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Beenenune (Introduction)

XuMudeckasi TEXHOJIOT s He()TH U ra3a OCHOBBIBAETCS HA TIpolieccax (PU3NIecKoro
pasziesieHusi KOMIIOHEHTOB He(DTU U T'a3a, MX XUMUYECKHX MpeBpaieHusx. [lepBbiM sTanom
paboThl ¢ HE(THIO SIBISETCA €€ IMOATOTOBKA, 3aKIIOUAIOIIAscs B O0E3BOKMBAHUU U
oOecconMBaHuH, T. €. YAAJIEHUN BOJbI U pa3IMuHbIX cojieil. [lanee cienyer ee pa3aeneHue
Ha (pakuuu. BHayane BbIIesiOT OCH3MHOBYIO (PAKIMIO, 3aTEM CBETJIbIE AUCTUILIATHI
(xepocuH, AU3EIbHOE TOTUIMBO) U Ma3yT. Ma3yT pa3fessoT Ha (ppakLuu Mo BaKyyMOM Ha
BaKyyMHbIE (DpaklMU: BaKyyMHBIH Ta3oisib U TyapoH. Paznenenue HedTH Ha (pakiuu
(pextudukanus) sBisieTcs GU3MUECKUM ITANOM nepepadoTku HedTu. [lanee HaunHaeTCs
COOCTBEHHO XMMHUYecKas nepepaborka HepTu. Ciae0BaTeNbHO, Ha MEPBBIH IJIaH BHIXOASAT
NPEJCTABICHNUS O XUMHUYECKOM MpHUpojie M cocTaBe He(TH M rasza, UX NOBEACHHE IMpPU
MOBBILICHHBIX TEMIIEPATypax U JaBJICHUU.

CoBpeMeHHbIE Mpolecchl NepepabOTKM  HaIpaBlIeHbl Ha HUCIOJIb30BaHHUE
Oorareliero XMuMU4ECKOro NoTeHuuana Hetu, 00yCIOBIEHHOTO IIUPOKUM TI'PYNIIOBBIM
COCTAaBOM YIJIEBOJIOPOJAOB W TE€TEPOATOMHBIX COeIMHEHHH. JJii moMydeHUs HyXKHBIX
OpPraHWYECKUX BEIECTB, MOBBIIIEHUS KAaueCTBAa MOTOPHBIX TOIUIMB M HMX OYHUCTKHU OT
BpPEIHBIX TpPHUMECEH B MPOMBIIUICHHOCTH He(TsHble (pakiuu W WHAUBUAYaTbHBIC
YIJEBOIOPOABl  MOJBEPIralOT  TEPMUUYECKOMY  (TEPMUYECKMH  KPEKUHI, IHUPOJIH3,
KOKCOBaHHE), TEPMOKATAIUTUYECKOMY (KaTaJUTHUYECKUH KPEKUHT, KaTaIUTHUYECKUH
pUGOPMUHT, H30MEpU3alMsl, AJKUIUPOBAHUE) BO3AEHCTBUIO U TUAPOTEHU3ALUHU
(TUIPOKPEKUHT, TUAPOOUYMCTKA). Yaiie Bcero mnpsMOTOHHbIE HedTAHbIE GpaKiIuu
(TonuuBHBIE (PpaKLMKM) HEIB3S CPa3y UCIIOJIb30BATh HA TPAHCIOPTE, TAK KAK OHU SIBJISIFOTCS
HU3KOKAUECTBEHHBIMU, C OOJBIIMM YHCIOM BpEAHbIX (HampuMep, CEPHUCTHIX)
coenquHeHnii. Kpome Toro, mnpsiMoroHHele He(dTsAHbIe ¢Gpakuu 00JaJal0T HU3KUM
OKTaHOBBIM uynciioM. [loaToMy mocie pektudukanny OeH3UHOBBIE PPaKIMK MOCTYNAIOT HA
pUGOPMUHT, Iie IPOUCXOAUT MpeBpalleHre Napa(uHOBBIX U HAPTEHOBBIX YTIEBOIOPOIOB
B apoMaTtuueckue. KepocuHOBYI0 M TU3eIbHYI0 (Ppakiyy MOJIBEPTaloT THAPOOUYHUCTKE OT
reTepoaTOMHBIX COEIMHEHUI (OpraHMYecKUX COEAMHEHUH, CKeJeT MOJEKYJbl KOTOPBIX,
MIOMHMO aTOMOB yTJjiepoja, Jaie Bcero coaepxut aroMbl O, N u S). BakyyMHbBIH ra3oiiib,
TYJIPOH U Ma3yT, COAepKalllie 3HAYUTEIbHOE KOJIMYECTBO apOMATHUECKHUX YTIIeBOIOPOJIOB,
MOCTYNAlOT Ha YCTAHOBKHU KaTAJIMTUUYECKOIO KPEKMHTra, TUAPOKPEKUHIa U KOKcoBaHus. B
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TaK)XK€ MOKET 00pa30BBIBATHCS TBEP/ABIA MaTepuall, Ha3bIBAEMbI KOKcOM. M3oMepu3anmst
U aJIKWJIUMPOBAHUC CIIYy)KaT OJid nepepa60TKH ra3joB W HHU3KOMOJCKYIAPHBIX KHAKHX
YIJIICBOOOPOAOB I ITOJYUYCHHS BBICOKOOKTAHOBBIX TOINNIMB, W HX KOMIIOHCHTOB. B
HedTenepepabOTKe CYIIECTBYIOT TPH OCHOBHBIX cCrHocoba mepepaboTku HedTu: 1o
TOIUTMBHOMY, MACJITHOMY U HE()TEXMMHUYECKOMY BapHaHTy. B mepBoM cirydae OCHOBHBIM
IIPOAYKTOM SABJIACTCA TOIIJIMBO, BO BTOPOM — Macjia 1 CMAa304YHBIC MAaTCPUAJIbI, B TPETHEM
— CBbIPBC I Heq)TeXI/IMI/I‘-IeCKOFO CHUHTCE34a. HpOI/ISBOI[CTBO Macell u Hapa(i)I/IHOB UMECTCA
HC Ha KaXIA0M 3aBOAC, UYTO 06y0JIOBJ'IeH0 Ka4€CTBOM Hepepa6aTI>IBaeM0171 HC(bTI/I. Yr100HBI
IIOJIYYUTb BBICOKOKAUYCCTBCHHLIC MacCJIa, HCOGXOI{I/IMO BaKYYMHBIC (i)paKLlI/II/I He(bTI/I
HaIllpaBUTb HAa YCTAHOBKHU OKCTPAKIHUH U L[enapa(bnﬂnsaunn JJIs1 BBIACJIICHU S 0a30BBIX
MaceJl, KOTOPBIC 3aTCM CMCIIMBAIOT C IIPpHUCAAKAMH, IT0Jy4asa TOBAPHBIC CMA30YHBIC MacCjia
[1].

Introduction

Chemical technology of oil and gas is based on the processes of physical separation
of oil and gas components, their chemical transformations. The first stage of working with
oil is its preparation, which consists in dehydration and desalination, i.e. removal of water
and various salts. This is followed by its division into fractions. First, the gasoline fraction
is isolated, then light distillates (kerosene, diesel fuel) and fuel oil. Fuel oil is divided into
fractions under vacuum into vacuum fractions: vacuum gas oil and tar. The separation of
oil into fractions (rectification) is a physical stage of oil refining. Then the actual chemical
processing of oil begins. Consequently, ideas about the chemical nature and composition of
oil and gas, their behavior at elevated temperatures and pressure come to the fore.

Modern refining processes are aimed at using the richest chemical potential of oil, due
to the wide group composition of hydrocarbons and heteroatomic compounds. In order to
obtain the necessary organic substances, improve the quality of motor fuels and purify them
from harmful impurities in industry, oil fractions and individual hydrocarbons are subjected
to thermal (thermal cracking, pyrolysis, coking), thermocatalytic (catalytic cracking, catalytic
reforming, isomerization, alkylation) exposure and hydrogenation (hydrocracking,
hydrotreating). Most often, straight-run oil fractions (fuel fractions) cannot be used
immediately in transport, since they are of low quality, with a large number of harmful (for
example, sulfur) compounds. In addition, straight-run oil fractions have a low octane number.

Therefore, after rectification, gasoline fractions are sent to reforming, where paraffin and
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naphthenic hydrocarbons are converted into aromatic hydrocarbons. Kerosene and diesel
fractions are hydrotreated from heteroatomic compounds (organic compounds whose
molecular skeleton, in addition to carbon atoms, most often contains O, N and S atoms).
Vacuum gas oil, tar and fuel oil containing a significant amount of aromatic hydrocarbons are
supplied to catalytic cracking, hydrocracking and coking plants. As a result, a certain amount
of light petroleum products and gases is obtained, and a solid material called coke can also be
formed. Isomerization and alkylation are used for processing gases and low molecular weight
liquid hydrocarbons to produce high-octane fuels and their components. In oil refining, there
are three main methods of oil refining: fuel, oil and petrochemical options. In the first case,
the main product is fuel, in the second — oils and lubricants, in the third — raw materials for
petrochemical synthesis. The production of oils and paraffins is not available at every plant,
which is due to the quality of the refined oil. To obtain high-quality oils, it is necessary to send
vacuum fractions of oil to extraction and dewaxing plants to isolate base oils, which are then
mixed with additives to obtain commercial lubricating oils [1].

1 Onucanue TeXHOJOTHYECKHUX MPOIIECCOB

1.1. Ilepepabotka nHedTHn

HedrenepepabatriBatomue 3aBoabl (HII3) cTtposr B permonax mnotpeOieHuUs
HedrenpoaykTtoB. HII3 00bI4HO yaaieHbl Ha THICSYH KMJIOMETPOB OT MECT JOOBIYU HEPTH.
Hedrexumuueckne 3aBompl (HX3) wu npenmpusitus OpraHM4ecKOro  CHHTE3a
pacnonaratorcs BOmu3u HII3 wnm Ha onHON NpOMBIIUIEHHON TeppuTopuu. Jlms
IIPOU3BOACTBA Ka4YCCTBCHHBIX 6I/ITYMOB, He(I)TSIHOFO KOKCa H OTACJIBHBIX COPTOB
He(pTIHBIX Macen TpeOyroTCs ChenualibHble BUABI ChIpbsi. K  mnpumepy, u3
BbICOKOTIApaPUHUCTHIX He(dTEl BeCchMa CIOKHO MOJYyYUTh KaYECTBEHHBIE OUTYMBI, a U3
BBICOKOCEPHUCTBIX HePTEH — MalloCepHUCTHIM KOKC. CyIlecTBYIOT pa3Hble BapHAHTHI
TCXHOJIOTUYCCKHNX CXEM nepepa60T KU HG(i)TI/I H, CJICA0OBATCIIBHO, T €XHOJIOTHYECKOMN CXEMBI
HedTenepepabaThIBAIONMICTO 3aBOJIa B II€JIOM: TOIUIMBHBIM, TOINIMBHO-MACIISIHBIN H
TOTUIMBHO-MacisiHO-HedTexumuueckuid. Ilo nepBeiMm n1ByM cxemam HII3 mpousBoaut B
OCHOBHOM He(I)TﬂHLIe TOILUIMBA: OEH3MHBI, peaKTUBHOE, OU3EJIBLHOEC, ra30Typ6HHHoe,
KOTEJIbHOE, a TaKke HeTSIHbIe Maciia, BO3MOKHO U MIPOU3BOJICTBO MapaduHOB, OUTYMOB
U HHOT'Ja HC(I)T}IHOFO KOKcCa. COBepIHeHCTBO TEXHOJIOTUYECKOU CXEMBI Hepepa6OTKI/I

HC(I)TI/I OLCHUBACTCA PAIOM TCXHHKO-3KOHOMHYCCKHX rokKasartesiei. OI[HI/IM U3 HUX I
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peIBapUTEIbHON U YCIOBHOM OIIEHKU CITY>KUT TaK Ha3blBaemas TIIyOMHa nepepadoTKu
Heptu (I'TIH) [2]. Bennunnaa I'TIH ompenensercs mo OJHON W3 METOAWK BBIYETOM H3
KOJIMYecTBa IepepadOTaHHOM HEePTH BajJOBOrO KOJIMYECTBA TOIMOYHOIO MaszyTa
(KOTENBHOTO TOIUIMBA), 0€3BO3BPATHBIX MOTEPh MPOU3BOJICTBA U KOJIMYECTBA CYyXOro ra3a
KAaK 3aBOJICKOrO TOIUIMBA. Takol MOAXOJ IO3BOJIAET OLEHUTh IIIyOMHY NepepadOTKu
He(TH HE3aBUCUMO OT €€ KayecTBa (UTO BaXKHO JJISl Pa3HBIX MO KAa4ecTBY He(Teil) U OT
Habopa texHosiornueckux npouneccoB Ha HII3. [lo apyroi meroguke Benmnumua ['TIH
ONpeaeNsIeTCs KaK OTHOILIEHUE K epepadaThiBaeMON HEPTH CyMMBbI IOTEHIIMAJIA CBETIIBIX
dpaxuuii (OEH3MHOBOM, KEPOCUHOBOW U TU3EILHOMN) U IOMOJHUTEILHOTO 0TOOpAa CBETIIBIX
dbpakiuii, mojydaemMbixX pu nepepadoTke Mazyta. [loTeHiuan ceeTibix ¢hpakiuii B HehTU
HaXOAMUTCA, B CBOIO OYEpEb, IO OJHOMY U3 4— 5 npuOIMKEHHBIX METOI0B (HapuMep,
Kak cyMMmapHbiii oTO0p Bbikunaromux ;10 350° C ¢pakmuit mo mabopaTopHON KPUBOM
¢paxunonHoro cocraa Heptu HTK). Ognako gakrtuueckuii oTO0p CBETIBIX Ppakiuil B
IPOMBILUIEHHBIX YCJIOBMSIX IOJIy4aeTcs HWHBIM, MPU ATOM BIIMSHUE KauyecTBa He(TH
CTAHOBUTCS TAKXKe CyleCTBEHHbIM. B 00oux ciyuasx Benuunna ['TIH ocTaercs yciioBHbIM
MOKa3aTesieM, OHa HE OLIEHUBAET COMIOCTABUMO MHOTHE OCOOEHHOCTH MepepadoTKu HEPTH,
HampuMep IMPOU3BOJICTBO Pa3HOOOPA3HBIX YIJIEBOJOPOAHBIX ra3oB, HE(YTAHOTO KOKca,
OMTYMOB, Macejl, apOMAaTHKd M Jp., a TaKXKe, UYTO BaXXHO B HACTOsSIIEe BpeMms,
JKCIUTyaTallMOHHbBIE 3KOJIOTMYECKUE XapaKTEPUCTUKN TOBAPHOM MPOAYKIMH (COAECPKAHUE
Cepbl, apOMATUKHU U JpP.). ACCOPTUMEHT MPOIYKLUHUU 3HAYUTENIbHO PACIIUPSAETCS, €CIU B
coctaB HII3 BkiItounTh HEPTEXUMHUECKHE MPOU3BOACTBA, KOTOPHIE HUCIONB3YIOT TAKUE
BUJBl CBIPbSl, KAaK MPSIMOTOHHBI OEH3MH, JIETKHUE MapapuHOBBIE YIIIEBOJAOPOIbI
(CKMKEHHBIE), apOMaTHYECKUE YIJIEBOJOPOJIbI, KUAKUE U TBepble MapaduHBbI.
l'omoBueiM  mporieccom HX3 B OONbIIMHCTBE  COydaeB  SBISCTCS — MMHPOJIH3
YTJIEBOJOPOAHOTO ChIPbsl C MOJYYEHHEM JTUJICHA, MPOMUJIEeHA, OyTHIICH-AUBUHUIBHOMN
dpakuuy, SKUJIKUX TNPOAYKTOB muposi3a. Ha OCHOBE H3THX TNPOAYKTOB Jaiee
OCYIIECTBIISIETCS IIUPOKasg TaMMa HepTexuMudeckux cuHTe30B. HedTh 006e3B0kMBaeTCs
U 00ECCOJIMBAETCS Ha CHElHaNbHBIX OJOKaxX WJIM yCTaHOBKAaxX, a 3aTeM arMoc(epHoi
pekTudukanuen pasnensercss Ha atMocdepHble (IPSMOTOHHBIE) IUCTUIUIATHI —

OEH3MHOBYI0, KEPOCUHOBYIO U TW3€NbHYI0 (pakiuu. beHsuHoBast ppakius Ha yCTaHOBKE



(6110K€) BTOpUUHON peKTU(HUKAIIMU ISTUTCA Ha TPU Y3KHUe OEH3MHOBBIE (DpaKIuu, iepBast
HaIlpaBJIseTCsl HA YCTAaHOBKY M30MEPHU3alliU, BTOPAs UJIET HA YCTAHOBKY KATAIMTUYECKOTO
pudopMuHTa (CEKIMS apoMaTU3aluu) JJi MOJdy4YeHus OeH30ja, TONyoja U KCHJIOJIOB,
TpeThsi (TsKEIbIA OCH3WH) — HA YCTAHOBKY KaTalduTHueckoro pudopmunra. Yacth
MPSIMOTOHHOTO O€H3MHa, a Takke OeH3uH-paduHaAT pudOpPMUHTA (CEKIIUU apOMATH3AIIH )
MOTYT HCIOJIb30BAaThCSl KaK ChIPbE I NUPOJM3HBIX YCTaHOBOK. KepocwHOBas
au3enbHass (QpaKkuM OYHMINAIOTCA OT CEPHUCTBIX COCJUHEHHM Ha YCTaHOBKaX
rUAPOOYMCTKH. YacTh au3enbHOM  (pakuuu JaenapauHUZMpPYETCs, TMpPU  3TOM
BbIpa0aThIBAIOTCA KUJKHE NapadUHbl U 3UMHEE TU3EIbHOE TOIUIMBO. ['a30Bble MOTOKU
atMocepHOd  pekTu(ukauum  HepTH W KaTaIUTHYECKOro  pudopmuHra
nepepadaThIBalOTCS Ha Ta30(pakUUOHMPYIOIIEH YCTAaHOBKE C IOJIYYEHHEM TOBApPHBIX
CKIDKEHHBIX Ta30B (MpomaHa, H-OyTaHa, U300yTaHa, H-NIEHTaHA, W30IeHTaHa). MazyT-
OCTaTOK aTMOC(EpHOW peKTU(UKAIMU HEPTH BBITYCKAETCS B KauyeCTBE TOBApPHOIO
KOTEJIbHOTO ToIulMBa. YacTh Ma3yTa HampaBiseTcss Ha OJOK €ro BaKyyMHOMU
peKTU(QUKALNU, TI€ OH pa3AeiaeTcs Ha IBa-TPU BaKyyMHBIX AUCTHILIATA (B 3aBUCUMOCTH
OT HAaJIM4YWsA TNPOU3BOJACTBA Macela) M OCTaTOK-TyApoH. ['yapoH HampaBisercs Ha
YCTaHOBKY NPOU3BOICTBAa OUTYMOB. CepOBOJIOPO/I C YCTAHOBOK TMAPOOYUCTKU HEPTIHBIX
¢dpakuuii (195— 350° C) moctynaer Ha YCTAaHOBKY TIO MPOU3BOJICTBY CEPHON KHCIIOTHI
WM CEpPBI.

Bakyymupii  guctiuar - (225—490° C) HanpaBiseTcss Ha  yCTaHOBKH
KaTaJIMTUYECKOTO KPEKUHTa W/ MW THAPOKpPEKHHra. IIpu KaTaaiuTH4eCKOM KPEKUHIe
MOJTy4aroTCsl 3aBOJICKOM ra3, OcH3WHOBas (Ppakius, JETKUWA M TSHKENbId razounu. ['a3
Hanpasisiercss Ha ['DY, Gen3uHoBast Gpakuys UCTOIb3YETCS KaK KOMIIOHEHT TOBapHBIX
OeH3uHOB, Jerkuii ra3oiib (195— 350° C) — KaK KOMIIOHEHT TOBApHBIX TU3EIBHBIX
ToruB. Tspkenblid razoisib (Beimie 350° C) uUcmosib3yeTcsi KaKk KOMIIOHEHT TOBApHOTO
TOTIOYHOTO Ma3yTa WU B Ka4e€CTBE ChIPbsi KOKCOBaHUSA. | MIPOKPEKUHIOM BaKyyMHOTI'O
OUCTUIUIATA, Ta30Wed KaTaJIUTHYECKOr0 KpEKMHra W KOKCOBAHHS IPOU3BOASATCS
JIOTIOJIHUTEJIbHBIE KOJInUeCcTBa OCH3WHOBOW, KEPOCHHOBOM W Au3eNbHOU (pakiuii. U3
IyJIpOHa TEPMHUYECKUM KPEKMHIOM W/UIUM KOKCOBAaHHMEM TaKK€ MOXKHO TMOIYYUTh

JOITIOJIHUTCIBHBIC KOJIHMYCCTBA CBCTJIBIX (bpaKHHﬁ. ?)aBOI[CKI/Ie ra3bl HUCIIOJIB3YIOTCA Ha



DY, GenzunoBas (pakius o0JaropakxuBaeTCs METOJaMU [IyOOKOTO THAPUPOBAHUS U
KaTaJUTHYECKOTO pu(OPMHUpPOBAHUS, a JIETKUN Ta30MIb — THAPOOYHCTKOU. ['a30BbIe
MOTOKHM KPEKUHTa pa3fessitoT Ha nponad-nponwieHoByto (III1®P) u 6yran-0yTuieHOBYIO
(bb®) dpakuuu, oHM UCTONB3YIOTCA KaK HEPTEXUMHUECKOE ChIpbE AJIA MPOU3BOJCTBA
¢deHomna, aneToHa, OyTUIOBBIX COUPTOB, HUTPUJIA aKPUIIOBOM KHCIIOTHI, MOJUMPOIUIICHA.
AunkunupoBanueM [II1® u Bb® nonydaroT ajgkuiaaT — BBICOKOOKTAHOBBIA KOMIIOHEHT
TOBapHBIX OeH3WHOB. Jlerkue mapadunoBbie yriaeBogoponbl ¢ 'Y (OGyran, meHTtaH,
MEHTaH-TeKCaHOBas (hpaklMsl) U JIeTKas MpsMOTroHHas OeH3nHoBas ¢pakuus 10 62°C Ha
YCTAaHOBKE HW30MEpHU3AIMK TMepepadaThiBalOT B H30MEPU3AT — BBICOKOOKTAHOBBIN
KOMITOHEHT OeH3uHOB. bb® sBiseTcss Takke MEHHBIM HE(DTEXUMUUYECKUM CHIPHEM IS
MOJIy4eHHs] MOHOMeEpoB (OyTanueHa, WH30MpeHa, OyTWICHOB), JUIsl IPOU3BOJCTBA
CUHTETUYECKUX KayuyyKOB, METHJIITWIKETOHA, MPUCAIOK K MacjaM (MOJIUU300yTUIICHA,
noHosa). Ilpu TOMIMBHO-MACHsIHOM cXeMme TMepepaboTKh HePTH  BaKyyMHas
peKkTudUKanug Ma3yTa JaeT TyJApOH U JBa-TPU BaKyyMHBIX AUCTWIUIATA: Jierkuid (300—
400°C), cpennnii (400— 450°C) u Tspxensiit (450— 500°C). BakyymHBbIE JUCTUIUISTHI
POXOJAT TIOCIEOBATEIbHO: CEJIEKTUBHYIO OYUCTKY N-METUITUPPOIUIOHOM WITU
dbenonaom u hypdyposioM (MiIu APYTUMU PACTBOPUTEIIIMH) OT CMOJIMCTO-ac(abTEHOBBIX
YIJIEBOJOPOAOB; JenapaduHU3AMI0 CMEChl0 0O€H30Ja € METHWIITHIKETOHOM WIIU
JTUXJIOPITAHOM WJIM IPYTUMH METOJaMU; aJCOPOIMOHHYIO JTOOUYUCTKY OTOCIUBAIOITUMU
mMHaMud (MM ApYTUMU  aJicopOeHTaMu) WM TUApoouncTkod. W3 ryapona
neacdanbTU3alMe MPOMaHOM WM APYTUMH PACTBOPUTENSIMH YAAIAIOT ac(albTOBbIE
yIIIeBOOpoaAbl. [IpuMeHsIoTCsT pa3HOOOpa3HbIe METOJBI OYUCTKU MACISHBIX (DPaKITUN:
n30MpaTebHBIMUA PACTBOPUTEISIMUA, CEPHOKUCIIOTHAS U LIEI0YHAs, U JIp.

Takum oOpazom, i yriayOsneHus nepepaboTku HepTH (YBEIMUEHUS BBIXOAA
CBETIBIX HEPTAHBIX (Ppakiuil) HCHOIB3YIOT BTOPUYHBIC MPOIECCH TEPepadOTKU
HEe(DTAHBIX (PpaKIUil — JACCTPYKTHBHBIC (TEPMHYECKHUE WM TEPMOKATATUTHICCKUE
PEaKIMOHHbIE) TMpoLecChl  (TEPMHUYECKUN KPEKUHT, BHCOPEKMHI, KOKCOBaHUE,
KaTaMTUYECKUNA KPEKUHT, TUAPOKPEKHUHT), a TaK)Ke MPOYHe MPOILIECChl, COKpaIAIOUIUe
BbIPAOOTKY TOBapHBIX TOMOYHBIX Ma3yTOB (KOTEJIbHBIX TOILJIMB) U MPOU3BOJSILINE IPYTHE

1[eJIeBbIE TOBapHbIE MPOAYKTHI (apomaTHKa, Macia, napauHbl, OUTYMBI, KOKC U Ap.).



BwmecTte ¢ 3THM nipuMmeHsieTcs Apyras rpyIia IpoleccoB, KOTOPbIE MOBBIIIAIOT KaueCTBO
BBIpabaThIBaEMOM MPOTYKIIUU, — THAPOOYHUCTKA U THIPOOOTIArOpaKUBaHNE MOTOPHBIX U
KOTEJIbHBIX TOIJIMB U TPOMEKYTOUHBIX (hpakiuii (Hanmpumep, TUCTUIUISITOB U ra3oiieit —
CBIPbS KaTAIMTUYECKOTO KPEKUHTA), KATATUTUYECKUM pUPOPMUHT OCH3MHOBBIX (PpaKIUH,
m3omepuzanusa  (ppakumm  HK. — 100°C), ankuiaupoBaHHWe, KaTaTUTHYCCKas
TUAPOU30MEPHU3ALIUS TUCTUILISATOB U JIp.

Texnonornyeckas cxema HII3 (T.e. HabOp TEXHOJOTMYECKUX YCTAHOBOK H
B3aMMOCBSI3b MEXJIY HHUMH) OINPEAENACTCS Pa3IMUYHBIMH TEXHOJIOTUYECKUMHU U
AKOHOMUYECKUMHU (hakTopamMu (KauecTBO HEPTH, ACCOPTUMEHT M Ka4eCTBO IMPOJYKTOB,
TUOKOCTb pabOThI 3aBOJIa U COCTABJISIONIMX €r0 YCTAHOBOK BO BPEMEHHU B Pa3HbIC CE30HBI
rojia, KanmuTaJOBIIOXKEHHS, HKCILTyTAIlMOHHBIE PAaCXOJlbl, PEHTAOENbHOCTh, CIPOC Ha
TOBapHYI0 mpoaykiuio, koonepauuss HII3 ¢ npyrumu npeanpuarusmu HepTEXUMHUU B
JaHHOM peruone u ap.) [3].

OcCHOBHBIE TEXHOJIOTHYECKHE MPOLECChI TOIMJIMBHOTO MPOU3BOACTBA

IIpouecc mnepepadoTkm HedTH MOKHO Ppa3geJUTh HAa 3 OCHOBHBIX
TeXHOJIOTHYECKHX MpoIecca:

1. IlepBuunasi mepepaboTka - PaznmeneHue HEPTIHOTO ChIphS Ha Gdpakuuu
Pa3JIMYHBIX UHTEPBAJIOB TEMIEPATyp KUIICHUS,

2. Bropuunas nepepabotka - IlepepaboTka ¢pakiuii nepBUYHON nepepaboTKu
MyTEeM XUMUYECKOTO MPEBPAIIEHUS COJICPKAITUXCS B HUX YTJIEBOJIOPOJIOB U BBIPAOOTKA
KOMITOHEHTOB TOBapPHBIX HEPTEIPOIYKTOB;

3. ToBapHoe npou3BoACTBO - CMeEIIeHHE KOMIIOHEHTOB C MCIIOJb30BaHUEM
pPa3IMUHBIX TMPUCANOK, C TMOJYYCHHUEM TOBAPHBIX H/TIPOAYKTOB C 3aJlaHHBIMU
MOKa3aTeIIMU KauyecTBa.

Homenknatypa mnpoaykiuu HedTenepepadbaTsiBatoiero 3aBoaa (HII3) moxer
BKJII0OYaTh 10 40 mo3uIuii, B T4:

- MOTOPHOE TOILIUBO,

- KOTEJIbHOE TOILJIUBO,

- COKMYKEHHBIE Ta3bl,

- ChIpbe Ui He()TEXMMHUYECKOTO MPOU3BOICTBA,



- CMa304HOE, THPABIMYECKOE U MTPoUYee MacJo,

- OuTyM,

- He(TSIHOM KOKC,

- IPOYKE H/TIPOAYKTHI.

Homenknatypa H/IpOAyKTOB, TOJly4aeMbIXx Ha KOHKpeTHBIX HII3, 3aBucut ot
COCTaBa M CBOMCTB MOCTABIIIEMOM ChIpOi HE(TH U OTPEOHOCTEN B H/MPOAYKTaX.

XapakrepucTUKU GppaKkumn:

["a3bl, pacTBOpeHHBIC B HEPTHU B KoauuecTBe 1,9 % macc Ha He(DTh, U TOTyUECHHbIE
OpU NEPBUYHON NEpEeroHke He(TH, COCTOAT B OCHOBHOM M3 IpolaHa W OyTaHa. JTo -
ChIpbe ra30(pakIMOHUPYIOMIMX YCTAHOBOK U TOIIMBO (OBITOBOM CKMKEHHBIN ra3).

Opakuun HK -62 U 62-85°C uMeroT HeOOJBIIOe OKTAaHOBOE YHCJIO, TMO3TOMY
HaMpaBJIsI€TCs HA YCTAHOBKY M30MEPU3ALIMU JIsI TOBBIILIEHUS! OKTAHOBOTO YKCIIA.

Opakrus 85-120 °C - 3To ChIpbe KaTATUTUISCKOTO pU(POPMUHTA IS TTOTYUSHUS
OeH30J1a ¥ TOJIy0J1a, KOMIIOHEHTOB BHICOKOOKTaHOBOTO OEH3MHA.

@pakruu 85-120 u 120-180 °C - chipbe KaTanuTHYECKOro pudopMuHTa IS
MOJly4YeHUs] KOMIIOHEHTOB BBICOKOOKTAaHOBOTO O€H3MHA, M KOMIIOHEHTa PEaKTHBHOIO
TOILIIUBA.

®paknus 180-230 °C - KOMIIOHEHT PEaKTUBHOTO W JU3EJIHHOTO TOTLTUBA.

Opaxiuu 230-280 °C u 280-350 °C - 310 pakiiyu JIETHETO U 3UMHETO JIU3EJIbHOTO
torunBa. IleranoBoe uncio oobenuuennou ¢paknun 240 - 350 °C = 55 . Temmepatypa
3acteiBanus -12 °C. [lenmapadunuzanus dpakmuu 230 - 350 °C mo3BossieT MOIy4YuTh
3UMHEE JU3TOILIUBO.

Opakiust 350-500 °C - BakyyMHBII ra30iiIb - ChIPbE MPOLIECCOB KATAIUTUYECKOTO
KpPEKHUHTa U TUAPOKPEKUHTa AJIsl TOJyUYEHUs] BBICOKOOKTAHOBOTO OCH3HMHA.

@pakuusi, BbIKuMNawmas npu temneparypax Beime 500 °C - ryapon -
UCTIONB3YETCsI KaK ChIPhE YCTAHOBOK TEPMHUYECKOTO KPEKUHTA, BHCOPEKUHTA, KOKCOBAHMUS,
MPOU3BOJICTBA OUTYyMaA.

Hedrenepepabotka - HempepbIBHBIM TEXHOJOTMYECKUH MPOLIECC, OCTAaHOBKA
KOTOpPOTO MPEAYCMOTpPEHa TOJIBKO JIJIsi MPOBEACHMS IUIAHOBO - MPEayHpeauTeIbHOro

pemonTa (I11IP), opeHTHPOBOYHO KaKble 3 Troja.



Opna u3 0CHOBHBIX 3a7a4 MojepHuzanuu HII3, npoBogumoil koMaHusIMH, - 3TO
YBEIMYEHUE MEXPEMOHTHOTO NEPHOJA, KOTOphIM, K npumepy, y Mockosckoro HII3
COCTAaBJISIET OKOJIO 4,5 JeT.

OcHoBHas TexHuueckas equauna HII3 - TexHomornyeckas ycTaHOBKa, KOMIUIEKC
000pyIOBaHUsI ~ KOTOPOW  MO3BOJIIET  BBINOJHUTH  BCE  ONEpaldd  OCHOBHBIX
TEXHOJIOTUYECKUX MPOLIECCOB MEPEPadOTKU.

OcHOBHBIE OIIepaLMU

[TocTaBka u npuem He(TH.

OcHOBHBIE ITyTH 10CTaBKU coIpbsd Ha HII3:

- maructpaibHbie HepTenpoBoasl (MHII) - ocHoBHOM ais P® BapuaHT 10CTaBKU
ChIpOil HE(TH,

- 10 KEJIE3HOU IOpOTe € UCIIOIb30BAHNEM BArOHOB - LIUCTEPH,

- He)TeHAIMBHBIMU TaHKepamHu Ji71sl ipuOpexHbix HIT3

Hedtb nmoctynaer Ha 3aBojckoit Hedrerepmunai (puc 1) B HedTsHbIE pe3epByaphbl
(oObuno, Ttmma IllyxoBa), KOTOpBIM CBsi3aH  He(TENnpoBOAaMHM CO  BCEMH
TEXHOJIOTHYECKMMH YCTaHOBKaMH 3aBOJA.

VYyer npunarod Ha HedTeTepMHUHAT HEe()TU MPOM3BOAUTCS MO MpUOOpaM WU
IyTEM 3aMepOB B HEPTAHBIX pe3epByapax.

2. IlepBuyHas nepepadoTka

2.1. [logroroBka HePTH K nepepadboTKe (IIEKTPooOeCcCOIMBaHuUE).

ObecconuBaHue CIY>)KUT JJI8  YMEHBUIEHUSI KOPPO3UH TEXHOJOTHYECKOTO
000pyI0BaHUS OT CHIPOM HEPTH.

[Toctynatonryto u3 HedTepe3epByapoB ChIpyr0 HE(DTh CMEIIMBAIOT C BOJOM st
pacTBopeHHs cose u otnpanisitoT Ha DJIOVY - a1ekTpoo0ecconuBaroIy0 YCTaHOBKY.

DONeKTpOAEeTuAPATOPsl - IWIMHAPUYECKUE aNmnapatbl CO CMOHTHUPOBAHHBIMU
BHYTPH 3JIEKTPOJIaMHU - 3TO OCHOBHOE 00opyaoBanue DJIOY.

3neck Mo BO3ICHCTBUEM TOKA BBICOKOTO HampsbkeHus (25 kB u 6onee), smynbeus
(cmech Bosbl M HE(TH) pa3pylIaeTcs, Bojia COOMpaeTcs B HU3Y allfapara U OTKauuBaeTCsl.

Hns  Oonee >(PQekTUBHOrO pa3pylieHUs] 53MYJIbCUU, B ChIPbE BBOJATCS

CIICHUAJIBHBIC BCHICCTBA - ACOMYJIBI'aTOPLI.
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Temmneparypa nporiecca obecconuBanus - 100-120°C.

2.2 Ileperonka Heptu

Obecconenass u o6e3BoxkeHHass HepTh ¢ DJIOY mocTymaer Ha yCTaHOBKY
atMocdepHo-BakyymHo# nieperonku HepTtu (ABT - armocdepHO-BakyyMHas TpyOUaTKa).

Harper HedTn mepen pasmencHueM Ha (Gpakidd MPOU3BOAUTCS B 3MEEBHUKAX
TpyOUaThIX TI€UEei 3a CUeT Teria C)KUTaHus TOTUIMBA U TEIJIa JbIMOBBIX ra3o0B.

B nocnegnee Bpems akTyaabHOCTh IpUOOpeta 3a/1ada nepeBojia meuei ¢ KUAKoro
Ha ra3o00pa3HOe TOIUIMBO, YTO MOBHIIIAET 3(PPEKTUBHOCTH TEXIPOIIECCa U CYIIIECTBEHHO
YJIy4IIIaeT SKOJOTHUIO.

ABT paznenena Ha 2 6yi0ka - aTMochepHON U BaKyyMHOM MEPETOHKH.

2.3.ATmocdepHas neperoHka

ATMocdepHas meperoHka oOecreunBaeT OTOOp CBETIBIX HE(MTAHBIX (PpaKIui -
OCH3MHOBOM, KEPOCUHOBOM U JNU3EILHBIX, BBIKUMAIOMIUX Tpu Temmeparype a0 360°C,
BBIX0JT KOTOPBIX MOXKET COCTaBIISITh 45-60% Ha HE(Tb.

Harperas B meun HedTh pasmensioTcs Ha OTACIbHbIE (Qpaknud B
PEKTU(PUKANUOHHON KOJOHHE - IWJIMHAPUYECKOM BEPTHKAIBHOM amnmapare, BHYTPHU
KOTOPOTO PAacCIOJIOKEHBbl KOHTAKTHBIE YCTpPOMCTBA (Tapenku), 4epe3 KOTOpbIe Maphl
JIBIKYTCSI BBEPX, & KUIAKOCTH - BHU3.

Paznmuunbie mo pasmepy W KOHQUrypanuu pPeKTUPUKANUOHHBIE KOJOHHBI
UCTIONB3YIOTCS HAa BCEX YCTaHOBKAaX He(TemnepepadaThIBAIOMIETO TMPOU3BOCTBA,
KOJMYECTBO TapesioK B HUX MeHseTcs B uurepaie 20 - 60.

Tenno MoABOIUTCS B HIDKHIOIO YacTh KOJIOHHBI M OTBOJUTCS C BEpXHEH 4YacTu
KOJIOHHBI, TIO9TOMY TEMITepaTypa B KOJIOHHE TIOCTEIIEHHO CHIYKACTCS OT HU3a K BEPXY.

B pesynbTaTe cBepXy KOJIOHHBI OTBOAUTCS OCH3WHOBas (Ppakivs B BUIC MapOB,
napbl KEPOCUHOBOMW U TU3EIBHBIX (PpaKIuii KOHIEHCUPYIOTCS B COOTBETCTBYIOIIMX YACTIX
KOJIOHHBI M BBIBOJATCS, a KHAKAH Ma3yT - OCTaTOK aTMOC(HEpHOW IeperoHKH,
OTKAYMBAETCS C HU3a KOJIOHHBHI.

2.4. BakyyMmHas neperonka

BakyymHass mneperonka oOecreuyuBaeT OTOOpP MAaCHSHBIX AUCTWUISTOB WU

HIMPOKON MacisiHOU (hpakiuu (BaKyyMHOTO ra3oilyisg) OT Ma3yTa.
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Ha HII3 TormmuBHO-MacastHOTO Mpoduist - 0TO0p MacCasSHBIX TUCTUILIATOB, Ha HIT3
TOTUIMBHOTO MPOQUIISI - BAKYYMHOTO Ta30MJIs.

Tepmudeckoe pasnoKeHHE YIIEBOAOPOAOB (KPEKUMHT) HAYMHAETCs MpU TpH
Temriepatype 6osee 380°C , a KOHell KUIIEHHUs] BaKyyMHOT0 razoiis - pu 520°C u 6oree.

[leperonka mpu O61M3KOM K BakyyMmMy octarouHoMm naBieHuu 40-60 MM pT CT
MO3BOJIIET CHHU3UTh MAaKCUMAJIbHYIO TemmepaTypy B anmapare no 360-380°C, urto
MO3BOJIAET OTOMPATH MACIsIHBIE (PAKIIH.

[TapoBble MM KUJIKOCTHBIE 3’KEKTOPBI - OCHOBHOE 000PY/I0BaHUE ISl CO3/IaHUS
pa3psiKEHUs B KOJIOHHE.

OcTaTtok BaKyyMHOU ITEPETOHKH - TyIPOH.

2.5. Crabunuzanus U BTOpUYHas MeperoHka OeH3nuHa

[Tomyyaemas Ha 6;10ke ABT GeH3uHOBast ppakiys HE MOKET ObITh UCIIOIb30BaHA
O CJIETYIOUIUM IPUYNHAM:

- COJIEP>KUT Ta3bl, B OCHOBHOM IPOIaH U OyTaH, B IPEBBILIAIOIIEM TPEOOBAaHUS 110
KauecTBY 00bEME, YTO HE MO3BOJISIET UCIOIB30BATh UX KAK KOMIOHEHTbI aBTOMOOUIBHOTO
OCeH3MHA UJIM TOBAPHOTO MPSIMOTOHHOTO OEH3MHA,

- mpouecchl HedrenepepabOTKHU, HANpaBJIE€HHbIE HA TOBBIIIEHHE OKTaHOBOI'O
yycina OEH3WHA U MPOM3BOJICTBA apPOMATUYECKHX YIJIEBOJOPOJOB B KAYECTBE ChHIPbs
UCIIOJIb3YIOT Y3KHU€ OCH3MHOBBIE (hpaKIIUU.

[ToaTOMy HCHONB3yeTCsl TEXMPOILIECC, B PE3YJIbTATE KOTOPOrO OT OEH3MHOBOMU
(dpakuuu OTrOHSAIOTCS CKMKEHHBIE Ta3bl, U OCYLIECTBISIETCS €€ pa3roHKa Ha 2-5 y3KUX
(pakiuii Ha COOTBETCTBYIOIIEM KOJIHMUYECTBE KOJIOHH.

[IponykThl mepBUYHON mepepabOTKU HePTH, COOCTBEHHO, KaK M MPOAYKTHl B
APYTUX TeXIpoleccax nepepadoTKu, OXIaKIAIOTC:

- B TEIJIOOOMEHHHUKAX, YTO 00ECIeUnBaeT SKOHOMHIO TEXHOJIOTMUECKOT0 TOIUINBA,

- B BOASHBIX M BO3YIIHBIX XOJIOAUIbHUKAX.

Jlanee mpoAyKThl MEpBUYHON NEpepabOTKU UAYT Ha OUepEAHbIC TEPEeIibl.

VYcraHoBKa epBUYHOM MepepadOTKH - 00BIYHO KoMOMHKUpoBaHHbIE DJIOY -ABT

- 6 MOIITHOCTBIO MEPEePadOTKH 10 6 MIIH T/ TOJ HE(TH, B COCTABE:
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- 61oka DJIOY, npeaHazHayeHHOTO JIJIsl TOJATOTOBKU HEPTH K nepepabdoTKe myTeM
yJaJICHHS U3 HEE BOJBI U COJIEH,

- 6ioka AT, npeiHa3HAYEHHOTO JIJIsl PA3TOHKHU CBETJIBIX HE(TEPOTYKTOB HA Y3KHE
hpaxium,

- 61oka BT, npennasnaden s pasronku masyta (>350°C) Ha dpakimm,

- 0Oynoka crabwiu3aluy, TMOpPeJHA3HAUYEHHOTO i YyJajdeHuss u3 OeH3uHa
ra3oo0pa3HbIX KOMIIOHEHTOB, B T4 KOPPO3MITHO-AaKTUBHOIO CEPOBOIOPOJA U
YIJIEBOJOPOJAHBIX Ta30B,

- 0JIoka BTOPMYHOM pa3rOHKU OEH3MHOBBIX (PPAKIMM, NMpeJHA3HAYEHHOI'O IS
pazneneHust OeH3uHa Ha (PpaKIMH.

B cranmaptHOil KOH(UTrypallMy yCTaHOBKH, ChIpas HE(Tb CMEIIMBAETCS C
JIEAIMYJIraTOpOM, HArpeBaeTcs B TEIUIOOOMEHHHKax, 4™ mapajjielibHbIMU MOTOKaAMU
o0OecconuBaeTcs B 2* CTyNEHSAX TOPU30HTAIBHBIX 3JIEKTPOAECTUAPATOPOB, JOTOIHUTEIHHO
HarpeBaeTcs B TEIJIOOOMEHHHMKAX W HApaBJseTCs] B OTOCH3MHUBAIOLIYIO KOJIOHHY .

Temnmo K HWKHEWYACTH OTOM KOJOHHBI TOJABOJAUTCA TOpPSIYEN  CTpyeu,
LUAPKYJIUPYIOLIEH Yepe3 MeUb.

Jlanee yacTuyHO OTOEH3MHEHHas He(Th W3 KOJOHHBI IOCIE HarpeBa B MEYH
HaIpaBJIsieTCs B OCHOBHYIO KOJIOHHY, IJI€ OCYLIECTBISAETCS PEKTU(DUKALMS C TTOTyYEHUEM
napoB O€H3MHa B BEpXHEH YaCTH KOJIOHHBI, 3 OOKOBBIX AUCTUIUIATOB U3 OTIIAPHBIX KOJIOHH
Y Ma3yTa B HUKHEW YacTH KOJIOHHHBI.

OTBOA Temja B KOJIOHHE OCYIIECTBIISIETCSI BEpXHUM UCHAPSIOLUIUM OPOIICHUEM U
2" IPOMEKYTOUHBIMU ITUPKYJISIIHOHHBIMU OPOIICHHUSIMHU.

Cmech OEH3MHOBBIX (Dpakivii W3 KOJOHH M HAMNpaBiseTcs Ha CTaOMIM3aIlUI0 B
KOJIOHHY, TJI€é CBEpXy OTOMpAroTCsl JIerKHe TroJIOBHbIE (pakiuu (KHIKas TOJOBKa), a
CHU3Y- CTaOUITIbHBIN OCH3MH.

CraOuibHblii O€H3MH B KOJOHHAX MOJBEpPraeTcsi BTOPUYHOW TMEPEroHKe C
MOJy4YeHUEM Y3KHX (PpaKIMii, UCTIONb3YyEMbIX B Kau€CTBE CHIPbS JJIsi KaTAIUTUYECKOTO
pudopmuHra.

Temno Kk HU3Y cTabWiIM3aToOpa M KOJOHH BTOPUYHOW IMEPErOHKU MOABOJUTCS

HUPKYJTUPYIOIIUME (pIierMaMu, HArPeBaeMbIMU B TIEUH.
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Ma3yT U3 OCHOBHON KOJOHHBI B aTMOC(HEpPHOM CEKIMHW HACOCOM IOJAeTCs B
BAaKyyMHYIO I1€4b, OTKYJ1a ¢ Temneparypoi 420 °C HanpaBiisieTcsl B BAKYyMHYIO KOJIOHHY.
B HWKHIOIO YaCTh 3TOM BAKYYMHOW KOJIOHHBI ITOJIAETCS IEPETPETHIN BOASIHOM Tap.

C Bepxa KOJIOHHBI BOJSIHOW Iap BMECTE€ C Ta3000pa3HbIMU MPOIYKTaMHU
PA3JIOKEHUSI TIOCTYIAET B IOBEPXHOCTHBIE KOHIEHCATOPBI, OTKYJa Ia3bl Pa3JIOKEHUs
OTCaChIBAIOTCS 3-CTYNEHYATHIMU NAPO3KEKTOPHBIMA BaKyyMHBIMHA HACOCAMM.

OcraTouHo€e 1aBieHHE B KOJIOHHE 50 MM PT CT.

BOKOBBIM NMOrOHOM BAaKyyMHOM KOJIOHHBI CIy’KaT (Ppakiuu, KOTOpbIE HACOCOM
yepe3 TeI000MEHHUK U XOJIOJUIBHUK HAIIPaBIISIIOTCS B EMKOCTH.

B 3 cedeHMsAX BAaKyyMHOM KOJIOHHBI OpPraHM30BaHO IPOMEXKYTOYHOE
HUPKYJSILMOHHOE oOpolleHue. ['yIpoH B HHM3y BaKyyMHOW KOJIOHHBI OTKaYMBAaETCS
HAcCOCOM uepe3 TEIIOOOMEHHUK U XOJIOIUIIbHUK B PE3EPBYaphI.

Anmaparypa n o6opynosanue ABT-6 3anumarot mwiomanky 265%130 m2, nim 3.4 ra.

Nudpactpykrypa DJIOY - ABT - 6 Bito4aer:

- TMOJCTaHLMIO, HACOCHYIO CTAaHLMIO ISl MEPEKAYKH BOJBI M KOMIIPECCOPHYIO
CTaHLUIO,

- 0J10K peKTU(UKAIIMOHHON anmnapaTyphl,

- KOHJEHCAMOHHO-XOJIOAWJIbHAS alIaparypa M NPOMEXYTOYHBIE €EMKOCTH,
YCTaHOBJICHHBIE Ha |-IpyCHOM K/0€TOHHOM MOCTaMEHTE,

- HACOChI TEXHOJIOTMYECKOT0 Ha3HAYEHUS JJIs1 IePEKAYKHU H/TPOAYKTOB,

- MHOTOCEKIIMOHHBIC TIeud OOIIel TEemIOBOM MOIIHOCThIO mopsiaka 160 MiH
KKaI™4, HCHOJIb3yeMBbIX B KaueCTBE OTHEBBIX HarpeBaTeineid Maszyta, HepTH U

HUPKYJIUPYIOUIEH (ierMbl.
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HaumeHoBaHne

Pednrwokc cradounusauun

CTabHAbLHBLIA NPAMOTOHHBIA
OeH3HH (HadTa)

CradunbHaA nerkas beH3nHoBaA
benzonbHana
TonyonbHaA
KcunonbHana

Coipbé KaTannTH4ecKoro

pugopunnra

Taxenasa DeH3HHOBAA
KomnoHeHT KepocHHa
HusenbHan

Masyr

BakyymHblit razoins

lyapoHn
*] - H.K. - HAYano KMNeHua
) - K.K. - KOHEeL, KUNeHuA

HuTepBanel kHNeHua
(cocras)

Mponan, byTaH, H300yTaH
H.K.*-180

H.K.62
6285
85-105
105-140

85-180

140-180
180-240
240360

360-k.k.™

360520

520-K.K.

lne oToupaerca

bnok craounuzauun
Bropnunaa neperoHka beH3nHa

bnok cradbunusaumu
BropuyHaa neperoHka beH3nHa
BropuuHaa neperoHka beH3nHa

Bropn4Haa neperoHka BeH3nHa

BropnuHaa neperoHka beH3nHa

BTO|)II'~IHO$I neperoHKa OeH3IHHa

AtmocdpepHan neperoHka

AtmocdrepHan neperoHka
Atmocepnan neperoHka
(ocTaTok)

BakyymHas neperonka

BakyymHaAa neperoHka (ocraTok)

lne ucnonbiyerca
(8 nopAanke npHopuTeTa)

lazodpakunonnpoBanne,
TOBapHaA npoaykumnsa,
TeXHOMorH4YecKoe TONNHB O

CuemeHne OeH3MHa, ToBapHaA
npoayKkuus
H3omepuszauna, cMeweHne

OeH3HHa, TOBapHaA nNpoaoyKunua

ﬂpou 3BOAOCTBO COOTBETCTBYHWMX
apoMaTHYeCKHX ymeBoaoponos

Katanutnuecknin pudpopunnr

CHeweHle
AOH3TONNHBA.
pudpopuuur

KepocHHa, 3HMHero
KaTanuTHYeckin

CueweHune KepoCHHa, OH3eNbHbIX
TONNHKB

Mmapoouncrka, cMelmeHne
AH3TONMHB, MA3yTOB

BakyymHan neperoHka,
rHAPOKPEKHHT, CMeleHHe Ma3yToB
KatanuTuveckui KP e KHHT,
THAP OKP € KHHT, ToBapHaAa

npoaoykuuAa, cMeweHHe Ma3yToB.

KokcoBaHne,
CMeWweHHe Ma3yToB.

rHAP OKP eKHHT,

Pucynox 1 - YcraHoBKM nepBUYHON NIEpepadOTKU pa3IMuHON KOHGUTYpalun
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3. Bropuunas nepepaboTka HEPTH

[IpoaykTel TIepBUYHON TepepabOTKM HePTH, Kak IPaBUIIO, HE SBISIOTCS
TOBAapHBIMH H/TIPOAYKTAMHU.

Hanpumep, okTaHOBOE YHCIO OEH3MHOBOW (DpaKIMU COCTaBISIET OKOJIO 65
IyHKTOB, COJIEpYKaHKUE CEPhI B IU3EIbHOM (Dpakiiuu MoxkeT gfocturath 1,0% u Gonee, Torma
KaK HOPMATHUB COCTAaBIISET, B 3aBUCUMOCTH OT Mapku, 0,005% - 0,2%.

Kpome Toro, TemHbie HeTHBIE (PPaKIIK MOTYT OBITh TIOJIBEPTHYTHI TalIbHEHUIIICH
KBaJIM(DUIIMPOBAHHOM MepepaboTKe.

[ToaTomy, HEedTIHBIC (PpaKIMKU MTOCTYAIOT HA YCTAHOBKH BTOPUYHBIX MPOIECCOB,
KOTOpBIE 00ECTICUNBAIOT YJIYUIIIEeHHE KauecTBa H/TIPOAYKTOB M yIIyOJICHUE ITepepadoTKu
HedTH.

Karanutudyeckuii  KpeKMHr  (KaATKPEKHUHT) - BaOXHEWImMW  mpolecc
He(dTenepepabOTKH, CylIECTBEHHO BiUsAOMMI Ha 3 pextrBHOCT, HII3 B 11esom.

CyIHOCTh mpoliecca 3aKIouaeTcsl B pa3jioKeHUU YIJIEBOJAOPOIOB, BXOISIINX B
COCTaB CBIPbsI (BaKyyMHOTO Ta30MJIsI) MO/ BO3JICHCTBUEM TEMIIEPATYPhl B MPHUCYTCTBUU
LIEOJUTCOACPIKAIIECTO ATFOMOCUIIMKATHOTO KaTaau3aropa.

[{enmeBoit mpoaykT yctaHOBKHM KK - BBICOKOOKTaHOBBIM KOMIIOHEHT O€H3MHA C
OoKTaHOBBIM umcioM 90 m u Ooiiee, ero Beixon coctaBisgeT 50 - 65% B 3aBUCMMOCTH OT
HCIIOJIb3YEMOTO ChIPhsl, IPUMEHSIEMON TEXHOJOTHH U PEKUMA.

BrIicokoe okTaHOBOE YMCII0 00YCIIOBIICHO TEM, YTO IIPH KATKPEKUHTE MPOHUCXOTUT
TaKXe U30MepU3aliusl.

B xome mporecca 00pa3yroTcsi rasbl, CoJAEpKallhe MPONUICH U OyTHIICHBI,
HCIIOJIb3yEMBIC B KQ4E€CTBE CHIPhS JJIsi HEDTEXUMUU U MPOU3BOJICTBA BHICOKOOKTAHOBBIX
KOMITIOHEHTOB O€H3MHA, JICTKHM Ta30MIb - KOMIIOHEHT AWU3EJIbHBIX M IEUHBIX TOIUIUB, U
TSKEJIBIN Ta30MJIIb - ChIPbE JIJIsl IPOU3BOJICTBA CAXKU, UM KOMIIOHEHT Ma3yTOB.

MOoITHOCTh COBPEMEHHBIX YCTAHOBOK B cpeaHeM 1,5 - 2.5 mutH 1/roA, HO ecTh U 4,0
MJIH T/TO[I.

KittoueBbIM y4acTKOM YCTaHOBKH SIBJISIETCSI PEAKTOPHO-PETEHEePaTOPHBIN OJIOK.

B cocraB 0soka BXOAWT TMeYbh HArpeBa ChIPpbs, PEAKTOP, B KOTOPOM

HETOCPEJCTBEHHO MPOUCXOIT PeaKMU KPEKUHTA, U PEreHepaTop KaTaauzaTopa.
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Haznauenne perenepaTtopa - BBDKHUI KOKca, 00pa3yrolierocs B X0/1€¢ KpeKUHra U
OCaXKJAIOIIErocsi Ha MOBEPXHOCTH KaraiuzaTopa. PeakTtop, pereHeparop u y3en BBOJA
ChIpbSl CBSI3aHbl TPyOONpOBOJAMH (JIMHHMSIMH THEBMOTPAHCIOpPTA), MO KOTOPHIM
UUPKYJIUPYET KaTaau3aTop.

MontHocTel KaTaTuTHYECKOT0 KpeknuHra Ha poccuiickux HII3 B HacTosiee Bpems
HEJOCTATOYHO, M 3@ CYET BBOJA HOBBIX YCTAHOBOK pemIaercs mpodiema cC
IPOTHO3UPYEMbIM AePUIIMTOM OCH3MHA.

Ceippe ¢ temmepatypoir 500-520 °C B cMecu ¢ MBUIEBHIHBIM KaTaan3aTOPOM
JIBUKETCS 10 TN T-peakTopy BBEpX B T€UEHHE 2-4 CEKYH]I U MTOJIBEPraeTCcsi KPEKUHTY.

[IpolyKThl KpEeKHHra MOCTYIMAIOT B CEMapaTrop, PacloOKEHHBIN CBEpXy JHUQT-
peakTtopa, TI/I€ 3aBEpIIAIOTCS XHUMHUYECKHE PpEAaKIMH W IPOUCXOIUT OTHEICHUE
KaTaJIn3aTopa, KOTOPBIM OTBOAUTCA W3 HWJKHEM 4YacTU cemapaTtopa U CaMOTEKOM
MOCTYIIAET B pereHepaTop, B kotopom npu temreparype 700°C oCylecTBISIETCS BBIKUT
KOKca.

[Tocre 3Toro BOCCTaHOBIICHHBINM KaTAIIM3aTOP BO3BPAIIAETCS HA Y3€JI BBOJIA ChIPbS.

JlaBlieHHE B pEaKTOPHO-PETeHEPATOPHOM OJIOKE OJIU3KO K aTMOChHEpHOMY .

OOmiasi BbICOTa pPEAKTOPHO-pereHepaTopHoro Oyoka coctaBisieT 30 — 55 w,
IMaMEeTpbl cenapaTopa U pereHepatopa - 8 U 11 M COOTBETCTBEHHO ISl YCTAHOBKH
MOIITHOCTBIO 2,0 MIIH T/TO,.

[TpoayKThl KpEKHHTA YXOASAT C BEpXa Cernaparopa, OXJaxAatoTcs U NOCTYNaoT Ha
pEeKTUPUKALIUIO.

KarkpekuHr MoeT BXOJUTh B COCTaB KOMOWMHHMPOBAHHBIX yCTaHOBOK,
BKJIIOYAIOIINX TPEIBAPUTENbHYI0 THIPOOUYUCTKY WIHM JIETKUH TUIPOKPEKUHT ChIPbA,
OUYMCTKY U (PpaKIIMOHUPOBAHUE T'A30B.

B npaBoii yacTtu - peakTop, ciieBa OT HETO - PETEHEPATOP

['MAPOKPEKUHT - TPOLIECC, HANPABICHHBIM Ha MOJYy4YeHUE BBICOKOKAYECTBEHHBIX
KEPOCHHOBBIX U JIU3EIbHBIX JUCTHIUIATOB, & TAKKE BAKYYMHOT'O Ta30MJIsl ITyTeM KPEKUHTa
YIJIEBOJOPOAOB HCXOJHOIO ChIPbsl B IPUCYTCTBUH BOJOPOAA.

ODHOBPEMEHHO C KPEKMHIOM NPOUCXOAUT OYMCTKA HPOIYKTOB OT CEPBI,
HACBINNICHHE OJC(UHOB M APOMATUUYECKUX COCIWHEHUU, 4TO OOYCIaBIMBAET BBICOKHE
AKCIUTYaTAllMOHHBIE W KOJIOTUYECKUE XAPAKTEPUCTUKH MOJYyYAEMbIX TOILJIUB.
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Hanpumep, conepkanue ceppl B JAM3EIBHOM JTUCTWIIATE T'UAPOKPEKHHIA
COCTABJISIET MWJIJIMOHHBIE 10U Yo.

[Tomyuaemass OGeH3uHOBasi (pakiMsl MMEET HEBBICOKOE OKTAaHOBOE YHCIIO, €€
TsDKeEJas 4acTh MOXKET CIIYKHUTb ChIpbeM PU(POPMUHTA.

['MIpOKPEKMHT TaKXKe MCIOJIb3YETCS B MACISTHOM IPOU3BOJICTBE ISl IMOTYYEHUs
BBICOKOKaYECTBEHHBIX OCHOB Macell, OJM3KUX MO 3KCIUTyaTallUOHHBIM XapaKTEPUCTUKAM
K CHHTETUYECKHM.

JInHelika ChIpbs TUAPOKPEKUHTA JOBOJIBHO IIMPOKAs - MPSIMOTOHHBIN BAKYYMHBIN
ra3oiyib, ra3olM KaTaJUTHYECKOI0 KPEKHMHIa U KOKCOBAaHMs, MOOOYHBIE IMPOIYKTHI
Macy100J10Ka, Ma3yT, TYAPOH.

VYCTaHOBKM THAPOKPEKHHIa, Kak IPaBUJIIO, CTPOATCS OOJIBIION €IMHUYHOU
MOIIIHOCTHU TIepepadOTKu - 3-4 MIIH T/TO/I.

OOBIYHO O00BEMOB BOJOPOJA, IMOJYyYaeMbIX Ha YCTaHOBKax pu(OpPMHUHTA,
HEJIOCTATOYHO g oOecrneueHus TuapokpekuHra, mnostomy Ha HII3 coopyxkarorcs
OTZEJIbHBIE YCTAHOBKM [0 IIPOM3BOJCTBY BOJAOPOJa IIyTEM I[apOBOW KOHBEPCUU
YIJIEBOJAOPOJHBIX Ta30B.

TexHOJIOrn4ecKre CXeMbl IPUHLIMUITUAIBHO CXO0KHU C YCTAHOBKAMU TMIPOOYUCTKU
- ChIpbE, CMEIIaHHOEe ¢ Bojoponocoaepxamum razom (BCI'), narpeBaercs B meuw,
IIOCTYNAET B PEAKTOP CO CIOEM KaTalln3aTopa, MPOAYKTBI U3 PEAKTOPA OTIAEISAIOTCS OT
ra3oB M MOCTYNAIOT Ha peKTU(UKALIHIO.

OpnHako, peaklMy TUAPOKPEKMHIA MPOTEKAIOT C BBIACIECHUEM TEIUIa, MO3TOMY
TEXHOJIOTUYECKOU CXEMOUl MpeaycMaTpuBaeTcsl BBOA B 30HY peakiuu xosnogHoro BCI,
pacxoloM KOTOPOTO PEryJIMpyeTCs TeMIleparypa. | MIpOKPEKHMHI - OIMH M3 CaMbIX
OMacHBIX MPOLECCOB HePTenepepadOTKH, MPU BBIXOJI€ TEMIIEPATYPHOTO PEKHUMA U3-TI0]]
KOHTPOJIA, IPOUCXOIUT PE3KUNA POCT TEMIIEPATYPBI, IPUBOISAIIMHN K B3PbIBY PEAKTOPHOIO
0J10Ka.

AnmapatypHoe  opopMJIEHUE U  TEXHOJOTMYECKUH  PEXKUM  YCTAaHOBOK
THAPOKPEKHHra  pa3jMyaloTcs B 3aBUCUMOCTH  OT  3a/4ay, OOYCIIOBJIEHHBIX

TEXHOJIOTMYECKOM cxeMor koHkpeTHOro HII3, u ucnosib3yemMoro coipbs.
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Hanpumep, a8 TmOdAydYeHHs] MaJOCEPHUCTOTO BAaKyyMHOTO Ta30Wisi U
OTHOCUTEJIBLHO HEOOJBIIOr0 KOJUYECTBA CBETIBIX (JIETKUM THUIPOKPEKUHT), MPOIIEeCC
BeJIeTCs IIPU JaBjieHuu 10 80 aTM Ha OJHOM peakTope npu Temmeparype okoiio 350°C.

JI1s MakCcMMaJIbHOTO BBIX0/1a CBETIIBIX (110 90%, B ToM unciie 10 20% OeH3MHOBOM
(dpakiuu Ha ChIPHE) MPOLIECC OCYIIECTRISIETCS Ha 2* peakTopax.

[Ipu »TOM, mpOAYKTHI Tocie 1™ peakTopa MOCTYMAarOT B PEKTU(UKAIUOHHYIO
KOJIOHHY, IJIe OTTOHSIFOTCSI TIOJIyYeHHBIE B PE3YJIbTaTe XUMUYECKUX PEaAKIUil CBETIIbIE, a
OCTaTOK MOCTYIAeT BO 2 peakTop, e MOBTOPHO IOABEPraeTcs TUAPOKPEKHHTY.

B [1anHOM ciywyae, TpW THAPOKPEKMHIE BaKyyMHOIO Ta30ijisl JaBJICHUE
coctaBisieT okoJio 180 aT™, a mpu rUAPOKPEKUHTE Ma3yTa U TyapoHa - 6osee 300.

TemMmeparypa mporecca, COOTBETCTBEHHO, BapbupyeTcs B uHTepBaie 380 - 450°C
Y BBIIIIE.

B Poccnn Texnonorus rugpokpexkunra Baenpena B 2000* rr ma HII3 B Ilepmwu,
Spocnasne u Yde, Ha psAsle 3aBOJOB YCTAHOBKHU T'MAPOOYUCTKH PEKOHCTPYHPOBAHBI MO/
MPOILIECC JIETKOTO THAPOKPEKUHTA.

CoBMeCTHOE CTPOUTENILCTBO YCTAHOBOK THIPOKPEKHHTa M KaTATIUTUUYECKOTO
KpEeKMHIra B paMKaX KOMIUIEKCOB TiyOOKOW mepepaboTku HepTH MpeacTaBiseTcs
HaumOonee H(PGEKTUBHBIM IS MPOU3BOACTBA BBICOKOOKTAHOBBIX OCH3MHOB W
BBICOKOKAQYECTBEHHBIX CPEAHUX NUCTHILIATOB.

4. ToBapHO€ MPOU3BOACTBO

B xoJie BbIIIeyKa3aHHBIX TEXHOJOTMYECKUX MPOIIECCOB BHIPAOATHIBAIOTCS TOJIBKO
KOMITOHEHTHl MOTOPHBIX, AaBHAI[MOHHBIX M KOTEIbHBIX TOIUIMB C Pa3IMYHBIMHU
MOKa3aTeIsIMU KauyecTBa.

Hampumep, OKTaHOBOE YMCIO MPSIMOTOHHOTO OEH3MHA COCTaBISIET OKOJIO 65,
pudopmara - 95-100, 6en3una kokcoBanus - 60.

Hpyrue mokaszaTeiau kKadyecTBa (Hampumep, (pakIMOHHBIN COCTaB, COJCp)KaHHE
Cephl) Y KOMIIOHEHTOB TaK>Ke Pa3JINuaroTCsl.

Jlyst mosTydeHusl TOBApHBIX H/TIPOIYKTOB OPTAHHU3YETCS CMEIICHUE TOyYEeHHBIX
KOMITOHEHTOB B COOTBETCTBYIOIMX eMkocTsix HII3 B cooTHomeHHSIX, KOTOpBIE

00ecreynBalT HOPMUPYEMBbIE NTOKA3aTeNId Ka4eCTBa.
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Pacuer  pemenTypsl  cMemieHus — (KOMIayHAMpPOBAaHHs)  KOMIIOHEHTOB
OCYIIECTBJISIETCS NIPU ITOMOILM MOAYJIEH MaTeMaTHUYECKUX MOJENEH, UCTIONb3yEeMbIX AJIs
IJIaHUpoBaHMs npousBojcTea o HII3 B nemom.

HcXoaHbIMU JTaHHBIMHM U1l MOJEJIMPOBAHUS SBIISIIOTCS IPOTHO3HBIE OCTATKU
CBIPBS, KOMIIOHEHTOB U TOBApHOM MPOAYKLHUH, IUIAH pealn3aly H/IPOIyKTOB B pa3pes3e
aCCOPTHMEHTa, IUIAHOBBIK 00beM TMocTaBOK HepTu. Takum 00pa3oM BO3MOKHO
paccunTaTh Haubonee S((PEKTUBHBIE COOTHOIIEHUS MEXAY KOMIIOHEHTaMU IIpH
CMEIIICHUH.

3ayacTyl0 Ha 3aBOJAX MCHOJIB3YIOTCS YCTOSIBIIMECS PELENTYpPbl CMELICHMS,
KOTOPbIE€ KOPPEKTUPYIOTCS MTPU U3MEHEHUH TEXHOJIOTMYECKON CXEMBI.

KoMnoHEHTHI H/TIPOYKTOB B 3aJaHHOM COOTHOIIEHUH 3aKaYMBAIOTCS B €eMKOCTb
JUI CMEUIEHUs], KyJia TAaK)K€ MOTYT M0/1aBaThCs MIPUCAIKH.

[Tomydyennsie TOBapHBIE H/MPOAYKTHI MPOXOJAT KOHTPOJb KadecTBa U
OTKQuMBAIOTCSI B pe3epByapbl TOBAPHO-CHIPHEBON 0a3bl, OTKyJa OTIPY’KAIOTCSA
OTPEeOUTENIO.

5. octaBka HE(PTENPOTYKTOB

- MepeBO3Ka >K/J TPaHCIOPTOM - OCHOBHOHM CIOCOO JOCTaBKH H/TIPOAYKTOB B
Poccuu. 1y norpy3Kku B BarOHbI-LIUCTEPHBI UCTIOIb3YIOTCS] HAJTMBHBIE SCTaKa/Ibl.

- 10 MarucTpainbHbIM HepTenpoaykronporogam (MHIIIT) Tpancuedrenpoaykra,

- PEUHBIMH U MOPCKUMH CYyIaMHU.

3. Texnoaorus armocgepHoii neperoHKu HegTH

[Mporiecchbl meperoHKu He(hTH OCYIISCTRIISIOT Ha aTMOC(epHBIX TpyOuaThiX (AT) u
BakyyMHbIX TpyOuatbix (BT) wumm armochepHo-BakyymHbix TpyOuaTthix (ABT)
yctaHoBkax. Ha ycrtanoBkax AT oOCyIIECTBISIOT HEMNIYyOOKYIO TEPEroHKy HEPTH C
MOJTy4Y€HUEM TOIUIMBHBIX (O€H3WHOBBIX, KEPOCUHOBBIX, TU3EIbHBIX) (Ppakiuil U MazyTa.
YceranoBkn BT mnpennasHadensl i neperoHku Masyra. llomywaemble Ha HUX
ra3oiiyieBble, MaclisiHble (PAaKIUU U TYIPOH KCIOJB3YIOT B KaueCTBE CHIPhS MPOIIECCOB
BTOPUYHOM TMEpepadOTKM HUX C MOJIYyYEHUEM TOIUIMB, KOKca, OUTYMOB U JIp.
He(dTenpoAayKkToB. I[leperoHky cTaOMIM3UPOBAaHHBIX HE(PTEH MOCTOSHHOIO COCTaBa C
HEOOJIBIIIMM KOJI-BOM PacTBOpPeHHBIX Ta30B (1o 1,2 % mno C; BKIHOYUTEIBHO),

OTHOCHTEIILHO HEBBICOKUM cojiepxkanueM OeH3uHa (12...15 %) u BeixogoM ¢p-i qo 350
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°C He 6omnee 45 % sHepreTHyecKkd HambOJEe BBIFOJHO OCYLIECTBISTh Ha YCTaHOBKaxX
(6imokax) AT mo cxeMe C OJHOKPAaTHBIM HCIIApEHHEM, T. €. ¢ OJHOM cioxkHoi PK ¢
OOKOBBIMH OTHAPHBIMU CEKIMSIMHU. Y CTAHOBKHM TAKOTO THIIA MIMPOKO MPUMEHSIOTCS Ha
3apyoexxnbix HIT3. OHu mpocThl M1 KOMIAKTHBEI, O1arogaps OCyIEeCTBIECHUIO COBMECTHOTO
UCIApeHUs JIeTK. M TsDK. (pakiuii TpeOyroT min t HarpeBa HedTH id oOecrieYeHUs
3aJaHHOM JIOMM OTTOHA, XapakT-Csi HHU3KUMH DJHEPreTHUYCCKUMHU 3aTpaTaMu U
METaNI0eMKOCTbI0. OCHOBHOM WX HEIOCTAaTOK — MEHbIIAasi TEXHOJ. THOKOCTh U
MOHWKEHHBIN (Ha 2,5...3,0 %) oTOOp CBETIIBIX HEPTEIPOIYKTOB, KPOME TOTO, IO CP. C 2-
KOJIOHHOM cXeMOH, OHHM TpeOyroT Oojee KadeCTBEHHOM MOATroToBKM HedTH. Jlis
MICPETOHKU JIeTK. He()TeH C BBICOKUM COJEpXK-eM p-puMbix razoB (1,5... 2,2 %) u
O0eH3uHOBBIX Pp-# (1o 20...30 %) u ¢p-it ;o 350 °C (50...60 %) uenecoobpa3HO
npuMmeHsaTh All nByXkpaTHOro ucCHapeHusi, T. €. YCTaHOBKM C IMPEABapUTEIIbHOMN
OTOCH3UHMBAIONICH KOJIOHHOW M clokHOM PK ¢ OOKOBBIMH OTHAPHBIMU CEKLMSIMU JIJIS
pas3/esieHns YaCTUYHO OTOCH3MHEHHOW He()TH Ha TOIIMBHBIC (Pp-U M Ma3yT. 2-KOJOHHBIE
yctanoBku All HedTn momyunnu B oted. HeTenepepad. Haub. pacnpocrpanenue. OHu
00JIaJIal0T JTOCTAaTOYHOM TEXHOJ. THOKOCTHIO, YHUBEPCAIBHOCTHIO M CIIOCOOHOCTHIO
nepepabaTeiBaTh HeTH pasir. OC, T. K. mepBas KojJoHHA, B Kpoil oroupaercs 50...60 %
OeH3MHA OT MOTEHIINANA, BBITIOIHAET (PYHKIIMN cTabUIM3aTopa, CriIakKuBaeT KojaeOaHus B
®C wHeptn u obOecneunBaeT crTabwibHylo padory ocH. PK. IIpumenenue
OTOCH3MHUBAIOIIEH KOJOHHBI TMO3BOJISIET TAaK)KE€ CHU3HUTH JIaBll. Ha CHIPHEBOM HAacoOCe,
IPEIOXPAHUTh YACTUIHO CJIOKHYIO KOJIOHHY OT KOPPO3HH, Pa3rpy3HTh MeUb OT JIeTK. (p-
W, TEeM CcaMbIM HECKOJIBKO YyMEHBIIUTh €€ TpeOyeMylo TEIUIOBYI0O MOIIHOCTb.
Henocrarkamu 2-xononnoit AT siBi. Oosiee Beicokasi t HarpeBa OTOCH3WHEHHON HedTH,
HEOOXOIUMOCTh ToAaJepkaHuss ! Hu3a MepBOM KOJIOHHBI Topsyed CcTpyed, Ha 4TO
TpeOyroTCcst 3aTpaThl Jom. JHepruu. Kpome TOro, ycraHoBka oOOpyJoBaHa JOII.
anmnapaTypou: KOJOHHOW, HACOCAMH, KOHI-TOPaMHU-XOJOAUIbHUKAMU U T. O. biok All
He(TU BBICOKOTPOU3BOIUTEIBHOM, HaUO. pacIpOCTPAaHEHHOM B HAIlle cTpaHe YCTAHOBKHU
DJIOY-ABT-6 ¢yHKIIMOHUPYET MO CXeMe 2-KpaTHOTO UCIApEeHHs] U 2-KpaTHOU PEKT-H.
O6e3BoxxeHHas 1 obeccosienHas Ha DJIOY HedTh nonoaHUTENLHO IOAOrpeBaetcs B TO u
0 CTYTMAeT Ha pa3/ie/iecHHe B KOJIOHHY YaCTUYHOTO OTOCH3MHHUBAHUS. Y XOIAIINE C Bepxa
ATOW KOJIOHHBI YTJIEBIHBIA Ta3 W JIETK. OCH3WH KOHJEHCHUPYIOTCS M OXJIKIAIOTCS B
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ammaparax BO3YIIHOTO W BOJSHOTO OXJIAXKIEHUS W MOCTYMAlOT B €MKOCTh OpPOIICHHUS.
Ot6en3unennas HegTh ¢ HU3a K-1 nmomaercs B TpyOuaryro mneub 4, rjae HarpeBaercs /10
TpeOyemotii t u moctymaer B atmochepHyto K-2. Yacts otOeH3uHeHHON HedTH U3 neuu 4
BO3BpaIllaeTCsl B HU3 KOJIOHHBI 1 B kauecTBe ropsiueii ctpyu. C Bepxa K-2 orbupaercs Tsx.
OcH3MH, a cOOKY Yepe3 ornapHbie KoJOHHBI K-3 BeBoAsATCSA ToruBHbBIEC (p-u 180...220
(230), 220(230)...280 u 280...350 °C. K-2 kpome OO umeet 2 11O, K-pbIMU OTBOJUTCS
TEIJIO HIDKE Tapenok oroopa ¢p-ii 180...220 u 220...280 °C. B HmKHHE YacTu
aTMOocepHOM ¥ OTHAPHBIX KOJIOHH TMOAACTCS TMEpPerpeTblii B. M. ISl OTHApKH

nerkokunamux ¢p-i. C Huza K-2 BeiBonuTCS Ma3yT, K-pblii HampasiseTcs Ha 610k BII

[4].
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Pucynok 2 — [puatiunuansaas cxema 61oka All Hedtu ycranoBku DJIOY-ABT-6: | — HedTh
¢ DJIOY; Il —nerk. 6ensun; 11 — Tsx. 6en3un; [V — dp-s 180...220 °C; V — dp-51 220...280 °C; VI
— ¢p-51 280...350 °C; VII — mazyt; VIII — raz; IX — B. n.[4]
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Pucynok 3 — Cxema armocepHOi IEpErOHKH ¢ OHOKPATHBIM ucniapenueM Hetu: [ — Hep1h;
Il — ra3; Il — 6ensun; IV — kepocun; V — musensHas ¢pakius; VI — mazyt; VII — Bona [9]

Hwxe npuBeeH MmaTepualibHbIi O0ananc 6moka AIl Hedru [4].

Mamepuaasnsiii dananc dnoxa AT

[locTynmmo, %
Hedms 1ixd
Ilomyaero, Ve HA HEfTE,
['@z n HecTabuneaE DenInH (B k. — 18050 19,1
-
IRl 22070 T4
220 2R0°C 11,0
280, 350°C 105
Magyy 52,0

[IpsiMmoroHHBIE OCH3WHBI JIOJDKHBI CHaJala TMOJBEPrarbCcsi CTAaOMIM3AINKU C
BoieacHreM cyxoro (C; —C;) u cxrkeHHoro (C; —Cy) Ta30B U MOCIIE. UX pallMOHATBHBIM
ucrnosb3oBaHueM. s mocnen. nepepad. cTaOMIM3UPOBaHHBIE OCH3UHBI MOJBEPTAOTCS
BTOPUYHON TIEeperoHke Ha (p-u, HampaBisgemble Kak Chipbe mporeccoB KP ¢ menbio
nonyuenust BO komnonenta Ab uiau uHIUBUI. apeHOB — O€H30J1a, TOIYOJ1a U KCHJIOJIOB.
[Ipu mpousBe apeHOBBIX YTIJIEB-IOB WCXOJHBIN OCH3WH pa3lemstoT Ha cield. ¢p-u ¢
TEMIIEPATyPHBIMH TIpeeiaMu Beikumnanus: 62... 85 °C (0eH3zoabpHy0), 85...105 (120 °C)
(tronyonbhyto) U 105 (120)...140 °C (kcunonpHyio). [Ipu TOIJIMBHOM HaNpaBiICHHUH
nepepaboTKU MPSIMOTOHHBIE OCH3UHBI JOCTATOYHO pa3aenuTs Ha 2 ¢pp-u: H. K. — 85 °C u
85...180 °C. IInsa craOuiu3anud U BTOPUYHOM MEPETOHKH IMPSIMOTOHHBIX OCH3MHOB C
nmoyrydeHueM chipbsi KP TormBHOTO HamTpaBieHUs IPUMEHSIOT B OCH. 2-KOJIOHHBIE CXEMBI,

BKJTFOYAOIINE KOJIOHHY cTabmm3aruu u kononny BIIb va ¢p-u 5. k. — 851 85...180 °C.
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Hau6. sxoHOMHYEeCKH BBITOAHON CXEMOIl pa3/ieneHus CTadMIN3UPOBAaHHOIO OEH3MHA Ha
y3KHE apeHooOpasyroume (ppakiuy NpU3HAHA IOCIEA0BaTENbHO-TIApaslIebHas cXxema
CO€ll. KOJIOHH BTOPUYHOW MEPETOHKH, KaK 3TO MPHUHATO B OJIOKEe CTaOWIM3aluu |

BTOpUYHOM nieperonku yctaHoBku JIOY-ABT-6.
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Pucynoxk 4. [IpyHuunuansHas cxema 61oka ctabunuszanuu u BIIb ycranosku 3JIOY-ABT-6: 1
— KOJIOHHA cTabunu3anuu; 2—5 — KOJIOHHA BTOPUYHON NEeperoHky; | — HecTaOuabHbIN 6eH3uH; 1 —
¢p-1 C5 — 62 °C; Il — ¢p-4 65...105 °C; IV — ¢pp-1 62...85 °C; V — ¢p-1 85...105 °C; VI — ¢p-1
105...140 °C; VII — ¢p-4 140...180 °C; VIII — cxmxennas ¢pp-1 C2—C4; IX — cyxoii ra3 (C1-C2);
X —B. 1. [4]

B cooTBeTcTBHM C 3TOM cXeMO# NMPSAMOTOHHBIN OCH3HMH Tocie cTabmnmmu3anuu B K-
1 pazgensieTcsi cHavasia Ha 2 mpomexyTtounbie Gp-u (H. k. — 105 °C u 105...180 °C),
KaXXJ1as U3 K-PbIX 3aTE€M HAIpPaBISICTCS HA TOCHE. pa3/ielieHne Ha y3Kue IelieBbie Gp-H.
Kakx BumHO m3 puc. 4.8, HecraOunbHbI OcH3MH u3 Onoka AT mocie HarpeBa B TO
MOCTYMAeT B KOJIOHHY cTabunu3anuu (neOyrtanuzarop) 1. C Bepxa 3TOH KOJOHHBI
oTOMparoT CkmkeHHbIe ra3el C2 —C4 . U3 ctabunsHoro O6¢H3mHa B K-2 oTOuparor dp-1o
C5 -105 °C, x-pyto Hanpasisitot B K-3. Kpome Toro, yacts na poB Bepxa K-2 mogatot 6e3
kouaeHcaiuu B K-3. C Bepxa K-3 otbupator ¢p-to C5 —62 °C, ¢ kyba — 62...105 °C, -
pasi MOXET BBIBOJUTHCA C YCTAaHOBKM Kak IiejeBas JmOo HampaBisiThes B K-4 mus
pazaenenus Ha ¢p-u 62...85 °C (6enzonpHyr0) U 85...105 °C (TonmyonsHyto). Ocrarok K-
2 — ¢p-10 105...180 °C — mampasmstot Ha pazaenenue B K-5 Ha ¢p-u 105...140 °C n

140...180 °C. Temo B Hu3 K-4 nmoaBoauTcs yepes KUIMSTHIBHUK, a OCTAbHBIX KOJIOHH
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BTOpUYHOU reperoHku (2, 3 m 5) — ¢ ropsdeld cTpyeld MoJ0rpeToro B meyr KyOoBOTO

OCTaTKa 3THUX KOJIOHH.

Mamepuansnsiii faranc ivroxa BITE

IlocTynuno, ¥ Ha HEITR:

HeCcTADHABHEE DEHIH 19.1
— NowwcEp,bommegre: =00 00 0
CHHBCHHE rag 1{{‘1 o ]]3
gpaCoe2c {267
thp-r 62 1050 lﬁjh _______
_pml0S.M40°C [ 46L
thp-r 140 180°C 421

Ha ycranoBkax AT ocylIeCTBISIOT HETITyOOKYIO MEPErOHKY HE(PTH € MOTyYEHUEM
OCH3WHOBBIX, KCPOCHUHOBBIX, IHU3eIbHBIX Gpakimii u wmazyra [5]. YcranoBku BT
MpeHa3HaYeHbl IS yriyoOneHus nepepadbotku HegTu. [lomyyaemble Ha HUX U3 Ma3zyTa
ra3oiiyieBble, MaciisiHble ()pakUuu U TyJIPOH HMCIOJIb3YIOT B KAUECTBE ChIPhS MPOLIECCOB
BTOPUYHON TepepabOTKU HEPTH C IENbI0 MPOU3BOJCTBA TOIUIMB, CMa304YHBIX Maced,
KOKca, OMTyMOB M Apyrux HedrenpoaykrtoB. ChlppeM i1 yCTAaHOBOK NEPBHUYHOMN
IEPErOHKH CITy’KaT HEPTh U ra30BbI KOHJECHCAT.

[Ipu nepBUYHON MeperoHke He(TH MOIYYarOT IIUPOKUI aCCOPTUMEHT (DpaKimil 1
HEe(TENpPOAYKTOB, pA3NUYAOMIMXCA 1O  TEMIIEpaTypHbIM  TIpaHUIAM  KHUIICHUS,
YTJIEBOAOPOJIHOMY M XHUMHUYECKOMY COCTaBY, BSI3KOCTH, TEMIIEpAaTypaM BCIBILIKH,
3aCTBIBAHMSI M JIDYTUM CBOMCTBAaM, CBSI3AHHBIM C OOJACTBIO HX NPUMEHEHUS U
WCIIOJIB30BaHUA. YTJIEBOJOPOAHBIA ra3 COCTOMT IPEUMYIIECTBEHHO W3 NpOIaHa U
OyTaHOB, KOTOpPBIE B PACTBOPEHHOM BHUJE COAEPKATCSA B MOCTYNAIOIIMX HA MEPepadOTKy
He(dTaAX. B 3aBUCUMOCTM OT TEXHOJOTMU MEPBUYHOM TMEPEroHKM He(PTH MpoIaH-
OyTaHOBYIO (DpakIHiO TOJYyYarOT B CKIWKEHHOM WM Tra3o00pa3HoM cocTosHun. Ee
UCIIOJIB3YIOT B KAayeCTBE ChIPhsl Ha Tra30(paklMOHUPYIONIMX YCTAHOBKaX C LEJbIO
MPOU3BOJCTBA WHAMBUAYAIbHBIX YIJIEBOAOPOJOB, OBITOBOIO TOIUIMBA, KOMIIOHEHTa
aBTOMOOMJIBHOTO OeH3nHa. Dpakiuio MMEHYIOT HePTempoayKTOM, €CIH €€ CBOMCTBa
OTBEYAIOT HOPMaM CTaHAApPTa WIA TEXHUYECKUM YCIOBUSAM Ha TOBAPHBIM NMPOAYKT, HE
TpeOys JOMOIHUTEIBHOIO MEPEAELIIA.

bensunoBas ¢pakius ¢ npeaenamu Beikunanusi 28—180°C npenMyIecTBEHHO
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MOJIBEPraeTCs BTOPUYHOMN IMEPEroHKe (YeTKOM peKTU(UKALWU) JUIsl TMOJNyYEHHUs Y3KUX
¢bpakmuit (28—62, 62—85, 85—105, 105—140, 85—140, 85—180°C), cmysamux
CBIPBEM JUISI TIPOIIECCOB HM30MEPHU3AlNU, KATATUTHYECKOro pudopMHHra ¢ IeIbio
IIPOM3BOJICTBA WHAWBHIYyAbHBIX apOMAaTHYCCKUX YTIIEBOAOPOJOB (OeH301a, TOIyoda,
KCUJIOJIOB), BBICOKOOKTAHOBBIX KOMIIOHEHTOB aBTOMOOWJIBHBIX M  aBHAIMOHHBIX
OCH3MHOB; IPUMEHSETCSI B KAYECTBE CHIPhS MUPOJIN3a NP MOJYyUYECHUHU STHIICHA, PEKE —
KaK KOMITOHEHT TOBapPHBIX OCH3WHOB.

KepocunoBast ¢pakmus ¢ Temreparypamu Boikunanus 120—230 (240) °C
UCIIOJB3yEeTCSl KaK TOIUIMBO JJIsi PEaKTUBHBIX JBUTATeNed, NpU HEOOXOIAUMOCTH
MOJIBEpraeTcsi JeMepKanTanuzanuu, ruapoounctke; ¢pakuuo 150—280 mmm 150—315
°C M3 MaJOCEPHUCTHIX HEPTEH HCHOJB3YIOT KaK OCBETUTEIbHBIE KEPOCUHBI, (HpaKIIHIO
140—200 °C — «xak pactBopuTelb (yaMT-cUpuT) JUJII  JIAKOKPACOYHOM
MPOMBIIIIJICHHOCTH.

JusenvHas (pakius, BeIKUMNaromas npu temmeparypax 140—320 (340) °C,
UCIIOJIb3YETCS B KAYeCTBE AM3EIbHOr0 TorumBa 3uMHero. ¢paxiust 180—360 (380) °C —
B KadecTBe JieTHero. lIpu mMoOMydeHWHM W3 CEPHUCTBIX U BBICOKOCEPHUCTHIX HE(Te
Tpebyercst npensaputenbHoe obeccepuBanne dpakimii. Opaxiun 200—320 °C u 200—
340 °C u3 BeicoKomapa@UHUCTHIX He(TEH UCTIOIB3YIOT KaK ChIPHE JIJIS TOTYUSHUS KUTKUX
napauHOB AenapapuHu3aLMei.

Ma3yt — ocTtatok aTMoc(epHO MEeperoHKu HEPTH — MNPUMEHSETCS Kak
KOTEJIbHOE TOTUIMBO WJIM B KaueCTBE CBHIPhSl YCTAHOBOK BaKyyMHOU MEpPEroHKH, a TaKKe
TEPMHUUYECKOTO, KaTAIMTUYECKOTO KPEKUHTa U TUAPOKPEKUHTA.

[Mupoxas macnsnas ¢paxius ¢ Temneparypamu Beikunanus 350—500 u 350—
540 (580) °C — BakyyMHBIH Ta30iJib — HCIOJB3YETCS B KA4eCTBE CHIPHS
KaTAJIMTUYECKOTO KPEKUHTA U THAPOKPEKHUHTA.

VY3kue MacisiHble Gpakiuu ¢ npeaeaamu Beikunanus 320 (350) — 400, 350—420,
400—450, 420—490, 450—500 °C ncnosb3yroT Kak ChIpbe 1JIs yCTaHOBOK ITPOU3BO/ICTBA
MUHEPAJIBHBIX Macell Pa3IMYHOTO Ha3HAYEHUS U TBEPAbIX MapapuHOB.

['yapoH — oCTarok BaKyyMHOH TIEPETOHKM MaszyTa — I[IOJIBEpraroT
neacQalbTU3alu1, KOKCOBAHUIO C IEJIbI0 YIUIyOJeHUs epepab0TKU HEPTH, UCTIONb3YIOT
B IIPOM3BOJICTBE OUTYyMa, OCTATOYHBIX 0Aa30BbIX MaCEJL.
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[Teperonky HedTeH ¢ HEOOIBIIMM KOJIMYSCTBOM pacTBOpeHHBIX razos (0,5—1,2 %
no C4 BKIIIOYHMTEIBHO), OTHOCUTEIHLHO HEBBICOKMM cojiepkanueM OceH3uHa (12—15 %
Mmae. ¢paknuii 10 180 °C) u Berxogom ¢paxiuii, Beikumnaromux 10 350 °C, ve 6omee 45 %
Mae. BBITOJHO OCYIIECTBIIATh Ha ycTaHOBKax (0yokax) AT mo cxeme ¢ OJHOKpaTHBIM
UCMIApEHUEM U TOCIEAYIOUMM (PPaKIMOHUPOBAHUEM OOpa30BaBIIMXCS MApOBOM U
KUAKOU (pa3 B CIOKHON PEeKTU(DUKAIMOHHON KOJIOHHE. JIJisl MeperoHKu JeTKux HedTeil ¢
BBICOKUM BbIX0jioM (pakiuii 10 350 °C (50—65 % Mae.), MOBBIIICHHBIM COJICPYKaHHEM
pactBopeHHBIX TazoB (1,5—2,2 % wmae.) u OGensuHOBBIX (pakmuii (20—30 % wmae.)
1eJ1€c000pa3HO NPUMEHATh ycTaHOBKU AT BykpaTHOro ucnapenus. IlpeaqnouturensHoit
ABJISIETCSI CXEMa C TMPEIBAPUTEIBHOM PEKTU(MUKAITMOHHON KOJIOHHOM YacCTUYHOTO
OTOCH3UHMBAHUS HE(PTHU U MOCIEAYIONIEH EePEroHKON 0CTaTKa B CIIOXKHOM aTMoc(epHOit
KOJIOHHE. B nepBoii KoJoHHE U3 HEPTH OTOUPAIOT OOJBIIYIO YaCTh Ta3a U HU3KOKUITSIIUX
O€H3MHOBBIX (pakuui. YToObl 0oJiee MONHO CKOHJIEHCHPOBATh WX, MOJAEPKUBAIOT
noBeimeHHoe Aasienne (0,35—0,5 MIla). Braromapst 3ToMy CTaHOBUTCS BO3MOKHBIM
NOHU3UTH JaBiieHue B atMmocepHoit kosnonne g0 0,14—0,16 MIlla u Tem caMbim
pean30BaTh yCIOBUS MEPEroHKH, 00ecreunBaroe Haubosee MONMHbII 0TOOP CBETIBIX
He(TENPOIYKTOB OT X COACPXKaHUS B HEPTH.

B kononHe ywactuuHOro oTOeH3MHMBaHHSA oTOMparoT 50—60 % oT moTeHMana
o0ensnHa. CTpeMHUThCS K 0oJiblieMy OTOOpY O€H3MHA 3a CUET JOMOJHUTENBHOTO MOABOJIA
Teryia B HU3 KOJIOHHBI WJIM MOJa4¥ BOJSHOTO Mapa He CIEAYeT, TaK KaK 3TO MOBBIIIAET
3aTpaThl Ha MeperoHKy. Kpome Toro, coctaB ChIpbsi aTMOC(EPHON KOJIOHHBI HACTOIBKO
VTSOKEISIETCS, 4TO TpeOyeTcs 4Ype3MEpPHO BBICOKAas TeMIlepaTypa IMHUTAaHUs, KOTopas
OKa3bIBaeTCs BhIIe MakcuManbHO pomyctuMoit (350 °C). Cxema meperoHKd HepTH C
KOJIOHHOM TpPeABApUTEILHOIO YaCTUYHOIO OTOCH3WHHUBAHUS M OCHOBHOM CJIOKHOM
PEKTU(PUKAIMOHHON KOJOHHOHW TMOJIy4rsia HanOOJbIlIee MPUMEHEHHE B OTEUECTBEHHOU
HedrenepepaboTke. OHa 00JagaeT AOCTAaTOYHOW THOKOCTBIO U YHUBEPCAIBHOCTHIO.
Pa3HOBHIHOCTBIO TIEPETOHKM HEe(DTH C ABYKPATHBIM HCHAPEHUEM SBISIETCS CXEeMa C
MpeBAPUTENIbHBIM UCTIAPUTENIEM U CIIOKHON aTMocdepHoit konoHHou. [TapoBas daza u3
UCTIapUTelId HalpaBisieTcsl B aTMocepHyto KonoHHy. JXKuakas ¢aza HarpeBaercs B MeUu
U 3aTeM TakXKe HaIlpaBisieTca B aTMOchepHyto KonoHHY. OCHOBHBIE JOCTOMHCTBA TaKOM
CXEMBbI 3aKITI0YAIOTCSl B HEKOTOPOM COKPAILIEHUHU 3aTpaT Ha MEPErOHKY 3a CUET CHUKCHHUS
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THIPaBIMYECKOTO COMPOTHUBIECHUS 3MEEBHUKA IMEYUM M YMEHBIICHHS METaUIOEMKOCTH
KOJOHH M KOHAeHcaTopoB. CxeMa NpUMEHHUMA Jisi MEpPEeroHKu HedTel co cpeaHuM
YPOBHEM COJICpKaHUs pacTBOpeHHOTO Tra3a (okoiyo 1 % mae.) u 6ensuna (18—20 % wmae.).
B mpaktuke oTeuectBeHHOUM HedTenepepabOTKu oHa BeTpeyaeTcs: peako. Koppo3noHHo-
aKTUBHBIC BEILECTBA YAANAIOTCS uepe3 BepX OTOCH3UHUBAIOUIEH KOJOHHBI. Takum
o0pa3oM, OCHOBHasl PeKTH(HUKAIMOHHAS KOJOHHA 3allUIlleHa OT Koppo3uu. bmaromaps
pelIBapUTEILHOMY  yJIalieHuI0 OCH3WHOBBIX ¢pakuuid B 3MEEBUKaxX M€Yl U
TEIUI0O0OMEHHUKAX HE CO3/1a€TCs BBICOKOTO JABJICHUS, YTO IMO3BOJISIET YCTAaHABIMBAThH
Oonee pemeBoe obOopymoBanue Oe3 ycwieHus ero npouyHoctu. Hedrts I mpoxomut
TEIUIOOOMEHHUKHU U 2, I/I€ OJIOTPEBAETCS 3a CUET TEIUIa OTXOJALIUX MPOAYKTOB, MOCIE
Yero MmocTymnaeT B OTOCH3MHMBAIONIYIO KOJOHHY 3. B konmonne 3 u3 He(TH BbIIEISAETCS
nerkass OeH3WMHOBas (PpaKIus, KOTOpask OXJIAKIACTCS B BO3IYIIHOM XOJOJIUJIBHUKE O,
KOHICHCUPYETCS B XOJOAMIbHUKE 4 U cOOMpaeTcs B EMKOCTH OPOIICHUS 6 , OTKya uepes
oTcTOMHMK 8 mojaeTcs B ctabunuzatop 6ensuHa 11. B eMKocTH opoIeHus: BhIIEISETCS
takke ra3 |V, mampasnsembiii Ha komnpumupoBanue. [lomyorOenzunenHas HedTh H3
HIDKHEH YacTHW KOJIOHHBI 3 HampaBiisseTcs depe3 TpyOdaryro medb 9 B aTMochepHyro
koionHy 10. YacTe moToka moiayoTOCH3WMHEHHOW HedTH mmojorpeBacTcss B medun 9 u
BO3BPAIAETCs B OTOSH3MHUBAIOIIYIO KOJIOHHY 3, cO00IIast TOTOIHUTEIFHOE KOJIMYECTBO
Termaa, HeoOxomumoe s pektudukanuu. B komonne 10 wedth pasmensercs Ha
HECKOJIbKO (pakiuit. M3 BepxHei yactu kojgoHHb! 10 B mapoBoit (aze yXoauT TsHKeNbIi
OCH3MH, KOTOPHIN KOHACHCUPYETCS B XOIOAMWILHUKE 4, a 3aTeM IMOCTYTAeT B CTA0MIN3aTOp
11. Ky6oBbiii ocTaToK cTrabunm3aTopa mojorpeBaercsa B medyn 13. B kauecTtBe OOKOBBIX
moroHOB 13 KOJIOHHBI 10 BeIBOASITCS KepocuHoBast X u au3enbHas VI ¢pakiuu, kotopsie
NIEpBOHAYAILHO TIOJAIOTCS B CEKIIMHM OTMAPHBIX KOJOHH 11, b KOTOPHIX B MPUCYTCTBHUH
BOJISTHOTO TIapa yAaJSIOTCs JeTkue (ppakiuu. 3aTeM KepOCHHOBAs U Au3eiabHas Ppakiuu
BBIBOJISITCS C YCTaHOBKH. M3 HWXHEH 4acTH KOJOHHBI BBIXOAUT Ma3yT XVI, KoTopbii
yepe3 neuyb 15 mojaeTcss B KOJOHHY BaKyyMHOM MeperoHku 16, rime pasaensercs Ha
BakyyMHble TucTHILIATHL X| u ryapon |l. Y3 BepxHeil yactu kKojloHHBI 16 ¢ MOMOIIBIO
NapoKEKTOPHOro Hacoca 14 oTcachlBalOTCS BOJASIHbIE TMapbl, Ta3bl TEPMUYECKON
JIECTPYKIUHU, BO3AYX M HEKOTOPOE KOJIMWYECTBO JIETKMX HE(TEmpOAYKTOB (IU3EIbHAS
¢dpakmus). Bakyymusiit qpuctuisat X| u rynpon |l yepes TemnooOMeHHUKH MOAOTPEBa
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HedTu 1, 2 yXoaaT ¢ ycTaHOBKU. J{J1s1 CHMKEHHs TEMIIEpaTyphl B KyOe U 0oJiee MoJIHOTO
U3BJICUCHUS TUCTWIUIATHBIX (ppakiuii B kojoHHBI 10 m 16 momaercst BoasHoM map V.
N30bITOYHOE TEIJI0O B HUX CHUMAETCS LUPKYJIALIMOHHBIMU opoweHusmu XIV. B
cTabMIIM3aTOpPE U B BEPXHEH YaCTU OTOMPAIOT «TOJOBKY CTAOMIM3AIUN» — COKMXKEHHBIN
yrieBogopoanblii Ta3 VI, a u3z kyba — crabunpHbii OeH3uH |X, He comepkarimit
ra3o00pa3HbIX yriaeBoaopoaoB. [lpu pabote mo 3Toi cxeme crneayeT HarpeBaTh HEQTH B
neyu 10 0oJiee BHICOKOM TeMmIepaTyphl, YeM MPU OJHOKPATHOM HCHAPEHUH BCJIEACTBUE
pa3feNbHOTO HCTapeHusl JErKuX MU Tsokenbix (pakuuil. Kpome Ttoro, ycraHoBka
00opy/10BaHa JOTOJHUTEIBHON anmnaparypoi — KOJIOHHOM, HACOCaMHU MEYHBIMU U IS
HOJJa4M OPOIIEHUS, KOHAEHCATOPaMU-XOIOAWIbHUKAMH U T. [I.

OcnoBHas atmocdepHas koionHa 10 coctout n3 3—5 MPOCTHIX KOJIOHH (MX YHCIIO
OTPE/EINAETCS YMCIOM BBIBOJUMBIX JUCTWLIATOB). Bepxuuih auctumiar (o0ObIYHO
OCH3MHOBBIN) BBHIBOJUTCA B BHJEC MapOB, OCTaJIbHBIC IUCTUIUIATHI (KUAKHE OOKOBBIC
MTOTOHBI) BRIBOJATCS Yepe3 OTIapHbIe ceKinu. B atmocdepHoi komonHe 10 Bce Temo,
HeoOXoauMoe i PeKTU(UKALMU, BHOCUTCS MOTOKOM ChIPbsi, KOTOPOE HAarpeBaeTcs B
neun 9 10 MapOKUAKOCTHOTO COCTOSTHUS. [10aTOMY 7151 yIIydIIeHUsI 4€TKOCTH Pa3IeICHUS
B 3TOI KOJOHHE HEOOXOAMMO YBEIMYMBATH JOJK0 OTIOHA CHIPbSl, YTO JOCTUTaeTCs
HOBBIIIEHUEM TeMIIepaTypbl U CHUKEHUEM JaBJIeHUs B 30HE UuTaHusl. [IpeanouturensHo,
qTo0Bl g0t oTroHa Ha 5—10 % wmae. mpeBbIIala CyMMY CBETIIBIX JHUCTHIUISATOB,
0oTOMpaeMBbIX B KOJIOHHE.

TexHonoruueckass cxema KoMmOuHHMpoBaHHOW ycTaHoBku OJJIOY-ABT [6].
[Toporperas B Teriooomennnkax 8 Hedts | ¢ remneparypoit 120-140 °C B neruaparopax
1 moaBepraeTcsi TEPMOXMMHUYECKOMY U 3JEKTPOOOE3BOXKUBAHUIO M 00ECCOIMBAHUIO B
NPUCYTCTBUH BOJBI, AedMybratopa u meéinouu. [lonrorosnennas Takum oopazom HeTh
JIOTIOJTHUTENIHHO TOIOTPEBACTCS B IPYTUX TETUNIOOOMEHHHKAX u ¢ TemmepaTrypoit 220 °C
NoCTyMaeT B KOJOHHY 2. CBepxy 3TOi KOJIOHHBI 0TOMpaeTcs (pakuus JErkoro OeH3uHa
XV. Ocratok |l cHu3y kosoHHBI 2 TogaeTcs B meub /, rae HarpeBaetcs n0 330 °C, u
noctynaeT B KojoHHy 3. YacTh HepTu U3 meun / BO3BpallaeTcs B KOJOHHY 2 B KaYeCTBE

ropsiueit ctpyu. CBepXy KoJioHHBI 3 orOupaetcs Tsokénbid 6ensuH XVII, a cooky uepes

ornapHbie KooHHbI 11 dpaxmuu VI (140-240, 240-300 u 300-350°C).
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Xl XV XI

Pucynok 5 — Cxema ycTaHOBKH aTMOC(hEpHO-BaKyyMHOI neperonku Hedtu: 1, 2, 12 —
TEII000MEHHUKH; 3 — OTOEH3MHUBAIOLIAs KOJIOHHA; 4 — XOJIOAUIIBHUK; 5 — BO3YIIHbII
XOJIOAWIIBHUK; 6 — €MKOCTh OpOLIEHUsT; 7 — HAcoc; 8 — OTCTOMHUK; 9, 13, 15 — neun Harpesa ChIpb4;
10 — arMocdepHast KOJOHHA ¢ OTIAPHBIMU KoJIOHHaMU; 11 — ctabmimzarop Oen3uHa; 14 —
Napo3KeKTOPHbII Hacoc; 16 — BakyyMHasi KOJIOHHA; 17 — KOHIIEBbIe XOJIOAWIbHUKY; | — HedTh; 11 —
ryapoH; IIT — cOpoc Boab! B kaHanu3amuio ; [V — ra3 Ha razoppakimoHUPYIOIIY0 YCTaHOBKY; V —
nap BojsiHOM; VI — ra3sl 2xekiuu Ha yTuimzanuio ; VII — ronoBHast ppakius crabunusanyuy Ha
razo(dpakimoHupyronyro ycranoBky; VIII — muzensnast gpaxius; [X — 6ensun ; X — xepocun; XI
— BaKkyyMHbIN quCcTHIIAT; XII — tonmuBHb ra3; XIII — neimoseie rassl; XIV — HUpKyIsSaLHUOHHOE
opomenue; XV — Bona; XVI — mazyr [1]

Mazyt IV cHuzy kosionHbl 3 ogaércst B neub 15, rae Harpeaercs 10 420 °C, u
MOCTYIAeT B BAKYYMHYIO KOJIOHHY 4, paOOTaIoNy 0 MpU OCTAaTOYHOM JiaBjieHnu 60 MM pr.
cT. BoasHbie mapel, ra3oo0pa3Hble IPOAYKTHI paziioxkeHus: u jgerkue napel XIV cBepxy
KOJIOHHBI 4 TIOCTYIAalT B OapOMETpUUECKUN KOHAEHCATOP 12, HEeCKOHIEHCHPOBAaBIINECS
ra3bl OTCaChIBAOTCS MKEKTOPOM 13. BOKOBBIMM TOTOHAMU KOJIOHHBI 4 ABIISIOTCSA (PPAKIUH
VII, ocratkom — ryapon VIII. bensunst XV u XVII, nonyyaembie U3 KOJIOHH 2 U 3,
CMEIIMBAIOT W OTBOIAT B crabunmusatop 5. ['a3 u3 razocemapatopoB 10 mocne
KOMIIPUMHUPOBaHUSI Tomaércs B abcopOep 6, opomraempiii CTaOMIBHBIM OeH3MHOM V.
Cyxoit ra3 XII copaceiBaercs k popcyHkam nedeit. ['0JI0BHOM MPOAYKT CTaOMIM3AIIUM
KOJIOHHBI 5 HamnpaBsierca Ha @Y. CtabunbHbIN O€H3UH NOIBEpraeTcs 3aiiéiauyuBaHHIo.

Bo ¢pakiuu nérxoro u TsHKENOro 0€H3MHOB, OTOMPAEMBIX C BEpXa OTOSH3UMHUBAIOLIEH U
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aTMOC(EepHON KOJIOHH, COJIEPKATCsl PAacTBOPEHHBIE YIiIeBOmOpoaHbie Ta3wl (C2-C4).
[TosTOMy mTpsIMOTOHHBIE OEH3MHBI JOJDKHBI TOJBEPraThCsl BHAYale CTaOWIM3ALUU C
BoigieneHueM cyxoro (CI1-C2) u cxuxenHoro (C2-C3) ra3oB M MNOCIEIYIONMIUM HUX
palMOHANBHBIM HCMOJb30BaHHEM. [IpsiMOroHHBIE OEH3MHBI TOCHE TMPEIBAPUTEIBHON
CTaObMJIM3aIllMM HE MOTYT OBITh MCHOJB30BAHBI HEMOCPEACTBEHHO KaK aBTOMOOWIIbHbBIC
OCH3MHBI BBy X HU3KOH JETOHAIIMOHHOW CTOMKOCTH. OOBIYHO MCHOJIB3YETCS TOJIBKO
rojioBHas (pakuus OeH3uHa H.K.-62 (85°C) mus perynMpoBaHHs IMyCKOBBIX CBOMCTB U
VIOPYTOCTH TIApOB TOBAapHBIX aBTOOEH3WHOB. JTa (pakmms K TOMYy >Ke o0iamaer
JIOCTaTOYHO BBICOKOM JETOHAIIMOHHOM CTOMKOCThIO. [l mocnemyromiei nepepaboTKu
CTaOMJIM3UPOBAHHBIE OCH3MHBI MOABEPralOTCsl BTOPUYHOM TNIEpPEroHKE Ha (pakiuw,
HaIpaBJisIEMbIE KaK ChIPbE MPOIIECCOB KATATUTUYECKOTO pU(POPMHUHTA C LIEIIBIO MOTYyUYCHUS
BBICOKOOKTAHOBOT'O KOMIIOHEHTa aBTOOCH3WHOB WJIM WHIWBUIyAIbHBIX apOMaTHYECKUX
YIJIEBOJIOPOIOB — O€H30J1a, TOJIyoJia, KCHiojoB. Ilpu mpou3BoJICTBE apOMaTHUUECKUX
YIJIEBOJOPOIOB UCXOHBIN OCH3UH pa3AesisitoT Ha (Ppakiuu ¢ TeMIeparypaMu KUIICHUS:
62-85°C (6emsombHy0), 85-105°C (120°C) (Tomyomsnyro) m 105(120) -140°C
(kcwnonbHyt0). Ilpu TOMIMBHOM HampaBICHUU MNEPEPaOOTKU MPSMOTOHHBIE OCH3UHBI

pasaensioT Ha aBe ¢pakiun: H.k.— 85°C u 85-180°C.

TOTLTABHBIN TA3,
NPOIIAH-BYTAH

A\ BEHIHHOBAS OPAKITHSA

KEPOCHHOBAS @PAKITHA

I'A3BI H BOJASHBIE HAPBL

JIENKHMH MACJSIHBIM JIMCTRILIAT
CPEJAHHA MACJISTHBIHA JMCTHILIAT
TSOKEBIH MACIAHBIA AUCTHLIAT
BAKYYMHBIH rAZ0i1b

= ._;) I'YAPOH
B

TPYBYATAS NEYL

TPYBUYATAS IIEYD
L)
“=5) BHTYM
OPAKIIHOHHAS DOPAKITHOHHAS
KOJIOHHA KOJIOHHA
= > < -
ATMOC®EPHAS JIACTH/LIAITHS BAKYYMHAS
ANCTH LSS

Pucynok 6 — [IpoaykTsl nepepabotku Hedtu [3]
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Martepuanbubiii  O6amanc armocdepnoro ©Omoka Kapaynbazapckoit nHedtn
npescTaBiieH B Tabmmie 1.

Tabmuma 1 — MatepuanbHbIii 6amaHc aTMochepHoro 010ka

[Tpuxon % Mac. KI/4 Pacxon % Mac. KI/4
HedTh oOecconieHHas 100.00 | 376712,32 |yrneBOmOpOAHBIN Ta3 3,19 12 017,123
1 00€3BOKEHHAs HK-100 4,41 16 613,01
¢bp.100-180 28,69 108 078,76
¢bp.180-240 17,4 65 547,94
¢bp.240-290 17,17 64 681,5
¢bp.290-350 6,22 234315
MazyT 22,52 84 835,61
OTepU 0.40 1 506,877
Hroro 100.00 | 376712,32 [Atoro 100.00 376712,32

MatepuanbHblii OaiaHC BaKyyMHOW KOJIOHHBI IIPE/ICTABIICH B TaOIHIIE 2.

Tabnuna 2 — MaTtepuanbHblii OajlaHC BaKyyMHOM KOJIOHHBI

IIpuxon % Mac. KI/4 Pacxon % mac. KI/4

MasyT 100.00 398811.28 |[koMITOHEHT

4.00 15952.45

JIU3CJIBHOT'O TOIIJIMBA

¢bp.350-500 22.81 90968.85
¢bp.500-550 6.60 26321.54
IyJIpOH 66.39 264770.81
OTEPU 0.20 797.62
Toro 100.00 398811.28 |Htoro 100.00 398811.28

4.  BropuuyHas nepepadoTka He(pTIHBIX U Ia30BbIX (PpaKuMid

TepMuueckuii KpeKUHI YTJIEBOJOPOJOB HM3BECTEH ¢ cepeanHbl XIX B., HO ero
MIMPOKOE MPOMBIIUIEHHOE MPUMEHEHHWE Hayaioch B Hadane XX B. MOJA BIUSHUEM
YBEJIMUMBAIOLIErOCsl CIpoca Ha OCH3WH Il CTpeMUTeNlbHO pasBuBatomieiics B CIIA
aBTOMOOMJILHOM TMpOMBINIIIEHHOCTH. [lepBasi MupoBasi BoWHA CHadajga OpPUEHTHpOBaja
TEPMUYECKUI KPEKUHT Ha MOoJTy4YeHue OeH30J1a U TOIyoJIa JIJIsl MPOU3BO/ICTBA B3PhIBUATHIX
BemiectB. B 1922 r. mpouecc Cross — Dubbs (CILIA) monoxuin Ha4ano HeMpephIBHOMY
IPOMBILIJIEHHOMY IPOLECCY TEPMUYECKOTO KPEKMHIA C MPOKAYKON HACOCOM CBIPbS IS
HarpeBa Mo TPyOHOMY 3MeeBUKY TpyOuaToil meuwm (peaktopa). [lorom Tepmudeckuii

KPCKHUHI IIOCTOSAHHO COBCPHICHCTBOBAJICA PRI | MMOJIy4CHUA BBICOKOOKTAaHOBOI'O

32



KOMIIOHEHTa (KpeKHHr-OeH3uHa) ToBapHbiXx OeH3mHOB. K koniy 30-x rogo B CIIIA
TEPMHUUYECKUN KPEKUHT YCTyMaeT CBOM TIO3HWIMH OO0Jee COBEPIICHHBIM B Ty TIOPY
MPOIIECCaMH KaTATUTUYECKOTO KPEKUHTA, TIO3BOJISIOIINM OJIy9aTh KOMIIOHEHT OCH3UHOB
¢ 6oJiee BEICOKUM OKTaHOBBIM YHCJIOM. TepMuueckuit KpekuHT JaBHO (¢ 60-x rogoB) HE
ucronbzyercs Ha HII3 s momydeHus: BBICOKOKaueCTBEHHBIX OeH3uHOB. OmHako ¢ 1941
r. B CIIA w npyrux cTpaHax OH HM3MCHHWJICA W B BHJE TEPMHUYECKOTO KPEKWHTA B
npucyTCTBUM BozsHoro mapa (Steam Cracking) cram rojoBHBIM mpoiieccoM (IOA
Ha3BaHUEM IUPOJIU3 B OTCUCCTBEHHOU JIUTEPATYPE) IS MOTyUCHUST HEDTEXUMUICCKOTO
ceipbsi. [llMpoko mpumeHsieTCs B HACTOSIIEe BpeMS TEPMUYECCKHI KPEKHHT B BHUJC
BucOpekunra (Visbreaking) st CHYDKEHHS BS3KOCTH TSIKEIBIX HE(QTAHBIX (paKiuid
(Ma3yTOB, KOTEIPHOTO TOILUTHBA), B BUIe KokcoBauus (CoKing) ms moy4yeHus HeQTIHOTO
KOKCa M3 TSOKENbIX HePTSHBIX dpakiuil. Mcnoas3yeTcst nHOraa TepMUYECKUN KPEKHHT B
BHJIC TEPMHUYECKOrO0 PUGOPMHUHTA MPSMOTOHHBIX OCH3WHOB C IEIBIO YBEIUYCHHS WX
okTaHoBoro yucia 10 OUu=84. Bo Bcex 3TuX cCily4asx MOJy4arOTCs JONOJHHUTEIbHBIE
KOJIMYECTBA Ta30B U KUIKUX (PpaKIHid, UCTIOIB3YEMBIX B Ka4eCTBE BHICOKOOKTAHOBBIX
KOMITOHEHTOB OCH3WHOB. [Tpumenstorcst TIPOIIECCHI TUAPOBUCOPEKHUHTA
(runmpornepepaboTKa B MPUCYTCTBUU BOJAOPOJIA) YTSHKEIEHHOTO TYApOoHa I 00pa30BaHus
dpakuun 350—500°C kak gomosHUTeabHOro (10 15— 20%) chiphsi KaTaIUTUYECKOTO
KpPEKHHTa.

BucOpexkuHr (moHMKeHHE BS3KOCTH) — 3(G(EKTUBHBIN BapUaHT HETIIyOOKOTO
TEPMHUYECKOTO KPEKHHTa B MATKOM PEKHME Pa3HOOOPA3HOTO CHIPhS — TSHKEJIOr0 MazyTa
Y TYIPOHA, TSDKEJIBIX Ta30MIIeH KaTaTMTHYECKOTO KPEKHHTa, ac(alibTOB, SKCTPAKTOB U JIP.
B pesynbTate KpeKWMHTAa TIOMYYalOT CISAYIONUE MPOIYKTHl PpEaKIuu: HEOOJIbIITHE
KonmuecTBa ra3a (2— 5%) u 6eHsuHoBor (pakuuu (3— 8%) u OoJBIIOE KOJIHYSCTBO
(80— 85%) manoss3koro ocratka Bbitre 300°C, HCITOIB3yEeMOro Kak KOT€IbHOE TOILUIHBO
WIM I TIOCHenyromeld rmepepaboTku (KaTaIMTHYSCKUH KPEKHHT, THAPOKPEKHHT,
IPOU3BOJICTBO TEXHUUYECKOIO yrieposa). Ba3kocTk ocTaTka yMeHbIaeTcs 10 2— 3 pa3 1o
CPaBHEHUIO C BA3KOCTHIO ChIphsi. ChIphe HarpeBaeTcs B TpyOUaTOMl meun — peaxTope, B
KOTOPOM HAUMHAIOTCS PEaKIIMH KPEKHUHTA, a 3aBEPIIAIOTCS OHU B BBIHOCHOM PEeaKIIMOHHOM
KaMepe — TIOJIOM ITWJIMHIPHYECKOM armapare, cokmHr-kamepe (Soaking Chamber),
Temriepatypa peakimoHHoro mporecca 440— 480° C mpu nmaBnennn 2— 5 MIla.
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Xumudeckuit mporece IauTces 5— 15 MuH u mpoTekaeT B OJHY CTaauio 0e3 mojadu
PEUUPKYJIHUPYIONIETO0 TOTOKAa Ha BXOJ B TpyOdaryro IMeyb. BHUCOPEKMHT MIMPOKO
NpUMEHSIeTCd TpU Tpoleccax TiyOOKoM mepepadOTKH BBICOKOBSI3KUX HE(TIHBIX
ocTaTkoB. [lepcreKTUBHBIM SIBIISIETCS M TPOLIECC TUIPOBUCOPEKHHIa B TMPUCYTCTBUU
BOJOPO/Ia, KOTOPHIM IMO3BOJISIET HE TOJBKO CYIIECTBEHHO CHIKATHh BS3KOCTH TSKEIBIX
¢pakiuii, HO W YaCTUYHO OYMINATH MX OT HEXKENATEeNbHBIX CEPHHUCTBIX WU JIPYTHX
coenuHeHnii. KokcoBaHne — OJMH U3 OCHOBHBIX IMTPOIIECCOB TEPMHUUECKOU NIEpepadoTKu
He(TsaHbIX ¢pakiuii. KokcoBanne He(TAHBIX OCTATKOB MPUMEHSETCS MJsl ILIEJIEBOTO
NOJy4yeHUs He(QTAHOTO KOKCA, HCHOJB3yEeMOro JJisi  HW3TOTOBJEHHS  aHOJOB,
rpadUTUPOBAHHBIX UIEKTPOAOB U APYTUX TOKONpOBOAAIMX u3aenuil. [Ipu koxcoBaHUM
MOJIyYarOTCs TAKXKE ra3 v KUAKUE Ppakuu pa3Horo cocraa (OEH3MHOBAS U Apyrue 0osiee
TsoKenble Qpakiuu). CblpbeM KOKCOBaHHS MOTYT OBbITh Ma3yTbl, I'YAPOHBI, TSXKEIble
ra30iIu KaTAIMTHIECKOTO KPEKUHTA, acalbThl, SKCTPAKTHI, TSDKEJIbIC )KUIKHUE TPOTYKTHI
nuposn3a. 3aMeIJICHHOE KOKCOBaHUE HE(PTIHBIX OCTATKOB MPOTEKAET MPHU TeMIepaTypax
490—515° C u nasnenun 0,2— 0,3 MIIa co BpemeHeM HarpeBa ChIpbsi B pEaKIIMOHHON
30HE TpyOuaToii meyn okojo 2 MuH. ChIphe HarpeBaeTCs CHaudajda B KOHBEKIIMOHHBIX
TpyOax TpyOuatoit nmeun no 270— 300° C u moTtom mojaeTcss Ha BEpX MPOMBIBOYHON
CEKUUHU peKTU()UKAIIMOHHON KOJIOHHBI I AOMOJIHUTEIBHOTO HarpeBa 3a C4eT KOHTAaKTa C
0oJiee TOpIYUMU TTAPOM U Ta30M — MPOAYKTAMHU PEAKINH, IIOCTYNHUBIINMHU U3 KOKCOBBIX
KaMep MOJ] HIKHIOK KaCKaJHYH TapesKy MPOMBIBOYHOW CEKIMHU PEKTU(UKAIMOHHON
KoJIOHHBI. C HHU3a MPOMBIBOYHON CEKIIMU KOJIOHHBI HACOCOM OTBOJMTCS MOTOK JKUKOCTH
¢ temrneparypoit 390°C, cocTosIIMI U3 ChIPbS U PELIUPKYJISITA — CKOHACHCUPOBABIIUXCSA
MapoB MPOAYKTOB PEAKIINH, JIJIsl JAIbHEHUINIEro HarpeBa B paJIiaHTHBIX TpyOax TpyOdaToi
neun g0 490— 515° C. Peakuusi KOKCOBaHMSI HauyMHaeTcs B TpyOuyaToll mneun u
3aKaHYMBAETCS B KOKCOBOM KaMmepe B BUJIE TITyOOKOTO pa3yiosKEHUs ChIPhS M PELUPKYJISATa
c oOpa3oBaHMEM KOKca U 0oJjiee JIerKHMX, 4Ye€M ChIpbe, ra3000pa3HbIX U KUIKUX
yTIEBOIOPOIOB, OTBOJUMBIX Ha pa3/ielicHHE B peKTH(PHUKAIIMOHHYIO KOJOHHY. Bepxaumu
MPOAYKTaMH KOJIOHHBI SIBJISTIOTCS HECKOHICHCHUPOBABIINECS ra3bl U OeH3MHOBas (hpakius,
C «TIIyXOi» TapesIKu KOJIOHHBI OTBOST TAKXKE IPYTOil MPOAYKT — KEPOCHUHO-Ta30MIEBYIO
dpaknuro. Bexon stux npoaykros a0 70% mae. Ha chipbe, BbIX0 Kokca 15— 35% wmae.
Ha cbipbe. Ha ycTanoBke nmeercs 2— 3 (110 4— 6) kokcoBble kamepsl. [1oka o1Ha kKamepa
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HAIlOJIHAETCS KOKCYIOIIEM MaccoMu, B APYroM NPOHUCXOOUT KOKCOBAaHWE, a U3 TPETbEH
KaMepbl TPOUCXOJUT BBIFPY3Ka Kokca. ['paduk pabOThl pEaKIMOHHBIX KaMep
o0OecrieunBaeT BBIMOJIHEHHE CIEAYIOIIMX omepanuii: kokcoBanue 15— 30 v,
nepekiroyeHue morokos 0,5 4, mponapuBanue 6— 7 4, oxjaxacHue 2— 3 4, APEHaX BOJIbI
U OTKPBITHE JIIOKOB 2— 3 4, BBITPY3Ka KOKca 3— 6 4, OCMOTp Kamep, 3aKpbITUE JIIOKOB,
ompeccoBka u pazorpeB 10— 11 4, obmee Bpems omneparuit 48— 60 4. Beirpy3ky xokca
U3 KaMmepbl TPOM3BOJAAT C TIOMOIIBIO THAPABIMYECKOro pe3aka. Pe3ka Kokca
OCYIIIECTBIISIETCS CTPYEH BOJIbI, BBIXOJAIICH M3 COMEN pe3aka moj aaBieHueM 16— 25
MIla. Kokc B BHJI€ KyCKOB pa3HOTO pa3Mepa OTACNAETCS OT BOJbI, IPOOUTCA HA KYCKHU
pasmepom He 6onee 200 mm, coptupyercs Ha pakiun 3—25 mm u 25— 200 MM u
TPAHCTIOPTUPYETCS Ha CKJIA]] HJIM HA YCTAHOBKY MPOKATMBAHUSA. BhICOTa KOKCOBBIX KaMep
10 28 m, muametp 5— 9 M. KokcoBbie kKaMepbl yCTaHABIMBAIOTCA HA MOCTAMEHT BBHICOTOM
10 20 M, TOTJIa OTMETKA BEPXHETO JIFOKA-TOPJIOBHHBI KOKCOBOW KaMepPhbl TOXOIUT 10 45 M,
BEpTUKAIBbHBIN TabapuT yctaHoBkH 10 90 M. Hajg KOKCOBBIMH KamMepaMH pacIioyiaraeTcs
MeTaNInYecKasi KOHCTPYKIIMS, HA KOTOPOM KPEMUTCS TajeBas CUCTEMa M BEPTIIOT ISt
MTOIBECKH THUAPOPE3aKa, UMEETCS TAKKE POTOP, IITAHTa KBAAPATHOTO CEYCHUS U JieOeKa.
['unpopesak umeeT Tpu OYpHIIBHBIX COIUIA, HAMPABIICHHBIE BHU3, U3 KOTOPBIX BOJSIHBIC
CTpy! TOJ BBICOKMM JaBJICHHEM pPa30ypUBAIOT B CJO€ KOKCAa ILEHTPAIbHBIA CTBOJ
(ckBaxxkuny) amametpom 0,6— 1,8 M. J[Ba TOpPH30OHTANBHO PACIIOIOKEHHBIX COILIA
TUIPOPE3aKa CTPYEW BOJBI Pa3pyLIAKOT CJIIOW KOKCAa HAa KyCKU. [IpoM3BOIUTENBHOCTH
YCTaHOBOK 3aMejjieHHoro kokcoBanus ot 0,3— 0,6 mo 1,5 muH. 1/rox nmo ceipeto. Ha
YCTAaHOBKAX MMEETCS OJIOK pa3IeTUTEIbHON anmapatypsl (hpakimoHUpyomuii abcopoep,
pekTu(QUKaMOHHAS KOJIOHHA W JAp.) NI BBIACICHUS CyXOro raza M pasleieHus

MOJIy4aeMbIX KUJIKUX (Ppakiuil.
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y) HPOIIAH-EYTAH

MOTOPHOE
TOILIHBO

I'YJIPOH

KOTEJILHOE
TOIIABO
TPYBYATAS ITEYD
|
L= ‘~—”——") KPEKHHT-OCTATKH
GPAKITHOHHAS
KOJOHHA
Pucynoxk 7. Bucopekusr [3]
[Mupoau3 —  TPOLECC  TEPMUYECKOrO  IPEBpAIlEHHS  YIIEBOIOPOJIOB

(mpenmodTuTenbHO MapadUHOBBIX) TMPU OBICTPOM TMOBBIIIIEHUH TEMIIEPATYPHI CBHIPBS 110
750—900°C (Bmmoth g0 1200° C npu nmuponu3e MeTana) U Hu3koM AasiaeHuu g0 0,03—
0,12 MIIa 3a Bpems peakiuu 0,1— 0,3 ¢ B mpUCYTCTBUM TIEPETPETOTO BOJSHOTO Tapa U
CJIEYIONMM 32 ATUM MTHOBEHHBIM TOHIDKEHHEM TEMIIEPaTyphl MPOAYKTOB pPEaKIUU
(pexum 3akanku — trempe) mo 370—420° C B teuenune 0,02— 0,03 c. CemelicTBO
IIPOMBIIIICHHBIX TPOIECCOB MUPOJIN3a MOCTOSHHO COBEPILIEHCTBYETCS MPUMEHUTEIBHO K
Pa3HOOOpAa3HOMY CBHIPBIO: OT 3TaHAa, CKWKEHHBIX Ta30B — TMporaHa, OyTaHa W Jp.,
npsMOroHHBIX 0eH3uHOB 40— 185°C 10 Tsmxenoro ceipbsi — atMochepHbix 230—360°C
n BakyyMHbIX 370— 470° C razoiieil (QIUCTUIUIATOB) U K pPa3HbIM TPeOOBAaHUSM ISt
MOJTy9aeMbIX TIPOIYKTOB.

TemnepaTypa ChIppEBOl CMeCH Ha BXOJI€ B PEAKIMOHHYIO 30HY TpyOdaToi
nuposm3Hon meun nospkHa ObiTh 500— 600° C nnst obOecrieyeHus: €ro MUHUMAIBLHOTO
NpEeBpaIllCcHUss B HArpeBaTelbHONW 30He Teud. Jlimg yMeHbIieHus o00pa30BaHUs
HEXEJIATeNbHBIX TPOAYKTOB PEAKIMA CKOPOCTh (MHTEHCHMBHOCTH) HAarpeBa ChIPhS W
BOJISTHOTO TIapa JIOJKHA OBITh IOCTATOYHO OOJBIION M HETPEMEHHO BO3pacTaTh IO JIJTMHE
TpyOHOTO 3MEeBHKa OT BXOJa B T€Yb JI0 BBIXOJAa M3 HeEe, T. €. TeMIleparypa IOJDKHA

MMOBBIINATLCA 110 JIMHC 3MCCBHKA IIPpU OJHOBPCMCHHOM YBCIMYCHHU CKOPOCTHU
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BO3pacTaHus TeMmmeparypel. B paamaHTHON (peaklMOHHOW) KamMepe — TONKE Me4H
YCTAaHOBJICHBl HACTEHHBIC [aHEJbHbIE Ta30BbIE€ TOPEJKH OECIUIaMEeHHOro crocoda
CKUTaHMsI Ta3000pa3HOTO TOIUIMBA. TeMIepaTypa IbIMOBBIX Ta30B B paUaHTHON KaMepe
neun gocturaet 1700— 1900° C, ra3oBble ropeiku MO3BOJIAIOT PETYJIMPOBATH BEIUUUHY
TETJIOHANPSYKEHHOCTH TOMOYHOIO TPOCTPAHCTBA JJIsi JIOCTHKEHUS HEOO0XOJIUMOTO
rpageHTa TEMIIEPATyPhI 10 JJIMHE TPYOHOTO 3MeeBHKa. [Iupoan3 B KECTKUX yCIOBUIX
npu temnepatype Boiie 850° C u Bpemenu peaknuu 0,2— 0,4 ¢ u naxe 0,1— 0,3 ¢
TpeOyeT crennaIbHON KOHCTPYKIIMU TpyOuaToit nmeun. OCHOBHASI TEHICHITUS B Pa3BUTHU
TpYyOHOTO MUPOJIN3a — CTPEMIICHHE COKPATUTh BpeMs MPeObIBAHUS ChIPhSl B TpyOUaTOn
neun g0 0,01— 0,1 c (omHako pdanbHEiIIee YMEHBIIEHHE BPEMEHU KOHTAKTa
HEXKENaTeNIbHO U3-32 yBEJIMUYeHHUsT 00pa3oBaHuUs aleTHieHa). Bpixom »TuieHa wu3
OCH3MHOBOTO CHIPBS MPHU KECTKOM Tupoause npu temneparype 870° C u Bblle paBeH
24— 32% wmae. mpu pacxone BoasHOTO mmapa okoysio 0,5 KI/KT CHIphS W CTEICHU
npeBpamieHust (KoHBepcun) chipbs 3a mpoxon 85— 90%. [Muponu3 sTtaHa mo3BONSIET
nosyunth 10 48% wum Oosiee >TUIIEHA TPU CTETICHW TMPEBpAIlCHUs ChIpbs okoyio 60%.
Hekoropele 3apyOexHbie (UPMBI BHEIPWIM TPOILECC TMHUPOJIN3a, HMEHYEMbIN
«MmmucekoH», co BpemeHeM peakiuu MeHee 0,1 ¢, KOTOpBIN yBEIMUYMBAET BBIXOJ]
stwineHa Ha 10 — 20% mo cpaBHEHHIO ¢ MUPOIM3OM CpelaHEH >KecTKOCTH. K HOBBIM
pa3paboTKkaM MOXXHO OTHECTH MUPOJU3 C MPUMEHEHHEM KaTaliu3aTOpOB, MUPOJIU3 B
HPUCYTCTBUH BOJOPOa (THaponupou3) u ap. [7]. PazpabotaHbl IPUHIUITBE TEXHOJIOTHH
TUTa3MOXUMHUYECKHX  TPOIECCOB MHUPOJU3a  YIIEBOJOPOAOB, UX OKHUCICHHUS W
CEJIEKTUBHOIO CHHTE3a Pa3HbIX MPOAYKTOB [8].

[Muponu3Has (STUICHOBAs) YCTAaHOBKA OOBIYHO BKJIIOYACT CIEAYIOIIME OJIOKH
(CexIum): MIPOIIN3a ChIPhsl, KOMIIPECCHUH, OUUCTKU U OCYIIKU IMUPOTa3a, ra3opasieicHHs
Mporasa, nepepadoTKH MUPOJIM3HOM cMoTbl. Eciii mepepabaThiBacTCs TSHKEOE ChIPhEe, TO
HEOOXOMM B TOJIOBE YCTAHOBKH OJIOK THIPOOYHMCTKH CHIPbSI OT CEPHHCTBIX M JIPYTHUX
COCTMHCHHUI U METAJIOB. DTOT OJIOK THAPOOYUCTKH U TIOJTOTOBKH CHIPhS MOYKET BXOUTh
B coctaB HII3, ¢ koroporo mnocTymaer TsbKeloe Cbipbe, WM B coctaB HX3,
NPUHUMAIOILIET0 HEOUUILEHHOE ChIphE JJISi MUPOIU3HON ycTaHOBKHU. ChIpbe, Hampumep
CMECh MPSIMOTOHHOTO O€H3MHAa W paduHAT-OEH3MHA, HACOCOM MPOKAYMBACTCS Yepes3
TEIUIOOOMEHHUK ISl TPEABAapUTEIBHOIO HarpeBa ropsyeil >Kuakodl ¢pakiue u
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HaNpaBJSIETCS B TPyOUaTYIO 1eYb (HA ATUICHOBOW YCTaHOBKE MX MOXKeT ObITh 4— 8). Ha
BXO/I B [1€Yb MOJIAETCA TAKXKE PEUUKII (3TaH U MPOMaH) JIJIsi CMEHICHUS C ChIPheM, KOTOPOe
MIOCTYMAET CHayala B KOHBEKLIHMOHHYIO 30HY TpyOHOrOo 3MEE€BHMKa, Ha BBIXOJE U3
KOHBEKI[MOHHOM 30HHI K ChIpbI0 ¢ TeMiepaTypoit 400— 500° C nqobainsercs neperperbiit
BOJSIHOM map. B KOHBEKIIMOHHOM 30HE TPYOHOTO 3MEEeBUKA MPOUCXOIUT TOJILKO HArpeB U
WCTIApEHUE CBIPhS, PEAKIMOHHAS 30HA TIPEJCTaBIsAeT COOOW paaWaHTHBIE TPYOBI,
pacIoyioKEeHHbIC B TOIKE (pagraHTHOW KaMepe) TpyOuaToit neun. [IpoayKThl peakiuu u3
reyueil HaMpaBIIAIOTCA B 3aKallOUHO-UcTapuTelibHbie arperatsl (31A), ux MoxeTt ObITh 1—
3. BopsHoii map BbIcOKOro naBieHus, monaydaembli B 3MA, wucnonm3yercs Ha
TEXHOJIOTUYECKUE HYXKIIbI YCTAaHOBKHM, Ha TMPHUBOJ] TypOOKOMIIpeccopa sl CxKaTus
MAPOJIU3HOTO ra3a Mepes] ra3opasaeicHueM 1 IpyTrux ueneu. [IpoayKTsl peakiinu MOKU1al0T
3MA 1 mocTynarT B HUKHIOKO CEKITUIO0 KOJIOHHBI MPEIBAPUTEILHOTO (PPaKIIMOHUPOBAHMUS
(KII®), tne onn oxnaxnatorcst 10 temreparypsl 150— 250°C. C nuza KIID nomyvarot
MUPOJIU3HYIO CMOJTy, KOTOpasi HAacoCOM TMOAAaeTcsi B PEKTU(UKAIMOHHYIO KOJOHHY
(bpaKkIMOHUPOBAHUS CMOJIBI JJIsi pa3jefieHuss Ha Tsokenyto (pakuuio Beime 250°C u Ha
nerkyro ¢pakuuro g0 150°C. @paxuus 150—250°C BeiBoauTcst 00Kk0BBIM 0TO00poM 13 KIID.
C Bepxa KII® mnomydaroT MUPOIU3HBIA Ta3, KOTOPBIA IEHTPOOESKHBIM KOMIIPECCOPOM
CKMMaeTcs, Harpumep, 110 6,5 Mlla u mogaercst B 610k MOHOATAaHOJAMHUHOBOM OYMCTKH OT
cepoBojiopoga HoS u muokcuaa yraepoaa CO2 u ancopOIMOHHON OCYIIKM Ha IICOJIUTAX.
Jlasiee OUMIIICHHBIN U OCYIICHHBIN MUPOIU3HBIN ra3 (PpakiMOHUPYETCs B AEMETaHU3aTOpe,
JIEITAHU3ATOPE U B psAe PEKTU(HHUKAIMOHHBIX KOJIOHH HAa METaHO-BOJOPOJHYIO, JTaH-
ATUJICHOBYIO, TIPOTAH-TIPOMIIICHOBYIO, Oy THIIEH-OyTaareHoBY 0 dpakiun u Gpakimio C5 u
BBIIIIE. DTAaH-ITUIICHOBAs (DPAKITUS CEIIEKTUBHO OYUIIACTCS TUAPUPOBAHUEM OT alleTUJICHA,
NOTOM OT Hee OTAESIOTCS MNPUMECH BOJOPOJA. 3aTeM peKTUhUuKauuer Qpakuuu
JOTIOJIHATEBHO Pa3AeSIIOT Ha 3TaH, npornad, 3TwieH U npormwieH. B KIID remneparypsr
Bepxa 95— 110° C u Huza 170— 180° C u naBnenue B Bepxy anmapara okojio 0,2 MIla. B
KOJIOHHAaX OJioKa ra3o(ppakliMOHMPOBAHUS B JIEMETaHU3AaTOPE TEMIIEpATypa Bepxa MHUHYC
95°C u maBnenne Bepxa 3,5 Mlla, B nesranuzarope — coorBercTBeHHO MuHyc 10° C 1 2,9
MIlIa, B aTHIIeHOBOM KOJIOHHE — cooTBeTcTBeHHO MUHYC 30° C u 2 MIla. J{ns monyyeHus
HU3KUX TEMIIEpaTyp B KOJIOHHAX pa3/eieHHs] IPUMEHSIOTCS TPONAHOBBIN (MIPOMIIICHOBBIN)
Y 3TUJICHOBBIN XOJIOUIbHBIE [IUKIIBIL.
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JIiis iposn3a XapakTepHo TIyOOKOe pas3lIoKeHHe MCXOIHOTOo Chipbs [12] . TIpu
ATOM Hapsifly C MEPBUYHBIMU pPEAKIMSIMHU paclajia, B pe3yjibTaTe KOTOPBIX 00pa3yroTCs
HEHACBIIICHHBIE YIJIEBOJOPOABI, IPOTEKAIOT BTOPUYHBIE PEAKIHH H30MEPHU3ALUH,
[UKJIM3alUK, YIJIOTHEHHUS] TPOJAYKTOB MEPBUYHOro pacraga u apyrue. lIporekanue
OOJIBIIIOTO YKCa Pa3HOOOPa3HbIX PeaKluid MPUBOJIUT K TOMY, YTO B MPOIECCE MUPOIHU3a
oOpa3yercs CJOXHasi CMECh MPOAYKTOB — OT Tra3000pa3HbIX A0 TBEPIABIX (KOKC).
[lepBUuHBIEC peakiMK pacuieIUIeHUs Tapa@UHOB MOTYT UJITU B IBYX HAMPaBIICHUIX:

pa3pbeiB 1enu no cBsizu C—C ¢ 00pa3zoBaHMEM HEMNPENEIbHOTO U MPEACTbHOTO
YTIIEBOAOPOIOB, HAIIPUMED:

CH3-CH,—CH3; — CH»,=CH, + CH4

u aeruapuposanue (pa3psiB cBsazeil C—H):

CH3;-CH,—-CH3 — CH3-CH=CH; + H,

[lepBoe HampaBiieHHE TEPMOJAMHAMUYECKH O0Jie€ BEPOSATHO, TaK KaK IHEPTHs
paspeiBa cBa3u C—C mensbie, yeM cBsizu C—H. Obe peakiuu uayT ¢ NOTJIOIIEHHEM Terlia
U yBenndyeHueMm oobema. CreoBareabHO, UM OJIaroNnpHUsATCTBYIOT BBICOKHE TEMIIEPATyphI
Y HU3KUE JaBJICHHUS.

BropuuHble peakuuu, NpoTeKaroUlye MpU MUPOIU3E, BECbMa MHOTOYUCIIECHHBI:
CKeNleTHAsT wu3oMepu3alusi mnapaduHOB U ANKWIBHBIX TPYMNN QJIKUIAPOMATHYECKUX
YIJIEBOJOPOAOB, LMKIM3ALUs W JACTUIPOLUMKIM3ALUsA OJEPUHOB C IIECThIO U Oolee
aToMaMH yTiepoja, IUKIW3aIus JTUEHOB, TMOJIMMEpHU3aIs OJIeUHOB U JIMEHOB,
KOHJIEHCAIUsl apOMATUYECKHUX YTIIEBOAOPOIOB U T. 1.

[Tuponu3 mporekaer Mo paauKalbHO-LIIETHOMY MeXaHu3My. JlokazareabcTBamMu
paJuKaIbHO-IIETTHOTO MEXaHW3Ma SBISIOTCS YCKOpEHHE Ipollecca WHUIMATOpaMu |
TOpMOXEHUE MHruouropamu. M3BeCTHO, YTO paJMKaIbHO-LIETHON MPOLECC COCTOUT W3
CTaJVil HHUITMUPOBAHMUSI, IPOJTOHKCHHS M OOPHIBA IICTIH.

PaccMoTpum MexaHu3M MUpoJin3a napauHOB HAa MPUMEpPE ITaHA.

NHnuurpoBaHue 1enu 3aKovaeTcs B pacnajie MojeKybl 3Tana o csizu C—C Ha
JIBa METUJIBHBIX PaJiUKaa:

1) CH3—CH3 > 2CH3.

Jlanee uayT nepenaya Lenu U €€ MPOIOJKEHUE:

2) CH3* + CH3-CH3 < CH4 + CH3—CH,*
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3) CH3z;—CH>* < H* + CH,=CH,

4) H*® + CH3—CH3 < H,+ CH3;—CH,*

OOpBbIB LIENU 3aKII0YAETCS B PEKOMOMHALIMY PaIUKAJIOB:

5) 2CH3®* < CyHs

6) CH3®* + CH3—CH>*® < C3Hsg

7) 2CH3—CH2' < C4H10

Peakuun (1)—(7) onuceiBaroT oOpa3oBaHHWE OCHOBHBIX MPOJIYKTOB paciaja dTaHa
Ha HAYaJIbHBIX CTAAUAX MHUposin3a. OCHOBHBIMH MPOIYyKTAMH MUPOJIU3a 3TaHA SBISIOTCS
BOJIOPOJI, dTUJICH U MeTaH. J[Jig muposn3a sTaHa XapaKTepHO, YTO IIEMb pachaaa BeACeT
pagukan H®, a pagukan CH3® o6pa3yercss B oueHb HEOOIBIIMX KOJUYECTBAX TOJIBKO Ha
CTaJVVl HHUIIMHUPOBAHMUSI.

B ciyuae muponmza mporiaHa Ha CTalud TPOJOJDKEHUS Ienu OONbIIyI0 POJib
UrparoT kak pagukain H®, tak u metunbsHbid pagukan CHs®.

NuannuupoBaHue Hemnu:

1) CH3;-CH,—CHj3 < CH3®* + CH3-CH,*

PennunnnnpoBanue, 3aKkirovaronieecs: B ObICTPOM pacmaje 3TUIILHOTO paJuKaia:

2) CH3s-CH»* < H* + CH,=CH,

Kamanumuueckuii kpexune. Tepmun kpexunr (Cracking) mpuMeHuM B IPUHITATIC
KO BCEM OJHAOTEPMUYECKUM (C TMOIMVIOUIEHUEM TEIUIa) PEaKUUsIM XUMHUYECKOTO
MIPEBpAIICHHs] YTIEBOAOPOIOB (KPEKUHT TapapuHOB, OJE(PUHOB M apOMATUUYECKHX
yriaeBofoponoB). Hapsimy ¢ 3THMHM  OCHOBHBIMU pPEaKUUSMH TPOTEKAIOT JIPYTUe
AK30TEpMUYECKHE (C BBIICICHUEM TEIJIa) PEaKIMU: TOJUMEPHU3AINH, ATKUINPOBAHUS,
apoMaTH3allui, M30MEpHU3alUY, JCAIKWIMPOBAHUA M IepepacrpeneiacHuss BOAOPOa.
[TogOopom cocTaBa KaTaau3aToOpPOB U TEXHOJOTUYECKOTO PEKUMA B PEAKTOPE PETYIUPYIOT
oOpa3oBaHME TEX WJIM WHBIX YTJIEBOJOPOJIOB M3 Pa3HOTO ChIpbi. B HedTenmepepaboTke
TEPMUHOM KPEKUHI OOBIYHO (HO HE BCEr/Ja) Ha3bIBAIOT XMMHUYECKOE MNpPEBpaLICHUE
YTJIEBOJOPOJIOB TSDKEIBIX HE(TIHBIX (PpaKIUii, BRIKUTIAIOIMINX TIPH TEMITepaTypax BBIIIIC
200° C. TepMHMHOM KpPEKHHI Ha3bIBAIOT TAK)KE PEAKUWHU NPEBPALLCHHS MPU BBICOKHX
TeMIIepaTypax yriieBOJOPOJAHBIX Fa30B U JETKUX HEMTAHBIX (PpaKIIUil C LEJIbIO MOTYYEHUS
ATHUJIEHA, IPOTUJICHA U IPYTUX YTIEBOJ0OPOA0B — HehTexuMuuecKkoro ceipbsi. Ho Tak kak
3TH NPOLECCHI MPOTEKAIOT B MPUCYTCTBUU 3HAYUTEIBHOIO KOJIMYECTBA BOJISHOIO M1apa, TO
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WX Ha3bIBAIOT KPEKUHT B IPUCYTCTBUM BosiHOTO Tapa (Steam Cracking) wimm muponms (B
oTedyecTBeHHON TepMuHojorun). Tepmun pudopmunr (Reforming) vamie npumensiercs x
XUMHAYECKHM TpoIieccaM TpeBpamieHust (ppaxiuii nmpsiMoroHHbix Oen3uHoB (naphtha),
umeromux Temnepatrypsl Boikunanuss 100—200° C. Kpekunr (paBHO U pU(POPMUHT)
MOJKET OBITh OCYIIECTBJIICH TOJILKO TIPH HArpeBe CBHIPhS JO BBICOKHX TeMIepaTyp (3To
TEPMHYCCKHIA KPEKUHT TSDKEIBIX (BpaKIMA WM pUGOPMUHT OCH3MHOB), WJIH TaK)KE H B
NPUCYTCTBUH Pa3HBIX KaTaJIM3aTOPOB, KOTOPBIC MPH PABHBIX TEMIIEpAaTypax M pPa3HbBIX
(0OBIYHO TIOBBIICHHBIX ) JABJICHUSAX ITO3BOJISIOT YBEIUYHBATH NIYOHHY TPEBPAIICHUS TEX
WIA WHBIX TPYNN YTJIEBOJOPOIOB C IENBI0 OIATH € KOHTPOJIUPYEMOTO IOTYICHHS
ONpENENICHHBIX  yIJCBOJOPOAOB,  HANPUMEP  ApPOMATHYECKUX  WIH  JIPYTUX

BBICOKOOKTAHOBBIX COCI[I/IHGHHfl.

RIOK

1:# TOIIMEHBIN TA3
I:> OPOTMAN-IPOITATEH
]:1 > BYTAH-BY THAEH
== ;‘j> BEHIHH
j__;]_J ) NErKHi raIouIas
(auiessmor Yo awnn)
] ——}:{) il
PEI'EHEPATOP i KATAIHTHYECKHA

KATAJTH3IATOPA TA3OH.1b

JUCTHINAT
(CHIPBLE KATAANTHHCCKONO
Kpexnura)

OHPKYISIHS NEFKOTO TAZOR S

KATATUHTHYECKUH OPAKIIHORHAS
PEAKTOP KOJOHHA

Pucynok 8. Katanmutndaeckuii Kpekunr [3]

ChIpbEM KaTAIUTUYECKOTO KPEKWHTa OOBIYHO SBISACTCS IMHPOKas (GpaKius
BakyyMHoro0 razoiist 350— 500° C, mpenBapuTenbHO THAPOOUYHUIIICHHAS OT BPEIHBIX JIJIS
KaTanu3zaropa NpUMeEce cepbl, a3oTa M METAIOB (OCOOCHHO HMKEIS W BaHaIus).
Hogelimue katamu3atopbl MOCIETHHUX JIET MO3BOJIAIOT TepepadaThiBaTh TaKKe CMECh
BaKyyMHOTO ra3oijig B cMecH ¢ MazyToM (10 20% mae.) 1 Jaxke TOJIBKO MasyT MOCie ero

ruapoodeccepuBanusi. Kpexkunr nporekaet mpu temneparypax 450—550° C u naBieHuu

41



0,07— 0,3 MIla, a pereHepaliio BBDKUTOM HEKeJIaTeIbHO OOpa30BaBILIETOCS KOKCa C
MOBEPXHOCTH KaTayuzaTtopa npoBoast npu temmneparype 600—760° C u napnenun 0,22—
0,34 MI]a.

JIndT-peaktop nmpeacTaBiIseT cOO0 BEpTUKATHHBIN IUITMHIPUICCKHIHA IO THEMHHIK
MHOT/Ia TIEPEMEHHOIO PaCIIUPSIONIerocss K Bepxy cedeHus muametpom 1,0— 1.4 wm,
BoicoTON 25— 30 M m Gonee. B Hu3 mudT-peakropa BBOAUTCS MOTOK KaTajaw3aTopa C
temneparypoit 600— 650° C u3 pereneparopa. B moTok kaTann3aropa BIPHICKUBACTCS U
pacnbUIsieTcs: (HampuMep, BOASHBIM napoM ¢ temmnepaTtypoit 280—320° C u naBrneHuem
0,4— 1,0 MIIa) ceipbe, mpeaBapUTEIbHO HAarpeToe B TEIIOOOMEHHBIX ammaparax u
TpyOuatoii neun g0 250— 300° C. B BocxopsmieM ABMKYIIEMCS TCEBI00XKIKEHHOM
MOTOKE KaTajan3aTopa v mapoB chipbs pu Temneparype 500—520° C B reuenue 2,0— 3,5
C IpPOTEKalT BCe peakuuu (KPEeKUHra BBICOKOMOJIEKYJISIPHBIX —YIJIEBOAOPOJIOB,
M30MEpU3AINH ATKAaHOB, ApOMATH3AINH JACTUAPUPOBAHNEM IIMKJIAHOB B apPEHBI U IPYTHE
peakiuu) npeBpaiieHuss ceipbs. Han nudr-peakropom pacmosaraercss (HO HE BCerja)
COOCTBEHHO KJIaCCUUECKUI peaKkTop ropas3ao Oosbliero quameTpa. B peakrope B 10THOM
TICEBIO0KIDKEHHOM CJI0€ 3aKaHYMBAETCsl MPOLIECC PEaKlMd, B CEMapaldoOHHOW 30HE
peaKkTopa OTHEISIOTCS OT KaTalu3aTopa MPOIYKTHl PEaKIWW W HANPABISIOTCS B OJIOK
pekTuduKkanud. B oTmapHOW CeKIMM peakTopa OT KaTalau3aropa BOISHBIM MapoM
OTJENSIFOTCSl YTJIEBOJOPObI M OH TMEPETEKaeT MO HAKIOHHOMY CTOSIKY B pereHepaTop
muamerpoM 8— 9 M um BeicoToit 15— 20 m mpu BwicoTe yctanoBku g0 80 M. B
pereHepaTope MPOMCXOUT BBDKHUT KOKca (ero okoiyio 1%) ¢ moBepXHOCTH KaTajin3aropa.
Bonbmie  MoOJNeKydbl  KOKCa HE MOTYT TIPOHMKHYTh BO BHYTPCHHHE IOPBI
LEOJIUTCOJEPKAIIMX ~ KAaTaJu3aTopoB. BBDKAT  KOKCa  MPOBOAMTCA  TaKXkKe B
MICEBIOOKUKEHHOM CJIO€ TOPSYHUM BO3AyXoM ¢ Temmeparypoit 160— 200° C,
M10/1aBa€MbIM HarHETaTeTbHOMN BO3IyXOAYBKOM MO/ paclpeeIMTENbHYIO PEIETKY B HU3Y
perereparopa. CoaepkaHue Kokca B pereHepupoBanHoM katanuzatope ot 0,02— 0,05 o
0,1 % wmae. PerenepupoBanHHbIi KatanuzaTop c Temmeparypoit 600—650° C mo
HAKJIOHHOMY CTOSIKy CTeKaeT B HHU3 Judr-peaktopa/Taku M o0pa3oM, KaTaau3aTop
HETPEPBIBHO IUPKYIUPYET C KPATHOCTHIO 5— 12 KI/KT CBIPBS, COBEpPILAs TIOTHBINA ITHKI
3a 15— 18 MuH, U3 KOTOPBIX TOJIBKO HECKOJIBKO CEKYH]T OH IPeObIBaeT B TU(T-PEaKTOpE.
JlsiMoBBIE€ Ta3bl ¢ TeMernieparyport 750—780°C, oOpa3oBaBiIMecs MpU BBDKUTE KOKCA,
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MOKHUJAIOT PEreHepaTop 4Yepe3 LMKIOHBI, YJIABIMBAIOLIME YaCTULBl KaTaau3aTopa,
IPOXOJAT KOTEN-yTHUJIM3ATOp JIA TOJYYEeHHs] BOJSHOTO Mapa, 3JIEKTPOPUIBTPHI IS
TOHKOM OYHMCTKM OT KaTaJIM3aTOPHOM TBUIM W JAPYroe TEIJIOMCIOJIb3YTOIIEE
obopynoBanue. I[lapora3oBbie NPOAYKTHl PpPEAKIUU TMOCTYHAlOT B HHU3 CJIOXKHOU
PEKTU(PUKAIMOHHON KOJOHHBI, B HIDKHEW CEKIMM KOTOPOW Ha KacKaJHBIX Tapeskax
KHUIKOE [HMPKYJSILMOHHOE OpOIIEHUE ynaaiseT (OTMBIBACT) M3 MPOIYKTOB PEAKIHH
KaTaau3aTop U oXJaxaaeT ux or Temmneparypsl okosno 500° C go 350—380° C. [dpyrue
BEPXHHUE CEKITUU PEKTU(UKAIMOHHON KOJIOHHBI Pa3/IEeIOT MPOIYyKThl PEAaKINK Ha Ta3 U
KUIKUe GpakIuu: OCH3MHOBYIO M OOKOBBIE OTOOPHI — JIETKOTO U TSKENIOro rasoiineil. I'a3
KaTauTHueckoro kpekunra (16— 20% mae. OT ChIpbsl) COCTOUT U3 YIIeBo10po1oB C1—
C2 (mpumepHO TOJIOBHHA Ta3a) W HENpeJeIbHbIX 0JIEPUHOB — ATUJICHA, MPOIMIICHA,
OyTuieHa, a TakKe M3 3TaHa, mpomaHa W OyraHoB. OObryHO yrieBogoponbl Cl1—C2
JeATaHU3UPYIOT, a BbiAensieMasi npomnan-nponuieHoBas (I1I'1®P) u O6yran-OyTuieHoBas
(bb®) dppakunn UCHONB3YyIOT KaK ChIpbE aJKUIUPOBaHUs (aakuiaaTel uMetoT OYu Oosibiie
95). B rase KaTaaMTHYECKOro KpekuHra conaepxkarcs Bogopon (3— 4% wmae.) u
ceposonopoz (0,1% mae.). bensunosas pakmust C5 — 195° C (40—50% mae. oT ChIpbs)
MoxkeT uMeTh OUn=93-96 u sBiseTcs IIEHHBIM KOMIIOHEHTOM TOBApHBIX OCH3HWHOB.
Jlerkuit razoiinp 195— 350° C (15— 20%) ¢ meraHoBbiM umcioM 38— 40 ciayxuT
KOMITOHCHTOM TOBAPHBIX JAHM3CIBbHBIX TOIUIMB. Tskenblit razoiins 350— 420° C (5— 9%)
— KOHIIGHTpaT apomaThuyeckux coemuHenuii (Ha 60—80%) mnpeacraBiasier co0oit
XOpOIIIee ChIPhE JJIsl MPOU3BOACTBA TeXHUUECKOTro yriepoaa. Ocrarok Boie 420° C (1—
3% Mac. OT ChIpbs) TTOCJIEC OT/ICTICHUS IIJTaMa — KaTaJu3aTOPHON BTN UCTIONIB3YeTCS KaK
KOMITOHEHT KOTEIbHBIX TOTLINB.

Karamutuyeckuii pupOpMUHT TIPEACTABIISICT OJWH U3 3HAUYNUTEIBHBIX IMPOIIECCOB
pa3BuTHs HedTemnepepabOTKH TOCIe BTOPOM MUPOBOW BOWHBI U MOJYUMBIINUX HIUPOKOE
OpUMEHEHHEe. DTOT NpoLecC BIEpPBbIE BHEApPEeH B mpoMbliuieHHOCTh B 1940 r., on
TI03BOJISICT MPEBPATUTh HU3KOOKTAHOBOE ChIPhe — MpsiMOroHHBbIC OcH3mHBI (Naphtha) B
BBICOKOOKTAHOBBIH ~ KOMIIOHEHT — pudopmar. Henpekpamaromasici B Mupe
sKoJoruyeckas Oopb0a 3a YHCTOTY OKpY)Karouledl cpellbl BBITECHHJIA MPUMEHEHUE
AHTUJETOHATOPOB HA OCHOBE CBHMHIA, M 3TO NOJHMMAET 3HAYEHUE KaTaJUTUUYECKOTO
pudopMUHTa B TPOU3BOACTBE HEITHWIMPOBAHHBIX OCH3WHOB C BBICOKHMM OKTAHOBBIM
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gucioM. C apyrol CTOPOHBI, KaTaTUTHYECKUN PHGOPMUHT TIO3BOJISIET TOTydYaTh
HEe(TEXUMUYECKOE CBhIpbE — apOMATUUYECKHE YTJIEBOAOPOJbI — OeH30a (Hamboiee
LIEeHHBIM  mOpoaykT), Toiayon u  kcwionsl (BTK), a Takke mOpOU3BOJIUTH

BOJIOPOJICOICPIKAIIIN Ta3.

CBHIPBE JLI5 KATAAMTHYECKOTO A PELIWPK Y ISAEMS
PHOOPMHEHIA [ e Tt B ? BOJAOPOJIA
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HAUPEBATEJIL 1 HATI'PEBATEJIL 2 HATPEBATEIIL 3
PEAKTOP 1 PEAKTOP 2 PEAKTOP 3
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BBICOKOOKTAHOBRIH
BEH3IWH

Pucynok 9. Katanutuueckuii pudopmunr [3]

Pa3znnyatoT Tpu OCHOBHBIX croco0a OCYLIECTBIICHHUS IpoLecca KaTaaIuTHUECKOTrO
pudopmuHra:

— HempepbIBHAS peakius B 3—4 peakTopax B TE€UEHHUE MEKPEreHEepalliOHHOTO
nepuojia ClyXObl KaTalu3aTopa M TNEpPUOJUYECKass pereHepamnus MOTEPSBIIETO
AKTUBHOCTh KaTajlu3aTopa OJHOBPEMEHHO BO BCEX peakTopax, BCA YCTAaHOBKa
MIEPEBOJIUTCS. C pEXUMaA PEAKLIMU Ha PEKHUM PEreHepalud OJHOBPEMEHHO BO BCEX
peakTopax, B KaKJIOM PEaKTOPE MCIOJIb3YETCs] HEMOABM)XHBIA CIION Ta0IeTHPOBAHHOTO
i chepudeckoro katanusaropa (Platforming, Catforming, Houdriforming);

— HempepbiBHas paboTa YCTaHOBKH, HETIPEPBIBHAS PEaKIUs B 2— 3 peakTopax,
MEPUOINYECKAsl pereHepalys Karaau3aropa NoOYEPEeIHO B KaXKIOM PeakTope, KOTOPbIN
3aMEHSIETCS 4YETBEPTHIM  pe3epBHBIM (TutaBatomuM) peaktopom  (Powerforming,
Ultraforming);

— HEeNpepbIBHAs PEAKIUs B YETHIPEX PEaKTOpax, PacroJIOKEHHBIX OJIMH HaJ
APYTUM WX PSAOM JPYr C JPYroM, HENpPEpBIBHBIA OTBOJ ISl pEereHepaluy YacTH
KaTtanu3aropa B OTAEIbHOM H30JMPOBAHHOM PEreHEpaTope C MPUMEHEHHEM CXEMBbI

LUPKYJIUPYIOLEro (ABMAKYILErocs) KaTau3aTopa MEXAy PEeakTOpaMH U PEreHepaTopoM
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(UOP, IFP). Ceipne (mipsimoronnbie 0eH3uabl C6 — 180° C ¢ OUm=40- 60) mpu tem
nepatype 480— 520° C u naBnenuu ot 1,2— 1,4 no 3— 4 MIla B npucyTCTBUH BOJOPOAA
Ha TIOBEPXHOCTH BBICOKOAKTUBHBIX KATaJIM3aTOPOB MPEBPAIIACTCS B BHICOKOOKTAHOBBIC
apomMaTHYecKkne W wu3omapaduHOBBIE yTiaeBoaopoabl. Ilpm 3ToM Takke 0Opa3yroTCs
Bogopo kak nmpoaykT (1,3— 2,5% mae. Ha chIpbe) U ra3000pa3HbIe JIerkue napaduHOBbIC
YIJIEBOJOPOABI, A TAKXKE 4YPE3BBIYAWHO HEXKEIATEIbHBIM KOKC, KOTOPBIM CHHKAET
aKTUBHOCTH KaTaau3aTopoB. Vcmonb3ytoTes vaiie Bcero 3— 4 peakTopa ¢ HEMoIBHKHBIM
CIOEM KaTalau3aTopa, MEXKIy PEaKTOpaMH MPeayCcMaTPUBACTCS MEXCTYICHYATHIN
MOJIOTPEB MPOMEXKYTOUHBIX MPOJYKTOB PEAKIIMM B MHOTOKaMepHON TpyOuaToil meuwu.
[Tanenue TemrmepaTypbl U3-3a SHAOTEPMUIHOCTH OCHOBHBIX peakiuii paBHo 60—70° C B
nepBoMm peaktope, 30—40° C Bo BTOopoM peaktope U 5— 10° C B TpeTbeM peaxTope.
Pacnipenenenne obiero oobeMa KaTaan3zaTopa Mo peakTopaMm MOXKET ObITh pa3HbIM: 1—
2— 6, 1— 1— 2— 7, 1—2—4. Beixox pudopmara go 75— 88% mae. Ha CBIpbE,
okTtaHoBoe uyucio pudopmara OYu=93-l02, npu sTOoM mpu OOJBIIEM JAOCTUTAEMOM
BbIXOJIe pudopMara ero OKTaHOBOE YHCIO CHmKaercsa. [ns pudopMuHra nmpuMeHsrOT
JIOPOTHE ATFOMOIIATHHOBBIC KaTaTN3aTOPhI, B KOTOPHIX KUCIOTHYIO (DYHKITHIO BBITIOTHSIET
HOCUTENb-OKcHT amoMuHus Al1203, a Ha €ro MOBEPXHOCTb HAHOCATCS KPUCTAJLIBI
wiaturbl Pt (0,3— 0,8%) pasmepom ot 1— 5 1o 10— 12 um. [InaTrHa 3aHUMaET OKOJIO
1% mOBEpXHOCTH OKCHJA ATIOMHUHUS. AKTHBHOCTH, CEICKTUBHOCTh M CTAOMIBHOCTH
KaTaau3aTopa MOBBIIIAETCS METALTUYECKUMU POMOTOPAMH, B KaU4€CTBE KOTOPBIX TABHO
UCIIOJB3YIOT Aoporue metamibl: peanii Re (0,3— 0,4%), upuawmii 1r, repmanuii Ge u np.,
a TaxKe mpomoropamuraitorenamu: gpropom (1o 0,3%) wau xmopom (ot 0,4— 0,5 10 2%).
CoBepIIIeHCTBO HOBBIX KaTtanu3atopos, Hampumep, R-56 dupmer UOP (cpok ux ciyx0Ob1
MEXIy pereHepausIMu, KOJTMYECTBO PEreHepallnii, CTOWKOCTB K sIiJIaM — IPUMECSIM CEpPBbI,
a30Ta U JIp. B ChIPhE), HAIMPABJICHO Ha MOJyYECHUE MAaKCUMAaIbHBIX 3HAYCHHUH BBIXOJa
pudopMata U ero okTaHoBoro uucia. Ho dem Oorpliee OKTaHOBOE YHCIO MOTydaeT
pucdopmat, TeM 60JIbIIe KOKca 00pa3yeTcsi Ha MOBEPXHOCTH KaTajllu3aTopa U TeM ObicTpee
cTapeer kartanu3aTop. Kartamm3aTopsl BBIMOJTHSIOTCS B BUAE TaOJIETOK (IPKCTPYAATOB)
nuametpoM 1,6— 2,6 MM 1 BeICOTOM (A)TMHOM) 4— 6 MM WM B BUE CPEePUIECKUX TPaHyJI
muamerpoM 1,6 mwmm 2,1 mm, ¢ HacemHON TI0THOCTRIO 600— 820 kr/™M3, ¢ yaenbHOI
noBepxHocThi0 180— 300 m2/r. OxucnautenpHash pereHepanusi alioMOIIATHHOBOTO
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KaTajgu3aTopa 3aKII04aeTcs B BBDKUTAHHMM KOKCOBBIX OTJIOXKEHHH C TOBEPXHOCTH
KaTanu3aropa KHUCIOpOJAOM UHEpTHOM cmecu mpu Temneparype 300— 500° C.
Karamuzatopsr pudopmunTra 04eHb YYBCTBUTEIBHBI K PUCYTCTBUIO B CHIPhE MpUMECEH
CBUHIIA, MBIIIbSIKA, METAJIOB, BOJIbI, CEPHUCTHIX, KUCJIOPOA- U a30TCOACPKAIIUX
coenunenuil. [loaToMy chipbe prpOpMHUHTa MOJBEPraloT TNIyOOKOW THAPOOUYHUCTKE OT
HEKeNaTeNbHBIX MPUMECEil 0OBIYHO B OTACIIBHOM PeaKTope ruapoouucTku. KaranuzaTop
pudopmunra mnepepabarbiBaetr 0e3 peredeparuu /0—2 10 M3 ceipps Ha 1 kr
karanu3atopa. Ho mrobas pereHepanusi He croacaeT Karajau3aTrop OT IOTEPH €ro
NEePBOHAYAILHON aKTUBHOCTU W OT cTapeHus. Co BpEeMEHEM KaTaju3aTop 3aMEHSIOT
CBEXEW MmapTuel, a CTapblid OTHPABJISIOT Ha CIEHUAIbHBIE 3aBOJIBI MO H3BJICUYCHHIO
IUTATUHBI U APYTUX JOPOTHX METAJUIOB, OJHAKO MPH dKCIUTyaTanuu okoyio 1% miaTuHel
TEpsIETCA.

[Tporecchl THUAPOOYUCTKH IMUPOKO MPHUMEHSIOTCS B HedrenepepaboTke u
Heprexumund. WX HCMONB3YIOT ISl TONMYYCHHsS] BBICOKOOKTAHOBBIX OCH3WHOB, IS
YIIYUIICHUs] KAYeCTBA IU3EIbHBIX, PEAKTUBHBIX U KOTEIHHBIX TOIUIUB U HE(DTIHBIX Macell.
['uapoouncTkoi yaanstoT u3 HeTAHBIX QPaKIHii CEpHUCTHIC, a30TUCTHIC, KHCIOPOIHbIC
COCIMHEHUSI U METaJUIbl, yMEHBIAIOT COACPKaHNE ApOMATHYECKUX COCTMHEHUM, YIAISIIOT
HEeMpeneNbHbIE YIJIEBOJMOPOALI IMyTEM WX TMpEeBpalleHus B JIpyrue BelecTBa U
yraeBoaopoasl. [Ipu sTom cepa, a30T ¥ KHCIOPO THAPUPYIOTCS MPAKTUIECKH MOJIHOCTHIO
U IIPEBPAIIAIOTCSA B cpeae Bogopoaa B cepoogopon H2S , ammumaxk NH3h Bomy H20 |,
METAJJIOOPTaHUYECKUE COeAMHEHUs paznaratorcs Ha (55— 95% ¢ BelgeneHuem
CBOOOJHOTO MeTajula, KOTOPHIA WHOT/A SIBJISETCS KaTalIu3aTOpHBIM simoM. Jlms
THUAPOOYUCTKH HCTIOIB3YIOT Pa3HOOOpa3HbIE KaTaln3aTOphl, CTOMKHWE K OTPABJICHHIO
Pa3IMYHBIMH IaMH. DTO OKCUBI U CYJIb(UIBI TOPOTUX METAUIOB: HUKEIh Ni, KOOaIbT
Co, mommbaen Mo u Bonbdppam W Ha okcune amomuaust A120 3 ¢ apyrumu jo6aBKamu.
B GonpmmHCTBE TPOIECCOB THAPOOYUCTKH UCIIONB3YIOT aTlOMOKOOATIhTMOIHO JCHOBEIC
(AKM) unu amomonukenbmonin6 nenoseie (AHM) katanuzatopsl. Karanuzaropst AHM
MOTYT HMMETh A00aBKy Ieonuta— Tun [-35. DTH Karamu3aTopbl HU3TOTABIUBAIOTCS
OOBIYHO B BHJI€ IPaHyJ-TabJETOK HEMPaBUILHOW LMIMHIPUYECKON (opMbI pazmepom 4
MM MpH HacblmHOM MIOTHOCTH 640— 740 xr/m3. [lpu mycke peakTOpoB KaTaau3aTOPHI
CynbpGUINPYIOT (MPOLIECC OCEPHEHMs) Ta30BOW CMECBIO CEpPOBOAOPOAA U BOAOPOIA.
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Pereneparus karanu3aTopoB Jisl BBIKUTAHHS KOKCA C €r0 MOBEPXHOCTU MTPOBOIUTCS TIPU
temriepatype 530° C. IIponecchl THAPOOUNCTKH 0OBIYHO OTPAHUYMBAIOTCS TEMIIEPATYPOi
320— 420° C u naBnennem 2,5— 4,0 u pexxe 7— 8 MIla. Pacxon Bomopoicoaepkariero
raza (BCI') usmensiercst ot 100— 600 mo 1000 am3/M3 chIpbsi B 3aBUCUMOCTH OT BHQ
ChIpbs, COBEpILIEHCTBA KaTaJiM3aTopa M MMapaMeTpoB Mpolecca. [ uapoodncrka
OCH3WHOBBIX (pakmuwii TMPUMEHSETCSI B OCHOBHOM TIpH WX TOJATOTOBKE  JIJIS
Katanutudyeckoro pudopmunra. Temmneparypa rugpoounctku 320— 360° C, naBieHue
3— 5 MIla, pacxox BCI' 200—500 um®/m3 cbipbs. [Ipu ouncTke GEH3MHOBBIX (DpaKIuii
KaTaJIMTUYECKOTO M TepMudeckoro kpekunra pacxon BCI' 6onbime 400— 600 um3/m3
Ceipbsa. [mapoouncTka KEPOCHMHOBBIX (pakiuii MNPOBOAUTCS Ha 0oJiee aKTUBHOM
KatanuzaTope npu AasiaeHuu 10 / Mlla s ymensienus coaepsxanus cepsl Menee 0,1 %
U apOMAaTUYECKHUX yIriieBoa0poaoB 10 10— 18% mae. ['mapoouncTke AU3EIbHBIX (PpaKIiii
noasepratot 6osee 80—90% dpakumii mpu remneparype 350—400° C u naBiennn 3— 4
MlIla ¢ pacxomom BCI' 300— 600 um3/mM3 ceipps Ha katanmuzatopax AKM, cremneHb
obeccepuBanust gocturaetr 85— 95% wu OGosee. [l MOBBIMICHHWS IIE€TAHOBOTO YHCIA
TU3EITbHBIX  (DpaKIuid, MPOUCXOMSIINAX W3 TPOAYKTOB PEAKIMH KaTaTHUTHYCCKOTO U
TEPMHUYECKOTO KPEKHUHTa, YJaJsi0T YaCTh apOMAaTUYECKHUX yTIIEBOJOPOJIOB Ha aKTHBHBIX
Karanu3aropax npu temmeparype okosio 400° C u gaBnenuu no 10 MIla. I'mapoourcrka
BaKyyMHBIX JWCTHIIIATOB (Ta30HIeH) IS HMCIOJB30BaHUS HMX B KA4YECTBE CHIPHS
KaTaIMTUYECKOTO KPEKUHTa, TUJPOKPEKWHTa ¢  KOKCOBaHUS (M1  TOJyYCHHS
MaJIOCEPHUCTOTO KOKca) mpoBoautcs mpu temneparype 360— 410° C u naBiaenuu 4— 5
MlITa. IIpu atom mocturaercs 90—94% obeccepuBanus, copepKaHUE a30Ta CHUKACTCS

Ha 20—-25%, metaioB — Ha 75— 85%, apenoB — Ha 10— 12% u kokcyemocTh— Ha

65— 70%.
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PEIHPKYJIALHSA S
BOJIOPOOA HA IPOM3BOACTBO CEPHI

BBICOKOCEPHHCTBIH < 7 )
[

ik i
TA30IIB OYMIEHHBIH

TA30iUIh

HAI'PEBATETb

PEAKTOP CTARMUIMZAIIHOHHASA
KOJIOHHA

Pucynox 10. 'mapoouncTka ra3oiis

['mapoouncTka 6a30BBIX Macen Oojiee COBEpPIIEHHA, YeM KJacCHUYecKas OYHCTKa
CEPHOKHCIJIOTHAS C KOHTAKTHOM I00OUYUCTKOM Macell. [ uapoodncTka Maces MpoBOIUTCA Ha
karanu3atopax AKM u AHM npu temmeparype 300— 325° C u pmaBnennu 4 Mlla.
['unpoouncTka mMacen Ha aJTrOMOXKEJIe30MOJIUOIEHOBOM KaTallu3aTope C MPOMOTOpaMu
MO3BOJISIET CHHU3UTH Temmeparypy no 225— 250° C u maienuwe mo 2,7— 3,0 MIla.
I'uppoounctka mapaduHOB, IIEPE3UHOB W TETPOJATYMOB IPOBOIUTCS JJISI CHUIKCHUS
COJIepKaHUSI Cepbl, CMOJHUCTBIX COEIUHEHUW, HENpPeNeIbHBIX YTJICBOJOPOJOB, IS
yIy4llleHUs [[BETa U CTaOMIBHOCTH (Kak u it macen). [Iporecc Ha katanuzaropax AKM
n AHM ananormueH ruapoounctke wmaced. [lomyuwinm Takxke TPUMEHEHHUE
ATIOMOXPOMMOJIUOJICHOBBIE M HHUKEJIbBOJIb(PpAMKENE3Hble  CYyIb(UIUPOBAHHBIC
Katanu3aTopsl. ['uapoounctka HePTsIHBIX ocTaTkoB. M3 HEPTH MOTydarOT OOBIYHO 45—
55% mae. octaTkoB (Ma3yTOB U TYAPOHOB), COACPIKAIIUX OOJIBIINE KOJUYECTBA CEPO,
a30T- ¥ METAJUIOOPTAaHWMYECKUX COCTMHEHUH, CMOJI, acaIbTeHOB U 30J1b1. J{J1s1 BOBIICUECHHUS
ATUX OCTAaTKOB B KAaTaJUTHUYECKYIO MepepadOoTKy HEoOXoJuMa OYUCTKA HEPTIHBIX
OCTaTKOB. [Manpoouncrka He(TAHBIX OCTaTKOB Ha3bIBACTCS WHOTJIa
THIPOOOECCepUBAHUEM, XOTS MPOUCXOIUT YJAJICHHWE HE TOJNBKO CEphbl, HO U METAJJIOB
JIPYTUX HEXeNIaTeNbHbIX COCNUHEeHMU. [ mapoobeccepuBaHUE Ma3yTOB MPOBOJSAT TMPHU
temmneparype 3/0—430° C u naBnenun 10— 15 Mlla na karanmzaropax AKM. Beixon
MazyTa ¢ cogepxkanueM cepsl 10 0,3% cocraBnser 97— 98%. OgHOBpEMEHHO yAISIFOTCS
a30T, CMOJbl, acanabTeHbl W MPOUCXOJUT YACTUYHOE OOJArOopakuBaHUE CHIPbS.

['uppoouncTka ryIpoHOB MpEACTaBIseT co00il Oosee CIOXKHYIO 3a7ady, YeM Ma3yToB,
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IIOCKOJIBKY JOJDKHBI OOCTUTAThCA BBICOKHE NOCMCTAJUIM3AIlUA U I[eaC(i)aJ'IBTI/ISaHI/IH

TYAPOHOB—  TIpelBapUTEJIbHbIC 170071 HETIOCPEACTBEHHO npu npoiecce
runpoodeccepuBanus. OcoObie TpeOOBaHUS MPEIBIBISIOTCS K KaTalu3aTopaM, TaK Kak
OOBIYHBIE KATATH3ATOPbI OBICTPO TEPAIOT AKTUBHOCTH M3-3a OOJIBIINX OTJIOKEHHI KOKCa U
MeTayuioB. Eciii KOKC BBIKMTraeTcs Mpu pereHepann, TO HEeKOTOPble METaIlIbl (HUKENb,
BaHAIM M Jp.) OTPABISIIOT KaTalIW3aTOPbl, U WX AaKTUBHOCTb MPH OKHUCIUTEIHHOM
pereHepai 0ObIYHO HE BoccTaHaBiuBaeTcs. [loaToMy ruapoiemeTamm3anus OCTaTKOB
JOJHKHA TPEANIECTBOBATh THIPOOUUCTKE, ITO MO3BOJSET CHU3UTh PAacXo]] KaTaJu3aTOpOB
nocieaHei B 3— 5 pas.

Huxe mnpuBeneH CBOAHBIN MaTepHalIbHBIM OanaHC YCTaHOBKHM THIPOOYHCTKU

nu3enbHOTO TorumBa Kapaynbazapckoil HedTu.

HanmMeHoBaHME MOTOKOB % Macc KI/4 T/CyT TBIC.T/TO
1 2 3 4 5
[Tpuxon
1 Coipbe: 100 214889 5157,34 1753,49
- Tu3enbHas PpaKIus 88,37 189889 4557,34 1549,49
- ra3oiineBas pakuus 7,45 16000 384 130,56
- OeH3nHOBAas PpaKIHsL 4,18 9000 216 73,44
2 BCT' 11,83 25421 610,1 207,44
3 BonsiHoii map 1,27 2738 65,71 22,34
4 ITpomMbIBHAsI BoJia 3,11 6673 160,15 54,45
Hroro: 116,11 249721 11150,64 2037,72
Pacxon
1 T'mppoounmieHHOE JU3EIBHOE
TOILTHUBO 100,38 215711,6 5177,08 1760,21
2 BeH3uH-0TroH 2,88 2327,77 55,87 18,99
3 BCT nHa ounctky 8,35 15374 368,98 125,45
4 T"a3bI cenaparuu 0,29 580,64 13,94 4,74
5 I'a3sl cTabuIM3auu 0,11 199,24 478 1,63
6 Kucnas Bona 41 9569,75 229,67 78,09
Hroro: 116,11 249721 11150,64 2037,72

Ocyuika KUAKHX yIri1eBoaopoaoB. Bona B HedTsaHbIe (pakiuuu MomanaeT Mmpu
pEeKTU(UKALMOHHOM pa3AesieHud HepTU U Ma3yTa C MCIOJIb30BAaHUEM BOISHOTO Mapa, a
TaK)Ke MPHU IIEJOYHOM M KHUCIOTHOM ouncTkax ¢paxuuil. HeOonblasg dyactb BOABI BO
(GpakIusaX HAXOAUTCS B PACTBOPEHHOM COCTOSIHUM, @ OCHOBHOE €€ KOJMYECTBO B BHJIE
MEJIKMX Kameiab B SMyjibcuM. YeM serde HedraHas ¢pakuus, Tem OoJiplie B HEH
pacTBOpsieTCSl BOJbl, PACTBOPUMOCTh KOTOPOM MOHMXKAETCS € TeMIepaTypou (pakuuu.

Hampumep, npu temnepatype 30° C B 6en3one pactBopsiercs okono 0,06% mae. Bonpr, B
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oensnnoBoi (pakmmm — 0,04%, a B Tskenoi kepocuHoBou ¢dpakuuu — 0,005% wmae.
Boapl. OMynbcrOHHas BoJa — MHUKpOKamiM pasmepoM 10 30 MKM MO KOJIMYECTBY
MPEBBIIIACT PACTBOPEHHYIO BOAY B HECKOJBKO pa3 u aocturaet uxnorga 0,8— 1,0% mae.,
U 4eM Tspkenee HedTsaHas Pppakiusi, TeM O0bllle B HEM SMyIbCMOHHON BOJIbI U TEM OoJiee
CTOMKOM oka3biBaeTcs 3MyJbcusa. OO0e3BOKMBaHUE HE(TENPOMYKTOB OCYIIECTBIISICTCS
JUTHTEIIEHBIM €CTECTBEHHBIM oTcTamBaHueM B TeueHue 10— 50 u kamemp pazmepom
6onpiie 100 MKM B TPOTyKTOBBIX pe3epByapax WM MHTEHCUBHBIM, IOCTATOYHO OBICTPHIM
o0e3BOKMBaHWEM HEePTIHBIX (Ppakmuii B AICKTpOpa3AEIUTENIX (MOXOKHUX Ha
aNeKTpoaeruapaTopsl HedTH). B 31eKTpUUecKOM MEPEMEHHOM M TMOCTOSHHOM TIO0JIe
BBICOKOTO HAMPSHKEHUS MPOUCXOJUT OBICTpasi KOAJIECIICHIIMS MEJKMX Karelb BOJbI B
OoJiee KpymHBIE Kallld, KOTOPHIE JOCTATOYHO OBICTPO OCENAI0T B HIDKHIOIO YacTh
anmapara. OctatoyHoe coziepKaHne 3MyJIbcHOHHOU Boibl gocturaet 0,05— 0,10% macc.
N wmenee, T. E. OnuM3ko K pacTBOPUMOCTH BOAbl. Takas cCTElneHb 00E3BOKUBAHMS
OKa3bIBaCTCSI YAacCTO HEJOCTATOYHOW, MO3TOMYy [Uisi Oosiee TIIyOOKOTO yIajeHHs
AMYJIbCHOHHONW M BCeW pacTBOpeHHOM Boabl, Hampumep, n0 0,00015% wmacc, nus
OCH3WHOBBIX (PAKIUN Tepes] KaTaTuTHICCKUM PU(DOPMUHTOM WU 0 TPAKTHIECKOTO
OTCYTCTBUS BOJIbI B TOBAPHBIX MOTOPHBIX TOIUIMBAX U CKUKEHHBIX Ta3aX MPUMEHSIOT
MIPOLIECCHI TUIPOOYUCTKHU UM aJICOPOIIMOHHBIE MPOIIECCHI TITyOOKOU OCYIIIKH KUKOCTEH.
[IpuMeHsrOT pa3Hble aacOpOCHTHI, B TOM YHCIIC IICOJHMTHI, KOTOpPHIE IOHMKAIOT
coaepxkanue Biaard B xuakocTax g0 0,001— 0,003% mae. Ot HavaIbHOTO COJEPKAHUS
0,03— 0,04% wmae. (300— 400 mr/kr). Hanuuue pacTBOpEeHHOMN BOBI B CKMIKCHHBIX r'a3ax
OTIacHO, MOCKOJIBKY OHO MOXET MPHUBECTH (0OCOOCHHO B 3UMHEE BpEeMsi) K 00pa30BaHUIO
JEASHBIX, THUAPATHBIX TPOOOK B TPyOONMpOBOAAX, 3alOPHON W MPETOXPaHUTEIHHOU
apMaType W B e€MKOCTAX XxpamneHus. OCyIarmT CKUKEHHBIC Ta3bl M YTIECBOIAOPOIHBIC
KUJKOCTH dallle BCEro ajacopOIMOHHBIM CIIOCOOOM Ha TEX K€ aJICOPOSHTax, YTO M IS
OCYIIKH Ta3a: CUJIMKAarelsiX, aJlFOMOTENIAX, aKTHBHOW OKHCH aJTOMHUHHMS, IEOJUTax. B
OTIMYUE OT aJCOPOIIMOHHOM OCYIIKH Ta3a IPH OCYIIKE >XHAKUX YTJICBOJOPOJIOB
JecopOIuio ancopOeHTa MOXKHO TPOBOAWTH: BOASHBIM IMAPOM, TOPSYUM TPHUPOIHBIM,
TOTUIMBHBIM WJIM JAPYTMMHM Ta3amMd; NPUMEHEHHUEM BaKyyMmMa C T[OJOTPEBOM ClIOs
aacopOenta. PacmpocTpanen Takxke TMOABOJ Temja [Jisl JECOPOLMU C TOMOIIBIO
YCTAaHOBJICHHOTO TPYOHOTO 3MEEBHMKAa C BOJSHBIM TapoM B cioe ajacopOenrta. Ilocie
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HarpeBa JI0 TeMIlepaTyphl JecopOIuy (OHA 3aBUCHUT OT TIPHUPOABI M COCTaBa aJcopOeHTA)
CJIOU aJiIcopOeHTa MPOIYBAIOT CYyXUM a30TOM WM JIPYTUM UHEPTHBIM Ta30M.

TepMuueckuii KpeKMHT Ma3yTa WU TYJpOHa OCYIIECTBISIOT MPU MOBBIIIECHHOM
napiennn (2—4 Mmna) u Temneparype 500—b540°C ¢ mosydeHHWEeM raza W HKHIKHX
npoaykToB. KokcoBanue (mpoiiecc TepMoan3a Ma3yTa, IyJIpOHa WK apOMATU3UPOBAHHBIX
BBICOKOKUIISAIINX AUCTUIUISITOB — OCTAaTKa KATAIMTHYECKOTO KPEKWHTa) MPOBOJAT MPHU
HEBBICOKOM JiaBiieHnu U Temrepatypax 470—540 °C. OcHoBHOE Ha3HaUYE€HHE KOKCOBAHUS
— TIPOM3BOACTBO HE(PTSIHBIX KOKCOB PA3IMYHBIX MapOK B 3aBUCHMOCTH OT KadecTBa
nepepadaThiBacMOro Chipbs. [luponuz — BbeicokoTemieparypubii (750—800 °C)
TEPMOJIU3 Ta3000pa3HOTO (YIIEBOJAOPOIHBIE Ta3bl), JETKOTO WIH CPETHEAUCTHILITHOTO
YIJIEBOJOPOJAHOTO ChIPBS (TsDKENIOoro OeH3uHa, KepoCUHOTrazoieBon ppakiun). lapienue
polecca HU3KOE, BPEMSI — HECKOJIBKO CeKyHJ. OCHOBHBIM II€JIEBBIM Ha3HAYEHUEM
MMPOJIN3a SIBISIETCS IPOU3BOJICTBO HEMPEAEIbHBIX Ia30B.

[IpuHIMOMaTbHAS TEXHOJIOTHYECKAs: CXeMa YCTAHOBKM TEPMUUYECKOTO KPEKUHTa
JTUCTHJUIATHOTO CBHIPhs JJI MPOU3BOJICTBA BAaKyYYMHOT'O TEPMOTa30iliisi MpeCcTaBlIieHa Ha
puc. 11 [1]. UcxomHoe chipbe | mocime HarpeBa B TemnooOMeHHuMKe 11 moctymaer B
HUKHIOIO CEKIIMI0 KOJIOHHBI BbICOKOTO aaBieHus 8. OHa pa3jenieHa Ha JIBE CEKIUU
TapeJIKOM, KOTOpasi MO3BOJSET NEPEUTH B BEPXHIOKO CEKLHUIO TOJBKO napam. [Ipoaykrsl
KOHJICHCAIIMM TapoB KPEKHWHra B BEPXHEW CEKIMU HAKAIUIMBAIOTCS B aKKyMYJISATOPE
(xapmane) BHYTpHU KOJIOHHBI 8. [IOTOK TSXKENOTro ChIpbsi, OTOMpPAEMBbIil U3 HIDKHEW 4acTu
KOJIOHHBI 8, TOCTYNaeT B 3MEEBUK €YU 2, B KOTOPOM HarpeBaeTcs 10 TemmepaTypsl 550
°C. Jlerkoe crIpbe U3 aKKyMyJIsITOpa KOJOHHBI 8, MOJaeTCs B 3MEEBUK TpyOUuaToit meun 1,
rae HarpeBaercs Ao temmeparypbl 500 °C. [lanee oHM MOCTYMArOT aJisi yriyOneHus
KpPEKMHTa B BBIHOCHYIO peakiMoHHyr0 kamepy 3. IIpoaykTel KpekuHra 3arem
HaIpaBJISIIOTCS B UCHApUTENb BhICOKOTO AaBieHus 4. Kpekunr-ocrarok VI u3 HuxHEl
CEKI[MU HCIapUTessl BBICOKOTO AaBjeHUs 4 yepe3 peayKIMOHHBIN KjanaH MOCTYIMaeT B
UCIIApUTENIb HU3KOTO JaBieHus 9, a ra3bl U napbl OEH3MHO-KEPOCUHOBBIX (pakuuii — B
HIDKHIOIO CEKITMIO KOJIOHHBI 8. YXopsmme W3 BEpPXHEW YacTH PEKTU(DUKAITMOHHOU
KOJOHHBI 8 M HWCHAapUTeNsl HU3KOTOo AaBieHuss 9 razpl U mapbl OCH3MHOBON (Ppakiuu
OXJIAKJAIOTCS B amnmaparax BO3AYLIHOTO OXJaXJIEHHd 7U B KOHJEHCATOpax-
XOJIOIUIbHUKAX 6 U mocTynaroT B cenaparopsl 5. ['a3el VI, otnensemelie B cenaparopax,
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MOTAIOTCS Ha pas3JielieHNe Ha Ta30(ppakimoHUpyomyo yctanoBky (DY), a 6ensun |l
HampaBisieTcss Ha crabwim3anuio. KpekMHr-octatok, BBIBOAMMBIA M3 HWKHEW YacTu
WCTIapUTENsl HU3KOTO JaBjieHUs 9, moaBepraeTcsl BaKyyMHOM pa3roHke B koioHHe 10 Ha

BaKyyMHBIM Te€pMOTa3oisib V U TUCTHUIUIATHBIA KpeKUHT-0cTaToK X1V,
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Pucynok 11. IlpunnunuanbHas TEXHOJOTUUYECKAs] CXeMa YCTAHOBKH TEPMHYECKOTO KPEKWHTa
JUCTUJUISTHOTO ChIpbsi: 1,2— meun; 3 ~ BBIHOCHAsI pEaklMOHHAs KaMepa; 4 — ncrnapuTeab BBICOKOTO
JABJIEHUS; 5 — cemaparop; 6 — KOHJIEHCATOP-XOJOAMIBHHK; 7 — anmapar BO3AYIITHOTO OXJIKIEHUS; 8
— peKTHU(UKAMOHHAS KOJIOHHA BBICOKOTO JaBIIEHUS; 9 — HCMapuUTels HU3KOTO NaBieHus; W —
BaKyyMHasl KoJoHHa; 11 — termmooOMeHnuK; [ — ceipbe; [l — Oens3un Ha crabunuzanuto; 111 — Tsoxensiit
6eH3uH; IV — BakyyMmHbIi oTroH; V — tepmorasoitnb; VI — kpekunr-ocratok; VII — rasel Ha ['OY;
VIl — ra3sl u BoAsiHOM map K BakyyM-cucreMe; [X — BozsHoMN map; X — Boja Ha O4MCTKY; XI —
toruuBHBIN ra3; XII — aeimossie ra3sl; XIII — Bonaa; X1V — nucTUIISATHBIA KPEKUHT-0CTATOK [ 1]

HaubGonee mpocToii crioco0 CHIKEHHS BS3KOCTH T'yJAPOHOB — 3TO BUCOPEKHUHT
(meriyOokuit Tepmuueckuii kpekunr) [1]. Ero ucmonb3oBanue na 20—25 % wmac.
yMEHbIIaeT pacxoj pazbaButens. OOBIYHO CBHIPhEM JIsi BUCOPEKUHTA SBIISIETCS TYAPOH,
HO BO3MOXKHA U TepepaboTKa TsDKEIbIX HedTeH, Ma3yToB M JPYIHX TSDKENBIX
HEPTENPOAYKTOB. BHUCOPEKMHT TMPOBOAAT TMPH MEHEE IKECTKUX YCJIOBUSAX, 4YeM
TEPMOKPEKHMHI BCIIEICTBUE TOrO, 4TO IepepabaThiBalOT OoJiee TsKENOe, Jerde
KPEKHpyeMOe ChIpb€ M JOMycKaemas TIIIyOMHa KpPEKHMHIa OTrpaHUYHBACTCS Ha4ajIoM

KokcooOpazoBanus (temneparypa 440—500 °C, naBnenue 1,4—3,5 MITa).
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Ceippe 1 (Ma3yT wid TYIpPOH) TONOTPEBACTCS B Teud 2 W TOJBEPraeTcs
BUCOPEKUHTY B PEakIIMOHHOM kKamepe 3, paboraromieil npu aaBiaeHun okojo 1,7 Mlla.
[locne Hee cMmech MPOAYKTOB pa30aBisIeTCSs M OXJIAXIAETCS YaCThIO BBIXOIAIIETO U3
dbpaknuonupyromieir kosoHHsl S5 Tazouns |ll.  TlomydyenHas cMmech MNPOIYKTOB
HaIpasJsieTcs Jajee BO (PpaKIMOHUPYIOUIYIO KOJIOHHY O, TJIe MPOUCXOIUT pa3/ielieHrue Ha
6ensunoByto VI, kepocunoByto VI, razoitnesyto ¢pakuuu I1, yrneBogopoansiii ra3 V u
kpekuHr-ocratok V. B cemapatope HHM3KOro paBieHus 7/ TPOUCXOAMUT OTHEICHUE

yrieBogopoaHoro raza V ot 6ensuna VI.
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Pucynok 12. Cxema yCTaHOBKU BUCOPEKUHTIa ¢ peakTopoM: 1 — Hacoc; 2 — rnedb; 3 — peakTop;
4 — TennooOMeHHUK; 5 — (ppaKUMOHUPYIONIAst KOJOHHA; 6 — anmapaT BO3AYIIHOTO OXJIaKIeHUS; 7 —
cermaparop; I — cwipbe; II — Boma; III — rasoitneBas ¢pakuus; [V — kpekuHr-octatox; V. —
yIIIeBOIOpOAHBIN Ta3; VI — OGensunoBas (paxiust; VII — kepocunosas dpakmus; VIII — TormmuBHbIM
ra3; IX — neiMoBbIe Ta3bl; X — Boja [ 1]

['myOuHa TEpMUUYECKOTO KPEKWHTa TSDKEIbIX HE(PTSIHBIX OCTATKOB OTpaHUYCHA
obpazoBanueM Kokca. IIpu mnepepaboTke 0c000 TSHKENIOro ChIPhS Ha YCTaHOBKaXx
BUCOPEKUHTa KOHEYHBIMU MPOTYKTaMHU SBJISFOTCS TOJBKO ra3, 0H3UH U KPEKUHT-0CTATOK,
B KOTOPOM IIPUXOIUTCS OCTaBJISATh BCE Ta30iIeBbIe GPAKIIUN, YTOOBI TOTYYUTh KOTEIILHOE
TOTUTMBO CTaHJAPTHOW BSI3KOCTH, T. €. IIyOMHA KpPEKWHTa BechMa HEBeIWKa. BwIxon
CBETJIBIX HE(TENPOIYyKTOB 3aMETHO YBEIMYMUBACTCSA, €CIH TEPMUYECKHH KPEKUHT
TSKEJIOTO CHIPbSI BECTH C BBICOKMM BBIXOJIOM KOKCa, B KOTOPOM KOHIICHTPUPYETCS

SHAYUTCJIbHAA 9aCTh YIJICPOdd UCXOJHOI'O ChIPbA. HaHpHMep, TP KOKCOBAHHHU T'yJIpOHA
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CEpHHUCTON HE(PTHU B KaMepax MpH BbIxojie Kokca 24 % mae. oOpasyercs 16 % mae. 6en3uHa
(remniepatypa Boikunanus 10 205 °C), 26 % mae. kepocuHo-Ta3omiIeBoi ppakiuu (205—
350 °C) u 34 % wmae. Tspxenoro rasoiisa (>350 °C). Bee 3T TUCTHILIATHI COAEpKat
HeMpeneNbHbIE YIIeBOAOPO/IbI, T. €. HecTaOWbHBI. Ecnu nepepadaThiBalOT CEpPHUCTOE
CBIpbE, TO MOJYYaIOT CEPHUCTBIE JUCTUIUIATHI, KOTOPbIE HY>KIAI0TCS B 00JaropakuBaHuU.
beH3nH w#MeeT HEBHICOKOE OKTAaHOBOE YMCIO, HO OH MOXET OBITh MOJBEPTHYT
TUAPOOUYHUCTKE C OCIEAYIONINM KaTaTuTHUYeCKUM prudopmunrom. KepocuHo-razoinsieByro
(dpakIuio mocie TUAPOOUUCTKH IS yIaJICHHsI CEPHUCTBIX COCTUHEHHUIM 1 HepeeIbHbIX
YIJIEBOJIOPOIOB UCHOJB3YIOT KaK KOMIIOHEHT AM3EJIbHOIO TOILIMBA. BhIXoa mocienHero
IpU TUJIPOOUUCTKE cocTaBisieT 95 % mac. HakoHel, Tsokenblil ra30iib MOXKET CIIYyKUTb
KOMITOHEHTOM CBIPhs KATAIUTUIECKOTO KPEKHHTA WIIM THIPOKPEKHUHTA.

[Tpouecc 3aMeNIEHHOTO KOKCOBAHUS SIBJISIETCSI HEMPEPHIBHBIM MO MO/IaY€ ChIPhS
HAa KOKCOBAaHHE M TIO BBIXOAY Ta3000pa3HbIX W AUCTWUIATHBIX MPOIYKTOB, HO
NEPUOANYECKHUM IO BBITPY3Ke KOKCa U3 Kamep.

Ha puc. 11 nana texHosjormueckasi CxeMa yCTaHOBKU 3aMEIJIEHHOTO KOKCOBaHUS
npou3BoAUTENbHOCTEI0O 600 ThIC. T 1O chIpbi0. Micxomuoe ceipbe | Hacocamu 5 moparoT
JIBYMSI TTapaJuIeIbHBIMU MIOTOKaMU B TPYOBI MOJOBBIX U TIOTOJIOYHBIX 9KPAHOB Tiedeit 3 u
4, narpeBator Tam 0 temneparypsl 350—380 °C u HampaBisSiOT B HUKHIOIO YacTh
peKTU(UKAIMOHHOW KOJIOHHBI 6. B KONOHHE CBIphE BCTpEYaeTCs C MOTOKOM
napooOpa3HbIX MPOJYKTOB KOKCOBAHMWS U3 JIByX MapajuieibHO padoTaronmx kamep /. B
pe3yibTaTe ASTOr0 KOHTAaKTa Hamboiee Tspkenash dYacTh MapoB KOHICHCHUPYETCS |
CMEIIMBAETCA C ChIpbeM. B HIDKHEH yacTH KOJIOHHBI 6 oOpa3yercss CMech ChIpbs C
PELMPKYISATOM, OOBIYHO Ha3biBaeMasi BTOPUYHBIM ChIpheM. BTOpHUHOE ChIpbe U3 HUKHEH
4acTH PEKTU(DUKAITMOHHOW KOJOHHBI 6 TOPSYMMHU HacocaMu 7 BO3BpaILlaloT B reuun 1 u 4
— B BEPXHIOIO YaCTh KOHBEKI[MOHHBIX TPYO U MpaBbl€, OJA0BbIE U MOTOJIOYHBIE SKPAHbI.
Ota 4acTh TpyO OTHOCHUTCS K «PEaKIMOHHOMY» 3MeeBUKY. Chipbe HadeBaeTcs Tam 0
temmnepatrypsl 490—510 °C, Bo u3bexkaHHe 3aKOKCOBBIBAHUSI TPYO ATOM CEKIIUM B HUX
MOJAIOT MEPErpeTbiil BOJASHOM Map-TypOyau3arop (mpumepHo 3 % Mac. Ha ChIpbe),
KOTOPBIN YBEJIUYUBAET CKOPOCTh MPOXOXKIACHUS MOTOKA Yepe3 PEaKlUHUOHHBIN 3MEEBHK.
[TapoxuakocTHasi cMeCh BBOAMUTCS MapajlIeIbHBIMU MOTOKAMH Yepe3 YEThIPEXXOI0BbIC
KpaHel 2 B JBe pabortaromue Kamepsl 1 (ocTajbHbIE JBE Kamepbl B 3TOT MEPHUO
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MOATOTABIMBAIOT K pabodeil yactu mukia). BXoas B HIDKHIO 4acTh Kamep, ropsyee
CBhIpbE TOCTETIEHHO 3amnoHseT ux. O0bem kamep OOJbIION, BpeMsi MpeObIBaHUS CHIPhS B
HUX TaKXe 3HAYUTEIbHO, 3/IeCh U MPOUCXOJIUT KPEKUHT ChIpbs. Ilapel mpoayKTOB
KPEKHHIa HEMPEpPhIBHO YXOIAT M3 Kamep | B KOJOHHY 60, a TS KeIbld OCTaTOK
3aepKUBaeTca B kKamepe. B koyioHHe 6 mpeaycMoTpeH OTOOp TpeX AMCTHILIISTHBIX
dpaknuii. B pesynabTaTe pekTudUKANKN ¢ BepXa KOJIOHHBI YXOIST Mapbl OCH3WHA, BOJIBI U
ra3 KOKCOBaHUs1, KOTOPBIE MOCIIE anmnapara BO3AYLIHOTO OXJIaXACHUS 8 U KOHAEHcAaTopa-
xoJioguiabHUKa 11 pasnenstoTcs B cemaparope Ha BoAHbIN koHAeHcat ||, HecTaOunbHBII
OeH3MH W KUpHBIA ra3. HecraOwibHBIM OEH3WH YAaCTUYHO MojaaeTcss HacocoM 9 Ha
OpOIIIEHHE KOJIOHHBI 6, a Ipyras €ro 4acTh MOCTyHaeT BO PpakimoHUpYIOUi abcopoep
13, 3mech mpomcxoaWT crTabmnm3anus OcH3WHA. beH3mH w3 Kyba abcopbepa 13
HaIpaBJISIOT Ha CTaOMIM3allMI0O B KOJIOHHY 15, U3 BEepXHEHW 4acTH KOTOPOW BBIBOJUTCS
OTroH cTabuiu3anuu (OyTaH-OyTHUIIEHOBASI M YACTUYHO MPONaH-MpONuiIeHOBas (GpakLuun)
X, a U3 HUXKHEH YacTu — cTaOubHbIN 0eH3uH KokcoBanus VIII. luctunnstaeie ppakuun
BBIBOJIAT M3 KOJOHHBI 6 dYepe3 OTHmapHble CEKIUH. M3 HWKHEW YacTH ATHUX CEKIIHUH
OTKaYMBaIOT COOTBETCTBEHHO (DpaKIUU TUCTUIIISATA KOKCOBaHUsI — KepocuH VI, nerkumii

VI v Tsoxensiit V ra3oim.

v

NSisiml

Vi,

Pucynoxk 13. Cxema yCcTaHOBKH 3aMEJJICHHOTO KOKCOBAHUS:
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1 — kamepa 3aMeIJIEHHOTO KOKCOBaHMS; 2 — 4YETBIPEXXOJ0BOM kpaH; 3, 4 — meun; 5 —
CBIPbEBOM HacoC; 6 — peKTU(HUKAIMOHHAS KOJOHHA, 7 — TOPSYMA HAcOC; 8§ — ammapar BO3AYLIHOTO
oxynaxaeHus; 9 — nacoc; 10— ornapHas KoyioHHa; 11— KOHJIeHCATOP-X0JIOAUIBHUK; 12 — cenapaTop;
13 — ¢dpakmuonupyromuii abcopbep; 14 — KUNATUIBHUK; 15 — crabunu3anuoHHas KojioHHa; 16 —
JOTIOTHUTENBHBINA abcopOep; I — creipbe; 1 — Boxma; Il — map; IV — yrneBogoponHslii ra3; V. —
TSDKEIbIN ra3oiib; VI — nerkuit razoins; VII — kepocun; VIII — 6en3un; [X — cyxoii ra3; X — OTroH
crabunm3zanuu [1]

ChIpbeM B Ipolieccax MUpoIn3a Cy>KaT ra3000pa3Hble U KUJIKHE YTIIEBOIOPOIbL:
rassl, JIeTKue OCH3MHOBBIC (PPAKIIMH, Ta30BbIe KOHACHCATHI, padUHATHl KaTaTUTUYECKOTO
pudopMHUHTa U pexke KePOCHHO-Ta30iiieBble (pakuuu. OT ChIPbs U TEXHOJOTUYECKOIO
peXUMa NUPOIM3a 3aBUCAT BBIXOABl NPOAYKTOB. HauOonblimii BBIXOJ 3TUJIEHA
MOJIy4aeTcs pHU nupoJmse 3Tana. [1o mepe yTskeneHus cblpbs BBIXO/1 3TUIIEHA CHUYKAETCS
U YBEIMYHUBACTCS BBIXOJ XUAKUX NPOAYKTOB — cMOJ nuponusa. Ha puc. 12 nmokazana
TEXHOJIOTMYECKasl CXeMa YCTAHOBKH MHUPOJIM3a OCH3MHA U Ta3000pa3HOTo Chlpbsi. beH3un
Il momator mon nmaBnenuem 1—1,2 Mlla B mapoBoi mojorpeBarenb 1, 3aTeM OH
[OJIOTPEBACTCSl JIBIMOBBIMU Ta3aMH B TpyOax KOHBEKLIMOHHOM CEKUMU Ne4d 2 U
CMEUIMBaeTcsa ¢ BOASHBIM mapoM 1. DTa cMech mocTymnaer B TpyObl paJluaHTHON 4YacTH
3meeBrKka meuu 2 [logsepraemsril nuponu3y yriaeBoaopoansii ras Il mocrynaer B neun
nyposm3a 0e3 rmojgorpena. PeakiimoHHy0 cMech BBIBOJIAT U3 TICUH ITPH TemmepaType 840—
850°C u BO m30ekaHWe MOJUMEPU3AINUA HEMPEACIbHBIX YIIIEBOJAOPOJOB IOBEPTaIOT
OBICTPOMY OXJIAXKJICHUIO B «3aKajouHomy ammapate 3. [locnennuit mpencrasiser coOoi
KOHJEHCATOp CMEIIECHMs, KyJa paclbULIIOT BOJHBIA KOHJEHCAT. 3a CYET TEIIOThI
UCIIapeHMs] KOHJIEHCaTa TeMIIepaTypa peaKIMOHHOW cMecH cHUxkaeTcst npumepHo a0 700
°C. OxjaxaeHus O 3TOH TemmepaTypbl JOCTATOYHO, YTOOBI 32 HECKOJBKO CEKyH]
npeObIBaHUs PEAKIIMOHHOM CMECH Ha Y4acTKE OT «3aKaJO4yHOro» ammapara g0 KOoTJia-
YTUIIM3aTOpa 5 HE JOMYCTUTh Pa3BUTUS B HHUX MOOOYHBIX peakiuil. Ilocnemyromiee
cHkeHnue temmepatypsl 10 400°C mpouCXOIUT B KOTJIE-YTUIIU3ATOPE D, T/I€ TEIIO ra30B
NUPOJU3a MCIHOJIb3yeTCs ISl MPOU3BOJACTBA BOJSHOIO Mapa BBICOKOTO JaBJCHUS.
[TaporazoByro cMech U3 anmapaToB 5 CMEMIMBAIOT U HANIPABJISIIOT B KOJIOHHY 8. B HikHen
YacTH KOJIOHHBI TIOTOK OTMBIBAIOT OT CA’KU M KOKCA TSXKEIBIM MOTJIOTUTENIbHBIM MacioM
V1. Bepx KOJOHH OpomIaeTcs JIETKUM MOTJIOTUTENIbHBIM MaciaoM V, TaKke MOJy4yaeMbIM
Ha caMOM ycTaHOBKe. B HIKHEN 4acTH KOJIOHHBI KOHJEHCHPYETCs HauOojee TsKenas

4acTh CMOJbl. HacTh CMOJIBI OTKauMBaIOT HacocoM 6 u uepe3 ¢puibTp 9 BO3BpaIlaoT B
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HIDKHIOIO YacTh KOJIOHHBI 8 B Ka4eCTBE TSKEJIOrO IMOTJIOTUTENbHOrO macma VI, a
OCTaBIIYIOCS 4YacTh BBIBOJAT. OOieryeHHasi mMapora3oBasi CMECh M3 BEpXHEW 4YacTu
KOJIOHHBI 8 MPOXOJIUT XOJOIUIBHUK-KOHAEeHCATOp 10, OXJIamuBIIUCh IO TEMIEPATypPh
30—35 °C, paznensiercss B cenapartope 13 Ha ra3 muponusza VI, nanpasnsemsbiii Ha
KOMITPECCHIO U JIaJiee Ha ra3opasJiejieHue, 1 0OBOJIHEHHBIN KOHJIEHCAT JIErkoro Macia V,
KoTopoe oTAesioT oT BoAsl VIl B oTcToliHuKe 12. Jlerkoe macimo V 4acTUYHO MOJAIOT B
BEPXHIOIO YacTh KOJIOHHBI 8, a APYryl0 €ro 4acTh IMocje oTmapuBaHus B KosioHHE |l

OTKAQ4YMUBAaKOT C YCTAHOBKHU.
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Pucynok 14. Cxema ycTaHOBKH nuposn3a Oen3una: | — mapoBoit mogorpeBarens; 2 — medb; 3
— 3aKaJOYHBIM anmapar,; 4 — mnapomeperpesarenb; 5 — KOTeJd-yTwim3arop; 6 — Hacoc;, 7 —
MapocOOpPHUK; 8 — KOJNOHHA MEepBUYHON pekTudukanuu; 9 — dunbtp; 10 — XOJOIMIBHUK-
koHzaeHcarop; Il — ornmapHas kononHa; 12 — orcroiinuk; 13 — cenapartop; I — BoagHo nap; II —
6ensuH; [Il — yrneBonopoansiii ras; [V — Boga; V — nerkoe macno; VI — tsokenoe macno; VII — Bona
Ha ouncTKy; VIII — ra3 muponusa Ha ouncTKy; [X — TommBHBIH ra3; X — IBIMOBBIC Ta3bl [1]
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5. TpeooBanusi 'OCT k kauecTBY HeQTENPOAYKTOB
B Texuunueckom Pernamente Tamoxennoro Coroza TP TC 013/2011 npuBeaeHbl

TpeOOBaHUsI K aBTOMOOWJIIBHOMY M aBHALMOHHOMY O€H3HUHY, JU3EJIbHOMY U CYJOBOMY

TOILIMBY, TOIUIMBY JUIS PEAaKTHBHBIX ABHraTesncii u masyrty [10].

Tabauua 5.1 - TpeGoBaHMs K XapaKTepUCTUKAM AaBTOMOOWIBHOI0 OeH3MHA

X apaKTepUCTUKH Enuanna  [HopMbl B OTHOIICHHH SKOJIOTHYECKOT0 Kjlacca
AQBTOMOOMIIBHOTO m3mepenus [K2 K3 K4 K5
OCH3MHA
IMaccoBast 10J1s CEPBL, HE |MI/KI 500 150 50 10
NS
O0BeMHas nonsa o 5 1 1 1
OeH3oa, He Ooiee
MaccoBas monsa % He orpeaensieTcs 2,7 2,7 2,7
KHCIIOpOJia, He 0oJiee
O0BeMHas nonsa o
YTJICBOJIOPOJIOB, HE
boee:
apOMAaTHYCCKHX He onpenensiercs U2 35 35
0J1€(DUHOBBIX He onpenensercs |18 18 18
(OKTaHOBOE YHCJIO: -
[0 MCCIIEOBATENBCKOMY 80 80 80 80
MeToay, He MeHee
MO0 MOTOPHOMY METOJY, 76 76 76 76
HE MEHEe
/laBnenne HacwimeHHbIX [KI1a
MapoB:
B JIETHUM NIEPHOJT 35-80 35-80 35-80 35-80
B 3UMHHI TIEPHOJT 35-100 35-100 35-100 35-100
KoHmeHTpanus xenesa, OTCYTCTBHE OTCYTCTBHE [0TCYTCTBUE  |[OTCYTCTBHUE
MT/ M
He Oosee
KoHmeHTpamms y OTCYTCTBHE OTCYTCTBHE [0TCYTCTBUE  |[OTCYTCTBHUE
Maprasiia, He 6oJee MM
KOHueH*TpaumI -~ 5 5 5 5
cBUHIIA*, HE Oosee
O0BeMHas monsa % 1,3 1,0 1,0 OTCYTCTBHE
MOHOMETHJIAHWIMHA, HE
bosiee
O0beMHas monst %o
OKCHUTEeHATOB, HE OoJIee:
MeraHoa** He onpenensercs |1 1 1
STaHOoJIa HE onpenensercs B 5 5
M30IPONaHoJIa He onpenensercs (10 10 10
TpeTOyTaHOIA He onpenensiercs |/ 7 7
n300yTaHosa He onpenensiercs: (10 10 10
3(HpOB, He onpexaensieTcs (15 15 15
colepKamux S5 WM
0oJIee aTOMOB yTjepoaa
B MOJICKYJIC
JIPYTHX OKCUTEHATOB He onpenensiercs (10 10 10
(c TemmepaTypoi KOHIIa
KHIICHUST ~ HE  BBIIIC
210°C)
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Tadauna 5.2 - TpedboBaHusl K XapaKTePUCTUKAM JU3€JIbHOI0 TOMJIMBA

XapakTepucTuKu Enunnna | HopMbl B OTHOLIEHHH 9KOJOTHYECKOrO Kilacca
IU3EJILHOTO ToIInBa* n3Mmepenus | K2 K3 K4 K5
MaccoBast 10151 Cepbl, | MI/KT 500 350 50 10
He Oosee

Temneparypa Benbiiku | °C

B 3aKpBITOM THWIJIE, HE

HUXE:

JUTS JIETHETO u 40 40 55 55
MEXKCE30HHOTO

JIM3EJIHbHOTO TOTTNBA

IUIA 3UMHETO u 30 30 30 30
aApPKTHYECKOTO

JIN3€JIHHOr0 TOIIMBA

@pakunoHHBIH cocTas - | °C 360 360 360 360
95 MPOIEHTOB

00BEMHBIX

MIepPEeTOHSIeTCS npu

TEeMIIepaType, He BBIIIE

MaccoBas noist | % - 11 11 8
MOJINITUKITAICCKUX

apoMaTHYeCKHX

YTJIEBOIOPOJIOB, HE

Oosee

IleranoBoe wwcio 1 | - 45 51 51 51
JETHET0  JU3eJIBHOTO

TOTUIMBA, HE MCHEE

IleranoBoe wwucio ais | - HE 47 47 47
3UMHETO " OTIpeIeIIIeTCs

aApPKTHYECKOTO

JU3ETHHOTO  TOTUINBA,

HE MEHee

CwmaspIBaroniast MKM He 460 460 460
CIOCOOHOCTB, HE OoJiee onpezensercs

[IpenenbHas °C

TeMIieparypa

bunbTpyeMocTH, HE

BBIIIIC:

JIeTHEe TU3ETBbHOE HE HE HE HE
TOTUTHBO OTIPEICIISCTCS | OMPECNIACTCS | ONPENeIsIeTCs | OMpeeIIsIeTCs
JIU3EJIBHOIO  TOIUIMBA MunHyc 20 Munyc 20 Munyc 20 muHyc 20
3WUMHETO

JIU3EJIbHOTO0  TOIUIMBA MuHyc 38 MuHyc 38 Munyc 38 MuUHYC 38
ApPKTHYECKOTO

JIU3EJIBHOIO  TOIUIMBA MuHyc 15 MuHyC 15 MuHYyC 15 MuHyc 15
MEKCE30HHOTO

* MOIycKaeTcsi colepKaHWe B TU3ETHbHOM TOIUMBE He Oonee 7% (MO 00beMy) METHIIOBBIX 3(HpoB

KHPHBIX KHUCJIOT.
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Tadauna 5.3 - TpeboBaHus K XapaKTepUCTUKAM Ma3yTa

XapakTepHUCTHKaA Ma3yTa Enununa Hopma s | Hopma U1t
W3MEpCHUs (II0TCKOTO Ma3yTa | TOMOYHOI'O Ma3yTa

MaccoBast 10115 cepbl, He OoJiee % 2,0 3,5

Temneparypa BCHBIIKH B OTKpbIToM | °C - 90

TUTJIC, HE HUXKE

TemnepaTypa BCHBIIKH B 3akpbiToM | °C 80 -

THUTJIC, HE HUKE

Beixon ¢dpakmum, Beikunaromend a0 | % o0. 17* 17*

350€C, ne 6omee

Copepxanne cepoBoOAOpoOIa, He Oonee | ppm 10** 10**

Tadauua 5.4 - TpeGoBaHus K XapaKTepPUCTUKAM TOILUIMBA JJISl PEAKTHUBHBIX

JABHUraTeenl

XapakTepucTUKa  TOIUIMBA
TUTST PEaKTUBHBIX
JIBUTaTelei

Enunnna
M3MEPEHUS

Hopma B OTHOIIICHHMM JIETAaTEINBHBIX allapaToB C
JI03BYKOBO# CKOPOCTBIO TIOJIETa

Jxer A-1

TC-1

PT

KI/IHeMaTI/I‘-IGCKaSI BSIBKOCTH
Ipy  TeMmIeparype MHHYC
40°C, ue 6oinee

MM /C

8

16

Kunematnueckass BSI3KOCTb
IIpU TEMIIEpaType MUHYC
20°C, ne 6oiee

MM /c

Temneparypa Havana | °C
KPUCTAJIJIN3ALIMH, HE BBIIIIE

MuHyc 60

MuHyc 60

Temnepatypa 3amep3anus, | °C
HE BBILIE

MuHyc 47

ConepxaHre MEXaHUYECKUX | -
MIPUMECEN U BOJIbI

OTCYTCTBUC

OTCYTCTBUC

OTCYTCTBHC

@pakIMOHHBIN COCTaB:
10%  otromsercs  mpu | °C
TEMIIEpaType HE BBIIIE
90% orrousiercss  mipu | °C
TEMIEpaType He BBIIIE
98% orrousiercss  1ipu | °C
TEMIEpaType He BBIIIE
OCTaTOK OT pa3roHku, He | %
Oonee
MOTEpPH OT pa3roHku, He | %
Oosee

205

1,5

1,5

165

230

250

He Hopmupyetcs | 1,5

He Hopmupyetrcs | 1,5

175

270

280

Bricota HEKOIITAILETO | MM
IJIAMEHH, HE MEHEE
1503051

25

25

25
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pu 00beMHOMI JoJe | MM 19 -

Ha(TaTMHOBBIX

yTICBOJIOPOIOB HE Ooiee

3%, HEe MEHEe

Temmneparypa Bcmbiukun B | °C 38 28

3aKpBITOM THUTJIC, HE HIKE

O6ObemHas (MaccoBasi) gonst | % 25 20 (22) 20 (22)
apOMaTUYECKHUX

yTJIICBOJIOPOIOB, HE OoJiee

Konnenrpanust Mr/100 e 7 5

(dakTHUeCKUX  CMOJ, He

OoJee

MaccoBass  gmonst  oOmeit | % 0,25 0,20 0,10
cepbl, He Oosiee

MaccoBas nona | % 0,003 0,003 0,003
MEpKAaITAaHOBOW CEphl, HE

Oosee

TepmookucnuTensHas °C 260 260

CTaOHIIbHOCTD npu (275)
KOHTPOJIBHOW TEMIIeparype,

HE HIDKE

[lepenan  naBieHus  Ha | MM pT.CT. 25 25

bunpTpe, HE OoJIee

I[BeT oTioXkeHMI HA TpyOKe | Oamwiel 1o | 3 3

(ipu OTCYTCTBHH | IIBETOBOM

HEXapaKTePHBIX TIKaJIe

OTJIOKEHUI), HE Ooee

VYaenvbHas  snexktpuueckas | nCm/m

MIPOBOMMOCTb:

0e3 AQHTUCTATUYECKON 10 10

MpHUCaJKu, He Ooee

c AHTUCTATUYECKON 50-600 50-600 50-600
MIPUCATKON

Tadauuna 5.5 - TpedboBaHMsl K XapaAKTEPUCTUKAM ABHAIMOHHOTO O€H3UHA

XapakTepUCTUKH aBHAIIMOHHOTO OEH3WHA Eannanna nsmepenus Hopwmebt
OKTaHOBOE YHCIIO IT0 MOTOPHOMY METOJTy, He MEHEe - 91
CoptHOCTh* (boraras cMech), He MEHee - 115
Temneparypa Havyasla KpUCTAJUIM3ALNH, HE BBIIIE °C MuHYyC 60
ConepxaHre MEXaHHUECKHUX TIPUMECEH U BOIBI - OTCYTCTBHE
JlaBneHue HaCBIILIEHHBIX TapOB klla 29,3-49
@paKIMOHHBIN COCTaB:

10 IpoLeHTOB OTTOHSIETCS NTPU TEMIIEPATYPE HE BBIILIE °C 82

50 IpOIIEHTOB OTTOHSIETCS IPU TEMIIEPATYPE HE BBILLE °C 105

90 pOIIEHTOB OTTOHSAETCS MPHU TEMITEpaType HE BHIIIIE °C 170

OCTaTOK OT Pa3roHKH, He Ooiiee % 15
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NOTEPU OT PAa3TOHKHU, HE Ooee % 1,5
Conepxxanue pakTHYECKUX CMOJI, He Oolee 3

Acp b ’ mr/100 cm
MaccoBas 1011 00111€# cephl, He Ooee % 0,03
Liser - 3eJICHBIN

* - OMpCaACIICTCA HAa CTAAUH IMMOATOTOBKH MPOU3BOJACTBA U I'APAHTUPYETCA U3TOTOBUTCIICM.

Tadauna 5.6 - TpedboBaHKs K XapaKTePUCTHUKAM CYI0BOI'0 TOIJIMBA

XapaKkTepUCTUKH CyI0BOr0 TOIUIMBA Enununa Hopwmet
M3MEPEHUs

MaccoBas 101 cephbl, He OoJiee % 3,5 (mo 31 nmekabps 2011 rona)
2 (mo 31 pexabps 2012 roma)
1,5 (¢ 1 suBaps 2013 roma)
0,5 (c 1 sauBaps 2020 rona)

TemmnepaTypa BCIIBIILIKY B 3aKpbITOM TUTIE, | °C 61

HE HIKE

6. JxoHOMHUYECKHE MOKA3aTeJU He(pTera3oBbIX TEXHOJIOT Ui

Jlns mpexactaBieHus MaclITaOHOCTH HE(TEra3oBbIX TEXHOJOTMHA B MHPOBOM

TEXHUKE U SKOHOMHUKE MIPUBEJIEM CIISIYIOIINEe SKOHOMUYECKHE MoKa3aTenu [3].

Tabmumna 6.1 - OprUeHTHPOBOYHBIC JTAHHBIE MO YPOBHIO KaUTAIBHBIX 3aTpaT Ha

CTPOMUTEIILCTBO HEKOTOPBIX COBPEMEHHBIX TEXHOJIOTHYeCKUX ycTtaHoBok HIT3 [11].

Momwocts | [lasne- | 3arpatsl,
YCTaHoBRKA [lporece N0 CRIPRID, |  HUE, MITH. JOT-
M ey Mlla | napoe CLIA
Hzomepusamms Ipsorb, Hexorb (IFP) 800—1600] 2—5 B—13
Penex, Molex (UOF) 1600 2—5 24
Karamuruueckuii pudopMusr
¢ HenpeprieHoi perenepaimeli | CCR (UOF) 3200 0,35 41
KATATWIATOpA Octanizing (IFP) 4000 0,35 43
I'mapoouncTtra-ruapootnaro- | HD-Unibon (UOP) 1,5
paEHRAHHE [HITOTITHE 0,05% cepri MiH. Trom | 4.9 33
AH-Unibon AR-10 1.5
0,01% cepri MIH. Trom | 12,7 100
AH-Unibon AR-10/2 1,5
0,01% cepwi (nBe crymesw) | Mam. Trom| 8,5 117
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Tabnuma 6.2 - 3atpaTsl B Mupe Ha HedTernepepadbaThIBAIOIIYIO U

He(TEXUMUYECKYIO MPOMBILIIIEHHOCTh B 1999 1. (B Mipa, gomutapos CIIIA)

3aTpatsl HefrenepepatoTxa Hedyrexmums I Beero
KamiraisHele 17,7 17,9 35,6
DKcnnyaTaHoOHHbIE 15,9 19,0 349
Ha KaTaiIH3aT0phl H XHMUKSTE 11,0 21,1 32,1
Cymma 44.6 58.0 102,6

MupoBoii ppIHOK CMa304YHBIX Macesl B HacTosiee Bpems orieHuBaercs B 40 muip,
nomapoB  CIIIA. T'omoBble 3arpaThl Ha  TEXHMYECKOE  OOCTY)XMBAaHHE B
HedTenepepadaTbIBatoNIed U HEPTEXUMUUECKON MPOMBIIUIEHHOCTH paBHBI 4— 17% ot
roJIOBOl CTOMMOCTH NpoAaHHOW Mpoaykuuu. KanuranoBinoxeHus: HEPTIHBIX KOMIIAHUN
CHIA B 2001 r. cocraBuiu 72,68 wmupa, noinapoB, B ToM uucie [2% —
HedTerazo00bIBalOIIasl MPOMBIIIIEHHOCTD, 9,7% — HedTenepepaboTka u HeTEXUMUS,
57% — cOpT HepTenmpomykToB, 4,9% — wHedTEeNnpoBOABI W Ta30MPOBOILI, a
KaluTaJI0BIOKEeHHUS HePTAHbIX KoMrmaHuii KaHanael B 3TOM ke roay Obuid paBHBI 21,54
mipa, nosimapoB CIIIA. ExxeronHast CTOUMOCTD TOJIBKO SKCIIOPTHBIX MPOJIax HEPTH U raza
B MHpE TpeBbIIaeT (10 MpHOTMKECHHBIM OIICHKAM M B 3aBUCHMOCTH OT MHUPOBBIX IICH)
400— 600 mapa, nommapo CHIA. B 2002 r. cTOMMOCTh pOCCUICKOTO IKCIIOpTa HEDTH,
raza u HerenpoaykToB Obla paBHa 55,1 mupa, gomrapos CHIA, B Tom uuncie 28,3 —
HedTh W 15,9— ra3. B nHacrosiiee BpeMsi CTOMMOCTh aKTHUBOB JECATH KPYIHEUIINUX
HedTaHbIX KoMnaHuil Poccun (B 3aBUCMMOCTH OT MeToza orieHKH) paBHa 20—60 mmpa,
nosapoB CIIIA, a gecsiTu KpynHEUIIUX aMepPUKAHCKUX HEPTAHBIX KOMITAHUM — OKOJIO
700 wmapn, nommapoB CIHIA. byaymme 10— 15 ner XXI B. craBiar mnepen
HedTenepepadaThIBArOIICH MPOMBIIIUIEHHOCTHIO BCEX CTpaH MUpa TaKWe HOBBIC 3a/1aYH B
00eCIeYeHNN HKOJIOTMUECKUX M TOTPEOUTENBCKUX CBOWCTB TMPOAYKIIMH, KOTOpHIE Ha
MOPSIIOK TIPEBBIMIAIOT JOCTUTHYTHIN ypoBeHb nocieannx 10— 15 ger XX B. Kak panee,
TaK UCETOJIHS, a TaKkKe B Oy IymieM He(pTh ¥ Ta3— 3TO CHIIbHEHIIINI HHCTPYMEHT Pa3BUTHS
HE TOJBKO MHPOBOM HDKOHOMHUKH, HO M MHUPOBOM TIOJUTHUKH, TOITOMY 3HAUYCHUE
He(dTera3oBbIX TEXHOJIOTHI HEMUHYEMO BO3PACTaET.

7. Monepuu3auus HepTenepepadaTbiBalolieil 0Tpacau

B poccuiickoil HedrenepepabaTbIBalOLIEl OTpaCcaN MPOJOKAETCS MacIITaOHas

MOJCPpHHU3aAINA I[CﬁCTBYIOHII’IX IMpOU3BOACTB, KOTOpas IIPOBOAUTCA B  pPaMKaxX
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YETBIPEXCTOPOHHMX COTIamieHuid, moanucanueix B 2011 roxy HeDTSHRIMA KOMIIAHUSMH,
®AC Poccun, Pocrexnamzopom u Poccranmaprom, a Takke MOACPHU3AUOHHBIX
cornamenuii, 3axmoueHHbIX B 2019 romy Mexny MMHHCTEPCTBOM HHEPreTHKH H
kommanusamu [14]. CornacHO TOTOBOPEHHOCTSIM, COOCTBCHHUKH TPEANPHUATHIA B3sUTH HA
cebs1 obs3arenbcTBa 10 2027 roma moctpouTh 98 ycTaHOBOK BTOPUYHOM IMEepepabOTKH
Heptn m 36 pekoHCcTpywpoBaTh. Cpeaum HHX YCTAaHOBKM KaK 00JIaropa)KMBArOIINX
(pudopMuHr, wuzoMepuzalMsi, TUIPOOUYUCTKA U MPOYHE), TaK U YrIyOJISIOIUX
(TUIPOKPEKUHT, KATAIUTHYECKUN KPEKWHT, BUCOPEKHHT, 3aMeIJICHHOE KOKCOBAaHMUE)
npoueccoB. DakTuyeckne 00bEMbl MHBECTUIIMM B paMKax JaHHBIX corniamienuid B 2011—
2019 rr. npesbicun 1,4 TpiH pyo., a u3 134 npoekToB yxe peanusonano 86 [15].

Taxxe B 2021 romy 3apaboTan HOBBIN MEXaHU3M CTUMYJIUPOBAHHS MOJAECPHU3AIIUN
HedTenepepadaThIBAIOIIUX MOIIHOCTEH — MHBECTUITMOHHAS HaJl0aBKa, MPEACTABIISIONIAs
co0oif cyOcuauio, BBHIUIAYMBACMYIO B CIydae BBOJA JOIOJHUTEIBHBIX YCTAaHOBOK
BTOpHYHON HedTernepepadboTkn. OCHOBHAS I€Jb HOBOTO MHCTPYMEHTA — TIPUBJICUCHUE
JIOTIOJTHUTEJIBbHBIX MHBECTHUIINI B MOJIEPHU3AIINIO HEPTENepepadaThIBAIONIUX MOIITHOCTEH.
B pamkax moanucaHHBIX MHBECTHUILIMOHHBIX COTJALICHUN Mexay MunsHepro Poccuu u
KOMITAaHUSMH TUTaHUpYyeTCsl BBECTH 30 HOBBIX YCTAHOBOK C OOIIUM 00bEMOM MHBECTHITUI
okono 0,8 TpimH py6. Cpenu noanucaBmux cornamenus HIT3 — OMckuii, MOCKOBCKHIA,
TyancuHckui HII3, «TAHEKO», «I"aznmpom HeTexum Canasary,
«Hwmxeropomuedreopreunresy», Adunckuit HIT3, «OpckaedreopreunTes» u apyrue [16].

Pe3ynmbraToM MOACpHHM3AIMU JTOJDKHO CTaTh CHYDKeHHE A0iu mpocTeix HII3 (To
€CTh, HE UMEIOIINX B CBOEM COCTaBE YCTAHOBOK YTIIYOJISFOIIMX MPOIECCOB), YBEIIUUCHUE
MOIIHOCTEH OoJiee CIIOKHBIX KOMIUIEKCHBIX 3aBOJIOB, POCT BBIXOJAa CBETIBIX
HedTenpoaykToB. HeoOX0aMMO HallOMHHUTB, UTO 70 CTapTa MPOTrpaMMbl MOJICPHU3AINH B
2011 roxy TEXHOJOTUYECKHUA YPOBEHD MPEANPUITHI OTPACIU OCTABAJICA HA JIOCTATOYHO
HU3KOM ypoBHE. Hampumep, BBIXOJI CBETJIBIX HEPTEIPOIYKTOB B CPEIHEM IO OTPACTH
COCTaBJISLT Bcero okojio 56 % [17]. [Tocne BBoMa BcexX 3aluIlaHUPOBAHHBIX YCTAHOBOK B
CpPEIHEM TIO OTPACIIH JIOJS BBIXOJa CBETIBIX HEPTETIPOIYKTOB BBIPACTET C TEKYIIHX 62-X
1o 72 % B 2030-2035 rT.

OcHOBHAsT 4YacTh 3alVIAHUPOBAHHBIX K BBOAY MOIMHOCTEH YTITyOJSIONIUX
MIPOIIECCOB HAIpaBJICHA Ha BBIMYCK CPEAHUX AUCTHILISATOB, MPEXKIE BCETO, TU3EITHLHOTO
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torumBa. [lpm peanmsanuu BceX 3asBICHHBIX B COIVIANNIEHUSAX IUIAHOB OOBEMBI
MIPOU3BOJICTBA CPEIHUX TUCTUIUISTOB BhIpAcTyT Ha 18 muH T nmm Ha 19 % x yposnio 2019
rona (BBuay nanaemun COVID-19 u Be3BanHOTO €10 ageHus mpouspojctsa 2020 ro He
MOKET CUMTATBhCS PENPE3CHTATUBHBIM). Takke yBENTUUYUTCS BBIMYCK aBTOOCH3MHA Ha 8
MJIH T, KepocuHa — Ha 3 MuiH T (puc. 13). [Ipou3BOACTBO TSKENBIX (Ppakiuil 3a CUET
yrayOseHust mepepaOOTKH CHHU3UTCS, HauOoliee 3HAYUTENIbHOE MaJleHuEe NpUIETCS Ha

Ma3yT — ¢ 58 1o 34 muH T unu Ha 41 %.

287 289 289 O6wem He hTenepepaboTkm

Beinyck HedTenpoayKTOoB
B Hadra

B 2eToGeHzuH

[ Kepocun

[ TosapHoe OT 1 npoune
cpeaHue ZUCTUNNATE

[ ] Apomatuka u npoumne ceeTAbie

[Jero

[ masyr
B ryapom ana HedreBuTyma, GuTyrbl
8 B Koxe
=] 12 Il Npoune
2025 2030 2035
67% 72% 72% Bbixoa cBetnbix, %

Pucynoxk 15. O6bembl HepTenepepaboTKu U BbITyck HePTenpoaykToB B 2019-2035 rr., miH T [14]

HedTrenepepabarpiBarornirie 1 HehTEXMMUYECKHE OTPACITH UTPAIOT BAKHYIO POJIb B
APKOHOMUKE ¥ )KM3HU 00IIIeCTBa PETHOHOB, TaKUX Kak TarapcTtaH, banmkopTocTan u npyrue,
UMEIOIIUE KpyIHbIe HedTenepepadaThiBaroliye u He)TeXUMHYECKHIE KOMIUTIEKCHI [36].

Uem Oonpmie rayOuHa HedremepepaboTku, TeMm Oojiee BBICOKHM YPOBEHBb
MpoM3BOJACTBEHHBIX MpouieccoB Ha HII3. IIpu 3TOM 3TOT nmoka3arenb UMEET HEOCTaTKH.
[TepBbIM SBIISIETCS €70 YCIOBHOCTH, TO €CTh JIsl OJTHOTO 3aBOJIa TAKUX TTOKA3aTeNei MOKET
OBITh HECKOJIBKO (TPOEKTHBIN M (akTrdeckuii) [37]. [IpuunHoii 3TOMY SIBIsSIETCS TOT (PaKT,
YTO IIIyOMHA epepadOTKH MOKET U3MEHSTHCS B 3aBUCUMOCTH OT BHIPAOOTKH KOTEJIbHOTO
ToruMBa. B cBOIO ouepenb, KOTEIbHOE TOILTUBO MOJMYYalOT HAa YCTAHOBKE BHUCOpPEKHUHTa
I'yJIpOHA, U €CJIU TyIPOH, UAYIIMNA HAa BUCOPEKUHT, OTIPABUTh HA YCTAHOBKY MOIYYEHUS
OMTYMOB, TO BBIXOJI KOTEJIPHOTO TOILIMBA. PE3KO YMEHBIITUTKLCS, a TTyOnHa mepepadoTKu

YBCINYUTBCA. BTOpBIM HEOOCTATKOM ABJIACTCA TO, YTO 3TOT IIOKA3aTCJIb HC MOXCT OAaThb
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TEXHOJIOTHYECKUX U MHBECTUIIMOHHBIX xapakrepucTuk HII3.

Jnst peleHuss 3TUX HEJOCTATKOB CYIIECTBYeT KoMiuUiekcHas ouenka HII3,
paszpaboTtanHas emie B 60-¢ roapl TEXHUYECKUM PEAAKTOPOM M KOHCYJIBTAaHTOM 110 He(TH
u3BectHoro xypHaina Oil & Gas Journal BunsOoyprom Henbconom. B pamkax cxemsl
HenbcoHa KamuTajoBIIOKEHUS HA CTPOUTEIBCTBO KaXAOW KPYIMHOM  €IMHUIIBI
000pyIOBaHUS WIJIM YCTAHOBKH B 11€JIOM OBLIHM OTHECEHBI K COOTBETCTBYIOIICH BETMIMHE
JUISl YCTaHOBU aTMOC(EPHON IMEePEroHKH HePTH, CI0KHOCTb KOTOPOW MpUHUMAach 3a
enuauily [38]. Bcem ocTanbHBIM yCTaHOBKaM TPHCBAMBAIKNCH KOI(PQPUIIMEHTH B
3aBUCUMOCTH OT MX CJIOKHOCTH U cTomMocTH. Hampumep, ycTaHOBKa KaTalUTUYECKOTO
KpeKHHTa umena KodhUIMeHT, paBHbli 7,2, TO €CTh OHA ObLJIa B 7,2 pa3a CIOXKHEe, YeM
YCTaHOBKA JJIs1 aTMOC(EpHOH TIEPETOHKH MPH TOU JKE TTPOU3BOAUTEILHOCTH.

B tabmune 7.1 mpuBeneH pacueT CIOXKHOCTH I HedTernepepadaThIBAIOIIETO
3aB0J1a TOIUIMBHOTO MPOQUIIS.

Tabmuma 7.1 - Pacuer cioxkHocTu i HedTenepepadaThIBAIOIIETO 3aBOjAa

TOTUTUBHOTO PO

: Koxgppuuuent AR :
Yeranoska : nepepabarsisaemMoro Caomnocrs
CIOARHOCTH
NOTOKA
ArmochepHas 1.0 1.0 1.0
neperodka Hedru
[dY 0.5 0,05 0,025
Paznenenne 0,3 0,3 0,09
[Mapoouncrka HadTh 2.0 0,3 0,06
Pudopmuni 34 0,15 0,51
H3omepusauus 3,7 0,15 0,555
[u,lpmmucrlxu )5 0.05 0.125
KEPOCHHA
[Mapoouncrxa AT 2,5 0,2 0.5
Kar. kpekuHr 7,2 0,15 1,08
AJIKWIHPOBAHHE 7,5 0.05 0,375
BakyymHas neperoska 1.0 0.4 04
BucOpexuni 32 0,2 0,64
5,36

KoadduimeHT cinoxHOCTH A1 KaXA0M YCTAaHOBKU MEHSIETCS CO BPEMEHEM, TakK

KAaK MPOUCXOJUT HENPEPBhIBHBIM TEXHUYECKUW NpPOrpecc W uX ycioxHeHue. Henbcon
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BBIYHUCITIIT KO (PHUIIMEHTHI CIIOKHOCTH JIJISI K&KJOW YCTAaHOBKH MCXOJISI U3 CTOMMOCTH Ha
€¢ CTPOMTEIBCTBO W €€ IPOU3BOAUTEIILHOCTH. HecMOTps Ha TpPOCTOTYy pacueTa,
KOMITJIEKCHasI onleHKa HenmbcoHa, comocTaBiaeHHas ¢ TIyOnHOW HedTenepepadoTKu, JAt0T
6oee scHyto xapakrepuctuky HII3. DTo HarnsaHO moka3aHo B TabIUIE HIDKE.

Tabmuma 7.2 - KommiekcHas orneHka HenbcoHa, comocTaBiieHHas ¢ TIIyOMHOM

He(dremepepabOTKH
HII3 I'nyvinna nepepadborku Huneke KOMILIEKCHOCTH
Hedru, % Heancouna

JIVKOMJI- IMepmuedreoprennres 84,5 6,13

Vipanedrexum 304 1,46

Hogo-¥ dmmcxnii HIT3 874 4,88

Ypumcknii HIT3 79,2 6,74

CanasaHHedTeoprcHHTes 794 6,79

TAHD-HK 743 2,85

Caparosckuii HIT3 72,4 4,03

OpckuedreoprennTes 60,3 3.87

Poccus 719 431

Mup 85 5.9

Espona =9() =8

CLUIA =90 =10

8 BwiBoabl (Conclusions)

B nanHOW pabore OBUT M3Y4YeH W TPOBEACH CPaBHUTCIHHBIA aHAIM3a JaHHBIX
ONMHCAaHUSI TEXHOJOTHMUYECKUX TPOIECCOB HedTenepepaboTKu W3 Pa3HBIX JIMTEPATYPHBIX
HUCTOYHUKOB. B mporecce pabOThl CTOJIKHYJIUCh C TEM, YTO B pa3HBIX Y4YeOHUKAxX
TEXHOJOTHUECKAE CXEMbl YCTAHOBOK M HW300pa)KCHHsI OTICIBHBIX allllapaToB 3adacTyio
OTJIMYAIOTCS APYT OT JIpyra. BbuM N3ydeHbl NPUHIUIIBI PA0OTH OCHOBHBIX TEXHOJIOTUYSCKUX
ycTaHOBOK HedrenepepaboTku. Ha cerogHsmHuil 1eHp TJIaBHas 11eJib ycTaHOBOK ABT —
yiay4iieHrue oToopa (pakiuil OT WX TOTEHIHMAIBHOTO COJIEpP)KaHMs, a TaKkxke Ooiee
rryOokast mepepaboTka KyOOBBIX OCTATKOB. Y COBEPIIICHCTBOBAHME OJIOKOB BaKyyMHOM
MEPEroHKU MaszyTa BEJETCS B CTOPOHY YBEJIMUYCHHS OTOOpa BaKyyMHBIX JUCTHUJUISTOB B
OJTHOW KOJIOHHE WJIM HECKOJBKUX Y3KHUX (pakiuii ¢ HAJOKEHUEM TeMIlepaTyp He Oojee
10°C. Amnanu3 nauTepaTypHbIX MCTOYHUKOB T[OKa3bIBAET, YTO TMpH pa3paboTke
sHEprocOeperaromeidl TeXHOJOTHH (PAKIIMOHUPOBAHUS HA YCTAaHOBKAX TMEPBUYHOMN

nepepabotku Heptu (ABT) mpencraBiseT WHTEpEC: M3YUCHUE, BHEAPEHHUE M OIBITHO-
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MIPOMBILUIEHHOE O0CJIEI0BAaHNE HOBBIX KOHCTPYKUMH NMEPEKPECTHOTOUHBIX HACaJ0YHBIX
koHTakTHbIX ycTpocTB (ITHKYVY); a Takke co3maHue TEXHOJOTUH aTMOC(EPHO-
BaKyyMHOU meperonkn HedTH, Oasupyromeiics Ha wucnonb3oBanuu [IHKY ¢
MHOTOYPOBHEBBIM OTOOPOM JUCTHIUIATOB, C THOKON YCOBEPIICHCTBOBAHHON CXeMOM
TeroooMeHa. B muTeparypHbIX MCTOYHMKAX aKTUBHOE COCTOSTHUE HEPTSHOM CHCTEMBI
OLICHHMBAETCA, B OCHOBHOM, C TIOMOIIBIO MaKpPO(PHU3NYECKHUX CBOWUCTB (BSI3KOCTH,
MOBEPXHOCTHOTO HATSXKEHUSI, TEMIIEPATyPhl 3aCThIBaHMSI, (DAKTOpPA YCTOMYMBOCTH U JIp.) U
HA WX OCHOBE JIEJIAIOTCSA BBIBOABI O pa3Mepax YacTHIl TUCHEPCHOM (ha3bl CUCTEMBI, T.C.
OLYI[AETCs] HEJOCTATOK SKCIIEPUMEHTAIIBHBIX IaHHBIX O B3aUMOCBSI3H MaKpOPHU3NIECKUX
CBOMCTB HE(TSIHOM CUCTEMBI C €€ CTPYKTYPHBIMHU ITapaMeTpaMu, B YaCTHOCTU pa3MepaMu
gacTul]  aucrepcHo  ¢as3pl.  HawmbOompmmii  uHpekc — Hembcona — umeror
HedTenepepadaTbIBatoOlIie 3aBOAbl HePpTeXUMUUECKOro Mpoduisi, IpU 3TOM IIyOuHA
He(dTenepepabOTKH MOKET OBITh HEBBICOKOW. 3aBOAbl HEPTEXUMHUECKOTO MpOoduis
MMEIOT HE TOJBKO BBICOKMU HHIEKC Henbcona, HO u Oojee MUPOKUNA ACCOPTUMEHT
OPOAYKTOB, CJEAOBATEIbHO, OHM MEHEE UYBCTBHUTEIBHbI K PE3KHUM HW3MEHEHUSIM
KOHBIOHKTYPBI PbIHKa Ha TOT WJIM UHOM MPOJYKT. 3aBOJbI, UMEIOIIHNE BBICOKHI MHAECKC
Henbcona Oosee ycTOMUNBEI B COBPEMEHHBIX PHIHOUHBIX YCIOBUSIX, JIETKO adalTUPYIOTCS
K PpPa3jIM4HbBIM M3MEHEHMSIM, TaK KaK MMET HE TOJbKO I[IWPOKUH  CHEKTP
He(pTEeXMMUYECKON MPOAYKIHMH, HO W HAMHOIO OOJIBIIYI0 MPUOBLIb, MOTOMY YTO HX

IPOYyKIMs 0oJiee JOporasi, a UHOT/Ia U HE UMEET PaBHBIX €l 3aMEHHUTEIIEH.
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