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KAITYCTHH Baaoumup Muxaiisoeuy

3aciyxeHHbI nesaTens Hayky PO, 3aBenyromuit
kagenpoit "TexHonorus nepepaborku HedTu" PI'Y
HedTn 1 raza umenu Y. M. [yOkuHa, reHepaibHbIA
-mupektop OAO BHUITUHedT1s, npodeccop, D0K-
TOp TEXHUUYECKMX HaykK, akaneMuk PAEH, nsaxuet
naypeat npemuu IlpaBurenbctsa PO B obnactu
HAyK{ ¥ TeXHUKH, ITodeTHHIN pabotHuk TOK, 1mo-
YeTHBII pabOTHUK BBICIIETO MPOGECCHOHATHEHOTO
obpazosanusa PO, moyerHsiil HedbTexumuk PO, ma-
ypear HpeMI/II/IA H. Kocreirmaa, H. K. Ban6aKOBa H. M. IyoxuHa. ABTOp 60-
see 380 HayYHBIX TPYIOB, 15 yqeGHI/IKOB u MOHorpa(me, okojio 90 maTeHTOB
7 aBTOPCKMIX CBHACTENIBCTB, 275 HaydHbIX craTeid. Ilox ero pykoBoInCTBOM 3a-
IIAIIEHB 21 KaHIUIATCKasl U JBE JOKTOPCKUE JUCCEPTAIIHM.

T'YPEEB Anexceii Andpeesuu

IIpodeccop, TOKTOP TEXHUYECKUX HAyK, HEW-
CTBUTEJILHBIN WIeH AKaIeMUU WHXEHEPHBIX HayK
P®, gayunsrii pykoBogutenb HayaHno-ob6pasoBa-
tespHOro IlenTpa "Butymubie Marepuansl Kaden-
pul "Texuomorus nepepaborku HedhTr" PTY HedTn
¥ raza umenu M. M. Iy6kuHa, 1109eTHBIM pabOTHUK
BBICIIIETO TIpodeccHoHanbHOTO 06pa3oBanus PO,
rnmoyeTHoI HedTexumMuk P@, naypeat npeMun
H. M. IyoxuHa.

Coasrop 6omee 150 HayIHBIX TPYIOB, U3 HUX — ABYX MOHOTrpaduit, 10 yueod-
HHKOB U y4eOHBIX II0COOui, 15 aBTOpPCKMX CBUIETENBCTB U MATEHTOB, Oosee
100 crarteii B HayYHO-TEXHIIECKMX XXypHaiax u coopHukax. Ilox ero pykoson-
CTBOM 3allIMIICHO 15 KaHAMAATCKUX JUCCEPTALMIA.




YBAXKAEMBIE YUTATEINA!

Brixomut B cBeT yuebHOe mocobue "TexHonmorus mepepaboTky HePTH.
B 4-x gactax. YacTth BTOpas. @u3MKO-XuMIIECKHe mporecchl . OTImIuTensb-
Hasl YepTa HACTOSIIETO U3TAHUSI — 3TO BBICOKAs CTeTIeHb 0000IIEHM U3jlara-
€MOTr0 MaTepHaja 1 ero KOMIUIEKCHOCTD, OLICHUBAIOIIAS SKOHOMUIECKUE, IKO-
JIOTMYECKME ¥ TEXHOJIOIMUYECKUE IPobIeMBl COBpeMEHHOI HedTermepepaboT-
ku. ITonaraio, yTo co4eTaHME B PEIEH3UPYEeMOM yIeOHOM IOCOOMM UCTOPH-
yecKoil nH(opMaIu o Tpynax KopudeeB pocCUiicKoil 1 MUPOBOM HedTene-
pepabOTKH C IEPCIEKTUBAMU €€ Pa3BUTHS 00YCIIOBUT HEOOXOIUMOE IOJITOJIETHE
ITaHHOTO y4eOHOoro nocobus. B ranHoM n3gannu npodeccopamu B. M. Karry-
CTHHBIM 1 A. A. [ypeeBsIM 9ETKO OTIPENENICHO TIOHATHE "PU3NKO-XMMUIECKIE
mmporecch HedrenepepaboTku”, yIUTHBa0OIIEe GU3NIECKHAE U XUMUIECKIE
B3aUMOJIEHCTBIS B TAKMX CIOXHBIX CHUCTeEMaX, Kak HedTIHbIe. Takoi monxoxn
TIOJTHOCTBIO YKJIABIBAETCS B pa3sBUBaeMble HayqHoii mkomnoi mpod. 3. K. Cro-
HJeBa IPEACTABICHNS O PUHLIMIIAX PETYIMPOBaHUs (ha30BhIX IIPEBpAICHUAN
B HE(TSIHBIX JUCIIEPCHBIX CUCTEMaX.

Hacrosimmas paboTa sSBISIETCS PE3YJIETATOM TPyHa HE TOJIBKO IBYX aBTOPU-
TETHBIX U yBaxaeMbIx ipodeccopoB PT'Y wedTu u raza umeru Y. M. IyoxuHa.
B Heil akkyMyIupoBaH MHOTOJIETHHUM OMBIT paboThl MpO¢eCcCOPOB U Mperona-
BaTeNell BCeX POICTBEHHBIX By30B HE(PTEra30Boro mpoduis, KOTOPhIC YCIIEII-
HO CO3IAI0T HeOOXOMUMBII ISl CETOMHSIITHETo CTYIEHTa M acCIMpaHTa, MEHE -
Xepa M oIeparopa YCTAaHOBKY Yy4eOHO-METOOUICCKUI MaTeprall.

CupTalo BechbMa YIAYHBIMH ¥ CBOEBPEMEHHBIMU TPY OCHOBHBIX OPUTVHAIIb-
HBIX aBTOPCKUX HOBOBBEIEHMS B PELICH3UPYEMOM HM3IaHUU — 5TO MPOU3BOI-
CTBEHHO-TEXHOJIOTHMIECKIE KOMILIEKCHI (TIPOEKTUPYEMBIE U CYLIECTBYIOIIME Ha
cospemeHHbIXx HI13), MaTepuan o pa3BUTAM OCHOBHBIX IIPOLIECCOB ITOIUMEPH -
3auy oieUHOB M paselt, MOCBIIEHHBIN nepepaboTke HEPTIHBIX OCTATKOB
Y TIOMYEePKUBAIOIINIA POJTb TEPMOTHAPOKATATATIIECKIX IPOLIECCOB.

ITo MoeMy MHEHHIO, 00BEM M Ka4eCTBO MHMOPMaLUH, coaepxaliencs
B PELCH3UPYeMOM YIeOHOM ITOCOOMM, OTBEYAIOT 331a4aM IIPOrpaMMbl COOT-
BETCTBYIOLIECH TUCHMIUTAHEL. Y B 3aKTI09eHIE OTMEUY yIauHOe coueTanue QyH-
JAMEHTATBHOCTH ¥ HEOOXOIMMOM CTEIIEHH JOCTYITHOCTH HH(OpMALUH, a TaK-
3Xe XOPOIIWM CTWIh U3JIOXEHUS MaTepuaia yuyebHuka. D1o, 6€3yClIoBHO, I10-
CIIYXKUT €T0 IIMPOKOU TIOIYJIIPHOCTH CPEIY CaMOTO IIMPOKOTO Kpyra YATaTe-
neit. Bee M3I0XEHHOE BEIIIE SBISIETCSI HECOMHEHHBIM OCHOBaHMEM HEO0XO0-
JUMOCTH €T0 U3JaHWs.

C. H. Xamxues,
nupexkrop MHXC PAH,
akageMk PAH



@ OAO "TasnpomHeTb —
TA3NPOM Owmckuin HMN3"

HE®IDL

"rasnpomHedTb — Omckuit HM3", gouepHee npeanpuste komnaHum "rasnpom-
HedTb", ABMSETCA OLHUM U3 CaMbiX COBPEMEHHbIX HedTenepepabaTbiBatoLLyx 3aBo-
pos Poccumn. Omckuii HIM3 nepepabarteiBaet Gonee 20 MnH T Hedptu. Mny6uHa nepe-
paboTku HedTu cocTaenseT 89 % (nokasaTerb ABMAETCA OAHUM U3 NyYLIMX B OTpac-
nn), 3arpy3ka MOLLHOCTeH BTOpPMYHbIX npolieccos 6ruska k 100 %.

Cxema Omckoro HIM3 ekriiouaeT Gonee 40 TEXHONOrMYECKUX YCTAHOBOK, B TOM
yucne [Be YCTAHOBKW KaTajiMTUYEeCKOro KpekMHra CymMMapHOW MOLLHOCTbIO bonee
3,5 MITH T B rofl, TPY YCTaHOBKU KaTaniMTuydeckoro pudopmuHra, KpynHenwumin 8 Poccun
KOMIMEKC 1o MPOU3BOACTBY apoMaTUYecKuX YrreBoaopoaoB, YeTkipe YCTaHOBKN M'a-
POOUUCTKU AU3ENbHBIX (hpaKkLmMii U OOHY YCTAHOBKY TMAPOOYUCTKU BEH3MHOB KaTanu-
TUYECKOro KpekuHra. Ha 3aBoge paboTaT camasi MOLHas B CTpaHe YCTaHOBKa anku-
NUPOBaHKSA U KpynHelwasi B EBpone yctaHoBKa MsomepusaLmum ferkux 6eH3MHOBbIX
hpakumi.

MpennpusaTie NponssoanUT aBTOMOBUNLHbLIE, AU3ErbHbIE, CYAOBbIE, KOTeNbHbIe
TOMNMMBA, apoMaTHYECKue Yrnesoopoabl, TEXHUYECKYIO Cepy, MarOCePHUCTLIA KOKC,
aBTOMOOUIBHBIN 1 OBITOBOW ras v Apyrue syfibl NPOOYKUUU.

Onpepfenexbl cneaylowmne npuopuTETHLIe nokasaTeny npousBoAcTBa Ha nepuol
no 2020 r., k koTopelm cTpemutcs OHIS:

— my6uxa nepepabotku 93 %;

— uHaekc HenbcoHa 15,1;

— BbIMYCK 3KOMOTMYECKM YACTRIX MOTOPHBIX TOMMNUB, COOTBETCTBYIOLLMX Kilaccy 5;

- BbIXO[ CBETNbIX HedTenpoaykrTos 6onee 80 %;

— JKCMIyaTalUNOHHas FOTOBHOCTL YCTaHOBOK Bonee 96 %.

Owmckuit HIMN3 BeinyckaeT ToAbKO aBTOMODUIIbHLIE BEH3UHLI 4-ro 1 5-ro knaccos
¥ AusenbHoe TONNMBO 5-7o Knacca.

Becemuphas accouuaums no Hedrtenepepabotke (WRA) geaxabl — 8 2010
n 2012 rr. — npusHasana Omckuid HM3 nyywmm Hedresasogom Poccum u CHI

Owmckuit HedbTenepepabarbiBalolwuil 3aBof, — eguHcTBeHHbIR HIM3 B Poccuu, pa-
BoTalolwumit Ha COBGCTBEHHOM KaTanuv3aTope KpekuHra.

Owmckuin HIMN3 — npeanpustve TonsnBHOrO npoduns ¢ Brokom npou3BoacTsa
macna. OMCKuit 3aBof cmasodHbIX Matepuanos (O3CM), pacnonoxeHHbIN Ha Teppu-
Topuu OHIM3, nponasoacTBEHHbIN dhunman komnaHuu "TasnpomMHedT — CMasodHbie
maTepuans!”. Ha npeanpusitii HanaxeHo MPOU3BOACTBO MOMHOIO LMKMA, BKIOYalo-
Wee MarotosreHne 6a3oBbIX U TOBapHbLIX Macer, hacoBKy U OTIPY3KY MPOAYKLMU.

O6ecrieunBaerca aBToMaTmyeckan acoska bonee 450 HavmeHOBaHUA NPOOYK-
umu 1 1200 ToBapHbLIX MO3ULMIA.

CerogHst Omckuin HIN3 sisnseTca npusHaHHbLIM NMGepoM poccuickol Hedhrenepe-
paboTK1, AMHaMWYHO Pa3BUBAETCA U BHEPSAET HoBeliine TexHororuu. lNpeanpuaTue
MIOCTOSAHHO NOBbilLaeT 3PPHEKTUBHOCTL U SKONOrMHHOCTL NMPOU3BOACTBA, a Takke Ka-
YecTBO BbINycKaeMoi npoaykiuun, 3abotack 06 uHTepecax notpeburenei.



? OAO "TatHedhTb"
) TATNEFT www.tatneft.ru

OAO "TatHedTb" — KpynHeiwasn HedTerasofobblBatoas komnanus B Pecny6-
nuke TatapcTaH v ogHa 13 Beaylmx HedTaHbIX KomnaHuii B Poccuiickoit Geaepaumm.

3a 6onee yeM 60-NETHIO UCTOPUIO NPOALEH CNOXHLIA NYTh pasBuUTMsA OT A06bI-
BaIOLLEro NPeanpuaTUs 40 COBPEMEHHOTO BePTUKaNbHO-MHTErpupoBaHHOIO XOnanH-
ra, B COCTaB KOTOPOro BXOAAT HedTe- v razofobeiBatolume, HedTerasonepepabarsisa-
oLme ¥ HedTeEXMMUHECKNe NPeanpysiTUs, OpraHnsauuy, peanuaylolive HedTb, Npo-
OyKTbl HedTenepepaboTkm 1 HedTEXUMUK, @ Takke npeanpuaTua 6yposoro n HedTs-
Horo cepsuca. OAO "TatHedTh" MeeT OBLUMPHYIO CETb aBTO3anNPaBOYHbIX CTaHLMUN,
OTBEYAIOWINX BCEM COBpeMeHHbIM TpeboBaHuaM.

KomnaHun 8 HacTosiliee BpeMs NPUHaANEeXUT OCHOBHaA YacTb NNLIEH3NIt Ha pas-
BeaKYy 1 0o6bivy HedTU MECTOpPOXAEHUIA TaTapcTaHa 1 nakeTbl akUmuin pana Hedytexu-
Mudeckux npeanpusituit. Kpome atoro, Komnanus peanusyeT BUSHeC-NpoeKTs B CTpa-
Hax BrvKHero u nanbHero 3apyGexos, YKpensss CbipbeBylo u HedTenepepabarhisa-
foutyto Gaabl M paclumpsisi pbiHku cbeita. Mepsoit B Poccun Komnanua npuctynuna
K paspaboTke MECTOPOXAESHUI OUTYMHOMN, BbICOKOBSI3KOMA HedTU.

OAQ "TaTHeMTh" BEAET CTPOMTENBLCTBG KpynHoro HedTenepepabarwiBaoliero
xomnnekca 8 HmwkHekamcke (npoekt "TAHEKQ"). Ha npeanpuatii BoaMoXHa nepepa-
6oTKa Bcex copToB HedTh, rmyGrHa nepepaboTku coctasuT 96,9 %. MNepsas oyepenp
3anyuieHa B 2010 .

lNpousBoacTBeHHas peAternbHOCTL KoMnaHum oTBeHaeT BhLICOKMM CTaHaapTam
3KOMOrMYecKon 1 npomMbliineHHon 6esonacHocTn. OAO "TatHedTb" NPOBOAUT CoUM-
anbHO OPUEHTMPOBAHHYIO MOMUTUKY M BHOCUT BECOMbBIW BKMaz B passutue Hauuo-
HarbHbLIX NIPOrpPamMm Mo 30paBoOXpaHeHnto, obpasoBaHuio, CroPTY, NoaAepXKe Marno-
ro 1 cpegHero tusHeca.



HALDOR TORsoE (@ Komnanus

CATALYSING YOUR BUSINESS «XaJ'IbAOP Tonce, AO»
http://topse.rul/

Haldor Topsoe A/S (AO "Xanbaop Tonce") n ero govepHue KoMnaHum — 370 4acT-
HOE NpeanpuaTUe, 4esTeNbHOCTE KOTOPOTo NOCBSLLEHa reTeporeHHoOMY Katanmay. Kom-
naHust 3aHUMaeTCs Hay4HbIMWU UCCnefoBanvAMU U paspaboTkamu, NPOU3BOLCTBOM
¥ NPOAAKEN KaTanmaaTopoB, NPOEKTUPOBAHUEM ¥ NTOCTABKOW NULIEH3NOHHBLIX KaTanu-
TUYECKMX YCTAHOBOK U NPOU3BOACTB B XMMUYECKON 1 HEHTEeXMMUYECKON MNPOMBbILLINEH-
HOCTH, & TaKkkKe B SHepreTUHeCKOM CEKTOpe N NpUPOS0OXPaHHBIX TEXHONOMMSX.

Komnauusa Haldor Topsoe 6bina ocHoBaHa B 1940 r. goktopom Xanbgopom Tonce.
lLiTab-kBapTMpa KoOMNaHWu, ee LeHTPasnbHbIe UccrieaoBaTensckue naboparopuu u npo-
eKTHble nogpasfenexsma cocpegoToyeHsl B JaHunu. NpousBoaACTBO KaTanusaTopos pac-
nonaraetcs B [Jannnu n CLUA. MNpeacraBntencCTBO U JOYEpHUE KOMITaHUK pacnonara-
1o1cs B XbiocToHe, Hbto [enu, Mekune, Tokno, baxpenHe. [Ins ykpenneHus TexHude-
CKOFO U [efIOBOro COTPYAHMYECTBa C POCCUICKON NpOMBbILLIEHHOCTBIO dupma Haldor
Topsoe B 1991 r. oTKpbIna dunuan 8 Mockse.

Komnanust Haldor Topsoe nocTaBngeT CBOW TEXHOMOTMM U Katanu3aTopbi npen-
NPUATUSM XMMUYECKOTO, HETEXMMMUECKOrO ¥ SHEPIreTUUYECKOrO CeKTopa, B TOM YUC-
nie AnS npousBOACTB: aMMuaka, MEeTaHosa, BO4opoaa, CepHOM KUCTOThI, TMAPOOYMCT-
Ku BeH3uHa, KepocuHa, AMSENLHOro Tonnuea, NoarotTosku chipbs KK® 1 rmapokpekus-
ra, a TaKKe caMoro r’mIpOKPEKUHIa, OMUCTKY OTXOASALINX rasoB OT OKCWOOB a307a, OT
opraHuveckux npumecei un CO.

floMMMO pasBUTUS OENOBLIX OTHOWEHWUA C NPOMbILLSIEHHBIMW MPEANPUATUAMU
Poccun, komnanus yaensieT 6onblioe BHUMaHue HaydHOMY COTPYOHWYECTBY, rpocae-
TUTENbCKOW AeATEeNIbHOCTA W B3aUMOLENCTBUIO C Y4eOHbIMU MHCTUTYTaMuU.
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Komnanus Eco-Tec Inc. (KaHaga)

Poccuiickoe npeacraBuTesnibCcTBO:
xomnaHua "floprakc dko”
www.eco-fec.com
www.lortexeco.com

Komnauust Eco-Tec Inc. 3aHUMaETCs NpoeKkTUpoBaHUEM, KOHCTPyupoBaHuem
¥ MPOV3BOACTBOM 0GOPYAOBaHUSA A5 OUUCTKU XUAKOCTEA 1 ra3os, B TOM YUCHEe O4n-
CTKM APOMBILLFIEHHBIX CTOMHbBIX BOM.

Obnapasa bonee 4yem 40-NeTHUM NPOU3IBOLACTBEHHLIM OfNLITOM, KOMMNAaHUs CcTpe-
MUTCS NpefocTaBuTy Hauboree nepenoBble pelleHns o Bornpocam pecypcoctepe-
XeHUsi, BOCCTAHOBIEHUS U OUYUCTKM TEXHOMOTUHECKUX MOTOKOB AN NPeanpusiTuil npo-
MbILLFTEHHOCTY MO BCEMY MUPY.

Mpepnaraemoe knueHTaMm obopynoBaHue, HapAdy C BbICOKMMM noKasarernsamu
NPOU3BOAMTENIEHOCTU, 3KOHOMUYHOCTU W HafEXKHOCTU, codeTaeT B cebe noaxon K pa-
LIMOHaNBHOMY MCMOMb30BaHWIO NPUPoaHLIX pecypcos. C 1970 r. komnaHuen Eco-Tec
nocrtaeneHo Gonee 2000 npoMbILLfIEHHBIX YCTAHOBOK B 60 cTpaH mupa. Bce npoektu-
pyemoe obopynosaHue 1 npouecck! paspabarbiBaloTcs B TECHOM COTPYAHUYECTBE GO
cneuyanucTamMm ofHOrO U3 BELYLIMX MUPOBbLIX YHUBEPCUTETOB — YHUBepcuTeTa 10-
POHTO — U AIPOXOLST MHOTOSIETHUE UCTIBITaHUA Ha MUIMOTHLIX YCTAHOBKAaX.

[ins 63 HedTenepepabaroiBatoimx 1 rasonepepabaToiatowiux 3asonos B 18 crpa-
Hax, B YACHIO KOTOPLIX BXOAAT Taicke poccuiickue HIM3 B Camape n TarapcraHe, Tex-
Hornorust Amulliop-Inoc® ctana XusHeHHO BaXkHbIM anemeHToM, obecneunsaolumm
3KOHOMUYECKM BbIFOAHOE COXPaHeHWe YMCTOr0 amMuHa ¥ COKpalieHune 3arpsisHeHui
OKpyXatoilen cpefpbl.

Cucrtema OYMCTKN OCHOBaHa Ha 3anaTeHTOBaHHbIX MOHOOOGMEHHBIX CMOMNax
Recoflo®, nosBonsiiolmx MUHUMUSUPOBATL pasmepbl 06opyaoBaHus U obecneunTs
BbICOKYI0 3(h(hEeKTUBHOCTL U3BMeYeHusi TepmocTabunbHbix conen (TCC) us pacTso-
pOB aMUHOB.

Hapsigy ¢ cuctemamu O4MCTKM PacTBOPOB aMMHOB, koMnaHust Eco-Tec crnieuuarnu-
3MPYETCA Ha OYNUCTKE BOJ OT TSHKENbIX 3arpA3HEeHUN HeTbio U HedTAHLIMU NPOAYKTa-
MM, CieLmMarbHO BOAOMNOATOTOBKE 1151 IOyYEHUs! SNIEKTPOSHEPTN HA aTOMHbIX 3Mek-
TPOCTaHUUAX, YAANEHWN KUCIIOT U3 PacTBOPOB XMMMUYECKMX MNPOLECCOB, U3BMEYSHUN.
METarNoB, TakuxX KaK HUKEMNb, aroMUHWUIA, XPOM U OPYIUX, U3 BOAHLIX MOTOKOB Mapo-
MeTannypruuyeckoro poussofacTea cranu u anomuHusa. ObopynosaHue Eco-Tec
HaLLMO NPUMEHEHWe B LIennoNo3HoO-ByMaXHOW NPOMBILLNIEHHOCTH, a Takke B npouec-
cax nonyyeHus Guorasa 1 OUUCTKM NPOMBILLNEHHbLIX Fa30B A5 NOBTOPHOrO UCMOMbL30-
BaHUA MX B SHEPreTUYECKUX Liensx.

MopyneHoe obopynosaHue, cobpaHHoe ¥ UCTbITaHHOe [0 OTIPY3kM Ha 3asofax
KOMMaHuK, No3sorseT MUHUMW3MPOBATL pasMepbl NAoWanKM Afis ero pasMeleHus
¥ younvist ansi noAKmoYeHnUst K TEXHONOTMYECKON HDPacTPyKType KrueHTa.
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$UIUPOBAHUS,

T — TeMIIepaTypa,

¥ — peakuAOHHBIH 005eM;

y — CKOpOCTH TIpOLIecca;

X — TJyOMHA IPEeBPalleHNs] CHIPBI;

§ — TonmmHa Judhy3HOHHOTO CIIO;

N — OMHAMMYECKAsE BS3KOCTE;

v — KMHEMAaTudecKas BI3KOCTh;

Pe; Pror — IIIOTHOCTH CHIPBS, KEPOCHHO-
raszoiiyieBoi Gpaxivu;

T — BpeMs KOHTaKTa;

ABO — anmnapar BO3AYIIHOTO OXNAXNCHNS;
ABT — arMocdepHO-BakyyMHas TpyoJaTka;
AT®Y — a6copbUHOHHO-Ta30(hPaKIIOHNDY -
o1@st yCTaHOBKA;

AKM — amoMoKo0ansIMonH6aeHOBbI KaTa-
JIA3aTOP;

AHM — amoMOHUKETEMOTNOEHOBBIN KaTa-
JTA3aTOP;

ACCB — apToMaTH3HPOBaHHas CTAHIMUA CMC-
HieHus OEH3UHOB;

AT — armocdepHas TpyOJaTKa;

ApV — apoMaTHYeCKue yIJIeBOJOPONBI;
BT — 6uTyM JOPOXHBI TIOBBIITIEHHOM
NOJTOBEYHOCTH;

BIY — 61TyM TOPOXHBIA YIIyYIIEHHBIH;
BK — 610X KOMITAyHAVPOBAH,

BKK — GeH3MH KaTATMTHYECKOTO KPEKUHTa,
BH — 6utyM HehTAHOM;

BH]I — 6uryM HeDTIHOM IOPOXKHBIH;

BHK — 6uTyM He(TAHON KPOBEIbHBI;

BO — 610K OKUCTICHHN;

BOC — 6MO0YMCTHBIE COOPYKEHUA,

BIIK — 6uoxuMudecKas ToTpeGHOCTH B KHC-
JIOPOIE;

BIIC — 610K MOATOTOBKHM CBHIPDS;

BOK — BHICOKOOKTaHOBBIE KOMITOHCHTBI;
BCI” — BOIOPOICOIEPKALIMIN Ta3;

BT — BakyyMHas TpyOuarka;

TK — IMApOKPEKHHT;

TO — ruEpOOYNCTKA;

TITH — m1y6uHa nepepaboTky HETH;

T®V — razodpakIHOHMPYIOas yCTaHOBKA,
IAO — neachanbTU3UPOBAHHBIA OCTATOK;
JIBC — mpuratelb BHYTPEHHETO CrOpaHis;
JIAT — nem3oreKcaHu3aTop;

JIATID — [MM30IPONIOBEIH abup;

KO — MMCTIIISTHBIA KPEXHHT-0CTaTOK,
JCHC — nu3enbHOE TOILUTMBO CO CBEPXHHU3-
KUM COREPXKAHUEM CEPBL;

IOT — au3enbHOe TOIUIIBO;

31M — 3aKOH HEHCTBYIOLIMX MACC;

3K — 3aMemIeHHOe KOKCOBaHUC,

VB — MHIOEKC BI3KOCTH;

W3A — WHIEKC 3aTPI3HEHIs aTMOCEPBI;
W3TIC — MHAEKC 3arpsA3HEeHus IPHPONHOH
Ccpensl;

MK — vHAeKC KOppesauny,

M OY — oKTaHOBOE YHCJIO II0 HCCIEN0BATENb-
CKOMY METOLY,

UTK — HCTMHHBIE TeMIEPaTyphl KUICHM,
KJ1 — xaranuTidecKas TUCTHILIALIS,

KT’ — coBMeCTHAs KaTaTUTHYeCKast TUCTHI-
JSLMS ¥ THAPUPOBAHHE AUEHOBBIX YITICBONO-
POIIOB;

KD — xaranuTuyeckas AMCTHIIANKA
3dHUpOB;

KK — KaTaluTHIeCKUH KPSKUHT;

13




K.K. — KOHEIl KUIIeHWsI,

KK® — xaTamuTHdecKuii KPeKUHT QIIon
(C ICEeBIOOKIDKEHHBIM CII0EM KaTaIu3aTopa);
KITJT — ko3 dULUEHT IIOJE3HOTO IEHCTBU;
KP; KP,; KPs — karaqutuueckuit puop-
MMHI, pHGhOPMHUHT "Ha apoMaTHKy", pudop-
MUHT "Ha GeH3HH";

KPY — KOHAEHCALMOHHO-PEKTHQUKALIUOH-
Hast YCTAHOBKA,

KT — xoTtensHOE TOILUIMBO,

KIIA — XOpOTKONMKIIOBAs afCcopOLUs; |
JIBI — nerkuit BAKYyMHBIA ra30#b;

JITK — yerxuif TUAPOKPEKUHT;

MH — MaructpaibHbiil HedTepoBOL;
MOY — 0oKTaHOBOE YHUCIIO 10 MOTOPHOMY
METOLY;

MII — MEeTHIIICHTaHbl;

MCKK — MHUIMCEKYHIHBIH KaTaluTH4er
CKWH KPEKUHT,

MTAB — MeTHII-mpem-aMuWIOBBIH 3QHUD;
MTBD — MeTui-mpem-OyTHIOBBIA 30hup;
MDA — MOHO3TaHOJIAMHUH,

HI'C — HedTerazosoe ChIphe;

HWD — HUKeJIeBBIH 3KBUBAJICHT;

H.K. — HAYaJI0 KUIICHMS;

HII3 — HedTenepepabGaTbIBaIOLIMIA 32BOK;
HPK — HenpepsiBHAsE pereHepalist KaTanu-
3aTopa;

03X — 061Ie3aBOACKOE XO3IHCTBO;

OMU — OXTaHOBLIH MHIEKC (JOPOXHOE OKTa~
HoBoe yucno), pasao (MOY + MOY)/2;

OY — OKTaHOBOE YHUCJIO;

IIFB — moiuMepHO-OUTYMHBIE BSIKYIINE;
[IIB — mpenenbHO HOIYCTAMBIE BEIOPOCHL
B aTMocdepy;

TTIK — mpemenpHO JOIYCTHMAas] KOHIEHTpa-
1
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[JIC — mpenelbHO HONYCTHMBbIE COPOCH!
B BOZY;

TP — mponaH-NponyeHoBast Gpakiius;
IITK — pOM3BOACTBEHHO-TEXHONOTHYECKUA
KOMILIEXC 1o IepepaboTke He@TerasoBoro
CHIPDS;

PKM — pysioHHBIN KPOBEIBHBIM MaTepHan,
PT — peakTHUBHOE TOILIUBO,

POB — pedopMyIMPOBaHHBIA GEH3HH;
CBB — cepoOuTyMHbIE BSIXKYILIUE,

CB — cTrouHbIe BOMHI;

CJIA — conbBerTHas HeachanbTH3aus;
TAMD — mpem-aMUnoBHIit 3$uUp;

TBI — TsoKeNBI BaKyyMHBIN Ia30iIb;

TKK — TepMOKOHTAaKTHBI! KPEKHHT;

TMA — TsKenble MHOTOSAEpHEIE apoMaTH-
YECKUE COCIMHEHNS,

TV — Texguyeckuil yriuepon,

TOK — TBepaas docdopHas KUCIOTa,
TOKC — tpexdasyblii KUISIIAA CIoH;

VI — yrsoxesieHHBIH TYIPOH;

V3K — ycraHoBKa 3aMEUICHHOTO KOKCOBa-
HUS,

V3® — yaerpassykoBas GOpPCYHKa;

VIIP — ympyrocts mapos o Peiny;

OXIT — GHUSUKO-XHMIIECKIH TPOIECC;
XITK — xuMugeckas IoTpeOHOCTh B KHCIIO-
poze;

119 — meraHOBOE YUCIO;

UIDITY — mmpokas Gpakuys JErkux yrie-
BOJIOPOZOB;

DBK — sMmysbcust OUTYMHAs KaTHOHHAA,
BIIOY — anekTpoobecconyBaiouias i dNeKT-
poobe3BoxyBaloniasd YCTAaHOBKA,

DY — 5K0J0rMYeCcKy YUCTHINA.




MPEANCIIOBUE

TpyIHO NEePEOLEHUTD PONib He(TH 1 rasa B XU3HU COBPEMEHHOTO 00I1Ie-
cTBa, JaXe HECMOTPS Ha JOCTaTOYHO 06OCHOBaHHBIE OLIEHKM OIpaHUYCHHO-
TV VX 3aTIacOB U OypHOE Pa3BHUTHE COBPEMEHHON MUPOBOi1 SHEPTOMOIEPHH-
AUyl — SHEPIeTUKY Ha Gase 6MOMAace, BETPSHBIX U CONHEUHDIX ("HarpuMep,
eBpoIIeiicKas IporpamMma Desertec) 2IeKTPOCTAHIMA U, ECTECTBCHHO, AIED-
Hoii sHepreTrki. KpoMe TOro, COBpeMEHHOE MCIOIb30BAHNC HedTH ¥ Ia3a —
He CaMBbIi IMBVUIM30BAHHBIA IyTh IPAMEHEHN 3TOT0 YIUBUTEIHHOIO U oec-
HeHHOro 6orarcrea. Beb OCHOBHYIO €I0 4acTh — Ias3, MOTODHBIE, Ta30TypOUH-
Hble, KOTEJILHBIE ¥ JPYI¥e BUIbI TOIUTHBA, KOKC — YeJIOBEYECTBO MPOCTO CXKM-
raet!!!

HecMOTps Ha CTPOMTENBCTBO U BBOJ B OKCILIyaTallUIo B [I0CTIEMHUE TOIBI
psina HedTenepepabaTHBaIOIIIX npeanpusATHi B Poccuu, OCHOBHOS BHUMA-
HYe VIeIAIOT PeKOHCTPYKIMK ASHCTBYIOLIMX MIPEAIPUSTIIL ¥ CTPOUTETHLCTBY
Ha VX IUIOLIAISIX HOBBIX, COBPEMEHHBIX, 2 (eKTHBHBIX IPOU3BONCTBEHHO-TCX-
HOJIOrMYECKUX KOMIUIEKCOB, ITO3BOJISIOMINX BBITYCKATh KOHKYPEHTOCIIOC00~
HYIO Ha MAPOBOM DBIHKE TIPOIXYKIIHIO.

B rrocieHye TOABL Pa3BUTHE MUPOBOY 1 oTedecTBEHHOI Hedrenepepador-
KH TIPOXOIMUJIO B HAIIPaBIEeHUM YXECTOUCHUA TpeGoBaHUi K 9KOIOIMIECKOM
qucToTe He(TEIPOLYKTOB, YTO MOCIYXXIIIO TOYKOM K CO3IAHNIO HOBBIX IIPO-
116CCOB, TEXHOJIOTHI, 060PYIOBaHMs, KaTanu3aropoB, CTAHIAPTOB 1 T. O.

ABTOPHL JAHHOTO Y4eGHOTO TOCOOKS NOCTapalich yIeCcTh COBpPEMEHHbIE
TEeHIEHIIH ¥ TPAJULIMOHHBIE TIPHOPUTETHI PA3BUTIA (dyHIaMEHTAILHOTO YHH-
BEPCHTETCKOTO 06Pa30BaHMsl, POCCHICKOrO BBICIIETO HedTerazoBoro oopaso-
BaHIIs1, WICOJOTHIO CO3IAHHBIX PAHEE 1 CO3IABACMBIX CEIOMHA (pysmameHTab-
HBIX YIeOHVKOB, MHOTOJIETHU! OIBIT TIPETIOAaBaHNA COOTBETCTBYIOILEH THC-
st B PTY HedTw u rasa v, U M. Ty6kuHA ¥ B IPYIMX BEAYIINX By3aX
He(hTerazoBoro npodus, a TAaKkKe NOCIeTHUC HayYHO-TEXHUYECKHE Pa3paboT-
I ¥ TCHIEHIIMA PAa3BUTHS POCCUMCKOR ¥ MUPOBOH HedTenepepaboTku. B Ha-
CTOSAIIEM YIeGHOM MOCOGYH IPOaHATM3IPOBAHE! 1 MCIOIL30BaHbL TIPUMEHU-
TeJIFHO K COBPEMEHHOMY YPOBHIO Pa3sBUTHS HedTerasonepepabOTK OCHOBHbIC
y4eGHO-METOIIYECKIE IPUEMBL U TIPUHIAIIBL, SATOKCHHDIC B (byHIaMeHTaIb-
HeIx yaebHrKax C. H. O6psarunkosa 1 E. B. CMumoBmY, KOTOPBIC BBIIEPKAIMN
HEeOTHOKPATHBIE M3IAHUS U CHUCKAIM 3aCIyXKEHHOE MPUSHAHNC B IITUPOKUX
Kpyrax He(dTenepepaboTYMKOB, a TAKKE 3aMedaHus U TTOXeJIaHus JuTarencii
TIePBOTo M3JaHMs Halueit KHuru. be3ycloBHO, CTYICHTRI M BCE Ipyrue yuraTe-
JIM, TIPHCTYTIAs K O3HAKOMJICHMIO C MAaTepHaoM HaCTOSIICTO yueGHOro U3fia-
HYSI, TOJDKHEL 06J1aiaTh HEOOXOMMBIMY 3HAHUAMU B 00BeME OCHOBHBIX (QYH-
JAMEHTAIBHBIX By30BCKMX JUCIIMIUIAH eCTeCTBEHHO-HAYIHOTO 1 mpodeccro-
HAJIBHOTO IIMKJIOB IOATOTOBKHU II0 HAIPABJICHMUIO "XuMudecKas TeXHOIOTUS
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7 1podwiio "XuMUIeCKast TEXHOJOTHSI IIPHPOIHBIX SHEPIrOHOCUTENIEH U YIJIe-
POIHBIX MAaTepPUATIOB". ABTOPHI CTPEMIINCH JOOUTHCH MAaKCHMAJILHOM CTeITe-
HU 0000IIEHN MaTepyaia, 9TO XapaKTepHO MMEHHO UL YHUBEPCUTETCKOIO
0o6pa3oBaHys, ¥ OMHOBPEMEHHO HE VITYyCTUTh HEOOJIBIINE, HO 3HAYUMBIC IIPUH-
LUNUILHbIE TEXHOJIOTMYECKHE WIN MHbBIE OCOOEHHOCTHU ITOIXOIO0B, ABICHUMA
Y TIPOIIECCOB; BO IVIABY yIjia OBUIO ITOCTABICHO IIOHUMAHKE CYTH MPOUCXOMS-
IETO B XOH€E TEXHOIOTMIECKOTO IIPOIIecca, BOBMOXHOCTEN €ro pery1rupoBaHud
¥ TEHIOCHIMU pa3BUTHI.

JIOCTUTHYTHI BEICOKHIA HAYIHO-IIPAKTUIECKUH yPOBEHB Pa3BUTHS POCCHM -
CKOil He(remepepabaThIBAIONIECH IPOMBIIITIEHHOCTH CBA3aH C IUIOIOTBOPHOM
IEATENFHOCTHIO TAKKUX BBEIMAIOIIMXCS POCCUMCKUX YYEHBIX M IIEAroros, KaK
H. 1. 3enuackuit, B. H. Unarees, H. A. Hecmesnos, H. H. CeMeHos,
I1. A. Pebunnep, C. H. Xanxues, H. . Yepnoxykos, C. C. HamerkuH,
C. H. O6pamuuxkos, U. JI. I'ypesuu, C. P. Cepruenko, K. K. Ilanox,
A. U. Cko6io, E. B. Cvunosuy, 3. . Cionges, M. C. Jlepunrep, I. M. I1an-
yeHKOB, A. A. Iypees, D. ®. Kamurckuit, A. K. MaHOBIH ¥ MHOIMX-MHOIHX
IPYTUX TATaHTIUBEIX IIPO(dECcOpoB, JHOIEHTOB, HAYYHBIX PAOOTHUKOB X MH-
JKEHEPOB.

CrenyeT OTMETHTH TAKXe 0COOYIO POJIb B CTAHOBJICHUY ¥ (POPMUPOBAHUU
COBPEMEHHOTO0 YPOBHS Pa3BUTHSA POCCUUCKOM HedTerepepabaThIBarOIIEii Ipo-
MBIIIUIEHHOCTH PSIIa BEXYIIMX OTEUECTBEHHBIX IPOM3BOACTBEHHMKOB M YIIpaB-
nerues: H. K. Baiibakosa, B. C. ®enoposa, H. B. Jlemaesa, JI. E. 3notHrko-
Ba, H. M. [Tiopuxka, E. 1. Paguenko, B. A. Ps6osa u ap.

g xapakrepuctuku 3ddexruBrocty paborsl HII3 ncnons3yror mokasa-
Teu BemauHEI otoopa "ceernbix” (C) u mryouHs! repepabotku (I). O1u 1o-
Kaszarenu [B % (Mac.)] paccUMTHIBAIOT ITO CIIeAyomuM GopMyiaMm:

C=<B+K+H+A£>KH+CF+P)IOO;
C

_(H-TM-T-II)

c

r

100,

rae B, K, 11, A, XII, CI, P — xonuuectro noxyyaemslx Ha HII3 6eH3una, KepocuHa, IU3eILHOTO TOIUIMBA,
ApOMATHYECKHX YTIEBONOPOLOB, XHIKUX MapadHHOB, CKIKEHHBIX Ia3oB, PACTBOPUTENEH, THIC. T/TOL;
H, — xonmuuecTso nepepabarsipaemoro Ha HII3 ceipbst, ThIC. T/Tox; TM — KOMHYECTBO BHIPAGOTAHHOTO TO-
[IOYHOTO MasyTa, Thic. T/rof; T — Tornuso Ha Hyxxs! HI13; IT — Ge3B03BpaTHbBIE IOTEPH CHIPHS, THIC. T/TOA.

B Poccum noxasarenn IIIyOuHBI TTepepaboTku HedTH (B CpEeIHEM OKOJIO
70—74 %) 3HAUMTENHHO HUXE, YeM B PA3BUTHIX cTpaHax (85—95 %).

3aMeHa TOIIOYHOI0 Ma3yTa (KOTEJIHLHOIO TOIUIMBA) IPYTUMMY BALAMU TOII-
JuBa (yIjaeM, ra3oM), pa3BuTHe GU3UKO-XMMUIECKUX (TaK HAa3bIBAEMBIX JECT-
PYKTHBHBIX WIM BTOPUYHBIX) TIPOIECCOB, 3HAYMTENHHOE ITOBHIIIEHHE 0TO0pa
"CBETBIX" TUCTWLIATHBIX He(PTEIPOIYKTOB, YBEIIMIEHHE TOIN HeDTEMPOLyK-
TOB B SKCIIOPTHOM IIOTEHIIHAJIE CTPaHEl — 3TO NPUOPUTETHHIE 3aauy POCCHIA-
CKOM TOTUIMBHO-3HEPreTHMUYECKOM OTpacay Ha Omxaiiive rogsl. YIIyoieHue
nepepabotku Hed T B PO OyneT mpoucxoauTh, OYEBUIHO, 3a CYET CTPOUTEIIH-
CTBa YCTAHOBOK TMAPOKPEKUHTA (Ipolecc MpeJHa3HaYeH UL JOITONIHUTEIb-
HOI'O IPOM3BOJICTBA MTU3ETHHOTO ¥ PEaKTHUBHOTO TOIUIMB), KaTAJIMTUIECKOTO
KpeKUHTa (IpOLIECC OPUEHTUPOBAH Ha MAKCUMAIbHOE IIPOM3BOICTBO OEH3MHA
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¥ KMPHOTO, oJieMHOCOIePXKalIero ra3a) 1 KOKCoBaHus. Baxueiiiee Hanpas-
Jenue yoryoIeHus mepepaboTku Hed Ty — repepadboTka ryfipoHa (ocTarka, Bbl-
gumatoiero seie 500-540 °C), misg yero HeOOXOAMMO CTPOUTEIBCTBO yCTa-
HOBOK I'MIPOKPEKMHIAa OCTATKOB, a TAKXKE KOKCOBaHUA U rasuuKanuy L
TIOJIYYESHUS] JOTIOTHUTEILHON SHEPTUU.

Jlpyras BaxHas 3a1a4ya pOCCUMCKOM HeTernepepaboTK — IOBLIIIIEHHE Ka-
yecTBa HeDTEIPOMYKTOB. 111 aBTOMOOWIBHBIX OEH3MHOB 5TO O3HAYAET YBE-
JAYEHYE OKTAHOBOIO YKC/Ia M CHIDKEHUE CONEPXKaHWSI B HUX ONehUHOBBIX
[mo 14 % (Mac.)] 1 apomMaTiIecKux yrieBonoponos [c 40—45 no 25—-30 % (mac.)],
6ensona [c 5 10 1 % (Mac.) 1 Hitke] ¥ CEpHUCTBIX CoeIMHEeHM. /1o HacToAIIero
BpeMeHH B Poccuy OCHOBHBIM BBICOKOOKTAHOBBIM KOMITOHEHTOM TOBapHOTO
aBTOMOOIILHOIO O€H3MHA CIIYKUT prucopMaT — IMPOLYKT YCTAHOBOK KaTaJl-
TrdecKOro prdOpMIHTa, BEICOKAs OKTaHOBASI XapaKTEPUCTUKA KOTOPOTO CBA-
3aHa C IIOBBLIIIEHHBIM, IO CPABHEHMIO C 6EH3MHOBBIMU (DpakuysaMu IpYrux
TEXHOJIOTIECKHUX TIPOLIECCOB, CONECPKAHNEM HEXENATELHBIX C S9KOJIOTUYECKOM
TOYKH 3PEHUS apOMATUYECKUX COSTMHEHUN. 19 ero CHIDKEHU B TOBapHBIX
HeH3MHAaX HEOOXOIMMO M3MEHUTH POJIb Ipoliecca puOpMUHTA, YBEIMYUB IIPO-
M3BOJCTBO BHICOKOOKTAHOBBIX M30IapadMHOBBIX KOMIIOHEHTOB.

JInst MA3eTbHBIX TOIUIUB 1IeJIeCO00pa3HO MPONOJLKaTh CHIDKEHME COlepXa-
HUS B HUX CEPHUCTBIX COSIMHEHUN IUIST JOBENECHMS STOrO II0KAa3aTessl JO ypoB-
Ha eBporieiickux crapmapros [0,001 % (Mac.)], HOBBIIATH LIETAHOBOE YHUCIIO
JIO VPOBHS He HIDKe 51 MyHKTa, OrpaHWYUTh COIAEPKaHUE NOJULIMKINIECKIX
apOMaTUYECKMX COENWHEHU. B TOCTIDKEHUY 3TUX LENIel pelaouias poib
[IPUHAICKUT DU3UKO-XUMUUECKOMY IIPOLIECCY — IUAPOOYMCTKE, C IIOMOINBIO
KOTOPO¥ MOXHO HE TOJBKO ITIOHU3UTH CONEPXAHUE CEPHUCTHIX KOMIIOHEHTOB,
HO U OCYIIECTBUTH 00IIee 00JaropakiBaHue ChIPbs — CHU3UTD CONEPXKaHUE
a30TUCTBIX COCIVMHEHUM, THAPUPOBATh OJC(PUHOBBICE U apOMAaTUIECKUE
KOMITOHEHTHI.

BaxHeiiias coBpeMeHHas TeHIEHIIMS POCCUCKoi HedTenepepaboTKu,
CB3aHHAs KaK C IIOCTOSSHHBIM M3MEHEHHUEM KadecTBa He(DTeH, MOCTYIIAI0IMUX
Ha 1epepaboTKy, TaK 1 HEIPEePHIBHO PACTYIIUMHU TPeOOBaHMSIMU IOTPEOUTE-
JIEll K YPOBHIO KayeCTBa TOBAPHBIX HEGTEIIPOLYKTOB, — 3TO CO3[aHUE IIPOU3-
BOJICTBEHHO-TEXHOJIOTMYECKUX KOMILIEKCOB, BKITFOUAIOIINX ITOMUAMO OCHOBHBIX
OUBMKO-XMMMIECKHX TIPOIIECCOB CTAAUIO TTOJTOTOBKH CBIPbA [UIS IIEPEPAOOT-
K{ ¥ CTAIUIO IIPOM3BOJCTBA TOBAPHOU ITPOLYKIIVH.

Bce 60iIBIIyIo posib B MEPOBOI IIPaKTHKE TIproOpeTaeT Koomnepauus Hed-
TerepepabaThIBAIOIX U HeTeXUMUYECKUX IPOM3BOICTB. Tak, Hanpumep,
Ha HekoTopbx HII3 crposr ycTaHOBKY JABOMHOrO Ha3HayeHuUs: pudopMuHra
1 KaTaauTHdecKoro kpekunra. Ilpouecc prudopMuHTa MOXHO KCIOIB30BaTh
IUTS TIOYYEHUS BEICOKOOKTaHOBOIO KOMITOHEHTa OeH3uHa (HedTtenepepaboT-
Ka) WIM LI IOJMYYEHMs TaKMX apOMaTHISCKHX YIIIEBOJOPOIOB, KaK OEH301I,
TOJNIYOJI ¥ KCHJIONBI (ChIphe I HedTexumun). KataruTudeckuil KpeKUHT
ITO3BOJIIET HOJYYNUTH BHICOKOOKTAHOBBI KOMITOHEHT OC€H3MHA M IPONUIEH
(cuippe mna Hedrexumun). ClemnoBaTelbHO, COBMELIEHME YCTaHOBOK HedTe-
repepaboTKy 1 HeDTeXUMUY eJIaeT BO3MOXHBIM 60Jiee THOKO OCYIIECTBIIATh
3arpy3Ky YCTaHOBOK M BBITYCK KOHKYPEHTOCIIOCOOHOM MPONYKIMK. DTH TEH-
OEeHIMK TPeOYIOT HaTbHEHUIIEro pa3BUTHUS, YTO ITOCIYXUT, HECOMHEHHO,
TTOBBINIIEHHIO PEHTAOCTBLHOCTH IIPEINPUSTIIA.
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IIpasutenscrBo PO onpenemio Oiavxaiine el pasBUTUA OTCYECTBCH-
HOI HedTenepepabOTKK, KOTOPEIE 00s13aTeIbHbL /ISl BRIIIOJHEHN BCEMH,
He3aBHCUMO OT GOpM COOCTBEHHOCTH, POCCUMCKUMM BEPTUKAIBHO-UHTETPH-
pOBaHHBIMUA HEDTSHBIMU KOMITAHUSAMU!

— cTabunusanua oobeMa nepepadoTKu HedTH,

— yBeNMYeHYe ITyOUHEI TepepaboTky HedTy He MeHee 9eM 10 85 %;

— COKpaIleHHe TPOM3BOACTBA TOMIOYHOTO MasyTa 10 13—14 MiH 1/roX
C Pe3KHM COKpalleHHeM MO Masyra sl HyXxH sHepretuku (¢ 10 no
6,5 MJIH T/TOL) ¥ YBEIMYIEHUEM JOTM GYHKEPOBOYHOTO (CYIOBOIO) TOIIMBA
(¢ 4 mo 8 mutH T/TON);

— YMEpEeHHBIA POCT MTPOU3BOICTBA aBTOMOOWIBHBIX OEH3MHOB — YBEJIH-
yeHue Ha 25 % (1o 41 MiH T/TOL);

— 3HAYMTEJILHBIA POCT IIPOM3BOACTBA AU3eNbHOro Torumsa — Ha 40 %
(C peanu3anyell Ha BHYTPESHHEM PHIHKE 1O 45 MJIH T/TOX) ¥ aBUAIIOHHOTO
KEpPOCHHA — B 2 pasa.

JI7151 X JOCTIDKEHHS HEOOXOMUMBI pa3paboTKa M HEYKOCHUTETIBHOE BBIITON -
HEHYE COOTBETCTBYIOIINX HAYIYHO-TEXHUIECKUX U IIPOM3BOACTBEHHBIX IIPO-
rpaMM, MHHOBAIIMOHHBIX TEXHOIOTHUI.

VBepeHbl, YTO YATATEIIS IT0CTIe U3yIeHH MaTeprasia HACTOSIILETO U3IaHsA
3aMHTepecyeT MOMCK M pa3paboTKa ITePCIIEKTHBHBIX CIIOCOOOB COBEPLIEHCTBO-
BaHUSA CYIIECTBYIOIIMX TEXHOIOTHH, a TaKXe CO3IaHNC HOBBIX.

ABTODBI BHIPaXXAIOT HCKPEHHIOIO NIPU3HATENBHOCTD PEIIEH3€HTaM KHUIY —
C. H. Xamxuesy, A. JI. Cannnkosy u B. I. Pss6oBy, ueit yae6HO-METOANICCKIH
¥ HayYHO-TIIPOM3BOJICTBEHHBI! OIIBIT HO3BOJMII CAENAaTh KPUTHICCKUN 1 OTHO-
BPEMEHHO KOHCTPYKTMBHBIN aHAIN3 U3AHKS U YbM COBETHI B 3HAUMTEILHON
Mepe TIOBBICHIIM €r0 Ka4eCTBO.

Harra otnenbHasd 61arofapHocTh — BeeM rnpodeccopaM, IperoaaBaresisam
" coTpyIHMKaM Kadenpsl "Texuonorus nepepaborku Hepru" PI'Y Hedrr nrasa
umenn Y. M. IyOkuHa 32 IIEHHBIE 3aMeYaHusd ¥ PEKOMEHAAIMMY IIPU II0Jro-
TOBKE HACTOSAIIEr0 y4eOHOTO mocoous.



F'masa 1

OUNKO-XUMHUNYECKUE IMPOLHECCHI
HEOTEIEPEPABOTKMN.

NCTOPHS, KIIACCUPUKALIVA

1 IMEPCITEKTHBbI PASBUTIA

PasBuTie QU3NKO-XUMHUIECKUX ITPOLieccoB HedTenepepaboTKy OepeT CBoe
Hagajo ¢ Ipoliecca KpeKwHra, Hanbosee crapast ¢opMa KOTOPOro — IPoIece
rmapoim3a. IlepBrie 3aBomsl mupoiv3a 6suM nocTpoeHsl B Poccuu (B Kuese
u Kaszann) eme B 70-x romax XIX B.

Tuponusy noasepraan MPeUMYIIIECTBEHHO KEPOCHMHOBLIE (PAKIMY C Lie-
JIBIO TIONYYEHMA CBeTHIbHOTO rasa. ITozauee, B 90-x rogax XIX B. pycckue
uccnenosarend A. A. Jlerauit 1 A. H. Huxudopos BeIIEINIM U3 CMOJIBL ITUPO-
JIM3a MHAMBUAYAIbHbIE apOMATHYECKIIE YIIEBOTOPOIBI — OE€H30I U HaQTaINH.
OnHaKo B OCHOBHOM ITHPOJIM3 ITOyYWI IIPOMBIIUICHHOE Pa3BUTHE BO BpeMA
MepBOil MMPOBOM BOMHBI, KOTJIa BO3HUKIIA OFPOMHAsi ITOTPEOHOCTH B TOIYO-
jle — CBIPhe ISt IIPOU3BOJCTBA B3PHIBUATOIO BEIECTBA TPOTHIA.

K 1940 1. 3a pyGesxoM OBUT pa3paboTaH HOBBIW IIPOLIECC — KaTaTUTUYECKUI
prdOPMUHT, KOTOPBIX TTO3BOJISUT IIOTy4aTh 60Jiee BHICOKME BBIXOIBI apOMaTH-
YeCKMX YIVIEBOAOPOMOB, 9Y€M IIUPOIIM3.

Passurie HedTEXMMIIESCKOM IIPOMBIIUIEHHOCT! BHOBb BO3POIWIIO IIMPO-
JIN3, HO YK€ IJIA MOJIydeHHs rasza, 60raToro HenpeeIbHBIMU YITIEBOAOPOIa-
Mu. 3a OCHeIHKE TONBI IIMPOJI3 CTaJl OIHUM M3 OCHOBHBIX IIPOLIECCOB IOy~
YeHHUsI CBIPhS I HedTEeXUMUUECKOTO CUHTe3a. TakuM obpasoM, pa3sBuTHe
IIMPOJIM3a 34 ITOYTH CTOJIETHE TMPOIIIO CBOETO poja "MK — OT IOIyYEHMs
CBETWIBHOIO Ta3a J0 BEIPabOTKM ra3006pa3sHOro HEPTEXMMUYECKOTO CHIPhA.

3HAYUTENBHO II03XKe HAYAJIOCh IIPOMBIIUICHHOE Pa3BUTHE IIpoliecca Tep-
MMYECKOTO KpeKrHTa rnoj gasieHueM. IIpouece kpekuHra u3odpes pyccKum
umxeHep B. lyxos B 1891 .

B xon1e XIX B. mogBUIMCh IepBbie aBToOMOOWIH. BeICTpoe pa3suTye aB-
TOMOOGIUIPHOM ITPOMBIIIUIEHHOCTH, 2 TaKXe POCT IIPOU3BOACTBA JIEKTPOSHED-
MY U3MEHMIN POJIb OEH3MHOBHIX ¥ KEPOCHHOBBIX GpakiMil HA MUPOBOM DPBIH-
Ke: OeH3yrH 13 0ajuracTa IMPOM3BOACTBA MPEBPATIIICS B OCHOBHOU IIPOIYKT,
a POJIb KEPOCHHA, MCIIOIB3YEMOT0 PaHee MTOYTH UCKIIOUUATEIBHO I OCBellle-
HU, CTaJia HEYKJIOHHO rajaTh. Elie 605ee pe3ko Bo3pociia NOTpeOHOCTh B 6eH -
suHe nepen IlepBoit MUPOBOI BOMHOM, 9TO 0OYCIOBIEHO OBUIO MHTEHCUBHBIM
pasBUTHEM aBHALVIK: OEH3MHA, I0Iy4aeMOTO IPSIMOI TIeperoHKoi HedTH, cTa-
JIO YK€ HEAOCTaTOYHO.
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HayvansHasg norpeGHOCTh B OeH3uHe ObIIa YIOBIETBOPEHA 00BEMOM IIPO-
IOYKIMY IPOLIECCa TEPMUYECKOTO KPEKWHTA, TIEPBasi yCTAHOBKA KOTOPOro ObLia
noctpoesa B 1913 . 8 CIIIA u3BecTHBIM aMepUKaHCKUM MIZKeHepoM B. bap-
TOHOM (Tak HaswIBaeMBIN "KyO baprona"). beH3MH TepMUYECKOro KpeKUHIa
vMeIt Gosiee BHICOKOE OKTaHOBOE gucio (60—65) 1o cpaBHEHMIO ¢ IIPAMOIOH-
HEIM 6eH31HOM (55—60) 1 GRICTPO 3aBOEBAJ HOITYJIIPHOCTD Y aBTOMOOWIINCTOB.

B Poccuu yCTaHOBKM TEPMIUYECKOTO KpeKMHTa MosBMCh B 30-¢ romel XX B.
B 1950-x romax BO3HHKIIA TEHICHIMS K YTSLKEICHUIO CHIPhA TEPMUYECKOTO
KpPEKVHTd. D10 GBUIO BEI3BAHO BO3PACTAIOLIMIM CIIPOCOM Ha KEPOCHHOTa30M-
NeBYI0 GPaKIUIO, UCIONB3YEMYIO KaK JU3eIbHOE TOIUIMBO, a TAKXKE PasBUTH-
€M IIPOLIECCOB KaTATUTUYECKOTO KpekuHTa U prudopMmuHra. B a1mx nmpomeccax
IOIyYaIi OeH3MHBI 3HAYUTEIHHO 60JIee BRICOKOTO Ka4yeCcTBa, Y€M B PE3YIIETATe
TEPMHUUYECKOTO KPEKHMHTA. 3HAYCHUE IIPOIECCOB TEPMUIECKOIO KPEKUHTA ITOI
JaBJICHNEM I IOoMydeHusI OeH3MHa ObUTO YTPadeHO.

IIporecc KOKCOBaHMS HEPTIHBIX OCTATKOB Pa3BUBAIY 110 IBYM HaIpaBjic-
HUAM: IS TIOJIy9EHUs TOMOMHHATEIPHOIO KOMMYECTBA NTUCTWUIATHBIX "CBET-
JIX" HePTENPOAYKTOB U VI ToydeHus Kokca (20-e roms! XX B.), UCITOIB3Y-
€MOTO UL M3TOTOBJICHUS BIEKTPOHOB. A

C kounma 1930-x ronoB B HedrenepepabaThIBAIONIYIO ITPOMBIIICHHOCTD
WHTEHCUBHO BHEIPSIIOT KaTaIuTHIeCKue mporiecchl. M3 Hux Haubomblee pac-
IIpoCTpaHEeHKe ITONYIMIT KATATUTUYECKUM KPEKUHT Ha aJJOMOCHINKATHBIX Ka-
TaJIU3aTOPAax.

TIpOMBIIUIEHHBIN IIPOLECC KATATUTIIECKOTO KPEKWHTa pa3paboTaH (ppaH-
my3ckuM urkenepoM FO. Iympu. Tlepsas ycranoska Iynpu Gbuta coopyxeHa
B xon1e 30-x rogos XX B. B CIITA. HeckonpkuMu rofaMu MO3Xe B He@TeIe-
pepabaTeIBAIONIEH TIPOMBIIIUIEHHOCTH OBUIM BBEIEHBI B 9KCILTyaTauuio Gojee
COBEPIIIEHHBIC YCTAHOBKM C JBYDKYILIMMCSI CJIOEM KaTall3aTropa.

Buenpenue mpoiecca KaTATUTHIECKOrO KPEKWHTa ¥ UCIIONb30BaHUE €ro
MPOLYKLIMK CHIIPAJIO 3HAYUTENILHYIO POJb BO BpeMs BTopoii MUPOBOM BOWHEL
HAa OCHOBE OeH31HAa KaTATMTHIECKOI0 KPEKIHTa ObUIO HAJIAXEHO MacCcOBOE IIPO-
W3BOACTBO BBICOKOOKTAHOBOTO aBHAIMOHHOTO OeH3MHA. B 3TOT Xe nepuon
4YacTh YCTAHOBOK paboraiia s ITOydeHus ra3a, 6oraroro 6yTWIEHOM, KOTO-
PBII MCIIONB30BAIM ISl TIPOM3BONCTBA OyTaJHEeHOBOrO Kaydyyka. B xauecTse
CBIPBSI KPEKMHTIa IIPUMEHSUTA KepocrHorasoiessie Gpakumu. I1o okonyaHum
BOWHBI, KOIIa IOTPeGHOCTh B aBHAIOHHOM OCH3MHE yniaia, a CIpoc Ha Kepo-
CHHOTA30iIeBbIe (MU3eIbHbIC) (PpakIiuy BO3POC, YCTAHOBKY KAaTAJIMTUYECKO-
IO KPEKWHIA [TEPEBEIM B OCHOBHOM Ha IIepepaboTKy YTSLKEJIEHHOTO ChIPhs (Ba-
KYYMHOTO Ia30MJIs) IUTsI ITOJTyIeHUST BRICOKOOKTaHOBOTO aBTOMOOMIIBHOIO OEH-
3uHa. B HacTodlee BpeMsd IIpeobaanaeT MMEHHO 3TOT BapUaHT UX paboThL.
Hauao mepeBoja IIpOMBIIIUIEHHBIX YCTAHOBOK KaTaJIMTHYECKOTO KPEKUHTIa
B 60-x romax XX B. Ha LEOMUTCOMEPKAIIME KaTaIM3aTOPhI ITO3BOIWIO 3HAYM-
TEJIPHO MHTEHCU(DUIIMPOBATh 3TOT IPOIIECC IO BHIXONY OeH3MHa. Brijaroniyrocs
POJIb B CTAHORJICHUM POCCUICKIX KAaTATMTUYECKIX U IUIPOTeHU3aMOHHBIX TEX~
HOJOTHIA chITpan pycckuii yaensiii B. H. Mnarees (1867—1952 rr).

IIpyMeEpPHO B OMHO BpeMs C KAaTAIMTAIECKUM KPEKMHIOM ITOABHUIICS KaTa-
JIUTHYECKU pudOpMHUHL. B OCHOBE 3TOr0 mpolecca JEXUT OTKPHITOe POC-
cutickuM yaenbiM H. 1. 3emuuackuM B 1911 & katanutuyeckoe npeBpaieHmue
[ECTUWIEHHEIX Ha(TEHOBBIX COCOMHEHUI B apOMATHYECKUE YIVIEBOTOPOIBL.
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TTepBast YCTAHOBKA KaTaTUTUYECKOro pudopMUHTa ObUIa BBENCHA B 9KCILIya-
tamio B 1940 . Beliiie yIToMuHAIOCH, 9YTO B ToAbl BTOpoil MIpOBOM BOMHEI Ha
TaKMX YCTAHOBKAX ITOJIYIATH TOJYOJ, BBIXOL KOTOPOIrO OBUI HAMHOTO BBIIIIE,
geM IIpU Iuponu3se. BeH3WH KaTaluTHIeCKOro pru(OpMUHIa II0oCye BbIIee-
HUS TOJIyOJIa CIYXII KOMIIOHEHTOM aBUAlIMOHHOIO GEH3MHA.

I1o Mepe pa3BUTHUS IPOMBIIUIEHHOTO HEMTEXUMHUIECKOTO CHHTE3a 3HAYe-
HHe KaTaIUTHIeCKOro pudopMIHTa, KOTOPOE CHU3MIOCH HEITOCPEACTBEHHO
rTocjie BOMHEI, HauMHAET ObICTPO M HEYKIIOHHO Bo3pacTats. IIpouecc ucmoms-
3YIOT ISt TIOJIYIeHUS] BAXXHEHMIIINX apOMaTHYECKUX YIJIEBOTOPONOB — OeH30Ma,
TOJIyoJla ¥ KCHJIONOB. B TO e BpeMs KaTaIUTUIECKUM pUGOPMUHT OCTasCs
OIHVM M3 BELYIUUX JJIS TIPOM3BOJICTBA BHICOKOOKTAHOBBEIX aBTOMOOMIIBHBIX
GeH3MHOB; €r0 IIPOTOJDKAIOT COBEPIICHCTBOBATh HAa OCHOBE BHEAPEHMS HOBBIX
aKTUBHBIX U CEJIEKTUBHBIX KaTaJIA3aTOPOB.

OnyH U3 PaHHUX IIPOMBINUICHHBIX ITPOIECCOB NEPePabOTKU KPEKUHT-
rasa — IOJIy4eHNe U300KTaHA METOIOM KaTAIATHIECKOM ITomMepu3alyy Oy-
THJICHOB Y ITOC/IEAYIOMIETO THIPUPOBAHKUS. YCTAHOBKY 3TOrO THIIA CTPOMIM Ha
Ga3e yCTAHOBOK TEPMHYECKOro KpekuHra B cepeguHe 30-x romos XX B.;
HECKOJILKO ITO3IHEE, TI0 MEPE Pa3sBUTHS KaTAIUTUIECKOTO KPEKMHTa, OHM CTa-
JIM YCTYIIAaTh MECTO YCTAHOBKAM KaTaJIUTHYECKOro ajkunuposaHus. Karanum-
THUYECKUM AJIKWIMPOBaHMEM 1306yTaHa OyTHIICHaAMI TaKKe MOXKHO OBLIO 110-
JIyJaTh BHICOKOOKTAHOBBIA KOMITOHEHT aBUAIMOHHBIX OEH3MHOB, oboranieH-
HBII M300KTAaHOM; TIPH 3TOM TEXHOJIOTMYECKas cCXeMa OKas3ajlach IIpollie, a pac-
XOI LIEHHBIX 01e(UHOB — BABOE MeHbIIe. OCYIECTBICHUE AIKUIMPOBAHUSI
OBLIO BO3MOXKHO TOJIBKO Ha 3aBOJaX C YCTAHOBKAMM KaTAIMTUYECKOTO KPEKWH -
ra, ra3 KOToporo oooraiieH u300yTaHOM.

3HAYUTENBHAIA CIIPOC HA ABUALIMOHHBIE OSH3WHBI BHICOKOY COPTHOCTH
IpuBeJ K pa3paboTKe IMpoilecca KaTATUTUIECKOro alKAIMPOBaHus OeH30ma
onedUHaMU, B IIEPBYIO odepelnpb mporuieHoM. M3onponunbenson (KymMon)
TIOJTy9aJIA STUM CIIOCO00M Ha 3aBOJax MpUMepHO 10 Havyaia 50-x romos XX B.
B niocieIyoIye Toabl 3TOT IMPOIIECC CTATM UCIIOIBb30BaTh B OCHOBHOM JUIA I10-
Jaydenus (eHoNa ¥ aleToHa IyTeM OKUCICHU KyMOJa KMCIOPOIOM BO3IyXa
1 TIOCJIEYIOIIErO Pa3IOXEHUs ITOMyJIaeMOro ITHAPOIEPOKCHIA KyMoJIa.

Ipotiecc U30MepH3aLK JIETKUX NTapadMHOBBIX YITIEBOAOPOIOB IIPECIEIYeT
IBE LEJU: yBeIuIeHHe peCcypcoB M300yTaHa [Uld IpoLecca aIKUINPOBaHM
IIyTeM M30MepU3aluy H-OyTaHa W TMOBBINEHNE OKTAHOBOTO yuciia GeH3MHa
33 CYET U30MEPU3ALIMHY JIETKUX OCH3MHOBBIX Qpakiuil (k-TIEeHTaHa U H-TeKca-
Ha). O6a 31Tux rporiecca mosBmIMch B 40-x rogax XX B. B Ka4ecTBe CHIPhS UC-
ITOJIL3YIOT TaKKe padhMHATHI TIOCIIE U3BJICYCHMS 13 pudopMarTa apoMaTHIeCKIX
VIJIEBOIOPOIOB.

B xonte 20-x ronos XX B. B [epManum, He o6nagaBiieii HePTIHBIMU pe-
CypcaMy, CTaId BHEIPSTH MPOMBIIUICHHBINA IIPOLIECC NECTPYKTUBHOM I'HMAPO-
TeHM3aLAY TBEPIBIX TOPIOYMX UCKOITAeMBIX (6yporo ¥ KaMEHHOTO YIUIS) ¥ CMO-
JIBI, TIOJIy9aeMOil IpH IOJIYKOKCOBaHUY yriiei. IIporecc MUpOKo MCITOIb30-
BaJI¥ BO BpeMs BTopoii MUPOBO# BOMHEL, HECMOTPA Ha €r0 JOPOTOBU3HY, 00yC-
JIOBJIEHHYIO OOJIBIIMM PacXoIoM BOAOPOAA U UPE3BBIYAMHO BHICOKMM JaBIIE-
HueM (30—70 MIla), TpebyromuM MeTamioeMKoro obopynosanus. Ilocie Boii-
HBI JeCTPYKTHUBHAS TMIPOTCHU3AIMS TPaKTUYECKY He Hallla NPUMEHEHUS
BCJIEACTBYE HU3KMX TEXHHKO-3KOHOMMYECKHX ITOKa3aTeseil mpolecca IIpu-
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MEHUTEIBHO K TSCKEIBIM HePTIHBIM ocTaTkaM. 1IaTh TaKUX YCTAHOBOK M3 Ye-
THIpHAALATH, paboraBiivx B IepManuy B Iepuof Bropoil MUPOBOM BOMHEI,
6bUmH TIoydeHs 110 KouTpubyim Coserckum CorosoM. OmHAKO HU OIHA U3
HUX He 3apaboTana I JeCTPYKTUBHOM TMAPOTeHM3ALUOHHOM nepepaboTku
yIJIeil, IpeXie BCETO, 5T0 GBUIO OGYCIOBICHO HU3KUMM LIeHaMU Ha HedTb
B TOT LIEPUOJ U, CIIEA0BATENFHO, HEA(PDEKTUBHOCTHIO IPOU3BOACTBA XUAKUX
IVICTAUIATOB 13 yrieil. OOHAKO B IOC/IEAHNUE FOABI IIPOUCXOIUT BO3POXICHHE
sTOTO Iporecca mox HaspanueM Veba Combi Cracker (pa3spaboTka KOMIIaHUN
BPu KBR). Ilo cBoeil CyTH OH CTaJI pasHOBUIHOCTHIO IIPOIIecca TEPMOTUIPO-
KpEKMHTa, OITMCAHHOTO B pasfene 3.2.3 HaCTOSMIEro U3NaHus.

VBemaeHme H0Y CEPHUCTHIX HedTeit B 061eM oobeMe HehTeno0bIuu npu-
BEJIO K IIAPOKOMY Pa3BUTHIO TMAPOTEHU3ALMOHHBIX IIPOLIECCOB, B IIEPBYIO OYe-
pelb THAPOOUMCTKY "CBETIBIX HEQTEIPOLYKTOB.

C 1959 r. Ha HedTenepepabaTHBAIOIINX 3aBONAX TOIBUIACH HOBass MOJIA-
(dbuKanus mporiecca JeCTPYKTUBHOM TUIPOreHU3allii Ha reTepOTeHHbIX KaTa-
JIN3aTOpax — TUAPOKPEKUHT. DTOT IPOLECC, ONIMYAIOMIMICA 3HAYUTEIBHO
MeHbIIMM AasiieareM (15—20 MIla) o cpaBHEHUIO C NPEIbIIYIIUMU paspa-
OOTKAMM ¥ YMEPEHHBIM PAcXOZOM BOJOPOIA, IIO3BOJIMI JOCTATOYHO SKOHO-
MWYHO TI0Ty9aTh U3 HU3KOKAYECTBEHHOIO TSIKENOr0 HE(TAHOIO ChIphs GeH-
3UH, AU3EJIHHOE, PEAKTUBHOE Y MAJIOCEPHUCTOE KOTEIHHOE TOILIHBO.

C naygana 50-x romoB XX B. HAUAJIOCh MHTEHCUBHOE Pa3sBUTHE IIPOIECCOB
HeDTEXMMUYECKOTO CHHTe3a. B pe3yssraTe HEKOTOpBIE IPOIIECCH HedTerepe-
pabOTKY, paHee CIIYXKUBIIKE TONBKO IS MONYJEHN KOMITOHEHTOB MOTOPHBIX
TOTUIMB, TIPHOOPEIM HOBOE Ha3HaueHue. TaK, KaTaIUTHICCKUA pruGOPMUHT
B 3HAYMTEJILHOM CTEIIEHH CTaJI ¥ CIIOCOOOM MOIyYeHUs MHIMBHUIYaIbHBIX ap0o-
MaTHYECKMX YIIEBOIOPONIOB; TEPMUYECKUN KPEKMHT MCIIOIE30BAM IS TIOJTY-
yeHMs HE TOJBKO KOTETHHOTO TOIUIMBA, HO TAKXKE CaXXeBOT'O CHIPhS M (-OJie-
PuHOB. ANKIIupoBaHye O6eH301a oeUHAMU CTAIX IIPOBOIUTD IS TIOJTyde-
HUS KyMoJIa (IiepepabaThiBaeMoro B heHO 1 alleToH) U 3TIIOeH30Mma (s ne-
ruapupoBanus B ctupoi). IIporeccsl mony4eHus TOIUIMBHBIX KOMIIOHEHTOB
TECHO TIePeIUIEIIHCh C IIPOLIECCaMM IIPOM3BOJICTRA CHIPhSI UL Herexumuu. Posb
He(TH, Ta3a ¥ TA30KOHIEHCATOB KaK XMMMWYECKOIO ChIPhSl HEU3MEPUMO BO3-
pocina. CeroHs OrpaHMIeHHOCTh MUPOBBIX 3a11aCOB HE(TH 3aCTABISIET U3bIC-
KVBAaTh UL IOJIYYEHNI MOTOPHBIX TOIDIMB [ONOJHUTENBHEIC PECYPChI, TaKKe
KaK IIPAPOIHKINA Ia3 X TBEPABIE TOPIOYHE UCKOIIAEMbIe — YTOJIb, CJIAHIIBI, TOPG
H Ip.

B 1970-¢ rr. B Poccuu HayanoCch CTPOUTENIBCTBO KPYITHOTOHHAXKHBIX 1 KOM-
OMHMPOBAaHHBIX TEXHOJIOTUYECKMX YCTAaHOBOK. ECiM B IIEpBBIC TTOCIEBOCHHBIC
FOIBI CTPOWIM YCTAHOBKM NEPBUYHOM MEPETOHKH MOIIHOCTBIO 1—2 MJIH T
B rox, To B 70-€ romsl XX B. ObUTH BBEICHBI B SKCIUTYaTallMIO YCTAHOBKH AT
v ABT, nepepabarsisarorue 6—8 v gaxke 10 MitH T HedTH B rofl. B 510 Xe BpeMst
HAYAIOCH BHEIPEHUE TAKMX BAXHBIX IIPOIECCOB 00IaropaKuBaHus "CBETIIHIX
HeDTEIPONYKTOB, KaK KaTATUTHIECKIH pUGOPMUHT OEH3MHOB M TUIPOOYNCTKA
MUA3EIBHOTO TOIUIMBA. BBHUIO OPraHM30BaHO MacIITaOHOE IPOM3BONCTBO apo-
MATHYIECKHX YIIEBOAOPOIOB (OEH30a, TOJIyoNa, KCUIONIOB) C MCIIOIb30BaHM-
€M IIPOLIECCOB KATAIMTUYECKOro prudopMuHra U dKCTpakuyu. Enunuanas
MOIIIHOCTh YCTAHOBOK KATATMTHIECKOTO pU(POPMUHTaA ¥ THAPOOIUCTKY TU3EITh-
HOTO TOIUIMBA B I€PBHIE TOMBI CTPOUTENHCTBA ObLIa HEOONBINOM, OMHAKO
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o3Hee OHa ObUIa yBeamueHa B 2—3 paza. B 5T0 xe BpeMs ObUIM IOCTPOESHBL
riepBbIE POCCHITCKUE YCTAHOBKH 3aMEIUIEHHOTO KOKCOBaHMSI Y KATATUTUYECKOTO
KPEKVHTA B KUTLALIEM CIIOE KaTalu3aTopa.

B 1970—1980-x rr. Ha 3aBogax Coserckoro Coro3a ObUIH ITIOCTPOEHEI U BBE-
TEeHBI B OKCIUIYATAIMIO KPYITHOTOHHAXHEBIE IIPOM3BOICTBA 10 JIMIICH3MUSIM Be-
AYIIUX 3aIanHbx Komoanuilt u uaetutyToB (UOP, IFP v np.) — KOMOUHUPO-
BaHHAd YCTAHOBKA KaTAIUTUIECKOTO prGOPMUHIa U TMAPOOYNCTKI THU3ETIh-
noro TorummBa "JKEKCA" va Hoso-Ydumckom HII3, mepsas ycraHOBKa KaTa-
JIATAYIECKOro prudOpMUHTa ¢ ABIDKyImMes ctoeM Katanusaropa CCR Ha Hoso-
BbakuuackoMm HII3, ycranoBka ruapokpekunra Ha HII3 "Vianedrexum”.
B 1983 1. ObUIH BBEIEHBI B SKCIUTyaTallAIO MOIIHBIE KOMIUIEKCHI IO IIPOM3BOI-
CTBY apoMaTHyecKux yraepogopornos Ha Omckom HII3 u HII3 "VYoanedre-
X¥M", CTPOUTENLCTBO KOTOPHIX MO3BOJIIIO IIOIHOCTBIO 06eCHednTh MoTped-
HOCTH CTpaHBI B 6€H30JIe, TOYOJIe U KCWIOJaX.

B te xe 70—80-¢ ronpr XX B. Ha HECKOJIBKUX HedTernepepadaThIBAIOMINX
3aponax Poccun, benopyccuu, KazaxcTana u YKpauHbl ObUIN ITOCTPOEHBI KOM-
GUHUPOBAHHBIE TEXHOJOTMYECKHE YCTAHOBKU II0 HETIYOOKOM mepepaboTke
Hedru JIK-6y, Ha KOTOPBIX MPOBOAWIIN MPOLECCHl 00ECCOMMBAHU, IEPBUY-
HOM IIEPETOHKU He(PTH, KAaTATUTUIECKOTO pudopMuUHTra GEH3UHOB, THAPOOYH-
CTKY IH3eIHLHOTO TOIUIMBA U aBHAILMOHHOIrO KePOCHHA, ra30(pakiMOHNPOBa-
HUg. B 3TOT Xe mepuol ObUIM CO3MaHbl KOMOMHMPOBAHHBIE CHCTEMBI ITIy6O-
xoii nepepaborku HedTu THa KT, B cOCTaB KOTOPHIX BXOMMIN CEKIIMU BaKy-
YMHOM TIEPErOHKM Ma3yTa, THUAPOOYUCTKY BaKYYMHOIO TUCTHIUIATA, KaTanu-
TAYECKOTO KPEKMHIa U BUCOpPEKMHTa. DTH CUCTEMBL ObUIN COOPYKCHBI
ma Maxeitksitckom HII3 (JIutsa), ITaBmomapckom HII3 (KasaxcTaH)
u OmckoM HII3. B cepemune 80-x romo XX B. ObII BBEAEH B 9KCIUIyaTallHIO
HOBBI HedTenepepadaThBAIOLIMIA 32801 B . AunHCKe (KpacHospcKuii Kpail),
KOTOPBIA pelIui mMpobiieMy obecriedeHusT TOIUIMBOM paiioHoB LleHTpanbHOM
Cubupu.

C 60—70-x rogoB XX B. B pe3yjbTaTe HAYYHO-TEXHUYECKOIO IIporpecca
1 OYPHOTO PAa3BUTHS MUPOBOI IIPOMBILIUIEHHOCTH Ha IIEPBBIN IUIAH CTAJIU BbI-
XOIUTH IIPUPOIOOXPaHHBIE IMPoOieMbl. Y1 ¢ 3TOro BpeMEHM MMEHHO OHU CTaIN
OIIpeNENATh NalbHeIee pa3suTue HedTeriepepaboTKy, pa3paboTKy U BHEAPE-
HUE HOBBIX TEXHOJOTMUECKMX pelienuii. 3amura atMocdepsl, THIpocdepsl
1 uTocdepsl CTaTa OCHOBHBIM KpUTepreM KaK (QYHKIIMOHUPOBAHMS BCEX TEX~
HOJIOTMYECKHX IPOLIECCOB ¥ IPEANPUSITAN B LIEJIOM, TaK U pa3spaboTK HOpMa-
TUBHBIX JOKYMEHTOB IO MPUMEHEHUIO HEPTENIPOLYKTOB.

K 1987 r. CCCP, aBnssach BeAyILEH CTpaHO MUpa 1o [oosrye HeQTH U ra-
30KOHIeHcara (624,2 MJIH T B rox), nepepabarsisai Ha 44 HedrenepepadaTsi-
BaIOIIX npennpuaTusax 483,2 muH T HedTH B ron. 27 poccuitckux HII3 mpu-
HSUIZ B TO BpeMs 312 MuiH T HehTy ¥ Ta30KOHIeHCaTa. DT0 ObLI MK 9KCTCH-
CUBHOTO Pa3sBUTHS POCCUIICKOM HedTeepepabOTKY, XapaKTepU30BaBILEics ee
HU3KOM IIyouHo (~64 %). Jloms chIphst, Mcnons3yeMoro B Poccuu B pusuxo-
XUMUYECKUX (BTOPHIHAIX) IIPOLIECCaX, 10 OTHOLIEHMIO K 00beMaM HedTH, I1e-
pepabaTeIBaEMOI Ha YCTAHOBKAX NIEPBUYHOM ITEPETOHKY, COCTABIISLIa B TO BpeMs
mensie 40 % (8 CIIIA — 168 %). BMmecte ¢ TeM, JOCTaTOYHO MOIIHO Pa3BHUBa-
Jach HePTeXVMUs, ITO3BOJISBINAS KOMIUIEKCHO KCIIONb30BaTh HEPTErasoBoe
ChIpbE U MOJIYYaTh MHOI00Opa3HbIE XMMUIECKHE IIPOU3BOAHEIC, ITOIMMEPHBIE
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MaTepuasbl, TOBEPXHOCTHO-aKTUBHEIE BellecTBa 1 T. 1. Tak, Ha 19-tm HII3
Cogerckoro Coro3a BHIIYCKaIM apOMaTHISCKUE YIJIEBOAOPOIEL, a 15 nmpenpu-
STUY UMEJIM KPYITHBIE He(TEXMMUICCKIE IIPOM3BOLCTBA.

OmHAaKO yXe TOIA CTajla OYEBHIHON HEPA3BUTOCTh POCCUCKOM HedTele-
pepabaThIBAIOIIEH IIPOMBIIUICHHOCTH, C1a00 MCIONb3YIOIIeH yrayostonme
¥ 00JIaropaXuBaoIye IPOIECCh, GOIBIIMHCTBO KOTOPHIX II0 CBOEH CYTH —
PU3UKO-XUMHUYECKHE. YCYIYOMIIM CIIOXHYIO CHTYalldio U MPpOM3OLIeqIINe
B KoHIle 80-x—Hauaie 90-X TOIOB IIPOIITIOrO CTONETUS PagUKaIbHEIE TOJIUTH -
KO-3KOHOMMYecKre n3MeHenud B crpane: pacnan CCCP, nepexon K peIHOY-
HOM SKOHOMMKE. DTO IPHUBEIO K PE3KOMY COKPAINEHUIO 00BEMOB NOOBIYM U
repepaboTKu He(TU, BBITYCKA TOBAPHOM IIPOXYKIIUH.

Ceppe3Hble OPraHU3aIMOHHO-3KOHOMUYECKUE U3MEHEHMS B Pa3BUTUU
HedrenepepabaThIBAOINIEH TPOMBIIUIEHHOCTH Poccuy MPpOM30IILIN B HavaIe
90-x ronoB XX B. Bo3HUKIM IIepBBIC KPYIHBIE BEPTUKAIHHO-UHTETPHAPOBAH-
uble HedTaHable Kommanuy (BUHK) — "JIykoitn”, "PocuedTs”, "TaTHEDTH"
u 1ip. Ipaxtrdgecku Bee poccuiickue HIT3, 3a HEGOMBIIMM MCKITIOYCHUEM, BOLI-
s B coctas 3tux BUHK. Crparermio u taktuky gesrensHoctd HII3, a ciemo-
BaTEJIBHO, U BCEH pOCCUICKON HedTenepepaboTKY CTaM OIPeNeaATh (PUHAH-
COBBbIE MHTEPECH! STUX KOMIIaHUIA.

B 2000—2005 rr. 65UI0 3aBEPIIEHO COOPYXKECHUE KPYITHBIX IIPOU3BOLCTB,
CTPOUTENBCTBO KOTOPBIX GBUTO Havaro eme B Hagane 90-x romos XX B. Brum
BBEIIEHBI B SKCIUIYaTALIIO KOMILIEKCHI IITyboKoM niepepaboTky Hedtr Ha Ilepm-
ckom HII3 (Ha 6a3e ycraHoBku runpoxpekunra T-Star) 1 B OAO "fpocnas-
Hedreopreunres” (Ha 6ase ycTaHOBKY MMIPOKPEKUHTA), KATATUTHIECKOTO PH-
dbopMuHTa ¢ IBKyImMcs cioeM Katanusaropa "CCR" Ha HII3 B I. Kcroso.
HoBble YCTAHOBKM KaTaJIWTHIECKOro KpeKuWHra Opui mmoctpoeHsl Ha HII3
B Ps3anu n HiokHekaMcKe, CepHO-KUCIOTHOIO alKIMpoBaHus — B OMCKe.
Psnom Benyiux Hedraasix Komnanuid 1 HII3 6bpum ocyliecTBI€Hb MEPOII-
PUATHS 110 PE3KOMY VIIYUIIEHUIO KadyecTBa TOBAPHOHN MPOTYKIMKM — aBTOMO-
OWIBHBIX OCH3MHOB M IM3€ILHOIO TOIUINBA, HAYaT BBIIYCK IMPOAYKIIUY, COOT-
BETCTBYIOLIEN eBpoIneiickuM cTannaptaM Espo-4 u EBpo-5. OnHuM U3 5TarioB
peleHus 3TOM 3aJa9y CTAI0 CTPOMTENBCTBO LIEJIOr0 PsAfia HOBBIX YCTAHOBOK
M30MEpH3AIMHK JIETKOTO OeH3MHa.

Ousuko-xumudeckue npouecchl (OXIT) mepepaboTku HePTEra30BOro
CBIpBA XapaKTepU3yeT IPOTeKaHue, Hapsy ¢ GU3NUECKAMHE IIPOLECCaMH (Telr-
JI0- ¥ MaccoOOMeHa, celapamii, COPOIMH U T. I1.) XMMAYECKUX Peakiiil (KOH-
JEeHCAlX YWIN IPUCOCTMHECHHS, ECTPYKIINY WA KPEKWHTa, 3aMEIIEHHsI, 130~
MEpPHU3ALMK U JIp.), YTO TIO3BOJISET PEryIUPOBaTh OOBEMBI M KAYECTBO IPOU3-
BOIMMBIX HeDTEIIPOAYKTOB. DTO NPUHUMIIUAIBHO OTIIMYAET UX OT IPOIIECCOB,
OCHOBaHHBIX Ha IOIYYEHUN KOMITOHEHTOB TOBAPHBIX HEDTETIPOLYKTOB hU3U-
YeCKUMU mIpoiieccaMu (6€3 M3MEHEHHUSI CTPYKTYPBI YIJIEBONOPONHBIX M F€TePO-
ATOMHBIX MOJIEKYJI CHIPHSI).

TakuM 00pa3oM, KOMIIOHEHT TOBapHOTO HedTeNponyKTa, IIOIydaeMbli
B pe3yibTaTe (PU3MKO-XUMIYECKOTO Ipoliecca, UMes OTUHAKOBbIM (pakiiy-
OHHBII COCTaB ¢ KOMIIOHEHTOM, IOJIYICHHBIM TI0Cjie PEeKTUGUKAIUYA, MOXET
CYILIECTBEHHO OTIIMYATHCS TI0 CTPOSHUIO MOJIEKYJ (TPYIIIOBOMY XMMUYECKOMY
COCTaBy) ¥ PU3MKO-XMMUYECKUM cBOMCTBaM. IIpOmyKTEl, ITONYYEHHEIE B Pe-
3yJsrare (PU3MYECKUX IPOLIECCOB TepepaboTKy HepTErasoBoro ChIphs, COIEP-
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skaT B CBOEM COCTaB€ JIMIIIb IPUPOIHbIEC (HATUBHbIE) COSIMHEHUS W TOIBKO
B OIIPENE/IEHHO} KOHIIEHTPAlMi, KOTOPYI0 MOXHO HECKOJIBKO BaphbUpOBATh
1IpA BBIPAOOTKE TOBAPHBIX HEPTETIPOLYKTOB.

Wcmosb3oBanue QU3NKO-XMMIIECKUX TIPOLECCOB B 3HAYUTEILHON MEpe
CITOCOGCTBYET PACIIMPEHHUIO PECYPCOB GOBIIMHCTBA TOBAPHBIX HE(TETIPOIYK-
TOB, HaIlPAMEP MOTOPHBIX TOIUIMB. Tak, MpMMEHEHUE COBPEMEHHBIX TEPMO-
TUAPOKATATUTIIECKIX IPOLIECCOB MO3BOJIAET BBIpaOaTHIBATh U3 TPANVIMOH-
HoTo He(TSHOTO CHIpha Ha 25—30 % (Mac.) GoMblile MOTOPHBIX TOILTUB 1 GoJiee
BBICOKOKAYECTBEHHBIX, €M TIPY €r0 IPSMOM IIEPETOHKE C PeKTU(hUKAIeH
(pu3IIECKUIA IIPOLECC).

MTax, Kakye Xe IpOoLecCHl MOXHO OTHECTH K (GU3UKO-XMMUIECKUM?
YCII0BHO IIPUHSB 33 OCHOBY KJIacCH(UKAIIMY IPUCYTCTBUE B PEAKIIMOHHON 30HEe
[IpOLIECCa BHICOKOTEMIIEPaTyPHOIO ITOJISA, KaTaIN3aTOPOB 1 BOAOPOAA, MOXHO
BBIIEJIATH TPX OCHOBHBIE TPYIIIILI IIPOIIECCOB:

— TEPMHUYECKHUE;

— TEPMOKATATUTUYECKIE;

— TEPMOTHAPOKATATIUTUYECKUE.

Kaccubukanys QU3NKO-XMMIIECKUX IPOLIECCOB IIepepaboTKu HedTera-
30BOTO CHIPbSI IIPEICTABICHA Ha CXeMe, IIPUBENCHHOM HIDKe:

PDusnKo-XMMUYIECKUE TIPOLIECCHI

A

TSpMOKaTaJII/ITI/I‘IeCKI/IG TCpMOI‘HleOKaTEUIHTH‘IﬁCKI/IG

TepMuuecKre MPOLECCH
TIPOLIECCH TIPONECCH

OTIeBHO IeIeco00pa3Ho 1 JOIMYHO BEIISIHUTD epepaboTKy Beex HedTe-
3aBOJCKUX (CYyMMBI TTOIYTHBIX HEe(TSIHBIX, a TAKKe TEXHONOTMIECKHUX) Ta30B,
cobupaeMbIX Ha HedTerepepadbaThBAIOIIEM IPEAIPUATAN CO BCEX TEXHOIOTH-
YeCKMX YCTaHOBOK.

Heo6x0omMMOoCcTh 00eCIIeYNTh KAYECTBEHHBIM CBIPEM IIPOLIECCH HedTere-
pepaboTKH 1 HedTEXVMMUH, a TAKKE IIOBBICUTh Ka4ECTBO TOBAPHbIX HeTenpo-
IYKTOB OIIpeIeIseT Iupokoe ucnoib3oBanue Ha HII3 xak dpusnueckux (Ha-
IIPUMED, TEXHOJIOTUIA OUKMCTKY, PA3eieHus, KOMIIayHIMPOBAHUSA U Ip.), TaK
U QU3UKO-XUMHUYECKUX TIPOLECCOB (HaIpUMep, TUIPUPOBAHNUS, OKUCICHUA
win nonmuMmepusanyy) nepepadork HI'C. Baxueiimas yacTh IIPOIECCOB Ha
coBpeMeHHBIX HII3 — 5T0 mpouecchl KBaTUGHIMPOBaHHON TepepaboTKu
HedTe3aBOACKMX Ta30B B LEHHBIE KOMIIOHEHTH TOBAPHEIX HEDTETPOLYKTOB.
Kpome Toro, copemennsie HIT3 (¢ TOUKM 3peHus] peHTabeIbHOCTH U HeO0X0-
IMMOCTH TOCTYDKEHUSI BEICOKHMX TEXHMKO-3KOHOMWYECKIX TToKas3aTeNei) nom-
JKHBI UMETb B CBOEM COCTaBe IPYIIy HedTeXUMHICSCKUX IpoleccoB. Takux,
HAIIpUMep, KaK IIPOM3BOJCTBO MONUATIIIEHA U (W/IM) HOJUIIPOIIICHA, apo-
MaTHYECKHX YITIEBOTOPONOB U T. II.

Tepmuweckue npoueccor. K TepMUYECKUM IIPOLIECCaM, TIPOBOAUMBIM IIpU
BBICOKHX TeMIleparypax B 30He peakimu (1o 900—1000 °C), oTHOCAT: TepMuU-
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YecKyil KPEKVHT O] JABIEHUEM U BUCOPEKUHT IIEIHOM ¥ ¢ BBIHOCHOM Kame-
DOii; TEPMOTHIPOKPEKYHT II0J JABJICHUEM B IIPHCYTCTBUY BOLOPOJA; KOKCO-
BaHMe, IUPOJIN3; IPOM3BOACTBO TEXHNYECKOIO YIJIEPOAA U TICKa; OUTYMHOE
TpOM3BOACTBO. HeOOXOAUMO OTMETUTS, YTO IPAKTUYECKH B XO[E BCCX TCPMMU-
YecKUX MPOLECCOB MPOTEKAIOT TEPMOOKHMCIUTEIBHBIE PCAKIAN. D10 CBSI3aHO
C TE€M, YTO B KJIACCHYECKON XMMHH K PEAKIIMIM TaKOTO THIIa OTHOCST HE TONb-
KO PeaKiyy 0Opa3oBaHUA KICTOPOICOIEPXKAMX COCUHEHHH, T. €. peakiyuy
[IPUCOEAVHEHNS KICIIOPOJa, HO ¥ PEAKIMK OTIIEIUICHHA TIPOTOHOB OT MOJIC-
KyJI, COIPOBOXIAIOIIIECS KOHIEHCAMEN TTOCIEHYX.

Kaccuduxarms TepMIYECKIX IPOLECCOB I1epepabOTKI HedTerasoBoro
CBIPb IIPEICTaBIICHa HIDKE Ha CXeMe.

TApOBUCOPEKIHT TepMOTrUIPOKPEKMHT
TIOJl TABNEHHEM
TInponus:
_ ragoB TIpoH3BOACTBO ITpousBoacTBo TepMOTHIPOKPEKUHT
6 GUTYMOB TEXHIMECKOTO (Ge3 KaTanmM3aTopa)
— OCH3MHOB VIIEpOna U reKa
— razoinei
TEPMUWYECKUE TTPOLIECCHI
X
Tepmuueckuit
KPEKUHT I10[ —— BuCOpeKHHT Koxcopanue
IABICHIEM
C BBIHOCHOM
— Kamepoit , || nenpeprBHOE (TKK)
L g Te9Hoi p samemierHoe (Y3K)
TEPUOTUIECKOE
> (B xy06ax)

Tepmuneckuii kpexune nod dagrenuem (2—4 Mlla). 310 MepBBIA TepMUYE-
CKUIiA TIPOLIECC, KOTOPHIH II03BOIII PE3KO YBEIMIUTh IPOU3BO/CTBO OEH3UHOB
B Hauaye XX B., YTO CHIFPAJIO OTPOMHYIO POJIb B Pa3BUTHH MUPOBOIO aBTOMO-
GuectpoeHus. IIponecc IMpefHa3sHaYeH UL IPOU3BOACTBA KOMITOHCHTA TO-
BapHbIX ABTOMOOMITBHBIX O€H3MHOB 13 OCTaTOYHBIX IIPOIYKTOB (HarpuMep, Ma-
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3yTOB), BTOPMYHBIX WM TSDKENBIX JUCTHILIATHBIX (dpakmii, a TakKKe UX CMe-
ceif. B HacTosIee BpeMs IPOIECC OTHOCAT K paspsany Mano3(D@OeKTUBHBIX
¥ HETIEPCTIEKTUBHBIX.

Bucbperxunz — IIPOIECC JIETKOTO TEPMOKPEKWHTA IIPY JABJICHUM 10 2 MIla
u temuepatypax o 500 °C. IlpenHasHadeH IS MONYYCHUS U3 TAKEIBIX
HedTAHBIX OCTATKOB (HAIIPUMED, TYAPOHOB) KOMIIOHEHTOB KOTEJIbHBIX TOTLINB
C YPOBHEM BASKOCTH, COOTBETCTBYIOIIAM HOPMATHBHBIM TPEOOBAHHUAM. Iomy-
yaeMBIE B XOfie¢ Ipoliecca TSOKENble TUCTWUIATEL MCIIONB3YIOT KaK ChIPhE HJIA
[POM3BOJICTBA CIELMATBHBIX YITIEPOTHBIX MAaTEPUaIoB (HaIIpUMED, TIEKOB).
Ipotecc BUCOpEKMHTa IIPUMEHSIOT Ha HII3 mig mepepaboTKM 4acTyl IyIapo-
HOB (OCTAIOINUXCSA 10 GaTaHCY OT UCIOJIb30BAHUS TYIPOHA B KOKCOBAaHUM,
B TIPOM3BOJICTBE Macell 1 GUTYMOB M Ip.) — OCTaTKOB BaKyyMHBIX 0JIOKOB IO
[IEPErOHKE Ma3yToB. DTOT IIPOIECC aKTYalIeH TONBKO LA HedrenepepabaThl-
BAIOLIVX TIPETIPUSTIH C HU3KOM ITyOuHOIM riepepaboTku. I1py BBENEHNH B TEX-
HOJIOTHYECKYIO CXEMY NPEAIPUSATHS IIPOLECCOB IMAPOKPEKUHIA VT KOKCOBa-
HYs TYAPOHOB YCTAHOBKM BUCOPEKMHIa, KaK IPABUJIO, BEIBOIAT U3 OKCILIyaTa-
1117178

BeH3VHBI TEPMUYECKUX IIPOLIECCOB I UCIIONL30BAHMS VX B IIPUTOTOBIIE-
HUJ CMECEBbIX TOBAPHBIX aBTOMOOHIBHBIX OEH3MHOB JOJDKHEL OBITH TTOABEPT-
HYTHI THAPOOYMCTKE OT CEPHUCTBIX COSIMHEHU! M KaTaTUTUIECKOMY THIpH-
POBaHUIO TS YAAIEHUS OJIe(PUHOBBIX YITIEBOLOPOIOB.

IIpoyecc mepmozudpokpexunza 8 NPUCYmMcmeuy 6000po0a OCyLIECTBIISIOT
10 IBYM THIIAM TEXHOJOTWI — TMOPOBUCOPEKMHIa U TePMOTHIPOKPEKIHIA
101, TaBJICHUEM.

Tudposucbpexunz TSKEIOTO OCTATOYHOTO CHIPbs MPOBOAT B TEX XK€ YCIIO-
BUSX, 9TO ¥ BUCOPEKUHL, HO B MPHCYTCTBUM BOAOPONA Y TIPYU IOBBIIEHHOM
napneHur. [IpOMBIIUIEHHBIX TEXHOJIOITMYECKHX YCTAHOBOK 3TOTO Ipolecca
[OKa HET, OIHAKO BeAyLIe KOMIIAHUM aKTHBHO KX Pa3spabaThIBaiOT C LEIbIO
TOJIYIHTH C BRICOKHMM BBIXOIOM "CBETIIbIE" NUCTIILIATHEIE GpaKIiy ¢ HAUMEHb-
UMM cofepXaHueM cepbl. [IpucyTcTBre BOIOPOIa, IPAKTUICCKU HE y9acTBY-
[OIIETO B 0OPAa30BaHMH IIEJIEBHIX IIPOLYKTOB, O3BOJAET OOPHIBATH MIPOLIECCHI
3apOXXICHUS PATUKAIOB MOJIEKYJI ¥ IIPEJOTBPAlIaTh TAKUM 00pa3soM pa3BUTHE
peaxIMil yIUIOTHEHMs, achasTeHo00pa3oBanys 1 Ap. 1Iponiecc oCymecTBId-
1ot oz gasinenvieM BCT okoino 20—25 MIla u npu temmeparypax 400—450 °C.

Tepmoeudpokperxune nod dagenuem — MPOLECC, HATIPABICHHBIN Ha Iepe-
pabOTKy OCTaTKOB IIEPETOHKH TSIKEIBIX He(Tel ¢ UENbIO MOMyIeHHs CBETIIBIX
HedTenpoxykTos. Ilporecc mporekaet npu 350—550 °C, naBieHUM BBILIE
20 MIla B cpene Bogopona. Ilpencrapuser cob6oi OOHOBIEHHBINM BAPUAHT TEX-
HOJIOTHY JECTPYKTHBHOM TMOPOTeHU3ALNY TBEPABIX TOPIOYHX MCKOIIAEMBIX,
paspaborausoi B I[epmanuu B 30-x rogax XX B.

Koxcosanue — 3T0 TIPOLIECC TEPMUYECKOI ITEPepabOTKU HEDTSIHBIX OCTaT-
KOB ¥ X CMeCeH C TSDKEIBIMM Ia30MUIAMI IIPY HEBBICOKOM U30BLITOYHOM JaB-
neruu (no 0,2—0,3 MIIa) ¢ 1esbio IPOU3BOACTBA CBETIBIX HE(TEIPOAYKTOB
¥ HeDTIHOTO KOKCA.

TeHICHIM PA3BUTHS MEPEUMCIIEHHBIX TEPMUUECKHIX ITPOLECCOB (TEPMO-
KPEKWHT, BUCOPEKIHT, KOKCOBaHUE, ITMPOJIN3, IPOU3BOICTBO OUTYMOB, TEXHH-
9eCcKOTO YIIepoa M IEKOB U JIp.) ¥ COOTHOILEHME MX MOIHOCTEX B PETMOHAX
MMpa Pa3IuIHBL.
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Hampumep, B CIIIA, mipeciefyiomux Heii MaKCUMaIbHOrO IPOU3BOACTBA
aBTOMOOIUIHHBIX OEH3MHOB, IIPOIECC KOKCOBAaHMS PAa3BUBAIA IIPCUMYIICCTBEH -
HO IS TIOYYEHMs JIETKUX AUCTAULATOB U MX ITOCTIEAYIOIIECro rumpoodIaropa-
sxuBapys. B Poccuu mmpoliecc KOKCOBaHUA IIPUMEHSIOT B OCHOBHOM JUTS YIOB-
JIETBOPEHUS TTOTPEOHOCTEN B DJIEKTPOIHOM He(TAHOM KOKCe. JJOoCTaTOIHO
CIIOKHOE TTOJIOXKEHME C TIPOM3BOICTBOM B Poccuu Hanbosiee IEHHBIX UL aJlto-
MWHUEBOH ¥ 3JEKTPOIHON IIPOMBIIIICHHOCTU BUIOB HEQDTSIHBIX KOKCOB
(KHIIC-CM, KHIIC-KM). OcofbeHHO OCTPO CTOUT BOIIPOC € opraHu3anuei
IIPOU3BOICTBA IPOKAJIEHHOIO UI0JIBYATOTO KOKCa I 3JIEKTPOTHOMN IPOMBIILII-
JIEHHOCTH, KOTOPBII CETOIHS MOJIHOCTHIO MMIIOPTUPYIOT.

Tuponuz — TepMoriepepaboTka He(TerasoBoro ChIpbs (ot ra3000pa3HOro
1o xunkoro) mpu Temmeparypax 700—900 °C u HeBBICOKOM JABJICHIUM C IICIbIO
ToaydeHHs 01e()UHOCOIEPKAIIETO Ta3a (CIIYKAIEeTo ChIPheM LT IPOLECCOB
MOJMMEpPU3ALH, ATKWIMPOBAHIS U IPOM3BONCTBA PAsIIMIHON MPOXYKIMH
HepTeXMIN).

IIpouzeodcmeo Gumymoe — TIPEIHAZHAYCHO UL MOMYIEHMS NOPOXHEIX
(oxoro 80 % o6BeMa IPOU3BOJICTBA); CTPOUTEIBHBIX (oxoi10 10 %), KpOBENBHBIX
(oxono 10 %) u Apyrux MapokK OUTYMOB ITyTeéM TEPMOOKHUCIICHIA TAKEIBIX
HE(TIHBIX OCTATKOB ¥ MX CMECEH ¢ PSAIOM TEXHONOTMYECKUX MOTYIPOIYKTOB
(9KCTPAKTaMH CEEKTHBHOM OYMCTKH Maceli, acalsTHTaMHU TIporecca neac-
(bansTH3aNUY, CMOJIAMM IIMPOJIK3a, KPeKMHT-OCTaTKaMHU 1 Ip.) TIpU TeMIIepa-
Typax 230—270 °C kucnopozmoM Bosayxa (xo 100 M3 /M3 cbipbst). T1o crocobam
[IPOM3BOICTBA PA3IMJIalOT OCTATOYHBIC, OKHMCIICHHEBIE (6omee 95 %) u xoMIIa-
yHIupoBaHHbIe GuTyMbl. Haubosee nepcreKTUBHEL KOMITayHIMPOBaHHBIC ou-
TYMBI ¥ IIPOIYKTHI HA MIX OCHOBE — MOJIMMEPHO-OUTYMHbIE BSKYILHE 1 OUTYM-
HBIE AMYJIBCHM, KAYeCTBO KOTOPBIX IIO3BOJISIET YIOBIETBOPATE BCE BO3pacTaro-
1Me TpeboBaHys MoTpebuTeNeit (Ipexe BCero, JOPOXKHYI0 PEMOHTHO-CTPO-
UTENBHYIO OTPacib X035ICTBa).

IIpouseodcmeo mexnu4eckoeo yaaepoda u neka. Ilpouecc TepMO0OPaAOOTKHI
KVIKOTO VJIY ra3000pa3HOro CHIPhs (IIPOLYKTOB IIMPOJIH3a, KPEKUHI'A, KOKCO-
BaHYIsL, SKCTPAKLIVH ¥ 1p.) IPOTeKAeT P TeMIepaTypax 320 —450 °C (st mexa)
ami o 2000 °C (g TexHrIecKoro yrieposa). CyliecTByomue reyHo, mud-
(y3MOHHbII WM TEPMUAIECKHMIA CIIOCOOB! IPOU3BOICTBA TEXHMICCKOTO yIIIe-
pora (caXu) BKIIIOYAIOT CTAIMU PA3IOKEHMsL CBIPbI C 00pa30BaHMEM TEXHM-~
YeCcKOro yIIepoia, OXJIaXICHMS CaXerasoBoil CMECH, YIaBIMBAHUS U3 HES
CaxW, OYKCTKY ¥ IpaHyJsiiuio nociaenHeil. Ms-3a BBICOKON peHTa0eTBHOCTH
TIPOM3BOCTBO TEXHUIECKOI'O YIIeposia ellie BO BpEMEHA CCCP 6puio oprasu-
3aLMOBHO BBIIEIECHO B CAMOCTOSITENIBHYIO CTPYKTYpY. Ilocie pacnaza CCCP
06beM TIPOM3BOICTBA TEXHHYECKOTO YITIEPONA, KaK M OUTYMa, yHall MOYTH
B 4 paza. IIpy 5TOM MHpPOBas IIPOMBILILUICHHOCTh TEXHIIECKOTO YIJICPOJa BhI-
pabathiBaeT cerofHs Gonee 11 MIIH T/TOA IIPOAYKIIMY, HEMPEPHIBHO COBEPIICH-
CTBYSI TEXHOJIOTMH IIPOM3BOJCTBA M TIOBBIIIAst KAYECTBO IPOXYKIIIH.

IMonyyeHre HeTAHBIX TEKOB OCYIIECTBIISIOT B T€UEHHE HECKOIBKUX
4acoB B KacKaje PEAKTOPOB aBTOKJIABHOIO THIIA U3 BEICOKOAPOMATU30BAHHO-
O CHIPBS TP HENPEPHIBHOM IIEPEMENIMBAHUY C TOMOIIBIO HHEPTHOTO WK
IIPHPOJHOTO Ta3a ¢ MOCIeAYIOIUM BaKYyMUPOBAaHHEM U pasTasupOBaHHUCM

MIPOIYKTA.
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Tepmoxamanumuneckue npoveccol. OMTHOBPEMEHHOE MCITOJB30BAHKE B TIC-
pepaboTKe HedTerasoBOro ChIphs BHICOKUX TEMIIEPATyp (X0 500 °C) u xaTanu-
3aTOPOB XapaKTEPHO IS TEPMOKATATMTUYECKUX IIPOIECCOB, K KOTOPBIM OT-
HOCST: KATAUTUICCKII KPEKMHT, KATATUTUICCKIH pruPOPMUHT OEH3MHOBBIX
bpakuuit ¥ M30MEPU3AIHIO XUIKUX H-TIapadUHOBBIX YITICBOAOPOLOB Cs—C.

Ha cxeMe, IpUBEIEHHOM HIDKe, IIPEICTaBIeHa KIacCU(UKAIMs TePMOKa-
TATUTAYECKUX TIPOLIECCOB IMepepadoTKy HePTETa30BOTO ChIPhA.

TEPMOKATATUTUYECKHUE ITPOLECCHI

\ i

Karanmuruyecxuit Karanurmaeckuit H3omepu3anys KAIKNX
KDPEKWHT pUDOPMUHT n-napadpunoB Cs—Cq

Kamanumuueckuii Kpekunz TSOKEIBIX Ta30IeBBIX (PpaKiuil, HEQTAHBIX OC-
TATKOB, a TAKKe UX cMecei npu temmepatypax 470—540 °C Ha amoMocuiuKar-
HBIX LIEOJIATCOAEPXKAIINX KAaTaTM3aTOpax C LIEJIbIO ITOJIyIeHMsI BEICOKOOKTaHO-
BBIX KOMITOHEHTOB GEH3MHA ¢ OMHOBPEMEHHBIM 00pa30BaHUEM ra3a, 0bora-
IIIEHHOTO TIPOIIaH-IIPOIIMIEHOBOM U OyTaH-OyTIWIEHOBOM (DpakIusaAMHU, SBIISI-
eTCsI OHUM U3 BaXXHEMITNX PU3UKO-XMMITYECKUX TIPOIECCOB, 00ECIEeINBaI0-
VX YDIyOeHIE IIepepaboTKy Hed Ty 1 BEIPaOOTKY KOMIIOHEHTOB 2BTOMOOUIIb-
HOro OEH3WHA W JU3EJILHOIO TOIUIMBA. B MUPOBON IPAKTUKE CTPOUTEIHCTBO
YCTAaHOBOK KaTaauTudeckoro kpekunra "monn” (KK®) ocyinecTsisioT, Kak
TIPABUJIO, C TIPEIBAPUTEIHHOM TUIPOOUHCTKOM ChIphs. B mocnenHue rofpl sTa
TeHIeHLMA nonydwia passurue u Ha psane HII3 Poccuu B Bune co3nanus mpo-
M3BOICTBEHHO-TEXHOJIOTMYECKIX KOMIUIEKCOB (pa3zen 2.4). B nacrodiiee Bpe-
MSI KaTUTATAYECKUM KPEKUHT paboTaeT B IBYX HAlIPpaBIEHUAX — C IIOJNyICHU-
eM MaKCHMAaJTbHOTO KOJIMYECTBA WM BEICOKOOKTAHOBOIO O€H3MHA, WM IIPO-
IIJIeHa B 3aBUCAMOCTH OT HOTPEOHOCTEl pPhiHKa HEPTEIIPOLYKTOB.

TTpou3BOICTBO BEICOKOKAYECTBEHHBIX, 9KOJIOTMUECKH YMCTHIX ABTOMOOKITH-
HBIX OEH3UHOB TPeOYET 10000PYIOBAHMS YCTAHOBOK KATATUTHICCKOTO KPEKMH-
ra (IeiCTBYIONIMX ¥ BHOBb IIPOEKTHPYEMBIX) GI0KaMU TMIPOOYMCTKY OEH3M~
Ha. B cocraB MpoM3BOICTBEHHO-TEXHOJOTMYECKUX KOMILICKCOB KaTanuThie-
CKOTO KPEKVHTa BXOAUT OJIOK aKWIMPOBaHMA OJe(PUHOB U300yTaHOM, CHIPb-
&M KOTOpPOTO CIIYXXaT u300yTaH, OyTHIeHB! ¥ IponieH Kpekunra. Ilomygae-
MBI B ITPOLECCE KATATUTUIECKOrO KPEKMHIA IIPOIIMICH MUCIIONB3YIOT KaK A/
IIPOM3BOJICTBA BEICOKOOKTAHOBOY HOOAaBKM K OEH3MHAM, TaK ¥ B KauecTBe
CBIPBSI IUTs1 TIPOM3BOJCTBA ONUIIPOIIIEHa, a TpeTHYHbIe n3oomeduns 3.Cs—C;
(dbpaxuyu nerkoro 6eH3MHA KPEKMHIA IMOABEPIalOT OKCHAIKMIIMPOBAHUIO.

Kamanumuueckuii pugpopmune — BaXHEHAIIUN IIPOLIECC IPOU3BOLCTBA U3
NPAMOTOHHBIX OEH3MHOBBIX (DPaKL¥il BBICOKOOKTaHOBBIX KOMIIOHEHTOB aBTO-
MOOWITbHBIX 6EH3MHOB 1 apOMAaTHYECKUX YIJIEBOLOPOIOB (Pa3ie/sIEMbIX 3aTEM
Ha WHIMBUAYAJIBHBIE), @ TAKXKE BOMOPOICOAEPXKAIIETO Ta3a (I TePMOTUIPO-
KaTaIMTHYeCKUX ImpoueccoB). KiaccuduumpoBaHue €ro Kak TepMOKaTanuTh-
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YeCKOro, a He TEPMOTHIPOKATATUTUIECKOTO IIPoLiecca 0OYCIOBICHO NPEUMY-
IIIECTBEHHBIM HEYJacTHEM BOIOPO/a B IIPOTEKAHMY OCHOBHBIX PEaKIyii. YcTa-
HOBKM paboraror npu HuszkoM fasieanu BCI (go 0,35 Mlla) u ¢ HenpephiB-
HOM pereHepalfueil karamiusaropa. [IppyeM KX, B CHIy psia 9KCIUTyaTallioOH-
HBIX ¥ DKOJIOIMYECKUX TIPHINH, KOMOMHUPYIOT C IIPOllecCaMy U30MEpU3aIuU
JIeTKUX GEH3MHOBBIX (DPaKIMil ¥ yaaieHus: 6eH30J1a 13 pru(OpMATOB Ha CTAIUN
IIPOM3BOJICTBA TOBAPHOM IIPOMYKIINH.

B HacTosIee BpeMs B CBA3M C YXKECTOYeHMEM TPeOOBaHMA K OEH3MHAM TI0
colepKaHMIo 6eH30/Ia U ApPOMATIIECKIX YITIEBOLOPOIOB (4T0 OTPakeHO B €B-
POIEHCKIX TPeGOBAHUSIX K TOIUIMBAM MapokK €Bpo-4, -5 ¥ B POCCUICKUX Tpe-
GoBanmsax TeXHIMYECKOro perlaMeHTa K TOIUIMBaM Kiacca-3, -4) pudopMuHr
yIpaYyMBaeT CBOE MIPUOPUTETHOE 3HAYEHNE B IIPOU3BOJICTBE TOBAPHBIX aBTOMO-
OWIbHBIX OeH3MHOB. CHIDKeHME Nnonu prdopMara Ipy IIPOU3BOICTBE OeH3M-
HOB KJ1acca 4 ¥ 5 CBA3aHO HE TOJIBKO C OTPaHMYEHIEM COIEePXaHus B HUX OeH-
30J1a ¥ apOMATHYECKUX YITIEBOJOPONOB (Hapsmy ¢ HOPMaMH 10 CONEPXaHUIO
CEPHMCTHIX, KUCIOPOACONEPXALINX U 0Je(DUHOBHIX COCANHEHUH, TaBICHUIO
HACBIILIEHHBIX IIAPOB U Ip.), HO ¥ C HEYAOBJICTBOPUTEIBHBIM PACIIPENCIICHUEM
OKTAaHOBBIX XapaKTepHCcTUK pudopmara o ppakumaMm. B csa3u ¢ aTuM Bo3pa-
CTaeT TCHACHIINI — COYeTaTh IIpoilecc pud)OPMUHTA C IIPOLIECCaMH YIaTeHUs
6eH3051a 1 n3oMepu3anuu Jierkoro 6eH3nHa Cs—C; Uit OBBIIIEHNUS €T0 OKTa-
HOBBIX XapaKTEPUCTHK ¥ CHInKeHus pasHuisl Mexny MOY u MOY.

Cepre3Hblil HeIocTaToK prudopMara Kak KOMIIOHEHTa COBPEMEHHBIX aB-
TOMOGYITLHBIX OEH3MHOB — Oosbiioe pasimmaue (10—12 equHuIy) MeXIy 3Ha-
yenusmu nx MOY u MOUY, yto cHmkaeT okTaHoBHIM nHIekc (ON), T. e. mo-
POXHOE OKTaHOBOe 4MciIo (cpennee apudmermaeckoe Mexay MOY u MOY).

Ere ogHa coBpeMeHHas TeHISHIMS HedTenepepaboTKy — MOIEPHU3AIHS
yCTaHOBOK PU(OPMUHIA C IeJIbI0 MOBBIEHNS BbIxoaa Bomopona (BCI) Ges
IIPOIIOPLIMOHAILHOTO YBEJIMYEHNUSI BHIXOJA apOMaTUYECKUX YTJICBOIOPO/IOB.

Hzomepuszayus #cuOKux H-napagpuHossix yene000po0os — ONUH U3 CaMbIX
PEeHTa6eIbHBIX IPOLIECCOB ITOJTYyYEHVST BHICOKOOKTAHOBBIX ¥ SKONOTMYECKH "IH-
CTBIX" KOMITOHEHTOB aBTOMOOMIBHBIX OCH3MHOB M3 HU3KOOKTAaHOBBIX OEH3M-
HOBBIX (hpakuuit Cs—C, pu Temriepatypax 110—280 °C Ha TBepIbIX KaTaau3a--
TOpax IpY U30BITOYHOM HaBieHuu Bogopona 1,4—4,2 MIla.

W3oMepu3aLys, U3BJIeKas B KAYEeCTBE ChIPhS U3 COCTaBa OEH3MHOB HU3KO-
oxtaHoBble (pakuun Cs—C; ¢ MOY = 65—75 u Bo3Bpalas B OCH3MHOBBIM
donz xommorent ¢ MOY = 82—90, oGecrieurBaeT CyIeCTBEHHBIA 3G deKT npu-
POCTa OKTAHOBBIX YKCEJl TOBAPHOM IIPOLYKIIMH.

B MupoBoii HedTenepepadoTKe CyMMapHask MOIIHOCTD IIPOLIECCOB U30MeE-
pusanyy mnpepsimaet S0 MIH T/TOL.

B poccuiickoit HedrenepepaboTKe TPOU3BOACTBO U30MEPH3aTa, HEOOX0-
JIIMOTO [UIS BBITYCKA COBPEMEHHBIX aBTOMOOWIIBHBIX OEH3MHOB, pa3BUBACTCS 10~
CTATOYHO AMHAMHUYHO. Tak, COOTBETCTBYIOIME TpeOoBaHUS TeXHUYECKOTO
pernamenTa P® criocoGCTBOBAIM TOMY, 9TO OOJIBITMHCTBO KpynHbiX HII3
Poccuut ceromHs SKCIUIYaTUpYIOT YCTAHOBKU M30MEPHU3ALY JIETKUX OCH3UHO-
BBIX (ppakiiii. B 11es10M, MpoLECC M30MEPHU3ALMHK TI03BOJISIET TIOBBIILIATh OKTA-
HOBBIE XapaKTEPUCTHKY GSH3MHA TP MUHUMAIbHOM CTOMMOCTH JOCTHUTaeMOro
pesynbTara.
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Tepmozudpoxamasumuyeckue npoyeccot. Bce 60iee MUPOKOEe BOBICUYCHHUE
B TIEpepaboOTKy CEPHUCTOTO U BHICOKOCEPHHCTOrO He(TEra30BOrO CHIPHS MPU
OIMHOBPEMEHHOM TTOBHIIICHUH TPEOOBAHU K SKOJIOTHIYECKHM U SKCILTyaTal-
OHHBIM XapaKTEePUCTHKAM HeDTETIPOTYKTOB O0YCIOBIMBAIOT IIMPOKOE PacIpo-
CTpaHEHHE TEPMOTUAPOKATATUTHYECKUX MIPONECCOB, KOTOPHIE IIPOTEKAIOT
OMHOBPEMEHHO IIPH ITOBHIIICHHBIX TEMIIEPATypPax B IPUCYTCTBUM KaTal3aTo-
POB M TIPU YIACTHH BOIOPOJA B OCHOBHEIX peakiysix. Kmaccugukarris TepMo-
IAIPOKATAIMTAYECKUX IIPOIECCOB IIepepaboTKy He(TH TIPEICTaBIeHa Ha CXe-
Me, TIPMBEICHHOM HIDKe. DTH IIPOLIECCHL Pas3feeHbl Ha TUIPOOYNCTKY U TH[I-
POKPEKVHL.

TEPMOTHUIPOKATATTUTUYECKHE

ITPOIIECCHI
TunpoouncTka Tunpoxkpexuur
MUCTUIUIATOR: / \ ”
— GEH3UHOBBIX; HeQTAHbIX Jerkumit DIIyBOKMi
OCTATKOB

— KEPOCHHOBBIX;
— IM3ENTLHBIX;
— BaKyyMHBIX

/ JUCTWUISTOB HeTSIHBIX

THIPUPOBaHUE OCTATKOB
MCTUILTSITOB
BTOPHUYIHOTO MCTILTATOR | | HEDTAHBIX
TIPOUCXOXIEHUS® OCTAaTKOB

*K IMCTUIUIATAM BTOPUYHOTO NPOMCXOXACHMS OTHOCAT OeH3MHOBbLIE, KEDOCHHOBbIE, TU3CNbHbIC U Ba-
KyyMHBIe QpaKIMH MPOLIECCOB TEPMUYECKOTO KPEKMHTa NOX AaBleHMeM, BUCOPEKUHIa, KOKCOBAHUS,
NIMPOJIM3a, KATATHTHYECKOTO KPEKMHIA, T. €. TeX HPOUECcCOB, IPOAYKTHl KOTOPHIX COAEPXKAT 3HAUUTE b~
HOE KOJIMYECTBO HENpPEAeIbHEIX M apOMATHYECKHMX COCIMHEHMH

B HayYHO-TEXHUYECKOM JIUTEPATYPE TEPMOTUAPOKATATUTUYECKHUE IIPOLIEC-
Chl YaCTO HA3BIBAIOT 'THAPOTeHM3ANMOHHBIMU . CIIeNUaJUCThl CYUTAIOT,
OIHAKO, YTO I'MAPOKPEKHHT ¥ THAPOOYUCTKA OTIIUYAIOTCH 110 CTETICH KOHBED-
cuu ceipbsi. Ecim KoHBEpCus CHIpbst cocTaBisieT MeHee 10 % (Mac.), To Takoii
TEPMOTUAPOKATATATAYECKIIA IPOIECC HA3BIBAIOT TUIPOOIMCTKOM, ecimu o1 10
10 50 % (Mac.), — 3TO JIETKMiA TUIPOKPEKUHT, eciut 6ornee 50 % (Mac.) — rirybo-
KA TUAPOKPEKUHT.

Tudpoouucmrxa — TEpMOTHAPOKATAIATAYECKUNA IIPOLIECC YOATICHUS U3
HeDTIHBIX QPaKLUil M OCTATKOB HEXeJaTeJIbHBIX CEpO-, a30T-, KMCIOPOA-
¥ METAJUIOCOIEPKAIIMX COSTUHEHNM, COIIPOBOXIAIOIIUMICS YACTUIHBIM THI-
pupoBanueM onepuHOBBIX coenuHeHu. [IpoBomdT Ipy HaBJIeHUU BOAOPOAa
or 2,5 o 6,0 MIla u Temmepatypax 270—360 °C.

IIpouecchl TMAPOOYUCTKY B CBOIO OUYepeb Pas3nelaioT Ha TEXHOIOTUH T/ -
POOUYMCTKY JUCTHIUIATOB, HEMTIHBIX OCTATKOB U TMIPUPOBAHMSA JUCTUIUISATOB
BTOPHUYHOIO ITPOUCXOKICHUA.
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TeXHOTOTHIO 2UOPOOUUCIKY HEPMAHBIX OCMAMKO08 OTIAIACT OT TEXHOIOTHI
2udpooucmiy OUCIUAAAMOE B OCHOBHOM TO, YTO HapANy C yAaJICHUCM CCPHU-
CTBHIX, A30THCTHIX M KUCIOPOACONEPKAIIMX COSAMHECHUI U3 ChIPbs IPOUCXO-
JUT €r0 TMIPONEMETALTA3AINSL, T. €. OYUCTKA OT COSIUHCHUH, CONEPXAIyX
TAKME METAJUIbI, KaK HUKEJb, BAHANVM, KEJIe30 U 1.

Tudpuposarue QUCTUAIAMOE 6MOPUHHO20 HPOUCXOHCOEHUS, ABIIAIOIIEECS Ja-
CTHBIM CJIy4aeM IHIPOOYVMCTKY JUCTUIATOB, OTIMIAET ITaBHBIM 00pazoM TO,
9TO OHM COIEPXaT GoJee 3HAUMTENHHOE KOIMIECTBO ONEeHHOBEIX COEMMHE~
HUI, TOPMO3AIIMX PEaKIU¥ B3aUMONEHCTBUS C BONOPOIOM BCEX reTepoopra-
HUYEeCKIX KOMIIOHEHTOB. [Ipy 5TOM Pe3KO BO3PACTAIOT TeILOBOA addexT pe-
akuMy (peakuus THIPUPOBAHNUS HEIPENEIbHBIX MOJIEKYIL ABJIACTCS SK30TCP-
MUIJECKOI) 7 TIeperia TEMIIEPATyphI B ciloe Katamusaropa. [1031oMy B IIEpBYIO
o4epelp MPOTEKAIOT PEAKIMH THAPUPOBaHUs ONeHHOB.

B mocnemHue Tofbl NOIBIIach UHGOpMAaLysa, CBHIETEIbCTBYIOMA 06 yc-
[EIIHOM KUCIIOIB30BAHUM STOIO IIpollecca U Ui TMAPOOYHUCTKA OCTaTKOB, CO-
IepXaliX 3HAYUTEIHHBIE KOMMIECTBA METAJUIOPTaHUYCCKUX U IPYIUX TeTe-
POCOEIVTHEHUA.

Tudpoxpexunz — TEPMOTHIPOKATATIATHIECKUH IIPOLIECC nepepaboTKY IUC-
THJUTSITHOTO ¥ OCTATOYHOTO CHIpBA. ITposonarT ripu nasineHuy 8—20 MlIla B ripu-
CYTCTBYIM BOAOPOICOIEPKAIIETO Ia3a U KATali3aTOPOB IIPU TEMIIEPaTypax 350—
450 °C ¢ 06pa3oBaHMEM IIMPOKOTO aCCOPTUMEHTA IIPOAYKTOB (oT GEH3UHOBBIX
10 BaKYYMHBIX JUCTWUISITOB). [103B0JIAET TMOKO U3MEHATh B 3aBUCUMOCTH OT
CIIpOCa BBIXOL OTHEIbHBIX TUCTHILISTOB.

Jeckuii eudpokpexunz He(TEra30BOrO CHIPhsI TPOBOIAT C LETBIO TOATOTOB-
KU CHIPBS IS [IOCTENYIONIMX TEXHOIOTMYIECKUX TIPOLECCOB M KaK CaMoCToA-
TeNBHBIN, OCHOBHOM (OU3NKO-XMMHUYIECKIH ITPOLECC AT IIOBBIICHMS BHIXOAA
"cBeTIBIX HedTENpOmyKToB B 00meM Ganance HII3. Jlerxuil THAPOKPEKUHT
MOXHO TIPOBOIMUTH C MUCIIOJNB30BAHUEM B KAa9ECTBE ChIPbS IUCTUILIATOB
7 HeTIHBIX 0cTaTKOB. K JIErKOMY IMIPOKPEKUHTY CIENYCT TAKXKEC OTHECTH
mporecc TEaponenapadrHU3aluy aTMOChEPHBIX U BaKYYMHBIX ra3oMIeBBIX
dpakuui.

Ty6oruii 2u0poxperxyuHe IPOBOIAT C LEJBIO foJiee 3HAYUTEIHHOTO TTOBBILIC-
Hust Berxona "ceemibix” HedrenpomykTos. [Tpu nanernax BCT sbuue 15 MITa
TaKUe TPOLECCH MO3BOISIOT 0T6upath 1o 80 % (Mac.) "cBeTaBIX" HeTEpO-
IYKTOB, YTO CBIIETEIBCTBYET O IIPEUMYIIECTBEHHOM IIPOTEKAHUH peakiuii pac-
HIETUIeHusT MOJeKy chipbst 10 C—C-cBa3am. [iyboKOMY IrIPOKPEKUMHTY TION -
BEpraioT ¥ JUCTWUIATHOE, ¥ OCTATOYHOE ChIPbe. TeXHOIOruy rporecca ry6o-
KOTO TMIPOKPEKUHIA TI0 COCTOSIHHUIO KaTajlu3aTopa B PeakTOpe MOIPaSACIIIIOT
Ha THIPOKPEKMHT B CTAIIIOHAPHOM HEITOIBIKHOM CJIOE KaTaln3aTopa, BO B3BE-
[IEHHOM "KUIseM” CJIoe U Ha ABYDKYLIEMCS] BMECTE C CBIPBEM CJIOE KaTanu3a-
TOpA.

TTpoiiecc rTMIPOKPEKIHTA ONYIMI HanbOJIblIIee PAaCIIPOCTPAHECHHE B CIIA,
SIonwy ¥ 3anamHoit Espore. Pemenue npuopuTeTHON mpobiemst B Poc-
cui — yITyoieHre nepepaboTKi HeQTH — CBSI3aHO CO CTPOUTETHCTBOM HOBBIX
YCTAHOBOK TMAPOKPEKIHTa BAKYYMHBIX Ta30iJIeil U IyAPOHOB.

TepMuH, "TunpooOIaTOpakuBaHKe” ChIPhs CBA3aH, IPEXNIE BCETO, C Mepe-
PabOTKOH IUCTIIUISTOB BTOPHIHOTO MPOUCXOXAEHNMA, KOTIA HEOOXOIMMO CHa-
yajia uX THIPUPOBATh, OCBOOOXIAACH OT N30BITOYHOTO KOJMIECTBA oneduHO-
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BBIX KOMITOHEHTOB, 4 3aT€M IIPOBOIUTH THAPOOIUCTKY I CHYDKEHHUS KOJIye-
CTBA rETEPOCOCTUHEHMI B ITPOAYKTE.

TepMuH "rMIPOKOHBEPCHUS " CBSI3aH C IIPOIIECCOM ITIyOOKOro IMIPOKPEKIHTA
HeTAHOTO CHIPhS, TaK KaK HEOOXOOMMO CHavajla IOJyIUTh BHICOKUW BBIXOX
MVCTWUIATOB, a 3aTe€M B IPOIIeCcCe TMIPOOYUCTKY CHU3UTh COIEpXaHue reTe-
POCOCIVIHEHUH B IIPOTYKTaX.

Ilepepabomra negpmesagodckux zazoe. B mponeccax nepepaboTku HedTs-
poro ceipbs Ha HII3 ob6pasyercst B cpentem 5—20 % (Mac.) TEXHOIOTHYECKHX
ra30B (IpeeIbHBIX ¥ HEMPEIebHbIX, CYXUX W KUPHBIX, HOPMAJIBHOIO U HU30-
cTpoeHust). VX KOJMIecTBO HAIIPSIMYIO CBSI3aHO C CYIIECTBYIOIMM Ha KaXIIOM
KOHKPETHOM IpeIIpUATAN HA00POM TEXHOJIOTMYECKHX TIPOLECCOB, KOTOPBIN
XapaKTepU3YeT, B CBOIO OYepellb, TIyOHHY 1epepaboTKy HE(PTH M aCCOPTUMEHT
BBIITYCKAaEcMOM TIPOAYKIINH.

Kaxnplii KOMITOHEHT THX Ia30B HAXOXUT CBOE PalliOHAIbHOE MCIIONB30-
BaHMeE JIMO0 KaK CBIPhE Ui APYTHX TEXHOJOTMIECKUX IIPOLIECCOB HEPTEraso-
nepepaboTKX Win HeQTeXUMUH, TM00 KaK KOMIIOHEHT MOTOPHOTO, OHITOBOTO
VT TEXHOJIOTMYECKOTO TOIUINBA, THO0 KaK SKCTPAareHT WK XJIaJ0areHT U T. I,

Iepepa6otka HedTE3aBOOCKMX (CYMMBI MOIYTHBIX HEPTAHBIX U TEXHOJIO-
IMIECKUX) Ta30B Ha coppeMeHHoM HII3 BrimoyaeT psin GU3MIECKUX (OYMCTKA,
ocylika, GpakIMOHUpOoBaHue) U GU3NKO-XUMUIECKUX ITPOLECCOB (IIPOU3BOLI-
ctBo MTBD u OTBD, cepsl B CEpHOM KUCIOTHI, BOAOPOIa; AJIKIIHPOBAHNE
p300yTaHa oneUHaAMK, OJIMTOMEPHU3AIIUS ¥ TTOJMMepU3ald oNe@UHOB, H30-
Mepuzalus H-OyTaHa).

Dparyuonuposanue. PasneneHuie ra3a Ha OTAeIbHbIE MHIMBUIYaIbHBIE YT~
JIEBOZIOPOLBL U Y3KHE YIIEBOIOPOIHEIE (DpaKIy OCYILECTBIIAIOT Ha ra30(ppak-
nuonupyouux (F'OY) win abcopbIInoOHHO-ra30(PakKIOHUPYIOIINX YCTAHOB-
xax (AT®Y). IIpy HaTMIMK HA TIPEIIPUATHAY 3HAYUTENBHBIX MOIITHOCTEH Tep-
MOIIPOLIECCOB, BHIPaOaTHIBAIOIIKX Ta3000pa3Hble ONe(UHBI, OOBIYHO MMEETCS
He MeHee aByx I'®Y, onHa 13 KOTOPBIX MPEIHA3HAYCHA U IepepaboTKY IIpe-
JIENBHBIX YITIEBOIOPONOB, Ipyrasi — HelpedeIbHbIX.

IIpoussoocmeo MTBED u DTHD. MTBD gBisieTca BHICOKOOKTAHOBOM KHC-
JIOpoAcoIepXaliei 100aBKoi K aBTOMOOWIBHEIM GeH3uHaM. Ero okraHoBoe
YUCIIO 110 MOTOPHOMY MeTony coctapiser 102 myHKTa, a 110 MCCAeI0BaTeNb-
ckoMy MeTomy — 118.

Tocne 3anpera ucnonb3osanuga MTBED B CIHA B 2006 I. Kak TOKCUYHOIO
BEILECTBA, OTPABJSIIONIETO IPYHTOBBIE TUTHEBBIE BOABI JaXe B KOJIMYECTBAX
MeHee 1 ppm, ycTaHOBKM 110 mpom3BoacTBy MTBD Hauany yacTHIHO Iepe-
podINpPOBaTh Ha BBILYCK 3TWI-mpem-6ytiioBoro adupa (BTBD). Onnako
Takas PEeKOHCTPYKILMs He BCErna OlpaBIaHa S5KOHOMMYECKH M3-3a Ooiee
BBICOKOM CTOMMOCTH 3TaHOJa IT0 CPABHEHUIO C METAHOJIOM.

IIpouseodcmeo 60dopoda. I1lrupokoe pa3sBUTHE TEPMOTHIPOKATATATAICCKAX
IIPOLIECCOB IEPepaboTKy HedTH HEBO3MOXHO 0€3 HAIUYMA JOCTATOYHBIX pe-
cypcoB Bogopona. OCHOBHOE KOJIMYECTBO BOIOPOIa Ha Herenepepabarripa-
JOILMX 3aBOJAX IIOJIYYAIOT B IIpoliecce KaTamuTudeckoro pudopmunra. Texuau-
4eCKUii BOTOPOL, KATAIUTHYECKOro prudopMuHra 6eH3mHa copepxur ot 70 1o
92 % H,, a Bomopo[ creluanbHoro mpoussonctsa — ot 90 no 99,99 % H,
B 3aBUCHUMOCTH OT criocofa ero ImojydeHus. Bogopos MOXET OBITH ITOJIyYeH
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CIEIMATBHEIME METOAMHU: KaTaIMTHICCKOM KOHBEpPCHEHN YIIEBOTOPOIHBIX
4308 C BOISHBIM IIAPOM, TEPMAIECKUM Pa3IOKCHIEM YITIEBOIOPOMHBIX a30B,
rasuUKanei TSOKeIoro HeTSHOrO ChIPBS.

Ankunuposanue. IIpoliece aKMINPOBAHMS nzo6yrana oneduramu C;—Cs
OCYILIECTBILSIIOT IIPK TeMIIEpaTypax 5—40 °C Ha KUCJIOTHBIX XUIKUX WII TBCP-
JBIX KATAIM3aTOPax ¢ UEJIbIO TIONyJeHMS alkuiaTa (ankuIOeH3MHAa) — LEHHO-
[0 BEICOKOOKTAHOBOTO KOMIIOHEHTa aBTOMOOMIIBHBIX OEH3WHOB.

TTorpe6GHOCTD B aIKWIATE — Haubojee LIEHHOM KOMITOHEHTE COBPEMCH-
HEIX 2BTOMOOIITBHBIX GEH3MHOB — BO BCEX CTPaHAX MUPa CYIECTBEHHO BO3pAC-
TaeT. DTO CBSI3aHO C OTPAaHMICHUEM H YKECTOUCHNEM TpeGoBaHUH IO PSAMY I0-
KazaTteieil 6eH3rHAa (IaBICHUIO HACHIIECHHBIX I1apoB, (pakKIMOHHOMY COCTa-
BY, COIIEPXAHIIO aPOMATHISCKHX YIIEBOLOPOIOB, 6en3ona, oneduHoOB, cep-
BVICTBIX ¥ KVCJIOPOICONEPKALINX COETMHEHIH, MOIOIIHX rpucanok). Pasmird-
goie Mapku 6ensuHoB CIIA u 3aranHo# Esporsl coepxar 18—24 % (Mac.)
AJIKWIIATA.

Hzomepusayus H-6ymana. B cBs34 € mebumUToM H300yTaHa, ABIAI0MErocs
ONHYIM U3 KOMITOHEHTOB CBIPbS NPOLECCa AMKMIMPOBAHUS, B PO caydaeB
BO3HMKAET HEOOXOMMMOCTh B IIPOBEIECHNUH IPOIIecca U30MEpU3allnN H-0OyTa-
Ha. Ero ocyIecTBIIIOT IIPY TeMIiepaTypax B peakrope 150200 °C u maBie-
auu 1,4—2,8 MIla Ha IIIATHHOCOJEPXAIIEM KaTalin3aTope B IPUCYTCTBUH BO-
Jopoza ¢ MoydeHueM U300yTaHa BBICOKO#1 YMCTOTEHI.

Onuzomepusayus (NOAUMEPU3aYYs) IMunera, nponusena u bymunernoe IpeN-
HasuateHa Ha HIT3 Wi nomydeHus. BHICOKOOKTaHOBOrO KOMIIOHEHTA OeH3U-
Ha. OIHAKO CIeyeT OTMETHUTD, YTO B 5TOM KOMIIOHCHTE OEH3UHOB COIEPXUT-
s GOJTBIIIOE KOTMUIECTBO ONE(UHOB, 4TO YXyMIIACT MX TEPMOOKUCIUTCIIBHYIO
CTAGMILHOCTD. B HAcCTOSIIEe BpeMsT IPOAYKIMS STUX YCTAHOBOK HE COOTBET-
CTBYET COBPEMEHHBIM TPEOOBAHMAM K GeH3MHAaM II0 3TOMy ITokasaTelmo. I1po-
[eCC OCYHIECTBILSIIOT B IIPACYTCTBUM KaTanu3aTropa (docdopHas KUCIOTa Ha
KI3eIBIYPe, XIIOPUIT AFOMAHMS VK [IP. ) TIPH TEMIIEPATypax 160—230 °C u maB-
nesuu go 6 MIla.

TlepeuuiciieHHbIE MPOLECCH COCTABIIAIOT OCHOBHOH ITPOM3BOJCTBEHHBIN
TOTEHIMAT COBPEMEHHOM MUPOBOH HedTenepepaboTKU, KOTOPYIO IPE/ICTaB-
50T OoKOTo 700 HedTernepepabaTbIBAIOIINX TIPEATIPUSITHM].

ViiebHBIH BeC PEIMOHOB B (POPMUPOBAHMI TEXHOJOTHIECKOU CTPYKTYPBI
MupoBoil HedTerepepaboTKY MOXHO OLEHUTP IO NAHHBIM, [IPUBEIECHHBIM
5 Ta6. 1.1. B mocieaHme Tons! HedTenepepabaThBaloLIyio IPOMbIIUIEHHOCTE
B GOJBLIIMHCTBE PETMOHOB MHpPa Pa3sBUBAIOT IIOA AaBJCHUCM 5KOJIOTHIECKOTO
daxTopa. 3HaUNTENbHbIE KAIIUTANI03aTPATHl Ha COSIAHME M pasBUTHE IPOU3-
BOICTB BHICOKOKAYECTBEHHBIX "9KOJIOTMIECKA quCTHIX" He(TEMPOIYKTOB OBUTH
CBSI3aHBI MIMEHHO € peayi3alell MpUpPoa0OXPaHHbIX IIPOCKTOB. B nienom, ipu
POCTE MOIITHOCTEH MEPBITIHOM repepaboTKy 3a rocneauue 10 1eT Ha 7 %, mo1i-
HOCTH [IPOLIECCOB TMIPOOYMCTKY HEPTEIIPOXYKTOB BOPOCIIH Ha 18,3 %, tun-
pokpexuHra — Ha 31 %, HeoOXOIMMOTO L STUX IIPOIIECCOB IIPOM3BONCTBA
Bonopona — Ha 54 %.

TeHneHIMS POCTA MOIITHOCTEM MPOLIECCOB IUIPOOINCTKI (B TOM YuCIIE TA]I-
poleapoMaTu3a 1 JI€a30TUPOBAHUS) MOTOPHBIX TOIUIMB TECHO CBA3AHA
¢ yonybnenueM repepaboTKi gedrr. Hapsiny ¢ TMIPOKPEKMHIOM BO MHOIMX
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Tabmuna 1.1. TIpoussoncTBeHHbIi MOTEHIMAT COBPEMEHHOI MupoBoil HedrenepepaboTEn

no npoueccam (uroru 2013 r.)

(B cxobkax — yucno HII3 mo nanueM arentcrea Undo TOK-KOHCAJT, 6e3 yyeta MUHU-
3aBOJIOB)

MOIIIHOCTI) NPOLECCOB, MJIH T
IIpoueccel HedTenepepabOTKU Cepepras 3anaguas CHT u crpanst HB?:HXHH%V
Awmepuka (148) | Espoma (110) bantun (55) Bo cfcfx?}glg)

TTepsuunas mepepaboTKa 1078,1 679,1 4164 373,2
Karanuruaeckuil KpeKHT 327,7 103,6 34,7 17,9
TApOKpEKUHT 97,4 59,3 11,6 29,8
TepMUUYECKHUHA KPEKHHT 7,2 70,9 30,6 27,0
¥ BUCOpEKHHT
Koxkcosanue 144,4 17,2 12,4 4,5
Karamutryeckuii pudOpMUHD 206,8 101,9 53,7 33,6
Tunpoounctka™® 832,6 476,4 142,3 105,1
AJNKUITHPOBAHUE 68,4 11,8 1,4 1,9
Hzomepuzaums 35,9 23,1 7.9 3,6
I1pou3BOOCTBO Maceit 10,6 5,9 3,7 1,6
IIpousBoacTBO GUTYMa 30,7 13,6 12,4 5,1

TIpou3BoOOCTBO KOKCa 51,1 4,6 3,4 1,2

*B ruIpOOYUCTKY BKIIIOUEHBL THAPOOUYMCTKA BCEX AUCTHILIATOB, TSKENOTO ra3oiiiss KOKCOBa-
HUS, Macen 1 OeH3MHA KaTaluTHIYECKOTO KPEKUHTa.

pPETMOHAaX ¥ CTpaHax MUpa HAOIOAAETCS POCT MOIIHOCTEH KaTaIUTUYECKOTO
KpeKuHra ¢ JudT-peakTopoM. MOIITHOCTY KaTAMTUTHIECKOTO KPEKHHTa B CO-
cTaBe MEpPOBOI HedTenepepadorku ¢ 2005 1. BEIpocu Goee yeM Ha 20 %.

B cBs3u ¢ nepexomoM GOJIBIIMHCTBA CTPaH MUPa Ha HOBBIE OTPaHUYCHUS
10 COAEPKaHUIO AJTKEHOB U apeHOB B CTPYKTYpe MUPOBOI HedTenepepaboTKu
YBEJIMYEHBI MOIITHOCTH IIPOLIECCOB M30MEpHU3aliuy Ha 25 % ¥ IMpom3BOACTBA
kuciopoaconepxanmx BOK (BEICOKOOKTaHOBEIX KOMIIOHEHTOB) Ha 32 %. Pa3-
BUTHE TIpoliecca prudOPMIHIA TIPY 3TOM OCYILECTBIISUIN, OJaronapsi UCIOb-
30BaHUIO YCTAHOBOK HU3KOT'O JaBJICHUS C HETIPEPHIBHOM CXeMOU pereHeparuu
KaTaju3aTopa.

IIponomxaioT HaMeTUBIIYIOCS paHee B MUPOBOI HedTenepepaboTKe TeH-
JEHIIMIO YKPYITHEHMS NEeHCTBYIONIMX 1 CTPOSIIITMXCS HedTenepepabaThIBAIOIIMX
3aBOJIOB, 0COOEHHO B pasBuBaroIuxcs crpaHax ATP (Asuarcko-TuxookeaH-
ckoro PervoHa).

Bo mHOrMX cTpaHax CyIIECTBEHHO BO3POCIIO MOTPEOICHUE KaYeCTBEHHBIX
HeQTEIIPOAYKTOB U ITPOU3OIIENT 3HAYUTENbHBIM CABUT B CTPYKTYpe (DHU3UKO-
XUMUYECKHX IIPOLIECCOB B CTOPOHY YIIIyOJIeHUs HedTerepepaboTKy U oTyde-
HUS IPOIYKIIMH C YIIyYIIECHHBIMY IIOTPEOUTENBCKUME CBOMCTBaMu (Tabm. 1.2).

Bribop mytu passutusi HII3 opueHTHpOBaH Ha TpeOOBaHUS PHIHKA.
Hawubonee TeXHOIOTMIECKH Pa3BUTOM, SKOJIOTMUYECKU ¥ SKOHOMMYECKI COBEP-
IIEHHOM sBJsIeTCa HedTenepepadbaThIBaloias IpoMBIIIIeHHOCTh CeBepHOM
Awmepuku, B yactHOCcTH CoemuaeHHbIX IlITaroB. HIT3 CIIIA mMeIoT caMblii BEI-
COKM K03 GUIMEHT pa3BUTHS TEXHOJOTHA: 06IIast MOIITHOCTb OCHOBHBIX (DU~
3UKO-XUMHUIECKHX TIPOILIECCOB OTHOCUTENEHO MOITHOCTH IIEPBUYHOM Itepepa-
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Tatmuua 1.2. Crpykrypa QH3HKO-XUMHIECKHX HPOLECCoB 3apy6exHOil H POCCHICKON
nedrrenepepaGorku (8 % 0T 00beMa niepBHIHO# nepepadoTEy HedTH)

OCHOBHEIE BTOPHYHEIE TPOLECCH 3%“‘11[}’3“ CIIA Poccust Snouna
Bporia
KaramuruuecKuit KpeKuHT 15,2 31,5 7,7 20,6
TurpoKpeKuHr 8,7 9,6 3,5 4,1
TepMOKPEKUHT ¥ BUCOPEKUHT 10,4 0,1 8,0 0,5
Koxcosanue 2,5 14,6 2,1 2,8
PudopMUHT, BCETO 15,0 19,4 11,5 17,3
B TOM 4HcNE ¢ HETIPEPhIBHOM 5,2 8,2 1, 9,
pereHepauuei
TunpooYHCTKa, BCEro™ 70,2 79,4 36,3 105,1
B Tom gucne:
OEH3UHOB 26,5 33,0 12,0 25,9
IUCTHUISTOB 32,3 27,4 24,3 47,4
He(TAHBIX OCTATKOB 11,4 19,0 — 31,7
AJIKWIMPOBAaHUE 1,7 6,5 0,5 1,5
HzoMepusanus 3,4 3,7 2,4 0,5
Tpoussonctso MTED 1 apyrux BOK 0,4 0,2 0,4 0,1
I1pou3BoICTBO "apOMaTHKH' 1,7 2,0 0,5 4.5
TIpou3BOACTBO CMA30YHEIX MACE 0,9 1,1 0,8 0,0
TIpousBOACTBO KOKCa - 0,7 3,6 0,6 0,3
2,0 2,7 3,7 1,9

IIpoussoncTBo OHUTYMA

*B ruapoO4YHCTKY BKIIIOYCHBL THAPOOUYMCTKA BCEX AUCTUILIITOB, TSKEJIOrO Ta30iii KOKCOBa-
HUsI, Macell 1 OecH3UHA KaTAIMTUIECKOTrO KPEKUHTa.

6otkm HedTH cocTapiser 6onee 160 % (B Amoruu 312 H0JI 140 %, B 3armagHoM
Esporne — oxono 130 %, B Poccuu — 75 %).

OCHOBHas TeHIEHLIMS TOCIeTHNX JieT B HedrenepepaboTke CHIA — pas-
BUTYE IIPON3BOCTB SKOIOTMIECKY IUCTHIX ABTOMOOWIHHEIX OEH3MHOB, KEPOCH-
Ha ¥ IU3ETHHBIX TOTUMB. 110 Mepe pacluMpeHust HCIIOIb30BAHMS B TEILIOSHED-
retrke CIIIA TIpUpPOIHOTO ¥ CIAHIEBOTO 4308 MaJlaeT CIIPOC Ha KOTE/IbHOE TOII-
muBo. Poct aBromapka o0yc/IOB/IMBacT YBEINICHUE IIOTPeOHOCTH B BHICOKOOK-
TAHOBBIX SKOJIOTMYECKH YMCTHIX aBTOMOOIIBHBIX OCH3UHAX Ha 1-1,2 % B ron.

B 3amamsoit EBpore nmpenMyIleCTBEHHBIM CTUMYJIOM PasBUTHA HedTemne-
pepabOTKHU CIIYXUT YBENMYEHUE PBIHOYHOTO CIpoca Ha IM3CIHbHOC TOTUIMBO
Espo-5 (mipumepHO Ha 2—3 % B rog).

Tl ATP cerofissi XapaKTepHBI BHICOIAUIIINE TEMITBI POCTa NoTpeOIeHMs BCEX
BIJIOB HE(DTETIPOLYKTOB U COOTBETCTBYIOLINN POCT MOILIHOCTEH ITEPBUYHOM I1e-
pepaboTKU ¥ COBPEMEHHBIX (PU3MKO-XMMUYECKUX TIPOLIECCOB. BBICOKMMH TEM-
IaMy pa3BUBaioT HedTenepepaboTKy FOxmas Kopes, Kurait u Munus.

HecMOTps Ha Pas3id¥ist B KOBKPETHOM OPHEHTHPOBKE PETNOHAILHBIX PLIH-
KOB, pa3BHTHe HeTeIepepaboTKU BO BCEX CTPAHAX MUPA UICT B YCJIOBIX 3Ha-~
YUTETHHOIO YKECTOUEH M TPEOOBaHMI DKOIOTHIECKOIO 3aKOHONATEIBCTEA.

TepMOTHAPOKATAIUTIIECKYIO IEPEPabOTKY TAKENbIX rasoijei ¥ MasyroB
(B MICTIONIH30BAHUHM 3THX IIPOLIECCOB JIUIMDPYET dmosus) B IOCHETHEE AECATH-
JIeTVe TIPUMEHSIOT ¥ Pa3BUBaIOT CHIA, ¥OxHas Kopes 1 psilt IpYTUX CTPaH.

Baxueifiee 3HaueHue LI HedTenepepaboTku Poccuy UMEET Pa3BUTHE
Ipolecca TUIPOKPEKUHTA, TTO3BOJITIOIIETO obecreunTh BRIpabOTKY KepOCHHa,
IA3eFHOTO TOIUIMBA Kitacca 5, GeH3uMHA JUIs TaTbHEHIIEH 11epepabOTKH B COB-
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MEIEHHBIX IIPOoIIeCcCcaX KaTaIUTIIECKOTo pruOpMITHTa C M30MepH3alvei, bec-
CEPHICTOTO OCTATKA JIS TIEYHBIX U KOTEJIbHBIX TOIUIMB U BCE 3TO — 0€3 IIpH-
BIIEYCHUS TOMOJTHUTEIHBIX PECYPCOB HEDTH.

OpnHoIt U3 SIPKO BHIPAXECHHBIX TEHISHIMIA COBPEMEHHOTO Pa3BUTUSA MUDPO-
Bo¥i HedTenmepepabOTKM, MPUCYITell OONBIINMHCTBY PETMOHOB U CTpaH MUpa,
cTaJjia Bce 0oJiee TeCHasg Koolepalus HedTerepepaboTKu ¢ HehTeXuMueEH.

B cocraB BepTHKAIBHO-MHTETPUPOBAaHHBIX HedTIHBIX KoMmmanuii Poccun
BXOIHT 28 KpymHbIX HedTerrepepabaThIBaIONUX 3aBon0B. [irybuHa nepepabort-
kv Hedru Ha npennpustusax Poccun 70—-72 %. B CILIA riry6uHa nepepaboTku
HedTH coctaBngeT 95 %, B EBporie — 85 %. Takoe paznuyue mokasaresieit cBsi-
3aHO C HU3KOM J0JIel MOIIHOCTEMH IIPOIIECCOB YITTyOJIeHHOR HedTernepepadoT-
K¥ Ha POCCHICKMX 3aBOMAX.

JI1s1 TIOBBIIIEHMST Ka4eCTBa MPOAYKTOB, & TAKXKE O3JOPOBJIICHUS SKOJIOIU-
yecKo# 00cTaHOBKHY B Poccum TpeGoBaIoCh YIydIIUTh CBOMCTBA IIPOU3BOAM-
MBIX TOTUIMB U IIPUBECTH MX B COOTBETCTBHUE C eBporeiickumu (Tabmn. 1.3 u 1.4).

Ta6muna 1.3. Tpebosanus EDC K Ka4ecTBY aBTOMOOHIbHBIX OeH3HHOB

Moxazarens l Espo-3 Espo-4 ] EBpo-5 l Espo-6

1oy 95 95 95 95
Conepxanue, % (Mac.), Makc.: )

6eH3oia 1,0 1,0 1,0 1,0

cepsl, 104 150 50 10 10

apOMaTUYECKUX YIVIEBOJOPOJOB 42 35 35 35

0ne(hMHOBBIX YIVIEBOJOPOAOB 18 14 14 14

KHUCHAOpO#a 2,3 2,7 2,7 3,7

DpaxIMOHHEIN COCTaB (TIePErOHsACTCS),
% (00.), He MeHee:

o 100 °C 46 46 46 46

o 50°C 75 75 75 75
Iapnenye HACKIIUCHHBIX TIapos , Kl1a, 60 60 60 60
He Bonee
Hanuuue MoOOIMX IpUCcatoK Obszatensro  O6s3arensHo ObszatensHo  ObsI3aTeNbHO

Tatimua 1.4. Tpebosanus EDC k kauecTBy 1u3e1bHOIO TOIIMBA

TToka3zarenn Espo-3 Espo-4 Espo-5
LieTanoBoe 4yucio, He MeHee 51 51 5458
ITnorrocrts npu 15 °C, xr/m3 820845 825845 825-830
Conmepxanue MOTHLUUKINYECKHIX apoMaTHye- 11 11 2
CKHX yIiIeBonoponos, % (Mac.), He bonee
Hons ceprl, % (Mac.), He Gonee 0,035 0,005-0,001 0,001
OxucnuTebHast CTabMIbHOCT, I/M2, He Gollee 25 25 25
CwmaspiBaloniasi CrrocoGHOCTE*, MKM, He Goee 460 460 460
Kunematunueckas askocTh mpH 40 °C, MmMm2/c 2,0-4,5 2,0-4,5 2,0—-4,5
OpakroHHbIH cocTas: 95 % (06.) nepero- 360 340-360 340360
usteres oo, “C
CraHpapt 110 OrpaHHYEHHIO CONEPKAHMS Espo-3 EBpo-4 EBpo-5
BpEIHBIX BELIECTB B OTPAOOTAHHBIX ra3ax

asurarenei

*(CMa3pIBalONmiasi CrocoGHOCTh — CKOppeK’I‘HpOBaHHHﬁ JUAMCTP IIsATHA U3HOCA.
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ITostomy B Poccuy OBUI IIPUHST TeXHUYECKII PEVIAMEHT, ONPEAEIAIONINI
Ka4ecTBO BBIITYCKAEMBIX HE(PTEIIPOAYKTOB 1 [IpeyCMaTPUBAIOINKi TIOBBIIIE-
Hyie TpeOOBaHMH K TOIUIMBAaM IO HOPM €BPOIEUCKUX CTAaHNAPTOB (Tabn. 1.5
u 1.6).

Tl obecriedeHnsT TaKuX TpeGOBAHMI K TOIUIMBAM, [TIaBHBIMM HAaITpaBJic-
HUSIMY Pa3sBUTHSI POCCUICKON HedrenepepabaThIBAIOIIEH IPOMBIIIICHHOCTH
CTAHOBSITCS; KOPEHHASI PEKOHCTPYKIINA ¥ MOACPHM3aLMAA HI13, co3naHue MO~
HOCTel 110 YIIyOIeHio T1epepaboTKI HedTH, MOBHIIIEHNE KaJyecTBa HedTe-
[POLYKTOB ¥ HPOU3BOICTBO COBPEMEHHBIX KAaTali3aTOPOB.

Tabauna 1.5. TpeGopanus TexHHIecKOro permaMenTa P® K XapaKTepUCTHKAM aBTOMOOHIBHOTO
Gen3HHa pa3aMYHbIX KJACCOB

XapaxTepucTHKa n%falgggrgp?ﬂ Knacc 2 Knace 3 Knacc 4 Kiace 5
MaccoBas J0Jg CEPHI, MTI/KT 500 150 50 10
He Gonee
O6pemuas noid (% 06.)  IIpoueHTH 5 1 1 i
6eH307a, He bosee
KonueHTpaiuys xenesa /M3 Orcyrcrue Orcytersue OTCyTCTBUE OrcyTcTBUAC

KoHueHTpauys MapraHua Mr/oM3 Orcyrereue Orcyrersue OTCyTcTBHE OTcyTCcTBHE
KoulleHTpanus CBUHIA Mr/om3 Orcyrersue Orcyrersue OTCyTCTBUE OTCcyTCTBHE

Maccopas gons (% mac.)  IIporieHTH — 2,7 2,7 2,7
KUcnopona, He 6osee

O6pemuas gons (% 06.)  IIpoueHTH
VIJIEBONOPOXOB, He Goree:

apOMaTUYECKUX — 42 35 35

0neUHOBBIX — 18 18 18
IapneHue 11apos, He Gornee: xIla

B JIETHHH TIEpUON —_— 45-80 45-80 4580

B 3UMHM epuo — 50-100 50—100 50—100

O6nemuast oyt (% 06.)  TIpoueHTst
OKCHUTeHATOB, He boree:

MeTaHoNa — Orcytersue Orcyrcrue OTCyICTBHE
araHona — 5 5 5
M30IporaHoia — 10 10 10
mpem-0yTaHoOJa — 7 7 7
n3o06yTaHona — 10 10 10
a(hupos, cogepxKaluux — 15 15 15

5 wnu Goyiee aTOMOB

yrepona B MOJIEKYJIe

JIPYTUX OKCUTEHATOB — 10 10 10
(¢ TemIIepaTypOH

KOHIIa KMITCHM

me seie 210 °C)
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Tabauna 1.6. Tpe6opanus Texumueckoro pernamenta P K xapakTepucTHEaM AN3EIbHOTO

TOIUIMBA Pa3jIMMHbIX KJacCOB

Enununa

XapakTepuCcTHKa HaMEpEHUs

Knace 2

Knacc 3

Krnacc 4

Knacc 5

Maccosasi ToJsl CepHI, MT/XT
He boree

TeMmiepaTypa BCHBIILKHA
B 3aKDBITOM THIVIC, HE HUXKE: °C
JA3EJIBHOTO TOTLIMBA,
32 UCKITIOYEHHEM
JIHU3EIBHOTO TOILIMBA
U apKTHYECKOTO
KIuMara

IU3CeNIbHOTO TOILTMBA
JJI1 apKTHYECKOTO
KiIxMara

Maccosas gonsa (% mac.)  IIporeHTst
TIOMIUKITAISCKUX

apOMaTHYECKUX YTIIEBO-

IIOpOHOB, He Gonee

[eranosoe yucio, —
HE MEeHee

IleraHoBOE YUCHO IS —
JIHM3eJ5HOTO TOTUIWBA I
XOJIOHHOTO U apKTH4e-

CKOro KJIMMaTa, HE MeHee

IIpenenpHas TeMrieparypa °C
GUIBTPYEMOCTH, HE BEILIE:
IU3EJIBHOTO TOIUTMBA
JUISL XOJIOAHOTO
KIvMaTa

JU3CIIBHOTO TONIMBA
IJIsE apKTHYCCKOTO
KiauMarta

CmMa3spiBaionias croco6- MKM
HOCTH, He 6olee

500

40

30

45

Munyc 20 Munyc 20

Munyc 38 Munyc 38

460

350

40

30

11

51

47

460

50

40

30

11

51

47

Muznyc 20

Mumnyc 38

460

10

40

30

11

51

47

Mumnyce 20

Mumnyc 38

460



Fnasa 2

OCHOBBI ®U3UKO-XUMMNMYECKHUX
IMPOITECCOB ITEPEPAGOTKHA
HE®TETA30BOI'O ChIPbiA

DU3UKO-XMMHYECKHI PONECC — 3TO MPOLECC IOMyICHHU NEJIeBOro Ipo-
IyKTa, OCHOBaHHBIM Ha VICTIOIB30BaHIM bUBMIECKUX SIBICHUNA Y XUMUYIECKUX
peaKiii, HAaYMHAIOIIUMCS C dTala IOATOTOBKY ChIPhA 1 3aKaHIUBAIOIIVIACS
BBIIEJICHUEM 3TOTO IIEJIEBOI0 IPOAYKTA.

Tlon TexHoJOrdeil B IIMPOKOM 3HAYEHUM [TOHHMAIOT HAYYHOE OIMCAHME
METOJIOB ¥ CPEJICTB MPOU3BOICTBA IPOAYKIIVN B KaKOM-TH00 OTpaciIy IIPOMBIIII-
JEHHOCTIL T. €. 5TO OGOCHOBAHHAS IIOCIIEAOBATEIBHOCTD OIIePAIVil MK e~
CTBHIA, TIPUBOJSANIMX K JOCTIDKEHHUIO [IOCTABICHHOM TIETH.

Tl b deXTUBHOTO BeAeHUS GU3UKO-XUMIIECKOTO IIPOLIEcca 1epepadoT-
ku Hedrerazosoro chpbsa (HI'C) HEOOXOIUMO PaIMOHAIbHOE COYETaHMe Lic-
JIOTO Psifia Pa3MIHBIX TEXHOJIOTMYECKUX [IApaMETPOB — TEMIICPaTyphl, lasie-
HYIsI, aKTHBHOCTH KaTAIM3aTOPOB ¥ PEareHTOB, PACXONOB ChIPbA, OTOMpPaEMBIX
IPOLYKTOB 1 T. Ji. KpoMe TOro, MHOrOKOMIIOHEHTHOCTB M CIOKHOCTD cocTaBa
HI'C Tpebyior crelialbHbEIX METOIOB €T0 IIOATOTOBKY, yIeTd ¢dazosoro co-
CTOSTHMS U TeIUIOBBIX S(P(MEKTOB B 30HAX peakIMy ¥ Pasfie/ICHVS IIPOLYKTOB,
BO3MOXHOCTY TIPOTEKAHNS] TOOOYHBIX PeakIvi U T. 1.

Psin ocob6eHHOCTEH DU3NKO-XUMHUYECKUX MPOLIECCOB niepepaboTK HEP-
TEra30BOTO CHIPbS TPeOYeT HAIMYMUA CIIEIUATIBHOTO TEXHOIOIHYECKOTO obopy-
nOBaHMA (peakTopoB, MeYeii, cernaparopoB 1 Ip.) C YETKO OIIPENeIeHHBIMUI
HaIpaBJIEHUSIMI X 0OBEMAaMU TEIUIO- M MacCOTIOTOKOB. JToCTaTOYHO KECTKIME
TpeGOBaHus TIPEIBSIBIAIOT K MepepaboTKe He(Tera3oBoro ChIphbsl C 9KOJIOruye-
CKVIX TTO3UIMH, YUUTHIBAs [P STOM PEKOMEHIAIMY 1 TIOJIOXCHYS IPpaBuil 110~
Xapo- ¥ B3pbIBOOE30NACHOCTH, HEOOXOMMMOCTE S9HEPTo- 1 pecypcocOepeXeH.

2.1. HayuHo-TexXHOJIOTHYECKHE OCHOBbI
(PU3NKO-XUMHYECKHX MPOLECCOB

[Iporecchl mepepaboTKy HePTErasoBoro ChIphbsl NOAPa3ACILIIOT Ha puzu-
gecKre — IIPOTEKA0T 63 U3IMEHEHUSI CTPYKTYPhI MOJICKYJI ChIpb:A (meperoHka,
SKCTPAKIH, KPUCTAIN3AHMs, COPOIYS 1 Ip.) u GU3MKO-XUMUIECKUE,
COMPOBOXKIAIOIIUECS] MOJIEKYJIIPHO-CTPYKTYPHBIMYA M3MCHECHUAMM COCTaBa
CHIpHA U, CIEIOBATENBHO, €T0 CBOUCTB (TepMUYECKUI ¥ KaTaTUTUICCKUN
KpEeKUHT, prhOPMUHI, U30MEPU3aLML 1 Ip.).
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BceMm puzuko-xuMuuecKuM mpoiieccam nepepaborku HI'C npucyiie da-
3000pa3oBanme. PerymipoBanue ¢a3o000pa3oBaHus MO3BOISET HHTEHCUDUIIN-
poBaTh IIpoLiecChl epepaboTKi HePTU U MOJIydaTh IPOMYKTEL TPEOYEMOro Ka-
YeCTBa.

Baxueiimiee 3HaueHMe LT TIPOLIECCOB (Pa3000pa3oBaHusl B HE(HTEra30BOM
CHIPhE UMEET COOTHOIICHNE HU3KO- Y BHICOKOMOJIEKYJISIPHBIX KOMIIOHEHTOB.
OINTAMU3AIIS 9TOTO COOTHOIIEHMS — OIUH U3 BAXKHEHUIIINX PhIYaroB pPeTyIr-
pOBaHUS ITapaMeTPOB TEXHOJOTHMYECKUX IIPOLIECCOB ¥ KAYeCTBa IIPOAYKIIUU.
Takoe peryJmpoBaHUEe OCYIIECTBIISIIOT ITyTeM KOMITayHIMPOBAaHUS Wix 00pa-
oorkoit HI'C sHepreTryecKUMU MOJISIMHU (YIBTPa3BYKOBBIM, 3JEKTPOMAarHUT-
HBIM, MEXaHUYECKUM H JIp.).

B mporeccax dhazoobpa3oBaHus 0YCHb BaXKHA POJIb TeMiiepaTyphl. Ee u3-
MEHEHHUE BBI3BIBACT CTPYKTYPHBIC IIPEBPAICHUS B ChIPhE: MEPEXO U3 CBOOOA-
HOJMCIIEPCHOTO B CBSA3HOAMCIIEPCHOE COCTOsSIHME (MJIM MHOTOAa HaoOOpOoT).
H3MeHeHME NaBlieHUsI B CUCTEME CYIECTBEHHO BIWSET Ha TUIPOAVMHAMUYE-
CKHE XapaKTePUCTHUKU MacCOOOMEHHBIX IIPOLIECCOB B PE3YJIETaTe U3MEHEHUS
MexXda3HOU TOBEPXHOCTH.

Hayyno o6ocHOBaHa 1€1€CO00pa3HOCTh PETYIUPOBAHUS JUCIICPCHOCTH
He(TEra3oBOro Chipbs IS €r0 MepepabOTKX B aKTUBUPOBAHHOM COCTOSTHHM,
T. €. B COCTOSTHAM ONTHUMAJIbHOMN AUCTIEPCHOCTH.

TeopeTryecK YCTAHOBIICHO U SKCIIEPUMEHTAIBHO ITOATBEPKIACHO, 4TO U3~
MEHEHUE TUCIEPCHOCTH HE(MTETa30BOTO CHIPbhS B 3aBUCHMOCTHU OT CTEIICHU
BO3JEHUCTBUSA (BETMIMHBI TOTO WA MHOTO SHEPTETUICCKOTO IO, KOJIMYECTBA
Y IIPUPOINBI aKTUBUPYIOMIEH MOO0aBKY M IP.) HOCUT MOJMIKCTPEMANIbHBIA Xa-
paxkTep, a SKCTPEMyMbl 3HAYCHUI TUCTIEPCHOCTU ONPEHEIISIOT Y COOTBETCTBY-
IOT COCTOSTHUIO aKTUBUPOBAaHHOM cucTeMbl. [Ipyruem mis GonplmHCTBA DU3H-
KO-XMMUYECKHX TIporieccoB nepepabotky HI'C takoif 5kCTpeMyM 3HaYeHUS
JCIIEPCHOCTH CBSI3aH ¢ MUHUMM3AIMEN pa3MepoOB OUCIIEPCHBIX YacTHII, CO-
MPOBOXIAIOIIEHUCST pOCTOM MexXK(a3HO! MOBEPXHOCTH, YCKOPSIOIIMM IIPOLieC-
CHI TEIUIO- M MaccorepeHoca (KpeKUHT, TEPMOOKHUCIICHKE M 1ip.). MakcuManb-
HBIM X€ pa3Mep AMCHEPCHBIX YaCTHUL, CUCTEMBI CIIOCOOCTBYET IIPOBEACHUIO
GONMBIIMHCTBA (PU3NIECKHMX TIPOLIECCOB CeIaparyu.

CyMMapHBIM GHU3NKO-XUMHUYECKUI IIPOIECC MOXET OBITh YCJIIOBHO paszie-
JIEH Ha CJIEyIONIe B3aMMOCBSI3aHHBIE SJIEMEHTApHBIC cTaguy: 1) monsox pea-
TUPYIOIIMX KOMIIOHEHTOB B 30HY PEakIliy; 2) IIpOTeKaHue COOCTBEHHO XUMM-~
YeCKO# peakuyu; 3) OTBOM MOJYYECHHBIX NTPOAYKTOB U3 30HBI Peakiuy U UX
pasfescHue.

1l00600 peazupyrowux KOMNOHEHMO06 6 30Ky peaxyuu TIPOUCXONUT B PE3YJib-
TaTe MOJEKYIsIpHON muddy3um Wi KOHBEKIINU. [Ipn MHTEHCMBHOM ITepeMe-
IIMBAaHUY KOMIIOHEHTOB KOHBEKTUBHBIN IIEPEHOC HA3bIBAIOT TYPOYJICHTHOMN
nubdysuei.

IlonBon pearupyroIx KOMIIOHEHTOB OCYIIIECTBIIAIOT: abcopOIIreii, ancop-
Oumeit uiu necopOIreil ITapoB WM Ta30B, KOHIEHCAIlMe! IapoB, IIaBJICHUEM
TBEPABIX BELIECTB, PACTBOPEHUEM MX B XUIKOCTH, UCITAPEHUEM, BO3TOHKOM
U T. 0. ITepexon pearupyoriero KOMIIOHEHTa 13 OMHOM (a3bl B APYTYI0 BO MHO-
I'MX CITy4yasiX IpeCcTaBisieT coboit Haubosee MeUICHHYIO CTanuIo0 (PHU3UKO-XI-
MMYECKOTO IIpoliecca ¥ OIIpeessieT oOIIyIo €ro CKOpocThb. MexdasHbIit mepe-
XO[l, IO CYILECTBY, SIBJISIETCS CIOXHBIM TG OY3NOHHBIM IIPOIIECCOM.
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K umcity GU3HKO-XMMUIECKHX IIPOLIECCOB OTHOCAT BOJIBIIMHCTBO TEPMU-
qecKUX, TEPMOKATAIMTAYECKUX U TEPMOTMAPOKATATUTAICCKUX HPOLIECCOB
nepepaborku HI'C.

Xumuueckue peaxyuu COCTABIIOT OCHOBY (PU3UKO-XUMUYIECKOTO IIPOLICC-
ca. X¥MI9ecKOe IPEBPalIeHUe BEIECTBa TPOXOAUT YEPE3 PsiL OC/IEN0BATEIb-
HbIX (2 MHOTIA ¥ TIapaJUIeIbHbIX) XMMHIECKIX peaxifiii, B pe3yasTaTe KoTo-
DBIX 06Pa3yIOTCsL OCHOBHOU NPOOYKNL, nobounbie npooyKmui (MaTepyrajbl, NIMEo-
Ie HAPOTHO-XO3SMCTBEHHOE 3HAYCHME) U omxo0dst Tipon3BoncTBa. OOBIYHO
TIpY PACCMOTPEHUY IIPOM3BOICTBEHHBIX MPOIIECCOB YIUTHIBAIOT HE BCE peak-
M, & JIMIOb Te U3 HUX, KOTOPBIE OKA3bIBAIOT ONPENENIONIee BINAHNUC Ha Ka-
YeCTBO ¥ KOJIMIECTBO ITOIyJacMBbIX OCHOBHBIX IIPOIYKTOB.

Omeod noay1enHbIX npOOYKMOE U3 30HbL peaxyuy OCYIIECTBIIOT TaK XE, Kak
¥ TIOBOJL PearvpyroIvx KOMIIOHEHTOB, T. €. muddy3ueit W KOHBEKIMEH, KO-
TOpBIE B OCHOBHOM OIIPEMEIISIIOT IIEPEXOJI BEILECTBA U3 onHoM a3kl B IPYIVIO.

Cymmapmyio ckopocms QUIMKO-XUMHIIECKOTO TIPOLEcca ONPEISIAIOT CKO-
POCTHIO TIEPEYMCIEHHBIX STIEMEHTAPHBIX cramuii. Kak mpaBuiio, 3T NEMEH-
TapHBIE TIPOIIECCH! IPOTEKAIOT C PA3IITIHOM CKOPOCTBIO, IIOSTOMY obmasi CKo-
POCTS IIpoliecca TMMUTAPOBaHA CKOPOCTBIO Hauboree MeIIEHHOM cTanuy. Ecim
Hayboiee MEUIEHHO IIPOMCXOINUT caMa XMMIYecKast peakIys 1 OHa JIMMUTH -
pyeT CyMMApHYIO CKOPOCTb, TO IIPOLIECC NIPOTEKACT B KuHemu4eckol obaacmu.
st yCKOpEHYsi TaKUX IIPOIECCOB TEXHOJIOTH M3MCHAIOT TC (akTOpHI, KOTO-
phle 6osiee BCETO BIMSAIOT Ha CKOPOCTD XUMMYECKOI peakiliu, yBeInIuBasi,
HAIPIMep, KOHIEHTPAIAIO MCXONHBIX KOMIIOHEHTOB, TEMIICPATYDY, IaBIICHUE,
TIPYMEHSIS KaTamm3aTopkl. By ofIIyio CKopocTh MpoLecca IMMUTHPYCT oA~
BOJL pearupyloIyX KOMIIOHEHTOB WM OTBOJ IIPOAYKTOB Peakilyy, TO Tpolecc
IIPOTEKAET B OUPQy3uonHoil obracmu. J1a yeKOpeHMsI TaKMX IIPOLIECCOB CTPe-
MSITCSL YBEJIMYUTh CKOPOCTh M dy3uyl ycuIeHreM NepeMEIIMBaHys (TypOy-
JMzalyell pearupyonieil CUCTEMBI), TUCTIEPIUPOBAHICM (a3, MOBBILLIEHUEM
TeMIIepaTyphl ¥ KOHICHTPALH, TOMOTeHM3aLuel CUCTEMBI, T. €. IIEPEBOIOM
MuOro(ha3HO# CUCTEMBI B OMHO(DA3HYIO, U T. 1. Ecnu cKOpOCTH BCEX CTamui
GUBUKO-XMMAIECKOTO TPOIECCa COM3MEPHMBI — IIPOLECC MPOTEKACT B TaK
Has3BIBAEMOil TIepexonHoit obacty. [ yBenudeHuss CKOPOCTH TaKOro npo-
Hecca Heo6X0oaMMO IIPeXIe BCEro BO3NCHCTBOBATL HA CUCTCMY TEMU dakropa-
MM, KOTOpbIE YBEIMYUBAIOT Kak Au(Py3uio, TaK U CKOPOCTh XUMUYIECKOU
peaxiliy, HalpUMep TOBBIICHIEM KOHIIEHTpaluy pearnpyromix BEIECTB
¥ TEeMITEpaTyphbl.

3HaHie OCHOBHBIX 3aKOHOMEPHOCTEH (PU3MKO-XUMUYECKHX NIPOLECCOB
JIa€T BO3MOXHOCTb YCTAHOBHTD ONTUMAJIbHBIE YCTIOBUSA MX IMPOBEACHUA, T. €.
TIPOBOMUTH X Haubonee abOEKTUBHO ¢ MAKCUMAIBHBIM BBIXOJIOM, O0ecedn-
Basi TIONIYJEHMe TIPOTYKTOB BBICOKOTO Ka4ecTBa.

Texnonoeuueckuti pexscum — COBOKYITHOCTh OCHOBHBIX (daxTOpOB (T1apaMeT-
pOB), BIMSIOIIMX HA CKOPOCTB IIPOLIECCA, BBIXOA U KaUCCTBO mnponrykra. g
GOJBIIMHCTBA (PU3UKO-XMMITIECKHX ITPOIECCOB OCHOBHbIC ITapaMETPhI TEXHO-
JIOTHMUECKOTO PEXVIMA — 9TO TeMIIEpaTypa, NaBJIeHMUE, IPIMCHICMBIC KaTaIM-
3aTOpHI ¥ CTEIIeHb UX aKTMBHOCTU, KOHIEHTpaliy B3aMMOJIEHCTBYIOIIIX Be-
IIECTB, CIIOCO0 ¥ CTETICHb ePEMEINMBAHIA PEAreHTOB U JIp.

TlapaMeTphl TEXHOJIOTMYECKOTO PEXUMA OTIPENEIISIOT IPUHIIAIIBL KOHCT-
PYUPOBAHUS COOTBETCTBYIOIIX PEAKTOPOB. OrnmyMaJIbHOMY 3HAUEHHMIO Tapa-
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METPOB TEXHOJIOTMYECKOTO PEXUMa COOTBETCTBYIOT MaKCUMANbHasl TPOU3BO-
IWTEIHHOCTH araparoB ¥ HauOOJbIIad IIPOM3BOAUTEIBHOCTE TPYAA EpCo-
Hasia, 0OCIYKMBAIOLLETO MPOLIECC.

Ha KOHCTPYKIIVIO aIIiapaToB ¥ CKOPOCTh MPOLIECCOB CHIBHO BIIMIOT CIIO-
co0 ¥ CTEIIeHb CMEIIEHU PeareHToB. B cBOIO ouepens, CrIoco0 U MHTEHCHUB-
HOCTbH IIEPEMEIMBAHIS PEarupyronX MacC 3aBUCAT OT arperarHoro CoCTos-
HUS TTocneqHuX. VIMEHHO arperaTHOe COCTOSIHAE Pearvpyroiiix BEIIeCTB OIl-
pefieNsIeT CioCOBBI X TEXHONOTUYECKOM MepepaboTKu 1 IPUHITUIIEL KOHCTPY-
MpOBaHMs anaparos. [1o 3ToMy IPU3HAKY BCE CUCTEMBI B3aUMOISACTBYIOIIIX
BEINECTB ¥ COOTBETCTBYIONINE TEXHOJIOTMIECKME IIPOLECCHI ICIAT Ha TOMOTeH-
HBle (OMHOPOIHEIE) ¥ FeTEPOTeHHbBIE (HEOTHOPOMHEIE).

B 20mozcennbix cucmemax BCe PEATHPYIONTHIE BEIIECTBA HAXONATCA B OXHOMI
Kakoit-nm6o daze: rasopoit (I') win xunkoit (XK); B TBEpIOR — B IaHHON KHU-
re He paccMaTpuBacTCs.

Temepozennbie cucmembl BKITIOYAIOT [BE VTN OOJbIIEE KOIMIECTBO (a3.
Hanpumep, aByxdassbie cucteMsl: ra3—xkuakocth (I'—XK), ras—1sepnoe Teio
(T—T), HeCMeNIMBAIOIIMECS XUAKOCTb—XKUIKOCTh (K—2K), XumkocTb—TBep-
noe teso (K—T) u teepnoe teno—rBeproe Teno (T—T). B mpon3BoicTBeHHOM
rpakTuKe Hambonee yacto Berpedarotes cuctembl XK, I'-T, ZK—T. Hepenxo
TIPUXOIUTCS MMETh JIeNI0 ¢ MHOTO(a3HBIMU T€TEPOreHHBIMU CUCTEMAaMU, Ha-
npumMep I'—XK—T (TepMoKaTanuTHIECKUE IIPOLIECCH).

B IpOMBIIUIEHHOM MPaKTHKe TeTepOreHHbIe IMPOIECChl 0ojlee PacmpocT-
paHEHBI, YeM roMoreHHbie. [Tpy 3TOM, KaK IPaBIIO, TeTePOTCHHELH 3Tall IIpo-
necca (Macconepenaya) nmeeT TudPy3MOHHBIA Xapakrep, a XuMudeckas pe-
aKIUS IIPOUCXOINT TOMOTEHHO B ra30BOM WIN XUIOKOM cpefe. OnHaKo B pse
IIPOM3BOACTB IPOTEKAIOT TeTepOreHHble peakuuu Ha rpanune I'-X, I'-T,
K~T, KOTOpHIE ¥ ONPEIENAIOT OOIIYI0 CKOPOCTh Ipouecca (HanpuMmep, Tep-
MOKATATUTUYECKHUE TIPOLIECCHI).

I1o 3HaYeHUIM OPYIHX IIapaMETPOB TEXHOJIOIMYECKOTO PEXXMMA ITPOLIECCHI
MOXHO Da3felIuTh Ha HU3KO- M BBICOKOTEMIIEPATYPHBIC, KATAIUTHYECKUE
¥ HEKaTATUTAYECKHE, IIPOMCXOSAIIIE IO BAKYYMOM, IIPY HOPMAJIBHOM U BBI-
COKOM JABJICHUM MCXOIHBIX BELIECTB U JIp.

B cBSI3M ¢ TEM 4TO TEPMOKATAIUTHYECKHE ITPOLIECCH UMEIOT LENbIA Ps
crielndUYEeCKUX IIPU3HAKOB, C YIETOM MEXAHM3Ma IPOTEKAHUSA ¥ KOHCTPYK-
TUBHOTO O0GhOPMIIEHNS 1IEIECO06PA3HO PACCMATPUBATh MX OTAEIBHO. DTOMY
KJTacCy TEXHOJOIMYECKHX IIPOIIECCOB COOTBETCTBYET M CBOM XapaKTePHBIN TUII
pEaKTOpOB.

XuMMyecKre NpeBpalieHys BEIECTB CONPOBOXIAIOT TEIUIOBBIC IIPOIiec-
col. TermooOMeHHbIE YCTPOMCTBA COCTABIIIOT 3HAYMTENLHYIO YaCTh TEXHOJIO-
TWYECKUX CXEM IIPOU3BOACTBA M BO MHOIMX CIyJasx MMEIOT OONbIIoe 3HaYe-
HHe B KOHCTPYKIMM peakTopa. [1oaToMy mpy JaipHEIeM onucany o0mmx
3aKOHOMEPHOCTEH 1esieco00pa3Ho pas3iesbHO pacCMaTpUBaTh SK30TepMUIC-
CKV€ TIPOLIECCHI, TIPOTEKAIOIIHE C BBIIEICHUEM TEIUIOTHI, M SHIOTEPMUIECKHE,
MPOTEKAIOIINE C ITOJIOIIEHUEM TEIUIOTHL.

PassHoBecue peakumii. TeopeTIecKy BCe peakly OOpaTUMEL, T. €. B 3aBU-
CHMOCTH OT YCJIOBHI MOIYT IIPOTEKATh KaK B IIPSIMOM, TaK M B OOpPaTHOM Ha-
rpasieHusX. OgHAKO BO MHOTMX M3 HUX PaBHOBECHE CMEINCHO IIOJTHOCTHIO
B CTOPOHY IPOLYKTOB Peaklivy, ¥ 0OpaTHasa peakys IIPakKTHICCKU He IIPOTe-
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KaerT, I03TOMY TeXHOJIOTUYECKUE TIPOLIECCHI MeJIAT Ha obpaTuMBble ¥ HeoOpaTu-
Mele. HeoGpaTuMble TPOLECCH MPOTEKAIOT JIMIIb B OXHOM HATIDABIICHITH. Bce
0BpaTHMBIE TIPOLIECCH CTPEMSITCS K PABHOBECHIO, IIPY KOTOPOM CKOPOCTH TIPSI-
MOTO ¥ OGPATHOTO MPOLIECCOB YPABHUBAIOTCS, B PESYNIBTATE UEro COOTHOILIC-
Hile KOMIIOHEHTOB BO B3aUMOJIEMCTBYIOMINX CHCTEMAaX OCTAeTCs HEN3MCHHBIM
110 TeX TIOD, TIOKA He U3MEHSTCA YCIOBUS IPOTEKAHYIS IIPOLIECCA. IIpu m3MeHe-
UM TAKWUX TEXHOJOTMYECKHX IIapaMeTpoB, KaK TeMIIepaTypa, NaBIcHHe, KOH-
IIeHTpALWS PEarupyIOIIUX BEIECTB, PAaBHOBECHE HAPYIIACTICS, M MPOLECe MO-
XeT TPOTeKATh B TOM VA MHOM HANpPAB/ICHIY BHOBD 0 HACTYIUIEHN pABHO-
Becusl.

KoNIMIecTBEHHO COCTOSIHAE PAaBHOBECHUA ONHUCHIBAIOT B COOTBETCTBUM
¢ saxonom deiicmayiougux macc (3M): npu nocmosHHOU memnepamype U Haiu-
YL PAGHOBECUs: OMHOULEHIE NPOUsse0eHUs OeliCmBYIousUx macc nPOOYKmMOos peax-
YUY K npousgedenuro 0elicCmeyrouux macc LCXOOHBIX GEU4eCcma8 ecmb 6eAU4Una no-
cmosHHas, HA3sBacMas KOHCTaHTOl pasHOBeCHs K.

BusiHyie OCHOBHBIX TIaApaMeTPOB TEXHOJIOTMYECKOTO peXiMa Ha paBHOBE-
cue ompegessior o npuHimmy Jle Ilarense—bpayHa, COINACHO KOTOPOMY
6 cucmeme, blee0eHHOIl GHEWHUM 6030eiicmeueM U3 COCMOAHUA PABHOGECUS, ca-
MONPOU3EOALHO NPOUCXOOSM USMEHEHUS, CPeMSIUSUECS 6EPHYMb CUCTEMY K HOB0-
My COCMOSIHUIO PAGHOBECUS.

2.2. Kpurepuu 3¢ GeKTHBHOCTH
dU3NKO-XNMIIECKHX MPOLEeCcCoB

Boixox npoaykra. Haubomee mpocToi XapaKTepUCTUKON CKOPOCTH U IJIy-
6UHBI IPOTEKAHMS [POLECCa CIUTAIOT BBIXOM TPONYKTa (IpUMEHUTEIHHO
K TeTepOreHHBIM IIpoLeccaM ero HA3BIBAIOT TAKOKE CTETICHBIO IIPEBpalIeHN,
CTEeleHbI0 KOHBEpCUH WK "K03(PPUIIUEHTOM MOJIE3HOTO neitcreus (KI1I) re-
TEpOTeHHOro mporiecca’).

Crmenenvio npespaujeruisl, YW CreneHsio KOHeepCuu y, Ha3bIBAIOT OTHOLLC-
Hue (HaKTAYECKH TIONYyYCHHOTO TIPOAYKTa Gy K MAKCHMAIbHOMY (w1 Teope-
THYecKOMY) KOm4ecTBY Gy, KOTOPOE MOXHO OBLIO OBl [OJYIHUTh U3 JAHHOTO
KCXOIHOTO BEIeCTBa, T. €.

xX= ch/Gm-

JUisl XMMHUECKUX PeakIiii MaKCUMaIbHOE KOJIMIECTBO NPOAYyKTa — CTe-
XIOMETPIYECKOE, T. €. OIIPEIefIeHHOE M0 YPABHEHMIO PEAKLIAM C YHETOM KOJIH-
YyeCTBA TOTO MCXOIHOTO BELIECTBA, KOTOPOE MMEETCS B HEOCTaTKe. TIpumMeHu-
TeNBHO K XMMUYECKUM PEaKLUsiM CTeTIeHb IIPEBPAILCHI YacTO OIPEICIA0T
KaK OTHOILLEHIE KOJIMYEeCTBA OCHOBHOIO MCXOJHOIO BEINECTBA, daxkTIIeCKA
TPEBPAIIEHHOTO B IPOAYKT, K OOLIEMY €r0 KOINIECTBY.

BhIXOJ IIPONYKTA (CTENECHD IIPEBPANIEHNsT) MOXHO YIUTHIBATH KaK I10 BCEM
JICXOMHBLIM BEILECTBAM, IIPETEPIIEBAIOINMM T¢ YIK MHbIE TPCBPAILICHNM, TaK
1 TI0 OJTHOMY KaKOMY-JIHOO pearnpyroueMy BEIIeCTBY.

JIyist psizia TEeXHOJOTMMECKUX TIPOIIECCOB, KMHETHKA KOTOPBIX C1IE HEL0CTa-
TOYHO M3yJeHa, BBIXOJ IIPOIYKTa SIBIIACTCS eIMHCTBEHHOM MepOii OLIEHKH CKO-
POCTH ¥ TIOJTHOTHI IPOTEKAHMS IIpoLecca.
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BoJIBbIIyIO YacTh XMMUYECKHUX TIPEBPAIIEHUI He(PTEra30B0ro ChIphsA COIIpo-
BOXIAIOT IMOOOYHBIE peakivi. IIpy 3TOM C yrIybieHUeM Iiponecca BIUSHKE
MOGOYHBIX peakiiii BO3pacTaeT M, COOTBETCTBEHHO, I1afaeT BHIXOM LEIEBOTO
MIPOAYKTA.

DiyOuna npespamenus ceipbs (yCaoBHAs DiyOuna npespamenus). Iyouny
mpoliecca OOBIYHO XapaKTepu3yIoT 10JIeH IPeBpallleHHOrO Chiphd. IIpuMeHu-
TEJIGHO K He(PTEra30BOMY CHIPHIO CIIOXKHOTO XMMUYECKOI'O COCTaBa IOHATHE
DIyOMHBI IpEeBpalleHys, KaK IPaBUIo, YCIOBHO. Tak, Ipy KPeKMHIe (TepMHU-
YeCKOM U KaTAIUTHYECKOM) 32 HEMIPEBPAIIEHHOE ChIPBE OOBIYHO NIPUHUMAIOT
TY 9acCTh XUIKHMX MPOAYKTOB, KOTOPAd BBIKUIIAET B MIpeeiax UCIIAPEHMS UC-
XOIHOTO ChIphd. OIHAKO TaKoe JIOIYIIEHUE YCIOBHO, TaK KaK M0 XMMIYECKO-
MY COCTaBY MPOAYKT KPEKWHTA 3HAUUTEIBHO OTIIMYAETCS OT CBIPhsI, ¥ CXOJICTBO
OTPaHMYEHO TOJIBKO IIPEIeNIAMU BBHIKHIIAHMS. DTO pasnudue TeM OOIbIIE, YeM
[Iy0XKe TIPOIIEN ITPOLECC.

B HEKOTOPHIX ClIyJadx ITOHSATHE TTyOMHBI MPEBPAICHU CTAHOBUTCA €Ile
oostee yeroBHbIM. Harpumep, py nupoiu3se 6eH31Ha C LEIIbIOo ITOIyYEHMs ra-
3000pa3HBIX 0JeGUHOB BHIXOX ra3a noxoaut 0o 80 % (cuutas Ha GeH3UH),
IIPY 5TOM HapsIIy ¢ Ta30006pa30BaHUEM IIPOUCXOIAT CTONb IIIyOOKas apOMaTH-
3a1¥s ¥ YIUIOTHEHHE MOJIEKYJI, YTO COCTaB XHUIKOTO IIPOIYKTa UPOJIH3a (CMO-
71a) COBEPIIEHHO OTIMYEH OT COCTaBa MCXomHoro 6ensuHa. Ilpu nuponuse
33 IIyOHMHY IIpeBpAIlCHUS IIPHHUMAIOT BBIXOL I'a3a, HO ¢ ONVHAKOBHIM OCHOBa-
HUEM MOXHO IIPHUHATH 1 BBIXOJ LIEJIEBOTO IMPOAYKTa — STWIEHA Y IIPOIMICHA.

B psizie ciay4aeB Ipoliece IMpeBPaIIeHUs ChIPhS 11e1eCO00pa3Ho IPOBOIUTH
¢ OMpee/IeHHOM, 3apaHee 3alaHHOM IITyOMHOI, BO3BpalLas "yCIOBHO HEIPEB-
palleHHYI0" YacTh CHIPhs B 30HY peakiyy. OY4eBHIHO, YTO €CIIM COCTaB STOU
BO3BpalIaeMoi Pppaxiuu OIM30K K COCTaBY CHIPhsI, TO (PPaKIUIO Iepe] I1oaa-
geil B CUCTEMY LIEECO00Pa3HO CMENIATh C COOTBETCTBYIOLIEH ITOpIUeEi CBEXe-
TO CHIPBSIL.

Ecim nepBuyHOe IpeBpaleHye NAeT IIy00Ko, TO "YCIOBHO HETIPEBpallieH-
HYIO" 9aCTh ChIPhsS MOXHO JIN60 OTAEIBHO IOABEPraTh BIOPUYHOMY IIpeBpailie-
HUIO, JIN00 BOOOIIE BEIBOIMTH M3 CHCTEMBI B KAYeCTBE IIOOOYHOTO IIPOAYKTA.

Ipu TepMuyecKoM KpekuHre HedTIHBIX (Ppakuuil g YBEJIMYEHHS BBIX0-
Ia 6eH3MHa 1Ie7Ieco00pa3sHO HAIPaBIsATh Ha MOBTOPHBIA KPEKUHT (OoJblIei
YaCTBIO B CMECH CO CBEXXMM CHIPhEM) IIPOMEXYTOUHBIE Ta30ilyIeBble (Ppakiuy,
KOTOPBIE OTHOCHUTENIBHO JIETKO IOABEPraroTCsd KPEKMHIY.

Ilporecc, CONPOBOXIAEMBIA BO3BpAIIEHNEM HENPEBPAIICHHOM (rn "yc-
JIOBHO HEIIPEBPAIEHHON ') YaCTH CHIPHS B 30HY PeaKliy, HOCUT Ha3BaHUE npo-
uecc ¢ peyupryaayyeii. TIPUHIAIT PEUUPKYJSIMY IIMPOKO MCIIONB3YIOT B (u-
3UKO-XMMHYECKHUX IIPOLIECCaX.

PaccMOTpYM TEPMHHOJIOTHIO M PACUETHBIC ITOKA3aTENH IIPOoLecca ¢ peuup-
Kyanyei. HenpespalleHHyo WiM "yCJIOBHO HETIPEBPAIEHHYIO" 9acTh CHIPbS
Ha3BLIBAIOT peyupkyasmom (MHOTIA PUCAMKIIOM), TaK KaK €€ BO3BPAIlaloT B 30HY
peakuyu. OTHOIIEHME KOMMIECTBA PEIUPKYIIATA K KOIMYECTBY CBEXKETO ChI-
phs (IIpUHMMAs CYMMApHYIO 3arpy3Ky peakTtopa 3a 100 %) HaspIBaOT K03ggu-
UUEHMOM PeyupKyAaylUY, a OTHOIICHYE OOIIEH 3arpy3Ku peakTopa K KOIude-
CTBY CBEXETO CHIPbS — Koappuyuenmonm 3aepysku. Eciy kosb@uuumenT perup-
KyJILUK 0003HaYuTh yepe3 K, a KoodUumeHT 3arpy3ku yepes K, HETpyIHO
YCTaHOBUTH, 4TO K} = K+ 1.
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T[TpuMeHeHre PELUPKYIIAIAN I03BOJIAET 3HAYUTEIBHO YBEIAIUTH BBIXOX
11eJIeBOTO IIPOIYKTa, HO YMEHBIIAET IIPOIYCKHYIO CIOCOOHOCTh peakTopa 1o
CBEXEMY ChIPIO. [103TOMY TONyCTUMYIO [IyGHHY TPEBPALICHIS ChIPbIL 3a ofl-
HOKpATHBIH IIPOITYCK HYXHO BbIOMPaTh MAKCUMAILHO BO3MOXHOH JUI JaHHO-
TO CHIpbS U pexuma. JlomycTuMast IIyOuHa IPEBPAILCHIS OTpaHITieHa obpa-
30BaHMEM ITOOOUHBIX IIPOAYKTOB — Ta3a WM KOKCOBBIX OTJIOXEeHU (IPOAYyK-
THI VIUIOTHEHUA). :

CxopocTh nmponeccos. 11 BEIOOPa YCIOBUI TIPOBEICHUA TEXHOJIOTHYECKHUX
IIPOLIECCOB, THIIA PEAKIIMOHHOTO aIapara u ero pasMepos HeOOXOIMMBI 3Ha~
HYis KUHETIYeCKIX 3aKOHOMEPHOCTEH, TI03BOJIAIOIIHX PACCUNTHIBATH CKOPOCTDH
bU3HKO-XUMUYeCKOTO nporiecca. CKOpOCTb FOMOTCHHBIX peakiuii w; ompene-
JIIOT TI0 YPaBHEHUIO :

g Ldm

w; == ,
Vo di

Ioe #; — KOJNMECTBO OXHOTO M3 PeareHTOB WK IPONYKTOB, [pOpPEarkpOBABIICIO B eANHULY BPEMEHH
B eIUHWLE PEaKIMOHHOTO IIpocTpancTsa V.

Tpeo6ramaroniee GONBIIMHCTBO PeaKIi B bU3UKO-XUMIIECKUX TIPOLIEC-
cax MPOTEKAeT ¢ yIacTHeM BELIECTB, HAXOMAUIMXCS B PaSHBIX dazax. OOmUM
JUTS BCEX HUX MOYKHO CIMTATD TO, UTO PEAKLst HAYMHACTCS JIIIb TI0CTIE IIepe-
XOIa PeareHTOB K MOBEPXHOCTH pasfena has uim B o0beMe apyroi dassl. Ta-
K€ TPOIIECCH], HA3bIBACMBIE 2emepo2eHHbiMU, KaK TIPaBUIIO, MHOTOCTAIAAHBIL.

CKOpOCTh TETEPOTEHHOTO MPOLECCa ONPENEISIOT 110 YPABHEHUIO

w, =l L&

aS dt’

Ie W4 — CKOPOCTBH IIpOliecca 110 pearcHTy A; a — crexuoMeTpuIecKuil KooQdUIMEHT peareHTa A;
S — mnomans noandasHol (PeaKIMOHHON) ITOBEPXHOCTH; Ny — KOJIMYECTBO peareHra A.

Eci B TOMOTeHHBIX IIPOLeccax P XOPOIIeM MepeMeIIMBAHNN b dy-
3UsT IPOTEKAET OYCHb OBICTPO Y MPaKTHIECKN HE BIMACT Ha CYMMapHYIO CKO-
pOCTh, TO B TETEPOIE€HHBIX CUCTEMAX b dysust, Kax IpaBuio, — caMmas MeJi-
JeHHAS CTAMNS, OIPENEITIONast OOLIYI0 CKOPOCTh BCETO MIPOLECCa.

B TeTepOreHHBIX He(TETa30BbIX CHCTEMaX TEXHOJIOIU CTPEMATCA 10 BO3-
MO>KHOCTH TIEPEBECTH IIPOLIECCHI U3 T (Y3MOHHON I TIepexoaHoi obrac-
TH B KUHETWYECKYIO, TIPUMEHSIST MHTEHCUBHOE NIEPEMEIIMBAHNE PCarCHTOB.

Veeauuenus Koncmanmot ckopocnu npoyecca (KoapoUIEHTa MAaccomepe-
Jauyy) JOCTUTAalOT B OCHOBHOM TPEMsI crioco6aMu: 1) ITOBBILLIEHUEM TeMIIEpaTy-
pBI; 2) IPUMEHEHMEM KaTaIn3aTOPOB; 3) yeuieHreM repeMenBanHmua pearu-
pylommx Mace (TypOyausanyen cucTeMBI) B IIpolieccax, TMMUTAPYEMBIX MCX-
(basHBIM TIEPEHOCOM.

Veeauuenus 0guscywleli cuabl npouecca JOCTATAIOT: 1) TIOBBILECHIEM KOH-
[EHTPALIHI B3aUMOIEHCTBYIOLINX KOMIIOHEHTOB B MCXOIHbIX MaTtepuajiax (Cbi-
pbe); 2) yBeIMIEeHUEM NAaBICH; 3) OTBOIOM TIPONYKTOB PeaKIWK U3 PEaKIIM-
OHHOTO 00heMa; 4) cMelleHeM PaBHOBECHSI NPY M3MEHCHUM TEMIICPATYDPbI
U JaBJICHUA.

JIBVDKYIIYIO CUUTY IIPOLIECCA BO BCEX CITyJasaX BBIPAXAIOT UEPE3 pa3HOCTH [Iei-
CTBUTEBHBIX 'Y PABHOBECHBIX C* KOHIIEHTpaLi pearvpyroLX BEIIeCTs (C—C¥).
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TosTOMY VBEIMUYEHHUE ABYDKYIIEH CHITBI IIPOLIECCA OCYIIECTRIIAIOT WM TIOBbI-
menueM C, Wi yMeHbmieHueM C*, WM OMHOBPEMEHHBIM COOTBETCTBYIOIIUM
M3MEHEHHEM O0EUX BEJIMYMH.

Yseauuenue nosepxnocmu conpuxocnogenus pas B reTEPOreHHBIX CUCTEMAX
TaKKe IIMPOKO IIPUMEHSIOT JJISI IIOBBIIIEHMS CKOPOCTH TEXHOIOIMYECKIX IIPO-
reccoB. B 3aBucuMocty ot Bupa rereporedHoi cucremsl (I'—2XK, I'-T, KT,
K—X, T-T) moBepXHOCTh COIPUKOCHOBEHUS (Pa3 MOXHO YBEIMYUTH CaMbl-
MU Pa3HOOOPA3HBIMK CIIOCO0aMM, KOTOPBIE OIPENEIISIOT THII M KOHCTPYKITAIO
armapara.

JIis yBeMUYEHNS IIOBEPXHOCTH COIIPUKOCHOBEHMS (a3 BO BCEX CHCTEMaX
CTpEMSITCS Pa3BUTh IIOBEPXHOCTH TsKeNol (pasel (TBepmoi) B cucreMax I'-T,
K—T n xunkoi B cucreMme I'—2XK, 9To mocturaercs B repByIO oyepes U3MeIb-
YeHUEM ChIPbs WM YBEIMIEHIEM IIOPUCTOCTH KYCKOB WIJIM TPaHyII (3epeH) TBep-
JIOTO MaTepuaa.

Heob6xommMo Taxke mepeMelMBaTh TBEPAbIA MaTepyall ¢ ra3oM VI XWlI-
KOCTBIO, JIJISI 9Eero MCIIONB3YIOT MEXaHWIECKUE U ITHEBMATUYECKIE MEIIaJIKH,
coruia wix GOPCYHKM UIsI PaCIIBUICHUST MENIKO3EPHUCTEIX MAaTePHAaIoB, IpUMe-
HSIOT IIPOBENEHNE PEAKIMI B GQIIBTPYIOIIEM M B3BEIICHHOM (KUILALIEM) CJIOE.

JU1 pasBUTUSA [TOBEPXHOCTH XKMIKOM ¢as3sl B cucreMax I'—2K ncnonssyror
HAacaIK¥, OpoIIaeMble XHUIKOCThIO, Pa30pBI3rMBaHNe XUIKOCTH B IIOTOKE Ia3a,
6apOoTax raza 4epe3 XHUIKOCTb ¥ CO3JaHMeE B3BELICHHOIO CIIOS XUIKOCTH
B IIOTOKE rasa B BUIE ITOABIIKHOM meHBl. CXOOHBIE CIIOCOOLI IPUMEHSIOT
¥ JUTS CO3aHUs GOJIBIION IIOBEPXHOCTH COIIPUKOCHOBEHUS B cucteMe ZK—2XK.

K ocHOBHBIM cItocofaM, 00ECIIEYMBAIONIMM XOPOILINE YCIIOBUS KOHTAaKTa
(a3 B TeTEPOreHHBIX MPOIECCaX ¢ YIACTUEM TBEPIOM (Pa3bl, MOXHO OTHECTH:
IepeMeNIUBaHNe TBEPIOTO MaTeprana MEXaHUYECKIMY MeIIaIKaMy U OMBI-
BAHME €T'0 CBEPXY I'a30M MJIM XUIKOCTBIO; IIPOITYCKaHMe IIOTOKA ra3a VITH XKW/~
KOCTH Yepe3 HEITOABIDKHBIN CJIOM KYCKOB WJIX IPaHyJl TBEPAOro MaTepHaia, Jie-
KaIero Ha KOJIOCHHKAX FUIH pellleTKax; IepeMelInBaHye Marepyaia BO B3Be-
HIEHHOM (KUIIIIEM, TICEBIOOXIDKEHHOM) ciloe. B3peleHHbli citoii obpasyer-
Cs1 IIPH IIPOITYCKaHUHY CHU3Y BBEPX TOTOKA I'a3a WM KUIKOCTH Yepe3 CII0H TBep-
IIOTO 3€PHMCTOrO MaTepyrajia ¢ TaKOW CKOPOCTBIO, IIPY KOTOPOM YaCTHIILI Ha-
YUHAIOT IIEpEMENIATRLC, IIYILCAPOBATh WM IIaBaTh B IIOTOKE OoJee JIETKOM
(da3sl, kak 061 "kumeTs". [ToaToMy B cucteMax I'—T Tako# ¢jroil Ha3bIBAIOT eIie
u xunamuM. CKopocTh JIerkoit ¢assl MoadMparoT TaKUM 06pa3oM, YTOObI
YaCTHIIBL TSLKEIION (pasnl He ITOKMIAIM TIPEACIOB PEaKIMOHHOIO arapara.

B cirydae KMITAIIETO CIIOS IIOBEPXHOCTh B3aUMOAEHCTBUA (Pa3 MaKCHUMaJIb-
Ha [UId JaHHOU CTeIeHN M3MeIbYeHMs MaTepuaia, cKopocTs TUGQY3MOHHBIX
IIPOLIECCOB PE3KO BO3PACTAET, IIO3TOMY B3BELICHHBIH CJI0i 04eHb 3 deKTH-
BEH BO MHOTHX IeTePOTCHHBIX TEXHOJOTMYECKMX IIPOLIECCaXx.

Tennossie 3¢derTsi. 1 OOMBIIMHCTBA paCCMaTPUBAEMBIX IIPOLIECCOB
XapaxkTepeH TeIuIoBoi 3P dekT cyMMapHbIX peakimii. Termosoi s@dekT Mo-
KeT OBITh OTPUIIATEIBHBIM (B 3TOM ClIy4yae AJisl OCYLIEeCTBIEHMS Ipolecca
HEOOXOIVIMO 3aTPaurBaTh HEKOTOPOE KOJMIECTBO TEIUIOTHL) WM IIOJIOXKUTEIb-
HBIM (KOIIa IIPOMCXOIUT BBIIEIEHNE TEIUIOTH], ¥ U1 COXPaHEHUS H30TEPMMY-
HOCTH IIpOLecca HEOOXOMMMO OTBOMUTD €€ U3 PEaKIIMOHHOM! 30HBbI).

Peaxniyu pasinoxeHus, ASTHIPUPOBAHNS Y NEIIOIMMEPU3ALII, COIPOBOX-
Jaronmecs 00pa3oBaHMEM K3 UCXOTHON MOJIEKYIBI ChIPhSI IBYX U 60JIee MOJIe-
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KYJI IIPOLYKTOB PasIOXEeHIS, UMEIOT, Kak IIpaBuiio, OTpMLATENHHEIH TEIUIOBOX
3¢ deKT, T. €. TPeOYIOT 3aTpar TEeIIOThL. Peaxkiiyy IpHUCOSIUHEHNS BOAOPOQ,
[OMVMEPU3AIMY ¥ KOHIEHCAIIUY, COIPOBOXNAIOMMCCH 06pa30BaHWEM K3 IBYX
11 GoJIee MOJIEKYJT OHOM MOJEKYIbI GOJIbIIeH MOJIEKY/IIPHOM MacChl, MPOTEKa-
IOT C BBUIEJIEHHEM TeTUIOTHL. OTpULIaTeIbHBIN TeruroBoil a(PpdeKT peaximii pa3-
JTOSKEHYISI CBIIETENLCTBYET O TOM, YTO MM OJIaronpHsATCTBYIOT BEICOKME TEMIIC-
paTyphl; IIIyOMHA 9K30TCPMUIECKUX peaKIyii BO3PACTAET C TIOHIDKEHUEM TeM-
Teparyphl. TakuM 00pa3oM, 9eM CEJIEKTUBHEE IPOTEKACT TIpOIEeCC, TEM BBIIIIE
ero CyMMapHBIii TeIuIoBo# ¢ dexT, Ha KOTODBIA B JAHHOM CJIy9ae HE BIMIOT
IpPYTHE Peakiu, IPOTEKAIONIIE NapajiiebHO 1 00amarone NHOrAa TeIio-
BBIM 3(M@EKTOM, TIPOTUBOIOTIOKHBIM IT0 3HAKY.

ComacHo 3akoHy Iecca, TeruioBoii addexT XMMHWYECKOM peaxiiy 3aBU-
CHT He OT IIYTH TIEPEX0fia OHOTO BELIECTBA B IPYroe, a TOIbKO OT HavyaJIbHOTO
I KOHEYHOTo cocTosiHus Bemectsa. TaK, eClM YIJIEPOJ CropaeT IOIHOCTLIO,
TO KOJMYIECTBO BBUICIUBIIENCS TEIUIOTH OyleT ONMHAKOBbIM HE3aBUCUMO
OT TOTO, IPOU3OMIET JI CrOPaHue 110 YPaBHEHUIO

C+0,-CO+0Q
WIM IOCJIEeNOBATEIBHO 0 JBYM YPAaBHEHUAM:
C+0,50,—>CO+ Q'; CO+0,50,—>CO,+ (04
HiTorosas TeIUIOTa CropaHus OymeT paBHa:
0=0'+0

Haaue TerioBbix 3GdeKToB TpedyeT COOTBETCTBYIOIIEr0 KOHCTPYKTHB-
goro odopMmIeHus peakropa. [Ipy oCcyleCTBICHUN TEPMIUYECKOTO MM KaTa-
JIMTUYECKOTO KPEKMHTA, pU(POPMIHTa ¥ APYIHX MPOLECCOB, COIPOBOXIAIOIIMX-
Ccs1 3aTpaToil TEIUIOTHI Ha PEaKInIo, HeOOXOXMMO BHOCHTH TEIUIOTY B peaKilv-
OHHYIO 30HY. DTOIO MOCTUTaioT 760 ITOXBOIOM TEIUIOTHl Yepe3 CTeHKY TpyO
HarpeBareIbHO-PEaKIIMOHHOIO 3MECBUKA TICUM, 1160 HEKOTOPBIM IIEPETPEBOM
HCXOIHOTO CBHIPhS, TNOO NPUMEHEHNEM TBEPAOTO WA ra3o00pa3Horo TeIo-
HocuTend. B mpormeccax, IPOTEKAIOIIMX C BBIIETIEHNEM TEIUIOThL, [ roaaep-
SKAHMS TIOCTOSIHHOM TeMIIEpaTyphl HEOOXOMUM OTBOJL TEIUIOTHI, C STOM 1IETBI0
IIPUMEHSIOT IPSIMOM BBOZ OXJIXIAIOIIETO arcHTa B pEeaxTop WX CO3MAI0T TaM
PEXMM, CIIOCOOCTBYIOIIMI TEILIOOTBOLY (4epe3 TEIUIOOTBOMSIIYIO TIOBEPX-
HOCTh). HampyMep, B peaKTOPbI TMIPOKPEKIHIA BO n36exaHue noxbeMa TeM-
TIepaTyphl BBOIAT XOJONHBIN BOZOPOJ, a MPH ATKWIMPOBAHUK U300yTaHa Ia-
3006pa3HbIMHA oJeIHAMI BBIIEIISTIOLIYIOCS TCIUIOTY OTBOMAT IIyTeM HCrape-
HUS YacTH M300yTaHa, HaXOMSIIErocs B CUCTCME.

2.3. Karam3 u KaTaimu3aTopbl

Kamanu3 — MHOTOCTAIVIHBIN QU3UKO-XMMHUYECKIN IPOLECC n36uparenb-
HOTO M3MEHEHMS MEXaHU3Ma M CKOPOCTU TEPMONMHAMUYIECKH Pa3PEINCHHBIX
XUMITYECKUX PEAKIAiA KaTaTi3aTopoM, 00pasyionuM ¢ yIaCTHIKaMI peaximit
ITPOMEXYTOUHBIE XUMUYECKUE COSIUHCHHS, HO HE yJaCTBYIOIMM B KOHEYHBIX
TIPOIYKTAX.
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Pasznmuyaror IoJ0XUTEIbHBIN KaTaIn3 — YBEIWYEHUE CKOPOCTU PeaKLy
IO BIMSHUEM KaTajlM3aTopa M OTPHIUATETbHBIA KaTaJIU3, HIPUBOAAIINAN
K YMEHBIIEHUIO CKOPOCTH XMMHIECKOTO MpeBpalieHus. 1Ipy rmoroxuTeIbHoM
KaTaJIi3€e IIPOMEXYTOUHOE B3aUMOIEHCTBIE PEarUPYIOIINX BEIIECTB ¢ KaTali-
3aTOPOM OTKPBIBAET HOBEIA, SHEpreTHyecky 00jee BBITOMHBINA (T. €. ¢ MEHb-
HIel BEICOTOM SHEPreTHIECKOro 6aphepa) peakKIMOHHBIN ITyTh (MapiipyT). 11pu
OTpULATENILHOM KaTaju3e, Hao00poT, monasisercs (MHruoupyercs) OuicTpas
¥ DHepreTuyecky 6ojiee Jierkas CTaius XMMUYECKOIO B3aUMOIECHCTBUA.
Crenyer OTMETUTH, 9TO TION TEPMUHOM "KaTaiu3" ITOIpa3syMeBaloT IIPpeUMyILe-
CTBEHHO TOJIBKO TIOJIOXMTEIbHBIA KaTallu3.

Baxnasg 0cOOEHHOCTD KaTajin3a — HEM3MEHHOCTh COCTaBa KaTajm3aropa
TIocjie MPOTEeKAHMS IIPOMEXYTOUHBIX XUMUIECKUX B3aUMOIEHCTBIIA ¢ pearu-
pyoimuMu BeniectsaMu. Katanusarop He pacXomyeTcsd B IIPOLECCE KaTanms3a
¥ HE BXOOWT B CTEXMOMETPHUIECKOE YPABHEHUE CYMMAapHOHN KaTaJMTHIECKON
peaxiuy. DTO 03HAYAET, YTO KATAIM3 HE CBS3aH C U3MEHEHMEM CBOOOTHOM
SHEPIUM KaTaju3aTopa M, CJIENOBATEIBHO, KaTalM3aTop HE MOXET BIUATH Ha
TEPMOAMHAMHWYECKOE PABHOBECHE XUMUIECKUX PEAKLIVIA.

KaTanusaTrop He y4acTBYeT B CTEXMOMETPUUYECKOM YPABHEHUU PEaKIIVIA.
OnHaKo TOJ, BIUSIHUEM PEareHTOB, IpUMeceil, OCHOBHBIX M ITOOOYHBIX IPO-
IYKTOB PeaKIuii, IMPKYJIAIN U TEMIIEPATYPhl KaTaIn3aTop BCEra mpeTeprie-
BaeT PUBMKO-XUMIIEeCKIe u3MeHeHs. [103TOMY B IPOMBIIUIEHHBIX KaTaly~
TUYECKHX IIpolieccaX MPeayCMaTPUBAIOT MEPUOANYECKYIO WM HETIPEPBIBHYIO
pereHepalio KaTajin3aTopa WiH ero 3aMeHy.

Muorue peakiyy 6e3 Karaqu3aropa He IPOTeKaloT BOOOILE, HAaIIpUMED 130~
Mepu3anust alkaHos. OgHAKO TEPMOIMHAMWYECKM 5TU PEAKIMU BO3MOXKHBI,
Y TIPUMEHEHNE KaTaIn3aTopa I03BOJIIeT ocyliecTBUTh ux. Karanusarop obpa-
3yeT IIPOMEKYTOIHBIC XMMUIECKHE COSIHEHNS C PearupyomyuMy BelecTsa-
MU, B pe3yJbTaTe BO3HUKAET HOBHIM, HE BO3MOXHBINA 0€3 KaTanusaropa, IyTh
PeaxIiy, COCTOSIIMIA, KaK IPAaBUJIO, U3 GONBIIEr0 YHCIa IEMEHTapHBIX CTa-
T, 9eM B OTCYTCTBHE KaTaJIM3aTopa.

Knaccnukanus Karajm3aropoB ¥ KaTAJUTHIECKUX nponeccos Hedrenepe-
padorku. KatanusaTopsl ¥ MpoLeccsl, B KOTOPLIX OHU YYaCTBYIOT, MOXKHO KJ1ac-
cuULMPOBATh 10 1) arperaTHOMY COCTOSIHUIO; 2) THITY XMMUYECKOTO B3aUMO-
NeHCcTBUS; 3) Ha3HAYCHUIO.

Ilo aepecammnomy cocmosanur Pearupyroniux BEIIECTB U KaTalusaropa pas-
JMYAIOT TOMOTEHHBIN (peareHThl M KaTalu3aTop HaxonsTcs B OnHOM (dase)
¥ TeTepOTeHHBII KaTamu3 (KOraa KaTaTuTUIeCcKast CUCTEMA BKIIIOYAeT HECKOJIb-
Ko da3). B HedTenepepaboTKe TeTEPOreHHBII KaTaIu3, OCOOEHHO ¢ TBEPABIM
KaTaIu3aToOpOM, PACIIPOCTPAHEH 3HAYUTEIBHO OOJIbIIE, YEM TOMOTEHHBIN.

ITo nasnavenuro Pa3INIalOT KaTATUTAYECKWI KPEKUHT, PUPOPMUHI, U30-
MEPU3ALIIO, ATKIINPOBAHKE, THIPOOYUCTKY, TUAPOKPEKVHI, IOMMEPHU3AIHIO,
IIPOM3BONICTBO Bomopona, cepsl, MTBD u ap.

Ilo xapaxmepy xumueckoeo 3aumoodelicmsus KaTaanu3aTopa ¢ pearupyromm-
MM BeLIeCTBAaMH ¥ IPOMEXYTOUYHBIMU IPOLYKTAMU PA3INYaroT KMCIOTHO-
OCHOBHBIE ¥ OKHCIUTEIHPHO-BOCCTAHOBUTEIbHBIC KATATUTUUECKUE PEAKIINM
1, COOTBETCTBEHHO, KATATM3aTOPHI. B KMCIOTHO-OCHOBHBIX PEaKUMAX IIPOMeE-
KYTOYHBIE aKTUBHBIE YaCTUIIbI — MOHBI, ¥ KaTATM3aTOp WHULIMUPYET UX 00pa-
30BaHMeE B pe3yJIbTaTe Iepeaadr IMPOTOHOB OT KaTaJIN3aTopa K peareHTy Win OT
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peareHTa K Karanusaropy. KarajqusaTopamy B 9TOM Cly4ae CIIyXaT KMCJIOThI
11 OCHOBaHMSI.

B OKMCTUTEILHO-BOCCTAHOBUTENBHBIX PEaKIIUIX IIPOMEXYTOTHBIC JaCTH-
B — PAIMKATIOMOAOGHbIE HEHTPAbHBIC 00Pa30BaHIIsI CBASAHBL C AKTUBHBIMU
IEHTPaMH KaTaIi3aTopa IONIAPHBIMY CBA3SIMU 1 KaTaIUTHIECKOC BO3IEHCTBUE
BOSHUKAET C TIEPEXOIOM 3JIEKTPOHA OT aKTUBHOTO LIEHTPA KaTalu3aTopa K MO-
JIeKyJie peareHTa u 00paTHO. B KayecTBe KaTaiu3aropoB UCIIOJIb3YIOT MEeTaJUTb
¥ TIOJYIPOBOIHMKN — OKCHIBI, CYIbGUIEI i KOMIIICKCHBIE COEIMHEHMS.
AKTUBHBIMU IIEHTPAMU STUX KaTaJl3aTOPOB CIIyXaT 0OBIYHO HE MOIHOCTHIO
KOOPAMHYPOBAHHBIEC aTOMBI WM KaTHOHE! IIEPEXONHBIX METAILIOB. ITpu ob6pa-
30BaHUM KOMIUIEKCA peareHTa ¢ KaTali3aTopoM IPOMCXOMUT MOJIAPUIALIML
YUTH MOHM3AIVs PEarupyIOIeii CBSA3M 3a CYET II0Js1 HOHA METajlIa — KOMILICK-
c006pasoBaTels, KOTOPBIA MOXeT KaTaJlM3MpOBaTh peakllii Kax KHCJIOTHO-
OCHOBHOTO, TaK ¥ OKHCJIUTEILHO-BOCCTAHOBUTEIBHOTO THIIOB.

Cynpduisl ¥ OKCHIBI METAUIOB, KaK MPaBIIo, 00J15aI0T ¥ OKMCIIUTEIIb-
HO-BOCCTAHOBUTEHHOM, M KHMCIOTHO-OCHOBHOM aKTHMBHOCTBIO, T. €. ABIIAIOT-
cs1 GUDYHKITMOHAILHBIMY KaTaIi3aTOpaMH.

Kartammuueckue peakiym (Tadm. 2.1), OCymecTBIIAEMBIC B HedTernepepa-
GaTHBAIONIEH [IPOMBIIIUIEHHOCTH, OTHOCSATCS K OKUCIUTE/IbHO-BOCCTAHOBI-

Taémuua 2.1. KaraiuTuyeckne peaxuuy

Peaxiuus IIpouecc OCHOBHBIE KAaTaAU3aTOPbI
OKUCAUMEABHO-80CCMAHOGUMENbHbIe DEAKUUY
TunpupoBaHue:
RS + H, - RH + H,S OuucTKa OT CEPHUCTRIX Oxcuppl 1 cynbdunst Co, Ni
COeRMHEHNHI 1 Mo Ha OKCHIIE ATIOMUHUS
C¢Hg + 3H, —» CeHipn HeapomaTu3sauus Ni, Co, Pb, Pt Ha oxcuze
ATIOMUHUA

JerumpupoBaHue: PudopMuHr Pt, Re Ha oxcuzie allOMUHNA
C(,le —> 4H2 + C6H6
OxmceHue: OuKcTKa ra3oB pereHepauyy Pt Ha OKCUAE alIOMUHHUS

CO + 1/20, - CO,

ot CO

Kucnomno-ocHo6Hbie peaKyuu

Pacruerienue yraesonoponos: KpexupopaHue

chs—czo - ZC6—C12

H3omepusariyst.
n~C4H10 x4 i—C4H10
n-CgHps — i~C6H14

AJKHUIApOBaHHUE!

i~C4H10 + C4H8 - i“Cngg

Wsomepusanust

ANKUIMpPOBAHHE

AMOpGhHBIE B KpUCTAIIN-
YecKMe aTIOMOCUIMKATHE

Pt Ha XJIOpUPOBAHHOM
OKCHE ATIOMMHUSA MITH

Pt Ha cynphaTHpPOBAHHOM
OKCHE LIIMPKOHUS B aJIIOMM-
HUs

H,SO,; HF, neonurHbIe
KaTaiu3aTopsl

Cuiewianubie OKUCAUMENbHO-80CCHMAN08UMENbHbIE U KUCAOMHO-OCHOSHbIE peakyii
VizoMepusaiyisi, paspeB lieny, [WIPOKPEKUHT,

packpriTHE HaQTEHOBBIX
¥ apOMaTHYECKHX KOJeLl
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TeIbHOMY (THOPOTCHU3AINS W ASTHUAPOTCHU3AISA) WK K KUCIIOTHOMY (KaTa-
JIATUYECCKUM KPEKUHT, aJIKIWIMpoBaHUe n300yTaHa OyTeHamul, MOIMMEPH3aLHsT
ankeHoB) tanaM. IIrpoko nmpuMeHsI0T OMPYHKIIMOHAIBHBINA KaTalu3 (M30-
MepU3aIys aIKaHOB, pUGOPMUHT, TUAPOKPEKHHT).

LenrocTh BTO0M KIaccu@UKay COCTOUT B TOM, YTO UMEHHO IPUpOAa
TIPOMEXYTOYHOTO XUMUIECKOTO B3aMOICHCTBYSI, a HE arperaTHOE COCTOSTHUE
PEaKUMOHHOM CUCTEMEBI OTIPE/IeNsIeT HeOOXOIMMBIE CBOMCTBAa aKTUBHOTO KaTa-
JI3aTopa.

CaoiicTBa 1 THIBI KaTamu3aropos. Katanm3aTtopsl 001afaloT CIEAyIOIIMMU
OCHOBHBEIMU CBOMCTBaMM.

1. B obpamumbix peakyusx Kamaiu3amopsl YCKOPSom 0oCmudcenue pagho-
geclsl, HO He CMewarom e2o, Tak Kak CBOOOIHAs DHEPIHs KaTaau3aTopa 0 peak-
MM ¥ TIoclie Hem3MeHHa. Ecim OBl KaTanm3arop CMEIajl ITOJOXEHUE paBHO-
BECHSI, TO MOXXHO ObIIO OBI OJYIUTh PE3YbTAT 0€3 HAMMYUs pa3sHOCTH TEMIIC-
paTyp B CUCTEME.

2. Ycekopsarouee Oeiicmeue kamaauzamopos 3HA4UMeAbHO OMAUYAeMCs No 3¢h-
(PexmueHOCMU U MeXaAHU3MY 8030elicCmeus om GAUAHUSA Opyeux napamempos
npoyecca.

IIpuMeHeHNe KaTaIn3aTopoB — Haubosee 3(pPeKTUBHEBIN IprueM MHTEH-
cudUKaLUy XMMHYECKUX IIPOIIECCOB, CIIOCOOHBIM YCKOPSITh PEAKITNIO B MUJI-
JIMOHEI pa3.

3. Kamanuzamop xapaxmepusyiom aKkmusrHocmoeio. B KauecTBe MEpHl aKTHB-
HOCTH IIPUMEHSIOT Pa3HOCTh CKOPOCTEH XUMMYECKUX PEAKIIUI B IIPUCYTCTBUM
KaTajay3aTopa Vi ¥ 6e3 KaTaimzaTropa v ¢ Y4eTOM JOJIH 00heMa pPeaKIMOHHOTO
MPOCTPAHCTBA Oy, 3aHMMACMOT0 KATAJIM3aTOPOM M HEIOCTYITHOIO IS peari-
PYIOIINX BEIICCTB:

a;= Vg — V(l - (PK)-

B xatanmm3aropax akTHBHA HE BCSI IIOBEPXHOCTH, 4 TOJIBKO OTHEILHBIE €€
YyJaCTKU — aKTUBHBIE IICHTPHI.

4. Kamasuzamoput obaadarom cenexmuenvimu ceoticmeamu. I1om cenexTms- .
HOCTBIO (M30MpaTeIbHOCTHIO) KaTaJIM3aTopa MOHUMAIOT CIIOCOOHOCTD YCKOPSATh
TOJILKO OZIHY LEJIEBYIO PEaKIMIO U3 HECKOJIBKIX BO3MOXHBIX. CeJeKTUBHOCTh
KaTaJIN3aToOpa MOXHO OMPENCIUTh 10 YPABHEHUIO

S« = Gun/ (Gyn + Gup),

e Gy, Gqp — KOJIMYECTBO MCXOXHOTO BELIECTBA, NIPEBPATUBIIETOCS B LEIeBOH MIPOXYKT U BCTYHUBIIEro
B TOGOYHBIE PEaKIy¥ COOTBETCTBEHHO.

CenexTUBHOCTD HAPSANY C aKTUBHOCTHIO — IJIaBHAS XapaKTePHUCTHKA KaTa-
Jm3aropa. [Ins TeXHOJIOTMYECKOro IpUMEHEHUS pa3pabaThIBAIOT KaTaM3aTo-
PBI C CEeNIEKTUBHOCTBIO He HIxe 96 %.

5. Baxcnoe ceoiicmeo xamaauzamopa — e20 CHOCOGHOCHb HPOMUBOOCIHCME0-
eamb ompasaeruro. Ilon oTpaBiIeHNEM KaTalu3aTopa MIOHUMAIOT CHIDKEHIE VJTH
IIOJTHOE TIOJABJICHME €r0 aKTUBHOCTHU B IPUCYTCTBUU HEKOTOPBIX BEIIECTB,
IIPUYEM YacTO B MaJIBIX KOJIMYeCTBaX. Takue BelecTsa ObLIM Ha3BaHbI KaTaji-
TUYECKUMH SaMU. TUITMYHBIE SIOBL: VIS KaTaIU3aTOPOB KPEKMHIa — TSKEIIBIE
MeTaJUIbl, HallpuMep HUKeIb ¥ BaHAXWIMA, IUIS IUIATHHOBEIX KaTaIM3aTOPOB PH-
(OpMUHTA — COSTUHEHMUSI CEPHI U T. [I.
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OTpaBleHNE KATAIU3aTOPa IPOUCXOIUT BCACACTBUAE TOTO, YTO aKTHBHBIC
Y9aCTKM MTOBEPXHOCTY KaTalu3aTopa ancopOupyIOT MONEKYJIBL sa ¥ B Pe3ylb-
TaTe 3aTPYIHIECTCS NOCTYII PEArupyloNIiX BEIUECTB K aKTUBHbBIM yJdCTKAM. Taxk
KaK cOpOLIs MOXET GBITh 00paTUMO¥ 1 HEOOPATUMOH, TO Pa3IMIA0T oOparu-
MbIe ¥ HeoOpaTuMble OTpaBieHus. [IpumMep 06paTMMOro OTPaBIeHUS — KOK-
coobpazoBaHue Ha karanusarope. OTpasisiomiee JEICTBME KOKCA U XaTali-
THYECKUX SI0B HA KATAIM3aTOPHl KATAIMTUYECKOTO KPEKHMHIa, prudOpMUHTa,
TMIPOKPEKUHIA, TUIPOOYMCTKY, H30MEPHU3ALIUHY ¥ JIP. YCTPAHAIOT C TIOMOIIBIO
VX OKHCIUTEIIEHOM PEreHepaLviL.

6. Ilpomomuposanue u moouguyuposarue Kamanusamopos. Karanm3aTopsl
MOTYT M3MEHATH CBOIO aKTHBHOCTH IIOJ HEMCTBHEM PAa3NUYHBIX BEHICCTB.
BeliecTsa KaTaIUTAYECKY HEaKTHBHBIEC, HO IOBBIIIAIOIINE aKTUBHOCTh KaTa-
JIM3aTOpa, HA3BIBAIOT TIPOMOTOPAMH, & CaMO SBJIEHUE — IIPOMOTHPOBAHUEM.
Eciri ipy MasIbIX 100aBKax BEIECTBA B KaTaIU3aTOP aKTUBHOCTh KaTalnn3aro-
pa pacTeT, IOCTUTAsl MAKCHMYMa, & 3aTeM MaJIacT, TO TaKOe BEIIECCTBO Ha3hlBa-
10T MOIU(MHUKATOPOM, a SBICHNE — MOTUPUIIPOBAHIEM.

BiusHre mo0aBKH HAa aKTHBHOCTh KaTaJIA3aTOPa MOXHO OIIPENETUTh I10
YpaBHEHHUIO

R = (03 + Awg)/wy = @y £ Awg/w,

rne R — xpurepuil MOIUQHULHPOBAHHUS; ) — CKOPOCTh PeaKUMM HA KaTali3aTope 6e3 n06aBKy; Awy —
1IpubaBKa K CKOPOCTH B Pe3yNbTare NeHCTBUA Ha KATaTH3aTOD nobaBKH.

Ipu R = o) KaTanu3aTtop He CONEPXUT T0OABKYU WM CONCPXUT HHEPTHYIO
nobaBky, Ipu R > @y HabogaeTcsa MOTUGbUIIMPOBAHUE (IIpOMOTHPOBAHHUE)
Katanm3aTopa, Ipu R < @y — OTpaBICHUE KaTaIA3aTopa.

VYMECTHO 3aMETUTh, YTO ITOITMHHYIO PEBOJIIOLMIO B KaTajM3€ COBEPIIMTIO
OTKPBITHE ¥ MICTIONH30BAHKE B IIPOMBIIUIEHHOCTH B 60-x romax XX B. LIEOIH-
toB. Ileonumamy HA3BIBAIOT IPUPOIHBIE ¥ MCKYCCTBEHHBIE KPUCTAJLIITICCKUC
ATIOMOCHJIAKATHI, 00TaJaloIye YPE3BBIYANHO TOHKOIIOPUCTON CTPYKTYPOH.
OHY TIPEICTABIIAIOT COB0Y BOOHbIE PACTBOPHI ATIOMOCHIMKATOB HATPYI, Kajlb-
U ¥ OPYTHMX METAUIOB, T. €. 5TO COJU aTIOMOKPEMHHUEBbIX KHCIIOT. Bce 11eo-
JUTH MIMEIOT KPUCTAUIMYECKOE CTPOSHKE C YETKO BBIPAXXEHHOM CTPYKTYPOM.
WX 0B1Iee CBOMCTBO — HATMYKE METbYANIINX ITONOCTEH, COOBIIATOIIIXCS MEX-
ny coboii yepes "okHa" (1opsl). KommaecTso monocTed B KpUCTALIe LeonuTa
OUYeHb BEJTUKO, WX OOIIMil 00EM MOXET HOCTUIaTh TTONOBMHbI BCErO 00beMa
KpucTaia. iMeHHO 6arogaps 3TOMY 00€3BOXEHHBIE LEONUTHL SIBIAIOTCA
TIpeKpacHbIMy arcopoeHTamu. Ho B oTiimame oT Jpyrux amcopOeHTOB (aKTUB-
HBI YTOJIb, CHJIMKATe) b, OKCHUI, ATIOMUHMSA 1 [P.) PasMep IIOp Y LEOTUTOB OICHb
man 1 koneoaercd ot 0,3 1o 1,3 HM, T. €. TIOPHI LIEOIMTA UMEIOT MOJICKYJISIPHBIC
pa3Mepkl, 61arogapsi 4eMy LEOIUTH 061afaloT KaKk OBl IPOCEUBAIOIIUMY CBOM-
CTBaMH, T. €. MOI'YT aACOPOMPOBATH MOJIEKYJIbI TOJIBKO OIPEACICHHOTO pasMe-
pa, He IPEBBIIIAIOIINE JUAMETPa IIOP JaHHOTO LEOMTA. TTosTOMy OHHM TIOJIY-
YUY TAKKe HA3BaHUE MOJEKYIAPHBIX CUT.

Pa3pa6oTka HOBBIX KaTaIu3aTopoB. Ha COBpeMEHHOE COCTOSIHVE U TepC-
[EKTHBHBIE HAIIPaBIeHNs UCCIEIOBaHNI B 00J1aCTH CO3aHMsA HOBBIX KaTai-
3aTOPOB OKA3HIBAIOT CYLIECTBEHHOE BJIUSHME PACCMOTPEHHBIC BBIIIE OCHOB-
HBle (haKTOPHI pa3BUTHS HedTenepepaboTKy, IITaBHBIM o0OpaszoMm:
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— CHIDKCHHE KavecTBa HE(MTSAHOTO CHIPhS, T. €. YBEJIMICHHUE €r0 IIOTHO-
CTH, a TaKXe COAEPXAHWS CEPHUCTHIX, MapaHHOBHIX, METAIUIOCOAEPKAIIIX
COeIMHEHMN, cMOJ U achaibTeHOoB;

— IIOBBIIICHUE SKOJIOTUIECKUX TPeOOBaHMI K KaueCTBY He(DTEIPOIYKTOB
1 0€30IIaCHOCTH BEACHMS TEXHOJIOTMYECKUX ITPOIIECCOB;

— KOHKYPEHIMS CO CTOPOHBI aIETEPHATUBHBIX BHIOB TOIUIMB: ra3a, VIV
UT IL;

~— pacIMpPeHNEe UCTIOIB30BaHHUS IIPOLIECCOB ITEPEPAOOTKY TSLKEIBIX HeD TSI -
HBIX OCTaTKOB;

— HeoOXOAUMOCTD NaTbHENIIeH NHTEHCU(DUKAIINN TEXHOJIOTHIECKIX IIPO-
LIECCOB.

Ot u npyrue GhakTopsl pa3BUTHA HedTenepepabaThIBaIOIIEH IIPOMBIIILIEH -
HOCTU OOYCJIOBIIMBAIOT CETONHS PACIIUPEHUE PabOT IO CO3TAHUIO HOBBIX
TIEPCIIEKTUBHEBIX KAaTaIN3aTOPOB.

B o6mactu mpon3BOICTBA COBPEMEHHBIX aBTOMOOIIBHBIX OEH3MHOB TEH-
JEHLMY Pa3sBUTHS IIPOMBIIUICHHOCTH KaTalu3aTOpPOB HA MUPOBOM PBHIHKE Xa-
PAKTEpU3YIOT CIEOYIOIINEe OCHOBHBIC HAIIPABJICHHS.

Kamaaumuueckuil kpexune: BHEIPEHUE U PACIIUPEHNE UCIIOIb30BAHMS
KaTalm3aTopoB (kKartammu3aropsl kiaccoB USY, ZSM-5, Matrix GSR u T. ),
IIO3BOJISIOUIUX YBEIUYUTD BBHIXOJ O€H3WHA, JIETKOTO Ia30MJisg, IpOIMIeHa
¥ OYyTWJICHOB, YMEHBIIUTh X 3aKOKCOBAHHOCTb, ITOBBICUTH OKTAHOBOE YHCJIO
OGeH3MHA ¥ CHU3UTh CONEPXAHUE CEPHUCTBIX COSTUMHEHMIA.

Kamaaumuueckuii kpexunz ocrmamkoe. VICTIONb30BaHMe MOAU(MUIVIPOBaH-
HbIX HeonuToB (kinacca USY) ¢ moByIKaMu MeTaJlIoB, ITaCCHBATOPAMH | C I~
POKOIIOPUCTHIMU MaTpUIlaMu. DTU KaTaIu3aTOPhI ITOABEPXKEHEI MEHbIIEH KOK-
CYeMOCTH, UMEIOT BBICOKYIO CTOMKOCTh IPOTUB MeTaummdeckux 108 (Ni, V,
Na), DOBBIIIEHHYIO aKTUBHYIO TTOBEPXHOCTD TI0D, BHICOKMI YPOBEHD IIPEBpa-
IEHMA OCTATOYHBIX IMPOAYKTOB M BHICOKYIO CEIEKTUBHOCTD K BBIXOLY OCH3M-
HOB.

Kamaaumuneckuii pughopmune: BHEIpEeHNE W PACHINPEHUE UCITONB30BaHUS
HOBBIX OMMETAIUIMYECKHUX KaTAJIM3aTOPOB ITOBHINIEHHOMN CTaA0MIBHOCTH HA OC-
HOBE OKCHJIa AIFOMUHYS, ITO3BOJISIONINX YMEHBIIINTD NaBJICHME IIPOIecca, CHY-
3UTh KOKCOOOpa30BaHUE, TIOBBICUTD BBIXOH prdopMaTa M €ro OKTAHOBOE YHC-
JI0, & TaKXe BBIXOI apOMaTUYECKUX YIJIEBOJOPOIOB, €CIIHA 3TO IeJEBbIE IIPO-
IYKTBL.

Aarxuauposanue: pazpabotka 6osee 3hHEKTUBHBIX M SKOJOTMYECKH Oe30-
racHbIX TexHosorni Ha ocHose HF m H,SO4, a Takke HOBBIX TBEPIOKHCIOT-
HBIX KaTaJA3aTOPOB, SBJLIIOIIMXCS MEHEE KOPPO3MOHHO-aKTUBHBIMU, 0oJee
6e30I1aCHBIMU B 0OpaIlileHUY ¥ 06EeCTICIMBAIOIIUMY HETIPEPHIBHOE IIPOBEIEHIE
npoueccoB. Kak npasuiio, cBoiictsa 1 3hheKTUBHOCTS MHOTHX TBEPIOKIC-
JIOTHBIX KaTaJu3aTOPOB OCHOBAaHBI Ha OCOOEHHOCTAX XMMHUYECKOTO COCTaBa
LIEOTUTOB.

Hzomepusayus: co3naHUe TBEPIOKUCIOTHBIX KAaTAIM3aTOPOB (HAIIpUMeED, Ha
6ase cynp¢haTUPOBAHHOTO MUPKOHMS), MTO3BOITIONINX CHU3UTH TeMIIEpaTypy
TIIpolecca, IIOBBICUTEL YPOBEHD IPEBPAIICHUS PEareHTOB, T. €. BBIXOI HU30MEPH-
3aTa U OMHOBPEMEHHO €r0 OKTAaHOBOE YKCJIO.

Tuopoouucmra ben3una, ouseivHO20 MONAUBA U 6AKYYMHO20 2a30Uad.
paciuvpeHye IPUMEHEHUS ATIOMOKOOAIBETMOIMOIEHOBEIX M ATIOMOHUKEIBMO-
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TMOICHOBBIX KaTaIN3aTOPOB C MOIUGUIUPOBAHHON CTPYKTYPOH HOCHUTEIA,
[TO3BOJISIONIMX TIPOBOIUTH [ITyboKOE obeccepruBanye.

Tudpodeapomamu3ayus cpeoHux JucmuAAAmos. PacIipeHne IPUMEHCHMA
KOMOMHMPOBaHHBIX KaTalu3aTOpPOB "O1aropOIHEIN MeTalI—LIEONUTHI" UL
JBYXCTYIIEHUATHIX TIPOLIECCOB [MyOOKOM rMApOreHI3aui LEeJBI0 YMEHBIIE-
HUSI COIEPXaHUs apOMaTUIECKUX YITIEBONOPOIOB O TpeOyeMOro YpOBHSI.

Tudpoouucmxa ocmamiog: IPUMEHCHIS MoaudUIIIPOBaHHBIX KATATA3aTOP-
abix cucteM Co—Mo/Al,O3 u Ni—-Mo/Al,O3 co CIIEIMANIbHOM CTPYKTYPOH IIOP
HOCHTENS ¥ C YIyJIIEHHBME QYHKIMAMY 0GeccepruBaHus 1 Iea30TUPOBAHUA,
MCITONb3ysS MHOTOIIOJIOYHBIE PEAKTOPHI. DTU KaTaIU3aTophl 00Jee CTOMKHU
K METDIMYECKIM SIaM, UMEIOT YIIMHEHHBIHT SKU3HEHHBIN IIAKII, 00ecIeyn-
BAIOT TOBBILIEHHYIO CTEIIEHb KOHBEPCUY OCTATKOB B IUCTILIATEL, CIIOCOOCTBY-
10T GoJiee TIyOOKOMY YIAJIEHUIO CEPhI, a30Ta, METAJLIOB.

Tudpoxpexunz 2a3otiaeil: PaCIIIPEHNE UCTIONB3OBAHIA KaTaJIm3aToOpOB
Ha ocHoBe [Ni—W + MonnduIUpOBaHHBIH Al,O3]; [Ni—W/Si0,—Al1,0s];
[Ni—W/neomnursl + aMOpQHBI Si0,—Al,03]. DU KaTanu3aTopbl UMEIOT 110~
BBIIEHHYIO M30MPaTeIbHOCT K CPETHUM TUCTIWLLATAM U VIUIMHEHHBIA CPOK
CITyXOBI, TIOBBILIAsT OMHOBPEMEHHO KaueCTBO MPOLYKTOB.

Tudpoxpexunz ocmamios:. PaclIVpeHNe MCIIOIb30BAHIA KaTaJm3aTopoB
C YIIyqIIEHHBIM COOTHOIIEHNEM KOMITOHEHTOB 1 € Pa3BUTON TIOPUCTOM CTPYK-
Typo# HOCUTEINS. DTU KaTaln3aTopEl 06€eCIIEYMBAIOT BBICOKYIO CTENIEHb MPe-
BpalleHNs ¥ HU3KUU YPOBCHD OTIIOKEHMIA, CIIOCOOCTBYIOT OoJiee IyOOKOMY
VIAJEHWIO a30Ta ¥ CePhl, UMEIOT VIUIMHEHHEBIA CPOK CITYXOBI ¥ 00eCTIeYMBAIOT
CTaOWIBHOE Ka4eCTBO IIPOTYKTOB.

2.4. TIpou3BOACTBEHHO-TEXHOJOIHIECKHUE
xommiekcs! (IITK) no mepepaboTke HeTerasoBoro
ChIPbA

B cBSI3M CO 3HAYMTEIHHO BO3POCUIMME TPeOOBAaHUAMMU K SKCILIyaTallMOH -
HBEIM U DKOJOTMYECKMM CBOMCTBAM TOBAPHBIX uedrenponykros Ha HII3
Ha 6a3e GOTBIMMHCTBA GUBNKO-XMMUIECKIX IIPOIIECCOB nepepaboTKy Hedrera-
30BOTO CHIPHSI 0OPa30BaHBI IPOU3BOJCTBEHHO-TEXHONOTMIECKIE KOMIUTEKCHI
(TIITK). Taxye KOMIUIEKCHI BKIIOYAIOT CTaXHIO ITOJTOTOBKH CHIPBSI, OCHOBHOM
U3UKO-XMMITISCKHIA TTPOLIECC U CTAIUIO IIPOU3BOICTEA TOBAPHOU IIPOIYKIIHAM:

Cranysi TOATOTOBKHA OcHoBHOM HUMKO- > Cragysi IPOU3BOJICTBA
CHIpbS XMMHAYECKHH TIPOIIeCC TOBApHOI IPOAYKUNHA

OcHOBHOI (PU3MKO-XUMHUIECKUI Ipouecc — 3T0 TaKoOM TIpoLecc
B TEXHOJIOTMYECKOM CTPYKTYpe HedTernepepabarbiBaiOIIEro IPeANPUATIA, e~
JIeBLIM HA3HAYEHMEM KOTODPOTO SIBISIETCS 00eCIeYeHIe MAKCHMAaIbHOTO Bbl-
XOJia TOTO VUM MHOTO TOBAPHOTO HE(TEIPOAYKTa I €10 KoMItoHeHTa. Tak,
KaTaIUTUIeCKi KPEeKUHT, KOKCOBaHUE, IIPOM3BOICTBO OUTYMOB, TEXHITYECKOTO
yIJIepola ¥ Ip. — 3T0, KaK IPaBWIO, OCHOBHEIC (PUBMKO-XIMUIECKHE TIPOLIEC-
cbr. OmHaKo Wwist UX 3G GHEKTUBHOTO ¥ PEHTa0eIBHOTO (yHKIIMOHMPOBAHUS
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HEeOOXOMMMBI CBIPhE M KOHEYHAs ITPONYKLIMS BIIOJIHE ONPEHECICHHOTO Ka4eCTBa.
PaimoHaipHOE BeIeHHE OCHOBHBIX (PU3UKO-XUMHMYECKHX MPOIIECCOB HedTe-
repepaboTKy HEBO3MOXHO 0e3 IPOBEeNeHMs CTAINK IIOATOTOBKY CHIPhS (hu-
3UYECKUMHU WK PU3UKO-XUMITISCKIMH METONaMU) U IIPOU3BONCTBA (B OOJb-
IIMHCTBE CIIyd4aeB — (PU3MUIECKUMH MPOIECCaMy KOMITAaYHIUPOBAaHUS WU CE-
rapanun) ToBapHoi npoxykuuu. CTagusi MOATOTOBKHY CHIPbS TOKHA
obecreynTh HEOOXOMMMEIM IS HOPMAJIbHOTO BEICHUS OCHOBHOTO (OU3MKO-
XMMHYECKOTO TIpoIecca TPYIIoBOi M (PpakKIIMOHHBIA COCTaB HE(TETrasoBoro
ceipbs. CTagys IPOU3BOACTBA TOBAPHOM IIPOAYKII MY TTO3BOJISIET YIECTh
TpeOOBaHMS JEHCTBYIONIMX HOPMATUBHBIX JOKYMEHTOB ((enepaibHbIX, pery-
OHAJIBHEIX M JIP.) K KaYecTBY He(TEeIIPOIyKTOB.

IIpakTryecku Ha Bcex HII3 Bo3HmMKaeT HEOOXOMMMOCTh B MOATOTOBKE
chIpbsi. Hanpumep, 1uid mporecca KaTaTATAIECKOrO KPEKMHTa UCTIONb3YIOT THl-
POOYHCTKY CHIPbsI. [IJIs TIpoliecca KaTaTuTUdecKoro pudopMuHra 66 H3MHOBBIX
(dpaxImii IPUMEHSIIOT BTOPUYHYIO TIEPETOHKY OSH3MHA U THIAPOOYUCTKY.

IToTpedbHOCTH B cTamUU CTAaOWIIBHOTO IMPOU3BOICTBA TOBAPHOM MPOLYKIINYU
obycnopiieHa TpeboBanuamu TexHudeckoro pertamenta P®, ocobeHHO pu
IIPOM3BOICTBE TOBAPHBIX MOTOPHBIX TOIUIMB KJlacca 4 Wiy 5 wiu TIpy OpraHu-
3aIldX TIPOU3BOCTBA KOMITAYHINPOBAHHBIX OUTYMOB.

IIpuMepr! codeTaHUs IIPOIECCOB B CTPYKTYPE ITPOU3BOACTBEHHO-TEXHO-
JIOTMYECKMX KOMIDIEKCOB TIPEACTaBICHBI B Ta0. 2.2. BaxXHO TOMYEPKHYTH, YTO
Ha KaXHo¥ 13 YKa3aHHBIX CTaIWi IIPON3BOACTBEHHO-TEXHOJIOTMIECKOIO KOM-
IUIeKCa MOXKET OBITh MCITOIh30BaH HE OJIMH, 8 HECKOJIBKO TEXHOJIOTMYECKHUX ITPO-
1eccoB (IOCHIenOBaTeIbHO WX ITapajUIeSIbHO) IS MPOU3BOACTBA HEedTEpo-
JIYKTOB C 3aJaHHBIM IIOTPEOUTEIECKUM YPOBHEM KadyeCTBa.

Taxkum o6paszom, IITK — 310 cIpyKTypa, ITO3BOJISIONIAS ODECIICUUTD TEX-
HOJIOTMYIECKYIO Koomepauuio B HedrerepepaboTKe ¢ LEIbI0 BEITycKa HedTe-
IIPOAYKTOB 3aJaHHOro Kadectna. DddexTuBHOE QYHKUMOHUPOBAHUE TAKMX
IIPOM3BOACTBEHHO-TEXHOJIOTHYECKIX KOMIUIEKCOB B OJimKaiiieM OyaylneM
OymeT OIpeneNsaTh HAIpaBJICHUsS MOAESPHM3ALMU U pa3BUTUS HedTenepe-
paboTKH.

2.4.1. CTAIMA TIOATOTOBKHU CbhIPbA

Dra cragua I1TK Bxmoyaer duzmyeckue U GU3NKO-XUMUYECKHE IIPoLiec-
CBl, MIPEAHA3HAYCHHBIC IUIS:

— obecrneueHU d(PDEKTUBHOCTH (HAIIPUMED, TOBBILICHUS CPOKA CIIYXKObI
KaTaJau3aTopa, BBIX0/a 1IeJIeBOM NpOoXyKUMHK 1 1p.) nepepadorku HI'C ¢ momo-
HILI0 OCHOBHOTO (QPM3MKO-XMMHUIECKOTO MPOIIECCa;

— IIPOM3BOJCTBA MPOAYKIIMU TPeOYyEMOro Ka4ecTBa IMMyTeM PEryJIMPOBAHUSA
BJIEMEHTHOTO, TPYIIIIOBOTO XMMHYECKOro ¥ (Win) GpakliMOHHOTO COCTaBa
CBIPbSI;

— IIepeBona nepepadbaTeIBaeMOroO CHIPhS B aKTUBHPOBAHHOE COCTOSIHHE,
T. €. B COCTOSTHHE ONITUMAJILHOM TUCTIEPCHOCTH,, TIO3BOJISIIONIEE, HATIPUMED, Pe-
I'YAMPOBaTh IAapaMeTPHI peXrUMa (HHU3UKO-XMMUIECKOTO ITPOIIECCa €T0 NaabHEeN-
el mepepaboTKY, ITOBHIIIATH KaueCTBO M(MIIA) BBIXOL LIEJIEBOM IIPOAYKLIMH.

B uneanbHOM ciiydae HEOOXOOMMO MOCTVKEHUE BCEX BBILICHEPEYMCICH-
HBIX LICJEH.
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2.4.1.1. ®I3NYECKME ITPOLIECCHI CTAITVY ITOATOTOBKH CbIPbA.
COJIBBEHTHAS JEACOAIBTU3ALINA I'YIPOHOB

B coBpemenHO# HedTerniepepaboTKe GU3NIECKHE IMPOLIECCHI CTAIUN TIOA-
TOTOBKM HE(DTEra30BOTO CHIPhS IIMPOKO MCIIONB3YIOT HJI €0 IOCIeHyouen
riepepaboTKY B OCHOBHBIX (DM3UKO-XMMUYECKHX Iponeccax. K amery takumx
TIPOLIECCOB CTAIUK IIOATOTOBKY CHIPBSI OTHOCST, HallpuMep, 00eCCOIMBaHUE
1 o6e3poxuBanue Hedtn (DJIOY), dpakumonnposanue Hedtu (ABT) u mp.
IMpakTuuecku Bce hpakumw, morydaeMele Ha ABT, ciyxxar chipseM st IOCIe-
IYIOLIMX OCHOBHBIX (DU3HUKO-XMMUIecKuX mpoueccoB. CopOuuio 1 hpakimo-
HUPOBaHHUE Ta30B MPUMEHSIOT IIPHA IOATOTOBKE CHIPHS JJISI OCHOBHBIX
DU3MKO-XUMUIECKHX TIPOIECCOB: IUPOJIM3a, AIKIIMPOBAHNS, TIOMMEpHU3a-
mvu 1 ap. Knaccuduxkarus GU3NIECKUX MPOLECCOB CTAIUH ITOATOTOBKU Chl-
phsI JaHa Ha CXeMe, IIPUBEIECHHON HIDKE.

Duznyeckue TPOIICCChI
CTalyy IIOATOTOBKHA

CBIPbA
Cermapaums KowMmmaynauposaHue
I/?Sg:ggﬁ;f;ﬁi ®pakuyo- | | DKCTpaKLMs q?pi%h;%ﬁgﬁ AXTHBHPOBa-
HedTH Huposanue| | ¥ copbuus u TXC* copbst HHUE CBIPbS

A//\A\L

CenexTupHas AncopbuuoH-
OYMCTKA HAemapaduumsaluis | | yo g quyerka

Jeachanprusanyst

*I'XC — rpynrmoBoil XMMHUYEeCKU# cocras

DJIOY u ABT 6bUIH pacCMOTpPEHEL B y4eOHOM IT0cOOMM " TeXHOIOTA ITepe-
pabotku Hedru. Yacts I". TIponeccs neacdansrusaniiy, CEIEKTHBHON OYUCT-
KU, fenapadUHU3aMK U afcOpOIMOHHOM OYMCTKY OyIYT U3y9eHB] B Y4EOHOM
riocobuu "Texuonoruu nepepaborku HedTu. Yacts I11. IIpoussomcrso cMma-
304HBIX MaTepuanos”. KoMImayHIupoBaHue pa3INdHbIX BUIOB CHIpbS OyAeT
DPAcCMOTPEHO B pasfiefiaX, MOCBAIMEHHBIX OCHOBHBIM (QU3MKO-XUMHUYECKUM
TIpOIIECCaM.

B maHHOM pasjeiie B KauecTBe IpuMepa GU3MIECKOro Ipoliecca, mpume-
HEeMOTO Ha CTaIyy IOATOTOBKY CBIPBSI, OYIYyT paCCMOTPEHBI pa3InYHbIe TEX~
HOJIOTUY COJIbBEHTHOM neacaJbTU3aliy TYIPOHOB C IOIyYEHUEM CHIPBS I
THIPO- U KaTATATAIECKOTO KPEKUHTIA.
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CenapallioHHbIi GU3MIECKUit IPOLECC CONBBEHTHOM neachansruzanuu
(CIIA) HedTera3oBoro ChIpbs UCIONBL3YIOT Ha CTaIUH €T0 IIOATOTOBKHM JUTS OC-
HOBHBIX (PH3MKO-XMMUYECKUX IIPOLIECCOB.

HWcroprdecku mpoiiece neacansrusanyy ryIpoHa paCTBOPUTENIEM CHadalIa
6BUT BBEIIEH KAK CII0CO0 OUMCTKY I'YAPOHA IS IOTYIEHMS OCTATOYHBIX 6a30BhIX
macell. B KadecTBe pacTBOPUTENS HCIIONB30BaM pornaH. I1oapo6Ho 3T0T 1po-
recc GyneT paccMOTpeH B Kuure "TexHosnorus nepepaborku Hedri. Yacts Tpe-
Thsl. TIpOU3BOACTBO CMA309YHBIX MAaTEPHAJIOB' .

OH mpedHAa3HAYEH IS YIAIEHUSI U3 HEQTAHBIX OCTATKOB CMOJIMCTO-aC-
dansreHoBHIX BenecTs (CAB) ¥ MOMMIMKIMYECKHMX aPEHOB C IOBBIIEHHON
KOKCYEMOCTBIO ITyTEM MCIIONB30BaHMS pacTBopuTesiei. [leneBbM IPOIyKTOM
mpouiecca AByseTcd aeacdansrusar. [J060IHbI IPOTYKT — acaibT — UCHONb-
3YIOT B KAYECTBE ChIPhsI TEPMUIECKUX IIPOLECCOB (HATIPUMED, B IIPOU3BOICTBE
OUTYMOB) ¥ OH MOXKET SIBJIATHCA KOMIIOHEHTOM KOTEJIBHOIO TOILIMBA.

B KauecTBe PACTBOPUTEIS JUTS TIOJyJEHNS BBICOKIX BBIXOOB Neacdabri-
3aTa MCIOJb3YIOT IPONaH-0yTaHOBYIO CMeCh, OyTaH, IIEHTAHBl ¥ UX CMECH.
YeM BBIIIE BBIXOH LIEJIEBOTO IIPOOYKTA, TEM XYXKE €r0 Ka4eCTBO.

DiaBHBIME (PakTOpaMu, BIUSIOMUMYU Ha MPOLECC, ABJISIOTCS KPaTHOCTD
PacTBOPUTEIIS K CHIPHIO, TEMIIEPATypa, JaBJICHUE, Tl PACTBOPUTEIIA U €T0 YM-
crora. KpataocTts pactBopurens Koeonercs or 3 o 10 : 1 mo oGbemy, Temire-
patypa cocrapiseT 50—85 °C, maBieHME — HEMHOTO IPEBHIIIACT JABICHUC
HACBILIEHHBIX TAPOB XUAKOIO PAaCTBOPUTEIIS.

TIpoMBIILIEHHAs YCTAHOBKA Jeac(anbIn3allii IYAPOHa PaCTBOPUTEIEM
COCTOWT M3 TPEX CEKIIMIA: DKCTPAKIMH, pasfielieHuA AeacanpTusara i pacTBo-
pureins u Beenenus achansra. Ha puc. 2.1 npencTapieHa B 00IIeM BHIE TEX-
HOJIOTMYecKad CXeMa Ipoliecca neachansrusaiuy ryIpoHa pacTBOPUTEIIEM
C TIOJIyYEHMEM CHIPhS JJISl TUAPO- M KaTaIATUYECKOTO KPEKUHTA. ‘

TonorpeThiii B maporoxorpesatene 2 ryIpoH IMOJAI0T B SKCTPAKIIMOHHYIO
KOJOHHY 3. Temrieparypy 9KCTPaKIUU PeryaupyIoT, M3MEHsIST pacXol pacTBo-
puTesns 1 BoagHoro napa. C Bepxa SKCTPAaKIIMOHHOM KOJOHHBI 3 BRIBOLAT CMECh
neacaNsTH3aTa ¢ PACTBOPUTEIIEM B MCIIAPUTEND 5, Tie PACTBOPUTEND YaCTHY~
Ho ypansgerca. Jlajiee ¢ HU3a UCIIApUTENS 5 CMECh ITOCTYIIaeT B TEIUIOOOMEHHUK
19, xononHny 20, TIe pacTBOPHUTEID YAAIAETCA 33 CUCT CHIDKCHMS NaBJICHUA,
¥ KOJIOHHY 2] [T OTIAapKy PacTBOpyTeNs BOASHBIM IapoM. C Hi3a KOJIOHHE! 3
yxomuT acalbT ¢ yBIeYEeHHBIM DACTBOPUTENEM, HOJOTPEBaeTcs B reyn 16
¥ TIOIaeTCsl B KOJIOHHBL 151 14 myist u3BiedeHus pacTBopuTesis. I1apsl pacTtBo-~
DUTENS U3 UCTIAPUTENS 5 U KOJNOHHB! 15 KOHICHCUPYIOTCS B XOJIOIWIbHUKE 8
¥ cOOMparoTCcsa B eMKOCTH 9.

[1aps! pacTBOPHTENA M3 KOJOHHB! 20 KOHICHCHPYIOTCS B XONOMWIbHUKE 1]
¥ cOBUpAIOTCd B EMKOCTH 12, OTKy/a [TEPEKAaYUBAIOTCA B EMKOCTS 9. PacTBOpu-
TeNTh ¥ BOOSHBIE TIaphl U3 KOJNOHH 4, 2] TOnBEPraoTCcs OXIaXACHUIO B KOH-
[IeHCAaTOpe CMEIIeHMs 6, U3 KOTOPOro Iaphl 3a6MparoTcs KOMIPECCOPOM 7,
CXKMMAIOTCS, 3aTeM KOHIEHCUPYIOTCS B XOJIOMWIbHUKE 1] 11 9epe3 eMKOCTh 12
BO3BPAIIAIOTCS B CUCTEMY XUIKOIO PaCTBOPUTENIS.

Kommanusa UOP it neacansTa3aliiy TYIPOHOB UCIIOIB3YET ONUH U3 O -
CAHHBIX BBIIIE PACTBOPUTENIEH, TIOIyYast IPY 3TOM AeachaasIu3aT Co CpaBHU-
TeIbHO HU3KUM COIEPKaHMEM METa/UIOpraHuky u achansreHos. Ilpu ouncke
KYBEITCKOTO TYIPOHa H-TIEHTAHOM BBIXOJ NeacdansTusara cocrasi 80 % (006.)
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Puc. 2.1. Texnosornyeckas cxema aeacqansTH3aNUH ryJpoHa pacTBOPHTENEM:

1, 10, 13, 17, 22 — Hacock; 2 — HApOIIOLOrpeBaTeiib; 3 — BKCTPAKIMOHHAs KOJIOHHA; 5 — UCHapHTEND;
6 — KOHIEHCATOD cMelieHust; 7 — xomnpeccop; 8, 11, 18 — xosopunsuukn; 9, 12 — emxocty; 15, 20 —
KONOHHEHL, 16 — 1eun; 19 — TermoobMeHHuUK; 14, 2] — OTHapHBIE KONOHHE, J — Chipbe; I — pacTBOpH-
teib; III — peacdansrusar; IV — acdanst; V' — Bona; VI — BosHOM map

Ha CHIPBE IIPH COIEPKaHMHU B HEM COEIMHEHII METAIUIOB OKOMO 15 % (Mac.) or
HCXOMHOTO KommyecTsa. IomydeHHbI geacdaibTi3ar UCIIONb3YIOT KakK ChIphe
KaTATUTAYECKOTO KPEKMHra WK ImapokpekuHra. I1o Takoi TeXHOJIOTHH KC-
IUIyaTpPYeTCs OfHA YCTAHOBKA M CTPOSITCS YeThIpe MOIIHOCTEIO oT 2070 mo
6360 M3/cyr.

Kommanusa KBR paspa6orana TexHonormio ROSE /1 XUIKOCTHOM 9KCT-
paKIMH B 3aKPUTUYECKUX yciaoBusix. I1o cymecTBy, 310 Aeachanbru3anus
HeDTAHBIX OCTATKOB OyTaHAMM YW IIEHTAHOM B CBEPXKPHTHYECKOM DEXHUME.
ITpu sTOM M3 ocTarka BelmesoT 70—90 % (Mac.) coenuHeHui MeTawios. Or-
JUIUTENHHAS OCOOEHHOCTh TEXHOJNIOTHH COCTOUT B 60JI6€ SKOHOMUYHON pere-
HEpaIyH PACTBOPUTES B CBEPXKPUTHIECKYX YCIOBHUSX ITO CPABHEHMIO C O0BIY~
HBIMM YCJIOBUAMH MCIAPEHMA. DTO MO3BOJISIET CHU3UTh 3aTPAThl HA SHEPTUIO
1 BCTIOMOTATEIbHO-TEXHIIECKHE CPeICcTBa ¢ 4,2 1o 1,8 momr. Ha 1 M3 ceIphs 10
CPaBHEHUIO ¢ OOBIYHOM HeachanpTr3alyeil IPOITaHOM, KaIIUTAIOBIOXEHUA —
nipuMepHo Ha 20 %. Texronorus ROSE 1103BojiseT yIy4YimmTh Ka4eCTBO BBICOKO-
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CEPHUCTHIX ¥ METAJUIOCOAEPXKANIMX PAKIMA IyTeM YHAICHI U3 HUX achab-
TeHOBOM (ppaKLuy, GOJIBINEl YACTH CEPHUCTHIX X METAJUIOPTAHNIECKUX COCTU-
HeHMit. B pesynsrate o6pa3yioTcs acQabT U ChIPhe JUTs KaTaIMTIECKOro Kpe-
KWHTa ¥ THApOKpeKuHra. B Ta6n. 2.3. npuBeleHB JaHHBIE O BBIXOIC
1 KayecTBe IPOIYKTOB, IIOydeHHBIX TI0 TexHonorun ROSE.

Ta6muua 2.3. XapagTepucTuka JeacaisTusara ryapoHa IpH HCIOIb30BAHAN PASIMIHbIX
pacreopureieil mo TexHosorn ROSE

PacTsopuTenb
TlokazaTtens Cripbe
uzo-byraH n-Byran u-Tlentan

Beixon, % (Mmac.) — 58,2 70,0 79,1
TnoraoCTS, T/CM3 1,036 0,985 0,999 1,009
Koxcyemocts o Konpancony, % (Mac.) 22,9 8,5 11,7 14,9
BsskocTs, MM2/c 1,82 144 205 315
CopepxaHue cOeTUHEHHI:

cepsl, % (Mac.) 4,6 3,6 3,9 4.2

BaHamgus, MI/KT 78 5 12,5 25,0

HUKEIS, MI/KT 26,0 2,8 6,0 11,0

Kommanusa Foster Wheeller pa3paboTaia TeXHOJOIMIO IIy0OKoii neacdaib-
TH3AIVH TYIPOHOB, I7I¢ B KAYECTBE PACTBOPUTE]IA UCTIONB3YIOT IF€KCaH WA JIeT-
Kyt GensuH. B mpoMbiuieHHocTH padoraioT 6onee 40 TaKUX TEXHOJIOTMYE-
CKHX YCTAHOBOK.

TIporecc IPOBOAAT B KOJIOHHE ¢ BPAIIAIOIIAMCS JTUCKOM, YTO 0OecIeyH-
BaeT GOJIbLIE CTYIIEHEH SKCTpakuuu. Takas KOJOHHA IO3BOJISCT ITONy4aTh
BBICOKMI BBIXO[ AeacGanbIu3arta U YIydniaTh €10 Ka4eCTBO — CHIXATh BBICO-
KyI0 TTapa@HHUCTOCTh, COOTHOIIEHKE YITIEPOJ . BOXOPOJ, CONEPXaHUe CEpEBI,
a30Ta 1 MeTawio. Temmeparypa npouecca 50—230 °C, nasnenue 2,1-3,5 Mlla,
COOTHOIIIEHUE PaCTBOPUTEINH : TyIpoH 4,1—13,1. TexHomornaeckas cxema cooT-
BeTCTBYeT prc. 2.1, Beixon neacdansrusara cocTaister 53—65 % (00.) Ha ChIpbe.

Eme oguH ImpuMep Iporecca feacaabTU3aly, UCIIONIb3YyeMOTO B IIPO-
MBIIIEHHOCTH, — 3TO TEXHOJOrHs AeacHansTu3anuy KomMnanun Axens. 1yIpoH
[IOJ(BEPTraloT SKCTPAKIIMOHHOM celapaiyy Ipu TeMmIepaTrypax 150—180 °C
1 nasiiernu okojio 4 MIla (pactBopuTens — rentaH). KOHCTpYKIUS S9KCTpaK-
TOpa ¥ PEXUM IIpoLecca 0OeCIednBalOT MAKCUMANBHBIHA BXOX feachabrusa-
Ta, COTEPXKAIIero MUHUMAIBHOE KOTIIECTBO HEXeIaTeNbHbIX IIPUMECEH, B TOM
gucne Meree 0,05 % (Mac.) He pacTBOPUMBIX B TelITaHe npumeceit. Pactsopy-
TeJb OTHEIISIOT OT AeacansTu3aTa U achanbra B MCIIAPUTEIbHBIX ¥ OTIIAPHBIX
KOJIOHHAX.

2.4.1.2. ®U3NKO-XUMHWYECKME [MPOLIECCHI CTAIUH ITOJATOTOBKU
CbIPbA

Huxe npencrasiena Kiaccudukanusa GU3NKO-XUMUIESCKHUX IPOLECCOB
CTagyuy TIOATOTOBKY CBHIPHS.

B ¥X 9HCIIO BXOAAT TEPMUYECKUE TIPOLIECCH (U1 ITOBBIIICHUS apOMaTH30-
BAHHOCTH CHIPhSI IIPOMU3BOICTBA TEXHUIECKOTO YIJIEPOIaA, UL MOTYICHMA OeH-
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DUsUKO-XUMHUUECKUEC
TIPOILIECCH] CTaIuu
TIOJTOTOBKY ChIPhS

"

KucnorHo- Tepmoxara- TepMuecKue
HeTOoYHAS TuppoouucTka JUTHYECKUE TPOTIECCH
OYHMCTKA TIPOLLECChI
WsoMepuzanus TepMOKPEKHHT
ART-nponecc ¥ 3
H-GyTaHa pott M BUCOPEKIHT Tupory

SMHOBBIX ¥ JW3EIbHBIX (GpaKiii B 3aMeIIEHHOM KOKCOBAHUY X T. JI.), TEPMO-
KaTaIMTHIeCKe [M3oMepu3aIysi H-OyTaHa — IIOATOTOBKA CHIPBS UL amKWIIN-
posanust, ART-1ipoliecc — IOATOTOBKA CBIPHS UL KATATUTAIECKOIO KPEKUH-
ra (cM. pasgen 4.1.3) u T. 1.], TEPMOTHAPOKATATATHIECKHE (THIPOOYUCTKA
JMVCTAUISATHBIX M OCTATOYHBIX (bpakiuii — MOATOTOBKA CHIPHS U OCHOBHBIX
IPOIIECCOB KATAJIUTUYECKOTO KPEKUHTA, pH(GOPMUHTA 1 T. 1.), KUCIOTHO-
IIEeI0YHAasE OYMCTKA.

2.4.2. CTAIMSI IPOU3BOJCTBA TOBAPHON MPOAYKIIVIH

DTa CTaaus — HEOTheMJIEMAs YACTh COBPEMEHHOIO IIPOM3BOICTBEHHO-TEX~
HOJIOIMIECKOT0 KOMIUIEKca — MpeJHa3HaueHa U BBITYCKA HeMTEIPONYKTOB,
[TOJIHOCTBIO COOTBETCTBYIOLIUX TEXHUYECKUM YCIOBUSAM MMM TeXHUIECKOMY
pertamenty PO. OtbupaeMble Ha TEXHOIOTHYSCKMX YCTAHOBKAX ITOTOKU, KOM-
MMOHEHTH! U MOJIYIIPOLYKTHI B TOXABISIONIEM OONBIIMHCTBE CITyYaeB HE COOT-
BETCTBYIOT BBIIIEYKA3aHHBIM HOPMaM 110 OJHOMY WJIM HECKOJIbKMM IoKa3aTe-
ssiv. TakuM 06pa3oM, OCHOBHAS 1IEJIb CTaIUY IIPOM3BOICTBA TOBAPHOM IPO-
IYKLIMK — 3TO JOBENECHUE BCEX II0Ka3aTeNleil Ka4eCcTBa TOTO WK MHOTO TEXHO-
JIOTMYIECKOTO MPOLYKTA JO YPOBHS TpeOOBaHUM YIOMSIHYTBIX HOPMATUBHBIX
noxkyMeHToB. Kiraccudukarys TeXHOIOIWHA 3TOM CTaauy MPeICTaBIeHa HIDKe
Ha CXEeMe.

JMCTWUIATHL, TIOMy9aeMble B pe3yybraTe (PU3NKO-XUMITYECKIX MPOLIECCOB
niepepaboTKH He(PTEra3oBoOro ChIPhs, IPENCTABIAIOT CO00M CIOXHYIO CMECh
OPraHUYECKUX ¥ T€TEPOATOMHBIX COeIVHEHNH. HYacTh COeMHEHNH 3aMETHO
yXy[IIaeT 3KCIUIyaTallMOHHbIe CBOWCTBA TOBAPHBIX HE(MPTEIPOAYKTOB U UX
HEOOXOIUMO YIAIUTh. BEIIEIeHNEe WK yoaleHne U3 HEQTAHBIX Hpakiui
HEXeNATeTbHBIX KOMIIOHEHTOB OCYIIECTBIAIOT B GU3MUECKUX (CerlapalioH-
HBIX) WA PUUKO-XIMUYECKUX (CONPOBOXIAIOIMXC IMPOTCKAaHNEM XUMUYe-
CKMX peakxlimit) Ipoueccax. B pesyibrare Takoi KOMIUIEKCHOM IepepaboTKu
[IOJIy4alOT BHICOKOKAYECTBEHHbBIE KOMIIOHEHTEI, M3 KOTOPBIX 3aTeM ITyTEM KOM-
MTAYHIUPOBAHMS TOTOBSIT TOBAPHbIE HEPTEIIPOILYKTHL.

OU3MKO-XIMUYECKHE TIPOLIECCHL CTAINY ITPOU3BOICTBA TOBAPHBIX HePTe-
NPOIYKTOB, HAIIPUMED IIPOIIECC THAPOOYUCTKH, IIOAPOOHO OIMCAHbI B COOT-
BETCTBYIOIIMX Pa3/ieiaX HACTOSIIETO U3JaHUs. DTHU IIPOLIECCH NOCTATOYHO YHU-
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IIpouecchl CTaguy NPOM3BOACTBA
TOBAapHLIX HEPTEPOLYKTOB

. N

dusuyeckue , DU3UKO-XUMIAIECKUE
Arncopbuu- Tunpoouuct- CepHo-
OHHas Koxggg}s;r;lﬁﬂ— IEEJIO'{EEUI Xa ¥ THADH- || | KucnoTHast M(gKg:ﬁgHggB
OYMCTKA p HHCTKA poBaHue OYNCTKA pxaiira
A
TunponemnapaduHusanys,
THUAPOM30OMEpPI3aLHs
¥ THAPONEapOMaTH3alus

BepCaITbHbL, HO, KaK IPABILUIO, KAaITUTAIOEMKHY U YIOPOXAIOT ITONTyJaeMBbIe B IPO-
HEecce OYMCTKY TOBapHBIE HE(DTEMPOIYKTHI, TAK KaK TPeOYIOT UCTIONb30BaHMSA
BOOPOJIA, KATAIM3ATOPA ¥ JOPOTOCTOSIIIET0 000PYIOBAHHS, PAOOTAIOIIETO IO/
BBICOKHMM JaBJICHUEM.

2.4.2.1. ®U3UYECKUE ITPOLECCBI CTAIIA TPON3BOICTBA
TOBAPHOU ITPOAYKIINN

Cpenu (hU3MIECKUX POLIECCOB HA CTaMK TIPOU3BOACTBA TOBAPHOM TPO-
myximm T1TK HanbGosee MIXPOKO IPUMEHSIOT TIPOLIECCH KOMITayHAUPOBAHIA
(HampuMep, TUCTHUIATHBIX HEDTEIIPOTYKTOB C IpycagKaMu) U agcoponmu
(HarmpuMep, OCTATOYHBIX HEPTEIPOAYKTOB € IIOMOIIBIO afcopOIMy M/ Viu e~
napaduHnsanyn). CymecTBYIOT HEKOTOPbIe Pasiuyust B GU3NIECKUX IPOLEC-
cax celapalyy JErkux "CBeTIBIX" HEGTENPONYKTOB U TAKENBIX OCTATOYHBIX,
[I03TOMY PACCMOTPUM OTHENHHO TEXHOJIOTMH MPUTOTOBICHIST GEH3MHOB, K-
3eJIbHBIX ¥ KOTEJIBHBIX TOILIMB.

2.4.2.1.1. TIOJIYAEHUE TOBAPHBIX BEH3MHOB KOMIIAYHINPOBAHUEM

Du3MYeCKUil TIPOLIECC KOMITAyHIMPOBaHUSI OEH3MHOBBIX Gpakumil Ipes-
Ha3HAYeH JUIS MOJIyYEHHS BCETO acCOPTUMEHTA BBITyCKACMBIX Ha IPCINpUsi-
THY TOBapHBEIX aBTOMOOMIBbHBIX GEH3MHOB CMEIICHHEM BCEX KOMIIOHCHTOB,
BKJTIOYAs pasiNyuHble jJ00aBKU U npucanky. CTaHIUU CMEIICHMS OEH3UHOB
(CCB) pasnuyaioT KaK 10 KOJUYECTBY KOMIIOHEHTOB U MPHUCALOK (ot 2-3
10 15—18), Tax ¥ 110 CTENICHH aBTOMATU3aLlMU 1 KOHTPOIIA 33 ITPOLECCOM KOM-
TIAYHAMPOBAHMS ¥ YCTPOMCTBAMU IS €T0 OCYIIECTBICHMUS.

K taccmdeckas cxeMa OpraHM3alliy poliecca KOMITayHANPpOBaHus Ha Hed-
TeTlepepabaThIBAIOIEM IPEAIPHATHN BKIIOYaeT TP OCHOBHBIX STala: TeXHO-
JIOTMUECKHMIT pacyeT PELENTYPEl CMECH MO OCHOBHBIM (PH3MKO-XUMUYECKAM
[IOKA3aTeNsIM KOMITOHEHTOB (IUIOTHOCTH, OKTAHOBOMY YHMCILY, (PPaKIMOHHOMY
COCTaBY, COIEPXAHHUIO CMOT U T. I1.), IIPUrOTOBJICHIE X aHAIIM3 CHaYajla KOHT-
POJIBHOTO JTaBOpaTOpHOTo 06paslia, a 3aTeM ¥ TOBAPHOM NapTHH aBTOMOOWJIb-
HOro OcH3UHA.
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PacrnpocTpaseHa TeXHOJIOTHYecKas cXeMa IEePUOIUIECKOro JIEHCTBUS CO
cMeIIeHeM BCeX KOMIIOHEHTOB B OOIIEM pe3epByape ¢ IIOCHENYIOLIEH roMo-
reHU3aIyell cMecH IyTeM ee IUPKY/IAIuU. [Ipyrad cxeMa — IpenBapuTesibHOe
CMeITBaHNe KOMIIOHEHTOB B TPYOOIIPOBOJE TIEPEH 3aKaUYKO CMECHU B pe3ep-
Byap. COBpEMEHHBIE TEXHOJIOTHMYECKIE CXEMBI C IIOMOIIBIO CIIEUATIBHBIX IIPO-
IPaMM YIIPABJICHUS MTO3BOJISIOT HO3MPOBATh (Yepe3 KIlallaHBI-PeTyIIsATOPhI 110
CUTHAJIAM OT aBTOMATHUYECKUX aHAJIM3aTOPOB KAYeCTBa Ha [TOTOKE) IT0Nayy KOM-
[TOHEHTOB.

B xauecTBe KOMIIOHEHTOB CMEIICHNS TOBAPHOIO OCH3WHA Ha COBPEMCH-
roM HII3 MoryT GbITh MCIIONB30BaHbI, B OOIIEM Cllydyae, KaK BBICOKOOKTaHO-
BBIE KOMIOHeHTH cMernrerus: Toayosn (MOY/MOY = 115/103), ankunbeH301
(107/100), mapo6enzon (102/88), uzobyranosas dpaxuus (101/97), Gyraro-
Bast paxtms (94/89), ankwnar (93/90), uzoneHranosas Gpaxiws (93/90), mex-
taHoBag ¢pakuysa (90/87), pudopmar, 66H3UHBI THAPO- M KATATUTUIECKOTO
KPEKMHIOB, TaK ¥ DS APYTHAX TEXHOIOTHYECKUX IIONYIIPOIYKTOB: IIPSIMOTOH-
Hble 6eH3UHOBEIE Ppakiny, 6eH3MHOBBIE (MPAKIMH TEPMIYECKUX ITPOIECCOB
[IOCJIE MIX COOTBETCTBYIOLIErO 0OIAaropakvBaHys, Ta30BbI OCH3MH U IP.

BaxxHeHImmii KOMITOHEHT CMEIEHN — BBICOKOOKTAaHOBBIE 100aBKH (Ha-
IIpYMED, 3TAHOM) ¥ MPHCAIKH, OBBIIIAIOIIHE 0 HOPM TpeGOBaHUM CTaHAap-
TOB DS BAXHEHIINX SKCIUTyaTaI[MOHHBIX XapaKTCPUCTUK TOBAPHOI'O aBTOMO-
oubpHoro 6exsuHa. Ha CCB B Poccum m 3a pyOeXoM UX BBOZAT B IIPOIYKT
pasIeIbHO MM B BUIC CIIEHMAIBHOTO "TIaKeTa" aHTUISTOHAIMOHHBIX, aHTH-
OKVCIIUTENBHBIX, IPOTUBOKOPPO3MOHHBIX, aHTHOOJIENEHUTEIBHbIX 1 AaHTHUCTa-
THYECKUX TIPUCANOK. Bosee moipoGHO O MOTYYEHUH TOBAPHBIX OEH3MHOB Oy-
IeT pacckasaHo B Kuure "Texuonorust mepepadborku Hedrm. Yacts IV. Obure-
3aBOJICKOE XO3SHACTBO".

2.4.2.1.2. KOMIIAYHIUPOBAHVE CPEJHEIUCTIILIATHBIX
1 OCTATOYHBIX TOILINB

DToT PU3NIECKUI IPOLIECC OTHOCAT K CTaJyM IIPUTOTOBJICHUS TOBAPHBIX
IIPOAYKTOB — KEPOCHHA, TU3ENbHBIX X KOTEJIBHBIX TOIUIMB, OTBEYAIOIINX BCEM
ITOKA3aTeNIM COOTBETCTBYIOIIMX TEXHUIECKUX YCIOBMIA, Ha 0ase I0IyYaeMBIX
Ha JaHHOM HedTerepepadaTEIBAIOIIEM IPEAIIPUATAN KOMIIOHEHTOB NIepBAY-
HOTO ¥ BTOPMYHOIO MIPOMCXOXIeHMs. Ero CylHOCTh COCTOUT B CMEIICHUH OT-
NEJTGHBIX KOMIIOHEHTOB IT0 3a[aHHOM perenType ¢ HEOOXONUMBIME IIpHcaIKa-
mut. TexHOTOTHS cMeLleHus (KOMITAyHIPOBAHIUST) 00JIafaeT B CIIyJae HEO0X0-
IMMO#T CTETICHM aBTOMAaTHU3aliK TpebyeMoi ruOKOCThIO, ITO3BOJSIOMIEN IIPH
Hen30eKHBIX KONeOaHMIX cocTaBa IepepadaTbiBaeMbIX HedTecMecei, mapa-
METPOB PEXUMOB PabOTH TEXHOJOTHYECKUX YCTAHOBOK M OOBEMOB 3arpariv-
BaeMoii ITOTpeduUTEIIeM HPOMYKIIMN BBIIIYCKATh TOIUIMBA, ITOIHOCTHIO COOTBET-
CTBYIOIIIE TPEOOBaHUAM perjIaMeHTa.

ITporecc cMelleHrs. KEPOCHHA, TU3ebHBIX ¥ KOTEIbHBIX TOILIMB Ha Hed-
TerepepabGaThIBAIOIIEM IPEIIPUSTAY BKIIOYaeT TPM OCHOBHBIX 3Tana, Kak
¥ TIPY IIPUTOTOBJICHUN TOBAPHBIX OCH3UHOB.

KoMIioHeHTaMy TOBAapHOTO JHU3€IBHOTO TOIUIMBA CIIyKaT IPIMOTOHHBIC
IU3eNIbHBIE QPaKIUK, JerKue ra3oiin TepMUIeCKOTO ¥ KaTaluTUIECKOTOo
KPEKUHTOB II0C/Ie THIPOOYMCTKY, TUIPOKPEKUHTA, TSKETIBIA aaKuiIaT u ap.
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KoTtenbHbIe TOILIMBA TIONYYaoT CMENIEHNEM PasINYHbIX HEQTAHBIX OCTaTKOB
(Ma3yTOB, IYIPOHOB, KPEKMHI-OCTATKOB, CMOJI ITUPOJIN3a, ac(aIbTUTOB), K-
CTPAKTOB ¥ ra30iell TepMUYECKUX U TEPMOKATATUTUIECKUX IIPOLIECCOB.

ITo paccurTaHHOH B JIAGOPATOPHH PEIETITYPE TOIUIABA TOU WKW WHOM Map-
KU TOTOBST JIaGOpaTOPHEIN 00pasel], KOTOPHIH, KaK MpaBuiIo, aHAIU3UPYIOT
110 CJIEAYIOIINM TOKAa3aTeIsIM:

— IUTS TUA3EILHBIX TOILIUB — (DPaKIMOHHBIN COCTaB, KWHEMATHICCKAs BA3-
KOCTb, COIEPXaHKe CePBl, TEMIIEPaTypa 3aCThIBaHUA 1 LIETAHOBOE IHCIIO;

— JUTST KOTEJIBHBIX TOIUIUB — BSI3KOCTB, TEMIIEPATypa BCIIBIIIKYA U COACP-
XaHUE CEphl.

IMocie ToaTBEPKAEHNA COOTBETCTBUS KadecTBa JIabOpaTopHOTo oOpasifa
TEXHUIECKUM YCIOBUSIM PELENTYPY CMELICHUS IIEPEAAOT B LEX HII3 mist BeI-
TycKa ToBapHO# rponykuuu. K Iu3ebHbIM TOIIIMBaM, KPOME TOrO, J00aBIIsI-
JOT IIETAHOTIOBBIILIAOINKE, TIPOTHBOM3HOCHBIE, AHTUKOPPO3MOHHEIE, ACTIPEC-
COpHEBIE M APYTHE IIPUCATKH.

B cocTaB KOTEeIHHBIX TOIUIUB TAKKE BBOAIT JEIIPECCOPHBIC, aHTUKOPPO3N-
OHHBIE U ApYrUe MpUcanky. TOMOYHBIA Ma3yT, TIPUMEHSIEMBIN B KOTEIBHBIX
YCTaHOBKAX, He 000PYIOBaHHBIX YCTPOMCTBAMH UL OYMCTKY IHIMOBBIX IA30B,
JOJDKEH COOTBETCTBOBATh TPEOOBAHMUSAM IO CONECPXKAHUIO CEPHUCTBIX COCIM-
HEHUI — OHO He HOJDKHO IIpeBhImaTh 3 % (Mac.). TormouHbIi Ma3yT He JOJLKEH
TAKXKE COTEPKATH JeTYINe MEPKAIITaHb], CEPOBOIOPOJ, NOMYCKAETCA B KOJINIC-
CTBE 1O 2 MI/KL.

CopGILMOHHBIE TTPOLIECCH IS TIOJyIEH)s TOTOBbIX He(TEIPONYKTOB 1K~
POKO ITPUMEHSITHCH B IATUAECATHIE—BOCBMUAECATEIE TOMIBI XX B. DTO 3KCT-
PaKLOHHAS ¥ ancOPOIMOHHAS OYMCTKA MACAHBIX QpaKiiii, HUSKOTEMIIC-
parypHas nenapadUHU3aM, CEJIEKTUBHASL OYUCTKA, neacansruzanys, Hi3-
KOTeMIlepaTypHas AernapadyHu3anysa 1 KOHTaKTHasd JOOYMCTKA.

2.4.2.1.3. AICOPBIIIOHHAS OYVICTKA HE®TEIIPOAYKTOB

AICOPOLIMOHHYIO OYUCTKY IIPUMEHSIOT TSI OUMCTKY CBETIIBIX HedTenpo-
IYKTOB U TSKEJBIX ra30MIEBBIX (MACIAHBIX) PPaKUUi OT HENPEACIbHBIX YITIC-
BOIOPOZIOB, MOJMIMKINIECKIX apeHOB, CMOJIMCTHIX ¥ CEPOCOAEPXKAIINX CO-
eIMHEHMA, a TAKKe OT OPFaHMYECKMX KUCIOT U OCTATKOB PaCTBOPUTENEH.
B kagecTBe aIcopOeHTOB UCIIOIB3YIOT IIPUPONHbIE IIMHEL (OTOSTMBAIOIINE 3EM-
1), ICKYCCTBEHHBIE AIOMOCHIIMKATHL, aKTUBUPOBAHHBIH YTOJIb ¥ IPYTUE TBEP-
JIBIE BEIIECTBA. AICOPOEHTHI MCIIOMB3YIOT B BULE NOPOIIKA WK rpaHyL. PaHee
(cerofHs IPaKTHIECKN HE IPUMEHSIOT) B MPOMBIIIIEHHOCTH MCIIONB30BATIN
CllefyIoLIMe TEXHOJIOTHAY aCOPOLMOHHOM OYMCTKU: HENPepbiGHYHO adcopbyuoH-
HYI0 OMUCMKY Y KOHMAKMHYI0 000uucmKy. JJ0OYMCTKOM TPOLECC HA3BIBACTCS
FIOTOMY, YTO IIPOIECC IIPOUCXONUT IOCHIE CEJIEKTUBHOM OYMCTKI Macel.

Ipouecc HenpepbigHoli A0COPOLUOHHOU O4UCMKY OCHOBAH Ha n30Upareib-
HOM BBIIEICHUM MTOJIAPHEBIX TIOBEPXHOCTHO-AKTUBHBIX KOMIIOHEHTOB CBHIPhI —
MOJUIMKIAYECKUX apeHOB, KUCIOPOM- ¥ CEPOCONEPKAIINX COCTMHCHIMN —
Ha Pa3BUTOM MOPUCTOH OBepXHOCTH. CHIPHEM YCTAHOBOK 3TOTO TUIIA CITyXaT
MATOBSI3KIE Ta30eBble NUCTHUISTHL, a IPOAYKLUMEH — TOBApHBIC Macia pas-
JIAYHOM BI3KOCTH (TpaHc(hOpPMaTOPHBIE, CIIELUANIBHBIC SJEKTPOU3OIAINOH-
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gere). Oprannveckue COeAMHEHUS U CMOJIMCTHIE BEIIECTBA, OCTAIOIINECS
Ha aJCOpOCHTE, BBLKMTAIOT TIPY PEreHEpalliu.

Ilpu xoumaxmuoii doouucmie JACTWLISATEL CMEIIMBAIOT ¢ TOHKO M3METb-
YeHHBIM afiCOPOEHTOM — TIPUPOTHON TIIMHOM VI UCKYCCTBEHHBIM aTIOMOCH-~
ukaToM. TTOCKOJIBKY aKTMBHOCTH aICOPOEHTA 3aBUCUT OT CTEIIEHU U3MeJIbye-
HUSL, IPUMEHSIOT aICOPOSHT TOHKOTO ITOMOJIa, 4 YTOOBI CHU3UTD BA3KOCT I'a-
30151 ¥ 0OECIIEUUTE BoJIee IIOJIHOE €ro IIPOHUKHOBEHNUE B IIOPHI afcopbeHTa,
€ro HarpeBaoT.

JTOCTOMHCTBO IPOIecca KOHTAKTHOM JJOOYUCTKY — BO3MOXKHOCTE JIETKO pe-
IYJIMPOBATH CTETICHb OYMCTKY, OLIEHMBAEMYIO I10 LIBETY TOTOBOTO IIPOAYKTA, ITy-
TeM MU3MEHEHWS COOTHOILICHMS aucOpOeHT : IUCTWUIIT U TEMIIEPATYPHI IIPO-
necca. K HemocTaTkaMm Ipoliecca OTHOCSAT TPYAHOCTb PereHeparyy aincopoeH-
Ta, 3aMETHBIE ITOTEPH MIPOIYKTA C aICOPOEHTOM, YJACTUIHOE Pa3IOXEHUE Hed-
TENPONYKTA, BRI3BAHHOE TEM, YTO aCOPOEHTHI MPOABIIIOT KATATUTHICCKYIO
AKTUBHOCTH TIPY BBICOKMX TEMIIEpaTypax, ¥ HEBO3MOXHOCTb B PsANE CIIydacB
TTOJIYYUTh MACIISIHYIO OCHOBY TpeOyeMoro 1BeTa. OTU HeIOCTaTKM IPUBEIIN
K TOMY, 4TO JAHHBII IIPOIECC B MEHBIIIEH CTETIEHH CTaJl UCTonb3oBaThess Ha HIT3.

2.4.2.1.4. JETTAPAOMTHWN3AIINSA HEOTEIIPOAYKTOB

HenapadmHuzaiys HeTepoLyKTOB IpeaHa3HaYeHa I yIaIeHNs Iapa-
(UHOB U LIEPE3VHA U3 JUCTHUIATHBIX U OCTaTOYHBIX Qpakumii HepTu. Ias-
HOE Ha3HA4YEHME IIPolLecca — CHIDKEHIE TeMITEPaTyPhI 3aCTHIBAHNS HEQTEIIPO-
nykToB. Hioke npuBeleHO OIMCAaHME MTPOoLiecca HU3KOTEMIIEPaTypHOM Jema-
papUHM3AIY CBETIILIX HEDTEIIPOIYKTOB (THApoieniapapUHM3aIL ¥ THIPO-
M30MEPU3AIMA AU3EIbHBIX M MAaCISHBIX Gpakimii pacCMOTPEHB! B pasfiene 5
U TpeTheli yactu yueGHoro mocodus "TexHosorus nepepaborku HepTH". DTO
(M3UKO-XMMITIECKIE TIPOIECCH TPOU3BOICTBA TOBAPHOM NpoayKIy). PaHee
WCIIONB30BAIM KapbaMUIHYIO AerapadUHI3aMIO TU3eIbHBIX TOIUINB, HalpaB-
JIEHHYIO Ha IPOU3BONICTBO 3UMHMX ¥ apKTUYECKUX MapOK.

OCHOBHBIE 3TaIlbl 3TOM TEXHOJIOIMH — 00pa3oBaHUE KapOaMUIHOIO KOM-
IUIeKCa, OTAeJeHUe ero, IMPOMBIBKA, pa3pylieHue KoMiuiekca. ObpasoBaHue
KOMIUIEKCA CBSI3aHO C BHIIECIICHUEM TEIUIOTHL, KOJIMYECTBO KOTOPOU BO3pacra-
€T C YBEIMYEHMEM MOJIEKYIIIPHOM MacCHl YIIeBOTOPOnoB. [lIa KaxIoro mnapa-
(bPMHOBOTO YIJIEBOIOPOA CYIIECTBYET BEPXHUI TEMIIEpATYPHBINA IIPEMIE, BhIILS
KOTOPOI'O €r0 KOMIUIEKC ¢ KapoaMunoM pasnaraeM. [loaromy misa 6ojee nomi-
HOI'O M3BJIEYEHUS aJTKAHOB IIPOIECC KOMILIEKCOOOpa3oBaHus BEAyT IIPU I10-
HIDKEHHBIX TeMIlepaTypax. B Hacrosinee BpeMs KapOaMuIHYIO fernapapuHu-
3210 MPaKTUYECKH HE IIPUMEHSIOT M3-3a HEBBICOKOIO BBIXOAA TOIUIMBA
Y 3KCIUTyaTallMOHHBIX TPYIHOCTEM.

Adcopbuyuonnas denapauruzayus KEPOCUHOBbIX U OU3EAbHbIX QPaKYULl TaK-
Xe IpeIHasHAYeHa I IOYIeHMS XUAKUX TapadyHOB M HU3KO3aCTHIBAIO-
IIMX MapOK JM3eJIbHOrO TOIUTABA. DTOT IIPOLECC OCHOBAH Ha MCIIOJIB30BAHUI
MPOMBILIIEHHBIX aCOPOEHTOB — CHHTETHUYECKUX 11e0nuToB. g ancopouu-
OHHOTO U3BJICYEHUS H-AJIKAHOB IIPUMEHSIOT IeomuThl CaA u MgA, y KOTOphIX
IHaMeTp BXOAHBIX "oKOH" (11op) cocrasisieT okoio 0,5 HM. Yepes "okHa" TakmX
PasMepoB B LIEOJMT HPOHUKAIOT MOJNEKYNIBI H-aJIKAHOB, KPUTHIECKUM THaMeTp
KOTOphIX He mpepbimaeT 0,49 HM. Y MONeKysl U30aJIKaHOB, IIMKIOAIKAHOB
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¥ apeHOB KpUTHYeCKui fuameTp coctasiudeT 0,57—0,72 HM, ¥ IO3TOMY OHU HeE
MOI'YT IIPOHUKHYTH B IMOJOCTY LIEOJIUTOB.

Ancopb1ysa H-aJIKaHOB CHHTETHICCKUMIE LeONUTaMU OOYCIIOBIICHa CHJIA-
MH MEXMOJIEKYJISIPHOIO B3aMMOJEHCTBUSA: H-aJIKaHbl, KOTOPhIC UMEIOT B CBO-
el CTPYKTYpe TOJIBKO G-CBSI3H, aJCOPOUPYIOTCA B MOJIOCTSIX LIEOIUTOB 3a CYET
BBICOKMX aICOPOLIOHHBIX ITIOTEHIIAIOB, CO3IABAEMBIX IIEPEKPHITHEM aIcop6-
LMOHHEBIX I10JIeH IIPOTUBOIIONIOKHBIX CTEHOK ITOJIOCTEH IEOTHTa.

TeXHOIOTMYECKUl TIPOLIECC BKIIOYAET CIELYIOIMe CTalm: aucopous
H-aJTKAHOB IIEOJIUTOM IIPY €r0 KOHTAKTE C ChIPheM; IIPOMBIBKA — YIAICHUE U3
aIcOpOLIMOHHOrO 06BeMa He aicOpPOUPYEMBIX LIEOIMTOM KOMIIOHEHTOB ChIPhS,
necopOlys — BBIIEJICHUE H-aJIKAHOB U3 MOJIOCTEN LEOTUTa C IOMOLIBIO BbI-
TECHUTENEHN.

B Mupe pa3paboTaHO HECKOJIBKO TEXHOIOTHH ancopOIMOHHOM nernapadui-
musamy — "Monekc”, "Wsocus”, "Drcop6” u "Tlapekc”. B HacTosmem pasne-
e paccMoTpeHa TexHonorus "Tlapekc”, paboraromias Ha Kupuickom HII3.

CrippeM ycranoBku "Tlapekc" ciyxut dpaxims 200—320 °C, xotopyro
TIpeIBapUTeIbHO BBIIEISIOT U3 IIXPOKOH MU3eIbHOM Ppakiuy Ha 6JI0Kax BTO-
PHUYHOM IIEPErOHKY U TIOIBEPTaloT [IIyOOKOM TMAPOOYUCTKE C IETIbIO IIPENOTB-
PAaTUTh IPOTEKAHVE Ha LIEOTUTAX PEaKIMil KPeKHHTa ¥ MoJMMepu3aiii. B ka-
YeCTBE BBITECHUTEIS UCIIONB3YIOT aMMUAaK; IIPOLieCC IPOBOIAT B IPUCYTCTBUU
BOZOPOICOAEPKAILETO Ta3a IS YIyIHICHUS YCIOBUH TeILI00OMeHa 1 TIOfaB-
JIEHWS peakiiii KPEeKWHTa ¥ MOJIUMEPU3ALIIH.

HemnpepsIBHOCTH ITpoliecca JOCTUTAIOT I10CIEN0BAaTeIbHBIM BKIIOYCHUEM
Tpex afncopOepoB C IIEOTUTaMHU, B KOTOPHIX HOIEPEMEHHO OCYIIECTBILIIOT BCE
cTamuy Tpouecca. IlepexmoueHue aacop6epoB IIPOUCXOAUT aBTOMATUIECKHI
C TIOMOIIBIO 3aIIPOrPAMMHUPOBAHHBIX OBICTPOJECTBYIOIINX 3aIIOPHBIX Kilara-
HOB. Bpema mecopOruu Oosblie, 4eM afcopOiuy, MOo3TOMY, Kak IIpaBuio,
aJcopbIMs MPOBOMUTCS B OTHOM ancopbepe, a IecOpOIus U MPOMBIBKA —
B IBYX ApYruX. IlpuHIMIMaNbHas cxeMa ycTaHOBKH "Tlapekc” mpencrasieHa
Ha puc. 2.3. CeIpbe HacocoM  IIOIAIOT B TEIUIOOOMEHHUKY 2, 3 ULl Harpesa,
3aTeM OOBECIVHSIOT C TIPOXYKTAMU IIPOMBIBKY U CMEIMBAIOT CO CBEXMM U LIMP-
KYJIMPYIOIIAM BOIOPOICOAEPKAIIMM Ia30M. 3aTeM CMECh HarpeBaroT B TEIUIO-
0OMEHHUKE 4, a TAKKE B IIeYX S ¥ B BUIE ITapa HalIpaB/IAioT B TOT U3 TPEX aicop-
6epoB 6, KOTOPEIA B JAHHBII MOMEHT HaXOOUTCS B CTAIUK anCOPOLMH.

B afmcopGepe IeoIUT MOTJIOIAET U3 CHIPhs H-aJIKAHBI, ITPY 5TOM BBIAEIIIET-
sl aMMIEaK, aICOPOMPOBAHHBIN IIEOTUTOM B CTanuu fecopobuum. CMech nera-
pabUHIPOBAHHOTO MPOIyKTa (TeHopManu3ara), BCI u aMmMuaka, BBIXOISILIYIO
U3 apcopbepa, OXJIAXKIAIOT B TeIUIOOOMEHHIKE 4 M IIOJAIOT B KOJIOHHY 7. YXO-
TSI ¢ HU3a KOJIOHHBI 7 IEHOPMaIU3aT YaCTUYHO BO3BPAIAIOT Yepe3 TEIUTo-
0OMEHHNK 2 ¥ XOJIOMWILHUK & B KOJIOHHY 7, a 0aJlaHCOBOE KOJMYECTBO ITOH0-
rpeBaloT B TeroodMeHHuKe 9 v mopaior B crabumasarop 10. CrabuibHELA fe-
HOPMAJTH3aT Yepe3 TEIIOOOMEHHUKY 9 M 15 ¥ XONOIMIBHUK 16 BHIBOJAT C yC-
TAHOBKMU.

C Bepxa crabmwm3aropa /0 BEIXOOUT CMECH JIETKOTIO NEHOpMa3aTa, aMMU-
aka u BCI. ITocne KOHIeHCalMy ¥ OXJIAXKIECHUS MIPOIYKT COOUPAIOT B EMKOCTH
12. Kuaxyro 9acTh OTOKA BO3BPAINAIOT HACOCOM 13 Ha OpOIIEHHUE CTabuIN3a-
TOpa, a ra3 3a6KparoT KoMItpeccopoM 17. B To BpeMst Kak O[IMH U3 aIcopOepos
paboTaeT B CTaIU¥ afCOPOLIUK, BTOPOI IIPOIYBaIOT aMMUakoM. B cramum po-
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Puc. 2.3. TIpuanumuainhas cxema YCTaHOBKH aacopOuuonnoii nenapaduansannn "Iapexc":

1, 13, 14, 22, 26, 28, 34, 36 — nacocwy; 2—4, 9, 15, 19, 24, 30, 37 — TeIUI000MEHHUKH; I, 39 — neuu; 6 —
axcop6epm 7, 10, 25, 31 — xonouusr; 8, 11, 16, 20 27, 29 32 38 — xomomunbuuky; 12, 21, 33——eMKo—
cru; 17, 23 — xomnpeccopst; 18, 35 — KUNATUALHUKY; [ — CBipbe; [] — CBexXuii BONOPONCOAEPKALTHI
raz; IIT — ceexuit ammuax; IV — napaduns (necopbar); ¥V — nenopmammsar; VI — xongencar; VI —
niap; VIII — o6opoTHasi Bona; A — OJIOK HOATOTOBKY I'a30B

<V =V

A

IYBKU C TIOBEPXHOCTH LICOJIUTA U3 CBHIPBSI OTAYBAIOT YIIEBOXOPOIBI, KOTOPBIC
MOTYT 3arpA3HUTH ancopOUpoBaHHEBIE aTKaHbl. CMeCh IPOMBIBOYHOTO IIPOIYK-
Ta, aMmuaka 1 BCT oxiaxmaior B TeriooOMeHHuKe 19 u xonogwibHuKe 20,
a 3aTeM cenapupyloT B eMkocTy 21, JKunkuii MpOMBIBOYHBIA IIPOSYKT U3 21
MIOJAIOT HacocoM 22 Ha CMEIIeHHE C CBIPhEM, a ra3 3abuparoT KOMIIPECCO-
poM 23 1 TaKKe HAIIpaBJIIIOT Ha CMELIEHE C ChIPhEM.

B tperheM amcopbepe (Ha cxeme — 6/3) IPOBOIAT CTaAMIO JeCOPOIAM.
Bo BpeMs necopOIi 13 ITOp IE0JINTa AMMUAKOM BBITECHSIOT ajIKaHE! (Hecop-
oart). CMech fecopbara, aMMEaka U ra3a-HOCUTEIIS OXJIAXAAIOT B TEILIOOOMEH -
HUKE 24 ¥ 3aKa4MBaIOT B OXJIAXIAIONIYIO KOJOHHY Aecopbara 25, Toe Impoucxo-
IAT OXJIAXKICHE U KOHIeH calys fecopbaTa, OTHeNeHue ero oT razos. Oxnax-
JIEHME OCYIIECTBIIAIOT 32 CUET IBYX HUPKYIMPYIOIIHX OPOILIECHUI: HIDKHEE OPO-
IIEHVE HACOCOM 26 IPOKAYMBAIOT Yepe3 TETUIOOOMEHHMK CHIPhS 3 U XOJIONUIIb-
HUK 27, a BEpXHee — 4epe3 XOJIOMWIbHUK 29. [lecopbar ¢ Hu3a OXIIaXnaiomein
KOJIOHHBI 25 ITONAIOT Yepes Terutoo0MeHHIK 30 B crabumsarop gecopbara 31.
CrabuasHelil gecopbar ¢ Husa 31 yepe3 TeIUIo00MeHHUK 30, TeIIOyTHIU3HU-
PYIOLIMIA armiapar 37 ¥ XONOMWIEHUK 38 BEIBOIST B OTHENICHHNE CEPHO-KICIOTHOM
ourcTku. CMech mecopbaTa, aMMEaKa ¥ BOIBI, YXOISIIIYIO ¢ Bepxa 31, oxyiax-
IIAI0T B XONOMWIBHMKE 32 Y HAIpaBJBIoT B eMKocTh 33. ZKunkyio dasy us 33 uc-
TIOJIB3YIOT B KAUECTBE OPOLIEHM, a ra3 (aMMHMaK) OTKaYMUBaloT KOMIIpeccopoM 23.
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C Bepxa oxJIaxAaIoel KOMOHHBI IEHOPMAIN3aTa 7 BBIXOAUT ra3-HOCUTEINb
B cMecH ¢ aMMuakoM. [1ocie OTMBIBKY OT aMMuaka B 0JI0Ke ITOATOTOBKHY Ta30B
ra3-HOCHUTENb 00beAHAIOT co cBexuM BCI' 1 HampasigioT Ha CMEIIEHUE
¢ chIpheM ycTaHOBKU. C Bepxa OXJIaKIaroNieil KOJJOHHKI fecopbaTta 25 BRIBOIAT
aMMHaK C HEKOTOPHIM colepxkaHueMm xecopbata u Bonbel. Ilocine ouucTku
aMMMaK IOHAIoT Ha cxXaTue koMmpeccopoM 17. CxaTslif aMMHUaK IOJOTPEBa-
10T B TerutooOMeHHMKe 19 v rieun 39, a 3aTeM ITOHaloT B Ka4ecTBe AecOopOeHTa
B azicopbepsr 6.

IIpouecc ocymiecTBASIOT MPY CIEAYIONIMX ITapaMeTpax:

Temmepartypa, °C:

P Cole7 010 147, QNN O 380—-390

JECOPOIIMI « « o vttt st ettt e ittt et e e te e ta e eean e 380
Hasnenue agcopbumu, MIIa . ... ... ... . i 1,2
IIpomomxuTenbHOCTH CTanMi, MUH:

AICOPOIIMM .« v ottt ettt et et et e e e 5

TIPOMBIBEH « « 4 v v e e e e et e et e et e et e e e e e s ae s e e e 1

b (=Too ) o111 1 (O 10

Ipornecc ancopOLMOHHOTO U3BIICUSHUS aIKAHOB ITO3BOJISIET TOTYyIaTh KU -
Kue rapaduHbl BHICOKOM YUCTOTHI [C COmEpKaHueM H-aJIKaHoB 10 99 % mac.)].
Beixon xw-ankaHoB cocraBisgeT 95—98 % (mac.), 9TO 3HAYUTENHHO BHILIE,
yeM IIpy KapObamupHoi aenapabwHuzanyy. Hioke IpuBeIeH mamepuaibroli
baaanc ycranosku [% (Mac.)], mepepabaThIBaloIIeil CEIphEe C COIEPKAHUEM
21 % (Mac.) aIKaHOB:

Tlocmynuno
Crippe — rugpoouniieHHas Gpaxuusg 200-320°C .. ... ... ... o, 100,0
B BT O ittt i e e e e 100,0
Tloayyeno
KUaKAA TAPAMUH . . . oot e e e 18,0
Hu3k03aCTBIBAIOINES HTHU3ETBHOE TOTIIMBO .+« o v v v vt e eeetee e eneennnnn 81,0
8 o) (=) 2) % S GO 1,0
B O BT Ottt e e e e 100,0

s mampHerIero UCIoib30BaHUs ITMPOKOM (Ppakimy XKUAKUX apadu-
HOB HEOOXOAMMO CHU3UTH COIEPXKaHNE apOMaTHUYECKUX YIIE€BOLOPOLOB
10 0,01 % (mac.), mosromy Ha psane HIT3, B Tom gucie B OAO "Kupummmaedre-
oprcuHTe3", XXUIKUE MapadUHbI TTIOABEPTAIOT OYMCTKE CEPHOU KHCIOTOM.

2.4.2.2. ®DUBNKO-XMMHNYECKHUE INPOLECCBI CTAINU ITPONU3BOJCTBA
HEO®OTEITPOAYKTOB

2.4.2.2.1. CEPHO-KNCJIOTHAA O4YHCTKA

IIpu ob6paborke HEDTEIPOIYKTOB CEPHOU KMCIOTOM M3 HUX yIaNSIOT
HeIpeneabHble COSTUHECHUS, HaTEHOBHIE KUCIOTHI, OJUIUKINIECKHE ape-
gl 1 CAB. IIpu cMenieHnn HepTEIPOayKTa C CEPHOM KMCIOTOU M TIOCIEHYIO-
IIeM OTCTaMBaHWHU HOJIyYalOT JBa CJIOS: BEPXHUM — OUMILICHHBIA ITPOIYKT, HYCK -
HUI — KUCHBINA TYAPOH, IIPEACTaBIAIONIMN co00i cMeCch OTpabOTaHHOU KHC-
JIOTHI ¥ IIPOAYKTOB peakiuu. C ajJKkeHaMM M alKaaueHaMM CEpHasd KHCIIOTa
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06pasyeT KHCIbIe B cpennue 3¢upbl. KpoMme 3Tux peaxiuii B IIPHCYTCTBUM Cep-
HOM KHCIIOTBI IIPOTEKAET peakIlusd IoIuMepu3alny aikeHoB. [lonydeHHbie
[IOIAMEPHI OCTAIOTCS B OYMIIIEHHOM MPOAYKTE, ¥ WU UX YIAJIECHUS IIPOBOIAT
BTOPHYHYIO ITEPETOHKY. B pesyibrare MOIMMEPHU3aLuU aJIKaJUeHOB U LUKIIO-
JIKAHOB TIOJIYYai0T BRICOKOMOJIEKYIISIPHEIE CMOJIOO0pa3HbIe BELECTBa, Iepe-
Xo[AIlre B KMCIBIN TYIpOH. B CBSI3M C TPYTHOCTSIMU 110 YTWIA3ALUU KVICIIOTO
TYApOHA CEPHO-KMCIOTHYIO OYMCTKY CBETILIX HedTermpoxykros Ha HII3 mpo-
BOISIT B orpaHmyeHHoM MaciuTabe. IIpoliecc KMCIOTHON 04rCTKH HedTenpo-
ITYKTOB IMEET Psifi O4EBUIHBIX HETOCTATKOB — ra30MIeBbie (HPaKIuK, OYMIIEH-
HBIE CEPHOM KUCIOTOM, MMEIOT O0Jiee HU3KUIA 110 CPaBHEHHUIO C CEJIEKTUBHOMU
OYMCTKOM MHAEKC Bsa3kocTH (Ha 10—12 emuHuI), 90 GEKTUBHO KUCIONB3YIOT
jars 40—50 % KucaoTeI, KUCHIBIM I'YIPOH He HaXOMUT IMpUMeHeHUs. B cBsa3u
¢ 9TUM B HACTOsIIEe BpeMs JaHHBIH IMPOIECC UMEET COMHUTEIBHBIE IIPOMBIIII-
JIEHHBIE TIEPCIICKTUBEL.

2.4.2.2.2. LIEJIOYHASA OYNCTKA

IlemouHyr0 OUMCTKY (3allleladBaHKe) CBET/IBIX HEDTETIPOLYKTOB IIpPUME-
HAIOT B TOM ciydae, eciy Ha HII3 oTCyTCTBYIOT ITpOLeCChl TUAPOOYUCTKHA
¥ KaTaJIUTUYECKON IeMepKaIllTaHU3aluu.

IlenouyHyio OYMCTKY (3alleNayvBaHUE) IIPOBOAAT ¢ MpuMeHeHUEeM 10—
15%-noro BomHoro pactsopa NaOH mipu temniepatype 40—50 °C. CepoBono-
POI pearupyeT co IIeNI0Ybio ¢ 0bpa3zoBaHueM ruapocyinsduna u oucynsduna
HATpHs IO YPaBHEHUSIM:

2NaOH + H,S = Na,S + 2H,0;
NaOH + H,S = NaHS + H,0
MepKanTaHbl, pearupys co IIeJI0YbI0, 00pa3yloT MEPKAIITHIbL:

RSH + NaOH = RSNa + H,0

MepkanTuasl XOpOIIo paCTBOPHUMEI B IIEJIOYM M [TIOTOMY MOTYT OBITb JIEeT-
KO YIaJieHbl, OMHAKO PEeaKiis MEPKAIITaHOB CO INEIOYbI0 HOCUT OOpaTUMBIM
XapakTep, 9TO MPENATCTBYET MOJHOMY UX VIAJICHUIO U3 TUCTUUIATOB IIPU
3alielaYMBaHH.

Hedranapie KUCIOTH pearupyloT cO MIEJ0YbI0, 00pa3yst CoMu HeDTSIHBIX
KHUCJIOT — MBbLJIA:

RCOOH + NaOH = RCOONa + H,0

Conu He(TSIHBIX KMCIOT IEPEXOAsIT B BOIHBIM pAacTBOP IIEIIOYH U JIETKO
OTHEJISIOTCA OT HedTernponykToB. Clieasl IIEI0YM YIAISTIOT U3 HeQTEIIPOMyK-
TOB BOJHOM TIPOMBIBKOH. Anmaparypy AIsl LIEJOYHOU OYMCTKM OOBIYHO pa3-
MENIAIOT HeIIOCPEICTBEHHO Ha TEXHOJOTHUYSCKUX YCTaHOBKax. K umcy ceph-
€3HBIX HEAOCTATKOB TEXHOJIOTUHU IIEJIOYHON OYMCTKH CIIEAYET OTHECTH OE3B0O3-
BpaTHbIE ITIOTEPH JOPOTOTO peareHTa 1 00pa3oBaHue 3aMETHBIX KOJIMYECTB TPy~
HOYTWIN3UPYEMBIX CEPHUCTO-IIEIOYHBIX CTOKOB.

ITlenoyHyI0 OYMCTKY ra30iIeBbIX (MACISHBIX) (DpaKitiit MOXHO ITPOBOIUTD,
€CJIM OHM cofiepXaT CYIb(OKUCIOTHI, CIIEIbl CEPHOM KMCIIOTHI, HE(DTIHBIE KHC-
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JIOTBI. 'DTU MPOIYKTHL MOTYT OBITH YIAIeHbI U3 IUCTHWIIATHBIX PPaKiuii HerT-
panusanueit 3—10%-HBIM pacTBOPOM ILENOYH, YIS BCETO TMIAPOKCUIOM
Hatpus. Comepxaiyecs B ra30iIeBbIX (PPaKIMIX KUCIIbIE ITPOTYKThI obpazy-
IOT COJIM U IIEPEXOIAT B INENOYHON pacTBOp. Ilocie oTaeneHus MEI0YHBIX
OTXOZOB HEPTEMPOIAYKT ITPOMBIBAIOT TOPSYMM IIAPOBBIM KOHAECHCATOM VI ylia-
JIEHUSI OCTATKOB CoJied HeTIHBIX KUCIOT (MBUI) ¥ IIOACYLIMBAIOT BO3AYXOM.
Pacxon mesoun cocrapiseT 0,2—1,5 % (Mac.) Ha 00pabaThiBaeMy!0 (pakIHio,
YBY TIOTEPU IIPU 3TOM COCTABILIOT 10 5 % (Mac.). Hedtpaiuzanys WET0Ibio
HEIPUMEHKMA JIJIS BRICOKOBS3KUX NUCTWUIATHBIX U JUIST OCTATOYHBIX IIPOXYK-
TOB BCJIEACTBUE OGPA30BAHUA CTOMKUX SMYJIbcuit. Kucible Ba3Kue HedTempo-
JYKTHI HEHTPATU3YIOT B IIPOIIECCE UX KOHTAKTHOM OYMCTKY aICOPOEHTaMU.

TeXHOJIOrHS IEIOYHON OYMCTKH MOXKET OBITH MEPHOANYECKOM WIN HETIpe-
pbiBHOM. [lepronyyeckuii IpoLEece OCYLIECTBIAIOT B NIEJIOYHON MeIlajKe.
B ommiune OT KUCIOTHBIX, IETOYHbIE MEIIAJIKH UMEIOT BHYTPEHHHUHI 3aIlUT-
HBI CJIOM M3 BUHUTLTIACTA WIM Iaba30BbIX IUIMTOK, TAK KaK CIab0OKUCIIasi cpe-
712 MAcCJa BBHI3HIBAET ITOBBIMICHHYIO KOPPO3HIO.

HenpepbIBHBIH mpoliecce BeayT mpu AapneHuu 0,6—1,0 MIla. Ipenmyrue-
CTBa HEIPEPHIBHOI'O MPOLIECCA [TO CPABHEHHUIO C IIEPHOAMIECKUM — 3HAIUTEIIb-
HOE YIIy4llleHHe OTCTaNBaHUA HeDTEIIPOLYKTOB OT IIEIOYHBIX CTOKOB 1 YMEHb-
[IEHKE IIPOU3BOICTBEHHBIX II0TEPD.

Ha puc. 2.4 npuBefeHa IPUHIMIIMATGHA CXEMa TEXHOIOTHY HETIPEPHIB-
HOI IIEIOYHON OYMCTKY ra3oieBbix ¢pakuuit. Coippe HacocoM I IOHaioT
B TeIUI000MeHHUK 2, HarpesatoT 10 50 °C 1 HampasisIoT B IIeYb J, OTKY/Ia OHO
yxomutT ¢ temreparypoit 150—-170 °C. Janee cMeIIUBAaIOT B CMECUTEIE 7
¢ 2,5%-HbIM pacTBOPOM IIEJOYH, [TOIaBaeMbIM HacocoM 6. CMeCh HanpaBILs-
JOT B OTCTOMHUK &, TIe MAacJio OTCTAaMBaIOT OT MBI U Iesnoyn. Illenounsre OT-
X0l TTocite xonoauibauka 9 mpu 70 °C mocTynaioT B pe3epByaphl Ul I10CIIe-
IYIOIIETO BHIMENCHUS HEDTAHBIX KHUCIIOT.

C Bepxa OTCTOMHMKA 8 BHIENOYESHHbIN ra30iib ¢ TeMieparypoi 130—
140 °C moctynaer B cMecutens 10, Kyna HacocoM 1] momaroT BOIY IpU 60 °C.

Puc. 2.4. TIpHHUHIMATBHAS CXEMA HENPEPHIBHOM 1IETOYHOM OYHCTKH ra3oiineBbix Qppaxuuii:

1, 4, 6, 1] — Hacocsl; 2 — TeIUIO0OMEHHHK; 3 — KOJIOHHA; 5 — Heub; 7, [0~ CMecHTeN; 8, 12— orcroii-
nEKi; 9, 13 — xonomunsaukw;, | — cuipbe; [ — 2,5%-nm1ii pactsop NaOH; J/] — IeJoyHbIe OTXOAb!;
IV — Bopa; V — Bo3nyx; VI — OuHileHHBII ra3oias
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CMech BOJIBI ¥ HeTENPOAYKTA Pa3ieISIIOT B OTCTOMHUKE 12, ¢ HU3a KOTOPOro
[IPOMBIBHAS BOfia depe3 XononwibHuK 13 mpu 70 °C moctyriaet B pe3epByap
IUISL TIOCJIEAYIOIIETO BBIIEICHM He(bT;IHbIX KUCJIOT.

BBIIIEIOYEHHEIA ¥ IPOMBITHIA HEDTEIIPOMYKT ¢ BepXa OTCTOMHMKaA 12 1o-
mamaeT B TEIUTOOOMEHHMK 2, TMe ero oxiaxnaioT ceipeeM go 80 °C, a zareM
B KOJIOHHY 3 VISl IIPOCYIIKK CXAaThiM Bo3myxoM. C HM3a KOJIOHHEI 3 OYMINEH-
HBII Ta30MJIb OTBOMAST C YCTAHOBKM.

TeMiepartypy mpoliecca IeJOYHONW OYMCTKY MOANEPXKUBAIOT B IIpeaeiax
45-50 °C, masmenue oxoiuo 0,6—1,0 MIla, pacxon memogu cocrasusger 0,2—
1,5 % (Mac.) oT KonpgecTBa 06pabaThIBaeMOro HE(TEIIPOIYKTA.

2.4.2.2.3. OKUCJIEHUE MEPKAIITAHOB

Hawubossinee pacupocTpaHeHe TTOIYYMIN TEXHOJIOTUY KaTaIuTHIECKOM
nemepkanraausanuy "Mepokc” dupmbl UOP u Fiber-Film dbupmer Merichem.
VX MCITONB3YIOT B IIEPBYIO O4epenb IS OYMCTKHM OT MEPKAIITaHOB KEPOCHHO-
BBIX (Gpakiyi IMyTeM OKHCIECHMS MX A0 nucyiabdunos. B Poccun ycmenrHo
OPUMEHSIIOT TEXHOJOTHIO KaTaluTuieckoil nemepkanranusanuu OAO
BHUUA YC "IMI".

Texnoaorus "Mepokc". IIpoliiecc TpOBOAAT B LIEIOYHON cpele, M
cO3JaHua KoTopoil nmpuMeHsioT mu6o NaOH, nubo ruapokcull aMMOHUS
C UCIIOJIb30BAHMEM KaTaau3aTopa (B BUAE BOTHOIO paCTBOPA WIM HAHECEHHBIM
Ha aKTMBHMPOBAaHHBIA yroib). JaHHas TEXHOJNOTUA IS OYUCTKY JUCTHIUIATOB
BO MHOIMX CIIy4asix 9KOHOMUYecKu 6onee apdekTrBHA, YeM TMIPOOUUCTKA.
CyIIeCTBYIOT pasIMyHble MOIUGUKAIINY IIpoliecca, OTINYAIOUeECs 10 TUILY
IIPUMEHSIEMOTO CHIPbS M Kataymm3atopa. OCHOBHASA XUMMWYECKas PEaKIUsA ISt
BCEX BAPUAHTOB — OKMCIUTENHLHOE IIPEBPAIEHIE MEPKAITAHOB B JUCYIb(K-
bl B IPUCYTCTBUY METAIOPTAHMYECKOTO KATATN3aTOpa Py TeMueparype 60—
80 °C u pasnenmu 0,5—1,5 MIla:

4RSH + O, — 2RSSR + 2H,0

IpyHIUIMaTsHag cxeMa TexHosoruu "Mepokc”, npefHasHauYeHHO! 1
yIaJeHMs MEPKAIITAHOB M3 KEPOCHMHOBOU (hpakilivy, IPUBEACHA Ha puc. 2.5.

CrIppe (KEpOCHHOBYIO (hPaKIIMIO) IIPOMBIBAIOT PACTBOPOM ILEIOYH B Ko- |
JoHHE ] I yIajeHus CepOBOIOPOa W OPTAHMYECKUX KMCIIOT, IIOCIIe gero
MOJAIOT B 3KCTPAKTOP 2, THie M3 HEro pacTBOPOM Karanuzaropa "Mepokc" SKeT-
ParupyIoT HU3KOMOJIEKYIIAPHEIE MEPKAIITAHbL. DKCTPakT ¢ HU3a IKCTpaKTopa 2
TIOJAIOT B PEaKTOP 4 BMECTE C BO3IYXOM, IIIe IPOUCXONUT KaTATUTIIECKOE OKHC-
JIEHME MEDPKAIITAHOB B JUCYIbGOUIBI KUCIOPOAOM BO3LyXa ¢ ONHOBPEMEHHOM
pereHepalueil pacrsopa Karanusaropa "Mepokc”. Cmech 13 peakropa 4 IIpo-
XOIUT CernapaTopsl S U 6 Uil OTAEIeHUS M30BITKa BO3yXa U OUCYIbGUIOB,
[I0CJIE 9Er0 PEreHepUpOBaHHEIN PACTBOP Karanusatopa "Mepokc" Bo3Bpalia-
10T B 3KcTpakTop 2. PaduHAT ¢ Bepxa 3KCTpakTopa 2 OTACIAIOT OT IEI0YH
B ceniapaTope 3 ¥ HaIpaBysIoT B PeakTop 7 IS IepeBOAa B JUCYIb(UIBI BBICO-
KOMOJIEKY/ISIPHBIX MEPKANTAHOB, HE TTOIBEPIIINXCA SKCTPAKIIAN B 9KCTPaKTO-
pe 2. B peakTope 7paduHAT B3aMOAEUCTBYET C BO3AYXOM U JIOIIOTHATENbHBIM
KOJIMYECTBOM Kataimsaropa. [lasee cMech W3 peakTopa 7 IIOCTYIIaeT B cenapa-
TOp & Ha pasiesieHue OYUIEHHOTO MPONYKTa ¥ LIMPKYIUPYIOLIETO pacTBOpa
Karanusaropa. JIasg HU3KOMONEKYSIPHBIX Mpakiyii CTanusd NOIIOJIHUTEIBHON
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Puc. 2.5. IlpunnunuaisHas cxema TexHojaornd "Mepokce™:

] — X0JIOHHA TIPOMBIBKH; 2 — 3KCTPaKTOp; 3 — cenapaTop HIEN0uH; 4, 7 — peakTOpH; 5 — rasoXuiKo-
CTHBII CENapaTop BO3/yXa; 6 — CenapaTop HU3KOMOIEKY/IIPHEIX JUCYIL(UIOB; § — XKUAKOCTHBIH cena~
paTop OYMIIEHHOTO Ipofykra; [ — ceipbe; II — pactsop menoun; I/1 — u3bpTounb# Bo3nyX; [V — mu-
CynbbUABL ¥ — OYMIIEHHBIH NPOAYKT; P — pereHepupoBaHHbIN pacTBOp KaTanmusatopa "Mepokc”;
VII — nuMpKyIupyIOIIME pacTBop Katanmusaropa "Mepokc”; VIII — orpaboTanHas menodb

OKWCIIUTEIRHOM MepKaIllTaHU3alMy B peakTope 7 MckmodeHa. Ha 1 T coIpbd
pacxonymot 0,5—1,0 r karanusatopa u He Gosee 0,06 r 100%-Hol men09H.
PeakTops! 4 1 7 IPEICTABISIIOT COOOI NOJIbIE HWIMHIPHIECKIE aTlTapaThl.

CozepXaHue MEPKAIITAHOB B IIEJIEBOM IIPOLYKTE HE IIPEBBINIACT 5 I/T.

Texnonorus Fiber-Film otmryaercs oT TeXHOJOruy "Mepokc” TeM, 4To Jie-
MepPKaIITAHU3AIIAIO TIPOBOISAT Ha CTAlMOHAPHOM CJI0€ METAJUIOPTraHMYECKOro
Kartanusaropa (puc. 2.6).

Cripbe (KepOCHHOBYIO (PaKIMIO) IIPOMBIBAIOT PACTBOPOM ILIEJIOYM B all-
napare I ¥ HAIPAaBJIOT B KOHTAKTOp 2, TIE NPOUCXOAMT B3aMMONEHCTBYE

A AN

X

g

L L

Vill

Puc. 2.6. Mpnnunuansuas cxema texuonorny Fiber-Film:

1, 3 — npoMBIBOUHEIE anmnaparst; 2 — KouTakTop Fiber-Film; 4, 5 — ancopbepsl; 6—8 — HacoCH;
I — cripse (peakTuBHOE TOTUHBO); Il — Bosnyx; III — peumpkyngr; IV — 1en04e; ¥V — orpaborannas
mexous; VI — ouminedHslit ipoaykr; VII — Boma; VIII — orpaGoraHHas Boja; JX — 3arpyxaembrit
B CHCTEMY KaTaIM3aTop
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¢ IIECJIOYHBIM KaTaJIM3aTOPOM B IMyYKe JUIMHHBIX Majoro TUaMeTpa BOJIOKOH,
KOTOPBIE COSMUHEHBI B IWIMHIPH], M OKUCICHUE MEPKAIITAHOB, 3aTeM Kepo-
crHOBasA GPaxKiysg IMOABEPraeTcs OYUCTKE B IPOMBIBOYHOM amnmaparte 3
u ancopbepax 4u 5. C Huza agcopbepa 5 BEIXOIUT OYUIICHHBIN IIPOAYKT.
OCHOBHBIE HOKa3amean npoyecca IPeICTaBICHbl HITKE:
Coipve — xepocun
Conepxcalme MepKallTaHOB B pacyeTe Ha CEpy, ppm:

B OBIPBE « o vttt ettt e e e e e e e 300

B IIPOIYKTE:
TC-1............ e e e e e 20
Jet AT o e e e 30
TemriepaTtypa mpouecca, °C........... P 52
B 3%, (53 47 (001 1 - T P 1,2

B pazyuHbIX cTpaHax 110 JaHHOH TexHooruy paboraeT 6omnee 700 ycTaHOBOK.
Texuoxorus IMJI (puc. 2.7). Pazpaborana akanemukoM TatapcraHa
A. M. MasrapoBsIM.

I
J. o

1 4

¥

i S
5
2
T
Puc. 2.7. IlpungunuaipHas cxeMa NPonecca OKMCIEHHs MePKanTaHos
no Texnonorun M1

1 — Tennoo6MeHHNK; 2 — pacIpeAenuTelb BO3yXa; 3 — PeakTop; 4 — BO3yIL-
HBIH XOJIOMUIBHHUK, 5 — OTCTOMHUK; 6 — constHON GunbTp; 7 — ancopbep; [ —
cuipwe; I — Bosnyx; 11 — ouminenssrit ipopykr; [V — Boja

Cripbe (KepOCHH) HarpesaloT B TeIvioooMeHHuKe I mo remueparypsl 50 °C
¥ 3aKa4yMBaioT B peakTop 3. Ilepen BXogoM B peakTop 3 B CHIPbE Yepe3 paciipe-
JeuTe s 2 TIONA0T pacyeTHOE KOJIMYECTBO Bo3ayxa. B peakrope 3 mpoucxo-
JUT OKHUCIICHUE MEPKAaNTaHOB B IIPUCYTCTBUY CTalIMOHAPHOI'O METaJUIOPraHu-~
YecKoro KaTajm3aropa. Ha cxeMe He mokas3aH CernapaTop, pasneisaomuil oun-
LIEHHBIA MPOIYKT 1 TUCYITHMUIBI.

JleMepKanTaHU3UPOBAaHHOE CHIPhE BMECTE C OTPAOOTaHHBIM BO3IYXOM BbI-
BOIAT M3 Kyba peakTopa M 3aKauMBalOT 4epe3 BO3MYLUHBINA XOJOAMIBHUK 4
B OTCTOMHMK 5 IJI OTCTAaMBAHMS PEaKIIMOHHOU MacChl OT BOABI U Jajee
HATIPaBJISIOT Ha COJITHOM (OYIIBTP 6 Ui yOaJIeHUs BIIary M afgcopbep 7 Ui yaa-
JICHUS CIIEIOB CMOJIMCTHIX BEIECTB.

Texaonorus [IM/I 1515 0YKMCTKYM aBHALIMOHHOTO KEPOCHHA peain3oBaHa
B OAO "Kyi6smmesckuii HIT3" (pon3BomuTeIbHOCTD YeTaHoBKY 310 ThIC. T/TOM)
u B OAO "VYxrunckuit HIT3" (mpor3BoIMTeIBHOCTh YCTaHOBKY S0 THIC. T/TOM).
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IF'masa 3

TEPMMYECKUE IMPOIECCHI IIEPEPABOTKHA
HE®TEITA30BOIO CbhIPbA

3.1. Hayuno-TexXHOJOTUYECKHE OCHOBBI
TEPMHIECKNX MPOLECCOB

B 5TOM pasziese pacCMOTPEHBI OCHOBHI U 3aKOHOMEPHOCTY TEPMOIHAMU -
KV, KAHETHKA ¥ MEXaHM3Ma MPOTEKaHMs TepPMIIECKUX mporeccos. OcraHo-
BUMCS TTOAPOOHEe Ha KaXIOM U3 STHUX HallpaBIeHUM.

B cooTBercTBUM € ypaBHeHMEM [1166ca TepMOIMHAMIYECKYIO BEPOATHOCTD
POTeKAHNMS XMMUYECKOM PEaKIVK OMNPENeIAIOT 3HAKOM ¥ BEeIMIMHON U3Me-
Henust cBobomHoM sHeprun [n66ca (1306apHO-U30TCPMUIECKOTO IIOTEHIHA-
Ja):

InK, =—AG/RT,

rae K, — KOHCTaHTa PABHOBECHS, DaBHAA K, = K|/K,, rhe K; 1 K, — KOHCTaHTa CKOpOCTH npsMoil U 06-
paTHOU peakuuit; AG — u3MeHeHue sHepruu [M66ca; R — rasopag noctosaHas; T — TeMreparypa, K.

Ecmu K, > K, (T. e. peaxiiyis UOET B CTOPOHY 00pa30oBaHMsA TIPOIYKTOB), TO:
K, > 1ulnk, > 0,T.e. AGLO.

W3 ypasHeHus [66ca ciemyer, 4T0 OTpPULIATENbHOE 3HAYCHHE AG (ipu
HUBKUX 3HAYCHUSIX TeMIIepaTypsl 1 U JaBeHUs p) ABJIIETCSA YCIOBUEM CaMo-
[POM3BOJIHOTO IIPOTEKAHMS XMMUIECKOit peakumu. [Ipuaem, yem Oombime
aBCOIOTHOE 3HAYECHYE OTPULATELHOM BETMIMHEL A G, TEM BBIIIC BEPOATHOCTD
BTOTO YCIOBUA.

3pauenue AG BO3pAcTaeT C YBEIUYESHUEM MOJIEKYJIAPHON MaCChl YITIEBO-
TOpoIoB (KpoOMe aLeTieHa) u Temneparypbl. CliefloBaTe/IbHO, BHICOKOMOJIC-
KyJISIpHbIE OPraHNYECKHe COSIMHEHNS, MMEIOLINe OOJIBIINI TOTCHIAN SHEP-
rviu 06pasopaHud AG, TEPMITYECKU MEHee CTabMIIbHBI U 00Jiee CKIIOHHBI K pe-
AKIMSIM Pas3IOXeHMsI, OCOOEHHO IIPHM BHICOKMX TeMIIEpaTypax.

TepMuueckre rmporieccsl HeTenepepaboTKy — 9TO SHIOTEPMUUECKUE Pe-
aKIMY AeTHIPUPOBAHMsI, PA3IOXCHUS OPTaHMIECKUX COCMHEHUM, 9K30Tep-
MUYECKIIE PEAKINY CHHTE3A, TIONMMEPH3aliiy, KOHIECHCALMY ¥ T. IT. DTH TUIIBL
PEeaKIyii pa3IMYaioT He TOJBKO [0 3HAKY TeIUIOBBIX 9(()EKTOB, HO U IO TEM-
[IepaTypPHOI 3aBMCUMOCTH 3HAYEHUH CBOOONHOM SHEPTUM T66ca. s sHmno-
TEPMUYECKUX PeaKUyil pasloXeHUs YIJIeBOAOPOAOB 3HAYCHUSI AG ymeHbIIIa-
JOTCS C pOCTOM TEMITEPATYPHI, a JUI SK30TEPMUIECCKUX — YBEIMIMBAIOTCA, T. €.
peakuyuy Pa3ioXeHUS — TEPMOAMHAMUYECKM BBICOKOTEMIIEPATYPHBIC,
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a CHMHTE3a — TEPMOIMHAMIICCKH HU3KOTEMIIEPATYPHEBIE. AHAJIOTYHBINA BHI-
poj BeITeKaeT 1 u3 npuHnuna Jle Illarenwse—bpayHa: oBellieHue TEMIIEpaTy-
PBI CITOCOGCTBYET MPOTEKAHMIO SHIOTEPMUIECKHX PEAKIHIA B CTOPOHY POIYK-
T00Opa30BaHM, & SK30TEPMUIECKIX — B OOPaTHYIO CTOPOHY.

B unrepsane temieparyp 300—1200 °C, B KOTOPOM OCYHIECTBIISIIOT GOIb-
IIMHCTBO IIPOMBINIIEHHBIX IIPOoIleccOB HedTenepepadoTKy, CBOOOLHAA SHEP-
rusg [166ca MMHEHHO 3aBHUCHUT OT TEMIICPATYDHI.

CyliecTBeHHOE BIMSIHIE Ha KOHCTAHTHI CKOPOCTEH peaklUii OKa3hlBaeT
JaBJIEHIE: €r0 POCT CIIOCOOCTBYET PEakMAM, HAYIIAM C YMEHBLICHUEM 00be-
Ma (B OCHOBHOM DPEaKIIASIM CHUHTEe3a), HU3KWE NaBICHUS YCKOPSAIOT PEeaKiluu
Pas3IOXECHU.

IIporHo3upoBaHye BEPOSTHOCTH 00pa30BaHMS TOTO WM MHOIO IIPOAYKTa
Pa3IOXEHHS IIPY OCYIIECTBICHUN TEPMUYECKMX IIPOIIECCOB TAKKE OCHOBAHO
Ha TEPMOTUHAMUICCKIX JAHHBIX, B YACTHOCTH HAa 3HAYECHUAX SHEPIVM CBA3HU
MEXIY aToMaMH B MojieKysax. Tak, aHanu3 uHGOpPMalMY, IIPENCTaBICHHON
B Tab:1. 3.1, MO3BOJIAET CENATh CICIYIOMIME BEIBOIABI O HAIIPABICHUM Pa3IOXKe-
HUA HEKOTOPBIX OPraHMYECKUX M T€TEPOOPTaHNIECKUX COSIUHEHUIA.

— B Mosekynax aJkaHOB Hau0oJee BRICOKOE 3HAYCHUE SHEPIUUN Pa3phiBa
CBA3M MEXIY KpaiHIM aTOMOM YIJIEpoJa U BofopoaoM y Meta"a. Kpome toro,
3HAYEHUE SHEPTUM OTPhIBA aTOMa BOXOPONA OT BTOPHMYHOIO U, OCOOEHHO, OT
TPETUYHOTO aTOMa YIJIEPOJa MEHBIIE, YEM OT IIEPBUYHOIO.

— B MoJexynax ajJkeHOB 3HAYSHME YHEPIUHM OTPHIBA aTOMa BOLOPOIA OT
VIJIEPOIHOTO ATOMA C TBOWHOM CBS3BI0O 3HAYMTENBHO BHIILE, YEM B JIKaHAaX.

— B Momexynax 6eH30/Ia M aJKAIapOMaTUIeCKUX YITIEBOIOPOIOB 3HAYE-
HYE SHEPIUM CBSI3M MEXKIY aTOMOM YIJIEPO/Ia B KOJIBLIE ¥ BOLOPOIOM COIIOCTa-
BuMoO ¢ mpouHocThio C—H-cBa3u B MeTaHe, a SHeprusl OTphLiBa BOIOpOAa
OT yIJIepona, CONMPSIKEHHOTO ¢ apOMAaTHYECKUAM KOJIbIIOM, 3HAUUTEIILHO HUXKE,
gyeMm sHeprus paspeiBa C—H-cBs3u B ankaHax.

— DHeprus pa3preiBa YIepoa-yIIepOJHOR CBSI3M B MOJIEKYJIAX BCEX KJlac-
COB YIJIEBOIOPOJOB BCEra Hinke sHepruu paspeiBa C—H-cBsa3n.

— CBs1311 MEXIy IMEPBUYHBIMI aTOMaMM YIJIEpOAa BCErJa IPOYHEe, YeEM
C—C-cBsa3u ¢ MepBUYHBIM, BTOpHYHBIM (Cyy) 1 TpeTrynbM (Cpp) aTOMaMu
yriaepoja.

— B ankeHax yriepoa-yriieponHbie JBOMHBIE CBSI3M 3HAUMTENBHO IIPOYHEE,
gyeM C—C-CBSI3U B aJIKaHax.

— B ankuimapoMaTHYeCKUX YIIEBOLOPOAaX YyIJIEPOL-yIJIEPOIHas CBA3b,
COIIPSDKEHHAsI ¢ apoMaTideckKuM KombloM (C—C,,), MeHee IPOYHa, 9eM CBSI3b
C—C B ankaHax.

ITpu TepMOKpeKHHTe He(PTEra30BOr0 CHIPhS MPOUCXOAUT Pa3phiB B IIEPBYIO
ouepenb Hambolee cnabhIX CBI3eil ¢ 00pa3oBaHUEM IIPOAYKTOB IIpEHUMYIe-
CTBEHHO ¢ MEHBIIIEH CBOOOIHOM sHeprueit oopazopanus. TakuM ob6pa3oMm, Tep-
MOIMHAMIYECKHH aHAIM3 ITO3BOJISIET ITPOTHO3MPOBATh KOMIIOHEHTHBIN COCTaB
Y TIOICYMUTATH PABHOBECHBIE KOHIICHTPALMKA KOMIIOHEHTOB B IIPOLYKTaX peak-
LM B 3aBUCUMOCTH OT YCJIOBHI IIPOBEIEHMS TEPMUYECKHX, a TAKXKE TEPMOKa-
TATUTHYECKUX TIPOIECCOB.
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TabGmma 3.1. Duepruu paspeisa cBsiseli B HEKOTOPBIX YIIEBOAOPONAX U IeTEPOOPraHMICCKHX

COeUHEHUAX*
BSHeprusa OHeprus
COC)IPIHGHPIC, CBA3B paspriBa, CoelIIrIHeHPIe, CBA3b paspriBa,
kX /Moun kJIX/MOB
H-H 435 CH;—CH, 360
CH;—H 431 C,Hs—CH;, 348
C,Hs—H 410 C,H;—CH; 339
C,H,-H 398 CHs—CHj 335
CsHg—H 394 C,H;5—C,H; 335
CH2=CH—H 435 C3H7'—C3H7 318
CH,=CHCH,-H 301 C,Ho—1-C3H, 318
C¢Hs—H 427 C4Ho—C H, 310
C4HsCH,—H 348 CH,=CH, 502
C4HsCH,CH,—H 394 CH,CH—CH;, 394
(C¢Hs),CH-H 310 CH,CHCH,—CH;, 260
CH,C(CH;)—C,H; 268
H
423
293
" s
CH, 364
000 =
CH;—SH 293 CgHs—CH, 381
C,HsCH,—SH 289 CgH5—C,H; 368
CgH5—SH 222 C4Hs—C3H; 360
CH,—SCH; 301 C4HsCH,—CH;, 264
C,Hs—SC,H; 289 C4Hs—CgH; 414
CH,S—SCH;, 293 C¢H5CH,—CH,C4H; 197
C,H,S—SC,H; 293 (CéHs),CH—CH(CgHs), 159

*TOJIbKO IUISI BHIIEJIEHHBIX CBSI3EH.

3.1.1. KHHETUYECKHME OCHOBbI TEPMHUYECKUX ITPOLIECCOB

JlaHHBIE 0 MEXaHU3ME ¥ KMHETHKE XUMMYECKUX PEeaKIii MIMEIOT He TOJb-
KO YVICTO TEOPETUYECKOE, HO U OOJNBIIOE IpaKTHIecKoe 3HayeHue. MzygeHue
MEXaHW3Ma PeaklMii COCTOUT B YCTAHOBJCHHMY SHEPreTHIECKY HanboJee BhI-
TOIHBIX PEaKUMOHHBIX MapIIPyTOB, CTPYKTYPHI 00Pa3yIOMIMXCS Ha OTAEIBHBIX
MUMKPOCTagUIX IIPOMEXYTOYHBIX BEHIECTB (AaKTUBHBIX KOMILJIEKCOB, JaCTHI]
¥ Ap.) [UIS pearupyromuyx Mosekyn. B cBoio ouepenp, MEXaHU3M peakiiyii mo3-
BOJISIET YCTAHOBUTDH KMHETAYECKIE 3aKOHOMEPHOCTH BO BPEMEHHM B 3aBHCHUMO-
CTH OT ITapaMeTPOB XUMUIECKOTO IIPOIIECCa.

XUMHYECKUE peaKlMK, MPOTEeKAOIKE B MMpolieccax HedrenepepaboTKu,
BecbMa pa3HooOpa3Hbl. VX kimaccupuuupyIoT 110 CIeAYIONIIM IIpHU3HaKaM:

— no mepmoOuHaAMU4ecKuUM noxazamensam:. obpaTMbIe M HeoGpaTUMBIE,

SHIO- ¥ 3K30TCPMHYCCKHE,
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— N0 Ccnocoby aKkmusayuu peazupyroujux eeujecme: TepMUIeCcKre, KaTaiv-
THYECKHE, POTOXMMHUIECKHE, PAIUAlIOHHO-XUMUIECKIE, OMOXMMHUYECKHE,
[DIa3MEHHO-XMMMYECKUE, COHOMUTHIECKHE (T. €. OCYIIECTBISIEMbIE IO BO3-
NEeCTBAEM YIBTPa3ByKa) U JIp.;

— N0 QPa3080My COCMOAHUIO PeazUPYIOWUX 8eujecma; TOMO- 1 rerepodasHble;

— 1o a3080My cOCMOAHUIO PeAKUUOHHOL CUCMeMbl: TOMOTEHHBIE B TETEPO-
reHHBbIE,;

— O MEeni080MY PeXCUMY PeaKmopa: U30TEPMUIECKIE 1 HEU30TEPMUUECKIE;

— N0 2UCPOOUHAMUYECKOMY DENHCUMY PEaKUUOHHO20 annapama. OCyIIeCTBIISI-
eMBbIe B PEAKTOPaX UACATHHOTO BRITECHEHUS (TIPOTOYHBIE U IIPOTOYHO-MMITYJTEC~
HEIE) ¥ UIEATHBHOTO CMETIIEHM (C TICEBIOOXIKEHHBIM CIIOEM; IIPOTOYHO-ITHAP-
KYJISLIAOHHBIE C OONBIIOM KPaTHOCTBIO HUPKYISILMHY; C MEIIAIKOU vin 6apbo-
TAXHBIM IIEPEMEIIUBAHIEM);

— HO KUHemu4ecKomy NpU3HAKy: TIPOCThIe, CIOXHBIE (MTapajUiebHbIE, ITOC-
JieOBaTeNIbHBIEC, CMEIIaHHbIe); MOHO-, OM- WM TPUMOJIEKYISIPHBIE; OCyIle-
CTBJISIEMBIE B KMHETHIECKOM 1 AP Dy3rnOoHHOM 001acTIX pearupoBaHuUs;

— 1O KOMNOHEHMHOMY COCMABY UCXOOHO20 CbiPbs: PEAKLIY XMUMUIECKUX IIpe-
BpallleHUI MHOUBHAYATBHBIX BEIIECTB 1 MHOTOKOMITOHEHTHEIX HETIPEPHIBHBIX
cMecel (HarpuMep, YIieBOJOPOIOB HEMTSIHOIO CHIPh).

Kunernyeckoe ypaBHEHME CBA3BIBAET CKOPOCTh PEaKIMy C ITapaMeTpaMu,
OT KOTOPBIX OHA 3aBucHT. Hanboiee BaXKHBIMU U3 STUX ITaPaMETPOB SIBJISTIOTCSI
xounteHTpaums (C;), Temmeparypa (7), napieHue (p):

vi=f(C;, T, p).

B ocHOBE KMHETUKM CIIOXHBIX PEaKIAiA JICXUT IIPUHIUIT HE3aBUCUMOCTH
Pa3IUIHBIX MPOCTHIX peaklnil, MpPOTeKaoInX B oqHOU cucteme. M3 atoro
MPUHIINIIA CIIEMYeT, YTO KMHETUIECKHE ITapaMeTPhl CKOPOCTEH TIPOCTHIX peak-
LM He 3aBUCIT OT ONHOBPEMEHHOIO ITPOTEKaHM Ipyrux peakuuii. Mcxons us
9TOTO MPUHIIMIIA, IUIST CJIOXHOM peaklMH IMPUHATO COCTABIISITH CUCTEMY ypaB-
HEHMI CKOpPOCTEH I HE3aBUCHMBIX IPOCTHIX PeaKIMi.

st xumMugeckol peakiiuy, OCYIECTBIISIEMOM TTPY TIOCTOSTHHBIX TeMIIepa-
TYpe ¥ JaBJICHUU, €€ CKOPOCTH ABJsIeTCA DYHKIMEH TONBKO KOHIICHTPALINT
pearupyonifx BEIECTB.

B coorBeTcTBHM C 3aKOHOM JEMCTBYIOIIMX MAcC, CKOPOCTh XUMUYECKOM pe-
aKIW¥U MPONOPIMOHATRHA KOHLIEHTPALMSIM PEarupyloyxX BEIECTB B CTere-
HSIX, PABHBIX MIX CTEXHOMETPHIECKUM KoadduimeHTam. g B3auMoneicTBy-
IOIIMX BEILIECTB CKOPOCTh XMMUYECKOM PEaKIIUH OTIPEACIIICTCS 10 YPABHEHUIO

Vj =kiC{"‘C:'Zn2... =kl-H,~_1C'l-'71f,

e k; — KOHCTaHTa CKOPOCTH -1 peakllyy; j — YHCIO UCXONHEIX PEATHPYIOLIMX BELIECTB, M —M; — CTEXHO-
MeTpuyeckue Ko3bbuuueHThI.

VpaBHEeHUE AppeHNyCa YCTaHABIMBAET 3aBUCMMOCTh KOHCTAHThI CKOPOCTH
peakuuu (k) ot TemmepaTypsl (7). XuMudeckasi peakiiis MOXET IIPOXOIUTH
TOJIBKO B PE3YyJIbTaTe CTOJKHOBEHMS MOJEKYJI PEArUPYIONIMX BEILLECTB, 00ia-
JAOIMX HEKOM MUHMMAIILHOM SHEpruei (sHepruei akrusauuu F) mis mpe-
OIOJIEHUS] SHEPTETUYECKOro Gaprepa:

k= koe B/RT,

e ky — NPeRdKCIOHSHIHAIBHEI MHOXHKTENb, XapPaKTePUIYIOLIMIA YACTOTY CTONKHOBEHHH pearupyiommx
MOJIeKyJ; R — yHuBepcanbHasi ra30Basl IOCTOSHHAs.
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YpaBHeHUE AppeHnyca — ONHO U3 OCHOBHBIX YPABHEHUW XUMHYECKOHN
KWHETUKY, a SHEPIUs aKTUBAILMK — BaXXHas KOJIMYECTBCHHAS XapaKTepUCTH-
Ka peakIMOHHO! CIIOCOOHOCTH BEILECTB.

DHeprud aKTUBAIVM TaKUX Peaklyil paBHA HX TEILIOBOMY 3bdeKTy.
3arpaThl TEIUIOTH HA paciaji YIJIEBOOOPOIHOM MOJIEKY/IBI Ha MOHBI HAMHOIO
OOJIBLIE, YEM DHEPIHUS TOMOJIUTIICCKOTO Pa3phiBa CBA3EH.

DHeprHd aKTUBAIUN TEPMUUECKOTO Pa3jIoXeHUs YITICBOXOPOIHBIX MOJIE-
KyJI Ha MOHBI HACTOJIBKO BeJIMKa, YTO TAKOM paciafl B ra3oBoii (ase npu oObry-
HBIX YCJIOBUSX He TIporcxonuT. B Tabi. 3.2 mpuBeneHbl KWHETHYECKVE Tapa-
MeTpHI (IIpeI3KCIIOHEHIUATbHBIA MHOXHUTEND Ky ¥ 3HEprusa aktupauuu E
B ypaBHEHMHU AppeHMyCca) MOJIEKYJISIPHEIX peakuyil yrieBoroponos. OtMeTnm,
yTO HauboJiee BEICOKOE 3HAYCHVIE SHEPTMU aKTUBALIMM XapaKTePHO I peak-
Ui OErMAPHAPOBAHUS MOJIEKYIL.

IpensKCIOHEHIIUATbHBIM MHOXHUTENb KOHCTAHTBl CKOPOCTU PEeaKIUU
pacrazia yIIeBOIOPOIHBIX MOJIEKYJI Ha PafyKalbl B OOJIBIINHCTBE CIyIaeB CO-
crasimser 101°—1017 ¢c-1. B nepBoM npubImKeHuy IPeIIKCIIOHEHTH B 3Haye-
HUSX KOHCTAHT CKOPOCTH paciiaia yIIeBOLOPOTHON MOJIEKYJIBI IO Pa3IMIHbBIM
CBSI3SIM OIMHAKOBBI, CIEIOBATEIBHO, C HAMOOJBIIEH CKOPOCTHIO MOJICKYJIa pac-
fafaeTcsd Ha pagyKalbl 10 HaMMEHee IPOYHOU CBA3U.

Eciu Ha Kaxoii-I1u00 CBSA3U B MOJIEKYJIE COCPENOTOUUTCH SHEPIH, paBHAA
v GOJIBIIAs MPOYHOCTH CBSA3M, TO 3Ta CBA3b paspbiBaeTca. Pacman cBs3y,
B IIPUHIINATIE, MOXET UATH C TIEPEXONOM DJIEKTPOHOB JIBYX2JIEKTPOHHOM CBA3U
Ha OpOHUTAIN Pa3HbIX aTOMOB WM OIHOTO M3 aTOMOB. B mepBoM ciyyae (2o-

Tatimna 3.2. Kuserudeckue napamMeTpsl OTHeJIbHBIX MOJIEKY/ISPHBIX PEaKiuil YrieBOXOpPOI0B

kg, ¢!
Peaxuuu (o, o ~0;40n1> ey E, xJx/momb

C=C-C=C-C=C - 10119 125
i ‘f
t

C=C-C=C—C — C-C=C—-C=C 10112 137

@ N @ o 78

U N U +H, 1013 246
C=C
2C=C-C=C — C( 1010,22 103

10978 71

C
g

*ky, "1 — IUIST MOHOMOJIEKYJSIDHBIX PeakuMit; ko, cM? © MoIb * ¢! — g GUMOJIEKYIIAp-
HBIX PeaKiyi.
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moaumueckull pacnad) obpasyeTcs OBa paauKaia Wiy oupagukan. Bo Bropom
ciydae (eemepoaumuteckuil pacnad) TIONY4alOT 1Ba PAa3HOUMEHHO 3aPKEHHBIX
HMOHA.

ITponyKThl peakiy MOTYT YJaCTBOBATh B CTAIUSX KaK IIPOHOJDKEHUSI, TAK
¥ MHAIIMUPOBAHUS OOpHIBa 1ieTieil, a TakKe YCKOpSTh UX. B pe3ynerate TepMu-
4eCcKOI'0 PAa3IOXEHUS MCXOTHOIO YIIIEBOAOPOIA MOXET CHIBHO M3MEHSITHCS
rIyOvHa peakivu.

3.1.2. MEXAHU3M TEPMUYECKWX ITPEBPAIIIEHII YIJIEBOJTOPOIOB

ChIpbe COCTOUT U3 OOJIBIIOTO YHCiia UHAMBUAYAIbHBIX KOMIIOHEHTOB. Co-
BEPILIEHHO OYEBUIHO, 9TO IIPEACKA3aTh WV IIPOCIEIUTH CYIb0Y KaXKIO0ro KOM-
[IOHEHTA ChIPbSI IIPY BO3ACHUCTBUM BBICOKMX TEMIIEpaTyp HEBO3MOXHO. [103T0-
MY Ha IIPaKTUKE O Pe3yJIbTaTax TOro YUUIM MHOTO BBICOKOTEMIIEPATYPHOTIO IIPO-
recca CyIaT OOBIYHO ITO BBIXOJAM LIEJIEBBIX ITPOLYKTOB: Ta3a, 66H3WHA, TU3e/Ib-
HBIX (pakivii, KOKca, a TAKXKE IT0 KOMIIOHEHTHOMY COCTaBy LIeJIEBBIX HeDTe-
rpoxykToB. OJHAKO MHOTOYMCIIEHHBIE UCCIIEAOBAaHUS TEPMUYECKUX TIPEBpa-
INeHUN OTHENBHBIX YII€BOLOPOAOB ITO3BOJMIM BBIACIUTH XapaKTepHBIE
IUISL JAHHOTO KJ1acca COCIUHEHMIA TUITHI PEaKIA.

IIpeBpamenus ankanoB. TepMOIVHAMWYECKUE PACYETHI MOKA3bIBAIOT, YTO
VIJIEBOLOPOBI 3TOT0 psifia, HAYMHAY C [ICHTaHa, IIPY ITOBBIIIEHHBIX TEMIIEPA-
Typax CKJIOHHBI K peakiuu pacnana no cesasu C—C ¢ 06pazoBaHMeM aJKeHa
M aJIKaHa: )

CnHZn +2 7> CmHQm + CqH2q + 25

e n=m+ gq.

IlomyyeHHBIE TIpEOEeNbHBIE OCKOJIKM MOJIEKY/I BHOBb PacIiaiaroTCs Ha aj-
KeH ¥ ankaH. Hu3KoMoeKysapHbIe YITIEBOIOPOILl — 3TaH, IponaH 1 Oyra-
HBI — TaKXe CKJIOHHBI K JETUAPUPOBAHHUIO:

CnI_I2n +2 77 CnHZn + H2

B pesynbrare peakuuy AETHAPUPOBAHMS B Ta3axX MPOMCXOIUT HAKOILICHYE
Bozopozna. Pacriag ankaHoOB MOXET MPOUCXOOUTH 1o BeeM cBsa3siM C—C. Mecto
paspeiBa cBs3u C—C u, cleroBaTeIbHO, IPEUMYIIECTBEHHOE 00pa30BaHUE TEX
WY VHBIX IIPOAYKTOB PEAKIIUM 3aBUCHUT OT TEMIIEpaTyphl U JaBieHus. Yem
BBILIE TEMIIepaTypa M HIDKE HaBJICHUE, TEM MECTO Pa3phiBa YIJICPOTHOM IIETIN
Bce OOoIbllie CMEUIAeTCs K KPao MOJIEKYJIBI ¥ IIPH 3TOM 3HAYUTEIHLHO BO3pacTa-
€T BBIXO[I ra3000pa3HbIX npoaykroB. Ilpu Temmeparype okono 450 °C paspriB
IIPOUCXOIUT TI0 CepeauHe MOoJeKy/sipHOU nernu. IIpy noBwImieHuN TaBIeHUS
MECTO pa3phIBa TAKKE CABUTACTCA K IIEHTPY MOJIEKYIIBI, [TO3TOMY KPEKHHT ITO],
JABJIIEHVEM TIO3BOJISIET TIOYYaTh OOJBINE IEIEBBIX XUIKUX IIPOIYKTOB.

BonpImHCTBO YISHBIX CUMTAET, YTO peaKIUs paciiaga alkaHoB MMeeT LieT-
HOH XapakTep ¥ HOQYUHSIETCS TEOPUM CBOOOMHBIX paanKajioB. KpaTko mojo-
KEHUA 3TOX Teopyr (GOPMYIUPYIOT CIETYIOIIM 00pa3oM.

1. MockonpKy sHeprus aucconuanuy cBa3u C—C MeHBIIIE, YeM CBSI3U
C—H, To niepBUYHBI paCIiaj 11O/ BO3IEHCTBIEM IIOBBIIIEHHOM TEMITEPATYPHI
npouicxomut 1o cesizu C—C. B pesysbsraTe noiydaeM paaykaibl pa3InIHOMK MO-
JIEKYJIIPHOUM MacChl, HaIIpuMep:

CH,(CH,)sCH; — C,H; + C;H;
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ITpoucxonuT BOHUKHOBEHNUE (MHULIMIPOBAHKE) LIETTHON PEaKIIUu.

HeHacpIleHHbIE COSTMHEHNI CO CBOOOTHOM BaJICHTHOMU CBA3BIO, HE pac-
Tafaolirecss MTHOBEHHO Ha 0oJiee yCTOMYMBBIE COSAMHEHYS, HAa3bIBAIOT C60-
600nbiMu paduxanamu. K HAM OTHOCST TaKXe ¥ BOXOPOIHBIN paukat H .

2. Pagukanel 6ojiee BEICOKOM MOJIEKYJISIDHOI MaccChl, HE OOJIajaolye
B JAHHBIX YCIOBHX XOTS OB MUHUMAIHHOM CTaOMIBHOCTBIO, MTHOBEHHO CHO-
Ba pacmanaiTcs ¢ 00pa3soBaHUEM YCTONYMBOIO HENPEAEIBHOIO YITIEBOIOPOa
¥ HOBOTO pagyKajia, B TOM YKCIie ¥ BOXOPOIHOTO aToMa, HallpyuMep:

CH, __)E CH, + CH;
CH, +H’

IIpu oTOM, KaK BUIHO, KOHILIEHTPALMS CBOOOIHBIX PaJUKaIOB B peakilu-
OHHOM CMECH pacrer.

3. CBoOOmHBIE pagUKAJIbl, CTAIKMBASICh C MOJIEKY/IaMU UCXOTHOIO ChIPhA,
ITOPOXKIAIOT IIETTHYIO PEaKlMI0 00pa30BaHus HOBBIX PaJIMKaIOB:

RH+H® - R"+ Hy;
RH+R' >R'+RH

Wner pasBuTie LETHOMN peakIvi.

ENUMHCTBEHHBIM PE3YJIBTATOM COYIapeHus CBOOOIHOTO PanvKala C MOJe-
KYJIOW CHIphs OyIeT OTPHIB BOIOPO/A OT MpenenabHoro yresonopona. C pasHoii
CTEIIEHBIO BEPOSITHOCTH STOT OTPBIB OYIET IMPOMCXOAUTEH OT TPETUYHEIX, BTO-
PUYHBIX ¥ NEPBUYHBIX aTOMOB YIJIepola, ITOpoXIas paguKaisl pa3IudHOTO
CTpOEHUs, HAIIPYMED HPH MTUPOIM3E MPOIaHa:

CH,CH'CH, + CH, (1)

CH,CH,CH, + CH, — E
CH,CH,CH, + CH, (2)

ITpu 600 °C BeposiTHOCTE OOpa30BaHK CBOOOIHBIX PagUKalIoB C BOLOPO-
oM y BTopmuHbIX (1) ¥ IepBUYHBIX (2) aTOMOB YIJIEPOAA COCTaB/ISIET COOTHO-
merne 1 : 2. BpeMs XuU3HU CBOOOIHBIX PAAYKAIOB OYEHDH MAJIO, ITOPSAIKa
10-3—10~* ¢, TaK KaK 3a 3TO BpeMsI OHU YCIIEBAIOT BCTPETUTHCS C HEPA3NIOXMIB-
LIMMHCI MOJIEKYJIAaMHU CHIPhSL. DHEPIrUs aKTHBalMM PEeaklUil 5TOro TUIIA CO-
crasisger 40—80 x/I:x/MOJIb, T. €. 3BHAYUTEIIHBHO HIKE, YEM LIS IIPSAMOYO paciia-
Ja ankaHa. CBoOOMHEIE paJIVKaIbl IIPH PAa3BUTHUM LIEMTHOM peakiiuy BO3ZHUKA-
10T BHOBb ¥ BHOBb, 1 B PE3YJIETaTe OYEHB OOJIBINAS YaCTh UCXOMHBIX MOJIEKY
aJIKaHa BoBJekaercd B peakumio. ClenoBaTeIbHO, OCHOBHYIO MacCy IIPOIyK-
TOB pPeakiiy IIOIYYalOT B PE3yJbTaTe Pa3BUTUS UMEHHO LIEIHOM peakiiuu
yepe3 CBOOOIHBIC PAMKAIIbI, 2 HE B PE3YJIbTaTe IIPSIMOTO Pa3phiBa YIJIEPOTHOM
uerny. PaspeIB yIVIEpOIHOM eI — TOJIHKO HAYalo JJIMHHOTO Ps/ia IpeBpalie-
HM, KaK ObI IIEPBUYHEINA TOTYOK.

4. TIpu DOCTIDKEHUU PAaBHOBECHS BEPOSITHOCTh BCTPEYM CBOOOIHBIX Pany-
KaJIOB JIPYT C APYTOM CTaHOBUTCS HE MEHBIUEH, YeM BEPOSATHOCTD UX COylape-
HUS C MOJIEKYIAMH MCXOMHOTO CHIPhS. DTO HMPUBOIUT K OOpPEIBY LIENIM B pe-
3yJIBTATE PEeaKLyii, IIPOUCXOIAIIMX ¢ 00pa30BaHUEM CTAOMIILHBIX AJKAHOB:

a) peKOMOMHAIMKA PalUKaJIOB:

CH; + CH; — C,Hg;
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6) AUCIIPOTIOPIIOHUPOBAHUS PATUKATIOB:
CH; + C,Hs — CH, + C,H,.

B utore B MPOAYKTAX pPEaKIINy HAKAIUIMBAIOTCS YCTOWYUBLIE IPY JAaHHOM
TeMIIEPATYPe TPENEIIbHEIE U HEIIpeIe/IbHbIE YIIEBOIOPOMIEL, a TAaKKe MOJIEKY-
JAPHBIA BOIOPOLL.

IIpespamenus aiKeHOB. B IpSIMOTOHHOM CHIPhE IS KPEKMHIa HEHACBIIIIEH -
HbIEe YITIEBOZOPOABI OTCYTCTBYIOT, HO OHM BCerja oOpasyloTcs IIPH paciane
yIJIeBOJOPONOB Ipyrux Kiiaccos. Ha mpumepe oneHOB 0COOEHHO JIETKO IIPO-
CJIEOUTD PENIaroIee BIUSHUE TEMIIEPAaTyphl Ha HalpaBIeHUE IIPEeBpaIieHuUs.
Huskue TeMIIepaTyphl ¥ BEICOKME JaBJICHUS CTUMYIIMPYIOT PEaKIIi MOJIMe-
pU3aIy HU3KOMOJIEKYIAPHBIX ONe(UHOB:

nCnHZn - (CnHZn)n

YeM BBIIE HaBIEHKE, TEM ObICTpee MAET IonmMmepusanus. OnHako mpu
[OBBILIEHHAN TEMITEPATYPHI TEPMOIMHAMUYIECKASI BEPOATHOCTD TONMMEPU3ALIII
PE3KO MafaeT ¥ PaBHOBECHE CMEINAETCa B 0OpaTHYI0 CTOPOHy. YeM Gosbiie
BpeMs TIPeOBIBAHNUS CHIPBSI B 30HE BBHICOKMX TEMIIEPATyp, TeM OBICTpee MIET
pacIiaji IPOIYKTOB YIUIOTHEHWS. B 0GBIYHBIX yenoBrax KpekuHra (okoino 500 °C,
nmapienue no 7 MIla) onedunsl, o6pa3oBaBlIMeC IIPU PACIIane MpeneIbHbIX
KOMITOHEHTOB ChIpbhs YUIH B Pe3y/IbTaTe YILIOTHEHUA B HaYaJIbHBIY IIEPUOL KPe-
KWHTA HU3KOMOJIEKY/ISPHBIX aJIKEHOB, B OCHOBHOM IIPETEPIIEBAIOT paclial.

AHAIN3 SHEPIETHYECKIX OCOOEHHOCTEN MONEKYNBI OJle()rHA OKA3bIBAET,
YTO HaMMeEHbIIEH SHepruel mucconuaiiuy obiaanaet cia3p C—C, Haxomsmas-
¢s1 B B-TIOJOXEHUH TI0 OTHOILUEHUIO K IBOWHOM CBA3U:

—cé—C—c=c—c—§—c—c—
Y Ba o P y o

DTOo Tak Ha3bIBAEMOE Mpaguao B-cs3u OTIpenenaeT Haubojee BEpOITHOE
MECTO pacraza B YIJIEpOIHOMN EeTH.

Mexasu3M pacliafa ajJIKeHOB, TaK Xe Kak ¥ aJKaHOB, UMEET LIENHON xa-
pakrep. TlepBUYHEIA pacman mo B-CBA3M JaeT Hadauo OBYM pamukaiaMm. Tax,
IUTS TIEHTEHA!

ol
H,C—C— g—C-—CH=CH2 — C,H; + CH;

I l

H “H

Hanee: .
CsH,; + R°— RH + CH3;CH,CHCH=CH,

Panukan CsHy BecbMa HEYCTONYMB, M CPa3y IIPOUCXOAUT €ro pacrai Ha
OyramueH U pagyuKal METI:
CH,CH,CHCH=CH, - CH,=CHCH=CH, + CH;

HanpHeliiee pa3sBUTHE HEHOM Peakiny UIET Yepe3 paguKal METHIL. DTOT
MEXaHM3M XOPOIIO OOBICHAET HOJydeHue OyTaaueHa U MeTaHa U3 [TeHTCHa:

C5H10 —> C4H6 -+ CH4
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IIpu Gonee BricoKuX Temreparypax (600—700 °C) aHanOrn4HbIe peakiy
ocyliecTBISIOT 1 it Husmux oneduHos C,—Cy. Tak, U3 oTHIeHa TOTyJaioT
OyTamyieH U BOLODOL.

Venosus nuponusa (temmeparypa no 700 °C 1 HU3KOe JaBJIEHUE) CIIOCO0-
CTBYIOT TaKKe MPOTEKAHUIO PEaKIMil JeTUIPUPOBAHMS AIKECHOB:

C4H8 - C4H6 + H2

B pesynbrate B IPOAYKTAX MUPOIU3a HAKATUIUBAIOTCA AMOIEPUHBL. DTH
VIJIEBOIOPOIbI BECbMa CKJIOHHBI TIpu Temrreparypax okono 700 °C x moimme-
pusanyy (1) ¥ KOHIEHCAMK ¢ alKeHaMH (2) ¢ 06pa3soBaHUEM LUKIMIECKUX
YIJIEBOAOPOIOB!

CH=CH,
2CH,=CH-CH=CH, — )
BHHHHHHKHOFGKCCH
CH
uc” ° CH,
I +0 " — (2)
HC CH, -,
AS
CH

2

Tonyyaromuecs Mpyu KOHACHCAINN UMKIO0NedUHBI JIETKO IAeTUIpu-
PYIOTCS IO apOMAaTHYECKUX YITIEBOLOPOLOB. DTOT CUHTE3 Ha3bIBACTCS TUEHO-
BBIM, OH SBJISIETCS OMHUM U3 IJIABHBIX IyTel 00pa3oBaHMs apeHOB IIPH MHPO-
JI3e.

IIpeBpamennst NUKIOAIKAHOB. [ UKIOATKAaHOB HaNOOIEe XapaKTEPHbI
CJIEAYIONIME THITHI IIPEBPALEHNS IPY BEICOKUX TEMIIEpaTypax:

1) neankwiMpoBaHUEe OOKOBBIX aJIKAHOBBIX LETIEH;

2) IeruapUpOBaHUE KOJbIla C 00pa30BaHUEM LIUKIIOAIKEHOB U apCHOB;

3) yacTHYHAs WJIM TOJHAs AeUMKIU3alus IONMIMKIOAIKAaHOB ITOCIe
NeaTKUIUPOBAHNS;

4) pacraj IHKJIOATKAHOB ¢ 00pa3oBaHyeM OJe(QUHOB WK Iapa(UHOB.

Jeanxunuposanue — peaxkiiyisi, AaHAIOTUYHAS pacriafy ajkaHoB. Tepmuye-
CKasl YCTOMYMBOCTh OOKOBBIX AJTKAHOBBIX LIETIeH 3HAUUTEIbHO HIDKE YCTONYM-
BOCTH KoubLia. [109TOMY paciierieHue Hernei sBisgeTcs IperuMyIeCTBEHHBIM
HaIIpaBJIeHMEM IIEPBUYHOTO pacriafia alKIIIHKIoaNKaHoB. Ilpu reMmeparype
oxoJ10 500 °C paciueruieHue IMPOUCXOAUT ITIaBHBIM 00pa30M ITOCEPENIHE LECTIH.
JeankuupoBaHue — TATMIHBIA IIPUMeD peakivid MOCIeI0BaTeIbHOIO THIIA.
ITo Mepe yBenMIeHUS TIPOAOJDKUTEIbHOCTH HAarpeBa O0KOBbIE LETM CTAHOBSIT-
cs1 kopoue. TpyIHee BCero OTIIETUITIOTCS METYITbHAS ¥ STU/IbHAsA rpyniisL. ITo-
HOE IEaTKWIHPOBAHKE BO3MOXHO JIMIIL NIPU OoJiee BBICOKUX TeMIleparypax.
[oBelIeHNE AaBIEHUA TIPEMSTCTBYET ICAIKIINPOBAHUIO. YKOpOUeHHas 6o-
KOBag LIeIb, TaK Xe KaK ¥ OTIIEIUICHHBINM OCKOJIOK, MOTYT OBITh JIMOO HAChI-
[IEHHBIMY, MO0 HeHaCHIeHHBIMI. [1pK McuepribIBaoOIEM JAeaIKIMPOBaHUM
NUKJIMYECKHI pafriKal HACBIIAETCS BOAOPOJOM, BCETAA IPUCYTCTBYIOIIAM
B IIPOJYKTaX pacmaja.
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Jlecudpuposanue — GoJiee BEICOKOTEMIIEpATYPHAsl peakivs, Benylad K Ha-
KOIUIEHHIO B IIPOAYKTAX KPeKUHTa W IIMPOJIN3a IUKIOATKAaHOB M apeHOB.
Peaxkuy OJaronpHUSTCTBYeT IOHIDKEHHOE JHaBJICHUE:!

0= =
g™

Bunmkinyeckue HadhTeHBI IIPHU 3TOM peakluKM MOTYT HAaTh HAYaJo YIJIEBO-
ZIOpoIaM PSIOB TeTpaiuHa ¥ HadranuHa. [Ipy nuponuse nermapupoBaHue
IIECTUWIEHHBIX HA(DTEHOB HAPSAAY C TUEHOBBIM CHHTE30M SIBJIIETCS Hambosee
BEPOSITHBIM ITyTeM IITyOOKOW apoMaTu3alliyl ChIPbs.

JeKII3aIAs HOMMIIKINICCKIX HahTEHOB MPUBOIUT K MTOCIEA0BATEb-
HOMY YIIPOIIEHHIO MOJIEKYJI M COIPOBOXIACTCS ealKiupoBaHueM. Cxema-
THYHO 3THU MPEeBpAIIeHUs MOXHO IPEACTABUTD B CICAYIOIIEM BUIE:

)Ieanxmm—
Pacnan pOBaHne N C H C H 5

OmHoBpeMeHHO (0COOSHHO IIPM BBICOKMX TEMIIEpATypax) IPOTEKAIOT pe-
axIyy gerunpuposanus. I[UkioneHTaH, IUKIIOTEKCaH U UX OJVDKalIme ro-
mooru 1ipu 550—600 °C pacnamarorcst Ha JBa HENPEeIeTbHBIX OCKOJKA:

‘/\' Pacnan C2H4 + C3H6

------ “_______)E C2H4 + C4H8
2C.H,

ITpu 700—800 °C nukIiorekcaH pacriagaeTcsl iHade, ¢ 00pa3oBaHuEM OyTa-
JUeHa:

C6H12 —> C2H6 + C4H6

Peaxainu ripoTekaioT 1o MOJIEKYJIIPHOMY MeXaHU3MY. TepMOIUHAMUIECKH
¥ KMHETHYECKH peaKlys pacrana KOHKYPUPYET ¢ peakliuell IeTuIprpOBaHUs,
IIO3TOMY B IIPOAYKTAX KPEKMHIa MOXHO OOHApyXUTh B CPAaBHUMBIX KOJIHYE-
CTBax ¥ aJIKCHBI, ¥ apeHEl.

Ilpespamenus apeHoB. ApeHbl HauboJiee TEPMUUYECKI YCTOMYMBEI, I03TO-
My OHU HaKaIUIUBAIOTCI B XKMIKMX IIPOAYKTaX KPEKMHIa TeM B OOJBIIINX KOJIH-
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YyecTBax, YeM BBIIIe TeMieparypa mpornecca. [Tpu muponuze HI'C apeHs! saBis-
JOTCS TJIaBHOM COCTaBHOM YaCThIO TaK HA3HIBAEMOM CMO/bI NUPOAU3A.

ApeHpI ¢ JUIMHHBIMUA OOKOBBIMH HEISIMM CITOCOOHB! HeAIKWIMPOBATHCS.
ITpenMyIIeCTBEHHOE MECTO OTPHIBa OOKOBOM LTI HAXOAWTCS MEXIY HEPBBIM
Y BTOPHIM aTOMaMU YINIEPOia B LIETIN, T. €. B B-TIOJIOXEHMY OT YIJIEPOa KOJIbLIA.
TTosTOMy TP JCATKWIMPOBAHMH IIOJIYYAlOT INIABHBIM 00pa3soM MOHOMETWIIU-
pPOBaHHBIE apEHEI.

TonosimepHbie YrIEeBOAOPONBI JIOO0M CTENIeHU LMKIUIHOCTH (OEH30I,
HadTAIMH, aHTPAIeH 1 JIP.), TaK Xe KaK ¥ apeHbI ¢ KOPOTKUMHU OOKOBEIMH Lie-
MMM, TIPAKTHIECKH He TIOABEPTaloTCs paciany. EMMHCTBEHHBIM HAIIPaBieHU-
eM MX TIpeBpallicHUi SBIISIETCS KOHICHCAIIUS C BBIOEJICHUEM BOAOPOA, IPO-
VICXOIUT HaKOIUICHUE TONMULIMKINIECKIX apeHoB. B pe3yinbrare KOHACHC AN
Oen3oia, HadTaTMHa ¥ APYTUX MHOTOSIIEPHEIX apeHOB 00pa3yroTcsa MudeHmn,
IUHAQTII M UM TIONOOHEIE YITIEBOXOPOIBI:

2C¢Hg — CsHs—CgHs + Hy;
2CyHy — C,oH;—CoH; + H,

ITpoTexkanue 5TUX PeaKIMi TAKKe IIPOUCXOMUT MO PATUKAIEHO-IIETTHOMY
MexaHusmy. O6pasyolmiica panukai Bogopona H ' mopoxmaer apoMaTHIeCKIe
pPaTUKAJIBL

C6H6 +H — H2 + C6H§,

KOTOpEIE B JAJIbHEHINIEM PEKOMOMHUPYIOT, YTO U IMPUBOAUT K 00Pa30BAHUIO
KOHIEHCHPOBAHHBIX MONEKY/. PazpuTue peakiuii KOHACHCALMY pa3HOoo0pa3-
HBIX IUKIMYECKIX YITIEBOMOPOIOB IIPUBOIMT B UTOre K 00pa30BaHMIO Kapbon-
o8 (kokca). [TocTeneHHOE YBEIMICHNE MOJIEKY/ISIPHON MAaCChl, TIOBBIIICHUE
COIIepKaHU YIJIepoaa 1 ITIOTEPIO BOAOPOAA B PE3yJIETATe KOHACHCALIMY apoMa-
THIECKHUX CTPYKTYP MOXHO M300pasuTh CIeAyIoIIel cxeMoll (Ha mpumepe

O _IIZ _II2 ( )

Hadranmun JuHadTun Ilepuien

DTa ¥ aHAJIOTUYHBIE €l peakIIUK 10 Mepe ITOJUKOHACHCAIIMY IPUBOIAT
K 00pa30BaHUIO TBEPIBIX KAPOOUIOB, CONEPKAMINX MUHUMAIBHOE KOJIMYECTBO
BOIOPOIIA.

TakuM oOpa3oM, OYEBHAHO, YTO HEDTIHON KOKC He ABIIETCI MoaudUKa-
uel yriaepoja, NOMydarolleiics Ipyu pacnale yriieBOIOPOLOB HA 2JIEMEHTHI,
a ¥MeeT YIVIEBOIOPOAHOE CTpoeHMe. Eciy 1mepio mpoliecca He SBIISIETCS MOy -
yeHre He(QTIHOTO KOKCa, TO KOKCOOOpa30BaHME BEChbMA HEXENIATEIbHO.
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Hauamo o6pa3oBaHUs IPOSYKTOB YIUIOTHEHUS 3aBUCUT OT COCTaBa UCXOM-
HOTO CBHIPhS M pexkxuMa KpekuHra. Cheipbe, cofepxallee ajJkaHbl U ajKulape-
Hpl, PETEPIIEBAET B Havalle Pa3OXEHUE, IMOATOTOBIMBAIOIIEE ChIPhE I
MIOCTICAYIONIMX Peakiyii YIDIOTHEHWS: TOJIOSIEPHBIE apeHbl U alkeHbl. O6paszo-
BaHME IIPOAYKTOB YIUIOTHEHUS IIPOUCXOIUT IT0 PAIVKAILHO-LETTHOMY MEXaHU3MY
gepe3 AKWIbHbIE U OeH3WIbHBIE panuKaikl. IlocienoBaTebHOCTD U THIT TIOJTY-
yaeMBIX IIPOAYKTOB YIUIOTHEHMS IIPEACTAaBICHbI HA CXeMe, IIPUBEICHHOM HIDKE.

KaXIpIii moceayomyil MpoayKT YIUIOTHEHUS o01afaeT Bce Oomee BLICO-
KAMI MOJEKYJISIPHOM MacCOH M CTEIeHBIO apOMaTUYHOCTH, a TaKXe YMEHb-
[raoleiicsa pacTBopuMocThio. KapGouabl He pacTBOPMMEI B TopsiyeM OEH30-
jie; KapOeHBbI pacTBOPUMBI B OEH30JI€, HO HE PaCTBOPHMMEL B CEPOYIJICPOIE
u xitopodopme; achansTeHbl paCTBOPUMBI BO BCEX 3THX PACTBOPHUTENIX,
HO OCaXTAIOTCA JIETKMMM IapadpuHaMu.

CepHUCTBIE COSTUHEHMS, TIPUCYTCTBYIOIIKE B CHIPhe KPEKWHTA U ITUPOJIH-
3a, TM0O0 Pa3NararTcs C BRIAECICHUEM CEPOBOIOPOIA, MEPKAIITAHOB M YIJIEBO-
JOPOTHBIX OCKOJKOB, 00, Gr1arofaps CBOEH TEPMUYECKON YCTONIMBOCTH
(TriodeHBI ¥ MM [TORXOOHbIE), HAKAIUIMBAIOTCA B 60JIEe BHICOKOMOJICKY/ISIPHBIX
MIPOMYKTax.

TTonBoag UTOT OOCYXICHHIO XUMUISCKUX MPEeBPAIICHUN YITIEBOLOPOLOB
PA3IMIHOTO CTPOSHUS IIPY TEPMUYECKUX IIPOLIECCAX, MOXHO CHENIaTh BBIBOJ,
gTO0 IpH PUBNKO-XUMHMIECKON TepepaboTke HEQTAHOTO ChIPhA IPOUCXOIAT
CJIeIYIOLIFE OCHOBHBIC PEaKIIMK: pactial, IcaIKWINPOBaHue, JETUAPYPOBAHHE,

ANKWapeHsl IuknoankaHst AJKaHbl
v v v v
TonosimepHrie apeHBbI AJKEHEI
¥ \
Homumkimiieckue ANKeHuIapesbt
apeHE!
L Cmomnst 4’“]
v

AcdansTeHbl

Kapﬁtﬁm

Kapﬁtl/l,[[bl

Kotc
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HOoJMMeEpHU3alus, IINKIN3ANS aJIKeHOB, TeHUKIN3aI [TUKIO0aJKAHOB,
KOHJIEHCAIlNs aJIKEHOB, apCHOB, PEaKIMy ITTyOOKOIro YIUIOTHEHMS IO KOKca
u np. Ot rIyOMHBI 3TUX peakiyii 1 mpeodagaHus TOTO WM MHOTO TUIIA IIpe-
pameHuit Mosiekysn HI'C u 3aBHCST BEIXOIBI Ta3a, OEH3MHA, IIPOMEXKYTOYHBIX
(bpaximii, KpEKMHI-0CTaTKa ¥ KOKCa, a TAKKE KAYECTBO ¥ XUMIIECKUI COCTaB
LIEJIEBBIX IIPOIYKTOB.

B cBoiO ouepenb, CTEIIEHD IIPEBPAIIEHNS ChIPhS 1 MMPOTEKAHUE TIEPEIUC-
JICHHBIX XMMHUYECKUX IIPOLIECCOB 3aBUCIT ¥ OT IIPUPOEI ChIPhS, M OT ITapaMeT-
POB peaxkiuid.

B

3.1.3. OCHOBbBI YITPABJIEHUA TEPMUYECKMHU ITPOIIECCAMMU

Ipu mo6oM TEpMHUYECKOM IIpoliecce mepepaboTKH YIVIEBOXOPOIHOTO ChI-
pbsI 00pasyroTCs rasbl, O6H3UH, CPEAHIE TUCTUUISTHI, TSKENbIe OCTaTOYHBIC
(pakiy 1 Kokc. BBIXOH, COOTHOIICHUE MEXIY ITPOAYKTaMHU PEaKIH, CBOM-
CTBA ATHUX ITPOAYKTOB 3aBUCIT OT MHOTHX (haKTOPOB, HO TJIABHYIO POJIb UTPAIOT
COCTaB CHIPhSI, TEMIIEPaTypa, NaBlIeHuE, IIPOIODKUTETHHOCTD PEAKIINY, PEp-
KYJSIIHSL.

Coipoe. IIpu ocyiiecTBieHNM TTPOMBILIIUIEHHBIX TEPMUYECKHX ITPOIECCOB
nepepaboTKy He(TEra3oBOTO CHIPhS CIEAYET YIUTHIBATh €r0 TEPMOCTAOMIIb-
HocTh. OHa oIpe/ie/ieHa TPYIIITOBBIM XUMIUYIECKUM U (PPaKIIHOHHBIM COCTABOM
3TOTO CHIPh. [IpH OIM3KOM IPYIIITIOBOM XMMHUYECKOM COCTABE CHIPBS €0 Tep-
MOCTaOMILHOCTh OYIEeT CHIDKATHCS C YTSDKEIeHHeM (PpakIIMOHHOIO COCTaBa.

TepMugeckast yCTOMIMBOCTD YIJIEBOIOPOIOB BO3PACTAET B PAMY: H-aJIKAHBI —>
HM30aJIKaHBI — IIUKJIOATKAHB — apeHbl —> IUKIOAIKAHOAPEHBI —> ITOJTHIIIK-
JmgecKuie apesbl. QOOOTallleHNe ChIPhs apeHAMM 3HAYUTEIBHO TTOBHIIIAECT €r0
TEPMHUYECKYIO CTAOMIBLHOCTD.

CoOoTHOIIIEHHE B CHIPEE AJTKAHOB M apEHOB MTPaeT OOJMBIIYIO POJIb B KIHE-
THKE KOKCOOOPA30BaHMS IIPH €r0 TEPMUIECKOM PA3IOXKEHUM. AJIKAHbI CHU-
XAIOT KMHETHYECKYIO YCTOMYUBOCTD CHIPhS. KpoMe Toro, CHILKas pacTBOPSIO-
ITYI0 CIIOCOOHOCTH AMCIIEPCUOHHOM Cpelbl 10 OTHOIICHUIO K acdaibTeHaM,
OHH CIIOCOOCTBYIOT X arperalliy ¥ BRIITAISHUIO B OTACIBHYIO a3y ¢ JaJbHe-
IIAM OCXIECHIEM Ha BHYTPEHHEH ITOBEPXHOCTH 3MEEBUKA ITIEYH, IIPUBOISUIAM
K KOKCO0OpPa30BaHUIO.

CrIpne ¢ BBICOKHUM COIEPXKAHMEM aJIKAHOB KaK HauMeHee cTabuiipHoe 0y-
JIeT HAWIYIIINM 71 IIPOIIECCOB, LETEBRIMH IIPONYKTaMU KOTOPBIX SIBIISTIOTCS
MIPOIYKTHI Pa3NoxKeHMs (Ta3 mupoiu3a, 66H3MHOBBIC U Ta3oiijieBbie MpaKIIuu
KOKCOBaHUS 1 T. [1.). HanmpoTuB, CHIphE ¢ BHICOKMM CONEPXKAHNE apEeHOB IIpeI-
IIOYTHUTEIBHO JJISI TIPOLIECCOB, TAE LIEJCBBIM SIBIISIETCS ITPONYKT ITONUKOHICH-
canumu — HedTsIHOM Kokc. HadTeHOBOE CHIphE SIBISIETCS ITPOMEXYTOIHBIM
Y B 3aBUCUMOCTH OT IIyOMHBI KPEKWHTa MOXET JaTh JIETKUE IPONYKTHI Pas3iio-
XKEHMS TUTIA HeaKWIMPOBAHHBIX IIMKIIOATKAHOB, KOTOPBIE, ITOIAAasi B Kpe-
KHMHT-0CH3MH, IPHUIAIOT eMy 6oJiee BRICOKOE OKTAHOBOE YHCIIO, YeM Y OeH3u-
Ha, TIOJYICHHOTO P KPEKMHTE NMapahUHUCTOTO CHIPHSL.

Bimsanue TeMnepaTypsl M NPOAOJIKMTEIbHOCTH mpounecca. V3 ypaBHeHUS
AppeHuyca ClenyeT, YT0 CKOPOCTh XMMWIECKON Peaklliy YBEJIMYMNBACTCS B 2—
4 paza Ipu MOBBIIIEHUH TeMmIepaTypsl Ha Kaxasie 10 °C. B mpoMbIIuIeHHBIX
YCIIOBHSIX IIPY OCYLIECTBIIEHUH TEPMUIECKHX ITPOIIECCOB YaIlle MCITONB3YIOT IO~
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gaTre "TeMIepaTypHBIM IPagueHT CKOPOCTH , T. €. 9TO YKCJIO TPALyCcoOB, HAa KO-
TOpOE HEOOXOIMMO ITOBBICUTh TEMIIEPATYPY JJIS YIBOCHMI CKOPOCTH PEAKIIAN.
[TprueM IIOHATHO, YTO STH TEMIIEPATyPHBIE IPAIUEHTHI CKOPOCTH PasInyaoT-
¢Sl B Pa3HBIX TEMIIEPATypPHBIX UHTEPBAJIAX.

IIpomoIKUTENPHOCTD TTPEeObIBAHMS CHIPBSI B 30HE PEaKIUW IIPU OTHOMU
1 TOM 3XKe TeMITepaType BIUSIET Ha CTEIIEHD IIPEBPALICHUS CHIPhS M IIyOMHY pa3-
smoxeHus. YeM OoJpliire BpeMs IIpeObIBAHNUS CHIPhS B 30HE PEAKLMU, TEM BEILIE
rayOuHa pa3NoXeHusd, HO TeM Oosbiie OyneT o6pa3oBEIBATECH U KOKCa.
TTosToMYy BpeMsI IpeOhIBaHM ChIPhS B 30HE PeaKLK (HaIIpuMep, B TpyOax meuu
TEPMUIECKOTO KPEKMHTa WY BUCOPEKMHTIa) CBOAAT K MUHUMYMY, OrPaHUYM-
Badch 1,5—2 MUH, ¢ IENBI0 NCKITIOYSHUS OBICTPOTO OTJIOXKEHMS KOKCa B TpyOax
[1e9¥ IPY BEICOKMX TemrepaTtypax. s qocTrkeHrsa HeoOXOaMMOM TimyOuHbL
PAa3JIOXEHMS YBEIMIMBAIOT BPEMS NPEOLIBAHMA ChIPh Y IIPOAYKTOB PeaKIvK
[IPH 3aJaHHOU TeMIepaType KpeKWHTa B CIIEHHAAIBHBIX BHIHOCHBIX HEOOOrpe-
BaeMBIX KaMepax — COKMHI'-KaMepax.

19 MHOIMIX TEMIIEpaTyPHBIX WHTEPBATIOB IIPOAOIKUTEIBLHOCTh PEAKINU
¥ TeEMIIEpaTypa B3aMO3aMEHSEME], T. €. OOUH U TOT X€ Pe3ylsTaT TepMUJe-
CKOroO IIpoliecca MOXHO IOIyYUTh, COKpAIllas MPOIOJKUTEIBHOCTD PEaKIU
¥ TOBBIIIIAs TeMIrepatypy. Y1 Hao60port.

TakuM 06pa3oM, 9TOOBI YBEIMYUTH BBHIXOH IPOAYKTOB Pa3ioXeHUs (rasa,
OEH3MHA) ¥ CHU3UTH BHIXOJ IIPOAYKTOB YIUIOTHEHUS (OCTaTKa, KOKCa), CIICAYeT
cO30aTh B PEAKIIMOHHOM 30HE II0 BOZMOXHOCTH BBICOKYIO TEMIIEPATypy IIpHU
COOTBETCTBEHHO HEOOJIBIION IMPOJOIKUTEIPHOCTH MIPOIIECCa.

HauGomnee sspkuii mprMep TaKX IPOIECCOB — ITUPOJIH3 C ITOIyIEHUEM MaK-
CHMAaJBbHOTO BBIXOJA Ta3a, 00raToro HenpeaeabHbIMU yriieBogopomamu. Ha
COBPEMEHHBIX TPYOUATHIX ITMPOTM3HAIX YCTAHOBKAX TEMITEPATYpa B PEaKIMOH-
HoM 3MeeBuke mocturaer 840—900 °C npu Bpemenu konrakra 0,1—0,3 c.

IIpu paccMoTpeHMH OCHOBHBIX (haKTOPOB, BIUSIONIMX Ha MPOLIECC TEPMU-
YEeCKOTO KPEKWHTa, CIeIyeT YIUTHIBATh, YTO ChIPhE M IIPOXYKTHI TEPMOIECT-
PYKUMH CYIIECTBYIOT B PEaKIMOHHOM 30HE B Ta30BOU WU XUAKOM (damie
B CMEIIAHHOM, Tra30XMIKOCTHOM) ¢aze. s Terkoro TUCTHWILIATHOTO ChIPhS
TeMIIepaTypa IIpOoIIecca BCETA BBIIIEC TEMIIEPATYPHI ITOJTHOIO UCIIAPCHHUS A¥C-
TWIITa. ECIN IIPpUMEHSIOT BRICOKOE TaBJIEHUE, TO TEMIIEPATYpPy MOJIHOTO MC-
TIapeHusl CHIphA ITOBBIIAIOT. OMHAKO ¥ B 3TOM ClIydyae JUCTWIISAT OOBIYHO
HaXOIUTCSI B Ta30BOM (ha3e, Tak KaK TeMIIEpaTypa B 30HE peaKllMy BhIIIE KpU-
THYECKON TeMITepaTypsl ChIphs. MIHOE ITOJOXEHUE BO3HMKAET IIPU KPEKUHTE
TSDKEJIOTO OcTaTrka. B 3ToM citydae, Kak NpaBWwio, CHIPEE U IPOAYKTE HAXONST-
cs B rerepodasHoM (ra30XXMIKOCTHOM) COCTOSIHUM: 9€M BBIIIE TEMIIEpaTypa
Y 9eM HYDKE JaBlIeHe, TeM GOJIbile ToJisa ra3oBoit (asel. Pa3oBoe cocTosHIE
[IPOAYKTOB KPEKWHTA 3aBUCUT OT IJIyOMHBI TIPEBPAICHUS ChIPhS, TaK KaK IpH
3HAYUTENHHOM BBIXOJE IMPOAYKTOB Pa3JIOXKEHUS BHICOKOE MaplUaIbHOE IaB-
JICHHE VX ITapOB 00ECITeIHT IIepexo/ B Ta30ByI0 a3y u 60see BBICOKOKUTISIIIIX
IIPONYKTOB YIUIOTHEHMUS.

Bansnue nasnenus. I1py HU3KMX HaBICHUSAX 3HAYUTEIBHYIO POJIb UTPAET
OOpBIB LieTell Ha CTeHKAaX peakTopa B XOJe PaiMKaIbHO-IIEMHBIX PeaKIui
KpekuHra. IToBelIeHrE TaBICHNUS, €CTECTBEHHO, BIMSET TOJIBKO Ha PEaklluy,
IIpoTEeKaloIKe B ra3oBoi (aze. 1o omnpeneneHHOTo nmpeaena NaBlieHUe CHo-
cOOCTBYET KOHTAKTY MOJIEKYJI M TEM CaMbIM aKTUBU3UPYET MX B3aMMOIEHUCTBHE.

87



IIpy nambHeIeM MOBHIICHUN AaBIEHUS TTOABXHOCTh MOJIEKYJL 3aTPyIHs-
eTcsl, ¥ ra3oBas (haza 1o cBoMcTBaM Bce OoJee IpUOIMKAeTCa K KUAKOCTH,
re pajrKaibl OKPYKeHbI "KJIEeTKON" 13 cocequux MoNeKkyn ("KJIeTOYHBIN"
3¢ deKT), YTO 3aTPYAHSIET Pa3BUTHEC LICTIH.

IoBRIIIICHYE TaBIEHUS BIMSIET HE TOJIBKO Ha CKOPOCTh Peakluii, HO U Ha
YIX HaIlpaBJIeHHUE, T. €. Ha COCTaB IIPOAYKTOB KpekuHra. C yBeIMueHUEM AaBiie-
HHS BO3PACTaeT CKOPOCTh BTOPWYHBIX IPEBPAIICHUN TIPOLYKTOB PA3JIOKECHUS
(momuMepHu3alviv, aJIKWINPOBAHUS, TIepepacipeNeieHusl BoIopoaa). Takum
06pa3oM, ¢ ITOBBHIIICHAEM JaBJICHHS YMEHBITAeTCsI BBIXOM ra3000pa3HBIX IIPO-
JIYKTOB paciiafa ¥ YBEJIMIMBACTCA KOMUIECTBO IMIPOLYKTOB YILIOTHEHUS.

C noBbIIIEHUEM JABIICHHS COKpaIaeTcs 00beM ra3oBoi ¢aspl, IpuIeM
IUIOTHOCTD €€ BO3PAcTaeT MPUMEPHO MPOIIOPLIMOHATFHO JaBIICHHUIO.

OmHako Uil TaKOW pa3sHOBUAHOCTH TEPMHUYECKOIO KPEKUMHIa, KaK IUpO-
JIM3, TIe HU3KOEe JABICHUE OIPAaBIAaHO OOJIBIIMM BBIXOIOM ra3000pa3HbIX Lie-
JIEBBIX IIPOMYKTOB (TWIEH, IIPOMUJICH), a TAKXKE ISl TAK Ha3bIBAEMBIX TEPMO-
KOHTaKTHBIX IIPOLECCOB HU3KOE JABJICHUE SBIISIETCS TIONOXUTENBHBIM (hakTo-
POM, TaK KaK OHO CIIOCOOCTBYET peakIUsIM paciiafia ¥ OBICTPOMY YAATICHUIO U3
PEaxIMOHHOM 30HBI IIPOAYKTOB IIEPBUYHOTO PA3IOKEHUA UCXOTHOIO CBHIPBS.

B mpomeccax TepMUYECKOTO KpPeKUHTa, IIPOTEKAONTMX B XUAKON da3se,
HCIIONB3YIOT TSKEIIOe ChIphe — HEe(QTSIHBIE OCTATKU, TSXEJbIE TUCTUIUIATHL.
Ecmi npemycMOTpeHO HETTTyOOKOe Pa3jioXeHUE ChIpbs (HallpuMep, ISl CHU-
XEHHMS BSI3KOCTH OCTaTKa B MPOILIECCE BUCOPEKWHTa), KOHEYHBIA IIPOINYKT CO-
JEPXUT HeOONBIITOE KOJMIESCTBO JIETKUX pakiuii (Ta3, 6eH3MH), KOTOpHIEC Ha-
XomgTcs B Ta30Boi (ase. OCHOBHAS Macca IIPOIYKTa, KaK ¥ MUCXOIHOE CHIPhE,
ocTaercs B xuakocTyd. IIpy Hamuymy ry00KOro npeBpalieHnd, Kak 3T0 Ipo-
HMCXOIUT B IIpOLieCCce KOKCOBaHUS, KPEKUHT MIPOTEKAET B KaMepe WX Ha I10-
BEPXHOCTH TEIUIOHOCUTEJNS ¢ 00pa30BaHMEM TBEPIOTO OCTaTKa W MapoB MPO-
JIIVKTOB pas3jioxXeHus. B mpoliecce BUCOpeKWHTa POJib AaBICHUS HEBEIWKA,
MTOCKOJIBKY TIOBBIIICHHOE ABJIEHUE JIMIb HEMHOI'O YBEIMYUBAET POIYCKHYIO
CITOCOOHOCTH YcTaHOBKH. IIpy KOKCOBaHMM poJib HaBeHMs OoJbiie (ocobeH-
HO TIpH HepepaboTKe TUCTUUISTHOTO CHIPbhsS), TIOCKOJBKY PEAKIIMU YIUIOTHE-
HUST OYIYT IIPOTEKaTh He TOMBKO B XUIKOM (hase, HO M 3a CYET KOHACHCAIIUU
IapoB BBICOKOAPOMATU3UPOBAHHBIX IIPOIYKTOB Pa3JIOKECHUS.

Posn penupkyasipun. U1 TUCTYWIUIATHOIO CHIPHSI, TIOABEPTa€MOTO TEPMO-
KPEKUHTIY, IIPH ITOBHIIICHUN TeMIIEpaTyphl BBIXON OeH3MHA PACTET U JOCTUTAET
MakcumyMa. [Ipu nanpHeHIeM MOBHIIIEHUY TEMITEPATYPhI BBIXOJT €T0 CHIXKA-
eTCs 3a CUeT YCWIEHHOTO ra3000pa3oBaHus M KOKcooOpa3oBaHus. [y sToro
CBHIPBSI MAKCUMAIBHBIA BHIXOI OEH3MHA MOXET COCTABUTH JIKIIE 50 % OT Mak-
CHMAJIbHO BO3MOXHOTO. [l KpeKMHIa TSCKENBIX OCTaTKOB 3TOT MTOKA3aTellb
3HAYUTETHHO HIIKE.

ITockoNbKy YacTh KPEKHMPYEMOTO CHIPhSl IIPH 9TOM HE IIpeBpaiacrcs, TO
B HEKOTOPBIX CXeMaX KPEKWHTa IIPOM3BOIUTCS BHIIEIEHNE HEIIPOPEarupoBaB-
IIel YaCcTH CHIPhS W BO3BpAT €r0 B 30HY pPeakiMM — 5TO TaK Ha3bIBAEMBIN
KPEKHHT C PeIUpKy/sILMeii. B pe3ynsraTe Ipu CpaBHUTEIBHO HU3KOM KOKCO-
00pa30BaHMM PacTET BBIXON OSH3MHA, HO COOTBETCTBEHHO COKPAIAeTCs IPO-
HM3BOIUTEIHHOCTH YCTAHOBKY I10 CBEXEMY ChIpbio. OTHOIIIEHUE KOJIMIECTBA pe-
LUPKYJIUPYIONIed (ppakiiuy K KOJIMIECTBY CBEXETO ChIPhs HAa3bIBAaeTCSA KO-
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GUIECHTOM PELMPKY/AIMK K, a OTHOLICHHE 3arpy3Ky MeYH K KOIMIECTBY
CBEXETO CHIPh — Ko PHUImeHTOM 3arpy3ku K.

K +1=K,

Heo6xonuMo OTMETUTh, YTO P MPOBEICHUM KPEKUHTA ¢ PELMPKYIALIN-
_eli cofepKaHue apeHOB U aJIKCHOB B IMPONYKTax OYyIeT yBEIUYMBATLCS, & aJIKa-
HOB YMEHBIIAThCHL.

ITpy KpeKWHIe TYIpOHAa C LEeNbIO TTOMyYeHMsI KOTeIbHOro ToIuuBa (T. €.
B Ipoliecce BUCOpEKUHTa) PEUUPKYIAT OCTABIAIOT B KPEKWHI-OCTAaTKE
s obecrieyeHrUsI HeoOXOAUMOM BA3KOCTH, T. €. B 9TOM ClIydae IpoIecc
[IPOBOAAT 0€3 PelUPKY/IALIH.

IIponyKTH TEPMOKpPEKHMHIra He¢GTerasoBoro ChHphbsS — 3TO Ias3kl,
KMIKOCTh ¥ TBEPIBIE BELECTBA — IeK ¥ KOKC. [a3000pa3Hble IPORYKTEI 6ora-
THI aJIKeHaMH. TepMOKPEKHMHT CBIphs, 00OTallIeHHOIO MOHOSANEPHBIMY apeHa-
MH, ITO3BOJISET TOIYIUTh KPEKUHT-Ta3 CO 3HAYUTEILHBIM CONEPKAHUEM BOIO-
poza.

Ta3000pas3Hbie IPOAYKTHI KPEKWHTA TTOL JABICHUEM U KOKCOBaHUS TsDKE-
JIOTO XMJIKOTO CBHIpha comepxart no 30 % (Mmac.) aTKeHOB.

PocT naBiieHys CHIDKAET BBIXOJ I'a3a 3a CYET CABUIA PABHOBECHOI'O COCTOS-
HUSA O0pATUMBIX TAa30KUIKOGMA3HBIX PeaKIIUi B CTOPOHY YMEHBIIEHUA 00beMa
PEaKIOHHON CMECH, T. €. B CTOPOHY UCXOIHBIX COSAMHEHHI, 1 IIPOTCKAHMS
peakuuil YIUIOTHEHUS U KOHIEHCAITUH.

JKumkue IpomyKThI TEPMOKPEKITHTA MIMEIOT HOBBIIIEHHOE CONEPXKAHUE aJIKe-
HOB 1 apeHoB. C yIsokeneHreM X hpakiIOHHOIO COCTaBa IPOMCXONUT CHIDKEHIE
"HENpPEIeTbHOCTH 1 POCT "apOMATUYHOCTH .

B cocraB meka ¥ KoKca IoMuMo yriepona [94—95 % (mac.)] u Bomopona
BXOIAT CEPO-, a30T-, KHCIOPO- ¥ METAJLIOCOLEPXKAIINE KOMITOHEHTEL.

Temnora peakumii. I1pyu TepMUIecKuX Mponeccax OGHOBPEMEHHO IPOTEKa-
JOT peakIliy paciiaia 1 yIUIoTHeHUs. [lepBbie U3 3TUX peakiuil UAYT ¢ IO~
[EHHUEM TEIUIOTHI, BTOPEIE — C BBIICICHUEM TEIUIOTHL.

CyMMapHBIH TeTDIoBO a(hdeKT mpouecca 3aBUCUT OT TOIO, KaKUe U3 9TUX
peakimit ipeobnanaoT. CyMMapHBIM TeTUIoBOH 3G @EKT TEPMUYECKOIO Kpe-
KMHTa OTPUIIATENIEH, ¥ TI03TOMY HEOOXOAMMO MOIBOAUTH TEILUIOTY CO CTOPOHEI.

TemoTy Iporecca TEPMHYECKOrO KPEKIHTa BBHIpaXaloT B pacyeTe Ha 1 Kr
CBIPBs WM Ha 1 KT obpasyroierocs 6ersuHa. OHa cocrapiserT 1,25—1,47 MIEx/kr
GensyHa npy Kpexkunre rasoing u 0,12—0,25 MIIX/KT CbIpbs — IpUA BUCOpPE-
KUHI€ Ma3yTa.

Dry6una npespamenus. [yOuHy IpeBpallieHUs [IPYA TEPMUYECKHX IIpoLiec-
cax XapakTepU3yIOT BEIXOJOM OeH3MHA B pacyeTe Ha MCXOIHOE chIphe. LiybrHa
[IpeBpaIeHMs OrpaHrYeHa 00pa3oBaHMEM KOKCa U rasa.

C TOBBIIIEHHMEM TEMITEPATYPhl M BPEMEHU TIPEOBIBAHUS CHIPhI B 30HE pe-
aKIIMX BBIXOI KOKCA PacTeT.

Ilpy XpeKuHre JErKUX BUIOB CHIPhS MPOLYKTOB YIUIOTHEHUSA oOpasyercs
HEMHOTIO, 1 Ha BBIXOJ] OSH3MHA BIIMSIET, IIaBHBIM 00pa3oM, raz000pa3oBaHue.
BrIxon rasa mmpu KpeKuHIe CHavYaia IpOIIOPHMOHAIEH BEIXOMY OEH3MHa, HO 110
Mepe yIIIyOIeHus Mpoliecca OTHOCHTENbHBIN BBIXOZ ra3a pacrterl. IIpy odeHb
ITTyGOKOM KpeKHHTe CKOPOCTh 00pa3oBaHMs ra3a U3 OcH3MHaA HaYMHaeT IIpe-
BBIIIATh CKOPOCTh 00pa3oBaHusl OCH3MHA.
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3.2. IIpoMblliLJIcHHbIE€ TEXHOJOTHHA TEPMUIECKUX
nporeccoB nepepadoTku HedTEra3oBoro Chipbs

3.2.1. TEPMUAYECKNI KPEKHUHT TSKEJIOTO TUCTUNIATHOTO
NI OCTATOYHOI'O CbIPBA 11O JABJIEHUEM

TepMUIeCKUiI KPEKUHT IOl JaBJICHNUEM — OIMWH U3 CaMBIX CTapbIiX (QU3u-
KO-XUMIYECKHUX IIPpoIieccoB HedTerepepaboTKH, pazpaboraHHbiil B 1913 1. ame-
puKaHcKuM n3obperatesneMm B. bapronoM. HoBble TEXHOIOIMYECKUE YCTAHOB-
KU 3TOTO IIPOIIeCcca CEeroHsI HE CTPOSIT, a IEHCTBYIOIINE YCTAHOBKY — YK€ ITpaK-
THYECKH BHIPAOOTAII CBOII PeCypc U JEMOHTUPYIOTCS.

Criphe 1 mapaMeTpsl nponecca. TepMurdecKuit KpeKUHT MOJ TaBJIEHUEM PO~
BOIAT C LENBIO IOMYYEHMS JOMOJHUTEIBHOIO KOJIMIeCTBa "CBETIIBIX HedTe-
IIPOAYKTOB, TePMOra3oiiyiss (CHIPbSA IJIS IIPOM3BOACTBA TCXHUYECKOTO
yrjeposa) ¥ TUCTWIISTHOTO KPEKUHI-0OCTaTKa (ChIphS I MPOU3BOICTBA
BBICOKOKAY€CTBEHHOTO KOKCA).

IIpomecc ocyiecTBISAIOT IOA JaBieHueM ot 2 1o 7 MIla mpu Temniepatype
480540 °C. BpeMs npeOBIBaHUS CHIPhA B 30He peakimu — 1,5—2,5 muH (10—
15 MUH — B BEIHOCHOM KaMepe).

HUcnons3yloT ocTaTouHOE (Mas3yThl, TYAPOHBI U MOJYTYOAPOHBI —
okoi10 70 %) ¥ TUCTHIUIATHOE (TSDKENBIC Ta30MIM KaTaTUTIIeCKOTO KPEKWHTA,
TSOKeIasg CMOJa TMPOJIK3a, SKCTPAKTHl CEJIEKTUBHON OUMCTKM Macei U Jp.)
CBHIPEE.

OO6GIIM IJII BCEX YCTAHOBOK TEPMOKPEKUMHTA SBJISETCS Haaudme Tpyoya-
Toi meun. st obecriedeHust Tpebyemoii ITyOHMHEI IIpeBpalleHUA [IPU Iepepa-
6OTKE OCTATOYHOTO U TSLKEJIOTO CHIPhSI IIPETYCMOTPEHBI CIIEAAIBHBIE peak-
IIMOHHBIE aIIaparhl, B KOTOPBIX ChIPHE BBIAEPKMBACTCS OIPEICICHHOE BPEMS
TIPH TEMIIEPATYPE pPeaKLIMu.

Ha ycranoBkax TEpMOKPEKMHIA IO IaBJICHHEM COXpaHEHA OIpaBAABIIas
ce0s Ha IPaKTHKE IBYXIICUHAs CHCTeMa ¢ penupKyisueil. IIpu sTtoM B iep-
BOI MEYH IMPOXOAMT MSITKWI KPEKMHT MCXOIHOTO ChIPhSI, & BO BTOPOH — XKECT-
KWl KPeKUHT 00JIe€ TEPMOCTOMKIX TUCTWIISTHRIX PeIUPKYIUPYEMBIX (Qpak-
LIV, 9YTO IMPUBOIUT K HEOOXOMMMOMY POCTY INTyOMHBI apOMATU3aLIUHI TepMOTa-
3004,

Ha puc. 3.1 npencrapiieHa NPpUHIMINAATIBHAS CXeMa YCTAHOBKH TEPMOKpE-
KWHTA 0], JaBICHUEM.

HcxomHoe chIphe ToCIIe Harpesa B TEIUIOOOMEHHUKE 26 MOCTYIAeT B HITK-
HIOIO CEKIIMIO KOJIOHHEI 6. OHa pa3nesieHa Ha IBe CEKINH ITOJIYIIIYXOM Tapel-
KOIf, KOTOpas TI03BOJISIET TIEPEUTH B BEPXHIOI CEKIMIO TOJIBKO ItapaM. [Ipo-
JVKTBI KOHIEHCAIIMH IIapOB KPEKMHTa B BEPXHEH CEKIIMM HAKAIUTMBAIOT B aK-
KyMyJIsITope (KapMaHe) BHYTpY KOJOHHBL. I1OTOKM TSDKEIOTO M JIETKOTO ChI-
pbd, oTOMpaeMbie COOTBETCTBEHHO C HM3a M M3 aKKyMYJISITOpa KOJIOHHEI 6,
IOJAIOT B 3MEEBUKHM TPYOUaTHIX nIeueid I M 2, Toe MX HarpeBaloT 10 TEMIIEPATyp
cootBercTBeHHO 500 M 550 °C u maniee OHM ITOCTYIIAIOT IS YIIyOJIEHUS Kpe-
KWHTa B BEIHOCHYIO PEaKIIMOHHYIO KaMmepy 3. IIpomyKThl KpeKMHTa 3aTeM Ha-
MPaBJIAIOT B UCITAPUTEIIh BBICOKOTO MaBleHus 4. KpeKMHT-0CTaTOK ¥ TepMOra-
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1, 2 — TpyG4athle meuM; 3 — BHIHOCHAS PeaxMOHHAs KaMepa; 4, 7 — UCHapuTeNH; J, § — CenapaToph;
6, 9 — xonouust; 10— 17 — nacocsl; 18, 19 — annapaThl BO3OYIIHOTO OXNAXIEHUS; 20~—25 — XONOHUIb-
HUKY; 26 — Tennoobmennuku; I — cripse; J1 — rassl Ha 'OV, [1] — rasst ¥ BOASHOM 11ap X BAKYYMHOH
cricreMe; [V — TepMOTa3oiib; ¥ — KpexuHr-octatok; VI — 6eH3uH Ha crabunmusauuio; VI — Tsoxenbli
6ensun; VIII — sonsiHo# nmap; IX — Bopa

300UIb Yepe3 PEIYKIIMOHHBIA KIIAIIaH MOCTYNA0T B UCTIAPUTENIb HU3KOIO JaB-
JIEHUST 7, a Ta3bl ¥ 1aphl OEH3MHOKEPOCHHOBBIX (MpaKInii — B KOJIOHHY 0.

Vxongiiye ¢ Bepxa KOJOHHBI 6 ¥ MCITAPUTENS 7 ra3bl U Mapbl OEH3MHOBOM
(paxiuy OXJIAaXKIAT B KOHIEHCATOPAaX-XOJOLUIbHUKAX M OHU IIOCTYIIAIOT
B rasocernaparopsl 5 u 8. Iassl HampapistoT Ha [DY. bamancoBoe KoIM4ecTBo
OeH3MHA M3 KOJOHHEI 6 OTKAYMBAIOT Ha CTAOMIM3AIMIO, a TSDKENbI OEH3UH
M3 UCTIAPUTENS 7 BBIBOIAT C YCTAHOBKH.

KpexkuHr-ocraToK, BEIBOIUMEIN ¢ HMA3a UCTIApUTENS 7, IOABEPraloT BaKy-
YMHOI IIEpEroHKe B KOJIOHHE 9 ¢ IMOJYYEHUEM BaAKYYMHOTO TEPMOTra30iida
¥ BaKyYMHOIO THCTWUISTHOTO KPEKMHI-OCTATKa.

Hitke ipuBeicHEL mexHoa02u1ecKue noKasameau yCmano6Ku mepmuiecKozo
Kpexunza TUCTWIISITHOTO CBHIPhS C TIOJYYEHHMEM BAKYYMHOTO TEPMOTa30iIs:

Temmeparypa, °C  Hasnenue, MIla

Ileus 1:
BXOI vt et ettt e 390410 5,0~5,6
BBIXO v vt ettt et 490-500 2,2-2,7
ITeys 2:
5" Co 1 SR 290-320 5,5-6,5
b33 0. (oY1 A PP 530550 2,2-2,8
Peakumonnas xamepa 3:
BEDX « ettt e 495—-500 0,85-1,2
HIB o ottt e et et ettt e 460—470 0,85-1,2
PexTrbUKaUOHHA KOJOHHA 6
BEPX 210-220 0,8—1,2
HHU3 390—410 0,8—1,2
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IIpuMepHBIit 6b1x00 RPodyKmoe npouecca mepmoKpeKuHea TUCTIUISITHOTO
CHIpbsI, HATIPABJIEHHOTO Ha IMOJyYeHUE KPEeKWHI-0CTaTKa, MIPUBEICH HILKE

[% (Mmac.)]:

- L 5,0
TOMOBKA CTAOMMUABAIMM OCHBMHA .« « o . o ot e v e e ettt e teet e ineennnnn 1,3
(021537020392 1307 Q01533 130 A U 20,1
TEDMOTABOMITD « & ¢ v v v ot e it ettt et et ettt et e e e 24,2
JIHCTHIUTSITHBIN KPEKMHT-OCTATOK + « « s v vt v et encn e eteeeasannannnns 48,3

1

0

IIponykTel TepMUUYECKOTO KpeKuHTa. [Ipy KpeKuHTe O JaBIeH-
€M MasyTa WM T'YIPOHA COCTaB ra30B JOBOJBHO OJIM30K, OH XapaKTepU3yeTCd
3HAYUTEIBHBIM CONEPXKAHUEM CYXOH 4acT (MeTaH, 3TaH) U YMEPEHHBIM (25—
30 %) comepxaHHEM HEIPEOEeIbHBIX YITIEBOIOPOIOB. Takoil cocTaB 00YCIOB-
JIEH paIyUKaaIbHO-LEMHBIM MEXaHU3MOM IIpoliecca M HECTAOMIBPHOCTBIO paIyi-
kanoB C;H; u Beite.

KuakuM npoLyKTaM KpeKMHIa CBOMCTBEHHO IIPUCYTCTBUE AJIKEHOB U ape-
HoB. [1pu cpenHeii ImyOrHe Ipoliecca KpeKMHT-0eH3MHBI 0071a1aI0T HEBBICOKIM
OKTaHOBBIM IHCIOM (60—65); ¢ ymIydaeHreM Iporiecca KOHIIEHTPAIis apoMa-
TUYECKUX YIJIEBOAOPOIOB BO3PACTAET, ITO3TOMY OKTAHOBOE YMCIIO PACTET.

C yrsoxeneHneM (GpakiIMOHHOI'O COCTaBa IPOAYKTOB KPEKUHTA CTENEeHb X
HETIpeIeIbHOCTH amaeT. bosee Tsokenbie hpakiimy OOBIMHO BO3BPAIAIOT Ha
PEUMPKYJISILIMIO WM BBIBOIAT B BUOE TSCKEIOTO Ta30iIs WIM KPEeKWHT-0CTaT-
Ka. B 3aBUCMMOCTH OT peXuMa IIpolecca ¥ Ka4eCTBa ChIPhsI OTH IIPOMYKTHI 60-
Jiee WIM MEHEE apoMaTU3UPOBaHbl. KpeKMHT-0CTaTKU COAepXaT OBOJIBHO
MHOTO CMOJICTO-aC(halbTeHOBBIX BEIIECTB M HEKOTOPOE KOJIMYECTBO TBEPIBIX
JacTUIl — KapOOUIOB.

Annapartypa npouecca. OCHOBHBIE arilaparhl YCTAHOBKH TEPMUIECKOTO
KPEKWHTa — 3TO TpyOUaThle II€YM, peaKUIMOHHbBIE KaMEPhl, UCIIApUTEN 1 PeK-
TUPUKAIMOHHBIE KOJIOHHBI.

TpyOyaTsle TI€YW YCTAHOBOK TEPMHUUYECKOTO KPEKWHIa MpPeIHa3HAYCHEI
HE TOJIBKO I HarpeBaHUS U YaCTHMYHOIO WJIM TOJIHOTO MCITAPEHUS CHIPhS,
HO ¥ IS MTPOBENEHUA B HUX XUMUYECKUX PEaKIMid. DTUM OHM OTIWYHEI
OT IleYeH MEePErOHHBIX YCTAHOBOK.

B Tpy6uaToii 1meur KpeKMHI-yCTAHOBKHM CYIIIECTBYIOT 30HA HarpeBa 1 30Ha
peakuyy, ONHAKO TOYHOM I'PaHULIBI MEXITY STUMU 30HAMM HET, TaK KaK OIHO-
BPEMEHHO C Pa3JIOKEHUEM CBIPhS IIPOUCXOANT €r0 NaJIbHEHINee HarpeBaHue.
VYyacTok Tpy0, Ha KOTOPOM 3aBEpUIAIOT PeaKIMIo KPEKMHTa, Ha3bIBAIOT peak-
LIMOHHBIM 3MEEBUKOM. PeaklIMOHHBINM 3MEeBUK Pa3sMEIaloT B PaIMaHTHO Ja-
CTH €YU, ITOCKOJIBKY TEIUIOHAIIPSDKEHHOCTD TPYO 37eCh B 2—3 pasa BBIIIE, YeM
B KOHBEKIIMOHHOM YacTH, U, CIIeIOBATEIHHO, MOXKHO HCIIOIh30BaTh 3HAYNTEIIb-
HO MEHBIIYIO IJIHHY 3MeeBUKa. [IpoayKThl KpeKUHTa, KOTOPBIE BBIXOHST
13 TIeYH, W3-332 BEICOKOUM TeMIIepaTyphl YHOCAT MHOIO TeIlia. DTO TEIUIO HC-
TIOJIB3YIOT IS YIIIyOJIeHWs peakliuili KpekKruHra. I1apbl HampasisioT B BEIHOC-
HYIO PEaKIIMOHHYIO KaMepy — IOJIBIN IMIMHAPUYECKUHM arlmapaT JuaMeTpoM
2—3 M u BeicoTOM 10—15 M.

Tak Kak peakiMOHHYIO KaMepy He 000rpeBaloT, a peakius KPeKUHra WIeT
C MOIJIONICHUWEM TeIUIa, TEMITEpaTypa Ha Bbxone 13 KaMephl Ha 30—40 °C Hike, yeM
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pa Bxoze. BenencTere HOBOMBHO GOMBIIONO 00ObeMa KaMephl, MPOIMYKT HaXOIITCS
B Helt ToCTaTo4aHO 0o (o 100 ¢), YTo CIIocOOCTBYET YIIyONEHIIO KPEKIHTA.

VI3 peakIMOHHOM KaMephl ITapOXUIKOCTHAs CMECh ITPOXYKTOB KPEKUHTa
[IOCTYIIAET B MCTIAPUTEIh BEICOKOTO JABIEHMS, KOTOPHIA KOHCTPYKTHBHO IIPE]I-
craBisieT coBoM MOJbIA anmapar auameTpoM 2—3 M 1 BeicoTo# 15—18 M. Tak
KaK pasmeneHue ¢a3 B 5TOM alIapaTe IPOMCXOIUT MPU BEICOKOM IaBICHUN,
B OCTATKE, YXOMAIIIEM C HM3a MCIIAPUTENS, COREPKATCA B OOJIBIIOM KOJTMYe-
CTBE PaCTBOPEHHEBIE Ta30MICBEIe ¥ OeH3MHOBBIE (Gpakiuu. st BEIICICHUS
JerkuxX (Ppaxivii pegHa3HauYeH MCIIapUTeIb HU3KOTO JABJICHUS, ITEPE] I10-
CTYIUICHUEM B KOTODBIH C IIOMOILBIO PENYILMPYIOIIETO YCTPOMCTBA JaBICHHE
romxaror ¢ 0,8—1,2 mo 0,15—-0,3 MIla.

Vicriapurtelb HU3KOTO JaBleHUST CHAOXeH PEKTU(PUKAIMOHHBIMU Tapeii-
kamu. OH CIIYXUT He TOJBKO IS OTTOHKHY JIETKUX KOMIIOHEHTOB M3 KPEKHHT-
0CTATKA, HO M JUIS TIOJOTPEBAa CHIPhS 3a CYET OXJIAXKIECHHUA M KOHACHCALIUY T1a-
pOB OTHAPEHHBIX HPAKIIMA.

3.2.2. BACBPEKVMHTI (JIEFKVMi1 TEPMIYECKWI KPEKIHT) I'VIPOHA

HasHadeHue Ipolecca — CHIKEHUE BS3KOCTH HEPTAHBIX OCTaTKOB
¢ LIeJTBIO TIOJIYYEHMA KOMIIOHEHTA KOTEJIFHOTO TOIUINBA. BA3KOCTH MOXET CHH-
KaTbcsd B HecaTku pas. Ilporecc Boctpebosan Ha HII3, ecin oTCyTCTBYIOT
YCTAHOBKY IIyOOKOM 11epepaboTKH IyipOHa — KOKCOBaHUE UM THIPOKPEKUHT
OCTaTKOB.

HawuGonee usBecTHH TexHonoruu komnanuii Shell (Espona), Lummus
(CHIA), UOP (CIIA), T'VII "UucTutyT HebTexumiepepabotku PecryOinku
Bamkoprocran” (Poccust) u nip.

ITapamerpsi pexxuma npouecca. [Tporecc mpoBonsT npu gasieHnu 1—5 Mlla
u temreparype 430—500 °C.

Cy1IeCcTBYIOT [IBE Pa3HOBUIHOCTY TEXHOJIOIUHA BUCOPEKMHIA!

1) meuHo# BUCOpeXUHT (prc. 3.2) — B HarpeBaTeIbHO-PEaKIIMOHHON YN
nipu Temrepatype 480—500 °C 1 BpeMeHU NPeOLIBaHUSA CHIPhSI B 30HE PEaKINKI
1,5-2,0 MuH;

2) BUCOPEKMHT C BHIHOCHOM PEAKI[MOHHOMW KaMepoil (COKMHI-KaMepoi),
IpoBOIUMEIH Iipy Temieparype 430—450 °C u BpemeHu peakuuu 10—15 Mun
(puc. 3.3). B aToMm ciryyae peakiyg IpOTEeKaeT B COKMHI-KaMepe.

IpranpnManbHbIe CXeMbI mponecca. B cirygae 1egyHoro BUCOPEKMHIa (CM.
puc. 3.2) mpolecce MPOBOIAT CIEAYIOIIM 00pa3oM: TYAPOH HacoCcoM I IOmaioT
B I1e4b 2, re ero Harpesaiot 10 470 °C u xpexupytoT. ITocie 6bI1cTpOro oxnax-
neHust peuupkyiaaroM o 400 °C rasonpoaykroBas CMECh IIOIIaaeT B PEKTU-
(DUKALIMOHHYIO KOJIOHHY 3 U1 pas3neieHus Ha ra3, OeH3MH ¥ oCTaToK. B mamH-
HOM CJIy4ae JIETKWHA ra30iiIh He BBIIEISIIOT, XOTS 3T0 BO3SMOXHO. beHsuH ore-
JIAIOT OT Ta3a B Ceraparope J, a OCTaTOK ¢ H13a KOJOHHBI J YaCTUYHO B Kade-
CTBE PELMPKYJIATA ITOJOrPEBAIOT B TAPOITOOTpeBaTese 6 M BO3BPAILAiOT B KO-
JIOHHY 3, a OCTAJIHHYIO YaCTh BRIBOIAT KaK KOMIIOHEHT KOTEJIEHOIO TOILIMBA.
Bsa3kocTh OCTaTKa CYILECTBEHHO HIDKE, YeM BI3KOCTh ChIphs. [1py BuCOpexuHre
TYIPOHA C BHIHOCHOM KaMepoii (CM. puc. 3.3) OCTaTOYHOE CHIPHE IT0JAI0T B IIEYb
1, 13 KOTOPOi OHO IOCTYIIAET B BEIHOCHYIO KaMepy 2, Tie eT0 KPeKUpyIoT. Ta-
30IIPOYKTOBAsI CMECH ITIOCTYIIAET BO (PPaKIIMOHMPYIOIIYIO KOJIOHHY 3, paboTa-
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Puc. 3.2. Texnonoruyeckas cxemMa yCTAHOBKH
HeYHOro BHCOPEKHHIa YAPOHA:

1— Hacoc; 2— meub; I3 — peKTuduKaloHHas" KO-
JoHHA; 4 — XOJOMWIBHMK, 5§ — cemapatop; 6 —
naponogorpesarens; I — coipwe; [ — raz; [I] —
6ensun; IV - ocratox; ¥V — peunpxynar; Vi— nap;
VII — xonneHcar
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Puc. 3.3. TexHonormgeckas cxema YCTAHOBKH
BUCOPEKMHTA C BLIHOCHO! KamMepoii:

1 — meusn; 2 — BBIHOCHas Kamepa; 3 — peKTudu-
KalMOHHAsI KOJIOHHA; 4 — cernapaTtop; 5 — oTmap-
Hasl KOJIOHHA; 6 — HACoC; 7 — XOJOAMIBHHK, [ —
cuipwe; [ — nap; 11l — ra3; IV — 6ensun; V — jer-
Kuit razoiinp; VI — ocrarox; VII — Boma

OIITYIO ITpH atMocdhepHOM napieHun. Ilocre cerapaiyu B anmapare 4 BeLIEsI-
10T ra3 ¥ OCH3UH, a B OTHAPHOM CEKIMK — JIETKMH ra30ib. Jlerkmii ra3oin
MOXHO BBIIETUTH U TIOCIIE TTeYHOr0 BUCOpeKnHTa. OCTaTOK MCIIONB3YIOT B Ka-
YeCTBE KOMIIOHEHTa KOTEJIFHOTO TOILIMBA, 4 OSH3MH U JIETKUI ra30iib HyxX1a-
I0TCS B ruipupoBaHuy. OCTaTOK MOXHO IOJBEPTHYTh BAKYYMHOM ITEPETOHKE
C TIOJIyYeHUEM BaKyyMHBIX Ta30iiel ¥ KpeKUHT-0CTaTKa. BakyyMupoBaHHbIE ra-
30MJIM B JAJIbHEHIIIEM MOXHO MCITONb30BaTh HA YCTAHOBKAX KATAIUTAYECCKOTO
KPEeKWHIa ¥ THIPOKPEKHHTA. KpeKMHT-0CTaTOK — CHIPhE MPOLIECca KOKCOBAHUS.

IIpenmyliecTBa BTOPOH TEXHOJIIOTMH IO CPABHEHUIO C TIEPBOH CIICHAYIOIIIE:

— MOBBIIIEHHAS TPONOJLKUTENBHOCTh MEXKPEMOHTHOIO Npodera;

— OoJiee BBICOKMI KO3(DOUUMEHT MCTIONB30BaHUS paboyero BpeMeHH,

— BBIIIE CENIEKTUBHOCTD 110 BBIXOMY Tra30MJIs;

— HHM3KOE MOTPEeOIEHME TOTUIMBA U DJIEKTPOIHEPIHL;

— HU3KME KalUTAJbHBIC 3aTpaThl;

— QoJiee BBICOKAS YIPABISIEMOCTh MPOIECCa IIPU IKCIUTyaTalli 3a CYeT
BO3MOXKHOCTH PETYJIMPOBAHMS BYX IEPEMEHHEIX: NaBJICHUS B BBIHOCHON Ka-
Mepe U TEMIIEPATYpPhl B €Y.

Ha puc. 3.4 mpuBeneHa cxema BBIHOCHOM peakIMOHHON KaMephbl YCTaHOB-
ku BUcOpekuHra. Harperoe chIpbe TOCTyIIaeT CHU3Y KaMephl Yepe3 naTpybok
Bxona. C Bepxa OoTOMpPAOT NPOAYKTHI BUCOpekuHTa. B Kamepe mpoxomur
OCHOBHOM TEPMUYECKUI TIPOLIECC.

KomBepcus ceipbs B miporiecce HeBbicokas (14—30 % Ha HCXOMHOE CHIPhE),
OTOOp CBETJIBIX HE(PTEHNPOLYKTOB U3 KPEKHPYEMOTO TYAPOHa HE NMpPEBBIIIAET
5-20 %. .

B nacTodiliee BpeMsi CYIIECTBYET LEIBIHA Pl OOBEKTUBHBIX M CYOBEKTHB-
HBIX MPEATIOCHUTOK JUIsT MOAEPHM3AINY ¥ COBEPIIEHCTBOBAHMS IIPOIiecca BUC-
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Puc. 3.4. CxeMa BBIHOCHOMH peaknMOHHOH KaMepbl YCTAHOBKH
pHCOpeKHHra:
] — narpy0OK BXOJA HATPETOTO ChIPhA; 2 — MAaTPyOOK BHIXOAA MPONyK-~

TOB BUCOPEKHMHTa; 3 — JIIOK JJIE MOHTaXa ¥ OYMCTKH; 4 — CEKLIMOHUPY-
jolIME PEIIETKH; 5 — MaHTHs

6pexuHra. Tak, ¢ IeIbI0 MAKCUMAJIbHOTO U3BJICYEHUS <
IVCTHJUIATHBIX Ppakuumii U3 IPOIYKTOB BUCOPEKUHTa

HCTIOB3YIOT TEXHOJOTHIO OJHOKPATHOIO BAKYYMHOTO a
pcriapeHust. Pa3paboTaHbl crieriaibHbie BAKyyMHBIE
pcraputenu (Hampumep, bupMsel Shell), mo3BoJsIO- g
[ye YBEIMIUTH (110 CPaBHEHMIO ¢ OOBIYHBIMU BaKy-
YMHBIMH KOJIOHHAMH) MPOIOJDKUTENBHOCTD MEXPE- L

MOHTHOTO TIpo6era, BHIXOI TUCTUJUIATA U YMEHBIIUTD
06beM KamuTalbHbIX 3aTpaT. IlomyyaeMble ra3oim
CYIIECTBEHHO PACIIMPSIOT CHIPhEBYIO 623y MPOIIECCOB
TUAPO- M KATAIUTHIECKOTO KPEKUHTOB.

B otmenpHBIX caydasx (P OTCYTCTBUU, HAIPU- 7
Mep, Ha TIPeIITPUSITUN YCTaHOBOK I'MIPOKPEKIHTA MITH

b
_,1__._._\:[:|/3

KaTaJTUTUIECKOrO KPEKHHTa, 4 TAKKe TIPY MX ITOJIHOM
3arpy3ke) 1eecoodpa3Ho OpraHM30BaTh TEpMUUE-
CKYIO0 KOHBEPCHIO M3BJICUYCHHOI'O BAKYYMHOTO THCTHI-
JI51Ta BUCOPEKUHTa B MOMOJTHUTEILHOM TIeYH, T. €. Kpe-
KUHT pelupKyisaTa. Takoe pelieHne MpuaaeT BEICOKYIO
CTeTleHb THOKOCTH IPOoIiecca BUCOPEKUHTA TI0 CHIPHIO
U TIO3BOJISIET TIOBBICUTDH KOJMIECTBO JIETKUX IUCTHII-
JISITOB.

Hirxe npuBeneH npuMepHBIT mMamepuavuoiii 6aranc [% (Mac.)] ipoliecca
BUCOpEKMHTIA I'YIPOHA C IIOJIyIeHHMeM JierKoro razois (1) u 0e3 moaydeHusd

nerkoro razoinsa (II):

Bzamo
TVpOH . . e 100,0
BeeTo. . e e 100,0
Hoayueno
YrneBOROPOIHBIA TA3 (CYXOH) . ..ot ettt i i i ieneannn 2,3
KApHBIATA3 Ca—Cpg .ottt e e 1,4
Bersua (Cr—185°C) ..o e 4,7
Jlerkuii razoitns (185-371°C) . ... i 10,7
(8 10% v o) QNP 80,9
BT O . 100,0

B nponiecc BucOpekuHra BBOIST pasiIddyHbIE H00aBKM, KOTOPhIe CHITKAIOT
KOKCc0o00OpazoBaHue B 3MeeBHUKAX MeUr, TIEHOOOPa30BaHe 1 KOPPO3UIO B XOJNO-
JVITBHOM O0OpPYIOBAHMM, YTO YIIYUIIIAET TEXHOJOTHYECKUM PEKUM YCTAaHOBKH.

Taxkme nobapku rpousBoasaT Kommnanuu Cimeck (tamust), General Electric

(CIA), Nalco (CIIA) n "Komnrex" (Poccust).

IMpuMeHeHME Tpoliecca BUCOPEKMHTa I'YIPOHA, KaK ITOKA3bIBAIOT JaHHEIE
PaboThl IPOMBIIIUIEHHBIX YCTAHOBOK, IO3BOJIAET CHU3UTh KMHEMATUYECKYIO
BSI3KOCTb IyapoHa B 25—50 pa3 (Hanpumep, ¢ 1 - 100 mo 2 - 104 mm?/c mpm 50 °C),
HO 9TO B YCJIOBUSIX COXPAHEHUS B OCTATKE JIETKOTO U BAKYYMHOTIO Ta30MJIei.
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3.2.3. IPOU3BOICTBO HEOTAHBIX ITEKOB (IIEKOBAHMUE)

IIpou3BoaCTBO HEDTIHBIX IIEKOB — 3TO MPOLIECC TEPMOKPEKIMHTIA TSLKEIO-
TO IUCTWUIATHOI'O MK OCTATOYHOTO CHIPhSI, IPOBOAUMBIN IIPY HU3KOM JaBje-
HUM, yMepeHHoi temnepatype (360—420 °C), 1IuTeIbHOM BPEMEHM PEAKITUH.
T[MoMMMO LIENEBOTO IPOAYKTA — IIeKa — HAET 00pa30BaHME Tra3oB, OEH3UHO-
BBIX M KEPOCHHOIa30MIeBhIX (Ppakiuii.

Tlex mpencTaBisier co00M OUTYMUHO3HBIN MaTepUall YEPHOTO WiK 6yporo
nsera. Ilpy HOPMAJIBHBIX YCIOBUSX TEK — TBEPIOE BELIECTBO, a IIPU Harpe-
BAaHUM BBILLIE TEMIIEPATYPHI Pa3SMATICHUS TIEPEXONUT B BI3KOTEKYYee COCTOS-
HUE.

Haubosee KpynHOMacIITaOHBIMK ITOTPEOUTENIMY IEKOB (KaK 1 HePTs-
HBIX KOKCOB) SBJISTIOTCS IIPOM3BOJCTBA aHOMOB M IPadUTUPOBAHHBIX SIEKTPO-
JIOB JUISI METAJLTYPTHH.

ITexu TODKHBI 00JIANATh ABYMS OCHOBHBIMM TEXHOJIOTMUECKUMHU PYHKIIM~
AMU — CBA3YIOIIEH M CIIEKAOIEH crtocoOOHOCTHIO. 1Ipy 5TOM €ro CIIeKaroIyio
CIIOCOOHOCTE B OOJIBIIEH CTEIICHN OLIEHUBAIOT 3HAYCHUEM KOKCYEMOCTH U CO-
JiepKaHMEM KOKCOBOI'O OCTATKa, & CBSI3YIOMIYIO CIIOCOOHOCTH — IPEUMYIIE-
CTBEHHO YPOBHEM TEMIIEPATYPhI Pa3MSITICHHUS, IUIOTHOCTH U BI3KOCTH.

J{1g nostydeHust SIeKTPOIHBIX CBS3YIOIINX ¥ IPOIUTHIBAIOIINX ITEKOB HaM-
0oJ1ee GJIarONPUATHBIM CHIPhEM MPOU3BOACTBA IEKOB CUUTAIOT BHICOKOapOMa-
TAYHBIE CMOJIBL IIMPOJIH3a ¥ MAJIOCEPHUCThIE TUCTWUIATHBIE KPEKUHI-0CTaT-
k1 (JIKO). [t mosrydeHus OpPMKETHBIX CBA3YIOIIMX MaTePHAIOB, B TOM YHCIIC
HedTaHBIX criekatomux no6asok (HC/), MOXHO HMCHOIL30BaTh B KA4eCTBE
CBIpBS HeneuiuTHBIe HedTSHBIE ocTaTKu: acansT AeacanbTU3aliy, OCTa-
TOK BUCOpeKMHTa TyapoHa U ap. IIporecc mpoBomsT mpyu Temieparype 360—
420 °C, pasnenunu 0,1-0,5 MIla n nponomkutensHocTH 0,5—10 9. IIpuHnm-
UaTbHAY CXEMa MPOU3BOACTBA He(PTAHOTO IIeKa MPpUBEieHa Ha puc. 3.5.

UcxonHoe ChIpbe IMOABEPralT OYMCTKE OT MEXaHUYECKUX MpUMeceH
U KOMIIOHEHTOB, HE PaCTBOPMMEIX B XJ10podopMe, U TOHAIOT B PEKTUDU-
KaLMOHHYIO KOJIOHHY [ U yAaleHHs TUCTHUISATHBIX IPOXYKTOB. Ky6oBbii
OCTATOK C HW3a KOJIOHHEI I IIOCIIE ITONOrpesa B euu 2 IIOCTYIIAaeT B peakTop J.
IIpouecc BeAyT IPH HEPEPHIBHOM IEPEMEIINBAHUU C TIOMOIIBIO NHEPT-
HOTO WJIY IIPUPOJTHOIO ra30B, a TaKXe MeXaHWYeCKuX Melaiok. IIpumene-
HUE KHCIOpOAa WX BO3MyXa 31eCh, B OTIMYME OT IIPOU3BOACTBA KAMEHHO-
VTOJIBHOTO II€Ka, UCKIIOYEHO, TaK KaK OH MHTeHCU(MUIUPYET Iponecc 06-
pasoBaHus KapOOUIOB.

HedraHoit mek moxy4aroT B peakTopax aBTOKJIABHOIO TUIIA IIEPHOTHNIEC-
ckoro neicreud. ITocne peakropa 3 CHU3Y OTOMPAIOT OCTAaTOK, KOTOPBIA
MOJAIOT B BAKYYMHYIO KOJIOHHY 4 C IIe/IbI0 0TOOpa JIErKOr0 U TAXKEIOIO
ras’ouns.

KpoMme KpeKrHT-0CTaTKa MOIXOMSIINM CHIPEEM UL TIOJIyJYeHU HEDTAHO-
O TIeKa CIIYKUT CMOJIa, IToIydaeMast TIpy IMpoJu3e rasa, OeH31Ha M rasoie-
BBIX dpakumii HedTu. [IMponu3Has cMola COCTOUT B OCHOBHOM M3 ITOJIMITHK-
JIMYECKUX apOMATYECKIX COCTMHEHHM, He COTEePXKANTIX OOKOBBIX METHIILHBIX
rpymi. CoznepxxaHue HeHACHIIEHHBIX NBOMHBIX C=C cBg3edl 04eHb BEIMKO
(mocturaer 70 %). MOXHO TIPEAIIONOXUTH, YTO HA(QTEHOBLIE KOJIbIA UMEIOT
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Puc. 3.5, Ipuanunuansnasg cxemMa HPOH3BOICTBA He(PTAHOTO HeKa:

1 — pexTrOUKALIMOHHAA KOJOHHA; 2 — 1eyb; 3 — Peakrop; 4 — BaKyyMHas KONOHHA;
5 — oTmapHasi KONOHHA; 6 — eMKOCTh; [ — chipbe; I] — ras; II] — sopsuoi map; IV —
GeH3uHOBas (paknus; V — jerkuit rasoins; VI — Taxensiii rasoins; VII — mex;
VIII — niapsl JIETKOro rasoiisi ¢ BORSIHEIM I1apoM; IX — Bona

MBOMHEIE CBIA3U THUIIA LIMKIOTEKCEHOBBIX 1 IUKIIONICHTaAUEHOBBIX. Takas 0co-
OGeHHOCTb IMUPOIU3HOM CMOJIEI OOYCIIOBIMBAET €€ IIPEBOCXOMHBIE KAYeCTBA KaK
CBIpBS IUIS HOMydeHus HedTsHOoTo rneka. Hammuue IBOMHBIX CBA3EH IPENOI-
peleNsaeT MEXaHU3M TIPOLiecca, KOTOPBIN IPEACTaBIAET COOOM peakIUK IIOTH-
MepH3alliy, a He TIONMKOHAeH cary. Peakimsa uger ¢ MUHMUMAaIbHBIM BBIIE-
JIEHVEM Ta3000pa3HBIX ITPOAYKTOB. Peakiy IOIMKOHAEHCAMH HPOSBIIIIOT
cebs1 TOJILKO Ha KOHEYHOM CTaJuM IIpoliecca, KOraa B PeakKMOHHOM cucTeMe
HaKaIUIMBAIOTCS YaCTUILILI AUCIIepCcHOM da3nl — Kapbounsl. IloaTomMy mnporecc
ITOJIy9E€HHS TeKa MOXHO OCYIIECTBIISITh IIPY OTHOCUTENIFHO HU3BKMX TeMIIepa-
Typax ¥ IpeaoTBpaliaTh 00pa3oBaHue KapOOUIOB IyTeM BBEICHUS IE3aKTH-
BUPYIOIINX J00aBOK.

Hioke npuBeneH IpUMEPHBIA Mamepuaastsli 6asanc [% (Mac.)] Ipou3BO.I-
CTBa IIEKOB M3 I'yIpOHa:

Bzamo
Y DO o ottt e e 100,0
2 1K o 30 o« TP U AP PPN 100,0
Iloayueno .
% 3 (37031 (07 010)14 24317 0 v Vc JUU U g g P 8,5
BOH B H . . . vttt ittt e e e e e e 15,0
CYMMAPHBIA TAB0MIID « + o« o vt vveee e eeeeeae e iias e 40,0
LK e ettt e e e e s 36,5
7 I o i« TS OO PP 100,0

KayecTBO IPOMYKTOB IIPHMEPHO COOTBETCTBYET KAUeCTBY IIPOMYKTOB TEp-
MHUYECKOrO KPEKUMHTA IO JTaBJICHUEM.
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Ilexy MOXHO TOJTy4aTh TaKKe M TEPMUYECKIM KPEKUHIOM C TIEPErpeThIM
BOISHBIM ITapoM. Takas TexHoJiorus OblIa pa3padoTaHa B SMOHMI KOMITAHM-
eit Kureha v nomy4ynia Ha3BaHue "Eureka". B HacTosmee BpeMs B SnoHun
[0 3TOU TEXHOJNOTMU pabOTaeT IMPOMBIIUICHHAS YCTAHOBKA TEPMOKPEKMHIA
TYOpPOHA C TEPErPETHIM BOASHBIM MapOM MOIIHOCTRIO 1 MJTH T/TOM.

D10 MOMYNEpUOANYECKII IIPOIIECC, CXeMa KOTOPOTo IIpHBeAcHA Ha puc. 3.6.
Ceipbe (TYIpOH) NOJOTPEBAIOT (Ha CXeMe He IOKAa3aHO) M HAIIPABJISIOT B peK-
TUPUKALIMOHHYIO KOJIOHHY 3 IS yaaJeHus JIETKUX TUCTHWLIATOB. OCTaTOK
C HU3a KOJIOHHBI 3 TToforpeBaroT B ieur 1 1o reMmneparypsl 500 °C u moogepen-
HO 3aIoMHSIOT peakTopkl 2. [Ipoiiecc mpoucxomuT B peaKTOpHOM 0JI0Ke, CO-
CTOSIIEM U3 [IBYX PEaKTOpPOB. B TO BpeMsa KaK OHWH 3aIOTHSIOT CBIPhEM,
yepe3 Apyrou (yxe 3allOJHEHHBIN CEIPhEM) C ITOMOIIBIO KpaHa-Iepekioyda-
TeJIS MPOITYCKAIOT TeperpeThiit B maponeperpesareie 4 1o 600 °C BoxgHoi
rap, B pe3yJIbTaTe Yero IPOUCXOIUT TEPMOKPEKHHT CHIPhS M OTIIapKa obpa-
3YIOIIUXCS TIPOLYKTOB. 3aTEM PEaKTOPHI MEHSIOT IT0 Ha3HauYeHUIo. 123000~
pa3HbIe W XUIKWUE MMPOLYKTHI BMECTE C BOASHBIM ITAapOM BBIBOIST C BEpxa
peakTOpOB 2 ¥ HaNIPaBJSIOT Ha (hPaKIIMOHUPOBAHUE B PEKTU(DUKAIIMOHHYIO
koJioHHY 3. C HUA3a peaKTOPOB BEIBOAAT MEK, KOTOPHIA BHIIEPKUBAIOT B CTA0K -
JIA3aTOPE, a 3aTeM OXJIAXKAAIOT Ha JICHTOYHOM TPaHCIIOPTEPe-PhIXIIUTENE 6.

i

Y

I v
¥
)
Vil

Puc. 3.6. Ilpuaupmuansaas cxeMa TePMOKPEKHHIA TYAPOHA ¢ IEPErpeThiM BOs-
HBIM napoM 1o TexHonornu Eureka:

1 — cripbeBas neys; 2 — PeaKTopsl; 3 — peKTUGHKAIIMOHHAS KOJIOHHA; 4 — Tapore-
perpesaresib; 5 — KOJOHHa OTIApKH CTOKOB; 6 — TPaHCIIOPTEP-PHIXINTEND; [ —— CHIPBE
(ryapon); Il — nap; I1I — ceposopopom; [V — ra3; V — Gensun; VI — cTodHBle BOABI
Ha OYMCTKY; VII — tepmorasoine; VIII — nex
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[TpuMepHblit Mamepuaasublii 6aaranc [% (Mac.)] mpoiecca NpefcTaBIcH
HITKE!

Bzamo
711 S 100,0
Uroro...... e e e 100,0
Iloayueno
L 7 4,3
5 25 0,5
BensunoBas Gpakimst Cs—240°C ..o e 14,2
Tepmorazoims 240—-540°C ... ... 50,5
1 0= P U A S 30,5
B2 Ao 3 1« TS AU UGS O O 100,0

3.2.4. TIPOMU3BOJACTBO TEXHUYECKOIO YITIEPOJA (CAXKH)

HasHaueHMue Ipolecca — IOMyYeHHne TOHKOIUCIIEPCHOTO YITIepoaa (Caxu)
mpu BeIcOKoTeMItepaTypHOM (1200—2000 °C) TepMOKPEKMHIe TSDKEJIOTO apo-
MATU3MPOBAHHOTO IUCTHUISITHOTO CBIPhs IIPY HU3KOM JHaBICHUHI ¥ MaJIOW IIPO-
TOJCKUTEIBHOCTY PEaKIINM.

Crpykrypa morpeberus Texaumaeckoro yriaepoga (TY) pasimuuHbIX THITOB
BELYLIIMMU KOMITAHMSIMHU TI0 TIPOU3BOJACTBY PE3UHBI ITOKA3BIBAET, YTO OoJiee
60 % coCTaBJIgET YIIEPOI aKTUBHBIX MapoK, XapaKTepU3YIOILUXCI KOMILIEK-
COM CBOMCTB, I 00ECIICUECHHSI KOTOPBIX HEOOXOIVMO UCIIOIB30BaTh CICIH-
aJIbHOE BBICOKOKA4ECTBEHHOE ChIphe. COIIaCHO COBPEMEHHBIM TPEOOBaHUAM,
TAKOE CHIPhE JOJDKHO CONEPXAThH MONUIMKINIECKIE apeHBl ¢ KOPOTKMMH 60-
KOBBIMH LIEIIIMU, UMETh OTPaHUYEHHYIO KOHIIEHTPAIMIO HadTeHonmapadpuHo-
BBIX KOMIIOHEHTOB, COEIMHEHMI Cephl, ac(aabTeHOB U MEXaAHNMYECKIX IpUMe-
ceit. TakuM 00pa3oM, BaxKHEHIIAS XapaKTepUCTUKA CHIPhs U1 IIPOU3BOACTBA
TEXHUYECKOTO YIJIepoJa — CTeIIEHb €r0 apOMaTU30BaAHHOCTH.

OnuH M3 BaXHEHIINX HoKa3aTeneil CTeIeHU apOMaTU30BAHHOCTH, T. €.
KayecTBa ChIphsi — uHneke Koppemsauuu (MK), KoTopslil fojpkeH OBITH B IIpe-
nenax 120—130 ms obecrieyeHrs HEOOXOIUMOTO YPOBHS CBOMCTB TpeOyeMoit
Mapku TY.

ITo cTeneHy apoMaTH30BaHHOCTH CHIPHE MOXET OBITH KIIacCU(pULIIPOBAHO
CIIeIyIOmuM 00pa3oM:

1) BeicokouuaekcHoe (MK > 120) — TepMOMAaciIo ¥ TSKEJIbIe ITUPOIIM3HAIC
CMOJIBI, 00BEM IIPOU3BOCTBA KOTOPHIX COCTABJIsIeT HeMHOTHM Gonee 30 %;

2) cpenuennnekcuoe (MK = 110—120) — 5KCTpaKThI ra3oijieil KaTaluTh-
YeCKOro KpeKMHra ¥ JUCTHLISTH TEPMOIIOIMMEPHU3alluy IUPOJIU3HEIX CMOJL,

3) auskoungekcHoe (MK = 90—110), koropoe cocrasiser 6onee 60 %
BCEro He(TSIHOTO CHIPHS.

CkaszaHHOe BbIIlIe 00YCIOBIMBAECT OYEBUIHYIO HEOOXOOUMOCTD CO3JaHM
000CHOBaHHBIX PEHENTYP KOMITO3AIIMOHHOTO CHIPhS € YYETOM JaHHBIX 9KOHO-
MHYECKOIO 1 SKOJIOTUecKoro aHamm3a. CebecTOMMOCTh CIOKHOIO COBPEMEH-
HOTO KOMITO3UIIMOHHOTO CHIPHS, TIOJIyJ4aeMOro Ha CTaJuy IIOATOTOBKY, HEIpe-
PBIBHO PacTeT ¥ COCTaBJIfAET B HacTosiee BpeMst 10 50 % cebecTomMOoCTH IIpo-
nykra (TY). Takum 06pa3oM, BAXXHEUIIIMM 3TaItoM IIPOM3BOICTBA TEXHIIECKOTO
YIJIepoIa ABJISETCS CTaAMs IMOITOTOBKY ChIphs. OHA BKIIIOYAET IPOLECCHL CME-
LIEHUsSI KOMITOHEHTOB, 00€3BOXMBaHUA U GrsTpanuy. CMellleHUe ChIPhEBBIX
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KOMIIOHEHTOB PEKOMEHIYIOT IIPOBOIUTD B ITOTOKE C UCITOIH30BaHNEM I'OMOTe-
HuzaropoB. Ha GoNpIIMHCTBE 3aBOIOB CHIPhE 00E3BOXMBAIOT B CIICLIMATIBHBIX
amnmaparax — BJIaroucIiapurTeax. MexaHudecKre MpruMecy — IJIaBHBIA UCTOY-
HHK 3aCOPEHHS CaXXy HEOPraHWYECKUMU BKIIIOYCHUSIMHI M YaCTUILIAMHU KOKCa.
IToMuMO 3arpss3HEHUS CaKU, 3TH YACTHIIBI CITOCOOCTBYIOT 3p03uM (POPCYHOK,
HapyIasg HOpMaJIbHBIN X0 ITpoliecca. MexaHndecKre IPUMECH B BEICOKOTEM-
IepaTyPHOM ITOTOKE MPOAYKTOB FTOPEHMS B pEaKTOPE ITOKPBIBAIOTCS CJIOEM KOK~
ca B pe3yJIbTaTe Pa3IoKeHUs ChIPhSI Ha paCKaJIEHHOM MOBEPXHOCTH. ChIphEe 0YM-~
ITAIOT OT MEXaHMYECKUX TPUMECEil B IIMHAPUIECKUX QWIBTPax U B TUOPO-
UKJIOHAX.

CreneHp pacbUIEHUS ChIPhs 3aBUCUT, IOMUMO IapaMeTpoB (OpCyHKH, OT
ero BI3KOCTH. ISl MOHIDKEHUS BSI3BKOCTH CBHIPhE HArpeBaloT A0 TEMIIEPATYPHI,
IIpY KOTOPO nocTuraioT 3¢ ¢eKTUBHOro pacnbuieHus. 1Ipu Beibope nmogorpe-
BaTels ChIPhS OICHUBAIOT €r0 TEIUIOBBIC, THAPABIMICCKHE W SKCIUTyaTaIlOH-
HBIE XapaKTEePUCTHUKHM, & TAKXKEe CPABHUBAIOT KAIIMTAIBHBIE M OKCILTYaTaIOH-
HBIE 3aTpaThl.

JInst mpor3BOACTBa MAJIOAKTUBHEIX MapoK TY ChIpbe HarpeBaloT HE3HAYU~
TETHHO B TEIUIOOOMEHHEBIX aIlraparax ¢ IapoBbIM nomorpesoM. Ilpu momyge-
HUY BEICOKOAKTHBHEIX (BBHICOKOIMCIIEPCHBIX) CaX ChIphe Harpesawot o 320 °C
U Jajiee OHO MOCTYIAET B PEAKTOPHOE OTHEIICHHE.

DOpPCYHKHM TOJDKHBI 00ECIIEYMBATh OMPEISICHHYIO TOHKOCTh PaCTIBUICHMS
1 00/1agaTh CIEIYIOIIMME SKCIUTyaTallMOHHBIMI XapaKTePUCTAKAMMU: JIOIIyC-
KaTh PeryIMpOBaHMe pacxoia ChIphsS B IIMPOKOM AHMAIIa30HE 0€3 YXYHIIICHUI
KayecTBa PacTbUICHUS, OBITh TOCTATOYHO SKOHOMUYIHBIMMU, IIPOCTHIMU 10 KOH-
CTPYKIIMH ¥ HAJEKHBIMU B SKCILTyaTallHMH.

Ji1s paBHOMEPHOU paboTh! POPCYHKH OONBIIOE 3HAYECHNE UMEET TOYHOCTD
IIEHTPOBKH €€ C OChbI0 peakTopa. I1pu "Kocoit" 1momaye CeIphs IIPOUCXOAUT KOK~-
COBaHMe PeaKIMOHHOTO KaHajla 1 00pa3oBaHue "00poIky’” BOKPYT GOPCYHKH,
T. €. HapyIIaeTcs pexuM paboTHI peakTopa B 1ieyioM. Ha psje mpou3BoACTB OCy-
IIECTBISIOT PagUKaIbHYIO TTOAAaYy CHIPBS MEPIICHANUKYISIPHO WU IO YITIOM
K IIOTOKY TOpsiyux ra3oB. KauecTBO pacmbUIeHHS ChIPhsl OOBIYHO OLICHUBAIOT
110 JUaMeTpy Karieb, YIIy KOHYCa pacIbUIeHMs 1 PABHOMEPHOCTH paclipene-
JICHUS Kanelb B (pakesie pacibUIEHHOTO ChIPhS.

Texnonormyeckaa cxema. OCHOBHOM ammapar YCTAHOBKU — HUKJIOHHBIA
PEaKTop, B KOTOPOM OCYIIECTBIISIOT CJIeAYIOIIe TPH IIPOIlecca:

1) cropanue ToIUIMBa (MJIK YACTY CBIPHSI) M CO3MaHue TpebyeMoli TeMIiepa-
TYDBL,

2) pasIoXXeHUE CHIphs ¢ oOpazoBaHueM 1Y,

3) oXJI&KICHUE CaXEra30BOM CMECH C IIPEIOTBPAIEHUEM ITOO0YHBIX TIPO-
1IECCOB.

Ha puc. 3.7 npuBeneHa NpUHITAIIHAILHAS CXeMa YCTAHOBKY IIPOM3BOICTBA
reyHoi caxu. OcyleHHOe U roforperoe B TerioooMenHuke 10 no 100—-120 °C
CHIpEE IIPOXOIUT YEPE3 3MECBUK OECIUIaMEHHOTO Ioaorpesareins I, rae ero
HarpepaioT 1o 270—320 °C, u 3areMm gepe3 GHIBTPBI TOHKON OYUCTKU CHIPhS 2
JUISL yIaJIeHusT KOKca, 00pas3yrolierocs IIpy HarpeBaHuM chlpbsi B neuu. [lomo-
IpeToe M OYUIINCHHOE ChIPhE HAIIPABJISIOT K CHIPhEBBIM (DOPCYHKAM ITUKIJIOH-
HOro peakTopa 3.
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Puc. 3.7. IlpuanunnaipHas cXeMa YCTAHOBKH IPOM3BOJCTBA NeYHOH CaXKH:

1 — meus GecriaMeHHOro ropenust; 2 — QMIETP TOHKOH 09UCTKY; 3 — HUKJIOHHBIHM peakTop; 4 — X0Jo-
JHABHUK-OPOCHUTEND; 5, &, 9 — LHMKJIOHEL, 6, 7 — pyKaBHBIE GMIBTPH [Tk YIaBIHBaHug caxu; 10 —
TeruI006MeHHHKK; 11 — BO3ayXononorpesarens;  — cuipbe; 11 — BO3AYX BHICOKOTO nasnenus; /7] — Bo3-
JyX HU3KOro napneHust; [V — Bona; ¥V — tomwmso; VI — Texuudeckuit yriepogn; VII — orxoasinue rassi;
VIII — xoxc

Ha TexHoI0rnIecKoM IoToKe yCTaHOBJIEHO BOCEMb PEAKTOPOB MOILIHOCTBIO
500 Kr/9 0 CBIPBIO, M3 KOTOPBIX MSITh—CEMb PabOTAIOT, OCTAJIbHBIE HAXOHSATCSA
B PEMOHTE WX pe3epBe. HOTMA yCTaHABIMBAIOT TPY PEAKTOPa MOBHIIIIEHHOU
npousBoauTeabHOCTH (o 1500 KT/4 ChIphbd): ABA HAXOASTCA B paboTe, OMUH —
B pesepse. B peakrop nmonaior ceipbe mmox gasiaeHuemM 0,8 MIla u cxartsliit BO3-
nyx BeIcokoro nasiaeHus (BBII) misa paciblieHUs CBIpbs 0of AaBiaeHueM 0,5—
0,7 MIla, xoTopsIii ImogorpeBaeTcs B mogorpesarene 1. s mommepkaHusa
B peakTope pabodeil TeMIiepaTyphbl B HETO ITONAIOT TOIUIMBO U BO3AYX HU3KOTO
naBneHust, Harpetsiit 1o 900 °C B Bo3myxonogorpesatesne /1. I1poriecc B peak-
Tope 1nporekaet npu Temmeparype 1250—1550 °C B 3aBucumocTs oT Mapku 1Y
Y [IJTUTCSI COTBIE TOJIM CEKYHIBL. JIJIs MpekpaiieHys peakiiiy B OTIPEIEICHHYIO
TOYKY PeakTopa BIIPHICKMBAIOT XUMUYECKY OUYMIIECHHYIO Bomy. OxnaxneHHas
1o 650—700 °C raszoyraepomHas CMech IIOCTYIIAET U3 peakTopa B BO3MYXOIIO-
JlorpeBaTeiib, 3aTeM B XOJIOAMIBHUK-0pOCcUTelNb 4. CHavana OXJIaXIeHHYIO BO-
no#t no 280 °C cMmech HAIpaBJsIIOT B CUCTEMY YJIaBiauBaHus 1Y, COCTOSIIYIO
U3 LIUKIJIOHOB 5, § mnu 9 BOCEMHCEKIIMOHHOIO PYKaBHOTO MUiIbTpa 6 uim 7.
TV, ynoBneHHBINM B IMKIOHAX, WIECT HAa rpaHyMpoBaHue. [a3pl u3 GUIsTpoB
IIOJAI0T Ha YCTaHOBKY moxwura. Beixon TV, B 3aBUCHUMOCTH OT KayecTBa
HCIIOJIb3YEMOTO CBHIphd M Mapku TY, u3aMeHsoT B npexpeiax 42—65 % (Mac.)
Ha CHIPBE.
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Huxe IIpHUBELICHBL Hapamempsl HeEeXHOA02UHECK020 PeHuma yCTaHOBKH
I10 IIPOUI3BOACTBY TCXHUYCCKOI'O YIjIepoaa.

TeMmepatypa B peakTope, “C ..ottt i e 1250—1550
Hasnenue Bpeaktope, MIda. ... ... .. i 0,6-0,8
BPEMSI PEAKIIHAM, € . « ¢ v vttt et tee e e e ein et 0,02—-0,04

TIpuMepHEBI Mamepuaavnolii 6asanc ycTaHOBKY [% (Mac.)] IO IIPOM3BO-
cTBy TV M3 raszoiiieil KaTaTuTHIECKOTO0 KPEKMHTIA IIPEICTaBIeH JIajlee:

Baamo
105513 1 GO 15,3
03747 5V JPR G 4,6
27011 79,0
f ) 720 1 19510 X |2 - N N 1,1
2 2O =3 o 1P AU OO 100,0
Iloayueno
B0 4070 (5103067507 0012 0 =7 oY AU O 9,2
4 17 PP 0,4
€Oy e ottt 4,9
O e e 8,4
Ho oo e 1,7
N e ettt e e e e e aa 60,7
3o a2 GGG 100,0

Beixon TV Ha ceipre cocTaBigeT ~60 % (Mmac.).

3.2.5. KOKCOBAHUE

KokcoBanueM Ha3bIBAIOT MPOILECC TEPMUIECKOTO KPEKUHTa HEDTIHBIX
OCTA4TKOB, IIeJIb KOTOPOIro — JIH0O0 ITOJYYCHUE CBETIBIX HEDTETIPOAYKTOB,
60 — IPOU3BOACTBO HEDTIHOTO KOKCa, JMOO — ONHOBPEMEHHOE PEILIEHUE
ATHUX 3a1a4. ‘

OO6pa3zoBaHue KOKCa IIPU TEPMUYECKOM KPEKWHTE OIPAHNYUBAET BO3MOXK-
HOCTH JajIbHeero yoiyonenus npouecca. OmHaKo, eciy He onacaThesd 00-
pa3soBaHUI KOKCa, HE CIMTATh €0 BPEAHBIM ITOOOYHBIM IIPOLYKTOM, TO BBLIXOL,
CBETJIBIX JUCTWILISITOB MOXHO 3aMETHO TTOBBICUTb.

Iporiecc OCyIIeCTRISAIOT ITPY AaBieHUH, 6u3KoM K atMocdepHOMy (0,1—
0,5 MIla), u temmneparype 480—560 °C. B MupoBoit HedTenepepaboTKe Kade-
CTBO KOKCa, KaK IIPaBWIO, HE MMEET PEIIAoIIero 3HaYeHUS, TaK KaK [IPOU3BO-
11T okoJ1o 80 % (Mac.) HI3KOKa4eCTBEHHOTO TOIUTMBHOTO KOKCa, KOTOPHIH IIpO-
JAIOT TI0 IIEHAM HITKE, YeM KOTeJIbHOoe TorummBo. Tonbko npuMepHo 20 % HII3
[POU3BOIAT MEKTPOIHBIN KOKC, HO K TOT KOKC CTOUT JEILIEBJIe KOTEIbHOI0
TOIUIABA. DKOHOMMYECKIE ITOKA3ATEIM IpoIlecca YIydiiaeT o0pa3oBaHue O0JIb-
ILIOrO KOJIMYECTBA CBETIIBIX HE(DTEIPOAYKTOB, TPEOYIOIIMX, TEM HE MEHEE, JAJIb-
HelmeH THIPOOYMCTKY U THIPUPOBAHMUSL.

3.2.5.1. CbIPBE U TPOAYKTbBI KOKCOBAHW

B xauecTBe CHIPhS MCHOJB3YIOT TsDKENble He(PTIHBIE OCTATKW: TYIPOHHI,
Ma3yThl, CMOJIBI IAPOJIN32a, KPEKMHI-OCTATKH, 2 TAKXKE KAMEHHOYTOJIbHBIE ITEKH,
CJIAHLIEBBIE CMOJIBI, TSoKeNbIe HeDTH U3 OMTYMUHO3HBIX ITOPOI U AP.

Bce 3TH IIPOAYKTHI IPEICTABIISIOT COOO0 CIIOXKHOE CHIPhE. DTO BBICOKOBSI3-
KH€e, CTPYKTYPUPOBaHHbBIE TUCIIEpCHBIE cucTeMbl. [lepepaboTka TakuX BUIOB
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ChIphsI, TIPOOTEMBI UX CMEILCHUS ¥ CO3IaHMs CTAOMIBHBIX KOMITO3ULIUY, YC-
TOMYMBBIX K PacCIOeHUI0 Ha (a3bl, MOTYMHEHBI 3aKOHOMEPHOCTAM TECOPHUH
HedTAHBIX TUCIIEPCHBIX cucTeM, co3ganHoil mpod. 3. M. CronsessiM. 1o cBo-
1M peCypcaM OCHOBY CHIPbSI KOKCOBAHUS COCTABIIAET TYAPOH, K KOTOPOMY JI0-
GABITIOT KYOOBBIE OCTATKM JECTPYKTUBHOTO TTPOMCXOXIECHUS WM IIOOOYHEIE
[POLYKTH MacJSTHOTO IIPOM3BOACTBa. MHaue ToBops, HU3MYECKUA MPOLECC
KOMITAYHIUPOBAaHMS HCIIONB3YIOT KaK CTaAMIO IOATOTOBKY CHIPbA B COCTaBe
[IPOM3BOICTBEHHO-TEXHOIOTMYECKOTO KOMIUIEKCA.

KadecTBO CHIphSI KOKCOBAHMS OIEHUBAIOT I1O CIIEHAYIOIINM IT0Ka3aTelIIM:
[UIOTHOCTh, KOKCyeMOCTh 110 KOHpanicoHy, conepxkaHue CEpHUCTHIX U METall-
JOCOLEPXKAIMX COSAUHECHH, a TAKXXE TPYIIIOBOM XUMUYECKUNA COCTaB.
YeM BBIILE B ChIPhe KOJIMIECTBO CMOJIMCTO-ac(haIbTeHOBBIX BELIECTB, TEM OO0IIb-
[iIe ero INIOTHOCTb, KOKCYEMOCTD U, CJISIOBATENILHO, BEIXOJ KOKca. Makcumalib-
HBIH BBIXOX KOKca — 3 acdanbra mpouecca aeacansTuzalyiy IyIpOHOB,
OJHAKO IIPH 3TOM IOJIYIaIOT PHIXJIBIA KOKC C BBICOKMM COMEPXAHUEM 30JIbI
¥ CEpOCOEepXKAIINX KOMIIOHEHTOB.

1o conepXaHUIO CEPOCOIESPKALINX KOMIIOHEHTOB CBIPBE YCIOBHO II0pa3-
IETISI0T Ha MaJOCEPHUCTOE 1 CepHUCTOE. M3 MaOCEPHUCTOTO CHIPhS IT0JIy4a-
JOT KOKC C cofepxanueM cepbi 10 1,0—1,5 % (Mac.) 1 ero UCIIONIb3YIOT KaK aHOM -
weiit. Jg Haubosee pacipoOCTPAHEHHBIX BUJOB CHIPhS (TYAPOH, KPEKUHTI-
OCTaTKH) COOTHOIIEHNE MEXIY CONEPXAHUEM CEPHMCTHIX BEIIECTB B KOKCE
1 CBIPBE PaBHO 1,2—1,9, HO M3BECTHO, YTO ITPY KOKCOBAaHUM HEKOTOPBIX (Ppak-
LA BTOPUYHOIO IIPOUCXOXIEHIS TTOYYAIOT KOKC € CONEPKAHUEM CEPHMCTRIX
COeIMHEHUN MEHBIIIe, YeM B CHIpbe (HAmpuMep, JUCTUIUIATHBIA KPEKUHI-
OCTaToK).

30JIbHOCTL KOKCa 3aBUCHUT OT CONEPXKAHUS B CHIPHE METAJUIOPTaHNYECKUX
COEIUHEHNH, BXOIIIINX B COCTAB CMOJIUCTO-aC(aTbTEHOBBIX BEILECTB.

Hitxe pHBeIeHBl XapaKTePUCTUKA HEKOTOPBIX BUIOB CHIPHA KOKCOBaHMSI
[p — mrorHOCTH, Kr/M?; BY5 — yenosHas Baskocts npu 80 °C; K — Kokcye-
MocTb, % (Mac.); C — comepxanue cepbl, % (Mac.); @.c. — dpakUMOHHLIA
cocTas 110 Borganosy, % (Mac.), BBIKUIIAET 1O JaHHOW TeMIlepaTyphl]:

Cripne ) BY; K C ®d.c.
350°C  500°C

Iympon TyitMa3uHCKOM HeTH . . . . . . 993 29 15,7 2,4 9 47

DKCTPaKT CEJIEKTUBHOM OUHCTKHI

MACEIL . o vt e et 960 3,0 4,2 0,9 5 63

TsoKensIil ra3oins KaTauTude-

CKOTOKPEKHHIA « « v o v vvvveeeenens 910 — 2,8 2,0 18,5 —

CMONMATIAPOITH3A « o\ v vvvveeenenen 1125 2,9 18,1 0,5 51 90

KpeKMHT-OCTATOK « o« o v vt evee 1020 30 22,0 3,3 12 50

HobapneHue K I'YIPOHY TSLKEIOTO ra3oiiid KaTaluTUYEeCKOro KPEeKMHra
M TSDKEJION IMPOJIM3HOM CMOJBI B ONITUMAIBHOM KOJIUYECTBE O0ECIIEYNBACT
0osiee cTaOWIBHYIO PabOTy MeYH 3a CYET CHIDKEHUS €€ 3aKOKCOBBIBAHMS, YTO
TAKKE XOPOLIO OOBSICHUMO C MO3ULIUUA PU3MKO-XMMUYECKON MEXaHUKHU
HEMTSIHBIX TUCIIEPCHBIX CUCTEM.

Ha BBIXOI ¥ KaYeCTBO IIPOIYKTOB KOKCOBAaHUA MOXKHO BIVATH BBEICHUEM
PasIMYHEBIX HO00ABOK, HAIOXEHUEM SHEPreTMYECKUX IOJIeH, a TaKKe IIpUMe-
HSSL pa3IMYHbIE TEXHOJIOIMH KOMITAyHINMPOBaHUS HEDTAHBIX OCTATKOB.
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KauecTBO CBHIphSI OIIpeNessieT He TONIBKO BEIXO, HO ¥ CTPYKTYPY KOKca, OT
KOTOPOH 3aBUCHUT €T0 JAJIbHEHIIIee UCITONB30BaHue. PacCMOTPUM MO3TOMY IO~
pobHee YCIOBHA TTOJYYCHUS TOTUIMBHOTO KOKCa (M30TPOIHOU CTPYKTYDHI),
AHOITHOTO KOKCa (AHM30TPOITHOM CTPYKTYPHI) M UTOJIHYATOIO KOKCA.

CTpyKTYypy KOKCa OIIEHHUBAIOT OOBIYHO B 6ajIax, IIPUIEM M30TPOITHOCTE —
MUHHUMAaJIbHBIM KonndecTBoM (1—3), a anmzorponHocth — 7—9. Kokc n3o-
tpornHo# cTpykTypsl (KUIIC) rmmoxo rpadutupyercs, MpakKTUIECKH HE IIPO-
BOIUT TOK, YTO CBSI3aHO C IIPUCYTCTBUEM B HEM MOJIEKYJT QYIUIEPEHOB (BBIITYK-
JIbIE 3aMKHYTBIE MHOT'OTPaHHUKHY, COCTaBJIEHHBIC U3 YETHOTO PsIia TPEXKOOp-
TWHATHBIX aTOMOB yriiepona). Hampumep, monekyna Cg, (puc. 3.8) umeer hopmy
yceuyeHHOro nkKocasapa. IIpeanonaraercs, 4ro momo0HbIE CTPYKTYPHL 00pa3o-
BaHBI U3 CBIPHS, COIEPXKAIIero KapoouIbl, KOTOPEIE IT0 CBOEMY CTPOSHUIO CXOJI -
HBI ¢ OOBIYHOM TEPMUYECKON CaxXeil. DTO U SIBISETCS, OYECBUAHO, IPUIMHOIN
(opMUPOBaHKS M30TPOITHON CTPYKTYPHI KOKCA.

s ronydeHus KoKca aHU30TPOITHON CTPYKTY-
DBl ICXOHBIE apeHbl, M3 KOTOPHIX B ITPOIECCE TEP-
MOITOJIMKOHACHCAIMU B (DOPMHUPYIOTCS rpachUTOIIO-
JIOOHBIE CIIOU, XapaKTepHBIE I KOKCa UTOJIbYaToi
CTPYKTYPHI, TOJDKHBI UMEThH PETYJISIPHOE CTPOSHME.

Taxoil KoKc MOXHO ITOJIYIUTh TOJBKO M3 CIIEIH -
aJILHO ITOATOTOBJIEHHOTO CHIPhS — O0OraToro KOHIeH-
CHPOBAaHHBIMM (OM- U TPULMKINYIESCKHIMU) apeHaMu
C KOPOTKMMU OOKOBEIMH paiiKajaMi, a TAaKXKe He CO-
JIEPKAIIETO TBEPIbIX KapOOMTHEIX YACTHULI, C HU3KIM
Puc. 3.8. Mozaenb ctpoennss  COJIEPXKAHUEM CEPBI U TSTKENBIX METAJUIOB (puc. 3.9).
dymepena Cgy JAnvHHBIE aJKWIbHEBIE 1[ENH aJKUIapeHOB CHIPhS

TIPETSITCTBYIOT 00pa30BaHMIO YIIOPSIOYCHHON pe-
meTky Kokca. OMHaKo KOHIEHCUPOBAHHEIE apeHbI ¢ KOPOTKUMU GOKOBBIMU
HEeNSIMH B TIpoIlecce KapOoHU3anuu GoOpMUPYIOT KUIKOKPUCTATUITISCKYIO
azy — Mezodazy, o6pazoBaHNe U POCT KOTOPOH B MUCICPCUOHHOM Cpene SB-
JISIeTCS MIPEANOChUIKON Oyayluel yropsaodYeHHO! (B Heaie — MI0JIbYaTom)
CTPYKTYpHI KoKca. [ToaToMy Hauboee OIXOISIIIe BUABI ChIPhSl — 3TO, HAIPH-
Mep, KPEKMHT-0CTaTK! OT TEPMUYECKUX ITPOIIECCOB TUCTUIIISITHOTO ChIPhs, Je-
KaHTHMPOBaHHBIE (OTHCICHHBIE OT KaTaIu3aTOPHOM IIBUIN) TSLKEIIbIE Ta30MIM Ka-
TAJIMTUYECKOTO KPEKWMHTA, TSLKEJIbIe CMOJIBI MMPOJIM3a U Ip. biaronpustaasg Mo-
JIEKYJISIpHAsi CTPYKTYpPa ChIPbsI CIIOCOOCTBYET (POPMUPOBAHUIO COBEPIIEHHOM Ir'eK-
CaroHaJIbHOM YITIEPOMHON CeTKM, OJIM3KOM K CTpyKType rpaduta (puc. 3.10).

Taxum obpazom, A MOJYYEHHST BLICOKOTO BBIXOIA KOKCA HYXKHOTO Kade-
cTBa (UIsI COOTBETCTBYIONIEH 00MacT MOTPEOICHHMS), UMEIOIIETO XOPOIIIHE
MEXaHWYECKHUE, TeIJIOBEIE M Apyrue (pH3nMyecKue CBOKCTBA, HEOOXOIUMO
obecrieunTh HE TONBKO BbICOKOe cootHomeHne C : H B Chipbe KOKCOBaHUS,
HO ¥ OTIPEIEICHHYIO MOJIEKYJIIPHYIO CTPYKTYPY apeHOB B ChIPhE.

B mporiecce KOKCOBaHMA 00pa3yIOTCs Pa3IMYHBIC TI0 COCTaBY M CBOMCTBAM
TIPOAYKTHI. [A3BI 110 COCTaBY aHAJIOTUYHBI I'a3aM TEPMUYECKOro KpekuHra. I[1o-
BBILLIEHUE TEMIIEPATYPHI ITpOLECCa IIPUBOIUT K YBEIMUCHUIO CONCPKaHM B ra3e
HENpeebHbIX YIIEBOAOPONOB 10 22—25 % (Mac.).

bensun conepxuT MHOTO AJIKEHOB 1 CEPHUCTHIX KOMIIOHEHTOB, TPEOYET IIIy-
GOKOTO TUIPUPOBAHUS U TOCHAEIYIONIETo prOpMHUPOBAHUS I'MIPOTCHU3AaTA.
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°

I5A

Puc. 3.9. Crammn (I-3) popmuposanus moste-  Puc. 3.10. Mogens rpadura (° — arom yrie-
KYJIAPHOIl CTPYKTYPBI CHIPbS KOKCOBAHMS poxna)

JIeTK¥iA ra30iIb UCITONB3YIOT B IIPOM3BOICTBE TIEIHOTO U ra30TyPOUHHOIO TOII-
JI¥B, & TAKKE (II0CTIe TUIPUPOBAHNS) B KA4eCTBE KOMIIOHEHTA JU3€/IbHOTO TOILIMBA.

TsoKeIbIi ra30iUIb HAXOOUT IPUMEHEHKE B IIPOU3BOLCTBE KOTEIHHOTO TOI-
JIMBA WIK B KQ4ECTBE CHIPHS IS IPOM3BOLCTBA TEXHUYECKOTO YIVIEPOIa.

MasiocepHUCTEHE KOKCHI TOIYIAIOT U3 OCTATKOB MAJIOCEPHUCTHIX HedTel
VUM [TOJBEPTHYTHIX THIPoobIaropaxkBaHuio. Kax rpaBmiio, couepKaHue Cepbl
B KOKCE Bcerna GoJIbIIe e¢ CONEPXaHUS B ChIPhe KOKCOBAHMA.

OnHO U3 BO3MOXHBIX HallpaBICHUM IIPUMEHEHNS CEPHUCTON HEPTEKOK-
COBOI MEJIOUH — UCITOJIL30BAHME e B KAUeCTBE JOOABKH B IIMXTY KOKCOBAHUA
yIoIe# TPy MOJIYyYEHUH MEeTAJLTypruIeckoro kKokca. g sToro Heo6Xoaumo
co371aTth 6oJiee MATKHE YCIOBUSI KOKCOBAHUA.

Oco6yI0 IIEHHOCTh B 3JIEKTPOMETAIUTYPTUM UMEIOT BHICOKOKAYECTBEHHBIC
rpadUTHPOBAHHBIE SJIEKTPOIB], BBIACPKUBAIOUINE BHICOKYIO TOKOBYIO HArpy3-
Ky (10 35 A/cM?) ¥ M3roTOBISIEMBIC U3 CIIELIMAIbBHOIO MaJIOCEPHUCTOTO U Ma-
JIO30JIBHOTO KOKCa.

ToNbKO UIONBYATHIA KOKC MOXET 00eCIIeuuTh Takue HeOOXOIUMBIE CBOM-
CTBa CIELMAJIBHBIX 3JIEKTPOIOB, KaK HU3KUM KO3(DOULMEHT TEPMUIECKOTO
pacIIMPEHNs U BBICOKAS 2JIEKTPOIIPOBOIHOCTE. Mroapyarsiii KOKC IO CBOMM
CBOMCTBAM CYIIECTBEHHO OTJIMYAETCS OT PAJOBOIO DJIEKTPOIHOIO SIPKO BBIpa-
JKEHHOM aHU30TPONMUEH BOMTOKOH, HU3KUM COAEPXKAHUEM IeTepOIIpUMECEi,
BBICOKOM YIENHHOM TJIOTHOCTBIO ¥ XOPOLIEH rpadUTUPYEMOCTHIO.

Hawubonee 9acTo B Ka4eCcTBE CHIPBS IS IPOM3BOICTBA UT0JIbYATOr0 KOKCa
HCIIONB3YIOT MaJIOCEPHUCTHIE ApOMaTU3APOBAHHBIE JUCTHUIUIATHI TEPMUICCKOTO
KpEKUHTa, Ta30MIM KaTaTUTHYECKOTO KPEKHUHTa, SKCTPAKThl MaclIgHOIO Mpo-
W3BOICTBA, TSKEJIBIE CMOJIBI ITMPOJIA3a YITIEBOJIOPOAOB, a TAKXKE KAMEHHOYTOJIb-
HbIe CMOJIBL. AmTaparypHoe o(pOpMIIEHUE YCTAHOBKY KOKCOBaHMSA IS TIOJTY-
YeHUS MTONBYATOTO KOKCa TaKoe Ke, Kak Ha oObrvHbIX Y3K (ycraHoBKax 3a-
MEIJIEHHOT0 KOKCOBaHMs). TeMrepaTypHblA PEXUM KOKCOBaHUS IIPU IIPOM3-
BOJICTBE MIOJIBYATOTO KOKCA IIPUMEPHO TAKOM! Xe, KaK IIPpy IOJIydYeHUN pamo-
BOI'0 KOKCAa, TOJBKO HECKOJIBKO BHIIIE KO3(hOUIMEHT PELIMPKYIAIAN U JaBJie-
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HHe B peakTopax. IIpoKajKy Uroip4aToro Kokca, o CpaBHEHUIO C PSIOBBIM,
MIPOBOIAT Iipu 60Jee BRICOKMX TemIreparypax (1400—1500 °C).

Hedranolt KOKC HUCIONB3YIOT I MONYYeHUI aHOAHOM CMECH B aJlFlOMU-
HUEBOH IIPOMBIIUICHHOCTH, TpapUTHPOBAHHAIX 2JIEKTPONOB, B CTAJICIIABIIIb-
HOM ITIPOM3BOICTBE, B IIPOM3BOMICTBE CEPOYINIEPOIa, KapOHUIOB KATBIIHNI, KPEM-
HUS U B KAY€CTBE TOTLIMBA.

7151 oripenenieHusT BEIXOAA MPOAYKTOB KOKCOBAHUS Y WICIIONB3YIOT DMITH-
pUYECKME YpaBHEHUs, HAIIPUMED:

— Ut Kokca: y, = 1,5—1,6 K [rme x, — BbIXom kokca, % (Mac.), K — KOKcy-
eMOCTb ChIpbhs 110 KoHpancony, % (mac.)];

— i OCH3MHA: Y g = \/(pc —-0,940)/0,00019 [rme ys — BBIXOHI GeH3MHA 40—
205 °C, % (Mac.); p. — OTHOCHUTEJIbHAS IUIOTHOCTD CHIPHS];

— Iyis1 TasoiieBoit dpaxit: ;. = (248/p. — )/ (212/pyr — 169) [rme ¥ —
BhIxoH razoinesoi ¢ppakuwmu (1o 510 °C), % (06.); p. ¥ py.r — TUVIOTHOCTb COOTBET-
CTBEHHO CBIPhSI M KEPOCHHOTA3011eBO DpaKIvL; ¥ — BBIXOI OeH3uHa, % (00.)].

Brixoj raza onpenensior mo pasHocty Mexny 100 % u BBIXOTaMu OCTalIb-
HBIX TIponyKToB [B % (Mac.)]. ILIOTHOCTH CBIphS M3BECTHA, a IIOTHOCTH OeH-
31HA 1 T'a3a MOXHO B3STh U3 OIBITHBIX HJaHHBIX. OTHAKO MOMOOHEIN MOACYeT
OyneT TIpUOIKEHHBIM.

3.2.5.2. IPOMBIIUVIEHHBIE TEXHOJIOTI KOKCOBAHU

B ocHoBe knaccudukanuy JiexaTr pasIudHble CIIOCOOBI MOXAYN CBHIPHS
B PEAKLMOHHYIO 30HY M BBITPY3KH TIPOAYKTOB, MCXOIS U3 KOTOPBIX KOKCOBa-
HME OCYIIECTBISIOT Ha YCTAHOBKAX TPEX TUIIOB: IIEPUOMMIECKOTO (IIEPHOIH-
YeCKUE MOoJavya ChIPhSI M BHITPY3Ka IIPOAYKTOB) B Kybax, 3aMeIIeHHOrO
(HempephIBHAS ITOIa4a CHIPHS ¥ IEPUOANIECKas BBITPY3Ka IIPOIOYKTa) U HETIpe-
PBIBHOTO (HEIIPEPBIBHBIE OAAYA CHIPhs U BHITPY3Ka IIPOAYKTOB) B IICEBIOOXKM-
JKEHHOM CJIO€ KOKCa-HOCUTEJIS.

3.2.5.2.1. HEPUOANYECKOE KOKCOBAHUE

Ilepuonnyeckoe KOKCOBaHME — HauOOJIee cTapasi TeXHOJIOTHS IIpolecca
kokcoBaHus. OCHOBHOM amnmapaT YCTAaHOBKYM — KOKCOBBIN KyO, TOPU30HTANb-
HBIM HWIMHAPUYECKUN arlrmapat, 000rpeBaeMbIi OTKPBITHIM OrHeM. Takwue yc-
TaHOBKU padoTaroT Toiapko Ha HII3 B Kurae (12 ycTaHOBOK) U Ha ClIaHIIEIIEpE-
pabaThIBaIOIIEM 3aBOZE B DcToHMH. 110 TeXHIMIeCKOMy YPOBHIO 3TH YCTaHOB-
K4 yctapenu. OHY HESKOHOMHYHEL, ITOKAPOOIIACHBI, XapaKTEPU3YIOTCS 00~
LIOH AONEH PYYHOTO TPyAa, TPYAHOCTHIO BHITPY3KH KOKCA, INTIOXUMHY SKOJIOTH-
YeCKMMHM TokazaTtesisiMu. OnHako "CrieliuaIbHbI KOKC, KOTOPBIH ITOIy4aloT
13 KPEKMHT-OCTaTKOB M CMOJI IIMPOJIN3a, T. €. IIOCJIe MMPOBEACHUSI (PU3UKO-XH-
MHYECKUX ITPOLIECCOB Ha CTAIWH ITOATOTOBKH CBHIPbS, MOXET OBITh MOJy4YeH
TOJIBKO TTEPUOTUYECKAM KOKCOBAaHMEM. DTHM CIIOCOOOM ITONYYAIOT 3JIEKTPO-
THBII KOKC C HU3KUM COIEpXaHMEM JeTyunX. Ilepmonmyeckoe KOKCOBaHUE
obecrieurBaeT HaubOIBIINM BEIXOA KoKca [0 50 % (Mac.) Ha ChIphe] 1 HEBBI-
COKUM BBIXOJ TUCTHAJUISITHEIX IIPOAYKTOB.

ITpu temmneparype 150—200 °C maumHaioT BHIpy3Ky Koxca. Kokc u3sieka-
10T U3 Ky0a 37eKTposieOe KO IPH TIOMOIIM CTaIbHBIX TPOCOB.

106



Puc. 3.11. IlpnsnunuanbHas cxema ycra-
HOBKH TIEPHOIHIECKOr0 KOKCOBAHNUA B Kybe:

] — KOKCOBBII Ky0; 2 — TOTKa; 3 — KOHeHca- i

TOP-XOMOTUIBHYK; 4 — ra30cenaparop; [—cp1-
pye; Il — 1ap; III — ra3; IV — KOKCOBBIH NUAC~
TwUiAT; ¥V — Bona

[IpyHIUIIAATBHAS CXEMA YCTa-
HOBKH IEPUOIMIECKOrO KOKCOBa-
Hus B Kybe npuBeneHa Ha puc. 3.11.
OOBIYHO B OMHOM OJIOKE yCTaHaB- 74
JIMBaIOT He Oosee 12 KOKCOBBIX Ky- 1
60B. BrIXod KOKCa B TaKOM KyOe
MaKCHUMAaJIbHBIM 10 CPABHEHUIO
¢ Ipyrumu criocobaMy Kokcoanus. IIporiece mpoTekaeT MeAIEHHO. Ilpu sTom
JIOCTHTAIOT BBICOKOM KPaTHOCTH LUPKYJIALMH, T. €. BO3BPATa TSLKEJIbIX CMOJIHU-
¢THIX PpaKIMii Ha MOBTOPHOE KOKCOBAaHME, UTO YBEIMIMBAET BBIXO/ KOKCA.

CHavasa IIpoIapyBaloT Ky 1 Ui yIaleHus. U3 Hero Bo3lyXa Bo usbexa-
Hrie 06pa30BaHMsl B3PLIBYATOM CMECH C TIapaMU CHIphbA. 3aTeM B Ky0 3arpyxa-
JOT HarPETOE CHIPhE, IIOIOTPEBAIOT CHU3Y YEPE3 TOIIKY, PETYIUPYsS CKOPOCTb I10-
BBIIICHUS TEMIIEPATYpPHl B Ky6e MHTEHCUBHOCTBIO oborpesa. OOBIMHO TeMITe-
patypy B Ky6e nosbiuator Ha 10—30 °C B yac. IIpu 300 °C BernessioTcs Auc-
TYJUISITHBIE [TOTOHBI, KOMMYECTBO KOTOPBIX BO3PACTAET ITO0 MEpE pa3orpesa Kyba
10 400 °C. Beiire 400 °C TeMriepaTypy B Ky0Oe ITOBBIIIAIOT MEJITICHHEE,, IIPY STOM
cHIKaeTca u muctwiuigroodpasosane. [Ipu 450—500 °C BhIIENAIOT MOCTER-
HUe TSOKeTble MUCTYIUISTEL U HAYMHAIOT IOHIDKEHYe TeMIieparypsl. B kybe nas-
senue 0,2—0,4 MITa, terwiosoit adbdexT 50 Kxan/Kr

Jansueimii mogorpeB Kyda HeoOXoIUM IJIsA 3aBEPIEHMs Ipoliecca KOK-
COBaHMs, IIPOCYIIKY ¥ IIPOKaKy Kokca. [Ipu Ipokanke TeMieparypy IHUAIA
ky6a moBomaT 10 750 °C U MoAIepXUBAIOT 3Ty TeMIIEPaTypy B Te4eHMe 2—3 9.
TTociie OKOHYaHUS IIPOKAIKH B TEUEHHME 2 U CHIDKAIOT TEMIIEPATYPY, racar Ghop-
CYHKY M IIPUCTYITAIOT K OXJIAXKACHUIO Ky0a IIapOM 1 3aT€M BO3IYXOM.

TIpuMepHbIi 66600 npodyxmoe [% (Mac.)] IO TEXHOIOTUM IIEPUOIITIESCKO-
IO KOKCOBaHUs IIPY UCIIONIb30BAHUM B KAUECTBE ChIPhsS KPEKMHI-0CTATKA IIPU-
BE/ICH HITKE:

%0 153101 (0) 0031 21207 6 w2 X SO0 I 8,0
BeHsHH (HK~205°C) . oot e 6,5
Jerxuit rasoiib (205—350 °C) . o vt 18,5
Tokemblit Ta30HIb ( > 350 °C) oottt 16,5
KOKC . oot e e e e e e e e e e 50,5

B nocnenHee BpeMs IPOMBIIIICHHBIE YCTAHOBKY IIEPUOIMYECKOTO KOKCO-
BaHUS B CBA3Y C PYYHOM BBITPY3KOH KOKCAa ¥ HU3KOW IPOM3BOTUTECIBHOCTHIO
NIPAKTAYECKN HE IIPUMEHSIOT, HECMOTPS. Ha BBICOKOE KaYeCTBO ITONIYYaeMbIX
Ha HUX KOKCOB.
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3.2.5.2.2. SAMENJIEHHOE KOKCOBAHHUE

B Hacrosiiee BpeMs 3T0 HanboJee pacIpoCTPaHEHHBIN IIPOIECC KOKCOBa-
nusa Ha HII3. Ilpu 3amennenHoM KokcoBauuu (delayed coking) w3 ryapona
MaJIOCepHUCTHIX HedTell nmonydyaioT oo 25 % (Mac.) 3JIeKTPOTHOTO KOKCa,
a U3 MUCTWDISTHOTO KPEKHMHT-0CTaTKa — OKOJIo 40 % (Mac.) UTOIbYaToro KOKca.

YCcTaHOBKY 3aMEIIEHHOTO KOKCOBaHMS BKITIOYAIOT B CE0S CeayroIue 610-
KU: HarpeBaTeNbHBIN, PeaKIMOHHBIN, (DPaKIIMOHUPYIOIHU U IS BRITPY3KH
U COPTUPOBKY KOKCA.

OTnmuauTenbHas yepTa rpoliecca: Chiphe HarpeparoT B reun 1o 500 °C, Ha-
TIPaBJISAIOT B HEOOOTpEBaeMYIO KaMepy, Ilie OHO IIpeObIBaeT JOCTaTOYHO -
TEJILHOE BPEeMSI U 3a CYET aKKyMYJIMPOBAHHOM MM TEIUIOTHI IIPOMCXOIUT €ro
kokcoBanue. C Bepxa KaMephl YIAISIIOT IIOTOKM JIeTKUX aucTiuisaToB. [loce
3aroNMHEeHUs KaMepbl KOKCoM Ha 70—90 % 1moTOK CHIphS IEPEKITIOYAIOT Ha JIpY-
I'VIO KaMepy, a U3 OTKJIIOYEHHON KaMephl OTTPYXaloT KOKC.

CospemernHbie Y3K B 3aBUCUMOCTH OT HPOU3BOAUTEIHHOCTA MOTYT OBITH
OIHO-, IBYX- MJIM TPeXOI0YHBIMM (110 IBe KaMepPHI B BJI0KE) C pa3mimIHoOM mpo-
U3BOJUTEIIBHOCTHIO IEYEH.

Ha coBpeMeHHBIX MOOEPHU3NPOBaHHBIX Y3K HCIIONL3yIoT Ieyl 00LeMHO-Ha-
CTWIBHOTO ¥ BEPTUKAILHO-(hAKEIHHOTO IIAaMEHI ¥ KOKCOBBIE KaMephl (bapabaHbi)
Oopuioro muamerpa (5,5—7,0 M; Beicota — 27—30 M). B HUX npeaycMOoTpeHa BBICO-
Kasl CTeTIEHb MEXaHM3alli TPYIOEMKIX paboT 1 aBTOMAaTH3allH IIpoIiecca.

IToCcKONBKY ChIpbe KOKCOBaHUS IPEACTABIIET COOOM TSKENbINA OCTATOK,
Oorateiii cMoJiaMy U achabTeHaMu (T. €. KOKCOT€HHBIMU KOMIIOHEHTaMH),
CyIIIeCTBYET OoJbIIasl OMACHOCTh €0 3aKOKCOBBIBAHMS ITPH TaKOM BBEICOKO
TeMIIepaType B 3MEeBUKaxX caMoii meun. [1losToMy mist obecrieueHuss HOpMalib-
HOU paboThI peaKIIMOHHOM IT€Y IIPOIIECC KOKCOBAHMS IOJDKEH OBITh "3a1ep-
XaH" 0 TeX II0p, IOKa ChIpbe, HArpPeBIIUCH O TPeOyeMoi TeMIepaTyphl,
HE MOCTYIMUT B KOKCOBBIE KAMEPHI. DTOT0 MOCTUTAIOT Gi1arogapsi 00ecIeYeHIIO
HEOOIBIION [INTEIFHOCTYA HATPEBA CHIPHSI B ITeYH (32 CYET BEICOKOU YIEIBHOMN
TEIIOHATIPSDKEHHOCTH PaJUaHTHBIX TPYO), BRICOKOH CKOPOCTH IBIDKEHHMS 10
TpyOaM Iieuu, CIICHUANIBHON €€ KOHCTPYKIINHY, MOJaYH TypOyiu3aropa M T. 1.
OrmacHOCTh 3aKOKCOBBIBAHMSI PEAKITMOHHOM aImaparypbl, KpOMe TOTO, 3aBH-
CUT M OT Ka4eCTBa MCXOJHOTO CBIPhS, MPEXIE BCEIO OT €ro arperaTUBHOM yC-
TOMYMBOCTHU. Tak, TsoKeNoe ChIphe, Ooratoe acdansreHaMu, HO C HU3KUM CO-
JEPXaHUEeM MOJUIMKINYECKUX apOMAaTHYECKIX COSAUMHEHUM, OTIMYaeT HI3-
Kasl arperaTuBHAas ¥, KaK CIENCTBUE, KUHETHYECKas YCTOMINBOCTh, M OHO MO~
BEPXKEHO PacCIOCHUIO B 3MEEBUKAX I€UM, YTO BHI3BIBAET KOKCOOTJIOKECHUS
¥ nporap Tpy0. st HOBBILIEHNS YCTOMIMBOCTH CHIPhSI HA YCTAHOBKAX 3aMe]l-
nerHoro kKokcosanusa (Y3K) K Chipbio H00aBIIIOT apOMATHYECKHE KOHIIEHT-
paThl, TaK¥e KaK IKCTPAKThl MACIISTHOTO TTPOU3BOACTBA, TSKEIIbIe Ta30iIn Ka-
TAJTUTAYECKOTO KPEKWHTA, TSXKeNas CMOoJia TTMPOJIv3a U JIp.

Ha puc. 3.12 npuBeneHa NPHHIMNHATLHAS CXeMa YCTAHOBKH 3aMEIJIEHHOTO
KokcoBaHUs. ChIpbe — TYIPOH MU KPEKWHT-OCTATOK (MJIM MX CMECh) — Ha-
IPeBalOT B TEIUTOOOMEHHMKE 20 1 KOHBEKIIMOHHBIX 3MEeBUKax rneuu 3 1 Ha-
TIPaBJSIOT HA KACKaIHYIO TapeJsIKy KOJOHHHI 4. YacTh ChIphs MOJAIOT IO Kac-
KaJgHYIO TapesKy IS PEerynmupoBaHus kKoadduimeHTa perupkyisiuuy. [lox
KacKaJIHyIO TapesiKy 3TOU KOJIOHHBI HAIIPaBJISIOT TOPSIME ra3hl M Iaphl Ipo-
JYKTOB KOKCOBaHMS U3 KOKCOBBIX Kamep / 1 1. B pe3ynbraTe KOHTaKTa ChIPhS
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Puc. 3.12. IIpuauunuaisHas TEXHONOIHYECKAS CXEMa YCTAHOBKH 3aMEIEHHOIO KOKCOBAHHA:

1, 11 — peaKLMOHHbIC KaMePEL; 2 — YeTHPeXXoioBoi KpaH; 3 — 1eub; 4 — pexT(UKAIMOHHAS KOJIOHHA;
5, 6 — oTHapHbIe KONOHHBL, 7 — (paKuoHupyiomyii abeopbep; 8, 9— emxoctH; 10— KOIOHHA CTAaOWIM3a-
1w GensuHa; 12, 13 — nacockr; 15— 19 — xononwibHuKy; 14, 20— TenoobMeHHMKH; 2] — MapoIoforpesa-
tenp; ] — cwipse; II — Bomsxo# nap; 1] — mapst oTnapKu Kamep; [V — XoKe; ¥ — roioeka crabunm3amy;
VI — ras; VII — crabunbabii Gensun; VI — nerkvil rasoiian; JX — TSOKesslii ra3oiis; X — KoHzgHCaT

¢ BOCXOISIIAM IIOTOKOM T'a30B U IIapOB IIPOIYKTOB KOKCOBaHMS ChIPhE Harpe-
BatoT (7o Temmeparypsl 390—405 °C), npy 3TOM HU3KOKHUIIALIME eT0 hpakimm
UCHIAPSIOT, a TSoKeNIble (PpakIlMy MapoB KOHACHCUPYIOT X CMEIIUBAIOT C CHIPb-
eM ¢ 0Opa30BaHKEM TaK Ha3bIBAEMOTO BTOPHUYHOIO CHIPbSI.

Bropuunoe ChIpbe C HHA3a KOJIOHHBI 4 3a0MparoT IEYHbIM HACOCOM U Ha-
[PaBIIOT B PEAKIIMOHHbIE 3MEeBUKY ey 3 (T1edeii 1Be, paboTaloT IIapaieb-
HO, Ha cXeMe II0Ka3aHa OIHA), PACIOJIOKEHHBIE B PalUaHTHOH yacTu. B meun 3
BTOPUYHOE ChIpbe HarpenatoT 1o 490—510 °C u 3aKkaumBaioT Yepe3 YeThIPEXX0-
IOBBIit KpaH ABYMd IapajUleJbHBIMU IIOTOKaMH B Kamepy I, kamepa 11 B 910
BpeMs HAaXOMUTCA IIOJ pasrpy3Koil kokca. Bo mzbexanue 3aKOKCOBBIBAHUS
B TPYOBI I€YH TIONAIOT BONSHON map, KOTOPKI YBEIMYMBACT CKOPOCTh IIPO-
XOXXIEHUS TIOTOKA Yepe3 peakI[MOHHbIM 3MeeBUK. Bxons B HU3 KaMepHl 1, ro-
psdee ChIPhe IOCTEIIEHHO 3aIoHseT ee. Tak Kak 00beM KaMephl 00JIbIIOwH, Bpe-
M IpeOBIBAHMS CHIPhA B Hell 3HAYNTETHHO, IIPOUCXOIUT KPEKMHT CHIPh. ITapsr
IIPOIYKTOB KOKCOBAaHMA HEIIPEPBIBHO YXOIIT U3 KaMephl I B KOJIOHHY 4, a yTsi-
KeJICHHBIN OCTATOK, KOTOPHIA IMOCTETIEHHO MPEBPAILAalOT B KOKC, HaKaIUINBa-
erca B kamepe. @paxkimonnpyomas 9actb Y3K BKIIOUaeT OCHOBHYIO PEKTH-
(GUKAIMOHHYIO KOJIOHHY 4, OTIIapHBIC KONOHHEL 5 U 6, QPaKIMOHUPYIOIIHAI
abcopbep 7 IS NESTAHU3ALMM Ia30B KOKCOBAHMSI ¥ KOJIOHHY CTaOWIM3aIvy
6ensuna 10.

KonouHa 4 pasneneHa moayrIyxoi TapeJKoy Ha JIBe 9aCTHU: HIDKHIOK, KO-
TOpas CIYKUT KOHIEHCATOPOM CMEIIIEHHUS, 2 HE OTTOHHOM CEKLIMEH KOJIOHHEI,
U BEPXHIOIO, BLINOIHAIONIYIO DYHKIMIO KOHIEHTPAUMOHHOM CeKIIUN PEKTH-
bukanmoHHOM KOJOHHLL. B BepxHeill yacTu 4 OCYLIECTBIAIOT pa3aeieHue
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MPOAYKTOB KOKCOBaHMS Ha Ia3, O€H3WH, JETKUI U TsOKeJbIA raszoiiud. B xo-
JIOHHE 4 TeMIIEpaTypHBIA PEXXUM PETYAUPYIOT BEPXHUM OCTPBIM U MIPOMEXKY-
TOYHBIM IMPKYISIIIMOHHBIMA OPOIICHIAMUY, JIETKUMA ¥ TSDKEBIN Ta30MH BhI-
BOAAT Yepe3 OTHapHbIe KOJOHHBI 5 M 6 COOTBETCTBEHHO. 236l 1 HeCTaOMIIE-
HBIM O€H3WH M3 ceraparopa &§ IOCTYIAalT B hpakIIMOHUPYIONI abcopbep 7.
B BepxHIO10 9acTh abcopbepa 7 MONAOT OXJIAXKICHHBIM CTA0WIBHBIA OCH3MH,
B HIDKHIOIO 4acCTh MOABOIAT TEIUIO ITOCPEACTBOM KUIISTUIBHUKA C IapOBBIM
npoctpancTBoM. C Bepxa abcopbepa 7 BRIBOOIT CYXOM a3, a ¢ Hu3a — HAaChI-
IIECHHBIY HECTAOWIbHBIN OCH3WH, KOTOPHIN ITOABEPTaloT CTA0MIN3AUK B KO-
JIoHHe 10, TIe OT HEr0 OTTOHSIOT TOJIOBKY, COCTOSIITYIO U3 IPOIIaH-O0yTaHOBOMI
dpakuyu. CTabmibHBIA OEH3WH OXJIAXIAIOT, OYHINAOT OT CEPHUCTBIX COEIM-
HECHMH IHCTOYHOMN IIPOMBIBKOU M BBIBOIST C YCTAHOBKMU.

KoxkcoBeie kaMmepsl paboTawT 110 HUKIIMIHOMY I'paduky. B coorBeTcTBIM
C 3TUM rpadUKOM TOCIEAOBATEIEHO YEPEIYIOT IUKIIbI: KOKCOBAaHUE, OXJIaXK-
JeHNe KOKCa, BEITPY3Ka €ro 1 paszorpeB Kamep. Ilociie 3amonHeHus KaMepsl
rpuMepHO Ha 70—80 % 110 BHICOTE IIOTOK CHIPHS C IIOMOIIIBIO ITEPEKITIOYAIOIIIX
KpaHOB IIEPEBOAAIT B IPYIYIO KaMepy. 3al0IHEHHYIO KOKCOM KaMepy IIpoIyBa-
IOT BOISHBIM IMapoM ISl YOAICHWS XUAKUX IIPOAYKTOB M HE(MDTAHBIX IIAPOB.
VnansieMble IPOIYKTHI ITOCTYIIAI0T CHaYasa B KOJIoHHY 4. Ilocite Toro kak TeM-
niepatypy Kokca rmoHusgar 1o 400—405 °C, 1moTox ImapoB OTKIIIOYAIOT OT KOJIOH-
HBI ¥ HAIIpaBJISIOT B CKpy0Oep (Ha puCYyHKe He IToKazaH). BoasgHbIM mapoM KOKC
oxnaxnaioT 1o 200 °C, mocie 9ero B KaMepy IOJai0T BOAY. 3aKOHUYMB OXJIAXKIE-
HUE, IPUCTYIAIOT K BBITPY3KE KOKCa M3 KaMEPHI C UCITOIb30BAHMUEM TUIPABIIH-
yeckoro Mmeroma. O6opynoBaHue, MpeaIHa3sHAYCHHOE IS TUIPOBBITPY3KH KOK-
ca, pa3MeIlaT Ha CIEHMAIBbHON METAUIOKOHCTPYKITMY, YCTAHOBJICHHOM Hajl
KOKCOBBIMU Kamepamu. KoMItoHOBKa 060pynoBaHus H300paxkeHa Ha puc. 3.13.
Ha pane HII3 ycraHOBIEHB!I CUCTEMBI aBTOMATHIECKOMN BBITPY3KM.

BrIrpy3Ky KOKca IIPOM3BOJISAT B ABe CTaauK. Ha mepBoii cTaguy OCyIecTB-
JISTIOT TUAPaBINYECKOE OypeHNe IIEHTPAILHOTO CTBOJA (CKBAXKMHE]) B CJI0€ KOK-
ca. B xamepy 4epe3 BepXHU JIIOK OITyCKAIOT TUAPOpPE3aK I, IMepeBeNeHHBIN
B ITOJIOXEeHHE "OypeHue", ¥ ¢ IMOMOIIBIO BOASHOTO HAacoca IO HaBlIEHUEM
o 18 MIla nmomarot Bomy. Ha puc. 3.14 n3o0paxkeH yHUBEPCATIBHBIN THIPOpE-
3aK, B KOTOPOM 00pa3yloTcsl BBICOKOHAIIOPHEIE KOMITAKTHEIE BOISHBIC CTPYH,
C TOMOIIbI0O KOTOPHIX MPOBOMAT ONepaluy OypeHUs HEHTPAJbHOIO CTBOJA
¥ TUAPABINYECKON 0TOOMKM Kokca. OH COCTOUT M3 KPBIIIKHK 2, CTBOJNA 3, 4,
MEPEXOMHBIX 5, peXylIuX 6 1 OypUIBLHBIX & COMEN.

Tpu Mo1nIHBIE CTPYH BOIBI, UCTEKAIOUTHE U3 OYPHIIBHBIX COIIEN, pa3pylialoT
CJION KOKca, co3aBas CKBO3HOM KaHai auamMerpom ot 0,6 mo 1,8 M (puc. 3.15).

CHayvaya IpOMCXOIUT BHICBEPIIMBAHNE CKBAXWMHEI, 3aTeM €€ 00pa3oBaHue
¥, HAKOHEII, BBIPE3KA BCETO KOKCA.

ITocne oKkOHYaHMA TIEPBOU CTAIMU TUIPOPE3aK BEIBOMST U3 KaMePhI; Iiepe-
KJIIOYAIOT B MOJIOXKEHME "0TOOMKA" M IIPHUCTYIIAI0T KO BTOPOIi CTalMM BEITPY3-
Ku. Bo BpeMs BTOPO# CTaauy BOJa UCTEKAET TOPU30HTANIBHO 13 IBYX OOKOBBIX
COTIEJI THIpOpe3aKa, KOTOPHIN MEPEMEIAIOT 110 KaMepe, CIIOCOOCTBYS IOJIHO-
MY YOAJEHUIO KOKCA.

BhIrpy:XeHHBII U3 KaMephl KOKC IMOCTYITaeT B CUCTEMY BHYTPUYCTaHOBOY-
HOU 00paboTKM M TPaHCHOPTHUPOBAaHUS, B KOTOPOU OCYIIECTBIISIIOT IIPOIIECCHI
IpobneHust, 00E3BOXKMBAHMS, Pa3Ie/IeHUsI KOKca Ha (pakIUy U CKIATUpPOBa-
Hus. M3 kaMep ero BHITPYXalOT Ha MPUKAMEPHYIO IUIOINANKY, THe B TeYCHUE
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Puc. 3.13. Komnonoska oGopysosannsa s run-  Puc. 3.14. Yaupepcaibablii ruapopesas:
paBaudecKoil BHIrPY3KH KOKCa M3 KaMep:

1 — ropnoBuHa; 2 — KphIKa; 3 — HUINHAPHYIe-
1 — ruppopesak; 2 — OypwiIbHas TaHra; J — Jje- CKast 4acTh CTBONA, 4 — KOHHYECKAS YACTh CTBOJIA;
Gejka; 4 — BEpTIHOT, 5 — HATOPHBIA Tpy6Ompo- 5 — TMEPEXOMHBIE COMIA; 6 — PeXYIHe COIna; 7—
BOL, 6 — CHCTeMa Taneil, 7 — pyKas; § — CIMBHON  KOPIYC TMAPOXONOTA; § — GypUIbHbIE COMJia
TPyOOTIPOBOX,

OIIPENETIEHHOIO BpEMEHH OTCTaMBAIOT OT BOJBL. 3aTeM KOKC IpeA(epHbIM Kpa-
HOM IIOJAIOT B IPOOMIIKY ¥ KOHBEepaMy OTIPYXKaroT Ha ckian (puc. 3.16).
B cucTeMax BTOpOTo THIIA CYIIECTBYET KECTKasA CBA3b MEXIY TMAPOYIaIeHIEM
M TPaHCIIOPTUPOBKOM — KOKC 1 BOJA U3 KaMep Cpa3y MOCTYIAIOT B APOOUIIKY,
PACIIONOXEHHYIO HEITOCPEICTBEHHO IO TOPJIOBUHOM Kamepsl. VI3MerbueHHEBLA
KOKC IIalaeT Ha CKpeOKOBBIN KOHBElEep U B MPOLECCE IIEPEMEIIEHN 110 KOH-
Beifepy Ha CKJIAJ €T0 OTHEJISTIOT OT BOABI M MEIKUX (PpaKivil.
Hioxe nipuBeneH munuvnoni uuxa pabomot kamep (B Jacax):

3aroHeHHe KAMEPBI CBIPEEM M KOKCOBAHME . o« oo v e n v einnenennnn 24,0
OTKITIOUEHTE KAMEDBL . .« + v v v v et te e em s st e e e et anaanans 0,5
TIDOTIADTBAHIEE « . . o v et v ve e ettt e e et et e e e et e iae e e 2,5
OxuraxeHue BOTOHA KOKCA M CITMB BOMBL « « v v v v v v vv e eaeeme e aeennnnnenns 40
TMIpaBIHIECKAS BBITDY3KA KOKCA .« o ¢ o v e tete et ennarenanns 5,0
3aKPHITHE JTIOKOB M MCIIBITAHME TTAPOM .« 4 o v o v e e e ee e e e s ineaneeans 2,0
PazorpeB kaMephl TApaMH HEPTEHPOLYKTOB « . « o« oo vvev i eneneennnns 7,0
P3P BHOE BDEMI . o v vttt et et 3,0
B B 5 o U RGPPSO 48,0
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Puc. 3.15. THociienoBare/ibHOCTb ONEPANMI IpH
BBITPY3KE KOKCA H3 KOKCOBBIX Kamep:

a — BBICBEDITMBAHNE CKBAXWHE; 6§ — ofpasoBaHue
CKBaXMHE; 8 — BBEIPE3Ka KOKCa
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Puc. 3.16. Cucrema 06pabOTEH 1 TPAHCTIOPTHPOBKH KOKCA:

1 — xaMepsbl KOKCoBaHus; 2 — pamna; 3 — rpeidepHsIil MOCTOBOM KpaH; 4 —
y3eI1 ZpOobIeHYsT; 5 — AMa-HAKOIMTe b; 6 — JICHTOYHEBLH KOHBEHep; 7 — cKilal
xokca; 8§ — rpoxor (YCTpOMCTBO Ul MEXaHMYECKOH COPTHPOBKH KOKca II0
KDPYITHOCTH 4aCTHII)

KoKcoByI0 KaMepy, 13 KOTOPO# BHITPYXeH KOKC, OIPECCOBBIBAIOT U IIPO-
IPEBAIOT CHAYaJIa OCTPHIM BOISHBIM IIaPOM, 3aTEM IOPSIMMU ITapaMy IIPOAYK-
TOB KOKCOBaHus U3 paboTaronieii kamepsl 10 temreparypsl 360—370 °C u mmoc-
JIe 3TOTO MEPEKITIOYAIOT B paboumid LIAKIL.

Ha xapaxrep M3MEHEHIS TEMIIEPATYPHOIO PEX¥Ma IO BBICOTE ¥ CEYEHMIO
KaMephl OKa3bIBAIOT BIMSHUE SHIOTEPMUYHOCTH CYMMAapHOTO IIpoLecca Tep-
MOJIN3a, a TAKKE BEIMUMHA II0TEPh TEIUIOTHL B OKPYXAIOLIYIO Cpey. DTU 00-
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CTOSTENLCTBA O0YCIOBIMBAIOT HEIIOCTOSHCTBO Ka4ecTBa IIPOLYKTOB KOKCOBa-
Hys TI0 BpEMEHH, B TOM YHCJIe KOKCa I10 BBICOTE KaMephl. Tak, BepXHUM CIION
KOKCa XapaKTepu3yeTcsl BEICOKOM ITOPUCTOCTHIO, HU3KOM MEXaHWYECKOM IPOY-~
HOCTBIO ¥ BBICOKMM COIEPKaHMEM JIETYYHX BEIECTB (T. €. KOKC HETOKOKCO-
BaH). YCTaHOBJIEHO, 4TO HaubOoJee IMPOYHbIA KOKC ¢ HU3KUM COICpXKaHUEM
JIETY9MX HAXOIUTCS Ha CePEANHE BBICOTHI KAMEPEL

B xpymHororHaxHBX Y3K (Tuma 21-10/1500) msa co3nanus yeloBui, ra-
PAHTHPYIOIINX TIONYJEHUE DIEKTPONHOTO KOKCa CTAOMIBHOTO KavecTBa, Ipe-
JyCMOTPEH ITOABO, JOIIOIHUTEIBHOM TEIIOTH B KOKCOBBIE KaMEPHI B BUAE ITa-
pOB TSDKEJIOTO ra3oiisa KOKCoBaHuA. [lJId TO# Ue 9acTh TsLKEIOr0 Ta3ouiLd,
oTOMpaeMoro u3 peKTU(MUKAIMOHHOMN KOJIOHHBI 4, ITOCIIE HarpeBa B CIIeLIAalb-
HBIX 3MeeBUMKax Ieun 10 remreparypsl 520 °C mogaioT B KaMephl BMECTE CO
BTOPUYHEBIM CBHIpbeM. [lofaga meperpeToro TSLKeJIoro Ta30iisd B KaMephl IIpo-
JOJDKAETCS U TI0CIIE TIPEKPALEHIS TI0a9H ChIPhs B TEUEHUE 6 4.

Kpome Toro, HEOGXOOMMO CTPEMUTECS K IOBBIIIEHUIO KayecTBa KOKCa,
KOTODKII MMeeT GOJIBIION CIIPOC B aTFOMUHKEBO TpoMpinuieHHocTd (B CIIA
gonee 50 % KoKca pearn3yIoT KaK TOIUIABHBIM).

Huoke npuBeneH NpUMEPHBIA mexHoro2u4eckull pexcum paboThl TUIIMYHOM
V3K

Temrmepatypa, °C:

BXOHA CHIPBI BEKAMEDBL .« « « v v v v v eeensieneeaeaeeenannaaonens 490510
BBIXOJA TTAPOB M3 KAMEDBL « « + v v v v v eevee e eeeeeeieeeeennencnns 440—-460
Jlasnenue B xokcoBoi kamepe, MITa .. ... i, 0,18-0,4
KoshOHIHEHT PEUAPKYIIIIIAM « « « <« v et vveeeeeeaen e oot eeannnns 0,2-0,6

Bonpiioe BIMSHME Ha BHIXOI ¥ KAUYECTBO KOKCa OKa3biBaeT K03hhuireHT
PeLUPKYISIMU chiphbsa. O6praHO OH coctasnseT ot 0,2 no 0,6. bonee Hu3Kue
3HAYEHNS COOTBETCTBYIOT OCTATOYHOMY CHIPBIO (TYIPOHBI, OCTATKY BUCOPEKUH-
ra) Ipy IOJyYeHUH "psmoBoro” xKokca. Ilpy monydeHuu BBICOKOCOPTHOIO
"MroJIbYaTOro” KOKCa MCIOIb3YIOT ApOMAaTU3UPOBAHHOE IUCTUIUISTHOE CBHIPHE,
1 pa3baBIICHKE €0 PEIUPKY/STOM OJIaronpusTHO BIMSIET Ha Ka4ECTBO KOKCA,
TaK KaK pELMPKYJIAT, IOOBIBABIIMIA B 30HE KOKCOBAHHUS, COLEPXKUT Jaxe O0Ib-
III€ TSCKEJIBIX apOMAaTHIECKHX YITIEBOIOPOAOB, YEM MCXONHOE CHIPhE.

KadecTBO KOKCa 3aMETHO 3aBHCUT OT TEMIIEPATYPhl HarpeBa ChIPbs B IIEYH.
Yem BhIIIE TeMIIEpATypa Ha BXOIE B KaMEPhI, TEM MEHBILE CONEPXKaHUE JETY-
YUX B KOKCE ¥ TEM BBIIIIE €I0 MeXaHMIecKas IPOYHOCTh. OTHAKO 5TA BEIMYMHA
TEMIIEPATYPhl OrpaHMYeHa 13-3a BO3MOXHOCTH 3aKOKCOBBIBAHUSA TPYO, a TaK-
e 00pa3oBaHysl B KaMepe HEKOHTUIIMOHHOTO "TPO3NBEBUIHOIO" KOoKca. 3a-
BHCUMOCTDL HOKazameael Ka4ecmea KoxKca OT TEeMIIEpATyphl HArpeBa ChIphbs

B I1€YH IPUBCOCHA HIIKE!
490 °C 500°C 510°C

BBIXOZ NETYUHX, %0 (MAC.) o oot e et ie e eeeenn 10,0 7,8 6,8
BpemenHoe conpoTuniieare pasgapiuBanmio, MIla . . ... .. 5 8 10
Kaxymascs mIoTHOCT, KI/M3 . ..o o v et eneen 700 850 950
TIOPHCTOCTD, DB o vttt et e ettt ettt e 50 40 33

O0BeMHAasg CKOPOCTh IIOIAYH CHIPhS B KAMEPY IS IIPSIMOTOHHBIX OCTaTKOB
coctasisteT 0,12—0,13 41, a 11 KPEKUHT-0CTaTKOB (OT BUCOPEKMHTA TSLKEIO-
ro ceipbs) — 0,08—0,1 a1,
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B 1a6:1. 3.3 npuBeIeH HEKOTOPHIE CBOMCTBA ChIPhs X BBIXOMBI IIPOIXYKTOB
TPY 3KCIUIyaTalliy YCTAHOBKY 3aMEIICHHOTO KOKCOBaHMsI, paboTaioiieil Ha
Pa3IMIHOM CHIphe. OTMETHM TOCTATOYHO BHICOKM BBIXOJ CBETIILIX HeDTETPO-
IYKTOB M3 Ma3yTa M TyIpOHa, a BBIXOJ KOKca Konebnercs oT 15 ;o 35 % (Mac.).

Taémuna 3.3. Beixoa HPOAYKTOB 3aMeLIEHHOT0 KOKCOBAHUS TP PafoTe HA PA3/IMYHOM CHIpbe

Brixon, % (Mac.)
Mnor- Koxkcyemoctb Jlerkuit I
HOCTb i oTepu*,
Come | cupua | 9P | g | e | T30l | rihoin | Koxe | % (sec)
Pz 205 °C) 350 °C) (>350 °C)
Masyt 0,950 9,9 4.5 7,5 40,0 29,0 15,0 4,0
Tonyrynpon 0,965 12,6 6,0 12,0 30,0 26,0 22,0 4,0
Tynpon 0,991 16,0 7,0 16,0 26,0 23,0 240 4,0
Kpexunr-ocrarox:
obnervennst 1,012 20,0 7.5 7,0 17,0 32,0 32,0 4,5
yrsskeneHnsit - 1,024 23,0 8,0 6,8 12,0 35,0 350 3,2

*3aBRINCHHbBIE HOTEPH OOBACHIIOT COPOCOM YACTH HUCTUIUIATA B aTMocepy IIpH mporia-
pPHBaHIN KOKCA M TIOTEPAMHU JUCTHUIATA BO BpEMS IIPOrpeBa KOKCOBBIX KaMep.

Anmaparypa nponecca. OCHOBHBIM peaKIIMOHHBIM YCTPOMCTBOM Ha ycTa-
HOBKE 3aMeIICHHOTO KOKCOBAaHMA ABJISETCA PeakKlMOHHAs (KOKCOBasd) KaMe-
pa, IPeACTaBIAIoNas COOOM MyCTOTENBII alllapart, CHaOXEHHbIA TPyOOIPOBO-
JaMM € 3alIOPHOM U MEPEKITIOYAIOLIEH annapaTypoi, BEPXHUM Y HIDKHUM JIO-
Kamu. KaMephl M3rOTOBJIEHBI M3 YITIEPOAUCTHIX CTallel, 8 BHYTPU OOIHUIIOBAHEL
CJIOEM U3 HepXaBeloLlei craiy Tommuoi 3—5 MM. O6mMIIoBKa HeOOXonMMa
JUTSL 3aTIUTHL OT KOPPO3KHM CEPOCOIEPXAIIIMHY coeTuHeHnAMI. Ha ycTaHoBKax
MoirHocThI0 300—600 THIC. T/rOA BKCIUIyaTUPYIOT KaMephl TUaMeTpOM OT
4.6 10 5,5 M, Ha YCTAaHOBKAaX MOIIHOCTHIO 1,5 MJIH T/TOI — KaMephl IUaMeTpOM
7,0 M. Yucio u pa3Mep KaMmep 3aBUCAT OT NPOU3BOIUTETHHOCTH YCTAHOBOK I10
CHIPBIO, €T0 Ka4ecTBa U JABJICHUS B Kamepax. [1oBbIIIeHNE NAaBIECHUS CIIOCO0-
CTBYET YBEJIMUYCHUIO BBIXOA KOKCA Y Ta3a, M03BOJIIET IOBBICUTH CKOPOCTH I10-
Jady XXMAOKOTO CHIPhI B KAMEPY, UCIIONB30BaTh M30BITOYHOE JaBICHUE B CUCTE-
Me [UIS TIOJIa4yy ra3a Ha ra30BbIi 6;10K. Ha ycTaHOBKax SKCIUIyaTHPYIOT TakKe
peKTU(UKAIMOHHBIE KOJOHHBI, TPYOYaThie €YU, HACOCHI BBICOKOT'O JAaBICHUS
IUTS TIOJA4M ChIPhS M Bozpl. CrienuaabHOe 000pYAOBaHKE MIPEeAHA3HAYEHO IS
TUIPABIMYECKON BBHITPY3KU KOKCa M3 KaMep, BHYTPUYCTAHOBOYHOM 06paboT-
K{ ¥ TPAaHCIIOPTUPOBKY KOKCA.

OcHoBHBIE HeIOCTATKH paboThl yeranoBok. K Hanboee cepbe3HbIM IIpodIie-
MaM B paboTe yCTaHOBOK 3aMEIICHHOTO KOKCOBaHMA OTHOCAT: IEPeOPOCH KOK-
COBBIX YaCTHUI] YEPE3 BEPX KaMephbl, KOTOPbIE NTPOUCXOAAT IPU HAKOIUICHUH
B KaMepe XUIKUX ITPOLYKTOB, HE NOABEPraloIuxcs IIpy TaHHON TeMIiepaType
PA3TIOKEHIIO ¥ KOKCOBAHHIO M 00Pa3YIOIIX BCIIEHEHHYIO MacCy; 3a0MBaHUE HIDK-
Heli 9acTH KOJIOHHBI KOKCOBOI MEJIOUBIO; 3aKOKCOBBIBAHUE PEAKIIOHHOTIO 3Mee-
BYIKA [1€41; 3aKOKCOBBIBAHYE TIIEMOBOM JIMHAY PEAKTOPa; CAMOBO3TOPaHMe KOK-
ca, BHITPYKEHHOT0 M3 KaMep, Ha pasrpy304HbIX IIOIIAAKaX ¥ B CKIIaax.

Yr006bl CHU3UATL 0OPa30BaHMe IIEHBI, B BEPXHIOI YacTh KOKCOBOM KaMEPHI
B KOHIIE IIMKJIa KOKCOBAHM IIONAIOT aHTUIIEHHYIO TIprcaiKy. i npenorspa-
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[IEHUS 3aKOKCOBBIBAHMS 3MEeBUKa YBEIMINBAIOT CKOPOCTh ABVKEHUS CBIPhE-
BOTO TIOTOKA BBeIeHMEM TypOyiam3aTropa — BOIBI WM BOASHOTO Iapa.
Ha HEKOTOPHIX YCTaHOBKaX, YTOORI M30eKaTh 3aKOKCOBBIBAaHM S 3MEEBHKA M€Y
TIyTeM IIOBBIIIEHMS YCTOMYMBOCTH ac(anbTeHOCONEPXKAIIETO ChIPh, K HEMY
HO3MPOBAHHO JOGABIIIOT TEXHOJIOTHYECKUE KOHIIEHTPATH] IONMALUKIIAIECKIX
W CMOJIUCTHIX BEIIECTB.

3.2.5.2.3. TPOKAJIMBAHUE KOKCA

ITomygaeMBbIil IO TeXHOJIOTUSM HEPUOJUIECKOTO Y 3aMeTICHHOIO KOKCO-
BaHM KOKC HEOOXOOUMO IOABEPrarh (PU3NKO-XUMUIECKOMY MPOLECCY IPO-
KaJIKH TS YIAJICHYS M3 HETO JIETKYX YIJTIEBOJOPOIHBIX COSTUHEHUI. DTOT Ipo-
1IeCC CIIEAYeT OTHECTH K CTANUM IIOJIyJeHUs TOBAPHOU ITPOXYyKIIVIH.

B xauecTBe NCXOHOTO CHIPhS IS IIOJIYI€HUS aHOHOB U 3JIEKTPOJOB OOBIYI-
HO UCHOJIB3YIOT KpYIHYI0 ¢pakiiuio (25—200 MM) HEKOBBIX U HEPTIHBIX KOK-
coB. ITOCKOJIBKY B TaKOM BHIE KOKCHI HE MOTYT OBITh MCITOJIB30BAHbI I IIPO-
KaJIMBaHUS Ha CYIIECTBYIOMIMX IMPOKAJIOYHBIX arperarax, ux MpeaBapuTeIbHO
IpOOGSAT B ITHEKOBBIX MJTY 3y0UaThIX IPOOMIIKAX 4O KycKoB pazMepoM 50—70 MM.
I1pu 5TOM 00pa3yIOTCs TaKXKe YACTHIBl Pa3MEPOM MeHee 25 MM, KOJIUYECTBO
koTopeIx coctapirier 30 % u 6onee. [pobiaeHbI KOKC IIPOKAIMBAIOT B CIIEIIHA-
aJIPHBIX TIeyax Ipu temiepartype 1200—1300 °C.

Beixon "neTyunx" BeIIECTB OIPEACIITIOT KOJIMYECTBOM I1apOB U ra30B, BhI-
JENITEMBIX TIPY HarpeBaHWY U BBIICPKUBAHUY KOKCA TIPY OIIPEIEIIEHHBIX CTaH-
JaptHeIX yonoBusx (7 muH ripy 850 °C). MakCMMalIbHO AOIYCTAMOE COepkKa-
HUe JIeTyqux coctasisgeT 7 % (Mac.) msg Kokca 1-ro copra u mpumMepHo 9 % (Mac.)
JUTSI KOKca 2-T0 copTa. MaJtocepHUCThIE KOKCHI OOBIYHO TPOKATMBAIOT IIPU MSIT-
KoM pexuMe ¢ 1enpio yaanesus jJetyaux (1000—1300 °C; 1-24 q). ZKectkumit
pexum (1400—1500 °C; 1—-2 4) obecriednBaeT AOIOJIHUTEIBHOE yIAJICHUE
CepHUCTHIX COCTHEHMI, ero MPUMEHSIOT ISl 0beccepuBaHUs KOKCOB.

Ha puc. 3.17 npencrapiieHa cxeMa IIPOKAJIUBAHUS KOKCA.

CrIpoi#l Kokc 13 OyHKepa [ 10 JJEHTOYHOMY KOHBeHepy J momnamaeT
B ApOOWIKY 5, T IIPOMCXOMUT €TI0 U3MeEIbUeHue. [lanee n3MenbueHHBIA KOKC
IOCTYIIaeT B HAKOIUTEIbHEBIM OYHKEp 6, IPOXOOUT Yepe3 BeCchl 7 ¥ BXOIUT
B I1€4b &, TIie OCYIIECTBIIIOT IPOKATMBAHUE KOKCA. 3aTeM IIPOKAIIEHHBIN KOKC
OXJIaXK AT B oxyagurene 10 1 BeIBOIAT uepe3 OyHkep 12 B Baron 3. Kokco-
BYIO ITbUIb YJIABJIMBAIOT U HOXMTAIOT B rieun 15. IIpoayKThl cropaHus yxonsT
B ILIMOBYIO TpyOy 6.

ITeys byTepoBaHa OrHEYIIOPHBIM MATEPUAIOM ¥ UMEET CIIeLIUANIbHbBIE BHYT-
pEHHUE YCTPOMCTBA I PEeryJIMpOBaHMs IBIKEHUS KOKCa U BPEMEHM TTPOKa-
muBanus. I1o npyuHIUITY TefCTBUS POKATIOYHbBIE TIEUH JEJISIT Ha TP TPYIIIIbL:
Bpaulaiouecs, peTOPTHLIC U AICKTPUIECKHE (SMEKTPOKANBIIMHATOPDEI).

ITpokanmBanue KoKca IIpy IIPOM3BOACTBE AHOIOB IS AJTIOMUHMEBOM MPO-
MBIIUIEHHOCTH OCYIIECTBJITIOT BO BPAIAIOIIMXCS Nedax (Haubosee Ipou3Bo-
JUTENPHBIX M3 BCEX CYIIECTBYIOMIMX). 17151 TTOIydeH!sI OMHOPOAHOTO MaTepua-
JIa, KOKC JOJDKEH HaXOOUThCS B 30HE IMPOKAIMBAHUS JJIUTEIBHOE BpeMs. DTO-
IO JOCTUTAIOT B PETOPTHBIX redax. Eciy He MpeabsaBisIoOT KecTKUe TpeboBa-
HUS1 K OMHOPOTHOCTH KOKCA MOCJIE MPOKAIMBaHUS (HAIIpUMeEp, IIPU U3TOTOB-
JIEHUM aHOMHOM MAacChl Ha 2JIEKTPOMETaJUTYPTUYECKUX MPEAIIPUATHSIX), TO UC-
ITOTB3YIOT DJIEKTPOKAIBIIMHATOPHI.
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Puc. 3.17. Cxema npokanMBaHus KOKCA:

] — GYHKEp CHIDOTO KOKCa; 2, 4 — murarens; 3 — JIeHTOYHBI KOoHBelep; 5 — npobuika; 6 — OyHKep-
HAKOIUTENb, 7 — BECHI-03aTop; § — meyb 6apabaHHoro Tumna; 9 — ropenka; /0 — OXJamUTeNb KOKCa;
11 — y3en o6MacnuBanust;, 12 — GyHKep NPOKATEHHOTo KoKca; 13 — BaroH-xomnnep; /4 — nukion; 15 —
TIeYb JOXWUTA; 16 — TWILOTHHHAA 3aCHOHKa; 17 — KoTen-yrunusatop; 18 — neiMosas Tpyba; J — ChIpoi
xokc; /I — npoxaneHustii koxe; I17 — Bona; IV — Bo3ayx; ¥ — TorummusHbI ra3; VI — NbIMOBbIE Ta3kl,
VII — neperpersiit nap; VIII — oOMaciuBalonyil NpodykT

Bpaniaronuecs 1meyu MpeacTaBisioT co00i HAaKJIOHHBIE (3—5°) HWINHA-
pugeckue 6apabans (muamerpom 0,8—3,6 M, muHoii ot 20 1o 60 M), obmuLo-
BaHHBIE OTHEYIIOPHLIM KHAPIIMYOM. IIpu BpallleHUM IeYH CO CKOPOCTBIO 1—
4 06/MUH KOKC, ITI0/IaBa€Mblii HEIIPEPHIBHO YE€PE3 MUTATENb, CKATHIBACTCS B Ha-
[IpaBJIEHUH, TIPOTUBOMIOIOKHOM JABIDKEHUIO ABIMOBBIX Ta30B, M €TI0 ITOABepra-
JOT CYIIKE U IIPOKAIMBaHuI0. B 30He npokaiuBanus, coctasiiomeit 10—20 %
OT BCEM [JUIMHBI [I€YM, NONIEPKUBAIOT MAKCUMAIBHYIO TeMIIepaTypy. [ sIMOBBIE
rasbl, 06pa3yroIIecs IIPY CTOPAHUH TOTUIMBA, YACTU KOKCA U JIETYYMX BEIIECTB,
IIPOXOIT Yepe3 BCIO IIeYb M MX COPACHIBAIOT Yepe3 ABIMOBYIO TPyOy B aTMOcChe-
py. JomyckaeMas CKOPOCTh JBYDKCHIUS THIMOBBIX ra30B 6—8 M/c. IIpeBblienne
3TOM CKOPOCTH CIIOCOOCTBYET BRIHOCY MEIOUM Kokca. Ilpy yBenueHun cko-
POCTH JIBIMOBBIX Ta30B BO3PACTAeT MPOM3BOAUTENBHOCTH rteuu (1o 350 1/cyr).
OpnHako OHA YBEJIMYMBACTCS B 3HAYMTEIBHO MEHBILIEH CTENEeHU, YeM YHOC
Mesour Kokca. ITocne mpoKanuBaHUs CONECPKAHUE JIETYUMX BEIIECTB 3HAYM-
TebHO cHInkaeTed [¢ 9—12 % (mac.) no 4—7 % (Mac.)]. BeIxon IpoKaJIeHHOTO
xokca jgocruraet 80—85 % (Mmac.).

PetopTHBIE ITeYM pACCUUTAHBI Ha TIPOKANMBAHKE TOJIBKO KyOOBOIO U Kyc-
KOBOT'O He(MTSIHBIX KOKCOB C MOHMKEHHBIM BBIXOJOM JIETYYUX M BCICACTBHE
5TOr0 MMEIOT OrpaHUYCHHOE IIpuMeHeHue. [IpokanuBaHyue B PETOPTHBIX ITe-
yax aHAJIOTWYHO IIPOIIECCY ITPOKAMBAHMS B KaMepax: OCYIIECTBIAETCS ITOCPE-
CTBOM HAarpeBa KOKCa B PETOPTE Yepe3 CTEHKY 3a CUET TeIUIa OT CKUTaHUs
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TOIUIMBA B TOPU30HTAIBHBIX OTHEBEIX KaHaax. PeTopTHas IIeyb COCTOUT 13 Oa-
tapeit (0T 8 mo 20) OBaJILHBIX PETOPT, BBUIOXEHHBIX TUHACOBBIM KBAPLEBLIM
KUPIIAYOM ¥ MMEIOIIFX Pa3Mepsl: IIPAMOTOYHbIE Iedn — 15 x 3,6 M, IPOTUBO-
rouHble — 14,4 x 2,6 M. PeTOpTHBIE IT€Y¥ OTINYAIOTCS OOIBIINM BBIXOIOM IIPO-
KaJIEHHOTO KOKCa.

DIeKTPUYECKYE IIeYr (DIEKTPOKATBIIMHATOPbI) IMEIOT OTPAHMIECHHOE IIPU -
MEHEHME BCIEICTBAE OTHOCUTEIBHO BBICOKOM CTOMMOCTU 3JIEKTPOIHEPTHH.
JIOCTOMHCTBOM 3JIEKTPOIEYEH ABIAETCS MAKCHMATBHBIN BBIXOJI IIPOKAJIEHHO-
ro Kokca [84—86 % (Mac.)], BO3MOXHOCTb JOCTIDKEHUA BHICOKMX TEMITEPATYD
(1500 °C u BoILIE).

B Poccuy HCIIONB3YIOT TOJIBKO Bpalnaiomuecs 6apadansble neun. B r. Om-
CKe CYIIECTBYET YCTAHOBKA MPOKATMBAHUS KOKCa ¢ 6apabaHHOM ITE€YBIO IIPO-
M3BOMUTETHHOCTHIO 140 ThIC. T/rox, mocrpoenHas mo texsonoruu I'VII "Un-
crutyT Heprexumnepepaborku Pecmy6nuku bamkoproctan”. B 2005 1.
B OAO "JIykoiin-Bonrorpanckuit HII3" BBeeHa ycTaHOBKA IIPOKATMBAHUS
KoKca ¢ 6apabaHHOl meunio KoMmIanuu Mannesmann (IepmaHys) IpOU3BOIK-
tempHOCTBIO 100 THIC. T/TOA. B I CraHIbl Taxoke paboTaeT yeTaHOBKa II0 IPO-
KaTMBaHMIO KOKCa, MOCTPOECHHAS TI0 POCCUMCKON TEXHOIOTHM.

3.2.5.2.4. TABSUOUKAIIA KOKCA

Hasnauenue npoiiecca rasuduKanyy KoKca — IpeBpalleHre KOKCa C BbI-
COKMM COJEPKAHNEM Cephbl B YUCTHII CHHTE3-ra3 U LIEHHbIE OKCHIBI METAJUIOB.
Haub6oimee pacpocrpadena texsonorus CGP (Coal Gasification Process) kom-
naauu Shell. Ha puc. 3.18 npencrasieHa IpUHITAIINAIBHAS CXeMa 3TOrO IIPo-
recca ra3uduKanyy KOKCca.

Koxkc nopator B razudukaTop I, rie INPOUCXOAUT €ro OKUCICHUE U Irasu-
bUKaIMA IUCTHIM KHUCIOPOIOM U BONSHBIM IapoM. CyMMapHas peakius

R
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5

Puc. 3.18. IpunuMpxAILHAS CXeMa rasuduxanun Koxca no Texnonornn CGP:

1 — razudukarop; 2 — KOTeN-yTHIH3ATOD; 3 — HaporeHepaTop; 4 — KOHIEBOi cKpy6-
6ep; 5 — y3es OTMBIBKH; 6 — y3el GUIbTpauyy; 7 — y3ell 06paboTKH 30JIbI M CAXM;
I — xoxc; Il — xucaopon; IIT — nap; IV — cunres-ras; V — Kucias Boga Ha riepepa-
6ot1Ky; VI — Boma; VII — coenuHeHMs HUKEIA U BaHAIUA
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5K30TEPMHUYHA M B PE3YJIBTaTe MOJyIatoT ra3, B OCHOBHOM cocrosimmii u3 CO
1 H,. B 3aBHCHMOCTH OT KOHEYHOTO ITPUMEHEHUS CUHTE3-Tra3a IoNOUparoT pa-
6ouee gaBieHue — oT arMocdepHoro 1o 6,5 MIla. [azudukatop obkIagpBa-
10T OTHEYIIOPHOI (DYTEPOBKOM, B HEM PACIIONOXEHBI FOPEIKH, Ta3uduKaTop
COEIMHEH C KOTIIOM-YTUIN3aTOPOM 2, PACCYMTAHHBIM Ha BBEIPAOOTKY IIapa ¢
nasinerueM 6omee 100 MIla (oxono 2,5 T mapa Ha 1 T cbIpbs). [a36I BEIXOAAT U3
KOTJIa-yTIIN3aTOpa ¢ TEMIIEPATYPOil, OJIM3KOM K TeEMIIEpAType napa, OxJaaxaa-
IOTCS B ITaporeHeparope 3 1 Jajiee MOCTYITaloT B y3eJI OTMBIBKH J. Caxy u 3011y
OTMBIBAIOT B IBe cryneHu. Ilocie KoHIeBOro ckpyooepa 4 ra3, npakTUuieCcKu
HE COIEPXaIlyil TBePABIX YaCTUI], TTOCTYIIAECT B CHCTEMY CEJIEKTUBHOU OYMCT-
K1 OT KHCJIBIX KOMIIOHEHTOB (Ha cxeMe He 1oKa3aHo). bamaHcoByio Bony u3
CKpyOOEepHOM CeKIIMM HATIPABISIOT B Y3€J OTMBIBKM J. Jlenemiky, cHATYIO
¢ ¢wnbsTpa (3071y), OKMCIISIOT, IIpeBpallias € B LIEHHBIE OKCHUABI BaHAIUI
¥ Hukera. YuceTeli GUIsTpaT BO3BpAIaloT B CKpyboep.

B Hacrosiee BpeMs MupoBast HedrenepepaboTKa mpeAcTaBiIeHa 6osee yeM
20 taxumu ycraHoBkaMmu. B Hunepnannax Ha ocHoBe mporiecca CGP Beipaba-
THIBAIOT B roj mpuMepHo 250 MBT anekTposneprun. B Poccun Takux ycraHo-
BOK HET.

3.2.5.2.5. TEXHOJIOT1 HEITPEPBIBHOI'O KOKCOBAHUA
B IICEBIOOXKIZKEHHOM CJIOE (FLUIDCOKING Y1 FLEXICOKING)

Ipu HernpepHIBHOM KOKCOBaHWH WM TepMOKOHTAaKTHOM KpekuHre (TKK) —
3a pybexkoM ero HaseIBaloT Fluidcoking, CHIphE BCTYIIA€T B KOHTAKT C HATPETHIM
IIo 6oJiee BHICOKOM TEMITEpATyphl MHEPTHBIM TCIUIOHOCUTENIEM U KOKCYETCH Ha
€ro IIOBEPXHOCTH B PEAKIIMOHHOM arapare, 13 KOTOPOro MOCTOSHHO BBIBO-
ST B PEr€HEPaToOp YacCTh TEIUIOHOCUTENS C OTJIOXKMBIIMMCS HA HEM KOKCOM.
B pereHepaTope 4acTh KOKCAa BBDKUTAIOT, ¥ 33 CYET TEIUIOTH!, BHIIEIUBLICCA
IIPH CTOPaHMM, MPOUCXOINT TIOHOTPEB TETUIOHOCUTEIISL 10 TPEOYeMOH TeMIle-
paTypHI 1 3aT€M €r0 BO3BPAT B 30HY pPeaklNU. TeIUIOHOCUTENEM SABIAETCA 10-
PpONIKO0OGpa3HbI# KOKC ¢ pazMepoM vacTull 1o 0,3 MM 1 KOKCOBaHUE IIPOUCXO-
JIUT B ero xursmem cioe. IlepeMenienue oCyIecTBISIOT ITHEBMOTPAHCIIOP-
TOM, JBIIXYIIIEH CHJION SIBJISIETCS ITOTOK I1apa, 3aXBaThIBAIOLLMI KOKCOBBIE Ya-
CTHUIIEI I HECYIUMH HX.

TakuM 06pa3oM, OTHOBPEMEHHO IPOMCXOHIST TPU Ipoliecca: COOCTBEHHO
KOKCOBaHMe, IMPOoKaJIKa KOKCa ¢ YIAICHHUEM JIETYYMX ¥ BTOPUYHBIE PEaklu
pacraja ¥ yIUIOTHEHUS IIPOIYKTOB KOKCOBAHWS, HAXOASIIMXCS B IIapOBO#A (pase.
IIpu 5TOM BBIXOI KOKCa MeHbIne [oT 10 no 25 % (Mac.)], 9eM npy 3aMeUIEHHOM
KOKCOBaHUU.

Ecnu Heo6XOAMMO HCKITIOUUTE ITOJYICHME KOKCa KaK TOBAPHOTO IIPOLYK-
Ta, TO B IPOIECC HO0ABISAIOT CTAOUIO ra3uduKallii KOKCa C IIPEBPAIEHUEM
€ro B TOIUIMBHBIN a3, TaKas TEXHOJIOIYS TIONydria Ha3BaHue Flexicoking.

B 60—-70-x romax XX B. B Poccum Obina pa3paboTaHa TEXHOJIOTUA
HETIPEPHIBHOTO KOKCOBAHUS B IICEBIOOXIIKEHHOM CJI0€ (TEPMOKOHTaKTHBIN
kpexkuHr — TKK), He Hamenmas, K CoXaleHUIO, IIPOMBIIUIEHHON pean3a-
. IToxo6Hast TexHOIOrHs 6bLIa IT03MHee OCBOeHa KoMIIaHuel Exxon Reseach
& Eng.Co., ¥ CETOIHS €€ IIMPOKO IIPUMEHSIOT Ha 3aBOJAX 3TOW KOMMIaHWUY
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g CIIIA. Pa3ny4aioT TeXHOJIOTHY HEIPEPHIBHOIO KOKCOBAHMS B IICEBIOOXM-
SKEHHOM CJIO€ ¢ 00pa30BaHMEM XUIKUX TOIUIMBHBIX KOMIIOHEHTOB C JaCTHY-
HBIM BBIBOIOM Kokca (Fluidcoking) wim ¢ ero rasudukanueit (Flexicoking).

Texuonorust Fluidcoking

 IpuHumnuaibHas cxeMa TexHonorus Fluidcoking mana Ha puc. 3.19. Koke-
TeIUIOHOCUTEND (IIOPOIIOK — OKPYyIibie yacTuisl quamerpoM 0,075—0,3 Mm)
HETMPEPHIBHO LUPKYIUPYET Yepe3 CUCTeMY PeakTop 2 — KOKCOHArpeBareip J3.
O6a ammapara paboTaloT 110 HPUHIIMIILY IICEBIOOXIDKEHHOIO cnos. B peakrope
[ICEBOOOKIDKEHIME CI0Sd KOKCa IIPOMCXOMUT IyTeM IT0aYy BHU3 BOASIHOTO I1apa
¥ 9aCTUYHO IIPH TIOMOIIM IAPOB U Ta30B, 00Pa30BaBIIMXCs IIPU KOKCOBAaHUM.
B KoKCOHarpeparele IICEBIOOXIDKEHNE CO3MAIOT, I0AaBasd BO3NYX; P 3TOM
gaCcTh KOKCa CTOPAET, a OCTalbHAd Macca Harpesaercs o 600—620 °C.

Ha ycTaHOBKe HET TpyOuyaTo# ey I II0JOIPeEBa ChIPhI — CBHIPhE IOCTY-
[1aeT B peakTop IpH yMmepeHHoii temreparype (300—350 °C) senocpencTBeHHO
¢ BaKYYMHOM YCTaHOBKYM WM TIOCJIE HATPeBaHUS B TeIUI00OMeHHUKAX. ChIpbe
HOAI0T B PEAKIIMOHHYIO 30HY YEPE3 CHCTEMY PACIIBLTHTENIEH MO YPOBEHb IICEB-
NOOXIKEHHOTO C10sT KoKca. [aphl ¥ ra3sl KOKCOBAHUA MPOXOIAT Y€PE3 CUC-
TeMY IIMKJIOHHBIX CENapaTopoB IS OTHEICHUA KOKCOBOY IBUIA ¥ IIOCTYIIAIOT
B CKpy60ep — mapIiMabHbIH KOHACHCATOP /, KOTOPBIA [ YMEHBIIEHMS 3a-
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Puc. 3.19. IIpunnunuaspHas cxeMa TeXHOJIOIHH HENpepbiBHOIO KOKCOBAHHS
B HCEBIOOKIDKEHHOM clioe Kokca (Fluidcoking):

] — mapuManbHbii KOHIEeHcaTop (cKkpyobep); 2 — peakTop; 3 — KOKCOHAarpesareib;
4 — TomKa; 5 — XONOIMIbHUK-KIAcCuDUKATOD KOKCa; 6 — pekTUDUKALMOHHAI KO-
JIOHHA, 7 — KOHIEHCATOP; § — KOTeJI-yTHIM3aTop; 9 — OTIapHas KojonHa; /0 — cena-
paropsr; 11 — crabuwmsartop, I — ceipse; 1] — nap; II] — peunpkynar; IV — ¢irerma
(TAxensi rasoiis) B an. I; ¥ — Xonoxusiit Koke; V1 — tosapHbIi Koxc; VI — Tsoxe-
JIBIH rasoins; VIIT — nerxuii razoinp; IX — ras; X — craGunpHbiil 6eH3un; X/ — Bo3-
nyx; XII — ropstamii koxc; XIII — xonneHcar
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KOKCOBBIBaHMS ITEPEIATOYHAIX JJUHUM PACITONIOKEH HEIOCPEACTBEHHO Ha pe-
axTope. 3a cUeT TeIUia HUPKYJISIIUOHHOTO OPOIIECHHS B HIDKHEN 4acTu CKpyOo-
Oepa KOHICHCHpYeTCS Hanbosee TsDKenas 9acTh JUCTHIUIATA KOKCOBAHUS, €€
BO3BpAINAIOT B peakTop 2. JlanbHelilee oroHopasaeyneHye (Ha ra3 + GeH3uH
U LIeJIEBBIE Ta30iIeBhie JUCTIIUIATEI) OOBIYHO IIPOMCXOAUT B OTAEIILHOU pek-
THUKAIIMOHHON KOJIOHHE 6, M3 KOTOPOI CBEPXY BBIXOAUT ra300€H3MHOBAS
CMecCh, 3aTeM €€ OXJIaXKIaloT B KOHIEHCATOpe 7 M pasiessioT B ceraparope 0.
Hanee HecTaOMUIBHBIN GEH3MH IOCTYIIAET B CTAOMIM3AIMOHHYIO KOJIOHHY 11,
IJIe ra3 OTHENISIIOT OT OeH3uHa. B oTrapHoi KonmoHHE 9 BBIIENAIOT JIETKWHA ra-
3011b, @ C HH3a KOJIOHHBI 6 — TSDKEJbIN Ia30iib.

IToToK KOKca BBIXOIUT CHHM3Y peaKTopa M IMOCTYIAaeT B KOKCOHArpeBaTelb,
TIIe €70 YaCTUYHO BEDKUTAIOT M BO3BPAIIaloT B peakTop 2. HacTh KOKca Herlpe-
PBHIBHO BBIBOIAT U3 KOKCOHArpeBaTelNsl 4epe3 XOIOOWIbHUK-KIaCCUPUKATOD
kokca 5. Kimaccudukaliiio 9acTHII II0 pasMepaM (C BBIBOJOM HamboJee Kpym-
HBIX B BHE 0aJaHCOBOTO KOKCa, C YACTHYHBIM IPOOJICHUEM U BO3BPATOM
B CHUCTEMY MEJKMX YaCTHII, TaK Ha3bIBACMOM "3aTpaBKU") OCYIIECTBIIAIOT BHYT-
pH peakTOpHOro OJI0Ka.

PeakTop KOoKCcOBaHMS 2 IIPEACTABIsAET COOOM anmapar CI0XHONK KOHOUTY-
paumu ¥ repeMeHHOr0 ceueHus (puc. 3.20). IlceBROOXIKEHHBINA CIOH KOKCa
HAXOAUTCI B KOHMYECKON & ¥ MIWIMHAPMIECKON 7 yacTax amnmapata. Konnde-
ckast (hopMa HIDKHEM JacTH arrapara Clioco0CTBYeT YMEHBIIIEHIMIO PacXoia rapa
Ha IICEBIOOXIDKEHNE. BHU3Y nMeeTcs oTrapHas CeKUMS 4; B Hee ITONaloT CHU-
3y BOISHOM Iap I OTIIApMBAaHUS IMOPOIIKOOOPa3HOIO KOKCa-TEILIOHOCHUTE-

v I OT YIJICBOIOPOIHBIX IPOLYKTOB KOKCOBaHMS.
B oTmapHOi CeKIUy UMEIOTCH TIOIKY IS YBEI-

N YeHWS IIYTH IPOXOXAEHUS KOKCOM OTIAapHOM CeK-
vi 1y, GopCyHKU IS TONAYM ChIPhS PACIIBUICHIEM

€r0 B CJI0€ KOKCa pa3MEIaoT OOBIYHO MO BHICOTE
CJIOSI B HECKOJIBKO SIpycoB. Ha KpyIHBIX yCTaHOB-
kax gucio ¢dopcyHox pocruraer 100. Bepxuas
YacTh 6 peakTopa UMeeT CYXKEHHOE CeUeHHE; ypo-
BEHb CJIOS MOXET KonebaTbCsd OT HH3a IO Bepxa
MEPEeXOIHOro KOoHyca 3. BepXHss yacTh 3aIl0HEeHA
IapaMy IPOXYKTOB KOKCOBaHUS, COACPXAIINMU
HEKOTOPOE KOJIMIECTBO KOKCOBBIX yacTul. st yna-
JICHUST 9THX YaCTHIL CIIYXUT CHCTEMa IIUKIIOHOB J;
OTJEJICHHBIE YACTUIIBI BO3BPAIAIOT IT0 CTOSKAM
B cioi. CyxeHue BepxHEl yacTu peakropa olyc-
JIOBJIMBACT YBEJIMYCHUE CKOPOCTH IApOB HAJ CJIO-
€M; 3TO ITO3BOJISIET, BO-TIEPBHIX, CBECTA K MUHUMY-
My BTOPHUYHOE pasJIoXKeHUE Y, BO-BTOPBIX, ITOBHI-

Vil

Puc. 3.20. Peakrop KOKCOBaHHSA CO CKpyOOepom:

A—A" — rpaunua cnost; I — ckpy66ep; 2 — peakrop; 3 — repexon-
HBI KOHYC; 4 — OTIapHAasA CEKLM;, 5 — LUKIOHEL; 6 — 30Ha raso-
BO# dasel; 7, & — 30Ha NCeBIOOXKUKEHHOTO citosl; [ — cuipbe; [ —
pertupkysr; 111 — map BHICOKOTO HaBiieHust; [V — map Ha [ICeBAO-
OXWKeHue; V — napel npoaykToB; VI — TsoKenslit razoitns; VIl —
Vil ropstauit Koke; VI — XoMomHBIH KOKC
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CHTh KOHIIEHTPALIUIO JaCTUI] B IIapax: YaCTHIIbl, MEXaHUYECKU BO3ICUCTBYS Ha
ycTbs1 ITMKJIOHOB, TPEIOTBPAIIAIOT 3aKOKCOBBIBAHME. 3aKOKCOBBIBAaHUE IIpE-
JOTBPAIIAIOT TAaKXe Mojadell ropstaeil "CTpy” JacTHII KOKCa U3 KOKCOHArpe-
BarTeid K YCThSIM LIUKJIOHOB.

B HICKHIOIO 4acTh OTHAPHOM CEKIMY 4 IPeAyCMOTPEHa ofaJa rmapa BbICO-
xoro IHasneHus. IIpu pacmvpeHUy napa, IPOXOISINEro Yepe3 COIIo, YKPYII-
HUBIIECS YACTHIBI KOKCA JIPOOST, TEM CaMBIM DETYIMPYS IPAHYIOMETpHYC-
CKIii COCTaB LIMPKYJIMPYIOIIETo TeIUIoHOCUTe . KopIyc peakTopa U3roras-
JTUBAIOT M3 IIPOCTOM YIIEPOMUCTON CTalU ¥ (QYTEPYIOT TOPKPET-GETOHOM.
DyTepoBKa TONIIMHON mpuMepHO 200 MM COCTOUT U3 ABYX CIIOEB — W3OJIALIM-
OHHOTO, KOTOPBII HAHOCSAT Ha BHYTPEHHIOI CTEHKY KOpPITyca U YKPEIUISIOT 3a-
TeM CETKO}, ¥ I3 OTHEYIIOPHOIO TOMIIIHOM 0K0JIO 50 MM, 3aIIONTHAIONIETO STYei-
K¥ apMHUAPYIOIIEA PEIICTKH.

KoKcoHarpeBaresb MeeT 60Jiee IIPOCTYIO KOHCTPYKIMIO (puc. 3.21). Tlces-
TOOXKIKEHNE KOKCOBBIX YaCTHIl OCYLIECTBIISIOT BO3AYXOM, ITOJaBacMbIM
uepes pacIpeeUTeNbHYIO peieTky 4. Kak u B peakTope, KOpIyC KOKCOHa-
rpeBaress GyTepoBaH. YPOBEHb TOPSIETO CNIOSI KOKCa MOINEPXMUBAIOT IIOCTO-
STHHBIM C TIOMOIIBIO CIMBHOTO KOJIOALA (Ha pUCYHKE He II0Ka3aH), 4epes Kpaii
KOTOPOTO M30BITOK KOKCa HEIIPEePHIBHO YXOIOUT M3 ammapara. [lis ynapivBa-
HUS KOKCOBOM ITBUIM B BEpXHEH 9acTH KOKCOHArpeBaTessd MMEIOTCS IBYXCTY-
[eHYaThie IUKIOHBI 3; THIMOBBIE Ia3bl M3 UKJIOHOB Yepe3 COOPHYIo Kamepy [
[IOCTYIIAIOT B KOTeI-yTIiimM3aTop. st pasorpesa CUCTEMBI ITPU ITYCKe MCIIONb-
3YIOT TOIIKY IIOJI J@BIIEHKEM; B Hell CXUTAI0T XUIKOe WM ra3000pasHoe Toll-
muBo. Tlocie mpeaBapuTeTbHOTO pa3orpeBa CUCTEMBI C IIOMOIIBIO TOIKY, 3a-
KUTAIOT POPCYHKM, BMOHTUPOBAaHHBIE B CTEHKHM KOKCOHArpeBaTe,
¥ IPOJOJDKAIOT PA30rPeB 0 TeMIIEpaTyphl CAaMOBOCILIAMEHEHUS KOKca. 1locie
HTOTO TEMIIEpaTypa KOKCOBOIO CJIOs B KOKCOHAarpeBaresie HauuHaeT OhICTPO BO3-
pacTaTh ¥ HEOOXOAMMOCTb B paboTe (POPCYHOK OTTIANACT.

KoKc IUpPKYIMpYeT MEXIY PEAKTOPOM ¥ KOKCOHarpesatesieM 1o U-o0pas-
HBIM JIMHKUAM ITHEBMOTpaHCIOpTa. TpaHCIOPTUPYIO-

MM ar€HTOM CIIYXKUT BOASHOW I1ap; TPaHCIIOPTUPO- i

BaHYE OCYILIECTBIITIOT 03 PEryIUPYIOIINX 3aIBYIKEK IT0 1

IIPUHIMILY IOTOKA BBRICOKOM KoHIeHTparuu. Kokco-

IIPOBOJBI IMEIOT BeChbMa 3HAYUTEIIBHBINA nraMeTp. Tak, 3
g ycragoBku ¢ mupkyasmuei 3000 T Xokca B 4ac
BHYTPEHHMIA IaMeTp KOKCOIpoBoaa paseH ~1 M. Hro-
OBl IIPEIOXPaHUTh KOKCOIIPOBOIBI OT SPO3UH, HX II0-
IOOHO anmapaTaM peakTopHoro 6;10ka QyrepyroT Top-
KpeT-0ETOHOM.

Hcnionp3oBaHue KOKCa, IOIYICHHOTO 110 TEXHOIO-
rvumn Fluidcoking, OCyIIECTBIAIOT 110 CIEAYIOIINM Ha-
IIPaBJICHUSIM:

Puc. 3.21. Kokconarpesarens:

1 — c6opHas xaMepa; 2 — NCEBIOOXKUXEHHBIN CJIOH; 3 ~— LUKIIOH;

4 — pacnpegenuTenbHas pemerka; I — XOXOTHBIA KOKC; I — BO3myX; ? 4 ‘
T — privossie rassl;, [V — ropsamii KoKce; V — ropsS4mii KOKC B XJIaccu- l v
(uxarop 1
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1) okomo 20 % r110IyyaeMOoro KOKca CXXWTaloT g IPOU3BOICTBA TEXHOIIO~
TMYECKOTO TEILIa;

2) octanbHbie 80 % KOKca peaTu3yIoT Ha PEIHKaX TBEpAOro Toiuusa. OKo-
JI0 TIOJIOBUHBI €70 IIPOJAIOT B KAYECTBE TOIIMBA IS LIEMEHTHOM ITPOMBIITUICH-
HOCTH, a JAPYIYIO TIOJIOBUHY — CXUTAIOT B Ooilylepax U Ha 3JIEKTPOCTAHIIMAX.

Taser miponecca Fluidcoking oOBIYHO HAIIPABISIOT B OOMIep UL yTUIn3a-
1y rervia. HekoTopeie yeTaHOBKY 000PYIOBAHbI JIEKTPOCTATHYECKUMU (DUITH-
TpaM¥ JTs1 VAAJIEHUS MEJIKMX TBEPIbIX YaCTHIL U3 Ta30B, Ipoueqmmx 6oiiep,
Ha PAZE YCTAHOBOK OTXOMISIINE Ia3bl U3 MIEY POXOIT yepe3 6oiiep ¢ IceB-
IOOXKIDKEHHBIM CIIOeM KOKCa — IS YTHIM3aLMHY TeIUla U U1 YIANeHUI Mell-
KHUX TBEPABIX YACTHUIL M OKCHIOB cepol SO,.

CrenyeT BBIICINTh HEKOTOPHIE TEXHOJIOTMYECKE OCOOEHHOCTH Mpoliecca
Fluidcoking.

1. Ioma4y TEIIOTHI, HEOOXOMMMOM I IIPOBEACHUS PEakiuu, O0eCIeuy-
BAIOT IIyT€M YaCTHYHOTO CrOopaHusa KOKca B KOKCcoHarpesarene. Harpetwie
YacTUIIBI KOKCAa HAIIPABJIAIOT U3 KOKCOHArpeBaTess B PEakTop, IIPU 3TOM
XOJIOIHBIE YACTHIILI KOKCA IBUTAIOTCA B 06paTHoM Harpasinennu (480—550 °C).

2. Harperoe (550 °C) ocTaTrogHOE CHIphE pACIBUIAIOT HA IICEBIOOXIKEH~
HOM cJioeM Kokca. ITpu 5ToM peakiini KOKCOBaHMS IIPOTEKAIOT B TOHKOM IUIEH-
K€ Ha ITIOBEPXHOCTU YaCTHUIL KOKca. MeJKue 9acTHIIR 00eCTIeYUBaiOT OOIBIIYIO
rwromans peakimy. Cioii Kokca, HarpeTsiii 1o remiepatypsl 750—800 °C, oxwu-
JKaroT MapaM¥ MOJTYYaeMBbIX IIPOAYKTOB U BOASHBIM IIApOM, [TOJABAEMBIM B HITK-
HIOIO YacTh peakTopa. Jasienue B peakrope 0,1—0,2 MIla.

3. ITapoo6Gpa3Hbie MPOXYKTHI IPOXOIIT Yepe3 IIUKIOHHBIE QUIETPEI B BEPX-
HEM 9acTH peakTopa, a 3aTeM MX ITofalT B cKpyobep. LlukimoHHbE GUIBTPEL
VIQISIOT YACTHIIBI KOKCA ¥ APYTMX TBEPIBIX BELIECTB U3 NPOAyKTa. B ckpyObe-
pe Tsoxenbie hpaKkIiy KOHIEHCHPYIOT U BO3BpAIIaloT B peakTop. OnHOBpEeMEH-
HO Ha QUIBTPax YIAISIOT 3aXBAYECHHYIO KOKCOBYIO MbUIb. OUUINEHHYIO IPO-
JIYKIIMIO M3 BEPXHEHN JaCcTH CKpyOOepa HaIIpaB/ISIIoT B KOJOHHY (DPaKIIMOHUPO-
BaHUS.

Dra TexHoJorusa Oblia BIepBEIC BHeapeHa B 1947 r. B mitare MoHTaHa
(CIITA) Ha ycTaHOBKE MPOM3BOAUTENBHOCTBIO 10 Thic. 6ap/cyT (500 THIC. T
B rox). B HacTosmee Bpems B skcrutyatanuu Ha HIT3 CIIA u Kananer Haxo-
IaTcsa BoceMb yeraHoBoK Fluidcoking, B TOM 4HCIie YETHIPE YCTAHOBKU IIPOM3-
BOIUTENBHOCTEIO 95—110 TBIC. 6ap/cyT (4,8—5 MJIH T B rom) Wi IepepaboTKu
OMTYMHHO3HBIX IIECKOB B MPOBUHLIMHY AsisOepTa B Kanaze.

HenpepsiBHoe KoKkcoBanue ¢ rasudukanueii Kokca (rexsonorus Flexicoking)

IepBast npoMBIIIUIEHHAS YCTAHOBKA ObUIA BBEICHA B SKCIUTyaTaluio B 1986
B HacTogIee BpeMs DKCIUIyaTUPYETCS IATh YCTAaHOBOK (B AnoHunu, Benecys-
ne, Hunepnannax, B mrarax Kamadoprus u Texac 8 CIIIA) cymmapHoii mpo-
U3BOIMTEIBHOCTRIO cBEINIe 190 Thic. 6ap/cyr (9,5 muH 1/roxm). Ha puc. 3.22
IIpeCTaBIeHa IPUHIIMIIMANIBHAS cXeMa TexHonoruu Flexicoking.

CrIpbe TIpeIBapuTEIbHO TTIOAOTPEBAIOT 1 HAMIPABJIAIOT B PEAKTOD 2, TIIe ero
KPEKUPYIOT C ITOJIYICHHUEM Ta30KMIKOCTHBIX ITPOOYKTOB M KoKca. Cxema Io-
nobHa cxeme TexHonorum Fluidcoking, xpome Hamumaus rasudukaropa. Koke
W3 peakTopa IOCTYIaeT B KOKCOHArpeBaTenb 5 1 Janee B rasuduxarop 4, rae
GOJIBLIVIO €r0 YacTh rasuUIMPYIOT ¢ 00pa3oBaHMEM CMECH IApOB M BO3AyXa
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Prc. 3.22. Ilpnaupnuansuas cxema texnonorun Flexicoking:

1 — ckpy66ep; 2 — peakrop; 3 — pekTHOHUKAIMOHHAST KOIOHHA; 4 — BO3NYXOLYBKa; 5 — KoxcoHarpesa-~
tenb; 6 — OTTIApHAsA KOJOHHa; 7 — rasu(pukatop; § — cTabrim3aTop; 9 — XOMOMIIBHUK; 10 — cenapa-
top; I — cwipse; [I — map; 1] — TpoayKTel peakuuw; IV — ras; V — Gensun; VI — nerkuii ra3omib,
VII — TsoXeNbA Tasois; VIII — permpkynat; X — Topsauit KOKC B peakTop; X — XOJOXHBIA KOKC 13
peaxropa; XI — ToBapHuI KoKC; XIT — KOKC H3 rasubukaropa; X/ — HU3KOKANIOPUHHBIA ras;
XIV — Bo3nyx; XV — xoxc B rasuduxarop; XVI — rorumsHE ra3; XVII — Boma

(rasuduKaIst KOKca paccMoTpeHa paHee). [opsyuii KOKCOBBIH Ta3 ITOCIIE KOK-
coHarpeBarels 1 razudukaropa MCIONb3YIOT I IPOU3BOACTBA Iapa BBICO-
KOTO JABJIECHUS, 3aTeM OH IIPOXOIMT Yepe3 KiacCu(UKaTop KOKca (LI OT Hero
OTIEJNSIIOTCS YaCTUYKY KOKCA), VIaBIMBaTeIh CEPOBOAOPOA, JAJIEE €TO UCTIONb-
3YIOT KaK TOTUIMBO.

PaccMOTpHM OCHOBHEIE 0COOEHHOCTH TexHonoruu Flexicoking. B ommayue
ot texnonorun Fluidcoking, KoKc razuULUUPYIOT C IOTyYCHUEM TOTUIMBHOIO
rasa ¢ HU3KUM COJEPXKAHUEM COSTUHEHUM CEPBI, YTO ITO3BOJIAET MOJNyYaTh
qUICTOE TOIUTMBO M3 HamMeHee LeHHoi mpoaykumu HII3. TpubnusurensHo
99 % TIPOLYKIIUY IIpoliecca MOJIYYaloT B XMAKOM MM ra3000pasHoi dopmax.
IlpryeM MeTaJIbl M3 COCTUHEHUN ChIPbA CKOHIIEHTPUPOBAHBI B MEIIKUX
YaCTHLIAX IIOJIy9aeMOT0 KOKCa M MOTYT OBITh M3BJie4eHbl. [Ipy HCII0NMb30BaHII
B Ka4ECTBE CHIPh TSOKEJIOro TYIPOHA C CONEPXKAHNUEM CEPHUCTHIX KOMITOHEH-
T0B 6,0 % (Mac.) 1 KokcyeMocThio 1o Konpancony 28 % (Mac.) IOIy4aiorT IpH-
MEPHO CJIe/yIoIpe IpoaykThl [% (Mmac.)]:

T3 (C =G0 it ottt

LTl (O 6 T 1

Bersmi Cs—182°C L oot e 1

Jerkuit TasofIb (182343 °C) . . ittt e 1

TsoKenmBiit Ta30MIb (343—524°C) . oottt 3

KOKC .« ot ettt e et ettt et e e e e 1

1

B TOM 9HCIIE TA3HOUIMPOBAHHBIA . . . o oo v v v e vttt enans
A T O T Ottt e e e e e e e e e e e e e e 100,0

HOTpSﬁHOCTI/I B TEXHOJOTMYECKOM TETUIE YIOBICTBOPAIOT 3a CUHCT CXUTra-
HMA KOKCa, 9YTO YCTPaHsICT HeOOXOIMMOCTh BO BHEIHUAX MCTOYHMKAX TOILIMBA.
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Huskoe paboyee gaBiicHHE IO3BOJISET UCIOIH30BAaTh B KAYECTBE OCHOB-
HBIX TEXHOJIOTMYECKHX aNlapaToB CTAHIAPTHEIE COCYIbI U3 YITIEPOAMCTOM CTamu
C OTHEYIOPHOH (PYyTEpOBKOI.

Koxkcosyro IbUIh OUMIIAIOT WIS YIUTEHUS COSIMHEHWN MEeTAJUIOB (BCe Me-
TaJIbI CKOHLIEHTPUPOBaHBI B HEGOIBIIOM, 0KoJIo 1 % (Mac.), 00beMe OTXONOB
oT ob1uero odrema kokcea). OcTaTkii HECTOPEBIIETO KOKCa MOIYT OBITh B ITUK-
JIOHHBIX (DUITETpax TPEThel CTYIIEHH, B CKpy0Oepax BeHTypH 1 IIpH OYMCTKE IICEB-
JIOOXVDXKEHHOTO CJtos1. VX B mambHEHIIIEM MCIONB3YIOT IS U3BJICYEHIIST METAILIOB,

TexHonorMs MOMYYeHUST HEHHBIX METAJUIOB (HUKEIST M BaHAJMI) U3 3071bl
KoKca ocBoeHa B pane crpaH (CLIA, Kanana, Benecyana). Ilpu conepxanuu
BaHa#ys B ChIpbe ITpuUMepHO 200 Mr/KT ero KOHIeHTparus B Kokce ~ 1,0 /KT,
a B 3ose ~ 23,0 r/kT.

IIpu yrunm3anuuy rasa, IIoxyd9aeMoro Ha ycraHoBKax Flexicoking, Taxxe
HE BO3HHMKAET CEPbe3HBIX MpoOJIeM Oraromgapsl XOPOIIUM XapaKTePUCTHUKAM
ropenusi. Kpome Toro, ra3 NpUrofeH Jist CKUTAHKS B PA3IMYHBIX CEPHITHO BhI-
IyCKaeMEBIX TOPEJIKaXx.

HwuzkokanopuiHEBIA 123 UCTIONB3YIOT IS CaMbIX Pa3/IAYHBIX IIEJEH: B TeX-
HOJIOTMYECKUX IIOAOTpeBaTeaX (TpyOuaTsie MeYd, YCTAHOBKY pudOpMUHTa
HaThI, yCTAaHOBKY pU(MOPMUHTA I1apa IS ITOJIyYeHI BOTOPOAa 1 T. [I.); B UH-
>KEHEPHBIX CeTAX (IIapOreHepaTophl, HapoIleperpeBaTe/i, KOTIbI-YTHIN3aTO-
DBI Ta30BBIX TYPOMH); IS IPOAAKY OJIM3KOPACIIONOXECHHBIM IOTPEOHUTEISIM.

Ilpu comocraBneHUM MPONYKTOB 3aMEJUIEHHOTO M HEIIPEPBIBHOTO KOKCO-
Banus (Fluidcoking n Flexicoking) cTano 09€BHIHO, YTO IPH HEIIPEPHIBHOM KOK-
COBaHUH I10JIy4arOT 3HAYUTEIHEHO MEHBIIIE KOKCA, OTHAKO BHIXOJI CBETJIBIX Hed -
TEMPOAYKTOB OOJBIIE IIPX 3aMEUICHHOM KOKCOBaHUM.

CpaBHeHUE BBIXOAA HNPONYKTOB [% (Mac.)] mpu pasTdyHbIX TEXHOJOTHIX
KOKCOBaHMA I'yApOHAa KyBEUTCKOU He(DTH ¢ KOKCyeMOocThio o Koupamcony
24,7 % (Mac.) IpUBEICHO HIDKE:

Berxon, (% mac.) 3aMemIeHHoe Fluidcoking Flexicoking
KOKCOBaHHUe
a3 . 9,2 11,8 11,8
BeH3uH .. ... 13,1 11,5 11,5
JlerkuM rasofmb . . ..o v 29,3 14,5 14,5
TSKEeNBIH TA30MMb . . o oo cv v 15,1 32,1 32,1
Koke.....ooiiii i 33,3 23,7 0,8
TOTMMBHBIM TA3 . . oo i i — — 22,9

IlepcnexTHBBI pa3sBUTHSA NpoLECcCa KOKCOBAHMA. Bymyliee mporecca KOKCo-
BaHUA BBLIVIAT CETONHS HEOOHO3HAYHBIM. TeXHONIOTHS 3aMEMICHHOIO KOK-
COBaHU B HENANIEKOM IIEPCIIEKTUBE OyIeT, BEpOSITHO, OCHOBHBIM TEPMUYECKUM
IIPOLECCOM IIIyOOKOM 11epepaboTkul He(hTH, IOCKOJIBKY CETOMHS TPYNHO HANTH
GoJjiee JAeIEBBI IIPOLECC, KOTOPBIM 00eCIIeYnBaeT JOCTATOYHO BHICOKHIA BbI-
XOJI CBETJIBIX He(PTEIPOAYKTOB (XOTSI M1 HU3KOI'O KAYeCTBa) M KOKC IS aIOMU-
HMEBOH IPOMBILUIEHHOCTH U 2JIEKTPOMETAJUTYPIUH B 1ieioM. Kpome Toro, rmpu
HCTIOJIb30BaHUU CHIPBSA OIIPENETCHHOT0 KaueCTBa 3Ta TeXHOJIOTHS SIBISETCS OC-
HOBHOM M HaumboJee JEeIeBOM IS MOMyYeHHUs Ae(UITUTHOIO M JOPOrOCTOs-
LIIEr0 UTOJIbYaTOro KOKca. TeXHOIorny HenpepeIBHOIO KOKCOBaHMS OYIyT pas-
BUBaTh U COBEPLICHCTBOBATh B HAIIPABICHUM YBEJIIMUYCHUS BBIXOJA CBETJIBIX
U rasuduKanmy Kokca.
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3.2.6. MAPOJIN3 HE®TEITA3OBOTIO ChIPbi

Hasnauenue nponecca. [Trpous HedTerasoBoro ChIpba — Hanboee KecT-
xas opMa TePMUYIECKOTO KPEKMHIA C LIEIb0 IOTy4eHUS YIIEBONOPOIHOTO
ra3a, OOOTAIIEHHOTO HEIPeNeNbHEIMK YIJIEBOTOPpoiaMiL. 1Iporecc ocyImecTs-
ssror pu 700—900 °C. PerymapoBaHueM MapaMeTPOB PEXUMa MOXET OBITH
JOCTUTHYT MAKCUMaJbHBII BBIXON 6o 3TWIeHA, TU00 MpoImwIeHa, Jubo
GyTIiIcHOB 1 OyTanueHa. Hapsimy ¢ ra3soM IOJTyJaioT 1 XUIKAM IPOIYKT — CMO-
JIy, COIEPKAIIYIO0 KaK MOHO-, TaK U IOJMaPOMATHYECKUE COCIMHCHIL. C yra-
sKeJIEHVEM CHIPhsI TIPY ITPOBEIECHUH IIPOLIECCa BHIXOL CMOJIBI BO3PACTaCT.

I[MTupoms — 6a30BbIi TIpoIiece s HePTEXMMUYESCKOHM IIPOMBINIICHHOCTH,
HA ero OCHOBE MOIYJaroT OKOJIO 75 % MOHOMEPOB sl HEDTEXMMITIeCKOTO CHH-
te3a. [TepBble TPOMBIIUIEHHBIEC YCTAHOBKY IIAPOJIM3a OBUIH pa3paboTaHbl KOM-
nagmsamu Union Carbide Co. m Carbon Co. B 20-e rompl XX Beka. B xauecTse
CHIpBS CHAYaJIa VCTIONB30BANIA 3TaH, NIPOTIaH, a 3aTeM — XHIKOE ChIPBC.

CoBpeMeHHass SKOHOMUKA TIPOLIecca IMUPOJU3a TECHO CBA3aHa C PBIHKOM
(ueHaM¥, MAPKETHHIOM M T. JI.) UEJIEBBIX [IPOAYKTOB — 3TUJIEHA U TIPOIIIICHA.

Coipse. ITpy BEIOOpE CHIPBSI U1 YCTAHOBOK IMPOJM3a CICAYET YIUThIBATH
XapakTep IPEBPAIICHHUI Pa3IMIHBIX KIACCOB YIIEBOIOPOIOB. IIpu mmuponuse
HOPMaJIbHBIX AJIKAHOB HAGIONAIOT CIIEIYIOLIye OCHOBHbIE 3aKOHOMEPHOCTH:
5TaH ITOYTHU NOJHOCTHIO IPEBPAIIAIOT B OTIJICH, U3 IIPOIIaHa 1 OyTaHa ¢ 60i1b-
[IAM BBIXOJIOM HOJIYYAIOT STUJICH U IIPOIIWICH, U3 aJIKAaHOB C YUCIIOM YIJIEpOI-
HBIX aTOMOB 5 1 6 momy4aroT okojio 45—50 % stunena. Ilpu nuposmse u3oan-
KAHOB BBIXOJ] STUJICHA MEHBIIIE, IIONYJaroT NP TOM GoJbIie ra3o00pa3HbIX
AJIKAHOB, X B 0COOEHHOCTH MeTaHa. APeHbI IPY YMEPEHHBIX TeMIIEpaTypax
MPOJIV3a SBJSIOTCA GALIACTOM, a IIPH O0JIee KECTKUX — B 3HAUMTEIBHOH CTe-
meHu 06pasyloT KOKC ¥ cMoiy. IIpy nuposimn3e MUKIOANKaHOB IIONYyYaioT
3aMeTHOe KoJmaecTBo 6yramuena [mo 15 % (mac.)]. B IpOMBINUIEHHO! IpaK-
THKE Ha YCTAHOBKAX ITHPOJIU3a OOBIYHO IIepepabaThiBaloT ra3000pa3HbIe yIie-
BOIOPOMHI (3TaH, MPOIiaH, OyTaH U MX CMECH) ¥ XUIKHIE HedTsIHbIE Dpakimu
(TIpAMOTOHHBIM GeH3MH, OeH3UH-pahUHAT ¢ YCTAHOBOK SKCTPaKIMK apoMa-
THYECKIX YIJIEBOLOPONOB). IIpsIMOTOHHBII 6eH3MH 06/1a/1aeT MperMyIIeCcTBa-
MU B CpaBHeHUM ¢ padhuHATOM, TaK KaK COIEPXUT B OCHOBHOM HOPMaJIbHBIC
aJIKaHBl, TOTIA KaK B paduHarax 10 50 % u30aJKaHoB, IPYU HPOJIN3E KOTOPEIX
06pasyeTcst MHOTO Ta3a. EC/IM UCIIONBb30BaTh B KAYECTBE CHIPhsI OCH3MHOBLIE
dbpaxiyy, TO HapsAIy ¢ HU3IMY ATKEHAMU MOXHO TTOJIYYUTb LIEHHbIE apoMa-
THYECKHME YIIIEBOIOPOABI — MPEKPACHOE CHIPhE JUIS IPOU3BOACTBA TEXHIIC-
CKOro yriepona u HadTajiuHa.

Ha psize yCTaHOBOK B KA4ECTBE CHIPhsI MCIIONB3YIOT Goee Tskenble (ppax-
MY YIJIEBOLOPONOB — MU3ebHEIC (PPaKIMK ¥ BAKYYMHBIN Ta301JIb.

ITapamerps pexuma nponecca. OCHOBHBIMYU TTapaMeTpaMu PEXMMa TIPO-
Hecca MUPOJI3a, IO3BOIAIOMUMEI 3PPEKTUBHO YIIPaBIATh BBIXOIOM IPOMYK-
TOB, CIIYKaT TeMIIepaTypa, BpeMs peakllny, JaBjieHue. Beibop 3HaueHHI TeX
VTV MHBIX TAPAMETPOB 3aBKCHT OT TOTO, KaKO€ ChIPhE IIepepabaThiBaloT Ha yC-
TAHOBKE UM B KAKOM COOTHOLIEHMM JOJDKHBI OBITh ITOJIyYeHBI KOHEUHBIC IIPO-
IOyKThL. JI KaXIOro BHAA CHIPbS CYLIECTBYET ONTHUMATBHOEC COYECTAHUE TEM-
TepaTyphl ¥ IpoIoKuTeIbHoCTH Tpoliecca. Tak, mpu 900 °C MakcuMambHBIIH
BBIXOJ STHJIEHA COOTBETCTBYeT BpeMenu KontakTa 0,08 ¢, a pu 1000 °C — 0,01 c.
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40 Puc. 3.23. 3asucumocts coepxanus ojedu-

HOB B rase nHpoJ/i3a nponasa or TeMnepaTyper:

1 — Bcero onedyHOB; 2 — 9THIEH; 3 — IPONWIEH

o 30

\% Ha puc. 3.23 nokasana 3aBucu-
° MOCTh BBIXOJa OJIE(PUHOB, STHJIEHA
§ 20 Y IIPOIIWIEHA NPY MUAPOJI3E IPONaHa
g OT TeMneparypbl. OTMETHM, 9TO MaK-
2 CHUMAaJIbHBIH BBIXOJ STHJIEHA HAa0JIona-
§ 10 eTcd IIpU TeMIiepatypax, OIU3KUX

k 900 °C, a npormiena — mpu 800 °C.
Jiga cpaBHUTENBHOM OLCHKM pe-
;  KMMOB NUPOJIN3a XHUIKOTO CHIPbS

0 "
700 800 900 1000 W €r0 TEPMHMYECKOU CTaOMILHOCTHU
Temnepamypa, °C HCTIONB3YIOT "(bakTop XxectkocTr” (f):
f= t»co,06,

e f — TeMIIeparTypa, ‘C; 1 — BpeMs KOHTAKTa, C.

Taxk, MUPOJIN3 XXUAKOTO CHIPHS C IEIBIO ITONIYICHNI MAKCUMATBHOTO BBIXO-
Ja 9THIEHA HEOOXOAMMO MPOBOIUTH IPHU GoJiee HU3KUX TEMIIEPATYpax, YeM
IpOJK3 GoJiee TEPMOCTORKOIO Ta3000pa3sHOro CHIPh.

Hnorna BMecTo dakTopa XeCTKOCTH UCIONB3YIOT 3HAYCHUE aTOMHOIO
orHomenuda H/C B XuIKMX MPOAYKTax Muposiu3a. YeM XKecTdye PesKiM Ipo-
1ecca, TeM HIDKE 5TO 3HA4YeHUeE.

B cooTBeTCTBUM € COmEpKaHMEM BOXOPOIA B MOJIEKYJIE HAMOONBIIUI BbI-
X0[ ra3a (IIpyu MUHUMAJIBHOM KOKCO00Pa30BaHII) MOXET 00ECIIEUnTh Ia3000-
Pa3HOe ChIpPhE — ITaH, MpolaH, #-OyraH. Vi3 XXHUIKOro ChIphs HauOOIBIINN BEI-
XOJi ra3a faet GeH3HMH 1apahMHOBOTO OCHOBAHWUSI C MOHIKEHHOM TeMIEpaTy-
DOI KOHIIa KMIICHHU.

J7151 TOro YT06BI YMEHBIIUTH POJIb PEAKIIMIA YIIOTHEHYSL, IIUPOJIU3 CIICHYET
BECTH TIPH MaKCHMaJIbHO HM3KOM JaBleHUU. B peajbHBIX YCIOBUAX Ha yCTa-
HOBKax IMUPOJIM3a JaBJIeHWE Ha BBIXOJE M3 TpyOuaroil neun cocrasisgeT 0,2—
0,25 MITa. 15 cHYDKEHUSI OTPHLIATENLHOTO JIEHCTBUS MOBBIMIEHHOTO JaBJie-
HUS TAPOJIU3 BEAYT B IPUCYTCTBUY NEPETPETOr0 BOASHOIO I1apa, [oJayeil Ko-
TOPOTO PETYIUPYIOT MapLUUAIbHOE NAaBJICHUE YIJIEBOTOPOIHOrO Chiphs. Paz6as-
JICHUE CBHIPbST BOMTHBIM I1aPOM YMEHBIIIAET BEPOATHOCTD CTOJIKHOBEHUS MEXKITY
co0O0M MOJIEKYJT AIKEHOB, U B PE3YJIBTATE CHUXKAETCS POJIb PeaKLil TIOTMe-
pusanuy 1 yrjiotHeHus. IIpu nuponuse ra3zoo6pasHoro Celphba U CXKIKEH-
HBIX Ta30B K ChIpbIO 100aBisaioT 10—20 % BomstHOro mapa, npy MUposm3e OeH-
3UHOB — OT 25 110 60 % (cumTast Ha CBHIPBE).

B mocnennue ronel pazpabotansl TexHonoruy muponusa HI'C B mpucyr-
CTBUU BOAOPOIA, CIIOCOOCTBYIOMIETO ITOBBIIIIEHIIO BHIXOA STHIEHA C OIHOBPE-
MEHHBIM YMEHBIUEHHUEM BBIXOJOB allETUJICHA, TSDKEIOM YacTh CMOJIBI ¥ KOKCA.
Onnako IpucyTCTBYE BOIOPOA CHIKAET, K COXAIEHMIO, ¥ BBIXOJ, IPOITHIICHA
IIPY OHOBPEMEHHOM YBEJIMYEHUM 00BeMa TIPOAYKTOBOM CMECH.

CHIDXeHHI0 KOKCO00pa30BaHus CIIOCOBCTBYET IPUMEHEHNE MHIUGUTOPOB
KokcoomioxeHus. Jlo6aBka UHTMOUTOPOB IO3BOJIAET YBEIMIUTD IUTUTETHHOCTD
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6e30CTAHOBOYHOTO Ipobera medeit muponmsa 10 3000 ¥ u Gosee, IOBLICUTL
remizeparypy mpoimsa 1o 920—950 °C, cCHU3HUTE CTEeNeHb pa36aBiaeHus BOIS-
HBIM TIApOM. B KauecTBe MHIMOUTOPa KOKCOOTIOXKEHMSI IPUMEHSIIOT KapOoHaT

Kanys.
CocrtaB M cBoiicTBa npoaykToB. I1py muponuse MoIydYaroT MMPOIU3HEIA ra3

7 KUIKHE TPONYKTEL.

ITuponusHbiii 243 COTEPXUT BOJOPOI, YIJIEBOIOPOIBI C YUCITIOM YIJIEPOIHBIX
aroMOB OT 1 110 4, BomsHOM Trap, MukpornpuMecu CO, CO,, H,S. Ha 6iokax
OUMCTKH U Ta30pas/ielieHus] YIAISIOT BpeIHbIe IPUMECH, TIPOBOAST OCYILIKY
j pasfielicHVe TIpOorasa Ha BOJOPOI, METaH, 3TaH, STHIICH, IPOIMIEH, PO~
1aH, OyTuieH-GyTanueHoByio ¢pakimio. M3 6yTiwieH-6yTameHoBoi QpaKiym
BBUIEJIAIOT OyTamueH-1,3 — chIpbe IIPOMBIIUIEHHOCTH CHHTETHYECKOro Kayvy-
ka. Ha HEKOTOPBIX YCTAHOBKAX BBIIEJIEHHBIC aJIKaHbl — 3TaH U IIPONaH — BO3-
BpAIaloT B CHIPhE, IOABEPrast MHPOIIH3Y.

Kudkue npodyxmut nupoau3a. B 3Ty TPYIIITY BXOIAT IIOTyYaeMble IPU TUPO-
yu3e yrieBomoponsl or Cs U BbIIe, KOTOPHIE IIPY OOBIMHBIX YCIOBHSX Haxo-
JSATCS B XUIKOM Bue. MIHOTIa XKuaKye MPOMYKTHL IMTIPOIM3a Ha3bIBAIOT CMO-
s0i1 posv3za. KoanyecTBo KUIKUX IIPOAYKTOB IIMPOJIM3a B OCHOBHOM 3aBU-
CHUT OT BHIIA CHIPbsI, YTO WITIOCTPUPYIOT CIIENYIOLIME TaHHbIC:

CeIppe BrIxo XMIKUX IpoayKToB, % (Mac.)

Ha CBIpPBE
2 - S g 2-3
5050 ;1 = U 8-10
5322 =1 ¢ S T 8—12
Jerkuit 6eHsuH (H. K.—145°C) . oo v 20-25
KepocHHOTa3oMmeBast PPAKIHS . « . vt vv e e nnaeeenn et 35-40

BruIxozm cMOJIBI BO3pACTAET TAKKE TIPU CHYDKEHUH TeMIIEpaTyphl IIMPOJIH3a.
Tak, mpu HusKoTemieparyproM (750 °C) muposu3se 6eH31Ha BHIXOI CMOJIBL CO-
crasser 30—35 % (Mac.), a ipu BeicokoTemrrepatypHoM (950 °C) on mamaet
1o 20—25 % (Mac.).

JKunkuvie IpoayKThI MAPOJIU3a HE3AaBUCHUMO OT IIPUMEHSIEMOIO ChIPBSI U YC-
JIOBHI TIMPOJIM3a UMEIOT IIPUMEPHO OIMHAKOBBI YIJIEBOXOPOIHbINA U Gpak-
MoHHbIHM coctas. OHu comepxar 10—15 % (Mac.) ankagueHos, 10—15 % (mac.)
ankeHoBn, 20—30 % (Mac.) Gensona, 10—15 % (Mac.) Toyosa, a TakKe Herpe-
JeNbHbIE COEAMHEHN TATIA CTUPOJIa M MHACHA U UUKIIOAJIKEHB] — IIUKJIONICH-
tagued U op. IepepaboTKy CMOJBI IUPOJIA3a MOXHO OCYLIECTBIIITH 10 IBYM
BAapUaHTaM — TOIUIMBHOMY Y XMMIYECKOMY.

IIpy TOIIMBHOM BapHaHTE MOJNYYaloT ABE PPaKLMK CMOJBl — JIETKYIO
U Tsokenyio. VI3 merkoil ¢hpakiyy TMAPUPOBAHUEM YIAJISIOT HETPEACIbHBIC
YIJIEBOLOPOMBI; OYMIIEHHBIN MPOLYKT, Ha3bIBAEMBIN IMIPOCTAOMIN3NPOBaH-
HBIM GEH3MHOM, UMEET OKTaHOBOe YKo 78—80 IYHKTOB, MOXET OBITH KOM-
ITOHEHTOM TOBapHOIO aBTOMOOMIILHOTO OEH3MHA, HO B CBSA3H C YXECTOUCHEM
TpeGoBaHMi K GeH3MHAM 0 UCIIONb30BaHIE CETOIHSI CHIBHO OTpaHndeHo. Ts-
XKeJyIo (PpaKiuIo, Kak MPaBIo, HAIIPABJIAIOT B KOTEIBHOE TOILIUBO.

DKOHOMMWYECKH 00JIee BLITOJHA XUMUIECKasi CXeMa IepepabOoTK KUIKUX
IponykToB rupousa. CMoity pasnessior Ha dpakim H.K.—70, 70—130, 130—
190, 190—230 u soime 230 °C. U3 dpaximu H.K.—70 °C BBIIEIAIOT [IUKIONEH-
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TagyeHd u usonpeH, u3 dpaxkiuu 70—130 °C — 6eH301, TOIYONI U KCUIOJIEL.
®paxmmo 130—190 °C noasepraroT MOIMMEPHA3ALUHN C TIOTYYEHNEM CHHTETH-
YeCKOM HePTEITOMMMEPHONM CMOJTBI, TPUMEHSIEMON KaK 3aMEHUTEIb HaTypallb-
HeIx Macenn. @paxis 190—230 °C MoxeT ObITh UCITONIB30BaHa KaK ChIPhE UL
nonyyeHns HadrammHa, a dpakiys Boime 230 °C — Ui IToIyYeHud TeXHIYe-
CKOTO YyIJIEpOJa.

B npoiiecce nmuposM3a pasimIHOrO CHIPbS HanboJee BHICOKMIA BBIXOM Xa-
pakTepeH IS STWJICHA W IPONMIIEHa, IIPU 3TOM IIOJNY4YaloT 3HAYUTEIbHOE
KOJIMYECTBO APOMATHYECKIX YITIEBOXOPOAOB. TUIMYHBIA BEIXO IIPOLYKTOB, I10-
JIYYEHHBIX IIHPOJIM30M JIETKOTO, BAKYYMHOTO ra3oiiiell, 6eH31Ha U Npeaeiib-
HEIX Ta30B MPeACTaBiIcH B Tabxn. 3.4.

Tabnuna 3.4. ITokasarean KAYecTBa CHIPbs ¥ BHIXOJ NMPOIYKTOB MHPOJIH3A T230BOI0 H XKHIKOT0
CBIPbS

IIupoNu3 ra3oBOTO CHIPHS TIupoTU3 XKUIKOTO CHIPHSI
Hoxasatexs DraH IIponan | #-Byran | beHsun JIerx}m BaKnyfHI’m
Ta30UNIb Ta3onib
Cobipbe
InotHOCTD P2 — — — 0,713 0,832 0,870
TIpenenst Beikunanus, “C — — — 32—-171 232327 300538
Conep:xaHue apeHOB — — — 7 24 28
B ChIpLE, % (Mac.)
BBIXOI IIPOAYKTOB NMHMPOITH3a,
% (Mac.):
CyXOli ras 8,4 33,2 32,2 21,6 19,2 14,2
STHIEH 48,0 36,7 31,6 31,3 26,0 23,0
TIPONUIEH 2,1 14,0 17,8 12,1 9,0 13,7
OyTHIEHBI 1,1 3,1 2,4 2,8 2,0 4.9
OyTagueH — — 1,7 4,2 4,2 6,3
Gensun C;—204 °C 1,7 5,0 10,3 22,0 20,6 16,9
Tsekenas cMona (>204 °C) — — — 6, 19,0 21,0
HepeBpalleHHOE ChIPhE 38,7 8,0 4,0 — — —
Hroro 100,0 100,0 100,0 100,0  100,0 100,0

DT JaHHblE CBUICTENBCTBYIOT O 3HAYMTEIHPHOM CHIDKEHUM BBIXOHA ITHU-
JIEHA C YTSDKETIEHUEM ChIPhsI; BBIXOM IPOITMJIEHA PACcTET C MOBHBIIIIEHUEM MOJIE-
KYJISIDHOI'O BecCa ra30BOTO CHIPhsI, BBIXOJ OyTanueHa yBelnuuuBaeTcd. BuIxon
CMOITBI TAKKE BO3PACTACT.

Xotenock 66l OTMETHTH 3HAYMTEBHOE ra3000pa30BaHUE IIPU IUPOIU3E
KUIKOIO CHIphS 1 00pa3oBaHme 60Jiee JETKUX, YEM ChIPbe, KOMIIOHEHTOB IIPU
IIMPOJI3E Ta3000pa3HOTO CHIPhsI, BHI3BIBAIOILUX 3HAYUTEIbHOE YBEINYEHUE
(06B1yHO B 1,5—2 pasa) ynenpbHOro oObeMa 1MapoBoiil (razopoit) ¢assl.
W3BeCTHO, YTO peaxiisiM, IPOTEKAIONINM C YBETUICHUEM 00BEMA, CIIOCO0-
CTBYET HU3KOE JaBJICHNE B PEAKIIMOHHOM 30HE WM, YTO TO XK€ CaMO€, HU3KOE
MapuyaIbHOe JaBIeHUE MPONYKTOB. [IJIsT YMEHBIIEHMS POIM PEAKIUI YILIOT-
HEHMS TUPOJIN3 BEAYT IIPYU MAKCUMAJIBHO HU3KOM JaBlIeHuu. B ciryyae npume-
HEHUd TPyOUaThIX PEaKUMOHHBIX aIlllapaToB Ha BXOAE B 3MEEBUK HEOOXOAMMO
MOIIEPXUBATH HEKOTOPOE U3OBITOYHOE JaBICHUE, YTOOBI IIPEOLOJIETh TMAPAB-
JIMYECKOE COIIPOTUBIICHUE B TpyOax EeUHU U B ITOCHeAyIoIe annaparype (00b4-
HO Ha BBIXOHE U3 meuyu masieHue pasHo 0,2—0,25 MIla). g xkomneHcauuu
OTPHUILATEIHLHOTO BIMSHUS 3TOTO AABICHUS U OOLIEro YIy4LICHUs I10Ka3aTe-
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Teii TIporiecca IMPaKTHUKYIOT MOJavy B IEYb BMECTE C CBIPhEM IIEPETPETOrO BO-
THOTO TIapa, CHILKAIOMIETo MapIalbHOe JaBICHHUE TTapoB IIPOIYKTOB ITHPO-
T34 U TPEMATCTBYIONIETO PEAKIIMSIM YIDIOTHEHMS.

B nocnemHaue roapl pa3paboTaHbl TEXHOJIOTHH MMPOIN3a YITIEBOLOPOTHOIO
CBHIPhS B IIPUCYTCTBUM BOAOPOLA, CIIOCOOCTBYIOIIETO ITOBBIIEHUIO BBIXOA 3T -
TeHa C OMHOBPEMEHHBIM CHIKEHHEM BBIXOAOB AlIETWJIECHA, TSOKEJION JacTH
cMOJIBI ¥ KOKca. OgHaKo IPUCYTCTBHE BOLOPOIA CHIDKAET, K COXAJICHMUIO,
1 BHIXOJ IIPONWJIEHA C OMHOBPEMEHHBIM YBEJIMUEHHEM 00BEMa IIPOLYKTOBOM
CMECH.

TonoBoit 00beM IIPOU3BOICTBA STIWICHA B MUPE COCTAaBIIIeT OKOJIO 130 MIIH T,
NAPOTU3HOTO TIponwieHa — 48 MJIH T, MUPONU3HOro 6eH3ona — 15 MJIH T.
B Poccnu paboraeT 15 ycraHOoBOK muponu3a. [onsg npoussogumoro B Poccum
STIIEHA B MEPOBOM 00beMe coctaniisteT 1,8 % (Mac.), mpormnena — 2,1 % (Mac.),
oersona — 3 % (Mac.). Ha puc. 3.24 npuseneHa cxema ChIPhEBOTO obecrede-
HS TIMPONIN3a M JajbHelnIel mepepaboTKu ero MponyKToOB, ITOKa3bIBaIomas
pa3HOOOPAa3Ue CHIPhS Y KOHEYHBIX XMMUIECKIX BEILIECTB.
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Puc. 3.24. Cxema chIpheBoro obecmeaenns mMpoansa U Aajbreiineil nepepaGoTku ero NpoayKToB

Texnonormaeckas cxema. TexHONIOrMYECKass CXeMa YCTAHOBKY IMHPOJIH3a
TpyBefcHa Ha puc. 3.25. CrIppeM YCTAaHOBKY CIYKUT IIPIMOTOHHBIN O€H3MH
C YCTAaHOBKM aTMOC(hEPHOI ITeperoHku HepTH, B KOTOPBI MOXHO [00aBIATh
pahHAT 1Tocie sKeTpakimy pudopmara (pasnen 4.2.3). Kpome Toro, uCroib-
3YIOT TaKK€ Ia30BBIi OCH3MH M Ta30BOE ChHIphe (3TaH, mponaH U H-0yTaH).
B cTpyKType chipbs yeTaHOBOK Iuponm3a Poccuu 3tan coctapisn 5,4 % (Mac.),
C3—Cy4 u IIDITY — 47,5 % (Mmac.), 6ensunsl — 47,1 % (Mac). CeIppeM TaKkKe
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Puc. 3.25. Texnosornyeckas cxeMa yCTAHOBKH NHPOJIN3a:

1 — Terioo6MeHHMK, 2 — Heyb; 3 — 3aKaJOUYHHIH anmapart; 4, 9 — maponeperpesaresin; 5 — KOTel-
YTHIN3aTOpP; 6 — Hacoc; 7 — mapocBOpHUK; & — pexTUhHKAIIMOHHAS KOJNOHHA; [0 — XONOXMIBHUK-
KoHnencarop; /I — oTmapHasl KonoHHa; I2 — oTcToMHMK; [3 — cenapaTtop; / — BoaAHOM map; I/ —
coipbe; JI] — yraesompopoaHeli ra3; [V — Bona; V' — rerkoe Macio (Jierkas cMoina); VI — Tsokenoe Macio
(Tsexenas cMona); VI — Boxa Ha ouuctky; VIII — ras Ha OUMCTKY; /X — TOIUIMBHBIH ra3; X — IBIMOBBIE
rasel; XI — OeH3uH

MOTYT OBITH TU3EJIbHBIC IPSIMOTOHHBIE (MpaKIIMKi U TMIPOOYUIIIEHHBIA BaKy-
YMHBIN ra3oiinb. B mpencraBieHHON cxeMe ChIpheM CIyKaT 66 H3MHOBbIE hpak-
MY ¥ Ta30BOE CHIPBE.

bersun mmonatT HacocoM nipu 1—1,2 MIla B TeriooOMeHHUK [, THe ero
HArpeBalOT OTXOMSIIUM C YCTAHOBKH TSDKEIIBIM MAcJIOM, TBIMOBBIMU ra3aMu
B Tpy0ax KOHBEKIIMOHHOM CEKIIMU €Yy 2 ¥ CMEIIMBAIOT C BOASHBIM IAPOM.
Hanmee cMech O€H3MHA UM BOOSHOIO Tapa IIOCTYITacT B TPYOBl PeaKIIMOHHOTO
3MeeBuKa. [lomBepraeMelil MUPOIKU3Y YIJIEBOAOPOJHBINA ra3 NOCTYIIAET B MEYb
mupon3a 0e3 moaorpeBa. PeakiimOHHYIO CMECh BBIBOIAT U3 Ieuu 1pu 840—
850 °C u BO M30eXaHNE MUPOJIIUTHIECKOrO YIUIOTHEHUSA HENPEIEIbHBIX yIJIe-
BOJIOPOJOB TTOABEPIaloT OBICTPOMY OXJIAXICHUIO B 3aKaJJOYHOM arrapare J.
AImapat npencTaBisieT co00i KOHAEHCATOp CMEUICHHUS, Kyla IIOAAI0T BOLY.
3a cYeT TEeIUTOTH UCITApeHMs BOIBI TEMIIEPATYypPY ra3a MUPOJIM3a CHUXAIOT
1o 700 °C. Oxmaxnenusa Ha 140—150 °C mocraTouHo, 4TOOBI 32 HECKOIBKO Ce-
KyHI IpeOBIBaHUS ra3a Ha y4acTKe OT 3aKaJIOYHOTO amiapara 10 KOTJIa-yTh-
JHM3aTOpa S MPEKPAaTUTh Peakiuu Imuponausa. ITocnenyrolinee CHIKEHUE TEMITE-
patypsl 10 400 °C IIpoMCXOAUT B KOTJIE-YTWIN3ATOPE, TAEC TEIUIO Ta30B ITUPO-
JIM3a MCIIOJB3YIOT Ui MMPOM3BOMICTBA BOMSIHOTO ITapa BHICOKOTO NABICHUS.
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TTaporasoBylo CMeCh U3 alIapaToB S HAIPABIBIOT B KOJIOHHY IEPBUYHOMI
pexTUdUKAIMK &. B HIDKHEH 9aCTH KOJIOHHBI ITOTOK OTMBIBAIOT OT CaKU U KOKCa
TSCKENBIM TONIOTUTEILHBIM MAclIOM; BEPX KOJIOHH OpPOINAIOT JETKUM IIOIVIO-
TUTETBHBIM MacjIoM. B HyDKHEN 9acTH KOJIOHHBI KOHIEHCUPYIOT Haubosiee T4-
KeJIyIO YacTh CMOJIBI, KOTOPYIO OTKAuMBaIOT HacocoM 6. YacTh TsoKeno# cMo-
J1B1, IIOIOTPETYIO B armiapate 9, BO3BpAllaloT B HIDKHIOK YacTh KOJIOHHBI B Ka-
4yecTBE TSDKEJIOTO TOITIOTUTEIPHOTO Macia, a OaJlaHCOBOEe KOJIMYECTBO BHIBO-
IST C YCTAHOBKY Yepe3 TeIUIOOOMEHHUK .

ITapora3oBylo CMech C Bepxa KOJOHHBEI & HAIIPaBIJIOT B KOHAEHCATOP-
xonomwibHUK 10, TaM oxnaxnaoT 1o 3035 °C 1 3aTeM pa3feidioT B cenapa-
tope 13 Ha Ta3 MUpPONM3a, HAPABIIEMBIA Ha KOMIIPECCHIO, OYMCTKY M Ta30-
paszelicHue, ¥ OOBOTHEHHBI KOHIECHCAT JIETKOTO MAacia, KOTOPOe OTHEINSIOT
OT BOABL B oTcTOMHuUKe 12. JIerkoe Maciio 9aCTHYIHO ITONAIOT Ha BEPX KOJIOHH &,
a 6aTaHCOBOE KOJMYECTBO IIOC/IE OTIAPMBAHUSA B KOJNOHHE /] OTKAYMBAIOT
C YCTaHOBKW.

CxeMy MUPOJIM3a ra3000pa3HOro ChIphs OT OEH3MHOBOIO OTIMYAET TO, YTO
BOIIHAS IPOMBIBKA T430B IUPOJIM3a 3aMEHEHA MAC/IIHOM U CYIIEeCTBYET JIMILb
nepBUYHAs pekTudukanys. s nepepaboTKI TSLKENOr0 JUCTUIUIATHOIO ChI-
pbst (BaKyyMHBIH ra30ii1b) He0OX0MMMBI 60JIee MATKIIA PEXIM IINPOJIH3a U CTie-
[MadbHbIE MEPhI, HAIllpaBJICHHBIE HA YBEIMYECHUE BPEMEHU O€3pEeMOHTHOIO
npoGera neun. B aToM ciryyae IpOBOIAT MOOYEPENHYIO OYMCTKY OT KOKCa Ofi-
HOT'O MJIY HECKOJIBKIX 3MEEBUKOB IT€UM: U3 HUX Ha HECKOJIBKO YaCcOB YIAISIOT
CBIPBE ¥ Ta3su(pUIMPYIOT 00pa30BaBLIMIACI KOKC.

Ipu IpOMBIITUTEHHOM SKCIUTyaTally YCTAHOBKY IIMPOJIN3a OCHOBHEIE TPYI-
HOCTH OOYCIIOBJICHBI CJICIYIOIIAM:

1) He0OXOMMMOCTHIO YETKOT'O PETYIMPOBAHMSA IPONOJDKUTEIBHOCTH PEaKIIvM,
KOTOPAast IIPH BBICOKMX TEMIIEPATypPax COCTABIISIET OOBIYHO JOJIU CEKYHIIBI;

2) OTJIOKEHMEM KOKCA U CAXU B PEaKIIMOHHOMN 30He U B "3aKJIOYHOM " all-
rapare;

3) HeoOXOIMMOCThIO MMPUMEHEHUS XKapOYIIOPHBIX MaTePUAJIOB,;

4) orpaHMYEHHUEM IIPOITYCKHON CITOCOOHOCTH YCTaHOBKY BCIEICTBUE 3HA-
YUTEIHHOTO YIEIBHOTO 00heMa PeaKIIMOHHONA CMeCH, OOYCIIOBIEHHOIO BBICO-
KOM TEMITIEPATYPO, HU3KUM JIaBJICHUEM U pa30aBIeHUEM ChIPbs BOOSIHBIM I1a-
pom. TlocnenHee 3acTapiseT Ha YCTAHOBKAX CPEAHEN 1 BEICOKOM IIPOITYCKHOM
CITOCOOHOCTH MMETh HECKOJIBKO IEYei.

Huxe nmpuBeneHb OCHOBHBIE MeEXH0.102UHecKue napamempol pexcuma,
TUIIMYHBIE I YCTAHOBOK ITPOM3BOMICTBA ITUJICHA ITUPOIU30M OeH3MHA:

Ileus nuponusza 2

TeMrrepaTtypa B peakMOHHON 30HE, *C .. oo i i 810860
Hasnenue coipbgmaBxome, MITa. .. ... oo i 0,2-0,7
Pacxon BogsiHOTO THapa, % (Mac.):
HAGCHBMH « o v ottt ittt e ie e it e e e e e e et e i i 50
Ha 3TaH-TPOIMAHOBYIO DPAKIIHIO & « v v v v v ee v eeeeein et iaeinenneen, 30
BpeMsI 1IpeObIBaHMs CHIPhS B PEAKIIMOHHOM 30HE, C . oo vt oo v e ea e 0,3-0,5
Jaxanounwiii annapam 3
TemrzepaTypa Ha BEIXOHE, “C . o0ttt e it et e i i i 400—420
Hasnenue pousBopumoromapa, MIda. . ... oo, 12

Ammaparypa. OCHOBHOIA armmapar yCTaHOBKY — 3TO He4b upousa. [as-
HOE Ha3HAYEHME IIeYN IMPOIN3a — UMETh TaKoi 00beM peakiMOHHOM 30HHI,
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9TOOBI CBHIPhE PA3Iarajioch A0 HEOOXOMMMOU IMTyOMHBI B KOPOTKUM OTPE30K
BpEeMEHHU. B I1euu CylecTByIOT KOHBEKIIMOHHAS U paiaHTHAasI KaMephl. B mep-
BOM MPOUCXOOUT HATPEB M MCIIAPEHME CHIPhS, a BO BTOPOM IIPOTEKAET €ro pas-
JIOXKEHUE.

Panee cTpomiuch MeYu ¢ TOPU3OHTAIBHBIMU JIBYXTIOTOYHBIMM 3MEEBUKA-
MU, B KOTOPBIX BpeMsI IpeObIBaHUS CHIPhI B 30HE peakiuu pocTurano 0,8—
1,0 c, a remneparypa nuponusa cocrasisia 750—780 °C. HemocTaTtky 3THX
Ieyeil 3aKII0YaINCh B HEPAaBHOMEPHOCTH PACIIPENEICHUS TEIUIOTRI, CIOXHO-
CTH YIPABJICHUS IIPOLIECCOM CKHMTAHUS TOIUIMBA, HEOOXOMMMOCTH CO3MaHU
CJIOXHBIX OITOP U3 BHICOKOJIETHPOBAHHEIX CIUIABOB M ap. Ha cMeHy sTHM I1e-
yaM MPUIIUIA TIE9M C BEPTUKATHFHBIM PACIIOIOXEHUEM TPYO B 3MEEBHKE, B KO-
TOPBIX OOECIIEYNBAIOT KECTKUI peXXM ITHposm3a — Temueparypy 810—860 °C
¥ BpeMs kKonrakra 0,3—0,5 c.

Jns1 yBeTWYEeHWSI OTHOCUTEILHOM TOBEPXHOCTH TPYO (T. €. ITOBEPXHOCTH,
MPUXOISIIECHCSA Ha eNUHULYY PEaKIIOHHOTO 00heMa) TIEYH JeNIal0T MHOIOMO-
TOYHBIMU, OHU UMEIOT 4—6 mapajuielIbHBIX ITOTOKOB. O0BEM PEeaKIIMOHHOIO
3MEEBUKA TOJDKEH 00ECIICUNTh 3aBEPIICHIE PEaKIIM 32 KOPOTKHUM ITPOMEXKY-
TOK BPEMEHU. DTOTO JOCTUTAIOT MHTEHCUBHBIM, K B TO 3X€ BPEMS CTPOrO paB-
HOMEPHBIM, 000TrpeBOM TPyO 3MEEBHKA, MCITONB3Y! II€UX C ITAHETBHBIMU I'O-
pelKaMu W OOHO- WX OBYXPSIHBIM 3KPaHOM JIBYXCTOPOHHETO OOJIyJSHMS.

Cxema 1eum BEICOKOTEMITEpaTYPHOTO IIMPOoJIi3a n300paxkeHa Ha puc. 3.26.
ITogorpetoe chiphe (OEH3WH) MOCTYIIAET B 3MECBUKH HU3KOTEMIIEPATYPHOMI
30HBI KOHBEKIIMOHHOM KaMephl 1, rie ero HarpesaioT o 157 °C ¢ 4aCTUIHEIM
ucrnapeHueM. Ha Beixone 13 BepxHEH 30HBI KOHBEKIIMOHHOMN KaMephI ChHIPhE
CMEUIMBAIOT C BOISHBIM I1apOM, U cMeCh ¢ TemIeparypoi 185 °C moctymaer
B 30HY BEICOKOTEMIICPaTYPHOH KOHBEKIINH, ITie €€ HarpeparoT 1o 545 °C u ma-
Jiee HaIIPaBIIIOT B PalMaHTHYIO KaMepy JUIA ITOAO0rpeBa 10 TEMIIEPaTyphl peak-
mvu. KonmmyaecTBo mapa s pasbasinenus coctasigeT 50—60 % (mac.) ot pac-
xona OeH3uHA.

Dta neyp Tura SRT-1 paspaborana xKomria-
Buen Lummus Crest Inc. Ilequ mpoamn3a KoMIia-
Hutt Stone& Webster Eng.Co., Linde, Technip,
Mitsubishi, sBIsIIOIMXCS TUAEPaMU B pa3paboT-
K€ TEXHOJIOTHI IIpoIecca MUPOIN3a, CXOXHU IO
KOHCTPYKIIMM, OJHAKO MMEIOTCI ¥ HEKOTOPBIE
pasmuust. Harmpumep, komnaums Stone& Webster
Eng.Co. B IIeyax mIpoJIn3a UCIOIb3YET BHICOKO-
kayectBeHHBI U-00pasHbIid 3MEEBHUK, KOTOPHII
obecrieunBaeT BEICOKHIA BEIXOM 0JIE(MHOB U ITH-
TEJIBHBIN CPOK cIyk0b1. KpoMe Toro, mpumens-
10T 0cO0OBIE TOPENKM, KOTOpBIE 00J1agaioT bosee
BBICOKOM IUIOTHOCTBIO TEILIOBOTO ITOTOKA, YTO

v

Puc. 3.26. IIpyanunnansHaa cxeMa rneds BbICOKOTEMIEpa-
TYPHOTO IIMPOJIH3A:

1, 2 — KOHBEKLMOHHAs KaMepa, HU3KOTeMIepaTypHast ¥ BhICO-
KOTeMIIepaTypHas 30HbI; J — paguaHTHas Xamepa; /| — Chiphe;
Il — nap; III — ra3 nuponusa (nuporas); /¥ — IBIMOBHIE ra3sl
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[I03BOJISIET CHU3HTD UX YHCIIO ¥ TIOJIEPXUBATh CTAOMILHOCTD IIAMEHH B -
POKOM MHTEPBaJIe MPOU3BOMUTENBLHOCTH. DTH TOPEIKM YIOOHL TaKKe B 00-
CIIyXUBAHUM 1 OecIIyMHBI B 9Kciutyatauuu. KoMmnanuga Technip cienpannsu-
pyeTcd Ha UCITONB30BaHMU Ieueil BhICOKOM IpoussBoauTensHocta (150—220
TBHIC. T/TOI 3TWIEHA), KOTOPHIE Ha3BaHbI "Yasmpaghop'. Ha HUX yCTaHOBIICHBI
3MEEBUKM 0CO00I KOHCTPYKIIUM C IIEJIbIO ITOBHIIIEHUS CENEKTUBHOCTH IIPO-
pecca 3a CUET CHIDKEHMSI BpeMEHM KOHTAKTa, YTO ITO3BOJISIET IIPOIUTH CPOK
CIIyXOBI 3MEEBHKA C OOBIUHBIX ITSITH 0 BOChMU JieT. Kommanwus Linde npenia-
raeT ik BHICOKOIIPOM3BOMUTENBHBIX TeYell KOHCTPYKIINIO, B KOTOPOil CyIie-
CTBYIOT JIB€ KaMephl pamyallii ¥ OgHa KOHBEKIMH. JJIs HUX XapaKTepHBI BbI-
coxue 3HadeHusa KIIJI B pe3ynsraTe MaKCUMaJIbHO BO3MOXHON YTHIM3AINI
TEIUIA IBIMOBBIX ra3oB. KpoMe Toro, KOMIIaHusI OpUEHTUPOBAHA Ha MCITONIB30-~
BaHUE TOPEJIOK, KOTophie BHOCAT OT 60 mo 80 % rteruta. Kommanusa Mitsubishi
IipelJiaraeT BLICOKOIPOM3BOIUTEbHBIC IT€UH, B KOTOPHIX KOHBEKIIMOHHAS Ka-
Mepa pacloJioXeHa HIDKe paIuaHTHOM, TIeYh IMeeT HIDKHIO TAary. O0orpeBa-
IOT €€ Ta30BBIM WJIM XUAKHUM TOIUTMBOM, CXHUTaeMbIM B FOpejikax, pa3sMeIeH-
HBIX B IIOTOJIOYHOM YaCTH ¥ Ha OOKOBBIX CTEHKaX. [[bIMOBOI ra3 HaIIpaBIISIOT
B IIBIMOBYIO TPYOy C TIOMOIIBIO BEHTMJISITOPOB, CO3IAIOIIMNX Pa3peKeHIE B HILK-
Hell 9aCTh KOHBEKIIMOHHOM CEKIIHH.

Jns muponu3a TSKEJIOTO ChIPhSI IOMUMO TI€YHBIX arperaToB MCIIOIb3YIOT
PEaKTOPHI C TICEBIOOXIVDKEHHBIM CJIOEM MHEPTHOTO TBEPIOTO TEILUIOHOCUTENIS
(0OBIYHO KOKCOBBIE I'PaHYJIbI) MU C ABWIKYIIIAMCS CIOEM KPYITHOTPAHYIUPO-
BaHHOTO TEIUIOHOCUTEJNS, YTO MO3BOJISIET CHU3UTH KOKCOOOpa3oBaHUe.

3aKaJOYHBIN aImapar IpeacTaBsaeT coboi TeIUIOOOMEHHIK, IT0 TPYOHO-
MY IIPOCTPAHCTBY KOTOPOT'O MPOXOIMUT IMPOIU3HEIM Ia3, a B MEXTpyOHOE
TIOIAI0T XUMUYECKY OUYMINEHHYI0 BoLy. MeXTpyOHOE IIPOCTPAaHCTBO COEHM~
HEHO TpyborpoBomaMu ¢ bapabarnoM-napocboparKoM. CyIIecTBYIOT pa3imd-
HBle KOHCTPYKIIMM 3aKaJIOYHBIX allllapaToB, OTJIMYAIOMINECS PACTIONIOXE-
HMEM TeIUIOOOMEHHBIX TPYO, XapaKTepoM CBS3H ¢ 6apabaHOM-11apOCOOPHUKOM
T IL

3.2.7. TEPMUYECKU KPEKUHTI C BOJIOPOJIOM

YcnoBus nanHoro mpounecca: Temmneparypa 350—550 °C u moBhIIIEHHOE
nasnenue. Ilponecc mportexaer B cpene Bomopoaa. K aToii rpyriie mporeccos
CJIEAyYeT OTHECTH TEXHOJIOTUY TMIPOBUCOPEKIHTA, & TAKKE TEPMOTHIPOKPEKIH-
ra BO B3BEILICHHOM CJIO€ aficOpOeHTa.

3.2.7.1. THAPOBUCBPEKHHI I'VIPOHA

IIpornecc ocymmecTBISIOT 6€3 KaTalu3aTopa ¢ pelupKyIsIeil BOgopoia Ipu
temriepatype 380—420 °C u mapnenuu 12—15 MIla. OH mporekaeT 6e3 3Ha4M-
TEJILHOTO KOKCOOOPa30BaHusl, TaK KaK IPY BRICOKOM JTaBJIEHUM PAcTyT PacTBO-
PUMOCTB BOAOPOAA B HE(MTIHBIX OCTaTKaX M CKOPOCTDH PEAKIIMK TUIPOBUCOpe-
kuHra. CreneHs npeBpalleHus ryaqpoHa coctanisgeT 60—66 % (Mac.). ITpouecc
paspabotaH kommanueii "JIypru" 1 arnpoOUpoBaH Ha IMIIIOTHOM YCTAHOBKE.

B I'VII "UnctutyT HedTexummnepepadbotku Pecriy6muku bamxoprocran”
paspaboTaHa TEXHOJIOTUS TUIPOBUCOpEeKMHTa Mpu TeMmieparype — 500 °C,
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JasneHu — 5 MITa, 06beMHOM CKOPOCTH NoAady chipbsa — 0,3 u~1, nupkynsg-
1uy Bopopona — 750 HM3 /M3 chIpha.
Bvixo0 npodyxmos [ % Mac.)] IpefcTaBieH HILKe:

1< J O N 11,0
Bersmu (HK.—160°C) . ot e 6,3
Jlerxkuit rasois (160—340°C) . ... oot e 29,2
OcTaToR (> 340 P ) . i e e e 53,5

ITorpe6nenue Bogopona cocrasigeT 1 % (Mac.). OcTaToK ruipOBUCOPEKIH-
ra ryaposa comepxurt 1,2 % (mac.) cepsl [B HCXOIHOM ryapoHe — 2,3 % (Mmac.)],
€r0 MOXKHO HICIIOJIb30BaTh KaK KOMITOHeHT Ma3yTa M 100 (BYg, = 16,0). IIpo-
1IeCC MCITBITAH Ha MIIOTHOM YCTaHOBKE.

3.2.7.2. TEPMOTHIPOKPEKWVHI' BO B3BEILIEHHOM CJIOE ACOPBEHTA

Wi3BecTHBI 1BE TEXHOJIOTUM TEPMOTHAPOKPEKMHIA BO B3BEIICHHOM CIIOE
ancopbenTa — 3TO TexHoNorus "AuHa-KpeKuHr" u TexHonorusa Veba Combi
Cracker (VCC). O6e TexHONIOTUY O0BEIUHSIET TO, YTO aICOPOCHT SIBIISIETCS HEM-
TPILHBIM ¥ €70 SKCIUTyaTUPYIOT BO B3BEIIEHHOM IICEBIOOXIDKEHHOM COCTOSI-
HuK. OJHAKO B CIy9ae TEXHOIOTUH "{uHa-KpeKUHT" BOZOPO ITOIYJaioT B IIPO-
necce ra3nduKaly KOKCa B TOM K€ PEaKTope, B KOTOPOM BEIYT TEPMOIHI-
POKpPEeKUHT, a 1o TexHonorun VCC — BOIOpoOnd HONAaIoT B peakTop U3BHE.

3.2.7.2.1. TEXHOJIOTUA "TNHA-KPEKWHI™

Texnonorua "IuHa-kpexunr" komnanuu Hydrocarbon Research (CIIIA)
MO3BOJISIET TepepabaThIiBATh OCTATOYHOE CHIPHE C BBEICOKOU KOKCYEMOCTBIO
1 OOJIBIIIMM COJEPKAHUEM COSIMHEHUI METAJIOB, a30Ta U cephl. IIpuHIMIIH-
aTbHAasl cXeMa Ipollecca mpeAcTaBieHa Ha puc. 3.27.

Cripbe, mociie HarpeBa B meuu I no temmepaTypsl 500—-760 °C, BBomaT
B BEPXHIOIO 4acTh TPyOYaToro peakropa 2 1 IOABEPTAIOT TEPMOKPEKUHTY
B "KMIIALLEM" CJIO€ MHEPTHOTO TEIUIOHOCUTEIIS B IPUCYTCTBMH BOTOPOACOIEP-
JKalero rasa rnpu gasiueHuu 2,8 MIla u Bpemenu peakium 1o 1 MuH.

Bonmopon nmoctymnaeT ¢ HYKHEUW CeKIMHM 4epe3 30HYy OTIIapuBaHMs. AICOp-
OCHT HaXOAUTCH B MCEBIOOXIDKEHHOM cocTOSHMM. KOKC ocaxmaercs Ha an-
copOeHTe, KOTOPHIY Yepe3 30HY OTIIapUBaHUS ITOCTYIAET B HIDKHIOI CEKIIHIO.
YeM HUXE TEMIIepaTypa mpolecca, TeM OoJbIIe 00pa3yeTcs XKMIKUX IIPOIYK-
TOB. B HIDXHEH ceKUMM peakTopa IPOMCXOANT ra3uduKanys KOKca IapoKuC-
JopoxHoi cmeckio rpu Temiteparype 1000 °C ¢ obpazoBanuem CO u H,. BroT
ra3 IOCTYIIAET B BEPXHIOIO CEKIIUIO peaKkTopa, 00ecTIeunBas Peakiliio TEPMO-
TMAPOKPEKUHTA.

PereseprpoBaHHEIHM ancOpOEHT THEBMOTPAHCIIOPTOM ITOJAETCS B BEPXHIOIO
CeKLMIO peakTopa. Takum 006pa3oMm, 1o TexHOMOoruH "InHa-KpeKHUHT" TIpoIece
OCYIIECTBIISIOT €3 TToAaYX BOHOPO/Ia U3BHE, a JIUIIb 3a CYET 00pa30BaHUs BO-
Jopofa B mpoliecce ra3uduKaluy.

IIpomykroBasi cMech U3 peakTopa 2 IMOCTYIAET Ha pa3ieicHue B PeKTU(dU-
KalIMOHHYIO KOJIOHHY J, THE OTHENSIOTCS Ta3, OSH3MH, JETKIUA 1 TSoKEIbI ra-
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Puc. 3.27. Cxema TepMOrdapOKPEKHHIa OCTATOYHOIO
CBIPbS T0A AaBJEHHEM 110 TEXHOJIOrHH "JIuHa-KpeKuHr':

1] — neup; 2 — peakrtop; 3 — pexTU(UKALWOHHAsg KOJOHHA;
4 — cenaparop; 5 — OTIapHas KonoHHa; | — ceipee; II — ras;
I — 6ensun; IV — somsiHoM map; V — Jerkuil razoisb;
VI — Tsoxenstii rasoitns; VI — pewwpkynar; VIII — napoxuc-
NopoiHasg cMech; [X — KOHIeHcaT

30JIb, IIPU 3TOM YaCTh TSLKEIOTO Ta30iIs BO3BPALIAECTCS B CHIPhE B Ka4YECTBE

peLUpPKYJISITA.

BrIXoz IIPOIYKTOB 3aBUCHUT OT TEMITEPATyPHl B 30HAX TEPMOTUAPOKPEKMH-

ra 1 rasuuKaIyy, a TAKXKE OT PELUPKYIILNN TKEIIBIX JUCTHILIATOB.

Huxe nipuseneH mamepuasuoii 6asanc [% (Mac.)] mporecca Ipy TeMIIE-

patype 524 °C.

Bzamo

1Y, 17 2 = GO AP
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Opakimst Cy—204 "C o .o e 2
OpakIHA > 204 °C . o 3
KOKC « ottt e e e e e e 2
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IMapumanpHOe IaBICHHE BOIOPOLA B 30HE TEPMOTUMAPOKPEKUHIA COCTAB-
nser 1,0 MITa, npy 5TOM IPOUCXONUT 3aMETHOE TUAPOOOECCEPUBAHYE U THI-

PUPOBAHUC JUCHOBBIX YITICBOHOPOIOB.
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3.2.7.2.2. TEXHOJIOT'YAA VEBA COMBI CRACKER (VCC)

B ocHoBe 5T0i TexHOMOrMN HEedTEepepabOTKI JIEXUT IIPOLIECC OXKITKE-
HUS YIJIeW WA TUOPOTEHM3alMs YIJIeH B XUIKO dhase, CO3MaHHBI HEMELKH-
mu xumukamu @. bepruycom u M. ITupom B 1913 . B Iepmanuu 1o sToif Tex-
Hojoruu ¢ 1927 o 1944 rr. pabotao 12 ycTaHOBOK 0OIIEH IIPOU3BOIUTEIHHO-
CTBIO 4 MJIH T B TOJI, ITO XUAKOMY TOIUMBY. TIporiecc IpoBOAMIN IIpU TeMIIe-
patype 400—450 °C, napnerym 30—70 MITa B ipucyTeruu Bonopona. ITocie Bro-
pout Muposoit Boiiabl CoseTckuii Cor03 110 KOHTPUOYLIMY BBIBE3 IIAThH YCTAHO-
BOK, HO OHM He OBUIN 3aITylIEeHBI, TaK KakK ITOJydeHHE TOIUINBA U3 He(DTH ObLIO
HaMHOTO JelIeBie, YeM U3 yria. B 1960-e It u3-3a HM3KOU PEHTA0EIbHOCTH
OCTaJIbHbIE YCTAaHOBKY OBLIM OCTaHOBJIEHHI U JeMOHTHpOBankl. B 2006 . aHr-
JiicKas KoMITaHusA BP COBMECTHO ¢ aMe