCTBEHHON AEeATENbHOCTU HEOOXOOUMO YUUTbI-
BaTb 3aTpaThbl HAa BCe TeXHONornyeckme nepeesnsl u notpebHocTn B HeobxoamMmMom annapa-
TYPHOM OCHalLLleHUM NPON3BOACTBA C YY4ETOM 3aTpaT XO3SWCTBYIOLWMX CYyObEKTOB, oxuaae-
MOW 3KOHOMMYecKon uernecoobpasHocTn BHeapeHus HOAT n BO3OENCTBUSA HA OKPYKatoLLyto
cpeay.

OpraHnsauum Ha Bcex atanax BHeapeHna HOT o6sa3aHbI:

- obecneumBaTtb yyeT obpasoBaHusi, 00e3BpEXMBAHUA, YyTUNM3ALUUN U pa3MELLEHNSA
OTXOAOB B COOTBETCTBUMM C KPUTEPUSIMU UX OTHECEHUS K KIacCy OMacHOCTM ONs OKpyKato-
LLen cpeasbl;

- OCYLLEeCTBMATb onpegerieHme Knacca onacHoOCTM OTXO4OB, YTO BreyeT 3a cobon Bbl-
NofnHeHne onpeaeneHHblX TpeboBaHUn Npy obpalleHun ¢ HUMKU B 3aBUCUMOCTU OT CTENEHU
BpegHOro BO3AENCTBUS Ha OKpYXaloLLyto cpeay;

- obecneymBaTb NPOM3BOACTBEHHbIA KOHTPOSb BCEX MPOLECCOB NO OBpaLleHnto ¢ OT-
Xo4amu, opraHu3ys NnpoBeAeHne MOHUTOPUHIA;

- NPOBOAMTbL MOHUTOPUHI COCTOSIHUSI OKpYXXatoLwen cpedbl Ha obbekTax No pasmelle-
HWIO OTXOAOB M B 30HE MX BNUSAHUS C Y4€TOM PerfnameHTUpOBaHHbIX U (DaKTUYECKNX YPOBHEN
3MUCCUI B OKPY>KaloLLyO cpeay.

BHegpeHne HOAT nocpencrBomMm peanusaunm TEXHUYECKUX MEPONPUSTUA, HanpasBrieH-
HbIX HA MOAEPHMU3aLMI0 OTAENbHbIX 3NIEMEHTOB 000PYAOBaHUSA, NPUBOANT K onNpeaenéHHOMY
YNYYLEHMIO CYLLECTBYIOWNX TEXHONOMMYECKMX NPOLECCOB, YTO, B CBOK o4vepedb, MOXET
NPUBECTU K CHUXKEHWUIO 3aTpaT, Hanpumep, NOBbIWEHNIO 3GEKTUBHOCTM MOAEPHMU3MPYEMON
CUCTEMbI TEPMUYECKOro 00e3BpeXMBaHNS (CKUraHus, NMPonu3a, rasndukaymm).

K dpakTOpam, orpaHnyMBaloLMM B OTAENbHbIX criydyasx BHeapeHue HOT Tepmunyecko-
ro obesBpexmnBaHMa OTXOA4OB, cnefyeT OTHECTU OTHOCUTENBHO BbICOKYD CTOMMOCTb TEXHO-
normyeckoro obopyaoBaHUa U HEOOXOAMMOCTb B 3HAUYUTESNbHbLIX HayarbHbIX KanuTanbHbIX
BMNOXEHUSAX C Y4€TOM rapaHTMPOBAHHOIO CpoKa Crny6bl 06opyaoBaHMs.

KpaTkuii 0630p OCHOBHbIX 3KOHOMUYECKM Npobrem B cdepe 0be3BpeXnBaHna OTXO-

A0B TepMmnyeckmmM cnocobom npefcrasneH B nogpasgene 1.2 cnpasoyvHuka HAOT.
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OcHoBHble npuHumMnbl (1-4) meTogonornn onpegenenus HOT ¢ y4eTom oueHKM ac-
NMEKTOB ee KOMMMEKCHOrO BO3AENCTBMA Ha OKPYXXatoLLyto cpeay npeacTaBneHbl B pa3gene 4.

MpMeHeHNe 3TUX OCHOBHbLIX NPUHLMMNOB AOSMKHO MO3BOMUTL Kak Nosib3oBaTento, Tak
U nudy, NpUHUMalrLWeMy pelleHue, CPaBHUTb MNPO3payHbiM M paBHOMPaBHLIM CNOCOOOM
UMeroLmecs BapuaHThbl, BKIloYasa Te, Koraa TepMmmyeckoe obesBpexmBaHue sBnseTcs eguH-
CTBEHHO npuemnembiM MeTogoMm. BaxHo Takke, 4Tobbl GbInKn peLleHbl coumanbHble, UHaH-
COBblE N OpraHM3aUMOHHbIE 3a4a4n COPTUPOBKN OTXOL0B NOTpebneHums.

Ha npakTvke gaHHble O 3aTpaTax oLueHUBaKTCA JOCTAaTOMHO YacTo, HO pedKo aeTanu-
3MPYIOTCA NO KOMMOHEHTaM WNM OO0 YPOBHS, KOrfa exerogHble U3MeHeHus 3atpaTr MoryT
ObITb NOKa3aHbl C 3a4aHHON CTEMNEHbK TOYHOCTU. OTO OrpaHNYMBaETCA BO3MOXHOCTAMMW Bbl-
NONHEHNss OOBEKTMBHOIO CPaBHUTENBHOIMO aHanM3a TEXHUKO-IKOHOMMYECKMX M 3Kofornye-
CKMX XapaKTEePUCTUK.

3aTtpaTbl cnefyeTt CTPYKTYpMpoBaTb C JOCTAaTOYHbIM YPOBHEM [eTanu3aumu, KoTopbln
NnokasblBaeT, Kakme 3atpaTbl OTHOCATCHA K MHBECTULMOHHBIM pacxodam M KakMe OTHOCATCS K
3KCMNnyaTauMoHHbIM 3aTpaTtaM OTHOCUTESbHO pe3ynbTaToOB aHanu3a 3Ha4YuMblX CTaauni Xns-
HEHHOro LMKNa YyCTaHOBKM.

K 3aTpaTtam Ha npnobpeTeHune crneumanbHoro o6opynoBaHNa OTHOCHATCS:

- 3aTpaTbl Ha TeXHONorn4yeckoe obopyaoBaHuUE;

- 3aTpaTtbl Ha obopygoBaHWE ANs1 KOHTPONS, yraBfMBaHUSA, U3BMEYEHUSA NEPBUYHbIX
3arpsAsHSAOLWMX BeLecTB, 06pasyroLnXCs B TEXHONOrMYECKOM NpoLecce;

- 3aTpaTbl Ha obopydoBaHWE OMs OYMCTKM BbIOPOCOB M COPOCOB 3arpA3HANOLLNX BE-
LLLeCTB, HakonneHus (xpaHeHus) obesBpexmBaeMblx N obpasyomnxcs B pesynbtate obes-

BpeXnBaHNA OTX0O0B;

BCNomMoraTtenbHoe (3anacHoe) obopyaoBaHue;

annapartypa u MHCTPYMEHTb;

nnaTta 3a NepeBO3KYy N OOCTaBKY o6opyp,03aH|/1$|;

mMoamdmrKaumn MHoro o6opyaoBaHmS.

K npegoTBpalleHHbIM n3gepxkam OTHOCATCS:

- 9KOHOMMUS CbIPbEBbIX MaTepManos;

- 93KOHOMMUS BCMOMOraTesnbHbIX MaTepmnanoB (XMMNYECKUX peareHToB, BOAbI) U YChyr;

- 9KOHOMUSA IHEPrOHOCUTENEN;

- 9KOHOMUSA TPYOOBbIX 3aTparT;

- 9KOHOMMUSA 3aTpaT Ha MOHUTOPUHT BbIBpOCOB/COPOCOB.

[aHHble 0 3aTpaTax MOryT ObiTb NOMyYEHbl U3 Pa3NNYHbIX UCTOYHMKOB, HO, Kakum Obl

HW ObINT UCTOYHUK nonyyvyeHna 3TuxX gaHHbIX, NOJ1Ib3OBATESIIO HeobXoaAMMO OLEHUTb OocCToBep-
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HOCTb MOSTYYEHHbIX AaHHbIX, Npobenbl U HeonpeaeneHHOCTN NpeaBapuTenbHOM OLEHKM O
noTeHUManbsHOM BO34ENCTBMM TEXHOMOMMIA Ha OKPYXXatoLLyto cpeay.

[Ansa nosbllweHns 060CHOBAHHOCTM AaHHbIX O 3aTpaTtax MNosfib3oBaTeslb AO0SPKEH CO-
BpaTb UX MO BO3MOXHOCTU N3 HECKOJTbKMX HE3AaBUCUMbIX MCTOYHUKOB. VICTOYHNKM NPOUCXOXK-
OEeHNs1 BCcex COOpaHHbIX OaHHbIX criegyeT OOKYMeHTMpoBaTb. OTO MO3BOMUT NpocneanTtb
nyTb NONyyYyeHnsa n 060CHOBaHMSA AaHHbIX, €Crn NO3gHEE B 3TOM BO3HUKHET HEOOXOANMOCTb.
Ecnu nctouHnk gaHHbix — 310 onybnunkoBaHHOe coobuieHne (oT4eT, Aoknaa) unu 6asa aax-
HbIX, TO AOCTATOMHO CTaHgapTHon 6ubnuorpadun. Ecnv e MCTOYHMKOM AaHHbIX CITYXWUT
YCTHOE WNW Opyroe HeAOKyMeHTUpoBaHHOe coobuieHne, TO B 3TOM criydae [OofmKeH 6bITb
3adoMKCUMpPOBaH MCTOYHUK MHpOpMaLMK 1 yKa3aHa aaTta ee NonyvyeHus.

B0O3MOXHbIMW MCTOYHUKAMK NONYYEHNST AaHHbIX O 3aTpaTax ABNATCA:

- NHbopMauma oTpacnen 3KOHOMUKM (Hanpumep, MiaHbl CTPOUTENbCTBA, MPOEKTHas
AOKYMEeHTauus 0 nnaHnpyemblX K peanu3aummn npoMbILLfeHHbIX 06beKkTax, JOKYMeHTauns);

- NOCTaBLUMKN TeXHoormm, obopyaoBannsa u np. (HanpumMmep, Katanoru, NpeanoXeHus,
KOHKYpCbl);

- OpraHbl UCMOSTHUTENbHOW BNACTy;

- 9KCNepTbl U KOHCYNbTaHThI;

- cneynanuanpoBaHHble KOMNaHum (HanpuMmep, B cryvyae NpoBefeHus NUNOTHbLIX Npo-
eKTOB);

- obmumanbHaa MHdopmauma (Hanpumep, OoKnagbl, OTYETHI, Crneunann3npoBaHHble
XypHanbl, MaTepuarbl BbICTaBOYHO-KOHIPECCHbLIX MEPONPUATUR);

- ccrnenoBaHMs 3aTpaTt B MAEHTUYHbBIX MPOEKTaX B CMEXHbIX OTpacrisX.

PanxunposaHne BapuaHtoB HOT no mepe Bo3pacTtaHMUsi SKOHOMUYECKON ahhEKTUBHO-
CTW nNpegycmaTpuBaeT yyYeT 3KONOrm4yeckon Bbiroabl. Hanpumep, peanusaumnsa npakTM4yeckon
BO3MOXHOCTN 00e3BpexunBaTb OTXOAbl HEMOCPEACTBEHHO B MeCcTax nx obpasoBaHnsa n ogHo-
BPEMEHHO MCMONb30BaTh YacTb TBEPAbIX KOMMYHarbHbIX OTXO4OB METOAOM KOMMOCTUPOBa-
HUS.

[Mocne Toro kak BO3MOXHbIE BapuaHTbl PaHXUPYIOTCA C TOYKN 3PEHUS SKONOrMYECKOn
pe3ynbTaTMBHOCTW, BapMaHT C HAUMEHbLUMM BO3OENCTBUMEM Ha OKPYXatoLlyto MoOXeT ObiTb
NpuU3HaH Hauny4vwunMm, HO TONbKO B TOM Crly4yae, eCnu TakonW BapuaHT OOCTYMNEeH C 3KOHOMMU-
YECKOW TOYKWN 3PEHUSI.

3aTpaTbl 1 LEHbI B CEKTOpe ObpalleHuss ¢ oTxogamMu yCTaHaBnMBaKTCA OObIYHO Ha
OCHOBE NepBOHaYanbHbIX MHBECTULMIA, NMPUHMMAs BO BHUMaHWE LUMPOKNE npeaesibl UsMeHe-
HWSA CBOWCTB U KanopumHOCTM 0be3BpexnBaemMblx OTXOO0B, U pacxodoB Ha aKcrnyaTtauuio ¢

y4eTOM BO3MOXXHOCTU yTUITN3auunmn tTenna.
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B coctaB oueHkM KanuTarnbHbIX 3aTpaT MHOrA4a BKMOYAKTCH HenpeaBuOEHHbIE pacxo-
Abl, YTOObI NOKPbITb 3aTpaTbl, KOTOPbIE HE MOTYT ObITb TOYHO OUeHeHbl. Cloga OTHOCATCA Te
pacxodbl, O KOTOPbIX M3BECTHO, YTO OHM BO3HUKHYT, HO ONpeaenuTb uUx getanbHo u goba-
BUTb B CMeTYy 3aTpaT He npeacTaBniseTcs BO3MOXHbIM. [1o Mepe peanusaumm npoekTa cta-
TbW 3aTpaT CTAHOBATCA Oonee AetanbHbIMU U HenpeaBUOEHHblE pacxXodbl YMEHbLUATCS.
Pa3smep pesepBa Ha HenpenBUOEHHbIE pacxodbl — BOMPOC OBCYXAEHUSA N onbiTa, KOTOPbIV
OyaeT 3aBuceTb Npexae BCero OT CTENEeHN TeXHMYECKON 4OCTOBEPHOCTM (ONpeaeneHHoCTH),
KoTopas 3aknagbliBaeTcs B NpoekT. HenpeasuaeHHble pacxofbl 0ObIYHO YKa3bIBAOTCHA Kak
NPOLUEHT OT KanuTanbHbIX 3aTpaTt. Jllobble ob6CToATEeNbCTBA, KOTOpPblE MOryT MPUBECTU K
HenpeaBUAEHHbIM pacxodaMm, AOSMKHbl YKasblBaTbCs OTAESIbHO U rapaHTMpoBaTb Npo3pay-
HocTb. Ecnn anga paccmaTpuBaeMbix anbTepHaTUBHbBIX BapMaHTOB TEXHOMOMN yKasaHbl pas-
NWYHbIE HenpeaBuAeHHbIe 3aTpaThl, BKOYas, Hanpumep, HeobXoAMMOCTb U NpakTu4eckme
BO3MOXXHOCTM Buonornyeckom obpaboTkm 0TX0A0B Nocne ux pasgenbHoro cbopa, OHWM SOMXK-
Hbl BbITb 060OCHOBaHbI U MOATBEPXKAEHDI.

Hanbornee aBHbIN cnocob cpaBHUTL 3aTpaTthl HA peanusauuio MeponpuUATUA U U3Bne-
Kaemble BbIrogbl COCTOUT B NpeacTaBleHnn B OEHEXHON (hopMe U CPaBHEHUM UX METOOOM
aHanusa satparT v Bblrog. Ecnv cpaBHeHVe NokasbiBaeT, YTO BbIrodbl NepeBeLunBatoT 3aTpa-
Tbl, TO 9TO O3HAYaeT, YTO MHBECTULMN B MEPONpUATUE onpaBhaHHbl. Hanpumep, uenecoob-
pasHa peanusaums NPOeKTOB MO MOAEPHMU3aUUN U HOBOMY CTPOUTENbCTBY YCTAaHOBOK Tep-
MMYeCKoro o6e3BpexmBaHNA OTXOO0B B MHTErpauun ¢ o6 bekTammn TeNN03NeKTPOCHabXeHNs.

Ecnu pasnnyHble anbTepHaTMBHbIE MEPONPUATUS AT NONOXUTENbHbIE pe3ynbTaThl,
TO MEpPOnNpUATUEM C CaMbiM BbICOKUM pe3yrbTaTOM CYMTAETCS Takoe, KOTopoe AaeT camoe
nydliee COOTHOLLEHME «LieHa/Ka4yeCTBOY.

Mpw BbIBOpPE TEXHOMOrMN TEPMUYECKOTO 00Ee3BpPEXNBAHNA OTXO40B HEODXOOMMO y4dK-
TbiBaTb MX KITACC ONACHOCTU, NPUPOAHO-KITMMaTUYeCKNe YCrioBUA U 3KOHOMUYECKME BO3MOX-
HOCTU NpeanpusaTna, kotopoe BHeapsaeT HAT.

OKOHOMMYecKasi LenecoobpasHOCTb Kak TakoBasi ABMASETCA HEOTbEMSIEMOW COCTaB-
HOW 4YacTbto KoHuenuun HOT. YrnybGneHHyt0 OLEeHKYy 3KOHOMUYEeCcKoW uenecoobpasHoCcTu
cnefyet NpoOBOAUTL TOMBbKO B TEX CyYasiX, Koraa CyLlecTBYHT ABHble pasHornacust OTHOCK-
TeNnbHO TOro, Kakne umeHHo HAT moryT 6bITb BHEAPEHbI B OTPaciy NPOMbILLIIEHHOCTU KO-
HOMUYeckn adpdeKTUBHBIM 0Bpa3om.

OTHocuTeneHo metogonorum onpegenenna HOT ncnonb3oBaHne nogxoga 3KOHOMMU-

YyecKol LienecoobpasHOCTU He SIBMNAETCA CaMOA0CTaTOUYHbIM.
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Mpn aTOM geTanbHbIM aHanM3 HeobxoAMMO NPOBOAMTL TOSMbKO B TOM Criyvae, ecnv
CYLLIECTBYIOT pearnbHble OCHOBaHWSA nonaraTb, YTO TEXHOMOrMsa (UM KOMOGUHAUNA TeXHOMOo-
M) aBnsieTca YpeaMepHoO goporocrosauen, 4tobbel cumtatbea HOT.

HOT Takke yacto obecneymBaloT U CyLECTBEHHOE CHWXKEHME NPOU3BOLCTBEHHbIX 3a-
TpaT, CBA3aHHOe, B TOM 4ucrne, ¢ pecypcocbepexeHnem. NMoaTomy nokasaTenu npousBoa-
CTBEHHbIX 3aTpaT Hapsiay C XapaKTepUCTUKaMM 3arpasHSAOLMX BELeCTB HE0OBX0ANMO BKItO-
YUTb B MaKCMMarlbHbIN HABOP 3KOOro-sKOHOMUYECKMX NOKa3aTenen.

OKOHOMMSI MHBECTULMOHHbBIX M 3KCMyaTaUMOHHbIX 3aTpaT MOXET ObITb CBA3aHa:

- ¢ obsaA3aTenbHbIM KOHTPONEM NoCcTynawLwmx Ha obe3BpexnBaHne oTxonos, obecne-
YMBAKOLLUM CHXKEHUE PUCKOB BbIXOAA M3 LUTATHOMO pexmnma akcnnyataumm obopyaoBaHus u
BEPOATHOCTU MpPEBbILEHUS OONYCTUMbIX YPOBHEN BO3OEWCTBUSA Ha OKpYXalLy cpegy u
HaHeceHns Bpeaa 340POBbLI0 MAEN;

- ¢ BbIbOpoM anbTepHaTUBHbIX BapnaHToB HOT, oCHaLEHHbIX CUCTEMOM OYUCTKM Abl-
MOBbIX ra3oB, obecneymBatoLLen 4ONyCTUMbIN YPOBEHb BO3AENCTBUS HA aTMOCKEPHbI BO3-
ayx;

- CO CHWXKEHMEM MnoTpebrieHnss pecypCcoB B CUCTEME OYMUCTKM AbIMOBbLIX ra3oB Mpwu
YCNOBUU OOCTUXXEHUS NPOEKTHBLIX 3HAYEHMUIA AMUCCUIN 3arPA3HAIOLLNX BELLECTB.

[Mocne oueHKM KOMMMEKCHOro BO3AENCTBUS TEXHOMOMMN Ha OKpYXalLy cpegy Mo-
XeT noTpeboBaTbCs CpaBHEHME 3aTpaT Ha BHEAPEHUE paccMaTpuBaeMblX TEXHOMNOrMn. [ns
0O BEKTMBHOWM OLEHKWN anbTEpPHATUB BaXXHO, YTOOLI MHCpOpMaLmsa O 3aTpaTax, KoTopas MOXeT
ObITb NONyYeHa N3 pasnnyHbIX MICTOYHUKOB, Obina cobpaHa n obpaboTaHa 04MHAKOBO.

VMcnonb3oBaHue nocregoBaTesibHOro (No3TanHoro) noaxoda 3akroyaeTcsa B Bbibope
Haunydwen (onTMMansbHOM) WNU MpUeMnNemMoun, YOOBIETBOPUTENBHOW arbTepHaTuBbl MO-
CpencTBOM onpeneneHHbIX OEWCTBUA HaL MHOXECTBOM anbTepHaTuB, B pedyrfbTaTe KOTO-
pbIX Mony4aeTcsi NOAMHOXECTBO AOMYCTMMbIX (BO3MOXHbIX) anbTepHaTUB, YAOBNETBOPSIO-
LLIMX HanaraemMblM OrpaHNYEHNAM.

CpaBHUTENbHLIN aHanu3, Hanpumep, coctaBa 6510koB 06Opy4OBaHMS YCTAHOBOK C
BpaLLaoLen neybio N KANSLWMM CNoemM JOSMKEH NPOBOAUTLCA MPU PaBHbIX TEXHOOrMYECKNX
ycrnosuax (Hanpumep, NpoM3BOaUTENBHOCTN) U OANHAKOBbLIX (PU3NKO-XMMUYECKMX MoKa3aTe-
nen obes3BpexmnBaeMbiX OTXOA0B C LEeNblo YNpoLWeHus, yaeleBneHns, NoBbILLEHNA HaaexX-
HOCTW.

B kayecTBe orpaHn4eHui BbICTynarT 3aTtpaTthbl, CNocobbl MCNONb30BaHNA PpeCYpCcOB Ha
OCYLLECTBIIEHNE anbTepHATUBbLI. OTO NO3BONSIET CPABHUTL anbTepHATMBHbLIE BapuaHTbl Aa-

XK€ B TOM Cliy4vae, eClim OaHHble Obinu noJjiy4eHbl N3 pa3riMnyHbIX KOMMNaHWW, pa3nnyHbIX OT-
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pacrnen NPpOMbILLSIEHHOCTU C y4eTOM reorpaduyeckmx (pakTopoB Knumarta, a TakKke Ce30H-
HbIX W pernoHarnbHbIX KoniebaHnnm obbema n coctaBa 06e3BpeXMBaEMbIX OTXOO0B.

Ecnn paccmatpuBaemble anbTepHaTUBHbIE BapuaHTbl MOryT AaTb TakXe BbIrofbl U
A0XOAbl «HE3KONOMMYECKOro» Xapakrtepa UM MoryT NpuBECTU K SKOHOMMM HEKOTOPbIX 3a-
TpaT, TO OHM OOMXKHbl ObITb YKa3aHbl OTAENbHO OT KanuTarnbHbIX 3aTpaT Unu 3aTtpaTt Ha 3KC-
nnyaTtaumio n TexHmyeckoe obecnyxmnsaHme.

K oxxngaembiMm aKcnnyataynoHHbIM pacxogamM OTHOCATCA:

- CTpaxoBble NpeMuu;

- NIMUEH3NOHHbIE NNaTexu;

- pe3epB Ha HenpeaBUAEHHbIE Crydan U aBapunHble paboThbl;

- Apyrve obuwue HaknagHble pacxogbl (Hanpumep, agMUHUCTPaTUBHbLIE).

Bce 3atpaTtbl OOMKHbI OUEHMBATLCA MO OTHOLUEHWUIO K anbTepHATMBHOMY BapUaHTy
(TexHonorun). B kadyecTBe anbTepHATUBHOrO BapuaHTa (TexHonorun) obbl4HO BepeTtcsa cy-
LecTByoLWwas cutyauma unm 6as3osbln BapuaHT, Npyu KOTOPOM He BbISIo YCTaHOBIEHO NPUPO-
AooxpaHHoe obopyanoBaHune. ba3oBbli BapuMaHT yCTaHaBfMBaKOT NO METOAO0SIOrMU OLEHKU
HAOT, a 3aTpaTtbl Ha anbTepHaTMBHbLIE BapuaHTbl BbipaXatoT OTHOCUTENbLHO ©6a30BOro Bapu-
aHTa.

OnbiT BHegpenua HOT nokasan, 4To 3HauMTemnbHble 3aTpaTbl MOryT ObiTb CBA3aHbI C
Moandukaumen KOHCTPYKUMW Meynm WUnu KoTna-yTunu3atopa U BO3MOXHBIM CHUXKEHUEM
ammnccun. Hanpumep, peanusaumns TEXHUYECKUX PELLUEHNIN NO CHWXEHWUIO 3apacTaHus KoTna-
yTUnmn3aTopa ymeHbLUaeT Takke npebbiBaHne Nbifiv B TEMNepaTypHbIX 30HaX, KOTOpble MOryT
Bbl3BaTb pUCK 0BpasoBaHus gMOKCMHOB. OQHaKO yMeHbLUeHMe TemnepaTypbl ObIMOBbIX ra-
30B Mocrne KoTna-ytunuaatopa npMMeHUMo A5 orpaHuyeHnst HeraTMBHOrO BO3AENCTBUS Ha
CUCTEMY OYUCTKUN ObIMOBbIX ra30B.

Heobxoanmo yunTbiBaTb OOMNONHUTENbHbLIE 3aTpaTthbl, KOTOpble TPebyTca Ansa peLue-
HUS 3aa4mM COMNPSKEHUS NPUMEHAEMOro KOTna-yTunuaatopa ¢ CUCTEMOWN ra3004NCTKM.

Mpu NpoekTMpoBaHMM crnegyeT Takke y4nTbiBaTb BO3MOXHOCTM noBbiweHust KM koT-
nos-yTunun3aTtopos 4o 75 %.

Mpn petanbHOM OuUEHKe B SHEpPreTM4YeCKOM OTHOLUEeHUM crefyeT Takke y4yuTblBaTb
MVHUMU3aUNIO 3aTpaT Ha nNpuobpeTeHne pacxogHblX MaTepuanos, BKOYas BO3MOXHOCTU
NPUMEHEHNS BbICOKOKANOPUNHBLIX 1 Mano30S1bHbIX TOMNMMB.

OnTumusaums 3aTpat, gocTuraemas B nepuog aKcnsyaTauumn 3a cHeT CHWXKEHUSA Tex-
HU4ecKoro obcCnyxmBaHmMs U BO3MOXHOCTU peanu3aumm 3Heprun, MOXeT NPUBECTU K OYEHb
KOPOTKUM Mnepuogam OKynaeMoCTW M MOXeT 3aTeM onpaBaaTtb NMPUMEHEHME TakoW KOHLUer-

LN Ha HOBbIX N MOAEPHU3NPYEMbIX YCTAaHOBKax.
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Yuctas npmbbinib MOXeT cKnagblBaTbCs U3 NaHUPyeMbIX AOXOL0B OT OKa3aHWsa ycnyr
no TepmMmyeckomy obe3BpeXmBaHUIO OTXOA0B, OT BbipaboTKM ropsiyen BOAbl, ANEKTPO3HEep-
MK 1 BbIYUTAHUA SKCNNyaTaUMOHHbIX 3aTpaTt U Hanoros.

[Ana obneryeHns npouecca cpaBHEHUS AaHHbIX OOMMKHbl OblTb YETKO YCTaHOBIEHbI
KOMMOHEHTbI 3aTpaT C y4eTOM BO3MOXHOCTEN WUCMOSIb30BaHUS BTOPUYHBLIX MaTtepuarnbHbIX
pecypcos.

Hanpumep, 3aTpaTtbl Ha JONOMHUTENbHbIE BIIOKM TEXHOMOMMYECKOro npouecca u npo-
N3BOACTBEHHbIE PECYPCbl MOXHO CKOMMEHCUPOBaTb CHMXEHMEM 3aTpaT Ha pasmelleHune 30-
NOLUIIaKoB M OCTaTKOB OT ra3o04vuCTKU, a TakKe UX UCMNOMb30BaHUEM, HaNpuMep, B LLEMEHT-
HOW NPOMbILLSIEHHOCTH.

O6wwe exerogHble 3atpatbl HA HOT koppecnoHanpyTCs K YHUUUNPOBAHHBIM eXe-
rogHblM 3aTpatam, TpebyemMbiM, YTOObl NOKPbITb Kak COOTBETCTBYIOLME IKCNfyaTauMOHHbIE
3aTpaTbl U 3aTpaTbl Ha 06CNyXMBaHWe, Tak N KanuTanbHble 3aTpaTbl.

KanutanbHble 3aTpaTbl NPU PEKOHCTPYKUUM N MOOEpPHMU3aUMN OENCTBYIOWNX YCTaHO-
BOK TepMmn4ecKkoro obes3BpexnBaHUs OTXOOO0B SBASKTCA 3HAYUTENbHbIMW, U B HEKOTOPbIX
Crny4asix OHV MOTyT NpeBbIWaTh BENMYNHY pacCYnMTbIBAEMON BbIrobl.

C uenbto onTMMM3aUMM BpEMEHHbIX U (PMHAHCOBBIX 3aTpaT, CBA3aHHbLIX C MPOEKTUPO-
BaHWEM, CTPOUTENLCTBOM U PEKOHCTPYKUMEN COOTBETCTBYHOLLMX OTX04006€3BpEXMBAOLLMX
npeanpusaTui, ¢ ydeTtoMm TpeboBaHMN MO OXpaHe WU BOCCTAHOBIIEHUIO OKpYXalLen cpeabl,
npegnonaraeTcsi peann3oBbiBaTb TUMNOBbIE NPOEKTHbIE peweHus (TT1P).

MpumeneHne TIP npegycmaTtpuBaeT npoBedeHUe MEPONPUATUIA MO UCMNOSNb30BaHUID
B MPOM3BOACTBE HECKOMbKUX YHUMPUUMPOBAHHBLIX TEXHOSIOrMYECKUX FIUHUMA TepMUYECKOro
obe3BpeXxunBaHnsa onacHbIX OTXOL4OB B YCTAaHOBIIEHHOM 3aKOHOL4ATENbCTBOM MOPsSiaKe.

Mcnonb3oBaHue anpobupoBaHHbIX TIP NO3BONUT UCKMOYUTL HEOBXOAMMOCTb CaMo-
CTOATENbHON pa3paboTKM TEXHONOrMYECKUX PELLUEHUA U NPOEKTHO-KOHCTPYKTOPCKOW npopa-
OOTKM OTBETCTBEHHbIX Y3/0B N OTAENbHbIX OIOKOB, MPOEKTHbLIX U CTPOUTESbHbBIX PELUEHNA K
nporpaMmmbl PEKOHCTPYKLINMN.

[MokasaTenn OOCTMXKEHUS CHWXKEHUSA TEKyLero ypoBHS BO3LENCTBUSA U NoTpebrneHus
npu HENpPEepPbIBHOW 3KCNyaTauumm BKNOYaoT B cebs:

- TeMn nNogayun oTxoA4oB Ha obe3BpexmBaHMe, CXOOHbIN C MPOU3BOAUTENBHOCTBIO TEX-
Honorn4eckoro obopyaoBaHus;

- NepMoA XpaHeHUs1 OTXOA0B MUHUMANbHO AONYCTUMbIN Anga obecnedyeHns HenpepblB-
HOM aKkcnnyatauumu;

- OpraHM3aumio Lenu nocTaBku OTXo40B Ha obe3BpexnBaHue, obecneymBaroLLen pas-

HOMEpPHOE UX NoCTyrnJyieHne B COOTBETCTBUN C NPOn3BOANTESIbHOCTbLIO O60py,D,OBaHVIFI;
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- NICNONb30BaHWEe OTXOAO0B B Ka4yecTBe JOMNONHUTENBHOrO TONMMBA.

MpepoTBpaLlleHne NpMOCTaHOBKN (PYHKLMOHMPOBAHNSA TEXHOITOMMYECKON NTIUHUU MOXET
CHM3UTb 3aTpaTthbl HA TepMudeckoe obe3BpexmBaHne 0TX040B Crieayowmm obpasom:

- B pesynbtate obecneyeHns NpUMEHEHWs YyCTaHOBKM B COOTBETCTBUM C MPOEKTOM,
T. €. B ONTUMAnbHOM pPeXume;

- B pe3yrnbTaTe CHUXEHUS TENSI0BOW HarpysKku.

Mpoueaypbl KOHTPOMSA NOCTYMNAKLWNX OTXOAOB MOTYT CHU3UTb PUCKMU SKCMyaTaunoH-
HbIX CO0OEB 1 NPEBbLILIEHUS YPOBHEN JONYCTUMOro BO3AENCTBUS Ha OKpY>XKatoLLyto cpeny.

PesynbTaTbl NpoBeAeHUS 9KONOrMYecKkoro MOHMTOPUHIra HeobxoAMMO UCNorb30BaTh B
Ka4yecTBe OCHOBbI AN pa3paboTku KOMMeKca opraHM3aumMOHHbIX, TEXHOMOMMYECKUX U TeX-
HUYECKNX MEPONPUATUNA.

OPPEKTUBHBIN KOHTPOMb TEXHONOMMYECKOro npouecca TepMnyeckoro obesBpexumBa-
HUA OTXOO0B MMeEET CcrieayoLne xapakTepHble NpenmyLecTsa:

- obecneymBaeT onTMMarbHbIN COCTaB LWnaka;

- yMeHbLuaeT obpasoBaHuMe neTyyen 305bl M KOSIMYECTBO HECropeBLUero BellecTBa
BcrieacTBue bonee ctabunbHbIX YCNOBUIK NpoLecca B neyu;

- CHwxaeT obpasoBaHue CO 1 NeTyumx opraHMYeckmx CoeauHeHnn Bcneacremne bonee
CTabUIbHbIX YCNOBUW MPOTEKaHUs TEPMUYECKOro mnpouecca, T. €. OTCYTCTBUS «XOSTOAHbLIX»
NATEH;

- CHMxaeT obpasoBaHme NOy Bcrieactsue bonee CtabunbHbIX YCNOBUMN NPOTEKAHUS
TepPMMNYECKOro npoLecca;

- CHMXaeT puck obpasoBaHNA OMOKCUHOB BcnencTtene 6onee ctabunbHbIX YCROBUMA
npoTeKkaHns TepMMUYEeCKOoro npouecca;

- obecneumBaeT H6onee NONHOE UCNONb30BaHME TEMNSTOBOW MOLLHOCTY;

- NOBbILWAET 3HEepProdddEKTUBHOCTL BCEACTBUE CHWXEHUA noTpebneHns cpegHero
KonmyecTBa BO3ayxa OS5 CKUraHus;

- oNnTUMM3NPYeT YHKUMOHUPOBaHME KOTna-ytunuaatopa (Bcnegcrene bonee cra-
OMnbHON TemMnepaTypbl UMEETCA MeHbLLE TeMNEPaTYPHbIX MUKOB U, TakuM 06pasoM, MeHbLLE
PUCK KOppO3u1mK 1 3abmBaHns 13-3a obpasoBaHus neTyyen 30bl);

- ynyywaeTt paboTy cMCTeMbl OYUCTKU AbIMOBbIX ra3oB BcrneacTemne bonee ctaburnbHoO-
ro KosimyecTBa U cocTaBa AbIMOBbIX a30B;

- obecneymBaeT NOMHOTY TEPMMYECKON AECTPYKUUN B coveTaHum ¢ bonee adppekTms-
HbIM CXUraHMeMm OTXOJOB BCreAcTBue (PYHKLUMOHMPOBaHUS aBTOMAaTUYECKOro perynuposa-
HMA obopyaoBaHUA, NO3BOSAIOLWEr0o nNoaaepXxusartb Tpebyembli TeMNepaTypHbId PEXUM B

co4vyeTaHum C 3arpy3K017| OoTX0oO0B Bbll'py3KOl7I 30J1bHOIo ocCTaTKa.
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YCcTaHOBKM TepMun4yeckoro obesBpexunBaHus Heobxoommo obopynoBaTb BbICOKOIM-
PEKTUBHBIMM FA3004YNCTHBIMW YCTPOMCTBAMWU, CTOMMOCTb KOTOPbIX MOXeT gocturatb 50 %
0BLMNX KannTanoBrnoXeHNn Ha CTPOUTENBCTBO YCTAHOBOK.

PeHTabenbHOCTb MHCMHEPATOPOB Manon NPOM3BOAUTENBHOCTM C MUHUMU3NPOBAHHOM
CUCTEMOWN Ta3004YUCTKM MOXET OnpefeniiTbCA CIOXUBLUENCA CUCTEMOW Tapudukaumm Ha
o6e3BpexunBaHve TBepabiX KOMMYHarnbHbIX OTXO40B.

TexHonorma MOKpon OYUCTKKU ra3oB AeTanbHO pa3paboTaHa u adpdpekTmBHa npu ycno-
BUM MUHUMU3ALUKN 3aeACTBOBaHNSA POMO3AKOro TeXHONormyeckoro obopyaoBaHmns U cooT-
BETCTBYIOLLMX eMy 3aTparT.

[Ana cHwkeHus BbIOPOCOB B aTtmMocdepy Npu MUCMNONb30BaHUM TEXHOMOTMU MOKPOW
OYUCTKN ra3oB B COOTBETCTBUM C pasdenioM 5 pekomeHayeTcsi MCcnonb3oBaTb ckpybbep c
opowlieHnem abcopbunoHHbIM pacTBopoM. B kavectBe abcopbunoHHOrO pactBopa WUCMonb-
3yeTcs BOOHbIA pacTBOp peareHTa ¢ paboynm gnanasoHoMm pH, HeobxoammbiM Ans HenTpa-
nun3aummn Kucneix rasos — 8,5-9,0, KOTopbIM Noaaep)KMBaeTcss aBTomatndeckn. Abcopouu-
OHHbI PacTBOP OYMLLAETCS OT YIIOBIIEHHbIX MEXaHUYECKMUX NPUMECEN, HacbILLaeTcsl peareH-
ToM go Tpebyemoro ananasoHa pH 1 ncnonb3yetcs NOBTOPHO.

B cnyyae ucnonb3oBaHUs MOKPOro ckpybbepa obpasyroTca CTOKU, NPU OYUCTKE KOTO-
pbIX NOSIBNSAETCA CMOSUCTLIA OCTaTOK, KOTOPbIN 3aTeM TpebyeTcs gononHuTenbHo obesBpe-
XunBathb.

VMcnonb3oBaHMe MOKporo ckpybbepa npeanonaraer:

- HU3KME YPOBHM NOTPEBNEHNs peareHToB;

MUHUMaribHoe 06pasoBaH|/|e TBepAbiX OCTATKOB,

noBbilLEeHHOE n0Tpe6neH|/|e BOAObl;

obpasoBaHme CTOKOB, KOTOPblE TPEOYIOT OYUCTKY;

HaKOMMEeHMe OTMOXEHWI Ha KOHCTPYKLMSX cKpybbepa;

BO3MOXHOCTb pa3pylleHus maTepuana, UCnosfib3yeMoro B KOHCTPYKUWMW MOKPOro
ckpybb6epa, ecnu TemnepaTtypa Ha BbixoAe OyaeT CAWLIKOM BbICOKas.

Takke cnegyeT yunTbiBaTb YBEMUYEHHbIE KanuTasnbHble N MHBECTULNOHHbIE 3aTpaThl,
KOTOpble CBSI3aHbl C BHEAPEHWEM LOMOSTHUTESNbHbBIX 3NIEMEHTOB TEXHOSIOMMYECKOro npouec-
ca.

Mpwn ocyuwecTBneHmn nobbiXx Mep NO BTOPUYHOMY UCMOSb30BAHMIO OTXOA0B HEOOXO-
ANMO NPUHUMATb BO BHUMaHME 3KOHOMUYECKYHO LienecoobpasHOCTb U aHanmM3npoBaTb peH-
TabenbHOCTb Npouecca.

BHeapeHue pecypcocbeperatolimx TEXHONMOMMn npeanonaraetT co3gaHve onTumarnb-

HbIX YCNOBWUI NS Npeobpa3oBaHns TONNMBA B 3HePruto. MoaTomMy TEXHONOMMM, NPU KOTOPbIX
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NPOUCXOAMUT MOSHOE CXKWUraHue n, criefoBaTenlbHO, B 30M1e OCTaeTCad MUHUMarnbHoe Konude-
CTBO OpPraHM4yeckoro yrriepoga, MOryT B HEKOTOPOM CTEneHn CnocobCTBOBaTb MOBbLILLEHWIO
3HeproadpekTMBHOCTU. IHTEHCMBHOE NepeMelunmBaHne OTXOAOB MpU CXWUraHum crnocob-
CTBYET TOMY, YTOObI HECrOpeBLUWIA Yrnepo B LUnake nepexoaun B ra3oByto asy u croparn.

Takke cnegyet OTCNexXmBaTb PeCYpCOEMKOCTb peanuM3yemMon TexHONoruu (rnokasa-
Tenb, OTpaxawLlun pasMmepbl U3bIMAaeMOro U3 Npupoabl BELWECTBA U 3HEPTMM Ha eauHuLY
nony4YeHHOro pesynbTarta) n pecypcocbeperaemMocTv ¢ BO3MOXHOCTbIO MUHMMU3aUUKN 3aTpat
Ha nony4yeHue roToBon NPOAYKLUNN.

Ha yctaHoBKkax Ofis1 CKUraHWa OTXOL40B BO3MOXHO MOMNYyYUTb AOMOMHUTESNBHYO dnek-
TPO3Hepruo, nap n ropadvyto sogy. B Tom cnyyae, korga paboTta ycTaHOBKM ONTUMU3NPOBA-
Ha, ONTUManbHO UCMOMb3YeTCA SHepreTuyeckas LeHHOCTb OTXOAOB.

Bonpocbl 3HeproapeKTMBOCTU TEXHOMNOMMN TEPMUYECKOrO 06E3BpEXMBaHUSA OTXO-

[0B NpeacTaBneHbl B pasaene 5.

Paspgen 7. MepcnekTUBHbLIE TeXHONOrun B cchepe o6e3BpexnBaHus

OTXOA0B TEPMUYECKNM CITOCOOOM

B cootBetctBUM C [THCT 21—2014 K nepCnekTMBHbIM «OTHOCAT TEXHOMNOIMKU, KOTOpble
HaxoOATCA Ha CTaaMM HayYHO-UCCReAoBaTeNlbCKUX, OMbITHO-KOHCTPYKTOPCKMX paboT mnn
ONbITHO-NPOMBILLSIEHHOIO BHEAPEHUS, NO3BONSOWME NOBbICUTL 3PPEKTMBHOCTL NPOU3BOA-
CTBa M COKpaTUTb AMUCCUM B OKpyxatLlyto cpegy. Cnegyet npuBoanTb CPOKU, B TeYEHUe
KOTOpPbIX MEePCnekTUBHbIE TEXHOMOMMM MOryT CTaTb KOMMEpPYECKM LOCTYnHbiMU». BmecTte ¢
TEM B COOTBETCTBMMU C TpeboBaHusaMmn denepanbHoro 3akoHa ot 21 uiona 2014 r. Ne 219-03
«O BHeceHun nameHeHnn B PeaepanbHbln 3akoH «O6 OXpaHe OKpyXxatollen cpeabl» U oT-
AenbHble 3akoHoaaTtenbHble akTbl Poccunckon ®epepaumm»[44] kputepmem [OCTYNHOCTU
HaUnNy4ylwen TEXHOOMMN CIYXUT «MNPOMBbILLSIEHHOE BHEAPEHME 3TON TEXHOMOrMM Ha ABYX U
bonee 06beKTax, OkasblBalOLMX HEraTUBHOE BO3OENCTBME HA OKpYXKatoLlyto cpeny». Takum
obpasom, ans uenen cnpasoyHmkoB HOT BO nabexaHne UCKNIOYEeHUs N3 pacCMOTPEHUS Ka-
YeCTBEHHbIX TEXHOMOMN, yXXe NPUMEHSIEMbIX B MPOMBbILLIIEHHOCTM B OFpaHUYEeHHOM MacLuTa-
Oe, cnegyet OTHECTU M Te TEXHOSIOMMKU, PacCCMOTPEHME KOTOPbIX HEBO3MOXHO B pasgene
HaUNy4YLWMX JOCTYMHbIX TEXHOMOMM BCNeaCTBUE HELOCTATOUYHO LLMPOKOrO NPUMEHEHNS.

OpHako, nockonbKy oTbop TexHonorun npu paspabotke cnpasovHmka HOT ocywecTs-
NAACcA Ha OCHOBE aHanu3a aHkeT, NPeACTaBNSALWMX HENOSHY MHAOPMaLMIO MO OYeHb He-
GonbLIOW Hepenpe3eHTaTUBHOW BbIOOPKE NpeanpusiTUiA, COCTaBNALWMX 06nacTb NpuMeHe-

Husa cnpaBoyvHmka HOT, Bo nsbexaHne HeonpeaeneHHOCTH, BeayLen K pacCMOTPEHUIO B Ka-
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4YecTBe MEepPCNeKTUBHBIX YXXe MPUMEHSAEMbIX B MPOMBbILLNEHHOCTU TEXHOMOMMN BCreAcTBue
Hepenpe3eHTaTUBHOCTU BbIOOPKM, B HacTosilLeM pasgene 6binv pacCMOTPEHbl TONbKO TeX-
HOMormn, Haxogswmecs (Mo [aHHbLIM aBTOPOB CrpaBOYHMKA) Ha CTagun Hay4Ho-
nccrnenoBaTenbCkUX, OMbITHO-KOHCTPYKTOPCKUX paboT unn onbITHO-NPOMBILLIIEHHOrO BHE[-
peHus.

B HacTosiwee Bpems B ctagum HUP n HNOKP Haxogatca criegyrowme TEXHONOrnm

TepPMUNYECKOTIo O6638pe)KI/IBaHI/IF| oTX0O0B.
7.1 NMna3mMmeHHble TeXHONOorMm o6e3BpeXXMBaHUsA ONacHbIX OTX040B

[MepcnekTMBHBIM HanpaBreHeM SBNAETCA UCMOSb30BaHWE Mia3MeHHbIX UCTOYHUKOB
3Heprnm (3NeKTpoayroBbIX reHepaTopoB) B YCTAaHOBKaX BbICOKOTEMMEPATYPHOro ob6e3Bpexu-
BaHWsI pasnun4YHbIX OTXOA0B, COAEPXKALLUMX B CBOEM COCTaBe OpraHM4eckue BellecTBa (TBep-
AbIX KOMMYHanbHbIX, MPOMbILUSIEHHBIX U MEOULMHCKMX).

C nomoLLblo NasMeHHOW TEXHOMOMMN MOXHO nepepabaTbiBaTb KOMMEKCHbIE OTXO-
Abl, COCTOSILLME KaK U3 OpraHN4eCcKmX, Tak N HEOpraHMYeCcKnx KOMNOHEHTOB, U MPOM3BOAUTL B
utore crabunbHble, NONHOCTLIO 6e3BpeaHble KOHEeYHble NpoayKTbl. MpyM 3TOM AocTuraeTcs
CyLLECTBEHHOE COKpauleHne obbema oTxogoB (4o 95 %), a nonyvyaemble TBEpAblE OCTATKM
copgepxaTt BpeaHble KOMMOHEHTbI B CBA3aHHOM, 6€30MacHOM COCTOSIHUM. Y CTOMYMBOCTb 9TUX
OCTEKITOBaHHbIX NPOAYKTOB COXPAHAETCA COTHU feT.

Kpome TOro, nockonbky B OCHOBE MNa3MeHHOW TEeXHOMOrMU NEXUT WUCNONb30BaHWe
Tenna 9nekTpudeckon Oyru, npupoaHoe TOMMMBO B Mpouecce He NpUMEHHAETCS.
B pesynbtate 06bemM rasoBbix BbIOPOCOB 06bIMHO HAaMHOro MeHbLue (4o 90 %), Yem B OrHe-
BbIX CMCTEMAX C MCMONb30BaHNEM OpraHn4eckoro Tonnunea. CHmxeHne obbema rasoBbix Bbl-
GpocoB NpUBOAUT, B CBOK o4vepeadb, K CyLLeCTBEHHOMY YMEHbLUEHMIO NMPOM3BOAUTENIBHOCTY
CUCTEM ra3oo4mcTkn, NPUBGOPOB M CPeacTB IKONOMMYECKOro KOHTPOMS 3arpsa3HeHns Bo3gyxa
N COOTBETCTBYIOLLEMY COKPALLEHUIO UX CTOMMOCTH.

YcTaHOBKM NOAOGHOro pofa HaxodATCs Ha aTane MpOMbILWIIEHHOW 3JKchiyaTauun B
AnoHnn, B MeHee WMPOKMX MacwTabax (BKMYas ONbITHO-NPOMbILISIEHHYK 3KcnnyaTa-
uunio) — B CLUA, KaHage v page rocygapcts — uneHoB EC. K uncny ocHOBHbIX 3apybexHbIX
pa3paboTymMKoB NrasMeHHbIX CUCTEM NepepaboTkn OTXOO0B, aKTMBHO paboTatowmx Ha pbiH-
Ke NpPOrpecCuBHbIX JKOJNTIOMMYECKNX TEXHOMOMMN, MOXHO OTHeCcTM KomnaHum Startech
Environmental Corporation, Geoplasma, Recovered Energy, PyroGenesis, EnviroArc, Plasco
Energy, MSE Technology Applications (CLLUA), Westinghouse Plasma Corporation, Plasma
Environmental Technologies, Resorption Canada Limited (KaHaga), ScanArc/EnviroArc

(WWseuwna, Hopserus).
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B HacToswee Bpemsi B Poccunckon depepaumm paspaboTaHbl HECKOMNbKO MNiia3mMeH-
HbIX TexHonornn obpaboTkM onacHbIX OTXOAOB, GOMbLIMHCTBO M3 KOTOPbIX B HacTosLlee
BPEMS HaXO0OUTCS Ha aTane onbITHO-NPOMBbILLNIEHHOW 3KCNNyaTauuu:

- TexHomnorna nnasmoxmmmyeckoro yHuutoxenuss MNXB PHL «lMpuknagHas xumus»
[71];

- MOBUbHAA OMbITHO-NPOMbILLNIEHHAA Na3MeHHast ycTaHoBka « TexJkollnasma» [68];

- NNa3mMeHHasa waxtHaa ycrtaHoBka «l1nytoH» MocHMO «PagoH» gns nepepaboTku
TBEpPAbIX pagnNoaKkTUBHbBIX OTXO4O0B [77];

- NNAa3MOXUMUYECKUI peakTop C >KuMAKoMeTannudeckumu anektpogamm MHUTO
(r. HoBocunbupck) [75];

- KamepHas neyb oxuraHna OAO «HosocubupckHUNxummal» n MHctutyta Teopetu-
YecKkow 1 npuknagHon mexaHukn CO PAH [69].

BonbLUnHCTBO NoA06HbIX TEXHOMNOrMYECKMX noaxonos YH/UBEpCanbHbl,
T. €. N03BONAT 3PdPeKkTUBHO 0b6e3BpexmBaTb caMble pasnuyHble oTxoabl. OgHako cregyeT
obpaTnTb BHMMaHMe Ha ObLWNIN HeAOCTaTOK NMa3MeHHbIX TEXHOMNOMMN (Kak POCCUNCKUX, TaK K
3apybexHbIX) — OrpaHUYEHHbIN CPOK CRyXObl NIIa3aMOTPOHOB, KOTOpble paboTalT Kak Ha
WMHEPTHbIX, TaK U Ha KMcrnopoacoAepxawmx rasax. B 60nblIMHCTBE Niia3MeHHbIX TEXHONOMI
pecypc paboTbl NNa3MOTPOHOB HE NPEBbILLIAET HECKOSTbKNX COTEH YacoB.

B HacToswee Bpema pecypc paboTbl Nna3smMoTpoHOB cocTaBnseT obbi4HO 100-1000 Y
B 3aBMCUMOCTM OT KOHKPETHOro TEXHOSIOrMYeCcKOoro npolecca, Tvna MCrnofb3yemoro nrnas-
MOTPOHa 1 Bnaa nnasmoobpaasytowlero rasa [79]. Pecypc HenpepbiBHOM paboTbl NfiasamoTpo-
HoB komnaHum Plasma Energy Corporation He npeBbiwaeT 200 4, a nn1a3mMoTPOHOB KOMMAHUN
Westinghouse Plasma Corp. — nopsgka 800 4. BoasiHon nap MHTeHcuduumpyeT npouecc
3pO3nN ANEKTPoOOB U TeM cambiM euwle 6onee cokpawiaet pecypc paboTel. Hanpumep,
NnasMoTPOHbI KaHaackown kopnopauumn High Temperature Technologies Corp. ¢ megHbiMu
anekTpogamu npm pabote Ha Bo3ayxe nmetroT pecypc pabotibl 300 4, a npun pabote Ha BoAS-
HOM nape — Tonbko 50 4 [80].

KapanHanbHoe pelleHne 3agayvv MOBbIWEHUS 9SKCMyaTauMoHHONo pecypca anek-
TPOAYrOBbIX FEHepPaToOpOB MnasMbl U YBENNYEHUS UX MOLLHOCTM MOMyYEHO crneuvanuctamm
Me>xxgyHapo4HOro Hay4YHoOro ueHTpa no Tennogusnke n aHepreTuke (r. Hosocnbupck) [78].
PucyHok 7.1 nnnoctpupyeT cxemy pa3paboTaHHOro nriasmoTpoHa C XKUAKOMETanm4yeckumm
anekTpoaamu. dnekTpuyeckasn gyra «npuBsisaaHa K NOBEPXHOCTU» pacnnasBreHHoro metanna,
ABMAOLWENCa dNeKTpoaoM. Takue anekTpodbl He NoABepXeHbl 3po3vuu U, crnefoBaTerbHO,

He OrpaHM4YMBalOT pPecypc, MOLLHOCTb AyrM M TUM nna3moobpasyowero rasa. YcTpaHeHue
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YKa3aHHbIX OFpaHquHMVI OTKpbIBaeT LWNPOKMNE BO3MOXHOCTU ONA NPOMBbILLIIEHHOIO npume-

HEHUA MNMa3MOTPOHOB C XUOKOMETaINIMYECKUMU 3NEKTPOaaMUn (CM. PUCYHOK 7.2).

Meperopoaka
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PucyHok 7.1 — Cxema nnasmMoTpoHa C XugkomeTannniyecknmmn anektpogamu [78]

A OnekTpuyeckas gyra
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PucyHok 7.2 — Cxema naporeperpesarens Ha OCHOBE NasmMoTpoHa C

XnakomeTannuyecknmmn anekrpogamm [78]

MockorbKy B paboyemM NpPoCTpaHCTBE NPUCYTCTBYIOT 30HbI C 3KCTPEMArIbHO BbICOKMMM
Temnepatypamu (OT TbiCSY A0 AECATKOB TbICSY rpadycoB), NPUCYTCTBYHOT 0cobble TpeboBa-
HMS K BbIDOPY KOHCTPYKLMM peakTopa U K matepuary ero CTeHok (ecrnm Heobxoanmbl kapo-

CTOMKME N XUMUYECKU MHEPTHbIE NO OTHOLUEHUIO K OTXO0OaM MaTepMaJ'IbI).

7.2 BbicokoTeMnepaTypHasi napoBas rasmgpukauums oTxogos C

nMOMOLbI MNa3MeHHbIX NCTOYHUKOB 3Heprmmn

TexHonorn4yecknin noaxon, NnpeacTaBnAwLWmMA cobon AByXCTaaUMHbIA NMPONK3, npea-
nonaraet nposegeHne ob6paboTkM onacHbIX OTXOL4OB B [Ba aTana: Ha HU3KOTEMMNEpPaTYPHOM
atane npu Ttemnepatype go 1000 °C (300 °C — 700 °C) TOKCUYHbIE KOMMOHEHTbI MaKCu-

MaJibHO MOJIHO OTAENAKT OT UHEPTHbIX HanonHuTenen, Ha BbICOKOTEMNEPATYPHOM (nnas—
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MeHHOM) nNpu TemnepaTtype cBbiwe 1400 °C nponcxoguTt NonHas AeCTpPYKUMa coeguHeHnn (B
rasoson gase) [17].

[MnasMeHHble UCTOYHWUKN 3HEpPrun NPUMEHSIOTCA B Npolecce BbiCOKOTEMMNepaTypHOU
rasncdpukaumm. TexHonorms BbICOKOTEMMEpPATYpPHOU rasndukauum obnagaeTt CyweCcTBEHHO
6onbWKM NoTeHuManom agdeKTUBHON paboTbl, YHEM CUCTEMbI NMUPOSN3A N CKUTAHWUA, YTO
0o6yCcnoBneHo BbICOKOM TeMnepaTypoun npouecca, NoYvTu NOSIHOWM KOHBEPCUEW Yrneponoco-
AepXalmx BeWweCcTB B CUHTETUYECKMIA TOPHOYNIA ra3, a Takke nonyvyeHmem 6e3BpefHOro He-
OpraHM4eckoro Lwnaka u, criegosaTenibHO, obecrnedeHnem 6naronpuUsTHBLIX 3KONOMMYECKUX
napameTpoB AN OKpyXatoLlen cpeapbl.

Mpn napoBou rasuvdcukaumm opraHNYecKnx BELLECTB B BbICOKOTEMMEPATYPHOM peak-
TOpe MAayT NpakTU4eCKn Te e Mnpouecchl, YTO 1 NpU NapoOBOW KOHBEPCUWN YrieBOAOpPOaOB,
KOoTopasi B HacTosiLLiee BpeMs SABNAETCA OCHOBHbIM MPOLIECCOM MPOMbILLSIEHHOrO NMPOM3BOA-
cTBa Bogopoaa.

AKTMBHbIE paboTbl MO NApPOBOW KOHBEPCUM OTXOO0B NPOBOAAT 3a pybexxom UHCTUTYT
anekTpocBapkn nmenun E. O. MNatoHa (YkpauHa), IHCTUTYT npobnem ropeHns (KasaxctaH),
dupmbl CLWIA, Anonun, KHP wn gp. WccnepoBaHna Beaytca Takke B [peuuun, Bonrapum,
MonbLe n gpyrnx cTpaHax.

B HacToswwee Bpema B Poccum B ctagum HAP n OKP HaxoguTcs onTumusauums anna-
paTypHOro ogopMseHus npouecca BbICOKOTEMMNEPATYPHOM NapoBOW rasmdukaumm oTxon0oB
C NnasMeHHbIM NCTOYHMKOM 3HEPriu, B TOM Yncre paspabaTbiBaloTCs:

- paumoHanbHas KOHUrypaumsi BepTUKanbHOro LaxTHOro peaktopa-rasudukaTopa;

- NNAa3MOTPOH C XUOKOMETANIMYECKUMUN ANEKTPOAAMU C ONUTENBHBIM PECYPCOM 3KC-
nnyatauyun  (MexgyHapoOHbI  HaydHblA  LEeHTp Mo Tennodusvke W 3HepreTuke,
r. HoBocnbunpck);

- KOMMNAKTHbIA NaporeHepaTop C TeMnepaTypor BOOSHOrO napa Ha BbIXo4e He MeHee
1200 °C.

Kpome Toro, B HacTosilee Bpemsi ocyuiectensietcs komnnekc HAOKP gns otpaboTkn
OCHOBHbIX GIOKOB (MMa3MeHHOro reHepartopa BOASHOrO napa, LWaxTHOro rasndukatopa op-
raHNYeCKMX OTXOO0B M Ap.) U TENSOBbLIX PEXUMOB YCTOMYMBOrO NPOBESEHUSA NpoLecca.

Ana peanusaummn gaHHoro cnocoba obesBpexmnBaHna O0TX0O0B npeasioxeHo [73] uc-

nonb3oBaTb YCTPOWUCTBO (CM. PUCYHOK 7.3).
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— MartepuaiabHbIe TOTOKH

> TemIoBble MOTOKH 5

1 — cucTema nogayu, nepemeLleHmns U NoaroToBKM NpenapaTuBHbIX hopm
NecTUUMaoB K NEPBUYHOMY NUPONU3Y; 2 — neyb NEPBUYHOTO NMPONN3a;
3 — NnasmoTpOoH; 4 — cucTemMa 3akarnku 1 cenapaumm NpoayKToB NiasmMeHHOro
nMponu3a; 5 — cucrtema UCnonb3oBaHKs BblgensemMoro Tenna ans noaaepkaHus
TemMnepaTypHOro pexvma B paboyel 30He nevn nepBUYHOrO NUPONn3a;

6 — cucTtema rasooTBoAa
PucyHok 7.3 — Cxema nnasmMeHHO-NMponMTUYEeCKoro yctporncraa [73]

B NOY BINO «KybaHckun rocynapCTBEHHbIV YHUBEPCUTET» CO3aHa SKCnepuMeHTanb-
Hasi ycTaHOBKa 06e3BpexuBaHUs HEKOHAMLMOHHbBIX NeCTUUMAOB NPOU3BOAMTENBHOCTLIO A0
1 kr/yac. JOta ycTtaHoBKa MOXeT 3((dEKTMBHO MCNONb30BaTbCA U AN 00e3BpexunBaHus

onacHbIX 0TxoAo0B. MpuHUMNuanbHasi cxema yCTaHOBKM NokasaHa Ha pucyHke 7.4.
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1 — GyHkep; 2 — gosaTop nogayn; 3 — LWHek; 4 — Bpawjatoascs nedb 6apabdbaHHoro
TMNa; 5 — anekTpoaBuraTesnb, Bpallaowmnin neYb; 6 — anekTpoHarpeBarernb;

7 — 3NeKTpoMexaHMYeCKMI NOOBEMHUK; 8 — cucTemMa BOASIHOTO OXNaXAeHUs LUHEKa
Aosatopa nogauu; 9 — ysen Bbirpysku; 10 — npuemHbii 6yHkep; 11 — peakTop;
12 — nna3moTpoH; 13 — naporeHepartop; 14, 16 — emkocTn; 15 — KOMNpeccop;

17, 22, 26, 28, 33 — Hacocbl; 18, 19 — 3akano4vHble YCTPONCTBA;

20, 24 — oTcTONHMKK; 21, 23, 27 — TENNOOOMEHHMKK; 25 — abcopObUNoHHasA KornoHa

Hacago4Horo Tuna; 29 — agcopbep; 30 — eMKocTb; 31 — 3MeEBMK OXNaXAEHWS;

32 — pacwmpuTenbHas eMKocTb; 34—37 — nNpo6ooT6opHUKM

PucyHok 7.4 — Cxema ycTaHOBKM ANnst 06e3BpeXXMBaHNSt HEKOHAULMOHHbIX

necTuunaoB

Ha aToi yctaHoBKe Gbiniv oTpaboTaHbl pexnmbl 06e3BpexmBaHms Hambonee pacnpo-
CTpaHEeHHbIX Ha TeppuTopun KpacHogapcKoro kpas pasnuyHbiX BUAOB HEKOHAMLMOHHBLIX ne-
CTMUMAOB, a Takke onpegensanacb 3pdPeKTUBHOCTb U SKOHOMUYHOCTb X 06E3BpEXNBAHUS.
Mpn o6e3BpexnBaHMM 3TUX ONACHbIX OTXOA0B TemnepaTypa paboyern 30Hbl NeYn NepBUYHO-
ro nuponusa BapbupoBana B npegenax ot 400 °C go 1000 °C. CkopoCTb nogadn onacHbIX
OTXOAOB B MeYb MEpPBMYHOrO NMMponmsa maMeHsinacb B amanasoHe 0,5-1,2 r/c. B kavectBe
pabo4ero rasa nnasMoTpPoOHa UCNOSb30BanMChb Napbl BOAbI.

lMpoBeOeHHbIE 3KCNEepPUMEHTbI nokasanu, 4YTo B WHTepsane temnepatyp 300 °C —
700 °C pecopbums 1 nepeBo B rasoByto a3y nobbix OpraHNYeCcKuX BeLLECTB MPOMUCXOOMUT C

MUHUManbHbIMMU 3aTpaTaMn SHEPIK, YTO NOBbILLAET 3KOHOMWYHOCTL MpoLecca. rlpl/l 3TOM
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TepMUYeckoe pasrioXeHue TONbKO ra3oBoK asbl B CTpye MnasmMbl 3HAYMTENBHO YCKOPSET,

ynpoLaeT 1 yaelleBnsieT npouecc 06e3BpexmBaHus.

7.3 Ucnonb3oBaHue WaxXTHbIX ne4vyen ans BblCOKOTEMI‘IepaTypHOVI
ﬂaPOBOFI raswdmxauuu oTXoAo0B C NOMOLWbLIO MNMa3MeHHbIX

MCTOYHUKOB 3HEeprmmn

Haunbonbliee pacnpocTpaHeHne B NpakTuke nuponusa v rasudukauumn teepabix Obl-
TOBbIX, MPOMBILUMEHHbIX U MEAUUMHCKMX OTXOOO0B HALUNM BepPTUKarnbHblE LUAXTHbIE Meyu.
Knaccuyeckum npumepomM NpoTMBOTOYHOM LLUAXTHOM NeYn Ang nnasMeHHoro nuponusa Teep-
AbIX OTXOO0B ABNsSieTcs peakTop, paspaboTtaHHbin YT MocHIMO «Pagon» [78].

YnakoBku € OoTXxogamMu MOCTynalT 4yepe3 y3en 3arpy3kM B BepXHUE CNou LaxTbl W,
OnycKasiCb Nog, AEUCTBMEM CUMbl TSHKECTU, HAarpeBalTCs 3a CHET TENMOTbl ra3oB, ABVXKYLLNX-
Csl BBEPX UM HaBcTpeyy. ICTOYHMKOM 3Heprumn cnyxart gyrosble nnas3MOTPOHbI, YCTAHOBEH-
Hble B NOZ4OBOW YacTu NeYn Hag BaHHOW. B kayecTtBe nnasmoobpasylollero rasa Mcnosbay-
eTca Bo3gyx. lNpumeHeHne BO3AYLWIHbIX NA3MOTPOHOB JOCTAaTOYHOM MOLLHOCTU NO3BOMMIIO
OoTKa3aTbCs OT AOMNOSIHUTENBHOrO TONNMBa. B BepxHer YyacTu neyun oTxoabl NPOXOASAT cTaguu
CYLLIKM n nMponusa, conpoBoXxgaroLmecs WHTEHCUBHbIM ra3oBblgeNeHneM.
B BbicOkOTEMMEPATYPHON 30HE LUAXTHOW NEYM B HMKHUX CIIOSIX OTXOO0B NPOUCXOAUT BO3rOH-
Ka neTy4mx coegmHeHun. B To e Bpems B cpefHEM 1 BEPXHEM YPOBHSIX LLIAXThbl NeYn, B 30HE
OTHOCUTENbHO HU3KMX TemnepaTyp, 3TU COeLMHEHUs1 KOHLEHTPUPYTCA u copbupytoTca B
cnoe otxoaoB. KOKCOBbIM OCTATOK B 3HAYUTENIbHOW CTEMEHU BbIKUraeTcsl, a MUHeparbHble
KOMMOHEHTbI MMAaBATCA M NOCTyNnaktT B 30HY HAKOMMEHMs pacnnasa. TemnepaTtypa OTXOAs-
LLIMX ra3oB Ha BbIXO4E M3 LWaxXTHOM neyun He npesbiwana 250 °C — 300 °C, nupora3s (mMomM1Mmo
roptoyMx rasoB) cogepkan CMOSNMCTble BELeCTBa U as3p030/M CaXu M 305bl, KOTOpble NoAa-
Bepranncb 06paboTke B MHOrOCTYNeH4YaTon CMCTEME MbINera3oouncTki. Temnepartypa wna-
KOBOro pacnnasa B BaHHe neun gocturana 1600 °C — 1800 °C. lNocne oxnaxaeHus obpa-
3yeTcs TBepAbl OCTATOK, MPUroAHbIN Ansi 6e30nacHOro XpaHeHus.

[aHHasi ycTaHOBKa No3BonseT nepepabaTtbiBaTb CMeLlLUaHHble TBepAble OTX0Abl, CO-
Aepxalume He TOMbKO roptoyme KOMMNOHEHThl (OpeBecuHy, bymary, BeTOLb, NIAacTUKK), HO U
Heroptoume (MeTann, CTeKNo, rPYHT, U30MSLUMOHHbIE MaTepuansbl).

OpHon n3 Hanbonee adpdekTnBHbIX paspadoTtok cneunanmctoB Y MocHIMO «Pa-
OOH» ABNSAETCA TEXHONOrMsi NNa3MEeHHOro CXUraHnsa TBepAbIX PaanoaKkTUBHbBIX OTXO40B HU3-
KOro 1 cpefHero ypoBHeW akTMBHOCTU. Ha npeanpustum cos3gaHa n akcniyatupyeTcsa ycta-

HoBka «[1nyToH», obecneymnBatoLias nnasmeHHyro nepepaboTKy OTXOL4OB CIIOXHOM MOPAO-
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norum ¢ nonyyeHmemMm KOHAMLMOHUPOBAHHOIO NpoAyKTa B OAHY CTaguio U BbICOKUM KO3dhdu-
UMEHTOM cOKpalleHUs obbeMoB paamMoaKkTUBHbIX OTXOA4OB. Ha ocHOoBe AnMTENbHOro uuMkna
Hay4HO-uccneaoBaTenbCkMx paboT, BbIMNOMHEHHbIX Ha ycTaHoBke «[nyToH», 6bina ocy-
LLlecTBreHa pa3paboTka 4eMOHCTPaLMOHHOro KomMnnekca no nepepadotke TEO B M3paune ¢
npoekTHon Harpyskon 500 kr/4, BBeAEHHOro B OMbITHYO akcnnyatauuto B 2007 rogy no KOH-
Tpakty M™mexay PHLU «KypuyatoBckuid mHCTUTYT» UM um3paunbckon komnaHven EER
(Environmental Energy Resources). [1poekTHO-KOHCTpYKTOpCKMe paboTbl ObiNN BbINOSTHEHDI
OO0 «BAMW» (r. Cankt-lMeTepbypr) npu yyactum OAO «BHUMAM» n OAO «HIMNO TexaHep-

FTOXVIMIMPOMY.

7.4 KoMBGMHMpOBaHHbIN MeTo , 06e3BpeXMBaHNA OTXOAOB C

ncnosnib3oBaHneM nNNasmMmoxXxmMmMnNyeCcKoro peakrtopa

Kak 6b1no ykasaHo B nogpasgene 2.4.1, B Poccun nccnegosaHust No UCNonb30BaHUIO
NNa3mMOXMMUYECKMUX PeaKkTopOoB AN 06e3BpeXxmnBaHms OnacHbIX OTXOAOB MPOBOAATCA YXKe He
nepBoe OeCATUNETME, OQHAKO NO-MPEXHEMY OCTAlTCs Ha CTaaun OMNbITHO-MPOMbILLNIEHHOIO
npumMmeHeHnsa. Obwme NPUHUMNBLI peanv3aunm mMeToda OnucaHbl B yKa3aHHOM noapasgerne.
N3 KOHKpeTHbIX peanu3auumi cnegyeT OTMETUTb YCTAHOBKY ANA  MNMa3MOXUMUYECKOM
nepepaboTKM XKUOKUX OPraHUYEcKUX W XNOPOPraHMYecKMX MNPOMBbILLSIEHHbBIX OTX040B,
paspaboTtaHHyto B Viccnegosatenbckom ueHTpe um. B.M. Kengpiwa [76]. B 2002 rogy oHa
Obina wmsrotoerieHa Ha 6Gase ycraHoBkm AO HIMO «TexHonor» (r. Crepnutamak,
BawkopTocTaH). OTa ycTaHoBKa paccynTaHa Ha nepepaboTky 6onee 30 BMOoB OTXO40B, B
TOM uyucne TPUXNOPITUNEHa, MeTunxnopuaa, nonuxnopobudeHnnoB, 3arpsai3HEHHbIX
OeH3nHa, KepocuHa, aueToHa, Tonyona, ©6eH3ona, OTpaboTaHHbIX 3MYNbCUKA, CMECcen
HedTENPOAYKTOB, JlAaKOB, KpPacok u np. B nnasmMoxMmmyeckoMm peakTope OTXoabl
CMELUNBAKOTCA C rOpsiYMM BO34YXOM U pasnarartcsa ¢ 06pasoBaHMEM HETOKCUYHBLIX BELLECTB

(amokcua yrnepoaa, BOASIHOM Nap, XNOpUCTLIM BOAOPOA U a30T).

7.5 O6e3BpexnBaHme onacHbIX OTXOA40B MeTO40M

cBepxKpuTuyeckoro sogHoro okucrnieHus (CKBO)

[aHHbIN TexHonorndeckun noaxon 6asmpyetca Ha obpaboTke BOOHbLIX CMECeN, KOTO-
pble cogepxaT BpeOHble W TOKCUYHblE BELLECTBA, CBEPXKPUTMYECKOW BOAOW Mpu M3ObITKe
kncnopoga, temnepatype 400 °C — 600 °C u gaBneHun 200-300 aTtm. B Takom cocTosiHum
CBEPXKpUTUYECKasa BoLa SABSISETCA OYEHb CUMbHbLIM OKUCIIUTESNIEM U NPaKTUYEeCKU YHUBEp-
canbHbIM pacTBOPUTENEM, YTO NO3BOSISIET NpeBpallatb He MeHee 99,99 % BpeaHbIX coeaun-
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HeHun ncxogHom cmecu B H,O 1 CO,. Ha pucyHke 7.5 npeacraBneHa npyvHumMnuanbHas cxe-
Ma YyCTaHOBKM 06e3BpeXmBaHMA OMacHbIX OTXOL40B METOAOM CBEPXKPUTMYECKOrO BOLHOMO
okucrnenmsa (CKBO).

OEUCAUMENH

b= ppiiiats |

=4
=N

At

AT A

b
-

1 — eMKOCTb 4Nnd NPUroToBEHUS CMECH; 2 — LUNPUHLIEBON HaAcoc; 3 — a4yenka ans
CKBO; 4 — neub; 5 — gpoccenupytoliee yCTPONCTBO; 6 — XONOAUIbHUK; 7 —
cbopHUK KoHAEeHcaTa; 8 — 3anopHble BeHTunu; Pl — maHomeTp; TI — gatumk

Temnepatypsbl; PIC — gaTtuvk gaBneHust Ans KOHTPOMs U perynupoBaHnga gaBneHus

HarHeTaHunsa Hacoca; TIC — gaTtymk TemnepaTypbl ANg KOHTPONS U PErynupoBaHns

TemnepaTtypbl neyu
PucyHok 7.5 — Cxema yctaHoBku CKBO [69]

B yctaHoBke CKBO aMMOHWIMHbIE BeLLecTBa M as3oTcoAepKalme opraHuveckue co-
edVHEeHNa pasnaratTca ¢ BblaeneHmemM razoobpasHoro asota. dtop, xnop, cepa n gocgop
(13 opraHnyecknx BeLwecTB) 0Opa3ytoT KUCMOTHbIE OCTaTkM U (Npu gobaBrneHun B pacTtBOp
COOTBETCTBYHLUNX KAaTUOHOB) NErko BbIAENATCA B BUOE HEOPraHWYecKUX KUCROT Unu co-
nen. MNopaenawLliee KONMYECTBO HEOPraHNYECKUX COEANHEHUI, KOTOPbIE YCTONYMBBLI B 3TUX
YCIoBuAX, SABMSIOTCS ManopacTBOPMMbIMW B CBEPXKPUTUYECKON BOAE, NO3TOMY OHU Bbina-
AaloT B 0CAZOK MY BbIAENSAOTCH B BUAE rasa npu oxnaxaeHum nnm cépoce gasnenus. MNpo-
LleCC OKMUCNEHUS NPOMUCXOOUT C OYeHb BOMbLION CKOPOCTHIO.

N3yyeHne npuHuuna CKBO npumeHuTenbHO K nepepaboTke OTXOA0B Hayanocb B
YHusepcutete Kapncpya (Fepmanus) B koHue 1980-x rogos. K cepegmHe 1990-x roqoB psig
komnaHun CLUA npegnarany onbiTHO-NPOMbILLIIEHHbIE YCTAHOBKMN NepepaboTkn onacHbIX OT-
xonoB Ha ocHoBe CKBO. OgHon 13 nepBbix Takux komnaHui ctana komnadms MODAR, Inc.
(nosgHee, B 1996 rogy, npnobpeteHHas komnaHmen General Atomics (GA)). Ha ocHoBe Tex-
Honornyeckmx pewennn komnaHmm MODAR, Inc. B 1998 rogy B AnoHun komnaHnen Organo
Co. 6bINo MOCTPOEHO npeanpusiTue no nepepaboTke OnacHbIX OTXOOOB MOSHOMO LMKNa,
dyHKunoHupytowee go cux nop. Komnanua General Atomics B HacTosiLee BpeMs UCMOMb3y-

et CKBO Tonbko ans nepepaboTkm xmmudeckux 6oenpunacos. 10 NUUEH3UN TEXHOMNOTNIO
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MODAR wncnonb3oBanu komnaHmm Komatsu, Ltd., Kurita Water Industries (Anonus), NORAM
Engineering and Constructors, Ltd. (KaHaga) v ap.

Komnanua Model Development Corporation (CLUA) paspabotana TexHOMOruo
MODEC, npu MCNonib30BaHUN KOTOPOW yaaBanocb AOCTUYbL 6oriee BbICOKOW KOPPO3UOHHOM
CTOMKOCTU obopyaoBaHus. No nuueHaumn texHonormto MODEC ucnonb3oBanun kKomnaHum Hi-
tachi Plant Engineering and Construction Co. n NGK Insulator Ltd. (AnoHus), NORAM Engi-
neering and Constructors, Ltd. (KaHaga) n gp. Kak TexHonorna MODEC, Tak n TexHonorus
MODAR aktmBHo ucnonb3oBanuce B CLUA ana Hyxa BIMK — yHUYTOXEHUS XMMUYECKOro
OPYXMsi, B aBTOHOMHbIX KOopaberibHbIX CUCTEMax YHUYTOXEHUA OTXOoA4oB M np. Tabnvua 7.1

npegcraenseT cobon nepeyeHb paga AeNCTBYOLWMX 3a pybexxom npeanpusaTuini Nno nepepa-

©0TKke 0TX040B Ha ocHoBe TexHonorum CKBO.

Tabnuua 7.1 — HekoTopble gencTeyowWme NpeanpmuaTnua no nepepaboTke OTXO40B HA OCHOBE
TexHonorun CKBO [67]

JlnueHsnap JlnueHsnat MNpeanpmnaTna NOMHOro uukna Bun nepepabarLisaeMbix
0TX040B
MODAR Organo Nittetsu Semiconductor (AnoHus)| OTxogbl NpousBoacTBa MNo-
(NpeanpuaTMe NOCTPOEHO KOMMa- | fynpOBOAHWUKOB
Huen Organo)
MODEC Organo, Hitachi,| OTcyTcTBytOT dapmaLeBTNYECKME OTXOAbI,
NGK otxoabl LIBK, wnam cTouvHbIX
BOA
General Komatsu, Kurita|U. S. Army  Newport Chemical | HepBHonapanuTmuyeckuin ras,
Atomics Waste Industries | Depot (r. HetonopT, wtaT UHana- | kopabenbHble 0OTXOAbl,
Ha, CLUA) B3pblBYaTble BELWECTBA U Np.
Foster- U.S. Army Pine BIuff Arsenal|Kpacurtenu, XUMMYECKoe
Wheeler (r. ManH Mnaddp, wTaT ApkaHsac, | opyxume, KopabernbHble OT-
CWA), akcnnyatupyetca Sandia|xoabl, B3pbiBYaTble BeLle-
National Laboratory cTBa u np.
EcoWaste Chematur Huntsman Chemical (r. OcTuH, | ANKoronu, rimMkonu, aMmHbl
Technologies wraT Texac, CLUA)
(EWT)
Chematur Shinko Pantec Johnson Matthey (r. BpumcaayH, | OTpaboTaHHble KaTanusaro-
BenukobputaHus) pbl (M3BrieYeHMe nnaTuHou-
OOB N OeCTpyKuusi opraHu-
YeCKUX BELLECTB)
Chematur Shinko Pantec AnoHusa Wnam MYHULUMNANbHbIX
CTOYHbIX BOg,
SRI Interna- | Mitsubishi Heavy | AnoHus MonuxnopbudeHunsl, nonu-
tional Industries xnopavdeHunbl, XNopco-
Aepxalume oTxoabl
Hydro- Harlingen Wastewater Treatment|lUnam MyHuUMNanbHbIX W
Processing Plant No. 2 (r. XapnvHreH, wraT | NpOMbILNEeHHbIX CTOYHbIX
Texac, CLWWA) BO[,
Hanwha Namhae Chemical Corp (KOxHasi| CTouHble BOAbl npegnpus-
Chemical Kopes) TUSE  TOHKOW  XMMWYECKOW
TEeXHOMNornum
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B Poccun TexHonorns noka He BbixoauT 3a npeaensi HUP/HUOKP. WccnepoBaHus
npoBoasTcs kak Ha 6asze CO PAH, Tak n Ha ypoBHe OTAEeNbHbIX KOMNAHUA, OQHAKO AaHHbIMU
006 OMbITHO-NPOMBILLSIEHHbIX YCTAHOBKAX, FOTOBbLIX K BHEAPEHMIO B NPOMbILLUSIEHHYIO 3KCMNya-

Tauuio, paboyas rpynna He pacrnonaraer.

7.6 MpumeHeHWe YyCTAaHOBOK C aKyCTUYECKUMU reHepaTopamMm
NynbCUPYIOLLEro NoToka Ansi orHeBoro o6e3BpexXmBaHnA TBepAaAbIX

oTXoaoB

YcTaHoBKa Ans TepMmyeckoro o6e3BpeXxnBaHnsa passimyHbIX BUOOB TBepPAbIX OTXOL40B
paboTaeT No NPUHLMMNY NYNbCUPYIOLLEro ropeHns ¢ NPUMEeHeHNneM rasogMHaMmnyeckoro reHe-
paTopa akyCTU4ecKnx KonebaHun, nanyyawLllero pe3oHaHCHble KoriebaHns BbICOKOW UHTEH-
CMBHOCTU B LULMPOKOM AuanasoHe 4acToT 3a cHeT TypOyneHTHbIX nynbcauui n ux ycuneHus B
CTOSIYEN BOSHE aKyCTUYECKOro pe3oHaropa.

Mcnonb3oBaHWe NynbCUPYIOLEro pexnumMa ropeHus sBnseTcsa OAHUM U3 nepcrnekTns-
HbIX HanpasfeHW, NMOCKOSIbKY OAHOBPEMEHHO peLLalTCs 3adayun: NoflydeHue 3Heprumn 3a
CYET CXKUraHMA OTXOA0B U UX YTUIM3aUUA NyTEM MOSHOMo YHUYTOXeHUs. VHTeHcudukaums
npouecca ropeHnsa konebaHmsMmn gaeT BO3MOXHOCTb CXKUraTb BeLLEeCTBa, KOTopble B 00blY-
HbIX NeYyax, C paBHOMEPHbIM PEXUMOM, HE FTOPAT NN UMEIOT HU3KYIO MOSTHOTY CropaHus.

PaspaboTka [74] HaxoauTcsa Ha aTtane HUP, onpegeneHbl onTuMarnbHble NapamMeTpsbl,
HeobOxoauMble ONs CO30aHUsS YCTOMYUBBLIX PE30HAHCHbIX KornebaHun ¢ MakcumarnbHOW am-
NAUTYOOM akyCcTUYecKoro curHana. lNonyvyaemas MOLWHOCTb 3BYKOBOIO cuUrHasna no3sonseT B
AanbHerweM co3gaBaTb B 30HE FOPeHUst NYNbCUPYIOLWNA NOTOK, HEOBXOANMBIA AN UHTEH-

cMduKaLmmn npouecca CMeLLeHUst TonnmnBea.
3aknunTenbHbIe NOJNIOXEeHUA U pekoMmeHgaunun

Ans pa3spaboTkn cnpaBoyHMKa Gbina cpopmupoBaHa TexHudeckas paboyas rpynna
(TPl 9) «O6esBpexunBaHMe OTXOOOB TepMUYECKMM CrnocoboM (CxKuraHme OTXOAOB)», B
cocTaB KOTopoMr Bownu 53 npencraButens pasnuyHbix opraHudaumn. Coctas TPIT 9 6bin
yTBEpPXAEH Npukasom Pocctangapta ot 17 uona 2015 r. Ne836 (pen. ot 18.11.2015 r.).
Hanbonee akTMBHOe y4acTMe B paspaboTke CnpaBoOYHWKA MpUHANKM YneHsl TPI 9
BepHaguHep U.M., bepHaguHep M.H., Bopasckas T.B., bypsk A.K., 3psHuH A.A., Kagbipos
O.P., Mewepsikos C.B., Octax C.B., Owenkosa A.3., CnasuH C.U1., Cywkosa A.B., TumoLunH
B.H., Tyros A.H., AxuH E.T1.
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B uenax cbopa wuHpopmauum O NPUMEHSIEMbIX Ha OObekTax TepMUYEeCKOro
o6e3BpexunBaHnst OTXOO0B TEXHOMOrM4Yeckmx npoueccax, obopynoBaHun, 06 MCTOYHMKAxX
3arpsi3HEHNs OKpyXaloLlen cpenbl, TEXHOSOMMYECKUX, TEXHUYECKMX WU OpraHM3aumOHHbIX
MEPOMNPUATUAX, HaMNpPaBfiEHHbIX Ha CHWKEHWE 3arpsi3HEeHUs OKpyXawuwen cpegbl W
NnoBbILLEHNE 3HEProadEKTUBHOCTM U pecypcocbepexeHns, Obina noaroToBrieHa aHkeTa
ANa NpeanpusTui, cogepkawasa popmbl ana cbopa AaHHbIX, HEOOXoauMbIX ANA paspaboTku
npoekTa Hactosero cnpaBovHnka HOT. B kadectBe OCHOBbI AnNs (hOpMUPOBAHNSA aHKETDI
6b1n ucnonb3oBaH NMHCT 23-2014 «Hauny4ywune goctynHble TexHonorum. dopmat onvcaHus
TEXHOMNOIUM».

AHKeTa Oblna HanpasrieHa B agpeca POCCUUCKUX NPeanpuaTUn, Ha KOTOPbIX COrfiacHo
AAHHBIM  Pa3fMYHbIX MCTOYHMKOB MHAOPMaLMM MNPUMEHSAETCA WUAM MOIMO0 NPUMEHATHCA
obes3BpexunBaHne OTXo4OB TepMuyeckum crnocobom. B cBA3M C  OTCyTCTBMEM
cneunanm3anpoBaHHOro y4yéTta 00bekToB (oeatenbHOCTM) no TEpMUYECKOMY
00e3BpeXnBaHMio 0TXOO0B KOPPEKTHO OLIEHUTb penpe3eHTaTMBHOCTb NOSTyYeHHOW BblOOPKM
npeanpusaTUi He NpeacTaBnsieTcsa BO3MOXHbIM. TeM He MeHee. CBefeHUs, NoSlyYeHHble B
pesynbTaTte aHKeTMPOBaHUSA NPeanpuaTUi, 6bIIM CUCTEMATU3NPOBAHbI U UCMNONb30BaHbI NpU
paspaboTke cnpaBoyvHmka HAT.

Wtorm aHanmsa nNOCTynUBLUMX OT  NPeanpuATUA  aHKeT  BbISBUN  SIBHYIO
HeJOCTaTOYHOCTb MH(OpMaUMM MO pasfiMYHbIM - acrnektaMm MNPUMEHEHUS TEXHOSOrMh B
obnactn Tepmmyeckoro obes3BpexmBaHMs O0TX040B. B TOM uucne n no 3ToM NpuYnHE npu
noaroToBKe CNpaBOYHMKA WCMOMb30BanUCb pe3ynbTaTbl HaY4YHO-UCCNEAOBATENbCKUX W
AanccepTaumMoHHbIX paboT, UHbIe, B TOM YUChe MeXOyHapoOHble, UCTOYHMKM MHGOpMaL MK,
npefocTaBfieHHble  3KcnepTamMu B JaHHOM cdepe  gedaTenbHocTW. Hanpumep, K
NepcrnekTUBHbIM TEXHONOMMAM OTHECEHbI HE TONbKO OTEYECTBEHHbIE pa3paboTKKM, HO TaKKe U
nepenoBble TEXHOMOrMU, MPUMEHSIEMbIE HaA MNpPaAKTUKE 3a pybeXxom, HO OO0 HacCToALEero
BpeMeHU He BHeaApEHHble B Poccurickon degepaumn.

Mo pesynbTaTaMm NOArOTOBKM AaHHOro cnpaBoyHuka HOT MOXHO caoenaTb BbIBOA, YTO
OTeYeCTBEHHbIE KOMMNaHUN B chepe TePMUYECKOrO 06e3BpEXMBaAHNSA OTXOLOB HELOCTATOYHO
aKTUBHO 3aHUMAalOTCA BHEOApPEHWEM COBPEMEHHbIX TEeXHONOrM4Yeckux npoLeccoB W
obopygoBaHus, paspaboTkon  nporpaMMm  MNOBbIWEHUA  3HEProadPEKTUBHOCTU U
pecypcocbepexeHuns, 3KONorm4eckon pesynbTaTMBHOCTU npoudBoacTBa. Lenn, 3agaum um
oXugaemble pesynbTaTbl Mepexoga K TEXHONOrMYecKoOMy HOPMUPOBAHUIO Ha OCHOBE
HaUNy4YLWMX OOCTYMHbIX TEXHOMOMMA PYKOBOAUTENWN NPEANpPUSTUIA NMOHUMAKOT U OLEeHMBAOT

no-pasHomy.
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Mexay Tem ycTaHoBfieHMe TexHonorndeckux nokasatenen HAT B gaHHon obnactu
NPUMEHEHNA MOXET ObITb CONPSHKEHO C LienbIM paoM TpyaHOCTEN, 0OYCNOBAEHHbIX MEXOT-
pacnesbiM XapaktepoM cnpasoydHuka HOT «O6e3BpexvBaHme OTXOO0B TEPMUYECKUM CMo-
cobom (cxuraHme oTxogoB)y. [Ans y4éTa MexXoTpacrneBoro xapakrepa n obecnevyeHns BHea-
peHnsa cnpaBOYHUKA UenecoobpasHo paspaboTaTb crefyolime HoOpMaTUBHO-METOANYECKUE
OOKYMEHTBbI:

- NIOPAJ0K NPUMeHeHNsa cnpaBoYHuka HOT;

- NOPSLAOK YCTAHOBMNEHUS N NPUMEHEHNA TEXHOSOrM4Yecknx nokasarenen HOT;

- NOPSAOK MpoBeAEeHUsT MPOM3BOACTBEHHONO 3KOJIOro-aHaNUTUYECKOro (MHCTPYMEH-
TanbHOro) KOHTPONA COBMNAEHUS YCTAaHOBIIEHHbBIX TEXHOMNOrM4yeckux nokasarenen HOT.

[Mpouecc  COBEPLUEHCTBOBAHWA  CrpaBOYMHUKA  AOSMDKEH  OTpaXaTb  NpuHUMN
nocrefoBaTesibHOro yryyleHnss — OCHOBHOW MPUHLMIM COBPEMEHHbBIX CUCTEM MEHEXKMEHTA.
Pa3paboTtumkn MHOPMAaLMOHHO-TEXHNYECKOTO CMpaBOYHMKA MO HaumyywuM OOCTYMHbIM
TexHosnornam «Ob6es3BpexunBaHne OTXOO0B TEPMUYECKMM CMOCODOOM (CXuraHue OTXOLOB)»
HagewTCcs, 4YTO  Konmern roToBbl  pasgenutb 3Ty  No3vumilo U nogaepxaTb
COBEpLUEHCTBOBAHNWE [AaHHOr0 [JOKYMEeHTa W MPOABWXEHME Haunyudwmux AOOCTYMHbIX

TexXHonorni B ccpepe 06e3BpeXxmnBaHns OTXO40B TEPMUYECKMM CNOCOOOM.
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MpunoxeHue A

(obsizaTenbHoe)

MepeyeHb MapKepHbIX BellecTB

Bua otxogos, noa-
HaumeHoBaHue 3arpsisHsiloLLero BeLwecTsa fnace onactio- | nexauix Tepwite-
cTH ckomy obe3Bpexu-
BaHuiO *
A3oTa gnokcug 11 1-5
A3oTa okenpg 11 1-5
Cepbl gnokeng 11 1-3,5
Yrnepoaa okcug v 1-5
ArnkaHbl (yrnesogoponbl npegensHole C12 — C19) v 1,25
Yrnepog (caxa) 1] 1-5
B3BeLlueHHble BellecTBa 1" 1-5
BeHs(a)nnpeH I 1-5
XnopucTei BOOOPOS, 1 3,4
dTOPUCTLIN BOAOPOL 1 1-3,5
[AunokcuHbl (B nepecyeTe Ha 2,3,7,8-TeTpaxnopanbeHso- I 1-5
1,4-ANOKCKH), HI/HM®
PTyTb 1 e€ coegnHeHnsa [ 1-3,5
Kagmun + Tannun I 1-3,5
CyMma ocCTarnbHbIX TSXKENbIX MeTanmnoB 1-3,5

*) Bugpl 0TX040B, Noanexaiumx TepMmyeckomy obe3BpexxmBaHmIo:

1 - oTxogbl, cogepXallume B CBOEM COCTaBE OpraHMYeckue M HeopraHMYeckne BeLLecTBa; 2 -
0TX0Abl, KOTOPblE KPOME BELLECTB NEPBOV rpynnbl COAepXaT coeanHeHns a3oTa; 3 - OTXO0Abl, coaep-
Xalluue opraHuveckne coeguHeHus anemeHToB S, P, Cl, F; 4 - oTxoabl, npu 06e3BpPEXMBAHNN KOTO-
pbix obpasytotca NaCl, Na,SO4, Na,P,0,;, Na,COj, KCI; 5 — oTxoapl, cogepxalime opraHnveckme

BellecTBa, 3JfieMeHTbl, X OKUCIIbl, COJTN UK OpraHn4Yeckmne coeguHeHna anemMeHToB
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MpunoxeHune b

(obs3aTenbHoe)

MNepeuyenb HAT

Homep cTpykTypHOro

Homep arnemeHTa cnpasoydHuka HAT, KpaTtkoe onucanune HOT
HaumeHoBaHne HOT
1 2 3
1 5.2.2 MNpouenypa nposepkn n otbopa | HAT cogepxut nogxoasl B obpalieHum ¢ pasnmyHbiM1 BUgaMmm oTxo4oB, B TOM YUC-
npo6 ne ¢ UMELWMMUN «HeXenaTenbHble» XapakTepUCTUKN
5 5.2.2 MNpegBapuTenbHbIn BXOOHOM HOT cogepxuT noaxonbl, CBSA3aHHbIE C KOHTPOSIEM OTXOA0B BM3yaribHbIMU, UHCTPY-
KOHTPOSSi OTXO40B MeHTanbHbIMK, TabopaTopHbIMK cnocobamum
3 5.2.3 XpaHeHue (HakonneHue) otxo- | HOT cooepXuT nogxoapl, cBaA3aHHbIE ¢ obecneyeHnem 6e30nacHOCTM 1 ONTUMK3a-
noB LMN XpaHEHNSA OTXOA0B C Y4ETOM UX cneumdukm 1 mopdonormm
HOT copepxuT noaxonbl, cBsi3aHHbIe C 06paboTKoM, NeperpynnuMpoBKON 1 npeaBa-
4 5.2.4 MNpepBapuTenbHas NOAroTOBKAa | PUTENbHOM NOArOTOBKOW OTXO40B B COOTBETCTBUN C X CNEUNPUKon, ¢ Luenbio obec-
0TX040B neyeHnst rapaHTUPOBaAHHOIO FOMOIEHHOro U CTabuNbHOrO MCXOA4HOIO Chbipbs N3 OTXO-
noB
5 5.2.5 OnTummsaumsa ctexmomeTpum HOT comepxuT noaxonbl, y4€T KOTOPbIX obecneymBaeT NoABOA ONTUMAarnbHOIO pac-
BO3gyxa 4YeTHOro Konm4yecTBa Bo3ayxa
HOT cooepxuTt nogxonbl, CBA3aHHbIE C TOYKaMKM NogBoAa NepBMYHOro Bo3ayxa B 3a-
6 5.2.5 OnTuMmsaums v pacnipeaene- BI/iI/IMOCTI/FI) OT KOHCTPYKUUKM neyen ans obecnevyeHus Heo6xo,1p:|,|/|Mb|x ycnoevlé ans

HWe noga4vun nepBnMYHOro Bo3gyxa

NpoTeKaHnA TEXHONOIrM4YeCckmnx npoueccos 1 MMUHUMMU3aUnn BpeaHbIX Bbl6pOCOB
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Homep cTpykTypHOro

Homep anemeHTa cnpaBoydHuka HAT, KpaTtkoe onucanue HOT
HanmeHoBaHue HOT
1 2 3
5.2.5 VHKeKLst BTOPUIHOTO BOSY- HOT covuepmm noaxoapl, CBsA3aHHbIEe ¢ obecrneyeHneM aHepProadPEKTUBHOCTU TEX-
7 HOSOrMM TepMmMyeckoro obe3BpexmBaHus, NOCPEACTBOM No4BOL4A BTOPUYHOIO BO3-
Xa, onTUMM3auusa u pacnpeneneHme
Ayxa (ero nogorpesa, Touek nogsona)
8 5.2.5 Vcnonb3oBaHue conen cneum- HOT cogepxuT noaxonbl, NO3BOMSOLWME CHU3UTL COAepXKaHe a3oTa B BO3yXxe,
anbHOW KOHCTPYKLMN TemnepaTypbl cones, ansa cokpawieHna NOKX.
HOT copepxuT noaxonbl, CBA3aHHbIE C YaCTUYHOW 3aMEHOW BTOPUYHOIO BO3ayxa Ha
9 5.2.5 Peuupkynaumsa obIMOBbIX ra3oB | OTXO4sSWME AbIMOBbLIE radbl (MOCe ra3aooumcTKN) Ans onTuMmnsauum 3atpart Ha aKC-
nayatauuio ra3aoo4mMcTHOro obopyaoBaHus u cokpalleHnem BbibpocoB NOX
5.2.5 OBoralLeHme BOsayXa KUGHO- HOT cogepxuTt nogxoabl, CBA3aHHbIE C NOABOAOM KMUcropoda Ana onTuMusaumm
10 DOLIOM TemnepaTypbl B KaMepe CropaHns B 3aBMCUMOCTU OT TpebyeMblX TEXHONOINMYECKNX
napameTpoB
HOT conepxuT noaxoabl, CBA3aHHbIE C KOHCTPYKLMNEN NeYein, UCNOoNb30BaHNUE KOTO-
11 5.2.5 Oxnaxpaembie spaluaionecs pcflﬁ nosiozﬂeT ngenﬁposaTb TpeboBaHus K?éOLI;ICTBaM cblpbs. B kayecTBe Tenno-
nesn HOCUTENEN paccMaTpUBalOTCS pasnuyYHbIe BUAbI XXUOKOCTEN U KOHTYPbl OXNaXXaeHns
HOT comepxuT noaxonbl, CBsA3aHHbIE C 06ecnevYeHneM NoMHOTbI CropaHus opraHu-
12 5.2.5 YBennyeHune BpemMeHn BblOEPXK- | YHECKOW YacTn OTXOO0B C O,D,HOBpeMeHVHbIM yBeSfiM4yeHnemM TepMmnYeCcKon OeCTpyKLnm
KN OTXOLOB B KAMepe CxXuraHus OTX0A0B, Yny4dlleHNneM BO3MOXHOCTEN ONA UCNOMb30BaHMS OCTATKOB, YyTUIM3aumnm
3HEepreTU4Yeckom LEHHOCTM 0TX040B
5.2.5 MoBbILLIEHIE TypByNEHTHOCTH B HOT copepXuT noaxoabl, CBsA3aHHbIE C PA3SIMYHLIMU KOHCTPYKLMSIMU Kamep JoXura
13 C Lenbio ynyyleHns KayecTsa OTXOAALWNX AbIMOBbIX ra3oB oTHOcUTeNbHO NOX, ne-
Kamepe poxdra TYy4ux opraHmyeckmx coeguHeHum n CO
5.2.5 OnTummnsaumnsa BpeMeEHU, TEM-
14 nepartypsbl, TypbyneHTHOCTM ra3os B HOT comepxuT noaxoabl, CBA3aHHbIE C JOCTUXKEHUEM 3(PPEKTUBHOIO AOXUraHUs

30HE CKUraHusl U KOHLEHTpaLun KUC-
nopoja.

oTXo4AWNMX AbIMOBbIX rA30B
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Homep cTpykTypHOro

Homep anemeHTa cnpaBoydHuka HAT, KpaTtkoe onucanue HOT
HanmeHoBaHue HOT
1 2 3
HOT copepxnT noaxoabl, CBA3aHHbIE C rapaHTUPOBaHHbLIM obecneyeHnem gocTa-
5.2.5 Vicnonb3oBaHne aBToMaTnye- a ,ﬂ P AXoR P P A
TOYHOW TeMnepaTypbl B KAaMepe CropaHnusa 1 Hausy4dmm 3anyckomMm yCTaHOBKM, B Ya-
15 CKn paboTaroLmx BCrnoMoraTenbHbIX
CTW 9KOJTOMMYECKMX U IKCMyaTauuoHHbIX NapaMmeTpoB
ropenok
HOT conepxnT noaxoabl, CBA3aHHbIE C UCMONb30BAHMEM Tenna OT YCTAaHOBOK Ha
16 5.2.6, 5.4 Vicnonb3oBaHue Tenna A Aep AXOR y
BHELLHME HYXAbl, HanpumMep, BblpaboTKy aHeprnmn, NPon3BoL4CTBEHHOrO napa u T.1.
17 5.2.6 lNepexopa ¢ xuakoro Tonnmea Ha | HOT cogepXnt noaxodbl, CBA3aHHbIE C ONTUMAaNbHOW KOHCTPYKUMEN FOPEenoYHbIX
NpPUPOAHbIN ras YCTPONCTB N POPCYHOK
HOT copaepXXuT noaxoabl, CBA3aHHbIE C onpeaeneHmnemMm onTMMmanbHON SHepreTuye-
18 5.2.6 OntTummsaumsa Kr[ ycraHoBok a Aep A V'D' peq P
CKOM 3pPEKTUBHOCTU C y4eTOM paaa hakTopoB
19 5.2.6 ABTomaTtumsaums cuctemol aHa- | HOT cogepXunt noaxodbl, HanpaBreHHbIe Ha BbINOMHEHNE 3a4a4 TEXHMYECKOro 06-
NNTUYECKOrO KOHTPOSIS CNYXXNBAHNA N TEXHUYECKOWN NOJLEPKKN
HOT copepxnT nogxoabl, cBA3aHHbIE ¢ obecneyeHnem aHeprocoepexeHns nocpe-
5.2.6 Vicnonb3oBaHme 4acTOTHO- a Aep AXOA P P pea
20 CTBOM ONTUMMU3ALNN CUCTEMbI YNPaBeHUs TEXHONOMMYEeCKMM NPOLLECCOM W IKCNITy-
perynmpyembiX NpuBoaOB
aTaunoHHbIX NapamMeTpoB
HOT cogepxuTt nogxonbl, CBA3aHHbIE C UCMONb30BaHMEM Pa3fIMYHbIX CUCTEM OXna-
5.2.6 OnTummnsauyusa cMctemMbl oxna-
21 KOeHMS XOeHus ang onTuMmMsaumnmn aHeproddPEeKTMBHOCTN B COOTBETCTBMM C YCNOBUAMU
NOAKMNIYEHNS K UHXEHEPHBLIM CETAM
HOT cooepxnT noaxoabl, CBA3aHHbIE C MAKCUMaribHO MOSHLIM UCMOSIb30BaHNEM
5.2.6 OnTumMmsaumnsa KOHCTPYKLUMN N
22 3HEeprum OTXo4sALWMX ra3oB C y4eTOM TpeboBaHMM K ONTUMU3aLMM KOHCTPYKLMMK KOT-
KoTna-ytunmuaartopa
na-ytunusaropa
23 5.2.6 Ncnonb3oBaHWe TennoBbIX HOT comepxuT noaxoAbl, CBA3aHHbIE C reHepaLmen TENN0BON SHeprum nocpen-
HacocoB CTBOM 00beANHEHNSA HN3KOTEMMNEPATYPHbIX NMOTOKOB
o4 5.2.6 BHegpeHne asTomaTtmanpoBaH- | HOT cogepXnt noaxoabl, CBsA3aHHbIE C MHOTOaKTOPHbLIM KOHTPOMEM TEXHOMNOrnYe-

HbIX CUCTEM

CKUX CUCTEM ONA Scb(*)eKTI/IBHOFO (byHKLI,I/IOHI/IpOBaHI/IFI YCTaHOBOK
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Homep cTpykTypHOro

Homep anemeHTa cnpaBoydHuka HAT, KpaTtkoe o