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BBeneHue

B Poccuiickon ®epepauumn cornacHo depepanbHomy 3akoHy ot 10 aHBapsa 2002 .
Ne 7-®3 «O6 oxpaHe okpyxatowen cpeabl» ([1]) obecneyeHne CHUXEHUS HEraTUBHOMO BO3-
AENCTBUSA XO3ANCTBEHHOW N MHOW OEATENLHOCTU Ha OKPY>XKaloLLyo cpefy AOIMKHO AoCTuraTthb-
Csl NyTEM UCMNONb30BaHUS HaUMy4LlWMX OOCTYNHbIX TexHonornn (HOT) ¢ y4eToM 9KOHOMUYE-
CKMX U coumarbHbIX (0akTopoB.

CornacHo [lepeyHio obnactern MPUMEHEHUS HaumnyylWwux OOCTYNHbIX TEXHOMOMUM,
yTBEPXAEHHOMY pacnopsikeHnem [NpaButensctBa Poccuickon ®enepauun ot 24 aekabps
2014 r. Ne 2674-p (pea. ot 7 uons 2016 r.) ([2]), yTunusaums n obesspexmnsaHne oTxoaos, B
TOM YuMCre TepMUYECKMMUM cnocobamu, aensieTca obnactbio npumeHerna HOT.

OnucaHne Haunyywmx SOCTYMHbIX TEXHONOMn B 0Bnactn ytunmsaumm n obe3spexu-
BaHWA OTXOJO0B NpeacTaBfieHO B UHAOPMALUOHHO-TEXHUYECKOM CrNpaBOYHUKE Haumy4LLmx
AOCTYMNHbIX TexHonormn (ganee — cnpasovHuk HOT) UTC 15-2016 «YTunusaumsa m obes-
BpeXumBaHMe 0TX0A4o0B (Kpome 06e3BpexumBaHUs TEPMUYECKMM CNOCOBOM (CXKuraHue OoTXo-
00B)».

PaspaboTtka cnpaBoyHmka HOT ocyuwiecTBneHa B cooTBeTCTBUM C [MoaTanHbIM rpadm-
KoM co3gaHusa B 2015-2017 rogax CnpaBOYHMKOB HaUIyudlWMX AOOCTYMNHbIX TEXHOSIOMN,
yTBEpPXAEHHbIM pacrnopsbkeHnem [NpasutenbctBa Poccunckon depepaumm ot 31 okTs6psa
2014 r. Ne 2178-p (pea. ot 7 nona 2016 r.) ([3)).

Ctpyktypa Hactosiwero cnpasodHuka HAOT cootBetctByetr [MHCT 21—2014
«Hauny4ywue pgoctynHble TexHonorum. CTpykTypa UH(OPMaLNOHHO-TEXHUYECKOTO CrpaBoy-
HuKa», goopmaTt onucaHmsa texHonormn — MHCT 23—2014 «Hauny4ywmne AoCTynHble TEXHO-
norun. dopmat onncaHms TEXHONOMMN», TEPMUHbI NpuBeaeHbl B cootBeTcTBUM € NMHCT 22—
2014 «Havnny4ywwme OOCTYMHbIE TEXHOMOMMU. TepMUHbI U onpeaeneHns».

OnpeneneHve TEXHONOMMA B Ka4eCTBE Haumy4ywmnx AOCTYMHbIX BbINOMIHEHO C NpUMe-
HeHnem [MpaBun onpegeneHns TEXHONOMMN B Ka4eCTBe Hausydlen AOCTYNHON TEXHONOMN,
a Takke paspaboTku, akTyanusaumm u onyoernmkoBaHNA MHOPMAaLUMOHHO-TEXHUYECKMX crpa-
BOYHMKOB MO HauIy4ylMM AOOCTYMHbIM TEXHOMOMMAM, YTBEPXAEHHbIX nocTtaHoBrieHem [lpa-
BuTenocTea Poccuickon ®enepaumm ot 23 gekadbpst 2014 r. Ne 1458 ([4]).

HacToswwun cnpasoyHnk HOT coctouT n3 6 pasgenos.

B paspene 1 npeacraeneHa obwas nHopmauma o 4eaTeNbHOCTU MO yTunMsaumm u
06e3BpexunBaHnio oTxogoB (Kpome 06e3BpEXNBAHUSA TEPMUYECKMM CNOCOOOM (CXKUraHue oT-
xopoB). [prBogATCA KpaTKne CBeAeHMs O TeXHOMNormax n obopyaoBaHum, NPUMEHSEMbIX B

Poccunckon ®egepaumm ansa ytunmsauum n obesspexmnsaHng 0TXo40B, UX reorpaduyeckoe

Vi



UTC 15-2016

pacnosioXXeHue, CPOKN BBEAEHWUS B 3KCMfyaTauuio, NpouM3BOOUTENbHOCTb, 9KOHOMUYECKUe
nokasaTtesiv U nepeyeHb UCMNoJSib3yeMbIX TEXHOMOMMYeckMx npoueccos. [NpnBoanTcs KpaTkun
0630p 3KOMOrMYECKUX acnekToB U CBA3AHHbIX C HUMU OCHOBHbIX 3KOMOrM4ecknx npobnem B
paccmaTpmBaeMblx cepax OeaTeNbHOCTH.

B paspene 2 npuBoguTCa onucaHue TEXHOMOMMM N TEXHONOMMYECKUX NpOoLLEeCCoB, UC-
nonb3yembIX B HacTosLee BpeMs B cepe ytunusaumm n obesBpexxmBaHna oTXo4oB (Kpome
obe3BpexunBaHna TepMmyecknm cnocobom (cxuraHme otxogoB) B Poccuiickon egepauuu.

B pasgene npuBogaTca cnocobbl CHUXEHUS HEraTUBHOrO BO3L4ENCTBUSA TEXHONOrmye-
CKMX MPOLECCOB Ha OKpYXaloLLyto cpeny, He Tpebyowme TEXHUYECKOro nepeocHalleHns u
PEKOHCTPYKUMN 06beKTa.

B paspene 3 npuBoantca onucaHve onpenerneHns TEeXHOSNOrMM B KayecTBe Haunyu-
Len OOCTYMNHOW TEXHOMNOrMnN B COOTBETCTBUM ¢ MeToamMyeckumu pekomeHgaumamu no onpe-
AENEeHN0 TEXHONOMMN B Ka4eCTBE Haumny4llen JOCTYNHOM TEXHONOMK, YTBEPXKAEHHbIMU NpK-
kazoM MwuHucTepcTBa nNpombilWneHHoCcTn U Toproenu Poccuinckon depepaummn (MuHnpom-
Topr Poccun) ot 31 mapta 2015 r. Ne 665.

B paspene 4 npuBoaNTCA ONMCaHWE HaUIyYLWMX OOCTYMHbIX TEXHONOMMN No yTununsa-
unn n 06e3BpexnBaHNID 0TXOO0B, NO3BOMSAOLWMX COKPATUTL SMUCCUN B OKPYXatoLLyto cpeay,
notpebneHune cbipbs, BOAblI, 3HEPIMM U CHU3UTb BO3LEWCTBME OTXOLOB HA OKPYXKatoLLYHO
cpeay. NpuBogdarca gaHHble 0 NOTpebneHun pecypcoB M NOBbIWEHUN 3HEProaheKTUBHO-
CTW, AaHHbIE NO OrPAHUYEHNIO MPUMEHUMOCTU HaUNy4YLWnX AOCTYNHbIX TEXHOSOMMN.

B paspene 5 paccMOTpeHbl 3KOHOMUYECKME MoKasaTenu, XapakTepusyLlmne npume-
HEeHWe Haunyylwunx OOCTYMHbIX TEXHONOMMN — KanuTarnbHble 3aTpaTbl U SKCNyaTaunoHHbIEe
3aTpaTbl Ha eAnNHULY YTUNM3aumm n 06e3BpexXmBaHnsA OTX0O0B.

B paspene 6 npmuBoguTCca onucaHue nepcrnekTUBHbBIX TEXHOSOMMN, KOTOpble HaxoasaT-
CA Ha CTaguu Hay4yHO-uccrneaoBaTernbCKUX, OMNbITHO-KOHCTPYKTOPCKUX paboT umnnM OnbITHO-
NPOMBILLIIEHHOrO BHEAPEHUs, MO3BONALWNE NOBLICUTL 3(PPEKTUBHOCTL NPOU3BOACTBA U
COKpaTUTb AMUCCUM B OKpyXatwLwyo cpeqy. [NpuBoantca nepedeHb NepcrnekTUBHbIX TEXHO-
NOrMn, KOTopble MOryT OblTb PacCMOTPEHbl B Ka4eCTBE HOBEWLLMX HaWUMy4dlwMX OOCTYMHbIX
TEXHOJIOTUMN.

Mpn coctaBneHun Hactoswero cnpaBoyHuka HOT Obinu yduteHbl TpeboBaHma dene-
panbHoro 3akoHa ot 10 saHBaps 2002 r. Ne 7-®3 «O6 oxpaHe okpyxatowen cpeabl» ([1]),
depnepanbHoro 3akoHa ot 24 noHa 1998 r. Ne 89-03 «O6 oTxogax npom3BoacTBa 1 NoTpeb-
nenuna» ([5]), PepepanbHoro 3akoHa o1 30 mapta 1999r. Ne 52-®3 «O caHuTapHo-

anuaemuonormyeckom Gnarononyymm HaceneHus» ([6]), PepepanbHOro 3akoHa OT 4 Mas

VIl
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1999 r. Ne 96-®3 «O6 oxpaHe aTMocdepHoro Bosayxa» ([7]), PeaepanbHoOro 3akoHa ot 23

HOA6ps 1995 r. Ne 174-d3 «O6 akonormnyeckon akcneptuae» ([150]).

VIl



UTC 15-2016

MpeaucnoBue

Llenn, OCHOBHble MPUHUUNBI M NOPAAOK pa3paboTkM HacTosiwero cnpaBoyHuka HOT
yCcTaHoBMeHbl noctaHoBneHvem [lpasutensctBa Poccunckon denepauun ot 23 aekabps
2014 r. Ne 1458 «O nopsagke onpeaeneHns TEXHOMOMMU B Ka4eCcTBe Haumnyylen JOCTYNHON
TeXHoMnormM, a Takke paspaboTky, akTyanusauum u onybnukoBaHuMs WH(OPMaLNOHHO-

TEXHUYECKNX CNPaBOYHMKOB MO HAUNYYLWNM AOCTYNHbIM TexHonornam» ([4]).

1 CtaTtyc nOKyMeHTa

Hactoawmn cnpasoyvHmk HOT aBnseTcs AOKyMEHTOM B ob6nactu ctaHgapTM3aumu.

2 Undpopmauma o paspaboTumkax

Hactoswun cnpaBouHnk HOT paspabotaH TexHudeckon pabouen rpynnon Ne 15
«YTununsauma mn obesBpexuBaHne oTxonoB (Kpome 06e3BpexmBaHUS TEPMUYECKUM CMOCO-
6om (cxuranmne otxogoB)» (TPIT 15), cosgaHHon npuka3om PocctaHgapTta oT 4 mapta 2016 .
Ne 230 «O cosgaHum TexHudyeckon paboden rpynnbl ,,YTuUnusauma n obesspexmBaHne oTxo-
AoB (Kkpome obe3BpexmnBaHna TEPMUYECKMM CNOCODOOM (CXKuraHme oTxoAdoB)“» (B penakumu
npukasa PocctaHgapTta oT 18 utonga 2016 r. Ne 1052) ([8]).

HononHutenbHas nHdopmauna o paspaboTynkax npueeneHa B pasgene «3akniouu-
TenbHble MNOMNOXEHNS U pEKOMEHAALNN.

Hactosawun cnpasoyHuk HOT npeacrtaBneH Ha ytBepxaeHne bBropo Haunyywmx go-

CTYNHbIX TexHonorun (ganee — bropo HAT) (www.burondt.ru).

3 KpaTkasa xapakrepucTuka

Hactoawmn cnpaBoyHnk HOT cogepXuT onvcaHne npuMeHaembix B o6nactn ytunu-
3aumm n obesBpexmBaHna 0TXo40B (Kpome 0b6e3BpexmBaHUA TEPMUYECKUM CNOCOBOM (CXKu-
raHnme OTX040B)) TEXHOMOMMYECKNX NPOLLeCCoB, 060pPyaOBaHUS, TEXHUYECKNX CnocoboB, me-
TOAOB, B TOM YUCHEe NO3BOMAILWMNX CHU3NTL HEraTUBHOE BO3LENCTBUE Ha OKPYXatoLLyto cpe-
Ay, BogonotpebneHne, NOBbICUTb  3HEProadpdeKTUBHOCTb,  pecypcocbepexeHue.
3 onucaHHbIX TEXHONMOrMYeCKnUX NpoueccoB, 060pyaoBaHMS, TEXHUYECKNX CNOCODOOB, METO-

[AO0B onpeaeneHbl peweHns, Asnaronecd HannyvywmnmMmm oCTynHbIMU TEXHOJIOTUAMMWN.

4 B3anuMmocBA3b C MeXAyHapoAHbIMX aHanoramu

Mpu paspaboTke HacTosiwero cnpaBoyHMka HOT mcnonb3oBaHbl MaTepuanbl €BpO-
nenckoro cnpasoyHuka HOT «KomnnekcHoe npegoTBpalleHne U KOHTPOSib 3arpA3HeHuwn;
CnpaBOYHOro pykOBOACTBA MO HaWUMy4YWUM AOCTYNHbIM TexHonornam. ObpaboTka oTXxo40B»
(«Integrated Pollution Prevention and Control. Reference Document on Best Available Tech-

niques for the Waste Treatments Industries»).
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5 C60p AaHHbIX

MHdopmaumsa o TexHomormdecknx npoueccax, obopygoBaHun, TEXHUYECKMX CMOCOo-
6ax, meTogax, NPUMEHsIEMbIX B cdepe yTunmaaumm n obesspexmnsaHma otxogos B Poccuii-
ckon Pefepaumm, OTHECEHHbIX K Hauny4ywmnm SOCTYMNHbIM TEXHOMNOrMAM, cobpaHa B npouec-
ce pa3paboTkm HacToswero cnpasovHnka HOT B cootBeTcTBUM C INMopsaakom cbopa AaHHbIX,
HeobxoomMMbIx Anga paspaboTku cnpasovHvka HOT n aHanusa npuvopuTeTHbIX npobnem oT-
pacnu, yTBep>XaeHHbIM rnpukasdom Pocctangapta ot 23 uonsa 2015 r. Ne 863 ([9]) meTogom
aHKeTUpOBaHUS:

- OpraH13auui, ocyLecTBRsWmnX pa3paboTky TexHonorm n obopyaoBaHmsa Mo ytu-
nm3aumm n 06e3BpexXMBaHNIO OTXOO0B;

- OpraHM3aumm, oCyLLEeCTBASAOWMX AEATENbHOCTb NO YTUAM3aunm n o6e3BpeXnBaHmIo
OTXOAOB, T. €. BHEAPUBLUNX TEXHOMOrMYeckme npoueccol, obopyaoBaHue, TeXHUYECKUe Cno-

cobbl, MeToAbl yTUnM3aumm n 06e3BpexxnBaHns pasnmyHbIX rpynn oTXO40B.

6 BzaumocsA3sb ¢ gpyrumm cnpasoyHukamum HOT
B3anmocBasb Hactosiwero crnpasodHvka HOT ¢ gpyrumu crnipaBovHukamu HAOT, pas-
pabaTbiBaeMbiM/ B COOTBETCTBMM C pacnopsxeHnem MNpasutenscrtea oT 31 oktabpa 2014 r.

Ne 2178-p, npuBeaeHa B pasgene «Obnactb NpUMEHEHUS».

7 UHdhbopmauma o6 yTBepxxaeHMu, onyonmkoBaHumM 1 BBeAeHUU B AeCTBUE

Hactoawmn cnpasovnmk HOT yTtBepxaeH npukasom PocctaHgapta oT 15 gekabps
2016 r. Ne 1887.

HacTtoswun cnpasovnnk HOT BBeageH B genctene ¢ 1 nona 2017 r., odumymansHoO
onybnukoBaH B MHOPMALMOHHOM cucTeMe oBLLEero Nonb3oBaHMs — Ha oduumnanbHOM camn-
Te depeparnbHOro areHTCTBa Nno TEXHUYECKOMY peryrnvpoBaHuio n meTporiormm B cetu UH-

TepHeT (Www.gost.ru).
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MHO®OPMALMUOHHO-TEXHUYECKUN CNPABOYHUK NO
HAUMNYYWUM OOCTYINHBIM TEXHOJNNIOITNAM

YTUNN3ALUA N OBE3BPEXUBAHUE OTXOAOB (KPOME OBE3BPEXUBAHUA
TEPMUYECKMM CNOCOBOM (CXKUITAHUE OTXOANOB)

Recycling and disposal of waste (except for thermal disposal of waste (waste

incineration)

DaTta BBegeHua — 2017-07-01
OGnactb NnpuMeHeHUA

Hactoawun cnpasoyHuk HOT pacnpocTtpaHseTca Ha cregylowmne Buabl OedATerbHO-
CTWn:

- yTUnM3auyus oTXo4o0B.;

- 06e3BpexnBaHMe OTXOOOB.

Hactoawum cnpasoyHnk HOT pacnpocTpaHseTcs Ha nNpoLeccChl, CBA3aHHbIE C YTUIU-
3aumen n obesBpexmBaHMEM OTXOAOB, KOTOpPble MOryT Ooka3aTb BNUSHME HA O6beEMbl IMUC-
cv N macwTabbl 3arpAsHEHUsT OKpyXKatowen cpeabl Npu yTunusauum n obesspexmnsaHnmn
OTXOMOB:

- NOAroToBKa OTXOA0B K yTUNM3aunm n obe3BpexXnBaHuio;

- METOAbI NPeaOTBPALLEHNS U COKPALLEHNA AMUCCUI, NpeaynpeXxaeHne n MMHMMn3a-
umnio obpasoBaHMst OTXOA0B NMpU YTUNM3aumm n 06e3BpexxmMBaHnn OTX040B.

HacTtoswun cnpasovHnk HOT He pacnpocTpaHaeTcs Ha:

- TexHonornmm obe3BpexmBaHns 0TXOA0B, B NpoLecce KOTOPbIX MPUMEHSTCA MeToAbI
TEPMUYECKOro BO34ENCTBUSA, NPUBOAALLME K 4ECTPYKUMN 06e3BpEXMBAEMbIX OTXOO0B;

- TEXHONormn yTunuaauumn n obe3BpexmBaHus, KOTOpble HEPA3PbIBHO CBA3aHbl C NPO-
N3BOACTBEHHBIMM NpoLEeccamun, OTX0Abl KOTOPbIX MoanexaT yTunusauum n obesBpexuBa-
HUHO.

B HacToswem cnpasodHuke HOT paccmaTpuBaeTcs OeATeNbHOCTb Mo yTunmsaumm um
obe3BpexunBaHnio cnegyowmx rpynn OTXo40B:

- 0TX04bl HePTENPOAYKTOB, B TOM YUCIe OTXOAbl MUHEparibHbIX Macen, yTpaTuBLLMX
notpebutenbckne CBOMCTBA;

- Npoyne HedpTecoepXaline oTXoabl, BKIOYas oTxodbl npu OypeHuun, cBsA3aHHOM C

Aobblyen cbipon HepTH, NpnpogHOro (NONYTHOrO) ra3a M ra3oBOro KOHAEHCATa;
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- 0TX0Abl 060pYyAOBaHUSA, coAepPXKaLLEro pTyTb;
- N30eNnA U3 pe3unHbl, yTpaTuBLLME NOTPEOMTENbCKME CBOMCTBA, B TOM YMCNE PEe3NHO-
Bbl€ LUMHbI, MOKPLILIKA N Kamepbl;
- NNacTMaccoBble U3genusd, yTpaTtmBLUME NOTepsiBLUME NoTpebutensckue CBOWCTBA, B
TOM YMCre ynakoBOYHbIE MacTMacCoBbIe NU3AENNS;
- ANEeKTPU4YecKoe U1 3NEeKTpoHHOe obopyaoBaHWe, yTpaTuBliee noTpebutenbckmne
CBOWCTBA, B TOM Yucne:
- KOMNbIOTEPLI N nNepudepninHoe obopyaoBaHue, yTpaTuBLUME NOTpebuTensckne
CBOWCTBA;
- KOMMYHUKaLUNOHHOEe obopyaoBaHue, yTpaTueLlee notpebutensckme CBOMNCTBA;
- ANEeKTPOHHas OblToBasa TEXHWKA, yTpaTMBLUas NOTpebUTeNbLCKME CBOUCTBA;
- onTn4yeckne npmbopbl N hotorpadudeckoe obopyaoBaHue, yTpaTmBLLME NOTpe-
OuTenbCcKkne CBOMCTBA;
- anekTpu4yeckme bbiToBble NPMBOPLI, yTpaTuBLLME NOTPebUTenbCcKne CBOMCTBA;
- HeanekTpuyeckme bbiToBble NPUBOPLI, yTpaTuBLIne NnoTpebutensckme CBOMUCTBA;
- XONnoAUIbHOE U BEHTUMALMOHHOE MPOMbILWSIEHHOE 00opyaoBaHMe, yTpaTuBLlee
noTpebutenbckue CBOMNCTBA;
- MEANLUVHCKNE OTXOAbI;
- Buonornyeckne oTxoabl;
- OTXOAbl OPraHNYeCKNX pacTBopuUTENEN;
- aBTOMOOUNbHbIE aKKYMYNATOPbI, yTpaTUBLUME NOTPpebutensckme CBONCTBA,
- aKKyMynaTopHble 6aTtapeu, yTpaTtuBLuMe NOTpebuTenbckue CBONCTBA;
- OCBETUTENbBbHOE 3nekTpudeckoe obopyaoBaHve, yTpaTuBliee noTpebutenbckmne
CBOWCTBA;
- 0TX0Abl PMNBbTPOB N OTPaAbOTaHHbIX (PUNLTPOBASIbHBLIX MaTepPUarnos;
- OTXO4bl MPOAYKUMMW, COAepKallen ranoreHMpoBaHHblIE apoMaTUyeckue opraHuye-
CKMe BEeLLeCcTBa, B TOM YMCE CTOMKME OpraHNYecKne 3arpsasHuTenu;
- OTXOAbl OpraHNYeCKUX NeCTULMAOB N arpOXMMUKATOB;
- obopyaoBaHue, cogepxallee 030Hopa3pyLUatoLLmMe BELLLECTBA;
- TBEpPAble KOMMYHanbHblE OTXOAbI;
- 30/1bl U LWUIAKM OT CXUraHusi TBEpPAOro Tonnmea.
[ononHutenbHble BUAbI OEATENBHOCTU, CBA3aHHbIE C yTuUnuMsaumen n obesBpexusa-
HMEeM OTXOAOB, M COOTBETCTBYOLWME UM cnpaBodHnkn HOT (no pacnopsikeHuto MNpasuTtens-

ctBa Poccuinckon ®epepaumnm ot 31 oktsabpsa 2014 r. Ne 2178-p) npuBeaeHbl B Tabnumue 1.
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Tabnuua 1 — [JononHutenbHble BUAbI 4EATENbHOCTU, CBSA3aHHbIE C YTUNU3auuen 1

obe3BpexnBaHMEM OTXOLO0B, U COOTBETCTBYIOLLME UM cripaBoYHUkM HOT

Bug peatrenbHocTH CooTtBeTcTBYIOWMIA cnpaBodHuk HOT

O6e3sBpexmBaHne oTxogoB TepMu- | NHOPMaLMOHHO-TEXHNYECKMIA CNPaBOYHMK NO
4YeCckMM cnocobom HannNy4ywmm JocTynHbIM TexHonornam UTC 9-2015
«ObesBpexmBaHMe 0TX040B TEPMUYECKUM CNOCOBOM

(cxuraHme oTxoooB)»

PasmelueHne oTxoaos NHOopMaLMOHHO-TEXHUYECKUI CNPABOYHUK MO
HaUnNy4ywmm JocTynHbiM TexHonornam NTC 17-2016
«Pa3melLeHne oTxo4oB NpomsBoacTBa n notpebre-

HUA»

Pasgen 1. O6was nHcpopmaums o gesTenbLHOCTU Mo yTUNU3auum n

o6e3BpeXxXMBaHUIO OTXOA0B

YTnnusaumst oTXo4oB — MCMNONb30BaHME OTXOA4OB Afs NPOM3BOACTBA TOBapoB (Mpo-
AyKunn), BbinonHeHUs paboT, okasaHus ycrnyr, BKOYas NOBTOPHOE NPUMEHEHNEe OTXOA0B, B
TOM YuCrie NOBTOPHOE NPUMEHEHNE OTXOAOB MO NPSIMOMY Ha3HA4YeHMUIO (PELMKINHI), NX BO3-
BpaT B NPOM3BOACTBEHHbLIA LMK MOCHEe COOTBETCTBYHOLLEN MOArOTOBKU (pereHepaumns), a
TaKkKe U3BeYeHne NonesHbIX KOMMNOHEHTOB A4S UX NOBTOPHOrO NpMMEHeHUs (pekynepauus)
(PepepanbHbIn 3aKoH OT 24 noHs 1998 r. Ne 89-d3 (pea. ot 3 uions 2016 r.) «O6 oTxogax
npoun3BoACcTBa 1 noTpedbneHnsa») ([5]).

O6e3BpexmBaHMe OTXOO0B — YMEHbLUEHME MacCbl OTXO40B, U3MEHEHME UX COCTaBa,
PU3NYECKMX N XUMUYECKUX CBOWCTB (BKMOYasi cxuraHme u (unm) obessapakmBaHue Ha cne-
LUManm3npoBaHHbIX YCTAHOBKAX) B LENSAX CHMKEHUS HeraTMBHOIO BO3OENCTBUS OTXOAO0B Ha
340pOBbE YenoBeka W OKpyxawuwyk cpeny (PepepanbHbii 3aKOH OT 24 noHa 1998r.
Ne 89-03 (pega. ot 3 nonsa 2016 r.) «O6 oTxogax npom3BoacTBa U NoTpebneHusn») ([5]).

O6bekTbl 06e3BpexmBaHUs OTXO0O0B — creumanbHO 060pydoBaHHbIE COOPYXEHWS,
KoTopble 0ByCTpOEeHbl B COOTBETCTBUMN C TpeboBaHMAMM 3akoHO4aTeNbCTBa B 06nacTn oxpa-
Hbl OKpyXalolien cpeabl W 3akoHogaTenbCcTBa B obnactu obecneyeHnsa CcaHuTapHO-
ANNOEMMNONIOrMYEeCcKoro bnarononyymst HaceneHmst U npegHasHayveHbl Ans ob6es3BpexmnBaHng
oTxonoB (PepepanbHbI 3aKOH OT 24 noHa 1998 1. Ne 89-03 (pen. ot 29 aekabpsa 2014 r.)

«0O6 oTxogax npoussoacTea 1 notTpedbnexus») ([5]).
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B HacTodWwemM pasgene pacCMOTPEHbI TEXHOMOrMM yTunusaumm n obesBpexmBaHus
ANSA criegyoLwmx rpynn oTXo40B:
- OTXO4bl HE(PTENPOAYKTOB, B TOM YMCMEe OTXOAbl MUHEPasnbHbIX Macers, yTpaTUBLLMX
noTpedutenbckune ceonctaea (1.1);
- Npoyne HedpTecogepXalune oTxoabl, BKIOYas oTxodbl npu OypeHuun, cBsA3aHHOM C
Aobblyen cbipon HeTH, NpMpoAHOro (MOMNyTHOrO) rasa u ra3oBoro koHaeHcara (1.2);
- oTX0abl obopynoBaHus, cogepxawero pTyTb (1.3);
- N30enna n3 pesnHbl, yTpaTtmeLLMe NOTpebUTENbLCKME CBOMCTBA, B TOM YNCE PEe3NHO-
Bbl€ LUMHbI, MOKPLILWKN 1 Kamepbl (1.4);
- NnacTMaccoBble M3genus, yTpaTmBLune NoTepsiBlLUMEe NOTpebuTenbckue CBONCTBA, B
TOM YmCre ynakoBOYHbIE NracTmaccoBble usgenus (1.5);
- ANEKTpUYECKOEe W 3NeKkTpoHHoe obopyaoBaHue, yTpaTuBllee noTpeduTensckne
CBOWCTBA, B TOM 4ucne:
- KOMMbIOTEPLI M NepudepunHoe obopyaoBaHue, yTpaTuBliMe NoTpebutenbckue
CBOWCTBA;
- KOMMYHUKaLMOHHOE 0bopyaoBaHme, yTpaTmeLLee NoTpebuTtenbckme CBONCTBA,;
- ANEeKTPOHHasA BbIToBasd TEXHUKA, YyTpaTuBLLAs NOTpebuTenbckme CBOMCTBA;
- onTuyeckne npmbopbl 1 goTorpadunyeckoe obopyagoBaHue, yTpaTMeLUME MOTpPe-
BuTenbCckue CBONCTBA;
- aneKkTpun4yeckmne bbIToBble NPUBOPLI, yTpaTuBLLME NOTPEOUTENBCKME CBONCTBA;
- HeaneKkTpuyeckne bbIToBble NPUBOPLI, yTpaTuBLLME NOTPEOUTENLCKME CBONCTBA;
- XONogunbHoe U BEHTUMSLMOHHOE NPOMbIWEeHHOe obopyaoBaHue, yTpaTuBLuee
notpeburtenbckune ceonctea (1.6);
- MeanuunHckme otxoabl (1.7);
- Buonornyeckne otxoabl (1.8);
- OTX0Abl OpraHnyeckux pacrtesoputenen (1.9);
- aBTOMOOUNbHbIE aKKYMYNSaTOpbl, yTpaTtmBwune notpebutenbckme cBoWCTBa (pas-
aen 1.10);
- aKKyMYynaTopHble BaTapen, yTpatmeLline notpebutensckue ceonctea (1.11);
- OCBETUTENbHOE 3nekTpudeckoe obopyaoBaHve, yTpaTuBliee noTpebutenbckmne
ceoncTtBa (1.6);
- 0TX0Abl hNbTPOB N OTpPabOoTaHHbIX PUNbTPOBaNbHbLIX MaTepuanos (1.12);
- OTXOAbl MPOAYKUMK, coAepXallen ranoreHMpoBaHHbleE apoMaTU4YecKne opraHuye-
CKue BeLLecTBa, B TOM YMCe CTOMKME opraHndeckune sarpsasHutenu (1.13);

- 0TXOAbl OPraHNYeCcKMX NeCTUUMAOB M arpoxummnkaTos (1.13);

4
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- obopyaoBaHue, cogepxallee o3oHopaspyLuatowme sewlectsa (1.6);

- TBepable KOMMYyHanbHble oTxoAabl (1.14);

- 30J1bl U LWIIIAKM OT CxXuraHus Teepgoro tonnmea (1.15).

CornacHo gaHHbIM begeparnbHOro CTaTUCTUYECKOro HabnwaeHus 3a obpalleHnem ¢
oTX04amMu Npomn3BOACTBa U NoTpebneHuns, exerogHo B Poccuiickon ®efepauun obpasyeTtcs
bonee 5 mMnpa T OTX040B NPOU3BOACTBA M NOTPeBNeHnsa, n3 KOTOpbIX yTunusaumm n obes-
BpeXmnBaHuto nogsepraetca npumepHo 50 % obpasyowmxca oTxoq0B, 06e3BpexnBaHmno —
meHee 1 % ([10]).

CornacHo ctaTUCTMYEeCKMM AaHHbIM 06 ob6pa3oBaHUKM, UCNONb30BaHUK, 06e3BpeEXM-
BaHWW, TPaHCMNOPTUPOBaHMM W pasMeELLEHMM OTXOAOB MNPOU3BOACTBA M noTpebneHuns 3a
2015 roa, onpeaeneHbl cneayowme obbeMbl 06pazoBaHMs, UCNONBb30BaHNA U 06E3BPEXM-
BaHWUS paccMmaTtpuBaeMbliX rpynn oTxogos. B Tabnuvue 1.1 npeacTtaBneHbl AaHHbIe MO obbe-

Mam obpa3oBaHus, NCMONb30BaHNS U 00e3BpeXNBaHNSA paccMaTpuBaeMblX rpynn OTXOAO0B.

Tabnvua 1.1 — O6bembl 06pasoBaHns, NCNOSNb30BaHWS U 00e3BPEXMBAHNA pacCMaTpUBaeEMbIX

rpynn otxogos ([10])

O6pa3soBaHue OT- | icnonb3oBaHo oT- | O6e3BpeEXEHO OT-

Ne
) HanmeHoBaHue rpynn oTX040B X0[0B 3a X0[J0B B XO[0B B
n/n
2015ron, T 2015 rogy, T 2015 rogy, T
1 |Otxogbl He@TENpOayKTOB, B 530 613,88 253 647,16 255 959,23

TOM 4Ucne oTXo4bl MUHepasb-
HbIX Macern, yTpaTuBLUMX MO-
TpebuTenbckne cBONCTBa

2 |lNpoyne  HedTecogepxawme| 5715 714,22 3 204 228,135 1344 110,119

OTXOAdbl, BKI4Yad OoTXoAbl npu

OypeHunn, cBasaHHOM C [06bI-
Yyeun cblpon HepTU, NPUPOLAHOro

(nonyTHOro) rasa u rasoBoro

KOHOeHcaTa

3 |OTxoabl obopygoBaHus, Cco- 14 862,28 241,87 8040,30
Aepxawero pTyTb

4 |N3genua ua pesuHsbl, ytpatme-| 107 806,445 67 590,955 6329,245

e notpebutenbckme CBOW-
CTBa, B TOM YUCNE PE3NHOBbLIE

LLWHBbI, MOKPbILLKN N KaMepbl
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HanmeHoBaHue rpynn otxogoB

O6pa3soBaHue OT-
XO[0B 3a
2015ron, T

Mcnonb3oBaHo OT-
XO040B B

2015 rogy, T

Ob6e3BpexeHo oT-
XO0B B

2015 rogy, T

lMnactmaccoBble nagenus,
yTpatmBne notpebutenckme
CBOWCTBA, B TOM 4uCrie ynako-
BOYHble MfacTMaccoBble W3-

aenvsa

1067 762,133

101 594,512

2447,925

OneKTpuYeckoe W SNeKTPOH-
Hoe obopygoBaHue, yTpaTuB-
lwee noTtpebutenbckue CBOW-
CTBa; OCBETUTENbHOE arleK-
Tpuyeckoe obopygoBaHue, Mno-
TepsiBlee notpebutenbckme
csoncTtBa; obopyaoBaHue, Co-
Aepxawiee  030HOpa3pyLuato-

LLMe BeLlecTBa

31 287,17

4969,82

872,00

MeaguumHckne otxoabl

507,454

Buonornyeckmne otxoapl

OTxogbl oOpraHW4yeckux pac-

TBOpUTENEN

25 143,12

5281,67

7248,89

10

ABTOMOGUIbHbIE  aKKyMYMATO-

pbl,
TernbCKMe CBOMNCTBa

nortepsisume  notpebu-

22 870,90

111 813,22

44 472,63

11

AKKYMynsiTOpHble 6aTapewu, no-
TepsiBLUME  MOTpebuTenbckme

CBOUCTBA

1156,54

283,43

22,21

12

Otxoabl dunbTpoB U oTpabo-
TaHHbIX (PUNbTpPOBanbHbIX Ma-

Tepvanos

26 533,03

8071,72

8066,13
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O6pa3soBaHue OT- | icnonb3oBaHo oT- | O6e3BpeXEHO OT-

Ne
/ HanmeHoBaHue rpynn oTxoaos X04o0B 3a XoaoB B XoaoB B
n/n
2015ron, T 2015 rogy, T 2015 rogy, T
13 |OTxogbl npoaykuun, copep- 812,05 107,58 23,57
Xawen ranoreHMpoBaHHbIe

apomaTuyeckue opraHuyeckme
BeLlecTBa, B TOM YuUCNe CTOW-
Kne opraHumdeckme 3arpsasHu-
TENu; OTXOoAdbl OpraHMYecKux

nectmumnaoB N arpOXmMMmMKaToB

14 | TBepagble KommyHarnbHble oT-| 10 041 508,08 1952 514,66 822 576,86
xoabl

15 |3onbl U wnakn oT cxuraHusa| 23 445 469,06 4411 881,30 113,29
TBEepOoro Tonnmea
NTOIro 41 032 046,362 | 10 122 226,032 | 2500 282,399

1.1 UHdpopmMmauusa o AesaATerIbHOCTU MO yTUNU3auum u
o6e3BpeXxMBaHUIO OTXOA0B HePTENPOAYKTOB, B TOM YUCIIe OTXOA0B

MUHepanbHbIX Macen, yTpaTUBLUUX NOTPebuTeNLCKue CBOMCTBA

K oTxogam HedhTenpoayKTOB OTHOCATCA HEDTENPOAYKTbI, yTpaTMBLUMe noTpebutens-
CKMe CBOMCTBA NPU UX XpaHEHUU U Ucnonb3oBaHun. OTxoapl HedbTeNnpooyKTOB 06pasyroTCs
Takke Mpuv OYNCTKE HedTe3arpA3HEeHHbIX CTOYHbIX BOA4 WM 3a4MCTKE CPEeACTB XpaHeHUa wn
TpaHCNopTUPOBaHUSA HeTU, HE(PTENPOOYKTOB MU CTAabUNBHOIO ra3oBOro KOHAEHcaTa.

OcHoBHas 4aCTb 3TUX OTXOOOB MpeacTaBfeHa oTxog4amMu Macen MOTOPHbIX, MHAY-
CTpuanbHbIX, TPAHCHOPMATOPHbIX, KOMNPECCOPHbIX U T. ., @ TAKKEe UX CMECAMM.

O6bembl 0bpas3oBaHMsa 0TX0A0B HedpTenpoaykToB 3a 2015 rog, No AaHHbIM CTaTUCTU-
yeckoro HabnoaeHus, coctasnaoT 530 613,88 T, B TOM Yucne oTxodbl Macen COCTaBnsloT
112 266,46 T.

MpuHUMas BO BHUMaHME, YTO 3HaAYUTENbHAA YacTb OTpaAbOTaAHHbLIX MOTOPHbLIX Macen
obpasyeTcs npu aKcnnyaTtaumm NIMYHOrO aBTOTpaHcnopTa, dakTudeckui obbem obpasyto-
LLIMXCH OTXOA0B NpeBbiaeT gaHHble odmunanbHON CTaTUCTUKM.

3a 2015 roa B Poccuiickon degepaumm, Nno AaHHbIM CTaTUCTMYECKOro HabnogeHus,
Ob1n10 yTUNU3nposaHo 124 828,42 T 0TX0O0B MUHEpParbHbIX Maces, He coaepXallumx ranore-
HoB ([10]).
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OcHOBHbIe AaHHble N0 MeToAaM U TeXHONOrMsAM NOAroTOBKU K UCMONb30BaHUIO
B KayeCcTBe BTOPUYHOrO CbipbA U YTUNU3aLMM OTXOAOB MMUHepalnbHbIX Macen, yTpa-
TUBLUKMX NoTpebuTenbckme cBoncTBa. OTpaboTaHHble HEPTENPOAYKTEI B OCHOBHOM 4acTu
nognexar yTunmsaumm n 4acTUYHO HanpaBnsalTCa Ha oxuraHne. CBedeHUs 0 TEXHOMOMUSX
obe3BpexunBaHna OTXOAOB MyTEM CXUraHusi npeacTtaBneHbl B cnpaBoyHuke HOT
NTC 9-2015 «Obe3BpexmBaHne 0TX040B TEPMUYECKMM CNOCOBOM (CXKUraHne OTXOO0B)».

YTunmsaumsi OTX040B HeTenpoayKToB, B TOM 4Yucrie OTpaboTaHHbIX Macen, MoXeT
OCYLLIECTBMNATLCA Ha NpeanpuaTuax HedrenepepaboTkn B Ka4yeCTBE BTOPUYHOIO CbIpbs, KO-
TOpOe MNoCcTynaeT B Havano npouecca nepepaboTtkn HedpTn. OTpaboTaHHble Macna MoryT
nocrne ux npegBaputenbHonM 06paboTKM MCNONb30BaTbCA B KavyecTBe 6a3oBOro macrna B
mMacnaHom npowussoacTee. [pu pasgenbHom cbope macen BO3MOXHO BOCCTAHOBMEHUE WX
nepBOHayvarnbHbIX CBOWMCTB M MOBTOPHOE WCMOMb30BaHWE, YTO MO3BONSAET MPOANUTb CPOK
cnyx0bl Macna. Takas yTunusaumsa opraHu3yeTcs Ha NpeanpuaTmsx, KoTopble 00pasyoT aTu
OTXOAbl.

YTunusaums macen Ha cneumanmnanpoBaHHbIX YCTaHOBKax npeacraBrieHa B OCHOBHOM
NMPONN30M, NPU KOTOPOM B 3aBUCMMOCTU OT pexnma MoryT 6biTb NoslydeHbl ra3oobpasHblie
Xngkve yrneesogopoabl, a Takke nupoyrnepos B pasnmyHbIX COOTHOLLUEHUSIX.

[ns nogrotoBkM K UCMOMb30BaHMIO B KA4eCTBE BTOPUYHOIO Cbipbs U yTUNM3aumm OT-
X040B MUHEparbHbIX Macen, yTpaTuBLUMX NOTPebuTenbckne CBOMCTBA, MPUMEHSAIOTCA Cre-
ayowme metoapl ([11]):

- om3nyeckue;

- (pun3nKo-xnMmMmyeckume;

- IMpOnmn3.

C nomoLblo PU3NYECKUX U PUNKO-XMMNYECKUX METOOO0B U3 Macen, yTpaTuBLLNX MNo-
TpebuTenbckmue CBOMCTBA, yOansanTCsa MexaHmdeckne npumecu u soga. Nonyymslumimnca npo-
AYKT MCMONb3yKT ONs NPOM3BOACTBA TEX XKE CaMblX Macen WM B KadeCcTBE Cbipbs Ha
HedpTenepepabaTbiBalOLWMX NPEANnPUATUAX.

OcCHOBHble MeTOAbl NMOArOTOBKM OTpaboTaHHbIX HeTENPOAYKTOB K yTunusauun u
npuMeHsemMoe npu Ux peanuaauumn TexHorormyeckoe obopyaoBaHue npeacTasneHbl B Tab-

nuue 1.2.
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Tabnuua 1.2 — MeTtoabl 1 06opyaoBaHmne Ansi MOArOTOBKM K UCMONb30BaHNIO B KAYECTBE BTOPUYHOMO

CbIpbsi OTXOA0B MUHEParnbHbIX Macern, yTpaTUBLLMX NOTpebutenbckne CBONCTBA

MeTOD,bI anMeHﬂeMble TEeXHOoIornm O6opynoaaHV|e
dusnyeckne BosgewncTteue cunosbix nonen (rpasuta- | OTCTONHUKK
LMOHHOrO, LLEeHTPOBEXHOro, anektpuye- |MMapOUMKIOHbI
CKOro, MarHMTHOrO) LleHTpudpyru
ONEeKTPooUNCTUTENN

MarHuTHblE OYMCTUTENN

dunbTpoBaHMe Yepes NopucTble nepe-

ropoaku

OunbTpb
dunbTpbI-

BOJOOTAENUTENN

Tennodusnyeckme TexHonornm (Harpe-
BaHWe, BbiNapnBaHne, BOAHas NpPOMbIB-

ka, aTMocdepHas 1 BakyyMHas nepe-

BbinapHble KONOHKK

BakyymHble ouCTUNNsATO-

pbl

FOHKa) MaccoobmMeHHble annapa-
Thl

KoMBrHMpOBaHHbIE TEXHOMOMMK M'MapoanHamuyeckne
unbTpbI

dunbTpylowme LeHTpudy-

MM, MarHUTHble PUNbTPLI

DU3NKO-XxMn4yeckme

Ancopbuus

Ancopbepbi

Koarynsuus

CmecnTenn-oTCTOMHUKA

CenekTnBHOE pacTBopeHne (MoOHOO0b-

MEHHas1 04MCTKa)

MoHooBMeHHbIe annapaThl

AKcTpakums

OKCTpakTopbl

O6blyHO COBpeMEHHbIe TEeXHOJ10rn4eckme npoueccbl NoarotoBkM K UCNOJIb30OBAHUIO B

KavyeCcTBe BTOPUYHOIO CbipbA OTXOO0B MUHEpPaAlibHbIX Macesl ABNAKTCA MHOroctyneH4yatbiMun

1 B 0OLLEM BMOE BKMNOYAKOT crieayrolime aTanbl: 04UCTKa OT TBEPAbIX YacTul, 0b6e3BoXxuBa-

HWe, yaaneHue nerkokmnawmux (TonnmeHbIX) pakuum, yaaneHme npoaykToB OKUCITIEHUS UM

nonvkoHaeHcaumn yrnesogopoaos ([12]). B cnyyae ecnv nonyyuBwmnncs npoaykT (no cyTw,

Macrno C BOCCTaHOBJ1IEHHbIMU CBOVICTBaMI/I) nnaHnpyeTca ncnonb3oBatb BHOBb B KayecCTBe

macna, gobaBnseTcs ctagus BBeAEHUs NernpyoLwmx A4obaBok.

Jkonornyeckue I'IpOGJ'IeMbI, BO3HUKaOLWMe npu nogroToBKke K MCnoyfib3oBaHuo B

Ka4yecTBe BTOPUYHOIO CbipbA U yTUNMU3aunMn oTxogoB MMUHeparnbHbIX Mmacen, yTpaTuB-

9
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WKMX noTpeduTenbckne cBOoMCTBA. [loarotoBka OTX0O0B HETENPOOYKTOB K yTUNM3aLmu
COMpOBOXAaeTCs BblAeNEeHNnEM B aTMOCKEPHbIN BO3AyX BbIBPOCOB yrneBogopoaoB.

Mpn nogrotoBke OTpabOTaHHbIX HEPTENPOAYKTOB K YTUNU3AUUN U3 HUX BbIOENSIOT
BOAY M MexaHun4yeckne npumecu. [1oaTomMy AaHHbIM MPOLECC COMpoBOXAaeTcsi 06pa3oBaHu-
eM HedTe3arpsa3HEeHHbIX CTOYHbIX BOA W BTOPWUYHBIX OTXOZOB, NPEACTaBMAOWMX COOOM
HedpTesarpasHeHHble ocTaTkn. CTOYHbIE BOAbBI AOMKHbI ObiTb OYMLLIEHBI OT HE(PTENPOAYKTOB,
a oTxoAbl He06Xx0ANMO 06e3BpeXNBaTDL, Kak NPaBMUNO, NP 3TOM UCMNOMb3YKTCHA TEPMUYECKME
meToabl (cM. cnpaBoyvHnk HOT UTC 9-2015 «Ob6esBpexmBaHme 0TXO40B TEPMUYECKMM CrO-
cobom (cxuraHme otxomoB)». ObesBpexnBaHne HedpTecodepKaLlmMx OTX0A40B UHbIMU METO-

Jamu npeacrasneHo B pasgerne 6.

1.2 UHdpopmMmauusa o aesATeribHOCTU MO yTUNU3auum u
ob6e3BpexnBaHUIO NPOoYnX HehpTecoaepKalMX OTXOA0B, BKMNOYas
oTxoAabl Npu 6ypeHnn, cBA3aHHOM C AO00bIYen Cbipon HehTH,

npupoaHoro (NOMNyTHOro) rasa U ra3oBoro KoHAaeHcarTa

Hedrecopepxawme otxoabl (HCO) — aTO0 pasnuyHble no coctaBy M (PU3UNKO-
XMMUYECKMM CBOWMCTBAM OTXOAbl, coAepKalune yrneBoaopoaHble cmecu, obpasyrolmnecs B
npoueccax XpaHeHns, TPaHCMNOPTUPOBKN N NCMONb30BaHUA HE(PTENPOLYKTOB.

Ha tepputopun Poccuinickon ®depepauun exerogHo obpasyeTtca 6Gonee 3 MAH T
HedTecogepxawwmx otxoaos ([13]). OcHoBHoOM BKknag B obpasosaHme HCO gatot ([13]):

- He(pTegobbiBatowme komnaHum — 6onee 1 MaH T HCO n HedbTe3arpsA3HEHHbIX FPYH-
TOB;

- HepbTenepepabaTbiBatowme 3aBoabl — 40 0,7 mnH T HCO;

- NHbl€ UCTOYHUKM (>kene3Hble JOopOorK, asponopTbl, Mopckue noptbl) — 0,5 MNH T.

CocTaB 1 cBoWcTBa HedhTecoaepKalmx OTXOA0B 3aBUCAT OT MX npoucxoxagenunsa. Oc-
HOBHbIMM KOMMOHEHTaMM HedTecoaepXKalimMx OTXOOO0B SABMSATCA HedTenpoaykTbl, BoAA,
CMOSICTO-acganbTEHOBbIE BELLECTBA MU TBEPAbIE MUHEPASbHbIE NPUMECU Pa3fNYHOro pas-
Mepa B BUAE KPYMHbIX KAMHEW, Necka, una u oKCMaoB MEeTansos.

YTunusaumio n obesspexmBaHne HedTecogepalmx OTXO40B OCYyLLECTBNAT 6onee
57 KpynHbIX poccuncknx npegnpuatun ([14]). B tabnuue 1.3 npeacrtaBneHbl OCHOBHbIE
HedpTepobbiBaowme n HepTenepepabaTtbiBalowme NPeanpuaTus, 3aHMMarLWmnecs yTunmaa-

unen n obesppexmnBaHmeM HedpTecoaepXalLmMx OTX0O0B.

10
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Tabnuua 1.3 — HedTegobbiBatowmne n HedbTenepepabartbiBatowme npegnpuatusa B Poccuinckom

degepauun, 3aHnmMaroLwmecs ytunmsaumen n odesspexmnsadmem HCO ([14])

Ne n/n PervoH, ropop, Mpeanpuatng
MAO «HK «PocHedTb»
1 | XMAO-KOrpa, r. HedTetoraHck OO0 «PH-KOraHckHedTeras»
2 |AHAO, r. lN'ybkmHCcKnin OO0 «PH-lypHedTeras»
3 Camapckas obnacTtb, r. Camapa OAO «CamapaHedTeras»
4 | Tomckasa obnactb, r. Tomck OAO «TomckHedTb» BHK
5 Pecnybnvka Komu 00O «PH-CeBepHast He(pTb»
6 CaxanuHckas obnacTtb, r. CaxanuH 000 «PH-CaxannHmopHedTeras»
7 KpacHogapckum kpan, r. KpacHogap 000 «PH-KpacHogapHedTeras»
8 | CraBpononbckuin kpan, r. Ctaspononb | OO0 «PH-CtaspononbHedTeras»
9 KpacHosapckum kpaMu, r. KpacHosipck OO0 «PH-BaHkop»
10 |KpacHopgapckuu kpau, r. Tyance OO0 «PH-TyancuHckun HMN3»
11 |Camapckasa obnactb, r. Camapa AO «Kynbbiwescku HM3»
12 |Camapckas obnacTtb, AO «HoBokynbbiwesckmin HIM3»
r. HoBokynbbliweBck
13 |Camapckasa obnacTtb, r. Cbi3paHb AO «Cbi3paHckum HIM3»
14 |KpacHosapckuin kpan, r. A4MHCK AO «AuunHckun HIMN3 BocTto4yHoM HedTS-
HOW KOMMaHuUm»
15 |WpkyTtckas obnacTtb, r. AHrapck AO «AHrapckas HepTexMMmmyeckas Kom-
naHus»
16 |CapartoBckas obnactb, r. CapatoB MAO «Capatockuint HIM3»
MAO «JTYKOWI»
17 | XMAO-Krpa, r. Koranbim, 000 «JTIYKOWN-3anagHas Cnbunpb»
18 |Pecny6nuka Komu, r. YcuHck 000 «JTYKOWIN-Komu»
19 |MepMckuii kpait, r. Mepmb 000 «JTYKOWII-
lNepmMbHedTEOPrCUHTES
20 |Mepmckuit kpan, r. NMepmb 000 «JTYKOWN-MNepmb»
21 |Hwxeropogckas obnactb, r. HxHMIA 000 «JTYKOWII-
Hosropog HwxeropogHeTEOPrcMHTE3»
22 |KanuHuHrpaackas obnactb, 000 «JTYKOWN-
r. KannHnHrpag KannHnHrpagMmopHedTb»

11
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Ne n/n

PerunoH, ropoa

Mpeanpuatng

23

Bonrorpagckas obnacTts, r. Bonrorpag

000 «JTYKOWII-
BonrorpagHedTenepepaboTka»

OAO «THK-BP XonauHr» (NMAO «PocHedTb»)

24 | OpeHbyprckas obnactb, r. by3synyk AO «OpeHbyprHeTb»
25 | XMAO-HOrpa r. HmxHeBapTOBCK AO «CamoTrnopHedTeras»
26 | XMAO-Krpa, r. PagyxHbin NMAO «BapberaHHedTeras»
27 | XMAO-KOrpa, r. HmkHeBapTOBCK OAOQO «THK-HwxHeBapTOBCK»
28 | XMAO-KOrpa, r. HaraHb OAO «THK-HsaraHb»
OAO «CyprytHedTb»

29 |JlenunHrpaackasa obnactb, r. Kupuwm OO0 «KupuwHedhTEOPrCUHTES»

(OO0 «KNHE®D»)

MAO «lasnpom HedTb»

30 |AHAO, r. Hosbpbck AO «[lasnpom HeTb-

HosabpbckHedTeras»
31 | XMAO-Krpa, r. XaHTbl-MaHcumck OO0 «l"asnpom HedTb-XaHTOC»
32 |Owmckas obnactb, r. Omck AO «lMasnpom HepTb-OMmckui HIM3»
33 | MockoBckasa obnactb, r. Mockea AO «["asnpom HepTb-MHI13»

MAO «[l"asnpom»
34 |Pecnybnuka bawkopTtocTtaH, r. Canasat |OOO «[a3npom HedpTexum CanasaT»
MAO «TaTHedTb»
35 |Pecnybnuka TatapctaH, r. HwkHekamck |AO «TAHEKO»
36 |Pecnybnuka TatapcTtaH, r. AnbMmeTbeBck |AO «TaTtonnras»
OAOQO «HI'K «CnaBHedTb»

37 | XMAO-KOrpa, r. MernoH OAO «CnaBHe(Tb-MernoHHedpTeras»
38 | XMAO-KOrpa, r. MernoH OAOQO «CnaBHedTb-

MernoHHed Terasreonorms»
39 |Apocnasckas obnactb, r. Apocnasnb OAO «CnaBHe(Tb-

ApocnasHedTEOPrcUHTE3»
40 |Apocnasckaa obnactb, TytaeBckuin| OAO «CnaBHedTb-AHM3 nm. MeHaene-

paunoH, p. nN. KOHCTaHTUHOBCKUI

eBa» («Pyconn»)

MAO AHK «bawHedTb»

12
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Ne n/n PervoH, ropop, Mpeanpuatng
41 |Pecnybnuka bawkopTocTaH, r. Yda OAO «YdaHedTexum» (dounman
OAO «bawHedTb» — «balwHedTb-
YdaHedpTexum»)
42 |Pecnybnuka bawkopTtocTaH, r. Yoa OAO «Ydumckmi HIM3» (bmnunan
OAO «bawHedTb» — «bawwHedTb-
YHI3»)
43 |Pecnybnuka bawkopTtocTaH, r. Yoa OAOQO «HoBo-Ydumckuin
HIM3»(OAO «Hooonn»)
MNAO «HK «PycHedTb»
44 | YpmypTckas pecnybnuka, r. Vxesck AO «benkamHedpTb»
45 | XMAO-KOrpa, r. PagyxHbin 000 «benble Hounx»
46 | XMAO-KOrpa, r. PagyxHbin OAO «BapberaHHedTb»
47 | XMAO-KOrpa, HedpretoraHckui panoH, |OAO «Canbim [NeTponeym [eBenonMmeHT
n. Canbim H.B.»
48 |MockoBckasi obnactb, r. Mockea OAOQO «OprHedTeCMHTE3»
49 | XMAO-KOrpa, r. XaHTbl-MaHcuick OAO HAK «Akun-OTblp»
NMAO «<HOBATO3K»
50 |AHAO, r. HoBbin YpeHron 000 «HOBAT3K-KOpxapoBHedTeras»
51 |AHAO, Amanbckun panoH, c. Ap-Cane |OAO «Aman ClMI»

B tabnuue 1.4 npeactaBneHbl KOMMaHUW MpPou3BOAMTENN obopyaoBaHUSA ANs pas-

JINYHBIX METOOO0B YyTUNNU3aunn n o6e3|3pe>|<V|BaH|/|;| HerTeCO,D,ep)KaLIJ,I/IX oTXo4oB

Tabnuua 1.4 — lMocTaBwmkn obopyaoBaHns ansa yrunmsaumm n obesspexmnsaHns

HedhTecogepXKalumx OTX040B U KoMnaHum npoudsoautenu ([14])

Ne n/n KomnaHus TexHonorusa, metoq
MHocTpaHHble KoMnaHnn
1 |AETE International (HOFFLAND MexaHunyeckui
ENVIRONMENTAL, INC.)
2 KMT Inc. MexaHunyeckui
3 |Westfalia Separator MexaHunyeckui
4 | Anbda JlaBanb (AlfaLaval) MexaHunyeckui
5 Flottweg (dnoTTBer) MexaHn4eckuin
6 |ORECO/AtlasCopco MexaHunyeckui

13
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Ne n/n KomnaHus TexHonorusa, metoq
7 HILLER MexaHunyeckui
8 New Green Technology MexaHunyeckui
9 M-I SWACO (c 2010 r. BxoauT B MexaHun4yecknin
coctaB KomnaHuun «Schlumberger»)
Poccuiickne komnaHum
1 000 «TexHOKOMMNIIEKC» HuskoTemnepaTypHbI NINPONn3
2 |000 «<ABEHMAHH» KoMBWHMPOBaHHBI
3 | 000 «3kollpomCepsuc» HuskoTemnepaTypHbI NMPOSn3
4 |3A0 «MHCT3b», r. Kypck XrMunyeckmi (MHKancynaums)
5 YN «MHecTuTyT Hedptexumnepepa- | MeTtoa komnayHANMpPOBaHNUA
6otku» PB, r. Ypa
6 |OOO «CIlNAC® «[llpupoga», MexaHunyeckui
r. YCUHCK
7 | 000 «HeTerasmawu- MexaHunyeckui
TexHonornm», r. Tuxopeuk
8 |0O00 «KB3AM «MeTtannuct-Oca», |MexaHunyeckui
r. MockBa
9 |000 «ObbegmHeHHble Poccuiickme | MexaHnyeckuin
BoaHble TexHonornn», r. Mockea
10 |3AO «3kpoc-UNHXNHUPUH, MexaHu4eckui
r. CaHkT-lNeTepbypr
11 |3AO0 «TexHocdepa», . Kypck MexaHunyeckui
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PucyHok 1.1 — MecTopacnonoxeHue npeanpustuii NponsesoanTenei o6opyaoBaHns

no ytunusaumm HCO Ha Tepputopum Poccuiickon ®epepauum

HaunbGonee KpynHbIM1 NPOM3BOANTENAMM TEXHOMNOMMI M 060PYyAOBaHMSA MO YTUAM3ALUK
n obesspexmBaHmio HCO Ha poccuickom pbiHke (pucyHok 1.1) ([15]) asngatTca cnegyrowme
KOMMNaHuu:

- OO0 «KB3OM «MeTannuct-Ocax», r. MockBa;

- 3AO «B3l «TubeT», r. Mocksa;

- OAO «Kanyxckun TypbuHHbIN 3aBog», I. Kanyra;

- BAO «UNHTexaHepropecypc», MockoBckasa obn., r. BugHoe;

- OAO «WMxOpun XonguHr» (MxeBckun 3aBof MeTannoOKOHCTPYKUMN «MeTakoH»),
r. xxeBck;

- Tomckmi nonutexHmnyecknn yHusepcuteT (TT1Y), r. Tomck;

- OO0 HIMO «Yuctble TexHonormum», r. CanHkt-MNeTepbypr;

- CanaBatckuun cpunuan YIHTY, r. Canasar;

- M MO «lNonet», r. Omck;

- HIMY, «AnMake»,  XaHTbl-MaHcunckmin  ABTOHOMHBLIM - okpyr —  KOrpa  AO,
r. HmKHeBapTOBCK;

- ATl Incinérateurs MULLER, ®paHuus;

- JkoTepa /Tarmac International Inc., r. Mocksa;
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- ELVECO GROUP/OOO «JIBEKOIPYII», MockoBckasa obn., YexoBcKkun p-H,
n. JTioByyaHbl;

- TA «INpomeTten» HK «HoBoe nokoneHue», r. Kemeposo;

- OO0 «[lNeHHpamUuBecT pynn», r. CaHkT-NeTepbypr;

- OAO «MexaHu4veckun 3aBog», r. lNepmb;

- Metso, duHNanans;

- ENCE GmbH, Lsenuapus;

- HAUS (Typuus)/O00 «AKC»;

- KarachaganakSupportServices, r. Akcan;

- OO0 «3OMyIbCUOHHbIE TEXHOMNOTNU», I. VKEBCK,;

- OO0 «[llpupopa-lepmb», r. Nepmb;

- OO0 «Ypanakopecypc», r. Nepmb.

OcHoBHas 4acTb HedTecogepXalmx OTXOAOB nepepabaTbiBalOTCA crneumanuampo-
BaHHbIMW NPEANPUATUSAMU C UCNOSTb30BaHMEM Pa3fINYHbIX TEXHOMOrMM U cnocoboB yTunmsa-
umm n ob6e3BpexmBaHMUS.

OCHOBHbIEe AaHHbIe NO MeToAaM M TEXHONOrMAM yTunusauuvm n obesBpexuBa-
HUSA NPoYNX HedpTecoaepxawmMxX OTXOAO0B, BKNOYaaA OTXOoAbl Npyn 6ypeHun, CBA3aHHOM
C poGblyen cbipon HepTU, NPUPOAHOro (NONYTHOro) rasa u razoBoro koHgeHcara. Oc-
HOBHbIMWM MeToAaMn yTunmnsaumm n obesBpexmBaHusa HedpTecogepxamx otxogos ([16]) se-
naTCs:

- XMMUYeCKne MeToapbl;

- pnsnyeckme mMeToabl;

- (PM3MKO-XMMUYECKNE METOAbI;

- buonornyeckne meToabl.

K xumnyecknm metogam OTHOCUTCHA COPOUMOHHBIN METOoA, OCHOBAHHbLIN Ha MCMNOMb30-
BaHWM N'YMUHOBbIX NpenapaToB, NO3BOSAOLMIA NPOBECTU AETOKCUKALMIO OTXOAOB NpW Hanu-
YN B HUX COEAMHEHMI TXKenbIX meTannoB. MeToa, Kak npaBuio, NPUMEHSETCA B KOMMIEK-
ce ¢ gpyrumn metogamm nepepabotkn HCO.

K donamyeckum metogam ytunusaumm n obesspexmnsanna HCO oTHocATcs oTcTamBa-
HWe, punbTpaums, TepMOMeExaHNU4eckoe pasgeneHve Ha ¢asbl, nepepaboTka ¢ MOMOLLbIO
AeKkaHTepoB U TpukaHTepoB. MeTtoabl HanpaBneHbl Ha pasgeneHne HCO Ha aBe wnu Tpu
dopakumn: TBepaas asa, xmgkaa dasa u HedpTsaHas ppakums.

dunbTpauua — ucnonb3yeTcs Ans GunbTpaumm WNamMoB C BbICOKMM COOepXXaHUEM
HedpTenpoaykToB. [NepepaboTka 1 yTunmsaums HedTecogepKalmx OTXOA0B C NOMOLLbIO Ae-

KaHTepoB WCMonb3yeTcs Ansi npoctoro ob6e3BoxuBaHUS nepepabaTbiBAEMOro  Chlipbst
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(T. e. pasgenaoT HCO Ha XnOKoCTb U MexaHuyeckme npumecu). NpuMeHeHne TpukaHTepPOB
No3BONSET pas3fenuTb Xnakyto a3y Ha ABe cocTaBnswLwwme: HedpTecoaepXxallyto n obeoa-
HEHHYI0 YacTu.

dunsnko-xmmmyeckne mMetoabl ytunusauum mn obesspexmnBaHna HCO npumeHsaoTcs
ANa HedpTecoaepXaLlmx LWNaMmoB OYUCTKU EMKOCTEN U TpyBoNpoBOAOB; FPYHTOB, 3arpA3HeH-
HbIX HedpTbi0 UnNn HedpTenpoaykTamu. K dunsnko-xummyeckum metogam ytunmsaumm n obes-
BpexumBaHus HCO oTHocAaTca akcTpakuusa HedpTaHon vYactu HCO ¢ npumeHeHnem nosepx-
HOCTHO-akTuBHbIX BellecTB (IMAB); TexHonornm, oCHoBaHHbIE Ha ANEKTPOXMMUYECKUX METO-
Aax; KancynvpoBaHue.

pynna TexHonorum, OCHOBaHHas Ha Ouonormyeckom metoge 0o6e3BpexmnBaHus
HedpTecogepalmnx oTxon40B, npeanonaraeTt gobaBneHne K 0TXo4amMm MUKPOOPraHM3MOoB, KO-
TOpble BbI3bIBAOT BMOAECTPYKUMIO HEPTAHON dha3bl. M3BECTHLI MHOrovMcrieHHble Guonpe-
napaTtbl U arpoTEXHUYECKME NPUEMbI, MHTEHCUULMPYIOLLME pa3pyLUeHne yrneBogopoaHOro
komnoHeHTa ([17], [18]). K BGuonornyecknm metogam oTHocATca Guopemeguauma n putope-
Meanaums.

Jkonornyeckue npobremMbl, BO3HMKaroWwme npm yTunmsaumm m o6esBpexmBaHum
npoumnx HedpTecoaepalmnx OTXOAOB, BKMOYaA oTxoAbl NpU OypeHun, CBA3aHHOM C
Aobblvyen cbipor HedTU, NpMpoaHOro (NONyTHOro) rasa M ra3oBoro koHaeHcara. [lpu
o6esBpexunBaHmm HCO nobbiM 13 ykasaHHbIX METOAOB (Kak NpaBuilo, Ha HavanbHbIX CTagu-
AX, Ha 3Tanax TPaHCMOPTUPOBKN, MOrPY3KM B peakTop U T. N.) NPOUCXOAMUT 3arpsisHeHue aT-
MOCepHOro Bo3ayxa B CBA3U C UCMAPEHMEM NETKMUX YrneBogopoaoB C NOBEPXHOCTU OTXOAA.

B cnyyae ecnn oGesBpexuBaHne OTXOL4OB BEAETCA Ha OTKPbITbIX Mrowagkax, nog
AeNcTBMEM ocagkoB OyaeT NpoucxoanTb BbiMbiBaHWE HeddTenpoaykToB. [ns npegoTepalye-
HUA nonagaHus BoA, 3arpA3HEeHHbIX HedbTenpoaykTaMu, ¢ onepaumoHHbIX nonen obasarens-
HO obopyayeTca ApeHaxHasa cucteMma ¢ BOAOOTBOAHbIMY KaHaBaMu.

Kpome TOro, Hedrecogepxawme OTXOAbl COAEpXaT B CBOEM cCOCTaBe OOnbLUOW

CNeKTp TAXenbiX MeTarnroB, KOTOpPbIE ABNMATCA 3arpA3HUTENAMA or<py>|<a+ou.|,el7| cpenbl.

1.3 UHhopmMmaumusa o AeAaTeribHOCTU MO YyTUNU3auum u

o6e3BpexXMBaHUIO OTXOA0B 060pPYyAOBaHUA, coaepXKaLlero pTyTb

K otxogam obopynoBaHug, cogepxawero ptyTb ([19], [20]), oTHOCATCS:
- BblleAlme u3 cTposi pTtyTbcogepxalimne nsgenus (pTyTHble TEPMOMETPLI, PTYTHbIE

namnbl, pTyTHbIE N PTYTbCOAEPXKaLLME raribBaHUYECKNE SNEMEHTLI, Apyrne npudopsl);
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- BbllWeALmne U3 CTPOoSa M3MepuTenbHble yCTponcTea (bapomeTpbl, rMrpoOMeTpbl, MaHo-
METPbl, TEPMOMETPbI, CHUrMOMAHOMETPbI), COAEPXKaLLME PTYTb N YCTAHOBMIEHHbIE Ha KpYyn-
HorabapuTHoM ob6opyaoBaHUu;

- pTyTbCOAEPXaLme maTtepuarnbsl U NPOAYKTbI, UCNOSb3yeEMblE B MeQULIMHE, CETbCKOM
X03A1UCTBE, NAaKOKPACOYHOW MPOMbILLSIEHHOCTH.

OcHoOBHasa 4acCTb 9TMX OTXOAOB NpeAcTaBneHa OTXOA4aMWu pTyTbCoAepXKalux namn
pPasnnYHbIX MOANdUKALNA.

O6bembl 0bpasoBaHMA OTX0A0B 00OpyaOBaHus, copepXawero pTyTb, MO AaHHbIM
cTaTUCTUYecKoro HabnaeHns coctaBnsaoT 6onee 14 Tobic. T/roA.

MprHMMasa BO BHMMaHWE, YTO 3HAYUTENbHAs YacTb PTyTbcoaepKalmx namn obpasy-
eTcs B ObITOBOM CeKTope, hakTmyeckuin obbem obpasyomxca OTX0A0B NpeBbilaeT AaH-
Hble odomumManbHON CTaTUCTUKN.

3a 2015 rog B Poccuiickon ®efepauun, Nno AaHHbIM CTaTUCTUYECKOro HabnoaeHus,
6b1n10 yTunuanposaHo 241,87 T otxopoB n obesspexeHo 8040,30 T obopynoBaHud, coaep-
Xauero pTyTb (npu obpasoBaHun 14 862,28 1) ([10]).

B HacTosLwee Bpemsa B psae permoHoB Poccun oyHKUMOHUPYIOT pernoHarnbHble Cu-
cTeMbl cbopa M 06e3BpeXnBaHNA BbllEAWNX N3 CTPOS PTYTHbLIX flamMn U ApYyroro pTyTbCO-
Aepxawiero obopynosaHua (PCO) notpebneHus, npuyemM He TONbKO OPUEHTMPOBAHHbBIE Ha
opraHusauumn n NpeanpuaTus, Ho U Ha GbIToBOM cekTop. B cTpaHe dhopmanbHO (PyHKUMOHM-
pytoT okono 100 npegnpusaTtui no pasgensHomy coopy PCO notpebnenus. Okono 50 takmx
npeanpusaTUiA, PacnofioXeHHbIX BO BCeX doedeparnbHbIX okpyrax Poccuickon ®epepauum,
COCTaBNAT nNpodeccmoHanbHoe obbeanHeHNe — HEKOMMEpPYECKOe MapTHepPCTBO «AcCCo-
unauusa npeanpustui no obpalleHnto ¢ pTyTbCoaepXKallMmMmn n apyrumm onacHbIMM oTxoaa-
MU,

KpynHbiM npeanpusatnem B obnactn nepepaboTkm pTyTbCOAEPKALLMX OTXOA0B ABNS-
etca 3A0 «HIMMM ,KybaHbuBeTmeT », KOTOpOe CnocobHO nepepabaTbiBaTb NPAKTUYECKN BCE
Bnabl PCO noTtpebneHus (BbiCOKOTEMMNEpPATYpHbIN OBXUI OTXOAOB B TpybyaTon Bpaliato-
Lencs neym) ¢ nonyyeHnem ToapHon ptyTn. OHO MMeeT 3HaUYUTENbHbIE MOLLHOCTM MO pa-
PUHMpPOBaHMIO YepHOBOKM (0TpaboTaHHOW) PTYTU N NPOU3BOLCTBY Pa3nnyHbIX (B TOM 4ucne,
CBEPXYUCTbIX) coeauHeHun ptytn. Ha paduHnpoBaHMmM 4YepHOBOW (OTpaboTaHHON) PTYTU U
Ha BbIMyCKe HEKOTOPbIX coeAnHEHUN pTyTn Takke cneunanuampyetcsa OO0 «Mepkom».

PacnpepeneHne npeanpuatini nepepaboTymMkoB pTyTbCOAEpPXKaWMX OTX040B MO

cybwektam Poccuinckonn Pegepauun, no gaHHbIM ([21]), npeacTaBneHo Ha pucyHke 1.2.
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L BnanKaBKas

UpKyTCK

. 47 npeanpuatvid, Bxogauime B HIM APCO, o6e3BpexMBaloT PTyTbCOAEpKALLME NaMMbl C TPUMEHEHUEM YCTaHOBOK
«3koTpom-2» u/vunum YPN-2m

. 21 npegnpuATHUE OCHALLEHO YCTAHOBKaMM «IKOTpoOM-2»

. 26 NnpeanNpUATHUA OCHALLEHbl TEpMOLEMEPKYPU3ALMOHHbIMM ycTaHOBKamu YP/1-2m v YAM-3000

PucyHok 1.2 — PacnpegeneHve npegnpusatuin — nepepaboTynkoB pTyTbCOAepKaLlero o6opyaoBaHns

9T0Z-ST 31U
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OcHOBHble AaHHble NO MeToAaM U TEeXHOJOrMAM yTUnusauum n obe3BpexuBa-
HUA OTXOAOB PTyTbCoAepKaliero obopyaoBaHus. TexHonorum ytunusaumm n obesspe-
XMBaHMA pTyTbCoAepXallero obopyaoBaHMa npegycmaTpusatroT AeMepKypu3aumto, UCnonb-
30BaHWe MeTOAOB BblleriaynBaHus, OKUCINEHNS, SKCTPaKLMM N NONyYEeHNa MeTann4yeckomn
pTYyTU.

Ona ytunusauumn n obesBpexmBaHnsa pTyTbcoaepkallero obopyaoBaHst UCNOMb3yHOT
TEXHOJSI0rMU, OCHOBaHHbIE Ha Pa3fnn4YHbIX MeToaax.

TexHonorun ytunmsaumm n obesBpexumsBaHusa pTyTbcoaepxalero obopynoBaHus, oc-
HOBaHHblE HAa TEPMUYECKMX MeTohax:

- BeicokoTeMnepaTtypHbIN 0GXMr.

BbicokoTemnepaTtypHbi 06Xur 3akntoyaetca B npokanusaHum (ooxure) PCO. MeTog
OCHOBaH Ha HarpeBe oTxoaoB [0 450 °C — 550 °C (B Bakyyme unu npu atMocqepHoM AaB-
NeHun), OTIOHKe PTYTM C NOCreaywlmnm ynaBnMBaHUEM W KOHAEHcauuen ee napos.
B pesynbTtate obpasyetca ToBapHas pTyTb.

- TepmoobpaboTka B WwHekoBon TpybyaTomn neuvn (ycraHoBku Tuna YAM-3000).

TepmoobpaboTka OcCyLLeCTBNSAETCS B LUHEKOBOMW TpybyaTon neyu npu Temnepartype
350 °C — 390 °C. lNpouecc aemepkypusaumm oTpaboTaHHbIX PTYTHbLIX flamMn COCTOUT U3 BO3-
FOHKM PTYTWU U3 NpeaBapuTenbHO pasgpobneHHbIX namn, NocrneayLen KoHgeHcaUmm napos
pPTYTU U yganeHun npoayktoB nepepabotku. MNpogyktamm nepepaboTkm SBNAOTCA ABa Npo-
AyKTa: ctynna (HanpaBnseTcst Ha PTYTHbIN KOMOUHAT ons nepepaboTkun) n copbeHT.

- TepmoBakyymMHaa TexHomnorus, peanusyemas Ha yctaHoske YPJ1-2m.

OTxoabl obopynoBaHud, codepxalwero pTyTb, paspyllaeTcd B KaMepe YCTaHOBKM,
HarpeBaloTCs A0 TemnepaTtypbl ObICTPOro ncnapeHus pTyTu, a napbl pTYyTU OTKayMBaloTCA
BaKyyMHOW CUCTEMOM YCTaHOBKM Yepe3 HusKoTemnepaTypHyto nosywky (HTJ1), Ha ee no-
BEPXHOCTU MPOMCXOOUT KOHAEHCAUMNA pTYTKH, CTekatLlen B COOPHUK B BUAE XMOKOro meTar-
na nocre pasmopaxuBaHusi NoByLwWwkK. B pesynbtate obpasyeTcs pTyTb, a Takke AeMepKy-
PU30BaHHbIN CTEKNO60N, NOMUHOMOP, antoMUHUIA, BONbGPaM.

TexHonorun ytunusaumm n obesBpexuBaHua obopyooBaHWUA, codepalero pTyTb,
OCHOBaHHble Ha XMMUYECKNX METOAAX:

- MeTo MOKpOW XMMUYeCKon AemMepKypusauum (rmapomeTtaninypruyecknin Metoq).

CyWHOCTb rmapomeTannyprmyeckoro Metoga 3akntovaeTcs B obpaboTtke pasgpob-
NEHHbIX MIOMUHECLIEHTHbLIX NaMn XMMUYEeCKUMU AeMepKypu3aTopamu C Uenbi nepesona
pPTYTU B TPYOHO pacTBOPUMbIE COEAMHEHUS, KaK NPaBumo, cynbdua pTyTu.

- TepMOXVIMI/I'—IeCKaFI TEXHONOIrMA nepnogn4eckoro OencTBus.
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CyLlHOCTb MeToa 3aKryaeTcs B TOM, YTO Lenble namnbl HarpesatoT, BblAepKUBaoT
25 MyH nNpu TemnepaType, obecnednBatoen gecopoumio pTyTn, U pe3ko OXnaxgarT nyTem
KOHTaKTa ropsiden namnbl B CMecUTene C pacTBOPOM Cepocofepkallero peareHt. B utore
NPOUCXOAUT TepPMUYECKOe paspylueHne Konbbl, a pTyTb cBsA3bliBaeTcA. [1poaykTtom nepepa-
OOTKM ABNSETCH Cynbdua pTyTU.

TexHonorun ytunmsaumm n obesBpexmBaHusa pTyTbcoaepawiero obopynoBaHusd, oc-
HOBaHHblE Ha (PU3NKO-XMMUNYECKMX METOAAX:

- TexHonorus obesBpexmnBaHna N yTunmnsaunm nioMUHECLEHTHbIX flaMn pasgeneHnemM
NX HA KOMMOHEHTbI C LUEeNbIo BblAeNeHNs BTOPUYHON PTYTHU.

MeToa OCHOBaH Ha «XOJIOAHbLIX U CyXMx» npoueccax ApobneHus n cenapaumm nsge-
N B CUCTEME C MOHWXKEHHbIM AaBreHneM. B pesynbtate NnpoucxoauT BbigeneHne BTOpuY-
HOW PTYTU U pasgeneHne namn Ha Tpy KOMMNOHEHTA: CTEKI0, MeTannmMyeckue LoKonm u npo-
AYKT MUHepanusaumm ioMmHodopa, norydaemMbslin U3 pTyTbCcoAeprKallero nomMmHodopa.

Jkonornyeckue npoo6nembl, BO3HUKalOLWME NpU yTUnm3saumm n o6esBpexmBaHnm
OTXOAOB pTyThbCcoaepxalwero obopyaoBaHmsa. OnacHOCTb yTunusaumm n obesBpexuBa-
HUA pTyTbCOOepXalmx OTX0A0B BO MHOrom obycrnoBneHa cBoeobpasHbIMU OU3NKO-
XUMUYECKMMUN CBONCTBaAMU PTYTMU.

Obs3aTtenbHbiM ycnosnem npu goctaBke PCO Ha ytunusaumio n obesspexunBaHve
ansetca obecnevyeHne repMeTUYHOCTU TPaHCMOPTHbLIX KOHTEMHEPOB W 06OpyaoBaHUS.
B npotnBHOM cny4ae napbl pTyTn 6yayT nonagaTb B aTMOCKEPHbLIA BO3AYX, YTO OKaXeT ry-
OuTenbHOEe BO3AENCTBME Ha OKPYXatoLLyto cpeny.

Mpwn yTnnusauumn n ob6es3BpexmnBaHnumn pTyTbcogepxalero o6opyaoBaHns NPONCXOANT:

- BblA€neHne BTOPUYHOW PTYTU U OONOSTHUTENbHOE MOfyYeHne BTOPUYHBIX MaTepu-
anbHbIX PECYpPCOoB (CTEKNa 1 antoMUHUS) UK

- CBA3bIBaHME pTyTK B 6e3onacHble coeamHeHus (Cynbgug pTyTh).

B oboux cny4vasix npu nepepaboTke pTyTbcoaepxaliero obopyaoBaHUs NpOUCXOaUT
BblAeneHne B aTMocepy napoB pTyTu N obpa3oBaHMe BTOPUYHbIX OTXOA0B, KOTOPble HEOb-
X0AMMO noAaBepraTb AOMOMHUTENBHOW OYMCTKE U nepefasaTtb ANA AanbHeunwen nepepaboT-
KW.

Mpn yTnnusauumn ptyTbCcoaepkaliero obopynoBaHna cnepyeTt yuyuTbiBaTb HE TOSbKO
Hanuune pTyTM B OTXOAax, HO U BO3MOXHOCTb YTUNM3aUUN 3arpsi3HEHHOW Tapbl M MOYBbI.
MocnegHee npenctaenseTcs 0cob0 BaXHbIM, €CNn y4eCTb TEHAEHUUN HaKoNneHns meTtan-
NMYECKON PTYTU B OKpyXalLen cpede n ocobeHHOCTM Murpaumm pTyTn rpyHTOBbIMW BOAA-

MW.
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1.4 UHdhopmMmaumusa o AeATerIbHOCTU MO YTUNU3auum u
o06e3BpeXMBaAHUIO U3OENTUN U3 PE3UHDbI, YTPaTUBLLUNX
noTpeonTenbLCcKkMe CBOMCTBA, B TOM YUCIIe PE3UHOBbIX LUMH,

NOKPbILWEK U KaMmep

CocTtaB usgenui n3 pesuHbl, yTpaTUBLUMX MOTpebuTenbckue CBOWCTBA, 3aBUCUT OT
accopTUMeHTa NPOAYKLUMU, KOTOPbIA BKMOYAET pe3MHOTEXHMYECKNE m3genus, obyBb M LIK-
Hbl.

B 3aBMCMMOCTM OT Ha3Ha4yeHUs PEe3NHOBbIE W3Oenus M3roTaBNMBaKOTCA Ha OCHOBE
pasnU4YHbIX Kay4yKoB, NNacTUduUKaTopoB, HanomHuTenem n Apyrmx UHrpeaneHtos. PesnHo-
TeXHMYECKMEe U3genusa MoryT cogepXaTtb B CBOEM COCTaBe B KavyeCTBe apMaTypbl TEKCTUIb-
Hble MaTepuanbsl 1 MeTans.

OTxogbl pe3vHOBBLIX LUWH, MOKPbLIWEK, Kamep codepxaT B cpegHeMm 45 % — 52 %
HaTyparnbHoro kayyyka, 10 % — 15 % BbiCOKOKa4eCTBEHHOIo MeTanna.

3a 2015 roa B Poccuiickon degepaumm, Nno AaHHbIM CTaTUCTMYECKOro HabnogeHus,
6b1n10 yTMnuanposaHo 67 590,955 T n o6e3BpexeHo 6329,245 T 0OTXOA0B U3AENNA U3 PE3UHDI
(npn obpasoeaHum 107 806,445 1) ([10]).

CornacHo uccnegosaHusMm accoumaumm «lnHakonorma» n LieHTpa mexayHapoaHoro
cotpyaHnyectea HOHMOO, obbemM OTXOA0B WM3HOLWIEHHbIX LKMH C YY4E€TOM [aHHbIX,
He Boweawmnx B cTtatuctuyeckun yyet, B Poccum exerogHo coctasnseT oT 850 Thic. T A0
1mnHT ([22]). Hambonbwmne obbembl obpasoBaHus npuxoasatca Ha MockBy u CaHkT-
MeTepObypr, roe HabniogaeTcs HavBbicaa aBToMobunuaauusa HaceneHus. o otaenbHbIM
OLleHKaM 3KCMNepToB, NnepepaboTka 0TX0A0B WKH He npesblwaeT 10 % — 15 % ([23], [24]).

B Poccun HacuuTtbiBaeTcsa cBbiwe 35 npeanpuaTuin, 3aHUMaloLWMXCS yTunusauuen
LWUMH 1 NOKpbIWEK, MOLHOCTLIO OT 1 ThiC. T OTXOA4O0B B roA 1 Bbiwe ([24]). Hanbonee kpynHbl-
MU nepepaboTyunkamm (pucyHok 1.3) ABnATCS criegyrome KOMnaHuu:

- HMO «Btopm» — Apocnasckas obnactb, LIPO;

- OO0 «3kopesunHa» — Mockosckas obnactb, LUPO;

- OO0 «3konorus MNMepepaboTka wuH n PTU» — Benropoackasa obnacts, LIOO;

- 000 «3KO Toll» — Apocnasckas obnactb, LUPO;

- KpacHosapckumin 3aBoa pe3mHoBon Kpolwkun — KpacHosipckui kpain, CPO;

- O00 «3KO PTW lMntoc» — CaxanuHckasa obnactb, JPO;

- «Hwmxeropoackui 3aesop no nepepabotkm PTU» — Huxkeropogckas obnactb, MPO;

- OO0 «3ko Ctap TexHonomxum» — lNpumopcknin kpan, JPO;

- O0O0 «Ypanctek» — YenabuHckaa obnactb, YOO,
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- OO0 «LleHTp nepepaboTkn oTxoaos» — CBepanosckasa obnacte, YOO,;

- OO0 «Bomxcknin pereHepaTopHO-LUMHOPEMOHTHbIN 3aBoa» — Bonrorpagckas o6-
nactb, OPO;

- OO0 «3koueHTp» — Bonrorpaackas obnactb, OPO;

- OO0 «3kowmnHa» — Tomckasa obnactb, COO;

- TOO «Inter Rubber Recycling» — Antaickun kpan, CPO;

- OO0 «Mep group» — Ceepanosckasi obnactb, YOO,

- OO0 «[lMapTHeT rpynn» — Pecnybnuka bawkopTtocTaH, MNPO;

- O00 «POC- AOH» — PocTtoBckas obnactb, OOO;

- OO0 «3aBog no ytunusauum n nepepaboTke WnH» — Nepmcknii kpan, MNPO;

- OO0 «3ko LeHTp» — Bonoroackasa obnactb, KOPO;

- OO0 «3ko Crtap TexHonomxm» — Kamuatckas obnactb, JPO.
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PucyHok 1.3 — MecTtopacnonoxeHue npeanpusatun nepepabotyunkos PCO Ha

Tepputopumn Poccuiickon ®egepaumm

B uncne npegnpusitun no nepepaboTke WWH NpeanpuaTus, MMeloLmMe rogoBoe Mo-
TpebneHue cbipbsa 40 5 ThIC. T, cocTaBnAT okono 77 % ([23]). OHn obecneumnsatoT 41 % oT
obwero o6bema nepepaboTku LLNH.

CambiM pacnpocTpaHeHHbIM cnocobom nepepaboTkn sBnAeTca MexaHnveckoe Apob-
neHune, KoTopoe ncnonb3ytT 19 aencreyowmx B Poccum komnanun ([23]), S3AO «3aBoa ne-
pepaboTkm nokpbiwek Ne 1» npumeHsaeT kpuoreHHoe apobneHne, OO0 «3komHBecT» — ba-

poaecTpykumoHHoe apobnexue ([23]).
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BonbLWHCTBO NpeanpusaTU CpeaHero U Menkoro busHeca opMeHTUpoBaHbl HA MeCT-
Hbl/perMoHanbHbii - pblHOK — cbipbs. OO0 «Tpuymd»  (Pecnybnuka bBalwwkopTocTaH,
r. Hecptrekamck) nmeet 0OBbEKT yTunmM3aumm OTXOAOB LUMH, MOKPbILWEK, Kamep aBTOMOOWIb-
HbIX MowHocTblo 5040 T/rog. OO0 «3konpom» (MypmaHckaa obnactb, r. Kuposck) nmeeTt
OOBEKT yTUNM3aLuMM pesmHocodepXallmx OTXOAOB (LUWMH, KOHBEWEPHbIX NEHT) MOLLHOCTbIO
100 kr/4. OO0 «CTtponaktus» (BopoHexckas obnactb, r. Jluckm) ocywectenset o6paboTtky n
yTUNN3aumMio OTXOO0B LUMH, MOKPbIWEK, Kamep: MOLLHOCTb TexHorornyeckoro obopyposa-
Hua — o 10 Teic. T/rog, hakTnyeckas 3arpy3ka — 50 %.

3arpy>eHHOCTb NPOU3BOACTBEHHbLIX MOLLHOCTEN BCEX NPeanpusaTMn — nepepabotyn-
KOB LUMH He npeBbiwaeT 50 % ([25]).

OCHOBHble CBeAeHUA O MeToaax U TEXHONOrusX yTunusaumum nsaenum us pesu-
Hbl, YTPaTUBLLUUX NOTEPSABLUMX NOTPEOUTENbCKME CBOUCTBA, B TOM YuCrle pPe3UHOBbIX
LUMH, NOKPbIWEK U Kamep. Bce n3BeCTHble MeToAbl yTUNM3aumMm n3genun n3 pesunHol, note-
PSABLUNX NOTPEBUTENBCKME CBONCTBA, MOXHO pa3fenvTb Ha TPy rpynnbl:

- (busmyeckun metog — gpobneHue;

- PM3UKO-XMMUYECKMUN METO — pereHepaums;

- TEpMUYECKME MEeTOObl — CXUraHUe U NUPosu3.

CxxuraHme 4aCTUYHO M3MerbYeHHbIX aBTOLWIMH (PE3VHOBBLIX YMIMCOB) SBMSETCA Npesn-
MEeTOM paccmoTpeHusa cnpasodHnka HOT UTC 9-2015 «O6e3BpexmBaHne OTXOO0B TEpPMU-
YeCKMM crnocobom (CKuraHme OTXoa0B)».

K domsnyecknm meTtogam OTHOCATCS TEXHOSMOrMM MexaHu4eckon nepepadoTku, roe
npegycmaTpmuBaloT pasnmyHble cnocobbl MexaHn4yeckoro ApobneHnsa (M3aMenbyYeHnsa) OoTXo-
A0B LUMH U NOKpPbILEK, OTAEeNeHNne MeTanInyeckoro n TeEKCTUNbHOro Kopaa ¢ nocneayoLwmnm
nonyyYeHnem TOHKOOUCNEPCHbIX PE3MHOBbLIX MOPOLLUKOB NYTEM 3KCTPY3MOHHOIO U3MENbYEHUS.
N3menbyeHne pe3nHOBbLIX OTXOO0B MOXET NPOU3BOAUTLCA yAapHbIM BO3OEeNCTBUEM, UCTU-
paHWeMm, pesaHueM, cxaTuem, cxatmem co casurom. pogyktamu nepepaboTkm saBnATCA
pe3nHoBas kpolwka ot 0,2 go 5,0 MM onga Npon3BoACTBa BTOPUYHBLIX PE3UHOTEXHUYECKUX U3-
Aenuvi, NoM YepHbIX MeTannoB HU3KOro kavecTsa ([26]).

K dpu3nko-xmummyeckum Metogam yTunusauum oTXogoB OTHOCUTCSH pereHepauns pesn-
Hbl. PereHepauna ocyliecTBnsieTcs pasnnuyHbiMyM cnocobamm n no3BonsaeT COXpaHUTb CTPYK-
TYPY CbipbSi, UCMOSb30BAHHOIO B NpoLecce Npou3BoAcTBa pe3uHbl ([27]).

M3BecCTHbl 1 MCNOMb3YIOTCA B MPOMbILLIIEHHOCTM crieayowme cnocobbl pereHepaumm
pe3nH: BOOOHEeWTparnbHbiA (HENTParbHbIN), TEPMOMEXaAHUYECKUI (PUKNEMENTOP-NpPOoLIECC),

napoBon u ero mogudukaumm, NapoBO3OyLUHbIA U NapoBOW BbiCOKOTEMMNepaTypHbin ([28]).
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MopgaBnstowee 60NbLUIMHCTBO CNOCOOOB pereHepaumm OTX040B Pe3nHbl OCHOBaAHO Ha ABYX
nocnegosBaTenbHbIX npoueccax ([27], [28]):

- NnepBoHa4anbHO oTxoabl PTU noaBepratoT MexaHM4eCckoMy N3MESNTbYEHMUIO B KPOLLIKY;

- Kpowka obpabaTtbiBaeTca MArYMTENEM U aKTUBATOPOM, C MOMy4YEeHUEM pereHepara.

K Tepmuyeckum metogam ytunmsaumm oTHocutcs nuponus. B ocHoBy npouecca no-
NOXEHO TEPMUYECKOE PA3NOXEHME PEe3NHOTEXHUYECKMX OTXOO0B B BecKMcrnopogHom aTtmo-
ctepe. B npouecce nuponusa obpasyetca CMecb roptoymx rasoB (CUHTE3-ra3) u psag apyrmx
NPOAYKTOB, COCTaB KOTOPbIX 3aBUCUT OT MPUPOAbI UCXOOHOMO CbIpbsl, TEMMNEpPaTypHOro pe-
Xunma, faBrieHus, CKOpOCTU HarpeBa B peakTope, BpeMeHU HaXOXAeHNs B Kamepe.

Jkonornyeckue npoo6nembl, BO3HUKalOLWME NpU yTUnm3aumm n o6esBpexmBaHnm
u3genun u3 pesuHbl, yTpaTUMBLUNX NOTPeOUuTeNnbLCKMe CBOMCTBA, B TOM YUCne Pe3nHOo-
BbIX LUWH, NMOKPbIWEK U Kamep. YTunusaums n obesspexnBaHve U3genun n3 pesuHbl B
OOonbLWMHCTBE NPOU3BOAMUTCSH (prsmnyeckumm metogamu. [JaHHble METOAbl CBSA3aHbl CO 3HA4M-
TEeNbHbIMW 3HEepro3aTpaTtaMmy Npu M3MenbyYyeHnn n nepepaboTke OTXO0O0B pe3uHbl. Pusmde-
CKMMUK bakTopamun BO3AEUCTBUS ABNAOTCA LWYM 1 BUOpaumsi obopyaoBaHMs Ha cTagum me-
XaHM4YeCcKoro apodneHus.

Pur3nMYecKUn N TEPMUYECKNA MeToAbl YTUNIM3aLUmMmM OTXOO0B pe3nHbl CBA3aHbl C obpa-
30BaHMEM BpeOHbIX ra3oBbIX BbIBPOCOB B aTMocdepy.

Mpouecc pereHepaumn TpebyeT MCNOMNb30BaHWS MeTanfioeMKoOro obopyaoBaHus
(cmecuTenun, akcTpyadepsbl, Banbubl 1 ap.). lNpouecc pereHepaumm conpoBoOXaaeTcs BblOpPO-

COM B aTMOC(EpPHbI BO3ayX NApoB U AbIMOB, COAEPXKaLLUNX, B YACTHOCTU COEAMHEHUS Cepbl.

1.5 UHdpopmMmauusa o aesaTeribHOCTU MO yTUNU3auum u
o6e3BpeXxXMBaHUIO N1acCTMacCoOBbIX U3AESTUN, YTPaTUBLUUNX
noTpedbuTenbLcKkue CBOUCTBA, B TOM YNCIIe YNAaKOBO4YHbIX

nnacTtMaccoBbIX Usgenumn

OTxogbl NrIacTMaccoBbIX N34enn MO COCTaBy UCXOLHOIO ChipbsA NoApa3aensatoTcs Ha:

- TepMonnacTbl — MONMMEpPLI, KOTOPbIE NPWU HarpesaHMM NpnobpeTaroT CBOMCTBA Na-
CTUYHOCTMU, TEKYYECTU; K ATOMY BUAY OTXOAOB OTHOCATCH, MONNITUNEH, NOAUNPONUIIEH U Ap.;

- peakTonnactbl — MonMMepbl, KOTOopble Mo AEUCTBMEM TeMMepaTypbl HE NepexoaaT
B BSA3KO-NSIACTUYHOE NN TEKyYee COCTOsIHME.

Mo oueHkamM 3KCNepToB, B CTPYKTYpe NOnMMepHbIX 0TxogoB 34 % cocTasBnseT nonu-
aTuneH, 20 % — nonuaTtuneHtepedTanat, 17 % — nammHupoBaHHasa Oymara, 14 % — lNBX,

8 % — nonucTtupon, 7 % — nonunponuneH (pucyHok 1.5) ([29]).
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PucyHok 1.4 — CTpykTypa 0TX040B NnacTika no B1ugam nosivMmMepos

3a 2015 rog B Poccuiickon depepaumm, No gaHHbIM CTAaTUCTUYECKOrO HabnogeHus,
Obino ytunmamposaHo 101 594,512 T n obesBpexeHo 2447,925 T 0TX040B MNNacTMacCcoBbIX
nsgenumn, yTpatmewmnx notpedbutenbckme cBoncTtBa (npu obpasoBaHum 1 067 762,133 T)
([10)).

Hanbonbwnm ypoBHem cbopa 1 nepepaboTkn XxapakTepusyrTcs oTXoAbl U3 NosmaTu-
neHa — 20 %, otxoapbl MNBX nepepabatbiBatotca Ha 10 %, nonuctupona — Ha 12 %, nonu-
nponuneHa — Ha 17 %, NT3® — Ha 12 %. OTxoabl M3 NaMMHMPOBAHHOW Bymaru npakTnye-
CKun He cobupatoTca n He nepepabaTtbiBatoTces ([30]).

OcHOBHOM 06BbEM BTOPMYHOrO NiacTvka UCNOMb3yeTcsa ANs U3roTOBMEHUS nrnacTtMac-
coBOM Tapbl 1 ynakoBku (38 %), npon3BoACTBaA AeTanen u3 nrnactMmacchl ans 6uIToBON Tex-
HUKM (22 %), Npoun3BOACTBa MaTepuarnoB, MCMOMb3yeMblXx B CTpouTenbcTtBe (Tpybbl, Kpo-

BenbHble Matepuarnsl u np.) (18 %) (pucyHok 1.6) ([31], [32]).
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M ArpocekTop

B KpynHoe npoM3BoACTBO
W dneKTpoobopygosaHue
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M bbITOBaA TEXHMKA

M YnakoBKa

PucyHok 1.5 — CTpyKkTypa npuMeHeHus nnacTtuka, nepepaboTaHHOro u3

nracTMacCcoBbIX U34ennn, yTpaTuBLLUNX n0Tpe6MTean|<v|e cBonCTBa

B Poccuiickon denepaumn gencteyeT pag npeanpuatnin, nepepabatbiBatowmx OTXo-
Abl NPOAYKUMN U3 NoNuaTUNeHTepedTanarta B Cbipbe ANA NPOM3BOACTBA re0TEKCTUNS U ApY-
MMX TEKCTUNbHBIX BOMOKOH, @ Takke CTpen-reHTbl n apyrux matepmanos. OgHUM U3 HEMHO-
rmx npeanpuaTnii B Poccum, ocyLecTBASOWMM NOMHY0 nepepaboTky MCNoNb30BaHHbIX Oy-
TbIIOK 13 nonuatuneHtepedTanata (M3T-6yTbinok) no TexHonormm bottle-to-bottle («HoBas
OyTbinka — n3 6/y GyTbinku»), asnsetca OO0 «3aBoag no nepepaboTke nnactmacc ,[MMJ1A-
PYC"» (MockoBckasa obnactb, r. ConHe4Horopck). TexHonorna nossonseT nepepabartbiBaTb
ObiBMe B ynoTpebneHun MIAT-OyTbinkn B Cbipbe — rpaHynupoBaHHbin 3T, KoTopbIi no-
BTOPHO MCMONb3yeTcs ANs NPON3BOACTBA Pa3fIMYHON YNaKoBKU U n3genuin. MowHocTb 06b-
ekta ytunusauumn coctaesnset 20 TbIC. T NNacTUKOBOW OyTbIfNKM B rof, 4TO COMOCTaBMMO C
500 MnH nnacTukoBbIX ByTbINOK. o oueHkam npeanpuaTUS, NPOU3BOLACTBEHHbIE MOLLHOCTU
nepepabotumnkos MIT-6yTbiNok B Poccun Ha 2014 roa coctasnsieT 177 Toic. T B rog ([22]).

C6opom, COpTUPOBKON M yTUNM3auMen NonnmmepHbIX 0TXxoaoB B Poccun 3aHMmaeTca
no pasHbiM oueHkam 8o 4000 mMenkux 1 KpynHbiX npeanpuatun. Hanbonee kKpynHble nepe-
paboTUMKM NONMMEPHBIX OTXOL0B HA POCCUNCKOM pbiHKe pacrnonoxeHbl B Mockse n Mockos-
ckon obnactu, Nepmckom kpae, CaHkT-lNeTepbypre (pMcyHOK 1.6), 9TO Takme KOMMaHuK, Kak
OOO HIMM «Mnactukam» (Mockea, LI®O; CaHkr-lMNetepbypr, C-3®0; lNepmckasa kpawn, MNPO
n gp.), rpynna «lonunnactuk» (Mockea, LI®O; Cankr-lNeTepbypr, C-3PO; MNepmckasa kpan,
MO n gp.); OO0 «[Mnactuk» (Tomckasa obnactb, CPO; lNeH3eHckaa obnacTtb, MNPO; Ca-
mMapckasa obnactb, MNPO; Ceepgnosckas obnactb, YOO. Mockosckas obnacte, LUPO u ap.).
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Bonblas yactb npeanpusaTvin No nepepaboTke NONMMMEPHbLIX OTXOA0B OrpaHMYMBaETCs Cop-

TVIpOBKOl7I, I'IpeCCOBKOI7I N n3amernb4yeHmnem niacTnkKoBbIX OTXOO0B.

N LICaHKT-MeTepbypr

. Mocksa
__JHw»xHuWii HoBropopn

\_PocTos-Ha-floHy

PucyHok 1.6 — LleHTpbl NpOMbILSIEHHON YTUNN3aLMn O0TX040B nracTuka

OCHOBHble HanpaBneHNsa NPOMbILLSIEHHOW nepepaboTkM NoNMMEpPHbIX 0TX0A0B B Poc-
cun ([30], [33], [34]) cnepyrowwme:

- N3rOTOBIIEHME N3 OTXOAOB BTOPWUYHBLIX MaTepuanioB TOBapHbIX NPOAYKTOB, B TOM
yucne Ang NnoctaBkM Ha aKkcnopT (apobneHkun, arnomepara, rpaHyndara ua 3, MNMBX, MNC, M,
MT3®P, naBcaHOBOro BOSIOKHA);

- N3roToBMIEHME U3 OTXOAOB (MSIM C MUX YACTUYHLIM UCMOJSIb30BaHWEM) TpaaULMOHHON
pa3HoobpasHoM NpPoayKLMM NPON3BOACTBEHHO-TEXHNYECKOrO U GbITOBOrO Ha3Ha4YeHns MeTo-
AaMU NUTbA, MPECCOBaHUS, SKCTPY3UK;

- N3rOTOBIIEHNE N3 NOSIMMEPHbLIX OTXOA0B MaTepuanoemMkon npoayKLumMu, Kak npasuno,
He NU3roTOBMSIEMON TONbKO M3 NEPBUYHOIO Cbipbsi, B TOM YUCNE N3 CMELLaHHbIX OTXO40B UMK
B KOMMO3MLMN C APYrMMK OTXoAamun (MakynaTypon, OPEBECHBIMU U TEKCTUIbHBIMU OTXO4a-
MK).

lMepepaboTka oTxo4oB nonvmepoB obpeTaeT 3HAYUMMOCTb Kak C MO3ULMK OXpaHbl
OKpyXatoLwen cpefbl, Tak U C NO3nUUK geduumta noriMMmepHbIX Matepuanos. Vcnonb3oea-
HMe OTXO4OB MONIMMEPOB NO3BOSISET CYLLECTBEHHO 3KOHOMUTL MEPBUYHOE ChIPbe U 3MEKTPO-
aHepruto ([35]).

OcHOBHble AaHHble NO MeToAaM U TEeXHOJOrMAM yTUnusauum n obe3BpexuBa-
HUA NNacTMacCoOBbIX U3AENUN, YTPaTUBLLUMX NOTPeouTenbLCKue CBOMCTBA, B TOM YUcne

yNnakoBOYHbIX MNacTMacCoBbIX n3genmn. CnocoObl yTtunusaumm wu O6e3Bpe)KVIBaHI/IFI
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NJacTMaccoBbIX M34ENUK, YTpaTUBLLMX NOTPEOMTENbCKME CBOMCTBA, MOXHO pasgenvTb Ha
ABE OCHOBHbIE rpynnbi:

- MEXaHNYECKME;

- PU3MKO-XMMUYECKME.

Bce mexaHumyeckne cnocobbl nepepaboTky NnacTMacCcoBbIX OTXOAOB C LEefblo UX BTO-
PUYHOIO MCMOMb30BaHNS 3aKIOYEHbBI B U3MENbYEHUM Pa3fNYHbIX NIACTUKOBbLIX CyOCTaHLNA.

B pesynbTate mexaHunyeckoro opobneHuns obpasytoTca KpoLllka M nopoLukoobpasHbie
Martepuarnbl, KOTOpble NOABEPratTCs NUTbIO No4 AaBneHneM. [aHHbln cnocob, OCHOBaHHbLIN
Ha MEXaHU4YEeCKOM M3MESTbYEHUN, HE NPUBOOUT K U3MEHEHMUIO (PU3UKO-XMMUYECKUX CBOMCTB
nnacTMacc n Ux CTpyKTypbl.

YTunusaumsi nnacTMaccoBbIX W3OENUK, NOTEPSsBLUMX MNOTPeObMTENnbCKMe CBOWCTBA,
MOXeT ObITb OCYLLECTBIEHA OOHUM M3 CreayoLWnX U3NKO-XMMNUYECKUX CNOCOBO0B:

MeToa AecTpyKuuM nnacTtMaccoBbIX OTXOA0B. [laHHas TEXHOMOMMA NO3BOMSET Mo-
ny4yaTb ONIMromMepbl 1 MOHOMEPBDI, KOTOPbIE UCMNOMb3YTCA ANA NONy4YeHUs BOSIOKHA U NMeH-
Kn.

MeToa noBTOpHOro nnaeneHus. [JaHHbIn cnocob nepepaboTkM NNacTMacCcoBbIX OT-
X0O0B MO3BOMAET M3roTaBnMBaTh rPaHynAaT, NPUMEHASA TEXHOMOMMIO NUTbSA NO4 AaBrieHUeM
nmMbo IKCTPY3uHo.

Metoa nepeocaxaeHusi U3 pacTtBopoB. [laHHbI cnoco® nepepaboTku no3sonsieT
NPON3BOAMTbL KOMMO3ULMOHHbIE MaTtepuanbl M nonyvatb MOPOLKK, MCMNONb3yeMble AN
HaHeCeHNs NONIMMEPHbIX NOKPbITUNA.

MeToa xumunueckon mogudmkaummn. [laHHbIn cnocob No3BONSAET M3roTaBnMBaTth Ma-
Tepuansl C HOBbIMW (PU3NYECKUMN N XUMUYECKMMN CBONCTBaMM.

Haunbonee pacnpocTpaHeHHbIM U3 BCEX NMEPEYMUCIIEHHbIX BbllLe CNnocoboB nepepaboT-
KM NNacTUKOBbLIX OTXOA0B ABMSIETCA METO, NOBTOPHOMO NnaBneHus (MeTon rpaHynmpoBaHus
unu TabnetmposaHus) ([36]).

Jkonornyeckue npoo6nembl, BO3HUKalOLWME NpU yTUNm3auum n o6esBpexmBaHnm
nyacTMaccoBbIX U3fernun, yTpaTUBLUMX NOTpeouTenbCKkMe CBOMCTBA, B TOM uYucrne
yNakoBO4YHbIX NflacTMaccoBbIX usaenun. dmnsnyeckne MetToapl yTUnMsaummn nosiMMepHbIX
OTXOAOB CBsA3aHbl C 06pa3oBaHMEM ra3oBbiX BbIOPOCOB, Tpebytowmx obecnbinmBaHus, n 3a-

rPA3HEHHbLIX CTOYHbIX BOA, Tpe6y+0|.|.|,1/|x O4YNCTKMN.
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1.6 UHhopmMmaumusa o geAaTeribHOCTU MO YyTUNU3auum u
ob6e3BpeXXnBaHUIO INTIEKTPUYECKOro U 3NIEKTPOHHOro obopyaoBaHus,
yTpaTuBLUEro noTpedutenbLCckMe CBOMCTBA;, OCBETUTENbLHOIO
3NeKTpu4ecKoro obopyaoBaHusi, yrpatueLLero notpebutenbckue
CBOMCTBA; 000pyaAoOBaHUSA, coaepallero o3oHopaspyLuaroLime

BellecTBa

B HacTosilem nogpasgene paccMmaTpuBaloTCs:

1) anekTpnyeckoe W 3NEeKTPOHHOe obopyaoBaHue, yTpaTusliee noTpebutenbckme
CBOWCTBA, B TOM 4ucne:

a) KomnbloTepPbl N nepudepninHoe obopyaoBaHue, yTpaTuslLlee noTpedbutensckue
CBOWCTBA;

6) KOMMyHMKaUMOHHOE 0bopyaoBaHNe, yTpaTuBLLee NoTpebutTenbckne CBONCTBA;

B) 9NeKTPOHHas GbITOBas TEXHUKA, yTpaTuBLLasa NnoTpebutensckme CBONCTBA;

r) ontnyeckmne npubopbl U doTorpadmnyeckoe obopyaoBaHue, yTpaTuslumMe noTpe-
OuTenbcKkne CBOMCTBA;

A) anekTpunyeckme bbiToBble NPUBOPLI, yTpaTUBLLNE NOTPeOGUTENBCKME CBOWCTBA;

€) HeanekTpuveckme bbiToBble NPMOOPHLI, yTpaTUBLLME NOTPEOBUTENBCKNE CBONCTBA;

X) XONnoaunnbHOEe N BEHTUNSALMOHHOE MNPOMbILWSIEHHOE O0BopyaoBaHWe, yTpuaTmue-
Lwee noTpebuTenbckne CBONCTBA;

2) ocBeTUTENbHOE anekTpuyeckoe obopyaoBaHue, yTpaTumBllee noTpebutenbckmne
CBOWCTBA;

3) obopyaoBaHue, cogepxalliee 030HopaspyLLatoLLme BeLLecTBa.

O6bwmnin obbem OTXOOOB 3IMEKTPOHHOIO U 3NEKTPOTEXHUYECKOro o0bopyaoBaHUA
(O330), obpasyrowmxca B Poccun B rog, no oueHkam akcneptoB YHusepcuteta OOH, co-
ctaBndeT okono 1,2 mnH T ([37]).

3a 2015 roa B Poccuiickon degepaumm, Nno AaHHbIM CTaTUCTMYECKOro HabnogeHus,
ObIno yTunuampoBaHo 4969,82 T n obesBpexeHo 872 T OTXOO0B 3fIEKTPOHHOIO U 3MEKTPO-
TexHnyeckoro obopyaosaHus (npu obpasosanHmm 31 287,17 1) ([10]).

OnNeKTPOHHbIE OTXOAbl — OAWH U3 3HAYMMbIX UCTOYHUKOB 3arps3HEHUsT OKpy)KatoLemn
cpeapbl, HO ¢ apyron ctopoHbl, OB30 Takke MOryT paccMaTpmBaTbCs B Ka4eCTBE BTOPUYHOIO
pecypca, Tak Kak OHW coaepaT LieHHble KOMMOHEHTbI. Takum obpasom, nepepaboTka anek-

TPOHHbLIX OTXOO0OB He TOJIbKO ABIIAETCA Ba)XHbIM 3JIEMEHTOM B obuwen CTPYKType ynpasne-
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HUSA OTXO4amu, HO U NpeacTaBnsieT UHTEPEC C TOYKM 3pEeHUs MaTepuanbHOro U pecypcHOro
noteHumana ([38]).

[MepepaboTka OTXOO0B 3MNEKTPOHHOINO U 3neKTpuyeckoro obopyaoBaHus BXOOUT B
yncno obasaTenbCTB, NPUHATBIX Poccuen npu noaTBepXxaeHun cBoero yyactust B MoHpe-
anbCKOM NpoToKone, BCTynueLlemM B cuny B 1989 roay.

KomnnekcHon cuctembl cbopa wn ytunmsaumm O330 B macwTtabax CTpaHbl
He cywecTtByeT. C pa3HoON cTeneHbld 3PEEKTUBHOCTM B pasHbIX permoHax opraHu3oBaHa
yTUNn3aunsa pTyTbCcoaepKalumx OTXOA0B SNEKTPOHHOIO U 3NeKTpuYeckoro obopyaoBaHus.

KpynHble ceTn no npofaxe 3feKTPOHHOM N 3NEKTPOBLITOBON TEXHUKN NEPUOLUNYECKN
NPOBOAAT akuun npogaxu obopyaoBaHUA C 3aMEHOM CTaporo Ha HOBOE B XOAE, KOTOPbIX
yaaetcsa cobupatb goctaTtovHO 6onblune 06beMbl OTXOO0B ANEKTPOHHOIO U 3MEKTPUYECKOro
obopynoBaHus. [ponssognTenn ToBapoB 3TOW KaTeropum B opraHusauuun nepepaboTkm oT-
XO0B HE y4acCTBYIOT.

[MepepaboTkon 0TX040B 3TOro 06OPYAOBAHUSA 3aHUMAETCA HECKOSNbKO AECATKOB He-
BGonbLMX KOMMNAHWIA, PaCNONOXEHHbIX B Pa3HbIX PermoHax CTpaHbl.

lMepepaboTyunkn AaHHbIX OTXOOO0B B MEPBYIO OYepedb M3BMeKalT U3 OTXOO0B 3fek-
TPOHHOIO W 3neKTpuyeckoro obopyaoBaHus dparmMeHTbl, codepXaline AparoueHHble Me-
Tannbl, KOTOpblEe 3aTeM NpoaatTca admHaxHbIM 3aBogam. Kpome atoro, npogaetcsa obpa-
3YIOLMNCS NOM YepHbIX N uBeTHbIX MeTannos ([39]).

OcHOBHble AaHHble NO MeToAaM U TEeXHOJNOrMAM yTUnusauum n obe3BpexuBa-
HUA ANEKTPUYECKOro U INEeKTPOHHOro o6opyaoBaHuUA, yTpaTMBLLUEro NOoTpebuTenbcKkue
CBOMCTBA; OCBETUTENIbHOIO 3fIeKTPUYEeCKoro obopyaoBaHus, yTpaTUBLLUEro NoTpeowm-
TenbCKne CBOWCTBA, 00OpyAoOBaHUA, coaepKallero o3oHopaspyliallme BellecTBa.
OCHOBHbIMW TEXHOSOMMAMMU YTUNM3aUMN 1 06e3BPEXNBaAHUSA INEKTPUYECKOTrO U AIIEKTPOHHO-
ro obopyaoBaHus, yTpaTMBLLErO NOTPeEOBUTENBCKME CBOMCTBA, SABMSAKTCA UX pa3bopka C u3-
BNe4YeHMeM KOMMOHEHTOB, NMPEeACTaBNSALWMX PECYPCHYIO LLEHHOCTb, C nocneayowen nepe-
Aayen ux Ha cneynanuanpoBaHHble NPeanpuUsaTUS, OCyLLEeCTBAIWNE nx nepepaboTky B Ka-
YecTBe BTOPUYHOIO CbIpbsl. 3BECTHbI TEXHONOrMM n3menbyeHnss HepasobpaHHoro obopyao-
BaHWS C NocreayoLlen CoOpTUPOBKOM MOMYYEHHOMO floMa U NonyyYeHne nonmMeTaninyeckoro
KOHLleHTpaTa.

Jkonornyeckue npoo6nembl, BO3HUKalOLWME NpU yTUnu3saumm n o6esBpexmBaHnm
3NEeKTPUYECKOro U 3rIeKTPOHHOro obGopyaoBaHUA, yTpaTUBLUEro nNoTpeouTernbCcKkue
CBOWMCTBA; OCBETUTENIbHOIO 3JIEKTPUYECKOro o6opyAoBaHUA, yTpaTUBLUEro noTpeou-
TenbCKne CBOWCTBA, 00OpyAoOBaHUsA, coAepKallero o3oHopaspylialolme BellecTBa.

OcHoOBHbIE 3akonornyeckune I'IpO6J'IeMI:>I, BO3HUKaOLne npu o6e3|3pe>|<|/|BaH|/||/| n ytmnmndauunm
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3MNEeKTPUYECKOrO U 3NEKTPOHHOrO 060opyaoBaHMs, yTpaTUBLLEro NOTpebuTenbckne CBOMCTBA,
CBSi3aHbl C HanNM4MeMm B HMX TOKCMYHbIX BelwlecTs. [py yTunmsaumm gucnnees BaXHO 3HaThb,
4YTO B COCTaB HEKOTOPbIX N3 HUX BXOAAT NFOMUHECLIEHTHbIE Namnbl, coaepxawue pTyTb. [Mo-
3TOMY MpWU AEMOHTaXe HeobXxoaMMO MPUMEHSTb MEpPONPUATUS MO NPeaoTBpaLLeHU0 nona-
AaHUs PTYTU B NPUPOAHbIE OOBEKTHI.

Mpy geEMOHTaxe X0noAunbHOro o6opyaoBaHMs 0cobyo ONacHOCTL ANs OKpYXKatoLen
cpeabl MOryT NpPeAcTaBnNsATb XflagareHTbl, €ClM OHU SBASIIOTCS 030HOpa3pyLIalLMMK Belle-
cTtBaMu. VX oTkauka ormKkHa Npon3BoAnNTLCS TONBbKO B repMeTUYHOM 060pyaoBaHMN.

Mpu coBpeMeHHbIX MeToAax yTUnusauum Oonsi U3BMeKaeMoro BTOPMYHOIO pecypca

HeBerunkKa, 3Ha4YnTeNbHOE KOJNIM4eCTBO BTOPUYHBLIX OTXOO0B HarnpaBJidA€TCA Ha 3axXOpOHEeHue.

1.7 UHdhopmMmauusa o AeATeribHOCTU Mo 06e3BpeXXUBaHUIO

MeanUunHCKUX oTxoagoB

MeduuyuHckue omxo0bl (0TxXo4bl 60MbHUL, U Ne4ebHO-0340POBUTENBHBIX y4Ypexae-
HWN) — 3TO CMOXHble cybCcTpaTbl HEOAHOPOAHOrO KayecTBa, KOTopble MpeacTaBnsoT Cepb-
€3HYI0 ONacHOCTb C ANMAEMUOIIOrMYECKON TOYKN 3peHuns. [NepepaboTka MeOUUNHCKUX OTXO-
OOB SIBNSAETCA OAHUM W3 Ba)KHENLUMX HanpaBfieHUn NpUpOAOOXPaHHOW AEeATEeNIbHOCTUM BO
BCEX pa3BUTbIX CTpaHax mupa. Bonpoc obessapaxusaHus, yTunmsaumm MeguLMHCKUX OTXO-
A0B B NNe4ebHOo-NpoduiakTMYeckoM yupexaeHnn saxeH un aktyaneH ([40]).

MeguuunHckue oTxodbl B 3aBUCMMOCTU OT CTENEHN MUX ANMAEMNONOrMYECKON, TOKCUKO-
NOrMYeckon N pagMaLuMoHHON ONacHOCTU, a TakkKe HeraTMBHOIrO BO3AEWCTBUS Ha cpedy obu-
TaHus noapasfenarTcs Ha NATb knaccos onacHocTy ([40]):

- Knacc A — anuagemmnonornyeckm GesonacHble 0TXoAbl, NPUOMAMXKEHHbIE NO COCTaBy K

TBEpAbIM ObITOBBLIM OTXOAaM;

Krnacc b — anuaemMunornornyeckn onacHole oTxoabl;

knacc B — t-Ipe3BbI‘-Ial7IHO ANMNAEeMNONOrM4eCkn ornacHble OTXoabl;

Knacc [ — TOKCMKOSOrM4yeckn onacHble oTxXoabl 1—4 KriaccoB ONacHOCTY;

knacc [1 — paanoakTUBHbIE OTXOAbI.
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BcemunpHas opraHusauma sgpasooxpaHeHus B 1979 rogy oTHecna MeauUMHCKUE OT-
X0A4bl K rpynne onacHbIX U ykaszana Ha HeobGXOAMMOCTb CO34aHusA Crheumann3npoBaHHbIX
cnyx6 no nx nepepabotke. baszenbckon koHBeHuuen 1992 ropa (Mpunoxenune | «Kateropum
BELLECTB, nNoanexalmx perynmposaHntio») ([41]) Obinv BblgeneHbl cnegyowme rpynnbl 0TXO-
A0B:

- Y1 — meauumHCcKMe oTxofbl, NoslyYyeHHble B pesynbTaTe BpadyebHOro yxoga 3a na-
uneHTamm B 60nbHULAX, NONNKINHUKAX N KIUHUKAX;

- Y2 — 0oTx0o4bl Npon3BoACTBa 1 NepepaboTkm dhapmaLeBTUYECKOM NPOAYKLMNM;

- Y3 — HeHyXHble hapMaLueBTUYECKNE TOBapPBbI, flekapcTBa 1 Npenaparbl;

- Y4 — oTxogbl NPOU3BOACTBA, NOMNyYeHUss N NpUMeHeHna buounagos n gutodapma-
LEeBTUYECKMX NpenapaTos.

B cnpaBoyHnke HOT paccmoTpeHo obe3BpexmBaHne MeauUMHCKUX OTXOAOB Knac-
coB b 1 B, T. e. oTHeceHHbIX K rpynne Y1 no basenbckon KOHBEHLNN.

[MpocnexuBaeTca TEHOEHUUSA K MHTEHCUMBHOMY POCTY 06pa3oBaHUA MEAULMHCKUX OT-
xonos. [locnegHne 10-15 neT, KONMYECTBO MeAULIMHCKMX OTXOL4OB Bo3pacTtaeT Ha 3 % —
4 % exerogHo ([42], [43]). MeanuuHCcKkne OoTXo4bl ONACHbI B ANMAEMUOSIONMYECKOM OTHOLLIE-
HUKW, TaK Kak NMOMMMO TOKCUYHbIX XMMWUYECKMX BELLECTB B HUX MPUCYTCTBYIOT NaTOreHHble
BGaktepun n Bupycbl. Cuctema obpalieHms ¢ MeguMUMHCKMMW OTXOO4aMW HanpasfieHa Ha
npenoTBpaLleHne pacnpoCcTpaHeHUss MHAPEKUMOHHOrO Havana n obecneyeHmm nx obpaboTkm
C NOJSIHOM NOTEepPEN TOBAPHbIX CBOUCTB.

Cnocobbl 1 meToabl obes33apaxunsaHus n/nnm obessBpexnBaHna MeaULMHCKUX OTXO-
poB knaccoeb u B onpegenenHbl B rmase V CanlluH 2.01.06.2790—10 «CaHutapHo-
anuaemuonormyeckne TpeboBaHnsa K 0bpalleHnio ¢ MEAULMHCKUMIN OTXOA4aMU», YTBEPXKOEH-
Hble NocTaHOBMEHNEM [NaBHOroO rocygapCTBEHHOrO caHUTapHoro Bpada Poccunckon depe-
paummn ot 9 gekabps 2010 r. Ne 163 ([40]).

Obe33apaxmBaHne OTXOA0B 3aKMOYAETCA B YHUUTOXEHUU (YMEpPLLBEHUN) naToreH-
HbIX W YCMOBHO MaTOr€HHbIX MUKPOOPraHM3MOB, COAEpPXaLLMXCA B OTX04ax B LEensx ycrpa-
HEeHus Mx anugemuoriornyeckon onacHoctn. ObessapaxvmBaHMe OTXOAOB OCYLLECTBSETCA
COOTBETCTBYHOLLMM (PUBNYECKUM W/UIN XMMUYECKUM MeTodamum obpaboTkm oTxoaoB (B TOM
yucne annapaTHbIM METOLOM — Ha creumnanuampoBaHHbIx ycTaHoBkax) ([40]).

OCHOBHblE AaHHbIE MO MeTo4aM U TEXHOMOrMsM 06e3BpexnBaHus MeguLMHCKUX OT-
x000B. K OCHOBHbIM MeTogam 06e3BpexmBaHnMs MEOULMHCKMX OTXOO0B OTHOCATCS: XMMUYe-
ckasi AesnHdekums n dusmnyeckne metoabl (CTepunmsauus nog AaBfieHMEM BOASHbIM Mna-
pOM; MUKpOBOMHOBas 0bpaboTka; cTepunusaumnsa MOHNU3NPYIOLWUM U MHGPaKPACHbIM U3ny4e-
Huewm) ([44], [45]).
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Jkonornyeckme npobriemMbl, Bo3HUKatoWwme npu ob6e3BpexmMBaHnn MeauuUMHCKUX OTXO-
poB. Mpn 06e3BpexnBaHn MEANLMHCKMX OTXOO0B XMMUYECKMM METOAOM (XMMudeckas nes-
NMHEeKUUs) noTeHUMarnbHY OMacHOCTb MPeacTaBnAlT XMMUYECKUE peareHTbl, MOCKOMNbKY
caMu OHW ABMSTCHA TOKCUYHBIMW BELLLECTBaMM.

ObesBpexunBaHne MeanUUHCKUX OTXOAOB (pu3nyeckumn metogamu (MUKPOBOSTHOBAsA
o6paboTka, CTepunm3aumns NOHU3NPYHOLLUM U MHGPAKPACHBIM U3ITy4eHNEM) C KOSOrMYeCKon
TOYKM 3peHus — Hanbornee 6e3onacHbIN BapuaHT, HO TONbKO B TOM Clyyae, ecnv npolecc
BeJeTCs Ha UCnpaBHOM, repMeTUYHOM 06opyaoBaHUW. BorbLUyo 3KONOrMYecKyo OnacHOCTb
npegcraBnseT UCNosfib3oBaHME HeucrnpaBHOro obopyaoBaHWUA, BblAENSOWEro pagvoakTus-

HOe n3ny4yeHue.

1.8 UHpopmMmauusa o aesATerIbHOCTU MO YyTUNU3auum u

o6e3BpexXMBaHUIO OMONOrMYeCcKNX OoTXoA0B

CornacHo BeTepuHapHO-CaHMTapHbIM npasunam ([46]), k Guonornyeckum oTxogam
OTHECEHbI: TPYNbI XXMBOTHbLIX U NTUL,, B TOM 4ucre nabopaTtopHbix; abopTUpoBaHHbIE U MePT-
BOPOXAEHHbIe NMoAbl; BETEPUHapHbIe KOHpUcKkaTbl (MAco, pbiba, Apyras npoayKuus XnBoT-
HOroO NPOUCXOXAEHNS), BbISIBIIEHHbIE MOCNE BETEPUHAPHO-CAHUTAPHON 3KCNepTU3bl Ha yOou-
HbIX MyHKTax, XnagobonHsx, B MACO- 1 pbibonepepabaTbiBalOWwmX OpraHm3aumsax, pblHKax,
opraHusaumnsax Toproenu n gpyrux obbekrax; Apyrne orxodbl, nosiy4aemMole npu nepepaboTtke
NMULLEBOTO N HENULLEBOTO CbIPbSl XXMBOTHOIO nponcxoxaeHus ([46]).

BeTepunHapHo-caHMTapHble nNpaBuna cbopa, yTunmsaumm n yHUYTOXEHUa buonormnde-
CKMX OTX040B, YyTBepxaeHHble MwuHcenbxo3npogom Poccuiickon depepauumn 4 nekabps
1995 r. Ne 13-7-2/469 (pea. ot 16 aBrycta 2007 r.) ([46]), onpeaenstoT yCrnoBus:

- cbopa, yTuUnm3aumm n yHUYTOXEHUs BUONOrMyecknx OTXo4oB B >XMBOTHOBOAYECKMX
komnnekcax (pepmax), bepMepcknx, NUYHbIX, NOACOOHBIX XO3AMCTBAX, HAaCENeHHbIX MyHK-
Tax, MecTax CKOMMeHUs, KoYeBUn (NPOroHa) >XMBOTHbIX; NPU TPAHCNOPTUPOBKE XUBOTHbLIX U
XNBOTHOBOOYECKOW NPOAyKUUH;

- HepacnpocTpaHeHus Bo3byanTenen UHAEKUMOHHbIX U MHBA3UMOHHbLIX DONe3Hen »xu-
BOTHbIX;

- NpeaynpexaeHunsa sabonesaHn niogen 300aHTPONOHO3HbIMU BONE3HAMM;

- OXpaHbl OKpyXatoLlern cpebl OT 3arpsi3HEHNS.

YTunusaums 6nonorn4ecknx OTXOAO0B HanpasrieHa Ha NnoslydeHne TOBapHOW NpoayK-
uuKn B pesyrnbTaTe nepepaboTkn OTX0A0B. YTunusauuu noaseprarotcs buonornyeckne oTxo-

Abl, OONyLleHHble BeTepuHapHowm cnyxbon k nepepaboTke Ha kopmoBble uenu. [Npouecc
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yTUNn3aumm npomnsBoaMTCA MyTeM nepepaboTkM Ha BeTepUHApPHO-CaHUTapHbIX YTUNmnsaum-
OHHbIX 3aBojax (uexax) B COOTBETCTBUM C AencTByowmMu npasunamu ([46], [47]). B 3oHe,
o6cnyxMBaemMon BeTEPUHAPHO-CaHUTAPHbIM YTUAM3aUMOHHbLIM 3aBO40M, BCe Bronornyeckme
OTXOAbl, KpOMe BUONOrMYEecKMX OTXOO0B, 3apaxKeHHbIX UM KOHTaMUHUPOBAHHbLIX BO36Oyau-
Tensamu (n. 1.9 BeTepuHapHO-CaHUTapHbIX Npasun), nepepabaTtbiBaloT Ha MACOKOCTHYHO MYKY
([46], [47]).

OKOHOMUYECKM LienecoobpasHbiM ABNAeTCA yTunuaaums OMonormyeckux OTXOAO0B,
AonyLLEeHHbIX BETEPUHAPHOW Cnyxbomn K nepepaboTke, Ha BETEPUHAPHO-CaHUTAPHbIX YyTUIK-
3auUMoHHbIX 3aBogax ([48], [49]).

O6opygoBaHve ana ytunusaumm OMOOTXOO0B 3aKynakT CenbXo3npeanpuatus u
npeanpusaTMs NULLEBON NPOMBbILNEHHOCTU. PbiHOK o6opyaoBaHus ansa ytunmsaumm 6mooT-
xonoB B Poccurckon denepaumm coctapnsieT okosio 300—-400 mnH. eBpo B rog. KpynHenwm-
MM nocTasLmMkamn obopynoBaHNA B 4aHHOM 0b6nacTn ABRSKOTCA: AaTCKO-UCnaHckasa dupma
Haarslev Industries (OOO «Xocnesep MHaactpma») oo 50 % pbiHka, dompma EMF (Fepma-
HUs), pupma SARIA (Fepmanus). pynna komnaHnin SARIA aBndeTca ydpegutenem npeg-
npusatna OO0 «CAPUA bBuo-UHpacTtpuc Bonra», 3apernctpupoBaHHoro B Poccum
1 dpepansa 2007 r. dupma Kometos Oy (PrMHNSHANA) NPOM3BOLAUT U NOCTaBNSAET Ha POCCUN-
CKMIN pbIHOK obopyaoBaHune anga 3abos ckota u nepepaboTkn OTXO0O0B CKOTOBOEH 1 Mscone-
pepabaTtbiBatowmnx kombuHaTtoB ([47]). Mogynm komnaHum Kometos no3sonsT nepepaba-
TbiBaTb OMOOTXOAbl B MACOKOCTHYHO MYKY WU MSACOKOCTHbIA XWUP, KOTOPble MCMOMb3YKTCH B
nepByr oyepeab Npu NPOM3BOLCTBE KOPMOB AS1S AOMALUHUX XMBOTHbIX (20 % — 30 % oT
obwero o6bema nHrpeaneHToB) n kombukopmos (10 % n meHbLue) ([47]).

Honsa poccuncknx npounsBoavTenen B Npon3BoacTBe obopyaoBaHNa ansd yTunusaumm
Ouonornyecknx oTxogoB coctaBndeT meHee 5 %. I3 pocCMncknx KOMnNaHUm B 3TOM CErMeHTe
pabotaet OO0 «HaptadKO» n OO0 «KomeTtoc-Pycarpo» ([47]). OO0 «KomeTtoc-Pycarpo»
BO Bcesonoxckom panoHe r. CaHkrt-leTtepbypra, cosgaHHoe B 2015 rogy, 3aHumaeTcs
ONbITHLIM MPOM3BOACTBOM YCTAHOBOK Ansi nepepaboTkm 6nootxonos ([47]).

CoBpeMeHHble TexHOMNornn B cdepe obpallieHnss ¢ BUoNorMvYeckuMm oTxodamu, yxe
ncnonb3ylTcs B psige permoHoB Poccun. B Pecnybnvke TaTtapcTtaH NOCTPOEHO COBpPEMEH-
HOe npeanpuaTue No nepepaboTke BUOMOrMYEcKNX OTXO0O0B, KOTOPOE BXOAUT B HEMELKUN
kKoHuepH «Rethmann» — OOO «Capua buo-UHgactpuc Bonra». [JaHHbIM KOHUEPH 3aHUMa-
eTca ytunusaumen otxogos. [1pon3BoACTBEHHAs MOLLHOCTb AAHHOrO NpeanpusiTus cocTas-
nget 115 ThiC. T HENULLIEBOIO CbIPbS XMBOTHOIO MNPOUCXOXAEHUSA B ro. KOHEeYHbIMU NPOayK-
TaMmu 3Ton NepepaboTkn ABMASOTCA KOPMOBOW U TEXHUYECKUI XUP, a Takke KOpMoBasi Myka

)KMBOTHOrO npoucxoxaeHusi. 3aBof B AaHHbIX YCrnoBusix, cnocobeH nepepabotaTtb Guonoru-
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yeckmx otxogos 6onee 700 T/cyT, Ha AaHHbLIN MOMEHT nepepabatbiBaeTca 6onee 170 T/cyT.
CblpbeBble pecypcbl Ha NpeanpuaTue NocTynarT U3 permoHoB [prMBOMKCKOro oegepansHo-
ro okpyra. 3HaumTerbHas 4YacTb Cblpbs NocTynaeT u3 TaTapcraHa, bawkopTtoctaHa, Mapuin
on, Yamyptumn n Knposckon obnactu ([48]).

OcHOBHble AaHHble NO MeToAaM U TEeXHOJNOrMAM yTUnusauuum n obe3BpexuBa-
HUIO Guonornyeckux orxonos. K metogam ytunmsaumm 6GMoNormyeckmx OTXo4oB OTHOCAT-
cs:

- yTunudayua ortxoga nytem Harpea otxoga no 100 °C — 130 °C B TeyeHue He-
CKOJTbKNX OECATKOB MWHYT C NocrneayroLmnM nosiy4eHnemM MACOKOCTHOM, KOCTHOMW, KPOBSIHOM,
PbIGHON MYKK 1 XNpa;

- yTUnNu3auusa ¢ npumMeHeHnemM rmgponusa 6enkos, B TOM yucne 6enkoB naToreHHbIX
MUKPOOPraHN3MOB.

Mpn ytnusaumm GMONOrMYECcKMX OTXOAO0B Ha YTUNM3aUMOHHbLIX 3aBodax U B Lexax,
oTxoAbl nepepabaTtbiBalOT HA MSACOKOCTHYH), KOCTHYIO, NEPbEBYD MYKY U Apyrve 6enkoBble
KOpPMOBbIE MaTepuarbl UCX0OA U3 CReayloLmnX PEXMMOB: Cbipbe AO0MKHO ObiTb 06paboTaHo
npu temnepatype He HWxe nntoc 133 °C B TevyeHue He meHee 4Yem 20 MUH NpuU AaBreHun
3 B6ap. lNMepen TepmoobpaboTkon chipbe (bronornyeckme oTxoabl) N3MenbyYaeTca A0 YacTul,
AnameTtpom He 6onee 50 mm. lMoag Bo3gencTBMEM TemnepaTypbl U AaBMAEHWUS MaTOreHHble
MUKPOOPraHn3mbl NornbatoT.

K meTogam obesBpexnBaHus Guonormyeckmx otxonos ([46], [48]) oTHocATCS:

- obeszapaxnBaHne B CKOTOMOrMbHUKaxX (BMOTEPMUYECKMX siMaX) OTXOAOB C y4acTu-
eM TepMOoUnbHbIX BakTepUi;

- o6e33apaxnBaHme NOHU3NPYIOLLIMM U3ITyYEHUEM;

- o6e33apaxnBaHme HarpeBoOM 3a CHET IHEPTNN MUKPOBOHOBOMO U3NYyYEeHUS.

MeTon n ycnoBus obesBpexuBaHus (0bessapaxunBaHus) OMONOrMyecknx OTXOA0B
onpenensiTcs BETEPUHAPHbIM WUNN BeTEPUHAPHO-CaHUTapHbIM BpayoM MO pesynbTaTam
NpoBeAEeHHbIX ANArHOCTUYECKMX UCCREeAO0BaHUMN.

Mpn pasnoxeHnn druonornyeckoro cybecrTpaTa B CKOTOMOMUIIbHUKaX (BMOTepMMYECcKmX
sMax) noa AencTBMEM TepMOUIbHbIX BakTepui co3gaeTcsa Temnepartypa cpeabl nopsiaka
65 °C — 70 °C, uto obecneumBaeT rmbenb naToreHHbIXx MUkpoopraHnamos ([46]). MNog sBnus-
HMEM MUKPOBHbIX (hePMEHTOB NPOUCXOANT pacLuennieHne Xupos, 6enkos 1 yrnesoaoB B CO-
cTtaBe Buonornyeckmx oTxofgoB ¢ obpasoBaHMem rymyca. [lonyckaetca noBTOPHOE UCMOfb-
30BaHne BmoTepMmnyeckon siMbl Yepes 2 roga nocne nocneagHero cbpoca Guonormyecknx oT-
XOO0B U UCKNIOYEHNs BO30yanTensa cmbupckon s13Bbl B Npobax ryMmpoBaHHOro martepuana,

OTOBpPaHHbIX NO BCeW rnybuHe ambl Yepes kaxable 0,25 m ([46]).
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Mcnonb3oBaHne WMOHU3MPYIOLWMX U3NyYeHun ana obessapaxumBaHWA MPOLYKTOB XW-
BOTHOBOACTBa nonyymMno passutme B Poccum un  3a  pybexom. B pagmaumoHHo-
BMONOrMyeckon TEXHONOrMM B Ka4eCcTBe MCTOYHUKOB U3NYyYEHUS B OCHOBHOM MPUMEHSIOTCS
Ko6anbT-60 1 ue3nn-137. 3ToMy CnocobCTBYIOT ANUTENbHLIM Nepuoa nonypacnaja; BO3-
MOXHOCTb pacnonaraTb paguaLmMoHHO-6MONOrMYecKyo YCTaHOBKY Ha NOOOM pacCcTosHUM OT
A0epHOro peaktopa u npuobpeTtaTb MCTOYHUKN B HEOOXOAMMOM KONMYECTBE; CPAaBHUTENBHO
BbICOKasi NPOHMKaloLWasa CrNocOBHOCTb U3NyYeHUN; PU3NKO-MexaHUYeCKMe CBOMCTBA UCTOMY-
HUKOB W3Ny4YeHWUs, MNO3BONALWME [ONUTENbHO WX 3KCNyatupoBaTb B pagvaumMoOHHO-
BMONOrMyecknx yCTaHOBKax B Pas3fMYHbIX YCIOBUAX MPOMBILLIIEHHOCTM U CENbCKOXO35M-
cTBeHHoro npomnssoactaa ([50]).

Jkonornyeckue npoo6nembl, BO3HUKalOLWME NpU yTUnu3aumm n o6esBpexmBaHnm
ounonornyecknx orxomos. [1pn obesBpexmnBaHmm BMONOrMYECKNX OTXOO0B B Bmotepmude-
CKMX iIMax UIiM 3aXopoHEHMEe BO3HUKAET psif akonorndecknx npobnem ([46]):

- MPOMCXOOUT U3BATME U3 XO3ANCTBEHHOIO ObpaLLeHnst 3eMefbHbIX Y4aCTKOB;

- NOBPEXOaKTCA NOBEPXHOCTHbIE CIoM No4YBbl (NNOAOPOAHBLIN CIOW) Ha TepputTopun
OTBOZA NO CKOTOMOIUIBbHUK (BMOTEPMUYECKYIO MY);

- B CKOTOMOTMUIibHUKaxX (BnotepMmyecknx simax) u mectax 3axopoHeHust buonormnye-
CKMX OTXO40B ANUTENBHOE BPEMSI COXPAHAOTCHA NaTOreHHblE MUKPOOPraHU3Mbl;

- yCTaHaBNMBaeTCA 3anpeT Ha BeJeHue XO3ANCTBEHHOW AEATENbHOCTM Ha TeppuTo-
pun B HENOCPEACTBEHHOM 6IM3M CKOTOMOIUIbHMKA (BMOTEPMUYECKON SIMbI);

- TEPPUTOPUIO  OrpaxkpalT rnyxum 3abopoM, W yCTaHaBnMBaeTCA CaHUTapHO-
3almnTHasA 30Ha CKOTOMOrUbHUKA (BMOTEPMMYECKON SAMBbI).

Obe3sBpexmBaHne BUONOrMYECKNX OTXOA0B PU3NHECKMMN METOAAMM C IKONOMMYECKOMN
TOYKM 3peHuss — Haubornee 6e3onacHbI BapuaHT, Npu YCrnoBuuM NpoBeAeHMs npouecca B
TEXHUYECKN UCMpaBHOM, repMeTuyHOM obopyaoBaHun. B npouecce akcnnyataumm ycTaHo-
BOK C UCNOSIb30BaHWEM MOHU3UPYIOLLEro N3ny4YeHust npouecc pepmMmeHTaumm 6uonornieckmnx

OTXOJ0B NPUBOAMT K BO3HUKHOBEHUIO 3anaxa ([50]).

1.9 UHhbopmMmaumusa o AeATeribHOCTU MO YTUNU3auum u

006e3BpeXMBaHUIO OTXOA0B OpraHMYeCKUX pacTBopuTesneun

B HacToslem noapasaene paccMaTpuBarTCH OTX0Abl OPraHMYeCKUX pacTBOPUTENEN,
B TOM YMCIE OTXOAbl ranioreHNPOBAHHbIX OPraHUYeCcKUX pacTBoOpUTENEn U NX CMeCeN.
PactBopuTenn o6beanHSIOT pasHoo6pasHble rpynnbl XKUOKMX, OPraHUYECKUX NeTy4nx

COEAMHEHUIA, KOTopble 06naaalT CroCOOGHOCTLIO NEepPeBOAUTb HENeTyyue Unu TPyOHONeTY-
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4yne nreHkoobpasyoLlme BewecTBa B pacTBOpbl, He noaBeprast X XMMUYECKUM U3MEHEHU-
amMm. Ecnu pactBoputenu He pacTBOPSAOT HEMOCPEACTBEHHO MreHKoobpasywmn matepuman,
a pa3baBnsaoT pacTBOP 40 HYXXHOW paboyen KOHCUCTEHUMU, OHWN Ha3biBalOTCA pa3baBuTens-
MU. Jlydwmmun pactBopuTeEnaMu ABNAIOTCS apoMaTuyeckme (TONyors, KCUIOS, COSbBEHT) U
XNOPUpPOBaHHbIE YrneBoaopoabl (XrIop6eH3os, ANXNIopaTaH), KOTopble NPUMEHSIIOTCA B CMe-
CW CO cnupTamMu 1 yanT-CrmpuToM.

PactBoputenun ana XuUMMYECKUX COEAMHEHMN HeobXOAMMbl B pasfnnyHbIX cdepax
npounssofcTB. OTXoAbl OpraHMYecKMx pacTBopuTenen obpasyoTcsa Ha npegnpuaTuax no
NPON3BOACTBY JNlakokpaco4Hbix maTepuanos (JIKM); peMOHTHbIX 3aBogax; nMpToCTpouTENb-
HbIX NPeanPUATUSAX, aBTOMOOMMIBHbIX NPOM3BOACTBaX, TUnorpadusax, mebenobHbix abpukax,
WHCTUTYTaxX, aBToCepBmucax u Apyrnx opraHnsauusx.

PbiHOK pacTBopuTenen B Poccum exerogHo yBenuumsaetcsa Ha 2,5 %. Hambonee ak-
TMBHLIMW PEMMOHaAMN B MaHe pa3BUTUA OTpacnn NPOU3BOLCTBA pacTBOpPUTENEN ABNAOTCS:
Owmckas, CapartoBckasa n Camapckasa obnactn, a Takke TatapctaH n bawkoptocTtaH ([51]).

OObLiee KONMYECTBO pPacTBOPUTENEN, EXKErogHO pacxodyeMbixX NpeanpusTuaMu cTpa-
Hbl okorno 0,5 mnH. T ([52]). B nepeon nonosuHe 2016 roga TOMNbKO Ha BHELLUHEM pPbiHKE BbINO
3aKynneHo 4ytb 6onee 5,7 Tbic. T opraHunyecknx pacteoputenen ([53]). OCHOBHbIMM NO-
cTaBLUMKaMu pacteoputenen B Poccuio senatoTca KomnaHum ns Fepmanum n Utanuu.

3a 2015 rog B Poccuiickon ®egepauun, Nno AaHHbIM CTAaTUCTUYECKOro HabnioaeHus,
ObIno yTunuanposaHo 5281,67 T n obe3BpexeHo 7248,89 T opraHMYECKUX pacTBOpUTENEN
(npn obpasoBaHum 25 143,12 1) ([10]).

Mpn npoBegeHun yTunusaumm pactBoputTenen, NoTepsaBLUNX NOTpebutenbckne cBon-
CTBa, pasnuyaloT cogepxalume ranoreHbl U He cogepallme ranoreHbl pacTBOPUTESN.

K ranoreHcogepxalwmmMm pacTBOPUTENSIM OTHOCATCA: XNopTopyrneBoaopoabl; Xno-
PUPOBaHHbIE YrNIEBOAOPOAbI; ranoreHMpoBaHHbIe YrneBogopoabl. [anoreHcoaepkalme pac-
TBOpUTENUN (OCOBEHHO Xropcodepalime) oTNNYaTCA BbICOKOW pacTBOpstOWEen CnocobHo-
CTbO N NMOHWXKXEHHOW FOpHOYECTbIO, COBMELLAITCA CO MHOMMMU OpraHN4YeckuMn pactBopuUTe-
NSMK, O4HAKO M3-3a BbICOKOW TOKCUYHOCTU OHW HaXOAST orpaHuyeHHoe npumeHeHue. Bpea-
HOe BO34ENCTBME OaHHbIX BELECTB BbI3BASIO NPUHATME NpaBuil perynmpoBaHns UX UCMOosb-
30BaHUA:

- 1980 roq — BeHckasi KOHBEHLMSI MO COKpaLLEeHUIO BbiNycka XnopdTopyrnesogopo-
0B,

- 1987 roq — MoHpeanbCKuii NPOTOKON MO 3aMopa)kMBaHMIO NPOM3BOACTBA M NOTPeL-

neHnsa xnopgTopyrnesogopoaos;
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- 1990 rog — JloHAoHckun npotokon o 50 % cokpalleHun Npons3BoacTBa u notTpebne-
HUSA xnopgTopyrnesogopoaos k 1995 rogy n nonHom npekpatteHun k 2000 roay.

He cogepxalme ranoreHoB opraHn4eckne pacTBOPUTENIM MOXHO noapasfenutb Ha
cnegywowpne rpynnbl: anudartvyeckme 1M anvuuknuyeckue yrrneBogopoabl; apoMaTuyeckue
yrrneBogopoabl; CUPTbl; KETOHbI; CIIOXHble 3dupbl; NPOCTble 3upbl U 3PUPbI FMUKOSEN.
Kpome aTux 4ncTbix pactBopuTenen n Hens3bexHbiXx CMecen CyLLeCcTBYIOT Takke crneuvanb-
Hble CMeCcu pacTBOpuUTENen ONsi TEXHUYECKUX MPUMEHEHWI, Hanpumep, pasbaButenu ans
KpacuTtenen, cMor, MeTanmnos u T. 4.

PereHepauun (BocCcTaHOBEHMIO) NognexaT crnegyowme Buabl pactsoputenen ([54]),
noTtepsiBLUMX NOTpebutenbckme CBOMCTBA:

- cnupTbl (MeTaHon, aTaHos, NnponaHon, 6yTaHon, NEeHTaHOs, reKCaHon, renTaHosm, OK-
TaHOI, HOHaHOJS1, AeKaHON, 3TUMNEHITINKONb);

- achupbl (MeTunaueTtar, aTunaueT, H-nponunaveTaT, usonponunauertar, OyTunaue-
TaT, H-amunaueTtar, nsoamumnaveTar, H-oKTunaueTar);

- apomaTudeckme yrnesogopoabl (Tonyorn, AumeTundeH3onbl, 3TUNGeH3on, npo-
nMNBeH30n, Kymor, cTupor, deHnnaueTuneHd, nHaaH, uMknobyragueH, andenun, amdeHun-
MeTaH, TpudeHunveTaH, TeTpadeHnnmeTaH);

- NpoYne XUMUYECKNe pacTBOpUTENN: Hedpackl, aLeTOH, KCUMNOosbl, a Takke 3arpss-
HEeHHble MHOIOKOMMOHEHTHbIe pacTBoputenu: 645, 646, 647, P-4 P-10, P-12, P-14 v ap.

MHorve npegnpuaTUs CaMOCTOATENbHO He YTUNU3UPYIOT pacTeBoputenn. 3To 00y-
CMNOBMEHO 3KOHOMUYECKMMU COOBpaXeHNaAMN, a Takke OTCYTCTBMEM 3aUHTEPECOBAHHOCTU B
MX NOBTOPHOM Mcnonb3oBaHun. OBBbSACHSAETCS 3TO TEM, YTO MHOTME MeTOoAdbl pereHepauun
pacTBopuUTENEen 3KOHOMUYECKU HeaddekTusHbI ([55]).

Ha pblHKe npeacTasneH WMpokuin Beibop 0bopyaoBaHMa Ana pereHepawmm, Kak nerko
BOCMNIIaMeHSIEMbIX pacTBOpPUTENEN, TaKk U pacTBOpPUTENEN Ha BOAHOW OcHoBe. Pag doupm,
crneunanusnpyeTcs Ha npoasmkeHun B Poccum n ctpaHax TaMOXeHHOro cor3a Kak MMMopT-
HbIX, TaK U OTEYEeCTBEHHbIX BbICOKOMPOU3BOAUTESbHBIX YCTAHOBOK pereHepauun pactBopu-
Tenen: OFRU Recycling (O®PPY) (l'epmanug); Italia Sistemi Tecnologisi (IST) (Utanus);
dupma FORMECO, OOO BIK «KBAPT3Kakonorna» (r. Mocksa), OOO «JINMMIMOK»
(r. Cankr-lMeTepbypr) n gpyrme komnaumm (([56], [57])). YcTaHOBKM pereHepaumm pacTBopu-
Tenen NOo3BOMAIT BEPHYTb B MPOM3BOACTBO LUMPOKUA CNEKTP OTpaboTaHHbIX OpraHUyecKnx
pacTtBopuTternen ¢ Temnepatypoun kunenna o 200 °C: aueToH, TOSyor, KCunoJs, cMeceBble
COMbBEHTbI, BEH3UH, yauT-cnupuT, nepxnopaturneH n ap. CteneHb OYUCTKN pacTBOpUTENEN

coctaBnseT go 99,7 %. Cpok cnyx6bl o6opyaoBaHma — o1 12 o 15 ner.

39



UTC 15-2016

YcTaHoBKM ycnewHo paboTtatoT 6onee yem Ha 70 KPYNHbIX POCCUNCKUX NPeanpUATUAX
(pucyHok 1.7) ([58]). OpraHunyeckme pactBoputenn nepepabartbiBaloTCA C BOCCTAHOBMEHNEM

NX 00 NpueMneMbix NoTpPebnTenbCknx CBONCTB.
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PucyHok 1.7 — PernoHbl Poccuu, raoe BHepeHb!

YCTaHOBKM pereHepauum pactsoputeneit

lMepepaboTkon OpraHNYeCcKnx pacTBOpUTENEN 3aHNMAETCH HECKObKO AECATKOB KOM-
NnaHW, PacnosioXXEHHbIX B OCHOBHOM B KPYMHbIX NPOMbILUNEHHbIX LIEHTpax, rae ectb npea-
NPUSATUS U OpraHn3aLUnm CaMOCTOSATENBHO HE YTUNU3NPYHOLLME OTXOAbl pacTBOPUTENEN.

OCHOBHble AaHHble N0 MeToAaM U TeXHOJIOrMAM YyTUNU3auuum U ob6e3BpeXxuBa-
HUA OTXOAOB OpraHuyeckux pacteoputenen. OCHOBHbIMM TEXHOMOMMAMM YTUNM3ALMM U
00e3BpeXnBaHNA OpraHNYECKUX pPacTBOPUTENEN ABMAOTCA UX PEreHepauusi U CXUraHue.
CBegeHnst 0 TexHomnorusx obes3BpexMBaHUS OTXOL4OB MYTEM CXWUraHusi NMpeacTaBfieHbl B
cnpaBoyHuke HOT UTC 9-2015 «O6e3BpexmBaHMe 0TXO40B TEPMUYECKMM CNOCOBOM (CXM-
raHnme OTX040B)».

Hebonblwne ob6bembl OpraHMYeckux pacTtBOpuUTENen nepenarT Ha 3axOpOHeHVE B
crneumanbHbIX KOHTEHepax, Ha cneunanbHo 06opyaoBaHHbIE ANS AaHHbIX Lienen NONroHbI.

Jkonornyeckue npobremMbl, BO3HMKaroLWwme npm yTunmsaumm m o6esBpexmuBaHum
OTXOAO0B OpraHM4Yeckux pactBoputeneu. Npun gnctunnauum otpaboTaHHbIX pacTBOpuUTE-
ner BO3MOXHbI BbIBPOCHI yrneBoaopoaoB B atMocdepy n obpasoBaHne CTOYHbIX BOA, KOTO-
pble nognexat oudnctke ([59]).

B xoge ytmnusaumm oTXoOoB pacTBOpPUTENEN BO3MOXHO MOBbILEHWE KOHLEHTpaLuum

BpeAHbIX XMMUYECKNX BELLECTB B BO3ayxe paboyelt 30Hbl U aTtMocdepHoMm Bo3ayxe. Mpuyu-
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HaMu 3arpsi3HeHUss aTMocdepbl, Kak NPaBuUIIo, SABMSIOTCA NOTEPU NErKONETYYNX BELLECTB Ye-
pe3 BO3MOXHble HEMNMOTHOCTN B repMeTUYHOM 06opyaoBaHMM (Marnoe AbixaHue) U BblIGpochl

BO BpeMsi onopoxxHeHnsa obopyaosaHusa (6onbLlioe abixaHme) ([60], [61]).

1.10 MHdopmaumsa o aeAaTesibHOCTU NO YTUNMN3aALUUN U
06e3BpeXMBaAHUID aBTOMOOUNbHbIX aKKYMYNATOPOB, yTPpaTUBLUUX

noTpeduTenbcKkne cCBOMCTBA

CyulecTtByeT HECKOMbKO TUNOB aBTOMOOUIBbHBLIX aKKyMyNATOPOB, OTNNMYAIOLWMXCA Ma-
Tepunanom 3rneKTpoaoB 1 SNeKTposmTa.

M3 Bcero pasHoobpa3susa B aBTOMOBUNAX B KQ4YECTBE CTapTEPHbIX UCMOSMb3YTCA TOSb-
KO CBMHLOBble. Kopnyca Bcex CBMHLOBbIX aKKyMynsaTOPOB AenatTCa U3 MPOYHOW KUCMOTO-
CTOMKOW MnnacTtMacchl, 4Tobbl obecneunTb MakcumanbHyto 6€e30MacHOCTb BO BpeEMS TpaHcC-
NMOPTUPOBKN N IKCNIyaTaumm.

B HacTosilee BpeMsA B kKayecTBe Martepuana ans 3neKkTpoaoB UCMNONb3yeTCa CBUHEL,
He B Y4CTOM BuAe, a C pa3HoobpasHbiMn fobasBkamu, B 3aBUCUMOCTM OT KOTOPbIX akKyMyns-
TOpbl aBTOMOOUIbHbIE A4ENSAT HA HECKOSbKO TUMOB.

Mo ntoram 2014 roga o6beM NepBUYHOIO PbiHKa akkyMynsTopoB B Poccuiickon ®de-
gepaumm  no  AaHHbIM  OTYeTa aHanUTUYecKoro areHTtcTBa «ABTOCTaT»  COCTaBuIl
1,92 MnH ef., a o6beM BTOPUYHOIO pblHKa akkymynsitopoB B Poccunckon denepaumm (06-
LLlee KONMMYeCTBO NOCTaBMEHHbLIX aKKyMyNATOPOB POCCUNCKMMUN aKKyMYyNATOPHbIMU 3aBOoA4amu
N MHOCTPaHHbIMU ANCTpUBBIOTOPaMn aAna cBO6OAHOM NpoAaxu aBTONOUTENAM MM KOpMo-
paTUBHLIM KNMeHTam) — npumMepHo 9,5 MnH ([62]).

Ecnn paccmaTtpmBaTb NPOU3BOACTBO aKKyMYyNSiTOPOB POCCUWUCKUMM 3aBOA4aMu, TO B
2014 rogy ux Bbinyck ysenuuuncs Ha 10 % v coctaBun npumMepHo 6,7 mrH ea. B 1o xe Bpe-
MS1 3KCNOPT aKKyMynaTopoB Bblpoc 6onee yem Ha 40 % u npeBbicvun 440 TbIC. WT. A BOT UM-
NopT  akKyMynaTopoB aBTOMOOMNbHbIX B  Poccuo  cHu3mncs Ha 26 % — go
4,37 MIH 3K3eMMnspoB.

Takum obpasom, 06beM NPOM3BOANUMbBIX aKKyMYNSiTOPOB aBTOMOOWIbHbLIX UWHOCTPaH-
HbIMW NPOM3BOAUTENSAMU HA BTOPUYHOM PbIHKE aKKyMYMNSTOPOB aBTOMOOWUIIbHBIX COCTaBWN
4,37 MnH wT. Ha 2014 rog. Poccuinckme npousBoguMTenu nokasann ob6bembl, paBHble
5,11 mnH wT. ([62]).

C TeyeHneM BpeMeHn BeCb 06bEM peann3oBaHHbIX akKyMyriaTOPOB aBTOMOOUIbHbIX

yTpaunmBaeT CBOU NOTpebuTenbCckue CBOMCTBA.
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3a 2015 rog B Poccuiickon ®efepauunn, Nno AaHHbIM CTaTUCTUYECKOro HabnoaeHus,

6b1n10 yTMnmMamposaHo 111 813,22 T 1 obesBpexeHo 44 472,63 T OTX0O40B aBTOMOOUBbHbIX

akkymynsitopoB (npu obpasoBanHum 22 870,90 1) ([10]).

KpynHeriwmne 3aBofpbl, OCYLLECTBIsOWNE AeATENBHOCTb MO NPOU3BOACTBY W nepepa-

BboTke akkymynaTopoB B Poccuickon ®epepaunmn, npeacrasneHsl B Tabnuue 1.5, a ux me-

cTopacrnonoxeHue Ha Tepputopun Poccuickon egepaumm — Ha pucyHke 1.8 ([63]).

Tabnuua 1.5 — KpynHenwmne nponssogntenn n nepepaboTumkn akkymynaTopos B Poccuiickon

depepauun
Ne n/n PervoH, ropog Mpeanpuatng
1 Bonoroackas obnactb, r. Bonoraga OO0 «Bornoroackuit akkyMynsTOpHbIN

3aBoa» (BA3)

2 CapatoBckasi obnactb, r. CapaTtoB OAO «3aBog aBTOHOMHbIX NCTOYHMKOB
Toka» (AUT)

3 MckoBckasi obnacTb, r. Benukne Jlyku 3A0 «Benukonykckuin 3aBog LWenoYHbIX
akkymynsitopos» (B3LLA)

4 NpkyTckas obnacTtb, r. MIpkyTck 3AO «AKKYMYNSATOPHbIE TEXHOITOMNN»
(«AkTex»)

5 Kypckasa obnactb, r. Kypck OO0 «Kypcknin akkyMynaTopHbIN 3a-
Boa» (KA3)

6 JlenuHrpaackas obnacTtb, r. CaHkT- 3AO «JleHnHrpaackuin akkyMmynsaTopHbIv

MeTepbypr 3aBoa» (J1A3)

7 MockoBckasa obnacTb, r. [logonbck 3A0 «[MoaonbCKn akkyMynsiTOPHbI
3asoa» ([MA3)

8 CapartoBckas obnactb, r. CapaTtoB OAQO «CapaToBCKUIN akKyMynSTOPHbIN
3aBoa» (CA3)

9 MpkyTckaa obnactb, r. AHrapck OO0 «CBMpCKNin akKyMyNATOPHLIN 3a-
Boa» (CA3)

10 |TwomeHckasa obnacTtb, r. TOMEHb, OAO «THOMEHCKUIN aKKyMynsTOPHbIV 3a-

Boa» (TA3)
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PucyHok 1.8 — MecTopacnonoxeHue npeanpusatun nepepaboTynKoB akKyMynsaTopoBs

Ha Tepputopun Poccuinckon ®epepaumm

OCHOBHbIe AaHHble N0 MeToAaM U TEXHONOrMAM YTUINU3auun akKyMynsaTOpoOB
aBTOMOOUIbHbIX, YTPaTMBLIMX NOTpebuTenbckue cBoncTBa. MeToq yTunmMsaumm akky-
MYNATOPOB aBTOMOOUIbHBIX COCTOUT B CNeayHLEM:

Cnue anekTtponuta. OcCywecTBAAETCA Ha TEXHOSIOrMYEeCKOW NMHUK, KOoTopasi OcCy-
LLeCcTBNSIET BECb NPOLECC aBTOMATUYECKUN, YTODbLI UCKNIOYNTL BpeaHOe BO34ENCTBUE NapoB
N XXNOKOCTU INEKTPONMTA Ha YenoBeka.

M3menbuyeHune kopnyca akkymynsitopa. OcywectsnseTca B Apoburke.

OtpeneHve meTtannocogepxawen dpakuun. PasgpobneHHoe cbhipbe MNOoCTynaeT B
ANEeKTPOMarHUTHLIM cenapartop, rae npoucxoguT oTAeneHve MmeTannocogepXawen dpak-
Uun.

CopTtupoBka octaTka. BubpaunoHHbIn rpoXoT C sYenkammn pasnnuyHoro pasmepa cop-
TUPYET KPYMHbIE 3NIEMEHTbLI N OTNPaBSET UX Ha NMOBTOPHOE U3MeNbYeHME.

PaspeneHue Ha dpakuyuun. M3smenbyeHHble 0TX04bl NOCTYNakT B cenapaTop 4SS pas-
aerneHvs Ha ppakuuu.

ObesBoxuMBaHMe n cenapauus. B pesynbTaTe nonyyarT Cbipbe — MeTann u nonm-

MepHyto dbpakumto (NoNMnponuieH 1 NONMBUHUNXITOPUA).
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B pesynbtaTte ytunusaumm CBUHLUOBbLIX aKKyMyNSATOPOB MOXHO MOMNyYnTb TakMe maTte-
puanebl, Kak:

- CBMHeL,

- CTanbHOW NoMm;

- Mefb;

- ONEKTPONUT;

- NNAaCTUKOBbIE rpaHyIsibl.

Jkonorunyeckue npobrembl, BO3HUKaKOLWME NpU yTUNM3aumum akkyMynsTopoB aB-
TOMOOMINbHbIX, YTPaTUBLUMX NOTpebuTenbckue cBomctTBa.OnacHocTb nepepaboTkn as-
TOMOOUNBHBLIX aKKyMynsiTOPOB, YTpaTMBLUMX MNOTpebuTenbckne CBOWCTBa, o6ycrnoBneHa
Hann4ynem B UX COCTaBe TaKMX OMacCHbIX KOMMOHEHTOB, KakK CBUHEL, LernoYb, cepHas KUCIOo-
Ta.

CopepxaHue CBUHLA B aBTOMOBUITbHBIX akKymMynaTopax cocTtasnsieT okono 50 % oT
obLen maccbl akkymynatopa, NpuUCYTCTBYET Takke OKono 2 % cypbMbl, 15 % pasnunyHbix
BMAOOB NnacTMacc, npumepHo 15 % anekTponuTa, KOTopbii MOXET OblTb NpeacTaBneH pac-

TBOPOM CEPHOM KUCMNOTbI UIK LLIENOYMN.

1.11 MHdopmaumsa o aesaTesibHOCTU NO YTUNMU3aLUUN U
ob6e3BpexnBaHUIo 6aTapen akKyMyNATOPHbIX, YTPaTUBLLUMX

noTpeduTenbcKkne cCBOMCTBa

B HacTosiLee BpeMs MCNOMb3YTCA pasnuyHble BUObl akKyMynaTOpHbIX 6aTapen. OHu
UMEIOT pasHyto cpepy NPUMEHEHUS, OTMYalTCA NapaMmeTpaMmmn pasMepoB, BHELUHEro B1aa,
LMKITOB nepesapsiakn, EMKOCTU, CPOKOB XPaHEHUSA U XMMUYeCKOro coctaBa ([64]).

Hanbonee pacnpocTpaHeHHbIMMU Pa3HOBUAHOCTSMWU akKyMYNSATOPHbIX GaTapen saBns-
l0TCA crneayoLwme:

- HUKenb-meTannorngpuaHole (NIMH) — mcnonb3yloTca Kak 3aMeHa CTaHA4apTHOro
ranbBaHWYECKOro anemMeHTa, B anekTpomMobunsax, pagunoannapartype, OCBETUTENTbHOW TEXHU-
Ke;

- MINTUA-NOHHbIE (Li-ioN) — NPUMEHAIOTCA B COBPEMEHHbIX ObITOBBIX U CTPOUTESbHbIX
npubopax, a Takke B MOBUIbHbIX YCTPOUCTBAX;

- NuTUr-nonmmepHsble (Li-pol) — ncnonb3yrTca B MOOUABbHbBIX YCTPONCTBaxX U Lndpo-
BOW TEXHUKE;

- HUKenb-unHKkoBble (NiZn) — ucnonb3yeTcs Kak CTaHOapTHbIA ranbBaHUYECKUn are-

MEHT.
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3a 2015 rog B Poccuiickon ®efepauunn, Nno AaHHbIM CTaTUCTUYECKOro HabnoaeHus,
Ob1o0 yTUNU3anpoBaHo 283,43 T akKymMynaTtopHbix GaTapeek (npu obpasoBaHum 1156,54 T)
([20]). CornacHo aTMM AaHHbIM, NUWb % YacTb 0b6pa3oBaHHbLIX OTXOAOB Nognexana yTunu-
3auummu.

Huskasa cteneHb nepepaboTkn akkyMynsaToOpHbIX 6aTapeek obycrnoBneHa oTCyTCTBUEM
B Poccuiickon ®egepauun cuctemol cbopa aTmx otTxogoB. OaHa 13 HEMHOTUX KPYMHbIX ceTen
cbopa, KoTopas NOCTOSAHHO paboTaeT, — 31O cuctema cbopa IKEA. Takke CywecTBylOT U
pasnuyHble UHTEPHET MarasvHbl, NPpeaoCTaBNALME CBOM YCNYyrn no cbopy akkymynatop-
HbIx 6aTapen, yTpaTUBLLUUX CBOM NOTpebuTenbLckne CBONCTBA.

B HacTosilee Bpemsa nepepaboTkon 1 yTunusaunen gaHHoro Buga OTXOAO0B 3aHMMa-
eTcs eQuHCcTBEHHOe npeanpusatie B Poccun — «Meranonuncpecypce» (r. YenabuHck), roe 3a-
nyLeHa nonHasa nuHusA nepepadboTkm akkyMynsaTopHblix 6aTtapen ([65]). Ha 3aBoae paspabo-
TaHa cobCTBEHHasi TEXHOMNOMMS peunknmHra 6atapeek — BOCCTAHOBMEHWNE Cbipbs ANA HOBbIX
GaTapeek (cynbdaTtbl UMHKA 1 MapraHua, xeneso, rpacuT). JInHmua paccumtaHa Ha nepepa-
6oTKy 15 ThiC. T B rog. OcHoBHOM npobriemor nepepaboTKn akkyMynsaTOpHbIX GaTapen Ha
3aBoje ABNseTcs OTCYTCTBME B CTpaHe cucTembl cbopa gaHHoro otxoda. B nepcnektuse
nnaHupyeTcs NOCTPOUTb Ha OCHoBe 3aBoaa «Meranonvcpecypce» cneumannanpoBaHHbIN 3a-
BOA MO nepepaboTke akkyMynaTopHbIx 6aTapen ([66]).

CornacHo gaHHbimM npegnpuatuna, KMO rexHonorun ytunusaumm 6atapeek coctaBnsaet
80 %, yTto Ha 20 % ny4we, Yem 3a pybexom. B HacTosALWMIA MOMEHT NpeanpuaTne CoTpyaHu-
YaeT CO MHOTMMU KPYMHbIMU TOProBbIMU CETAMU Y MMeeT CODCTBEHHbIE NMYHKTbI B 24 ropogax
Poccuun. Kaxgasi ceTb uMeeT CBOM COBCTBEHHbIN HEBOSBLLON MYHKT Npuema 3reMeHTOB Mu-
TaHus ([65]).

OCHOBHbIEe AaHHble MO MeToAaM U TeXHONOrusiM yTunusauum 6atapen akKymy-
NATOPHbIX, YTpaTUBLUMX NOTpebuTenbCKkue cBoucTBa. B Tabnuue 1.7 npencraBreHbl

Pa3HOBUOHOCTM aKKyMYNSTOPHbIX GaTapei 1 OCHOBHOW NPUHLMM MX NepepaboTku.

Tabnuua 1.6 — Tunbl akkyMynsTOpHbIX 6aTtapen n atansl nepepaboTkm

Tun akkymynatopHon 6atapeu OT1anbl nepepaboTkm
Hukenb-metannorngpuaHolie (NiMH) 1) PyyHas coptupoBka. No3BondeT pacnpeae-
Ivtnin-nonHble (Li-ion) NnTb N3aenusa B COOTBETCTBUM C UX TUMOM.
INvtnn-nonumepHsle (Li-pol) 2) OpobneHue. B apobunke npomcxoanTt nuamMerb-
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Tun akkymynatopHon 6atapeun OT1anbl nepepaboTkm

Hukenb-umHkoBble (NiZn) YyeHue OTXOA0B.

3) MarHuTtHas cenapauums. lNpoucxogut otaene-
HMEe KPYMHbIX MEeTannmM4yeckmx Yyacten ot obLuen
Maccbl.

4) MNosTopHOE ApobrieHne n oTaeneHne xenesa.
5) Hentpanusauna anektponuta. B nonyyeHHoN
Macce CoOOePXUTCS ANEKTPONUT, KOTOPbLIN
HenTpanuayeTcs.

6) M'mpopomeTannypruyeckmi nepenen

Jkonornyeckue npoodrembl, BO3HUKaloLWwmMe Npu yTunusauum 6atapen akkymyns-
TOPHbIX, YTPaTUBLUMX NOTpebuTenbckue cBomcTBa. ONacHOCTb yTUNM3aLMM akKyMyns-
TOpHbIX BaTtapen, yTpaTMBLUMX NOTPeOMTENbCKME CBOWCTBA, B HacTosllee Bpemsa obycnos-
neHa coaepXaHneMm NpakTUYECKN BO BCex GaTapenkax TOKCUYHbIX BELLECTB B BUAE pasnuny-
HbIX MeTanfoB M XMMUKATOB, KOTOpbIE MpWU paspyLleHun KoprnycoB 6ataper nonagawT B
oKkpyxatowyto cpeny. KomnoHeHTamMun akkyMynaTopHbix 6aTapen ABNAOTCA TakMe 3NeMEHTHI,
Kak CBMHEL,, HUKENb, KAAMWUIA, UUHK, PTYTb, okcug cepebpa, kobanbT, nuTun.

Mpn yTUNM3aumMm akkymynsaTOpHbIX OaTtapen CylwecTBYeT PUCK 3arpsi3HEHW0 NOYBbI
TSHKENbIMM MeTannamMm 1 3arpsisHeHne atmocdepHoro Bo3gyxa Bblbpocamu B atmocdepy

napoB PTyTK.

1.12 AHdopmaums o aeAaTesibHOCTU NO YTUNN3aLUU U
o6e3BpeXxnBaHUIO oTXo0A0B hUNbTPOB U hUNbLTPOBaASIbHbIX

MaTepuanoB oTpaboTaHHbIX

dunbTpbl N PrNbTpOBanbHbie MaTepurarbl LUMPOKO MCMOSMb3YTCA B TEXHONOMMYECKOM
o6opyaoBaHMM B CUCTEMAX OYMCTKM ra3oBbiX BbIOPOCOB U XnakocTen. bonbliasa yactb aTuX
MaTepuanoB UCMONb3yeTCcs NPU AKChyaTauum aBTOTPaHCMNOPTHLIX CPEACTB.

MpakTnyeckn TpeTb OT obuero oobema obpaszoBaHUss 0TXOA0B (UNLTPOB 3aHMMALOT
UnNbTPbI OYMCTKM TOMMMBA M Macna aBTOTPAHCMNOPTHbLIX CPEeACTB, hMnbTpbl BO3AYLUHbIE aB-
TOTPAHCMNOPTHbIX CPeAcTB, aBTOMOOUNbHbIE (PUMBbTPLI (B TOM 4YUCre aBTOMOOUIbHbIE Mac-
nsHble punbTpbl). Bonee nonosuHbl (4o 60 %) oT obuiero KonNUMYecTBa eXerogHo npopasa-

€MbIX aBTOMOOUIbHbIX (*)VIJ'IprOB npmnxoanTca MMeHHO Ha MaclidHble.
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B naHHOM pasgene paccMmaTpyBaloTCs TEXHOMOMMU yTUNU3auumnm MacnsHbiX unbTpos,
OoTpaboTaHHbIX NpY 3KCNNyaTaumMm aBTOTPAHCNOPTHbBIX CPeaCTB.

OTpaboTaHHbI aBTOMOOUNBbHBLIN MacrsHbI (PUNbTP KOHCTPYKTUBHO NpeacTaBnsaet
cobor MeTannMyeckyto Karncyny, B KOTOPOM HaxoaaTCa pe3nHOBbIE U NONIMMEPHbIE KNnanaHbl,
dunbTpyownn anemeHT (bymara, TEKCTUNb, HaTyparnbHble U CUHTETMYECKME BOSIOKHA),
cTanbHble geTanu n otpaboTaHHOE MOTOPHOE Macro.

B kaxxgom oTpaboTtaHHOM aBTOMOOWITLHOM MacnaHOM UIbTPE COCPEAOTOYEHO OT
200 po 500 r otpaboTaHHOro aBTOMOOMNBHOrO Macrna. B pesynbtaTte B cucteme obpalieHums
MacnsiHbIX (UNbTPOB B OKPYKAIOLLYH cpeay exeroaHo noctynaeT cabile 14 000 m3 otpabo-
TaHHOro macna ([67]).

3a 2015 rog B Poccuiickon degepauun, Nno AaHHbIM CTAaTUCTUYECKOro HabnioaeHus,
Obino ytunmsnposaHo 8071,72 T n obesBpexeHo 8066,13 T oTxo4oB uUbTPOB U PUNbTPO-
BanbHbIX MaTtepunanoB oTpaboTaHHbIX (Npyn obpasoBaHmm 26 533,03 1) ([10]).

OpHou 13 rnaBHbIX Npobnem Ha TeppuTopun Poccunckon epgepaumm octaeTca Heop-
raHN30BaHHbIN COOP M MpakTU4ecKoe OTCYTCTBME yTunu3dauum otpaboTaHHbIX aBTOMOOUNb-
HbIX MacnsaHbIX (OUNbTPOB.

OcHOBHble AaHHble NO MeToAaM U TEeXHOJOrMAM yTUnusauum n obe3BpexuBa-
HUA 0TX0AO0B (PMNBLTPOB U PUNLTPOBANbHbLIX MaTepuanoB oTpaboTaHHbIX. PUNbLTPLI K
dunbTpoBanbHble Matepuansl, obpasywmeca B TexHonormdeckom obopyaoBaHun, B OC-
HOBHOM MoanexaT yTunusauum n obe3BpexmBaHUI0 Ha NMPOMbILLIIEHHbIX NPeanpUsaTuaX, oob-
pasyloWnx AaHHble OTXO0Abl, uUnu coxuraiTcsa. CBegeHUs o TexXHONnornsax obesBpexmnBaHus
OTXOAOB MyTEM CXuraHusa npeactasneHbl B cnpasodHnke HOT UTC 9-2015 «O6esBpexuBa-
HMe 0TX0O0B TEPMUYECKMM CNOCOBOM (CXKUraHMe OTXOO0B)».

B HacTosilee BpemMs COBPEMEHHbIMU MPeAnpUATUAMUM NPOU3BOAATCH pas3bopHble U
Hepa3bopHble MacngaHble punbTpbl. MacnaHble PUnbTPbl TPAAUUMOHHOW KOHCTPYKUUN NMe-
I0T MeTannMyeckMe AHWLA U CTepXeHb, rapaHTUpYLne BbICOKYHD MeXaHUYeCKyk Mpoy-
HOCTb, (OUNBbTPYIOLLYIO MEPEropoOAKY, N3FOTOBIEHHYIO N3 crneumanbHon unbTpytowen byma-
M, a Takke pesnHoBble npoknaaku ([68]). M3-3a coueTaHms aTnx matepuanoB TpaguLMOH-
Hble (PUNbTPyOLLME 3NEMEHTbI MacnsHbIX (PUbTPOB OYEeHb TPYAHO yTunuamposaTb. Heob-
XOOUMO OTAENATb MeTannuyeckne 3NeMeHTbl, KOTopble Hemnb3sl CKe4yb B YCTaHOBKax Ans
CXKUraHus.

YTunusaums pasbopHbIX MacrsHbIX (OUIbLTPOB OCYLLECTBSETCA NyTeM pasferniku
JUNbLTPOB C JanbHeuLen yTunu3aumen ee CoCTaBHbIX YacTen.

HepasbopHble MmacnsaHble ounbTpbl (SPiN-0n) Yalie BCero MCNosb3yTCa B rPy30BbIX

aBTOMOOUNISAX. [locToOMHCTBOM 3TOro TMNa q)I/IJ'IprOB ABNAETCA BbICOKaAA yCTOVI‘-IVIBOCTb K Me-
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XaHUYeCKUM MOBPEXAEHUSM, a TaKkKe fnerkas 3aMmeHa, npakTU4ecku NULIeHHas pucka BHece-
HWA 3arpsi3HeHU B cucteMy cmasku asuratens. OgHako cepbe3HbiM HeJOCTaTKOM SiBMSeTCA
CNOXHbIN 1 AOPOroCTOALLMIA NPOoLUEeCcC yTUNu3awmm Ncnonb3oBaHHbIX ounsTpos ([69]).

HepasbopHble macnsaHble ounbTpbl 06pasyoT eauHbIN yY3en, COCTOALWMI U3 Kopnyca U
dunbTpytowero aneMmeHta. Bo Bpemsi npoBeaeHns paboT no TexHu4eckomy obcnyxmBaHuIo
3ameHsieTcs BecCb y3en. [1oaTomy ero ytunusaums octaetcs npobnemon. B HacToswee Bpe-
MS CYLLEeCTBYIOT NUHUN N 0BopyooBaHWE, OCYLLECTBAAIOLWEE YyTUNM3auMio OTpaboTaHHbIX
MacnsAHbIX PUIbLTPOB.

Jkonornyeckue npobremMbl, BO3HMKaroWwme npy yTunmsaumm m o6esBpexmuBaHum
oTX0A0B (hunbTPoB U PUNbTPOBaANbHbLIX MaTepuanoB OoTpaboTaHHbIX. JKOMornyeckue
npobnembl Npu yTunmMsaumm n 06e3BpeXxmBaHnNn OTXOA40B aBTOMOOUITbHBIX MachnsHbIX (unb-
TPOB B NEPBYI o4Yepedb CBA3aHbl C HEOOXOAMMOCTbLIO TepMUYECKOro obesBpexmBaHus
oTaenbHbIX AeTanen punbTPOB U HU3KMM Ka4yeCTBOM BbiAeniieMoro MeTtasnsia B CBA3U

C 3arpsi3HeHueM PUNbLTPOB.

1.13 UHdopmaums o aeAaTesibHOCTU NO YTUNMN3aLUU U
o6e3BpeXMBaHUIO OTXOAO0B NPOAYKLUUU, coaepKallen
rafioreHMpoBaHHbIe apoMaTUYeCcCKue BellecTBa, CTONKUue
OpraHnyeckue 3arpsaA3HUTeNN; OoTXoAbl OpraHN4YecKuxX NecTuuuaoB n

arpoxmMmunkKaTonB

[aHHasg rpynna oTXOA40B BKMOYaET:

- OTXO4bl MPOAYKUUKN, COAepKallen ranoreHMpoBaHHble apoMaTuyeckue BeLLeCTBa,
CTOMKME OpraHn4eckme 3arpsasHUTenu;

- OTXOAbl OPraHNYecKnx NecTMUnaoB 1 arpOXMMUKATOB.

Bce paccmaTtprBaeMbie B AaHHOM pasferne OTXOAbl CoaepXaT B CBOEM COCTaBe CTON-
Kne opraHuyeckmne sarpsasHutenn (COS3).

CornacHo CTOKronbMCKOW KOHBEHLMW, CTOMKME OpraHn4eckue 3arpsisHuTenu — 310
BELLECTBa, KOTopble 06nagalT TOKCUYHLIMM CBOMCTBaMM, NPOSIBASOT YCTONYMBOCTL K pas-
NOXEHMIO, XapaKTepusylTca OMoakKymynaumen n aBnaoTcAa O0OBHEKTOM TpaHCrpaHU4HOro
nepeHoca No BO34yXy, BOAE W MUTPUPYIOLLMMUK BUOAMMU, @ Takke ocaKaaloTcs Ha 6onbliom
paccTOsiHMM OT UCTOYHMKA UX BbIOpOCa, HakannMBasiCb B 9KOCUCTEMAX CyLUM U BOLHbIX KO-

cuctemax ([70]).
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Cnektp Tokcmyeckoro Bosgencteua CO3 BkntovaeT B cebs netanbHOCTb, BpeaHoe
BNUSHWE Ha PenpoayKTUBHOCTb U pasBuUTUE, NogaBrfieHMe MMMYHHOW CUCTEMBbI, epMaTosio-
rmyeckme 3aboneBaHus, MyTareHHbIN N KaHLUEePOreHHbINn 3 dEKT.

OcHoBHbIMK LenaMu CTOKrONbMCKOW KOHBEHUUU ABMASAOTCA COKpalleHWe WUCMosib30-
BaHWs, NpekpalleHne Npou3BOACTBa M nocreaylas nosiHas NukeBMaaunsa npoMbILIEHHO
npon3BoacTBeHHbIX CO3, a Takke yMeHbLUeHNe HenpeaHaMmepeHHO obpasyomxcsa BolGpo-
cos COS.

Mo ycnosuam CTOKronNbMCKOW KOHBEHUMW, paTtuduunpoBaHHon Poccuen 27 uoHa
2011 r. roga, B nepedeHb Hamboree onacHbIX CTOMKUX OpraHUYecKuX 3arpsasHutenen omo-
chepbl BKMYEHO 12 coeauHeHuW — anbApuH, xnopgad, OOT, OunbApuvH, 3HOPVH, ren-
Taxnop, MMpekc, rekcaxnopbeHson, TokcadeH, MNXB, NMXA4, NXA4d. Mpn satom Tonsbko MXA0
n NXAP He ncnonb3yoT B NPOMbLILLIIEHHOCTN U CENbCKOM XO3SNCTBE; OHM 0BpasyoTcs Kak
npumecu nNpu NPOU3BOACTBE XropcodepXallen XMMUYeCcKon Npoaykumu, B npoueccax Tep-
MMWYECKOTO YHUYTOXEHNS MPOMBILLNEHHbIX U BbITOBLIX OTXO40B, NPWY NPOU3BOACTBE LENto-
nosbl 1 gp.

B deBpane 2003 r. OOH pacwwupuna cnucok CO3 oo 28 HanMeHoBaHWN, BKIOYMB B
Hero rekcabpombudeHunn, opraHM4yeckne coeguHeHust ceuHua, onosa u ptyTu, MNMAY, xnop-
AEeKOoH, aHgocynbdaH, atpasvH, XU, neHTaxnopgeHors, XNnopupoBaHHbIE HACbILWEHHbIE Y-
nesogopoabl (xnopnapaduHbl), ranatbl, OKTUIT- U HOHUNMEHOSbI U Ap.

B cootBeTCcTBUM C nnaHvpyemMbiMu no OTHoweHuto Kk CO3 mepamu (nukBugaums,
orpaHn4yeHne pacnpocTpaHeHns, NPUMEHEHNEe Hauny4ynx TEXHOMOrMM, CBOAALMNX K MUHU-
MYMY WUNKU UCKNovatowmx obpasoBaHme AnokcuHoB), Bce CO3 MOXHO pasgenutb Ha Tpwu
rpynnbl B COOTBETCTBUM C npunoxeHusamn A, B n C k CTokrornibMckon KoHBeHuuu ([71]).

B HacTosLlee Bpems Npon3BOACTBO U NpuMeHeHue npaktndeckn scex CO3 3anpelue-
HO.

OCHOBHblE OaHHblEe MO TEXHOMOrMAM yTunusauum n obesBpexmBaHMs OTXOLAOB MNPO-
AyKUuMK, codepXallen ranoreHMpoBaHHble apoMaTuMyeckue BellecTBa, CTOMKME opraHuye-
CKMe 3arpsasHUTEeNnn; oTXoAbl OpraHMyYeckux NecTMunaoB U arpoXMMmnkaToB. BOMNbLUNMHCTBO OT-
XO40B NPOAyKUMK, COAepXallen CTONKNE OpraHn4eckne 3arpasHUTEnu, U OTXo4bl opraHmye-
CKMX MEeCTUUMOOB M arpoxXmmmukaToB 0be3BpexuBaloTcs mMetogamu oxuraHud. CeegeHus o
TexHonornsax obe3BpexvBaHUA OTXOL4OB MNYTEM CXUraHUs MNpeacTaBfeHbl B CMpaBOYHUKE
HOT NUTC 9-2015 «O6GesBpexmnBaHne OTXO4OB TEPMUYECKUMM CMOCOBOM (CKuraHue OTXo-
A0B)».

M3BecTHbl TexHonorun obesspexnBaHma CO3, anbTepHATUBHbIE CKUTAHUIO U NPUMeE-

HEeHHble Ha ,D,eI7ICTByI-OLIJ,VIX NPOMBbILLNEHHbIX NpeanpnaTunax. [laHHble TexHonormm XapaKktepu-
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3yl0TCs BbICOKOW cTeneHbto gectpykuum (CL) CO3-coctaBnsowmx — ot 99,999 % o
99,9999 % n 6onee. K Takum TEXHONOMMAM OTHOCUTCSA AEXSIOPUPOBAHWE OKCMAAMW MeTar-
noB.XMMMYeckme npouecchbl, NPUBOAALLME K YOaNeHUO Xiopa Npyu COXPaHEeHUN yrrepoaHON
OCHOBbI MOJIEKYbl, B TOM YUCHE:

- ANEKTPOXMMUNYECKOE BOCCTAHOBIIEHME, — OEeXIOpUpoBaHMe MeTann4yecknm HaTpu-
em;

- AEXTTOPMPOBAHNE LLIENOYHBIMU CUCTEMAMMU;

- AexnopunpoBsaHune B NMpUCyTCTBUN NMOJTUITUITEHTTINKOIIA;

BOCCTaAHOBJ1IEHNE aJTIKOKCMOOM HATPUA;

BOCCTaHOBIIEHME BbICOKOTEMMEPATYPHON rMaporeHmsaumen;

KaTarimtTn4eckoe aexrnopupoBaHue;

KaTanntnyeckaa rmgporeHn3aumna,

TEXHOIOIMS CONbBaTUPOBAHHOIO 3NEKTPOHA;
- Bronormyeckuin Mmetoq 06e3BpeXMNBaHMS.

Ha ctaguun pa3paboTkm HaxoaaTca Takke POTOXMMUYECKUIA U PALMONU3HbIN METOADI.

1.14 AHdpopmaumsa o gaesaTesibHOCTM NO YTUNM3auuu TBepAabixX

KOMMYHalnbHbIX OTXOA0B

TBepable KOMMyHarnbHbIE OTXOA4bl — OTXOAbl, 06pasyomnecs B XWiblX NOMELLEHUAX
B npouecce noTpebnexHnsa uanyeckumm nuuamn, a Takke ToBapbl, yTpaTMBLUME CBOM MO-
TpebuTenbCckme CBOWCTBA B MPOLECCE MX MCMOMNb30BaHUA (PU3NYECKMMU NIMLAMU B KUIbIX
NOMELLEHNAX B LEensx yoOBMEeTBOPEHNS NUYHBIX U BbITOBbIX HyXXA. K TBEpABIM KOMMYHanb-
HbIM OTXO4aMm TaKXke OTHOCSTCS OTXOAbl, 0Opa3sylLlmecs B npoLecce AeATeNbHOCTU opuan-
YeCKMX NnL, MHANBMAYAarbHbIX NpeanpuHuMaTenen n nogobHble No coctaBy oTxogam, obpa-
3YIOLLMMCSA B XUIbIX NOMELLEHNAX B npouecce notpebnenuns gusmyeckumm nuuamm ([1]).

YcpenHeHHbln Mopdoonorndeckun coctas TKO npeacrtasneH criegyrowmMMn KOMMO-
HeHTamun: Gymara n kKaptoH (33 % — 40 %); nuweBble oTxoabl (27 % — 33 %); AepeBo
(1,5 % — 5 %); YyepHbn meTann (2,5 % — 3,6 %; ysetHon metann (0,4 % — 0,6 %); KoCTK
(0,5% — 0,9 %); koxa n pesmHa (0,8 % — 1,3 %); Tekctunb (4,6 % — 6,5 %); cTekno
(2,7 % — 4,3 %); nonumepHble maTtepuansl (4,6 % — 6,0 %) u ap. ([72]).

Mo paHHbIM rocyaapcTBeHHoro goknaga «O cocTodaHuM u 06 oxpaHe OKpyXatoLien
cpeabl Poccuinckon denepaumm B 2014 rogy», o6vem obpasoBaHus TKO B 2014 rogy cocrta-

Bun 56,68 mnH T ([73]). HecmoTpsa Ha 3HaumTenbHyo gonto B coctaBe TKO npurogHbIxX K ne-
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pepaboTke bpakumin, ypoBeHb nepepaboTtkn B Poccun He npesbiwaeTt 7 % — 8 %, ocTtarnb-

Hasa Mx YacTb OTNpaBNAeTCcHa Ha 3axopoHeHue (Tabnuua 1.8) ([74]).

Tabnuua 1.7 — ObpasoBaHne 1 UCNosnib3oBaHNE TBEPAbIX KOMMYHarbHbIX OTX040B B Poccuickom

depepauun ([73])

lon 2010 2011 2012 2013 2014

O6bem obpasoBaHus
TBEPAbIX KOMMYHarb-
HbIX 0TX040B B Poc- 47,082 48,228 53,122 53,703 56,68
cuinckon degepaunn,

MIMH T

Ob6bem ncnonb3o-
BaHHbIX N 06e3Bpe- H/O H/A 3,673 3,634 4,26

¥eHHbIX TKO, MnH T

MNcnonb3oBaHHbIX U
06e3BpeXKeHHbIX - - 6,9 % 6,76 7,5
TKO, %

Pasmewenne TKO B Poccuickon degepaumm ocyulectsnsietcsa Ha 989 oO6bekToB
pasmelleHns oTxodoB, BkNOYeHHbIXx B TPOPO n pacnonoXeHHbIX Ha TepputopumM BCEX
cybbekToB Poccunckon depepaumm, 3a UCKIOYEHMEM FOPOAOB dhefepanbHOro 3HavyeHus
(Mocksebl, CaHkT-INeTepbypra n Cesactonons), a takke Pecnybnukn UHrywetns n Pecny6-
nuku ToiBa.

BoBneyeHune yTunbHbIX dopakuum TBepAbIX KOMMYHambHbIX OTXO40B B XO3SINCTBEHHbIN
000pOT B Ka4ecTBe BTOPUYHbLIX MCTOYHMKOB CbIpbsi M QHEPrOpPEeCypPCOB AAET 3KONOrMYECKUNA U
9KOHOMMUYECKU 3(PPeKT, NO3BOMSET CYLLEeCTBEHHO YMEHbLUMTb TEXHOTEHHYK Harpysky Ha
OKpY>KaloLLylo cpedy B YCMOBMSAX NPOAOSKaloLerocs HeobpaTtuMoro COKpalleHus npupoa-
HbIX pecypcoB ([75]).

OCHOBHbIEe AlaHHble NO MeToAaM MU TEXHOJIONMAM yTUNu3auum TBepAbIX KOMMY-
HanbHbIX oTxoaoB. CBefeHus O TexHonormax obesBpexuBaHus TKO nytem cxuraHus
npeacrtasneHbl B cnpaBoyHnke HOT UTC 9-2015 «Obe3BpexmBaHne 0TXOA0B TEPMUYECKNM
Ccnocobom (CxuraHme OTXo4oB)».

B ocHoBYy yTunuaaumm oTaenbHbIX pakumi TBEpAbIX KOMMYHasbHbIX OTXOL4OB MOSOo-

XeHbl MeToabl copTupoBkM TKO Ha rpynnbl 04HOPOOHbLIX OTXO40B.
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OcHOBHbIEe rpynnbl OAHOPOAHbLIX OTXOAOB (CTEKMO, MNACTUK, YEPHbIN N LIBETHON Me-
Tann, 6ymary) B Xo4e COPTUPOBKN OTAENAIOT C LieNbl X BTOPUYHOIrO MCMNOSb30BaHNS.

OpaHum 13 nepcnekTnBHbIX MeTodoB yTunusauun TKO sasnseTca npons3sBoacTBO TBEP-
poro tonnuea n3 TKO. Teepgoe tonnueo n3 TKO ncnonb3yeTcsi B kKa4eCTBE YaCTUYHOrO 3a-
MeELLEHNA OCHOBHOMO BMAa TOMNSMMBA, HAanpuMep, ANs CKUraHnsa B LLEMEHTHbIX nevax u aHep-
reTU4eckux yCTaHOBKax B TEMMO3NEKTPOLUEHTparnsx, a Takke Ha 3aBofax Nno M3roTOBMEHUIO
CTPOUTENbHbIX MaTepuanos.

Teepgoe Tonnmeo n3 TKO nonyyalT nyTeM M3MenbYeHus, cenapaumm n 06e3Boxu-
BaHWA TBEPAbIX KOMMYHasnbHbIX 0TX040B. TBepaoe Tonnmeo n3 TKO MoxeT ncnonb3oBaTbCs
B N3MENbYEHHOM COCTOSIHUWN UK B BUAE CNPECCOBaHHbIX OPUKETOB.

B Tabnuue 1.9 npuBeneHbl XxapakTepPUCTUKN HEKOTOPLIX MaTtepuarnos, BXOOSLINX B CO-

ctaB TBepaoro tonnuea n3 TKO.

Tabnuua 1.8 — Xapaktepuctuka matepmnanoe TKO, Bxoasimx B cocTae TBepaoro tonnmea ns TKO

([75])

TennoTBopHOCTb Q,
MaTepuan BrnaxHoctb W, % 3onbHoCTb A, %
Kkan/kr

Teepaoe ToNMBO U3 CMe-
cv nonMmepoB 1 Bymaru 4300-4800 15-20 10-22
n3 TKO
Monumepsl BO, HA, M1

Pel BA, HA 9500 0,5-2
YNCTbIN
Bymara n3 TKO 3950 20-30 8
KapTtoH 13 TKO 3220 20-30 8
TKO OT 1800 30-50 [o 30

CopepxaHue onacHbIX cocTaBngawwmx (xmnop, pTyTb) B TBepgom Tonnuee u3 TKO
AOJTDKHO CTPOro KOHTPONMPOBAaTbLCA U HE NpeBbIlWaTh A4onyCcTuMbIX HopM ([32], [76]).

JKonornyeckue npobriemMbl, BO3HMKalOLWMe NpU yTunumsauum TBepAbIX KOMMY-
HanbHbIX 0TX0AO0B. OCHOBHbLIMX 3KOSNIOrMYECKMMU Npobnemamu, BO3HUKAKOLWUMK NpU yTU-
nnsauum TKO aBnsatoTcs:

- obpalLeHre ¢ BelwecTBamMu, OnacHbIMU AN OKpYXatoLen cpeab;

- caHuTapHo-anuageMmnyeckasa onacHoctb TKO;

- BbIOPOCHI 3arpsi3HSIIOLLMX BELWECTB B aTMOCHEPHbI BO34yX Ha BCeX aTanax yTuiu-
3auuu;
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- NoXapoonacHOCTb (AN 0Txo40B, obnagaoLLmMxX NoXxapoonacHbIMU CBOMCTBaMM, UMK

BbIAENSIOLLMMM NOXXapoomnacHble BEeLeCcTBa Npu XpaHeHUN).

1.15 UHdopmaumsa o aeaTeribHOCTM NO YTUNM3aL MU 3011 U LUNAKOB OT

CXUraHunsa teepaoro tonnuvea

K oTxogam OT cxXuraHnsa TBepaoro Tonnmea OTHOCATCA 3071bl, TOMNSIMBHbIE LWMAKN U 30-
nowuriakoBasa CMecCh.

3ona — HecroparLwmin ocTaTok ¢ 3epHamn Mesnbye 0,16 mm, obpasyowmnncs n3 Mu-
HepanbHbIX NpUMecen Tonnnea NPy NOSIHOM €ro CropaHun N oCaXaeHHbI U3 ObIMOBbIX ra-
30B 30510yfiaBnMBaLWLnMM ycTporucTtBamu. B 3aBucumocTn oT Buaa Tonnuea 3oria nogpas-
AEenseTca Ha aHTPauMTOBYH, KaMEHHOYrOfbHYyH, OypoyronbHyto, CrhaHueBylo, TOPGSHYHO
n gp. CogepxxaHve 30Mbl NPU CropaHnn TONNMBA PasfNUYHO: B KAMEHHbIX U BypbIX yrisix — oT
1 % po 45 %, B roptodmnx cnaHuax — ot 50 % o 80 %, B TonnmnBHOM Topdhe — oT 2 % Ao
30 % ([77]). Mo cnocoby yganeHust pasnuyatoT: 3051y Cyxoro otbopa (3o51a yHoca) U MOKPOro
(3ona rmgpoyganeHus).

TonnuMBHLIN LWNaK — 9TO MaTepwuarn, CKanmvMeBalLlWUNCA B HUXHEW 4acTuU TOMOYHOro
NPOCTPaHCTBa TEMMOBbIX arperaTtoB M ygandembld B XWUOKOM UMW CNeKWeMCH COCTOSHUM.
[Mpn coBMecTHOM yaaneHuu 301bl U LWaka rmapoTpaHCNopTOM Ha TensioBbIX 3M1EeKTPOCTaH-
umax obpasyetca 3onownakoBasi cmech ([77]).

Mo AaHHBIM CTAaTUCTUYECKOM OTYETHOCTU 06beM 0Bpas3oBaHNA 30 W LUMAKOB OT CXK-
raHuna Tteepgoro TonnvBa B 2015 rogy coctaBun 23,4 MAH T, U3 HUX MCMOMb30BAHO —
4,4 mnH T (18 %) ([78]).

Hons ytunmnsayum 3onownakoBbix 0TxogoB TAOC 0T COBOKYMNMHOW eXerogHoun BblpaboT-

KM NO oLeHKaM 3KCNepToB B CpegHeM He npeBbiwatoT 17 % (pucyHok 1.13) ([79]).
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YTunusuposaHo

15-17% _________________._._._-—3|<cn0pT
1%

Crnagwpyetca
82-87%

PucyHok 1.9 — [ons yTunusaumm 3050LW1akoB

OT COBOKYMHOW exeroaHon BolpaboTku ([79])

B ocHOBHOM 3050LWNaKoBbIX OTX0A40B 0bpasyeTca npu akcnnyaTaTuum yronbHbix TAC.
O6bem HakonneHnsa 301 1 WNakoB OT CXUraHMs TBEpPAOro Tonnvea oueHnBaeTcsa oT 1,1 o
1,7 mnpa 7. Mo gaHHbIM HaumoHanbHOM accoumnaumn npomnsBoanTenen u notpedutenen 3o-
nownakoBblix MaTepuanos, Ha KoHel 2014 ropa B Poccun pabotano 135 yronbHbix TOC, y
KOTOpbIX B 9KCNnyaTtauumn Haxoaunmceb 238 cekumn sonooteanos ([78], [80]).

OCHOBHbIM HanpaefneHnem YyTunuMsaumm SBrSieTCA WUCMONb30BaHWE 30510LUIakoB B
NPOUN3BOACTBE CTPOUTENBHLIX MaTtepuanoB. C NpYMeHeHneM 30M10LNakoB NPOU3BOAAT Le-
MEHT, GEeTOHbl, PacTBOpPbl, CTPOUTENbHbIE OMOKM ANS XWWULWHOIO, AOPOXHOro M naHg-
wadTHoro ctpoutenbcTea ([79]).

305bl CyXOro yrnaBfiMBaHUA MOXHO MPUMEHSITb B KQ4eCTBE CaMOCTOATESIbHOIO BSXKY-
Liero, a Takke Kak akTMBHY A06aBKy K HEOPraHMYEeCKUM U OpraHUYeCcKnUM BSXKYLLMM BeLle-
ctBam ([79]).

M3 3onownakoB MOXHO nonyvatb OGnaropogHble MeTannbl, pefkne n paccesiHHble
3NeMeHTbI, XenesocoAepXaln MarHUTHbIA KOHLUEHTPaT, BTOPUYHbLIA Yrofb, antoMOCUIn-
KaTHble Nonble MUKpoCcdepbl U MHEPTHAsi Macca antoMocunukaTHoro coctasa ([81]).

Hapsigy co cnpocomM Ha 3o5iownakn Ans KpYNHOTOHHAaXHbIX HanpasneHun nepepaboT-
K/ 30510LU1aKOB MMEETCS CNPOC M Ha OTAENbHblE opakuumn neTyven 305bl ANd ManoTOHHaX-
HbIX TEXHOMOMN NPOM3BOACTBA BbICOKOTEXHOMOMMYHON NPOAYKLUUN PasfINYHbIMKU OTPacnaMm
NPOMbILLNIEHHOCTU. K TaknM y3KUM opaKkLmMsiM MOXKHO OTHECTM Nnerkyto dpakumto 3o:nbl (JIP3)
([82]).

B 2010 rogy cospgaHa «HauuwoHanbHas accouuaums npoussBoguTenen n notpebute-
newn 3onownakoBbix Mmatepuanos» (HAMM3LWM) ([79], [80]). YneHamn accounaumm ABNSAOT-
cs cneayrowme komnanum ([79]):

- 06LWEeCTBO C OrpaHMYeHHON OTBETCTBEHHOCTLIO «BocTok» (OO0 «BoCTOK»);
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- MeXpernoHanbHoe obuwecTBeHHoe obbeanHeHne «Coto3 pabOTHMKOB WMHHOBALMOH-
HbIX npeanpusaTuin» (MHHOCO3);

- HEKOMMepYecKoe napTHepPCTBO «Accoumauna ynpasrneHus npoektamm «COBHET»;

- 06LLEeCTBO C OrpaHMYeHHOW OTBETCTBEHHOCTbIO «[1pon3BoacTBeHHO-CTpouTensHoe
O6beguHeHne «Tennut» (OO0 «IMCO «TennuTt»);

- 06LLEeCTBO C OrpaHN4eHHON OTBETCTBEHHOCTbIO «POKTpoH Pyc KOIM» (OO0 «PokTpoH
Pyc KOIM»);

- 06LWeCcTBO C orpaHMyYeHHon O0TBETCTBEHHOCTLIO «BTK» (OO0 «BTK»);

- 3aKpbITOE akumoHepHoe obuwectBo «WMpkyTck3ononpoaykr» (3A0 «UpkyTck3osno-
NPOAYKT»);

- o6LLEeCTBO C OrpaHU4YEeHHOM OTBETCTBEHHOCTbIO Hay4yHO-MpOM3BOACTBEHHOE npen-
npuatne «oHckne texHonornm» (OO0 HIMIM «[oHCKue TEXHONOrmm»);

- 06WwecTBO € orpaHmMyeHHon oTBeTCTBEHHOCTbLIO «CKB» (OO0 «CKb»);

- 06LLecTBO € orpaHmnyeHHon oTBeTCTBEHHOCTLI0 «CBECK» (OO0 «CBCK»).

OCHOBHblIe AaHHble N0 MeToAaM M TeXHOJNIOrMAM yTUnmM3auum 305 U WNakoB OT
CXUraHuma TBeppaoro tonnusa. [1peanoyTUTEnbHbIM C TOYKU 3pEHUs JarbHenwero npe-
BpaLLeHMs OTXOL4OB B TOBapHble MPOAYKTbl ABNAETCA pasfernbHbii 0TOOP 30Mbl U LUMAKoB
HenocpeacTBEHHO nocrne cxuraHna (nepepaboTkn). Pasmep vactuu 30nbl yHoca konebnetcs
oT 3-5 go 100-150 mkm. KonuuvectBo 6onee KpynHbIX 4acTuy OObIMHO He NpeBbllaeT
10 % — 15 % ([81)).

LWnak yonanaetca v3 KOTna, nonajas B LUMaKoBble BaHHbI U OXnaxgasdcb, a 3ona-
YHOC — 13 COOpPHbIX BYHKEPOB OYMCTHOrO 06opyaoBaHUSA (LUKNOHOB U 3NEKTPOUNbTPOB).
KyckoBble wnaku, npeactaBnsaioT cobon arpermpoBaHHbIe U CNaBUBLUMECS YacTuLbl 305bl
pasamepom ot 0,15 go 30 mm ([81]).

CmeluaHHble 30Mna v Wwnakn obpasytoT 30510LLUMaKOBY CMECh.

[MprMeHeHMe 305 1 WNakoB Kak 4o06aBOK NpU NPOM3BOACTBE CTPOUTENBbHbLIX MaTepua-
noB v usgenun BkndeHo B pag aeuvcteyowmx FOCT n TY, Takmx kak NOCT 26644—85
«lllebeHb 1N Necok 13 LIakoB TEMSOBbLIX ANEKTPOCTaHUMM ans 6eToHa. TexHu4eckue ycno-
Bus». Beea. 1 aHBaps 1987 r. M.: N3a-8o ctangapTos, 1986; TY 34-70-10347—92 «OTxoapbl
TOC 3onownakoBble ANs NPoM3BOACTBa LeMeHTa. TexHundeckne ycrnosus». M.: HUuewmeHT,
1992; TY 21-31-2—82 «30na TensnoBbIX 3MIEKTPOCTAHLUMI KaK Cbipbe An9 NpouM3BOACTBa ar-
NONOPUTOBOrO rpaBust, KepaMmnyeckoro kmpnmya u kamHen». M.: BHUWctpom, 1982 un gpyrue
([83]).

[MpurogHOCTL 301bI U LWMAKa B Ka4eCcTBe 3anosiHATEeNs UM B3amMeH 4acTu BSXYLLEro

mMaTtepuana npu npon3BoactBe CTPOUTENbHbLIX MaTepunarioB U 6eToHOB pa3nn4yHoro HasHa-
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YeHus onpegenseTcs, OTCYTCTBUEM UMW OrPaHNYEHHbIM COAEPXaHUEM B HUX BPEAHbIX KOM-
MOHEHTOB, YXyALlAWNX PUNKO-MEXAHNYECKME XapaKTEPUCTUKN CTPOUTENbHbIX Martepua-
noB 1 BETOHOB MMM 3aTPYLAHAOLNX TEXHONOMMYECKNE NPOLECChl NPON3BOACTBA U OrpaHnyn-
BaloLLMX 0bnacTb Nx NPUMEHEHUS.

Mukpocdepbl npeacTaBnAT cCOOOM NOMble CUMMKATHbIE LAPUKU C rnagkon noBepx-
HOCTbIO AnameTpom OT 10 MM A0 HECKOMbKUX COTEH MUKPOMETPOB U MOTYT UCMOSb30BaTLCS
ANSA CHWXKEHUSI NNOTHOCTU M NOBbILUEHNS TENSO-, ANEKTPO- U 3BYKOM3OMALMOHHbIX CBOWCTB
pa3nuyHbiX maTepuanos ([84]).

OCHOBHbIMM NOTPEBRAILWNMU MUKPOCKEPLI OTPACHSMU ABMAIOTCS:

- HebTenobbiBaloLNE N HE(PTECEPBUCHBIE KOMNAHWUN;

- NPOM3BOAMTENMN CYXMX CTPOUTENBbHBIX CMECEN 1 CTpOoMaTepUanos;

- MPOM3BOAMTENN CUHTAKTHBIX KOMMNO3UTOB;

- MPOM3BOAMTENN OrHEYNOPOB;

- NPOM3BOAMTENM NPOAYKUMM ANA aBTOMOOUNeCTpoeHus;

- NPOM3BOAMTENMN NAKOKPACOYHbBIX MaTepUanos,;

- IPOM3BOAMTENM KOMMO3ULNOHHbBIX MaTepuaros 4S5 MUKPOSNEKTPOHUKN;

- IPOM3BOAMTENN 3AMYNbCUOHHBIX B3PbIBYaTLIX BELLECTB.

Jkonornyeckue npoo6nembl, BO3HUKalOLWME NpU yTUnm3aumm n o6esBpexmBaHnum
30N M WNaKoB, yTPaTUBLUMX NOTPeOMTEeNnbCKue CBOMCTBA. OKONornyeckme npobrembl
npyu ytunusauum n obesspexnBaHum 305 U LINAKoB, yTpaTUBLUMX NOTpebutenbckne cCBOW-
CTBa, BO3HUKAIOT MpU MPOU3BOACTBE CTPOUTENBHLIX MaTepuarnos, B KOTOPbIX NPUMEHSIOTCS
30Mbl ¥ Wnaku. B gaHHOM cnydae NnpoucxoauT 3arpsisHeHne aTtMocepHOro Bo3gyxa 3a cyer

nblNneHna.

56



UTC 15-2016

Pazgen 2. OnucaHue TeXHONOrM4eCcKnX NpPoLeccoB, UCMONb3yeMbIX
B o6nacTy yTunmsaumm u o6e3BpexmBaHnUA OTXOAO0B, U TeKyLumue

YPOBHM 3MUCCUMN B OKPYXKaloLLyIO cpeay

2.1 OnucaHue NpUMeHsieMbIX TEXHONOrMYeCKUX NpoLeccoB B
obnactu yTunusauum m o6e3BpeXxmBaHUsA 0TXO40B

He(bTenpOJJ,YKTOB, B TOM HYUCI1e OTXO0A40B MUHepalribHbIX Maces

OCHOBHbIMK HanpaBneHnamMn obpalieHns ¢ oTXo4aMm MUHepanbHbIX Macern, yTpa-
TUBLUNX NOTPEBUTENBCKME CBONCTBA, SABMSOTCA:

- OYMCTKa OT NPUMECEN C Liefbio BOCCTAHOBIIEHNSA NCXOOHbIX XapaKTePUCTUK KayecTBa
Macen v garnbHeullee ux NCNofb3oBaHMe Mo NPIMOMY Ha3HaYEeHUIO;

- NOArOoTOBKa K WCMOSIb30BaHWIO B KayecTBe BTOPWUYHOrO Chbipbsi Ha MpeanpuaTusx
HedTenepepaboTku. MNoaroToBka, B CBOK 04Yepeab, TakkKe CBA3aHa C OYMCTKOM OT NPUMECEN;

- INPOSN3.

TexHonormm noaroToBKM K UCMOSIb30BaHMIO B Ka4yeCTBE BTOPUYHOIO Cblpbsi OTXOA0B
MUHEepanbHbIX Macen, yTpaTuBLUMX NOTpebutenbckne cBomcTBa (TEXHOMOrMM O4UCTKM), Ba-
3MpYIOTCS Ha crieayrLwmx Metoaax:

- om3nyeckue;

- (hmnsnko-xnummyeckume.

2.1.1 TexHONOrMM NOAroTOBKMN K UCNOSIb30BaHUIO B Ka4yecTBe BTOPU4YHOro
CbipbA OTXO0A40B MUHeparibHbIX Macen, yTpaTuBLUX nOTpGGVITeJ'IbCKVIe

CBOMCTBA, OCHOBAHHbLbIE HA ¢manyecknx metogax

[lna noaroToBKK K yTunusaunum MmMHeparbHbIX Macen, yTpaTuBLnx n0Tpe6|/|TeanK|/|e

CBOWNCTBA, UCMOSb3YHTCH OTCTanBaHue, punbTpaums, LeHTPoOGEXHas o4nCTKa.
OTtcTanBaHue

Obnacmb npumeHeHusi. icnonb3yeTcs AN OYUCTKM OTXOOOB MUWHeparbHbIX Macen
BCEX BUOOB.

OnucaHue metopa. OTcTamMBaHMe OCHOBaHO Ha pa3feneHun macna, BoAbl U MexaHu-
YeCKnx npumecen nog AeNCTBUEM CUMbl TSHXKECTU. DPEKTUBHOCTb 3TOro cnocoba 3aBuUCUT
OT Pa3HOCTU YyAernbHbIX BECOB Macna M NOCTOPOHHUX NpUMecen, BA3KOCTM Macna, COCTOS-

HUA, B KOTOPOM OHO HaxoOuTCA, a TakKXKe OT NpoaoInKUTESIbHOCTU nepunoga OTCTaMBaHUA.

57



UTC 15-2016

Hauny4ywne pesynbTaTbl nony4varoTcs Npyv Hanuumm GonblIOW pasHOCTU yAeNbHbIX BECOB
Macria n MexaHW4eCKUX MpuMecen, HEeBbLICOKOM BA3KOCTU Macsa, CMOKOMHOIO COCTOSIHUSA
Macra B pesepByape-OTCTOMHUKE U ANUTENbHOr0 BPEMEHU OTCTOSA (KernaTenbHO He MeHee
aecatn gHen). Npu 3ToM BoAa 1 HepacTBOPMMbIE NPUMECK ocefaloT Ha JHO pe3epByapa.

[Mpouecc ocyllecTBnsgeTca B TFOPU3OHTAlbHbLIX WU BepTUKalnbHbIX pe3epByapax-
OTCTOMHUKAX.

BTopuyHble oTxo4bl O4MCTKM Macen nognexart obesspexmanuto ([85]).

[aHHbI MeToa, B 3aBUCUMOCTW OT YPOBHS 3arpsi3HEHUS Macna u BpeMeHu, HeobXxo-
ANMOro Ofs ero oTCTanBaHUA, MOXET UCMNOSb30BaTbCA Kak CaMOCTOATENbHbBIA UIK Kak npea-
BapuTenbHbIN C nocnegyowen unbTpaunen n LeHTPOOEXHOW OYMCTKON OTpaboTaBLUero
Macrna. B kayecTBe rnaBHOro HegoctaTtka AaHHOMO MeToda MOXHO OTMETUTb NPOAOIIKM-
TEeNbHOCTb BPEMEHU, HEOBXOANMOro ANs NOSIHOro oceflaHns YyacTuu, U BO3MOXHOCTb yaarne-
HUS M3 Macra TONbKO KpPYMHbIX Yactuy pasmepom oT 50 go 100 mkm. BTopuyHble oTxoabl

OYUCTKM Macen noanexat obesspexnBaHuio ([86]).
PunbTpaumsn

Obrnacmb npumeHeHus. icnonb3yeTca ONsi OYMCTKM OTXOA0B MUHEpasribHbIX Macen
BCEX BMOOB.

OnucaHue metoaa. PunbTpaums — Npouecc yaaneHus 4acTul, MexaHU4eckux npu-
MecCen N CMOMUCTbIX COEOMHEHUN NyTeM MPOMyCKaHUs Macna vepes3 cetyaTble unn nopu-
CTble neperopoakv punbTpoB (pUcyHok 2.1). B kauectBe punbTpauMOHHbIX MaTepuanos Uc-
Nonb3ylT MeTanIn4yeckne u nnacTtmMaccoBble CETKW, BOWIOK, TKaHW, Bymary, KOMNO31LNOH-
Hble MaTepuarnbl U kKepaMuKy. [ns NOBbILWEHNS Ka4eCTBa OYMUCTKM Macen yBenmyYnBaeTCcs Ko-
NMYeCcTBO PUNLTPOB rPyboN OUYUCTKM M BBOOUTCS B TEXHOMOrMYECKUI Npouecc BTopasi CTy-
neHb — TOHKas O4YMCTKa mMacna. BTopuyHble oTxoabl 04MCTKM Macen nognexart obe3spexu-
BaHuto ([87]).
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PucyHok 2.1 — Cxema ycTaHOBKM punbTpaunmn otpaboTaHHbIX Macen ([88])
LleHTpoGexHasa ouncrka

Obnacmb npumeHeHus. Vicnonb3yetca ONsi OYMCTKM OTXOA0B MUHEpasibHbIX Macen
BCEX BUOOB.

OnucaHue metopga. LleHTpobexHas ouncTka siBnseTcs Hanbonee apdeKkTUBHbIM U
BbICOKONPOU3BOAUTENBHBIM METOLOM YyAaNeHUs MEXaHUYECKUX NpUMecen n Boabl U3 oTpa-
B6oTtaHHoro macna. lMpuHuMn paboTbl yCTaHOBKM crnefyowmin. MNepBoHavyanbHO mMacno npo-
XOOUT Npouecc pasgerneHns B cenapaTope, rae yaansoTca TBepable YacTulbl 3arpsa3HeHun.
PasgeneHne macen npoucxoguT NoAa AENCTBMEM LEHTPOOGEXHbBIX CUIT Ha COCTaBnswoLlime
¢azoBoro Tuna. Ha cenmapatop nogaya macrna npomMcxoauT NOCPeacTBOM HACOCOB MNUTa-
TenbHOro Tvna genctensa. Hanbonee cunbHble 3arpsisHEHNs U BoAa BblaatoTcs Ha GapabaH-
HYI0 nNepudeputo, OYnLLIEHHOE Macro BbIBOAUTCH U3 cenapatopa B HEMPEPbIBHOM pexuMe.
BblaeneHHble npu cenapaumm BTOPUYHbIE OTXOAbl HaKanMBaKTCA B CneumanbHOM pesep-
Byape, KOTOpPbIN PerynspHoO nofBepraeTcs O4YMCTKe. BTopuuyHbie OTXOAbl NOANEXuT obes-

BpexumBaHuto ([89]).

2.1.2 TexHOnorMm NoAroToBKM K UCNOSIb30BaHUIO B Ka4yecTBe BTOPU4YHOro
CbIPbA OTXO0A40B MMUHepanbHbIX Macen, yTpaTuBLUUX I10Tpe6VITel'IbCKVIe

CBOMCTBA, OCHOBAHHbLbIE HA ('bVI3VIKO-XVIMVI‘-IeCKVIX mMeToAaax

Ons yTunmn3aumm o4NCTkKn MMHepaslbHbIX Maces, yTpaTtuBLLNX I'IOTpe6VITeJ'IbCKVIe CcBOW-
CTBa, MUCNonb3yrkTCA cneaytouine CbVI3VIKO-XVIMI/I'-IeCKI/Ie mMeToAabl: a,u,cop6u,14;|, Koarynauud,

TepMOBaKyyMHas CyLLKa, CENeKTMBHOE pacTBOPEHNeE.
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Apncopbuus

Obnacmb npumeHeHus. Vicnonb3yeTca AN OYMCTKM OTXOO0B MWHEpanbHbIX Macen
BCEX BUOOB.

OnucaHmne metopa. AacopbumnoHHas O4MCTKa oTpaboTaHHbIX Macen 3akryaeTcd B
NCMNOMNb30BaHMN CNOCOBHOCTM BELLECTB, CryXalimx agcopbeHTamu, yaepXvBaTb 3arpsi3Hs-
oLMe Macno NPoAyKTbl HA HAPY>KHOM MOBEPXHOCTU rPaHysn U Ha BHYTPEHHEN NOBEPXHOCTU
NPOHM3bIBAOLWNX rPaHynbl Kanunnapos. B kayectBe agcopbeHTOB NPUMEHSAOT BeLecTBa
NPUPOAHOro npoucxoxaeHus (otbenueatowime rmmHbl, BOKCUTLI, NPUPOAHbIE LeonunThbl) 1 Nno-
NyYeHHble WUCKYCCTBEHHbIM MNyTeMm (Cunukarernb, OKACb antOMUHUS, anioMOCUIMKATHbIE CO-
e0VHEHUs1, CUHTEeTUYECKME LIeONNTbI).

AOcopbuMOHHaa O4YMCTKa MOXET OCYLLECTBMATbCA KOHTAKTHbIM METO4OM — Macho
nepemMeLunBaeTcs C U3MeNbyYeHHbIM aacopOeHTOM, NEPKONSALMOHHBIM METOAOM — ouuLlae-
MOe Macrno nponyckaeTcst Yyepe3 aacopbeHT, MeETOAOM NPOTMBOTOKA — Macro u aacopbeHT
ABWXYTCA HaBcTpedy gpyr apyry. KHepoctaTtkaM KOHTaKTHOM OYMCTKU crnefyeT OTHECTU
Heob6xo4MMOCTb yTunusauum 6onbLIOro KonMyecTBa aacopbeHTa, 3arps3HSIOLWEro OKpyXa-
towyto cpeqy. Npu NepkonAUMOHHON OYMCTKE B KadecTBe agcopbeHTa valle BCero npumeHs-
eTcsa cunukarenb, YTO AenaeTt 3TOT MeToa goporocTtoswmnm. Hanbonee nepcnekTuBHbLIM Me-
TOAOM SAIBNSeTCA aacopbeHTHasa o4McTka macrna B ABMXyLlemcs crnoe agcopbeHTa, npu Ko-
TOPOM MpPOLECC NPOTEKAeT HenpepbiBHO, 6€3 OCTaHOBKM A1 NEPUOANYECKON 3aMeEHbl UMK
pereHepaunn agcopbeHTa, 0gHaKo NPUMMEHEHWe 3TOr0 MeToda CBA3aHO C UCMONb30BaHMEM

A0BOJIbHO CNOXHOro 060pyaoBaHnS, YTO CAEPXKMBAET €ro Wnpokoe pacnpocTtpaHeHme ([90]).
Koarynsauusa

Obnacmb npumeHeHus. Vicnonb3yeTcs Ansi OYUCTKM OTXOLO0B MUHeparbHbIX Macen
BCEX BMAOB.

OnucaHune metopa. Koarynsaumss — yKpynHeHuMe 4acTul, 3arpsi3HEHUN, HaXOoOsALWMNXCA
B Macne B KOMNSIOMAHOM UMW MENKOAUCNEPCHOM COCTOSIHUM, OCYLLECTBNAETCH C MOMOLLbLIO
crneumarnbHbIX BELEeCTB — KOaryrnsiHTOB, K KOTOPbIM OTHOCATCS 3NeKTPOnnUTbl HeopraHuye-
CKOrO W OpPraHM4Yeckoro MPOUCXOXKAEHNHA, MOBEPXHOCTHO akTuBHble Belwectea ([AB),
He obnagatoLlme 3NeKTPoNMTUYEeCKMMM CBOMCTBaMM, KonnouaHsle pacteopbl MNMAB n rmgpo-
PUrbHbIE BLICOKOMONEKYNSAPHbIE COEANHEHUS.

lMpouecc koarynauuu 3aBUCUT OT KONMYEecTBa BBOAMMOrO KoaryrnsiHTa, npogormhku-
TENbHOCTU €ro KOHTakKTa C Macnom, TemnepaTypbl, 3p(PEKTUBHOCTN NepeMELLMBAHUS U T. 4.

rlpO,D,OJ'DKVITeJ'IbHOCTb Koarynauunm 3arpﬂ3HeHvu7| B OTpa6OTaHHOM Macrie COCTaBlIdAE€T, KakK
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npasuno, 20-30 MWH, Nocrne 4Yero MOXXHO NPOBOANTL OYMUCTKY Macna OT YKPYMHUBLUMXCA Ya-
CTUL 3arpsA3HEHNA C MOMOLLbIO OTCTaMBaHUS, LEHTPOOEXKHON OYMCTKM MM PUnbTPOBaHMUS

([90)).

lMpouecc BegeTcs B HECKOMNbKO CTaguMN:

noAroToBKa CblpbA,

nogorpeB CblpbA,

BBeAeHMe 1 06paboTka Macna pasgensatowmm areHToMm;

ocaXaeHue 3arpasHeHnin macna (rpybas odncTka B peakTtope).

McxogHoe 3arpsis3HEHHOE Macrno 3akadvmBaeTca B Oak-peakTtop (3/4 oT obbema) u
HarpeBaeTcs. [locne 4ero B Macno BBOAUTCA pasfensaiolnin areHT, npegsaputenbHO U3-
MenbYEeHHbIN 0 MENKOAUCNEPCHOro cocTosHuA. [anee maeT npouecc nepemelumBaHus
Macrna, MexaHu4yeckon (UnuM pyvyHon) Meluankon B TedeHue 5-7 MyH. B npouecce nepeme-
LUMBAHUA NPOUCXOANT YKPYNHEHNE YacTuy, 3arpasHeHni (0cobeHHO Menknx Yyactuy, 1-3 Mkm)
N BbiNnageHne nx B ocagok. MNonydeHHas cycneHsns otctamBaeTcsa B TeveHme 10-24 4 B ba-
Ke-peakTtope (Bpemsa OTCTOSI 3aBMCUT OT UCXOAHbIX XapaKTepUCTUK Macna — 3arpsi3HeHHO-

CTW, COAEPKaHMS BOAbI, HANNYNA MOKOLLEe-AMcneprupyowmnx npucagok) ([91]).
TepmoBaKyyMHas cyLllKa

Obnacmb npumeHeHus. Vicnonb3yeTca AN OYMCTKM OTXOO0B MWHEparbHbIX Macen
BCEX BUOOB.

OnucaHune metopa. Hamnbonee coBepLUEHHbIN U 3KOHOMUYHbLIN CNOCO6 CyLKM Macna
pacnblfieHneM ero B BakyyMe npu HEeBbICOKOW TemnepaType. MeTtopg 3akntovaeTcs B TOM, YTO
pacTBOp Macna ¢ Bogon pacnbinsieTca (oopcyHKon B 6ak, B KOTOPOM CO30aeTCs paspexeHue.
Mpn aTOM M3 Macna yganaTca cBoboAHas 1 pacTBOpPEHHas Briara, a Takke pacTBOPEHHbIV
Bo3ayx. [1py ToHKOM AncneprupoBaHuM Macna oHo GbICTpo oTaaeT ceoto Bnary. Cyxoe mac-
Nno B BMAE Kanenb BbiNagaeT Ha OHO BakyyMHOro 6aka. 3gdeKkTMBHOCTb 1 CKOPOCTb CYLLKU
MOBLILLIAIOTCA NPW HaArpeBe Macrna, Tak Kak yBenuumaeTcs ncnapexuve snaru. Notepu macna
OT MCMapeHus npu 3TOM He3HaunTenbHbl. CKOPOCTb MCnapeHnsa BOAbl U3 Macra 3aBuUCuT
Takke OT Pa3HOCTM MexXAy AaBfeHUEM HacCbILLEHHOro BOAAHOrO napa npv gaHHOW Temnepa-
Type 1 OCTaTOYHbIM AaBfieHNEM B BakyyMHOM Hake.

YCTaHOBKMN ANA BaKyyMHOW CyLLKM Macrna 6onee nponsBoauTENbHbl U HA4EXHbI B pa-
6oTe, yeM ueHTpudyrn. Kpome Toro, pacxop 3neKTPO3HEprum Ans 3TUX YyCTaHOBOK B 3—

4 pasa meHbLue ([92]).
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CenekTuBHOE pacTBOpeHue

Obnacmb npumeHeHus. Vicnonb3yeTcs ANsi OYUCTKM OTXO4O0B MUHeparbHbIX Macen
BCEX BMOB.

OnucaHune metoaa. CenektnBHasa o4ncTka oTpaboTaHHbIX Macen OCHoBaHa Ha n3bu-
paTenbHOM pPacTBOPEHUN OTAENbHbIX BELECTB, 3arps3HsaoLWLMX Macro: KACNOPOAHbIX, cep-
HUCTbIX M @30THbIX COEOUHEHW, a Takke, Npy HeOBXOAMMOCTU, MONMUUMUKINYECKUX YrIeBO-
AOpPOJO0B C KOPOTKMMWU BOKOBBIMU LIENSIMU, YXYALLAKOLWMNX BA3KOCTHO-TEMNEPATYPHbIE CBON-
cTBa macen.

MpoeanbHbI pacTBopuTenb OOMKEH codeTaTb B cebe ABa KadecTBa: BO-NepsblX, 06-
nagaTtb AOCTaTOYHOM M3BMpaTenNbHOCTLIO (PacTBOPATb UCKMIOYNTENBHO BPEAHbIE KOMMOHEH-
Tbl), @, BO-BTOPbIX, MIMETb BbICOKYID PaCTBOPSAOLLYI0 CMNOCOBHOCTb. YeM Bbille CenekTuB-
HOCTb pacTBOpuUTEnNs, TeM Bonblle BbIXOA4 KOHEYHOro npoaykrta. N3bupatenbHoCcTb onpeae-
nseT Ka4yecTBO, a pacTBopstoLast CNocobHOCTb — pacxon pacTBOPUTENS.

UTO0Obl NOBLICUTE PACTBOPSAIOLLYH CMNOCOBHOCTb, AOMOSHUTENBHO MOFYT WUCMOSb30-
BaTbCcs 6eH30n unu Tonyon. [na goctukeHna obpaTHoro agdekta HeO6X0aUMO YMEHbLLNTb
KOHLEHTpaumio KOMMNOoHeHTa, obnagaroLero BbICOKON pacTBOPSIOLLEN CMNOCOBHOCTbIO, B TOM
yucne nNpu noMmoLum fobasneHnsa Boabl.

B kayecTBe cenekTMBHbIX pacTBOpuUTENen NpuUMeHsaTca dypdypon, deHon u ero
CMECb C Kpe3osyioM, HUTPOOEH30s, pasnnyHbie CNUPTbl, aUEeTOH, METUMN-3TUIMOBLINA KETOH U
apyrve xungkoctn. CenekTmBHaa OYMCTKA MOXET NPOBOAUTLCA B annapartax Tuna «CMecu-
TeNnb — OTCTOMHUK» B COMETAHMM C UCNapUTENsaMn Ans OTroHa pactBopuTtens (cTyneH4yartas
9KCTPaKUMS) UnM B ABYX KOMOHHAX: 9KCTPAKUMOHHOM — ANs yOaneHus M3 macna 3arpssHe-
HUN N pekTUUKaUMoOHHOM — ANA OTrOHa pacTeBopuTend (HenpepbiBHas 3KCTpakuus). BTo-
pon cnocob 3KOHOMUYHEE 1 Nony4un 6onee LWNMPOKOe NPUMEHEHME.

Pa3HOBMOHOCTLIO CENEKTUBHOW OYUCTKN siBNsSeTcs obpaboTka oTpaboTaHHOro macna
nponaHoM, npu KOTOPOW YrneBoOOpOAbl Macria pacTBOPSAIOTCHA B nponaHe, a acdanbto-
CMONUCTbIE BELLECTBa, HaxoasLWwmMecs B Macrie B KONMOMAHOM COCTOSIHMM, BbliNagaloT B Ooca-
pox ([90], [93]).

lMocne npoBefeHUs CENEKTUBHOW OYUCTKM Ha BbIXOAE NonyvarT paduHat — Belle-
CTBO, cBOGOAHOE OT BGOMbLIOr0 KONMYeCTBa HexenaTtenbHbIX npuMmecen. MNoboYHbIM NpoayK-
TOM npouecca CNY>XUT IKCTPaKT, B KOTOPOM KOHLIEHTPUPYIOTCA M3BMIEYEHHbIE CMOSMUCTbIE

BellecTsa.
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OCcoBeHHOCTN TEXHONOrMYecKoro npolecca onpenenarTcs BMAOM MNPUMEHSIEMOrO
pacTBOpUTENS, TUMOM MU Ka4eCTBOM MCXOOHOMO Cblpbsi, HEO6XOAMMOW rMyOUHON OYMCTKU U
TpebOoBaHNAMM K Ka4ECTBY KOHEYHOrO NpoayKTa.

CenekTMBHasa O4YMCTKa NPOBOAMTCHA B CheumarnbHbIX 3KCTPAKUMOHHBIX KOMNOHHaX. MMpwu
NCrnonb30BaHMM B Ka4eCcTBe pacTBopuTens peHona CooTHoWeHNe heHOMN:Cbipbe COCTaBNsAET
1,5-3,5:1, a npu o4ncTtke pypdpyposnioMm OHO eLle Bbile. Ha Bbixoge 3KCTpaKLMOHHOro anna-

paTa nony4arT padduHaTHbIN U IKCTPaKTHbIN pacTBopbl ([94]).
Muponus

Ob6nacmb npumeHeHusi. Wcnonb3yeTcs ANs OYMCTKM OTXOOO0B MUHeEparbHbIX Macen
BCEX BMOB.

OnucaHune meTtopa. lMvponns — npouecc TEPMUYECKON AECTPYKLMN FOpHoYMX orpa-
HUYECKMX coeanHeHnin 6e3 JocTyna Bo3ayxa.

Muponnus sBnsSieTCA METOAOM  YTUNM3auuM OTXOAOB  MWHeparnbHbIX — Macern.
B pesynbTtate ero npoBedeHusi B 3aBUCMMOCTU OT pexmnma MoryT ObiTb MOSydeHbl ra3oob-
pasHble U XUAKNE YrneBoAopoadbl, a Takke NUPoYyrnepos B pasnnyHbiX COOTHOLLEHUSIX.

OCHOBHbIMK perynupyemMbiMyM napameTpamn B AaHHOM MNpoLecce SIBMSKTCSA: cocTaB
macna, TeMnepaTypHbIin PeXuM, AaBrneHne, CKOpOCTb HarpeBa U BPEMSI HAXOXOEHUS B peak-
TOpe.

B 3aBucMmocTu oT cnocoba nogayn 0TXo4oB Macen B peakTop, B psiae cryYaeB OTXo-
Abl MUHeparnbHbIX Macern NnoJaBepratTcs NoAroToBKE K UCMONb30BaHWUIO B KAa4YeCcTBE BTOPUY-
HOro CbIpbs (PU3NYECKMMM UMU PUSMKO-XUMUYECKMMM METodamMu, OMUCAHHBIMW Bbille B

HacTosALleM pasaene.

2.2 OnucaHue NpMMeHsieMbIX TeXHOJTOrM4YeCcKmnx npoLeccos B
ob6rnacTu ytunusaumm n o6esBpexmBaHuUA NPoYnX
HedhTecoaepalmMX OTXOA0B, BKIHOYasi OTXoAbl Npy GypeHuu,
CBsiI3aHHOM C A00bl4yen Cbipon HedpTU, NPUPOAHOro (MOMYTHOro) rasa

U ra3oBoro KoHgeHcarta

YpaneHve HedpTecogepXalmnx OTX040B OCYLLECTBNAETCH KaK UX yTunvsaumnen, Tak u
obesBpexuBaHveM. YTunmsaums npegcraesnseT cobor npouecchbl nonyyvyeHns ns Hedreco-
Aepxawmx OoTX040B MNpoayKUMW, B TOM YMCe BTOPUYHOIO HedTecoaepKallero Cbipbs.
Ob6esBpexmBaHMe HanpaBfeHO Ha CHUWXXEHWE KOHUEeHTpaumm HedpTn n/vnm HepTenpoayKToB

M MHbIX OMacHbIX BELWECTB B HedTecoaepxallmx oTxoaax. B psage cnyyaes npouecc obes-
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BpeXMBaHUS HedTecodepKalumx OTXO4O0B NpeaBapsaeTcs U3BNeYeHnemM M3 HUxX HedTenpo-
AYKTOB.

TexHonorun ytunusauumn otpaboTaHHbIX HedTENpPOoAyKTOB Ga3npyloTcsa Ha creayto-
LMX meTtogax.

- XMMUYECKMe MeToapl,

- pnsnyeckme mMeToabl;

- PU3MKO-XMMNYECKNE METOLbI;

- buonornyeckne meToabl.

2.2.1 TexHonornm o6e3BpexmBaHunsa HedpTecoaepKawmx oTXo40B, OCHOBaAHHbIE

Ha XMMN4eCKUX MmetTogax

XuMunyeckne metoabl 06paboTkn HedTecodepKalluMX OTXOAOB MNpeaHasHayveHbl Ans

CHMXXEHMUSI UX TOKCUYHOCTK, 06YCNOBNEHHOW HANNM4YMeEM B COCTaBE TsDKENbIX MeTarnos.
CopOunOHHBbIN MeTOA,

Obnacmb npumeHeHus. icnonbdyetca ons ytunuaaumm n obesBpexunBaHusa Hedre-
cogepXalumx 0TX04OB BCEX BUOOB U MPOUCXOXAEHWUW, TPYHTOB, 3arpA3HEHHbIX HedTenpo-
ayktamu. TemnepaTtypHbidi Ouana3oH MpUMMEHEHUs TEXHONOrMYeckoro npouecca ot +5
po +50 °C.

OnucaHue metopa. CopbumoHHbLIN MeToa OCHOBaH Ha obesspexnsaHmm HCO ¢ npu-
MeHeHneM copbeHTa Ha OCHOBE rMayKOHMTOBOTrO Mecka C Lenblo UX JanbHEN yTunusauum B
KayecTBe KOMMOHEHTA Npu M3roToBNeHnn acganbra.

NayKOHUTOBbLIN NECOK ABNSAETCA YHUBEPCanbHbIM, AOCTYMNHbIM, CPAaBHUTENbLHO AeLle-
BbIM MaTepuanoMm npupoaHoro npoucxoxaexHusi. CopbeHT Ha ero OCHOBE XapakTepusyeTtcs
OTCYTCTBMEM B CBOEM COCTaBE TOKCUYHbLIX MPUMECEN, CNOCOBHBIX NEPEXOANTb N3 CTPYKTYPbI
MUHeparnbHbIX 3epeH B OKpyXatollyto cpeay. TexHonorns getokcukaumm HCO rnaykoHuTo-
BbIM MECKOM OCHOBaHa Ha copbuun BpeaHbIX BELECTB Ha aHNOHHO-KaTUOHHOM YPOBHE.

[eToKcnkaumo NpoBoaAT HECKONbKMMU crocobamu:

- HCO nopaioTcs B €éMKOCTb C MepemMeLLvBalolLnMM YCTPONCTBOM M CMELLMBAKOTCS C
HeobXxo4MMbIM KONMYECTBOM rnaykoHuTa. Bpems akcnosnuum — 5 MuH;

- AeTOKCUKaums npoBoauTcs 6e3 MCnonb3oBaHWS €MKOCTU C NepeMeLlnBaoLLmm
YCTPONCTBOM B HECKOJSIbKO 3TamnoB.

Tekywme ypoBHM 3MUCCUM B OKpyxawlyt cpepy. [Mpy BbinonHeHun paboTt no
obesBpexuBaHnio HCO un rpyHTOB, 3arpsi3HeHHbIX HedTenpoaykTamu, BygeT okasbiBaTbCS

crieaylollee BO3AeNCTBUE Ha OKPYXaloLLyo cpeay:
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- CMapeHune Nerkmx yrnesogopoaoB C MOBEPXHOCTM FPYHTOB (B OCHOBHOM Ha Ha4arb-
HbIX 3Tanax paboThbl);

- LLYMOBOE BO34eNCTBME Npu paboTe MOTOKYNbTUBATOPA,;

- 3arpsi3HeHne atmocepHOro Bosayxa Bblibpocamu (BbIXAOMHbIMW razamun) OoT ABura-
Tens BHYTPEHHEro cropaHusi npyu paboTe MOTOKynbTUBaTOpPA.

[na npegoTBpalleHns nonagaHust CTOYHbIX BOA C ONepaunoHHOro nonsa obopyayeTcs

ApeHaXHaa cuctemMa C BoaooTBOOHbIMU KaHaBaMU.
MUcnonb3oBaHue rYMUHOBbDbIX nNpenapaTtoB

O6bnacmpb npumeHeHusi. Vicnonb3yeTcs AN OeTOKCUKauum HedTecoadepKalimx OTXO-
A0B, coepXalimx noaBwkHble (PopMbl TAXenblX MeTannoB. MeTon npuMeHsieTcs B KOM-
nnekce c 6uonornyeckumu metogamm obesspexunsarms HCO.

OnucaHue metopa. Vicnonb3oBaHue npenapaTos, cogepXxalux ryMMHOBbIE KACNOTbI
N NX CONv NO3BONSAET NepeBecTn NOABUMXHbIE POPMbI TSXENbIX MeTanoB B TPYAHOPACTBO-
pUMble COeANHEHUS, CHU3UTb TOKCUYHOCTbL ferkopacTBopuMbix conen. Npu B3anmoaencranm
rYMMHOBbBIX NpenapaTtoB C NOABWXHBIMU (hOPMaMK TSKENbIX METannoB B pesynbTate 06-
MEHHOWN peakuun obpasyroTcs YCTONYMBbLIE HEPACTBOPUMbIE COEAMHEHUS, MHEPTHbIE MO OT-
HOLLEHUMIO K OKpYyXalollen cpefe, HeyCBOsSieMble pacTeHUAMM, YTO MCKMYaeT nonagaHus
TOKCUHOB B OpraHn3m XMBOTHbIX U YerioBeka ([95]).

OTnnynTEnbLHOM 0COBEHHOCTBIO TYMUHOBBIX NMpenapaToB ABNSETCA UX NONUMGYHKLMO-
HaNbHOCTb U XMMUYECKast akTUBHOCTb. ['YMUHOBbIE KUCMOTbl UMEIKOT BbICOKYHO peakUNOHHYHO
CMOCOBHOCTb 3a CYET Hanuunsa B UX MOJEeKyrnax pasnuyHbIX (PYHKUMOHAanNbHbIX rpynn (kap-
BOKCUMbHbIX, PEHONBHbIX, TMAPOKCUNBHBIX U T. A4.), KOTOpble 3(EKTMBHO B3aMOLENCTBYIOT
C PasnMyHbIMK 3arpPASHUTENAMWN, CHMKAS UX TOKCUYHOCTb. ['YMUHOBbBIE COMKM M KUCMOTbI 06-
nafarT BbICOKOW COPOLMOHHOM CMOCOBHOCTLIO, YTO NMO3BOMSAET CBA3bIBATb CIOXHbIE Opra-
HU4Yeckne coefuHeHus, cnocobCTByeT YCKOPEHMIO NPOLECCOB XUMUYECKOro 1 Bruonornvecko-
ro pasrfioXXeHWa TOKCUKAHTOB, OKa3blBalOT HEnocpeacTBEHHOE CTUMYNupylollee U NpoTek-
TOpHOE OEeNcTBMEe Ha pacTeHus U MUKPOOMOTy. BHeceHne ryMMHOBLIX KUCMOT ycunmBaeT

3 peKT AETOKCUKALMN U OHYUCTKM.

2.2.2 TexHonorum ytunmsauum n o6esspexmnBaHnsa Hecptecoagepxawmx oTxoanos,

OCHOBAHHbLIE€ Ha (*)VI3VI‘IGCKVIX mMeToAax

K dmsnyeckum metogam ytunusaumm n obesBpexmBaHua HedTecoagepalmnx OTXO-
AO0B OTHOCSTCH MeXxaHu4eckne mMeTofbl pasferneHus Hedrecogepxalmnx 0TXo40B Ha dpak-

LK.
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MexaHn4yeckue metoabl pasgeneHuns HedTecoaepXawmx oTXxo4oB Ha dpakumn.
Cpeon mexaHuyecknx metopoB pasgeneHus HCO Ha dpakumm BbigensoT unbTpauuio,
TepMOMeXxaHN4eckoe pasgeneHne Ha ¢asbl n nepepaboTKy C MOMOLLbIO OEKAHTEPOB U TpU-
KaHTepoB. MeToabl MCMOMb3YOTCHA B KayecTBe NpeaBapuUTenibHON NOAroTOBKU K yTUnunsaumm

n 0b6e3BpeXnBaHNMio BblAeNEeHHbIX hpakuni.
PunbTpaumsn

O6bnacmb npumeHeHus. icnonbayeTtca ons ounbTpauum Hedtecogepkalumx 0TXo40B
C BbICOKMM coaepXaHueMm HedtenpoayktoB. [Ons aTux uenem NPpUMEHSIOT NEHTOYHbIE
PunNbTP-Npecchbl.

OnucaHue metopa. [Ana ynydweHns unbTpauumM Ha NEHTOYHOM (UnbTp-npecce
NpOBOASAT MHTEHCMBHOE nepemelumBaHne HCO, ycpegHsawowee nx coctas, obaBnaT pea-
reHTbl (301y, NONUANEKTPONUTLI U OpYrue), n3aMeHsaLwme nx guamko-XMMmnyeckme CBOMCTBa
n obneryarowme nporecc punbTpauuu.

Hedrecopepxawume oTxoabl, cogepxawme 60nbLIoe KONMYECTBO BOAbI, NMMOXO Noa-
[alTCA rpaBUTaAUMOHHBIM MeToaam 06e3BOXMBaHUA. Ons ynyyweHns unibTpaumoHHbIX
CBOWCTB Takux HedTecoaepxalimx ocagkoB gobasnarTca koarynaHtel. [ocne koarynauyum
npounssoauTca punbTpauus Ha BakyyM-unbTpe. BnaxXHOCTb NOMyYeHHbIX 0CagKoB COCTaB-
naet ot 68 % o 75 % ([96]). Ncnonb3oBaHne HacTosWwen TEXHONOrMU no3BosSiieT YMeHb-
wnTb 06bembl HCO 3a cyeT yacTu4HOro 06e3BoXMBaHUS.

TeKkywme ypoBHM 3MUCCUM B OKpyxawLyr cpeay. Bosgencrsne Ha atmcocdep-

HbI BO3/1yX 3a CYET UCMapeHusi Nerkmx yrnesoaopoaoB C NOBEPXHOCTM OTXO/I0B.
TepmomMexaHuuyeckoe pasgeneHue Ha (asbl

O6bnacmb npumeHeHus. \3asneyeHune yrnesogopogHon dppakumm nsa HCO.

OnucaHne mertopa. Metog ocHoBaH Ha pasgeneHmm HCO Ha dopakuuun: HedTenpo-
AYKTbl, BOAA, TBEPAbIA OCTaTOK.

B yctaHoBke TepmomexaHuyeckon ounctkm HCO nocpeacTBOM MexXaHW4ecKoro BO3-
AENCTBNSA OOCTUraeTCcsa NoBbILLEHNE TEMNEPATYPbI BbIlE TOYKM KMMEHUS BOAbI U HedTenpo-
AYKTOB, BXOOAWMMKN B cocTaB oTxoaoB. OCHOBHOM YacTblo TexHonormdeckoro 6roka ycra-
HOBKM SIBNSIETCA MESbHMULA, HA KOTOPOW NPOUCXOAUT MHTEHCUBHOE (Ha BbICOKOW CKOPOCTW)
nepemelwwmsaHme HCO c BblgeneHnem Tenna BCrieacTene cun TpeHuns. Bee kpynHble YacTtu-
Ubl NnepemMarnbiBalOTCA B Mbiflb, @ NOSTyYEHHOE TENMO UCNONb3yeTca ANa ucnapeHust Hedptn m
Boabl M3 HCO. Menkne 4YacTtuubl Wnama, yBriekaemble napaMmm HedbTu 1 BOAbI, YnaBnvBatoT-

CA B rMOpPOUMKIIOHE W NepenarTcss Ha NEePBUYHbIN OXNaxkaawowun koHBenep. Pabota KoOH-
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AeHcaTopHoro 6rioka npegycmaTpmBaeT: NoABoL OxnaxaaroLwen TeXHUYeCcKon BoAbl, OTBOA
N3BneYeHHOW BOAbI B pe3epByap, OTBO/A M3BIIeYEHHOMW HedTU B pe3epByap BOCCTAHOBMNEHUS
HedTW, OTBOA HarpeTon BoAbl Ha OXNaXaeHwe B annapaTt BO3AYLIHOro OXNaxaeHus, nogadvy
BOAbl B YCTAHOBKY AOMOMHUTENBbHOM OYUCTKM, OTBOA NEeTy4nx dppakuum, noaBos BOCCTaHOB-
NEeHHON HedTU B KOHTENHeP.

[na o6paboTkn HEe3HaAYUTENbHOro OCTaTKa HEKOHOEHCMPYEMOro rasa (nerkux dgpak-
UMM yrneBodopoaoB) CrYXUT cucTeMa Adoxura neTtyyux rasos npu temnepatype 700 °C —
800 °C B TeyeHue 1-2 c.

lMepepaboTaHHbIn WNaM Ana nNpefoTBpalleHuMs ero pacnblfieHus noaBepraeTcs
OXMaXXOEHNI0 N YBNAXKHEHUIO B YCTAHOBKE pervapartaumm 1 NoAnexuT Beirpyske B GyHKep.

KoHeuHbIMM MNpoayKTammn sBnstoTCA nepepaboTaHHbIA WiamM M BOCCTaHOBMEHHAas

HedTb.
NMpumeHeHMe AeKaHTEepPOB U TPUKAHTEpPOB

Obnacmb npumeHeHusi. Paspgenenne HCO Ha dpakuum ¢ npMMEeHeHneM OeKaHTepoB
n TpukaHTepoB Bo3MOXxHO ana HCO c cogepxaHvem mexaHndeckux npumecen o 15 %. Ec-
N MexaHn4eckmx npumecen donblue, To HepTecogepxawme oTxoabl Heobxoaumo pasbas-
NATb BOAOW, YTO TpebyeT [ONOMHUTENbHOro 060pyaoBaHWSA M CHWXKAET NPOM3BOAUTENb-
HOCTb.

OnucaHue metopa. [lekaHTep — 3TO UeEHTpuUdyra LWHeKoBas ropusoHTarnbHas oca-
AnTenbHas HenpepbiBHOrO AencTBus. [lekaHTepbl ObiBalOT ABYX- U TpexdasHble (TpukaHTe-
pbl). COOTBETCTBEHHO, NEPBbIE CNYXaT A5l NPOCTOro 06e3BoXMBaHUA nepepabaTbiBaeMoro
cbipbs (T. e. pasgenaoT HCO Ha XuakoCTb U MexaHU4Yeckue rnpumecu), a BTopble OOMOMHU-
TEeNbHO pas3fensalT Xuakyt gasy Ha ABe cocTasnswwme, Hanpumep, HedpTb U Boagy. Cko-
POCTb BpaLleHus ueHTpudyr — oT 2 Ao 5 Tbic. 060pOTOB B MUHYTY. ITO obecneymnBaeT Bbl-
COKYH0 3(P(PEKTUBHOCTb pasfeneHus.

[OCTOMHCTBOM OCafMTENbHbIX LUHEKOBbLIX LEHTPUMYr ABNSETCA MexaHu3aumsa Bbl-
rpy3KM ocagka M3 poTopa MU HenpepbiBHOCTb paboTbl. ATO MO3BONSET aBTOMATU3NPOBATb
TEXHOJSTOrMYECKM NPOLLECC, NOSTHOCTBIO UCKIOYMB NPU 3TOM PYYHOU TPyA. B HEKOTOPBLIX TEX-
HONOrMYeCcKnx npoLeccax MOXHO obonTucb 6e3 pacxodHbix martepuanoB (KOarynsHTOB,
PIIOKYNAHTOB), YTO CHWXaEeT 3KCnryaTauMoHHble 3aTpaTthl. B Tak Ha3biBaeMbiX TpexdasHbIiX
AeKaHTepax YCOBEpPLUEHCTBOBAHHAs KOHCTPYKUMS MO3BOMSET TakKe OTAENsATb He TOMbKO
Mexnpumecu (0CagokK), HO 1 pasfensTb ABe pa3Hble NO MNAOTHOCTU U yAenbHOW Macce Xua-

Kue cpenpl.

67



UTC 15-2016

Cenapvpyembiin NpOAYKT NOCTynaeT B AeKaHTep nocpeacTBOM nuTaroLero natpybka,
roe OH pasroHaeTcs A0 pabo4yen CKOpOCTM M cOpacbiBaeTCs B OCHOBHYIO KaMepy AekaHTepa
Yyepes BMNyCKkHble O0TBepCTUS. B aTon kamepe nog BO3AENCTBMEM LIEHTPOOEXHOM CUMbl Mexa-
HUYEeCKMe NpUMEecU B KOPOTKUA NMPOMEXYTOK BPEMEHWU OCaXaalTca Ha cTeHkax Hapabana,
KOTOpPbIA BbIMOMIHEH B BUAE UMNUHAPA C NepexooM B KOHMYeckyr ¢opmy. Takas dpopma
KOHCTPYKUMN no3BonsieT obecnedntb BbICOKYD CTEMEHb OYMCTKM NPOoAyKTa B UMNUHApUYe-
CKOM 4acTu n xopollee ob6e3BOXMBaHME TBEPAbIX YaCTUL B KOHM4YeCKon yactu BapabaHa.
LLHek BpawaeTca ¢ Apyron CKOpOCTbIo, YeM BapabaH 1 HenpepbIBHO BbIBOAUT BblOESEHHbIE
TBEpAble YacTuubl B Y3kMA KoHel, 6apabaHa. B obliem Buae ycTpoOMCTBO AeKkaHTepa npea-

CTaBMNeHo Ha pUCyHKe 2.2.

chop uakKx -3 LUHEEK

taz

bapahaH CiKEHME

chop
MEXNPUMECERA

PucyHok 2.2 — YCTpONCTBO AekaHTepa

Bnarogapsa koHn4yeckon popme bapabaHa, MexaHUYECKME NPUMECU U3BMEKAOTCA U3
XNOKOCTU N NPU NPOXOXAEHUN Yepes3 «30HYy 006e3BOXMBaHUA», CBODOAHYIO OT BO34ENCTBUS
Xngkoctn, 06e3BOXMBAKOTCA  Takke No4  BO3LEWCTBMEM  LIEHTPOOGEXHbIX  CuUI.
B sakntounTtensHon pase npouecca TBepable BellecTBa BbIBOAATCA Yepe3 OTBEepCTUdA B y3-
Kon yactn 6apabaHa v nonagatoT B Kamepy Anst cbopa TBepAbIX YacTul, KoTopasa pacnosna-
raeTcsl kKopnyce gekaHTepa, U ganee «BblOaBMMBAKOTCA» HapyXy. B To e Bpems XnakocTb
OTBOAUTCA Yepe3 NPOTMBOMOMNOXHbIA KOHeL 6apabaHa noa BO3AEWCTBMEM LUHEKA, rOe OHa,
Oyay4n 3a cyeT LeHTPOOEXHOM cunbl pasgeneHa Ha ABe gasbl, BbIBOAUTCA CAMOTEKOM Ye-
pes3 ABa CIIMBHbIX OTBEPCTUS.

MpuHuunuaneHas cxema nepepaboTkn HCO ¢ npumeHeHnem TpukaHTepa ([97]) npea-

CcTaBneHa Ha pucyHke 2.3.
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HCO N Brok HarpeBa/
—— > bnok rpy6oii ounctkn >
TENNooOMEHHUK
A\ 4
Brnok noaroToskm
TpukaHTep
dnokynaHTa
A
A\ 4
EmkocTb gnga y
Ha pounctky « EMKOCTb 41151 BOAbI A KoHTeiinep ans
yrnesoAopoaos wnama

PucyHok 2.3 — lNpuHumnuanbHasa cxema nepepabotkm HCO

C NpuMeHeHnemM TpukaHTepa

BnaxHocTb keka (BblaeneHHon tBepaon gasbl): 3 % — 12 %. CogepxaHue TBepaov
dasbl B XXMAKOCTU nocrne gekaHTnpoaHusa coctasnsaet 0,05 % — 0,9 % (06.). bonee rny6o-
Kag oymcTKa (puHULWHAaA goBoaka) obpabaTbiBaeMbiX cpeq OT MexnpumMmecen u pasgeneHue
UX Ha grasbl C AOBeOEHMEM OCTAaTOYHOro cogepXxaHus ogHom cpenbl B apyron o 0,02 %
(06.) npounssoanTca Ha cenapartopax ([98]).

3aTtpatbl Ha npuobpeTeHne TpuKkaHTepa MHOCTPaAHHOrO Npom3BoAcTBa 6e3 006BA3KM U
conyTcTBylowero obopyaoBaHMss COMOCTaBUMbI C 3aTpaTtamMuM OTEYECTBEHHOro KOMMnekca

NONMHOIo UuKna.

2.2.3 TexHonornu ytunusaumm n obesBpexnBaHua HedTecoaepxalmx OTXoa4oB,

OCHOBAHHbLIE Ha (*)VI3VIKO-XVIMVI‘-IECKVIX mMeToaax

PU3NKO-XMMUYECKUM METOAOM YTunM3aumm u obesBpexmBaHus HedTecodepkalmx

OTXO0B ABNSAETCS KancCynmpoBaHue.
KancynupoBaHue

Obnacmb npumeHeHus. icnonb3yeTcs Ans yTunmsauumn n o6e3spexnBaHng XXuakmx u
TBEPAbIX HedhTecoaepKaLUmMx OTXOO0B.

OnucaHne metopga. OTOT cnocod No3BonsdeT NOMHOCTLIO 06e3BpeXxnBaTbh OTXOAbI, a
nosly4YeHHble NPOAYKTbI B page crnydaes ncnosnb3oBaTb. OTxoabl noasepraoT obpaboTke OK-
CVAOM LLEeNoYHO3eMENbHOro MeTanna, npeasaputensHo obpaboTtaHHoro NAB B OTHOLWEHMK
«0TXoabl — peareHT» (1:1-10). lNocne cmeweHns ¢ 0TXo4aMmn OKCUA LErNoYHO3EMENbHOIo

MeTanna obpasyeT C BOAOW rmapokcua, B pedynbTate Yero 0TXo4bl paBHOMEPHO UM aacop-
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bupytotca. Peakums npoTekaeT ¢ BblAeneHnem Tenna, 3HauymTernbHbIM yBenuyeHmem obbema
3a cyeT gucneprmpoBaHna okcuaa LWenoyYyHo3eMenbHoro metanna.

B utore nony4yatot cyxoun, cunbHO ruapocobHbIn nopolwok. MaTtepuan NHepTeH B OT-
HOLLEHMM BO3OENCTBUSA Ha BOAY W MOYBY, TaK Kak Mefbyanimne 4acTulbl TOKCUYHbBIX KOMMO-
HEHTOB 3aK/YeHbl B N3BECTKOBbIE 0B0IT0YKM — Karncynbl, KOTOpble paBHOMEPHO pacnpeae-
neHbl B Macce NpoaykTa, BOOOHENPOHMLIAEM, MOPO30yCTOMYNB, 06ragaeT BbICOKOM NIIOTHO-
CTb}0, YTO NO3BONSET BblaepXuBaTb Harpy3ku go 90 MMa (900 krc/cm?).

B kayecTBe okcnaoB OObLIMHO UCMOSL3YHOT OKCUAbBI KanbuUWA U MarHud, a B KayectsBe
NMAB — cTeapnHOBYO KUCIOTY, OUN300KTUNCYSTbAPOCYKUMHAT HATPUA, NanbMUTUHOBYIO KUC-
noTy, napacuHOBOE Macro, HoHUNgeHonTeTparnukonesbin acpup n 1. 4. ([99]).

ObesBpexunBaHne M yTunMsaums HedpTecogepalmnx OTXO40B (PU3NKO-XUMUYECKUM
METOZAOM MOXET NPOBOANTBLCHA KaK Ha OTKPbITOW MECTHOCTU 6e3 ucnonb3oBaHus crneumanbs-
Horo obopygoBaHus (yCTaHOBKM), Tak U C ero ucnonb3oBaHneM. Ha pucyHke 2.4 nokasaHa
cxema yctaHoBku obesBpexnBaHms HCO pusnko-xmumMmmyeckum MeToaom.

O6pabaTtbiBaembln NPpOAYKT noctynaeT B OyHKep 1 1 WHEKOM 2 nepemellaeTcs B pe-
akTop-cMmecutenb 3. Heobxoanmble peareHTbl U3 pe3epsyapa 4 NpoxXoasT yepes gosaTtop 5 u
LLUHEKOBbLIM KOHBENEPOM 6 nogatTcs B peakTop-cMecuTesb 3. Obe3BpeXeHHbI NPoayKT OT-
BOOUTCHA M3 YCTAHOBKW NEHTOYHbIM TpaHCNoOpTepoM 7. YnpasneHue npoueccoM OCyLecTB-
nseTcs npy nomowwm nyneTta 8. NpoBeaeHne npouecca cBsi3aHo ¢ obpasoBaHMeM BbIOPOCOB:
nbInM, nNerknx dpakumn yrnesBoLoponoB, MepkanTaHoB, cepoBogopoga. Ona o4nctku oT

OaHHbIX 3arpﬂ3HVITeJ'Iel7l MOTYT NCNoJ1b30BaTbCA NOHOOOMEHHbIE BEHTUNSALUNOHHbIE (bVIJ'IprbI.
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1 — 3arpy3o4Hbli OYHKep: 2 — LUHEK; 3 — peakTop-CMecuTenb; 4 — pesepByap Ans
peareHToB; 5 — 003aTop; 6 — LUHEKOBLIN KOHBEWEp; 7 — JIEHTOYHbIA TpaHCnopTep:

8 — nynbT ynpasneHus

PucyHok 2.4 — Cxema ycTtaHoBku obesspexmaHua HCO

P ur3MKo-xummyeckum metogom ([96])

B cnyyae ecnu o6GesBpexuBanne HCO npoxoaut 6e3 NpuMMEHEHWs YCTaHOBKM, TO
TEXHOMOrM4YeCckun NpoLecc cBoaAUTCA K cnegytowemy. Hedprecogepxawme orxoapl, 4OCTaB-
NEHHble aBTOTPAHCMOPTOM WIM 3KCKABATOPOM Ha cneumanbHO OBYCTPOEHHYH 3eMIAHYH
nnowaaKky, paBHOMEPHO pacnpenensoTcs No ee NoBepxXHOCTU CroeM onpeaeneHHon Tos-
wuHbl. Ha cnon HCO pasbpacbiBaloliMMm MallMHaMMU HAaHOCUTCA XUMMUYECKUA rmapodob-
HbIA peareHT Ha OCHOBE LLEerioYHO3eMeNbHOro Metanna. lNMponopunoHanbHOe COOTHOLLEHUE
CMeLLMBaeMbIX BeLeCTB onpeaenser XumMumyeckuin aHanua. Matepuanbl TwaTtenbHO nepe-
MELLMBAOTCA ABUXKYLLMMUCSA NOYBEHHBIMU dhpe3amMm 4O NofyyYeHUs JOCTaTOYHO O4HOPOOHON
cmecn. Mexay Mmosnekynamu Bofbl, COAepXaLlencsa B CMECH, U LLENOYHO3EMESbHBIM MeTar-
NIOM MPOUCXOAMT 3K30TEPMMYECKAa peaKkumsi, KOTopasi HaYMHaeTCs NPUMEPHO Yepes nonya-
ca nocrne nepemeluMBaHuA U NPOTEKaeT BHaYane mMensieHHo, NOCTENEHHO YCKOPSIETCA Mpu
CUNbHOM pa3orpeBe CMECK M CONPOBOXKAAeTCA obpa3oBaHMeM napa u Benbiwkamu ([99]).

TeKywme ypoBHM aIMUCCUUN B OKpyXawLlyr cpeay. B npouecce npumeHeHns onu-
CaHHOM TexHonormm obpasyTca BbIOpOCH B aTMOCKEpPHbIN BO3OyX, CBA3aHHbIE C Mcnape-

HUAMW HEPTENPOAYKTOB 1 paboTon ABuratenen asToMobuNbLHOro TpaHcnopTa.
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2.2.4 TexHonorum ytunmsauum n o6esBpexmnBaHnsa HecpTecoagepxawmx oTxoaos,

OCHOBaHHbIe Ha bMonornyecknx metogax

‘pynna TexHonorum, ocHOBaHHaA Ha Guonormdeckom metone nepepaboTkm HedpTeco-
Aepxawmx oTxogos, npegnonaraet gobaBneHne K OoTxXo4am MUKPOOPraHM3MoB, KOTOpble
BbI3bIBAOT BMOOECTPYKUUNIO HEPTAHOM dhasbl. MI3BECTHBI MHOrOUYUCIEHHbIE BuonpenapaTbl U
arpoTexHu4yeckue npuembl, UHTEHCMdUUMPYOLLMEe paspylleHue YrneBogOopPOAHOro KOMMO-
HeHTa.

Buonornyeckne metoapl ytunuvsaumm n obesBpexuBaHus HedTecoaepXalimx OTXO-
[OB SABMSIOTCA OOHUMM U3 Hambonee 3KOMOrMyeckn YUCTbIX, HO 0bnactb MX NPUMEHEHUs
OrpaHNYMBaETCS KOHKPETHbIMU YCIOBUAMU: AMana3oHOM akTMBHOCTM BuonpenapaTtoB, TEM-
nepaTypon OKpyXxatoLLlen cpefbl, KACITIOTHOCTbIO, adpo6HbIMKM yenosusmn ([17]).

Buonornyeckne metoabl npumeHsoT npu obpabotke HCO, obpasywowmxcs npu
OYMCTKE EMKOCTEW W pe3epByapoB OT HeTenpoaykTtoB, HedTe3arpA3HEHHbIX TPYHTOB
([101]).

Buonornyeckne metoabl ob6e3BpexuBaHUA HedpTecogepkawmx OTXOAOB noppasge-
NATCHA Ha Buopemegnaumio U utopemeanaumio. buopemeanauns — meToq pasnoXeHus
HedTN U HedPTENPOLYKTOB BBEAEHHbIMU B HeddTecoAepXallnum oTxo HeddTEOKUCAALWMMHN
MUKpoopraHnamamu. dutopemeamaumsi oCHoOBaHa Ha BHeCEHUW yoobpeHun u nocese crne-
undpmyeckmx Bngos Tpas. Yacto npu obesspexmBaHun HCO aTM meToabl MCNONb3ykoTCs

COBMECTHO.
Bunopemeagnauusn

Ob6rniacmb npumeHeHusi. NpumMeHsieTcs ANa HedTecodepXawmx OTXOAOB U FPYHTOB,
3arpsi3HEHHbIX HEPTbIO N HePTENPOAYKTaAMMU.

OnucaHune metopa. bruopemeamauuna HCO m rpyHTOB, 3arpA3HEHHbIX HedTeNpoaykK-
TaMn npeacTaBnaetr cobon Habop TeXHUK, OCHOBAHHbIX Ha NPUMEHEHUU BMonornyeckux
areHToB ANA OYUCTKU NOYB N TPYHTOB OT 3arps3HSOLLMX BELLECTB.

TexHonornyeckas cxema npouecca ytunusauum n obesspexmsaHma HCO 6uonormnye-

CKMMKW MeTodaMu npuBedeHa Ha pUcyHke 2.5.
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PucyHok 2.5 — TexHonormnyeckas cxema npouecca yTunmsaunm n obesspexnsaHng

HCO 6uonornyeckumn metTogamm

OOHMM 13 TMNOB TEXHOOMNN, npUMeHAeMbIX Npn 6M0peme,u,mau,mm, ABNAETCA NCNOoJb-

30BaHMe buopeaktopoB. lNepen nomeleHnem B duopeaktop n3 HCO ygansawTca KpynHble

KaMHHN, OTXO4 noaBepraeTtcd nepemMmeLwinBaHuio, 4To genaeTt ero Gonee OQHOPOAHbIM; Mocne

pobGaeneHns Boabl o6pa3yeTc;| MUHUCTaA CyCneH3uA. B OaHHYI CYCMNEeH3NK BHOCATCA MNpo-

BoAAWMNE OYUCTKY OT MOJUIKOTAHTA MNMOYBbl MUKPOOPraHn3mbl, ANA KOTOPbIX B peaKTope COo-

30aloTCA onTuMalsibHbl€ YCIoBUA.

[lns ocylecTBneHus npouecca B TBepaodasHoM Guopeaktope Heobxoauma onpeae-

NNeHHaA BJ1aXXHOCTb U BHeCeHue OopraHn4yeckmx HanonHUTeNnen (conoma, CeHo, nya3ra noa-

conHeyHasi, Topd, onunku 1 ap.). OpraHMYeckuii HaNnoNMHUTENb NpPeaBapUTENbHO U3MebYa-

eTcsa Ao dpakuum 1-3 mm. Heobxoammoe KonnyecTBo HamnoNHUTENS PacCYMTbIBAETCHA UCXOAS

13 3a4aHHON HavanbHOW BNnaxxHocTn cmecn (ot 60 go 65 %). TexHonormyeckasa cxema obes-

BpexmnBaHma HCO B TBepgoda3HoM GruopeakTope npeacTaBrneHa Ha pucyHke 2.6.
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1 — nsmenbuutens; 2.1, 2.2, 2.3, 2.4 — TpaHcnopTepbl;
3.1, 3.2 — ByHkepbl; 4 — cMecuTenb; 5 — eMKoCTb; 6 — Hacoc;
7 — GropeakTop; 8 — BEHTMNATOP; 9 — NepemMeLlnBatoLLee yCTPONCTBO;

10 — KOBLUOBbIN NOrPY34mK

PucyHok 2.6 — TexHonornyeckas cxema obesspexmaHua HCO B TBepaodasHom Guopeak-

Tope

CycneHsunsa buonpenapaTa roToBUTCA B EMKOCTU C MELLANKON, B HVXXHIOK YacTb KOTO-
pON KOMMPECCOPOM NofaeTcs cxXaTbl BO3OYX.

OTxofbl, OpraHNYeCcKnin HanosHUTENb M rOTOBbLIN BuonpenapaT NoJarTCa B CMeCU-
TeNb MEXaHMYECKOro Tuna n nocne nepemMeLllnBaHus B TedeHne 20 MUHYT nepemMeLLaroTcs B
TBepaodasHbii GropeakTop.

B tBepaodasHbin GropeakTop HENpepbIBHO B TEYEHWE BCEro Npouecca CHU3Y BEHTU-
NATOpPOM MoaaeTcs Bo3ayx M3 pacyeta 20-30 M3 Bozayxa Ha 1 M3 06e3BpexmBaeMoin cMecu
B Yac. C nepMoanYHOCTLIO OAMH pa3 B HECKOSIbKO CYTOK MPOM3BOAUTCA MNepemMellvBaHue
CMecu cneumanbHbiM YCTPOMCTBOM Ha BCO rnybuHy. Npouecc npoBoauTca A0 NOMyYeHus
Tpebyemoro cogepxaHua HedpTn B 06e3BpexmBaemMon cpeae.

Opyron noaxon Guopemegmaummn 3aknioyaetcs B ToM, yto HCO pasmewiaetca Ha
crneumanbHO oByCTpoeHHOM nnowaake, ee obecneymBaloT aspaumen, nuTaTtenbHbIMU BELLe-
CTBaMM U BOOOM AN CTUMYMALMM pocTa U MeTabonMama MUKPOOPraHM3moB, OCYLLECTBS-

lowmx Guopemeavaumio. o cpaBHEHUIO C OYMCTKOM B BMopeakTopax, AaHHasi TEXHONOIUS
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TpebyeT BbiaeneHnsa 6onblUMX Nnowaaen N 3aHMMaeT Aonblue BpeMeHn. MoXxHO BbligennTb
HECKOSbKO pasnu4yHbIX BapnaHTOB Takoro nogxoaa.

B ogHom 13 BapuaHTtoB HCO pacnpenensatoT TOHKMM CrIOEM Ha nroLiagun, cneuyunanb-
HO OroOpOXXEHHOWN MO NepMMeTPyY ANs NPpeaoTBpaLLEHNS pacnpoCTpaHEeHUs 3arpa3HEHNS 3a ee
npegensl. OTxo4 BCnaxmealoT ANns obecnevyeHnsa goctyna Kucrnopoga noYBeHHbIM MUKPOOP-
raHMamam un gobaBnaAwT CTUMYyNUpPYOWME MX POCT BellecTBa. Takke Hag oTxogamu pas-
OpbI3rnMBaloT BOAY, YTO NO3BONSAET NOAAEPKMBATL ONTMMAanbHY BNAaXXHOCTb U MOHMXaET 3a-
NbINIEHHOCTb BO34yXa.

HCO MOXHO Takxke cknagbiBaTb TOSMICTbIM Croem BbicoTon 1-3 M. [Mpn aToM aspaums
nyTemMm BCNaxmMBaHWA 3aMEHSAETCA aspaumen C NMOMOLLbI CUCTEMbI TPpyD, OOCTaBnAOWUX B
OTXOAbl BO34yX Ans ctumynsauum 6uogerpagaumn. Takke B HCO pobaBnsioT ygobpeHusa u
noaaepXXMBaKT Ha onpeaenieHHOM YPOBHE BIaXKHOCTb.

Mpn cmewmBaHUM OTXOA0B C 6OMbLUMM KONIMYECTBOM paspbixnutenen (ceHa, Kykypys-
HbIX KOYepblXeK, CONIOMbI) aspauuio MOXHO OCYLLECTBIISATb C MOMOLLbI BaKyyMHbIX HACOCOB
NN BEHTUNATOPOB, NGO NyTeM nNepemMelnBaHnsa B cneumanbHbiX pesepByapax. Ewe oguH
BapuaHT — pasmelyeHne HCO c paspbIxnutenem B ANUHHbIE Ky4u, PErYyNsipHO nepemMeLum-
BaeMble TpakTopamu. lNocne Kaxgoro nepemMeluMBaHuUs OTXOAbl YKPbLIBIOT, YTO MO3BONSAET
nogaepXuBaTb HYXXHYIO TeMnepaTypy 1 BnaxHocTb ([102]).

O6bI4HO Ana o4nCTKM Mcnonb3yloT coobuectBa 6aktepum Bakterium, Actinomyces,
Artrobactes, Thiobacterium, Desullfotomasilium Pseudomons, Hydiomonas, Bacillus v gpy-
rme, a Takke Huswme popmbl rpnbos.

Bce Buabl gpoxoken Candida pasnaraloT apomMaTuyeckme COeAMHEHUsI C KOHLEHTpa-
uven oo 1% B rpyHTax 3a 120-200 cytr, Candida sp. nornowaet kepocuH ([103]),
Candidaliprolytica — cblpyto He(pTb. He(pTb Ha NOBEPXHOCTM MOYBbLI YHUYTOXAKOT HGakTepun
Actmomycorelegans n Geotrichummarium.

Baktepun Buga Actmebacter sp. gaot 80 %-Hbi 3PEKT OYNCTKM OT apoMaTUHECKUX
COeaVHEHU MO NCTEYEHUUN NATU HeaenNb.

MpenapaTtbl 3P MEKTUBHO OKUCIIAT HEPTENPOOYKTLI, apoMaTUyeckne yrnesonoponbl
B TemnepaTtypHoMm gmanasoHe 15 °C — 45 °C npu 3Ha4nTenbHbIX Ha4varbHbIX KOHUEHTpauu-
SX 3arpA3HEHUN B rpyHTax

lMpoBeneHHble uccrnegoBaHus npenaparta «OneoBOpUH» Ha NPOMbILUIIEHHbLIX MM0-
wankax CeBepHON XenesHon OOpOorM nokasanu, 4To Yepe3 3 MeC rpyHT Obifl ouMLleH Ha
78 %. lNpenapat «[lyTngonn» ap@eKTUBHO oUnLLAET rPYHTLlI OT HedpTesarpAa3HeEHUN N de-

HorcoAepXaLux ocagKoB LLNanonponmuTodHbIX 3asogos Ha 90 %.
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BaktepunanbHbin npenapat «Connekc» obnagaet 6onee WMPOKMM CNEKTPOM NpuMe-
HeHus: pH = 4,5-8,5, Temnepatypa — 10 °C — 42 °C. Yepes 20 gH rpyHT, cogepxawimm o
1 % Hed TN, ounwaeTtcsa Ha 90 %.

Mpn 6GesgedmuntHOM nuTaHUM 6GakTepun 3PEOEKTUBHOCTL OYUCTKM COCTaBnsaeT
>90 %.

Tekywme ypoBHU 3IMUCCUM B OKpYyXarLlyto cpeay. [1pn npoBeaeHun pabot 6yayT
0o6pa3oBbIiBaTbCA BbIOPOCHI B aTMOCKEpPHLIN BO34YyX, CBA3aHHbIE C UCNApeHWeEM HedTU U
HedbTenpoaykToB, a Takke paboTton paBuratenen  aBTOTPAHCMNOPTHbLIX  CPEACTB.
B aTmMocepHbIn BO3ayx OT paboTatollen Ha nnowagke TexHUkn dyayT noctynaTb Takue 3a-
rPA3HALWNE BeLwecTBa, Kak MNblflb HeopraHMyeckasi, okcuabl as3oTta, yrrnepoga, cepbl, caxa,
yrnesogopoabl.

TexHonornyeckne nnowagkn ABMASOTCA NOTeHUManbHO onacHbiMW OObekTamu BO3-
AENCTBMS MO YPOBHIO LIymMa M BUBpaumm Ha okpyxatowwyto cpegy. ObpasytoTcsa BTOPUYHbIE

oTXOoAbl, ANnA KOTOPbIX Heobxoaumo onpenenntb cnocob yoaneHus.

2.3 OnnucaHue npuMeHsAeMbIX TEXHOJIOrM4YeCKMX NMpoLeccoB B
obnacTtu ytunusaumm n obesBpexmBaHusa obopyaoBaHus,

copepxaliero pTyTb

OCHOBHbIM HanpaBreHveM yaaneHusi o6opyaoBaHus, COAepXKaLlero pTyTb, ABMSETCS
ero yTunusauumsi ¢ npeaBaputenbHbiM 06e3BpeXxMBaHNEM ONACHbIX KOMMOHEHTOB. YTuUnun3a-
LMsi HanpaBneHa Ha Nosy4YeHne U3 HUX BTOPUYHOIO Chbipbsi (BTOPUYHOWM PTYTWU U T. A4.) ANs No-
creayroLLero Ncrnosib30BaHus.

TexHonormm ytunusaumm n obes3BpexunBaHus 00OpyaoBaHWs, CoAepXKallero pTyTb,

6a3|/|pyr0Tc;| Ha TeEPMUYECKUNX, XNMUHECKUX N (*)I/I3I/I'-I€CKI/IX mMeToaax.

2.3.1 TexHonornu yrtunusaumm o6opyanoBaHus, cogepxallero pTyThb,

OCHOBaHHbIe Ha TepMUYECKUX MeTopax
BbicokoTemnepaTypHbIN 06XUr

Obnacmb npumeHeHus. MeTtog ucnonb3yeTcs ANS YTURM3auum pTyTbCOAEPXKALLUX
OTXOAOB, B TOM YnCIE PTYTbCOAEPXKALLMX Namn, C Lefblo BblAENEHNA BTOPUYHON PTYTH.
BbicokoTemnepaTypHbI 06Xur 3aknovaetcs B npokanueaHum (ooxure) PCO. Metoa

OCHOBaH Ha HarpeBe oTxoaoB o 450 °C — 550 °C (B Bakyyme unu npu atMocqepHoOM AaB-
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NEeHnn), OTFOHKE PTYTU C NOCneayLwmuM yrnasnmBaHMeM U KOHAEHcaLUMen ee napos (Temne-
paTypa knneHus ptytn +357 °C).
37101 MeToa peanusyetca Ha npeanpuaTun 3A0 «HIMIM «KybaHbLBeTMET» C nony4ye-

HWEM TOBapPHOW PTYTMU.
TepmoobGpaboTka B LULHeKOBOU Tpyb4yaTomn neum (yctaHoBku YAM-3000)

O6bnacmb npumeHeHus. MeTtoq ucnonb3dyetca ana obe3BpexuBaHus U yTunusauum
pTyTbCOAEPXKaLMX famn C LEenbio BblAENEHNA BTOPUYHbBIX PECYPCOB.

OnucaHme metoma. Cxema npouecca obesspexumBaHus PCO TepmoobpaboTkon B
LLIHEKOBOW TpybyaTomn neyun npeacTaBneHa Ha pucyHke 2.7.

Mpouecc gemepkypusaumm oTpaboTaHHbIX PTYTHBIX SlaMn COCTOUT U3 BO3TOHKM PTYTU
13 npeaBapuTenbHO pasgpobrieHHbIX Nnamn, nocrneaylolwen KOHAeHcauMn napoB PTyTU M
yaaneHun npoaykToB nepepaboTku.

TepmoobpaboTka OcCyLLeCTBNSAETCS B LUHEKOBOMW TpybyaTon neyu npu Temnepartype
350 °C — 390 °C. PT1yTb nepexoanT B razoobpasHoe COCTOSAHNE U YHOCUTCSA MOTOKOM TEXHO-
NOrMYecknx rasoB, CoAepXallmx, Kpome napoB PTYTWU, OpraHU4eckMe coeauHeHusi, obpasy-
OLLMECH B NMNeYN Npu CropaHnn LIOKOSIEBON MACTUKN N U3OMSALMOHHBIX NPOKNagokK namn u, 3a-
XBa4eHHbIN MOTOKOM rasa, NoMuHogop. N3 neum TexHonorn4eckmm ras noctynaeT B ounbTp-
Aoxuratenb, rae NpoMCcXoauT CropaHne OpraHNYeCcKUxX CoeqMHEHUN, HAXOASLWMNXCHA B ra30BOW
dase, o CO2 1 H20 npu KOHTaKTe rasa C NOBEPXHOCTbLIO AfeKTpoHarpeBartesien npu Temne-
patype 800 °C — 900 °C.

77



UTC 15-2016

CTtyna Ha pTyTHbIl

KoMOuHaT
TexHonornyeckuin ras
PCO > 1 > 2 > 3 > 4 > 5 > 6
\ 4 \ 4
9 7 > 8
Creknoboi OunLLEeHHBbIN ras —
C COAEepXKaHNeM pTyTK B aTmocdepy

He Bbonee 2,1 Mr/kr

1 — fosupyioLlee yCTPOUCTBO; 2 — Apobunka; 3 — wHekoBas neyb; 4 — punbTp-
aoxwurartenb; 5 — KoHaeHcaTop; 6 — repMmeTuyHas Tapa ans cbopa ctynnbl; 7 —
ancopbep; 8 — PUNbTPBEHTUMASALMOHHbBIV MOAYIb; 9 — AeMepKypU30BaHHbIN

cTeKknoodomn

PucyHok 2.7 — Cxema npouecca o6esspexvsarHua PCO

TepmMoo6paboTkoM B LUHEKOBOW TpyBUyaTOn neun

3aTeM TexXHONOorm4YeckM ra3 HanpaenseTcs B KOHOeHcaTop, obecneymBaowmin oxna-
XaeHwe rasa oo temnepatypbl 35 °C — 40 °C 1 KoOHAEeHcauuto OCHOBHOW YacTn pTyTu. KoH-
AEeHCcMpoBaHHAA PTYTb C NPMMECHID HEKOTOPOro KONMyecTBa NpOoAyKTOB yHoca (CTynna) siB-
NSEeTCS KOHEeYHbIM NPOAYKTOM nepepaboTku n cogepxut 70 % pTyTu.

[Mocne ocaxaeHnss OCHOBHOW YacTu PTyTU B KOHAEHCATOPE TEXHOMOrMYeckni ras no-
ctynaeTt B agcopbep, rae NpoucxoguT MNOrMoweHne PTyTU Ha XUMWYECKOM MOrnoTUTeEne.
OuuLLEHHbIV OT PTYTM TEXHOMNOMMYECKUii ras, cogepxalimin He 6onee 0,01 mr/m3, nonagaeT B
PUNLTPOBEHTUNALMOHHBIN MOAYNb, rAe pa3baBnseTcs, odnaeTcs A0 KOHUEHTpauun me-
Hee 0,0003 mr/m3 1 BbibpacbiBaeTcs B aTMocdepy.

Bcs yctaHoBka aeMepKypusaumm pTyTHbIX SlaMn repMeTuanpoBaHa M HaxoauTcs noa
NOCTOSAHHbLIM pa3pexeHnem He meHee 10 [Ma.

PTyTb, BblaeneHHas n3 otpaboTaHHbIX Namn B npouecce AeMepKypusaunm, npaktmye-
CKM MOSMHOCTbIO NepexoamT B ABa NpoaykTa: CTynny u COpbEHT, KOTOpble SBMSIOTCA KOHEY-
HbIMM NpoaykTamn nepepadoTtkn. B cootBetctBUmM ¢ FOCT 1639—78 «Jlom n oTxo4bl LBET-
HbIX MEeTansoB M ChnaBoOB» 3TWM NPOAYKTblI Npouecca AeMepKypusaumm OTHOCATCA K Knaccy
E — «OTxogbl pTyTbCcOAepXKalime TBepable», ctynna — 1 copT. CTynna oTnpaensieTca Ha
PTYTHbIN KOMBUHAT Ana nepepaboTku.

[Mocne BO3roHKM PTYTU N CXKUraHUS OpraHNYeCcKnX COCTaBMAOWMX pobneHoe CTEKNo

N MeTansbl, BXoAALWME B KOHCTPYKUMIO PTyTbCOAEPXaLUMX nammn, nepexogdTt B AeMepPKypun-
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31MpoBaHHbIN cTeknobon. [lemepKkypmsanpoBaHHbI cTeknobon cogepxnt B cpeaHem 96 % —
97 % ctekna, 3 % nomMuHodopa, 1% useTHbix MeTannoB, MeHee 0,0001 % pTyTH,
T. €. cofepXaHue pTyTn B HEM HXKe npeaenbHO JOMYyCTUMOW KOHUEHTpaunm pTyTu B NoYBax.
[emepKkypu3npoBaHHbIN CTEKNOOON BbIBO3UTCA Ha cBariky, iMbo ucnonb3dyeTcs Kak gobaska
NpyU M3roTOBMEHUN TakUX CTPOMUTENbHbIX MaTepuanoB, Kak Kepam3nTOOeTOHHble Oroku
([103]).

K npeuvmyuiectBam AaHHOW TEXHOSIOrM OTHOCUTCS TO, YTO OHA ManovyBCTBUTESbHA K
NCXOAHOMY CbIpblo, HagexHa B paboTte, MoxeT paboTaTb B HENPEPLIBHOM peXnme 1 nerko
no3BonseT peannsoBaTb oboralleHne 4eMepKypu3oBaHHOMO Matepuana ¢ Uenbio ero KoMm-
NMEKCHOro NCNosfb30BaHUS.

Tekywme ypoBHU 3IMUCCUM B OKpYXaroLlyto cpeay. [1poaykT TepmMumyeckon gemep-
Kypusauum otpaboTaHHbIX PTYTHbIX NamMn B OCHOBHOM NpeacTaBrieH cteknoboem (cogepxa-
Hue ctekna ~ 95 %). [lemepkypmsoBaHHbI cTeknobon 6e3 nocnenyrowero oboralleHns no
CyLLeCcTBY SIBMSETCA OTXOA0M MPOU3BOACTBA, NOCKOSbKY €ro BTOPUYHOE MUCMNONb30BaHWe 3a-
TPYOHEHO M3-3a NOBBLILEHHOIO coAepXaHUs JIIOMUHOGOPOB U TOKCUYHbLIX 3NIEMEHTOB (TaKuX
kak Pb, Zn n gp.). MNocne yganennsa nioMMHOMOPOB U BblAENEHNA MeTanmnoB Metogamm obo-
rawieHusi CTeknobonm MOXHO UCNOoNb30BaTh OS5 U3rOTOBMNEHUS KepaMUyeckux usgenuin, ans
pobaBKkM K CTekrnomacce npu Npou3BOACTBE CTEKMNa, B JOPOXHOM CTPOUTENLCTBE, B MPOMU3-
BOACTBE CTpouTENbHbIX MatepuanoB u ap. Kpome Toro, oboraiwieHne aemepKypnsoBaHHOMo

cTeknobos No3BoONSET M3BMEYb A9 NOBTOPHOMO UCMOMb30BaHWs UBeTHble meTannbl ([104]).
TepmoBaKyyMHasi TexHonorus, peanmsyemasi Ha yctaHoBke YPJ1-2m

Obnacmb npumeHeHusi. YctaHoBka YPJI-2m npegHasHayeHa Anst TEPMUYECKOW Oe-
MEpPKypuM3aL M1 NIOMUHECLEHTHbBIX flaMn BCEX TUMOB, @ Takke ropernoK PTYTHbIX famn BbICO-
koro gasneHus tvna OPJ1 n aHeprocbeperatowmx namn (3CJ1). TepmoBakyyMHasa TEXHOSO-
rMsa MOXET MCMNOSb30BaThCA TaKke AN AeMepKypusauumn Bblllewmnx n3 ctpoa npubopos ¢
PTYTHbIM HanosIHEHNneM (TEPMOMETPOB, UTHUTPOHOB, U MNpP.), @ TaKKe 3arpsi3HEHHbIX PTYTbiO
CTpOUTESbHBIX MaTepuanos (LUTyKaTypKu), NOYB.

OnucaHmne meTtopa. B ycTaHOBKe MCNonb3yeTcs CTauMOHapHas kamepa OeMePKypu-
3aumn (cHabxxeHa aneKkTpoHarpeBaTenieM) NepUoaNYECcKoro AeNCTBUS; AaBneHne napos pry-
TM B Kamepe — He 6onee 0,01 Mmm pTyTHOro ctonba; nNpPoOM3BOAUTENBHOCTL — [0
200 namn/uv.

MpuHUMN gencTBna ycTaHOBOK, paboTalowmnx no AaHHOW TEeXHONOrMu, OCHOBaH Ha
CUNbHOW 3aBMCUMOCTU AaBfEHUs HaCbIWEHHOro napa pTyTv oT TemnepaTypbl. ObpabaTbiBa-

€Mble JNaMMbl pa3pyllaloTcAa B KaMmepe yCTaHOBKK, HAarpeBakTCA OO0 TeMnepaTypbl 6bICTpOFO

79



UTC 15-2016

ncnapeHusa pTyTu, a napbl PTYTU OTKAYMBAKOTCHA BaKyyMHOW CUCTEMOW YCTAHOBKM Yepes HU3-
KoTemnepaTtypHyto nosywky (HTJ1), Ha noBepxHOCTU KOTOPOW MPOUCXOOUT KOHOeHcauus

aTOMOB PTYTW, CTekawollen B COOpHMK B BMOE KMAKOrO MeTanna rnocre pasMopaxunsBaHus
NOBYLLKM.

YcTponcTteo yctaHoBku YPJ1-2m npeactaBneHo Ha pucyHke 2.8.
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PucyHok 2.8 — YcTtpowncTteo yctaHoBku YPJ1-2m

KoHCTpyKkTUBHO ycTaHoBka YPJI-2m BbinonHeHa B BUAE AeMepPKypM3auMOHHOW Kamepbl
1, wapHUpHO 3akpensneHHon Ha nnatgopme 13 (pucyHok 2.8). Kamepa cHabeHa KpbILLKOW
2, anekTpoHarpesaTtefniem 7 u Tennonsonsatopom 8. Ha kamepe CMOHTMPOBAHO YCTPOUCTBO 6
A1 MeXaHMYeCKOro paspyLleHUs JIIOMUHECLUEHTHbIX namn. [na paspylieHust ropenok namn
Tvna OPJ1 n aHeprocbeperatowmx namn MCnonb3yetca cbeMHas MenbHuua 10, MOHTUpye-
Masi Ha hnaHue kamepbl 1. B pexnme gemepkypusauumn AOMUHECUEHTHbLIX namn dnaHey,
3aKkpbIT 3arnywkon. Cuctema BakyyMHOW OTKaykum kamepbl obpasoBaHa OycTepHbIM napo-
MacrisiHblM HacocoM 5 n mexaHundecknm dopsakyymMHbIM HacocoM 3. OTkadka kamepbl Ha

BbICOKMIN BakyyM ocyuiectensetca yepe3 HTJ1 4 co cbopHukom meTtannuyeckon ptytu 11.
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YcTaHoBKa cHabxeHa CUMOBbIM 3MEKTPUYECKMM LWKadoM 12 1 NynbToM ynpasnenusa 14. Py-
KosiTka 9, ncnonb3yeTcsa NS HaKNoHa Kamepbl Npu Bbirpy3ke cteknobos ([106]).

[demepKypnanpoBaHHbIN CTEKNOOON MOXET WMCNOSMb30BaTbCA B 3acbINKy NpU Npous-
BOACTBE CTPOUTESbHBIX U JOPOXHbIX PaboT uUnm NnognexuT yTunusauun Ha nosimroHe Teep-
AbIX BbITOBBIX OTXOA0B MM NPOMbILLIIEHHBLIX OTX0A0B (4-1 Krnacc onacHocTu otxoaos). Cop-
TMPOBKa, cOOp M nomnHasa yTunusaumnsa Bcex oTXo4oB nepepaboTkn namn (CTekna, NOMUHO-
dopa, antoMnHNA, Bonbgpama) Ha JaHHOW YCTaHOBKE He NpeayCcMOTpeHa.

K cnoxHocTaM TepMoBaKyyMHOW TEXHOMOrMMK crieayeT OTHECTU crnegyoLme:

- BaKyyMHasa TeXHONornsa He npucnocobrieHa Kk nepepaboTtke rpAsHbIX, OUTbIX namn, K
nepepaboTke BNaxHbIX OTXOAOB, K nepepaboTke 0TX0O40B C CoAep)XaHMeM nnactMacc, Tak
Kak BakyyMHasa cMcTemMa BbIXOAUT U3 CTPOS Kak OT BOAbI, Tak U Npu Harpese nnacrmacc, n oT
APYrux BELLECTB, KOMMNOHEHTbI KOTOPbIX 3aCOPSAOT BaKyyMHYIO CUCTEMY,

- BaKyyMHas TEXHOSOrMsi peKoMeHAyeT HarpeBaHusa 4o TemnepaTyp He 6onee 170 °C,
BblLLE KOTOPbIX KOMMOHEHTbl TEKCTONMUTa M KOMMayHOOB 3aCOPSI0T BaKyyMHYK CUCTEMY, a
Hanbonee ycTonymeble COeAMHEHUS PTYTU, B YHAaCTHOCTM KMHOBapPb, Kanomerb, cynema v ap.,
He pasnaratTcs, U pTyTb HE UCMNapseTcsa LUernvkoM 13 geMmepkypusyembix matepuarnos. Kpo-
Me TOro, NPOM3BOAUTENBHOCTb TAKOM TEXHONOMMN U 060PYyAOBaHUS OrpaHMyeHa, TEXHONors
3Heproemka, TpebyeT anga peanusaumm 60nbLIOE KONMYECTBO INIEKTPOIHEPTUU, MPUMEHEHMS
AOPOroCTOALLEro XMAKOro asota. Takonm cnocod MMeeT 3HaduTenbHble yaernbHble 3aTpaTbl
Ha yTunusaumio;

- NepnoanYHOCTb AENCTBUS.

Tekywme ypoBHU 3IMUCCUM B OKpYXaroLlyto cpeay. [1poaykT TepmMmyeckon gemep-
Kypusauum otpaboTaHHbIX PTYTHbIX Namn B OCHOBHOM NpeacTaBrieH cteknoboem (copepxa-
Hue ctekna ~ 95 %). [lemepkypnsoBaHHbI cTeknobon 6e3 nocneayrowero oboralleHus no
CyLLeCTBY SBMs€TCA OTXOAO0OM MPOU3BOACTBA, NMOCKOSbKY €ro BTOPUYHOE MCMNOoNb3oBaHne 3a-
TPYOHEHO M3-3a NOBBLILEHHOIO CoAepXaHUs JIIOMUHOGOPOB U TOKCUYHbLIX 3NIEMEHTOB (TaKuX
kak Pb, Zn n gp.). NMocne yaaneHusa noMmHogopoB 1 BblAeneHnss meTtannos metogamm obo-
rawieHvsi CTeknobonm MOXHO UCNOoNb30BaTh OS5 U3rOTOBMNEHUS KepaMUyeckux usgenuin, ans
AobaBKkM K CTekrnomacce npu nNpousBOACTBE CTeKNa, B JOPOXHOM CTPOUTENbLCTBE, B MPOU3-
BOACTBE CTpouTENbHbIX MatepuanoB u ap. Kpome Toro, oborawieHme aemepKypnsoBaHHOMo

cTeknobosi No3BoONAET M3BreYb ANg NOBTOPHOIO MCNOMNb30BaHUA UBeTHble MeTannbl ([105]).
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2.3.2 TexHonorum ytunmsauumm o6opyaoBaHuA, coaepxalliero pTyTb,

OCHOBAdHHbLI€ HAa XUMUYECKUX MeToAaX

MeToa MOKpoOM XuMnYecKkon aemepKypusauum (rmgpomMeTtaniiyprmieckum meton)
([107])

CywHoCTb rmgpomeTannyprmieckoro metoga 3aknoyaeTtcs B obpaboTke pasapob-
NEHHbIX FIOMUHECLIEHTHbLIX NaMn XMMUYECKUMU OeMepKypu3aTopamu C Lenbio nepesona
pPTYyTU B TPYOHO pacTBOPUMbIE COEAMHEHWS, Kak npaBuno, cynbdua ptytu. B kayectBe ge-
MepKypusaTopa Yalie BCero UCnosb3yTcs pacTBOpPbI NONUCYNbgULa HaTpUA UK KanbLms.

Obrnacmb npumeHeHus. MeTtog npumeHsieTca ONs NOArOTOBKN KOHLEHTPUPOBAHHbIX
PCO vnu oTXxogoB C HU3KMM cofepxaHuem pTyTu K nocnegytollen obpabotke TepMUYecKu-
MW MeTogaMu UnM MeToAoM OOXura, a Takke CamMOCTOATENbHO ANs U3BMEYEHUA PTYTU U3
KOHUEeHTpMpoBaHHbIX PCO mnn oTXo40B C HU3KUM COAEP)KAHMEM PTYTU U ONA OYUCTKM OTXO-
[0B MeTanim4yeckon pTyTv OT NOCTOPOHHUX NMPUMECEN.

OnucaHue metoaa. [1na ounctkn PCO OT opraHn4eckux BeLecTB UCMNONb3yKT opra-
HU4YEeCKMe pacTBOPUTENMU, MbISIbHbIE PACTBOPbl UMW KOHLEHTPMPOBAHHbIE PacTBOPbI €4KUX
weno4ven, Hanpumep 10 % — 30 % pactBopbl NaOH, nnu mnHele pactesoputenn. Npn Heob-
XOOUMOCTM OYMLLEHHYIO TakMMm obpasom pTyTb NoABeprarT nocnenyowen pektmgukaumm
UNN SNEKTPONUTUYECKOMY pacOMHMPOBAHMIO.

Mcnonb3oBaHne OaHHOW  TEXHOSOrMM  peanu3yeTcss Ha  YCTaHOBKax  Tuna
«OKOTpOoM-2Y». OcHOBHasa KoHuenuusi ob6e3BpexmBaHUAa flamn COCTOMT B TOM, YTO Ha Mo-
BEPXHOCTb U3MeNbYaeMbIX PTYTbCOAEPKALLMX NaMn pacnbifieHneM (OKyHaHUEM, KanenbHbIM
nyTeMm) HaAHOCUTCA XUMWUYECKUW OemepkypusaTtop (npenapat 3-2000T). lMpwn camonpouns-
BOSIbHOM BbICbIXaHUM U PA3fOXEHUM XMMWYECKUX COeOMHEHUN npenaparta, BblAeNnsatTcs:
BbICOKOAKTUBHasA cepa, ceposogopoa, CaO n tenno, KoTopoe UHTEHCMdUUMPYET OarnbHEN-
lwee pasnoxeHue npenapata W obecneymBaeT CyWKYy CMOYEHHbIX MOBEPXHOCTEN.
B npouecce cmaumBaHMsa 1 CylwKK, coaepKallasca Ha NOBEPXHOCTU CTekna u copbupoBaH-
Hasa NtOMUHOOPOM, PTYTb NpeobpasyeTcsa B CynbpuaHyo hopmy.

Cepa n cepoBogopof (8o 2 mr/m3), cogepxalimecss B TEXHONOMMYECKOM BO3ayxe, Npo-
xoaa 4yepe3 agcopbep, CHapsSKEHHbIM aKTUBMPOBAHHbLIM YrieM, WUMMPErHUpyrT COpPOEHT,
Gnarogapsi YeMy KOHUEHTpauusa pTyTu B yganseMom Bo3gyxe cHmxkaetcsa go 0,0003 mr/ms3, a
3(PPEKTUBHOCTb XMMUYECKON OMUCTKM CO BPpEMEHEM BO3pacTaerT.

Tekywme ypoBHU aMUCCUU B OKpyxamLyr cpeny. ObpasoBaBLumica cTeknobon ¢
MakCUMarsbHbIM pasMepoM 4acTul, 6 MM, MOKPbITbIX 3aTBEPAEBLUMM COEM JIHOMUHOGOPA,

He NbINUT, codepXxaHue napoB PTYTU Had HUM Ha BbicoTe 1M <0,0005 mr/m3 — npoaykT
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IV knacca onacHoCcTyn — pasmelaeTca Ha noJyinroHax 3axXxopoHEHUA ObITOBbIX OTXOAOB, MNK
BKIMlO4aeTCcA B LUEeMEeHTHYI0 MaTpuuly Ana nocnepgykouwero mnmcnonb3oBaHUA. Co,cl,ep)Kane

cynbcumaa ptytn B cteknoboe < 0,007 % ([108]).
TepMmoxumunyeckasa TeXHONOrMs NepmMoanYecKoro AemcTBus

Obnacmb npumeHeHusi. NpuMmeHsaeTca Ana pTyTbcogepxatlmx namn.

OnucaHue meTtoaa. Llenble namnbl HarpesatoT, BbiAepXnBarT 25 MUH Npu Temnepa-
Type, obecneumBatoLLlen AecopbLMI0 PTYTU, U PE3KO OXNaXaalT NyTeM KOHTaKTa ropsiven
namnbl B CMecuTene ¢ pacTBOPOM CepocoaepXallero peareHTa (pexe Ucnonb3yrT MOLCO-
Aepxawmin peareHT). B utore nponcxoant tepmumyeckoe paspylleHne Konbbl, a pTyTb CBS-
3blBaeTca (TexHonornsa Canta); NnpouM3BOANTENBHOCTL YcTaHOBKM — A0 180 namn/y. Tepmo-
XMMUYecKast TEXHONOMMS He MOXeT paboTaTb B HEMPEPBLIBHOM peXume.

Mpn Tepmuyeckon gemepkypusaumm OoTpaboTaHHbIX PTYTHbLIX Nammn MPUMEHSIOT TpuU
NPUHLMNMAanNbHO pasnuyHblxX cnocoba ynaBnmBaHusa NapoB PTYTU:

- KOHOeHcaunsa pTyTU C NOMOLLBI OXIaXOeHUst TEXHONOrMYecKoro rasa BOAOW A0
35 °C — 40 °C (c pounssneyeHnem pTyTu U3 ra3oB agcopbumen Ha akTUBHOM yrne);

- KOHAEHCaUna pTyTU C NMOMOLLbIO KPMOreHHOW BaKyyM-JTOBYLUKM (Npu TemnepaTtype —
196 °C) — KpuoreHHas KoHgeHcauus;

- XMMMYeCKoe CBA3bIBaHWE pTyTM nyTeM obpaboTkn ee napoB peareHTamu (B YaCTHO-
CTW, NepeBo PTYTN B MANOTOKCUYHbBI HEPACTBOPUMBIN Cynbdua).

TeKkywme ypoBHU 3MUCCUU B OKpYyXxawlLlyro cpeay. [1poaykT TepMmuyeckon gemep-
Kypusauum otpaboTaHHbIX PTYTHbIX NaMn B OCHOBHOM NpeacTaBrieH cteknoboem (cogepxa-
Hue ~95 %). [lemepkypun3oBaHHbIN cTeknobon 6e3 nocnegyrowlero oboralleHns no CyLwecTBy
ABMSETCA OTXOAOM NPOM3BOACTBA, NMOCKOSbKY €ro BTOPUYHOE UCMNOSIb30BaHWE 3aTpyagHEeHO
13-3a MOBbLILEHHOIO COAEepPXaHNA NIOMUHOGOPOB U TOKCUYHBIX 9NIEMEHTOB (Takux Kak Pb, Zn
n gp.). MNMocne yaoaneHna nioMMHOMOPOB U BblAENEeHNA MeTannoB mMeTogamu oboraiieHus
cTeknobor MOXHO MCMONb30BaThb ANA U3rOTOBMEHUS KepaMUYeCcKux nsgenun, ons aobaskum K
cTekrnnomMacce npu MNpou3BOACTBE CTeKna, B AOPOXHOM CTpPOUTENbCTBE, B MPOU3BOACTBE
cTpouTenbHbIX MaTepuanos u ap. Kpome Toro, oboraileHve OeMepKypu3OBaHHOIO CTEKIO-

004 no3sondaeT u3Bneyb Ans NMOBTOPHOIo NCNOJIb30OBAHUA LUBETHbIE MeTarlbl.
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2.3.3 TexHonorum ytunmsauum o6opyaoBaHuA, coaepxalliero pTyTb,

OCHOBAHHbLIE Ha (tWI3VIKO-XVIMVI‘-IeCKVIX mMeToaax

TexHonorus oﬁesapemuaaﬂuﬂ n yTunmnsauumm nroMMHeCLUEeHTHbIX namn

pa3aeneHneM ux Ha KOMNOHEeHTbI

MeTtoa ncnonb3yetca Ang yTUnMsaumm pTyTbCoAepXaLlmx namn C Lernbio BblaeneHus
BTOPUYHOW PTYTU. TE€XHONOIrMa peann3oBaHa B yCTaHOBKE «QKOTPOM-2» (PUCYHOK 2.9).

MeToa OCHOBaH Ha «XOJOAHbLIX U CyXMX» npoueccax ApobneHus n cenapaumm mnsge-
N B CUCTEME C NOHWXKEHHBIM AaBneHnem. B pesynbtate npoucxoaut pasgerneHue namn Ha
TPU KOMIMOHEHTA: CTEKNO, MeTann4yeckme LLOKONM 1 NpoayKT MUHepanusaumm noMumHogopa,
nosily4aembin U3 pTyTbcogepXxallero oMmHodopa.

TexHonornyeckumn npouecc pasgeneHnsa namn Ha KOMMOHEHTbI NPOoTeKaeT B YCNOBUAX
paspsXXeHnss BO3yxXa C yNIOBOM OCTaTOYHbIX MAapOB pPTyTN B aacopbepax B CUCTEME OUYUCTKM
rasoB. BoibpacbiBaembii B aTMocepy BO3gyx ouunwaeTtca B agcopbepax oT pTyTn 4O 3Ha-
YeHUN, He NpeBblaLWmMX npegeribHo gonyctumMble KoHueHTpauun (MOK) ons HaceneHHbIX

mecT — 0,3 MKr/m3.
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PucyHok 2.9 — Cxema TeXHONorn4eckoro obopyaoBaHus

npouecca ytunmsaumn ptytbcogepxawmnx namn

OnucaHune TexHONornyeckoro npouecca. JInHenHble MIOMUHECLEHTHbIE NaMMbl MO-
AaloTcsl Ha y3en 3arpy3ky yCTaHOBKW. 3a CYET BbICOKOrO paspsikeHusi, Co3qaBaemMoro Bo3ay-
XOOyBKOW MO BCEWN ANMHE YCTaHOBKW, NaMmbl PasroHsIlOTCA B yCKOpUTenbHoW Tpybe u nona-
AalT B ApOoGUbHO-cenapauMoHHOe YCTPOWMCTBO, FAe paspyLuiatoTcs U pasdensitoTcs Ha oc-
HOBHblE COCTaBMNSAIOLWMNE KOMIMOHEHTbI: M3MeNbYEHHOe CTEKNO, MeTannuyeckue LIOKONu Wt

pTyTbCOAEPXaLLUn JTIOMUHOOP.
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KoMnakTHble NIOMUHECLIEHTHbIE Namnbl NOalTCA B cneumnanbHoe YCTPOMUCTBO pasae-
NeHNst KOMNAKTHbIX flaMn, KOTOpOoe NOACOEANHAETCA K yCKOpuTenbHOW Tpybe BMeCTo 3arpy-
304HOro cTona NuHerHbIX namn. C NOMOLLBIO crneunarnbHOro gepXartens KoMnakTHas NnoMu-
HecLeHTHasa famMmna BBOOUTCA CTEKNSHHOW 4acTbio B OpobuUIiky yCTponcTBa pasgereHus
KOMMNaKTHbIX namn. Pa3gpobrneHHoe CTeKno OT KOMMAaKTHbIX NIIOMUHECLEHTHbIX flamn nocTy-
naeTt nog paspskeHnem B ApobunbHO-cenapaunoHHOE YCTPOUCTBO YCTAHOBKM «OKOTPOM-2,
roe NpPoUCXOoAUT ero OMUCTKa OT PTyTbcoaepxallero niomMmHodgopa. Llokons BelHMMaeTcs 13
Aepxatens n noMeLlaeTcsa B KOHTENHEP.

B opobunbHo-cenapaumoHHOM YCTPOMUCTBE YacTuubl U3MENbYEHHOro CTekna npochl-
natTcsa Yyepes BUOPUPYHOLLYIO peLleTKy 1 HanpaenaTcs B cOopHuK cTeknobos. B npouecce
ABWXXEHWS 4acCTuL, CTEKNa No TPakTy YCTAHOBKM B YCNOBUSAX BUOpaLMM B NPOTUBOTOYHO ABU-
XyLlencsa cucteMe «ctekrnobon — Bo3ayx» NPoUCXoauT oTaereHne nopowkoobpasHoro nio-
MUHOpopa OT cTekna namn. PTyTbcoaep Kawmum nopoLlok nomMmHogopa ¢ obpasoBasLUenCs
BbICOKOAMCNEPCHON YacTblo CTekNobos, fganee — «AOMUHOMOP», YHOCUTCS BO3AYLLIHbLIM MO-
TOKOM B UMKIIOH, rae ocaxgaetcsa B COOpHMKE MOMUHOMOpa, 3anofiHeHne KOTOpPOro Henpe-
PbIBHO KOHTPONUpyeTcs BeCcoBbIM crocobom. OCTaToyHble KonMyecTBa NopoLlka B BO3AyLLU-
HOM MoOTOKe B KonmyecTtse 0 3 % — 5 % ynaBnuBaloTCs Ha pykaBHOM (PUnbTpe, C KOTOPOro
CTPSAXMBAKOTCH B NPUEMHYI0 EMKOCTb uribTpa nytemM nepnognyeckoun, NpumMepHo Aea pasa B
CMEHY, UMMYTbCHOW MPOAYBKN KOMNPECCOPOM. HakonmeHHbIn B MpUeMHOM EMKOCTU bunbTpa
nopoLok gobaesnsaeTca B cOOpPHMK NMOMUHOGOpPa Ha TEXHONOrM4Yeckon onepaunmn obesspe-
XnBaHusa. Metannuyeckne LOKONM Npu paspyLleHnun namMn nonagarT Ha BUBpuUpyroLyto pe-
LWeTKy ApobunbHO-cenapaunoHHOro YCTPONCTBA, rae NoABepratoTca MeXaHUYECKON OYUCTKE
N HanpaenawTcsa B COOPHUK uokonen. OuuwieHHoe OT pTyTbcodepXalwero nomMmHodgopa
ANCNepcHoe CTEKIO U MeTannn4yeckne LIOKONM MMEKT nokasaTernv 3Ha4YnTeNnbHO HUXe npe-
aenbHo gonyctumblx KoHueHTpauumn (MAK) no ptytm (ana noysbl 2,1 Mr/Kr) U OTHOCATCA K
npakTu4yeckn He onacHelM KomrnoHeHTam (5 knacca onacHocTn). O4YncTka BO3AYLIHOMO NoToka
OT MapoB pPTyTU NpoucxoauT B agcopbepax OO cogepxaHus pTyTn B Bo3ayxe meHee [MOK
Ans HaceneHHbix mecT 0,3 Mkr/m3. MNpu NpeBbIlEHUN coaepxaHusl pTyTv B Bbibpocax B aT-
mocdpepy 0,3 Mkr/M® agcopbepbl MEHSIOT MecTaMu 1M B Hanbonee 3arpsisHeHHOM afcopbepe
(6bIBLLIMM NepBOM) NPOU3BOANTCA 3amMeHa 0TpaboTaHHOrO akTUBMPOBAHHOTO YIS,

[na obesBpexunBaHnsa pTyTbCOAEpPKALLEro NOPOLLKa NIOMUHOGOPA NPUMEHSETCSA CMo-
cob xmmmnyeckoro npeobpasoBaHus codepxallencs B HEM PTYTU B MpakTU4ECKU HepacTBo-
pumMoe ManoonacHoe coeauvHeHue — cynbua pTyTH, OTBevawlwee ee NpPUpPogHON MUHe-
panbHou opmMme, C UCNOSb30BaHMEM [eMepPKypuU3aLMoOHHOro npenaparta Ha OCHOBE MNosiv-

cynbduga kansuma, Toprosas mapka «<PUCOJ».
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O6esBpexunBaHue pTyTbcoaepKalero nomMmHogopa npoBoamTca B COOPHUKE MOMU-
Hopopa, KOTOpPLIN NMOCfe ero 3anosIHeHUsa NOMUHO(OPOM yCTaHaBnMBaeTcs Ha BMbponno-
Wwaaky 6noka obesspexuBanms. Ha 200 kr ntommHogopa B c6opHuK BBoamTca 40 n gemep-
KypusaumoHHoro npenapata PUCOIJT n 25 kr uemeHTta. Cmecb, Haxoaswasica B cbopHuke,
nogsepraetca BubpaumoHHomy Bo3genctemio B teveHne 40-50 mmH. O6pasoBaBLumiica ma-
noonacHbIn(lV krnacca onacHOCTU) NPOAYKT MUHepanusauuu nioMnHogopa BbirpyxaeTcs u3
pas3rpy3o4HOro foka cbopHuka nomMmHodopa nog Bo3genctenem Bmbpaunmm B NOSIMMEpPHbIE
MeLkun. NogobHble cnocobbl, HasbiBaeMble 3a pybexom «congudukaumm» n «ctabunmaa-
Uuu» pTyTbCOOEpXalux OTXOAOB, BKMOYas MOMUHOMOP OTpabOoTaHHbIX PTYTHLIX Namr, B
HacToslLLee BpeMs NonyyarT Bce Bonbliee pacnpocTpaHeHne BO MHOMMX CTpaHax Mupa.

B tabnuuax 2.1, 2.2, 2.3. npuBeAeHbl TEXHUYECKME XapPaKTEPUCTUKM YCTaAHOBKM
«QKOTPOM-2». [MpoeKkTHaA MOLLHOCTb YCTaHOBKM MO 06e3BpeXeHHbIM O0TXO4aM OLEeHUBaeTCs

B 500 T/rog npu ogHocMeHHoun paboTe.

Tabnuua 2.1 — NMpon3BogMTENBHOCTL YCTAHOBKM

EavHuua
Ne m\n HanmeHoBaHue lMponsBoanTenbHOCTL, B Yac
n3mepeHus
1 ObesBpexuBaeMble MIOMUHEC- | TbiC. WT/T 1,2/0,3
LIEHTHbIE NaMrbl
2 KomMnakTHble NIOMUHECLEHT- ThIC. WT/T 0,3/0,03
Hble namnbl (KIJT)

Tabnuua 2.2 — YcpegHeHHble NokasaTteny o6pasoBaHns MaTepuarnbHbIX PECYPCOB M OTXO40B MNpu

pasgeneHnn namn Ha coctaBnArowLne KOMNOHEHTbI

EavHuua
Ne m\n HanmeHoBaHue MpounssoanTenbHOCTb
Nn3mMepeHund
1 Ctekno T/™ 0,277
2 Llokonn meTtannuyeckue T/v 0,005
KInn 0,021
3 MpoaykT MuHepanusauuu mnio- T/v 0,02
MuHoopa

86



Tabnuua 2.3 — Pacxoq sHepretTMyeckux cpeacTts U Cbipbs

UTC 15-2016

Ne m\n HanveHoBaHune MecTo pacxoga EAnHAua Pacxop
Nn3MepeHus
1 OIEeKTPO3Heprus YcTaHoBKa «QKOTPOM-2», KBT/M 10.8
HanpsikeHue 380 B, B TOM Yucne: 7,5
yactota 50 Iy, Bosagyxoayska 2,2
[Opobunka 1,1
Bubpartop
Komnpeccop gns nepuo- KBT/M 0,4
ONYeCcKon npoayBKu
PUNLTPOB PyKaBHbIX
2 CxaTbIn Bo3ayx, Tex- | Komnpeccop ans nepuvo- m3 0,3
HOJTOrMYECKNIA On4ecKoun npoayBKn
MOCT 11882—73, UNbTPOB PyKaBHbIX.
P =0,4 MMa
3 AKTUBMPOBAHHbIV Agcopbep T 0,45
yrons, Tuna XMNP-3 n eaNHOBpPEMEH-
Hasg 3arpyska
4 Mpenapat gemepky- | bBnok ytunusaumm niomm- n 40
pU3aLmOH- Hodbopa eNHOBpPEMEH-
HbIN«PUNCOJT» Has 3arpyska
5 LemeHTt Brok ytunusaummn noomm- Kr 25
Hodpopa eNHOBpPEMEH-

Has 3arpyska

YcTaHoBKa «OKOTpOM-2» BHeApeHa Ha bonee yem 20 npeanpuatusx Poccun.

HanmeHoBaHMe XO3ANCTBYIOLMX CYyOb-
Afpec xo3ancTeyroLero cybbekta, KOHTaKTbl
Ne n/n | ekTOB, MCMOMb3YOLWNX JaHHY TEXHO- )
(tenedpoH, E-mail)
noruo n/vnu obopynosaHve
1. 000 «HIMI «9KOTPOM>» 117556, r. MockBa, BapliaBckoe wocce, 93,
Ten. 8499 794 15 42, ecotrom@mail.ru

2. 000 «HIMM «9KOTPOM PtyTHas |117545, r. Mocksa, JopoxHas, 3, kopn. 16,

©e3onacHoOCTb» Ten. 8499 794 11 90, tin_k@ vail.ru
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HavmeHoBaHWe x03sMCTBYOWMNX CyOb-

AJpec Xo3ancTByroLEero cybbekTa, KOHTaKTbl

Ne n/n €KTOB, UCNOJIb3YLWKNX JaHHYO TEXHO- .
noruo n/vnu obopynosaHve (Tenecpon, E-mail)

3. 000 «3kollpomTexHonorns» 117556, r. MockBa, ApTekoBckas 7, cTp.1,
Ten. 8495 723 72 09, ksw@mail.ru

4. 000 «Mepkom» 140080, MockoBckasa obnacTb, r. JIbITkapuHo,
n. Typaeso, HAWI ten. (495) 587-1350,
(495) 552-3890, (495) 552-1685,
mercom-1l@yandex.ru

5. OO0 «BkocBeT» 142300, MockoBckas obnacTtb, r. Yexos,
Cumdepononbckoe wocce, 4. 8, ten. +7
(495) 996-96-28, ekosvet@mail.ru

6. 000 «NHxeHepHO-TexHnYecKnn 308001, benropoackas obnacTb,

LEHTP» r. benropoga, Yn. Oktabpbckas, a. 58, Ten.

(4722) 27-56-38, ANO-ITC@yandex.ru

7. EMY KPIMNO 620075, r. EkaTtepunHbypr, yn. ANbnnHUCTOB,
57 A, ten. +7 (343) 376—41-87, e-mail: krp-
po@ru66.ru

8. OO0 «Mepgllpom» 440068, r. NeH3a, yn. Pabosa 30 a, Ten.
(8412) 36-01-20, pvs-group@mail.ru

9. 000 «YJIbTPA-KOM>» 614045, r. Nepmb, yn. Cnbupckas 17 a, Ten.
(342)212-43-93

10. [OOO «3konoruns» 683000, r. lNeTponasnosck-KamyaTtckui, yn.
BepwuHra, 4.6, Ten. 8 (4152) 46-78-99,
ecology4l@mail.ru

11. |OO0O0 «dupma «[enbTa» 150044, Apocnasnb, yn. basosas, g. 9, Ten.
(4852) 94-00-44, delta.yar@rambler.ru

12. |3AO «BBK» 461010, OpeHbyprckast obnactb, r. byaynyk,
yn. MaTpocosa, a. 1, ten. 35342—-2-06-54,
zaovbk@yandex.ru

13. |OAO «B3J13» Pecnybnuka benapyce, r. bpecr, Ten. +375

(162) 42—05-30, brestlamp@brest.by
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HavmeHoBaHWe x03sMCTBYOWMNX CyOb-

AJpec Xo3ancTByroLEero cybbekTa, KOHTaKTbl

Ne n/n €KTOB, UCNOJIb3YLWKNX JaHHYO TEXHO- .
noruto n/unu obopynosaHve (Tenecpon, E-mail)

14. |OOO «YTunutcepBuc» 628400, XaHTbl-MaHcunckmn ABTOHOMHbIN
okpyr KOrpa, CypryTtckun p-H, nrt benbin Ap,
yn. Hekpacosa, . 24A, ten. (3462) 55 58 97,
utilit@bk.ru

15. |OO0O «HXNHUPUHT» 600026, r. Bnagnmup, yn. Fopbkoro, om
106, ocouc 41, Ten. +7 (4922) 34-08-15,
inginiring33@yandex.ru

16. |OOO «3koMwup» 153000, r. MBaHoBO, yn. CtenaHosa 4. 16,
odumc 58, Ten. 8 (4932) 49-61-99,
ecomir37@mail.ru

17. |OO0O «Jlamekc» Pecny6bnuka MNMonblua

18. |OOO «HYuctble TexHONorMm» 454080, r. YenabuHck, CBepanoBcKkui np-T,
60, ochnc 401, Ten. +7 (351) 225-21-16,
70005000@mail.ru

19. |[OOO «3I Mepkypwnin» 192177, r. CaHkT-leTepbypr, 5-n Puibaukui
npoesa, 4. 18, ten. (812) 700-43-11,
ecomercury@mail.ru

20. | OO0 «HOxHbI ropoa- 299029, r. Ceactonons, yn. LWabanwuHa, 6,

CesacTononb» Ten. 8 (692) 44-32—63, prom-

util@wasterostov.ru

21. OO0 «3IT Mepkypun-Kpbim» 295022, Pecnybnuka Kpbim,

r. Cumdpbeponons, yn. KedkemeTtckasi, 198,
oc. 101, 113, Ten. (0652) 706—002, +7978—

7549800, crimea.mercury@yandex.ru

Tekylwme ypoBHM aMUCCUU B OKpyXxamouyro cpeay. Obpasyowmecs B pesynbraTe

MeTannnyeckue LoKONn U U3Menb4YeHHOE CTEKITO AeMepKypu3oBaHbl OO0 5-ro Knacca onac-

HOCTU. PTyTbCcoaepkalwmi noMmMHOMOp yrasnmBaeTcs B cneuuanbHbld repMeTUYHbIA KOH-

TEeNHep, B KOTOPOM M MPOUCXOOUT XMMU4Yeckoe obe3BpexmBaHue copepkalleincss pTyTn B

noMuHodope. [llonyyaetca mManoonacHbIN

(4-v knacc onacHocTn).

NPOAYKT MWHepanusauum nomMuHodopa
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Bbibpochl, NocTynarwLme B OKpyXatoLLyto cpefly U3 YCTaHOBKU Yepe3 CUCTEMY OYUCT-
K1, MO coaepkaHnto pTyTu He npesbiwaeT MOK pTyTn Ana HaceneHHbIx MecT 0,3 MKr/m3,

Heobxoammo npeagycmatpuBaTb cnocobbl yaaneHusi BTOPUYHbIX OTXOO0B.

2.4 OnucaHne NpUMeHsAeMbIX TeXHOJNTIOrM4YeCKUX NpoLeccoB B
obnacTtu ytunusauum usgenun u3 pe3nHbl, NOTepABLUINX
noTtpebuTenbckue CBOUCTBA, B TOM YUCIe Pe3NHOBbIX LUWH,

NOKPbILWEK U KaMmep

B ocHOBHOM Macce meToabl HanpasBneHbl Ha YTUNU3auuio U34eniun n3 pesnHbl, noTte-
PSABLUMX NOTPEOUTENBbCKME CBONCTBA, B TOM YNCHE PE3NHOBBLIX LUMH, MOKPLILIEK U KaMep C

Lenbio Nony4YeHnss BTOPUYHOIO Cbipbsi — PE3NHOBOW KPOLLIKW.

2.4.1 TexHONOrMM yTunmsauum nsgenum u3 pesnHbl, NnoTepsBLINX
noTpeouTenbCcKMe CBOMCTBA, B TOM YUCIIe Pe3UHOBbLIX LWWH, MOKPbILWEK U Kamep,

OCHOBAHHbLIE Ha (*)VI3VI‘IGCKVIX mMeToAax

B ocHoBy TexHonorui nepepaboTku, 6asmpyowmxca Ha pusnyecknx meTonax, 3ano-
XEHO MexaHu4eckoe UamMenbyeHne U3genum u3 pesnHol 4o HEBOMbLUMX KYCKOB C nocneayto-
LLMM MEeXaHUYEeCKUM OTAENEHMEM METanIMYeckoro U TEKCTUNBHOMO Kopaa And LWMH U no-
KpbILLEK M NonyyYyeHnemM BTOPUYHOIO ChIPbSA PE3NHOBOWN KPOLLKMW.

Cnocobbl n3menb4YeHrs pasnuyalnTca nNo Temnepatype uamenbdeHuss (Nnpy oTpuua-
TenbHbIX TEeMNepaTypax 1 Npu MonoXUTENbHbIX TeMnepaTypax) U cnocoby MexaHM4Yeckoro
BO34encTBuA (yaapHbIN cnocob, ncTupaHue, cxaTtue, cxatme co casurom, pesaxue) ([109]).

M3menbyeHue ocylecTBnaeTca cnegyowmmMmm MeTogamu:

- pesaHve — npuv pes3aHnn n3genui u3 pesuHbl, NoTepsBLUMX NOTpebuTensckme cBon-
CTBa, pasgeneHne Ha parMeHTbl NPOUCXOOUT C NMOMOLLBI PEXYLLMX UHCTPYMEHTOB, ABNA-
IOLLNXCS KOoHUeHTpaTopamu HanpsbkeHna. Ha adpdpeKkTUBHOCTL pe3aHnsa BNUSKOT CKOPOCTb
pe3aHuns, opmMa MHCTPYMEHTa N CBOMCTBA OTXOA0B;

- yoapHoe Bo3gencTBne — npu ygapHOM BO3OEVUCTBUU Ha U3OEenvUs U3 pe3uHbl KUHe-
TMYEeCKas 3Heprus yaapHoOro WHCTPYMEHTa pacxodyeTca Ha AedopmMauuio paspyLueHus.
O deKT BO3LENCTBUA MHCTPYMEHTA NPU yaape 3aBUCUT OT €ro MacCbl U CKOPOCTU OBMXKE-
HUS;

- UICTUPaHNE — NPU UCTUPAHUN U3AENNSA U3 PE3MHbI KOHTAKTUPYIOT C abpasnBHbIM UH-
CTPYMEHTOM. Ha npouecc namesribMeHnsa NcTupaHmem BnNusieT OTHOCUTESNbHAsA CKOPOCTb B3a-

nMoaencTBms 3Menb4aemMoro Matepuana n abpasmBHOro MHCTPYMeHTa.
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OcHoBHble aTanbl yTunuaaumm PTO BkntovatoT:

- NOArOTOBUTENbHbBIM 3Tan — yaaneHna GopToBbIX KOrel, Hapesaka usgenun mns pe-
3MHbI Ha NEHTY;

- N3MernbYyeHne — n3MenbyeHne pPe3nHOBLIX NEHT 4O KYCKOB pe3uHbl (Y4MNCOB) MOXeT
OCYLLECTBMAATbCA Ha HOXeBbIX apobunkax. Mpu apobneHnn, obpabaTtbiBaemas B gpoburnke
Macca pasgensaeTcda Ha pesvHy, MeTannyeckmi Kopa, 6opToByO NPOBOSOKY U TEKCTUIBHOE
BOJIOKHO;

- yoaneHuwe meTannuMyeckoro kopga — CBOOOAHbIM MeTann yaansetcd € NOMOLLbHO
MarHUTHbIX cenapaTopoB U BPUKETUPYIOTCS;

- MOBTOPHOE N3MENTbYEHNE — Pe3NHA N3MENbYAETCS B IKCTpyAepe-u3MenbunTene;

- yoaneHme TeKCTUMbHOro KopAa — OTAEefNleHMe OCTaTKOB TEKCTUMbHOIO BOJSIOKHA OT
PE3NHOBOM KPOLLKM NPON3BOANTCS C NOMOLLbIO rpaBUTALUMOHHOIO cenaparTopa;

- TOHKOAMCNEPCHOE U3MESTbYEHME U PacCeB — OYMLLEHHbIA PE3NHOBLIN NMOPOLLIOK NO-
AaeTcsa Ha TOHKOAMCNEPCHOE N3MeNbYeHne U pacceB Ha dpakumm (BM6POCUTO).

Ha Bbixoge nony4vatoT 3 dopakumm pe3nHOBOro NopoLLKa:

- 1-a ppakumnsa — 0,5...0,8 mwm;

- 2-9 ppakuns — 0,8...1,6 mm;

- pononHutensHasa gpakuna — 0,2...0,45 mm (Nnoctaeka no 3akasy).

CTaHkn Ons NOAroTOBKM M3AeNun M3 pe3uHbl (MOKpbIWeK, WNH 1 ap.) K yTunusaumm

npencrasneHbl Ha pucyHke 2.10.

PucyHok 2.10 — CtaHkm ansa nogrotoBku PTO K yTunusauum:

Bblpe3aTesib N0Cago4HOro Kosibua, pa3pesaTtesib Ha JIeHTY,

paspes3aTtesib Ha KyCKU, BbRKMMaTesib Nocago4YHOro KosbLua

B HacTosilee BpeMsi HA POCCUMIACKOM PbIHKE MPeACcTaBneHO A0CTaTOMHOE KONMMYeCcTBO
NMHUIN MexaHnyeckoro apobnexHus pasnuyHon komnnektaumm ([110]). Stanbl nepepaboTkm

PTO npeactaBneHbl Ha pucyHke 2.11.
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TexHonorM4yeckaa cxema Merammreaoe
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PucyHok 2.11 — TexHonornyeckas cxema rno ytunmsaumm nsgennin n3 pesnHbol,
noTepsBLUMX NOTpebuTenbckne CBOMCTBA

(LWKMH, NOKPBbILLEK, KAMEP PE3NHOBbLIX) B PE3MHOBYH KPOLKY ([111])

AMuccum B oKkpyxaruwyr cpeay. B xoge ytunmsauum PTO npoussoantcsa BbIGpOC
3arpsAsHALWMX BelwecTB (Pe3NHOBOM MNbiv) B aTMOCKEpPHbIA BO3AyX OT ApOOUNOK U un3-
MenbYnTeEnen.

CTo4Hble BOAbI B NpoLecce yTunusaumm He obpasytoTcs.

B xoge ytunusaumm PTO obpasytoTca oTxoabl MeTanfokopaa U TEKCTUNBHOMO Kopaa.

dunsmyeckumm akTopammn BO3AENCTBUS ABNAIOTCA WYM M3Menbuntenen n snbpauns

BnbpocuT.
BapoaecTpykUMOHHas TeXHOMOrmnA

B ocHoBy 6apoaecTpyKUMOHHOM TEXHOMOrMKU yTUNu3aumm nsgennin n3 pesunHol 3arno-
XXEHO SIBNEHME «NCEBOOCKMKEHUSI» Pe3nHbl NMPU BbICOKMX AaBneHusx. Bo Bpemsa aToro npo-
uecca mmerwmnnca metann n 6opToBble KonbLa OTAENATCA OT OCHOBHOM PE3MHOBOW Mac-

Cbl, KOTOpPadA HanpasndeTcd and AanbHenwero n3menb4YeHns n cenapauunn.
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Cxema nuHum 6apofecTpyKLMOHHOW TEXHOMOrMM npeactaBfieHa Ha pucyHke 2.12.
OcHoBHble aTtanbl ytunusaumm PTO BknioYvatorT:

- 1-1n 3Tan TEXHONOrM4YECKOro rnpoLecca BKNYaeT pe3ky 1 npeccoBaHve, nsgenuve no-
AaeTcsa Ha Npecc AN pe3ku LWWH, rAe 0TXo4 paspes3aeTcs Ha Kycku maccoun He bonee 20 kr;

- 2-1 3Tan TexHonorn4yeckoro npouecca — obpaboTka Ha arperatax C BbICOKMM [aB-
neHuem. B ycTaHOBKe BbICOKOrO AaBreHus 0TXo[4 3arpyxaeTcsa B pabodyto kamepy, rae npo-
NUCXOANT CXKMKEHME PEe3VHbl U UCTEYEHUN ee Yepe3 OTBEepCTUS CrieumarnbHOW Kamepsbl, ee
3KCTpy3na B BuAe KyckoB pasmepamu 20-80 mm. OQHOBPEMEHHO MPOUCXOAUT OTAENeHue
KOMMOHEHTOB MeTarnmna 1 TEKCTUMS, KOTopble HanpasnaTCca Ha BpukeTupoBaHue;

- 3-1 3Tan — OKOHYaTenbHas O4YucTKa W nonyyeHwe ToBapHOro npopykra. [locne
YCTaHOBKM BbICOKOrO [aBIieHUs1 pe3nHOBasi Macca HanpasnseTcs AN OKOHYaTernbHOW
O4YUCTKM OT MeTanokopaa. OcsoboxageHHaa oT MeTanfnokopaa pe3vHoBas Macca nofaeTcs B
POTOPHYt0 ApobunKy, rae namenoyaetca o 10 mm. B kopgooTtaenutene npovcxoguT oTtae-
rNeHve pe3unHbl OT TEKCTUMBHOMO KopAaa v pasaeneHne pe3anHoBOMW KPOLLIKW Ha ABe hpakumu:

- MeHee 3 MM;

-0oT 3 o 10 mm.
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PucyHok 2.12 — Cxema 6apoaecTpyKUMoHHON TexHonoruu ytunusauum PTO ([112])

PesunHoBas Kpolka dpakumen 6onee 3 MM NogaeTca B 9KCTPYyAEP-U3MENbYNTENb U

nocrne namMeribv4eHna nocTtynaeT BHOBb B KOpOOOTAETUTESb. TeKCTUNbHbIN KopA nocrtynaet B

KOHTElHep, a pe3nHoBas Kpollka — Ha BUOPOCUTO, rAe paccemBaeTcs Ha Tpu opakLmu:

-l—o10,300 1,0 MM;

-l—o110p

- Il — cBbIWwe

0 3,0 mm;
3,0 MmMm.

dpakums peanHoBo Kpolwku 6ornee 3 MM Bo3BpaLLaeTcsl B 3KCTPyAep-U3MenbymTenb,

a pesuHoBas kpowka | n Il dpakumm oTrpyxkaetca nokynatento ([112]).

AMmuccumn B okpyxaruwyr cpeay. B xoge yrunusauum PTO npoussoguTcs BblGpocC

3arpssHsaOLWmMX BewecTB (Pe3nHOBOW Mbinn) B aTMOCKEpPHbIA BO34QyX OT 3KCTpyaepa — U3-

MenbYMTENS U POTOPHON OPOOUNKN.

CTOuYHbIE BOAbI B MpoLecce yTunusaumm He obpasyoTcs.
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B xoge ytunusaumm PTO obpasytoTca oTxoabl MeTanfokopaa U TEKCTUNBHOMO Kopaa.
dunsmyeckumm akTopammn BO3AENCTBUS ABNAIOTCA WYM M3Menbuntenen n snbpauns

BnbpocuT.
HuskoTemnepaTypHasa TexHonorus

B ocHOBY TexHOMormm HuU3KoTeMnepaTypHOU yTUNU3auuu MU3genun m3 pesuHbl 3arno-
XEeHO dABneHne nepexoda pesuHbl NpU HU3KOTEMMNepaTypHOM OXIaXOeHuu B «MnceBaoXpyn-
Koe» coctosiHue. [pobrneHne npu HU3KMX TemnepaTtypax ynydwaeT oTaeneHne metanna u
TEKCTUNA OT Pe3unHbl, NoBbILWAET BbIxog pe3uHbl ([113]).

TexHonornyeckass cxema Hu3koTemnepatypHou nepepabotkn otxogos PTO npegn-

CcTaBneHa Ha pucyHke 2.13.

/

MawwuHa \

| PoTopHasa |

Ans yganeHus > LLinHopes | j

| gpobunka |

GopToBbIX KONew \\

[/ PotopHo- |

| NONaToMHbIA | » AspocenapaTtop
\ M3menbyuTens |

\T/ 1 aTan 2 aTan
— ' — _— A —
/ BosmywHasi / y
\ [ MarHnTHbIN \

| TypbooxnaauTensHas «———— «—

\\\ MaLliHa / \\ cenapartop /

OTtrpyska notpebutento

PucyHok 2.13 — TexHonornyeckasa cxema Hu3kotemnepatypHon ytunmsaumm PTO
([112])

OcHoBHble aTanbl nepepaboTkn PTO BkntovatoT:
- NOArOTOBUTENbHbBIM 3Tan — yaaneHns 60pTOBbIX KONew, Hapeska 1u3genvi u3 pesu-

Hbl HA oparmMeHThI;
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- U3MenbyeHne — n3MenbYeHne pe3nHoOBbLIX PpparMeHTOB [0 KYCKOB pe3unHbl onpene-
NEHHOro pasMepa MOXeT OCYLLECTBATLCA HAa POTOPHbLIX Apobunkax;

- oxnaxgeHve oTtxoga go temnepatyp 60 °C — 90 °C, korga pesuHa nepexoauT B
NnceBOOXPYNKOE COCTOSAHME C UCMOSNb30BaHMEM XMUOKOro a3oTa (pMCyHoK 2.13) unn Bo3gyLu-
Hon TypbooxnagmMTensHON MaLUUHbI;

- U3mMenbyYyeHne — n3MenbyeHne OXNaXxaeHHOM pe3nHbl C OTAeNeHMeM MeTarnnokopaa
N TEKCTUNA N NOSTyYEHNEM PE3UHOBOW KPOLLIKU.

Ha pucyHke 2.14 npuBefeHa cxema aBTOMaTUYECKOW NIMHUM MO HU3KOTEMMepaTypHOU

nepepaboTke wuH 1 PTO, ucknovaroLen NnpuMeHEHNN XXUAKOro asoTa.
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PucyHok 2.14 — Cxema aBTOMaTUYECKOWN JIMHMM HU3KOTEMMNEPATYPHOW YTUNn3auum

PTO, nckntovatoern npumeHeHnn xungkoro asota ([112])

AmMuccum B oKkpyxaruwyr cpeay. B xoge ytunmsauum PTO npoussoantcs BbIGpOC

3arps3HAOLLMX BELLECTB (Pe3MHOBOW Mbifn) B aTMOCKEPHbIN BO3AYX OT KPUOMENbHULIbI.
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CTouHble BoAbl B NpoLecce yTunusauumn obpasyoTcs Ha ctagmm NoAroToBKM Npy MOR-
ke PTO.

B xoge ytunusaumm PTO obpasytoTca oTxoabl MeTannokopaa U TeKCTUINbHOro kopaa.

dusnyecknmn akTopamm BO3LENCTBUSA SABMASKOTCA LUYM POTOPHbLIX Apobunok (M3-

MenbynTenen).
TexHonorus yrunusaumm npy noBbIWEHHbIX TeMnepaTypax

B ocHOBY TexHOorum ytunmsauum npu noBbILWEHHbIX TeMnepaTypax u3genun mns pe-
3MHbl 3ar0XeHOo MNOBbILEHWE TemnepaTypbl TEXHOSIOrMYeCcKoro npouecca ytunumsauuu, Ao
TemnepaTyp creun@uyHbIX ONA KaX4oro Tuna pesnHbl U Npu KOTOPbIX HAYMHaeTCa TepMoak-
TMBMPOBAaHHbIN pacnag NonucynbMUAHbBIX UKW OPYTMX MEXMONEKYNAPHbIX CBA3en. Tepmoak-
TMBUPOBAHHLIN pacnaj MeXMONEKYNApHbIX CBsA3en obrnerdaet mMexaHn4yeckoe paspyLueHue
pe3uHbl.

Ho meToabl yTunusaunm npu BbICOKUX TemMrnepartypax He rnonyynnv pacnpoctpaHeHus
n3-3a NOCTENEHHOro HanMnaHua nepepabaTbiBaeMOn pe3uHbl Ha pexyLume fnesBus, Ha npu-
MeHsieMble 0N yOapHOro paspyLlueHUss MOMOTKA MU Ha CTEHKU Kamepbl uaMenbvyeHunsa. EguH-
CTBEHHbIM WCKIOYEHVEM SABNAETCA MeTod COBWUIroBOro W3MeENbYeHus, KOTOpbIA B crny4yae
N30MpPeHOBOW pe3uHbl NpumeHsT gaxe npu 180 °C — 190 °C, a B cnyyae 3TUNEeHnponu-
neHgneHoson pesuHbl nNpyn 240 °C — 250 °C. BbicokoTemnepaTypHOe COBWUIOBOE BO3aem-
CTBUE NPUMEHSIETCA Ha ABYX OCHOBHbIX 3Tanax nepepaboTku: Npu OTCNOEHUN LWMHHOW pe3u-
Hbl OT KOpAa v NPy TOHKOM U3MENbYEHUN PE3UNHBI.

AMuccum B oKkpyxaruwyr cpeay. B xoge ytunmsauum PTO npoussoantcs BbIGpOC
3arpsA3HALLMX BEWECTB B aTMOCHEPHbIN BO34yX OT npouecca TepMmyeckorn o6paboTku.

B xoge ytunusaumm PTO obpasytoTca oTxoabl MeTannokopaa U TeKCTUNbHOro kopaa.
TexHonorua pereHepauum

B ocHoBY TexHonormn pereHepauMm uU3genun U3 pesvHbl  3anoxeH JU3MKO-
XUMUYECKUN Mpouecc, B pesyrbTaTe KOTOPOro pesvHa npespawaeTca B MracTUYHbIA Npo-
AYKT pereHepar.

CyLiecTBylOT pasnuyHble cnocobbl NONyYeHUs pereHepara, oTniMyarLmecsa xapakre-
POM U MHTEHCUBHOCTbIO BO3L4ENCTBUS HA PE3NHY, a Takke NpMpoaon U KONIMYEeCTBOM y4yacT-
BYHOLIMX B pereHepauuu pesvHbl BewecTB. B npouecce pereHepaumm pesmHbl NPpoOUCxXoaaT
cnegyouwue npouecchol ([114], [115]):

- DEeCTPYKUMS YrNeBo4OPOAHbIX Lienen;

- CTPYKTYpUpOBaHME BHOBb 06pa30BaBLUNXCS MOMEKYNSAPHbIX Lienen;
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- YMEHbLUEHME cofepxaHus cBOBOOHOW cepbl, UCMOMNb30BAHHOW ANS BYNKaHW3auuu
pe3uHbl;

- eCTPYKUMS CepHbIX, NONNCYNbMUOHbLIX CBA3EN;

- MOgumKaums MONEKYNAPHbIX Lenen Kayyyka,

- UBMEHEHWE YrNepoaHbIX Lienen, obpasoBaHHbIX CaXXen, COAepKaLLENCHa B PE3NHE.

M3BecCTHbI criegyrowiMe mMeToabl NPOU3BOACTBA pereHeparta: HeuTparnbHbIA, KUCIOT-
HbIW, LLENTOYHOW, NapOBOW HN3KOrO N BbICOKOrO AaBSIEHNSA U TepMOMEXaHudecknin. [Ans pesnH
Ha ocHoBe ByTunkaydyka Hanbonee ahpeKkTMBEH pagnaunoHHbIM METOA pereHepauumn ¢ uc-
Nnonb3oBaHUEM U3NyYeHU BbICOKUX aHeprun. [1na npoussBoacTBa pereHeparta fobbiM MeTo-
AOM Heobxo4MMO nepBOHAYanbHO NM3MENbYUTb U3HOLLEHHbIE LUNHBI B KPOLUKY; MPU 3TOM KO-
HeYHbI pa3Mep KPOLLKU 3aBUCUT OT MeToa nosiydyeHust pereHepata. B HacTosilwee Bpemsa B
LWUMHHOM MPOMBILLSIEHHOCTUN pereHepaTt MpakTU4eCcKu He NPUMEHST, a B NPOMbILLNIEHHOCTH
Nno NPOM3BOACTBY PE3VHOTEXHUYECKUX U3AENNA UCNOSb3YIOT TOSMbKO ANA U3roTOBMEHUS Ma-
NOOTBETCTBEHHbIX nsgenuu ([115], [116]).

Mpouecc pereHepaunn PTO BkoyaeT criegyrouime TeXHONOrMYyeckne onepawmm:

- COPTUPOBKY U U3MeNbYEeHNEe 0TXOL40B PE3NHbI;

- ocBobOXOEHNE 0TXOA0B Pe3nHbl OT TEKCTUITLHOrO BOSIOKHA U MeTanna;

- AeByrKaHN3aLMIo U MexaHn4yeckyto obpaboTky AeByrnkaHusaTa.

PasHble cnocobbl pereHepauum OTNUYAKOTCA rNaBHbIM 06Pa3OM  TEXHUYECKUM
odhopmMreHMeM npolecca AeByrkaHu3auuu.

K ycTtapeBwum mMetofam pereHepaunm OTHOCATCA LLENOYHOMW, KACMOTHLIW, TepMuye-
CKMW, MapOBOW METOAbIl, a Takke MeTo pacTBOPEHUS.

B HacTosdlWee BpeMsi NMPUMMEHAITCA TpU MeToda pereHepauun: BOLOHEUTpasnbHbIN,
TepMoMexaHn4Yecku n metog aucneprmposanus ([116]).

BopgoHenTpanbHbI METO, BKIOYAET CrieqyoLme OCHOBHbIE onepauuu:

- NOAroTOBKY PE3UHbI;

noaroToBKy MAryuTENEN N aKTBATOPOB,

OeBYIKaHM3aunto; BliarootgernieHne n CyLuKky,

MeXxaHu4eckyo obpaboTky.

BogoHenTpanbHbii MeTO4 MMeeT NepuoanYHOCTb npouecca u 6onbline 4O3MPOBOKM
MSAr4nTEnNs, YTO BNUSET Ha Ka4eCTBO pereHepara.

MeTogom AucneprnpoBaHMs He Mony4vmn LWMPOKOro pacnpoCTpaHeHus BCnencreve
CINOXHOCTEN, CBA3aHHbIX C pacnblNIUTENbHOW CYLLKOW BOLHOW ANCMEPCUNN PE3UHBI.

MeTon TepMOXMMUYECKOM pereHepauunn, ABNAeTCs HenpepbiBHbIM npoueccom. [1po-

uecc aesylnkaHu3auun, B JaHHOM Cllydae, OCyLleCTBAeTCA B HENPEPbIBHOM LUHEKOBOM [€e-
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BYNKaHM3aTope B NPUCYTCTBUN MAMYUTENS U akTuBatopa gecTpykumn. [laHHbIi meToq pere-
Hepauun nony4mnn Hanbonee WMpokoe pacnpoctpaHeHme ([116], [117]).

Amuccumn B okpyxaruwyro cpeay. B xoge yrunusaunm PTO npoussoguTcs BbiGpoc
3arpsAsHALLMX BELWecTB) B aTMOCHEPHbIA BO3AyX Ha CTaguax BRaroOTAENeHus, CyLWKU U
MexaHun4yeckon obpaboTku.

B xoge ytunusaumm PTO obpasytoTca oTxoabl MeTannokopaa U TeKCTUINbHOro kopaa.

dusmyeckumm pakTopamn BO3AENCTBUS ABMAIOTCA LWYM M3MenbyYuTenen Ha crtaguu

MexaHu4eckon ob6paboTku.
Muponus

B ocHOBY TexHOMOrmMm MONOXEHO TeEPMUYECKOEe pasrioXeHne Pe3nHOTEXHUYECKUX OT-
xopoB B 6eckucnopoagHon atmocepe (nmponus). B npouecce nuponusa obpasyeTcs cMmecb
roproYmx rasoB (CMHTe3-ras) v psag gpyrux npoaykToB, COCTaB KOTOPbIX 3aBUCUT OT Npupoabl
NUCXOAHOrO CbIpbsl, TEMMepaTypHOro pexuma, OaBfeHus, CKOPOCTU HarpeBa B peakTope,
BpEMEHU HaXOXOEHUSA B Kamepe.

HuskoTemnepaTtypHbIn NMpPONn3 nossonseTt pasnoxmnts PTO Ha cocTasnswowme Kom-
MOHEHTbI C Nony4yeHneM crnegyroLien NpoayKUnK:

- TEXHNYECKUI yrnepod — MCMNOoMb3yeTCa B KayeCTBe HanoNHUTENs B NPOU3BOACTBE
HEOTBETCTBEHHbIX PE3WNH, TPAHCMOPTEPHBIX JIEHT, TEXHUYECKUX NNAaCTUH, B CTPOUTENLCTBE;

- TEPMOSNN3HbIN ra3 — ABNAETCH aHanoroMm NpMpoaHoro rasa;

- NPECCOBAHHbLIN METAsNOKopPA,

- CUHTeTUYeCcKass He(Tb — MO CBOEMY COCTaBy MPaKTUYECKU MAEHTMYHA MPUPOAHOM
HedTH.

CyLiecTByeT HECKONBbKO BapMaHTOB TEXHOMOMMN HU3KOTEMMNepaTypHOro nMponuaa:

- MMPONN3 OpraHNYecKnx OTXOL40B B Bakyyme;

- HEMOMHOE CropaHue C orpaHWYeHHbIM JOCTYNoM Bo3ayxa (Npy TemnepaType nopsaj-
ka 760 °C);

- MNPOSIM3 C BHEOPEHMEM BO3yXa;

- IMponn3 npu Temnepartype 6nmskon k 850 °C.

B npouecce nuponusa npeobpasoBaHme Cbipbs NPOXOAUT B HECKOSMBbKO CTaauN:

1) BbiCcylIMBaHWE;

2) cyxasi neperoHka;

3) HEMOJSTHOE CropaHue;

4) rasngoukaumsi.
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O6paasylowmecs B xoge npouecca nuponmsa razoobpasHbie NpoayKTbl TEPMUYECKOTO
pasnoXeHns OTXOAOB OXNaXKAaloT, pasdensasa Ha Xuakue n rasoobpasHble dpakuuun. MNpu
3TOM naporasoBas CMeCb NMPoOXoauT TPU CTyNeHu KoHAeHcaunn. B nepsBon ctyneHn otoens-
eTca TaKenasa ppakums ¢ Temnepatypon kmneHna 250 °C — 380 °C, Bo BTOPOW CTYMEHUN OT-
aendeTcsa Xuakasa pakums ¢ temnepatypoun kuneHna 160 °C — 260 °C n B TpeTben cTyne-
HW ocyulecTBnseTcs koHaeHcauusa 85 °C — 160 °C. B pesynbTaTe nNMponvsa cCoeauHeHus
npeobpasytoTca B 6onee NpoCTble HETOKCUYHbIE XWMAOKME, MacnsHUCTble M ra3oobpasHble
NPOAYKTbl PasnoXeHus.

[Mocne 3aBepLueHNs npouecca TePMUYECKOro pasnoXeHUss 0TX040B TBEPAbIN OCTaToOK
BbIBOOAT U3 Kamepbl TepmoobpaboTkm u oxnaxgatT go temnepatypbl 100 °C — 12 °C.
OxnaxgeHHyo TBepay (pakumio cenapupyroT U OTAENAT MeTannokopd OT yrrepoja.
HekoHOeHcupyoLwmecs roptodme rasbl U3 nocnegHen cTyneHyn KoHAeHcauumn nogatoT Ha CKK-
raHue.

AMuccum B oKpyxawluyr cpeay. B xoge ytunusaumm PTO obpasyotca oTxoabl
MeTannokopga. locne 3aBeplueHUs npouecca TePMUYECKOro pasrioXeHus OTXo4O0B TBep-
Obli  OCTaTOK BbLIBOAAT M3 KaMepbl TepMoobpaboTkm M oxnaxgarwT A0 TemnepaTtypbl
100 °C — 120 °C. OxnaxgeHHyto TBepayl dpakuuio cenapupyroT U OTAENAT MeTanno-

KopZ4 OT yrnepopa.

2.5 OnucaHue NpuUMeHsieMbIX TEXHONOrM4YeCcKux npoLeccoB B
obnacTu yTunmsaumm nnacTtMaccoBbIX U3gesiMn, yTpaTuBLLUNX
noTpeduTensLckMe CBOMCTBA, B TOM YUCIIe YNaKOBOYHbIX

nnacTMaccoBbIX Usgenun

B ocHOBHOM Macce MeTobl HanpasfieHbl Ha YTUNN3aLUNIO NIacTMacCoBbIX U34eNnn ¢
Lenblo NoNy4YeHns BTOPUYHOIO CbipbA — HApEe3aHHOro UIu rpaHyIMpoBaHHOro Jfierkocbiny4ye-
ro nosIMMepHoOro Matepuana.

CyuwlecTtByeT ABa OCHOBHbIX MeTOAA rpaHynMpoBaHUs nnacTMaccoBbix oTxonos ([33],
[34]):

- XONnoAHOe rpaHynmpoBaHme — pacnrnas nonumepa npoaasnuBaeTcs Yepes nepdo-
pPUPOBaHHYIO NNacTuHy, B pesynbTaTte 4ero nony4varTtcs cTpeHrn. CTpeHrn oxnaxparoT U
Hapes3aroT Ha rpaHynbl;

- ropsiyee rpaHynupoBaHWe — pacnriaBlieHHbI MaTepuan npoAaBnvBaeTcs 4vepes

Kpyrnble OTBEPCTUSI paboyelt NoBepxHOCTU. MonyYeHHbI MaTepuan UMeeT BUA CTPEHTU, KO-
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TOopas B ropsideM BuAe Hapes3aeTcsi Ha Menkue rpaHynbl nnbo Tabnetku. MpaHynbl oxna-

XOaKTCA NOTOKOM BO3ayXa.

2.5.1 TexHONOrMM yTUNU3aLMN NNAacTMacCOBbIX U3AENUN, YTPaTUBLLUUNX
noTpebuTenbcKkMe CBOMCTBA, B TOM YUCIIe YNAKOBOYHbIX NSIaCTMacCoBbIX

n3penun, OCHOBaHHbIE Ha ¢m3uqecmx MeToAaax

B ocHOBY TexHoOnormm ytunusauum nosioXXeH MexXaHUYeCKUn PEeUMKIMHI NONMMEPHbIX
OTXOAOB C LIENb X BTOPUYHOIO NCNOSb30BaHUS.

[MpoaykTomM un3amenbveHus/apobneHns SBNAeTcs HapesaHHbIn U/MNu rpaHynMpoBaH-
HbIW NONIMMEPHbLIN MaTepuarn B nerkocbinyyen oopmMme, KOTopbii NpegHasHavyeH ans UCnorb-
30BaHus ([118]).

Cxema MexaHU4eCcKOM yTUnusauumn nnacTUKOBbIX OTXOO0B «CYXUM» U «MOKPbIM» Me-
TogamMu npuBedeHa Ha pucyHke 2.15.

CnoXHOCTb yTUnM3aumm 3akniovaetca B Heo6xoaMMOCTH TaTenbHOW COPTUPOBKM U
OYMCTKM OTX0A0B nracTtuka. MNMepepaboTka B «dnekcbl» nnm «apobneHky» BkroyaeT B cebs
onepauuun gpobneHus, Morku, o6e3BoxnsaHma n cywku. MNMpn gobasneHnn onepaumn arno-
Mepauuu nony4yarT arnomepar, npu gobasneHnn npouecca rpaHynaunum — rpaHynsT, KOTo-
pbIv ABMISIETCA rOTOBbIM BTOPUYHBIM CbipbeM AN NPOM3BOACTBA NIAcTUKOB (PUCYHOK 2.15).

OCHOBHbI€ 3Tanbl yTUAM3aUnmM «MOKPbIM» METOAOM BKIIHYAIOT:

- COPTUPOBKY OTXOO0B NO Ka4yeCcTBy, COCTaBy, LUBETY U CTENEHU 3arpA3HEHUA;

npegBapuTernibHoe namMmeribdeHmne OTxoa40B;

MOBTOPHYIO COPTUPOBKY MOMYYEHHOW CybCTaHumu;

MPOMBIBKY U CYLLKY NITaCTUKOBbIX YaCTUL;

arnomepaumnio oTxoagos;

nponyckaHne BTOPUYHOIO Chipbsi Yepe3 MeTannogeTekTop;

SKCTpyanpoBaHune Onda nonyvyeHna oaqHopoaHoro noyintMepHoro pacriiaea,

M3roToBrIEHNE rpaHynATa;

3aTapuBaHne BTOPUYHOIO CbipbA U CKnagnpoBaHUE.
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PucyHok 2.15 — Cxema MexaHU4YeCckon yTUnm3auum nnacTMkoBbIX OTXOO0B

(cyxom n MoKpbI MeToAbl)

OCHOBHbIE 3Tarbl yTUMM3aLIMU «CYXOM» METOLE BKIHOYaIoT:

- COPTUPOBKY OTXOZO0B MO Ka4eCTBY, COCTaBy;

- npeaBaputesribHoe unamMesibMeHMne OTXO0O0B (J'IVITHVIKVI 3a6paKOBaHHble n JNnTbeBble

n3genus) unu arnomepaumst otTxogos (NneHka);
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MOBTOPHYIO COPTUPOBKY MOMYYEHHOW CybCTaHUmu;

arnomepaumnio oTxoagos;

npornyckaHne BTOPUYHOIO Cbipbsi YEpe3 MeTannoAeTeKTop;

N3roTOBMEHME FpaHynATa No 3afaHHbIM XapakTepuUCTUKaM BS3KOCTW, MAOTHOCTU U
pasmepa;

- 3aTapuBaHue BTOPUYHOIO CbipbS U CKNagupoBaHue.

AMuccumn B oKpyxarollyt cpeay. B xoge ytunusauumn nsgenuin ua nnactMmacc npo-
N3BOANTCA BbIOPOC 3arpsaA3HAILWNX BellecTB (MONMMeEpPHOW MNbinu, yrnepoga okcua) B aTMO-
chbepHbI BO3aYyX OT ApOBUIIOK U U3MENbYNTENEN.

CTouHble BOAbl B Npouecce yTunusaumm obpasytoTcs OT MOWKU U3MESNbYEHHbIX OTXO-
A0B NpU «KMOKPOM» MeToae.

B xoge ytunusaumu unsgenuim n3 nnacrmacc obpasyoTca OTX04bl Ha aTane copTMPOB-
KM MONMMEPHbIX OTXOO0B.

dusnyecknmun akTopamn BO3AENCTBUSA ABMSAIOTCA LWYM U TeNsoBoe BO3OeNCTBUE U3-

MenbynuTenen.

2.5.2 TexHonorum yTunmsauumm nnactmMaccoBbIX U3genun, yTpaTuBLLKX
noTpebuTenbCKue CBOMCTBA, B TOM YMCIie YNaKOBOYHbIX NS1aCTMacCoOBbIX

M3genun, OCHOBaHHbIE Ha (*)VI3VIKO-XVIMVI‘IeCKVIX MeTo4dax

B ocHOBY TexHOorum ytunusawumm nosioXXeH MeTo NoOBTOPHOIO NiiaBrieHns nosimmep-
HbIX OTXOAO0B 41151 NOSTyYEeHUN rpaHynaTa u 3genuin aKCTpy3nen unum NnuTeemM noa AaBneHnem
([33], [34]).

JIntbe nog naesneHnem — npoLlecc, BKIIYaLWmn criegyroLlime onepaumm:

- U3MenbYyeHne OTX040B MNIEHOK N NIUCTOB;

- (bopmoBaHMe HOBOrO U3Jenna MeTogoM NUTbSA No4 AaBNEHNEM.

[na nepepaboTkn 0TX040B METOOOM NUTbA NMOA AaBfieHUEM, Kak npaBuno, NpuMeHs-
0T MaLWHbI, C NMOCTOSHHO BpaLLAWMMCS LUHEKOM, KOHCTPYKUMS KOToporo obecneuvvBaeT
CaMOrnpoun3BOsibHbIM 3axBaT M roMmoreHnsauuio otxogos ([119]).

OKCTPY3ns — MeTOA 3aknio4aeTcsa B HenpepbiBHOM NpodaBnnBaHMM pacnsiaBieHHoro
NONIMMEPHOrO ChIpbs Yepes cneuunanbHyo opmupyloLLyo ronosky. bnarogaps BbixogHOMY
KaHany onpegensietcs npogunb 6yayuwiero nagenus. [na ocywecTBNeHNs 3KCTPY3MOHHOIO
npouecca MCnonb3yT 3KCTpyaep. B akcTpyaoepe maTepuan nnactuumpyeTcs, roMoreHusmn-
pyetca u npu HeobxoaumocTtu aerasmpyetcsa ([119], [120]). Cxema nepepaboTkm OTXO40B
NONNATUNEHOBOWN MAEHKU C NPUMEHEHMEM IKCTPY3MOHHOIO MPeccoBaHWs NpeacTaBneHa Ha

pucyHke 2.16.
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PucyHok 2.16 — Cxema nepepaboTku OTXOA0B NONMMITUINIEHOBOW NIEHKM C

NPUMEHEHNEM 3KCTPY3NOHHOIo npeccoBaHUA.

Hanbonee pacnpoctpaHeHHble BUAbl 06opyaoBaHMa Ana nepepaboTkm NONMMEPHbIX
0TX040B METOAOM TEPMOOPMOBAHUS:
- YepBSAYHbIE NPECCHl;

- BblAYyBHbI€ arperarhbl,
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- NMNHUN NS NPOU3BOACTBA PYKaBHOW NNEHKU;

- Tpy6HbIE NMNHUK N 060N0YKOBbIE TPYOHbBIE NNHUK;

- NMINHUN O4Na NPON3BOACTBA rOPUPOBAHHbBIX LUIAHIOB;

- TepMmonnacTasTomarTbl;

- 3KCTpYyAepbl.

AMuccum B oKpyxarollyto cpeay. B xoge ytunusauumn nsgenuin u3 nnactMmacc npo-
n3BOANTCA BbIBPOC 3arpA3HAOWMX BeWecTB (Nblflb NONMMEpPHas, yrnepoaa okeung, CMechb yr-
NeBOAOPOAOB NpeaenbHbIX) B aTMOCMEpPHbIN BO3ayX OT ApOBUNoK, akCTpyaepos, Tepmonna-
CTaBTOMaTOB.

CTouHble BOAbI B Npouecce yTunusauum nsgennuin n3 nnacrmacc obpasyotca oT npo-
MbIBKW U doyra OT LeHTpUQyr.

B xoge ytunusaumm nsgenui ua nnactmacc obpasyrTca oTxoabl (XBOCTbl) Ha atane
COPTMPOBKN MONMMEPHbIX OTXOO0B.

dunsmyeckumm akTtopamm BO3LENCTBUS ABNAIOTCA LWyM, BUbpaumsa u TennoBoe BO3-

Jencreme.

2.5.3 TexHonorum yTunmsauumm nnactmMaccoBbIX U3genun, yTpaTuBLLKX
noTpebuTenbCKue CBOMCTBA, B TOM YMCIie YNaKOBOYHbIX NS1aCTMacCoOBbIX

M3genun, OCHOBaHHbIE HA XUMUYECKUX MeTohax

B ocHOBY TexHOMOrMM yTunmsaumm nosioxXeH MeTo4 rmaponmsa NosiMMepHbIX OTXOA0B
OCHOBaHHbIV Ha pacLlenneHnun nnacTMacc BOAHbIMU pacTBOpaMM KUCMOT Npy ENCTBUM Bbl-
cokmx Temnepatyp ([34], [118]). lNpouecc rmagponmsa MMeeT MHOXECTBO MOAUMUKALNA.
Nx oTnnume 3akntovaeTcs B NPUMEHAEMbIX KaTanu3aTopax M KONM4ecTBe 3TanosB rmapupo-
BaHUS.

MpooyKTOM yTURAM3auuKn ABMASIETCA MOSNTHOCTBI OYULLEHHBbIE OT TOKCUYHbLIX BELLECTB
rpaHynbl NnacTuka.

MepepaboTka NnacTmka OCyLEeCTBASETCS B CneayoLemM nopsake:

- MPOMbIBKa N n3mMmeribdeHne oTxoaoB;

oxpynymnBaHue Nosty4eHHbIX XJ10MbEB;

nameribdeHmne o 4actumy pa3mepomM B HECKOJIbKO COTEH MUKPOH;,

rmaponuaauusa cybctaHumMmM BOAOW B peakTtope npu Temnepatypax go 200 °C n He-
6onbLIOM BakyyMme;

- HeMTpanus3aumsa Nony4YeHHbIX PpacTBOPOB,;

- unbTpaumsa TeepabliX ppakuunm;

- AncTnnnaumna nofly4eHHoro BogHOro pacrteopa,
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- nonumMmepu3saums obpasoBaBLLENCSA ONIMTOMEPHON CMECH.

[obaBneHne pasnnyHbIX KaTanM3aTopoB Ha OCHOBE [MMKOMEN U MeTaHosa ganu pas-
BUTME cnocobam Ha OCHOBE Mpouecca rMMKonM3a U MeTaHonm3a.

MMukonns — cnocob nepepaboTkM NnacTuka OCHOBaH Ha npouecce rmaponuaa, rae
Ans genonumMmepusauum 0TX040B MCNOoMb3yHTCA rnukonu. Npouecc nposoanTca nNpu Temne-
paTypax nopsgka 210 °C — 250 °C v npu atmoccepHoM aaBrieHun. Bpemsa peakuuun n ee
CKOPOCTb 3aBUCAT OT KOnu4yecTtBa Jo6aBNseMbIX TPaHCITEPUPUKALMOHHBIX KaTann3aTopoB
([118], [121)).

MpoaykTbl, Nonyyaemble nNpu Takom cnocobe nepepaboTkn nnacTtmacc, 3aBUCAT OT
TMNa UCNonb3yeMOoro rMMKOMs MU ero KOHUEHTpauun B noniy4yaeMom pacnnase. 9710 Mory ObiTb
CMecu onuromepoB unun duc-(-okematun) tepedpranara (6O3IT). OanbHenwee npumeHeHne
OHW Haxo4sAT B NOMNYyYEHUN C UX UCMNOSb30BaAHNEM MONU3IUPOB N NONUMEPOB, a Takke BbICO-
KOMOJIEKYSIAPHbBIX CINPTOB.

MeTtaHonns — B ocHOBY crnocoba nonoXeH npouecc rnybokon nonvmepusauun (pac-
LensieHns) nrnactmacc ¢ rnoMmoLlbio MeTaHona. llpouecc mMeTaHonu3a OCYLLECTBISETCA B
cneumanbHbIX peakTopax (aBToknaBax) npu Temnepartype cBbiwe 150 °C wn gasneHuve
1,5 MlMa. Ona yckopeHus npoTekaHUs XMMMUYECKUX peakunin UCMonb3yrTCa KatanuvsaTopbl
nepeatepudukauyuun. B pesynbtate nony4arT rotoBoe XMMUYeCKoe CoeIMHEHNe, Harnpumep,
npu nepepabotke MTOP nonyyatotT agumetuntepedTanat ([121]).

AMuccum B OKpyxawllyr cpeay. B xoge ytunusaummn nsgenuin u3 nnacrtmacc npo-
NCXOOMT BblAeNeHne 3arpsasHaLWmnX BewecTB (Nbiib NONMMEpHasd, yrinepoga okcua, CMecb
yrnesoopoaoB npefenbHbIX U Ap.) B aTMOCHEPHbIN BO34yX NPaKTUYEeCKM Ha BCeX CTagusax
TEXHOJI0rM4YecKoro npotecca.

CTo4Hble BOAbBI B Npouecce yTunusauum M3genuim u3 nnactmacc obpasyrTcs OT npo-
MbIBKW 1 ounbTpaumm TBepablix opakumni.

B xoge ytunusauum nsgenuin M3 nnactmacc obpasyotca oTxogbl (XBOCTbl) Ha aTane
COPTUPOBKN MONMMMEPHbIX OTXOA0B.

MpoaykT nepepaboTkun NnacTnka — NblfieBo3ayLlHas CMeChb B3pbiBOONacHa
Muponus

B ocHOBY TexHOMoOrMn yTunuaauumn nonoxeH MeTon TepMogMHAMUYECKON OECTPYKLMM
NONMMEPHbIX OTXOLO0B, TepMudeckoe pasnoxeHune 6e3 goctyna Oz2c obpasoBaHueM nupo-
NN3HBIX ra30B U TBEPAOro YriepoaHoro octaTka, Ha3blBaeMoro KokCco3osbHbiM ([121], [122]).

YKngkme npoaykTbl NMPOSiM3a CXOXM NO CBOMM CBOMCTBaM C HedpTenpoaykramu u oT-

HOCATCA K CUHTETUYECKUM TOMNIMBaM.
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[MponnsHble YCTAHOBKKU OeNnATCS No TemnepaTypHbIM pexmmMmam:

1) Hu3koTemnepatypHole — Ao 500 °C, npu gaHHOM npouecce obpasyeTcsa MWHU-
MarnbHOE KONMMYEeCTBO ra3oB U MakCcuMarnbHOe KONMYeCcTBO TBEPAOro octatka (PUCyHOK 2.17);

2) cpegHeTemnepatypHble — o 800 °C;

3) BbicoKkoTEMNepaTypHble — Bbiwe 800 °C. MNpn gaHHOM npouecce obpasyeTcss Mak-

CMarnbHO€E KOJin4eCTBO ra3oB 1 MMHMMaribHOE KONM4YeCcTBO TBEPOOro ocrtaTka.
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PucyHok 2.17 — TexHornormnyeckasi cxema Hu3KoTemnepaTypHOro nuponmsa

MunuponuaHbie rasbl NOABEPrarTCsa AanbHenLWen nepepaboTke, T. €. OKUCAAIOTCA B Ka-
Mepe goxura npu temnepatype 1100 °C.

AMuccum B OKpyxawluyro cpeay. B xoge ytunusaumm nsgenmin n3 nnacrmacc Bos-
MOXHO BblOeneHne 3arpAsHALWLNX BELLECTB B aTMOCHEPHbIM BO34yX MNPaKTUYECKN Ha BCeEX
cTagmax TEXHOMNOMMYeCcKoro npouecca.

CTo4HbIE BOAbBI B NpoLecce yTunusaumm nsgenui n3 nnactmacc He obpasyroTcs.
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B xoge ytunusaumm MO obpasyoTcst BTOpMYHbIE OTXOAbI B BUAE 30MIbHOMO ocTaTka.

2.6 OnncaHue npuMeHsAeMbIX TEXHOJIOrM4YeCKMX NpoLeccoB B
ob6nacTv yTunusauum 3f1IeKTpU4eCcKoro u 3f5IeKTPOHHOro
ob6opyaoBaHuA, yTpaTUBLLEro NOoTpeounTenibCKkMe CBOMCTBA,;
OCBETUTENIbHOIO 3NIEKTPUYECKOro obopyaoBaHus, yTpaTuBLLEro
noTpebutTenbLcKkue CBOUCTBa; 060pyaoBaHUA, coaepxaLlero

O30HOpa3pywawuimne sBellecrBea

OCHOBHbIM HanpaBfeHWEM YTUNN3aALMM INEKTPUYECKOrO MU ANEKTPOHHOro obopyaosa-
HUS, yTpaTUBLLEro NOTPeEBUTENBbCKNE CBONCTBA, ABMNAETCA MX pasfenika Ha KOMMOHEHTbl C
AarnbHenwen nx nepegaden Ha ytunusaumo. Pasgernka Ha KOMMOHEHTbI HanpassieHa Ha Bbl-

AeneHne BTOPUYHbIX MaTepuanbHbIX PeCypCcoB.
2.6.1 YTnnnsauma KOMNbOTEPHOU TEXHUKMU

YTunusauusa KOMan-OTepHOf"I TeXHUKn npoBoaAnNTCA C Lenblo n3Brie4eHnsA

BTOPUYHbIX MaTepUuaribHbIX peCypCcoB Ans OanbHeMnLero Ncnonb3oBaHUA

OnucaHue metoaa. KomnnekTyowme KOMMNbIOTEPHON TEXHUKU COPTUPYIOT MO CBOEW
LEHHOCTWN: MaTepUHCKMEe nnaTtbl, npoueccopbl, 6nokn nutaHusa, nposoga. Camoe LeHHoE B
KoMMbloTEPE — MaTEPUHCKas nnara.

[MnaTbl COCTOAT, Kak NpaBuno, U3 ABYX YaCcTeWn: 3fIEMEHTOB MOHTaxa (MUKPOCXeM),
cogepxalimx AparoueHHble MeTansbl U He cofepXallen aparoueHHble MeTanfbl OCHOBbI C
HaKNeeHHOM Ha Hee BXOAsLLEN YacCTblo B BUAE NPOBOAHMKOB U3 MeaHon donbru ([123]).

M3 0gHOM TOHHbBI MaTEPUMHCKMX NnaT NOoNy4yaeTCcsa KMorpamMMoBLINM CIIMTOK cepebpa u
100 r 3onoTa. lNnatbl pa3bupatoTca BPYYHYHO U COPTUPYIOTCS NO CBOEW LIEHHOCTU, TaK Kak
Kaxxgasi cooepXuT pasHble gparmeTannbl. [MpyumepHbI cocTaB maTtepuanoB nnat npuBegeH

B Tabnuue 2.4.
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Tabnwuua 2.4 — lNpuMepHbIA COCTaB MaTepuanos nnat

Cteknononumep 70 %
Megb 16 %
Mpunon 4%
YKeneso, epput (0T CepaeyHNKOB, TpaHCOpMaToOpPOB) 3%
Hukenb 2%
Cepebpo 0,05 %
3o0r50oTo 0,03 %
Mannagun 0,01 %
lMpoune (BUCMYT, cypbMa, TaHTaNn U T. 4.) <0,01 %

Mo cBOUM PU3NYECKUM U XUMUYECKMM CBOMCTBAM MHOMOKOMMOHEHTHbLIN 3NIEKTPOHHbIN
NIOM He MOXEeT HanpaBNATbCS B MeTanfypruyeckyro nnaBky 6e3 mexaHu4eckonm pasgenkm c
Lenblo BblAeneHns oTaenbHbIX KOMMOHEHTOB UMW rpynn.

TexHonornyeckne nNpoueccbl COBPEMEHHOW nepepaboTkn pagmo3aniekTPOHHOro foma,
Kak MpaBumo, BKMOYAKT B cebsa pyyHyto anddepeHUnpoBaHHy0 pasgernky, MexaHmyeckue
namenbyeHve (apobneHne), oboraweHne nony4YeHHbIX KOHLEHTPATOB 1 NocneaywLlme Buapl
nepepaboTKu.

OuddepeHumnpoBaHHasa pydHasa pasgernka, npegycmatpmBaeTt pa3bopky OGrOKOB M y3-
NOB U3Jenun ¢ MakcMmarsbHbIM UCMOMNb30BaHNEM UHCTPYMEHTa ANS U3BNEeYEeHUss HABECHOrO
MOHTaXa W NOSTyYEHUA PasfMYHbIX KOHUEHTpaToB. [MpoM3BOAUTENBHOCTL Takmx paboTt Ao
150+200 «kr/(4en. CMeHy), YTO SIBMSIETCA OCHOBHbIM COEPXMBAOLIUM (PaKTOpOM NPOmn3BOAU-
TeNbHOCTU. TONbKO NOCMEe PYy4YHOW pasfesiku oTaerbHble BUAbl KOHLEHTPATOB SiloMa noaBep-
raloTCs M3MENbYEHUID B HOXEBLIX MMM B MOMOTKOBbIX Apobunkax (mMenbHuuax). MNMpu aTom
TEKCTOSNIMTOBYIO (CTEKNOTEKCTONUTOBYID) MNOAMOXKY, COoAepXallylo LUBETHble MeTansbl C
ocTaTKkamu gparoueHHbIX MaTepuanoB, HanNpaBnsalT Ha 00XUr B OBXUIroBy Neyvb C CcUCTe-
MOW OXUIaHUS N ra3oouncTku ([124]).

MN3BecTHa cxema yTunusaumm nedaTHblX NnaTt, oHa NpeAcTaBreHa Ha pucyHke 2.18.
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npouecc

PucyHok 2.18 — Cxema yTunu3aumm neyvatHbIxX nnat

MNMpopaxa obneHne B
poA lwpegepe Ap .
MOJI0TKOBOW
apobunke
\ 4
MHayKumoHHas v
neyb BuGporpoxoT
A\ 4 \ 4
obunbHas .
Ap [MnacTukoBbI NOM MeTtannonom
yCTaHoBKa
A 4 \ 4
MNopoLuok MeTtannonom [NnaBka
\ 4 A 4 \ 4
AHanms [MnaBka AHanuns
\ 4 \4 \ 4
XumMmunyeckum
NnaBka AHanms
npouecc
\ 4 A 4
XnmMmnyeckum

B ctaHke ona otoeneHusi KOMNOHEHTOB QNEKTPOHHBLIX KapT MUCNOJ1b3yeTCA KOHTPOINn-

pyemoe Tenno, C Tem, 4YTOObI COXPaHNTb HEe TOJ1IbKO KOMIMOHEHTbI KapTbl, HO N NaAsIbHOE OJl0-

BO; Taknm obpasomM, MMHUMU3NPYETCS BbIOPOC MapOB M TOKCMYHBLIX BELLECTB B aTMocdepy.
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Tenno nponsBoanNTCA NPU MOMOLLM BO34YXOBOAOB U 3NIEKTPOCONPOTUBMAEHUI C YNpaBneHnem
Tepmonapamn. KOMNOHEHTbI NnaTbl pa3gensaoTca Npyv NOMOLLM KOHTPONMpyeMbIx BUbpaumi.

B 6onbluMHCTBE criyqyaeB nocre oTAeneHMs KOMMOHEHTOB CaMu nevaTtHble nnatbl, Co-
CTOSLLME B OCHOBHOM U3 Meaun 1 TEKCTONUTa, peanuayoTcs Kak BTOPUYHOE Chipbe.

CnegyoLwmm Lwarom ABrseTcs pydHasi COpTMPOBKa OTAENEHHbIX KOMMNOHEHTOB neyarT-
HbIX nnaTt ([125]).

OQHOPOAHOCTb M3MESNBbYEHHbIX YacTUL, PaaMO3NIEKTPOHHOrO floMa Mo reoMeTpuye-
CKMM pas3Mmepam MoryT obecneynTb HOXEBbIE U3MENbYNTENN U WpeaepHble YCTaHOBKN.

MmeeTca komnnekc ona nepepaboTkm pagmoanekTpoHHoro rioma 6e3 npeasaputenb-
HOW PYYHOW pasfenku paamoaniekTPOHHbIX BIOKOB C KOPNYCHbIMU 3fiEMEeHTaMun 4ns Bblaene-
HUA MeTannIMYeckoro KoHLeHTpaTa.

B koMnnekce mMcnonb3yrTca ABe MOJSoTKoBble apobunku. MNepeas gpobunka obecne-
ynBaeT nepBUYHOE OpobrieHne pagmo3NEeKTPOHHOrO JSloMa, BTOpasi — OKOHYaTerlbHOe ero
apobnenune. Opobunkn TEXHONOMMYECKM COeAMHEHbI C TPOXOTOM MOCPEACTBOM FIEHTOYHOrO
TpaHcnopTepa C NOABECHbIM MarHUTHbIM cenapaTopoMm. [ns MCKMYeHUs 3anbifieHnsa nNpo-
N3BOACTBEHHOrO NOMeLLEHNs NpuemMHble ByHKepbl 1 nogpeLlleTHble NPOCTpaHCcTBa ApOOMIoK
coefVHeHbl C BCacbIBALWMMN naTpybkaMu LIMKITOHOB, B KOTOPbLIX OcCedaloT MblfieBUAHbIE
dpakumm paspyliaembix matepuanos. 3BnevyeHne goeppoMarHUTHbLIX Matepuanos (CTanb-
Hasa 1 YyryHHasi Kpowlka, KpoLuka oeppoMarHUTHbIX CepaevHMKoB) N3 pa3gpobneHHoro noma
NPOMN3BOAUTCA NOABECHLIMU MarHUTHbIMU cenapaTtopamu. [poXoT, BXOAALMUN B COCTaB KOM-
nnekca, pasgenseT pasgpobneHHy Maccy pagnoanekTPoOHHOro noma 6e3 eppoMarHMTHON
COCTaBnAOLWLEN Ha ABe (ppakuuun: KpyrnHyo U Menkyt. [na cenapauum namenb4eHHOro pa-
ANO3NEKTPOHHOTO SIoMa MO KPYMHOCTU U NMAIOTHOCTM B KOMMSIEKCE NPUMEHEH MHOTONPOLYKTO-
Bbli MTHEBMATUYECKMI KAaCKaaHO-TpaBUTaLMOHHbIN KnaccudgukaTop ([124]).

B panbHenwem KOMMNOHEHTbI, coAepXallmMe meTanmbl, B TOM Y1ucne AparoueHHble Me-

Tannbl, NOCTyNaloT Ha NepensaBkKy.
2.6.2 YTunusaumsa XXugKkokpuctanin4ecCKux MOHUTOpPOB

YTunusauuna XnagKkokKpuctaninydyeCknx MOHUTOPOB NpoBOAUTCA C LUeNblo
n3Brie4yeHnA BTOPUYHbLIX MaTepunarnbHbIX peCcypcoB AnA AanbHeuwero

ncnonb3oBaHUA

OnucaHue metopa. MNpouecc nepepaboTKM MOHUTOPOB HAYMHAETCS C PYYHOro Ae-
MOHTa)ka COCTaBHbIX YacTei. [eMOHTUPOBaHHbIE KOMMOHEHTbI, KaKk NpaBumno, COPTUPYIOTCS

Ha nnactuK, MeTtans, neyvyatHble nnatbl, NpoBoaa, JIIOMUHECUEHTHbIE NaMnbl, KK-gucnnen
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Ana ganbHenwen nepepaboTtkn. Ha geMoHTax 3—4 eauHUL TEXHUKM YXOOUT NPUMEPHO OLMH
yac.

®pakumoHHbIn coctaB XKK-tenesusopa: metann — 44 %; nnactuk — 18,5 %; cTek-
no — 14 %; nevyatHada nnata — 11 %; XXK-gucnnen — 6 %; nposoga — 1,5 %; noaceetka —
1 %; npoyee — 4 %. OCHOBHYIO 4YacCTb 3IEKTPOHHOM TEXHUKU COCTaBMAKT MeTann u nna-
CTUK.

Ocobyto onacHOCTb NS Okpyxawwen cpegbl npeactasnawt XKK-gucnnen c
CCFL-nogceeTkon (ftoMMHECLEHTHas namna ¢ XonoAHbIM katogom). B 3aBucumocTn ot xa-
PaKTEPUCTUK JIIOMUHECLIEHTHOM NTaMnbl B HEN MOXET coaepxaTbcs Ao 3,5 Mr pTyTu. [Noatomy
TPaHCMOPTUPOBKA, NPUEM U XPaHEHWE IANEKTPOHHOM TEXHUKM MPOBOAATCA TakuMm obpasom,
4yTObbl M3beXaTb NOBPEXAEHUS MIOMUHECLEHTHbIX Namn. OgHAKO OYeHb YacTo TeNeBun3opbl
N MOHMTOPbI MOCTYNalT Ha Y4aCTOK Mo nepepaboTke C yxe pasdutbiMu namnamu.
Ha yyacTke B CBSA3M C 3TUM NPOBOAATCH MOCTOSAHHbBIN KOHTPOSMNb U MEPOMNPUATUA NO HeZony-
LLEHUIO PTYTN B BO3YyXe C KOHLEHTpauuen, Bbile npeaensHo AonyCTUMOMN.

[eMOHTUpoBaHHbIE Namrbl, Kak NPaBuUIo, YTUMN3NPYKOTCA MO TOW Xe TEXHOMNOru, 4YTo
N 0oOblYHbIE 3Heprocbeperawwme nOMUHecueHTHble namnbl. YKK-gucnnenm ¢ LED- wvnu
OLED-noaceeTtkamn cuutarotcs  6e3onacHbIMM N9 OKpyXatowen cpefdbl, MNOCKOSbKY
He cofepXaT TOKCMYHbIE BeLeCcTBa B KaKNX-NNMBO 3HAaYMTENbHbBIX KONMYECTBAX.

Mexay noacsetkon u XK-gucnneem Haxogutca nakeT uU3 pasfnuyHbIX MOSIMMEPHbIX
ONTUYECKMX NIEHOK. DTO YBENUUUTESNb SPKOCTU, CBETOPAcCcenBarLlas nreHka, npuamaTunde-
CKagq nneHka, cBeToHanpaBnsawLwas 1 cBeTooTpaxatrLlaa nneHkn. Kak npasumio, 31 nNneHku
OTNPaBNAT HAa MyCOPOCKMUraTernbHbI 3aBO4 BBUAY MX PasHOOOPa3HOro coctaBa M HU3KOM
CTOUMOCTMW.

CoctaBHble crnioun YKK-gucnnes:

- NONAPU3ALNOHHLIN PUNLTP;

- CTEKNSAHHAsA NOA0XKa;

- ANeKTpoabl;

- XXUOKne Kpuctansol,

- usetoBon ounbTp, TFT-CcNoun, opneHTauMoHHasa NieHka.

MonapusaumoHHbIN UnbTp NpeacTaBnNaeT co60M MHOMOCMAOMHY0 KOMMNO3ULMIO U3 NO-
NMMEpPOB OPraHNYeCcKoro U HeopraHnyeckoro rnpovcxoxaeHus. OH cuYnTaeTcs KOSTOrMyeckm
©e3onacHbIM, HO NPU BbLICOKMX TeMNepaTypax ropeHns MOXeT BblAensiTb TOKCUYHbIE BeLLe-

CcTBa.
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CTteknsiHHasa noanoxka umeet TonwmHy 0,4-1,1 MM 1 M3roTaBnMBaeTCsa U3 HaTPUEBO-
ro unu n3 6onee gopornx 60poCUNUKaTHLIX U antoMOCUNMKATHBLIX CTEKOMN. SABNSETCA 3KOMo-
rmyeckn 6e3onacHom.

OneKkTpoabl NOKPbITbI OKCUMAAMW MHOUSA N OnoBa. TonwmMHa Crosi MOXeT COCTaBnsATb
Ao 125 um. Okema nHansa sBNsieTcs LeHHbIM PECYypCcoM M ero nonyvyeHne npeacraBnseT UH-
Tepec. I3BeCTHbI TexHOMNOrmn BolaerneHus okevaa nHavs ms XK-gucnnees rugpometansyp-
rmyecknm metogom. OgHako akoHoMuMYeckas aPEKTUBHOCTb JAaHHOMO MeTo4a BCe elle nog
BOMPOCOM MO NPUYNHE Marion KOHUEHTpaunm okcmaa NHaus B Cbipbe.

Knakne kpuctannbl UMEKT CNOXHbIM COCTaB M NpeacTaBnsatoT cobon cmech n3 10-25
PasfnnYHbIX KOMMIOHEHTOB Ha OCHOBE apoOMaTU4ECKMUX NONMMepoB. KonmyecTBo XUOKUX KpU-
cTannos Ha 1 cm? npumepHo coctaBnseT 0,6 Mr. OCHOBHbLIM NMPOU3BOAUTENEM KUOKUX KPU-
CTansnoB sBMSiETCA HeMeLKasa komnaHua Merck, KoTopas BbINONHUIA P TOKCUKONOrMYECKNX
N 9KOTOKCUKOMNOIrMYECKUX nccrnenoaHmi. CornacHo nonyvyeHHbIM pesyrbTaTtam XUOKNE Kpu-
cTansbl He ABNAITCA OCTPOTOKCUYHBLIMU, KaHUEpPOreHHbIMW, MyTareHHbIMW, He BpedHbl AN1s
BOAHbIX OPraHM3MOB M UMEIOT HU3KUIN NOTEHLMan Guoakkymynsiumm.

LiBetoBon counbTp, TFT-Crion, opMeHTaunoHHasa NieHka He HygarTca B 06e3Bpexu-
BaHWK, NOCKOSIbKY HE COAEpKaT Kakne-nmbo TOKCUYHbIE BELLEeCTBa.

Takum  obpasom, Martepuanbl, KoTopble wucnonb3ytoTca B XKK-gucnnesx,
He NpeaCcTaBnAT ONAaCHOCTU ONA OKpyXarwlen cpebl. Mmetowmecs TexHonornn ytunuaa-
umm XKK-gucnneee B OCHOBHOM HarnpasfeHbl Ha U3BNEYEHNEe 1 NOBTOPHOE MUCMNOSb30BaHUE
OCHOBHOIO COCTaBMAOLEro KOMNoHeHTa — ctekna. KayectBo nepepaboTaHHOro crtekna 3a-
4YacTyl OYeHb HM3KOE N ero KpoLka 0bbl4HO Mcnonb3yeTcs Kak aobaBka B acanbT, 6ETOH K
Apyrue ctpouTenbHble MaTepuansl. bonee kayecTBeHHble cTekna MoryT 6biTb NOyYeHbl NpU
yaaneHnn nonapusaumoHHOro omnbTpa, HO 3TO 3HAYUTESNBHO YCINOXHAET U YOAOPOXKaET TeX-
HOJSOrUHO.

KomnaHuna Merck npegnoxuna ucnonb3oBatb ctekno XXK-gucnnees ansa 3awntbl Qy-
TEPOBKM MYCOPOCKUraTeNbHbIX POTALUMOHHbLIX NeYen OT arpeCCUBHbLIX BELLECTB UMN 4YacTud-
HO 3aMEeHUTb NEeCOK B COCTaBe LUMXTbl ANA MeTannypruieckoro npoiecca sblgeneHus bna-
ropoaHbIX MEeTansos.

Tekywme ypoBHU 3MUCCUM B OKpyxawuwyt cpegy. OgHOM U3 COCTaBHbIX Ya-
cten XKK-gucnnees ¢ CCFL-noacseTkon sBnsieTca pryTbcodepXkalias noMUHecUeHTHas
namna. OCHOBHYO ONacHOCTb NPeACTaBNAT pa3butble namMmnbl, Tak Kak MOXET NPOUCXOANTb

ncnapeHue pTyTu.
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2.6.3 YTununsauusa teneBM3opoB C Na3sMeHHbIMU NaHensmMm

XUOKOKpuctaninnyeCKknx MOHMToOpoB

YTunusauus TeneBn3opoB C MnadMmeHHbIMU NaHenAMU XnaKkokpucrtannn4yeckmx
MOHUTOPOB NpoBOAUTCA C Lesibio n3Brie4eHnAa BTOPUYHbLIX MaTepunanbHbIX

pecypcoB ans AanbHeuLWero Ncnonb3oBaHUA

OnucaHne metopa. Tenesnsopbl ¢ nrasmeHHbiMu gucnneamu (M) coctaBnsaT OT-
HOoCUTEenbHO HebOombLUYD YacTb Cpean OcCTarbHbIX TUMOB Tenesu3opoB. [lpouecc yTunusa-
umn Tenesmsopos ¢ N[ Ha4YnHaeTca ¢ AeMOHTaXa U COPTUPOBKN ero pasfnyHbIX KOMMNOHEH-
TOB Ans ganbHenwen nepepabotkn. B otnuumne ot TexHunkn ¢ XKK-gucnneem, sHa4YnTENbHYHO
MaccCOBYI0 JOM0 Ternesn3opa, KpoMe MeTansia 1 3neKTPOHUKW, COCTaBnAeT CTEKITO.

lMnasmeHHble gucnneun 6biBatoT AC- n DC-tuna. NnasmeHHble aucnnen DC-tuna co-
aepxaTt pTyTb KONMYECTBO KOTOPOU MOXeT cocTaBnATb 40 30 Mr Ha OAWH Aucnnemn.

[MnasameHHbIN gucnnen He coaepXnUT NOSIMMEPHbIE MaTepuarbl, a OCHOBHAs €ro 4acTtb
BbINoSIHEHa U3 cTekna. CTekno Ha OCHOBE OKcuaa CBUHLA, M3 KOTOPOro caenaHbl OUanek-
TPUK U Neperopoaka, OTHOCUTCS K TOKCUYHBIM MaTtepuanam.

Ha cerogHa BBumay oOTCyTCTBUS 6Gonee adeKTUBHBIX TEXHOMOrmn nepepaboTku,
nnasMeHHble ANCNIEN YTUIN3UPYIOTCA NyTEM MX pa3mMora Ha Apobunkax. NonydeHHasa cTek-

NAHHaA KPpOLUKa, KaK npaBuniio, NUCMOJIb3yEeTCA B CTPOUTESIbHbIX MaTepumnanax.

2.6.4 YTMnuM3auusi MOHUTOPOB U TeNIEBU3OPOB C 3NIeKTPOHHO-Ny4eBOM TPyOKOMn

(QNTIT-MOHUTOPOB 1 TeNeBN3OpPOB)

OCHOBHbIMM KOMMOHEHTaMW KOMMbIOTEPHOrO MOHUTOpPA UMW Tenesu3opa ABMNSEeTCH
KMHEeCKOn, NNacTUKOBLIN KOPMyC, Ne4vaTHble nnaTbl, NpoBOAa, OTKMOHSAKLWAA cuctema, 3a-
LWNTHbIE anemMeHTbl. KnHeckon cocTaBnseT NpUMepHO ABe TpeTu MacCoBOW O0NU BCEro Mo-
HUTOpa unu Tenesmnsopa. PpakUMOHHLIA COCTaB KMHecKona crneayroLwunin: 3KkpaH, KOHyC, Me-
Tann, 9J1T, cTeknoueMeHT.

BHYTpeHHSAs1 NOBEPXHOCTb 3KpaHa MOKpbITa YeTblpbMs criosmu. [lepBbid cnon npeg-
cTaBnseT cobon yrnepogHoe NoKpbITUE C pasnuyHbiMy fo6aBKkamMu NOBEPXHOCTHO-AKTUBHbIX
BellecTB. BTopown crnon obpasyeT NoKpbITUE N3 JIIOMUHOGOPOB, Ha KOTOPbIA HAHECEHO BOC-
KOMoA4o6HbIM Cron AN BblpaBHUBAHUSA U 3alLMTbl NOBEPXHOCTU. [1OKpbITME M3 antoOMUHUSA
obpasyeT yeTBepTbIA CNOW, HAHOCMMOE ANS MOBbIWEHUS APKOCTU. B cny4vae xe KoHyca Ku-
Heckorna, TO ero BHYTPEHHSIS CTOPOHAa MOKpbITa CNoeM oKcuaa Xenesa, a BHeLWHAS — rpa-

duTOM. DKpaH N KOHYC KMHECKoNa coeauHeHbl Mexay cobol C MOMOLLbIO CTEKINOLEMEHTA.
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KnHeckon n3roToBrieH 13 cTekna, XMMMUYecku cocTaB KOTOPOro U3MEHSETCH B 3aBu-
CYMOCTU OT BbIMNOSMHAEMbIX PYHKUUN SnemMeHToB KnHeckorna. OOHOM M3 OCHOBHbIX (DYHKLMN
CTeKna aABnaeTcs 3awmra OT PEeHTFeHOBCKOro nanyyeHus. [na aToro B CTEKNO 3NEeKTPOHHOW
NyLwKn obblMHO BBOAAT okosnio 34 mac. % PbO. Heckonbko MeHbLuee KOnM4yecTBO okcuaa
CBMHLIA COAEPXUT KOHYC KunHeckona (22 mac. % PbO). B cnyyae e akpaHa KuHeckona, To
ero CTekno cneuuwanbHO caenaHo Gonblien TOMWMHbI A5 NOMMOLWEHNST ONAacHOro peHTre-
HOBCKOro nsny4deHuns. Kpome T0ro, JaHHoe CTEKMNO SOMKHO ob6nagatbe XOpOLWMMN ONTUYECKM-
MM CBOMCTBaMMu, NO3ITOMY €ro U3rotaBnueatroT N3 6apmeBo-CTPOHUMEBOro ctekna (nornowla-
eT PEeHTTeHOBCKOE U3ry4yeHne npumMepHo B NOMATOpa pasa XyxXe, YeM CBUHLOBOE CTEKO).

OCHOBHYIO ONacHOCTb A4S OKpyXarollen cpedbl npeacTaBnseT oKkcug CBMHUA, KOTO-
pbI BXOOUT B COCTaB CTeKos KnHeckona. KonuvyecTtBo okcuaa CBUHUA B OAHOM KMHeECKone
3aBUCUT OT ero pasmepa 1 MoXeT BapbupoaTbcs oT 0,5 A0 2,9 Kr ¢ yBefiM4eHMem ero 3ame-

pos oT 13 8o 32 A1orMMOoB, COOTBETCTBEHHO.
CnocoObl yTnu3saumm KNHeCKONoB

lMpouecc yTnnuaaumm Ha4YMHaeTCs C PYYHOro AeMOHTaxa TereBM30pOB UMN KOMIMbHO-
TEepPHbIX MOHUTOPOB. Ha aToM onepauum OEMOHTUPYIOTCSA KOPMYC, NevyaTHble nnaTbl, AUHaMn-
K1, NpoBoAa, 3alUMTHbIA MeTannMYeCcKUn KOXYX, OTKMOHAKLWAA cucTeMa U 3feKTPOHHas
nywka. Takke B Lensx 6e30nacHOCTU Ha 3TOW onepauun n3 KMHecKona cTpaBnvMBaeTcs Ba-
KyyMm nyTem npojernbiBaHUs OTBEPCTUS HA MeCTe BbICOKOBOSIbTHOIO BbliBOAA UMK Yyepes rop-
NOBUHY 3IEKTPUYECKOM NYLUKN. 3alLUMTHBIN XXENEe3HbIN XOMYT NOBEepX COeANHEHUS KOHYCa Kn-
Heckorna C 3KpaHOM TaKKe cpe3aeTcs. Bce 3T KOMNOHEHTbI OTNPaBASTCA Ha LanbHENLLYHO
nepepaboTtky. B utore ocraercs nuwb KNHECKOMN, KOTOPbIN HEOOXOANMO pa3faennTb Ha KOHYC
N 3KpaH BBMAY UX PasfiM4HOro XMMUYECKOro COCTaBa, YTO BaXXHO Mpu MUX nocneaywLwen ytu-
nmsauum.

PasgeneHue koHyca u aKkpaHa Hanmboree 4acTo BbINOSHAETCA C NOMOLLbIO aniMasHom
NUIbl, packareHHOW HUXPOMOBOW MPOBOMOKM unu nasepa. [locne 3aToro U3 paspesaHHOro
KMHecKona nssnekaeTcss BHyTPEHHUA MarHUTHbBIA 3KpaH C MacKoW, a caM 3KpaH OTrnpaBnseT-
Csl B Kamepy, B KOTOPOW C MOMOLLbIO Mblfiecoca cobmpaetca nomumHodop. Takum obpasom,
Ha BbIXO4€e NOoNyyalrT ABa BuAaa CTekna — CBUHLIOBOE 1 GapneBo-CTPOHLUMEBOE.

Cnocob cocTonT 13 cnegyrowmnx TEXHONOMMYECKMX onepaumi:

- ApobneHne KMHeCKOroB,

- BblAeneHmne MmarHnTHoOM opakumu;

- MexaHu4eckoe yaaneHune nokpbITUn;

- NPOMBbIBKa CTEKNa BOAOM;
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- CYLUKa;

- cenapauus Ha CBUHLOBOe, 6apnMeBO-CTPOHUMBOE U CMeLlaHHOe CTekna C MOMOLLbIO
crneumarnbHbIX aHann3aTopoB (PeHTreHOdSTYOPECLEHTHOrO Wnu  ynbTpaduoneToBoro) wu
NMHEBMONMYLLEK.

B paHHOM TexHonorMm Boda MCMOnb3yeTCcs B 3aMKHYTOM LMKNE, a KONMMYeCcTBO OTXO-
pos. coctasnseT 0,5 % (cTeknsaHHas nbifib, TIOMUHOGOP, NOKPbLITUS).

BapueBo-CTpoHLUMBOE CTEKIO Halufo NpPUMEHEHUe B MPOU3BOACTBE CTPOUTENbHbIX
MaTepuaroB B CBSI3M C HU3KOW BblLLieNa4yMBaeMOoCTbl0 MOHOB 6apusa U CTPOHUMSA, KOHLEHTpa-

LMS KOTOPbIX HE NpeBbIaeT AonycTuMble HopMbl ([126]).
2.6.5 YTunusaums xonoaunbHUKOB U MOPO3UITbLHUKOB

YTunusaumsa xonoannbHUKOB U MOPO3UNBbHUKOB NpoBOANTCA C Lenbilo
ni3Brie4yeHnA BTOPUYHbLIX MaTepunarnbHbIX peCcypcoB AnA AanbHeuwero

ncnonb3oBaHuA

OnucaHue metoga. OCHOBHbIE 3Tanbl NepepaboTKn XonoaMnbHOro 060pyaOBaHUS:

- ocBoboxaeHne KoHTypa oxnaxpeHus. CHavana otgensietcs kabenb n ygansetca
coaepXMMoe XONoaUNbHUKA: BblABMKHbIE ALLMKA, CTEKNSIHHbIE BCTABKU U T. MN.;

- yoaneHue n nepepaboTka cMecu mMacna u xnagareHTta, KOTOpOW 3amnosfiHEH KOHTYpP
oxnaxaeHusa. [Ina 3TOro KOHTYp OXNaXAeHWs npokanbiBaloT cneuuanbHOW LaHron, a 3aTtem
3a cYyeT CO30aBaeMoro paspexeHus Bo3dyxa oTcacblBaeTcs CMeCb Macra W xnagareHTta.
C nomMoLLblo AOMNOSTHUTENBHOrO YCTPOMCTBA OCYLLECTBNSETCA OTAENeHne XxnagareHta oT
Macrna, 4To NOo3BONSAeT onTMManbHbIM 06pa3oM yTUNN3MpoBaTb (PTOPXIIOPYrNEBOAOPOAbI,
copgepxalwimecsa B xnagareHte. KomnpeccopHoe macno MoxeTt ObiTb NOABEprHyTo nepepa-
B6oTKe A4ns BTOPUYHOIO UCMOSb30BaHWS;

- OTAEeneHne Komnpeccopa, CoOCTOSLLEr0 B OCHOBHOM M3 CMniiaBa Xenesa u Meau;

- MexaHu4eckas nepepaboTtka. Ha aTon ctagmm yganswTcsa cogeplkalimecsa Bo Bere-
HEHHOW 130MsaUMn XONoAUNbHUKA BCNeHNBarLWme areHTol (ptopxnopyrnesogoponbl). Xoso-
ANNBbHUK N3MEeNnbYaeTCs B 3aKpbITOM YCTAHOBKE B aTMocdepe a3ota U npu HeBOonbLWOoM pas-
pexeHnn. B pesynbTaTe Takon o6paboTkm NpoOUCXoauT KOHTPONMPYEMOE BblAefieHne Haxo-
AAWNXca B NneHoMmaTepuarne BcrneHmBatowmx areHtoB. Obpasyrouwmecs rasbl OTcacbiBalOTCA
N3 namernb4aroLlien yCTaHOBKM, OTUIbTPOBBLIBAOTCA NyTEM MponyckaHusa vYepes3 6atapeun ¢
aKTUBUPOBAHHLIM YrMeM W HakannuBalTCH B creumanbHOM pesepByape. MamenbyeHHble
MaTepuansl NogseprarTca ganbHenLen paccopTUPOBKE U KOHLEHTPUPYIOTCA. B pesynbTaTe

nponcxoauT AeneHune Ha Xernes3o, gpyrme metariibl U nosincCTtuporn. I'IeHorlonmypeTaH noa-
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BepraeTcs pasmMarnbiBaHUiO 1 Harpesy. [1pn 3TOM yaanawTca U BbIOENATCA nyTemM nponyc-
KaHusi Yepes3 Batapeun C akTMBMPOBAHHbBIM yriieM OCTaBLUMECH B HEM BCMEHUBAIOLLME BeELLe-
ctBa ([127]).

COop xonoaunbHOro areHTa

OTa onepauma 3akniovaeTcs B yaaneHum XonoaunbHOro areHTa, B Kakom Obl cocTos -
HAM OH HW Haxoawuncsi, C HaKOMIEHMEM €ro B COOTBETCTBYHOLLEM BHELUHEM KOHTEMNHepe.
Ee moxHo npoBoauTb 6e3 06593aTenbHOro aHanusa coctasa unv 06paboTkm XonoausibHOro
areHTa. B xonogunbHOM areHTe MOXeT HaxoauTbCs BO34yX, KUCNOTbI, BoAa, MPUMECcH apyrmx
XONOANNbHbBIX areHTOB NN TBepAble YacTuLbl, NOSBMBLUMECS B pe3ynbTaTe CropaHust asura-
Tens. Takon X0No4unbHbIA areHT He AOSMKEH HWU MPU KakuxX YCIOBUSAX MCMONb30BaTbCs B APY-
romM KOHTYype, ecnu He ByaeTt nepepaboTaH Unu o4vnLLEH B COOTBETCTBUN C HOpMaTMBoM ARI
700. B 10O e BpeMsi, OH MOXeT ObITb CHOBa MCMNOSIb30BaH B TOM Xe XONOAUSTbHOM KOHTYpe,
€CNnn ero CoCTosiHME AenaeT Takoe MCMNoSib3oBaHMe BO3MOXHbIM. [na cbopa xonoaunbHoro
areHTa Mcnonb3yloT ABa OCHOBHbIX MeTOAA:

1) cbop B cocTosAHUM Napa;

2) cOOp B COCTOSIHUM XUOKOCTW.

Btopon cnocob nossondeT npomsBoauTb COOp 3a MeHbluee Bpemsi. Oba cnocoba
TpeObyoT MCNOMb30BaHNS COOTBETCTBYHOLLMX YCTPOUCTB Anga cbopa. [na arperatoB manown u
CpeAHen MOLLHOCTN MOTYT UCMONb30BaTbCS NEPEHOCHbIE YCTPOMCTBA.

C6op B coctosiHMm napa. C6op xonogunbHOro areHta npou3BOAUTCSH MPUMEPHO
TakK Xe, Kak 1 yaaneHue ero U3 KOHTypa C UCnonb3oBaHNEM BakyyMHOro Hacoca. OTaenbHble
onepauun BbIMOSTHAKTCA NO-pPasHOMY B 3aBUCMMOCTWU OT KOHCTPYKUMM ycTponcTea ansa cbo-
pa. Mo cywecTtBy, peyb naetT o coeguMHeHMM NOCPeAcTBOM rmMbkonm TpybKM BCacbiBalOLLErO
WTyuepa ycTtponctaa ¢ knanaHom Lpenepa co CTOpOHbI HU3KOMO AaBreHUs YCTaHOBKU U CO-
e4VHEHNN BbINYCKHOrO LITyLIepa C KOHTenHepoMm anst cbopa. Ha Bxoge yctaHoBneH ounbTp-
OCYLUMTENb, KOTOPbIA AOSMKEH 3aMEHATLCA Yepes onpeneneHHble NPOMEXYTKA BPEMEHU MpU
KaXkOon CMeHe X0No4MbHOro areHTa.

C6op B cocTosiHum xmakoctu. COOp XonoaunbHOro areHta B XXWOKOM COCTOSIHUM
npounssoauTcsa ObiCTpee, U ANs ero npoBeaeHNs TpebyeTcs He TONMbKO crneunanbHoe YyCTpon-
CTBO no cbopy, HO n cneumanbHasa cxema nogcoeanHenna. bannoH ana cbopa xonoannbHoO-
ro areHta OOSfbKeH UMeTb [Ba LWTyuepa, OOUH ONs XUOKOCTW, APYron Ans napa. YCTpou-
CTBOM Ans cbopa obecneymBaeTcsl Haka4yMBaHue Napoobpas3HOro XonoaunbHOro areHTa 4e-
pe3 BepxHI YacTb BansioHa Ha yyYacTke HM3KOro OaBrieHust arperata, cos3jaBas BakyyMm B

ero KoHType. B pesynbTaTe pasHuubl AaBreHWin mexay 6annoHoM 1 arperaToMm nNpoucxoauT
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nepekavMBaHne XWOKOro XonogunbHOro areHta B ©annoH. locne Toro, Kak BCS XWOKOCTb
yaaneHa, Nnpon3BoaAnTCA yaaneHne ocTarowerocs napa nytem M3MeHeHus CXembl Nogcoean-
HEHUW.

BannoH moxeT ObITb 3anofNHeH XONoAuIbHbIM areHToM Tonbko Ha 77 % — 80 % cBo-
ero obbema, Heobxoanmo 4TobbI Npy NpoBeaeHMM onepaunn nNo cbopy cneunanucT crneaun
3a 3TUM nokasaTenem: 6annoH HMKorga He cnefyeT CrMWKOM CUMbHO 3anOfHATb XONoausb-

HbIM areHToM.
Perel-lepauvm XxonoaunbHOro areHTa

Mpn pereHepauuun, kpome cbopa, NPOM3BOAUTCH OYMCTKA XONOLWMBHOrO areHta gnsg
CHWXXEHUS YPOBHS ero 3arpsisHeHus. TUM He JOoCTUraeTcs AoBedeHne XOnoaunbHOro areH-
Ta 0O COCTOAHWUA ero NepBUYHOM YUCTOThbI, a N1Lb NPOM3BOAUTCA HEKOTOpas ero O4YUCTKA.
OTOT npouecc NpoBoAUTCH NyTEM OTAENEeHUa Macna v unbTpauum caMmoro XonogunbHoro
areHTa 4yepes (puIbTPbI-OCYLLUMTENN. YCTPOUCTBA ANA pereHepauum oCHalleHbl cuctemamu
nporpamMmMmMpoBaHns, MO3BONAKOWMMKM 3adaBaTb TUM nepepabaTbiBaeMoOro Xoso4uibHOro
areHTa. BonbWMHCTBO TakMx YCTPOWCTB CNOCOOHbLI Npou3BOAUTb NPOAyBKY (pump-down)
YCTAHOBKM W HakannvBaTb XONOAUMbHbLIN areHT B GannoHe, KOTOPbIN MHOr4a BXOOUT B UX
KoMmnnekTaumto. 3aTeM XONogunbHbIA areHT MOXHO BHOBb MCMOMb30BaTb B 3TOM e KOHTYpe
c bonee BbICOKMMUM MOKa3aTeNsMuM €ro 4nuctoTbl. B 3aBMCMMOCTM OT Mogenu, HeKkoTopble
YyCTpPOWCTBa AN pereHepauum MoryT NpovM3BoAnTbL onepaumm no oTaerieHnio Macna unm Bbl-
AENEeHNIO KNCMOT N3 XONOoAUbHOro areHTa. 9Tn yCTponcTBa 06bIMHO OCHALLEHbI MMb30BbIMU
unbTpamMmn-ocylLMTENAMM, obecnevmBaoLMMN yaepXXaHue Bnaru, 3arpsi3HeHUin, Metannm-
4YeCcKoMn CTPYXKM 1 kucnot. OTaeneHve macna npovsBoANTCS NOCPeaCcTBOM OAHOMO UMv He-
CKONMbKMX MPOXOXAEHUN ero 4yepes YCTPOUCTBO AN pereHepauuu. C 3TON TOYKM 3peHus,
PYHKUMOHUPOBAHNE YCTPOMCTB MO pereHepaumm MoxeT ObiTb pacCyMTaHO Ha OOUH UMN He-
CKOSbKO LIMKNOB NPOroHa macna.

lMepepaboTka x0No4MNbHOrO areHTa No3BOSIET BOCCTAHOBUTbL ero paboyne nokasa-
Tenu Ha ypoBHe 3aJaHHbIX NPU N3rOTOBMEHUKN, YTO onpeaendeTcsa nytemM npoBegeHuUss XumMm-
yeckoro aHanusa. [na obecnevyeHns BOCCTAHOBIIEHUS] XapaKTEPUCTUK XOSNTOAUITbHOMO areH-
Ta, YCTPOWUCTBO No nepepaboTke formKHO obecneyvnBaTth yaepxaHne 100 % cogepxalumxcs B
Hem Bnarm wn wmacna. Muorme mogenu ycTpoucTB Mo cbopy-nepepaboTke ITOro
He obecneyvnBatloT, NO3ITOMY MX BPSAS S MOXHO C NOJSTHON YBEPEHHOCTBIO OTHOCUTL K paspsi-
Ay YCTPOWUCTB Ans nepepaboTkn. Ha npakTuke, AN BOCCTAHOBIIEHMS Ha4vasnbHbIX napamerT-
POB YMCTOTbI XONOAMNBHOIO areHTa YCTPOMCTBO Mo nepepadoTke LOMKHO obecneymBaTb OT-

geneHne wmacna, BblAerneHune KWUCIOoT, YacTul TBepabiX 3acopeHvu7|, Bfarm un BoO3ayxa.
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Bo BpemMs (pyHKUMOHMPOBaHUA KOHTYpa XOMNOAMWIbHbIA areHT 3arpyxaetcsa v nonagaeT B
YCTPOWCTBO B BMAE Mapa Ui XXuUAKoCTU, NoagBepraschb, CrieoBaTesibHO, KUMEHUIO NpU BbICO-
KOW TemnepaType 1 BO3AENCTBUIO AaBrneHnd. 3aTteM XOnoaurbHbIN areHT NocTynaeT B cena-
paTop, rae CKOpPOCTb ero ABMXEHUA 3aMETHO CHUXaeTCsd: 3TO MPUBOAUT K NOAHATUIO BBEPX
CUNbHO pa3orpeToro napa, B TO BpeMs Kak YacTuubl 3arpsa3HeHun nagarT Ha OHO cenaparto-
pa, OTKyda ydanswTca Ha onpedeneHHoM atane npouecca. O4vnieHHbIM nap noctynaeT B
KOHOEeHcaTop € 79 BO3QYLUHbIX OXNaXaeHUeM U NepexoanT B COCTOSAHUE XUAOKOCTU; 3aTEM OH
nonagaeT B OOHY UMW HECKONbKO Kamep oxrnaxaeHus, rae npoucxoauT ero nepeoxnaxageHue
CO CHmxXeHueM TemnepaTypbl 4o 3 °C — 4 °C. OcTtaTo4yHas BNaXXHOCTb N MUKPOCKONUYECKNE
YacTuupbl 3arpasHeHn yganstoTtesa punbTpom. OxnaxaeHne XonoannbHoro areHta obnerya-
eT ero nepenus BO BHeLWHUN GannoH ([128]).

Tekywme ypoBHM IMuUccun B okpyxarowyro cpeny. OCHOBHbIM BO30eNCTBUMEM Ha
oKpyxatoLyto cpefny byaoet ABnATLCA yTedka XnafjareHTta B cnyyae pasrepmeTtusauumn obo-

py4oBaHUA No nepepaboTke JaHHOMO BMAAa OTXOA0B.
2.6.6 YTunnsauma mobunbHbIX TenecgpoHoB

YTunusauma MmobunbHbIX Teﬂed)OHOB npoBOoAUTCA C LUellbio n3Brie4eHusA

BTOPUYHbLIX MaTepunanbHbIX pecypcoB AnA AanbHeWLWero Ncnoyib3o0BaHUA

OnucaHue metoaa. YTunmsaumss MOOGMNbHOrO TenedoHa HauynHaeTcs C COPTUPOBKMU
TenedoHoB. Ecnu komnaHusa cneumanusnpyeTca Ha nepepaboTke annapaToB onpeaeneHHo-
ro npovssBoguTens, TO COPTUPOBKU He npoucxoauT. Ecnm ke koMnaHus «MHOronpogunb-
Hasg», TO HepeaKo annapaTtbl COPTUPYIOTCS He TOMbKO MO NPOU3BOAUTENO, HO U NO APYrUM
KpUTEpPUSAM.

BTopoi atan — pasbopka TenedoHOB Ha COCTaBHble YacTu. [lanee Tpu camble Bax-
Hble COCTaBnALLME — aKKyMYNSTOpP, NIacTUKOBLIA KOPNYC U nevyaTtHas nnata — uayT Ha
nepepaboTky CBOMM nyTeM. AKKYMyrnATOpbl M3-3a G0MNbLUOr0 coAepXaHUs TOKCUYHbLIX Be-
wecTB (MbIWbSK, CBMHEL, PTYTb) NOCTYNAlOT, KaKk NpaBumo, Ha cneyunanbHble 3aBoAbl NO ne-
pepaboTtke AKB.

[MeyaTHaa nnata oTcoeguHAETCa OT 3NEeMEHTOB Kopryca W uaeT Ha nonyvyeHve gpa-
rOUEeHHbIX MeTanmos.

[anee kopnycbl 1 neyaTHble NnaTbl CHOBa APOBATCA 1 B 4OCTATOYHO M3MESNIbYEHHOM
BMAE — MPAKTUYECKN B COCTOSAHMM MbIfIM — MOCTYyNalT B COPTUPOBOYHYIO Kamepy, rae no-
CPEeACTBOM XUMMUYECKUX peakunin Unm MexaHU4ecknx AencTBuin NpomMcxoauT OKOHYaTenbHas

copTupoBKa Cbipbsi. [Joporocrosilume MeTannbl 3KCTparmpyroTcs, obpabaTbiBatoTcs, AOMNON-
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HUTENbHO OYMLLIAIOTCA M MOCTYNalT Ha COOTBETCTBYHOLME Npeanpusatust. MNMnactuk n pesvHa
Yalle BCEero MnocTynalT Ha OOPOXKHO-CTpOUTErbHblE 3aBOAbl U 406ABRAOTCS B AOPOXKHOE
noKpbITHE.

TeKywe ypoBHU 3MUCCUMU B OKPYXalLy cpeay. AMUCCUM 3arps3HAOLWNX Be-
LLIeCTB B OKpY>KatoLLyto cpeay MOryT ObiTb CBS3aHbl C NponvBamu (M BO3MOXHbIM NOCreayto-
MM MCMapeHMeM) peareHTOB Ha 3Tanax 3KCTpakuum u oboralleHnss aparoueHHbIX meTtarn-

J1OB.

2.6.7 KomnnekcHasa yTUnu3auma 3NeKTPUYeCcKoro 1 afieKTPOHHOro

obopyaoBaHuA, yTpaTUBLUEro NnoTpebuTenbcKkue CBOMCTBA

KomnnekcHas ytunusaums npoBOAMTCS C LENblo U3BIIEYEHNS BTOPUYHBIX MaTepuarb-
HbIX PECYPCOB ANA AalbHENLLEro NCnosib30BaHus.

OnucaHmne metopa. CylHOCTL MeTo4a 3akfyaeTcda B OTCYTCTBUWM npenBapuTenb-
HON COPTMPOBKW 3MEKTPUYECKOrO M 3MEKTPOHHOrO0 0bopyaoBaHus, yTpaTuBLLEro noTpedbu-
Tenbckne couctBa. ObopygoBaHue nogsepraetca nepepabotke nytem gpobneHus n us-
MenbyeHus. [lanee MeToaoM MarHMTHOW cenapauum n3 obuer maccbl oTaenawTcsa meTarn-
nbl (MeTannocoepxawme COCTaBnsALWME), KOTOPbIE MUCMOMb3YTCA B AanbHenWweM Kak

BTOPUYHbIE MaTepuanbHble pecypchl [129].

2.7 OnucaHue NpuUMeHsieMbIX TEXHONOrM4YeCKuxX npoLeccoB B

ob6nacTtun o6e3BpexxmuBaHMA MeOULUHCKUMX OTXOO0B

OCHOBHbIMM TEXHONOrMAMU 00E3BPEXUBAHUA MEOULMHCKMX OTXOOO0B SABMANTCA XU-
MUYECKMNE N PU3NYeCKne MeToapl.
Mocne wucnonb3oBaHusa NbOOro M3 3TMX cnocoboB obes33apakeHHble MeanuUHCKNEe

oTXOoA4bl, KaK npaesuno, MOXXHO YyTUITn3npoBaTb BMECTE C ObITOBbIMM OTXOA4AaMW Ha CBarlke.

2.7.1 TexHonornm o6e3BpeXxmMBaHUsA MeAULUMHCKNX OTXOA0B, OCHOBaHHbIE Ha

XUMUYECKNX MeToaax

TexHonornu O6e3Bpe)KVIBaHVIFI, OCHOBA@HHblE Ha XMMUYECKUX MeTOoOdax, HanpaBli€HbI

Ha obe33apaxuBaHne MeaULMHCKNX OTXOO0B.
Xnmunyeckan aesnHoekumsa

O6rniacmb npuMeHeHUsi. XUMUYECKUIN MeTo 00e3BpexnBaHns MeAULIMHCKUX OTXOO0B

BKITIOYaeT BO3AENCTBUE pacTBoOpamMu CpeacTs Ae3vHdeKkuuu, obrnagarowmmmn baktepuuma-
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HbIMK (BKMOYasa TybepkynouugHoe), BUPYNUUMOHBIMW, OYHMMUMAHBIMW OencTBuAMU. [pu-
MEHSIIOTCA B YCTaHOBKaxX uUnm cnocobax norpyxeHms OTXO40B B NPOMapKMpoOBaHHble Gakn C
Ae3nHduumpyowmmn pacteopamn. Cnocob vauwle npumeHsieTcs ¢ gobaBneHMeM Xrnopco-
Aepxawmx Bewects. XuMmuyeckas Oe3nH@eKumMss NponucxoamT ¢ npoueccamm UaMernbyeHns
NN pacTBOPEHUA OTXOO0B, AN TOro 4YTtobbl obecneyunTb MakcMmarnbHOe BO3LeWCTBME Ha
oTxoabl. [1na atoro metoaa TpebyeTtcsa Gonblwon 06bem BOAbl, YTOObI MOMHOCTLIO PacTBO-
puTb gesnHpuumpytowme cpeactea ([40], [130]).

OnucaHue meTtoaa. [pynnbl cpeacTs Xxumudeckon aesnHgekuumn ([131]):

- ranoreHcogepalyas rpynna, B Ka4yeCcTBe akTUBHOIO AEWCTBYHOLLEro BellecTBa fiB-
nawTca xnop, 6powm, 1oa;

- B KUCMOpOACOAEPXKaLLen rpynne LEWCTBYIOLWMM BELLECTBOM SABMSETCH KUCIOPOA,
BblAENSALLMIACA U3 NepeKkncn Bogopoaa, NepeKUCHbIX COeaUHEHUN, HaOKUCIIOT;

- NOBEPXHOCTHO-akTMBHbIe BewecTBa (MABbI);

- 'yaHnacoaep)alume cpeactBa Ha OCHOBE CITOXHbIX OPraHN4eCKUX COeqUHEHUN;

- COCTaB anbAervacogepXxawmx cpeacTs cocTouT u3 dopmanbaeryaga, cavagekca, rm-
racenTa;

- CNNPTbI; OCHOBA — 3TaHOJS1, NPONAHOM, N30MPONaHorT;

- heHoncogepxalume cpeacTaa.

XvMuyeckni Metod Ae3nHdEKUMN MeaNUMHCKMX OTXOO0B UMeeT psag 0cobeHHocTen
([132]):

- He rapaHTUpyeTCs MNOMHOE YHUYTOXEHNE BO3MOXHOIo MHAPEKLMOHHOIO Havyana us-3a
pPasnUYHOM YyBCTBUTENBHOCTU MWKPOOPraHM3MOB K PasfvyHbiM Ae3nHMUMpyoWwmnm cpea-
CTBaM, a TakkKe B CBA3M C HEPABHOMEPHOCTbIO NMPOHUKHOBEHUSA OE3NHMULMPYIOLWErO cpea-
CTBa B TOJLLY OTXOAOB;

- 4acTO NPMBOAMT K BO3HWKHOBEHUIO anneprmiecknx peakuun n nopakeHmo KOXHOro
MOKPOBa Ha pyKax y MeanepcoHana;

- HE N3MEHAETCHA BHELUHWIA BU OTXOAOB, YTO HE UCKMNOYaeT BEPOATHOCTU MUX MOBTOP-
HOrO NCMNONb30BaHUS;

- IPU 3aXOPOHEHUN OTX040B, 06paboTaHHbIX XropcogepxalwumMmy npenapaTtamu, BO3-
HMKaeT 60NbLLON PUCK 3arpa3HEHMS OKpyxatowen cpenbl (0co6eHHO BO4OEMOB) COeANHEHW-
AMU XNopa;

- IPU CKUraHUM Takux OTXOAOB B Mevyax obpasyloTcs AMOKCUHBI, ABMNSALWMECH KaHLe-

poreHamu, INOK KOTOpbIX B BO3YyXe XXECTKO PerfiameHTUpPYTCS;
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- yaenbHble 3atpaTtbl Ae3VH(UUUPYOLWNX CPpeacTB (Ha TOHHY OTXOLOB), a Takke 3a-
TpaTbl Ha NpegoTBpaLLeHME BO3MOXHOIO 3KOMorm4yeckoro yuiepba, cywecTtBeHHO npeBbila-
0T aHanorn4Hble 3aTpaTtbl ANa Apyrnx cnocobos obessapaxmnBaHus;

- cornacHo CaHlluH 2.01.07.2790—10, obe33apaxeHHble TakMM CrocoboM OTXoabl
He MOryT ObITb NPUPaBHEHbI K 0TX0A4aM Kracca «A» U BbIBO3UTbCA COBMECTHO C HUMM.

Tekywme ypoBHM 3IMUCCUUN B OKpyxXaruyr cpeay. [le3anmHdekums oTxoqoB C uc-
NoNb30BaHNEM XMMUKATOB CNOCOOHA MpMBECTM K 06pa3oBaHMI0 OMACHbIX ANS OKpyXXatoLlen
cpegbl XMMUYECKMX coefuHeHun. [aHHbin BUO Ae3nHMeKuun TpebyeT MCnonb30BaHUSA

GonbLloro obbema BoAbl AN pacTBOPEHUst Ae3NHDULMPYIOLLIErO CPeacTBa.

2.7.2 TexHonormu yTunuaumm MmeguUMHCKNX oTXo40B, OCHOBAHHbIE HaA

c¢u3nyecknx metogax

TexHonormm obe3BpexnBaHUsl, OCHOBaHHble Ha (hU3MYECKMX MeTodax, HanpasreHbl

Ha obe33apaxunBaHve MeaNLNHCKUX OTXO/0B.
CTepunusauusa BogsiHbIM NapoM noa gaBrieHUeM

Obnacmb npumeHeHus. MeToa Mcnonb3yeTca C NPUMEHEHNEM creumanbHOro anna-
paTta aBToKnasa. ABTOKIIaB — annapart ans crepunusauus BogsaHbIM napom nof gaBfeHuem
n npu Temnepatype 6onee 100 °C. ABTOKIaB NPMMEHSIOT AS1 CTEPUNM3ALNKN NEPEBA3OYHbIX
maTtepuanoB, 6enbsi, MAHCTPYMEHTOB, Nocyabl Ans 6akrepunonornyeckmx naboparopum, nuta-
TenbHbIX cpeld ANS BblpallMBaHUA MUKPOOPraHuM3aMoB v Ap. MNpuHUUN OencTBus aBToKIaBa
OCHOBaH Ha BO3pacTaHUK TemMnepaTtypbl KUNEHUs BOAbI NPU NOBbIWEeHUN aasnexus. CoTpya-
HUKKN, paboTaloLme C aBTOKNAaBOM AOSMKHbI MUMETb COOTBETCTBYHOLLYIO KBanudukaumo. ABTO-
KnaBbl MCMNOMb30BaNUCh C Ha4ana npoLUroro Beka Ansa crepunusauun MeanunuHCKUX MHCTPY-
MEHTOB NpPW MOBTOPHOM MCMNOSb30BaHUN. ABTOKMABbI TakkKe MOryT UCMonb30oBaTbCH AN CTe-
punu3aunn MeguuuUHCKMX OTXOO0B nepes yTunmsaumnm Ha caarike.

OnucaHue mMetopa. B aBTOKNaBse npovcxoanT Ae3vHMEKUNA MEANLNHCKUX OTXOO0B.
MeaununHckne oTxodbl, NOABEPrUMECA TakoM Ae3vHGEeKUUn, HeobxoaMmMo LONOSTHUTENbHO
obpaboTaTb — cnpeccoBaTtb, U3MENbYUTL UNN pas3gpobuTb, Tak, YToObl oTxoAbl Obinn He-
noeHTunumnpyemsl 1 He MOrnn BbITb MOBTOPHO MCMNOMb30BaHbl B Apyrux uensx. lNpouecc
AO0NOSTHUTENBHOM 06PabOoTKM CyLLLECTBEHHO YMEHbLUAET 06beM MEOUNLIMHCKNX OTXOL0B.

[OCTOMHCTBOM aBTOKIABOB ABMSETCH TO, YTO OHW MOTYT BbiTb MCMOMBb30BaHbl A51s 00-
paboTkn 0o 90 % mMegMUMHCKMX OTXOAOB, pasmepbl aBTOKMNaBa Nerko nogobpatb Ans yao-
BNETBOPEHMs nNoTpebHocTen nbon MeauuUMHCKON opraHusaumm, UCnofib3oBaHWe aBToKNa-

BOB SC*)C*)GKTVIBHO, CTOMMOCTb X OTHOCUTEINTbHO HEBEIINKA.
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TeKywme ypoBHM 3IMUCCUM B OKpyXarowwyto cpeay. OrpaHnyeHneM NCrnonb30oBaHNS
MeToAda ABNSETCS TO, YTO B MPOLIecCe CTepunnsaumm B aBTOKNaBe MOXET Npou3onTu Bbiae-
NeHNe XMMMYECKUX BELLECTB, NMPUCYTCTBYIOLIMX B OTXo4ax. B 3aBMCMMOCTUN OT KOHCTPYKLIMK
aBTOKIaBa, 3TM XMMUYECKME BeLLleCcTBa MOryT nonacTb B BO34yX MpU OTKPbIBAHWM aBTOKNa-
Ba. Takke Heobxoaumbl AanbHeNllme pacxodbl Ha OOMONHUTENbHY 06paboTky MeanunH-

CKMX OTXOA0B N UX TPAHCNOPTUPOBKY K MECTY 3aXOPOHEHNA unu cxuranus ([133]).
MukpoBonHoBasi o6paboTka

Obrnacmb npumeHeHusi. MUKPOBOSHbBI MCNOMb3YOTCA AN MEAULUMHCKUX OTXOL4OB, CO-
aepxawmx MMKpobrnonormyeckme KOMNOHEHTbI.

OnucaHue Metopa. MukpoBornHoBass ob6paboTka MOXeT OblTb OCyLIEeCTBReHa Kak
CTauMOHapHO, TaK M Ha nepeaBwKHbIX 06bekTax. [nga aToro Tmna Ae3nHpeKuMn oTxonbl 13-
MenbYyalTCs, 3aTeM OpOLLAaTCA BOAOW U MNOABEPralTCAa MUKPOBOSTHOBOMY MU3FyYEHMUIO.
Tenno n nap, obpasytomecs B xoge obpaboTkn, obecneymBaroT paBHOMEPHbIN HarpeB BCEX
0TX040B U 3PPEKTUBHO HENTPAIM3YIOT BCE UHAEKLUMOHHbIE areHTbl. MamenbyeHne ymMmeHb-
waet obbem oTxopoB Ao 80 %, npu 3aTOM nepepaboTaHHbIe OTXO4bl MOTYT OblTb YTUM3MPO-
BaHbl Kak BTOPUYHOE Cbipbe uUnn pasmelleHbl Ha nonuroHe TKO. Becb npouecc MoxeT npo-
ucxoouTb B OAHOM  pes3epByape, MpuBrevYeHne KBanupuuupoBaHHOMo nepcoHana
He TpebyeTcs, A4OCTAaTOYHO TOMBbKO MPOWTM COOTBETCTBYIOLMIA UHCTPYKTaX. OBpaboTka me-
ANLMHCKNX OTXO40B MUKPOBOJSTHOBBIM U3NyYEHNEM AELUEBNE, YEM CKUTaHUE.

Tekywme ypoBHU 3IMUCCUM B OKpYXKaKLLyro cpeay. B paccMoOTpeHHbIX MaTepuanax

CBEZEHUS O TEKYLLMX YPOBHSX AMUCCUMN B OKPYXKaKOLLLYHO cpefy OTCYTCTBYIOT.
CTepunusauusi MOHU3UPYIOLLUM U3TTyHEHUEM

Obnacmb npumeHeHus. CTtepunusaumss MeOULMHCKON TEXHUKW, MaTepuarnoB U mMeau-
LMHCKMX OTXOA0B.

OnucaHme metopa. CtepunmaaumoHHbI 3EEKT MOHMU3MPYIOLLETO U3NYYEeHUs ABIS-
eTcs pe3ynbTaToM BO34eNCTBUA HA OOMEHHbIE NPOLIECCHI KNETKW, TOraa Kak pagnoakTuBHOE
N MHJPaKpacHOe M3ny4YyeHue, BbICOKOYACTOTHble konebaHuns okasbiBaloT cBoe bakrtepuuuna-
HOe JenCcTBMe C NOMOLLbIO Tensa, pas3smMBaemoro B obpabartbiBaemMom npegmerTe.

lMpumeHeHne noHu3MpylowWwen paguauum nmeet pan nNpenMyLlecTs nepen Tennosoun
ctepunusaumen. MNpu ctepunmsaummn ¢ NOMOLLBID NMOHU3MPYIOLLEro U3nydYeHus TemnepaTtypa
cTepunmsyemMoro obbekta MoAHMMAETCA He3HaYUTesNbHO, B CBA3WM C YEeM Takme MeTonbl

Ha3blBalOT XONI04HOW CTEpUnNu3aumen.
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Ons obpaboTkn MeguUMHCKMX OTXOA0B HEOb6XOAMMO CO3[aHue BblOENEHHbIX 30H,
npuobpeTeHne cneumanbHbIX YCTaHOBOK M HaeM crneumanbHO NOAroTOBMEHHOIO NepcoHana,
Tak 4YTO 3TOT cnocob sBnseTCs 4OCTAaTOMHO 3aTpaTHbIM MO CPaBHEHMIO C ApyruMu cnocoba-
MK (KpoMe cxuraHus). Pyuck obnyyeHus nepcoHana, XoTss U MMHUMarbHbIA, Takke siBNsieTcs
HegoCTaTKOM 3TOro cnocoba.

JTobas popma 0bnyveHns Bbi3bIBaET N3MEHEHUS B Bernkax, HyKNeNHOBbLIX KACNOTax m
APYrMX COCTaBHbIX AfiEMEHTax KneTku, 0OycrnoBnmBaloLWnNX ee XusHegesaTenbHoCcTb. Cyue-
CTBYET MHOro (QaKTOpOB, CHMXaKLWMX M YBENMYMBAOLMX YYyBCTBUTENBbHOCTb MUKpPOOpra-
HU3MOB K MOHU3UPYHOLLEMY OONyYeHUIO: Hanuyme Bnaru, Kucnopoaa, cynb@riapunbHbIX U
APYrMX 3alMTHbIX COeAMHEHUN, BbiCyLLUMBaHWE, CBOWCTBa cybcTpaTta, pH cpenpbl, Temnepa-
Typa u ap. ([134]).

Tekywme ypoOBHM 3IMUCCUM B OKpyXallLuyr cpegy. [Mpyn ncnonb3oBaHuM gaHHOTO

MeTOZa CyLLeCTByeT puck 06nyyYeHuss nepcoHana.

2.8 OnucaHue NpUMeHsieMbIX TEXHONOrM4YeCKuX NpoLeccoB B

obGnacTtn o6esBpexuBaHMA OBUMONOrM4YEeCKUX OTXO040B

2.8.1 TexHonornMm yTunusaumm 6MonorM4eckux oTxoaoB, OCHOBaHHbIe Ha

c¢hu3nyecknx metoagax

YTunusaumss 61Monornyecknx OTXO4o0B MNPOM3BOAUTCA Ha BeTepuMHapPHO-CaHUTaPHbIX
YTUNN3AUMOHHBIX 3aBO4ax U B YTUIN3AUMOHHbIX Lexax nyTemMm TepMmnyeckon odpaboTku.

Obnacmb npumeHeHusi. MeTon ucnonb3yeTcs ANd LWMPOKOro cnektpa bruonornyecknx
OTXOAOB, 3a WCK/IOYEHMEM OTXOLOB KOHTAMUHMPOBAHHbLIX BO30Oyautenamu psga ocobo
onacHbIX 6onesHen XUBOTHbIX, MPU KOTOPbLIX OTXOAbI NoAMeXaT YHUYTOXEHMIO, COrnacHO Be-
TepUHApPHOMY 3aKOHOOATENbLCTBY.

OnucaHmne metopna. OCHOBHblE CTaaMM TEXHOSOMMYECKOro npouecca (pucyHok 2.19)
BKIMOYAKOT: NPMMeEHeHMe Tennoson obpaboTku; yaaneHue snarn n yganexue xwupa. Npouec-
Cbl MPOBOAAT B BAPOYHbIX KOTMIAX HEMPEPLIBHOrO NMOO MOPUMOHHOIO AENCTBUSA. Takue Tex-
HOJOrM4Yeckne napameTpbl kKak TemnepaTtypa u ANTENbHOCTU BapOYHOro npouecca siBAsioT-
CSl BaXHENWMMM nokasatensamm obessapaxmBaHnsa GUONOrMYecknx OTXo40B M KayecTBa ro-
TOBbIX KOPMOBbIX MPOAYKTOB XXMBOTHOMO MPOUCXOXAEHUS.

Hanbonee pacnpocTpaHeHHON SABNSETCA TEXHOMOMMS yTUnm3aumm — Bapka B BaKyyM-
HbIX KOTNax, Npn KOTOPOW BbIXOA4 MACOKOCTHOM MyKK, cogepxatlen 30 % — 60 % Oenka, co-

ctasngaeT 40 % — 45 %,
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Buonornyeckne otxosabl

HarpesaHue
» M3menbyeHune
(Bapka)

Y \ 4
BbenkoBas macca <« MpeccoBaHne
Y \ 4
[OpobneHne Ouunctka xunpa

A 4 A\ 4
XpaHeHue/
oTrpyska OTrpyska »xupa
npoayKumnm

PucyHok 2.19 — OCHOBHbIE CTaguu TEXHOMOMMYECKOro npoLecca yTmnmsaumum
BMONornYeckMx OTXo40B Ha BETEPUHAPHO-CAHUTAPHLIX YTUNU3ALMOHHbLIX 3aBoO4ax N B

YTUIMN3aUMNOHHbIX LiexXax

PorokonbiTHOEe Cbipbe 0Oe33apakMBaeTcsi TEMSOBbIM U XMMWYECKMM BO3OENCTBUEM
npu NPOM3BOACTBE Knes, xenaTuHa.

Tekywme ypoBHU 3MMUCCUMN B OKpyxawwyr cpeay. [Npy npoBegeHUn BapOYHOro
npouecca obpasytoTcsl TOKCUYHbIE, AYPHOMNaxXHyLmMe BblOpoChl, TpebyoLwmne o4mcTkmn n obes-
3apaxuBaHus, a Takke CTOYHblE BOAbI, coaepalume xupbl. CBegeHUS 0 YPOBHSAX 3MUCCUN B

OKpY)KatoLLyto cpefy OTCYTCTBYHOT.
YTunmusauma n o6e3BpexnBaHne 3KCTPY3UOHHLIM CNOCOGOM

YTunmsaums n o6e3BpexmBaHne 0TXo40B 3KCTPY3MOHHLIM CNOCOBOM HanpaBreHa Ha
nonyyeHne KOPMOBbLIX NPOAYKTOB AJ151 XKUBOTHbIX.
Obnacmb npumeHeHusi. MoxeT ObITb MCNOMNb30BaH AN BCEro cnekrpa bnonormyecknx
OTXOO0B.
OnucaHue metopa. B ocHoBe TeXHONMOrMM NEXUT Crnocob CyxOon SKCTPY3uu, Npu Ko-
TOPOM HarpeB 3KCTPYAMPYEMOro mMaTepuarna npoMCXOAUT 3a CYET TPEHMSI Kak BHYTPWU €ero,
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Tak 1 B cTBose akcTpyaepa. OCHOBHYO npobnemMy npeacTaBnseT BbICOKas BIAXHOCTb OTXO-
poB (0o 85 %). [insa ee peweHns n3MenbYeHHbIE OTXOAbl XXMBOTHOIO NMPOUCXOXAEHUS Npea-
BapUTENbHO CMELLMBAIOT C PacTUTENbHbIM HANOSTHUTENEM.

Takum nyTeMm ymMeHbLIaKT BfI@XXKHOCTb Macchbl, NnogaBaeMoun B 3KCTpyaep. NosnydyeHHyto
CMeCb NnoBepratT 3KCTPY3MOHHON nepepaboTke, nonyvas NpUroaHbIn Ans KOPMIIEHUSA CBU-
Hen, NTuubl U NywWHbIX 3Bepen npoaykT (pucyHok 2.20). B kadectBe HanonHUTens moryt
ObITb NCMOMb30BaHbl 3€PHO, 3€PHOOTX0AbI, OTPYOU, WpoTbl. O6bem HanonHutensa B 3-5 pa3s
Oonblle OTXOAOB XMBOTHOMO MPOMCXOXOEHUA M onpefensetrcsa uMx BnaxHocTbio ([135],
[136]).

PucyHok 2.20 — 3kcTpyauposaHHbie kopma ([135])

MonHbIN TexHonormyeckmi npouecc ([136]) cocTonT ms:

- N3MernbYeHns;

- CMELUNBAHNS N3MENTbYEHHON MaccChl B onpeaenieHHOoM nNponopumm ¢ pacTUTenbHbIM
HanonNHUTEnNewM;

- 9KCTPY31M CMECH;

- OXNaXaeHus;

- 3aTapuBaHus.

CopepxaHue cbiporo npotenHa 20 % — 25 % — npu 3KCTPyaMpOBaHUM OTXOO0B OT
nepepabotkm KPC un cuHen; go 30 % — 35 % — npu aKCTPYAUPOBAHUM OTXOO0B NTULbI.
OKCTPYOUPOBaHHbLIM MPOAYKT XapaKTepuayeTCcsa BbICOKOW CTeEMeHbko ycBosiemMocTu (6onee
90 %) n GakTtepmanbHon umuctoton (OMY B 1r1 npoaykta — 20-25 TbiC. e4. npu Hopme
500 TeIC. en.) ([135], [136]).

TeKyliMe ypOBHU 3IMUCCUM B OKpyXamoLlyro cpeay. [1py npoBeaeHUn 3KCTPY3NOH-
HOro npolecca NPoOUCXoanT BbIBPOC B aTMOCKEPHbLIN BO3AYX TOKCUYHbLIX BeLecTB (CepoBo-

aopopa, CepHUCTOro rasa, MepkantaHoB). TpebyeTcsa ouncTka rasoBbix Bbibpocos ([136]).
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2.8.2 TexHonornm o6e3BpexmBaHnst GUONOrM4YeCKMX OTXOA0B, OCHOBAaHHbIE Ha

XUMUYECKUX MeToaax

TexHonorna o6e3BpexmnBaHma BMONOrMYECKUX OTXOAOB, OCHOBaHHbIE Ha Buoxmmumye-
Cknx metogax (buotepmmyeckmx metogax). TexHonormm obesBpeXxmnBaHns, OCHOBAHHbIE Ha
BUoxMMMYeCcKMXx MeTodax HamnpaerieHHble Ha obe33apaxuBaHme OMONOrM4eckux OTXOOOB.
K 6uoxmmmnyeckomy cnocoby obessapaxmnBaHus oTHocUTCHA obeszapaxuBaHve B Guotepmu-

YEeCKuX simax.
O6Ge33apaxumBaHue B bMoTepMmnyeCcKux smax

Obnacmb npumeHeHus. Metoa MmoxeT ObiTb MCNONBb30BaH AN BCero cnekrpa éuono-
rM4YecKnUx OTXOOOB.

OnucaHue metoaa. AMbl CTPOAT C BOAOHENPOHULAEMbIMU CTEHAaMU N AHOM. Pasmep
AMbl: gnameTp — 3 M, rmybuHa 9—10 M n Gonbe. Ambl MOryT BbITb Kak LMANHOPUYECKOMN,
TaK YeTblpexyrosibHon ¢opmbl. CTEHbI BUMOTEPMUYECKON sIMbI OBMLIOBBIBAKOT KAMHEM, KUp-
nM4yoMm, >xkenes3obeToHOM, NPOCMOMEHHbIMM BpeBHaMn MM OPYruM BOOOHENPOHULIAEMbIM
mMaTtepuarnomMm. CTeHbl BbIBOAAT Bbllle YPOBHA 3eMniMm Ha 40 CM C yCTPOMCTBOM OTMOCTKM.
Ha gHo knagyT webeHb, AHO siMbl Aanee criegyeT 3anuTb 6eToHoM. NepekpbiTve sAMbl ae-
NnarT ABYXCAONHBLIM MU MeXAy CNnosMu YyTennawT pasnvyHbiM yTennutenem. B ueHTpe nepe-
KpbITUA ocTaBnsaT oteepctne pasmepom 30 X 30 cM, NMOTHO 3aKpblBAEMOE KPbILLKOW, W
yCTaHaBMNMBAOT BbITSXKHYIO TPyOy AnameTpom 25 cm 1 BbICOTOM 3 M.

Hag amon genatot HaBec Ans 3awmThbl OT AOXAS U CHera Ha BbicoTe 2,5 M, LWMPUHON
3 M U1 anuHon 6 M. P9aom ¢ sMOIM CTPOAT NSOWAAKY A9 BCKPbITUSA TPYNOB XUBOTHbIX. COpa-
CblBaTb B OMOTEPMUYECKYIO SIMY OTXOAbl paspeLleHo TONbKO Nocre BETEPMHAPHOro OCMOoTpa.
B aspobHbIX ycnoBusax Tpynbl XUBOTHbIX pasnaratotca 4-5 mec ¢ obpasoBaHMeEM OOHOPOS-
Horo komnocTta. Npu 3aToM B Tpynax passmBatroTcs TepMopunbHble MUKPOObI, Bnarogaps ge-
ATENbHOCTU KOTOPbIX TemnepaTtypa nosbiwaeTtca Ao 60 °C — 70 °C, 470 Bbi3blBAET rmbenb
naToreHHoM MMKPOMopbl U Aaxe cnopoBbix hopm (nocne ux npopactaHus) ([ [138]).

TeppuTtopnio CKOTOMOIUIbHUKA (BMOTEPMNYECKON SMbI) OrOpaXxmBaktT rNyxum 3abo-
pPOM BbICOTON HE MeHee 2 M C Bbe3aHbiMu BopoTamu. C BHYTpEHHEN CTOPOHbI 3abopa no
BCEMY NEPUMETPY BblKanbIiBalOT TpaHwetro rnyéunHon 0,8-1,4 M 1 LULMPUHOM HE MeHee 1,5 M C
YCTPOMCTBOM Bana un3 BblHyTOro rpyHta ([137], [46]).

[MpenmyLlecTBa 3TOro MeToaa 3aknio4aoTCa B TOM, YTO B BUOTEPMUYECKNX AMaXx Npo-

NCXOOUT HE TOJIbKO OECTPYKUMNA OTXOO0B C pa3syioXeHnem 6enkos, XUpoB n yrnesoagos, HO U
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obe33apaxvBaHne naToreHHbIX MMKPOOPraHM3MOB, HAXOASALWMNXCS B OMONOrMYeckmx oTxoaax.
CkoTomorunbHuk (brnotepMumyeckas sima) AOMmMKEH UMETb YAOOHbIE NOAbE3AHbIE NYTU.
TekywiMe YPOBHM 3MUCCUM B OKpYXKamoLlyt cpeady. CBeeHUs1 O TEKYLLUX YPOBHSIX

3MUCCUM B OKPYXKaIOLLYtO Cpefy OTCYTCTBYHOT.

2.9 OnucaHue NMpUMeHAeMbIX TeXHOJIOr'M4eCcKux npoLeccoB B

obnacTv yTunusaumm oTxonoB OpraHU4YecKkux pacTteBopuTtesnen

OCHOBHbIMM HarnpasneHnaMU yTUNn3aunum OTXOLO0B pacTBOpUTENEN ABNAETCA pere-
Hepauusi, B Xo4e KOTOPOW BellecTBa MNEeperoHsTCA U PekTUPUUMPYIOTCH, a TBepabln
OCTaTOK CXuUraeTtcs.

ObesBpexunBaHne OpraHNYecKnx pacTBOpUTENeEn MNPOBOAUTCA METOOOM CXUraHus.
CBefeHnst 0 TexHomornax obesBpexnBaHus OpraHNYeCcKUxX pacTBopuTenen nyTeM CXUraHus
npeacrtasneHbl B cnpaBoyHnke HOT UTC 9-2015 «Ob6e3BpexmBaHne 0TXOA0B TEPMUYECKAM
crnocobom (CKuraHne oTxoaoB)».

[na yTunusaumm oTX0O0B OpraHMYeckux pacTBopuTenen UCNonb3yTcsa ousmyeckue

N OU3NKO-XUMUYECKME METOAbI 3TO ANCTUNNAUNSA U PEIKCTPaKUMA.
Ouctnnnauua

Obriacmb  npumeHeHusi.  Vicnonb3dyeTca  AnNd  yTunuMsaumMm  pacTBopuTenewn
He coepalymx ranoreHbl, yTpaTuBmnx notpebutensckme ceonctaa ([55], [59]).

OnucaHme metopa. [uctunnauma (pereHepauus) npegHasHadeHa ans pasgeneHus
OoTpaboTaHHbIX pacTBOpUTENEN Ha pacTBOpPUTENM, nognexailime noBTOPHOMY WCMOMb30Ba-
HWIO, N OCTaTKK, He Noanexawime NOBTOPHOMY UCMONb30BaHMIO. OUCTUNNAUMA npMMeHnma
AN BCeX pacTBopuTenen u xnagareHToB, nogsnexalux pereHepauuu.

Ecnn otpaboTtaHHble pacTBopuTenu cogepxat BoAy, TO npeapaputenbHoe 06e3Bo-
XUBaHWEe NPON3BOAUTCA C MOMOLLBIO PUNbTPOB-OTCTONMHMKOB ([59]).

3arpsaA3HeHHbIN pacTBopUTErb (OpraHNYecknin UnNn BOAHbIN) B Xo4e npoLlecca OUCTUn-
NauMM ncnapseTcsa u 3aTeM KoHaeHcupyeTcs. [[PpA3HbI pacTBOPUTENDb 3aKaunmBaeTCsa Haco-
COM B TaK HasblBaemyto pabouyto kamepy ([56], [139]). HarpeBaHne noTtoka, nogaBaemoro Ha
ANCTUNNALMIO, NPOUCXOAUT C MOMOLLBK HarpeBaTesibHbIX 3neMeHToB (TennoobMeHHUKOB)
obecneyeHHbIX Hagnexawlen tennomsonsaumen. Npn OCTUKEHNUN TOYKU KUMEHUS pacTBOPU-
Tenb HayMHaeT ucnapatbcs. [apbl pacTBopuTens nNpoxogaT yepe3 KoHaeHcaTop. KoHaeH-
caT — Npo3payvHblil U OYULLIEHHBLIW PacTBOPUTESNb BbiTEKAET U3 YCTAHOBKWU. 3arpsa3HeHHbIN

ocTaTok (TBepable npumecn) yaansetcsa ([56], [139]).

129



UTC 15-2016

O PeKTUBHOCTL yTUNM3aumMm oTpaboTaHHbIX pacTBOPUTENEN BO3MOXHO MOBbLICUTb
([59]) 3a cuerT:

a) NPUMEHEHNSA a3eoTPONHOW ANCTUNNALUMK,

6) NPUMEHEHNA BaKyyMHOW OUCTUNNALNNK;

B) UCMOMb30BaHWS NIIEHOYHbIX NCNapUTENen.

BakyymHas guctunnauma npegHasHaveHa ans obpaboTkm pacTBopuTenen C BbICOKN-
MU TemnepaTtypamu kuneHus (Boiwe 200 °C).

A3zeoTponHasa AMCcTunnauusa obbIYHO NCNOoNb3yeTca ANg yrny4yleHns Ka4ecTBa pereHe-
pauun pacTteopuTenen. A3eoTponHas AUCTUNNAUMA COCTOMT B [JobaBreHun BellecTBa
(o6blvHO napa) ans opmMMpoBaHMUS a3eO0TPONHOM CMECU C pPacTBOPUTENEM, KOTOPbIA Nnoa-
NexuT nocnegyowen pereHepauun. A3eoTponHas cMecb nmeeT 6onee HU3KYD Temnepary-
Py KUNEHWUs, YeM UCXOLHbIN pacTBOPUTENb, U U3BIEYEHNe pacTBOpUTENA TakuMm obpasom
obneryaercs.

MpumeHeHne BakyyMHOW ANCTUNNAUUM U NpefBapuTerbHbI HarpeB pacTBopuTens

CHWXaloT 3HepronoTpebnexne npu auctunnauum ([59]).
PeakcTpakuuma

Obracmb  npumeHeHus.  Vicnomnb3dyeTca  AnNd  yTunM3auuMmM  pacTBOpUTENeEWn
He cofepXallmx ranoreHbl, noTepsasLnx notpebutensckmne ceorctea ([140], [141]).

OnucaHue metopa. PeakcTpakumsa npeacrasnget cobon npouecc obpaTHOro usBne-
YeHUs BeLLecTBa U3 aKCTpakTa nytem obpaboTku crneumanbHbIM pacTBOPOM, KOTOPbIA Ha3bl-
BalOT peaKcTpareHToM. B kavecTBe peakcTpareHTa MCNonb3yT BoA4y, BOAHblE pPacTBOPSLI,
HepacTBOpUMbIe B 3KCTpareHTe opraHudeckue Beuwlectsa ([140], [141]). NMony4yaembii npo-
AYKT — PE3KCTPaKT.

PeakcTpakumns ocyLecTBnseTcs OAHUM U3 crieayoLmx cnocobos:

1) npombIiBKa opraHnyeckon gasbl;

2) ocaxgeHue KOMMOHEHTa HenocpeacTBEHHO U3 OpraHn4yeckon dassbl;

3) cenekTMBHOE M3BNEeYeHNEe KOMIMOHEHTA.

Mpn peakcTpakumm JocTurarTcsa crieayowme uenu:

1) BblgeneHne BeLLecTBa U3 IKCTPaKTa,;

2) pasgenenue BewecTB (M3bnpatenbHas peakcTpakuus);

3) KOHUEHTpUpOBaHMe U3BreKaeMblX BELLECTB;

4) pereHepaums 3KkCTpareHTa Ansi NOBTOPHOro UCMNOSb30BaHUS.

BbiOop peakcTpareHToB 3aBUCUT OT MeXaHN3Ma 3KCTPaKUUN.
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PereHepaunsa akcTpareHTa MOXeT ObiTb OCYLLUECTBIiEHaA Takke pekTudukauumen, Bbl-
napusaHuem n T. g.

CyuwiecTtByloT psg cnocoboB yTunusauum Xnopcoaepkalmnx pactBopuTenen, Takue
Kak agcopbums Ha yrnsx, pektudukaumns, MOHHbIM 0OMeH, agcopbums Ha MONEKYNAPHbIX CU-
Tax. Ho Bce gaHHble MeToabl ABMSKTCHA CIOXHbIMU, Manonpon3BoANTENbHLIMU U 3KOHOMMU-

4Yeckn He uenecoobpasHbimu ([142]).

2.10 OnucaHne npuMeHsieMbIX TEXHONTOrM4YeCKMX NpoLeccoB B
obnacTv yTunusaumm aBToOMOOUNbHbIX aKKyMYNSATOPOB, YyTpaTUBLLUX

noTpeduTenbcKkne cCBOMCTBa

TexHonormsa ytunusauum aBTOMOOWIBbHBIX CBUHLIOBbLIX aKKyMynsaTOPOB, yTpaTMBLUMX
notpebutenbckne CBOMCTBA.
Mpouecc yTunuaaumm aBToOMOBOUIBHBLIX akKyMynAaTOPHbIX GaTapen B 3aBMCMMOCTU OT

Hanu4unsa cneumansHoro obopyaoBaHMA MOXET OblTb PYYHbIM U MPOMbILLNIEHHbBIM.
Py4yHasa yTunusaums

Obnacmb npumeHeHus. icnonb3dyeTca Ansi aBTOMOOUITbHBIX akKKyMynsaToOpHbIX 6aTta-
pen Bcex BUOOB.

OnucaHue Metoaa. PyyHas cOpTUPOBKA CONPOBOXAAETCS YETbIPbMS aTanamu.

[MepBOHa4YanbHO NPOM3BOAMTCA CNUB ANEKTponMTa ¢ cobnioaeHnemM Bcex npaBus Tex-
HUKN 6Ge30MacHOCTMW.

[Mocne aToro akkymynatop TwaTenbHO NPOMbIBAKOT, NPUMEHSAA COO40BbIM PacTBOp.

[anee cneumanucTbl NpuUCTynarT K pa3bopke yCTPOMCTBa Ha COCTaBnswwume, UC-
Nnosib3ysi cnecapHbI UHCTPYMEHT.

[Mocne npoBegeHnsa py4HOU pa3bopkm OCTaeTcsa NPOU3BECTN COPTUPOBAHUE MOSyYEH-
HbIX COCTaBHbIX 3nemMeHToB. CBMHEL 1 NNacTUK NoABeprarTcsa ganbHeNWwen cneumanbHon
TEXHOSornyeckon nepepaboTke, Nocne KOTOPOW BCe MaTepuarbl FOTOBbI K peanusauuu.

AMuccum B oKpyxaruyr cpeny. Metoq cumtaeTcss 4OCTAaTOMHO ONACHbIM, XOTH U
NO3BOMNSET MOMYYMTb Cbipbe CaMOro BbICOKOrO KavyecTBa. B pesynbtate py4HOro crivea anek-
TponuTa CyLeCcTBYET PUCK €ro NponnBa 1 3arpasHEHnst OKpYyXXatoLen cpeabl 3NIEKTPONUTOM,

a Takke nNpu HecobnaeHUN TEXHMKN Be3onacHOCTN pUCK ANst NepcoHana.
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npOMbILLIJ'IeHHaﬂ yTunum3aumsa Mmetogom pesnesikm

Obnacmpb npumeHeHusi. icnonb3dyeTca Ansi aBTOMOOUITbHBIX akKKyMynaToOpHbIX 6aTta-
pen Bcex BUOOB.

OnucaHue metona. Kakne-to otaenbHble MOMEHTLI NepepaboTKn MOryT OTNMyaThbCs,
HO B LIefIOM TEXHOMOrMS yTUNmM3aumm akkyMynsaToOpoB BKIKOYAET criefytoLime aTanbi:

- cnuB M nepepaboTka anekTponuta. Ha HavyanbHOM 3Tane paspyLlaeTcs KOpnyc ak-
KyMYNATOpHOM GaTapen n cnuBaeTcs aNeKTponuT. AKKYMYNSITOpbl MOryT NPOCTO pa3buBaTb-
cs B pesynbTaTe cbpoca ux B onpedeneHHyto eMKOCTb. Ha HeKOTOpbIX NpeanpuaTuax ectb
ANCKOBbIE MUMbI, KOTOPbIMU OHU pa3pesatoTcsa. CNUTbIN ANEKTPONUT NoABEPraT HenTpanu-
3aumu. JTa onepaums NPOBOAUTCHA B repMETUMYHbIX Kamepax Npu BbICOKOW Temnepatype.
Ha HekoTopbIX NpeanpuaTuaxX ecTb cneumansHoe obopyaoBaHue, KOTOpoe NO3BoONseT nepe-
paboTaTb 3NEKTPONnUT 1 3anyCTnTb ero B OCHOBHOE NPOU3BOACTBO;

- opobnexue. [anee npoBoautcsa ApobneHne akkyMynsiTOpoB B MOLLHbIX ApOobunkax.
B pesynbTtate npomMcxoguT NosiHoe paspyLleHne akkyMyrisaTOpPOB;

- bunbTpaumsa. MNMocne opobunok nonyymsBlLAACS Macca nponyckaeTcs vepe3 unb-
Tpbl, rOe OTCemBaeTCs CBMHLIOBO-KUCNOTHAA nacta. Ee oTcemBaloT n oTnpaBnsaloT Ha Aalb-
Henwyto nepepaboTky;

- pasgenenne metannoB um nnactuka. OcTtaBliascs cmecb ApobneHoro nractvka u
CBUHLOBbIX 3NIEMEHTOB NOAAETCH B YCTAHOBKY rmapoavHaMmnyeckon cenapauuun. Llenb aton
onepauun — pasgennTb NacTUKOBLIN 6O 1N MeTannMyeckue anemMeHTbl;

- nepepaboTtka nnactuka. OTAEeneHHbIn nnacTuk cobupaeTcs M OTNpaBnseTcss Ha
npeanpusaTus, 3aHMMarLMNECs BbIMYCKOM MNACTUKOBbLIX rpaHyn. B ganbHenwem mx ncnonb-
3yl0T B Ka4yeCTBE MCXOOHOrO Cbipbsi NPU MPOU3BOACTBE KOPMYCOB aKKyMynsiTOPOB aBTOMO-
OVNbHbIX;

- oYMcTKa MeTannos. [lonyyeHHas cMeCb MeTanfIM4YEeCKUX SNEMEHTOB CMELLMBAETCS C
OTUNbTPOBaHHOM paHee nacTton. Bce 310 3anmBaeTcsa Booon ¢ AobaBneHMEM XUMUKATOB,
KOTOpble HEeNnTpanu3ylT KUcnoTy. B pedynbtate nonyyaetca HemTpanvM3oBaHHbIA OCafoK.
Boga ounwaeTtca n cHoBa 3anyckaeTcs B Uukn. [onyyeHHas meTannuyeckas cMecb noasep-
raetcs cywke. Ha HEKOTOpbIX NMMHUAX OTAENAT CTarbHOM NOM NPy NOMOLUW MarHUTHOW ce-
napauum;

- BblgeneHve cBuHua. OyuwieHHass cmecb MeTannoB nocTtynaeT Ha nnaeky. CBuHel,
UMEEeT HU3KYID TemrnepaTypy nnaBneHus v nepBbiM NepexoauT B JKUAKOE COCTOSHUE.

OcTanbHble MeTansbl BCAMbIBAKOT Ha NOBEPXHOCTb pacniiaBa, OTKyaa 1 yaanatoTCA,
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- OYMCTKa M BbinnaBka cBuHUA. OTAeneHHbI CBMHEL o4yuwaeTcs OT npuMecen no-
cpeactBom fobaBrneHus kayctudeckonm cofpl. lMocne atoro cBuHel, pasnueaeTca no ¢op-
MaM, a Ha ero NOBepxXHOCTM 0BpasyeTcsa NMeHka, cogepxaliaa npumecu. YoansiT BMecTe C
YyacTblo CBMHUA. [lonyyeHHble CNUTKM CBUHLA OTMNPaBRSIOTCS Ha MPOU3BOACTBO PELIeTOK
3NEeKTPOA0B HOBbIX akKKyMYnsiTOPOB.

AMuccumn B okpyxawuwyr cpepy. [1poMbIlNEHHAs yTUNM3auns akKyMynaTOpPHbIX
YCTPOWCTB MO3BONSIET aBTOMATU3NPOBaTb BCE MPOLECCHI, a cnegoBaTtenbHO MUHUMU3NPO-

BaTb NOOYI0 BO3MOXHYH onacHocTb. ([143])
MpombiwneHHasa yTunmsaumsa MeToaoM NiaBku B NUpoMeTannypruyeckmx nevax

Obnacmpb npumeHeHusi. icnonb3dyeTca Anst aBTOMOOUITbHBIX akKKyMynaToOpHbIX 6aTta-
pen Bcex BUOOB.

[MnaBka CBMHLOBbLIX aKKyMYNATOPHbLIX BaTtapen NpoucxoanT B NUPOMETAanyprurdeckmx
arperartax, KoTopble MOXHO pa3fgennTb Ha:

- BpalLlawoLmecs;

- OTpaXkaTenbHble U LWAXTHbIE NeYu;

- 3neKkTponeyu;

- KopoTkobapabaHHble.

B waxTHbIX neyax nogsepralwTca nepennasBke MPeMMyLLECTBEHHO HepasaenaHHble
aKKYMYNSTOPbI.

OnucaHme metopa. [laHHbIN MeToq nepepaboTkn xapakTepu3yeTcs BbICOKOW yaerb-
HOW NPOM3BOAUTENBHOCTbLIO U HU3KOW TEeMMNepaTypOn BbIXoasALwmnx ra3os. ([144])

Tak kak TemnepaTtypa nnasrneHus ceunHua 327 °C, a npu ero pauHnMpoBaHusa Temre-
paTtypa pacnnasa He gorikHa npesbiwarts 600 °C, cBMHUOBbLIE pacnfiaBbl He NOrnoLwaT ra-
30B M XMMUYECKM HE aKTMBHbI, TO NS TepMuyeckon nepepaboTkm CBUHLOBOMO SiloMa Nogxo-
AAT BCE TUMbl NEYHbIX arperaTos.

Bbi6op TOro nnm nHoro o6opyaoBaHMs OCHOBLIBAETCH Ha CneayloweMm:

- 06bembl nepepaboTky;

- HanM4yne, MOLLHOCTM N AKOHOMWYHOCTb ONpeaeneHHbIX AHEProOHOCUTENEN;

- KCNyaTauMoOHHbIe 3aTpaThl,

- 3aTpaTbl Ha OXpPaHy OKpyXatoLen cpeabl;

- YPOBEHb KayecTBa BbIXOAHOIMO NPoAyKTa (HACbILWEHHOCTb TEXHOMOrMYeckKoro npo-
uecca).

[Ons nepepaboTkn akkyMynsiTOPHOrO filoMa C AOCTaTOYHOM 3(P(PEKTUBHOCTLIO MOXHO

NPUMEHATb OTpaXxaTeJibHble NneYu, TEXHONOMMYeCKNn npouecc B KOTOPbIX CBOAUTCA K MNpPO-
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CTOMY pacnsaBneHno CBUHLOBOIo MeTanonioMa 1 Noly4eHuto Ha BbIXo4e, Tak Ha3biBaeMo-
ro, YepHOBOro CBUHLA, 3arpsi3HEHHOro NPUMeCcAMMU CypbMbl, ONl0Ba, Meau, cepbl, artoMUHUS,
Xenesa, UMHKa W T. 4. YoaneHne 3TuxX nNpuMmecen, CBeAeHue Coaep)XaHUa COeOUVHEHUN K
onpeaeneHHbiM  HopmaM  (padmHMpoBaHWE) MO3BOMSAET MOBbiWATb MapKy CBUHLA
(TOCT 3778—93).

Mpu ncnonb3oBaHUM TUrenbHbIX NEYEN COMPOTUBIIEHUS UMM TOMMMUBHLIX, MiaBKa Be-
AEeTCA B YyryHHbIX NIMBO cTanbHbIX TUrNAX. MpenmyLecTBoM TUrenbHbIX NedYen nepeq oTpa-
XaTenbHbIMU SIBASIETCA OTCYTCTBME MPAMOro KOHTaKTa HarpeBaTeSfibHOro afieMeHTa U pac-
nnaea, YTO CHWXaeT MNPOUEHT NOoTepb MeTanna, OorpaHuYMBaeT OKUCASIEMOCTb MeTanna.
CeuHeL ObICTPO OCTbIBAET, YTO 3a4yaTyo co3gaeT npobnemy c ero pasnuekon. B TurensHon
neyun npowle BecTu npoueccbl paduHupoBaHma. OgHako oTpaxaTernbHasa neyb Nno3BonseT
nepepabartbiBatb 60nblMe 06beMbl MeTannonioma (CtaHgapTHbIe TUMKM UMeT 06bem A0
0,5 T), ucnonb3oBaTtb 6onee «rpsizHbIE» IOMa.

B oTpaxaTenbHbIX nevax OTCyTCTBYeT HEOOXOAMMOCTb 3aMeHbl NporopeBLlero (pas-
pywmBLllerocs) Turns. Neyn waxTHO-BaHHOM KOHCTPYKLMW NNaBUITbHOIO arperata no3BonsawT
NPOU3BOAMUTbE TEPMUYECKYD NepepaboTKy HepasgenaHHOro akKyMyrnsiTOPHOro fioma, BKIHO-
vatowero n 6aku. LUnxta waxTtHOM nNnaBkM UMeEET NPUMEPHO cnepyowmn coctas: 60 % —
aKKyMYnSITOpHbIN oM B cbope, 25 % — Menkoe CBMHLIOBOE Cbipbe (M3rapb, LWifam, Lnak,
ApPOCChI, MMNacTUHbl akkKymMynaTopos U T.n.), 15 % — cntocbl 1 koke. Luxta 3arpyxaetca
CNOSIMU: MEJIKOE CbIpbe — HWXHUW CINOW, KOKC — CPeaHUN CITON, akKKyMynATOpbl — BEPXHUM
cnon. opsivee ayTbe NogaeTcs B NeYM CO CTOPOHbI BaHHbI Ha LLAxXTy. OTO MO3BOMSAET OCy-
LWeCTBNATb NPOCYLUKY Cbipbsi U1 MatepuarnoB U NOCTENEHHYD CTabUIbHYH NnaBKy CBUHLA.
Tak ke 3T0 cnocoBCTBYET CHWKEHUIO COAepXXaHus CBMHLA B Wnakax. OpraHnyeckme Belle-
cTBa (EMKOCTU M BakKn) Tak Xe CXKUrarTCH, NPU 3TOM MPOLIECC FOPEHUSI CTAHOBUTCS aBTOreH-
HbIM, OpraHvka ropuT ¢ BblAefeHneM AOMNONHUTENBbHOrO Tenmna, YTo B CBOK ovepenb NO3BO-
n{eT UCMonb30BaTb MEHbLUEe KOMMYECTBO TOMMvMBa Ha (POPCYHKM U KOKca B LwimxTe. Pac-
NnaBrieHHbIA CBMHEL, U3 LaxXTbl NepexoauT B BaHHY, rae noaBepraeTcs 9Kcnpecc-aHanmsy u
padpuHmnpoBaHuto. lNoTepu cBMHLA NpU WAaXTHOW NnaBke He npesbiwatoT 2 %.

AMuccumn B oKpyxawluyro cpeany. [laHHble oTcyTcTByHOT ([145]).
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2.11 OnucaHue npMMeHsAeMbIX TeXHOSTOrM4YeCKUX npoLeccoB B
obnactu yrunusauum 6atapen akKyMynsTOpHbIX, yTpaTUBLUNX

noTpeduTenbcKkue cBOMCTBa

MeTtoabl nepepaboTkn U NpMMEHSIEMbIE TEXHONOIMYECKMe npoueccobl B obnactu pas-
HbIX TUNOB BaTapen akKyMynaTOPHbIX pasnuyarTcs.

OcCHOBHble MeTOAbl YTUNU3aUMN akKyMYNATOPHbIX GaTapen HanpaBrfeHbl Ha BOCCTa-
HOBEHME Pa3fNNYHbIX METASNOB:

- CBMHEL, MOXeT OblTb BOCCTAHOBIEH OTAENEeHMEM A0 nepepaboTkm pasnnyHbIX maTe-
puanoB, M3 KOTOpbIX caenaHa 6artapes (CBMHeL, NNacTuK, KMcnoTa u T. 4.); nmbo 6aTtapen
MOryT BbITb NepepaboTaHbl LENMKOM B crieumanbHON MeTannyprnieckon neyu, rae metannol
BbIOENSATCA B KOHLE npoLuecca;

- HKENb-KaaMneBble GaTapen MoryT ObiTb nepepaboTaHbl MOXOXMM crnocobom, npu
KOTOPOM BOCCTaHaBNMBAETCHA KagMUI U XKeNes3o-HUKeNeBbI Cnias Ans NpoM3BOACTBa CTa-
nm;

- baTapen, cogepxawme PpTyTb, Yawle BcCero nepepabaTbiBalOTCA BaKyyMHO-
TemnepaTtypHbiM Cnocobom, npu KOTOpOM pTyTb ucnapsetcsa. OHa KOHOEHCMpyeTca U npu
NMOHWXEHNN TeMnepaTypbl 3aTBEpAEBaET, NOCNe Yero MoxeT O6bITb CHOBa BBEAEHA B NPOMU3-
BOACTBEHHbIN LINKIT;

- HUKeNb-MeTannrmgpuaHole 6atapen nepepabaTtbiBalOTCA MeXaHW4YeCckum pasgene-
HMeM maTepuanos (Nnactuka, BOAOPOAA W HUKENs) B BaKyyMHOW Kamepe Ans npefoTspa-
LLIeHNs1 YTEYKN BOAOPOAa;

- NINTUI-NOHHbLIE BGaTapeun B HacTosiLee BpeMsi nepepabaTtbiBalOTCA NyTeEM Nuponusa
(Tepmmyeckoro pacnaga) ¢ NnepBMYHbIM BOCCTAHOBMEHNEM COAEPXKALLMXCHA METanmnos;

- UMHK-KapboHOBbIE (BO3OYLUHbIE) U LLENOYHO-MapraHuesble 6aTtapen mMoryT ObiTb ne-
pepaboTaHbl pa3nnYHbIMM METOAAMK, BKIHOYAOWKMMK B ceba nnaBky U apyrne metannypru-
Yeckme NPoLEeCcChl HarpeBaHus, NPMBOASALLNE K BOCCTAHOBNEHUIO METANIMYECKOrO COOEPXKN-
MOro (B YaCTHOCTH, LMHKA);

- AN N3BNEYEHNa KagMnsa UCNOMb3YTCA NMPOMETaNypruyeckme n rmgpomeTannyp-
rmyeckme metoabl. Hambonblee pacnpocTpaHeHue u3 nupomeTannypruyeckux mMeTonos,
OCHOBAaHHbIX Ha OTFOHKE ra3oobpasHbiX COEANHEHUI KagMUs, NOnyyYnna BakyymHas AUCTUI-
nauma. BakyyMHasa AUCTUnnauusa xapakrtepuayeTcs NonydYeHneM okcmaa Kagmusi HU3KOro Ka-

YyecTBa N BTOPUYHbIX OTXOA0B, NCMNOJIb30OBaHNE KOTOPbIX B APYIrMX OTpachiax r|po6nemaTV|qu.
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B MmnpoBon npaktuke ans nepepaboTku akKyMynAaTOpHbIX BaTtapen MCnonb3ylT chne-

Ayome MeToapl.
F'mapomeTannypruvyeckmn meton (CepHOKMUCIOTHbIN CNOCO0)

Obrnacmb npumeHeHus. Vicnonb3yeTca ons nepepaboTkn KagMUn 1 CBUHELICOAEpXa-
LLIMX aKKYMYNSATOPHbIX baTapen.

OnucaHue metoga. MeTtog OCHOBaH Ha UCMOMNb30BaHUN PACTBOPOB CEPHOWN KUCMOThI,
aMmmuaka, ConeBbIX KOMMO3ULINNA.

[MpMeHeHne rngpomeTannypruyeckmx onepaumi No3BOMUT PELUUTb KaK 3KONormye-
ckue npobnemsbl No yTunusaumm kKagmuncoaepxalimx oTxogos, Tak u obecneynTb NnoTpebHo-
CTW MaLUMHOCTPOEHUSA N MeTanyprum B Ka4eCTBEHHOM OKCUAEe KaaMus.

Mpouecc ytunusauumn n nepepaboTtkn 6aTtapeek n akkyMynaTopoB 0O6bIYHO COCTOUT M3
HecKonbkMx aTanoB. Hanpumep, npouecc nepepaboTkn HGaTapeek C U3BNeYeHMEM CBUHLA
COCTOUT U3 cnegyoLlero.

BHauane 6atapenkn n akkyMynaTopbl 3arpyarwTca B cneuuanbHyrd eMKOCTb 60sb-
Wwux pasmepoB. [lanee oTxogbl NO KOHBEMEPHOW feHTe nonagatT B 6ETOHHbLIN Konoaewl C
9NEeKTPOMarHUTOM Hag HUM (KOTOpbIM NPUTArMBaET JIMLIHUA METansiofioM) U C CETOYHbIM
AHOM, Ky[a B crieumanbHy0 EMKOCTb BbITEKAET INEKTPONnUT N3 «MoTekwmux» baTapeek, nocne
yero 6ataperikm pa3manbiBatoTCa OPOOMIKON HA MENKME KYCKMU.

[anee npoucxoguT npouecc pasgeneHns matepuanos C MOMOLLBO BOOAAHOW NbiSK,
nogaBaemown npu BbICOKOM AaBneHun. Camble Menkne Yyactu U NnacTuk oceaaroT B OTAeENb-
HOM pes3epByape And nocnegylowero KOHUEHTPMPOBaHUA, a bonee KpynHble YyacTu nonaga-
0T Ha OHO pe3epByapa, OTKyga X MexaHUYeCKU KOBLL BblTaCKMBaET B pe3epByap C KayCTu-
YecKkow cogon. Tam aTOT MeTansnonomM rnpespaLlaeTcsa B CBMHLOBYIO NacTy.

MonyymBLyOCA CBUHLOBYKO NMacTy No KOHBEWEPHOW NneHTe nepefatoT B OyHkep Aons
nnaekW, rge OHa pacnnaBnaeTcs OO0 XMAKOro COCTOSHUA. Bbligenstowmecs napbl 6bICTPO
oxnaxgalTca M cbpacbiBaloTCa B OTAENbHbIE KOHTEMHEepbl (BNOCNEACTBUM OH NOnaeT Ha
odepeHon atan nepepaboTkm).

B npouecce paduHupoBaHus obpasyeTca OBa KOMMOHEHTa — padUHMPOBAHHbLIN
TBEpObIN U MATKAA CBUHeL, U cnnasbl cBMHUA. Crnnaebl OTNPaBNATCA Ha 3aBOAbl ANS UC-
Nnosib3oBaHuUs, a padPMHMPOBAHHBIA CBUHEL, HAarpeBatoT N OTNIMBAKOT U3 HErO CITUTKM.

HepoctaTtkamn CEpHOKMUCNOTHOrO crnocoba sIBMAKTCA: HU3Kasi CTENeHb M3BIeYeHus
KagMusa 3a cYeT NnoTepb €ero C Xxenesocogepxawum NpoMNPOaYKTOM, TeXHONOormyeckue

TPYAHOCTU OYMCTKN NPOMBILLSIEHHbIX PAaCTBOPOB.
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AMuccumn B okpyxarowyr cpeay. Vcnonb3oBaHne pacTBOPOB CEPHOW KUCIOTbI CO-
NpoBOXOaeTCs BblAeneHnemM B aTMocdepy CEPHUCTLIX ra3oB, a ammmuaka — neTy4ecTbio U

npobnemMaTMyYHOCTbIO pereHepauun.
MpoekT ReCharge yTunusaumm akkyMynaTopHbIX 6atapen

Obnacmb npumeHeHusi. MeTon npeanoXxeH aHrmMnckon kKomnaHuen International
Innovative Technologies ons ytmnusaumm WenoYHbIX akKyMynaTopHbix 6aTtapen.

OnucaHue metoga. MeTtoq 3aknovaeTcsi B NpeBpaLlleHnn TBEPAbIX 3M1EMEHTOB, CO-
AepXalumxcsi BO BHYTPEHHEN YacTu LWenovHom 6aTapeu, B NOPOLLIOK.

BHyTpeHHMe cocTaBnsowme aNeMeHTOB NUTaHNA CTAaHOBATCSA rogHbIMK ans obpaboT-
KM C MOMOLLbIO PasfnNYHbIX XMMUYECKUX 1 BUONOrMYECKNX NpoLLEeCCoB, Pe3ynbTaTtoOM KOTOPbIX
SABMSAETCHA U3BIMEYEHME PA3NMYHbIX METanMYeCcKUX MOHOB, HanpuMMep, MOHOB LMHKA, Map-
raHua v yrnepoga.

OAHO 13 npeumMyLLecTB AaHHON TEXHOMNOMMK 3aKm4yaeTcs B TOM, YTO C €€ MOMOLLbIO
MOXXHO 3aMEHUTb TPAAULMNOHHbLIE CUCTEMbI M3MENbYEHUS HA KOMMAaKTHbIE, BbICOKOMPOU3BO-
JguTenbHble 610K,

MeTog oTnmMyaeTcsi HU3KUM MOTPEDNEHMEM 3MNEKTPOIHEPIN U MaeanbHO noaxoauT
AnNs N3MenbYeHns TBepabiXx MaTepmarnos.

AMuccum B okpyxatrowyro cpeay. [laHHble OTCYyTCTBYHOT.

2.12 OnucaHne NnpuMeHsieMbIX TEXHONTOrM4YeCKMX NpoLeccoB B
obnacTtu ytunusaumm n obesBpexmBaHua oTxoaoB PUNLTPOB U

dunbTpoBanbHbLIX MaTepuanoB OTPaboTaHHbIX

CBefieHnst 0 TexXHOMormsx obesBpexxnBaHns OTX040B NYyTEM CXKUraHUs NpeacTaBneHbl
B cnpaBoyHuke HOT UTC 9-2015 «O6e3BpexnBaHme 0TXOA0B TEPMUYECKUM CNOCOBOM (CXKM-
raHne OTX040B)».

YTunusaums MacrnsiHbIX UNbTPOB OCYLLECTBNAETCA nyTem pasgenku unbTpoB C

AanbHenwen yTunuaaumen ee cocTaBHbIX YacTen n 6e3 npenBapuTenbHON NX pasgesiku.

TexHonorus yTunusauumsa aBTOMOOMIbHbIX MAaCNSAHbIX (*)VIJ'IprOB C

npeaBapuTesibHON pa3bopkoun

Ob6nacmb npumeHeHusi. NMpuMeHsieTcs AN yTunm3aumm pasbopHbIX aBTOMOOUITbHBIX

MacrsiHbIX (ounbTPOB.
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OnucaHme metopa. Kopnyc dunbTpa pacnakoBbiBaeTcs C nocrneayroLwen copTMpoB-
KO KOMMOHEHTOB. TexHONormsa ytunmsaumm coctont B BbICTPOM paspesaHue kopnyca unb-
Tpa, oTaeneHnn n cbope otpabotaHHOro macna, paséopke puNbLTPOINEMEHTA, OTAENEHUN U
OTXXMME NPOMAacCfEeHHOW LITOPbl, OTAENEHUN CTalbHOMO fIoMa, Pe3MHOTEXHUYECKUX N3aenunun,
OTCOPTMPOBKM AeTanen, nognexawux PeuuknuvHry npyv npovsBOACTBE HOBbIX (PUNBbTPOB.
Macno noctynaeT Ha pereHepauuio, ctanb — B METaNI0NIoOM U B MapTeH, pe3nHa — B nepe-
paboTKy, 6pukeTnpoBaHHaa bymaxHas LTopa — B Nneuyb.

Mpu ytnusauum unbTpoB «KonaH» BO3MOXEH peuuKn OTAEerNbHbIX 3NeMEeHTOB
dunbTpa.

AMuccum B okpyxarowyr cpeny. [pyumeHeHne TeXHONOrMN yTunu3auum MacnsaHbix
dunbTpoB «KonaH» MOXeT ConpoBOXAaTbCA BbIOpoCcamMu 3arpsi3HAIOLWNX BELEeCTB B aTMO-

chepHbI BO3aYyX Npw pa3dopke hunbTpoB.

TexHonorus ytunusaumm aBToOMOOUIbHbIX MacnsAHbIX (ounbTpoB (chupma
«CATPUHLO»)

Obnacmb npumeHeHus. NMpumeHsieTca Onsa yTUnmM3auun aBsTOMOBUIBbHBLIX MaChsSHbIX
unbTpoB. JlInHMs ncnonb3yetcsa ansa nepepadoTtkm ot 1000 go 1200 Kr/4 ounbTpoB pasme-
pom 100 x 140 MM OT nerkoBbix aBToMmobunen n pasamepom 150 x 200 MM OT rpy30BUKOB.

OnucaHue meTtoaa. [pouecc ytunusauum npeaycMoTpeHO crieayroLlee:

- 3arpy3ka maTepuana,

- yaaneHue BPYYHY NOCTOPOHHUX BKIHOYEHUMN,

- NepBas CTagus U3MernbyeHns,

- 3aKnNYUTErNbHasa cTagusa n3MenbYeHs ¢ NPpocenBaHNEM,

- yoaneHue ocTaTKOB Macna ¢ matepuarnos,

- oTAeneHne peppMMarHMTHbIX MatepuanoB OT Bymaru.

lMpouecc nosBonseT nonyYnTb Xeneso (C OCTaTOYHbIM COAepXaHMemM Macna
He 6onee 3 %), kOTOpoe npodaeTcs kak meTannonom. bymara ytunusmpyeTcsa kak anbTep-
HaTUBHOe Tonnmeo. Macno MOXHO npodaTtb oMpme, cneunanm3npyroLenca Ha ero BoccTa-
HOBIEHUM.

AMuccum B oKpyxarwyr cpeay. [puMeHeHne TeXHONOMMN yTunn3aumm MacnsiHbix
UNbLTPOB MOXET CONPOBOXAATbCA BbIOPOCaMM 3arpsi3HAIOLWNX BELLECTB B aTMOCHEPHbIN

BO3AYyX.
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2.13 OCHOBHbI€ AaHHble N0 MeToAaM U TEXHONOIMAM yTUnNu3auum m
obe3BpexnBaHus OTXOA0B NPOAYKLMU, coaepKallen
ranoreHMpoBaHHble apoMaTU4ecKkue BelecTBa, CTOMKMe
opraHu4yeckue 3arpsi3HUTesIN; 0TXoAbl OpraHM4YecKux NecTMUnMaoB 1

arpoxmmMmunkKaTonB

CBeaeHuns o TexHonorusix ob6e3BpexXnBaHMA OTXOAOB NMyTeM CXUraHus npen-
cTtaBneHbl B cnpaBovHuke HOT UTC 9-2015 «O6e3BpexnBaHme oTxog0B TEPMUYECKUM
Ccnocobom (cxxumraHme oTxonoB)»

B HacTodwem nogpasgene paccMOTPEHbl TexHonormn obesspexmnBanna CO3, anb-
TEPHATUBHbIE CXKUTAHUIO N NPUMEHEHHbIE Ha AENCTBYIOLMX MPOMBbILLNIEHHbIX NPEANPUSATUAX.
[laHHble TEXHOMOMMN XapakTepu3ylTCs BbICOKOW cTeneHbio aectpykumm CO3 — cocTasns-
towmx ot 99,999 % o 99,9999 % n Gonee.

MeTop wenoyHoro aerngpoxnopuposaHua CO3

Obnacmb npumeHeHusi. Wcnonb3dyetca ans obesspexumBaHna CO3, B TOM uucne
nxan.

OnucaHne metopa. LLlenoyHoe gerngpoxnopupoBanue, 3arpasHeHHbix NMXOL/MXOP,
cumTaeTcsa Hanbonee NepcrnekTMBHLIM CPeaN XMMUYECKMX METOAOB KaK ANl XKUAKUX, TaK U
Ana TBepabix Matepuanos. [JeranoreHMpoBaHMe MOXHO OCYLLEeCTBUTb C NMOMOLLbID CMecen
BOOHbIX PacTBOPOB COSfiEN LLENOYHbIX METanNoB M NonmcnupToB. PeakumMoHHasi cMechb Bbl-
aepxuBaetcd npu Temnepatype 140 °C — 220 °C, cTteneHb AeCTPyKUMN OUOKCUHA OocTura-
eT 99,95 %. Bbicokas acpdpektmBHOCTb Aeraszauyuun MXOOA/MXOP oTtmedeHa npy NnpUMeHeHUn
NONMMAITUNEHITINKONATA Kanus, KOTOPbIA NO3BONSIET NPOBECTU OEXNOpUpoBaHME OO o6paso-
BaHna KCl n gpyrmx oTHOCUTENbHO HETOKCUYHbIX NPOAYKTOB. B 3aBMCMMOCTM OT Temnepa-
TYPHOrO pexuma 1 BpeMeHn peakummn agpdekTuBHOCTb aectpykuum MXOO n NXOAP moxeT
pocturatb 99,9 % ([146]).

XumMunyeckoe BoccTaHoBreHue B razoBom ase (Gas Phase Chemical Reduction
(GPCR))

O6nacmb npumeHeHusi. icnonbayetca ans Hentpanuaaumm CO3.
OnucaHue metopa. [JaHHaa TexHonorna obecneynBaeT Haunyydwune pesyrnbTaTbl
cpeau Bcex TEXHOMOrmn yHudToXeHus (HeuTpanusauum) COSB, OTMIMYHBLIX OT CXUraHus.

B npouecce GPCR, peakuua pasnoxeHna CO3 npoxoaut B paspshkeHHOM rasoBou cpeae B
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OTCYTCTBME KMCNOPOAa, YTO nNpefoTepawiaeT obpasoBaHne ANOKCMHOB U cnocobecTByeT pas-
NOXEHMIO ANOKCMHOB, NPUCYTCTBYOLWMX B OTXoAaxX. [pouecc OCHOBbIBAETCS Ha peakuumm ra-
30-(ha3HOro TEPMOXMMMYECKOrO BOCCTAHOBIEHMS, 3aKMOYaloLENCa BO B3aMMOAENCTBUN BO-
Aopoga € OpraHMYeCcKMMU 1 XnopopraHMyeckummn coegmHeHnamu. MNMpu temnepaTypax B gua-
nasoHe ot 800 °C go 900 °C n HM3KoM JaBneHwu, BOOOPOL BCTyNaeT B peakuuto ¢ Takumm
COeANHEHNSIMU, KaK MonuxnopupoBaHHblebudenunsl, OOT, rekcaxnopbeH3onsl 1 cmecamm
necTMunaoB pasnaras 3T BeLecTBa, B OCHOBHOM, HA METaH M ranoreHoBO4OPOA, N HEKOTO-
poe KONMYeCTBO NEerknx yrneBogopoaos. lanoreHoBoaopoabl HEUTPANU3yTCa MOPOKCUL0M
HaTpUa M BOCCTaHaBNMBAKOTCA A0 Xnopuaa HaTpus. Tak Kak peakuusi ¢ BOgOpoaoM npouc-
X0OuT B ra3oBou hase, HeobxogmMma npegsaputenoHas obpaboTka kak TBepablX, TakK M Xna-
Knx oTxofoB. PaspaboTaHbl U LUMPOKO MCNOMb3YTCA TEXHONOMMN npeasaputensHon obpa-
0oTkn. TBepable oTxoabl NnepepabaTbiBalOTCs HENOCPEeACTBEHHO, 6e3 Kakoro-nmbo namens-
YeHUs UM YMEHbLUEHUSA pa3mMepoB pakLnin OTXOLO0B.

B 3aBMCUMMOCTM OT KOnmM4yecTBa OTXOA0B W NPOU3BOAUTENBHOCTM YCTAaHOBKU, C MOMO-
b0 AAHHOMW TEXHOMOrMM MOXHO nepepabotatb 4o 100 T OTXOAOB B CyTKM. [JaHHas TeXHOMO-
MMSA YHUUTOXEHUS MOXET npuMeHaTbca ansa scex CO3, B TOM 4ncre OoTX0A0B C BbICOKMMM
KoHueHTpaumammn CO3, MNMXB cogepxawmx TpaHchopmaTopoB, 6aTapeek N NCNonb30BaHHbIX
macen.

B npouecce GPCR Bce BbiGpoChl U TBEpAble YacTuubl MOryT ObITb YNOBEHbI ANS NX
aHanusa u ganbHenwen nepepaboTtkn, ecnu Heobxogmmo. OctaTku, obpasoBaBlUMECH B
npouecce, COCTOAT M3 NOy4aeMoro rasa, BoAbl ra3onpomMbiBaTens, necka u wnamoB OT ne-
pepaboTkm (04NCTKM) noryd4aemoro rasa. [JaHHas TeXHOnorusa npoLuna npoMbILfEHHbIE UC-

NbITaHUA, NUUEH3NpoBaHa n ucnonb3yeTcs B ABcTpanuu, AnoHun n KaHage.
Katanutu4yeckoe pasnoxeHue (BCD)

Ob6nacmb npumeHeHus. icnonb3yeTtca ana obesspexmanna CO3, B Tom umicne OAT,
MXB, OMOKCUHBI N dypaHbl.

OnucaHue metopa. TexHonorusa ncnonb3yetca Ansa nepepabotkm 6onbwnx o6vemos
OTX040B C BbICOKMM coaepxaHnem COJ, Takux kak OOT, MXB, gnokcnHbl n ypaHbl. TexHo-
norma BCD sBnsieTcs YCOBEPLUEHCTBOBAHHbLIM BapuMaHTOM paspaboTaHHOro paHee
AreHTCTBOM NO OxpaHe okpyxawuwen cpeabl CLLUA npouecca katanntnyeckoro Aexmnopupo-
BaHWs ONS BOCCTAHOBEHMS MOYB U OCAAKOB, 3arpsi3HEHHbIX XITOPCOAEpPXKaLUMM OpraHuye-
CKMMU BeLLecTBaMMU.

B TexHonorun BCD TBepAble nnu xuakue oTxodbl nogsepratca nepepaboTke nytem

HarpeBaHusa 0o 300 °C — 350 °C B BogopoaHOM cpefie Npy HOpManbHOM AaBfeHuu 1 rnpu-
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CYTCTBUM CMECU YrfieBOoJOPOOO0B C BbICOKOM TOYKOM KUMEHUS, TMOPOOKUCK HATpUA U KaTanu-
3aTopa. Bo Bpems npouecca BbICOKO peakTMBHbI aTOMapHbI BOAOpPO4, obpasylowminca B
nogorpeTon CMecu, pasnaraeT XnopopraHnyeckme n gpyrme otxoapl, ¢ obpasoBaHnem Heop-
raHWYECKUX COSlEeN, MHEPTHbIX OCTATKOB M BOAbl. 3aTeM KaTtanu3aTop, UCMOSb30BaHHLIN B
BCD, otaensetcsa oT ocajka, BOCCTaHaBMNMBAaETCA U UCMOJSIb3yeTCs NOBTOPHO.

TexHonorna BCD nossonseT ytunusnpoatb A0 20 T 3arps3HeHHbIX TBepAbIX OTX040B
B 4Yac 1 o 9000 n »kmakocTn 3a oamH pas. Ha ocHoBaHun npouecca BCD moxHo paspabo-
TaTb YCTAHOBKM MeHbLUEN NPOU3BOANTENBHOCTU.

MoHuTOpUMHIr c6POCOB N BbIOPOCOB OT yCTApEBLUMX YCTAHOBOK, UCMOSMb3YIOLNX TEXHO-
nornto BCD, nokasbiBanu Hanuvyme xnopoopraHvku n anokcuHoB. B npouecce BCD Bce BblI-
OGpochbl M 0CagKkyM MOryT yrnaBnMBaTbCsa ANs NPOBEEHUSA aHann3a u NOBTOPHOM OYUCTKN, ECIN
Heobxoamnmo.

YcoBepLueHCTBOBAHHOE obopynosaHue nossondeTr  OOCTUYb pasnoxeHna
> 99,99999 % ans 30%-Horo OOT n > 99,999999 % ansa 90 % lMXBb.

TexHonorna BCD 6bina ucnonb3oBaHa Ang yHUYTOXeHus 42 000 T 3arpsi3HEHHbIX
MXB nous.

OkucneHue B cBepxkputudeckoun soge (CKBO)

O6nacmbs npumeHeHusi. icnonbayeTtca ans obesspexmsanms COS.

OnucaHue metopa. TexHonorus npeacraBnsgeT cobon HM3KOTeEMNepaTypHOE OKuCIe-
HWEe HUTPATOM KanbLnsa B peakTope NceBAOCKMKEHHOro cnosi. Metoa no3BonaeT MnuHepanu-
30BaTb TakMe XMMUYECKNE dNeMEHTLI, Kak dpTop, dpocdop, cepa, a3oT B Buae dropanaTtu-
TOB, TMOPOKCHMaNaTUTOB, rMMOpokcun-kapboHaTtanaTMToB M cynbgarta kanbums. MNMpouncxogut
ncyepnbiBaloLLEE OKUCIIEHNE OpraHNYecKom Yactn nepepabaTtbiBaeMbiX NPOAYKTOB B OCHOB-
HOM [0 YrNEKMCIOro rasa 1 asoTta. Takmm obpasom, obpasylomeca razoobpasHbie NpoaykK-
Tbl MO CBOEMY cOCTaBy G6rM3KM K COCTaBy BO3ayxa.

TexHonorna npegycmatpmBaeT MOOGUITBHOCTb YCTAHOBOK U siBnsieTcs 6onee aHepro-
cbeperatowienn N0 CpaBHEHUIO C TEPMUYECKUMM CNOCOBaMM YHUUTOXEHUA SO0BUTbIX Be-
wects. lNpeumywectea npouecca CKBO nepen craHgapTHbIMU TEXHOMOMMSAMU CXUTaHUS:
bonee HuM3kaa TemnepaTypa npouecca, 6onee BbiCOKas yCTOMYMBOCTb MpoLecca, NpeHe-
OpexXMMO Manbl KOHEYHbIN BbIXO OKUCMOB a30Ta U Cepbl, BCE KOHEYHble NPOAYKTbI floKanu-
30BaHbl, HET HEOHXOAMMOCTN UX ynaBnMBaTb, OKUCIIEHNE AOCTUrAeTCA B TOMOreHHbIX OOHO-
asHbIX YCNnoBusiX, KOTOpble obecneynBatoT OTNANYHbLIE YCNOBUA ONA CMELUEHUS KOMMOHEH-
TOB M BbICOKME CKOPOCTU TEMNO — MU MacconepeHoca; BbiCOKasa aeKTUBHOCTb pa3pyLLUEHNs

TOKCUYHbIX KOMMNOHEHTOB OO0CTUraeTCcd CpaBHUTEJ1IbHO 6bICTpO M B CpaBHUTEIIbHO MarbIX Mo
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obbeMy peakTopax, Npouecc NPOUCXOANUT B MOSMTHOCTLIO 3aMKHYTOW CUCTeMe, NO3BONSOLWEN
N30MAUMI0 OT OKpYXarLlen cpeflbl TOKCUYHBbIX U OMaCHbIX YHUYTOXaeMblX MaTepuanos 40
npoBeaeHus npouecca, a Takke cbop n aHann3 o6e3BpeXeHHbIX NPOAYKTOB OKUCNEHNA 00
NX KOHTPONUpPyeMoro cbpoca B OKpyXatoLLyto cpeay.

Mpouecc CKBO ucnonb3oBancs Ansi YHUMTOXEHUS LUMPOKOro CnekTpa maTepuanos, B
TOoM yucrie CO3, NpOMbILLMEHHbBIX OpPraHUYeCcKUX XUMUKATOB, XMMMUKATOB, UCMOSMb3yeMbIX B
CEeNbCKOM XO3ANCTBE, B3pblBYATbIX BELECTB, a TakkKe OYUCTKU LUMPOKOro CrneKTpa 3arpsas-
HEHHbIX OO BbEKTOB, TaKMX KaK NMPOMbILLIEHHbIE CTOKWU, UMbl (LW1aMbl), XO3NCTBEHHO-ObITOBLIE
CTOYHble BOAbl, 3arps3HeHHble [1XB, nectnumpaamu, anudartnyeckumm U apomaTuyecknmMm
ranioreHcogepXalumMmm BeLLecTsamu.

3apernctpmpoBaHHasa 3(PEKTUBHOCTb YHUYTOXEHUS W yaaneHuss Ons TeXHONorum
CKBO cocraBnder >99,99994 % pana nepepaboTkM AMOKCUHCOOEPXKAaWMX OTXOO4OB U
> 99,999 % ONsl YHUUTOXEHMUS Pa3fNNYHbIX ONACHbBIX OPraHUYeCcKnX coeauHeHun (B ToM vmcne

xriopcogepxawmx pactsopurtenen, NXb n nectuumaos).
BocctaHoBneHue HaTtpuem (SR)

Obrnacmb npumeHeHus. Vicnonb3yetca Anga nepepaboTkn oTpaboTaHHbIX Macen ¢ co-
aepxaHmem CO3, B Tom uncne MNXB6.

OnucaHue metoga. [JaHHaa TEXHOMOrMA cyYMTaeTCs XOpowo npopaboTaHHOMW, UC-
nonb3oBarnacbh B NPOMbILWEHHOM MacwTabe B TeyeHue psaga net ana nepepabotkm otpabo-
TaHHbIX MacesT C HU3KUMKN U BbICOKMMU KOHUeHTpauusamu MNXB. TexHonorus ssndaeTca nepe-
HOCHOM M LUMPOKO ucrnonb3yeTca Anga yHuuToxeHus [NXB Ha npouMsBOOCTBEHHbLIX ydacTKax,
roe pacnonaratoTcs paboTaroLlme TpaHcopmaTopsl.

B npouecce SR nonHocTbio BbiBOAUTCA xNop 13 NXB nyTem BOCCTaHOBIIEHUS LLESOoN-
HbIM MeTansnoM Npu paccenBaHUM HATPUS B MUHEpanbHbIX Macnax. [pouecc gexnopuposa-
HUS OCYLLECTBNAETCA NyTeM MNepemMellnBaHus peakTUBHOM CMEeCU B CyXOM a30THOW cpefe
npv HopManbHOM faBneHun. B koHue peakummn n3bbiToK HaTpusa yaanseTca nytem gobasne-
Hna Boabl. [NpeaBaputenbHas obpaboTka 3aknyaeTcsa B yganeHuu Bnarm U3 peareHToB.
Mpu ncnonb3oBaHun nNpouecca SR obpa3syeTcss MMHUMarbHOE KONMYeCcTBO TBEPAOro ocajka.
Mo6oYHbIe NPOAYKTLI peakuun: Boaa, Xsiopua HaTpus, rmapooKUCh HAaTpUsa U BudeHnnsb.

[MepepaboTka BOCCTAHOBNEHMEM HATpMEM OTpabOTaHHbIX TPAHCHOPMATOPHbLIX Macen
yCneLwHo NpoAeMOHCTpUpoBasia CooTBETCTBME 3aKOHOAATESTbHO YCTAHOBIIEHHbBIM KpUTEPUAM

CLWA, EC, Kanagbl, AscTtpanuu, AnoHun n KOxHo-AdpukaHckon Pecnybnuku.
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Katanusnpyemoe ocHoBaHuem pasnoxeHue (KOP)

O6nacmb npumeHeHusi. icnonbayeTtca ans obeaspexumsanms COS.

OnucaHue metopa. PactBopbl unu cycneHsnn CO3 B BbICOKOKMMALLMX YrieBoopo-
pax (Hedprenpoayktax) HarpesalT B MPUCYTCTBMM KayCTMYECKOM COAObl U KaTanuaatopa.
B aTux ycrnoBusax HeTenpoayKTbl Cny>XaT UCTOYHUKOM BOAOPOAA, KOTOPbLIA OTWEennseTca v
BCTyrnaeT B peakumio Co CBA3aHHbIM xJriopom B coctaBe CO3. B npucyTcTBum Wwenoym rnas-

HbIMW NpoayKTamu nepepaboTkm ABNAIOTCA Napbl BOAbI U XNOPUA HaTpUS.
Bbuonornyeckue metogbl

Ob6rnacmb npumeHeHus. icnonbayeTcs anga obesspexmsaHna CO3, B Tom vncne MX6.

OnucaHue metoga. [JaHHble METOAblI OrPaAHNYEHHO NPUroAHbI Ans 0be3BpexuBaHns
COS. B nepsyto ovepeab, nogsepraTcs HU3KoxnopuposaHHble NMXb (MoHo-, An-, Tpu- 1 He-
KOTopble TeTpaxnopbudeHnnbl). BbiICOKOXOPUPOBaHHbIE COEOUHEHMS OCTalOTCA HEU3MEH-
HbIMU B YCMOBUAX BMOPA3NOXEHUA N HEraTMBHO BRMSAIOT Ha BCe BMAbl LUTAMMOB OakTepui.
MuKkpoopraHnambl CNOCOGHbI pasnaratb XJIOpopraHn4eckMe BellecTBa. [ecTpykumst npoxo-
ANT N0 cXemMe AeNCTBUS OKUCIUTENbHO-BOCCTAHOBUTENBbHBbIX (DEPMEHTOB B TPU CTaAUMN:

- obpasoBaHue hepmeHT-cybCTpaTHOro KOMNIIEKCa;

- Mpouecc NoAroToBUTENbHOrO MeTabonuama;

- cTagusa geranoreHnsauum.

MHTeHcndmkauma mexaHmama obesBpexuBaHna OTxXodoB obecneuymBaeTcs 3a cuyeT

NPUMEHEeHNs cneynanbHO aganTUpPOBaHHOW aHa3POOHON MNKPOGOPLI.

2.14 OnucaHue npMMeHsieMbIX TeXHOSTOrM4YeCKUxX npoLeccoB B

obnactu yTunn3auumm TBepAabiX KOMMYHaJIbHbIX OTXO040B

OcHoBHbIM HanpasneHnem obesspexmBaHne TKO asnseTcsa MeToq CKUraHus Unm nn-
ponusa. CBegeHunsa o TexHonornsax obesspexusaHna TKO nytem cxuraHnsa npeactaBrieHbl B
cnpaBoyvHuke HOT UTC 9-2015 «O6e3BpexmBaHne OTXO4OB TEPMUYECKUM CNOCOBOM (CXKK-
raHne OTX040B)».

Ytunusaums TKO ¢ uenbto nonyyeHus tBepgoro tonnuea n3 TKO 6asupyetcs Ha u-
3nyecknx metogax ([75], [100]).

YTunusaums otgeneHbix ppakumi TKO 6asunpyetca Ha copTuposke TKO.
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2.14.1 MeTtoabl COPTUPOBKU TBEPAbIX KOMMYHaNbHbIX OTXOAOB

PasnuyatoT py4Hyto, aBTOMaTU3MpPOBaHHYIO U aBTOMATUYECKY0 COPTUPOBKY.

[Mpn py4yHON COPTUPOBKE pacno3HaBaHWE HYXHbIX MaTepuanoB NPOU3BOANTCA NEPCO-
Hanom Bu3yanbHO, a OTOOP OCYyLIECTBNAETCA BPYYHYH0. TpaauvuMOHHas cxema COpPTUPOBKM
OTXOAOB BbIrMSAANT cnefyowmm obpasom: oTxodbl NO NoAaroLeMy KOHBEVEpY NOCTynawT B
KabuHy COPTUPOBKK, r4e Npu UX OBUKEHUN MO COPTUPOBOYHOMY KOHBEKNEpY paboyne nocTos
oTOOpa BbIAENSAT TOT WU MHOW BUA BTOPUYHOIO Chipbd. B kKayectBe MexaHnyeckomn noaro-
TOBKM OTXOO0B MOrYT MCMNOMb30BaTbCA BpaLLaloLMACA rPOXOT, AMHAMUYECKUI cenapaTtop U
Apyrne yctpomncTea, obecrneumnBarolime npeasaputenbHbI paspbiB U BOPOLLEHWE MakeToB.,
oTAeneHue mernkon pakumn. Npu NOMOLWKN MarHUTHOIO M 3NEKTPOANHAMUNYECKOro cenapa-
TOpa OTAENSTCH YepHbIE U LBETHbIE MeTas bl COOTBETCTBEHHO.

Asmomamuyeckasi copmupoeka — TKO paBHOMepHO nogaeTcs No TpaHcnopTepy K
obnactn paboTbl ceHcopoB. Ha NOBEPXHOCTb OTXOL4OB BO3AEWCTBYIOT U3Ily4eHUEeM C onpe-
AerneHHoN ONWHOW BOMHbl. Pacno3HaBaHue npouns3BoaUTCS C MOMOLLBIO CPaBHEHUS CrnekTpa
OTPaXXEHHOro OT MOBEPXHOCTM OTXO4a CBETOBOrO CUrHasma C yxe MMelLWUMCcsa CrnekTpoMm B
06ase paHHbIX cuctembl ([100]). B koHue TpaHcnopTepa pacnofnoXeHbl MHEBMOMOLYNMN,
cHabxeHHble psaoM nHeBMoA3. locne pacno3HaBaHMa onpefdeneHHOro KOMMOHeHTa, Ye-
pes3 pacyeTHoe BpeMsi OTKPbIBAOTCA HEOOXOANMbIE A03bl, U KOMMOHEHT OTCTPENMBaeTCs n3
NMOTOKa C MOMOLLbIO CKATOro Bo3ayxa. Takum obpasom, U3 noToka mMaTtepmanoB MOXHO Bbl-
aenute ase unu Tpy dpakumm ([32], [100]). MpuHumn paboTbl o6opyaoBaHUsA npeacTaBreH

Ha pucyHke 2.21.

1 — nogaya HeCopTUPOBaHHLIX MaTepuarnos; 2 — CNeKTPOCKaHep;

3 — pasgenuTenbHas kamepa

PucyHok 2.21 — CopTupoBka maTepuanos ¢ noMmoLlbio ceHcopos ([100]).
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YTunbHble dopakumm noaBepraroT MexaHn4yeckon obpaboTke BKIOYaloLWwen n3mernbye-
HWe, NpeccoBaHne, GpNKeTMpoBaHNE N apyrne MeToabl U X KOMBUHaUMK.

U3mernbyeHue — npouecc YMeHbLUEHNA pa3MepoB YacTul TBepaoro Tena o tpebye-
MbIX pa3MepoB NyTeM MexaHuyeckoro Bosgencteus. lNpu gpobneHunn TKO umcnonbayotcs
TONbKO YyOApPHYK TEXHOMOMMK U TEXHOMOMNK cpesa. YaapHasa TeXHONOorus peanvsoBaHa B
KOHCTPYKLMAX MOSOTKOBBLIX M POTOPHbIX APOOUMNOK, TEXHOMOMMSA cpes3a — B KOHCTPYKLMAX
LWpenepos.

[MpeccosaHue — npouecc 0bpaboTkn OTXOO0B AABNEHMEM, NMPOU3BOANMbLIN C LIENbIO
yBenuYeHns MMAoTHOCTU MX MNMOTHOCTM M YyMeHbleHns obbema. [lpeccoBaHve OTX040B
OObIYHO BLINOSIHAETCA C WCMNONb30BaHMEM MOOUIbHBIX MNPECC-KOMMNAaKTOPOB WM npecc-
KOHTENHEPOB.

BbpukemuposaHue — npeccoBaHMe OTXOO0B B KyCKM OAHOPOLHOro coctaBa U reomerT-
pu4eckn npasBuibHOM (POpMbl, Tak HasblBaemble OpukeTbl. Ona GpukeTnpoBaHms O6bIMHO
NPUMEHSIIOTCA crneunanbHble MeXaHU3MPOBaHHbIE KOMIMIEKChI, COCTOALMNE U3 U3MenbyuTe-
nen (gpobunok), ynnotHuTenem — OpUKETUPYIOLNX YCTAHOBOK U, B OTAEMbHbIX CryyasX,

yNakoBOYHbIX MaLwnH ([100]).
2.14.2 TexHonorus npousBoacTBa TBepaoro ronnmea s TKO

Obnacmb npumeHeHus. TBepable KOMMYHanbHble 0TX0Abl (TBepAble nnactMmaccel, M3
nrneHka, cmewaHHas Gymara metannbl, opraHvka /6uomacca); ynakoBka (nnactmaccel, 13
nreHka, KapToH, CMelaHHasa Bymara, ouynweHHas bymara, meTtann), CTpouTerNbHbIE OTXOAbI
(M3 nneHka, gpeBecuHa, bymara u KapToH, nnacTMacchl).

OnucaHue metopa. TexHonorusa npomnssoactea TBepgoro tonnuea u3 TKO BkntovaeT
cnefyoLine OCHOBHbIE TEXHOMOIMYEeCcKne onepaummn:

- U3MEeNbYEHME;

- cenapaums, B TOM YUCIe MarHMTHas cenapaums;

- CyLLKa;

- BpukeTMpoBaHue (B criydyae npom3BoacTBa Tonnmea B Buae 6GpukeTos).

Cenapauusi, nsmenbyeHune, cywka n 6pmketTmpoBaHme y Bcex Tunos npon3soacts RDF
UMEITCS, N ABMSAKOTCA rMaBHbIMU N HeobxoanmbiMU. Ha pucyHke 2.22 cxemMaTU4HO npeg-
cTaBneHa TexXHONnorus npomMsBoACTBa anbTepHaTuBHoro TeBepgoro tonnuea RDF mn3 TKO
([32], [76]).
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PucyHok 2.22 — Cxema TeXHOormmM npoM3BoaCcTBa anbTepPHAaTUBHOIO TBEPAOIO

Tonnmea RDF

Knaccudmkauuto tBepgoro Tonnmea ns TKO n ero oCHOBHblE TEXHUYECKNE XapaKTe-
puctukn yctaHosneHbl NOCT 33516—2015 «Tonnmeo TBepaoe M3 ObITOBbIX OTXO4OB. Tex-
HUYeckue xapakrepuctukm u knaccol» ([10]). Knaccudumkaumsa teepgoro tonnmea ud TKO
Npon3BOAMTCA MO criegyowmm nokasarensam: TpeboBaHus, npegbasnsemble kK RDF tonnu-
BY, MOryT BbITb OTNIMYAOTCA NO CreAylLWnM nokasaTtensam: Hu3LWas TennoTta cropaHus, co-
AepxxaHve xropa, cogepxaHue pTyTu.

B cneuudmkaumm Ha TBepaoe TONMMBO YKa3blBalOT CrieaytoLmne ero CBoncTaa:

MpoucxoxaeHne MpouncxoXxaeHne 0TXOA0B, CTaBLUMX UCXOAHBIM MaTepuanom

Ans npon3soAcTBa TBepaoro tonnuea n3 TKO

dopma yacTuy Mprmepbl GOpMbI YacTUL,: rpaHyrbl, THOKWU, BPUKETBI, CTPYXKKA,

Xnonb4d, Nyx, NOPOLLUOK U T. A.

Pa3mep yactumy,

30MnbHOCTb Cnepyet onpeaensitb Ha CyXoM OCHOBE B COOTBETCTBUM C
MOCT 33511
BnaxHocTtb fomnxkHa BbITb onpeaeneHa ana paboyero COCTOSAHUA TONNUBaA

AMmuccumn B okpyxatwowyr cpeny. B xoge ytunusauum TKO npoussogutcsa Bbibpoc
3arps3HALLMX BELECTB (Nbinn) B aTMOCdepHbI BO3AyX OT APOBUNOK U namenbyntenen.
CTo4Hble BOAbI B NpoLecce yTunusaumm He obpasytoTcs.

dursmyecknmm akTopamm BO3AENCTBUS ABNAOTCA LWYM U3MenbYnTenen n opobunox.
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2.15 OnucaHue npMMeHsieMbIX TeXHOSTOrM4YeCKUX npoLeccoB B

obnactu yTUunn3auum 3051 U WrakoB OT CXKUraHmA teepaoro TtonsnimBa

YTunusaums 305-yHoca, 30J10L1aKkoB M LIMAaKoB MPOBOAUTLCSA MyTEM MX UCMONb30Ba-
HMA kak Jo6aBOK MpU NPOM3BOACTBE CTPOMTENbHBLIX MaTepuanoB C PasfuyHbIMKU NOTPeOU-
TENbCKUMW CBOMCTBAMUN TakMUX Kak::

- MPOn3BOACTBO CTPOUTESIbHbIX N30ennin n3 TSHXKENoro u s4enctoro 6eToHa;

npon3BoaCTBO r’MAPOTEXHNYECKUX OeTOoHOB;

NPOM3BOACTBO LLIEMEHTOB;

NPON3BOACTBO CYXMX CTPOUTENBbHbIX CMECEMN;

- NPON3BOACTBO MOPUCTON UCKYCCTBEHHOW APEBECUHBI.

YTunusaums nerkux pakumin 3056l Npon3BoauTCHa Nytem ux nepepaboTkn B nosble
305bHble MUKPOCMEepbI, KOTOPbIE UCMOMB3YOTCH A5 NPOU3BOACTBA PasfNUYHbIX BULOB BbICO-

KOTEeXHOJTOMMYHOW NPOoayKLUN.

2.15.1 YTmnunsaumsa 3on 1 WWNakoB B KayecTBe 4OOaBOK Npy Npou3BOACTBE

CTpoOUTEeNnbHbLIX MaTepuanosB

lMpou3zsodcmeo uemeHma: 305na-yHOC UCMNONb3yeTCcs B NPOM3BOACTBE LIEMEHTA B Ka-
YyecTBe aritOMOCUIMKATHONO KOMMOHEHTa CbIpbEBOW CMEeCU NnopTanueMeHTHOro KIMHKepa U
aKTMBHOM MWHepanbHon Agobaeku npwu ero nomone. TpeboBaHMA K KayecTBy 30Jbl-yHOC,
Wwraka W 30S0LWakoBON CMEeCW MWCMNOoMb3yeMblX B MNPOU3BOACTBE LiEMEHTa YKa3aHbl B
TY 3470-10347-92 n TOCT 31108—2003 ([80], [147]).

lMpouzsodcmeo 6emoHo8 u pacmeopos: 3051a-yHOC M 30510LakoBas cMecb, 0bpasy-
owasaca Ha TOC npu nNbINeBUOHOM CXUraHUM TBEPAOro TOMNMBA NPUMEHSAETCH B KayecTBe
MUHepanbHON o6aBKn, YaCTUYHO 3aMEeHSoLLEN LEMEHT, NPy Npom3BoaCcTBEe BETOHHbLIX CMe-
cell 1 cTpouTenbHbIX pacTBopoB. KonnuyecTtso 3onbl konebnetca ot 30 Ao 90 kr 1 m3 6eToH-
Hon cmecn. TpeboBaHUA K Ka4ecTBY 30Mbl-yHOC ycTaHoBneHbl B FOCT 25818—91, 3onowna-
koBon cmecn — B FOCT 25592—91 ([80], [147]).

lMpouseodcmeo s4Yeucmbix 6emOHO8. Npu NPOU3BOACTBE s4Yeuctoro G6ertoHa 30ny-
YHOC MUCMOMb3YIOT B KAYeCTBE BSAXYLLEro BelecTBa U KpeMHE3EeMUCTOro KOMMNOHeHTa 6eToH-
Hon cmecun. CornacHo TOCT 25485—89, ans npon3BoAacTBa A4encToro 6etoHa MOXeT npu-
MEeHATbCA 30Mna-yHoc cogepxawasa obwero CaO He meHee 40 %, B TOM yncne cBob6oaHOro
CaO He meHee 16 %, SO3z — He 6onee 6 %, cymmy okcmpoB K2O n Na2O — He 6onee
3,5 %.([80], [147]).

147



UTC 15-2016

[Npouszsodcmeo hpakyuoHuUposaHHo20 webHs: no NOCT 26644—85 wnaku cXuraHms
TBEPAOro TOMMMBa MCMNOMb3YHTCA AN NONyYeHUs ppakuMOHMPOBAHHOMO LEOHA ¢ pa3sme-
pom 3epeH: 5-10; 10-20 n 5-20 MM U LINIaKoBbIN NECOK ¢ pa3mepom o 5 mm ([80], [147]).

AMuccumn B OKpyKalLLyo cpegy. YTunusaumm 301 v WAakoB B MPOU3BOACTBE CTPO-
UTENbHbIX MaTepuarioB xapakTepusyeTcs BbibOpocamun 3arpAsHsOWMX BeLecTB B aTMo-
cbepHbIN BO3OYX.

O6pasoBaHWe CTOYHbIX BOA 3aBUCUT OT BUAA NPOM3BOAMMON NPoayKLUK.

2.15.2 YTmnusauma nerkmx copakumm 3onbl C NOsly4eHUeM NosibiX 30N bHbIX

Mukpocdcep

MeTon cocTtouT 13 nssneveHna nerknx dopakumm netyden sonsl (JI®3) n ytunusaumm
JI®3 pusnko-xummyecknm MeToom € nonyveHnemM nosibix 30MbHbIX Mukpocdep (M3M) ([77],
[145]).

OnucaHmne metopa. TpeboBaHMs Mpoueccy WM3BNEYEHUA U3 Nerkux gpaxkuum 30nbl
NosibIX 30JSIbHbIX MUKpOCcep onpefensieTca ycrioBusaMn fanbHenwero npumeHenus MN3M,
TpeboBaHNAMMN K PU3NKO-XMMUYECKMM CBONCTBAM U rpaHySIOMETPUYECKOMY COCTaBy MMUKPO-

chep co CTOPOHbI NoTpebuTenen (pUCyHok 2.23).

PucyHok 2.23 — KnaccuduuupoBaHHble nosible 3051bHble MUKpOCcdEephI

N UcxopHoe cbipbe (hpakumm netTyyen 3onbl)

[MepBbIM 3TanoM SABRSETCS MU3BMNEeYeHue nerknx dopakuuim 30Mbl C NOBEPXHOCTU KapT
rMOpPO30S0LWIaKo0TBANOB Kak PYYHbIM, Tak M MEXaHU3NUPOBaHHbLIM COCOOOM.
Jlerkne cpakuyum 3051bl BO3MOXHO MNOMYyYnUTb PpakLUMoOHUPOBaAHMEM OTBaslbHOM 30/1bl

30/10LWIakoXpaHUnnLL, MeTOA0OM NEHHOM hrnoTauuu.
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KayectBo fobbiBaemon JIO3 cywecTBEHHO BNMSIET HA CTOMMOCTb AarnbHenLen nepe-
paboTkm n noTpebuTenbckme CBOMCTBA KOHAMUMOHHBIX MOMbIX 30SIbHbIX MUKPOCHEp.
B HekoTOpbIX cnyvyasx BblAeNeHne NosbiX 30MbHbIX MUKpocdep 13 fobbiton JIO3 asnatTtca
HenpuemMnemMbiMun no ueHe, NMbo He obnagatoT TpebyeMbiMn NOTPEOUTENBCKUMN CBONCTBA-
MMU.

BTopas ctaguss — nonydeHune nonbixX 305bHbIX MUKpOCcdep 13 netyden gpakumm 3o-
nbl.

M3BECTHO HECKOSIbKO TEXHOMOMMYECKNX cxem nepepaboTku JIO3 ¢ nonydeHnem nosbix
30MbHbIX MUKpPOCdEP, OCHOBAHHbIX Ha pPa3HbIX TEXHUYECKUX Noaxoaax.

[Monble 3o0nbHbIE MUKPOCHEPHI U3BIIEKAKTCA U3 NIerkon opakumm neTyyen 305bl NyTém
ee rnoaTtanHoro npoueccuHra. NpoueccuHr ytunusaumm J193 ¢ nonyyeHnem KOHAMLMOHHbBIX

M3M BkntoyaeT B cebsa Heckonbko ctagun ([148]):

yOaneHvue opraHM4Yeckmx NpMMecen 1 HeJoxora;

HepaspyLUuaoLLas CyLlKa 1 OTAEeNeHne Mycopa;

KJ'IaCCI/Id)I/IKaLI,VIFI MaTepunana no KpynHoCTu 4acTtuu, no nioTHOCTU, NO NPOYHOCTHU;

MarHUTHas cenapauust NnpoaykTa, yaaneHue xenesocoaepallmx YacTul;

npokanueaHue matepuana (npyM HeobxoanmMocTw);

obe3BoXunBaHNe matepuana go BnaxHoctn meHee 0,25 % n obecneyeHne ero ceo-
6oaHOM Teky4ecTu;

- perynmpoBaHne KMCNOTHO-LLENOYHbIX CBOMCTB MaTepuana (ypoBeHb pH);

- cTepunuaaums matepuana (npu HeobxognmocTn — ans npomnssoautenen JIKM).

Hanbonee 3HauMmon 4acTbio npouecca ytunusauum JIO3 asnaetca knaccudgukaums
NMPOMEXYTOYHOrO NPoAayKTa C Uenbio nonyvyeHus ToBapHbix [M3M pasnuyHbix COpTOB, COOT-
BETCTBYIOLMX TpeboBaHMsM noTpedbutenen.

AMuccum B oKpyxarwyk cpeay. B xoge ytunusauum J1O3 nponssoantcsa BbIGPOC
3arpsasHsaoLWmMx BewecTs (NbiNn) B aTMOCdEPHbIN BO3AYX, TaK Kak feTydasi 3ona sBnsercs
NbiASWMM MaTepuanoMm n xapaktepusyeTca 6onbwmm konmyectsom (okorno 40 %) TOHKMX
KraccoB, pa3mMep 4acTuL, KOTOPbIX MeHbLle 10 MKM.

O6 obpasoBaHMM CTOYHBIX BOA B NpoLecce yTunmsaumm nHgopmauus oTCyTCTBYeT.

dusmyeckumm akTopammn BO3OENCTBUSA ABMASIOTCA BblAeneHue Tenna npu Cyllke u

npokanmBaHun martepunana.
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Paspgen 3. OnpeaeneHne Hauny4wux AOCTYNHbIX TEXHONOMMN B

obnacTtu ytunusaumm n o6esBpexmBaHuAa oTXoaoB

B HacTosilwem pasgene usnoxeHa MeToAvKa onpefeneHus Haunyywunx AOCTYMHbIX
TEXHOMNOrMn ytunusauumn n obesspexmnsaHms oTXo40B NPOU3BOACTBA U NOTpebneHus.

Ha3HauyeHue mMeToauKu. HacTosiwan metoamka paspaboTaHa B LeNnax naeHtTuguka-
UMKN TEXHONOMNIA yTunuaaumm n obesBpexmBaHUA OTXOA0B (TEXHOMOMMYECKUX MPOLIEeCCOoB,
MeTo40oB M cnocobos, obopyaoBaHus n matepuanoB) B kadectse HAT B npouecce paspa-
00TkM M akTyanusaumm cnpasodHnka HOT UTC 15-2016 «YTunusauma n obesspexmBaHue
0TX0a0B (Kpome 06e3BpeXnBaHnsa TEPMUYECKNM CNOCOOOM (CXMUraHne OTXOA0B)».

UcxogHble cBeaeHus AnAa onpeaeneHus texHonorum B kavyectse HAT. VicToyHu-
Kamun nHdopMaumm 0 NPUMEHSEMbIX Ha NPaKTUKe TEXHOMNOrMsax obe3BpexnuBaHus N yTunmsa-
UMK OTXOAOB, a TaKkKe TexHornornyeckux cnocobax, metogax, obopygosaHum n marepuanax,
oTHocAwmxeca k HOT, aBnsaTCca cBegeHud, NonyvYeHHble No pesynbTaTaM aHKeTUpOBaHMUSA
opraHusauun, aHanusa uvHpopmauMm nU3 Hay4yHO-UCCcreaoBaTeNbCKUX U OUCCEePTaLMOHHbIX
paboT, MOHOorpadum n nyénukaumm B BeAyLWNX NepUOANYECKUX U30aHUNAX, CTaTUCTUYECKUX
CcOOpPHUKOB, MeXayHapoaHbIX cnpaBovHukoB HIOT, n cBeaeHun, nonyyYeHHbIX B XO4€e KOH-
CynbTauum ¢ aKkcrnepTamu B obractn ytunusauumn n obesspexmnsaHms oTXo4oB

C uenbto cbopa akTyanbHOM MHpOpMaLUM NPOBOAUTCA aHKETUPOBaHME OpraHM3aLumn,
aKkcnnyaTupylowmx obopygoBaHne, yCTaHOBKU, TEXHOMOMMYECKME NIMHUK, a TakKe opraHu3a-
UUKA, OCYLLEeCTBASALWMX pa3paboTKy TEeXHONOrM4yecknx npoueccos, MeTodoB U Cnocobos,
NPOM3BOACTBO U peanusaunio Matepuanos n obopyaoBaHus, Ucnonb3yemblx Ans obesspe-
XUBaHUA N yTUNU3aLmMm OTXOOOB.

C6op AaHHbIX, HeOBXOoaUMBIX ANs onpefeneHns TEXHOMOrM4Yecknx npoueccos, 060-
pyaoBaHuA, TEXHUYECKMX cnocobos, meTonoB B kadvectBe HOT ocyllecTBnseTca CorfacHo
«[lopsagky cbopa OaHHbIX, HeoBXoaNMbIX ANs pa3paboTkn MHPOPMAaLMOHHO-TEXHNYECKOro
CrpaBoOYHMKA NO HAUMYYLWMM OOCTYMHBIM TEXHOMOMMAM U aHanu3a npuopuTeTHbIX Npobnem
oTpacnu», yTBep>XaeHHoMy npukasom PocctaHgapTa ot 23 mnona 2015 r. Ne 863.

OcHoBononarawuwue AOoKyMeHTbl. MeToguka paspaboTaHa B COOTBETCTBMM C MO-
NOXEHNSAMN HOPMATUBHbIX MPaBOBbIX aKTOB:

- ®epepanbHbiM 3akoHOM OT 10 aHuBaps 2002 r. Ne 7-®3 (pea. ot 24 Hos6pa 2014 1., ¢
n3m. ot 29 gekabps 2014 r.) «O6 oxpaHe okpyxatoLlen cpegbl» (C U3m. 1 gorn., BCTyn. B CUy

c 1 anBaps 2015 r.);
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- ®epepanbHbiM 3akOHOM OT 21 mnonsa 2014 r. Ne 219-03 (pea. oT 29 gekabpsa 2014 r.)
«O BHeceHUn nameHeHun B degepanbHbln 3akoH «O6 oxpaHe OKpyxaroLwen cpenbl» u oT-
AenbHble 3aKkoHogaTenbHble akTbl Poccuiickon ®epepaummn;

- noctaHoBneHnem [paButenbctBa Poccuinckon depepaumm ot 23 aekabps 2014 r.
Ne 1458 (pen. ot 9 ceHTabpsa 2015r.) «O nopsgke onpeaeneHns TEXHONOrMM B KayecTBe
Hauny4ylwen AOCTYNHON TEXHOMOMMK, a Takke pas3paboTku, akTyanusauum u onybnmnkoBaHus
NHPOPMALNOHHO-TEXHUYECKNX CMPABOYHMKOB MO HaWUy4YLLUM AOCTYNHbIM TEXHONOrMAMY;

- npukazom MuHnpomTopra Poccum oT 31 mapta 2015r. Ne 665 «O6 yTBEpXaeHUN
METOAMYECKUX peKOMeHJauun rno onpedeneHnto TEXHOMNOMMM B KavyecTBe Haunydlen [o-

CTYMNHOWN».

3.1 OcHOBHbIe NPUHLMNLI ONpeaeneHust TeXHONOrMmn yTunusauum

o6e3BpexnBaHuA oTxonoB B kKayectee HAOT

OueHka TexHonornn ytunusaumm n obesBpexmsaHusa oTxodoB B kadectse HOT Bknto-
YaeT NATb nocnefgoBaTenbHbIX LLAroB, 3aKMOYarLWMXCA B PACCMOTPEHUN «KpUTEpUeB O0-
CTWXKEHUSA Lenen oxpaHbl OKpyxarwllen cpefbl ONA onpedesieHna Haunyywen OO0CTYnHOM
TEXHOJSIOrMm», KOTOpble YCTaHOBMNEHbI HOPMaTMBHLIMW NPABOBLIMW akTamu, MONOXEHHbLIMU B
OCHOBY [JaHHOW METOANKN.

Kputepun 1 — «HavmeHbLIMA ypOBEHb HEratMBHONO BO3OEWUCTBUA TEXHOMOrMu Ha
OKpY)KaloLLyo cpefy B pacyeTe Ha eanHuULy BpeMeHU nnm o6bem BbINOMHAEMON paboTbl nn-
60 apyrne npegycMOTPeHHble MexXayHapoaHbIMKn foroBopamu Poccunckon depepaumm no-
Kasatenem».

Kputepuin 2 — «QkoHOMUYeCKas apPeKTUBHOCTb BHeAPEHUS 1 akcnnyaTtauum HOT».

Kputepuin 3 — «[lMpumeHeHne pecypco- n aHeprocbeperatroLmnx MeTogoB».

Kputepun 4 — «lepmnog BHegpeHus HOT».

Kputepun 5 — «[lMpombilLneHHoe BHeApEeHME 3TON TEXHOMNOMMN Ha ABYX 1 6onee o6b-
eKTax, OKa3blBalLLMX HeEraTUBHOE BO3LAENCTBUE HA OKPYXKatoLLYO cpeay».

PaccmoTpeHue KputepueB [OOCTUMXKEHUS Lerien oxpaHbl OKpyxawLulen cpenbl Ans
onpeaeneHns Hauny4dWwmx OCTYMNHbIX TEXHOMOrMI yTunmsaumm n obesspexmnBaHns 0TX040B

OCyLLEeCTBNsAeTCS B NocrnegoBaTenbHOCTH, NpeacTaBrneHHon B Tabnuue 3.1.
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Tabnuua 3.1 — Anroputm onpegeneHns TEXHONOMMN (TEXHONOrMYECKNX NPOLECCoB, METOLOB U
cnocobos, o6opyaoBaHusA 1 MaTepmarnos), MCNOMb3yEMbIX MPU yTUnmM3auumn n obesspexmnsaHus

oTxoaoB., B kavectse HOT

[NocnepoBaTenbHOCTb
OcHOBHble AencTBUS
paccMOTpPeHUs

1 PaccmoTpeHune kputepus 5: NpoMbILLNIEHHOE BHEAPEHWE TEXHOMO-
My Ha OByx n 6onee obbeKTax

2 PaccmoTtpeHune kputepus 1: HaMeHbLUNA YPOBEHb HEraTUBHOIO
BO3AENCTBUS TEXHOMOMMM yTUNn3aumm n obe3BpexmBaHnsa 0TXo00B
Ha OKpYyXaroLLyto cpeay

3 PaccmoTtpeHune kputepus 3: npMMeHeHne pecypco- n aHeprocbepe-
ratoLmnx MeTo4oB Npu yTunmsaumm n obe3spexnBaHnmn oTxoa0s

4 PaccmoTtpenue kputepus 4: nepuoq BHEOPEHUS TEXHOOMMU YTUIU-
3aumm n o6e3BpexXMBaHNS OTXO40B

5 PaccmoTpeHune kputepma 2: akoHoMuYyeckast apPeKTUBHOCTb BHE-
PEHUs 1 AKCNyaTauum TEXHOOrmm

6 MpuHaTue uneHamu TPIT peweHunsa o6 oTHeceHnn TexHonorn Kk HOT

3.2 MeToabl, No3BonsAOLWME NOLWAroBo pacCMOTPeTb HECKOSbKO

TeXHONOrMN 1 BbIOpaTb HaUNy4LYH AOCTYMNHYHO TeXHOMOMMI0

3.2.1 War 1. PaccmoTtpeHune kputepus 5 «lpombiinieHHoe BHeapeHue
TEXHONOrnn Ha ABYX U bonee o6bEKTax, OKa3biBalOLWMX HEraTUBHOEe

BO3[eCTBUE Ha OKpYXKaloLlyto cpeay»

C uenblo BbISIBIIEHUS TeXHOMOrMn umetowmnx npusHakn HOT paccmatpuBatoTcs aHke-
Thbl, COAEPXaLLMe CBeOEeHUA O TEXHOMOMMSX yTunusauumn n obesspexxmBaHun 0TxogoB, COOT-
BETCTBYIOLLUME KPUTEPUIO 5, T. €. BHEQPEHHBIX Ha ABYX 1 Bonee OEeNCTBYHOLWMX NPeanpusaTusax
Poccunckon ®epepaummn n npeactaBusLLMe Hanbonee NosiHy MHOopMaLnIo.

Pe3ynbTaTtoM OLEHKM TEXHOMOIMIM Mo KPUTEPUIO 5 JOMKEH CTaTb NepeyYeHb TEXHONO0-
rmin o6e3BpexmnBaHma U yTunmsaumm oTxogoB (TEXHONOMMYECKMX NpOLLeCccoB, METOAOB, CMO-
coboB), ucnonb3yemMbix Ha ABYX 1 Bonee AencTeyoWMX NpegnpusaTmsx B Poccunckon deae-
paumn. [anbHenwee paccMoOTpeHne TEXHOMNOMMM (TEXHOMOrMYecknx npoLeccoB, MeTOLOB,
cnocoboB, obopygoBaHuda, matepmanoB) B kadectse HOT npomnsBoguTcs 4ns TEXHONOMMA 13

OJaHHOIo nepe4yHA.
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TexHonorun ytunmsauum n obesspexmnBaHns 0TXo040B, nmetome Bce npusHakm HOT,
HO He COOTBETCTBYIOLLUNE KPUTEPUIO 5, BKITIOYAKOTCA B NepeveHb NepCcnekTUBHbIX TEXHOMOMN
o6e3BpexunBaHst OTXO0O0B, KOTOpble B HAcToSLEee BPEMS He MOfy4unm SOCTaTOYHOro pac-

NPOCTpaHeHus.

3.2.2 lWar 2. PaccmoTpeHue kputepusa 1 «<HammeHbLWNIA ypOBEHb HEraTUBHOIO

BO34EeNCTBUSA TEXHONOrnmn yTunmnsaumm mn o6e33pe)|<V|Bava oTXO0A40B Ha

OKpYXXaloLuyto cpeay»

NpoeHTndukauma cornacHo Kputepuio 1 ocyllecTBAdeTcsa AN NepeyvyHs TexXHOMNorum
obe3BpexuBaHus M yTunusaumm oTxo[oB, BHEAPEHHbIX Ha ABYX M Oonee AenCTBYHOLUMX
npeanpuatmnax B Poccunckon degepaumn.

OueHka ypoBHs Bo3genctems Ha OC npoBoAUTCH B pacyeTe Ha eauHULy yTunmsnpy-
eMblx (06e3BpeXeHHbIX) OTXOA0B (TOHHY, M3) C Lenblo BbISIBNEHUS TEXHOMOIMMYECKMX MPO-
LeccoB, MeToaoB, cnocoboB, o6opyaoBaHMs, MaTepManos, UCMOMb3yeMbIX NpyU 06e3Bpexun-
BaHUM u/unu yTunusauum otxoaos, obecneynBaromx HauMeHblIee BO3AENCTBME HA OKpY-
Xarollyto cpefy, B TOM 4YMCfe HaMeHbLune BblOpOChbl U COPOCHI 3arpA3HAOLNX BELLECTB,
obpasoBaHve 1 pasMmeLLeHns BTOPUYHBLIX OTXOAO0B.

YpoBeHb HeraTuBHOro Bo3gencteust Ha OC B pacdeTe Ha eanHuULy 006e3BpeXeHHbIX
U/MNN YyTUNU3MPOBAHHBLIX OTXOA0B (TOHHY, M%) ouLeHMBaeTca Mo yaenbHOMY 06pa3oBaHUI0
amuccun, noctynatrowmx B OC npun o6esspexnsaHmm n/vmnun ytunmsaumm otxogos (Ha 1 T unu
1 m3).

OueHka ypOBHSA HEraTMBHOIO BO3AEWCTBUSA MPOBOAUTCA OS1 TEXHOMOMMA UMEIOLLMX
CXOXee LeneBoe HasHavyeHne 1 NpuMeHsemMblx Npu obe3BpexmnsaHmm n/vmnu ytmnusauum oT-
xo00B. [1pu oueHKe ypOBHSA BO3OEMCTBUA HA OKPYXaloLLyto cpefy NPUHUMAalrTCs BO BHUMa-
HWe Takxe:

- TEXHONOMN, HanpaBfeHHble Ha CHWKEHWe NOCTYMMEHUs 3arpsasHALLMX BELLECTB B
NMOBEPXHOCTHbIE BOAbI, NOYBbI;

- TEXHONOMN, HanpaBfieHHbIE HA CHWXKEHWEe MOCTYNSeHNs BbIOPOCOB 3arpsA3HAOLLMX
BeLleCcTB B aTMOC(epHbI BO34YX;

- TEXHOMNOMN, HanpaefeHHble Ha MUHUMKU3aUMKD 0Opa3oBaHWSA U pa3MeLleHust BTO-
PUYHBIX OTXOA0B.

MapameTpbl Ans cpaBHEHUA ypOBHSA HeraTMeBHOro Bo3gencteus Ha OC B pacyeTe Ha
eanHuLy 06e3BPEXEHHbIX WU/UNN YTUNN3MPOBAHHBLIX OTXOAO0B (TOHHY, M3) Ans TexHonorun
obe3BpexuBaHvs n/mnu yTunusauum oTxogoB, HanpaBeHHbIX Ha CHUXEHWE PUCKOB MOCTYI-

neHus 3arpsasHaLWmx BellecTs B OC, npuBeaeHsbl B Tabnuue 3.2.
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Tabnuua 3.2 — MNMapameTpbl ANs CpaBHEHUS YPOBHSA HeratMBHoOro Bosgencteuns Ha OC B pacyeTe Ha

eaVHULY pasMelllaeMblX 0TX0O0B (TOHHY, M%)

HasHadeHune TexHonorum: 3
MapameTpbl CpaBHEHWUS YPOBHS HEraTMBHOIO BO30eNCTBUS
Ne n/m | CHWXeHMe NocTynneHus 3a- 5
Ha OC no KoNM4ecTBy SMUCCUIA 3arpA3HSIHOLLMX BELLECTB
rPSA3HAOLLINX BELLLECTB

1 B noBepxHOCTHbIE BOAbI, |- B NOBEpXHOCTHbIE BOAHbIE OOBLEKTHI

NO4BbI - B nouBbl ¢ goxxgeBbiMM 1 TanbiMKM BOgaMM

2 B atmocepHbIn Bo3gyx |- B aTtmocdepHbii Bo3ayx ¢ Boibpocamu

3 dusnyeckne BO30eNCTBUSA |- YpOBEHb BO3OENCTBUSA

- XapakTep BO3OencTeus

4 Pa3meLleHne BTOpUYHbIX |- Mo knaccy onacHOCTU BTOPUYHBIX OTXOA0B

OTX00B - Mo o6bemam obpasoBaHus N pa3mMeLLeHNs

[Mpn paccMOTpeHMM BO3AENCTBUA OTXOO0B Ha OKPYXKatoLLyto cpefy yYUTbiBanuch:

- BOBMOXHOCTb CHWXXEHUSI OnacHbIX CBOMCTB C NMOHMXXEHMEM Krnacca OnacHOCTU OTXO-
AoB (IV n V knaccbl) U HAUMEHBLLYIO CTEMEHb UX PACNPOCTPAHEHUS;

- BO3MOXHOCTb B X04€ TEXHOJIOrMYeCcKoro npouecca MMHUMU3NPOBATL UM UCKITHOUNTb
obpasoBaHne OOMOMHUTENBbHbBIX OTXOO0B.

B cnyyae, korga gons paccmaTtpuBaemMon obrnactu ytunusaumm n obesspexmBaHus
nMeeTcsa psag anbTepHATUBHBIX TEXHOMOMMYECKUX NPOLIECCOB yTUnM3aumm n obesspexmBa-
HWK, NpegnoYTeHMe OTAaeTCs TEXHONOrMYeckoMy MpoLEeccy, CONPOBOXAALWEMYCA YMEHb-
LUEHMEM MacChbl OTXOA0B M MMEIOLLIEMY HAUMEHbLLIEE BO3ENCTBUE HA OKPYXKaIOLLYIO Cpeay.

OueHka BO3OENCTBUS TEXHOMOrMM 06e3BpexumBaHus WU/MNn yTunusaumm Ha aTMmo-

chepHbI BO34yX NPOBOAUTCS C NPUMEHEHNEM CrneayloLLmMX NnokasaTenen:

NnepeyeHb 3arpssHALLNX BELLECTB, CoaepXalluxcs B Bbiopocax B aTMOCdepy;

Haln4mne cnctem OYUCTKA Bbl6pOCOB;

mMacca BblIOpOCOB 3arpA3HAOLLNX BELLECTB;

KOHLUEeHTpaums (Mnv1 Macca) 3arpsisHsIloLWMX BELLECTB 40 OYUCTKY;

KOHLEHTpaums (Mn1 Macca) 3arpsisHsIloLLMX BELLLECTB NOCMNe OUYUCTKM;

MecTopacronoxeHne obbekTa yTunmsaumm n ob6e3BpexmBaHnst OTXOL0B.

BO3MOXHOCTb OYMCTKM BbIOPOCOB 3arpsisHSAOLLIMX BELLECTB B aTMocdepy A0 ycTa-
HOBMEHHbIX TpeboBanun MNAB.

OueHka BO34eNCTBNA Ha BogHble 0ObEKTbI B npoLecce yTunusaumm n obesspexmBa-
HWA OTXO40B NPOBOAMMACH NO CreayrLWwuM nokasaTensam:

- 00bem 06pa3oBaHNSA CTOYHbIX BOA;,
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- KOHLUEHTpaums 3arpsasHsoLmMX BELWECTB B CTOYHbLIX BOAAX 40 OYUCTKY;

- KOHUEHTpaums 3arpsasHsoLWLmMX BeLWecTB B CTOYHbIX BOAAX NOCNE OYUCTKU CTOKOB;

- BO3MOXHOCTb OYMCTKN CTOYHbIX BOA A0 YCTaHOBMNEHHbLIX HOPMATUBOB LOMYCTUMOIO
cbpoca (HOC);

- HanpaBneHne ABMKEHUS CTOYHbIX BOA.

[MpropuTeT oTAaeTcsa TEXHONOMMAM yTunmsaumm n obesspexmaHusa 6e3 obpasoBaHus
CTOYHbIX BOA4 B TEXHOMOrMYECKOM MnpoLuecce, B TOM YMChe UMEKLWnX cuctemy obopoTHOro
BOOOCHaOXeHuns.

OueHka dunsmyecknx daktopoB Bodgencteua Ha OC npu obesBpexmBaHum U yTUnu-
3aumm 0TX0A0B (LWyM, 3anax, 3feKTpOMarHMTHbIe U TennoBble BO3AENCTBUS) OLEHMBAETCS:

- ypoBeHb Bo3gencTeuda Ha OC B pacyeTe Ha TOHHY pa3MellaeMblX OTXOAOB;

- Xapaktep BO34eNCTBUSA, NOCTOAHHbIA U NEPEMEHHDIN.

MpuoputeT oTAaeTCca TEXHOMNOMNAM YyTUnNn3aumm n 06e3BpexnBaHnsa ¢ MMHUMaNbHbIM
YPOBHEM (hn3n4eCcKknx oakTopoB BO3AENCTBUSA B TEXHONOMMYECKOM npoLiecce 1 npoBogaLLmnm
MEPONPUATUSA MO UX CHUKEHNIO.

OueHka obpasoBaHNsA M pas3MeLLEHNA BTOPUYHbLIX OTXOA0B Npu yTunusaumm m obes-
BpEXMBaHMM OTXO40B NPOBOAMACE MO CneayoLwmnM nokasaTensm:

- (bakT 06pa3oBaHNst BTOPUYHBLIX OTXOA0B,;

- Knacc onacHOCTU BTOPUYHbIX OTXO0B;

- KONn4yecTBo 0bpa3oBaHNs BTOPUYHbLIX OTXOAOB;

- cnocobbl yaaneHus BTOPUYHbIX OTXO40B.

OcHoBHbIM ycrioBrem oTHeceHus TexHonoruu Kk HOT B cootBeTcTBUM C KpuTepuem 1
ABNseTca HauMmeHblume Bo3aenctana Ha OC npu peanusaumm TeXHONOrMn obe3BpexmBaHns
n/vnn yTunmsaumnm oTxonos.

Pe3ynbTatoM OUEHKM TEeXHOMOormm no Kputepuio 1 aABnseTca nepeyvyeHb TEXHOMNOrnm
o6e3BpexunBaHus U/mnn ytunmsaumm otxogos, obecneynBaoLMx HauMeHbLLIME BO34ENCTBUSA
Ha OC.

3.2.3 War 3. PaccmoTpeHue kputepus 3 «lpumeHeHne pecypco- u

3HeprocGeperaroLWwmnx MeTo40B»

NoeHTndpukaumna texHonormn B kadectee HLAT cormacHo kputepuio 3 npoBogunach
ANA nepeyvHs TexHonornn obes3BpexmBaHua W/MnM yTunu3auum OTXOO0B, BHEAPEHHbIX B
Poccuinckon depgepaunmn, peanmsaumss KOTOPbIX COMPOBOXAAETCA HaMMEHbLUMM BO34eu-

ctBuem Ha OC.

155



UTC 15-2016

Llenbio oueHKn TEXHONOMMIN Ha NpeaMeT NPUMEHEHUSI Ppecypco- N aHeprocbepexxeHns
ABNSAETCA BbIABNIEHNE TEXHOSMOMMIN YTUAM3auMM OTXOOO0B XapaKTepu3YLMXCS Makcumarb-
HbIM UCMOMb30BaHMEM PECYPCHOMO NOTEHLMaNna OTX040B U MEHbLUMMM 3aTpaTtaMu SHEPTUN U
pecypcos.

Llenbio oueHKn TEXHONOMMIN Ha NpeaMeT NPUMEHEHUSI Ppecypco- N aHeprocbepexeHns
ABNSAETCA BbISBNIEHNE TEXHOMOrMi 0be3BpexuBaHnss OTXOAOB XapaKTepU3YHOLNXCA MEHb-
LMW 3aTpaTaMmn SHEPrnn N pecypcos.

OueHka noTpebreHns OCHOBHbIX PECYPCOB NPOBOAUTCS MO CreayroLmMM nokasaTensm:

- NoTpebneHne aHeprMm — ypoBeEHb 3HepronoTpedbneHns n Tun Tonnuea (MPUPOLHLIN
ras, 6eH3uH, MasyT u 1. 4.);

- noTpebneHne Boabl — 06bEM NOTpeBNeHNa BOAbI N Ha3Ha4YeHne noTpebneHuns Boabl
(MpoMbIBHAsA XXMAKOCTb, XflagareHT, cbipbe U T. A4.);

- NoTpebneHne BcnomoraTenbHbIX MaTtepuanoB — obbeM noTpebneHns Bcnomora-
TenbHbIX MaTepunarnos.

[MpeanoyTeHne oTgaeTcs TEXHOMOMMSAM yTunm3aumm n ob6e3BpexmnBaHms ¢ UCNOSb30-
BaHMeM OBOPOTHbIX LMKMOB, pekynepaumm Tenna n BHeAPEHHON CUCTEMOW 3HEProMeHe K-
MEHTa.

Pesynbtatom oueHku TexHornornn no Kputepuio 3 sBRseTcA nepeyeHb TEXHOSorum
yTunusaumm mn/vnnn obes3BpexnBaHus OTXOL4OB, BHeApeHHbIXx B Poccuickon Pepepaumm,
obecneuvnBalolLNX CHUXEHWE HeraTmBHoro BosgencTBna Ha OC n xapakTepusyroLmxcs

MEHbLUMMW 3aTpaTaMmn 3HEPTMN U PECYPCOB.

3.2.4 War 4. PaccmoTpeHue Kputepus 2 «JKOHOMUYeckasa 3(ppeKTMBHOCTb

BHeApeHus n akcnnyaTtauun HOT»

MoeHTudurkaums TEXHONOrMM yTunuaaumm n/nnu obesspexmnsaHng 0TXo40B COrnacHoO
Kputepuio 2 «IOKOHOMUYeckasi 3EeKTUBHOCTb BHeApeHus u akcnnyataumm HOT» ocy-
LecTBNAeTCA ONs NepeyHs TexHomnormi obesBpexmBaHus W/vnuv yTunuvsauum OTX040B,
ChopMMPOBAHHOIO NPY PACCMOTPEHUN KPUTEPUEB JOCTUXKEHUS LieNen OXpaHbl OKpyXatoLlen
cpenbl 1, 3, 5.

Llenblo oueHKn aKOHOMUYecKon 3PPEKTUBHOCTU BHedpeHus un akcnnyataumm HOT
ABNSAETCA BbIABNEHNE TEXHONOIrMM yTunusauun n/unm obesspexmnsaHns 0TXo040B, BHeApeHMEe
N 3KCnnyaTaumsa KOTOpbIX ABMASIOTCA MeHee 3aTtpaTHbiMu 6e3 yuepba ana OC.

OueHka 3KOHOMMYECKOM 3PEKTUBHOCTM BHeapeHuss u akcnnyataumm HOT nposo-
ANTCS Ha OCHOBaHWUM 3KOHOMMUYECKMX MoKasaTenen ytunusaumm n/unm obesspexmBaHums oT-

X0A4o0B, MOJTy4YEHHbIX B pe3ynbTaTe aHKETUPOBaAHUA 3KCNITyaTUPYHOLLMNX OpFaHI/I3aLI,VIl7I n opra-
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HU3aLMi, OCYLLECTBASAOWNX pa3paboTKy TEXHONOMMYeCcKUX npoLeccoB, METOAOB U Cnoco-
60B, NPON3BOACTBO M peanusaunio MatepuanoB U 060pyaoBaHUs, UCNOMNb3YyEMbIX ANA YTU-
nmnsaumm n/innn obesBpexmBaHna 0Txoa0B. B kauecTBe nokasaTtenen paccMaTpuBatoTCs:

- KanuTanbHble 3aTpaTbhl HA NPOEKTMPOBAHME U CTPOUTENBCTBO OOBLEKTA (C YKasdaHMeM
roga, B COOTBETCTBUM C LleHaMM KOTOPOro Npon3BeneH pacyeT 3aTpar);

- 9KCNslyaTaumMoHHble 3aTpaTtbl Ha yTunuaauuio u/unn obesBpexnBaHne OTXOLOB, B
LeHax TeKyLlero roga;

- cebecToMMoCTb yTunuaaumm n/unm obesspexmnBaHnsa 1 T OTXO40B B TEKyLEM Nepu-
oae.

Mpy Hannuum cBegeHUn O LeHax U 3aTpaTtax Ha BHEeAPEHME KOHKPETHbIX TEXHOOrmm
(TexHonornyeckmx npoueccos, o6opyaoBaHMs, CpeaCcTB, MaTepuanoB) NPOBOANTCSA UX CpaB-
HUTENbHas OLEHKa.

[nsi KOPPEKTHOrO CpaBHEHNSA IKOHOMMYECKMX NoKasaTenen npou3BOAUTCA UX UHOEK-
cauusi B LeHbl TEKyLLEro roga ¢ UCnonb30BaHMEM UHOEKCOB M3MEHEHUS CMETHON CTOMMOCTU
NMPOEKTHbIX, N3bICKATENbCKNX, CTPOUTENbHO-MOHTaXHbIX paboT 1 NyCKOHanaao4YHbIX paborT.

CpaBHeHMe TEeXHOSorMM NpoBOAUTCA MO MNOKasaTesnt, oTpakarowemy npuBeAeHHble
3artpartbl, KOTopble onpegenatTcsa no popmyne N3 =3 + E * K, rge 3 — akcnnyaTaumMoHHbIe
3aTpaTbl Ha yTunmM3aumo nnmn obesspexmBaHne oTxonos, K — kanutanbHble BNOXeHUa (MH-
BECTULUKN), HEOOXOAMMbIE ANA peanu3aunm TEXHONOIMYECKUX pPeLleHniA No yTunu3auumn nnm
obe3BpexnBaHnio 0Txo4oB, E — HopmaTMBHbIN KOI(PPUUMEHT 3PEHEKTUBHOCTN KanuTarnb-
HbIX BIIOXXEHWUI (paBHbIV 0BpaTHOM BENMYMHE CPOKa OKYNaemMocTh).

Ycnosrem Bbibopa TEXHOMNOrMM 06e3BpeXmBaHNa n/unu yTunmsaumm oTXO4oB B Kave-
ctBe HOT B COOTBETCTBUM C KpUTEPUEM 2 SBAAETCHA OTHOCUTENBHO HU3KUW AMana3oH npuse-
AEHHbIX 3aTpaT Ha yTunmsauuio n/unm obesspexmBaHme oTX0A0B Npu AONYCTUMOM YPOBHE

Bo3gencTeus Ha OC.
3.2.5 War 5. PaccmoTpeHue kputepus 4 «lNMepunon BHeapeHunsa HOT»

MpoeHTudukaums cornacHo kputepuio 4 «lepuog BHegpernns HOT» ocywiectenserca
ANA nepeyvHs TexHomnornn obesBpexmnBaHma n/unu ytunusaumm otxogos, obecnedmnsaromx
CHUXeHue HeraTuBHOro Bosgencteus Ha OC, xapakTepusylLwMXca MeHbLUMMK 3aTpaTamu
3HEeprum N pecypcos, MerLWMMN IPPEKTUBHbIE IKOHOMUYECKNE NoKasaTenu BHeOpeHUs U

aKcnnyataunun O6e3Bpe)KVIBaHI/IFI n/vinn yTunusaunm otxogos.
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OueHka nepuoga sHegpernna HOT nposoautcs ansa BbiseneHna HOT ¢ HaMMeHbLUMM
nepuogom BHegpeHus. lNepuoabl BHeopernns HOT paccmatpuvBanucb B criegylolux Bpe-
MEHHbIX MacLUTaboB:

- KpaTKOCPOYHBbIN (OT HECKOSTbKMX HEAENb A0 MeCSLEB);

- CPeAHECPOYHbIN (OT HECKOMBbKUX MecsLeB A0 roaa);

- AONrOCPOYHbIN (0OBLIYHO COCTaBMNAET HECKOMbBKO NET).

MpegnoyteHne oToaeTCcs TEXHOMNOIMMAM, UMEKOLLNM MEHbLUME Nepuoabl BHEAPEHUA.

Pesynbtatom oueHkn TexHonornn no Kputepuio 4 sBAsieTCA NepeyvyeHb Haumyylmnx
AOCTYMHbIX TEXHOMOMMA yTUnu3aumm u/vnn o6e3BpeXmBaHUS OTXOLOB COOTBETCTBYHOLLMX
Kputepuam goctmxeHusa uenen oxpaHol OC:

- BHeApeHHbIX B Poccuiickon depepaumm Ha AByx n 6onee AencTeyroLmnX npeanpus-
TMAX;

- obecneymBatloLWmMX CHUXKEHNE HeraTuBHOro sosgenctemsa Ha OC;

- XapaKkTepusylLWNXca MeHbLMMK 3aTpaTtamMu SHEpPrn U pecypcoB OTHOCUTESbHO
aHanornyHblX TEXHOMOMNMI;

- MerLLen aPPEKTUBHbIE SKOHOMUYECKME MOKasaTenn BHeAPEHUs U 3Kcnnyatauum
obe3BpexunBaHna n/unum yTunmsaumm oTxogoB OTHOCUTESNBHO aHaNOrMYHbIX TEXHOMOMMI;

- XapakTepusylLmnxca MeHbLLIUMN NepuogamMmn BHeOPEHWUS.

PesynbtatoM paccMOTpeHUs TEXHOSIOTUA C MPUMEHEHUEM KpUTepueB AOCTUKEHUS
Lenen oxpaHbl OKpyXarlLlen cpegbl aAns onpegeneHns Haunyywen JOCTYNHOW TeXHOMNOoru,
YCTAHOBMEHHbIX HOPMATUBHbLIMUK MPaBOBbLIMW aKTaMK, SBMSETCA NepevYeHb Hannyywmx Oo-
CTYMHbIX TeXHONorMm obesBpexmBaHuMa W/MnNn yTunusauum OTXOOO0B, NPEACTaBIEHHbIN B
pasgene 4 UTC «Haunny4dwme OOCTyNHble TEXHONOrMM MO 0DEe3BPEXMBAHUIO N yTUNU3auun

OTXOO0B».
3.2.6 War 6. MpuHaTve uneHamu TPl peweHna o6 oTHeceHun TexHonormu K HAT

CdopmnpoBaHbl cBeeHNA O NPUMEHSIEMbIX TEXHOMNOMMYEeCKUX npoueccax yTunuaa-
UMM n o06e3BpeXMBaAHUA OTXOOO0B C MPUMEHEHMEM KPUTEPUEB OOCTUXKEHUS LIENIEN OXPaHbl
oKkpyxatowen cpeabl ans onpegenenna HAT, 0603Ha4YEHHbIX HOPMATMBHLIMU NPAaBOBLIMU
aKkTamu.

Mpy BO3HMKHOBEHUM CEPbE3HbIX Pa3HOrfacum OTHOCUTENBHO TOrO, Kakme TEXHOMNOormm
onpegenutb B KkadyectBe HOT, moxeT GbiTb npoBeaeHa 6onee yrnybneHHass koMmnnekcHas
OLeHKa TexHosormn. Npu BO3HMKHOBEHUM CEPbE3HbIX PA3HOMNacnuin OTHOCUTENBHO 3KOHOMU-
yeckomn adpekTMBHOCTN BHeApeHus HOT nposoguTcsa AononHUTenNbHas OueHKa 3KOHOMUYe-

CKOW Lienecoobpas3HOCT! BHEAPEHNSI TEXHONOMUIA.
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Mpn Hannumm ocoboro MHeHMss MO onpefernieHnto TexHosnorm B kadectse HAT,
He nogaep>xmBaemoro Bcemu yneHamm TPIT, Takaa TexHonorna MoxeT ObiTb onpegerieHa B
kavyectBe HOT u BknoyeHa B cnpaBoyvHuk HOT. BkrtoyeHne Takon TeXHONOMMnN B CpaBOYHUK
HOT conpoBoxgaeTca crneumanbHbIMK yKa3aHnaMM Ha ocoboe MHeHue n gonyckaeTcs npu
cobnogeHnn cnegyowmnx yCrnoBui:

- B OCHOBE 0CO0Oro MHeHusi nexaT AdaHHble, KoTopbiMu pacnonaraet TPl n dene-
panbHbiA OpraH MCMONMHUTENbHOW BNAcTW, OTBETCTBEHHbIM 3a pa3paboTKy CNpaBOYHMKOB
HOT, Ha MOMEHT NoAroToBKM BbIBOAOB OTHOCUTENbHO HAT;

- 3auHTepecoBaHHbIMK YneHamn TPIT npeactaesneHbl 060CHOBaHHbIE [OBOAbI ANS
BKMNOYEHNA TexHonornn B nepedeHb HOT. [oBoabl ABNATCSA 0O60CHOBAHHLIMWU, €CMNN OHU
noaTBepPXaeHbl TEXHUYECKUMU, IKOHOMUYECKUMU AaHHbIMW, OaHHbIMW O BO3OEWCTBUM Ha
pasnunyHble KOMMOHEHTbl OKpyXalLen cpeabl, COOTBETCTBUEM TEXHOMNOMMU OnNpeaeneHnto
TEPMUHA «Haunydwasa LOCTynHasi TEXHOMOrms» n kputepusam onpegenenunsa HOT, ykasaH-
HoiMn B PepepanbHoM 3akoHe OT 10 saHBapsa 2002 r. Ne 7-03 «O6 oxpaHe OKpyxatoLlen

cpeabi».

Pasgen 4. Haunyuwune oCTyNHble TEXHONMOMMU YTUNU3aLUMU U

o6e3BpeXxMBaHUsA OTXOA40B

4.1 O6bwume nonoxeHus

[MepevyeHb Hauny4qwMx OOCTYMNHbLIX TEXHOSIOrMA OpraHM3aunoHHO-YNpaBieHYeCKOoro
Xapaktepa npeactasneH B [punoxenun b, B obnactn aHeproaddeKTMBHOCTU NpeacTaBeH
B [NpunoxeHun B.

B HacTodwem pasgene npeacTaBrieH nepedeHb Haumyywmnx AOCTYMHbIX TEXHOOrMM,
NnoAroTOBIEHHbIM B pe3yribTaTe OUEHKN TEXHOSIOrMnh, MPUMEHSIEMbIX NpU yTUnu3aumm wu
obe3BpexnBaHmMmM 0TXOA0B, COrNacHO MeToauKe ONMCcaHHOW B pasdene 3 HacTosiwero cnpa-
BoYHuka HAOT.

OueHka TexHONOrMnm ocywlecTBrieHa No AaHHbIM aHKeTMPOBaHUS OpraHusauumn, ocy-
LwecTBnALWmMxX pa3paboTky TEXHONOMMN U obopyaoBaHua Ans yTunusauumn n obesspexunsa-
HUSA OTXOLOB, U OpraHn3aLmin, OCyLLEeCTBNAIOLWNX AKCANyaTaunio 06BHEeKTOB Mo yTunmnsaumm u
obesBpexunBaHuno oTxoaqoB B Poccuiickon ®egepaunn.

CBogHble pesynbTaTbl aHKETUPOBAHUSA, MO KOTOPbIM MNOAroTOBMEH pasgen 4 npeg-

cTaBneHbl B Tabnuue 4.1.
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Tabnuua 4.1 — KonnyectBo aHKeT, MOCTYNUBLLMX OT NpeanpusiTuii

Ne n/n HavmeHoBaHue rpynn oTxogos Bcero
1 OT1xoobl He(pTeNnpoayKToB, B TOM YMCMe OTXOAbl MUHEeparbHbIX Ma- 1
cen, yTpaTuBLUMX NOTpebUTenbLCKMe CBONCTBA
2 Mpoune HedTecogepxalime OTXoAbl, BKMOYas OTxoabl npu Oype- 43
HUK, CBA3AHHOM C Aobblven cbipon HedTH, NPUPOAHOro (NONYTHOrO)
rasa v ra3oBoro KoHgeHcaTa
OTxoabl o6opyaoBaHus, cogepallero pTyTb 9
4 N3penunsa n3 pesuHbl, yTpaTtmeBline notpebutenbckue CBOWCTBA, B 3
TOM YMChe PE3NHOBbIE LUMHbI, NMOKPbILIKM U Kamepbl
5 MnactmaccoBble u3genus, yTpatuBliMe noTpebuTenbckme CBOK- 1
CTBa, B TOM YuCrie YNakoBOYHbIE NlacTMaccoBble U3genuns
6 OneKTpMyeckoe 1 anekTpoHHoe obopyaoBaHue, yTpaTuBLLeEe noTpe- 1
BuTenbckne cBoncTBa
7 MeauumHckmue oTxoabl 1
8 Brnonornyeckune otxogbl -
9 OT1xon4bl opraHn4ecknx pacteoputenemn -
10 |ABTOMOOUNbHBIE aAKKYMYMSTOPbI, yTpaTuBMe MOTpedbuTenbckue
cBOWUCTBa -
11 |AKKymynsTopHble OGaTapeun, yTpatuBliMe noTpebuTenbckue CBOW-
cTBa -
12 OcBeTuTenbHoOe anekTpuyeckoe obopyaoBaHue, yTpaTtvBLiee Mo-
TpebuTenbLckne CBONCTBaA -
13 OTxoabl hmnbTpoB U hunbTpoBasnbHbIX MaTepnanoB 0TpaboTaHHbIX 1
14 | OTxo4bl NpoAyKuMn, copepiKallen ranoreHMpoBaHHblIe apomaTude-
CKMe opraHu4yeckue BellecTBa, B TOM YUCHe CTOMKUE OpraHn4eckue -
3arpasHUTENn
15 | OTxoabl OpraHN4yecknx NecTMunaoB 1 arpoOXMMmNKaToB -
16 |ObGopynoBaHue, cogepxallee 030HOpa3pyLlaLLne BelecTsa -
17 Teepable KOMMYyHarnbHblE OTXOAbI -
18 |3osbl M WNakM OT CXUraHna TBepaoro TonnvMea -
NTOIo 60
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Kputepun pOoctmxkeHna uenen oOxpaHbl OKpyXawlwen cpeabl Ons onpeneneHuvs
Hauny4lwemn OOCTYMHOW TEXHONOMMN onpegeneHsl NyHKTOM 4 ctatbun 28.1 denepanbHOro 3a-
koHa oT 10 aHBaps 2002 r. Ne 7-®3 «O6 oxpaHe okpyxatowen cpegbl» ([1]):

Kputepuin 1 — «HanmeHbLINI ypOBEHb HErAaTUBHOIO BO3AENCTBUS TEXHONOrMmM obes-
BpeXMnBaHMUS OTXOAOB Ha OKPYXaloLyl cpefy B pacyeTe Ha eguHULy BpeMeHu unn obbem
BbinoniHsemon paboTtbl NMBo gpyrve npefyCMOTPEHHblE MEXAyHapOAHbIMW [OroBOpaMm
Poccuinckon ®egepaunmn nokasatenem.

Kputepuin 2 — «3QkoHOMUYeCcKas appeKTUBHOCTb BHeAPEHUS 1 akcnnyaTtauum HOT».

Kputepuin 3 — «[lMpumeHeHne pecypco- n aHeprocbeperatroLmnx MeTogoB».

Kputepuin 4 — «lNepuopg BHeapeHna HOT».

Kputepun 5— «lMpombilneHHoe BHEQPEHUE 3TOM TEXHOMNOMMM Ha ABYX 1 6onee o6bek-

Tax, OKa3blBalLMX HEraTUBHOE BO3AENCTBUE Ha OKPY)KaloLLYH0 cpeay».

Ha ocHoBaHUW aHanus3a nNpucnaHHbIX aHKeT, a Takke KputepueB OTHECEHUS] TEXHOO-
rMYeckMx npoueccoB, 0b6opyaoBaHus, TeEXHUYECKMx cnocobos, metogos K HOT ons paccmar-

puBaeMbix B cnpaBoydHuke HOT rpynn otxogos 6binn onpegenersl HAT (Tabnuua 4.2).

Tabnuua 4.2 — HAT npeacrtaBneHHole B pasgene 4 «Haunydwme OOCTYNHbIE TEXHOMOMM

yTtunmsaumm n O6e3Bpe)KVIBaHVIFI oTXoOoB»

Ne n/n HanmeHoBaHWe rpynn oTxo4os HOT

1 OTxoabl HeE(OTENPOAYKTOB, B TOM YMCIEe OTXOAbl MUHEParbHbIX Ma- -

cen, yTpaTUBLUMX NOTPEOUTENbLCKME CBOMCTBA

2 Mpoune HedpTecoaepxalime oTxoAbl, BKMOYas oTxogbl npu bGype- HOT 1
HWUW, CBA3AHHOM C A06blYen Cbipon HedhTn, NPUPOLHOro (NOMYTHOrO) HAOT 2

ra3a n ra3oBoro KoHgeHcaTta

3 OTxoabl o6opyaoBaHusa, cogepxallero pTyTb HOT 3
HAOT 4

4 N3penus v3 pesuHbl, yTpaTuMBLUME NOTpPeOuTenbCkne CBOWCTBA, B HOT 5

TOM 4YUCIre pe3nHoBbl€ LLUNHbI, MOKPbLILLKN N KaMepPbl

5 MnacTmaccoBble M3Oenusi, yTpaTuUBLUME MOTPeOUTENbCKME CBON- -

CTBa, B TOM YUCIe ynakoBO4YHblI€ NitacTMaccoBble n3aenus

6 3NEeKTPUYEecKoe U 3NeKTpoHHoe obopyaoBaHue, yTpaTusllee noTpe- -

ouTenbckne cBoMcTBa

7 MeauumHckmue oTxoabl HOT 6
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Ne n/n HanmeHoBaHue rpynn oTxo4oB HAOT

8 Brnonornyeckue otxoabl —

9 OT1xof4bl opraHn4ecknx pacteoputenemn -

10 |ABTOMOOMMbHbIE aKKyMyNsTOpPbl, YyTpaTuMBLUME MNOTpPebuTensckue

CBONCTBa

11 |AkkymynaTopHble 6GaTapeu, yTpaTuBwme noTpebutenbckne CBOK-

CTBa

12 |OcBeTtutenbHoOe anekTpuyeckoe obopyaoBaHue, yTpaTuBLUEE MO-

Tpebutenbckme CBOMCTBa

13 OTxoabl hmnbTpoB U hUnbTpoBanbHbIX MaTepnanoB 0TpaboTaHHbIX HAOT 7

14 | OTxoabl NPOAYKUMM, COAEep’Kallen ranoreHMpoBaHHble apomMaTuye-
CKMe OpraHu4yeckue BelLecTBa, B TOM YMCIe CTOMKUE OpraHuyeckune -

3arpsisHUTEN

15 |OTxoabl OpraHNYecknx NecTULUOOB U arpoOXMMMKaTOB -

16 |O6opynoBaHue, coepxalllee 030HOopas3pyLlaloLLe BeLecTBa —

17 TBepable KOMMYHarnbHbIE OTXOAbI -

18 305bl 1 WNaknM OT CKUraHnsa TBepAoro Tonnmea -

M3 Tabnuubl 4.2 BuaHo, 4to HOT He moryT GbITh BbISIBNEHbI 4N psga paccmaTpusa-
eMbIX B pasfgerne 2 HacTosiwero crnpasoyHuka HOT rpynn oTxo4oB, YTO CBA3aHO C HeJoCTa-
TOYHOCTbIO NPeACTaBfieHHbIX AaHHbIX OT OpraHn3aunii, OCyLLECTBNALWMX pa3paboTKy Tex-
Honornn n obopygoBaHUA Mo yTunusaumm n obes3BpexmnBaHUI0 OTXOAOB, a Takke opraHusa-
LW, OCYLLECTBASOLWMX IKCNyaTaumio o6bekToB NO yTunusauum n obesBpexmnBaHmio OTXo-
poB B Poccuiickon ®epepaumm (tabnuua 4.1). No mepe HakonneHus ntHdopmauun pasgen 4
«Hauny4ywmre gocTynHble TEXHONOMMN yTUnnsaumm n obes3BpexmBaHna OTXO4OB», Kak U BECb

cnpaBoyHuk HOT, gormkeH ObiTb 4OMNOMHEH U akTyann3npoBaH.

4.2 Haunnyu4wime [OCTYMNHbIe TEXHONOMUKU, NPUMEHsieMble Npu
yTUNM3aumm oTxoaoB HedpTenpoayKToB, B TOM Yucrie OTXO40B

MUHepanbHbIX Macen, yTpaTUBLUUX NOTPebuTeNnLCKue CBOMCTBA

Hamnquume OOCTYMNHblE TEeXHOJI0rnMn, nMnpuMeHdemMble nNpu ytunndaumn oTxoaoB

HedTENPOAYKTOB, B TOM YMCIle OTXOAOB MUHeparbHbIX Macen, yTpaTtuBLMX notpebutens-
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CKMe CBOMCTBA, NPU aHanuae nosyyYeHHbIX aHKeT No COCTOSHUIO Ha 1 okTsbps 2016 r. He BbI-

ABJ1E€HbI.

4.3 Hannyywme fOCTYNHbIe TEXHONOINMU, NPUMEHsAeMble Npun
ob6e3BpeXxXnBaHUM U yTUNU3aLum NpoUumnx HecprecoaepKaLmx
OTXOA0B, BKIIlOYaA oTXoAbl Npu 6ypeHnn, cBA3aHHOM € A,00bl4en
Cblipou HedTH, NpUpoaHOro (MONyTHOro) rasa n ra3oBoro

KOHAEeHCaTa

[na BbIABMNEHWSA HaUMy4dLlel OOCTYNHON TEXHONMOrMN 06e3BpexmnBaHns U yTunnsaumum
npoumx HedpTecoaepKalLMxX OTXOO0B, BKIOYas OTXOAbI Npu GypeHumn, CBS3aHHOM C A00bIYe
cblpoit HedbTw, NpupodHoro (MOMYTHOro) rasa M rasoBOro KOHAEHcaTa PacCMOTPEHbI TEXHO-

J10rmn, oCHoBaHHbIE Ha (bVI3VN€CKVIX n Bnonorn4yecknx metogax yTunmsauuu.

HOT 1. Haunyywme AOCTYMNHbIE TEXHOMOMMU ANSA YTUNU3auum m
ob6e3BpexnBaHmnsa HepTecogepx awmx oTxoaoB (hpusn4yeckum pasgernieHnem Ha

¢a3sbl

Obnacmpb npumeHeHUs: NnpeaBapuTenbHasl NOAroToBKa K 06e3BpeXnBaHNO HeTECO-
Aepxalmx OTXOAOB; MPYHTOB, 3arpsi3HEHHbIX HEePTbIO UM HedTenpoayKTaMu; NPOYMX OTXO-
AoB HedTenpombicnoBoro obopyaosaHunsa (ACIMO), oTXx040B OT 3a4MCTKU M NPOMBbIBKK 060-
PYAOBaHNA XpaHEHUs1, TPAHCNOPTMPOBaHMS 1 06paboTkn HeddTM 1 HEPTENPOOYKTOB.

MeTopn npumeHsieTca ons BblAeNeHna n3 oTxoha yrineBogopoaHoro pecypca — Hedptm
N HepTecoaepaLLmx NPOaYKTOB.

Kpamkoe ornucaHue mexHoroauu.

MeTop ocHoBaH Ha pasgeneHun HCO Ha dpakumu: HedpTenpoayKkTbl, BOAa, TBEPAbIV
OCTaTOoK.

Boaa (CTouHble BOAObI) COAEPXKUT B3BELUEHHblE BellecTBa U HedpTenpoayKTbl B KOMK-
yecTBax He 6onee 2 % n 4 %, COOTBETCTBEHHO. [locne AONOMHUTENBHOM OYUCTKM CTOYHbIX
BO/Jl COAlepXXaHne B HUX B3BELLEHHbIX BellecTB cocTaBnsaeT He 6onee 50 mr/am3, HedTenpo-
AykToB — He 6onee 50 mr/gm3.

Kpumepuu: metoq addeKTUBEH B MHTEPBAre KOHUEHTpaunn Heptn n HepTenpoayk-

TOoB B oTxoae 10—45 %.
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HAOT 2. Hannyywme AoCTynHbIE TeXHONOrMM Ansa o6e3BpeXXxnBaHus u

yTunn3auumum He(bTecop,ep)Kau.mx 0TX040B OMONOrM4ecKkuMm MeToaom

Obnacmb MpuUMeHeHUs: TPYHTbI, 3arpA3HEHHbIE HEPTLIO U HedpTenpoayKTamu, HedTe-
coaepxalume oTxoabl ¢ coagepxkaHmem HedTn He 6onee 20 %.

Kpamkoe onucaHue mexHoroauu.

MeTog 3akntoyaeTcs B NMPUMEHEHUM MWKPOOPraHM3MOB, CMOCOOHbLIX 06e3BpexunBaTb
yrneBoAopoabl B NpoLiecce CBOEN Xu3HeaeaTenbHocTn. B xoge 6uopemeanaumm yrneeoao-
poabl HePTU U HEPTENPOAYKTOB YaCTUYHO NpeobpasyroTcs B YrieKUcnbl ras, 4acTU4HO ne-
pexogaT B Buomaccy knetok. MukpoopraHmambl, oKucnsiowme yrneBogopoabl, MOryT BHO-
cuTbCa n3BHe (brnonpenapatbl), NMMO0 akTUBMPYIOT abopUreHHy0 MUKPOIopy NyTemM co3aa-
HUA e KoMPOopPTHLIX ycnosun. Metoa peanuayeTcst Ha OnepaunoHHbIX NfoLwagkax, nMbo B
Buonormyecknx peakropax, Npu 3ToMm B 060mnx cnyyasax JOMKeH NPOBOAUTLCA 00A3aTENbHbIN
BXOOHOW, NPOMEXYTOYHbIN, BbIXOAHOW KOHTPONb 00e3BpexnBaemMbIX OTXOAO0B Ha OCTaTOYHOE
cogepxaHne B HUX HeddTM n HedTenpoaykToB. OCTaTovHOE coAepKaHue YrrneBoAoponoB
HeTM 1 HedPTENPOOYKTOB AOIMKHO COCTaBnATb He 6onee 51 B 1 Kr nonyymBLUEro NpoaykTa
obe3BpexunBaHus.

Ha TexHonornyeckon nnowagke ans nposefeHus buopemenmaumm, Nubo nnowiagke
cknagmpoBanua HCO nepep 3arpyskon B Guonornyeckuii peaktop npegycMaTpmBaloTcst Co-
OpPYXEeHUs, UCKIYaloLLme rnonagaHue 3arpAasHALWLNX BELWECTB B MOYBY U NOA3EMHbIE rOpU-
30HTHI.

CopepxaHune HepTn B 06e3BpEXEHHOM OTX04e — MeHee 5 r/Kr.

SKonornyeckme npenmyLiecTsa TeXHONOrMm, peanmsyemon B GMoNormyecknx peakro-
pax:

- Buiopemegmaums, peanudyemas B BUONOrMYECKUX peakTopax, ABMASETCH KOHTPONU-
pyeMbIM MPOLLEeCCOM;

- NpoBefeHMe npouecca B BUonormyecknx peakropax B cpaBHeHUn ¢ buopemegnaum-
en, NPoOBOANMOM Ha ONepaunoHHbIX NoNnsax, TpebyeT oTBeAeHUss MEHbLUMX 3eMEefbHbIX MMo-
wagen.

OKonornyeckMe npeumyLlecTBsa TEeXHOMOrMu, peanusayemMon Ha TEexXHONOrMYeCcKux
nnowazkax:

- Ha TEXHONOMMYeCcKNX Nnowazkax BpemMs BegeHus npouecca cocraBndet 12—24 mec,

B GMOMOrMYECcKNX peakTopax OHO CYLLIECTBEHHO COKpallaeTcs;
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- NpoBeAeHMe npolecca buopemeamauumn Ha onepauUMoHHbIX NroLaakax B CpaBHEHUN
C MpoueccoM, NpoBOAUMbBIM B peakTope, No3BonsieT 0b6e3BpexuBaTb OonblUME KONMMYECTBa
HCO.

4.4 Hannyywue AOCTYMNHbIE TEXHONOrMn, NpUMeHsemMble Npu
yTUNu3aumm n o6e3BpexmMBaHuUmN OTX040B 06OpyaOBaHNUSA,

coAep)xallero pTyTb

HAOT 3. Hanny4wue aocTynHble TeXHONOIrMU ANA yTUNu3auum obopyaoBaHus,

copepxallero pTyTb

Havny4ywunmm JOCTYNHbIMW TEXHOMNOMAMKU Ana yTunusauun obopyaoBaHus, copep-
Xallero pTyTb, SBMAIOTCA TEXHOMOMU, B pesyrnbTaTe KOTOPbIX NPOUCXOAMUT BblAeneHne BTO-
PUYHOM PTYTU U OONOMHUTENBHO NOMYyYEeHNE BTOPUYHbBIX MaTepuarnbHbIX PpecypcoB (CTekna u
antoMUHUS).

Obriacmb npumMeHeHUs:: BO3MOXHOCTb yTunusauumn 60nbLworo cnekrpa obopyaoBaHms,
cofepXxallero pTyTb: pTYTHbIX flaMm, pTyTHO-KBapueBbIx flamn, obopygosaHus n npnbopos ¢
PTYTHbIM HanonHeHneMm, obopyaOBaHUA 3NEKTPOHHOro, CoAepXallero pTyTb, PYHTOB, 3a-
FPA3HEHHbIX PTYTbIO, PAaCTBOPOB, COAEPXKALUNX PTYTb.

Kpamkoe onucaHue mexHorsoauu.

BblgeneHne BTOPUYHON PTYTM NPOBOAUTCA NyTEM BO3FOHKW PTYTU U3 0BOpyaoBaHuS,
coAepXallero pTyTb C rnocreaytollen KoHgeHcaumen napoB pTyTM U yaaneHum npoayKToB
nepepaboTku, B TOM Yncrie C NPUMMEHEHNEM TEPMOBAKYYMHON TEXHOSOIMMMW.

O6ecneunBaeTcst oMMCTKa BbIOPOCOB B aTMocdepy (ynaBnvBaHue pTyTU) OO KOHUEH-
Tpaumm pTyTn meHee 0,0003 mr/m3.

lpeumyuwecmea mexHoroauu:

- BO3MOXXHOCTb M3BII€YEHNSI BTOPUYHOW PTYTU U €€ AanbHelee NCnonib3oBaHue;

- BOBMOXHOCTb NCNOJ1b30BaHUA AEMEPKYPUINPOBAHHOIO cTeknobos u antoMUHKUS.

HAOT 4. Hanny4wme AOCTYMNHbIE TEXHONOIMU AnNsA 06e3BpeXxXnBaHus

obopyaoBaHus, cogepxallero pTyTb

Havny4ywumm goctynHbiMn TexHomnormamu ana obesspexmBaHua obopyaoBaHusi, Co-
AepXallero pTyTb, SBNATCS TEXHOMNOMMU, B pe3ynbTaTe KOTOPbIX NPOUCXOAUT CBS3bIBaHNE
pTyTV B 6e3onacHble coeanHeHus (cynbdung ptytn). Cuntaetca Haunyywen JOCTYNHON Tex-

Honornemn npn ycnoBum oTCyTCTBUA BO3IMOXXHOCTU YTUINN3aLUMN OTXOoAa.
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Obrniacmb npumeHeHusi: 0b6e3BpexnBaHme pTyTbCoAepKalmnx namn BCex TUMoB (nu-
HenHble, U-obpasHbie 1 T. 4.).

Kpamkoe ornucaHue mexHorsioauu.

ObesBpexunBaHne pTyTbCcoaepKaLunx namn NpoBOAUTCA NyTEM UX pasfgeneHns Ha Tpu
KOMMOHEHTA: CTeKNo, MeTannnyeckne Lokonu u nioMMHodopa ¢ nocneayroLwum ero nepeso-
AO0M B cynbdua pTyTu.

ObecneunBaeTcsa oumcTka BblIOpocoB B atmocdepy (ynaBnuBaHue pTyTu) OO KOHLEH-
Tpaumm pTyTn meHee 0,0003 mr/m3.

lpeumyuwecmea mexHoroauu:

- CHMXXEHMEe TOKCUYHOCTM PTYTbCOAEepXallmx nammn, rnepeBo OnacHOro KOMMOHEHTa
oTxoda (pTyTM) B MEHee TOKCUYHYK (POPMY MaroonacHbI NPOAYKT MUHepanu3aumm niomMm-
Hopopa ¢ nocrneayLwmm ero 3axopoHeHNeM;

- BOBMOXHOCTb NCNOoJ1ib30BaHUA AEMEPKYPUINPOBAHHOIO cTeknobos u antoMUHKUS.

4.5 Hannyuwme fOCTYNHbIEe TEXHONOMUKU, NpUMeHsieMble npu
yTUNU3aumMmu usaenuin us pesuHbl, yTpaTUBLUMX NOTPebuTenbCcKue

CBOMCTBA, B TOM 4ucrne Pe3NHOBbLIX LUNH, NOKPbLILWEeK N Kamep

Onsa Bbibopa HaunyylWwMX OOCTYMHbIX TEXHOMOMMA YyTUNU3aumMmM M3genuin U3 pesuHbl,
yTpaTUBLUNX NOTPeOUTENbCKNE CBOWCTBA, B TOM Y/CNE PE3NHOBbLIX LUMH, MOKPbLILLEK N Kamep
paccMoTpeHa MexaHuveckasi yTunm3aums ¢ Lenbto NnonyyYyeHnst BTOPUYHOM npoayKumm — pe-

31IHOBOM KPOLLUKAN 1N MNPOJTM3HOTIOo ra3a, I'IVIpOJ'IVI3HOI7I XNOKOCTN.

HAOT 5. Hanny4wme AOCTYMNHbIE TEXHONMOMMU ANA yTUNu3auum msaenum n3
pe3uHbI, yTpaTUBLUMX NOTpPeduTenbLCcKkMne CBOMCTBA, B TOM YUCHe PEe3UHOBbIX

LUMH, NOKPbILWEK N KamMmep

Hannyywumn [OCTYNHbIMW TEXHOMNOMMAMU ONS YTUNIM3aunmm u3genun U3 pesuHbl,
yTpaTuBLUNX NOTpebuTenbLCckne CBONCTBA, B TOM YMCNE PE3NHOBBIX LUMH, MOKPbLILEK U KaMep,
ABMAKOTCA TEXHOMNOMMN YTUNN3aLmm, KoTopble

1. pocturatoT npaktudeckm 100 % nepepaboTky OTXOO0B PEe3uHbl BO BTOPUYHbLIE Ma-
TepuarnbHble pecypchbl:

- Npn MexaHuyeckon nepepaboTke (peska, ApobneHue) n3genuin M3 pesnHbl OO He-
OOnbLWKX KYCKOB C MOCreayowmm pasgeneHneM Ha KOMMOHEHTbl — pes3vHa pasfnyHbIX
dpaKkuMi U BTOPUYHbIE OTXOAbl (TEKCTUIbHBIN U MeTannmyeckui kopa). MexaHuyeckoe n3s-

MenbYeHNE pe3nHbl Pas3nuyHbIX ppakumii ¢ NonyYyeHmem npoaykTa — pe3nHOBON KPOLLIKY;
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- P TEPMUYECKON AECTPYKUUN M3LOEeNUA N3 pe3nHbl Nony4vatoTcs BTOPUYHbBIE pecyp-
Cbl — MUPOSU3HBIV ra3 1 NUPON3HaAsa XNOKOCTb (ra3oBas v xuakas dpakumm npoaykToB nn-
ponu3a) n BTOpU4YHbIe OTXOAbl (HEe NpopearMpoBaBLUMI OCTATOK) — MeTann (boptoBasa npo-
BOJIOKA) U YrrepoaHbI OCTaToK.

2. gocTturaetca ovncTka Bolbpocos go yposHen MNAK.

4.6 Hannyuwme [OCTyNHble TEXHONOMUKU, NpUMeHsieMble Npu
yTUNU3aumMm NNacTMaccoBbIX U3aenuin, yTpaTUBLUNX
noTpebuTenbckue CBOMCTBA, B TOM YMCIe YNAaKOBOYHbIX

nnacTtMaccoBbIX Usgenun

Haunyywmne gocTynHble TEXHONOrMKU, NpUMeHseMble Npu yTMnu3aumm nrinacTMaccoBbIX
n3genun, yTpaTmeLINX NOTPeOUTENbCKME CBOMCTBA, B TOM YMCE YNAKOBOYHbIX NyiacTMacco-
BbIX M30ennin, NpN aHanua3e nony4YeHHbIX aHKeT N0 COCTOsIHMIO Ha 1 okTabps 2016 r. He Bbl-

ABJ1E€HbI.

4.7 Hannyywme fOCTYNHbIe TEXHONOIMU, NPUMEHsAeMble Npun
YyTUNU3auum 3NeKTPUYeCcKoro n aNeKTPoOHHOro o6opyaoBaHums,
yTpaTuBLUEro NnoTpeduTenbLCckMe CBOMCTBA, OCBETUTENIBLHOIO
3NeKTpU4ecKoro obopyaoBaHus, yTpaTtuBLUEro notpeburtenbckue
CBOMUCTBa; 060pyaAoBaHuUA, coaepKallero o3oHopaspyluaroLiume

BellecTBa

HaunyJylwme AoCTynHble TEXHOMNOMMK, NPUMEHSIEMbIE NPU YTUNU3aLNUM 3NIEKTPUYECKOTO
N 3NEKTPOHHOro 000OpyaAOBaHUS, YyTpaTMBLLErO NOTPeOdUTENbCKME CBOMCTBA; OCBETUTENbHOIO
aneKkTpuyeckoro obopyaoBaHus, yTpaTMBLUErO NOTpebuTenbckue CBOWCTBA; 06opyaoBaHus,
coaep)kallero o3oHopaspyLlalLlmMe BeLlecTsa, Npy aHanuae nonyyYeHHbIX aHKeT No COCTos-

HUIO Ha 1 okTsaAbps 2016 r. He BbIABMNEHDI.
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4.8 Hanny4wme fOCTYNHbIEe TEXHONOIMMU, NPMMeHAeMble Npu

yTUnu3auum m obes3BpexxmBaHMn MeAULMHCKUX OTXOA0B

Ansi BbIOOpa HaMMyyLWmnX OCTYMNHbLIX TEXHOMNOMMN 06e3BpEXMBaHNS U YyTUNIM3aUMK Me-
AVLMHCKMX OTXOAOB PacCMOTPEH MWKPOBOJTHOBOW MeTon obe33apauBaHns HOULMPOBaH-

HbIX MEONLMHCKNX OTXOO0B.

HAOT 6. Hanny4wue AocTynHbIe TeXHONOrMK AnNsa o6e3BpexmBaHUA n

yTunu3aumm meamumnHCKuxX otxonos

Havny4ywnmm AOCTYNHbIMKM TEXHOMOrMaMu ana obesBpexmBaHua 1 yTunusaumm me-
ANLMNHCKNX OTXOA0B METOAOM MUKPOBOSIHON 06paboTKM SABNSEeTCA TEXHONOrus, B pesynbrate
koTtopou npoucxoant 100 % obeszapakmBaHne OTXOO0B U AOMOMHUTENBHO NOSyYeHne BTO-
PUYHBIX MaTepuarnbHbIX PecypcoB C NOCMeayoLWNM UCMONb30BaHNEM.

Obnacmb rnpumMeHeHuUs: BO3MOXHOCTb yTunnsaunmn MmeguumHCKMX OTXO040B Kiacca bun

Kpamkoe onucaHue mexHosioauu.

O6e33apaxmBaHne MeguMUMHCKMX O0TXo4oB knacca b n B obecneunBaeTca MyMkpoBon-
HOBbIM MeTOoAOM B ycTaHoBKax CBY. NMNocne obpaboTkm oTxoabl COPTMPYIOTCS NO BMAAM Ma-
Tepuana, u3 KOTOporo oHu M3rotoBneHbl. OTxo4bl NfacTMacc, MeTanna, pe3vHbl U cTekna
cobupatoTcs ¢ Lenbto ganbHENLWero NCnosib30BaHus.

[nsa crepunusaumm Bo3gyxa B paboyen 30He obecneumBaeTca HanuyMe B YCTaHOBKE
JunbTPYoLLEro anemMeHTa U3 ptoponnacra.

lpeumyuwecmea mexHoroauu:

- BO3MOXHOCTb 100%-HOro o6e3BpexmBaHns OTXOA0B;

- BO3BMOXHOCTb BbleneHust u3 otxonoB He meHee 60 % maTtepuanos (nnacrtmacca,

pe3nHa, meTtarni, CTeKJ'IO), npuroaHbIX Ana ytunm3auunn.
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4.9 Hanny4wme fOCTYNHblIe TEXHONOIMMU, NPMMeHsAeMble Npu
yTunusauum opunbTpoB U PUnbTPOoBaribHbIX MaTepuanos,

yTpaTUBLUUX NOTPeOUTeNnbCKue CBOMCTBA

HAOT 7. Hanny4wue AocTynHble TeXHONOrMU ANA YyTUNu3auum (ounbTpoB U

dpunbTpOBanNbLHbIX MaTepuanoB, yTpaTUBLUUX NOTPeOuTenbCKMe CBOMCTBA

Hannyywunmmn OoCTYyNHbIMU TEXHOMOMMAMM NS yTunudaumm unbTpoB U pUnbTpo-
BaNnbHbIX MaTepuanos, yTpaTuUBLUMX NOTpebuTenbckme CBOWCTBA, SIBMSIETCA TEXHOMOMMs, B
pesynbTaTte KOTOPOW NPOMCXOANT AEMOHTaX (PUNbLTPOB U nocneaywlee pasgeneHve marte-
puanbHbIX MOTOKOB C LErblo MofyyYeHns BTOPUYHLIX MaTepuarnbHbIX PecypcoB C Mnocreayto-
LLIUM MCNOJSTb30BaHUEM.

Obriacmb npuMeHeHUs: yTunu3aums aBTOMOOUNBbHBIX MacsiHbIX, TOMMAMBHbLIX U BO3-
AYLHbIX (OUNBTPOB.

MeTon npumeHsieTcs ANa yTunmMsaumm OTXOL4OB aHaNOrMyHbIX MO KOHCTPYKLUMU aBTo-
MOBUIbHBIX PUNBLTPOB:

- MacrnsiHbIX UILTPOB — UILTPYIOLNA  3NIEMEHT 3arpsi3HEH aBTOMOOUNbHBIMK
Macrnamu;

- TONNUBHBIX PUNBTPOB — PUITLTPYIOLLNA 3NIEMEHT 3arpsi3HeH NPUMEHAeMbIM aBTo-
MOBUIIbHBIM TOMMNBOM,;

- BO3QYLUHbIX (PUNbTPOB — PUNLTPYIOLLMA SNIEMEHT 3arpsa3HEH MEXaHMYECKUMU Npu-
MecaMU (NbIbIO).

Kpamkoe onucaHue mexHosioauu.

MeTop ocHOBaH Ha pasfernke oTpaboTaHHbIX (OUNbTPOB U COPTUPOBKE Ha COCTaBIs-
oLMe YacTu: KOpnyc, YNAOTHUTENbHOE KONbLO M hunbtpytowee nonotHo. OTxkum dounb-
TpyloLWero nonoTHa ¢ otaeneHnem macna (tonnuea). OTaeneHne oTpaboTaHHOroO Mmacna
(Tonnuea), ero cnMB B KOHTENHEP M nepefada ansa ytunusauun. ObesxmprvBaHue meTannu-
Yeckux getanen ons nogroToBKU K yTunusaumn. BtopuyHblie otxoabl (punbTpytoliee nonot-
HO) NepefatoTcsa Ha obe3BpeXxnBaHme.

lMpeumywecmea mexHonoauu:

- BO3MOXXHOCTb MaKCUMarsibHOro M3BfieYeHNs1 BTOPUYHbBIX PECYPCOB M3 0TpaboTaHHbIX
aBTOMOOUNbHbBIX PUNBTPOB — Macna v MeTanna ¢ ganbHenwen nx ytunmsaumen;

- obopoTHas cuctema UCNONb30BaHWA BOAbl HAa MNPOM3BOACTBEHHbIE HYXAbl C WX

OYNCTKOWN;
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- MOCJ1Ie€ OYUCTKM CTOYHbIX BOO CoAepXaHue B HUX B3BELUEeHHbIX BELWEeCTB HE bonee

50 mr/gm3, HedTenpoaykToB — He Gonee 50 mr/gm3.

Pasgen 5. 9koHOMUYecKkMe acnekTbl peanusaunm Haunyywmx

AOCTYNHbLIX TEXHOJNTOI'N "

B pasgene 5 npeacrtaeneHbl pe3ynbTaTbl OLEHKN 9KOHOMUYECKUX MOoKasaTenen Tex-
HOMOrMM  yTUnNM3aumm un obe3BpexmBaHna OTXOAOB, Ha KOTOpbIX peanu3oBaHbl HOT.
B kayecTBe nokasaTtenen Ans oLeHKU UCNonb30BaHbl:

- KanuTanbHble 3aTpaTbl;

- 3KCnnyaTaunoHHbIe 3aTpaThl,

- IpMBEeAEHHbIE 3aTpaThl HA TOHHY OTXOAOB, MOANeXawmnx yTunmsaumm mnu obesspe-
XNBaHUIO.

MpuBegeHHbIE 3aTpaThbl onpeaesieHbl No opmyrne
M3=3/M+ExK/M,

roe N3 — npvBeaeHHble 3aTpaThl;
O — aKcnnyaTaumoHHble 3aTpaThl,
M — MOLWHOCTb 06bEKTA;
E — koapdpurumeHT adpdheKTUBHOCTU KannTanbHbIX BIIOXKEHWUN;
K — kanuTanbHble 3aTpaThbl.
Mpn pacyeTe npuBeaeHHbIX 3aTparT:
- KanuTanbHble 3aTpaTbl NpMBOAUNUCK K LieHam 2016 roaa;
- KO3 pnumMeHT 3P PEKTUBHOCTU KanUTanbHbIX BNOXEHUN NPUHAT paBHbIM 0,25, 4TO
COOTBETCTBYET CPOKY OKynaemocTu 4 roga.

PesynbTaThl OLeHKM NpeacTasneHbl B Tabnuue 5.1.
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Ta6n|/|u,a 51— CpaBHVITeJ'IbHaFl OLleHKa 9KOHOMMWYECKNX NoKasaTenen TEXHONOMNM yTunm3aunm m o6e3|3pe>|<v|BaHV|s=|

Kog TexHonoruu ytu- KanutanbHble KanutanbHble | OKcnnyaTtaumoHHble 3a- MpuBeaeHHbIE
MoLwHoCTb, SKCI'IJ'IyaTaU,I/IOHHbIe 3a-
nu3aunmn unmn odes- 3aTparhl, 3aTparhl, py6. Ha | TpaThl, py6. HalToT- 3aTparthl, py6. Ha
T/rog TpaTbl, MiH py6./roa
BPEXMBaHUSA MIH py6./rog 1 1 oTxopa xoga 11 oTxooa
Hedrecoaepxawume otxoabl (buonornyeckne metoapl)
Hb-b-6 13 750 138,673 9,360 10 085 681 3202
HB-b-7 250000 11,171 2,234 45 9 20
HB-b-8.1 3912 23,803 7,194 6085 1839 3360
HB-b-8.2 6400 64,597 4,092 10 093 639 3163
HB-b-8.3 500 52,228 3,304 104456 6608 32722
Hb-b-8.4 512 24,626 6,039 48 098 11 796 23 820
HbB-b-8.5 126 7,460 5,130 59 206 40 714 55 516
HbB-b-8.6 2880 350,3 7,835 121632 2721 33 129
HB-b-8.7 9652,5 110,82 2,830 11 481 293 3163
HB — HedhTecoaepkallme oTxoabl, BKMOYasi OTX0Abl Npu 6ypeHuu, cBsisaHHOM C A06bI4elt cbipoli HedpTu, NpUpPoaHOro (NOMYTHOMO) rasa U ra3oBOro KOHAEHCaTa;
B — 6uonornyeckve metoapl;
6,7,8 — NOPSIAKOBbLIN HOMEP aHKeTbl N0 JaHHOMY MeToAy;
1,2,3,4,5,6,7 — Ne o6bekTa AaHHOro meToaa
PTyTbconepmau.me oTXOoA4bl
P-©X-1.1 500 2,5 0,002 5000 4 1254
P-T-2.1 438 2 0,25 4566 571 1712
P-T-2.2 15 0,589 0,009 392667 5898 104065
P-X-4 200 0,8 1 4000 5000 6000

9T0Z-ST 31U



¢LT

Koa TexHonorum ytu-
nu3aunmn unmn odes-

BpeXunBaHUA

MoLHoCTb,

T/rog

KanutanbHble
3arpartbl,

MIH py6./rog

JKcnnyaTtaunoHHble 3a-

TpaTbl, MiH py6./roa

KanutanbHblie
3aTparthbl, py6. Ha

1 T oTXopa

JKcnryaTaumoHHble 3a-
TpaTbl, pyb. Ha 1 T OT-

xopa

MpuBeaeHHbIe
3aTparthbl, py6. Ha

1 T oTXooa

P — pTyTbCOAEPXKALUME OTXOAbI;

DX — PU3MKo-XxMMm4eckne MetToabl; T— TepMuyeckne MeToabl; X — XMMUYeckne MeToabl;

1,2,2,4 — NOpsSAKOBbLIA HOMEP aHKeTbl N0 AaHHOMY METOAY;

1,2 — Ne o6bekTa fjaHHOro Metoaa
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OueHka TexHonormn yTunusaumm n obesspexmBaHms HedpTecogepKallumx OTX040B.

OKOHOMUYECKasi OLEeHKa TEXHOMNOMM yTunmsaumm n obesBpexmBaHna HedTeconep-
Xawmux oTxogoB GMONorMyeckuMmn mMeTogamu nokasana, YTo camble MUHUMarbHbIE NpuUBe-
AeHHble 3aTpaTbl y metoga HB-b-7 — 20 py6. Ha ogHy TOHHY OoTxoda B rog. Ha gaHHbIn no-
KasaTenb Morfna noBMMSATb MOLHOCTb 0bbekTa, KoTopas pasHa 250 000 T/rogq — Makcu-
MarnbHas MOLHOCTb U3 BCEX MMEILLMXCA OOBHEKTOB.

Ons texHonornn HB-B-8, peanu3oBaHHoM Ha 7 obbekTax, pacnpeaeneHne NnpuBeaeH-

HbIX 3aTpaT Ha 04HY TOHHY HedTecodepkaLlero oTxoaa nNpeacTaBneHo Ha pucyHke 5.1.
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PucyHok 5.1 — PacnpefneneHue npmvBedeHHbIX 3aTpaT Ha 1 T oTxo4a

anga texHonornn H6-B-8

MOLLHOCTb pacCMOTPEHHbIX OOBHEKTOB HaxoauTCs B Auvana3oHe oT 126 oo 9652,5T.
C yBenuyeHnem MOLLHOCTM 0O6beKTa, MUHUMAarbHbIE NPUBEOEHHbIE 3aTpaTbl HA OOHY TOHHY
OTXOAOB NagaroT, NPU YeM Npu Bo3pacTaHMmM MOLLHOCTKU ¢ 126 ao 3912 T 3a rog HabnogaeT-
CSl 3aMEeTHbIA pe3knin cnag MUHUManbHbIX NPUBEAEHHbIX 3aTpaT, a UMEHHO Y Taknx obbek-
TOB, KaK: Hb-b-8.5, HB-b-8.3, HB-b-8.4, n Hb-b-8.1. lNpuBeaeHHble 3aTpaTthbl ANs 3TUX 00b-
eKToB cHmxatoTcs ¢ 55 516 o 3360 pybnen Ha TOHHY oTxoda. VcknioyeHnem n3 aTon 3aBu-
cumocTun saengaeTca obbekT HB-b-8.6. MNpuBeaeHHbie 3aTtpaThl Npy MoLwHOCcTAX 3912, 6400 n
9652,5 T 3a rog OTHOCUTENbHO CTabWNbHbI M pacnpegeneHbl B AvanasoHe oT 3360 Oo
3363 pybnen Ha TOHHY nepepabaTbiBAEMOro oTxoaa.

OueHka TexHomnormm ytunusauumn n obesspexmnBaHms 0bopyaoBaHus, codepKallero
pPTYTb.
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HanmeHbwnMn nNpuBegeHHbLIMU 3aTpaTaMn xapaktepuadyetca TexHonorms P-OX-1.1,
roe npy mowHocTn obbekta 500 T, npuvBeaeHHble 3aTpaTbl HAa OAHY TOHHY paBHbI
1254 py6bnen. MNpu ncnonb3oBaHun TexHonormm P-X-4, npuBegeHHble 3aTtpaTtbl COCTABNAOT
6000 pybnen, npu nepepabotke 200T B roa. TexHonormsa P-T-2.2 xapaktepuayetcs
HanbonbLLIMMN NPUBESEHHBIMU 3aTpaTamMu Ha OAHy TOHHY rog — 104 065 pybnen. 310 cBs-
3aHO C ManbIM nokasatenemMm MowHocTn — 1,5 T pTyTbCcoaepX)allunx 0TXo40B — MO CpaBHe-

HUIO C aHarorom, MOLHOCTb KOTOpPOro coctasnsna 438 7.

Paspnen 6. lNepcneKkTUBHbIE TEXHONONMM B 06nacTn yTunmsaumm v

o6e3BpeXxMBaHUsA O0TXOA40B

TexHonoruu, npeanaraemble AN BKAOYEHUSA B pasgen «llepcnekTMBHble TEXHOMNOrMu
B obractu ytunumsaumm n obesBpexmBaHna 0TXO40B», paccMaTpuBatoTcsa cornacHo Nopsaky
onpeaeneHns TeEXHONOrMn B Ka4ecTBe Haunyywen AoCTYNHOW TEXHOSOMMM 1 B COOTBETCTBUM
¢ MeToguyeckMmun pekoMeHgaumMssMn no onpeaeneHnto TeXHONOrMN B Ka4yecTBe Hausyyllen
aocTtynHon TexHonoruu ([4], [149]).

CornacHo MeTtognyeckum pekoMeHAaumsM Mo onpeaerieHnto TEXHONOMMn B KadecTee
Hauny4wemn JocTynHon TexHosoruu ([149]) B nepeyvyeHb NepCcneKkTUBHbIX TEXHOMNOMMN YTUIN-
3aumm n obesBpexmBaHns OTXOLOB BKMHOYAOTCA TEXHOMOMMM yTunusaumm n obesspexunsa-
HUA OTXOAOB, OTBevawLlme TpeboBaHNAM KpuTepuesB 1-4, HO He COOTBETCTBYIOLME KpUTe-
puto 5 1 KOTOpble B HACTOSLLEE BPEMS He NOMyYUNN JOCTaTOMHOIO pacnpoCTpaHeHUs.

[Mpn BbIABNEHUN HOBbLIX MEPCMNEKTMBHbIX TEXHOMOrM B obnactu ytunusaumm n obes-

BpeXnBaHMa O0TX040B pa3gen 6 Hactosiwero cnpaBovHuka HAOT gormkeH 6bITe 4ONOSHEH.

6.1 NepcnekTUBHbIE TEXHONOrMM yTUNN3auum TBepabIX

KOMMYHalribHbIX OTXOAOO0B

YTunusaums TBepAbliX KOMMYHallIbHbIX OTXOA40B C nony4vYeHuwem tBepgoro

TonnuBa

O6nacmb npumMeHeHuUs.

YTunusaums tBepabix KOMMyHanbHbIx otxogos TKO. MeTtog npumeHaeTcs ansa ytunu-
3aumm TKO cumsnyecknmm metogamu ¢ nonydyeHMeM TBepaoro BTOPUYHOIo TONMMBA.

Kpamkoe ornucaHue mexHosoauu.

MeTog ocHOBaH Ha co4veTaHuMM onepauuni n3MenbyeHud, cenapauun C U3BrevYeHune

HecropaeMblx ppakuMin UHEPTHbIX MaTepuaros (CTekrno, 6eTOH, KAMHW, YepHble U LBETHble
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MeTannbl 1 np.). NpnM HEOBXOOMMOCTM NPUMEHSAETCS CyLLKa TONMMBA U BHECEHME KOMMOHEH-
TOB, NOBbILWAKLWMX KAaNOPUMHOCTb TOMNNMBA.

KoHe4HbIM NpoaykTOM SAABMASIETCSA TBEpAOe TONMMBO, NpeacTaBnstouiee cobomn rpaHy-
nbl, GPUKETDI, THOKK, XMOMbs, NyX U Ap.

JKosioauyeckue rnpeumyuiecmsa:

- BO3MOXHOCTb U3BneYeHnsa BTOpudHbIX pecypcoB u3 TKO;

- MakcumanbeHas ytunusauma TKO ¢ nonyyeHvem TBepaoro Tonnmea;

- 3HA4YNTEJIbHOE YMEHbLLUEHNE OTXO0A0B noaexalnx 3aXopoOHEHUIO.
3aKknyuTesibHble MONOXEHUA U pekoMmeHgaunun

MHpOopMaLNOHHO-TEXHNYECKMI CMPABOYHMK MO HAUIYYLLIMM OOCTYMNHBLIM TEXHONOMMAM
NTC 15-2016 «YTunusaums n obesspexmnBaHne otxogos (Kpome ob6e3BpexmnBaHus TepMmye-
CKMM crnocobom (CxkuraHme OTXo40B)» NMOLrOTOBEH TexHu4yeckon paboyen rpynnon 15 (oa-
nee TPI 15), coctaB KoTOopown ObIN yTBEPXKAEH npuka3dom PocctaHgapTta ot 4 mapta 2016 .
Ne 230 «O cosgaHumn TexHnyeckomn paboyen rpynnbl «YTunusaunsa n obesspexmnsaHme oTxo-
AoB (Kpome ob6e3BpexmnBaHMs TepMUYECKMM crnocobom (CxuraHne oTxogoB)» (B pedakumm
npukasa PocctaHgapTa oT 18 mona 2016 r. Ne 1052).

OkoHyaTenbHbin coctaB TPIM 15 «YTunusaums n obesBpexunBaHne oTxonoB (Kpome
o6e3BpexnBaHns TePMMYECKUM CNOCOBOM (CuraHne oTxogoB)» Obln yTBEPXKAEH MPUKA3OM
Pocctangapta ot 18 uiona 2016 r. Ne 1052. B aktyanuauposBaHHbin coctas TPIT 15 Bowwnu
133 npeacraButend, B T. Y.:

- Cy6beKTbl MPOMBbILLUNEHHON AEATENBHOCTU — 62;

- Hay4Hble N 3KCNepTHbIe opraHn3auum — 47,

- COl03bl ¥ NpoheccnoHarnbHble accoumaumm — 9;

- (begepanbHble U UHbIE OpraHbl UCNOSTHUTENbHOM BnacTn — 15.

B uenax cbopa uHgopmaumm 0 npuMeHsieMblX TEXHONOMMYECKNX npoueccax, obopy-
AoBaHMK, 06 MCTOYHUKAX 3arpsa3HEHNST OKpYyXKatoLLen cpeapl, TEXHONOMMYECKNX, TEXHUYECKMX
N OpraHM3auUMOHHbLIX MEepPOoNpPUATUAX, HaMpPaBfieHHbIX Ha CHWXEHWE 3arps3HeHusi OKpyxato-
Len cpenbl M NoBbILLEHNE 3HEProdaheKkTMBHOCTN U pecypcocbepexeHunsi, bbina noaroTos-
neHa aHkeTa Ons npeanpuatui, cogepxawas gopmbl Ana cébopa AaHHbIX, HEOBXOAUMbIX
Ansa paspaboTkm npoekTta HacTodwero cnpasovHuka HOT. B kayectBe ocHOBbI Ans hopmu-
poBaHUSA aHkeTbl 6bin ncnonb3doBaH MHCT 23—2014 «Hauny4ywmne AOCTYMNHbIE TEXHOMOMMK.
dopmat onmcaHMs TEXHOSOrMm».

AHKeTbl BbISIM HanpaBneHbl B agpeca POCCUMUCKUX OpraHmn3auuin, NoTeHUnanbHO OCy-

LecTBnAeMbIX yTUnn3auumo n o6e33pe>|<|/|BaHV|e oTxogoB. CBegeHus, nony4vyeHHble B pe3yrb-
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TaTe aHKeTUpoBaHUA nNpeanpusaTvui, Obinv MCNONb30BaHbl MpU pa3paboTke HaCcTosLero
cnpaBoyHuka HAOT.

MTornm aHanusa nocTtynuBLUMX OT NPeanpuaTUA aHKeT nokasanu SIBHyK HedoCcTaTou-
HOCTb MH(pOpMaLMKN O NEPCNEKTUBHbBIX TEXHOMOrMAX B obnactu ytunmsaumm n obesspexunsa-
HUS OTXo4oB. Ha nepcnektnBy coctaButenu cnpaBodHuka HAOT K nepcnekTUBHbLIM TEXHOIIO-
rMAM PEKOMEHAYIOT OTHECTU Takke nepenoBble TEXHOMOIMMKU, NpUMEHAEMbIe 3a pybGexom, HO
A0 HacTosLLero BpemeHu He BHeapeHHble B Poccunckon denepaumn.

Mo pesynbTatam NOAroToBKW AaHHOro cnpasoydHuka HOT, MOXHO caenaTb BbiBOA, YTO
Bedylne OTeYeCTBEHHbIE KOMMaHWM He akTMBHO 3aHMMalTCA BHeOpPEeHWEM COBPEMEHHbIX
TEXHOMOrM4Yecknx npoueccos n obopynoBaHud, paspabaTtbiBatoT NpOrpaMmbl MOBbILIEHMWS
3Heproa(PEeKTNBHOCTN N 3KOMOrMYECKON pe3yrbTaTUBHOCTU npomnsBoacTea. OgHako uenw,
3aflayun 1 oxugaemble pesynbTaTthl Nepexoia K TEXHONOrM4yeckoMy HOPMUPOBAHUIO HA OCHO-
BE Hauny4LwmMx OOCTYMHbIX TEXHOMOMMA PYKOBOAUTENN NPeanpuATUA NMOHMMAKT N OueHnBa-
0T NO-pasHOMYy.

lMpouecc coseplueHCTBOBaHMSA cripaBodHuKka HOT gomkeH oTpaxatb NpuHLMN nocne-
A0BaTeNbHOro yryylleHNns — OCHOBHOW MPUHLMIM COBPEMEHHbLIX CUCTEM MeHexmeHTa. Co-
cTaBuTenu Hacrosuwero cnpaBsoyHuka HOT HageloTcs, YTO Konnern rotoBbl pa3fgenutb 3Ty
no3nuMio U noagaepxatb COBEPLUEHCTBOBaHWE AOKYMEHTa W MPOABMXKEHUE Haunyywmx Oo-

CTYNHbIX TexHonormnm B obnactu yTunusauumm m O6e3Bpe)KVIBaHVIFI OTXO0OOB.
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MpunoxeHue A

(Ob6sa3aTenbHoe. fBnNsAeTcA BblAepXKKOU U3 pasaena 4. Npu HannuMu pacxoxaeHun cneayeT pykoBoACTBO-

BaTbCS pa3aeriom 4)

Mepeyenb HOT

Ne HavmeHoBaHne HOT KpaTkoe onncaHue O6nacTb NnpUMeHeHUs

HOT 1 | YTunnsauma n obesBpexnBaHme HOT cooepXxunt nogxonbl, CBA3aHHbIE C Bblae- MpepBapuTenbHasi NoAroToBka K 00E3BPEXMBaAHUIO
HedTecogepXallumx oTXo4oB u- | NeHunem n3 HedpTecoaepaLiux OTX0O0B yrre- HedhTecodepXallmx OTXOAOB; TPYHTOB, 3arps3HeH-
3M4eckuM pasgernieHueM Ha hasbl | BoOOPOAHOro pecypca — HedTu 1 HedbTecodep- | HblX HETbIO UMK HedTenpoaykTamMmu; NpoYmMx OTXo-

Xalumx NpoayKTOB; BOAbI; TBEPAOro ocTaTka. AoB HedTenpombicrioBoro obopyanosanusa (ACII0),
OTXOAOB OT 3a4MCTKM U NPOMbIBKM 06OopyaoBaHUA
XpaHeHus, TpaHCNopTMpPOBaHMA N 06paboTkm HedhTU
U HedTenpoaykToB C coaepXaHuem HedpTn u
HedTenpoaykTos B oTxone 10-45 %

HAOT 2 | O6esspexusanue n ytunusaums | HOT cogepxuT nogxodbl, CBA3aHHbIE C nNpume- | [pyHTLI, 3arpA3HeHHble HeTbO M HedTenpoaykTa-
HedTecogepXKallumx OTX040B HEHMEM MWKPOOPraHM3MOB, CMOCOOHbLIX 00e3- | Mn, HedTecogepxawme OTXoAbl C CopepXaHuem
ononornyeckum METOAOM BpeXuBaTb YrneBO4OpOAbl B npouecce cBoen | HedTu He Gonee 20 %

XKU3HeOeaTenbHOCTH
HAOT 3 | YTunusaums obopynoBaHus, co- HOT copepxuT noaxodbl, CBA3aHHblIE C BblAe- | YHUBepcasibHbIN
aepaLiero pTyTb neHnemMm BTOPUYHOW PTYTU W OONOSTHUTENBHO
nosiy4eHMeM BTOPUYHBLIX MaTepuarbHbIX pecyp-
COB (CTekrna n antoM1HUS)
HAOT 4 | O6esBpexmBaHe obopynosa- HAOT copepXuT noaxodbl, CBA3aHHble C CBA3bl- | O6e3BpexuBaHme pTyTbCoAepXKaLLMX namn BCexX Tu-

HUA, cogepXallero pTtyTb

BaHMeEM pTyTM B ©e3onacHble coeanHeHuns

(cynbdoung ptyTH). CumTtaeTca Haunydwewn Ao-

noB (NMHerHble, U-o6pasHble 1 T.4.)

9T0Z-ST 31U
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Ne HavmeHoBaHne HOT KpaTkoe onucaHue O6nactb NpyMeHeHus
CTYMNHOW TEeXHOMNOrmem npu yCcrioBUU OTCYTCTBUSA
BO3MOXHOCTW yTUNM3aUmMm 0Txoaa.
HOT 5 | YTunusaums nsgenun us pesnHsl, | HOAT cogepXxut nogxonbl, CBA3aHHbIE C NpakTU- | YHUBeEpCanbHbIN
yTpaTMBLUUX NOTpebuTenbckme yeckn 100 % nepepaboTKOM OTXOLOB PE3MHbLI BO
CBOWNCTBA, B TOM YucCre pe3nHo- BTOPWYHblE MaTepuarnbHble pecypcbl
BbIX LUMH, MOKPbILIEK N Kamep
HOT 6 | OGesBpexuBaHne 1 ytunmsaums HOT copoepxunt nogxonbl, CBA3aHHbIE C MUKPO- YTunusaumm meanunHcKux otxonos knacca b
MEOULIMHCKMX OTX0O0B BOSTHOM 00paboTkon B pesynbTaTe KOTOpOW
npoucxoaut 100 % obes3apaxunBaHne 0TX040B
W OOMOMHUTENBLHO NMony4YeHne BTOPUYHbIX MaTe-
puarbHbIX pecypcoB ¢ nocneaywLwmm Ucnonb-
30BaHUEM
HAOT 7 | YTunusaumna omnbTpoB u ousb- HOT cooepxuT noaxonbl, CBA3aHHbIE C 4EMOH- | YHUBepCcaribHbIn

TpOBasbHbIX MaTepuarnos, yTpa-
TMBLUNX NOTPebMUTENLCKME CBOW-

CTBa

Taxem OUMbTPOB 1 Nocneaylllee pasgerneHue
MaTepuarnbHbIX MOTOKOB C LieNbio NonyYyeHns
BTOPUYHBIX MaTepuanbHbIX PecypcoB ¢ nocre-

Ayoouwnm ncnoribaoBaHnem

9T0Z-ST 31U
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MpunoxeHune b
(obsizaTenbHoe)
Hauny4wue gocTynHble TEXHONOrMM opraHN3aLuoOHHO-

ynpaBfieHYeCKoro xapakrepa

HOT O-1. BHegpeHue 3KONMOrm4eckoro MeHeaXKMeHTa

Hactoswaa HOT Bknwo4yaeT, B 3aBUCMMOCTM OT KOHKPETHbIX YCMNOBWW, criegylolime
noaxopbl:

a) onpeaeneHne 3KONOrM4YeCcKUX NpMopuTETOB NPeanpuaTUs nepepaboTynka;

6) paspaboTka n yTBEpXKAEHME NNaHa AENCTBUN;

B) OCyLLeCTBreHne nnaHa AeCTBUN Ha OCHOBE: OTBETCTBEHHOCTU N KOMMNETEHTHOCTH
nepcoHarna, CUCTEMHOCTM OEeNCTBUN; 00y4eHns, MTHPOPMMPOBAHHOCTUN M y4acTUsl NepcoHana
B peanunsaumm MeponpusiTUin, CBA3AHHbIX C BHEOAPEHMEM MNPUHLMMNOB IKOMOrMYeCcKoro me-
He)KMEHTa;, Hanuumsa 1M peanuaauum nporpammMbl TEXHUYECKOTO OBCNYXMBaAHUSA; Hanuyuns
nraHa MeporpuAaTUM B Criydae aBapUWHbIX U Ype3Bbl4anHbIX CUTYaLun;

) aHanua OOCTUTHYTbIX pe3yrnbTaToB Ha OCHOBE MPOU3BOLACTBEHHOIO 9KONOMMYeCcKoro
KOHTpONS.

B cocTtaB BcnomoratenbHbIX MEPONPUSATUA, KOTOPbIE SBMSKOTCA XenaTenbHbIM, HO He
obsizatenbHbiM ycnosuem HAOT O-1, BxoasrT:

a) npoBefeHWe Ha perynsapHon ocHoBe (M0 Mepe BO3MOXHOCTU) CPaBHEHUS 3KOJS0ru-
YeCcKuX rnokasarenen npegnpuaTua ¢ nokasaTtensaMmu gpyrux npegnpusatui, B TOM Yucre, B
4YacTun 3HeProapPEKTUBHOCTU, IHepProcbepexeHns n pecypcocbepexeHus.

HOT O-2. NoBbiweHue KBanugpukaumm nepcoHana

Hactoswaa HOT BknioYaeT Hanuvyve y opraHu3aumMm nporpamMmMbl MOBbILLEHUS KBanNu-
dukaumm nepcoHana (CTaXMpoBOK, NepenoaroToBku, aTrectaumm 1 T.n.), obcnyxmnsarowero

YCTAHOBKU YyTUNM3aunnm mn O6€3Bpe>KVIBaHVIFI OTXO0O0B.

HAOT O-3. CHuXXeHne BepOATHOCTHU Ype3Bbl4alHbIX CUTYyaLUN

Hactoswaa HOT BknoyaeT, B 3aBUCUMOCTU OT KOHKPETHbIX YCMOBWUW, criegyroLime
noaxoabl:

a) yCTaHOBMEHNE JOrOBOPHbLIX OTHOLLEHMI MexXay ABYyMS unu bonee nogpasgeneHu-
AMMW, SKCMNyaTUPYOLWNMKN OTAENbHbIE OOBLEKTbl yTunusaumm n obes3BpexmnBaHms OTXOAOB,
HaxogsLwWwmMecss Ha TePPUTOPUN OOHOWM MPOMbLILLNIEHHOM NAOWAAKN, C LUenblo pasBUTUS CO-

TPYAHUYECTBa MO BOMPOCaM OXpaHbl OKpyXXatoLle cpeabl 1 6e30nacHOCTM NepcoHana;
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B) NPUHATME NNaHOB AEWCTBUN NPU BO3HUKHOBEHUW Ype3Bbl4aWHbIX CUTyauuh Ha
YPOBHE NpeanpuaTus nNo yTunusauum n obes3BpexmnBaHMi0 OTXOAOB B Liensax obecneveHus
6e3onacHOCTM 3KcnnyaTaumm YyCTaHOBOK;

) HanNu4Me CUCTEM MOXapoTYyLLEHUS.

HOT O-4. Ucnonb3oBaHue NpuUMeHsieMbiX ANs 06e3BpeXuBaHUA OTXOAOB pea-
reHTOB, MMEHLLUX MEeTOAUKU onpeaeneHns oCTaToOYHbIX KOHLEeHTpauumn

HAOT 3akniovaeTca B 3aMeHe peareHTOB, UCMOSb3yeMbIX NpU yTunmsaumm n obesspe-
XMUBAHUN OTXOO0B, HA MEHEE TOKCUYHbIE U UMEKOLLME METOAMKN XMMWYECKOro aHanusa gnsg
onpeaeneHnst UX OCTaTOYHbIX KOHLIEHTPaUUIM B CTOYHbLIX BOAAX M BbIOpocax B aTtmocdepy.

HOT O-5. Ucnonb3oBaHUe CUCTEM aBTOMaTMYECKOro yrnpaBrneHuUsa pacxoaom pe-
areHToB M 06paboTKM ocagka

HOT 3akntoyaetcsa B MCNOMb30BaHUM CUCTEM aBTOMATUYECKOro yrnpasBSieHUA pacxo-
AOM peareHToB KU 06paboTknm ocagka, obecnevmBaromMx UX LO3MPOBAHUE B KONMYECTBaX,
MWHMMarbHO AOCTATOYHbIX AN OCYLEeCTBNEHNA TEXHONOMMYeCKNX NpoLeccoB.

HAOT O-6. AnnapaTHbIN Y4€T KonnyecTBa copacbiBaeMbIX CTOYHbIX BOA, BbIOPO-
COB 3arpsAsHALWMX BewecTB B aTMocdepy 1 cneundnyieckmux sarpasHeHun

HOT 3akno4vaeTca B MCNOMb30BaHUM aBTOMATUYECKUX CPEACTB U3MEPEHUS U Yy4ETa
obbEéMa wunM maccbl cOPOCOB CTOYHLIX BOA U BbIOPOCOB 3arpA3HsIOLLMX BELLECTB B aTMO-
chepy, a Takke KOHLUEHTpauumn 3arpsasHaiowmx Belects. ABToMaTuyeckme cpeacrsa usame-
peHus 1 y4€Ta OOIMKHbl MMEeTb cCpeacTBa omKcaummn u nepegaydm nonyy4eHHon nHgopmarmm.

HOT O-7. CHMXeHue Knacca onacHOCTU U 06bLEeMOB yTUNM3NpPyeMoro um obes-
BpeXuBaemMoro orxoaa

HAOT 3aknio4aeTca B UCNOMb30BaHUM METOAOB YyTUNM3aumn 1 06e3BpexxmBaHnsa OTXO-
A0B, NO3BOSIAKOLMX CHU3UTL KITacC OnacHoOCTU n 06bemM oTxoAda B pesynbTaTe OcyllecTBre-
HUSA TEXHONOMMYECKUX NPOLIECCOB.

HAOT O-8. HOT npegoTBpalleHMA UM COoKpalleHUs WyMoOBbIX 3arpsa3HeHun. Ly-
Mou3sonAauMa obopyaoBaHus

HOT 3aknto4aeTcs B CHUXEHUM OO0 HOPMAaTMBHOIO YPOBHS Wyma oT obopyaoBaHus
YCTAHOBOK YTUNu3aumm n obesBpexmBaHnsa OTXOL4OB MOCPELCTBOM LUYMOU3onsumm obopy-
AoBaHUA N (UNnN) NOMELLEHN, XapaKTepPU3YILWNXCA BbICOKMM YPOBHEM LUyMa, Hanpumep,

HaCOCHOW U KOMMNPECCOPHOWA.
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MpunoxeHune B
(ob6s13aTenbHoOe)
Hauny4wue gocTynHble TEXHONOrMM B o6nacTun aHep-

roacpcpeKTMBHOCTHU

HOT 9-1. BHegpeHue n NnocTossHHaA nNogAaep)Xka NPUHUMNOB 3HeprocbepexeHns
npu obpaweHnmn c oTxogamm

HOT peanuayeTtcs nocpeacTBOM yyYéTa MOSNOXEHM CTaHOAPTOB cepun «QHeprocbe-
pexeHne», NPUBEAEHHbIX B NPUoXeHun B.

HOT 3-2. CokpalwieHne aHepronoTpedneHns npm obpaLleHum ¢ oTxogamm

HOT BkntovaeT, B 3aBMCUMOCTU OT KOHKPETHbIX YCIOBUI, criegyowime nogxoabl:

a) MHOrOKpaTHOE NCMONb30BaHME TEMSIOHOCUTENS;

6) ncnonb3oBaHne N36LITOYHOrO Napa;

B) pekynepauus Tenna ak3oTepMNYeCKon peakuuu;

r) NPUMEHEHNE YCTPOWCTB MNMaBHOMo Mycka M 4YacTOTHOro NpuBoAa ABuUraTenen Hacoc-
HbIX 1 BO34YXOAYBHbIX arperaTos.

HAOT 3-3. CokpaweHue 3HepronoTpebneHus Ha obbLekTe yTunusaumm um obes-
BpeXMUBaHUA OTXOA0B

HOT BkntoyaeT NpuHATME NpPorpaMmbl OpraHn3aunmn aHepronoTpebneHuns, KnoveBbIMn
No3nLMsIMN KOTOPON SABNSAIOTCS:

a) oOpMUPOBaHNE CUCTEMBbI, NO3BOSIAOLLEN OTCMEXMBaTbL SHEpronoTpebneHne n 3a-
TpaThbl;

6) NnpoBeaeHME 3HEPreTUYECKOro ayamta OCHOBHbIX TEXHOSTOMMYECKMX onepaumn;

B) MogepHu3auunsa obopyaoBaHus, CUCTEM U AIEMEHTOB yNpaBneHnsa Ansi NOBbILWEHMWS
3HEpProaeKTUBHOCTY;

r) npoBeaeHne obydeHns nuu, 3aHATbIX B 06r1acTn obpalleHnsa ¢ otxogamum, OCHOBaM

opraHmsauunm aHeproaPEKTUBHOCTH.
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MpunoxeHue I'
(cnpaBo4HOe)

MNMepeyeHb CTaHOAPTOB cepumn «AHeprocoepexeHue»

FOCT P 53905-2010 3HeprocbepexeHne. TepMUHbl 1 onpeaeneHns

FOCT P 56190-2014 Ynctble nomelleHns. MeTtogbl aHeprocbepexeHuns

FOCT 31607-2012 3HeprocbepexeHne. HopmaTmBHO-meTOoaMYeckoe obecneveHue.
OcCHOBHbIE NONOXEHUA

FOCT 31532-2012 3HeprocbepexeHune. AHepreTnyeckasa addektmBHocTb. CocTas
nokasartenen. O6Lwune NonoxeHNs

FOCT P 51379-99 OHeprocbepexeHne. QHepreTUYeckun nacrnopT NPOMBbILLSIEHHOMO
noTpebutens TOMMMBHO-3HEpPreTuyecknx pecypcoB. OCHOBHbIE MONOXeHUs. Tunosble dop-
Mbl

FOCT P 51749-2001 3HeprocbepexeHue. IHepronoTpebnstowee obopyaoBaHue
obLenpombIWneHHoro npumeHenns. Bugbl. Tunbl. [pynnbl. [Mokasatenn aHepreTUdeckon
adpekTmBHOCTU. aeHTudmnkaumns

FOCT 31531-2012 3JHeprocbepexenne. MeTtoaobl NOATBEPXKOEHUS COOTBETCTBUSA MO-
Kasatenen aHepreTnyeckon 3apEKTUBHOCTM IHEpPronoTpednsowen npogykuumn nx Hopma-
TUBHbIM 3Ha4YeHusM. Oblme TpeboBaHus

FOCT P 51750-2001 3HeprocbepexeHne. MeToamnka onpeaeneHns 3HeproeMKoCTu
npy NPOM3BOACTBE MPOAYKUMM U OKasaHMM YCNyr B TEXHOMOTMYECKUX SHEePreTU4ecKnx cu-

ctemax. Obwme nonoxeHus
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Bubnuorpadusa

1. O6 oxpaHe okpyxatowen cpeabl [ONeKkTpoHHbIN pecypc]: PeaeparnbHbIi 3aKOH OT
10 anBapa 2002 r. Ne 7-d3 (pea. ot 13 mona 2015 r.). — [ocTyn u3 cnpas.-npaBoBON CU-
cteMbl «KoHcynbTaHTl1moc».

2. O6 ytBepxaeHun MNepeyHa obracten NpUMEHEHUS HAUIyYLWMX OOCTYMHbIX TEXHO-
nornn [ONeKTpoHHbIN pecypc]: pacnopsikeHune lNMpaButenbctea Poccunckon depepaunm ot
24 pnekabpsa 2014 r. Ne 2674-p (pea. ot 7 uionsa 2016 r.). — [ocTtyn u3 cnpas.-NnpaBoBOK CU-
cteMbl «KoHcyrnbTaHTl1moc».

3. O6 yTBEPXKOEHMM NoaTanHOro rpaduka cosgaHms B 2015-2017 rogax crnpaBOYHU-
KOB HaunNy4yLwnX AOCTYMHbIX TEXHOMOMMN [ONEKTPOHHLIN pecypc]: pacnopsixeHne MNpaBuTens-
ctBa Poccuiickon ®epgepaumm ot 31 oktabpa 2014 r. Ne 2178-p (pea. ot 7 mona 2016 r.). —
HdocTyn n3 cnpas.-npaBoBon cuctembl «KoHcynbTaHTIINoC».

4. O nopsigke onpegeneHns TEXHONMOMMN B Ka4eCcTBe Hauny4lwen JOCTYMHOW TEXHOIO-
ru, a Takke pas3paboTku, akTyanmsauun n onybrimkoBaHWS MH(OPMALMOHHO-TEXHUYECKNX
CMPaBOYHMKOB MO HaWUMy4LWMM OOCTYMNHbIM TexHonornsam (Bmecte ¢ «[lpaBunammn onpegene-
HUA TEXHONOIMMN B Ka4yecTBe Haumny4len AOCTYNHON TEXHOMNOMMN, a Takke pa3paboTku, akTy-
anusaumm 1 onyGrmMkoBaHNA MHAOPMALMOHHO-TEXHUYECKMX CMPABOYHUKOB MO HaUMyYLLNM
AOCTYMHbIM TEXHONMOrNAM») [ONEKTPOHHbIM pecypc]: noctaHoBneHune [paButensctBa Poc-
curickon ®enepaunn ot 23 aekabps 2014 r. Ne 1458 (pen. ot 9 ceHTabpa 2015 r.). — HdocTyn
13 crnpas.-npaBoBon cucteMbl «KOHCYNbTaHTIINIOC.

5. O6 oTxogax npom3BoAcTBa M NoTpebneHus [OnekTpoHHbIN pecypc]: PeaeparnbHbIn
3aKoH OT 24 noHa 1998 r. Ne 89-03 (pen. ot 29 gekabpsa 2014 r.) (c uam. 1 gon., BCTyn. B
cuny ¢ 1 dpespans 2015 r.). — [JocTtyn n3 cnpas.-npaBoBon cucTeMbl «KOHCYNbTaHTI1noC».

6. O caHnTapHO-3aNUAEMMNONOrNYeckoM Bnarononyymm HaceneHus [ONeKTPOHHbIN pe-
cypc]: PenepanbHbin 3akoH 0T 30 mapTa 1999 Ne 52-93 (peq. ot 13 nionsa 2015r.) (C M3M. 1
aon., BCTyn. B cuny ¢ 24 uionga 2015 r.) — JocTtyn n3 cnpas.-npaBoBon cuctembl «KoHcyrnb-
TaHTlnoc».

7. O6 oxpaHe aTMocepHOro Bosayxa [ONeKkTpoHHbIN pecypc]: deaepanbHbi 3aKOH
oT 4 mada 1999 r. Ne 96-®3 (pea. ot 13 utonga 2015r.). — [ocTyn 13 cnpas.-MpaBoOBON CU-
cteMbl «KoHcynbTaHTIINC».

8. O co3gaHumn TexHudeckon paboyen rpynnbl «YTunusaums n obesspexmBaHne oTxo-
poB (kpome 0b6e3BpexmBaHNa TEPMUYECKUM CNOCOBOM (CKUraHne OTXOAO0B)» [ONEKTPOHHbIN

pecypc]: npukas Pocctangapta ot 4 mapta 2016 r. Ne 230 (B pea. ot 18 uions 2016 r.).

183



UTC 15-2016

9. O6 yTBepxaeHun lMNMopsaka cbopa AaHHbIX, HEOBXo0ANMbIX ANs pa3paboTkm nHGop-
MaLMOHHO-TEXHNYECKOro CMpPaBOYHMKA NO HaUYYLWMM OOCTYMHbIM TEXHOMOMMAM U aHanuaa
NPUOPUTETHLIX NPOGEM oTpacnu [ONeKTPOHHLIN pecypc]: npukas PocctaHgapTa oT 23 uions
2015 r. Ne 863. — [loctyn u3 cnpas.-npaBoBon cnuctembl «KoHCynbTaHT1n0C».

10. O6 yTBEpPXOEHUN CTAaTUCTUYECKOrO WHCTPYMEHTapus Anst opraHusaumm Pocnpu-
poAHaa3opoM dedepanbHOro CTaTUCTUYeCcKoro HabnaeHusa 3a oTxogamMmu NpovsBoAcCTBa U
notpebnenna [ONekTpoHHbIA pecypc]: npukas PocctaTta oT 28 aHuBapsa 2011 r. Ne 17. — [o-
CTyn 13 crpas.-nNpaBoBon cuctemMbl «KoHCynNbTaHTIINC».

11. YTunusaums OTXOA0B CUHTETUYECKMX U MUHEpasnbHbIX Macen [ONeKTPOHHbIN pe-
cypc]: cant Okollornka. — Pexum poctyna : http://ecobrain.ru/othodi/utilization-of-sintetic-
materials (gata obpaweHna 15.07.2016).

12. YTunmusauusa otpaboTaHHbIX TEXHUYECKMX Macen [OnekTpoHHbIM pecypc]l. — Pe-
Xum pgoctyna :  http://www.newchemistry.ru/printletter.php?n_id =119 (gata oObpaweHus
13.07.2016).

13. YTununsaumsa oTxoaoB — npobnembl, nyTn pelweHns. AHanuTudeckui o63op
[OnekTpoHHbIN pecypc]: cant depepanbHOro rocyaapCTBEHHOrO OIKETHOrO0 Hay4yHOro
yupexaeHus «HaydHo-nccnegoBaTenbCKnuini MHCTUTYT — PecnybnukaHcknin uccnepoBaTtenb-
CcKumn Hay4YHO-KOHCYNbTaUNOHHbIN LEeHTp AKCNEepPTU3bl»., — Pexunm gocryna :
http://www.extech.ru/files/anr_2015/anr_5.pdf (nata obpaweHuns 05.10.2016).

14. PeiHOK 06opygoBaHus ansa ytunuaaumm Hedprtewnamos B Poccunckon degepaumn,
2010-2013 rr. /I OO0 «AT-KoHcanTuHr» [ONeKTPOHHbIN pecypc]: cant An Tu KoHcanTuHr.
WccneposaHusa MPOMBbILLNEHHbIX PbIHKOB. — Pexum pocTyna :
http://www.atconsult.ru/store/Demo_equip_2014.pdf (nata obpaiuennsa 07.10.2016).

15. MNepepaboTka HedhTeCcoAepKaALLUMX OTXOLOB [DNEKTPOHHLIN pecypc]: canT «[lepe-
paboTka Mycopa:. wuHBecTMUMM B Oyaywee». — Pexum pgoctyna: http://ztbo.ru/o-
tbo/lit/pererabotka-promishlennix-otxodov/pererabotka-neftesoderzhashix-otxodov (gata 06-
paweHunsa 18.11.2016).

16. benbkos, B. M. MeToapbl, TEXHONMOMMNU U KOHUENUMX yTuUnmsaumm yrnepogoconep-
Xalux MPOMBILNEHHbIX U TBEPAbIX OTXOA0B [OMNEKTPOHHLIN pecypc]: camT 3MeKTPOHHOro
XypHana 3HeprocepBMCHOW KOMMAHUN «3IKOSOrnMyeckne cuctembl». — Pexunm pgoctyna :
http://esco.co.ual/journal/2007_11/art49.htm (gata obpawenna 02.10.2016).

17. OnbTMKpoBa, U. A. MNMpobnemsb! ytunmnsauumn HedpTewnamos // Hanorn. HBecTu-

umn. Kanmntan. — 2004. — Ne 1.

184



UTC 15-2016

18. Npowesa, M. A. MNHHOBaLMOHHO-MHBECTULUNOHHOE oObecnedyeHne nepepaboTkm
HedpTecogepxalmx OTXo40B [ONEeKTPOHHbIN pecypc]: cauT http://refdb.ru. — Pexum pgocty-
na : http://refdb.ru/look/2534583.html (aata obpawieHma 02.11.2016).

19. OueHka NOCTyNneHnn pTyTU B OKPYXaloLylo cpedy ¢ Tepputopum Poccumnckon
depepaumn. MoarotosneHo ana Coseta cTpaH ApkTuku // degepanbHasa cnyxba no akono-
rMYecKkoMy, TEXHONMOrM4Yeckomy u aTtomMHomy Hagsopy Poccunckon Pepepauumum, [aTtckoe
areHTCTBO MO OXpaHe oKpyxatowlen cpeabl. 2005 rog.

20. NctouHmkm Bbibpoca pTyTn B Poccun. O630p cuTyaumm B LLECTU rOpogax CTpaHbl
[ONeKTPOHHbIN pecypc]: caut  http://www.ecoaccord.org. —  Pexum  goctyna:
http://www.ecoaccord.org/pop/ mercury/istohniki (aata obpaiueHms 20.10.2016).

21. Accounauusa HIT «APCO» knto4 K peleHntio npobnem ytunusaumm pTyTbcoaep-
Xawmx otxogoB Poccum [OnekTpoHHbIN pecypc]: cant mercury-spb.ru. — Pexnm goctyna :
https://docviewer.yandex.ru/?url=http%3A%2F%2Fmercury-spb.ru (naTa obpalueHns
28.11.2016).

22. MaTtepwuansl coBewwanna npu Munnpupoabl Poccun no Bonpocy o6paboTkm n ytn-
nM3auun OTXOL4OB OT MCMOMb30BaHWS TOBApOB B pamkax peanusaumu nonoxexHun depe-
panbHOro 3akoHa ot 29 aekabpsi 2014 r. Ne 458-03 «O BHeceHun nameHenun B Pegepanb-
HbI 3aKoH «O6 oTxoaax NPOM3BOACTBA U NOTPEONEeHUs».

23. Ytununsauusa wuH B Poccuinckon ®epepauun. [ONeKTpoHHbIN pecypc]. — Pexum:
poctyna: http://www.sibrustyre.ru/files/editors/Doc/Russian_tyre recycling.pdf (aata ob6pa-
weHunsa 04.07.2016).

24. PblHOK pe3nHoBon Kpowku B Poccum 2010-2020 rr. NokasaTeny n nporHosbi»
[OnekTpoHHbIN  pecypc]: canT  MarasuH  uccnegoBaHun. —  Pexum  goctyna :
http://marketing.rbc.ru/research/562949992282408.shtml (naTta obpaweHus 22.08.2016).

25. [opsyeBa, A. A. DOKONOro-skoHOMM4eckas OLEeHKa YTunmMsauumn pe3nHOoTeXHUYe-
CKMX 0TXO40B BO BTOpu4HOE cbipbe / A. A. NopsadveBa, P. A. spbkuH // dyHOoameHTanbHble
nccneposaHnda. — 2013. — Ne 10. — C. 963-967.

26. MocksuH, A. A. MeTtoabl nepepaboTku. MNepepaboTka LWKH [ONEKTPOHHLIN pecypc]

/ A. A. MocksuH, M. H. EmenbaHoBa. — Pexum goctyna : http://msd.com.ua/pererabotka-
iznoshennyx-avtomobilnyx-pokryshek-v-rossii/metody-pererabotki/ (aata oGpaLleHns
04.07.2016).

27. O6bwune cBegeHNa O pereHepauum pe3nH [ONeKTPOHHbLIM  pecypc]: cauT
domrezin.ru. — Pexum pgoctyna: http://www.domrezin.ru/articles_15.html (gata obpaweHus
07.07.2016).

185



UTC 15-2016

28. KapaTtackoB, C. A. Cnocob pereHepauumn pesnHbl [OnekTpoHHbIn pecypc] / C. A.
KapaTackos, B. H. Honrux, A.T. Mapu4eHko. - Pexum gocTtyna :
ttp://www.findpatent.ru/patent/206/2061710.html (qata o6pawenunsa 07.07.2016).

29. CebekuH, P. C. ®paHwmsa nnactnka [OnektpoHHbin pecypc] / P. C. CebeknH. —
Pexxum poctyna : http://todoonepepaboTtka.pdp/pagel8.php, csobogHbin (gata obpalueHus
20.08.2016).

30. MaeB, ®. ®. Mpobnembl peunknmHra NONMMEPHbIX OTX0A0B B Poccumn [OnekTpoH-
HbIN pecypc] [/ . 0. aes, B.B. [deBatkmH. —  Pexum  pgoctyna:
http://www.waste.ru/modules/section/item.php?itemid = 8 (nata obpaweHus 23.07.2016).

31. Koponesa, O. A. lMNMepepaboTtka oTxogos nonumepHbix matepuanos / O. A. Kopo-
nesa // TBepable ObITOBble OTXOAbl: HAYYHO-MpPaKTUYECKUA XypHan. — 2005. — Ne 5. —
C. 9-10.

32. Jloxeuko, B. IN. O meTogax nonyyeHus anbTepPHATUBHOIO TOMMMBA U3 TBEPAbIX
ObITOBbIX 0TX0A0B [OnekTpoHHbI pecypc] / , B. 1. Jloxeuko, C. K. KpyunH. — Pexum gocty-
na: http://xn——-9sb8agcmfdn.xn—plai/catalog/rdf-alternativnoe-toplivo/ (nata obpalieHus
04.10.2016).

33. Bropn4yHoe ncnonb3oBaHue nonumepHbix matepuanos / nog pea. E.IN. Jliobewku-
Hon. — M., 1985. — 192 c.

34. Wrapke, J1. icnonb3oBaHne npoMbilWEHHbIX U BbITOBbIX OTXOA0B nnactMmacc /
MepeBoa ¢ Hem. B. B. Muxannosa; lNoa pea. B. A. bparnHckoro. — J1.: Xumusa, 1987. — 175
C.

35. Abpamos, B. B. BtopuyHas nepepaboTka NONMMEpPHbIX OTXOL4OB: aHanu3 cylue-
cTeytowmx metogos / B. B. Abpamos, H. M.Yanasa // [OnekTpoHHbIn pecypc]: canT: NMonu-
MepHbIe mMaTepuansl 2010. — Ne 11 — Pexunm gocTtyna :
http://www.polymerbranch.com/c0826819636026dd1f3674774f06c51d/15f31b26769b25414a
2eab51c5800350d/magazineclause.pdf (aata obpaweHus 18.07.2016).

36. Bropu4yHas nepepaboTka nnactvka B rpaHyrsbl: TEXHONOMMKU, Nnpobnemsl, pa3sutme
[OnekTpoHHbIN pecypc]: canT [epepaboTka mycopa. — Pexum pgoctyna : http://ztbo.ru/o-
tbo/stati/plastik/vtorichnaya-pererabotka-plastika-v-granuli-texnologii-problemi-razvitie  (gata
obpaeHna 24.01.2016).

37. Komuccapos, B. A. lNMnactukn B8 0330 — npobnema unu ueHHblh matepuan? / B.
A. Komuccapos, T. C. CmunpHoBa, A. B. ATepekoBa // TBepable ObiTOBblIE OTXOAbl: HAaYy4YHO-
npakTU4ecknn xypHan. — 2016. — Ne 1. — C. 17-22.

38. CmupHoBa, T. C. Bkonornyeckme acnektol obpaieHmns ¢ O30 / T. C. CmupHoBa
I/l TBepable 6bITOBblIE OTXOAbI: HAy4YHO-NMpaKTUyYecknum xxypHan. — Ne 8. — 2015. — C. 22-25.

186



UTC 15-2016

39. Mapbes, B. A. Hago nn cosgaBaTb CUCTEMY YNpaBreHUs OTXoL4aMu 3reKTpuye-
CKOroO W 3NeKTpOHHOro obopyaoBaHusa B Poccun? [OnekTpoHHbIM pecypc]: canT Batareyki-
Recikling-othodov-may-2013.pdf. — Pexum gocrtyna :
http://weeerecyclers.ru/data/documents/Batareyki-Recikling-othodov-may-2013.pdf (mata
obpalueHna 01.09.2016).

40. O6 yTBepxaeHun CaHnlluH 2.1 wiong 2790 r.-10 «CaHuTapHo-
anuaemuonormyeckne TpeboBaHus K obpalleHno ¢ MeauUUHCKMMK OTXodamu» (BMecTe C
«CaHlNuH 2.1 mona 2790 r.—10.CaHMTapHO-aNNgeEMNONIOrMYEeCcKNe npaBuna Wu HopMaTtu-
Bbl...») [ONEKTPOHHbIA pecypc]: NOCTaHOBMEHME [NABHOMO rocy4apCTBEHHONO CaHWTAPHOrO
Bpaya Poccunckon ®egepaumm ot 9 aekabpsa 2010 r. Ne 163. — [locTyn 13 cnpas.-npaBoOBOW
cuctembl «KoHcynbTaHTIINOC».

41. basenbckas KOHBEHLMA O KOHTPOSE 3a TPpaHCrPaHNUYHOMN NepeBO3KOM ONacHbIX OT-
X0O0B M UX yaaneHuem [OneKTpOHHbIN pecypc]: patuduumpoBaHa denepanbHbiM 3aKOHOM
Poccuiickon ®egepaumm ot 25 Hosibps 1994 ropga Ne 49-03. — [locTyn 13 cnpas.-npaBoBOM
cucTeMbl «TexakcnepT».

42. XpanyHoBa, N. A. 3nuaemumonornyeckas OnNacHoCTb MeAMLMHCKMX oTxonoB [/
N. A. XpanyHoBa // CaH3nngemKoHTponb. — 2014. — Ne 1. — C. 45-48.

43. MupoHoBa, B. A. MexayHapoaHbI onbIT B 0611actv ynpaBneHns MeguumMHCKUMU
otxogamu / B. A. MupoHoBa E. U. Kotnaposa // c6opHuk maTtepmanos V-on MexayHapogHom
KOH(pepeHumn «[Mpobnembl obpalleHns ¢ oTxogamu nevebHo-npomnakTuieckux yvpexae-
Hu». — 2009. — C. 95.

44. ConpyH, J1. A. TvrneHndeckoe obocHoBaHWe Bbibopa meToga obe3BpexvBaHUA
MeONUMHCKNX O0TX0O0B : [Auc. ... kaHa. med. Hayk: 14.02.01 / ConpyH Jlnamns AnekcaHgpoBHa;
CeBepo-3anagHbli rocyaapCcTBEHHbIM MeguuMHCKuU yHuBepcuteT um. U.M.MeyHnkoBa. —
Chne6., 2014. -160 c.

45. MeguumHckme oTxogpl: npobrnembl obpallieHma v NyTn pelleHnss [QNeKTPOHHbIN
pecypc]: cant rpynnbl KOMMaHum MHPOPM-NPOEKT. — Pexum gocTtyna :
http://www.iprosoft.ru/articlesDetails/13?print = 1 (qata obpawieHunsa 19.10.2016).

46. BeTepuHapHo-caHUTapHble npasuna cbopa, yTunm3auum u YHUHTOXeHua Buorno-
rMYecKnX OTXOO0B [DNEKTPOHHbLIN pecypc]: yTBepxaeHbl MuHcenbxosnpogom Poccuickon
depepaummn 4 pekabps 1995r. Ne 13-7-2/469 (pea. ot 16 asrycta 2007 r.). — HocTyn u3
cnpas. — nNpaBoBoN cnuctemMbl «KOHCYNbTAHT MIOC».

47. dommnyeBa, E. CtaTtbs oT 15 HoA6psa 2015 r. [ONeKTpOoHHbIN pecypc]: canT Hoso-
CTM 3KOHOMUKM 1 punHaHcos CI16, Poccun n mupa. — Pexum goctyna : www.dp.ru (gaTta ob-
paweHusa 17.10.2016).

187



UTC 15-2016

48. MNeTposa, . B. AHann3 coBpeMeHHbIX HanpasfieHu obpalleHus ¢ buonormnye-
CKMMU OTXOO4aMun B CUCTEME 3KOHOMUKM npupogononb3osaHus / . B. lNetposa E. A. Ko-
TenbHUKoBa 3. H. OngecbaeB [ONEKTPOHHLIN pecypc]: canT YnpaBneHne 3KOHOMUYECKUMU
cuctemMamu.  ONEKTPOHHbIM  XypHan. —  Pexum  pgoctyna:  http://uecs.ru/uecs-75—
752015/item/3416—2015-03—-27-09-27-14 (nata o6pawieHms 08.11.2016).

49. YTnusaumsi TpynoB XUBOTHbIX. QHUMKITIONEANA XUBOTHOMO MUpa. [ONEKTPOHHLIN
pecypc]: caut zoodrug.ru. — Pexum pgoctyna : http://www.zoodrug.ru/topic2812.html (gaTa
obpalueHna 18.11.2016).

50. icnonb3oBaHWe WOHU3MPYIOLWNX M3nydyeHun gns obessapaxmBaHusa (YacTtb 1)
[OneKkTpoHHbIN pecypc]: cauT BeTepuHapus B CenbCKOM X03ancTBe. — Pexum goctyna :
http://handcent.ru/radiobiologiya/503-ispolzovanie-ioniziruyuschih-izlucheniy-dlya-
obezzarazhivaniya-chast-1.html (gata o6paweHus 20.10.2016).

51. lNMpounssoacTtBO pacTBopuTenen Ars NakoKpacoyHbix MaTepuanos B Poccuum
[OnekTpoHHbIN pecypc]: cauT PacteBoputens CIlb. — Pexum poctyna: http://spb-
rastvoritel.ru/articles/rastvoriteli-dlya-lakokrasochnyh-materialov-v-rossii/ (aqata  obpaweHus
13.09.2016).

52. lNepepaboTka 0TX040B pacTBopUTEnen [SNeKTPOHHbIN pecypc]: cant msd.com.ua
Mactep cBoero pgena.— Pexum poctyna: http://msd.com.ua/pererabotka-otxodov-
proizvodstva/pererabotka-otxodov-rastvoritelej/ (aata o6paweHms 13.09.2016).

53. 3a nonroga Poccusa 3akynuna opraHuM4eckMx pacteBopuTenen Ha munnuapg pyo-
nen [ONeKTPOHHbIN pecypc]: cant  JIKM Moptan. — Pexum aoctyna :
https://www.lkmportal.com/news/2016—09-05/11812 (gaTta obpaiieHns 06.09.2016).

54. Bugbl pactBopuTenen nognexalwmx pereHepauuun [ONeKTPOHHbIN pecypc|: canT
JIMM M3K. — Pexum pgoctyna : http://limpek.ru/services/regeneration/species/ (aata obpa-
weHunsa 06.09.2016).

55. PereHepauus — opraHuyeckui pactsopuTernb. bonblias sHuyuknoneams Heptn m
rasa [OnNeKTpoHHbIN pecypcl.— Pexum pgoctyna : http://www.ngpedia.ru/id388147p1.html
(naTa obpalueHna 09.09.2016).

56. Cuctembl pereHepaumm pacTBopuTenen [OnekTpoHHbIA pecypc]: canT Russian
Catalogue Distillation Systems for Solvent Recycling.pdf. — Pexum pgoctyna :
http://www.ofru.com/fileadmin/media/catalog/Russian%?2 °Catalogue%20Distillation%20Syste
ms%20for%20Solvent%20Recycling.pdf (aata obpaweHms 09.09.2016).

57. YcTtaHoBKM Ansa pereHepaunn pacteoputenen. CnpaBovHuk 2016 [OneKTpOHHbIN
pecypc]: cant FORMECO. — Pexum goctyna :
http://anticorcomposite.ru/catalog/formeco/FORMECO.pdf (gata ob6paiuenunsa 09.09.2016).

188



UTC 15-2016

58. bptoxaHoBa, W.I1. TexHonormm n obopyaoBaHUs, Kak MepBbIM Lar nepexoaa
NpeanpusaTUs Ha CUCTEMY Haumnyydwnx AocTynHeix TexHonorun / WN.I. BptoxaHosa // [NMpo-
MblLwrieHHas okpacka— 2012. — Ne 4. — C. 22-24.

59. TOCT P 55096—2012 PecypcocbepexeHne. Hamny4wime OCTYMHbIE TEXHOMOMNN.
O6paboTka 0TX0O0B B LensiX Nofy4eHusi BTOPUYHbIX MaTepuarnbHbIX peCcypCcoB.

60. MNMoTawHukos, 0. M. YTunusaumsa oTxogoB npou3BoacTBa M notpebneHus Y4yeb-
Hoe nocobue / KO. M. MNoTawHukoB. — Teepb.: M3gaTtenbcteo TITY, 2004. — 107 c.

61. YTunusaums OTXO4O0B fIKM, OPraHU4YeCcKuX pacTBOpUTENENn, OTXO40B KpacCku, CMO-
nbl U T.N. [ONekTpoHHbIA pecypc]: canT [MepepaboTtka otxopoB K. — Pexum pgoctyna :
http://www.gkrecycling.ru/node/10 (gata obpaweHusa 09.09.2016).

62. PblIHOK aBTOMOBWIbHbBIX akkymynaTopHbix 6aTtapen B Poccun. Utorm 2014 roaa,
TeHAeHunm n nepcnekTuBbl [ONeKTpoHHbIN pecypc|. — Pexum aoctyna :
https://www.autostat.ru/catalog/product/211/ (nata obpawieHms 09.11.2016).

63. AKKyMynSaTOpHble 3aBoabl Poccun [OnekTpoHHbIM pecypc]. — Pexum pgoctyna :
http://www.wiki-prom.ru/43otrasl.html (gata o6pawenunsa 03.10.2016).

64. MeToapl yTvnu3auumn 1 Buabl akKyMynaTopoB [ONEKTPOHHbIN pecypc]. — Pexum
poctyna : http://vtorothodi.ru/utilizaciya/metody-utilizacii-akkumulyatorov (aata o®GpalieHus
03.10.2016).

65. YTunusauusa n nepepabotka oTxogoB [ONEKTPOHHbIN pecypc]. — Pexum gocTtyna :
http://vtorothodi.ru/pererabotka/pravilnaya-pererabotka-batareek (mata obpalueHunsa
03.10.2016).

66. NMpobnembl yTMnMsaumm NPOMBbILLMIEHHBIX U aBTOMOOUIBbHBLIX KUCMAOTHBLIX aKKyMy-
NATOPOB  [OneKTpoHHbIN pecypc]l. — Pexum poctyna: http://greenologia.ru/utilizaciya-
texniki/bytovoj/avtomobilnyx-akkumulyatorov.html (gata o6paiienunsn 03.10.2016).

67. CmeTtanuH, B. ., Opernna, T. A. YTunmusaums oTpaboTaHHbIX aBTOMOOUIIbHbIX
MacnsaHbiX PUIbTPOB — OAMH U3 MyTEN CHWXKEHUS NOCTYNNeHUss HedpTENPOAYKTOB B OKPY-
XaroLyto cpeny [ONeKTPOHHbIN pecypc]. — Pexum goctyna :
http://sibirinvest.com/doc/section41.pdf (qata obpaiueHunsa 03.10.2016).

68. dNbTpbl MacnsHble, BO3AYyLWHbIE, TONIMBHbIE [QNEKTPOHHbIN pecypc]. — Pexum
goctyna : http://www.autoparad.ru/publication/full.php?aid = 30 nata obpaLleHns
05.10.2016).

69. He pasbopHble MacnsHble GunbTpbl. [1pOM3BOACTBO BO34YLUHbLIX, MACHsiHbIX Y
TOMNUBHbLIX (PUNBLTPOB AN FPYy30BOM, CneumaribHOM W NerkoBon TexHUKkM B KasaxcTaHe
[ONEeKTPOHHbLIN pecypc]. — Pexum gocTtyna :
http://kazfilter.kz/ru/news/ne_razbornyje_maslanyje_filtry proizvodstvo_vozdushnyh_maslan

189



UTC 15-2016

yh_i_toplivnyh_filtrov_dla_gruzovoj_specialnoj_i_legkovoj_tehniki_v_kazahstane/ (gata o06-
paweHunsa 05.10.2016).

70. CTOKroribMcKas KOHBEHUUS O CTOWMKUX OpPraHUYecKUX 3arpAsHUTEnsx [ONeKTpoH-
HbIN pecypc]: koHBeHUMs oT 22.05.2001. — [JocTyn n3 cnpas.-MpaBOBOM CUCTEMbI «TeXxaKc-
nepT».

71. Bacunbesa, U. A. OnpegeneHne CTOMKUX OpraHNYeckux 3arpsisHuTtenen B obbek-
Tax OoKpYyXatoLien cpenbl [ONeKTPOHHbIN pecypc|. — Pexum gocrtyna :
http://cikv.ru/v(id=3940883297711669273,ald=6893686340046454809)/bytes/Onpeaenexve
__ CTOVIKMX_OpraHn4yeckux_3arpasHutenen_B_obbekTtax_okpyxawwen cpebl.pdf (gata o06-
paweHunsa 07.11.2016).

72. XapaktepucTuka TBepablX ObITOBbIX OTXOA0B [ONEKTPOHHLIN pecypc]. — Pexum
poctyna : http://megalektsii.ru/s4654t2.html (gata obpaienunsa 14.10.2016).

73. locygapcTtBeHHbIN goknag «O cocTtostHmM 1 06 oxpaHe OKpyKatoLlen cpeabl poc-
cuinckon degepaumm B 2014 rogy» [ONEKTPOHHbBIM pecypc]: canT MUHUCTEPCTBa NPUPOOHbLIX
pecypcoB n aKosormm Poccunckon depepaumm. - Pexum gocryna:
http://www.mnr.gov.ru/upload/iblock/b27/gosdoklad_2015.pdf (qata obpaiwieHunsn 24.10.2016).

74. MexxgyHapogHas duHaHcoBas kopnopauma (IFC, pynna BcemupHoro 6aHka).
OTxoapbl B Poccum: mycop mnu ueHHbIn pecypc? CueHapum pasBuTusa cektopa obpalueHus ¢
TBEPAbIMWU KOMMYHarnbHbIMW  OTXOA4aMu. [ONEKTPOHHbIN pecypc]. — Pexum pgoctyna :
http://www.ifc.org/wps/wcm/connect/6895a9004392026fb0dbb8869243d457/IFC+Waste+in+
Russia+Report_rus.pdf?MOD=AJPERES (gata obpauwieHusa 14.10.2016).

75. Manbiwesckun, A. ®. ObocHoBaHue Bbibopa onTuManbHOro cnocoba obesBpexu-
BaHus TBepAblX ObITOBbIX OTX0A0B wurnoro ¢oHga B ropogax Poccumn, MockBa 2012
2012 [ONeKTPOHHbIN pecypc]: canT MUHUCTEPCTBA NPUPOAHbLIX PECYpPCoOB U 3kosormm Poc-
CUNCKOW denepaumn. — Pexunm pocryna:
http://rpn.gov.ru/sites/all/files/users/rpnglavred/filebrowser/docs/doklad_po_tbo.pdf (aata o6-
paweHunsa 14.10.2016).

76. NMpounssoacteo RDF tonnmea n3s TKO ¢ ncnonb3oBaHMeEM aBTOMaTUYE€CKOW COPTU-
POBKM [ONeKTpOHHbIN pecypc]. — Pexum aoctyna :
http://www.uncrd.or.jp/content/documents//3241Parallel%20Session-5-Presentation-13-
YkpauHckun.pdf (gata ob6pawieHna 04.10.2016).

77. Munraneesa, . P. CoBpemeHHble TeHAeHUMN nepepaboTkn 1 NCNONb30BaHUA 30-
nownakoBbix 0Txo4oB TOC U KOTENbHbIX [ONEKTPOHHBIA pPecypc|: cauT INEKTPOHHbIA Hay4-
Hbli XXypHan CoBpeMeHHble npobrnembl Haykm u obpasoBaHus. — Pexum pgoctyna :

http://www.science- ducation.ru/ru/article/view?id = 16475 (gata obpaweHus 07.10.2016).

190



UTC 15-2016

78. MNytunos, B. A. ObpaweHune ¢ 3onownakamu. 3.4. KoHANLMOHMPOBaHME W yrpas-
neHve kavectsoMm 3onowrnakos 3.4.1. KoHOMUMOHMPOBaHNE 30510LLNIaKoB 3HepreTukn B Poc-
cun, [lytmnosa N. B., MO3WU(TY) [OnekTpoHHbIM  pecypc]. — Pexum  pgoctyna:
file:///C:/Users/Okonorns/Downloads/341rus%20(3).pdf (aata obpaweHns 25.10.2016).

79. D dEKTUBHBIN NOAXOA K 30510LWNAaKoBbIM 0TX0A4aM [ONEKTPOHHbIN pecypc]: cant
www.interrao.ru. — Pexum poctyna: http://zoloshlaki.ru/news/effektivnye-podxody-k-
zoloshlakovym-otxodam-shlakami-dorozhka/ (nata o6pawenunsa 06.10.2016).

80. AkafeMu1sa KOHBHOHKTYPbl NPOMBbILLIIEHHBIX PbIHKOB. YTunusaums 3onowwnakos TOC
B Poccun: pblHOYHblE nokasaTenun. [OneKTpoHHbIM pecypc]l. — Pexum poctyna :
http://www.newchemistry.ru/printletter.php?n_id = 2793 (gata obpaweHus 06.10.2016).

81. YepenaHos, A. A. KomnnekcHas nepepaboTtka 3onownakoBbix oTxogos TOL (pe-
3ynbTaThl TabopaTopHbIX U NONYNPOMBbILWEHHbIX ucnbiTaHnin) / A.A. YepenaHos, T. B. Kap-
pouwl // Feonorust n nonesHble ckonaemble MMPOBOro okeaHa. — 2009. — Ne 2.

82. lNMpombIWwneHHblIe OTX0Abl — CbIpbe ANsi CTPOUTENbHbBIX MatepuanoB byayuiero:
NpkyTcknin pernoH: HaydHoe naganue / E. O. KocTiokoBa [u agp.]. // Qkonornsa ypb6aHusumpo-
BaHHbIX Tepputopuin. — 2009. — Ne 4, — C. 73-78.

83. bapaxTteHko, B. B. Wcnonb3oBaHne 305bl yHOCa MNpU MNPOU3BOACTBE MOPUCTbIX
CTpOUTENbHbLIX MaTepuanoB HoBoro nokoneHus / B. B. bapaxteHko, E. B. 3enuHckas,
E. O. KoctiokoBa // MaTepuansl Il MexayHapoaHOro Hay4HO-MpakTU4eckoro cemmHapa «30-
nownakn T3C: ypaneHue, TpaHcnopT, nepepaboTka, cknagupoBaHue». Mockea, 22—
23 anpensa 2010 r. — M., 2010. — C. 60-63.

84. [leHncos, . A. O npennoxeHusax no nepexogy npPOMbILIEHHOCTN CTporMMaTepua-
nos Poccuinckon degepaunm Ha UCMONb30BaHME MHOTOTOHHAXHbIX TEXHOSIOrMA Ha OCHOBE
TEXHOreHHOro CbIpbsi» [OneKTpOHHBbIN pecypc]. — Pexum poctyna
http://files.stroyinf.ru/Data2/1/4293854/4293854006.htm (gata obpaiueHuns 06.10.2016).

85. OtcTtamBaHMe wMacern. [ONneKkTpoHHbIM pecypc]: canT CnpaBoOYHMK XMMUKA
21 Beka. — Pexxum goctyna : http://chem21.info/info/122447 (paTta obpaweHns 12.07.2016).

86. NepepaboTka 1 yTununsaumsi MOTOPHbIX Macen. [QNeKTPOHHbIN pecypc]. — Pexum
poctyna : http://hromax.ru/utilizaciya_motornogo_masla.html (aqata obpaweHns 12.07.2016).

87. TexHonornn pereHepaumm otTpaboTaHHbIX Macen [ONeKTpoHHbIN pecypc]. — Pe-
XM pocTyna :
http://globecore.ru/blog/2015/02/06/tehnologii_regeneratsii_otrabotannyh_masel (gata o006-
paweHusa 13.07.2016).

191



UTC 15-2016

88. B3pbIBO3aLMTHbIE YCTAHOBKM OYUCTKM Macen [ONeKTPOHHbIN pecypc]. — Pexum
poctyna :  http://www.oil-filters.ru/industrial_oil_cleaning_units.php  (gata  obpaweHna
15.07.2016).

89. YcTtaHoBKa AnNg O4YMCTKM Macen — MpuHUMN paboTbl U XapaKTepPUCTUKK. [Onek-
TPOHHBbIM pecypc]. — Pexum poctyna : http://promplace.ru/ustanovka-dlya-ochistki-masel-
printcip-raboti-i-harakteristiki-489.htm (aata obpaweHusa 15.07.2016).

90. TexHonorna pereHepauun OYUCTKM U OCBETNEHUS OoTpaboTaHHbIX Macen. [Onek-
TPOHHbIN pecypc|. — Pexum pocrtyna :
http://knowledge.allbest.ru/manufacture/2c0b65635b2ad68b4d43a88421216¢37_0.html (pa-
Ta obpaweHna 18.07.2016).

91. TexHONorMa O4YMCTKM OTpabOTaHHbIX MOTOPHbLIX Macen C ocBeTneHneMm. [Onek-
TPOHHbIV pecypc]. — Pexum goctyna : http://www.viitin.tamb.ru/files/027.html (gata obpa-
weHunsa 18.07.2016).

92. Cywika macna — TepMOBaKyyMHas odyuctka macen ycraHoskamu CMM wn YBM,
yoaneHne  Brarm U3 Macen.  [ONeKTpOHHbIM  pecypc]. — Pexum  pgocrtyna :
http://globecore.ru/blog/2015/02/06/sushka_masla____termovakuumnaja_ochistka_masel_ust
anovkami_sm/?print=pdf (qata obpawieHunsn 18.07.2016).

93. TexHonorna ocseTneHns otpaboTaHHOro Macna. [ONeKkTpoHHbIN pecypc]. — Pe-
Xum  pgoctyna: http://xn—elagfdOahh7a.xn—plai/tierra-decolor-2  (gata o6GpaleHuns
18.07.2016).

94. CeneKkTvBHasi O4YMCTKa MacrsHbiX pakunn. [ONeKTpoHHbIN pecypc]. — Pexum
gocrtyna :
http://globecore.ru/blog/tag/%D1 %81 %D0 %B5 %D0 %BB%D0 %B5 %D0 %BA%D1 %82
%D0 %B8 %D0 %B2 %D0 %BD%D0 %B0 %D1 %8F-

%D0 %BE%D1 %87 %D0 %B8 %D1 %81 %D1 %82 %D0 %BA%DO0 %B0/?print=pdf-page
(naTa obpalieHna 18.07.2016).

95. TexHONorM4yeckn pernameHT no ob6e3BpexXMBaHUIO OTXOAOB OypeHns CKBaXkvH
[OnekTpoHHbIN pecypc]: canT MexpermoHanbHbI LEHTP BMONOMMYECKUX N XUMUYECKUX TEX-
Homnormn. — Pexum pgoctyna : http://ooo-centr.com/dokumenty/reglament-po-pererabotke-i-
utilizacii-othodov-bureniya.html (gata obpaiueHms 30.06.2016).

96. lNepepaboTka HedTECOAEPXKALUMX OTXOAOB [ONEKTPOHHbIA  pecypc]: cawnT
http://ztbo.ru. —  Pexum  pgoctyna: http://ztbo.ru/o-tbol/lit/pererabotka-promishlennix-

otxodov/pererabotka-neftesoderzhashix-otxodov (aata obpawieHms 15.06.2016).

192



UTC 15-2016

97. lNepepaboTka HedTeLNAMOB C NOMOLLbIO AEKaHTEPOB, LEeHTPMUAYr U cenapaTopos
[ONEeKTPOHHbLIN pecypc]: cant  http://www.nefteshlamy.ru. —  Pexum  poctyna :
http://www.nefteshlamy.ru/stat.php?id = 3 (zata obpaweHusa 17.08.2016).

98. lNpoMbILWNEHHbIE LEHTPUMYrM [ONEKTPOHHbLIN pecypc]: cauT http://stms.pro. —
Pexxum poctyna : http://stms.pro/home/stati/74-promyshlennye-tsentrifugi.html (gata obpa-
weHnsa 17.08.2016).

99. O6paboTka HedTecoaepaLUX OTXOA0B [ONEKTPOHHbIA pecypc]. — Pexum go-
ctyna : http://www.studfiles.ru/preview/405002/ (qata obpaiueHunsa 29.07.2016).

100. MycopoCcopTUPOBOYHOE MPOMN3BOACTBO [DNEKTPOHHLIN pecypc]. — Pexnm gocty-
na : http://kxmnt.ru/garb/production.pdf (aata o6pawieHma 04.10.2016).

101. Wnepbep, E. P. NcTouHnkn obpasoBaHna HedbTeLamMoB U MeToabl UX yTUnnsa-
umm / E. P. Wnep6ep, T. H. bokosukosa, M. P. Wnepbep // Xumna n texHonornsa TONnme u
macen. — 2011. — Ne 2. — C. 53-56.

102. buopemeanauus [OneKkTpoHHbIN pecypc]. — Pexum gocTtyna :
http://technonature.w.pw/Bioremediacija (qata obpaweHus 03.08.2016).

103. MeToabl OYUCTKK Mblfiera3oBbiX BbIBPOCOB [ONEKTPOHHLIN pecypc]. — Pexum fo-
ctyna : http://uchil.net/?cm = 109948 (gata obpaweHus 05.08.2016).

104. AHanu3 cyLecTBYIOLWMX METOAOB YTUAN3aLMN PTYTbCOAEPKALLUMX INEKTPUYECKNX
namn [OnekTpoHHbIM  pecypc]. — Pexum pgoctyna: http://mognovse.ru/spf-1-analiz-
sushestvuyushih-metodov-utilizacii-rtutesoderjash.html(gata obpaweHusa 24.09.2016).

105. YTunmsauusa pTyTbCcogepXallumx OoTX0O0B NoTpebneHus [ONeKTPOoHHbIN pecypc):
cauT http://reftrend.ru. — Pexum goctyna : http://reftrend.ru/1128661.html (gata obpalueHus
10.11.2016).

106. O6opynoBaHne ans nepepaboTkn pTyTbCOAEPXKALLUMX OTXOA0B [OMNEKTPOHHbLIN
pecypc]. — Pexnm aoctyna : http://www:.fid-
dubna.ru/index.php?site=fid_dubna&p = 66&I=ru#] (gata obpawieHns 17.07.2016).

107. CoBpeMeHHble MeToAbl YyTuUnu3auum 3aHeprocbeperawowmx pTyTbCOAEpPXKALLNX
NIOMUHECLEHTHbIX namn [OneKkTpoHHbIN pecypc]. — Pexum aoctyna :
http://www.scienceforum.ru/2015/1255/14756 (nata obpaweHus 19.05.2016).

108. YcTtaHoBKa pasgeneHnsa KOMNoOHEHTOB, 06e3BpeXnBaHns U yTunuaaunumn pTyTbCo-
Aepxawmx famn m OTXOA0B «IKOTPOM-2Y» [ONEeKTPOHHbIN pecypc]. — Pexum goctyna :
http://ecotromtehnology.ru/index.html (qata obpawieHunsn 22.07.2016).

109. TexHonornn nepepaboTKM U3HOLUEHHbIX LUMH [DNEKTPOHHLIN pecypc]. — Pexum
poctyna : http://www.cleandex.ru/files/publications/1500/1591/tires_1.jpg (oata obpawieHuns
08.07.2016).

193



UTC 15-2016

110. Kanropogos, O. H. Poccuiickuin peiHOK 06opyaoBaHnsa ansa nepepaboTkn aBTono-
KpblleK [ONeKTpOoHHbIM  pecypc]: cauT areHTctBa clendex.— Pexum poctyna :
http://www.cleandex.ru/opinion/2010/06/25/tires_recycling_equipment_market(aata obpauye-
Hus1 08.07.2016).

111. MNepepabotka wuH u PTU [OnekTpoHHbIn pecypc]. — Pexum poctyna:
http://www.bizzona.ru/prodazha-biznesa/43048/prodam-Pererabotka-shin-i%A0RTIl.php (aa-
Ta obpaweHna 26.06.2016).

112. Kpyrnos, J1. Cxembl nepepaboTkm M3HOLLEHHbIX LWNH [ONEKTPOHHbIN pecypc]. —
Pexum pgoctyna : http://www.newchemistry.ru/printletter.php?n_id = 4173 (gata obpalueHus
11.07.2016).

113. O6opynoBaHue onsi nepepaboTkm LWNH [ONEeKTPOHHbIN pecypc]: cant busHec un
obopygosaHme. — Pexum poctyna : http://buisiness-oborudovanie.com/dlya-pererabotki-
musora/oborudovanie-dlya-pererabotki-shin/ (qata obpaiueHnsa 08.07.2016).

114. Tyros, W.N. lMporpeccuBHble MNyTM WUCMNONb30BaHMSA W3HOLLUEHHbIX LWWKH: O630p,
nHdopmauus. Cepusa VI. M., 1971. — 17 c.

115. MNpoun3BOACTBO pereHepaTa [ONeKTpoHHbIN pecypc]: canT lNepepaboTka mycopa
uHBecTMuMmn B Byaywee. — Pexum  pgoctyna:  http://ztbo.ru/o-tbo/lit/pererabotka-
promishlennix-otxodov/proizvodstvo-regenerata (aata obpawenusa 11.07.2016).

116. TOCT P 54095—2010. PecypcocbepexeHne. TpeboBaHua k 3kobeszonacHom

yTunu3aaumm oTpaboTaBLUMX LUWH [ONeKTpOoHHbIN pecypc]:
http://snipov.net/database/ c_4164767095 doc_ 4293801520.html (gata ob6palleHuns
08.07.2016).

117. O6wue cBeaeHNs O pereHepaumm pesuHbl [ONEKTPOHHBLIN pecypc]: cauT
domrezin.ru. — Pexwum goctyna : http://www.domrezin.ru/articles_15.html (gata obpawieHus
11.07.2016).

118. TOCT P 54533—2011 (UCO 15270:2008). PecypcocbepexeHme. ObpalieHune ¢
oTxogamun. PykoBogslimMe MNpuHUMNbI U METOAbl YTUNM3aumMm MONMMMEPHbIX OTX0O0B [Onek-
TPOHHbIV pecypc]. — Pexum goctyna: http://docs.cntd.ru/document/gost-r-54533-2011 (gata
obpalueHna 11.07.2016).

119. BtopuyHaa nepepaboTka MNONMMMEPOB. [ONEKTPOHHbIA  pecypc]:  cauT
vtorothodi.ru. — Pexum poctyna : http://vtorothodi.ru/pererabotka/pererabotka-polimernyx-
otxodov(gaTta obpauwieHusn 21.07.2016).

120. KpusowewnH, [1. A. OcHoBbl 3konorndeckon 6esonacHocTn npoussoacTts / [. A,

KpueowewH, B. . AmuTtpuneHko, H. B. ®egotosa. — Cl16.: n3g-so «Jlanb», 2015. — 336 c.

194



UTC 15-2016

121. MNepepaboTka nnactmka B Poccun n Espone. MNonumepHble oTxoabl: cneunduka
yTunmnsaumm [OnekTpoHHbIM pecypc]: cant nepepaboTka nnactuka. — Pexum poctyna :
http://i-pec.ru/info/pererabotka-piroliz-plastika-i-plastikovyx-otxodov (narta obpaLeHns
18.06.2016).

122. beicTpos, I'. A. O6esBpexuBaHMe W yTunMsauusi OTXOOOB B MNPOM3BOACTBE
nnactmacc / . A. beictpoB, B. M.'anbnepuH, b. IN. TutoB — J1.: Xumusa, 1982 — 264 c.

123. TexHonorns m3BnevYeHnss AparoueHHbIX MeTanfoB U3 OTXOA0B 3ANEKTPOTEXHUKM
[OneKTPOHHbIN pecypc]. — Pexum aoctyna :
http://www.waste.ru/modules/section/item.php?itemid = 233 (gaTta obpaweHns 15.06.2016).

124. OuctaHTos, A. A. Komnnekc gns nepepaboTkM paguoaniekTPoOHHOro ckpana /
A. A. nctaHTos, B. B. Bocko6ownHukos // TBepable ObiTOBbIE OTXOAbI: HAYYHO-MPaKTUYECKUIA
XypHan. —2012. — Ne 5. — C. 24-26.

125. MNepepaboTka nnat (NeyaTHbIX, SNEKTPOHHbIX, MAaTEPUHCKNX) [ONEKTPOHHbIN pe-
cypc]. — Pexum poctyna: http://netmus.ru/katalog-tipovyh-resheniy/pererabotka-
elektroniki/pererabotka-elektronnyx-plat-i-komponentov-s-celyu-izvlecheniya-dragocennyx-
metallov/pererabotka-materinskix-plat/ (aata obpawieHnsa 17.06.2016).

126. YTunmnsauusa 3J1T-MOHUTOPOB N TENEBU3OPOB [ONEKTPOHHLIN pecypc]. — Pexum
pocTtyna : https://geektimes.ru/post/175733/ (nata obpaweHunsa 21.06.2016).

127. Xecbenn B. YMHaa nepepaboTka xonogunbHukoB./ B. Xedenn, A. AMmaHH //
TBepable ObITOBbIE OTXOAbI: HAYYHO-NPaKTUYECKUI XXypHan. — 2016. — Ne 6. — C. 24-27.

128. OTYET o} peanusauunu MeponpuaTua 2.2.2.3. npoekTa MPO-
OH/T'2® «CopencTtene B peanusaunm yCKOPEHHOrO BbiBoAa M3 obpalieHnsa MXDY B cTpaHax
C nepexogHon aKoHoMuKon»: CogencTene B opraHusaumm obyyeHus. PaspaboTka yyebHbix
nnaHos/moaynen/nporpamm ana obyyeHns/nepenoaroToBkM CNeunanmcTtoB No PEMOHTY U
06CnyXMBaHNIO XONOAUITBHOM TEXHUKM MPU y4aCTUN MEXAYHapOL4HOMO M HALMOHAMbHBIX 3KC-
nepToB 1 BKMoYeHne B y4yebHble nnaHbl (MnHobpasoBaHmsa) Ha Bcex ypoBHsSX (Mpodobpaso-
BaHue, Bbicwee), MwuHck, 2014 [3NeKTpoHHbIN pecypc]. — Pexum pgocrtyna:
(http://www.apimh.by/Project_Publications/%D0 %A0 %D0 %B0 %D0 %B7 %D1 %80 %DO0
%B0 %D0 %B1 %D0 %BE%D1 %82 %D0 %BA%DO0 %B0 %20 %D1 %83 %D1 %87 %D0 %
B5 %D0 %B1 %D0 %BD%D1 %8B%D1 %85 %20 %D0 %BC%D0 %BE%DO0 %B4 %D1 %83
%DO0 %BB%D0 %B5 %D0 %B9 %20 %D1 %8D%D1 %82 %D0 %B0 %D0 %BF%202 %20(
%D0 %B1 %D0 %B5 %D0 %B7 %20 %D0 %BF%D0 %BE%D0 %B4 %D0 %BF%D0 %B8 %
D1 %81 %D0 %B5 %D0 %B9).pdf) (aata obpaweHunsa 21.06.2016).

195



UTC 15-2016

129. YnaHoBa, O. B. OnekTpoHHOE M anekTpuyeckoe obopynoBaHue: npennocbifku
ana nepepabotkm / O. B. YnaHoBa // TBepable ObiTOBble OTXOAbl: Hay4YHO-MPAKTUYECKNI
XypHan. —2013. — Ne 3 (81). — C. 8-13.

130. Ocunosa B. J1. [He3unHdpekunsa: yvyebHoe nocobme. — M.: OOTAP-Meana,
2009. — 136 c.

131. le3anHpeKkuna MeanuuHCKMX OTX0A0B, obe33apakmBaHMe OTXOO0B [ONEKTPOH-
Hbln  pecypc]: cauT  http://www.tt-expert.ru. —  Pexum  pgoctyna:  http://www.tt-
expert.ru/tech/dezinfekcija_medicinskih_othodov.php (gata obpaieHna 21.05.2016).

132. Yto e penatb C MEOUUMHCKMMW OTXodamu? [ONEKTPOHHbIA pecypc]: cauT
http://medbuy.ru. — Pexum gocTtyna : http://medbuy.ru/articles/chto-zhe-delat-s-
medicinskimi-othodami (gata o6paweHusn 22.05.2016).

133. Ctepunmsaums MOHUIUPYIOWNM U3NydYeHneM [ONEKTPOHHbIA pecypc]: CanT 3H-
umknoneans Hay4YHoOM onénmortekn. — Pexnm aoctyna : http://enc.sci-
lib.com/article0000891.html (naTta obpaweHns 12.10.2016).

134. Nap3aHoB, A. OKCTpyaAnpoBaHHble kopma n3 Guootxogos / A. NapsaHos, O. [o-
podeeBa, C. KanyctuH / Kombukopma — 2011. — Ne 8. — C. 47-48.

135. OKCTpyaupoBaHHbIE KOpMa — MocregHee CrnoBO B MNPOM3BOACTBE KOPMOB U3

Bronormyeckunx 0TX040B [OneKkTpoHHbLIN pecypc]. — Pexum gocryna :
http://greenologia.ru/othody/biologicheskie/korma-iz-othodov.html (nata obpalleHns
17.10.2016).

136. Kagpblpos, [1., Map3aHoB A. OKCTpy3anoHHas nepepaboTka GMONormyeckmx OTxo-
OB B KOpMa [ONeKTpoHHbI  pecypc]. — Pexum poctyna:  http://www.almaz-
spb.com/news/ekstruzionnaya-pererabotka-biologicheskih-othodov-v-korma.html (gata 06-
paweHusa 20.10.2016).

137. O BHECEHUM U3MEHEHUIN B BeTepUHapHO-caHuTapHble lNpaBuna cbopa, yTunusa-
UUN N YHUYTOXEHNS BMONOrMYEeCKUX OTX0O0B [ONEKTPOHHbIN pecypc]: npuka3 MuHcenbxo3sa
Poccunckon depepaumm ot 16 asrycta 2007 r. Ne 400. — [ocTtyn 13 crnpaB.-NnpaBoBOWN CU-
cteMbl «KoHcynbTaHTIINOC.

138. PereHepauusa pactBoputenen [OnekTpoHHbI pecypc]: cant BLN Consulting
OU.— Pexum poctyna: http://www.binconsulting.eu/ru/:ekologicheskie-tehnologii/ofru-
recycling/regeneracija-rastvoritelej.html (gata obpaweHus 07.09.2016).

139. CoctaB 3KCTpaKUMOHHOM cucTeMbl. PactBoputenu (SKCTpareHTbl) Ans XUOKOCT-
HOW 3KCTpaKuuMu, X Xapaktepuctmka. Yto Takoe koadduumeHT pacnpegeneHmsa? Yem oby-
cnoBneH BbI6op pacTBopuTena? [ONeKTPOHHbIN pecypc]: canT YaobHasa ycagbba. — Pexnm

pocTtyna : http://cozyhomestead.ru/rastenia_93389.html (gata obpawenna 14.09.2016).

196



UTC 15-2016

140. AHanuTudeckasa xmmus. 7.4. OKCTpakums [ONEKTPOHHbIN pecypc|: cant Jdrnek-
TpOHHaa Gubnuoteka. — Pexum goctyna : http:/libraryno.ru/7—4-ekstrakciya-anhim/l (nata
obpawenna 14.09.2016).

141. MNepepaboTka OTXO0O0B pacTBOpUTENEn [ONeKTPOoHHbIM pecypc|: canT [lepepa-
boTka Mycopa, wuHBecTMuuMM Kn  byaywee. — Pexum pgoctyna:  http://ztbo.ru/o-
tbollit/pererabotka-promishlennix-otxodov/pererabotka-otxodov-rastvoritelej (gata o6palue-
Hus 31.08.2016).

142. Novyemy BaxkHa yTUNU3auMss aBTOMOOMWMBHOIO akKyMynaTopa M Kak oHa MpoBO-
anTtca?  [OnekTpoHHbIn  pecypc]. — Pexum pgoctyna:  akbinfo.ru/stati/utilizatsiya-
avtomobilnyh-akkumulyatorov.html (gata o6paiieHms 31.08.2016).

143. MNMepepaboTka CBMHLIOBbIX aKKyMyrnAaTOPOB [ONEKTPOHHLIN pecypc]. — Pexnm go-
ctyna . http:/lyablor.ru/blogs/sdayut-li-segodnya-akkumulyatori-na/5546167 (gata obpalue-
Hus1 31.08.2016).

144. MNMepepaboTka floMa CBMHLOBbLIX aKKyMYNATOPOB aKKyMynATOPOB [ONEeKTPOHHbIN
pecypc]. — Pexum poctyna: http://www.armada-met.ru/stati/16-pererabotka-loma-
akkumulyatorov (gata obpaweHms 05.09.2016).

145. Wenenuukos, A. A. 3arpsasHeHnsa okpyxatowen cpeabl NONUXIOPUPOBaAHHbLIMU
ANBEH30-N-ANOKCUHAMN U OUOKCUHONOAOOHbIMM BellecTBamMu [ONEKTPOHHbIN pecypc]. —
Pexum poctyna : http://www.dioxin.ru/history/dioxin-info.htm, cBo6ogHbI (aata obpalleHns
05.09.2016).

146. lNyTtunos, B. A. lNepcnekTnBbl NPOM3BOACTBA BbICOKOKAYECTBEHHbIX 30S10LLIAaKOB
N MUKpPOC(EepP Ha OCHOBE HAHOTEXHOMOMMN U3 3051 SHEPreTUYECKNX yrinen ¢ BbICOKUM coaep-
XaHueM notepb npu npokanueaHuu. B. A. MNMyTtunos, K.B. EpemnH. MaTtepuans! Il Hay4HO-
npakTn4yeckoro cemuHapa «3onownakn TAC: yaaneHne, TpaHcnopT, nepepaboTka, cknagu-
poBaHue», MockBa, 23—-24 anpena 2009 r. — M.: spatenbckun gom M3OWU, 2009. — C. 110-
116.

147. NMyTtunos, B. A. Ob6pawenne c¢ 3onownakamu. 3.4. KoHOUUMOHMpOBaHME W
ynpaBrneHue kayectsoM 3onownakos 3.4.3. lNepcnekTvBbl NPON3BOACTBA BbICOKOKAYECTBEH-
HbIX 30/10LWS1aKOB U MUKPOCKep Ha OCHOBE HAHOTEXHOSIOMMA U3 3051 AHEPreTUYECKNX yrnen c
BbICOKMM COepXXaHneMm MnoTepb Npu NpokanueaHun [ONEKTPOHHbIN pecypc]. — Pexum go-
ctyna : http://osi.ecopower.ru/ru/2010-11-28-18-46-37.html (pata obpaweHusn 06.09.2016).

148. KanyctuH, ®. J1. ObpaweHne c 3onownakamn.3.5 HanpaBneHuss npuMeHeHus
3oMnownakoB aHepretnyeckux yrnen. 3.5.1 [1pon3BOACTBO CTPOUTESNbHLIX MaTepuarnos
[OnekTpoHHbIN pecypc]. — Pexum poctyna : http://osi.ecopower.ru/ru/2010-11-28-18-46-
37.html (gaTa obpaleHns 06.09.2016).

197



UTC 15-2016

149. O6 yTBepxaeHun MeTtoanyecknx pekomeHaaunn no onpeneneHnto TeEXHONormm B
KavyecTBe Hausyylen OOCTYNHOM TeXHONormm [QnekTpoHHbIM pecypc]: npukas MuHnpomTop-
ra Poccum ot 31 mapta 2015 Ne 665. — [JocTtyn u3 crpas.-NnpaBoBOW CUCTEMbl «KOHCYynb-
TaHTtlnoc».

150. O6 akonorn4yeckon akcnepTnse [ONeKTPOHHbIM pecypc]: PenepanbHbI 3aKOH OT
23 HOA6psA 1995 r. Ne 174-®3 (pea. oT 29.12.2015) — [ocTtyn 13 cnpas.-NpaBoBOM CUCTEMDI

«KoHcynbTtaHTloc».

198



