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BBepeHue

Hactosiwmin MHOOPMaLIMOHHO-TEXHNHYECKMIA CNPABOYHUK MO HaUmyyLMM AOCTYMHbLIM
TexHonornam «lMepepaboTka NpUpPOAHOro W nonyTHoro rasa» (aanee — CnpasoyHvk HAT)
paspaboTaH Ha OCHOBE aHanmusa TEeXHOMOMMYECKUX, TEeXHUYECKUX W YyrnpaBneHYeckux
pelleHu, NpuMeHsieMbIX Ana  obecneyeHuss BbICOKOW  pecypcoadddeKkTMBHOCTM 1
3KONOrMYECKON peayrnbTaTMBHOCTU NepepaboTkn YreBoAOPOAHOrO ChipbS.

C 1 sHBapsa 2015 r. Bctynun B gerctBue depepanbHbiid 3akoH oT 21 miona 2014 T.
Ne 219-®3 «O BHeceHWM mamMeHeHuM B PepepanbHbil 3akoH «O6 OxpaHe Ookpyxarowen
cpefbl» U OTAENbHbIE 3akoHopaTenbHble akTbl Poccunckon depepaunm» [1]. 3akoH Gbin
paspaboTaH C Lenblo COBEPLUEHCTBOBaHWS MPaBOBOrO PErynupoBaHUS 3KOMOFMYECKOro
HOPMMPOBaHWA B 06NacT OXpaHbl OKpYKaloLen cpefbl U BBEAEHUA Mep 3KOHOMUYECKOro
CTUMYNMPOBAHMA XO3SNCTBYIOWLMX CYOBLEKTOB ANS BHEAPEHVUA Haunyuywmnx [OCTYMHbIX
TEXHOMOMMIA.

TepmuH «Haunyywas poctynHaa TexHonorma» (HAT) onpeaenen B $epepansHOM
3akoHe [2], cornmacHo crtatbe 1 KOTOPOro «Haunydllas AOCTYNHasi TEXHONOrMs — 9TO
TEXHOMOIMS MPOM3BOACTBA MPOAYKUMM (TOBApPOB), BbINOMHEHUA paboT, okasaHusa yCnyr,
onpejensemMas Ha OCHOBE COBPEMEHHbLIX AOCTUMKEHWA HAyKm N TEXHUKM U HaUMyullero
COoYeTaHUs KPUTEPUEB AOCTWKEHUS OXpaHbl OKpYKatollen cpefbl Mpu YCNOBUM HanuMuus
TEXHNYECKOWN BO3MOXHOCTU €€ MPUMEHEHUS».

B coortBetcTBUM € nonoxeHusMu PepepanbHOro 3akoHa OObeKTbl, OKasbiBalolme
BO3AENCTBME Ha OKPY>KaIOLLYIO Cpeay, OTHOCATCS K 4 KaTeropmsim no CTeNEHN OKasbiBaeMoro
HeraTMBHOTO BO3LENCTBUA, K KaXKAOW M3 KOTOPbIX OyAyT MPUMEHEHbLI pasfuyHble Mepbl
rocynapCTBEHHOrO perynmpoBaHus.

JdesaTensHoCTb NO nepepaboTke HepTM M rasa BkoYeHa B | kateroputo, Kak
oKkasbiBaroLLas Haubonee 3HaYUTENBHOE HEraTMBHOE BO3AEUACTBUE HA OKPYXaloLLYIO cpeay, 1
OTHeceHa k 0bnacTsM NPYMEHEHMS HaUITy4LLUX AOCTYMHbIX TexHonormn. O6bexTsl | kaTeropum
0653aHbl MoNyYaTe KOMMMEKCHBLIE 3KOMOrMYecKne PaspelUeHnss Ha OCYyLLECTBIEHNE CBOEn
OEeATenbHOCTU.

B nepwoa ¢ 2015 no 2017 rr. cornacHo pacnopsbkeHuto MNpaeutenscrea Poccuiickon
depepaunm ot 31 oktabps 2014 r. Ne 2178-p [3] gomkHbl ObiTb paspaboTaHbi
VH(OPMAaLMOHHO-TEXHNHECKNE CMPABOYHMKM MO  HAUMNyyWMM AOCTYMHBbIM - TEXHONOrUAM,
ABMNAIOWMECH [LOKYMEHTaMM HauuOHanbHOW CUCTeMbl cTaHgapTusauum  Poccuiickoin
depepauynm cornacHo PefepanbHOMY 3aKoHy [4].

Ctpykrypa HacToswero Cnpasoununka HAOT cootBetctByeT FTOCT P 56828.14—2016 [5],
dopmar onmncanmns TexHorormn — FOCT P 56828.13-2016 [6], TepMuHbI NpvBEeAEHbI B
cooteTtcTBum ¢ FOCT P 56828.15-2016 [7].

Vi
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Mpeaucnosue

Llenn, ocHoBHble NpuHLUMNBI U Nopaaok paspabotkm CnpasoyHunka HOT ycTaHoBMEHbI
nocraHoeneHneMm lMpasutensctBa Poccunckon Pepepaumm ot 23 gekabps 2014 r. Ne 1458
«O nopsigke onpegeneHus TEXHONOMMM B KaYeCTBE Haumnydlwen LOCTYMHOW TexHonoruu, a
Tawke pas3paboTkM, akTyanmsauMm U onyonukoBaHWa  MHAOPMaLMOHHO-TEXHUYECKMX
CMNPaBOYHMKOB MO HaWUMyYLIUM AOCTYMHBLIM TEXHOMOMUAM» [8].

CraTyc QOKyMeHTa
Hacroawwmin CnpaBoyHvk HOT aBngeTcs 4OKYMEHTOM MO CTaHAapTM3aLmm.

WHdopmauma o paspaboTumkax

Cnpasoynvk HAOT paspaboraH TexHwudeckon pabouent rpynnon «MepepaboTtka
npuvpogHoro u nonytHoro rasa» (TP 50), cocTtaB KOTOPOA YTBEPXKAEH MPUKa3OM
Poccrangapta ot 09 ceHTa6pst 2016 1. Ne 1297 «O cosfaHunm TexHu4eckon paboyelt rpynnbi
«[MepepaboTka NPUPOAHOrO 1 NOMyTHOro rasax [9].

MepeyeHb OpraHMsaumii, OkasaBLLUMX NOAAEPXKY B paspadotke Cnpasodnuka HAT,
npuBeseH B pazaene «3akntoumTerbHble NMONOXEHUS U pekoMeHgaummn».

CnpaBoyHnk HAT npeactaBneH Ha yTBepxaeHve bBropo Hamnyywmx [ocTynHbIX
TexHonorun (bropo HOT) (www.burondt.ru).

KpaTkas xapakrepucTuka

B CnpasouHuke HOT paccmatpumeatotrca HAT, npegHasHadYeHHble ANS BblAENEeHUS U3
NCXOAHOrO ChIpbsi YrNEeBOLOPOAHBLIX (OPaKUmiA, MHAMBUAYANbHBLIX YINEBOAOPOAOB, a Takke
HeyrnesoAopPOAHbIX KOMMOHEHTOB.

Cnpasounnk HAOT coaepxuT onncaHne npumeHaeMsIx npy nepepaboTke NpupogHOro
MOMyTHOTO rasa TEXHOMOrMYeCKUx mnpoueccoB, 060pyAOBaHMS, TEXHUYECKUX Crnoco6oB,
METO/0B, B TOM YMCNE MO3BOMSIOLMX CHU3UTb HEraTVIBHOE BO3[EWUCTBME HA OKPYXaIOLLYHO
cpeay, NoBbICUTL 3HeproaddeKTMBHOCTL, 06ecneunTs pecypcocbepeskeHme.

M3 onuvcaHHbIX TEXHOMOMMYECKMX NpoLeccoB, 060pyA0BaHMS, TEXHUYECKUX CriocoboB,
MeToA0B (B TOM uucne ynpaeneHus) onpeaeneHsl peweHus, aenaowmeca HAT. Ana papa
HAT ycraHoBneHbl COOTBETCTBYHOLLME TEXHOMNOMMYECKUE noKasareni.

B3aumMocBA3b ¢ MeXAyHapoAHbLIMU U PErMoHansLHbLIMU aHanoramm

Cnpaeoynvk HOT paspaboTaH Cc yy4eTOM MeEXAyHapoAHOro aHanora — CripaBoYHUKa
Eeponenckoro Coro3a Mo  HavnyywvM  AOCTYMHbIM — TexHomorvam  «Hedpre— wu
rasonepepabarbiBarome 3asoabl» (Best Available Techniques (BAT) Reference Document
for the Refining of Mineral Oil and Gas) [10], onbiTa co3gaHua ApyrMx CrNPaBOYHMKOB
EBponeinckoro cotosza no HavnyywmM AocTyrnHbiM TexHonormam (Reference Book on Best
Available Techniques) [11], WHMDOPMALMOHHO-TEXHMYECKUX CrnpaBoYHMKOB Poccuinckon
depgepauun  [12-26], a TaKKe TEXHOMNOIMYECKUX, ISKOMOrMYECKUX U IKOHOMMYECKMX
ocobeHHOCTe nepepaboTkn yrneBOJOPOAHOTO CbhiPbA B POCCUNACKMX HedTerasoBbiX
KOMMaHUAX.

VI
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C60p AaHHbIX

NHdopmaums o TexHonormyeckunx npoueccax, o6opyaoBaHum, TEXHUYECKMX crnocobax,
MeTofax, NPYMeHsieMbiX npu nepepaboTke NPUPOAHOrO U MOMYTHOro rasa B Poccuiickon
depepauyumn, Obina cobpaHa B npouecce pa3paboTkW CNpaBoYHWMKA B COOTBETCTBUM C
Mopsigkom cbopa AaHHbIX, HEOBXOAUMBLIX ANSA paspaboTkn MHMDOPMALIMOHHO-TEXHUYECKOTO
CNpaBOYHMKA MO HaunyywMM AOCTYMNHbIM TEXHOMOTUAM WU aHanu3a NPUOPUTETHLIX Npobrem
oTpacnu, yTeepxaeHHbIM npukasomM Poccranaapta ot 23 uona 2015 r. Ne 863 [27].

B3aumocBa3b ¢ apyrumu cnpasouHukamu HAT

Bsanmocesse Hactosiero Cnpasounvka HAT ¢ gpyrumu cnpasBounukamu HAT,
paspabaTtbiBaemMblMM B COOTBETCTBUM C pacnopsbkeHveM [paButensctBa Poccuiickon
depepauum ot 31 oktabps 2014 r. Ne 2178-p [3], npuseneHa B pasgene «0O6nactb
MPUMEHEHNS».

Undopmauma 06 yrBepxaeHUn, onyonmkoBaHnmM U BBeaeHMU B fencTemne

CnpaBouHuk yTBEpXAeH npuka3oM PoccraHaapTa oT 14 Hosbps 2017 r. Ne 2423,

CnpaBouHvk BBEAeH B gelictBue ¢ 1 masa 2018 r. oduvumansHo onybnukosaH B
MHgOPMaLMoHHOM cucTeMe obLLero Nosb3oBaHUs — Ha oduumansHOM canTe degepansHoro
areHTCTBa MO TEXHUYECKOMY PEryriMpoBaHuio U MeTpornorim B cetn MHTepHeT (www.gost.ru).
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MH®OPMALUUOHHO-TEXHUYECKUNA CNPABOYHUK
nO HAUNYYLWNUM AOCTYNHBLIM TEXHONOIrNsAm

MNepepaboTka NPUPOQHOro N NONYTHOro rasa
Processing of natural and accompanying gas

Aara BBeaeHna — 2018-05-01
O6nactb npuMeHeHunA

Hactosiwmn Cnpasounnk HAOT pacnpoctpaHsieTca Ha cnegywowme oBbekTbl
cTaHgapTm3aummn B cootBeTcTBUM € kKogamu OKC [28]:

75.020 dobblya v nepepaboTka HeTH 1 NPUPOAHOTO rasa;

75.200 O6opynoBaHue ansa nepepaboTkm Hed T, HEPTAHBIX NPOAYKTOB N NPUPOAHOrO
rasa;

13.020 OxpaHa oKpyatoLLen cpeabl.

Hacrosiwmn Cnpasounuk HAT pacnpocTpaHseTca Ha crneayiowme OCHOBHbIE BUAbI
LeATenbHOCTU:

— TMPOM3BOACTBO CKWKEHHbLIX YrMEeBOAOPOAHbIX Fa3oB, LUMPOKOM MpakummM nerkux
yrneBoAoOpOAOB, CyxOro (OTOEH3VHEHHOro) rasa, 3STaHoBOW dbpakuuv, VHAMBUAYAambHbBIX
yrneeoaopoaoB (nponaHa, 6ytaHa, neHTaHa), GeHsnHa rasoBoro CTabunbHOro, MOTOPHbIX
TOMNMUB, KOHAEHCAaTa rasoBoro CTabunbHOrO W Apyrux YrneBOAOPOAOB M3 NMPUPOAHOMO U
MonyTHOro rasa;

— NPOM3BOACTBO renus;

— NPOW3BOLCTEO YrNepoaa TEXHUYECKOro, Cepbl ra3oBor TEXHUYECKON.

CnpasoyHuk HOT pacnpocTpaHseTcs Ha NpoLecehl, CBA3aHHbIe C OCHOBHBIMU BUAaMU
LEeATeNnbHOCTM, KOTOpble MOryT OKasaTb BMUSHUE Ha pecypcoaddeKTMBHOCTb, Xapakrep U
MacLliTab BO3AENCTBMA Ha OKPYKarOLLYHO CPeay:

— MOAFOTOBKA ChIPbS;

— NPOM3BOACTBEHHbIE NMPOLIECCh;

— MEeTOAbl NPeAOTBPALLEHNSA U COKPaLLEHNA 3MUCCUIA 1 06pasoBaHNs OTXOL0B.

Cnpasoynrk HOT He pacnpocTpaHseTcs Ha:

— npouecchl BCMOMOraTensHOro MNPOM3BOACTBA, Takue, kak paboTa PEeMOHTHBbIX
MacTepckmx, OObeKkTbl OxpaHbl/CUrHanusaumKy, noXxapHble [Aeno, aBTOTPaHCNopPTHOE
XO35IMCTBO; BEHTUNALMS U Ap.

— BOMPOCbI, KacalMecs  UCKIIOYMTENBLHO  OBeCcrneyeHnss  MpPOMBbILLNEHHON
©e30nacHOCTM U oxpaHbl Tpyaa.

OTpenbHble BUAbI [LEeATENbHOCTM nNpu nepepaboTke YrneBOAOPOLHOMO  Chipbsi
(Tabnuuya 1) perynupytoTcs  COOTBETCTBYHOLMMM  cnpaBodyHmkammu  HAT  (cormacHo
pacnopspkeHuto MNpaeuTtenscTea Poccuinckon ®egepauumm) [3].

O6nacti npumeHeHusa CnpaBoyHuka HOT coOTBETCTBYIOT KOAbI BUAOB AEATENBHOCTM
cornacHo OKB3[ 2 [29] n Buasl nonyyYaemon npoaykuum cornacHo OKIA 2 [30].
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Tabnuya 1 — Buabl AeaTensHOCTM U COOTBETCTBYHOLME UM cripaeodHukn HAT

Bua aesatenLHOCTH

CootBetcTBYIOWMI cnpaBovHuk HAT

1

2

OumncTka CTOYHbIX BOA

UTC 8-2015 «QumncTKa CTOUHbIX BOZ NPy NPON3BOACTBE
npoayKumu (ToBapoB), BbINOMHEHUU paboT 1 oKasaHun ycnyr
Ha KpynHbIx npeanpusatusx» [19]

UTC 10-2015 «OuncTKa CTOYHbIX BOJ, C UCNONb30BaHUEM
LeHTparM3oBaHHbIX CUCTEM BOAOOTBEAEHUS NOCENEeHN,
ropoAckux okpyroey [21]

O6paLeHure c oTxogamm

UTC 9-2015 «Ob6esBpexmBaHme 0TXOA0B TEPMUYECKUM
cnocobom (cxuraHne orxonos)y [20]

UTC 15-2016 «YTunusaumsa n obesspexvBaHne 0TXo408B
(kpome 0be3BpexmBaHUs TEPMUYECKMM CrocoBoM (CxuraHme
0TX0A08B)» [22]

UTC 17-2016 «Pa3meLyeHre 0TX040B NPOM3BOACTBA U
notpebnenusay» [23]

Ouunctka BbibpocoB
3arpAsHSIOLLMX BELLECTB

UTC 22-2016 «OumncTka BbIBPOCOB BpeaHbIX (3arpsa3HAOLLmX)
BELLECTB B aTMOC(HEPHBIA BO3AYX NPU NPOU3BOACTBE
npoaykuMu (TOBapoB), a Takoke Npy NpoBeseHnn paboT 1
OKa3aHWW yCnyr Ha KpYMNHbIX Npeanpuatnaxy [24]

MpownssoacTBEHHDLIN
3KONOTMYECKNNA KOHTPOSb

UTC 22.1-2016 «O6Lme npuHLMNbI NPOM3BOACTBEHHOMO
3KONOMMYECKOro KOHTPOIS U €r0 METPOJIOTMYECKOrO
obecnevenunsny [25]

npOMbILIJJ'IeHHbIe
CNCTEMDBI OXnaxxaeHna

NTC 20-2016 «[MpoMEILLNEHHbIE CUCTEMBI OXNaXAeHNa» [26]

[obBblya, pasgenerHve n
naBneyveHme HedpTaHOro
(nonyTHOro) rasa

NTC 28-2017 «obblMa HedbTh»

[oGblva 1 noaroToBka
NPWPOLHOro rasa

NTC 29-2017 «[Jobbl4a npupoaHOro rasa»

MpounaeoacTeo
HedTENPOAYKTOB B
npouecce nepepaboTku
HedTM 1 KoHAEeHcaTa

NTC 30-2017 «lMepepaboTka HehTUY

[Mpon3BOACTBO SHEPrn

NTC 38-2017 «Cxuranmne Tonnmea Ha KpyrHbIX YCTaHOBKax B
Liensx Npov3BOACTBa SHEPTMN»

XpaHeHue n NTC 46-2017 «CokpalieHre BbIOPOCOB 3arpsa3HSIIOLLNX

cKnagupoBaHve BELLECTB, COPOCOB 3arpA3HAIOLLMX BELLECTB NPU XPaHEHUN U
cknagmpoBaHun TOBapoB (rpy3oB)»

OHeproadheKTMBHOCTL WTC 48-2017 «[MoBbiweHne aHepreTnyeckon aheKTMBHOCTU

NPV OCYLLECTBNEHNN XO3ANCTBEHHON N (MNK) MHOM
LesTenbHOCTU»
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TepMuHbI U onpeaeneHus

[a30BbIN 6€H3UH — XUaKas yrneBoAopoOaHasi CMECh, NMonyvaemasi nyteM nepepaboTku
rasa (NpMPOAHOrO WNKM MOMYTHOrO) M rasoBOro KOHAEHcaTa, CocToswas U3 npeaenbHbIX
yrnesogopoaos Cs—Ces C npymecamn yrneBoAOPOAHbIX U HEYrNeBOAOPOAHBIX KOMMOHEHTOB
[31].

Fenun — ogHoOaTOMHBLIA MHEPTHBIN ra3 6e3 uBeTa, BKyca W 3anaxa. [enuii — BTopon
3MEMEHT B NEPUOANYECKON cucTeme xuMmudecknx anemeHToB [.U. MeHpeneesa ¢ aToMHbIM
HoMmepoM 2 u obosHadeHnem He. lenuii HETOKCUYEH, Heroprod, nerok (NnOoTHOCTb NpuU
HOpMarbHbIX ycrnosusix coctaenseT 0,1786 kr/m3), obnagaer camon HA3KON TemnepaTypon
KMNeHus mpyn atmocdepHom aasrnieHun (—268,9°C), ouyeHb BbLICOKOA TEMMonpoOBOAHOCTHLIO.
N3oton remms — renuin-4 obnagaeT HU3KOM BA3KOCTbIO WM CBepxTekydyecToto. [lo
pacnpoCTpaHEeHHOCTU renvi 3aHUMaeT BTOPOE MECTO B MMpe Berea 3a Bogopoaom[149].

FenueBbIN KOHUEHTpPAT — ra3oBasi CMecb, cogepxallan He meHee 80 % 06. renva u
He Goree 20 % 06. asoTa, nonyyaemas K3 renuucogepXallero npupoaHOro rasa,
npegcraensiowas cobom ceipbe ANsi NPOM3BOACTBA CKaToro razoobpasHoro renua [31].

Xnokmm renuMnm — CXKWKEHHbIA ras, nonydaemMbii M3 rasoobpasHoro renus
KOHLEHTpaumen He meHee 99,9900 % o6 [31].
KoHpeHcar ra3oBbiM HeCTabunbHbLIM — Tra3oBblA KOHAEHCAT, CoaepXawvi B

pacTBOpEeHHOM BUAE rasoobpasHble YrneBoopobl, HaMpaBnsembln Ha nepepadboTky ¢ uensto
OYMCTKM OT MpuMecer U BbigeneHns yrnesogopopoB C1-Cs4, oTBeuqaowmi TpeGoBaHUAM
COOTBETCTBYHOLLENO HOPMAaTUBHOIO AloKymMeHTa [31].

KoHpeHcaT rasoBblii CTaOMNbLHBLIA — Ta30Bbll KOHAEHCAT, MONyYaembin MnyTem
OYMCTKM HEeCTabunbHOro ra3oBOro KOHAEHcaTa OT NPUMECEN U BbIAENEHUS U3 HETO
yrnesogopogoB C1-C4, oTBeuvaromn TpeboBaHWAM COOTBETCTBYIOLLENO HOPMAaTUBHOMO
AokymeHTa [31].

HecTabunbHbIlN ra3oBbii 6€H3UH (ra3oBbii 6eH3MH HecTabuIbHbIN) — ra3oBbIi
OeHavH, AaBneHne HacbkILLEeHHbIX NapoB nNo Pengy koToporo Boiwwe 66,7 kla B neTHWN nepuoa
1 Bbiwe 93,3 klMa B aumHui nepuog [31].

MNpupoaHbIN ras, ras roproYMn NPUPOAHbLINA (€CTeCTBEHHbIN) — 3TO rasoobpasHas
CMECb, COCTOSALLAs U3 MeTaHa (KOTOPbIN ABNSETCH OCHOBHLIM KOMMOHEHTOM NPUPOAHOIO rasa)
n OGonee TAXKEnbIX YrNEBOLOPOAOB, a30Ta, [AMOKCUAA VYINEepoaa, BOASHbLIX Napos,
CepocogepXalimMx COEfVHEHUIN, WMHEPTHBIX ras3oB (Taike OOLIYHO COAEPKUT CneaoBble
KOnmM4ecTBa Apyrux KOMnoHeHToB) [31].

MNonyTHbIN ra3, nONyTHbI HedTAHOM ra3 - OT0 rasoobpasHad CMmecb
YrMEeBOAOPOAHBIX U HEYrNMEBOZOPOLHBIX KOMMOHEHTOB, A0ObIBaeMasi COBMECTHO C HedTbIO
JYepe3 HedTSAHblE CKBaXKMHbI U BbIAENSIOWAACS M3 HedTM B MpoLecce ee MPOMbICTIOBOWA
noarotoBku [32].

CxaTtbI rasoobpasHbiil renun — ras, coaepxawmn He meHee 99,99 % 06. renus,
nony4yaembln npun nepepaboTke renMnCcoaepXaLlero NPUPOLHOro rasa, Haxo4sLWMACA npu
130bITOYHOM faeneHum [31].

CXWXKEeHHbIe YrneBOAOPOAHbIe TFasbl — CXKWKEHHblE YrNeBOAOPOAHbIE CMeCU
nponaHa, 6yTaHOB M C MPUMECAMMW YIMEBOLOPOSHbLIX U HEYrNEBOJOPOAHbIX KOMMOHEHTOR,
nonyyaemele nytem nepepabotkn npupogHoro rasa u [MHI, npyMeHsemble B kadecTBe
MOTOPHOrO  TOMMWBA, CbipbA ANA  HedTEXUMUWM, ANS  KOMMYHarbHO-ObITOBOrO 1
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NpOMbILLNEHHOrO  noTpebnenns,  oTBevatowme  TpeboBaHMAM  COOTBETCTBYHOLLErD
HOPMaTMBHOIO AOKYMEHTA.

CT1abunbHbIN ra3oBbi 6eH3UH (ra3oBbil 6eH3UH CTabUNbHbIN) — rasoBbIi GEH3WH,
JaBneHve HacblIWeHHbIX Napos no Peray koToporo Hmke 66,7 klla B NETHUI Nepuoa 1 Hbke
93,3 kMa B 3umHMIA nepuog, [31].

Cyxoi ra3 OTOEH3MHEHHbIN — TOBapHLIA ras, MOCTaBMAEMbIA B MaructpanbHble
rasonpoBoAbl NOCHEe YyCTaHOBOK MOArOTOBKW M COOTBETCTBYHOLLMA TpeboBaHnam notpedbutens
unu onpeaeneHHon HOPMAaTMBHOW AOKyMEHTaUMK, B TOM YUCIE MO PernamMeHTUpOBaHHbIM
3HaYeHUsAM TOYKM POChl MO BoAE 1 yrnesoaopofam [32].

TexHuueckan rasoBas cepa — cepa, norny4aemas m3 kimcnoro rasa [31].

TexHuueckuin yrnepop, — AUCMEPCHLIN yriepos, MoNy4aembell Mpyv  HEMnorHoOM
CropaHnn Unu TEPMUYECKOM passioxkeHun yrnesogoponos [31].

LWnpokasa dpakumsa nerkux yrrneBogopoaoB — YrieBoAOpOLHAsA CMECh, COCTOALLAs
13 nponaHa, ByTaHOB 1 NEHTaHOB C NPUMECSIMM MeTaHa, dTaHa, rekcaHa u bonee TaKenbix
KOMMOHEHTOB, nony4yaemMasi B npouecce nepepatdoTkum MNHIM, npupogHoro rasa, HecTabunnsHoro
rasoBoro KoHgeHcara n ctabunusauum HedpTu [31].

OrtaHoBasa dpakumsa (npupoaHoro rasa) — rasoobpasHas yrneBofOpOAHas CMECH,
coaepxallas He MeHee 60 % Macc. 3TaHa, nony4YaemMasi Ha yCTaHOBKax HU3KOTeMMepaTypHON
KoHAeHcauum 1 pektudmkauum [31].
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O603Ha4YeHUs1 U COKpaLeHUsA

ABO — annapar Bo3ayLLHOro OXnaxaeHust rasa;

AOK — abcopBLpmoHHO-0TNapHasi KONOHHE;

AOI — azeoTponHas ocyLlKa nponaxa;

ATP — A31aTcko-THXOOKEAHCKUIA PETUOH;

BMK — 6n104HO-MOAYNBHBIN KOMMEKC;

BCK — 6rnok cTabunmsauyum KoHaeHeaTa;

BT — 6yTaH TexHu4eckui;

BHJ — BHYTpeHHSAs HOpMa JOXOAHOCTY;

T — ras roptounii NpUPOAHLIN;

'3 — renveBbIf 3aBOL;

M3 — razonepepabaTbiBatoLmi 3aBO;

TN — rasonepepabarbiBaroLlee NnpeanpusTune,;

FCM — roptoye-cmasouHble matepuansl;

Y — rasodpakymoHNpyroLLasa yCTaHOBKa;

O3r — ANaTUNEHrNUKONb;

3B — 3arpssHstoLLee BELLECTBO;

3lNK — 3aBog no nepepaboTke KOHAEHcaTa;

3IMKT — 3aBog no NOAroTOBKE KOHAEHCaTa K TPaHCnopTy;

3CK — 3aBog cTabunmsauum koHaeHcara,;

NTC HAOT — nHOPMaLMOHHO-TEXHUYECKUIA CMIPABOYHUK MO HAUMYYLIMM JOCTYNHLIM
TEXHOMNOTMAM;

KBA — kopoTkouuknosas 6esHarpeBHas agcopbums;

KBZ — kopnyc BbICOKOrO AABMEHMS;

KI — kucnble rasbl;

KI'H — koHaeHcaT razoBbi HECTAOUNbHbIN;

KI'C — koHaeHcaT rasoBbI CTabUMbHBIN;

KI'Y — kproreHHo-renveBas ycTaHOBKa;

KUMWA — KOHTPONbHO-N3MEpPSIOLLMIA NPUBOP 1 aBTOMAaTKKE,

KHJ — kopnyC HM3KOro gaBneHus;

KUA — kopoTkouumknoBas agcopbuums;

JNNOC — neTyune opraHn4eckne CoeaAnHEHS,

MI'B — membpaHHble razopacnpegenuTenbHble 610Ku;

MO3A — MoHOAWSTaHONaMWH;

MTP — mMaTepuranbHO-TEXHUYECKME PECYPChI;

HIKM — HedbTerasokoHgeHcaTHOE MECTOPOXKAEHME;

HAOT — Hauny4wasa focTynHas TEXHOMNOrus,

HTA — Hu3koTemnepaTtypHasi abcopbums;

HTK — H13koTemnepaTtypHasi KoHAEHCaLUus,

HTKP — Hn3koTeMnepaTypHas kKoHAeHcaums U pektudurkaums;

HTC — Hu3KkoTemnepaTypHas cenapauus,

HTP — HM13KoTemnepaTypHoOe pasgeneHue,

OKC - obLepoccuiicknii knaccutmkaTop CTaHLapToB;

OC - okpyxatoLlas cpeaa;
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MA — nponaH aBTOMOOUIIbHBIN;

MBA — nponaH-6yTaH aBTOMOBUIBHBIN;

MBT — nponaH-6yTaH TEXHNYECKU;

Mb® — nponan-OyTaHoBas dpakuyms;

[NB/ — NonocTb BbICOKOro AaBneHns;

M — npupoaHbIV ras;

Mr'® — neHTaH-rekcaHoBas pakuums,

M3A — nokasatenb 3arpsasHeHNsa atMocdhepbl;

MHI — nonyTHbIN HETSHON ras;

MH — nonocTb HU3KOro AaBNEHUS;

MT — nponaH TeXHNYECKNIA;

CIMNBT - cmeck nponaH-6yTaH TexHu4eckas;

CB — cTouYHble BOAbI;

CXKY — cuHTETMYECKNE XA KNE YTNEBOLOPOAbI;

COI — cyxom ras 0TOEH3NHEHHBIN;

CY — cuHTETUYECKME YINEeBOAOPOAb;

CYT — CKWXKEHHbIE YrNeBoAOPOLHbIE rasbl;

CTY — cuHTETUYECKME TBEPAbIE YINEBOL0POAbI;
COM — cuctema 3KONorm4eckoro MEHeXKMeHTa;
TOA — petaHaep KOMNPECCOpPHOro arperata (TypboaeTaHaepHbi arperar);
TKA — TypBoKOMMNpEeccopHbIv arperar;

TTP — TemnepaTtypa TO4YKM POCHI;

TOLU — TennoanekTpoueHTpans;

YB — yrneBoaopoabl;

YNl — ynpaeneHne no nepepaboTke rasa;

YMAT — ycTaHoBKa Nony4yeHNs AM3ensHoro Tonnmea;
YCK — ycraHoBKka cTabunmsaunm koHgeHcara;

PKKO — PepepanbHbIn KNaccUUKaLMOHHBIA KaTanor 0TXO40B;
YOO — 4mMCTbI ANCKOHTUPOBAHHbIA [OXOL;

LUDJTY — wmpokasa dppakums nerkmx yrnesoiopoa0B.
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Pasgen 1. O6was nHpopmayma o COCTOAHUM U pa3BuUTUM nepepaboTkn
NPUPOAHOTro U NONyTHOTO rasa B Poccuiickoin depgepauynn

Moa nepepaboOTKOW MPUPOAHOTO WM MNONYTHOTO HEQTHAHOrO rasa noHuMaeTcs
COBOKYMHOCTb  TEXHO/IOTUYECKMX  NPOLLECCOB  (OU3NYECKOro,  (PU3UKO-XMMUYECKOTO ¥”
XMMUYeckoro npeobpasoBaHnsa NPUPOLHOro rasa u BCEX KOMMOHEHTOB MOMYTHOrO HeYTAHOro
rasa B MpoAayKTbl nepepaboTkn (uenesble NpoaykTbl) (cornacHo MOCT P 53521 [31] wn
FOCT P 54973 [32]).

OcHoBy MHI cocTaBNsOT pacTBOPeHHbIe B HE(ITWU B M/1ACTOBbIX YC/IOBUSAX ra3oBble
KOMMOHEHTHI.

B coctaB npuMpoAHOro rasa ras3oKOHAEHCATHbIX WU HedTerasokoHAeHCaTHbIX
MECTOPOXAEHUA BXOAAT 3HAYMTENlbHble O06BbEMbl XWAKUX YrN1eBOLOPOLOB  LUMPOKOro
hpakumnoHHoro coctasa (c Temnepartypamu kunexums fo 500 -600°C u Bblle), pacTBOPEHHbIE
B rasoBOil (pase B MNacTOBbIX YCMOBMSX W BblAensolMecs M3 Hee B BUAE ra30BOro
KOHAgeHcaTa npu NPoMbIC/IOBOW NOArOTOBKE A06bIBAEMOrO Chipbs. Mpouecchl NPOMbIC/I0BOWA
NMOArOTOBKM MNPUPOAHOIO rasa ra30KOHAEHCATHbIX MEeCTOPOXAEHWUI 1 nocneayoLei
nepepaboTkn BblAENEHHbIX NOTOKOB rasa 1 rasoBoro KoHfeHcarta COCTaB/IAT COBOKYMNHOCTb
TEXHOJI0rMYECKMX NPOLLECCOB rasonepepaboTkun (nepepaboTky NPUPOLHOro rasa).

11 Tekyllee cocTosiHMe nepepaboTkM NPUPOAHOTO U MNOMNYTHOrO rasa
Poccuniickoin depepaummn

O6bem nepepaboTkn rasa (nprpogHoro 1 nonytHoro) B 2015 r. coctasun 71,6 mnpg m3
(pucyHok 1.1) [33], npnyem gons MHI B 06wem o6beme nepepaboTkn NOCTOSAHHO pacTeT.

CTpyKTypa nepepaboTku rasa, Mipa Ky6. M

- 720 71
g «m 07 N
«.7 «17 . qin 4110/0- --443

3&5. M 1 31K3 2 -
315%.3 o -

2006 2007 2006 2000 2010 2011 2012 2013 2014 2013

PucyHok 1.1 - nHammka o6bemoB nepepaboTku rasa
(aonsa MHI npuBegeHa B npoueHTax Kk obuwemy o6bemy)

KpynHeiiwwmmn  rasonepepabaTbiBalOWMW  KOMNAHUSAMM  HA  TeKyLWiA  MOMEHT
ssnsTca: no NepepaboTke npupogHoro rasa - pynna Masnpom (96,3 % oT nepepaboTku
npupoaHoro rasa B P®); no nepepabotke MHI - Cubyp-XonauHr (56,2 % oT nepepaboTkm
MHI B P®).

CBefileHUss 0 KONMMYecTBe [eNCTBYHOLWUX rasonepepabdartbiBalOWmMX MPeanpusaTuii, ux
reorpacmyeckoM pacnosioXeHnn, TEXHONIOTMYECKUX NokasaTensax npusegeHsl B Tabnuue 1.1



Tabnuuya 1.1 — JencTayrowme npeanpusTma nepepaboTku rasa 1 rasoBoro koHaeHcarta

Foa MPOEKTHas MOLLHOCTE ®dakTuyeckas nepepaborka 3a 2015r.
Ne HaumeHoBaHune rasosbii
BBOAA no CbipbHo nr MHr KOHEHCaT
1 2 3 4 5 6 7
lOxHbIn 1 CeBepo-Kaskasckuin GegeparnbHbl OKpyr
ActpaxaHckui M3 N 3
T | 1AO «Tasnpow» 1986 12 mnpa m*/ron 10,25 MnipA M - 3,5MIH T
2 KOPOGKOBCK,VM rma 1966 450 MnH m%/roa, 9,9 MnH m® 4243 mnH m® -
NAQ «Jlykonn»
Cesepo-3anagHbivi PegepanbHbii OKpyr
CocHoropckuii M3 3 3 3
3 MAO «Taanpom» 1964 3 mnpa m°/rog 2182,1 MIAH M 42,0 MIH M -
YeuHekuia M3 5 5
4 MAO «Tlykoiin» 1980 504 mnH M°/rog 240,4 MIH M - -
[anbHeBoCTOUHbIN DepepanbHbIf OKpyr
Axyrckun M3
5 | AO «CaxatpaHcHedTeras» 1999 0,63 mnpa m*rop 782 mnH m? - -
Cubupckuii degepanbHblii OKpyr
Boctokrasnpom 5 3 R
7 Fpynna Fasnpom 2003 - 929,2 MINH M 1136,8 MIH M
Ypanbckuin DefepanbHblii OKpyr
Cyprytckuin 3CK
8 | nAO «rasnpomn» 1986 12 mnn /rop - - 8,49 MnH T
Ypenrownckuin 3NKT
% | NAO «Tasnpom» 2001 13,6 mnH T/rog - - 10,06 MnH T
Myposckun 3MK
10 | OAO «HosaTak» 2005 11 mnH T/rog - - 4,86 MnH T
Jlokocosckuid MK 5 3
11 MAO «lyKoiin» 1983 2,3 mnpg, M¥rog - 1,898 mripg m

210205 21U



Tpodomxerue mabnuusi 1.1

®dakTn4yeckan nepepaborka 3a 2015r.

Ne HaumeHoBaHue lon MpoekrHas _
B BBOJA | MOLHOCTb MO ChIPbIO nr MHr ra3oBbIi
KOHAEHcaT
1 2 3 4 5 6 7
BenosepHbin M3 5 ;
2 1 nao «Cubyp XonauHr» 1880 4,63 mnpa M*/rog - 4,796 Mnpa M .
[y6kuHckui M3 . ;
% | nao «CuByp XonauHr» 1988 2,628 mnpa m°/ron - 1,875 mnpa m -
HwxHesapToBckun M3 s ;
14 MAO «CuByp XonamHm» 1974 6,214 mnpa m°/rog - 5,897 mnpg m -
MypasneHkosckui M3 5 ;
15 MAO «Cubyp XonamHr» 1988 1,314 mnpg m°/rog - 1,107 mnpg m -
HsiraHbrasnepepabotka 5 ;
% | nao «CUBYp XOnauHr» 1987 2,52 mnpa m*rog - 1,779 mnpg ™ _
lOxHoGanbIkckuiA M3
" | nao «Cubyp XonauHr» 1978 2,93 mnipa, m3/roa - 3,213 mnpa m3 -
BeiHranyposckui M3
18 MAO «Cyp XonamHr» 1990 2,77 mnipa m3/roa - 2,445 mnpa M3 -
CypryTtckoe YN
9 OAO «CypryTHedreras» 1980 7,28 Mnpa m3/ro - 6,235 Mrpa M3 -
tOskHO-Mpuobekuii M3
20 MAO «Cubyp XonguHry 2015 0,9 mnpa m3/rog - 609 MnH M3 -
+pynna asnpom
MpuBomkckuii eaepanbHblil OKpYr
TynmasuHckoe MM B ;
2 MAO AHK «BawHedTb» 1956 365 mnH m/rop - 27,86 MH M -
LLikanosckoe MMM B ;
22 MAO AHK «BaluHedTb» 1959 250 mnn m/rop, - 80,9 MnH M -
o3 | Hedreroperuii N3 1967 680 MnH m/ron ) 410.2 M .

MNMAO «HK «PocHedTb»

210206 O1M
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lpodomkerHue mabnuuysi 1.1

®dakTuyeckasn nepepabortka 3a 2015r.

Ne HaumeHoBaHne lon MpoexrHas rasoBbIi
B BBOAA | MOLHOCTb MO CbIPbIO nr MHr
KOHAeHcaT
1 2 3 4 5 6 7
OtpagHeHckui M3 3 } 3 )
24 MAO «HK «PocHedTb» 1962 360 mnH M°/rog 2571 MAH M
OpeHbyprekun M3 40 mnpa m3/rog v 5 )
25 MAO «lasnpom» 1974 6,2 MnH T/roa, 25,014 mnpa m 1,73 Mk T
OpeHbyprekuin '3 5 3 ) )
26 MAO «Tasnpom» 1978 15 mnpa m¥rog 15 Mnpa m
TTYKOWI-— 1,46 mnpg m¥/roa n
27 | MepmHedTeopremHTes 1969 1 693 fn'?-m N /roA - 1,06 mnpa m® -
MAQ «JTYKOMM» : A
28 | MNAO «TaTHeTb» 1956 0,976 mnpa m°/rog - 820 mnH m® -
29 | Saikurickoe TN 1996 2 mnpa M¥ron 685,8 MAH M 1773,2 MrH WP y

MAQ «HK «PocHedTb»

2102-0S 01U
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1.2 MNepcnekTuBbLI pasBUTUSI nepepadboTkM NPUPOQHOrO U MOMYTHOrO rasa B
Poccuitickon ®enepauumn

MepcnekTuBbl pa3BuTUsa NepepaboTku NPUPOAHOTO M NONYTHOrO rasa 6asmpyotca Ha
MOBbILUEHUN CTENEHN U3BIEYEHUS LIEHHBIX KOMMOHEHTOB, COAEPXKALUMXCA B NPUPOLHOM rase,
4TO, B CBOIO ovepenb, ByaeT cnocobcTBOBaTL Pa3BUTUIO AEMCTBYIOWMX U CO34aHUI0 HOBbIX
rasoxXMMUYECKUX NMPOU3BOLCTB.

B pesynbTare yrnybneHusi nepepaboTku rasa opraHM3yeTcs BbinyCk TOBaPHOM NPOAYKLMN,
BOCTPeBbOBaHHOW KaK BHYTPEHHUM, TaK M BHELUHAM PbIHKaMW; CO34aloOTCA Npeanocbuiky Ans
passuTs B Poccum npogyKumm C BLICOKMMU MOTPEOUTENLCKMMM CBOWCTBAMU, CHUKAETCH
3aBMCMMOCTL Poccnn oT 3apybeHbIX MOCTaBOK NONMMEPHON NPOAYKLWN.

PasButne nepepaboTkM CBS3aHO C MOAEPHU3aUMEN OENCTBYIOLMX MOLLHOCTEN C
Lenbio MOBbLILLEHUS Ka4ecTBa M acCoOpTUMEHTA BbINyCKaeMoOM NpoaykuuKn, ¢ peanusauymnen
HOBbIX MPOEKTOB C WUCMOJSIb30BAHWEM OCBOEHHbIX TEXHOMOMMN nepepaboTku Ao0ObIBaEMOro
YyrneBOAOPOAHOrO Chipbsi (BKIOYas yBenuueHune rrybuHbl nepepaboTkn sTaHcoaepamx
rasos). Beoa AomonHUTENbHLIX MOLLHOCTEN No nepepaboTke yrneBoaopoaHOro Chipbsa
HanpaeneH Ha YAOBMETBOPEHWE TOMMMBHBLIX U HedTEXUMUYECKMX NOTpebHocTen PO un
GnmanexaLimx pbIHKOB.

MepcnekTnBHOE pasBuTHE rasonepepadaTbiBaroLLmMX NPON3BOACTB CBA3AHO:

1) c¢yBenuyeHnem Jonu fobblum STaHCOAEPXKALLEro rasa v Xuakux yrnesoa0poaos B
TPaaULMOHHBIX perMoHax razofobbiuu;

2) ¢ addeKTMBHBIM 1 paLmMoOHarbHbIM UCMOSb30BAHMEM PECYPCOB 3TaHa NpUPOAHOro
rasa wu Apyrmx nerkvx yrnesogopopHbix dpakumn (C3—-Cs4) € uenbio npov3BoacTsa
rasoxXMMUYECKON NPOAYKLMM C BbICOKOM J0BaBNEHHOW CTOMMOCTLIO,

3) C pasBuUTUEM HOBbIX LIEHTPOB rasonepepaboTky U ra3oxummu, B TOM Yncne Ha 6ase
MecTopoxaeHuin BoctouHo Cubnpu n JaneHero BocToka, Bkntovasi U3BMNeYeHMe, xpaHeHue
W TPaHCMopT renus;

4) ¢ paspaboTkoh M BHeapeHneM 3MMEKTUBHBIX TEXHOMOrMA NPOU3BOACTBA
BbICOKONMUKBUAHOW NPOAYKLMM, BOCTpeboBaHHON Kak Ha BHYTPEHHEM, TaK U BHELUHWX PbIHKaX;

5) ¢ paspaboTkoM W BHeApeHueM 3PdEKTMBHBIX TEXHOMOTMA  NPOM3BOACTBA
CUHTETUYECKUX XXUAKUX yrreeogopoaos (CXKY), HanpaBneHHbIX Ha peLueHne Npobnem ocsoeHus
MarnbiX, BblpaboTaHHbIX M yAaneHHbIX OT ra3oTPaHCNOPTHOM CUCTEMbl TPYAHOAOCTYMHbBIX
MECTOPOXAEHWUA, W  ONTUMU3ALMM  MOMMCTUYECKUX CXEeM [OCTaBKU  3HEeproHocuTenen
notpebutensm;

6) c noBbilEHNEM 3P PEKTMBHOCTU NepepaboTkn cepocoaepKallmx rasos;

7) CO CTPOUTENBLCTBOM HOBBLIX U PEKOHCTPYKUME/MOAEPHM3AUMEN CYLLECTBYHOLLMX
NpOou3BOACTE 0NeMHOB, NMONIMMEPOB 1 METaHONZA,;

8) pas3BuTME HOBLIX LIEHTPOB rasonepepaboTky U rasoxmummun, B TOM yucne Ha Base
MecTopoxaeHu BocrouHon Cubupn u lansHero Bocroka TpebyerT:

— cOo3haHusi HOBbIX TEXHONorMi nepepaboTku MPUPOJHOrO rasa C  BbICOKUM
copepXxaHeM renus 1 asoTa, a Takke CUCTEM OUMUCTKU U CKUKEHUS renus;

— CO31aHUS1 HOBbIX KOHKYPEHTOCMOCOOHBIX ra3oXMMUYECKUX MPOM3BOACTB BbICOKON
€OWHUYHOW MOLLIHOCTM;

— CO3f4aHNs CUCTEM TPAHCMOPTUPOBKUN 1 XPaHEHMWS renust, NPoayKummK rasonepepaboTtku
1 rasoxvmuu,

11
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— pacLlMpeHnst CyLIECTBYIOLLMX CUCTEM cOblTa rOTOBOM MNPOAYKUMW, B TOM uucne
aKcrnopTa B cTpaHbl ATP.

[nsa BHegpeHus addeKTUBHBIX TexHonormn nponssoacTea CXKY Heobxoaumo:

— paspaboraTb TEXHONOrM NPON3BOACTBA HOBbLIX KaTanusaTopoB Ans cuHTesa CXKY;

— paspaboTatb TEXHOMOTMYECKME PeleHVs ANS  MOAEPHU3aLUM  KOHCTPYKLIMA
peakTopHbIX 6510KOB C LIeNbH NOBLILLEHMS X 3HEProathPEKTUBHOCTA U €4UHUYHON MOLLHOCTU
no nepepabarbiBaeMOMy ChbIPbIO 1 NONyYaeMbiM NPOAYKTaM;

— oTpaboTaTb TEXHOMOMMW BblAENEHNS BOAOPOAA B XOAE MPOV3BOACTBA NPOAYKTOB
CUHTE3a.

MosbiweHuio  acpdpekTnBHOCTM nepepaboTkn cepocoaepkawmx rasos  6yayT
cnoco6cTeoBaTh:

— paspaboTka, OCBOEHWE W BHEAPEHWE TexHonorMin aobblbm UM nepepaboTku
CepoBOAOPOACOAEPKALLMX Ta30B C MPOW3BOACTBOM LUMPOKOrO  CriekTpa NpogyKumu
(BOZOpPOLE, CEPHOW KMCMOThI, YAOOPEHWI, KOPMOBBLIX 6eMKOB 1 T.4.);

— OCBOEHME W BHEPEHME TEXHONOTMMA MO MWCMONb3OBaHWIO Cepbl B MPOM3BOACTBE
LOPOXHO-CTPOUTENBHBIX MaTepUarnos;

— OCBOEHME anbTepHaTUBHLIX HanpPaBneHUA NCNONb30BaHUS Cepbl.

MporHozmpyembin poct obbemoB fobblbM U NepepaboTkn yrneBoAOPOLOB CBA3aH C
OCBOEHMEM LLENbMOBLIX MECTOPOXAEHUNA aPKTUHECKUX MOPEN, MECTOPOXAEHNI NONyOCTPOBa
Aman, mecropoxaeHuin HagbiM-Typ-Tasosckoro pernoHa, BoctouHont Cubupn n OanbHero
BocToka. BBoj HOBbIX MOLLHOCTEA Ha LEWCTBYHOLMX MnepepabaTbiBatoymx NpeanpuaTusx
HanpaeneH Ha noBbiWeHne rnybuHbl nepepaboTkn yrneBOAOPOAHOrO ChiPbS W KadecTsa
TOBEPHON MPOAYKUMKW, & Takke Ha Y[OBNETBOPEHWE TOMIMBHBLIX W HEPTEXMMUYECKNX
notpebHoctert PP n Gnvanexawmx pobiHkoB. OxugaemMbiii BBOg MollHocTen k 2035 rogy no
nepepaboTke rasa coctaBut 86,5 mnpa M3, no nepepaboTke XUAKWX Yrresoaopoaos —
12 MRH T

1.3 OcHOBHbIE BUAbI NPOAYKUUN

B HacTosilee BpemMs OCHOBHbIMW Buaamu npoaykummn M3 Poccunckon depepaumu
ABNSAKOTCA TMPUPOAHBIA a3, NOAABaEMbIA B ra3oTPaHCMOPTHYO CUCTEMY, CKWKEHHbIE
yrnesogopogHble rasel (CYT), wunpokas dppakuma nerkmx yrnesopopogos (LLUPNY), staHosas
dpakums, cTabuneHbI KOHAEHCAT, NPOAYKTLI ero nepepaboTtku u Ap. [34].

B 2015 r. Ha M3 Poccuiickon depepaumm 6bi1ro nponssegeHo 58742,0 mnH m3 cyxoro
rasa; 710,8 Tbic. T aTaHa, 4740,3 Teic. T CYI, 10868,2 Thic. T LLUDJTY, 996,5 ThIC. T cTAbUNBHOrO
6eH3nHa, 5157,9 TbiC. T cepbl [33].

1.3.1 Cyxo# ras (cyxom ra3 OT6eH3UHEHHbIN)
CyxoW ra3, nocraensiemMbii U TPaHCNOPTUPYEMBIV MO MarucTpanbHbIM ra3onpoeogam,
LOMKeH coaepkaTb MacCoBYIO KOHLEHTpauuto cepoeogopoaa He Gonee 0,007 r/im3, nmets

Temnepatypy Touku pockl (TTP) no Boge npv aaBneHMn B Touke oTbopa Mpobbl HWke
Temneparypsl ra3a B cootsetcteum ¢ CTO Masnpom 089-2010 [35].
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MpupogHbie

roproyne rasbl
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ana  npomMbiwWneHHOro wu KOMMYHaJ'IbHO-6bITOBOI'O

Ha3Ha4YeHUs! AOMKHbI COOTBETCTBOBATL NO (PU3MKO-XUMUYECKMM Mokasatenam TpebosaHnam
FOCT 5542-2014 [36] (Tabnuup! 1.2 — 1.3).

Tabnuvua 1.2 — OU3NKo-XMMNYECKME NoKasaTenu rasa roprodero NPUpPoAHOro, NoCTaBIAEMOoro
N TpaHCNopTUPYyEeMOoro No MarmcTparnbHbIM ra3onposogam

3HayeHue gnA MaKpOKMUMaTU4YeCKNX

6onee

. MeTtop
HanmeHoBaHue nokasarens panoHoB
" — UcnNbITaHUs
yMEpeHHbIN XONnoAHbIN
Mo roCT
1 KOMNOHEHTHbIWN cocTas, Onpegenexve 31371.1[150] -
monsipHas aons, % obasarensHo roct
31371.7[156]
2 TemnepaTypa TOYKW pOCbl MO
sBoge (TTPB) npv abconoTHOM
aasneHun 3,92 MlMa (40,0 Mo 8.2
krc/cm?), °C, He Bble: °S.
— 3UMHUI nepurog, -10,0 -20,0
— NETHWIA nepuog, -10,0 -14,0
3 Temneparypa TO4KM pochbl Mo
yrnesogaopogam (TTPys) npu
abcontoTHOM agasneHum ot 2,5
o . Mo 8.3
4o 7,5 MMa, °C, He BblLLE:
— 3VMHUI NEPUOL, 2,0 -10,0
— NETHWUI Nepuoa -2,0 -5,0
4 MaccoBas KoHUeHTpauua
HenTpay 0,007 Mo 8.4
cepoBogopoza, r/'m°, He 6onee
5 MaccoBsag koHUeHTpauus
mepKanTaHoBoW cepbl, I/'M*, He | 0,016 Mo 8.4
6onee
6 MaccoBas koHUeHTpauna
! HenTpau 0,030 Mo 8.5
obuei cepel, /M3, He Bonee
7 Tennota cropaHnAa HU3LWas Npu 31.80
cTaHaapTHbIX yenosusax, Mhx/m3 ; Mo MOCT 31369[157]
3 (7600)
(kkan/m3), He meHee
Mo FOCT 31371.1-
8 Mo as 10 nonopona. % FOCT 31371.3[150-
AR AonA poAa. ™. 10,020 152], FOCT
31371.6[155],
rOCT 31371.7[156]
9 MorsipHas fonsi AMokcuaa Mo FOCT 31371.1-
PHas AONA ANOKCAR 25 FOCT 31371.7[150-
yrnepoaa, %, He 6onee
156]
excrmmoous npmeceR T, e | 0,00 Mo roCT
P » IV, ’ 22387.4[158]
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lMpodomxeHue mabnuypi 1.2
3HauyeHue AN MaKpPOKNMMaTUYeCKNX
HaumeHoBaHue noka3arens paitoHOB
YMEpEHHbIN XOroAHbIN

MeTopn
NCNbITaHUA

He HopmupyioT,
11 MNOTHOCTb NPU CTAHAAPTHBIX

yCnoBusX, Kr/m3 onpeaeneHuwe Mo 8.6

o0bs3aTenLHO

Mpumevanusa

1 Makpoknumaruyeckue painoHbl onpeaenatot no FOCT 16350 [159].

2 NeTHui nepuoa — ¢ 1 mas no 30 ceHTs0ps. 3umHui nepuoa — ¢ 1 okTaA6pa no 30 anpens. Mepuoabl MOTyT
ObITb M3MEHEHBI MO COrMacoOBaHMIO MEXAY NOCTaBNASIOWEN U MPUHUMAIOLLEN CTOPOHAMM.

3 Ina NI, B KOTOPOM coaepaHue yrnesoaoponos C5+BbiCLl He npesbiwaet 1,0 /M, nokasarens
3 AonyckaeTca He HOpMUPOBATb.

4 Ecnu 3HaueHune no6oro us nokasatenen 4-6, 10 B TeueHue roaa He npessbiwaet 0,001 r/m, To B
JanbHenWweM AaHHbIA nokasatenb OnpefensioT He pexxe 1 pasa B rog no COrmacoBaHUIO MeXay
MOCTaBMNSAOLWEN U NPUHMMAIOLLIEN CTOPOHAMMU.

5 CtaHgapTHble ycrnoBus Ans onpeaeneHus nokasarenen 7 u 11 ykasanol B FOCT 31369 (tabnuuya
P.1[157]). CtanaapTHas TemnepaTtypa npu npusegeHum obvema MM K CTaHfapPTHLIM YCMNOBUAM
pasHa 20,0°C.

6 lMpwu pacuyetax nokasarens 7 npyHumatot 1 kan pasHou 4,1868 k.

7 Ons mecTopoXaeHU U NOA3EMHbIX XpaHWIWLL, BBEAEHHbIX B gencTtune Ao 2000 r., gonyckaerca
npeBbILEHne HOpM nokasaTenen 2, 3, 9 no cornacosaHuio ¢ NAO «Masnpom».

8 [ns marucTpanbHbiX rasonpososos, BBogumMbix ¢ 01.2011 r. pekomeHayeTca yCcTaHaBnueaTh B
cneymanbHbIX TEXHUYECKUX YCNOBUAX HOPMbI ANs nokasatenen TTPg u TTPy, Npy AaBNeHWM B TOUKE
oTt6opa npobbl Ha 5,0°C HKe NPOEKTHOW MUHUMASBHON TEMMNepPaTyphbl rasa B rasonpoBoAeE.

Tabnuya 1.3 — PU3NKo-XMMUYECKUe nokasaTenu rasa roptovero NPUPOAHOro NPOMbILLNEHHOMO
N KOMMYHanbHO-ObITOBOro HasHaYeHus

HanmeHoBaHue nokasarens Hopma MeTtoa ucnbiTaHus
1 2 3

1 KOMMOHEHTHbIM  COCTaB, He HopmupyeTca. Mo MOCT 31371.1 —TOCT

monsipHas gons, % OnpegeneHne obazatensHo 31371.7[150-156]

2 Huswasa tennota cropaHusi 3180

npu CTaHAapTHbIX  YCNOBUS, 7600 Mo 8.2

MIk/m® (kkan/m®), He meHee ( )

3 O6nacte 3HayeHWn uucna

Bo66e (BbICLLIErO) npuv Ot 41,20 po 54,50

CTaHaapTHbIX YCNOBUAX. (OT 9840 1o 13020) Mo rOCT 31369[157]

MIx/m3 (kkan/m3)

4 OtkrnoHeHne uncna Bob6e ot +5 .

HOMMWHAarbHOrO 3HauYeHus, % -

5 Maccosag KOI;IL[eHTpaLWISl 0,020 Mo 8.3

cepoBogopoaa, r/'m°, He 6onee

6 MaccoBaa KoHUeHTpayvs

MepKanTaHOBOW cepbl, /M3, He 0,036 Mo 8.3

6onee
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lNpodomkeHue mabruusi 1.3

HanmeHoBaHue nokasartens Hopma MeToa ucnbiTaHuA
1 2 3
Mo rOCT 31371.1 —ITOCT
7 MonsipHasa fons Kucnopoaa, 0.050 31371.3[150-152] TOCT
%, He Gonee ’ 31371.6. TOCT 31371.7[155-
156]
8 MonspHas pons guokcuga 25 Mo NOCT 31371.1 —OCT

yrnepoaa, %, He 6onee

31371.7 [150-156]

9 TemnepaTtypa TOYKM POCbI NO

Hwxe Temnepatypsl [TT1 B

BOAE NPV LaBMEHUUN B TOYKE Mo 8.4
o Touke otbopa npobbl

oTt6opa npobel, °C

10 Temnepatypa TOYKM pOCHI

no yrnesogopojam npu Hwxe Temnepatyps! ITT1 B Mo 8.5

JaBreHnn B Touke otbopa
npobel, °C

Touke otbopa npobbl

11 MaccoBas kOHUeHTpauus
MeXaHUYeCckux npumecen, rim?,
He Oonee

0,001

Mo FOCT 22387.4[159]

12 MnoTHoCTb npwm

He HopmumpyloT, onpegeneHune

Mo 8.6

CTaHAapPTHBIX YCOBUAX, Kr/m® obs3arensHo
13 UHTeHCuBHOCTL 3anaxa [TT1
npn obvemHonm gone 1 % B 3 Mo rOCT 22387.5[160]

BO3ayxe, 6annbl, He MeHee

MpymeyaHus

1 CtaHpapTHble yCrnoBust ANS NPOBELEHMST U3MEPEHUN M pacyeToB nokasaTtenen 2. 3 u 12 — B
cootBetcTBun ¢ FOCT 31369 (tabnuvuya P.1) [157].

2 MNpwn pacyeTax nokasarenen 2 n 3 npuHumaroT 1 kan paBHou 4,1868 k.

3 B Poccuickon depepaumm CTanHgapTHas Temneparypa npu npueegeHun obvema [ K
CcTaHaapTHbIM ycnosusim pasHa 20°C.

4 MNokasarenu 2-4 pacnpoCTpaHaTCA TONbKO Ha M7, UCNonb3yemMbii B kKa4eCcTBe TOMnuBea.

5 HomuHanbHoe 3Ha4eHne yncna Bob6e ycTtaHaBnuvBaloT B Npeaenax HopMbl nokasarens 3 Ans
OTAEMNbHbIX razopacrnpeaenmTenbHbIX CUCTEM MO COrfacoBaHmWio ¢ noTpedutenem.

6 Ecnu 3HaueHue noboro 13 nokasaTeneit 5, 6, 11 B TedeHne roga He npesbiwaet 0,001 r/m', To B
JanbHerLeM AaHHbIN nokasaTenb ONpefensiioT He pexe OAHOro pasa B roj Mo CornacoBaHuio
MeXJy NOCTaBLUMKOM U noTpebutenem.

7 Mo cornacosaHunto ¢ NoTpebuTenem gonyckaetcsa nogava NI gns aHepreTuyeckmx Lenen ¢ 6onee
BbICOKOM MacCOBOM KOHLEHTpaunen CepoBOAOpOAa M MEpPKaNTaHOBOW Cepbl MO OTAEMbHbLIM
rasonpoBogam.

8 Mo cornacosaHunio ¢ notpebutenem ponyckaetcs nogadqa I ¢ Gonblier MONSAPHOW Jonen
AVoKcMAa yrnepoaa no oTAenbHbIM rasonpoBojam.

9 [Ina MI, B KOTOPOM cofepxaHue yrnesogopoaoB Cs:swew HE NpeBbiwaeT 1,0 r/m3, nokasartens 10
JonyckaeTcs He HOPMMPOBATb.

10 MokasaTens 13 pacnpocTtpaHseTcsa Tonbko Ha M KoMMYHanbHO-6bITOBOrO Ha3HaYeHUS.

11 Ons M NpOMBIWNEHHOrO HasHayeHWa nokasatenb 13 ycTaHaBNMBaKOT MO COrMacoBaHWUIO C
notpeburenem.

12 Temnepartypy NI B Touke otbopa npobbl onpeaensitoT no MOCT 8.586.5[161]. B Poccuiickon
depepayum onpegeneHne temneparypbl NI npoeoaaT Tarke no craHagapty OAO «Masnpom» CTO
rasnpom 5.2-2005[162] nnu npasunam no metponorum MNP 50.2.019-2006[163].
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1.3.2 3t1aH (3TaHOBas dpakuma)

OtaHoBas dpakuma npeactaBnaetT cobol LEHHOe Cbipbe ANA  HeTEXUMUK.
WUcnonbayeTcs ana npou3BoACTBa STWMEHa, M3 KOTOPOro, B CBOK O4epedb, MonyyaroT
3TUNOBLIN CIVPT, MULEPWH, STUNEHMMUKONb, AUXIIOPSTaH, XNOPUCTLIA STUM, NONU3TUNEH U
T.4. [pn panbHenwen nepepaboTke NEPEUUCIEHHBIX BELeCTB MNONy4YaroT  naku,
pacTBOPUTENN, KPACUTENW, MOIOLLME BELLECTBA N APYIYI0 XMMUYECKYHO NMPOAYKLMIO BbICOKON
cTeneHn nepeaena.

Mo puranko-xMuMmMyecknm nokasatensm 3TaHoBas pakynsa A0MKHa COOTBETCTBOBaTL
TpebosaHuam TY 0272-022-00151638-99 [37], npuBeaeHHbIM B Tabnuue B 1.4

Tabnmya 1.4 — OUNKO-XMMUYECKME NOKasaTenu 3TaHOBOM Ppakuum B COOTBETCTBUM C
TY 0272-022-00151638-99 [37]

HaumeHoBaHue nokasarens A Hopma no MapKaMB
1. MaccoBas Aonsi KOMMOHEHTOB, %
MeTaH, He Gonee 2,0 20,0
3TaH, He MeHee 95,0 60,0
nponaH, He bonee 3,0 He HopmupyeTca
cymma yrnesogopoaos C4 u Bbilwe, He 6onee Ore. 2,0
2. Maccosast gons CO-, He 6onee 0,02 He HopmupyeTcs
3. MaccoBaa pons CEpHUCTbIX COEAUHEHUMA B 0,002 0,002
nepecyete Ha cepy, % He bonee
4. Maccosas fons ceposoaopoaa, %, He 6onee 0,002 0,002

1.3.3 CxuKeHHbIe yrneBoAopoaHble rasbl

CYT ncnonbaytoT:

— B KayecTBe arbTEePHaTMBHOIO WCTOYHMKA rasocHabxeHus u rasudukaumm
YAANEHHbIX OT MarucTpanbHbIX rasonpoOBOAOB HACEMNEHHBLIX MYHKTOB WM MPOMbILLNIEHHbBIX
00bEKTOB, @ TawkKe PErvoHOB C OrpaHUYEHHbIMM MW CIMLLKOM LOPOrMMM MECTHbIMM
3HepropecypcaMun (4OCTaBMSOTCA KENe3HOAOPOXKHBIM, aBTOMOBUIbHBIM, PEYHBIM WK
MOPCKMM TPaHCMOPTOM);

— B Ka4eCTBe rasaoMOTOPHOro TOMNNMBa;

—  Ans noTpebneHusi B XUMULLHO-KOMMYHaNsHOM XO35INCTBE;

— B HEPTEXMMWNYECKON MPOMBILLNEHHOCTM B KQ4ECTBE ChIPbS U Ap.

Mapku cxuxeHHbIx rasos no FOCT P 52087-2003 [38] npueedeHsl B Tabnvue 1.5.

Tabnuvua 1.5 — Mapku CKWKEHHbBIX ra3oB

Mapka HanmeHoBaHue
nTt MponaH TexHUYeCcKnin
MA MponaH aBTOMOGUNBHBIN
MNBA MponaH-6yTaH aBTOMOGUIIBHBIN
MNneT MponaH-6yTaH TexHU4ecku
BT ByTaH TexHu4eckumn
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Mo dpunanko-xmmmdeckm nokasarensam CYI fomkHbl COOTBETCTBOBATL TpeboBaHMAM,
ykasaHHbIM B Tabnuue 1.6.

Tabnuuya 1.6 — Tpeboearus k mapkam CYI

Hopma gnsa mapku
NT | NA | NBA | NBT | BT

HaunmeHoBaHue nokasarens MeToa ucnbiTaHus

1 MaccoBas fonst KOMMOHEHTOB, %: Mo FOCT 10679-76 [39]
CyMMa MeTaHa, ataHa un He HODMUDVETCS
aTuneHa PPy
CyMMma nponaHa v nponuneHa, 75 _ _ He
He MeHee HOpMUpYeTCS
B TOM YuCIre nponaHa — |85+10|50+10 - -
cymma 6yTaHoB 1 6yTUNEHOB: He HopmupyeTcs - -
He BGonee - - - 60 -
He MeHee - - - - 60

CyMMa HenpeaenbHbIX
yrneBogopoaoB, He 6ornee

2 O6bemMHasn Jons XULKOro ocrarka
npu 20°C, %, He Bonee

- 6 6 - -

07| 07 1,6 1,6 1,8

3 [laBneHune HacbIWEHHbIX Napos Mo FOCT P 50994-
n3bbiTouHoe, Mla, npu 96 [40] unu
Temneparype: FOCT 28656-90 [41]
nnoc 45°C, He Gonee 16
MuHyc 20°C, He meHee 0,16 - 0,07 - -
MUHyc 30°C, He MmeHee - 0,07 - - -
4 MaccoBas ponsa ceposojopoaa n Mo TOCT 22985-90 [42]

MepkanTaHoBou cepbl, %, He 6onee | 0,013 | 0,01 | 0,01 | 0,013 | 0,013 |unu

FOCT P 50802-95 [43]
B TOM YMCMe CEPOBOAOPOAA, HE Mo TOCT 22985-90 [42]
Oonee 0,003 unm

FOCT P 50802-95 [43]

5 CopepxaHne cBoGoaHOM BOAbI U

OtcytctBre
Leno4u
6 MIHTeHCUBHOCTb 3anaxa, bannsl, 3 Mo MOCT 22387.5-
He MeHee 2014 [44]
MpumeyaHus

1 [onyckaeTcsi He onpeaensiTb MHTEHCUBHOCTL 3anaxa npuv MaccoBOW A0MNe MepkanTaHoBOW Cepbl B
CXKWXKEHHbIX rasax mapok MT, MNBT un BT 0,002 % wn 6onee, a mapok MA n MNMBA — 0,001 % v 6onee.
Mpu maccoBow Jone MepKkanTaHOBOW CEPbl MEHEE yKa3aHHbIX 3Ha4YEHWUI UMW MHTEHCUBHOCTYM 3anaxa
MeHee 3 6annoB CXUKEHHbIE rasbl AOMKHbI ObITb 040PUPOBaHbI B YyCTAaHOBMNEHHOM MOPSIAKE.

2 Mpu Temnepartypax MuHyc 20°C n muHyc 30°C gaBneHue HacbILEHHbIX NapoB CXMKEHHbIX ra3oB
onpeaensitoT TOMbKO B 3UMHUWI NEpPUOS,.

3 MNpn NpUMeHeHUN CxMKEHHbIX ra3oB mapok MNT un MBT B kayecTse TonnMea AnNsS aBTOMOOUNBHOroO
TpaHcnopTa MaccoBasi oM CyMMbl HEMpPeAEnbHbIX YrNEBO0PO0B He A0MKHa npeBbiwaTth 6 %, a
JAaBneHne HacbIWeHHbIX NapoB f,0mKkHO ObiTb He meHee 0,07 MIMa ans mapok MT n MNBT npu
Temneparypax MuHyc 30°C v muHyc 20°C COOTBETCTBEHHO.

K CKUKEHHBbIM yrneBojopOAHbIM ra3am, NOCTaBMAEMbIM Ha SKCMOPT, NpeibABNStOTCS
ocobble TpeboBaHus, Hanpumep, B cooteeTcTBUmn ¢ TOCT P 51104-97 [45] (Tabnuua 1.7).
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Tabnuua 1.7 — [a3bl yrneBoL4opOAHbIE CKMKEHHbIE, MOCTABNAEMbIE HA SKCMOPT

HaumeHoBaHue nokasartenen Hopwma no mapkawm
aT BT cneT

Tennota cropaHus Huswas, MIOx/kr 455 46,5 46,0
Maccosas gonsa KOMNOHEHTOB, %:

— MeTaHa-3TaHa, He 6onee 2,0 - -

— nponana:

— He 6onee - 1,0 -

— HE MEHee 95,0 - 40,0

— CyMMbI OyTaHOB:

— He Gonee 5,0 - 60,0

— HEe MeHee - 98,0 -
B TOM 4ucCne:
— H-OyTaHa, He meHee - 96,0 -
— n3obyTtaHa, He 6onee - 2,0 -
— CYMMBbI HEMpPeAErnbHbIX YINEBOLOPOAOB, He Bonee 2,0 0,1 2,0
6061>eMHa;| Aons xuakoro octaTtka npu 20°C, He OrTcyTcTame 20 20

onee

gssgeewe HacbIWEeHHbIX napos npu 45°C, MMa, He 16 06 16
MaccoBas gons obLien cepbl (ans 0,01 0,005 16
HEeo40pPMPOBaHHOrO rasa), %, He 6onee
McnbiTaHue Ha MefHyto NnacTuHky (Ans Boigepiusaet
Heo40pPUPOBaHHOIO rasa)
MaccoBas aonsa meTtaHona, %, He Gonee 0,005 0,005 0,005
CopepxaHne csob0aHOM BOAbI U LLENOYN OtcyTcTBre

1.3.4 lupokasa c¢pakumsa nerknx yrrneBogoponoB

Mokasatenn kadvectea LWPITY npueeseHbl

B Tabnvue 1.8 B COOTBETCTBUM C

TY 38.101524-2015 [46] (Tarke MoryT BbIb ucronsaosaHbl TY 0272-084-00151638-2011 [47] v ap.).

Tabnuua 1.8 — TexHunyeckme Tpeboeanus k LUDJTY (no TY 38.101524-2015 [46])

Mapku
Mokasarenu

A B
YrneBogopoaHbI coctas, % Mac.:
C+1 + Cy, He Bonee 3 5
Cs, He meHee 15 -
C4 + Cs, He MmeHee 45 40
Cs + BbICLUKNE, HE Oonee 15 30
MaccoBaa ansa metaHona**, %, He bonee 0,15
CogpepxaHne cepoogopoaa, %, He bonee 0,003

CopepxaHne cBo60OAHOM BOAbI U LLENOYM

OtcytctBue. Onpegenexne obssatensHo

BHewHun Bua

BecuBeTHas npo3payHas XuaKoCcTb

** Hopma meTaHona He 6onee 0,15 BecTtynuna B cuny ¢ 01.06.2017 .
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CopepxaHue B LUDITY nerkux YB — meTaHa n ataHa — orpaHuyeHo TpebosaHnsamm no
3HayeHWto oOLWero AaBneHWs HacbIWEHHbIX NapoB ANA  YCNOBUA TPAHCNOPTUPOBKA U
XpaHeHus1 (CBA3aHO C npeaynpexaeHneM obpasoBaHUs rasoBbix NMPOBOK U yMeEHbLUEHNEM
noTepb OT UCNapeHus).

1.3.5 KoHpeHcaT ra3oBbii CTaOUNbHbIN

Mo copepaHno XNOPUCTbIX COMen, cepHUCTbIX coeamHernn KIC nogpasgenstor Ha
rpynnel (Tabnuua 1.9). B ycnosHom 0603HaveHmn KI'C ykasbiBatoT ero rpynny B 3aBUCUMOCTU
OT 3HAYEHWIN KOHLEHTPAaLMM XMOPUCTLIX COMNEN, MacCOBOW LOMNM CEPOBOLOPOAA U METUM— U

STNIIMEepKanTaHOB.

Tabnuua 1.9 — Tpeboeanus k KI'C no FTOCT P 54389-2011 [48]

HaumeHoBaHMe noka3arens

3HaueHue ansa rpynnbi

MeToa ucnbiTaHUA

conew, mr/am®, He Bonee

1 2
1 [aBneHue HacbIWweHHbIX napos, klMa 66,7 (500) Mo MOCT 1756-200 [49],
(Mm pT. CT.), He Bonee FOCT P 52340-

2005 [50]

2 Maccoag aond Bogbl, %, He bonee 0,5 Mo MOCT 2477-65 [51]
3 Maccosasi 40N MexaHN4eCcKkmx 0,05 Mo MOCT 6370-83 [52]
npumecen, %, He Gonee
4 MaccoBas KOHLEHTpauus XIopUCTbIX 100 300 Mo NOCT 21534-76 [53]

5 Maccosas gong cepebl, %

He HopmumpyioT.
Onpeaenexne no
TpebosaHmio noTpebutens

Mo FOCT P 51947-
2002 [54],

FOCT 19121-73 [55]

MepKanTaHoB B cymMme, MnH'(ppm), He
Bonee

6 Maccosasa gons ceposogopoaa, MiH-" 20 100 Mo MOCT P 50802-
(ppm), He Bonee 95 [56]
7 MaccoBasd fonsg MeTun— 1 aTun 40 100 Mo MOCT P 50802-

95 [56]

8 MnotHocTb npu 20°C, kr/m3;

He HopmupytoT.
OnpegeneHne o6sa3aTensHo

Mo FOCT 3900-85 [57]

15°C, kr/m®

He HopmupytoT.
Onpegenexue no
TpeboBaHuo noTpebuTens

Mo FOCT P 51069-
97 [58]

9 BbIxog dpakumn, % fo Temneparypsl, °C:
100, 200, 300, 360

He HopmupyioT.
OnpepenerHne obsasartenbHO

Mo MOCT 2177-99
(meToa B) [59]

10 MaccoBag gong napadwvHa, %

He HopmupytoT.
OnpeaeneHne no
TpeboBaHuio notTpebutens

Mo MOCT 11851-85 [60]
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lNpodomkeHue mabnuubi 1.9

3HayeHue gns rpynnbl
HaumeHoBaHue nokasarens MeTopa ucneiTaHuA
1 2
11 MaccoBas fons xnopopraHuyeckmnx He HopmMmupylIoT. Mo TOCT P 52247-
coeguHeHuin, mnH"(ppm) OnpegeneHne no 2004 [61]
TpeboBaHuio notTpedburens

MpumeyaHus

1 Mo cornacosanuto ¢ notpedutensammn gonyckaercs Bbinyck KIC gaBneHnem HacbILLEHHbIX NapoB
He Gonee 93,3 (700) kMa (MM pT. CT.).

2 [ina opraHusayun, nepepabaTbiBaoLLUX CEPHNCTOE Chipbe U BBEAEHHbBIX B 3kcnnyartauuio go 1990
r., AONYCKAETCH MO COrnMacoBaHuUIo € NOTPEBUTENAMM U TPAHCNOPTHLIMU KOMMNaHUSAMU MPEBbILLEHNE
3HadyeHusa no nokasatento 6 ansa KMC rpynnbl 2 o 300 mnH™'(ppm) 1 no nokasartenio 7 ana Krc
rpynnsl 2 4o 3000 mnH"(ppm).

3 Ecnu xoTs1 6b1 No ogHoMy U3 nokasatenen KI'C oTHocsT k rpynne 2, a no agpyrum — k rpynne 1, 1o
KI'C nprsHatoT cooTBETCTBYIOWMM rpyrnne 2.

4 Tlokasatenun 5-7 onpegensoT no TpeboBaHU nOTpebuTens TOMbKO ANS KOHLEHCAToB C
coAepaHneM CepHUCTbIX COeanHeHn (B nepecyeTte Ha cepy) 6onee 0,01 % maccoBbIX.

1.3.6 M'a3oBbIN 6eH3UH

[a3oBbIl GEH3MH MPUMEHSIETCA B KauecTBe Cbipbsi B HedpTexvmun, Ha 3aBogax
OpraHUYECcKoro CUHTE3a, a Takke A1 KOMMNayHAMPOBaHWS aBTOMOOUITbHOTO BeHanHa (MonyyeHust
GeHavHa ¢ 3agaHHbIMN CBOVCTBaMM NYTEM €r0 CMELUMBaHNS C 4PYrMMn BeH3nHamM).

TpeboBaHus k razaosoMy 6eH3nHy cTabunbHOMY npeacTaeneHsl B Tabnmue 1.10.

Tabnuua 1.10 — TpeboraHus k razoBoMy 6eH3nHy cTabunsHOMy B cooTBeTCTBUMM € TY 0272-
003-00135817-2000 [62]

HanmeHoBaHue Hopma
DpakyUoHHbIN cocTaB 6eH3nHa rasosoro crabunbHoro, °C
* Hayano kunenus, °C, He Huxe 25
* kOHel kuneHus, °C, He Bbllwe 150
* 00bemHasa gons ocrartka B konbde, %, He bonee 1,3
» obbemMHasn gons ocrarka u notepb, %, He Gonee 5,0
CogepxaHue daktudeckmx cmon, mr/100 mn, He 6onee 5,0
[asrneHne HacblWeHHbIX napos, rfa, He 6onee 1390
CopepxaHue Bogbl N MEXaHUYECKUX NPUMECEN OTCYTCTBYET
MaccoBas gonsa obuien cepbl B 6eH3nHe, %, He Gonee 0,1
LisBeT 6eH3nHa 6ecCLBETHbIN, NPO3paYHbIN
MNOoTHOCTL 6eH3nHa rasoBoro CTabunbHOro Npu Temneparype 0.725
15 rpapycos He 6onee, r/cm® '
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Onpegnenenve OUsNKO-XMMUYECKUX U NHBIX XapaKTEPUCTUK ra3oBoro 6eHsuHa n Apyrux
HedTEeNPOAYKTOB MPOBOAST B COOTBETCTBUWU C AENCTBYHOLUMM HOPMAaTMBHO-TEXHNYECKUMU
[OKymeHTamu [63 — 104].

1.3.7 NasoBas cepa

[a30Byl0 Cepy BbINyCKalOT B HECKONBbKUX BUAAEX: XWUAKOM, KOMOBOM, (hOpMOBAHHOM
(YewyunpoBaHHas, rpaHyNMpoBaHHas, MoroTasl cepa).

TexHn4eckasn cepa UCnomnb3yeTcs Ans NPOU3BOACTBA CEPHOW KUCMNOThI, CEPOYrnepoaa,
KpacvTenen, B LeNsono3Ho-0yMaKHOW, TEKCTUNBHOW U APYIUX OTPacnax NPOMbILLNEHHOCTH.

Mo huramKo-XxMMMYECKMM nokasaTensm TexXHMYeckas cepa B 3aBMCUMOCTU OT BuAa U
Ha3Ha4yeHWss [LOMKHa COOTBETCTBOBaTb HopMam W TpebosaHusM FOCT 127.1-93 [105],
CTO lasnpom 040-2008 [106], FOCT P 56249-2014 [1071].

1.3.8 N'enuin

MpakTnyeckn Becb NOTPEONSIEMbIN B MUPE rennii o6bIBatoT 13 MPUPOAHOIo rasa. Muposbie
3anackl renua OLEHMBaKTCA celtvac B 5660 mripg M3 OGbemHoe comepkaHue renus He
npesbiwaeT 3,0 %.

Menuiicogep:KaLlimm NPUPOAHBLIM ra3oM CHATAIOT NPUPOAHBIV a3, KOHLEHTpauus renvs
B KOTOpoM npesbiwaeT 0,05 % ob.

ennin ncnonb3yrT ANA CO34aHMA 3aLMTHOM aTtMocdepbl Npy NNaeke, pe3ke U ceapke
aKTVBHbIX MeTannoB. [a3000pasHbIf rennii CNonNb3yeTcs ANA U3roTOBNEHUS AblXaTerbHbIX
cmecen (npu rnybOKOBOLHOM MOTPYXEHUM BOAONA30B), Kak WHepTHas cpega Ans
TEXHOMOMMYECKNX MPOLIECCOB, B TeYeuckaTensix, B HapyXHOW HEOHOBOW pekname, Ans
3anonHeHWA WapoB 1 gmpvxabnen n T.4.

XapaKkTepucTmKM renusi rasoobpasHoro (cxaroro) npuseaeHsl B Tabnuvue 1.11.

Tabnmua 1.11 — dusnko-xMMUYeckMe nokasarenu renusa rasoobpasHoro (cxkaToro) (no
TY 0271-135-31323949-2005 [108])

Fenuii rasoo6pasHbliii
Mokasarenb

mapka "A" mapka "Bb"
O6vemHas gons renus [Hel*, He meHee 99,9950 % 99,9900 %
O6bemMHas gons Bogopoaa [H), He Bonee 0,0001 % 0,0025 %
O6bemHas gons asota [N2], He Oonee 0,0005 % 0,0020 %
O6vemHas gona Ox+Ar, He Gonee 0,0001 % -
O6vemHas gonsa kucnopoga [Oz], He Bonee - 0,0005 %**
O6bemMHas gons aproHa [Ar], He 6onee - 0,0001 %**
O6bemHas gonsa CO.+CO, He Bonee 0,0002 % 0,0010 %
O6beMHast 4ons YrneBoAopoAoB, He Boree 0,0001 % 0,0005 %
O6bemHas gons HeoHa [Ne], He Gonee 0,0040 % 0,0090 %
O6bemHas aons BOAAHbIX Napos, He 6onee 0,0005 % 0,0020 %
* — 06 beMHan 40NA renusi JaHa B NEpecYeTe Ha CyXoe BELLECTBO,
** — unun cymmapHasi o6bemHas gons Ox+Ar B renum mapku "B", He 6onee 0,0006 %
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XapaKTepucTUKkM renns rasoobpasHoro BbICOKOW YMCTOThI NPeacTaBneHs! B Tabnmue 1.12.

Tabnuua 1.12 — XapakrepucTvka renvs rasaoobpasHoro BbICOKOW YACTOTbI B COOTBETCTBUM C
TY 0271-001-45905715 [109]

HanmeHoBaHue Mapka «50» | mapka «55» | mapka «60» Mapka «70»

He, % He meHee* 99,999 99,9995 99,9999 99,99999
Ne, % He Bonee 0,0005 0,0001 0,000015 0,000001
O2tAr, % He 6onee 0,0001 0,00005 0,000015 0,000001
N2, % He Gonee 0,0002 0,0002 0,000045 0,000005
Hz, % He Gonee 0,00005 0,00003 0,000005 0,0000001
CO2 1 CO, % He boree 0,0001 0,00005 0,00001 0,0000001
MeTtaHa (CH4), % He Gonee 0,00005 0,00002 0,00001 0,0000001
BogsiHbix napos, % He 6onee 0,0005 0,0003 0,0002 0,0001

1.3.9 TexHunueckum yrnepop,

TexHu4ecknA yrnepog (Ctapoe Ha3BaHue — Caka) COCTOMT B OCHOBHOM U3 yrrepoga
(90-99 %), Bopopoaa (0,3-0,5 %) u kncnopoaa (0,1-7,0 %). B coctaB TexHuueckoro yrnepoaa
MOTyT Taike BxoauTb cepa (a0 1,5 %) n aona (8o 0,5 %). Mo cTpyKType TEXHUYECKUI Yrnepoa
COCTOUT M3 yYacTuy pasmepom oT 9 go 300 HM u Gonee, o6pasyloWwmx pasBeTBIEHHbIE
Lenoykn, dopma Kaxaod u3 KoTopbix 6nmuska k cdepuyeckor. YaenbHasi NOBEPXHOCTb
XapakTtepuayeT cTerneHb AUCMEPCHOCTU. YeM MeHblue pasMep yacTuupl, Tem Bornblue ee
yAEnbHas NOBEPXHOCTb. BbICOKOANCNEPCHBIN TEXHUYECKUIA yrnepos umeeT Gonee yepHbI
useT n obnagaet Gonbluen Kpacawen cnOoCoBHOCTLIO.

Mo ocHoBHBLIM cnocoBam NPoM3BOACTBA PA3NNYAIOT TEXHUYECKUI yrnepoa — NeYHown,
KaHanbHbIA N TEPMUYECKUIA, MO NPUMEHSEMOMY CbIPbHO — ra30BbIN, U3 KUAKWUX YreBOA0POA0B
B0 CMELLAHHOTIO ChipbsA (ras ¢ A06aBKON XUAKUX NPOAYKTOB UK Napbl XXKMAKOCTU C rasamMm)
[128].

TexHn4eckMn  yrnepoa  WCMNONb3yeTCa B PE3NHOTEXHUYECKOM U LUMHHOW
npombiwneHHocTn (80 % oT obuwero obbema ero NpPou3BOACTBa), B SNEKTPOTEXHUYECKON,
NaKoKpaco4HOW, NonurpadoruuecKon n apyrux oTpacnsax NPOMbILLNEHHOCTU.

Mo  dusuko-xMMUYECKUM  noka3aTensaM  TEXHUYECKM  yrnmepoj  AOIDKEH
CooTBETCTBOBaTbL TpeboBaHWAM U HopMaM, ykasaHHbIM B Tabnuue 1.13.
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Tabnuua 1.13 — On3nko-xnMmyeckme nokasatenm TexHmudeckoro yrnepoga (no FOCT 7885-86 [110])

HaumeHoBaHue nokasarens

Hopma ana mapku

rpaHynMpoBaHHOM yrrepoae,
%, He Gonee

n24s n234 K354 n324 ns14 n7o1 n7o02 n7o5 nso3 T900
1 2 3 4 5 6 7 8 9 10 1
1. YaenbHas reomeTtpuyeckas - - 90-100 | 75-82 50-57 - - - - -
MOBEPXHOCTb, M/T
2. YpenbHaga ycrnoBHas - - - - - 33-39 35-40 20-26 14-18 | 12-16
NOBEPXHOCTb, M?/T
3. YpenbHas BHeLWHANA 1094 9814 - - - - - - - -
NMOBEPXHOCTb, M?/T
4. MoaHoe yucno, r/kr 12116 105+ 6 - 84 +6 43 +4 - - - - -
5. YpenbHasa agcopbumnoHHas 1195 10915 He 84 +4 - - - - - -
NMOBEPXHOCTb, M?/T Gonee
150

6. ABcopbums 1035 1014 - 1005 1014 655 705 1105 837 -
anbyTtundranara, cm®/ r
7. pH BOgHOM CycneH3un 6-8 6-8 3,7-45 7-9 6-8 9-11 7-9 75-95 7-9 -

(6,5 -

8,5)
8. MaccoBas gons notepb npu 0,9 0,9(0,4) 1,5 0,9 (0,5) 0,9 0,35 0,5 0,5 0,5 0,4
105°C, %, He bonee
9. 30nbHOCTb, %, He Gonee 0,45 0,45 (0,3) 0,05 0,45 (0,3) 0,45 0,48 0,50 0,30 0,45 0,15
10. MaccoBas gons ocraTka,
%, He Oonee, nocne npocesa
yepes CUTO C CETKOI:
0045 0,08 0,08 0,08 0,08 0,08 0,08 0,08 0,08 0,08 0,08
05 0,001 0,0010 0,0010 0,0010 0,0010 0,0010 0,0010 0,0010 0,0010 0,0010
014 0,02 0,02 0,004 0,02 0,02 0,01 0,02 0,01 0,01 0,02
11. MaccoBas gons obLen 1,1 1,1 - 1,1 1,1 - 1.1 - - -
cepbl, %, He bonee
12. Maccosas gons nbinv B 6 6 - 6 6 5 6 6 6 -

2102-0S O1U
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1 2 3 4 5 6 7 8 9 10 11
13. HacelnHas nnoTHOCTL - - - - - - - 320 — 320 — -
rpaHynmpoBaHHOro 400 400
yrnepoga, kr/m® B npegenax
He MeHee 330 | 340 (320) - 340 (330) | 340 420 400 - - -

(310)

14. CeeTonponyckaHue 90 90 - 85 85 - - - - -
TOMyOsbHOro 3KCTpaKkTa, %,
He MeHee
15. MpoYHOCTb OTAENBHBLIX - - - - 0,2-06 - _ - 02-07 -
rpanyn, H
16. ConpoTumeneHne rpaHyn 82+7 82+7 - - 75+6 - - - _ -

TEXHWYECKOro yrnepoga
paspyLLEHUIO Ha annapare

r'T-1, %

17. MaccoBas Nnpo4HOCTb 5-25 5-25 - - 5-25 - - - - -
rpaHyn TEXHWUYECKoro (3-6) (3-6)

yrnepoaa, kr

18. Maccosasi 4ons Mbinv B 6 6 _ - 6 _ N _ _ _

rpaHynvMpoBaHHOM yrnepone
Ha annapate UT-1, %, He
Gonee

MpumevaHus

1 C 01.07.91 Hopma no nokasatento 1 4ns mapku M 514 He HopmupyeTes.

2 ABcopbums aubyTundTanara Ans HErpaHyIMPOBaHHOMO TEXHUYECKOro yrnepoaa mapky M 705 — (120£5) cm3/100 r, mapkw M 803 — (93 + 7)
cm3/100 r, 30MbHOCTL Ans Mapok M 705 1 M 803 — He Gonee 0,20 %; pH BogHOI cycneHaun Anst Mapku M 803—7,5-9,5.

3 Hopma no nokasatento 7 Ans Mapok I 234 v M 514, npegHasHaveHHbIX ANS NPOU3BOACTBA PE3UHOBBIX TEXHUYECKUX M3Lenuid, — 7 — 9, ana
mapkn K 354, usrotosnsieMo COCHOropckvMM rasonepepadaThiBaioyiM 3aBOAOM U NPeAHasHaueHHoM AN PEe3VHO- U 3MEKTPOTEXHNYECKON
MPOMbILLNEHHOCTH, — 3,4 — 4,2,

4 [ins nokasarene 7— 9, 14, 18 B ckobkax ykazaHa HOpMa A1 TEXHUYECKOTO Yriepoaa, rpaHyIMpOBaHHOrO CYXMM CrocOBOM.

5 Mokasarens 16 Ans Mapku M 514, npegHasHaueHHOM ANS LVHHON NPOMBILLIEHHOCTY, HE ONPeAEnsIoT.

6 Hopma no nokasarento 8 Ans mapku K 354 — He Gonee 2,0 %.
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1.4 Skonornyeckne acnekTbl nepepaboTkM MPUPOLHOrO U MOMNYTHOTO rasoB U
BO3JeiCTBME NPeAnpUATU OTPAC/IM HAa OKpYXalollyl cpegy

MepepaboTka NPUPOAHOrO ¥ MOMYTHOrO rasoB, AB/SAACL CErMEHTOM HedTerasoBoro
KOMMeKca, oka3blBaeT HeraTMBHOe BO3AeNCTBME Ha NPUPOAHbIe cpefbl 3a cyHeT Bbibpocos 3B
B aTMocdiepHblii BO3ayX, 3abopa BOfbl Ha XO035CTBEHHO-NUTbEBbIE U NPOU3BOACTBEHHbIE
HYX[bl, c6poca CTO4YHbIX BOA, 06pasoBaHWA OTXOAO0B MNPOM3BOACTBA W MOTPebneHus,
LLYMOBOIO M MHbIX BO34ENCTBWIA.

OCHOBHbIM ~ 3HAUMMbIM  3KO/IOTUYECKMM  acnekTom SBAAOTCA Bblbpockl 3B B
aTMocepHbI BO3AyX OT TEXHOMOTMYECKMX MPOLECCOB OCHOBHOIO 1 BCMOMOrareslbHoro
Npon3BOLCTB.

AHann3 CTaTUCTUYECKUX JaHHbIX Mokasas, YTo AMHaMuka BO3AeNCTBUA npeanpusaTuii
no nepepaboTke rasa Ha arMmoctepHbll BO3AyX OnNpefensietcs npeumyLLecTBeHHO
N3MeHeHNsAMM 06BbeMOB nepepaboTKu UCXOAHOIO Cbipbs (PUCYHOK 1.2).

annr

PN

<S58

TS,k

iso m

“ 8o

400 -

arn

100 -

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

PucyHok 1.2 - [vHamuka BbIGPOCOB 3arpssHAOLWMX BELWecTB npyu nepepaboTke
npYpoAHOro rasa B Lenom no Poccun

K OCHOBHbIM WCTOYHMKAM BO3AEACTBUA HA aTMOCHIEpHbI BO3AyX nMpu nepepaboTke
YFNEeBOLOPOSHOTO ChIPbsi OTHOCATCA:

- [bIMOBblE TPY6bl TEXHOMOIMYECKUX Neyeld, nogorpesateneil (BbIGPOCHI NMPOAYKTOB
cropaHusi rasa);
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— hbakenbl yTUnUsauum NpoayBOYHbIX rasos (MPOAYKTbI CropaHns MPOAYBOYHbIX ra3oB);
— AbiMOBble TPyObl YCTAHOBOK CXWUraHWs MPOM3BOACTBEHHbIX OTXOAO0B (BblIGpoChI
NPOAYKTOB CropaHunsl MPoM3BOACTBEHHBIX OTXO40B).
OCHOBHbIMM 3arpsI3HAIOLLMMUN BELLIECTBaMU SBMSOTCS OKCWE, yrnepoaa, MeTaH, OKcuabl
asoTa U Cepbl, B3BELLEHHbIE BELLECTBA.

CermeHT nepepalboTkn NPUPOZHOro
rasoBon OTpacnM B LEnom,

npomn3eBoacteamMm B

co3gaHne noJIHOCTbH

3aMKHyTOM

CUCTEMBI

HeraTuBHoro sosaenctaunsa Ha OC.

lMepeyeHb OCHOBHbIX BWAOB OOPA3YOLWMXCA OTXOAOB, a Takke WCTOYHUKOB W
npoueccoe ux obpas3oBaHUs Ha OOLEKTax OCHOBHOrO HasHadeHus npu nepepaboTke
NMPUPOAHOrO M MOMYTHOrO rasa W crabunmsaumMm rasoBoro KOHAEeHcata npuBeaeH B

Tabnuue 1.14 [111].

BOAOMNONb30BaAHNA

rasa OTHOCUTCA K Hambonee BOLOEMKMM

OofHako ob6beM BOAOOTBEAEHWS B
NMOBEPXHOCTHbIE BOAHbIE OOBEKTbl HEBENWK, TaK Kak OCHOBHOW oObeM noTpebnsemMon Ha
TEXHOMorMyeckne HyXabl BOLAbl HaxoAuTcs B ODOPOTHOW CUCTEME W MPEBbILAET O0ObEM
cbpacbsiBaemol Bogbl 6onee yem B 30 pas.
K OCHOBHbLIM NCTOYHMKaM 0Bpa3oBaHNsi CTOUHbIX BOZ, OTHOCSITCS:
— NPOMbIBKa TEXHONOrMYECKOro 0b60pyLOBaHNS;
— ouMCTKa W OCyLLKa rasa, pereHepaums TENIOHOCUTENS,
— pereHepauus U NPoMbIBKa (PUNBLTPOB, B3PbIXIIEHNE U OTMbIBKA KaTUOHUTA;
— cuctema TennocHabxeHus (Npoayeka KoTnos), Ap.
TeHaeHUMs pas3BUTUS CUCTEMbI BOAOMONb30BaHWs B nepepalboTke ra3a HanpasneHa Ha

ans

MUHMK3aUnn

Tabnuya 1.14 — OcHOBHble BWAbI OTXOAOB, OOpasylOLMXCA Ha 0ObeKkTax OCHOBHOrO
HasHaueHna Npu nepepaboTke rasa n cTabunMaaummn razoBoro KoHaeHcarta

MNcTouYHUKM Mpouecc o6pasoBaHua | HammeHoBaHue oTxona Knacc
o6pasoBaHus oTxoaa oTxoaa / Kog, no ®KKO [112]" | onacHocTKn®
1 2 3 4

YCTaHOBKM aMUHOBOW
CEPOOYNCTKM rasa;

YCTaHOBKMW NPOMbIBKM U
KOMMPVMUPOBAHWS Fra30B
crabunusaymmn mn
BbIBETPUBaAHUNA
KOHAeHcaTa;

cekuum bunbTpaumm B
cocrase
TEXHONOrM4YecKkoro
obopyaoBaHus

OuuncTtka cekyun
hunbTpaymmn padoymx
pacTBopoB
AuaTaHonamuHa

LLInam oT ycTaHOBOK
aMWHOBOW CEPOOYMCTKM
NPUPOAHOro rasa
(amMunHOBbIN LWINam)
/31276000000

3ameHa cunbTpa no
UCTEYEHNN CpoKa
rOAHOCTM B CEKLUN
unbTpaymmn padoumx

Yronb akTMBUPOBaHHLIN
oTpaboTaHHbIN,
3arpsi3HEHHbIN ONacHbIMU
BellecTsamm

pacTeopoOB /4 42 504 00 00 0?
AvaTaHonammHa

dunbTpayms dunbTpyloWMiA MaTepuan 1}
TEXHONOTNYECKMX oTpaboTaHHbIN

KNLKOCTEN N XUMNYECKN
3arpsa3HeHHbIX BOA,

/443 9000000 0
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lpodomxeHue mabnuupe! 1.14

NcToUuHMKM Mpouecc HaumeHoBaHue oTxoaa Knacc
o6pa3soBaHusa oTxoga | o6pasosaHusa otxona | /Kogno ®KKO [112] ") | onacHocTi®)
1 2 3 4
YcTaHoBKU nonyyeHus 3ameHa kaTtanusaTtopos Katanusaropsl v
cepbl U3 KUCMOro rasa no Mo NCTEYEHUN Cpoka arnMoOoKCUAHbIE B
meToay Knayca u rofHOCTU N/1nu npoyecce nonyyeHus
YCTaHOBKU AO0YUCTKM [ OCPOYHOM BbIXOAE U3 cepbl oTpaboTaHHble /
OTXOAALLMX rasos Mo cTpos 441000 00 00 0¥
metoay «CynbipeHy; PeMoHT YepHbIn MeTann, \Y;
YCTaHOBKUM rpaHynauum TENNOOOMEHHUKOB B 3arpsi3HEHHbBIN
cepbl; CepHbIX AMaXx, 3MeMeHTapHON cepon
CKNaj, XpaHeHWst KUAKOW U | ceponpoBoaoB /468 1000000 0
KOMOBOW Cepbl
YctaHoBku rnybokon 3ameHa agcopbeHTa no Lleonut oTpaboTaHHbIn, v
OCYLLKN 06eCCEPEHHOro UCTeYeHUn cpoka 3arps3HEHHbIN HEMTHIO U
NPUPOAHOro rasa cnyx6bl u/vnn HedTenpoayKTamm
[LOCPOYHOM BbIXOAE U3 (copnepxaHue
cTpod HeTENPOLYKTOB MEHee
15 %)
/4 42 501 02 29 4
YCTaHOBKN OYUCTKM U 3ameHa agcopbeHTa Cvinukarens v
OCYLLKM BO3fyxa 1 rasoB | MO UCTEYEHUN CpoKa OTpaboTaHHbIN,
cnyxObl ninnm 3arpsisHEHHbIN
JOCPOYHOM BbIXO4e U3 | onacHbIMK
cTpos BeLlecTBamm
/4 42 503 0000 0
Cunukarens \Y

OTpaboTaHHbI Npn
OCyLLKe BO3ayXa U1
rasos, He
3arpsi3HEHHbIN
OnacHbIMU
BelecTBaMu
/44210301495

YCTaHOBKM NOATOTOBKMY,
OYMCTKM N OCYLLIKW
NMPUPOAHOro rasa;
YcTaHoBKK
cTtabunusayum
KOHZeHcaTa 1 ero
nepBUYHON
nepepaboTky;
PeaepByapHbIn napk
XpaHeHns
HeTENPOLYKTOB,
MpoaykTonpoBoabl

3aumnctka
obopynosaHus n
NPOAYKTONPOBOA 0B

LLnam oumncTkn
EMKOCTEN 1
TpybonpoBogoB OT
HedbTU 1
HedTenpoayKToB
/911 200 02 39 3%
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lpodomkeHue mabnuupsl 1.14

MNcTOUYHMKN MNpouecc HaumeHoBaHue oTxopa Knacc
obpasoBaHus oTxoaa | obpasoBaHusi otxopa | / Kogno ®KKO [112] ') | onacHocTw®)
1 2 3 4

) B cnyuae, ecnu oTxo4 BKMOUYeH B ®KKO, TO ykasaHsl HanMeHoBaHWe 1 Kop oTxoaa no
®KKO, B cnyyae ecrnn otxof B PKKO He BKMOYeH, TO ykasaHbl HAUMEHOBaHWE OTX0Aa B
cooteeTctBM ¢ CTO Masnpom 12 [113] u kog rpynnbl oTxog40B B PKKO, B KOTOPYHO OTX04
MOXET ObITb BKITOYEH.

2) B 3aBUCYMOCTU OT CNELMPUKN TEXHOMNOMMYECKMX NPOLIECCOB, MCMOMNL3YeMbIX BELLECTS 1
marepvanos, B paMKax MNpoueaypbl macnoptusaumm AaHHbl BUA OTX04a MOXET OblTb
naeHTMuUMpoBaH Kak: «Yronb akTMBMPOBAaHHbIN  OTpaboTaHHbIN,  3arpPs3HEHHbIN
HedTenpoaykTaMu (cofepxanue HedTenponykToB MeHee 15 %) /4 42 504 02 20 4 (IV KO)».

%) B 3@aBUCMOCTM OT CneLmbrKN TEXHONOMMYECKUX MPOLIECCOB, MUCMONb3yeMbIX BELLECTB U
MaTepuanos, B pamMkax Npoueaypbl nacnoptMsaummM faHHbIi BU4 OTxoha MoxeT ObiTb
naEHTMOULMPOBaH Kak: «KaTanusaTop Ha OCHOBE OKCAa antoMUHNS, COASPXKALLMIA arnoMo-
koBanbT (Hukenb)-monMbaeHoBYLO cucTemy, oTpaboTaHHbIi / 4 41 006 02 49 3 (11l KO)».

4 Wnambl 1 HebTecoaepKaLLme 0TX0b!, 06pasyIoLLMECS B PeayrbTaTe 3a4niCTK EMKOCTEN,
MPOAYKTONPOBOAOB W TEXHOMOrMYEecKoro oBopyaoBaHMs, MOryT ObiTb MoapasgeneHel Ha
OTAelbHbIE BUALI OTXOA0B (C Lenbto BkrtoveHus B PKKO) B 3aBUCMMOCTY OT UCTOYHUKOB UX
MPOUCXOXKAEHUSA.

5 Knacc onacHocTV OTXO0B B COOTBETCTBUW C DeaepanbHbiM 3akoHoM [114].

TunoBas cxema 00pasoBaHWs OCHOBHbIX MHOFOTOHH&KHbIX BWAOB OTXOAOB Ha
0o0beKkTax OCHOBHOrO HasHadyeHuss npu nepepaboTke rasa W rasoBOrO KOHAeHcara
npeacrasneHa Ha pucyHke 1.3.

[na peanusauum nepexopa K ManooTxoA4HOMY Mnn 6e30TxXoaHOMY NPON3BOACTBY MpK
nepepaboTke MPUPOAHOrO W MOMyTHOro rasa TpebyeTcs npoBefeHue KoMMnekca
MEeponpUATURN,  BKMIOYAKLWMX  COBEPLUEHCTBOBaHWE  AENCTBYIOLMX  TEXHOMOTUYECKUX
MPOLECCOB C LEnbl0  CYLUECTBEHHOTO  COKpaleHUs  MPOM3BOACTBEHHbIX  OTXOAO0B,
MCMOSIb30BaHNS OTXOA0B B CAMOM MPOU3BOACTBE UMK B APYIMX NPOU3BOACTBAX, pa3paboTku
1 BHefpeHus Hanbornee coBepLUeHHbIX METOA0B yTUnM3auumn n obesspexmnsaHns.
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@onm, oOpasyrommecst Ha 06Gb€KTaX OCHOBHOIO HazHaqu:[/mrrp}

nepepaGoTKe raza U ras’oBoro KoOHJAeHcaTa

Yroimb aKTUBUPOBAHHEIA OTPpaGOTAHHBIN, 3arpsi3HCHHBIA

OCHOBHBIE TEXHOJIOTUUECKUE IIPOIIECCEHL,

ra3za M ra3oBOro KOHIACHcCAaTa

OIIAaCHBIMU BeIIICCTBAMMX
4 42 504 00 00 0 (IIT KO)

»
J

IITnaM OT yCTaHOBOK aMHHOBOI CEpOOYHMCTKH IIPHUPOJHOTO Ira3a

3aMeHa GUNLTPaA MO UCTCUYSHUN CPOKAa
TOOHOCTU B ceKIMn GUIbTpaliuy paSoumx
PacTBOPOB AUSTAHOIAMHHA

o6ycnaBnuBaIne o6pazoBaHUEe MHOTOTOHHAMKHEIX
" criendUIHLIX BUAOB OTXOIOB IIPU IIepepaCoTKe

HcTouHnKM® O6p330BaI-]I/Iﬂ IIPOMEBEINTDUICHHEBEIX OTXOOOB Ha
O0O0BEeKTaX OCHOBHOTO HAZHAYCHWSA r[epepa6o’r1c1/1 raza mu
razoBoro KogacHcaTa

(aMHUHOBLIM LIUIAM) ):

Ouncrtka cekunii puIbTpaluy paSounx
PacTBOPOB ANSTAaHOJIAMUHA

YCcTaHOBKY aMHUHOBOU CEPOOYMUCTKH ra3a ’

YcTraHOBKHU IMIPOMBIBKH 1 KOMIIPUMHMPOBAaHUsI I'a20B

312 760 00 00 0 (I KO)
DOunbIpyonii MaTepuall oTpaboTaHHENA \ .
4 43 900 00 00 O (III KO) o

DPunpTpalusI TEXHOIOTHMYSCKUX KUAKOCTEH
U XUMHWYECKHU 3arPA3HEHHBIX BOI

A

oTpaboTaHHBIE

‘ KaTtanuzaTophl 2-IEFOMOOKCHIAHBIE B IPOISCCE IOy ICHUS CEPBI
4 41 000 00 00 0 AV KO)

YUepHBIN MeTaI, 2aTPI3HEHHBIM 3JICMEHTAPHOM cepoit L
-

3aMeHa KaTajlu3aTOPOB IO MCTCUCHUH CPOKa
TOAHOCTH WNIN JOCPOTHOM BEIXOIC U3
CTPOA MPU TEXHUISCKOM OOCIIy KUBAHAN U
PEMOHTE YCTAHOBOK IOy ICHUSA CEPEI

4 68 100 00 00 0 (IV KO)
%

ITeonuT oTpaGOTAHHBIN, 2aTrPI3HESHHBIN HeDTHIO U
<

PeMOHT TenmooOMEeHHUKOB B CEPHBIX sIMAX,
CEepOIIPOBOIOR

HedTEeIIpo oy KTaMu (conepkaHue HedbrenpoayKToB MeHee 15%) |«
4 42 501 02294 AV KO)
BeIIeCTBaAMM \‘

C Cunukarenk oTpaGoTaHHEIN, 2aTrpAsHeHHBINA OMMacHBIMHU

4 42 503 00 00 O IV KO) J

Cunukareib oTpaCOoTaHHBIN IIPYM OCYIIKEe BO3AYyXa U razoB, He\
3arps3HEHHBIN OIIaCHBIMU BEIeCTBAMU .
442 103 01 49 5 (V KO)

IIT1aM OUUCTKY €MKOCTEH 1 TPy GONIpOBOAOR OT HedTH 1 ‘

3aMeHa aacopGeHTa [0 UCTEYSHUN CPOKa
CIyKGOBI W/ AIN JOCPOUYHOM BBIXOIE U3 CTPOsT

HedTEIPOLYKTOB «
911 200 02 39 3 (II1 KO) ‘

PucyHok 1.3 — Tvnosasi cxema 06pa3oBaHNsi OCHOBHbIX BUAOB OTXOAOB Ha 00beKTax OCHOBHOrO HasHa4YeHUs Npu nepepaboTke rasa

3agucTKa 060py IOBaAHUSA ¥
TPOAY KTOIIPOBOIOB

<
h cTaCUIN3alluy U BHIBETPUBAHUS KOHICHCATA
. (CCKJI[/]I/I GUILTPaNN B COCTABE TEXHOIOTMISCKOTO
h oGopy AoBaHM
‘ VY CTAHOBKH IIOIY9ICHUA CePhbl U3 KHUCIIOTO rasza o
- Meroay Kiayca u yCTaHOBKH JOOYUCTKHA
‘ OTXOJBIIMUX Taz0B o MeTony «Cyabdperms

—r VY CcTaHOBKY I'DaHYy JIAIINH CEPhI ]
<
)

—-[ Cxkax XpaHCHUS JKUAKOM 1 KOMOBOM CephL ]
P YcTaHOBKHU LTy GOKONH OCYHIKU OGECCEPEHHOTO
T IIPUPOIHOTO rasa
- YcTraHOBKHM OCYHIKU M OYNCTKU ra3a ’
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Paspen 2. OnucaHue TexXHONOrmM4yeckmx nNpoLieccoB, UCNOSb3yeMbIX B
nepepadoTke NPUPOAHOro U NOMyTHOro rasa [115-136]

2.1 Cxema npoueccoB nepepaboTku NPUPOAHOro U MOMYTHOrO ra3a ¢ NoslyYeHueMm
TOBapHOW NPOAYKLUMN

MepepaboTka npUpogHoro 7 MonyTHOro rasa, peanusyemas Ha
rasonepepabaTtbiBatoLLUX NPOM3BOACTBAX, BKIHOYAET B ceBsl KOMMMEKT NPOLIECCOB NepBUYHON
N XMMmYeckon nepepaboTku.

MepBuyHan nepepabotka MPUPOJHOrO K MOMYTHOMO rasoB COCTOUT W3 HECKOIbKUX
CTaguiAi: MOArOTOBKM rasoB K nepepaboTke, pasgeneHvs  YrineBOAOPOAHbIX rasos,
cTabunusaumm 1 nepepaboTky rasoBoOro KOHAeHcara ANs MOMNyyYeHUs pasfnyHbIX BUAOB
TONMWB, BbIAENEHNA pALa  WHAMBUAYanbHbIX — YrNeBOLOPOAOB, CMECUM  MPUPOAHbIX
MepkanTaHoB W renus. XuMudeckass nepepaboTka MpeacTaBneHa MNpoM3BOACTBOM
TEXHWYECKOro yrrnepoga 1 npousBoLCTBOM ra3oBou Cepsbl.

MoTokoBbIE CXEMbl MPOLECCOB nNepepaboTkM MPUMPOAHOTO W MOMYTHOrO rasa ¢
nonyYeHneM TOBapHOW NPOAYKLW NPUBELEHBI Ha pUCYHKe 2.1.

MN3BnekaeMbI MPUPOLHBIA NN OTAENSEMBIN OT HETW NOMYTHLIN ra3 COAEPXUT Napb!
BOZbl, @ TAKKE MENKME YaCTUYKN FOPHOW MOPOSbI, Mecka 1 apyrve TBepable NPUMecH, B COCTaB
MPUPOAHOrO W MOMNYTHOrO rasa, MOMUMO YINEBOJOPOAHbLIX KOMMOHEHTOB, BXOAAT asoT,
LMOKCU, yrnepoaa, CEPHUCTbIE KOMMOHEHTbI, FeNUiA U Apyrve KOMNOHEeHTLI. [oaroToeka razos
K nepepaboTke (NpeaBapuTenbHas NOArOTOBKA ra3oB) obecneunBaeT OCyLLKY M OYUCTKY rasos
OT MEXaHWUYECKNX MPUMECEN U «KUCTBIX» KOMMOHEHTOB.
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MNNACTOBbIN FA3

CKMKEHHBI Texyrnepog
renvi
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MOMYTHbLIN HESTAHOW A3 YTUnn3auma KUC/bIX rasos
------ >
A ¢
cepa
OuMCTKA OT KUCAbIX Monyuerme cepbl  —oor S

rasos !

PucyHok 2.1 - TNoToKoBble CxeMbl NepepaboTkn NPUPOLHOIO 1 NOMNYTHOrO rasa
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Bce npouecchl npefBapuTEnbHOM MOATOTOBKM rasa: TEXHOMOMMU  pasgenieHns
NNacToBbIX CMECEW, TEXHOMOMMMN OYUCTKU OT MEXaHUYECKUX MPUMECENR, TEXHOMOMM OCYLLIKM
rasa W TEXHOMOrMWM OYUCTKU Ta30B OT «KUCMbIX» KOMMOHEHTOB (YrMEeKUCNoro rasa u
CepoBOAOpOLa) OnMcaHbl B NPOEKTe cnpaBoyHMka «obbiua NPUPOAHOro rasay 1 NoaToMy B
HaCTOSILLEM CMpaBOYHUKE HE paccMaTpuBatoTcs. Katanutuyeckue npouecchl nepepaboTku
YrNeBoLOpPOAHOrO Chipbsi PACCMaTPMBAIOTCA B CripaBoyHUKe «lepepaboTka HedThy.

2.2 TexHonorun OTOEH3MHUBAHMS ra3oB (TEXHONOTMU U3BJIEYEHUS] LENeBbIX
yrneBoAOpPOAHbIX KOMMOHEHTOB U3 ra3oB)

B cocraBe npupogHOro M MonyTHOro rasos, NMOMUMMO METaHa, COAEPXWUTCA Lenbii
CMeKTP yrneBOfOPOAHBIX COEAMHEHWUIA: 3TaH, nponaH, ByTaHbl, nNeHTaHbl 1 Gonee Tsxenble
yrneBoAopoabl.

OTaH SABMAETCA LEHHbIM He@TEXVMUYECKMM CbIPbEM: €ro OCHOBHOE KONMYECTBO
noaBepraeTcs NUPONM3dy C MOMydYeHWeM 3TWUMEHa, KOTOPbLIA 3aTeM MCronb3yeTcs Ans
npoun3BoACTBa NONM3TUNEHA.

MponaH n OyTaHbl Takke SBMAAOTCS CbPbEM B MPOLECCE NMPONN3a, KPOME TOoro
NMPUMEHSIOTCA B KayecTBe TOMNMBa ANS KOMMYyHanbHO-ObITOBLIX HyX4, B ABUrarensx
BHYTPEHHErO CropaHns U B Ka4eCTBE Cbipbsi ANs HEDTEXUMMNYECKOW NepepaboTKu.

MeHTaHbl SABRAOTCA COCTABHOW 4YacTbd MOTOPHBIX TOMMMB W CbIPbEM  ANSA
Npomn3BoACTBa HETEXUMMNYECKNX MPOAYKTOB.

Ans naBneyeHnss aTux yrneBOAOPOAHbIX KOMMOHEHTOB M3 NPUPOAHOrO U MOMYTHOrO
rasoB MCMOMb3YIOT PasNNYHbIE TEXHONOMMM OTOEH3VHMBaHNA rasos.

MpoaykTaMun ycTaHOBOK OTOEH3VHUBaHNS ABNSKOTCA OTOEH3NHEHHBIA Cyxol ra3 (MeTaH
WNM MeTaH + 3TaH), TOMMUBHLIA ra3 (MeTaH + 3TaH + nponaH), Ae3TaHU3UPOBaHHbIN
HecTabunbHbIN - rasoBein  koHAeHcaT, LUDNY (dpakuma yrnesopgopogoB Csz+) wmm
JeMeTaHN3MPOBaHHbIN HECTabMNbHLIN ra3oBbIA koHAEHcaT (bpakuma yrnesogopoaos Ca+).

[nsa oT6eH3nHNBAHNA ra30B UCMOMb3YHOT YETLIPE METOAA:

— HU3KOTemMnepaTtypHas cenapaums yrineBofopoAHbIX koMmnoHeHTos (HTC);

— Hu3koTemnepatypHas (HTK) koHgeHcauusa unu Hu3koTeMmneparypHasa KoHAeHcauus u
pektndpukaums (HTKP) yrneBogopoaHbIX KOMMNOHEHTOB;,

— abcopbumoHHoe oTHeH3nHMBaHWeE rasoe, Bkntodas HTA,

— apcopbuUMOHHOE OTOEH3MHMBAHME ra3oB.

2.2.1 U3BneueHne yrneBoaopoaoB METOAOM HU3KOTEMIEPATYPHOM cenapaummn

HuskoTemneparypHon cenapauven (HTC) HasbiBaeTcA npouecc OAHOKpaTHOM
KoHAeHcauun rasa npu temnepatypax ot —10 go —25°C v pasgeneHuns obpasoBaBlunxcs
paBHOBECHbIX rasoBon W xugkon ¢a3. OaHOBPEMEHHO MPUCYTCTBYIOT BCE KOMMOHEHTbI
CbIPLEBOrO rasa, HO uakas asa COCTOMT MPEUMYLLECTBEHHO U3 yrnesogopopos Ca+, a
rasosasi — U3 MeTaHa 1 aTaHa.

TexHonornyeckas cxema ycraHosku HTC npeacrasneHa Ha pucyHke 2.2.

CornacHo cxeme cbipor ras (I) noctynaetr Bo BxogHOW cenapatop 1, rae OT rasa
oThenalTCA  nnactoBas  Bogja ¢ uHMBuTopom  rupgpaTtoobpasosaHua (VI) wm
CKOHAeHcmpoBaBLUMiAcs ra3oBbii koHgeHcaT (VII). Janee yacTnyHO oTCenapupoBaHHbIA ra3
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(V) oxnaxpaetca B pereHepatMBHbIX TEMNOOBMEHHMKax 2 U 3 U HanpaeBnseTcs 4epes
Apoccenb 4 B HU3KOTEMMepaTypHbIA cenaparop 5.

Ona npeaynpexaeHns rnapatoobpasoBaHns B NOTOK rasa nepes TennoodMeHHKamum
(2 n 3) n nepeg apoccenem 4 noAaeTcs rMUKOMb (MOHOSTMREHTMKONL v A30) nnn
MeTaHon.

Vi

1 — BXxofgHOW cenapaTop; 2, 3 — pereHeparnBHble TENNOOOMEHHUKN; 4 — Apoccenb
(peTangep/ncnapurens XonoguNbHOW MaLUMHbI); 5 — HU3KOTEMNepaTypHbIN cenaparop; 6 —
apoccens; 7 — cenaparop; 8 — KOMNPECcop (IKEKTOp)
| —ras; || — orcenapvpoBaHHbIli ras; ||l — pereHepupoBaHHbIN MHIMBUTOP A paToobpasoBaHus;
IV — HecTabunbHbIN KOHAEHCAT U BOAHbLIA pacTBop UHIrMbuTopa rugparoobpasosanus; V —ras
BbIBETPUBAHUSA koHAeHcaTa; VI — MHrMbuTop rmapatoobpasoBaHua Ha pereHepauyuio; VIl —
HecTabunbHbIN kKoHgeHcaT; VIl — yacTnyHO oTCenapupoBaHHbIN ras.

PucyHok 2.2 — TexHonornyeckasa cxema ycraHoskv HTC

3a cueT nepenaga faBneHU B Apoccene 4 NoHWXKaeTcs TeMnepaTypa rasa. Bmecro
Apoccens 4 MOXeT MCronbk3oBaThCs AeTaHaep (MallvHa, NpYBoAMMas B AEWACTBUE 3a CYeT
3HEprvun rasa, ras npw 3TOM CHWXAET AaBleHre 1 Temneparypy). B cnyyae H13Kkoro necxogHoro
LaBneHnsi CbIPLEBOTO ra3a OXNaXaeHHbIN ras nx Ten00OMEHHNKOB NOCTYNaeT B UCNapUTEnb
XONoAWIbHON MalluuHbl (FAE WCMONb3yeTCsl BHELUHWA XMafjareHT, HanpuMep, CXUKEHHbIN
nponan).

Mocne oxnaxaeHWs B YCTpoucTBe 4 ras nocTynaeT B HU3KOTEMMEPaTypHbIN
cenaparop 5, rae 13 NoToKa rasa OTAenArTCH CKOHASHCMPOBAaBLLWECSH XUAKNE YrNeBoaopOab!
MW BOAHBIN pacTBOp WHrMbuTOpa rmuapaToobpasosaHns. OTcenapupoBaHHbIi ras (ll) u3
cenaparopa 5 uepe3 TennoobMeHHUK 2 nofaeTcs B MaructpanbHbii razonposos. Kuakas
hasa IV (HecTabunbHbIN KOHAEHCAT M BOLHbIN pacTBop MHIMBKUTOpa rugpatoobpasosaHns) ns
HN3KOTEMMEpPaTYPHOro cenaparopa 5 yepes gpoccens 6 NOCTynaeT B cenapaTop 7, rae oT Hee
oTaenaeTca 06pa3oBaBLUUACS MPW APOCCENVUPOBaHNM ra3 BelBeTpuBaHus (V), HarnpaensemMbIi
komnpeccopom 8 (nMnbo 3xekTopom) B oBLLMIA MOTOK rasa nepep apoccenem 4. UHrnbutop
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rmgpaToobpasosaHua  (VI) nocTynaeT w3 cenaparopa 7/ Ha pereHepauuio, a
CKOHL,eHCMPOBaBLUMIACS HecTabunbHbIV rasoebii koHaeHcaT (VII) — Ha ctabunusauuto.

OddekTmBHOCTE paboTel yctaHoBok HTC 3aBMcMT OT cocTaBa WMCXOZHOroO rasa,
Temneparypbl 1 AABNEHNS B HUSKOTEMMEPATYPHOM cenapaTope.

Yem Hwke TemnepaTtypa npouecca U yem Bonblue cofjepkaHue B UCXOAHOM rase
TSXKENbIX yrnesofopoaos, TeM Bosblue cTeneHb MaBnedeHus nocrnegHux. Ans obecneveHus
BbICOKOW CTEMEHW M3BMNEYEHWUA TSHKEMbIX YrneBojopoAocB npu Gonee nerkom cocrtase
NcxoaHoro rasa Tpebyetcs 6onee HU3kas TemMneparypa.

B papge cryyaeB npu CHWKEHWW HavanbHOrO [aBMEHWS rasa nepef BXOAHbIM
cenapartopom yctaHoekn HTC nomeLyaoT AOKUMHOM KOMMPECCcop, NOBbILLALWWA AaBneHue
rasa (KOMMpeCcCUOHHBI MeTo OTOEH3NHUBAaHWSA), UK X BMECTO APOCCEns Ha BXoae rasa B
HU3KOTEMMEPATYPHBLIM  CenapaTop MNOMELUAT XOMOZUIIbHYIO MaluuHy AN CHUWKEHUS
Temneparypsbl rasa.

Mpouecc HTC nepepoc B npouecc HTK (HTKP), otnuyarowmiica sHauntensHo 6onee
HU3KMMUW TEMMNepaTypamMmn OXNaxaeHus NoToka rasa (B uHtepeane —85 — —120°C).

2.2.2 N3BneuyeHue yrneBoAopoOAOB METOAOM HU3KOTEMMEepaTypHON KOHAeHcCaLumn
WNU HU3KOTEMMepPaTy PHOMU KOHAEHCauMmn U pektudukauum

MpvHuMnuansHoe otnmumne npouecca HTK ot npouecca HTC — 310 ncnonssosaHne
Bonee HU3KMX Temnepartyp 3a CYET JOMOMHUTENBHOIO OXNAKAEHUA NOTOKa ChIPLEBOro rasa.
TexHonornyeckasn cxema npouecca HTK npueeageHa Ha pucyHke 2.3.

6

v

1 — BNOK OCYLLKM rasa; 2 — XonounbHuK (apoccens/ aetanaep); 3 — cenaparop; 4 — Harpesarenb;
5 — KONoHHa-Ae3TaHM3aTop; 6 — KOHAEHCATOP-XONOoAUNbHUK; 7 — puboinep
| — ucxogHbIn ras; |l — xnagareHT; |ll — oTcenapupoBaHHbI ras (Metan); IV — ataH; V — yrnesogopoasl C
3+

PucyHok 2.3 — TexHonornyeckas cxema ycraHoskm HTK
(C BHELUHUM XONOAWSIbHBIM LIMKITOM)
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McxoaHbI ras nocne npoxoxaeHus 6noka ocywwkn 1 1 oxnaxaeHust B XonoaunbHmke 2
nocTynaeT B cenapatop 3, rae MNpoucXoAauT BblgeneHne MetaHa. [Mocne Harpesatens 4
LeMeTaHM3MpoBaHHasi ra3oBasi CMeCb HanpaenseTcs B A&3TaHN3ATOp 5, rae ocyllecTenseTcs
pasfeneHue ataHa u yrneeogopogos Cax+.

B uenom TexHonorundeckme cxembl npouecca HTK moryT pasnuuatsca no uucny
CTyrneHewn cenapauun (OAHO-, ABYX- U TPExXCTyneH4yarbie), Mo BUAY MCTOYHUKOB xonoaa (c
BHELUHAM, BHYTPEHHWMM WU KOMOWHUPOBAHHBLIM XOMOAWUIMbHBIM LIWMKIIOM) W N0 Buay
nonyyaemoro yenesoro npogykta (C2+ n Ca+).

BmecTo cenapartopa 3 B TEXHONMOMMU BO3MOXHO UCMONb30BAHWE HEMOMHOW KONMOHHDI
ANA yaaneHna metaHa us dopaxumm Cas.

BHeWwHW xonoaunbHbIA UMKIT (MCMONBb30OBaHWE XONMOAWUIbHLIX MalWH W 3aTpatbl
3HEeprun n3BHe) MoXeT BbITb C OAHOKOMMOHEHTHLIM UITM MHOFOKOMMOHEHTHBIM (CMEeLLaHHbIM)
XnagareHToM.

BHyTpeHHun XONoAWIbHbIA LMK (ncnonb3oBaHue SHEeprum camoro
nepepabarbiBaeMOro rasa) MOXeT ObITb C APOCCENMPOBAHVEM TEXHOMOMMYECKNX NOTOKOB 1 C
Y3510M L eTaHANPOBaHUA rasa.

[na nopaBopsa xonoga B XOMOAMSIbBHMKE 2 MUCMOSb3YHTCA XOMOAWMBHbIE MaLLUMHBI
(koMnpeccopsbl), NOAKIOYEHHbIE ANA Nepekayku xrnagareHTa no CrneayrolemMy 3amKHyTOMY
KOHTYPY:

XOMNOAUNBHUK 2 — XONOAWMbHAA MalMHa — XONOAUNBbHUK ANA OXNEDKAEHUS CKaTOoro
XnagareHTa — APOoCcCenb — XONOAUNbHMK 2.

B kavectBe xnagareHToB MOMyT NMPUMEHSATLCA 3TaH, 3TUMEH, NponaH, aMMuak u ap.
(OBHOKOMMOHEHTHBIM  XMajareHT) wnm  CMEecu  YrmeBoAOPOAOB  (MHOMOKOMMOHEHTHBbIN
XnagareHT).

Ucnonb3oBaHne BHELIHUX XOMNOAWNbHbIX LMKIMOB NO3BONMMAO AOCTMYL CTENeHU
naeneyveHus ataHa 87 %, nponaHa — 99 %, 6ytaHa u Bbicumx — 100 %.

MNpvmeHeHne ans  BbipaboTkm  xonoga  TypbopeTaHAepoB,  MO3BONSAOLLMX
KOHAEeHcMpoBaTb BHYTpU cebsa f0 20 % XnAKoCTH, BbICOKO3HE(EKTUBHBIX TENIIOOOMEHHNKOB 1
TENNOU3ONALMOHHBIX MaTepuaroB, CHWKaKOWMX MOTEPU HU3KOTEMMEpPaTypHOro Xonoaa,
obecneunnu npoueccy HTK Hanbonbluyld 3KOHOMWYHOCTb MO CPaBHEHUO C  ApYrMMU
cnocoBamu gaxe Npu HU3KOM AABMEHUM UCXOLHOrO rasa v LWMPOKOM M3MEHEHUM €ro cocTasa.

CoBpemeHHble TypbopeTaHAepHble YCTaHOBKM paboTaloT B LUMPOKOM AuanasoHe
M3MeHeHWsl pabourx NapameTpoB:

— CbIPbEBOW ras — NPUPOAHBIA U MONYTHBIA HETAHOM;

— LaBrneHne cbipbeoro rasa — o 11 Mlla;

— Temneparypa Ha Bbixofe 13 TypboaeTtaHaepa — o —120°C;

— cTeneHb n3BneyeHns ataHa — o 87 %, nponaHa — 8o 96 %, 6ytaHa 1 Gonee TsxenbIx
yrneeogopoaos — 1o 100 %;

— NponyckHas CrnocoBHOCTL MO ChiPbEeBOMY rady — oT 100 mnH M3/rog 4o 15 mnpa m3/rog.

TexHonornueckas cxema HTK ¢ npumeHeHnem peTaHgepa npefcTaBneHa Ha
pucyHke 2.4.

ToBapHbIN ra3, yxoasilMn C YCTaHOBKM, oxNnaxpaeTtcs B TypboaetaHaepe 8, npveog
KOTOPOro OCYLLECTBISIETCS 3a CHET 3HeprMn rasa ua cenapartopa 5. O6pasosaBliasca B
TypboaeTaHaepe AByxdasHas CMeCb C COAEePKaHNeM XMakocTh 8o 20 % mac. HanpaenaeTcs
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B CenapaLmoHHy0 YacCTb PEKTUMMKALMOHHOM KOMOHHBI 7. XXMAKOCTb, CTeKas BHM3 MO KOJOHHE,
CO342€eT NOTOK OPOLLEHUS.

Ha addektmBHOCTL Npouecca HTK okasbiBaloT BAMsHWE AaBreHve U Temnepatypa.
MoBbiWweHWe AaBMNEHUA YBENUUMBAET CTEMNEHb KOHAEHCALMM YrNEBOAOPOAOB, HO YMEHbLIaeT
CenekTUBHOCTb. CHKEHME TemnepaTypbl NP NOCTOSAHHOM AaBMNeHUn Hapsay € yBennyeHnem
CTEMEHN KOHAEHCALMM MPUBOAUT K YBENMUYEHUIO CEMEKTVBHOCTU: TshKesble YrrneBofopoab!
nepexoasT B Xuakyto casy beicTpee.

v

1 — BXOZHOVi cenapartop; 2-4 — TennoobMeHHUKK; 5 — cenapaTtop 2-i CTyrneHu; 6 — cenapartop
HecTabunbHOro KOHAEeHcaTa; 7 — peKTUUKALMOHHASA KONOHHA (OTFOHHAs KONOHHA); 8 —
TypbogetaHgep; 9 — pubonnep,
| — cbipbeBoOi rags; |l — ToapHbIl ras; lll — yresoaopogbl Ca+ (Ca+); IV — yactmuHo
oTcenapupoBaHHbIi ras; V — xuakme yrnesogopoabl; VI — ocyLleHHbIN ra3

PucyHok 2.4 — TexHonornyeckas cxema HTK ¢ ncnonssoeanvem typboaetanaepa

HasHaueHne B umknax HTK pekTMdUKaLMOHHOM KOMOHHbI-g4eaTaHusaTopa — 3TO
yoaneHue us Xugkon asbl (rasosoro 6eHavnHa, koHageHcaTta wnm WONY) Bcero metaHa n
noytn Bcero artaHa. [onyctumoe copepkaHue nponaHa B pekTudukare aestaHmsaropa
cocTaBnsieT He 6onee 2 % OT Macchl 3TaHa B pekTuduKaTe, a cogepaHme staHa B octaTke
feaTaHnsartopa — He 6onee 2 % OT Macchl nponaHa B ocTaTke.

Bmecto pesTtaHmsaTopa MOXET WCMNONb30BaTbCH [LEMETaHM3aTop, HasHayYeHue
KOTOPOro — NonHoe yaaneHune 3 xxmakon ¢gasbl (rasaoBoro 6eHanHa, KonHgeHcata unu LLUDJTY)
MeTaHa. B aTom cnyyae B pekTudmkaTe AOMKHO copepkaTbes aTaHa He Bonee 5 % mac. oT
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obLLero KONMYeCcTea 3TaHa B Chipbe KONOHHLI, @ METaHa B OCTaTKe KOMNOHHbI — He 6onee 2 %
Mac. OT 3TaHa, COAepKaLlerocs B 9TOM e ocTaTke.

PasHoBungHocTbio cxembl HTK siBnsieTcst npoLece HM3KoTeMnepaTypHOM KOHAEeHCaUMn
n pektndpmkaumm (HTKP).

B 3aBNCMMOCTY OT TEXHOMNOMMYECKON CXEMbI PEKTUDUKALIMOHHBIE KONMOHHBLI YCTaHOBOK
HTP pensitcs Ha pekTudMKaLMOHHO-0TNapHbIe U KOHAEHCALMOHHO-0TNapHbIE (PUCYHOK 2.5).

a 0

-1

II 8

N

III
111

1 — TeNNOOBMEHHUK; 2 — peKTUhMKALIMOHHO-OTNAPHasA KOMNOHHA; 3 — KOHAEHCATOP-XONOAUIBbHUK;
4, 8 — cenaparopbl; 5, 9 — pubonnepsl; 6 — KOHAEHCALNOHHO-OTNAPHAsA KOMOHHA; 7 — XONOAWUINBHUK C
BHELLHUM XOINOAUNbHLIM LIUKIOM,
| — oxnaxaeHHbIN CbipbeBoW ras; || — oTbeH3nHeHHbIN ras; |l — WY

PucyHok 2.5 — TexHonormnyeckue cxembl yctaHoBok HTKP:
a — C peKkTUrKaLMOHHO-OTNAPHON KOJTOHHOW;
6 — C KOHAEHCALMOHHO-OTMAPHOW KOJTOHHOW

OcobeHHocTb npouecca HTKP  3aknovyaeTca B OTCYTCTBUMM  MpPeABapuTENbHOM
cenapaumn CKOHAEHCUPOBABLUMNXCA YrMeBOAOPOAOE. [1ByxhasHbIA MOTOK, OXNaXAEHHbLIA B
xonoguneHuke (a-3; 6-7), nopgaeTca B cepeauHy pekTudMKaLMoHHO-oTnapHon (a-2)/
KOHAEHCaLMOHHO-0TNapHON KONOHHLI (6-6). Takum 06pa3om, BeCb MOTOK CbIpbLEBOro rasa
NoABepraeTcs AeMeTaHM3auvmn B KONIOHHE, Npu 3TOM Temneparypa ee Bepxa AoimkHa Bbib
HWXe, YeM B AemeTaHunsartope no cxeme HTK, ans 3agaHHOM CTEneHn u3sBnedeHns sTaHa.
CTeneHb U3BneYeHus Lenesbix KOMMNoHeHToB Ca+gocTturaet 99,5 %.

B cxemax HTKP pansa BblpaboTkym xonoga NPUMEHSIIOTCS BbICOKO3((PEKTUBHbIE
coBpeMeHHble TypboaeTaHaepHble arperarbl, HOBblE BbICOKO3((EKTNBHbIE TENNOOBMEHHNKN
(nnactuHyaTble, KOXyxoTpybyaTble C BUATbIMA TpyDkamy C NnaBalowuM CEPAESYHMKOM) W
TENNOU3ONAUMOHHBIE MaTepuanbl (BCMEHEHHbIA Kayyyk W T.M.), UCKMovdalowme noTepu
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HW3KOoTeMMepaTypHoro xonoga. B TexHonormdeckmx cxemax HTKP  oTtcyTcreyet
LOMOMNHUTENBHBIA  UCTOYHUK XONoja (XOnoAunbHble MalluHbl, MPOMaHO-XONoAMIbHbIE
yCTaHOBKW), 4TO no3ssonseT obecneunsatsb npoueccy HTKP HanbonbLuyto SKOHOMUYHOCTL MO
CPaBHEHMIO C APYrMKU cnocoBamu, AaKe MPY HU3KOM LaBINEHUN UCXOLHOMO rasa u LUMPOKOM
W3MEeHeHWK ero cocTasa.

2.2.3 TexHonorus abcopoUNOHHOro oTbeH3nHMBaHUA rasoB

CywHocTb npouecca abcopbumm 3aknioyaeTcs B NOMMOLLEHUN (PACTBOPEHNM) TSDKENMbIX
yrneesogopofoe rasa B abcopbeHTe C nocregytowen ux pecopbumen (oTnapkon) u3
abcopberTa. [Bwxywen cunon abcopbuum SBMSIETCA PasHOCTb NapuuanbHbIX AaBNEeHUA
M3BMNEKAEMOro KOMMNOHEHTA B rasoBon 1 Xuakon gasax.

ABcop6eHTbl ANA U3BMNEYEHWU U3 rasa TsKenblX YrNeBOoJOPOAOB AOMMKHbLI OTBEYaTb
crepyrowmm TpeboBaHnaM:

— TemnepaTtypbl WX 3acTbiBaHUS U MOMYTHEHUS] HWKE CamMON HU3KoW pabouyen
TeMneparypbl B abcopbepe Bo nsbexaHune sactbiBaHna abcopbeHTa unm peskoro NnoBbILLEHUS
€ro BA3KOCTY,

— OTCYTCTBUE CEPHUCTbIX COEAUHEHWW, KOTOpble MNOABEpralTCcs AECTPYKUMW Npw
BbICOKUX TeMrepaTypax B aecopbepe 1 3arpssHsaoT TOBapHYHO NPOAYKLMIO YCTaHOBKY;

— OTCYTCTBME CMOJ N MEXAHNYECKUX MPUMECEN, KOTOpbIE 3arpsASHSAIOT 06opyaoBaHue v
annapars|,

— y3KMe WHTepBanbl kuneHns — He Gonee 100°C, npeanoututensHo 50-70°C, ans
obecnedveHnsa cTabnnbHOCTU cocTaBa abcopbenTa;

— MVHMMAasbHOE COAEepKaHWe ankeHOB BO u3bexaHwe MX OKUCINEHWUS KMUCIOpOLOM
BO34YX3;

— BbICOKasi MMNOTHOCTb;

— Bonbluasn n3bmpaTenbHOCTL MO OTHOLLEHWIO K LIENEBLIM KOMMOHEHTaM, U3BIekaeMbIM
na rass;

— MUHUManbHOE JaBneHNe HacbILWEHHbIX Napos abcopbeHTa Bo n3bexaHve ero noteps
¢ OTOGEH3MHEHHbIM ra3oMm;

— OTHOCUTESIbHO HU3Kas BSI3KOCTb Mpu paboumx TemnepaTtypax W LaBrneHusx Ans
XOpoLLen nepekayumBaeMocTu 1 3pdeKkTMBHOrO MaccoobmeHa;

— YCTOMYMBOCTb MPOTMB MEHO— M 3MynbcueobpasoBaHUsi, HEBBLICOKAA CTOMMOCTb U
BO3MOXHOCTb NMPOWM3BOACTBA M3 MPOAYKLMM pa3pabaTbiBaeMOro MECTOPOXKIEHUS.

HambGonee 4acto B kavecTBe abcopBEHTOB UCMOMb3YHOT KEPOCUHOBbLIE UMW AN3ErbHbIE
dpakumm HedTH 1 rasoBoro KoHAeHcaTa ¢ MonekynspHon maccon 140-240.

OcHOBHbIMKM  bakTopamy, BAUSIOWMMKM  Ha npouecc abcopbumn, ABnSOTCS
Temneparypa, AaBrieHVe, KOJIMYECTBO TEOpEeTUYECKUX Tapenok B abcopbepe, yaenbHbin
pacxop (KpaTHOCTb Lmpkynsaumm) abcopBeHTa u ckopocTb rasa B abcopbepe. Temnepartypa u
JaBneHve npouecca OnpeaenstoT KOHCTaHTbl (DasoBOro paBHOBECUS W3BMNEKaEMbIX
KOMMOHEHTOB: C MOHWKEHWEM TEMMEPATYPbl U NOBLILLEHWEM AABINEHNA KOHCTaHTa (pa3oBoro
paBHOBECUS YMEHbLLIAETCS, TEM CaMbIM yBenuuuBaeTcs dakrtop abcopbummn.

TexHonorMyeckass cxema YCTaHoBKM abcopbumoHHoro oTbeHaMHMBaHUS rasos
npvBeaeHa Ha pucyHke 2.6.
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vi

1 — abcopbep; 2 — TennoobmMeHHNK; 3 — HarpeBaTenb; 4 — aecopbep; 5 — KOHAEHCATOP-XONOAUIBbHWK;
6 — eMKOCTb OpOLUEeHUSs; 7 — pubonnep; 8 — XONoAUIbHUK,
| — cbipbeBo ras; || — oT6eH3nHeHHbIn ras; lll — HacblweHHbIW abcopbeHT; IV — LUDNY;
V — HeCKOHAEHCUPOBaHHbIe YrneBogopoabl; VI — Towmn (pereHepupoBaHHbIn) aGCcopOeHT

PucyHok 2.6 — TexHonorm4eckas cxema ycrtaHoBki abcopOUMOHHOro OTOEH3NHMBaHWUS rasos

CornacHo aTol cxeme chipbesor ras (l) noctynaeT nog HWkHIo Tapenky abcopbepa
1, Ha BEPXHIOIO Tapernky KOTOPOro MoAaroT TOWMA (pereHepupoBaHHbin) abcopbeHT (VI). B
pesynbTaTe koHTaKTa B abcopbepe 1 abcopBeHT nornoLaeT TshKenble yrnesoaopoanl us rasa
(), yxoomT ¢ HM3a abcopbepa, HarpeBaeTcA B TennooOMeHHMKe 2 W1 HarpesaTene 3 u
noctynaet B gecopbep 4. C Bepxa gecopbepa 4 Tsxensle yrnesof0poAbl KOHASHCUPYHOTCA B
KOHZeHcaTope-XonoaurbHMke 5 1M MnocTynawT B €MKOCTb OpolleHust 6. YacTb XKuakux
YrneBOAOPOL4OB M3 EMKOCTM 6 noaatoT Ha opolleHne fecopbepa, a 6anaHcoBoe KONMMYecTBo
BbIBOAAT C ycTaHoBKW. Tenno B kyb fgecopbepa nogsoasT npun nomowm pubornepa 7. Towmin
(pereHepupoBaHHbI) abcopBeHT (VI) 3abupator n3 kyba pecopbepa 4, oxnaxparT B
TENNOOOMEHHNKE 2 N XONOAMNBbHNKE 8 1 BHOBb NOAAIOT Ha BEPXHIOK Tapernky abcopbepa 1.
C Bepxa abcopbepa 1 oTBOAAT 0TOEH3NHEHHBIN ras (ll).

O6blMHO faBneHne npouecca abcopbumm coctasnsaet) 3,5-7,0 MMa. Oecopbums
NPOBOAMWTCS MPY NMOHMKEHHOM LaBNeHWK, NPy 3TOM OHO BbiGMpaeTcs TakuM 06pasom, YTobbl
M3BrieYeHHble KOMMOHEHTbI rasa (pektudurkar gecopbepa) MoxHO BbIno Obl CKOHAEHCUPOBAaTL
npwv NoMoLLy 0BbIYHbLIX XNajareHToB (BOAbI UK Bo3ayxa). JaeneHve gecopbuumn cocTaBnseT
0,7-2,0 MMa. Ans NnoHWXeHUs AaBneHUs MOTOKOB MpefyCMaTpuBatoTCs YCTPOUCTBA, BbIGOp
KOTOPbIX ONPefensieTca KOHKPETHLIMM YCIIOBUSIMM MpoLiecca.
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ABcopbumto npoBoasT 06bIYHO Npy TeMnepaType He Bbiwe 30-40°C.

Mo cxeme, NpvBeAeHHOW Ha pucyHke 2.6, 3HauMTenbHas 4vactb abcopbupoBaHHbIX
YrMeBOAOPOLOB TEPSETCHA C HECKOHAEHCUPOBaHHbIMM yrnesogopoaamu (V) (MeTaH + ataH) 13
EeMKOCTW oOpolleHuss 6. [ns ycTpaHeHus 3TOro HejocTarka npejnoxeHa cxema C
abcopbumoHHo-0TNapHoM konoHHo (AOK) (pucyHok 2.7), paboTatoLLelt Nog NPoMEXyTOYHLIM
LaeneHveM mexay abcopbepom u pecopbepom (1,0-4,0 MIMa) n npegHasHadeHHOW AN
BblAENeHNs MeTaHa 1 sTaHa 13 HacblWweHHoro abcopbenta no aecopbepa.

1 r» i v
n n :

| e LA i I R
g7 v

Vil

1 — abcopbep; 2 — AOK; 3 — necopbep; 4, 5 — HarpeBaTenu; 6 — TEMNNOOOMEHHMK; 7 — XONOAUIMbHUK;
8 — KOHAEHCaTOP-XONOANMbHUK; 9 — eMKOCTb opowleHust; 10, 11 — pubonnepsbl
| — cbipbeBoii ras; || — oT6eH3nHeHHbIN ras; || — TonnuBHbIN ras (metaH + atan); IV — LUDJTY;
V — HeckoHAEHCUpPOBaHHbIe yrneBogopoabl; VI — HacbiweHHbIn abcopbeHT; VI — yactuiHo
pereHepupoBaHHbI abcopbeHT; VIII — Towmn (pereHepupoBaHHbIl) abcopbeHT

PucyHok 2.7 — TexHonormyeckas cxema ycTaHoBku oTOeH3uHmBaHus ¢ AOK

B Bepx abcopbUMOHHO-OTMAPHOM KOMOHHLI NopaeTcs Towmun abcopbeHT, U BepxHsaa
YacTb KONOHHbI paboTaer B pexume abcopbuum, a HwkHas — otnapku. [loabupas
cootBeTcTBytoLWmM pexkuMm AOK, MokHO obecreunTb NpakTUYeCcKy NOSHYHO AEeMETaHU3aLMIo, a
npu HeobxoaumMocTu N geataHuaauymo abcopbeHra.

CornacHo cxeme chipbeBou ras () noctynaet noa HwkHiow Tapenky abcopbepa 1, Ha
BEPXHIOK Taperiky KOTOpOoro nogarT Towmi (pereHepvpoBaHHbi) abcopbent (VIII). B
pesynbTaTe KoHTakTa B abcopbepe 1 HacbILWEeHHbIN TshkenbiMu yrnesogopoaamm abcopbeHT
(VI) yxoput ¢ Hu3a abcopbepa, HarpeBaeTca B HarpeBatene 4 u nocrynaet 8 AOK 2. Ha
BepxHioto Tapenky AOK nopgaetcsa pereHepupoBaHHbii abcopbeHT (VIII) oxnaxaeHHbIn B
xonoauneHvke 7. C Bepxa AOK oTteoautcsi TOonnuBHbIA rad (MetaH u stad) (lll) w3
HacblweHHoro abcopbeHTa. YactnuHo pereHepupoBaHHbii abcopbeHT (VII) ¢ Husa AOK
HanpaensaeTcs Yepe3 TennoodbMeHHUK 6 1 HarpesaTernb 5 B Aecopbep 3. Tenno B oTnapHyro
yacte AOK nogeoaatT mpu nomowm puborinepa 11. C Bepxa pecopbepa 3 Tskenbie
yrnesoAopoabl KOHAEHCUPYIOTCA B KOHAEHCATOPE-XONoAunbHMKE 8 1 NocTynakT B €MKOCTb
opouweHuns 9. YacTb Xuakux yrneBogopoaoB U3 eMKOCT 9 NoaaroT Ha opolueHue aecopbepa,
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a OGanaHcosoe konuyectBo LWPJTY (IV) BbIBOAAT € ycTaHoBkW. HecCkoHLEHCUpOBaHHbIE
yrneeogopogbl (V) BbIAENAOTCA U3 eMKOCTU opolueHust. Tenno B Ky fgecopbepa nofBoasAT
npwv nomowm pmndownnepa 10. Towwmi (pereHepmposaHHbin) adcopbenT (VIII) s3abuparot 13 kyba
pecopbepa 3, oxnNaKAaT B TENNOOOMEHHNKE 6 1 XONMOAMNBHMKE 7 U MOJAIT Ha BEPXHHIO
Tapenky AOK 2 n abcopbepa 1. C Bepxa abcopbepa 1 oTBOASAT OTOEH3NHEHHBIN ras (I).

[na ewe 6onbluero ymeHblUeHWs noTeps yrnesonoponos Cs+ C HEKOHLEHCMPYEMbBIMU
rasamMum M3 eMKOCTM OpoLleHus aecopbepa Obima paspaboTaHa cxema C peumpkynsaumen
HECKOHAEHCMPOBAaHHBIX Ta30B B CbIPHEBOM a3 YCTaHOBKW, KOTOPYKO OCYLLECTBMSAIT Mpw
nomoLLy Kommpeccopa.

Ona ymeHbLUeHMA noTepb Nerkux dpakumn abcopbeHta ¢ oTGEH3UHEHHBIM rasoM
NMPVMEHSIIOT ABYXCTYNeH4aTyro abcopbumio (prcyHok 2.8).

i
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1 — abcopbep; 2 — nonyrnyxas Tapenka,
| — cbipbeBoii ras; || — oT6eH3uHeRHbIN ras; I, IV — ToLmMi n HacbILWEHHbIV Tsxkenblh abcopbeHT
COOTBETCTBEHHO; V, VI — TOWMIA U HaCbILWEHHbIM Nnerkun abcopbeHT COOTBETCTBEHHO

PucyHok 2.8 — TexHonornyeckas cxema AByxcTyneH4yaToro abcopbepa

CornacHo aToli cxeme B abcopGep 1 cC nonyrnyxoW Tapenkon 2 noparTcs Asa
abcopbeHTa (Nerkum 1 TSHKeNbIM — KePOCUHOBAas U An3enbHas dpakyum), Npu 3TOM Nerkum
abcopbeHT BBOAAT B abcopbep Hwke TAxenoro. Ha HwkHen Tapenke ocCylecTeBnsercs
nasneyeHue GorbLIEr YacTh MeTaHa U 3TaHa, Ha BEPXHEN — OCTanbHOro Konu4yecTea.

Mpouecc abcopbuum NPoTEKaET € BblAENEHNEM TEMNa, KOTOPOE 3a4acTyro NPUXOANUTCA
oTBOAUTL M3 abcopbepa MNpyv MOMOLUM UMPKYNSLMOHHBIX OPOLUEHWUN, OXNaXAaeMblX B
xonoauneHukax. OfHaKo opraHn3aums UMpPKynsUMOHHbIX opolueHui B abcopbepe obnagaer
PSAOM HEAOCTaTKOB, 8 UMEHHO: HanuyMe Nonyrnyxvux Tapenok B abcopbepe, CNoXHOCTbL
TouHoro Bblibopa MecTa BBOAa oOxnaxaeHHoro abcopbeHTa, HU3kMe KO3PPULMEHTBI
Tennonepesayn B XONoAUNbHUKax LMPKYNALMOHHOIO OPOLLEHUST U AP.

TexHonoruyeckass cxema abcopbumm ¢ npeaBapuTenbHbIM - OTOEH3NHUBAHNEM
(n3sneveHnem GyTaHOB M MEHTAHOB) CbIPLEBOroO rasa M HacbILLEHWEM METAHOM U 3TaHOM
Towero abcopbeHTa npuBeaeHa Ha pUCyHKe 2.9.
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1 — abcopbep; 2, 3 — xonoannbHUKK; 4 — eMKOCTb; 5 — nonyrnyxas Tapenka abcopbepa,
| — cbipbeBoli ras; |l — Towmi abcopbeHT; Il — oTGeH3MHEHHBbIN ra3; IV — HaCbILWEHHbIA

abcopbeHT

PucyHok 2.9 — TexHonormdeckas cxema abcopbepa ¢ npegeapuTenbHbIM OTOSH3UHMBaHNEM
rasa n HacbleHnem Towero abcopbeHTta

MpepBaputenbHoe HacbiweHne Touwero abcopbeHta Il meTaHoM u  3TaHOM
oTtbeHsmHeHHoro rasa lll, otxoasuwero u3 abcopbepa 1, no3sBonseT MNOBbICUTL NYyOUHY
M3BeYEeHVs LieNeBbIX KOMIMOHEHTOB M3 CbipbeBOro rasa | B abcopbepe 1, NOCKONbKy B Takou
CXeMe KOHTaKT cblporo rasa | u HacbiweHHoro abcopberta IV ocywectBnsetca B
xonoaunsHuke 2 npu bonee HU3koM Temnepatype, 4em B abcopbepe 1. B xonoannebHuke 3
OHOBPEMEHHO KOHAEHCUPYETCS YacTb TSKENbIX YINEBOAOPOAOB, YTO MPUBOANUT K CHWKEHWIO
Tenna abcopbunm B abcopbepe 1.

2.2.4 TexHonorua agcopoOUMOHHOro oT6eH3MHUBAHUA ra3oB

MNpn paspaboTke rasokOHAEHCATHbIX MECTOPOXAEHUA BO3HWKNA HeoBxoauMOCTb
otbeH3MHMBaHMa GonblMX MNOTOKOB rasa ¢ ManbiM  COAepXKaHWeM  U3BMeKaemblx
yrneeoopoaos (1-20 r/m3). Ana oT6eH3NHMBaHUS TakUxX rasos NpYMeHsIETCst aACOPOLMOHHBIN
npouecc, K HacTOSsILLEMY BpeMeHU MOAMMULMPOBaHHBIN B KOPOTKOLMKIIOBYIO aacopbuuio
(KLIA), npy ocyLLieCTBINEHMN KOTOPON OZHOBPEMEHHO C YITIEBOAOPOAAMU U3BNEKAETCA U BOAA.

TexHonornyeckass cxema npouecca KUA npuvHUunuanbHO He OTnu4aetca  oT
TEXHONOrMYECKON CxeMbl NpoLiecca aacopbLMOHHOM ocyLLKK rasa (pucyHok 2.10).
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PucyHok 2.10 — TexHonornyeckas cxema npoLecca KopoTKOLMKIIOBON aacopoLmm

YcTaHoBKa COCTOUT U3 TPEX KOMOHH, NpeaHasHa4yeHHbIX ANS BeAeHUs 0AHOBPEMEHHO
B OZIHOW KONOHHE aacopbunn, B Apyrov — aecopbumm, a B TpeTben — OXNaxAeHs.

[MepekntoyeHne KOMOHH MPOMCXOAUT aBTOMaTUYECKM C MOMOWb  npubopa
ynpaBneHus.

B ycraHoBke wMetoTca Takke 2 TennooOMeHHWKa, BO3AYLUHbIA XONOAWMBbHUK,
KOHAEHCaTOoTAENUTE b, FAa30AyBKa U HarpeBaTen..

Mpw ncnonbaosaHum npouecca KLA Heobxogumo cobntogatb cnefytowme yCnoBus:

— CKOPOCTb NOTOKA rasa jormkHa 6biTb Takow e, kak npu ocyLLKe rasa agcopbeHTamm
(He meHee 0,15-0,30 m/c). ITO NO3BONAET yBENUUNUTL CPOK CRyxDbl agcopbeHTa;

— Bpems uukna aacopbuum npu masneveHnn u3 rasa Cs+ AOMKHO OblTb HE MeHee
15 MuH, a yrnesogopoaos Ca+— o1 15 go 60 MuH. MpogomkMTenbHOCTL Lykna agcopbummn npu
M3BMIEYEHUN OMPEAENEeHHOro KOMMOHEHTa AoMmkHa ObiTb paBHa BpemeHn paboTbl Cnos Ao
NPOCKOKa 3TOr0 KOMIMOHEHTA;

— BbicOTa crnos agcopbeHTa AorrkHa ObiTb He MeHee 4,5 wm;

— TeMnepartypa pereHepauum aorkHa G6biTb He MeHee 230°C. Ecnu B rase cogepxartca
yrnesopopoabl Cs+, TO ee xenarenbHo noBbicuTb A0 260-315°C;

— npy npoektupoBaHun yctaHoekn KLIA (ctagus pecopbuuu) xenartenbHo
MCrOSIb30BaHME UCKYCCTBEHHOIO XONofa BMECTO OObIMHOTO BO3AYLUHOMO OXNaxieHua Ans
nyyLIen KoHAEeHcaLuM U3BMEYEHHbIX YrIeBOAOPOA0B Npu pereHepaumn agcopbeHTa.

B «kavectBe apacopbeHTOB AnNA  UM3BNEYEHWA  YrIeBOAOPOAOB  UCMONL3YHOT
aKTMBUPOBAaHHLIA Yronb, CUMMKaresrls M MONEKyNApHble CUTa-LeonuTbl. AKTUBMPOBAHHBIN
yrosb, B OTIM4NE OT APYrnx afcopbeHToB, He U3BnekaeT Boay. Tn NpUMEHsSeMbIX LIeonuTos
— NaX, CaX wu ap. WHoraa apcopOumMOHHBIN CNOW MOXET COCTOATb W3 HECKOMNbKWX
ancopbeHToB.
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Crtagns apacopbumm npoTtekaeT npu Temnepatypax 30-70°C w npu paeneHuv
nepepabaTtbiBaeMoro rasa.

CTtagusi pecopbumMm U oxnaxaeHus afcopbeHTa MOXET OCYLUECTBAATLCH MO
TEXHOMOTMYECKON CXemMe C 3aMKHYTbIM LWKIIOM rasa pereHepauuv, KoTopbId Mocne
OXNaxaeHns 1 BbiaeneHus u3 Hero yrnesogopofoB C3+ BHOBb BO3BPALLAIOT Ha CTafuio
aecopbumn.

B psoe cnyydaee Ha ycraHoBkax KLIA NpUMEHSIHOT OTKPbITBIA LMK, KOrga ras
pereHepaummn oTOMpaeTCcsi M3 MOTOKa ChIPbEBOrO rasa, WCMonb3yeTcs AnA OXnaxaeHus
agcopbeHTa, HarpeBaeTcs, MPOXofuT apcopbep, HaxoAAwmMncs B cTaguu gecopbuvu, m
oxNnaxpaeTcs, B pe3ynbTaTe Yero M3 Hero KoHAeHcupyroTes yrnesogopoasl Ca+ (M3-3a ux
Bonbluero coaepxaHua B rase nocne agecopbepa no CPaBHEHUIO C UCXOAHBLIM ra3om). [as
nocne BblaenenHns yrnesogoponos Ca+ BO3BPALLAOT B NOTOK ChIpbEBOro rasa. B atom crnyyae
3aMKHYTOrO KOHTYpa LMPKYNSLUN rasa pereHepaumm HeT.

KonuyecTBo rasa pereHepauum LOMKHO ObiTb MUHUMAaNbHO HEOBXOAUMBIM, YTOOBI
KOHLEHTpaUMss B HeM MW3BneKaemblx (KOHAEHCUPYIOWMXCH) Yrneeogopogos  Obina
MakcuManbHou ans 6onee apeKkTUBHOrO NPOBEAEHNS CTaANN KOHASHCaLNN.

2.3 TexHonorusi nepepaboTku Wupokoun dpakuun Nerkux yrineBogoponos

LLinpokyto dppakumto nerkux yrnesogopoaor (LLUGJY) nonyyatoT npy oT6eH3nHMBaHUN
NMPUPOLHbLIX U HETSAHBIX FA30B Pasnu4HLEIMU MeToAaMU, a Takke Npun cTabunusauymm rasosbix
KOHAEHCAaTOoB.

LLnpokyto dpakumio Nerkux yrnesoA0poA0B, a Takke rofosky ctabunmsauum rasosoro
KOHAEHcaTa pasfensioT Mo CreayolmMM BapnaHTam:

a) Ans npousBoAacTBa cTabunbHoro rasosoro 6eHsuHa (yrnesopopogbl Cs+) u
TonnueHoro rasa (yrnesogopoabl C1—Ca);

©6) Aans npowusBoacTBa CcTabunbHOrO rasosoro GeHavHa (yrmesopopogbl Cs+),
TONnNUBHOro rasa (yrneesogopoabl C1—C2) u cxwkenHoun MNbe;

B) [ANs npou3BoacTBa crabunbHoro rasosoro 6GeHauHa (yrmesogopogbl Css),
TOMMUBHOTO ra3a (MeTaH C NPMMECSAMWU 3TaHa) U MHAMBUAYAnNbHbLIX YIMEBOAOPOAOB (3TaH,
nponaH, n3obyTtaH, HopMarbHbi 6yTaH u ap.);

r) Ans NPOW3BOACTBA WHAMBMAYASbHbLIX YrNEBOAOPOJOB W UX cMecen (mpw
nepepaboTke LLUPJTY, npaktnyecku He cogepxalumx Cs+).

OTtaH (aTaHoBas dpakLms) NPUMEHSETCSH Kak Cbipbe NMPONN3a, B Ka4eCTBE XnajareHra
Ha ycraHoBkax HTK, cxmwkeHnns rasos, agenapaduHnsaymm maces, BolageneHns napakcunona
1 ap.

MponaHoBasa pakuus (TEXHUYECKMIA MPONaH) UCMONb3YeTCA Kak Cbipbe NMPONu3a,
KOMMYHanbHO-6bITOBOE M aBTOMOOMNBHOE TOMMAMBO, XMagareHT ANA TEXHONOrMYecKux
YyCTaHOBOK nepepaboTkm HEMTM U rasa, pacTBOpUTENb.

N3obytaHoBan dpakunsi ABMSETCA CbiPpb€M YCTAHOBOK  ankunmpoBaHus WU
LErVAPVPOBaHNS C NOMyYeHWeM M300yTuneHa, KOTOPbIA ABMAETCSH B OCHOBHOM CbIPbEM ANS
NMPOW3BOLCTBA BbICOKOOKTAHOBbIX [,06aBOK K MOTOPHBIM TOMSIMBaM.

byTtaHoBas dpakums ucnonb3yetcs Ans nonydenuns OytagmeHa-1,3, a Takke Kak
KOMMYHanbHO-6bITOBOE TOMNMBO, fo0aBka K aBTOMOBUNbHBIM GeH3nHaM AN MOBbILLEHNS
[JaBneHnsi HacbILLEHHbIX NapoB.
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MN3oneHTaHoBasa dpakuma ABNAETCA KOMMOHEHTOM BbiCOKOOKTAHOBLIX OeH3MHOoB.
MeHTaHoBas bpakLns CNyKUT CbipbEM AN NPOLECCOB M30MepU3aLmm, MMPonn3a, nonyyeHus
amMMnoBbIX CMNPTOB.

Mpy uncnonb3oBaHMM STUX  PakUMA  NErkMX YrneBofOpOAOB Kak Cbipbsi  Ans
HeTEXMMUN COAEPKAHNE OCHOBHbBIX KOMMOHEHTOB B HUX LOMKHO ObiTb HE MeHee 96-98 %.

2.3.1 TexHonorus ounctku LLIDITY oT cepHUCTbLIX COeAUHEHUN

KOHLeHTpaLusi CEpHUCTBIX COEAUHEHWI (CEPOBOAOPOAA, MEPKANTaHOB, cepoyrnepoaa
v ap.) B CYT v LLUPNY, nonyyaembix npy oTOEH3MHMBaAHUN CEPHUCTbLIX ra3oB M cTabunusauumm
CEepPHMCTBIX TrasoBbIX KOHAEHCATOB, Kak rpaBuno, Bbile AONYCTUMOrO  YPOBHS,
yCTaHaBnMBaeMoro HopMaT1BHbIMU TPEGOBaHUSIMM.

Ona nonyyenna CVYI, otBevarowmx Tpebosannam [OCT P 52087-2003 [135],
NPOW3BOAAT NUX OYUCTKY OT CEPHUCTLIX coeanHeHn 10 %-M BOAHBIM PacTBOPOM ruapokenaa
HaTpus.

OuncTka oT cepoBogopoaa U MepkanTaHoB (Tvonos) pacteopom NaOH npotekaet no
CreayroLmM peakLnsam:

Hz2S + 2NaOH — Naz2S + 2H20;
H2S + Na2S — 2 NaHS;
RSH + NaOH — RSNa + H20.

Mpy aToM MpoMCXOAMT TakKe W3BMEYEHWe W3 rasa AuvokcuAaa yrnepopa 3a cyeT
peakuui:

CO2 + NaOH — NaHCOs3 + H20;
NaHCOs3 + NaOH — Naz COs + H20.

TexHonoruyeckass cxema ycrtaHoBkM o4ucTkM CYI OT CEepHUCTbIX COeANHEHUN
BKntoyaeT B ceba nocrneaoBaTenbHO COEAUHEHHbIE YETbIpe CTyneHn (pucyHok 2.11). Ha
nepBoi CTyMeHW 13 Cbipbs MPEUMYLLECTBEHHO M3BNEKAIOTCA CEPOBOAOPOA, cepoyrnepon u
CEepookcua yrnepoga ums-3a Bonblue akTMBHOCTM MO CPAaBHEHWIO C  MepkanTaHamu.
TexHOMOrMUYECKNIA PEXUM NEPBOIA CTYMNeHW (KoHTakTop 1) cneayrowmi: aasnexHue 1,9-2,5 MlMa
(onpegensieTcA  HeOOXOAMMOCTBIO MOAAEPKAHMA rasa B CKWKEHHOM  COCTOSIHMM),
Temnepatypa 50°C. Ha BTopor u Tpetben ctyneHsx (Temnepatypa 35°C) npoussoputcs
ounCTKa OT MepKanTaHoB. Ha YyeTBepTol CTynerun ocyluecTensercsa npomsiska CYI Bogon ot
cnegoB NaOH. HacbiwenHbii pacteop NaOH ¢ nepsov 1 BTOpOW CTyneHei nopaeTtcs Ha
pereHepauMlo MyTem MOAOrpeBsa C WCMOSb30BaHMEM COMSHOW KucnoTbl. Ha ycTaHoBke
jocTuraeTtcs creneHb oumctkn CYI oT cepoBojopofa W mepkantaHoB Ao 98 m 96 %
COOTBETCTBEHHO.
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1-4 — peakTopbl (CMEcU B NoToke); 5-8 — OTCTOMHUKU-pasAenuTeny; 9 — BOASHON XONOLUNbHMK
| — cBexxwuin pacteop NaOH; Il — ceipbe; Ill — oTpaboTtaHHbii pactsop NaOH; IV — ceexas Boaa,;
V — oTpaboTtaHHas Boga; VI — oumLeHHOe chipbe

PucyHok 2.11 — TexHonormyeckasi cxema LyenodHon ounctkm CYI

Mocne ouncTkn OoT cepHUCTBIX coeauHeHnn CYI nopaetcs Ha 6nok agcopBumoHHON
OCYLLIKM.

Ons npaktnyeckn nonHoro ypanenus m3 CYI un WY mepkanTtaHOB UCMONb3yHOT
LleMepKanTaHW3aLUmio Ha KaTanuaaTopax, Cofepalyux xenatHele coegnHeHus metansnoe VI
rpynnbl B pacteope ruapokcmpa Hatpus (npouecc «Mepoke»). MepkantaHbl NepeBOAAT B
avcynbduabl MyTEM KaTanMTUHECKOrO OKUCTIEHMS B LLIENOYHOW CPpede Ha OCHOBE peaKLuii:

RSH + NaOH — RSNa + H20;
2RSNa + 0,5 O2 + H20 — RSSR + 2NaOH

Ancynbdouabl IPUMEHSIOTCS B PasfINYHbIX OTPACNSX NPOMbILLNEHHOCTU. Jucynbduabl
LLeNoYHbIX METarnoB, aMMOHUA U KanbLus SBASIOTCS MHCEKToyHMMumaamu. Jucynbduab
aMMOHMS, Kanusi N HaTpWs UCMONb3YKTCS AN CyNbMUPOBAHUS U BOPOHEHUSI NMOBEPXHOCTH
cTanbHbIX W YyryHHbIX W3AENWA C LENbl NPuaaHUs UM KOPPO3UOHHOM CTOMKOCTW. A €
MOMOLLEI0O CMECU AUCYNbUAOB HaTpusi M Kanus (CepHasl neyeHb) B  KOXEBEHHON
MPOMBILLIIEHHOCTU CHUMAIOT BOSOC CO LUKyp. JelcTBME pacTBOPOB CEPHOWM NEYSHU CBA3AHO
He TOMbKO C WX BbICOKOW LLIENOYHOCTBHO, HO U C OKUCTIUTENBHLIMU CBOACTBaMU.

MMapooYmMCTKa ra3oKOHAEHCATOB NO3BOMSAET yAaNMTh U3 ra3oKOHAEHCATOB BCE KaccChl
CEPHUCTbIX COEAMHEHWA, a TalKe [PYrMe reTepoaTtoMHble COeAUMHEHWA — asoT- U
Kucrnopogcofepxalme. B ocHoBe npouecca — MepeBoj BCEX CEPHUCTbIX COEAUHEHWN,
pacTBOPEHHbIX B KOHAEHCATE, B CEPOBOLOPOA:

RSH + H2 —RH + H2S
RSR' + H2— RH + R'H + H2S

B KkayecTBe KaTanMsaToOpoB WCMOMb3ylOT  antomokobanstmonubaeHosbie Y
antoMoHMKensMonubaeHoBble, nHorga B nocneaHuii fobasnawT Ana npodHoctn 5-7 %
LMoKkeuaa KpeMHuS.

Mpouecc nposoasT Npy Temnepatype 310-370°C, paeneHum 2,7-4,7 Mla, pexumHbie
nokasaTenu nogouparoT B 3aBUCMMOCTU OT UCMOMNb3YEeMOro KatanuaaTopa v Chipbs.
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ApcopbumoHHas OuynCTKa OT CEePHUCTBIX COEAUHEHMIA NPOBOAUTCH C TMOMOLLBHO
NPUPOAHbLIX W CUHTETMYECKUX TBepAbIX copbeHToB: OOKCUTOB, oKcuga arnoMUHUA,
cunvkareneu, LeonuToB 1 ap.

Mpw nposepeHn agcopbummn Npy NoBbIWEHHbLIX TemnepaTtypax 300-400°C npoTexarot
aAcopOLMOHHO-KaTanUTUYECKNe NPOLECCHI, MPUBOASALLME K PA3NOXEHUIO CEPOOPraHNYeCcKnNX
COEAUHEHW UNN nepeBofly WX B HeakTVBHble ¢opMbl. AACOPOLMOHHYIO  OYUCTKY
LlenecoobpasHo NpUMeEHATb Npu HeBOoNbLIOM coaepkaHnum cepbl — Ao 0,2 % mace.

Hapsgy ¢ HECOMHEHHbIMW [OCTOMHCTBaMW aaCOPOLIMOHHOIO MeToaa — MArkNe yCrnoBsus
TEXHONOMMYECKOro npouecca (Hu3kas Temnepatypa n Hebonblioe AaBreHue), NpocToTa
annapaTtypHoro odopmneHuss — oH obnagaeT U CylleCTBeHHbIMU HepocTatkamu. MHorve
afcopbeHThI, B TOM YMCNE 1 LIeOnuTLI, 0COBGEHHO MMMOPTHLIE, BCE ELUEe ABNAITCA AOCTATOYHO
aopormm 1 geduumtHbiMK. Huskas apcopbumoHHas emkocTb apcopbeHtoB Tpebyer
NPUMEHEHNA BOoNbLUMX MX KONMUYECTB C 4YacTon pereHepauumeid. locne Heckonbkux LMKoB
pereHepaumMn ancopbeHTbl 4acTUYHO 3aKOKCOBLIBAKOTCA W MOABEPrarTCs MEXaHUYECKOMY
paspywennio. 3TO BbI3biBaET HEOOXOOUMOCTL B MNEPUOAMYECKON MONHOM  3aMeHe
agcopbeHtoB. [103TOMy NpuMEHeHWe MeToja aacopOUMOHHOM OYUCTKU  OFpaHUYEHO
LOCTaTOYHO y3KON 0BnacTbio — OYMCTKOM NErkux yrneBOAOPOAORB C HU3KOW KOHLIEHTpauven
CepHUCTLIX coeanHeHui (ao 0,2 % macc.).

MomMmo  TpaguUMOHHLIX apcopbeHToB, B nNOcCneaHue roabl  paspabarsiBaroT
MOrnoTUTENN Ha OCHOBE OKCMAOB MONMBAEHa, Tennypa, MapraHua 1 kKapboHaToB LLEeNOYHbIX
MeTansoB, KOTOpbIE OCYLLECTBAAIT HE TONbKO U3NYECKYHo aacopbLmio, HO U xemocopbuuio.

Okecmabl UMHKa, Kenesa, Mean OTHOCATCA K Hambonee pacnpocTpaHeHHbIM TBEPAbIM
xemocopbeHtam. [py mMcnonb3oBaHUM OKCUAOB >xenesda (Haubonee crapbii cnocob)
NpOTEKAT peakL:

Fe203 + 3H2S < Fe2Ss + 3H20
Fe304 + 3H2S + H2 « 3FeS + 4H20

Pererepaumns copbeHTa NpoBoAgUTCS BO3AYXOM MO PeAKLMAM:

2Fe2S3 + 302 « 2Fe203 + 6S
4FeS + 302 « 2Fe203 + 4S

B 3aBvcMMOCTM OT KONMMYEcTBa NOAABAEMOr0 Ha pereHepauuio Bo3gyXxa MOXHO
nonyyatb Kak SNEMEHTapHyld cepy, Tak W okcuabl cepbl. MeToa xapakrepusyertcs
JELUEeBN3HOW, BO3MOXHOCTBIO pereHepaumm XemocopbeHTa, HO CyWEeCTBEeHHbIM €ro
HELOCTaTKOM SIBMSIETCA HU3Kas CTerneHb O4YUCTKM OT ceposopopoga (ao 10 Mmr/im3) u
HEBO3MOXHOCTb MCMONb30BaHWA 0bpasytoLLencs cepsbl.

Mpn ouucTke C NOMOLLBID OKCUAOB UMHKaA MPOTEKalT peakuum He TONbKO ¢
CEepOBOAOPOAOM, HO U C APYTYIMU CEPHUCTLIMU COEANHEHUAMM:

H2S + ZnO « ZnS + H20
CS2+27Zn0 « 2ZnS + CO2
COS +Zn0 < ZnS + CO2
RSH +Zn0O — ZnS + ROH

TemnepaTypa npouecca 350-400°C, a cepoemkocTb copbeHta pocturaet 30%.
OcraTouHoe copepxaHue cepbl B rase Ao 1Mmr/m3. MNpouecc [0CTaTouHO yHUBEpPCaribHBIN,
LUMPOKO UCMONb3YETCs B MPOMBILLIIEHHOCTM, OAHAKO0 NPU 3TOM CaM XEMOCOPBEHT He NoaNexXuT
pereHepaumun. TMpu O4MCTKE C MOMOLLBIO OKCMAOB MEAWM MPOLECC NpoTekaeT ¢ Gonbluoi
CKOPOCTbBH, HO XeMOCOPBEHT Takke He NMOANEXUT pereHepauuu.
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LLnpokoe pacnpocTpaHeHWe nony4una xemocopbLMOHHO-KaTanuTnyeckas cuctema.
Ha nepBoli cTagum NpoBOAAT KaTanMTU4ECKOE MapUpoBaHNE CepoopraHNYECKUX COEANHEHUIA
JO YrneeoAopoAoOB W cepoBogopoja, a janee — xemocopbuuio cepoBogopopa
nornotutenamm (oKCcuaamn UWHKa, xenesa wnu  wmeau). B Poccun  paspabotaH
HU3koTeMNepaTypHbIi xeMocopbeHT MMATT-10-2 Ha ocHOBE OKCuAAa LMHKa C aKTUBMPYIOLLIEN
nobaskon okcmaa meau.

BnvakuiA K STOMy — Xeneso-coaoBbii MeTog. OCHOBaH Ha UCMONL30BAHUM B KavyecTee
MornoTUTENLHOIO pacTBopa B3BECU MMAPOOKCUAA ABYX- N TPEXBANEHTHOro Xenesa

H2S+Na2C0O3 — NaHS + NaHCOs
3NaHS+2Fe(OH)3 — Fe2S3+3NaOH+3H20
NaHS+2Fe(OH)3z — 2FeS +S + 3NaOH+3H20

PereHepauumio nornoTUTENBHOIO pacTBopa OCYLWIECTBAAIOT NPOMNYCKaHUeM Yepes Hero
Bosgyxa. Mpu atom okono 70 % cepoBogopoaa NEpeBOANTCA B 3NEMEHTHYO cepy, a 30 % —
oKkucnseTca Ao Tuocynbdara HaTpus.

OKCTPaKUMOHHaA O4YMCTKA OCHOBaHa Ha WCMOMb30BaHWM 3KCTPareHToB, CENEKTUBHO
M3BMNEKaLWmMx M3 rasoKkOHAEHCATOB CEepHUCTblE coefvHeHus. B kauecTBe aKCTpareHToB
npeanoXeHsl BOAHblIE PacTBOPbl 3TAHONAMWHOB, AUMETUN(OpPMaMua, AUSTUNEHMNUKOSb,
anmeTtuncynbdokcua u ap.

OpHako HW OAMH Y3 MPUMEHSEMbIX B HacTosiLlee BpPEeMsl SKCTPareHToB He
YAOBNETBOPSAET BCeM HeOBXoaUMBLIM TpeboBaHNsIM — BbICOKasA pacTBOPSIOLWAA CrNocoBHOCTb
MO OTHOLUEHWHD K CEPHUCTbIM COefMHEHVsM, Oomnbluaf nNoTHOCTb, HWU3Kas BA3KOCTb,
LOCTYNHOCTb M A€LUEeBU3Ha, OTCYTCTBME TOKCUYHOCTM N KOPPO3NOHHBIX CBOWCTB.

2.3.2 PaspeneHue LLU®PITY Ha razodpakuMOHMPYIOLWUX yCTaHOBKaXxX

Ona pasgeneHMs rasoBblXx CMECEA Ha WHAMBUAYanbHblE  KOMMOHEHTbI MK
YINEBOAOPOAHbIE PpaKLMm NCNONL3YETCH METOA pekTudmkaumn. PekTndmkaums — 3To npouecc
pasgeneHns BrMHapHBIX UM MHOMOKOMMOHEHTHBIX CMECE 3a CHET MPOTUBOTOYHOMO Macco- U
TennoobmeHa Mexay napoM u XUAKocTbro. MpoLecc ocyLecTBnaeTcs NyTemM MpOTUBOTOYHOMO
MHOIOCTYNEHYaToro (KONMoHHbI TapenbYaToro TUMna) Ui HeMpPepbLIBHOMO (Hacafo4YHbIe KOMOHHbI)
KOHTaKTUPOBaHWSI BOCXOASLLMX MO KOMOHHE NapoB N HACXOASALLEN XUAKOCTU.

AnnapaTtypHo-TexHonorm4yeckoe ocopmneHune MPY onpenensaeTcs xapakrepucTmkamm
NMoCTynaroLLero Chipbsi (COCTAB WU AaBreHWe), acCOPTUMEHTOM M KAYeCTBOM MOMy4YaeMoi
NPOA YKL,

OcHoBHbIMK hakTopaMu, BAVSAIOWMMM Ha 3OEKTUBHOCTL Npouecca pekTndukaumm
rasoBbIX CMECEN, ABMSOTCA faBneHWe, Temneparypa, KONMYeCcTBO Taperiok B KOMOHHE U UX
KM, ckopocTb napos 1 onerMoBoe 41cno.

C yeennyerHnem KI[ Tapenok, wx Kommyectsa W NErMoBOro 4Mcna 4YeTKOCTb
peKkTUUKaLMN ra3oBbIX CMECE BO3PACTaET, NpU 3TOM AN MUHUMMU3ALMN SKCTyaTaLyMOHHbIX
3aTpar Ans nonyyYeHUst OAHOM 1 TOM e YETKOCTU pekTUdmMKaLmm LienecoobpasHo yBennumBaTh
YMCMO TapEeroK, yMeHbLUasa rierMosoe Ymcno. PrnermoBble YMcna B KONOHHaX ANA pasaeneHns
rasoBbIx cMecei konebntotes ot 0,5 go 20-25, a umeno peanbHbix Tapenok — ot 60 4o 180 wTyk.
Yneno Tapenok M rerMoBoe UMCIO B KOMOHHE Tem Bornblue, Yyem Gonee OGrnmaKoKMnsawme
KOMMOHEHTLI B Helt pasaensitoT; KM/ Tapenok naMeHAeTCs B LUMPOKUX Npejenax B 3aBUCMMOCTU
OT TUNa Tapernku 1 pexmma padoTbl KONOHHbI.
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2.4 TeXHONOrnu NOMYYEHUA CXUKEHHbIX YrNeBOAOPOAHLIX ra3oB

I'Ionyqume CKWKEHHBIX ra3oB 06bl4HO npon3BoanTcAa no TEXHOMOrMYECKON Cxeme ¢
vcnons3osaHnem adpdexra [pxoyns — TomcoHa (puUcyHok 2.12).

Quiiennwifi 2az
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T2 El cobcmaen-
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K1 K2 nexit zaz

T3
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PucyHok 2.12 — Cxema nony4eHns CKUKEHHbIX ra3oB C BMPbICKOM MeTaHona

[ns npepgoTepalleHus 06pasoBaHnsa rmapaTtoB B NOTOK ra3a nepej ero oxnaxaeHmem
BripeicknBaeTca 80 %-HbIi MeTaHon. [as, npovas BXOAHOW cenapaTtop, NOCTynaeT B
pekynepaTuBHbIA TennoobmeHHMK T1, B KOTOpOM oxnaxaaetcsi obpaTHbIM MOTOKOM rasa.
[anee ras gpoccenvpyeTcs 0 AaBneHusl, HeobxoanMOro Ans TpaHcnopTa rasa noTpebuTento
W, OXMafuBLUMCL, MOCTynaeT B TpexdasHbit cenapatop CH1 Ans oTAeneHWs BbinaBLIen
)upkocTu. a3 M3 cenapatopa, OTAaB CBOW XONIO4 B peKynepatvuBHOM TensnooOMeHHVKe,
noctynaeTt noTtpebutento. BbinaBwmii BOAHO-METaHOMbLHLIA PACTBOP APOCCENUPYETCA U
nocTynaeT B oTnapHyto konoHHy Km1. Mapbl meTaHona na KM1 koHAEHCUPYIOTCA 1 NOCTynaroT
B COOpHYHO eMKOCTb. M3 eMKOCTM MeTaHOn noAaeTcs HacOCOM B CUCTEMY pacnpefeneHuns
MeTaHona no ycraHoBke. BeinaBwasi B CH1 yrnmeBopgopopgHas >UAKOCTb MOCTynaeT Ha
opolleHue aeataHm3artopa K1. B K1 npoucxoaut otaeneHue dopakupm C3+ OT MeTaH-3TaHOBOM
dpakumn. MNocneaHss cMeLmMBaeTCa C OCHOBHbIM MOTOKOM rasa u3 HU3KOTEeMNnepaTypHOro
cenapartopa. ®pakuusi C3+ NOCTYNaeT B CPEAHION YacTb KOMOHHbI K2, B kOTOpOn pasgenseTcs
Ha nponaH-6yTaHoByto dpakumio u LLUPIY (unu ctabunbHeIn KOHAEHCAT).

KoHzeHcauwmto napos, Bbixoaswmx ns K2, a takke oxnaxaeHne nonyyeHHOro HWKHEro
NPOAYKTa, OCYLLECTBNAOT OTCENappoBaHHbIM ra3oMm.

Mo  paHHOM TEXHONOMMYECKON cxeme Obinn NOCTPOEHBI yCTaHOBKU
npon3BoAUTENBHOCTBLIO 315 MMH m3fron nepepabatbiBaemoro rasa. B gaHHom cnyyae umencs
cBo6OoAHbIN Nepenay faBnNeHUA Mexay nocTynarwmM Ha nepepaboTky rasom (3,5 MlMa) n
TOBapHbIM rasom, nogasaembiM Ha TAL v B ropog (1,2 MMa). Ha atom nepenaae aaenenvn
n Bbin peanusosaH npouecc. B pesynbtate nocne apoccenupoBaHus Obina AOCTUMHyTa
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TeMmneparypa MuHyc 63°C, npu 3ToM M3BneYeHue n3 rasa gpakuymm Cs+ COCTaBMSANO OKOMO
40 % (nponana — 25 %).

[laHHas TeXHONOrMa OTNMYaeTCs NPOCTOTOM U MPaKTUYECKVN He MMEET 3aTpaT aHeprum.
Mpu yBenuuyeHWn nepenaga QAaBneHWA Mexay MoCTynaloWmMM Ha yCTaHOBKY rasom W
BbIXOAALLMM ByAeT COOTBETCTBEHHO YBENNUMBATLCA U KOSMDMULIMEHT n3BnedveHus Ca-.

HepocTaTkamMn 3TOM YCTaHOBKM SBMAIOTCA 3arpssHEHWEe NPOJYKTOB MEeTaHOMoM U
TPYAHOCTU C yTUNM3aLMen METaHOMbHOW BOAbI.

Bonee rnybokoe u3BnedeHve dpaxkumm Ca+ NO3BOMAET TEXHONOrMYecKkas Cxema,
npeacTaeneHHas Ha pucyHke 2.13.

Bx2 El
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1Bl 2a3
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C3
Tosapruurit zas3|
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PucyHok 2.13 — Cxema rny6okoro ussnedeHus Ca+C MCMONb30BaHNEM
[ eTaHaep-KOMMNpPeccopHoro arperara

B oTnunune oT npenbigyLlen cxemel, 34eCb NPUMEHEHa TBepAas OCyLUKa rasa, 4YTo gaet
BO3MOXHOCTb MOJTy4aTh OCYLUEHHbIE NPOAYKTbLI, HE coaepxalume meTaHorn. Mcnonb3osBanve
JeTtaHaep-komnpeccopHoro arperata (TOA) npy NpoUMx paBHbIX YCNOBUSX (T.€. OANHAKOBbIX
BXOAHbIX W BbIXOAHbIX Ma@pamMeTpax rasa) no3sonsieT NpPoBOAUTL MPOLIECC cenapauuv npu
fonee HW3KMX TemnepaTypax U SaBneHUsiX, YTo BnaronpuaTHO CkasbiBAeTCA Ha npouecce
pasgeneHns. TOA Tawke MO3BONAET MakCUMarnbHO COXPaHWTb BXOAHOE AaBMNEHWe rasa.
Ucnone3oBaHre xonoga OTCEenapupoBaHHHOMO rasa B Aedrnermarope aestanmsatopa K1
NO3BOMNSET YMEHbLUMTL YHOC nponaHa. ChipbeBOW ra3 nocrynaeT B TpexdasHbii cenapaTop
C1. OTcenapupoBaHHbI ra3 nogaeTcs B 6r0K OCYLLKW, e OCyLUaeTCa A0 TOYKU POCbl MUHYC
70°C. Cyxow ras nogaeTcs Ha oxnaxaeHue AByMsi NOToKkamu: B TennoodmernHuk T1, T2, T3, n
3atem B cenapatop C2. PacwwupeHHbin B aeTaHaepe ras nopaetca B cenapatop C3.
XKuakocTe U3 cenaparopa ApoccenmpyeTes, HarpeBaeTcs B TennoodmeHHuke T3 1 nogaetcsa
B Ka4eCcTBe NUTaHWsa B CPEAHIo YacTe feaTtaHmnsaropa K1. a3 ns cenaparopa C3 nocrynaet
B Ka4yecTBe xnajoareHta B fedrierMatop jedTaHusaropa M 3ateMm B TennoobmeHHuk T1.
KyGoBas xwaKoCTb U3 fesTaHusaropa ApoCCenvpyeTcs U NogaeTcs B kayecTBe NUTaHWS B
KonoHHy K2. YrnesopoponHas XuaKoCTb U3 TpexdasHoro cenapatopa C1 gpoccenvpyeTcs un
noaaetcsa B pasgenurens P1. Mas 1 yrneBoaopofHas XUAKOCTb U3 pasfenuTens NogarTcs B
JleaTaHnsartop. Beixoasawmn n3 gestanmsaropa ras nocne pekynepaumm xonoga 4oxnuMaeTcs
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KOMMpeccopoM TypOoaeTaHaepHoro arperara, OObEAVHAETCHS €  OCHOBHBIM  MOTOKOM,
BbIXOASALLMM 13 TernnoobmeHHmka T1, n noctynaet notpebuTento.

[aHHaa TexHonornyeckas cxema MoxeT paboTaTtb B LUIMPOKOM AnanasoHe AaBneHun
rasa. KoachuumeHT n3BneveHns nponaHa 3aBmicuT OT Nepenaaa AasreHnn Ha feTaHaepe.

Cxema bbina paccumTaHa Ha cnegytolime napameTpbl:

— [aBMNEeHWE CbIPbEBOro rasa, NocTynaroLero ¢ npomeicna, 6eino 10,8 Mrla;

— faBneHne ToeapHoro rasa — 4,2 Mlla;

— copepkaHme nponaxa B rase 6bino 1,67 % moneH., OytaHoB — 0,7 % MOmbH.

MapameTpbl npouecca 6biINM NoaobpaHel Takum 06pasoM, 4YTOObI  WCKIHOYUTH
HeoOXoAMMOCTb B A0XaTUM BbIXOASALWMX C YCTaHOBKM MOTOKOB rasa. [as pacluvpsancs B
aetaHgepe ¢ 10,5 MMa po 4,3 MMa. a3, Bbixoasawmi ceepxy pestaHmsartopa K1 npu
gasneHun 2,5 MlMa, cxumancs KoMmnpeccopom TypbogeTaHaepHoro arperata 4o 4,2 Mla.

KosadhdpmumeHT n3BneveHmsa nponaHa npy paboTe yCcTaHOBKM Ha AaHHbIX napaMeTpax
coctaengeT 83 %.

[ns ocylwkm rasa ncnonssoeanmce Leonutsbl NaA.

KosdbdpmumeHT m3BnedeHms nponaHa 95 % U Bbille MOXET ObiTb MOMNyYeH npwu
nepepalboTke rasa no TEXHOIOTMYECKON CXxeMe, MPEACTaBNeHHOM Ha pucyHke 2.14.

Hiz K4

| — npupoaHbIi ras; |l — nponanH asTomodunbHeIR; | | | — CMET; IV — dpakuma Cs; V — meTaHoBas
hpakyus B rasonposos; VI — meTaHoBas dpakuyma B 6r10K NOAFOTOBKM rasa

PucyHok 2.14 — TexHonornyeckas cxema yCTaHoBKWM rasopasgeneHnsa 6e3 BoigeneHns ataHa

B yctaHoBKy MOCTynaeT OCyLUEeHHbIN MPUPOLHbIN ra3 npu paeneHun 56 MMa wn
Temnepatype 30°C. a3 pasgensieTcs Ha ABa NOTOKa: OLAMH OXNaXAaeTcs B TEN00OMeHHUKe
T5 rasom, BbIXOASALWMM CBEpXy KOMOHHbI K2, apyron — B TennoobMeHHnke T1 MeTaHoBON
pakumen ns konoHHe! K1. OxnaxaeHHbid B T1 ras genvrca Ha ABa noToka: OauH nocTynaeT
B TennoobmeHHuk T3, apyroi — B T2. [OTOKM OXNaXAeHHOro rasa ua TennoobmeHHukoB T2,
T3 n T5 06beanHSAIOTCS B O4MH, KOTOPLIA NOCTYNaeT Ha OxnaxaeHne B TennoobMeHHrk T4, B
cenapatop C1 noctynaeT NOTOK rasa, OXNaxAeHHbld Ao Temnepatypbl —45°C. [as,
BbIXOAALLMN 13 cenapaTtopa C1, nenutcs Ha aBa notoka. OCHOBHas YacTb rasa paclumMpsieTcs
B TypboaetaHaepe fo 2 Mlla, o6beanHAETCA C APOCCENMPOBAHHOM XUaKocTbo 3 C1, n
obLmn NoTok nogaeTcst B KyboByro YacTb KOMoHHbI K1. [dpyraa Yactb rasa oxnaxnaeTcsi B
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TennoobmeHHuke T6, gpoccenupyetcs Ao 2 MMa un nogaetcs B konoHHy K1 B kadecTtBe
OpOLLEHUS.

KononHa K1 paccuntaHa Ha 4 TeopeTtudeckue Tapenku. Kngkocts ns kyba K1 nogaetcs
B kauyectBe xnagareHta B gednermatop T7 u 3atem B TennoobmeHHuk T2, nocne yero
nofaeTcsi B KAUECTBE MUTaHNS NOJ, CEAbMYIO (TEOPETUYECKYHO) Tapernky KonoHHbI K2. KonoHHa
K2 paccuutaHa Ha 18 TeopeTundeckmx Tapenok. U3 kyba konoHHbl K2 otBoauTcs dopakums Cas,
KoTopas nogaetcs Ha dpakumoHupoBaHue B konoHHbl K3 u K5. Mpoayktom komoHHbl K3
ABnsieTca nponaH aBToMoBunbHbIN. U3 komnoHHbl K5 ceepxy BbiBogutcs CIBT, cHusy —
hpakumsa Cs.

B kunatuneHukn T8, T12, T15 nogaetcs yrneBoAopPOAHbIN TENNIOHOCUTENb.

Bbixogswmm 13 KonoHHbl K2 ras pekynepupyet CBOM xOnoa B TennoodMeHHuke T5,
nogaetcs B 6Gnok NOAroTOBKM rasa Ansi pereHepauvm u oxnaxaeHusa aacopbepoB U 3aTtem
Hanpaensetca Ha FPC vnn mecTHble HyXAb!.

a3, oTBOAUMBLIA CBepxy KoNoHHbI K1, HanpaenseTca Ha pekynepauuio xonoja B
TennoobmerHnkn T6, T4, T3, T1, 3aTem nocTynaeT Ha Bcac komrpeccopa TypboaeTaHaepHoro
arperata ¥ nocre OXNaXAeHWs B annaparax BO3AYLIHOTO OXNaXAEHUS MOoCcTynaeT B
KOMMPECCOPHbLIA LieX, rae AOXUMaeTCs A0 AaBNEHWS MarMcTpanbHOoro rasonposoga. Yactb
aToro rasa nocne Bbixoga v3 T1 MoxeT pobaBnsaTbcA K rady, noctynairowiemy B 6nok
NOArOTOBKN.

Bbicokoe n3BneyeHve nponaHa AOCTUraeTca 3a CYET NPOMbIBKU rasa B koroHHe K1
CKVDKEHHbIM MPUPOAHBIM FA30M U OpraHusauum opolleHWs B koroHHe K2 ¢ nomoubto
BCTPOEHHOro pedonermartopa 17, xnagareHTOM B KOTOPOM SIBMSIETCA XWUAKOCTb U3 Kyba
KOMOHHbI K1.

KoadpdoumumeHT nsenedveHns nponaHa cocrtaeun 95 %.

2.5 TexHonorum ctrabunusaumm ra3oBoro KoHaeHcara

YrneBogopoaHble KOHAEHCaTbl, nornydaemble npyv  Aobble NpUPOAHOro rasa,
HeobxoaMMO nepep TPaHCMoOPTOM M AarnbHellen nepepaboTkon nogeepratb crabunusaumm
C Uenblo U3BMEYEHUs HU3KOKMNALWMX yrnesogopofaoB (ao Cs—Cs), a npu nepepaboTke
CEPHMCTbIX KOHAEHCATOB — CEPOBOAOPOAA, MEPKaNTaHOB, cepoyrnepoaa un ap.

ToBapHbIMM  MPOAYKTAMM  YCTAHOBOK CTabunusaumMmM KOHAEHCATOB  SBNSAKTCA
Je3TaHU3NpOBaHHbIA, unn cTabunbHbid, KoHaeHcat, LUDJY, pasnuuHbie CYIT, rasel
BbIBETPVBaHWA U AesTaHm3aumm n ap.

Ons crabunusauum rasoBbIX KOHAEHCATOB UCTIONb3YIOT TPU METOAA:

— CTyneH4aToe BbIBETPMBaHWE (Cenapaums, gerasauus);

— ctabunmsaums B peKTUUKaLUMOHHBLIX KONOHHAX;

— KOMBUHMpOBaHWe aerasauymu n pektudgrkaumm, Hambonee LMPOKO UCNONb3yemMoe B
NPOMBILLNIEHHOCTH.

2.5.1 MHorocTyneHuaras gerasauus
CTyneHuaras gerasaumsi — 3TO NPOCTENLLIMA METOoZ, CTabunmsaumm, 3aknioyaLwmincs B
TOM, UTO 3a CYET CTyneHudaToro cbpoca LaBneHUs NPOUCXOAUT OAHOKpaTHOE ucnapeHue

Hanbonee nerkux KOMMOHEHTOB, KOTOpble B BUAE rasa oT4enarnTca OT KoHAeHcaTta.
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Mpn perasaumm MNPUMEHSIOT OZHO-, ABYX- W TPEexCTyneHyarble cxembl. Bbibop
KONuMyecTsa CTyNeHer 3aBUCUT OT COAEepXaHusi B KOHAeHcaTe yrneesoaopoaoe Ao Ca
BKIIOUMTENBHO: YeM OHO Bonblue, Tem Bonblue TpebyeTcs cTyneHen gerasauyum.

TexHonornyeckass cxema ABYXCTYMEHYaTOW YCTAHOBKW Aerasauyn npuBeAeHa Ha
pucyHke 2.15.

i v
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1, 2 — cenaparopbl Aerasauum COOTBETCTBEHHO NEPBOW U BTOPOW CTyreHel; 3, 4 — ApoccerbHbie
BEHTUNN,
| — HeCcTabunbHbIN rasoBbin koHAeHcaT; Il, IV — ra3s BbiBeTprBaHus (gerasauyun); Il —
nonycTabunbHbIN rasoBbIn KOHAEHCAT; V — CTabUNbHbINA rasoBbil KOHAEHCAT

PucyHok 2.15 — TexHonornyeckas cxema ABYXCTYNeH4aTon yCTaHOBKM Aerasaummn rasoBoro
KOHAeHcaTa

HecTabunbHbI KOHAEHCAT NOCne APOCCENNPOBaHUS (CHUXKEHUS AaBIeHNs) NOCTynaeT
B cenapartop JAerasauuv nepeol CTYNeHW, Nocne MOBTOPHOTO [pOCCENUpPOBaHns — B
cenapartop BTOPOK CTyneHu. U3 cenapartopos 0beunx cTyneHel BbIBOAUTCA a3 BbIBETPUBaHUSA
WUnn gerasaunm, KOTOpbIA MOXET ObiTb MCMONb30BaH ANs COOCTBEHHLIX HYXA B KayecTee
TEXHOMOIMYECKOro ToNnmBea.

OCHOBHbIE MpenMyLLecTBa CXeM ferasauum — STO MpPOCTOTa TEXHONOMMW, HU3Kue
MEeTanno- n 3HeproeMkocTs npouecca. OCHOBHOM HEeLOCTAaTOK — HEYETKOEe pasgeneHue
YrMEeBOAOPOAOB, OAHM U3 KOTOPLIX ABMSIOTCS LIeNeBbiMA 4 ra3oB cTabunusauum, a agpyrue
— NS cTabunbHOro ra3oBoro koHaeHcata. Kpome Toro, npu gerasaumm («oTKpbITasi cuctema)
HEBO3MOXHO npounasoacteo CYT.

2.5.2 Ctabunusauma B peKTU(PUKALMOHHbLIX KOFIOHHAX

Mpn 6onbwmx 06bemax nepepabdaTbiBaeMoro KoHAeHcaTa NPMMEHSIT cTabunmsaumo
C VICMONb30BaHWEM PEKTUMDMKALIMOHHBIX KOMOHH, MMEIOLLIYHO PSi, MPEUMYLLIECTB MO CPaBHEHMIO
co cTabunusaumen gerasaumei:

— nNpoBeAeHWe MpeaBapuUTEenbHOM cemnapauMn U gesTaHu3auumM  HecTabunbHoro
KOHZeHcaTa Npu BbICOKMX AaBneHnsaX obneryaeTt yTmnmnsaumio rasoBbiX NOTOKOB;

— BO3MOXHO npoussoacTeo CYI, 6e3 NpuMeHeHMs NCKYCCTBEHHOrO XON0Aa;

— paumoHansHO NCMorb3yeTCs NiacToBas 3Heprus HecTabUIbHOro KOHAEHCaTa;

— CTabunbHbIN KOHAEHCAT UMEET HU3KOE AaBleHMe HacCbILEHHbIX MAapPO0B, YTO CHKaEeT
€ro NoTepu Npu TPaAHCNOPTUPOBAHUM U XPAHEHUW.

Ha coBpemeHHbIx ycTaHoBKax OObIYHO MPUMEHSIIOT KOMBMHMPOBAaHWME NpPOLIECCOB
cenapaumMm 1 pektudukaumn («3akpbitTas cuctema» cbopa), YTO MO3BONSET MNOBLICUTL
TexXHoMorn4deckyro rmbkocTs npouecca crabunusaumm U yMeHbLUUTL  SHeprosatparbl.
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Pextudukaumsa OCyWECTBNAETCA Kak B OfHOM KOMOHHE (Ae3TaHusauus), Tak U B ABYX
KONMOHHax (MonmHas crabwnusauua: nepBas KONoOHHAa — AeaTaHu3auusa, Bropas -—
pebytaHuzauus). UmeloTca  pekTUdUKALUMOHHbIE  YCTaAHOBKM, Ha KOTOPbIX MNOMHas
cTabnnusaumsa ocyLWecTBNAETCA B O4HON KOJIOHHE.

Ha pucyHke 2.16 npuBepeHa TexHonorndeckasi cxema YCTaHOBKW Ae3TaHu3auun

KOHAeHcaTa.
[ v

Y

< y,
v v

< < 6

1 — BXO4HOW pasgenuTens; 2 — pekynepaTuBHbIA TennooBMeHHUK, 3 — fe3TaHu3aTop; 4 — neub;
5 — BO3AYyLUHbIE XOMNOAUMBHUKY; 6 — Hacoc,
| — HecTabunbHbIA KOHAEHEAT; || — ras BbiBETPMBaHUS; |l — 4aCTUYHO AerasvpOBaHHbIN KOHAEHCAT,;
IV — ras gestaHusayum; V — crabunbHbln KOHAEeHCaT

PucyHok 2.16 — TexHonornyeckas cxema ycTaHoOBKW Ae3TaHu3aumy KoHgeHcara

HecTtabunbHble koHaeHcaTbl 00enx CTyMeHer cenapauun nojarTCs Ha yCTaHOBKY
LleaTaHnsaumm KoHeHcaTa obLWMM NOTOKOM BO BXOAHOMW cenapatop 1. PekTudukaumoHHasa
KONMOHHa-AesTaHu3aTop obopyaosaHa 38-t0 Tapenkamu (KnanaHHbIMW, CUTYaTbIMU U Ap.) W
paboTtaeT noa aaeneHnem 2,5-3,0 MIMa. Harpetoe o 90-140°C cbipbe nogaeTtcs B Hee Ha 20-
0, 22-0 unu 24-t0 Tapenkn (cumtas csepxy). OCHOBHOM TOBapHbIN MPOAYKT YCTAHOBKU —
[e3TaHN3NPOBaHHbBIA KOHAEHCAT, KOTOPbIA HanpaBnseTcs Ha AanbHenLlyo nepepaboTky.
JpyrM NpoAYyKTOM YCTaHOBKU SIBMSETCS ra3 AeataHusaumm, K KoTopoMy ocobbix TpebosaHni
He MpeAbSBRSETCH, 3a UCKIOYEHWEM TOrO, UTO COAEpXaHne B HeMm yrnesogopoaos Cs+ He
LOMKHO npeBbiwate 2 % mac. BoavoxHbl U Apyrve BapuaHTbl peanu3aumn npolecca
LeaTaHnsaumn.

Ans ynydweHns ycnoeuii KoHaeHcauumn yrnesogoponos Ca+ 13 rasoB festaHusaumm
npy NOMOLLM OObIYHLIX XMafareHToB (BO3Ayxa W BOAbl) M CO3LaHWs CTabuibHOrO MOTOKA
OCTPOro OpOLLEHMSI KOMOHHBI-AE3TaHN3aTopa B LUNEMOBYIO TPYOy KOMOHHbLI BBOAAT XUAKYHO
Mb®. Takor BBOA NpeanonaraeT NoBbICUTE 3PPEKTUBHOCTL pasfeneHns rasa festaHu3anim
W KOHAEHcaTa 1, TeM caMbIM, B MEPBOM YMEHbLUNTL cofepkaHue yrnesogopoaos Cs-+, a BO
BTOPOM — COAEPXKaHNE MeTaHa 1 aTaHa.
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2.5.3 MonHasa ctabmnusaumsa KoOHOeHcaToB

MonHas crabwnusaumsa rasoBblX KOHAEHCATOB MpeAnonaraeT npakTUYeckn mnosHoe
peKkTuUKaLMoOHHOe yaaneHne u3 HWX yrnesogopofdos o0 Cn BKAUUTENbHO. Ha npakTuke
MCNONb3yeTCA  HEeCKO/bKO  BapuMaHTOB  MOCTPOEHWS  TEXHONIOTMYECKUX CXeM  MOJIHOWN
ctabmnusauymm. OfHa 13 Takmx cxem npueBefeHa Ha pucyHke 2.17.

MepBoli CTyneHbio cTabuam3aumn no 3TON CXxeme ABMSEeTCA Aerasauns KoHgeHcaTa B
cenapatope 1 OTcenapvpoBaHHas XWAKOCTb M3 cenapartopa pasfensetcs Ha [Ba noToka.
OAVH 13 HWX HarpeBaeTcs B TENJ00O6MeHHVKe 2 M nocTynaeT B NUTaTesIbHYH CeKLMIo
abCcop6LUMOHHO-0TNAPHON KoMOHHLI 3 (AOK), Apyroii B KayecTBe OpOLUeHUs MojaeTcs Ha
BepxHioto Tapenky AOK. TexHonoruuveckuii pexum B AOK cnegytowmin: gasnexHme 1,9-
2,5 MMa; temnepatypa BBepxy 15-20°C; BHu3y - 170-180°C. PekTudmkaTom (BepxHUM
npogyktom) AOK saBnseTca ppakuusa, coctosiwas B OCHOBHOM M3 meTaHa u ataHa (lll),
OCTaTKOM - [e3TaHU3MPOBaHHbIN KoHAeHcaT. O6bI4HO ra3 cenmapauun u3 cenapatopa 1
06beAMHAIT ¢ BepxHUM npoaykTtoMm AOK u nocne foxatus B KOMNpeccope HanpasnsioT B
MarncTpasbHblii  rasonpoBoj,. [eaTaHu3npoBaHHbIli KoHgeHcaT u3 AOK HanpaBnswT B
ctabunusatop 5, paboTaloLWuii N0 cxeme MOMHON pPeKTUUKALMOHHON KOMNOHHbI. C Bepxa
ctabunusatopa 5 otomparoT NBEP nam LWDAY (IV), a U3 Kyba KOMOHHbI OTBOAAT CTaBUNbHbIN
KoHaeHcart Il. JaBneHne B cTabunusatope coctaenset 1,0-1,6 MMa. [ns nogsoga Tenna B
Ky6bl KONTOHH 3 1 5 MCNOMB3YIOT TpybUaTble neyu.

1 - BXogHoin cenapatop; 2 - TensioobmeHHukn; 3 - AOK; 4 - Tpybuatble neuu;
5 - cTabunuMsaunoHHaa KOMIOHHA; 6 - KOHAEHCATOP-XONOAWIbHUK; 7 - XONOAUNbHUKM BO34YLIHOIO
oxnaxpaeHus; 8 - EMKoCcTb pekTudukata; 9 - Hacocsl,

|- HecTabunbHbIA KOHAEHcaT; Il - cTabunbHbIi KoHAeHcaT; Il - cyxoli ra3 (Ci + C2); IV - NB®

PucyHok 2.17 - TexHonoruyeckasa ABYXKO/NOHHas cxema YCK
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Ha ycoBepLueHCTBOBaHHbIX YCTaHOBKax crabvnusaumn KoHAeHcaTa ANns nosbiUeHns
TEXHOMOMMYECKON MTMBKOCTU U BO3MOXXHOCTU nepepaboTkm obneryeHHoro no ppakumoHHOMY
COCTaBy KOHAEHCcaTa M3-3a UCTOLLEHUS MECTOPOXAEHWA ras cenapaummn ma cenapartopa 1
HarpeatoT 1 nogatot B AOK kak oTayBOYHbIN ra3. cnonb3oBaHue rasa cenapawumm B Ka4ecTse
OTAYBOYHOrO MO3BONISET B HkHEN YacT AOK CHU3UTL napunanbHOe AaBneHe KOMMOHEHTOB
C3+, BCneacTBue Yero CHWKarTcA HeobxoauMoe MnapoBOE YUCIIO U KOMUYECTBO Tenna,
noABOAMMOTO B TPyG4aTom neun.

Mo ppyroMy BapuaHTy NMOCTPOEHUA TEXHONOMMUYECKOW CXeMbl MOMHOW cTabunusaumn B
nepBoW MO XOA4Y KOHAEHcaTa KONIOHHE NPOBOASAT NPoLece AeaTaHm3auunm (AasneHue He 6onee
2,6 Mla, Temnepatypa Bepxa 1 HM3a COOTBETCTBEHHO He Bbiwe +10 n 165°C). Bo BTopon
KOMOHHe (AaeneHue He Bbiwe 1,3 MlMa, Temnepartypa Bepxa 1 Hu3a cootseTcTeeHHO 90-130°C
N He bonee 255°C), coeAMHEHHOW C MEpPBOW KOMOHHOW MO OCTaTKy W ABNANOLencs
pebyTtaHu3aTopoM, B kauecTBe pektudukarta nonydatot LUDJTY, a octatkom — cTtabunbHbIn
rasoBbIA KOHAEHcaT.

2.5.4 Oco6eHHOCTM Npouecca cTabunmusaummn CePHUCTLIX ra3oBbIX KOHAEHCATOB

Crabunmnsauyuio CepHUCTbIX TasoBbIX KOHAEHCATOB MPOBOAST MO TEXHONOTUYECKAM
CXemaM, aHarnorMyHbIM CxemaM A5t 6ECCEPHUCTbLIX UMW MANOCEPHUCTBIX KOHAEHCATOB, HO C
y4yeToM 0cobblXx NapamMeTpOB TEXHONOTMYECKOTO pexuma UM NpPOTMBOKOPPO3NOHHOIO
WHrMBMpPOBaHUA OTAENbHbBIX Y3/10B YCTaHOBOK.

Hanbonee kpynHble yCTaHOBKW CTabunusaumm CEpHUCTBIX ra3oBbIX KOHAEHCaToB B
Poccun skcnnyatupytotes B OpeHbypre n ActpaxaHu. lMpumeHsiowmeca Ha YCK metoabl
NMPOTUBOKOPPO3NOHHOM 3aLLUTLI MOXHO CrpynnupoBaTh crnegyowmm obpasom:

— TEXHOMOrMYECKMEe METOAbI — CMOCOBCTBYIOLME CHUXKEHWIO KOPPO3UM AEUCTBYIOLLErO
obopynoBaHusi,  HanpaBreHHble  Ha  KOPPEKTMPOBKY  TexHomorum  nepepaboTku
CEepOBOLOPOACOAEPXKALLErO rasa, KoTopasi NO3BOMSET COXPaHUTb NEPBOHAYAsIbHO HU3KYHO
KOPPO3MOHHYH aKTUBHOCTb TEXHOSIOTMHECKON Cpeap!;

— MeTofAbl, CBA3aHHbIE C UBMEHEHMEM arpeCcCHBHbIX CBONCTB CaMOWM TEXHONOMMYECKOn
cpeapbl Uy yaaneHnem 13 Hee KOMMOHEHTOB, BbI3bIBAOLLMX KOPPOINKO METaNNg;

— cneumansHble MeTofbl — MPUMEHSIEMbIE COBMECTHO C APYTMMMU TEXHONOMMYECKMMMN
MEpPONPUATUSMU: UCMONb30BAHUE KOPPO3MOHHOCTOMKUX CMNaBOB, NaKoKPaCO4HbIX NMOKPLITUN,
WVHMMBUTOPOB KOPPO3MK.

Heobxopnmas Koppo3voHHasi CTOMKOCTL 0BopyAoBaHUA 0becrneumBaeTcs paLmoHarnbHbIM
BbIGOPOM NOAXOASALLErO CrnaBa, KOTOPbIN NMPOM3BOAUTCS C YHETOM YCITOBUIA SKCTITyaTaLmmn: cocrasa
W XapakTepa KOpPO3VIOHHOW Cpefpbl; TEMNEpaTypbl 1 LaBMNEHVs, NEPUOAUYHOCTM UX Nepenaaos,;
LencTBMA cpeabl N MEXaHNYeCKUX Harpy3ok. CyllecTBeHHsIM Mpu BeIGope Mapku CTann ABnaeTcs
TaloKe YYeT KOHLIEHTPaLIMN CEPOBOA0POLA, Ero AaBneHns 1 pH Koppo3noHHON cpeabl.

[Onsi oBecrneyeHns NOBLILLIEHHON NPOTUBOKOPPO3NOHHON 3aLLMThI BHYTPEHHEN MOBEPXHOCTY
annapatoB W KOMMYHUKaLMA B YCNOBUSIX BO3LEVICTBUSI BLICOKMX [aBIIEHUA W KOPPO3NOHHO-
aKTVBHOW Cpefbl C BbICOKMM COAEPXaHWEM pPacTBOPEHHbLIX CEPOBOLOPOAA W YIMEKUCNOoro rasa
MCMOMb3YHOTCH 3aLUMTHBIE MOKPLITUS, NMaKOKPaCcoYHble Ha OCHOBE TEpPMOPEaKTUBHON qEeHONBHON
cmonbl, Hanpumvep, Plasite 3054, 1 WHIMBUTOPLI KOPPO3MM Ha OCHOBE MPOW3BOAHBIX aMWHOB,
Hanpumep, HogureH 481. [Ons eMKOCTEM NpefycMOTpeHa 3almTa OT  SNeKTPOXMMUYECKON
KOPPO3WN antoMVHNEBLIMM aHOAAMM, YCTAHOBIIEHHBIMU B K2XKAYHO X CEKLIMIO.
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2.6 TexHOnoOrMM BbiAeneHUs1 renvsi U3 NPUPOAHOro rasa

HecmoTpsa Ha TO, YTO M3BECTHO HECKONBKO CrOCOB0B NOMNyYeHUs renns 13 nprpoLHOro
rasa (abcopbuuen  TopcopepxalymMmyM  COEAMHEHWUSIMW,  TMApPaToobpasoBaHVeMm;
KPUOreHHLIMU MeTOAamMu; MEeMOPaHHOW TEXHOMOruen), NPOMbILLNIEHHOe pacnpocTpaHeHne
MOSYYNIIN TONBKO KPUOreHHble MeTonbl. MembBpaHHble TexHonorun OynyT paccMOTpeHs! B
pasgene «lMepcnekTUBHbIE TEXHONOMMU» LaHHOrO MNPOEKTa CrpaBoYHMKA.

KpuoreHHble cnocobbl MOMyYeHWs Tenusi OCHOBaHbl Ha nocnefoBaTenbHON
KOHAEHCaLMN KOMMOHEHTOB NPUPOLHOTO rasa Npu NOHWKEHWN Temnepatypbl. Ha KproreHHbIx
YCTaHOBKax MonyqatoT renuni-cbipel, UM refiMeBbIA KOHLEHTPaT C CoAepXaHWeM renmns He
MeHee 80 % 006., KOTOpbIA ANA MONyYeHUs BbiCOKouMcToro remus (4o 99,995 % 06.)
MOABEepratoT AOMOSTHUTENIbHON O4YNCTKE.

CyliecTByeT ABa BapuaHTa TEXHONMOrMYECKNX CXEM KPUOTEHHbIX YCTaHOBOK.

Mo sapunanTy | (pucyHok 2.18) npupoaHbIi ras nog gasneHnem 2,0 MlMNa oxnaxpaercs
B pekynepaTuBHbIX TennoobmeHHukax o —28°C M amMMumakom (Npu AaBReHUN HKe
atmocdepHoro) ao —45°C, 3atem gpoccenupyetca 4o 1,2 MMNa v noctynaet B kKONOHHY. B Her
OT rasa OTAENseTCs B OCHOBHOM METaH C MpUMECbo a3oTa V, a csBepxy yxoauT ras C
cogepxaHvem renua okono 3 % 06. JToT ras elwe pa3 KoHAeHcUpyeTcsl (KUNALWMM npw
0,4 MlNa a3oTom) BO BTOPOW KOMOHHE, C BEpxa KOTOPOW yXOAWT renuesbln koHueHTpar il
cogepxawmn o 80-90 % renvs. Bepx nepBoW KOMOHHbI OXnaxpaeTcs ee xe kyboson
XMIKOCTbIO, ApoccenvpoBaHHoi Ao aaenenusi 0,15 MMa.
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<«
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1 — cenaparopsbl; 2 — KOMOHHbI; 3 — XONOAUNBHUK; 4 — peKynepaTUBHbIE TENNOOOMEHHMKN
| — npupoaHbIn ras; |l — xugkue yrnesogopogbl; Il — renuesbin koHUeHTpaT; IV — KOHUEeHTpaT asoTa;
V — cyxol ras (MeTaH-asoTHas cmecb); VI — ammmak; VIl — kmunawwmin asot

PucyHok 2.18 — TexHonormndeckasi cxema nosy4eHns reniMeBoro KoHUeHTpara
(Bap. 1)
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Mo BapunaHTy Il (pUCYHOK 2.19) ounLeHHbI 1 OCYyWeHHbIN ra3 | nog gasneHmnem 3,2 MlMa
oxJlaxpaeTca BHayase nponaHoMm, 3aTem B [BYX PekynepaTuBHbIX TennoobmMeHHukax (c
nNpPoMeXxyTo4YHOW cenapauuneil) - Ao -104°C u nocne gpoccennpoBaHus ¢ TemnepaTypoin -
153°C nopaetcsi B KONOHHY. C HuM3a 3TOW KOMOHHbI OTBOAMTCS B OCHOBHOM MeTaH. Bepx
KOMTOHHblI OXxNaxpjaeTcsA 3a cyeT pekynepauum xosoga, OT4Yero B Hel nojdepxusaeTcs
Temnepatypa -191 °C, npu KOTOpPOI cBepXy OTBOAUTCSA CMECb Frenina 1 asoTa. dTa CMecb 3aTeM
pgooxnaxpgaeTca B ABYX pekynepaTuMBHbIX TennoobmeHHukax 4 u B AByX cenapaTtopax 1
pasgensetrcsa Ha KoHueHTpaT renua (85 %) u koHueHTpaT asoTa (99,5 %). MocnegHwuii,
pacwupasacb B TypbogeTtaHgepe 5, oxnaxgaeT Bepx KOMOHHbI U OTBOAUTCA Kak nNpoaykT. o
TakoMy BapuaHTy usBsiekaetca okosno 85-96 % resnmna oT ero UCXOLHOro coAepXxaHusa B rase
(no BapuaHTy | cTeneHb U3BneYeHUa HUXe - He npesbiwaeT 85 %). OxnaxaeHue cmecu renus
N as3oTa B TennoobmeHHuMKax 4 obecneymBaeTcs XONOAUNbHBLIM LUKNOM, BKKYaAKLWUM
Komnpeccop 6 u XonoAunbHUK 3.

1- cenapatopbl; 2 - KOMOHHbI; 3 - XONOAWbHUK; 4 - pekynepaTBHbIe TENT00OMEHHUKY;
5- Typ6opeTaHaep; 6 - komnpeccop,
|- npupogHbiii raz; Il - xugkue yrnesogopogpl; Il - renneBblin KOHUEHTpAT; |V - KOHLEHTpAT asoTa; V - Cyxoi
ras (MeTaH-a30THast CMecCb)

PucyHok 2.19 - TexHoNnornyeckas cxema nosyyeHus refineBoro KoHueHTtparta (Bap. ll)
MpuHUMNManbHaa TexHonorMyeckas cxema npouecca OLHOBPEMEHHOro W3B/eYeHUs

renusl, atTaHa u WuNpokol hpakymm yrnesogoponoB 13 6e4HOro reIMEHOCHOrO rasa npmBejeHa
Ha pucyHke 2.20.
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PucyHok 2.20 — MNpuHumnmManeHasa TexXHonorndeckas cxema yCTaHOBKW BblaeneHns
renvMeBoro KOHLUEHTpaTa, STaHa W LUMPOKOW ppakLmmn yrneBOAOPOAO0B U3 NPUPOAHOro rasa

B ycTaHOBKy HW3KOTEMMNEPAaTYPHOro ra3opasgeneHns NOocTynaeT NPUPOAHbIA ras,
oumwleHHbIn oT H2S, CO2 u ocyweHHbI nog pasneHvem 5 MlMa. Cxema BkntovaeT ase
CTYNEeHN NPSMOTOYHOW KOHAEHCALMN C OTMAPKOW PpaCcTBOPEHHOTO renus B OTNaPHbLIX KONMOHHAX,
3amMofHEHHbIX Hacagkon u3 koney Manna v AByx CTyneHer NPOTUBOTOYHOW KOHAEHCALMK.
OTaH W WMpoKas pakuma yrnesoi0pOL0OB U3BIEKATCsl N3 0BpaTHOro noToka rasa nocne
V3BMIEYEHNS N3 HEro renus. YCTaHoBka MOXeT paboTaTb Kak B PEXUME NOMyYeHUS TOrMbKO
renvsi, Tak U B pEXXMME OJHOBPEMEHHOIO MoryYeHns renus, atana u LY.

OcHoBHoe Konn4ecTBo xoroga, obecnedmpatoLlee U3BNeYeHUe renus, nNonyyarT npu
apoccenunpoeannm 6onblien yacty obpartHoro notoka rasa go 3,8-3,6 Mrla, 20 % — ao 1,8-
1,6 MMa, 1,5 % obpaTHoro noToka gpoccenupyerca ao aaenexus 0,3 MMa.

Mpv ogHOBPEMEHHOM M3BneYeHWn renua, ataHa u WOJTY pgononHutensHbIn xonon
nony4arT getaHanposaHmem obpartHoro notoka rasa ¢ 3,8-3,6 MlMa go 1,8-1,6 MlMa. B atom
cryqae BeCb 0OpaTHbIA MOTOK BbIXOAUT C yCTaHOBKM nog aaeneHunem 1,5 MlMa, poxumaeTca B
KOMMpeccopax fo MCXOLHOro AaBMEHNS U MOCTYNAaEeT B ra3onpoBoj, ANA TPAHCNOPTUPOBAHUS.

TexHonornyeckas cxema BKIHOHaeT NPOonaHoBbIE XONOoAUNMbHbIE YCTaHoBKW. [ponaHom,
KMNAWMM  npn nsotepme —36°C, npousBOAST NpeaBapuTensHOE OXnaxaeHue rasa.
MponaHom, knnsawmm npu —5°C, korgeHcupytoT drermy B aednermarope gestaHnsaropa.

A30THBIZ XONOAUIBHBLIN LMK 06ecrneunsaeT X0nog0M BTOPYHO CTYMNEHb NPOTUBOTOYHON
KOHAEHCcaUmK, a Takke YCTaHOBKY OYMCTKU reNIMeBOro KOHLEHTpaTa oT NpUMeCcen.

B BUTBLIX MHOrOMOTOUHBIX TeNNooomMeHHVKax T1 1 T2 NpupoaHsIA ra3 npu AaBneHum
4,5 MMNa oxnaxpaeTcs, KOHAEHCUMPYeTea W nepeoxnaxaaetcs. Nocne agpoccenvpoBaHus 4o
4 MMa npu TemnepaType MUHyC 93°C B COCTOAHUM HaCbILLEHHOW XWAKOCTU NOTOK NojaeTcs
Ha Bepx oTnapHon KkomoHHbl K1. B ky© komoHHbl K1 nopgsoawnTcs Tenmota ANS OTNapku
pacTBOpeHHoro renus. B kadecTBe TennoHOCUTENs MCNoSb3yeTCs MOTOK OXNaKAaemoro
npupogHoro rasa. Konuyecteo rasa, otnapeHHoro B konoHHe K1, cocrtaensetr 10 % ot
rocTynatoliero notoka. CopepxaHve renvs B KWAKOCTW, BbIXOAALWEN U3 KybGa KOMOHHbI,
cocrtaensieT <0,001 %. Temnepatypa Bepxa 1 H13a konoHHbl —93°C n —91°C cooTBETCTBEHHO.
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B konoHHe K1 npoucxoaut aecsatukpatHoe oboralleHue renvem BbIXOASLWEro CBepxy
KOMOHHbI rasa.

OcHOBHOE KONMYECTBO 3TaHa, COAEPXaLLEerocs B rase, KOHUEHTpUpyeTcs B KyGosomn
XKNAKOCTU KOMOHHbI K1, KkOTOpas MOCTynaeT Ha pasgeneHne B y3en AeataHusauun. Yactb
Ky6oBOW XnakocTn gpoccenupyetcs Ao 3,8 MlMa, npoxogut TennoobmeHHnk T2 n noctynaet
B cenapatop C1. KoHpeHcaT, BbigeneHHbin B cenapaTtope C1, nopgorpesaeTcs B
TennoobmeHHnke T1 u nopgaetca B aemMetanmsatop K3 npu temnepatype muHyc 40°C B
kayecTBe nutaHus. [pyras yactb KyGOBOM XMAKOCTU KOMOHHbI K1 apoccenupyetca po
3,8 MlNa n nogaeTcsa B aemeTtaHusatop K3 B kavecTse opoweHns npu temneparype —93°C.

Map 13 konoHHbI K1 oxnaxaaeTcs U KOHAEHCMPYETCS B NPSIMOTOYHOM TENNOOOMEHHMKE
T3, a 3atem nogaetca npu gasneHum 3,9 MlMNa n temnepatype —108°C B 0OTNAPHYIO KONOHHY
K2. B kauectBe TennoHocutens B kybe konoHHbl K2 ncnonbsyetca npupogHbii ras. Otnapka
B konoHHe K2 coctaensieT okono 10 % ot noctynatowero notoka. CoaepxaHue renua B
Ky60BOW XnAKOCTU KONoHHbI K2 coctaensaeT <0,001 %. KoHueHTpaumsa renvs, BbIXOAALEro u3
BEpPXHEW 4YacTn KonoHHbl K2, B 100 pa3 BblWwe €ro KOHUEHTpauMM B WCXOLHOM rase.
Temnepatypa Bepxa konoHHel K2 —107°C; temnepatypa ky6a —103°C. KyboBas xugkoctb
konoHHbl K2, cogepxalyasn okono 15 % asota, 85 % meTtaHa n He3Ha4YUTENBLHOE KONNYECTBO
Oonee TsXenbIX yrneeBoaopoAaos, apoccenvpyetca fo 18 MMa u noctynaer B kadvectse
xnagareHTa B MPAMOTOYHBIN koHAaeHcatop T3. [Map, BbIXOAAWMN W3 KONMOHHbI K2 n
copepxawmn 55 % renus, gpoccenupyetca Ao aaerneHns 1,8 MIMa v noctynaet ans
JansHerwero oboraweHna B konoHHy K3. KomoHwHa K3 coctout M3 npoTMBOTOYHOrO
KOHAeHcaTopa, HacagodHou u Ky6oson vactu. MpPOTUBOTOYHBIM KOHAEHCATOP UMEEeT ABe
CTyrneHn. B nepBOM CTyneHW xnagareHToM ABRSETCs KyboBas XWAKOCTb KOMOHHbI K3,
copepxallas okono 30 % asota n 70 % metaHa, capoccenuposaHHas o 0,3 MIa. Bo BTopon
CTYMEeHU MNPOTUBOTOYHOIO KOHAEHCATOpa XI1afAareHTOM SBNSETCH XUAKUA a30T, KUNALWWA Npn
Temnepatype —194°C. U3 BepxHen 4actu konoHHbl K3 BbIXOAUT renmeBbIA KOHLEHTpAT,
coaepxaLymin 85-90 % renus, KOTOPbIN HanNpPaBnAETCA 3aTEM Ha OYMCTKY OT NPUMECEN.

B konoHHy K4 Ha gemeTaHusaumio NOCTynaeT NoToK, coctasnswowmin okono 30 % oT
MCXOQHOro konudyectea rasa. [asneHue B konoHHe — 3,6 MIa. CooTHoWeHMe NOTOKOB,
noaaBaemblX B KadecTBe OpoOwWeHus n nutanma — 1:1. U3BneyeHne ataHa C HWKHUM
npoaykTom coctaenseT okono 85 %. TennoHOCUTEeNAMW B KUMSTUIbHUKE KOMOHHbI K4
ABNSAOTCA BOASHOW Map W LWMpokas pakuusa YyrnesojoposoB, oTBoavMaa u3 kyba
geaTaHusartopa K5.

MeTaHoBas dpakumMs, BbIXOAAWAS W3 BEPXHEeW 4YacTn pemeTaHumsatopa K4,
obbeanHaeTCs ¢ Napom, BbIxoasLMM u3 cenaparopa C1, n nocrynaet B agetaHaep [, rae
pacwmpsietcsa o 1,8 MMa. C Temnepatypoit —103°C noTok NocTynaeT B KAa4eCcTBe xnagareHta
B KOHAeHcaTop T2, a 3aTteM B TENNOOOMEHHMK T1.

JemeTaHnanpoBaHHas B konoHHe K4 cmech yrneBofopofoB MOCTynaeT 3aTeMm B
peatanmsatop K5, pabotarowmn npu paeneHum 3 MMla. [destaHmsatop OcCHaweH
LednermaTopom 1 KUNSTUMBHWKOM. TennoHocuTens B KUNATUINbHUKE — BogsiHOM nap. Ceepxy
KOMOHHLI 0TOUpaeTcs aTaHoBas pakumsa ¢ cogepxanvem 95 % staHa, a CHU3Y — WMpokas
dpakums yrneBofoponoB, cogepxalyan okono 60 % nponana.

Ha pucyHke 2.21 npefcraBneHa TexHOMornyeckas cxema U3BneyYeHms ns npupoaHoro
rasa renvsi C OQHOBpPEMEHHbIM BbiaeneHnem dpakumm Cz+ 1 asoTa.
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| — 0uMLLEHHBIV ra3 (cbipbe); Il — nponaHoBbiin xnagoareHT; Il = TONNMBHLINA ra3; IV — CbIpoi renuii;

V — a3or; VI — ToBapHbiii ras; VIl — dppakumsa Co+

PucyHok 2.21 — TexHonornyeckas cxema yCTaHOBKU U3BMeYeHns U3 NpUpOAHOro rasa renus
C OAHOBPEMEHHbIM BblaeneHnem dpakumm C2+ n asoTa

MpeaBapuTenbHO OYMLLEHHBIA MPUPOAHBIA ras ckumaeTca B komnpeccope 1 ¢
npuesogom ot TypGogetangepa Ao 5 MMNa n oxnaxaaetca ao 230 K o6paTHeIMM NOTOKamu rasa
M nponaHoMm. KoHaeHcupylomecss YrnesopopoAbl OTAENATCA B cenaparope 3,
NMOAOrpeBaroTCA M MOAAOTCA B METAHOBYH KOMOHHY 2, paboTalowyto nog AaBfeHWEM
0,9 MMMa. a3, yxoaswmn 13 cenapartopa 3, Nocne oxnaxaeHns N KoHaeHcauun nogaeTcs B
KonoHHy oBoralleHust aszota 5, pabotatowyto nog aasnenHnem 3,1 MMa. XKngkuii npoaykT ¢
HW3a 3TOW KOMOHHbLI MOAAeTCs HacocoM noA AaesneHnem 4 MlMa B TennooOMeHHuK, rae
4acTWUYHO UCMapAeTCsi M MOCTYNaeT B cenapatop 6, yCTaHOBNEHHbIN Ha BCAChIBaKOLLEN JIMHWN
TypboaeTaHaepa. XKuakume npofykTbl M3 cenapatopa 6 nocre noporpeBa MOCTynaloT B
METaHOBYHO KOMOHHY ANsi BblaeneHns u3 Hux dpakuum Co2+. lMapbl M3 cenapatopa
pacwupsitotes B TypbopeTaHaepe UM MoCTynaklT B METaHOBYHO KOMOHHy. [lpy 3TOM
obpasyowasnca Npu paclUMpPEeHN rasa XUAKOCTb CMYXUT OpPOLLEHUEM KOMNOHHbI. MpoaykT ¢
HM3a METaHOBOW KOMOHHbI (ppakumsa Cz2:) yxoput ¢ yctaHoBku npu gaeneHin 0,9 MMa.
MpoayKT c BEpxa MeTaHOBOW KOMNOHHLI HarpeBaeTCA U OTBOAMTCS C YCTAHOBKW NpuY AaBneHun
0,8 MlMa, kak ToBapHbIN ras.

a3 13 konoHHbl oBoralleHns asoTa 5 oxnaxaaroT U NoJalT B KOMOHHY BbICOKOrO
AaeneHus 9 (2,7 MMa). C Bepxa 3TOM KOMOHHbI YXOAUT ras, 06oraweHHbIA renmem, 1 xuakum
a30T C pacTBOPEHHbIM B HEM refiveMm, KOTOpble NOCTYNatoT B renneByro KONoHHy 7 (2,7 MMMa).

MpPOAYKT C HM3a KOMOHHBI BbICOKOTO aBreHWsi MOCTYMNaeT B KOMOHHY HA3KOrO AaBneHust
8 (0,2 MlMa). B 510l KONOHHE BbILENAETCA YACTBIV ra3000pasHbIf a3oT M XKMaKaa CMeCh a3oTa
1 MeTaHa. [MpoayKkT ¢ HM3a KoMoHHbI cxkmumaeTca o 0,9 MIMNa n nocne ucnapeHus BbIBOAUTCH

62



UTC 50-2017

C YCTaHOBKM B Ka4yecTBe TOMMMBHOrO rasa. [ns OpoLeHUs KONMOHHbI oboralleHnsi asorta
MCMOMb3YeTCA CUCTEMa OTKPLITOW LIMPKYNALMM TOBapHOro rasa 4.

Mony4eHHbIA Ha KPUOTEHHbIX YCTaHOBKaX reNUEBbIN KOHLEHTPAT NoaBepratoT rnybokon
O4YMCTKE C MCMONb30BaHMEM elle Gonee rnybokoro oxnaxaeHus. OQunctka HanpaeneHa Ha
yAaneHve 13 KoHUeHTpaTa npMMecei Bo4OpOAa, a3oTa, MeTaHa U Ap., 06bIMHO COCTOUT U3
YeTblpex CTafui:

1) ouncTka KOHUEeHTpata OT MpuMecer BoJopoAa €ro OKUCMEHWEM C MOMOLLbIO
akTmBHoro okcnpga meaun (70 % okcmpa meaun, 1 % okenpa xenesa n 20 % kaonuHa) Ha
nannagnesoM Unn NnaTMHOBOM KaTanmsaTope;

2) rnybokas ocylka oT Brary, obpazoBaBLUENCA NPU OKUCNEHUM BOAOPOAA,
apcopbumer Ha MoneKkynsAPHbIX CUTaxX-LEoNUTax UM OKCMAe antoMUHUS,

3) oxaTtme koHUeHTpaTta fo 15-20 MMNa u oxnaxaeHue ao —207°C ¢ nocneayowmm ero
APOCCENNPOBaHNEM M cenapaumen B OQHy Unu ABe CTyNeHn Ans yaaneHus oCcTaTkoB a3oTa.
KoHueHTpat nocne 8ToM cTagumn coaepXuT renui B konunyectee 99,5 % o6.;

4) apcopbunoHHas AO00YMCTKA KOHLUEHTpata Ha aKkTMBMPOBAHHBLIX — Yrnsx,
oxnaxgaeMblX XuAKUm aszoToM. [locne 3ToW cTaguy NOMNyyaloT TOBapHbIM renun
KOHUeHTpaumern 99,98 % o6.

ToBapHbIN rennin XpaHsT B CKaTOM U CKKEHHOM Buae. CxaTbIv rennii HaxXoanTCS B
rasosblx HannoHax noa AasneHvem ao 15 MMa.

[na nepesoza TOBapHOro renusi B XXMAKOE COCTOSIHUE €70 CHaYana oxnaxaaroTt XUAKUM
a30ToOM, 3aTeM HanpaBnsoT nocregoBaTensHo B TypboaeTaHaep W NapoOXuAKOCTHOW
TypboaetaHaep (unu ppoccenvpyloT). B pesynbtate STMX NPOLECCOB FenuiA 4acTUYHO
nepexoanT B Xnakyto dasy, 1 ero goounwarT B agcopbepax, pasMeLleHHbIX B arperarax
OXNax[eHusi, OT MPUMECe BO3ayxa U HEOHa.

Mony4YeHHbIN XUOKAW renuiA 3anMeatoT B cocyabl [lbtoapa pasnuyHorM BMECTUMOCTH, a
GonbLuMe KoM4YecTBa — B KPUOTEHHbIE XpaHWUnuLLa.

2.6.1 OxmxeHune renus

MPOMBILLNEHHOE OXWXKEHWE Tenusi, Kak WU APYrMX HUSKOKWUMNSLWMX rasos (soaopoaa,
KMCrnopoga, a3oTa), OCYLLECTBMAETCS PasHbIMUA TEXHOMOrMYECKUMUN MPOLIECCaMU CKVDKEHUA U
pasfeneHnss rasoB BCerga Mpu KPUOreHHbIX TemrnepaTtypax, AOCTUraeMbIX MHOXECTBOM
BO3MOXHbIX BapWaHTOB KacKagHbIX XONOAWUIbHbIX KOMMPECCOPHbLIX LIMKIOB COBMECTHO C
MeTodaMn  OXNaXKAEHWs, [ApOCCeNnvMpOoBaHWEM rasa W OxNaxAaeHua rasa, ero
JeTaHaMpoBaHMeM C oTaadven BHelHelr paboTbl. CTOMMOCTb KOMAPUMWPOBaHWA rasoB wU
NPOM3BOACTBA UCKYCCTBEHHOIO XOofa SBMSETCA Onpeaensiowen B Boibope onTumansHOro
BapuaHTa ANs CKWKEHNA NErknx rasoe.

CoBpEeMEHHbIE OXIKUTENWN UCTIONL3YIOT AETaHAEPHbIE LIMKMbI:

— OXKWKWTENN Maron Npon3BOAUTENBHOCTU — Ha 6a3e NopLUHEBLIX fEeTaHAEPOB;

— KpyrHble OXWKUTENW — Ha Base TypboaeTaHaepos.

PacyeTHble McCnefoBaHWs OMpefenqiv, 4YTo OMnTMManbHOe 4WUCno  CTyneHew
OXNaXKAEHNS ANs renvesbix oxwkuTenen — 4. Kosd@UUUEHT OXWXEHWs 3aBUCUT OT
KOnu4ecTBa CTyneHel SKCMOoHeHUManbHO. MNpu MeHbLUEM KOMMYEeCcTBE CTYNEeHEem OH Pe3Ko
CHWKAETCs,, a Mpu YBENMUYEHUM KONMUYeCcTBa CTyneHen Oonblue 4eTbipex pPOCT ero
He3HaYUTEeNeH, HO BO3HUKAIOT AOMOSHUTESbHBIE 3KCMIyaTaUMOHHbIE TPYAHOCTY.
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B kauecTBe mepBoOil CTyneHW 06bIYHO MCMOMb3yeTcsa a30THOE OxnaxgeHue, 3aTem [ABe
JeTaHAepHble CTymeHW, nNocnefHsss CTyneHb [ANA  yCTAHOBOK Manoi u cpefHe
npon3BOANTENBHOCTW - [ApoccefbHas, pANA yCTaHOBOK 60/MblWON NPOU3BOAUTENIbLHOCTH
ncnonib3yeTcsa CTyneHb NapoXuakocTHOro typbogertaHaepa.

OHepreTnyeckasa a(pPEKTUBHOCTb F€/IMEBOT0 OXMXKUTENSA CYLLeCTBEHHO 3aBUCUT OT ero
MOLLHOCTU; ANA OXWMXUTenei cpefHell Npon3BOAUTENBHOCTU HA MPOM3BOACTBO OAHOrO NMTpa
XWAKOro renna pacxopgyetcsa oAuH AuTp xupakoro asota v 0,6 KBT anekTtpoaHeprun. 3Tu
napamMeTpbl OAWHAKOBbI KaK A1 OTeYECTBEHHbIX, Tak U A1 3apybeXHblX YCTaHOBOK.

CyuwecTtByeT afcOpO6LUMOHHO-KPUOTEHHbIA MeTo[ TOHKOW OYUCTKM renva Ha 6ase
KOpPOTKOUUKNOBOW 6e3HarpeBHoin agcop6unn (KBA) c OKOHYaTeNbHOW AO0YNCTKOW OT HEOHa
Ha refiIneBbIX OXWXUTENAX (PUCYHOK 2.22).

A - 6/10K OUYMCTKM M OCYyLLKK; B - arperat oxnaxaeHusi; Al - Xuakuii asoT; A2 - ra3oobpasHblii asor;
Il —renwnin Kk noTpebutento; 2 - renuii oT NoTpebuTens;

1, 25 - komnpeccop; 2, 26, 28 - macnootaenutens; 3 - uabTp rpyboin ouncTknd 4 - UNbLTP TOHKOWA
ouncTkm; 5-ocywmnTtens; 6 - annapat ouncTku; 7, 9, 12, 14, 15, 16-TennoobmeHHuK; 8 -abcopbep;
10 - pedpwxepaTopHblii annapaT; 11 - a3oTHaa BaHHa; 13-geTaHaep; 17 - cOOPHUK XUAKOro
renuns; 18 - M30nAUMOHHbIN KOXYX; 19 - TpaHcnopTHbIA cocyd; 20 - nogorpesatens; 21 -
anadparma;

22 - rasronbgep; 23 - pamna; 24 - 610K macnooTaenutens; 27 - 6a4ok npogysok; 29 - agcopbep;
T - TepMoMeTpbI

PucyHok 2.22 - CxeMa KpMOTreHHOW rennesoli yctaHoBkn KIy-150/4,5
Fenuii BcacbiBaeTcA kKomnpeccopom 1, cxumaeTcss 40O AaBneHus okono 2,5 Mna u
oxnaxgaeTcsa B KOHUEBOM XxonogunbHuke p[o Ttemnepatypbl OC. [locne aTtoro renui

noctynaet B Macnootaenutenb 2, rae ocsBo6oxiaeTcs OT OCHOBHOrO Ko/smyecTBa Macna,
YHOCMMOIO W3 KoMnpeccopa, 3arem noctynaet B PuUAbLTP rpyboi 04YMCTKM 3, B KOTOPOM
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OYMLLAETCA OT OCTATKOB KamnemnbHOro Macrna v noctyrnaet B uUnbTP TOHKOW 04UCTKU 4, TAe
YAANSTCA Napbl Macna.

OuMLLEeHHBIX OT Macrna renyin NocTynaeT B 6nok OCyLLUKM U O4YUCTKW renns A, BHavane B
ocywmTenb 5, a 3ateM B annapat ouMcTku 6. B ocylumMTene renuii ocBoboxaaeTcs oT Napos
BoAabl. OcyLUKa NpoMcxoanT 3a cHeT aacopbumnm Napos BNarn Ha NOBEPXHOCTM CUnuKarens npu
Temnepatype OC. [MMocne ocywwutensa 5 renun noctynaeT B TennooOMeHHWK 7, rae
OXJ1&XKaeTCA MOTOKOM OYMLLEHHOrO rennus 1 XONoAHbIMK MapaMu asoTa, Ha BHYTPEHHEW
NMOBEPXHOCTU TPYBOK TennoobMeHH1Ka NPOUCXOANUT BbIMOPaXKMBAHUE OCTaTouYHON Briarn. U3
TennooBOMeHHMKa OuYMLLaeMblil MOTOK HampaenseTcs B agcopbep 8, apcopbep annapata
OYUCTKM 3aMoSIHEH aKTMBUPOBAHHLIM YINEM 1 TEPMOCTaTUPYETCA 3@ CHET KUMEHMWS XKULKOTO
asoTa npy T = 80 K. Mocne o4ncTkM OT BO3Ayxa W NPo4YMx razoodpasHbIX NpMMecen renvi
BO3BpaLLaeTCs B TENNOOOMEHHVK 7, FAe HarpeBaeTcd MPsSMbIM MOTOKOM MPUMEPHO AO
Temnepatypsl OC.

Mepep nocTynneHweMm B arperar OxXnaxaeHus renuin npoxoanT puneTp, rae ovmLaeTcs
OT YHecéHHoM n3 agcopbepa yronsHoW nbinv. CxXKaTbii, OYULLEHHBIA TENUA C AaBEHNEM
npumepHo 2,5 Mna 1 Temnepatypon OC noctynaet B arperat oxnaxaeHus b.

OcHoBHas YacTb renus HanpaenaeTcs B TPYOkun TennoobMeHHnka 9, ocTansHON renumin
— B Tpy6Oku annapara 10 (B pedpmxepaTopHom pexumme A0 3 %). B TennoobmeHHuke 9 renuin
oxnaxgaetca obpatHbiM noTokoM, B annapate 10 — napamu a3oTa, MocTynarowmyMn 13
a3oTHoM BaHHbl 11. O6a noToka oxnaxparTca npumepHo 4o T = 90 K n, Bowiga m3
TennooOMEHHMKOB, CMELUMBAIOTCH, MOCMe Yero renuii noctynaeT B as’oTHy BaHHy 11.
Pacnpepnenenne w perynmpoBka MOTOKOB TrEMMS B yKa3aHHbIX TennoobMeHHukax
ocywectensaercs seHTunem 3—12. Nogava npsAMoro notoka B TennoodmMeHHrk 10 3aBucuT oT
TeMnepaTtypbl BbIXOASALLEro a3oTa Ha TEensioM KOHUE 3Toro TennoobmeHHuka. Temnepartypa
asoTa u3mepsieTca TepmomeTpoM T-2 un porpkHa GbiTe Ha 18—20 K Hke, yem Temnepartypa
NPsSIMOrO NOTOKa B Touke T-1. B a30THOM BaHHE renuin oxnaxpaeTca A0 Temneparypbl
npumepHo 80 K 3a cueT kmnswero asora.

Mocne a3oTHOM BaHHbI NPSIMOM MOTOK MNOCTYNAET B TEMOOOMEHHVK 12, oxnaxaaeTcs
B HEM npumepHo Ao 25 K, BbINas M3 Hero, AenUTCHA Ha ABE 4YacTu:. B pedpuKepaTopHOM
pexume npumepHo 40 %, a B oxvkutensHom — 70 % renus HanpaenseTca B getaHaep 13, B
KOTOPOM renuin paclumpsieTcsl 4o faeneHusi obpartHoro notoka 0,12 MMa n ogHoBpemMeHHO
oxnaxpaetca Ao Temnepatypbl 10,5 K. Temnepatypa renva A0 W nocne AetaHgepa
3amepsaeTca TepmomeTpamu T-3 n T-4. Bbilweawumn ns getangepa renvin npucoeauHaeTcs K
o6paTHOMY NOTOKY 1 NOCTYNaeT B MeXTPYOHOe NpoCTpaHCTBO TennoobMeHHrKa 14.

OcraBwasca 4yacTb renusa MpsSIMOro roToka, KOTopas He rfonana B AeTaHaep
(BpoccenbHbIN NOTOK), NOcne TennoobMeHHVKka 12 nocneaoBaTesibHO NPOXOAUT MO Tpybkam
TennoobmeHHnkoB 14, 15, 16. Ha Bbixoae 13 TennoobmMeHHvka 15 renuii MMeeT Temneparypy
B pedpmrepaTtopHOM pexume npumepHo 7 K, a B oxwkutensHom — okono 9 K. Mexay
TennoobmeHHnkamn 15 1 16 renuii NPOXoAWT Yepes APOocCenbHbi BEHTUMNL P-l, B koTopoM
AasneHve renna noHwkaetca ¢ 2,4-2,5 Mla go 0,4-0,7 MMNa.

B TtennoobmeHHuke 16 renuni npu paenednn 0,4-0,7 MMa oxnaxpaetrcs B
petpuxepaTopHOM pexume npumepHo fo 4,8-5K, a B oxwkutensHom — go 6-6.5 K;
TemMnepartypa B 3TOM TOUKE 3aMepsieTcs TeEpMomMeTpom T-8.

B pedpwxepaTopHOM pexume vacTb renvs apoccenvpyeTtcss B BeHTune P-3 go
nasnenns 0,13 MIMa n yactnyHo oxwkaetca. CMeck napa v XnAKOCTU NocTynaeT B COOPHUK
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XnAKoro renvsa 17, rae pasaenseTcs Ha nap U XnakocTb. KonmuecTeo renusi, Hanpaensemoro
yepe3 BeHTUmNb P-3, pormkHO BbITe Takum, YToObl 3MEEeBMK, pacnonoXXeHHbINn B cOOpHUKE, B
npouecce paboTbl OCTaBarcs NOrPYKEHHbIM B XMAKOCTb. OCTanbHOM renuin apoccenmpyercs
B BeHTuUne P-2, npoxoauTt 4yepe3 3meeBuk cOOpHUKA W B BUAE NAPOXMAKOCTHOW CMECH
HanpaBensieTca vepe3 BeHTUNb 3-2 k noTpebutento ¢ Temnepartypon npumepHo 46 K Y
notpebutens xupgkas asa wucnapsieTcs, OTAaBas CBOW  XOMoj Ha  oxnaxieHue
obopynoBaHusi.

O6patHbim notok 2 rasoobpasHoro renusa BO3BpalaeTcs oT noTpedbutens vepes
BeHTUNe 3-3 npu pasneHum okono 0,13 MIa wn ¢ Temneparypon npumepHo 4,5 K
CMELLMBaeTCA C napamu renvs n3 cbopHuka M MocTynaeT B MeXTpybHoe npocTpaHCTBO
TennoobmeHHnka 16. Temnepartypa renusi, Hanpaensioweroca k norpebuteno un
BO3BpaLLaloLerocst ot NoTpebuTtens, samepsieTca TepmomMeTpamm T-6 n T-7. Temnepatypa
obpartHoro noTtoka Ha Bbixoae u3 6noka oxnaxaeHus b npumepHo Ha 12-15 K Huxke, yem
Temnepatypa renuss Ha Bxoge. O6parHbIM NOTOK renusi MoCTynaeT Ha BcacbiBaHue
komnpeccopa 1. Lukn 3ambikaetca. O6paTtHbIA MOTOK renus 3amepsieTcsl C MOMOLLBIO
Auvadparmbl 21.

B OXWKUTENBLHOM peXUME BECb FEnui ApPOCCENbHOro MOoTOKa ApPOCCEenupyeTcs B
BeHTUNe P-3. XXnakoctb, cobpaBluasica B cOOpHYKE, CnvBaeTcs B TPAHCNOPTHLIA cocya 19.
O6pasyroLmecs npy CnvBe napbl renus 0TBOAATCA YepeB nogorpeearens 20 1 HanpasnalTca
B rasronbgep 22.

B 6rnoke mmeeTcs GamnacHas nuHUS C BeHTUnem 3—1, kOTOpas MCMOnb3yeTca B
nyckoBom nepuoae. BHyTpeHHsii monocte Onoka OxnaxaeHus, B KOTOPOW HaxoawuTcs
annapatypa, BaKyymupyeTtcs. AOCOMIOTHOE BakyyMUMPOBaHWE W3ONALMOHHOMO koxyxa 18
6noka OxnaxaeHuUs U CRAUBHBLIX CUOHOB NPOU3BOAUTCA A0 OCTATOYHOTO AaBMEHUS MNpw
TemnepaTtype OoKkpyxatlLlen cpeabl. [ns aTon uenu MUCnonb3yeTcs MexaHU4Yeckuin Hacoc
2HBP-5]] n BbicokoBakyyMHbI arperat H-1C-2.

B rasronbpepe 22 xpaHATCA 3anacbl renuMa HW3KOro AaeBneHusa Ans KomneHcauum
yTeYeK renuvsi, OAHOBPEMEHHO OH ABNAETCA GydepHOl eMKOCTbIO U CO3AaeT U3bbITouHoe
[laBneHve Ha BcacbiBaHWe rennesoro komnpeccopa 200-300 mm Bog. cT. MNoanuTtka cnctemsl
renvemM npu 3axonaxvBaHUN YCTAHOBKA N B PEXMME OXWKEHMS OCYLLIECTBSETCA U3 pamnbl
23, B 6annoHax KOTOpoW rennn XxpaHuTca npu aaesneHun go 15 Mla.

Bo Bpemsi OCTaHOBKWM YCTaHOBKU U3OLITOK renus 3akaumBaeTcsa obpatHo B GannoHsl
pamnbl BCriomorarensHbiM komnpeccopom 1 BYB-45/150 25.

Mocne cxatusa B komnpeccope | BYB-45/150 renuii ouvwiaeTtca ot macna B Gnoke
macnootaeneHna 24. QuncTka NPOUCXOANUT NpYU TEMNepaType OKpyXalolen cpefibl BHavane
B Macrnootaenurene 28 OT kanenbHoro macna, a 3atem B aacopbepe 29 oT napos macna.
Macno w3 macnootgenutens crnveaetca B 6a4ok npoayBok 27, B KOTOPOM OTAENNAETCA
yBreYeHHbIi ¢ macnom renuini. Macnootaenutens 26, yCTAHOBNEHHbIM Ha BcacbkiBaloLLen
NUHUM KoMMpeccopa 25, CnyxuT Ansa ynasnueaHus Macna. CobpaHHOe Macno CnvBaeTcA B
KONMNEKTOp NPOAYBOK.

Brok oCyLLUKM U OYUCTKM YKOMMIEKTOBaH MEeXaHUYeECKUM BaKyyMHbIM Hacocom 2HBP-
51 ana pereHepauum agcopbeHTOB 1 napoMacnaHbIM Hacocom H-IC-2, npeaHasHa4YeHHbIM
ANA BaKyyMUPOBaHNA U3ONALMOHHOIO NpocTpaHcTBa cocyaa [Abtoapa ounctutens. Xuakui
a30T B a30THYI0 BaHHy 6rioka oxnaxaeHns nopaeTcs ua TpaHcrnopTHoro pesepeyapa TPXKK-
4M. BTtopoli Takol cocyn, obecneunBaeT Xuakum asotom 6nok OCyLLKN N OYUCTKN.
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O6uwan koMMyTauma o060OpyAOBaHUSA OXMXKUTENBHOINO KOMMJeKca npuBefeHa Ha
pucyHke 2.23.

1- komnpeccopHoe oTAefieHNe C MHANBUAYANbHOW Macl004YNCTKOW; 2 - 610K OCYLIKM;
3 - TexHonornyeckoe otaenexHue (3 ycr. Kry-150); 4 - ctayMoHapHoe XpaHUanLLe XXUAKoro reavs
(120 HM3); 5 - 3anpaBKa XXWAKOFO reqns B TPAHCMOPTHbIE KOHTelHepbl; 6 - ra3rofbgepsl;
7 - pecusepsbl

PucyHok 2.23 - KproreHHbIli 0OXMXUTENbHbIA KOMMIEKC NPON3BOAUTETbHOCTLIO
2000 nUTpPOB XMOKOTO refing B 4yac

Komnpeccopbl, umerwme NHANBMAYasbHYI0 O4YUCTKY OT Macna, cKosiiektuposaHbl (1).
Bnok ocywkn (2) - 06wWwmini Ha Becb NOTOK. OXMXUTeNbHble ycTaHOBKM (3) paboTaioT
napannenbHO W 4Yepe3 CUCTEMY XpaHeHus (4) MojaltT XWUAKWA rennii B TPaHCNOPTHble
KOHTelHepbl (5). Hanuuve Tpex aBTOHOMHbIX JIMHWIA NO3BOMSET ONepaTUMBHO YNpasiATb
NPOLECCOM OXWKEHUsA renns u npu Heobxo4MMOCTU BbIBOAWUTb YCTAHOBKY M3 pexuma ans
NpoBefeHNss PEMOHTHbIX W NpoduNakTuyeckux paboT, He CHuxXas NPOu3BOAUTENBHOCTU
OXWKUTE/IbHOTO LeHTpa B Lie/IOM.

2.7 TexHoNnormm noJyyeHMs TexXHWYecKoro yriepoga U3 NPUPOLHOro rasa
rasoBoro KoHgeHcarta

MeyHbiM crnoco6om nonyyawoT o 90 % wn 6Gonee nPovM3BOAMMOrO TEXHUYECKOro
yrnepoga. [lo 3TOMy Crnocoby OCYLWeCTBAAKT TePMOOKUCIUTENIbHOE — pasfiokeHue
yrneBoA0POAOB NOA AeViCTBMEM BbICOKON TemnepaTypbl Npu HejocTaTke BO3Ayxa.

TexHonornyeckaa cxema npoiecca npusefeHa Ha pucyHke 2.24.
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1- peakuuoHHaa neyb; 2 - aKTMBATOP; 3 - OPOCUTE/bHbI BOAAHOW XONOAUIBHUK; 4 -
3aneKkTpodmabTP; 5 - TPaAHCMOPTHLIN LWHEK; 6 - aneBaTop; 7 - cenapartop ANa OTAeNeHus
Texyrnepoga; 8 -6apabaH Ans rpaHynupoBaHus,

I- ra3; Il - Bo3ayx; Ill - Boga; IV - rpaHynMpoOBaHHbIA TEXHUYECKWIA yrnepos

PucyHok 2.24 - TexHonornyeckas cxema npon3BoACTBa TEXHUYECKOTO yrnepoaa neyHbim
cnocobom

OCHOBHbIM annapaToM YCTaHOBKW SIBNSAETCHA peakuMoOHHas Meyb - ropu3oHTabHas
UMMHAPMYECKAA Kamepa, Bbl/IOKEHHAs OrHeyrnopHbIM KUPMUMYOM U 3akK/loYeHHas B
MeTaNnYecknii Koxyx. TopueBas 4acTb Meunm cHabXxeHa yCTPOMNCTBOM ANA nojadyn rasa, a
BO3[yX NOCTynaeT TaHreHuuasribHO K MOTOKY rasa yepes oTBepcTua B dyTepoBke ana 6onee
WHTEHCVBHOrO nepemMellMBaHusa € rasom. [leyb No Xxody ABWXEHUS rasa nepexoauT B
Tpy6ONpOBOA-aKTUBaTOp, NpefHa3HayYeHHbI ANA BblAEPXKKUM TEXHUYECKOro yrnepoga npu
BbICOKOV TemnepaType B TeueHue onpefesieHHOro BPEMEHW C Lie/blo MOSIHOMO pasfoxXeHus
yr1eBO40pO0A0B.

[nsa ynaBnuBaHWSA [AWCNEPCHOIO yriepoja W3 aspo30/IbHOro MoTokKa, MNOMUMO
9NeKTPOPMNBLTPOB, MNPUMEHAIOTCA LMKIOHBI C  3f1eKTpoKoarynatopamu 1 pykasBHbIMU
unbTpamu, cucTeMbl NocnefoBaTesibHO YCTAHOBEHHbIX LUK/IOHOB C PyKaBHbIM (DULTPOM
nocrie HUX, pykaBHble (OUILTPbI C NPeABapuTeNbHOW koarynsuueil 6e3 LUKIOHOB, 3€pHOBbIE
UnbTPbLI.

Konnyectso nogaBaemoro B Meyb BO3fdyxa coctasnseT 50 % oT Tpebyemoro
Konu4yecTsa 714 MOMHOr0 CropaHusl yriesoAopoAoB chipbsa (npumMepHo 5,4 m3m3cxuraemoro
rasa). JasneHve B neun - npumepHo 0,410-0,112 MrMa; TemnepaTypa - 1200-1500°C; Bpems
HaxoX4eHUs NpoAyKTOB cropaHus B neun - 2-4 C.

KaHanbHbI (AN dy3MoHHbI) cnocob noslyyeHnst TEXHUYECKOro yrnepoAa OCHOBaH Ha
€ro Bbl4eNIeHNN U3 NIaMEHN TOPSLLEro NPUPOAHOIO UM HEPTSAHOIO rasa Ha ABWXYLLYICS Hafg
naamMeHeMm OcaguTeslbHYl0 MOBEPXHOCTb. 3TOT TWN TeXHWYeckoro yrnepoga ob6nagaet
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Hambonee ry60KMM YepHbIM LBETOM, MO3TOMY PsAf 3Masieil, Kpacok, /1akoB MPOuM3BOAAT
TOMbKO C NPUMEHEHNEM KaHaNbHOro TEXHWYECKOro yrnepoga.

TexHonornyeckas Cxema KaHas/lbHOro crnocoba MoslydyeHuss TeXHUYEecKoro yriepoga
npvBegeHa Ha pucyHke 2.25.

1- cenapartop; 2 - perynatop AaBfeHns rasa; 3 - ropesiovHble Kamepbl; 4 - LW/I030Bble 3aTBOPbI; 5-7 -
BEHTUNIATOPbI; 8-11 - UMKIOHbI; 12 - BYHKep PbIX/I0r0 TeXyrepoaa;
13 - UEHTPOGEXHbIA cenapaTop; 14 - WHek Bo3Bpata Mbum; 15 - LWHEeK Nojaymn 3aTpaBku;
16 -6apabaH ans rpaHynupoBaHusi; 17 - GyHkep TOoBapHOro Texyrnepoga; 18 - dwmnbTp,
|- npupoAHbIi ra3; Il - oTxogawme rasbl; Il - oTxog Texyrnepoga; |V - Bo3gyx;
V - Texyrnepog Ha ynakosky; VI - Texyrnepos B>Xe/e3HO40P0XKHbIe BaroHbl

PucyHok 2.25 - TexHofornyeckas cxema Npou3BOACTBA TEXYr/1epoa KaHa/lbHbIM CMOCO60M

OCHOBHbIMK annapaTamu npouecca SBNAIOTCA [OPesIoYHbIEe KaMepbl, KOTOPbIX Ha
NPOMbILW/IEHHON ycTaHoBke nMmeeTtcs 40-200 wryk. FopenoyHbie kaMmepbl U3roTaBanBatoTCcsa u3
KPOBE/IbHOIO Xesie3a, MNPUKPEensIeHHoro K kapkacy, W ycTaHaB/MBalTCA Ha (yHAaMeHT C
3a30pOM, BE/IMUMHOI KOTOPOro perynmpyroT nogadvy Bosgyxa B kamepy. abaputbl kamep
(anvHa X wupuHa * BbicoTa) -50><4x3,1 M unm 35 * 3,6 * 2,7 M. TeEXHUYECKNi1 yrnepog B
ropenioyHbIX Kamepax ocaxgaeTCsl Ha ABMXYLLMXCSH BAOMb KaMep LUBeepHbIX 6ankax u
yOanseTtcsa C HWX C MOMOLLbIO FOPU3OHTasIbHbIX U BEPTUKasIbHbIX CKpebkoB B OyHkep. a3
CKUraloT B LLENeBbIX ropesikax, B KOTOpbIX nnamsa nnockoe. LupuHa wenu - 0,8-0,9 mm,
onTuMasibHOe paccTosiHMe A0 0CaAuTesibHOW NMoBepXHOCTU - 62 MM. Konn4yectBo ropesiok B
Kamepe cocTtaBnsfeT 2080-2736 LWITYK.

BbIxo4, TEXHMYECKOro yrnepoja npu kaHasbHOM crnocobe 3aBUCUT OT coCTaBa Cbipbs,
TemnepaTypbl 1 AaB/eHUs rasa, KonmyecTsa BO3ayxa, PacCTOAHUA TOPesiok OT ocaanTeibHoOm
NOBEPXHOCTM K cocTaBnseT npumepHo 21-22 kr/1000 m3rasa. Hannuve B rase CEpHUCTbIX
coefiMHEHWIA, a30Ta, AMOKCUAa yrinepoga HexenaTenbHO U3-3a KOPPO3WMN U CHKEHNSA BbIXOAA
TEXHUYECKOro yrnepoaa.
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[Mpouecc nonyyeHUs TEPMUYECKOrO TEXHUYECKOrO yrnepoia nepuoguyeH B oTanuyme ot
HenpepbIBHbLIX MPOLLECCOB MOJyYeHUs MEYHOTO W KaHasIbHOTo yrriepofa. YNpoLeHHas cxema
3TOro npotecca npueBefeHa Ha pucyHke 2.26.

1- reHeparopbl; 2 - (hOPCYHKa AN pas3bpbi3arMBaHns Bofbl; 3 - PyKaBHbIA (UbTP; 4 - LWHeK: 5 - GyHKep;
6 - MELLOK; 7 - KianaHbl

PucyHok 2.26 - Cxema TEXHOIOMMYECKOr0o npoLecca NponsBoAcTBa TEPMUYECKON Caxu

B TepmMuueckoM npouecce TenI0 A4S PasnoXeHWs CbipbsA BblAENAETCS MPW NOSTHOM
cropaHuy NpUPOAHOro rasa B reHepaTopax, 3ano/IHEHHbIX KNaAKov 13 OrHeynopHoOro K1pnuya,
akkyMynupytowein Tenno. Korga temnepatypa B reHepaTope nogHumaetcs go 1100 - 1500°C,
nogady Bosfyxa npekpawiarot. 3aTeM yepes reHepaTop HauyvHatT NPONycKaTb NPUPOAHLINA ras,
KOTOpbIV pasnaraeTcs Ha BOAOPOA v yrnepog. Korga B pesynbrare 3HA0TEPMUYECKOl peakumn
pasnoxeHus Temnepartypa Knaakm CHU3UTCA 40 ONpefesieHHOW BEUYMHbI, B reHepaTop CHOBa
noAatoT BO34yX 1 NpoLecc pasorpesa NoBTOPSETCS.

O6bl4HO UCMONb3yeTCA fBa reHeparopa, B KOTOPbIX MNepuofbl Harpeesa U
yrnepogo6pasoBaHnsa NPOMCXOAAT NOOYepesHO, B pesyfnbTare Yero yrnepoj npoussBoguTcs
HenpepbIBHO. YacTb yrnepoga ocTaeTcs Ha knafke u cropaeT BMecTe C NpMpPOAHbIM ra3oM B
nepvog pasorpesa reHeparopa.

O6pa3oBaBLUUICA B reHepaTope yriepos BMecTe C ra3oM MocTynaeT B XONOAUSbHUK,
re OHW OX/1IAXAATCA pacnblieHHON BOAON. VI3 XonoaunbHUKa caxe-rasoBas CMecb noctynaet
B pyKaBHble OUNbTPbI 419 U3B/IeYEHUS yriepoja.

CpeHIo TEPMUYECKYIO Caxy MPOM3BOAAT MO 3TOMY METOAY C BbIXOLOM A0 250 Kr Ha
1000 m3 mpupogHoro rasa. Okosno 90 % rasa B nepuog caxeobpa3oBaHus pasnaraercs B
reHepatope. TOHKYI0 TepMUYecKyld Caxy MpOM3BOAAT aHasorMyHbIM  Cnocobom, 3a
UCKOYEHUEM TOrO, YTO UCXOAHbIA NPUPOAHbLIV ra3 pastasnsAlT BOAOPOAOM U3 NpeablayLiero
umkna. OOBbIMHO MPUMEHSAIT CMecb, cofepxally 1/3 npupogHoro rasa u 2/3 sogopoja.
MpUpoAaHbIA raz MOXHO pa3baBNATb M APYrMMK ABYXaTOMHbIMU rasamun. Bcneactere HekoTopoli
noTepu Tena BbIXO TOHKON TEPMUYECKOW Caxkn HUXE, YeM BbIXOA, CpefHen TepMmyeckoin. YTobbl
YBEMUNTL BbIXOL TOHKOW W CpefHeli TepMUYecKol cax, MNPUMEHSIeTCS npeaBapuTeNbHbIiA
noJorpeB BO3dyxa, MOJABaEeMOro B reHepartop. [pou3BOACTBO TOHKON TEPMUYECKOW Caxu
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TpebyeT Gornblle (PUILTPOB Ha eAVHWLY NPOAYKUMU M3-3a Gonbluero oObema rasosoro
noToka. HackinHas MnoTHOCTL TEPMUYECKMX Cax coctaBnseT 480 kr/M3, MosToMy B TedeHue
MHOMX JIeT WX YMaKOBbIBANW B HErpaHy MpoBaHHOM Buae. B HacTosiee BpeMsi Tepmyyeckume
CaKM BbINYCKAKOT 1 B rpaHyIMPOBaHHOM BUAE.

2.8 TexHOMOrMM NPON3BOACTBA ra3OBOW Cepbl

OfHMM M3  OCHOBHbIX TexHororumyeckmx Onokoe [TI3  sBRsOTCH  yCTaHOBKM
NPOV3BOACTBA rA30BOW CEpbl, CbIPbEM AN KOTOPbIX CMYXaT KUCIble rasbl, BblAENeHHbIE U3
CEepOBOLOPOACOAEPKALLMX ra30B.

Mony4yeHne BnMEMEHTHOM Cepbl W3 KUCMbIX rasoB OCHOBAHO Ha OKUCNEHWUM
cepoBofopoAa. B kayecTse NCTOYHMKA KNCNOPOAA B CUCTEMY, KaK NPaBuiio, MOJAeTCA BO3AYyX.

YCTaHoBKM NONy4YeHns cepbl, OCHOBaHHbIE Ha peanuaauuu peakuuii Knayca, npuHaTo
HasbiBaTb ycTaHoBkamu Knayca, OHW BKIOYaloT B cebsi TEPMUYECKYIO U KaTanuTudeckue
CTyneHu.

B Tepmuyeckon CTyrneHn cepoBOAOPOA CropaeT B MPUCYTCTBUMM Bo3gyxa. [Npu sTom
NpenMyLLECTBEHHO 0BpasytoTca anemMeHTHas cepa N ANOKCUA cepbl. TemnepaTtypa ropeHus
32BUCUT NpexXe BCero oT KoHueHTpaumm H2S B kucnom rase u cocraenset 900-1200°C. Jta
Temnepatypa 3aBMCUT Tawkke OT COOTHOLIEHWS «BO3AyX : KWCMbLIN rasy, KoTopoe
NoAAEPKMBAETCA Kak npasBuno Ha yposHe 1,7-1,9. CteneHb koHBepcun H2S B aneMeHTHyro
cepy B TEepMUYECKOM CTyneHn pormkHa ObiTb Kak MOXHO Bblwe, T.e. 6Gnmke K
TePMOAMHaMUYeckoMy YpoBHIO. Tak, mpu npoussoauTensHocTn no cepe 200 T/cyT co
cTeneHbo kKoHBepeun H2S B cepy 95 % obpasyetca okono 3200 T/rog anokcmaa cepsbl.

MpY MOHWKEHHbIX 3HAYEHUSX CTEMEHU KOHBEPCUM Ha TEPMUYECKOW CTyreHu npu
COXpaHeHWn OBLLEero 3HauyeHWs 3TOro mapameTpa B LeNioM NO YCTaHOBKE YBENUYMBAETCS
Harpyska Ha KaTanuTu4Yeckue CTyneHu.

OpHMM 13 OCHOBHbIX (PaKTOpPOB, OKasblBaOWMX BAUSHUE Ha 3PEPEKTUBHOCTL paboThl
TEPMUYECKOW CTYMEHW, SIBNSIETCS NPOAOMKUTENBHOCTL NpebbiBaHus B HEW rasa — ee
yBENUYeHne NPUBOANT K MOBbILLEHWIO CTENEHN KOHBEPCUM.

CTeneHb KOHBEpCUMM CEpOBOAOPOAA B Cepy 3aBUCUT Talke OT TemnepaTtypbl B
peakTope: Yem Bbille TeMmnepartypa, TEeM Bbille CTENeHb KOHBEpPCUM CEPOBOAOPOAA.
MpakTuueckas creneHb NpeBpalleHUs CepoBOAOpOAa B cepy B Meunm (Ha TepMUYecKon
CTyneHn) coctarnseT He 6onee 60-65 %.

Ha katanMTnyeckom CTyMeHW OCHOBHbIM MapameTpoM, BIUSAIOLMM Ha CTeneHb
KOHBEPCUM CEPOBOAOPOAA, SIBNSETCA COOTHOLUEHWE PacxofoB BO3AyXa WM KUCIIOFO rasa Ha
BbIXOAE W3 PEeaKLMOHHOW neyun: OHO JOmkHO obecneunBats o6beMHoe cooTHoleHue HaS k
SO2 Ha BXxoge rasa B KOHBepTOp, paBHoe 2 k 1. Jlto6oe OTKNOHEeHWe OT AaHHOrO COOTHOLLEHUA
Bfe4YeT 3a cobOW CHWXKEHWEe BbIxoAa 3nemeHTHOM cepbl. Kpome atoro daktopa, Ha
KaTarmTU4ecKon CTyneHn 60onbLIOe 3Ha4YeHne UMELOT ANUTENBHOCTL NOAAEPKAHUS BbICOKOM
TemnepaTtypbl NPOAYKTOB CropaHusi, TeMnepaTtypa rasa Ha BXOAe B KaTanuTUYECKYHO CTYMNEHb,
o6bemMHas ckopoCTb ra3a B KOHBEPTOPE U T.4.

YeM HWxe cpefHssa TeMnepaTypa npouecca B KOHBepTopax, TeM 6ornblLue BbIXO4 Cepbl,
OfHAaKO Ha MpakTVKe 3Ta TemnepaTtypa [OIPKHa ObiTb HECKOMBKO BbILLE TOYKU KOHASHCALMK
cepbl. 9T0, 6e3yCNOBHO, CHUKAET BbIXOA Cepbl, HO oBecneynBaeT npespalleHue CS2 n COS
B CEPOBOOPOA, KOTOPLIM B fanbHeNLWeM OKUCIAETCS [0 Cepbl:
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COS + H20 — CO2 + HzS;
CS2 + 2H20 — CO2 + 2H:2S;
2C0OS + S02— 2C02+ 1,582;
CS2+ 02— CO2+ S2

Ina katanusaTopHoW CTyneHu npouecca Knayca MCnonb3yloTca KaTanusaTopbl, B
KayeCcTBE KOTOPbIX MEepBOHAYaribHO LWMPOKOE MPUMEHEHWE Hawwnu npupoaHbie GoKCUTI,
COCTOSALLME B OCHOBHOM M3 OKCUAOB antoMuHUA 1 xenesa. OHV B CBOEM COCTaBe copepxar
kpemHesem SiO2 , okeuabl Tutana TiOz , kanbuua CaO, marHma MgO, mapraHua MnO,
docdopa P20s5 n gp. CooTeeTcTBeHHo, MeTof Knayca 3aknodancs B OKUraHuu
CEepoBOAOPOaAa B CNoe LaHHOro Katanmsaropa A0 CEPHUCTOro aHrapuaa u cepbl. [JaHHbIn
KatanMaaTtop WCMonb3oBany B OCHOBHOM M3-3a €ro AelleBu3Hbl, [OCTYMHOCTW, BbICOKOW
aKTUBHOCTW, a TaKKe M3-3a HeaHauuTenbHbIX 06LEMOB NepepabaTbiBaemMoro CepoBOAOPOLA.
B ToM crnyyae Harpyska Ha kaTtanusaTtop cocrtaensna 3-4 HM® ceposogopoja Ha 1 m°
KaTanusatopa B Yac. Ho AaHHbIA TN katanm3aTopoB MMEen W CyLeCTBeHHble HefoCTaTKu:
ObICTpas Aes3akTMBaUVs, Bbi3biBaeMasi Cyfbdartaumen NnoBepxHoOCTH, HENOCTOAHCTBO COCTaBa
W CBOWCTB, HEAOCTaTOYHO pasBuTas MOBEPXHOCTb, MOKPLITUE YrNePOAUCTEIMA OTIIOKEHNSMN
W rmapartaumein.

CTeneHb KOHBEPCUM CEPOBOLOPOAA B CEPY NPV NCNOMb30BaHUM AHHOTO KaTanuaaTopa
coctaenana 80-90 %, ocTanbHasi 4acTb CEPHUCTbIX COEAMHEHVMA B BUAE AMOKCMAA Cepbl
noctynana B aTtMocdepy. JTO OKasbiBano HeratMBHOE BO3AENCTBME Ha 3KONMOrMYecKyto
o6cTaHoBKYy.

B panbHerwem npouecc vMmen passuTMe B TOM NNaHe, 4To npouecc cran
peanv3oBbIBaTbCS NMyTeM ABYX OTAENbHbBIX CTaAUi — TEPMUYECKON 1 KaTanutudeckon. boinm
paspaboTaHbl U YCMNELIHO BHeAPEHb! antoMOOKCUAHbBIE N TUTAHOOKCUAHBIE KaTtanuaaTopsl.

Yaue Bcero katanuaaTtopbl Knayca BbinyckaroT ns ruapokenaa amnoMmHua. TunudHble
NpeacTaBUTENU KaTanuaaTopoB 3Toro psaga — rmb6eut, Gareput, HopacTpaHaut. Okeug
anoMUHUA U ee rmapaTmpoBaHHble hopMbl HepacTBOpPUMBI B BOAE, 06naaatot amoTepHbIMU
cBoncTeamu. Kpome nonHbIx ruapokcnaos n3secTHbl Talke AIOOH B Buae asyx pombudeckmx
mMoandvkaumia: auacnop ¢ nnotHocteio 3,3 — 3,5 r/femd, ycronume ao 350°C, B uHTepBane
Temnepatyp 350 — 400°C nepexoaut B a — Al203; 6emuT, NNoTHOCTL KoToporo 3,01 rfcm3, npu
400°C nepexogut B Y — Al203, a npu 600°C nepexogut B a — Al203. OH npakTnieckn He
pearvpyeT c kucnotamu u Lenovamu. Ero ypaetca nepeBectu B pacTBOPUMOE COCTOSIHWE
TONbKO C NOMOLLBIO CMABNEHUS CO LLENoYamMu.

Ha npakTvike kaTanusarop npeacrasnaeT cobol LWapuk NNy 3KCTPYAAT AMaMeTpoM 4 —
6 MM, coaepxuT 6onee 94 % okcuaa anoMUHUS, yaenbHas NoBepxHoCTL 260 — 345 m2r. B
COCTaB katanuaaTtopa 06bIYHO BXOAAT Takne KOMMoHeHTbI (%, mMacc.), kak Na20 — 0,04; SiO2
—0,02; Fe203— 0,04; TiO2—0,01.

AKTMBHOCTb KaTanvM3atopoB CHWKaeTCsl B pesynbTare W3MEHEHUS WX CTPYKTYpbl,
OTMOXKEHNA Ha WX MOBEPXHOCTSIX Pas3nUYHbIX NpUMecel (kokca, conen), cynbhaTtnpoBaHns
okcupa anoMuHus u T.4. Bcneacteue aToro nepuogudecku (oavH pas 3a 3-4 ropa)
NpousBOAWTCSH NONHasi 3amMeHa KaTanuaartopa.

TexHonornyeckas cxema npouecca Knayca BKMHOYaeT TepPMUYECKYHO CTyMeHb WU
HECKOMBbKO MOCMEeA0BaTENBHO BKIMHOYEHHBIX KaTanUTUYECKUX KOHBEpPTOpOB. [locne kaxaown
CTYNEHN peakLMOHHbIE rasbl OXNaXaalT A0 TeMMepaTypbl KOHAEHCAUUN cepbl, OTAENAT
cepy, a rasbl nocne Heobxo[MMOro NoAorpeBa HanpPaensloT Ha cnegytowyto cTyneHs. B Tex
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cnyyasix, korga obbemHasa Aonsa cepoBoAopoAa B KUCTbIX razax Hmxe 5 % 06., ucnonb3yroT
cxemy 6e3 Tepmuyeckon ctyneHn. OKUCneHMe CepoBOAOPOAAa OCYLLECTBRASIOT KMCIOPOLOM
BO34yXa Ha katanuaaTtope (00bl4HO OAMH-ABa KOHBEPTOpPA).

B 3aBucMMOCTM OT copepxaHua CepoBoAopOoda B  WCXOAHOM  KUCIIOM  rase
TEXHOMOrM4eckne cxemsl npotecca Knayca mMoryt ObiTb NPSAMOTOUHBIMU U PA3BETBIEHHBIMA
(pvcyHoK 2.27).
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1 — neyb-peakTop; 2 — TENNOOOMEHHUK; 3, 5 — KOHLEHCATOP Cepbl; 4 — KOHBEPTOP;
6 — nogorpesarenb rasa; 7 — neyvb Ans CKUraHns cepbl B 4UOKCUS, CEpbl,
| — kuenbeim ras; Il — Bosgyx; Il — cepa. (a — npsAmMoToYHas cxema; 6 — cxema C pasBeTBMEHHbIM
notokom 1/3-2/3; B — cxema ¢ peyupKynsiLuen cepbl)

PucyHok 2.27 — TexHonorndeckmne cxemol npouecca Knayca B 3aBUCUMOCTU OT CogepaHna
CEPOBOAOPOAA B KUCIIOM rase
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TexHonornyeckass cxemMa MPOMbIWIEHHOW YCTaHOBKM Knayca ¢ pas3BeTB/IEHHbIM
NOTOKOM CEPOBOLOPOAA U ABYMSI KOHBEpPTOpamu NpuBefeHa Ha pUcyHke 2.28.

TennoTa, BblgenawlWascs Npu peakuuu B neunm 3, UCNoONb3yeTcs ANS reHepauuu
BOASIHOTO Mapa BbICOKOTO faBneHus lll, a npu KOHAEHcaLUU napoB cepbl —ANs reHepauuu

BOAAHOrO napa HW3Koro gasneHunsa IX.

1,11- cenapatop; 2 - 6apabaH NapoBoro kotna; 3 - peakunoHHas nedyb; 4, 6 - neyb ANS Harpesa
KnCnbIX raso.; 5, 7 - KOHBepPTOpbl; 8 - AbiMoOBasA Tpy6a; 9 - neyb J0OXWra OUYULLEHHbIX Fa30B;
10 - cepHas ama; 12, 13, 15 - KoHgeHcaTopbl cepbl; 14 - ceTka-koarynsatop; 16 - eMKoCTb ropsyei
BoAbl; 17-Hacoc; 18 - BO34yxo4yBKa,
|- kucnolli ras; Il - Bo3gyx; Il - nap Bbicokoro gasneHus; IV, V - NpoayKTbl peakuuii;

VI - ocTatouHble rasbl; VII - xuakaa cepa; VIl - Boga Ansa nuTaHWs KoTna v OXNaxaeHusa rasos B
KOHAeHcaTopax; IX - map HM3KOro AasneHus

PucyHok 2.28 - TexHosornyeckaa cxema yctaHoBku Knayca c AByMSA KOHBepTopamwu

B Ta6nuue 2.2 npuBeAeHbl OCHOBHble MapameTpbl TEXHOMOMMUYECKOT0 pexuma paboThbl
yctaHoBku Knayca.
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Tabnuya 2.2 — OCHOBHbIE NapamMeTpbl TEXHONOMMYECKOrO pexuma U nokasarenu pabotsi
ycraHoBku Knayca

HaumeHoBaHue Mokasarenb
Temnepartypa B neun-peaktope, °C:
— ropeHus 1026
— rasos Ha BbIxoae 290
Temnepartypa rasos B koHaeHcatope Ne 1, °C:
— Ha Bxoge 290
— Ha BbIXoae 194
Temnepartypa rasos B NepBOM KOoHBepTOpE, °C:
— Ha Bxoge 260
— Ha BbIXxoae 350
Temnepartypa rasos B koHgeHcaTope Ne 2, °C:
— Ha BXxoge 350
— Ha BbIxoae 210
Temnepartypa rasoB BO BTOPOM kOHBepTOpe, °C:
— Ha BXO4e 210
— Ha BbIxoge 240
Temneparypa rasos B koHgeHcaTope Ne 3, °C:
— Ha BXxojJe 240
— Ha BbIxoae 132
[aeneHwne B cucteme, MlMa 0,02-0,03
MonsipHas gonsa H2S, %:
— B ICXOHOM KWCIOM rase 594
— B rasax nocrne BTOpOro KoHeepTopa 0,9
MonsipHas [onsi cepbl B OTXOAAWMX rasax, % 0,068
M3BneyveHne cepbl B npouecce, % 96

CnepyeT OTMETUTbL, YTO TEMMNepaTypa Cepbl, BbIXOASLLEN U3 koHaeHcaTopos 12, 13, 15,
cocraenser 130-150°C, xoTa cepa u koHaeHeupyetcsa npy 188°C. 310 cBsisaHO C Tem, 4To B
vHTepBane Temneparyp ot 188°C go 160°C obpasytoTcsi Monekynbl Cepbl C ANMHHON LIENbIo 1
BbICOKOM BASKOCTBIO, MO3TOMY CryCK CEPbl U3 KOHAEHCaTOPOB OKa3biBAETCA HEBO3MOXHbLIM. [pn
Temneparype 150°C n Hwke xuakan cepa, Temnepartypa nrasneHus KOTOpon B 3aBUCUMOCTU OT
dopmbl coctaenseT 106,8-119,3°C, obriagaeT 3HaUMTENBHO MEHBLLEN BA3KOCTBIO.

2.8.1 TexHONoOrns AOOUYMCTKM OTXOAALMX ra3oB yctaHOBOK Knayca

Mo cxeme, npuBeaeHHOW Ha pucyHke 2.28, octaToudHble rasbl npouecca Knayca,
noctynarwowue B nevb aoxura 9, oBbblMHO cogepxat (B 3aBMCUMOCTM OT 3EKTUBHOCTU
paboTbl 1 Ka4ecTBa UcxogHoro rasa) 1-2 % ceposogopoaa, Ao 1 % avokenga cepsl, 4o 0,4 %
cepookeuaa yrnepoaa, 1o 0,3 % cepoyrnepoaa, 1-8 r/m3 kanenbsHoi 1 naposon cepbl, No 1,0-
1,5 % sogopoaa u okcuaa yrnepoga, Ao 15 % yrnekmucnotsbl, okono 30 % BoAsHbIX NapoB U
a3oT. Temnepatypa rasoB — okono 150°C, naBneHue — He 6onee 0,02-0,03 Mla.

Bce npouecchl JOOYUCTKM B 3aBVCUMOCTM OT 3aNOXEHHOro B HUX MPUHLMNA MOXHO
pasgenuTb Ha ABe OCHOBHbIE rPyNMbI:
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— MpOoLECChI, OCHOBaHHbIE Ha peakumn Knayca, sBnatowmecs fOMONHEHMEM K OCHOBHBIM
ycTaHoBkam 1 obecneumsatoLLpe obLLyto cTeneHs U3eneyeHns cepbl 4o 99,0-99,7 %.

— MpOLEeCChl, OCHOBaHHbIE HAa MPEBPALLEHUN BCEX CEPHUCTbIX KOMMOHEHTOB B OAWH
(SO2 unn H2S) n o6ecneynsarome obLLyH0 CTEeNeHb M3BneYeHns cepbl A0 99,9 % v Bbile.

Mpoueccbl AO00OYUCTKW, OCHOBaHHble Ha peakumm Knayca - 310 Hamnbonee
pacnpocTpaHeHHbIE NPOLIECChI OYNCTKN OTXOAALLMX ra3oB. OHM OCHOBaHbI Ha KaTanuTUHECKon
peakuum Knayca ocraBlLUMXCA B XBOCTOBbIX ra3ax CepoBOAOPOAa M ANOKCHAA Cepbl:

2H2S + SO2 — 3/nSn + 2H20

Peakuns ocywectengercsa npu Gonee HU3KMX TemnepaTtypax, Yem Ha YCTaHOBke
Knayca (130-150°C), yto cnocobcTtByeT Gonee NonHOMY ee MpOoTEKaHWUI0, B CRoe TBepAoro
kaTanusatopa (npoueccel «CynsdpuH», CBA, MCRC) unu B xupkoli cpege, coaepxallein
katanusatop (npouecc ®UH, Knaycnonb 1500). 3TM npoueccbl MMEKT CPaBHUTENBLHO
NPOCTYIO TEXHOMOTMYECKYI0 CXEeMy M AOCTaTOYHO LUMPOKO pPacnpoCTpaHeHbl, XOTA U He
obnapatot Takon aPEKTUBHOCTBLIO, Kak NPOLECChl BTOPOM rpynrbl.

N3 npoueccoB ¢ NMpMMEHEHMEM TBEPAOro KaTanmusaTtopa LUMPOKO 3KCMyaTupyeTcs
npouecc «CynbdpuH», paspaboTaHHbIi drpmamm « Inbd AkuteH» PpaHuma) n «Air Liquide
Global E&C Solutions Germany GmbH» (®Pl). B stom npouecce peakuvs Knayca
npoTekaeT Ha TBEPAOM KaTanuaarope (okcuae anioMmHuns) npu 125-150°C. Mpwu Tako HU3KON
pabouyer TemnepaTtype TEpMOAMHAMUYECKOE paBHOBeCHe GriaronpusiTHee, Yem Npu 0BbIYHbIX
ycnosusix npouecca Knayca. [MonyyeHHas cepa ocrtaetca afcopbupoBaHHOM Ha
KaranusaTtope B XWAKOM BWAE, TEM CaMbiM CMelWasl paBHOBECME peakUUM K MONHON
koHBepcum Ha2S n SOz B cepy.

TexHonornyeckas cxema npouecca «CynbgpvH» npuBeaeHa Ha pucyHke 2.29.
YcTaHoBKa COCTOMT U3 ABYX-TPEX PEaKTOPOB MO TUMNY aaCcopBLMOHHON CXeMb.
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1-3 — koHBepTOpPLI (1, 2 — B CTAAUM OYUCTKKM; 3 — HA pereHepauuu); 4 — nevb AN HarpeBa rasa pereHepauuu; 5
— rasoayska; 6 — KOHAEHCATOp cepbl; 7, 8 — knanawbl,
| — oTxoAAWMI ras ¢ yctaHoBku Knayca; Il — ounLLeHHbIN ras; |Il — OuMLLEHHbIN ra3 Ha pereHepauuio
karanusatopa; IV — kucnblil ras ¢ yctaHoBku Knayca (ana aktuesaumu katanusaropa); V —xuakas cepa; a —
OTKPbITO; 6 — 3aKPLITO

PucyHok 2.29 — TexHonorundeckas cxema npovecca « CynbhpuH»
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OTxoasawmn ras us koHgeHcaropa nocne ycraHoskm Knayca ¢ temnepatypown 400-
410 K (673 — 6839C) cHu3y BBEPX BXOAWT B ABa NapannernbHo paboTalowmx KoHBepTopa
(1, 2) c aByMs CnoOsIMM anOMOOKCUAHbIX KaTanu3aTopoB B Kaxaom. llepBbin CHU3Y
3aWMUTHBIW CMOW — NPOMUTaHHbIA cynbdaTtom xenesa Yy-Alz03 pna ceBs3biBaHWA
cogepXallerocs B TEXHOJOIMYECKOM rase Kucnopoga (Hanpumep, katanv3aTtop mapku
AM dupmbl «Pon-Tlynerk»). Karanmsatop AM pekomeHpgyeTcs WCNonb3oBatb B
konndectBe 30 % ot obuwero obbema katanusaTopa B peakTtope. B kayectBe BTOpPOro
OCHOBHOIO CIOSl CMYXWT Kkaranu3aTtop W13 aKTUBMPOBaHHOrO OKCupa antoMUHAUS
(Hanpumep, mapku A2-5).

Beuay Toro, 4To TEMNEpaTypa B peakTopax HUXe Temneparypbl TOYKMA POChI CEpbI,
napbl Cepbl, NOCTyrNawwWwune C OTXOASLMM rasoM M obpasylomecs 3a CUeT peakuum
Knayca, agcopbupytoTcs B nopax katanusatopa, Ae3aKkTuBupys ero. B ceaam c Tem, uTo
M3 NOTOKa OTXOASILIEro rasa Karanu3aTopoM YyAanseTcs MnpakTU4YeckM BCs cepa,
paBHOBecue peakuuu Knayca casuraeTca B CTOPOHy MOnHOW koHBepcum H2S n SO2 B
cepy.

OuULLEHHBIN OTXOAALLMIA Fa3 NOCTyNaeT B Nevb AOXKWUra, rae Bce cogepxalumecs elle B
MoToKe rasa cepHucTble coeamHenns (H2S, COS, CSz), TymaH cepbl 1 napel cropatot, obpasys
SO2. KoHUeHTpauus nx B nepecyeTe Ha cepy CocTaBnaeT, kak npasuno, 0,1-0,2 % 06. (1000—
2000 ppm). YacTb OUMLLEHHOIO OTXOAALLEro rasa rasogyskon (5) HanpaBnseTcs Ha nedb
nogorpesa (4), rae 3a CYET HEMPSIMOro KOHTaKTa € AbIMOBbIMU rasamu CropaHusa Tonnmuea
nogorpesaetca fo 330-350°C u ¢ Takon TeMnepaTypoi NOCTyNnaeT CBEPXY BHWU3 B TPETUN
peakTop (3), HaxoAsLMINCS B CTaguM pereHepaumm (aecopbumm cepbl) 1 oxnaxaeHus. Fasel
pereHepaumn yaansoT B napoobpasHoM BUAE 1 HanpasnaloT B KoHAeHcaTop (6), rae napbl
Cepbl KOHAEHCUPYIOTCS.

Cepa cnuBaeTcs B XUAKOM BUAE Yepes rMapos3arBop B eMKOCTb XpaHeHUs, a rasbl ¢
Temnepatypor 127°C nocTynaioT Ha Bcac rasofysku (5). B mexTpybHOM npocTpaHcTee
KoHAeHcaTopaTopa nonyyarT BoasHoM nap gasneHnem 0,4 MlMa. MNpy Hanmumm peakTopos
JocTatoyHo Gonbluoro o6bema NpoLecc MOXHO CYMTaTb HEMPEPbIBHBIM, TaK Kak B 3TOM
crnyyae nepeknodeHve aacopbepoB co cTagum katanusa 1 agcopbumm Ha craguio
pereHepaLyy MNpoM3BOAMTCH OAMH pa3 B CyTKW. [N MepexkrntoveHns PeakTopOoB CHYXWUT
cneumansHas NHeBMaTMYecKas apMaTtypa C nporpaMmmHbIM YCTPOUCTBOM.

B koHLe cTagum aecopbumm B ra3 pereHepauum NogMeLLMBaeTCs UCXOLHbIN KUCTBIA ras
(0o copepxaHus B rase pereHepauum npumepHo 5 % H2S) ¢ uenbto BOCCTaHOBMEHMS
cynbdara anomMuHus. [Ona McknioYeHWA MoTepb Cepbl 3TOT ra3 BbIBOAWUTCA 3aTeM 4epes
paboTatowmin Ha cTagum agcopdunmn peakTop.

Mocne pecopbuun peakTop NepeknoyaeTca Ha UMk oxnaxzaeHus. OxnaxaeHue
KatanuaaTopa OCyLEeCTBMAETCS NyTeM LMPKYnsaumMmn Yyepes agcopbep rasa pereHepaymu,
MWHYA nedb nogorpesa 4. [lna 6onee rnybokoro oxnaxaeHnsa katanmsaropa n CHKEHNS
TEM CaMbIM NMOTEPL CEPbI B COBPEMEHHBIX YCTaHOBKAX MPeAnoynTaroT B KOHAEHCaTopax
nony4ate nap gasnexHvem fo 0,2 MlMa. 3ToT nap 4acTo He HaxoAWUT TEXHOMOrMYeCcKoro
NPUMEHEeHMsA, WU MNO3TOMY €ero rfocfne KoHAeHcauuu BHOBb Bo3BpawarwT B GapabaH
KoHaeHcaTopa. HegocTaTkom Takoro pelueHns SBAAeTcst NoTeps 4YacTu reHepupyemoro B
npouecce napa, a MnpevMMyLLECTBO 3akni4aeTcs B CHWXeHun Bbibpocos SO2 B
aTtmocdepy.
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Mocne atoro npouecca koHueHTpaumsa H2S u SOz B oTxoaswem rase cocraenset 0,20-
0,25 % mac.

Mpouecc «Knaycrnone 1500», paspaboTtaHHbin PpaHLly3CKUM WHCTUTYTOM HedTH,
OCHOBaH Ha 06paboTke OTXOASLLMX ra30B PELMPKYNIMPYIOLLMM MOTOKOM MOANSTUNEHTIMKONS,
cofepxaliMm pacTBOpPEeHHbIN katanuaarop (6eH3oaT kanust unu HaTpusa), B Hacago4HOW
KONOHHE NpW TemnepaTtype BbilLe TOYKW nnaBneHns cepbl — 125-130°C. Obpasytowascs B
npoLecce cepa B pacnnasleHHOM BUAe OTAensieTcs oT pacteoputens. lMpouecc Tpebyet
nogaepxaHna B obpabarbiBaemMoM rase cootHowweHus H2S:SO2 pasHbeim 2:1; COS n CS2
OCTatoTCH HenpeBpaLLEeHHbIMU.

CrteneHb npeBpalleHns cepoBofopofa W auokcuaa cepbl gocturaetr 80 %, uTo
COOTBETCTBYET CyMMapHOW riybuHe uasneyeHus cepbl A0 98,5 %. CopepxaHne SO2 B rasax
nocne pgoxura cocraensiet 0,15 % mac.

MoBbiweHve addekTuBHOCTM npouecca CynbgpuH BO3MOXHO MO HECKOSBKUM
HanpaesneHnsm:

— NyTem rmapupoBaHUsa CEPOOPraHUYECKMX COeANHEHNI nepes ycTaHoBkon CynbdpuH;

— TOHKOrO perynmpoBaHnsi COOTHOLLEHWSA NoAaBaembix B neYb Knayca noTokoe KMCTbIN
ras/Bo3gyx (TOYHOCTb perynMpoBaHusl — He MeHee +0,5 %);

— ONTMMM3ALIMKN pekuMa aacopoummn n npymMeHeHUs 6onee akTUBHBIX KaTanuMa3aTopos
Npwv AO0YKCTKE.

B ocHoBe okucnuTenbHbIX METOAOB OYUCTKM OTXOASLLMX ra3oB Knayca nexuT aoxur
CEPHNCTLIX COEANHEHNIA [0 ANOKCUAA CEPbI U Er0 NOCTNeAyoLLee U3BevYeHue 1 npeBpaLleHe
B CEepy WM APYroM XUMMYECKUA npoaykT. M3 3Tux npoueccoB AOCTaTOYHO LUMPOKOE
pacnpocTpaHeHne B MWPOBOM MpakTMKE nonyymn npouecc «Yannmad-Jlopa» (dpupma
«Yannwvan-Nopa», CLUA).

CyLHOCTb NpoLecca 3akno4aeTCs B LOXUIe CEPHUCTBIX COEAMHEHUIN 40 AnoKcuaa
cepbl C rocneaywowMm ero norfoweHneM pacTBOpOM  CynbcuTa  HaTpus.
O6pasoBaBninca BucyneMuT 3atem pereHepupyetcs. ocne otaeneHns Boabl B
KOHAEHCcaTOpe KOHLEHTPUPOBAHHBIN CEPHUCTBIA @aHIMAPUA PELIMPKYIIMPYIOT Ha YCTaHOBKY
Knayca. CymmapHas cteneHb M3BrnedeHus cepbl gocturaeT 99,9-99,95 %.

BoccraHoBuTENBHBbIE NPOLIECCHI OCHOBaHbI Ha KaTanMTUYECKOM BOCCTaHOBMEHUN BCEX
CEPHUCTBIX COEAUHEHUA B CEPOBOLOPOA U OTNNYAKOTCA rmaBHbIM 0Bpa3omM cnocobamm ero
N3BMNEYEHUs 1 NocnenyroLen nepepaboTku.

M3 npoueccos aToro Tuna Hambonbluee pacnpocTpaHeHue nonyymn npoyecc SCOT
(HavanbHble BykBbl Shell Claus Offgas Treating), paspaboTtaHHein dupmon Shell
Development (Hugepnanabl) (pucyHok 2.30). OTxopswme rasbl ycTaHoBkM Knayca
CMeLUMBaITCA C NPOAYKTaMKn HenonHoro cropaHns metana (Hz2+CO) n ¢ Temneparypoi
300°C nocTynarT B peakTop rMapupoBaHns, 3anonHeHHbIN
antomokobansTMoNMBAEHOBBIM KaTtanusaTtopoM. MNpoayKTsl TMAPUPOBAHNS OXNaX4atoTCA
B KOTne-yTunmsaTope, 3aTem — B KOnoHHe «KBeHuY», rhe OofHOBPEMEHHO OTAenseTcs
KOoHAeHcaunoHHas Boga. [danee B abcopbuUMOHHOW CeKUuMM W3 rasoB METOAOM
cenektmBHoM abcopbumm C nomowbld amuMHOB  m3BnekaeTcs  H2S,  koTopbin
peumpKynupyroT Ha ycTaHoBky Knayca.
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1- reHepaTop BOCCTAHOBMTE/ILHOTO rasa ¢ KaMepoi CMeLleHns; 2 - peakTop rMapupoBaHuns;
3 - KoTen-ytunmusatop; 4 - KonoHHa «KBeHu»; 5, 7, 10 - xonogunbHUkK; 6 - abcopbep;
8 - pekynepaTuBHbIli Tenn006MeHHUK; 9 - gecopbep; 11 - cenapaTop; 12, 14 16 - Hacochl;
13 - NapoBOi KUNATUMBbHYIK,
|- rasbl Ha goouncTky; Il - Bo3gyx; Ill - TonnmBHbIA ras; IV - ounweHHbI ras; V- H2 Ha yCcTaHOBKY
Knayca

PucyHok 2.30 - TexHonornyeckasa cxema npouecca SCOT

B ounweHHom rase IV octaetcsa 0,001-0,050 % cepoBogopona, UTO COOTBETCTBYET
CyMMapHoli cTeneHn ussnedeHns HzS 99,8-99,9 %. B kauectBe abcopbeHTa MCMONb3yT
AuunsonponaHonamud, MASA v apyrue amuHbl.

Mpn BbIGOope SCOT wnn CynbpuH criegyeT yuuTbiBaTb, YTO B HacTosiLee Bpems
paspaboTaHO W MNPUMEHAETCS B MPOMbILWIEHHOCTM MHOXECTBO MPOLLECCOB [O0UNUCTKU
XBOCTOBbIX ra3oB Knayca. Bknag BbI6pocOB OT ycTaHOBOK Knayca B 06wuii 06beM BpegHbIX
BbIGPOCOB OT BCEX NPOM3BOACTB He BCerga fBNseTcsa npesavpyowymM. Hanpumep, BbI6pOChHI
SO2 0T NMPOMBIC/NIOBbLIX COOPYXEHWUI MOTyT 6biTb COM3MEPVMbI UM AaXe NPeBbilWaTb TakoBble
OT ycTaHOBOK Knayca. PelueHne 0 Bblibope npouecca A00YUCTKA HEOBXOAMMO MpUHMMAThL C
y4yeToM 06beMOB BbIGPOCOB OT BCEX MCTOYHUKOB.
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lapaHTMpoBaHHasa cteneHb m3BneyeHus cepbl ans npougecca SCOT — 998 %, a
JocTiraemasi Ha npakTuke Ans XopoLlo opraHu3oBaHHoro npouecca CynbdpuH — 99,4 %.

Takum obpasom, npouecc SCOT moxeT 6biTb anbTepHatmBon CynbdpuHy B
cnyyasx, korga ycraHoBka Knayca sBnseTcsa €OQUHCTBEHHbIM MCTOYHUKOM BpPEAHbIX
BbIOpOCOB  U/MnNM  HaxoguTcs B [YCTOHACENEeHHOM  panioHe C  KEeCTKUMU
NPUPOA0OXPAHHLIMU OrPaHUYEHNAMM.

Cepa, obpasyrowlasnca Ha yctaHoBkax Knayca, coaepxut pacTBOpPEHHbIN CEpOBOAOPOA,
a Tacke nonucynbtung sogopoaa. Bo BpemMs XxpaHeHust U TPaHCMOPTMPOBKM OHU MOTYT
BbIAENSATECA, Yem oOycnoBneHa B3pbIBOOMACHOCTb Takoh cepbl. Kpome TOro, y cepebl,
copepallen rasbl, MoBblleHa KOpPO3WMHas aKTUBHOCTb. YkasaHHble cBolcTBa TpebyroT
JAerasauuvm cepbl.

TexHomorvm aerasaumm NOCTOSHHO Pa3BUBAIOTCA BBUAY TOrO, YTO Ha CErOAHSALIHWA
AeHb HN OfiHa N3 HMX He YAOBNETBOPSET MNOMHOCTHI TEXHNYECKUM YCNOBUAM HA 3NIEMEHTHYHO
cepy. OCHOBHble HarnpaBneHUs pasBUTUS TEXHONMOIMW — 3TO OTKa3 OT aMMWAYHOro
Karanusaropa, yXyALIAtoLWero Ka4ecTBo Cepbl, U COKPALLEHNE BpeMeHn aerasauuu. Jlyywme
TexHonorum Shell n D'GAASS noseonsaoT 40BUTLCSA OCTAaTOYHOTO COAEPKaHNA CEpOBOAOPOaAa
B cepe He 6onee 10 ppm. OnTMansHO NPOBOAUTL Aerasaumto, 6apboTnpys BO3ayx Yepes
cepy, B 3ToM cnyyae no peakuum Knayca Taicke BO3MOXHO oBpasoBaHune J0NONHUTENbHBIX
Konm4ecTs cepbl (npoueccbl Amoco, Hyspec, D'GAASS). [10 NpOMbILWNEHHOrO BHEAPEHWS,
HEeCMOTPSA Ha maccy paspaboTaHHbIX npoueccoB, 6binv gosefeHbl TexHonorum SNE(a)P,
Shell, Exxon, D'GAASS.

2.8.2 TexHonorusa rpaHyiMpoBaHuUA cepbl

paHynMpoBaHme cepbl B 3aBUCUMOCTU OT €€ arperatHoOro COCTOSIHUSI OCYLLECTBISIOT
pasnuyHbiMi  cnocoBamu. paHynbl U3  pacnnaeBa cepbl  MONy4yaloT, Kak MpaBumo,
OVCMEPrMpoBaHMEM pacnnasa C KpucTannusauven kanenb B MNOTOKE XnajareHta, u3
NMOPOLLUKOBMAHOW CEepbl — MPeccoBaHMEM C 06pa3oBaHNEM MIUTOK MU TabneTok.

B npombiwneHHomM maclwTabe Havborbliee pacnpocTpaHeHUe Monyyunyu crnocobbl
rpaHynMpoBaHUs Cepbl M3 pacnnaea ¢ OXNaxneHNeM Kanernb Bo3ayXoM unu Bogow. Npu atom
Crocob rpaHynMpoBaHMsl C OXNaXAEHWEM Kanenb BO3AYXOM Ha3blBalOT CyxuM, a crnocob
rpaHynMpoBaHUsi C OXNaxKaeHUEM BOAOW — MOKPbIM.

Mpyv cyxom rpaHynMpoBaHWM pacnnas cepbl Mnpu  Temnepatype 125-127°C
pasbpbI3rMBaldT B BEPXHEM YacTW rpaHynsayMoHHoM 6awhM BbicotTom 3090 M, a
obpa3oBaHHbIe NPU 3TOM Kannu-rpaHysbl OXNaKAaT B NPOTUBOTOKE BO3AYXOM (MO aHanorum
C rpaHynupoBaHWEM pacnnaBoB  asoTHbIX  yAobpeHun). [onyyeHHble  rpaHynsbl,
npeacraesnsowpme cobon cdepryeckme vactuupbl AMameTpoMm ~ 2 MM, BbIFPYyXaloTca U3
HWXKHEN Yactn 6awHKn, a Bo34yX BbIBOAUTCS CBEPXY.

HooxnaxaeHne rpaHyn B HWKHeN Yactu GaliHn 3aBepliaeTcsl B NCEBAOOKIMKEHHOM
Cnoe B TE4EHNE HECKOMBKUX MUHYT. Mernkue YyacTuykn cepbl, CKOPOCTb BUTAHUS KOTOPbIX HIKE
CKOPOCTW BO3fyxa B CeyeHun BallHW, NoAHUMAIOTCA BBEpX HaecTpedy (hopmupyrommcs
Kannam pacnnaea cepbl U CnyXaTt CBOEro pofa 3apojbilliaMy ANa KpUcTannmusauum kanensb.

B Takmx ycnoeuax kannu, nornowas 3arpaBouHble KpucTanmnbel, npuobpetaroT
npaBuIbHYyI0 chepuieckyto hopMy, ABRSIOTCS OBHOPOAHBLIMM.
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3TOT €cNoco6 rpaHyNMpPOBaHWS cepbl CBA3aH C GOMbLUMMK KanuTalbHbIMU U HU3KUMK
3KCM/lyaTaluUoHHbIMW 3aTpaTtamu, OH TpebyeT CNOXHOW CUCTEMbl OUYMCTKU OTXOASALLMX ra3oB
OT MbiNn.

Cnoco6 MOKPOro rpaHynMpoBaHWs Cepbl OCHOBaH Ha WCMOMb30BaHUW CreayoLmx
CBOWCTB cepbl M BOAbl: rMAPOGOBHOCTU Cepbl, 3HAYMTENbHOM PasHOCTM B MIOTHOCTU U
TEeNI0eMKOCTN cepbl 1 BOAbl (pUcyHok 2.31).

1- rpaHynsTop; 2 - 06e3BOXMBaOWMNIA rPoxoT; 3,9 - BEHTUNSATOPLI; 4 - CyWwunika; 5 - nogbeMHUK
rpanyn; 6 - 6yHkep; 7 - BO3AYLWHbIA nogorpeBatens; 8 - dunbTp; 10 - eMKocTb Ana pacTteopa; 11 -
Hacochbl; 12 - X0noAWIbHWUK AN pacTeopa

PucyHok 2.31 - TexHonornyeckas cxema rpaHysiMpoBaHusl cepbl B Bofie

OCHOBHbIM YC/IOBMEM [N MOKPOro rpaHynpoBaHus ABAsieTcs 6e3yfapHblii BBOS
CTpyli pacnnasa cepbl B BOAy, B MPOTWBHOM C/lyyae Karnau cepbl, nornagas Ha NMoBepXHOCTb
BOAbI, pPa3bpbI3rMBaloTCsa Y MITHOBEHHO 3aCTbIBAKOT B BUAE M/EHKWN, NepekpbiBas AOCTYN K BOAe
cnepyowmm kannsm. Mpyn 6e3ygapHoM (MSiIrkoM) BBOAE CTpPyWM pacniasa cepbl B C/0O BOAbI
OHM [OpoGATCA Ha Kaniu, KoTopble npuobpeTtaloT dhopmy wapa. Kanns pacnnasa
nepeoxnaxgaeTcs B BOAe A0 TeMNepaTypbl Havana kpuctannnsauum B NOBEPXHOCTHOM CrIoe.
B panbHedwem (QPOHT KpucCTan/m3aumm OBWXKETCHS BrAybb KanaM €O CKOPOCTbHO,
onpefensemoil NMHeRHON CKOPOCTbID POCTa KPUCTa/INIOB U OTBOAOM Tenna OT MexdasHol
rpaHvubl. B LeHTpe rpaHynibl MpM 3TOM M3-3a pPa3HOCTM MAOTHOCTE pacniasa W
KpucTanamueckoin pasbl BO3HMKAET ycagoyHas pakoBuHa. [0 OKOHYaHuM npouecca
KpucTauiim3aumm npoucxoamnT AOOXNaXKAEHNE TPaHy/bl.

MpoLiecc MOKpPOro rpaHy/IMpoBaHWs cepbl U3 pacniasa CoOCTOMT M3 CeAyHLLNX OCHOBHbIX
cTaguii:  dopmypoBaHue, 006e3BOXVBaHWe, Cylluka [paHyn, CckiagupoBaHue. KayectBo
nony4aemMblX rpaHy/n 3aBUCUT OT MHOrMX (DakTopoB. Bonbluoe 3HaveHue uMmeeT Temnepatypa
XNOKOW cepbl 1 oxnaxgawweli Bogbl. s nofyyYeHns BbICOKOMPOYHbLIX FpaHyn HeobXoaumo,
yTOGbl pasHMua Temnepatyp pacnnaBa cepbl W BOAbl Oblla MWUHUMabHOW. [paHysbl
06e3BOXMBAIOTCA U NPY HEOOXOAMMOCTM BbICYLLMBAIOTCA. AnamMeTp rpaHys, NnosyyYeHHbIX Takum
obpasom, coctasnsieT 0,5-6 MM, a coAepXaHue B HUX BHYTPEHHe Bnarm - MmeHee 0,25 %
MnotHocTb rpaHyn 1280-1400 kr/mM3, a yron ecTtecTBEHHOro oTtkoca (yron, o6pa3oBaHHbI
CBO60O/HOI NMOBEPXHOCTLIO MaTepuasna Cc ropnu3oHTasIbHON MI0CKOCTLI0) - 30-35°.
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TexHonornyeckn npouecc rpaHynsumm  «Enersul»  GX™ npepcraBngetr cobow
MpoLecC YBENUUEHUA pa3mepa 4acTul, Cepbl MyTeM MOCrnefoBaTenbHOro, CIoW 3a Croem,
HaHeCceHWsl pacrnaBneHHOM Cepbl Ha WMCXOLHO Marnble rpaHynbl cepbl («3atpaBky») LO
LLOCTWKEHUSI 3alaHHOr0 pasMepa rpaHyn. B pesynbtaTte noBTOPSIOLLErocs HAHECEHWS Cost
pacnnaeneHHol cepbl Ha rpaHynbl C MOCMEAYHOLMM OXNaXAEHUEM W OTBEpAEBaHWEM
Ka»K0oro Crosi rpaHyrnbl yBENMYMBarOTCS B pa3Mepe.

YKa3aHHbIN TEeXHONOrMYECKNA MpOoLecC MpoucxoauT BO Bpawarwwemcs GapabaHe
rpaHynsiuuM, B KOTOPbIA  BMPLICKMBAETCS  pacnnaeneHHas cepa  MNOCPeACTBOM
pacrbINUTENbLHOrO  Ceponposoga,  uMmerowero 18  pacrbinuTenbHbIX — (OPCYHOK,
pacnonoxxeHHOro BHyTpu HapabaHa rpaHynsauumn BAONb NPOAoSbHOM ocn BapabaHa. Tenno
OTBOAMWTCS C NOMOLLBHO BMNPbLICKa TEXHONOMMYECKOM BOAbI B BapabaH rpaHynsaumm 1 npoTsKKON
BO3[lyxa C MOMOLLbIO BbITSIKHOrO BEHTURSTOpa. 3aTpaBoyHblE YacTuLbl — WUIMU rpaHynbl
HecTaHAapTHOro pasMepa — BBoaATcA B GapabaH rpaHynsuvmn cepbl B Ka4ecTBE 3aTpaBOYHOro
Matepwana. bapabaH rpaHynsauumn MMEET YKMOH B HanpaeneHun BbIXoAHOro Topua 6apabaHa,
4YTO obecrneunBaeT HEMPEPLIBHOE BpallaTenbHOE MepeMeLLeHme rpaHyn Yepes 6apabaH B
CTOpPOHY BbIX04a.

Mo mepe BpaleHus GapabaHa rpaHynsuUMM NepechInHble NNacTuHbI, BbICTUNaOLWme
BHYTPEHHIOIO NMOBEPXHOCTb BapabaHa, HenpepbiBHO MOAHMMANOT YacTb MepechinatoLlerocs
CNnosi rpaHyn B BEPXHIOK YacTb GapabaHa, 0TKyAa OHM nagaroT, oOpasys ChnoLUHYHO 3aBecy
nepen opcyHkamu pacnbifieHns cepbl. Pachbinsemasi cepa MOKpbIBaeT rpaHyrbl, €
3aCTbIBaHMEM CINOA Cepbl Ha WX MOBEPXHOCTW MO Mepe najeHus rpaHyn obpaTHo B
nepecbinaroLLnica Cror, A& W MPOUCXOAUT WX JanbHeullee OXnakxaeHue nepen Wux
NMOBTOPHBIM NOABEMOM UMK BbIXO40M M3 BapabaHa.

B npouecce rpaHynauumM NPOUCXOAWUT CRMMaHue rpaHyn ¢ obpa3oBaHWEM KPYMHbIX
KYCKOB CMEKLUMXCA rpaHyrn, KOTOpble HEe MPOXOAAT 4Yepe3 PeleTKy BbIMyCKHOM Kamepbl
rpaHynauun. Ana ctabunsHon paboTel npouecca rpaHynsauum HeobxoanMo NepuoanNYeckn
OYMLLATL PELLETKY OT KOMKOB CEpbI.

[na oTBOAa Tenmna B npouecce rpaHynauumM TEXHOMOMMYECKas BoAa BNPLICKUBAETCA
BHyTpb GapabaHa 4epes pacnbinuTenbHble POPCYHKU, CMOHTUPOBaHHbIE Ha TpyGonpoeoae
napannensHo TpyoonpoBoAy pacnbineHus cepel. Boaa ncnapserca no mepe otaaqm tenna
3aTBEPAEBAOLLEN XUAKON CEPON.

Bozgyx, npotarvBaembii 4depe3 OapabaH, npeacTtaenser cobow CpeacTso Ans
yAaneHWs BOLSHOTO Mapa, co3jaBas BO3MOXHOCTb BBOJA 3aMeljalolien Boabl NS
TEXHOMOMMYECKOrO NPOoLIeCCa 1 NPOAOIPKEHNS NPOLECCa OXNaKAEHNS.

Menbyarime Yactmupl, o6pasyroLmMecs Npy pacrbINeHn cepbl, yaansoTCa NOTOKOM
Bo3ayxa. [epen BLIGPOCOM B aTMOCepy BO3AYX MPOXOAUT Yepes NbinecbopHUK.

IpaHynbl, BbixoasMe u3 GapabaHa rpaHynauMKW, TPaHCMOPTUPYHOTCA NEHTOYHLIM
KOHBEVEPOM Ha BMOPOCUTO ANA COPTUPOBKW, TAE OHU Pas3fensloTca Ha TOBAPHYK W
HeToBapHyto npogykumio B cootBetctBum ¢ TOCT 56249-2014 [136]. MpaHynbl TOBapHON
NpPoAYKLMW TPaHCMOPTMPYIOTC HEMOCPEACTBEHHO Ha Cknajg, a oTTyaa oTrpyxatTcs
noTpedbuTento, B TO BPEMS Kak rpaHynbl HECTaHAEPTHOro pasmepa noctynaT obparHo B
OapabaH rpaHynAauMM B Ka4ecTBe MOBTOPHOrO  3aTpPaBOYHOro  Marepuwana Ans
TEXHOJOMMYECKOro MpoLiecca.
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Pasaen 3. Tekyuwue ypoBHM 3MUCCUIA U NOTPeGNEHUA pecypcoB B
nepepaboTke NPUPOAHOro U NOMyTHOro rasa

Tekywine ypoBHU BbiGpocoB, cbpocoB 3B, obpasoBaHusi 0Tx0A0B U noTpebneHus
3HeprMn onpegeneHsl B pesynbtate obpaboTku nHdopMaumm, NosyyeHHoOW B pesynbrare
aHKEeTUPOBaHWA NPeanpusTAN nepepaboTkn NPUPOLHOIo M NOMYTHOrO rasa.

Bknap rasonepepabarbiBaloliMX MOLLHOCTEM B 9KOHOMMKY Poccum, macwtabbl u
obLwmpHas reorpadusi NPOU3BOLCTBA, NEPCNEKTUBHLIE MIaHbl MO Pa3BUTUIO AESITENBHOCTU B
parvioHax KpawnHero Cesepa, BoctouHon Cubupn u [JanbHero Boctoka, rae skocucTeMBI
BbICOKO Ys13BMMbI, 0OycrnaBnmuBatoT 0cobyto 3Ha4YMMOCTb NPUHAMAEMbIX U NIAaHNPYEMbIX Mep
no obecneyeHuo akonorudeckon 6esonacHocT U oxpaHe OC, B TOM 4uCne no CHWKEHUIO
TEeKyLLero ypoBHS HeratmsHoro sBosgencteus Ha OC.

MpropuTeTHbIE HanpaBneHWUs pasBUTMA AEeSATenbHOCTU B obnactv perynvpoBaHus
OXpaHbl aTMOCHEPHOro BO3ayxa B nepepaboTke NpUpogHOro U NOMNYTHOrO rasa:

— BHegpeHve HAT B Uensax CHUWKEeHUS ypPOBHA 3arps3HEHNs aTMOCHEPHOro BO3AyXa;
OCYLLECTBIEHNE MEPONPUATUA MO YNaBnMMBaHWIO, yTUnusaumm, o6e3BpexmnBaHnio Boibpocos
BpefHbIX (3arps3HAOLLMX) BELLECTB B aTMOCHEPHBIN BO3L4YX, COKPALLIEHUIO UIU UCKITIOUEHMIO
Takunx BbIBPOCOB.,;

— COBEpLLEHCTBOBAHNE CUCTEMBI YUeTa BbIOPOCOB BPEeaHbIX (3arpsasHALWNX) BELLECTB
B aTMOCdEpPHbIN BO3AYX U UX MCTOYHUKOB;

— COBEpLUEHCTBOBaHME CUCTEMbI MPOU3BOACTBEHHOIO KOHTpOmMs 3a cobniopeHnem
YCTaHOBINEHHBIX HOPMAaTMBOB BLIOPOCOB BPEAHbIX (3arpA3HAILLMX) BELLECTB B aTMOCHEPHBIN
BO34yX 1 cobnogeHnem HopMaTMBOB KayecTsa artMochepHOro Bo3ayxa,

— obs3aTernbHbIA Y4eT SKOMOrMYECKUX acrnekToB U OLEHKa PUCKOB MU MiaHMpOBaHWN
LesTenbHoCTW, paspaboTke M peannsauum MHBECTULIMOHHBLIX MPOEKTOB C OnpejeneHnemM
BENUYMHBI YMEHbLUEHNA BbIOPOCOB BpeAHbIX (3arps3HAIOLLIMX) BELLECTB B aTmMochepHbIn
BO3[yX M CPOKOB, B KOTOpble OyAEeT OCyLLECTBIEHO Takoe yMEHbLUEHUE, B COOTBETCTBUN C
denepanbHbIMA  LENEBBIMA  MPOrpaMMaMi  OxpaHbl  aTMocepHOro  Bo3gyxa W
MexayHapoaHeIMM obsizatenscTeammn Poccuickon defepaumm B faHHoM obnactu.

[MpropuTeTHbIE HarpaeneHus pasBUTMA AeaTenbHOCTM B obnactn obpauleHus ¢
oTX04aMM:

— nepexoj Ha MakcMMarbHOE MONe3HOe MCMONb3oBaHWe 0BpasyroLLMXCA OTXOLOB, WX
pereHepaLmo U PELMKITUHT C LIENbH AarbHEULLEro NPUMEHEHUS B TEXHOMOMMYECKOM NMPOLIECCE;

— BHegpenve HAT, obecneumBaromx MUHMManbHoe 0OpasoBaHMe OTXOL40B B
OCHOBHbIX BUAAX BESTENBHOCTU UMK ABMSFOLLNXCS NMOMHOCTLIO 6€30TXOAHBIMU TEXHOMOTMAMM.

MpUopUTETHbIE HaMNPaBRNEHUs Pa3BUTUS LLEATENBHOCTM B 06NacTy BOLOMNONb30BaHUS:

— NOBbllleHME  3HepreTvdeckor  3PEKTMBHOCTM 3@  CYET  pauymoHaribHoro
BOJOMNOSb30BaHWS, COKPALLEHWS YAENbHOrO NOTPeOneHMss BOAbl Ha MPOW3BOLCTBEHHbIE U
XO3SIMCTBEHHO-ObITOBBIE HYXAbl, CHKEHNST BOAOEMKOCTU MPOM3BOACTBA TOBApHOW MPOAYKLMM U
noTepb BOAbI MPU ee TpaHCMopTUPOoBKe. B pesynbtarte cokpaleHus obbemoB Bogosabopa u
0o6beMOB BOfbI, MCMOSL3YHOLWENCH Ha MPOW3BOACTBEHHLIE W WHbIE HYXAbI, NMPOMOPLMOHANsHO
CHWKaroTCs 06beMbI BOAOOTBEAEHNS 1 KONMYeCTBO 3B, NOCTynaroLwmx B BOAHbIE OBLEKTbI, TaKUM
obpasom, cokpalleHne maclitaboB Boposabopa M BOAOOTBEAEHWS MO3BOMAET COXPaHUTbL
YCTOMYMBOCTb BOAHBIX 3KOCUCTEM M MX BOAHOrO BanaHca. CHWKeHue yaenbHoro notpebneHus
BOJHbIX PECYPCOB B TEXHOMOMMYECKMX MPOLIECCax W COKpalleHne mnoTepb BoAbl MOXeT ObITb
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ofecreyeHo nyTeMm pasfpeneHns MoTOKOB MUTHEBOM N TEXHUYECKOW BOAbl Ha MPOMbILLIEHHBIX
nnoLlaakax, oTkasa OT WUCMOoNb30BaHWS MUTLEBON BOAbI AN TEXHWYECKMX Lienein (TONbKO B
VCKIMIOUUTENBHBIX  CIydasix Mpyv HEBO3MOXHOCTM WCTONb30BaHWST APYrMX KaTeropuii BoAbl),
paclUMpeHnst  UCMOMb30BaHNA  cuCTeM  OBOPOTHOrO M MOBTOPHO-MOCNEAOBATENBLHOTO
BOJOCHaOXeHUsT ANA  MakCuMarnbHOro OBeCneyveHnst TEXHOMOTMYECKUX HYXA, BHEAPEHWS
coBpemeHHbIX BogocOeperarox TexHonorui 1 obopyaoaHms.  Ocobyto  akTyarbHOCTb
npvobpeTaeT nepexos Ha 6eCCToHHOE BOAOMOb30BaHME.

— obecneyeHne yCTaHOBMNEHHbIX TPeBOBaHUA K Ka4yecTBy MUTLEBOW BOAbI 3@ CYET
MOAEPHN3ALUMM OENCTBYIOWEN CUCTEMbl BOOOCHAOXKEHUA W BHEAPEHUS COBPEMEHHbIX
TEXHOMNOrIA BOLOMOATOTOBKY;

— MVUHVMM3ALMSA HEraTMBHOIO BO3AENCTBMA Ha BOLHYIO CPEAY 3a CHET MOAEPHM3aLMN
LEeNCTBYIOLWEN CUCTEMbI BOJOOTBEAEHNS U BHEAPEHWUS Haumyylwmx JOCTYMHbIX TEXHOMOMMNA
ounctkm CB. OcHOBHLIMM HampaBrneHWAMY, 06ecneYnBatoLLIMMKN CHKEHUE aHTPOMNOreHHON
Harpysku Ha BogHble 00beKTbI, ABMATCA COKpaLLEeHNE NOCTYNNeHns B BogHble 06bekThl 3B B
coctae CB nytem CTpouTEnsCTBa HOBLIX U PEKOHCTPYKLMN/MOAEPHMN3ALMN AEACTBYIOLLMX
OUYUCTHBIX COOPYKEHWIA, COOTBETCTBYHOLLMX TpebosaHuam HAT, opraHmsaums cbopa 1 04ncTkn
MOBEPXHOCTHOTO CTOKA C MPOMBILLNEHHBIX NAOWAA0K, NPYMEHeHne MNpyAoB-OTCTOMHUKOB C
BbICLLEN BOAHOW pacTUTENbHOCTLIO ANSt eCTECTBEHHOW fAoouncTkm CB, 3akadka B Nog3eMHbie
ropusoHTel CB, HOpmaTtMBHas oO4MCTKa KOTOPbIX HEBO3MOXHA WM 3KOHOMUYECKU
HeLenecoobpasHa.

— COBEpLLEHCTBOBAHNE CUCTEMBI 3KOMOrMYECKOro MOHUTOPUHTE;

— BOCCTaHoBneHume BOAHbIX OOBEKTOB B Mectax ¢ Hebnaronomny4Hou
BOAHO3KONOrM4YeCKon OOCTaHOBKOM M OCYWECTBNEHNE Mep MO 3awute OT TEXHOreHHOro
3arps3HEHVs NMOA3EMHbIX BOA, peanuayemoe, B TOM Yucne, Npy NUKBUAaLMN HaKonneHHoro
aKkonoruyeckoro yuepba;

— MNPVYMEHEHWE NPU OYUCTKE MOYBbI U BOAHOW MNOBEPXHOCTU OT YrNeBOAOPOAHbIX
3arpsA3HEHUA NpPenapaToB, XapaKTEPU3YIOLMXCA OTCYTCTBMEM BTOPUYHOrO HEraTMBHOrO
Bo3aencTena Ha OC, Taknx kak 6GnocopbeHTb!;

— ofecneuveHve onepexarowero UHHOBaLMOHHOTO Pa3BUTUA HayYHO-TEXHUYECKOW U
TexHonorn4eckon 6asbl BOAOXO3ANCTBEHHOrO KOMMIEKCA Ha OCHOBE MEpefoBbIX MUPOBbIX
NOCTWXKEHUA U TEXHOMNOTUIA.

Tekywme ypoBHU 3MUCCHIT U NOTPe6GneHUs pecypcoB B nepepaboTke NpupogHoro
rasa

3.1 nepepaﬁoﬂ(a npupogHoro rasa u cTabunusauusa KoHaeHcata

3.1.1 TexHONOrMM OTOEH3MHMBAHUA rasoB (TEXHOJIOTUN U3BJIEYEHUS LENeBbIX
yrneBoAopOAHbLIX KOMMOHEHTOB U3 ra3oB) METOAOM HU3KOTEMNEepaTYpPHOI cenapauum

NCTOYHNKOM 3MUCCUI SBMSAETCS YCTaHOBKA W3BMEYEHUS YreBOAOPOAOB METOAOM
Hu3KoTemneparypHon cenapauum (HTC).

MokasaTtenu noTpebneHna 3SHEPreTU4EecKUX PecypcoB NpU OTOEH3NHMBAHWM TasoB
npveegeHsl B Tabnuue 3.1.
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Tekylwme ypoBHM BbIBPOCOB W yAenbHbIE nokasatenu obpasoBaHUsi OTXOLOB
TEeXHONOrMM OTBEH3NHMBAHUS Fa30B (TEXHOMOrMN W3BMEYEHUS! LIENEBbIX YrNEBOAOPOAHbIX
KoMnoHeHTOB M3 rasos) metogom HTC npeacraeneHsl B Tabnuuye 3.2 n 1abnuye A.1

(NpunoxeHune A).

Tabnuua 3.1 — MNokasatenu noTpebreHns sHepreTUYECKUX PecypcoB

OneKTpo3Heprus Tennosas aHeprusi TonnuBHbLIN ra3
KBT u/T Fkan/T m3/T
<16,5 <0,4 <1-10*

Tabnuua 3.2 — YpoBHM BbIOPOCOB 3arpA3HSIOLLMX BELLECTB B aTMOCKHEPHBIA BO3AYX

HanmeHoBaHue
3arpsAsHAKOLWEro BelecTsa

YaenbHble nokasarenu BbiGpocoB 3B
Ha TOHHY NPOAYKLUUM (Kr/T NpoayKuun)

min max
Okcunabl asoTa
(B nepecyete Ha NO2) 0,002 02
Okcung yrnepoga 0,005 0,6
MeTaH 0,001 0,2
Yrneesoaopoabl npegensHble 0.1 06
C1-C5 (uckntoyas meTaH) ' ’
Juokena cepobl 0,0002 0,3
Ceposogoposa 1-10-6 0,02
J1OC 0,001 0,03
YrneBogopoabl NpefenbHbie
C6-C10 0,001 0,02
3.1.2 TexHosiorMsi U3BJIEYEHUS UENEBbIX YrNeBOQOPOAOB  METOAOM

HU3KoTemnepatypHou koHaeHcauum (HTK) mnu HU3KkoteMneparypHon KOHAeHCauMm yn

pekTudmkaumm

B TexHomorum wusBneYeHWe yrneso40pOA0B
koHzeHcaumm (HTK) unv H1uskoTemMnepaTypHOn KoHAeHcaUmMmn 1 pekTudmkaumm NCToOYHUKamm
3MWUCCUM SIBMISILOTCA — YCTaHOBKa HU3KOTeMnepaTtypHou koHageHcauun (HTK) Taxenbix
YrMeBOAOPOAHBIX KOMIMOHEHTOB WM YCTAHOBKA HU3KOTEMMNEPaTypHOM KOHAEHcaumm 1

XOnoAusbHOE OTAEerneHre.

HU3KOTEMNEpaTypPHON

Mokasatenu noTpeGreHns SHepPreTUHYEecknX PEecypCoB MpPU OTOEH3UHWBaHWW rasos

npveeaeHsbl B Tabnuue 3.3.

Tekywe ypoBHM BbIOPOCOB W yAenbHble nokasatenn obpas3oBaHns OTXOA0B
TexHonorum umsenedyennst yrneeogopogoe Metogom HTK wvnm HTK u P npeactaeneHbl B
Tabnuue 3.4 v Tabnuue A.2 (npunoxeHue A).

Tabnuua 3.3 — lNokasarenn noTpedneHns IHEPreTUHECKUX PECYPCOB

AnekTpoaneprus Tennosas 3Heprus TonnuBHbLIN ras
KBT u/T Mkan/t m3/T
24-12000 18-32 3300-6600

85




UTC 50-2017

Tabnuua 3.4 — YpoBHM BbIGPOCOB 3arpasHAOLLMX BELLECTB B aTMOCEPHbI BO3AYX

HauMeHOBaHMe YaenbHble nokasatenu Bbi6pocoB 3B
3arPA3HAIOWEro BeecTaa Ha TOHHY NpoaykKuuM (KriT npoaykuum)
min max
Okcuabl asoTa
(B nepecyete Ha NO2) 0,01 02
Okeng yrnepoga 0,1 2
MeTaH 0,02 0,2
Yrnesogopoabl npegeneHole C1-
C5 (neknodas metaH) 0,01 02
aneaonoponb(lj q%ep.eanble C6- 0,0004 0,0002
J10C 0,001 0,004

3.1.3 TexHONOrMMN COPOGLMOHHOrO OTGEH3MHUBAHUSI ra3oB

B TexHonorumn copbumMoHHOro 0TOEH3NHMBaHNS Fra30B UCTOMHUKaMKN 3MUCCUN ABNAIOTCA
crnepylowpne ycTaHoBKW: YCTaHOBKa HuskoTemnepatypHonm abcopbuumn (HTA) Taxenbix
YrNeBOAOPOAHLIX KOMMOHEHTOB, YCTaHOBKa abCOpPOLMOHHOrO OTOEH3UMHWMBAHUS TSXEnbIX
YrneBOAOPOAHBIX KOMMNOHEHTOB, YCTaHOBKA Ae3TaHU3aLmMK, KpMoreHHas ycTaHoBKa riybokoi
nepepaboTkn Cyxoro OTOEH3NHEHHOrO rasa.

Mokasarenu NOTpebneHna SHEPreTUYECKNX PECYPCOB NPY TEXHONOTMM COPOLMOHHOIO
OTOEH3VHMBaHWSA ra3oB NpuBeAeHsb! B Tabnuue 3.5.

Tekywme ypoBHWM BbIOPOCOB W yAenbHble nokasateny obpasoBaHUs OTXOAOB
TEeXHONorMm copbumMoHHOro OTOEH3NHMBaHUST ra3oB NpeacTaeneHbl B Tabnuuax 3.6 wn
Tabnuue A.3 (npunoxeHve A).

Tabnuvuya 3.5 — MokasaTteny NoTpebneHnsa sHePreTUYECKNX PecypcoB

AneKTpoaHeprus TennoBas aHeprus TonnuBHbIN ra3
KBT u/T Mkanit M3
2-33 0,002-0,03 2-3

Tabnuua 3.6 — YpoBHM BbIGPOCOB 3arpAsHAOLWMX BELLECTB B aTMOCHEPHbIA BO3AYX

H YpenbHble nokasarenu BbiGpocoB 3B
aumeHoBaune Ha TOHHY npoayKuuu (Kr/T npoayKuum)
3arpAsHAoLLEro BelecTsa _ poAay
min max
Okemngbl a3oTa (B nepecyeTe Ha
NOZ2) 0,002 0,2
Okcug yrnepoga 0,002 0,3
MeTtaH 0,002 1,5
Yrnesopopoael npeaencHble C1-C5 0,001 0,03
(ncknroyas meTaH)
Nloc 0,001 0,004
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3.1.4 TexHONMOrMA OUMCTKM WUPOKOW (PpaKkuUM Nerkux yrrineBo4aopoAoB OT
CEPHUCTLIX COeAUHEHUIA

B TexHonorvm nepepaboTku LWMPOKOW pakumm nerkux yrnesogopoaos (LUPJY)
OCHOBHbIM WCTOYHMKOM 3MUCCUMN SIBNAETCA ycTaHoBka ouucTkn LMY oT cepHUCTbIX
COEANHEHUIA.

Tekywime ypoBHM BbLIOPOCOB UM yAenbHble nNokasatenM obpasoBaHMs OTX0AO0B
npeacTasneHsl B Tabnuue 3.7 u Tabnuue A.4 (npyunoxeHue A).

Tabnuuya 3.7 — YpoBHM BLIOPOCOB 3arpsAsHAIOLLMX BELLECTB B aTMOCHEPHBIA BO3LYX

YaenbHble nokasarenu BbiopocoB 3B
Ha TOHHY NpPoAYKUMM (Kr/T npoayKumn)
max ypoBeHb

MeTtaH <0,2
Yrnesogopoabl npeaeneHbie C1-C5

HaumeHoBaHmne
3arpsisHsIlOLLEero BelecTsa

(ncknoyas MeTaH) <03
Yrnesogopogabl npegenbHbie C6-C10 <0,01
byTaH <0,1

bytunex <0,01

Mponunex <0,01

3.1.5 TexHONOrMM NOJSTYYEHUA CXWKEHHbIX yrneBoaopoaHbix rasos (CYI)

B TexHonormm nonyvyeHus CKUXKEHHbIX YrneeogopoaHbix ra3oe (CYI) mucToyHukammn
3MUCCUIA SBMSAIOTCSH YCTAHOBKM — YCTaHOBKA HW3KOTEMMEepaTypHOro pasfeneHns rasa,
YCTaHOBKa NOMy4YeHMs CKMKEHHbIX ra3oB, yCTaHOBKa NONy4eHns nponaxHa v nponaH-GytaHa.

Mokasatenu nOTpebneHWa 3HEepPreTUYECKUX PECYPCOB MPWU TEXHOMOrMU NOMYyYEeHUA
CKWXKEHHbIX YrNeBoAOpOLHbIX ra3os npuBeseHsbl B Tabnvue 3.8.

Tekywme ypoBHM BbIOPOCOB W yAenbHble Mokasateny obpasoBaHUSA OTXOA0B
TexHonorum nonydexHnsa CYI npeacraenensl B Tabnmue 3.9 n tabnuue A.5 (npunoxexune A).

Tabnuua 3.8 — MNokasatenu noTpebrneHns SHEPreTUYECKUX PeCypCcoB

OneKTpo3Heprus TennoBas 3Heprus TonnuBHbLIN ras
KBT u/T kan/T M3T
5,8-31010,7 0,006-0,09 6-21

Tabnuvua 3.9 — YpoBHM BeIBPOCOB 3arpAsHAIOLLMX BELLECTB B aTMOCHEPHbIA BO3AYX

HanMeHoBaHMe YpaenbHble nokasaTenu Bbiopocos 3B
Ha TOHHY npoaykKuuu (KriT npoaykuuu)
3arpsisHsloLEro BewecTea :
min max
Okenpbl asota (B nepecyete Ha NO2) 0,02 0,06
Okcug yrnepoga 0,01 0,04
MeTtaH 0,02 0,05
[wnokcug cepbl 0,001 0,04
ByTtaH 0,0001 0,003
Yrnesogopogbl npegensHble C6-C10 0,0001 0,0003
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3.1.6 TexHonorus crabunusauum ra3oBoro KOHaeHcara

B TexHonorum ctabunmaauum rasoBoro KOHAeHcaTa NCTOUHUKAMN SMUCCUA ABNSAKOTCA
crepyroLme yCTaHOBKN: YCTaHOoBKa cTabunmnsaumm KoHgeHcaTa KOMOUHNPOBaHHBLIM CrocoGom
(cenapauna un  pektudwukauusa), MHOrOCTyrneH4aTas Aerasauus, crabunusauus B
PEKTUPUKALMOHHBIX KONMOHHAX.

Mokasarenu NoTpebneHns 3HepPreTMYEcKMX PecypcoB Npu TEXHONOMMK cTabunmsaumm
rasoBOro koHaeHcara npusefeHsl B Tabnuvue 3.10.

TekywiMe ypoBHM BbLIGPOCOB M yAenbHble nNokasatenu oOpasoBaHNA OTXOA0B
TexHonorum crabunuMsauuMm rasoBOro KoHAeHcaTa npeacTaeneHbl B Tabnuue 3.11 u
Tabnuue A.6 (npunoxeHue A).

Tabnuya 3.10 — MNMokasateny NnoTpebneHns: SHepreTM4ecknx pecypcos

OnekTpo3Heprus TennoBas aHeprusa TonnuBHbLIN ras
KBT u/T Mkan/t M3
<430000 0,12-1800 <45
Tabnuua 3.11 — YpoBHM BbIGPOCOB 3arpsAsHAOLMX BELLECTB B aTMOCHEPHbIN BO3AYX
HaumeHoBaHue YaenbHble nokasarenu Bbi6pocos 3B
3arpsisHAoWero Ha TOHHY NpoayKuum (KriT npoayxKumun)
BellecTBa -
min max
Okeupabl asoTa
(B nepecyeTe Ha NO2) 0,01 0,07
Okenp yrnepoaa 0,002 0,3
MeTaH 0,001 0,03
Yrnesogopoasb!
npeaensHbie C1-C5 0,001 0,03
(UcknroYas meTaH)
Ovokena cepebl 0,0001 0,002
Nnoc 0,0001 0,003

3.1.7 TexHonorua ctabunusaumm CEPHUCTLIX ra30BbIX KOHAEHCATOB

B TexHonornm crabunmaaumm CEPHUCTbIX ra3oBbIX KOHAEHCATOB MCTOYHMKOM 3MUCCUI
ABNSASTCA YCTAHOBKA CTabunusauum KOHAEHcara u 04MCTKN nponaH-6yTaHoBon pakumm oT
CEepoOpPraHN4ecKnX COeaUHEHNIA.

Texywme ypoBHM BbIOPOCOB W yAenbHble nokasateny obpasoBaHUs OTXOAOB
TEXHONOrMM cTabunusaumm CepHUCTLIX ra3oBbIX KOHAEHCATOB NpeAcTaBneHsbl B Tabnvue 3.12
n Tabnuue A.7 (npunoxeHue A).
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Tabnuuya 3.12 — YpoeHU BbIGPOCOR 3arpsi3HSIOLLUX BELLECTB B aTMOCHEPHbBIN BO3AYX

HaumeHoBaHue YaenbHble nokasarenu Bbi6pocos 3B
3arpsi3HAIOLLEro BelecTBa Ha TOHHY npoayKuuu (Kr/T npoaykuun)
Okcuabl asoTta
(B nepecyete Ha NO2) <0,06
Oxcua yrnepoga <0,03
MeTaH <0,005
Yrnesogopoabl npegenbHbie C1-
<0,04
C5, (ncknovas metaH)
[vokema cepsbl <0,02
CepoBogopoa <0,003
Yrnesopopoab! npeaenbHbie C6- <0,002
C10
Yrnepog (caxa) <0,0003

3.1.8 TexHonorua NONHoOM cTadbunM3auum KOHAEHCaToB

B TexHonormvM nonHou crabunusaumm KOHAEHCATOB MCTOYHUMKOM 3MUCCUM SIBMSIETCA
ycTaHoBka ctabunusauum koHgeHcara.

Mokasatenn nOTPebneHnss 3JHEepPreTU4ecKkUX PecypcoB MpU TEXHOMNOrMU  MOSHON
cTabunusauum KOHAEHCaToB npueeaeHsb! B Tabnuue 3.13.

Tekywme ypoBHM BbibpocoB 3B TexHomorum nonHom crabunmsauymm KOoHAEHcaToB
npegcraeneHsl B Tabnuue 3.14.

Tabnuvua 3.13 — MNokasaTenu NoTpebneHnsa 3HepreTUYEcKUx pecypcos

AneKkTpoaHeprus TennoBas 3Heprusi TonnuBHbIN ras
kBT u/T Mkan/r m3T
<365 £0,015 <6,0

Tabnuuya 3.14 — YpoBHM BbIGPOCOB 3arpsAsHSIIOLLUX BELLECTB B aTMOCHEPHbIN BO3AYX
YaenbHble nokasarenu Bbi6pocos 3B
Ha TOHHY npoaykuum (Kr/iT npoayxkumum)
max ypoBeHb
Okcmabl asoTa (B nepecyete Ha NO2) <0,003
Okeug yrnepoga <0,005

HaumeHoBaHue
3arpsisHAIOLWEro BewecTasa

3.2 TexHONOrMA BblAENeHUA resiua U3 NPUPOAHOIo rasa

B TexHonornv BelgENeHUs renms U3 NPpUpPOAHOro rasa UCTOYHUKaMM SMUCCUIA SIBMSIKOTCS
crnefyowme yCTaHOBKW: YCTaHOBKA BbIAENEHNA renusi, ataHa U LUMPOKOW dpaKLmm Nerkux
yrneBsoAopoA0B, YCTaHOBKA NONyYeHUs renMeBoro KOHLEHTPpaTa, yCTaHOBKa OXKEHUS renus.

Mokasatenn noTpebneHnsa SHEPreTUYecKUX PecypcoB MPU TEXHOMOTMM BblLeNeHus
renva n3 NpupPoAHOro rasa npueeaeHsl B Tabnvye 3.15.

Texywme ypoBHM BbIGPOCOB W yAenbHble Mokasateny obpasoBaHUs OTXOAOB
TEXHONOMMM BbIAENEHUS TeNUS U3 MPUPOAHOTO NpeacTaBneHsl B Tabnuue 3.16 un
Tabnuue A.8 (NpunoxeHue A).
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Tabnuvua 3.15 — NokasaTenu NoTpebneHns 3HePreTUHECKNX PecypcoB

OnekTpoaHeprus TennoBas aHeprus TonnuBHbIN ras
kBT Uit Mkan/t m3T
0,001-0,115 0,0003-0,0004 <1,0

Tabnuvua 3.16 — YpOoBHM BbIGPOCOB 3arpsi3HSIFOLLMX BELLECTB B aTMOCKEPHBIN BO3AYX

HaumeHoBaHMe YpenbHble nokasarenu Bbi6pocoB 3B
3arpAHAIOLEro BeEeCTBa Ha TOHHY NpoAyKuMM (Kr/T NpoayKumm)
min max
Okenabl asoTa
(B nepecyete Ha NO2) 0,002 0,006
Okenp yrnepoga 0,003 0,005
MeTtaH 0,02 0,05
OT1aH 0,001 0,02
Yrnepog (caxa) 0,0001 0,002

3.3 TexHonorusi NOMNy4YeHUsi TEXHUYECKOro yrriepoga M3 MPUPOAHOro rasa u
ra3oBoOro KOHgeHcara

B TexHomorMm nony4eHus TEXHUYECKOro Yriepoja M3 NMPUMPOLHOro rasa U rasoBoro
KOHAEHCaTa MCTOYHMKaMUN SMUCCUIA ABNSAFOTCS CReAYHLLMe YCTaHOBKU: YyCTaHOBKA NOSy4eHUs
TEXHNYECKOro yrnepoja neyHbiM cnocoOoMm, yCTaHOBKa MO MPOU3BOACTBY TEPMUYECKOro
TEXHWYECKOro yrnepoaa.

Mokasatenu noTpebneHua 3HEepreTUYEcKUX PecypcoB MPWU TEXHOMOMMWU MOMyYeHMUs
TEXHWYECKOro yrrnepoja u3 MNpUPOAHOrO rasa W rasoBoro KoHgeHcaTa npuBEAEHbl B
Tabnuue 3.17. JaHHble 0 TeKyluMx ypoBHAX 06beMoB 0OpasoBaHWA OTXOAO0B TEXHOMOrUu
NOSMy4eHNs TEXHUYECKOrO yrnepoaa u3 NpupoaHOro rasa n ra3oBoro koHgeHcara He Obinu
nNpeAcTaBneHsbl.

Texylwe ypoBHM BbiGpocoB 3B TeXHONOMMM NOMyYEHUS TEXHUYECKOrO yrnepoaa u3
NPVPOAHOro rasa 1 ra3oBoro KoHAeHcaTa npeacrasneHsl B Tabnuue 3.18.

Tabnuua 3.17 — MNokasaTenu NoTpebneHns 3HepPreTUHECKUX PECYPCOB

OneKTpoaHeprus TennoBas aHeprus TonnuMBHLIN ras
ThIC. KBT U/t Mkan/t m3T
1985,09-3530,48 0,04-0,24 74-280

Tabnuua 3.18 — YpoBHU BbIGPOCOB 3arpsi3HSIIOLLMX BELLECTB B aTMOCHEPHbBIN BO3AYX

Macca 3arpRaHsiommx YpenbHble noka3aTenu BbIGpocoB
HaumeHoBaHue 3B
BeleCcTB B OTXOAALMX ra3ax
3arpsisHsirowero (tiron) Ha TOHHY NPOAYKLMMN
BelecTBa (xr/T npoaykuun)
min max min max
MertaH 7.3 614,7 0,15 33,7
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3.4 TexHOnorusi NPoM3BoACTBAa Cepbl

3.4.1 TexHONOrNA NPON3BOACTBA ra30BOM CePbl, BKITIOYaA [OOUYUCTKY OTXOAALMNX
rasoBs

B TexHonorMm npousBoACTBa a3oBOWM CEpPbl WCTOYHUKOM 3SMUCCUA  SIBMSIOTCS:
yCTaHOBKa MOMyYeHUsi rasoBoW cepbl MeTogom Knayca m AOOYMCTKM OTXOASILUMX ras3oB
MeToaoM «CynbMpuH»; ycTaHoBka MoNyveHus cepbl MeTogoM Knayca u  pooumcTku
OTXOASLLMX razoB MeToaoM «CynbdpeHy.

MokaszaTeny notpebneHna aHepreTUYecknx pecypcoB MNpu TEXHONOMMN NPoM3BOACTBa
rasoBoOM Cepbl C JOOUNCTKOM OTXOASALLMUX ra3oB NpuBeaeHs! B Tabnuue 3.19.

Tekylwime ypoBHM BbIOPOCOB M YyAenbHble MNokasaTenu o00pasoBaHuMs OTXO0AO0B
TEXHOMOMMM NPOU3BOACTBA ra30BOM Cepbl C JOOHYUCTKON OTXOASILLUX ra3oB NpeAcTaBneHbl B
Tabnuye 3.20 1 Tabnuue A.9 (npunoxerue A).

Tabnuua 3.19 — MNMokasaTenu NoTpebneHna 3HEPreTUYECKUX PECYPCOB

OnekTpoaHeprus TennoBas aHeprus TonnuBHbLIN ras
TbiC. KBT-u/T Fkan/T M3
8850,1-125659,031 0,099-0,107 <186,7

Tabnuua 3.20 — YpoBHM BbIGPOCOB 3arpsi3HSAOLWLNX BELLECTB B aTMOCHEPHbBIN BO3AYX

HauMeHOBaHUE YpenbHble nokasarenu BbibpocoB 3B
Ha TOHHY npoAyKuuu (KriT npoaykumum)
3arpsi3HAIOLLEro BeuecTsa -

min max
Okenabl asota (B nepecyeTe Ha NO2) 0,04 04
Okeng yrnepoga 1,9 44 6
MeTtaH 0,01 0,3
Anokena cepebl 2.4 52,9
Cepoogopog 0,01 0,6

3.4.2 TexHONOrUs rpaHysIMPoOBaHNA U NOJTyYeHUSA KOMOBOM Cepbl

B TexHonornv rpaHynvpoBaHna 1 Mony4YeHUs KOMOBOW Cepbl MCTOYHMKaAMU SMUCCUNA
ABNAOTCA CnefytoliMe YCTaHOBKW: YCTaHOBKa rpaHynsumm cepbl (TexHonorus «lasamm»
¥Y150/1), ycTaHoBka rpaHynsumm cepsl (TexHonorms «Jesko» ¥Y150/1), ycTaHoBka rpaHynsiLmmn
cepbl (TexHonorns «Enersul LP» ¥250/1), yctaHoBka nony4YeHns KOMOBOW Cepbl.

Mokasatenn  noTpebneHWs  SHEPreTUYecKMxX  PEecypcoB  MpW  TEXHOOrMu
rpaHynMpoBaHNs 1 NOMy4YeHUs KOMOBOW Cepbl NpuBeneHbl B Tabnvue 3.21.

Tekywne ypoBHM BbIGPOCOB W yAenbHble nokasaTennm obpasoBaHWs OTXOA0B
TEXHOMOrUN rpaHyIMpPoBaHNa U NOSyYEHUS KOMOBOW Cepbl NPeAcTaBneHsl B Tabnmue 3.22 n
Tabnuue A.10 (npynoxeHue A).

Tabnuvua 3.21 — NokasaTteny NoTpebneHns 3HepreTMHecknx pecypcos

OneKTpoaHeprus TennoBas aHeprus TonnuBHbIN ras
KBT u/T Mkan/T M3t
1,16-3,61 0,0008-0,004 -
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Tabnuvua 3.22 — YpoBHM BbIOPOCOB 3arpsi3HSAIOLLMX BELLECTB B aTMOCKHEPHLIN BO3AYX

H YaenbHble nokasarenu BbiopocoB 3B
aMMEHOBaHNG Ha TOHHY NpPoAyKuuu (KriT npoaykuumn)
3arpsisHsiroulero BelecTsa 1y npoAy! y!
min max
Okengbl asoTa (B nepecyeTe Ha NO2) 0,003 0,06
Okewp yrnepoga 0,003 0,05
[Owokeung cepsl 1-10-05 0,03
Ceposogopoa 1-10-05 0,07
Nioc 0,001 0,003
Yrnepog (caxa) 0,0001 0,001

Tekywue ypoBHU 3MUCCUIA U NOTpe6GreHns pecypcoB B nepepaboTke NonyTHOro
HedpTAHOro rasa

3.5 NepepaboTka NonyTHOro HepTAHOro rasa

3.5.1 TexHONOrMM OTOEH3MHMBAHUA rasoB (TEXHOJIOTUM U3BIIEYEHMUSI LIeNeBbIX
yrneBoAopoAHbIX KOMMOHEHTOB U3 NOMYTHOro He(pTAHOrO rasa)

3.5.1.1 TexHonorus usBne4vyeHUs yrneBoaopoaoB METOAOM HU3KOTEMIepaTypHOMn
KOHAeHcauum u pektudpmkaumm (HTKP)

B TexHonorum HTKP MoryT npuMeHATbCA Komnpeccopa C  MUCMOoNb3oBaHem
3NEKTPUYECKOro UNn rasoTypObrHHOIo NpMBoOAA.

Mpun anekTpryeckom NpmBoge komnpeccopor TexHonorna HTKP nveet npeumyllectsa
B MeHbLLeM 06beme BbIOpocoB 3B B OKpyxalLLyto cpefy (MCTOYHUKaMU 3MUCCUIA ABNSIIOTCA
HEeMnoTHOCTM 00OpYyOBaHUS M MeYb pereHepaumm OCYLUMTENs), HO Xapakrepusyetca
GOoNbLUMM PacxOofOM 3IEKTPOSHEPrMKW, W, COOTBETCTBEHHO, GonbwMMKW 3aTpatamu npu
aKcnnyaraumu.

Mpu rasotypbuHHoM npusBoge TexHonoruss HTKP wmeeT cywecteeHHo ©Gonblune
Bblibpockl 3B B OKpyXatoLyto cpeay (AbIMOBble TPyObl ABUraTena BHYTPEHHEro CropaHvs
rasoTypbrMHHOro NpmMeoAa U HENMOTHOCTM OOOPYAOBaHNA), HO XapakTepusyeTcs MeHsLMMN
3KCMIyaTauMoHHLIMK 3aTparamMmn 3a CYET HU3KOW CTOMMOCTW rasa B HacTosliee Bpema W
JOCTynHOCTU 3TOro pecypca Ha 3.

Ona TexHonmorun uns3BnedveHns yrneesogopoaos metogom HTKP  nokasarenun
noTpebneHns aHepreTMYecKnx pecypcoB, 3HaUeHUN ko3 ULIMeHTa n3sneyYeHns, nokasarenu
3HAYEHWU OCTaTOYHbLIX LIENeBbiX B CyXOM OTOeH3uHeHHoM rase (COIN) npuvBeaeHbl B
Tabnuue 3.23, yaenbHble nokasarenu BbibpocoB (rpamMm Ha 1000 m3 nepepabaTtsiBaemoro
MHI) npeacTaeneHbl B Tabnuue 3.24 n A.11 (npunoxenue A).
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Tabnvua 3.23 - Tokasatenn noTpebneHus SHEPreTUYECKUX PEecypcoB, 3HayeHus
KO3 PULMEHTA N3BNEYEHNST N 3HAYEHNST OCTATOYHbIX LIeNEBLIX B CyXOM OTOEH3NHEHHOM rase
TEXHOMNOTUN W3BIEYEHNs YINEBOAOPOLOB METOLOM HM3KOTEMMEpPaTypHON KOHAEHcauun u

pektudpukaumm (HTKP)

HTKP ¢ HTKP ¢
NokasaTent PasmepHocT | 2TEKTPUUECKIM rasoTyp6UHHbLIM
npuMBoaoM npuBoOAOM
KOMMPECcCOpPoB | KOMNPeccopoB
QnekTpoaHeprus kBT 4/ 1000 m3 270-320 24-32
Tennosas aHeprus M'kan/1000 m3 0,08-0,09 16-2,4
KoadbpumumeHT naeneverms % 93-97
LenesbIx
OcraTtoyHble uenesbie B COI r/m3 11-20

Tabnuvuya 3.24— YpoBHM BbLIOPOCOB 3arpAsHSIOWMX BELLECTB B aTtMOCKEpPHbLIA BO3AyX
TEXHOMOTUN W3BIEYEHNs YINEBOAOPOLOB METOLOM HWU3KOTEMMEPATYPHON KOHAEeHcauum u
pekTucukaumm (HTKP)

YaenbHble nokasatenu BbiopocoB 3B,

npuBOoAOM KOMIMpeccopoB

HaunmeHoBaHue
3arpsA3HAIOWLEro riTbic. m3 IMHI, He 6Gonee
BewecTsa HTKP ¢ anekrpunuyeckum HTKP ¢ ra3oTyp6MHHbIM

npuBOogOM KOMNnpeccopoB

npegeneHsle C2-C5

Okcuabl a3ota (B cyMMe) 60 1380
Okcung yrnepoga 35 590
MeTaH 15 45
Yrnesogopogbl 65 65

3.5.1.2 TexHONOrMA N3BNEYEHUA YrneBoAopPoOaAOB METOAOM HU3KOTEMMEPATYPHON

a6cop6uumn (HTA)

B TexHonorum abcopbunOHHOro oTOeH3NHMBaHUA ra3oB HTA UCTOYHUKaMKU 3MUCCUI
ABMNAOTCA HEMNNOTHOCTM 060PYAOBaHMSA.
[ns TexHonorMn nasneyeHns yrneeogopoaos metogom HTA nokasarenu notpebneHus

3HEpreTMYECKNX pecypcoB, 3Ha4YeHNs KO3PULMEHTa U3BNEYEHUS U NOKasaTeny 3HayeHns
OCTaTOYHbIX LeneBbiX B cyxoM OT6eH3anHeHHOM rase (COlN) npueegeHbl B Tabnuuye 3.25,
yaenbHble nokasatenn BbibpocoB (rpaMM Ha 1000 m3 nepepabatbiBaemoro [MHI)
npegcraeneHsl B Tabnuue 3.26 n A.11 (npunoxeHue A).

Tabnvuya 3.25 — T[lokasatenn noTpebneHnsa SHEpPreTUYeckMx pecypcoB, 3HAYeHUA
KO3 DULMEHTE N3BNEYEHNSA N 3HAYEHUS OCTATOYHDBIX LIENEBLIX B CyXOM OTOEH3UHEHHOM rase

METOA0M HM3KkoTeMnepaTypHon abcopbuumn (HTA)

MNokasarenb Pa3mepHoCcTb HTA
OnekTpoaHeprus kBT 4/1000 m3 195-205
Tennosas aHeprusi kan/1000 m3 0,225-0,249
KoadbdpumumeHT nseneveHns LenesbIx % 90-94
OcratouHble Uenessle B COI r/m3 16-40
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Tabnuua 3.26 — YpoBHU BbIGPOCOB 3arpsasHAOWMX BELLECTB B aTtMOCKEPHbIA BO3AyX
TEXHOMNOTMN W3BIIEYEHWSA YrNeBOJOPOAOB METOAOM HU3KOTeMnepaTypHou abcopbuvmn c
ncnonb3oBaHMeM ANeKTpu4ecKoro npueoaa KoMnpeccopos.

HaumeHoBaHue YpenbHble nokasarenu BbiopocoB 3B,
3arps3HAIOWLEro BewecTsa ritbic. m3 MHI, He Gonee
Okcunabl a3oTa (B cymme) 130
Okeu, yrnepoga 170
MetaH 34
Yrnesopopoabl npeaeneHole C2-C5 32

3.5.1.3 TexHomorns Wu3BMNEYEHU YrNeBOAOPOAOB MPU OQHOBPEMEHHOMN
nocneaoBarenbHON paboTe HeCKONbLKUX YCTaHOBOK

B npoussoacteax nepepabotkvm MHI ans AONONHWUTENBLHONO U3BNEYEHUA LIENEBbIX,
MOXeT OblTb OpraHvM3oBaHa OAHOBpPEMEHHas nocnepoBaTenbHas paboTa HEeCKOSbKUX
YCT@HOBOK OTOEH3UHMBaHUS.

MNMpyMepamm 3TOrO ABMSAIOTCH TEXHONOMMM MOCNEeAoBaTenbHOW paboTbl YCTAHOBOK
HM3koTemnepatypHo koHpeHcaumm (HTK) ©  HM3koTemnepaTypHOW koHaeHcauum W
pektucukaumm (HTKP), TexHonorust HTK + HTKP, a Takke ycTaHOBOK HU3KOTEMNEpaTypHON
abcopbumm (HTA) 1 Hu3koTEMnepaTypHOU koHaeHcauum un  pexktudmkaumm (HTKP),
TexHonorng HTA + HTKP.

AOna  texHonorn HTK+HTKP »n HTA+HTKP wucTouHuMKamm smuccui  sSBnsawoTcs
HenoTHOCTK 06opynOBaHMS.

Ons TexHonorvn mnaeneyeHns yrneesogopogoe metogamum HTK + HTKP n HTA+HTKP
rokasarenu noTpebneHns SHepreTUYECcKMX PeCypCcoB, 3HaYEHNS KOIMMULNEHTa N3BEYEHNSA
M rokasaTenu 3HavyeHWsi OCTaTOYHbIX LeneBblx B CyxoM OT6eHsuHeHHoM rase (COIN)
npvBeaeHsl B Tabnuue 3.27, ypenbHble nokasatenn BbiOpocoB (rpamm Ha 1000 m3
nepepabarsiBaemoro MHIM) npeacTaeneHsl B Tabnuue 3.28 n A 11 (npunoxenue A).

Tabnmya 3.27 - [okasatenn noTpebneHus 3SHEPreTUYECKUX PEeCcypCoB, 3HaYeHWs
KO3 PULIMEHTa N3BNEYEHNS N 3HAYEHNST OCTATOYHbIX LIENEBbIX B CyXOM OTOEH3NHEHHOM rase
metogamu HTK + HTKP 1 HTA + HTKP.

Moka3arenb Pa3mepHocTb HTK + HTKP HTA + HTKP

OnekTposHeprus kBT 4/1000 m3 160-170 147-152
Tennosag aHeprug Mkan/1000 m3 0,32-0,34 0,29-0,31
KoadbdpmuymeHT
n3BnevyeHns % 93-97
LeneBbIxX

OcraTouHble

Uernessble 8 COI riv3 11-20

94



NTC 50-2017

Tabnmuya 3.28 — YpoBHM BbLIGPOCOB 3arpsidHAMOLLMX BELLECTB B aTMOCHEPHBIA BO3AYX
TeXHONormm nsenedeHuns yrnesogopogos metogamum HTK + HTKP n HTA + HTKP

HaumeHoBaHue YaenbHble nokasarenu Bbiopocos 3B,
3arpsi3HstoLWEro ritbic. m3 MHI, He 6onee
BeulecTBa HTK + HTKP HTA + HTKP
Okcumabl a3oTa 60 35
(B cymme)
Okcup yrnepoaa 60 11
MetaH 15 11
Yrnesopopoabl 65
npepensHsie C2-C5

3.6 TexHonorus pasgeneHua LU®DITY Ha rasodpakuMOHUPYIOWMUX YCTaHOBKaX
(Froy)

Paspenenue LUDJTY (dpakumm npepenbHblix yrnesogopoaoB C2-C5 wn Bblwe)
npoBoAMTCS MeToaoM pektudukaumn. Paspenenne LUPITY MoxeT ocylwecTBNATLCA MO
nonHom cxeme nepepaboTkn (NONyYeHNe B KayYecTBe NPOAYKUMW WHAWBUAYaSbHbIX
KOMMOHEHTOB — nponaH, byTaH, nsobyTaH, neHraH, nsoneHtad, C6+ unm nx cmecu), Unu no
COKpaLLeHHOW cxeme nepepaboTku (Npoaykuusa — nponaH, GytaHoBas dpakuus, NeHTaHoBas
dpakuma nnu ppakyms C5+).

B kauyectBe noporpeBarens KUMNATUIIBHUKOB KOMOHH MOXET MCTONb3yeTcs BOASAHON
nap.

B TexHonornn pasgeneHus LLUDJTY Ha TPY ¢ ucnonb3osBaHvem napa B KavecTse
oborpeBaroLLero areHTa neyy OTCYTCTBYIOT, YTO BELET K NPUCYTCTBUIO B BbiOpocax yepes
HennoTHocTK oBopyaoBaHUs U haHLEBbIX CO8AMHEHWMN Tonbko yrneeogopogos C1-C5, u
OTCYTCTBUIO B BbIGpOCax OKCUA0B a30Ta W yrnepoaa.

Takke cnegyet OTMETUTb, YTO MOMYYeHHbI Ha DY nponaH MOXEeT LOMNOMHUTENBHO
ounLlaTbca OT MeTaHona U BOAbl. [pUMep TakoW yCTaHOBKM — YCTaHOBKa a3eOTPOrHOM
OCYLLKW 1 OMUCTKW NMporaHa oT meTaHona (AOIM).

Ana TexHonorun pasgenervs LUPIY Ha [PY ¢ ucnonb3osaHuem napa B KadecTse
oborpeBatoLero areHTa nokasarenu noTpebneHna sHepreTUYecknx PECypCoB 1 nokasartenu
Hopm pacxopa MTP npueegeHsl B Tabnuue 3.29, yaenbHsle NokasaTenu BolOpoCOB Ha TOHHY
npoaykumun npegcrasneHsl B Tabnuue 3.30 1 Tabnvue A.12 (npunoxerve A).

Tabnuya 3.29 — lMokasatenu noTpebrneHna SHepreTUHecknx PecypcoB W MNokasaTenn Hopm
pacxoga MTP TexHonorvm pasgenenna LWONY na oy (MdY) u  gononHuTensHow
aseoTponHomn ocyuiku nponaHa (AOIT)

Mokasatens Pa3mepHoCTb roy AOoN
OnekTpoaHeprus KBT 4/1000 M3 8,0-10 20-23
Tennoeas aHeprus Mkan/1000 m3 0,45-0,50 0,65-0,70
Pacxon Celpes Ha K 1025-1100 1002-1003
BblpabaTbiBaeMyto NPOAYKLMHO
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Tabnmuya 3.30 — YpOBHM BbIGPOCOB 3arpsi3HSAIOLMX BELLECTB B aTMOCHEpHbLIN BO3OyX
TexHonorvm paspeneHua LUOMY Ha TOY (FdY) u fononHUTEnsHON a3eoTPOrHONM OCYLLKM
nponanHa (AOI)

T e ot >
3arpsAsHsOUEro BelecTsa roy AON
MetaH 18 0
Yrneeogopogabl npegensHole C2-C5 160 20
CnupT METUNOBbLIN 0 0,08

3.7 TexHonorua komnpumupoBauus NMHI

Ha oTaenbHO CTOALWMX KOMMPECCcopHbIX craHuuax MHI ucnonbaytotes komnpeccopa
Kak C 3MeKTpo, Tak 1 € ra3oTypomMHHBIM NPUBOAOM.

Ha komnpeccopHbix crtaHumsax MHIT ucTouHvkamm aMuccui SBRSKOTCS crnegytolee
o6opyfoBaHMe: KOMMPECCOPHbIN arperar, cenapaTtopbl, a Takke onuMoHanbHO GrokM OCyLLKN
n ABO rasa. Kpome 3TWX WCTOYHUKOB, ANA KOMMPECCOPHbIX CTAHUMA C Fra3oTypOUHHBLIM
MPUBOLOM OCHOBHBIM MCTOYHUKOM 3MUCCUIA SIBNSIOTCS Fa30TypOUHHbIE arperaTbl.

Mokasatenu noTpebneHns 3HepreTndeckux PecypcoB npu komnpumuposanua MHI
npveegeHsbl B Tabnuue 3.31, Tekylime ypoBHU BbIGPOCOB TeXHONOMM KoMnpummposanms MHI
(yoenbHble nokasatenn Ha Thic.m3 [MHIN) npeacraeneHbl B Tabnmue 3.32 n
Tabnvue A.13 (mpunoxenue A).

Tabnuua 3.31 — MNMokasatenu NoTpebneHns SHepreTUYeckux pecypcos

TexHonorus komnpumuposaHusa MHI
Mokasarensb PasMmepHOCTL | Cc anekTponpuBOoAOM C ra30TypOMHHbIM
NMPUBOAOM
KOMMpEeCccopoB
KOMNPeccopoB
JnekTpoaHeprus kBT 4/1000 m3 160-180 3,144
TennoBag aHeprus kan/1000 m3 0,024-0,036 0,39-0,42

Tabnvua 3.32 — YpoBHM BbIGPOCOB 3arpAsHAOLLMX BELLECTB B aTMOCHEPHbIN BO3AYX

YaenbHble nokasarenu Boiopocos 3B,
(r/tbic. M3 MHr’), He Gonee

HaumeHoBaHune TexHonorusa komnpumuposaHusa MHIC
3arpsi3HAIOLEro BelwecTBa ¢ ANEKTPONPUBOAOM C ra3oTypouHHbIM
npuBOAOM
KOMMpeccopoB KOMNPECCOPOR
Okemabl asoTa (B nepecdete Ha NO2) 16 225
Oxkeng yrnepoaa 22 345
MertaH 28 14
Yrnesogopogbl npegensHele C2-C5 28 7

3.8 Tekywun ypoBeHb BO3aeMCTBUS Ha BOOHYIO cpeay

TekyLWii ypOBEeHb BO3ASCTBIS Ha BOSHYHO Cpeny NpvBeAeH B MPUNOXeHun b.
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Pa3gen 4. OnpeaeneHne HaunNy4LIMX 4OCTYMHbIX TEXHOMOMUIA

OnpepeneHne TEXHONOMMHYECKMX NPOLIeccoB, 060pyaAOBaHUSA, TEXHUYECKMX CnocoBoB,
meToao. B kadectee HOT npu nepepaboTke NpUpoaHOro 1 NOMyTHOMO rasa oCyLLECTBSANOCL
B COOTBETCTBUM C MyHKTOM 6 cratbn 28.1 PepepanbHoro sakoHa [2], MeToauyeckumm
peKkoMeHAaUMAMN N0  OMPeAeneHno TexXHONOTMWM B KadecTBe Haumydllen [AOCTYMHOW,
yTBEPXKAEHHBIMW MpUKazoM MUHMCTEPCTBA NPOMBLILLNEHHOCTM U TOProBnn Poccuinckomn
depepauynm ot 31 maprta 2015 r. Ne 665 [137], ana obBnacteit npumeHeHus HAOT,
YyCTaHOBMNEHHbIX  pacriopsikeHvem  [pasutensctBa  Poccuiickori  depepaumm  oT
24 pekabpsa 2014 r. Ne 2674-p «[lepeveHb obnacteli NPUMEHEHWUA HaWUMYYLWMX LOCTYMHbIX
TexHonornny [138]. Tawke Obin MCNONbL30BaH EBPOMEUCKMM OMbIT  UCMONb30BaHUS
NOrMYecKoro NOAXoAa AN NPUHATUS PeLleHn no naeHtTudmkaumm HAT (pucyHok 4.1).

TexHUYeCKN BO3MOXHO?

A 4

He HOT

Hert

A 4

EcTb BBIrOARI ANA
oKpYyXatoLlen cpeabl?

A 4

He HAT

HeT

A 4

Boiroapl Ans okpyxaoouwjen
cpepbl 6onbue He HOT
3KOHOMMUECKNX 3aTpaT? HeT

A 4
3aTpaTel yenecoobpasHel

AnA oTpacnu > He HAT
NPOMbILLNEHHOCTU? HeT

\ 4

HOT

PucyHok 4.1 — Jlorvuecknin noaxog pns npuHaTus pewenHua no HAT [139]

4.1 Kputepum oOTHeceHUsi TEXHOJIOTMYECKUX MNpPOLeccoB, ObopyaoBaHuaA,
TeXHU4YeCKnUX cnocodos, metoaoB kK HOT

Wcexopsa us nonoxeHun deaepanbHOro 3akoHa [2], npUMeHeHne HamnyYwmnx JOCTYNHbIX
TEXHOMOMMA HampaBrieHO Ha KOMMMEeKCHoe npeaoTepaweHne n  (Mnn) MUHUMKU3aLNIo
HeraTueHoro Bo3gencTeuss Ha OC nepepaboTkM MNPUPOJHOrO U MOMYTHOrO rasa, Kak
XO3AUCTBEHHOW A eATEeNbHOCTM, OTHOCALencs k obnactam npumeHenua HAT.
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Mpu otHecennn TexHonorvu k HAT cobniogaeTtcs crieayowas nocneaoBaTenbHOCTb
NEeNCTBUN:

a) BbIAGNAIOTCA TexHomnorm  (TEXHOMorMveckue npoueccel, obopyaosaHue,
TeXHWYeckue Ccnocobbl M MeTodbl) OCHOBHOIO MNPOW3BOACTBA, COOTBETCTBYHOLLME
COBPEMEHHOMY Hay4HO-TEXHUYECKOMY YPOBHIO B HE(TErasoBOM KOMMMEKCEe U MMeloLpme
YCMNELHBIA ONbIT MPOMBILLNIEHHOTO NMPUMEHEHWS,

6) ana BblAGNEHHbIX PELUEHNA NPOBOAUTCS OLEHKA MX BO3AEWNCTBUSA Ha pasnvyHble
koMrnoHeHTbl OC 1 ypoBHel NoTpebrneHust pasnuyHbIX PECYPCOB Y MaTepuaros;

B) Aanee, nNpy HanMuMm HeobxoaMMOoWn MHOPMaLMK, NPOBOAUTCA OLIEHKa 3aTpar Ha
BHEJ[PEHNE TEXHOMOTMYECKMX W TEXHUYECKUX PELIEHUA U copepxaHue obopyaoBaHus,
BO3MOXHbIX MbrOT 1 NPEUMYLLIECTB MNOCNE BHEAPEHMS TEXHOOMMIA, Nepuoaa BHeAPEHUS,

r) No pesynbTaram OLEHKW U3 BbleNeHHbIX peLUeHNA BbIBNparoTCa cneayowme:

1) obecneuvBaioLe NpeaoTBpPaLLEHNE UM CHWKEHWE BO3AENCTBUSI HA pas3nnyHble
komroHeHTbl OC 1nm cHWxeHWe NOTpebneHns SHEPreTUYECKMX U UHBIX PECYPCOB,

2) BHeApeHVe KOTOPbIX HE MPUBEAET K yBenuyeHuo o6bemoB BbibpocoB Apyrux 3B,
cbpocos CB, o6pasoBanHns oTxon0B 06e3BpexmBaHUA, NOTPEBNEHNS SHEPreTUYECKMX U UHbIX
PEeCYpPCOB, UHbIX BULOB HeraTUBHOro Bosgernctens Ha OC 1 yBenuueHnto pucka Ansi 340poBbs
HaceneHns BbilLe A0MyCTMMOrO YPOBHS,

3) BHeApeHME KOTOpbIX HE MPUBELRET K YPEe3MEPHbIM MaTepuanbHO-PUHAHCOBLIM
3aTpaTtam (C y4eTOM BO3MOXKHBIX MbroT U NPEUMYLLECTB NPU BHEAPEHWUM);

4) metoLLme NpYeMIEMbIE CPOKW BHEL PEHNS.

Onsa onpepeneHna HOT B nepepaboTke NpupOAHOro M NOMYTHOrO rasa WUCMOSb3yHT
CrepyroLee COMETaHNE KPUTEPUEB AOCTUXEHNS Lenen oxpanbl OC [1, 2, 1371

— TMPOMBILNEHHOE BHEAPEHWE  TEXHONMOrMKW, TEXHOMOTMYECKMX  NPOLECCOB,
o60opyaoBaHUsi, TEXHUYECKUX CNOCOBOB M METOL0B CHKeHUs BozgencTeus Ha OC Ha aByx n
fonee npombiwneHHbIXx obbekTax B Poccuickon depepaumm, okasbiBaWMX HeraTtuMBHOE
BosgencTane Ha OC.

— HauMeHbLUMA YPOBEHb HEraTMBHOMO BO3AEWCTBUS TEXHOMOTMM, TEXHOMOMMYECKUX
npoLeccoB, 06opyAOBaHNS, TEXHUYECKUX CMOCOGOB U METOAOB CHKEHUS BO3AEWUCTBUS Ha
OC B pacueTte Ha maccy (06bem) nepepaboTaHHOro Chbipba UMK NPOU3BOANUMON NPOAYKLNN,
nmbo cooTBETCTBME ApyrMM nokasatensm Bosgencteuss Ha OC, npeaycMOTPeHHbIM
MeXayHapoaHbIMK foroeopamun Poccuiickon depepaumu;

— 9KOHOMUYeckasi 3MEKTUBHOCTb BHEAPEHUS W 3KChnyaTauum TexHOMoruu,
TEXHOMNOIMYECKMX NpoLeccoB, 060PYAOBaHNS, TEXHNYECKUX CMOCOGOB M METOAOB CHDKEHUS
BosgencTansa Ha OC;

— nepvos BHEAPEHUSI TEXHOMOrMW, TEXHOMOTMYECKUX npoueccoB, obopyaoBaHus,
TEXHMYECKMX cnocoboB U METOAOB CHWKEHUA Bo3gencTemsa Ha OC.

411. Kpurepun «lpoMbiliyieHHOE BHEAPEHUe TEeXHONOrnKW, TEeXHOMOrM4YEeCKUX
npoueccoB, OBOPYAOBaHUSA, TEXHUUYECKUX CMOCOGOB U METOAOB CHWXEHUA
Bo3genctBusi Ha OC Ha AByx M Oonee o0ObeKTax, OKa3biBalOWMWUX HeratuBHoe
BO3AENCTBUE HA OKPYXaloLlyto cpeay»

PaccmoTpeHWe faHHOTO KpUTEpUS OCYLLECTBIANOCH B ABa JTana:
— atan 1: MonyuyeHre obLei HPOPMAaLMK O NMPUMEHSIEMbIX HA NPAKTUKE PELUEHUSX;
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— aTtan 2: BbIbop pelueHni, BHEAPEHHbBIX Ha ABYX UK Bonee NpeanpuaTmsXx.

Ha atane 1 (c6op n obpaboTka AaHHbIX) nposogunca cbop M aHanua cBefeHUn o
NPUMEHSIEMbIX Ha MPAKTUKE TEXHOMOMSIX. B kayecTBe NCTOYHUKOB MHGOpMaLIMK O MPUMEHSIEMbIX
Ha NpaKkTUKe TEXHOMOrMsX nepepaboTkn MPMPOJHOrO M MOMYTHOrO rasa ObiiM UCMNonb30BaHbI
eBponenckmin cnpasodHk HOT «Hedte- 1 rasonepepabatbiBarome 3asogbl» (Best Available
Techniques (BAT) Reference Document for the Refining of Mineral Oil and Gas) [10], a Takke
CBEJEHNSA, MOMy4YEHHbIE B PE3yNbTaTe aHKETUPOBAHUS MPEANPUSITUIA, CTaTUCTUHECKME COOPHIKH,
pe3ynbTaThl Hay4YHO-MCCNEA0BaTENBCKMX N AUCCEPTALMOHHBIX PaboT, UHbIE UCTOYHUKK, 8 Takke
nHdopMaLMs, NonyyYeHHas B Xo4e KOHCYNbTaLWIA C 3KCrepTaMmn B COOTBETCTBYHOLLEN obrnacTu.

AHKeTa [na Kaxaoro npefnpusaTus nepepaboTky MPUPOLHOro M MOMYTHOro rasa
BKJIOYAna crnegyroLLyo nHgpopmaumio:

— OCHOBHbIE CTaauy NPOW3BOACTBA; CBEAEHMWS O COCTaBe MPOU3BOACTBA C YKa3aHWEM
MCMOSb3YEeMOro TEXHOMOMMYECKOro NpoLecca 1 060pyaoBaHns, BKIHOYas NepeyeHb OCHOBHbIX
TEXHOMNOMMYECKMX Y3M0B, CPOK 3KCnyaTaumm, MOLLHOCTL OCHOBHOMO 000pyA0BaHuMs;

— TexHu4yeckas XapakTepuUCTMKa M TEXHOMOrMYeckue napameTpbl WUCMONb3yeMOro
o6opyaoBaHMsa (OCHOBHOMO U MPUPOAOOXPAHHOIO);

— OCHOBHblE 3KONOTMYECKNE XapaKTePUCTUKM TEXHOJSIOTUYECKMX MPOLIECCOB WU
obopynosaHus; obwme n yaernbHble Maccbl/o6beMbl BblOpocos/cbpocoB 3B, obuime un
yAernbHble rokasatenn obpasoBaHWs OTXOAOB M MOTPebreHust pecypcoB (BOAbI, SHEPrUM,
peareHToB U T.M.).

Mpv onpeaeneHMn 3KOMOrMYECcKUX MokasaTenen, yyMTbiBaeMbIX MpyU onpepeneHnm
HAT, ocHoBBIBanuCeL Ha oNpPeAeneHn 1 CPaBHEHUN YA EMbHBIX NOKa3aTenen SMUCCUN.

Ha stane o0paboTkM A[aHHbIX OMNPEeensnu  yaenbHble MokasaTtenu, KoTopble
HeobxoAMMO yuuTbiBaTE Mpwu onpegeneHun HAOT, nyTtem ycTaHOBMEeHWS wHTepBana
rnokasaTenew Mexay HUXKHUM 3Ha4YeHMe CpeHEro 1 BbICLLUMM 3HAYEHWEM CPEAHEro NO PasHbIM
NPOu3BOLCTBEHHLIM OGbeKTaM O4HOro HanpaBeHUst AEATENBHOCTU.

Beibop HAOT w13 TEexHONOrMA, TEXHOMOMMYECKMX NpoueccoB, 06opyaoBanHusa,
TEXHUYECKMX CrnocoboB, METOLOB B nepepaboTke NPUPOAHOro M MNOMyTHOro rasa, 6bin
npoBefEeH B COOTBETCTBMMN C anroputMom (pucyHok 4.2). UHdopmauus ans sbiGopa HAT 13
NMPUMEHSEMbIX TEXHOMOMMA, TEXHONMOrMYEeCcknx npoueccoB, 060PYAOBaHUS, TEXHUYECKUX
cnocoboB, MeTonoB B nepepaboTke NpUPOAHOro M MonyTHOro rasa Obina obpaboTtaHa
cnepyroLmum obpasom:

a) TexHorornyeckue npouecchl, obopyaoBaHWe, TexXHUYeckue cnocobbl, MeToabl,
npueMsl 1 cpeacTaea Obinn CrpynnMpoBaHel MO HaNPaBneHWSM NPUMEHEHNS;

0) ObIMM y4YTEHbl OrPaHUHEHUs MO MPUMEHMMOCTA TEXHOMOrMKN, CBA3aHHbIE C
OTpacneBbIMKU, TeppuTOpUarnbHbIMU  (PErMOHarbHBIMY) — YCOBUSIMW, B TOM  Yucne
KIIMMaTUYECKUMU;

B) TEXHOMNOMM B 3aBUCUMOCTWN OT YCMOBUWA, B KOTOPbIX UX NMPUMEHSIIOT, NPYU HanM4um
CYLLECTBEHHbIX pas3nuuMii B MPUMEHSEMbIX TEXHOMOrMsAX ObiMu  CrpynnMpoBaHbl B
3aBUCMMOCTU OT OTPAacreBbIX, TeppUTOpUanbHbIX (PErMoHanbHbIX) YCNoOBUA, B TOM 4ucne
KNMMaTu4eckux;

r) 6bina npoeegeHa obpaboTka MHMopMaLmM 06 YPOBHSIX XUMUYECKOTO U PU3NHECKOro
Bo3aencTenst Ha OC 1 noTpebneHnn 3HepreTUYECKNX U MHbIX PECYPCOB.
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Co6op ceenenni o Bo3acticterd Ha OC Ha mpeATIpH:

ITHAX IO NEpepaGoTke MPHPOIHOTO H MOMYTHOTO ra3a

ObpaboTka 0o6LWMXx cBEeaeHUn ObpaboTka cBeaeHun 0 O6bpaboTka cBeaeHUn o
0 TEXHONOrUsX: TEXHONOrnsIX, BKro4as cragumn u TeKyleM BO3AeNCTBUM Ha
— KOM-BO NPOM3BOACTBEHHbIX JaHHble: OKpY>KaloLLyIo cpeay:
00BbEKTOB, UX  MOLLHOCTH, — TEXHUYECKUE XapaKTEPUCTUKM; — XapaKkTepucTmka aMUCCun
TeppuTopuansHoe — noTpebneHne pecypcos, Chipbs; (BbIGpOCHI, c6pocel,
pacnpegeneHue u T.4.; — UCMNOMb3yeMas 3Heprus; 0TX04bl) B LIENOM;

— 9KOHOMUYECKUE MOKa3aTenu; — NOArOTOBKA ChbIPbS; —  yhemnbHble  3MUCCUM
—  YPOBHU XUMUYECKUX U — BCMOMOraTernbHble MaTepuansi; (BbIGpOCHI, c6pocel,
husnyecknx dakTopos — nepepaboTka CbipbA WU 0TX0Abl);

Bo3aencTeusa Hu OC; MaTtepuarnos, —onpeaerneHne MapKepHbIX
— OCHOBHble 3KOmnoru4eckue — uUcnonb3oBaHue  NoBGOYHOU 3B;

acnexTbl. npoayKUMn u T.4. — noTpebneHne pecypcos.

BbIOOp TEXHOMOMMM, KOTOPbIE: OnpeaeneHve Ana BbiOpPaHHLIX TEXHONOrMIA
— 00€eCcneynBatoT CHUKEHNE IMUCCHUM OHOTO UIKN napameTpoB, Npu KOTOPbIX YAAIOTCA A0CTUYL
HECKONbKUX MapKepHbIX BELUECTB (B COCTaBe BbICOKOW 9KONOru4eckom ahpeKTusBHOCTU:
BbIBPOCOB, COPOCOB, OTXOA0B); — nobo4yHOe BO3AEUCTBME HA PpasfnyHble
— o6ecneynBaloT CHUXKEHME APYTUX XapakTePHbIX KOMMOHEHTbI OKpYXXaloLLeit cpeabl;
BMAOB BO3AENCTBUA HA OKPYXKAIOLLYIO cpeay — TEXHUYECKNE XapaKTEPUCTUKM;
(wym n 1.4.); — NPUMEHUMOCTb,
— ofecne4nBaloT CHWXeHUe noTpebneHus — 3arpaTtbl Ha BHeAPEHHUE;
pPecypcoB (3Hepruu, Cbipbs, BOAbI). — CPOKMN BHEAPEHUS;

— OCHOBHble TNPUYMHLI, o6ycnosnueaiowme

He0BX0AUMOCTb BHEPEHUSA.

v

W3 BRIOpaHHBIX TEXHOJIOTHI HA OCHOBaHMH KpuTepues [130] BeiaeLoTCS TE, koTophle MOTYT cumTarsca HJT
(ecm NPOMBILITIEHHOE BHEAPEHHE (MPHMEHCHNUE) TEXHOJIOTHH H Ha ABYX H Oonee 00bekTaX (MPEANpHATHAX) B
Poccuiickoit ®eaepanun, OKA3BIBAOIMNX HETATHBHOE BO3ACHCTBHE HA OKPYIKAIOLIYIO CPEAY, HE BRIABIICHO,
TEXHOJIOTHA BKIFOYAECTCSA B IEPCYCHD MEPCNCKTHBHBIX TEXHOIOTHH)

PucyHok 4.2 — Anroputm Bbibopa TeXHONOrMn, otHocawmxea k HOT

B cnyyae, ecnu npoMbILLNEHHOE BHEAPEHME (MCNONBb30BAHWUE) TEXHOMOMMN Ha ABYX U
Bonee obbekTax PP, okasbiBarowux HeratneHoe eo3aenctene Ha OC, He Obino BbISBMNEHO,
MpyM COOTBETCTBUM APYIMM  KPUTEPUSIM  TEXHONOMMSA Obina BKMKOMEHA B MepeyeHb
nepcnekTMBHLIX TexHonormni (Pasgen 7) (3To TEXHONOMMK, HAXOAAWMECH Ha CTaaun Hay4Ho-
nccnenoBaTenbCkMX U ONbITHO-KOHCTPYKTOPCKMX — paboT,  OMbITHO-MPOMBILLNIEHHOrO
BHeApeHUs1, €AUHUNYHOro UCMONb30BaHUA U Ap.).

4.1.2 Kputepun «HaumeHbwUI ypoOBEHb HEraTUBHOIO BO3AENCTBUS TEXHOSOMNM,
TEXHOJIOMMYEeCKNX MpoueccoB, obopyaoBaHUA, TEXHUYECKUMX CnocoboB U MeToaoB
CHWXKeHus Bo3gencTeus Ha OC B pacueTe Ha maccy (06beM) nepepaboTaHHOroO ChipbA
WwiM npousBOAUMON MNpoaykKuuu, nubo COOoTBETCTBME [APYrMM MoKasaTensam
Bo3pgencrBusi Ha OC, npeayCMOTPEHHbLIM MeXAYyHapoaAHbIMU aoroBopamu Poccumckoi
depepaumnn»

C uenblo BbISIBNIEHUSI UCMOSb30BaHNUSA B TEXHONOMMYECKMX MpoLieccax BELUECTB, B

HaMMeHbLUE CTeneHn onacHbix aAna yenoseka n OC, nubo BewlecTB, pacnpocTpaHeHue
KOTOPbIX OrPaHNYEHO MEXAYHAPOAHBLIMU COornaleHusamn, Obina npoBeAeHa oOueHKa Mep,
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HampaBMeHHbIX Ha MpeAoTBpalleHWe WNKW, TAe 3TO He NPEACTaBNANoCh BO3MOXHbBIM,
cokpaLleHve Bozfenctens Ha OC.

B cnyyasx npMMeHMMOCTM AN TEXHOMOMMYECKOro mpouecca psfa ansTepHaTUBHbIX
peleHnin Bbino BbIOPaAHO PeLLeHWe, COMPOBOXAAOLEEeCs HaUMEHBLUMM OTpULaTENbHBIM
Bo3aencTenem Ha OC.

Mpw onpegeneHnm TexHonormn B kavectse HAT Gbina npoeefeHa oLeHKa ONacHOCTU
ans OC, BoBnekaeMbIx B TEXHOMOrMYECKME MpoLecChl (UCMosb3yembix) u obpasytomxca B
HUX BELLECTB.

WHdpopmams no Bewyectsam, 3arpsisHaiowymm OC, Gbina nonyveHa W3 Cneayrowmx
VCTOYHMKOB: 13 KOMIMIIEKCHBIX NMPMPOA00XPaHHbIX MPOrpaMm, OTHETOB TEPPUTOPUAIbHBLIX OpraHoB
MuHMCTEpCTBa NPMPOLHBIX PECYPCOB U skonorm Poccuinckon depepauymn, a Takke Apyrux
opraHv3aLui, oBecneumBatoLLMX KOHTPOMb BO3AENCTBUS Ha KOMMOHEHTbI OC 1 yNONHOMOYEHHBIX
Ha obecneyeHne cooTBETCTBYHOLLEN fesTensHOCTM [MpaBuTenscTeom Poccuiickon degepauyn.

JononHUTENBLHLIMM MCTOYHMKaMKU MHopMaLMn ctany 6a3bl AaHHbIX, HaXoASLMecs B
OTKPbITOM JocTyne B ceTn VIHTepHeT; BHyTpeHHWe 6a3bl faHHbIX KOMNaHui; 6a3bl AaHHbIX
denepanbHbIX OpraHoB UCMOMHUTENBHOW BNAacTy, OTBETCTBEHHbLIX 3a peanusauuto Mep no
oxpaHe 340poBbs Yernoseka n OC.

Xapaktep 1 mMacwTab HeratvBHOro Bo3gencTBus Ha OC, BO3MOXHOCTb CHWKEHUS
YAENbHbIX 3HAYEHUA SMMCCUIA, CBS3aHHBIX C TEXHUYECKUMM cnocobamMu u MeTogamu
CHWKeHWs Bogencteng Ha OC Ha npeanpusaTuax nepepaboTkn NPUPOZHOro U NONYTHOrO rasa,
OLIEHMBanNNCb Ha OCHOBaHUW CIEAYHOLLMX NoKa3aTenew:

a) ansa BbiGpocos 3B B atMocdepHbIN BO3AYX: XapaKTepuCTUKka CTOYHUKOB BbIBGpOCOB
3B B atmocdepy; nepeveHb 3B, cogepxalmxcsa B Belbpocax B atmMocdepy; macca (06bem)
BbIGpocos 3B fo 1 nocne ouncTkm B pacyeTe Ha Maccy (06bem) nepepaboTaHHOro Chipbs UMK
NPON3BOAMMON MPOAYKLMW; HamnuyiMe CUCTEM Ta300YUCTKU, METOAbl OYUCTKUA OTXOAALLMX
rasoB, NOBTOPHOE WCMOMNb30BaHWE;

©) ons cOpocos 3B: xapakTepncTuka NcTouHnkos copocos 3B; HanpaeneHne cbpocos
(B NOBEPXHOCTHBLIV BOAHLIA 06BEKT U T.4.); NepeyeHb 3B, cogepxalymxcsa B copocax; o6vem
n (um) macca cbpocoe 3B [O M nocne ouyicTkM B pacdeTe Ha Maccy (obbem)
nepepaboTaHHOro Cbipbs MU NPON3BOAMMON NMPOAYKLMM, HANMYME OYUCTHBIX COOPYKEHWUN,
MeTOAbl O4YNCTKM, MOBTOPHOE UCMOSb30BAHME;

B) AN OTXOAOB MPOU3BOACTBA M NOTPEbneHus: UCTOUYHNKN 0Bpa3oBaHus; nepeveHb
obpasylolmxcs OTXOLOB MO KraccaMm onacHocTW; obbembl 0OpasoBaHWs OTXOAOB
(abcontoTHbIe ¥ yaenbHbIe);, NepeyYeHb pasMeLLaeMblx OTXOA0B NO KNaccam OnacHoCTU U nx
06bembl (aBConoTHBIE M yAenbHbIe); nepeyeHb obe3BpexnBaemblx, nepepabarbiBaeMbIX U
NMOBTOPHO NCMOMb3YEMbIX OTXOA0B U UX 06beMbI (a6COMOTHBIE U yAEmbHbIE);

r) 4N npo4vmx OakTopoB BO3AEUCTBMA (LUyM, 3anax, 3NeKTpOMarHUTHbIE N TENNOBbIE
hakTopbl BO3ZENCTBMSA). MNepeyeHb (aKTOPOB, WCTOMHWUKA BO3AEUCTBUS; YPOBEHb
sarpssHeHs OC [0 m nocne CHMKEHWUS BO3AENCTBUS (B TOM YUCNE, eCnv NPUMEHUMMO, B
pacyeTe Ha maccy (06bem) nepepaboTaHHOro Chbipbs UMW MPOU3BOAUMON NPOAYKLUM; METOZ
CHW)KEHUS1 BO3LeNCTBUS.

Kputepuin Beibopa HOT — HavmeHblUne ypoBHM Bo3gencteusa Ha OC B pacuete Ha
Maccy (06bemM) nepepaboTaHHOro ChbIPba UMK BbIMyCKaeMOoN NPOAYKUMK — npegycMaTpuBaet
HEOBXOANMOCTL yUeTa MyuLLnX YAENbHbIX SKONOrMYECKUX NMoKasaTenem, KoTopble MOryT BbITb
LOCTUIHYTbI B MPOM3BOACTBEHHOM MPOLIECCE HA MOMEHT OLIEHKM.
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4.1.3 Kputepuii «3koHomunyeckas 3 PeKTUMBHOCTb BHEAPEHUSA U 3KcnayaTauw
TEXHO/IOTUYECKMX TMpoueccoB, 060pypoBaHUsA, TeXHMYecKMx cnocoboB, MeTOLO0B
CHUXeHnsA Bo3geiicTBma Ha OC»

Mpn paccMOTPEHMU TEXHOMOTMYECKUX, TEXHUYECKUX W YNpaBfieHYECKNX PELUeHUn C
uenbto BbiiBNeHun HAT uX oOueHka N0 KPUTEPUIO 3KOHOMMYECKON 3(EKTUBHOCTHU
NPOU3BOANUTCSA C LENbI UCKIKYEHUS M3 PaCCMOTPEHUS TEXHOSIOMWIA, XapakTepusyloLmxcs
3aBeOMO  HEMpUeMSIEMbIMU  MHBECTULMOHHBIMW 1 3KCMyaTauMOHHbIMU  3aTpaTamu.
ConocTtaBneHne pasnuuHbix HAOT N0 KPUTEPUIO 3KOHOMUYECKOW 3(PGEKTMBHOCTM He
Npon3BOAMTCS, KPOME CreLnaibHO OTOBOPEHHbIX C/Ty4aeB, 1 ocTaeTcsl B chepe KoMneTeHuun
npeanpuaTUii.

Mpu HanuuMm uHopMauMn cnegyeT yunTbiBaTb HE TOMbKO abCo/OTHbIe, HO U
yaesnbHble 3aTpaTtbl Ha OAHY TOHHY CHWXEHWs rofoBOli 3Muccunm 3B OT TEXHOS10rMYecKoro
npouecca, 060pyf0BaHns, TEXHNYECKMX CNOCOO0B, METOA0B CHMKEHNS BO3AelicTBus Ha OC.

Bbin npoBegeH aHann3 3a(pPeKTUBHOCTU 3aTpat, WUCMONb3YeMbll AN1s onpeaeneHus
TOro, KakMe MeponpuaTus SBAAKOTCA Havwbonee NpeanovTUTENbHBIMU AN AOCTUMKEHMUS
onpeAeneHHon 3KONOrMYECKol Liesin Npu caMoi HU3KOW CTOMMOCTM.

Kputepuii  «OkoHOMUueckass  3(eKTMBHOCTb  BHEAPeHUs U 3KcnayaTauum
TEXHOJIOTMYECKUX MPOLLeCCOB, 060PYAOBaHUSL, TEXHUYECKUX CNOCOHOB, METOAOB CHWXKEHWS
BO3gelicTBus Ha OC» onpefenseTcs ¢ UCNOb30BaHNEM OCHOBHbIX MpUHLMMOB [137] oueHku
9KOHOMUYECKOl 3aPEKTUBHOCTY BHEAPEHUS U 3KCNyaTalm TexHonorum (pucyHok 4.3).

PucyHok 4.3 - OCHOBHbIe MPUHLMNbI OLEHKN 3KOHOMUYECKON Lien1ecoobpasHoCTy BHeEAPEHUS
HAOT
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41.4 Kpurepun «llepuon BHeApPEeHUS TEXHOMOrUYECKUX MNpPOLIECCOB,
obopyoBaHUs, TEXHUYECKMX CNocobOoB, MeTOAOB CHWXEHWsI BO3OEeMCTBUA Ha

OKpy:KatoLyto cpeay»

Mpy paccMoTpeHUM TEXHOMOMMI C Lensto BeisBneHnd HOT ux oueHka no kputepuio
CPOKOB BHE[PEHUS MPOU3BOAMTCA C LIESbI0 UCKMIOHMEHWS M3 PacCMOTPEHWUS TEXHOIOTUN,
XapakTepuayHLLMXCS 3aBEAOMO HENMPUEMITEMbIMU CPOKaMW BHELPEHNS.

[aHHbin  KpuTepuin 0cobo akTyaneH nAns TEeXHOMOrMK, pPeKOMeHAyeMbiX And
NPOEKTUPYEMOro MpPou3BOACTBa NGO ANS LENCTBYIOLLEro, HaxOAsLWErocs Ha craguv
MOoZEepHU3aLUN.

[ns oueHKN BPEMEHN BHELPEHWs CriefyeT WCMonb3oBaTb MEpuop  OKYrnaemocTu
onpeaeneHHon TexHonornn. HeoGxognmo nNpoBecTn OueHKy ckopocTu BHeapeHus HAT, T.k
WMEHHO CPOKM BHELPEHUS MOryT ObiTb KPUTUYHBIMW AN NpOMbIneHHocTu. MNpu aTom
pekoMeHayeTCcsi pasgenbHO  paccmatpuBaTtb CKOpocTM BHegpenuss HAT  cnepyrowmx
BPEMEHHbIX MaclTaboB: KPaTKOCPOUHbIM (OT HECKONbKMX Heaenb A0  Mecsues);
CPEAHECPOYHBIN (OT HECKOMBKMX MecsAueB A0 roga); AOMAroCpoyHbIi (06bIMHO cocTaBnseT
HECKOSLKO 1ET).

TexHu4yeckme n TexHonornveckme pewwerHna HAT gomkHbl o6ecnedrBaTe BO3MOXHOCTb
CO3AaHVS NMPOM3BOLCTBEHHO-TEXHNYECKUX KOMMEKCOB NYTEM UX UHTErpaumm, OTKPbITbIX ANS
MOZEPHN3ALMN U Pa3BUTUA, OTBEYAIOLLMX MONOXKEHUSM HACTOALLErO CnpaBoYHUKA.

Beibop BpemMeHM MoAepHU3aLUM [OMKEH COBMacTb C NNaHOBOW 3aMeHOWn
cywecteytoulero obopynoBaHWA, a WUHBECTUUMOHHbIE  LUKNbl  MOryT  ObiTb
3 PEKTMBHBIM CPEACTBOM ANSA pPeHTabenbHOro BHeApeHus TexHonorun. OueHuBas
ckopocCTb (nepwuop) BHegpeHus HAOT, pekomeHayeTcs Takke mnpoaHanM3anpoBaTthb
npegernbHble 3atpaTthl HA MogepHusauuto. Ana HOT, koTopble TpebylOT CyLWEeCTBEHHbIX
MHBECTULMOHHBLIX  KanuTanbHbIX  3aTpar uWMAM  3HauuTenbHbIX  MoauduKaumn
NPON3BOACTBEHHbLIX MPOLECCOB U MHMDPACTPYKTYPbI, NpeacTaBnaeTca HeobxoanMbIiM
npegycmaTpueate 6onee gnuTenbHble NEPUOALI BHEAPEHUS.

Bregperne HAOT  xossncTeytolWMMM  cyObekTamm B KOHKPETHOW  OTpaciu
NPOMBILLNIEHHOCTW, B Hallem crydae B nepepaboTke NMPUPOAHOrO M MONYTHOro rasa, Kak
npasno, OPUEHTMPOBaHO Ha oBecneyeHe KOMMIEKCHOrO NMoAX0oAa Mo MPeaoTBpaLLeHUo n
(M) MUHUMM3AUUN  TEXHOTEHHOTO BO3AEUCTBUST M 0Oas3vpyeTcs Ha COMocTaBfeHWN
LEeNCTBEHHOCTU MeponpuaTMiA no 3awute OC ¢ 3aTpatamMu, KOTOpble LOMKEH NPY 3TOM HECTH
XO3SNCTBYIOWMA CyObeKT ANs NpesoTBpalleHnss U (Unv) MUHUMU3aLUUMA OKa3biBAaeMOro MM
TEXHOrEHHOro BO3AENCTBUA B OObIYHbLIX YCIIOBUSAX XO3ANCTBOBaHNS, T.€. A0 BHeapeHua HAT.

4.2 OnpepeneHue MapKepHbIX BEIECTB, XapakKTepHbIX Ansi OOGbLEKTOB
nepepaboTKu NPUPOAHOro M NONYTHOro rasa

O6o3HaveHHas B COOTBETCTBYHOLUMX HOPMAaTMBHbIX MpPaBoBbIx akTax [1, 2, 7, 8]
BO3MOXHOCTb NMpu oueHke Bo3gencteus Ha OC nonb3oBaTbCA MapKepHbIMW BeLLeCTBamm
Mo3BONUT YHUOULMPOBATL TEXHWUKO-3KONOrMYECKMe nokasaTenu NPUMEHSIEMbIX TEXHOMOTUN.

[na npoBeAeHVa OLEHKM CyLLECTBYHOLMX TEXHOMOMMIA C Lenbio onpeaenenns HOT
OfHOW U3 BEXKHENLLMX NEPBOOYEPEHLIX 3afa4 ABNANOCL onpeaeneHune (BbIBop) MapKepHbIX
BELLECTB W3 NepeyHs 3arpasHAoLLKX.

103



NTC 50-2017

MapkepHble BELLECTBa — 3arpA3HAILLME BELLECTBA, XapaKkTepusyoLme NpMMmeHsemblie
TEXHONOMMM N OCOBEHHOCTU MPOU3BOACTBEHHOrO Npouecca Ha ob6bekTe, OkasbiBalLEM
HeraTuBHoe Bo3aenctene Ha OC [1, 2].

Tak kak BbIGpockl 3B ABNSIOTCA OCHOBHBLIM 3KOIOMMYECKMM acrekToM Mpum nepepaboTtke
NMPUPOLHOrO M MOMYTHOrO rasa, Obinn onpepeneHbl Mapkepbl BbiOpocoB — 3B, koTopbie
XapaKkTepuayroT AesTeNsHOCTb OCHOBHbBIX MPOM3BOACTBEHHBLIX NPOLIECCOB NMpy nepepadoTke
NPWPOLHOrO W MOMYyTHOrO rasa.

BbiGop MapKkepHbIx BELLIECTB (NOKa3aTenein) OCHOBaH Ha Crieaytowmx NpMHLMnax:

— paccmaTprBaeMoe BELLECTBO (NoKasaTernb) XapakTepHO TONBKO ANA 3TOro npouecca
(BELLEeCTBO SABMSETCA YACTbH CbIPbEBOrO MOTOKa, 0OpasyeTcs B pesynbTare NpoTekaHus
OCHOBHbIX MM NOBOYHBIX NMPOLIECCOB);

— BELLECTBO MPUCYTCTBYET B 3MUCCUAX MOCTOSIHHO (UIM CUCTEMATUYECKM C BbICOKON
MN3BECTHOWN 4acToTON);

— 3B B amucCUsIX MPUCYTCTBYET B 3HAUUMbIX KOHLIEHTpaUMSAX (@ B MEpCrnekTvBe B
KOHLIEHTpaLMAX, NO3BONSAIOLLMX aBTOMATU3NPOBaTb UX M3MEPEHUS);

— MeTog (MeToabl) onpefeneHus AaHHOTO BELLECTBa A0ImKeH GbiTb JOCTYMHbIM, NErko
BOCIMPOM3BOANMbIM 1 COOTBETCTBOBaTL TpeboBaHMsIM obecneyeHns eaMHCTBa N3MEPEHNUIA,

— BeLLeCTBO [OIMKHO OkasbiBaTb 3HauuTenbHoe BosgencTeue Ha OC, T.e. GbiTb
TOKCUYHBIM, BbICOKOTOKCUMYHBIM, WIU XKe, MPU HEBLICOKOW TOKCUYHOCTW, obnasaTte 6onbluown
MaccoW 3MUCCUMN.

HemanoBaxHbIM ycrnoBueM AN BO3MOXHOCTUM OTHECEHUS] BELECTB K MapKepHbIM
ABMSIETCA Hanuune HapaboTaHHOro o6beMa CTaTUCTUYECKUX AaHHbIX, [OCTaToO4HOro AnS
0000LUEeHNs W KOPPEensAuMM C TEXHONOrMYecKUMU pexmnMamym paboTbl Ha  JaHHOM
NMPOW3BOLACTBE U Ha APYIMX aHarnorMyHbIX NPoM3BOACTBAX.

B kauectBe MapkepHbix 3B, XxapakTepHblX ANS MNPOU3BOACTBA, CNeAyeT MPUHSATH
BELLEeCTBa, XxapakTepusyrome U3NKO-XMMUYECKME CBOWCTBA Cbipbsi M Tonnuea, paboty
OYMCTHOrO 060PYAOBAHUS, XMMUYECKUA COCTaB U 3amnblIeHHOCTb ra3oe, BbibpackiBaeMbixX B
aTMocdepy.

Mpv onpeseneHnM MapKepHbIX BELEeCTB Y4YATLIBAKOT MokasatenM OnacHOCTU
(BpPenHOCTM) BELLECTB, MUMPALIMOHHBIE CBOMCTBA BELLECTB U UX CNOCOBHOCTLIO K HAKOMNEHWIO
B OTAEnNbHbIX KOMMOHEHTax MPUPOAHOW cpeabl U TpaHcgopMauum B Gonee onacHble
XMMUYeckmne opMmbl.

B cnvcok mapkepHbix 3B, xapakTepHbix AnsS BbIGpocoB 0ObekToB nepepaboTku
NPYPOAHOrO M MOMYTHOrO rasa, BXOANAT BELWECTBa, KOTOpble XxapakrepuayroTcs Havbonee
MaccoBbiMy BbiBpocamm 3B U1, crneposaTenbHO, MOryT NPEACTaBnATb OMAacHOCTb ANA
HaceneHsi B KOHKPETHOM paiioHe SKcnnyaTaunmn NPoM3BOACTBEHHbIX OOBHEKTOB.

MepeyeHb MapkepHbIX BELIECTB YCTaHaBNMBAOT MO KOMMMEKCHOMY NoKasaTento
KpuUTepurarnsHOW OLEHKW, ydYuTbiBawoweMy Maccy ebibpocoe 3B, knacc onacHoctu 3B wu
CaHUTapHO-TUTMEHWYECKUIA NokasaTens 3B.

B Tom crnyyae, ecnv pedb MAET O NPOEKTUPOBAHMU HOBbIX OBBLEKTOB U NPOBEAEHN
npoueaypbl oLeHkn Bosgenctema Ha OC, uenecoobpasHo Takke yunTbiBaTb OXUAaeMble
npu3emMHble KOHUeHTpauum 3B B atMocdepHOM BO3gyxe, onpeaenseMbie no
peaynbTataM pPacyeToB, UM CBEAEHUS O BEPOSATHOM 3KCMO3ULMWN HaceneHus B 30He
BNUsiHUS BbIGpocoB 3B ¢ yuyeToM anbTepHaTUBHbIX BapuaHTOB YCMOBUWA pa3meLleHns
obbekTa.
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Tak kak WHDOPMAaUMOHHO-TEXHUYEeCKMe cnpaBodHukn no HAT pekomeHpgoBaHoO
ncnonb3oBaTb Ha aTane BbIGopa TEXHOOMMYECKMX PEeLleHUA U NPOBEAEHVS Npoueaypbl
OLIEHKW BO3AEWUCTBUS Ha OKpyKatoLLyto cpeay cornacHo FOCT P 56828.5-2015 [140], pac4éThl
paccesHna cnefyeT NpoBOAUTL MPEXAEe BCErO ANS MapKEPHbIX BELLECTB, YCTAHOBMNEHHbIX B
COOTBETCTBYHLUMX CNPaBOYHUKAX.

Cnncok MmapkepHbix 3B  dopmupytoT Ha oOcHOBE KOMMMEKCHOrO MokasaTens
KPUTEPUANbHOW OLEHKM W C Yy4ETOM MpasBuil COCTaBNEHUs Cnmcka mapkepHbix 3B no
cregyrowemMy anroputmy.

3HaunMocCTb BbIGPOCOB MapkepHbIX BELECTB B atMocdepy OnpeaenstoT C y4eToMm
6a30BbIX NPaBWN KpUTEPUArbHOW OLEHKM — MO KONMUYECTBEHHBIM U KaYECTBEHHBIM 3HAYEHUSIM
KpUTEpUeB.

B ofwem cnyyae kputepum oueHkn BbiOpocos 3B ana onpepeneHus cnmcka
MapkepHbIX 3B COCTOSAT M3 KPUTEPUS KONMMYECTBEHHOW U KPUTEPUSA Ka4YeCTBEHHOW OLEHKU
BbIGpocos 3B.

PaccmoTpym nogpobHee KOMNNEKCHbBIN NOoKa3aTens KPUTEPNansHOW OLEHKN.

a) Kputepuin konn4ecTBeHHOM oLeHkM Boibpocos 3B

KonnuecTBeHHbIN KpuTepuii OLeHKn BbiGpocoe 3B onpepensioT no nokasarernto
cpepHerogoBoro Banosoro BblBpoca. KonudecTBeHHble nokasatenu BbiGpocoB 3B B
atMocdepy NPUHUMAEOT MO AaHHBIM CTATUCTUYECKOrO y4ETa UMW NO AAHHLIM MHBEHTapu3aumm
BbIGpocos 3B.

BriGpackiBaemble B atMocdepy 3B knaccudumumpoBaHbl NO CpeHEB3BELLEHHON Macce
BbIGpOCa C NPVMHaANEXHOCTLIO K CMEAYHOLWMM rpynnam:

- rpyrnne 1 — meHee 0,03 r/c,

- rpynne 2 — o1 0,03 no 0,3 r/c,

- rpynne 3 — o1 0,3 go 3 r/c,

- rpynne 4 — ot 3 go 30 r/c,

- rpynne 5 — ot 30 go 300 r/c,

- rpynne 6 — cabiwe 300 r/c.

Mpv panbHeWwel oueHke BbIBPOCOB OT OTAENbHbIX YCTaHOBOK/ 0b6opynoBaHWs/
TEXHONOIMYECKUX MPOLECCOB yuuThiBaOTCA BbIGpockl 3B, COOTBETCTByHOWME MO Macce
BbIBpOCOB rpynnam 2-6.

Mpn panbHenwen oueHke BbIOPOCOB OT 0ObekTa B LENOM, ABMSAIOLWMUMCA €AUHbIM
TEXHONOMMYECKMM NPON3BOACTBOM (COCTOSILLUM U3 OTAEINbHBLIX TEXHONMOrMYECKUX y4acTKoB B
3aMKHYTOM  MpPOM3BOACTBEHHOM  LIMKNE),  y4nTbIBalOTCH  TOMbkO  BblGpockl 3B,
COOTBETCTBYHOWME NO Macce BbIOPOCOB rpynnam 5 u 6.

6) Kputepwuin kavecTBeHHOM oLeHKku BbiGpocos 3B

KadectBeHHas oueHka OGasupyeTcs Ha nokasatene CyMMAapHOro MakCvMarnbHOro
MrHOBEHHOro Bblbpoca 3B ¢ yueTom TOKCMYHOCTM U onpeaenseTca koadduumeHTom 7 no

hopmyne

1 [laHHbIN KPUTEPUIA NPUMEHUM KaK K OTAENbHbLIM YCTaHOBKaM/000pyA0BaHUIO /TEXHONOrMYECKOMY NpoLieccy, Tak
u KO BCeMy 00bekTy B LienioM (k BbiGpocam OT obbekra B LENoM) SIBMSIOLEMYCA €4UHbIM TEXHONOrMYEeCKUM
NpOM3BOACTBOM.
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raoe M, — cyMmmapHbIi MakcuManbHbIA MTHOBEHHBIN BbiGpoc 3B, r/c;
IITK — makcuMarnbHO-pasosasi NpeaensHo 4onycTuMas KoHueHTpaumsa 3B, Mrims,

Ons kaxporo 3B npoBepstoT BbINONHeHUe ycnoeus » > 1,0.
Kak yxe oTMeuYeHO, nMpu NPOEKTUPOBAHUM HOBbIX OOLEKTOB HEOOX0AUMO Takke
OL|eHMBaTb BEPOSATHBIE YPOBHM 3arpsidHeHWst atmochepbl?
3arpsisHeHne armocdepbl  3aBUCMT OT €€  paccevBaroen  cnocobHocTy,
XapakTepuayemon nokasatenem 3sarpsasHeHus atmocdepbl (M3A), oT Tonorpaduyeckmx n
KIIMMETNHYECKMX XapaKTEepPUCTUK 30HbI 3arpsi3HEHUS, NapaMeTPOB UCTOYHNKOB BbiGpocos 3B n
YPOBHS KOHLIEHTPALMA B 3KUMOW 30HE.
KpuTepuin kaueCTBEHHOM OLEHKM BbIGPOCOB NO OTHOLLIEHMIO K YPOBHIO KOHLEHTpaLun B
XKWINOW 30HE OnpefensitoT no dopmyne
,
k-1
roe V- cymmapHoe konuyecteo BbiIbpocos npumecu (3B) oT BCex UCTOUHWKOB, T/roa;
Ch.n. — KOHLUEHTpaUus, YCTaHOBINEHHaA No AaHHbIM pacyeToB paccemBaHnsa BbibpocoB
3B vnu MHCTPYMEHTANBHOrO KOHTPOSIA 3arps3HeHUs aTMOCKepb! B XUIO 30He, Mr/mS.
Ans kaxporo 3B AOMKHO BbINOMHATLCS YCNoBUe
K, >100.

[MokasaTenb 3arpsasHeHUs atMocdepbl ONPeAEnAoT No opmyne
1134 Co
IJJK
roe Cw — MakcMMmanbHas KoHueHTpauma 3B, ycraHoBneHHas nNo AaHHbIM pacyeToB
paccemBaHus BbIOpocoB 3B MM UHCTPYMEHTANbHOIO KOHTPONS B 30HE BAWMAHWUA
MPOU3BOACTBEHHOrO 06bekTa, Mr/M3,
Ans kaxgoro 3B AOMKHO BBINONHATLCA yCnosue

1134 > 0,1

1

Mpv onpegeneHun cnvcka MapkepHbix 3B  ons  BKMOMEHWMS B HacTOAWMA
VNHJOPMaLMOHHO-TEXHUYECKUIA CNIpaBOYHUK BbInv BLINONHEHBI Cneaytolme AeUCTBUS:

— NpPOoBeLEH pacyéT nokasarenen no KPUTEPUSIM KONMHYECTBEHHON (A) N Ka4YeCTBEHHON
(6) oueHKn BEIOPOCOB;

— MPOBELEHO MOCnefoBaTENbHOE WCKMIOYEHUE BeLIecTB U3 obLero nepedHs, He
YAOBMNETBOPSAIOLLMX YCTAaHOBMNEHHLIM YCIIOBUSM.

KomnnekcHeI nokasaTernb KpuTepuanbHOW oueHkM Obin pa3paboTtaH Ha OcHOBe
MHOTOMETHE MPaKTUKN BbisiBEHWs npuoputeTHbiXx 3B, npowen anpobauuio Ha obbekTax
rasosov otpacnu (CTO Tlasnpom 2-1.19-540-2011 [134]). B nopsake AONOMHUTENLHON
NPOBEPKM U B CBSA3WN C AOCTYMHOCTHIO MCXOAHBIX AaHHbIX ObINU Takke yyTeHbl CBEAEHNS O
3arpsi3HEHMN MPU3EMHOTO Crosi BO34yXa B 30HaX BMAUSHAS AEWCTBYIOLMX MPOU3BOACTB.
AnropvTM onpeneneHns MapkepHbIX BELLECTB ANsl BbIOpocoB B aTMOCKheEpHbI BO3ayX Obin
NMPUMEHEH K MOMyYeHHbIM B pe3ynbTaTe aHKeTUPOBaHWS MPeAnpusiTui rasonepepaboTtku
JaHHbIM, Ha OCHOBaHWM pacyeTa rnokasarenen onpeaerneH nepeyveHb MapkepHbIX BELLECTB,

2 [laHHbIe KPUTEPUM MPUMEHUMbI TOSLKO K MOKa3aTeNsAM OLEHKN COCTOSIHUS 3arpsi3HEHMst aTMOCCHEPLI OT BCETO
o6bekTa B Lienom (K BbiGpocam oT 0GbekTa B LIEMOM), SBMAIOLLMMCS e41HbIM TEXHOSIOrMYECKUM NPOU3BOACTBOM
(1 BO3MOXHO, COCTOSILLMM W3 OTAESbHBIX TEXHOJIOTMYECKMX YHACTKOB B 3aMKHYTOM MPOWU3BOACTBEHHOM LIMKIIE).
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XapaktepHblx ns o6bekToB nepepaboTkm NpUPOAHOrO M MOMYTHOrO rasa, KOTopbIn
npeacTaBneH B NpunoxeHun B.

TexHonorumn, TeXHOMorM4yeckne npoueccel, obopynoBaHne, TeXHUYeckne cnocobbl u
MeToAbl B nepepaboTke MPUPOAHOrO W NOMYTHOrO HedTAHOrO rasa, yAOBMNETBOPSAOWMNE
KpuTepusaiM oTHeceHus k HOT, npueeneHsl B pasgene 5.
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Pasgen 5. Haunyywme gocTynHble TeXHONOrMu B nepepadorke
NPUPOAHOro U NonyTHOro rasa

5.1 Cucrema 3KkonornyecKoro MeHe)kMeHTa
HAOT 1. Cuctema 3KONOrMYecKoro MeHeKMeHTa

Cucrema oakonorumdeckoro MeHegpxkMeHta (COM) sBnsieTca 4acTblo  CUCTEMBI
MEeHeQKMEHTa OpraHusauvun, KoTopas HaueneHa Ha npefoTBpalleHusl 3arpssHeHus,
CBSA3AHHOr0 C NPOU3BOACTBEHHOW AEATENBbHOCTLIO, U NocneaoBaTenbHoe ynydeHve obwen
3KOMOMMYECKOW  pesynbTaTMBHOCTM  npeanpusitusi.  [pegoTepalleHue  3arpsisHeHus
npegnonaraeT MUCMNonb30BaHWE TEXHOMOMMIN, METOAO0B, NOAXOA0B, MaTeEPUAroB UnNn SHeprun
Ana Toro, 4Ytobbl NPEeaoTBpaTuTb UMM CHU3UTL A0 MUHMMAIIbHO BO3MOXHOMO KONWYecTBa
BbIGpoCckl nnn copockl 3B nnu o6vembl 06pa3oBaHus 0TX0A0B, YTOObI YMEHBLUMTL HEraTUBHOES
sospeticteue Ha OC.

MpepoTBpalleHne  3arpAsHEHWs  MOXET BKMIOYaTb  YCTPaAHEHUE  UCTOMYHMKA,
YMEHbLUEHNe ero BO3AEWCTBUS, ONTVMU3aLMIO TEXHONOMMYECKOro npouecca, addekTnesHoe
MCMONb30BaHNE PECYPCOB, 3aMEHy MaTepuarnoB M SHEPrMW, NMOBTOPHOE WCMOMb30BaHWE,
BOCCTaHOBIEHME, BTOPUYHYIO MepepaboTky, YTUMU3aUMIo W OYUCTKY, T.€. MOMHOCTLIO
cooTBeTCcTBYeT npuHumnam HAT.

B coctaB COM Bx0oaAT cnepyroLmne B3aMMOCBA3aHHbIE 3MIEMEHTbI:

1) OBbwwme TpebosaHus

2) Okonoruyeckas nonuTuka

3) TpeboBaHma k NNaHNPOBaHUIO:

— 9KOMOrnm4yeckmne acnekTsl;

— 3aKoHOAaTenbHbIE 1 Npoyre TpebosaHus,

— uenu, 3agaym 1 nporpammbl;

4) BHegpeHve 1 PyHKLMOHMpOBaHMWE:

— CTPyKTypa 1 OTBETCTBEHHOCTb;

— oby4yeHre, 0CBEOMIIEHHOCTb U KOMMETEHTHOCT;

— MHOPMUPOBAHWE;

— AOKYMEHTaLMS U KOHTPOSb AOKYMEHTaLUM;

— ynpasneHve onepaumusimm,;

— NOArOTOBMNEHHOCTE K aBaPUMAHBIM CUTYaLMAM;

5) Mpoeepku:

— MOHWUTOPWHT N U3MEPEHUS;

— OLieHKa COOTBETCTBUS;

— HECOOTBETCTBUS, KOPPEKTUPYHOLLME U NpeaynpexatLme 4encTems;

— ynpaBneHve 3anncsmu,;

— BHyTpeHHun ayaut COM,;

6) AHanua n oueHka C3OM pykoBofCTBOM OpraHv3aumm.

OencteeHHocTs COM obecneunBaeTcs nyTem paspaboTky, BHeAPEeHUs u cobrogeHus
OCHOBHbIX Mpoueayp, HeOOXOAWMbLIX ANs  YNpaBneHUsi 3KOMOMMYECKMMM  acrneKkTamu.
Jkonornyeckuin acnekT — knodesoe noHaTme COM, nossonsioLee COOTHECTU AEATENLHOCTb
opraHusaumm n ee s3ammopgenicteme ¢ OC.
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OTnnuuTensHown yepTomn HOBOW Bepcum MeXAYyHapoAHOro cTaHgapTa
ISO 14001:2016 [142] saBnsieTcsa ycTaHoBNeHWe TpeboBaHWI K AENCTBUAM OTHOLLEHW PUCKOB
1 Bo3MoxHocten. OpraHusauma gorkHa paspabartbiBaTh, akTyanusaupoBaTb U NMPUMEHSTb
AOKYMEHTUPOBAHHYIO MH(OPMALMIO B OTHOLLEHWUN PUCKOB N BO3MOXHOCTEN, KOTOPbIE [OIDKHbI
OblTb  yd4TeHbl Ana  ofecneyeHWAa MNOCNEAOBATENbHOMO  YNYYLLEHUS  3KOJIOTUYECKOU
pesynbTaTtMBHOCTU Y MUHMMU3aLMK HeraTueHoro Boagenctems Ha OC.

Bce npouecchl Tekywen n Hamedaemon aeATenbHOCTU No nepepaboTke rasa cBsi3aHbl
co cnegyrowmmu Bugamu Bosgencteus Ha OC, 0OyCrnoBneHHbIMM  3KONOrM4ECKMMU
acnekTamu:

— 3arpsis3HeHne atMocepHOro Bo3ayxa,;

— BO3[IECTBME Ha BOAHbIE OOBEKTHI;

— Boggeincteme Ha OC npu obpalleHn ¢ oTxoAamMmn NPon3BOACTBA N NOTPebneHns;

— HapyLLeHWe 3eMenb 1 pacTUTENbHOMO NOKPOBa;

— BO34ENCTBUE Ha PaCTUTENBHBIA U XXUBOTHBIA MUP;

— BO3fencTBMe, 0bycnoBneHHoe NoTpebneHmem sHepruu;

— dusnYeckne BO3BENCTBUS HA KOMMOHEHTbI MPUPOAHON cpeabl (LwyM, Bubpaums,
TEnnoBoe BO3AEUCTBUE);

— BO3JEMCTBUE Ha reonornyeckyto cpeay (MHororneTHemepanbie nopoasl, NoA3eMHbIe
BOAbI N T.M.).

Mpouecc nocnepoBaTenbHOro  yNydlleHWs  peanmusyeTcs MyTeMm  NOCTaHOBKM
3KOMOrMYeckmnx Lienen n sagad, BbleneHUs pecypcoB U pacrnpeferieHMs OTBETCTBEHHOCTU
AN UX [OCTUXKEHVUA W BbINOMHEHWA. OKOMOMMYECKMe 3aAayn CTaBATCA C  Y4ETOM
TeXHONorn4eckmnx nokasarenen HAT.

CHwkeHne oaHepronoTpebneHns npu nepepaboTke  yrneBofOPOAHOrO  Chipbs
LOCTUraeTcs B pesyrnbsTate NPUMEHEHUS CIIEAYHOLLMX PELLEHWN:

— 1CMONb30BaHWE WHTErPUPOBaHHbLIX aBTOMAaTU3MPOBaHHBIX CUCTEM  YNpaBrieHuUs
TEXHOMOTMYECKMMIN MnpoueccamMm Ha nepepabaTbiBalolMx NPeanpUATUAX C KOMIMIIEKCHBIM
perynmpoBaHneM TEXHOIOTUHYECKMX PEXMMOB 0BLEKTOB;

— co3gaHMe  KOMMJEKCHbIX  aBTOMaTWM3MpPOBaHHbIX  CUCTEM  yrpaeneHus

3HeproobecneyeHnem rasonepepabarbiBaroLLmX 06beKTOB, peanuayoLmx
LiEHTPan1M3oBaHHbI KOHTPOSb W yNpaeneHne Tenno-, BOAOCHabxXeHNa U yueT notpebneHns
SHEpPropecypcos;

— 1cronb3oBaHWe BblpabaTbiBaeMoi COBCTBEHHOW TEMMNOBOW 3HEPrMn A4S MPOLIECCOB
O4YUCTKM rasa n nepepaboTkn KOHAEHCaTa, B OCHOBHOM, B BMAE BOAAHOrO napa HU3KOro u
CpeaHero AaBneHus;

— yTMRu3aumm Tenna AbIMOBLIX ra30B AN HyXJ, TEMNOCHabXeHNs;

— NPUMEHEHNe 3HeproaddeKTMBHOro 060pyaoBaHUS;

— ONTMMM3aLMS pexmnma paboTbl FOPENOYHbIX YCTPOMCTB;

— UCMOIb30BaHWe TEXHOMOMMIA peMoHTa 6e3 0CTaHOBKM TEXHOMOMMYECKOro NPoLECea;

— repmeTu3aums apmaTypbl 1 0GopyAoBaHMsA NPON3BOACTBEHHbIX 0OHEKTOB U Ap.

CHmkeHne HeraTmeHOro BosgencTens Ha OC npu nepepaboTke yrneBoaOpPOAHOro
Cblpbsi AOCTUraeTCs B pe3ynbTaTe NPUMEHEHUS CriefyoWMX peLleHnA (KOMNrekca peLleHnif):

1) MUHMMU3aLMS HEraTUBHOTO BO3LENCTBUSA Ha COCTOSIHME aTMOCHEpPHOro Bo3ayxa 3a
CyeT:

— BbIBOpa oNTMManbHbIX TEXHONMOMMYECKMX peLLeHuiA (B T.4. 1 3Heprocbeperaromx);
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— MPUMEHEHMS B Ka4yeCTBE MarepuanoB W peareHTOB BELUECTB, HE NPMBOASALLUX K
OMacHoOMy 3arpsi3HEHUIO aTMOCKEPHOr0 BO3AYXa;

— MPOBEAEHNST KOHTPONS Ka4yecTBa BO3ayxa paboyen 30Hbl (pelleHre, OTHOCALEeecs
Kak kK COM, Tak 1 kK obecneyeHmnto NPoM3BOACTBEHHOM BEe30NacHOCTM U OXpaHbl Tpyaa);

— obecneyeHms repmMeTUYHOCTU TEXHOMOTMYECKUX CUCTEM, UCKMHOYatoLen BbiGpOChI
3B;

— npumeHeHna obopyaoBaHusa, apMmaTtypbl M TPyOONpOBOAOB, PaCCHUTaHHBLIX Ha
JaBneHve, NpeBbILaroLee MakcumaribHO BO3MOXHOE pabodee faBneHne, MakcMarbHy U
MUHUManbHYH pabouyto TemnepaTypy;

— MCMOoNb30BaHWsA rasa, BbIAENSOWErocs Ha yCTaHoBKax pereHepauvn peareHTos, B
Ka4yectBe TOMMMBa C LENbo MPefoTBpalleHUss U MUHAMM3AUMM BbIOPOCOB, YMEHbLLIEHUSA
noTepb rasa, MakCMMarbHOrO UCTOMb30BaHNS BTOPUYHBIX 3HEPrETUUECKNX PECYPCOB;

— MCMOMNb30BaHNS LEHTPanNn30BaHHON CUCTEMbI NMOABOLA, CNMBA U OYUCTKU Macna;

— WCMOMb30BaHWs HaAeXHOW Cxembl OOBSI3KM TexHonormdeckoro obopyaoBaHus,
obecrnieunBaroLen CHkeHe obbema BblaeneHust 3B OT HeopraHM3oBaHHbIX UCTOYHWUKOB
BbIGPOCOB;

— OCYLLECTBNEHMSA [OpeHaxa M3 BCEX annapartoB B FePMETUYECKYIO [PEHaKHYHO
CUCTEMY, UCKMIOHaKoLLYyo NonafaHne XUAKOCTM Ha NOBEPXHOCTb MPYHTE,;

— MPUMEHEHMA «AbIXaTeMbHbIX» KrnanaHoB, obecneynBaoLLMX NPOEKTHbIE BENUYMHDI
BHYTPEHHEro AaBfEHUSA 1 NO3BONALMX OrPaHNYUTL UCTIapeHne B aTMocepy TOKCUYHBLIX U
NErkoBOCMNIaMEHSIOLMXCS KUAKOCTEN, XPaHSILLMXCA B pesepByapax npu atMocdepHOM
JaBneHuu;

— NMPUMEHEHUA a30TO-KMCMOPOAHOM NOAYLLKM Ha peaepByapax cknaaa mMeTaHona, uTto
MO3BONSET UCKIOYNTL NOMagaHNs NapoB MeTaHona B aTMOC(EpHbIN BO3AYX;

— paccpefoTOYeHMs BO BpPEMeHW palboTbl TEXHONorMdeckoro obopyaoBaHus,
y4acTBYIOLLEro B €AUHOM HEMNPEPLIBHOM TEXHOMNOMMYECKOM npoLecce, npu paboTte KOTOporo
BbIbpockl 3B B atmMoctepy 4OCTUratoT MakCMMasibHbIX 3Ha4YEHUN,

— BbIMONHEHNST MHCTPYMEHTANBHOrO KOHTPOss BeibpocoB 3B B atMocdepy B BO3ayxe
paboyel 1 Ha rpaHULEe CaHUTapPHO-3aLLUTHON 30Hb;

— NPUMEHEHNS B KOTenNbHbIX Hanbonee 3KONOrMYHOro ToNnMBa — NPUPOAHOIO rasa;

— TMpOBEAEHMSA PeBU3MA U CBOEBPEMEHHOW Hamnafkym TrOperoYHbIX YCTPONCTB
KOTroarperarTos 1 ap.

2) obecneyeHne MUHUMAanbHOTO HEraTUBHOrO BO3AEWCTBUSI HA COCTOSIHUE BOAHOW
cpefnbl 3a CYeT:

— PacnonoXeHNs NPon3BOACTBEHHbIX OOBEKTOB 3a NpeaenamMm BOAOOXPaHHbIX 30H,;

— cobrnirofeHns pexrMma Bo40OXPaHHbIX 30H PEK 1 03ep;

— rmapousonaunmn 1 o6sanoBku NPOMNAOWAaAoK, nnowaaok ana xpaHeHua TCM un
XMMPEareHToB;

— KOHTPOrIS1 3@ COCTOSIHMEM BOAOPEryNUPYIOLLNX COOPYKEHUI,

— pernameHTMpoBaHHOro cbopa, XpaHeHWs W BbiBO3a OTXOAO0B MPOM3BOACTBA W
notpebneHuns;

— NpuMeHeHns 3 PeKTMBHOrO BOAOOUNCTHOrO 060pya0BaHuS;

— MOBTOPHOro UCNOSb30BaHNS OUULLEHHBIX CB B TexHOMormyeckux onepaumsix;

— NMPUMEHEHNS 3aMKHYTOW CUCTEMbI BOAOMNONb30OBAaHMS U Ap.
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3) obecrnieyeHne MUWHUMAnNBHOTO HEraTMBHOrO BO3jencTeua npu obpaweHun ¢
0TXO4aMU NPOM3BOACTBA U NOTPebneHns 3a cyueT:

— OCYLLEeCTBNEHMSI pasgenbHoro cbopa OTXo[O0B MO Knaccam OnacHOCTM B
cneumnannsnpoBaHHbIE EMKOCTU U 0BYCTPOACTBO CneLmanmaMpoBaHHbIX NNOWAA0K C TBEPALIM
NOKPbLITUEM A I51 HAKOMIEHUS OTXOA0B;

— obycTponcTBa MECT BPEMEHHOIO XpaHeHNs 06pasyroLLmxcs OTXOA0B B COOTBETCTBUN
C KNaccoM OMacHOCTU U arperatHbiM COCTOSIHUEM OTX0A3;

— cbopa u BbIBO3a MO Mepe HaKOMIEeHNs Ha CneuManMaMpoBaHHble NMPeAnpuATUS Ha
nepepaboTky oTxoAo0B V Kracca OnacHOCTM, BKIOYaA NOM U OTXOAbl YEPHBIX METanmnos.;

— YCTaHOBKW Ha NnoLafkax MeTaniM4eckux KOHTEMHEPOB C KPbILLKAMMW, ANA XUAKUX
OTXOAOB — C NogaoHamum Ansi obecneyeHns pasaensHoro cbopa n cknaanpoBaHns oTxoaos |-
IV knacca onacHocTy;

— XpaHeHusa TBepabix otxogos Il u IV knacca onacHOCTW, 3arpsA3HEHHbIX ONacHLIMU
KOMMOHEHTaMK, BKIoYas HedTenpoaykTbl, CEPHUCTbIE COSANHEHUS B 3aKPbITON
METannM4eckon Tape;

— KOHCTPYKTUBHOIO UCMOMHEHNS1 EMKOCTEN, KOMMYHUKaLWIA, HacocoB, TpybonpoBoaoB
N Jpyroro TEXHOMOrM4yeckoro oBOopyfoBaHWUsi, KOTOPOE [OMMKHO NpeaoTBpallaTb YTEUKM,
nepenuBebl 1 NPONMBbLI TEXHONOMMYECKUX KUAKOCTEN, BOABI U PEAreHTOB;

— BTOPMYHOrO UCMOMb30BaHWs U/UNu nepepaboTku OTXOAOB U AP.

K cHmxkeHwto Harpy3ku Ha OC npuBoadaT oblive opraHvM3auyoHHbIE MEPONPUSTUA NO
COBEPLUEHCTBOBAHUIO MOAXOL0B K YNPaBMeHWio 1 OpraHn3aLum NPON3BOACTBA, yYeT acrnekToB
Bosgencteua Ha OC obbekroB nepepaboTkv yrmeBoAOpPOAHOrO Chipbsi €le Ha CTaguu
pa3paboTkn MPOEKTHOW AOKYMEHTauun, BbIOOpY MarepuanoB U PEeareHToB C MUHMMAaNbHO
BO3MOXHbIM HeratveHbiM Bo3gencteuem Ha OC, MeponpusTus no nepexogy Ha
MarnooTxoAHble/6e30TX0AHbIE  TEeXHONOrMKW,  NOrMcCTUKa  MPOU3BOACTBA,  KOHTPOIb
3P PEKTUBHOCTM NPOU3BOACTBEHHOMO MPOLIECCa, BHEAPEHMNE aBTOMATU3MPOBAHHbLIX CUCTEM
yrnpaeneHns Npor3BOACTBEHHBIMW Npoueccamn, obecneyeHne 6e3aBapuUnHON akcnnyarTauum
NpoV3BOACTBA, NOArOTOBKA U NOBbILLEHWE KBanudukaummn nepcoHana un ap.

TexHonorus BHeApeHa NpakTUYeCckn Ha BCex rasonepepabarbiBalomx NpeanpusaTusx.

WHctpyMeHTsl COM craHoBATCA Havbonee AecTBEHHLIMU MPU BHEAPEHUM CUCTEMbI B
ueroM M npu opraHM3aumMm  paboTbl, HanpaBreHHOW Ha €&  nocrneaosarentHoe
COBEpLUEHCTBOBAHUE 1 YryuLLEHWE JOCTUMHYTBIX NoKasareriein pesynbtartneHocTu. Bmecte ¢ Tem,
criepyeT noadepkHyTb, yto HAOT 1 gBnsieTca cuctema 3KONOMMUECKOrO MeHemkmeHTa 6e3
npeabsBneHs TpeboBaHUA B YacT AOCTVKEHUSI MOMHOMO COOTBETCTBUS TpeBoBaHUAM KaKoro-
Jymbo craHpapTa n ob6ecneyeHrst OLEHKU COOTBETCTBUSA U CEPTUMMKALIMM STOM CUCTEMBI.

Haunyuwwue gocTynHble TeXHONOrMm nepepaboTku NPpUpPOAHOro rasa
5.2 Nepepabotka NPUpPOOHOro rasa u crabunusauma KOHgeHcara

HAT 2. TexHonorusi OTGeH3MHUBAHUS ra3oB (TEXHONOrUsA U3BMEUYCHUs LiefNIeBbIX
yrneBoAOPOAHbIX KOMMOHEHTOB U3 ra3oB) HU3KOTEMMNepaTypHOU cenapauven

HOT sensaoTcs TexHonorna uasneveHus yrnesogopoaos C3+ HuskoTemnepaTypHOM
cenapauven (HTC) npu temnepartypax ot —10 no —250C u pasgeneHuns obpasosasLumxcs
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paBHOBECHbIX rasoBOW U >xuakon das. XKuakaa dasa COCTOMT NpPeuMyLLeCTBEHHO W3
yrnesogopogos C3+, a rasoBas — U3 MeTaHa u ataHa.

OddekTnBHOCTL pabotbl ycrtaHoBok HTC 3aBucMT OT coctaBa WCXOQHOrO rasa,
TeMnepatypbl U AaBMneHNs B HU3KOTEMMEPATYPHOM cenapartope. Yem Hwke Temnepartypa
npouecca u 4Yem Gornblue CoAepKaHWE B UCXOAHOM rase TSKEnbIX YrneBoAOpOAOB, TEM
BonbLue CTeneHb N3BNeYEeHs NOCNEfHNX.

Mpoaykuuen ABnaeTCa ras roproymin NPUPOAHBINA, rasbl YrIeBOAOPOAHbIE CKUKEHHbBIE
(nponaH, 6yTaH), ras crabunmnsaumm.

MpyMeHas 3Ty TEexHONOMMIo, MOXHO JAOCTWYbL nokasaTtenen Bbibpocos 3B B
aTMocdepHbIA BO3ayX, NpuseaeHHbIX B Tabnuue 5.1.

Tabnvuya 5.1 — TexHonornyeckue nokasarenu HOT 2 npu uv3BneveHWn yrneeogopoaos
metogoM HTC

3arpsisHsiollee BewecTBO YaenbHbIM BbIGpOC, Kr/T npoaykuum (roa)
Okemnpbl asoTa (B nepecyete Ha NO2) <0,1
Monookeung yrnepoaa (CO) <0,5
MetaH (CH4) <0,1
Yrnesogopoge! npegensHele (C1-C5) <05

(neknrovas meTaH) !

Ouvokeng cepbl (SO2) <0,2
Ceposogopog (H2S) <0,01

TexHonorns nmeeT Gonee ABYX MPMMEPOB YCMELLHOTO BHEAPEHUS Ha NMPEANpUATUSAX
nepepaboTkmn NPMPOLHOrO rasa.

HAT 3. TexHonorus n3BneyeHus yrneBoAopoaoB METOAO0M HU3KOTeMnepaTypHOWN
koHaeHcauuu (HTK) unu HuskotemneparypHom KOHAeHcaUUKU U pekTudukaumm

HOT senseTcs TexHomornsa useneveHus yrnesogopogos C3+ HuMskoTemnepatypHon
KoHzeHcauven (HTK) yrneBofopogHOro cbipbs (CbIpbEBOrO MPUPOLHOrO rasa) npw
Temnepatypax o —1200C (Temnepatypa Ha Bbixofe w3 TypbopeTaHpepa) U pasfeneHns
06pa3oBaBLUMXCA PABHOBECHBIX ra30BOV 1 XMAKON as.

Mponykumnen ABNAIOTCA: ra3 roptoYnii NPUPOLHbLIN, rasbl yrneBOAOPOAHBIE CKUKEHHbIE
(nponaH, 6yTaH).

Mcnonb3oBaHWe BHELLHWMX XOMOAWMbHbIX LMKMOB MO3BOMAUMIO AOCTUYb  CTEneHu
n3BreyveHns ataHa o 87 %, nponaHa — o 99 %, 6yraHa v Beicumx — 40 100 %.

MpumeHAs 3Ty TEXHOMOrMIo, MOXHO AOCTMYbL MokasaTtenen BbiOpocos 3B B
aTMOoCepHbI  BO3AyX NPy M3BMNEYeHUM  yrmesogopogoB  Metogom HTK  wnwm
HU3KOTEMMNEPATYpPHON KOHAEHCaUuMM U pekTudukaumm, W XOMNOAUNBHOrO OTAENeHus,
npvBeaeHHbIX B Tabnuue 5.2
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Tabnuua 5.2 — TexHonoruveckme nokasateny HAT 3 Bo3gyx npu M3BNeYEHUN YreBOLOPOA0B
metogom HTK vnun HuskoTemnepartypHON KOHAEHCAUMN U pekTUdUKaLmMm

3arpsisHsowee BeLWeCTBO YaenbHbI BeIGpOC, KI/T npoaykumm (ron)
Okcunabl a3oTa (B nepecyeTe Ha NO2) <0,1
Monookeng yrnepoga (CO) <1,5
MetaH (CH4) <0,1
Yrnesogopoge! npeaensHele (C1-C5) <01
(neknovas metaH) '

TexHonorus nmeet Gonee ABYX NPUMEPOB YCMELLHOTO BHEAPEHWUS Ha MPEeAnpPUATUAX
nepepaboTku NPUPOSHOro rasa.

HAOT 4. TexHonorun cop6LUMOHHOro OTO6EeH3UHUBaHUSA ra3oB

HT/ siBnsitoTcs TeXHOMNorMm copbumMoHHOrO OTOEH3UHUBAHWUSI Fa30B C BO3MOXHOCTBIO
NPVYMEHEHNS: YCTaHOBKM HU3KOTeMnepaTypHon abcopbuum (HTA) Tsokenbix yrneBogopoaHbIX
KOMMOHEHTOB; YCTaHOBKW AEe3TaHU3aumW;, KPUOTeHHOW ycTaHoBku rnybokon nepepabortku
cyxoro oT6eH3nHeHHoro rasa.

AbcopbumoHHOe OTOEH3NHMBAHME Ta30B, SBIISIETCS TEXHONOMMEN OTOEH3NHMBaHMSA
yrneBoAopOAHLIX KOMMOHEHTOB Ha ocHoBe HTA, kKoTopas OCyLWeCcTBNAETCA Npy Temneparype
B abcopbepe Ha ypoBHe oT MMHYC 200C Ao MuHyc 600C (M1HMMansHO Ao MuHyc 1000C).

ApcopbumoHHoe oTOeH3anHnBaHne rasos. CywiecTayeT HeobxoAnMOCTb
OTOEH3VHMBaHWA GOonblUMX MOTOKOB rasa C MaslbiM  COAEPKaHUEM  N3BIIEKaeMbIX
yrnesonopoaos (1-20 r/m3). Ans 0TOEeH3NHNMBaHMA TaKMX ra3oB NPUMEHSIETCS aacopOUNOHHBLIN
NpoLeCC, K HACToALLEMY BpeMEHN MoanduLmMpoBarHbii B KLLA, npu ocyllecTeBneHnm koTopoi
OHOBPEMEHHO C YINEeBOA0pOAaMU U3BNEKAETCA U BOAA.

MpumeHssT 3Ty TEXHOMOrMK, MOXHO AOCTMYbL NokasaTtenen Bbidpocos 3B B
aTMOCKEpPHbBIA BO3AYX Npu cOpBLMOHHOM 0TOEH3VMHMBaHUM rasoB Ha yctaHoskax HTA, KUA,
yCTaHOBKax [esTaHu3auuy, KPWUOreHHoW ycTaHoBke rnybokon nepepaboTkm cyxoro
oTGeHanHeHHoro rasa (Tabnuua 5.3).

Tabnuuya 5.3 — TexHonormyeckue nokasateny HAT 4 npu copbumoHHOM OTOEH3NHMBaHUM
rasos

3arpsisHstoLee BeLecTBO YaenbHbI BbIGPOC, KI/T NpoayKumumn
(ron)
Oxcngbl asota (B nepecyeTe Ha NO2) <0,1
Monookeung yrnepoga (CO) <0,2
MeTtaH (CH4) <14
Yrnesogopoabl npeaeneHbie (C1-C5) <0.02
(ncknroyas meTtaH) -

TexHonorus nmeet 6onee ABYX NMPMMEPOB YCMELLHOTO BHEAPEHUS HA MPEeAnpUATUAX
nepepaboTkmn NPMPOLHOrO rasa.
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HAOT 5. TexHONOrusi OUMCTKU WUPOKON hppakuum nerkux yrrnesogopoaos OT
CEepPHUCTLIX cCoeanHEeHUA

HAOT asnsetcs TexHonornsa nepepaboTky LUMPOKO dpakumm nerkux yrinesofopooB
(LLUDITY) v ouncTrm LUDJTY OT CepHUCTLIX COeAMHEHWIA.

MpuMeHas 3Ty TEXHONOTMID, MOXHO [OCTMYb rokasateneh Bbibpocos 3B B
aTMocdepHbIi Bo3ayx npum nepepabotie LUDITY v oumctkm LUDITY OT CepHUCTLIX CoeanHEHNN,
npvBeaeHHbIX B Tabnuue 5.4.

Tabnmuya 5.4 — TexHonornyeckve nokasatenn HAOT 5 ouuctkn LUPIY oT cepHUCTbIX
coeguHeHnn

3arpsisHsolwee BewecTBo YpaenbHbIN BbIGPOC, Kr/T npoaykuvm (roa)
MeTtaH (CH4) <0,1
Yrnesogopogbl npegensHblie (C1-C5) <02
(ncknroyas MeTaH) -

TexHonorna uMeeT Gonee AByX NPUMEPOB YCMELHOro BHEAPEHUS Ha NPEAnPUATUASX
nepepaboTKu NPUPOLHOTO rasa.

HAT 6. TexHONOrKsi NONy4YeHUs CXKMKEHHbIX YrNeBogoOpPoaHbIX rasos (CYIN)

HAOT senaetcs TexHonorust nonyyeHns CYI ¢ BO3MOXHOCTBIO MPUMEHEHUS: YCTaHOBKN
HU3KOTEMMNEepaTypHOro pasaeneHus rasa, ycTaHoBKM NOyYeHns nponaHa u nponaH-dytaHa.

MpvMeHsAss 3Ty TEXHONOMMIo, MOXHO JAOCTMYbL rnokasatenei Bbibpocoe 3B B

aTMocdepHbIA Bo3gyx npu nonyveHun CYI, npuseaeHHbix B Tabnuue 5.5.

Tabnuua 5.5 — TexHonornyeckme nokasarenu HAT 6 npu nonyyennn CYI

3arpsisHsioLiee BeLWecTBO YpenbHbIN BbIGPOC, Kr/T npoAaykuum (roa)
Okcunabl a3oTa (B nepecyeTe Ha NO2) <0,05
MoHookeug yrnepoga (CO) <0,03
MeTtaH (CH4) <0,04
Oviokeng cepbl (SO2) =0,03

TexHonornst umeeT Bonee AByX NPUMEPOB YCMELLHOrO BHEAPEHNA Ha NPeanpUaTUsaX
nepepaboTkn NPMPOLHOro rasa.

HAOT 7. TexHonorMu ctabunusauum ra3oBoro KoHgeHcara

HAOT sBnswoTcA TEXHONOrMM CTabunumsaunm rasoBoro KOHAEHcata ¢ BO3MOXHOCTbIO
NPVMEHEHNs:: YCTaHOBKM  cTabunmusauum KoHaeHcata KOMOMHMPOBAaHHBIM — CMocoboMm
(cenapauma n pekTMdUKauWsa), MHOTOCTyneH4YaTon gerasaumm u  crabunusaumm B
PEKTNDUKALIMOHHBIX KONOHHaX.

MpumeHass TexHonoruio crabunu3auum rasoBoro KoHAeHcarta, MOXHO AOCTUYb
nokasaTenew Beibpocoe 3B B atMocthepHbIA BO3ayX Ha yCTaHOBKax cTabunmsaumm rasoBoro
KOHZeHcaTa KOMOUHUPOBaHHBLIM CrocoBoM (cenapaums U pekTUdUKaLmMS), MHOFOCTYNEHYaToN
ferasauyum, crabununsaumm B pekTugrkaLMoHHbIX KONOHHaX, NpUBeAeHHbIX B Tabnuvue 5.6.
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Tabnuvua 5.6 — TexHonorndeckue nokasareny HAT 7 npu cTabunmsauumm ra3osoro KoHaeHcaTa

3arpsisHsitoliee BewecTBo YAenbHbIN BbIOPOC, KriT npoaykumm (rog)
Okcungbl a3oTa (B nepecyete Ha NO2) <0,06
MoHookeng yrnepoga (CO) <0,2
MetaH (CH4) <0,02
Yrnesogopoabl npeaencHbie (C1-C5)
<0,02
(1cknoyan MeTaH)
Aviokeng cepel (SO2) <0,001

TexHornorus Meet Gonee AByX NPUMEPOB YCMELHOTO BHEAPEHWUSA Ha NMPeanpuUATUAX
nepepaboTKX NPUPOAHOrO rasa n KoHaeHcara.

HAT 8. TexHonorus crabunusauumn cepHUCTLIX ra30BbIX KOHAEHCATOB

HOT aBnsetcs TexHomnorms Ccrabunms3aumm CEepHUCTbIX ras30oBbIX KOHAEHCAaTOB ¢
BO3MOXHOCTBIO MPUMEHEHUS: YCTAHOBKM CTabunusauum KoHLEeHcaTa WM OYUCTKM MpornaH-
OyTaHoBOW hpaKkLmmM OT CEPOOPraHNHECKNX COEANHEHWN.

HAOT sBnsieTcs TEXHONOMMS CTabunmaaunm CEPHUCTbIX rAa30BbIX KOHLEHCATOB, KOTOPYHO
NMPOBOAAT MO TEXHONOTMYECKMM CXEMaM, aHanornyHbiM cxemaM Ansi 6ecCepHUCTbIX unn
MasioCEPHUCTbIX KOHAEHCATOB, HO C YY4ETOM 0CODLIX MapamMeTpoB TEXHOMNOMMYECKOro pexmma
1 MPOTMBOKOPPO3NOHHOTO NMHIMBMPOBaHNSA OTAEMNbHBIX Y3N0B YCTAHOBOK.

MpvMeHsss 8Ty TEexHOMOMMI, MOXHO [OCTMYb nokasatenen BbibpocoB 3B B
aTMOCdEpPHbLIA BO3AYX MpW CTabunmnsaLm CEPHUCTLIX ra3oBbIX KOHAEHCATOB Ha yCTaHOBKaXx
cTabunmsaumm KoHgeHcaTa M OYUCTKM MponaH-GyTaHoBOW (hpakumM OT CEepoopraHUYeckux
COeVHEeHUIW, NPUBEAEHHbIX B Tabnuue 5.7.

Tabnuya 5.7 — TexHonornyeckue nokasatenn HAT 8 npu ctabunusaumm CEpHUCTLIX ra3oBbIX

KOHAeHcaToB

3arpsasHsiiouee BewecTBO

YaenbHbIN BLIOPOC, KIiT npoAaykuum (roa)

Okcmabl a3ota (B nepecyete Ha NO2) <0,05
MoHookecug yrnepoga (CO) <0,02
Metan (CH4) <0,004
Yrnesogopoabl npeaensHeie (C1-C5) <0.03
(ncknovan metaH) -
Avokeng cepsl (SO2) <0,01
Ceposogopog (H2S) <0,002

TexHonorns uMeeT Gonee ABYX NPUMEPOB YCMELIHOrO BHEAPEHUS HA NPEANPUATUASX

nepepa60TKM npupoAHOro ra3a n KoHaeHcara.

HAOT 9. TexHonornsa nonHou cTabunusauun KOHAEeHCaToB

HAOT sBnseTcs TEXHONOrMM NOnHON cTabunusauumn KOHAEHCaTOB.
MonHas ctabunusauusi rasoBbiX KOHAEHCATOB npegnonaraeT MPakTU4ecku MonHoe
pexTudrKaUMOHHOe yaaneHe U3 HUX yrnesogopogos fo C4 BKNIOYUTENBHO.
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MpuMmeHas 3Ty TEXHOMOMMI0, MOXHO JOCTUYb MoKasaTenen BbibpocoB 3B B
aTMoCepHbI  BO3AyX MpW MOMHOW CcTabunu3aumM KOHAEHCaToB, MNPUBEAEHHLIX B
Tabnvue 5.8.

Tabnuua 5.8 — TexHonornyeckue nokasatenn HAT 9 npu nonHom ctabunusaumm KoHaeHcaToB

3arpssHsiouee BewecTso YaenbHbIN BbIGPOC, Kr/T npoaykuumu (roa)

<0,002
<0,004

Okcunabl a3oTa (B nepecyete Ha NO2)

MoHookeug yrnepoaa (CO)

TexHonorna uMeeT Gonee ABYX NPUMEPOB YCMELWHOro BHEAPEHUA Ha NPEAnpPUATUASX
nepepaboTKMN MPUPOAHOrO rasa n KoHaeHcaTa.

5.3 Haunyuwue pocTynHble TEXHOIONMU BbIAESIEHUA renua U3 NPUPOAHOro rasa
HAT 10. TexHonorus BbiAeeHUs renusi U3 NPUPOAHOro rasa

HOT sBnsieTCs TEXHOMNOrMsS BbIAENEHUN renns M3 NpUpOAHOro rasa ¢ BO3MOXHOCTbLIO
MPUMEHEHWNS: YCTaHOBKM NonyvyeHna renus, ataHa u LWPJTY, yctaHoBkM nonyYyeHns renmesoro
KOHLIEHTpaTa v BblaeneHnst sTaHoBow dpakumm 1 LUDJTY, ycTaHoBKM 0XMKEHNA renust.

MpumeHas TEXHONOrMIO NPOM3BOACTBA renus M3 MPUPOAHOro rasa, MOXHO AOCTUYb
nokasatenew BbiopocoB 3B B aTMocdepHbIi BO3ayx, NpuBeaeHHbIX B Tabnuue 5.9.

Tabnuvuya 5.9 — TexHonornyeckune nokasateny HAT 10 npu BbiAENEHWM renus U3 NPUPOLHOIo
rasa

3arpsisHsIOWEe BewecTso YaenbHbIN BLIOPOC, KriT npoayKuumv
(ron)
Okemngbl azoTa (B nepecyeTe Ha NO2) <0,005
MoHookeug yrnepoga (CO) <0,004
MeTtaH (CH4) <0,04

TexHonorus uMeeT Gonee ABYX NPYMEPOB YCMELIHOro BHEAPEHUS Ha NPeanpUsTUSX
nepepaboTKX MPUPOLHOro rasa.

5.4 Hamnyuwue pocTynHbie TEXHONOrUM MOMYyYeHUsi TEXHUYECKOro yriepoaa u3
NPUPOAHOro rasa u ra3oBoro KoHaeHcara

HAOT 11. TexHONOrMA Nosny4YeHUs TEXHUYECKOrO yrrepoaa U3 NPUPOAHOro rasa u
ra3soBoro KoHgeHcara

HAOT senaroTca TexHonornm nonyvyeHna TexHn4eCckoro yrnepoaa m3 npupoaHoro rasa un
rasoBoro koHaeHcara C BO3MOXHOCTbIO MPUMEHEHUA: YCTAHOBKU NONYyYEHUA TEXHU4YECKOro
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yrnepoga neyHblM CnocoBoM; yCTaHOBKM MOMyYEHUA TEXHUYECKOro yrnepoja KaHanbHbIM
Croco6om 1 yCTaHOBKM MO NMPOM3BOACTBY TEPMUUECKOTO TEXHUYECKOrO yrneposa.

MpyMeHAsa TexHONOrMK NOonyYeHUss TEXHUYECKOro yrnepoa u3 NpupojHoOro rasa u
rasoBoro KOHAeHcaTa, MOXHO JOCTWYb Creayllmx nokasatenen Bbibpocos 3B B
aTtMocdepHbIN BO3AyX, NpuBeaeHHbIX B Tabnuue 5.10.

Tabrnvua 5.10 — TexHonorunyeckne nokasatren HAT 11 npu nonyyYeHUn TEXHUYECKOro
yrnepoga a3 NpUpOAHOro rasa 1 ra3oBoro KoHaeHcarta

3arpasHaolee BewecTBo YaenbHbIN BbIOpOC, KI/T npoaykumm (roa)

MeTtaH (CH4) =31

TexHONorMa NOMyYEHN TEPMUYECKOrO TEXHWUYECKOro yrnepoaa mmeet 6onee AByx
NPUMEPOB YCMELLHOTO BHEAPEHNS HA NPEANPUSATUSAX HETErasoBoro KOMNIeKkca.

Bbicokve ypoBHM BO3geUCTBUA OOBACHAIOTCA CreuvduKon NpPoM3BOACTBEHHbIX
obvektoB. lNpn nepecmotpe CnpapodHnka HAOT paHHas TEXHONMOrMA € NPUBEAEHHLIMA
nokasartensmu, BO3MOXHO, He OyaeT oTHeceHa k HOT wm notpebyeT nepeoovepenHour
3aMeHbl/MoaepHU3aLMn.

5.5 Haunyuwme RocTynHble TEXHONOTUM NPOU3BOACTBA Cepbl

HAOT 12. TexHonorus NpPouM3BOACTBa ra3oBOM cepbl C AOOUYUCTKOW OTXOASIMX
rasos

HAT sBnseTca TeXHONOrMsi Nony4YeHUsi rasoBor cepbl MeTogom Knayca ¢ 4oo4ncTKom
OTXOAALLMX ra3oB.

TexHomornsa ocHoBaHa Ha OKUCINEHWM CEepOBOAOPOLAa B Cepy Ha ycTaHoBke Knayca c
LOOYMCTKON OTXOAALMX rasos, obpasyroMxca Mpu NOMyYeHUM rasoBOW Cepbl, METOLOM
«CynbdpuH» unn «CynbdpeHy. CTeneHb U3BNEYEHNA CEPHUCTBIX COELVHEHWA AOCTUraeT
99,7 — 99,9 %.

MNpuyMeHsas 3Ty TEXHONOIMMIO, MOXHO AOCTUYL YAENbHbIX Nokasatenen Buibpocos 3B B
aTtMocdepHbI BO34YX (Ha TOHHY MONy4YaemMol cepbl), NMpuBeaeHHbIX B Tabnvue 5.11.

Tabnuya 5.11 — TexHonormnveckune nokasateny HAT 12 npu npouseoacTee rasoBoi cepbl Ha
ycTaHoBke Knayca ¢ JO0UMCTKON OTXOASILLMX ra3oB

3arpssHsowuee BeleCcTBO YaenbHbIN BbIGPOC, KriT npoaykuum (ron)
Oxcuapl a3ota (B nepecyete Ha NO2) <0,3
MoHookeug yrnepoaa (CO) <40
MertaH (CH4) <0,2
Ovokeng cepbl (SO2) <47
Cepoeogopopa (H2S) <0,5
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TexHornorusa nmeet Bonee AByX NPUMEPOB YCMNELWHOrO BHEAPEHUS Ha NPeanpUaTUAX
nepepaboTkM NPUPOAHOTO rasa.
HAT 13. TexHONOrusi rpaHyfIMPOBaHNUA U NOJTYYEHUs1 KOMOBOW Cepbl

HAT sBnsieTcA TEXHONOMM rpaHynMpoBaHNS U NMOSyYeHUs KOMOBOW Cepbl C BO3MOXHOCTHHO
NMPVYMEHEHWS: YCTAHOBOK rpaHynALmmM Cepbl 1 YCTaHOBKW MOMNYyYEHNs KOMOBOW Cepbl.

paHynsums cepbl SBMSETCA TEXHONOrMEN MPOM3BOACTBA paHynMpOBaHHOW Cepbl
MOKPbIM METOOM B NCEBAOOKKEHHOM CIOE.

Mpovecc nonyyeHns rpaHynbl NPOUCXOAUT MyTeM HanbineHus: B 6apabaH rpaHynsTopa
NnoAaroTCsl 3aTpaBoyHble YacTuubl cepbl. M3 HUx Gnarogapa npopornbHbIM xenobkam wu
BbICOKOW CKOpPOCTM BpalleHusi Bapabana obpasyeTcs cBoeobpasHbil CEpHbIA «3aHaBeCy, Ha
KOTOPLIA PacnbInATCA  XUAKas cepa U TexHomorndeckas Boga. Obpasyrowmecs
chepuyeckme rpaHynbl NPOXOAST BUBPOCUTO, KOTOPOE COPTUMPYET MOMYYEHHYH NMPOAYKLMIO.
paHynbl, oTBEYaroLLme BCeM TPEOOBaHNAM KadecTBa NPoAYKLMM, MOCTYNakoT Ha XpaHeHne n
OTIPYy3Ky, @ HEKOHAWMLIMOHHBIA MPOAYKT nocTynaeT obpaTtHo B rpaHynsitop. MporpeccusHas
TEXHOMOMUA MOMYyYeHUs rpaHyNMpPOBaHHON Cepbl COOTBETCTBYET TPeGOBaHUSM MUPOBbLIX
CTaHAapTOoB (rpaHyIoMETPUYECKUA COCTaB, NMPOYHOCTb, KUCMOTHOCTE U T.4.).

[ocTonHcTBaMK rpaHynMpOBaHHOW cepbl ABNSAOTCA yaobcTBo 1M GesonacHocTs npu
XPaHEHWN 1 TPaHCTOPTUPOBKE (NBbIM BULOM TPaHCMOPTa), @ TaKKe HU3KME NOTEPU.

TexHornornst Nony4eHUss KOMOBOW Cepbl SBMAETCA TEXHOMOMMEN MonyYeHUs KOMOBOM
Cepbl U3 XMAKOA cepbl DUNKO-MEXAHNYECKUM METOAOM M OCYLLECTBMNAETCS B CreayoLen
nocnesoBaTenbHOCTM:

— pasnuB XWUAKON Cepbl Ha CepHble KapTbl;

— 3aTBepAeBaHune (Kpuctannusauns) cepbl U XpaHeHNe cepbl Ha kapTax;

— pa3paboTka KapT C NoNy4YeHneM KOMOBOW CEpb;

— Mnorpy3ka KOMOBOW Cepbl B TPaHCMNOPTHbIE CPEACTEA.

[locToMHCTBAMM KOMOBOW Cepbl ABNSAIOTCA MpPOCTOTa TEXHOMOMMWM MPUrOTOBIEHUS],
COCTOSILLEN M3 pa3nMBa U 3aTBepAEBaHNS XUAKOW cepbl HA BETOHMPOBAHHOW Mnowagke ¢
nocregyrowM B3anaMbiBaHMeM OnokoB cepbl BbICOTOM 0 3 M, yKnagkoh B witabens u
norpysko Ha TpaHcnopT. OCHOBHOW HepocTatok — notepu go 3 % npu onepauwu
3KCKaBaTOPHOrO pbIXneHns BrokoB cepbl, CONPOBOXAAILLENCS 0bpasoBaHNEM MbINEBUAHbBIX
pakumii. Mpu OTKPLITOM XpaHeHUM ONOKOB BO3MOXHO TaKKe 3arpsi3HeHue mnpoaykTa
(yBEMUYEHUE 30NbHOCTN) U YBNAXKHEHWE, YTO YMEHBLUIAET COPTHOCTb CEpPbI.

MpuMeHss 3Ty TEeXHOMNOMMIo, MOXHO JOCTMYbL Mokasatenen Bbibpocos 3B B
aTMOCHEpPHbIV BO3AYX, NPUBEAEHHBIX B Tabnuue 5.12.

Tabnuua 5.12 — TexHonorndeckue nokasatenu HAT 13 npu rpaHynMpoBaHWn 1 NONy4YEHUN
KOMOBOW cepbl

3arpsizHsolee BelwecTBo YaenbHbIN BLIGpOC, Kr/T npoaykuum (roa)
Oxkengbl asota (B nepecyete Ha NO2) <0,05
Monookecua yrnepoga (CO) <0,04
Huokeng, cepobl (SO2) <0,02
Ceposogopog (H2S) <0,06
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TexHonorna nveet 6onee ABYX NPUMEPOB YCMeLHOro BHEAPEHNUS HA NMPeanpUATUNAX
nepepaboTKu NPUPOAHOrO rasa.
Haunyuwme gocTynHbie TeXHOMorumn nepepaboTky NoNyTHOro HedpTsiHOro rasa

5.6 Haunyuywwue pocTynHble TexXHONOrMM nepepadoTku MOMyTHOro HedTAHOro
rasa

HAT 14. TexHonorua wu3BneyeHua yrnesogopoaoB u3 [MMHI metogaom
HU3KOTemMnepaTypHoi  KoHaeHcaumm U pektudmkauum  (HTKP), MeToAO0M
HU3KOTEemMnepaTypHoOMn abcopbuumn (HTA), MeTogamm OOHOBpPEMEeHHOMN
nocrnegoBarenbHon paboTbl yctaHoBOK (HTK+HTKP unu HTA+HTKP)

HOT siBnsieTcs TexHONOrMM nssneveHus yrnesogoponos C3+ 13 nonyTHOro HedTAHOro
raza (HTKP vnu HTA nnn HTK+HTKP nnn HTA+HTKP).

Mpoaykumen aBnswTCA: cyxon oTbeHauHeHbsld ras (COT), rasel yrmeeBogopodHbie
CKWKEHHbIe (NponaH, ByTaH) N Wnpokasa dppakumsa nerkix yrnesogopogos (LUPY).

MpvMeHss 3T TexXHomorMM npu usBnedeHun yrnesogopogos C3+ w3 nonyTHoro
HedTAHOro rasa, MOXHO AOCTWMYb Mokasatenen noTpebneHVa aHEepreTUYEcKUX Pecypcos,
3HAYEHWN KO3 PULMEHTA N3BNEYEHMS, OCTATOUYHBIX LENEeBbIX B CyXOM OTOEH3MHEHHOM rase
(COT) n BbIBpoCcoB B aTMOCKEpPHLIA BO3L4YX, MPUBEAEHHbIX B Tabnuue 5.13.

Tabnmuya 5.13. — TexHonormndeckne nokasarenu HAT 14 notpebneHus aHepreTuyeckmx
PecypcoB, 3HaYeHW KOIPULMEHTa M3BMNEYEHWS, OCTaTOYHbIX LEMeBblX B  CyXOM
0T6EH3MHEHHOM rase 1 BbIBpoCoB B aTMOCEPHbIA BO3AYX MPU U3BNEYEHUN YIMEBOLOPOAOR

C3+ u3 nonytHoro HedTaHoro rasa metogamu HTKP, HTA, HTK+HTKP n HTA+HTKP.

HTKP, komnpeccopa ¢
npuBoAOM HTK+ | HTA+
Mokasarenb PasmepHocTb p— razo- HTA HTKP | HTKP
YeCKUM TYPOMHHBIM
OnekTpo-3Heprus, kBT 4/ 1000mM3
He Gonee 320 32 205 170 152
Tennosas aHepruq, | [kan/ 1000mM3
He Bonee 0,09 2,4 0,249 0,34 0,31
OcratoyHble
uenesble B COl, He r’m3 20 40 20
6onee
KoadhdpuuueHnt
U3BreYeHns % 97 94 97
LieneBbIX, He MeHee
YaenbHble nokasarenu Beiopocos 3B, He 6ornee:
Okcuabl asota (B
Cymme) r/ Teic. M3 MHI | 60 1380 130 60 35
Oxkecua yrnepoaa riteic. M3 MHI | 35 590 170 60 11
MeTtaH ritbic. M3 MHI 15 45 34 15 11
Yrnesogopogbl
npeaenbHbie C2-C5 r/ Teic. M3 MHIC | 65 65 32 65
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TexHonorun nmetot 6onee AByX MPMMEPOB YCMNELUHOMO BHEAPEHWUS Ha NPEANPUATUAX
nepepaboTkM NonyTHoro HedTAHOTO rasa.

HAOT 15. TexHonormsa PeKTU(PUKALIMOHHOTIO pasgeneHus wony
(rasodpakumoHupyowme yCTaHOBKM!)

HAT aBnsaetca TexHonormsa pasgeneHusa LUDJTY metogom pektudmkauum Ha FOY ¢
MCMNONb30BaHMEM Mapa B KayecTBe 060rpeBaroLLEro areHTa no nosnHon cxeme nepepaboTku
(monyyeHve B KayecTBE NPOAYKLUMM WHAMBUAYalbHbIX KOMMOHEHTOB — nponaH, 6yTaH,
1306yTaH, NeHTaH, naoneHtaH, C6+ unm nx cMecu), Nnu No CoKpaLLeHHOM cxeme nepepaboTku
(nonyyeHune B ka4ecTBe NPoAyKLMM — nponaH, 6yTaHosas ¢ppakums, neHTaHoBas hpakuma Unm
dpakumsa C5+).

Mpun pextudukaumorHHom pasgeneHun WY Ha FPY ¢ mnenonb3oBaHneM napa B
KayecTBe O0OOrpeBalOLLEro areHTa, MOXHO JAOCTMYb nokasatenen noTpebnenua
3HEepreTMYECcKNx pecypcoB, nokasartenen Hopm pacxoaa MTP v BbiGpocos 3B B atMocdepHbI
BO3AYyX, NpuBeAEHHbIX B Tabnuue 5.14.

Tabnmya 5.14 — TexHonorunyeckme nokasatenu HAT 15 - [llokasatrenu notpebneHus
3HEepreTMYECcKNX pecypcoB, nokasarteny Hopm pacxoga MTP u BbibpocoB 3B B atmocdepHbI
BO3AyX TexHomnormv pasgenenua WPNTY Ha MPY n gononHUTENbHON a3eoTPONHON OCYLLKX
nponaHa (AOIT)

MNokasarenb Pa3smepHocTb roy Aon
OnekTposHeprus, He Gonee kBT 4/ 1000m3 10 23
Tennosas 3Heprus, He bonee Mkan/1000m3 0,50 0,70

Pacxog cbipbs Ha BbipabaTtbiBaeMyto

Kr/ToHRy 1100 1003
npoaykuuio, He 6onee

YnencHble nokasatenu eeibpocos 3B, He Gonee:

MeTtaH r/T cbipbs 18 0
Yrnesopopoabl npegeneHele C2-C5 r/T cbipba 160 20
CnmpT MeTnnoBbI r/T cipbs 0 0,08

TexHonorus umeeT Gornee AByX NPUMEPOB YCMELHOro BHEAPEHUS Ha NPeAnpUATUASX
nepepaboTku NPUPOLHOro 1 NOMYTHOTO rasa.

HAT 16. TexHonorua komnpumupoBaHus MHI

HOT saBnsetca TexHomornst komnpumuposanus [MHIT Ha oTaenbHO  cToAWMX
KOMMPECCOPHBIX CTAHLMSIX C BOSMOXKHOCTBHO NMPUMEHEHMS KOMIMPECCOPOB C SNEKTPUYECKUM U
razoTypOuHHbEIMY NpMBOAAMMU.

[aHHas TexHonorusi BkntoyaeT B ce65 KOMMPECCOPHbLIN arperat, cenaparophl, a Takke
onuymoHansHo 6rokm ocywkm n ABO rasa.

Mpu komnpumupoBaHun [MHI, MOXHO AOCTMYL nNokasaTenerm noTpebneHus
3HEepreTUUEeckUXx PpecypcoB W nokasaTtenei BolbpocoB 3B B aTMocdhepHbIi  BO3AYX,
npueeaeHHbIX B Tabnuue 5.15.
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Tabnuuya 5.15 — TexHonormdeckme nokasatenn HAOT 16 — [Mokasarenu notpebneHuns
3HEpreTMYecknx pecypcoB u BbibpocoB 3B B aTtMoCepHbI BO3AYX TEXHOMOMMM

komnpummposanus MNHI

TexHonorua komnpumupoBaHus NMHIC

Mokasatens PasmepHOCTb | ¢ snekrponpusosom C ra3oTyp6uHHbIM
KOMMpPeccopoB NPMBOAOM
KOMMpPEeccopoB
G”e”pgg:zg”"”’ "€ | «Brw 1000 M3 180 44
Tennosas aHeprus, He
Gonee [kan/1000 m3 0,036 0,42
YaenbHble nokasarenu seibpocos 3B, He Gonee:
Oxcupbi a3ota (B FTbiC. M3 THT 16 225
nepecyete Ha NO2)
Okeng yrnepoga r/Teic. m3 MHC 22 345
MeTtaH r/Teic. M3 MHI 28 14
YTNIeBOACPOAL! FTbiC. M3 TTHT 28 7

npeaensHble C2-C5

MepeyeHb HaUMYYLWNX [OCTYMHBIX TEXHOSOMUI MPVBEAEH B NpunoxeHum I
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Paspen 6. 9kOHOMMYeECKUE acneKkThbl peanu3aLumn Hamny4wmnx
OOCTYMHbIX TEXHONOINMiM B NepepaboTKke NPMPOAHOro U NOMyTHOrO rasa

PaccmoTpeHHble pasfensl Mo 3KoHoMUYeckuM nokasatenam HAOT, paspaboTaHHbIX U
MPUHATBIX B ycTaHoBNeHHOM nopsake CnpasouHvkoB HAT, noseonsior caenatb o6Limi
BbIBOS, O TOM, YTO A0 CerofHsiluHero AHs B Poccum OTCYTCTBYeT eiuHbIA NOAXo4 Kak K
3KOHOMUYECKOMY KpUTEpUO  mnaeHtndmkaumm HAOT, Tak M K OLEHKE SKOHOMUYECKOW
ahdpekTnBHOCTM nNepexoaa Ha HAT.

MexayHapogHas npakTuka yyeTa SKOHOMUYECKMX acrnekToB Mpwu BHeapeHwm HAOT
cornacHo CnpaBoyHuky Eponeiickoro Coro3a «3OkOHOMWYECKME acnekTbl U BOMpOChI
BO3AENCTBMA Ha pasnnyHble KOMMOHEHTBI OKpyKawLwen cpedbl» [143] ucnonbayetr MeTos,
LVICKOHTUPOBAHHBLIX AEHEXHbIX MOTOKOB C Y4E€TOM JaHHbIX O 3aTtpatax M addekrax,
CBA3aHHbIX C BHEAPEHMEM TEXHOMOTMM 3@ BECb >W3HEHHbIM uukn. O6ocHoBaHWe
CYLLIECTBEHHbIX acreKTOB TakOW OLEHKW, Hanpumep, KoddpduumMeHTa LUCKOHTUPOBAHWS,
nopsiaok yveta vHANSUMM U T.4. UGEHTUYHO TOMY, KOTOPOE MPUMEHSIETCA MPWU OUEHKe
3KOHOMUYECKOM 3P PEKTUBHOCTY NHBECTULMOHHBIX MPOEKTOB.

BHeppeHve cuctembl HAOT noppasymeBaeT BHeApeHWEe, 3ameHy/peKkOoHCTpykumto/
MOZEPHM3aLMI0 TexHonorndeckoro obopyaoBaHUsi UNKU OTAENbHBIX €ro 3MEeMEHTOB, 4TO
LOMKHO TMPMBECTM K MOBBILEHMIO 3MMEKTBHOCTU BHEAPSEMbIX W CYLUECTBYHOLLMX
NMPOV3BOLCTBEHHBLIX MPOLIECCOB.

Cnepyetr otMeTuTb, uto nepexog Ha HAT He pomkeH yxyawaTtb SKOHOMUYECKUE
nokasatenn paboTbl MPEanpuATUS, U B 3TON CBSA3N LIENecoobpas3Ho paccmarpuearb
BHegpeHne HOT, kak 1 nobon ApYyron TEXHUKU U TEXHOMOMUW, HE BbILENSS B OTAENbHYHO
KaTeropurd 3atpatbl, UMEIOLME UCKIMIYUTENBHO MPUPOAOOXpaHHOe HasHauveHue. [lpu
BblZl€NEHUM MPUPOL0OXPaHHBIX 3aTpaT B POCCUCKON NPaKTUKE MOFYT BO3HWKHYTb CEPbE3HbIE
TpyLHOCTU. Bo-nepBhbIx, 3aTpatbl HA BHEAPEHWE NPUPOAOOXPAHHON TEXHUKU (APKUIA NpUMep —
OYMCTHbIE COOPYXEHUS) MOrYT ObITb 3HAUMTENLHO GONblie NONOXUTENbHBIX 3dhdeKToB B
LEHEXHOM BblpaxeHun. Bo-BTOpbIX, 0OOCHOBaHME OTHECEHWA 3aTpaT K kateropum
NMPUPOLOOXPaHHbIX YacTO BbI3bIBAET CMOXHOCTW, T.K. GblBaeT CRoxHO onpeaenuTtb, Kakas
YacTb TexHomnormyeckoro oOopyAOBaHUsi BHEAPSETCA C LEenbid OOHOBNEHWS OCHOBHbIX
NMPOM3BOACTBEHHbIX (POHAOB, a Kakas — AN CHWKEHWS HEeratMBHOTO BO3ZENCTBUSA Ha
OKpyXatoLLyto cpeny. BbiaeneHve 3aTpaT, HanpaBreHHbIX HEeNOCPEeACTBEHHO Ha OXpaHy
OKpyXatoLlen cpefbl, MOXeT ObiTb OMpaBAaHO B TOM Chy4Yae, Korga MOXHO BblAENUTb
KOHKPETHYH TEXHOMOMMYECKYHO YCTaHOBKY, obecrneymnsatoLLyto NpuposooxpaHHbIn addgexT.

TexHonornyeckoe obopynoBaHMe, WUCMONb3yeMoe B nepepaboTke NpPUPOAHOro u
MOMNyTHOro rasa, MPEACTaBMNEHO LUMPOKON HOMEHKNATYPOW, ero MHANBUAYyanbHbIE NokasaTenu
3aBUCAT OT xapakTepucTuk koHkpeTHoro I3 (I'TIM) n xapakrepucTvk nepepabaTbiBaeMoro
CbIpbS, OMPEAENSAIOLEr0o MepeYvYeHb TEXHOMOMMYECKMX MpPOLECCOB (Hanpumep, Hanuine
YCTaHOBOK CEPOOUMCTKM MPU COAEPKAHMMN KACTIBIX KOMMOHEHTOB B NepepabaTtbiBaeMOM Chipbe
M ap.). B cBASKM € STMM HEBO3MOXHO YCTaHOBWUTb YAENbHble KanuTanbHble W
3KCMnyaTtaunoHHble 3aTtpaThl Ha BHeapeHne HOT B nepepabaTtbiBatoem CermeHTe.
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Moatomy npu o6OCHOBaHUM AOCTYMHOCTU TEXHOMOrMA HeobXxoLMMO MCronb3oBaTh
cneayoLme KpUTEPUA 1 NokasaTeny 3KOHOMUYECKON 3pdeKTnBHOCTYM (Tabnnua 6.1)3.

PacuyeT akoHOMWYeckoh 3MDEKTUBHOCTA BHELPAEMON  TEXHOMOrMM  AOIDKEH
MPON3BOAUTLCS B COOTBETCTBUM CO CNEAYHOLLMMIN NMPUHLMNAMM:

— VWCXOLHble JaHHble [Ana pacdeTa SKOHOMWYECKOW 3ddeKTMBHOCTM LOJDKHbI
COOTBETCTBOBATb KPUTEPUSIM AOCTOBEPHOCTM, ODOCHOBaHHOCTM U COMOCTaBMMOCTY;

— pacyeT NPOM3BOAUTCA B pamMKax KU3HEHHOrO LuKna (pacyeTHOro nepuoaa);

— pacuyeT Mpou3BOAMTCH B LEHEXHOW (hopMe B LEHax, AEeWCTBYHOLUMX Ha MOMEHT
BbIMOJIHEHMSA pacyeToB (C 06s3aTenbHbIM yKasaHMeM 3TOro MOMEHTa);

Tabnuua 6.1 — NokasaTtenn SKOHOMUYECKOM 3hHEKTUBHOCTU oTHeceHus k HOT

Ne
nn

MokasaTenb Kputepun

HeoTpuuaTenbHbin [144]

Mpwv cpaBHEHWN C anbTePHATUBHBIMW
TEXHOMNOrMAMM NPEANOYTEHNE AOIMKHO
oTaasarbcs TexHonoruu ¢ Gonbunm YA4.

He Hke 15 % [145]

Mpu cpaBHEHUM anbTePHATUBHBIX MPOEKTOB
npeanoYTEHNE A0JTKHO OTAaBaTLCS MPOEKTY C
6onblKM 3HaYeHnem BH/,.

1 | YMCTbIN LUCKOHTMPOBAHHLIA [OXOZ4

2 | BHyTpeHHsAsa HOpMa AOX0AHOCTM

He Gonee 6 net [146].
3 Cpok okynaemocty ¢ ydyeTom | Mpu cpaBHEHWU arnbTepHATUBHbLIX MPOEKTOB
JAUCKOHTUPOBaHMA npeanoYTeEHNe AOMKHO OTAABAaTLCA MPOEKTY C

MEHbBLLMM CPOKOM OKYNaemMoCTW.

— pacyeT HOMMKEH BKMHOYaTe BCE JEHEXHble MOCTYMNMNEHUs U pacxofbl B TeYeHUe
pacyYeTHOro Nepuoaa, CBA3aHHbIE C BHEAPEHNEM TEXHOMOMNM,

— pacuyeT 3(PEKTUBHOCTM MNPOEKTa [OIDKEH MPOBOAUTLCS MYyTEM COMOCTaBMEHUS
peneBaHTHbIX AeHEXHbLIX MOTOKOB. YUMTLIBAIOTCA TOMLKO Te 3arparbl U 3ddeKTbl, KoTopble
CBSI3aHbl C BHEAPEHNEM TEXHONOMN;

— YYeT AuHaMUKM (M3MEHEeHMe BO BPEMEHWN) NapaMeTpoB MpoektTa Wu  ero
3KOHOMMUYECKOrO OKPYXXEHUsI, a Takke HEepPaBHOLEHHOCTb NPOU3BEAEHHbIX B pasHOe BpeMs
3aTtpar UWunu nonyYeHHbIX AOXOAO0B. YYeT HEepaBHOLEHHOCTU Pa3HOBPEMEHHbIX OEHEXHbIX
NMOTOKOB MPOU3BOANTCA METOAOM AUCKOHTUPOBaHWA. lNpeactaBneHHble nokasatenu BHA v
CpoKa OKyrnaemoCTW SBMSIOTCH OPUEHTUPOBOYHOW [PaHULEN OTCEYEHUS 3KOHOMWYECKU
He3(OMEKTUBHBIX TEXHOMNOTUA, BHEAPEHUE KOTOPbIX OOYCNOBMNEHO TOMNMBKO CHUXEHUEM
HeratmBHoro Bo3gencTeus Ha OC. B pacyetax no onpeaeneHuto 3dekTMBHOCTU
BHELPAEMON TEXHOMOMMM pPEKOMEeHIyeTcs BblOupaTe HOPMY AUCKOHTA C YYETOM CTEneHu
pucka, koTopas ykasaHa B Tabnuue 6.2.

3 MpeacraBneHHble B Tabnuue 6.1 nokasatenu BHI u cpoka OKynaemocCTW SIBMSIIOTCA OPUEHTUPOBOYHON
rpaHuLien 0TCeYEeHNss IKOHOMUYECKU HEIDMEKTUBHBIX TEXHONOTMI, BHEAPEHUE KOTOPbIX ODYCNOBNEHO TONBKO
CHVDKEHWEM HeraTMBHOrO BO3AENCTBUSA Ha OKPYyXatoLlyio cpedy. B cnyyae Hanuums B KOMNaHUM HOPMAaTUBHbIX
OOKYMEHTOB BHYTPEHHEro MoSib30BaHUA, PErnameHTUPYIOWMX OLEHKY 9KOHOMMYECKOW d(PdEKTUBHOCTU
MHBECTULIMOHHBIX MPOEKTOB, NoKkasaTenu 3KOHOMUYECKON 3MEKTUBHOCTU OTHECEHUS TEXHONOTUIA K KaTteropum
HAT moryT 6bITb YCTAHOBMNEHLI B COOTBETCTBUM C JAHHLIMW JOKYMEHTaMMU.
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Tabnuuya 6.2 — BennymHa HOPMbI UCKOHTa B 3aBMCMMOCTU OT Xapakrepa NponsBoacTea U
CTeneHu pucka

Hopma auckonTa, %
Hu3skas cteneHb CpeaHsia cTeneHb Bbicokas
pucka pucka (UHBeCTULMU B cTeneHb pucka
Xapakrep (vHBecTULMM B 06 BbEeKTbI C YaCTUYHbIM | (MHBECTULUN B
NpousBOACTBA | moaepHM3aumto/pe | UCNOMb30BaHUEM npUHUMNUanbLH
KOHCTPYKLUMUIO HOBbIX TEXHUYECKUX U | O HOBbIE
heucTeyolwen TEeXHONOrM4ecknx TeXHONorum)
TEXHOMNOrnm) peweHun)
MepepaboTka 8 10 12
rasa

Mpn paccMoTpeHNMM SKOHOMWYECKMX acnektoB nepexoga Ha cuctemy HAT
npeanpuaTuiA no nepepaboTke rasa n crabvnusaumn koHaeHcaTa HeobXxoanMO yduTbIBaTbL
CyLLeCTBYIOWME Mepbl FrOCYAAPCTBEHHOTO CTUMYMUPOBAHWSA: WHBECTMLIMOHHDBIN HarorosbIn
KPeauT W MPUMEHEHWEe MexaHusma YCKOPEeHHOW amopTusaumn. [na  nosbileHWs
3KOHOMUYeckon addpeKkTMBHOCTM npoekToB BHeapeHua HAT uenecoobpasHa paspaboTka
L OMOMHWUTENbHOrO KOMMEeKCa Mep rocy4apCTBEHHOro CTUMYNMPOBaHUSL.

B cnyvyae skoHoMuueckon HeuenecoobpasHocTu BHegpeHusa HAOT Ha gencreyrowmx
NMPOM3BOACTBEHHbIX 0BbEKTaX OTPacnvM NpPoAnNEeBaeTCa CPOK WUCMOMb30BaHWUA AEWCTBYIOLLEN
TexHonorum.

124



NTC 50-2017

Pasgen 7. NepcnekTMBHbIE TEXHOIOMMM NepepaboTKN NPUPOLHOro U
NnonyTHOro rasa

7.1 TexHonorua rny6bokoro otT6eH3MHUBAHNA rasa

TexHonorns npefHasHavyeHa Ans rnybokoro oTbeH3nHMBaHUS rasa C OoT60poM A0
100 % xmnaknx yrnesoaopoaoB (pUcyHok 7.1).

PucyHok 7.1 - TexHonormsa rnybokoro 0T6eH3nH1BaHus rasa

OT6eH3MHMBaHWe rasa MpoBoOAMTCA B OA4HOM annaparte, OCYLecTB/AeTCs
OBYXCTYNneHyaToe BblAeNIeHNe XUAKAX YrneBogopodoB m3 rasa. Ceipbe, cogepxaiiee [0
200 r/mM3 XnMAKuUX YrneBofOpPOAOB, NOCTynaeT Ha MNepByl CTyMNeHb cenapauuun, oTkyaa
0TOMpaeTCa HacbILEeHHbI BAAroi rMNKoAb WM MHOe BELLEeCTBO, a Takke OCHOBHas macca
XUOKNX YrNeBogopoaoB. 3aTeM, 3a CUHET LMPKYIALUUU YacTy XUAKAX YINeBOAOPOLOB MeXay
nepBoi 1 BTOPOIi CTyNeHbIo OCyLLecTBAsSeTCA ux rnybokoe yaaneHve u3 rasa go 2-3 r/m3. Ha
BTOPOW CTyneHu npumeHsieTcs 6o/iee NA0THAA perynspHas CTPyKTypa Hacafku u 6onbliee
ceyeHne AN npoxofa rasa 4vepes Hacafky. CKOpPOCTb rasa 3a CYET 3TOro CHWXaeTCs, 4TO
UCKI0YaeT BEPOSITHOCTb YHOCA XUAKOCTU. KoasiecumMpoBaHHas XUAKOCTb C KaKAOW CTymneHu
pasfenbHo nocTynaeT B Ky6OBYt0 YacTb cenapaTopa, OTKyZa BMeCTe C [/IMKO/IEM BbIBOAUTCSA
Ha pasfgeneHne. B npouecce UCNOMb3YKTCSA pasnnyHbie XnajareHTbl C TemnepaTypoit
oxnaxgeHus ot mumHyc 10°C go muHyc 40°C. MoOXeT npumeHATbCcA TypboaetaHaep wam
Apoccenb AN AOCTUXEeHUS 60/1ee HU3KOW TeMnepaTypbl OXNaXAeHUs rasa.

MpumeHeHVe [AuKoneik B HU3KOTEMNepaTypHbIX  npoueccax WMeeT  pUCKM
TEXHO/IOTMYECKNX OC/IOXKHEHWUIA, CBSA3a@HHbIX C 3acTbiBaHMEM pacTBOpa [/IMKOAS B Clyyae
3aMeTHOro OTK/IOHEeHMA KOHLEHTpauuu OT TOYKM 3BTEKTUKU: Kak 3aBbllLeHne, Tak U 3aHmKeHne
ONTUMa/bHOM KOHLUEHTpauunm BefeT K Pe3koMy MOBbLIWEHWD TemnepaTypbl 3acTbiBaHWs.
Heob6xoaMmo o6ecneyeHne CTPOrOro KOHTPOAA 3a TEXHONOrMYeckuMy napameTpamu
npotiecca.

Mpn  u“CNONb30BaHWW  3TOW  TEXHONOTMW  AOCTUraeTCs  BblAeNeHne  XUAKMX
yrnesogoponos v ravkons go 100 % ot paBHOBeCKs. YCTaHOBKa CrnocobHa paboTtaTb B caMbiX
C/TIOXHbIX YCNOBUAX He MeHee 4 neT 6e3 notepu MOWHOCTU. SA(EKTUBHOCTL BblAeNeHUs
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XUOKNX YrneBofopoAoB npu aToMm gocturaeT 99,8-99,9 %. [lmanasoH yCTOW4YMBOW paboThbl
ycTaHoBku - oT 0 Ao 140 % oT HOMMHana, nNpu nepenage AasneHusa He 6onee 700 Ma.
TexHONorna NMeeT OMnbIT KOMMEPYECKOro UCNO/Ib30BaHUSA.

7.2 TexHOMoOrms HU3KOTeMMepaTypHOM cenapaymmn rasa

TexHonorusi  obecneunBaeT rnybokoe OT6GeH3MHMBaHME Trasa B  fpouecce
HM3KoTemMnepaTtypHoint cenapaumm (HTC) nytemM [ABYyXCTyneHyatoro otbopa KanefnbHOl
XWAKOCTM, MEXaHUYeCKMX 4acTuly W NpoBeAEeHMSA KoanecCLeHUuMn aspo3osieil B OfHOM
annapaTte (puUCyHoK 7.2).

PucyHok 7.2 - TexHONMorusa HM3koTemnepaTypHoi cenapauumn rasa

[ByxcTyneHyartas cenapauMss rasa B OJHOM annapaTe OCYLECTB/SAETCA Mnpu
pasnnuyHbIX cnocobax Co3f4aHuA  HU3KOTeMnepaTypHOro OX/JaxAeHusa rasa, BK/IO4Yas
MNCMNOMIb30BaHMe CTOPOHHEro UCToYHMKa xono4a (0T muHyc 10°C go muHyc 40°C), oxnaxgeHune
rasa ero [pocceniMpoBaHMeM WaM ¢ NOMoliblo Typ6ogeTaHgepa (0T MUHyc 25°C A0 MUHYC
50°C). B0O3MOXHO KOMOGMHMpPOBaHHOE oOxnaxgeHue. [N cokpaw,eHus BarocogepxaHus
NPUMEHSAIOTCA pasfiMyHble TNIMKONN WU Apyrue BelwecTBa. B cenapartope Ha BCex CTyneHsx,
B TOM uucfe 1 415 KoanecueHuun, NpMMEeHSIoTCS onpegeneHHble Buibl NepekpecTHOTOUHO
Hacagkn. Wcnonb3yemblli npu 3TOM MNPUHUUN NEPEKPECTHOTOYHOrO ABWXKEHWUS rasa W
oCyLlecTB/leHNne 0T6opa XWAKOCTU HENOCPeLCTBEHHO M3 06bemMa HacafkuM UCKIYaeT
AB/IEHNE «BTOPUYHOrO» YHOCa XMAKOCTU M NO3BOMSeT oToupaTb M3 rasa go 99,9 % ot
pPaBHOBECHOrO cofepxaHus B Hell xupgkoid casbl. Kpome 3toro, yganserca go 98 %
MeXaHNYecknx yacTtuy pasmepom o 5 mkm, n go 80 % asposonein go 0,5 mkm. PaboTa
annaparta ycToiumMBa faxe Mpy 3asnoBbiX BblGpocax XWAKOCTW, B KOTOPOW HOMWHAaNbHOE
3HayeHue npumecei npesblllaeTcsa B A4ECATKN pas.

TexHonorma no3sonseT [OCTUraTb BblAE/IEHUS XUAKUX YINEeBOL40POAOB M [/IUKONA 40
99,98 % OT paBHOBECHbIX BENMUYNH. KOHCTPYKUMA AEMUCTEPOB U KoanecLeHTOpOoB No3BoAseT
3KcnyaTnposaTb annapar B CaMbIX C/IOXHbIX YC/IOBUSIX, C MEXPEMOHTHbIM Mpo6erom Ao
4 net 6e3 notepy MOLLHOCTU. DEKTUBHOCTL Cenmapauum BO BCeM JuanasoHe paboTbl
coctaBnaeTr 99,6-99,8 %. [lepenaf pfasneHna He npesbiwaer 5 MM.pT.CT. [unanasoH
yCTO4YMBOW paboTbl Npouecca cocTasnseT oT 0 go 140 % oT HoMMHana.

MpuMeHeHne rAvMkoneil B HWU3KOTEMMepaTypHbIX Mpoueccax WMeeT  PUCKK
TEXHOMOTMYECKNX OC/IOXHEHUIA, CBA3aHHbLIX C 3acTbiBaHWEM pacTBopa [/IMKOASA B cllyyae
3aMEeTHOr0 OTK/TIOHEHNS KOHLEHTpaLMM OTTOUKN 3BTEKTUKN: KakK 3aBbllLeHne, TakK 1 3aHmkeHne
ONTMMAaNbHOW KOHLUEHTpauun BedeT K Pe3KoMy MOBbILEHUI0 TemnepaTypbl 3acTbiBaHuWs.
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Heo6xoaumo o6ecneyeHne CTPOroro KOHTPO/S 3@ TEeXHOIOTMYECKUMM NapameTpamu
npouecca.
TexHONOrsi MeeT OMbIT KOMMEPYECKOT0 UCMO/b30BaHMS.

7.3 TexHoorMm HU3KoTeMnepaTtypHoOro pa3sgesieHns yrneso0poAHbIX rasos

7.3.1 TexHo/0ormMa HU3KoTeMMNepaTypHOro pasgeneHnsa u abcopbuyun
noBblweHna otéopa CMNBT 13 npupogHoOro rasa

TexHonornsa npegHasHaveHa ansa obecnevennsa otéopa CIMBT 13 npMpogHOro rasa go
YPOBHA He Huxe 99,5 % oT noteHuymana MeTOAOM HU3KOTEMMEPATYpPHOro pasfeneHvs u
a6bcop6bumn (HTP+HTA) rasa 3a cuyeT MWCMNO/b30BaHUS CheuvanM3MpoBaHHON Hacafku.
MpuHunnNuanoHasa cxema npuBegeHa Ha pUcyHke 7.3.

PucyHok 7.3 - TexHonorusa nonydeHus CrbT u3s npupogHOro rasa

B cenapatopax u pgeaTaHu3aTope WUCMNOMb3yeTcA cheuvannM3upoBaHHas Hacajka,
3hheKTMBHOCTb KOTOPOI MakcumasbHa, Ao 100 %, 4To NO3BOMSET yAanaTb U3 rasa XuAKy
hasy 1 MakcumasnbHO O0TO6GpaTh U3 rasa feaTaHu3aluu LeneBble KOMNOHEHTbl. TensaoobmeH
MeXay noTokamu Ha YCTaHOBKE OCYLUECTB/ISETCA B OAHOM WM [BYX MHOTOCEKLMOHHbIX
Tenno0bMeHHbIX annaparax, KOTopble NPUHUMAIOT Ha OXNTaXAeHne ra3oXnaKoCTHY CMecChb 1
No3BO/IAIOT OTBECTU KOHAEHCAaT U3 OX/IaXAEeHHOro notoka rasa. [ns 3awmuTel 060pyA0BaHUA
npegycMaTpuBaeTcsl BMNPbICK MWHUMAaSIbHOrO KO/MYecTBa MeTaHosa N0 MHOrOTOYeYHOM
cxeme, 4TOo nosBonseTt BblpabatbiBaTb CMBT u AN KOMMYHaslbHbIX HyxA. [eaTtaHusaTtop
BbINOMHAETCA CEKUMOHMPOBAHHbIM. BepxHas cekuua npefHasHaveHa pansa abcopbuum,
cpefHsas - AnA cenapauuy CbipbeBOro rasa nocne typbogetavgepa (TOA), a HWKHAA - Ana
yOaneHns ataHa w3 Ky6OBOW XWAKOCTW. BbINO/SHEHME NPOMbIBKM XONOAHON 6yTaHOBOW
hpakumein B cekuum abcopbuum nNO3BONSAET MNPUHMMATbL Ha YCTAHOBKY ra3 C BbICOKUM
cogepxaHmem COr. B KOMOHHE, B 3aBUCUMOCTU OT YC/IOBUI UCXOLHOrO rasa, MOXeT 6biTb 40
ABYX peumknos, NO3BOASAKLWMX NOAAEPXMBaTb TeMnepaTypy pacwumperms rasa nocne TAA Ha
LO/MKHOM YpOBHE, HE3aBUCUMMO OT KIMMAaTUYeCKUX YCOBUIA.
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[Ona 06bEeKTOB C OAUHAKOBOW MOLLHOCTBI W [y6uHoli ot6opa CMBT cTOMMOCTb
YyCTaHOBKM MO npejnaraemoin TexHonorun Ha 10 % Huxe, NOCKOMbKy Macca cenapaTopoB U
JemMeTaHn3atopa, BbIMOJIHEHHbIX W3 HepXaBewwein cranm, npu MPUMEHEHUU Hacagku
CHuxaeTca Ha 20 %.

TexHoNorna NMeeT OMbIT KOMMEPYECKOr0 UCMO/Ib30BaHNS.

7.3.2 TexHONOorMsa HM3KoTEMNEpPaTypHOro pasgenieHns n abcopoumn npupogHo
n/vnu NonyTHOro rasa A/19 NosiydyeHus ataHa U3 nNpuUpogHoOro rasa

TexHonorusa npegHasHavyeHa gns 4OCTUXKEHNS IKOHOMUYECKU BbIrOAHOIo 0T6opa aTaHa
He Huxe 99,8 % OoT noTeHumMana MeTofgoM HU3KOTEMNepaTypHOro pasfgeneHus n abcopbuun
(HTP+HTA) npwupogHoro w/mnu nonyTHoro rasa. lpuHuMnuanbHas cxema npueBefeHa Ha
pucyHke 7.4.

PucyHok 7.4 - TexHonornsa nosyyeHusa ataHa u3 npupoaHoro rasa

Cneuvanv3vpoBaHHble Hacaku No3BOMSAKT C NOMOLWbio HTA npakTuyeckn NosHOCTbIO
nornoTUTb 3TaH N3 MeTaHOBOW hpakuum 3a cyeT cBOei cnocobHocTM paboTaTb B YCNOBUSAX,
6/IM3KNX K KPUTUYECKMM. B TexHonormm npuMmeHseTcs TensoobMeH C  pasfefibHbIM
oXNlaX4eHnem XuUAkol u rasoBoli hasbl, U 3PEeKTUBHO UCMOMNb3YETCH XON0A4 HECKONbKMX
peuuknoB. MM03TOMy NPONaHOBbLIV X0/104, NPU BblAENEHUN 3TAHOBOW chpakumn He TpebyeTcs.
B gononHeHne K aToMy, Hacafjka No3BofseT MPOBOAUTbL AemMeTaHu3auuio rasa npu 6onee
HU3KMX Temnepartypax, YeMm npu MNpuMeHeHuu Tapenok - [o mMuHyc 115°C. lNpu 3TOM He
nponcxoauT 3abruBaHue KOMOHHbI TBepgol CO2, Aaxe Npu MOBbILWEHHOM cogepxaHun CO2 B
NCXOL4HOM rase. Mo TEXHONOTMU B BEPXHEN YacTu AemMeTaHu3aTtopa NpUMEHSIeTcs Hacajka C
OYeHb HM3KMM nepenajoM AaBfeHUs U BbICOKON 3heKTUBHOCTLIO copbumm ¥ cenapauuu.
OTO MO3BOJIAET AOMOMHUTENIBHO CHU3UTL TeMnepartypy paclimpenus rasa B TAA Ha 2-3°C, no
CpaBHEHWIO C U3BECTHLIMU TEXHONOMMSAMU.

CToMMocTb 06bekTa C NpMMeHeHneM TexHonorum Ha 30 % Huxe, YeM npu peanusauuu
M3BECTHbIX PELUEHW C 0AMHAKOBON rnybuHoli oT6opa aTaHa.

TexHONorma nMeeT onbIT KOMMEPYECKOro UCMNoIb30BaHuUs.
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7.3.3 TexHONorns HW3KOTeMNnepaTypHOTro pas3feNneHus yrneBOAOPOAHOTO
AN NOBbIWEeHNA cTeneHn n3sneveHums W oy

TexHONorns HU3KoTeMnepaTypHOro pasgefnieHns yrneBofopoAHOro rasza obecneumnsaet
NOBbILLEHNE CTENEHN U3BIEYEHUS U3 YINIeBOAOPOAHOro rasa pakunm Cs+soie (LLUDTY).

CxemMa YyCTaHOBKM HU3KOTEMNepaTypHOro pasfesieHus  YrnesofOpPOAHOro  rasa
npusefeHa Ha pucyHke 7.5a.

Ha pucyHke 7.56 - BapuaHT yCTaHOBKW, OT/IMYAlOLMIACA Tem, 4YTO Ha Tpy6onposoge
BbIXOJa rasoBOi (hasbl AeaTaHu3auunm u3 BTOPOW dpakuMoHUpYloLLel KOMIOHHbI nocne
TennoobMeHHMKa ra3oBoi hasbl AeaTaHu3auuMm LOMOMHWUTENIbHO YCTAHOB/EH MPOMAHOBLIN
XONOANBbHYK.

Ha pucyHke 7.58 - BapuaHT yCTaHOBKW, OT/MYaloWmiica Tem, 4Tto naTpybok Bbixoda
KOHAgHCaTa ©3 MepBOli (YpakuMOHUPYIOLLEA KOMOHHbI COEAMHEH C naTtpyokom Bxoda
KOHAeHcaTa BO BTOPYl (PPaKUMOHMPYIOLLYIO KOJIOHHY u4epe3 Temns006MeHHbI y3en,
BbIMOSTHEHHBLI B BuAe TenI006MEHHUKa YrneBOAOPOAHOrO rasa, KOTOpbI COeAuHEH ¢
Tpy60onpoBOoAOM Nojaun yrneBogopO4HOro rasa y3na oxnaxaeHus,

a

0T6eH3MHEHHBI ra3
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©iGeh TUCHNbIN ral

PucyHok 7.5 - YcTtaHoBKa HU3KOTeMMepaTypHOro pasgesieHus YrineBoLopoAHbIX ra3oB
C [OMOIHUTE TIbHbIM U3BnieveHnem LLUPJTY

YcTaHoBKa cofepxut Tpybonposog | nogauv yrneBoAoOpOAHOrO rasa, KoTopblid
nocnefoBaTe/lbHO CBfA3biBaeT 06OpyJOBaHWE Yy3na OXNAXAEHUS YreBOAOPOAHOrO rasa,
BK/MtOYatoLLero TensoobmeHHmkn 1,2,3, HU3koTeMmnepaTypHblili cenapatop 4, TypbogetaHaep
5 n pgpoccenbs 6. Bbixog w3 TypbogetaHgepa 5 v pgpoccens 6 coegyHeH € nepsoii
(PpaKLNOHUPYIOLLENA KOMIOHHOM 7, CHAGXeHHOW naTtpybKoM 8 Bbixoda OTOEH3MHEHHOrO rasa, U
naTpybkom 9 nofaym OpoLUEHMS B BEPXHEN yactu, un natpyokom 10 BbIxoga KOHAeHcata B
HWKHeRn Yactu. MaTtpy6ok 10 BbIxoda KOHAEHcaTa M3 NepBoi (PPaKLMOHUPYIOLWEN KOTOHHbI 7
coefinHeH ¢ naTpy6kom 11 nogaun KoHAeHcaTa BO BTOPYH (PPaKLMOHUPYIOLLYIO KOMOHHY 12,
CHabxeHHyt natpybkom 13 Bbixofda ras3oBoi hasbl feaTaHusaumun, n natpyokom 14 nogauu
OpOLUEHNs B BepxHei uactu, u natpybkom 15 BbiIxoda XuAKoW pasbl, oboralieHHol
TSOKENbIMU YIIEBOAOPOAAMU Cs+suiwe, B HUKHENR YacTu.

Matpybok 8 BbIxoAa OTOGEH3MHEHHOro rasa nocnefoBaTeslbHO COeAUHEH C
Tenn1006MeHHNKOM 16 OTOEH3WHEHHOro rasa, TensoobMeHHMkamu 3, 1 U KOMNpPecCcopHOW
yacTblo TypbogetaHgepa 5. Bbixog u3 TennoobMeHHUka 16 OTOEH3MHEeHHOro rasa Takke
coefMHeH c gpoccenem 17.

Matpy6ok 10 BbIXOAa KOHAEHcaTa M3 NepBoi hpakLMOHUPYIOLWEN KONOHHbI 7 MOXeT
6bITb COeAuHEH € naTpyo6kom 11 BXoga KOHAeHcaTa BO BTOPYH PPaKLUOHUPYIOLLYIO KOTOHHY
12 yepe3 TensI006MeHHbIli y3€en, KOTOPbIi MOXET ObiTb BbINO/HEH B BUAE TEM/I006MEHHMKA
18 ras3oBoil hasbl AeaTaHu3auuM WM B Bufe Tennoo6meHHMKa 19 yrneBofopOAHOrO rasa,
KOTOpbI coeAivHeH ¢ Tpy6onposoAom | nogaun yrneBofopoAHOro rasa ysna oxnaxaeHus.

MaTtpy6bok 13 BbIxOAa rasoBoi hasbl Ae3aTaHM3auun U3 BTOPON hpakunoHMpyoLwei
KOMOHHbI 12 MOXeET 6bITb COeAVHEH C TennoobMeHHMKOM 18 ra3oBoit dhasbl AeaTaHu3auuu.
Mocne TennoobMeHHUKa 18 ra3oBoii (hasbl AeaTaHM3auuM MOXET ObiTb [AOMNOMHUTENBHO
yCTaHOBMEH MNponaHoBblli  xonogunbHuk 20. [laTpy6ok 13 BbIxoAa rasoBoit  hasbl
JeaTaHm3auum MoXeT 6biTb HeMoCpeACTBEHHO COEAMHEH C NPOMaHoBbIM X0N0AUAbHMKOM 20.

Bbixog 13 TennoobmeHHWka 18 ras3oBoil hasbl AeaTaHu3auuyM MM M3 MPONaHOBOro
xonoaunbHuka 20 coeamMHeH ¢ naTpy6kom 21 nogaun ras3oBoit hasbl AeaTaHn3alumMm B eMKOCTb
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22, cHabxeHHyr naTpyGkom 23 BbIxoga rasa jeataHusauum 1 natpybkom 24 Bbixoaa Xuakon
¢asbl. MaTpybok 24 BbixoAa XMAKoN asbl U3 EMKOCTU 22 coefMHeH c naTpybkom 14 nogaqm
OpOLUEHWNS BO BTOPYIO (PpaKLMOHUPYIOLLYIO KONOHHY 12.

YcTaHoBKa  AONOMHWUTENLHO  CHabXeHa  TennooBMeHHbIM  ycTporcTsoM 25,
BbINONHEHHbIM, HaNPUMEpP, B BUAE TepMOCUMDOHa, TENNO0BMEHHOE NPOCTPAHCTBO KOTOPOro
Mo NepsoMy TEMMOHOCUTENO COEAMHEHO C HIWMKHEW YacTblo NEPBON (PpakLMOHMPYHOLLEH
KOMOHHbI 7, @ Mo BTOPOMY TEMNNOHOCUTENIO — € naTpybkom 23 BbIxoga rasa gesTaHusauum u3
€MKOCTU 22 1 C TennoobMeHHUKOM 16 0TOEH3MHEHHOrO rasa.

MatpyBok 24 BbIXO4a XWUOKOWA asbl U3 eMKoCTU 22 MOXeT OblTb COefMHEH C
TennoobMeHHbIM YCTPOUCTBOM 25 unu ¢ TennoobmeHHukom 16 oTBeH3NHEHHOrOo rasa.

Matpybok 15 Bbixoga xmakon ¢asbl, oboralleHHON TSXKENbIMU YrieBoAopoAaMU
Cs+soie, M3 BTOPON (PPaKUMOHMPYIOLLEN KOMOHHBLI 12 nocrnefoBaTenbHO COefMHEH C
puboinepom 26 W annapaToM BO3AYLUHOrO OxnNaxaeHua 27. Y3en OoxNnaxaeHus
YrneBoAOPOLHOIO rasza MoXeT ObiTb AOMNOMHUTENBHO OCHALLEH NPOMNaHOBLIM XONOAUITBHUKOM
28, ycTaHOBMneHHbIM nepes TennoobMeHHWKoM 3. YcTaHoBka cHabxeHa Hacocamu,
Tpybonpoeogamm 1 HEoBXOANMOW 3anopHO-PEryNNPYIOLLIEN apMaTypon.

Jlerknin yrneBofopoAaHkIv ras ¢ Temnepatypon 40°C n nasneHvem 4 MIMa noctynaet B
y3en OxnaxaeHus yrnesofopofHoro rasa. lNocne oxnaxaeHus yrneBOJOpPOLHOrO rasa B
TennoobmeHHukax 1, 2, 3 0o TemnepaTtypbl MUHYC 46,5°C OH YacTU4YHO KOHAEHCUPYETCH U
nocTynaeT B HU3KOTEMMEPAaTYPHbIA cernapatop 4, B KOTOPOM MPOUCXOAMT pasfeneHue
rasoBOW W XWUAKOW as.

Mpn nepepaboTke yrneBOLOPOAHOrO ChiPbA CPEAHEro WM TSKENOro cocrasa
YrnMeBOAOPOAHBIN ras nocne TennoodMeHHMKa 2 NOJAaeTCA Ha AONOSTHUTENBHOE OXNaXAEHNe
B MPOMNaHOBbINA XONOAUIbHUK 28, MOCMe KOTOPOro NOCTYNaeT B TeNNO06MeHHUK 3.

lazoBas hasa 13 HM3KOTEMMEPaTYPHOro cenaparopa 4 HanpaBnsSeTCA Ha pacLuMpeHne
B AeTaHAEepHYIo YacTb TypboneTaHaepa 5, nocne kotoporo ¢ Temneparypon muHyc 80,8°C
noJaeTcs B CPEAHIOK YacTb MepBor hpakumoHupyowen KonoHHbl 7. Xupgkaa dasa ums
HM3KOTEMMepaTypHOro cenapartopa 4 ApoccenvpyeTcst B gpoccene 6 m ¢ teMnepaTypoun
MUHYC 63,4°C nogaeTcs B HWXKHIOI YacTb NepBOW (PPakLMOHUPYIOLLEIN KOMOHHDI 7.

B nepBor tpakumMOHUpYHOLWLEN KONOHHE 7 Mpu TemnepaTtype Bepxa KONMOHHbI MUHYC
85,5°C, TemMnepatype H13a konoHHbl MuHyc 54,6°C 1 gasneHum 1,45 Mla nonyyarot BepxHUA
NpPoAyKT — OTOEH3UHEHHDIN ra3 U HYKHUA NMPOAYKT — KOHAEHCAaT.

O16eH3nHeHHbIA ra3 nogorpeBaeTcsl B TennoobmeHHUke 16 oTBeH3MHEeHHOro rasa,
3aTeM MOCnefoBaTe/lbHO MPOXOAUT TennoobMeHHukn 3, 1 1 nocTynaeT B KOMMPECCOPHYHO
yacTe TypbogeTtaHgepa 5, rge ero paBneHVe MOBbILAETCH, MOCME Yero BbIBOAWUTCS C
YCTaHOBKMW.

KoHpgeHcaT nogaeTca B TennoobMeHHWK 18 rasoBon hasbl AesTaHusauum Ans
HarpeBaHWs 3a CHET Tenna BepxHero Npoaykra BTOPOr PpakLNOHUPYHOLLE KONMOHHbI 12.

Mpn nepepaboTke YrneBOAOPOAHOrO Chipbsl CPEfHEro WNM TSHKENOro cocrasa
KOHAEHCaT MOXEeT HarpeBaTbCsi MOTOKOM  WUCXOAHOrO  YINEeBOAOPOAHOrO rasa B
TennoobmeHHMKe 19 yrneBofopoAHOro rasa.

HarpeTtbin KOHAEHCAT NOCTynaeT BO BTOPYI (OPaKkLMOHUPYIOLLYIO KOMOHHY 12, B
KOTOPOW Mpu TemnepaType Bepxa KonoHHbl 1,4°C, Temnepartype Hu3a KOnoHHbl 84,6°C n
fasneHun 2,42 MlMa nonyyaloT B KayecTBe BEPXHEro npogaykra — rasoeByrw asy
Jle3aTaHn3auUmmn 1 B Ka4ecTBe HkHero npoaykta — LLPJY, KoTopyro BbIBOAST C yCTaHOBKM.
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MonyyeHHasa rasoBas (hasa [AesTaHM3auun oxnaxaaetcs B TennoobmeHHvke 18
rasoBoi asbl AesTaHM3aLmMM MOTOKOM KOHAEHCaTa C Hu3a nepBon (DPakLUOHMPYIOLLIEN
KOJTOHHbI 7 A0 TemMnepaTypbl MUHYC 22 6°C, 4aCTUYHO KOHAEHCUPYETCA U NOAAETCA B EMKOCTb
22, B KOTOPOW pasfensieTcs Ha ras festaHu3aumm v xnakyto dasy.

Mpu nepepaboTke YrNeBOAOPOAHOIO Cbipbs CPEAHEro WK TSHKENoro cocrasa
nonyyeHHaa rasoBas (pasa JestaHumsauum nocne TennoobmeHHuka 18 rasoson dpasbl
JeaTaHusaumn nepep nogaveln B €MKOCTb 22 MOXET AONOMHUTENBHO JOOXNaxAaaTbCa B
nponaHoBoM xonoaunbHuke 20. Kpome TOro, nonyyeHHas rasosas (asa peataHusaumun
MOXXET HEeMocpeACTBEHHO MOAABAaTLCH B MPOMaHOBbLIN xonoaunbHUk 20, ecnn KoHAeHcaT 13
nepBo (hpakLMOHUPYIOLLIEN KOMOHHbI 7 HarpeBaeTCsa NOTOKOM YrNeBOAOPOAHOIO rasa.

N3 emkocTn 22 xumakaa ¢dasa nogaetcs Ha OpOWEHNE BTOPOU (PpakLUOHUPYHOLLEN
KOMOHHbI 12, a ra3 pgesTaHu3auuMn TMocTynaer B TennoobmeHHoe ycTponcTBo 25,
YCTaHOBINEHHOE B HYWKHEW YacTX NepBOM (PpaKkLMOHMPYIOLLEN KONOHHbI 7.

B TennoobmeHHoe ycTpoWCTBO 25 nopaetcsi XMAKOCTb € HMKHEW 4acTu nepBour
pakUMOHMPYIOLLEN KOMOHHLI 7, KOTOpasi, MpoWAs ero camoTEKOM, BO3BpallaeTcs B Kyb
nepeori  (PPaKkUMOHMPYIOLLEA KOMOHHLI 7, YTO MO3BONSET NOBbLICUTL 3PPEKTUBHOCTL
TennoobmeHa rasa festaHu3auum ¢ 3TMM NOTOKOM U 3a cyeT atoro Gonee rnyboko oxnaanTb
MOTOK rasa fearaHn3aumm.

M3 TennoobmeHHoro yctpoinctea 25 ra3 geataHusauum ¢ Temnepatypon muHyc 60°C
noctynaetr B TennoobMeHHUK 16 OTOEH3MHEHHOro rasa, rfe OXNaXAaeTcs MOTOKOM
oT6eH3MHeHHoro rasa. OxnaxaeHHbIA MOTOK rasa AeaTaHv3aumu npoxoavT apoccens 17,
MOCKOJSIbKY A@BNEHME BO BTOPOW PpakUMOHUPYIOLLEN KONMOHHe 12 Bonblle, YeMm aaBneHve B
nepeo  (PpakUMOHUPYIOLLEW KOMOHHE 7, U C  Temnepatypon wMuHyc 81,6°C
CKOHLEHCMPOBAaHHbIN ra3 Ae3TaHn3aummn NocTynaeT B NepByro ppakLMOHUPYHOLLYIO KOMOHHY 7
B KaQ4eCTBE OpOLLEHUS.

[N yBenuueHus Konu4ecTsa NojaBaeMoro OpoLLEHNS B NEPBYIO PPaKLMOHMPYIOLLYHO
KOMOHHY 7 YacTb >Xuakown hasbl, NOQABAEMON HA OpOLEHME BTOPON paKUMOHNPYOWEN
KOMOHHBI 12 U3 eMKocTu 22, B konudectee 4500 kr/y nogaetcs Ha CMELLeHne C NOTOKOM
OXJ1aX [ EeHHOro rasa AeaTaHu3auuu, BeiIXxoasLero 13 TennoobmeHHoro yctponctea 25, nepeg
ero nogaven B TennoodbmMeHHUK 16 oT6eH3NHEHHOrO rasa.

Mpv nepepaboTke yrneBOAOPOAHOrO ChIPpbA CPEAHEr0 MMM TSHKENOro cocraea Ans
YBENUYEHNA KONMMYECTBa NOAABaEMOr0 OPOLLEHUS B NEPBYHO (PPaKLIMOHUPYHOLLLYHO KOJIOHHY 7
YacTb Xuakon asbl, NogasaeMoln Ha OpoLLEHUE BTOPOW (hPaKLMOHUPYHOLLEN KOMOHHBI 12 u3
eMKOCTU 22, MOXET MojaBaTbCA Ha CMELUeHMEe C MOTOKOM rasa AeaTaHusauvu nepep ero
nogaden B TeNO06MEHHOE YCTPOUCTBO 25.

TexHonorus UMeeT ONbIT KOMMEPYECKOTO UCMOb30BaHMS.

7.3.4 TexHonornss HU3KOTEMMNEpPaTypHOro pasfernieHusl yrneBogopOAHOro rasa
ANA NONyYeHNs rerineBoro KOHUEeHTpara, ataHa m LLUdITY

TexHonorusi NpegHasHaveHa ANs pas3feneHns KOMMOHEHTOB rasoBbiX CMECEN MyTem
HWU3KOTEMMNEepaTypHOA KOHAEHCALUMN W peKkTUdUKauumM € Uenbio MOMyYeHUs rennesoro
KOHUEHTpaTa, 3TaHa W LIMPOKOW dpakumm nerkmx yrnesopaopogoB. Cxema yCTaHOBKW
npueeaeHa Ha pUcyHke 7.6.
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renvessii

PUCYHOK 7.6 - YCTaHOBKa HU3KOTEMNEPATYPHOro pas3fesneHust yrneBofopoHbIX ra3os
C [OMOSTHUTE/NbHLIM U3B/IEYEHMEM 3TaHa

YcTaHoBKa BK/OYaeT Tpy6bonposo nofsoja CbipbeBOro rasa 1, Tpy6onposog nogayu
neHTaH-rekcaHoBol (hpakuuy B MOTOK CbIPbEBOr0O rasa 2, Ten/006MeHHUK 3, MponaHOBbIA
X0NnoAWAbHUK 4, cenapatop MepBOi CTyneHn 5, Tennoo6MeHHWKM [OOXTaXAEHUS WU
KOHAeHcauun rasa 6-9, nocnefoBaTesibHO YCTaHOB/IEHHbIE cenapaTopbl BTOpoi cTtyneHn 10-
11, cenapaTop TPeTbel CTyneHn 12, B KOTOPOM YCTaHOB/IEHA MaccOOOMeHHasi Hacagka 13,
oTnapHas kofioHHa 14, nemeTtaHusatop 15-16, COCTOALWMIA 13 ABYX CEKUMIA - yKpennawLwen un
OTFOHHOW, AeaTaHun3aTop 17 u TypboaeTaHaepHblli arperat 18.

Ha ycTaHOBKY nocTynaeT CbipbeBOli a3, npeABapuTeibHO OCYLUEHHbIA W OYULLEHHBI
OT CEpHUCTbIX COEAMHEHNIA 1 YINEKUCNOTbl. Ha Bxofde B yCTaHOBKY B MOTOK CbipbeBOro rasza 1
3akaumBaeTcs (BnpbiCKMBaeTcs) Mo TpybonpoBoay 2 neHTaH-rekcaHoBas dpakums (Cs-C6) B
KonnyectBe A0 4 T/yac. TlOoTOK rasa npoxoAauT nocnefoBaTeslbHO TENSI00OMEHHNK 3,
NPONaHoBbI/i XONOAWNNBHUK 4, B KOTOPbIX NMPOVCXOASAT €ro NpeABapuTenibHoe oxnaxaeHue (oo
TemnepaTypbl MuHyc 30°C) M yacTuMYHas KOHAEHcauusa 3a cyeT xofioga 06paTHOro noToka
MeTaHOBOl (hpakuuMn 1 nponaHa, 3aTeM nonajaeTt B cenapaTop 5 Ans OTAENeHUs XWUAKOWN
thasbl, cofepxalleili NpeuMyLlecTBEHHO Hawbonee Tskenble yrneBogopogbl Cs U Bblle.
la3oBas hasa u3 cenaparopa 5 noctynaeT Ha AasibHelillee AOOXNaxXAeHNe 1 KOHAEeHcauuo
B Tenn006MeHHUK 6, a xuakas ¢asa, yTSKe/NeHHas MeHTaH-reKCaHoBOWi dpakumen,
HanpaBsnsieTca B cenapartop nocnefHei ctyneHn 12 B kayecTBe abcopbeHTa, NogasBaemoro
Ha MaccoobMeHHylo Hacaaky 13.

BTopas cTyneHb cenapaumm oxnaXgeHHoro (4o remnepatypbl MUHyC 60°C) 1 YacTUYHO
CKOHEHCMPOBAHHOIO B Tenj006MeHHNKe 6 rasoBOro NoToka BefeTcs B MocrefoBaTesibHO
paboTawwwumx cenaparopax 10 n 11 ¢ Tem, 4YTOObI OCHOBHOI MOTOK OGoratuscst reavem, a
XUOKOCTb - 3TaHOM. Bbigenueliascs xuakasa dasa u3 cenapatopa 11 pasgensierca Ha ABa
noToka M HanpaBnseTcs B AemeTaHu3aTop 15, nMpy 3TOM OCHOBHOW MOTOK NOC/Me HarpesBa B
TennoobMeHHuke 7 (8o Temnepatypbl MUHyC 32°C) nogaeTcs Ha NUTaHuWe KOSIOHHbI, a Apyrown
- Ha opolleHune. lNapoBble hasbl U3 cenapaTopoB HanpasNATCA B OTMAPHYIO KOMTOHHY 14,
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npu 3ToM U3 cenaparopa 10 nocne nosnHoM KOHASHCALMN U OXNaXaeHUs B TENNOOOMEHHMKe
8 noTok NepeoxnaxxAeHHON KNAKOCTU APOCCENMPYETCH B BEPXHIO YaCTb OTNAPHOW KONOHHbI
14, a n3 cenaparopa 11 nogaeTcs B CPEAHIO YaCTb TOW K€ KONMOHHbI B KAYECTBE CTPUMMNHI-
rasa. 3 oTnapHoi komnoHHbI 14 OTNapeHHbIV ra3 HanpasnseTcs Ha gansHenwee oboraweHve
renveM C Uemnblo MONyYEHUS TenUMeBOro KOHLUEHTpaTa B COOTBETCTBYHOLMX renmneBblX
KOMNOHHAaX (Ha YepTexe He NokasaHbl).

OcHoBHOM NOTOK KyGOBOW XMAKOCTM OTNApHOW KONOHHBbI 14 nocne pekynepauum
Xonopga W 4YacTUYHOTO WCNapeHust B TennoobmeHHuke 9 nocTyrnaeT Ha pasjeneHve B
cenaparop TpeTbel CTyneHn 12. YTskeneHHas xuakas dasa, BbiAENUBLIAACA Ha NepBon
CTyneHu cenapauvu, nojaeTtca B I3TOT xe cenapatop 12, HO nyTemM BMpbICka Ha
MaccoobMeHHyo Hacaaky 13, CMOHTUpOBaHHYK TakuMm o6pasom, 4ToObl obecneunTb
3P HEKTUBHBIN MaccoobMeH Mexay BOCXOASLMM NOTOKOM napa U HUCXOASLLUM MOTOKOM
xupkoctu. B pesynbrarte abcopbumm 13 napoBor hasbl B KUAKYIO NEPEXOAUT 3HAUUTENBLHOE
KonuyecTeo yrnesoaoponos C2 1 BbilWwe, YTO NPUBOAUT K YBENMUYEHUIO 0ObeMa XUAKOCTW,
NoAaBaEMON B KAQYECTBE XKMAKOCTY OPOLLEHNS B YKPEMIISIOLLYIO CEKLMIO femeTaHuaaropa 15.
Takum  obpasom, OTCenapupoBaHHas  KWAKOCTb  AOMNOMHWUTENbHO  oboraiaercs
yrnesogopogamu C2u Bbiwe, abcopbupoBaHHLIMM U3 NapoBol asbl.

B ykpennsiowen cekumm paemetaHusatopa 15 ocywectensieTca pekTudmkauma
BbILENVBLUENCH XMUAKOCTU C NOMyYEHNEM METAHOBOW (PPaKUUM B Ka4ecTBe AMCTUNNATA U
dpakumm yrnesopopogos C2 1 Beie B kayecTse Kybosoro octaTka. lNoTok napa, nogHUMasch
BBEPX MO KOMOHHE, NOABepraeTcAd BO3LEUCTBUIO YTSHKENEHHOW >XWAKOCTM OpOLLEHUS,
CTEKalLWen B OTTOHHYIO CEeKUMIO aAemeTaHu3atopa 16 ans koHgeHcaumm n abcopbuum ns
napos aTaHa 1 6onee TAXenbIX KOMNOHEHTOB.

Mapoeas dasza pemeTtaHusatopa 15, oObeauHMBLLUMCL C METAHOBOWM (bpakumen
cenapatopa TpeTbel CcTyneHn 12, HanpaBnseTcs Ha pacluMpeHue B [eTaHjep
TypboaeTaHaepHoro arperata 18 ¢ Lenbio NnonyYeHns xornoga U BbIBOAWTCS C YCTAHOBKU B
Ka4ecTBe TOBapHOro rasa.

KyboBblli MpPOAyKT M3 OTFOHHOW CeKuun aeMeTaHusartopa 16 HanpaensieTcs Ha
pektTudukaumio B AestaHusaTop 17 € NOMyYeHWEM B KayecTBe [UCTUNNSTA 3TaHOBOMU
dpakumn, a B kavectee kyGoBoro octatka — LY.

Mcnonb3oBaHne TEXHONOrMM NO3BONSET CHU3UTL CyMMapHbIe NOoTepu STaHa C napom
13 cenapartopa TPeTbEN CTYMEeHN U C BEPXHUM NPOAYKTOM AieMEeTaHu3aTopa 3a CHET CO3aHns
B HWX ONTMManbHbIX YCIOBUIA 418 NpoLecca H1uakoTemnepaTtypHon abcopbumm.

TexHOnornst UMEeeT ONMbIT KOMMEPYECKOrO UCTMONb30BaHMS.

7.4 TexHonorusa nepepaboTku HeCTabUNbHOro ra3oBOro KOHAeHcaTa

TexHonorus npeaHasHaveHa Ana nepepaboTkn HecTabunbHOro rasoBoro KoHgeHcara c
norny4yeHnemM MOTOPHOro Tomnvea. B kauecTBe Cbhipbsi MCMONB3YHT HECTabUNbHBIA ra30BbIN
KOHAEHCAT B CMECK C MOMYTHON HedTbIO HePTEerasokoHAeHCaTHbIX MecTopoxaeHun (HIKM).
TexHonmorna  BkMoyaeT — AesTtaHusauuto,  crabunusaumo  ChipbS M mocnegylowlee
pakLmOHNPOBaHME C BbiAENeHMEM kepocmHoBom dpakumn 140-240°C B Buae GokoBoro noroHa.

YcraHoska fnsa nepepaboTky Cbipbs, B KAYECTBE KOTOPOro NCMNONb3YKT HECTABWNBHLINA
rasoBbIf KOHAEHCAT B CMecu ¢ nonyTHon HedTeto HIKM, cofepxunt dyHKUMOHaNbHbIe Groku
cTabunmaaummn n dpakLMoHMpoBaHns (PUCyHok 7.7). bnok ctabnnuaaumm cooepXXuT KONoHHy-
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Le3TaHM3aTop M KOMOHHY-CTabunmnaaTop, Npu 3TOM KOJIOHHa-4E3TaHn3aTop NOCPeACTBOM
cuMCTeMbl TpyOOMpPOBOAOB COEAMHEHaA C CenapaTopoM, TEMIOOOMEHHUKOM W MeYblo, a
KONMOHHa-CTabunmnsarop nocpescTBOM CUCTEMbI TPYOONPOBOAOB B BEPXHEN YacTu CoeMHeHa
C BO3JYLUHbIM XONMOAUMBEHUKOM, CBS3aHHLIM C PeNOKCHOM eMKOCTbIO, @ B HUXHEN 4acTy ¢
neybio U BO3AYLLIHBIM XONOAUIBHUKOM. YKa3aHHbIe KOMTOHHbLI COeAMHEHBI MexAy cobon Yepes
TennooOMeHHUK. Bnok paKkuMOHMPOBaHWA KOHOEHCaTa COASPKUT  PEKTUPMKALIMOHHYHO
KOMOHHY, COELMHEHHYIO CO CTPUMMUHI-KONOHHOW, MPU 3TOM PEeKTUPMKALIMOHHAA KOMOHHA
coefiMHeHa MocpeaCcTBOM CUCTEMbI TPyOONPOBOAOB C BXOLHOW CbIPbEBOW EMKOCTBIO Yepes
TENNOOOMEHHUK M nedb. CTPUMMUHI-KOMOHHA B HWXKHEW 4acTu MOCPEACTBOM CUCTEMBI
TPyOOMNpoOBOAOB COeAMHEHa C PEKTUMDUKALMOHHOM KOMOHHOW 4Yepe3 TennoobMeHHUK,
BO3LYLUHbIA XONOAMMBHUK, EMKOCTb U HAacoC. PekTudukaLmMoHHas KONMOHHA B BEPXHEW 4acTu
coeanHeHa ¢ BO3YLLUHbIM XONOAUNBHUKOM U EMKOCTbIO.

KauectBO nonyyaemonm kepocuHoBOM  dopakumm  140-240°C  cooTBeTCTBYeT
Tpebosanmam OCT 10227-86 [147] n TexHudeckoro pernameHta «O TpeboBaHMAX K
aBTOMODUIBEHOMY M aBUaLMOHHOMY BEH3UHY, 4M3eNsHOMY 1 CyA0BOMY TOMMUBY, TOMNMUBY ANA
peakTMBHbIX ABMraTene’d M TOMOYHOMY MasyTy» [148], npesbsBnseMbiM K MONyYeHHON
MPOAYKLUAW — TOMNIMBY ASIA PeakTUBHbIX ABuratenen TC-1.

-3

Crabunonom

xonaercar wa YNaT

Kepocanosan Qpaxuns
AL OpOWEHHE

TC-1 Ha Hanuessle:
acTakane

‘~—

1 - 6nok crabunusaymm koHgeHcata (BCK), 2 — 06nok pakyMoHMpOBaHUA KOHAEHcaTa,
3 — KONOHHa-Ae3TaHu3aTop, 4 — KOMOHHa-cTabunusatop, 5 — cenapatop, 6 — TennoobMeHHuK,
7 — neYb, 8 — BO3AYLUHbIN XONOAWUNbHUK, 9 — pedrniokcHas emkocTb, 10 — neyb, 11 — BO3AYLUHBIN
XONOAUNbHUK, 12 — TennoobmeHHUK, 13 — pekTucukaLMoHHasa KoNoHHa, 14 — cTpuNNUHr-konoHHa, 15
— BXOAHas CbipbeBas eMKoCTb, 16 — TennoobmeHHuK, 17 — neyb, 18 — BO3AYyLUHbIA XONOAWNbHUK, 19 —
€MKOCTb, 20 - Hacoc, 21 —  BO3JYLUHbINA XONOAUNbHUK, 22 —  eMKOCTb,
23-24 — pesepByapbl XpaHEeHUS

PucyHok 7.7 — TexHonoruyeckas cxema ycTaHOBKM
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YcTaHoBKa Ansl nepepaboTky Cbipbs, B KAYECTBE KOTOPOro UCMO/b3YIT HECTAabUSIbHbIN
rasoBblli KOHAeHcaT B CMecu C nonyTHon HedpTbio HIKM, cogepxut 610K cTabunusauum
koHAeHcaTa (BCK) 1, cocTosiwmii M3 ABYyX napasnsienbHO paboTaloLiMX TEXHONOrMYeckmx
HUTOK, K 610K (PpaKkLMOHMPOBAHUS KOHAEHcaTa 2 - YycTaHOBKa MOJyYeHUs [U3eflbHOro
Tonnvea (YMAT).

Cbipbe - HecTabwu/bHbIl ra3oBblli KOHAEHCAT B CMeCcu € nonytHoi HedTbio HIKM no
cucteme Tpy6onpoBoAoOB noJarT Ha cenapatop 5 6roka crabunusaunm KoHgeHcata 1 gns
OTCTOA OT MOATOBApPHOW BOAbI M MEXaHUYeckux npuMecel, a Takxe OTAeNeHus rasa
BbIBETPMBAHNA (Cenapauuu), nocfe Yero HanpaenseTcsa 418 geataHusaumm n ctabunmnsaumm
B KOJIOHHbI 6/10Ka cTabunusaummn koHgeHcaTa 1 MeToAoM pekTudmnKaumm.

CT1abunbHbIi KOHAEHCAT NOCMe KOMOHHbI-CTabunmusaummn 4 NpoxoauT Yepes BO3AyLUHbIN
xonoannbHuK 11, rae oxnaxpgaetca Ao TemnepaTypbl He 6onee 40°C u noctynaet Ha 610K
ppakuynoHmpoBarHma 2 - YMAT gna npousBoacTBa KepocuHoBoOn chpakuum 140-240°C.
TexHonorua obecneymBaeT pecypcocbepexeHue.

TexHONorns MMeeT onbIT KOMMEPYECKOro 1CMOo/Ib30BaHUS.

7.5 TexHonorus crtrabunmsayuum ra3oBoro KoHgeHcaTa

TexHonorns npegHasHayeHa AN ygasieHus U3 HecTabuibHOrO rasokoHAeHcara,
rnoctynarwoLiero ¢ npomMbiciia M ycTaHoBOK [TI3 nerkux yrnesofopofos, ceposofopoda u
MepkanTaHoB, [0 YPOBHA TpebOBaHWli, NpeabsABASAEMbIX K TOBApHOMY MPOAYKTY.
MpyHUMNuanbHasa cxema npueBefieHa Ha puUcyHke 7.8.

PucyHok 7.8 - TexHonorus crabunimsayumn ra3okoHgeHcara

OTAUYMEM TEXHOMOrMU SIBNSETCH OJHOBPEMEHHOE coYeTaHue TPaAuLMOHHbIX
cnoco6oB: OTAyBKa CcTabunmsata peuuknoM COGCTBEHHOTO rasa C OYUCTKOW OT
cepoBoAopoAa U NogorpeB ky6a KOMOHHbLI 3a CYeT MofBofa Tenna B KUMATUbHUK. 3TO
no3BofisieT peasiM3oBaTb Mpouecc cTabunuMsauun koHgeHcata npu 6o/ee  HU3KOM
[laBfieHNn, 1 3a cYeT 3TOro CoKpaTUTb aHepronoTpe6eHne. PeannsyeTtcs 3TOT cnocob 3a
CYeT KoMMjekca TEeXHONIOTMYECKUX peLlleHuii: Bo3Bpata OTAYBOYHOIO rasa B KOSIOHHY

136



NTC 50-2017

nyTeM WHXEKUUN 4acTbl ropsyero notoka crabunusarta; abcopOUMOHHOW OYMUCTKM MO
TexXHo/0rMM peuukna OTAYBOYHOrO rasa OT CepoBOAOpOJa W MepkanTaHoB, Mnpu
atMocepHOM AaBfieHuun, A0 KayecTBa MPUCYLLEro MarucTpasibHOMY rasy; yganeHus us
peuukna ctabwunu3ata pacTBOPEHHOro rasa [0 pPaBHOBECHOIO COCTOSAHUA, MyTEM
«pasrasnpoBaHnsa» XUAKOCTU Ha Hacagke B Ky6OBO 4YaCTU KOSTOHHbI.

Mpy NPUMEHEHUN 3TON TEXHOMIOMMM KannTasibHble 3aTpaTbl HA 0GBHEKT MOLLHOCTbLIO N0
raszokoHgeHcaty 6onee 100 Tbic T B rog Ha 20 % Hwke, Yem NpU NPUMEHEHUN KNAaCCUYECKNX
TEXHOJIOTWiA.

TexHONorns MMeeT ONbIT KOMMEPYECKOTO UCMONb30BaHMS.

7.6 TeXHONOTrMW U3BNEYEHUS TeNUsa U3 NPpUPOLHOTO rasa MeMﬁpaHHblM MmetToaom

ANbTEpPHATMBON KPUOreHHOMY METO/y MOJyHEeHUsi reNnst MOXeT CYXUTb MeMBPaHHbIA
mMeTo4. Mem6paHHoe pasfefieHne OCHOBAHO Ha PasfIMYHO CKOPOCTU MPOHWLAHUA MOMEKys
pasgensieMbix ra3oB CkBO3b MeM6paHy (pUCyHOK 7.9) nog AeicTBUEM ABUXYLLEA CUNbI.

BbicTpble rasbl MepnieHHble rasbl

H20 He H2 NHj C02 02 CO Ar N2 CH4 C2H6 C5H8

PucyHok 7.9 - LLkana ckopocTu NPOHULAHWSI KOMMOHEHTOB NPUPOAHOrO rasa yepes
NoNNMEpPHYI0 MembpaHy

B cnyyae rasopasgeneHus [ABWXKYLLEn Ccunol  npouecca SABASeTCA  pasHuua
napumnanbHblX AaBEHUA KOMMOHEHTOB MPMPOAHOrO rasa no o6erM CTOpoHaM MembpaHbl.
MpuHLuMNuanbHas cxema MeM6GpaHHOro pasfeneHus npusegeHa Ha pucyHke 7.10.

Mem6paHa

PucyHok 7.10 - TpuHumMnuanbHas cxema MembpaHHOro rasopasgeneHuns

CblIpbeBOIi a3 nof AaBneHVEM NoAeTcs Ha MeMGpaHy (B MeM6paHHbIi MoAynb), rae
npoucxoauT pasfeneHve Ha ABa NoToka: nepmear - MPOHUKLINI Yepe3 MeMGpaHy MoToK C
HU3KUM OABNEHWEM W PETEHTAT - He MPOHWKILUIA NOTOK C AaBNEHWEM, G6/IM3KUM K AABNEHIO
CbIpbEBOrO rasza. B cryyae MemMGpaHHOTO BblAENeHVs Tenust U3 MPUPOAHOro rasa renuii
KOHUEHTpUpyeTcs B nepmearte.  onvMMepHble  MeM6paHbl,  UCMO/b3yeMble B
NPOMbILLAEHHOCTA, COCTOSIT U3 HAHO-CTPYKTYPUPOBAHHOIO CENEeKTUBHOTO Cosi (NOSIMMEpHbIX
N7EeHOK), 3aKpensjieHHOro Ha MoA/Iokke, o6ecneuynBaioleli MeXaHUYecKylo MPOYHOCTb.
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lasopasgenutenbHas Memb6paHa BbINOMHAETCA, Kak NpaBuio, B BUAE MJIOCKOro MOMOTHA WUan
nosioro BOJIOKHA (B BMAE TOHKOW TPYOKM) U C MPUMEHEHMEM f[peHaxeh W cneumanbHbIX
KOMMayHAHbIX  KOMMAO3MUMiA  cobupaeTcs B  MeMOpaHHbli  3/1IEMEHT  PY/IOHHOTO 1
No/I0BO/IOKOHHOTO TUNa COOTBETCTBEHHO (PUCYHOK 7.11).

PucyHok 7.11 - KOHCTpyKUMSi MOMIOBOIOKOHHOTO (CNeBa) M PyNoOHHOTO (crnpasa)
MeM6paHHOro anemeHTa

PynoHHble Mem6paHHble 37eMeHTbl 60/1ee MpoCTbl B W3rOTOB/IEHWMMW, OAHaKO ANS
NOJ/IOBOJIOKOHHbIX 3/IEMEHTOB 3HA4YUTE/IbHO BbIWE TM/IOTHOCTb YMNakoBKM MeMOpaHHOro
Martepuana, 4to NPUBOAMUT K MX MeHbLleMy MOTPeOHOMY KOMMYeCTBY W, Kak npaBuso,
MeHbLIMM pa3mepam rasopasfgenmTenbHol ycTaHoBkM. Hanbonblwasa Aons Mcnosib3oBaHus
rasopasgenutesibHbix MeMbpaH npMXOAMUTCH Ha Mpoueccbl BO34yXopasfesieHns wu
BbleNeHnsa guokcuga yrnepoga wm3 npupogHoro rasa. FasopasgenutenibHble Memb6paHbl
Takke UCNONb3ylTCA ANA BblAeNeHUs BoAopoja W3 rasoB HepTexmuMmmnyecknx
NPON3BOACTB, OTOEH3UHMBAHMA U OCYyWKM npupogHoro wu MHE, wn gpyrux uenein.
B03MOXHOCTb 3(0(heKTUBHOrO MCNO/Ib30BaHUS MeMOpaHHON TexHonornun Ansa uenen
Bble/IeHNs reansa cBsizaHa C Pa3/IMYyHOM CTEeNeHbio NPOHNLAEMOCTN MeTaHa W renus u, no
NHopMaLuu KOMNaHum UOP, noATBepXAeHa  pesynbTaramum  3Kcnayatauuu
NPOMbILL/IEHHOW YCTaHOBKM Ha 3aBoge Sorfert B Amxupe. B oTanuMe OT KPUOTeHHOW
TEXHOIOTMN C UCMNOJSIb30BAHWEM MNOJIMMEPHbLIX MeMOpaH C/I0XHO o6ecneynTb NOJIHOE
pasfefneHue renus U MetaHa Cc NoJayvYeHWeMm TOBApPHOrO resims BbICOKOW 4MCTOThl. Kpome
TOro, nepmearHblil NOTOK (ra3, oborawieHHblli renuem), nosyvyaemblii Ha MeMOpaHHOW
yCTaHOBKe, 6yfeT cogepxaTb B OCHOBHOM renuit (He 6onee 50 % 06.), meTaH 1 a3oT, 4TO
Aenaet 6osee UenecoobpasHbIM €ro A0/ITOCPOYHOE XPAHEHWE HE B COMISAHbIX XpaHuniuwax,
a B reosiornyeckux gopmaumsax paspabdbaTbiBaeMoro Win MCTOLWEHHON0O MeCTOPOXAEeHUS
renuiicogepxalliero NpMpoagHoOro rasa

Mem6paHHaa TEXHO/IOTNS WU3BMEYEHWUS Tens U3 cocTaBa renvincofepxaliero rasa
Nno3B0O/IAET CYLeCTBEHHO YNPOCTUTL annapatypHoe ohopMieHre npouecca rasopasfesieHuns
B CpaBHEHUMM C TPagULMOHHOW TexHoNorvel HU3KOTEMMepaTypHO KoHAeHcauun wu
pektudpukaumn. B MembpaHHON ycTaHOBKE OTCYTCTBYHT ABWXKylWMeca peTtanu, npu
aKcnayataunm MeMobpaHHbIX pa3genimTesibHbIX CUCTEM HET HEOOXO4MMOCTU B UCMO/b30BaHUU
Kakmx-nmbo peareHToB. dHepronoTpebrieHne yCTaHOBKM onpeensaeTca TO/IbKO 3aTpaTtaMu Ha
KOMMPUMUPOBAHUE U UHXEeHepHOoe obecrneyeHne MNOMELLEHNs, B KOTOPOM pacnosaraetcs
ycTaHOBKa. Mem6paHHble  YCTaHOBKM  XapaKTepu3ylTCs  BbICOKOW  HaAeXHOCTbIO,
YCTOAUYMBOCTBIO K Hemnosagkam, HU3KMMU KanuTasbHbIMU W 3KCM/lyaTauUoHHbIMK 3aTpaTami,
NPOCTOTON 3KCnayaTauum 1 NosHOW aBToMaTusauuei.
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B CBsi3M C BbICOKUM COAEpXaHWeM renusi (MonsipHas KoHueHTpauus 6onee 0,5 %) B
KPYMHbIX MECTOPOXAEHUsIX NPUPOAHOro rasa BocTouHoii CubMpu MembBpaHHasi TEXHOMOrUs
NS N3BNEYEHUS TeIMsi CTAHOBUTCS! BbICOKOAKTYasIbHOM (PUCYHOK 7.12).

PucyHok 7.12 - Memb6paHHas renvesas ycTaHOBKa

OcHOBHas LUeNnb MeMOGPaHHOW TEXHOMOMUW - CHWKEHWE COofepXaHus renvs B
NoAroTOB/IEHHOM TOBapHOM ra3e Ao TpebyemMoro ocTaTtoyHoro cogepxaHus. C apyroi
CTOPOHbI, LienecoobpasHo XxoTA 6bl  YaCTUYHOE MPOM3BOACTBO  4YMCTOrO rens Mo
TPaAWLMOHHbIM  TEXHOMOMUSAM, B KOTOPbIX B KayecTBe MNPOMEXYTOYHOro npoaykTa
MCMONb3YeTCA TenneBblli KOHUEHTpAT, SABASAIWMIACA BTOPbIM NPOAYKTOM pa3feneHvs B
MeMOpaHHOM  npouecce. AHa/iM3  BO3MOXHOCTEN  CyLlecTBylOWEro MembpaHHOro
o60pyf0oBaHUsA Nokasas, 4YTo ANA peannsaumm KpyrnHoMacliTabHbIX MPOEKTOB W3BEYEHUA
renus 13 NpUpoAHOro rasa MecTopoxaeHuii BoctouHoit Cubnpn Hanbonee uenecoobpasHo
NpUMeHeHNe NONOBOIOKOHHbIX MOAYNel (Cy4eToM TOro, 4TO JaB/eHNE CbIpbEBOro rasa Bbille
10,0 MMa). OnNTMManbLHOW Mo 3HEPreTMYECKUM 3aTpatam SIBMISETCS ABYXCTyrneH4yatas cxema
C TMNPOMEXYTOYHbIM CXaTuem nepmeara nNepBOA CTyneHn u 06beAUHEHUEM MOTOKOB
NOAroTOB/IEHHOIO MPUPOAHOrO rasa ¢ 06enx cryneHein. OLUeHKa, BbINOMIHEHHAA AN OQHOMO U3
MECTOPOXAEHUIA (MONSipHaa KOHUeHTpauusi renms B cbipbeBom rase 0,50-0,55 %), nokasana,
YTO MPY UCNOMNb30BaHUN ABYXCTYNEHYATON YCTAHOBKM C NPOMEXYTOUYHbIM CXaTueM umeeTcs
BO3MOXHOCTb CHWXEHUS COAEpXaHUs refnust B TOBAPHOM rase A0 HOpMaTUBHbIX TpeboBaHuii
(He meHee, yem B 10 pa3 No CpaBHEHUID C UCXOAHON) C rapaHTUpoBaHHbIM 98,0-98,5 %
BbIXOIOM TOBapHOro MpUPOAHOro rasa. [lpu 3TOM cofepxaHue renvsa B TE/IMEBOM
KOHUeHTpaTe coctaBnsaet 30-36 %.

Mo0NOBONOKOHHbIE MEMOpaHHble MoAynnM 06nafalT pasfenuTesibHON CNoCOBHOCTLIO
(CenekTMBHOCTbIO) MO MNape «renuii/MmeTaH» Ha YPOBHE Jy4LIUX MUPOBbIX 06pasLoB.
BO3MOXHOCTU peanu3aumm MeM6paHHOro npouecca noATBepPXAeHbl YCNeLHbIMY NoMeBbIMU
UCMbITAHUAMU OLHOMOAY/NBLHON OMNbITHO-NPOMbIL/IEHHON YCTAaHOBKU Ha ra30KOHAEHCATHOM
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MecTopoXaeHun.  PesynbTaTbl WUCMbITaHUI  AoKasblBalOT, 4YTO B  3aBUCUMOCTU  OT
TEXHOMOTMYECKOr0 pexmma W 3KOHOMMYECKOW LenecoobpasHOCT B OAHOCTYMeH4YaToMm
0AHOCTaAMNAHOM NpoLiecce UMEEeTCs BO3MOXHOCTb CHUXEHWS! COAepXaHusl rennsi B TOBapHOM
rase B 10-100 pa3 u NoBbIWEHNA KOHLEHTpauuu B renMeBomM KoHueHTpaTe B 30-40 pa3s no
CpaBHEHWIO C ero cofepxaHneM B CbipbeBOM rase. lNpu 3TOM B TOBApHOM rase CyLeCcTBEHHO
CHWXaeTCcs cofepxaHue YrekMcnoro rasa, a Takke ero Toyka pocbl Mo Boge, YTO siBASeTCH
OOMONHUTENbHBIM MOMOXUTENbHLIM Pe3yNbTaToM. PecypcHble UCTbITaHUS AaHHON yCTaHOBKM
B TeYeHue [BYXMECAYHOro nepuoja nokasann CTabwuibHOCTb ee rasopasfefMTeNbHbIX U
rasofiMHaMM4ecKkmx xapakTepucTyrK, B TOM YMCIe TVAPABANYECKOTO CONPOTUBIEHUS U CTEMNEHN
N3B/IeYEHUA renus.

BaxHbIM  pe3ynbTaToM MNPOBEAEHHbIX MUOTHBIX UCMbITAHUIA Takxe SABUIOCb
NOATBEPXAEHUE pacyeTHbIX AaHHbIX N0 CHMKEHWIO COAepXaHUs renns B NPUPOAHOM rase Ha
MeMbpaHHOI rasopasfesiMTeNbHON YyCTaHOBKE.

MonyyeHHble pe3ynbTaTbl MOJIOXKEHbI B OCHOBY CO34aHWs OMNbITHO-NPOMbILLIEHHO
MHOroMOA4yNbHOW  ABYXCTYNEeH4YaToOn YCTAHOBKM  G/I0YHO-MOAY/IBHOTO  UCMOSIHEHUSA  C
MPOMEXYTOUHbIM  KOMMPYMUPOBaHWEM,  NpeAHasHayeHHol  Ans  MacluTabupoBaHus
TEXHOMOMUM MPU CO3AaHUN NPOMBbIL/IEHHbIX YCTaHOBOK. OJHOBPEMEHHO C W3B/EYEHUEM
renus 6yAeT NPoucxXoAuTb AONOJIHUTENIbHAsA OCYLUKa NOArOTOB/IEHHOIO rasa, Hanpas/isaemMoro
B rasoTpaHCMOPTHY CeTb. YCTaHOBKa COCTOMT W3 [BYX OCHOBHbIX 6/0KOB -
rasopasfenntenbHOro Mem6paHHOro 6s10ka (codepxalliero Mogynu nepsoli U BTOpPOI
CTyneHei pasgeneHns) N MexXcTyneH4aTon KOMNPecCopHOol cTaHumm (Ha 6a3e NOpLUHEBOrO
KOMMpeccopa C 3/1eKTpUYeckuM npuBogoM). MembpaHHbli 610K npefcTaBnsieT coboi
67104HOe 3faHne, cofepxatlee y3fbl MeCTHOro U AUCTaHUMOHHOIO KOHTPONSA napamMeTpos
paboTbl YCTAHOBKM W WHXEHEpPHble CUCTEeMbl XWU3HeobecneyeHnss B COOTBETCTBMM C
TpeboBaHNAMN HOPMATVBHbIX JOKYMEHTOB P®. MexcTyneHuartas KOMNpeccopHas craHuus
pacnonoxeHa B OTAenbHOM 6n10K-modyne (pucyHok 7.13). MpoBoAATCA NPOMbILIEHHbIE
UCMbITAHUA TEXHONIOTUW B YCMIOBUAX MECTOPOXAeHWin BocTouHoit Crbrpw.

PucyHok 7.13 - MembpaHHasa ycTaHOBKa 418 U3BNEeYeHns revsa U3 NnpupoaHoro rasa

Memb6paHHble rasopasgenurefibHble MOy, NPUMEHEHHbIe B yCTaHOBKe, obnajaroT
cnefyLWyMyU OCHOBHBIMU NapameTpamu:

* BblAEPXXMBAOT BXOAHOE AaB/fieHne ncxogHoro rasa go 11,0 MMa v nepenag AaBneHuin
Ha MeMbpaHe MexXay UCXOAHbIM M NPOHUKLWIMM NoTokom A0 10,0 MIMa;
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* MOIyT 3KCMNyaTMpOBaTbLCS B AuanasoHe TemnepaTyp MCXoaHoro rasa ot 5 go 80°C;

* PEKOMEH0BaHHbIA TeMnepaTypHbI AnanasoH pasgensemon cmecn — ot 50 go 60°C
C YYETOM BINUSIHUA TEMMEPaTYpPbl pasgensemMon CMEeCU Ha 3PEKTUBHOCTb pasaeneHuns.

Taknm 00pasoMm, MOXET paccMaTpuBaTbCs Kak anbTepHatMBa TPaaULMOHHOM
TEXHONOIMM (B Crydae peLleHns 3aavn UMEHHO YaCTUYHOro yAaneHus renus) B YCNoBMsX
MOArOTOBKM HEMOCPEACTBEHHO Ha nnowlaakax fobbi4n nubo B MecTax oTbopa Yactu rasa us
MarucTpasnbHOro rasonposoga Ans MeCTHbIXx noTpebutenen. Ee npumeHeHwe no3BonuT
JOCTUYL  CYLLECTBEHHOrO CHWKEHWSI KanuTanbHbIX W 3KCMNyaTauMoHHbIX 3aTpaTr Mpu
NPOMBILLNEHHOM OCBOEHMM KPYMHbIX rENUACOAEPXKALLMX ra30BbIX MECTOpOXAEHUA BocTouHOM
Cunbupw.

TexHonormss obecrneunBaeT CHWKEHWE  3HepronoTpebneHMs U HeraTtuMBHOro
Bo3genictems Ha OC.

TexHonorns MMeeT OMbIT KOMMEPYECKOrO UCMONb30BaHMS.

7.7 TexHonorum nony4yeHUsi TEXHUUYECKOro yrrnepoaa u Bogopoaa

TexHonoruss Mony4YeHns TEXHUYECKOro YrnepoAa W BOAOPOAa MUPONM3OM MeTaHa.
lMnponna meTaHa ocyLLeCTBNAETCA C pa3feneHem 1 OAHOBPEMEHHbIM yAaneHNeM U3 30HbI
nuponusa TBepaon dpakumm (kokca W caxu) M rasoobpasHonm dpakuum (Bogopon) npuv
Temnepatype 1400 + 500C. Bpems KOHTakta WCXOAHOro rasa B TennoobMeHHuKe
perynmpyeTcsi C NOMOLLBHO M3MEHEHNA Macc-06bEMHOro COCTOAHNUSA TeNNoobMeHHUKa.

B kayectBe CbipbA MCMONb3yeTCA MEeTaH (MPUPOAHBLIA ras, MOXET MCMNONb30BaTbCA
Apyroe cbipbe, coaepxallero B 3Ha4UTENbHbIX KONMYECTBAX 3TaH UKW nponan).

B cpaBHEHWW C TpagWUMOHHOW TEXHOMOrMen MonyyYeHuss BOAOPOAA U3 MPUPOJHOro
rasa, paccMmatpuBaemasi TEXHOMNOrs UMEET CrieayoLme NpenMyLLecTea:

e cebecToOMMOCTb BOAOPOAA, NOMy4aeMoro NMponuM3oM NPUPOAHOro rasa, B 4-5 pas
HKe cebecToMMOCTM BOLOPOAA, NOMyHaEMOro 3M1EKTPONN3OM BOAbI, U HKE cebecTonMocTu
BOAOPOAA, NOMy4aeMoro NapoBOASHON KOHBEPCUEN NPUPOAHOIO rasa,

e MCMOMNb30BaHUE He AePULUUTHOrO Chbipbs — NPUPOAHOTO rasa;

e B TEXHOMOrMW HE MWCMNONb3YTCA U He 06pasyloTcs 3KONMOrM4eckn onacHbie
TBEpAblE, XnAKME 1 razoobpasHsie NPOAYKTLI.

MpyMeHeHWe TEXHOMOTMM MO3BOMUT CHU3UTL HeratuBHoe Bo3aewcTBust Ha OC npwu
nonyJYeHun Texyrnepoaa.

7.8 TexHonNOrMmn KOMNPUMUPOBaHUSA NONYTHOro HePTAHOrO rasa

TexHonorus KOMMpUMUpoBaHNA BKnoyaeT yCTpOI?ICTBO AaAna oKaTtua
MHOIrOKOMMOHEHTHbIX ra3os, B YactHocTu MHI (pucyHok 7.14).

YcraHoska komnpumuposaHus IMHI (Ha cxeme ycnoBHO MoOKasaHa OAHa CTyNeHb
KOMNpUMUPOBaHUSI) COCTOMT M3 Komnpeccopa 1 u dpakymoHupytowero abcopbepa 2,
060opyaoBaHHOrO GroKOM TEMNOMacCoOBMEHHbIX aNEeMEHTOB 3, BO3MOXHO, C Hacaakon 4,
ocHaweHHoro nuHnamu nogayuv MNMHI | v BeiBOAa cxaroro rasa ll, nogaum ctabunbHoOM HeTH
lll n BoIBOAA HecTabunbHOM HedTM V, nogaun/ebiBoga xnapareHTa IV (yCnoBHO nokasaHa
NPOTUBOTOYHAS NoAada NOCNeAHero).
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Mpn pab6oTte yctaHoBku [MHI | cxumalT B Komnpeccope 1 u nopawT BO
hpakunoHupyowuii abecopbep 2 Hwke 6/10ka TENIOMAcCOOOMEHHbIX 3/IEMEHTOB 3, Bbille
KOTOpOro nogarTt cTabunbHyto HeddTb lll, kKOTOpas Npy NPOTMBOTOYHOM KOHTAKTUMPOBAHUW C
ropsaunmM cxatbim MHI (Komnpeccatom) B yCNOBUAX rpajueHTa Temnepartyp, co3jaBaemoro
3a cyeT oxnaxpaeHus xnagareHtom IV, abcopbupyeT yrnesogopofbl C4+ raza MU 4aCTUYHO
cTabunusnpyercs. MonyyeHHyto  HecTabunbHylo  HetpTb V' BbIBOAAT C  Hu3a
(opakymoHupytouiero abcopbepa 2.

PucyHok 7.14 - YcTtaHoBka komnpumuposaHusa MHC

TexHuyeckuMm  pesynbTaTtoM  SABMIAETCA  YNPOLWeHWe YCTaHOBKM W CHWXeHue
JHeprosarpar.

[pyrum BapuaHTOM TEXHO/IOTUN ABNAETCA KOMMJEKCHasds cuctema noAarotosku [MHT,
BK/OYAA €ero KOMMpuMupoBaHwe, AN nojayn rasa B rasnugdTHyl0 cuctemy ” B
MEXMNPOMbIC/IOBbIA KONNEKTOP - TPAHCMNOPTHbLIA Tpy6onpoBos,.

Cuctema BK/IHOYaeT UCMNOJb30BaHME TypOOKOMMPECCOPHOro arperara Co CTYMNEHbIO
HM3KOTO W BbICOKOrO [AasneHus, unbTpa-cenapartopa W BXOAHOIO cenaparopa A/1s
OTAENEeHNs rasa OT KOHAEeHcaTa, BOAbl U MeXaHW4YecKnx NpuMMecen, KoTopble ycTaHaBIMBaT
nepep, CTyneHbid HU3KOrO [aBfieHus, a 3a CTYNeHbl HU3Koro paaeneHuvsa - ABO rasa,
cenapaTtopa AN OTAENeHus rasa OT XWAKOCTU € natpybkamu BXofa rasa, Bbixoda rasa u
BbIXO4a XMAKOCTW, NPOMEXYTOYHOTO M KOHUeBoro ABO rasa, KOTOpbIii ycTaHaBnMBalT 3a
nepBoli W BTOPOW CTYMNEHSIMW BbICOKOTO [ABfIEHNA, MPOMEXYTOYHOTO U  KOHLIEBOrO
cenapaTopoB A/18 OTAeNeHus rasa OT XUAKOCTM C naTpybkamu Bxoda rasa, Bbixoda rasa,
BbIXOJa KOHAeHcaTa 1 BoAbl.

TexHonormsa npegycmaTpuBaeT MCNOb30BaHUe gononHuTensHoro ABO rasa, KOTopblii
nocnegoBaTeNnlbHO  COeAMHAIOT € Bbixogom ABO rasa, pacnofloxXeHHbIM  nocrne
NPOMEXYTOYHOIO cenapartopa BbICOKON CTyMeHW cxaTusi TYypboKOMNpeccopHOro arperata, u
[LOMONHUTENbHOMO Hacoca, KOTOpPbIM MOAAlT CMEeLUaHHbI NOTOK KOHAeHcaTa 1 MHIMbuTopoBs
napacuHoo6pasoBaHus No Tpy60NpoBOAY B HOBbIN Y3en nojayn KOHAeHcata U uHrmbutopa
rmaparoo6pas3oBaHusa Mexay nocnegoBaTefibHO coefuHeHHbiMM ABO rasa. Ha pucyHke 7.15
npvBefeHa npuHUMNuanbHaa TeXHoorMyeckas cxema.
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Cuctema BkMw4YaeT 670K peayumpoBaHust rasa 2, cHwxawwwuii pgasneHne [MHT,
noctynatwouiero no Tpybonposoay 1, npefoxpaHuTenbHble knanaHbl 3 1 21, cnyxawuve ans
npefoTBpalLeHns MOBbILEHWS AaBMeHUs, BXOAHON cenapatop 4, uabTp-cenapatop TOHKOM
oumncTkM 5. B cocTaB Typ6okomnpeccopHoro arperata (TKA) 6 BXOAAT ra3oTypOUHHbIA NpuBoj,
7 n gBa Kopnyca cxartusi: Kopnyc HU3Koro gasnenus 8 (KHA) n kopnyc BbICOKOro gasnexHms 11
(KBL), obecneuvBatome nocnefoBaTeflbHOe TpexcTyneHvyaToe KomnpumupoBaHue [HI.
TexHonornyeckne y3nbl 3amepa rasa 17, koHTponupylowme paboty TKA 15, ycTaHOBMEHbI
nepes Kaxgoi CTYMeHbl KOMAPUMUPOBaHWUS. [pomexyTodyHble ABO raza 9 u 12,
gononHuTensHolli ABO rasa 14, coefMHEHHbI nocnegoBaTesnbHO ¢ BbixogoM ABO rasa 12, a
Takke KoHeuHbli ABO rasa 13, yCTaHOB/MEHHbIE MOCAE KaXAON CTYMeHW KOMNPUMUPOBaHMUS,
obecneunBatolme oxnaxgeHve MHI. MpomexyToyHble U KOHeuHbIli cenapatopel 10, 15, 16
0N 0uMCTKM rasa. MeTaHosonpoBog 34, NpegyCMOTPEHHbI Ansi nogayn UHrméutopa
rmapatoobpasoBaHus (MeTaHona). bBnok Hu3koTemnepaTypHoli cenapauum rasa 20,
COCTOSILMIA U3 pekynepaTMBHOrO TennoobmeHHuka 18, perynatopa pgasneHns 19 u
HW3KoTemnepaTypHOro cenaparopa 22. Tpy6onpoBsog, 25 Ana nogayv noAroToBAEHHOTO rasa,
TpybonpoBoa 24 ons nogayn ra3nM@THOrO rasa, a takke 610K 3amepa rasa 23. [na cbopa
XUAKNUX YINeBo4opoaoB OT cenapaTopos 4, 5, 10, 15, 16, 22 npegycMOTpeHa HakonuTenbHas
eMKOCTb 27, MoaynorpyxHoi Hacoc 30, nepekaunBaloWwnii XXNAKOCTb B APEHAXHYID €MKOCTb
28, Tpy6onposoy 31. Hacoc 29, nojatwoLwmii cMecb KoHAeHcaTta (M3 eMKOCTU 28) 1 MHrnbutopa
napacrMHOo6pa3oBaHUst 13 OTAENbHO CTOosILel eMKocTM 32 no Tpy6onposoay 26.

MHIC oT ueHTpasibHOro nyHkTa cbopa no TpybonpoBogy 1 noctynaet B 670K
peAyuMpoBaHua rasa 2, rae npov3BOAUTCH CHUXEHWe AaBfeHuns rasa. Ha Bbixoge u3 6r1oka
npefycMOTpeHbl  MpefoXpaHuTeNbHblA  knanaH 3, cayxawuidi ans  npegoTBpalleHust
noBbllIEeHNA AaBneHusa Ha Bxoge TKA 6 Bbille HOMWHANBHOTO B C/lyyae OoTkasa perynsTopoB
nasneHus B 6noke pepyumpoBaHusa 2. MNMocne 6n10ka pegyumpoBaHusa 2 ra3 Hanpas/iseTcs BO
BXOAHOM cenapatop 4, rAe NpOU3BOAWUTCSA  YyNaB/vBaHWe  KamnesnbHOW  XUAKOCTH,
cogepxatlerica B MMHI, a Takke XWAKOCTHbIX Npob6ok. [anee ras nocTynaeT Ha BXO[
cenapaTtopa TOHKOW ouucTkM (tbunbTp-cenapartop) 5, rae npov3BOAMTCS OKOHYaTesnbHas
ouMcTKa rasa OT XWAKOCTU W MexaHudeckux npumeceii Ans BxogHoro rasa TKA 6 (mo
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TeXHUYECKUM ycroBusam). Nocne cenaparopoB TOHKOW OYUCTKM 5 ra3 HanpaBnsieTcs Ha BXog,
no mMeHbLlen Mepe, ogHoro TKA 6. B coctae TKA 6 BxoauT rasoTypBuHHbIA npveos 7 v aBa
kopnyca cxatusa: KHA 8 n KBJ 11. B kopnycax cxatua ras nocrnepoparenbHO CKUMaeTcs A0
1,16 MMa B nepsom kopnyce KHA 8 n ao paenexns 8,16 Mlla — so sTopom KB/] 11. lNocne
KHJ 8 nponssoguTcs npoMexyTodHoe oxnaxaeHue rasa 8 ABO rasa 9. BoigenvsLuascs npu
OXJ1aX [ EHWU rasa X1AKOCTb yNaBnuBaeTcs B NPOMEXyTOYHOM cenapaTope 10. Ha Beixoge 13
nepeon cekumm oxatusa KB B noTok rasa nogaerca no metaHononpoeoay 34 WHMMOUTOpP
rmgpaToobpasoBanHus (MeTaHormn) ¢ oxnaxaeHnem B ABO rasa 12, a B NOTOK rasa, BbilLeALwniA
13 ABO rasa 12 ¢ Temnepartypo n gaBneHnem, onpeaeneHHbIMN TEXHUYECKUM pernameHToM
paboTbl KOMMPECCOPHOW CTaHUWM, AOMOMHWUTENbHBIM HacocoM 29 nojgaeTcs CMecb
KOHAeHcaTa (M3 eMKOCTU 28) 1 TeM e AOMNONMHUTENbHBIM HAacoCcoM 29 nogaeTcst HMBUTop
napadpurHoobpasoBaHus (M3 OTAENBHO CTOSAWEN eMKOCTU 32 ANs ero xpaHeHus), ganee ras
noctynaeT B ABQO rasa 14, roe Temnepartypa rasa cHwkaetcs o 5-6°C, yto Ha 10-15 rpagycos
HWKE LUTATHOW, 3TO CHWXEHWEe TemnepaTtypbl AaeT BO3MOXHOCTb W3BMeYe U3 rasa (B
cenaparope 15) LOnonHUTENbHOE KONMYECTBO XKMUAKUX YINEBOAOPOAOB, YTO, B CBOIO O4eEpeasb,
noebiwaeT obLLyto f06bIMy HEPTENPOMBICNA U CYLLLECTBEHHO CHWKAET KONMUYECTBO XXUAKOCTH
B rasnudTHOM rase, nogaeaeMom no Tpybonpoeogy 24. MNogava mMeTaHona B MOTOK rasa
npegoTepaLlaeT obpazoBaHue rnapaToB B HkHUX cekumusix ABO rasa 12 n 14. Mopava cmecn
KOHAEeHcaTa un nHrmbutopa napadpuHoobpasoBaHUsl NPeAoTBpaLLaeT OTNOXeHWA napathnHOB
B ABO rasa 14, Tak kak komnpeccopHas crtaHuus komnpumupyeT [MHI ¢ BbICOKMM
cogepxaHveMm napadguHoB. Mocne BTopor cekumu cxkatua KBA 11 ras oxnaxpaetca B
koHueBblx ABO rasa 13. BelgenvBLuasica nocne oxnaxkaeHusi rasa XuakocTb, COCTOAWAas U3
BOAbI M KOHZEHCAaTa, yNaBnuBaeTCs B KOHLEBOM cenapartope 16.

Ons koHTponsa pabotel TKA 6 nepes Kaxaow CTyNeHbO KOMMPUMMPOBAHUSA
npeaycMoTpeH y3en 3amepa rasa 17. 3amepHble ycTpoicTBa pacnonaratorcsi B aHrape TKA 6.
Mocne koHUeBoro cenapatopa 16 4acTb CKOMNPUMUPOBAHHOMO rasa no Tpybonposogy 24
oTOMpaeTcsa Ans UMKINYECKON rasnudTHOM CUCTEMBI MPOMBICHA, OCTanbHas 4YacTb NOCTYNaeT
B 6nok HTC 20 ans ocywku. 3amep rasnudTHOro rasa npegycmartpusaetcs B 6noke 23.

B coctaB obopygoBaHusa ycraHoBkun HTC 20 BXOAAT pekynepaTuBHBINA TENNIOOBMEHHNK
18, perynsatop naeneHus 19 n HU3KOTEMNepaTypHein cenapatop 22. CKOMNPYMUPOBAHHBIN
ras nocne otéopa rasanuTHOro rasa nNOCTynaeT Ha BXOJ, PeKynepaTUBHOrO TeNNOOBMEHHUKa
18, rae oxnaxgaeTcs NOTOKOM OCYLUEHHOrO rasa OT HM3KOTEMMepaTypHOro cenaparopa 22,
rnocne 4ero NOCTynaeTr Ha perynatop paeneHus 19, roe paBneHne rasa CHWKaeTCs.
Temnepatypa npu 3TOM CHWXaeTcs, obecneumBas Heo6xoaMMyHO TEMNepaTypy TOYKU POChI
rasa no Boge v yrnesoAopoaam 40 HOPMATUBHBIX MapamMeTPOB OCYLEHHOTO ra3a. Ha Bbixoae
HU3KOTEMMEPATYpPHOro cenapatopa 22 npeaycMOTPEH NpeAoxpaHuTenbHbIM knanaH 21,
cnyxawmn ans npefoTBpaLleHns NOBbILLEHUS faBneHus Bbille paboyero B crnyvae oTkasa
perynsTopoB AaBrneHUsi N PacCHUTaHHbIA Ha MOSHYH0 NPOU3BOAWUTENBHOCTL CenaparTopa.
Mocne HU3KOTEMMEpaTypHOro cenapartopa 22 OCylWeHHbIW ras HanpaenseTca Ha
KOMMepueckuii 3amep B 6nok 3amepa rasa 23.

KonaeHcar, BblgenvBwmnca B cenapartopax 4, 5, 10, 15, 16, 22, nocrynaet B
HaKOMUTESbHYK EMKOCTb 27, U3 HEE MOJyrnorpyxHeiM HacocoM 30 oTKa4MBaeTCA B €MKOCTb
28, nanee no Tpybonpoeoay 31 Ha LeHTpanbHbIN MyHKT cbopa.

Mpu nogrotoBke rasnudTHOrO rasa npepnaraembiM cnocoboM AocTuraeTcs
Temneparypa Hwke, YeM B rasnmTHON CUCTEME, YTO M3MEHSET TEXHOMOTUYECKU PEXUM
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NOArOTOBKW rasa W AOMONMHUTENLHO YBENUYMBAET BbIXOL KOHAEHCaTa Ha cenapartopax 15 u
16, a TaKKe CYLLUECTBEHHO CHWKaET KOMMYECTBO TSXKENbIX YrNeBOAOPOLAOB B NapoBon dase
rasa, NogaBaemoro B ra3nudTHyto cuctemMy no Tpybonposoay 24.

7.9 MeMmbpaHHaaA TeXHONOrusi NOAroTOBKW MPUPOLHOro U MOMYTHOro HePTAHOro
rasos

MemBpaHHoe pasgeneHve rasoBbiX CMECEeN OCHOBaHO Ha WMCMonb3oBaHWM MembpaH,
obnagaropmx CBONCTBOM CENEKTUBHOM MPOHMLIAEMOCTM KOMIMOHEHTOB rasoBOW CMECU, T.€.
KOMIMOHEHTbI MCXOLHON CMECU MPOHUKAIT Yepes MemOpaHy C pasnmyHOM CkopocTbio. Mpu
MOArOTOBKE rasa B MeMBpaHHOM MOLYNe UCXOLHbIN ChIpbEBOW MOTOK pasfenseTcs Ha ABa
MOTOKA — Ha NMPOHWKLUMIA Yepes MemBpaHy NOTOK HU3KOrO AaBneHus (nepMear) U OCTaTouHbIR
NoTOoK (peTeHTar). JBMKyLLEN CUMNOM NpoLecca ABNAETCA Pa3HOCTb NapLUnarnbHbIX JaBNeHUA
KOMMOHEHTOB rasa B nonoctax seicokoro (MBA) n Hnakoro (MHA) pasnenns.

MoTok BbICOKOro faBneHus (peTeHTar) oborawaeTcs TPYAHONPOHUKAOLMMM
KOMMOHEHTaMu (MeTaH, 3TaH) 1 B 3afadax NoAroTOBKW rasa, kak npaBuiio, SBMSeTCs LieneBbIM.

Ob6pasyromiics nepmeaTtHbI NOTOK (MOTOK HU3KOro faefieHns) oborawjaeTcs BoAown,
CEPOBOAOPOAOM, YIMEKUCNBbIM ras3oM, TSHKEMbIMW  yrnesogopoAaMM U MOXeT ObiTb
NCMONb30BaH B Ka4eCTBE TOMMMBHOIO rasa wunv LOononHUTeNbHO nepepaboTaH (Hanpumep, ¢
MOMOLLBK AOMOMHUTENBHOW, BTOPOM MEMOpPaHHOM CTYNeHW C yBENUYEHWEM BbIXO4a
MOArOTOBMNEHHOrO rasa; MMM C NOMOLLbLIO JONOSHUTENBHOM ycTaHoBkM GTL ¢ nonyyeHvem
XUAKMX MPoaykToB). O(EKTUBHOCTE MPUMEHEHNS MEeMOPaHHOW TEXHOMOrMM 3aBUCUT OT
peLuaemMon 3a4a4n 1 YCroBUA MMOLLAaAKU pasMeELLEHNs 1, Kak NpaBumo, AOCTUraeT CTeneHn
yrunusauum MHI 6onee 95 %, a B psge 3agad OCyLLKM NPUpoAHoro rasa no soge- Ao 100 %
(6e3 yueTa xumakom dasbl).

B HacTOsLWee Bpema Ha Tepputopum PO HaxogaTcs B SKcnnyataummM HEeCcKOSbKO
MPOMBILLMEHHbIX MEMBpPaHHbIX YCTAHOBOK, PEanm3yHOLMX PasivyHble CXEMbl OpraHusaumu
npouecca membpaHHOM NOArOTOBKM YrIeBOAOPOLHbIX ra30BbIX cMecen [164].

MpuHUMNManebHas cxema TUNoBON MeMBPaHHOM YCTAHOBKM KOMIMMEKCHOW NOArOTOBKM
IMHI nokasaHa Ha pucyHke 7.16 [165].

1 — BXOg, CbIpbEBOrO rasa, 2 — cenaparop CbipbeBoro rasa, 3 — komnpeccop, 4 — ABO,
5 —rasocenaparop, 6 — punbTp-KOanecuep, 7, 15, 17, 19, 21, 23 — Tpybonposoasbl,

8,10 — membBpaHHble rasopasgenuteneHbie 6noku MIMB-1 n MI'B-2, cootBeTCTBEHHO, 9, 11 — monocTb
BbICOKOTO AaBneHus membpaHHeix 6nokos (MBL), 12 — perynatop gasneHus, 13 — BbIXog
MOAroTOBIEHHOrO rasa, 14, 16, 25 — koHgeHcar, 18, 22 — nonocTe HU3KOrO AaBreHns MeMBOpPaHHbIX
6nokos (MHA), 20, 24 — gpoccenb

PucyHok 7.16 — Tunoeas ycTaHoBKa AByXcTaaumnHon membpaHHon nogrotosky MHI
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YcraHoBka paboTtaeT cnegyrowmm obpasom. MHI wnm M nocnegoBaTenbHO
OuYMLL@ETCA OT KanenbHOM XWAKOCTU BO BXOAHOM CenapaTtope 2, CKMMaeTcsl A0 3a4aHHOro
LlaBneHns B KOMnpeccope 3, OxnaxaaeTcs A0 3agaHHon Temnepatypel B ABO 4, ounwaetcs
OT KanenbHOW XUAKOCTU B KOHLIEBOM cenaparope 5 1 dhunsTpe-koanecuepe 6, nocne 4yero ¢
33fjaHHbIMM  MapameTpamy Mo TEMnoM3onMpoBaHHOMYy oborpeBaemomMy Tpybonposogy
noctynaeT Ha Bxof MmembpaHHoro rasopasgenutensHoro 6noka MIMb-1 8. MI'B npeacraensaet
cobol, kak npaBWMO, HECKOMbKO NapanfienbHO pPacrnonoXeHHbIX MOAyrel Ha OcHoBe
NMOSTIOBOMOKOHHON MeMBpaHbl, MMetoWmx oblme nMHWM BBOA& ChbIPbEBOr0O rasa, BblBOAA
noAroToBNeHHoro rasa n nepmeata. B MB[ 9 razoBas cMeck NPOXOAUT Yepes MEXKBOSIOKOHHOE
NpPOCTPaHCTBO MeMBpaHHOro rasopasgenurensHoro mogyns. Mo Mepe npoaBvkeHUs BAONb
BOJTOKOH JTErKOMPOHNKAIOLLME KOMMOHEHTBI Fra30BOM CMecK (BOAa, CEepOBOAOPO/, MEpKanTaHsbl,
LVokenn, yrnepoaa, staH u bonee Tskénbie YrneBOAOPOAbl) CENEKTUBHO MPOHUKAT BO
BHYTPVBOSIOKOHHOe npocTtpaHcTeo — MHA 18, B pesynbTate 4ero COOTHOLUEHWE Nerko u
TPYAHOMPOHMKAIOLWMX KOMMOHEHTOB rasoeon cmecu B MNB[] ymeHblwaeTca. MpegycMoTpeHa
BO3MOXHOCTb (B 3aBMCMMOCTU OT HEOBXO0AMMOCTM) NOAAYM YaCTU rasoBoOM CMECU C BbIxoaa
MBJ 9 nogaum no Tpy6onpoeoay 20 yepes apoccens 19 B MHA 18; npogyska MNHJ, 18 rasosor
cMechto ¢ Beixoga MBJ] 9 no3BonseT yBenuunTb ABWXYLLYIO CUMY NpoLEecca ra3opasferneHus.
[asoByto cMechb, a MMeHHO, cmeck nepmeata us MNMHA 18 n peteHTara us MNBA 9, ¢ BbIXOAA
MHA 18 nogatoT Ha naTpyboK nogaqn TONMMBHOIO ra3a rasonopLUHEBOro koMnpeccopa 3 ans
MCMNONb30BaHMa B kadvectese Tonnmea. OCHOBHyIO 4YacTb rasoBow cmecu ¢ Bbixoga B[ 9
nopgatoT Ha Bxopg MBA 11 MIB-2 10, roe, aHanormyHo MIB 8, cooTHolUeHWe nerko wu
TPYAHOMPOHUKAIOLLMX KOMMNOHEHTOB B rasoBon cMecu (MBL) yMeHblaeTca ¢ nosnyyvyeHMem
NpPOAYKTa, COOTBETCTBYIOLLEro NPEABbABNSEMbIM K HEMY TpeboBaHMAM Ha Bbixoge u3 MBJ 11.
Yactb npoaykTa (B 3@BMCMMOCTM OT HEOBX0aNMOCTIM) No Tpybonposoay 23 uepes apoccens
24 nopatot Ha Bxog NMHA 22 MI'b 10 gns ee npoayskn, a cmeck nepmearta u3 NHA 22 nogatot
Ha BxoA cenapartopa 2 no Tpybonposoagy 21, TeM cambiM obecneynBas BO3BpaT rasa B LUvKN
rasopasgeneHns (peuvpkynsauvio). [laBneHve B cucteme M pacxop NOArOoTOBEHHOro rasa
yCTaHaBnNMBaKT MOCPEACTBOM perynsatopa 12 Ha Tpybonposoge 13 otBoga rovtoBoro
npoaykra.

TuvnoBas cxema MeMOpaHHOM NPOMBILUNEHHOW YCTaHOBKM (pucyHok 7.16) B
3aBMCMMOCTM OT TUMa M Ka4yecTBa WUCXOQHOrO rasa, uenev noarotoBku rasa n obvema
NOAroTaBNMBaEMOro rasa nerko aganTupyeTCs NOA KOHKPETHYHO peluaemyto 3apaqy.

Mpw faBneHun CbIPbEBOTO ra3a, NPeBbIWAaLLEM gaBneHne nepmMeara, Ans Bo3sparta
nepmeara Ha Bcac KOMMPEeCccopa CbiPbeBOro rasa UCMosb3yto A0XKMMHOM KoMrpeccop [166].

Ecnv LueneBbiM KOMNOHEHTOM ABMAETCH NErkONPOHUKAOLWWIA ras (Hanpumep, B 3apade
M3BMEYEHNS W KOHLUEHTPUPOBaHUA Fenns K3 MNPUPOAHOro rasa), TO MPUMEHSIOT
LBYXCTYNEHYaTyto CXeMy, a AOXKUMHOM KOMNPECCcop nepmearta UCnonb3yeTca ANns CO34aHus
LaBneHnsl, JOCTaTodHOro Ansi NOBTOPHOM MOArOTOBKM nepmearta Ha MembpaHHoMm Gnoke
BTOPOW CTYMEHU (PUCYHOK 7.17).
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PucyHok 7.17 - [IByxcTyneHuyatasi cxema KOHLEHTPMPOBAHUA renina U3 NpupoaHoro rasa 6es
peuuvkna [167] (a) n ¢ peunpkynsiumen NoaroToBAEHHOrO rasa 2-i ctyneHu (6)

[ByxcTyneHuyaTble CxeMbl C NOArOTOBKON nepmearta nepsoli CTyNeHW nocne cxatus ¢
MOMOLLbI0 AOXUMHOIO KoMnpeccopa Ha MembpaHHbIX 6/10kax BTOPOI CTYNeHW NPUMEHSIIoTCA
B yCTaHOBKax MoAroToBKM TOMJIMBHOTO rasa u3 npupogHoro n MHI [168], a Takxe B ycTaHOBKax

ocywkun Mr [169, 170].
[na noaroToBky HeGONbLUMX pacxXofoB HM3KOHanopHbix MHI 6onee adhdhekTBHA

cXemMa C 3aMeHol KoMnpeccopa Ha XXWAKOKOMbLEeBOW (4Yalle BCero BOAOKOMNbLEBOM)
BaKyyMHbI HACOC Ha IMHUK nepmeata (pUcyHok 7.18).

BakyymHas cxema noarotosku MHC

MogroToRNeHHb I ras

o . Bnok Ei
ViexopHei TH j vnbTpaLN
Cergparop CwB
KoHaeHcaTta
Crvs ﬂaq/l:
Ha dhexen
BakyymHas
KOMT PHas

cTaHyus

PucyHok 7.18 - BakyymHas cxema mMembpaHHol noarotoeku MHI
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Mpy BbiCOKMX TTP CbipbeBOro rasa Mo yriesogopogam M Bofde nepeg nogadven Ha
MeMObpaHHbIi 610K NPUMEHAEeTCA [AOMNOSHUTE bHbIA MOAOrPeB CbIPbEBOrO rasa nepeg
nogayeit ero B M6, KOTOpbIA, B 3aBMCMMOCTM OT BO3MOXHOCTEN MIOWAAKN pasMeLLeHns
yCTaHOBKM, peanu3dyeTca NnMbo ¢ NOMOLLbI0 TMMOBOro nogorpesarens rasa, 1M60 ¢ NOMOLLbIO
TEen006MeHHuKa.

Cama MembpaHHas ycTaHOBKa MOXeT ObiTb BbIMO/HEHA B BuAe OT OAHOW A0 Tpex
nocrefoBaTeNlbHO PAacrnofIOKeHHbIX MeMOpaHHbIX CTaguii, NpuM 3TOM, B CBOK oYepepb,
Kaxzaa crajua MOXeT COCTOATb M3 OAHOr0 WU HECKOJIbKMX napasisiesibHO PacnosioXeHHbIX
Memb6paHHbIX 6710K0B (PUCYHOK 7.19).

PrcyHok 7.19 - CxeMbl KOMMNOHOBKM MeMbpaHHbIX 6/10KOB B cOCTaBe MeM6paHHOM
YCTaHOBKW: &) napasnnenbHas, 6) nocnegosatesnibHas,
B) napasfiefisHo-nocnefosaresnbHas

OpgHocTaauiiHble cxembl (pUcyHok 7.19a) Hanbonee npocTblie, HO XapakTepusyTcs
60nee HW3KMM U3BMEYEHWEM LEeNeBoro mnoToka C (UKCMPOBAHHbIMU  CBOWCTBaMMU.
MHorocTaguiiHble cxeMbl (PUCYHOK 7.196) NO3BONSAKT 4OCTUTHYTb BbICOKOW OYMCTKM LeneBoro
TPYLHOMPOHUKAKOLWEro  KOMMOHEHTa CMecu, OCOOGEeHHO Korga TpebyeTcss  Bbicokas
KOHUeHTpauumsa. [pumeHeHne napannesbHO-NOCNeAOoBaTe/IbHON CXeMbl MOAKIHYEHUSA
MeM6paHHbIX 6/10KOB MO3BOAET AOCTUYb BbICOKOI CTENEHWN U3BIEYEHUS U YNCTOTbI LLeNeBoro
npoAykta B LUMPOKOM WHTEpBasie Harpysok (pUCyHok 7.198). MHoroctaguiiHble CXeMbl
Hanbonee LMPOKO NPUMEHSIOTCA NpU peanusaunm cXem € YacTUYHbIM PeLuKIoM rasa.

O6bemM NOArOTOB/IEHHOIO rasa, NOJy4yaemoro C eAMHWYHOro Mem6paHHOro Moayns
(vwm MTFB), Bo3pacTaeT C MOBbIWEHNEM CENIEKTUBHOCTU TMNPUMEHSIEMOM Mem6paHbl Mo
ygansembiM KOMMOHEHTaM, C yBe/MuYeHWeM nepenaga AaBneHuii Ha membpaHe (pasHocTh
Mexay AaBneHnem rasa B MNBJA v MHA), c ysennyeHmem oTHOWeEHMA gasnennii 8 NMBA v MHA.
MoBbileHne TemnepaTypbl MNOATOTOBKW, KakK MpaBuio, BeAeT K YBE/MYEHWIO YyAesbHOWN
Npon3BOAMTENBHOCTM MO MOArOTOBNEHHOMY rasy (MpW COXpaHeHun BenuuuH aasneHun MBL
n NHA), Ho ogHOBPEMEHHO yBENNYMBaETCA M TpebyeMoe KOMYEeCTBO UCXOLHOIO CbipbeBOro
rasa.

148



UTC 50-2017

OnbIT NPOMBILLINEHHON 3KcrnyaTauum meMOpaHHbIX YCTaHOBOK Ha Tepputopun PO
nokasar, 4To, B 3aBUCMMOCTU OT pexxmnMa paboTsbl, 06ecneunBaroTcs crnefyroLme nokasartenm
NMOArOTOBKW rasa:

cHwkeHve TTP rasa no soge Ha 15-40°C OTHOCUTENLHO HaYanbHOro 3HAYEHUS;

cHuwxkeHne TTP no yrnesogopoaam Ha 8-30°C 0THOCUTENBbHO HAYanbHOro 3HAYEHUS,

yBenuMyeHrne METaHOBOro uucna rMoarotoBneHHoro rasa Ha 1040 eauHny B
3aBMCUMOCTY OT TPeOyeMOWN CTEneHn CHWKEHUA HU3LWEA TENNOTBOPHON CrOCOBHOCTU rasa;
npu 3ToM coaepxanme B Hem C4+ cHmkaeTcs B 2,5-6 pas, a coepkaHMe MeTaHa NoBbILLaeTes
Ha 8-25 %;

CHWXEHWE CoAepKaHNA CEPHUCTBLIX COeANHEHUI (CepoBoaopos, MepkanTaHbl) B 10-100
pas;

cHkeHue coaepxanna CO2 go 15 pas.

MpyHUMNManbLHLIM  NPEenMyLLIECTBOM MeMOpaHHbIX YCTaHOBOK SIBIISIETCH MOCTaBKa
obopygoBaHna B 6roYHOM MUCMONHEHWU Ans Nobol KNMMaTUYecKol 30HbI U obecrneveHue
Ka4ecTBa MOArOTABMMBAEMOro rasa B COOTBETCTBUM co Bcemu TpebosBaHusMn
CTO Tlasnpom 089-2010 [35] (3a mnckntoueHnemM TpeboBaHUA NO COAEPKaHMIO KUCNopoaa) v
FOCT 5542-2014 [36] (3a wuckmtoveHnem TpebOBaHWIA MO COAEPXKAHWUIO KUCropoga W
VMHTEHCUBHOCTM 3anaxa). Npu 3ToM B pamkax AaHHOW TEXHONOMMN OAHOBPEMEHHO peLLatoTCcs
3a/j@a4M OCYLLKM rasa Mo BOAE M CHWKEHVIO B HEM COAEPXaHUS TAXKEenbIX YrneBojopOAOB
(oT6eH3nHMBaHNE), CepoOBOAOPOAA, MEPKANTAHOB (CEPOOYNCTKA), YTIEKMUCIOro rasa.

Jpyrumn, KpOMe KOMMNEKCHOrO pPeLLeHUs 3a8a4m NOAroTOBKN rasa, NpeMmyLecTBaMm
MeMOpaHHbIX  YrnMeBOAOPOAHLIX  YCTAHOBOK MO  CPaBHEHWIO C  anbTepHaTMBHbIMU
TP2OMLUMOHHbIMA ~ TEXHOMOTUAMW  MOAFOTOBKM  Fasa,  ABMASOTCA:  MUHUManbHble
3KCMNyaTaunOHHbIE 3aTPaThl; BO3MOXHOCTb paboThbl Ha AABNEHMN UCXOAHOTO ra3a B LUMPOKOM
AVanasoHe 3Ha4YeHW; KOMMaKTHOCTb M Marbii BEC, MPOCTOTa MOHTaXa U obCcnyuBaHus,
Gonblion pecypc paboTbl; BOZMOXHOCTb HapallMBaHUs MPOU3BOAUTENIBHOCTU YCTaHOBKM;
ObICTPBIA 3aMyCK M OCTAHOB; MPOCTOTa B 3KCMNyaTauuu, Nerkoctb BCTpavBaHWsA B Apyrve
TEXHONOrn4yeckne npoueccel. Hanpumep, npumeHeHne MemMOpaHHOW YCTaHOBKM MO3BONSET
BEPHYTb B MOTOK OCYLUEHHOro M nogrotosneHHoro raza 70-90 % obvema oTpaboTaHHOro rasa
pereHepaumn ancopbLUMOHHOM yCTaHOBKM ocyllku rasa, a 10-30 % — HanpasBuTb Ha BXO[
CbIpbeBOro komnpeccopa [171]. B pesynbTare, focTUraeTcs yBenuyeH1e BbIXoAa C yCTaHOBKN
aACopOLIMOHHON OCYLLIKW NMOAFOTOBMNEHHOIO rasa 1 CHWKaeTCs KONMYeCTBO rasa pereHepaumm,
nogaBaeMoro Ha BXof CbIpbEBOro komnpeccopa, ¢ 25-30 % Ao 1-5 % ot o6Lero CbipbeBOro
noToka.

7.10 TexHONOrMs OYMUCTKU MPUPOAHOrO0 U MNOMYTHOro HedTAHOro rasoB oOT
cepoBogopoda MeToAOM XuakodasHOro OKUCINEeHUsi cepoBoAopoda XernaTHbIMU
KOMMneKcamu xenesa

Mpouecc KaTanMTUYECKOrO  OKUCIEHWS  CepoBOAOpoAda XernaTtamu  MeTannos
nepeMeHHoN BaneHTHoCcTU Bbin paspabotaH Gonee 30 neT Hasag v B 3apybexHOM NpakTuke
YCMELLHO UCMOoNb3YeTCA Ha yCTaHOBKax NOAroTOBKM ras3a mManoro n cpegHero obvema [172].

Mpouecc OTHOCUTCA K pereHepupyeMbiM METO4aM CepOOYMCTKM U OCHOBaH Ha
OKUCMEHMN CEpOBOAOPOAa [0 OSMEMEHTapPHON Cepbl BOAHbIMW PACTBOPAMM XEMaTHbIX
COEAVMHEHWA enesa C nocreaylolwend WX pereHepaumelt KUCMOPOAOM  BO3gyxa.
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O6pa3sylowasncs cepa BblgensieTcs unbTpaumeid, kak npasuio, B BUAE Keka (nenewku) c
3a/laHHOl BMI@XHOCTbIO U MPUroAHa 4nA nocnegyowein nepepaboTkn B TOBaPHbIA NPOAYKT MO
FOCT 127.1-93 [105]. Opyrue obnactm NpUMEHEHUs cepbl M3 Mpouecca: MCNonb3oBaHue B
KayecTBe fo6GaBKM B TEXHOMNOIMW MPOM3BOACTBA CepoactanbTobeToHa, UCMNOAb30BaHUE B
BUAE CYCNeH3UN B KaYecTBe yA06peHns B CeNbCKOM X03ANCTBE. BO3MOXHO 3aXOpOHeEHMe Keka
(nenewkn) cepbl B NOYBe, T.K. OHA He NpefcTaBAseT ONacHOCTW AN OKpyXatolieid cpefbl v
ABNsAeTcA 6e3BpeHbIM OTXOL0M.

Mpouecc xenaTHON O4YMCTKM ra3oB OT cepoBogopoda o6najaeT yHMBEPCANbHOCTbIO U
nossosnseT nepepabaTbiBaTb rasbl C CofepxaHuem cepoBogopoga BmaoTb Ao 100 % npwu
JaBneHnsax cbipbeBoro rasa o 10 MMa, ogHako, Hanbonee TEXHOMOTMYECKM MPOCTbIM U
KOMMepYeckn OO6OCHOBAHHbLIM SBNAETCA MNPUMEHEHME TEXHOMOIMW AN OYUCTKM rasoB C
cofepxaHnem ceposogopoga ot 0,1 go 3,5 % mon., npu gasneHusx ot 0,1 go 1,0 MMa, ¢
BblAe/fIeHNeM npumepHo Ao 12,5 TOHH cepbl B CyTKW. MuHUManbHOEe [faB/ieHUe rasa Ha
obeccepuBaHne orpaHMuMBaeTCa noTepeli AaBfieHUsA rasa B MPoOLEecce ero OYUCTKU U, Kak
npaswo, He npesbiwaeT 0,5 6ap.

MpuHuMNnanbHas cxema npouecca npueefeHa Ha pucyHke 7.20.

OunLLeHHbII ra3

A
MoannTka OTpaboTaHHbli
pearenTta BO3AYX
PereHepaTop
Bozayx
Komnpeccop

BO3AYLUHbI

Hacoc
PeLMPKYAALNOHHBIR
®unbTp-npecc

PucyHok 7.20 - TMpuHUMNManbHas cxema yCTaHOBKM XWUAKOMA3HOro OKUCIEHNs
CEepoBoAOpOAa XeNaTHbIMI KOMMIeKcamu xenesa

YcTaHoBka paboTaeT cnegywowmm obpasom. Ha Bxog ycTaHOBKM NojaeTcs CbipbeBoit
cepoBogopoAcoepxalinii ras, ¢ 3afaHHbIMU pPacxofoM, AaB/iEHWEM W TemnepaTypo,
npeaBapuTeNbHO OTCenapupoBaHHbIV OT KanesibHON XUAKOCTM U MeXaHW4YecKux npumeceil.
Mpoxoasa yepe3 pacTBOp kaTanu3atopa B abcopbepe, ras ouuuiaeTcss OT CepoBOAOPOAa,
nocne 4yero nogaetcsa [ANS AanbHenwero ucnonb3oBaHusA. B npouecce obeccepuBaHus
MCXOAHbI ra3 HarpeBaeTCcs M BbIXOAUT U3 abcopbepa BNaroHacChILLEHHbIM.

Abcopbep 1 pereHepartop cogepxaTr Heobxogumoe A9 OYHKLNOHUPOBAHUS CUCTEMBI
KO/INYECTBO XUAKOr0 KaTtasim3atopa, BHYTPEHHMWE MacCOO6GMEeHHble W pacnpegenunTesibHble
yCTpolicTBa, 0060pyAOBaHbl CUCTEMOM KOMMEHCAUMOHHOIo 3nekTpooborpesa. Abcopbep
paboTtaeT npu BXO4HOM [faBfieHWW rasa, pereHepartop pabotaeT npu aTMocgepHOM
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paeneHun. lMpeaycMoTpeHo nopaepKaHue MOCTOSHHOTO YPOBHS XWAKOCTM B abcopbepe,
W3MULLKA KUAKOCTU CIMBAIOTCA Yepe3 Perynvpylolui KranaH B pereHepaTtop 3a cuyeT
CYLLIECTBYIOLLIEN MEXAY HUMW PA3HOCTU LaBIEHNNA.

PereHepaumsa katanuM3aTopa BbINOMHSETCS NOAAYEN B HUXKHIOK 4acTb pereHeparopa
yepes pacnpegenqTensHoe yCTpoMCTBO BO3ayxa. [lna nogayn Bo3gyxa, B 3aBUCUMOCTU OT
napameTpoB CbIPbEBOro rasa, NpeaycMOTPEHO UCMONb30BaHWE BO3AYLLUHOMO kOoMMpeccopa ¢
3MNEeKTPONPUBOAOM MNM Bo3ayxoayBku. ocne npoxoxaeHus yepes pacTeop karanusaropa
BO3AYyX, HACbILLEHHbIA Napamu BoAbl, copackiBaeTca B atmocdepy.

PereHepupoBaHHLI pacTBOP HaNpPaBnsETCs C MOMOLLBIO PEUMPKYNALMOHHOIO Hacoca
B BEPXHIO0 YacTb abcopbepa NPOTUBOTOKOM K ABWXKEHUIO rasa. Mpu CHWXeHWM YpOBHSA
Katanusatopa B pereHeparope npou3BOAMTCH MNOAMUTKA CUCTEMbl PacTBOPOM K3
CMEeCUTENBHOM EMKOCTM (Ha CXEME He MokasaHa) C MOMOLLbIO Hacoca.

B HwxHen 4actn pereHepartopa cobupaeTca CepHbIi 0CafoK, KOTOPbIA C MOMOLLBIO
Hacoca (Ha CxeMe He nokasaH) OTBOAUTCA Ha (OUNbTP-NPECC, YCTaHOBNEHHLbIV B OTAENbHOM
oTCeke TexHonorudyeckoro 6nok-6okca. OUNLTP-NPECC OTAENSET OT XUAKOCTU CEpPHbIA KeK
(nenewwky) ¢ octaTouHON BnaxkHOCTLIO 20-30 %, KOTOPbIN NEPUOANHECKIN YBO3UTCS HA KPbITbINA
cknag AnA HakonneHus U BpeMeHHoro xpaHeHus. OTAeneHHbIn OT Ccepbl pacTBop
BO3BpaLLAeTCa B LuKn. [ns ouMcTkn punsTp-npecca npeaycMOTPeH NOABOA K HEMY CXKaTtoro
BO34yXa M TEXHUYECKOW BOABI.

MpeaycmoTpeHs! yanbl oT6opa Npob rasa u XuAKOCTU Ha aHanus 1 y3en J03MpoBaHnS
peareHTOB ANS MOALEPKAHWA TEXHOMNOIMMYECKMX MapameTpoB npouecca (Ha pUCYHKe He
rnokasaH).

B kavectBe xenaToobpasyrox COEAMHEHWI, KOTOPbIE NOAAEPXKMBAOT XENneso B
pacTBOPEHHOM COCTOSHWM, Haubornee LWMPOKO WCMOMb3YIOTCA pPacTBOpUMBLIE  COMU
3TUNEHANEMUHTETPAYKCYCHOM KUCNOThI (HanpuMep, AByHaTpuesas — TpunoH B).

Obwass peakuns KaTanUTUYECKOro OKWUCMEHUsI CEepOBOAOPOAA  OMuUchbiBaeTcs
ypaBHEHVEeM:

2H2S + 02 = 2S + 2H20

B abcopbepe npoTekaeT cregyrolasi cymMapHasi peakums:

2Fe+3 + H2S =S + 2Fe+2 + 2H+

B pereHepaTope npoTekaeT crneayroLlas cyMMapHas peakumst:

4Fe+2 + 02 + 4H+ = 4Fe+3 + 2H20

Mpouecc cenektTnBeH No oTHoLleHnto k H2S B npucytcteum CO2. B npoLecce o4ncTkM
rasa Moxet ObiTe yaaneHo Ao 50-80 % metunmepkanTtaHa n 30-60 % cepookucu yrnepoga.

KoMmnnekTHas nocraska yCTaHOBKM xuakodasHoro obeccepuBaHus CepoBOAOpPOLa
COCTOUT M3 MOHT@XHbIX BNOKOB MaKkcyMaribHOW 3aBOACKOW rOTOBHOCTU BrOYHO-MOAYNBHOIO
VCMOMHEHUS WX HApYXHOro pasMeLLeHVA W BKIOYaeT yanbl cenapauum CbIpbeBOro u
obeccepeHHoro rasa; abcopbLMOHHON CEPOOUNCTKN; pereHepaLmmn katanmusaTopa, oTAeneHus
cepbl; HACOCHO-KOMMPECCOPHOE 1 TennoobmMeHHoe 0bopyaoBaHMe.

YcraHoBKa xenaTHOW OYMCTKM MOXET BbICTYNaTb B Ka4yeCcTBE OCHOBHOW eduHULbI
CMCTeMbI MOAFOTOBKW rasa 1 Nerko MHTErpupyeTca B CUCTEMY KOMIMIEKCHOW NOAroTOBKW rasa,
obecneymBas rapaHTMPOBaHHOE Ka4eCTBO MO COAEPXKaHMWI0 CEPOBOLOPOLa B COOTBETCTBUN C
TpebosaHuamm CTO laanpom 089-2010 [35] (go 7 mr/m3) n TOCT 5542-2014 [36] (mo
20 mr/m3). CnepyeT Takke OTMETUTL, YTO MPOLIECC OYMUCTKU OT CEPOBOAOPOLA XenaTHbIMU
KOMMNnekcamm xxenesa crnabo JysctemTeneH k konebaHusim pacxona obpabaTbiBaeMoro rasa
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1 COAEPXKaHUIO B HEM CepOBOAOPOAa, YTO 0BecrneumBaeT CyLEeCTBEHHbIE MPenMyLLECTBa Mnpu
3KCMMyaTaumm YCTAHOBOK B YCMOBMSIX W3MEHSIOLIMXCA pacxXoAoB W COCTaBOB rasa.
JononHnTenbHbIM  MPEMMYLLECTBOM  MpoLecca  SBMSETCA  ero  YCTOMYMBOCTb K
KPaTKOBPEMEHHLIM  MepepbiBaM  3MEKTPOCHAOXEHWs, 4YTO MOBblAEeT  NPUMEHUMOCTb
YCTAHOBOK XenaTHOM OuYMCTKM LN 0BbekToB, rAe HeT BO3MOXHOCTU obecneunTb
GecnepeboriHoe anekTpocHabxeHwme.

7.11 TexHonorusi ounctku MHIC OT cepocogepxawmx coeauHEHUN

MpumeHeHne paspaboTaHHbIX  rPaHyNMPOBaHHbIX  XEeMOCOPGEHTOB  MO3BONAET
3P PEKTMBHO yaansTb U3 rasoBbiX NMOTOKOB CEPOBOAOPOA, MEPKaNTaHOBbIE COEAVHEHVS W
CHWXaTb BMNaXHOCTb OYALLE@EeMOro rasa.

Oumwaemein ras nocne dunsTpa-ocywmnTens nocrtynaet yepes
rasopacnpegenvTensHoe YCTPOIMCTBO B BEPXHIO YacTb agcopbepa n NpoxoauT Yepes Crion
xemocopbeHTa, NpeACTaBnsAoLEro cobon CMEChk NPUPOAHbIX MPaHYNIMPOBaHHLIX MaTeprarnos,
OCHOBHbIM KOMMOHEHTOM KOTOPOM SBMASETCA AMOKCMA MapraHua, obecneuvsarowmi
afCcopBLUMOHHYO peakumto (xeMocopbuus Mo NoBEpXHOCTU) C cepoBopopoaoM. [pyrue
KOMMOHEHTbI cMecu ofecneyvBaloT AOMONHUTENBHO YyNaenuBaHWe Brarv UM BblaeneHue
HEe3HaUMTENbHOrO KONMYeCTBa Tenna ANs NOALEPXKaHUA CTabUNbHOCTM PEaKLUMOHHOIO
npotecca

Ana ynaBnuBaHUs MenKMX YacTvy nepef nogadven rasa notpeburtento Ha mnMHWU
Bbixoga u3 apcopbepoB ycraHaenueBaetcs GUNbTP-NbineynosuTtenb. OuYMWEHHbIN ras
BbIBOAUTCA C HM3a aacopbepa.

Mpy NpOXoXAeHUM 4Yepes Cron XxemocopbeHTa rasoBOro MoToka CEpOBOAOPOA U
MepKanTaHOBbIE COEAVHEHUS pearvpyroT C JUOKCUAOM MapraHua, obpasyst yCcToNuMBbIe
COEAMNHEHMWS! YETBEPTOrO Kracca OnacHOCTU, KOTOpbIE MOTYT YTUIM3MPOBaTLCS Ha NMOFTUIoHax
MPOMBILLIIEHHBIX TBEPALIX OTXOA0B.

OcHoBHble NokasaTtenu npoLecca ¢ UCroNb30BaHWEM XeMOCopbeHTa:
CTeneHb HacblLLeHWs No macce 0,251 S/r copbenta

WHTepBan paboymx Temneparyp (no rasy) 5-100 °C

MuHUMansHoe gaBneHne razoBoro NOToKa 1.4 atm

JIHeHasn ckopocTb ot 0,05 10 0,15 m/c

McxoaHasa KoHUeHTpaums ceposogopoaa 4o 20r/m3

NcxogHas koHUEeHTpaumsa MepKkanTaHoB 10 70 mr/m®

CTeneHb 04MCTKM 88,5—-99,5%

YacToTa 3ameHbl copbeHTa He Yalle 1 pasa B 6 mecsiLeB

Knacc onacHOCTM 0TX040B YeTBEPTLIN

Hannune obcnyxmBarolero nepcoHana He TpebyeTcs, ynpaBneHne NONHOCTLH
aBTOMaTU3MpPOBaHO

MoTpebnsaemas mMowHocTb: Tonbko Ha KUTMWA

He bonee 1 kBT

I'IOTpe6neHV|e BOAbl M BOAAHOro napa

He TpebyeTcs

Hannune nepekaumnsaroLero o6opyaosaHus

He TpebyeTcs

Pacxop rasa npu pabouem pexvme
akcnnyarauum, Hme/yac

- MyH. 350

- Hom. 800+900

- makc. 1450

152



NTC 50-2017

Hanbonee pacnpoctpaHeHHon TexHonormer oumcTkum MHI ot cepocopepxalumx
coeanHeHun B Poccun sensetcs TexHonorum Sulfurex. PaccmaTtpuvBaemasi TexHonorus
XapakTepuayeTcs psaoM NPeuMyLlecTB no cpaeHeHuto ¢ Sulfurex: B TexHomorum He
MNCMOMb3YOTCA BOAHbIE PacTBOPbI; MPOAYKT OYUCTKM — CYXOW ra3; 3arpy3ka peaKkTUBOB
NpPoV3BOAWTCH pa3 B MONrofa/roa; NpucyTCTBUE NepcoHarna A TEXHUYECKOro 0OCyXMBaHUA
obopynoBaHus He TpebyeTcs.

OuncTka rasa oT CepoBOAOPOAa N MEPKaNTaHOBbLIX COEAUHEHUA Ha rPaHyNMpoBaHHOM
copbeHTe onTumansHa Ans rasoBbIX MOTOKOB C CogepxaHnemM cepbl A0 50 Kr/cyT n pacxonom
rasza go 100 tbic.m3/cyT. Mpun Bonblnx o6bemMax rasa ¢ Takum XKe KOSMYECTBOM Cepbl MOTyT
NMPUMEHSTLCSH KOMOUHNPOBaHHbIE TEXHOIOTMU, HaNpUMep, KOHLEHTPUPOBaHUE cepoeojopoaa
Ha aMWUHOBOW YCTaHOBKE C NOCMNEAYHLEN yTunmsaumen ceposogoposa Ha copbeHTe.

TexHONorns MMEET ONbIT KOMMEPYECKOTO UCMONb30BaHMS.

7.12 TexHONOrMM NPON3BOACTBA CUHTETUUYECKUX CKMKEHHbIX YrIeBoaopoaoB

MpvpogHeIn ras Hapsgy C TPagWUMOHHBIM €r0 WCNONb3OBaHWMEM B KavecTse
3HEPreTMYECKOro TOMNMBa ABMSETCA LEHHbIM ChipbeM ANS NPOW3BOACTBA CUHTETUYECKUX
xmakmx yrnesogoponos (CXKY) ¢ nocnenyowmm nony4eHUeM CUHTETUYECKUX XKUAKUX TONNB
(CXKT). B Poccum paHHas TEXHOMNOrMs Ha MpOMbILNEHHOM YpPOBHE ewe He oTpaboTtaHa.
OpHako CyLLecTBYET psf OMbITHBIX paspaboTok.

C>KY BrniepBble 6bINK Nony4YeHsl N3 CMecy okcuaa yrnepoaa vn sogopoaa B NepmaHum
¢. duwepom un . Tponwem, B 4eCTb KOTOPbIX Ha3BaHa xumundeckasa peakumsi. CuHTes
Puwepa-Tponwa — XMMUYECKasa peakums, KOTopas B NPUCYTCTBUM kaTanuaaTtopa Ha 6ase
xenesa unu kobanbta, npeobpasyeT CuUHTe3-ra3 (CMechb yrnepoja U BoAopOAa) B XUAKME
yrneBofopoabl (CMHTETMYECKas HedTb), C MOCMEAylWeEn BO3MOXHOCTBIO nepepaboTkm
CUMHTETUKN B MOTOPHbIE TONNMBa M Macna.

Peakuuio BegyT B NpOTO4HLIX peakTopax npu Temnepartypax 180 — 360°C n gaBneHum
no 45 atm. lNpoagyktamu sBRsOTCA a-oneduHbl U napadguHbl B OCHOBHOM JIMHENHOIO
CTPOEHUS WINPOKOro dpakumoHHoro coctasa, ot C1 go C100 v Bbiwwe:

nCO + (2n +1) H2 — CnH2n+2 + nH20
nCO + 2nH2 — CnH2n + nH20

Tennoeon adpdekT 3Tnx peakummn coctaBnseT 165 k[bk Ha MONb NpopearMpoBaBLLEro
CO.

CuHTe3 duwepa-Tponiwa paccMmarpuBarloT kak peakumio ruapononumepusaumm CO, B
XoAe KoTopon ofOpasyeTcs wMpokas yrnesogopogHas dpakunsa. Ha nosepxHoCTU
KatanusaTtopa MpPOMCXOAUT ABa TuUNa peakuuii: pocT LUenu B pesynbTate NpUcoefvHeHus
MOHOMEpa K yXe uMelowemMyca wuHTepmeamaty u obpbiB uenn ¢ obpasoBaHveM
npoaykra [173].

CuHTes Ouwepa-Tponwa npoTekaeT B MPUCYTCTBUMW KaTanuaaTopoB, CoaepXalimx
meTtannbl VIII rpynnbl Mepuoguyeckot cuctembl — HUKENb, kobanbT, xeneso ¢ gobaskamu
OKCUAOB APYIUX METarnmnoB (TOPWS, MarHusi, LMPKOHUS, TUTaHa). Beixog n coctaB npoaykTos
peakumm onpeaenseTca BWAOM Karanu3aropa W yCcnosusaMW NpoBeAeHUs npouecca.
MpOMbILWNEHHBIE KaTanM3aTopbl COBPEMEHHOIO npouecca Puwwepa-Tponwa 4acTo COCTONT U3
xenesa nnu kobanbTa, HAHECEHHBIX Ha OKCUA antoMUHUS, AUOKCUA KPEMHUA UNWU KU3enbryp,
1 coaepxar B ka4ecTBe NPOMOTOPOB OKCUAbI UMK COJN LLEMOYHbIX METaroB.
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B KkauecTBe HOCMTEREW KaTanvMsaToOpoB MPUMEHSIOT OKCUAbI, MNPUPOAHbIE W
CHMHTETUYECKME antoMoCUnuKaTbl U LeonuTel. Ha kobanbToBbIX kaTanusatopax obpasytotes
CMECH, COCTOSILUME MPEVMYLLECTBEHHO W3 napaduHOBLIX YrMEeBOAOPOAOB HOPManbHOro
cTpoenusi (80 % n Gonee) n HopmankeHbIX ankeHoB (15-20 % v Gonee) ¢ 4YMCNIOM aToMOB
yrnepoga 1-100 1 Bbiwe 1 HeGONbLIOrO KONMYECTBa Pa3BeTBMEHHbIX arnkaHoB, ankeHoB 1
Kucnopogcoaepxallunx coegmHennin (5 %). Mpouecc npoTtekaeT npu Temnepatype 170-200°C
v gasnerunn 0,1-1,0 MlMa. B npucyTCTBUK XenesHbIX kKaTanvsaTopoB CUHTE3 YrNeBo4opoL0B
m3 CO n H2 ocywectensetca B Gonee kecTkux ycrnosusix: Temnepatype 200-350°C,
nasneHun 3-4 MMa. B pesynsTate ob6pasyrorcs yrneBofOpPOAHble cMecu ¢ Gonbluvm
cogepxaHvem onegpurHos (80 50 %) 1 KUCNOPOACOAEPKALLMX COEQNHEHNI.

[vzencHoe TOMMMBO MOXHO TMOfyyarb Kak B xoae cuHTesa duwepa-Tponwa
HEMOCPEACTBEHHO, Tak W B pesynbTarte IMApPOKpeKkMHra obpasyrowmxca B npoLecce
yrnesogopogoB Beiwe Ci9 n onvromepusauumn ankeHos C3-C8. BeHanHbl, nonyvaemele Ha
XenesHblx KaTanmusatopax, UMetoT Oonee BbICOKME OKTaHOBble 4ucna, 4Yem OeH3uHbl,
Npon3BoAMMbIE Ha KOBanLTOBLIX KaTanusaTopax, 04HaKko OHN MeHee cTabunbHbl. LieTaHoBbIe
yncna Au3enbHbIX TOMnMB, nonydaemblx Ha Co-cucTeMax, HanpoTMB, OYEeHb BbICOKW. [lpu
NMPYMEHEHNM  KOBanbTOBbIX  KaTanmMsaTopoB  OOpasyeTcd  MHOro  AOPOroCTOSILLMX
BbICOKOMONEKYNAPHbIX  NapauHOB  (CUHTETUYECKUX  LEPe3nHOB), 4TO  ynydliaeT
3KOHOMMYECKME nokasaTenn npouecca. B cnyyae npomoTvpoBaHua KoBanbToBbIX
KaTanM3aTopoB OKCWAAMU LIMPKOHUS, OcoBeHHO B cmecu ¢ ueonutamm mapkun HZSM-5,
NMPOUCXOAUT 3HAYUTENBHOE YBENWUYEHME BbIXOA0B XUAKNX annudaTtuiecknx 1 apoMaTuyecknx
yrneBoAOpPOAOB.

TpyaHOBOCCTAHABMMBAEMbBIE OKCUAbLI LMPKOHWUA, TUTaHa, Lepusa U Ap., a Takke WX
CMECM C OKCUaMU LIMHKA WU anioMWHWUS, KOTOpblE SABNSIOTCA MPOMOTOpPaMW HUKENeBbIX,
KOGanbTOBLIX U KeneaHbIX kaTanMaaTopos, caMmu Takke (npy 450°C n 10 MIa) MoryT cnyxutb
KaTanusaTtopamy CUHTe3a YrneBo0pOA 0B NPEMMYLLIECTBEHHO Pa3BETBIIEHHOrO CTPOSHUS.

Cmecb yrneBoaopoaHbIX NpoaykTos, nomnydeHHas ud CO n H2, skmtovaet 10-30 %
meTaHa, 10-20 % yrnesopopogos C2-C4 n 45-80 % »upgkux n TBEPAbIX YrNeBOAOPOLOB.
OpHoW n3 BaxkHeMLMX npobrnem coBepLueHCTBOBaHUS npolecca sBnsieTca nepepaboTka B
TONMMBHbIE PpakLMM WK ApYrMe  XMMUYECKME NpOoAyKTbl 0Bpasylowmxcs  nerkux
yrnesogopogoB (C2-C5). K Hegocratkam npouecca criegyeT OTHECTU [OpOoroBuUsHy
KaTanuaaTopoB, CIIOXXHOCTb UX pereHepaLum, HU3KYH NMPOM3BOANTENBHOCTL — 8-12 Kr XUAKNX
npoaykToB Ha 1 M3 katanusaTopa B 4ac.

MpeanoxeHbl HoBble MOAUMMKALMU KaTannsaTopoB cuHTE3a yrneesogoponos us CO n
H2, K KOTOPbIM OTHOCHTCS:

— moauduuMpoBaHHble KenesHble M KoBanbTOBble KaTanusaTopbl, BKOYas
npomMoTmnpoBaHHble okcugamum metannos IV, VI, VIII rpynn;

— kobanbT- 1 Xenesocoaepallume oCaxXAEHHbIE UNWU NPONUTOYHBIE KaTanuaaTopb! Ha
OCHOBE BbICOKOKPEMHE3EMHbIX LIEONNTOB;

— [BYXKOMMOHEHTHblE CUCTEMbI, nNpeacTaBnsiowpme cobo mMoandULMpOBaHHbIE
karanusatopbl cuHTesa u3 CO n H2 metaHona nnu yrnesoAopoAos B CMECU C LIEONMUTHBIMU
KOMMOHEeHTamu;

— HaHeceHHble Ha HocuTenu KapbBoHunbHble koMnnekcbl metannos VI rpynnbl. B
KadecTBe HocuTenen MoryT 6biTb NPUMEHEHBI LIEONUTBI.

— pyTeHuncoaepxawme cuctemol. [128]
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MpombiwneHHoe npou3sBoacTBo CXKY cOCTOUT U3 Tpex cTaguii:

1- npon3BOACTBO CMHTE3-rasa,

2 - nosly4yeHne CMecu CUHTETUYECKNX YrN1eBOL0PO0L0B;

3 - rngpoobnaropaxusaHve CY.

Ha pucyHke 7.21 npuBefeHa npuHuunuanbHasa cxema npoussogcTsa CXY Ha ogHOM
13 3apy6exHbIX 3aBOA0B C eXerogHsiM noTpebseHvem npupogHoro rasa 6onee 3 mnpg, M3 B
rog, “3 KOTOpPOro BUAHO, YTO NPOAYKTaMu CUHTe3a ABNSATCA CUHTETUYEeckue yrnesofoponbl
(CY), 13 KOTOPbIX NOSYHAT CXKWKEHHbIE YrNeBoAopoaHble rasbl (CYI), HadTy, KEPOCUHOBYIO
N An3enbHY0 pakumm.

Ccyr
Hadra
NpuUpoAHbIif Craq/ﬂl QHeHa Claq/ﬂz
ras MoBBOACTBD  ——--——--- > OyHTes dnLepa: dp:amm

AvsenbHan
I—I hpaiyst
Kucnopogp Avokcng
BOoja yrnepojaa Bopgopop
PucyHok 7.21 - Cxema npoussogctsa CXY [174]

TexHonornn npoussogctea CXKT MNOCTOAHHO COBepLUEHCTBYHOTCA. K Hambonee
NepcnekTUBHbLIM M3 HUX MOXHO OTHECTW cnefyloLime:

-TEXHON0TNA C NPUMEHEHMEM NapoyrneKkUCNOTHON koHBepcun TMHT;

- TEXHO/IOTNSI reTeporeHHo-KaTaIMTUYECKO NoMMepu3aunm CUHTe3-rasa B XWUAKoe
TOMN/NBO;

- TEXHONOrMs C MNpPUMEHEHWeM KaTaJMTUYEeCcKol NapoyrieKUCNIOTHON KOHBepcuu
NCXOAHOTO CbIpbs U PELUPKYIALNOHHbIX NPOAYKTOB;

- KOMGUHMpOBaHHbIE TexHOMNOorMM npoussoacTea CXY n meTaHona;

- MUKPO- Y MUHWUKaHa/IbHblE TEXHO/IOTUU.

7.12.1 TexHonorms npowunssopgctBa CXY c nNnpuMeHeHUEM NapoOYrneKUCNOTHO!

KoHBepcuu MHI

B Poccuun co3gaHa TeXHOMNOMMA NOMyYeHUA peakTUBHbIX, AU3eNIbHbIX TONNB U Macesn
13 MPUPOAHOr0 M MOMYTHOrO HedTAHOrO rasa, KoTopas COCTOWUT M3 2-X OCHOBHbIX CTaAwii:
cuHTe3 duwepa-Tponwa u nepepabotka CXY un CTY.

B ocHOBe TeXHO0rMKn fexar:

- OpWrMHasIbHbIA npoLecc napoyrnekUcnoTHol koHeBepcun TMHI,  no3BoNSOLWMiA
CHM3UTbL 3aTparbl Ha NPOU3BOACTBO CUHTE3-ra3a Ha 40-50 %;

- YHMKanbHbIA cnocob peanu3auun cuHTe3a duwepa-Tponwa, obecneynBaroLLmii
BbIpaboTKy CXKY C LWMPOKMM (PPaKLMOHHbIM COCTaBOM;

- pa3paboTaHHblii KOMMMEKC TruapoKaTa/IMTUYECKUX MNPOLECCOB, MNO3BOMASAIOLLMNIA
BblpabaTbiBaTb  LUMPOKW/  aCCOPTUMEHT  TOBApPHOW  NPOAYKUMW,  YAOBNETBOPAOLLMWIA
NnoTpebHOCTM pblHKA, Kak B TOM/IMBHOM CErMeHTe, Tak W B CerMeHTe macen W Cbipbs AN
XVMUYECKON NMPOMBbILLIIEHHOCTH.
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K npeumyLecTtBam TEXHONOMMN OTHOCSTCS:

— yTMRU3aLmMs HU3KOHaMOPHOIO NONYTHOrO rasa;

— MOHETU3ALMS YTNEKUCNOro rasa;

— oteyTctBme CB, 3arpsasHaowmx BOAOEMSI;

— BO3MOXXHOCTb MOAYJIbHOMO WUCMOMHEHWUS TEXHONorMmM peluaet npobnemy ocBoeHus
HEeBOIbLUMX MECTOPOXKAEHNA 1 06ECNEeYeHN TONNMBOM TPYAHOAOCTYMHbIX PANOHOR;

— MPOW3BOACTBO LLUMPOKOrO CrekTpa MPOAYKLMM: BbICOKOKAYECTBEHHBIX TOMSMB AMA
neTaTenkeHbIX annapartos 1 aBTOMOOUINbHBIX ABUraTenei.

MpennoxeH koMMnekc Npov3BoacTBa cuHTeTUYeckon HedTn 1 CXKT mn3 MHI n M B
6104HO-MOAYNBEHOM MCMONHEHWM.

B HacToswee Bpemsi paspabaTbiBaloTCs MPOEKTbl ABYX TUMOB GNOYHO-MOAYNbHbLIX
YyCTaHOBOK ¢ o6bemamu nepepabotkm 10 1 50 MnH. HM3/rog Mo BXoASLWEMY rasy, KoTopble
nerko macwrabupytotca. lMpegycmaTtpueaeTca Grok OYMCTKM rasa OT cepoBoaopoga M
MepkanTtaHoB. [ina nepepabotku MNMHIT, nmetowero B ceoem coctase dpakuymm C3 u Bbilwe, B
Onoke KoHBEpCUMWM MPeAyCMOTPeH peaktop npeapudopmMuHra. Mpu Hanuuuu paenexHus
BXOASALero rasa Bbiwe 10 Gap BoamoxHa paboTa Komnnekcos 6e3 MPUMEHEHUs] ra3oBbixX
komnpeccopoB. Beixog CXKY 13 1 HM3 rasa coctaenseT B cpefHem 500 T.

CocTtaB TMNOBOro KOMMeKca NpousBOLCTBa CUHTETMYECKOW HedbT 1 CXKT:

— MOZYIb NEPBUYHON CEPOOYNCTKN rasa;

— MOZYMb AOOYNCTKM rasa;

— MOZYNb ra3oKOMMPECCOPHOW CTaHLMW;

— peaKTOpHbI GOk,

— MOAYIb BO34YLLUHO-KOMMPECCOPHOW CTaHLMK;

— MOZYnb MOAFOTOBKM KaTanmsaTopa;

— Onok TennoobmeHa;

— MOZYnb BOLOMOAFOTOBKY;

— 3Heprobnok;

— MOAYNb OnepaTopHON.

MpeumyLiecTea 6no4YHO-MOAYNBHLIX KoMnnekcos (BMK):

— BO3MOXHOCTb cepunHoro npouseogctsa BMK;

— BbICOKasl B3aMM0O3aMeHSeMOCTb BrOKOB KOMMNIekca B 3aBMcnmMocTtu ot coctaea lMHr;

— BbICTPLIN MOHTaX KOMMMEKCa HA MECTOPOXEEHNN,

— perynupoBaHue MPOU3BOAUTENBHOCTU KOMMMEKCa 3a CYET KonmMyecTBa MOAynen B
3aBucumocTu ot obvema MHT;

— afjanTaums K nobbIM KNUMaTUHYECKMM YCIoBUEM,;

— MmoHTax BMK He TpebyeT kanmTanbHOro CTPOUTENBLCTBA HA MECTOPOX EHNUN.

7.12.2 TexHONOrUs reTreporeHHo-KaTanuTU4ecKon NoNIMMepu3aLumn CMHTe3-rasa B
XngKoe TonnmBeo

MpepnoxeH cnocob MOMyYeHUs! KUAKOTO TOMNMUBA, KOTOPLIA BKIOYAET KOHBEPCUIO
MeTaHa B CUHTE3-Ta3 Y reTEpOreHHO-KaTanMTUYEeCKyo NONMMMEpU3aLmio CUHTE3-rasa B Kuakoe
Tonnueo [175].

KoHBepcuio MeTaHa B CUHTE3-Ta3 OCYLLECTBISIOT B MasMeHHON Tpybe npu AaBneHun
3-5 atm. npy Temnepartype 1175-1225°C B npucyTCTBUN KUCMOPOACOAEPXKALLIEro rasa, npu4em
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coaepxaHue kucnopoga cocraenset 150-200 mac. % ot cogepXaHna meTtaHa, a reteporeHHo-
KaTanMTUYeckyto MOoNMMMEPU3aLMIo CUHTE3-Taza B KWAKOE TOMMMBO  OCYLLECTBMANT
nocriegoBaTenbHO MPOMyckasi CUMHTE3 a3 Hag XPOM-HUKEnNeBbIM —KaranmsaTopoM U
LIEONUTHBLIM  KaTannsatopoM Mpu AaeneHun 65-75 atm. u 140-1600C c nocnegyrowum
BblAE€NIEHNEM U3  MOMyYEeHHOro  MPOAYKTa CMecu npeferbHbIX  YyrneBoAOpOAOB.
MpeanoYTUTENBHO WCMOMNB3YHT OCYLUEHHbIM MeTaH, MPeABapUTENbHO OTAENEHHbI OT
HeopraHuyecknx rasoobpasHbix MpuMecer W  TBepabix dactul. [lpenmyLlecTBeHHo
MCMOnb3YHOT XPOM-HUKENEBbLIE KaTanvaatopbl, cogepxaime 26-29 mac. % NiO, 12 mac. %
Cr203, 14 mac. % Ca0, Al203 — ocTanbHoe, a TakKke LIeONUTHLIA KaTannsaTop, coaepXallui
LeOnNUT rpynrbl NeHTacnnoB ¢ MoNspHbIM cooTHoLeHreM SiO2/AI203 40-150, a Tawke okcua
MarHusi, OKCuZ LMHKa 1 CBA3YIOLLEE, MPUYEM COAepKaHne Leonuta coctasnsaet ot 20,0 go
90,0 mac. %, cogepxaHne okcuga UmHka coctaensiet ot 0,1 go 6,0 mac. %, cogepxaHue
okcmpa marHus coctaenseT ot 0,01 go 4,0 mac. %, ceasytollee — octaneHoe. B kayectse
KMCrnopoacoaepXallero rasa MoXeT ObiTb MCMONb30BaH BO3AYX UMW TEXHUYECKUA KMCMOPOA.
OfHaKo ykasaHHbIN TEXHUYECKUIA pe3ynbTaT AOCTUIaeTCs U NMpu UCMOMb30BaHNM Kak XPOM-
HUKeneBbIX, TaK W LIEONUTHOrO kaTanuaaTtopa gpyroro coctasa. OuncTka UCXOQHOro MeTaHa
NO3BONAET YBENUUUTL PECYPC PaboTbl KaTannaaTopos.

KatanusaTtopbl nony4aroT M3BECTHbIM NYTEM, B YaCTHOCTW, NPOMUTbIBAHWSA OCHOBbI
COMNsAIMK C NOCNEAYIOLMM MPOKanMBaHNEM.

B panbHenwem un3obpeTeHve OyaeT pacCcMOTPEHO C UCMOMb30BaHWEM NPYMEPOB
peanuaauun.

1. B nnasmMoTpOH nogarT MEeTaH C pacxoaoM 5 Kr/u M TEeXHUYECKUI KMCNopoa,
MOMyYEeHHbIW NyTeM pasfoXeHWss BOAbl, B konudectBe 10 kr/4. Belweawwni w3
nnasMoTPOHa NMasMeHHbIA NOTOK NoaatoT B TPyOy, BLINONHEHHYIO B BUuAe pyTepoBaHHOTro
kaHana. [laBneHve B kaHane cocTtaenseT 4 atm npu Temnepatype 12000C. Cocrtas
NPOAYKTOB peakuun Ha Bbixoge peaktopa (06.%): H2 — 54,9, CO - 21,4, H20 - 7,1,
yrnesofopoabl — ocTtaneHoe. OT nonyyeHHOro npoAykta OTAEnsAlT BoAy U
yrnesogopoabl. CMech Bogopoja U okcuga yrnepoga HarpeparoT A0 TemnepaTypbl 152-
1550C npu gaBneHun 73 aTM WM NPOMyCcKaloT NocrnefoBaTenbHO Haf XPOM-HUKENneBbiM
KatanusaTtopoMm, cogepxawmm 27,5 mac. % NiO, 12 mac. % Cr203, 14 mac. % CaO,
Al203 — ocTanbHoe, a Takke LeonuTHbBIM KaTannaaTopoM, cogepxalium Leonut rpynnbl
NeHTacunoB ¢ MonsipHbIM cooTHoweHem SiO2/A1203 = 60, a Takke OKCUMA MarHusl, okcup,
UMHKa © CBs3ylollee, nNpuyeM copepxaHue ueonuta cocraenset 33,0 mac. %,
coaepxaHue okcupa UuHka coctaenser 0,7 mac. %, copepxaHue okcupaa marHus
cocraenset 0,04 mac. %, cessyoLwee — octansHoe. [NpoayKT Ha BbIXOAE COAEPXKUT CMECh
npeaensbHbix yrnesogopogos C5-C10, napsl Boabl, BOAOPOA, okcuabl yrnepoga. Cmech
yKasaHHbIX YrneBoAopoOAOB BbIAENAT nNOObIM M3BECTHBIM MYyTEM U3 MOMYYEHHOro
NPOAYKTa WU OTNPaBnsAlT Ha JanbHENLWee pasgeneHne M3BECTHBIM NYTEM C MOSyYeHUEM
pasnnyYHbIX BUAOB XUAKOrO TOMNUBA.

2. B nnasmoTpoH NOAarT MEeTaH C pacxofoM 7 Kr/d U TeXHUYECKAA Kucropoa,
MONYYEHHBIN MNyTEM pas3noXeHWs BOAbl, B KonuyectBe 12 «kr/4. Bblwegwun us
nnasMoTPOHa NNasmMeHHbIA NMOTOK NoAatoT B TPYBy, BbINONHEHHYO B BUAE DyTepoBaHHOIoO
kaHana. [laBneHvne B kaHane coctaenseT 4,8 atm npu Temnepatype 11900C. Cocras
NPOAYKTOB peakuun Ha BbixoAe peaktopa (06. % H2 — 57,1, CO - 24,1, H20 - 9,2,
yrneesogopoabl — octansHoe. OT nony4eHHOro npoaykTa OTAENAT BOAY W
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yrnesogopoabl. CMechk Bogopona 1 okcmaa yrnepoga HarpesatoT 4o Temnepatypsl 151-
1530C npu faBneHun 74 aTMm W NpOMyckKatoT nocnefoBaTenbHO Hah XPOM-HUKENeBbIM
Katanuaatopom, cogepxawmm 28 mac. % NiO, 11,8 mac. % Cr203, 13,9 mac. % CaO,
AlI203 - ocTanbHoOe, a Takke LIeONUTHBIM KaTannuaaTopoMm, coaepxalym LeonuT rpynmbl
nNeHTacunoe ¢ MonsapHbIM cooTHoweHuem Si02/AI1203 = 50, a Takke OKCUA MarHus, okcua
UMHKa u cBs3ylollee, MNpuvyeM coaepxaHve ueonuTta coctasnset 33,9 mac. %,
coaepxaHne okcmpaa umHka coctasnsetr 0,6 mac. %, cogepxaHwe okcuga marHua
coctaenget oT 0,05 mac. %, ceasywuwee — octansHoe. [MpoayKkT Ha BbIXOAE COAEPXKUT
cMecb npegencHbix yrnesogopogos C5-C10, napbl BoAbl, BOAOPOA, OKCUAbLI yrnepoaa.
CmMechb ykasaHHbIX yrneBofopoA0B BbAENAOT N0ObIM N3BECTHLIM MYTEM U3 NONYYEHHOTrO
NPoAYyKTa 1 OTNPAaBNAT Ha AanbHellee pasgeneHne 3BECTHbIM NyTeM C NonyvYeHnem
Pas’nNUYHbIX BUAOB XXMAKOro TONNMBa.

7.12.3 TexHomorMss C MNPUMEHEHUEM KaTaliIMTUYECKOM NapoyrneKUcsIoOTHON
KOHBEPCUM UCXOOQHOTO CbIPbs U PELMPKYNALMOHHbIX NPOAYKTOB

HepocraTtkamu BeiLLenpyBeAeHHOro cnocoba ABnATCA cneayoLwme:

— npu NpoBeAeHUM mnpoLlecca KOHBEPCUM C MOABOAOM BO3Ayxa B KadvecTee
KMcrnopogcoaepxallero rasa B LMK BBOAUTCA OOMbLUOE KONMMYECTBO asoTa, 4To, And
NoAAepKaHna HeobxoAMMOro napuvanbHoOro AaBrieHNs rasoB, y4acTBYIOWMX B
nonumepmsauum cuHtes-rasa (CO u H2), Tpebyet npoBefeHWsA 3TOro NpoLecca Npu BbICOKOM
ofwem paBneHMM rasoBol CMEcu M MPUBOAUT K MOBBLILWEHHBIM 3dHEeprosarpartaMm Ha ee
KOMMPUMUPOBEHWE;

— NpoBefEeHMe npoLecca KOHBEPCUM C NMogayen Kucnopoga ConpspkeHo ¢ GonbLummm
3aTpartaMu Ha YCTaHOBKY AIsi ero Npou3BOACTBa;

— HeobXoAMMOCTb BKITIOMEHWS B CXeMy KOMMpeccopa BbICOKOro pasneHusa (6,5-
7,5 Mla) n cBs3aHHOE C 3TUM YBEINMYEHME KanuTanbHbIX W 3KCNyaTauuMoHHbIX 3aTpar
(pacxonbl Ha 0OCnyXMBaHNE KOMMNPECCOPa, a Takke SHEPrMn Ha ero NPUBOA),

— BbICOKWe TpeboBaHWsi K 06OpPYyAOBaHUIO 1, B NEPBYI0 oMepeab, K peakTopy, B KOTOPOM
OCYLLECTBNAETCA nonuMepusauns CuHTe3-rasa npu gaesneHum 6,5-7.5 MMa, n
obycraenneaemas BbICOKUM paboymM AaBreHeM GonbLuas MeTanI0eMKoCTb YCTaHOBKM.

B cBsiav ¢ aTUM NpeanoxeH cregyowmin cnocob nonyyveHus CXKY 13 yrneeoaopoaHbix
rasos [176].

Cnocob BkovaeT KaTanuTUYeckyto NapoyrneKUCNIOTHYHO KOHBEPCUIO UCXOAHOTO ChipbA
M PEUMPKYNALMOHHBIX MPOAYKTOB NPy NocTossHHOM AaeneHun 0,8-3,0 MlMa ¢ npyMmeHernem
BbICOKOTEMIMEPATYPHOIO TEMMa W MONyYEHNEM CUHTE3-Tasa, KaTtanuTudeckyro nepepaboTky
CuMHTE3-raza no metogy Ouwepa-Tponwa ¢ OTBOAOM HWU3KOTEMMEpaTypHOro Tenna,
paspeneHue NPoAyKTOB, NOMYyYEHHbLIX B pe3ynbTarte nepepaboTkn CUHTE3-ra3a, Ha TPy noToka:
CMECh XU KUX YTIEBOAOPOAOB, BOAY U OTXoASALLME rasbl (coaepawype B ocHoHom CO, CO2,
H2, C1-C4), n nocneaytollee pasfeneHme MoryvYeHHOW CMECU XUAKUX YrneBogopofoB Ha
dpakumn ToBapHbIX BWUAOB XWMAKUX YINMEBOAOPOAOB (B TOM 4ucne OGeH3WH, KepocwH,
AunsenbHoe Tonnmeo) u yrnesopopoabl C21+ (pUcyHok 7.22).
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1- y3en CepoounCTKN; 2 - KaTaMTUYeCKuii peakTop KOHBEPCUM Yr1eBOL0pPOAHOro rasa; 3 - ropeska;
4 - Komnpeccop; 5 - napoBoi koTen; 6 - oxnaguTesnb-oCcylinTeNb CUHTe3-rasa; 7 - peakTop cuHTesa
duwepa-Tponwa; 9- 650K pekynepaumm Tenna AbIMOBbIX ra30B; 10 - 0X1aguTeNb-ocylunTenb
AbIMOBbIX ra3os; 11 - 610K 0TAeNeHUsA Aguokeuga yrnepoga; 11 - ysen BOAONOAIOTOBKY;

12 - KOMMpeccop AbIMOBbIX ra3os; 13 - pecuBep; 14 - y3en BOLOMNOATOTOBKY;

15-42 - NMHWUM nNojBofa-oTeoda pabounx cpeg;
| - NpMPOAHBIN ra3; Il - BoAda; Il BO34yx; IV - AbIMOBbIe rasbl; V - C21 U Bbille;

VI - XnAKne yrnesonoponbl

PucyHok 7.22 - TexHonormyeckasi cxema nonydyeHusi CXY 13 npupogHoro rasa
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PucyHok 7.23 - ®parMeHT NpUHLMNNanbHON TEXHONOMMYECKOn cxembl nonyyeHus CXKY
13 MHI 1 HU3KOHANOPHbLIX ManoAebUTHbIX CKBaXKMH

Peanusauuma cxembl Mo pUCYHKY 7.22 BO3MOXHA MPU YCI0BUW NOCTYN/IEHUSA NPUPOLHOTO
rasa Ha nepepabotky ¢ pgaeneHunem 0,8-3,0 MIMa, npu KOTOPOM MPOBOAMTCA BECb
TeXHONormyecknin npouecc nonyyeHus CXXY no npegnaraemMomy crnocoby. [Mpu MeHbLiem
[JaBfieHMn nocTynarwLero npuMPoOAHOro rasa cfiefyeT UCMnosb30BaTb BapuaHT nojsoja
NPMPOAHOrO rasa, nokasaHHbIi Ha puUCyHke 7.23.

NcxopgHoe rasoobpasHoe Cbipbe - MPUPOAHbLIA ras | NoasoauTcs no AmHumn 15 k ysny
cepoouncTku 1, rae NpUMpoAHbIi ra3 ounwaeTca OT COefMHEHUIA cepbl, a 3aTeM pasfensercs
Ha fABa notoka. [lepBbli MOTOK MPUPOAHOrO rasa no AvHWM 16 HanpaBnseTcs Ha
Napoyr/iekMCNIOTHY0 KOHBEPCUIO B KaTa/MTUYECKUA peakTop 2, CHaGXeHHbIi ropenkov 3,
npuyem nepes MNOCTyn/jeHWeM B KaTtanutuyeckuin peaktop 2 [N cmewwrBaeTca C
HarHetaembIMM KOMMPECCOPOM 4 4acCTblo OTXOAALUMX ra30B peakTopa cuHTesa duliepa-
Tponwa 7, noABOAMMON K KOMApeccopy 4 No MnHun 17, n AMOKCUAOM Yrepoaa, BblaensiembiM
13 AbIMOBbIX ra3oB B 610ke 11 BbigeneHns C02 v NoABOAMMbIM K KOMMApeccopy 4 Mo JIMHUA
18. [ina npoBefeHUs NapoyriekMCIOTHON KOHBEPCHUM B KaTa/IMTUYECKMIA peakTop 2 Mo JIMHUM
19 13 napoBoOro Kotna 5 nogatT Takke BOAAHOW nap. KoHBepcus nNpoBOAWUTCA MpW AaBNeHUN,
paBHOM [aB/IEHUI0 MPUMPOAHOTO rasa, MocTynawLllero Ha nepepaboTky, u Temnepatype 950-
10500C. TonyYeHHbIt cMHTE3-ra3 noctynaeTt no nAvHuM 20 B NapoBoii koTen 5 B kayecTse
rpetoLleil cpedbl 418 reHepauuu napa, rge 4acTMYHO OxNaxjaeTcsl, Janee AOMONHUTENbHO
OXNaX[aeTcs  BHEWHUM  X/lagoHocuTenem  (Hanpumep, BOAOW  waM  BO3AyXOM) [0
Temnepatypbl 20-400C v oTAaenseTcsa OT BarM B oxsagutesnie-ocylunTene 6. 3atemM no JIMH1n
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21 cvHTe3-ra3 nojaetcs B peakTtop cuHTe3da duwepa-Tponwa 7, rae npu Temneparype
180-2200C npoTekaeT peakuusi CUHTE3a >XUAKUX YrMeBOAOPOAOB, B pesyrbTaTe KOTOpOW
06pasyloTcsa CMECb XWAKAX YIMEBOLOPOAOB, BoAa W oOTxogswme rasbl. CMEecb XUAKAX
yrnesoAopoAoB Mo NUHUK 22 NoaBoauTCS B BNOK pasfeneHns Xuakux yrnesogopoaos 8, rae
pasaensieTca Ha ToBapHble BUAbI XUAKUX yrnesogopoaos VI, HanpyMep, pasnuuHbiX BUAOB
C>XKT, v xuakume yrnesopopoabl C21+ V. Yactb oTxoaswmx rasos no nvHumM 17 nopaetcs B
KaTtanuTMYeckui peaktop 2, OTKyAa BMECTE C CUHTE3-Ta3oM, MpOM3BEAEHHbIM B
KaTtanMTu4eckom peaktope 2 n3 NnpupoaHOro rasa, NogaeTcs Ha fanbHENLWyo nepepaboTky,
YTO MOBbILWAET BbIPabOTKy XWUAKMX YINEBOAOPOAHLIX TOMMMB B ycTaHoBke. [lpyras yactb
OTXOASILLMX ra30B MO NNHMK 24 HanpaBnseTcs B ropenky 3, rae CKUraeTcs BMECTe C YacTbio
NPUPOAHOroO rasa, UCNoNb3yeMon B KadyecTee Tonnmea. bnarogaps atomy obecneumBaetcs
HenpepbIBHLIM BbLIBOA W3 LMKNA BMECTe C AbIMOBLIMWA FasaMu 4acTM WHEPTHbIX ras0B,
nocTynawwWmx B COCTaABe WCXOAHOrO MPUPOAHOrO rasa, U TEM CaMbiM MUCKIOYaeTcs
HaKoNNeHne Nx B LuKne.

BTopo MOTOK MpupoAHOro rasa, npefHasHadeHHbI ANS CKUraHus B roperke 3,
oTOUpaeTca No NMHUM 23 N CMELUMBAETCHA CO BTOPOWN 4acTbio OTXOASLWMX rasoB peakrtopa
CcuHTe3a duwepa-Tponwa 7, NocTynarolen no NuHUKM 24, obpa3oBaBLLAsca CMECh MO NUHUU
25 noctynaet B 6rok pekynepauum Tenna AbIMOBbIX ra3oB 9, noporpesaeTca B HEM, nocne
Yero no fMHMKM 26 NoABOAUTCS K ropernke 3 U CKUraeTcs B HEM Npu TeMneparype He Bbille
11500C. HeobxoauMbIi Ans ropeHns Bo3ayx Taioke HarpeBaeTcs B 6noke pekynepaumm tenna
AbIMOBbIX ra3oB 9, mocne yero no nuHUKM 27 nogaeTca Ha ropenky 3.

[ObiMoBbIe rasbl IV 0TBOASTCA M3 KAaTanUTUYECKOro peakTopa 2, no nuHWK 28 nogaroTcs
B 6NOK pekynepauun Tenna AbIMOBLIX ra3oB 9, rae YacTUYHO OXNAXAAKTCS, NOCNEe Yero no
IIVMHUM 29 HanpaensloTCA B OXMaAWUTenb-OCyLUMTENb AbIMOBbLIX rasoB 10, B KOTOPOM
JAOMOMHUTENBHO OXNAXAATCH BHELLHUM XI1aA0HOCUTENEM (HanpyuMmep, BOLOW UM BO3JYXOM)
n otgenstotea ot Bnark. OxnaxaeHHble AbiMoBble rasbl no nuvHMM 30 nopatotca B 6mok
oTaeneHus anokemaa yrnepoga 11, nocne yero no nuHum 31 cbpacbiBaroTcs B aTmMocdepy, a
ANOKCUA yriepoga no nuHMM 18 HanpaBnseTcs K KOMNPECCopy 4 AN NOCneayoLwen nogaym
B KaTanuTU4eckin peaktop 2. YacTb OTXOAALWMX AbIMOBbIX ra3oB, OUULLEHHbIX OT AUoKCuaa
yrnepoaa v snaru, 3abupaeTcsi no fMH1M 32 KOMNpeccopoM 12, HarHeTaeTcs Ha XxpaHeHve B
pecvBep 13 1 uMCnonb3yeTcs MO Mepe HeobxOAUMOCTM Ans NpoAyBku TpyOOonpoBOAOB,
NOXaPOTYLLUEHUS U APYTUX TEXHONMOTUYECKUNX HYXA.

Boaa, obpasytoLlanca npu peakuum cuHTesa duiiepa-Tponwa, a Takke KOHAEeHcaT U3
oxNaguTenen-ocylumtenen cuHTes-rasa 6 u AbMoBbIX rasoe 10 nopaetcds B ysen
BOAONOArOTOBKM 14 Mo NMHWMAM cooTBeTcTBeHHO 33, 34 n 35, a 3artem no nuHun 36 — B
napoeow koten 5. BoagsaHow nap, o6pasyrominca B napoBoM KOTNe 5, 0TBoanTCs No nuHuK 37
1 CMeLUMBaETCA C BOASHLIM MapoM, NOCTyMNatoLLMM Mo JINHUM 38 13 NONOCTU NCNapuUTensHOro
OXNaXAEHNA peakTopa cnHTe3a Puwepa-Tponwa 7. O6pasoBaBLLascs CMECk BOASHbIX NapoB
pasfensieTcs Ha fABa MoToka: MEepBbli MOTOK MO NMUHUM 19 NOAAEeTCs B KaTanuTUYecKuin
peakTop 2 ANs NPOBEAEHNS NapOyrNeKNCIOTHON KOHBEPCUM NPUPOAHOrO rasa, a BTOPOM NoToK
no NuHUM 39 HanpaBnsKT ANS BHELWHEro noTpebneHrs umnu ncnonb3ayoT AN Nony4eHus
3MNEeKTPOSHEpPrnM, HeobxoLMMOM ANS NPUBOLOB KOMMPECCOPOB, HaCOCOB, BEHTUMNATOPOB W
apyroro snektponotpebnstowero obopyaosaHus. [ns nepeBoOHaYanbHOrO 3anonHeHUs U
NMOAMUTKA CUCTEMBI NPEfYCMOTPEHA BO3MOXHOCTL MOABOAA BOAbI OT BHELLIHErO NCTOYHMKA MO
nvHUK 40.
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Xuakve yrneeogopoabl C21+, Bblgensgemble B Onoke pasgeneHns  KuUAKUX
YrneBoAoponoB 8, BbIBOAATCS M3 HEro no NMHWKM 41 1 B AanbHEnWweM MnpesnoyTUTensHO
NOAaITCS B FOperky 3, rae CKUratoTcsi BMECTE C OCHOBHbIM MOTOKOM TomnnmBa. BoaMoxHO
TaKKke npoBedeHVe TMAPOKPEKMHra 3STUX YINEeBOAOPOAOB C MOCNEAYHOLMM MNOMyYeHUEM
TOBapPHbIX MPOAYKTOB.

B npepcrtaBneHHOM cxeme KaTanuTUYECKMI peakTop 2, peakTop cuHTesa duwepa-
Tponwa 7, naposon koten 5, oxnagutenu-ocywmtenn 6 un 10, Gnok pekynepauum Tenna
ObIMOBbIX TasoB 9 wn  gpyrme TennoobMmeHHble annapartbl YCTaHOBKA  BbIMOJHEHb!
NPeNMyLLIECTBEHHO MO PagnansHO-CrMpansHOMY T1My.

Ha pucyHke 7.23 npeacTaBneH dpparMeHT NpuHUMNManbHOW TEXHONMOMMYECKOM CXEMbI
nonyyeHns CXKY 13 nonyTHOro HePTAHOrO rasa, HU3KOHaMNOPHbIX ManoAeOUTHBLIX CKBaXKMH U
rasoB HedTenepepaboTKM.

[daHHaa cxema OTNIMYaeTCs OT CXEMbl, MOKA3aHHOW Ha pUCYHke 7.22, TeMm, 4TO
nockonbky [MHI, a Tawke Apyrve nepeyncneHHble Bbile  YrNeBOAOPOAHbIE  rasbl,
nocTynarLme Ha nepepaboTky, MEKT AaBleHMe, CyLLECTBEHHO MEHbLUEE HEOBXOAUMOro
LNA NPOBEAEHMs NPOLecca, Ta YacTb UCXOAHOrO YrlIeBOAOPOAHOIO Chipbs, KOTOpas AOIMKHa
NOABEepraTbCA KOHBEPCUM, HArHETAETCA B KaTanMTUYECKUA peakTop 2 KOMMIpeccopoMm 4, Ans
Yyero aTOT MOTOK NojaeTcs Mo NHUKM 42 Ha BcackiBaHWe komnpeccopa 4. B ocranbHom aTa
CXema He OTNMYaEeTCs OT NoKa3aHHOM Ha pUCyHke 7.22.

Hwxe npvBeaeHbl pesynbTaThl pacyeta npoueccos nonyvenus CXKY us npupogHoro
rasa rno cxeme, NPMBEAEHHOW Ha PUCYHKe 7.22.

Pacuet npoBeaeH ncxoas 13 pacxoaa npmpogHoro rasza 1000 Hm3/4, BKNOYaKOLLEro ras,
HanpaBnsieMblil Ha MAPOYTNEKNCIIOTHYIO KOHBEPCULO, a TaIoKe ras, NCNonb3yeMbI B rOPEske B
Ka4yecTse TonnmBea.

B pesynbTarte napoyrnekMcroTHON koHBEpCUK, NposegeHHON npu gasneHny 1,0 MMa,
Temnepatype npouecca koHBepcum 1000°C wn apgmabatudeckon Temnepartype ropeHus
1116°C, 13 ykasaHHOro KonmM4ecTea MPUPOAHOro rasa nonydveHo 4200 HM3/4 cuHTes-rasa
cnegyrowero cocrasa (06.%):

H2 -63,5, CO-32,3;,CH4-14;C0O2-18;N2-0,3; H20-0,7.

Takoe HU3Kkoe cogepkaHue puokeupa yrnepoaa (1,8 06.%) no3sonseT He NPoBOAUTL
yAarneHve ero U3 CUHTe3-rasa nepej peakTopom cuHTesa duwepa-Tponiia.

CogpepxaHve BpeaHbIX NPUMECe B OTXOASLUMX AbIMOBLIX ra3ax coctasnseT (06.%):
CO -0,0002; NO - 0,005, NO 2 — 0, a napHukoBoro rasa CO2 - 0,2.

B pesynbTaTte npouecca B peaktope cuHTesa duiepa-Tponiia, NpoBeaeHHOro npu
aasneHun 1,0 MMa n Temnepatype 210°C, nonyyeHo 655 kr CXKY, 916 kr Boabl 1 626 kr
OTXOASILLMX ra3oB.

Mpeanaraembit cnoco® WMeEeT cnepylolme CyllecTBeHHble MpenMyLliecTBa o
CPaBHEHWIO C U3BECTHLIMU TEXHNHYECKUMU PELLEHNSAMM:

— NPV NPOM3BOACTBE CUHTE3-Ta3a NOMHOCTHIO UCKITIOYEHO NCMOMb30BaHNE KUCNOopoaa,
a BO34yX MOABOAMTCA TONMbKO K FOPEnike KaTanuvTMYeckoro peakTopa Ana obecneyeHus
npoLecca ropeHns;

— BECb TEXHOMOMMYeckU MPOLECC,  BKIOYAIOLMA  KOHBEPCUIO  UCXOLHOrO
rasoobpasHoro cbipbs M CXKY, ocylecTBNAETCs Mpu OAHOM MOCTOSHHOM AasneHun 0,8-
3,0 MIMa n oBecne4ynBaeTCca 04HMM KOMMPECCOPOM;
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— MOCKOIbKY MPOLIECC FOPeHUs B ropesike OCyLLeCTBNSETCA Npy Temnepartype He Bonee
1150°C, B QObiMOBbIX rasax, cbpacbiBaeMbix B arMocdepy, npPakTUYeCKM MOMHOCTLIO
OTCYTCTBYIOT BpeaHble npumecyn — NOx n CO;

— nojaya 4YacTn OTXOASAWMX TrasoB peaktopa cuHTesa Puwepa-Tponwa B
KaTanuTUYecKuii peakTop MapoyrnekKMcnoTHOM KOHBEepCcUMM obecneunBaeT MoBbILLEHWE
NMPOV3BOANTENBHOCTA YCTAHOBKW WM yMeHblUaeT noTpebrieHne CKuraemoro Tonnvea Ans
NapoyrnekMCrioTHON KOHBEPCUM MCXOAHOrO Chbipbsi, @ Brnarogaps CKWraHuio Apyron vactu
OTXOZSLUMX rasoB peakTopa cuHTesa duwepa-Tponia B ropenke u3 uUvkna BMecTe ¢
LbIMOBbIMM ra3aMu BbIBOAUTCA YacTb MHEPTHbIX ra30B M UCKMHOYAETCH WX HaKomnneHvne B
uukne;

— BblOENeHNe OMOKCMAA Yrnepoga M3 AbIMOBbIX rasoB W BO3BpalleHuWe ero B
KaTanuTUYeCKuiA peakTop MO3BOMSAET, BO-NMEPBbIX, MPAKTUYECKM MONHOCTLIO WCKIOYUTb
BbIBPOC 3TOro MapHWMKOBOrO rasa B aTtMocdepy, a BO-BTOPbIX, YBEMUYATH KONMUYECTBO
nony4aemMoro CuHTE3-ra3a, a COOTBETCTBEHHO W BbIXOh KOHEYHOro MpOAyKTa Ha eauHuLy
WCXOAHOrO Chbipbs, brarofaps BOBNEYEHUIO YTNEPOAA, COAEPXKaLLerocs B ANOKCHAE yrnepoaa,
Bbl€NEHHOM U3 4bIMOBbIX ra30B, B NPOLECC reHepaLu CUHTe3-rasa;

— Brarogapsi TOMy, YTO MPOLECC KOHBEPCUW B KaTanMUTUYECKOM peakTope NPOBOASAT Npu
Temnepatype 950-1050°C, copepxaHne guokcuaa yrnepoa B CUHTE3-rasde rnocne peakropa
He npeBbiwaeT 2 %, a NosToMy He TpebyeTcs ero yaaneHue us cuHTes-rasa nepeg nogaven
nocrneaHero B peakTop cuHTe3a duwiepa-Tponwa;

— Bnaroaaps rnybokon yTunuaaumm Tenna AbIMOBbIX Fa30B N CUHTE3-Ta3a, BbIXOAALLMX
M3  KaTanuUTMYECKOro peakTopa, [AOCTUraeTCs  3HayuTenbHas  3KOHOMUA  TOMNMBA,
pacxofyemoro Ans NpoBeAeHNs Npouecca;

— npoBefeHue Bcex atanoe npouecca nonyyeHns CXKY B BbINONMHEHHbIX M0 paguarnsHO-
cnvpanbHOMY TUMy annapaTtax (KaTanuMTUY4eCcKOM peakTope KOHBEPCUW YIIEeBOAOPOAHbIX
rasoB, peakrtope cuHTe3a ®uwepa-Tponwa, NapoBoM KOTNE N TeNNOOOMEHHMKax) No3BonseT
obecrneunTb nopaepKaHne OMTUMAlbHbIX TEMMNEpaTyp peakuum B Y3KOM AManasoHe W
BbICOKYIO CENEKTUBHOCTb Npouecca, a Takke MUHUMWU3MPOBaTb Maccy W rabaputbl 3TuUX
annapaToB M YyCTaHOBKM B LiENoM,;

— npouecc cuHTesa Puwepa-Tponwa ocywecTenalT 6e3 peunpkynauMn rasa B
peakTop cuHTE3a, bnaropaps Yemy He TpebyeTcs peLmpKYNSLMOHHBIA KOMNPECCOop;

— CkuraHue yrnesogopogoe C21+ Ha ropenke ymeHblUaeT yAenbHbIA pacxon
WCXOAHOTO CbIpbSl U WUCKMNOYAET CTaguilo MMAPOKPEKMHra, YTO OCOGEHHO aKkTyanbHO And
YCTaHOBOK Maron MOLLHOCTY,

— n3bbITOK BOAAHOrO napa gaeneHuem 1,0-2,0 MlNa moxeT 6biTb MCNoOnNb3oBaH AN
BbIpaboTKN  3MEKTPO3HEPrnM, HeobxoaMMol AN npuMBoAa KOMMPECCOPOB, HAaCOCOB,
BEHTUMNATOPOB W Apyroro anekTtponoTpebnsiowero obopyaoBaHUs yCTaHOBKW, 4TO
obecrneunBaeT ee HE3ABUCMMOCTb OT BHELLHNX UCTOYHMKOB 3IEKTPO3HEPTUM,

— npeanaraembii cnocob obecneunmBaeT BO3MOXHOCTb CO3AaHUA  3pHEKTUBHBLIX
ycTaHoBok npomssoactea CXKY Ha niobyto, B TOM uncne Manyto, Npon3BoAUTENbHOCTb, YTO
NMO3BOMNSAET UCMOIMbL30BaTL YCTAHOBKM 3TOrO TUMa Kak Ha KPYMHbIX ra3oBblX MECTOPOXKAEHUAX,
TaK U Ha ManoAebUTHbIX HU3KOHAMOPHbIX CKBaXKUHAX;

— MOCKOMbKY OTXOASILLME AbIMOBbBIE rasbl COAepXKaT NPEUMYLLECTBEHHO TOJNBKO asoT C
BeCbMa He3HauuTEnNbHbIMU MPUMECSMU  aproHa W guokcuga yrnepoga, WX MOXHO
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akKkymynupoBaTb B pecuBepe W  UCMONb30BaTb AN NPOAYBKM  TPy6GONpOBOAOB,
MOXapoTyLUEeHUS 1 APYTUX TEXHOOTUYECKUX HYX[ 06beKTa.

7.12.4 KoMOWHMpPOBAHHbLE TexHOnNOrum npomssopgctea CXY n metaHona

Co3aaHbl KOMBMHMPOBaHHbIE TEXHONOrMK nNponsBoacTea CXY n metaHona [177].

YcTaHoBKa gns nonydyeHnss CXXY n meTaHona cogepXut 670k 2 Tenn1006MeHHUKOB,
BK/IOYAOLWMNIA 1 CBA3aHHble MexAay co6oi cuctemon Tpy6onpoBOAOB TENI00OMEHHUKN 4NN
Harpesa NPUPOAHOro rasa v naporas3oBoi cMecu, TenJI006MEeHHUK ANS neperpeToro napa u
Tens1006MEeHHUK 4N1S1 HarpeBa NoAroTOB/IEHHOM BOAbl (PUCYHOK 7.24).

1- neub pudopmuHra; 2, 5, 6, 7, 10, 12, 16, 18, 23, 28 -Ten1006MEHHUK; 4 - KOTeN-yTuamsaTop;
3, 8, 13, 17, 19 - cenapatop; 9, 20 - Komnpeccop; 11 - peakTop cCUHTe3a meTaHona; 14 - KOMIOHHa
pekTudukaymm metaHona; 15 - peaktop cuHtesa CXKY; 21 - konoHHa pekTtudukaymm CYT;

22 - pednOKCHasa eMKoCTb; 24 - 27 - Tpy60npoBOAbl;

| - ocyweHHblli NpupoaHbiii ras3, Il - cuHTeTMueckme xuakue yrnesogopoasl, lll - ToBapHbiii MeTaHon,
IV - cayBku B TonnuBHyto ceTb, V - conecogepxaumne ctoku, VI -asimoBblie rasbl, VI - ounweHHas
BOAA

PrcyHoK 7.24 - YcTaHoBka gns nonyydeHus CXY n metaHona

Nnuna 24 nopgaun NI yepe3 610Kk 2 TeNJ1I006MEHHNKOB COeAMHEHA C BXOAOM neun 1
puthopmMumHra Ans nosyvyeHuss KOHBEPTUPOBAHHOIO rasa, BbIX0O[, KOTOPOU COoeAnHEH € NnHuel
25 oTBOAa KOHBEPTMPOBAHHOIO ras3a, Ha KOTOpOl nocnefoBaTesibHO YCTaHOB/EHbl KOTen-
yTunusatop 4, Tenno06MeHHNK 5 Ha NMHUKN peulnkna KyboBOro octaTka peKkTumnkaLnoHHOWM
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KonoHHbl 21 ctabunusauyum CYT n TennoobMeHHnk 6 Ha NHUM peupmkna KyboBoro ocrarka
KOMOHHbI 14 pekTUdMKauMM MeTaHona, OXNaxAaroWuA TennoobMeHHUK 7 U nepBbii
cenaparop 8.

Beixog neun 1 pudopMuHra no AbIMOBbIM [a3aM COEAMHEH C MEXTPYOHbIM
NMPOCTPaHCTBOM TENNoobMeHHMKOB 6roka 2.

Mocne cenaparopa 8 nuHWA 25 oTBOAa KOHBEPTUPOBAHHOTO ra3a pasfenseTcs Ha ABe:
TIMHWIO 26 nojayvn KOHBEPTUPOBaHHOMO rasa K peaktopy 11 cuHTe3a MeTaHona u nuHno 27
NnoAaym KOHBEPTMPOBAHHOIO rasa K peaktopy 15 cuHTE3a CUHTETUHECKUX SKUAKMX
yrneeonopoaos. Ha nuHum 26 yctaHoBneHbl komnpeccopbl 9 1 TennoobmMeHHuk 10. JNinHua 26
noAa4m KOHBEPTMPOBaHHOIO rasa nepeg TennoodmeHHMKom 10 coepmHeHa ¢ peaktopom 11 B
30HE peakumn.

Ky6 peaktopa 11 cuHTesa MeTaHona COefMHEH CO BTOpbIM cenapatopoM 13 uepes
TennoobmeHHWK 10 1 Yyepes oxnaxaaroLwmn TennoobmeHHVk 12. Bbixog BTOporo cenaparopa
13 4Ns rasa coeanHeH C NHWen 26 nojaqmn KOHBEPTUPOBAHHOMO rasa B peaktop 11 cuHTe3a
MeTaHona. Beixog cenapatopa 13 ans »xuMaKoCT! COEANHEH C TAPESKON NUTaHWUS KONOHHbI 14
pekTudunkaLmm metaHona.

Beixoa nepeoro cenapaTtopa 8 CoeAUHEH Takke Yepes BTOPOU TEMNOOOMeHHUK 28 ans
HarpeBa KOHBEPTUPOBAHHOIO ra3a C BXOAOM peakTopa 15 cvHTe3a XuAKMX YrneBoaopOAos,
BbIXOA KOTOPOro nOCrefoBaTenibHO COEAMHEH 4Yepe3 MEepBbii U BTOPOW OXIaxaatome
TennooBmeHHWKkM 16 1 18 ¢ TpeTbMM K YeTBepThIM cenapatopamu 17 n 19. Beixog ans CXKY
TpeTbero cenapatopa 17 coeAvHEeH C Tapenkoh MUTaHWUsA PeKTUUKaALMOHHOM KONMOHHbLI 21
crabunusayum CXKY. Bbixoa ansa rasa yetBepToro cenaparopa 19 yepes komnpeccop 20
COEAMHEH C NIMHMEN, COEAVHSIIOLLEN NNHWIO 27 NOAAa4M KOHBEPTUPOBAHHOTIO ra3a K peakTopy
15 cuHTesa CXKY, a Bbixog ana CYI vetBeptoro cenapatopa 19 coefvHeH C nuHuen 24
nogaudv NpupoaHOro rasa.

JInHna 27 nogayun KOHBEPTUPOBAHHOIO rasa nepej, TennoodMeHHMKOM 28 coeauHeHa ¢
peaktopoMm 15 cuHTesa CXKY B 30He peakumu. Bbixon pekTudukalmOHHOM KOMOHHbI 21
ctabunmsaumm CXY ans aucTtunnsata COeAuHEH Yepes YETBEPThIA  OXIaxAaroLuii
TEennoobMeHHMK 23 1 pednioKCHYH0 eMKOCTb 22 C BEPXHEN TapernkoW yKasaHHOW KOMNOHHbI 21
1 C NUHWEN 24 nogaydm NpupoaHOro rasa.

MpepanoxeHHbIn CNocod BKNIOYAET NaporasoByld KOHBEPCUIO MPUPOAHOrO rasa ¢
BOASHbIM NapoM, pasgeneHue Mony4eHHOro CMHTE3 rasa Ha jBa MoToKa: NepBbi NOTOK
HanpaBnsAeTCs Ha YCTaHOBKY CMHTE3a MeTaHorna; BTOPOW MOTOK HarnpaBnsieTcs Ha yCTaHOBKY
cuHTesa CXKY, KoTopble 3artem HanpaenseTCsd Ha YCTAHOBKY MAPOKPeKuHra Ans
aenapaduHnsaumn.

MpeanoxeHHbin cnoco6 nonydeHns CXKY u metaHona wms T ocywecTenseTcs
cneayowmm obpasom.

OcywenHbin M ¢ pernaMmeHTUpyeMbiM CoAepKaHNeM COEAMHEHUA Cepbl U ranoreHoB
13 6noka nogrotosku M cmewmeaeTtcs ¢ CYI ¢ konoHHbl 21 ctabunusauyum CXKY n c CYI ¢
06bEeKTOB NMPOMBICIIOBON MNOArOTOBKUM HeddTM WM rasoBOro KoHfgeHcata (Ha cxeme He
nokasaHel) Noctynaet B 6rok NoNy4YeHUa CMHTE3-rasa.

Yacte rasa, npegHa3HaveHHas p[ns  TEXHOMOrMYeckoro mnpouecca KoHsepcuu,
rMocTynaeT B TPETLIO cekumto nogorpesatens NI 6rioka 2 Tennoo6MeHHNKOB, rae HarpeBaeTcs
o Temnepatypbl 350-450°C. 3atem NI cmelumBaeTcs € neperpeTsiM BOASAHLIM NAPOM.
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OuveHHas Boaa, AOBeAEHHAs A0 COOTBETCTBYIOLLErO KavecTsa B Grioke nepeuYHON
MOAroTOBKW BOAbI, NOAOTPEBAETCSA 3a CUET TEMNA peakLyn CUHTE3a XKUAKUX YINEBOAOPOACE B
peaktope 15 1 nogaeTcsa B YETBEPTYIO Cekumio noaorpesarens 6noka 2 TennooOMeHHMKOB,
rae 3a cyeT Ternna AbIMOBbIX Fa30B HAarpeBaeTCs 0 TEMMNEPATYPbl HACBILEHNSA C YaCTUYHBLIM
obpasoBaHneM BnaxHoro napa. [Janee oumweHHas Boaa nogaerca B 6apabaH-cenapatop 3.

MeperpeB HacbILLIEHHOrO BOASAHOIO Napa OCYyLLECTBNASTCA BO BTOPOM cekummn 6noka 2
TennoobmMeHHnKoB. TEeXHOMNOrMYeCKoN CXEMOW NpefycMaTpuBaeTCsl aBToMaTtudeckoe
perynuposaHmne cooTHowweHns pacxogos NI n napa, nocTynarwmx Ha KOHBEPCUIO MeTaHa, C
obecneyeHeM TpebyemMoro COOTHOLIEHUS Nap: ra3=2,7+3,2:1.

MonyyeHHas naporasosas cmeck ¢ Temnepatypor 350-450°C nogaetca Ha noaorpes
B NepByto cekumto 6noka 2 TennoobmeHHnKoB. Harpetas 3a cyeT Tenna AbIMOBbIX ra3oB A0
500-580°C napora3oBasi CMeCb NOCTYNAaEeT B peakuMoHHbIe Tpybbl neun 1 pudopmuHra, rae
Ha HUKeneBsOM kaTanusaTtope npu Temnepatype 780-850°C v pasneHum 2,0-2,5 MMa
npotekaeT peakumns koHsepcum NI ¢ BoASAHLIM Napom ¢ 06pa3oBaHMeM KOHBEPTUPOBaHHOIO
rasa.

BeixogHas Temnepatypa KOHBEPTUPOBAHHOIO rasa, a Takke Temneparypa AbIMOBbIX
rasoB Ha BbIXOAE M3 paguaHTHOW 30HbI neyn 1 aBTOMaTUYECKN perynvpyeTcs nogadein
TOMMUBHOrO rasa B NoAoBble ropesku TpyéyaTon neun 1.

B kavecTtBe TONNMBHOrO rasa ucnonb3yerca YacTe [, NocTynaroLwero Ha yCcTaHOBKY.
Mepen nopayen B Meyb TONNMBHBIN a3 pPacnpefenseTca Ha MOTOKU ANA nogayn K
«MUMNOTHBIMY» U OCHOBHbBIM FOpernkam.

ObivmoBble ra3el ¢ Temnepartypor Ao 200°C nocne 6Gnoka 2 TennooOMeHHWKOB
AbIMOCOCOM BbIOpachiBalOTCA B atMocdepy Ha BbicOTy, obecneuvBaroLlylo paccevBaHue
BpefHbIX BbIOPOCOB [0 NPeAenbHO-A0MYCTUMBIX 3HAYEHWUIA.

TexHONornyeckon Cxemon NPeaycMaTpmMBasTCa UCNONb30BaHNE B KOTE-yTUNM3aTope
4 Tenna KOHBEPTMPOBaHHOIO rasa, BbIXOASLEro U3 PeakLMOHHOW 30HbI NeYr 1 pucopMuUHra.
3a cyer oxnaxpeHus rasa c 780-850°C po 300-380°C BblpabaTbiBaeTcA HacChILEHHbIN
BOAsIHOM nap paeneHvem 2,0-2,5 Mla, kotopbin n3 6apabaHa-cenapartopa 3, coeauHEHHOro
C KOTNOM-YTUNM3aTopoMm 4, NofaeTca B naponeperpesatens 6noka 2 TennoodMeHHNKOB.

B nyckoBow nepuog nNpu HEAOCTaTOYMHOCTM Tenna AbIMOBbIX rasoB Ans nojorpesa
NCXOAHOrO NPUPOAHOrO rasa n BOASHOIO napa nepeg neysto 1 pudopmuHra npeycmMoTpeHo
MCMNONb30BaHNE AOMOMHUTENBHON FOpeskn, pacnonokeHHoN B 61oke 2 TennoobMeHHMKOB.

Tenno KOHBEPTMPOBAHHOIO rasa NOCNeAOoBaTENbHO WUCNOMb3YEeTCs B KUMSATUNBHUKE
KONoHHb! 21 crabunusaumm CYI, B KMNATUNBHWKE KOMOHHBLI 14 pekTudukaumm metaHona.
Mocne oxnaxaeHns B TENNOOBMEHHUKE 7 KOHBEPTUPOBAaHHLIN ra3 NocTynaeT B cenaparop 8,
rAe OT Hero OTAENAeTCs Hempopearnposasllan BoAa, KOTopas Bo3spallaeTtcs B HapabaH-
cenaparop 3.

OcylueHHbI B cenapatope 8 KOHBEPTUPOBaHHbBIM ra3 pasgensieTcs Ha ABa NoToka:
NepBbIA NMOTOK HANPaBMAETCA Ha YCTAHOBKY CUHTE3a METaHONa, BTOPOW NOTOK NOCTYNaeT Ha
YCTaHOBKY CUHTE3a XUAKUX Yyrnesofopoaos. B crnyyae HeobxoamMmocTv Ans perynMpoBaHus
cocTaBa CMHTE3 ras3a Mo MNOoTokaM BO3MOXHO rMpUMeHeHWe MembpaHHoro 6noka Aans
pasfeneHns CMHTE3 rasa Ha noToku. B aTom criydae nepBbii MOTOK MPEUMMYLLECTBEHHO
COMEPXUT AVOKCUA YITepoaa, a BTOpor NoTok oboralleH MOHOOKCMAOM yriepoaa.

MepBbi NOTOK, CMELUMBASACH C LIMPKYISILMOHHBIM Fa3oM, COKUMAaEeTCsl KOMNpPeccopoM 9
no 5,0 Mla, noctynaet B TennoobmeHHuk pexkynepatop 10, rae HarpeBaeTcsi NpoayKTamm
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peakumm cuHTesa MetaHona. [lanee cMecb KOHBEPTMPOBAHHOMO M LIMPKYNALMOHHOIO rasa
noctynaeT B peakTop 11 cuHTesa meTaHona.

Ha nonkax peaktopa 11 pa3smeljaeTcs HM3KOTEMNEpaTypHbId MeAbCcoAepKalLmn
KatanusaTtop, WCMONb30BaHNE KOTOPOro OMpPeAenseT napameTpbl npouecca CuHTesa:
CpaBHUTENbLHO HM3KMe TemnepaTypbl 200+280°C u HU3Koe gaeneHue okono 4,5-5,5 MMNa. Ana
AocTwkeHuss 6Gonee MOMHOM CTeMneHW MNpeBpalleHus MeTaHomna npeaycmarpuBaeTcs
LMPKYNAUMA CUHTE3-Ta3a ¢ NOCTOAHHOW Bbigaden us cenaparopa 13 npoayBOYHbIX rasoB B
obLLy0 TONMMBHYIO CETb C LEenblo NOAAEPXKaHWA 3a4aHHOrO YPOBHS «MHEpTOB». YacTb
LUMPKYNSAUMOHHOrO rasa nocne cenapatopa 13 HanpaBnsieTcsl Ha CMELLEHUME CO CBEXKUM
KOHBEPTMPOBAHHBIM ra3oM.

PerynnupoBaHne Temnepatypbl B 30He kartanusa peakrtopa 11 cuHTEe3a meTtaHona
OCYLLECTBNAETCA aBTOMaTUYECKM Mojayerd XONMoOAHOM CMECU KOHBEPTUPOBAHHOIO U
UMPKynsaUMoHHoro rasa no 6GannacHeiM nuHuAM. [MoTok xonmopHoro rasa otbupaetcs ¢
HarHeTaHus KOMNPEeCccopHoro arperata 9.

OxnaxgeHHas B TennoobmeHHnkax 10 m 12 peakuumoHHass CMeCb MOCTyNnaeT B
cenaparop 13 ons oTaeneHns MeTaHona-coipLa U3 rasokugkocTHON CMECH.

Beigenuewwniics B cenapatope 13 meTaHon-celpel, NofaeTcd Ha pekTudukaumio.
Mpouecc pekTndmkaLmm MeTaHona-cbipLia NPOBOAUTCA B KOMOHHE 14.

lMopBon Tenna B KOMOHHY 14 OCyLWecTBRASETCA 3a CYET yTunuMsauum Tenna
KOHBEPTMPOBAHHOIO rasa B KUNATUMbHUKE - TEMNOOOMEHHUKe 6.

Temnepatypa B kybOBOWM 4acTM KOMOHHbI 14  perynupyetcs  nepenyckom
KOHBEPTMPOBAHHOIO rasa MMMO KUMSATUIIbHMKA 6 (Ha cxeMe He ykasaHo). KyboBsbii npoaykT
KOTMOHHbI (Conecoaepxallme CTOKM), HanpPaBnsaeTCsa Ha YTUNM3auuio.

AVCTMNNST KOMOHHBI (TOBapHBLIN MeTaHomna) KOHAEHCMPYETCS U HanpaenseTcs Ha
cknag,.

BTopoli NoToK, CMEeLLMBasCh C LMPKYNALUMOHHBIM ra3oM, NocTynaeT B TeNNo0OMEeHHMK
pekynepartop 28, rae HarpeBaeTCs NPOAYKTaMW PeaKkLMn CUHTE3a XWUAKUX YrneBoaopOaOB.
[anee cMmech KOHBEPTUPOBAHHOIO U LIMPKYNALMOHHOrO rasa nocrynaeT B peaktop 15 cuHtesa
XUOKNX YrNEeBOAOPOAOB.

Ha nonkax peaktopa 15 pasmeLyaeTcs xenesHbii NMnbo KobanbTOBbIN KaTanusartop,
MCMONb30BaHME KOTOPOro onpeaenseT napaMeTpbl npouecca cuHTesa. PerynupoeaHve
TeMnepaTtypbl B 30HE KaTanusa peaktopa 15 cuHTesa OcCylecTBNSAETCH aBTOMaTU4ecku
rnogayen XxonoAHOM CMeCcKM KOHBEPTUPOBAHHOMO M LIMPKYNSILMOHHOrO ra3a no 6GannacHbiM
nnHusaM. MoTok xonogHoro rasa oTbmpaeTcs ¢ HarHeTaHWMsA KoMnpeccopHoro arperarta 20.

Kpome TOro, npeaycMOTPEeHO perynupoBaHne TeMneparypHOro pexvMma Ha norkax
peakTopa 15 3a cueT BCTPOEHHbIX B 30HY peakLmm TENNOOOMEHHbIX KOHCTPYKLWI, OTBOZ, Tenna
B KOTOPbIX OCYLLECTBMASTCA 3a CHET HarpeBa UCXOAHOW NOArOTOBMNEHHON BOAbI.

PeakymoHHas cmecb w©3 peaktopa 15 nocnepgoBatenbHO OxnaxpaeTca B
TennoobmeHHMkax 16 n 18, noctynaet B cenapatop 17, rae OT Hee oTAenserca CMecb
CUMHTETUYECKUX XUAKUX YrMeBoAopoAOB, fanee Hanpaensemas Ha crabunusauyuio B
pPeKTUMUKALUMOHHYO kOnMoHHy 21. lasoBas dasa M3 cenapaTtopa 17 oxnaxpaetca B
TennoobmeHHunke 18 n noctynaet B cenaparop 19.

B cenapatope 19 OTAENAOTCA CKWKEHHbIE YrneBOAOpPOAHbIE rasbl, KOTOpPbIE
HanNpaBnAKTCA B NOTOK OCYLIEHHOrO NPUPOAHOro rasa, HanpaensieMoro B Ka4ecTee Chipbs B
neyb 1 pucdpopmumHra.
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lasoBas @asa un3 cenapatopa 19 C yvyeTOoM MOAAEPKAHUSA 334aHHOMO YPOBHS
«MHEpPTOB» B CWUCTEME LIMPKYMSAUMKM, YacTUYHO OTBOAWUTCA B OOLUYIO TOMMMBHYHO CETb.
Ocrato4Hoe KonMyecTBo ra3oBon asbl cenaparopa 19 (UPKYNSAUUOHHBIN ra3) AoXUMaeTcs
B komrnpeccope 20, CMeLLIMBaeTCA CO CBEXMM KOHBEPTUPOBaHHLIM ra3oM W HanpaenseTcs B
peakTop 15 CMHTE3a XXULKUX YrTieBOLOPOAOB.

Cmecb CXKY u3 cenapartopa 17 NocTynaeT Ha Tapenky NUTaHus pekTUUKaLMOHHOM
KOMNoHHbI 21. B konoHHe 21 npoucxoaut otaenexHue CYI (nponaH-6yTaH) OT crabunbHom
yactn CXKY. MNogBoa Tenna B KONOHHY 21 OCyLLECTBNAETCH 3a CYET LmMpKynsaun kybosoro
npoayKTa Yepes KUNATUIMbHUK 5.

Auctnnnsat konoHHel 21 (CYIN) oxnaxkpaeTtca B TennoobmeHHuke 23, noctynaeT B
PenOKCHYH €MKOCTb 22 13 KOTOPOW NOAAETCA HA BEPXHIOIO TAPEIIKY KONMOHHbI 21 B KavecTee
opoweHunsi, 6GanaHcoBoe KOMMYECTBO AUCTUMNATA OTBOAUTCA B MOTOK  OCYLUEHHOrO
NPUPOAHOrO rasa, HarnpaBnseMoro B Ka4yecTBe Chipbsl B NeYb 1 pudopmuHra.

Ky6oBbii NpoayKkT KOMOHHbI 21, nNpeacTaBnsowmn cobon CUHTETUYECKUE XUAKME
yrnesogopoabl (pakuma C5+) HanpaBnsetca nubo B TOBapHyKd HedTb (CTabunbHbIA
rasoBbln KOHAEHcaT), MO0 Ha AanbHeNLylo nepepaboTKy C LEenblo NONyYeHUS MOTOPHBLIX
TOMMUB.

C nomoLbto MpeanoXeHHON rpynnbl M30OpeTeHNn 3a CHET MPUMEHEHUSI CXEMbI
cOBMeCTHOro nony4venns MetaHona n CXKY B ycnosusix HFKM, yaanock 3HauMTenbHO CHU3UTL
KanuTanbHble 3aTpaThl HAa eANHULY NOyYaeMon NPOAYKLUN.

Kpome TOro, ¢ MOMOLLBIO MPeAnoxeHHbIX crocoba M ycTpocTBa yaanocb A0CTUYb
CrefyroLmx pesynbTaTos:

— 3a CYET WCMOMb30BAHWA peakTopa MaporasoBoy KOHBEPCWUM YINEBOLOPOAOB C
HUKENEeBbIM KaTanM3aTopoM KOHBEPTMPOBaHHBIM ra3 He TpebyeT AOMNOMHUTENBLHON
NOArOTOBKN B MeMBpaHHOM unn abcopOumoHHOM Brioke C Lienbio Nony4YeHWs ONTUManbHOro
cooTHowweHus H2:CO:CO2, nossonsoLero 4oCTNYb MakCMMarbHOro BbIXOA4a CUHTETUYECKMX
XUOKWX YINEeBOAOPOLOB,

— 3@ CYET MCMONb30BaHMA 418 CUHTE3a METaHOMa U XUAKUX YreBOS0POA0B PEaKkTOpoB
MOMOYHOrO TUNa C BO3MOXKHOCTLHO CaMOBLIrPY3KM KaTanvaaTopa 3aMeHa katannmaaTopa MoXeT
ObITb OCyLLeCTBINEHA NEPCOHaNoOM YCTaHOBKW B NMPOMBICIIOBbIX YCMNOBUAX;

— 33 CYEeT WCMOMb30BaHUA CXEMbl LMPKYNSALUMOHHBIX ra3oB B MpoLecce CuHTesa
MeTaHomna M XWLKUX YrmeBo4opOdOB YAanoCb 3HAYUTENbHO MOBbICUTL BbIXOA LENEBOW
MPOAYKLW;

— 3a CYET UCMOoIb30BaHUS B KAYECTBE TEMNINOHOCUTENS B KONOHHax ctabunusavuun CXKY
N pekTudUrKaLmmnm MeTaHona-coipLa Tenna KOHBEPTUPOBAHHOMO rasa CHWKEHo notpebnexne
TOMMVBHOrO ra3y;

— 3a CYET WUCMOSIb30BaHWS B Ka4vecTBe TOMSMBHOIO rasa CAyBOK C KOHTypOB
LIMPKYMALMOHHBIX ra3oB yAanock CHU3NTL KONMYECTBO NoTpebnaeMoro Ha TONNMBHbIE HyXAbl
OCYLLEHHOro NPUPOJHOTO rasa;

— 3a CYeT WCrOonb30BaHWUA B KA4yecTBe KOMMOHEHTa Cbipbs nedn pudopmuHra CYI
pewaetca npobrnema yTtunmsaumm CYI, B cnyyae OTCYTCTBMA BO3MOXHOCTU WX
TPaHCMOPTUPOBKM.
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7.12.5 MUKpPO- 1 MMHUKaHarnbHbIE TeXHONOrMn

MpvHUMN [ENCTBUA MUKPO- UM MUHWMKaHamnbHbIX TEXHOMOTMA  OCHOBbLIBAETCH Ha
MNCNonb30BaHUM HEBOMbLUMX PEAKTOPOB (HanpuMmep, B OAHOM U3 BapWaHTOB peanunsauuu
pasmep peakTtopa cuHTesa Puwwepa-Tponwa coctasnaeT Bcero 0,6x0,6x0,6 M). Peaktop
npeacTtaenseT cobor cOopky M3 CTalbHbIX NUCTOB, Ha MOBEPXHOCTU KOTOPbIX UMeeTcs
MHOXECTBO ~ MeSbYallUMX PEAKUMOHHBIX KaHAnoB, MEPEMEeXalWwmxca C  KaHanamm
oxnaxaeHus. [JanHbIn NPUHUMN UCNONb3yEeTCs ANS PeakTOpoB Kak CUHTe3a duwepa-Tponwa,
Tak 1 napoBoro pudopmuHra. [178]

Bnaropapa ontMmmMsauum pasMepoB YCTAHOBKUM MWKPOKaHarnbHble TexHOomnornu
obecneunBaroT 6OMbLUYIO MHTEHCUMUKALMIO NPOLIECCOB MO CPABHEHUIO C MUHUKAHANBHBIMU.
B pesynbTare 3HauUMTENLHOrO CHWKEHUSt rabapuToB, Maccel U CTOMMOCTU TEXHOMOMMYECKOro
o6opynoBaHUS MCMONb30BaHWE MUKPO- U MWHUKaHASbHbIX TEXHOMOMMI ANA MOHEeTU3aumn
HeBOCTPEeBOBaHHOIO rasa yxe cendac nosBonseT Mnonyyvarb NpuemnemMble 3KOHOMUYECKne
nokasarenu, 4to obecneuMBaeT WHTEPEC psSAa 3HEPreTUYECKUX KOMMaHWA K STUM
paspaboTkam.
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3aknounTenbHbIe NONOXEeHUA U pekoMeHaauun

CnpaBoynmk HAT paspaboran TPI 50, coctaB kOTOpOW yTBEPXAEH MNpUKasoMm
Poccranpapta ot 09 ceHTa6ps 2016 r. Ne 1297 «O cosgaHum TexHu4eckon paboyer rpynmbl
«lMepepaboTka NpUpoRHOro 1 NONyTHOro rasay [9].

lMepeyeHb oOpraHmsaumi, OkasaBWKX MOAAEPXKKY B paspaboTke HacTosiero
CnpaBoynHnka HAT:

MAO «lasnpomy;

MAO «Cubyp XonauHr;

MAO «JTYKOWN»;

MAO «HK «PocHedTby;

OAO «CypryTHedTerasy;

OAO «HoBaraky;

MAQO «TatHedTby;

MAQO AHK «BbawHedTb;

AQ «CaxaTtpaHcHedTerasy;,

000 «lrasnpom BHUATA3»;

PIY Hedptw n rasa nm. U.M. lNyBkmna n ap.

[Ons paspaboTtkm CnpasoyHvka HOT 6binn MCNonb3oBaHbl MaTepuansl, NOSy4YeHHbIE OT
POCCUACKNX MNPEANPUATUN, OCYLLECTBNAIOWMX nepepaboTky npupoAHOro U MOMNyTHOro
HedTAHOro rasa, B xoae obmeHa nHdopmaumen, opraHuzoBaHHom bropo HAT.

Pasgensl CnpasodHvka HAOT BKNHOYaAKOT ONMCaAHWE OCHOBHBLIX TEXHOMOrMYECKMX
NPOLIECCOB, XapaKTepHbIX AnA nepepaboTky NPUPOAHOrO M MOMYTHOrO rasa, akLUEHTUPYIT
BHUMaHWE Ha 3KOMNOMMYECKNX acnekTax U BO3AENCTBUM NPEANPUATUA Ha OKPYKaLOLLIO cpeay,
060CHOBLIBAIOT Psf OCHOBHBLIX KPUTEPUER, AAIOLMX BO3MOXHOCTb ONPEAEnUTL Haunyylume
JOCTYMHbIE TEXHONOMMU ANA COOTBETCTBYHOLWEN OTpacnn NpPOou3BOACTBA W NpPeAcTaBnsitoT
nepeyeHb TEXHONOMMIA, OTHECEHHbIX NO AaHHbIM KpuTepuam k HOT.

YnenbHble nokasatenn o6pas3’oBaHWA OTXO0[0B Npu nepepaboTke NPUPOLHOro u
NOnyTHOrO rasa NpUBeAeHbI B NPUNOKEHUN A.

TexyLwmn ypoBeHb BO34ENCTBUA HA BOAHYIO CPeay NPUBEAEH B NpunoxeHnn b.

MepeyeHb MapkepHbIX BEWECTB Npu nepepaboTke MPUMPOAHOTO W MOMYTHOro rasa
npvBeaeH B NpunoxeHun B.

MNepevenb HAT nepepaboTkm nNpPUPOAHOrO W MOMNYTHOrO rasa npueseaeH B
npunoxexuu I.
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MpunoxeHue A (o6s3aTenbHOE)

YaenbHble nokasaTteny o6pa3oBaHusa OTXOO40B Npu nepepaboTke NPMPOLHOro 1 NoMyTHOro rasa

(Macca ob6pas3yiolieroca orxoga Ha TOHHY MPOAYKLMK)

A.1 MNMepepaboTka NPUPOAHOro rasa U ctabunusauus KoHageHcara

A.1.1 TexHOnormm oTGEeH3NHNBaHUSA ra3oB (TEXHOJIOTMMU U3BIIEYEHUS LENeBbIX YINeBOAOPOAHbIX KOMMOHEHTOB U3 ra3oB)

MEeTOAOM HU3KOTeMMNepaTypPHOI1 cenapaumum

YaenbHble nokasateny o6pasoBaHns OTXO40B TEXHOMOTUM OTOEH3NHNBAHWA ra3oB NpeAcTaBneHsl B Tabnvue A.1.

Tabnuua A.1 — XapakTepuCTUKL U yaenbHbIe NokasaTtenu obpasoBaHns 0TX040B

YaenbHble nokasaTenu

MeTtopa oumncTkm,

Knacc obpasyromnxca oTXo40B
HaumeHoBaHue MecTouyHnku obpasoBaHus NMOBTOPHOro
OnacHoCTU Ha TOHHY NPOAYKLUU
Mcnonb3o0BaHUA
(kr/T npoAykuun)

1 2 3 4 5
OOBTMPOYHBIN MaTepuan, Jkennyartaumsi U pEMOHT MPOU3BOLCTBEHHOMO Mepepava Ha
3arpsi3HEHHbIV HETBIO UNn obopyLoBaHus yTUnM3aymio
HedbTenpoaykTamm (coaep- 3 <0,000264 O6Tupka 3amacrneHHbIX NOBEPXHOCTEN B npoLecce Apyron
XaHune HedpTn nnu HedpTe- 06CNy>KNBAHUSI U PEMOHTa MEXaHN3MOB U Y3roB opraHusaymu
npoaykroB 15 % v 6onee) o6opyLoBaHus
OTxo4bl MUHEparnbHbIX Skcnnyarayus 1 PeMOHT NPOK3BOLCTBEHHOIO Mepepava Ha
Macen rmgpaBnuyeckux, He 3 <0.003545 obopyzaoBaHus yTunusaymio
cofepKaLLMX rarnoreHbl - 3ameHa macen B xoge 06CnyXMBaHUSA U PEMOHTA Aapyrov

MexaHW3MOB 1 y3noB 0bopyaoBaHus opraHusaymu
OTxofbl MUHEpPanbHbIX SkcnnyaTtauus 1 peMOHT NPOM3BOLCTBEHHOIO Mepepava Ha
Macen UHAYyCTpuanbHbIX 3 <0.000054 obopyzaoBaHus yTunusaumio
- 3ameHa macen B xoge o06CnyXMBaHUSA U PEMOHTa apyrov
MexaHu3MOoB 1 y3noB obopyaoBaHus opraHusaymu
OTXx04bl MUHEpParnbHbIX Skcnnyartauus 1 peMOHT NPOM3BOLCTBEHHOIO Mepenava Ha
Macen MOTOPHbIX 3 <0.000139 obopyaoBaHus yTunusauuio
- 3ameHa macen B xoae 06CnyXMBaHNs U PEMOHTa apyron
MEXaHu3MOoB 1 y3noB obopyaoBaHust opraHusaymu
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lMpodomxerue mabnuypi A. 1

1 3 4 5
OTx0gbl MMHEpanbHbIX 3kecnnyarauus 1 PeMOHT NPOn3BOACTBEHHOTO Mepepava Ha
mMacen TYpPOUuHHbIX <0 005292 oGopyaoBaHus yTunmM3aymio
- 3ameHa macen B xofe 06Cny>KMBaHUsi U pEMOHTA Apyron
MEXaHW3MOB W Y3108 060pyA0BaHUs opraHusayuu
OTX0fbl CUHTETUHECKUX U Skcnnyaraums 1 peMOHT NPOU3BOACTBEHHOIO Mepepava Ha
MONYCUMHTETUYECKMNX Macen o6opyaoBaHus yTunusayumio
WHAYCTPManbHbIX <0,000126 3ameHa macen B xoge 06Cny>KuBaHUs U pEMOHTA apyron
MEXaHW3MOB W y3rnos 060pyAoBaHus opraHusayuu
OTX04bl CUHTETUYECKUX 1 Skcnnyartauus U pEMOHT NPOU3BOACTBEHHOIO Mepepaya Ha
NMOMYCUHTETUYECKMX Macen o6opyaoBaHus yTUnusaymio
MOTOPHbIX =0,000324 3ameHa macen B xofe 06CnNy>KMBaHUSI U PEMOHTA Apyrow
MEXaHW3MOB W y3nos 060pyaoBaHus opraHusayuu
dunbTpyoWMA matepuan <0 001610 OunbTpayns TEXHONOTMYECKNX XKUAKOCTEN U Coxuranve
oTpaboTaHHbIN s XUMUYECKN 3arpsi3HEHHbIX BOA, (YHUUTOXEHUE)
LLinam o4ncCTKM EMKOCTEN 1 3kennyartayms 1 peMOHT NPOn3BOACTBEHHOIO Mepepava Ha
Tpy6onpoBofoB OT HEPTN U <0.125590 o6opyaoBaHus yTunusayumio
HedTENPOLYKTOB - 3auncTka TexHonornyeckoro o6opyaosaHusa npu Apyrown
BblBOAE B PEMOHT opraHusayum
OTtxoabl PemoHT npounssoacTBeHHOro o6opya0BaHus
pesnHoacbecToBbIX <0.001490 PeMoHTHbIe paboTbl Npu akcnnyaraymm n
U3Jenuin HesarpsisHeHHbIe - o6cnyxnBaHMmM TEXHONOMMYECKOro obopya0BaHUs U
MEXLIEXOBbIX KOMMYHUKaLWA
Tapa 13 YepHbIX MeTansnos, Cenapauusa u ouncTka nnactoBoro cbipbst AFKM ot Mepenava Ha
3arpsi3HEHHas XUAKMMU KUCHbIX KOMMOHEHTOB. yTURu3aymio
o;rngqggkggma <0.013066 Mcnonb3oBaHWe XMM. peareHToB B TEXHOMOMMYECKMX apyron
ranoreHcogepaLymm ’ npoueccax. opraHusauyum
BeLecTBamMm (cogepxaHme PacrapusaHue emkocten (6ouek, KOHTEMHEPOB), B
meHee 10 %) KOTOpPbIX NOCTaBMSOTCH XMM. peareHTbl
Tapa 13 YepHbIX METanmoB., OkcnnyaTtauusi U pEMOHT NPOWU3BOACTBEHHOIO MNepepaya Ha
3arpsis3HeHHasi HedbTe- <0.001268 o6opyaoBaHus yTunusayumio
npoaykTamu (cogepxaHme - 3ameHa macen B xoge obcrnyxmBaHus 1 pEMOHTa apyron
HebTenpoaykTo MeHee 15 %) MEXaHU3MOB 1 y3roB 060pyA0BaHUsS opraHusayumm
Yronb aKTMBMPOBAHHBI MPOn3BOACTBO ra3oBow cepbl. Cxxuranve
oTpaboTaHHbIN, 3arpsi3HeH- DUINKO-XMMUYECKAsS OUNCTKa KUCMOro rasa 3ameHa (yHuuTOXEHME)
Hbl HEPTENPOAYKTaMU <0,006051 OUMbTPOB NPU aacopPBLMOHHON OHNCTKE rasos n

(copepxaHune HedTen-
poayKkToB MeHee 15 %)

TEXHONOTNYECKMX XXMUAKOCTEN MO UCTEYEHWUN CPOKA
rogHoCTH agcopbeHTa
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MpodosmmeHue mabauyer A.1

1

4

5

Lleonut otpaboTaHHbIN, <0,326248 Ocyuka n otbeHanHuBaHme obeccepeHHoro rasa.

3arpA3HEHHbIN HETHIO 1 Ocyluka Bo3gyxa 1 TEXHOMOMMYECKUX ra3os 3ameHa

HedTenpoaykTamm oTpaboTaHHOro agcopbeHTa B TEXHOMOMMYECKMX

(cogepxaHune HedTe- yCTaHOBKax

npoaykTos MmeHee 15 %)

LLinak cBapo4HbIn <0,000007 PeMOHT npounsBoacTBEHHOro 060pya0BaHMS MNepepaya Ha
CBapouyHble paboTbl YyTUNU3auunio apy-

rov opraHusaymu

Kepamuueckne nsgenms <0,008905 Mpoun3BoACTBO rasoBoOW Cepbl

npouve, yTpatvmsLLne 3ameHa kepamMnyeckoro HanonHUTenNs B

notpebutenbckne TEXHOMOIMYECKNX YCTAHOBKaX

CBOWNCTBA, He3arpsi3HEHHbIS

JIoM 1 OoTX0Ab! antoMUHKS B <0,016789 PemoHT nponssoacTBEHHOro 060pya0BaHMS Mepepayva Ha

KyCkoBOW chopme PemoHTHbIEe paboThl HA TEXHOMNOMMUYECKUX annaparax u | yTmnuisauuio

Hes3arpsisHeHHble Tpybonposogax. apyron
3ameHa Tennonsonsauuu. opraHusaymu

JTom n oTX04bl antoMUHNS <0,002580 PemoHT npounsBoacTBeHHOro o6opyaoBaHms Mepepaya Ha

HECOPTMPOBAaHHbIE PemoHTHbIE paboThl, 3ameHa aeTtanen o60pyA0BaHUA U | YTUNM3aLMIO
KOHCTPYKLUWUA 13 LIBETHbIX METAIIOB. Apyron

opraHusaymu

JIom 1 oTX0Abl CTanbHbIE <0,037106 PemMOHT npon3BoaCcTBEHHOro 060pya0BaHMS Mepepaya Ha

HECOpPTMPOBaHHbIE PemoHTHbIe paboTbl HA OCHOBHOM M BCMOMOTraTenbHOM | YTUAM3aLuio
060pyL0BaHUN. apyron
CnucaHue no mepe usHoca getanen u ysnos opraHusaymu
o6opyoBaHUS.

Jlom 1 oTxogbl, cogepxaLyme <0,761246 PeMOHT npon3BoaCTBEHHOrO 060pyA0BaHMS Mepepaya Ha

He3arpsi3HEHHbIE YEPHbIe PemoHTHbIe paboThl, 3aMeHa geTanen o60opyA0BaHNS U | YTUIM3aLUIO

MeTannbel B BUAE U3genunm, KOHCTPYKLWIA U3 YEPHbIX METArOoB. apyron

KYCKOB, HECOPTUPOBaHHbIE opraHusaymu

LLinaHru n pykasa us <0,001020 PemoHT nponssoacTBEHHOro 060pya0BaHMs

BYNKaHU3NPOBaHHOMN
pe3uHbl, yTpaTuBLLne
notpedurenbckme
CBOWCTBA, HE3arpsi3HEHHbIE

X039MCTBEHHO-0ObITOBANA AEATEMNBHOCTb
3ameHa 1 cnucaHne pe3nHOBbLIX NPOMbIBHbIX LUMAHIOB,
yTpaTuBLUMX NOTpebUuTenbLCKne CBOMCTBA
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A.1.2 TexHonorusa wusBrevYeHUsi LUeneBbIX YrNMeBOoAOPOAOB METOAOM Hu3KoTemnepatypHon KoHaeHcauun (HTK) wunwm
HU3KOTEeMNepaTypHOW KOHOEHcALMN U peKTudukaumm

YoeneHele nokasatenu oOpasoBaHUA OTXOAOB TEXHOMOMMW W3BMEYEHUS YrNEeBOAOPOAOB METOAOM  HU3KOTEeMMnepaTypHOW
koHgeHcaumm (HTK) nnm HM3koTemnepaTypHOM KoHAEHcaUMn 1 pekTudurkaumm npegcraeneHsl B Tadbnmue A.2.

Tabnuua A.2 — XapakTepuCTUKL U yaenbHbIE NokasaTtenu obpasoBaHns 0TX040B

L102—0S O1M

vil

YaenbHble nokasaTtenu
Knace o6pasyomxcs 0TX0A0B MeToa ouncTKM,
HaumeHoBaHue ONacHOCTH Ha TOHHY NPOAYKLMU McToYHuKN o6pasoBaHus NOBTOPHOro
(kr/T npoaykuumn) UCNorb30BaHUA
min max
1 2 3 4 5 6

Jlamnbl pTYTHbIE, PTYTHO- ["azonepekaunsaroyye un
KBapLeBble, MOMUHECLEHTHbIE, 1 ) 0.00001 TypOOKOMNPECCOPHbIN arperaThbl
yTpaTusLUMe noTpebutensckue '
CBOWNCTBA
OcTaTtkn An3enbHOro TonnmBea, ToBapHO-CbIPLEBON LiEX Mepegaua Ha yTunmusayuio
yTpaTmBLLErO NoTpebuTenbckmne 3 - 0,00002 Apyrov opraHusaLmm
CBOWNCTBA

1. QkcnnyaTtayusi HacocHo- Mepepava Ha yTunusaymio

KOMMPEeCCOpHOro 06opyA0BaHust LPyron opraHmsacmm
HeTkaHble UnbTpOBarnbHbIe 2. UNLTPbI CMA30YHOTO 1
MaTepuanbl CUHTETUYECKME, YNNOTHMTENBHOMG Macna
3arpssHeHHbIe 3. HTK-900, HTK-1300 5
HedbTenpoayKTamu 3 0,0001 0,0003 4. O6opygosaHue HTK, HacocHom
(coaepxaHue HedpTenpoayKTOB L®JTY, Bnok-6okea TAA,
15 % u Gonee) TexHornornyeckumn daken, 5

obopyposaHue komnpeccopHou MXY,

pe3epsyapbl PIC-20 ¢ meTaHonom
OTx0Abl MUHEPANbHbBIX Macen 3 ) 0.00003 Hacochl ﬂepe,ciaqa Ha yTunusayuio
WHAYCTpUanbHbIX ' LPpYron opraHmsaumu




S/l

lMpodomxeHue mabnuupi A.2

1

5

6

OTxoabl MUHepanbHbIX Macen
MOTOPHbIX

0,0001

0,0002

1. Fa3onepekadnBatouii arperar
MA-6KC «Ypan» (KL-201/1)

2. Qkennyaraymst HAaCOCHO-KOMMPECCOPHOro
obopyoBaHus

Mepeaaya Ha yTUnusauuo
ApYroi opraHusaumm

OTxoabl MUHepanbHbIX Macen
TPAHCMUCCUOHHbIX

0,0005

0,001

1. Llex komnpumMmmpoBaHns u nepepaboTku rasa
2. PepyKTopbl annapatos BO3AYLUHOro OXnaxaeHus

[Mepegaya Ha yTuUnuaayuo
APYrov opraHusaymm

OTx0Abl MMHEPanbHbIX Macen
TYPOUHHBIX

0,001

3kcnnyaTtauymsa HaCOCHO-KOMMPECCOPHOro
obopyfoBaHust

Mepenava Ha yTunusaymo
APYrov opraHusayuu

OTx04bl MMHEpPanbHbIX Macer
KOMMPECCOPHbIX

0,001

0,022

1. Fa3onepekaunBatoLuii arperar

MA-6KC «Ypan» (KL-201/1)

2. MasonepekaynBatoLmii arperat

MA-6KC «Ypan» (KLI-201/2)

3. Typ6okomnpeccopHbli arperat Mars 100 (K-
201/3)

4. Typ6okomnpeccopHbin arperat Taurus 70 (K-
801)

5.Llex komnpumupoBaHusa u nepepaboTkm rasa,
TOBapPHO-CbIPbEBON LIEX

6. MacnocmcTeMa TEXHONMOrMYECKNX KOMMNPECCOpPOB

Mepeaaya Ha yTUNUsauuo
APpYroi opraHusaumm

OTX0Abl CUHTETUYECKUX U
MONYCUHTETUYECKUX Macen
MOTOPHbIX

0,001

0,02

3

1. PEMOHTHO-MEXaHNYEeCKMIN y4acToK
2. HTK-900, HTK-1300

Mepeaaya Ha yTUNUsauuo
A PpYroi opraHusaumm

OTX0abl CUHTETUYECKUX Macen
KOMMPECCOPHbIX

0,001

0,04

1. O6opyaosanHne TOA, Typbonpusoa LOXKUMHOTO
Komnpeccopa, obopygosaHue 6noka HTKP,
obopygosaHue 6roka THA, obopyaoBaHme 6noka
3-S, obopyaoBaHne 6noka KOMNPUMUPOBAHMWS
COT, TexHonoruyeckunn chaken, abimosas Tpyba
KOTEMNbHON

2. O6opygosaHune HTK, HacocHou LUDTY, Grok-
6okca T[A, TexHonormyeckui dakern,
obopyaosaHue komnpeccopHon MXY, pesepsyapbl
PIrC-20 ¢ metaHonom

3. HTK-900, HTK-1300
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lMpodomxeHue mabnuupi A.2
1 3 4 5 6

1. O6opyaoBaHue HTK, HacocHou LLIDNY, Gnok- Mepepava Ha yTunusaymo
OTX0fbl CUHTETUYECKUX U 6okca T[A, TexHonormyeckuin dakern, JPYron opraHusagmm
NONYCUHTETUYECKMNX Macen 0,0003 0,001 obopyzaosaHue komnpeccopHon MXY, pesepsyapbl
WHAYCTpUanbHbIX PIrC-20 c metaHonom

2. HTK-900, HTK-1300
CanbHukoBas Habuska Mpon3BoaCTBO B LIENOM Mepepava Ha yTunusaymio
acbecrorpaduroBas ) 0.0001 ApYron opraHusaymm
npomacneHHas (cogepxaHue ’
macna 15 % v 6onee)

1. O6opyaosanune TOA, Typbonpreoa fOXMMHOIO Mepepava Ha yTunusaymo

komnpeccopa, obopygosaHue 6noka HTKP, ApYyrov opraHusayuu

obopygosaHue 6rioka THA, obopyaosaHme 6noka
e o s
W EMKOCTEit OT HedhTH 1 00007 | 0006 |~ = ' y
HegTenpoaykToB 2. ObopygosaHne HTK, HacocHon LUDTY, 6nok-

6okca T[A, TexHonormyeckun dakern,

obopyaosaHue komnpeccopHon MNXY, pesepsyapsl

PIrC-20 c metaHonom

1. Okennyarauyus TexHonorndeckoro obopyaosanud | MNepegaya Ha ytunmsaymio
LLinam ouncTku emkocTen m (emkocTn, annaparbl, TPy6ONpoBOAbI) Jpyrou opraHusayuu
TpybonpoBog OB OT HePTU U 0,02 0,06 2. [puemHble 1 NPOMEXYTOUHbIE CenapaTopbl
HedTenpoayKToB 3. [pon3BoACTBO B LIEMNOM

4. HTK-900, HTK-1300
O6TUpoYHbIN MaTepuan, MpounsBoACTBO B LIENOM
3arpsi3HEHHbIA HEPTHIO UNn
HedbTenpoaykTamm

- 0,001

(copepkaHune HedTN Unu
HedTenpoaykros 15 % u
6onee)
OB6TNpOoYHbIN MaTepuan, [Mpoun3BoACTBEHHbIE LieXa, y4acTku CxuraHue
3arpsi3HeHHbIA HEPTBIO Nnu
HedTenpoaykTamm - 0,003

(copepaHune HedTN Unn
HedTenpoaykToB MmeHee 15 %)
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lMpodomxeHue mabnuupi A.2

1 3 4 5 6
OTX0abl CNOXHOrO SkcnnyaTtaumst HACOCHO-KOMMPECCOPHOro Mepepava Ha
KOMOWHUPOBaHHOIO CocTaBa B obopyaoBaHus yTUNmU3ayuio 4pyrowu
BUAE n3genuin, obopyaoBaHus, opraHusaumu
YCTPOWCTB, HE BOLLEJLLINE B ) 0,0001
Apyrue nyHkTbl (PunbTpbl
BO34YLUHblEe OTPabOTaHHbIE,
o6pasoBaHHble Npy 3aMeHe Ha
KoMnpeccopax)
30MOLLNAKOBLIE CMECH OT ] 0.0001 Llex komnpummpoBaHus u nepepaboTku rasa I'Iﬁ:;;,u;aaqi;a .
CXUraHus yrnem npoymne ’ y Huto Apy
opraHusaumu
Tapa 13 YepHbIX MeTanmnos, Llex komnpummupoBaHus 1 nepepaboTku rasa, Mepegava Ha
3arpsAsHeHHas NakokpacoYHbIMM ) 0.0001 TOBAPHO-CbIPbEBON LIEX YyTUNU3aUnIo Lpyrown
Marepuanamu (cogepkaHue ’ opraHusayuu
MmeHee 5 %)
1. O6opyaosanune TOA, TypbonpmBoA LOXUMHOTO
n komnpeccopa, obopyaosaHme 6rnoka HTKP,
poune oTxohbl PUNbLTPOB U
obopynosaHue 6noka TOA, obopyaosaHue 6rnoka
unNbTpOBarbHbIX MaTepuanos
0,0004 0,001 3-S, obopygosaHne 6noka KOMNPUMNPOBAHWA
(oTpaboTaHHble BO3AYLLUHbIE .
COr, TexHomnornyeckmm taken, Apimosas Tpyba
DUnbTPbI) -
KOTenbHON
2. HTK-900, HTK-1300
OTXOMbI PESUHOACOECTOBbIX Mpon3BoACTBEHHbIE LieXa, y4acTkm Mepepava Ha §
. - 0,0002 yTunusaguio gpyron
U3Jenuii HesarpsisHEHHbIE
opraHusaumu
Tapa 13 YepHbIX METannos, rasonepekadvBaroLime 1 TypbokoMnpeccopHbIn
3arpsisHeHHasi arperarbl
HedbTenpoaykTamu - 0,001
(copepaHune HeddTENPOAYKTOB
meHee 15 %)
CanbHukoBas Habuska MpounsBoACTBEHHbIE LiEXa, y4acTku CxwuraHve
acbecrorpacutoBas } 0.0001

npomacneHHas (cogepxaHue
macna meHee 15 %)
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lMpodomxeHue mabnuupi A.2
1 3 4 5 6
Jlom n oTxoabl Mpon3BoaCTBO B LIENOM
HesarpsisHeHHble, CoAepaLimne
MeJHble CrnaBbl B BUAE - 0,01
M3aenuin, Kyckos,
HECOPTMPOBaHHbIE
Lleonut oTpaboTaHHbIA npu 1. HTK-900, HTK-1300 Mepegava Ha yTunusauuto
OCYLUKE BO3AYyXa U rasos, He 0,069413 0.08 2. Aacopbepbl ApYyron opraHnsayum

3arpA3HeHHbI onacHbIMU
BeLlecTBamu

3. lNpouecc ocyLuKkK rasa.
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A.1.3 TexHONOrMN COPOLMOHHOIO OTOEH3MHMBAHUA ra3oB

YaenbHble nokasatenu o6pa3oBaHna OTXOA0B TEXHOMOMMM COPGLMOHHOMO OTOEH3MHUBAHWS ra3oB npegcTasneHsl B Tadbnuue A.3.

Tabnuua A.3 — XapakTepuCTUKN U yaenbHble nokasareny oGpasoBaHus OTX040B

YaenbHble noka3arenu

HedhTeNnpPOAYKTOB

Knacc MeToa OUMCTKM,
obpa3syloWmxcsa oTXo0A0B
HanmeHoBaHue onacHoc McTouHukn o6pasoBaHusA NMOBTOPHOro
Ha TOHHY NPOAYKLMN
™ MCcnonb30BaHuUs
(kr/T npoaykuuun)
1 2 3 4 5
HeTkaHble punbTpoBanbHble MaTtepuansl 1. Okcnnyartayusi HacocHo- Mepepava Ha
CUHTETUYECKME, 3arpsi3HEHHbIE 3 0.0002-0.003 KOMMpeccopHoro o6opyaoBaHns yTuUnmusaymio
HedbTenpoaykTamm (coaepxaHue ’ ' 2. HTA-600, HTA-900, HTK-1300 Apyroii
HedbTenpoaykToB 15 % u 6onee) opraHusauyum
Skcnnyartayms HacoCHo- Mepepava Ha
OTX04bl MMHEpParbHbIX Macen MOTOPHbIX 3 <0,00006 KOMNPECCopHoro 06opyAoBaHKs z;v;:g;aumo
opraHusaumu
OTx04bl CUHTETUHECKUX U HTA-600, HTA-900, HTK-1300
NOSYCUHTETUYECKMX Macen 3 <0,0002
UHAYCTpUanbHbIX
Skcnnyartaymst HacoCHo- Mepepava Ha
OTX0fbl MUHEPArbHbLIX Macen TYPOUHHbIX 3 <0,0003 KOMMPEeCcCcopHOro 06opyAoBaHMS z;@:g;auwo
opraHusaumu
BennbiBumne HedpTenpoayKTbl U3 Hacocroe oGopyaosarme I'ITeMFJ)_IeMp;q?A;a
HedTenoByLUEK N aHanornyHbIX 3 <0,0006 y 3al
COOpPY>KEHUI Apyrow
opraHusauuu
W . Skcnnyartayms TEXHONOMMYECKOro Mepepava Ha
Mam OHMCTKM EMKOCTEN o6opyaoBaHus (EMKOCTM, annaparbl yTunmusaymio
Tpy6onpoBoAOB OT HedTU U 3 <0,002 ’ ' M
TpyGonpoBoabl) apyron

opraHusaymm

210205 O1M
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lMpodomxeHue mabnuupsi A.3

1

4

5

OTx04bl CUHTETUHECKMX U
NONYCUHTETUYECKUX Macen MOTOPHbIX

<0,007

HTA-600, HTA-900, HTK-1300

OTX04bl CUHTETUYECKNX Macen
KOMMPECCOPHbIX

=0,012

HTA-600, HTA-900, HTK-1300

Linam ouncTku emkocTen m
TpybonpoBog 0B OT HePTU U
HedTENPOAYKTOB

<0,018

HTA-600, HTA-900, HTK-1300

L102—0S D11

OTX04bl CNOXHOro KOMOVUHMPOBAHHOTO
cocTaBa B BUae usaenuii, obopyaoBaHus,
YCTPOWCTB, HE BOLLEALLNE B ApYyrve
NYHKTbI ((PUbTPbI BO3AYLUHbIE
oTpaboTaHHble, 06pasoBaHHbIe Npu
3amMeHe Ha Komnpeccopax)

<0,00004

Jkennyarauma HacoCHO-
KOMMPECCOPHOro 0Gopya0BaHNA

[Mepepava Ha
yTunmsaumio

Apyroii
opraHusayumm

[Mpoune oTxoabl PUNLTPOB 1
PUNLTPOBarbHbLIX Marepunanos
(oTpaboTaHHble BO3AYLUHbIE PUMbTPbI)

<0,0002

HTA-600, HTA-900, HTK-1300

Lleonut oTpaboTaHHbIA Npu OCYLLKE
BO34YyXa W rasoB, He 3arpsi3HEHHbIN
ONacHbIMU BELECTBaMM

<0,007

HTA-600, HTA-900, HTK-1300




L8l

A.1.4 TexHONMOrNsA OUNCTKU WNPOKOMN (bpakLmm NIErkux yrneBoaopoaoB OT CEPHUCTbIX COeANHEHUN

YaenbHble nokasatenu o6pa3oBaHna OTXOA0B TEXHOMOMMM OYMCTKMN LUMPOKOW (hpaKkLum Nerknx yrneBogopo40B OT CEPHUCTLIX COeLUHEHWIA

npeacTaeneHsl B Tabnuue A.4.

Tabnuya A.4 — XapakTepuCTUKX W yaenbHble nokasarenn o6pasoBaHms OTX040B

YpenbHble nokasaTenu

MeTton ouncTkn,

OT MepKanTaHoB U
cepoBojopoaa

ceposogopoaa

HaumeHoBaHue onggsggm 06pa3syomMxca OTX000B Ha TOHHY | WcToYHMKM o6pa3oBaHus NOBTOPHOro
npoaykumm (Krit npoayKkumm) UCnonbL30BaHUA
LLlenoub oTpaboTaHHas npu Ouunctka yrnesogopoaHoro | MNepeaaya Ha
OYMCTKE YrNEBOAOPOLHOrO ChIpbS 3 <09 CbIpbsi OT MEpKanTaHoB U obesBpexnBaHne Apyromn

opraHusagum

L102—0S 011
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A.1.5 TexHONorMmn NoNy4YeHus CXMKEHHbIX yrneBoaopoaHbIx rasoB (CYI)
YaenbHble nokasateny o6pasoBaHna OTXOL0B TEXHOMOMM NOMYYEHUS] COKVXKEHHbIX YINEBOAOPOAHbIX rasos nNpeacrasrneHsl B Tabnuue A.5.

Tabnuua A.5 — XapaktepucTuku 1 yaenbsHble nokasarenu o6pasoBaHns OTXOA0B

YaenbHbIe NnoKasaTenu MeTon ouMeTkMN
Knacc 06pasylowmMxcsa oTxoa0B NcTOoUYHUKN A ’
HanmeHoBaHune MOBTOPHOro
OMacHoOCTU Ha TOHHY npoAyKuum (Kr/T obpasoBaHusi
NCNonb30BaHUA
npoaykumm)
LleonuT oTpaboTaHHbIN, Mepepava Ha
3arpsA3sHEHHbIN CepocojepalLmmm 4 <0,07 apcopbepbl YTUNN3aUUIo Jpyron
COeMHEHUSMU opraHusayuu
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A.1.6 TexHONoOrns ctabmnnusaLmm ra3oBoro KOHaeHcara

YaenbHble nokasarenu o6paaoBaHv|9| OTXO0A0B TEXHOMOIMMn C'ra6v|nv13a|.|v|v| ra3oBoro KoHgeHcaTa npeacrasneHbl B Ta6nvu.|e AG6.

Tabnuuya A.6 — XapakTepUCTUKN U y4enbHble nokasareny oGpasoBaHmust OTXO040B

YaenbHble noka3atenu

MeTtoa ouncrku,

Knacc ob6pa3yromnxcsa oTxoa0B
HavmeHoBaHue McTouHuku obpasoBaHus NMOBTOPHOro
ONacHoOCTH Ha TOHHY NPOAYKUMU
MCMNonb30BaHUA
(kr/T npoaykuumn)
1 2 3 4 5
OkcnnyaTauua 1 peMOHT NPoM3BOACTBEHHOrO | Mepegavya Ha
OTx0Abl MUHEpPanbHbIX Macen 3 <1410-6 obopyaoBaHNs yTUnm3aymio
MOTOPHbIX - 3amena macen B xoge obcnyxuBaHms n ApYron
pemMoHTa MEXaHM3MOB U1 y3nos obopyaoBaHusa | OpraHusayuu
OTXOmbI CUHTETUYECKMX 1 3KkennyaTayus u pemMoHT Npon3BoaCTBEHHOrO | MNepeaava Ha
A obopyAoBaHNS yTUnusaymio
NONYCUHTETUYECKMX Macen 3 <3,1-10-6 M
MOTOPHbIX 3ameHa macen B xofe 06cnyXmBaHus n apyroun
pPEeMOHTa MEXaHN3MOB 1 y3rioB 060py[0BaHNS | OpraHnsayum
SkennyaTaumna n peMOoHT NPoM3BOACTBEHHOrO | Mepefadya Ha
OTx0Abl MUHEpParnbHbIX Macen 3 <5.2.10-6 obopyaoBaHNs yTUnmsaymio
VHAYCTPUArnbHbIX - 3ameHa macen B xofe 06CnyXuBaHns n Apyron
PEMOHTa MEXaHU3MOB 1 y3roB 060pyf0BaHWs | OpraHusayum
OTXOLbI CUHTETUNECKIX U OkcnnyaTauus 1 peMOHT NpoM3BOACTBEHHOrO | Mepegava Ha
A obopyaoBaHNs yTUnm3aymio
NOSTYCUHTETUYECKMX Macen 3 <1,2-10-5 M
WHAYCTPUANbHbIX 3amena macen B xoge obCnyxuBaHms n Apyrou
pPEMOHTa MEXaHU3MOB 1 y3roB 060pyf0BaHWs | OpraHusayum
OkcnnyaTauus 1 peMoHT Npon3BoACTBEHHOrO | Mepegava Ha
OTx0Abl MUHEpanbHbIX Macen 3 <5.1-10-5 obopyaosaHus yTUnusaymio
TYPOUHHBIX - 3ameHa macen B xoae o6CnyXuBaHus 1 Apyron
pPEeMOHTa MEXaHN3MOB 1 y3roB 060pyf0BaHMS | OpraHnsayum
OTXOmbI MAHEDANBHBIX MACEN SkennyaTauus n peMOHT NPoM3BOACTBEHHOro | Mepefadya Ha
A P obopyaoBaHnNs yTUnm3aymio
rMapaBnNUYeCcKnX, He cogepaymx 3 <3,4-10-5 >
ranoreHs 3ameHa macen B xoge o6CnyxusaHuns n Apyron
PEMOHTa MEXaHU3MOB 1 y3roB 060pyf0BaHWS | OpraHnsauyum
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lMpodomxeHue mabnuupi A.6

1 3 4 5
O6TUpoYHbIN MaTepuarn, SkcnnyaTayus U peMOHT NpPom3BoACTBEHHOro | Mepegada Ha
3arpsi3HeHHbIA HETBIO NnK obopyaoBaHus yTUnmusaymio
HedbTenpoaykTamm (CoaepaHue <1,510-6 O6Tupka 3amacneHHbIX NOBEPXHOCTEN B Apyron
HedbT nnn HedbTenpoaykTos 15 % npouecce obCcny>xMBaHus 1 PeMoHTa opraHusayum
n 6onee) MEXaHN3MOB 1 y3roB 060pyA0BaHNS
LLINaM QUNCTKM EMKOCTEIH 1 Sggg;ﬁigzﬂng N PEMOHT NPON3BOSCTBEHHOTO ;I&e&p;:&:ﬂ;a
ngf;ﬁ;::fgg? HeQpTM 1 <0,002 3a4ncTka TEXHONOrM4eckoro ob6opyLoBaHUs apyroi
npv BbIBOAE B PEMOHT opraHusaumu
O6TnpoYHbIN MaTepnan, O6cnyxmBaHne mawmH n o6opyaoBaHUA Mepepava Ha
3arpsi3HeHHbIA HeTbIO 1 yTUnmusaymio
HedTenpoaykTamu (coaepaHue <6,8-10-5 apyron
HedTU n HedpTenpoaykTos Bonee opraHusayum
15 %)
OTx0Abl MUHEpPanbHbIX Macen <0.0002 Mcnonb3osaHne No HasHAYeHUo € yTpaTon BropuuHoe
UHAYCTpManbHbIX - noTpebuTenbCKMX CBONCTB ucrnonb3oBaHve
PeMOHT npounsBoacTBEHHOro 060pya0BaHUs Mepepnava Ha
LLInak CBapOUHbil <7.210-8 CBapouyHble paboTbl yTunusaymio
apyrov
opraHusaumu
Tapa 13 YepHbIX METanos, 3kennyaTayvs u peMOHT NMPoM3BOACTBEHHOrO | MNepegada Ha
3arpsasHeHHas HedpTenpoaykTamm <19210-5 o6opynoBaHus yTUnmusaymio
(copepxaHne HedPTENPOYKTOB - 3ameHa macen B xofe 06CnyXmMBaHus n apyron
meHee 15 %) pPEMOHTa MEXaHM3MOB U1 y3noB 06opyaoBaHMs | opraHmsaumm
PemoHT npoussoacTeseHHoOro o6opyaosaHusi Mepepava Ha
OTx0o4bl pe3nHoactecToBbIX <154 -10-5 PemoHTHbIe paboTbl Npu akcnnyaTaymm yTUnmusaymio
n3genui HesarpsisHEHHbIE - 06Cny>XMBaHNUN TEXHONOMMYECKOrO apyron
060pyf0BaHUS U MEXLIEXOBbIX KOMMYHUKaLMUA | opraHusaumu
Tapa 13 YepHbIX METanmoB., Cenapaums 1 ouncTka NnacTtoBOro Chipbsi Mepepava Ha
3arpsi3HeHHast XXUAKUMU AlKM OT KMCHbIX KOMMNOHEHTOB. yTUnusayuio
opraHn4yeckumMmun <0.0002 Mcnonb3oBaHne XmM. peareHToB B Apyron
rarnoreHcogepxaLmm ' TEXHOMOMMYECKMX npoLieccax. opraHusaumu

BELLeCcTBamu (CoAepaH1e MeHee
10 %)

PacrapusaHue emkocten (6ouek, KOHTENHe-
pOB), B KOTOPbIX NOCTABNSAOTCH XVM. peareHThbl
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lMpodomxerHue mabnuypi A.6

1 3 4 5
Mcnonb3oBaHve No HasHa4YeHuo ¢ yTpaTon MNepegava Ha
OTx0Abl pe3nHoactecToBbIX <0.0002 noTpebuTenbCKNX CBONCTB yTunusaymio
n3penui HesarpasHEeHHbIe - apyrown
opraHusagmm
O6TUpOYHBIN MaTepuan, O6cnyxuBaHve MalvH U 06opya0BaHUA Mepepava Ha
3arpsia3HeHHbI HebTbIo U yTunusayuio
HedTenpoayKTaMu (cogepxxaHve <0,0004 apyron
HedTN N HeTENPOAYKTOB MEHEE opraHusagum
15 %)
Mycop oT 0UCHBIX 1 BBITOBBLIX Yucrka n ybopka HEXUIbIX NOMELLEHN Mepepava Ha
nomeLyeHnin opratmaaqmﬁ <0.0005 yTunusauyuio
HEeCOPTMPOBAHHLIN (UCKNOYasn = Apyron
KpynHorabapuTHbIN) opraHmsauuu
Yucrka n ybopka Tepputopumn npeanpusaTus Mepepava Ha
CwmeT ¢ TeppuTOopUM NpeanpuaTUs <0004 yTUnusayuio
MaroonacHbIn - Apyron
opraHusayuu
OBysb KoxaHasi paGouas, WcnonbsoBaHue no HasHaueHuio ¢ yTpaTon Mepepava Ha
YTPATUBLLIAS NOTPEBUTENLCKME <1,810-5 noTpebuTensCckux CBONCTB B Npeaenax yTunusayuio
CBONCTBA YCTaHOBMEHHbIX CPOKOB 3KCMnyaTauum Apyrou
opraHusaumu
PeMOHT npon3soacTBEHHOro 060pyA0BaHUs Mepenava Ha
Jlom 1 0TX0AbI antoMUHUSA B <0.0002 PeMOHTHble paboTbl Ha TEXHOMOMMYECKUX yTunmusauuio
KyCKOBOW ¢hOpME HesarpsisHEeHHbIe - annaparax » Tpybonposoaax. Apyrow
3ameHa Tennousonsayuu. opraHmnsauuu
Jlom n oTxoabl, cogepxaLime PeMOHT nponsBoaCTBEHHOro 060pYA0BaHNS Mepepada Ha
He3arps3HeHHbIe YepHble MeTannbl <0.007 PemoHTHbIE paboThl, 3ameHav,u,eTane|7| minm§aqmw
B BUAE U3AENNI, KYCKOB, ! 060pyAOBAHMS U KOHCTPYKLUIA U3 YEPHbIX apyrou
HECOPTUPOBAaHHbIE MeTannos. opraHusayuu
PemoHT npousBoacTBeHHOro o6opyaoBaHus Mepepava Ha
Wnanru n pykasa us X03SICTBEHHO-GbITOBAS 4ESTENbHOCT yTUAM3aLMIo
BYTKaHUSMPOBAHHOW PE3NHbI, <9,8:10-6 3aMeHa 1 CCaHWe PE3NHOBbIX MPOMbIBHBIX | APYroi
yTPaTuBLLKE NOTPEGUTENbCKIE LLNAHroB, YTPaTMBLLMX NOTPEBUTENbCKME opraHusaum

CBOWCTBA, He3arpsi3HEHHbIE

CBOWCTBA
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lMpodomxeHue mabnuupi A.6

1 3 4 5 |
PemoHT nponssoacTBeHHOro o6opyaoBaHms Mepepava Ha
PemoHTHbIEe paboTbl Ha OCHOBHOM 1 yTunusauumio
Jlom 1 oTX0Abl CTanbHbIe < M
<0,0004 BCrOMOratenbHOM o060opyL0BaHNM. apyrou
HECOpPTUPOBaHHbIE .
CnucaHue no mepe nsHoca getarnen n y3nos opraHusauum
obopynoBaHus
PeMOHT npoun3BoacTBEHHOro 060pYyA0BaHUS Mepepava Ha
JTom 1 oTX04bl aNOMUHUA <2 510-5 PemoHTHbIE paboThl, 3ameHa JeTanen yTunusaymio
HECOPTUPOBaHHbIE - 060pya0BaHNS N KOHCTPYKLWUIA U3 LUBETHbIX apyroi
MeTannos. opraHusauum
Mcnonb3oBaHne, XxpaHeHue, Mepegava Ha
OTxopbl 6ymaru n kapToHa oT .
_ TPaHCNopTUpOBaHME C yTpaToun yTUnu3aymio
KaHLUensapckon AeATENnbHOCTU U <6,7-10-6 . o
noTpeduTenbCknx CBONCTB apyron
Jenonpon3BoacTBa
opraHusauyum
Jlom 1 oTx0abl, cogepxaiume OO6paLleHue ¢ YepHbIMU MeTannamu n Mepepava Ha
Hesarps3HeHHbIe YepHbIe MeTanmMbl <0.0003 nNpoAYKUMEN N3 HUX, NPUBOASLLEE K yTpaTe yTUnu3auymio
B BUAE U3AENui, KyCKOB, - MU NOTPEBUTENBCKUX CBONCTB apyrou
HECOPTUPOBAHHbIE opraHusaguu
PesnHoBas 06yBb, yTpaTuBLLas Mcnonb3oBaHue no HasHa4eHuIo ¢ yTpaTomn Mepegava Ha
noTpebuTenbLckne CBOMUCTBA, <1910-5 noTpebuTenbCKMX CBONCTB yTUnu3aumio
HesarpsasHeHHas npakTu4eckn - apyrown

HeonacHas

opraHusauyum
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A.1.7 TexHONorus ctabunmsaumm CEePHUCTbIX ra3oBbIX KOHOEHCATOB

YaenbHble nokasatenu obpasoBaHUst OTXOA0B TEXHOMOMMN CTabuUnM3aunm CEePHUCTLIX Fra3oBbIX KOHAEHCATOB NpefcTaBneHbl B Tabnuue A.7.

Tabnuua A.7 — XapakTepuCTUKN U y4enbHble nokasareny oGpasoBaHmusi OTX040B

YaenbHble nokasatenu

marepuanamu (CoaepaHue

MmeHee 5 %)

Macca MeTtoa ouncrku,
Knacc o6pa3syroWwmnxca oTXo40B
HaumeHoBaHue obpasylowmxcs McTouHnku obpasoBaHus NMOBTOPHOro
onacHocCTU Ha TOHHY NPOAYKLUU
oTxoaoB (T/ron) MCMNONb30BaHUA
(kr/T npoAaykuunun)
OTx0Aabl MMHEpPanbHbIX Macen 3 <32 0,0033 ANNapaTbl yCTaHOBKM BropuuHoe
KOMMPECCOPHbIX ucronb3oBaHue
OB6TNpOoYHbIN MaTepuan,
3arps3HeHHbIA HEPTBIO MK
HeTenpoAyKTamn 3 <0,14 <0,0002 Mnowjagka ycTraHoOBKM Mepepabotka
(copepraHune HedTN Unu
HedbTenpoaykToB 15 % u
Gonee)
Tapa 13 YepHbIX MeTanmnos,
3arpssHeHHas
NaKoKpacouHbIMU 4 <0,1 <0,0001 Mnowjagka ycTtaHoBKM MepepaboTka
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A.2 TexHonorus BbigeneHus renus U3 NPUPOLHOro rasa

YaenbHble nokasatenu o6pas3oBaHus OTXOA0B TEXHOMOMWN BblILENEHUSA rennsa U3 NPUPOAHOro rasa NpeAcTasneHbl B Tabnvue A.8.

Tabnuuya A.8 — XapakTepuUCTHKN 1 y4enbHble nokasaTteny o6pa3oBaHns OTX040B

YaenbHbIe nokasaTtenu o6pasyrowmxcs

MeToa ouncrkn,

Knacc oTXo0[0B McTouHuKun
Hanmenosakme OnacHoOCTHU Ha TOHHY npoaykuuu (Kr/T npoaykuum) ob6pa3oBaHus nosTOpHOro
Mcnonb3oBaHus
MWH Makc
Yronb akTMBUPOBaHHbIN OTPabOTaHHbIN, aacopbepbl
3arpsi3HEHHbIN HedpTenpoayKTamm
P pTenpoay . 3 0,003 0,004
(copepraHune HedbTenpoayktos 15 % un
Gonee)
HaCOCHO- NOBTOPHOE
OTx04bl MMHEpanbHbIX Macen 3 0.004 0.006 KOMMpPECCopHoe UCMornb3oBaHue
WHLYCTpUanbHbIX ' ’ obopyaoBaHue CTOPOHHEN
opraHusaymen
HaCcoCHo- NMOBTOPHOE
OTx04bl MUHEpParbHbIX Macen 3 i 0.009320 KOMMpeccopHoe ucnonb3oBaHue
TYPOUHHBIX ' obopyaoBaHue CTOPOHHEN
opraHusayven
Cunukarens oTpaboTaHHbIN, apcopbepbl
3arpsi3HEHHbIN HETbIO U
P ® 4 0,0004 0,001
HedbTenpoaykTamm (coaepkaHune HedpTn
unu HedprenpoaykToB 15 % 1 MeHee)
Katanusatop Ha ocHoBe okcuaa peakTop
antoMUHNS C cofepKaHueMm xernesa 4 - 4,8-10-05
MeHee 2,0 %, oTpaboTaHHbIN
o6opyaoBaHue NMOBTOPHOE
OTx04bl MUHEpPanbHbIX Macen
UCnonb3oBaHue
TpaHCOOPMaTOpPHbIX, HE CoaepKaLLmMX 4 - 0,001 .
CTOpPOHHEN
ranoreHbl .
opraHusauuen
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A.4 TexHonorus NnponsBoAcTBa cepbl

A.4.1 TexHonorus NnponMsBoacTBa ra30BOM Cepbl, BKITIOYas AOOUYUCTKY OTXOASWMUX ra3oB

YaenbHble nokasarenu O6pa3OBaHVI$| OTXO0A0B TEXHOMNMOINMM Npon3BoAcTBa rasoBom cepbl NnpeacTaBlieHbl B Ta6n|/|ue A.9.

Tabnuuya A.9 — XapakTepuUCcTUKM W yaenbHble nokasarenu o6pa3oBaHnsa OTX040B

YaenbHble Nnoka3arenu

MeTtopa oumncTkm,

HedTenpoaykTamu (coaepaHue
HedTenpoaykToB MeHee 15 %)

TEXHONMOIMYECKUNX XKUAKOCTEN MO
UCTEYEHNM CpOKa rogHOCTU
aacopbeHTa

Knacc o6pas3ylolmnxcs OTX0A0B
HaumeHoBaHue McTouHuKM ob6pa3oBaHus MOBTOPHOro
onacHocTu Ha TOHHY NPOAYKLUN
Mcnonb3oBaHuA
(kr/T npoaykuun)
1 2 3 4 5
OTx04bl NPV O4YNCTKE NPUPOSHBIX, akcnnyaTayus obopyaoBaHums Mepepava Ha
HedTAHbIX, MOMYTHbIX ra30B 3 <03 YTUNU3aLUmIo Spyrown
(oTpaboTaHHbIN pacTBop - opraHusaymm
TPUITUNEHITINKONS)
. 1. Okennyarauyms v pemMoHT 1. Nepegaya Ha
O6TnpoYHbIN MaTepunan, S yaray P Pea .
o NpPON3BOACTBEHHOrO 060PYA0BaHNS YTUNU3auunIo Lpyrown
3arpsi3HeHHbI HePTbIO UK -
O6Turpka 3amacneHHbIX MOBEPXHOCTEN | OpraHu3aymm
HedTenpoaykTamu (coaepaHue 3 <2:10-5
o B npouecce obcnyxmBaHnsa n pemoHta | 2. MNepepabotka
HedTN nnn HedpTenpoaykToB 15 %
1 Gonee) MEXaHU3MOB U y3roB 06opya0BaHUst
2. lNnowjaaka ycTaHOBKU
OTx0Aabl MMHEpPanbHbIX Macen BropuuHoe
A P 3 <0,0003 P
KOMMPECCOPHbIX MCMonb30BaHue
KatanusaTop Ha OCHOBE OKCUJ 0B akcnnyaTayus obopyaoBaHuWs Mepepava Ha
KPEMHMWS 1 antoMUHUS C 4 <01 YTUNMU3aumio Lpyrown
coaepxaHmem octharoB MeHee - opraHusaymu
0,5 % oTpaboTaHHbIN
Mpon3BoACTBO rasoBon Cepbl. Cxwvranune
Vronb aKTUBMDOBAHHbIA DUINKO-XMMMYECKasa O4UCTKA KUCTOTO
P - rasa 3ameHa unbTPOB Npu
OTpaboTaHHbIN, 3arpA3HEHHbIN M
4 <0,002 aaCcopBLUMOHHON OUUCTKE rasoB U
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lMpodomxeHue mabnuupi A.9

1 3 5 6
K Mpon3BoLCTBO rasosow cepbl 1. MNepepava Ha
aranusaTop Ha ocHoBe okciaa 3amMeHa OTpPaboTaHHbIX KaTanusaTopos | YTUNM3auuio 4pyroi
amoMWHIs C COAepKaHeM 0,4-0,9 B TEXHOMNOMMYECKMX YCTaHOBKax opraHusauguu
xenesa meHee 2,0 % S
OTpaboTaHHbIN 2. BropudHoe
UCMonb30BaHue
PeMOHT npon3BogCTBEHHOIO Mepepayva Ha
LLinak cBapoYHbIn <3,810-6 obopyaosaHna YTUNU3auuIo Lpyrown
CBapouHble paboTbl opraHusaymm
OTx04bl TEXHOMNOrMYECKOro PeMOHT Npon3BoACTBEHHOrO Mepepava Ha
o6opyLoBaHNS U3 YEPHbIX obopyaoBaHusi PEMOHTHbIE paboTbl HA | yTUNU3aLUWIO APYror
METanmnos, 3arpsi3HEHHOrO Cepon <0,011 TEXHONOMMYECKMX YCTaHOBKaxX opraHusaymm
npv NPOV3BOACTBE Cepbl 13
NPUPOAHOro CEPHUCTOrO rasa
PeMOHT Npon3BoOACTBEHHOTO
obopyaoBaHus PeMoHTHble paboTbl
OTxoabl pe3nHoactecToBbIX <0.0003 6
M3A€NViA HE3ArPSIZHEHHDIE <0, npuv akcnnyaraymm n obcnyxvMeaHum
TEXHOMOorM4eckoro o6opya0BaHns un
MEXLIEXOBbIX KOMMYHUKaLMNA
Skcnnyaraums n pemMoHT Mepenava Ha
Tapa us uepHbix meTannos, NPOU3BOACTBEHHOrO 060pyAOBaAHUS YTUNM3auUumIo Apyrom
3arpsisHeHHast HedpTenpogykTamm <0.0003 3 6 opraHu3aLmm
(ConepxaHme HedhTenpoayKToB =0, ameHa macen B xo4e obCcnyXuBaHus
meHee 15 %) N peMoHTa MEXaHU3MOB 1 y3roB
obopyaoBaHus
Kepamuueckue nsgenus npoyue, Mpon3BoACTBO rasoBoOK cCepbl
yTpaTtusLUne noTpebutensckue <0,02 3ameHa kepaMnM4ecKoro HanomnHuTens
CBOWCTBA, He3arpsi3HEHHbIE B TEXHONOrMYECKMX yCTaHOBKax
PeMOHT Npon3BoACTBEHHOrO MNepepava Ha
obopyaoBaHunsi PEMOHTHbIE paboTbl HA | yTUNU3aLUIO APYron
Jlom n oTxX0AbI CTanbHbIe <0.007 OCHOBHOM W BCMOMOraTenbHOM opraHusaymu

HEeCOpPTUPOBaHHbIS

obopyaoBaHum.
CnucaHune no mepe usHoca aetanem u
y3noB oGopyaoBaHus.
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lMpodomxeHue mabnuupsi A.9

1 3 5 6
PeMOHT Npon3BoACTBEHHOIO Mepepava Ha
obopyaoBaHusi PEMOHTHbIE paboTbl HA | yTUNU3aLUWIO APYron
Tlom u OTXOAb! aNIOMUHVIA B <0,003 TEXHOMOrM4Yeckux annaparax u opraHusayuu
KYyCKOBOW (hOpME HesarpsA3HEHHbIe TpyGoNpoBOAAX.
3ameHa Tennonsonsayum.
Jlom 1 oTxoasl, cogepxaiime PeMOHT npon3BogCTBEHHOIO Mepepayva Ha
Hesarpsi3HeHHbIE YepHbIe <013 obopyaoBaHusi PeMOHTHbIE paboTb, YTUNM3auUmIo Apyrom
MeTanmnel B BUAE N3AENun, Kyckos, - 3ameHa getanen obopyLoBaHns u opraHusaymm
HECOPTUPOBAHHbIE KOHCTPYKLIMIA M3 YePHbIX METarnnos.
PeMOHT Npon3BoACTBEHHOrO MNepepava Ha
Jlom 1 oTX0AbI antoMUHNA <0.001 obopypoBaHusi PeMoHTHble paboTbl, YyTURAM3aLUmMIo ApYyrou

HEeCOPTUPOBaHHbIE

3ameHa getanen obopyLoBaHNa U
KOHCTPYKLIMIA U3 LiBETHbLIX METASMOB.

opraHusaymu
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A.4.2 TexHOnorus rpaHynMpoBaHusi U NOJTYyYeHUA KOMOBOM Cepbl

YaenbHble nokasatenu o6pa3oBaHus OTXOA0B TEXHOMOMN rPaHyNMPOBaHUA 1 NOMNyYEHUs KOMOBOW Cepbl NpejcTasneHsl B Tabnuye A.10.

Tabnuya A.10 — XapakTepuUcTUk1 W yaenbHble nokasaTteny obpasoBaHns 0TX040B

YaoenbHble nokasarenu

MeTtoa ouncrku,

bonee)

Knacc ob6pa3syrlmxcs oTXxo00B
HanmeHoBaHue McTouHnku obpasoBaHus NMOBTOPHOro
OnacHoCTU Ha TOHHY npoaykumnun (Krit
Mcnonb30BaHus
npoaykuum)
1 2 3 4 5
OB6TNpOoYHbIN MaTepuan, SkcnnyaTauyust U pEMOHT NPOU3BOACTBEHHOMO Mepepava Ha
3arpsAsHEHHbIN HETBIO UNnn obopynoBaHus yTUnM3aumio
HeTenpoayKkTamu (coaep- 3 1,4-10-5-2,8:10-5 O6TMpka 3amacrneHHbIX MOBEPXHOCTEN B apyrou
XaHune HedTn nnun HedTe- npouecce o6CrnyXMBaHNa N PEMOHTa opraHunsaugmm
npoaykToB 15 % v 6onee) MEXaHN3MOB 1 y3roB 060pyA0BaHNS
OTXOLbI CAHTETUMECKIX 1 SgcnnyaTaum W PEMOHT MPON3BOACTBEHHOMO Mepepava Ha
MOMYCUHTETUYECKUX Macen 3 0,0002-0,0003 g OpyAOBaHWS yrunusaynio
MHAYCTPYAMLHBIX ameHa Macen B Xo4e o0CnyXuBaHus 1 apyrom
PEMOHTa MEXaHM3MOB 1 y3noB 060py0BaHNs opraHunsaguu
SkecnnyaTtaums n peMOHT NPOU3BOACTBEHHOTO Mepepava Ha
OTx0ofbl MUHEpPanbHbIX Macen 3 6.5-10-5-0.0001 obopyaoBaHus yTUnusaymio
WHAYCTpUanbHbIX ’ ’ 3amena macen B xoge obcnyxuBaHms n Apyrou
PEMOHTa MEXaHU3MOB W y31oB 060py0BaHus opraHusagum
LLINaM QUNCTKM EMKOCTEI 1 SgcnnyaTauwﬂ W PEMOHT NPON3BOJCTBEHHOMO Mepepava Ha
Tpy6onpoBogoOB OT HehTN 1 3 <0,015 000PyAOBAHIAS yrunusaumio
HEQTENPOYKTOB 3auuncTka TexHonormdeckoro obopyaoBaHus Aapyrouv
npv BbIBOAE B PEMOHT opraHunsaymm
SkcnnyaTayust U pEMOHT NPOU3BOACTBEHHOMO Mepepava Ha
OTx04bl MMHEpanbHbIX Macen 3 0.0003-0.001 obopyaoBaHus yTUnusaumio
TYPOUHHBIX ' ' 3ameHa macen B xoae o6CnyXUBaHWs 1 apyrou
PEMOHTa MEXaHU3MOB 1 y310B 060py0BaHNs opraHunsaguu
Mecok, 3arpsi3HEHHbIA HEPTBIO PeMOHT 1 akcnnyaTayusa Nnpov3BogCTBEHHOIO Mepepava Ha
Unn HedbTenpogykramm obopygoBaHus. yTUnusaymio
(cogepxaHne HeddTU Nnn 3 <0,005 Jlvksugayms pasnmeos HedTenpogykTos, [CM Apyroi
HedTenpoaykToB 15 % n opraHusagum
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[NpodomxeHue mabnuypsi A.10

1 3 4 5
OkennyaTauus 1 PeMOHT NPOVN3BOACTBEHHOMO MNepepava Ha
OTx0Abl MUHEparnbHbIX Macen <2 49-10-5 obopyaoBaHNs yTURM3aumio
MOTOPHbIX - 3ameHa macen B xoge 06CnyxusaHuns un Apyroi
PEMOHTa MEXaHU3MOB 1 y3noB 060pyf0BaHWs opraHusagmu
OTXOMbI CAHTETUMECKIX 1 SgcnnyaTauMH W PEMOHT NPOU3BOACTBEHHOIO MNMepepaya Ha
MOMNYCUHTETUYECKNX Macer <5,8-10-5 obopyAoBaHus yrunusayuio
MOTOPHbIX 3ameHa macen B xofe 06CcnyXmMBaHus n apyron
PEMOHTa MEXaHU3MOB 1 y3roB 060py0BaHus opraHusauyuu
OkennyaTauus 1 peMOHT NPOU3BOACTBEHHOMO Mepepava Ha
OTx0AblI MUHEpParnbHbIX Macen <1010-5 obopyAoBaHNs yTUNM3aumio
TPaHCMUCCUOHHbIX - 3amena macen B xoge obCcnyxuBaHus n Apyrou
PEMOHTa MEXaHN3MOB 1 y3roB 060py0BaHNS opraHunsagmm
OkennyaTauus 1 peMOHT NPOU3BOACTBEHHOMO Mepepava Ha
OTx0Abl MUHEparnbHbIX Macen <6-10-6 obopyAoBaHNs yTURu3aymio
KOMMPECCOPHbIX - 3amena macen B xoge obcnyxuBaHms n Apyrou
PEMOHTa MEXaHU3MOB 1 y3roB 060py0BaHWs opraHusagmu
OkennyaTaumna 1 PeMOHT NPOU3BOACTBEHHOIO Mepepaya Ha
OTX0AbI CUHTETUYECKUX Macen <2 610-6 obopyaoBaHnNs yTUnm3aumio
KOMMPECCOPHbIX - 3ameHa macen B xoge 06CnyxusaHuns n Apyroi
PEMOHTa MEXaHU3MOB 1 y3noB 060py0BaHus opraHusagum
OTx0Abl MUHEpPanbHbIX Macen Sggg;ﬁi;iﬂﬂ; VI PEMOHT NPON3BOACTBEHHOTO I_;Teﬁﬁﬂ::jm'::
[:?,q%%?;amu:jiKg;oﬁHbl <9,210-5 3ameHa macen B xofe 06CnyXmMBaHus n apyron
PEMOHTa MEXaHN3MOB 1 y3roB 060py0BaHNS opraHusagum
PemoHT npoussoacTeseHHoOro o6opyaosaHusi
OTx0abl pe3anHoactecToBbIX <0.0004 PemoOHTHBIE paboTbl Npy akcnnyaraymm un
U3Aenuii HesarpsisHeHHbIe - 06 Cny>KMBaHWN TEXHONOrMYECKOro
060pya0BaHUS N MEXLEXOBbIX KOMMYHUKaLIMN
OTx0Abl TEXHOMNOINYECKOro PemOHT npon3BoacTBEHHOrO 060pYA0BaHNS MNepepava Ha
obopya0BaHUs N3 YepHbIX PeMOHTHble paboTbl Ha TEXHOMOTNYECKUX yTURU3aymio
METanos, 3arpA3HeHHOro 013-027 yCTaHoBKax apyron
cepou npu Npou3BoACTBE ' ’ opraHusauum

cepbl U3 NPUPOZHOro
CEepHUCTOrO rasa
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[NpodomxeHue mabnuypsi A.10

1 3 4 5
PeMOHT npoun3BoacTBEHHOro 060pYyAOBaHUS Mepepava Ha
. CapouHble paboTbl unusauuo
LLinak cBapoyHbIn <8,8-10-7 P P yr 4
apyrov
opraHunsagum
Mony4eHne cepbl rpaHyMPOBaHHON Mepepava Ha
Tapa nnactmaccosasi Us-nog <0 002 Mcnonb3oBaHmne XMM. peareHToB B yTUnusagmio
XMMpeareHToB - TEXHOMOrMYECKNX npoLeccax apyrou
opraHunsagum
PynoHHble kKpoBemnbHbIE PeMOHT npon3BoaCcTBEHHOrO 060pYyAOBaAHMS. Mepepava Ha
Marepwuarnel, 3arpsi3HEeHHbIE PemoHTHbIE paboThl Ha CEPHbIX AMax yTUnusagmio
CEpON MpU PEMOHTE SIMbl <0,03 apyrom
XPaHEeHNs cepbl, CEPHbIX KapT, opraHunsagum
ceponpoBoaoB
KepamsuT, 3arpsisHEHHbIN PeMOHT npon3BoaCTBEHHOrO 060pYyAOBaHMS. Mepepava Ha
CEpoui MPU PEMOHTE AMbI <0.14 PemMoHTHbIE paboTbl Ha CEPHBIX AMax yTUnu3agmio
XPaHeHus cepbl, CEPHbIX KapT, - apyrou
ceponpoBoaoB opraHunsagum
>Kene306eToH, 3arpsi3HEHHbIN PeMOHT npon3BoaCTBEHHOrO 060pyAOBaHMS. Mepepava Ha
CEpoui MPU PEMOHTE AMbI <0.7 PemMoHTHbIE paboThl Ha CEPHBIX AMax yTUnu3agmio
XPaHeHus cepbl, CEPHbIX KapT, - Apyrou
CeponpoBoaoB opraHunsagmm
PeMOHT npon3BoaCTBEHHOrO 060pYyAOBaHMS. Mepepava Ha
OTxoAabl OTBEPAEBLUEN CEpbl <18 PeMOHTHbI€ paboTbl Ha CEPHbIX AMax yTUnmsaymio
npw pasrpyske Xuakomn cepbl - apyron
opraHunsagum
['PYHT, 3arpsi3HEHHbIN Cepon Mpon3BoLCTBO KOMOBOW CEPbI. Mepepava Ha
NPV PEMOHTE AMbI XPaHEHUS <0.2 PaboTbl no akcnnyaTaymm CepHbIX kapT yrunnsauuio
cepbl, CEPHbIX KapT, ’ apyrou
ceponpoBoaoB opraHunsagum
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[NpodomxeHue mabnuypsi A.10

1 3 4 5
Tapa 13 YepHbIX METanmos, 3kennyaTayus u peMOHT NPOV3BOACTBEHHOMO Mepepava Ha
3arpssHeHHas o6opyAoBaHUA yTUnusaymio
HedTenpoAyKTaMm =0,0003 3ameHa mMacen B xofe o6cnyxuBaHuUs 1 Apyron
(copepxaHne pPeMOHTa MeXaHVU3MOB M1 y3roB 060pyA0BaHUS opranusaymm
HedTenpoaykToB MeHee 15 %)
Jlom 1 oTxoabl, cogepxaiyme PeMOHT npon3BoaCTBEHHOro 060pYyAO0BaHUS Mepepava Ha
He3arpssHEHHbIE YEPHbIE <0.2 PemoHTHbIE paboThl, 3ameHa geTanen yTUnusagmio
MeTanmnbel B BUAE 13genun, - 060pya0BaHNS N KOHCTPYKLUA U3 YEPHBIX apyron
KYCKOB, HECOPTUPOBAHHbIE MeTannos. opraHunsagum
JIeHTb1 KOHBENEpHbIE, PeMOHT Npon3BoACTBEHHOrO 060PYAOBaHMS.
NPUBOAHbIE PEMHN, <0.001 3ameHa n cnucaHmne TpaHCNOPTEPHbIX NEHT
yTpartumeLume notpeburtensckume -
CBOWCTBA, He3arpsi3HEHHbIe
PeMOHT npoun3BoaCcTBEHHOro 060pYyAOBaHUS Mepepava Ha
OcTtaTkm 1 orapkm cranbHbIX <1810-6 CapouHblie paboTbl yTUnmMsaymio
CBAPOYHbIX 3NEKTPOLOB - apyrou
opraHunsagum
PeMOHT npon3BoaCTBEHHOro 060pYyAOBaHUS Mepepava Ha
Jlom 1 0TX0AbI antoMmHNSA <0.0012 PemoHTHbIE paboThl, 3ameHa JeTanen yTUnu3agmio
HECOPTUPOBAaHHbIE - 060pya0BaHNS N KOHCTPYKLUA U3 LBETHbIX apyron
MeTannos. opraHunsagmm
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A.5 MepepaboTka NONyTHOro HePTAHOro rasa

A.5.1 TexHonormm oT6eH3NHMBaHUA ra3oB (TexHONorMn n3BnevyeHus LerneBbIX yrneBoAopoAHbIX KOMNOHEHTOB U3 MONYTHOro

HedTAHOrO rasa)

TexHonorns ussneyeHuns yrnesogoponos C3+ 13 nonyTHoro HedTsHoro rasa Ha M3 metogamum HTKP, HTA, HTK+HTKP un HTA+HTKP.
YaenbHble nokasarenu o6pasoBaHnsi OTXOA0B TEXHOMOMMWN M3BneYeHus yrnesogoponos C3+ 13 nonyTHoro HedraHoro rasa Ha M3 metoaamu
HTKP, HTA, HTK+HTKP u HTA+HTKP npegcTasneHsl B Tabnvuye A.11.

Tabnuua A.11 — XapaKkTepucTukn U yaenbHble nokasaTeny obpas3oBaHns 0TX040B

YaenbHbie noka3aTtenu o6pa3yowmxcs

BELLEeCTBamm

Knacc OTX0A0B MNcTOYHUKN MeToa oumctk,
HaumeHoBaHue onacHocT HTKE HTA® 06pazoBanms MOBTOPHOIoO
7] PasmepHocTb | HTKP HTKP HTA HTKP WUCMOSb30BaHUsA

LLINaM OUMCTKI EMKOCTEN 1 P MpremHbie n OTxgp,bl nepegaoTtca Ha

TPYGONPOBOAOB OT HETU 1 3 .6 , 69 86 NPOMEXXYTOUHbIE obesBpexuBaHue B

HETENPOAYKTOR He Gonee €MKOCTH, annaparbl, crneyvannsupoBaHHyio
Tpybonposoabl opraHusauumo
Macnocucrema OTxoabl nepegatotca Ha

OTx0oabl CUHTETUYECKMX 3 r/Teic.m3 MHI, 34 59 TEXHONOrn4eckux “cnornb3osaHne s

Macen KOMMPECCOPHLIX He Gonee KOMNPECCcopos, cneyvannsMpoBaHHyio
pesepsyapbl C opraHusaumio

Macrnom

LleonuTt, oTpaboTaHHbIn npu Mepepava Ha yTunusayuo

OCYLLKEe BO3jyXa U rasos, He 5 r/Teic.m3 IMHI, 88 161 Agacopbepbl ans crneyuanusmpoBaHHoM

3arpsA3HeHHbI onacHbIMK He Gonee OCYLUKW rasa opraHusayuu
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A.6 TexHonorus pasgeneHus LU®IY Ha razodpakUMOHUPYIOLLUX yCcTaHOBKax (FdY)

Texnonorus pasgenerus LUGTY Ha rasodpakyoHmpyoLwmx yctaHoskax FPY n AOM
YaenbHble nokasarteny 06pasoBaHusi OTXO40B TEXHONOMN pasaeneHns LUDIY Ha rasodpakyrorupytoLLmx yctaHoskax MY n AOr

npeacTaeneHsl B Tabnuvue A.12.

Tabnuya A.12 — XapakTepucTuku 1 yaenbHbele nokazateny o6pa3oBaHus 0Txo408 Ha ycraHoskax MY n AOMN

YaenbHble
rnokasarenu
Knacc obpasylowmxca
oTX0A0B MeTouHUKM MeTon O4YUCTKU, NOBTOPHOro
HanmeHoBaH onacHoc
ne ™ (kr/T), obpasoBaHus Ucnonb3oBaHUA
He Gonee
roy AOI
Macnocucrema Mepeaava Ha yTunusaymio
OTx04bl MUHEPanbHbLIX Macern TEXHONOTNYECKMX cneyvannsnpoBaHHOW opraHu3aymm
(koMnpeccopHbIX, TYPOUHHbIX, 3 12 30 HacoCcoB,
TPAHCMUCCUOHHbIX, ' ’ KOMMNpEeccopos,
TpaHcopMaToOpHbIX, MHAYCTPUAbHbBIX) pesepByapbl ¢
Macriom
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A.7 TexHonorusa komnpumupoBaHua NMHIK

YaenbHble nokasateny obpasoBaHns 0TXo[,0B TexHonorum komnpumuposaHus MNMHI Ha KC npeactasneHsl B Tabnuvuye A.13.

Tabnuya A.13 — XapakTepuUCTUKL 1 yaenbHble nokasaTteny o6pasoBaHUsa 0TXo40B

YaenbHble nokasaTenu

BeLlecTBamu

Knacc o6 pa3yromnxca oTxoa0B MeTopa ouUMCTKU, NOBTOPHOIo
HanmeHoBaHue McTouyHMKku obpasoBaHus
OMacHoOCTU (riteic.m3 MHT), MCMNoNbL30BaHUA
He 6onee
. OTxogbl nepesaloTcs Ha
LLinam ouncTkm emkocTen n MprvemHbIE N NPOMEXYTOYHbIE
obesBpexunsaHue B
TpybonpoBog 0B OT HEPTU U 3 18 €MKOCTW, annaparbl,
cneymanm3npoBaHHyto
HeTENPOAYKTOB Tpyb6onpoBoabi
opraHv3saymio
Macnocucrema OTxonbl nepegaroTcs Ha
OTX0AbI CUHTETUYECKUX Macen 3 39 TEXHOMOTNYECKNX UCNonb3oBaHve B
KOMMPECCOPHbIX ' KOMMPEeCccopoB, pe3epByapbl C cneymanMsnpoBaHHyto
Macnom opraHvsaymio
. OTxonbl nepegatoTca Ha
LleonuT, oTpaboTaHHbIA Npy a pea
obe3BpexuBaHue,
OCYLLIKE BO3/yXa 1 rasos, He
" 5 78 Ancopbepbl 4ns1 OCYLUKM rasa ucrnornb3oBaHue B
3arpA3HeHHbIN OnacHbIMK
cneymanMsnpoBaHHyo

opraHusaumio
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MpunoxeHue b (06a3aTenbHoOe)
TeKywuin ypoBeHb BO3AENCTBUA HA BOAHYIO cpeay

OueHnTb TeKyLM ypoBEHb BO3AEWCTBUS Ha BOAHYKO Cpepy OT obOpa3sylowmxcs B
TEXHOMNOMMYECKOM MPOLECCE CTOUHbIX BOA PACCMAaTPUBAEMbIX TEXHOMOMMIA NPeacTaBnsaeTcs
3aTPyAHUTENBHBIM.

B npouecce cbopa gaHHbIX BbINo Nony4eHo 24 aHkeTbl. [laHHble, NpeacTaBneHHbIe B 4
aHKkeTax, NpuBeaeHbI No NPOn3BOACTBY B Lienom (Tabnuua b.1); B 9 aHkeTax (nonyYeHHbIX OT
npeanpuatn nepepabotkn MHIN) (Tabnuua b.2) npuBegeHbl yaenbHble nokasartenu no
TexHonornam (Ha Teic. M3 MHI).

Tabnuuya b.1 — CoaepkaHune 3arpsAsHsIIOLLMX BELLECTB B CTOYHbIX BOAAX AN NPOM3BOACTBA B
Lienom

Mpeonpusitne YcTaHoBKa CocTtaB CTOUYHbIX BOA,

BbixogHasa KOHUEeHTpaums:

B3BeLeHHble BewecTa CBbix = 20 Mr/n;
HedTenpoaykTel Cebix = 20 mr/n;

pH 6,5+8,5

HedrenpoaykTel — 25 mr/n

ra3°”?pepa6aTb'B MpoussopcTeo Bl MexaHnueckue npumec — 7,56 %;
arowm 3asoq Lenom MaccoBas KOHLEHTpauus HepTenpoayKTos —
(rna) 72,81 %;

mMaccoBas KOHUeHTpauva metaHona — 5,4 %);
MaccoBas KOHLeHTpaums obLyero xenesa —
21,28 %.

Hedrenpoaykrbl — o 5 mr/n;

B3BeweHHble BelwecTBa — A0 3 Mr/n
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Tabnuua b.2 — YaenbHble nokasatenu copoca CB no TexHonorusm nepepabotkm MHM

3asog (M3)

HegTSAHOro rasa Ha
M3 meTonamm

MNpennpusTtue YcTaHoBKa YpenoHble nokasarenu copoca
C6poc CB npwu
rmesonopogos Ca. | PH 68104
y - nonp Horo * Hedrenpoayktel: He Gonee 0,25 r/TbIC.
MasonepepabaTbiBatoLLmi T M3 [THI

Ob6uyee conecogepxaHue
(MMHepanuaauus): He Gonee 15 r/TbiC.

HTKP, HTA,
HTKeHTKP W | M THT
HTA+HTKP.
CBpoc CB pH. 6,5-8,5
TEeXHONOornm HedTenponyktsl, He Gonee 1,15 r/T
roy
pasgenenHus LUPJTY | npoaykumm
Ha [Py MeTtaHon, He 6onee 0,8 r/T npoayKummn
pH: 5,7-8,5
Cbpoc CB Hedrenpoaykrol: He Gonee 0,03 r/TbIC.
KC TexHonornm M3 MHI
komMnpumMmmpoBaHus | ObLuee conecopepaHune
MHI (KC) (MMHepanuaauus): He Gonee 13,2

r/iTbic. M3 MHI
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MpunoxeHue B (o6a3aTenbHoe)

MepeyeHb MapKepHbIX BELLECTB

[ns atmocdepHoro Bozgyxa

Okemabl azota (NOx B nepecyete Ha NO2)

MoHookeug yrnepoga (CO)

MeTar (CH4)

Yrnesoaopogbl npeaensHble (C1-Cs), uckntodas meTtaH

Auokena cepebl (8O,)

Ceposogopog (Hz28)
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MpunoxeHue I (06s13aTenbHOE)

MepeyeHb HaUNyYWKMX 4OCTYNHbLIX TEXHONOMUM

Ne HaunmeHoBaHwe HAOT

HOT 1 CurcTema SKONorm4yeckoro MeHeaXMeHTa
I Hauny4wue docmynHbie mexHonozuu nepepabomku npupodHo20 2a3a

HAOT 2 TexHonorns OTOEH3VHMBaHWA rasoB  (TEXHOMOMMWM U3BREYEeHUs LeneBbIX
YrNMeBOAOPOAHBIX KOMMOHEHTOB M3 ra3oB) HA3KOTEMMEPaTYpHOW cenapaumen

HOT 3 TexHonorna w3BneYeHna YrinesogopofoB METOAOM  HU3KOTEMNEPaTYPHON
koHaeHcauum (HTK) unn Hu3koTemnepaTtypHON KOHLEHCAUMN 1 peKTUdUKaLMn

HAOT 4 TexHonornv copbumMoHHoro oT6eH3NHNBaHWA rasoB

HOT 5 TexHONornsa OYMCTKM LUMPOKOW PpaKLMmK NErkMx yrnesoaopoaoB OT CEPHUCTbIX
coeguHEHN

HOT 6 TexHonorns NonyyYeHuss CKWKEHHbIX yrneBoaopoaHbix rasos (CYI)

HOT 7 TexHonorun ctabnnusauum rasoBoro kKoHgeHcara

HAOT 8 TexHonorns crtabunmsauvm CEPHUCTBIX ra3oBbIX KOHAEHCATOB

HOT 9 TexHonormsa NonHoOM crabmnmsaumm KoHgeHCaToB

HAOT 10 TexHonorus BblAENEHUS renmsa U3 NPUPoAHOro rasa

HAOT 11 TexHonormsa NonyyYeHMs TEXHUYECKOro yrnepoaa U3 NpupogHoro rasa v
rasoBOro KoHgeHcara

HOT 12 TexHonornsi NPoM3BoCTBA rAa30BOW CEPbI C JOOYNCTKON OTXOAALLMX ra3oB

HAOT 13 TexHonorns rpaHynMpPOBaHUS U NMONyYeHUs KOMOBOW cepbl
Il Haunyywue OJdocmynHbie mexHono2uU nepepabomxu nMoOMymMHo20
HeghmsiHO20 2a3a

HOT 14 TexHonorus n3BneyeHms yrneBoAoOpOAOB n3 MHC METOAOM
HU3KOTEMMEpaTypHON KoHAeHcauum wn  pektuduvkauum (HTKP), metosom
HU3koTemnepatypHoin  abcopbuum (HTA), meTtogamm  OAHOBPEMEHHOMN
nocneposatensHon pabotbl ycraHoBok (HTK+HTKP nnm HTA+HTKP)

HAOT 15 TexHonorus pPeKTUDUNKALNOHHOTO pasgeneHus ey
(rasodpakUMOHMpYoLLME YCTaHOBKN)

HAOT 16 TexHonorns komnpummposarHus NMHC
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MpunoxeHue [1 (06a3aTenbHoe)

OHeproaheKTMBHOCTL TEXHONOrMYeCKUX NpoLIeCCoB U
o6opyaoBaHuA Npu nepepaboTke YrNeBoA0POAHOrO ChipbA

1 Kpatkasd xapakrepucTuKa OTpaciiM C TOYKA 3PEeHuA pecypco- U
3HepronoTpedneHus

Mpn  nepepaboTke  yrmeBOLOPOAHOrO  Cbipbs  MOTpebnsieTcs  TOMNMBHbIE
3HEepreTUYECKME PECYPChI: MPUPOAHDIV ra3, 3NeKTPOSHEPIUS, TEMIOBAA SHEPTUS.

MpupoaHbIA  ra3 wWcrnonb3yeTcss Ha BblpaboTKy TOBapHOM MpOAyKUMKM  (cepsbl,
CcTabMnbHOro ra3oBOro KOHAEeHcaTa, NeHTaH-reKCaHoOBOW M M3oneHTaHoBow dpakuum, LUPNY,
3TaHOBOW PPaKLMK, CKUKEHHbIX YrNIEBOLOPOAHBIX ra3oB, OAOPAHTA, Fenns, TEXHUYECKOro
yrnepoga), Ha HarpeB rasoobpasHbiX U XKUAKMX MPOAYKTOB, Ha MPOM3BOACTBO TEMNOBON
SHEPrMN KOTENbHBIMK, a Takke B KayecTBe MNPOAYBOYHOrO rasa Ha [AeXYpHblX ropenkax
hakenbHbIX CUCTEM.

OcHOBHbIMM NOTPEBUTENAMU TONMUBHO-3HEpPreTu4ecknx pecypcos (TOP) asnswotca
ActpaxaHckuii [T13 n Openbyprckmn 13, 4TO CBA3AHO € HANMYMeM 3HEProémMKMX NPoLeccoB
OYMCTKM U NepepalboTK CEPHUCTOrO YrMeBoA0POAHOro cbipbsa. C yuétom O3 Ha gonto aTnx
Tpéx obbekTos npuxoantest 90 % Bcex notpedbnsaembix TOP.

MoTpebneHne TennNOBOM 3HEPrN CBA3AHO C TEXHONOMMYECKUMU NpoLEcCaMmm OYUCTKU
CEPHMCTOro MNpuUPOAHOro rasa, a Takke crabunusauuen yrneBoAOpPOAHOrO KoHAeHcaTa.
3HaunTenbHas aonsi noTpebHOCTM B TEMMOBOW 3HEPTUM MOKPLIBAETCH 3a CYET BblpaboTku
cobcTBeHHOro Tenna npu nepepaboTke KUCNOro rasa Ha yCTaHOBKax MPOW3BOACTBA Cepbl
(88% Ha ActpaxaHckom ITI3 n 36 % Ha OpeHbyprckom M3). Mpn sToM BhipabaTbiBaemas
Tennoeas SHEPrMs UCMOMNb3yeTCa ANA NPOLECCOB OYUCTKN ras3a u nepepaboTkm KoHAeHcaTa,
B OCHOBHOM, B BUJE BOASIHOIO Napa HWU3KOro U CpefHero AaBneHns.

MotpebneHne anekTpoaHeprun Ha obbekTax rasonepepaboTkm oBycnoBneHo
NMPVBOLOM MHOMOYMCIIEHHOIO HACOCHO-KOMMPECCOPHOro OGOpYAOBAHWA, BO3AYXOAYBOK W
annapaToB BO3AYLUHOMO OXMaKAEHWS.

Pecypco- un aHepronoTpebrieHne 3aBucuT OT 3PPEeKTUBHOCTU  MUCNONb3yeMblX
TEXHOMOrMYeckMx npoueccoe u  obopyaoeaHua. [loTpebneHve npupogHoro rasa
conpoeoxaaeTca Bbibpocamu 3B, KOTOpble ONPeAenstoT 3KONOMMYECKYH pesynbTaTUBHOCTL
npotecca.

2 Cuctema nokasarenen 3HeproapPeKTUBHOCTU TEXHONOrMYECUX NpoLeccoB n
obopyaoBaHusi, UCNoONb3yeMbIX Npy NepepaboTke yrneBoAopPOAHOro ChipbA

2.1 OCHOBHbIE TEXHOJIOTMYECKUE MPOLECChl, CBA3aHHbIE C MUCMOJSIb3OBaHUEM
3Heprum

Obujee onucaHWe TEXHOMOMMYECKUX MPOLIECCOB, WCMNOMb3yeMblX Mpu  [obbibe
yrneBoAopOAHOro Cbipbs, NPUBEAEHO B pasaene 2.

OnuncaHme npoLEecCoB, Ha KOTOpbIE MPUXOAUTCS OCHOBHOE MOTPeOneHne sSHepriu,
npuesegeHo B pasgenax 2.7 (NpousBoACTBO renud), 2.9 (Mpou3BOACTBO CEPbl, [OOYUCTKA
OTXOAALMX ra3oB yCTaHOBOK Knayca).
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2.2 YpoBHM noTpedneHus

YaenbHbIA pacxoa SHeprun npy nepepaboTke YrneBOAOpPOAHOrO ChiPbA MPUBEAEH B
pasgene 3.

23 Haunquue AOCTYMHbLIe TexXHONorum, HanpasreéHHbleé Ha noBbllWeHue
3HeproaPPeKTUBHOCTU U pecypcocbepexeHune

K HaunyywwuMm [OCTYNHbIM TEXHONOTUAM, KOTOpble BKIMHOYEHbI B  HACTOSILLMIA
CNpaBOYHVK, M HanpaeneHbl Ha 3ddekTMBHOe wcnonb3osaHve TOP npu nepepaboTke
YrneBoAOpPOAHOro Chipbsi, OTHOCATCS CrieAyoLme TeXHoNnormm, npveeaeHHsie B Tabnvue 1.1.

Tabnuuya 4.1 — HAT, HanpaBneHHble Ha 3ddekTnBHOE ncnonbsosaHue TIOP npu nepepaboTtke
YrNeBoAoOPOAHOIO Cbipbs

Pasgen/nyHkT
Homep v HanmeHoeaHne HOT A 4
CnpaBoYHMKa
HAOT 1. Cuctema sKONOrMYECKOro MEHeAXMEHTa 51
HAOT 8. TexHonorusa ctabunmaaummn CEpHUCTBIX ra3oBbIX KOHAEHCATOB 52

24 [lepcnekTUBHbIE  TEXHOMOMMKW, HanNpaBneHHble Ha  NOBbIWEHUEe
3HeproaheKTUBHOCTU U pecypcocbepexeHune

K nepcnekTUBHBIM TEXHOMOMSM 1 peLLEHWUSIM OTHOCSTCS:

— UCMOMb30BaHNE CUCTEM 3HEPIEeTUYECKOTO MEHEPKMEHTE,

— paspaboTka 9PEKTUBHBIX OTEYECTBEHHBIX TEXHOMOMMA KOHBEPCUU MPUPOAHOIO
rasa, paccuMTaHHbIX Ha 3KCMnyaTauuio B YCMOBUSIX POCCUMCKUX MPOMBLICHIOB (CO3faHue
ManorabapuTHbIX PeaKTOpPOB 1 BbICOKO3(DEKTUBHBLIX KAaTanu3aTopoB ANA KOHBEPCUM CUHTE3-
rasa B METaHor, CUHTETUYECKYIO HedTb, IMO, BeHsuH, apomaTryeckmne yrneBoaopoabl);

— pa3paboTka CUHTETUYECKMX MaTepuanos C 3apaHee 3agaHHbIMU CBOWCTBaMM,

— paspabotka TexHOMorMh Mo MpPsSMOMY MPEBPALLEHUIO YIMEBOAOPOAOB B
HedTEXMMUKATbI, MUHYSI CTaAUM NMPOWN3BOACTBA NMPOMEXKYTOYHBIX MPOAYKTOB;

— MCMONb30BaHWe JOCTMKEHUA BUOTEXHONOMM, HaHOTEXHOMOMMW ANA NPOU3BOACTBA
HOBOTO MOKOMNEHWNS KaTanM3aTopoB, PeakTOPHBIX MOKPLITUN;

- paspaboTka MasoTOHHaXHbIX HedTerasoxmmMm4eckmnx TEXHOIOMIA,
OPVIEHTMPOBaHHBIX Ha KOMMEKCHY0 nepepaboTky npuUPOAHBIX W MOMYTHbIX a3os
HENOCPEACTBEHHO B palioHax raso- 1 HedpTeaobblum;

— COBEPLUEHCTBOBAHME CyLLIECTBYHOLLMX CXEM 3HepronoTpebnsitowero o6opynoBaHus 1
ONTUMU3aLMSA TEXHONOMMYECKNX PEXKMMOB PaboThl 3HEPreTUHECKMX YCTaHOBOK;

— MOBbILLEHNE CTENEHW YTUNN3aLMM Tenna n cOpOCHbIX rasos,;

— BHEAPEHVE aBTOMaTU3MPOBaHHbIX CUCTEM KOMMEPHYECKOrO M TEXHOMOMYeCcKoro
y4eTa SHEpropecypcoB W BHELPEHME pauMOHamNbHbIX CXEM OCBELLEHWUS, OTOMNEHUs U
BEHTUALMWN.
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92. TOCT 6321-92 (MCO 2160-85) Tonnumeo ans geuratenein. Metoa ucnbiTaHUs Ha
Me[HOW NNnacTuHKe

93. TOCT 323292013 Hedprenpoayktbl.  OnpeaeneHve  KOPPO3VOHHOIO
BO3LENCTBUSA HA MELHYIO NMACTUHKY

94. TOCT ISO 2160-2013 Hedprenpoayktel. OnpeneneHne KOPPO3NOHHOMO
BO3AEWNCTBUS Ha MEAHYHO NNACTUHKY.

95. TOCT 31072-2002 HedTb 1 HedpTenpoaykTel. MeToa onpeaeneHns NnoTHOCTH,
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99. ACTM [ 1298 CTtaHgapTHbIA METOA OnpefeneHUs NnoTHOCTY, OTHOCUTENBHOM
NNOTHOCTU WM NNOTHOCTM B rpagycax APl cbipo HedTU M XUAKNX HedTENpOoAyKTOB
apeomeTpom. (ASTM D 1298) (Standard test method for density, relative density, or API gravity
of crude petroleum and liquid petroleum products by hydrometer method)

100. ACTM [ 4052 CtaHgapTHbIN MeToZ, onpeaeneHnsi INOTHOCTU U OTHOCUTENLHOWN
NNOTHOCTW C NpMMeHeHneM Lmgposoro nnotHomepa. (ASTM D 4052) (Standard test method
for density, relative density, and API gravity of liquids by digital density meter)
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