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K YUTATEIIO

Hedts gBasierca BaxHeluuM HCTOYHUKOM 3Hepruu. Crie-
LUAJIMCTH CYMTAIOT, YTO Yepe3 50 ger HedTh BMECTE C yTiieM
GynyT obecrieyuBaTh OKOJIO IOJIOBHHEI ITOTPEOHOCTH IUIaHe-
THI B S3HEPTHH. B coBpeMeHHOM OO0IIeCTBE MIWUIHOHEI JTIOXCH
TaK WIA HHAY¢ CBA3AHBI ¢ HeGTAHOM OTPACIbI0O — 3TO Ieo-
JIOTM, DHEPreTUKM, TEXHUYECKUik mepcoHan HedTexoOGuBao-
IAX H TepepabaThBAIOUNX MpeanpHATHii, paGoune GeH3o-
KOJIOHOK H 3alpaBOYHBIX CTAaHUMH, OUpXEBBIE TpeIephl,
NpOIAaBUbI, TPAHCHOPTHHKN M T.1. MHorue monu, paborta-
IolllMe B 3TOH OTPaciM, TOJbKO ITOHACTBIIIKE 3HAIOT O Kpe-
KHHTe, BHUCOpeKHHre, puthOpMHMHIe, ANKWIHPOBAHHH, KOM-
MAayHIXPOBAHWH ¥ IPYTHX MPOLECCaX, MPeBpallaloIInX HeTh
B M3BECTHHIC BCeM OCH3MH, KEPOCUH, OUTYM, M MOHATHA HE
HMMEIOT, YTO 332 3THM CTOMT.

B xnure V. J1. lebdnepa «IlepepaGorka HedTH» IPOCTHIM
M SICHBIM SI3BIKOM DacCKa3aHO O CHIpoii HedTH u ee mepe-
TOHKE, O KaTAJUTHYECKOM KPEKUHIe, AIKWIHPOBAHHUM, PH-
dopMuHTe — mpoueccax nepepabork HedTH Ha COBpPEMEH-
HOM HedTemepepabaThIBAIOLIEM 3aBOJE, O BBIMYCKAeMBIX
HedTenmpoaykrax — OeH3MHe, KepoCHHe, KOKce, OHTyMe,
OU3EJBHOM, DEaKTHBHOM M KOTEJIBHOM TOIUTMBAX; TPHBEHE-
HBI CBeICHUA O paboTe pa3MMYHBIX 3aBOICKUX YCTAHOBOK, a
TaKXe MOJPOOHO OMHCAHBl Pa3IHYds MEXIY NMPOCTONH M
CJIOXHOI nepepaboTkoit HedhTH. ABTOp IIar 3a IIaroM Ipo-
BOIHT YHTATeJIA II0 BCeil TEXHONOTHYECKO# Iemouke, ¢op-
MHDYsl TIPEACTABICHHE O COBPEMEHHOM HedTenepepabarThi-
BaloIllleM HPOU3BONCTBE; HE OTBJIEKASCh HA METAMH H YaCTHO-
CTH, Ja€T BO3MOXHOCTb HPOCIEAHTb, KaK IPEOH0IeBaIOTCS
TEXHUYECKHE CAOXHOCTH H PEIIAIOTCS SKOHOMHUYECKHE IIPO-
OGaeMBl.

«[Tepepaborka HedTH» HE MMEET MOCTOMHBIX aHANIOTOB H
yX€ MHOTO JIeT siBIsieTcs 6ecTceuiepoM B CeBepHOM AMepH-
ke. OHa BhIIepXalda IBa IEPEH3NAHUS M MHOTOYHCICHHEIE
JIOTIOJTHUTETbHBIC THPAXH.

DTa KHHTAa MOXET CIIYXUTh ITOCOOHMEM I MEHEIKEDOB,
3KOHOMUCTOB, OM3HECMEHOB, TPAHCIMOPTHHKOB M MHOTHX
IpYTHX CIIELMAIUCTOB, paboramoinux B objactd Hedrenepe-
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10 K yutareno

paboTku. OHa OyneT MHTepecHa CTYAEHTaM, IPENoAaBaTeisaM
H TIPOCTO JMOOO3HATENBHBIM JIOASM, KOTOPBIE XOTAT MOHATS,
Kak paboTaeT HedTenepepabaThiBalOIMil 3aBOM.

D70 Ay4yiiasg KHUra Iig caMoo0pa30BaHHUSA MU YYAECCHBIN
CIpaBOYHHUK MO TmepepaboTke HedTH. [IpounTaB €€, BB C
yaOWBJACHHEM OOHApyXuUTe, YTO «3Ta HedTernepepaboTKa»,
KOTOpas Kasajach OYeHb CIOXKHOH M HETIOHATHOU, Ha CaMOM
JieJie BIIOJIHE NOCTYIHA.



IIPENUCJIOBHE K PYCCKOMY HM3JAHHUIO

HenaBHo mMHe MO3BOHWIA 3HAKOMAasl, TOJNILKO YTO Ha3Ha-
YeHHasl TEHEPAIbHBIM MEHEIXKEPOM OFHOTO M3 KPYITHEHIINX
HedTenepepabaTbiBalONINX 3aBOAOB Ha mobepexnpe Mexcu-
kaHckoro 3ammBa B CIUA, u cnpocuiia, Tie MOXHO CPOYHO
OCTaTh 3K3EMIUTSAP 3TOM KHHUTHM. XOTS OHA HOJYYNIA TEXHH-
yeckoe 00pa3oBaHHe (MHXeHep-HedTenmepepabOTYHK), OHa
HUKOrIa paHbllle He paborana HM Ha HedrTenepepabaThHBaloO-
LIEM 3aBOJe, HM B KaKOH-IMOO Ipyroil oTpaciu, CBsS3aHHOMU
¢ HedThIO, H YXe TOTepAIa HaleXaAy OBICTPO H3YyYHTh HEoO-
XOTHUMBIE OCHOBEI.

Kax xe usMeHwmich BpemeHa! Korma s 6bU1 NMpHHAT B
3Ty X¢ HePTIHYIO KOMIAHHIO 35 JieT Ha3al, pabOTHHKH IIpO-
XOIMJIY BECH TIyTh CHU3Y AoBepXy. CHavana g CrieInaJIu3upo-
BaJICd B 00IaCTH KOMMEDIIMH, HO Yepe3 HECKOJIBKO JIET MHE
MOCYACTIMBIIIOCH IpopaboTath 18 MecsaueB Ha KpynmHOM Hed-
TenepepadaThIBAOIIEM 3aBOJie, TPHHAUTIEXAIIEM KOMITAHWH,
Ha Cpemnem 3ananme CIIA. /g MeHs, yenoBeKa HUYETO HE
CMBICIUBILIETO B TEXHHMKEe, 3TO OBUIO BpeMeHeM HHTCHCHB-
HOro 00pa3oBaHUs B TEXHHYECKOM YaCTH Aena. BepHyBIIHCH
U3 KOMaHIWPOBKH, S MOMBITAICS TNMOACIUTECS CBOMMH HO-
BBIMHM 3HAaHHSIMHU C KOJUIeraMH, ¢ KOTODHIMH paboTal B OT-
neire KoMMepuu. CXeMbI, 3aMETKH W 3MH30IbI, KOTOpPHIE S
IIpY 3TOM MCIOJIB30BAJI, M IOCHYXWIN OCHOBOH IUIS KHHUTH
«[lepepadboTKa HedTH».

C Tex mop, Tocie ABYX U3JNAHWH, MHOTOUYMCAEHHEIX JO-
MOTHUTEALHBIX THPaXeil M ASCATKOB THICSY MPONAHHBIX K-
3eMILIIPOB, S MpUIIE] K BHIBOAY, YTO KpYTI YHMTaTeei KHH-
M 3HAYMTENBHO INHPE, YeM MHE IMPEACTABISUIOCh BHAYase.
KHnura 6bi1a nipeIHa3HAYEHA IS JTI0AeH, BHIITONHSIONINX pa3-
HOOOpa3HbIe BCIIOMOTATeJIbHBIE OMEPAIHM IO OTHOIIEHHIO K
He@renepepabaTeiBalOLIEMy 3aBOIXY, — OHMPXEBHIX MaKJIEPOB,
MpOAAaBLIOB, (DMHAHCHCTOB, COCTAaBUTENEil IUIAHOB, TpaHC-
MOPTHHUKOB, NMOCTABHIMKOB. ONHAKO 33 3TH TOABI S BCTpevYal
9K3EMIUIAPH KHUTH Ha PabOYHX CTOJIAX M KHIDKHBIX IOJIKaxX
y miomomiHuKa roccekperaps CIIIA mo sHepreTHke M €ro
COTPYAHMKOB, Ipodeccopa MaccadyceTckoro TeXHOJIOrH4Ye-
CKOro WHCTHTYTa W YMpaBJfgioliero HedremepepabaThiBaO-
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12 MpepnucnoBue K pyCCKOMY U3NAHUIO

mei xommaHuu. Co cMemIaHHBIM YYBCTBOM 51 OOHapyXm,
KTé oKa3saJcs JyJIIMM IOKyIaTejaeM NaHHOM KHurn. OnHa
n3 Haubojiee KPYNMHBIX W M3BECTHEIX B MHpPE KOHCAJITHHIO-
BBIX KOMITaHMII 3aKyIlliWla OTPOMHOE KOJIMYECTBO 3K3EMILIA-
poB, 4TOOBI OOYYHUTH CBOM HMEpPCOHAT 4YeMY-JIM00 B JaHHOH
OTPAC/H IPOMBIIIEHHOCTH, B KOTOPOil OHH TIPH 3TOM Ipea-
naranu yciayru. [lyramoliiee OTKphITHE.

Knura 3amymana xora Obl Ay TOoro, Yroosnl MOoMo4Yb BaM
Ha PaBHHIX YYaCTBOBaTb B PA3rOBOPE MHXKEHEPOB, 3aHSTHIX B
obmact HedTernepepaborki. OHM TOBOPST Ha CBOEM COG-
CTBeHHOM s3biKe. [1o MoeMy OmEITY, B 3TO AEJI0 HE TaK JETKO
BKJIIOYMUTHCS, €CJIM TONBKO BBl HE HAYYMTECh CNPAUIMBATDL
«IToueMy?» BMecTo «YTO Takoe?». Sl HanmeioCh, YTO KHHUTra
BBINOJTHUT 3Ty 337ayy — OHAa MOMOXET BaM B JOCTaTOYHOI
CTelleHH TOHMMAThb MX SA3BIK, YTOOBI 3aJaBaTh NMpaBWIbHLIE

BOIIPOCHI.
Yunvam JI. Jlecpgpaep, Jlondon, 1998



I
BBEAEHUE

Hauano— camasn eaxcnas wacmo padome:.
ITnamon. «Pecnybauxa»

Ecmn Bel oTKpbUIM 3Ty KHUTY, BaM yxe He TpeOyercs
BBeicHUE B €€ mpeaMeT — Bbl M Tak UM 3aHUMaeTech. Bpsin nu
3Ty KHHTY CTAHET YMTATh KTO-HUOYZb, KOMY 3TO He HYXHO.

KHura ycTpoeHa Tak, YTO MOXET BBIIIOJHUTDb TP pa3iiuy-
HBIX 3aia4yi. Bo-nepBhiX, €€ MOXHO HCIONb30BaTh KaK CIpa-
BOYHMK, TaK KaK B Hayajie UMeeTCA MOIPOOHOE OraBleHuUe,
a B KOHLE — XOpoiuMii ykaszareab. Kpome Toro, ee MOXHO
paccMaTpuBaTh Kak yueOHUK. CoueTaHHMe JEKIUUH, YTCHHS
KHHMTH H pellicHHA 3aa4 MOXET 0Ka3aThCA OYeHb 3¢ peKTHB-
HbiM. Ho mOCKONBKY GOMBIIMHCTBY JIOACH HEJIOCTYITHA TaKast
POCKOIIIb, KaK ITOCIYHIaTh JIEKTOPA, TO 3Ta KHHUra paccyMuTa-
Ha B OCHOBHOM Ha TeX, KTO OyIeT YYMThCS CaMOCTOSITEJIbHO.
Bcnencteue 3TOro, OOBOJMBHO CYXOH MaTepual pa30aBiicH
HEKOTOPOi IOJel JerKOMBICIHMA M, M0 BO3MOXHOCTH, MpPH-
GmuxeH K NpakTHKe.

Ecmn Bl 6ynere u3yyaTb MaTepHaj CaMOCTOSITENBHO, MO-
FYT OKa3aThCsA MOJIE3HBIMU crenyoumue cosersl. [1asa 11, mo-
CBAIEHHAs ChIpoil HedTH, ABIAETCA caMoil BaxHoil. B
rnase III, pacckaspiBalollieit 0 meperoHke HehTH, NMPHBO-
IMTCSI MHOTO TEXHHYECKMX MOAPOOHOCTEiH, KOTOpBIE HE TaK
CYLIECTBEHHBI, MMO3TOMY HE€ CTOMT HX Nyrarbcs. [JiaBel 1Mo
BaKyyMHOM mneperonke (riasa IV), KaTalUTHYECKOMY Kpe-
KHHTY, aIKWIHPOBAHUIO, pH(POPMHUHTY, nepepaboTKe HedTs-
HBIX OCTaTKOB M THAPOKPEKHHTY MMEIOT IMPHHUUIMHANBHOE
3HayeHue. 3yyeHue TeXHHYECKHX MPUCNOCOONEeHHUi, KOTO-
pble HMCHOJB3YIOTCS Ha HedTemepepabaThIBAIOLLEM 3aBOAE
(rnaBa VII), He Tak yX BaXHO.

I'maBa, Kacalolasicsi KOMIAyHAMPOBAaHUS OCH3MHA, MOXET
OKa3aThCsl Haubojiee HHTEPECHON U MOJE3HOMH, MOTOMY YTO B
He# 06CYXIaeTCa HEYTO XOPOLIO 3HAKOMOE, HO TEM He MeHee
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3araffoyHoe: ABUTaTeNb aBTOMOOUA. M, HakoHell, oYeHb BaX-
HOM MOXeT oKa3aTbCsi MiaBa XIX, MosBHBLIAACS TOMBKO B
ITOC/ICAHEM U3JaHUU M TIOCBSIILEHHANA PasiHuMsAM MeXAy Mpo-
CTOi1 ¥ CJIOXHO¥ mepepaboTkoit HedTH. DTa IiaBa 00beAUHSET
BCE IMpenbloyiliie, TaK KaK 3TH pa3jiiyds OMNpenensioTcs
HMEHHO NpoLeccaMH, ONMUCaHHBIMU B riaBax ITII—XVII.

I'naBbl XITI—XVIII, XX u XXI — 4ro-T0 Bpone lagniappe
(3TO CJIOBO O3HayaeT HeGOIBIION MOAAPOK, KOTOPHI TOpro-
BEll MPeNnOIHOCUT KIMEHTY BO BpeMs mpoaaxu). MHdopma-
M, IpUBeleHHas B 3THX IJIaBaX, NOjie3Ha, HO HE XM3HEH-
HO BaxHa. Kopoue rosops, Banlero BHUMaHHA JTOMXKHO XBa-
TUTb XOTA GBI HA NEpBbIC XBCHAALATD IJIAB.

W mocnentee 3aMeyaHue: Korma Bel mpourere KHUry, y
Bac D0XHO MOSIBUTBCSI HE MEHbBLIE BONPOCOB, YeM HX OBLIO
IO YTEeHHH... BOBMOXHO, BOMPOCOB OymeT maxe Goiablie. D10
3aMeyaHHe — MOMNbITKA aBTOPOB CTUMYJIMPOBATh AKTHBHOCTD
yyuTaTeNnei, a He omnpasaatbca. Jlydine Bcero HaiauTte rpa-
MOTHOTO HedTenepepaboTYnKa, KOTOPOMY MOXHO OyneT 3a-
IaBaTh BONPOCH, BOZHUKAIOIIHE 10 Mepe U3YYEeHHUsS] KHUTH.



I
XAPAKTEPHCTHKH
CbIPOIi HE®TH

Io3604b um onucamo Heonucyemoe.
Axc. I. Baiipon. «Ilaromnuvecmso Yaiind-Iaposvda»

Yro Takoe chipast HepTh? YTOOBH OTBETUTH Ha 3TOT BOM-
poC, HYXHO NpeXOe BCEro cKa3aTh, YEM OHAa He SIBJISETCA.
Hed1p — He MHAMBHAYyaJIbHOE XHMHUYECKOE COeNUHEHHE, a
cMech coeqvineHmit. Haubonee uHTEpecHOE CBOMCTBO, XapaK-
TEpU3ylollee noBeaecHue HeGTH, POSBIAETCH TPH HArpesa-
HuM. Ecian Harpets HedTh 40 TeMIepaTyphl KHIEHHMS U BLI-
JEPXHBATb €€ B 3TOM COCTOAHHH, OHA MOJHOCTBIO HE HCIa-
pHTCSL.

dns cpaBHeHHS paccMOTpMM Boxy. Harpeem cocyn ¢ Bo-
ot mo 100°C (212°F) u coxpanuM nogorpes. UYto nmpou3oii-
ner? Bomga HayHeT KHMIIETh M MOCTENEHHO HCHAPATHCS, U B
KOHIIE KOHIIOB, €CJIM TPONOIXaTh HarpeBaHMe — OHAa BCA
BBHIKHITUT.

Eciu Ob1 B cocyie ¢ Bomoit ObT TepMoMerp, Bnl OB
OOHApYXWIH, YTO Mepel HCHApPEeHHEM MOCeAHeH MOpLUUH
BOJBI TEMIIEpaTypa Bce elle ocTtaeTcs Ha ypoHe 100°C. Tak
MOJYYHJIOCH, MOTOMY YTO XHMHYeckoe coenuHeHue H,O ku-
IIUT UIMEHHO IIpH 3T0i# Temnepartype. [Ipu armocdepHOM AaB-
JICHUH TeMreparypa KumeHus: Bogbl — 100°C, He Gonblue u
He MeHble.

Coctas coipoii HedTH

BepHeMca Kk HedtH. B ominume OT BOHBI, 3TO HE OXHO
XMMMYECKOE COSMHEHHE, 2 CMECh HECKOJIBKHMX ThICSY Pa3HBIX
coenuHeHuit. HekoTophie H3 HHX OY€Hb MPOCTHE, HAIPUMEP,
CH,; (MeraH); a HEKOTOpble — CJOXHbBIE, KaK, HalmpuMep,
CgsHgy. Popmynsi CHy u CgsHgy — 310 mmdpni (6pyrro-
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Puc. 2.1. Temneparypa kunenus soan 100°C (212°F).

¢bopMynbl) onpeleieKHbIX XMMUYECKUX COCTHHEHHNM, MMOHAT-
Hbie 1A xuMuKka. bonee noapo6HO MBI 0OCYIHM 3TOT BOIPOC
nosaHee (YToObl HEe YBA3HYTH paHblie¢ BpeMeHH). BosbiumH-
CTBO BEIIECTB, BXOIAILUUX B COCTaB He(TH, — 3TO OmNpeae-
JIEHHbI¢ KOMOMHALMM aTOMOB yrjiepola MU BOJAOPOAA, KOTO-
pble Ha3BIBAIOTCS YIJIEBOAOpOAAMM. BaxHo, 4to Kaxwcdoe U3
I9THX COEIMHEHUI XapaKTepu3yeTcs cBoeil cOOCTBEHHOM TeM-
MEPaTypoil KUIICHHSA, U B 3TOM 3aKJIIOYAETCS caMoe IOJie3Hoe
U HauboJiee WIKPOKO UCHONb3yeMoe B HedrernepepabaTriBalO-
et MpOMBILIIEHHOCTH u3uyecKoe cBOUCTBO HEPTH.

KpaBbie pa3sroHku

YroGe Bce CTANO MOHATHO, BO3BMEM TOT X€ COCYN M
3aMOHUM €T0 Chipoil HedTbIO cpeqHel IUIOTHOCTH. 3arem
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MOAHECEM K HEMY ropeJIKy M HayHeM HarpeBatb HedTb. Kor-
Ja temmneparypa gocrurrer 65°C (150°F), coipas HedTh 3a-
KUNuT. Teneps MBI IPOJOAXHM HarpeBaHHe, TaK YTOOLI TEM-
nepaTypa ocTaBajlach Ha 3TOM ypoBHe. Yepes HekoTopoe Bpe-
Ms Mbl 3aMETUM, 4TO HedTh nepecrana KMNETh.

Cnenyioluii 1ar COCTOMT B TOM, 4ToObt MTpubGaBHTh TUIA-
Ms TOPEJIKM U HarpeTh Hamy Hedtb npubavsurenbHo Ao 230°C
(450°F). OHa cHOBa HayHeT KUMETh, a Yepe3 HEKOTOPOE Bpe-
Ms OIISITb IEPECTAHET.

Takue 1Iaru MOXHO MOBTOpATb CHOBA M CHOBa, M BCE
MeHbille HedTH GyaeT ocraBaThesl B cocyne. BoamoxHo, Bol
yXe TOHSANMH, YTo HmpoucxoguT. Ha mepBoii cramuu ucnapu-
JIUCh COeNWHEHHA C TeMIlepaTypaMH KHIeHHS HHXe 65°C
(150°F); Te, 4To KMIAT B MHTepBaye oT 65 po 230°C (450°F),
HCNAapHINCh Ha BTOPOIii CTalMM, U TaK Jajee.

Takum 00pa3oM MBI MOJYYHIN TaK Ha3bIBACMYIO KpPUeylo
paszeonku HedTH. D10 rpadHK, Ha OTHOM OCH KOTOPOrO OT-
KJIajbpiBaeTCsl TeMNepaTypa, a Ha Apyroil — obuuit o6beM-
HbIi MPOUEHT BhHIKUIeBHIEH HedTH. Kaxablil BU ChLIpOil He-
¢TH XapakTepu3yeTcsa cBoeil cOOCTBEHHON YHHUKANBHOH KpH-

65° 230° 400° 480°

e T T
coq'doﬂ()
st |

Chripast HedTh KHIIUT NIPH

65°C 1 230°C u 400°C 1 480°C
(150°F)... (450°F)... (750°F)... (900°F)...

Puc. 2.2. Temneparypa KMIIeHUsI ChIpoii HePTH.
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Puc. 2.3. KpuBas pa3sroHKH CHpoil HedhTH.

BOil pa3srOHKM, KOTOpas MOMOTaeT ONpEHeNuTb, KaKHe Xu-
MHMYECKHE COCIUHCHHS COIHEpPXUT JaHHas HedTb. Kak npa-
BHJIO, 4eM GoJjpille aTOMOB YIJEpoia B COCHMHEHHH, TeM
BHILLIE €T0 TEMIIEpATypa KMIIEHHS, KaK MOKA3bIBaeT CIEAYIO-

HHI IpUMED:

CoeuHEHHE Bpytro-¢popmyna  TemmepaTypa InoTHOCTE
Kunenus, °C  lbs/gal* (r/cm3)
MponaH C;3Hg —42.0 4,2 (0,50)
GYI'aH C4H|o _0,5 4,9 (0,59)
JeKaH CioH72 174,0 6,1 (0,73)

* Ibs/gal = dynt/ranion (0,1198 r/cm3).

Dpakuun

g panpHeliero oGCyXIEHUS XapaKTepHCTHK CHIPO
He@dTH OyIeT mose3Ho coGparh onpeae/leHHbIE COEAUHEHHS B
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TPYTNbI, Ha3biBaeMble ¢pakuuamu. Ppaxiusa (MIH TIOrOH)
oObEeMHAET BCE COEMUHEHHUSA, KOTOPbIE KUMAT MeXIy Kaku-
MHU-TH6O0 ABYMS TeMIepaTypaMH, a 3TH TeMHepaTyphl Ha3bl-
BAJOT I'PAaHMLIAMM KHTIeHHA dpaKiM{ WIM NpeaeiaMi BbIKH-
TIaHMA.

O6bI1yHO chipast HeDTh coaepXHT chaeayomue Gpakiyn

TeMnepaTypsl KNNeHUs ®Ppakunn
MeHee 32°C (90°F) YTJICBOAOPOAHBIE Ia3Hl
(6yran u Gosee nerkue rasbl)
32—105°C (90—220°F) GeH3uH (Ta30MMH)
105—160°C (220—315°F) HadTa (TaXenbi OeH3MH, OCH3UHO-
JIMTPOMHOBasA ({paKuUus, JIUTPOHH)
160—230°C (315—450°F) KEPOCHH
230—430°C (450—800°F) ra3oinn
Bhite 430°C (800°F) OCTaTOK (Ma3yT)

B npyrux raapax MHOTO BHHMaHMst OYAET YAEIeHO Xapak-
TEPUCTUKAM OTACNbHHX (paKLuil, HO KOE-YTO IIOHATHO YXe
U3 HA3BaHHIA.

BaxHO OTMETHTb, YTO PAaNIMYHBIE HEPTH CHWIBHO pa3iu-
YaloTcs no cocrany. B jierkux HedTax o6biyHO Gosbiiie GEH3K-
Ha, HaTH ¥ KEPOCHHA, a B TAXEIbIX — ra3oind ¥ Masyra.
Bo3MoxXHO, Bbl yXe NpMIIIK K BHIBOMY, YTO BEC M TeMIlepa-
Typa KUNEHHUs COCAUHEHHS B3aHMMOCBA3aHBl. ITO U B CAMOM
Jene Tak. B nenoM, yeM Taxesnei coeIMHEHUE, TEM BhILIE €TI0
TeMmneparypa KuneHus. 1 HaoGopoT, yeM Bhillle TPaHHIIbI
KUTNIeHUs ¢pakUuu, TeM Txeee Ppakuus.

@pakuHOHAPOBaHHE Chipoii HedTH

Y1068 cOOpaTh BOEIMHO BCE CKA3aHHOE BBIILE 110 MOBOLY
KPHUBBIX pPa3srOHKH, OYAET MOJIE3HO IpoAenaTh HEKOTOPHIE
apudMeTHYeCKHE neicTBHsI. Bo3bMeM KpHUBBIE ISl ABYX CHIPBIX
HedTeil, MoKazaHHbIE Ha pUCYHKe 2.5, U ONpeaeaIuM Ha OCHO-
BaHMU CTaAMH pasrOHKH, B KaKoil M3 3THX HedTeH BHILIE CO-
JepXaHue KepocHuHOBOM ¢dpakiiuu (Gonbmui KEPOCHHOBLIH
nioroH). Kepocun kunur B uHtepsane 160—230°C (315—450°F).
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Temneparypa kuneHus, °F (°C)
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Puc. 2.4. KpuBas pasroHKyu chipoif HeTH M MojTydyeHHbIe QpaKkiyu.

Hcnonb3ys pucyHOK 2.5, npogenaeM cieayloiue omnepa-

LHH:

1. Ina Gonee Taxenoit HedTH HauHEM OT ToukM 160°C
(315°F) Ha ocu opaMHaT U OyaeM ABUraThCd BNpPaBO N0
fepeceyeHUsi ¢ KpUBOif pa3sroHKH. Touky nepeceyeHUS
0603HauMM TouKa A. Touka A cooTBeTcTBYeT 26% Ha OCH
abcumcc.

2. Tenepr HauveM ot 230°C (450°F) u OymeM IBHUraTbes
BIIPABO N0 MEpeceYeHHsi C TOM XKe caMOW KPUBOM, IMOJy-
YyB TaKUM 00pa3oM Touky B. OHa orBevaeT 42% Ha ocH
abcuucce.
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Pnc. 2.5. KepocuHoBas ¢pakuusa B ABYX THIIAX CHIpOit HeDTH.

3. PaccuntaeM U3MeHeHHe 0OBEMHOM JOIH OT UCXOHAHOI IO
KOHEYHOI TOYKH KHIIEHHs KE€pOCHHA, YTO COCTaBJAET
42 — 26 = 16%. TaxuM obGpasoM, Gonee Taxenaass HedThb
conepXut 16% xepocuna.

4. A Temepb Te Xe caMble oriepallMy NMpojeaaeM IUIS JIETKOM
HedTH M HaligeM 66,5 — 48,5 = 18%.

3HaYuT, Jerkas HC(bTL COOCPXHT Gonbiue K€pPOCHHa, YEM
TAXENnas1.

ITnorHocTH

IInoTHOCTh XapaKTepH3yeT Maccy cOoeIMHEeHHs. XMMHKH
MOCTOAHHO HCMOJMb3YIOT BEIMYHHY, Ha3bIBAEMYIO OMHOCU-
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meabHOU NAOMHOCMbIO, KOTOpas SIBASETCSA OTHOILIEHUEM MAace
HEH3BECTHOTO BEILUECTBA M XOpOIUIO H3BECTHOrO, HAlpUMEp
BOJIBI.

OTHOCHTENBbHAS TJIOTHOCTD BEIECTBA — 3TO MAcca HEKO-
TOporo o6beMa 3TOro BeleCTBa, AeeHHas: Ha Maccy TOro Xe
obbeMa BOOHI.

Macca COCAUHCHUA
Macca BOIbl

OTHoOCHUTENbHAS IUIOTHOCTh =

IToxoxe, XMMUYECKHIT MOAXOX MOKAa3ajicsA TEXHOJOram
CIIMHIKOM TIpUMHMTUBHBIM. [le#icTBUTENbHO, B HEedTenepepa-
6GaThIBAIOIEH NMPOMBILUICHHOCTH HauboJiee IMUPOKO UCIOJb-
3yeTcsd Takas XHTpas BeJIMYMHa, Kak API (IoTHOCTh, BhIpa-
XeHHad B eAMHUUAX AMEPUKAaHCKOro HHCTUTYTa HedtH). ITo
KaKoii-To JaBHO 3a0ObITOH NMpUYHHE, INIOTHOCTb API, KOoTO-
pas U3MepsAeTCA B Irpagycax, Haxomsr To ciaeayloueit ¢op-
Myne:

141,5
OTHOCHTEJIbHAsS TUIOTHOCTD

°API = —131,5

Ecnu 3t hopMynbl NOBEPTETh TaK U CSK, TO O0OHapyXarcs
HEKOTOphI¢ ()aKThl H 3aBUCHMOCTH, Ha KOTOPbieé MOXHO MbIC-
JIEHHO OTIEPeThCs, OOAyMBIBasi BBEACHHBIE MTOHATHA.

1. Inst Boopl OTHOCHTENAbHAA ILIOTHOCTb paBHa 1, a APl =
10°.
2. Yem Oonbllie BeJIHYMHA IUIOTHOCTH B °API, TeM nerye

COeIUHEHHE.

3. Jlng OTHOCHTENIBHOM IUIOTHOCTH BCE HAa0GOpPOT.

Huxe NMPUBCACHBI IPUMEPBI THITUYHBIX BCIUYHUH TUIOTHO-
CTH:

OTHOCHTEIbHAR ITnotHocTh API
MJIOTHOCTh
Taxenas HedTb 0,95 18°
Jlerkas HedTh 0,84 36°
BeH3uH 0,74 60°

Hedranoii 6utyMm 0,99 11°
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Prc. 2.6. Yem MeHble ruioTHocTh API, TeM TaXenee XUAKOCTD.
Conepxanne cepbl

Tenepb yMECTHO OOCYANTD ellie ONMUH NapaMeTp, Mo KOTo-
POMY MOTYT pa3lMyarbCs ChHIpble HE(DTH, a UMECHHO colep-
XaHue cepsl. Ilpupona Haxenuna ceipyio HepThb TaKMM He-
YIOOHBIM CBOHCTBOM, KaK NEPEMEHHOE KOJMYECTBO CEPHI B
3aBUCHMOCTH OT THINa HedTH. Eille Oonee ycnoxHAeT cuTya-
LIMI0 TO OOGCTOSITENLCTBO, MTO CEpa CONEPXHUTCA HE B BUAE
3JIEMEHTHOI cephi, a B BUEE COEAMHEHUN. DTO 03HAYAET, UTO
OHa XMMHYECKH CBfI3aHa C MOJIEKYJIOi KaKoro-Hubyab yrie-
BOIOPONA, TaK YTO COCAMHEHHs TAKOTO THMA He TaK JIeTKO
OTHEJUTh OT COeAHHEHUH, COCTOSILLIMX TOJILKO U3 YIJIEpoAa U
BOIOPOJA.

Korna obcyxaalor chipbie HEPTH C pa3TUYHBIM COACpXKa-
HHMEM Cephl, UX OOBIYHO MOIPa3AenaloT Ha «CJagKhe» (sweet)
U «KHCHBIE» (sour).* Dta KinaccudHuKauusa, KoTopass Ha mep-
BBl B3MIAA KaXETCH HEOOBIYHON M HECKOJbKO BOCTOYHOM,
Ha caMOM JieJie MMeET ropaso O0Jibliee OTHOLLIEHHE K BKYCY,

* Tak mx HaswiBaloT B CIIIA, a B EBponie u Poccuu HedTH Aenarca
Ha MaAoceprucmole, CepHUCMbie N 8LCOKOCEPHUCTMbIE,



24 epepaboTka HePpTU

yem Bel Mornu 6bi monymarh. JJaBHBIM-IaBHO, KOTAa 10OOLIYA
HedTH B [leHCHAbBaHUMM TONBKO HAYMHANACH, HEPTh UCTIONb-
30Bajlach B KaYECTBE JIaMIIOBOrO MAcJia JUIsi OCBEIIEHUS NoMe-
LIeHMII BMeCTO KUTOBOTO XHpa. Ecin kepocuHoBas ¢pakums
COACPXajla CAUILKOM MHOTO CEphI, TO €€ CropaHHMe COIpo-
BOXAIOCh OTBPAaTHTENbHBHIM 3anaxoM. Ha HedTaHBIX MecTo-
poxneHHsaX TIeHCWIbBaHMM KepOCHH NPOOOBAIM Ha BKYC,
yTOObl Y3HaTb, NMPHUIOZieH JI OH JJI OTNPABKM Ha PHIHKH
Heio-Vopka n ®wianenpdpum. Eciv KepocHH oKa3sbiBaics
CaJKHUM, €r0 NPHU3HABANM TOAHBLIM, a €CIAU KHCIBIM — TO
CUMTAICA HerOAHBIM.

Ilo npuHSTON B HacTosMllee BpeMsi KiacCH(pHKaIINH «CAag-
KHe» (MatocepHucThie) HebTH cogepxar He 6onee 0,5 Mac.%
cepbl, a KUCble (CEpHUCTBIE) — He MeHee 2,5 Mac.%. He-
$TH ¢ NMPOMEXYTOYHLIM COAEpPXaHMEM Cephl HHOTZA Ha3bi-
BalOT «CPEIHECHAEKMMM» WU «CPEIHEKHUCABIMU», HO TpaHH-
la MeXNy STHMM KaTeropusiMi 4eTKo He obOosnayeHa. Yto
IUIS OHHOTO CJIAAKO, VIS APYTOro MOXeT OBITh KHCJIIO — a Ha
BKyc HedTh Oosblie He npobyloT.

H3mepenne o6beMa chipoit HedTH

Paspa6oTka HeTAHBIX MecTOpoXaAeHU B NleHCHIbBAHHUM
MOJIOXKIIA HaYyalo enle OMHOM aoroBopeHHocTH. Ha mepsbix
nopax HedTh AOCTABMAMY HAa PHIHOK B BaroHax MM Ha Xe-
JIe3HOMOPOXHBIX miardopMax B 50-TaIIOHHBIX BHHHBIX 604-
kax (1 rannoH CULIA paBeH 3,785 x). UroObl yuecTb mOTEPH BO
BpeMsl TPAHCIOPTHPOBKH, B MyHKTE Ha3HAYEHMS OnlayuBa-
Jloch TOJIBKO 42 rajiona. Omiara U tenepb MPOU3BOIMTCA H3
Toro xe pacuera. IIpoH3BOAMTENIM BCKOpE MOTANANKCh CTOJIBEKO
HedTH M OTNIPABIATD.

B Hactodliee BpeMs A U3MEpPEHUd KOJHYecTBa HedTH
cnoxwiocsk aBa crangapra. B CIHA, rae TpaHcnopTHpoBKa
CHaya/a OCyIIeCTBIAIAcCh Io XeJle3Holl qopore B 604Kax Wik
B LMCTEpHAX, a BMOCACACTBUH — 110 HedTenpoBoay, npolie
Bcero ObUI0 U3MepATh HedTh o o6beMy. B npyrux crpanax,
npeuMyiiecTseHHo B EBpone, HedTh B OCHOBHOM TpaHCIIop-
1HPOBAIHM Mo Moplo. B 3ToM ciyuae Gojiee yIoOHO onpenenaTh
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Bec (BomousmenieHHe). B pesyabrare, B CIIIA koMMepueckue
onepauuu ¢ HedTHIO npousBomaTcsa B Oappensx (1 HedTd-
Hoili 6appens paseH 159 x), a B EBpone vaiile B TOHHax.
Pesiome: Ha pucyHke 2.7 moka3aHbl KPHBBIE Pa3roHKH
IUTS NIATH PasMYHBIX CHIPBIX HedTeil, TP U3 KOTOPLIX HOOLI-
Bajorcst B CLIA, a nse — B Apyrux ctpaHax. Hexoropeie u3
HHUX cofiepxar 6onbiue Jerkux ¢paxuuit, a mpyrue — 6oib-
uie TskenAnx. LieHs Ha 9TH HedTH TaKkXe paliMYHBI, O3TO-
MY HX TiepepaboTka He OIMHAKOBO BHITOAHA, OCOOEHHO €ClH
YYUTHIBaTh HEOOXORMMOE Ui 3TOro oGopyaoBaHHeE.

TeMneparypa kuneHus, °F (°C)
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Puc. 2.7. KpuBble pa3sroHKH JJIs HEKOTOPHIX ChIpHIX HedTeil.
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YINIPAXHEHUA

1. (a) HauepTure KpuBbIe PA3sTOHKM [UIsSi CICAYIOUIMX CHIPBIX
HedTe.

O6beMuble %

OxJaxoMckast Kanudophuiickas

MaJIoCepHUCTas TsXenas
MeHee 45°C (113°F) 5,1 -
45—105°C (113—220°F) 9,2 -
105—125°C (220—260°F) 4,0 -
125—155°C (260—315°F) 5,7 4,2
155—200°C (315—390°F) 9,3 5,1
200—230°C (390—450°F) 5,4 4,8
230—260°C (450—500°F) 5,8 8,5
260—290°C (500—550°F) 4,7 7.9
290—345°C (550—650°F) 10,8 8,0
345—400°C (650—750°F) 8,6 14,8
400—480°F (750—900°C) 13,5 15,1
480—540°C (900—1000°F) 5,9 13,4
6onee 540°C (1000°F) 12,0 18,1

(6) Ckonbko Hapth (105—155°C unu 220—315°F) conmep-
XHTCA B KaXIoi U3 3TUX Hedreit?

2. IlpencraBbre cebe, uro y Bac ectb ABe KonGH, cogepxa-
uMe paBHbie 00beMbl HedTAHOro O6utyma (API 11°) u Ha-
161 (API 50°). Onpenenute motHocts API npoaykra, Koro-
PHIH MONYYMUTCA TPU HX cMelUMBaHHU. MMelite B BuAY, YTO
orBer He 30,5°APL.
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3auem nam ecmasams, ecau pacceeno?
Jlncon Jloun. «Pacceem»

Cny4aifHBII 4elloBeK, KOTOpHIil npoitner MUMO HedTene-
pepabaThIBAIOLIETO 3aBOJA ¥ YBUOUT MHOXECTBO BBICOKHMX
KOJIOHH, HaBepHOE PEIINT, YTO 3T0 KOJOHHHB KpeKHHIa. JTo
pacHpocTpaHeHHast olMOKa. BOJBIIMHCTBO 3THUX BBICOKHX
KOJIOHH SIBJISIETCS B JEMCTBHTENbHOCTH PEKTH(HUKALMOHHBI~
MH KOJIOHHAMM TOTO WM MHOro Thna. KoJoHHBI KpeKUHTa,
KOTOpBbIe OOBIMHO KOpoue M IpHU3eMHCTee, OYAYT paccMoTpe-
HBI B OMHOW M3 CIIeAYIOLIMX IJIAB.

Ileperonka HedTH sBASETCS 3aMevyaTeNbHBIM H300peTe-
HHEM TEXHOJIOTOB-HEQTSIHUKOB, OCHOBAHHBIM Ha BaXHOIi xa-
PaKTepuUcTUKe HedTH, OMMCAHHON B Mpernblayllie# riase, a
HMEHHO, Ha KpHBOM pa3srOHKH. MexaHW3M, KOTOpBId MpH
3TOM HCIOJIb3YeTCH, HE OYeHb CJIOXEH U IMO3TOMY He 0CO-
GeHHO uHTepeceH. OOHAKO IJIA MMOMHOTHL H3NOXEHUS MBI pac-
CMOTPUM 3[€Ch ¥ 3TH 3JIeMEHTAPHBIC BELLH.

Ilpocroii neperonnbiii Kyo

s Hayana monesHo NMpoBecTH aHaKoruio. CaMOroHUIHK
u3 KeHTYKKH HCIoNb3yeT MpOocToil MeperoHHBI Ky6, 4ToGh
OTHEJIUTh CBETJIBIA NMPOXYKT OT HETOHHOrO OCTAaTKa (CM.
puc. 3.1). [Tocne pepMeHTaLIHM KHCJIOTO CyCJIa, TO €CTh KOT-
Ia mpouuta Me[ieHHas 6MoxuMudeckas peakuus ¢ obpaszo-
BaHHWEM CIIMPTAa, CMECh HArpeBalOT OO HAYAIa KUIIEHUS CITHP-
ta. CBeT/IbIil IPORYKT Mcnapsiercsi. B Bune mapa oH oKashiBa-
erca Jjerde XuakoctH. I1o3ToMy OH nepemewliaeTcsl BBEpX,
OTAeNsieTCS OT XWIOKOCTH M II0MAafaeT B XONONWIbHUK, TIe
OXJIAXHAETCA M CHOBA IPEBPAINAeTCA B XHAKOCTb (KOHIEH-
cupyercs). To, 4To ocTtaérca B Kybe, BbIOpAaceiBaloT, a To,
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Mokpas
TpANKa Wis
oxJ1axaeHus

/ XKuaxocrs
Kucnaa\q

KyKypysHas ¢ (31 Tie 0 b
CMECh

Harpepanue

Puc. 3.1. CaMoroHHblit Ky6.

4YTO YULIIO BBEpPX, pasnuBaIOT B OyTbUIKH. ONMMCAHHBIA Mpo-
LHece ABAgeTcs MPOCTOil NMeperoHKou.

Ecnu Ol caMOroHUIMK 3axoTes Mpoaarb MPOINYKT Kaye-
CTBOM BblIlli€ CPEIHEr0, OH MOT Obl MPONYCTUTH MOJYYEHHYIO
JXHUAKOCTb Yepe3 BTOPOW NeperoHHbt KyO nepuoduueckozo
delicmeua, paboTalolIMi aHAJOTHYHO NepBoMy. Bo BTOpoM
KyGe Gojee ierkast 4yacTb XNAKOCTH OTAEJNIach Obl OT HEKO-
TOPOTO KOJIMYECTBA HECTIUPTOBLIX TIPUMeECEif, KOTOpPLIE B nep-
BOM KyOe ObLIM yBjieyeHbl BBEpX BMecTe c OoJiee Jerkum
MOrOHOM. JTO MPOMU3OLUIO M3-32 TOT0, YTO CAMOTOHIUMK He
MOT TOYHO BBLIEPXAaTb TEMIEPATYPy KMIIEHHUSI KUCIOTro Ccyca.
BripoueM, BO3MOXHO, OH CMEUMANbHO MOMHSUT TEMIIEpATypy
B MepBOoM Kybe HEMHOro BbIllie, 4YeM HYXHO, YTOObI Mojay-
YUTh KaK MOXHO OoJibllie MPOAYKTA.

Takoif gByXCTyneHYaThlif MpoLIECC MOXHO INMPEBPATHTh B
HEMpepbIBHbIA, KaK 3TO [M0KAa3aHO Ha pucyHke 3.2. B camom
Ieje, paHbllle MHOrMe MPOMBILIEHHbIE YCTAHOBKK IS I1e-
PETOHKH BBHITJISIAEAN MMEHHO TaK.
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Prc. 3.2. JAByXcTyneHYaTHi Ky0 IepHoan4ecKoro eicTBy.

PexTrdHUKANHOHAAN KOJOHHA

SAcHo, 9To nepronMYecKas IeperoHKa, OMMCAHHas BHIIIE,
He ronutcs s nepepabotku 100—200 Teic. Gappeneit (~16—
32 TeIc. M3) chIpoil HedTH B HeHb, TeM Gojee YTO HYXHO
Ppas3geNnTh HedTh HA 5—6 KOMHOHEHTOB. PeKTHHKAIIMOHHAS
KOJIOHHA ITO3BOJISIET MPOBOAMTH 3TY ONEPAIHIO ITOCTOSHHO,
3aTpayuBas ropasfgo MEHbIIE TpyAa, o0OpYAOBaHHS H SHEp-
MM B BUJE TOIUIMBA M TeILIa.

Tpouecc, npouncxonsiyii B peKTHGHUKANMOHHON KOJIOH-
He, CXeMaTHYHO II0Ka3aH Ha pucyHKe 3.3. BHyTpp mocrymaer
chipast HeTh, a HAPYXY BHIXOIAT YIJIEBONOPOAHBIE rasnl (Oy-
TaH U Gonee N€rkue raspl), 6eH3NH, HaQTa (JIMTPOUH), KEpOo-
CHH, JIETKHIA ra3oiiyib, TSOKEJIbI ra3oilib ¥ KyOOBBIif OCTaTOK.

Y106l IOHATh, KAK BCE MPOMCXONMT BHYTPH KOJOHHBI,
TpebyeTcs pacCMOTPeTh HEKOTOPhIE TOHKOCTH. IlepBbiii 371€e-
MEHT, KOTODBIA HeobxomuM s paboTel KOJOHHHI — 3TO
Cbipbesoli Hacoc, TepeKadHBaIoINHii ChIpyIo HedTh M3 CKIaj-
CKOTO pe3epByapa B cHcTeMy (cM. puc. 3.4). Cravana Hedbts
MPOXOIHUT Yepe3 Ieyb, B KOTOPOi HarpeBaeTcs OO TeMIlepa-
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YraesogopoaHbie Ta3bl

bensuH
Hadra (nurpoun)
Coipas
ﬂfﬁ» KepocuH

JIérkuit rasoiinn

Tsaxenblit ra3oib

L I B B

IIpSMOTOHHBIH OCTaToK
p —

Puc. 3.3. Ileperonka HedTH.

PezepByap
C ChipoH
HeThIO

ChipbeBoii
Hacoc

PexTudukanmnonHas

KOJIOHHa

Puc. 3.4. Tlonaua cripoif He(TH Ha NMEPETOHKY.
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Typsl nopsinka 385°C (750°F). U3 npeppiayuieil riaBs Bt
3HaeTe, YTO MpPH 3TOM TeMmepaType, KaK IpaBUiIo, Mcraps-
ercst 6oJiblle MOJOBUHBI HEPTH.

TMonyuyeHHas TakuM o0Gpa3oM CMECh XHMIKOCTHM U MAapoB
MOAAETCA CHU3Y B PeKTH(MOUKALMOHHYIO KOJIOHHY.

BHyTpu pexTH)HUKALMOHHON KOJIOHHB HaxOmMTCS Habop
mapeaox, B KOTOPHIX ITPOJeJiaHbl OTBepCcTUs. biaromapsi 3TuM
OTBepCTHAM He(pTh MOXET IoAHMMaTecsi BBepX. Korna cMmecp
rnapa ¥ XKAKOCTH MOXHHUMAETCs [0 KOJIOHHe, To 6ojee IIoT-
Has M TSXKEmasg YacTb OTHEIAETCA M OIMYCKAaeTcsl Ha THO, a
JIErKHe Mmapbl HOTHHMAIOTCA BBEPX, MPOXOAA Yepe3 TapeaKH
(puc. 3.5).

OTBepcTUSI B Tapesikax CHaOXeHbl NPUCIIOCOOIEHUSIMH,
Ha3bIBAEMBIMHU Gapbomaxchoimu Koanaykamu (puc. 3.6). OHHU
HYXHBI JUIS TOTO, YTOOBI Maphl, TOAHUMAIOLIMECS Yepe3 Ta-
pesiku, 6apOOTHPOBAIM Yepe3 CIOH XUIKOCTA TOJNLIMHOMN
okoyio 10 cM, HaxXoAAUIHICS HA Tapejike. DTO MPoOYIbKHBA-
HUE rasa yepes CIOi XUIKOCTH U COCTABIAET CyTh peKTU DU -
KallMM: TopsAYMe maphbl (IpH TeMileparype He Huxe 400°C

o0
© GCo 2 00
4 ooo 0o ¢?° °
Harperas »p ¢ 0 0
HedTh
Xunxoctsb

Puc. 3.5. IToctymnenue HehTH B peKTHPHKAIIKHOHHYIO KOJIOHHY.
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Prc. 3.6. Bap6GoraxHhe KOJNNA4YKM Ha TapelKe peKTHOHKAaLHOH-
HO¥M KOJMOHHBI

(750°F) npoxoasar yepe3 xXuakoctb. [Ipu 3ToM Temio mepe-
IaeTcsl OT MapoB K XMAKOCTH. COOTBETCTBEHHO ITy3bIPbKM
[apa HEeCKOJIbKO OXJIAXHAIOTCA M YacTh YIJIEBONOPOHOB W3
HUX TIepeXomMT B Xuukoe coctosHHe. Ilo Mepe mepeHoca
TeIIa OT MAapoB K XUAKOCTH, TeMIepaTypa HapoB CHUXAeT-
ca. Tak KaK TeMmIlepaTypa XHAOKOCTH HHXE, HEKOTODBIE CO-
eIHHEHMS B Napax KOHAEHCHPYIOTCH (CXHXAIOTCS).

Tlocne Toro Kaxk mapsl MPOULIM 4Yepe3 CIOM XUAKOCTH M
IOTePSUIN 4acTh Gojiee TSXEJNBIX YIJIEBOAOPOIOB, OHH IIOM-
HHMMAIOTCS K CACAyIoLleil TapesKe, rae MOBTOPAETCSA TOT Xe
npoliecc.

TeM BpeMeHEM KOJIHYECTBO XHMIKOCTH HA KaXIOH Tapei-
K€ pacTeT 3a cyeT YIJeBOAOPONOB, KOHACHCHPYIOIIMXCA M3
napoB. I[loaToMy B KOJIOHHE YCTaHABIMBAIOT NpHCIIOcobie-
HHE, KOTOPOE HAa3BIBAETCS CAUGHOU CMAKAH N TIO3BOJSET H3-
OBITKY XKHIKOCTH IIepeTeKaTh BHU3 Ha CICHYIOILYIO TaApEJKY.
Yuco TapenoK MO0MXKHO OBITh TAKHM, YTOOH 00liee KoJude-
CTBO IIPOLYKTOB, BBIXOMALIMX M3 PEKTH(QUKAIIMOHHOH KO-
JIOHHBI, ObUIO paBHBIM KOJHYIECTBY ChIpoil Hed)TH, MOCTyna-
joleil BHyTpb. B HeHCTBUTENBLHOCTH, HEKOTOPbIE MOJEKYJIbI
HECKOJIbKO DPa3 MHyTeWeCTBYIOT Tyla H o0OpaTHO — B BHIE
fapa IMOAHUMAIOTCA HAa HECKOJBKO TapesioK BBEpPX, 3aTeM
KOHIEHCHPYIOTCS U CTEKAIOT yX€ KaK XMAKOCTh Ha HECKOJIb-
KO TapeJoK BHU3 Yepe3 CIMBHbIE cTaKaHbl. UMeHHO 3Ta npo-
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BoxkoBoii
or6op

“ TpomyKTa

Puc. 3.7. CauBHBEIE CTaKaHH H OOKOBEIE€ BRIXOMIRI.

MBIBKA ITapa XHAKOCTHIO 32 CUET IIPOTHBOTOKA M obecieuu-
BaeT YeTKoe pasjelieHne PppaKiiuii. 3a OIHH NPOXOA 3TO OBLIO
OBl HEBO3MOXHO.

Ha pa3iu4HbIX YPOBHSIX KOJOHHH HMMEIOTCA 60K06bie om-
600w (puc. 3.7) nns orbopa ¢pakuuiit — Gonee nerkue Mpo-
IYKThl OTOMpAlOTCS B BEepPXHEH YacTH KOJNOHHBI, a TsoKeas
XKHMIKOCTH BHIXOOHUT BHH3Y.

Opomenne ¥ NOBTOPHOE HCHAPEHHE

HecKoJIbko JOMOMHHUTEIbHBIX ONMEepaluii, MPOMCXOMSAIINX
BHE peKTHPUKAIMOHHOMN KOJOHHBI, CIIOCOOCTBYIOT 6oiee yc-
MEMIHOMY MPOBEIEHHIO IpoLecca NMeperoHKH. YTobul Tske-
Jible TPOAYKTH CIyYaifHO HE TOMAaJ¥ B BEPXHIOI YacThb KO-
JIOHHBI BMECT€ C JIETKMMH (pakuusaMH, Maphl IMepHogHYec-
KH HaIpaBisIOT B XOJMOMWIBHHK. BelecTsa, KoTophle KOH-
IEHCUPYIOTCS B XOJIOMHJIBHHMKE, CHOBA MOCTYIIAIOT HAa ONHY
U3 pacHoJIOXKEHHBIX HIXe TapeIoK. 3T0 CBOETo POAa opoule-
Hlte peKTHOUKAUNOHHOM KOJMOHHEI (puc. 3.8).
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Puc. 3.8. OpouleHne ¥ TOBTOPHOE UCNAapeHHeE.

Y Hao6opoT, HEKOTOPOE KONHIECTBO JIETKHX YTJIEBOLOPO-
OB MOXET ObIThb YBAE€YEHO TOKOM XMIAKOCTH B HHMXHIOIO
YacTb KOJIOHHBI BMECTE C TAXENbIMU IpORyKTaMH. UToOBI
U306eXaTh 3TOro, XKUAKOCTD, BHIXOIALLYIO Yepe3 60KOBOH OT-
BOlI, CHOBa IPOMYCKAIOT Yepe3 HarpesaTelb. B pesynabprate
OCTATKH JIETKUX YIJIEBOXOPOAOB OTAECASIOTCA U IOBTOPHO MMO-
CTYNAIOT B peKTUPHKAIMOHHYIO KOJIOHHY B BHAE Napa. SToT
NpoliecC Ha3bIBACTCS HOGMOPHLIM ucnaperuem. IlpeuMyniecTso
TaKOH CXEMBI 3aKJIIOYaeTcsi B TOM, YTO TOJIBKO He6OoNbluas
YyacTh OOLLEro MoToKa chipoit HehTH HOJIXHA MOBTOPHO Ie-
pepabaThIBaTLCH MJiA NONMOJHHUTEIBHOIO BO3BpallleHHs Mpo-
nykra. He HyXHo cHOBa HarpeBaTh BCIO He(Tb, YTO MIO3BOA-
€T COKOHOMMTDb SHEPTHUIO M JCHBIH.

OpollleHHEe U TTOBTOPHOE MCIIAPEHHUE MOTYT C TEM Xe yC-
MEeXOM HCIOJB30BaThCA U B CpegHEH YacTH KOJIOHHBI, YTO
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Takxe cnocodcTByeT 3hdekTUBHOMY pasaeieHuio. [ToBropHo
HcTIapeHHasA ppaklus, KoTopas NOCTYMaeT B KOJIOHHY, BHO-
CHT Tya ROMOJHHUTENbHOE TEIUIO, YTO MOMOTAET JIETKUM M-
JIEKY/laM OTIIPABUTHCS B BEPXHIOI0 4acTb KOJIOHHBIL. TOYHO
TaK Xe OpollleH’e TPeNOCTABAIET TAXEIbIM MOJIEKYJIaM, KO-
TOpBIE CAYYaifHO OKa3ajMCh BHILIE, YeM MM IMOJIOXEHO, MOC-
JIEMHUHM 1IAHC CKOHIEHCHPOBATbLCS B XHUIKOCTD.

CocTaB HEKOTOpbIX CHIPBIX HedTeil MoXeT OBITh TAKHUM,
YTO HA YACTH TApesIoOK B KOJIOHHE HE OKAXeTCS NOCTaTOYHO-
ro KOJIMYECTBA MAPOXUAKOCTHOH cMecH. B aTnx ciaydasx opo-
lIeHHe M IIOBTOPHOE HMCHAPEHME MO3BOJSIOT PErYJIMpOBATh
MOTOKHM TaK, YToObl mpoliecc pekTHhHKAUMH (pa3feeHus )
MOT MPOHOIXKATHCA.

I'pannnp Kunenns ¢ppaxkuuii

Ilpu aHanmu3e mpoiiecca MeperoHKH HepTH MPUHLMITHAID-
HO BaXHOH XapaKTepHCTHKON SBIAIOTCS ZPaHUbl KUnenus
@paxyuii. Tak Ha3BIBAIOT TEMIIEPATYPLI, IPY KOTOPBIX IPOAYK-
THI TIEPETOHKHU OTHEJISAIOTCA HpPYr OT Apyra. B yacTHoctd, TeM-
neparypa, npud KoTopoil mponmykr (¢pakuusi, MOroH) Havyu-
HaeT KUMeTb, HasbiBaetTcss moukou Hauaasa xunenus (THK).
Temmeparypa, npu Kotopoit 100% naHHo# dpakumu ucrnapu-
Jioch, HasbIBaeTcst moykol ewxunanusa (TB) stoit ¢paxkimu.
TakuM oOpa3zoM, Kaxaas (pakums HMeeT ABE TpaHUIB —
THK u TB. .

Eciu MBI CHOBAa o0OpaTUMCs K AMarpamMme, H3006paxeHHOMH
Ha pUCYHKe 3.3, TO JIerKO YBUIHM, YTO TEMIIEPATYPA BHIKMIIA-
HuS HaQTHl (MTUIpOMHA) SBNsIETCA TOYKOH Hayaja KUITEHHS
it kepocrHoBoil ¢dpakimn.-To ect THK u TB nByx cocemHux
¢bpakiuit coBmagaior, o KpaifHeil Mepe, HOMHMHAIBHO.

Onnako THK u TB Moryr u He coBIaiath — 3T0 3aBHCUT
OT TOro, HacKOJIbKO Xopolllee pa3ieieHue obecneuuBaeT npo-
Hecc peKTUdHUKaLMu. Bo3MOXHO, paccMaTpUBasi BCIO 3Ty CH-
cTeMy TapelloK M 6apGoTaxHBIX KojraykoB, Bel 3amaBaiu
cebe BONMpOC, HACKOJIBKO X€ XOpolll pe3yabraT. EcTecTBeHHO,
MpoIleCC MEePErOHKH HeuJealeH M MPUBOIUT K MOABJIEHHIO,
H3BHHHTE 32 BHIPAXEHUE, TAK HA3BIBAEMBIX X8OCMO6.
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Puc. 3.9. lepekpbiBaiolinecss KpHBbIE PasTOHKH.

IIpenmosnoxuM, YTo MBI aHATH3UpyeM HadTy (JIMTPOMH) U
KEpOoCcHH B jabopaTopu W IS Kaxmoil U3 3TUX dpakuuii
MOJNYYWIN KPUBBIE PA3rOHKM — TakMe, KaK M300paxeHbl Ha
pucyHke 3.9. PaccMoTpuTe WX BHUMAaTeNbHO, M Bbl 3aMeruTe,
YTO TeMIleparypa BHIKMIAHUS HadThl okojio 160°C (325°F), a
TOYKa Hayajla KHIeHUs KepocHHa okoJio 150°C (305°F).

Pucynok 3.10 Gojee HarjiamHO WUIIOCTPUPYET, YTO TAKOE
xBocThl. Ha 3TOM prcyHKe u306paxeHa 3aBUCIMOCTh TeMITepaTy-
pbl, HO Ha 3TOT pa3 He OT obuieit oObeMHOI 1O UCITApUBIIIEH-
csl HepTH, a OT OOBEMHOM J0MU HedTH, UCIAPUBIIENHCS UMEH-
HO TIpU 3TOM TeMInepaType (WUl TeX, KTO 3HaKOM C MareMaTu-
4eCcKMM aHAJM30M, MOXHO CKAa3aTh, YTO 3TO [€pBasi MPOMU3BOI-
Hast GYHKIIMM, oOpaTHOIT N300paxkeHHo! Ha pucyHKe 3.9).

XBOCTHI MOYTU BCceraa MOSABASIOTCS [MPU [EPEroHKe. DTo
HACTOJBbKO OOBIYHOE SIBJICHHE, YTO CUMTAeTCcsl caMo coboit
pasymeommnMca. OnHako 4YToObl HE YCJIOXHATh cebe XU3Hb,
MPUIILTK K KOMIIpoMKccy. B kavecTBe rpaHull ¢ppakuuil npu
neperoHke OepyT Tak Has3blBaeMble 3ghexmueHbie epanuibi
Kunexus, TO €CTb TEMNEPaTyphl, NPU KOTOPBIX ¢dpakiuu yc-
JIOBHO CUMTAIOTCS pa3NefieHHbIMU. B nanbHeiiiuem, rpu ynor-
peGJieHMH TepMHHA I'PDAHHMLbI KUMIEHHS, Mbl OyIeM HMeTb B
BULY 3¢hghexmuenbte epanuybl.
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Hadra (murpoun) Kepocun

O6beMHas nons Ucha-
puBlueiica HedTu, %

: T
205 315 410
Temneparypa, °F

Prc. 3.10. XBocTh ¢pakumii Ha KpHBOil pa3sroHKM.

Ycranosiienne rpanun ¢pakmmi

Korma MBI paccMaTpuBaIM rpaHHUBl ¢pakiuii B mpensi-
IOylllei TnaBe, a Takke OOCYyXInaayd WX BBIlIe, MOTJIO CJIO-
XHUTBCS BIIEYaTJIeHUE, YTO 3TH BEJMUMHBI LI KaXaoi Ppax-
IIMM TOYHO ycTaHoBIeHb. Ha caMoM Xe nee B IpUMeHEHNH
K KOHKPETHOI peKTH(HKALMMOHHON KOJOHHE 3TH TPaHHIIBI
MOXHO HECKONBKO cMewarb. Hampumep, cMelieHne rpaHu-
1Bl Mexny HadToil (IMIpOMHOM) M KEPOCHHOM MOXeT UMETh
caenyoiye mnociaeacrsud. IIpeanosoxXuM, 4To TeMIeparyp-
Hadg rpaHuIa cMectuiach co 157 (315) mo 162°C (325°F). Bo-
MEPBBIX, IIPX I3TOM M3MEHATCS 065embl TIPOAYKTOB PEKTHHU-
KalUHWH, BBIXOOALUIMX W3 KOJNOHHBI — ITOJIY4YUTCA OoJblle Ha-
&THI 1 MEHbIIE KepocHHA. Jleo B TOM, 9TO PpaKIus, KHIIS-
mass Mexay 157 u 162°C, temepsp OyneT BBIXOIMTH 4epe3
OTBEpCTHE I HATHI, a HE ANA KEpOCHHA.

IIpu s3TOM naomuocme u HapTH (JIMTPOHMHA), U KEPOCHHa
yBeauuntcsa. Kak xe tak moxer OwniTh? IlOroH, KoTophlit
Ternephb lepeMecTiics BO (ppakuuio HadThl (TUTpOUHA), TH-
Xxejee, yeM Hadra B cpeguneM. OMHOBPEMEHHO OH Jlerde, 4eM
B cpelHeM KepocHH. BoT Tak o0e dbpakiiuu U cTaid Tsoxenee!

HexkoTopsie qpyrie CBOMCTBA TAKXKE M3MEHSTCS, HO IUIOT-
HOCTh — €IWMHCTBEHHAsl XapaKTepHUCTHKAa, KOTOPYIO MBI MO
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bytaH u 6onee

<90°  jerkue yrieBo- - l'azodpakun-

IOpPOAHBIE ra3bl OHHMpOBaHHE

Komnaynau-

900-—2200 HpﬂMOI‘OH- pOBaHMUE aB-

Hblit 6eH3UH TOMOBHIBHO-

ro 6eH3uMHa
220°—315° Hagra Karaaurnuec-

(nurpoun) Kuii prcop-

MHHT
o__ °
| 315°—450 KepocuH «——= TWIpoOYHCTKA
Cuipas
Th

Hed 450°—6500  Jlerxuit Ionyyenne
—————  razoiulp — JUCTWUIATHO-

ro TOILINBA
650°—800° Tsoxenbiit —— Karanutuuec-

rasoiab KMt KpeKXHHT

. IIpsmo-
800°+  rommbiit 0C- — g BAKYyMHaA
TATOK neperoHKa

Puc. 3.11. Tleperonka HedTH U HasHaAuYE€HHUE NMPOAYKTOB.

cHx mop paccmotpend. IIpu obcyXneHuH AaabHeNHIIeH Cyab-
OBl MPOAYKTOB MEPETOHKH B TOCIENYIOHIUX [JIaBaX MHl YIIO-
MSIHEM IpPYrHe BO3MOXHBIE MOCHEACTBUA H3MEHEHHS IPaHMII
KUINeHUs bpakumii.

Eciu Bsl ceityac y3Haete, Kyna OTIIPABISIOTCS IIPOLYKTHI,
MOJyYeHHbIE MPH IeperoHke, Bam Gymer jerde MoHATh CYTh
noc/ieAy0IUX rnas. Jlerkue ¢ppakliyy, BEIXOISIIIHE B BEpXHEi
YacTH KOJIOHHBI (BEpXHHUU MOTOH), IMOCTYMAIOT HA YCTAHOBKY
razopakiinoOHHpoBaHKS. [IpIMOroHHbIN GEeH3UH OTIIPAB/IAET-
cfl HA KOMITAyHIMPOBAHHUE IS MOJYYEHHS aBTOMOOGWIBHOFO
6en3uHa. Hadra (JiurpouH) momaercs Ha ycTaHOBKY pHGop-
MHHTa, KEPOCHH IOCTYIAET Ha YyCTAHOBKY THAPOOYMCTKH, JIer-
KM ra30ii/Ib HalIPaBJSIETCS HA CMeLeHKe IS [TOJy4eHUs -
CTHJUISITHOTO (IM3€JIbHOTO) TOIUIMBA, TSKEJBIH ra3oiib Ciiy-
XHUT ChIpbeM ISl KaTAIUTHYECKOro KPEeKHHTa, ¥, HaKOHELl,
NPSIMOTOHHBIHM OCTATOK MONAETCS HAa BAKYYMHYVIO IIEPETOHKY.
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YITPAXHEHUA

1. 3anmonHuTe MpPOMYCKM, BBHIOpAaB CJIOBA U3 CIeOYIOIIETO
CITHCKa:

XBOCTBI CJIIMBHOM CTakaH

THK TB

neyb MPSIMOTOHHBIN OEH3UH
chipasi He(Thb dpakunoHMpoBaHHE
NepHORUYECKHUiA HeTpepLIBHBIA
YBEJIMYUBAETCS YMEHBIIIAeTCS
BEpXHHI MOroH XOJIOMVUIBHHK

6apOOTaXHBIl KOJNMAYOK

a. Korna caMoroH BBIXOOMT U3 BepXHei YacTH IeperoHHOro

KyDa, ero HyXHO NMpPOMYCTUTh Yepe3 , TIpexue
YeM pa3uBaTh B OYTHUIKH.
6. pexXuM He odeHb 3¢¢eKTHBEH B COBpe-

MeHHoH HedTenepepaboTKe. B Hacrosiiiee BpeMs pek-
THbUKALUA Chipoii HedTH OCYLIECTBISETCA TOABKO B
peXHME.

8. Ipucnoco6enue, ypenuuupaioniee 3GHEKTHBHOCTD Mepe-
MEILIUBAaHUSA B PeKTH(HUKAUMOHHON KOJIOHHE, Ha3bIBAaeTCsA

r. OTBepcTHss B TapeNkKaX peKTH(DHKAIMOHHONH KOJOHHBI

CcHaOXeHbI 6o

I. XBOCTBI BO3HHUKAIOT, [IOTOMY YTO OIHOM
¢bpakLHH IepeKphIBAETCS C Ipyroit
dbpakumu.

e. Ilo Mepe npoIBHXeHHs MApOB BBEPX IO KOJIOHHE, HX TEM-
neparypa .
X. [Ipy TOHMXXEHMH TeMIepaTypbl BBHIKUIAHHA ¢pakiUd B
peKTHGUKAIMOHHOH KOJMOHHe, 00beM 3Toi ¢dpakuuu
a TUIOTHOCTh APl

2. Ynpapiasiownii HedTenepepadbaTbiBalollero 3aBoja Io-
JYy4Yun 3amaHue Npou3BoAMTh 3uMoi 33 Thic. Gap./cyt
KoTeJibHOro Toiuvea. OH 3HaeT, 4yTo OyoeT moyydaTh
200 ThIC. 6ap./cyT cbipoit HedTr — 30 ThiC. Gap. u3 JIyusmna-
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Hbl ¥ 170 Teic. 6ap. u3 3amamHoro Texaca. KpuBsie pasroH-
KM 3THX Hedreil mpuBemeHb! HWXe. Ellle omHo ycnoBue
COCTOUT B TOM, YTO TpeOyeTcs MOJYYUTh KAK MOXHO 60JIb-
nie peakTUBHOro Toruinea. To €cTb U3 HeGTH HYXHO Bbi-
XaTh KaK MOXHO GoJjibiue. MHTepBai KHITeHUS] peaKTHBHO-
ro ToruuBa — 300—525°F (150—275°C), ato u OGynyt rpa-
HULBI COOTBETCTBYIOLIEH PpaKiiu B peKTHHUKAIMOHHON

KOJIOHHE.

Hakowneit, 4To6b1 oGecneyuTh BHIMycK 33 Thic. 6ap./cyT Ko-
TEJIBHOTO TOTLIMBA, HYXHO Mnosy4ats 20 Teic. 6ap./cyT jerkoro
npssMoroHHoro rasoitist (JIIIIN) npu neperoHke ceipoii HepTH

H HaIipapJIATb €ro Ha MOJYYCHHUE KOTCJIBbHOrO TOILUTHBA.

3adava: Kakue teMnepaTypHble IpaHHilbl CEAyeT YCTaHO-
BuUTh Wist ¢ppakuuu JIIT, uroos! moxyduts 20 Thic. 6ap./cyT?*

JlaHHble N0 pa3roHke:

3ananHo-Texacckas  JlymsuaHckas
06. %
THII 113°F (45°C) 15 20
113—260°F (45—125°C) 12 18
260—315°F (125—160°C) 18 15
315—500°F (160—260°C) 10 15
500—750°F (260—400°C) 20 12
750—1000°F (400—540°C) .10 10
Boite 1000°F (540°C) 15 10

YkaszaHue: PaccuMrtaiiTe KpUBYIO pa3srOHKU MJIsS CMeEILaH-
Hoit HedTU. TB peaktuBHoro torutisa ssasercss THIT ¢pak-
uuu JITIT. Ocraercs paccunrars TB mns dpakumu JHIT Tak,

4yT106H mony4yuoch 20 Teic. 6ap./cyT.

* 3anoMHHTE OTBET 3TOM 3amayd. 3ajayM B MOCJICHYIOLUMX TJIaBax

GyAyT OCHOBaHB! HA 3TOM YIPaXHEHHH.
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BAKYYMHAA INEPETOHKA

ITpupoda ne mepnum nycmomur.
Apucmomens. «Qusuxa»

TIpu o6cyXneHUM KpUBBIX PasrOHKH " peKTH(PUKAIIMOH-
HBIX KOJIOHH B IBYX IpeIbLAYHIMX IJIaBaX Mbl CO3HATEJIbHO
OCTaBUJIM B TeHU (OPMY KPUBBIX NMpPH TEMIIEpaTypax OKOJO
(1 Boie) 480°C (900°F). OnHako Kak pa3s mpH 3THX TeMIIe-
paTypax MpOUCXOIMT HeKoe siBIeHHE, KOTOpoe Ha3bIBaeTCs
kpexunz. YToOHI NMPaBUIBLHO MCIIOIB30BATh 3TO SIBJICHHE U U3-
6exaTh ero BpedHBIX MOCHAEACTBHHM, ObL1 pa3paboraH ipo-
LIECC BAKYYMHOU Nepe2oHKU. -

SiBieHHEe KpeKHHIa

Tlpencrasbre cebe, 4TO JIaGOPAHT MOKEH MOJYIHTh KPH-
BYIO Pa3rOHKH [UTs1 o0Opa3ia celpoif Hedptu. OH GyneTt Harpe-
BaThb He(dTh M 3aMMCHIBATL TeMIEpaTypy, coOupaTh map
KOHIOEHCHPOBaTh (CXMXKaTb) €ro, a TakKXe OTMEYaTb 06beM
xunkoctd. Ecaun temmeparypa mogHuMetcd Beliie 480°C
(900°F), dopma KpuBoii HeOXUAAHHO U3MeHUTCA. [Ipn TeM-
neparype oT 480 mo 540°C (1140°F) o6ummit o6beM cobpaH-
HOH XHUIKOCTU oKaxercsa Gonblue 100%, a B HCXOXHOM KOJ-
6e Bce ewe OyneT KuIneTb HeQPTh.

Bo3MOXHO, 31€Ch. €CTh HEKOTOpOE MpeyBeJIHYeHHUE [0
CPaBHEHHUIO C T€M, YTO MOXHO B JeHCTBHTENbHOCTH HAOIIO-
JaTh HEBOOPYXKEHHBIM IJ1a30M, HO CYTb TlepeaaHa BepHo. Kor-
Ia CJIOXHbIE YIJIEBOHOPOIHbIE MOJEKYABl — T€, YTO HE HC-
napuiarch go 480°C (900°F) — HarpesaioT A0 6ojiee BBICO-
KHX TEMIIEpATyp, TO HEPTHU OKAa3BIBAETCSI AOCTATOYHO IJIsI
TOTO, YTOOBI packoaoms OOJIBLIYID MOJEKYJy Ha aBe (WIH
6onbuie) mManeHbkux. Hampumep, monekyna C;¢H;4 Moxer
packonomsca na mpu vacmu: CgH g, CsHi, u CyH,, kxax
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Puc. 4.1. Kpexunr Monexy.

[I0OKa3aHO Ha pucyHke 4.1 (cooTBercTBYIOIasi XMMHUYECKast
peakuua OyaeT paccMoTpeHa Gosiee MoApoOHO B IIaBe, MO-
CBSILEHHOW KaTATUTHYECKOMY KPETHHTY).

Eciu BCIOMHHTB, YTO MBI TOBOPWIH O TEMIIEpaTypax KH-
MEeHHUA, TO CTaHeT SICHO, MOYeMYy KpHMBas PasTOHKH M3MEHHU-
JIach CTOJIb BHe3almHO. MajleHbKHe MOJIEKYJIbl KHITAT IPH 3Ha-
yyuTeJbHO GoJiee HM3KHX TeMIlepaTypax, yeM Gojsiune. Kak
TOJNBKO OHHM 00pa3yloTcs B pe3yJlbTate KpeKHMHIra, OHH BHI-
MPHITUBAIOT M3 KUISALIEH XuakocTd B napsl. Ho 310 enie He
Bce. OTKyna xe B3sUICA NOMOMHUTENbHEIA 00beM? YUTo Ha3kb-
BaeTCs «HA HNAIbIaX» OOBSICHATH 9TO MOXHO TaK: MaJIeHbKHE
MOJIEKYJIBI 3aHUMAIOT GoblIe MecTa, YeM OoJbllHe.
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BcnioMHuTe Teleph IJ1aBy O CBOMCTBaX YrJi€BOLZOPOLOB U
otHocuTesbHOM MmIoTHOCTH. Coenunenue C,¢H34 MMeeT rutot-
Hocth 7,2 Ib./gal., a coemunenus CgH;g, CcHyp 1 CHy —
coOTBeTCTBeHHO 5,9, 5,6 u 3,1 Ib./gal. [IpencraBum ceGe, 4TO
onuH rajwioH Cy¢Hz4 MoNHOCTHIO pacrajics Ha TpH 3TUX KOM-
MOHEHTa (Ha caMoM JieJie TaK He ObIBaeT, a MOJNy4yaloTcs KOM-
OMHAIMM Pa3TUYHbIX MPOAyKTOB). CorlacHO XUMHYECKOI pe-
akuuu, obpasyercs 50% CgH g, 38% C¢H;, u 12% C,H,4. Ho
3TO @ecogble, a He oGsemHblie MPOUEHTHL. Eciu BHayaje Mbl
uMeeM 7,2 dyHTa, TO U B KOHLE MOJYYHUM CTONIBKO Xe. A Ka-
KuM Xxe 6ymer 00beM? CocUHUTaeM ero CleayloluM o0pa3oM:

7,2 1bs CygH3,4 cocTaBnstor 7,2 lbs  wm 7,2/7,2 = 1,00 gal.
50%  CgH,g cocraBmsior 3,6 Ibs wm 3,6/5,9 = 0,61 gal.
38% C¢H,; coctaBnaor 2,7 Ibs  wam 2,7/5,6 = 0,48 gal.
12% C,H, cocrapnsior 0,9 Ibs  wim 0,9/3,1 = 0,29 gal.

100% 7,2 Ibs 1,38 gal.

Mz1 BunuM, uro 7,2 ¢pynra C;¢H34 cocrapasior | rauioH
mo o6beMy, B TO BpeMst Kak 7,2 ¢byHTa npodykmos Kpekunea
3aHHMaIoT 00beM 1,38 rajutoHoB. Takoil pesyspTar Hpolle Bee-
ro oOBACHUTDH TEM, YTO 00Jiee KPYMHBI€ MOJEKYJIBI CTPEMSITCS
YIIAKOBAaTh CBOM aTOMbI IUIOTHEE, Y€M MeJIKue MosteKybl. [1o-
3TOMY OHH 3aHHMAIOT MEHBILUMit 00BEM HA eIMHHILY MAaccChl.

T" G,
CeH o

CoH t 1,38 ran. on
161434 1 1,0 ran. | stlig
£ _L \\\ /// _l - -
| > z I
G D)
S ——— ) S

Puc. 4.2. Bec C;¢H;34 1 KOMIIOHEHTOB KPEKHHIra OJMHAKOB.
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KpekiuHr — HHTepecHbIii U BHIFOIHBINH MpOLecC, HO TOJb-
KO B TOM CJIy4ae, €CJTH MM YNpaBiasaTe. B pekrudukanoHHoM
KOJIOHHE 3TOT MpoLiecC He KOHTPOJHUPYETCH, MOITOMY MpH
MeperoHkKe W30eraloT TeMIIepaTyp, NPH KOTOPHIX BO3MOXEH
kpekuHr. HauGonee BeIcOKas TeMIepaTypHasi rpaHMLa MpH
neperoHke Haxomutcs B paifoHe 400°C (750°F). Ho mpsamo-
TOHHBIIf OCTaTOK TaKXe COXEPXHT MHOXECTBO YTJIE€BONOPO-
OB, KOTOpBI€ ClIEAyeT pa3genuTb Ha ¢ppakuuu. C 3Toi LEabIo
H pa3paboTaH METOX BaKyyMHOI IMEpEroHKH.

BiinsHAe MOHMXEHHOTO JaBJCHHSA

IpencraseTe cebe, 4TO Y Bac ecTh ABe cOCHCOYHBIE — Ha
cramuoHax B XbloctoHe U Jlensepe. 3Haere nu Bol, 4TO Iig
TOr0, YTO6Bl BCKHIIATHTH BOLY H CBAPUTH B Heil COCHCKH, ee
Hago OymeT Harperh, B cpeaHeM, go 100°C B XblocToHe H
Tosbko 10 99°C B lleHBepe? deno B TOM, YTO aTMocdepHOe
IaBJieHHe B 3THX ABYX MECTax pa3jiMyHO, TakK KaK paz:inyHa
BBICOTa Hal ypoBHeM MopsA. Korma roBopsar, 4To BO3AyX B
ropax paspexeH, TO HMEIOT B BUAY, YTO OH MEeHee TUIOTHBIH,
3T0 M 3HAYHUT, YTO NABICHHE MEHBIIIE.

TeMIepaTypa KMIIEHHS 3aBHCHT OT JABJE€HUS HECTOXHBIM
obpasoM. HarpeBaHue TpebyeTcs 11 TOTO, YTOGBI MOJIEKYJIBI
Habpaiu IOCTaTOYHO HEPTMH M MOIIH MOKHMHYTH XHIKYIO
dasy. CkopocTh, ¢ KOTOpOiIl 3TO NPOHUCXOOUT, 3aBHCUT OT
TOT0, C KaKOil CKOPOCTBIO TEIUIO K HMM MOXBORUTCSA, @ Max-
e OT IaBJIeHHs BO3AYXa Hal XHIKOCThIO. YeM HHXe JaBje-
HHE, TeM MeHbIlle 3Hepruu TpebyeTca M, 3HAYUT, TEM HHUXe
TeMIeparypa, IpH KOTOpoil HaYMHaeTcs Mmapoobpa3oBaHue B
XUIKOCTH, TO €CTh KHIIEHHE.

Kopoue roBops, 4eM HUXe IaBJeHUE, TEM HUXE TeMIie-
parypa KUIEeHHS.

BakyymHas neperonka

Temepb pacCCMOTPUM 3aBUCHMOCTh TEMIIEPATYPH KUIIEHHS
OT JaBJleHUA B MPUMEHEHUM K Mpobieme KpeKHMHra HedTH.
KpekuHr npsaMOTOHHOTO OCTAaTKa IPOMUCXOOHUT, KOTHa TeM-
repartypa MoOHMMAaeTca CIUIIKOM Bbicoko. Ho Benb npgamo-



IV. BAKYYMHAA NEPEFOHKA 45

TOHHBIH OCTaTOK HYXHO KaK-TO pa3fejiUTh Ha JOMOJHUTE b~
Hble ¢pakuud. PelreHne mpo6ieMbl ObLTO HAIEHO TIPH MPO-
BelneHUH PpaKUMOHUPOBAHUA NTPU MOHUXKEHHOM NABJIEHHH.

TIpsIMOrOHHBII OCTATOK MEPEKAYUBAIOT M3 peKTHdUKaAIKU-
OHHOM KOJIOHHBI HEMOCPEICTBEHHO HA YCTAHOBKY BaKyyMHOUM
MeperoHKU. B COOTBETCTBHM ¢ peXMMOM paboThl peKTHhHKA-
LIMOHHOM KOJIOHHBI, TeMIIepaTypa OCTaTka NpH 3TOM OTBeua-
eT Havyajly ero KHUIeHHs WJIM Ha Mapy rpaaycoB Bblllieé HA
cayyaii oxyaxaeHus. OCTaToK MOCTYIIAeT B IPHU3EMHUCTYIO KO-
JIOHHY 0OJIBILIOTO TUaMeTpa, AABIEHHE B KOTOPO ITOHMXEHO.
AtMocdepHoe maBneHue cocrtasiaser 14,7 psi* (1,03 arm);
OpUOIU3UTENEHO TAKOE X€ JaBlC€HHE M BHYTPH peKTH(hHKa-
LIMOHHOM KOoJNOHHBI. JlaBjieHHe B BaKyyMHOU peKTH(HKALIM-
OHHOM KOJIOHHE cocTaBiseT okono 4,5—5,5 psi (0,32—
0,40 atm). Ilpu mOHMXXKEHHOM NABICHUH Jierkas ¢pakuus oc-
TaTKa cpa3y HaYMHAET KHUIIETh U OBICTPO HCIIapseTcs.

HcnapeHue colpoBoxaaeTcs oxnaxaeHueM. UMeHHO mo-
3TOMY, YTOOBI ONpENE/IMTh HANpaBieHUE BETpa, JOCTATOYHO
3aCYHYTh YKAa3aTeNbHbIii Mmajiell B poT, 4 3aTeM HOOHATh €ro
BBepx. Ha BeTpy XuUAKOCTh MCHapsieTcs, M MO3TOMY Iajell
OXJIAXKHAETCSA C OXHOH CTOpPOHBL. UTOOH MPOTHBOAECHCTBOBATH
OXJIAXIEHUIO, B KOJIOHHY NOJAeTCs Meperpersiii map — mnap
IO JaBI€HHEM, HarpeThlif 1o TeMmeparypbl He MeHee 400°C
(750°F). Terno ot mapa mnepenaercsd HedTIHOMY OCTaTKy, H
TaKHM 00pa3oM MONAEPXUBAETCA BHICOKAsA TeMIleparypa H
poaoJixaeTcs mpolilecc ucriapedust. JIpyras ¢yHkius napa —
3TO peryiupoBaHue namieHusi. HU3Koe maBneHue coXpaHser-
Cs1 332 CYET BAKYYMHOTO Hacoca, paboTaloIIero B BepxHei yac-
TH KOJOHHBL

Kak nmokasaHo Ha pucyHke 4.3, U3 BaKyyMHOH peKTHdM-
KaLMOHHOH KOJIOHHBI BLIXOAUT HECKOJBKO MOTOKOB. Jleckuil
BAKYYMHBI CUCMUAAAM W MANCEAbIl SaAKYYMHBIL ducmuaiam
HHOTIA MOJIYYaloT KaK OTAe/bHBIe MponykThl. Ob6e dpakiuuu
MOXHO HCIIOJIE30BaTh KaK ChIphe AJISI IOJIydeHHS] CMa30YHBIX
Macen. Bo MHOTHX ciyyasx MX He paslensiioT, a CIHBAIOT
BMeCTe, TaKOH MPOINYKT HA3bIBACTCS Aeekan pakyus eaKyym-
HOIi nepe2oHKuU.

* psi = QyHT/KB. DIOMM.
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PextudnkaunonHas YcraHoBka
KOJIOHHA MUisl CBIpOiA BaKyyMHOM
HedTH TeperoHKH
BakyymHBr1ii
; Hacoc
Jlerkuit
— BaKyyMHBIH
[ — — — > macTwwiT
- - — —— o > Taxenslit
> BaKYYMHBIi{
JUCTHIIAT
Ocratok
AKYYMHO¥
IIpaMoroHHbI# Topsymii ;epCI‘OHK:II
OCTaToK nap

Puc. 4.3. BakyymHas neperoHka.

CooTBeTCTBEHHO, TSIXENBI MPOAYKT, KOTOPBIA OCTaeTcd
Ha IHe KOJIOHHBI, HA3bIBAETCS OCMAamoK 8aKyyMHol nepezoH-
Ku ¥ HCIIONB3YEeTCS B KauyecTBe CBHIPhSI I TPOM3BOACTBA
6UTyMa MMM TEPMHUYECKOIO KPEeKUHIa, a TaKXKe KaK KOMIIO-
HEHT I MOJYy4eHHsI OCTATOYHOTO TOILIMBA.

Baxyymnan nepezonxa npamoeonnoz0 ocmamka 3Keueasenm-
Ha eco ammocepHoll nepezoHKe 6 UHMepeanse KUNEHUA 0KO0AO0
540—590°C (1000~ 1100°F). BOABIIMHCTBO KPUBBIX Pa3TOHKH
YCJIOBHO HM300paXaloT Tak, Kak OyaTro 5Ta peKTudUKaIUg

ObLya AeiCTBUTEIBHO MTpOBEMEHA.
) TTocKONBKY Ha MpAaKTHKE BAKYYMHas MeperoHKa ToXe MMe-
€T CBOM OTPaHWYEHHS, TOYKY BHIKHIIAHHS IPSIMOTOHHOTO
OCTaTKa — T.e. TeMIIeparypy MOJHOTrO BHIKUIIAHUA CBHIPOi He-
¢TH — ompenenHuTh HEBO3MOXHO. IIpH cTO/Ib BBICOKHX TEM-
nepaTypax BaKyyMHYIO MMEeperoHkKy He mpoBoasaT. OqHaKo oT-
CYTCTBHE 9Toil WHGOPMALMU HE BIE€YET HMKAKHX ITOCHEd-
CTBHI{, TaK KaK AJI TOTOBBIX IIPOAYKTOB, B KOTOPBIX HCIIOJIb-
3yeTcsl OCTATOK BAaKyyMHO#l I€peroHKH, TOYKA BBIKHITAHUSA
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He UMeeT 3HauyeHHUs. [l XapaKTepUCTHKH OCTATKOB HCITOJNb-
3yI0T ApYrHe MapaMeTphl, HallpUMep, TIOTHOCTh U BSI3KOCTb.

YIIPAXHEHHA

1. 3anoaHUTe MPOIYCKU:
BakyyMHass meperoHka SBASIETCS MPORONKEHHEM
CbIpOit He(pTH MpH BHICOKHUX TEMIIEpATy-
pax, 4To MO3BOJIsIET U36eXaTh
6. Yem Hiuxe DaBIeHUE, IPU KOTOPOM Haxonmcsx XHIKOCTD,

TEM (BBILLIE, HUXE) ee TeMIlepaTypa KHUIIEHHA.
B. UeM Bbillle JapieHHe B BaKYyMHOH peKTHGHKAIHOHHOMN
KOJIOHHE, TeM (BBIIlIE, HIXE) TOUKA BHI-

KHMITAHUA JIETKON (QpakKiMy MPH TOM Xe CKOPOCTH MONadyu
U TEMIIEPATYpPE CHIPbSL.

r. TIpoayKThl, BBIXOASIUKE C YCTAHOBKH BAaKYyMHOU Iepe-
TOHKM, Ha3bIBalOTCS , U

I. YToObl YyMEHBLINTbh OOBEM JIErkoil (ppakiiMi BaKyyMHOM
TEePEroHKU MpPH TOH Xe€ CKOPOCTH NMOHAYU CBHIpBS, HYXHO
60 JaBjieHue B KOJIOHHE, JHOo

TEMIIEPATYpy CHIPHS, MOCTYMAIOLLETrO

B KOJIOHHY.

2. HMcnonp3yiiTe DaHHBIE, KOTOPBIE COOOIUMIH YIPABIAIO-
meMy HedTenepepabaTHIBAIOIIEr0 3aBOJA B MpeAbIIYILE
rnaBe. Ha atoT pa3 tpeGyetcs 35 ThIC. Oap./cyT (1 HedTs-
HoOi1 Gappenb paBeH 159 JI) ocTatka BaKyyMHO#H IEperoH-
KH JJI1 TOTO, YTOOBI YIOBJIETBOPUTDh MMOTPEeOHOCTH 3aBOAA
ITo Mpou3BoICTBY OuTyMa. (a) Kakyio MaKCHMaJIbHYIO Ipa-
HHULY KMIIEHHS HYXHO YCTAHOBHUTb B BAKyyMHOW DPEKTH-
buKaLIHMOHHOMH KOJIOHHE, 4TOObl 00ecreduTh TpebyeMoe
cHabxeHne OutyMHoro 3aBoga? Hcmons3yiite TeMnepary-
Pl KPUBOH PasrOHKM, a He NaBJIeHUS M TEMIIEPaTyphbl Ha
YCTAHOBKE BaKyyMHoii meperoHku. (6) Eciu mpsMoroH-
HBIf OCTATOK OYIET OTHENATHCA B PeKTUHUKAIHMOHHOM
koyionHe npu 800°F, kakuM Gymer obbeM Jierkoil ¢ppak-
MM BaKyyMHOM MEPETOHKH?



\Y%
XUMHUA HEOTH

Cucmema Ilpupodw dosxcna Gume Oelicmeumensio
Kpacugoli — 6edb 6 xumuu Mvi obHapyHCcusaem,
umo coedunenus — 6cez0a Kpacugue yeablie Hucaa
u Huxaxux dpobeii.

P. Byxmuncmep Pynasep

Jo cux nop npu oSCcyXIeHHH CBOWCTB ChIpoii HebTH H
npoueccoB ee nepepaboTKM HaM YAaBaIOCh M306eratb OCHOB
XHMHH, HO 3TO CYACTIMBOE BpeMs MOAOLLIO K KOHIY. Bce
OCTaNIbHbIE TIpoLiecchl HedTerepepaboTKH ARIAIOTCA 1O GoJb-
LIeit 9acTH XUMHYECKUMH peakuusamu. Tak kak Bel He 06s13a-
HBI GBUIM U3YyYaTh XUMHIO, A s U3YYad PU3NYECKYIO XHMHUIO
M CHAJ €e KaK MMHMMYM Ha TpoiKy, To Bam mpumercs ys-
HaTh Koe-4To 00 YIJIeBOAOpOdAax, IpeXiae HYeM IBHIaThbCs
JaJbIIe.

He npomnyckaiite aty rnaBy! Ecaun Bbl XOTHTE MOJIHOCTBIO
paszobparbcd B MOCAEAYIOLIMX CEMU NaBax, Bam mpuuercs
OCTAaBUTb HAa 3TOM MecCTe 3aKJIaIKy.

ATOMBI H MOJIEKY.JIBI

@U3NKK 1IepUONUYECKH YAMBISIOT YYSHBIH MHpP T€M, 4YTO
pa3OHUBAOT MAaTepHIO Ha Bce Oojiee MeJNKHe YACTHIBI, elle
MeHee MOHSTHbIE OOBIYHBIM JIONSIM, YeM HEMTPOHBI U 3JIEKT-
poubi. Ho HaMm noseato: mis HedrenepepaboTKH He TpebyeTcs
HMYero, 4ro ObUto ObI MeHbille aTomMoB. [IpuMepsl aTOMOB —
3TO yrjepol, BOIOPOHA, cepa WIH KHMCJIOpOI, KOTopbie 000-
3Ha4yalTCsl cooTBeTcTBeHHO cuMBojiamu C, H, S u O.

CBoiicTBa BELIECTB 3aBUCAT OT TOro, M3 KAaKUX 4TOMOB
OHH COCTOAT U KakKuM 00pa3oM aTOMBI CBSI3aAHBI B T'PYIIIbI,
Ha3bpIBaeMbie¢ MojieKyiamMi. CaMblie BaXHBIE IIpaBHIa KacaioT-
Cs1 BAJICHTHOCTEH M XMMUYECKUX CBA3EH.
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Basenmuocms. Kaxnpiit BUI atoMoB (371eMEHT) obiagaeT
CIMOCOGHOCTBIO COEMHATHCA C APYTMMH aTOMaMH B COOTBET-
CTBMH CO CBoe€ii cTpykTypoii. HanpuMep, aToM yriepola Bce-
ra XodYer IMPHCOCRMHUTb K cebe deThipe IPYrMX aTroma, a
aTOM BOHOpPOda — TOJBKO OAMH.

Onpenenenue: BajieHTHOCTD aTOMa HEKOTOPOTO AEMEHTa
paBHa YHCIYy aTOMOB Bolopona (MU HX 3KBMBAJIEHTA), C
KOTOPBIM 3TOT aTOM MOXET COeTHHUTBCH.

Xumuueckas céasv. Bun coemMHEeHUSI MEXAY IBYMsI aTOMa-
MH Ha3bIBaeTCs XMMHMYECKOH CBS3bI0. BBl MoXere cUMTaTh,
YTO 3TO CHJIA 3JIEKTPOCTATHUECKOTO B3aUMOAEHCTBHS.

Yraesoaopoan

Camblit mpocToif npuMep, WUTIOCTPHPYIOLIKHH BCE TpH TIO-
HATHUST — BAJICHTHOCTb, XUMMYECKAS CBA3b U YIJIEBOAOPON —
5TO MeTaH, KOTOpbIif COCTOMT M3 OJHOrO aroMa yrjiepola U
YeThIpex aToMoB Bopopoxaa, ero ¢opmyna CHy. IMocMmoTpuTte
Ha ero CTpyKTypy ¥ Bel yBHIHTE, UTO BCE MPaBHJA BAJIEHTHO-
CTH BBITIOTHSIOTCS.

Puc. 5.1. Mertan.

Ecau Temeps Mbl PaCCMOTPHM CHEAYIOUIMIA MpOCTEHIHHIA
YIJIEBOIOPOH, 3TaH, TO 00HAPYXKHM HEKOTOPOE YCJIOXHEHHE.
®opmyna staHa CoHg. MoxHO BUAETH, YTO KaXABIii yriepox
OKpPYXEH 4YeTbIpbMS CBA3AMHU, a KaXIbIH BOOOPON — ONHOM.
O6patTe BHUMaHHUE, YTO OOMH aTOM YIJIepofia IMpPHCOEIH-
HEH K Apyromy. 3to ob6bivyHOe Aejo. Mexny mpouyuM, Koraa
BOHOpOJA YIIOMHHAeTCA KaK OTHEe/IbHOe COeAUHEHHE, TO €ro
dopmyna Bcerna H,, motoMy 4To BOOOPOA UMEHHO TaK M



50 MepepaboTka HedTU

CYLIECTBYET: OMMH aTOM BOJIOPOAA MPUCOCTHHSETCS KO BTO-
pOMYy, W TaKUM 0Gpa3oM MpPaBUIO BATEHTHOCTH BBHITONHSAET-
¢ JUIS 0GOMX aTOMOB.

I
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1

9TtaH
(C,Hg)

Puc. 5.2. OraH.

Lenprit Kiacc yraeBogopodOB MOXHO INpPEICTaBUTh, IO-
Jlydasi HOBble COeNHHEHHMSI TOYHO TaK X€, KaK M3 MeTaHa
OBLT MOJNIyYeH 3TaH. DTH COSAMHEHUS SIBISIOTCS MpeacTbHBI-
MM YIJIeBOROpPOIaMH (aJIKaHAaMM) WIH napaguuamu oouieit
dopmynsl C,H,,+,. [IpuMepsl TakuX yIIeBOXOpoaoOB — IpO-
MaH, HOpMaibHBIA OyTaH (H-6yTaH) U HOPMAJIbHBIA MMEHTaH
(H-TIEHTaH).

T N N
e e AL R e s S a e 0 e
H HH HHHH H HHHH
IMponan HopManbnbiit 6yran HopMmanbHbiif neHTaH
(CsHy) (C4Hyo) (CsHyy)

Puc. 5.3. [Iponax, HOpMaJbHLIH OyTaH U HOPMAJILHBIN NEHTaH.

Yto 03HAYAET CIOBO «HOPMAJIbHBIN» Mepen cjioBaMHu Oy-
TaH # TeHTaH? JleJo B TOM, YTO aTOMBI B YIJIeBOZOPOHAX
C4H o u CsH |, MOXHO pacroJoOXHUTb HECKOJBKUMH CIOCO-
Gamu. OIMH K3 CIOCO0OB MOKAa3aH HAa PUCYHKE 5.3, HO Kpo-
Me TOro, Mbl MOTJIM GbI M300pa3UTh OTBETBIEHHE OT OMHOrO
U3 BHYTpeHHHMX aromoB yriepona. Coemunenuss C4Hy u
CsH,,, xoTophle IIpH 3TOM NOJNYyYarcs, SBJISIOTCA Napadu-
HOBBIMH YIJIEBOAOPOIAMH M30CTPOEHUS] Y HA3BIBAIOTCS U30-
OyTaH ¥ U30MEHTAaH.
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H300yTaH H3zonenran
(C4H ) (CsHpp)

Puc. 5.4. U300yTaH ¥ N30MNEHTaH.

XoTa H-OyTaH M U300yTaH HMEIOT OAHMHAKOBBIE OpyTTO-
dopMynsl, UX MoBeaeHUe pa3auyHO. OHH KHUIIST NMPU PasHBIX
TeMIIepaTypax, MMeIOT pa3Hble IOTHOCTH (MOTOMY 4TO TO-
PasHOMY YIAaKOBaHBI), 2 KDOME TOI'0, OHM BCTYHAIOT B pas-
Hble XMMHUYEeCKHE peakuuu, 4yro OyneT BUAHO B IJIaBe, MO-
CBSILLIEHHOMN AJIKUIMPOBAHUIO.

ITpu 06cyXneHUH JIErKKX YTJIEBOAOPOIOB HCIIOAB3YIOT Clie-
Ioyolee cornaimieHne. Ecnim cMech WM NOTOK COREPXHT TOJIb-
KO 3TaH, MPOMaH M, BO3MOXHO, BOOOPOI, HO HE COLEPXHT
6ytaHa U 6ojiee KPYNMHBIX (TSOKEABIX) MOJEKYN, TAKYI0O CMECh
WK MOTOK HAa3bIBAaIOT «IIponaH U 0ojiee JerkKue MpOAYKThI»,
unn C;~. Takxe MOXHO cKa3aTh, 4YTO OHA HE COOCPXKHT OyTa-
Ha U 6oJee TAXeNbIX MPOAYKTOB, To ecTh C4t. Bro corname-
Hue paboTaer i BceX yriieBoqoponos 1o Cs BKIIOYUTENBHO.

Hadrenn

Jpyroit Knacc yriaeBoooOpOIOB — 3TO YuKAUYeCKUe COeNH-
HEeHUs, colepXalllye, KaK MpaBuio, GOJblle YeTBIPEX aTo-
MoB yriiepona. Eciu LienoyKy U3 ImsaTv aToMOB yIJIepojia cBep-
HYTh B KOJIbLIO, nonyyaercs: uuxioneHTan (CsH;qy). O6paru-
Te BHUMaHHe, YTO LIMKJIONEHTAH CONEPXUT MEHbIIE aTOMOB
BOJIOPOJA, YeM H-TIEHTaH WJIM M30MEeHTaH. TakkKe CylIecTBY-
10T U LMKIBI GoJibliero pasMepa, HalpuMep, LUKIOTEKCaH.
3T10T KJIacC COCAMHEHMI Ha3biBaeTcss HadpTeHaMU WIM Ha-
bTeHOBBIMH yriaeBoaopoiaMH.
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1InknoneHTan uxnorexcan
(CsH,o) (C¢H o)
Pac. 5.5. HadreHsl.
H A
\ /C\I
H’<|3 C~y MeTUnbHBIN paguKan
S AL
|-1 L /C\H Mernnuuknorexcan
HoHoH (CH14)

Puc. 5.6. MeTwimkiiorekcaH.

IToMuMoO npocTsix MapapUHOBBIX H LIMKIUYECKUX YIJIEBO-
IIOpOJOB, GECKOHEYHOE YUCIO BO3MOXHOCTEH MOSBIAETCA B
pe3yJbTaTe COeNUHEHUS MOJIEKYJA 3TUX IBYX THIIOB MeEXIY
co6oit. IIpocTeilliinM MPUMEPOM SIBASIETCS METHILMKIOTEK~
can C;H,4 — pesynbrar npucoenuseHus rpynnsl CH; (oHa
HAa3bIBAETCA METHJIbHOM TPYNMIONH HMJIM METWIbHBIM pamuKa-
JIOM) K LUHKJIOreKCaHy, BMECTO ONHOIO H3 €ro BOTOPOAHBIX
aTtoMoB (puc. 5.6).

OnedusioBniec H APOMATHIECKHE YTJIEBOIOPOIBI

MoXHO MOJTYyYUTh MOJIEKYNY, B KOTOpOH €CTh ABa aToMa
yIiepoga M TOJBKO 4YeThlpe aToma Bomopona. Ha mepsblit
B3DJISO, TIPM STOM HAapyLIAaloTCs MpaBWia BAIEHTHOCTH, KO-
Topble Bbl u3yyann npenpinyuue natb MUHyT. Ho xuMuyec-
Koe coeguHeHue 3tuieH C,H, moctpoeHo Tak, 4YTO aToMbl
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DTHneH Tponunen bytunen
(C;Hy) (C3Hg) (C4Hy)

Puc. 5.7. OnednHoBBIE YIIEBONOPOILL.

yrjiepooa CBA3aHbl 060UHOU (64360, U 3TO KOMIIEHCUDYET
HEZOCTATOK BONOPORHBIX aToMoB (puc. 5.7). UTo cMeiHoO:
IBOWHAas1 CBSI3b, YIEpXHWBAIOLIasd BMeCTe ABA aTOMA YIJIEpO-
Ia, He NpOYHee, YeM OOMHApHas CBA3b, a ciabee. MoXHO
cebe mpeACcTaBUTh, YTO IBE CBSA3HM 3aHHMAIOT MECTO, TJI€ MOT-
Jia GBITh ONHA CBsI3b. [103TOMY CoeliHeHHe OKa3bIBAaeTCs XH-
MHYECKH HEYCTONYMBBIM, MOXET MOBOJIbHO JIETKO pearnpo-
BaTh C APYTMMH BELUECTBAMH U IIPH 3TOM IpPEeBPalILaThCS B
HOBOE COEeIMHEHHEe, B KOTOPOM YXe HeT ABoifHo# cBs3u. [To
3TOl NMPHYMHE ITHIEH OY€HDb YaCTO MCIIOIB3YIOT IJI CHHTE3a
6oJiee CIOXKHBIX XMMHYeCKUX coearHeHUA. Hanmpumep, eciun
MpUHUENHTh APYT K OPYTY MHOrO MOJIEKYJl 3TUJIEHA, TMONy-
YUTCS MOUSTHIIEH.

IpuHIMNKATIBHAS XapaKTepUCTHKA oJe(UHOB — 3TO TO,
YTO B HHX HA JBa aTOMa BONOPOIA MEHBILE, Y€M B COOTBET-
CTBYIOLLIEM HacwiuenHom mnapadpuHe (To ectb B mapaduHe,
collepXallleM TOJHBIA KOMIUIEKT BOHOPONHBIX aTOMOB), H,
3HaYuT, X obwag popmyna C H,,,.

OneduHoB B IpHUpoOde HE CyllecTByeT. Bo3MoxHo, 4TO
ToNIbKo bor MoXer co3iaTh nepeBo, HO ¢ olepHUHAMU OH He
crupaBuwicsa. Ux Her B cbipoit HedTH — OHH MOSBISIOTCH,
[IOTOMY YTO MX CO3[AIOT JIOAH C MOMOIIBIO IIpoliecca Kpe-
KWHTa, HECKOJBKO BapMAHTOB KOTOPOTO MBI PACCMOTPHM B
MOCJIEAYIOIIUX IaBax. 310 06CTOATENBCTBO, KOTOPOE Ha Iep-
BBIIf B3IJISA HE CBsA3aHO ¢ oOcyXmaeMoi TeMoi, HaxomuT
OoTpaXeHHe B NMPOEKTUPOBAHMM YCTAHOBOK IUIA HedTenepe-
paboTku u Oynmet ob6cyxaatbes B riase VII.

Hdpyrue onedHHBI, MPEACTABIAOIINE HHTEPEC C TOYKH
3peHust HedrenepepaboTku, 310 nponuieH (C3Hg) u 6ytu-
neH (C4Hg). Kak u 3THiIeH, 3TH coeNUHEHHMS] MOXHO BBOAUTH
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B peaklHUH ¢ APYTUMHM BellleCTBaMM, IMIO3TOMY OHH IPHUIOJ-
HBl B Ka4ecTBE CHIpbA [UIS Psifia XMMHUYECKUX MPOLIECCOB M
npolieccoB HedTenepepaGoTKH.

Apomamuueckue yaneeo0opods: SBIASIOTCS ellle ONHUM HC-
KIIIOYeHUEM U3 MpPaBWI BaJIEHTHOCTH. PacCMOTpHUM IIHKIIH-
YecKoe coeJMHEeHUE LIMKIorekcaH. Kaxmpiifi atoMm yriepona
CBSI3aH C [IByMs OPYTMMH aTOMaMH yTjepooa U K HEMY IIpH-
LIeIUIeHO 1Ba aTroMa Bofopoaa. Eciu yOpaTh OfMH U3 BOAOPO-
JOB OT KAXAOTO YrjiepoJHOr0 aToMa, TO MPaBWJIO BAJIEHTHOC-
TH HApYIIMTCA M, YTOOBI OHO CHOBA BBIIOJHSUIOCH, MEXIY
YIICPOJHBIMU aTOMAaMK MOXHO TIOMECTHTb HEKOTOPOEe KOJIHU-
yecTBO ABOMHHBIX cBs3eil. [ljis aToro Tpebyercs, YToObI IBOIi-
Has cBA3b OblIa y KaXAOro BTOpPOro aroMa yrjiepona
(puc. 5.8). Ml nonyumnu Monekyny CgHg, benzon. Ilpencras-
JIEHHE, YTO KaXIas BTOpas CBA3b B OEH30JbHOM KOJIbLIE —
IBOMHAs, ABIAETC CHIBHO YIpOLUIeHHBIM. bojiee peanbHoe
MPENCTABICHHE OMEPUPYET MOHATUAMM PE30HAHCHBIX CTPYK-
TYP ¥ MepecKaKHUBAIOUIUX CBA3EI.

Ecnu yaanurs ofUH U3 BOZOPOIOB U3 MOJIEKYIBI GeH30a,
a Ha ero mMecTo nmocaauts rpynny CH;, noiyuyures yriesono-
pon cocraBa C;Hg, tonyon (rpynna CHj; Ha3sbiBaercss Me-
THJIBHBIM pafukanoM, a rpynna C,Hs — 3TUABHBIM paguka-
jioMm. Ha3paHus paguKaioB IMOXOXHM HA HA3BAHMS COOTBET-
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BeHson Tonyon Kcunon
(Cg¢Hg) (MeTHUN6EH30) (nuMeTHNGEH30)
(C;Hy) (CsHyp)

Puc. 5.8. ApoMaTiHiecKHe yriieBOIOPO/IbL.
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CTBYWOLIMX napa¢iHOB — MeTaHa M 3TaHa). Eciu aBa Bomo-
pona B OeH30JbHOM KOJbLE 3aMEHHTb Ha JABa METHJIbHBIX
pagukana, To noay4yurca Moiekyiaa coctasa CgH g, xcuon.

JIBoiiHbBIE CBSI3U B OEH30JbHOM KOJIbLIE 1OCTATOYHO HEyC-
TOHYMUBBI H XUMHYECKH aKTUBHBI. [1o3TOMY G€H30J IIMPOKO
HCMOJIb3yeTCs1 KaK CTpOMTENbHBIN GJIOK ISl MOJyYeHHUST HO-
BbIX BELIECTB B XMMMYECKOIl MPOMBILLIEHHOCTH. Tonyon U
KCHUJION — TOXE LIEHHBbIC COeNMHEHH; BbIICIEHUE apoMaTH-
K4 B HedrenepepaboTKe paccMaTpuBaercs B riase XVI.

TloHATHE «apOMATUKA» BKJIOYAET éce COeduHeHus, B MO-
JIEKYJIaX KOTOPBIX eCTh 6eH30/IbHOE KOblIo. OMHAKO Ha MpaK-
THKE 3TOT TEPMHH YacCTO MCIIOAb3yeTcs TOJBKO IO OTHOILLE-
HHIO K OeH30Jy, TOJAYOJdy U KCHIodaM. Mexay mpo4yuM, Ha-
3BaHHE apOMaTHKa BO3HUKIIO M3-32 CBOEOOPA3HOTO CIaJKO-
BAaTOTO YIMIEBOJOPOSHOTO 3amaxa, MpHcyllero GOJXbHIMHCTBY
3THX COeIMHEHHIA.

BBl MOTJIM 3aMEeTHTh, YTO KaK TOJBKO YHCIO aTOMOB yrje-
ponaa cTaHOBUTCS Gobiiie 11eCTH, YHCIIO UX PA3IMYHBIX KOM-
OMHalLMii B CTPYKTYpe BO3pacTaeT JaBMHOoOpa3Ho. [ToaToMy
UHIMBUIOYAILHBIM COCIUHEHUSIM YaeasieTcs O4eHb MaJIo BHH-
MaHus. YroOsl onucath cocraB HepTH HWIM HedTenpoayKra,
HHOTAA YKAa3piBalOT IMPOLEHTHOE coAepXaHHe MapaUHOB,
HadTEeHOB M apOMATHUKH, 3TH TPYIIIbl BeHIECTB OOBIYHO Xa-
PaKTepPHU3YIOTCSl COOTBETCTBYIOLIMMY (PU3MYECKMMH CBOICTBA-
Mit (IUIOTHOCTb, BSI3KOCTb, TEMIIEPATYpa KMIIEHUS H T.01.).

YITPAXKHEHUA

1. HU306yraH sBaseTca U30MEPOM HopMajibHOro OyTaHa. [lo-
YyeMy y IpolaHa HeT u3omepa?

2. CKONBKO pa3INYHBIX CTPYKTYP MOXET HMeTh H300yTaH? A
u3oneHtan? Wzobyriwien?

3. TlepeunciuTte YeThipe THIIA CTPYKTYP, ONUCAHHBIE B 3TOM
IJIaBe.

4. CyuiecTByeT TpH pa3sHbIX Kcuona. CMmoxete au Bol u3o-
Opa3uTh Te ABA M3 HHUX, KOTOPhbie HE MPUBEAECHBI HA PH-
CYHKe B 3TOMH riaBe?

5. IMoyeMy TONRYON TOJBLKO OXUH?
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KATAJIMTHYECKMI KPEKMHT

Ymo 3a mpewemKa ywu Ham mep3zaem
Heyzomonnum wymom auwnux cnoe?

B. Hexcnup. «Kopoas Hoann»

Ha paHHUX cTagusax pa3BuTHsA HedrenepepabaTeiBatoLIeit
MPOMBILLIEHHOCTH MOTPeOHOCTH B ABTOMOGHIbHOM GeH3HHE
pociu ObICTpell, 4eM OTPEOHOCTH B TAKEIOM XHIKOM TOM-
JuBe (HampuMep, B JU3EJBbHOM TOIUIMBE), H COOTBETCTBEH-
HO POCJIO KOJIHYECTBO Chipoii HedTH, KOTOPYIO HYXHO ObLIO
npeBpatuTh B 6eH3MH. HedrenepepaGorynkaM crajio siCHO,
4TO €C/IH MPOU3BOAUTH NMPSMOTOHHBIH GEH3WH B KOJHYECT-
B€, JOCTATOYHOM JJIf1 YEOBJIETBOPEHHS ITOTPEOHOCTH PHIHKA,
TO PBIHOK 6YJeT O{HOBPEMEHHO 3aTOBAapEH TSIKEIbIM TOILIH-
BOM. DKOHOMHYECKUM CJICACTBHEM CJOXHUBIUEHCS CHUTYyallHH
CTaJl MOCTOSHHBIA POCT HeH Ha GeH3HH MpH MaJeHUH LIeH Ha
OoJsiee TsKeNbie (PpaKiuu.

YT106BI CIIpaBUTHECA € 3TOH PU3MIECKOMH K IKOHOMHYECKOH
pobieMoil, HaxoA4YMBble HHXeHepbl-HedTernepepaboTINKH
MPUAYMAJIA HECKOJNBKO KPEKHHT-TIPOLIECCOB, M3 KOTOPBIX
HauboJiee IHPOKO PACIPOCTPAHEH KAMAAUMUYECKUll KpeKuHe.

TexHoxornYeckmit mpomecc

B aByx mpeablayliMX IIaBaX oOCYXIAJIHCh HEKOTOpBIE ac-
MEKTHI XUMU3Ma Tpoliecca KpeKHHra, a Takke XUMHA HedTH B
uenoM. 3aech Mbl OyIeM paccMaTPUBATh MeEXHOA02UHeCKUll npo-
yecc KpEeKHHIa: B KPEKHWHI-YCTaHOBKE IPAMOTOHHbIE (paK-
L{H TSEKEJIOTO Ta30iis HArpeBaloOT IPHU MOBBILIEHHOM JaBile-
HHH B KOHTAaKTe C Kamaau3amopom, KOTODHIA CIIOCOGCTBYeT
MPOTEKAHMIO MpoLiecca.

KaranusaTop — 3TO BeLIECTBO, KOTOpPOE YCKOpSET HIJIH
JaXxe BbI3bIBACT XMMHYECKYIO PEAKIIHIO, HO KOTHa peaKLHs
3aKaHYMBAETCA, KATAIU3ATOP OCTAETCA B HEH3MEHHOM BHAE —
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TAaKUM Xe, KaKUM ObUT cHayaia. [IpyruMM CJlOBaMH, OH He
H3MEHSEeTCA XHMHYECKH, HO 3aCTaB/isfeT APYrue BEIECTBa pe-
arupoBaTh APYT ¢ ApyroM. Karajiu3aTopbl MOXOXH Ha HEKOTO-
pPBIX JECATHJIETHUX HETeH, C KOTOPBIMM OOBIMHO HHUYEro He
clydaeTcs, HO TaM, Ilieé OHHU MOSBISIOTCS, 00A3aTeNbHO YTO-
HHUOYIb MPOUCXOMIUT.

ChIpbeM /15 Ipoliecca KaTATHTHYECKOTO KpeKHHTa O0bIY-
HO SIBJISIETCS TIPSIMOTOHHBIN TSDKENblif ra30iib, a TaKXKe Jier-
Kas ¢pakilds BAKYYMHOI nmeperoHku. TeMreparypa KHneHus
CBIPBS JUIS KPEKMHTA JOJIXHA HaXOAMUThCS B mpenenax 340—
590°C (650—1100°F). Yto6pr mpoliecc Hayaics, TpeGyercs
HarpeBaHHe; TeMIIepaTypa B peakTope BO BpeMs KpeKWHra
Haxomutcs B paitoHe 480°C (900°F).

IIpouecc pa3paboraH Tak, 4TOOBI OCOOGBIM 006pa3zoM co-
delicmeoséams MIPOTEKAHUIO KPEKHUHTA. 3aJa4ya COCTOUT B TOM,
4YTOOBI npeepamume msaxceavie gpaxyuu ¢ bensun. B unmeane
TeMITepaTypbl KUNEHHS MPOAYKTOB KPEKWHTa NOJXHEI Jie-
XaTh B MHTEPBaJe, COOTBETCTBYIOIIEM OEH3MHY, HO TEXHO-
JIorusd He ObIBaeT uaeanbHoif. Bo BpeMsi paGoOTEI YCTAHOBKH
MIPOMCXOMHT HECKOJIBKO MpoleccoB. Korna Gosbie MOieKy-
JIBI paspbiBAIOTCSI HA YaCTH, TO BOHNOPOIA OKAa3bIBAETCS HEXO-
CTAaTOYHO, YTOOBI HACHITHTH BCE MOJICKYJIbI, U IO3TOMY He-
KOTOpas 4acTh yIJIepola MEepeXOAUT B KOKC, KOTOPBII MTOYTH
LIEJTUKOM COCTOMT H3 aTOMOB YIJIEpOHa, CIeIICHHBIX BMECTE.
ITpu pa3pbiBe KPYITHBIX MOJIEKYJ MOMY4YaeTcsA MOMHBI Habop
MEJIKHX — OT MeTaHa H Baltie. ITocKoJIbKY Bofopoma Hemo-
CTaTOYHO, MHOTHE U3 00pas3yIoUIMXCS MOJEKYJ OKa3bIBalOT-
cst onepunamu. Ecii HeKOTOpbie MOJIEKYJIBI B CBIPbE COCTOST
U3 HECKOJIbKMX apoOMaTHYeCKMX WJIHU HadTeHOBBIX LIHKIOB,
COeIMTHEHHBIX BMECTE, OHH Pa3BAJIMBAIOTCS HA MEHBIIHME apo-
MaTHYeCKHEe WIM HadTeHOBHIE MOJEKYIBl U ojiedpuHbl. U,
HaKOHel[, MOJIEKYJIbI, COCTOSILIIHE M3 HECKOJbKHX apoOMaTH-
YeCcKHX WIN Ha(QTEeHOBBIX LIMKAOB M IJIMHHBIX GOKOBBIX 1ie-
nei, Kak TMpaBuio, TepsioT Gokoseie Lend. [lonydyeHHblE B
pe3yabTate MOJIEKYJIBl, XOTS M COAEPXAT MEHble aTOMOB
yrjiepoia, HO OKa3biBalOTCAA GoJiee TSIKENBIMH, TO €CTh HMe-
10T GoJree BHICOKYIO OTHOCHTENIBHYIO IUIOTHOCTh. KpoMe Toro,
HX TeMIlepaTypbl KHIIEHHS OOBIMHO Takxke Bboile. Camoe
CMEIIHOE, YTO 3TH MOJIEKYJIBI 0Opa3yioT MPOLYKT, KOTOPHIi
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TSIXKeJlee, YeM MCXONHOe chipbe. TaKUM 06pa3oM, MpoayKTa-
MU KpeKMHTa fIB/SeTCA MOJHBIA HaGop yIieBogOpoIOB, OT
MeTaHa 0 ocmamka W, KpoMe TOTO, KOKC.

AnmnapatypHoe odopMieHHEe KATUTHTHYECKOTO KPEKHUHTa
COCTOMT M3 TpeX 4YacTeii: peakTopa, pereHeparopa U peKTH-
(PUKAUMOHHOI KOJIOHHBI.

PeakTop

LleHTpanbHOM YacThI0 YCTAHOBKM KAaTAJIMTUYECKOTO Kpe-
KHHra ssiasgercsa peakrop (puc. 6.1). Ceipbe IPOXOOUT Yepes
HarpesaTesib, CMEIIMBAETCS ¢ KAaTaJIM3aTOPOM H MOCTYIAeT B
BEPTUKANbHYIO TpYOy (paiizep), BeAyLIyl0 B HHXHIOK 4acTh
6OJIBILIOTO COCya, IIOXOXEro Ha pe3epByap IUIS BOABI, KOTO-
PbIi Ha3bIBAaETCA peakTOpoM. B MOMEHT, Koraa chipbe MoCTy-
MaeT B peaKkTop, Mpolecc yxe UAET, IOITOMY BpeMs IpeOhl-
BaHMS ChIpbS B peaKTOpEe — BCETO HECKOJBKO CEKyHA. B GoJee
COBPEMEHHBIX KOHCTPYKIIHSIX KPEKHHI, B OCHOBHOM, IPOMC-
XOIHT yXe B paiizepe. TakuM oO6pa3oM, peakTop HYXEH TONb-
KO IUISI OTAEJIEHHsI YIAIeBOJOPOIOB OT KaTajlu3aropa. 3To Mpo-
M3BOAMUTCS C MOMOILLUBIO YUKAOHA, MEXaHWYECKOro IIPHCIIO-
COOJIEHHS, HCMOJIb3YIOLIEro HeHTPH(YrupoBaHHe.

KaTanusatop 6biBaeT 0OBIYHO OZHOTO M3 ABYX THIIOB: IIa-
PHMKM MM MHKpocdepsl. [lnameTp wapukoB obe1iuHo 0,3 uau
0,6 cM. Mukpocoepbl ropasno MeHbllle, U TaKOil KaTaau3a-
TOP BBITJIAAUT Kak JeTcKasl MpUchilika. B HacToslliee BpeMs
IHAPUKH Y€ BBILIUIM U3 MOabl. MHUKpochepsl 061a1aloT ABY-
Ms HeoObIYHBIMU cBoiicTBaMU. Ecnu cocyn ¢ mopoiikoM Ka-
TAJIU3aTOPa BCTPSAXHBATh WJIHM HAKIOHSATH, TMOPOILHOK BeleT
cebs xak Xuakoctb. [ToaToMy Takoil mpolecc HHOrIa Ha3bl-
BAIOT KPeKUHe C NCeBO00NCUNCEHHBIM KaMaau3amopom.

Btopoe cBOWHCTBO MpHUCYLIe HE TOJBKO MOPOILIKY, HO M
HIapMKaM, HO OHO He 3aMeTHO HeBOOPYXKEeHHBIM riaszoM. [lon
MHKPOCKOIIOM MOXHO BUIETb, YTO Kaxnas MUKpocdepa (Hiu
LIapvK) MMeeT MHOXECTBO IOp U, CJIENOBATebHO, OIpOM-
HYIO naouads nogepxrnocmiu. T1ocKonbKy nNeHCTBUE KATATHU3ATO-
pa oIlpeleNsieTcsl ero KOHTAKTOM C ChIpbeM, GoJibliiasi IUIO-
1[a1b TOBEPXHOCTH — OYE€HBb BAXHOE CBOMCTBO KATAIM3aTOPA.
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IpoayxToi
KPEKHHTa

Cenaparopnl aisa

Peaxrop KaTajim3aTopa
i a0
<p R
Ortpabo- Cupre: M
TaHHLIA Tﬂx;’;"l +
KaTa/u- Ta3omib
3atop JierKas
dpaxums
Cae- J neperorki
Karajim-
3aTop

Prc. 6.1. PeakropHBHIiif 610K KaTaINTHYECKOrO KPEKWHTA.

Pereneparop

Ta wactp yrIeBOHOPOHNOB, KOTOpas BO BpeMs KpeKMHra
MpEeBpAIiaeTCa B KOKC, OCENAeT B BUAE OTIOXEHMI Ha KaTa-
nu3atope. Korma rnoBepXHOCTh KaTaJM3aTopa IOKpPHIBaeTCS
OTJIOKEHHUSIMH, KaTalu3aTop CTaHOBHUTCS HEaKTHBHBIM (OT-
paboTtaHHEIM). UYTOOBI YIAMIHUTh 3TH YIJIEPOAHBIE OTIOXEHHS,
OTpaGOTaHHBIA KAaTAIU3aTOp MONAIOT B COCYH, HAa3bIBaeMBbIi
pereHepaTopoM (puc. 6.2), TIe ero CMEIIMBAIOT C FOPTYMM
BO3IYXOM, HarpeThIM Mpubmu3uTenbHo g0 600°C (1100°F). B
pe3yJIbTaTe IPOUCXOMUT CIIEAYIOIIAs XHMHYECKasaA Peakius:

C + 0; - CO n CO, (B Gonee crapbiXx MOIEIsIX),

C + 0, > CO, (B 6osee HOBBIX MOJIEINSAX).



60 Nepepabotka HedTH

OrpaGorannuiit
KaTalnu3aTrop
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Puc. 6.2. PereHepalis KaTajiM3aropa.

CBexuit
KaTanu3arop

—

BTOT npoLecc Ha3bIBAaeTCs OKUCAeHUeM KOKCa U HaIlOMH-
HaeT CXHUTraHHe IpeBeCHOTo yIiisa B OpHKeTax, IIOTOMY 4YTO B
000HX CydasiX Yrjaepol COeIMHSIETCH C KMCIOPOIOM, K NpH
aToM obpa3yetcsa auokcua yriepoga (CO,) U uHoOraa MoHo-
okcun yraepona (CO), a Takke BblLOesteTca 6oMbliIoe KOJIHU-
yecTBo Teruia. Terio B Bune ropsiyero noroka CO u CO,
O0OBIYHO HCHOJIB3YIOT B KaKOH-JIM0O 4acTd mpolecca, Ha-
nprMep, 4ToO6bl HarpeTh Chipbe B TeIUIoOOMeHHUMKE. B Gojnee
crapeix Mozemsix notok CO/CO, oTnpaBiasiioT B Meyb, rae
CO pookucnsercs no CO,, mpexae yem CO, HakoHell OT-
nmpapisieTcs B aTMochepy.

BoccraHOBNIEHHBIH KAaTAU3ATOP BHIXOOUT U3 HUXKHEH 4a-
CTH pereHeparopa. Ero MoOXHO CHOBa CMeELUaTh C CHIPHEM M
HanpaBHTh B peakTop. TakuM o6pa3oM, KaTajJH3aTOp Haxo-
JIHUTCA B HENpPEPBIBHOM ABUXEHHUH, MPOXOAA MO LHUKIY Kpe-
KHHI—pereHepaLusl.

PerTa(puKanHOHHAA KOJIOHHAR KPEKHHTA

TeMm BpeMeHeM YIJIEBOAOPOIHASA CMECh, ITOJNIyYeHHAs B pe-
3yJIbTaTe KPeKHHra, MmopaeTcsl (nmepekavyuBaercsi) B peKTudH-
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3
Kpekunr-ras
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EE—
KpekuHr-6eH3nH
IIponykt U3
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eaKTopa
P P Jlerxuit KpeKWHr-ra3oinn
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Tsaxenuit KpeKHMHT-Ta30inb
\——/
Hacoc
g
NoJa4YH =
CHIpBSI Peunpxynupyommi
ra3oinnb

Puc. 6.3. ®pakuuoHHpOBaHHe.

KallMOHHYIO KOJIOHHY, MpeXHa3sHAYEeHHYIO I pasfejeHus
MPOAYKTOB KaTAJIMTUYECKOT0 KpEeKHHTa. B KOJOHHE cMech
OOBIYHO pasmensieTcs Ha cienyionme Gpakuuu: YriaeBogopo-
Hble rasbl (C4 1 Gonee nerkue, To ectb C;~), KPEKMHr-6eH-
3UH, JIETKMH KPEeKUHT-ra30iib, TSXeAblii KpeKUHT-Ta30iib U
KyOOBBIii OCTaTOK, KOTOpBI HA3bIBAETCSA pelUpKyAupyrouuti
ea3otins, TlocneqHMA MPOXYKT MOXET MCITONB30BATHCA PA3HBI-
MU criocob0aMH, HO Yallle BCEr0 €ro CMEIIMBAIOT CO CBexXeii
ITOPLHEH ChIPbs, ¢ KOTOPOif OH CHOBAa IIOCTYIIAET B IPOLIECC.
Ecnu 4Mcio UMKIOB JOCTATOYHO BEJIHKO, PEUUPKYIHPYIOLHIA
ra3oiijib MOXET MOJTHOCTBIO MCUYE3HYTh. TaKoif BADHAHT HOCUT
3JIOBellee HA3BAHUE PEUUPKYAAUUA 00 YHUYMONCEHUS.

Tsxenblit KpeKMHT-Ta30MIb MOXHO HCITONB30BAaTh KAK ChI-
pbe IUIST TEPMUYECKOTO KPEKHMHIa MM KaK KOMIIOHEHT ocTa-
TOYHOrO ToIUIMBa (Masyrta). Jlerkuil rasoiinp SBAsiETCA XOpO-
UMM KOMITOHEHTOM [IH3EJbHOTO M TUCTHJUISATHOTO TOIUIMBA,
a KpEeKUHT-0eH3UH CIyXHMT 3G PEKTHBHHIM KOMIIOHEHTOM aB-
TOMOOMJIBHOTO OEH3UHA.
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I'panuia Mexny 6eH3uHoOBOM (pakuueil u ppakumeit jer-
KOTo Ta3oijisl He siBJifgeTcs cTporo pukcuposanHoii. Ilepeme-
LIEHHE 3TON IpaHULbI MO3BOJAET PEryAHpPOBaTh COOTHOLIE-
HHe MeXny OeH3MHOM U IMCTH/UIATOM B 3aBHCHMOCTH OT
BpeMeHH roga. Korna HacTymaeT 3SUMHHI OTOTIMTENBHBIN ce-
30H, MHOTUe HedTenepepabaThIBAIOILUE 3aBONbI MEPEXONAT
Ha peXUM MaKCUMAAbHO20 Koaudecmea ducmunaama. J1ns ato-
ro M3MEHSIOT TOYKY BBIKMIIAHMSA ISl KpeKMHIr-OeH3MHa, TaK
4TO6H GoJIbLIee KOIHYECTBO MPOAYKTA MONAI0 BO PpaKIIHIO
Jierkoro rasoiinst. JletoM, 4ToObI MEPEHTH HA peXUM MAKCU-
ManbHOo20 Koauwecmea OeH3uHa, TPaHULY Mexny bpakKuuaMu
CIBUTAIOT B MPOTHBOIIOJIOXHOM HAaIlpaBJIeHUH.

BepxHue NMOTOHRI, BLIXOIAIINE U3 peKTHIUKAIIMOHHOM KO-
JIOHHBI KPEKMHTa, OTIMYAIOTCS IO COCTaBY OT JIETKHMX (ppak-
LW, TONYYAIOLIMXCA MPH peKTHPHUKALHMH chipoit Hedru. B
npoluecce KpeKMHIra obpasyloTcsl oledHHbI, HO3TOMY ITOTOK
YIJIEBOZOPOMHBIX Ta30B CONEPXHT HE TOJBKO METaH, 3TaH,
fiponaH ¥ GyTaHbl, HO TaKXe BONOPOX, STWIEH, NMPOIWIEH H
OyruneHbl. M3-3a 3THX OOMOJHMTENBHBIX KOMIIOHEHTOB Kpe-
KHHT-Ta3 HaIpaBJISIOT A pa3fie/ieHHsI Ha YCTAHOBKY @pakyu-
OHUPOBAHUA KpeKuHe-2a3ad. B 3TOM COCTOMT OTJIMYHE OT rasa,
[TOJIy4EHHOI'0, HAIPUMEP, NMPH peKTHGUKAIIMKM ChIpoil HedTH
(a Takke, KaK MBI YBUIUM IO3Xe, IPH IMAPOOYHCTKE, T'HI-
pokpeKknHre, pudOopMHUHTe U T.O.), KOTOPBIH COAEPXHT TOJNb-
KO HACHIIIIEHHBIE COeCAMHEHHs. B mociemHeM ciaydae ras Ha-
MPABJISIOT HA YCTAHOBKY (DPAKUUOHUPOBAHUA HACBIUEHHO20 2a3d.
H3z06yran, miponwieH U OYTWICHBI, MOMYYEHHBIE C YCTAHOB-
KU KaTaJIHTHYECKOTO KPeKMHIA, OKAa3bIBAIOTCA ITOJe3HBIMH
IJIS TIpoliecca ATKHIMPOBAHHMS, B KOTOPOM 3TH OJIepHHEI IIpe-
BpalaloTC B KOMIOHEHTH KOMITAYHAHPOBAHHOTO GEH3HHA.

Bce y3apl yCTAHOBKH KAaTAIHTUYECKOTO KPEKHHIA, COelH-
HeHHble B O6IIyI0 cHCTeMy, ITOKa3aHbl Ha pucyHKe 6.4. O6-
paTtuTe BHUMaHHe, YTO B CHCTEME HMMEETCS IBA LIMPKYJIHPY-
IOIHX HOTOKA. B JieBoit YacTH pUCYHKa KATATM3aTOP BHIXOIUT
U3 30HbI PeaKlMH, IIPOXOIUT pereHepaldio U CHOBA BO3Bpa-
11aeTcs B 30HY peakiind. B mpaBoii yacTu yrjieBogOpOIbl BXO-
IAT B CHCTEMY M YXOISAT U3 Hee, HO 3a CYeT (ppakUMH pelup-
KYJIMPYIOLIEro Ta30iijisi HEKOTOPble KOMIMOHEHTHI MTOCTOSTHHO
LIMPKYJTHPYIOT B CHCTEME.
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Boixoabl NPOAYKTOB KPEKHHTA

3amayeil KaTaIMTUYECKOro KpeKMHra SBJsieTCH IIpeBpa-
LIEHWE TAXENOro rasoiist B 6eH3uH U Gosiee Jierkue ¢pak-
uud. Huxe npuBedeHb THIIMYHBIE BRIXOOH MPOAYKTOB, KO-
TOpBIE TIOKA3bIBAIOT, B KaKoi Mepe 3Ta Hedb NOCTUraercs.

Coipbe: O6beMHble %
Tsxenbiii rasoitib 40,0
Jlerkast ppakuus BaKyyMHO#H IeperoHKH 60,0
Peuupkynupyioumii raszoitnn (10,0)*
Bcero: 100,0
ITponyxTsi:

Koxc 8,0
a3 35,0
KpexuHr-6eH3un 55,0
Jlerkuit KpeXHHT-Tra30iIb 12,0
Taxensiit KPEKMHI-Ta30iJIb 8,0
Peunpxynupylomuii ra3oitib (10,0)*
Bcero: 118,0

* IupKynupylomuii MpOOYKT HE YYHUTHIBAICA TPH TOACHETE CyM-
MapHoOro obnema.

ITockonbKy peUpKYISLHHA BEIEeTCS 10 IOJHOTO HCYE3HO-
BEHHS, MPOCTask CXeMa KATATHTHYECKOro KpeKMHra He y4M-
THIBAE€T €ro HM Ha BXxode, HYM Ha Bbixome. OmHako Oolee
BaXHBI pe3y/IbTaT, & UMEHHO, yéeruyenue obsema, OTIETIH-
BO BHICH. JleiicTBUTENBHO, CYMMa OOBEMOB ITPOAYKTOB, Bbi-
XOOAIIMX C YCTaHOBKH, cocTasiiseT 118% or o6beMa Chiphd,
TOCTYIIAIOIIEr0 HA YCTAHOBKY. DTO HH B KO€ii Mepe He CBfA3a-
HO C HHMPKYJHPYIOLIMM IOTOKOM, a OIIpedeNAeTcs TONbKO
COOTHOLICHHEM IIJIOTHOCTEH MpPOAYKTOB M ChIpbsA. Ecau Gbl
MbI H3MEPSUIH BBIXOJ B BECOBBIX, 3 HE B OOBEMHBIX ITPOIIEH-
TaxX, CYMMapHO€ KOJHMYEeCTBO MPOIAYKTOB OKa3aJloch OBl paB-
HbIM 100%. Ho mockonpKy GOJBIIMHCTBO HePTEIIPOLYKTOB
MPOJAIOT Mo 0GBbeEMY, @ He IO BeCy, HX KOJHYECTBO OOBITHO
BHIPAXAOT B 00beMHBIX efMHHULIaX. VI ITOCKONBKY BO BpeMs



64 NepepaboTrka HedTH

l'asm

I KpekuHr-

OeH3uH
—

—

\ e Jlerkmit
KPEKMHT -

rasomnb
e

—
Taxennrit

KPEKMHTI-
rasoiinp

©
-

]
T
=)
=
8
X
=
§

| KOJIOHHA

Bo3snyx

Peumpkynu-

pyroLHii
rasoijib

Caexuit
KaTaIH3aTop
P~

\Cnippe Choipbe
o N —

Pre. 6.4. YcTaHoOBKa KaTalMTHYECKOTO KpEKHHTa.

KPEKHMHIa IIPOMCXOIAT IMPUKIIOYEHHA C IJIOTHOCTHIO, BBIXO-
Jibl IPOAYKTOB IMOKA3BIBAIOT 3HAYHUTENbHYIO NpHOaBKy. WHoT-
Ia 3Ta mpuOaBKa CTAHOBUTCA HABA3YMBOM MIeeill HedTemepe-
paboOTYMKOB, H OHH CTapalOTCs «pa3fyTh Gappeib».

IIapameTpni nponecca

OOBIYHO YCTAHOBKA KATAJIMTHYECKOro KpeKuHra pabora-
€T, 110K He JOCTHraeT Ipeaeia CBOMX BO3MOXHOCTEH B OT-
HOIIEHHMU BBIKUTAHHSA KOKCAa. ITO MOXET MPOM30HTH pas-
JIMYHBIM 00pa3oM, HO CTAHOBUTCS OUYE€BUAHBIM, KOTAA HAYM-
HaeT majgaTh Bbixoh OeH3uHa, a KoauuectBo rasoB C,~ win
TSDKEJIOro ra3oilis Mpy 3TOM HAYMHAET BO3pacTath. BeIXombl
MPOIYKTOB ¢ YCTAHOBKH KPEKHHTa 3aBHUCAT OT Pa3HBbIX ¢ak-
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TOpPOB, B TOM YHCJI€ OT KA4yecCTBa ChIPbs, TEMIIEpATypH B
peaKkTope, CKOPOCTH MOHAYM CHIPbS M CKOPOCTHU LMPKYJIsi-
LHMH, U, YTO YAMBUTEIBHO, OT BPEMEHU CYTOK U TEMIIEPATy-
Pbl OKPYXaIOLIero MpOCTpaHCTBA.

Kavecmeo cuipva. Peakuusi KpeKMHra BecbMa CIIOXHA, U
CYLLECTBYET JOCTATOYHO MHOTO NAaHHBIX, KOTOphle MOTYT OBITH
HCTOMB30BAHbl IS NpeICKa3aHUsl BLHIXONOB Ha OCHOBaHUM
PazxTUYHBIX XapaKTepUCTHK ChIpbsi. BaXHBIMU XapakTepHcTH-
KaMH ABJSIOTCS IJIOTHOCTD CHIPhSl M COAEPXaHUE B HEM Ia-
padpuHOB, HadhTEHOB M apOMATHKH.

Temnepamypa 6 peaxmope. UeM Bolllle TeMITepaTypa, TEM
UHTCHCHBHEE MPOTEKAaeT peakiys KPEKUHTra, HO B KaKoi-To
MOMEHT KOJIMYE€CTBO 00pa3yloUIMXCs ra3oB pe3Ko BO3PacTaeT
3a CYET YMeHbLIEHUs KojiMyecTBa GeH3UHa WIM JIETKOro ra-
30i1A. ONTHMAaJIbHAS TEMIIEPATYPa B PeaKTOpe OIpeneIsIeTCsI
9KOHOMHYECKHMH COOOpaXeHHUAMH.

Cxopocmu nodauu coipbs u yupkyasyuu. CIUIIKOM BBICOKAS
CKOpPOCTb MOAAYM IUIOXO CKAa3bIBaeTCs Ha BHIXOHAX, MTO3TOMY
cienyet cobmonath 6ajaHc ¢ 06beMOM OCTaTKa OT ¢pakiUu-
OHHMPOBAHHUA, KOTOPbII NGO HAMPABISIIOT HA LUUPKYJIALHIO,
JH60 OCTaBIAIOT BO PpaKUUK THKEIOT0 KPEKWHI-Ta30isl.

Bpemsa cymox u memnepamypa. Ins perenepauuu otpabo-
TaHHOTO KaTalh3aTopa 4Yepe3 pereHepaTop HOCTOSHHO IIpo-
NMycKaloT Bo3ayx. Eciu TeMreparypa Bo3OyXa 3a IpesejaMH
YCTaHOBKHM MOHWXAETCS, BO3LYX CTAHOBUTCA OoJiee IUIOTHHIM.
Tak KakK Hacochl, MoJaiolile BO3AYX, paboTaloT MpH MOCTO-
SIHHO! CKOPOCTH, TO B AE€HCTBUTEIIBHOCTH XOJIOLHOTO BO3AY-
Xa B pereHeparop nonaetcs 6oJblile, 4eM Terwioro. Yem 60ib-
e Kuciopona, TeM Oonbllie KOKCa BBIKHIAeTCH C MOBEPX-
HOCTH Katanu3aropa. YeM cBexee Karaamsarop, TeM addek-
TUBHee peakuus. YeMm s¢ddexkTuBHEee peaxius, TeM GoJjblie
nojyJyaercs OeH3MHA. ABTOMaTH4YeCKas 3aNMCh NapaMeTpPoOB
npouecca JeHCTBUTENBHO MO3BoJsAeT 3apHUKCHPOBATh OTKIIO-
HEHMS CTPEJIOK: HAIlpMMep, HOYbIO, KOTa TeMMeparypa Bo3-
IyXa HUXe, BBIXOMAbI MPOAYKTOB OKA3bIBAIOTCS Bbimie. JHeM,
KOTla CTAaHOBHTCS XapKo, BbIXOABI MamaioT. To Xe camoe
OTHOCHUTCA K pe3yJbTaTaM, MOJYYeHHBIM 3MMOI M JIeTOM, H
3TO yXe€ MJO0X0, IIOTOMY YTO NMOTpeGHOCTH B OeH3HHE BHILIE
KaK pa3s JIeTOM, KOTHa BBIXOObl CHHXAIOTCS.
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Puc. 6.5. TexHonornyeckasa cxeMa HedrenepepaboTKu:
1 — npAMOroHHHI# GeH3UH;
2 — nipAMOTOHHasA HadrTa,
3 — npAMOroHHEIH KepocHuH;
4 — npAMOTOHHBIN Nerkuii ra3oiiib,
S5 — NpAMOTOHHBIH TSAXENbI ra3oilib;
6 — nerkas dpakumsi BaKyyMHOMU ITEPEroHKH;
7 — GeH3MH KaTaIMTH4YeCKOro KpEeKMHra;
& — nerxuii rasoitb KaTAJIMTHYCCKOro KPEKHHra;
9 — TaXenpl ra3oiip KaTATMTUYECKOTO KPEKUHTa.

Pesrome. C TOYKM 3peHHUSA TEXHONOTHH, YCTAHOBKY KaTajlH-
THYECKOI'0 KPeKMHIa MOXHO YCIOBHO M3006pa3uTh Ha oOueii
TEXHOJNOTHYECKOi cxeMe HedremepepabaTHIBAIONIEro 3aBOAA
KaK HeKH# UK C BXONSILIMM ChIphEM ¥ BBIXOHSAIIUMH IIPO-
IykTamu. JIo JaHHOTO MOMEHTA MBI YCTIEIH PACCMOTPETh PEK-
THOHKALKIO ChIpoit HeTH, BAKYYMHYIO MEpPEroHKYy M KaTa-
AUTHYeCKHMt KpekuHr. Ha pucyHke 6.5 mokasaHo, KaK Bce
3TO BHIFISANHMT B KoMIUleKce. KpoMe Toro, Ha 3TOM PHCYHKE
NpUBEJECHBI COKpPAIlIEHHUsI, KOTOPEIe MBI OYAeM HMCITOIb30BaTh
B JaJIbHEHIIIEM.
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YIIPAXHEHUA

. 3anoJHUTE MpPOIYCKH:
. YcTaHOBKAa KATAIATHYECKOr0 KpEeKHHra BKJIIOYAeT ABa
HUPKYJUPYIONIMX NOTOKAa. B omHO# YacTH yCTaHOBKM 3TO

, @ B Apyroit —

. Ha nonepxnocm oTpaboTaHHOIO KaTajJn3aTopa OTKJIalIbI-
Baercs . B npouecce perenepauuu oH yaa-
JeTCd 3a CYET peaKkiHH C ¢ obpasoBa-
HHEM " .

. 3amaya KaTaiMTHYECKOro KpeKHMHra — IpeBpallieHHe

B .
Chipbe KAaTAIUTHYECKOTO KPEKHHra OGBIYHO IOCTYIaeT C
YCTAHOBOK u

COlIepXaTcsd B KPeKHHI-ra3e, HO He CO-
JepXarcs B IMTOTOKAX HACHILIEHHOTO rasa.

. OcraToK oT (paKuHOHHPOBAHUS NMPONYKTOB KATATHTUYEC-
KOro KpeKHHTa HAa3bIBaeTCs U OOBIYHO
3a CYeT CMEHIUBAHUSA C CHIPHEM.

. Acnonp3yiiTe ycnoBUA M OTBETH U3 MpeAbIXyLUIMX IJIaB, a
TaKKe JaHHbIE MO BbIXOAAM MPOLYKTOB, IIPHBEAECHHBIE B
aToil rmaBe. IIpeAnosoXHM, UTO ChHIpbeM ISl KpeKHHIa
ABNSIETCA BCS BEPXHAA Ppakiius, MOMYYEHHASA C YCTAHOB-
KA BaKyyMHOH IE€peroHKHM, U BeCh MpSMOTOHHBII TsKe-
JIBLA ra3oiuth (dpakius MeXny NpsIMOTOHHBIM JIETKUM ra-
30iJIEM H OCTaTKOM, HMAYIIIHMM Ha BAKYYMHYIO II€PETOHKY).
CKONBKO JIErKOTO KpPEeKHHI-Ta3oiiisa OymeT mojiydeHo Ha
YCTAHOBKE KATAJIUTHYECKOTO KpeKHHra?

. ITpu3HakoM TOTO, KAKUMH CHOXHBIMH MOTYT OBITH OIle-
pauuu HedrenepepaboTKH, ABAAETCS YHCJIO BO3MOXHBIX
crnoco0oB, KOTOPBIMH MOXHO U3MEHUTb 00BEMBI IIOTOKOB.
HasosuTte 1ectb crioco6oB yBeJIMYeHHs] 00BEMa JIETKOTO
KPEKUHI-ra3om.




Vil
TASO®OPAKIIMOHUPYIOUINE
YCTAHOBKH

... omdeaum oOnux om dpyzux,
KaK nacmupb omdensem oeey om Ko3n08.

Eeanzeaue om Mamdgesn, 25:32

IloutH Bce ycTaHOBKM Ha 3aBOJ€ NMPOU3BOJAT B HEKOTO-
poM KonndecTBe OyTaH M Ooee JierKue YriieBoAOpOIHBIE Tashl.
IlepepaboTka raza — He OCOOCHHO KpacoyHass onepauus,
BO3MOXHO, IIO3TOMY B 3TOi O6GNAacTH UCHOJB3YIOTCS TaKHe
3K30THYECKHE Ha3BaHHsA, KaK, HAIpUMep, «Tolllee» MAacio,
«KHpHOE» Maclo,* «ryb4yaroe» Macio, pasaeuTeNIbHbIA a6-
copbep u 1.4. Bea cucreMa HasbiBaeTcsl ra30ppakKHOHHPYIO-
1eit ycraHoBkoii (IT'DY).

Ha coepemenrom 3aeode, pacnosazaioujemM KOMNAEKCOM pa3-
HOOBPa3HbIX NPoyeccos8, NOMOKU y2ne8000POOHBIX 20308 CO BCeX
YCMAHOBOK HANPABAAIOMCA NpedsapumentHo Ha 2a3o@paxiyio-
Huposanue. Kawcowii u3 eixo0HbIX nomokoe umeem ceoe Ha-
3navenue. Tazoghpaxyuonuposanur obuuno npedwecmsyrom npo-
yeccol OMUCMKU (8 OCHOGHOM, OM CePHUCMbIX COeOUHeHull) u
ocywku 2a3oe. — Ilpum. peod.

Ycranoska GppaKuHOHHPOBAHHSA HACHIMIEHHOTO rasa

I'a3p1, oOpasyiomuecss B GOJBIIMHCTBE MPOLIECCOB, COOEP-
XaT TOJBKO HACHUjeHHbe COeOUHeHUs: METaH, 3TaH, IMPOIaH,
Oytanbl (H-6yTaH ¥ M3006yTaH) ¥ uHorma sonopod. CiIoBo Ha-
chliieHHbie 03HAYAET YIVIEBOXOPOIBI, He colepXauine JBOWHBIX

* Taxkue OpUrHHAJIbHBIE Ha3BaHUA MCIIONbL3YIOTCA Hedrenepepabor-
ynkamH B CoenrHeHHbIX IllTatax. B PoccuH Te Xe caMeie NpOAYKTHI
Ha3BIBAIOTCA MHaue — OTOEH3WHEHHOe abCOpOIMOHHOE Macio M
HachllieHHOe abcopGLMOHHOE Maciio. — Ilpum. nepea.
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CBsA3eil. DTO 3HAYMT, YTO BCE ATOMBI YIJIEPOAA B HX MOJIEKYJIAX
HacblllleHbl aTOMaMU Boiopona. Takue ra3bl HaIlpaBisIoTCs Ha
TI'®Y nacwiyennozo 2aza. JIpyroii TUI ra30Boil CMECH CONEPXHT
Takke oneduHbl (3TWIEH, mporwieH 4 OyruwreHbl). Takas
cMech Hampasisiercss Ha @Y kpexune-eaza. Ilepepabotka Bo-
Iopoza U cepoBofopona Tpedyer creundryeckux onepauui,
KOTOpBIM MOCBSIEHA OTAebHAs riaBa (rnaBa XV).

Pa3sneneHue razoB Ha KOMIIOHEHTH! MpeACTaBAseT coOoit
3HaYuTeNbHO Gojiee TPyOHYIO 3afaqy, YeM pasfesieHUE Chbi-
poii HedTu. BcriomMHuUTE, YTO KaXnbiif U3 3TUX ra3oB SBASET-
cA WHAMBHUIAYATbHBIM XMMMYECKMM COCAMHEHHEM M HMeeT
CBOIO TeMIieparypy kumeHus (1abn. 7.1). TaxuMm oGpazoM,
HHMKAKHX XBOCTOB HJIH HEYETKOro pasiejieHHsAs Ha 3TOT pa3
6bITh He noixHOo. ITosToMy pekTH(hUKALMOHHbIE KOJOHHbI
IUIsl pa3fesieHus Ta30B COAEPXAT OrPOMHOE YHCJO Tapesok,
a opollleHHe M MOBTOPHOE MCNapeHHe MPOU3BOAATCS MHOIO-
KpaTHO.

Ta6mmma 7.1. Hekorophie cBOifcTBa HU3KOKHIISIINX PpaKimii
CoennHeHne Bpyrro- T. xkuneHus* InoTHOCTH**
dopmMyna °C (°F) Ibs/gal. (r/cM3)
Bonopon H, —253 (—423) —
Meran CH, —161 (—258) 2,5 (0,3)
BraH C,H —88 (—127) 2,97 (0,35)
STHNEH C,H, —103 (—155) 3,11 (0,37)
IMporan C;H; —42 (—44) 4,23 (0,5)
TIponunes C;3H; —48 (—54) 4,37 (0,52)
H306ytan +H)o -11,7 (11) 4,69 (0,56)
H-Byran 4H o -0,5 (31) 4,87 (0,58)
H3006yTined C,Hy —6,7 (20) 5,01 (0,6)
H-ByTnieHsl
Byren-1 C4Hg*** —6,1 (21) 5,01 (0,6)
TpaHc-Byren-2 C4Hg 1,1 (34) 5,09 (0,61)
unc-Byren-2  C4Hyg 39 (39) 5,23 (0,63)
* IIpu atMocepHOM aBIEHHH.
** [Ipu arMocdepHoM garieHHH U 15,5°C (60°F).
**+* CyliecTBYeT TPH Pa3HYHBIX H-OyTHIcHa, Bce HMEIOT OXHHAKO-
Bylo dopmynty C4Hg, Ho pa3Hbie CTPYKTYPH M pa3Hbie CBOICTBA.




70 NepepaboTtka HedTH

JIpyrasi CIOXHOCTb CBSI3aHA C 3aBUCHMOCTBIO TeMITEpPaTy-
Pbl KHIIEHMS OT AaBlIeHHUA. 3HeCh CUTYalllsi TPOTHBOIOJIOXHA
CHUTYAIlUH MPH BaKyyMHOi neperoHke. YToObl 4acThb ra3oBoit
CMECH NpEeBPaTWiaCh B XHUAKOCTb — YTO MNPUHIHITHAJIBHO
JUTSL Pa3rOHKH — HYXHO JH0O CHJIBHO OXJIaJUTh CMECh (CM.
Ta6a. 7.1), 160 3HAYUTETHHO YBEIUYHTD HaBleHUe. OObIYHO
IEJIaloT U TO, U APYroe.

HachieHHbIH ra3, BHIXONAIIMIA C YCTAHOBOK M IIOCTyMa-
101Kl Ha GPaKIHOHHPOBAHUE, MPOXOAMUT CICAYIOIINE CTaH-
IapTHBHIE OTepanMu:

1. Cxcamue. I'a3bl, HaxonsAIIHeCS MTPH HU3KOM JABIEHHH,
cXMMaloT 1o aapiaenusa 200 psi (14,06 at™m).

2. Pa3denenue ¢a3. TIpu BHICOKOM AABIEHUH HEKOTODBIE
rasbl CXUXKAIOTCA, 1 UX MOXHO OTHEIMTH B CENaparope.

3. A6copbyus (nornomenue). OcTaBuinecss rasbl MON BbI-
COKHM [aBJICHHEM HAMNpaBISIOTCA B pazdeaumenduiii abcop-
6ep (moraotutend). Ha BepxHIO TapelaKy abcopbepa momaoT
HadTy, KoTopas pocayuBaeTcsl BHU3 1o KonoHHe. [To mopo-
re oHa cobupaer (aGcopOupyer) GOJBIIYIO YACTh MpPOIaHA U
OyraHa, ocTtaBmMxcs B rasoBoif ¢aze. Hadry, cobpasmyio
3TH Ta3bl, HA3bIBAIOT HACHIUEHHBIM AGCOPOUUOHHBIM MACAOM.
CooTBeTcTBEHHO HahTa, KOTOPYIO IMOJAIOT B BEPXHIOI YacTh
KOJIOHHBI 151 aGcopOuuHU MponaHa ¥ OyTaHa, Ha3bIBAIOT OMm-
bensunennbim abeopbyuonnbim macaom (Bbl TIOMHUTE, YTO aMe-
PHKAHIIBI Ha3bIBAIOT HX «KHPHOE» MACJIO H «TOIIEE» MACJIO)
(puc. 7.2).

I'a3006pa3HEbIit
Hacmmcrmbm ras

200 psi I

Komnpeccop ) Cenapar
ernaparop
20 psi f

I'a3 ¢ ycraHOBOK

>
CXMXEHHBIH
HacHILIICHHBI ra3

Prc. 7.1. Cxarue u pasgeneHue das.
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OTaH U GoJee nerkue
KOMTIOHEHTBI

Toluee Macno

(&)

Hacpimennmii ras , -

[—— — == PasmenurtenpHbIi
abcopbep

KupHoe macno
(C3, C4m Cy)

Pnc. 7.2. AGcopbuys.

4. Jebymanuzayus (otoeneHue 6yranHa). OOGoralieHHoe
(KMpHO€) Maclo ITOCTYIMAaeT B CAEHYIOLIYI0O KOJNOHHY, KOTO-
PYIO Ha3BIBAIOT JeGyTaHU3aTOPOM. B 3TOI KOJIOHHE MpPOMaH U
O6yran otnensiorcs oT HadTel. Ilockonabky HadTa HayuHaer
KUIETh NMpHU TeMieparype okoio 80°C (180°F), a O6yraH Ku-
nut npubausurensHo npu 0°C (32°F), To OHM AOBOJBHO
JIeTKO pasfensiores (puc. 7.3), ropasmo aerde, YeM OyTaH u
MPOMAaH OTHENSAIOTCA OT 3TaHA B PEKTHU(UKALIMOHHON KOJOH-
He. XKunkas ¢pakiysa U3 cenaparopa TakKe HallpaBiIseTcs B
IeOGyTaHU3aTop.

5. Jlenponanuzayus (otoeneHue mponana). CMech yrjieBo-
goponoB C3;—C, pa3fessiioT B BHICOKOW KOJIOHHE, Toe Ipo-
NaH YXOXMT KaK BEPXHSS (paKIms.

6. Jeuzobymanuszayus (otneneHue uzobyrana). B stoit ko-
JIOHHE pa3fensoT 6yTaHbl. Tak Kak TOUKHM KMIEHUs H-OyTaHa
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Puc. 7.3. OtaencHue GyraHa, NpomnaHa 1 N300yTaHa.

U H300yTaHa oyeHb OJM3KH, TO 3¢PPEKTUBHOE pasaeieHHe
TpebyeT GONBILIOro KOMMYECTBA TapeloK. Jen3obyraHusarop
OOBIYHO — caMasi BHICOKAsi KOJIOHHA Ha ['QY.

7. I'ybuamas a6copbyus. Korna orbeH3uHeHHOE Maciio (To-
Mt abcopOeHT) mopaercss Bo dpakUMOHUpPYIOWUH abcop-
0ep, BO3HHKAET AOMOJHUTE/IbHAs Tpobiema. Hekotopele koM-
IIOHEHTBl 3TOoro Macna, o6bryHo remnraH (C;H,q) M okran
(CgH,3g), ucnapsiiorcs 1 MOAHUMAIOTCSA BBEPX BMecTe ¢ 6o-
nee nerkuMu KoMrmoHeHTaMH (C;—C,). UToObl u3BIeYb 3TH
BELLECTBA, BEPXHHI MOTOH MOJaeTcs B HUXHIOK YacTb IO-
MOJIHUTENBHON abCcOpOLMOHHON KOMOHHEI, a o4epenHoe 60-
Jiee TSDKeJIoe «Tolilee» MAacjo, KOTOpoe Ha 3TOT pa3 HasbiBa-
eTcst eybuamoe macao, nongaercsi ceepxy. I'ojoBHO# noroH B
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«Cyxue» ra3n C,—C,
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Puc. 7.4. I'youaras aGcopOrus.

3TOM CJIydyae — B OCHOBHOM CyXOif ra3, COCTOSIIMN H3 yIje-
BogoponoB C,—C,, a octaTok — 3TO, B OCHOBHOM, Tolliee
MAacyio, KaK MOKa3aHo Ha pUCYHKe 7.4.

Opakiuuio C;—C, o6bIYHO HE PA3AENSIOT, 4 UCIOMb3YIOT
Ha HedTenepepadaTHIBaIOLIEM 3aBOAE KAK TOILUIMBO. OXHAKO
MHOIZA 3TaH MOXEeT IMoTpe0oBarhbCs KAK ChIpbe HA XHMH-
YecKOM 3aBOIE€, M TOrJa IPOBOAAT HEITAHHM3ALHMIO CMECH
C,—C, B IONOJIHUTEIbHOH KOJOHHE.

Ha pucyHke 7.5 rnoka3aHbl Bce CTaIUM pa3geieHHsT HACHI-
IIIEHHOTO YI/IeBOAOPONHOrO ra3a.

Ha3nauenne

3ayeM HYXHO pasfnensaTh Bce 3TH rasnl? Jeno B ToM, 4TO
KaXAblii U3 HUX Hallesl CBOI0 COOCTBEHHYIO 00JIacTh IMpHMe-
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Prc. 7.5. YcranoBka GppakuiHOHMPOBaHHMA HACHILIEHHOTO Ta3a.

HeHUs B HedTenepepabaTeiBaiolleil mpoMeIUIeHHOCTH. [o-
3ToMy Hauboueluass 3¢P@PeKTUBHOCTh HepepaboTKu HedhTH
MOXeT OBITh HIOCTUTHYTA, TOJBKO €CJIH BCe KOMIOHEHTHI HC-
MONB3YIOTCA 110 HA3HAYEHHUIO.

H3o6yman. TlpakTHyecKHM IONHOCTHIO HMPHMEHSETCA KakK
ChIpbe LIS ANKWIMPOBAHHUA M M3peNKa — KaK KOMITOHEHT
HpH MOJTyYeHHH KOMITAYHIUPOBAHHOTO aBTOMOGHIBHOIO GeH-
3MHA.

H-Byman. TIOYTH TOJMHOCTBIO MCIOJIb3YETCS KaK KOMIIO-
HEHT aBTOMOOWIBHOTrO GeH3MHA. braromapst BHICOKO# JeTy-
YeCTH, OH IOJjie3eH IJisl 3arycka IBUTaTelieil B XOJOMHYIO
MOroxy, MPH 3TOM OH OCTaeTcs B OEH3MHE B PacTBOPEHHOM
BHIe W TOYTH He HcrnapaeTca. HekoTropoe KoJaHYeCTBO
H-OyTaHa HCIONb3YeTCS] KaK XHMHYECKOe ChIpbe WM KakK
TOILIUBO.

Iponan. B CIIA nponaH sIBjisseTCsl OCHOBHBIM KOMITOHEH-
TOM cXmXeHHoro HedtaHoro raza (LPG). IIpumepro 10%
LPG, nocrynaioiiero B IpoAaxy, COCTOUT u3 OyTaHa WK
ABJIAETCS MporaH-0yTaHoBOM cMechio. IIponaH Kak TOIUITMBO
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0o0namaeT HEKOTOPBIMU YHHMKAJIbHBIMU CBOMCTBAMH, MOJIE3-
HBIMH 11 MHOTHX obnacreii mpuMmeHeHnss. OH MoXeT GbITh
CXVXEH MPH pa3’yMHBIX TEMIlepaTypax W AaBJICHUSIX, 4TO Je-
JaeT ynoGHOH ero TpAaHCIOPTUPOBKY, OCOOEHHO B aBTOLMC-
tepHax. [Ipu oOBIYHBIX TEMITEpaTypax IpoIaH JIETKO Huclaps-
€TCsl, TTO3TOMY €ro yIOOHO CXHraTh B Ta3oBBIX ILIUTaX, JO-
MalHuX nevax U T.4. [lponan Takxe 4acTo UCMOAb3yeTcs KaK
XHMHYECKOE CBIpbE.

Bman. EnyiHCTBEHHAsI 00ACTh MPUMEHEHUS 3TaHA, pagu
KOTOpOil ero M OTHENSIOT MpH Hedrenepepaborke, — 3TO
KCIIOJIb30BAHHE B KAYECTBE XHMHYECKOIO CBHIpbs (CM. InMa-
By XVIII «IIpousBoacrBo sTmwieHa»). Bo MHormx ciayvasx
3TaH OCTaBJISIIOT BMECTE C METAHOM.

Meman. HedrenepepaboTUMKU HEHACHITHHI B OTHOIIIEHHH
TOIUTHBA. MeTaH ¢ yIOBOJBCTBHEM CXKHIAIOT B IleYax Ha Bcex
YCTaHOBKAaX HedTenepepabaTHIBAIOLIETO 3aBOJA, a TAKKE B
3aBOICKMX Nevax IS MOJyYeHHS IeperpeToro BOASHOrO Iapa.

¥Ycranoska (PpaknHOHHPOBAHAS KPEKHHI-ra3a

I'a3zoBbie cMecCH, BHIXOAALUME C YCTAHOBKM KAaTaJIUTHYEC-
KOTO KpeKHHTa WIHM IPYTHX BHIOB KPeKHMHTa, COIepXaT oje-
bHHBL 3TUIIEH, MPONUAEH U OyTHIIEHH. DTHIEH OOBIYHO He
otaensioT ot obuelt ppakuun C,—C,, KOTOpyIO OTIpaBJIi-
10T B Monauenyio cucmemy 3a6o0a. Ero MOXHO OTIENUTH, €CIH
OH TpebyeTcsl KaK XHMHYECKOE ChIpbe.

Ha HedrenepepabarsiBaroilieM 3aBole HpOMUIeH U OyTH-
JIeHbl OOBIYHO MOJAIOT HA YCmawoeky aakuaupoeanusn. Hns
yooOcTBa Tyaa Xe HampaBiasioTcs napaduHBI — IMPOMaH U
OytadH, u yxe Tam ux otmeasior (rimaBa VIII). Bo3amoxHo
TaKxXe IOJHOE pa3fiejieHHe KOMIIOHEHTOB TAKMM Xe€ obOpa-
30M, KaK pas3feisaioT KOMIIOHEHThl HACHIIIEHHOro rasa.

Bonopon

Ha HedTtenmepepabaToiBaliolieM 3aBOJe HMEETCA HECKOJb-
KO TMpOLIECCOB, MOTPEOIAIOIMX BOLOPON: TMAPOKPEKHHI H
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HECKOJIbKO BapHaHTOB MAPOOYMCTKH. HekoTopbie razoBbie
CMECH, B YACTHOCTH CMECh, NIOCTyMalollasi ¢ YCTAHOBKH pH-
topMuHra, cogepxar 6oJblI0oe KOAKUECTBO Bogopona. Yacro
pHOPMHHI-ra3 NOABEPraloT CXAaTHIO TIOCJE pasAesieHHs, H
Ha 3TOM CTaAMM MOJYYAIOT 6000POCHbIE KOHYeHmpam, KOTO-
pbiit sBnsetcs cMecbio H, 1 CH4 M MoXer ucnonb3oBathesl B
KayeCTBe BOXOPOIHOIO CHIPbA.

HononHurenpHbie KOJIWYECTBA BOAOPOAA NMPH HEOOXOAM-
MOCTH MOXHO MOJYYHTb CNELHANbHO, €CJIH Ha 3aBOAE €CThb
YCMaHo8Ka 043 nNoAy4eHus 6000pooa, KOTOPYIO HHaYe Ha3biBa-
IOT YCTAHOBKOM i1 KOHBEPCUU MemaHa ¢ 800AHLM NApOM W
KOTOpas OyneT obcyxnarbcs B riase XV.

Cknaackoe oGopynoBanne

IMpyuio BpeMsi MOroBOPHUTH O HOBOJBHO CIELU(PHIECKOM
060opynoBaHHH, KOTOpoe TpeGyeTcsl Wisi XpaHeHus HedTesa-
BOJACKHX ra3oB. BciaenctBue eTy4eCTH M HU3KHX TEMIIEpATYD
KHIIEHHsI 3THX TIPOAYKTOB, HX NMPHUXOAUTCS XPaHHUTb B CXKH-
)K€HHOM BH/I€ B CIIelIHAIbHBIX KOHTEfHepax Moj JaBjIe¢HHEM.

Meman (1 3TaH, KOTOpbI He HanpasAe€H I HCIOJb30-
BaHHMS KaK XHMHYECKOE Chipbe) OOBIYHO He XpaHAT Ha Hed-
TenepepadaTpiBaloIEM 3aBOJE, A HANPABISAIOT B TOIUIMBHYIO
CHCTEMY cpa3y nocie noiayuyeHusa. Cucrema cHaGXeHa ypas-
HumeabHbIMU Gaxamu, KOTOpble MOTYT HAKaIUIMBaTh HEKOTO-
pO€ KOJIMYECTBO ra3000pa3HOTO METaHA Ha KOPOTKHE MepHO-
Jibl BO BpeMsi CMEHBI TEXHOIOIHYECKOro pexxuma. Kpome toro,
BCE 3TH @blicoKUe ghaxean, KOTOPBIE SBIAIOTCS TUITHYHOM NPpH-
HaJJIEXHOCThIO HedTenepepabaTeiBaloOILETO 3aBOMA, TTIOMOTa-
10T U30aBUTLCS OT KPAaTKOBPEMEHHOIO MEPENPOU3BOICTBA Ia3a.

Ilponan u 6ymanwr (K MHOTAA 3TaH) MOXHO XpaHUTb B
CTIbHBIX €eMKOCTSIX MJIM MOA3EMHBIX pe3epByapax.

PesepByapbl 1A XpaHEHHA MponaHa U 6yraHa uMelor coe-
puueckyio dopMy. CraabHbie eMKOCTH 60 UMeT Gopmy
nysu (WWIMHOP © 3aKpPYIIEHHBIMH KpasiMH, JieXaliui Ha
60Ky), TM60 TaKxXe lapooOpasHbie. 3akpyrieHHas ¢opMma
BbIOpaHa ISl NOCTHXEHUS ONTHMANbHOMH MPOYHOCTH (YTOOBI



Vil. TA3BO®PAKLIUOHUPYIOLLIME YCTAHOBKU 77

pe3epByap BBUIEPXMBAT BBHICOKHME HABJICHHA) U MHUHHUMAIb-
HBIX (PMHAHCOBBIX 33TpPart.

Tlon3emMHOe XpaHeHHe OOBIMHO OCYHIECCTBISETCS OHHUM
M3 CJIeAYIOLIHMX ABYX CIIOCO00B: MO0 6 nosocmu B CKAUILHOM,
CJIaHIIEBOIt WIM HU3BECTKOBO# mopoxae, 6o 6 xysuwune, 06-
pa3’oBaBIIEMCS 33 CUET BHIMBIBAHUSA COJIU B MOJ3EMHBIX COJISI-
HBIX JIMH3aX, KaK I0Ka3aHO Ha PHCYHKe 7.6.

B nepBoM ciyyae, mpH XpaHEHWH B MOJOCTSX, MpomaH
Wi 6yTaH 3aKa4MBaeTCss BHYTPb WIH BHIKAYMBAETCA B CXH-
XKEHHOM BHJIE, a pa3jinyne B 00beMax MPOAYKTa KOMIICHCH-
pyercs pasiTHYHBIM KOJIMYECTBOM IapOB, HAXONAIIUXCS HaX
XKHUAKOCTHIO.

Bxon/Boixon
nponaHa/6yTaHa

Bxon/Beixon
paccosia

VYpoBeHb 3eMIH

IMon3zemMHasn
CONAHAA
JIHH3a

XKuokuit
npomnaH

Puc. 7.6. KyBuInH s NoA3¢MHOTO XpaHeHUs npornaHa ¥ 6yraHa.
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B cnydyae cosistHOM JHH3BI IToAada BHYTPh M HAPYXY OCY-
1ecTBIsieTcs Goslee HEOObIYHBIM O0Opa3oM. B KyBIlIHHe Haxo-
JHUTCSI CMeCh MpOoMaHa M COJIeHON BOABI (paccona). DTH JABe
XHMAKOCTH, KaK # J10bas mapa Booa—Macjiao, He CMelluBa-
1otrcs. YToOBI BHIKAYaTh MPOIAH HAPYXY, BHYTPb 3aKaYMBAIOT
IOIMOJIHUTENbHOE KOJMHYECTBO Paccoyia, U OH BHITAIKUBAET
nponaH. Korna HyXXHo HaMOJHUTH KYBIUWH, MPOIAH 3aKa4yu-
BalOT BHYTPb, U OH BBITAJIKMBAET Paccoj — OOBIYHO B CIie-
HMAbHBIA OacceifH.

IIpenmyiiecTBOM Takoro crnocoda XxpaHeHuUs SIBISIETCS BO3-
MOXHOCTb PaCIIMPHTD pe3epByap. Eciu BMecTo pacTBopa conu
B KYBIIMH 3aKa4yaTb YHCTYIO BOLY, TO IOIMOJTHUTEIBHOE KO-
JIMYECTBO COJIM M3 CTEHOK JIMH3BI IlepeifleTr B pacTBop, M
TaKUM 00pa3oM pasMep pesepByapa yBeJMYHUTCS 6e3 HOIon-
HUTENbHBIX 3aTpaT. KOHEYHO, 3Ty ONepaluio MOXHO [TPOU3-
BOOUTH JIMIUL OO OIpeNeeHHBIX MpeNesToB, YTOOK He BbI3-
BaTh pa3pylUIeHUA pe3epByapa.

JpyruM 1peruMYIIECTBOM 3TOTO CIocoba SBJSIETCA CTO-
HMOCTb caMoOil KOHCTPYKUMH. KyBINMHBI B COJISIHBIX JIMH3aX
00XO0IATCS 3HAYMTEJNbHO JelUeBlie, YeM COOpYXEeHHE IMOJIoC-
Teil B rOpHO#i Mopoae, a 3TO B CBOIO OYepedb HelleBe, YeM
BO3BeICHHE CTAJIbHBIX pe3epByapoB. K coxanenuio, B CIIA
MpUPOAA CO3JAIa IOCTYITHBIE COJISAHBbIE JUH3BI M ITOAXOIS-
LIHe CKAJIbHBbIE, CIAHIIEBbIE U U3BECTKOBBIE MOPOABI TOJBKO
B HECKOJIBKHX perHoHax.

YITPAXHEHHA

1. 3amonHuTe MPONMYCKH:
a. JBa tima razo¢pakilMOHUPYIOLUIMX YCTAHOBOK Ha3bIBAIOT-
cs yCTaHOBKa (paKHOHUPOBAHUSA U ycTa-
HOBKa (hpakLiHOHUPOBAHUSA
6. Hadra, KoTopasd ucmoab3yercs IUIs 3axXBara 60J1ee TSIKE-
JIBIX Ta30B Bo (ppaKkuMOHMpyIoWeM abcopbepe, Ha3bIBAET-
cs . Tomee macmo, Habpas-
1Iee XUAKOCTh, Ha3bIBaeTCA
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B. CMech, KOTOpasi MOXET MCIOAb30BaThCs UIsl MOMIOLIEHUS
3HAYUTENBHOM JOJM HEKOTOPbIX KOMIIOHEHTOB M3 [pyrou
CMecH, Ha3biBaeTcs

2. YKaxure OObIYHBIE 00JlaCTH NMpPUMEHEHUS AJIA Ka)KLlOI‘O
U3 NMEepEeYUCIEHHBIX HePTEMPOIYKTOB

MeTan

Dran I'uapoouncrka

Mponax KoMnayHaMpoBaHie aBTOMOGHABHOTO GeH3nHa
H-Byran  Tomuso ansa HedTenepepabaThiBaOLLEro 3apoaa
H306yran Ceoipbe WIS alKHIHPOBAHUS

ITponuned XuMHUYECKOE CBHIpBE

byrunen  TommmBo, mocrynawoliuee B Mpoaaxy

STHNACH

Bogopon

3. Hapucyiite cucremy pekTHHUKALMOHHBIX KOJIOHH, KOTO-
pbie MOTYT OBITH UCIOJb30BAHBI JUIS pa3Ae/iCHUsI KPEKUHI-
raza Ha C, u Gojiee jerkue rasbl, MpONaH, IPOIMIEH,
H-OyTaH, n300yTaH u 6yTuieH. Mcnonssyiite Tabnuuy 7.1,
B KOTOPOH MpHBeAeHbl TOUKH KHIIEHHUA KaXAOro KOMIIO-
HeHTa. Ilpeamnosiaraercsi, YTo B KaXIOH KOJOHHE ONUH
MMOTOH OTHEJISIETCA OT OCTaTKa, U HMKAKUX OOKOBBIX BbI-
xonoB HeT. Kakasi creuucdudeckas npobiemMa BOIHUKHET
fpH pasfeseHur OyraHa u OyTwieHa?

4. HNzo6pa3ute TEXHOJOTHYECKYIO CXEMY BXOASIUMX U BBIXO-
ISIIMX MOTOKOB AJISI YCTAHOBOK, KOTOpbIe ObLIH pPaccMOT-
PeHbI OO0 CHX MOop: peKTU(PHKALIMOHHASL KOJOHHA ISl Chbi-
poit HepTH, KONOHHA BaKYyMHOI1 MeperoHKH, YCTaHOBKA
KaTUTUTHIECKOTO KPEKHHIa H YCTaHOBKAa ra3odpakiiMo-
HHUPOBAHUS.




VIl
AJTIKHINPOBAHME

Bonam onu, umo wcancoym pazdeneta,
Mos xce 6 acusnu yeas — o6sedunenve.

Pobepm JTu Dpocm. «Jleoe Gpodsz & naoxyio noz20dy...»

Ilocne Toro xak 6pUl MPUAYMaH KaTaIHTHYECKHI Kpe-
KHMHT, y4eHble oOpaTWiH BHUMaHHME Ha obpasyrowimecs mnpu
3TOM Jierkue ¢pakumu. [maBHas 3amaya cocTosIa B TOM,
YTOGBI MO BO3MOXHOCTH YBEJIMYHTL KOJIHYECTBO GEH3MHOBOI
dpakuun. OnHaKo MpONMWICH U OyTH/IEH UMEIOT CIHIIKOM
HHU3KHE TEMIepaTypbl KUEHNA U He OCTAIOTCS B OCH3UHE B
PacTBOpeHHOM cocTOSiHMH. [loatoMy GBI paspabGoTaH mpo-
1ecc, oOpaTHBI KPEKUHTY, KOTOPHIi Ha3bIBaeTCs aiKuAUpO-
8aHnue, U CyTb KOTOPOTO COCTOMT B IIpPEBpalliCHUH HeOOJb-
IHX MOJIEKYJI B KPYITHBIE.

XHMHYECKaa peaKnus

Jnsa XMMUKa TEpMUH <«aJIKMJIAPOBAHHE» OTHOCHTCH K Iie-
JIOMy psiy peakiuil, oQHakKo IS TexHojJora-Hedrenepepa-
0OTYHMKA AIKHIHPOBAHHME O3HAYaeT B3aHMOMAEIHCTBHE NPOIH-
JieHa Wi OyTuiaeHa ¢ M300yTaHOM ¢ oOpa3oBaHHEM M30Ia-
padHHOB, KOTOpbIe HA3BIBAIOTCS askuaamom (puc. 8.1).

H3meHeHne obbeMa B 3TOM NpOLIECCE MPOTUBOIOJIOXHO
TOMY, YTO MbI HaGMIOOATHU NpPH KPEKUHIE, & HMEHHO, 00beM
3aMeTHO ymeHbInaercs. Ecnu B npoliecce yqacTByeT npomnu-
neH, To 1 6appens (159 1) mpomunena u 1,6 Gappens
(254,4 1) n3obyraHa #alOT Ha Bhixome 2,1 Gappenast (334 xn)
MPONYKTa ATKHWJIMPOBAHHUS, a B cnyyae OyruneHa — 1 Gap-
penab (159 n) OyruneHa u 1,2 Gappenst (191 1) usobyrana
npespaiaiorcs B 1,8 6appens (286 n) nmpoaykra. Kak u npu
KpeKHHIe, Macca MCXOAHBIX BEIIECTB PaBHA Macce MpOmyK-
TOB, H3MEHSAETCSH TOJIBKO IMUIOTHOCTD.
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H H
| |
H—C—H H H—C—H
o g4 y oy
H—C—C—H + ﬁ—H — H—Cli——C——(i‘,—H
H | C—H H | H
| A
He H f T
H H—Cli—H H
H
H306yran Iponunen H3orentan
(C4H,p) (C;Hg) (2,2,3-TpumernnbyraHn)
(CsHye)
H H
| |
H—C—H H H—C—H
o A ol
H—C——C—-H + H—('.)—H —> H—(l)—-C—(l)—H
H | C—H H l H
H—C—H gy H—C A
H i H—C—H H
H—C|)-H
H
H306yTan byrnnen H3ooxran
(2-MeTHNIIpONaH) (6yTten-1) (2,2,3-TpMMETHWINICHTAH)
(C4H o) (C4Hy) (CgH3g)

Puc. 8.1. ArkundpoBaHie nponuneHa U OyrnneHa (6yreHa-1).

Texnonornuecknit mponecc

H306yTaH ¥ onepUHBI MOTYT B3aMMOAEHCTBOBATh MEXIY
c000if npu BBICOKOM naBieHuH. OZHAKO TAKOH BapHAHT an-
KIWIHMpOoBaHUA TpebyeT oueHb Aopororo obopynosaHus. Kax u
IUIA MHOTHX APYTHX IpOLIECCOB, LISl AIKWIMPOBaHUA OBLIU
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noaoOpaHbl Kamaau3amopy, KOTOPHIE YCKOPSIOT IMpolecc H
MO3BOJISIOT YIIPOCTHTh TEXHONOTHYECKOe 0bopynoBaHHe. B ka-
YyecTBe KaTaiu3aTopoB 0OBIYHO UCTIONB3YIOT CepHyio WIH ¢pmo-
pucmogodopoduyro xucaoty. I[Ipoueccsl, MpoBOAUMEIE B MpH-
CYTCTBHM 3THX KHCJIOT, B OCHOBHOM CXOIHEI MEXAY co0oii,
HO CEpHOKHUCIIOE RJIKWIUPOBaHHE MMEET ropasio Goynee mIu-
POKOE pacnpocTpaHEHHE B IPOMBILIEHHOCTH, IO3TOMY 3/I€Ch
MBI OyZieM 06CyXaaTh TOJILKO STOT BADUAHT.

Yemanoeka ankuaupoganus cOCTOUT M3 CEMH OCHOBHBIX
y3JIOB, KOTOpPHIE MOKa3aHhH Ha pUCYHKe 8.2. Bro — xoyo-
IWJIbHBIM anmapar, peakTopbl, y3eJ OTACACHMS KHCJIOTHI,
y3ea HIEIOYHON NMPOMBIBKH W TPU PEKTUPUKAIMOHHBIX KO-
JIOHHEL

Xoaoduavnuili annapam. AJKWINPOBaHHWE B MPHCYTCTBUH
CEPHOIA KHCIIOTHI MMpoTeKaeT Haubosee 3¢ beKTHBHO NPH TEM-
neparypax 4—5°C (40°F). TakuM o6pa3om, ole(pMHOBOE ChI-
pbe (MOTOK NMPONaH-NPONWIEHOBOH U/WIH OyTaH-OyTUNEHO-
BOM CMECH C YCTAaHOBKM KPEKHMHIa) CMELIUBAIOT C ITOTOKOM
H300yTaHA M C CEPHOIN KMCIOTOH M MOJAIOT B XONOAWUIBHYIO

KpexuHr- Mponyxr
ras Peax V3en or g‘“m”l{’m"'
c -
H306yTan Top JeNneHn -
KHUCIOTH]
XOJIONUNBHBL lenouynasa
anmapar Kucrnora MIPOMEIBKA
IIponaH
=
o,
g ! 2
] 8 [=% [+
= 50 S
(g8 | :
s
5 2= g
(=% [P} LS‘
5 a g
= =
H3obyran |
H-Byran
Anxunar

Puc. 8.2. YcraHoBKa aIKWJIMPOBAHUSA.
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ycraHoBKY. IlocneaHsass paboraeT npu MOBLILLIEHHOM AaBlie-
HuM (3—12 aT™), 4TOOBl BellecTBa HAXOIMJIHCh B CXUXEH-
HOM BHIE. B HEKOTOPHIX ciIydasx oxnakaeHHe OCYLIECTRISCT-
Csl HEMOCPEICTBEHHO B PEaKTope.

Peaxmopw. Peak1iys ajIKIWIMPOBaHMS TIPOTEKAET AOCTATOY-
HO MeIUIEeHHO U TpebyeT oKono 15—20 MHHYT, IO3TOMY pe-
aKLMOHHAsA CMECh MPOXOTUT Yepes LENYI0 CUCTEMY GONbIIMX
peakTopoB. O0uInit 06beM peakTopoB CTONbL 3HAYKUTENEH, UTO
TPU ONHOKPATHOM IPOXOJie Yepe3 CUCTEMY KaXaask MONEKY-
Jla IOCTaTOYHO Hojro (mpubnusutesnibHo 15—20 MUHYT) oc-
TaeTcd B peakKliMOHHOI 30He. TIpH NMpoXoXIeHUH Yepes peak-
TOPBI XHAKOCTh NIEPHOTUYECKH TIepeMeIINBaeTcs, 4To obec-
NEeYHBAET XOPOILUMI KOHTAaKT Mexny osiehuHaMu, U3obyra-
HOM M KHUCJIOTON M, COOTBETCTBEHHO, 3(pPEKTUBHOE MpOTE-
KaHHE peaKlMu.

Y3ea omodenenua xucaomu. 3aTeM XUZKOCTb HOCTYHAET B
cocyn 0e3 mepeMelIdBaHUA, B KOTOPOM KHCJIOTA M YIJIEBO-
JOpOBl OTAENAIOTCA OPYT OT ApYyra Kak BoJa M Macio. Yrie-
BOZXOPOIH MOXHHUMAIOTCS BBEpPX, a KUCHOTa OMycKaeTcs Ha
IHo. Tlocne 3TOro KMCIOTY CHOBAa BO3BpAaLIAIOT B IpoliecC.
Y3en oTaeNeHHSA KUCHAOTH HAa3BIBAIOT TAKXKE KUCAOMHLIM OMm-
CMOUHUKOM.

Y3en wenounoii npomeisxu. Tlocne oTneneHUs Karaau3aropa
YIIeBOAOPOABI BCE X€ COHEPXAT Clielbl KHUCIOTHI, MO3TOMY
HX 00pabaThIBAIOT edKUM Hampom B CIieliHaIbHOM cocyae. En-
KHi HaTp JeiCTBYeT Ha YIJIEBOAOPON TaK Xe, Kak Alka-
Seltzer peiicrByer Ha Bain Xeaymok npH HeCBapeHUM — TO
€CThb HelTpanu3yeT Kucioty. Bpentrie 3¢pdexThl Takum obpa-
30M YCTPaHSIOTCSA, H TIONy4aeTcss CMeCh YIJIEBOAOPOIOB, ro-
TOBas K pasieicHUIO.

Pexmugurayuonnsie xosonns. B Tpex cTaHAAPTHHIX PEKTH-
dHUKALIMOHHBIX KOJIOHHAX AJIKWIAT OTAEISAETCA OT HACHIIIEH-
HBIX ra3006pa3HbIX yriaeBoaopoaoB. M306yTaH npu 3TOM BO3-
BpaiaeTcs B IpoLecc.

Buixoabl mpoaykTos

TIpouecc anKuIMpoOBaHHUA CONPOBOXIACTCS PIIOM No60oY-
HbIX peaKyuii, HEKOTOpbIE U3 KOTOPBIX ABJIAIOTCA B GOJBLICH
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WIH MEHbLIeH cTeneHn HexenareabHbIMU. [10CKOABKY B cHC-
TeMe OPMUPYIOTCA M pearupyioT pasHooOpasHbIE MOJIEKY-
Jibl, TO 0Opa3yloTcst HeGoNblIKe KOMHYECTBa MpolnaHa, Oyra-
Ha ¥ NeHTaHa, YTO He TaK IUioxo. OHHAKO HapAly C 3THM
nonyyaeTcsl 60JbIIOe KOTUYECTBO CMOA! — BA3KOrO KOpHY-
HEBOrO BELLECTBA, MPEACTABIAIOIETO CODOM CIOXHYIO CMECh
YIIEBOAOPOAOB. JTa cMOJIa OOBIYHO OCEHAET BMECTE C KUCIIO-
TO M yHAJIgeTCs BO BpeMs pereHepaluu KHUCIOTHI, mepexn
TeM KaK Ta GylieT CHOBA HalpaBjieHa B IIPOLIECC.

Huxe mpuseneH oOBbeMHBbIN MaTepHalIbHBINH OanaHC 1o
ITPONIMJIEHOBOMY M GYTHIEHOBOMY CHIPBIO.

OO0beMHBIH GanaHc
MponAeH 6yTneH

Cuipoe:
Iponunex 1,0 -
Byrunen — 1,0
H306yTan 1,6 1.2
Bcero: 2,6 2,2
IIpodyxmui:
IIponan 0,3 —
H-byraH - 0,1
ANKWIar 1.8 1.7
Bcero: 2,1 1,8

OxHako 6ajaHC M0 BBEACHHOMY B NMPOLIECC ChIPbIO U BhI-
XOJaM MNpPOAYKTOB HE IMOKA3bIBaeT, KaKas YacTh NMpoIraHa H
H-OyTaHa BBIXOAHMT M3 peakTopa B HeM3MeHHOM Buae. Ha
CaMOM Jiejie YCTaHOBKa IKWJIMPOBAaHUS o0ecrneyuBaeT yTH-
JIM3ALHI0 3HAYUTETBHBIX KOJMHYECTB MHAUBHIYAIBHBIX TPO-
nma”a u OyraHa. Ecnu ata ycraHoBKa 1o Toil WiH HHO# npH-
YHHE OCTAHOBJIEHA, MOTOK IIPONAaH-IPONHIEHOBOH CMECH
OOBIYHO HaTpasigeTcs B TOIUIMBHYIO CUCTEMY, ¥ IPOU3BO/I-
¢tBo LPG (cXuxXeHHOro HeTSIHOro rasa) 3HaYUTEIbHO CO-
Kpallaercsl.

TlapameTpnl mpomecca

Oneparop YCTAHOBKHM AIKWIKPOBaHHA HOJMXEH KOHTpPO-
JIMPOBATh HECKOABKO OCHOBHBIX NapaMeTpoB NpoLecca, YTo-
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6b1 He AOMYCTUTh MOGOYHBIX peakuuii. [TocnenHHe MOTYT yXyiI-
LIATh KaYeCTBO AJIKWIATA H MPHBECTH K CHIXXEHMIO OKTAaHO-
BOTO YHCJIAa MPOAYKTA M €ro LIBETOBOTO MHAECKCA U K MOBBI-
LIEHUIO JaBJICHUA HAaChILIEHHOTO Mapa.

Temnepamypa peaxuuu. TIpy NMOHMXEHHH TEMIIEPATYph
CepHast KUCI0Ta CTAHOBHTCA 6oJiee BA3KOM M IUIOXO CMEIM-
BaeTcA ¢ chipbeM. B pesynbraTe onepuHB HE BCTYNMAKOT B
peakuuio MoJHOCThIO. TloBEILLIEHUE TeMIIEpaTyphl NMPUBOAMUT
K 0o6pa3oBaHUIO ApPYrvMX MPOLYKTOB, IOMHUMO H3OTenTaHa u
H300KTaHa, YTO CHIKAeT KayecTBO aKWaTa.

Konyenmpayusa kucromu. Kucnora, UMPKYJIHpYIOLLasAd B
cucreMe, HeM36eXXHO pasbaBiigeTcs BOAOH, KOTopas MOCTyIa-
€T BMecTe ¢ onedUHAMH, ¥, KPOME TOro, B Hee MOMNAZalOT
cMoibl. Koria KoHUeHTpalus KHCJIOTH CHIUXaeTcs ot 99% no
89%, KMCIOTY CIMBAIOT M HANpPaB/ISIOT B y3€J pereHepaluu.

Konyenmpayua uzo6ymana. B npucyTcTBUH M30BITKA U30-
6yraHa npouecc Gonee agpdekTHBeH. OGBIYHO TEXHOJIOTHYEC-
Kasi cCXeMa COIEPXHUT CHCTEMY [T peLIUPKYISILHN H300yTaHa.
OTtHolueHue H300yTaH : oneduH Kojnebnercs oT 5 : 1 mo
15 : 1.

Ob6semnan ckopocme nodauu osepuna. KauecTBo mojyyae-
MOTO AJIKWJIaTa MOXET MEHATHCA B 3aBUCHMOCTH OT BPEMEHH
npeObIBaHUs CBEXeil Mmopuu# onedHHOBOrO Chipbl B peax-
TOpE.

Pesiome. Uto MBI JOMXKHBI 3HaTh 06 ankwiare? Bo-mep-
BbIX, OH HMEET BBICOKOE OKTaHOBOE€ YHCIO. BO-BTOpHIX, OH
XapaKkTepHu3yeTcst HH3KMM JaBJICHHEM HACHIIIEHHOTO Mapa.
TMockoneky MBI ele He oGCyXaanu MoayYeHHe aBTOMOOHIb-
Horo O€H3MHa, TaKMe MOHATHA, KaK OKTaHOBOE YHCIO M
JaBJeHHE HAcBILIEHHOTO Napa, NO-BUIHMOMY, MMEIOT s
Bac mMano cmbicna. [loka gocTaTtouHo cKa3aThb, YTO 3TH Kauye-
CTBa MOJIE3HH 11 KOMIIOHEHTOB OEH3HHAa, U B 3TOM H CO-
CTOMT OCHOBHAasl Mlesl ATKWIMPOBAHHUA: IIpeBpallicHHE Majlo-
LUEHHbIX ra3006pa3HbIX KOMIIOHEHTOB KPEKHMHr-rasa B ILICH-
Hbl€ KOMITOHEHTHI O€H3HHA.

YCTaHOBKY IKWIHPOBAHUA MOXHO CXeMaTHMYECKH Mpel-
CTaBHUTh KaK CUCTEMY, HMEIOLLYIO Ha BXOJE MpONWIeH, 6yTH-
JIeH ¥ U300yTaH, a Ha BBIXOAE — AJIKWIAT, Hapaay ¢ Tipona-
HOM M H-OyraHoM. YToO6n1 Bbl MOTJIM OLIEHUTh MECTO AJIKWIH-
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Pnc. 8.3. IIpoueccr HedTenepepaboTkm.
1 — nerkasi (ppakuusi BaKyyMHOM IEPETOHKM;
2 — KpeKHHT-OeH3MH;
3 — JIeTKWii KpeKUHI-Tra30iib;
4 — TSDKeJNbIil KPEKUHT-Ta30MTb.

poBaHHs B oblieil cucreMe HedTenepepaboTKH, Ha PUCYHKE
8.3 mokasaHbl y3nbl HedTenepepabaTHBAIOLIEro 3aBona, Ko-
TOpBEIe Mbl PACCMOTPEIH BhHIlIE, a TAKKE y3eJ aJIKMIUpOBa-
HHUA. YIMBHUTEJIBHO, KaK OBICTPO Hallia cCXeMa YCJIOXHSECTCS.

YITPAXHEHUA

1. BcraBbTe NpoNyILUEHHBIE CI0BA.
a. AJIKWIMpOBaHME — 3TO mpolecc, OOpaTHBIN
6. KatanuzaTopoM aiKWIMPOBAaHMUS SRBISETCS
aubo , B 3aBUCMIMOCTH OT BHIOPAaHHEBIX YCIOBHI.
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. TIsATb OCHOBHBIX Y3J10B YCTAHOBKH aTKWIMPOBAaHUS — 3TO:

r. AJIKWIAaT COCTOMT B OCHOBHOM M3 JBYX M3onapa¢uHOB, a
UMEHHO u

I. 3a cyeT BLICOKOTO u

HHM3KOT0 , AIKUnar

NpeAcTaBasieT  coboit LIEHHDBIA

2. KpexuHr-ras, nocTynaioumii Ha YCTaHOBKY aJIKMJIMPOBa-
HUA, UMEET CIAEAYIOLIUI COCTaB:

IMpomnan 0,15
IMponnneH 0,25
H306yTaH 0,10
H-ByTaH 0,20
ByruneHsl 0.30

1,00

Ecnu ob6uuit ooveM rasa cocrasiusetr 3000 6ap./cyt, a
BBIXOJB! MIPOAYKTOB AIKWJIHMPOBAHMS COOTBETCTBYIOT IPHBE-
JEHHBIM B 3TOH IJlaBe, Kakoi o6beM H306yTaHa ¢ YCTAHOBKH
I'®Y HacwlieHHOTO rasa norpedyercs wisa npouecca? Kakue
MPONYKTHl M B KAKOM KOJiMuecTBe OYAYT MONY4YEHBI?



IX
KATAJIMTHYECKHHA
PHOOPMHUHTI

Huumo max ne mpe6yem pegopmuposanus,
KaK npuewbuxu dpyeux arooei.

Mapx Teen. «ITpocmoguan Buavcon»

Yemanoexu xamasumuveckozo pugopmunza aeasiomcsa 6
Hacmoswee epemMs noymu 06A3ameabHLM 36eHOM Hegmenepe-
pabamuigarouwiezo 3a600a. Hasnauenue smozo npoyecca — no-
AYHEHUE GbICOKOAPOMAMU3UPOBARHBIX OeH3UHOGLX ducmua-
AAMO8, KOmMOpubie UCNOAb3YIOMCA 6 Kavecmee 6biCOKOOKMAHO-
6020 KOMNOHeHmMa uau 04A 6videneHUn U3 HUX UHOUEUOYanb-
HbIX GPOMAMU4eCKUx y21e6000podos: 6eH304a, moayoaa, KCuio-
a06. — Ilpum. peo.

TpeTbe noxoneHue npoieccoB HedrenepepaboTku ObLIO
BBI3BAHO K XM3HH IMOBBIIICHHEM TpeOOBaHMIT phIHKA K Kade-
cTBy OeH3mHa. [Ipu 3TOM KavecTBO O€H3MHA, KaK IIPaBHIIO,
OTIpeNeNACTCS €r0 OKTAHOBBIM UHCIOM, KOTOpOE€ Mbl Oynem
o6cyxaath Tonbko B riase XII «KoMmayHnupoBaHue GeH3H-
Ha». B 50-e 1 60-¢ roab! MOroHs 3a OKTAHOBBIM YKCJIOM GbLIa
IOMHHHPYIOLIMM ¢akTopoM B Toproeie GeH3uHoM. Katanu-
THYEeCKHH pUPOPMHUHT ObUT MPEIIOXEeH KaK OKUH M3 CIIOCO-
60B yBeIMYEHHA OKTAHOBOrO YMCIa. UTOOHI MOHATD 3Ty IJ1a-
BY, MOJIE3HO HMETh YCJIOBHYIO 3aKJIagKy Ha IyiaBe V, MOCBS-
LIEHHOM XHMHYECKOMY COCTaBY He(TH.

XAMAYECKHE PeaAKIHH

B oraMyMe oT MpoLeccoB, KOTOPble Mbl OGCYXIATH M0 CHX
op, B Ipoilecce KaTATUTHYECKOro puGOPMHHIa TeMIIEpaTy-
Pbl KMITEHHS BEILIECTB MEHSAIOTCA OYeHb He3HayuTeNbHO. HU3-
MEHEHHUE KACaeTCs, B OCHOBHOM, XUMUHECK020 COCMAsd.
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ChIpbeM IUIS KaTAIMTH4eCKOro puopMHUHTa SIBISETCS, B
OCHOBHOM, TMpSAMOTOHHasA HadTa U pexe AUCTHUIATHI BTO-
PUYHOTO MPOUCXOXIEHUsI, HallpUMep, OEH3UH TepMHYECKO-
ro KpeKMHra, KOKCOBaHUS U THAPOKPEKHHIa. OTH ppaKiluu
OObIYHO CONEPXAT BBICOKHE KOHIEHTpalUMM MapadHHOB H
HadTeHOB. B mpoliecce KatatuTHYeCKOro pudpopMHUHra MHO-
rMe M3 3THX KOMIIOHEHTOB MpPEBpAlllaloTcd B apOMaTHYECKHE
COeIMHEHMsI, KOTOpbie HMEIOT ropasno Gojiee BBICOKHE OKTa-
HOBBIE YHCHA.

Huxe npuBeseHO THIINYHOE HU3MEHEHHe COCTaBa HadThHI
B 3TOM IIpoliecce:

O6beMubIH %
Coipbe IIpoayxr
IMapadpunbi 50 3
OnedpyHEI 0 0
Hadrenn 40 10
ApoMaTHKa 10 55

Hpn 3TOM NPOUCXOAAT B OCHOBHOM CJCOYIOLIHUE IIOJIC3-
HBIC XUMHUYECCKHE PECAKIINHU:

1. MMapadunsr npespaiaorcss B H3omapadpuHbl (peakius
H30MEPM3ALUH).

2. TMapaduHbl npeBpalaloTcs B HAPTEHbI (peakiusa [UKIH-
3a1UH).

3. HacdreHnl npeBpamaoTcs B ApOMAaTHKY (peaKuust Ierui-
PHMPOBAHHS).

IMporexaloT Takke HEKOTOpbie MOOOYHbIE peaKIIUM:

1. Yacte mapadpuHOB M HadTEHOB ITOABEPraeTcsl KpeKHHTY,
MpeBPAILAsCh [IPH 3TOM B YIJIEBOAOPOAHBIE I'a3bl.

2. Yactb HapTEHOB U APOMATHUECKHX YIJIEBOLOPOIOB TEPSET
60KOBbIE 1I€TH, KOTOPBIe IIPH 3TOM TaKXe IpeBpallaloTCs
B YIJICBOIOPOIHBIE Ta3bl.

CaMblif BAXHBIii MOMEHT, KOTOPBIii CJienyeT 3alOMHUTD, —
3TO TO, YTO NApaguHbl U HAPMEHb NPesPaamca  apomami-
ueckue COeOUHEHUA U HeKomopbie U30Mepbi, KAK I0KAa3aHO Ha
pHUcyHKe 9.1.
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Puc. 9.1. Xumna pucdopMHHTa.
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ObopynoBanne

Bbl MOXeTe IMOAYMAaTh, YTO IS OCYILIECTBICHHUS 3THX
CJIOXHBIX MpeBpallleHWil MCMOJIb3yeTcsd KaKoe-HUOyAb He-
o0bIKHOBeHHOE o6opynoBaHue. Ha camoMm dene HyxeH He-
o0btunbll Kamaausamop, KOTOPBHIH Ha 9TOT pa3 COCTOUT M3
okcupa amomuHus (Al,O3), cunmkarens (SiO,) M IUIATHHBI
(Pt). [InatuHsbl TpeGyeTcsd He TAaK yX Mado (HAa HECKOJIbKO
MHJUTMOHOB JOJUIApOB Il OXHOW puUGOPMHHI-YCTAHOBKH),
MOSTOMY KAaTAIM3ATOP 3aCHYXHBAET OONBLUIOrO BHUMAHMS.

CylliecTByeT HECKONBLKO CII0CO0OB NIPUBENEHHA YTIEBOLO-
POIMHOIO CHIPbS B KOHTAKT ¢ KaTaJU3aTopoM. 31ech MBI pac-
CMOTPMM BapHaHT, KOTOPHIH HA3BIBa€TCA IIPOLIECC C Henod-
GUIICHBIM CA0EM Kamaau3amopa, Tak KaK B 9TOM cJiy4yae yrie-
BOIOPOABI MPOCAYMBAIOTCA CKBO3b CJIOM KaTajM3aropa, Ha-
XOIAIIMIiCH B pEaKTope.

Hna HauGonee 3¢¢peKTHBHOrO MPOTEKAHUS KaXIoH M3
peakuui, H300paxeHHBIX Ha pUCYHKe 9.1, Tpebyiorcs pas-
HbIE YCJIOBHS paboThl YCTAHOBKH, TO €CTh pa3sHble HABJICHHS,
TeMIIepaTypbl U MPOXOIKUTEIbHOCTH NpeOhIBAHUSA ChIpbsl B
peakrope. [ToaToMy HCIONIB3YIOT TPH MOCHEAOBATEIbHBIX pe-
akropa (puc. 9.2), ¥ KaxXnblii U3 HUX BbIMIOJHAET CBOIO pabo-
1y. JlaBneHue B peakropax — 200—500 psi (14—35 at™), a

Peumpkynsar H, H,/C,

Peak- Peak- 4

TOp TOp Lene-
Hue H,

Kononua
CTaOMAH3aLUU

Pugopmar

Puc. 9.2. Karanutnueckuii pudopMHUHT.



IX. KATAIUTUYECKUIA PUDOPMUHI 93

temmepatypa — 480—520°C (900—975°F). PeakTopbl 06b619HO
HMEIOT XapaKTepHYIO chepuyeckylo ¢hopmy.

ChIpbe CXHUMAIOT N0 ONpeHeIeHHOro AAaBJIeHUS, Harpepa-
IOT U TONAIOT B MEPBHId peakTop, TIe OHO MpocayrBaeTcs
CKBO3b CJIOM KAaTajJM3aTopa WU BBIXOOUT U3 HUXHEN YacTH
peakropa. 3r1a TpoleAypa NMOBTOPSAETCA ellle ABaXIbl B IBYX
ITOCIEYIOLIUX peakTopaX. 3aTeM MPOAYKT MPOIMYCKAIOT Yepe3
XOJIONUJBHUK, TAe OONbIUAsA €ro 4acTh CXuxXaercs. Cxuxe-
HHE HYXHO IJIS TOTO, YTOOBI OTACAUTh GOraThlif BOIOPOAOM
ras ¥ HalpaBHUTh €ro Ha PELUPKYJIALHIO. DTO HOBOJBLHO BaX-
HBIif MOMEHT, KOTOPOMY CTOMT MOCBATHTh HECKOABKO CJOB.

Bonopon siBnsercs BaXHBIM MOOOYHBIM MPOAYKTOM Kara-
JUTHYecKoro pudopMuHTa. B3rjissHUTE elle pa3 Ha XHMHYEC-
KHe peakuuy. BONbIIMHCTBO M3 HUX COMPOBOXIAETCHA BblIe-
JIeHHEM BOAOPOIA, MIOTOMY YTO B apOMAaTHYECKHX YIJIEBOIO-
polax ero MeHbllle, 4eM B napaduHax wiu HadpreHax. Ho
BOIOPOI 31€eCh Xe U rrorpebisiercs. Ero HyxXHO ITOIMEIIHBATh
K ChIpbIO, YTOOBI B peakTopax IMOCTOSIHHO COXPAaHSIACh €ro
BBICOKAsI KOHIIEHTpAIlUa. B 3TOM cilydae aToMBbl yriepoaa He
OCaXIAaloTCd HAa KaTaju3aTope, KaK IpH KaTAIMTHYECKOM
KpeKHHre. BMecTo 3TOro yriepon pearmpyer ¢ BOHOPOAOM C
00pa3oBaHMEM YIJIEBOIOPONHBIX a30B.

BepHeMcsa k obopynoBaHuio. IToTok BomopoZa YacTHYHO
HAanpaBiseTcd Ha YCTAHOBKY ra3odpaklHOHHPOBAHHS, A Ya-
CTHYHO BO3Bpallaercs B npouecc. ZKUIKHil MPOAYKT H3 HUXK-
Heil YacTH cemapaTopa HalpaBiseTcs Ha pasge/ieHHE B KO-
AOHKY cmabuausayuu, KoTopas ABISeTCS He YeM HHBIM, KaK
neGytaHusaTopoM (OyraHoBoi kojioHHOU). HuxHsas dpak-
uust, pugopmam (VJIM KaTaau3aT) OTOENSAETCS B 3TOM KOJOH-
He OT YIJIeBOIOPOIHBIX ra3oB (Mo G6yTaHa), KOTOpbie MOMHM-
MaloTcd BBepX U Hampasisiorca Ha [PY HacrhlileHHOTro rasa.

Perenepanus

Yepes HekoTOpoe BpeMsl paboThl YCTAHOBKH aKTHUBHOCTD
Karaju3aTopa najgaeTr. J1o MPUBOAUT K CHUXEHHUIO OKTaHO-
BOI'oO 4YucJja pmbopmaTa H YMEHBUIICHHUIO €0 BbIXONa HA COAH-
HUIy o6beMa ChIphA.
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PaHpliie ycTaHOBKM PUGOPMHUHIA OCTAHABIUBAIM JUIS pe-
reHepamuy KaTajJu3aTopa, HO 3aTeM ObLT pa3pabGoTaH Helpe-
PBIBHBI peXHM, KOTOPBIH OCYIIECTBISETCA 3a cyeT nobas-
JIEHHS ellle OMHOro peakTopa. B M060it MOMEHT BpeMEHH TPHU
peakTopa HaxofsATca B paGoTe, a YeTBEpPTHIii — B peXHMeE
pereHepallM KaTaiu3aropa. PereHepauusi ocCyLIeCTBISETCH
MyTeM MOAAaYH ropsgyero Bo3dyXa, KOTOPBI YIAIAET C IO-
BEPXHOCTM KAaTaJHM3aTopa YIJIEpOH, MpeBpallias ero B COOT-
BETCTBYIOIIME MOHOOKCHA M TUOKCHUA. JIJIs BOCCTAHOBJIEHHS
KAaTAIM3aTOpa PeakTop HYXHO BHIBOAMTH W3 IpOLIECCa BCETO
Ha 30 yacoB; TakMM 00pa3oM, MpPOLIECC MOYTH BCETAA BeleT-
CSI CO CBEXHM KaTaJIH3aTOPOM.

Brixon, % mo o6veMy

Caexuit M OrpaboTaHHB
BOCCTaHOBJACHHBIHA KaTaInu3arop
KaTaIM3aTop
H, 2 2
C,/C, 2 3
C; 2 3
130-C4 3 4
H-Cy 3 4
Pudopmar 88 84
(OXTaHOBOE YHCIIO) (94) (92)

HecMoTps Ha ITOCTOSHHYIO pereHepaluio, Yepes ompene-
JIEHHBII TIPOMEXYTOK BpeMeHHM aKTUBHOCTh KaTaJlM3aTopa Bce
xe namaeT. [IpH BBICOKHX TeMIIepaTypax pereHepalHH Mophl
KaTaJu3aTopa paspyuiaorca. B pesynabrare kaxnble 2—3 roma
MpoLecC MMPUXOMUTCS OCTAHARIMBATD IUISI 3aMeHBl KaTau3a-
TOpAa.

[IapameTpn nponecca

Peiyaru yrnpasieHHsI, KOTOPBIMH HHXeHEp MOXET MaHHU-
MyJIMpOBaTh Ha YCTAHOBKE pU(OPMHHTA, — 3TO TeMIleparty-
pa, TaBJieHWe U BpeMsl peObIBAHMS ChIPhsI B peakTope. 3ana-
ya MAHMITYJIALMM COCTOMT B coOMIOAeHUM OGanaHca MEXIN
KOJHYECTBOM MpOAYKTa pudOpMHHTIa U ero KadecTsoM. Co-
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Puc. 9.3. 3aBucuMOCTb BbIXoZIa pU)OpMaTa oT €ro OKTAHOBOTO YHMCIIA.

OTHOLLEHUE MEXIY 3TUMH ABYMS IApAMETpaMU MOKAa3aHO Ha
pUCYHKe 9.3: npu yseauuwenuu oxmarnoeo2o 4ucaa 6vix00 npo-
dykma pugpopmunza 6 o6semuvix % cruxcaemcs. CoOOTBETCTBEH -
HO YBEJIWYMBAETCS BBIXOJA ra3o00pa3HbIX MPOAYKTOB. Takum
0o0pa3zoM, Mpolecc KATAUTMTUYECKOro pudOpMHUHTa JOJIXKEeH
OBITh MIEANbHO COTJIACOBAH € OMEPALIMSIMU MO KOMIIAYHIM-
poBaHuUIO 6eH3MHA U ¢ pabOTOH APYTHUX YCTAaHOBOK, Te MpO-
NYKTaMU SIBJASIIOTCS KOMIIOHEHTH! O€H3UHA.
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CsoiicTBa 66 H3MHO-TUTPOMHOBBIX Ppakumit (HadTsl), Kc-
TMOJb3YeMBIX B KadyecTBe CBIpbSA, BepHee HX TPYIIOBOil co-
CTaB, BBIPAXEHHbIH B CONEpXaHHWM NAapauHOB, 0JedPHUHOB,
Ha¢)TeHOB M apOMATHKM, TAKXKe BJIMAET Ha BBIXOH H Kaue-
cTBO npoaykTta. ['pynmnoBoit aHanu3 HaQTH ABAAETCS BAXHbBIM
dakTopoM B OLieHKE KauecTBa ChIpoil He(TH.

Apomamuxa. Katanutnueckuit pupOopMUHT — OCHOBHOM
HCTOYHHK OeH30J1a, ToiyoJsia u KcuionoB. [lpouecc Bouzene-
HHS 9TUX KOMIIOHEHTOB B MHAUBUAYATbHOM Buie OyneT pac-
CMOTPEH OTIE/IbHO B OAHOM M3 NOCHENYIOIIMX TIaB.

Pesziome. Katanutudeckuit puOpMUHT ABIAETCSI BaXHBIM
MPOLIECCOM TpeBpalleHUs] GeH3NHOB C HU3KUM OKTAHOBBIM
YUCJIOM B MPOAYKT C BBICOKUM OKTaHOBHIM YHCJIOM, KOTO-
PBIit MOXeT OBITH UCIIOIB30BAH KaK KOMIIOHEHT aBTOMOOUIIb-
Horo GeH3uHa. ['pynmoBoil cocTaB ChIpbsl CMEIAETCSA OT Ma-
paduHOB ¥ HATEHOB B CTOPOHY apOMAaTHKH M, TAKUM obpa-
30M, MOSBJSETCS BO3MOXHOCTb HCIOIb30BaTh BHICOKME OK-
TaHOBBIE YMCJia apoMaTHKU. K coXaneHMio, yeM BBIIIE OKTa-
HOBO€ 4MCIO pudopMaTa, TeM HUXE €ro BEIXOX U TeM 6OJIb-
e obpasyercs rasos.

YITPAXKHEHHA

1. 3amonHuTE MPOIMYCKM: .

a. OcHOBHAs LIEJb KATATMTHYECKOro pUOPMUHTAa — YBEJIHU-
yeHHe HaQTHI.

6. JloporuM KOMITOHEHTOM KaTaau3aTopa puOpMHHTA SIBISI-
eTcs .

B. B mponykre prudopmmuHra cogepxutcs Gosblie R
YeM B CBHIpBE.

r. BaxHbpIM 1106OYHBIM MPOXYKTOM KaTaTUTU4eCKOTO prdop-
MHHTra SABIAeTCS .

. JpyrumMy moGOYHBIMHM IPONYKTaAMH SIBJISIIOTCS ,

U .

e. YroObl npeaoTBpaTUTh KOKCOBAHUE KATANU3ATOpa, peaKTo-

Pbl 3aTI0JTHSIOT
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X. TIpM3HaKaMH CTapeHHUs KaTaau3aTopa SBISIOTCS YMEHbllIe-
HHE 1700
npoaykra pudpopMHHra, a TaKKe yBeJIHWUYEHHE BbIXOAA

2. TlpeanonoxuM, 4T0 00bEM CBHIPbA KaTAIHTHYECKOTO pU-
dopmuHra cocrapaser 15 Toic. 6ap./cyr, a ycnosus pabo-
Thl MonoOpaHbl TakK, YTOOB IMOJY4aTh MPOAYKT C OKTAHO-
BbIM uyucioM 91. Takoit nmpoaykr crout 100 meHTOB 3a
rajuioH, a ¢pakuus C4~ cTout 50 LEHTOB 32 raJuIoH. YBe-
JIMY€HHE OKTAHOBOTO YMCJIAa HA €NMHMILY TOMHHUMAET CTO-
HUMOCTb TponyKTa Ha 1 ueHT. ECTb JIH CMBICH yCTaHABJIH-
BaTh GoJjiee XeCTKHil peXHUM, YTOOH YBEAUYMTh OKTAHO-
Boe yncno? HUcnonb3yiite rpaduk, MpUBeOEeHHBI HA pH-
cyHke 9.3. (Yka3aHue: olleHHTe 9KOHOMHYECKHE IMOKa3a-
Ted VIS OKTaHOBBIX ymcen 91, 95 u 100.)

3. IlpuBeaute Mo ODHOMY AOIICJHHUTEILHOMY TPUMEPY LA
KaXIoro THIa XMMUYECKHX peakLuil, MIyLUIMX B Ipoliec-
ce pucdopMHHTa.

4. B 60-¢ rogsi komnanus Llemn pexinaMupoBaia HCIHOMb30-
BaHHME MPOAYKTA MIaTGOPMHHIa B COCTABE CBOETO MpPeMH-
ajbHoro 6eHsnHa. Yro o3HavaeT cokpamieHue «miargop-
MHHT>»?

5. M3o6pasute cxeMy HedTenepepabaThBalOIIEro 3aBoja,
BKJTIOYAIOLIYIO OIEPAlMH, KOTOPbIE MBI PaCCMOTpENH HO
CHX TIOp, B TOM YHCJIe KATATUTHYECKHIH PHPOPMHHT.



X
YMEHbBIIEHME
KOJINMYECTBA OCTATKA

Haxce pyuns 6siau yHUMmMONCEHN.
Mapk Aneii Tyxan. «O 2pawcoanckoii goiine»

IIpu Gonpuimx obnemax HedremepepaboTKH HeH30EXKHO
obpa3yrorcs GobliIe KOMHYECTBA Ky606020 ocmamka. B 3ko-
HomuKe CIIA usMeHeHMSA mOTpeSHOCTH B OEH3MHE HHKOIIa
HEe CONPOBOXIAIHCH COOTBETCTBYIOIIMMH H3MEHEHHSIMH I10-
TpeGHOCTH B OCTATOYHOM TOILTHBE. Jlaxke COKpalleHHe KOJIH-
gecTBa MPAMOTOHHOTO OCTATKA 34 CYET BAKYYMHOI NeperoH-
KH HE CMOIJIO YCTAHOBMUTb COOTBETCTBHE MEXIY NPOH3BO-
IAMBIM H TpeGyeMbIM KOJHYECTBOM OCTATOYHOTO TOIUIMBA.
IToatomy HedTenepepaGOTYHKH MIPULYMATH HECKOJBKO CIIO-
co0OB MpeBpaliaTh OCTATKH B JieTKHEe MpoAyKTH. Eine B
1920 rony Gonbiime KoiuyecTBa HedTAHOrO Neka nepepaba-
THIBAJIUCh HA YCMAHOBKEe MepMU4ecKoz0 KpeKuHed, 9TO 3HAYH-
TEJIbHO COKpAIAIO JUcOaaHC MeXAy 6EH3MHOM K OCTaTOY-
HbiMH pakuusmu. PazButne TexHonMOrMM B Gojiee MO3THHE
ToAbl MO3BOJUJIO CKOHCTPYHPOBaTh YCTAHOBKM KOKCOBAHUA.
DTH IPOLIECCH BeChbMa CXOXH, ¥ Mbl PACCMOTPUM HX 3[IeCh
Kak HanboJiee pacIpoCTpaHEHHbIE CIIOCO0H YMEHBIIEHHS KO-
JIMYECTBA OCTATOYHBIX PpaKkLIMid.

Tepmuueckuii KpeKHHT

B riase, mocBsllIeHHON BaKyyMHO# neperoHke, Bel y3Ha-
JH O Ipoliecce, KOTOpHI ObLT pa3paboTaH, 4TOOBI u30e-
acams Kpexunea. B atoit riase Bel y3Haere o npoiiecce, cre-
MATBHO 33IyMaHHOM, YTOOBI 6bi36amb KpeKuHe 33 CYET Io-
BHIIIEHHSA TeMIlepaTypbl. PasHKIa B TOM, YTO BO BTOPOM CIy-
Yyae YCJOBHSAMHU IIpoliecca YIpaBiIsIoT.

BcrioMHUTE, 4TO TEPMHYECKUM KPEKHHTOM HAa3bIBaeTCs
pacman MoJieKyJl YrjieBomopoia ¢ o0pa3oBaHHEM MeEHbLIUX
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MoOJIEKyJl, OObIYHO oJiePHHOB, TaK KaK B CUCTEMe HelOoCTa-
To4yHO Bonopona. IlapaduHbl ¢ JIMHHON LIENBIO MOTYT pa-
3opBartbes B Io6oM Mecte. Lukinyeckue coeTUHEHUs OObIY-
HO Pa3pbIBAIOTCSI B MECTE MpUCOeIMHEHHS OOKOBOM TPYIIIHL,
€CJIM TaKOBas ecTb. B pesynbrare, TSKeJAbie MPOLYKTHI Kpe-
KHHra oBbIYHO HMEIOT TMOBBIIEHHOE coaepXaHue oedu-
HOB, Ha()TEHOB U APOMATHKH.

ChipbeM i TEPMUYECKOTO KpeKHHra OOB[MHO SIBISETCA
OCTaTOK BaKYyMHOM HEperoHkKHu (MeK), Ho MHOTIa UCIOb3Yy-
IOTCSl TSDKEJIbI KPEKUHI-Ta30Mib U PELMPKYIUPYIOUIUNA ra-
30iJIb ¢ YCTAHOBKHM KPEKHUHTA.

Ecau npomykTel, mocTynmaloiide Ha TepMHYECKHIl Kpe-
KHHT, CHJIBHO Pa3inyaloTcs IO TEMIIEpaTypaM KHIIEHUsS, TO
JIETKOKMIISIIIIEe CBIPb€ HE CMENIMBAIOT ¢ BBICOKOKMITSILUM.
Xota Ha pucyHke 10.1 3TH HOTOKH [OKa3aHbl BMECTE, B
IEeNCTBUTENBPHOCTH KaXIbIii U3 HUX MOCTYMAaeT B OTAECAbHYIO
TpyO4yaTyi0 Hedb, TaK Kak A JIETKOKWISIIIUX ITPOAYKTOB
TpebyloTcs 6oJiee XecTKHe ycnoBUst (Dosee BBICOKHE TeMIIe-
patyphl). B me4ax celpbe HarpepaeTcs IO TeMIlepaTyp B Iipe-
npenax 520—550°C (950—1020°F). Bpems nipeGbIBaHUS CHIPbS

Loty § Cexuns
4
dﬁ; PasroHKH
Cripne PN
Ocratok > \‘ i
Meun
!
Xoio-
JHTBHHUK ¢
Ocrartok

Puc. 10.1. PeaxitioHHbIi 610K YCTAaHOBKM TEPMHUYECKOTO KPEKHHTa.
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B 3MEeBHKAaX, MPOXOMSIIUX Yepe3 MeqyH, MOoNAepPXHUBAIOT He-
GoNbLIMM, YTOOBI TAM HE MPOUCXOOMIM CIAHMLIKOM INyOOKHE
XMMHYECKHe MpeBpallieHus1. B npoTuBHOM ciayuae Oyner 00-
Pa3oBBIBATHCA KOKC, KOTOPBIA OBICTPO 3a0beT (3aKOKCYET)
3ME€€BHK, YTO MOXET NMPUBECTH K OCTAHOBKE BCETO NpOIIecca.
3aTeM Harperoe ChIpbe IMOCTYNAET B PEAKUUOHHYIO CeKylio,
KOTOpas JOJXHA HAXOMUTbCS MOX JOCTATOYHO BEICOKMM HaB-
geHueM (okono 140 psi wim 10 atMm), 4yTo crnocoGCTBYET
KPEKHHTY, HO He KOKCOBaHUIO.

Ha Bpixome M3 peakTopa IpONyKT cCMeHIMBaeTcsa ¢ Goiee
XOJIOMHBIM PELMPKYTHPYIOLIUM MOTOKOM, YTO OCTAHABIUBA-
eT npoluecc kpekuHra. Ob6a noToka MoOJAITCA B CeKyuio pas-
20HKU, TOe JEeTKOKHUIMAIUME MPOAYKTHI cpa3y MOAHHMAIOTCS
BBEpX, TaK KaK AaBJCHHE B 3TOH CEeKLWH MOHUXEHO (KakK
3TO MPOMCXOAUT B KOJOHHE BaKYyMHOH NEPEeroHKH MpsiMo-
TroHHOro ocTarka). Ha q1He ocTaeTcs TSLKeNblii KpeKMHI-0CTa-
TOK, YaCTh KOTOPOI0 HAINpAaBJsAETCS CHOBA B PEAKLIHOHHYIO
KaMepy B Ka4ecTBe peyupKyaama; 10, YTO OCTaeTCs1, 0OBIYHO
HCIOJb3YETCA KAaK KOMIIOHEHT 0CMAamo4Ho20 monaued.

Jlerkokumnsiuye IpoaAyKThl H3 BEPXHEif YaCTH CEKLIMH pa3-
FOHKH MOJAIOT B PEKTU(PHMKALUOHHYIO KOJOHHY, KOTopas
moka3aHa Ha pucyHke 10.2. IMpoayktel C4~ OTIpaBAAIOT Ha
YCMAaHo8Ky QpaKyuoruposahus Kpexune-easa. beH3uH U Hadpty
(IMTPOMH) C YCTAHOBKH TEPMHYECKOIO KPEKHHIra HCHOJb3y-
0T KaK KOMITOHEHThI OeH3MHa JUOO HAMpaBIsiOT HA YCTa-
HOBKY pu¢opmuHra. ['a3oiyib MOXHO MCITOIB30BaTh KAaK M-
3eJibHOE TOIUIMBO WJIM OTHPABUTh HA PEHUPKYISLIHIO.

KoxcoBanue

KokcoBaHHe — 3TO TepMHYECKHMA KPEKHHT TSDKEJIOTO He-
¢1aHoOro chipbsi B 60jiee XeCTKHX YCJIOBHSX, PH KOTOPOM B
KayecTBe OJHOTO U3 MPOAYKTOB IONYYaeTCs TBepAbIil 0CTaTOK
— kokc. ITocne MHOTHX JieT HaKOTUIEHHST HHGOPMAIIVH O Tep-
MHYECKOM KpEKHHI€ CTaJI0 ZOCTATOYHO SICHO, YTO Giarogaps
BBICOKHM TEMITEPATYPaM M OYEHb BBICOKMM CKOPOCTSAM IOfa-
94 CHIPbS, KOKCOOOPa30BaHUSA HE NPOMCXOAUT, MMOKA CHIphE
He BBIXOIHUT U3 Y3KHX 3MEEBUKOB B evyax B GOJbLIONH ypaBHH-
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Prc. 10.2. YcraHoBKa TEpMUUYECKOTO KPEKUHTA.

TeJIbHBIA pe3epByap. Eciu yriieBonopoaHyIo cMech 3a0epXKaTh B
9TOi U30NMPOBAHHON €MKOCTU, KOTOPAasi HAa3bIBAETCS KOKCO-
ebili 6apabaH, TO MOXHO IPOBECTH YIIPABISEMBIC MMPOLIECCH
rnyOoKoro KpeKMHra M KoKkcoBaHHusl. beuta paspaboraHa TexHo-
JIoTHsi, KOTopas 1o3BoseT 3¢ deKTHBHO MPOBOAUTD 3TOT MPO-
1I€CC, BKIIOYHMB €ro B HEMPEPBIBHEI PEXUM KpeKHHIa. Xots
HAess KOKCOBaHMS TIpollle, YeM HAes KPeKHHTa, B IIEpBOM Cly-
yae Tpebyetcs Gosiee clioXHOe 060pynoBaHUE, TAK KAK IPUXO-
IUTCSE HMeTh ZeJio ¢ KokcoM. [TockobKy KOKe — TBEpAOe Be-
ILIECTBO, TO BOSHHUKAIOT HOTTOJHUTEAbHBIE MPOOIEMBL

CoIppe I KOKCOBaHUs (TO Xe, YTO U UIS1 KPEKHUHra)
HarpeBaioT npuoausureapto g0 540°C (~1000°F) u nmomaor
B HHXHIOIO YacTh KOKcoBoro GapaGaHa, JIerkokunsiuue mpo-
OYKTHI KPeKHMHIa NOHHHUMAIOTCSA BBEPX U OTKAYMBAIOTCH K3
BepxHeil yacth OapabGaHa. Bricokokunsiuue IpoxRyKThl OCTa-
IOTCA U, TIOCKOJIBKY HarpeBaHHWe MPOJOJXKAETCHA, pa3araior-
csl IO KOKca, KOTOPHIA mpencrasisier coboil TBepaoe Bellle-
CTBO, Moxoxee Ha yroinb. ITapsl U3 BepxHeit yacTu GapabaHa
HanpaBJgIOT Ha peKTHOHKALUIO, TaK Xe, KaK H IMPOAYKTHI
TEPMHYECKOTO KPEKMHTA. |
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Yoanenue rxoxca w3 GapabaHa — otnenbHas mpobiaema,
TaK KaK OH MNpeAcTaBisdgeT co0oil TBepaywo aenecuiky. B mpe-
XHHEe BpeMeHa peakTop TepMHUYECKOI0 KpeKHHra HHOrIa 3a-
KOKC08bi6anca B pe3yJibTaTe KaKoro-iubo HapylUleHHWs! TEXHO-
JIOTHYECKOTO PEeXUMA MM aBapud. EAVMHCTBEHHBIM CIIOCO-
O0M BBIYHCTHTb KOKC U3 peakTopa ObUIO MMocaatTh Tyna pabo-
YHUX B KHCJIOPOOHBIX Mackax ¢ oTOOMHBIMM MosoTKaMu. He-
COMHEHHO, YTO HMEHHO 3TO CIEPXHUBAJIO pa3paboOTKy IIpo-
H3BOJCTBA KOKCa Ha HedTenepepabaTbIBaIOIIMX 3aBOAAX.

B Hacrosilliee BpeMsl ydaneHue Kokca — 3TO eXelHeBHas
pPYTHHHAs IpoUEenypa, KOTopas OCYLIECTBAseTcs Iomayeit
CTpYH BoAbI mox AaBneHUeM (okono 2000 psi uam 140 at™).
CHavajna B KOKCOBOH JiemelllKe, Haxonguieiica B GapabaHe,
MPOCBEPIMBAETCS OTBEPCTHE CBEPXY BHH3. 3areM B OTBep-
CTHE OIyCKAlOT BPAILAIOLIUiCA CTepXEHb, B Ppe3yJIbTaTe Yero
CTpys BONBI HAIIPaBASETCS B pa3Hbie CTOPOHBI. 3a CYET BbI-
COKOro IaBJieHHS JieIlellIKa KOKca pa30HMBAaeTCs Ha KYCKH,
KOTOpble BBIBAIMBAIOTCS M3 HMXHEH YaCTH KOJIOHHBI H IIO-

C4y
g
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6apabaHbl 5 bensun
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& Hadra
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Puc. 10.3. Kokconanue.
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MajaloT B TeAeXKHM WIHA BarOHETKH IAsi MOABO3KU K MeECTY
xpaHeHHs. O6bI1YHO GapabaHbl paboTaIOT B pexXume 48-yaco-
BOro LMKJA: 24 yaca OapabaH 3amoNHAETCS KOKCOM, a mepe-
KIIOYEHHE, OXJAXIEHUE M YOAJIEeHUEe KOKca 3aHUMAIOT OKO-
JIo 22 4yacoB, B TeYeHHE KOTOPBIX 3aMOJHAETCS KOKCOM CO-
cenqHunii 6apabaH.

Buixoow. TlponyKThl, BBHIXOASIIIME C YCTAHOBOK KOKCOBa-
HUSA 1 TePMHUYECKOro KpeKHWHra, YyBCTBHTEJNbHBI K YCIOBU-
AIM TIpOIecCca, K KOTOPBHIM MpeXIe BCEro OTHOCITCH TEMIIe-
paTypa B Ile4ax U cBoiicTBa coipbsi. O6nacTb TeMneparyp Ku-
MeHUsI, IPYNIOBOi COCTaB M OTHOCHUTEIbHAS IUIOTHOCTD ChI-
pbsi OOBIYHO MO3BONAIOT MPEeNCcKas3aTh pe3yAbTaThl Mpolecca.
B xavyecTBe mpuMepa pacCMOTPHM pe3yabTaThl epepaboTKu
0CTaTKa ¢ YCTAHOBKH BaKYyMHOIl IeperoHkd (I10Jy4eHHOro
u3 3amagHo-Texacckoit cripoit HedpTH) Ha YCTAaHOBKE Tep-
MHMYECKOTO KpeKHHTa, paboTaiolieil B peXuMe MaKCHUMab-
HOTO MPOM3BOACTBA GEH3MHA, M HA YCTAHOBKE KOKCOBAHUS.

TepMuyecKHil KPEKUHT KoxcoBaHnue
Cripbe 1,00 1,00
Tpodyxmu
Koxkc* 0,30
Cy” 0,18 0,15
IMponan 0,05 0,01
IponneH 0,07 0,01
Byrann 0,04 0,02
BytuneHn 0,06 0,04
Ben3un 0,30 0,08
Hadra 0,15 0,15
T'a3oitnb 0,10 0,50
Ocrarok 0,20 —

* BecoBblie TIPpOLICHTBI, TaK KaK 3TO HE XUIAKOCTb.

Takum o6pa3oM, NpU TEPMUUECKOM KPEKHUHTE KOIHYe-
CTBO ocTaTka ymeHbinaerca Ha 80%. B ciyyae xokcoBaHus
oCTaTKa BooOLIe HeT, HO oOpa3yercs okojio 30% Kokca, mis
KOTOpOTO HYXeH PbhIHOK cObiTa. B 06oux nmpoueccax oopasy-
I0TCA TakxXe OeH3HH, HadTa M ra3oityib, HO OHH HH3KOIo
KavyecrBa. Hadty yacto mepepabaThiBalOT Ha YCTAHOBKE KaTa-
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JUTHYECKOTO PUGPOPMHUHTIA, a ra3oiiib — Ha YCTAHOBKE THI-
poxpexunra. Ho ocrarok ucdyesaer, TaK YTO UIpa CTOUT cBeyY!

Koxc. O Kokce nojie3HO ¢Ka3aTh HECKOJIBKO cioB. bobinas
4acTh KOKCa, KOTOPHI BhIMYycKaeTcsd HedTenepepabarbiBaio-
IIMM 33BOJOM, BHIDJISAMT KaK rybGka M MOTOMY Ha3bIBaeTcs
2ybuamuiii kokc. OCHOBHBIE 06JIACTH NMPUMEHEH NS TAKOTO KOK-
ca — 3TO NMPOHM3BOACTBO 3INEKTPONOB, NOJyYeHHe Kapbuaa
Kanpiud ¥ rpadpura. IIpoyHocTh ryéuaTroro Kokca HemocTa-
TOYHA JUISl €ro UCMOJNb30BaHHUA B JOMEHHBIX Iedax ISl Bbi-
TLIABKHM YYTYHA WIH B JINTE{HOM IPON3BOJICTBE.

Bropas ¢dopMa Kokca — ueosvuamwmili Kokc, KOTOpPBIA TakK
Ha3bIBaeTCA M3-3a CBOMX YAJIMHEHHBIX MUKPOKPHCTALIOB. YTO-
OBl MONMYYUTh TaKOi KOKC, Tpebyercs ocoboe cripbe M Gonee
XecTkue ycjioBusi paGotel. [To cBoeMy KavyecTBy TakKoil BUI
KOKCa IpeNMouYTHTeIbHEE B TIPOU3BOACTBE 3JIEKTPOIOB, YeM
ryGuaThiif Kokc. B pesynbrare, HrOMbYATHI KOKC 3HAYUTENb-
HO IOpOXe, YeM ry0OuaTsiid.

KoKc coepXUT HEKOTOphIE KOJIMYECTBA BOABI M XKUAKHX
yIJIeBOJOPOAOB, MO3TOMY Mepel MCMOAB30BAHHEM OH HOJ-
XeH ObiTh BhiCylleH. VMI3aMejibyeHUe KOKCA C MOCHENYIOUIMM
HarpeBaHHEM C IIEJIbIO YAAJIeHHS 3THX MpUMeceil Ha3bIBaeT-
CSl KAAbYUHUPOBAHUEM.

KpoMe Toro, KOKC MOXHO NMPUMEHATH B KaYeCTBe TOIIH-
Ba Ha HedTenepepabaThIBAIOILEM 3aBOJE — TOYHO TAKHUM Xe
00pa3oM, KaK HCIOJb3yeTca Jio0oe apyroe TBeploe TOILIM-
BO, HampuMep, KaMeHHbIH YTroJib.

Jlerknii KpeKHHT (BHCOpPEKMHT)

Ilpu nepepabomke ne@msamnbix ocmamxog — noayeyopoHoe u
2YOpOHO8 — UenesbiM NPOOYKMOM OOBIMHO A6ASeMCA KOmeabHoe
monaugo, noay4aemoe 6 pe3yAbMame CHUNCEHUA 6A3Kocmu
ucxodnozo ocmamxa. Taxoii npouecc He2aybokozo paznoxce-
HUA CbIPbA HA3LIBAEMCA N€2KUM KPEKUHeOM UM GUCOPEKUHZOM. —
Ipum. peo.

BHCOpPEKMHI — 3TO TePMUYECKUHl KpPeKHHT IJIt OCOHBIX.
YcraHoBKa BHCOpPEKHWHIra UCIIOJNB3YET TAXKENbIii OCTaTOK OT
mpoliecca BaKyyMHO#H NeperoHKH, YacThb KOTOPOro IOABEp-
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raeTcs B Heil TepMU4IeCKOMY KpeKHMHTY. IIpOoAyKT MOXHO CHO-
Ba pa3leJuTh Ha (PpaKUUH, YTO MPHBOAUT K YMEHBIHEHHIO
o6nemMa octatka. [locie 3Toro K ocTaTKy H00aBIMIOT IS pa3-
OaBlieHMA HEKW DUCTWINATHHINA HedTenponykr (pazbasu-
mensb), TOTAA OCTATOK (I1eK) BMCOpEKMHIa CTAHOBUTCS IIpH-
FOXHBIM K IIPHMEHEHUIO B KA4€CTBE OCTATOYHOTO (KOTENBHO-
ro) tomiuBa. KoauyecTBo EMCTHUIATA, HoOaBisieMoro IJis
pa3bapieHHst, MeHble, YeM KOJMYECTBO MPOAYKTOB Kpe-
KHHTA, BBIXONSAIIMX C YCTAHOBKH — TAaKHM o0pa3om, B lle-
JIoM, 00b€M OCTATOYHOTO TOIUIMBA CHHXAeTCs.

B xauecTBe pa36aBUTEI MOXHO OpaTh TSXEJbId KpeKHUHT -
ra3oiijib, peUUPKYIUPYIOLIUHA ra3oiib WIH ITOTOH, MOJYyYEH-
HBI MU pasmeNeHuH MPOAYKTOB Ha 3TOMH Xe YCTAHOBKE.

BucOpeKHHr HAaITOMHHAET TEPMUYECKH KPEKHUHT, HO OT-
JIMYAETCs OT MOCNEAHEro 110 HHTeHCHBHOCTU. O0opynoBaHue
B 3TOM CAy4yae MpoHie, ¥ Bech npollecc aemenne. C apyroi
cTopoHbl, ToabKo 20—30% TAXeNoro ocrarka BaKyyMHOM
[TepEroHKH MOABEpPraeTcs TpaHCGHOpMAIIHU.

3amevanue. B HedrenepepaboTke MHOTHX CTPaH 3HAYUTENb-
Hble KOMHYECTBA TAXEJOro NMPAMOTOHHOIrO ra3oiiif mornaaa-
10T B KyOoBblif ocraTrok. B CHIA oH Obin Obl OTAENEH KakK
rOJIOBHOI MOTOH BaKYYMHO# TIEPErOHKH M 3aMECHEH CBEPXTS-
XeJIbIM KpeKHHT-Ta30iiieM B KauecTBe pa3baBHUTeNs.

YYyuThIBasi BO3MOXHBIE MCTOYHHUKH OCTATOYHOTO TOILIH-
Ba, YMeHblIleHHe KOJMWYEeCTBA OCTaTKAa MOXET CBOAMTHCA K
BaKyyMHOI{ NeperoHKe B COUETAHUH C KATATUTHYECKUM Kpe-
KHHIOM, & HE K TEPMUYECKOMY KPEKHHIY B COYETAHHH C
KoKcoBaHUeM. OmHaKo 3T0 OyleT HMEHHO YMEHbIIEHHE KO-
JIMYECTBA OCTaTKa, HO He JeCTPYKIIMS ITeKa.

YINIPAXHEHHUA

1. 3anonHUTE MPOMYCKHU:

a. OCHOBHOE pa3H4Ke MeXIy TEPMUYECKUM M KaTaTMTHYEC-
KMM KpeKHHTOM — TO, YTO B MEPBOM CJIydae JUI yCKope-
HHUS NIpOoLecca He UCTIONb3YeTCs

6. OCHOBHOe pa3TUYHE MeXAY TEPMHYECKUM KpCKHHI‘OM "
KOKCOBaHHMEM — 3TO TNPOM3BOACTBO u
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YrtoObl MpeoTBpaTUTE KOKCOBAHHE B PEaKTOpe TEpMHUYeEC-
KOTO KpeKHHIa, ChIpbe

YToOBI YCKOPUTh KOKCOBaHHUE B KOKCOBOM OapabaHe, Cbl-
pbe

KayecrtBo 6eH3nHa HadTBI M Ta30iis ¢ yCTAHOBOK TEPMM-
YECKOT0 KpeKUHTa U KOKCOBaHUs

Ha HedrenepepabaTbiBaloilieM 3aBofe npomsonmcx ZBa
TUNA KOKCa: 7}

. ®pakuuio C4~ HamMpaBAAIOT HA YCTAaHOBKY cbpaKuMOano-

BaHUSA rasa, TaKk KaKk oHa COACpXHUT

Tpn TJIaBHBIX YaCTH YCTAHOBOK TEPMHYECKOI0o KPpECKHHIra U
KOKCOBAHHA — 3TO s H
, KOTOPBIA B Ciiydyae KOKCOBAaHMSI HA3bIBACTCS

Vrpaensoiuii HedrenepepabaThIBaroOIIETro 3aBoAa U3 BTO-
po¥t U Tperbeil INaBbl NOMXKEH COOOLUUTb MEHEIXKEpy Mo
Mponaxe, CKOJIBKO KOKCa MOCTYIUT Ha pPBIHOK. Bech Ky-
0OBbBIIl OCTATOK C YCTAHOBKM BaKyyMHOMH NEperoHkd Ha-
MpaBIseTcs Ha YCTAHOBKY KOokKcoBaHMs. s pacyera uc-
ITOJIB3YIiTe BBIXOIBI MPOAYKTOB, ITpHUBEIEHHBIE B 3TOit r1a-
Be, X OTBETH Ha 3a1a4y 2 B TpeTbeil rase. Cumntaiite, 410
OTHOCHUTENIbHAS MIOTHOCTh OCTaTKA M3 BaKyyM-HCIapuTe-
as coctapaseT 10°API wnu 350 ¢pynr./6ap. (He 3abynbte,
4YTO BBIXOA KOKCa IpHBeleH B BECOBBIX MPOLIEHTAX, a €QH1-
HUUEH H3MEPEHHST KOJIMYEeCTBA KOKCA NP Mpodaxe SBJs-
eTcsi KOpOoTKas TOHHa, comepxamasg 2000 ¢yHTOB.)

Ho6aBbTe YCTaHOBKY TEPMUYECKOTO KpEKHMHTa, BKIIOYas
MOTOKM COOTBETCTBYIOLUMX BEHIECTB, B OOIUYIO TEXHOJO-
TMYecKYIo cxeMy HedrenepepabaThiBalolero 3aBoja.



X1
TMIAPOKPEKHUHTI

...Cxopee cea3v eewjeli nopeemcs.
B. Hlexcnup. «Max6em>»

T'uapokpekuHr — mpouecc 60jee MO3OHEr0 NMOKOJIEHMS,
YyeM KATAIMTHYECKHI KPEeKHWHI M KATAJIUTHYESCKHHA pubop-
MHHT, ITO3TOMY OH Gonee 3¢ GeKTUBHO OCYLIECTBJIAET TE Xe
3aJa4M, 9YTO H 3TH IBa Ipouecca. [HAPOKPEKHUHT MO3BOJISAET
YBEJIMYUTh BBIXO[ KOMIIOHEHTOB GEH3HMHA, OGBIYHO 3a CUET
NpeBpallleHHs ChIpbsl THIIA ra3oiia. Ka4ecTBo KOMIIOHEHTOB
OeH3WHa, KOTOpPOe IIPH 3TOM JOCTUraeTcs, HEeZOCTHXHMO
MpH NOBTOPHOM NMPOXOXICHUH ra30iis 4epes Ipolecc Kpe-
KHHTa, B KOTOPOM OH ObUI mosydeH. IHIpoKpeKHHT Takxke
MO3BOJISIET MPEBPAIIATh TSKEJbIA ra3o0iib B JIETKUEe AMCTHII-
JaThl (peakTHBHOE M AM3eJIbHOE TOIUTMBO). W, BeposiTHO,
caMoe BaXHOe — TO, YTO NPH IMAPOKPEKUHre He oOpasyer-
Csl HIKAKOTO TSLKEJIOr0 HENEeperoHsIomEerocs ocrarka (KoK-
ca, Meka Wi KyGoBOro OCTarka), a TOJBKO JIETKOKHITSIIHE
dbpakuuu.

TexHoJjorayecknii mpouecc

C10BO rHIpOKpeKUHT paciun¢pOBLIBAETCSA O4€HD MPOCTO.
DTO0 KATATHTHYECKMII KpeKUHT B MPUCYTCTBHM Bogopona. Co-
YeTaHHe BOJAOPONA, KaTaJH3aTOpa M COOTBETCTBYIOIIETO pe-
XHMa Tpoliecca MO3BOJITIOT MPOBECTH KPEKUHI HH3KOKaye-
CTBEHHOTO JIETKOT'O Ta30ii/I, KOTOPHIl o0pasyeTcsa Ha JpYTrux
KPEKMHI-YCTAHOBKAX M HHOTJA MCIOJIB3YETCH KaK KOMIIO-
HEHT AW3eIbHOTO TOIUIMBA. YCTaHOBKA MMAPOKPEKMHIA IIpo-
H3BOJHUT BHICOKOKAYECTBEHHBIH OEH3UH.

3agymaiitech Ha MHMHYTY, HACKOJBKO ITOJIE3HBIM MOXET
0Ka3aThCs Mpolece rapoKpekuHra. Ero caMoe BaxHoe IIpe-
HMYLIECTBO — 3TO CIIOCOOHOCTh IEPeKTIOYaTh MOUIHOCTH



108 NepepaboTtka HedTH

HedTenepepabaThIBAIOLUETO 3aBOAa C BbIITycka GONBILHX KO-
JuyecTB OeH3MHA (KOora yCTaHOBKa I'MApPOKpeKHWHra padora-
€T) Ha BBINYCK OOJBIIUX KOJWYECTB IU3EJbHOIO TOIIHBA
(korma oHa OTKJIIOYEHA).

K rMopokpekMHry BO MHOTOM INpHMEHHMAa H3BECTHAs
IIYTKAa CIIOPTUBHOTO TpeHepa, MpeHeOpeXUTEbHO 3asBASIO-
LIETO MO MOBOAY MEPEXoda ero UrpoKa B KOMaHAY COMEpHH-
KOB: «I10JIaTal0, 3TO YCHJIUT 00€¢ KOMaHIbl». I MAPOKPEKHHT
MOBBILIAET KA4eCTBO KaK KOMIIOHEHTOB O€H3MHA, TaK U JMUC-
THAAATa. OH NMOTpeGaseT XyaAlue U3 KOMIIOHEHTOB MCTHII-
JIATa U BbLIAET KOMITIOHEHT OeH3MHA BHIIIE CPEAHEro Kave-
CTBa.

Crenyer OTMETUTbD €llie OMUH MOMEHT: B IPOLIECCe THAPO-
KpeKHHra obpa3yloTcsi 3HaYMTeJbHbie KOJUYecTBa H300yTa-
Ha, YTO OKa3bIBA€TCS IOJE3HBIM IS YIpPABICHHUS KOJjdye-
CTBOM CHIPbSI B IIPOLIECCE ANKUIHPOBAHUS.

B Hacrosiiee BpeMsl UIMPOKO HCIOJIb3YeTC 0KOJIO AECATH
Pa3IMYHBIX THUNOB TMAPOKPEKUHI-YCTAHOBOK, HO BCE€ OHH
OYeHb TOXO0XH HAa THIIMYHYIO KOHCTPYKLIMIO, OTTMCAHHYIO B
CIIEAYIOLIEM pa3fene.

OObopynoBanne H XHMHYECKHE pPeaKIMH

KaranuzaTopbl TMAPOKPEKHHIa, K CYACTblO, MEHee ILieH-
HBI ¥ OPOTH, YeM KaTanu3atope! pudopMuHra. OGpIMHO 3TO
coeNTHEHMs cepbl ¢ KODATLTOM, MOJIHONEHOM MJIH HUKEJIEM
(CoS, MoS,, NiS) u okcun amomunus. (HasepHoe, Bac
IaBHO HHTEPECOBANO, IS 4Yero BooOIe HYXHBI 3TH METal-
Jabl.) B oTnMYKMe OT KAaTAIMTUYECKOTO KpeKHHIa, HO TaK Xe
KaK NpH KaTAIUTHYECKOM pHUPOpMHHIE, KaTajiu3aTop pac-
roJjiaraeTcs B BUAE HeMoABHXKHOro cios. Kak U Kararutugec-
KM pUOPMHUHT, THOPOKPEKHMHI Yaille BCEro MpPOBOOAT B
IBYX peakTopax, Kak Moka3aHo Ha pucyHke 11.1.

Choippe CMEIIHMBAETCS C BOAOPOAOM, HAarpeThiM mo 290—
400°C (550—750°F) u HaxomaumMcs non nasiaeHnem 1200—
2000 psi (84—140 aTt™), H HaNpaBJSIOT B nepewiii peakmop. Bo
BpeMs TPOXOXAEHHsS CKBO3b CJIOH KaTajJH3aTopa NPHUMEPHO
40—50% cuipbst TOABEpPraeTCA KPEKMHIY ¢ 0oOpa3oBaHHEM
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Puc. 11.1. YcraHoBKa g IBYXCTYTIEHYATOTO THAPOKPEKHUHTA.

NMPOAYKTOB, COOTBETCTBYIOLIMX IO TEMIIEPAaTypaM KHUIICHUS
OGeH3uHY (Touka BeIkMmaHus go 200°C (400°F)).
KaTtanuzaTop ¥ Bomopol HOMOJHSIOT Ipyr Apyra B He-
CKOJIBKMX aclieKTax. Bo-mepBhIX, Ha KaTaIM3aTope HAET Kpe-
KUHT. YTOOBI KpeKHHT IIPONOIXAJICH, TPeOyeTCs ITOABOM TeI-
Jia, TO eCTh 3TO — 3Hdomepmuneckull npoyecc. B To Xxe BpeMs,
BOHOpOH pearupyer ¢ MOJIEKyJIaMH, KOTOpble o6pa3yioTcs
P KpeKMHTe, HACHIIIAS WX, H MPH STOM BBIIEIAETCS Ter-
no. JIpyTHMHM CJIOBaMH, 3Ta peakilis, KOTOpas Ha3bIBaeTCs
eudpupoearue, BisieTcs sk3omepmuyeckoll. Takum obpaszom,
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BOAOpOA AAeT TEIUIO, HEOOXOOUMOE NI NPOTEKAHUS Kpe-
KHHTa.

Hpyroii acniekt, B KOTOPOM OHU IOTIONHSIIOT OPYT Apyra, —
310 obpasoBaHue n3omnapa¢uHoB. [Ipy KpeKUHre mony4aoTcs
oieHHbBI, KOTOPHIE MOTYT COEMUHSAThCS OPYE C APYroM, TpHU-
BOIISi K HOPMAJIBHBIM HapaduHaM. 3a cUeT THIpUpOBaHMS JIBOT -
HbI€ CBSI3M OBICTPO HACBIIIAIOTCS, HPH 3TOM YacTO BO3HUKAIOT
u3omnapaduHbl, U TAKUM 00pa3oM IMpeAoTBPalliaeTCsl MTOBTOP-
HOE IMOJIYYEeHHE HeXeJaTeNbHBIX MOMEKY (OKTAaHOBBIE YHCTA
u3onapauHOB BhIILE, YEM B CJTy4yae HOPMAJIBbHBIX MapaduHOB).

Korna yrireBogoponHasi CMeCh BBIXOZUT U3 NEPBOIO peak-
TOpa, €€ OXJIAXIAIOT, CKILKAIOT ¥ NMPOIYCKAalOT Yepe3 cerna-
paTop IJIsl OTHe/IeHHs Bomopoaa. Bomopon cHoBa CMEIIMBAIOT
C ChIpb€M W HAIPABISIOT B MpoliecC, a XHAKOCTh MORAIOT HA
neperoHky. [IpomykTel, MOJYyYeHHBIE B TIEPBOM PpEaKTOpE,
pa3iensoTcs B peKTU(PUKAIIMOHHON KOJIOHHE, U B 3aBHCH-
MOCTH OT TOro, 4TOo Tpebyercs B pe3yjbTaTe (KOMIIOHEHTHI
OeH3HMHa, PeaKTHBHOE TOIUIMBO MJIM Ta30iliib), OTHENsieTCs
UX 4acTh. KepocHHOBYIO (QpaKIHI0 MOXHO BBUICJIUTH KaK 00-
KOBOI MOrOH WJIM OCTABUTH BMECTe C ra3oiiieM B KauyecTBe
OCTaTKa OT IIEPErOHKH.

OcCTaToK OT [eperoHKU CHOBA CMEIIMBAIOT C TOKOM BOIO-
poIa U 3amycKaioT BO BTOpO#i peakTop. Tak Kak 3TO Belle-
CTBO VyXe€ IMOABEPrajoch T'MIPUPOBAHMIO, KPEKHHIY U DPH-
¢opMUHTY B MEPBOM peakTope, MPOLECC BO BTOPOM peaKkTo-
pe nnet B GoJjiee XKecTKOM pexuMe (Dosiee BHICOKHE TeMIle-
paTypbl M maBaeHHsi). Kak M MOpoaykThl NMEpBOM CTamu,
CMEeChb, BBIXOHSILUAS M3 BTOPOrO pPeakTopa, OTHENAeTCS OT
BOAOPOIA M HampaB/sieTcsd Ha GpaKIHOHUPOBAHHUE.,

TIpenctaBbte cebe, Kakoe 000pymIOBaHKE MOTpebOyeTcs IS
npoltecca, npoxoasiero npu 2000 psi (140 at™) u 400°C
(750°F). TommuuHa CTEHOK CTaJIbHOTO peakTopa MHOTIA NO-
cturaet 15 cM. OcHOBHas rpobjeMa — 3TO He AaTb KPEKUHTY
BBIATH U3-TIOA KOHTpOJisl. [1O0CKONBKY CYMMAapHBIM IIpoLece
SHIOTEPMHYEH, TO BO3MOXEH OBICTPHIA IOXABEM TeMIIepaTy-
pbl U OTIACHOE YBeNMYEHHE CKOPOCTH KpekuHra. YtolGnl u3be-
XaTb 3TOro, GOJBIUMHCTBO YCTAHOBOK TMIPOKPEKMHIA CO-
JepXaT BCTpOeHHbIe TTPUCIIOCOGIEHHSI, TO3BOJISAIOIINE OBICT-
PO OCTAHOBUTD PEAKLIHIO.
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IHpodykmut u ebixodw. Elile OXHUM 3aMevYaTeabHbIM CBOM-
CTBOM ITIpoOIIecCa TMAPOKPEKNHTA ABIAETCS YBEINYEHHE 0Obe-
Ma mpoaykroB Ha 25%. CouyeTaHMe KPEKMHTa U THAPHUPOBA-
HUA JAeT MPOAYKTbI, OTHOCHUTENbHAs IUIOTHOCTb KOTOPHBIX
3HAYMUTETbHO HHXE, YeM IUIOTHOCTh Chipbs. HuXe mpusene-
HO THIIMYHOE pacripeliejieHUe BbIXOAOB IPOAYKTOB THApPO-
KPEKMHIa IPH HCIOJb30BAHUM B Ka4eCTBE CHIPbS Fa3oitis c
YCTAHOBKH KOKCOBAaHMSI M CBETAbIX (pakuuil ¢ YCTaHOBKH
KaTAIMTHYECKOTO KpeKHHra. [IpomyKThl rHAPOKpeKHHIa — 3TO
JIBe OCHOBHBIE (PpaKlIU, KOTOPBIE MCHOJB3YIOTCA KaK KOM-
MOHEHThl 6EH3UHA.

O6peMHBIE DOJIHN

Chipbe:
T"a30it1b KOKCOBAaHUA 0,60
Caermble PpaklIMK C YCTAHOBKM KaT. KPEKHMHIa 0.40
Bcero 1,00
IMponyxrer:
IIpoman —
MN306yTan 0,02
H-byraH 0,08
Jlerkwit npoayxT ruJpOKpeKHHIa 0,21
Tsaxenblit MPOAYKT rUIAPOKPEKMHIa 0,73
KepocuHoBble dpakunu 0.17
Bcero 1,21

B rtabnuile He ykaszaHo TpeGyemoe KOJIWYECTBO BOAOPO-
[a, KOTOpOe H3MepsAeTcd B CTAHHAPTHLIX KyOWueckux oy-
Tax Ha Oappesb cbipbf. OOBIYHBIA PAcXOX COCTaBISET
2500 cr. ¢yr3/6appenp. TsoKeblik MPOAYKT TMAPOKPEKUHIA —
310 naurpouH (Hacdra), comepXaluit MHOTO npeduiecmeeHHu-
K06 apoMaTHKH (TO €CThb COCOUHEHHUH, KOTOPBIE JIETKO IIpe-
BpAIIaIOTCA B apOMATHKY). DTOT MPOAYKT YacTO HAIpPABJIAIOT
Ha ycTaHOBKY pudopMHHra mwis obnaropaxupanus. Kepocu-
HOBbIe (PpaKIMK SBIISIOTCS XOPOIIKUM PEAKTUBHBIM TOIUIMBOM
WIH ChIpbeM IS TUCTWUIATHOIO (AM3EJIbHOrO) TOIUIMBA, TO-
CKOJIBKY OHH CO[IEpXAaT MaJI0 apOMAaTUKU (B pe3y/bTaTe Hachl-
HIEHHsT OBOMHBIX CBsieil BogopoxoM). bonee nmogpobHas uH-
dopmaiinst Ha 3Ty TeMy comepxurtcsa B rnase XIII «uctun-
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JaTHeie TOIIHBa» U B raBe XIV «HedraHoit 6utyMm U ocra-
TOYHOE TOTLAUBO».

Tudpoxpexunz ocmamxa. CyluecTBYeT HECKOJIBKO MOAEeit
YCTaHOBOK TMIPOKPEKHHTa, KOTOPBIE ObUIM CKOHCTPYHpOBa-
Hbl CHEUHATBHO IS TepepaboTKM NpPAMOTOHHOrO OCTATKa
UMW OCTaTKa OT BaKyyMHO# meperoHkd. boablUMHCTBO M3
HMX paGoTaeT MO THMY YCTAaHOBOK I'MIOPOOYMUCTKH, KaK OIH-
caHo B rnaBe XV. Ha Beixome monyyaercs Gonee 90% ocra-
TOYHOTO (KOTEJIbHOTO) TOILIMBA. 3afajeil JaHHOTO Mpollecca
SIBASIETCS YOAJIEHHE CepHl B Pe3y/IbTaTe KaTAIMTHYECKOM pe-
aKLMH CEepOCOAECPXAUIUX COCAUHEHMIT ¢ BOXOPONOM ¢ obOpa-
3oBaHueM cepoBonopona (H,S). Takum obpaszom ocratok c
colepXaHneM cepsl He Gonee 4% MoXeT GbITh NpeBpallieH B
TSKeJIoe XHUAKOe TOIUIMBO, colepxailee MeHee 0,3% cepkhl.

Pesiome. Tenepp, Korna Mbl MOXEM BKIIOYHTH YCTAHOBKY
THAPOKPEKHHTa B OOLIyIO cxeMy mepepabotTku HedTH, HeoO-
XOHMMOCTb COIIACOBAHHBIX OMepaIlHii CTAHOBHTCS OYEBHII-
Hoif. C OgHOI CTOPOHBI, YCTAHOBKA TMAPOKPEKHHTA ABJSETCS
LIEHTPANbHBIM IIYHKTOM, TaK KaK OHA IIOMOTa€T YCTAHOBUTD
GaraHc MeXaAy KOJMYECTBOM OeH3WHA, AM3eJIbHOTO TOILIMBA
Y peakTUBHOTrO TOIUIMBA. C Ipyroil CTOpOHBI, CKOPOCTH MoJa-
YU ChIpbSI ¥ PEXMUMBI PaboOThl YCTAHOBOK KATATHTHYECKOIO
KPEeKWHTra M KOKCOBaHHS He MeHee BaXHB. Kpome Toro, aj-
KWIHPOBaHHE U pUPOPMHHI TaKXKe CleNnyeT YIYUTHIBATH NMPHU
ITAHHPOBAHUY pacHpeieNieHUsI TIPOAYKTOB I’MIPOKPEKHHTA.

YIIPAXHEHHA

1. TlpoaHanu3upyiiTe pas3auydss MEXIY T'HIPOKPEKHHIOM,
KAaTATUTUYECKUM U TEPMHUYECKMM KPEKHHIOM C TOYKH
3peHHUs ChIPbs, IBHXYILIEH CHIIBI IIpOLIEcCa U IPYIIOBOTO
COCTaBa NMPOLYKTOB.

2. Kak B3auMOIOITONHAIOT APYT Apyra MAOPOKPEKHHT M Ka-
TanUTHYeCKU KpeKHHI? PuopMHUHT U THAPOKPEKMHI?

3. H306pa3ute TEXHOJOTHYECKYIO cXeMy HedrenepepabaThi-
BAIOLEr0 3aBOXA, BKIIOYMB Tyda YCTAaHOBKY TMApPOKpeE-
KHHTa.



X1
KOMIIAYHANPOBAHME
BEH3MHA

Bce xopowue eéewu 8 xucusnu npuxodsm
He noooduHouKe, a eMecme ¢ Opy2uMu 6euamu

Yapasz JIom6

beH3uH — HauboJiee LIHPOKO U3BECTHASL CMECH YIJIEBOLO-
poOlOB, HO TEM He MEHee, O €ro CBOWCTBAX 3HAIOT YIUBH-
TEJABHO Majo. DTO HEBEXECTBO OOBACHSETCSH, NMO-BUIHMOMY,
TeM, YTO HABJIEHUE CO CTOPOHBEI KOHKYDPEHTOB 3acTaBJIAeT
MPOU3BOMUTENCH BHIITYCKATb BIOJHE IIPUTOAHbIN WIS UCIIONb-
30BAHMA MIPOAYKT. A €CJIM MPOAYKT BIIOJIHE MPHUIOAEH, MOKY-
nareiy NepecTaloT HHTepecoBaThesl (WM M3HAYAIbHO He UH-
TEPECYIOTCSI) MPUIMHAMU €ro NMPUTONIHOCTH.

B 3T0it r71aBe MBI PACCMOTPUM HECKOJIBKO aCIEKTOB.

1. Ise HauGonee BaxHple NepeMeHHble, UMEIOLUE 3Ha4e-
HHE MPH KOMIIAYHAMPOBAHHU O€H3WHA; NapleHHe HAChl-
IIEHHOTO 1apa ¥ OKTaHOBOE YHCJIO.

Biusinue n106aBOK TETPasTUICBUHIA HA GEH3HUH.
MeTtoguka cMellIiBaHHA GeH3HHA.

Bmusinne notpebHOCTel B KOMIIAYHAMPOBAHHOM OCH3HHE
Ha Ipolieccol HedrenepepaboTKH.

Ectp HeOosblast BepOSITHOCTH, YTO 3Ta [N1apa ¢ CaMoro
Ha4yajla OKaXeTcsi HEMOHSTHOM, ecin Brl He mMmeere mpen-
CTaBNEeHHUS O TOM, KaK paboTaeT aBTOMOOMJIbHBIH ABUrATENb.
IMostoMy nmnst Havana OymeT mpencTaB/ieHa Napa CTpaHUL U
WUTIOCTpaLIMi Ha 3Ty TEMY.

Heuzamenv enympennezo ceopanus (ABC). TlpyHIMITHAIL-
HBIMU YacTAMM OeH3MHOBOTO IBUTaTessA, IO KpaiiHeil Mepe,
TNIPUHITATIMAABHBIMM JIS1 3TOH KHUTIM, SIBASIOTCA OeH300ak,
GeH30oHacoc, KapolopaTop, UMTHHIAD, MOpPLIEHb U CBeYya 3a-
Xxuranus. [puratenn 6e3 nmociaeaHeil 4acTH U3 CIMCKa (CBEYH
3aXUraHus) OymyT oOCyXIaThCs B CHeAyIOLIel IaBe, U Ha-
3BIBAIOTCA OHH MU3EJIbHBIMH.

el
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Ipouiecc B ABC HauuHaercs ¢ Toro, 4To Bl 3amosHseTe
G6eH300ak Ha GeH3okoyioHKe. 3aTeM Bpl 3aBomuTe MOTOp, H
0eH30HAcOC BHICACHIBAET TOIUIMBO M3 0aKa M OTIIPABISET €ro
B KapOlopatop. KapOioparop ucnapsier GeH3MH, CMELUIKBAeT
€ro ¢ BO3AYXOM H OTIIpaBisieT B HWIHHAP. Jasnblie npoucxo-
IMT MOCHEIOBAaTENbHOCTh COOBITHI, M300paxeHHAass HA pH-
cyHke 12.1.

CMecp OeH3MHA C BO3IYXOM 3aCachIBaeTCs B LIMJIMHID,
KOTZIa IOpUI€Hb ABUXETCA BHHM3, U 00BeM LIWJIMHApPA Bo3pac-
TaeT 10 MakCMMaibHoro. BnyckHoil KiamaH 3aKphiBaeTcs, U

Bnyck Cxarne  Bocmiamenenme PabGoumii xon

o

Huxnee Beinycxk BepxHee Bnyck
MONOXKEHHE TOJIOXEHHE

Prc. 12.1. YernlpexTaKTHBI! ABUraTeb BHYTPEHHErO CropaHHud.
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3aTeM MOpLUEHb ABMXETCS BBEPX [0 LMJIMHADY M cxcumaem
toruiBo. Korna nopiueHb JOCTUraeT BEpXHEH TOYKH CBOEro
X0[a, CB€Ya 3aXKMIaHUS JaeT MOUIHYIO HCKPY U BOCILIAMEHSI-
eT 6eH3UH. BeH3H MOMEHTaJbHO Cropaer, YTo MPHUBOAUT K
CHUJIBHOMY DAcCLIMPEHHIO Ta30B U JABJIEHUIO HA MOPLIEHb.
ITosTomy 3aTeM NopLieHb BBIHYXIEHHO IIEPEMELLAETCS BHHU3
Mo UMWJIMHAPY, U 3HEPTHUS TlepeJaeTcsl Ha KOJeHYaThIi BaJl —
3TO Ha3bIBaeTCH pabouuii xod nopwna. B HuXHell Touke pabo-
Yero xofa BBITYCKHOW KJIalaH, HaXoSALIUIHCS B Bepxy UH-
JIMHIpPA, OTKPBIBAETCS, U BO BPEMS ABHXXCHUS TOPIUHS BBEPX
cropesliiee TOIUIMBO BbIOpaceiBaeTcs. B BepxHeil Touke xoaa
BIIYCKHOI KJallaH CHOBAa OTKPBIBAaeTCH, M BECh Mpoliecc I0-
BropsieTcd. O6paTuTe BHUMaHHE HA TO, YTO B TeYEHHE KaX-
OTO IMKJIA MOpILUEHb [0 [BAa pa3a MepeMeliaeTcs BBEPX U
BHM3 MO IVUIMHAPY.

,B,'almemle HACBINICHHBIX NIApOB

OnHoit U3 MPUHUUMIHAIBHBIX cTamui uukia padotsl ABC
SABJIseTCS BociUlaMeHeHUe GensuHa. Korma meurareib paso-
IpeT, C 3TUM HEeT MpolJieM: TEIIO ObeCcITeYnBaeT MOCTYIIE-
Hue 100% OGeH3uHa B UMMUMHIOP B BHae mapoB. Ho koraa
IIBUTaTe/Ib TOJNbKO HAYHMHAET paboTaTh HA XOJIOAE, CHTYaLMs
YCJIOXHSIETCS.

Ilpu 3anycke xonogHoro aBuratens GoKyc B TOM, YTOOBI
6eH3MH comepXaJl TOCTATOYHO JIETYYMX YIJIEBOAOPONOB IS
00pa3oBaHHUA BOCIUIAMEHSAIOMICICS MAapOBO3AYIIHON CMECH.
Mepoii eTydecTy ABAETCS NABJIeHHE HACHIIEHHBIX M1apoB,
KOHKpeTHee, napjieHue mapos no Peitny (AITP) — xapaxre-
PUCTHKA, Ha3BaHHAas 110 UMEHH YejIOBeKa, KOTOphiii paspa-
6otan mpubop I ee U3MEPEHU.

Onpedenenue. JlaBneHNe HACBIILIEHHOTO I1apa — 3TO Mepa
NOBEPXHOCTHOIO JABJICHHSA, KOTOpoe HEeoOXomuMo, YTOOBI
XUIKOCTh He Hcnapsinach. Jisd JeTKOKUISAIIETO YTIIEeBOROPO-
0a THNa Oponada JaBieHue NapoB OYeHb BHICOKO, TaK KakK
3TOT yI/ieBOJOPON OYeHb JeTyd. bojiee BHICOKOKMMAMIMIA yT-
JIEBOZOPOH, TAKOH KAK ra3oiiib, XapaKTepHU3yeTcsa MOYTH HY-
JIEBBIM HaBJIECHHEM HACHIIUEHHBIX MAPOB, TaK KaK IPH KOM-
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HaTHOIi TeMIepaType OH Hcrapsercs KpaihHe MemieHHO. Eciau
Bbl Ha MMHYTY 3agyMaetech, BaM craHer siICHO, YTO JaBJje-
HHE TapoB 3aBUCHT OT Temmnepatypbl. JAIIP uamepstior mpu
15°C (60°F).

Pexcum pabomw deuzamens. JIoBojibHO ONpemeNeHHs —
BepHeMcs K nmpooaeme Kapoiopatopa. s AP GeH3uHa He-
06xonKMMO BBINOJIHEHME NBYX KpailHux ycioBuii. [lpu xomon-
HOM 3aIlycKe HOJIXHO HMCIApATHCS AOCTATOYHOE KOJAUYECTBO
6eH3uHa (YTo-HUOYIb oKoso 10%), 4To6hl 06GpazoBanack BOC-
nIaMeHseMasi cMechb. EcM BoCIUIaMeHeHHe MPOM3O0IILIo, TO
OCTaBIIasiC 4acTh OEH3WHa — Ta, YTO He HMCHapuiach —
TOX€E HaBepHsIKa cropurt. [Ipyroe KpaiiHee yclOBHE OTHOCHT-
¢ K peXuMy, Koraa paboTaeT MOJHOCTHIO pa3orpeThiit IBH-
rarejab, WIKM K elne Oojiee KpallHEMy pexXHMy, KOTAa rops-
YU IBUraTe/Ib HYXXHO [TOBTOPHO 3aNyCTHTh. B 3TOM ciyyae
napbi 6eH3MHA He HOJIXHBI PACIUIMPATHCSA CAUIUKOM CHJIBHO,
HHaYe HA MYTH B UMIMHADP GeH3WH HEBO3MOXHO OyHeT cMme-
math ¢ Bo3ayxoM. Kopoue roBopsi, cMeCh M B 3TOM ciydae
JIOJXHA OBITh BOCIIAMEHSIEMOA.

HedrenepepaboTyuku OOGHAPYXUIM, YTO CIOCOGHOCTH
OeH3MHA YHOBJIETBOPATb ITHM YCIOBHAM MpPSIMO CBS3aHA C
JITP. Bojee Toro, okasajioch, YTO HAEAJbHBIH IOKa3aTelb
JIIP anst 6eH3KMHA JOJIXEH OBITh Pa3IMYHBIM B pasHOE BpeMs
rona. B pasrap suMsI rae-HUOyAb B ropoiake bemumkxu (Mun-
HECOTa) IJI XOJOHHOrO 3amycka Tpebyercst 6eHsuH ¢ AP
13 psi (0,91 atM). B ropstune asrycroBckue nHM B [Ipecunmno
(Texac) mamHbl He Oynyt 3aBoauthbed, ecan JIIP Gensuna
oKaxetcs Bolle, yeM 8,5 psi (0,60 arm).

Iaposas npobxa. Cnenyet yNOMSIHYTh eliie ONHO SIBJIEHHE,
KOTOPO€ OTPAHHYMUBAET HOIYCTHMOE JABJICHUE HACHIIIEHHBIX
flapoB — 3TO napoeas npobka. I1pobieMbl MOTYT BO3HHKATD
TIPU COYETAHUHU OOJBIION BBICOTHI HAll YPOBHEM MOPSI M BbI-
cokux temmeparyp. Ha 6oJipmioit Beicore aTMOC(hEpHOe AaB-
JeHue Huxe, U OeH3uH ¢ Bbicokum JIIP Moxer Hadarh
HCIapATbcs B 060 4acTH cucteMsl. beH3oHacocy nmpuaeTcs
KayaTb CMeChb XXMIKOCTH H MapoB, B TO BpeMsl KaK ero KOHCT-
PYKUHS Tipeanojaraer paboTy TONBKO ¢ XHIKOCThIO. B pe-
3yJbTaTe MOCTYIUIEHUE B KapOiopaTop OyaeT HeMOCTATOYHBIM,
Y JIBUTaTeIb OCTAHOBUTCS M HE 3AITyCTUTCS CHOBA, MMOKA TEM-
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nepatypa 6eH3MHA He MOHH3MTCS, a 9TO MOXET 3aHATh He-
CKOJIBKO 4aCOB.

Yro6b1 n3bexars mapoBbix npobok, JAIP mom6upaior B
COOTBETCTBHHU C OKPYXAOIIUMHM YCIOBHSIMM B paifoHe HcC-
MOJIb30BAHMUSI, BKIII0Yasi CE30HHBIN Mepeman TeMmmepatyp M
aTMoc(epHOe NaBIeHHE.

Komnaynouposanue 6 coomeemcmeuu ¢ daeaenuem napoe.
XBaTuT 0 MammMHax. Yto menath co BceM 3THM HedTenepepa-
6oTynkaM? IlocMoTpeB B CITHCOK KOMHOHEHTOB IS CMELH-
BaHHs OeH3HHA, IIPUBEAEHHBINH B TaGnuie, Bul yBuauTE, YTO
JIIP Bcex KOMIOHEHTOB, KpOM€ ABYX, HHXE YIOMSIHYTBIX
npenesioB. OTBeT HalpallUBaeTcs caM coOoii: IIsT yBeande-
HMS JaBJIE€HHS TIapoB ciieqyeT Ao0aBisITh GyTaHBI.

KoMnoHeHTH HIIP, psi (atm)
u30-C, 71,0 (4,99)
H-C4 52,0 (3,66)
Pudopmar ¢ ©OY 94 2,8 (0,20)
Pudopmar ¢ HOY 100 42 (0,29)
Jlerxuit NpoayKT rMAPOKPEKUHra 3,9 (0,27)
Taxenulit NPOAYKT rUAPOKPEKMHIa 1,7 (0,12)
Ankunar 4,6 (0,32)
TTpsAMOroHHBII GeH3UH 11,1 (0,77)
ITpAMOTOHHBI TUTPOUH 1,0 (0,07)
KpexkuHr-6eH3uH 4.4 (0,31)
BeH3MH ¢ yCTaHOBKH KOKCOBaHUS 4,0 (0,28)

Ecnu 661 Bol nonpo6osanu paspabotrath IpOMBIHLIEHHYIO
cXeMy IS CMEIUMBaHUSI KOMIIOHEHTOB OeH3uMHa, Bam He
MpUILUIO 6Bl B TOJIOBY, YTO MMEIOLIErocss OyTaHa OKaXeTcs
IOCTaTOYHO B Ka4eCTBe €IMHCTBEHHOrO0 KOMIIOHEHTA, pery-
JUpymouiero aasieHue napos. Ho, Kak 3T0 HM YAMBHUTENBHO,
Ieno o6CTOUT UMEHHO Tak. byTaH mojydaeTcss Kak NoGOYHBIA
MPOAYKT Pa3MIMYHBIX IpolleccOB Ha HedTemnepepabaThiBalo-
imeM 3aBoge. KpoMe Toro, ero BBLICHAIOT M3 NPHPOIHOTO
rasa. Kakum-to o0pa3oM 3TH IBa BeCbMa HETHOKMX HCTOYHH -
Ka obecreyuBaioT MPOM3BOACTBO 6yTaHa B KOJHYECTBE, HeE-
o6xoauMoM It KOMIIayHIMpOBaHUA GeH3UHA.

Tenepp nepeitaeM K MpakKTHYECKUM xetansaM. UToObl on-
peneauTh KoaudecTBo OyTaHa, KoTopoe TpebyeTrcs mist Joc-
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THXEHHS HeoOXOAMMOro NABJIEHUsS HACBHILEHHBIX MAPOB, HaM
noTpedyeTcss MPOM3BECTH AIreOpaMuecKHil pacyeT CpelHe-
B3BEIIEHHBIX 3HayeHHMii. JlapieHHe HACBHIILIEHHOIO Mapa He
BIIOJIHE TIPOIOPHHOHAIBHO 0OBEMHBIM J[0JISIM KOMIIOHEHTOB,
HO JUISl Halle# 1eJM TaKoi pacueT JaeT BIOJHE HOCTaTOY-
Hyi0 TouHocTb. [IpeactaBbre cebe, uTo TpebyeMoe 3HaYeHHe
IOIIP pasHo 10 psi (0,7 aTM) MU MMeeTcs CMeCh M3 IISITH
KOMITOHEHTOB. MBI JOJKHBI pacCUMTaTh, CKOJbKO H-OyTaHa
ciienyeT 106aBUTh K 3TOH CMECH.

KoMmnoHeHT 061eM, AP O6bemxIITP
6appenb
IpsiMoroHHBI GeH3UH 4000 1,0 4000
PugopMmar 6000 2,8 16800
Jlerkuii poA. rHAPOKPEKHHIA 1000 4,6 4600
KpekuHr-6eH3uH 8000 44 35200
Bcero 19000 60600
H-byran X 52 5x

Yro6b nonyyuth BeanuuHy TP, pasuyio 10 psi (0,7 at™), cneny-
€T J00aBUTD:
10(19000 + x) = 60600 + 52x,
190000 + 10x = 60600 + 52x,
—52x + 10x = —129400,
x = 3081 6appeneii H-OyTaHa.
O6lLuee KOMUYECTBO MPOU3BEAECHHOTO GEH3UHA COCTaBUT
19000 + 3081 = 22081 Gappens.

TaxuMm o6pa3oM, pacyeT BeCbMa IPOCT, HO €CTh €Uie He-
KOTOpPBIE MOMEHTHI, O KOTOPBIX CJIEAYET YIIOMIHYThb. 3UMOIt
Tpebyemast BenuyuHa JITP oOGblMHO BBILlIE, YEM JIETOM, I1O-
3TOMY KOJMYECTBO MPOHU3BENEHHOro OEH3MHA TAKK€ OKAa3bl-
Baercs Bbie. JleHCTBUTENbHO, YeM Bbile TpeOyemas BesH-
yuHa JIIP, temM Gonbiie OyTaHa MOXHO J00aBUTb, U TeM
OoJipiie O0OBeEM OeH3MHA, MojydeHHbIH B utore. K coxane-
HMIO, OJHAKO, Ha OOJBUIMHCTBE PHIHKOB COBITA, KpOME He-
KOTOpPBIX paiioHoB THMa MaiiamMu bud, motpebHOCTU B OeH-
3MHE 3MMOH KaK pa3 HUXe, YeM JIETOM. TeM He MeHee Io-
MOJHUTEbHBIE BO3MOXHOCTH [0 ITPOM3BOIACTBY O€H3MHA
obecreynBaloT HEKOTOPYIO THOKOCTh B IUJIaHE NPOU3BOACTBA
JIA3eIHOTO TOTLIMBA.
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Cpaénenue n-6ymana u usobymana. IloueMy i1 IOBBIILIE-
HUA JaBiAeHMs 1MapoB G6eH3MHA UCTONB3YeTCd UMEHHO H-OY-
TaH, a He u306yrad? Jnsg 3Toro ecTh HECKONBKO CepPhE3HBIX
npuyuH. Bo-mnepseix, BenumuuHa ATTP H-Gyrana Ha 19 psi
(1,33 atM) HuXe, 4eM B cily4yae U300yTaHa, U, CJIEAOBATEIb-
HO, MIMEeTCsi BO3MOXHOCTDb HJOGaBUTD Ooabluee Koaudecmeo Oy-
taHa. llena OyraHa oOBIYHO TakoBa, YTO 4YeM OOJblie €ro
MOXHO 100aBuTh B G€H3MH, TeM jyuiie. Bo-BTopbiX, Y u30-
6yTaHa ecThb Apyras oOMacTb MpHMMEHEeHHS — alKWINpoBa-
HHe, TpUYeM U300yTaHa YacTO OKAa3bIBAaeTCS HEJOCTATOYHO,
y100Bl 06ECEUNTh HOTPEOHOCTH ATKWIMPOBAHMS, H IIO3TO-
MY HEKOTOpOe KOJIH4ecTBO H-OyTaHa npuxomuTcs nepepaba-
TBIBaTh B H300YTaH Ha ycmarogke usomepusayuu 6ymana (cM.
rnaBy XVI). B-tpeTbux, peiHOYHAs LieHa H-OyTaHa OOBIYHO
HECKOJIBKO HHXe, YeM LieHa H300yTaHa.

B kavecTBe HHTEPECHOrO MpHMEYaHHsI MOXHO H06aBUTH
clenyouiee: BCIIOMHHTE, KaK 3aloJIHAETCS OGeH300aK aBTo-
MoOusi. O6BIYHO BOKPYT rOpJIOBHHB 6aka MOXHO Habimio-
JaTh BOJIHOOOpa3HbIi map. D10 — OyTaH, KOTOpHIH# yjaeTaer
u3 6ensuHa. Ecnm Bel nocratoyHo HaGmomatenbHbl, T0 Bhl
TaKXe MOTJTH 3aME€THTh, YTO 3MMOI1 3TOro Mapa GoJblie, YeM
JIETOM. DTO TIOTOMY, YTO 3UMOIA BBILIIE HEOOXONMMAas BeJTMYH-
Ha JTIP GeH3uHa.

OxTaHoBOE YUCJI0

Kaxnapiit, KTo mokKynaer 6€H3MH, 3HAET, YTO BHICOKOOK-
TaHOBbII OCH3MH Jiyyllle ¥ HTopoxe. HekoTopbie 3HAIOT, TiO-
YeMy OH Jyullle, HO BpSiA J¥ KTO-HUOYIOb 3HAET, MOYEMY OH
nopoxe. B naHHOM pa3zzesnie Mbl pacKpoeM 3Ty TaitHy.

OKTaHOBOE YMCIO MOKa3biBaeT, OymeT i GeH3uH demo-
HUpogamp B IBHUratejie. DTO HEIUIOXOE ONpelesieHue, KOTOo-
poe, oxHaKo, TpebyeT MOSACHEHUS, Kacaloulerocs eue OgHo-
ro BCEM HU3BECTHOTO M MAJIO MOHATHOTO SIBJIEHUSI — JETOHA-
AU,

Jlemonayua. 3eco GyneT Moe3Ho CHOBA 00pPATHTBCS K pH-
CYHKy 12.1, Ha KOTOpOoM H3006paxeH LUKJ pabOThI ABUTATEJIs.
Korma cMmecs napoB 6eH3HHA U BO3IyXa MOMAETCS B LIMJIMHAD,
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MTOPIIEHDb OBUXETCA BBEPX M cXHMaeT ee. [Ipu cxaruu mapbl
Harpesatorcs. (I[lowynaiite HU3 BEMOCHIIENHOTO HAacoca nocie
toro, Kak Bel Hakayany wMHY. OH okaxeTtcs ropsuuM. ToT xe
3¢ deKT NPUBOAMT U K HATPEBAHMIO LMIMHApPA ABUTATEIS.)
Ecnn cMech mapoB GeH3MHa M BO3AyXa JOCTATOMHO CHJIBHO
CXXaTh, TO OHa CHJIBHO HArpeeTcsi U MOXET CAMOGOCniame-
Humbca 0e3 ydacTHs CBeYM 3aXuraHms. Ecau 3to cayumrtcs
paHbllle, YeM MOpUIeHb HOCTUTHET BEpXHEH TOYKH CBOEro
X0Ia, TO IMPOU30IIET HAeTOHALUS, TO €CTh IBHUTrarejb OyoeT
MpENATCTBOBATh ABUXKEHHIO KOJIEHYATOro Baja, BMECTO TOTO,
4YTOOBI €My CIOCOOCTBOBATh. JleTOHAIIMS OOBIYHO BOCIPHHH-
MaeTcs Kak MOCTYKUBAHUE WIH I'yICHHUE IBUTATENA.

OueBHIHO, NETOHALIMM CJIeAyeT M30eraTh, TaK KaK OHa
He TOJNBKO paboTaeT MPOTHUB ABHXKYLUEH CHJIBI MOTOpa, HO
TaKXe OTPHUATEIbHO CKa3bIBAETCS HA €r0 MEXaHHYeCKHX Ya-
crax. Ha paHHux cranusix pa3spabotku 6eH3MHOBBIX IBUTaTe-
Jieil 6bUT0 OOHAPYXEHO, YTO pa3MYHbie KOMIIOHEHTHI OeH-
3uHa BeAyT cebsa mo-pasHoMy. KirioueBoif XapakTepuCTHKOM
KOMIIOHEHTA SBJISICTCS cmenenb cocamus. Ha pucyHke 12.2
CTeleHb CXAaTHsl — 3TO MPOCTO OTHOLUEHHE 00beMa LIMIHHI--
pa B HMXHEH TOYKe Xola MOpPIIHA K 00bEMY B BepXHEi
Touke. I[1pH H3MEepeHHH OKTaHOBOTO YHca GEH3MHA WM KOM-
NnoHeHTa 6eH3MHA MMeeT 3HAaYeHUEe KOHKPETHAs CTeMeHb CXKa-
THS, & MMEHHO Ta, MPH KOTOPOH CaAMOBOCIJIAMEHEHHE Ipo-
M30HIeT UIMEHHO B BepXHeil Touke xoaa nopiuHs. st nusme-
peHHSI CTEIEHHU CXATHS, IPU KOTOPOH IAHHBIA KOMITOHEHT
OeH3MHA NETOHHMpPYET, Obln pa3paboTaH CIEUMAJbHBIA pPsiI
yucea. 3a 6eH3UH ¢ OKTaHOBBIM 4HciaoM 100 6bLT ycaoBHO
OPUHAT U300KTaH (2,2,4-tpumerwinenran) CgH,s. Hopmans-
Hblit rentad C;H 4, KOTOpBIA AETOHUPYET NPU 3HAYUTEIBHO
MEHBIIIeH CTeNneHW CXaTHs, ObUI IPUHAT 32 OEH3UH C OKTa-
HoBbIM 4KciioM (. Mcnoss3yst HCTIBITAHUSA Ha CTEHIOBOM IBH-
ratejie, KaxmoMy KOMITOHEHTY O€H3MHa MOXHO [TOCTaBUTb B
COOTBETCTBHE CMECh M300KTaHA M H-TENTaHa ONpeAcIEHHOTO
coctaBa. OKTAHOBbIM YHMCJIOM CUYHMTAETCs! MPOLECHTHAs IO
H300KTaHa B CMECH, NETOHUPYIOLLEH MpH TOH Xe CTeNeHH
cXaTus.

Hcenvimanue na demonayuio. PaccMoTpeHHe METOIUKM HC-
MBITAHWA MOXET OKa3aThCs MoJIe3HBIM. 151 3TOro Hemoap3y-
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Pue. 12.2. CreneHb cxatus — 3710 V| /V,.

€TCS CTEHAOBBIA JBUraTe/lb C MOABMXXHOM KPBIIUKOM LIAJINH-
Ipa, KOTOPYIO MOXHO TOAHUMATH HJIM ONYCKaTh, MEHSS Ta-
KM 00pa3oM creneHb cxkaTusd. BeH3uH, KOTOPBIM MCIBITHI-
BaIOT, MOJAIOT B ABUTATENb NPH KPHILIKE, CABUHYTOM BHHU3. B
HEKOTOpPOiIl TOYKE IMPOMCXOAMT HETOHALMSA, YTO MOXHO 3a-
METHUTD JUOO0 Ha CAyX, TUOO UCNONb3Yys JeToHOMeTp. CTemeHb
CXaTHs 3aMmHUChIBAIOT, ITOCJHe 4Yero KpBILIKY epeMeLaloT
BBepX. [IpHUTOTOBASIOT ABE CMECM H300KTaHAa M H-TelTaHa.
IIpu HekoTOpOM ormbite paboThl ¢ MPUGOPOM MOXKHO IOZO-
OpaTh cMecH TaKHMM 00pa3oM, YTOObl OMHA U3 HUX HJETOHUPO-
BaJla NP MeHblUeH, a apyras — mpd OoJblUei cTerneHu
cXaTs, 4YeM KOMITOHEHT, KOTOPHIH TOJBKO 4TO UCIBITHIBA-
Jqu. OKTaHOBBIE YMCAA NI 3THX CMeCeii U3BECTHH IO OIpe-
IeneHU0 (3To MpPOLEHTHOE colepXaHue M30oKTaHa). s
KaXIo# U3 cMeceil MPOBOIAT Te Xe U3MEpPEeHUs M 3aIUChIBa-
IOT KPUTHYECKYIO cTeneHb cxatusa. [loctpous rpaduk mo Tpem
M3BECTHBIM TOYKAM, KaK ITOKAa3aHO Ha PUCYHKe 12.3, MOXHO
ONpeneNuTh OKTAHOBOE YHCIO KOMITOHEHTa OeH3HHA.
Hanpumep, KOMNOHeHT GeH3MHA OETOHMPYET Ha CTEHIO-
BOM ABHTaTene TpH creneHW cxatusi 8 : 1. IIpurotoBnsior
IBe MOIENbHBIE CMECH — OfHA coAepXut 88% H300KTaHa
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Puc. 12.3. I'paduk mns onpeneaeHNss OKTaHOBOIO YHCIIA.

(O 88), a gpyras — 96% (04 96). Ha crenmoBom nBuraree
OHHM JETOHHPYIOT COOTBETCTBEHHO IPH CTENEHSIX CXAaTHUA
7,2:1 1 8,4: 1. Ilo rpaduky onpenensieM, 4TO HEM3BECTHOE
OKTaHOBOE YHCJIO paBHO 93,3.

Tpebosanus k oxkmanosvim wucaam. Teneps Bl 3HaeTe, yTo
ITOKa3bIBaET OKTaHOBOE Yucio. [ToueMy 310 Tak BaxHO? KoH-
CTPYKIIUS [OBHUTATeNsi OObIYHO paccyMTaHa HAa TO WJIM MHOE
moBeAeHHe ToIMBA. CTerneHb CXaTHs TOIUIMBA B JBUTaTesIe
onpenesieT MOIHOCTh, KOTOPYIO TOT criocobeH pa3BuTh. YeMm
OoJIbIlle CTEMEHD CXATUsl, TeM [UIMHHee pabouuii TakT U TeM
6onee MOIIHBIM ABJISAETCS NBUTATeNb. TakUM o0Opa3oM, Ha
MalIMHbl Pa3HOrO pa3sMepa yCTAHABAMBAIOT ABHUTATENH pas-
JIMYHOI KOHCTPYKIIMH, KOTOPBIM TpeOyercs OCH3MH C pas-
HBIMM OKTaHOBBIMM yHucJiaMu. Kopoue roBops, yToObl u3me-
HHUTh CTelieHb cXKaTus s Bauwieit mamuuel, BaM He HyXHO
MepeIBUraTh KPBILKY LJIMHAPA BBepX-BHU3. BMmecto artoro
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Bl DJOJIXHBI ITOKYIIATh UMEHHO TaKoii 6eH3MH, KOTOPBIii moj-
XOmuT I1d Ballei MalIvHBbIL.

Tunvt oxmanosbix yucea. Bam npuueTcs U3YyYUTh ellle IBa
HAMMEHOBAaHUsA, Kacalolecss OKTAHOBBIX 9HCeN, 8 UMEHHO,
pasHble BHIbI STUX YHCEJN M MX NMpUMeHEeHUe. Bo-mepsbix,
HCIIBITAHWS IO OMNpeNeeHUI0O OKTAHOBBIX YMCEN MPOBOISAT
MIpU ABYX pa3HbIX pexumax. MiamMepeHue okmanogozo uucaa no
uccaedosamenvckomy memody (MOU) momenupyer e3my Ha
MaliiHe B MATKMX YCJIOBUsIX. 3MepeHne okman06020 uucaa
no momopromy memody (MOY) npoBomat B Gosee XeCTKUX
YCJIOBHSIX, KOTOpbIE MOJIENHMPYIOT HABHUXEHWE Ha OOJBIIONMA
CKOPOCTH WJIM IIpH 3HAYMTeNbHOM Harpyske. CodyeTaHue Be-
quarH MOY u UOY paet nonHoe npencrasieHHe o paboTe
B Pa3sHbIX YCJIOBHAX.

B koH1e 60-x rogos B CIIIA npoxonuiia IMCKYCCHSI MEXIY
®enepanproit Toprosoit Komuccueit (PTK) u Hedremepe-
paGoTYMKaMH MO TMOBOAY TOrO, KOTOPO€ U3 OKTAHOBBIX YM-
cel caeayeT yKaspiBaTh Ha GeHsokononke. @TK mpemnarana
ykaspiBath MOY, a HedTenmepepaGOTYHKU BO3paXKajiu, 4YTO
peanudHa MOY coobiiaer Tonbko yacTh HHpopMauuu. ®TK
paccMaTpHBaja BapuaHT YKa3aHHUS M TOTO, M Ipyroro. «byaet
MyTaHWIIa», — BO3paXxaiu Hedrenepepadborunku. B pesynpra-
T€ CTOPOHBI IMPHUULIK K KOMIIPOMHCCY, COTJIACHO KOTOPOMY
Ha OeH30HACOCAaX YKa3bIBACTCS CAeAYIOIIAs BeJIMIMHA!

noy + MOY
2

DTa BeJIMYMHA He UMeeT HUKAKOTO ONpele]eHHOIO CMBbIC-
J1a, He CYMTad TOTO, YTO OHA ITOJOXHUJIA KOHEL JUCKYCCHH.

BTopoit MOMeHT, Kacaloluiicsl OKTAaHOBBIX YHCEN — 3TO
KaK oHH cebs BenyT. Korma mBa KOMIOHEHTa O€H3MHA cMe-
uuBaot, BeMMIMHH MOY 1 MOY He nomuMHAIOTCS MpaBH-
ny agputuBHocTH. Jpyrumu cnoamu, MOY u MOY cmecu
He paBHbBI BeJIHYHHAM, MOJYYeHHBIM YCPEIHEHHEM C YYETOM
00BeMHBIX HoNeil KOMITOHeHTOoB. K cyacrthlo, IS KaXIOro
KOMIIOHEHTa CYIIECTBYeT TakKasl BeJIMYMHA, KaK OKMAaH08oe
Yuca0 cMeulenHus, KOTopoe yXe IOIYMHSIETCH TPaBUIy aiiu-
TUBHOCTH. OKTaHOBOE YMCIIO CMEUIEHUS OIIpefieIeHHbIM 06~
Pa30oM CBSI3@HO C MCTMHHBIM OKTaHOBBIM YHCJIOM (KOTOpOE
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HaXOMISAT I10 UCIILITAHUAM Ha ABUraTesie) U BHIACHAETCS OMBIT-
HbiM nyteM. Korma ropopsit 06 HOU 1 MOY xoMImoHEeHTOB
OeH3MHa, TO MOTYT HMEeThb B BUIY KaK HCTHHHbIE OKTAHOBBIE
yucaa, TaK M yucja cMeleHusa. C 3Toro MOMEeHTa BCe OKTa-
HOBBI€ YMCJIa, KOTOpbIe OYIyT YIIOMHHATHCA, OYAYT O3HAYATh
HMEHHO OKMAHOGbIe YUCAA CMEULeHUA.

TToayuenue 3adannozo oxmarnoeozo uucna cmecu. PaccMot-
PUM IIpUMep, KOTOPbIil CBSXET BCE BBIlIECKA3aHHOE BOECHH-
Ho. Bo3bMeM cMmech U3 HpeablAyllero npuMepa rno HCnoab3o-
BaHUIO OyTaHA ML YBeJHYECHHUS AaBieHUs napa. PaccuuraeM
HOY u MOVY 3toit cmecH.

O6beMm (6appenn) MOY HOY

IpsiMOroHHHI GeH3NH 4000 61,6 66,4
Pudopmar 6000 84,4 94,0
Jlerx. NpomyKT ruipOKpEeKMHIa 1000 73,7 75,5
KpexuHr-6eH3nH 8000 76,8 92,3
H-ByraH 3081 92,0 93,0
Bcero 22081

Cpennue 3HaYeHHsI OKTaHOBBIX uucen g 22081 Gappe-
xei pasis: MOY 78,1 u UOY 87 4.

Tenepb paccYyuTaeM, CKOJIBKO HYXHO JOOABUTH AJIKMJIATA,
yToOH moJyyuTh Tpebyempie MOY 80,0 u LOY 89,0. Okra-
HOBBI¢ YHCJa ajKuiara cocramisior 95,9 (MOY) u 97,3
(UOY).

O6bem (6appenrm) MOY  HOY

bBen3uH 22081 78,1 87,4
Anxurar Y 95,9 97,3
HopMmatnB (MHHHMYM) 80,0 89,0

Yrobet 22081 Gappeseit GeH3MHA COOTBETCTBOBAJM HOP-
MatiBy o MOY, HyXHO cieayiollee KOJHIECTBO AJIKHIATA:

22081-78,1 + 959 Y = 80,0 (22081 + Y),
Y = 2638 Gappeneii.
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Anst HopmaruBa o MOY mpomensiBaeTCsi aHANTOTHYHBIN
pacyer:

22081 87,4 + 97,3 Y = 89,0 (22081 + Y),
Y = 4257 6appeneii.

Tlockonbky mia coorercTBusi HopMmatuBy o MOU tpe-
Oyetrcs OoJibilie ajJKWIATa, 3TO W ONpeAeNseT NeidCTBUTEb-
HYIO0 MOTPeOHOCTb, TAK KaK 00a 3aJaHHBIX OKTAHOBBIX YHCJA
ABJISIOTCS. MUHUMAIBHO HOMYCTUMBIMH.

DTOT NMpUMep AEMOHCTPHPYET IOSBIEHHE MEJKOM IIpo-
Onembl. JleficTBUTENbHO, eci Mbl 100aBuM 12241 Gappenb
ANKWNATA, TOJNYYEHHBIH IMPOLYKT MEepecTaHeT COOTBETCTBO-
Bath ycnoBuio o JAI1TP. PeanbHo ciienyet HCIIONB30BaTh CHC-
TEMY H3 ABYX YpaBHEHHH ¢ JBYMs HEM3BECTHBHIMH, YTOOBI
y3HATh ONHOBPEMEHHO KOJIMYECTBO AJKWIATA M KOJIMYECTBO
OyraHa. Ho B TakoM pacueTe yXe CIMIIKOM MHOTO ajireOpsl H
apuPMETUKH, YTOOBI MPUBOLUTH €ro 3IECh.

DTHAHpOBAHHDIN OeH3HH

Y1005I YIIPOCTUTD 33HaYy AOCTHXEHUSA HEOOXOXMMOro OK-
TaHOBOTO YHMCJIA, B GEH3UH NOGARISLIN COeIMHEHHS CBUHIIA —
tetpastuicBuuel (TAC) unu terpametuncsuHenr (TMC).
OTH COeNWHEHMSI YBEJIMYMBAIOT OKTAHOBOE YHUCIO OEH3HHA,
He BIIUsAS IIpH 3TOM Ha JIpYTHe ero CBOMCTBA, B TOM YHCJIE Ha
JaBJIeHHE HACHIILEHHOTO Mapa.

TOC — oYeHb SAIOBHTOE XHMHYECKOE COCIUHEHUE, Jaxe
HeOoJIblIHe KOHLUEHTPAllMK €ro ITapoB MOIYT IPHBECTH K
3a6oJieBaHUAM WIH K cMepTH. BerencTBue takoif onmacHOCTH,
yxe B 60-x ronax I'maBubiii Bpau (Surgeon General) Coenn-
HeHHBIX LIITaToB (KOTOpPHI TOTAA BXOMIJI B HCIOJIHHUTENb-
HYI0O BETBb BJIACTH) YCTAHOBHJI MAKCHMAJIBHO HONYCTHMOE
KonunyectBo TOC B GeHsnHe Ha ypoBHe 4,0 MJI Ha TaJUIoOH
(1 ramwon = 3,785 ;). AreHTCTBO IO 3aILUTE OKpyXalollei
cpeanl (Environmental Protection Agency) monaepxaino Io-
suuuio I'naBHoro Bpaua. [TocKonbKy 6ecnoKoifcTBO 110 IOBO-
Oy 3arps3HeHHsI BO3AyXa Bo3pactano, B 1974 r. AreHTcTBO
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OOBIBUIO O MOCTENMEHHOM CHUXEHHH COAEepPXKaHHMS CBUHIA B
GeH3MHe, KOTopoe HOJXHO ObUIo HavyaThesa ¢ 1975 r. OgHako
noka Haiuyue cBUHHA B Buae TIOC mmm TMC paspeieHo
XOTd OBbI JUISL ONHOM MapKu GeH3MHa, ero Ao0aBjeHHe OCTa-
HETCH BaXHBIM, XOTS M JOBOJIbHO I'pyObIM, 3KOHOMHYECKUM
pbIYaroM.

Kak 3To0 HM mNapagoKcaibHO, CBUHEL] J0OaBIsAIOT B OCH-
3WH, YTOOBI nodaeums BoCcIUIaMeHeHe. BcrioMHUTE: YeM HIDKe
OKTAaHOBOE YUCJIO, TeM Gojiee BeposiTHA AETOHALIMS MM ca-
MOBoOCIUIaMeHeHHe OeH3nHa. CBHHEIN, TaKMM 00pa3oM, Io-
JIaBJIsieT CAMOBOCIUIAMEHEHHE.

Hekoropasi CIOXHOCTh BO3HHKAET M3-3a TOTO, YTO YeM
OoJipllle KOHIIEHTpAlWs CBUHIIOBOM NpHUCAIKH, TEM MeEHee
3¢ deKTHBHA ee MOCIERHs MOPLHA, TO €CTh OKTAHOBOE YHC-
JIO HETMHEWHO 3aBUCUT OT KOHIEHTPALIMH IMPUCATKH.

Kak BumHo u3 TaGiauubl U pucyHka 12.4, paugaue TOC
Ha pa3jINYHble KOMIIOHEHTHI OeH3MHA HEOTHHaK0Bo. HekoTo-
pble KOMITOHEHTHI ¢MecH 0oJiee UYBCTBUTEIbHBI K Hoebilile-
HUIO OKMAH068020 4UCAa, 3 HEKOTOPhIE — MEHEe YYBCTBUTEIb-
Hel. Bosee Toro, cMech, mojiydeHHAsI U3 ITHX KOMIIOHEHTOB,
Xapakrepu3yercsi cBoeil COOCTBEHHOH KpHMBOUM MOBBIILIEHUSA

MOY o4
KoMImoHeHT Bes 1,59r 3,17r Dbes 1,59r 3,17r
MpUCATKU NMpUCATKH
u30-Cy 92,0 99,3 102,0 93,0 1004 103,2
H-C4 92,0 988 101,5 93,0 999 1025
Pudopmar, UOY 94 844 893 91,2 940 994 100,8

Pudopmar, HOY 100 88,2 92,3 93,7 100,0 103,1 104,0
Jlerkuii mpooykr

rUIPOKpEeKHHIa 73,7 86,3 914 755 884 934
Tsoxenstit MPOXYKT

TMAPOKPEKHHIA 756 84,6 879 790 883 92,2
Anxunar 95,9 101,9 1034 97,3 102,0 104,0

TIpsiMOroHHBI# GeH3UH 616 73,7 80,6 664 77,3 835
IIpsiMoronHas HadTa 587 725 782 623 73,5 793
KpexuHr-6eH3nH 76,8 788 794 923 948 958

BeH3nH ¢ ycTaHOBKH
KOKCOBaHHS 76,6 80,6 82,1 855 90,7 93,0
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KonunyectBo cBuHua (B I, B Buge TOC)

Puc. 12.4. Biuanne TOC Ha oKkraHoBOE YUCIO OEH3HMHA.

OKTaHOBOTO 4YMCJIa, KOTOPYI0O MOXHO HMPHOJU3MTENbHO IO-
CTPOUTHh HA OCHOBAHHHU COOTBETCTBYIOIIMX KPHUBHIX IS KOM-
ITIOHEHTOB.

OO0bIYHO METOAMKA pacuera BKIIOYAeT BHIOOP TpeX TouyekK
HA KaXI0i KPHUBOM — 3TO TOYKU, COOTBETCTBYIOIIME OKTa-
HOBbIM uHciam 0Oe3 mobamieHuss TIC (HESTUIMPOBaHHBIM
6eH3uH), ¢ nmobaBiaenuem 1,59 r TOC Ha ramoH u 3,17 r
T3C Ha rajuloH (IBe MOCIETHME TOBOJBHO-TAKH CTPaHHBIE
BEJIMYUHBI — 3TO Macchl, cooTBeTcTBYIOIIME 1,5 1 3 Ma TOC).
PaccUMTHIBAIOT CPeIHEMACCOBOE OKTAHOBOE YUCIIO CMECH LTSI
Kaxnoit Konuentpauuu TAC. ITo moly4eHHBIM TpeM TOYKaM
MOXHO MOCTPOMTb KPHBYIO MOBBILICHWS OKTAHOBOTO YHC/IA
CMeCH, a 3aTEM 3Ta KpHBasl MO3BOJSLET OMPENEINTh KOJude-
CTBO TETPA3TUICBHHIIA, HEOOXOOUMOE AJIS HOCTUXEHHS JIIO-
6oro 3aJaHHOrO OKTAaHOBOTO YHCJIA.
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Y106l YNPOCTHTb MOCHEAHIO CTAXMIO, MPOU3BOIUTENH
TOC u TMC paspaboTtanu auarpaMmy, KOTOPY0 MOXHO MC-
ITOJIb30BaTh VIS ONpEAENEHKHSI OKTAHOBOTO YMCIIA MO JIIOOBIM
IBYM TO4YKaM, oOBYHO 3T0 Toukd O u 3,17 r. ITpumep nuar-
PaMMBI TIOBBILIIEHUS] OKTAHOBOTO YMCJIA MOKA3aH Ha PHCYHKE
12.5.

Tenepsb BepHeMcS K NpHUMEPY MONydeHHst GeH3WHA, IIe
IUIST JOCTHXEHHS 3aJaHHOT0 OKTAHOBOTO YHCIa NOGaBIsIH
ankunar. IlpeanonoxuM, YTo BMECTO aJIKWIaTa MBI OyaeM
nobapisare TOC.

O6rem MOY— MOY— HOY— HOY—
(6appens) 0,0 3,17 0,0 3,17

ITpssMoroHHHI
6eH3MH 4000 61,6 80,6 66,4 83,5
Pudopmar 6000 84,4 91,2 94,0 100,8

Jlerkuit npoayxr

THAPOKPEKHHTA 1000 73,7 91,4 75,5 93,4
KpekuHr-6eH3uH 8000 76,8 79,4 92,3 95,8
H-Byran 3081 92,0 101,5 93,0 102,5
Bcero 22081 78,1 86,5 87,4 95,8

Ilo kaxmoii mape OKTaHOBBIX YHCEJI CMECH CTPOMTCS Ipa-
(UK Ha [UarpaMMe YBEJTMUEHUsI OKTAHOBOTO YHciaa (puc. 12.6).
Touxu MOY—0,0 1 MOY-3,17, a Takxe Touku 1OY—0,0
1 MOY—3,17 coenuHSIOTCS NMPAMBIMH JUHUAMH. DTH TIps-
Mble [MOKAa3bIBaIOT, YTO IS NOCTUXEHUsA 3axaHHoro MOUY,
paBHoro 80, Tpebyercsa 0,25 r mpucanku, a A AOCTHXEHUA
HOY 90, nyxno no6asuteb 0,35 r. IocnegHsast BennuMHa ¥
onpenenser Konudectso TOC, a MOY oka3zpiBaetcs BhIILIE.

CnHpThl H KHCIOPOACOAEpPKAMHME N00ABKH

B xon1ue 70-x romoB, Korma ATeHTCTBO ITO 3alIHTE OKpYyXa-
jollieii cpeasl MOTpeGoBaNo CHHXEHHUS KOJIMYECTBA CBHHIIA B
6eH3uHe, HedTenepepabOTYMKU CTATM MCKATh APYTHE CIIOCO-
6Bl ITOBBILIIEHUST OKTAHOBOTO YHCJIA. B HacTodlee BpeMa Hed-
TeXUMHUYECKasi TPOMBILIEHHOCTh TIPEJOCTABISIET IS STOTO
HECKOJIbKO MPOAYKTOB: MeTaHox, 3TaHoi, ThC u MTB3.
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Puc. 12.5. IIpuMep nuarpaMMbi TIOBHIIICHHSE OKTAHOBOTO YHCJIA.

Memanon. Metanon CH3;OH — onHo u3 Haubonee gaBHO
H3BECTHBIX XHMHYECKHX BelecTB. OH UIHPOKO H3BECTEH KaK
IpeBEeCHBbIN CITUPT, TAK KaK PaHblIE €ro JOObIBAIM AEHCTBH-
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JInarpaMMa IPHEMHCTOCTH OEH3HHA K m
AHTHICTOHATOPY TETPAANKHICBHHILY

s LT T s
- - = = l 04 58 gm oy
P I - =1 Fi
1o —] — ! — L1 . e 110
105 — 3 4 108
. RE
- 4
. - 414 vt e el O
8 100 100 =
o Q
= o+ =
= t -
- ©
)]
o - T T Q
a 1 1 “0‘-‘-- 8
O —— 1 9
£ ! 5
< [
[
) — 1] N
@] { o]
— 90 -+ %
1 1 1
\L Y
MO
85 1 ‘ 85
1 Yy
= == SShk s
—> 80 : = 80
75 = ' Hs
(3 70
— SS=S=cs=e=cc : o
t =====CSS=8S8s=
= SESSESSEE
60 60
0 T T 0,5 1,0 1,6 20 25 3,0 40 50
Coz[ep)xaﬂne AHTHACTOHATOpa, I' METALINYCCKOro CBUHIIA Ha FAJLICH
CR 105A

Puc. 12.6. I'padyky 115 OKTAHOBBIX YHUCE.

eM XMMHMYECKHX DEareHTOB Ha CBEXeHWIeHHbIe OpeBHa C
TBepHoii ApeBecHHO. B 1923 r. 6bU1 pa3abotaH 6oiee apdek-
THBHBIH TpoliecC, B KOTOPOM B KA4eCTBE MCXOAHBIX BELLIECTB
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HCTIOJIB3YIOTCA MeTaH Wiu GeH3nHOBbIe ¢pakunu. McTouHu-
KOM ME€TaHa ABJAETCS NMPHUPONHBIA ra3, KOTOpbIH B OCHOB-
HOM COCTOHMT M3 METaHa.

IIpoMexyroyHas cranus mpouecca — HOJYYEHHE CHH-
Te3raza — CMECH MOHOoKcuaa yraepoia (CO) u Bomopona

(Hy):

CH4 + H,O - CO + 3 H,,
(CHHTe3-ra3)

CO + 2H, —» CH;0H.
(MeTaHoN)

Ilpocrora atux dopmyn ooMmanunba. Ha camoMm nmene tex-
HOJIOTMYECKHI mpoiecc U HeoOxomumoe oO6opympoBaHHe
CJIOXHBI ¥ AOPOrH, TpeOyIOTCs JOpOrHe KaTalu3aTophl, pe-
aKTOpHI U TPYOOIIPOBOMbL, 4 TAKXKE TeMmepaTyphl 260—430°C
(500—800°F) u napnenus 4000—5000 psi (280350 aTm).

Imanon. DTaHON WIH STWIOBBIH CHHPT — 3TO CIHPT,
Haubonee 3HAKOMBII1 KaXIOMY, TAK KaK 3TO OCHOBHOH KOM-
MOHEHT BOAKM. Tak Xe Kak METaHOJI, 3TaHOJ paHee Mojyva-
JHM U3 NPHPOJIHLIX HUCTOYHHKOB: OpoXeHHe caxapa, cojep-
Xaluerocs B BUHOrpajae (BHMHO), B KapTodene (BoaKa) WM B
AYMeHe M KyKypy3e (BHCKH) mon HedcrBUeM (QepMEHTOB.
XuUMHYECKHIT MpoLecc, KOTOPHIil B HacTodlliee BpeMS HC-
NONb3yeTCs VIS MPOMBIUUIEHHOTO MOJNyYeHHA 3TaHONa, ObLT
paspaGotan B 1919 r. OH OCHOBaH Ha NpPSAMOI IHApPATAIIMH
3THjIeHa (ruapaTauueil Ha3bIBaeTCA NMPUCOeIHHEHHE BOABI):

CHy, + H,0 - CH;CH,0H
(3THIEH) (Boma) (3TaHoN)

B CIIIA cHHTETHYECKHI 3TaHOJI 3aNpelieHO HMCHOJb30-
BaTh B TPOU3BOACTBE AJIKOTONbHBIX HATTUTKOB.

THC. tper-bymwnosniit cnupt (TBC) oGpasyercsa B He-
CKONBKHX mpoueccax. Hanpumep, oH sABnseTcss mO60YHBEIM
TIPOAYKTOM B OJHOM M3 MPOLIECCOB ITPOU3BOACTBA NMPONHJIEH-
okcuzaa. Ero takxe MOXHO MOIYYMTb peakuueil H-OyTuieHa
WK u300yTHIEHa C BOJOIA, a TAKXe MCXOAS M3 MPOIMWICHA H
. m3o0yraHa. ®opmyna TpeT-6yTHiosoro cnupra (CH3);COH.
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Hcronb3oBaHue METaHOJA KaK KOMITOHEHTa KOMITayHIU-
poBaHHOro 6GeH3MHa BLI3BAIO NOINONHUTENbHBIH MHTEpeC K
TBC. Ecnu 6eH3HHOBasE CMECh COIEPXUT METAHOJ, IPHU 110-
MagaHuM HeGOJBUIMX KOJIMYECTB BOABI BO3MOXHO pacciioe-
HHME CMECH, TO eCTh €€ KOMIIOHEHThI MOTYT OTHEJUThCS JPYT
ot apyra. Korna k MetaHoiy B06aBisioT 6osee TsXesbie CIup-
Thl, HanpuMep, TBC, donycmumoe codepxcanue 600 — Ko-
JIAYECTBO BOIBI, KOTOPOE MOXHO J00aBUTD MpeXiae, YeM Mpo-
H3oiimeT paccioeHne — yBeanuuBaetcsa. ThC geiicTByer Kak
copacmeopumens, TIOMOTasi METAHOJY OCTaBaThcsi B pPacTBO-
PEHHOM COCTOSIHUH B MPUCYTCTBHUHM BOIBI.

MTB3. Metun-tper-6yrinossiit a¢pup (MTB3D) (Heynu-
BUTEJILHO, YTO €r0 Ha3BaHMe COKpPAINAIoT!) SIBJISETCH KuUCAO-
podcodepxcauieti do6aexoii. OH OTIIMYAETCS] OT METAHOJA, 3TA-
Hoima B TBC, KoTopble OTHOCATCA K KJIAcCy CHHUPTOB (MX
MoJsexyasl coaepxar rpynny OH), Ho, TeM He MeHee, MTBD
Bce Xe coxepxut kucnopon. Ero popmyna (CH;3);COCH;.

MTBD nonyyalor peakuueil M306yTHIEHA ¢ METaHOMOM
HaJ katanau3aropoM. CeipbeM i mpousBoactsa MTBD sis-
nsiercst cMech Cy4 (6yTaHbl, H-6yTHIICHBI M M306yTHIEHB!). [1pu
3TOM MOYTH BeChb M300YTHJIEH BCTYNAET B PEaKLIMIO H TAKUM
00pa3oM ynansercs U3 CMecH. B HEKOTOpBIX CIlyYasix 3TO MO-
XKeT OKa3aThCH MOJIE3HBIM (HANpHUMeEp, €CH A IpPOoAaxXHy
TpebyeTcsi CMech YIJIEBOLOPONHBIX [A30B, HE coxepXauas
KOMITOHEHTOB U30CTPOCHHSA).

Ixenayamayus. Tlpobaema monagaHus B O6H3MH BOABI YXe
yIIOMHHAJIach, U OHa BecbMa cepbe3Ha. IlpencraBbre cebe
IBa CTAKaHa, B ONHOM M3 KOTOpPHIX 50 M) BOAKH (TO €CTh, B
OCHOBHOM, CMEChb 3TaHOJIA C BOXO), 3 B IPYrOM CTOJBKO Xe
6ensuHa. Tenepp MpencraBbTe, YTO B 06a cTakaHa JO0GaBUIU
o 100 mn BonH M nepeMewianu. EctecTBeHHO, BoJa M Macio
pasfenaTcs, Kak TOJNbKO NMepeMellMBaHue Gyner mpekpaiie-
HO, a BOJKA OTJIMYHO CMeHIaeTcsi ¢ Bodoil.

A Tenepb comepXHMoe OOOMX CTAKAHOB CIMIM BMECTE B
TPETHI CTaKaH U BCTPAXHYAH (KAKHE pacxonbl paAu Hayku!).
XKuIKOCTH CHOBA pacCIOMIUCH, HO BOJKA OCTaNach B Bole M
He mepennia B 6eH3uH. B CIIA 6eH3¥H B OCHOBHOM TpaHC-
MOPTHPYIOT Mo TpyGomnposoaaM. IIpu 3ToM HEBO3MOXHO MoJI-
HOCTBIO HU30€XaTh KOHTAKTa C Boloii. B pesyibpraTe GeH3uH,
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COJIEPXAILMIA CIIUPTBI, MOXET Paccaoumscs B TPyOGOMpPOBOIE.
ITosToMy ero NpUXOAMTCA TPAHCIOPTHPOBAaTh KaK-HUOYIb
uHaue. MTDB3, umewommid Apyroe XMMMUYECKOE CTpPOEHHE,
MpaKkTHYEeCKU HEpacTBOPHM B Boje, MOITOMY €ro IpHMeHe-
HUE He CTOJIb OrPaHUYEHO, KaK IPUMEHEHHUE CIIHPTOB.

Komnaynoupoearnue. UnTepec x criuptaM oOYCNOBJIEH CO-
OTHOLUIEHHEM MEXIY UX ce0ECTOMMOCTbIO H MX TOJE3HBIMH
CBOMCTBAMH B Ka4yeCTBE KOMIIOHEHTOB O€H3MHA, KOHKpET-
Hee, X CIIOCOOHOCTBIO MOBBIIATh OKTaHOBOE YKcao. Ho ux
BJIUSIHHE HE CTOJb MPSAMOJMHEHHO, KaK, HaNpUMEp, BIHS-
HHe ankuaara uiu pudopmara. JlobapiaeHue CIIMpTOB M KHC-
JIOPOICONEPXALIUX BelllecTB AeiCTByeT HeMOHOTOHHO. Ha-
npuMep, HeGoablive nobGaBkM (do 2—3%) cnupTa pesko
noauumaiotr JIITP cmecu. Ilpu manpHeifiieM npuOapjieHUH
(mo 5, 10 wiu 15% no o6bveMy) U3MeHEHHUH He TTPOHCXOMHUT.
B sToM HHTepBajie KOHUEHTPALMd METAaHOJ YBEIHYHBAET
OITP Ha MOCTOSAHHYIO BEIMYMHY, PABHYIO IIPHOIH3NTEIBHO
3 eamHuuam, 3TaHon npuMepHo Ha 0,7, a TbC — Ha
2 enpunuusl AITP.

Bnusnue noGaBieHNs1 CBUHIIOBOI MPUCANKH TaKXe Hepe-
TYJASPHO H 3aBHCUT OT APYrMX KOMIIOHEHTOB GeH3uHA. B He-
KOTOPBIX cay4asix 2¢¢eKT CBUHIIOBOTO aHTUIETOHATOPA OKa-
3BIBAETCS OTPHLATEIBHBIM. KoJIb CKOpO paccMaTpHBaeTCs BO3-
MOXHOCTb TPHUMEHEHUS CIIMPTOB M KHCIOPOXCOXEPXKALIHX
I06aBOK ISl MOJYYEHUSI HEITHIUPOBAHHOIO OEH3MHA, HEYC-
TOHYMBOCTD feicTBHA TOC He UMeeT 0co0oro 3Ha4YeHus.

KomnaynaupoBanue OeH3HHA
H €ro BIHAHHE HA TEXHOJIOTHYECKHe ONepalHu

Hukto He obeujan, 4To ONTHUMM3aLMA COCTaBa OeH3MHA
OKaxeTcsl pocToif 3a1a4yeil. ITo OeHCTBUTENBHO OYEHD CIIOX-
Has npobyeMa, ocoOEHHO Tenepb, KOrda B HEKOTOpblEe Map-
KU OeH3uMHA Henb3s nobanarh TOC. [apaiite mocMOTpuM,
Kak npobiemMa NOCTENEeHHO YCIOXHSETCS:

a. Ilpu notpebHOCTH B GeH3HHE TPEX MApOK M HATHYHH BCEX

KOMITOHEHTOB TpebyeTcsl CMEILATh UX TaK, YTOObI He ObUIO

OCTAaTKOB.
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0. Tenepb y4TeM H3MEHEHHUE PEXUMOB pabOThl HEKOTOPBIX
YCTAaHOBOK, HAampuMep, U3MeHeHHe pexuma pruopMHH-
ra, JUil JOCTHXEHHSI OIpeNeieHHOTO COOTHOIUEHUS BbI-
XOAAa ¥ OKTaHOBOIO YHCJA MPOAYKTA, MOBBIIICHUE TEMIIe-
paTypsl Ha YCTaHOBKE KATAIMTHUYECKOro KpeKWHra mjist
yBeJHYEeHHUs BbiXxoga oJeHUHOB W, B KOHEYHOM UTOTE,
aJIKUNaTa U T.4.

B. HakoHeli, Hy)XHO y4yecTb pa3BETBJICHHE BXOISILIHUX U BbI-
XOAAUIMX MoToKoB. HanpuMep, Nerkuit KpeKHHI-ra3oilib
MOXHO HAampaBMTb Ha KOMIIAYHAMpPOBAHHUE KOTEJbHOTO
TOIIHBA, & He HA TMAPOKPEKHHI, OyTHJIEH MOXHO He-
MOCPEACTBEHHO HCIIOJIL30BATh KAK KOMIIOHEHT aBTOMO-
6uibHOrO G€H3UHA, a He OTIPABIATh HA ATKUJIMPOBAHUE,
a TaKXe MOXHO OTHEJHUTDH TSXENYI0 YacThb OT MPSMOrOH-
Hoii HaTH (KOoTopas ABASETCA ChipbeM PHEPOPMHUHIA)
IAS TmonydeHHsA Oonbiiero obbeMa KepocHHa (TOILIMBA
JUISI Ta30BbIX TYPOUH).

Camblit 3¢PeKTUBHBIA cIOCO0 CHPABUTHCA CO BCEMU ITU-
MH [TepeMEeHHBIMU ITapaMeTpaMi — 3TO MOACAMPOBAHME IPO-
1reccoB HedTenepepaboTKH ¢ MOMOIIBIO JIMHEHHOrO MPorpam-
MMPOBaHHs Ha GOJBILOM KOMIbIOTepe. BXoAHbIE M BBIXOA-
Hbl€ IIOTOKH, MOIIHOCTh M ce0eCTOUMOCTDb BCEX OfIepaliHii Mo
nepepaboTke He(pTH OT MEPEroHKH A0 KOMIAyHIWPOBAaHHUA
MOTYT OBITh OIHUCAHBI C MIOMOLIBIO HECKOJABKHMX YpaBHEHHI U
YHCNEeHHBIX 3Ha4eHUil. [logpobHO yUMTHIBAIOTCS OCTYITHOCTD
H CTOMMOCTb CHIpoil HedpTH, a Takke MOTPEeOHOCTH B IPO-
OYKTax U MX LeHbl. MetoauKa JUHEHHOro mporpaMMHpOBa-
HHS NMO3BOJISIET HAUTH HauOojee SKOHOMUYECKH 3 deKTHB-
HOe pelileHHe YpaBHEHHI (KOTOPBIX OOBIYHO MHOTO).

KomnpioTep NMpH 3TOM HEOOXOOUM, TaK KaK ONTHMAIb-
Hoe pelieHue TpeOyeT mpoBeaeHust Thicady pacuyetoB. Ho maxe
B 3TOM cCiydae pelleHHe OyaeT NpUOAM3UTEAbHBIM M BOT
moyeMy:

a. JlaHHble, Ha KOTOPBIX OCHOBAHO IMOCTPOCHHE MOIEJH,
SBJAIOTCSA JHIIb NPHOJU3UTEILHBIMH OLIEHKAMH BBIXOHOB
MPOAYKTOB B Mpolieccax. B 3aBUCHMOCTH OT HeompeIeIeH-
Horo yuciaa ¢akrTopoB (BpeMs, Mpollleliee MOCHe OCTa-
HOBKH peakTopa, aKTUBHOCTb KaTaau3aTopa, TeMIlepaTy-
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pa BO3yxa, TeMreparypa Oxjiaxigawolleid Boabl U T.I.),
BBIXOJIbI MOTYT MEHSIThCSI.

6. Moxer MeHSTBbCS COCTaB ChIpoil HeTH.

B. MoryT u3aMeHSTbCs MOTPEGHOCTH M LIEHBI.

Hakonew, Heu30OexHble He3alIaHUPOBAHHBIE OCTAHOBKH
B Pa3HBIX YacTSX 3aBOJA HApPYLUAIOT PerysipHoe TEYEHUE MPo-
HeccoB. TeM He MeHee, JIMHeEkHOEe MPOrPpaMMMPOBAHME KaK
aHAJUTHYECKUI METON ABJISIETCS] HEOLEHUMBIM MHCTPYMEH-
TOM ISl pa3paboTKH MOJEJH WIH TUIaHa.

Pesome. TIpu obcyxaeHHH MpoGIeMbI KOMITAYHIUPOBAHUS
OeH3MHA MPUXOAMTCH oOpaliaTh BHMMAaHHUE HA 3HAYUTEIIb-
HYIO 4acTb OCHOBHEIX oInepaluii HedrermepepabaThIBaIOLIETO
3aBofia. YCTapeBIIHiA CIOCO0 MOMyYeHUsT HYXKHOTO OKTaHOBO-
ro YKcJia I0CTaTOYHO MPOCT, HO AeHCTBUTEIbHAS ONTUMMU3A-
HHA KOMITAyHOAMPOBaHUs OeH3HHA TpeOyeT ONTUMM3aLMK pa-
6oThl Bcero HedrenepepadaThBaIOIUIEro 3aBOAA.

YITPAXHEHHUA

1. Jlaitte onpeneneHue CAEAYIOIIUX TEPMUHOB:
JlaBJieHHEe HACHILIEHHBIX TApOB
AITP
pabouuii xon
napoBas npo6ka
KOMIIOHEHT, YBEJIMYMUBAIOLLUIA

JaBJieHle HaCHILEHHOTO Mapa
JeTOHALUUs
CTENEeHb CXAaTHUs
UOY u MOY
STUIUPOBAHHBII GEH3UH
MOBBIILIEHHE OKTAHOBOTO YUC/IA

2. Paccumraiite KonuyecTBO H-OyTaHa, KoTopoe Tpebyercs
s noayaenus OITP 12,5 psi B cmecu 2730 Gappeneit
npsAMOTOHHOro OeH3uHa, 2490 6appeneit pudopmara c
HOY 94, 6100 Gappesneil TSXeJOro MpoayKTa rHIPOKpe-
kuHra u 3600 6appeneit KpekuHr-6eH3nHa. CKOJIbKO HYX-
Ho mobaButh TIC, uroosr MOY GensuHa Ovuto 97,07
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Kakass mnpo6GiaemMa BO3HMKHET, €CJM N00aBHUTb CTOJBKO
TOC? Kakue Tpu BellH NPOM3OHAYT ¢ OEH3MHOBBIM pe3ep-
BYapoM, €CJIH TSXeNblii MpPOAYKT THOPOKpEeKWHTa CcHavaaa
HanpaBuTh Ha PpUGOPMHUHI ¥ TOJIBKO IOTOM HCNOJb30BaTh
KaK KOMIOHEHT 6eH3uHa? Beixon pudopmara cuMraiite paB-
HbIM 85%, a COOTBETCTBYIOIIME OKTAHOBbIE YHMCJIa U JaBie-
HHMSl HAaChIIIEHHBIX MapOB BO3bMHUTE M3 TAOJHUL, MPUBEACH-
HBIX B 3TO# INaBe.



XIII
AUCTHJUIATHBIE TOIVIMBA

Tenao, menao, 6oavue menna! Mu ymupaem
om x0400a, a ke om memuomui. He nous nac
ybueaem, a mopo3.

Muzysne de Yuamyno. «O mpazuueckom uyecmee mcusnu»

Ju3senbHOe U MEYHOE TOILIMBO (TOILIMBO, MPHMEHSIEMOe
JUIs OBITOBBIX LEJIei) — 3To ABa HauboJiee IIHUPOKO UCITOJb-
3yeMBbIX BUJa TOILUTHBA, KOTOPBIE MOJYYaloT Ha Hedrenmepepa-
GatbIBalOLIEM 3aBoJe M3 (paKIluii Jerkoro rasoitisi. MoxHo
CKa3aTh, YTO ITO OOUH LUHPOKO MCIIONb3YeMBIl BHA TOILIH-
Ba, TaK KaK BO MHOTHX MECTax AH3eJbHOEe M MEYHOE TOILITUBO
MOCTYTAIOT B MPOJaXy W3 OMHOI'O K TOTO X€ pe3epByapa.

Jln3enbHblil ABUTATEND

B o61ux 9epTax AM3eNbHBINA JBUTATEXb BeCbMa HAITOMHHA-
eT OEH3MHOBLII ABUTATEIb BHYTPEHHETO cropaHus. Ero emquH-
CTBEHHOE OYECBHIHOE OTIHYME — 3TO OTCYTCTBHE CBEYM 3a-
xurauus. PaGora nusejbHOro NBHraTeisi 3aBUCHT OT CaMo-
BO3rOpaHHUs TOILIMBA, TO €CTh OT TOT'O CaMOTI'0 SIBJIEHHSA, KO-
TOPOro TaK CTAPAIOTCA U36eXaTh B clydyae GeH3MHOBOTO JABH-
rares.

Ilpu ynpapieHMH CaMOBOCIUIAMEHEHHEM OYE€Hb BAaXHO,
yTOOBI BCE MPOILECCH ObLIN MPABHIBHO CHHXPOHH3UPOBAHbI
no sBpeMeHH. B ornnumne or JIBC, B Au3enbHOM JABHrartele
BO3IyX HE CMELIMBAETCS C TOIUIMBOM IIpeXIe, YeM IOMacTh
B UWIHHAP, TO €CTh B LIMJIHHAP ITOAAETCS TOJBKO BO3AYX.
Koraa mopliieHb nepeMeniaercd B BepXxHee MOJIOXKEHHEe, BO3-
IyX ckuMaeTcs (TaKT CKaTHA) H IO3TOMY HarpeBaercs. Tou-
HO B TOT MOMEHT, KOTJA NMOPIUEHb JOCTUraeT BEpXHEH Tou-
KW, B LUJIHHAP BIPBHICKUBaeTcA TOIUIMBO. IIpM KoHTaKkTe ¢
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HarpeTeiM BO3AYXOM OHO BOCIUIAMEHSIETCSI, YTO 3acTaBJIsAET
MopuIeHbL Ha4yaTh paboyuii Xox.

BripricKMBaHHE TOIUIMBA B HWJIHHAD BKJIIOYAET HECKOJIBKO
da3. Bo-nepBhiX, TOIUIMBO MOJKAECTCA B XUAKOM BHAE — i
0ojiee paBHOMEpPHOTO pacripelie/ieHUs ero pacnpUisaioT. Koroa
XHUOKOE TOIUIMBO COMPHKACAETCS C IEPETPETHIM BO3IAYXOM,
OHO UCTIApsiETCs, U €r0 TeMIlepaTypa IOAHUMAETCS JO TeMIie-
paTyphl caMoBoCIUIaMeHEeHHA. Bropas ¢a3a HacTymaer, Koroa
BOCIUVIAMEHEHHE MPOM30LUI0 U OKpYXaloLiWe Mapbl U XHA-
KOCTb Takke 3aropaiorcs. IIpu 3ToM HaunMHaeTcst pabounit Xox
nopuiHs. HakoHell, Koraa ocraBiyasics 4acTh XMIKOCTH 3aKa-
YHBaeTCSl B UWIHHIP, OHA TOXE BOCIUIAMEHSETCA M, TaKHM
obpa3oM, JaBleHHE HAa MOPUICHb COXPAHSETCA Ha TOM Xe
YPOBHE WM Aaxe Bo3pacTtaeT. U Bce 310 MpOoUCXOOUT NMpubIn-
3UTEJIBHO 34 THICTYHYIO AOJIO CEKYHIBI.

O4eBUAHO, YTO MEXaHU3M CHHXPOHH3ALUHU AOJKEH ObITH
o4YeHb TOYHHIM. EciMu TOIUVIMBO He MOMNajaeT B UMJIUHIAP B
HYXHBIf MOMEHT ¥ ¢ HYXHO# CKOpOCTBIO, 32 OAMH pa3 Mo-
XET BOCIUIAMEHUTBHCSA CIAMIIKOM MHOrO TOIUIMBA, ¥ TOFAa,
BMECTO YIMpaBlIsAeMOro MMIYJIbca, MOXET MPON30HTH pabo-
YHif TaKT cO B3pHIBOM. [103TOMY BNpHICKUBAHHE TOIUIMBA B
JU3ebHBH IBAraTeNb OCYIIECTBISAETCA C MOMOILBIO TOpasfo
6osiee TOUHOH MeXaHUKH, YEM B JBHUTIareje BHYTPECHHETO Cro-
panus. IToCcKONBKY AN3€IbHOE TOTUIMBO MOJAETCS B LIWIMHAD
B BepXHe# TOYKe XoJa MOopiUIHS, paboyue NABICHHUSA B CHCTE-
Me MojayM ToluiMBa Jiexar B HHTepBane 2000—10000 psi
(140—700 aT™).

JIn3eabpnoe TOIIHBO

MHorue 1oje3Hble cBoficTBa GeH3MHA OKa3bIBalOTCS Bpel-
HbIMM U1 JU3€JbHOTO TOIUTMBA. BCcrioMHHTE, 4TO B Ciayyae
OeH31Ha cCaMOBOCILUIAMEHEHUS clelyeT H3beratb, B TO BpeMs
KaK ISl JU3eJIBHOTO TOIUIMBA OOHOM M3 BaXHBIX XapaKTepHC-
THK SBJISETCSA KaK pa3 BoCIUIaMeHseMOCTb. Mepoit 3Toro cBoii-
CTBa SIBJSIETCS yemanoeoe 4ucao. [lo aHaNOTMK ¢ OKTAHOBBIM
YUCJIOM M €r0 TIPOMCXOXIEHHUEM, LIETAHOBOE YHCIO AN3ENb-
HOro TOIUIMBA COOTBETCTBYeT HOJIE YINIEBOAOpOAA LieTaHa
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(C¢H34; rekcanekaHa) B €10 CMECH € at-METHIHADTATHHOM.
LleTaHOBOE YHUCIIO LIETAHA PUHATO paBHLIM 100, a IeTaHOBOE
yucio a-MeTwiHagptaiuHa — 0. Korma ausenbHoe TOIUIMBO
XapakTepusyeTcd TaKOH X€ BOCIJIAMEHSAEMOCTBIO, OMpene-
JICHHOH Ha ONMBITHOM ABUIaTeJie, YTO U MOJENbHASA CMECH ITHX
JIBYX YDJIEBOAOPOAOB, TO LIETAHOBOE YMCIIO AAHHOTO TOIUTHBA
CUMTaeTcsl paBHBIM TpPOLCHTHOM JOJe Le€TaHa B 3TOM CMECH.

B HeKOTOpOi# Mepe LIeTaHOBOE YHUCO TOMIMBA 3aBUCHT OT
€ro TPYIMOBOro cocrasa (Ionu napadpuHoB, ojedpUHOB, Ha-
¢breHOB M apoMaTUKH). B ciydyae 66H3MHOBOIO ABUraTejisl apo-
MaTHYeCKHE COCOUHEHMS MOJIE3HBI, TaK KaK HpPEeHsATCTBYIOT
CaMOBOCIUIAaMEHEHHIO, B TO BpeMsl KakK mnapacdUHB HMEIOT
HHU3KHE TEMIIEPATYPhl BOCIIaMeHeHM. s AN3eNbHbIX IBH-
ratenei, Hao6opoT, mapaduHbl, CIIOCOOHBIE K CAMOBOCILIA-
MEHEHHIO IIpH HU3KUX TEMIIEpaTypax, sIBJIAIOTCS MOJIE3HBIMH
KOMIIOHEHTaMH TOIUIMBa, a apOMaTHYEeCKUE YTIE€BOAOPOAbI
(KOTOpPBIX MHOIO B KPEKMHI-Ta30ijie) — MeHee LEHHBIMU
KOMIIOHEHTAMH.

Kak v O6eH3MH, AU3€eJIbHBIE TOIUIMBA OBIBAIOT HECKOMBKHX
Mapok. CTaHIapTHOE TOIUIMBO XapaKTepH3YeTCsl LIeTAHOBBIMU
yuciaMu okojio 40—45, a TOIUIMBO BhICIIETO KayecTBa (1Ipe-
MHAJIbHOE) MMeeT LieTaHoBble yuciaa 45—50. IlpeMuanbHoe
TOIUINBO GoJiee snezkoe, OHO COAEPXHUT OOJIbLIE JIETKOKHIIS-
WMX GpaKkuuit, ¥ MO3TOMYy OHO Gojiee MPUTOAHO IJIA 3aMycC-
Ka IBUraTeass Ha xojnohe. B merkux ¢dpakuusax oTHOIIEHHE
yoiepoia K BOAOpOAy OOBIYHO HUXE, MO3TOMY MpH cropa-
HUH TAKOTO TOIIMBA B XECTKMX YCIOBHSX 06pa3yercsi MEHb~
e apiMa. B CBA3M ¢ 3TUM NMpeMHAIBbHOE TOIUIMBO SIBJSIETCS
TIPEAMOYTHTEIBHEIM BAPHAHTOM JUISI TOPOJICKUX aBTOOYCOB.

ITo mexnuveckum ycnosuam 6 Poccuu duzenvnoe monaueo ons
QA8MOMOGUAbHBIX U MIAKMOPHLIX OJguzameneli pa3deasemcs Ha
0sa copma— nemHee u 3uMHee,pazudarouiuecs mexcdy cobol no
memnepamype noMymuerus u memnepamype 3acmouieanus. Jaa
nemuez0 monauea (mapka «JI») memnepamypor nomymuenus u
3aCcmbi@anUA 00AXCHY Gbimb He evume —5 u —10°C coomeem-
CMBeHHO, 018 3UMHe20 copma (MapKa <«3») — He eviue —35 u
—45°C. Temnepamypa 3acmul6anus apKmMuuecKo20 OU3eAbHO20
monauea (mMapxka «A») He doaxcna npeevtwams —60°C. —
Tpum. peo.
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Huskoti memnepamyput 3acmweanus docmuzarom aubo 6bi-
bopom Hegpmeii u nodbopom Ppaxuyuil, u3 KOMoOpwx noayHaemcs
monaueo, aubo dobaenenuem K nocrednemy cneyuasbHuix (de-
npeccopuuix) npucadox.— Ilpum. peo.

Komnonenmo: monauea. B npuHiumne, Bce JIErKHe ra3oiiit
MOFYT CJIYXHTh KOMIIOHEHTaMH JIM3€JIbHOTO TOIUIMBA, HO He-
KOTOpeIe M3 HHUX Ooyiee mApeanoyruTenbHbl. IIpsMoroHHsie
JlerkMe ras’oiiyii oObIYHO XapaKTepU3YIOTCSI BHICOKMM COHEp-
XaHUeM napadMHOB U LIETAHOBLIM YUCIOM B MHTEpBaE 50—
55. Jlerkue KpeKMHIr-ra3oiiid, KaKk NnpaBwjio, CONEPXAT BbI-
COKHe KOHIIEHTpaIliK oJieHHOB, apOMaTHUYECKHX YIJIEBORO-
ponoB ¥ HapTeHOB, U NO3TOMY HX LeTaHOBbIE YHC/IA MOPAJ -
Ka 32—35. lletaHoBO€E 4HC/IO KepOCHHA oKono 55. Takoit mu-
pOKMil Habop KOMIOHEHTOB MO3BOJAET JIEIKO IPUTOTOBHTH
CMeCh ¢ 3aIaHHBIM 1[€TAHOBBIM YHCJIOM.

IMeanoe TominBo

bnaropaps MHOTHM (PH3UKO-XMMUYECKHM XapaKTEPHUCTH-
KaM, YDJIEBOJOPOXBI, BXOJAIME B COCTaB ra3oiiieBbIX ¢pak-
UMit, HanboJee MIMPOKO KCHOAB3YIOTCA KaKk HedTsiHoe nmey-
Hoe ToIunBo. Bo-mepBBIX, oHU 06namawT Goaee BHICOKOI
menaomeopHol cnocobHocmblo, YeM Gonee JIeTKHE YIJIEBOIO-
pOAbI, HalpUMEp, COlepXKalluecs B KEpPOCHHE, HadTe WIH
LPG (cxuxeHHOM HedTsHOM rase). Bo-BTopblX, HX TpaHC-
MOPTHPOBKA AEHIeBJIe, YeM TPAHCIIOPTHPOBKA MPHPOTXHOTO
raza win LPG, tak Kak [uis 3T0ro He Tpebyercs cnenuaib-
HOTO 000pYIOBaHUS, NPUTOAHOTO M1 PabOThi MOA JaBIEHM-
eM. B-TpeTbuX, 3TH MPOILYKTH MeHee CKJIOHHHI K ClIy4aiiHO-
MY BOCIUIZMEHEHHWIO U MeHee B3pHIBOOMAacHbI, yeM Hadra.
B-4yeTBEpTHIX, WX JieT4e CXKE4Yb, YEM OCTAaTOYHBIE (KOTENb-
HBI€) TOIUIMBA, TaK KaK HX HE Halo IOAOrpeBaTh MHepex
nopaveit B Kamepy cropanus. HakoHel, oHu ABISIOTCI 60~
Jiee 3KOJIOTHYECKH YUCTHIMH, YeM OCTaTOYHbIe TOIUIMBA, Ola-
rofaps 6ojiee NPOCTOMY XUMHYECKOMY COCTaBy.

Ilo BceM 3THM NMPUYKHAM MEYHOE TOIUIMBO IHHPOKO MpPH-
MEHAIOT Wi OHITOBHX HYXA M peXe — KaK TOIUIMBO B JI€T-
KOi1 ¥ TsKeIoil POMHBILIIEHHOCTH. TepMHUH «Ie4YHOe TOIUTH-
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Bo» UMeeT B CLIJA HeckoJbKO CHHOHHMMOB: mMONAuUGO HO-
Mep 2, ducmunnamunoe monaueo, Two Oil.

CraHaapThl Ha MEYHOE TOILUIMBO B OCHOBHOM OIpeneJis-
IOTCS1 OTPAHUYCHUSIMHU, CBSI3aHHBIMH € KOHCTPYKI[Hel ObITO-
BbIX OTONUTENBHBIX TPHUOOPOB. C TOUKH 3peHUsT 6e30macHoc-
T KX IKCIUIyaTallMM, BAXHOM XapaKTepHCTHKON MEeYHOro
TOIUIMBA ABJISIETCA memnepamypa écnbiuiku. Tak Kak TOIUIMBO
TPAHCTIOPTUPYIOT U XpaHAT B €MKOCTsAX Oe3 momorpesa, TO
OGoNbLIOE 3HAYCHUE UMEET MmeMnepamypa nomepu mexyuecmu.

Temnepamypa écnsuuxu. MUHUMaJIbHAS TeMIepaTypa, Npu
KOTOpO# Mapbl TOIIMBA 00pa3ylOT roploYHe CMECH C BO3IY-
XOM, Ha3biBacTCA TEMIIEpaTypoil BenbllUKU. TakuM o6pasoM,
TEMIIEPaTypa BCIBILIKH OKa3bIBa€TCA OXHOBPEMEHHO MEpOii
JIETY4eCTH U Mepo#l BociaMeHsieMOcTH. Ui HeYHOro Tom-
JIYBA 3TOT NapaMeTp HOPMHpPYETCA TaKUM 00pa3oM, 4TOOM
ero nmapbl He MOIJIM BHIHTH U3 pe3epByapa M MOIXeYb YTO-
HHUOYIb He TaM, re HyXHo. (MHorue cyaeOHble HCKH BO3HH-
KaJIM U3-3a TOTro, YTO GEH3UH CJIYYallHO CMEIUAICS C Med-
HBIM TOIUIMBOM, ITaphbl MPOCOYWINCH U3 MOA3EMHOrO CKiIal-
CKOro pe3epByapa, JOOpaJIUCh A0 CHTHAJIBHOIO IJIaMEHH Ha
OnuanexallleM BOAOHArpeBaTesie, H MPOU30ILEa B3pHIB.)

Temnepamypa nomepyu mexyuecmu OIpeAensieT CoCOOHOCTD
HedTenpoayKTOB TeYb MPH HU3KUX TeMmaepatypax. B npoiecce
oxJIaxXaeHUs He(TempOAYKTa JOCTUTAETCA TEMIIEparypa, Tpu
KOTOpO# HEKOTOpbIE KOMIIOHEHTHI 3acThIBaIOT. [1py nanbHeii-
IeM OXJIAXACHUHU MPOAYKT B KOHIIE KOHIIOB IOJHOCTHIO Te-
pAeT TeKydecTb. TeMneparypy NoTepy TEKYYeCTH NPHHUMAIOT
Ha 5°F Bblllie TOYKH, MPU KOTOPOH MPOAYKT HEPECTAET T€Ub.
Temneparypa MoTepd TEKY4YECTH NEYHOTO TOIUIMBA OOBIYHO
okojio —25°C (—10°F ).

Cmewusanue neunozo monauga. He cnyyaiiHoe, HoO HeCOM-
HEHHO CYACTJIMBOE COBMNAalI¢HHE, YTO HEPTENPOAYKTHI, KOTO-
pbie€ MOTYT CIYXHUTh KOMIIOHEHTaMH IU3EJBHOTO TOIUIMBA,
TaKXe YIOBIETBOPSAIOT TpEOOBaHMAM, NMPEXBbABASEMBIM K ObI-
TOBBLIM OTONMTEJBHBIM cHcTeMaM. IMeeTcsi MHOXECTBO BO3-
MOXHOCTEH 110 MCIOJIb30BAHUIO PA3HBIX JIETKHX KPEKHHI-
rasoiUieit U1 MoNy4eHUs MEYHBIX TOTUTUB. ITHX BO3MOXHOC-
Tell Jaxe Oonpiie, YyeM IS AU3EJbHOrO TOIUIMBA, TaK KakK
31ech HET OTPAaHHYEHHIA 1O LieTaHOBOMY 4ucily. Tem He Me-
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Hee, B OOJIbLIMHCTBE C/Iy4aeB CMEINBAIOT, OTIPYXAaloT, Xpa-
HAT M MpOJAIOT .OMHH W TOT Xe¢ HedTeNnpoaykT, KOTOPHIi
MOOXOAMT Kak AJIs1 OTOIUIEHMS, TaK W JUIsl CrOpaHus B JBU-
rareje.

3Has LETAHOBOE YHCJ/IO JIETKOTo MPSAMOrOHHOrO rasoitis,
JIETKOTO KPEKHHT-ra3oifis, KEPOCHHAa W JOIMOJHHUTEIbHBIX
IUCTHIATHBIX KOMIIOHEHTOB, HETPYAHO PacCYMTAaTh COCTaB
cMecH, KoTopas 6yAeT YIOBIETBOPATH HOpMaM IO LIETaHOBO-
My uHcay. Yto6ul JocTHyb TpeGyeMoil TeMIepaTypsl OTEPH
TeKy4eCTH, OOBIYHO TOGABIAIOT KEPOCHH, HO 4YacTo 3TO KO-
HOMHYECKHM HEBLITOIHO (peaKTHBHOE TOIUIMBO JOPOXeE AMC-
TWUIATHOTrO). ECM KepocHHa CIMLIKOM MHOTO, TEMIIEpaTypa
BCIIBIIUKM MOXET OKa3aThcsl CAMIIKOM HM3KoM. Mcnonb3opa-
HMe Opakuuii Gosiee JIETKMX, 4eM KEpOCHH, 0643aTe/IbHO
MpUBEIET K NpobieMaM ¢ TeMepaTypoit Benbiiki. Komma-
HUMY, NPOU3BOAAINME CHELUHANbHBIE XUMUUECKHME TIPOMYKTHI,
C YIOBOJIBCTBHEM IIPOIAIOT MPUCAIKH, MEHSIOIINE TeMITEpa-
TYpYy NOTEPH TEKYYECTH.

NA Y a10i1 WITYKH

a HU3KASA TEMITEPATYPA BCITBIHIKH.
(v OnHa He onacHa




X1V
HEOTAHON BUTYM
M OCTATOYHOE TOILIHBO

...OH 830AAaMY4er, U YUCMOMbL AUWEH, U KPACOMOI. .
B. Ilexcnup. «Yxpowernue cmponmueoii»

VY HedrenepepaboTYMKa €CTh ABE BO3MOXHOCTH IUISL HC-
MOJb30BaHUA KYOOBBIX OCTaTKOB — IIPOMU3BOACTBO OCTaTOY-
HOTO TOILIMBA U HedTssHOoro 6mryma. BeiGop Mexmy 3THUMH
BO3MOXHOCTSIMH OIIPEIeIseTCs XapaKTepUCTHKAMH HCXOIHOM
chIpoif HebTH U MOTPEOHOCTSIMU PhIHKA.

HE®TAHOM BUTYM

Hegpmanwvie 6umymst npedcmaeasrom co6oii npodykmoi, noay-
yaemble U3 OCMAMKO8 NEPecOHKU Hegmell, KpeKuHaa U O4UCMKU
Mmacea. Hx wupoko npumensrom 6 OOPOXNCHOM cmpoumeascmee,
npu npouseoocmee KpOGeAbHbIX MAmMepuaioe, aakos u m.o. B
cocmas 6umymoe 6xo0am @ OCHOGHOM MACAQ, CMOAbL U acgharbme-
Hot. — Ilpum. peo.

HedraHbie OUTYMBI coIepXaT pasM4YHbIe KOJIMYECTBA ac-
darbmeno6, COCTOSIINX H3 OYEHb CJIOXKHBIX MOMEKY. Achaib-
TeHbl — IMOJUAPOMATUYECKHE COCAMHEHHUSI C BBICOKMM COOT-
HOIIEHHEM KOJHYECTBa YIJIEPOAHBIX ATOMOB K KOJHYECTBY
BOJNOPOIHBIX aTOMOB, B KOTOPBbIX OEH30JIbHBIE KOJbLA TECHO
[IPUJIEraloT OPYr K Apyry (KOHIEHCUPOBAHHBIE LIMKIIBI). XH-
MHK-OpPTraHHK cKa3aj Obl 4TO-HHOYAb Bpole «2,2,3-TpUMEeTHI-
MYeTHbIE-COThI». MOJIEKYNIBI 3THX BELLECTB COMEPXKAT OObIMHO
Gostee 50 atomoB yrnepona. Ecinu comepxaHue achanbTeHOB
JOCTATOYHO BBICOKO, TO TaKasi OCTATOYHAasA (PpakUUs MOXET
CJIYXUTh IPOYHBIM M CTAGMJIBHBIM CBSI3YIOLIUM MAaTEpPHAIIOM,
TO €CTb OUTYMOM.

Codepacanue acarvmenos é 6umyme aausem Ha e2o meepoocmy
U memnepamypy pamsauerus: yem 6oavite 6 bumyme acgparbmernoa,
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Cs7Hs,
AcodanbTeH
(rmazamMu XymOXHHKA)

Puc. 14.1. AcdanbreH.

mem on meepace. CMoAbI NOGLYIUAIOM UeMeHmMUpYIOuUe ceéolicmea
bumyma u ezo anacmuynocmv. Macra 6 bumyme 264A210MCA PA3HCU-
Jcarowell cpedoti, 8 KOmopoI pacmeopaomcea cmoabl U HaGyxarom
acgparomenvi. — Ilpum. peo.

BUTYMBI MOXHO pa3ieIUTh HA YETHIPE KATErOPHM, XOTH
TaKoe AejIeHHe W He SBISAETCA CTPOTHM. DTO — IIPSAMOIOH-
HBIA HePTAHOH OUTYM, OKMCIEHHBIA OUTYM (WIH acdanbr),
IACTWUIATHBIN pacTBop OUTYMa U GUTYMHAsi SMYJIbCHS.

IIpsamorounsiit HepTAHOH OHTYM

OcTatoK, KOTOpHIii MOoJy4aeTcs NpH ry6okoi BaKyyMHOM
NeperoHke CMOJHUCThIX Hedret (rmpu orGope 80—90% muc-
THJUIATOB), MOXHO HEIOCPEICTBEHHO MCIOJIB30BATh KakK OM-
TyM. OTO — YepHOe HJIU TEMHO-KOPHYHEBOE BELIECTBO, NPH
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KOMHATHO#M TeMIiepaType OHO OYeHb BsI3Koe (TycToe) HIH
TBepaoe. YeM BhIllIe ObUIa TEMIIEpATYpa HA YCTAHOBKE BaKyyM-
HOM MmeperoHKH HedTH, TeM GoJiblile BA3KOCTh GHTYMA.

JUtsi XapakTepUCTHKM 3TOro BUAa GUTyMa HCMONB3YIOT ABa
OCHOBHBIX MOKAa3aTeNsl: TeMIlepaTypa pasMATYEHUS U TEeHeT-
pauus (MpoHULIaeMOCTb). Temnepamypoil pazmazuerus Ha3bl-
BaIOT TEMIIEpaTypy, NMpH KOTOPOH MpenMeT oIpeleeHHOi
¢opMbl ¥ 3aJaHHOH Macchl HAYHHAET TOrPYXaThcsd B OUTYM.
B Haubojsee pactpocTpaHeHHOH METOAMKE HCIIONB3YIOT CTAlb-
Hoit wap. Hedradble OUTYMEBI, HOCTyMalOLIHE B IPOOAXY,
OOBIYHO UMEIOT TEMIIEPATyPhl pa3MsrdyeHust okoyno 25—170°C
(80—340°F).

IleHeTpatus sABAsieTCA Mepoit TBepaocTH 6utyma. Ilpudop
IUISL U3MEPEHUSL 3TOTO MOKa3aTess CHabXeH CTaJIbHOM IOl
C TAXeNoi BepxHel yacTpio. [leHeTpauuio onpenensioT Kak
ryOHHY, Ha KOTOpPYIO UIJIa MOrpyXaercs B OUTYM IIpH 3a-
JaHHOH TeMItepaType 3a CTAaHAAPTHBIH MPOMEXYTOK BpeMe-
HHU. O4yeHb TBepAble OMTYMBI XapaKTEpU3YIOTCS HYJIEBHIM 3HaA-
YeHHeM MeHeTpalyM, a oKa3areib I 6ojee MATKUX OUTY-
MoB nocturaert 250.

Hadra unn KepocHH

Huctun-
JIATHbIHA
pacTBop

Oxuc-
> JIeHHHIi

6uTYM
Ipsamo-
p————3 [OHHBIIi
ouTyM

OcraTtok

Bosnyxo-
Topsiumit IyBKa

- — T> AMyNbCUS

Bopa + amynbrarop

Puc. 14.2. [Ipon3BoacTBo GHTYMOB Pa3HBIX BUAOB.
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ITpousBoacTBo WIMpOKOro Habopa OMTYMOB Ha HedTemne-
pepabarbIBalOIieM 3aBOAE OOECIEYHMBAETCH 3a CYET CMEHBI
pexuma. Hanpumep, HeKoTopoe BpeMsi YCTAHOBKA BAaKyyM-
HO# neperoHKHd paboTaeT Ha 3amojiHEHWe pe3epByapa OUTY-
MOM c BennuMHOM nmeHeTpauun 40—50, mocse 3TOrO peXum
ee paboThl U3MEHSIOT TaK, YTOOBI MOJy4Yaicst OUTYM C BeJIH-
YuHOM neHeTpaumny 250, KOTOpHIit 3amoMHAET HOBLIH pesep-
Byap. CMeluuBas 3TH IBa KOMIIOHEHTa HETMOCPEICTBEHHO B
€MKOCTH JJil TPAHCMOPTHPOBKM Ha TPY30BHKeE, Oapxe WIH B
HUCTepHE, MOXHO IMOJYYHUTHh NMPOAYKT ¢ N1000# 3amaHHOM
BeJIMYHHOI meHeTpauuH ot 40 xo 250.

OKHcneHBbIH OHTYM

IToMHMO MOBHIIIEHHUS TEMIEPATYPHI BAKYYMHOI IeperoH-
KM, HMEETCS BO3SMOXHOCTb U3MEHSATh KOHCHCTEHIINIO MATKHX
GMTYMOB XMMHYECKHUM ITyTeM B Bo3ayxonyBke. Ha sroit ycra-
HOBKE OCTaTKHU OT MepepaboTKU HedTH MIH KpeKUHI-0CTar-
KH TIPOAYBAIOT TOPSYHUM BO3NYXOM, B pe3yjabTaTe 4Yero mpo-
HCXOMMT XuMHYeckas peakuus. Kuciopon npucoeauHsercs K
6UTYMy, JTU60 BOAOPOI COEMUHSIETCS C KHCIOpOAoM U obpa-
3yeT BOLY, KOTOpad 3aTeM ucrapsertcs. B pesyiabrare mosyya-
eTcd GoJyiee TBepIblil MU PE3UHOMONOOHBIN GHUTYM. DTOT cIo-
co6 MO3BOJISIET MOMYYUTh GUTYMBI C HU3KOM BEJTMYMHOM Me-
HeTpalMd M TpeOyeT MEHBIIMX 3aTpaT, TaK KaK NMpH 3TOM
HCIIOJIb3YeTCs MeK, ComepXalluiicst B ChIpoil HedTH.

JHCTHLIATHBINA pacTBOp OHTYMa

Jlng MHorux obaacred nmpuUMeHeHMA OUTYMa TpeOyercs,
4YTOGBI MaTepual ocTaBajicsi TeKyuuM. Hampumep, npu cTpo-
UTEJIbCTBE HOPOT OH JOJXEH XOPOIIO CMEIIMBAThCA C rPaBU-
eM 1 neckoM. IoaroMmy acganbt 0OBIMHO CMEHUIMBAIOT M YKJIa-
JBIBAIOT MPH MOBBILIEHHBIX TeMIepaTypax. YToGsl yIpOCTUTh
TpeGOBaHUSA K OOOpYZOBAHHIO B MECTAaX YKIAIKH, OTKa3aB-
IIKCh OT paboThl NMPU BHICOKUX TeMIIEpaTypax, U OMHOBpE-
MEHHO MOJIyYHTb TBEpAOE W NPOYHOE ITOKPBITHE, UHOLAA B
ouTyM H00aBNAIOT pasbasuTenn. Paz6aBuTenb (WUIM pazKuKu-
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TeJib) pa3MsryaeT OUTYM, 4YTO MO3BOJNAET paboTaTh C HUM
NpH HU3KUX TeMnepatypax. ITocne ykinanku acdanbra pasba-
BUTE/IL HCNapseTcsl U obpa3yeTcss MpoYyHoOe W TBEpHOE ac-
danbTOBOE MOKPHITHE.

Bpewmsi, 3a KoTopoe pa36aBUTENb UCIAPUTCS (OHO OOBIYHO
U3MeEpAETCsl THSAMM), 3aBUCUT OT TOTO, KaKOi MMEHHO Mpo-
IYKT UCIONb30BANIH LT pa3bapinenus. Ecinu tpebyetcs 6bIcT-
poe 3azycmenue 6utyma (06pa3oBaHUE KOHEYHOTO TBEPHAOTO
MaTtepuaja), To pa3baBUTEIEM NOJIKHA CIYXHUTbh HOCTATOYHO
Jierkasi ¢pakuus, HanpuMep, HadTa. Eciu monmyctumo 6osee
IUTUTEbHOE BpeMs 3aryCTeHUs1, TO UCHOJb3YIOT KePOCHH. Tul
pa3baBuTeNsT OOBIYHO HAXOOWT OTpaXeHWE B MApKHUPOBKE
JTUCTWIIATHBIX pacTBopoB Ouryma: BI' (6picTporycreioiue)
U CT (rycremoiime co cpeiHeil CKOpOCThIO).

Hcnons3oBaHue INCTHIATHBIX PACTBOPOB O6MTyMa Bcerna
6bUTO conpspxeHo ¢ mpobiemamu. B camoM nene, paz6aBuTeb
MPOXOAMT Yepe3 BCIO CHCTEMY M YXOOUT B HUKYZAa — 3TO
noporo. Kpome Toro, oH yxomuT He B HUKYIa, a B aTMocde-
PY, 4, 3HAYMUT, 3arpsA3HSET BO3IYX.

Butymuble 3MYIbCHH

YT1oOBl JOCTHYD TOM Xe THOKOCTH B HCHOJIb30BAHHHU 000-
PYIOBaHUS M IMPH 3TOM H30eXaTh MpoGieM, CBA3AHHBIX C
pazbaBuTeneM, pa3paboTany IIPpOU3BOIACTBO 3MYJIbCHIT. DMyb-
CHA — 3TO cMech, coaepxaluaa 50—70% 6utyma u 30—50%
Boabl. YTOOHI 3TH KOMIOHEHTH OCTaBAJIMCh B CMEILIAaHHOM
COCTOSIHUM, HOOABISIOT 3MYJIBraTop, YT0-HUOYIb THIA MbLIA.
XOTST 3MYJIBraTop ropasao nopoxe, 4yem 6uTyMm, ero tpeby-
€TCsl BCEro OAMH MPOLIEHT.

U3 roroBoro Matepuana Boia MCHApsieTCs TOYHO TaK Xe,
KaK M pa3baBHTelb, U B pe3yjbTaTe 0oOpasyercs TBepIbIil
acoanbT. C SMyJbCUSIMH MOXHO paboTaTh NpH 6ojiee HU3KUX
TeMIlepaTypax Mo CPaBHEHUIO CO BCEMH OCTAJIbHBIMU COpPTa-
MH OMTYMa, MTOCKOJIbKY HOOAaBIeHHE BOIBI ISl OOMerdeHust
paboThl He TpebyeT GoabLIUX 3aTpaT.

I CTPOUTENBCTBA AOPOTr OOBIYHO HCHOJIB3YIOT MSATKHE
ouTyMbl ¢ MHIeKcoM neHeTpauuu 200—300. Ona nmpombiii-
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JIEHHBIX LieJiei TPUMEHSIOT MaTepHa, IUIg KOTOpOro 3Ta Be-
quyrHa coctapiaer 40—50. JInsg KpoBeJNbHBIX MAaTepUAaOB
(rOHT, TOJb, MEpPraMMH) U UISE HAaCTWJIKU TNOJIOB (BJaroHe-
TNpOHMLIAEMbIe ITOKPBITHS, TUIMTKA) OMTYMBI 4acTO CMEIUH-
BAIOT C ITHHOM.

OnuH mo003HATeNbHBIH HHXEHep OOHApyXWJj, YTO 4ac-
THIB OMTYMa B 3MYJIbCHAX OTPHULATENBHO 3apsDKeHbI, TaKHe
3MYJIbCHHM Ha3bIBAIOTCH anuonHsimu. HekoTopble HamoJHuTE-
JIH, KOTOpbIE HCIIONB3YIOT B CMECAX ¢ OMTYMOM, TaKXe OT-
pHLIATEIbHO 3apsikeHbl. [103TOMY HHOTIA OKA3LIBAETCS TPYA-
HO MOJHOCTBIO CMELIATh HAMOJHUTENb ¢ OUTYMHOI 3MYyJib-
CHell, OCODEHHO €CJIM 3TO IIPONENBIBAIOT B CHIPYIO TOTrofy,
KOTZa BO3MOXHBI 3JIeKTpHiecKHe TOKH. 151 OopbObl ¢ 3THM
ABJIEHHEM TPHAYMAIH CIIELIMAJbHBIE 3MYJbCHH, B KOTOPBIX
YacTUIB OMTYMAa 3apsKeHbl MONOXUTENbHO. Takue 3MyNb-
CHH, KOTODbIE HA3bIBAIOT KAMUOHHbMU, OXOTHO COBMELIAIOT-
cA ¢ HamoJHUTENeM. )i JOPOXHBIX paGoT B OCHOBHOM IpH-
MEHSIIOT KATHOHHbBIE IMYJIbCHU.

OCTATOYHBIE TOILJINBA

OcraroyHoe TOILIHBO — 9TO TO, YTO OCTAeTCH, KOrma BCE
HeTEMPOAYKTH! YXe MPUTOTOBIEHBI (TI03TOMY OHO U Ha3bIBa-
€Tcsi ocTaToYHbIM). Bo MHOTHX cTpaHax 3a mpenenamu CIIIA
OCTaTOYHOE TOIUIMBO — 3TO BCETO JIULIL OCTaTOK OT MEPEroH-
KU cbIpoii HedTH, To ecTb Mazym.* B CIIIA Ma3yT B OCHOBHOM
HCIONB3YETCS KaK Chiphe U1 BAKYYMHOI neperoHKu. B stom
cJy4ae OCHOBHBIM MHTPEIMEHTOM OC/MAMO4HLX HegmenpodyK-
moé ABNSIETCA OCTATOK OT BAKYYMHOM HEPEroHKH (IeK).

OcraTouHble HedTeNpPOOYKThl BCErda TPYAHEE BBITOIHO
MpoJaTh, 4YeM BCE MPOYME BUIOBI TOIINBA, IO IBYM MPHYM-

* B Poccun K ocTaTOYHBIM He(TAHBIM TOTUIMBAM OTHOCATCA TOILIH-
Ba, colepxaiHe HedTaHble ocTaTkM. KpoMe TOMOYHBIX MasyTosB,
OHM TIpeAcTaBleHbl MOTOpHHIMH ToruBamMu JT u IAM (Tonnuea
Ui cpeAHeoOOpOTHBIX AM3eNei), BHICOKOBA3KMMY CYNOBBIMH TOII-
JIMBAMH, 3 TaKkKe (IOTCKUMM KOTEbHBIMM Ma3yTaMH.
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HaM, OllHa U3 KOTOpbiX PHU3MYecKas, a apyrasi 3KOHOMHYEC-
Kasi. Bo-nepBbix, MX TPAHCIIOPTHPOBKA U HCIIOIB30BaHUE Tpe-
OyIOT cheUHaIbHOro OOOpYHOBAaHMSI THIIA TNOAOTPEBAEMBIX
TpYOOIPOBOIOB U pe3epByapoB, TaK KaK HHaye TOILIMBO 3a-
cThiBaeT. Bo-BTOpEIX, 4TO Gojiee BaXHO, €r0 KOJAMYECTBO H
COCTaB MPAKTHYECKH HEBO3MOXHO IPOU3BOJLHO MEHATH,
TOCKOJIBKY OCTATOYHOE TOIUIMBO COCTOMT M3 OTXOHOB OT IpO-
M3BOACTBA IPYTHX NMPOAYKTOB.

IIOJIy‘IeHﬂe OCTATOYHOI'0 TOI/IHBA

Tak Kak OCTaTOYHOE TOIUIMBO SIBISETCS ITOOOYHBIM IIpO-
IYKTOM, TpeOOBaHUSA, MpPENbsABISEMble K TOBAPHOMY IMpoO-
IYKTY, IOCTaTOYHO paciutbiB4aThl. HanbGosee BaxkHoit xapak-
TEPUCTHKOI SBISETCS BA3KOCTb, KOTOpPAasl MOKAa3biBaeT, Ha-
CKOJIbKO XHIKOCTb CONMPOTHBISETCA TEYEHHIO, KaK 3TO MO-
Ka3aHo Ha pucyHKe 14.3 (BS3KOCTb KJI€HOBOTO cupona 60Jib-
e, YeM BSI3KOCTh BOAbl). CTAHAAPTHOH eIMHMIIEH BI3KOCTH
apisieTca canmucmokc. TlockonbKy BA3KOCTh MEHSIETCS B 3a-
BHCHMOCTH OT TeMIIepaTyphl (ropsiYdil CHpOIl TeyeT Jyvllie,
YeM XOJIOOHBIH), BSI3KOCTh B CAHTHCTOKCAX H3MEPSIOT IpH
80°C uau mpu 100°C. K ocraTKy OT BakyyMHO#! I€peroHKH
OObIYHO HOGABNMIOT Kakou-nubo pasbaButene (ducmuaasam-
Kbl Hegpmenpodykm) ISl TOrO, 4TOOBl JOCTHYb MAKCHMAJib-
HOH mpHeMieMoit BA3KocTH. OOBIMHO B KauecTBe pa3baBUTeE-
JiS HCIONB3YIOT KAaKylo-THOO TAXeNyl MAaJOoBS3Kylo ¢dpak-
M0, KOTOpas NpencrapisieT coboit HeGONbIIYIO LIEHHOCTD B
KayecTBe Chipbs, HampuMep, misf Kpekuura. Cxaxem, 3To
MOXET ObITh KPEKHHI-Ta30ii)Ib, €CJIU OH eCTh.

JpyruM HOpMHUpPYEMBIM I10Ka3aTejieM SIBASAETCS colepXKa-
HUe cepbl. JonmycTuMoe BblIeIeHHe CEPbl U3 ITPOMBILIIEHHBIX
TOILJTHB U3MEHSETCS B IIMPOKHX IpelieslaX B 3aBUCUMOCTH OT
reorpa¢uyeckoro MnojoxeHus U oT TpebGoBaHMil noTpedurte-~
Jg. OcTaTOYHOE TOIUIMBO MOXET OLITh CEpHMCTBIM U MaJjo-
cepHHUCTBIM. I'paHKLIa MEXIY STUMH KaTeropUsiMH HaXooUTCs
B o6nacti comepxanuns 0,5—1% cepsl no Macce. Conepxa-
HME cepbl 3aBUCUT B OCHOBHOM OT COCTaBa MCXOIHO# ChbIpoi
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‘ Boxa KneHoBrrit cupon
Huszxkas BA3KOCTb Bricokast BA3KOCTb

Puc. 14.3. BaskocTb KaK COIPOTUBIIEHHE TEYCHHIO.

HedpTH. MeTonMKa YAAIEHUS Cephl U3 OCTATOYHOIO TOILIMBA
TpebyeT CIOXHOro Jopororo obopyaoBaHus, KoTopoe GymeT
OIMCaHO B ciaeayiomeil raase. TakuM oOpasoM, pasHHIIA B
LIeHe MEXIY CEpHHMCTHIM H MAJIOCEPHHCTHIM IPOAYKTOM OT-
paxaeT 3aTpaThl Ha obeccepuBaHHe, a TAKXKe BO3PACTAIOIINE
MOTPeGHOCTH B MAJIOCEPHUCTBIX OCTATOYHEIX TOTUIUBAX.

HaxoHen, Kak M B ciy4yae ANCTHWUIATHBIX TOIUIUB, IJIf
OCTaTOYHBIX TOILTAB HMeET 3HAYEHIE TEMIIEPATYPa BCITBIIIKH.
ITockonbKy mis mepeKadMBaHUA OCTATOYHBHIX TOILUTMB TpeGy-
eTCsl HarpeBaHHe, TeMIIepaTypa BCIBILKMA B JAHHOM ciydae
ellle Gojiee BaxXHa. B To Xe BpeMsl OCTATOYHOE TOILIMBO CIIY-
XHWT OTCTOMHHMKOM, B KOTOPBIi MOXHO CJIHTb MHOXECTBO
Ppa3HoOOpa3HBIX HEHYXHBIX IPONYKTOB. TeMItepaTypa BCITbILI-
KA sABIsieTcss (pakTopoM, OTPAHUYMBAIOIIUM BO3MOXHOCTU
TAKOro CIMBAHMSI.

Ha nedrenepepaGarriBaromux 3aBogax B KapubckoM pe-
THOHE BHeIpeHa METOIUKA, ITO3BOJIIONIAs] YBEJIMYUTD IIpoJa-
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XY OCTATOYHBIX TOILJIMB, MOJYYEHHbIX M3 BBICOKOCEPHMCTBIX
chipbix Hedreit. Cepy ymangioT M3 rasoinesbix (ppakuuil c
HCITONIb30BaHUEM OTHOCHTEBHO HEIleBOro Mpoliecca ruapo-
OYHMCTKH, KOTOPBI OoNucaH B cieaylouieii rinape. OcTaToYHbIE
MPONYKThI, KOTOPbIE MOJIYYAIOTCA IPU CMELINBAHHH BBICOKO-
CEPHHUCTOTO OCTaTKa C YCTAHOBKM BAaKYYMHOI MEpEroHKH ¢
obeccepeHHBIM Ta30iiieM, yXe YIOBIETBOPSIOT HOpMAaTHBaM
no conepXaHuw cepbl. [Ipo Takyio nesiTeIbHOCTb Koe-Tie To-
BODAT «IIPOTHB 3arps3HEHHS I10JIE3HO pa30aBIEHHE».



XV
MMPOU3BOACTBO BOAOPOIA,
CEPbI U THAPOOYUCTKA

Hexopowo naxuem mom, xmo ecez0a xopouio naxwem.
Heyumyc Maenyc Asconuii. «Inuzpammu»

B cbipoii HeTH MOXHO HAUTH MPHUMECH CAMBIX Pa3HbIX
BuIoB. Bo BpeMsi nepemeiieHuss HepTAHBIX dpakuuii mo yc-
TAHOBKAaM HedTenmepepaGaThIBaIOIIEro 3aBoja 3TH NPHUMECH
MOTYT OKAa3bIBaTh BpeIHOE BIMSHHUE HA 00OpymOBaHHE, KaTa-
JIM3AaTOPBI M KAYeCTBO KOHEYHHIX MpoaykToB. Kpome Toro,
colepxXaHue MHOTHX MpuMmeceil B HepTenpoaykTax opHIIK-
ANBHO WK HEOPHIMAIPHO OTPAHHYUBAETCA.

TuApoOYKMCTKA BBIMOJMHAET BaXHYIO0 GYHKUHIO, YIAJAS
MHOTHE TTPUMECH U3 Pa3IMYHbIX HedpTenpoaykToB. XKHU3HEH-
HO BaXHBIM KOMIIOHEHTOM IS IIPOIIECCa THAPOOYMCTKH SB-
JIfieTCS BOMOPO.I.

I'mapoouncTKa

Hedrsanbie ¢pakuun, comepxaiuue yriesoaopoabl Cg u
6oJiee TAXKeNbie, BECbMa BEPOSITHO, CONEPXKAT M OpraHuyec-
KM€ COeOUHEHHS cepbl. ATOMbI CEpbl MOTYT ObITh IIPUCOENH-
HEHbI K aTOMaM YIJIEPOfia B Pa3HBIX MTOJIOXEHUAX MOJIEKYN H,
TaKUM 0OOpa3oM, ¢ XHMHYECKOH TOYKH 3pEHHS, cepa BXOTHT
B cocTaB ¢pakuuu. M'Mapoodrcrka mo3BojsgeT OTOpBaTh aTo-
MBI CEPBI OT MOJIEKYJl YTJIEBOXOPOXKOB.

B nacmoswee epems eudpoovucmxe noodeepzarom ceéemiavie
ducmuaaamst Npamoll nepezoNKU, GbIKUNGIOUlie NPU memnepamy-
pax Huxce 350°C, 6 mom uucae u oucmustamel, Hanpagisembie Ha
naamgopmune, anaro2uuHbie OUCMUAIAMAM U3 CHIPbA GMOPUYHO-
20 NPOUCXONCOeHUA (2a30UnU KAMAIUMUYECK020 KPeKUH2a U KOK-
COBAHUA), MANCenbie 2a30UnU, nocmynaiowue Ha Kamasumuyec-
Kuli kpexunz,a maxxce dpyeue npodyxmui. — Ilpum. peo.
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IMoTok HedTenpoayKTa CMEWIMBAIOT C TOKOM BOIOpOAa H
HarpesaloT 10 260—425°C (500—800°F). 3atem cMech HedTe-
MPOAYKTa M BOAOPOAA HAMPABJISIOT B PEAKTOp, 3aroJHEH-
HBI# KaTanu3aTtopoM B popme Tabnetok (cM. puc. 15.1). Jas
2udpoovucmKu Heymanvx npodyKmoe om CeprHucmuiX coedure-
Hull 06biMHO npumensiom Kob6asbmmoauboeHoswlll Uy Hukenb-
MonubOeHoBbII Kamaauzamop KA Hocumene — OKCUde anroMu-
Hua. — Ilpum. ped. B NpUCYTCTBHH KaTajAH3aTOpPA IMPOHUCXO-
IUT HECKONbKO XUMHYECKUX peaKkiuil:

1. Bonopon coenuHsaeTcd ¢ cepoit ¢ o6pa3oBaHHEM CepoOBO-
nopona (H,S).
2. Hekotopbie coemMHeHUs a30Ta MpeBpaIalOTCs B aMMHaK.

3. JlioOnle MeTtaibl, colepXxaiuuecs B HedTH, ocaxmaroTcs
Ha KaTaJu3arope.

4. Hexortopole oneduHbI W apOMATHYECKHME YIJIE€BOXOPOIBI
HACBHILIAIOTCS] BOOOPOIOM; KPOME TOro, B HEKOTOPOM CTe-
MEeHU WIET THAPOKPEKHHT HAa(pTEeHOB M 00pa3yercsd HEKO-
TOpOE KOJIMYECTBO METaHA, 3TaHa, MponaHa u OyTaHOB.

TMotok, BeIXOAAIIMII U3 peaKTopa, HAMpaBIAIOT B HCMA-
puTens, rae raszoobpasHuie yriepoxoponsi, a Takke H,S u
Majioe KOJIMYeCTBO AMMHaKa cpa3y IMOTHUMAIOTCsI BBepX. YTto-
OBl MOJHOCTBIO OTACAUTH BCE OTH JIeTKHE MPOAYKTHI, HA BbI-
XOle M3 PeaKTopa YCTAHABAMBAIOT HEOOMbIIYIO peKTH(HKA-
LMOHHYIO KOJIOHHY.

3HaYeHHe Mpollecca THAPOOUUCTKH MOCTOSHHO BO3pacra-
€T BCJIEACTBUE JABYX OCHOBHBIX MPUYHH:

1. YnaneHue cepbl U METAUIOB U3 dpakiuii, HanpaBIseMbIX
Ha JajipHelyio nepepaboTKy, SBJISIETCA BAXHOW 3allHU-
TOM IUISI KAaTaJIM3aTOPOB IpoleccoB pUPOpPMUHTra, Kpe-
KHHTa ¥ FHAPOKPEKHHTA.

2. CornacHo 33aKOHaM O 4YHCTOM BoO3[yXe, IOIMYCTHMOE CO-
IepXaHue cepbl B HePTENPOAYKTaX MOCTOAHHO CHHXAeT-
cd, 4ro TpedyeT obeccepBaHUSs IUCTHIUIATOB M PEaKTHB-
HBIX TOILIKB.

Tudpoouucmxa ocmamounvix Hegpmenpodyxmos. Tak Xe, KaK
H HOpoYUe€ MNPOAYKTHI, OCTATOYHBIC TOIUIMBA HOJLKHBI YOO-
BJIETBOPATH HOPMaM II0 3all[HTe OKpyXaioleit cpeapl. IToaro-
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PenupKynupyomuii Bogopoa Cy
Bonopon
Kononna
Cripbe ) crabwin-
31K

Peaktop  Orpenenue
BOJOpOAA I_.
IIpoaykt
THApO-
OYHCTKH

Puc. 15.1. YcraHoBka riaApOOYHCTKH.

MY, XOTS H C HEKOTODBHIM OIO3NaHHeM, ObUIM CO3HAaHBI yCTa-
HOBKH JUISI HX 0GeccepruBaHusA. XOTA TEXHOJNOTHYECKUE CXEMBI
9THX YCTAHOBOK IIOXOXH H& CXEMBI YCTAHOBOK JJISI TMAPO-
OYHCTKM Jerkux ¢pakimit, HeobxonuMoe obopymoBaHHUE, a
TaKXe IoJaydaeMble MPOLYKTHI oT/imdalorcsa. OcratouHsle Hed-
TENMPOAYKTH XapaKTepU3YIOTCSI HU3KMMHU COOTHOILIEHUSIMU
BONOPOJ,/YTJIEPON, TO3TOMY, HECMOTPS Ha MPUCYTCTBUE M3-
OBITKa BOHOpOJAa, B PEaKTOpe HYXHO IOLIEPXHBaTh BHICO-
Koe aBJicHHe Ui IIpeoTBpatieHua KokcoobpasoBanus. [1o-
Jy4aeTcs, YTO YCTAHOBKA LIS TMIPOOYMCTKH OCTaTKOB HOJ-
XHa ObITh CTONb X€ MPOYHOI, KaK YCTAHOBKA THUAPOKPEKUH-
ra, a 3To BeChbMa JOporo.

IIponyKT, BBIXOAAIIMII C YCTAHOBKHM THIPOOYHCTKH OC-
TaTKa, COAEPXWUT Oojibliee KOJIUYECTBO JIETKOKHIISIIMX IIO-
roHoB. JleJio B TOM, YTO M3 3THX OOJBIIMX MOJEKYJI THIA
«TpHMETHJI-ITYeIMHBIE-COThI» HEJBb3A MPOCTO YAAJIUTH CEPY,
a30T X METAJUIBl, He paspylldB NpU 3TOM OyKBanbHO Beeid
MOJIEKYNBL. BOT 1103TOMY M IOJIY4alOTCS MOJIEKYJIbl MEHbIIE-
ro pasMepa.

Tudpoouucmra peaxmuenozo monauea. I' iipooIncTKa Uc-
MONB3yeTCd U YAYYIIeHUs IoKa3aTeNeid FOpeHUs TUCTHII-
JATHBIX TOIUIMB, ocoGeHHO peakTHMBHOro Toruiuea. Kepocu-
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HOBas PpakiMsl MOXET codepXaTh MHOTO apOMaTHYECKHX yr-
JI€BOIOPOIOB, KOTOPBIE XapaKTePU3YIOTCSI BHICOKUM COOTHO-
LieHueM yriaepon/Bonopos. [Ipu cropaHum 3THX coenMHEHUH
MOXeT MoJy4YaThcsl OONbLIOE KOJMYECTBO JbIMa M3-3a HELO*
cTatka Bojopona. Mexmy MpoYyuM, ONHUM U3 HOPMHMPYEMBIX
fokKasartesieil peaKTHBHOTO TOIUJIMBA SIBJIAETCS MAKCUMAAbHAA
8bICOMAa HEKONMAWe20 NAAMeHU.

IMpubop mwiIsi U3MepeHHUST 3TOrO TMOKa3aTesiss HalmOMMHAET
KEPOCHHOBYIO Jiamily. TOILIMBO MOMEINAlOT B cocyl, CHab-
XEHHBI (QUTHIEM, IJIMHY KOTOPOrO MOXHO MEHSATh U TeM
CaMBbIM pEerylIMpoOBaTh BEJINYUHY IIaMeHH. BricoTa HEKOMNTSA-
[Iero IUIaMeHM M3MepseTcst KaK MaKCHMajibHas IJIHHA (H-
THASA (B MM), TIpU KOTOPO# ToJlydaeTcs HEKONTsIlee IiaMs.

I'uapooyucTKa MO3BOMAET YAYYLIUTh KEPOCHH C HHU3KOM
BBICOTOI HEKONTSALUEro ImiaMeHu. Bo BpeMsi 3Toro mpotecca
OeH30/bHBIE KOJMbLA B MOJIEKYJIaX apOMAaTUYECKHX YIIeBOOO-
pPOIOB HACBHINIAIOTCS BONOPOIOM M TAKUM OOpa3oM mpeBpallia-
I0TCS1 B Ha(TEHBbI, KOTOPbi€ YK€ HE TaK KONTST MPH IOpEeHMH.

Tudpoouucmxa nupoausnoeo 6ensuna. Tlpu MpPOM3BOACTBE
3TUJIEHA U3 HA(DTHI MM T30S MOJyHaeTcs TaKXKe nupoau3-
nouli 6ensun (cM. rnapy XVIII). 31oT mpoayKrt cogepXuT 6071b-
ILIHEe KOJIMYECTBA JueHo8 — 3TO HeHACILLIEHHBIE YIIeBOAOPO-
IIbl, B MOJIeKyJlaX KOTOpBHIX IO JiBe Mapbl aTOMOB YIjepoaa
CBSI3aHBI ABOMHBIMH CB3AMH. [THpONH3HBIA OEH3HMH TOJIBKO
B MaJbIX A03aX MPHUrOOeH NI IPUIOTOBJAEHUS aBTOMOOMIIb-
Horo 6eH3uHa. OH ILUTOXO IaxHeT, CBOeOOPA3HO OKpallleH U
o0pa3syeTt cMoJibl B Kapbioparope.

IIpu rugpooyucTKe NBOMHEBIE CBSI3W HACBIILIAIOTCA U 60Jb-
LIMHCTBO HeXeJaTeJIbHbIX CBOMCTB TepsieTcsi. [IpaBaa, B pe-
3yJbTaTe HACBILIEHUS apOMaTHYECKHUX LIMKJIOB MOXET C/IerKa
MMOHU3UTHCSA OKTAHOBOE YKCJIO.

[Toxyyenne Boaopoaa

Tak kax Ha coepemeHHOM Heghmenepepabambisaroujem 3a60-
Oe umeemcsa 6oabUIOe HUCAO YCMAHOGOK 2UOPOKDeKuHea u eud-
DOOHUCIKU, MO 8ANCHOe 3HA4eHue npucGpemaem obecneveHue
ux godopodom. — Ilpum. ped.
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HctounukoM Bofopona Ha HedrerepepaGaThiBaioleM 3a-
BoJ¢e OGBIYHO ABJAETCA YCTAHOBKA KaTAIMTHIECKOro pHdop-
MHMHTa. JlerkoKuIsuas (paxkius, MOCTYMawInasi ¢ 3Toil yc-
TaHOBKH, XapaKTepH3yeTCsI BHICOKUM COOTHOIIIEHHEM BONO-
pon/MeTaH; o6BIYHO €€ IMOABEPraloT Ae3TaHU3ALMHK H JeIpo-
MaHU3aIWH, YTOObI MOBBICHTh KOHLIEHTPALKIO BOIOPOXAA.

HHorga Bomopolia ¢ YCTAaHOBKM pH(OPMHHIA OKa3bIBAET-
¢ HeHOCTaTOYHO, YTOOBI YAOBJIETBOPHTbH BCe NMOTPeGHOCTH
HedTenepepabaThBAIOILETO 3aBOJA, HAIpHUMeEp, eclH pado-
TaeT YCTAHOBKA THAPOKpeKWHra. Torxa BOHOpoOn MOMY4aloT
Ha YCTAHOBKE KOHeepCUl MemaHna ¢ 600AHbIM NApom, KOTopas
1oKa3aHa Ha pUCyHKe 15.2.

Ilpn noncke BO3MOXHOCTEH CHHTE3a BOAOpONa B Kaye-
CTBe ITOTEHIHAJIBHOIO CHIPhS PacCMATPHBAIHMCh DA3IHIHbIE
COelHHEHHA C BBICOKHM COIEPXaHHEM BOJOpPOMAd, YTOOBI
MOJIy9aJIoCh KK MOXHO MEHBIIIE OTXOOB M KaK MOXHO MEHb-
Ile SHepru¥ OBUIO MOTpadeHo BiIycTylo. JIBa coeNMHEHHS,
KOTOpble B KOHIIe KOHIIOB BHIOpaiH, KaXyTcd HOCTaTOYHO
oueBUAHBIMH — 310 MeTaH (CH4) u Boma (H,0).

3agaya mpollecca KOHBEPCHH METaHA C BOASHBIM ITIapOM
COCTOHT B TOM, YTOOBI M3BJ€Yb H3 3THX COeNHMHEHHH Kak
MOXHO GoJjibllle BOIOPOAA, 3aTPATUB NMPH 3TOM KaK MOXHO

H, (95%)
CH, (<5%)

Hacrpuur. Yucrsrit o,
JDA  IDA 2
HonomHu-  ypaye- Meranupo- Jlosywu-
Ko;:;: P TEMBHAA  yye CO, BaHMe Ka

KOHBepCHA

Puc. 15.2. KonBepcusa MeTaHa ¢ BORIHBIM TTapoOM.
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MEHbIIE S3HEPTUH (TOIIMBA). DTOT NMPOLIECC OCYIECTBIASAETCS
B YeThIpe CTAIUHU C MOMOLIBIO HEKOTOPBIX MOJNE3HBIX KaTajIH-
3aTOpPOB.

1. Konsepcua. Metan u BogsiHoit nap (H,0) cmewmBaior u
MpONYCKAlOT Hax KatajusatopoM npu 800°C (1500°F), B
pe3yibTaTe yero obpasyercss MOHOOKCHUA yrjiepoAa M BO-
nopon.

CH4+H20—)C0+3H2

2. Honoanumensnan xoneepcus. He ynoBaeTBOpUBLIKCH BOJO-
pOIOM, KOTODHIA yXe 0Opa3oBajics, YCTAHOBKA BbDKHUMA-
€T BCE, YTO MOXHO, ¥ U3 MOHOOKcuIa yriepona. K cMecu
MIpHOABIAIOT AOMOTHUTEbHOE KOJIHIECTBO BOISHOTO Mapa
U MPOMYyCKAalOT Hal ApYyrHM KaTtaausatopoM mpu 340°C
(650°F); B pe3ynbraTe oOpa3yeTcs KMOKCHI Yrjiepoaa M
BOIOPOL.

CO + HZO—)CO2+ H2

3. Pa3zdenenue 2a306. YToOb! ITOSYYHTH ITOTOK C BBICOKHM COLEp-
XXaHHEM BOIOPOAA, €ro OTACSIOT OT JHOKCHAA YIJiepoaa ¢
MTOMOILBIO IpoLIecca SKCTPAKIIUK AUITaHONaMUHOM ([IDA).

4. Memanupoeanue. T1ocKONbKY TPUCYTCTBHE AaXe HebOMb-
UIMX KOJHYECTB OKCHAOB yrjiepoda B NMOTOKE BONOpOAa
MOXET 0Ka3aTbCA BPEIHBIM IS HEKOTOPHIX 00MacTeil ero
HCIONIb30BaHUS, HA CJIeAylollei cTaguu Mpollecca 3TH
IpUMeCH TipeBpalalotca B MeTaH. [lpoliecc umer Ha Ka-
tanuaarope npu 420°C (800°F).

CO+3H2—>CH4+ Hzo
C02+4H2—)CH4+2H20

B HeKOTOpBIX CAy4asx B pacMOpSKeHUHU MepepaboTUIMKOB
HE OKa3bIBaeTCsl METaHa, He comepXallero cepnl (IpHPOLHO-
ro rasa). B atoM ciiyuae BMecTo METaHA MOXHO MCIT0JIb30BaTh
Gonee TsSXeNbie YIJIEBOAOPOIbI, HAPUMEpP MpOIAaH WM Ha-
¢dry. Takoit npoiiecc TpebyeT npyroro obopyaoBaHUs U Opy-
I'MX KatanusaropoB. KpoMe Toro, oH MeHee >HepreTHYecKu
3acddekTUBEH, HO Bce Xe paboTaerT.
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Ilonyusenne cepbl

B npotiecce rHApOOYUCTKH 0Opa3yeTcsl MOTOK CEPOBOIO-
pona (H,S), cMepTenbHO SIIOBUTOrO rasa, KOTOPbId HYXHO
KaK-To yTuiauspoBaTb. OObIYHBIA Mpoliecc ero Mpespaiie-
HHUS BKJIIOYAeT ABE CTAIMM: CHAYaJa HYXHO OTIENHTH CEpo-
BOZOPOI OT IPOYMX Ta30B, a 3aT€M IPEBPATUTb €ro B dJie-
MEHTHYIO cepy, KoTopasi 6e3BpeHa.

Buidenenue H,S. IpubausurensHo go 1970 r. ceposonopon
C YCTAaHOBOK He(TemepepabaThIBAIOUIETO 3aBOHd, Hapsny ¢
MPOYMMH razoo0pa3HbIMH PPaKIMAMH, B OCHOBHOM HCITOJIb-
30BaJICSI KaK TOIUIMBO Ha ToM Xe 3asome. Ilpu cropaHum
cepoBoJopoja B nedd obpasyercd nuokcun cepsl (SO;). B
HACTOsIllee BpeMsl 3aKOHBI, PEryJlMpyloilde YUCTOTY BO3AY-
Xa, HAaCTOJIbKO OrPaHUYUBAIOT BLIOPOCHI TOTO BEILIECTBA, UTO
3TO CTaBUT 3aCJIOH MOMAZaHHI0 OCHOBHOI'O KOJHMYECTBA Ce-
poBOIOPOIA B TOIUIUBHYIO CUCTEMY.

CepoBOIOpON MOXHO OTHAETUTh HECKONBKHMMH XMMHYEC-
KHMH crniocobamu. Hanbosiee yacTo MCIONB3yeTcs 3KCTPaK-
msg I3A. Cmecs JIBA U Boay NpOKAYHUBAIOT CBEPXy BHHU3
yepe3 COCylA, 3aloJHEHHBIH TapeakamMu Jub0 HacaaKoi.
I'azoBast cMech, comepxailiasi CepoBONOPOI, MOCTYIAeT CHH-

I'as nocne I'a3 mocne
00pabotku Yyc-| obpaborku

(6e3 H,S) i
L
3
s
g
a3 1o 5
06paboTKun =
(Ch C2a
Cs;, H,S)
TTornoturens Cemnaparop

Puc. 15.3. brok 06paGoTKi OIUSTAHOJIAMHHOM.
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3y. [1pu npoxoxnenuu noroka JIDA ceieKTHBHO ITOMJIOLAET
H,S. Tlocne storo DA, HachiLIEeHHBI CEpOBOLOPOAOM,
¢dpakuronupyotr aas oraeneHuss H,S, kotopwlit 3atem
HAIIPABJSIOT HA YCTAHOBKY MOJIydeHHMsI cephl, a JJDA Bo3Bpa-
[IAIOT B Mpoliecc. DTa cxeMa aHANOTUYHA CXeMe LIHPKY/IALNU
TOILEro Macja M XHPHOro Macjia B Ipoliecce NeMeTaHH3a-
YK, KoTopblii omucaH B riaBe VII, mocssiueHHoO#H raso-
¢ paKUIMOHUPYIOILMM YCTAaHOBKAM, ¢ TOM pasHHMIIEi, yTo DA
M30MpPATEIbHO MOIVIOIAET CEPOBOAOPOS M HE IMOINIOLHAeT
YIJIEBOLOPOIBL.

Hoayuenue cepor. TIpouecc mist npespaiueHvs H,S B 0ObIK-
HOBEHHYIO cepy paspaboran Hemel 1o damuuuu Kiaycc elie
B 1885 r. B HacTtoslIiee BpeMs cO3MaHbl pa3TUYHbIC BAPDUAHTDI
3TOro MeTona ISl pasHbix cooTHolreHuit H,S u yriesogopo-
OB, HO B OCHOBHOM MHCIOJIb3YETCS KJIACCUUYECKHI IBYXCTa-
JTUUHBIA IpoLecC C ACJIeHUEM IMOTOKA.

1. Cxcueanue. Yacte noroka H,S cxwuraior B neuu, B pe-
3yJbpTaTe oOpasyeTcs DUOKCHI cepbl, Bojga U cepa. Cepa mo-
JIy4aeTcsl M3-3a TOTO, YTO KHUCJIOpPOJa, KOTOPBIA IMOmaeTcs B
ne4yb, HEZOCTATOUHO JJISI CXXHIaHHS BCEro cepoBoldopoaa Ao
SO,, a xBaTaeT TOJBKO HA CXUTAaHHE OTHOM TpeTH.

2H2$+202—)SO2+S+2H20

2. Peaxyus. OcTaBUIMIACS CEpOBOIOPOM CMEIIUBAIOT C [TPO-
OYKTaMH CTOPaHHS M TPOIYCKAIOT Han Karanusaropom. H,S
pearupyet ¢ SO, ¢ oOpazoBaHUEM CEPHI:

2 H,S + SO, - 3 S + H,0

Cepa BBIBOOUTCSA M3 PEAKLHOHHOrO COCyJa B BHIAE pac-
miaBa. B GonbLUIMHCTBE CilyyaeB €€ XpaHAT U OTIPYXKaloT B
pacrjaaBlieHHOM COCTOSIHHH, XOTS HEKOTOpble KOMIIAHUM
BBUIMBAIOT cepy B OpMEI M HAIOT €l 3acThiTh. B TakoM BHIe
Ccepy MOXHO XpaHUTb CKOJIb YTOJHO IOJITO.

B mpouecce Knaycca npubnusurensio 90—93% ceposo-
Jopoja IpeBpallaeTcs B cepy. B 3aBUCUMOCTH OT COCTOSIHUS
OKpyXalollei cpelipl B JaHHOW MECTHOCTH, OCTaBIUMIiCA ce-
POBOIOPOX, KOTOPBIM HA3bIBAETCSI OCTATOYHBIM ra3oM, HHOT-
IIa MOXHO CXedb B 3aBOICKOI ToITMBHOU cucreMe. Kpome
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H,S

st+02

Rt

’ S+S0,+H,0 _

Boamyx )+ l Tennoo6

Peaxrop MEHHHK
CXHUTraHuAg S

(XHIK.)

Puc. 15.4. Tonyyenue cepsl o Kiayccy.

TOrO, OCTAaTOYHBIA ra3 MOXHO MepepaGoTaTh MIA yHaleHHS
6onpiueit yactu H,S ¢ moMolupio 601ee COBpEMEHHEBIX METO-
OB, TaKMX Kak npouecc Sulfreen, ipoitecc Crperdopna win
SCOT (mpouiecc Ha ocHoBe Metoma Kmaycca, paspaGoTaH-
Hbnii pupmoit Ilemwr).

YITPAXHEHWHA

1. Omnpenpenute, KakKue U3 NPUBENEHHBIX HUXE ITOTOKOB SIB-
JII0TCA CBIpbEM, MPOAYKTOM HJIM BHYTPEHHHMH IOTOKa-
MH B Ipolieccax T'MAPOOYHUCTKH, 3KcTpakuuu JDA, mpo-
M3BOACTBA cepbl o Kiayccy H KOHBEPGHH METaHa C BO-
ISTHBIM TIapOM.

H,S CH,
S H,
Co 0,

CO, SO,



XVI
H3OMEPH3ALINSA

Hopoeoii Buavbo! Tw yace ne mom xob66um, xaxum 6oia panbiue.
lxc. P. P. Toskuen. «Xo66um»

HU3zomMepusauuss — 370 NepecTpoilka Mojekyna. JaHHbI
MpoliecC HECKOAbKO HAllOMUHAeT KaTAIMTHYECKHt pudop-
MHHT, C TOH pa3HMIIEH, YTO 3[AeChb IMPOUCXOLUT TOJIBKO Ipe-
BpaieHue rnapaduHoB B u3onapaduHbl. 3a6aBHO, YTO yCTa-
HOBKAa H30MepM3alHK OyraHa MOCTpOe€HA C MHOH UEJbIo,
YeM YCTAaHOBKM M3oMepu3aLuM napagpuHos Cs u Cg.

N3OMEPHU3ALINA BYTAHA

Ecnu Ha HedTenepepabarbiBaolieM 3apole paboTaeT ycra-
HOBKAa AJIKMIMPOBAHHUS, TO M300yTaHa OOBIYHO OKa3bIBAeTCs
HEIOCTATOYHO IT0 CPaBHEHHIO ¢ KOJHYECTBOM MpOIMJIEHAa M
O6ytuneHoB. Ecniv Ha 3aBoge paboTaeT yCTAHOBKA THAPOKpe-
KHHra, T0 M300yTaHa 4acCTO OKa3bIBae€TCSl JaXe CIHILUKOM
MHOTO, U €ro U36BITOK MCIOB3YIOT KaK KOMIOHEHT GeH3UHa.
Ecnu Xe Takoil yCTaHOBKHM HET, TO TpedyeTcs HOMOTHHUTEb-
HOE KOJHYeCTBO H300yTaHa. EcTh 1Be BOBMOXHOCTH — KYIIHUTh
€ro WIH MOJYYUTh Ha YCTAHOBKE M30MEpHU3aLMM OyTaHA.

TexnonornyeckHii mpouecc

ChIpbeM I 3TOil YCTAHOBKH CAYXHMT H-OYTaH WU CMECh
H-6yTaHa ¥ H300yTaHa, KOTOPYIO MHOTAA (€ClH OHZ MOCTY-
Maer ¢ YCTAaHOBKM ra3o¢paKLMOHUPOBAHUS) HAa3bIBAIOT He-
¢TsaHpIMU OyTaHaMu. ByTaH He MOMXEH CONEPXKAThb CJEIOB
oyiepMHOB, TaK KaK OHU [€3aKTUBUPYIOT KaTAIH3aTOpP.

ByraHbl HanpaBasiOT B KOJIOHHY PpaKIIHOHUPOBAHUA Chl-
pbsi, rae U300yTaH yaansercs, a YUCTbIi OyTaH CMEILMBAIOT
¢ HeGOMbUIMM KOJIMYECTBOM BOAOPOIA U XJIOPOPraHUYECKO-
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C BocnionHeHne
M30-%4 o H H, u xnopuna
+ xjopua
2 p Jlerkue

Ta3bl

CMech
Cy, S

Y

Peakrop {I/Icnapm@

H-C, H-C,

KDpaKuMOHHpOBaHHE
CBIpbsI
PextnduxaumonHas
KO/MOHHA

Puc. 16.1. YcTaHOBKa H30MEpH3aLMH OyTaHA.

To coenuHeHHs] (KOTOpoe BHIMOJHSET Pojib NMPOMOTOpa) M
HAIMpAaBJSAIOT B PEaKTOpP, COAepXaUIHil IIATHHOBBIM KaTaju-
3atop. Ha 3TOM KaTanusaTope H-OyTaH NMpeBpallaeTcs B CBOM
H30Mep — K300yTaH.

IToTtok, BeIXOOAILMIL U3 peaktopa, Ha 60% COCTOUT H3
H300yraHa, a ocrtaBliuMecsd 40% — 3T0 H-OyTaH, MpONAaH U
Gojee jierkue rassl. B peKTH(UKAIHOHHON KOJOHHE JIETKHE
MPOXYKTHI OTHEASIOT H HAMMPABJISIOT B TOIUIMBHYIO CHCTEMY, a
OyTaHbsl CHOBA HANPABIAIOT B KOJOHHY (PpaKLIMOHUPOBAHUSA
CBHIpbSI, IIe H-OyTaH OTHENSAIOT M BO3BPALLIAIOT B MPOLECC.

Boixodst npodykmoe. Eciii MOCYMTATh KOJAUYECTBA Y4acT-
HHKOB Mpollecca, TO OKAXETCH, YTO M300yTaHa Mojyvaercs
HECKOJIbKO GoJibllie, YeM HWchojib3yeTcss OyTraHa (3TO ONATH
BbI3BaHO (POKYCOM ¢ IUIOTHOCTHIO). [lo cytu nema, Ha ycra-
HOBKY BXOAMT H-OyTaH, a BBIXOOMT H300yTaH, BOT U BCe.

M30MEPM3ALIMA Cs/Cg

3anpem na npumenenue mempasmuaceunya (TIC) u mpe-
606AHUA CYWECMBEHHO20 CHUMNCEHUA COOEPXHCAHUA apomamuyec-
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KUx y2ne6000po0oe 8 OGeH3UHAX 3acmaensiom Hegmenepepaba-
mbiearouilie 3a600bt NOOLICKUBAMD HOBbE B0IMOICHOCMU NO 86e-~
OeHUI0 GbICOKOOKMAHOGHIX KOMNOHeHmOo6 & OeH3un. OOHum u3
maxux cnocobos saeasemcs npoyecc u3omepusayuu napaguro-
ébix yanegodopodoe Cs/Cs. — Ilpum. ped.

HopManbHblif MMeHTaH, KOTOPBIA XapaKTepu3yeTcst OKTa-
HOBBIM 4mcaoM 62 (MOU), mpespaiiaeTcsi B W3OMEHTaH,
HNOY kotoporo 92. B cinyyae rekcaHa usMeHeHne MOY B
pe3yNbTaTe U3OMEPU3ALIUH elle 6ojiee 3HAYUTENBHO: OT 25 10
npuMepHo 75. CtaHgapTHasi cMech, CONEpXKalllass H- U H30-
MEeHTAHbl M FeKCAaHBbI, 00MaropaxuBaeTcs B 3TOM Ipoilecce
(AOY Menstetcs ot 73 mo 91).

Coipoem 043 ycmarno6oK U30Mepusayuu mozym 6simo npamo-
20HHble neeKue Gen3uHossie Qpakyuu uau necKue GeH3UHb 2U0-
pokpexunea. — Ilpum. ped.

Tak Xe Kak M YCTAHOBKAa M30MepH3allMM OyTaHa, ycra-
HOBKa H30MEpH3alMH IEeHTaH-TeKCAHOBOM CMECH MOXeET
BKJIIOYAaTh KOJIOHHY (pakIMOHHPOBAaHHUSI ChIPbSl, B KOTOPOii
HOpPMAaJIbHbIE YIJTIEBONOPOIbl KOHHEHTPHPYIOTCS, 2 YIJIeBONO-
poIbl U3ocTpoeHus otaensiiorcs. Ilocne 3Toro HopMaibHbie
napauHbBl CMEILHUBAIOT ¢ BOAOPOIOM H HEOGONBIIMM KOJIH-
4YeCTBOM OpPraHHYeCcKoro XJjopuaa W momailTt B peaktop. Ha
IUIATHHOBOM KaTajJiu3aTrope, HaXomsiieMcs B peakTope, IpH-
MEpHO IOJIOBMHA CBHIPbA U30MEPH3YeTCs, TaK YTO MpPOAYKT,
BBIXOOAWIMA W3 peakropa, (usomepuszam) MoXHo dpakiuo-
HUPOBATh, U TIOJYYEHHBIH IPU 3TOM HOPMAIbHBIA HEeHTaH
MOXHO BO3BpalliaTh B MPONECC BIUIOTh HO MOAHON KOHBEp-
cuM. Tak KaK rekcaHbl KHIAT MpH 0ojiee BHICOKOM TeMIepa-
Type, 4eM H-TIEHTaH, a W30TMEeHTaH KUMUT npu Gojiee HU3-
Koil Temmepatype, TO ISl pasmejeHHs TeKCaHOB TpebyloTcs
TMOTIOTHUTEIbHBIE TIPUCITOCOONEHUsI; MO3TOMY MHOrIa GoJiee
BBIFOIHO HE MMPOBOIHUTH PEHUPKY/ISALMIO H-TEKCAHA.

Boixodw npodyxmoe. Nzomepusauus yraesogopono Cs/Cg
HECKOJIBKO CIOXHEee, yeM H3oMepusauus OyraHa. B mpoayk-
Tax copepxurcsa 2—3% nerkux rasoB (C4”). B 3aBucuMocTH
OT KOJIMYECTBa peLHpKyadaTa, oktaHoBoe yucio (MOY) uso-
Mepu3ara MeHsierca ot 80 mo 91, mpu 3ToM ueM Oosblie
3HepreTHYeckKue 3atpathl ((PpakiMOHUPOBAHHE, MEpEeKaYH-
BaHHE), TeM OOJIbllE OKTAHOBOE YUCIO.
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Peuupkynar Cs
Bocnontenne cme]
H, + x1opua c'u H; + xnopux
Cwmech
Cs/Cs
Hsome-
pH3aT
H-Cs/Ce PexTh-  Pasne-
®pakuno- buxkaun-  jyrens
HUpOBaHMe oHHaT  C,/C,
CHIPBS KOJIOHHa

Puc. 16.2. YcraHoska uzoMepusauuu Cs/Cg.

Pesome. N3omepusauus OyraHa, NpU KOTOpoil H-OyTaH
npeBpaLlaeTcss B U300yTaH, HyXHA IS MOJy4yeHHSI HeobXxo-
IUMOTO ChIphS ISl Tipollecca alKWinposaHus. M3oMepusa-
st Cs/Cg sBAAETCA METOLOM YBEJMUEHUST OKTAHOBOTO YMC-
Ja JIEKUX KOMIIOHEHTOB OeH3HHA 34 cyeT MpeBpalHeHUit
H-IIEHTaHAa M H-TEKCaHa, KOTOpble COAEPXATCS B OOJBHIOM
KOJIMYECTBE B JIETKOM IPSIMOrOHHOM GEH3MHE.



XVil
MU3BJIEYEHUE APOMATHKMH
PACTBOPUTEJ/IAMH

Toavko Mt u ocmanuce.
M>smeto Apnonvd. «Yacoens e Pazbu»

B 1907 r. yenoBek no ¢paMHIHKH DnenaHy pa3paboTai npo-
Lecc IS BbhiAeAeHUs GoNblieil YacTH apoMaTHYECKUX COeRM-
HEHHMIt U3 YIJIEBOLOPOAHONM CMecH. DTOT Mpollecc MpUroneH
U B TeX Clyyasix, KOria TeMmIlepaTypbl KHUIeHUS apoOMaTHKH
OJIU3KM K TeMIepaTrypaM KHIEeHUs NPOYHUX KOMIIOHEHTOB
cMecH. B 3THX yc/lOBHSIX MeperoHKa He NpUBENET K YCIIEXY,
MO3TOMY Tpollecc DaejiaHy, MCIOAB3YIOLUINN 3KCTPaKIHIO
(u3BjieueHue) pacTBopuTeseM, ObL1 3HAYMTEAbHBIM II1arOM
BIIepen.

IIpaMeHnenue

BoineseHue apoMaTHYECKMX COENMHCHHMH U3 HedTeIpo-
JIYKTOB MOXET MOHAaZOOUTBCA IO IBYM IIpUYMHAM: €CIU apo-
MaTHYeCKHE YIJIeBOAOPOAbI OKA3bIBAIOT BpeNHOE NeicTBHE Ha
Ka4yecTBO CMECH, B KOTOPOH HaxomsTcs, JUOO €CIM OHU MO-
ryT okKasarbcs fojiee noae3HbiMU, Oyay4yd BBLICJCHHBIMHU M3
cMecH, YeM OcCTaBasicb B Heil. MOXHO TIpMBECTH LIeNbIH psan
MPUMEPOB, C HEKOTOPBIMHM M3 HUX MBI yX€ BCTPEYATUChH.

1. KepocHH ¢ BBICOKHM CONEpXaHHUEM apOMaTHYECKHUX CO-
eNUHEHUH XapaKTepH3yeTcss MO BBICOTON HEKOMNTAIe-
ro IUTAaMEHH.

2. PacTBopuTeNM THMNA KEPOCHHA, B 3aBUCMMOCTH OT COIEp-
XaHUs apoOMaTHKU, UMEIOT pasHble 001acT¥ NpUMeHeHHUs
B IPOMBILLTIEHHOCTH.

3. beH3son, Tonyos W KCWIONBI, BbIAEJEHHbIE B MHIMBUIY-
aJIbHOM BUIE, IIMPOKO UCIONb3YIOTCSH B XUMHYECKOM MpO-
MBILIUIEHHOCTH.
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4. Ilpy ynaneHHM apOMATHKH K3 TSDKEJIOTO Ta3oiiis MOBBI-
LIAETCH KaYeCTBO IMOJIYYaeMbIX H3 HErO CMa30YHbIX Macel.

TexHOJIOrHIECKHI mponecc

IIpolecc 3KCTPaKLIMK OCHOBAaH Ha CIIOCOOHOCTH HEKOTO-
PBIX coeTUHEHHIT U30UPAaTeNLHO PACTBOPSTh HEKOTOPHIE ApY-
THe coeHeHusA. B TaHHOM clly4yae olnpeneNeHHbIe paCTBOPHU-
TEJH PACTBOPAIOT APOMATHYECKUE COEIMHEHHMs, HO He pa-
cTBOpSIoT napaduHbl, ofepuHBl M HadTeHbl. MBI He OymeM
pa3bapaThCcsl, MOYEMY TAK MPOMCXOAMT, MOCKOJBKY 3TO
CJIMILIKOM CJIOXHbIH BOFPOC.

PellMpKyanpylolnii pacTBOpUTENb
Padunar Otaenenne
bt > pacTBOpUTENA
PactBo- }— ]
pHUTENb - _
—— [___Pagunar
Chipbe - [ »
——e
Pacteopurenp Cenapartop
C 3KCTPaKTOM
| DKCTpaKT
CMecurenn Pazgennrenu

Puc. 17.1. OKcTpakuMs apoMaTUUECKUX YIJIEBOLOPONOB.
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IpuHUMUaIbHOE TpeGoBaHUE K pACTBOPUTENI0 — 3TO TO,
4TOOBl pacTBOPUTENb, COAEPXKAIMK apoMaTHYEeCcKUE Belle-
CTBa, JIETKO OTAESUICSI OT OCTAJbHBIX KOMIIOHEHTOB CMECH.
PaccMoTpuM Wisi mpuMepa KepoCHH M IPEATIONOXUM, YTO OH
CONEPXUT MHOTO apoMaTHYecKHX coenuHeHuil. HanbeM mon-
CTaKaHa KepocHHAa M N00aBUM ITOCTaKaHa pacTBOPHUTENS; B
IaHHOM ciy4yae, 310 Oymer XuOkuil muokcua cepbl. [locne
nepeMelI¥BaHus XUAKOCTb JIETKO pa3feNIUTCA Ha [BA CNOs: B
HHXXHEM clioe OyIeT KepOCHH, a B BEpXHEM — IIHOKCHI Cephl.
OnHako 00BbeM HMXHETO CJIOS OKaXeTCHd MEHblle MOJOBHUHEI
CTakaHa, a 00beM BEpPXHEro ¢jios OoJpliie, TaK KaK apOMaTH-
YecKKe CoelMHEeHHUSs NepelllTd U3 KEPOCHHA B THOKCHUIL CEepHI.

Ecnu cnute QUOKCHI, cephl, TO apoOMaTHYecKHe COeXUHE-
HHUSI MOXHO JIETKO TOOBITh U3 HEro OGBIYHOM ITEPEroOHKOM’.
DTOT NBYXCTaOWIHBIA TIPOLIECC HA3LIBAeTCsl Hepuoduueckoll
aKempaxyuetl.

3Has, KaK OCYILECTBAsIETCS MepHOoIUIECKHI npoLece, He-
TPYZHO NpeNCTaBUTh ceGe HeNpephIBHbINM BapuaHT. Ha pucyH-
ke 17.1 u3obpaxeHo TpU CUCTEMBI KOJIOHH. ChIpbe NONAETCS
CHM3y B cocyl (CMecuTesb), colepXaumiuil 1abupuHT oT160M -
HBIX TeperopoIok (MHOTIA MeperopoaKy IBMXYTCA, KaK, Ha-
IIpUMeED, B cMecumene ¢ epawaouiumca ouckom). PacTBopuresib
IIOCTYIAET B BEPXHIOIO YaCTh KOJOHHBI H 3aTE€M IPOABHTaeTCs
IO Heil BHU3, PaCTBOPSIS IPH 3TOM apOMATHYECKHE COEIHUHE-
HUS (3kcmpaxm). OcTaBLIASCA YIIIEBOAOPOIHAsI CMECh, KOTO-
pasi ToMHUMAeETCs BBEpX, HAa3bIBACTCS pagunam.

IIpoayxThl, BRIXOHSIIIIHE K3 CMECHTES, ITOCTYIAIOT B ABE
KOJIOHHBI, B ONHON M3 KOTOPBIX pachMHAT OYHWILIAeTCs OT pa-
CTBOPMTEISA, KOTOPBbIA MOT' B HEro ciay4aiHo IoMnacrts, focie
Yero pacTBOPMTENb BO3BpANIAETCS B CMecHTENb. B Apyroit Ko-
JIOHHE IKCTPaKT OTHENSETCS OT PacTBOPUTENA, OTCIOAA pa-
CTBOPUTE/Ib TAKXE BO3BpAILAeTCA B Mpoliecc.

Huxe nepeducieHsl pacTBOPUTENH, KOTOPBIE MpPHUMEHS-
IOTCSl B pa3M4YHbIX BAPHAHTAX Mpoliecca.

1. Ouucrka KepocuHa: xuakui SO,, ypdypoi.

2. OyncTKa cMa3oyHBbIX Mace: Xuakui SO, B cMecH ¢ GeH-
3o50M, ¢ypdypona, deHoN, XUIKHH MpomnaH (oTaejJeHHe
napa¢HUHOB OT acPaIbTEHOB).
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IIpsaMoroH-
Hbii 6eH-

3UH H/WIH
pudopmar

IMpoayKThl nerye

OeH3osa
KoHueHTpar
apoOMaTHKH
BeH3on,
TONYOI,
KCHJIONBI
Y3en
BblAENC-
HHA apo-
MaTHKH
Padunar

T

_I_ OeH3o01a

IIponykTl TAXENCE
KCHJIOJNIOB

Puc. 17.2. UsBneyeHne GeH30Ma, TONYONa U KCHIIOJOB.

3. beusuHn: cynbdoaaH, ¢eHoN, ALETOHUTPHI, XUIKHI

S0,.*

Boigenenne Oen3ona

CaMbIM pacrmpoCTPaHEHHbIM NpPUMEHEHUEM 3KCTpaKLUU
4pOMATHKH SIBAAETCA BblIEJICHHE OEH30ja, TOJNYyoJNia U KCH-
JIo/I0B (B OCHOBHOM O¢H30/1a) B HHIUBUAYaJIbHOM BHAE. UTo-
6bl 9TOT Tpouecc ObuT 3P PeKTUBHBIM, ChIpbe /IS IKCTPaK-
UK MpeNBAPUTEILHO NPEBPAILAIOT B KOHYeHmpam apomami-
Ku, BbLIENAS Y3Ky10 dpakuumio u3 pudopMmara Wid HpIMO-
roHHoro OeH3MHa, KaK Moka3aHo Ha pucyHke 17.2. Comep-

* Qypdypon — reTepoLMKIHYECKOe KUCIOPOACOAEpXaLllee COeqHHE~
HHE, PCHON — apOMATHYECKOE THAPOKCHICOACpXaAlliee COeHHEHHE,
cyabdonad — HUKIMYeckuit cynbgoH; aueroHuTpwn — CH;CN.
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XaHue 6eH30J1a B TIOJY4YeHHOM KOHLIEHTPATe MOBBILIEHO, YTO
IejaeT NpoLecc 9KCTpakiuu Gosiee 3PpPeKTUBHBIM.

OnHo HaUMEHOBAaHHME HA 3TOM PHCYHKE COMBAET C TOJIKY.
Pagunam 6ensona He comepxut GeH3ona. DTO OCTATOK OT
KOHLIEHTpAaTa Mocjie U3BJeYeHUs U3 Hero GeH3ona (Hapsany c
OpPYrMMH LHEHHBIMU coenuHeHHusiMH). [loaTtoMy paduHaT gB-
JisieTcs ropasfo MeHee LIEHHbIM MPOAYKTOM, YeM KOHILEHT-
paT apOMAaTHKH, 0COGEHHO KAK KOMITOHEHT aBTOMOGUJIBHOTO
6GeH31Ha.



XVIIl
NMNPON3BOACTBO 3 TUJIEHA

To xcapko, mo x0400HO, HUYMO He 6e4HO.
Jncopdnc Memmu. «Manenskuii dsopeu»

XHUMHUYECKHM MIPOU3BOACTBOM, Haubojiee TECHO CBSI3aH-
HBIM ¢ nepepaboTKoii HeTH, ABIAECTCA TIPOU3BOACTBO ITUIE-
Ha. IMeHHO Mo3TOMY KOMIIAHUM, KOTOpbIE 3aHUMAIOTCS U XK~
MHYECKHM IIPOU3BOIACTBOM, U HedTenepepaboTKOH, Yacto
CTPOSIT YCTAHOBKM IO IMPOU3BOMACTBY 3TWJIEHA — OHM MEepPEeKHU-
IIBIBAIOT MOCTHK OT OTHOTO K ApyroMy. [IpoM3BOACTBO STUNEHA
MpaBWIbHEE HA3BIBATh HPOU3GOACMEOM 04e(hUH08; KPOME TOTO,
BCTPEYAIOTCS Ha3BaHHUS <«KPEKMHI 3TWIEHa» (YTO HEIPaBHJIb-
HO), «KPEKHMHT BOISHOTO Mapa» (TaK KaK ChIphe CMEUIMBAIOT C
BOISIHBIM [MapoM), a TAKXKE «KPEKHHT...» ¢ JoOaBIeHUEM Ha-
3BAHMSI OXHOTO M3 BHIOB CHIPbSl (HAIIpUMEp, 3TaHA).

YCTaHOBKH 110 ITPOM3BOACTBY 0Jie(pUHOB CKOHCTPYHPOBAa-
HbI TaK, YTOObI MPOM3BOAUTE KPEKUHT pa3HbIX BUIOB CBHIPbA,
a UMEHHO:

3TaHa,

3TAaH-TIPONAHOBOA cMecH,
MmpolaHa,

6yraHa,

HadTHI,

rasoiins.

CHayajia 3TH YCTaHOBKH JOJIXKHBI ObLIH ITPOU3BOIUTD 3TH-
JIeH JJIA TOTO, YTOOBI YIOBJIETBOPUTH pACTYIIHE AaINeTHTHI
XMMHYECKON TMPOMBIILUIEHHOCTH, IJIA KOTOpOH B3THJIIEH —
BaXHEUIIHI cTpoMUTEIbHBIH 6oK. [Ipou3BOOHUTE MpOIMHIIEH
OBLIO HECKOJIBKO MEeHee MHTEpPecHO, TaK KakK OoJibllIHe 3afa-
CHI 3TOrO YIJIEBOAOPOIA BCErna MMEJUCh HA YCTAHOBKE AJIKH-
JIMPOBAHMS, OTKYIA €ro MOXHO ObUIO CTALUUTh, €CJIM BO3HHU-
KaJjia Takas HeoGxoAMMocTh. TakuM o0pa3oM, Ha paHHUX CTa-
IHUSX pasBUTHUS OGOJBLUIMHCTBO YCTAHOBOK IO NPOU3BOACTBY
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o/1e()MHOB OBUIM PAaCCYMTAHBI HA KPEKMHI 3TaHa WJIM 3TaH-
MPONAaHOBOM CMECH, TaK KaK 3TaH MPEBPALUAETCA B ITUJIEH €
BBHICOKUM BBIXOIOM (CM. TaGiIHIly, NPHUBEACHHYIO HUXE).

Pa3BuTHeE TeXHUKH B ITOCIEOyIOlIME TOABI MPUBEJIO K HC-
MOJIb30BAHUIO 00Jiee TSIXKENOro ChIpbsi, TAK KaK 3TO ChIpbe
6osiee OOCTYNMHO, a TAKXKE MOTOMY, YTO HadTa MJIM rasomsp
MPEeBPaNIAIOTCS HA 3TOM YCTAHOBKE B BHICOKOOKTAHOBBIE KOM-
TOHeHThl GeH3uHA. B HacTodlee BpeMsi HEKOTOpOe KoJMye-
CTBO KPYHNHBIX 01e(pHHOBBIX MPOM3BOACTB, Pa3MEPOM CO Cpel-
HHil HedTenmepepabaThIBAOIIMIT 3aBOL, BKJIIOYEHH B CHCTeE-
My HedTenepepaboTKU U MPOU3BOIAT 3HAUUTENbHBIE KOJIH-
yecTBa OeH3UHa.

Bhixos, dyHT Ha GYHT CHIpbs

Chipbe Oran IIponman byran Hadra Tasoiutb
DrneH 0,77 0,40 0,36 0,23 0,18
ITponunen 0,01 0,18 0,20 0,13 0,14
Byrunen 0,01 0,02 0,05 0,15 0,06
ByramueH 0,01 0,01 0,03 0,04 0,04
TonauBHBIA

ras 0,20 0,38 0,31 0,26 0,18
beHsun — 0,01 0,05 0,18 0,18
T'azoiinb — — — 0,01 0,12
Xupgkoe TonaueBo | — - — — 0,10

B3anmocBi3b MeXay onepanuaMu

OnecduHoBas ycTaHOBKa BOMpaeT B cefs1 HEKOTOpoe KO-
JINYecTBO GPOCOBBIX IIOTOKOB HedTenepepabaThBAIOLIETO 3a-
Bojga. HampuMep, rassl ¢ yCTAHOBKHM KaTAIMTHYECKOIrO Kpe-
KHHTa YacTO HAMpAaBJIAIOT B TOIUIUBHYIO CUCTEMY, XOTS OHM
colepXaT 3TaH, 3THJIEH, a TAKX€ HEKOTOpPOe KOJMYECTBO
rmponaHa ¥ nponuieHa. OgHAKO MPU HATHYMH 0l1e(pUHOBOM
YCTaHOBKH 3TH KOMITOHEHTHI MOXHO Pa3AEIUTh U HCIIOJIb30-
BaTh bonee adpdekTHBHO.

HexoTtopbie Bunbl HadThl UMEIOT HU3KHE OKTAHOBBIE YHC-
JIa ¥ ITO3TOMY TIPeNCTAaBISAIOT HEGOIBLIYIO LIEHHOCTb KaK KOM-
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Peuypkynar 3raHa

OTaH

_ | Oxnax-
NeHUe

KOJIOHHA
O
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PextudukaumoHHas
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b +
C,
ITeun >
KpCKHHra

PeunpKynat mpomnaHa

Puc. 18.1. Ilpousponcreo onepuHoB. KpeKHHT 3TaH-NPONaHOBOM
dpakuuu.

noHeHTh! 6eH3uHa. [IpuMepoM siBasieTcss paduHar GeHsoa.
DTH MOTOKH MOTYT CIYXHTb XOPOUIMM CBIPDBEM IUIA MPOU3-
BOIACTBAa OJie(DUHOB, HE TOJBKO IMOTOMY, YTO OHH GoJblie
HHUKYIA He TOASTCS, HO ¥ ITOTOMY, YTO B Ka4eCTBe MOBOYHBIX
MIPOAYKTOB IPOM3BOACTBA 3THJIEHA IPH 3TOM IOJY4alOTCH
BBICOKOOKTAHOBBIE KOMITOHEHTHI G€H3HHA.

B To Xe BpeMs, HEKOTOpble YCTaHOBKH HedTemnepepaba-
THIBAIOLIETO 3aBOAA CAYXaT HOMOJHEHWEM It YCTAHOBKH
MpOU3BOACTBa 3THIeHAa. Hanpumep, OyTusieHsl u Gojee Ts-
XKeJible TOOOYHbIE MPOAYKTHI C 3TON YCTAHOBKH HaXOOAT MMpH-
MeHeHHe B mpoueccax nepepaborku HedTH. Hurme, kpoMe
HedTenepepabaThIBAIOUIETO 3aBOAA, 3TH MPOAYKThl TOBAPHOI
LEHHOCTH He MpeICTaBIsIOT.
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Puc. 18.2. IIpoussoactso oneduHoB. KpeKHHr BHICOKOKMISLEIMX
dbpakuuii.

TexnoJorH4ecKnii mpomecc

YCcTaHOBKM, B KOTOPBIX OCYLIECTBASETCSI KPEKHHI 3TaHa
WIH TpoMNaHa, MpeACTaBAfIoT <000 MpocTediliMii BApHAHT,
HO OHHM TIO3BOJISIIOT M3YYMTH OCHOBHI Mpoliecca. 3TaH U Mpo-
[aH MO OTHEJNLHOCTH JUOO B BHAE CMECH MOCTYNAIOT B MeYb
KPEKMHTa, TAe OHH MpeOBIBAIOT KOPOTKOE BpeMsA MPH BHICO-
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Puc. 18.3. byranuen.

KOil TeMIlepaType, a 3aTeéeM NPOUCXOZUT OBICTpOE OXJIaXIe-
HHeE; B pe3ynbTare oOpasyeTcs: 60bIloe KOAMIECTBO STIIEHA
(puc. 18.1). Uto kacaetcs pexxuma paGoTh! ¥ ChIPbsI, YCTAHOB-
Ka Mo NMPOU3BOACTBY 0JiehHHOB — 3TO (PaKTHUECKH OOBIYHAS
yCTaHOBKAa TEPMHYECKOTO KpeKHHra.

DTaH UM NHpONaH HE PacXomylOTCs IOIHOCTBIO 3a OJNHH
MpoXoxX 4epe3 medyr KpekKuHra. [1oaToMy B peKTHUKALMOH-
HOM KOJIOHHE 3THU ra3bl OTHENSIIOTCA U CHOBa HAIPaBAsSIOTCS
B mpoilecc. OObYHO 3TaH PEUUPKYIUPYET A0 YHHUTOXECHHUS,
a MponaH YacTHYHO BBIXOAMT BMecTe ¢ nmpomnuneHoM. Cyile-
CTBYeT TPH TOPrOBBIX MAapKH MPOITMJIEHA, B 3aBUCHMOCTH OT
cofiepXaHus MpUMecU TpoTNaHa: NPONUAeH MJIS TTOJUMEPH-
sauuu (97—99% OCHOBHOrO BELIECTBA), XMMUYECKH YMCTHIH
npomnwieH (92—95%) u HedTaHoit nponuiaeH (50—65%).

Ha ycraHoBKe, npenHasHayeHHOH g KpeKUHra bosee T-
XeJoro chipbsi (HaTHI WM Tra3oiist), obpasyercs sTaH. Ilo-
TOMY TaKHe YCTAHOBKH TaKXKe COAepXKarT I1eyb IS Iepepa-
OOTKHM BO3BpaliieHHOro 3TaHa (cM. puc. 18.2). Beixonbl 06bIYHO
YKa3bIBAIOT ¢ YIETOM PELUPKYAAUMUH, a HE 3a OAUH NPOXOL.

IToToK, KOTOpBIf ocTaeTcss Ha oJe(HHOBOM 3aBole, a He
YXOIMT B CEKLIUIO NepepaboTKu HedTH, COCTOUT U3 OyTramue-
Ha (puc. 18.3). ByranueH sBasercss dueroesim YrieBOAOPO-
oM, ero ¢opmyna C4Hg, 1 Monekyna comepXuT ABe IBOH-
HBIX CBsI3U. biaromapst 1ByM NBOHHBIM CBSI35IM, 3TO BEILECTBO
OYeHb PEaKIIHOHHOCIIOCOOHO W HCIIOJB3yeTCsl ISl NpPOHU3-
BOJICTBA K&YYYKOB U IJIaCTMAacc.
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YINPAXHEHHUA

1. Ckonbko cbippsi (6ap/cyt) norpebyercst i paboTbl TH-
MIUYHOH YCTaHOBKHM IO MPOU3BOACTBY OJe(PUHOB, MPOM3-
BofsLiel 1 mupa. ¢pyHTOB 3THIIEHA B roa. B KauecTse Chipbs
YCTaHOBKA MCIONb3YyeT ClAefylolne TTPORYKThL:

stad (3,2 ¢yHTt/ran),
nponaH (4,24 ¢yut/ran),
Hadra (6,4 ¢pyHT/ranm),
rasoiins (7,3 ¢yHT/ran).

2. UMeeTca ycTaHOBKA KpeKHHra 3TaH-TIPOIIAHOBOTO ChIpbS
C MPOU3BOIUTENBHOCTBIO 500 MJIH. ()yHTOB 3THJIEHA B rOfl.
B HacTofllee BPEMS ChIPhEM SIBISETCS CMECh, COCTOSIILAS
u3 70% 3tana (mo ob6nremy) U 30% mnpomaHa, IpU 3TOM
YCTAHOBKAa paboTaeT ¢ IMOJHOH INPOU3BOIUTENBHOCTBIO.
BHe3anHO BO3HUKAU TPYAHOCTH Ha PHIHKE MPOIMJIEHA, U
KOMITaHHMSA pellia MPOU3BOIUTD MTPOTIHIEH TOJBKO B KO-
JnyectBe 20 MIH. ¢yHTOB B roi. CKOJBKO ChIpbS Iepepa-
0aTHIBAJIOCH HA YCTAHOBKE O CHX MOP, CKOJIBKO IPH 3TOM
MOJIy4aIoCh TIPOTIMJIEHA, U CKOJIBKO 3TaHa Tenepb CaenyeT
HCIOJIB30BaTh BMECTO MPOMNaHa, YTOOB COOTHOILIEHHE
MPOAYKTOB H3MEHUJIOCh HYXHBIM 0Opazom?



XIX
NMPOCTAA M CJIOXKHAA
INNEPEPABOTKA HE®OTH

IIpocmoma pedxo ecmpeuaemca e nawe apema.
ITy6auii Osuduii Haszon. «Hcxyccmeo awobeu»

B Havase 80-x rr. OM3HeCMEHbl U SKOHOMMCTHI, HMEBLINE
Ieso ¢ HedrenepepaboTKO, COBEPIIIIN HHTE/UIEKTYIbHBII
npopsIB. OHU OGHAPYXUAH, YTO COCTAB OOOPYIOBAHHS, KC-
TUIyaTHpYeMOTo Ha pa3M4HbIX 3aBOAAX, CYIIECTBEHHO BIIHSA-
€T Ha LeHy HePTEeNnpOAYKTOB U ChbIpoit HedTH, a TakkKe Ha
H3BIeKaeMylo npuObUlb. JanbHeifliee M3ydeHHe 3Toit mpo-
671eMbl TIPHBENIO K MOSABICHHIO TEPMUHOB APOCMAR W CAOMNKC-
Haa (WIM KomnaekcHas) niepepaboTka, KOTOpble Tenephb Npoy-
HO BOIILIH B CJIOBaph HedTenepepaboTYHKOB.

Kak ¥ MHOTHE CJIOBA B QHIJIMHMCKOM SI3bIK€, TEPMHHBI
npocmas M caoxcHaa ObUTA B3SITHI U3 APYrOTO KOHTEKCTA,
HMEIOLIETo JIKIIb KOCBEHHOE OTHOLIEHHE K JaHHOMY BOIIPO-
cy. 3a gBaguaTth A€t Ao 3T0TO0, B 60-¢ romnl, Biwibyp E. Henb-
COH paspaboTtan wKany koagguyuenmos caoxcnocmu. Ero 3a-
Ja4a COCTOSLIA B CO3MAHUM OOLIETO MOAXOAA K ONpEAEIEHHIO
HEOGXOMMMBIX KAnUmMano6aodceHuli N CTPOUTENBCTBA HO-
BbIX HedTenepepabaTbIBaIOLLMX 3aBOIOB Pa3HBIX TUITOB. B pam-
Kax cxeMbl HelbCOHa KaNMTANOBNOXEHUS Ha CTPOMUTEILCTBO
KaXIO# KPYIMHOH €IHMHUIIbI 00OpYNOBaHHS OBLIH OTHECEHBI
K COOTBETCTBYIOIlEH BeIMYMHE IUIA YCTAHOBKU IMEPETOHKH
ChIpOif He(TH, CIOXKHOCTh KOTOPO MPHHHUMAJIACh 332 €IUHM-
uy. BceM npoyuM ycTaHOBKaM MPHCBAMBAIUCH KO3 DHIIHEH-
Thl, B 3aBUCHMOCTH OT MX CJIOXHOCTH M cTouMoctd. Hampu-
M€p, YCTAHOBKA KAaTAUIMTHYECKOTO KpeKMHra uMena Ko3d-
¢unuent, paBubiii 4,0, To ectb oHa ObuUTa B YeThipe pasa
CNIOXHee, YeM YCTAHOBKA ISl IEPETOHKH CHIPOM HedTH Npu
TOM Xe ITPOU3BOAUTEILHOCTH.
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Y106bl MPOUITIOCTPHUPOBATh MCIIONb30BaHKHE KO PHUIIN-
€HTOB CIOXHOCTU, PaCCMOTPUM TpH TUIA HedrenepepaboT-
KU: nepepaboTka, HanpaBJIeHHas Ha MPOU3BOACTBO XHIKOTO
TOIUIMBA, HAa MPOM3BOACTBO OEH3MHA W HePTEXMMHYECKOE
pou3BoAcTBO. CxeMy NpOM3BOACTBA XUIKOTO TOMNAUBA, 110~
Ka3aHHYI0 Ha puUcyHKe 19.1, HHOTHA Ha3BIBAIOT eudpoobaazo-
paxcueanue neekux pakyuii, TaK KaK B 3TOM BapHaHTe Jer-
KHe DTMCTWLUIATHI, NMOJAyYeHHBIE U3 ChIpoif HedTH, Nepepaba-
THIBAIOT C HCIONb30BaHUEM Bomoponra. McToudruKoM Bomopo-
J1a ABJISIETCA KaTAIMTHYECKHIT pUOPMHUHT, B KOTOpOM dpak-
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Pnc. 19.1. TunpoobnaropaxusaHue jgerkux ¢dpakuumit (npocras
HedTrenepepaboTKa).
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IIMM THNIa HAPTH MepepabaThiBaIOTCS B KAYECTBEHHBIE KOM-
roHeHTH! 6eH3uHA. [To aTol cxeMe 3HaAYUTEIbHBIH 0OBEM TH-
XeJIorTo Ta3oiiisl MpU MeperoHkKe IOMAgaeT B OCTATOK, MO-
3TOMY BBIXOI XHMIKOTO TOIUIMBA OKAa3bIBAETCH HJOCTATOYHO
BbICOKHM.

Ternepp BBIYHCIUM CJIOXHOCTh Takoil cxeMbl. s mepe-
FOHKH ChIpoii He(TH 3Ta BEIMYHMHA IO ONPENETEHUIO paBHA
1,0. YToOb! BEIYUCAUTH JOOABOYHYIO CIOXHOCTH JJIsI OCTajNb-
HBIX TIPOLIECCOB, OTHOCUTEIbHYIO NPOU3BOANTEILHOCTh KaX-
IOl yCTaHOBKH CJIelyeT YMHOXHTh Ha COOTBETCTBYIOIINH KO-
apduumeHT cnoxHoctu. Hampumep, ycTaHOBKAa KaTaJMTH-
yeckoro pudopMuHra 3abupaer 15% mnpoaykra ¢ yCTaHOBKH
TeperoHkKM, a ee K03 GUILIMEeHT CIOXHOCTH (pacCYUTAHHBIM
Henbconom) paseH 4,0. Takum o6pasoM, ciaraeMoe ojis yc-
TaHOBKH pudopmuHra coctapiser 0,15 x 4,0 = 0,6. lina run-
POOYMCTKH KOIPPUIIUEHT CIOXKHOCTH COCTABISET TOJBKO
0,5, 3aTo 3Ta ycTaHOBKa IepepabaTtbiBaeT 35% oblero noto-
Ka — Inpou3BeleHUue 3THUX yucen aaet 0,175. AHanorM4Hele
NeHCTBUSA ATl TIPOYUX YCTAHOBOK, BXOISLUNX B CXeMY FMAPO-
obGyaropaxuBaHus Jerkux $ppaxuuii, MpUBOIAT K 0O1LIeil Be-
JIMYMHE CAOXHOCTH 2,5 (cM. Taba. 19.1).

Taoanna 19.1. PacueT CIOXXHOCTH I CXeMBl THAPOOOIaropaxusa-
HHUs Jerkux ¢bpakumi

Kosdduuuenr [Honsa mepe- Cnox-
CIOXHOCTH  pabarbiBae- HOCTb
MOTO TI0TOKa

ITeperoHka cbipoit HepTH 1,0 1,0 1,000

roy 0,5 0,5 0,250

Paznenenne 0,3 0,30 0,090

Tunpoouncrka HadhThl 2,0 0,15 0,300

Karanutuueckuii pudopmMuur 4,0 0,15 0,600
ITepepabotka

NIPSIMOTOHHOTO O€H3MHA 0,5 0,15 0,075

I'mapoouncTka KepocMHa 0,5 0,15 0,075

I'napoouncTka AUCTWLIATA 0,5 0,20 0.100

2,49
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A Kak HacueT GoJjiee CJIOXHBIX BApHUAHTOB Hedrenepepa-
60TKH, IpU KOTOPBIX GOJIBIIYIO YaCTh OCTATOYHOTO TOILUIMBA
fIpeBpAILAIOT B OEH3UH WIH B AUCTHAAATHI? JUIst TAKUX cXeM
HedTenepepaboTku (no Genzunosomy éapuanmy) Kod3pduim-
€HTBI CJIOXHOCTH OKa3bIBAIOTCA ropasmo BbILIE, TAK KaK YC-
TAHOBKH, KOTOpBIE NMpPH 3TOM HOOABISIOTCS, OY€Hb IOPOTH.
s cxeMpl HedTenepepaboTKu o 6eH3HHOBOMY BapHaHTY,
MMOKa3aHHOM Ha pUCYHKe 19.2, KoTopas cOmEepXHT YCTaHOB-
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Puc. 19.2. CnoxHas nHedrenepepaborka (6eH3MHOBBII BapHaHT).
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KU BaKyyMHOI#i reperoHKH (Ko3(d@pHULMEHT CIOXHOCTH 2,0),
KatanyTuuyeckoro kpekuHra (6,0), ruapokpekuHra (10,0),
ankunupoBadus (11,0) 1 HeKOTOpbIe HONMOJHHUTENbHBIE Y3JIbI,
o011as CIOXHOCTb oKa3biBaeTcsl paBHoit 9—10,0. ITpu Takoit
CXeMe€ BBIXOX OCTAaTOYHOTO TOIUTMBA CHUXaeTcsa mo 15—20%,
a BBIXOJ 6E€H3MHA MOXET COCTaBUTb 45—55%.

HauGonplueil cI10XHOCTBIO OTIMYAIOTCS cXeMbl HedTene-
pepaboTKH, BKIIIOYAIOUIUE ITPOU3BOIACTBO CHEUUAAbHBIX 0CO00
YeHHbiIx npodyKmoe, HalpruMep, CMAa30YHBIX Macesl WIH Hed-
TeXuMHUYecKO# mponykKuuu. COOTBETCTBYIOLIME YCTAHOBKM
MMEIOT BBICOKUE KOADPULMEHTHI CIOXHOCTH, YTO OTPaXaeT
ypOBeHb KaMUTATbHBIX 3aTpaT Ha X CTpoUTeNbcTBO. Hampu-
Mep, Ko3G@PUIMEHT CIIOXHOCTH IS YCTAHOBKM M3BJIeYeHUS
apOMaTHYECKHX coeauHeHMit paBeH 33, a IS IMpOU3BOACTBA
one¢HHOB OH cocrapisger 10—20 (B 3aBHCMMOCTH OT BHAA
ChIpbSl M cllocoba TMepepaboTKU BBIXOAALIMX ToTokoB). He
SABJISIETCSI PENKOCThIO cxeMa HedTenepepaboTKM ¢ BBIXOOOM
XUMMYECKUX MPOAYKTOB (3TUJiCH, MponuieH, OyTraavieH H
apomaruka) okono 10%, umerouias mokasartejib CIOXHOCTH
He MeHee 16.

Best maest aHanu3a, npemioxeHHoro HenbcoHoM, 3akinio-
Yajach B TOM, YTOOBI MMETh BO3MOXHOCTh ITOCTPOMUTH (M MC-
MOJb30BaTh) AMAarpaMMy, MOKa3aHHYI0 Ha pUcyHKe 19.3. BOrta
IMarpaMma oToOpaxaeT 3aBUCMMOCTh CTOMMOCTH Hedreme-
pepaboTKH OT ee CJIOXHOCTH C ydyeToM 3¢ddekra Maciiurada
npou3BoacTBa. YKcia Ha BepTUKAIbHOM OCU B JIeBOi 4acTu
IHarpaMMbi He ABJISIIOTCS aGCOTIOTHBIMU BEIMYMHAMM — 3TA
LIKaJIa NOJXHA ObITh OTKATMOPOBAHA B 3aBUCHMOCTH OT pe-
aJIbHOIl CTOMMOCTH COOPYXEHHUsI YCTAHOBKH JJIS MEePEroHKH
cbIpoil HepTU oNpeneNeHHOro THUIIA B JaAHHBIA MOMEHT Bpe-
MeHH ¢ yuyeToM HHaguuu. OcTanbHas 4acTb OHArpaMMbl
MOKAa3bIBAaeT, KaK BJIMSET Ha yIe/IbHbIE KATIMTAIbHbIE BIOXE-
HUS MMOKa3aTejb MPOU3BOAUTENBHOCTH (MOILIHOCTH) 3aBOJa
no nepepaborke chipoil HedTH (TPaAKIIMOHHAS XapaKTepuc-
THKa «MaciliTaba NMpoMU3BOACTBA») B COYETAHHUM CO CJIOXK-
HOCTBIO (00jlee TOHKHM TEXHOJOTHYECKUM IOKa3aTeseM, Xa-
pPaKTEPU3YIOILIMM MAacITab MPOU3BOACTBA B €r0 COBPEMEH-
HOM TIOHHUMaHUH).
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Pnc. 19.3. 3aBUcHMOCTb CTOUMOCTH HedTenepepadbarbiBalolLEro 3a-
BoOlia OT CJIOXHOCTH.

HoBbiii B3rnsa Ha CJOXHOCTb

CucteMa HenbcoHa Oblna pa3paGoTaHa B 3py pactylueid
nepepaboTKU HelleBoi apabckoit HedTH M 3aAyMaHa [Jis
TOTO, YTOOHl PacCYUTHIBATH CTOUMOCTH KaXIOrO HOBOrO Hed-
TerepepabaTHIBAIOLIETO 3aBOJA IIPEXIe, YeM ero crpouth. Ho
B 80-x romax MHTepec cMecTWics K3 OONACTH PACHIMPEHUS
MPOU3BOJACTBA B 00J1aCTh 3KCILIyaTallUU, TO €CThb YXe Tpebo-
BaJIOCh OLIEHUBATH He KAMUTAAbHbIE BJIOXKEHHUA B HedTerepe-
paboTKy, a Mapxy nepepaborunka. Bel ckaxeTe, 4TO MACKO
OLEHKM CJIOXHOCTH HaBepHsIKa MPHCIOCOOMIN K 3THM HO-
BbIM TpeOGoBaHUAM. Tak OHO M OBUIO, U CTHMYJIUPYIOLIYIO
POJIb 3[ECh CHIrPAJI PHIHOK.

OO6111y10 KOHLICTILIMIO MOHATh HECJOXHO: YeM Gosiee A0po-
rde MpOAyKThl MPOU3BOAUT HedTenepepadaThIBaloOUIMil 3a-
BOJ, TeM OOoJbllie mepepaboTYUK MOXET MO3BOJUTE cebe 3a-
IIaTHATD 32 chiphe. Ho B 3b16x0oM Mupe, TAe CTOMMOCTD ChIpB,
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lleHa MPOAYKTA U pasMep MpUObLIM MOCTOAHHO MEHSIOTCH,
HE BCE TaK YX JIEXKMT HAa mNMoBepxHocTH. PaccMoTpuM ans
TIpUMEpA TaKYIO0 CUTYaLIUIO.

3aBon, paboTalolMii MO cxeMe TMAPOOOIaropaxXuBaHUs
Jlerkux pakuuii, nepepabaTbolBacT BbICOKOCEPHUCTYIO HEDTD
13 3ananHoro Texaca U NpoAAeT MPOAYKTbl HA MECTHOM PbIH-
ke. Jlpyroii 3aBoz1, paGoTamolLMii o cxeme NpoM3BoACTBa OeH-
3MHa, JeJlaeT To Xe camoe. B Tabnuue 19.2 npencraBieH He-
KUI TUNOTETUYECKUNH 3KOHOMUYecKuit pacuer. Buano, uyto
ecau o6a 3aBoma OymoyT IMOKYIATh CepHUCTYIO 3amamHo-Te-
XaccKylo HedpTh Mo teHe 28 moj./6ap., a UeHbl Ha MPOAYK-
LHI0 6YAYT COOTBETCTBOBATh YKa3aHHBIM B TaOiHie, GeH3H-
HOBBI# 3aBOJ MOXET paccYUThIBaTh Ha 0oJjiee BBICOKYIO MPU-
6bu1b. B cnydae Gonee ciioxHON cxeMbl nepepaboTKH Mapxa
nepepaboTYMKA BbIlllEe, YEM B CJy4ae MeHee CIOXHO# (mpo-
CTOH) cxeMbl. DTO ZOCTATOYHO OYE€BUIHO.

Ho cToMT TpoHyTh JHILUB OOHY MEpeMeHHYI, KakK pe-
3yJIbTAT OKaXeTCs HECKOJbKO HHBIM (Tabn. 19.3). Jlasaiite
BMeCTO cepHUcToM HedTH M3 3anagHoro Texaca Mo LeHe
28 noi./6ap. BO3bMEM OYEHBb TAXKEIYIO ChHIPYIO HeHTh MECTO-
poxnenuss Mayan (Mekcuka) no ueHe 26 noi./6ap. Ilo kpu-
BbIM Pa3roHKU U OPYTMM XapaKTEePUCTUKAM 3Ta HE(PTb OTIM-
yaeTcs oT 3amamgHo-Texacckoif, omHako o0opymoBaHHE Ha
000X 3aBOJAX OCTAeTCsA TeM Xe. BhIXxombl MPOLYKTOB Ha 3TOT
pa3 OyayT ApYyrMMH, W TMOCMOTPHUTE, YTO CTaj0 ¢ MapXoi
nepepaborynka! 3aBox, paGoTaloudil MO NPOCTOl cXxeMme,
3apabaThiBaeT MOYTH CTONBKO XK€ NEHEr, 4YTO W 3aBojf, pabo-
TAIOLUMN 10 CIOXHOM.

3mech MOXHO COEAATh HECKOJIBKO BaXHBIX HAOMIOACHHUIH.
1. IlepepaGoTka HepTH MecTopoxieHUss Mayan Ha pa3HBIX

THUIMAX 3aBOINOB, MPOCTOM M CJIOXHOM,* NMPUMEPHO OHU-

HAaKOBO BLITOAHA.

2. 3aBoa, paboTaloWMii MO MPOCTOH cxeme, HE MOXeT cebe

MO3BOMIUTh NepepadaTeiBaTh CEPHUCTYIO HebTh U3 3aman-

Horo Texaca. Ee cTOMMOCTb CAHIUKOM BBICOKA IJISL TOTO

* 3aBoABI B TEKCTE U B TAOMMLIAX HA3BIBAIOTCA MO-pa3HOMY (IIPOCTO#t COOTBETCT-
BYeT BApHAHTY T’HAPO00/IaropakUBaHus JIerKHX dbpakimit, a CIOXHBIH — OcH3H-
HOBOIf cxeMe nepepaboTkH), yToObl Bbl He 3a0bIBaIH, O YeM peyb.
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Habopa NpoAYKTOB, B KOTOPBIi OHa 34eCh MpeBpallaeTcs.
3aBon, paboTtaloliuii MO CHOXHON cXeMe, BhINYCKAEeT JO-
CTATOYHOE KOJIMUYECTBO CBETIBIX MPOAYKTOB, YTOOBI HMETH
MOJIOXUTENBHYIO MApXY.

3. BO3MOXHO, «CJIOXHbIif» 3aBON HAPOYHO B3AYA HEHY Ha
3Ty ChIpyI0 He(Tb, YTOObI «MPOCTOU» 3aBOJl HE MOT ee
MTOKYNATh.

4. Boixonsl MpodyKTOB U3 HedTH MectopoxieHus Mayan
TaKOBBI, YTO «CJIOXHbBI» 3aBOA BPsA JIH CMOXET MONHATH
Ha Hee LEHY TaK, YTOObl <«IIpOCTOii» 3aBOJ JHIIHICA H
3TOro chipbd. LleHa Ha 3Ty HePTh M TAK NOCTATOYHO BBICO-
Ka (26 mon./6ap.), TaK YTO HU OMHH M3 3aBOAOB HE TOJIY-
yaeT cinmkoM Gosbinoit Mapxu (0,20—0,50 goi./Gap.).
XoTd TpeTbe U3 NpHBedeHHBIX HAGMIOAEHUIT MOXET MOKa-

3aTh<s BAXHBIM, OHO MOXET OKa3aThCs U OOJIBILIMM IIpeyBe-

JinYyeHHeM. BrnionHe BeposiTHO, YTO HeTH MECTOPOXACHUS

Mayan uMeeTcsd TaK MHOTO, YTO TMOTPEOHOCTH <«CHOXHBIX»

3aBONIOB ITOJIHOCTBIO YOOBJETBOPAIOTCS, H YacTh 3TOM HedTH

MPUXOOUTCS nepepadbaThiBaTh U Ha MPOCTHIX 3aBogax (Mo3To-

My oba TMMa 3aBOIOB M MOJYYAIOT NMPUMEPHO ONUHAKOBYIO

Mapxy). bonee Toro, morpe6Hoctu B HedTenpogykTax (M,

COOTBETCTBEHHO, MX 1I€HBI) TAKOBBI, YTO IS YIOBJIECTBOpE-

HHSA 3aMPOCOB pbIHKA B OTHOULICHHUM CBETJBIX HedTenpoayK-

TOB MPUXOOMTCS MepepadaTbiBaTh MO CIOXHOUI cxeMe JOIo-

HHUTeJbHOE KOJMHYECTBO Chipbs (3anaxHo-Texacckoii HedTH).
Hdns toro 4roObl pelINTb, KaKoe U3 YKa3aHHbIX OOCTOSI-

TEJABCTB UIPaeT Pelaloulyi0 pojib, HEIOCTATOYHO 3HATh Be-

JUYMHY MapXH, KOTOpYI0 NMPHUHOCHUT mepepaboTKa chipoit

HedTH B TOT WIM HHOH KOHKPETHBIH MOMEHT. B neiicTBuTe N B-

HOCTU HYXHO paccMaTpuBaTh ropasio GoJibllie MnepeMeHHbIX

mapamerpoB. Ho MBI ceffyac mokaxem, 4YTo Maccy MOJe3HOM

HHPOPMaLHMU MOXHO MOJYYUTb, U3y4yasd TUHAMHUKY U3MEHEe-

HHS NTapaMETPOB C TEYEHUEM BPEMEHH.
dns Havana, BRpoYeM, NpuBedeM ellle OAWH IpHUMeEp.

IMpennonoxum, 4ro U3MeHWIach pasHuua (Juggepenyuan)

MeXIy LieHaMH Ha cBeTible (OeH3HH, peaKTMBHOE TOILIMBO,

IMCTHJUIATHOE TOMJIMBO) M OCTaTOYHbie HeTENPOAYKThI

(resid/light oil differential). Tlo manHpiM Tabuuy 19.2 u 19.3,
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Taonuna 19.4. Mapxa nepepabotunika (B 101.).

I'maopoobnaropaxupanne  BeH3MHOBBHIH

JIETKUX DpakLuit BapUaHT
3amanHo-Texacckasi cepHUCTas
b deperuvan 4,67 —0,35 1,75
anddepeHunan 8,67 0,70 4,13
Mayan
mbdepenuman 4,67 0,20 0,50
auddepeHunan 8,67 0,65 1,65

3Ta BEJIMYMHA COCTABIsIET NpuUOIU3NTEeNbHO 4,67 mon./6Gap.
Ilycts oHa mo Kakoi-1ubo NpHYMHE YBEJHMYMJIACh IO
8,67 mon./6ap. (cBeT/nble HedTEMPOAYKTHI MOAOPOXANU Ha
3 non./Gap., a ocraTouHbie MPOAYKTHl TOHelIeBed Ha
1 xoj./6ap.). PeaynsTar Takoro uaMeHeHHUs IOKa3aH B Tad-
nuue 19.4.

Ha nepBbIit B3MISLA MOXET MOKAa3aThCsA, YTO 0OOMM 3aBO-
JaM CTaJIO JIy4llie: BO BCEX CAy4asX Mapxka Terepb MOJOXH-
TeJbHA M BbillIe, YeM OO0 M3MeHeHHUs. OZHAKO NpHU BHHUMa-
TE€JbHOM M3YY€HHMH MOXHO YBHUIETH, UTO IOJOXKEHUE <«IIPO-
cToro» 3aBoja Temnepb Gosee ysa3BuMo. [lejgo B TOM, 4TO pas-
HMIIA MeXITy Mapxoil mepepaboTYHKa Ha «[IPOCTOM» H «CJIOX-
HOM» 3aBONAX TAKXe€ YBEJIHYWIAach. B pe3ynbTaTe CJIOXHBIM
3aBOJl MOJYYW OoJsibllie BO3MOXHOCTEN ISl MaHEeBpHUpOBa-
HUSI, HAPUMEP, OH MOXET B3AyTh IIeHbl HA CHIPYIO HEDTb
0 TAKOTO YpPOBHS, YTO HA MPOCTOM 3aBoje BoOOlIe HEe Mo-
JlyyaT HUKaKoil MapxH.

CraHeT 1M OH 3TO nenarh? A eClM «IIPOCTOii» 3aBol 00Jb-
IIe He CMOXeT IepepabaThiBaTh CHIPYIO HEdTh U 3aKpoeTcs,
MOBJHUSET JU 3TO Ha COOTHOHIEHUE CNPOCca M MpeNTOXeHHUs
Ha puiHKe? [loBnusieT 1 3TO B CBOIO ouepens Ha audgepeH-
HMaJ LeH Ha OCTaTOYHbIE U CBeT/ble HedTenponykThi? K He
MOSIBUTCS JIM B pe3y/IbTaTe CTUMYJI CHOBA HavaTh mepepaboT-
Ky HedTH Mo mpocToit cxeMe?
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Orpacnesas Moaeb

Bce Bompochl, mpuBeqeHHbIe BblLEe, — 3TO JHLLIbL PUMEP
TeX ApobsieM, KOTOphie BO3HHMKAIOT €XEIHEBHO B CBA3U C
U3MEHEHUEM II€H Ha chIpyl0 He(dTh M HeQTENpONYKTHI, a
TaKXe BeIMMMHBI nuddepeHunana. YtoObl cnpaBUTbBCS CO
BCEM I3TUM, TpebyeTcsi Gosiee CTpPOTUi aHAIU3, KOTOPBIU
MOXHO Ha#TH Jaxe B OTpacjeBoil MEeYaTu.

B unenoM, HedrenepepabaTbiBalolie 3aBOAbl OEIATCA Ha
MPOCTBIE M CIOXHBIE, HO aHAJUTUKH TaKXe 4acTo yrnorpeod-
JISIIOT TEPMHMH «O4Y€Hb CIOoXHBbIe». [IpocThie U CIOXHBIE CXe-
MbI HedTenepepaboTKH NMpUOIN3UTEIbHO COOTBETCTBYIOT OII-
penenenuio HenxbcoHa.

Hed¢renepepadaToiBaomuii 3aBoja, paboratommii mo npo-
CTOil cXeMe, BKJIIOYAeT MEPEroHKY Chipoil HedTH, TUIPO-
OUYUCTKY CPEIHUX NUCTWUISATOB M KAaTaJUTHYecKUil pudop-
MHMHT HadThI.

HedrenepepabarpiBaomuii 3a8oj, padoTalomii N0 CAOXK-
HO#l CXeMe, BKJIIOYAET BCE TO X€ CaMoe IUIIOC KaTaaiuTHyec-
KYIO KPEKHHI-YCTaHOBKY M YCTAHOBKH &JIKWUIHNPOBAaHHUS U Ia-
30(paKIIHOHHPOBAHHS.

HedrenepepadaTniBaominii 3201, padoraomuii no oYeHb
CJIOXKHOM cxeMe, BKJIIOYaeT Bce TO Xe camoe, YTO MpU CHOX-
HOH cXeMe, IUTIOC YCTAaHOBKM JIM0OO IO MPOU3BOICTBY OJie-
¢uHOB, MHOO MO COKPAIUEHHIO KOJUYECTBA OCTAaTKA (HAIpH-
Mep, YCTAHOBKa KOKCOBAHMS).

INpu nepepaborke n060it HeGTH ITO OYEHD CIIOXHOMN cxe-
Me roJiyvyaercsl 6oJiblle CBETIBIX HeDTENPOMYKTOB, YeM IPH
ee nepepaboTke 1o npocrtoii cxeme. Hanpumep, nmepepaborka
cepHUcTOM HedpTH M3 amagHoro Texaca AacT IMPOAYKTHI,
npuBeeHHble B Tabauiie 19.5.

EcTecTBeHHO, WISl ApYroro Tuna HepTH BBIXOABI MPOMYK-
TOB OyayT IpyrMMH. B cTaHmapTHOIl oTpacieBoii Momeiu Mo-
TYT OBITb PACCYUTAHBI BHIXOABI HEPTENIPOLYKTOB H3 KAaXIOTO
copTta chipoit HepTH IS KaXmoi cxeMbl mepepaGoTKu. ITo
MO3BOJISIET BBISICHATh, HACKOJIbKO BBITOAHA MepepaboTKa KOH-
KpeTHOro copra HedbTH Mo KOHKpeTHoit cxeme. Ing storo
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Tabmmua 19.5. CnoxHocts riepepaGoTki HETH W BHIXOAbI MPOAYKTOB

Brixoa (%)
Mpocras  CnoxHaa OueHb cloXHas

beH3un 30 50 65
PeakTBHOE TOIIMBO 10 19 20
JHUCTHANATHOE TOTUIMBO 20 17 25
OcTaToyHOE TOMJIMBO 35 20 0
3aBojackoe TOIJIMBO

(co 3HAaKOM MMHYC —

NpHpOCT 00beMA) 5 -6 -10

pe3yAbTaThl pacyeTOB PacCMAaTPHBAIOT ABYMSI pPa3HbIMU CIIO-
cobaMu — nony4yasd «MOMEHTAJIbHBIA CHMMOK» oOlifeif OT-
pacjieBOM KapTHHbI M U3y4Yas DUHAMMUKY HM3MEHEHHUs CUTya-
UMM B OTIAENAbHBIX €€ COCTaBISIONIMNX.

«MomeHTANbHBIH CHHMOK»

CoBpeMeHHBbIe CpeICTBa CBSI3HM U KOMIIBIOTEPHBbIE TEXHO-
JIOTHH JAIOT BO3MOXHOCTb €XEHeAeJbHO (MM [axe exe-
JHEBHO) PacCYMTBIBaTh M NYyOIMKOBaTh AaHHbLIE, MO3BOJIAIO-
1€ OLIEHUTH IIPUBIAEKATEIbHOCTD AJIsl MTOKYMNaTeael pasiny-
HBIX COPTOB CHIpOIf He(PTH. YUHTHIBAIOT ABe reorpapuuecKkue
TOYKM — Ty, Ii€ YCTAHABJAXBAIOT LEHBI HA HEePTEIIPOMYKTHI,
U Ty, TA€e Ha3HA4YaloT leHY Ha chipyio HedTh. LleHsl Ha Hed-
TENPOAYKThl OOBIYHO YCTAHABIMBAIOTCA TaM, rie HedTh ne-
pepabaTeiBaloT — Ha Irofepexbe MeKCHMKAaHCKOro 3aJHBa
(CHIA), B Porrepname win B CunHranype. lleHa Ha chipylo
HebTh MOXET Ha3HAYaThCs TaM XK€, HO MOXET H B TOM MecC-
Te, rae HedTh JoObIBalOT. Bo BTOpoM ciyuae 6o B LeHe Ha
cbipylo HedTh, U060 B LIeHaX Ha HePTEMpPOLYKTHl CIeHyeT
y4ecTh 3aTpaThi Ha TPAHCIIOPTHUPOBKY HepTH. B Tabiauue 19.6
MTOKAa3aHO, KaK yAeJbHas BBIpyYKa OT peanu3aluu Hedre-
MPOAYKTOB Ha rnobepexbe MeKCUKAHCKOTro 3aJHMBa (BBIpYYKa
Ha egMHHLY oObeMa nepepaboraHHON HedTH) ITyTEM BBIYH-
TAHHS CTOMMOCTH ¢paxTa MEpeCcYUTHIBAETCH B IOKa3aTelb,
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Ta6muna 19.6. Yucras ueHHoCcTh HeTH Wit pa3HBIX CXEM Nepepa-

60TKH
Culpast YnenbHas Bbipyuyka Yucrasa ueHHOCTb HEPTH
HedTh Mpocras CnoxHaa Ppaxr INpocras CnoxHasa LleHa Ha
nepepa- nepepa- nepepa- mepepa- ChIpYyio
6otka 6oTka 6otka Gotrka  HedTb
Apabckas
JierKas 30,50 33,50 1,20 29,30 32,50 29,00
Apabckas
TAXenas 28,50 30,50 1,30 27,20 29,20 26,00
Mayan
(Mekcuka) 26,00 29,00 1,40 24,60 27,60 25,00
Hurepuiickas

Jierkas 35,10 37,00 1,60 33,50 35,40 30,00
Brent (Cesep-
Hoe Mope) 34,60 36,60 1,50 33,10 35,10 30,00

Ha3bIBaeMBI uucmoii yenHocmoto (netback) negpmu das nepe-
pabomuuxa. DTOT MOKa3areab COMOCTABIsIeTC ¢ (akTHyec-
KOt CTOMMOCTBIO HebTH B paiioHe MectopoxneHus. Tabnuna
COCTaBJIeHa JUIS BADUAHTOB IepepaboTKH Mo MPOCTO U CIIOXK-
HO#M CXeMe Ha OCHOBAaHMH PBIHOYHBIX LI€H Ha JeHb pacyeTa.
Takoif CIHCOK, KOTOpbIif OOBIYHO OBIBAaET 3HAYMUTEIBHO
JUIMHHEE, MO3BOJIIET ONMpPEAeNUTh, HACKOJBKO MOKYIKa AaH-
HOTO COpTa Chipoifi HeTH OyAEeT BBIFOAHA IUISI «IIPOCTOrO»
WIH «CJOXHOro» 3apoga. CpaBHKBasl LEeHHOCTb He(TH C ee
(dakTnyeckoii LeHoii, Bel MoXeTe onpeaeauTb, KAKUE COPTA
Cbipoif HePTH CTOMT MOKYNATh, 3 KAKHE «KYCAIOTCS».

O'rpac.nenue TEeHACHHHH

Yro6bl yIOBUTH AMHAMHMKY PBIHKA, MCIONB3YIOT rpaduKH
BpoOJie TOTO, 4TO MMOKa3aH Ha pucyHke 19.4. Ha pucyHke mo-
CTpPO€Ha 3aBHCHMOCTb OT BPEMEHH YMCTOH LEHHOCTH HeDTH
IUISL TIPOCTOM M CIOXHOI cXeMbl NepepaboTKH ChIpoit HepTH
(3nech CHOBA YYHTBHIBAIOTCA IBe reorpadpHyecKHe TOYKH) H
AHAJIOTMYHBIE 3aBUCHMOCTH (PAKTHYECKHMX LIEH Ha ChIpYIO
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Hon./6Gap.
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SuBapr Peppanp Mapr Amnpens Mait  Hions Hionp

Puc. 19.4. Liennl Ha chipy1o HedTh X YUCTas LIEHHOCTh HedTH.

HedTh — «opUIIMAIBHON» U CBOOOIHONH — B MecTe HOOBIYU.
C noMoluplo 3Toro rpaduka MoOXHO MpOCaeauTh, KaK HEHbI
Ha HedTeNPOLYKTHI UJIM Ha CHIpYI0 HedTh MEHSIOTCS MOl
Bo3IeiicTBUEM pBIHOYHBIX cui. Ha pucyHke 19.4 BuaHo, Kak
ImageHue 1eH Ha HedTeNMpoAYKThl (M YUCTOM LIEHHOCTH Hed-
TH) CHayaja BbI3bIBAeT CHHXKEHHE LIeH Ha ChIpylo HedTh HA
CBOOOIHOM pBIHKE, a 3aTeM M CHIKEHHE OPHLMAIBHBIX LIEH.

Haxe ecan Bpl 3aroroBUaM MHOXecTBO Tabaull U rpacdu-
KOB, OTBeTH He cTojb oueBMmHBl. Ho, mo KpaiiHeil Mepe,
HAYMHAaTh BCerga CTOMT ¢ IpapUuecKoro WM YHUCICHHOTO
CpaBHEHHs MPUBEIEHHBIX TOXOLOB ISl BAPMAHTOB IPOCTOMH
U CJOXHOI cXeMbl MmepepaboTKU ¢ (pakTUYECKUMM LIeHaMHU
Ha HedTb.
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CbIPASl HE®DTb,
TABOKOHIEHCAT
M TA30BbIi1 BEH3MH

Cravasa But Gepeme paxmu, a nomom
MmeHaeme ux kak Bam yzodwo

Mapk Teen

Bce BuABI chipbsl, MOCTyNamlero Ha Hedrenepepadarol-
BAaIOUIKH 3aBON ¢ MecT AOOBIYM, KaK-HUOyOb Ha3bIBAIOTCH.
OnHako UX Ha3BaHHUS Majo rOBOPAT 00 UX CYTH, Aa ¥ 3By4aT
ouyeHb Ioxoxe. Hampumep, B yeM pasHHLIAa MEXOY CHIPOit
He(PTBIO U ra30KOHIAEHCATOM, WU MeXOy HeTIHBIM GEH3U-
HOM U Tra3oBbiM OeH3MHOM?

JoObua HedT” HA NPOMBICIAX

PucyHok 20.1 moka3sbiBaeT YIpOILUEHHYIO CXEMY olepa-
UMii, KOTOPbIC MPOM3BOAATCSA Ha T'a30BbIX U HEPTSIHBIX IpPO-
Mmbicnax. [lomseMHble 3amachl Yrji€BONOPOAOB MOTYT CyLIE-
CTBOBaTh B HeCKOMbKUX opMax. CKBaxXuHa, IOKa3aHHad clie-
Ba, BEIET B ILUIACT, 3aKPBIThIN CBEPXY eazoeou wankoi. Yepes
3Ty CKBAXHHY HOOBIBAIOT a3 2a3060l CKBAXNCUHb, OCHOBHBIM
KOMITOHEHTOM KOTOpOro sIBAsieTcsi MeTaH, Ho 15—20% Mo-
TYT COCTaBJSTH Oojiee TsKeNdble YIIeBOAOPOIbl, BIUIOTH A0
rasomnns.

Korma ras BBIXOOIMT M3 CKBaXWHBI, OH OXJaxXgaeTcs M
Oonbllas YacTh TSKENbIX YIIEBOAOPOAOB cXHxaeTcs. CMech
MOCTYMAaeT B pe3epByap, KOTOPBIH HA3BIBAETCS N0A€60l cena-
pamop. VIHOTIa ero Ha3bIBaIOT NMPOCTO «IIMPOKUM YIaCTKOM»
TpyGomnpoBoaa. B aTom Gojiee IUKPOKOM MPOCTPAHCTBE AaBJe-
HME OKAa3bIBaeTCsi HUXe, M Bce ra3oolOpasHble YrJIeBOLOPO-
Obl, KOTOpBblE HAXOAWAUCH B DPACTBOPCHHOM COCTOSIHMM B
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Tonepoit cel‘laparop TpupoRHBA ras
a30KOHACHCAT

Puc. 20.1. Jo6rua HedTH Ha MPOMEICAAX.

XHAKOCTH, HcnapsioTcss. U3 BepxHe#l YacTH cemaparopa BEI-
XOIMT npupodnwili 2a3, a N3 HUXKHEH 9acTH — 2a3okondencam.
CkBaXHHa B CepelWHe DHCYHKAa BEIET B TOT Xe€ ILIAcT
3aJIeTaHusA, HO 4epe3 Hee H3BJIEKAIOT CHIpYI0 HedTh, coxep-
XalIyl0 pacTBOpeHHBI NpuponHbi ras. Ha mosepxmocTn
OIHO OTHENSIeTCH OT JPYTOro B AHAJTOTMYHOM cenapaTope.

HaxoHel, ckBaxXyuHa B NpaBOH YacTH DUCYHKA BeleT B
JIPYTOil IJIACT 3aJIeraHusi, KOTOPbI CONEPXHUT TOJNBKO HE(DTB.
B 3TOM Ccity4ae cerapatop He HyX¢EH.

[Manvnetimas nepepabomra. Coipyio HedTh U Ta30KOHAECH-
€aT MOXHO TPaHCIIOPTHUPOBATh B HMUCTEPHAX HA AaBTOMOOUIIAX
HIH 110 Hedrenposoay. IIpuponHbiil ra3 moYTH BCerza TpaHCc-
MTOPTHUPYIOT C MIOMOILBIO razonposona. Eciu razonposona Her,
TO NMPHUPOAHBIA Fa3 MOXHO CHOBAa 3aKa4aTh IOJ 3eMIIO IUIA
TOI'0, YTOOBI IIPONO/IXATh CBA3AHHYIO C HUM HOOBYY HedTH.

Ipu TpaHcmOpTHPOBKe chIpoil HedpTH Mo HedTenpoBOLY
HedbTH pa3NIWIHBIX COPTOB, 3aJleTalOIINe 101 3eMIEH OTAENb-
HO, 4aCTO CMelunBaloTcsa Mexny coboit. Eciu sto yno6Ho, To
rasoKOHAEHCAT TaKXe MOXHO CMEIIMBATD C HePTHIO.

HecMmotpst Ha TO, YTO NPHUPOXHBIA ra3 MPOXOXUT depe3
TIOJIEBOM Cemaparop, OH MOXET BCE ellfe COAEPXKATh HEKOTO-
phle KOMIIOHEHTHI, GoJiee TsSXKeNble, 9YeM METaH-3TaHOBAs
cMech. Bo3MoxHa mepepaboTKa MpUPOTHOrO rasa Ha ycra-
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HOBKE Ta3o(ppakKLiMOHUPOBAHUSA C LEJbIO U3BJEUEHUS 2d30-
6020 Oensuna (XMIOKOH YacTH, codepxalleiics B MPUPOIHOM
rase). ['a30BbIif O€H3MH COCTOMT M3 3TaHa, MponaHa, OyTaHOB
M Hedpmanozo ben3una, KOTOpHIA MpencTaBasieT coboil cMech
yrJieBoxoponoB ot neHraHa go Cy (i C,o). UHorna conep-
XaHue HedTsHOTO OeH3WHA M GyTaHa MOXET OKa3aThCs HOC-
TATOYHO BBLICOKMM, TaK YTO 3MMOI 3TH NMPONYKTbl KOHIEH-
CHUPYIOTCSI HETIOCPEACTBEHHO B rasomnpoBoie. B stoM ciiyyae
HAcoChl HE CMOTYT IlepeKayuBaTh NPOAYKT, U pabora ocra-
HoBUTCS. [IpupomHEBIl ra3 ¢ TAKMM COCTaBOM 00A3aMenbHo
HYXHO IepepabaThiBaTh Ha YCTAHOBKE ra3odpakMOHHpOBa-
HHS, YTOOBI YIANUTE ra3oBblit O6H3MH U NMOJYYHUTb TOBapHBIi
OPOAYKT, TPAHCIIOPTUPOBKA KOTOPOTO He BBI3OBET NMPOGiieM.

YcTanoskd ra3o¢pakuHOHHPOBAHHA

s BbiIeNeHHst ra30Boro 6€EH3MHA MOXHO MCIOJIb30BaTh
YeThIpe OCHOBHBIX CXEMEI.

1. OxnaxneHue.

2. 'nyGokoe oxjiaxineHue.

3. AGcopOuus (IOrIoneHHEe) TOIHM MacIOM.

4. Ancop6uus Ha TBepIOM ciioe (ancopbeHTe).

B cxeMe oxnawmcoenus XUAKOCTb-cONepXallni ras oxJax-
Iaercs IO TeMIlepaTypsl, Jiexaiueii B uHTepBaie or —10°C
(15°F) no —40°C (—40°F). Ilpu Takoii TeMmepaTrype OKOJO
70% »>taHa, 90% npomaHa W Bech OyraH (a Takxe Gojyee
TAXeJbie KOMIIOHEHTBI) CKMXAIOTCA, U UX MOXHO OTIEIHTH
$pakLIHOHUPOBAHUEM.

B cxeme eaybokoeo oxnaxcdenus npoBoauTcs Gosee MojiHoe
BblaeneHHe 31aHa. C 3Toil LIENbIO TEMIEpaTypa XHIKOCTh-
colepxalllero rasa cHUXaeTcs Oo HHTepBana ot —100 mo
—140°C (ot —150 mo —225°F), nnsa dero MpUMEHSAETCS YCT-
poiicTBO Mol HassBaHMeM TypbomeraHimep. B 3Tux ycmoBusx
90—95% sTaHa U Bech MpomaH (a Takxe Oojiee TSDKeNble
KOMIOHEHTHI) OTAENSIOTCS OT rasa.

Abcopbuyus (nozaowenue) mowum macaom NMPOBOIUTCSA Ha
Gosee cTapbIX YCTAHOBKAX ra30(paKkiHOHUPOBAHUSA TOUHO TaK
Ke, KaK ITO NPOBOAUTCS HAa COOTBETCTBYIOLUMX YCTaHOBKaXx
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HedTenepepadaThipaolIero 3apoaa. O6piYHas Mpoueaypa mno-
3BOJISIET MOJNYYHTh OKoslo 70% mpomana u 100% OyraHa u
6oJiee TAXENBIX KOMIIOHEHTOB. [IpH MCHONB30BAaHUM OXJIAX-
JEHHOTo TOLIET0 Macjia MOXHO m06GaBUTh K 3toMy 50—75%
3TaHa.

Adcopbyus Ha meepdom caoe — WHTEPECHBIM MPOLECC, KO-
TOPBI MCHOJIB3YIOT B TEX Cy4asx, korma tpebyeTcst Bcero
JIMIID U3MEHHUTH TOYKY POCHI (TO €CTh YIAJIUTDb TOJBKO Hanbo-
Jiee TSXeJble KOMIIOHEHTBI, KOTOpbIe MOIJIH Obl CKOHIEHCH-
pOBAaThCS NpPH TPAHCIOPTHPOBKe). MHOrMe KOHTPAKTHI Ha
Mpomaxy rasa Tpebywor, 4ToObl TOYKA pOCH (TeMIIepaTypa,
MpU KOTOPOI HAaYMHAIOT OOpa3OBBIBATHCA KAaIUIM) ObLIa He
poiiie —10°C (15°F) npu maBaeHMH B Ta3olpOBOAE OKOJIO
800 psi (55 atM). B 3aBMCHMOCTH OT KOHKPETHOTO ra3oBOTO
NMOTOKA, IS 3TOTO0 MOXET MoTpeOOBaThCs MOJMHOE yAaJleHHe
HebTAHOro GEH3MHA M YaCTMYHOE ynajieHHe 6yTaHoB.

HekoTtopbie MOpUCTbIE MaTepHaIbl, TAKHE KaK aKTHBHPO-
BAHHBIHA Yroib, CHIMKAareJlb U OKCHI AJIOMUHUSA, MOTYT 3a-
CTaBJIATh OOJblIHe 0OBEMBI MTAPOB KOHICHCHPOBATLCA Ha MX
MOBEPXHOCTH. TaK KaK XHMIKOCTh OCTaeTCst Ha MOBEPXHOCTH
TBEPAOTO BEILECTBA, 3TOT IPOLECC HA3BIBACTCA adcopOLHeit,
a He abcopbumeil (B MOCAEIHEM CIy4yae XHIKOCTb OKa3biBa-
eTcsl BHYTpM MaTepuaia). [locie KoHIeHcaum OCTaTOYHOTO
KOJIUYeCTBa XHMIKOCTH (B HaHHOM clly4ae, ra3zoBoro GeH3H-
Ha) Ipollecc IMpeKpallualoT WX HaIpapisiOT MOTOK B ApYy-
roif pesepByap, colepXalldii HOBYIO MHOPILHIO amcopOeHTa.
KuaxocTH yaansiior ¢ MOBEpXHOCTH ancopbeHTa o6paboTKOM
[eperpeThiM MapoM, COOHPAIOT U KOHAEHCHPYIOT.

Tlpu agcopbuuu Ha TBepaoM cioe Bblaeaserca 10—15%
6yraHoB 1 50—90% HedTsIHOTO GEH3UHA.

TpaHncnopTHPOBKA H HCHOJbL30OBAHHE

PoIHKOM cObITa I1s1 GoJblielt 4YacTH MpOAYKUHH Hedre-
IIPOMBICIIOB SIBJIAIOTCA HedTenepepabaTpiBalonime 3aBoabl. Kak
yXe YIOMHHAIOCh, MPOLYKTH ABHXKYTCS K MecraM Hedtene-
pepaboTku mo TpyborposoaaM. Yacro yao6HO HCNOMb30BATh
HedTh HE TOJBKO KaK MEPEHOCYMK ISl ra30KOHIEHCAaTa, HO
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U ans HedpTsiHOro OeH3uHa M 6yTaHoB. Chipast HeGTh, B KO-
TOpyIO 6Bl 3aKayaH 6yTaH M/WiaM HedTAHONH OEH3WH, HA3bI-
BaeTCs Hegmbio, codepucauieti semyyue npodykmsi. MakcuMaiip-
HO€ KoJiu4YeeTBo OyTaHa, KOTOpoe MOXHO 3aKayaTb B CHIPYIO
HedTb, MHOIIA OTPAHUYMBAETCS HOMYCTUMBIM NABJIEHHEM B
Hedrenposoze.

C nponaHoM M 3TaHOM paGoTalOT OTAENBHO OT OyTaHa M
HedTsaHoro OGeH3uHA. Tak Kak MpomaH sIBJISIETCA TOBAPHBIM
MPOAYKTOM, €ro 4acTo OTHENAIOT Ha YCTAHOBKE M OTIPaBJs-
0T B aBTOLMCTEPHAX WJIM Mo rasomnposofy. B To Xxe BpeMsa
3TaH MOXHO TPaHCIMOPTHPOBAaTh PaKTHUYECKHU TOJBKO 110 ra-
30MpPOBOAY HM3-3a €ro AABJIECHHWA MapoB, IUIOTHOCTH M T.I.
HHorna ero ornpapisioT OTAEIbHO, @ B HEKOTOPbIX CIy4asix
CMEILUUBAIOT ¢ APYTUMH KOMIIOHEHTaMH ra3oBoro 6eH3uHa. B
MOCJHeAHEM ciyyae cMech HedTsHOro 6eH3uHA U Gosee jer-
KHUX TPOAYKTOB OTHENSIIOT OT ra3a Ha YCTaHOBKe rasodpax-
LUOHUPOBAHUSA, HO NANbllie He PasfeNsioT, a OTIPaBIsAIOT B
BHIIE CMECH, KOTOpasi Ha3bIBaeTCA CMeluanHoe cbipbe. B KoHIIE
KOHLIOB, 3Ty CMeECh pa3eNsioT Ha COOTBETCTIBYIOLUEH ycTa-
HOBKE, PACMONOXEHHOMN OnMXe K MecTy cObiTa Wiu B GoJee
yIOGHOM NyHKTE IepepaclpenacieHus.



XXI
HEHHOCTD TOILUIUBA —
Ero TEINJIOTBOPHAA
CNIOCOBHOCTD

Ecau Bam cauuwxom scapko, yxooume u3 Kyxuu.
Tappu C. Tpymanu

MHorne 3KoHOMHMYECKHE cOooOpaxeHUs, BAUSIOHIHE Ha
MPOU3BOACTBO PAIIMYHBIX HEPTEMPOAYKTOB, CBSI3aHHI C KO-
JIMYECTBOM TEIUIOThI, KOTOPOE BBIAE/AETCS IPH HUX CXKHIa-
HHUH. JleficTBHTEIbHO, YTOOH BHIOPATh, KAKME HMEHHO MOTO-
KH CclefyeT MCHOJb30BaTh KaK 3aBOJICKOE TOIUIMBO, HYXHO
MPUHUMATh BO BHUMAHHE PHIHOYHYIO 1LIEHY 3THX Hedrenpo-
IYKTOB, a TAKXE HX TEIUIOTBOPHYIO CIIOCOOHOCTD.

Tennocoaepxanne

IMpu cXUraHuM yrieBomopola MPOUCXOAAT ABA IMpolecca
— UIeT XMMHYECKasi peaklius ¥ BbUIENSIETCS TeIutoTa. XUMH-
yeckasl peaklHs oObIYHO MpeacTaBasdeT coboil MpeBpalicH e
YIJIeBOOOPOAA W KHMCJIOpOAa B JMOKCHI YIJIEPOAa W BOLY:

CH, + 2 O, - CO, + 2 H,0 + reno,

2 C4Hg + 15 05 » 12 CO, + 6 H,0 + Tteno.

KoaudecTBo TEIIOTHI, BbLAEISIOUICECS] B ITPOLIECCE PeakK-
UMM, pa3jIMYHO IJIsi pa3HbIX YIieBoxopoaoB. B HedTenepepa-
GaThiBaOLIEH TPOMBILLUIEHHOCTH KOJIHYECTBO TEIUIOTH O0BIY-
HO u3MepsIoT B bputaHckux reruioBbix enuHuuax (1 BTU =
1054,8 Ox = 252 kan).

Onpedenenue. OnHa BpuTaHckas TerioBasi eAMHULIA paBHA
KOJIHYECTBY TEIUIOTHI, KOTOpoe TpeOyercsl I HarpeBaHUs
onHoro ¢yHTa Boast Ha 1°F.
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B TabGnuue npHBeAeHH TEIUIOTBOPHBIE CIIOCOGHOCTH He-
KOTOPBIX TOBAPHLIX HeTENPOLYKTOB.

Mpoayxr Bricuras
TeNIOTBOPHAsA
cnocobHocT

Ipuponnbiit ras 1000—1050 BTU/dyr.3*

Oran 66 000 BTU/rannon **

Mponan 91 600 BTU/rannon

Byran 13 300 BTU/rannon

JInctunnarHoe TOILUTHBO 140 000 BTU/rannoH

Tormmeo Ne 6 (2,5% cephi) 153 000 BTU/raxnon

Tornuso Ne 6 (0,3% cephl) 151 500 BTU/rannox

* | BTU/pyr.3 = 37,27 xx/m3
** | BTU/ramon = 28,5 k/Ix/m3

CylLUeCTBYIOT TEILIOTBOPHBIE CITOCOOHOCTH IBYX TUMOB. Tak
Ha3bIBaeMasl BHICLIAsA TEMJIOTBOPHAs! CMOCOOHOCTb MOKAa3bIBa-
€T o0lIee KOJIMYECTBO TEILIA, KOTOPOE BBLIENSIETCS B pe3ylib-
TaTe XUMUYECKOH peakuuu (TEIUIOTa CropaHus), a HM3ILas
TEIUIOTBOPHAA CINOCOOHOCTh YUMTHIBAET COCTOSTHHE BOIBI,
KOoTopas I1npH 3ToM obpa3syercd. [eno B TOM, 4TO 4acTh TeH-
JIOTBI XMMHYECKOI peaKiIMU pacXoAyeTcs Ha McTapeHHe BOIBbI.
Kpome Toro, He Bce TEILUIO MOXHO HCIONb30BaTh, TaK Kak
OHO TIPOXOIMT Yepe3 NeYb M BRIXOAUT B AbIMOBYIO TpyOy. Kak
MpaBUJIO, YeM TAXejiee TOILIMBO, TeM HUXE OTHOILUEHHE BO-
Iopolla K YIJepoly B €ro COCTaBe, M TeM MEHbILe BOIbI
oOpa3syercs Npy ero CKMraHuu. ITa CUTYAlUS HAXOAMT OTpa-
XeHHe B BEJIMYMHE TEIUIOBOTO K.M.I., KOTOPOE OlpeaeaseTcs
KaK OTHOIUEHHE MOJIE3HOH TEIUIOTH K 0011ei TeMIOTBOPHOM
CHOCOGHOCTH.

IMpoaykTt Tennosoii K.n.A.
[MpuponHwIii ra3 84
Iponan 8
JMCTHAISTHOE TOIUIMBO 88

Yronp 90
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HomorpaMMa CPABHHUTENbHON UEHHOCTH TOILJIMB

YnoGHblit cioco® cpaBHEHMS HEHHOCTH pa3HbIX HedTe-
MPOAYKTOB U HX TEIUIOTBOPHON CIOCOOHOCTH MOKAa3bIBAECT
HOMOTpaMMa, H300paxeHHass Ha pucyHke 21.1. Jta Tpey-
roJibHasi AMarpaMma MosiBUJIach BIiepBble B XypHate Oil &
GasB 1972 r., a B 1977 r. 1 3arem ewe pa3 B 1980 r. oHa Gbuta
MOIHUIIUPOBAHA B CTOPOHY YBEIMUECHHS HIKAJIBI.

Y10oOBl MOHSTH, KAaK IONB30BaTHCI 3TOU AUArpaMMoi,
NMPEATIOJIOXUM, YTO HAM HYXHO I10xo0paTh TOIUIMBO, 9KBUBA-
JIEHTHOE IT0 LieHe NMpUpoaHoMYy rasy mo 2 moj. 3a 1 muti. BTU.
CHadana o0paTuMcsi K BepTUKAIBHOM IIKaje CpaBa U Haii-
€M TOPU30HTANBHYIO JHHHIO, KOTOPas IepeceKaeT ee B ToU-
Ke 2 mon. 3ateM OyneM ABUraThes MO FOPU3OHTAIBHOMN JIMHUHK
CIIPaBa HaJIEeBO M OTMETHM IIepeceYeHUsl C BEPTHKATbHBIMH
IIKAJIJAMH, COOTBETCTBYIOIIMMH Pa3sJU4YHLIM BUIAM TOILIMBA.
IMpu sToM MbI monydum: 13,2 meHTa/TanjioH IS 3TaHa,
18,3 ueHta/rajutod Wit meHTaHa, 20,8 LIEHTOB/TALIOH M
OyTaHa U T.A.

To4yHO Tak Xe LEeHY JII00oTo TOIUTMBA MOXHO MOCTaABUTE B
COOTBETCTBHE IIEHE JIIOOOro APYroro TOIIMBA, WA YEro HyX-
HO MPOBECTH NMPAMYIO JHHHIO U3 BePLIMHBI C/IEBA Yepes OAHY
M3 BEPTUKAJIBHBIX IHKaJ O MEpecedyeHUs] ¢ APYro mKamoi
(COOTBETCTBYIOUIEH IPYTOMY TOILTHBY).

Hanpumep, eciau mnpsMasi, MpoBeleHHAas U3 BEPIIMHBI,
[epeceKaeT KAy, COOTBETCTBYIOUIYIO BBICOKOCEPHUCTOMY
Xkuakomy toruBy Ne 6, B Touke 10 moji./Gap., To MOXHO
BMIETb, YTO 3KBHBAICHTHBIMH BeJIHYHHAMH SIBAAIOTCS Oy-
pHlif yroap mo uneHe 34 mON./T, IMCTWUISTHOE TOILUIMBO MO
22 1UeHTa/Ta/UIOH, NpoMaH 1o 14 HeHTOB/Ta/UIOH U MPUPOI-
Hbli ra3 oo 1,57 mon./mun. BTU.
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Puc. 21.1. OKBHBaJIeHTHBIE LIEHHI /TS HEKOTOPHIX BUIOB YIJIEBOXO-
POIHOTO TOMNJIMBA.
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H kaxoe we omeem? ... A 8 uem mozda eonpoc?
Tepmpyda Cmaiin. «Aauca b. Toxaac, Bocnomunanus»

TJIABA 11

1. (a) Paccyuraiite obiue o6beMHbIE HOAM B IPOLEHTAX U

mocTpoiite rpaduk.
(6) B OxnaxoMcKoii MajtocepHucroii HedTH HadThl 9,7%,
a taxenass KanudopHuiickas HepTb TOJIBKO HAYMHAET
KuneTb rae-to mexnoy 125°C (260°F) u 160°C (315°F),
MO3TOMY OHA HE CONEPXHT MOJHON (pakuuu HAPTH, a
ee colepxXaHue Tonbko 4,2%.
. Tax kak motHocTh API BRIUMCAsIETCA IO 0co6oit dopmy-
Jie, HeIb3sl MPOCTO CJAOXHTH ABA YHC/IA U Pa3HeIUTh CyM-
My monosiaM. HyxHo nipeBpaTuTh IIoTHOCTH API B 0THO-
CHTeJIbHBIE TUIOTHOCTH, ITOJIyYEHHbIE BEJIMYHHBI CIOXHUTD
M pa3ieJIUTh CYMMY Ha IIBa, a 3aTeM CHOBa IIPEBpPaTHThb
pe3yabTat B INOTHOCTh API:
11° cooTBeTCTBYET OTH. TLIOoTHOCTH (,9930
50° cOOTBETCTBYET 0.7796

1,7726/2 = 0,8826,
YTO COOTBETCTBYET 28,15°.

TJIABA III

1. a. XoJoouabHHK;

6. [lepuoguyeckuii, HeNMpepbIBHAIN;

B. bapOoTaxHBplii KOJInavox;

r. Bap6oTaXHBIMH KOJNMAYKAMH, CIUBHBIMH CTAKAaHAMH;
I. Touka BBIKUNIAHHS ... ¢ TOUKOH HaYaja KUIICHHS;

€. YMeHbIIIaeTcs;

X. YMEHbIIAETCH, YBEIMYHBACTCS.
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2. 3ry 3afa4y MOXHO peLIMTb HECKOJIBKMMHM criocobamu. JIns
ynpolleHUs Bol Moxceme NpeacTaBUTh KPUBYIO Pa3rOHKH
HabopoM NMpSIMBIX, MOKa3bIBAIOLIUX 3aBUCHUMOCTb TPaHHIL
KUNEHUs Ppakiimii oT 06beMHBIX ITPOLIEHTOB.

3aTeM cocTaBbTe OOIUYI0 KPMBYIO pPa3srOHKHM, paccyuTaB
obuit 06peM KaXxaoro NoroHa M3 ABYX HedTeil.

O6beM
THII 45°C (113°F) 31,5
45—125°C (113—260°F) 25,8
125—160°C (260—315°F) 35,1
160—260°C (315—500°F) 21,5
260—400°C (500—750°F) 37,6
400—540°C (750—1000°F) 20,0
Bbie 540°C (1000°F) _28.5

200,0

Crneayiowyii iIar MOXHO cIenath Jubo ¢ moMollublo ajl-
re6pel, 160 H306pasHB KPUBYIO Pa3rOHKH B BHIE rpaduka.
AnreGpanyecKuii MeTon BKIIOYAET CJEAYIOLIUE ONepalyH.
THII nn1s dpakuum jerkoro nmpaMOroHHoro rasoiinst 275°C
(525°F). 3HauuT, HekoTopas yactb noroHa 260—400°C (500—
750°F) nonagaet Bo ¢ppakiinio peaKkTUBHOro Toruinba. Kakas
nmeHHo? O6o3HaYuM ee yepes X. Toraa:

(525 — 500)/(750 — 500) = X/37,6,
X = 37.6.
310 03HayaeT, 4To noroH 525—750°F comepxur
37,6 — 3,76 = 33,84 Tbic. 6ap./cyT.

Hawm TpebyeTcs monyduTh Toa6K0 20 ThIC. 6ap./cyT, HAYH-
Has ¢ 525°F. Ilycrp Y KoHeyHas Touka. Torga

(Y — 525)/(750 — 525) = 20/33,84,
Y = 658°F.
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TJIABA IV
1. a. IleperoHkn, KpeKMHra;
6. Huxe;
B. Bblue;

r. Jlerkuii BAKYyMHBII TUCTHIUTAT, TAXENbIA BaKyyM-
HBlil TMUCTHJUIAT, OCTATOK BAKYyMHOM IMEPEroHKH;
I. TToBBICHTD, TOHU3UTB.

2. a. Uto6sl moayuuTh 35 THIC. 6ap./CyT ocTaTKa BaKyyMHOMR
TeperoHKH, Halo HAYaTh C CAMOMI «TSXeJIOH» YacTH KpH-
BOIi MeperoHKH W OBHratbcsa BBepX. B 3amaue 2 rmasel 111
o6beM ¢pakiiun «Bbiniie 1000°F» coctapasut 28,5 ThIC.
Gap./cyr. Bce 3T0 BellecTBO mNMomageT B OCTATOK.
Ecnu npubaButh K 3TOMy noroH 750—1000°F (20 muH.
6ap./cyT), To MOTpeOHOCTH OYyAyT YIOBJIETBOPEHBI C M3-
6BITKOM (HyXHo 35,0 — 28,5 = 6,5 ThIC. 6ap./cyT). IIpoBe-
JIeM pacyer.

ITycts X — TeMmepaTypa Hayajia KMIIEHUS OCTaTKa (KOTOPYIO

MOXHO Ha3BaTb TaKXe TEMIIEPaTypoOil BBIKHIIAHHMS JIETKOM

dpakuuu WIKM TeMrepaTtypoil B BaKyyMHoO#t pekTuduUKalM-

OHHoOM KosioHHe). Torna

(1000 — X)/(1000 — 750) = 6,5/20,
orciona X = 918,75°F.

6. Jlerkas ¢pakuus BAKyyMHOI IeperoHKH 00pa3yeTcs U3
roroHa 750—1000°F, ee rpauuier kuneHus 800—918,75°F.
Ilycts Y — 006BeM 3TOM ppakuuu.

Torna

Y/20 = (918,75 — 800)/(1000 — 750),
Y =9,5 1oIC. 6ap./cyT.

TVIABA V

1. Kak 661 Bel HM crpownu Monekyny CiHg, Bce paBHO Tpu
aToMa yrjiepoia COeOUHSATCS TeM Xe CaMbIM 00pa3oM: K
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JABYM M3 HUX OyJeT NpUCOEAUHEHO 10 TPH aTOMA BOAOPO-
Ja U OJHH aToOM Yriepoja, a Tpetuil Oymer cBsi3aH ¢
OBYMsI aTOMaMH YIJiepoJa M JBYMs aTOMaMM BOIOpOIA.
B03MOXHOCTb HAPUCOBATh MOJIEKYNTY He JIMHEITHOi, a Tak,
4TOOBI OMH U3 YIJIEPOAHBIX aTOMOB HaXOOWJICS TOJ Mps-
MBIM YIJIOM K COCEJHEMY, He O3HA4aeT, YTO B IEHCTBH-
TEJNBHOCTH 3TO KaKasg-TO ApYrasi MOJIEKyJa.

2. JInst uzo6yTaHa BO3MOXHA TONBKO ONHA CTPYKTypa C OT-
BETBJIECHHEM B LIEHTpE LIEMOYKH U3 TPEX YINIEPOAHBIX aTO-
MOB.

H
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o I"(")—I
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I I—Cl)—"I
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._.IC f—
H
H306yTaH

Y HOpPMAaJILHOIO NEHTaHa ecTh ABA U3oMepa. B Monexyne
U30MEHTAHA OJHUH U3 aTOMOB yIJIEpolla NPUCOEIUHEH K Ol-
HOMY M3 IBYX BHYTPEHHHUX aTOMOB LIEIIOYKM, COCTOSIIEH U3
yeTblpeX aToMoB. K KakoMy MMEHHO, He MMeeT 3HAYeHHS.
OTH IBa MOJOXEHUS CUMMETPUYHEBI, YTO CTAHOBUTCS SICHO,
€CJIM epeBEPHYTh MOJIEKYNy Apyroii cropoHoii. Bropoit u3o-
MEp, HEONEeHTaH, COCTOMT M3 YeThIpeX aTOMOB Yrjiepona,
NPUCOECIUHEHHBIX K IISITOMY aTroMy.

H
H HHH H—C—H
[ H H

W | oH H—C— lc C—H

H—C—H H H
| H—C—H

H ]

H
H3oneHran Heonenran

H3omep SyTrneHa yno6Ho n3o0pa3utp Koco. Teneps sCHO,
YTO OH OCTaHETCS TeM Xe, KaK Obl BbI €ro HU MOBOPaYHUBAIH.
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3. TMapadunsl, onedunbl, HaQTEHH H APOMATHKA.
4. Tpu MoneKyAbl KCHJIOJNA HAa3bIBalOTCS napa-, mema- |
0pMo-KCWION ¥ OTIIMYAIOTCS MECTOM MPHCOEAUHEHUS Me-

TWIBHBIX PaTUKaJIOB.
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5. B Monexye Tolyoaa TOJBKO OAMH METHJIBHBIA pamuKal,
d [TO3TOMY He MMeET 3HaYeHUs, K KAKOMY HMEHHO aToMY
G€H30JILHOTO KOJIblIa OH MPHCOEAMHEH, TAK KaK KOJBLIO

CHUMMCTPHUYHO.

TJIABA VI

1. a. KatanusaTop... yIIeBOROPOL;
6. Kokc (1w yraepon)... po3ayx... CO... CO,;
B. TsDKesble IPSIMOTOHHEIE PpaKinH... GEH3MH;
r. ATMocdepHOii H BaKyyMHOIl TeperoHKH ChIpoii HeTH;
I. OneduHBI;
¢. PeunpKymMpylolyii ra3oiUlp... peUMPKYJIHPYET 10 YHUY-
TOXEHHS.

2. Ha ocHoBaHHMH BOHpPOCa O BAKYYMHOM ITEpETOHKE: pa3Mep
Jerkoii dpakuuu BaKyyMHoit rieperoiku (800—918,75°F)
9,5 Thic. 6ap./cyr. I'panuaMi GpaKLMH TIKEJIOrO IIPAMO-
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TOHHOTO rasoiUrs 6yayt To4ka BBIKUITAHMS JIETKOTO Mps-
MOroHHoro razoins 658°F (3ra BenuuMHa O6bUla HaitmeHa
B 3amave Kk rnase III) ¥ Touka Hayaja KUMEHUS IPSIMO-
rodHoro octatka 800°F. IIpotuBHy10 paboTy No BBEIMKCIE-
HHI0 o6beMa 3Toro moroHa (658—800°F) HyxHo mpoxe-
JIaTh CAEAYIOUIUM OOpa3oM.

06BeM Ppakuuu 500—750°F cocrasnser 37,6
(3amaya u3 ra. III).

O6beM Ppakunu 500—525°F cocrasnger 3,76
(3amaya u3 . III).

O61veM dpakuuu 525—658°F cocrapnser 20,0
(3amava u3 ru. III).

ITosToMy 06beM dpakiun 658—750°F paseH
37,6 — 20 — 3,76 = 13,84.

Janee, oopeM ¢pakuum 750—1000°F paBen 20,0 (3amaya us
ra. II1), a ppaxumu 800—1000°F pasen 16,0 (3amaya u3 or. IV).
TaxkuM 06pa3oM, MBI HAXOJHM:

06neM dpakiuyn 750—800°F cocrasnser 4,0.

HaxkoHnell, 06peM IIpAIMOTOHHOTO TSLXKEJIOro rasoins (658—
800°F) paBen

13,84 + 4,0 = 17,84.

BbIxon JIerKoro KpeKMHI-rasoiiyia coctabinsieT 12%; chipb-
€M KATUTMTHYECKOr0 KpEeKHHTa SIBISIETCS TSKEJbIH MpSIMO-
TOHHBIH ra3oiiyib U Jerkas Pppakius BAKYyMHOMN MMEpPEroHKH,
3HAYUT, 00BEM JIETKOTO KPEKMHI-Ta30iiis paBeH

0,12 x (17,84 + 9,5) = 3,28 TeIC. Bap./cyT.

3. (1) IloHHM3UTh TOYKY Havaa KHIeHHA WIH (2) TTOBBICHTh
TOYKY BHIKHITAHHS JIETKOrO KpeKHHr-rasoiiis; (3) ysenu-
YUTh KOJHMYECTBO CHIpbSI, IIOCTYIMAIOLIETO0 HA YCTAHOBKY
KATaJTHTHYECKOTO KpeKHHIa, 3a CYeT YBeJIHIEHUS] CKOPOC~
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TH TIONAYM CBHIpbSI B PEKTUDHKALHOHHYIO KOJOHHY A
chipoif HepTH WiIH (4) 33 cUeT U3MEHEHMS I'PaHHL TSXe-
JIOTO MPAMOTOHHOTO ra3oiig U Jerkoi ppakiluu BaKyyM-
HOi TeperoHKH; (5) yBeJIMUHTh 00BEM pPELHPKYJATA 34
CYET MOHMXEHUS TOYKH BBIKUMIAHMS TSKEJIOTO KPEKHHI-
rasoivis; (6) H3MEeHHUTh peXUM paboThl peakTopa Karanu-
THYeCKOro KpekuHra wiv (7) pereHeparopa, YTO H3Me-
HUT BBIXOMIBI IPOXYKTOB KPEKHHIA.

TJIABA VII

1. a. HachellieHHOTO rasa... KpeKHHI-Ta3a;
6. Tolee Macito... XMPHOE MAacJo;
B. 'yOuyatoe macno.

2. Metan — TomuBo Ay HedTenepepabaThIBAIOILETO 3aBO-
na;
3TaH — TOIUIMBO Ui HedTenepepabaThIBAIOIIETO 3aBOHA
HWJIH XMMHUYECKOE CBIPbE;
MpoIaH — TOBAPHOE TOIUIMBO WIM XMMUYECKOE ChIpbe;
H-ByraH — KoMIayHAUpOBaHUE ABTOMOOHIBHOrO GeH3M-
Ha,
n300yTaH — ChbIpbe ISl AIKHWJIMPOBAHMS;
MpOoNueH — aJKWIUpPOBAHHUE;
OyTHIeH — aNKHJIUPOBaHME,
3THJIEH — TOIUTHBO s HedTenepepabaThIBaIOILEro 3aBO-
1A WIM XUMHYECKOE ChIPbE;
BOIOPOI — THMIPOOYMUCTKA.

3. OnuH U3 H-OYTHJIEHOB M U300YTHJIEH KHIIAT IpH Gosee
HHM3KOH TeMIieparype, 4yeM H-OyTaH, a IBa APYTHUX HOp-
MaJIbHBIX OyTHJIEHA KMIIAT MpU GoJjiee BHICOKOH TeMIepa-
Type. Takum oOpa3oM OYTUIEHBI OTAECNAAIOTCS APYT OT APY-
ra U ot H-6yTaHa.

Juarpamma 1 MoKa3biBaeT yCTpOMCTBO peKTHhHUKAHHOH-
HOI KOJIOHHBI, TIPUTOXHOMN IS 3TOH LEMH. DTO TOJNBKO
ONMH U3 BAPHMAHTOB, BO3MOXHO HECKOJIbKO pyrux. Bax-
HO IMOHMMATh, KaKHe BELIECTBA OKAa3bIBAIOTCA BEPXHUMH
¢dbpakiusiMH, a KaKHe HET.

4. narpamma 2.
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Jnarpamma 1. PektdukaunoHHas KOJOHHA LI pa3fieficHUs rasos
KPEKHHra.

TJIABA VIII

1. a. KpekuHry;
6. CepHas kucnora 1160 GToprCTOBOBOPORHAS KHCIIOTA,
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Y T'g?' L3 Jlerkui KpeKMHr-ra3oiib

KPEKHMHT Taxenblit KPEKMHI-Ia30/i1b

Bakyym-| Jlerxas ¢paxk-
| Has re- | WA BaKyyMHoi

OcraTrok TepEroHKu
PEeroHkKa
NEPEroHKn

Taxenas ¢ppakuns BaKyyMHOI NMeperoHKH

JInarpamma 2. [leperoHka cbipoit HedTH, BaKyyMHas NMeperoHka,
KaTATUTUYECKHI KPEKUHT U ra3odpaklIMOHUPOBaHHE.

B. XOMOOMABHBINM anmapar, peakrop, y3ea oTaedeHUs Kuc-
JIOTHI, y3e1 IUeTOYHOM MPOMBIBKH U PEKTHPHKALIMOHHBIE

KOJIOHHBI;
r. M3orentaHa U M300KTaHa,
1. OKTaHOBOTO YHCJA ... JaBJeHHUS HACHIIIEHHOTO Mapa ...

KOMITIOHEHT OEH3MHA.
2. Konnyecrso uso-C, nnst C3 paBHO

3000 x 0,25 x 1,6 = 1200 Gap./cyT,

a g Cy
3000 x 0,30 x 1,2 = 1080 6ap./cyT,

Bcero 1080 + 1200 = 2280 Gap./cyT.

Tenepp HyXxHO BbiuecTb M300yTaH (300 6ap./cyT), KoTO-
pBIif yXe TIPUCYTCTBYET B ChIpbe.
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Orget: 1980 6ap./cyT.
MarepuanbHblit 6anaHc:
450 C, C; 675
750 Gy~ AJIKU- !
300 n30-C, JIUPO- | H-C, 690
600 H-C, BAHHUE
900 C,~ Ankmiar 2880
I I B
1980 Gap./cyT. u30-C,4 ¢ [DY HacbilleHHOTO rasa
Beixozbr:
Co, (3000 x 0,15) + (3000 x 0,25 x 0,3)= 675 Gap./cyT.
C, (3000 x 0,20) + (3000 x 0,30 x 0,1)= 690 6ap./cyr.
Anxunar (3000 x 0,25 x 1,8) + (3000 x 0,30 x 1,7) =
= 2880 6ap./cyT.
Coippe : 4980 6ap./cyT.
INpoaykr : 4245 6ap./cyT.
TJIABA IX
1. a. OKTaHOBOroO 4YHUCJa;
6. [LnatuHa;
B. ApOMAaTHKH,;
r. Bomopon;

. MeTaH, 3TaH, mpomnaH 4 OyTaHbI;
e. Bomoponowm;

X. Bpixoma... OKTaHOBOIO YHCIA... yrjieBOOOPOAHBIC Ta3bl

(C4).
2. Bbixobl NMpooyKTOB pacCYHTHIBAIOTCS CIEAYIOLIMM 0Opa3oM
U3 rpaduka: o491 O4Y95S OvY 100
Boixon pudopmara, 06. % 88,0 84,7 75,0
Brixon razos C4~, 06. % 8,7 10,4 25,2
Ilena pudopmara, neHros 3a ramion  100,0 104,0 109,0
LleHa raszos C,~, LIEHTOB 3a ra/UIOH 50,0 50,0 50,0
O6uiasa ueHa pudopmara 8800,0  8800,8 8175,0
O6uias uena C,~ 4350 525.0 1260.0
BCETO 9235,0 9333,8 9435,0




210 MNepepaboTtka HedTH

MoxHo BHAETb, YTO NPH TMOBBIIIEHUN OKTAHOBOTO YMCJIA
pudopMara ob11ast CTOUMOCTDb MTPOAYKIIMH TOBBIIUAETCS, XOTS
U HEe3HAYUTENbHO, HECMOTPSA Ha NMaleHHe ero Bhixoaa. TakuMm
00pa3oM, ecTh CMBIC/ YCTaHaBIUBATh Gojiee XEeCTKHI peXHM.

3. IIpespanieHue napacduHoB B u3onapaduHsl
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IpeppaiteHue HahTEHOB B apOMATUKY

H
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Kpexunr HadpreHOB ¢ 0OpasoBaHueM OyTaHOB U OoJiee yer-
KHUX TIPOAYKTOB
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LukinorekcaH Byran MeraH

OTphIB GOKOBBIX liENeEil OT apOMAaTHKHU
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v B

. IInatuHa miioc pUPOPMUHT HaeT MIaThOPMUHT.
. Anarpamma 3.
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5[ Tax rasoiuns Karann- Cy4/C4™ JHpoO- _‘A.Il-
= 1;':;%; -1 Kpekunr-Gensun | BAHHC | 1 pna0
KPeKUHT| | Jlerkuit KpeKUHT-ra3oitnb

I Baxyya Jerkas ¢pax- | Taxesslit KpeKHHI-ra30ilib

g BakyyMHolt
OcraTok

NEPErOHKK
NEeperoHku

Tsixenass ppakuus BaKyyMHO# NneperoHKH

Juarpamma 3. CxeMa nepepaGoTky HedTH, BKIIOYAIOLIAA KaTalik-
TUYECKHI1 pUDOPMHUHT

TIABA X

I a. Karanmuzarop;
6. Kokca u ocratka;
B. OxJIaXIAIOT HOTOKOM PELIUPKYJIATA;
r. HarpesaloT, moka oHO He 3aKOKCYeTCsl;
I. Huskoe;
¢. I'yGyaThlif M1 MroNBYATHIA KOKC;
x. Kpekunr-raza... oneduHsi;
3. Ileyb, peKTHIUKAUUOHHAS KOJNOHHA M PeakTop... 6a-
pabaH.
2. Brixonx KOKca COCTaBJIsIeT:

(35000 x 350 x 0,30)/2000 = 1837,5 TOHH B CYTKH

3. duarpamma 4.
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2| Tax_rasoitns Karann- Cy/Cy~ MMPO- 11
= THICC- LK, 6 ; | BaHHe
Kuit PEKMHI-6€H3HH KuaaTt
KPeKHHT| [Jlerkuit KpeKHHI-ra3oitb
Jlerxas dpak- | IPPKE/bIA KPEKUHT-ra3oib
Bakyym —
ung BaxyymHo
OcCTaToK :ea:o:e- TIEPErOHKH
MeperoHkKu C,
Tsxenas Tepm ‘ g:‘/ ((;:3
dpakums Kpe- E_
BaKyYMHO#M KHHT BeH3uH TepM  KpekHHra
NEPEroHKH Jlerknit razoiib TepM KpeKMHra
TsXE/biA ra3oiIb TEpM KpeKHHTa
OCTaToK TepM KpeKuHra

JInarpamma 4. [lononHeHue cxeMbl fnepepaboTky HePTH ycTaHOB-
KO#l TEpMHYECKOTO KPEKHHTa

T'JIABA XI
1.
Fuopokpekunr  Katanutnuyeckuii TepMuueckuit
KPEKMHT KPEKHHT
Cripbe Ta3oitno Taxenntit Tsxenplii rasoitnp
TIpAMOTOHHBIH KaT KpeKHHra,
rasoiab OCTaTOK
BaKyyMHOM
NEePEeroOHKHU
JBuxyias Karanusatop, Karanu3satop Harpesanue
cHna BOIOPOA
npolecca
IMponykrH IMapadunsbi, Hadrtensi, TapaduHsi,
MpOAYKTHI ojiepHHbI, HadTeHbl,
apoMaTHKa apoMaTHKa,

onepuHb
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HOuarpamma 5. TexHojormdeckass cxeMa nepepaGoTKH HedTH, HIO-
MOJIHEHHAs1 YCTAHOBKOW T'MAPOKPEKMUHTA.
1 — OeH3UH TepM. KPEKHHra;
2 — JIeTKUIA Ta30i/Ib TepM. KPEKHHTa;
3 — TAXEJbIH ra3oiiib TepM. KPEKHHTa;
4 — OCTaTOK TepM. KpeKHHTa.

2. Ta30ii1b KaTAIUTUYECKOrO KPEKUHTA SIBJISIETCS XOPOLIUM
ChipbeM IJISi THUAPOKPEKHHIA, a MPOAYKT MMAPOKPEKMHIa
ABJISETCA XOPOIIMM ChIpbeM It pUdOpPMHUHTa.

3. Huarpamma 3.
TJIABA XII

1. ﬂaeﬂenue HACHIUWEHHbIX napoé — 3TO HABJICHUEC Hal XWI-
KOCTbIO, KOTOPO€ HCOGXO.ZII/IMO, 4YTOOBI XHUIKOCTh HE HC-

napsiach.

JITP o3HayaeT AaBjieHHE HACBHIIEHHBIX MapoB o Peitny. 3to
YUCJAEHHBIH pe3yJbTAaT U3MEPEHHS 3TOH BEJIUYHMHBI METO-

noM Peiina.
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Pabouuii x00 — 370 ABHXXEHHE MOPIIHA BHU3 MOC/E BOCIIa-
MEeHEHHst TOILJIMBA.

Ilapoeas npobka — 3T0 ABjieHWe, MPU KOTOpoM GeH30Hacoc
MOJAeT HEMOCTATOYHOE KOMUYECTBO OeH3MHA, TAK KaK He
MOXET NepeKaynuBaTh MapOXUIKHE CMECH.

Komnonenm, yeeauvuearowuii daeaenue HACbIEHHO20 NApa, —
3TO yriieBonopoll, (00bIMHO H-OyTaH), KOTOPBIM HUCIOJIb3YeT-
cs1, YToOBI CAEATh STOT MOKa3aTe/ib 6eH3MHA TIPHUEMIIEMBIM.

,ZIemouauuﬂ — 9TO BOCIUIAME€HeHHe OeH3MHa B HHJIUHIpE
PaHbIUEC BPEMCHH BO BpEMA XOOa CXKATHS.

Cmenens cocamus — 370 OTHOIllieHHe o0beMa LIWIMHIAPA B
HHXHEH TOuKe XOAa MOpPLIHS K 00beMy B BEpXHEH TOUKE.

HOY u MOY — 3T0 OKTaHOBHIE YHCJia OEH3WHA, U3MEPEH-
Hble B YCIOBHSX, MOIETHUPYIOIINX HU3KHE HArpy3KH MpH
OBUXEHUU (M3MEpEHWE HCCAENOBATENHCKHM METOHOM) H
BBICOKHE HArpy3Ku (M3MepeHHe MOTOPHBIM METOIOM) CO-
OTBETCTBEHHO.

Imunupoeannvii 6en3un — 310 6eH3UH, B KOTOPHIH HJ0o0GaBieH
TETPAa3TWICBUHEL (WM TETPAMETHJICBUHEL]) IJISI IOBBI-
LIeHUS OKTAHOBOIO YMCJIA.

Tlosviuenue okmanogoeo uucaa — 370 peaknus GeH3WHA Ha
noOaBieHe TETPA3TUICBUHIIA, OIlpene/sieMasi H3MEPEHHM -
eMm MOY unu UOY.

2.

O6vem AINIP HOY— HOY—

(6ap.) 0,0 3,17
IIpAMOTrOHHRI GEeH3UH 2730 11,1 66,4 83,5
Pudopmar 2 490 2,8 94,0 100,8
Tsixennlit HpoAyKT

THIPOKPEKHHTa 6 100 1,7 79,0 92,2
KpekuHr-6eH3uH 3 600 44 92.3 95.8
Bcero 14 920 4,25
H-ByTraH X 52,0 93,0 102,5
14290 x 4,25 + 52,0 X = 12,5 (14290 + X)
X = 3116

CMech, BKIOYasg OyTdH 18 036 12,5 84,2 94.6
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Otnoxus uncia 84,2 U 94,6 Ha nuarpaMMe, NOKa3bIBaIO-
IUEH 3aBHCMMOCTh OKTaHOBOTO YHCIa OT comepxaHua TOC
(anarpamMMma 6), Mbl NMOJNYYHM HEOGXOAMMOE KOMHMYECTBO
T3C, paBHoe 4,8 r/rajuioH, YTO INpEBHIILIAET MAKCHMAIbHO
JOMYCTHMOE KOJHYECTBO, COIJIACHO HOpPMaM MO 3allUTe
oKpyXaouueii cpeast (3,17 r/rauioH).

Ecnu Tsxenbiii MpOAYKT FMAPOKPEKMHIA CHAaYajla Hampa-
BHTh Ha PH(POPMHHT, TO BMECTO HH3KOOKTAHOBOIO KOMITO-
HeHTa 6eH31HAa Mbl MOJIYYHMM BBICOKOOKTAHOBBIf KOMIOHEHT.
[IpuHUMaa BbIXod paBHBIM 85%, MOMy4UM, uYTO OOLIUIA
06beM pudopmara cocTaBuT 7 675.

O6vem NP HNOY— HNOY—

(6ap.) 0,0 3,17
IIpaMoroHHslit 6eH3HH 2730 11,1 66,4 83,5
Pudopmar 7675 2,8 94,0 100,8
KpekHHr-0eH3HH 3600 44 92,3 95,8
Bcero 14 005 4,83
H-ByTtan X 52,0 93,0 102,5

14005 x 4,83 + 52,0 X = 12,5 (14005 + X)
X =2719

CMech, BKIIoYass GyTaH 16 724 12,5 89,0 97,2

s Takoro BapuaHTa cMecH Tpebyercs TOMBKO 2,2 rpam-
Ma TOC Ha rawton (mo auarpamMme 6), a 5T0 HHXe MAaKCH-
MaJIbHO JIONYCTUMOI KOHLIEHTPALIMH,

TJIABA XV
Tuapo- 3kcrpakuus INMpoussoactBo KoHBepcHst MeTaHa
OYHMCTKA ODA no Knayccy ¢ BOASHBIM Napom

H,S I C I C, B —_

S — — I —

Cco — — — B

CO, — — — B

CH,4 - — — C I

H, C — — I1

02 — — C —

SOz — — B, II —

IT — npoaykrt, C — cbipbe, B — BHYTpeHRHHUI MOTOK.
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JIuarpamma 6. JlnarpaMMbl MOBBILICHHA OKTAHOBOTO YHC/A.
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TJIABA XVIII

1. Dran: 1 X x 109/(0,77 x 3,2 x 42 x 365) =

= 26 TbIC. Oap./cyT.
IMponau: 50 Teic. Gap./cyT.
Hadra: 44 1HIC. Gap./cyT.
I'azoitnb: 50 ThIC. Gap./cyT.

2. Ilycre X — xonnyectBo ceipbsa (cMecu 70/30) B Gap./cyT.
Yto6bl monyunth S00 MJIH. HYHTOB 3THIIEHA, KOJIUYECTBO
CBHIpbsI ZOIXHO OBbITH CIEAYIOLINM.

PaccuuTaeM cpenHeBeCOBOM BBIXOJ STHJIEHA M3 3TaHA U
npomnaHa. Brixon 3TwjieHAa M3 3TaHA PaBeH MPOU3BEAECHHIO
X Ha MpolieHTHOE coliepXaHUe 3TaHA4, Ha TIOTHOCTh 3TaHa
(B ¢yHTaX Ha raJuIoH), Ha BBIXOMA 3THJIEHA M3 3TaHa, Ha 42
(Xo/IM4YecTBO TraJUTOHOB B 6appene) v Ha 365 (4ucio nHei B
roxy). 3ateM HamIo MpoAeaTh aHAIOrMYHbie AEHCTBHSI, YTO-
OBl y3HaTH BBIXOJ STH/IEHA W3 MpPOIaHa:

U3 3taHa (X x0,7 x32x0,77 x 42 x 365) +
W3 nponaxa + (X % 0,30 X 4,24 x 0,40 x 42 x 365) =
DTHiEH = 500 x 106

Orciona X = 14,6 ThIC. Gap./cyT.

Tenepb pacCyuTacM KOJINYCCTBO NMPOU3IBECOACHHOIO Mponu-
J€Ha

H3 atana (14,6 x 0,7 x 3,2 x 42 x 365 x 0,1) +
H3 nponana + (14,6 X 0,3 x 4,24 x 42 x 365 x 0,18) =
Mponunex = 56,5 x 104
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Yrobsl y3HaTh, CKOJABKO 3TaHAa M MPOMAHA cieayeT MMof-
BEPrHYTb KpeKHHry, 4ToObl npou3BoguTh 500 mMiH. ¢dyHTOB
3TWJIEHA, HO NpH 3TOM TosibKo 20 MJIH. PyHTOB mponuiena,
HAlo COCTaBHUTh CUCTEMY YPABHEHHUIA.

[Tycth X — KOMM4YECTBO 3TaHa B Chlpbe, Gap./cyT.

Y — KoJjiM4ecTBO NpolaHa B cbipbe, 6ap./cyT.

OTHaen:

500 X x 106 =
U3 3rana = (Y % 3,2 x 42 x 365 x 0,77) +
M3 npomnana + (Z % 4,24 x 42 x 365 x 0,40)
IMponnaen:

20X x 10* =
H3 3tana = (Y X 3,2 x 42 x 365 x 0,01) +
W3 nponaxa + (Z % 4,24 x 42 x 365 x 0,18)

500 X x 106
20 X x 104

Y = 12,4 Thic. Gap./cyT. 3TaHa M
Z = 1,2 ThIC. Gap./cyT. nponaHa

Bcero 13,6 Thic. 6ap./cyT. cMecu 3TaHa M mponaHa 91/9.

37773Y + 26000 Z
490Y + 11700 Z
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Ecmp m100u, komopue deaaiom 6ud, wmo usymuau KHuzy, 6cezo
Auus npocmompes npedMemHuiii ykazamens, Xoma 3mo mo
dce camoe, Kak ecau Gui nymeuieCmeeH UK NPUHAACA ONUCH-
eamb eHympenHuii 6u0 deopya, nocmose nepegd ezo 8x000M.

Jxconaman Ceupm. «Texnuxa cmumyasyuu yma»

KprHBOM BbIACJICHBI CTPAHHU1IBI, TAC 3HAYCHHE TCPMHUHA 00bsc-

HACTCA.

A6copbep (absorber) 68, 70 ca.
Abcopbums (absorption) 68,
70 ca., 193
ABTOMOGUIBHBINH GeH3HH CM. GeH-
3HH
Axncop6buus (adsorption) 193
A3ot (nitrogen) 48, 153
Ankunart (alkylate) 80 u ca.
Anxunuposanue (alkylation) 62,
74, 80 u ca., 108, 161
ApoMaTHKa (aromatlcs) 53 u ca.,
57, 89 cn., 96, 139, 165ucn.
AcdanbTeH (asphaltene) 143 ca.
bap6oTaxHbiil Konmayok (bubble
cap) 31 u ca., 35
bensuH (gasoline) 19, 22, 61, 62,
74, 88, 101, 107, 113 cn.,
117 cn., 171
KPEKHUHI-6eH3MH (cat cracked
gasoline) 61 cn., 65, 116
NUpONU3HbIA (pyrolysis) 155
MpAMOTOHHBIN (straight run)
38, 56, 116
C YCTaHOBKH T'HIPOKPEKHHIa
(hydrocracked) 117 cn.
C YCTAaHOBKH KOKCOBaHMS
(coker) 102, 117 ca.
benzon (benzene) 53, 96, 165
Butym (asphalt) 46, 143 ca.
Bokosbie oTBoab (side draws) 33
BpuTaHckas TepMHYecKasl eqMHHLIA
(British Thermal Unit, BTU)
196 u ca.
Bytamuen (butadiene) 174

ByraHa H3oMepH3auns (butane
isomerization) 119, 161—163ca.
Cm. maxce noMmepusauus Gy-
TaHa

Byranbl (butanes) 18, 50, 62, 69,
74, 81 ca., 161, 162, 164, 171

Byrunen (butylene) 53, 62, 69,
75, 81 cn., 171

mpem-BytunoBbiit cniupt Cx. TBC

BakyymHasi neperoska (vacuum
flashing) 41 cn, 44 ca.. 57,
70, 98, 144

BaneutHocth (valence) 49 ca., 52

Bepxuuit noron (light ends) 38,
62

BucbpexuHr (visbreaking) 104

Bona (water) 16, 131, 147

Bomopon (hydrogen) 48, 52, 57,
62, 69, 75 cn., 107 cn., 152,
155 e,

BoaopoaHklit KOHLIEHTpaT
(hydrogen concentrate) 76

Bpemst npeGbIBaHUA B peakTope
(residence time) 85

Baskoctb (viscosity) 149

Tasoseiit 6eH3MH (natural gas
liquids) 191 ca.

lazoitne (gas oil) 19 cn., 62, 103,
107, 111, 140, 170 cn.
NpAMOToHHbIR (Straight run) 57
C YCTaHOBKH KOKCOBaHHs

(coker) 103, 111
lasokoHzeHcaT (condensate)
191 ca.

I'unpupoanune (hydrogena-

tion) 109
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TuapokpekuHr (hydrocracking)
75, 107 ca., 134, 156, 161
Iuapoounctka (hydrotreating) 38,

76, 152 ca.
T'nybokoe oxnaxneHue (cryogenic)
193
Ipanuubt KuneHus Cu. Temnepary-
pa KHNeHust
dpakuuii (cut points) 19,
35 ¢n., 62
T'y6uatoe Mmacno (sponge oil) 68,

T®Y (gas plant) 62, 68 ca., 93,
193

Hasnenue napoB o Peitny
(Reid vapor pressure) 115 ca.
Hetonauus (knocking) 119 ca.
Juen (diolefin) 155, 174
JusensHoe tomnuso (diesel fuel)
138 ca.
JnzenbHbiii apuratens (diesel)
137 ca.
Jnokcua cepbl (sulfur dioxide) 158
HMuokcun yrnepoga (carbon
dioxide) 59 cn., 157, 196
JuctunsatHoe Tormso (distillate
fuel) 62, 137 ca.
JIMCTHNNATHBIIA pacTBOp OMTyMa
(cutbacks) 144, 146 ca.
BI' (RC) 147
Cr (MC) 147
Junstanonamuu (diethanolamine)
158
JITP Cm. paBnenne napos no Peii-
Ry, RVP
JDA Cm. au3TaHONAMHH
Eaokuit Hatp (caustic soda) 83
XKupnoe macno (fat oil) 68 ca.
H3o6ytan (isobutane) 51, 62, 71,
72, 74, 81 cn., 85, 111, 119,
161 cn.
H3oMmepusauns (isomerization)
161 cn.
H3omepusauus O6yraHa (butane
isomerization) 161, 162, 164
H3sonapadpun (isoparaffin) 51
H3onenrtan (isopentane) 51
HOY Cm. oKTaHOBOE YHCIIO MO HC-
CNeaoBaTEeNIbCKOMY METONY

Kartanusatop (catalyst) 56 u ca.,
82, 88 ca., 108, 153

Karanutuueckuit pudopmuHr (cat
reforming) 89 ca., 111, 112,
134

Kepocun (kerosene) 19, 20, 21,
38, 111, 142, 154, 167

Kucnopoa (oxygen) 48, 146

Kucnopoaconepxaiiue go6aBKu
(oxygenates) 128, 132

Kiaycca ycrtaHoBka (Claus unit)
159 .

Kokc (coke) 57, 58, 100 cn.,
104, 107
rybuarsrit (sponge) 104
uroapuateiit (needle) 104

KoxcoBanue (coking) 700 ca.

Kokcosblit 6apaban (coke drum)
101

KoMnayHuaupoBaHue GeH3HHa
(gasoline blending) 113 ca.

KoHBepcHs MeTaHa ¢ BOASHBIM
napoM (steam methane
reforming) 76, 156 ca.

KoHlleHTpaT apoMaTHKH (aromatics
concentrate) 168

KpexuHr (cracking) 27, 41, 170
KaTaJIMTHYeCcKHit (cat 56 ca.,

107, 152

Tepmuyeckuit (thermal) 98 ca.

KpexuHr-razoitnb (cat cracked gas
oil) 111

KpuBas pasroHkn (distillation
curve) 16 ca., 25, 28 ca., 41

Kcumon (xylene) 54, 96, 165

Kysummner (jugs) 77, 78

Jlerkasi pakuus BaKkyyMHOH mepe-
rouky (flasher tops) 45 ca., 57

MakcuManbHasi BBICOTa HEKOIITSA -
uiero miaMeHH (smoke point)
155, 165

Mertamnb (metals) 153

Meran (methane) 49, 55, 58, 68
ch., 76, 156

MeTaHa KOHBEPCHS C BOMSTHBIM
napoM Cu. KOHBEpPCHSI METaHa
C BOOSIHBIM MapoM

MetaHupoBaHue (methanation)157

MeraHon (methanol) 99 ca.
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Metun-mpem-6yTuiaoBblit 3¢up
Cm. MTBD

MOUY Cum. oKTaHOBOE YHUCITO 1O
MOTOPHOMY METORY

MTB3 (MTBE) 132

HacrliieHHBIe COETHHEHHS
(saturates) 68

Hadra (naphtha) 19, 20, 30, 36,
37, 38, 70, 89 cn., 157, 170

Hadrenn (naphtenes) 51, 55, 57,
89, 153

HedtaHoit 6ensuH (natural
gasoline) 191 ca.

O6eccepuBanue (desulfurization)
150, 154

OxTtaHoBoe yucio (octane
number) 85, 88, 95, 96, 113,
119 ca.

OKTaHOBO€ YMCJIO IO MCCIENOBa-
TEJILCKOMY MeToAy (research
octane number) 123 ca., 163

OKTaHOBO€ YHMCJIO MO MOTOPHOMY
MeTonxy (motor octane
number) 123 ca.

Onedun (olefin) 52 ca., 57, 62,
69, 81, 85, 153, 170 cn.

Opouuenue (reflux) 33 ca., 69

Ocratox BaKyyMHOIl NMEepPErOHKH
(flasher bottoms) 46 ca., 99,
144

OctatouyHoe Tonaueo (residual
fuel) 61, 100, 105, 143,

148 ca.

OctaTtoyHbiif ra3 (tail gas) 159

OtBetBieHne (branch) 50

Mapadun (paraffins) 50, 53, 55,
75, 89 cn., 166

TTapoBasa mpo6ka (vapor lock) 116

Mex (pitch) 99, 105, 148, 173

IMeHeTpauus (penetration) 145 ca.

IMenTan (pentane) 50, 123, 117 cn.

IMeperonka (distilling) 27 ca., 41,
45

Meperonnniit kKy6 (batch still) 27,
28

Meunoe Tonnuso (furnace oil)
140 ca.
Ileys (furnace) 30, 173

InartuHa (platinum) 92, 162

UnoTHocTb (gravities) 21 ca., 37,
47, 55, 64
API 22
OTHOCHTeNbHas (specific) 22

INoBTopHoe ucnapenue (reboil)
33 ca., 69

Ionocte (cavern) 77

IpenwectBeHHUK (precursor) 111

Hpupoaxrrit ra3 (natural gas)
192 ca.

ITponan (propane) 50, 62, 68,
69, 74 cn., 170 cn., 193, 194

Tlponunen (propylene) 53, 62,
69, 75, 80 ca., 171

Ipoctas nepepaborka HedTH
(simple) 176 ca.

TpsiMoroHHbI# octatok (residue)
19, 44, 45, 58, 98 ca., 148

Pa36aButenp (cutter stock) 1035,
149

PasgenuTtenbHbilt abcopbep
(rectified absorber) 68, 70 ca.

PagpuHar (raffinate) 166 ca., 172

PaduHat 6eH3ona Cu. paduHar

PeakTiBHOe TOTUTMBO (jet fuel)
112, 154

Peaktop (reactor) 58, 65, 82 cn.,
92 cn., 99, 101, 108 cn., 154

PeakunoHHas cekuus (reaction
section) 100

PereHepauua KaTanusatopa
(regeneration) 58, 59 ca., 94

Peitn (Reid) 115

PexTudHKaLlHOHHAasA KOJIOHHa
(distilling column,
fractionator) 29 cn., 58,
60 cn., 83, 102, 110, 162, 164

PeunpKyaupyIolwuii razoinp
(cycle oil) 61 ca., 100

Pudopmat (reformate) 93, 117 cn.

Cantucrokc (centistokes) 149

Cexuus pasroHku (flasher
chamber) 100

Cepa (sulfur) 23, 48, 149, 158 ci.

CepHasa kucnota (sulfuric acid)
82 cn.

CepoBogopon (hydrogen sulfide)
153, 158 ca.
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Cx¥HXeHHBIA HedraHON ra3
(LPG) 74, 84, 140

CiuBHoit crakadH (downcomer)
32, 33

CnoxHas nepepaborka HedTH
(complex) 176 cn.

CMemaHHoe cbipbe (raw make)
195

ConsHan auH3a (salt dome) 77, 78

CreneHb cXaTus (compression
ratio) 120 ca.

Cripas HedTb (crude oil) 15 ca.,
41, 56, 135, 152, 176 cn., 191
BbICOKOCEpHHUCTast 23
MaJlocepHHCTasA (sweet) 23
cepHHcTasa (sour) 23

Tapenku (trays) 31, 35

TBC (TBA) 131 cn.

TB Cum. To4YKa BbIKMITaHHS

Temmepatypa scnbiuku (flash
point) 141, 150

Temnepatypa xuneHus (boiling
temperature) 15, 19 cn., 41,
55, 69

TemnepaTypa rotepu TekyuecTh
(pour point) 141

TemnepaTypa pasMsir4eHus
(softening point) 145

Tepmuueckuii kpeKHHT CM. Kpe-
KHMHT, TepMHYECKHIit

TerpastusncBuHel (tetraethy! lead)
125 cn.

THIT Cxm. Touka Havana KUMIEHHUS

Tonyon (toluene) 54, 96, 165

ToruBHas cucTeMa 3aBofa
(refinery fuel system) 75, 84,
158, 171

Touka BeikunaHus (end point) 35

Touyka kuneHus: Cum. TeMmepaTypa
KHMEeHHUs

Touka Havajga KuNeHHus (initial
boiling point) 35

Touee macno (lean oil) 68, 70 ca.,
193

mpem-ByrinoBriit cnupt Cu. TBC

Yrnepon (carbon) 48, 54, 57, 94,
143

®Paken (flare) 76

®pakums (fraction) 18 ca.

PropUCTOBOIOPOAHAA KHCIIOTA
(hydrofluoric acid) 82

XBocTH (tail ends) 35 ca., 69

Xumuyeckas ciasb (bonds) 49 ca.,
52

XononunsHuk (condenser) 27

XononunsHbiii anmapar (chiller)
82 cn.

LletaHoBoe uucno (cetane number)
138 ca.

Huxnorekcan (cyclohexane) 52

IuxnoneHtan (cyclopentane) 52

Hwmanp (cylinder) 113 cn.

Bnenany (Edelaneau) 165

DxkcerpakT (extract) 167

OMmyinbeus (emulsion) 147

Aran (ethane) 50, 55, 62, 71, 75,
171 cn., 193

BtaHon (ethanol) 131

SmuneH (ethylene) 53, 62, 69,
75, 170 cn.

SddexTUBHbIE TPAHHLBI KUTIEHHS
dpakuuit (effective cut points)
36
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