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K YATATENIO

HedhTb ABNAeTCA BaXHENLLIMM UCTOYHUKOM 3Hepruun. Cne-
UManucTbl cunTarloT, 4To 4vepe3 50 neT HeTb BMECTE C YI/EM
6ynyT obecneymBaTb OKO/0 MOMOBMHbLI NOTPEGHOCTM MnaHe-
Tbl B 3HEpruun. B coBpeMeHHOM 06LecTBe MUIINOHBI NtOAel
TaK WM MHaye CBA3aHbl C HeTAHOW OTpacinbld — 3TO reo-
NOrn, 3HepreTMKMW, TeXHUYECKWUA nepcoHan HegTeaobbiBato-
WMx 1 nepepabaTbiBalOWNX NpegnpuAThiA, paboune 6GeH3o-
KOMIOHOK W 3anpaBOYHbIX CTaHUWIA, 6upxeBble Tpelgepbl,
npojasLbl, TPAHCNOPTHUKM W T.n. MHorue nogu, paboTa-
lolWwne B 3TOW OTpac/u, TOMbKO MOHAC/bIWKe 3HalT 0 Kpe-
KWHTe, BMUCOpeKMHre, pUGOPMUHIe, ankKuiMpoBaHWU, KOM-
nayHAMpPOBaHWM W ApYrux npoueccax, npespawjalowmx HeTb
B U3BECTHblE BCEM 6eH3I/IH, KEpPOCUH, 6VITyM, N NOHATUA He
VMEIT, 4TO 3a 3TUM CTOWUT.

B kHure Y. N1. Nedpnepa «MepepaboTka HepTU™* NPOCTbIM
M SICHbIM $3bIKOM pacCKa3aHO 0 CbIpoil HedTW U ee nepe-
rOHKe, O KaTa/MTUYECKOM KpeKWHre, anKuinpoBaHWW, pu-
hopMuHre — npoueccax nepepaboTkM HepTW Ha COBpPEMEH-
HOM He(TenepepabaTbiBaloleM 3aBOfAe, O BblMYyCKaeMbIX
He(TenpofykTax — 6€H3WHEe, KepoCuHe, KOKce, 6uUTywme,
OV3eNbHOM, PeaKkTMBHOM U KOTEe/IbHOM TOMAMBax; npuBefe-
Hbl CBefEHMs 0 paboTe PasNUYHbIX 3aBOACKMX YCTAHOBOK, a
TakkKe NoApPOOGHO ONucaHbl pasnMuMa Mexay NnpocToi wu
CNOXHOM nepepaboTKON HeTW. ABTOP LWIar 3a wwarom npo-
BOAWUT umTaTens Mo Bceli TEXHOMOrMYECKOl Lenoyke, ¢op-
MUpys MpeAcTaBleHNe O COBPEMEHHOM HedTenepepabarbl-
BalOLLEM MPOU3BOACTBE; He OTBMIEKAACb Ha AeTann W YacTHO-
CTW, AaeT BO3MOXHOCTb NpPOCNeauTb, KakK MNpeofosieBakTCs
TEXHUYECKME CMOXHOCTU W pellalTcs 3KOHOMMUYECKue npo-
61embl. .

e [epepaboTka HepTU» He WMMeeT AOCTOMHbLIX aHan0roB W
Y MHOro net asnsetcs 6ectcennepom B CeBepHO Amepu-
ke. OHa BblfepXkana ABa nepen3faHns U MHOTOYUC/IEHHbIE
JononHuTenbHble TUPaXMN.

3Ta KHUra MOXeT CAyXuTb nocobuem ANnA MeHeLXepos,
3KOHOMMUCTOB, 6I/I3HeCMeHOB, TPAHCNOPTHNUKOB U MHOIMX
Opyrvx cneumnanucTos, paboTarowmx B 061acTU HCTCNCPC-
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paboTkn. OHa OyfeT MHTepecHa CTyAeHTaMm, MpenojaBaTensam
N NpocTo Nto603HATENbHLIM NOAAM, KOTOPble XOTAT MOHATH,
Kak paboTaeT HedTenepepabaTbiBalOLMiA 3aBOA,.

JT0 nyywas KHUra ans camoobpasoBaHWsA W YydecHblid
CNpaBOYHMK MO nepepaboTke HedTw. [MpouymTaB ee, Bbl C
yAMBAEHUEM OOHapyXuTe, 4YTO «3Ta HedTenepepaboTkar,
KOTOpas Kasanacb OYEHb C/IOXHOW M HENOHATHOW, Ha camMoMm
[lene BMOSIHE [OCTYrMHa.



MPEANCNOBUWE K PYCCKOMY W3AAHWUIO

HepfaBHO MHe NO3BOHWMA 3HAKOMAad, TO/MbKO YTO HasHa-
YeHHas reHepasibHbIM MEHe[XepPoOM OLHOr0 W3 KPYMHEeMLWnx
HedTenepepabaTbiBaOWMX 3aBOLOB Ha nobepexbe MeKcu-
KaHckoro 3anuea B CLUA, n cnpocuna, rge MOXHO CPOYHO
[OCTaTb 3K3eMNAAP 3TON KHUTU. XOTA OHa Noy4vnna TeXHU-
yeckoe o6pasoBaHue (MHXeHep-HedTenepepaboTymk), OHa
HUKOrAa paHble He paboTana HM Ha HedTenepepabaTbiBatlo-
LemM 3aBOAe, HW B KaKon-nmbo Apyroil otpacnu, CBS3aHHOI
C HeTbIO, M YXe noTepsana Hagexay 6bICTPO U3yuuTb Heob-
XOAWMblE OCHOBBbI.

Kak e wun3sMmeHunucb BpemeHa! Korga A 6bl1 NPUHAT B
3Ty XXe He(pTAHYIO KomnaHuto 35 neT Hasagd, paboTHUKKU Npo-
X04unn Becb NyTb CHM3Y foBepxy. CHayana A crneyuanmsunpo-
Basica B 06N1aCTM KOMMEpPLMU, HO Yepe3 HECKO/bKO /ieT MHe
nocyacTIMBWAOCL NpopaboTatb 18 mecsueB Ha KPYMHOM Hed)-
TenepepabaTbiBaloleM 3aBOfe, MpUHAaANexalleM KOMMNaHuu,
Ha CpegHem 3anage CLUA. [na mMeHs, 4YenoBeka HUYEro He
CMbIC/IUBLLETO B TEXHUKE, 3TO OblO BpeMeHeM WHTEHCUB-
HOro o6pa3oBaHUs B TEXHWMYECKON 4acTu gena. BepHyswwuch
M3 KOMaHAWPOBKMW, A MonbiTancsa NOAeNUTbCA CBOMMU HO-
BbIMW 3HaHUAMU C Konjeramu, ¢ KOTOpbIMW paboTan B OT-
fene kommepuun. Cxembl, 3aMeTKW U 3NU304bl, KOTOpble A
npyv 3TOM WCMOMb30Baja, U MOCAY>XWAU OCHOBOW AN KHUTK
«lMepepaboTka HeTn™.

C Tex nop, nocne [Byx M3faHWA, MHOFOYUCAEHHbIX [0O-
MOMHWUTENbHbLIX TUPaXed W LECATKOB ThICAY MPOAAHHBLIX 3K-
3eMNNApoB, A MpuLWen K BbIBOAY, YTO Kpyr ymTaTenei KHu-
MM 3HaYMTENbHO LUKUPe, YeM MHe MPeACcTaBiANOCL BHavane.
KHura 6bina npefHasHaveHa 4na n04eid, BbINOMHAKLWNX pas-
HoO6pa3Hble BCNOMOraTenbHble Onepauun no OTHOLEHUIO K
HepTenepepabaTbiBalOLWEMY 3aBOAY, — OUMPXKEBbIX MaK/epoB,
npofaBLoB, (OUHAHCUCTOB, COCTaBUTe/eil NNaHoB, TpaHcC-
NOPTHUKOB. NOCTaBLWMKOB. OfHaKO 3a 3TW rofbl f BCTpeyan
3K3eMMAApbl KHUIM Ha pabouymx cTonax U KHUXHbIX MOMKax
Y nomouwHuMKa roccekpetapas CLUA no 3aHepretMke u ero
COTPYAHMKOB, npodeccopa MaccauyyceTCKoro TexXHONornye-
CKOr0 MHCTUTYTa W Yynpasnswowero HcdpTenepcpabaTbiBato-
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weit komnaHun. CoO CMELIAHHbIM YYBCTBOM $i OGHapy»Xun,
KTO OKasancs Ny4ywum MokynateneMm AaHHOW KHuru. OpHa
M3 Hanbonee KPYMHbIX W M3BECTHbIX B MUPE KOHCANTWUHIO-
BbIX KOMMaHWii 3aKynuna OrpoMHOe KOMMYECTBO 3K3eMNAs-
poB, 4T06bI 06y4MTb CBOI NepcoHan 4emy-Mbo B AaHHOM
0Tpacau MPOMBbILINEHHOCTI, B KOTOPOI OHM NpU 3TOM Mpesg-
naranu ycnyru. Tyratouiee OTKpbITUeE.

KHura sagymaHa XoTs 6bl Ans TOro, 4tobbl MOMOYb BaM
Ha paBHbIX Y4acTBOBaTb B pa3roBOpPE WHXXEHEPOB, 3aHATbIX B
o6nactm HedTenepepaboTkn. OHM TOBOPAT Ha CBOEM CO6-
CTBEHHOM s3blKe. 10 MOeMy OMbITY, B 3TO Ae/10 He TakK SIerko
BK/OYMTbCS, E€CAN TONMbKO Bbl HE HayuuTecb chpalluBaTtb
e [Moyemy?* BMecTO «YTO Takoe?*. H HagewcCb, 4YTO KHUTA
BbIMOMIHUT 3Ty 3aflayy — OHAa MOMOXET BaM B A0CTaTOYHOW
CTEMEHW MOHUMATb WX A3blK, 4YTOObLI 3ajaBaTb MpPaBW/IbHbIE
BOMPOCHI.

Yuneam /1. Nechconep, JToHaoH, 1998



|
BBEAEHWE

Havano— camas BaykHasi u4acTb pa6oThl

MnaTom  *Pecny6nnka»

Ecnn Bbl OTKpbIM 3Ty KHUTY, Bam yxe He Tpebyetcs
BBefieHVe B ee npefmMeT — Bbl 1 Tak UM 3aHUMaeTech. Bpsag nu
3TY KHUTY CTaHeT YMTaTb KTO-HWOYAb, KOMY 3TO He HY>XHO.

KHura yctpoeHa Tak, 4TO MOXeT BbIMO/HUTbL TPU pasfinuy-
HbIX 3afa4n. Bo-MepBbIX, €6 MOXHO WCMO0Mb30BaTh Kak crpa-
BOYHMWK, TaK Kak B Hayane MmeeTcs Mofpo6HOEe OrnasreHue,
a B KOHLe — XOpOLWMuiA ykasaTenb. Kpome TOro, ee MOXHO
paccmaTpuBaTb Kak y4yebHuMK. CoueTaHue NeKuuil, 4YTeHWs
KHUTW 1 pelleHns 3afa4y MOXeT 0Ka3aTbCs OYeHb 3P eKTUB-
HbIM. HO MocKonbKy 60MbLUMHCTBY N0AENA HefoCTyNHa Takas
pocKowWb, Kak mocnylartb fieKTopa, TO 3Ta KHWUra paccuyvra-
Ha B OCHOBHOM Ha TeX, KTO OyfeT y4uTbCA CaMOCTOATENbHO.
Bcregctene 3TOro, [JOBO/MBHO CyXoi MaTtepuan pasbasneH
HEKOTOpOW A0fell NerkombICiiNg 1, MO BO3MOXHOCTW, Mpu-
ONVXKEH K MpaKTuke.

Ecnn Bbl 6yfete usyyaTb matepuan caMOCTOATENbHO, MO-
ryT OKasaTbCA MOJMe3HbIMU crieaytowme coseTbl. [nasa Il, no-
CBALLEHHAA CbIPOA HedTH, ABNSETCA CamMOil BaxHoW. B
rnase 111, pacckasbiBaloleii 0 neperoHke HedTu, NpuUBO-
ANTCH MHOTO TEXHUYECKUX MOAPOBHOCTEN, KOTOpble He Tak
CYLLECTBEHHbI, MO3TOMY HE CTOUT MX nyratbCs. [Nasbl No
BaKyyMHOV neperoHke (rnasa IV). KkataqMTM4eckomy Kpe-
KUHTY, anKUNNPOAHNIO, PUGOPMUHTY, nepepaboTke HedTH-
HbIX OCTAaTKOB W TUAPOKPEKUHTY WMET MPUHUUNNANbHOE
3HayeHue. V3yyeHne TEXHWYECKMX MPUCNocobneHunid, KoTo-
pble MCMONbL3YHTCA Ha HedTenepepabaTbiBalolemM 3aBOAe
(rnaBa VII), He Tak yX BaxHO.

naBa, Kacawolascs KomnayHAWpoBaHWUsA GeH3nHa, MOXeT
OKaszaTbCA Hambofnee WHTEPECHON W NOMe3HON, MOTOMY 4TO B
Heli obcyfaeTcs HeYTO XOPOLIO 3HAKOMOE, HO TeM He MeHee
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3arafjouHoe: ABuUratens aBToMobumns. M, HakoHel, 04YeHb Bax-
HOM MOXeT okasaTbcA rnasa XIX, nosBuBlIascs TOMbKO B
nocnegHeM U3gaHWM U MOCBALEHHAA PasMunaM Mexay npo-
CTOM W CNOXHO nepepaboTKoin HedTu. ITa rnaea 06befuHAET
BCE Mpefblgylive, TaK KaK 3TW pasnmyma onpegenstoTcs
WMEHHO npoueccamu, onnmcaHHbIMU B rnasax IH1—XVII.

nasbl X H—XVII, XX 1 XXI —4T10-T0 Bpoge lagniappe
(370 cnoBo 03HayaeT HebONMbLWOW NoJapOK, KOTOPbIA TOpro-
BeL, NPenoAHOCUT KAWEHTY BO BpeMs mpogaxu). NHdpopma-
LM, nNpuBeAeHHas B 3TUX NaBax, NMofe3Ha, HO He XXU3HEH-
HO BaxxHa. Kopouye rosops, Bawero BHMMaHMA LO/MKHO XBa-
TUTb XOTA Obl Ha MepBble ABeHaALaTb rNas.

W nocnegHee 3amevaHuwe: Korga Bbl npouTteTe KHUry, Yy
Bac fO/MKHO MOSIBUTHCA He MeHbLUe BOMPOCOB, YeM WX OblsI0
[0 YTEHMA... BOSMOXHO, BOMPOCOB BydeT faxe 60nbue. ITO
3aMeyaHne — NonbiTKa aBTOPOB CTUMYNMUpPoOBaTb aKTUBHOCTb
yutatenei, a He onpaBaaTbcA. Jlydylle BCEro HaiguTe rpa-
MOTHOro HetTenepepaboTumMka, KOTOPOMY MOXHO OyaeT 3a-
[aBaTb BOMPOCHI, BO3HMKAKLME MO MepPe WU3YUYeHWUS KHUTMW.
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XAPAKTEPUCTUKW
CbIPOUN HE®TU

Mo3Bob UM ONKcaTb HeonUCyemoe.
Lok T. balipoH elMa.romHnyecTBo Yaiina-raponbga*

UTo Takoe cbipasi HeTb? YTOObI OTBETUTbL Ha 3TOT BOM-
poc, HY>XXHO Mpex/e BCero ckasaTb, YemM OHa He fBnfeTcA.
HethTb — He WHAMBUAYaNbHOE XVWMWYECKOe COefjHeHue, a
CMeCb COeAUHeHUA. Hanbonee MHTepecHOe CBOICTBO, Xapak-
Tepusytollee MoBefieHne HedTW, MPOABNAETCA MPU Harpesa-
HUW. Ecnn Harpetb HedTb A0 TeMnepatypbl KUMEHWUS U Bbl-
[lepXXuBaTb ee B 3TOM COCTOSIHUM, OHa MOSIHOCTbIO HE ucna-
puTcs.

[na cpaBHeHus paccmoTpum Body. Harpeem cocyf ¢ Bo-
fov go 100*C (212*F) u coxpaHum nogorpes. UTo nmpou3oii-
[eT? Bofa HauyHeT KMNeTb M MOCTEMeHHO WChapATbed, U B
KOHLE KOHL0B, ecnu Npojo/mKaTb HarpeBaHWe — OHa BCA
BbIKUMNT.

Ecnn 6bl B cocyae C BOAoOi Obin TepmomeTp, Bbl 6bl
06HapyXunu, 4To nepes McnapeHWeMm mnocnefHeid nopunu
BOAbl Temneparypa Bce elle ocTaetca Ha yposHe 100°C. Tak
nonyy4ymnochb, NOTOMY YTO XMMWUYECKOe coefuHeHne HrO Ku-
NWT UMEHHO Npu 3Tol Temnepartype. Mpu aTmoctepHOM faB-
neHnn Temnepatypa kuneHus Bogbl — 100'C, He 6osblue u
He meHbLue.

CocTaB cblpoii HethTH

BepHemca K He(pTu. B oTamMume OT BOAbI, 3TO HE OAHO
XMMWNYECKOe COEANHEHNE, a CMECb HECKOMbKUX ThICAY Pa3HbIX
coefMHeHnn. HekoTopble M3 HUX OYEHb NPOCTbIE, HanpuMep,

(MeTaH); a HeKOTOpble — CNOXHble, Kak, Hanpumep,
topmynbl CH4 n QsHbo — aTo wwudpsl (6pyTTO-



16 MNepepaboTka HedTH

Puc. 2.1. Temnepatypa kuneHuns sogsl 100°C (212°F).

(hopMy bl) ONpefeneHHbIX XUMUYECKNX COEAMNHEHWIA, MOHAT-
Hble AN XMMuKa. bonee nNofpo6HO Mbl 06CYAMM 3TOT BOMPOC
nosgHee (4T06bl He YBA3HYTb paHblue BPeMeHW). BonbLWnH-
CTBO BELUECTB, BXOASALWMX B COCTaB He(TM, — 3TO onpefge-
NeHHble KOMGWHaUWKM aTOMOB Yriepoja M BOAOPOAR, KOTO-
pble Ha3blBalOTCA YrneBofopojamu. BaxHO, 4TO KaXkgoe U3
3TUX COEAMHEHWNIA XapaKTepW3yeTcs CBOE COOCTBEHHON TeM-
nepaTypoii KWMeHus, 1 B 3TOM 3aK1tOYaeTCs CaMoe Mo/e3Hoe
n Hambonee LWIMPOKO MCMNO/b3yeMoe B HepTenepepabaTbiBato-
e NPOMbIWNEHHOCTU (HM3UYECKOE CBOMCTBO HE(TMW.

KpuBble pa3roHku

UTtobbl BCe CTano MOHATHO, BO3bMEM TOT e COCYh M
3aMofIHAM €ero CbIpoil He(Tbl0 cpefHeil NAOTHOCTU. 3aTeMm
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NofHECEM K HEMY rOpenky W HayHeMm HarpeeaTtb He(Tb. Kor-
fa Temnepatypa gocturHet 65°C (150”F), cbipas HeTb 3a-
Kunut. Tenepb Mbl NPOAO/MHKMAM HarpeBaHue, Tak 4YTobbl TeM-
nepatypa ocTaBanacb Ha 3TOM YpOoBHe. Yepe3 HekoTopoe Bpe-
MS Mbl 3aMeTUM, YTO He(Tb MepecTana K1MeTb.

CnefylowmidA war coctout B TOM, 4T06bI NpubaBMTb Nna-
MS TOPeSiKA U HarpeTb Hawy HedTb Npuban3uTensHo go 230*C
(450*F). OHa cHOBa HayHeT KuMneTb, a Yepe3 HEKOTOPOe Bpe-
MS OMNATb MepecTaHer.

Takue Waryn MOXHO MNOBTOPATb CHOBA WM CHOBa, M BCe
MeHbLUe He(hTn OGyaeT ocTaBaTbCA B cocyfe. Bo3MOXHO, Bbl
yke MOHANM, YTO MpoucxoanT. Ha mepBoil cTaguum ucnapu-
JINCb COeAMHEHMA C TemrnepatypaMmu KUNeHUs Hmke 65°C
(150eF); Te, uTo KMNAT B MHTepBane oT 65 go 230eC (450*F),
ncnapuancb Ha BTOPOM CTaguuW, W Tak Janee.

TakuMm 06pa3oM Mbl NOMYYMIN TakK Ha3bIBAEMYIO KPUBYHO
pasroHkn HegTW. ITO rpaduk, Ha O4HOW OCKM KOTOPOro OT-
KnafblBaeTcs TemnepaTypa, a Ha Apyroim — obuwunin 06bem-
HbI/A MPOLEHT BbikMneBLluell HedTn. Kaxablii BUA Cbipoid He-
TV XapakTepu3yeTcs CBOel COBCTBEHHOW YHUKanbHOW Kpu-

Chblpasi HehTb KMMUT NpU

65°C n 2304: 1 400°C n480°C
\ CIXO (150»F)... | (4S0°F)... (750°F)..  (900eF).
[ EXI pl*c. 2.2. TemnepaTypa KMNEHWUS CbIPOA HedTw.

J1

Rts.ol nd
n L7000y
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BO/ pa3roHKM, KoTopas MOMOraeT ONpefeNuTb, Kakue Xu-
MWUYECKME COeMHEHUS COAEPXUT AaHHas HedpTb. Kak npa-
BWMO, 4YeM GO/iblie aTOMOB Yrfepofa B COEAWHEHUMW, TeEM
Bbile ero TemnepaTypa KWMeHWs, Kak MOoKasbiBaeT Cneayto-

Wuii npumep:

CoefiMHeHne BpyTTo-hopmyna Temneparypa MnoTHOCTb
Kunexuus, *C Ibs/gal* (r/cm3)
nponaH C3H, -42.,0 4,2 (0,50)
byTaH QH,,, -0,5 4,9 (0,59)
[leKaH C|0H2 174,0 6,1 (0.73)

* lbs/gal » chyHT/rannoH (0,1198 r/cml).

dpakuymn

Ana panbHeiwero o06CYXAeHUs XapakKTepUCTUK CbIpoi
He(Tn 6yaeT None3Ho cobpaTb onpefefieHHbIE COeAUHEHNA B
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rpynnbl, HasbiBaemble (pakuyusaMu. ®pakuyus (MAM MOroH)
06beMHSET BCE COEAMHEHWS, KoTopble KUMSAT MEXLY KaKu-
MUW-MGO BYMs TemnepaTypamu, a 3TW Temrnepatypbl Hasbl-
BAlOT rPaHMLLAMM KUMEHUS (QpaKLunM UAKM npeaenamm BbiKU-
naHus.

OGbIYHO cbipasi He(hTb COAEPXUT Crefytolve (pakunm

TemnepaTypb! K/MNeHWs dpakumm
nexce 32*C (90*F) YITIeBOLOPOAHbIE Tasbl
(6yTaH 1 6onee nerkume rasbl)
32—105°C (90—220“F) GEH3MH (ra3onvH)
105—160*C <220—315-F) Hadota (TsDKenblA 6eH3VH, GEH3VHO-
NINTPOVHOBAA (PPaKLMS, NIUTPOUH)
160-230-C (315—450-F) KEPOCYH
230-4304: (450—800"F) rasoiins
Bbille 430*C (800°F) ocTaToK (MasyT)

B apyrvux rnasax MHOrM0 BHUMaHWA OyfeT yaeneHo xapak-
TEPUCTUKAM OTAENbHbIX ()pakLuii, HO KOe-4TO MOHATHO YXe
13 Ha3BaHMUIA.

BaXHO OTMETWTb, YTO pasnnyHble HeTW CUbHO pasnn-
yatoTca Mo cocTaBy. B nerkmx Hetax 06bI4HO GOMblUe GeH3M-
Ha, HadTbl M KEpOCWHa, a B TSKENbIX — ra3onns u masyTa.
Bo3mM0OXXHO, Bbl yXe npuwnum K BbIBOAY, YTO Bec U Temnepa-
Typa KUNEHUA COefJMHEHUS B3aMMOCBA3aHbl. ITO U B CaMOM
Jene Tak. B uenom, yem Tsxenein coegnHeHne, TeM Bbille €ro
Temnepatypa KuneHusa. W Hao60poT, 4Yem Bbllle rpaHuLbl
KUNeHua pakumu, Tem TxKenee hpakumns.

dpakyMoHUpPOBaHUE CbIpoi HedTK

UT00bI CO6paTh BOEAMHO BCE CKa3aHHOE Bbille MO MOBOAY
KPUBbIX Pa3roHKW, O6yAeT NONE3HO NpofenaTtb HeKOTOpble
apugmeTMyUecKme AencTBns. Bo3bMeM KpuBble AHS BYX ChbIpbIX
HethTeid, NnoKasaHHble Ha pUCyHKe 2.5, 1 ONpeAennM Ha OCHO-
BaHWM CTaAuil pasroHKW, B KakOW W3 3TUX He(hTell Bbllle CO-
[epXXaHvne KepocuHOBON thpakuyuy (60MbLINA KEPOCUHOBbI
iioioh). KepocuH kunuT s uHTepeane 160—230®C (315—450°F).
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Temriepatypa kunenus, °F (°C)

1000
(539)

900 *
(482) n . aroK
800 1
427)
700
(1)
600
(315) Mo
500
(260) / 1

400 1
KepocuH

(204)
300 / \ - K e
(149) /' Hadhta (MMrpouH)
Ry

200 v '
(93)

100
(38)

tl 1 1
BeH3nH (rasonuH)
1 1
YTNneBofopoaHble rasbl
4 1 1 1

10 30 50 70 90
O6uas obvemHas pons, %

Puc. 2.4. KpriBas pasroHKu CbIpoii HethTU M NOMyYeHHble (hpakLum.

Wcnonb3ys pucyHoK 2.5, npogenaem cnefyrowime onepa-

Luu:

1 [Ona 6onee TSHXKeNol HepTM HayHem OT Touku 160°C
(315*F) Ha ocu opguHat u bygem ABuratbCs BMpaBo A0
nepeceyeHMs C KPWUBOI pPasroHKW. TOYKY MepeceyveHus
0603HauMM Touka A. Touka A coOTBeTCTBYeT 26% Ha ocu
abecumcc.

2. Tenepb HayHem oT 230°C (450”F) wn 6ygem pABuratbcs
BMpaBO [0 MEepeceyvyeHus C TOM e CaMOil KpUBOW, nony-
ynMB TakMM 06pa3oM TouKy B. OHa oTBeuaeT 42% Ha ocu
abeumcc.
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Temnepatypa kunexus, °F (°C)
1000

Nerkas HeghTb

O6uwas obbeMHasa gons, %
Puc. 2.5. KepocvHoBas (hpakuus B ABYyX TWMax CbIpoi HedTu.

3. PaccuntaeM nM3MeHeHMe 0O6BLEMHON AOMN OT UCXOAHON [0
KOHEYHOW TOYKM KUMEHWUA KEepoCWHa, 4YTO COCTaBfseT
42 - 26 = 16%. Takum o6pasom, 6onee Tskenas HePTb
cofepxut 16% kKepocuHa.

4. A Tenepb Te e taMbie onepayun npopgenaem Ans nerkoi
HedTV un Haligem 66,5 —48,5 = 18%.
3HauuT, nerkas He(Tb COLEPXMT OOMbLUE KEPOCMHA, YeM

TSOKenas.

MnoTHOCTb

MNOTHOCTL XapaKTepu3yeT MacCy COeAMHEeHUs. XUMUKU
M°CTOSAHHO WCMOMb3YIOT BE/IMUMHY, Ha3blBaeMyH OTHOCK-
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TeNbHOW NAOTHOCTbI, KOTOpas SBNSETCS OTHOLIEHMEM Macc
HEW3BECTHOrO BELLEeCTBA M XOPOLUO W3BECTHOFO, Hanpumep
BO/bl.

OTHOCMTeNbHas NNOTHOCTbL BeLLecTBa — 3TO Macca HeKo-
TOpOro o6bema 3TOro BELLECTBa, Ae/leHHas Ha Maccy TOro e
o06bema BOfbl.

MaccCa CoeaAnHeHns
OTHOCUTENIbHAA NNOTHOCTb = ------= - _EEE --—-—-

MoxoXxe, XWMMYECKMIA Moaxod nokasancs TexHonoram
CNVNLWKOM MPUMUTUBHLIM. [eiicTBUTENbHO, B HedTenepepa-
6aTbliBalOLLeil NPOMbILLIIEHHOCTN Hanbonee LWWPOKO UCNO/b-
3yeTcs Takas XuTpas BennyumHa, Kak API (NnoTHOCTb, Bbipa-
XeHHas B eanHULaxX AMePUKAHCKOT0 MHCTUTYyTa HedTH). Mo
KaKoli-TO faBHO 3a0blTO/ MpuyMHe, MNOTHOCTL API, KoTo-
pas u3MepsieTcs B rpafycax, HaxOAaT Mo chegytoleid dop-
myne:

141-5
OTHOCMTENbHAsA MNOTHOCTb

°AP1 = 131 5

Ecnu aTu dopmynbl NOBepTeTh TaK U CAK, TO 06Hapyxatcs
HEKOTOopble (baKTbI N 3aBUCNMOCTU, Ha KOTOPble MOXXHO MbIC-
NEHHO onepeTbes, 064yMblBas BBEAEHHbIE MOHATUSA.

1 [Ans Bofgbl OTHOCUTENbHAsA NAOTHOCTbL paBHa 1, a APl =
10~

2. Uem 6onblue BenuMuymMHa nnoTHocTM B °APl, Tem nerve
CoefiiHeHMe.

3. Ana OTHOCUTENbHOW MAOTHOCTW BCe HAobopoT.

Hwxe npusegeHbl NPUMeEpPbl TUMUYHBIX BENNYWUH NAOTHO-
cTm:

OTHocuTeNbHas MnatHocTb API
NNOTHOCTb
Taxenas HedTb 0.95 18"
Nerkas HedTb 0.84 36°
BeH3H 0,74 60"

HedTaHol 6UTym 0.99 1*
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CogpepxxaHue cepbl

Tenepb yMecTHO 06CyAWTb elle OAWMH napameTp, Mo KOTo-
poMy MOryT pasnMyaTbCa Cbipble HedTU, a MMEeHHO cofep-
XaHune cepbl. Mpupofa Hafenuna cbipytd He(Tb TaKMM He-
yA06HbIM CBOWCTBOM, KakK MepeMeHHOEe KO/IMYeCTBO Cepbl B
3aBWCMMOCTU OT TuMa HedTu. Elle 60nee yCNOXHSAET CuTya-
LUMI0 TO 0BCTOATENLCTBO, YTO Cepa COAEPXKMUTCS He B BUAe
3/1EMEHTHOI Cepbl, a B BUE COEAMHEHUIA. DTO O3HAYaEeT, YTo
°Ha XMMWYECKN CBA3aHa C MOJIEKYNION KaKoro-Hubyfnb yrne-
BOAOPOAA, TakK YTO COEAMHEHMA TaKOro TuWMa He TaK Nerko
OTAeNNTb OT COEAMHEHWI, COCTOAWMX TONLKO M3 Yraepoga u
BOZOPOJA.

Korga o6cyaaloT cbipble He(TW C pasInYHbIM COAepXKa-
HMEM cepbl, MX 0ObIYHO MOAPA3AENsAT Ha «cnagkue* (sweet)
N «KUCble» (Sour).* 3Ta Knaccudumkauus, Kotopas Ha nep-
Bbli B3rNsg KaXeTcs HEeoOblYHOW U HECKOMbKO BOCTOYHOIA,
Hacamom pene umeeT ropasgo 6osbluee OTHOLIEHUE K BKYCY,

1a* nx HasbiBakn B CLUA, a B EBporie 1 Poccun HedhTu fenarcs
* MasioCepPHUCTbIE, CEPHUCTBIE U BbICOKOCEPHUC T blE.



24 MepepaboTka HedTn

yem Bbl Mornu 6bl nogymaTb. [JaBHbIM-AaBHO, Korga gobbiya
HethTn B MeHCcUNbBaAHUM TOMbKO HauyMHanacb, HeTb UCMOSb-
30Basiacb B Ka4yeCTBe 1aMMOBOr0 Macsa Ana OCBELLeHUs rnome-
LLLeHNn BMECTO KMTOBOTO Xupa. Ecnm KepocnHoBas gpakuma
cojepxana CAMWKOM MHOFO Cepbl, TO €e CropaHue COnpo-
BOX[AN0Cb OTBPaTUTENbHbIM 3anaxoMm. Ha He(pTSHbIX mMecTo-
poxaeHuax [MeHCUNbBaHMM KepoCUH nNpo6oBaAn Ha BKYC,
4yTOObl Y3HATb, MPUrOAEH NN OH [ANA OTNPaBKW Ha PbIHKK
Helo-Mopka u ®unagenshuu. ECnM KepocuH OKasblBancs
CnagKum, ero nmpusHaBanu rofHbIM, a ecim KUC/biIM — TO
cynTanca HerogHbIM.

Mo NprHATON B HacTosALLEe Bpems Knaccuukayuy «cnag-
Kne* (ManocepHUCTbIe) HedTU codepxat He 6onee 0,5 mac.%
cepbl, a Kucnble (CEpHUCTbIe) — He MeHee 2,5 mac.%. He-
(T C MPOMEXYTOYHbIM COAEPXaHMEM Cepbl MHOrAa Hasbl-
BalOT «CPEAHECNaAKMMU* UNN «CPEAHEKUCNbIMU», HO TPaHu-
Uua Mexgy sTUMMK KaTeropusMy 4eTKo He 0603HayeHa. UTo
AN OLHOTO CMagko, ANs APYroro MOXeT 6blTb KUCI0 — a Ha
BKYC He()Tb 60/bLie He MNpobyloT.

N3mepeHne o6beMa Cbipoit HedhTH

Pa3paboTka He()TAHbIX MECTOPOXAeHUIA B [eHCunbBaHUK
NoN0XWna Havyano ele OLHOW [OroBOopeHHOCTU. Ha nepsbix
nopax HeTb LOCTaBMANN HA PbIHOK B BaroHax WM Ha Xe-
Ne3HOA0POXHbIX nnathopmax B 50-rannoHHbIX BUHHbIX 60Y-
Kax (1 rannoH CLUA paBeH 3,785 ). UT06bI y4ecTb NOTepu BO
BPeMSA TPaHCMOPTUPOBKU, B MYyHKTe Ha3HauyeHWs onnavymsa-
NI0Cb TONbKO 42 rannoHa. Oanara u Tenepb NPOU3BOAUTCA U3
TOro Xe pacyeTa. Mpou3BOAMTENN BCKOPE JOrafanuncb CTONbKO
HepTV U OTNPaBNATL.

B HacToAlwee BpemA ANA U3MEPEHUS KOMMYeCTBA HedTu
cnoxwunocb asa crtaHgapta. B CLUA, rge TpaHCnopTupoBKa
CHayana OCyLLecTB/AAaCh MO XKeNe3Hol gopore B 604Kax wam
B LMCTepHax, a BMNOCMEACTBMM — NO HedpTenposofy, npoLuie
BCEro 661710 M3MepATb HePTb Mo obbemy. B gpyrux ctpaHax,
npeumyuiecTseHHo B EBpone, Hed)Tb B OCHOBHOM TpaHCMop-
1npoBanu no mopto. B aTom cTyvae 6onee yao6HO onpeaenaTb
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BeC (Bofou3MelleHune). B pesynbTarte, B CLUA KOMMepueckue
onepauun c HehTbio npomsBoasTca B Gappenax (I HedTs-
HOn Gappenb paBeH 159 1), a B EBpone yalie B TOHHaXx.
Pestome: Ha pucyHke 2.7 nokasaHbl KpuBble pasroHku
LN NATW pasNNYHbIX CbipblX He(TEl, TP W3 KOTOPbIX J06bI-
BatotcA B CLUA, a nse — B Apyrnx crpaHax. Hekortopblie u3
HUX cofepxaT 60nblue nerkux gpakyuii, a gpyrme — 60/b-
e THKeNbIX. LleHbl Ha 3TU HE(TM TakXe pasnuyHbl, N03TO-
My X nepepaboTKa He OAMHAKOBO BbIFOAHA, OCO6EHHO ec/un
yunTbiBaTb Heobxoaumoe Ans 3Toro obopynoBaHue.

Temnepatypa kunenus, °F (eC)

1000
(538)

900
(482)

800
(427)

700
(371)
Apabckas nerkas cKast mMasio-

(3%%()) CepHUCTad

(256%% AnACKMHCKas 3anagHo-
North slope Texacckas
400 cepHucTas He(Tb
(204)
Hwurepwiickas
300 .
(149) Bonny Light
200
(93)
100
(38)

e e e e |
O 20 40 60 80 100

O6uas obbvemHas gons, %
puc. 2.7. KpuBble pasroHKW f1s1 HEKOTOPbIX CbIpbIX HE(TEN.
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YNPAXHEHWA

|. (8) HauepTute KpuBble PasroHKW AN CRefyHLWmX CbipbiX
HedTei.

O6bemHble %

Oxriaxomckast KanmthopHuiickas

MasIocepHICTas TsKeNas
meHee 45*C (113*F) 51 -
45-105*0 (113—220eF) 92 —
106—125-C (220-260°F) 4.0 —
125—155-C (260-315°F) 57 42
155—200°C (315—390*F) 93 51
200—230°C (390—450*F) 54 48
230—260°C (450—500°F) 58 85
260—290*0 (500-550°F) 47 79
290—345*C (550—650°F) 10,8 8.0
345—400°C (650—750“F) 8,6 148
400—480°F (750-900*C) 135 151
480—540°C (900—1000°F) 59 134
60ree 540*C (1000°F) 12,0 181

(6) Ckonbko HagTbl (105—155°C wnm 220-315*F) copep-
XUTCA B KXKAOW M3 3TUX HedTel?

2. MpegctaBbTe cebe, 4To y Bac ecTb ABe Kon6bl, cofepxa-
Lme paBHble 06beMbl He(TaAHOro 6utyma (AP! 11% u Ha-
Tl (AP!50"). Onpegenute nnoTHocTb AP! npoaykrta, KOTO-
Pblii MOAYYMTCA MPU UX CMelluBaHuu. meiiTe B BUZY, 4TO
oTBeT He 30,5°API.
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3auem Ham BcTasaTb, ecimpaccseno ?
O>xkoH[oHH ePaccseT»

CnyualiHblil YenoBeK, KOTOPbIA npoijer MUMO HedTene-
pepabaTbiBalolLero 3aBofja W YBUAWUT MHOXECTBO BbICOKUX
KONOHH, HAaBEPHOE PELNT, YTO 3TO KOJIOHHbI KpPEKUHra. 3710
pacnpocTpaHeHHass owunbkKa. BONbWMWMHCTBO 3TUX BbICOKUX
KO/IOHH ABNSeTCA B LEACTBUTENbHOCTU PEKTUDUKALUOHHbBI-
MW KO/IOHHaMu TOro uaum MHoro tuna. KOMOHHbI KpPeKWHra,
KoTOpble 06bIYHO KOpOYe W npusemuctee, ByayT paccMoTpe-
Hbl B OfHOW M3 Cnejyrowwmx rnas.

MeperoHka HehTM fABNAETCA 3ameyvaTeNlbHbIM M306peTe-
HMEM TeXHONOTOoB-HE(DTAHNKOB, OCHOBAHHbLIM Ha BaXHOW Xa-
pakTepucTukKe He(TW, ONUCAHHOW B Npefblaylien rnase, a
MMEHHO, Ha KPWBOW pasroHKW. MexaHusMm, KOTOpbIA npu
3TOM UCMO/b3YeTCs, He OYeHb C/0XKEH W MO3TOMY He 0CO-
6eHHO nHTepeceH. OfHAKO AN MOMIHOTLI U3N0XEHUA Mbl pac-
CMOTPMM 3[eCb W 3TN 3NEeMeHTapHble BeLlW.

MpocToil MeperoHHbIA Ky6

[ns Hauyana NonesHo MPOBECTW aHanormw. CamoroHLMK
13 KeHTYKKM MCNofb3yeT MPOCTOM MepPeroHHbln Kyb, 4To6bl
oTAenuTb cBCTIbK! NpoAaykT OT HerogHoro ocrtatka (CM.
puc. 3.1). Mocne hepMeHTaLMM KUCNOrO Cycna, TO ecTb KOr-
fa npowna MeafieHHas 6Guoxmmuyeckas peakuus c obpaso-
BaHWEM CMMpPTa, CMeCb HarpeBaldT 40 HayaTa KWMeHus crnup-
Ta. CBeT/bIii NPOAYKT ncnapsetcs. B Buge napa OH oKasblBa-
eTcs nerye >XuAKocTu. [103TOMY OH MepeMelaeTcs BBepPX,
OTAENsieTcs OT >XMAKOCTM W MonagaeT B XONOAUNbHUK, rae
OXNlaXKaeTcsd W CHOBa NpeBpaliaeTcs B XWUAKOCTb (KOHAEH-
cupyetcsi). To, 4TO oCTaétca B Kybe, BbibpacbiBalOT, a ToO.
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Puc. 3.1. CaMOroHHsbIii Kyb.

4TO yLWIO BBEPX, pas3nuMBatoT B OGYyTblIKW. OnucCaHHbIA Npo-
Llecc ABNAETCS MPOCTON MeperoHKOiA.

Ecnu 6bl caMOTrOHLWMK 3axoTen npofaTb MPOLYKT Kaue-
CTBOM Bbllle CPeAHEro, OH MOr 6bl MPONYCTUTb MOAYYEHHYHO
XUOKOCTb 4epe3 BTOPOW MNEPeroHHbIn Kyb6 neproguyeckoro
JeiicTBus, paboTaloWwmii aHanorM4yHo nepsoMmy. Bo BTOpOM
Kybe 60nee nerkas 4acTb XMAKOCTU OTAennnack 6l OT HEKO-
TOPOro KOAMYecTBa HECMMPTOBLIX MPUMeCeid, KoTopble B nep-
BOM Kyb6e ObliM yBfieYeHbl BBEpPX BMeCTe C 00fiee Nerkum
NMOroHoMm. 3TO MPOM3OLLI0 M3-32 TOFO, YTO CAaMOFOHLLMK He
MOF TOYHO BblAepXaTb TeMnepaTypy KUMeHUs KUCnoro cycna.
Bnpoyem, BO3MOXHO, OH CMeuUManbHO MOAHAN Temnepatypy
B NepBOM Kybe HEMHOrO Bbllle, YEeM HYXHO, 4TOObl Mony-
UMTb KaK MOXHO 60/bLUe NpoayKTa.

Takoil [BYXCTyneHuYaTbii MPOLECC MOXHO MpeBpaTuTb B
HenpepbIBHbIWA, Kak 3TO MOKasaHOo Ha pucyHke 3.2. B camom
[iene, paHblle MHOrMEe MPOMbIL/IEHHbIE YCTAaHOBKW ANA Me-
PEroHKM BbIFNALENN UMEHHO Tak.



KpaH TMpogykT
[N ManbIx
npvmeceii

Puc. 3.2. IByxcTyneH4athlii Ky6 Neprognyeckoro AencTaus.

PeKTU(MKaLNOHHAs KOMOHHA

FcHO, 4YTO Nepuoguyeckas MeperoHkKa, onucaHHas Bbllle,
He roauTcsa Ans nepepaboTKM 100—200 Tbic. Gappenein (-16—
32 ThiC. M’) Cblpoii He()TW B feHb, TeM 060/ee YTO HYXHO
pasgenuTb HeTb Ha 5—6 KOMMOHEHTOB. PeKkTU(unkKaynoHHas
KONOHHA NO3BOMSET MPOBOAWUTbL 3Ty OMepaLuio MOCTOAHHO,
3aTpauMBas ropasno MeHblle Tpyaa, 060pyoBaHUS U 3Hep-
rMm B BUAe TONAMBA W Tenna.

Mpouecc, npoucxogawmii B peKTUHOUKALMOHHON KONOH-
He, CXeMaTW4yHO MoKas3aH Ha pucyHke 3.3. BHyTpb noctynaet
cblpasi He()Tb, a HapyXy BbIXOAAT YrneBofOpPOAHble rasbl (Oy-
TaH u 6onee nérkue rasbl), 6eH3NH, HadTa (TMFPONH), Kepo-
CWH, NErknin rasoiinb, TSOKeNbIA rasoiisib U Ky6OBblA 0CTATOK.

UT06bl MOHATb, KakK BCE MPOMCXOAUT BHYTPU KOJNIOHHbI,
TpebyeTCs pacCMOTPETb HEKOTOPble TOHKOCTU. [epBblid 3ne-
MEHT, KOTOpblAi Heob6xoauMm Ans paboTbl KOMOHHbI — 3TO
CbIPbEBOI HACOC, NepeKayMBatoLWMin Colpyto HehTb M3 CKNafa-
CKOro pesepByapa B cuctemy (cm. puc. 3.4). CHavyana HepTb
NPOXOAUT 4Yepe3 Meyb, B KOTOPOI HarpeBaeTcs A0 TeMmmepa-
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YrnesogopoaHble rasbl

BeH3nH

Hadta (nm1rpouH)
Chblpas

HeTL KepocuH

NErknii rasoinnb

TSOKeNblil ra3onnb

MpAMOroHHbIN 0CTaTOK
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Typbl nopsgka 385“C (750'F). W3 npefblgyuiein rnasbl Bbl
3HaeTe, YTO MpWU 3TON TemnepaType, Kak NpaBuao, ucnaps-
eTcq 60nblle NONOBUHBI HEMTU.

MonyyeHHas Takum 06pa3oM CMeCb XXMAKOCTU W Mapos
NoAaéTca CHU3Y B PEKTUMUKALUOHHYIO KOMOHHY.

BHYTpV peKTU(HNKaLNOHHON KOMOHHbI HaxoauTcs Habop
Tapenok, B KOTOPbIX MpofenaHbl 0TBEPCTUA. bnarogaps atum
OTBEPCTUAM HedTb MOXeT MojgHUMaTbCA BBEpX. Korga cmech
napa " XUAKoCcTW NOLHMMaeTCa No KOJIOHHe, To 6onee nioT-
Haa ¥ TaxEénas 4acTb OTAENAeTCAs W OMyCKaeTcs Ha fiHO, a
Nérkne napbl NOLHMMAKOTCA BBEPX, MPOXOAA 4Yepe3 Tapeniku
(puc. 3.5).

OTBepCTUA B Tapenikax CHabXeHbl npucnocobneHnamu,
Ha3blBaeMbIMUK 6ap6oTa>kHbIMU Konnaykamu (puc. 3.6). OHK
HY>XHbl 415 TOro, 4Tobbl Mapbl, MNOAHWMAlOLLMECSH Yepe3 Ta-
penkn, 6ap6oTupoBany 4Yepe3 C/ION XKMAKOCTU TONLMHON
okono 10 cm, HaxogAwminca Ha Tapenke. 9T0 NpobybKuBa-
HWe rasa yepe3 CMOW XWAKOCTM U COCTaBNSET CyTb PeKTUGU-
Kauuu: ropsyme napbl (Npu TemnepaType He Huxe 400*C

Puc. 3.5. MocTynneHne HeTV B PEKTUPUKALMOHHYIO KOMOHHY.
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Puc. 3.6. Bap60oTaxXHble KOMMAYKM Ha Tapenke peKTU(UKaLmoH-
HOW KONOHHBI

(750*F) npoxopgaT uyepe3 XUAKOCTb. [Mpu 3TOM Tenno nepe-
faeTca OT MapoB K XuAKoctu. COOTBETCTBEHHO My3blpbKK
napa HEeCKO/IbKO OXNaXpJalTCA W 4acTb Yr/EeBOAOPOLOB U3
HUX NepexoauT B >XWAKOe cocTofHue. 1o Mepe nepeHoca
Tenna oT MapoB K XWAKOCTW, TeMnepatypa NapoB CHUXAeT-
ca. Tak Kak TemnepaTypa >XWLKOCTU HUXE, HEeKOTOopble CO-
efMHEeHNA B napax KOHAEHCUPYIOTCA (CXUxKarTcs).

Mocne TOro Kak napbl MPOLWAW 4epe3 CA0N XWUAKOCTU K
noTepsnu 4YacTb 6onee TAXKENbIX YrNeBOAOPOAOB, OHW NOA-
HMUMaKTCA K Credyloweid Tapenke, rae NOBTOPAETCA TOT Xe
npotiecc.

TeMm BpemMeHeM KO/IMYECTBO XWAKOCTU Ha Kaxion Tapen-
Ke pacTeT 3a CYeT Yr/IeBOAOPOAOB, KOHAEHCUPYHOLLUXCA U3
napos. [103TOMY B KO/MOHHEe yCTaHaBNMBatOT npucnocobne-
HWe, KOTOPOe Ha3blBaeTCA CAWBHOM CTakaH M MO3BONSET W3-
ObITKY XXWAKOCTW nepeTekaTb BHW3 Ha CNedytoLLyl0 Tapesky.
Yucno Tapenok AOMKHO 6biTb TaKUM, 4YTOObI 06LLee Konmue-
CTBO MPOAYKTOB, BbIXOAAWMX W3 PEKTU(PUKALUMOHHON KO-
NIOHHbI, OblN0 paBHbIM KOMWYECTBY CblpOW Hed T, nmocTyna-
el BHyTpb. B AeAcTBMTENbHOCTU, HEKOTOPbIE MOJEKY bl
HEeCKO/IbKO pa3 MyTewecTByOT Tyfja U 06paTHO — B BuUfe
napa MNOAHWMAIOTCA HA HECKO/IbKO Tapesiok BBEpX, 3aTem
KOHZIEHCMPYIOTCA U CTEKAKT YXe KaK XWAKOCTb Ha HECKO/b-
KO TapesioK BHU3 Yepes3 CANBHbIe CTakaHbl VIMEHHO 3Ta npo-
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CnvBHble CTakKaHbl U 60KOBbIE BbIX0Ap!

MbIBKa
BaeT 4”Viapa XXUAKOCTbIO 3a CYET NPOTMBOTOKA M obecneyu-
6bl He*coe pasfeneHune pakuuin. 3a oguH Npoxog 3To 6bIN10
Ha '3moxHo.
BoAbl (M3/TMYHBIX YPOBHAX KOJIOHHbI MMeOTCA 6GOKOBble OT-
AyKTbl He. 3.7) ana oTbopa ¢pakuuii — Gonee nerkme npo-
XNAKONTOMpPAKOTC B BEPXHER 4acTU KOMOHHbI, a Tskenas
'b BbIXOAUT BHU3Y.

OpoleHne n NOBTOPHOE MUCNapeHue
He”
BHe pe”0NbKO AOMOMHUTENbHbLIX ONepauunii, NPoucxXoaaLmnx
newHo TUPUKaLMOHHON KOMNOHHBI, CNocobCTBYIOT 6onee yc-
Nble NN'Y NpoBeAeHUIO npouecca neperoHkn. YTobbl Taxe-
NO HHb| 'WYKrbl CAy4YaliHO He Monaan B BEPXHIOK YacTb KO-
KW HaBMeCTe C /lerkuMu ¢pakunamu, napbl nepuoguyec-
ACHCUbbaBNAKT B X0NOANNbHUK. BelectBa, KOTOPblE KOH-
13 pacttioTca B XONOAWNbHWKE, CHOBa MOCTYMalOT Ha OAHY
HUE pPe0NOXEHHbIX HUXe TapefioK. OTO CBOEro pofa OpoLle-
TUPUKALMOHHON KONOHHLI (puc. 38).
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N Hao60opoT, HEKOTOPOE KONIMYECTBO /IETKMX YTNEBOLOPO-
[l0OB MOXET OblTb YB/IEYEHO TOKOM >KMAKOCTU B HUXKHIOIO
YacTb KOJNIOHHbI BMECTE C TshKenbIMW npogykTamu. YTo6bl
n36exkaTb 3TOr0, XWAKOCTb, BbIXOASLLYIO Yepe3 60KOBOW OT-
BOfA, CHOBA MpOMycKaltT 4Yepe3 HarpeBaTenb. B pesynbTate
OCTaTKW Nerknx yrneBofopo/oB OTAENATCS W MOBTOPHO MO-
CTYNalT B PEKTU(DUKALNOHHYIO KOMOHHY B BUAe napa. JTOT
npoLecc HasblBaeTCs MOBTOPHLIM MUCnapeHuem. MpenmyLLecTBo
TaKOli CXembl 3aK/Mt04yaeTcs B TOM, 4YTO TONbKO He6OnbLuas
YyacTb 06Lero MoToka Cbipoii HedTW JOMKHA MOBTOPHO Me-
pepabaTtbiBaTbCH AN AONOAHUTENbHOTO BO3BpaLLEHUA MNpPO-
AyKTa. He HY>XHO CHOBa HarpeBaTb BCIO HE()Tb, Y4TO MNO3BONSA-
€T CAKOHOMMUTb 3HEPTUHD W AEHbIN.

OpouleHne 1 NOBTOPHOE McCNapeHMe MOryT ¢ TeM Xe Yc-
NMexoM MCNoNb30BaTbC W B CPefHEN 4YacTW KONOHHbI, 4TO
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TakXke cnocobcTByeT ahPeKTUBHOMY pasfeneHunto. MoBTOPHO
ucnapeHHas (pakuus, Kotopas NocTynaeT B KOMOHHY, BHO-
CUT Tyfa JOMNONIHUTENbHOE TEMA0, YTO NMOMOraeT JIEFKUM MO-
nekynam OTMNPaBUTbCA B BEPXHIOK 4YacTb KOMOHHbI. TO4YHO
TaK )e OpOLIeHWe NpPeaoCcTaBNAeT TSHXKENbIM MOSIEKynaM, KO-
TOpble CMy4aliHO 0Kas3anuchb Bbllle, YeM WM MOOXEHO, MOC-
NefHWIA WaHC CKOHAEHCUPOBATLCA B XWUAKOCTb.

CocTaB HEKOTOPbIX CbIpblX HedTeld MOXeT 6blTb TakuM,
YTO Ha YacTu TapenoK B KOJIOHHE He OKaXeTcs [0CTaTO4HO-
ro KO/fmMyecTBa NapoXuAKOCTHON cMecn. B 3Tux cnydasx opo-
LWeHne U MNOBTOPHOE WCNapeHWe MO03BOMAKT Perynmposathb
NnoTOKM Tak, 4TOoObl npouecc pekTudukauum (pasgeneHus)
MOr MPOAOMKAaTbLCS.

MpaHnubl KuneHua dpakymni

. Mpwn aHann3e npouecca NeperoHKN HeTU NPUHLUNNANb-
HO B&XHOI XapaKTepUCTUKON ABNAIOTCA TPaHnLbl KUNeHUs
(hpakumit. Tak Has3blBatOT TEMMEPATYPbl, MPU KOTOPbIX NPOAYK-
Tbl NEPEeroHKW OTAeNnATCH ApYr OT Apyra. B yacTHOCTW, TeMm-
nepaTtypa, Npu KOTOpOW NPOAYKT ((hpakuusa, MNOroH) Hauu-
HaeT KuneTb, Ha3blBaeTCA TOYKOA Hauana kuneHns (THK).
TemnepaTypa, npu Kotopoi 100% faHHOW hpakunm mcnapu-
Nnocb, HasblBaeTCca TOYKOW Bbikunauua (TB) aToli dpakumu.
Takum o6pa3om, Kaxgas (pakuuMa WMeeT [Be rpaHuubl —
THK »n TB.

Ecnn Mbl cHOBa obpatumcs K guarpamme, M3006paxKeHHOi
Ha pucyHke 3.3, TO /IETKO YBUAMM, 4YTO TemnepaTypa BbiKumna-
HUA HadTbl (AUrponHa) SBAAETCA TOYKOW Hayana KuneHus
AN KepocuHOBOe dpakuumn. To ectb THK 1 TB fByXx cocefHMX
thpakuMin coBmagalT, N0 KpaiHel Mepe, HOMMUHANbHO.

OpHako THK »n TB moryt 1 He coBnajatb — 3TO 3aBUCUT
0T TOr0, HaCKO/bKO XOpoLlee pasfefieHvie obecnevmsaet npo-
Lecc pekTudunkaummn. Bo3MOXHO, paccMaTpuBas BCHO 3Ty CU-
cTeMy' Tapenok u 6apboTaxHbIX KOMMaykos. Bbl 3ajasanu
cebe BOMPOC, HACKO/IbKO >Xe XOpow pe3ynbTar. ECTeCTBEHHO,
NpoLecc NeperoHKW HeuaeaneH W NPUBOAUT K NOSBMEHWUIO,
W3BUHUTE 33 BblpaXeHWe, TaK Ha3blBaeMbIX XBOCTOB.
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MpesnonoXxum, YTOo Mbl aHanu3vpyem HadTy (AMFpouH) u
KEepPOCUH B nabopaTopuu W ANA KaXA0N M3 3TUX dpakuyunii
MONYyYnUnN KPUBbIE PasrOHKW — TaKue, KakK W300paKeHbl Ha
pucyHke 3.9. PaccmoTpuTe MX BHUMaTeNbHO, WU Bbl 3aMeTuTe,
4yTO Temnepatypa BblkKMnaHus HadTbl okono 160°C (325°F), a
TOYKa Havana KuneHus kepocuHa okono 150*C (305°F).

PucyHok 3.10 6onee HarnsagHoO WAMOCTPUPYET, UTO Takoe
XBOCTbl. Ha 3TOM pucyHke n3o6paxeHa 3aBUCMMOCTb TemmepaTty-
pbl, HO Ha 3TOT pa3 He OT 06LLei 06bEMHON JONN NCMapuBLLENi-
ca HedTn, a 0T 06BLEMHON JONM HepTW, MCNAPUBLUEHCS WMEH-
HO Mpwv 3TOi TemnepaTtype (471 TeX, KTO 3HAKOM C MaTemartu-
YeCKMM aHaiM30M, MOXHO CKa3aTb, YTO 3TO MepBas Npou3Bof-
Has OyHKUMK, 0BpaTHOI M306paxeHHOW Ha pucyHke 3.9).

XBOCTbl MOYTW BCErga MNOABAAKTCA MPWU MNeperoHke. 370
HacTONbKO 00blYHOE fBfIEHWE, 4YTO cuMTaeTca camMo CO6Oi
pasymetowmeca. OgHaKo 4TOObl He YCMOXHATL Cebe XU3Hb,
MpULWANM K KoMnpomuccy. B kadecTse rpaHuy pakuyuin npu
neperoHke 6epyT Tak Ha3biBaeMble KTUBHble TpaHuLbl
KWNeHWsi, TO ecTb TeMnepaTypbl, NPU KOTOPbIX (hpakummn yc-
NOBHO CYMTalOTCA pasfeneHHbIMW. B panbHeliwem, npu ynot-
pebneHun TepMuHa rpaHuubl KUNEeHWs, Mbl Gygem MMeTb B
BUAY M/>(heKTWBHbIE FPaHNLbI.
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Puc. 3.10. XBoCTb! (hpakLuil Ha KPMBOWA pasroHKW.

Y cTaHOBNEeHMe rpaHul hpakymni

Korga Mbl paccmaTpmBany rpaHuubl Qpakuuii B npegbl-
Ayweli rnaBe, a Takke 06CYy)Xaanum WX Bbille, MOFI0 CfoO-
XWUTbCA BNeyatneHune, YTo 3TW BENNYUHBI ANS KaXAOW (hpak-
LM TOYHO YCTaHOB/IEHbI. Ha camom Xe fiene B MPUMEHEHUN
K KOHKPETHOW PeKTUPNKaLMOHHON KOMOHHE 3TV TpaHuLibl
MOXHO HECKO/NbKO CMelWaTtb. Hanpumep, CMelleHue rpaHu-
Ubl Mexgy HaTol (AMFPOMHOM) U KEPOCMHOM MOXET MMeTb
cnegytowme nocnefctems. MpefnonoXxum, 4to Temnepartyp-
Had rpaHuua cmectunacb co 157 (315) go 162°C (325*F). Bo-
nepBbIX. MPU 3TOM W3MeHATCA 06beMbl MPOLYKTOB PeKTU(U-
Kauumn, BbIXOAALWMX M3 KONOHHbI — NOAy4nTCs 60MblUe Ha-
(OTbl W MeHblIe KepocuHa. [leno B TOM, 4YTO Ppakumsa, Kunsg-
was mexgy 157 n 162'C, Tenepb OyaeT BbIXOAWUTb 4epes
0TBepcTMe AN HadTbl, a He ANA KepocuHa.

Mpyn 3TOM MNOTHOCTbL U HadTbl (IMrpPOMHA), U KepOCUHa
yBenmuntca. Kak e Tak MOXeT 6biTb? [MOroH, KOTOpbIi
Tenepb nNepemecTunca BO Ppakuuio HadTbl (TMrpouHa), TH-
Xenee, yeM HaTa B cpefHeM. O[JHOBPEMEHHO OH JIerye, Yem
B CpeflHEM KepocuH. Bot Tak 06e pakuyum u ctanm Taxenee!

HekoTopble gpyrve cBOMCTBA Takke W3MEHATCA, HO MOT-
HOCTb — prVHITHPHHAS XanakTrMUcTukKa. kotodvh) Mbl [0
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ByTaH n 6onee

<90°  nerkue yrneso-_ azothpakum-
[0POAHbIE rasbl OHMpoBaHKe
KomnayHau-

90°—220° [1pAMOroH- pOBaHue aB-
HblIiA 6EH3NH- TOMOBUNBHO-

ro 6eH3nHa
2203 315* Hapra _ Karanuiyec-
(nMrpouH) Kuii puchop-

MUHT
315e—450 KepocuH "'mapoouncTka
Cblpas
HeWTb .

450°—650°  Nlerkpii Monyerie
ra30iib LVNCTUANATHO-

ro Tonnvea
650°—800e TsxKenblit Katanntuyec-
rasomnb KWIA KPEKUHT

Mpsamo-
o

800"+ ropHbIl oc- BakyymHas

TaToK neperoHka

Puc. 3.11. MNeperoHka HeTU 1 Ha3HAYeHWE MPOLYKTOB.

cux nop paccmoTpenun. Mpu 06CYXXAeHUN ganbHenwen cygb-
6bl NPOAYKTOB MEPeroHKU B MOCAeAylowWwmx rnasax Mbl yno-
MSAHEM [pyrue BO3MOXHbIE NOCMEACTBMA W3MEHEHUA TpaHunL,
KNMeHUs Gpakuuni.

Ecnn Bbl ceituac y3HaeTe, Kyfa OTMpaBAsOTCS MNPOAYKTbI,
nofyYyeHHble MpuU neperoHke, Bam 6ygeT nerye NOHATbL CyTb
nocnegyrowmx rnae. Jlerkne pakynm, BbIXOLALME B BEPXHEN
YaCTW KONOHHbI (BEPXHWIA MOTFOH), MOCTYMalT Ha YCTaHOBKY
ra3opakyMoHUPOBaHNH. MPAMOrOHHbIA 6EH3UH OTNpaBnseT-
CA Ha KOMNayHAMpOBaHWe ANS NOAY4YeHWUs aBTOMOOMBbHOIO
6eH3nHa. Hadta (nMrpomH) nofaeTca Ha yCTaHOBKY pugop-
MWHFa, KepPOCUH MOCTynaeT Ha YCTaHOBKY FMAPOOYUCTKHN, Ner-
KW rasoinb HanpaBnseTCca Ha CMelleHue AN NonyyeHus gu-
CTUNAATHOTO (AW3ENbHOT0) TOMAMBA, TSXKENbIA rasoinb cny-
XWUT CblpbeM NS KaTaIMTUYECKOro KPeKWHra, u, HakoHel,
NPSMOFOHHbIV OCTAaTOK NOAaeTcs Ha BaKyyMHYH MEpPEeroHKy.
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YNPAXHEHWA

1 3anofHMTe NpPOMyCKW, BbIGPAB C/lOBa M3 CMeayioLero
crnucka:

XBOCTbI CNVMBHON CTakaH
THK B

neyb NMPAMOTOHHbIN 6eH3UH
cbipas HeTb hpakunoHupoBaHue
nepuoanyeckuin HenpepbIBHbIN
yBeIn4YnBaeTCcs YMeHblUaeTcs
BEPXHWUIA MOrOH XONOAUNBHUK

6apb0TaXHbI KoMMmavyok

a. Korga camoroH BbIXOAWT M3 BEPXHE 4acTW MepPeroHHOro

Ky6a, ero Hy>XXHO NponycTuUTb Yepes , npexge
4yeM pas3nuBaTb B OYTbIIKM.
6. PEXWUM He O4YeHb 3(h(PeKTUBEH B COBpe-

MEHHON HedTenepepaboTke. B HacTosiwee Bpema pek-

TUhUKaLMa Cbipoii HedTU OCYLWeCcTBNAETCA TONbKO B
pexume.

B. Mpucnoco6neHune, ysenmumnsarowiee ahheKTUBHOCTbL Nepe-

MELINBAHUA B PEKTU(UKALNOHHOW KONOHHE, Ha3blBaeTcs

r. OTBepcTusi B Tapenkax PeKTU(UKALWOHHOW KOMOHHbI

CHabXXeHbl nmoéo .

4. XBOCTbl BO3HMKAKT, MOTOMY 4TO OflHOVA
(hpakumnM nepekpbIBaeTCs C Lpyro
(hpakumnm.

e. o mepe NpoaBMXEHWA MapoB BBEPX MO KOJIOHHE, UX TeM-
neparypa a L]
X. Mpy MOHWXEHUN TemnepaTypbl BblKUNaHUA (pakuum B
pPeKTU(HUKALNOHHON KOMOHHE, 06beM 3TOW (pakuum
a nnoTHocTb AP!

2. Ynpasnawwuin HedTenepepabaTbiBalOWEero 3asoja Mo-
Nyyun 3ajaHue MNpoU3BOAUTbL 3UMOI 33 ThiC. 6ap./cyT
KoTenbHOro Tonmnuea. OH 3HaeT, 4To 6yfeT nonydatb
200 Tbic. 6ap./cyT cbipoit HedhTn — 30 Thic. Gap. w3 Jlymsna-
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Hbl 1 170 Tbic. 6ap. n3 3anagHoro Texaca. Kpusble pa3roH-
KM 3TUX HedhTeli npuBefdeHbl HuxKe. Eue 04HO ycnosue
COCTOMT B TOM, 4TO TpebyeTcs MONYUYUTb KaK MOXHO 60/b-
Le peaKTMBHOrO TOM/AMBA. TO €CTb W3 HEPTU HY>KHO Bbl-
XaTb KaK MOXHO 6onblue. NHTepBan KUMNEeHUS peakTUBHO-
ro Tonnmea - 300—525°F (150—=275°C), aT0 u 6yayT rpa-
HWLbl COOTBETCTBYHOLWE (pakuun B PEKTU(OUKALUOHHON
KOMOHHE.

HakoHeLl, 4To6bl 06ecneynTb BbINYCK 33 ThiC. 6ap./cyT KO-
TeNIbHOrO TOM/IMBA, HYXKHO NofyvaTb 20 Thic. 6ap./CyT Nerkoro
NpAMOroHHoro rasoina (J1MI) npu neperoHke Cbipoii HeTU
W HanpasnsTb ero Ha NnosyyeHvWe KOTebHOro TOMIMBA.

3agava: Kakue TemnepaTtypHble rpaHuubl Crefyet yCTaHo-
BUTb Ana dpakumm JIMT, 4yTo6bl nonyunts 20 Teic. Gap./cyT?*

[laHHble N0 Pa3roHKe:

3anagHo-Texacckaa  JlyusmaHckas

06.%
THM 113°F (45°C) 15 20
113—260°F (45—125°C) 12 18
260-315°F(125- 160C) 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
Bbille 1000°F (540°C) 15 10

Yka3zaHue: PaccuuTainTe KpUBYK PasroHKW ANS CMellaH-
HOi HethTn. TB peakTmsHOro Tonnuea senaetca TUIM dpak-
uum NN, OctaeTtca paccuntate TB ana dpakumu AMT Tak,
yToObl NOMTYYMNOCh 20 ThiC. 6ap./cyT.

* 3anoMHWTe OTBET 3TON 3afaun. 3afayun B MOCMESYHLLMX [naBax
OyyT OCHOBaHbl Ha 3TOM YNPaXXHEHWUN.
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Mpupoga He TepnnT NyCTOTbl
ApucToTens «Pusnkar»

Mpu 06CYXXAEHNUN KPWBBIX Pa3rOHKW WM PeKTU(UKALMOH-
HbIX KOMOHH B ABYX NpefblAyLinX rnaBax Mbl CO3HaTEbHO
OCTaBMAN B TEHU (POPMY KPMBBLIX MpPWU Temnepatypax OKOJO
(n Bblwe) 480*C (900°F). OfHaKo Kak pa3 npu 3Tux Temne-
paTypax MpOMCXOANT HEKOe fBMEHWE, KOTOPOe Ha3blBaeTCs
KpekuHr. YTobbl NpaBuIbHO UCMO/b30BaTb 3TO AB/EHNE U W3-
6exxaTb €ro BpefHbIX NOCNeACTBUIA, 6bin paspaboTaH npo-
LlecC BaKyyMHOI NEeperoHKu.

ABneHne KpekuHra

MpefcTaBbTe cebe, 4YTO NabOpaHT JO/MKEH MOAYYUTb KpU-
BYIO pa3roHKM Ana obpasua cbipoit HedhTu. OH BGyaeT Harpe-
BaTb HepTb M 3anucbiBaTb TemmepaTtypy, cobupaTb nap u
KOHAEeHCUpoBaTb (CKMXKaTb) €ro, a Takke OTMeYaTb 0ObEM
Xugkoctun. Ecnm Temnepatypa nogHumetcs Bblwe 480'C
(900"F), thopma KpuBOIA HEOXWUAAHHO M3MeHUTCS. Mpu Tem-
nepatype oT 480 go 540°C (1140*F) o6bwwuii o6vem cobpaH-
HOI XXMAKOCTU OKaxKeTcsi 6onblue 100%, a B MCXOAHON KOn-
6e Bce elle ByaeT KUNeTb HedTb.

B03MOXHO, 3[eCbBecTb HEKOTOpPOe MpeyBefnyeHne no
CPaBHEHWIO C TEM, YTO MOXHO B AelCTBUTENbHOCTU Habnio-
[laTb HEBOOPYXXEHHbIM TN1a30M, HO CyTb MepejaHa BepHo. Kor-
[la CNOXHble YrNeBOAOPOLHbIE MONEKY/bl — Te, YTO He WC-
napunuce fo 480°C (900°F) — HarpeBatoT go 60/ee BbICO-
KUX TeMnepatyp, TO 3HEepruy OKas3biBaeTCAd A0CTAaTOYHO Ans
TOro, 4TO0Obl packonoTb OONbLIYH MOMEKYny Ha Ase (Mau
6onblie) maneHbkux. Hanpumep, monekyna CleHM moxet
packonoTbca Ha Tpu uvacTu: CsH (8, C6Hu n C2H4, Kak
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H-C-H H-C-H H
H-(i-H H (ééc.f
H'%'H OKTaH b
H-C-H (C,Hlg)
H-C-H

H
LleTaH
(C16H34)

Puc. 4.1. KpekuHr morneky’.

NnoKasaHO Ha pucyHke 4.1 (COOTBETCTBYHOLLAA XMMMUYeCKas
peakuuns 6ygeT paccmoTpeHa 6onee nofpo6Ho B rnase, no-
CBALEHHOW KaTaIMTUYECKOMY KPETrMHTY).

Ecnn BCMNOMHUTL, 4TO Mbl TOBOPWIWM O TeMMepaTypax Ku-
NeHns, TO CTaHEeT SICHO, MOYeMy KpuBas PasrOHKW W3MeHWU-
nacb CTO/b BHE3anHo. ManeHbKue MoneKkysbl KAMAT Npu 3Ha-
unTenbHO 6onee HU3KMX Temnepatypax, yem 6onbline. Kak
TOMbKO OHM 06pa3yloTcs B pe3ynbTaTe KPeKWHra, OHW Bbl-
NpbIrMBalOT U3 KUNALWeEeR XUAKOCTA B napbl. Ho 3To elwwe He
Bce. CUKypga »e B3siaCA fOMONHUTENbHbIA 06beM? YTO Hasbl-
BAaeTCA «Ha MaibLax» 06bACHUTb 3TO MOXHO TakK: Ma/leHbKue
MOJIEKYNbl 3aHMMalOT 60/bLUe MecTa, Yem 6OnbLIme.
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BcnomHuTe Tenepb rnaBy O CBOMCTBax YrneBOAOPOAOB U
OTHOCUTENbHON NnoTHocTU. CoefnHeHne CH34 umeeT nnot-
HocTb 7,2 Ib./gal., a coeguHeHus CgH”, CA"H” n CjH4 —
cooTBeTcTBEHHO 5,9, 56 1 31 Ib./gal. Mpeactasum cebe, 4yToO
ofauH rannoH C|$H34 NnonHOCTLIO pacnancs Ha TpU 3TUX KOM-
MOHeHTa (Ha camoM fJene TaK He 6blBaeT, a MOMy4arTCAd KOM-
6UHaLMM pasnUYHbIX NPOAYKTOB). COrnacHoO XMMUYeCKon pe-
akuun, obpasyerca 50% CgH|g, 38% C*H” n 12% C2H4. Ho
3TO BecOBble, a He 0ObEMHble MPOLEHTbI. Ecnvm BHavane Mol
nMeem 7,2 PyHTa, TO U B KOHLE MOAYyYMM CTO/BKO Xe. A Ka-
KUM >xe OygeT o6bem? CocuuTaeM ero ciegylowum obpasom:

7,2 Ibs C,6Hj4 coctasnstot 7,2 Ibs  wnn 7,2/7,2 = 1,00 gal.
50%  CgHJj coctansatoT 3,6 Ibs  wm 3,6/5,9 = 0,61 gal.
38% CeH12 coctaBnsaoT 2,7 Ibs  wnn 2,7/5,6 = 0,48 gal.
12%  C2H« coctansoT 0,9 Ibs  wm 0,9/3,1 *=0,29 gal.

100% 7,2 Ibs 1,38 gal.

Mol BuamMM, uto 7,2 ¢yHta C16H34 coctaBnaoT | ranioH
no obvemy, B TO BpeMs KakK 7,2 hyHTa NPOAYKTOB KpeKuHra
3aHMMaloT 06beM 1,38 rannoHoB. Takoi pesynbTaT npolue Bce-
ro 06bACHUTL TeM, 4YTO 6onee KPYMHble MONEKYbl CTPEMATCA
ynakoBaTb CBOW aTOMbl MAOTHEe, YeM Menkue mosekynsl. o-
3TOMY OHW 3aHMMAaKT MeHbLWA 06bEM Ha eAUHMLY Macchl.

Puc. 4.2. Bec CuH3* 1 KOMNOHEHTOB KPeKWHra 01MHAaKOB.
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KpPeKUHIr — MHTepecHbIN 1 BbITOA4HbIV NpoLecc, HO TOfb-
KO BTOM Cflyyae, eCiv UM ynpaBnsTb. B pekTudukaynoHHoOM
KO/IOHHE 3TOT MPOLEeCC He KOHTPOAMpPYeTcs, NO3TOMY npu
neperoHke m3beraloT Temnepatyp, NP KOTOPbIX BO3MOXEH
KpekuHr. Hawubonee BblicoKas TemnepatypHas rpaHuua npu
neperoHke Haxogutcs B paioHe 400*C (750*F). Ho npamo-
FOHHBbIA OCTaTOK TaKXe COAEPXUT MHOXeCTBO Yr/ieBOLOPO-
[0B, KOTOpble crefyeT pa3fenutb Ha gpakynn. C 3aToll Lenbto
1 pa3paboTaH MeTOf BaKyyMHON MeperoHKw.

BnvaHne NnOHU>XXEeHHOT O faBneHuns

MpepctasbTe cebe, 4TO Yy Bac ecTb jBe COCMCOYHbIE — Ha
cTagmoHax B XblOCTOHe W [leHBepe. 3HaeTe nu Bbl, 4TO AnA
TOro, 4T06bl BCKUNATUTL BOLY W CBapUTb B HEll COCUCKM, ee
Hago OyaeT HarpeTb, B cpegHeM, Ao 100*C B XbHCTOHE M
Tonbko fo 99°C B AeHsepe? [leno B TOM, YTO aTMOC(epHoe
[aBfieHve B 3TUX [BYX MecCTax pas/MyHoO, TaK KakK pasinyHa
BbICOTA Hafl YpoBHeM Mops. Korga rosopar, 4TO BO3fyX B
ropax paspexxeH, TO UMelT B BUAY, YTO OH MeHee MAOTHbIN,
3TO W 3HAYUT, YTO JaB/IeHNe MEHbLUE.

TemnepaTypa KUMEHUS 3aBUCUT OT AaB/IEHUSA HECNOXHbLIM
obpasom. HarpeBaHue TpebyeTcs Ans TOro, 4Tobbl MOMEKY/bI
Habpanu [OCTaTOYHO 3JHEPrUM U MOTIU MOKUHYTb XUAKYIO
@a3y. CKOpOCTb, C KOTOPOW 3TO MPOUCXOAMT, 3aBUCUT OT
TOrO, C Kakoil CKOPOCTbIO TEN/I0 K HUM MOABOAMUTCH, a Tak-
>Ke OT JaBfieHUA BO3fyXa Haj XXMAKOCTbI. YeM HuXe Aasre-
HUe, TeM MeHblUe 3Hepruy TpebyeTca W, 3HAUYUT, TEM HUXKe
TeMnepaTtypa, MpU KOTOPOI HauyuMHaeTcs napoobpa3oBaHue B
XNAKOCTKU, TO €eCTb KMNEHWUE.

Kopoye roBops, 4YeM HWXe faBNeHUe, TeM HUXe Temne-
patypa KuneHus.

BakyyMHas neperoHka

Tenepb pacCMOTPUM 3aBUCUMMOCTb TeMMepaTypbl KUMeHUS
°T [jaBNeHNs B MPUMEHEHMN K Mpob6nemMe KpekWHra HegpTw.
PeKMHr MPsMOrOHHOrO OCTaTKa MPOMCXOAWUT, KOrja Tem-
Mel>atypa NOAHMMAETCA CIMLLIKOM BbICOKO. HO Beab MpsiMo-
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FOHHbI/ OCTaTOK HYXHO KakK-TO pa3fennTb Ha AOMOSIHUTENb-
Hble hpakuumn. PeleHne npo6niembl 66110 HallgeHo Npy Mpo-
BeAEeHUN PpakLNOHUPOBAHUSA MPU NMOHUXEHHOM AaBNEHUN.

MpAMOrOHHbIN 0CTATOK MepekaynBardT U3 peKTudurkaum-
OHHOW KONIOHHbl HENOCPEeACTBEHHO Ha YCTaHOBKY BaKyyMHOIA
neperoHKu. B cOOTBETCTBUM C pEXUMOM paboThl peKTUdMKa-
LMOHHOWM KOMOHHbI, TemnepaTypa ocTaTka npu 3TOM OTBeYva-
eT Hayany ero KWneHus WM Ha napy rpagycoB Bbllle Ha
cnyvaii oxnaxgeHus. OcTaTok NocTynaet B MPM3eMUCTYH KO-
JIOHHY 60/bLIOro AMameTpa, AaB/fieHMEe B KOTOPOW MOHMXEHO.
ATMmoc(epHoe faBneHue coctaBnger 14,7 psi* (1,03 atm);
npubNN3NTENbHO Takoe >Xe [aBfieHne W BHYTPWU pekTuduka-
LWOHHOW KONOHHbI. [laBneHne B BaKyyMHON peKkTudukaum-
OHHON KONOHHe cocTaBnser okono 4,5—55 psi (0,32—
0,40 atm). Mpu NOHWKEHHOM AaBneHUmn nerkas pakums oc-
TaTKa cpa3y Ha4yMHaeT KuMeTb U BbICTPO UcnapseTcs.

VicnapeHune COMPOBOXAAeTCA OXnaxaeHuwem. VIMeHHO mno-
3TOMy, 4TOObl OMpefenuTb HamnpasfeHWe BeTpa, JOCTAaTOYHO
3aCyHYTb yKasaTefbHblli Nanew B poT, a 3aTeM MNOAHATbL ero
BBepX. Ha BeTpy MAKOCTb mcnapseTcs, U MO3TOMYy naned
OX/N12XAaeTcs C OAHON CTOPOHbLI. YT06bLI MPOTUBOAENCTBOBATHL
OXNaX[AEHNKO, B KOJIOHHY NOJAeTCA MeperpeTbiii map — nap
nojg AaBneHMeM, HarpeTblii 4O TemnepaTypbl He MeHee 400°C
(750*F). Tenno oT napa nepegaetcs He()TAHOMY OCTaTKy, U
TakuMm 06pa3om MNOALEPXKMBAETCA BbICOKas Temnepatypa W
Npojo/mKaeTca npouecc ucnapeHus. Apyras gyHkumns napa —
3TO perynuposaHue AasneHus. Hu3koe gaBneHue coOXpaHsaeT-
€A 3a CYeT BaKyyMHOro Hacoca, paboTatlolero B BEpXHel yac-
TN KO/IOHHBbI.

Kak nokasaHO Ha pucyHke 4.3, U3 BaKyyMHOW peKTudu-
KaLMOHHOW KONOHWI BbIXOAUT HECKONbKO MOTOKOB. Jlerkuit
BaKyyMHbIA AUCTUANAT U TA>XKeNblii BaKyyMHbI AUCTU.MAT
MHOrfa Nony4valT Kak OTAeNbHble npofykTel. Obe ¢pakyum
MOXHO MCMO/Mb30BaTh KakK Cblpbe 418 MOMYyYeHUs CMa304YHbIX
macen. Bo MHOrux cnyuyasx Wx He pasgensitoT, a C/AuBalT
BMeCTe, TakO MPOAYKT Ha3biBaeTCs nerkas pakuma akyyMm-
HOWiNeperoHKu.

* psi = YyHT/KB. grOMAM.
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PekTuthnkaumoHHas YcTaHoBKa
KO/IOHHA ANA CbIpoi BaKyyMHOI
HedpTn neperoHku
BakyyMmHblii
Hacoc
" A Nerkuii
BaKyYMHbI
*- AUCTUNNAT
Tsxenblin
BaKyyMHbIi1
ANCTUNNAT
Ocratok
o . BaKyyMHOI
MpAMOTOHHBIA  opaumii neg?r/OHKVI

OCTaToK nap

Puc. 4.3. BakyymHas neperoHka.

COOTBETCTBEHHO, TSXENbIi NPOAYKT, KOTOPbIA OCTaeTcs
Ha [jHe KO/IOHHbI, Ha3blBAETCH OCTATOK BaKyyMHON MeperoH-
KM W WCNONb3yeTCA B KauyecTBe CbipbA ANA MPOM3BOACTBA
6uTymMa MM TepMUYECKOro KPeKWHra, a TakKKe KakK KOMMo-
HEHT 18 NOMYYeHMs OCTaTO4YHOro TOMNAMBa.

BakyymHas neperoHka npsiMOroHHOro 0CTaTKa 3KBUBANEHT -
Ha ero aTMOC(epHON MeperoHKe B MHTepBane KuMNeHus 0KOMo
540—590°C (1000— IIOO°F). BOMbLWNHCTBO KPUBbLIX Pa3roHKN
YCNOBHO M306paxkaldT TaK, KakK OyATo 3Ta pekTudukayuns
Oblna feACTBUTENLHO MPOBeAeHa.

MocKoNbKY Ha MPaKTWKe BaKyyMHas MeperoHka TOXe ume-
€T CBOW OrpaHuyeHus, TOYKY BblKMMaHWS MPAMOTOHHOrO
ocTaTka —T.e. Temrnepatypy NoAHOr0 BblKUMNaHWUA CbIPOi He-
T — onpeaennTb HEBO3MOXHO. Tpu CTOMb BbICOKUX TeM-
nepatypax BaKyyMHYI0 NEeperoHKy He npoBogsaT. OfHako oT-
CyTCTBME 3TOW MH(OPMaLWUKM He BNeYET HUKaKUX MOCnef-
CTBMWI, TaK KakK 4na roToBblX NPOAYKTOB, B KOTOPbIX UCMO/b-
3yeTcs 0CTaTOK BaKYyMHON MNeperoHKu, ToYKa BblKMMNAHWA
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He MMeeT 3HauyeHUs. [na XapaKTepUCTUKU OCTATKOB UCMOJb-
3yHOT Apyrue napaMmeTpbl, Hanpumep, MAOTHOCTb U BA3KOCTb.

YNPAXHEHWA

1 3anonHuTe NPOMNyCKU:
a. BakyymHas  neperoHka ABAAeTCA  MPOLO/MKEHUEM
CbIpOi He(TM MNpu BbICOKMX Temneparty-
pax, 4To MO3BONSAET U3beXaTb
6. Yem HWxe flaBneHue, Npu KOTOPOM Haxo,qMTCH XWAKOCTb,

Tem (Bblle, HWXe) ee TemnepaTypa KWMeHWUS.
B. Uem Bbllle [aBneHWe B BaKyyMHOW peKTU(MKALMOHHOI
KONOHHE, TEM (BbllLE, HMXKE) TOYKA BbI-

KUMNaHWs Nerkoil pakumm npu Toii e CKOpoCTU Nofaun
W TemnepaType Cbipbs.

r. MpoayKTbl, BbIXOAslUMe C YCTaHOBKWM BaKyyMHol nepe-
FOHKMW, Ha3blBaloTCS , "

4. UTo6bl yMeHbWMUTb 06bEM NEerkoi gpakuum BaKyyMHOW
NMeperoHKy Npu TOW >Xe CKOPOCTU MOAAayn Cbipbs, HY>XKHO
nm6o [laBNeHne B KOJIOHHe, nn6o

Temneparypy Cbipbsi, MOCTYyNawoLero

B KONOHHY.

2. Vcnonb3yliTe AaHHble, KOTOPble COO6GWMAN YynpaBnsio-
wemy HedTenepepabaTbiBalOLEro 3aBoja B npeablayLei
rnase. Ha atot pa3 Tpebyetca 35 Thic. 6ap./cyT (1 HedTA-
HOW Gappenb paBeH 159 n) ocTaTKa BaKyyMHOWN MeperoH-
KW AN TOro, 4To6bl YAOBNETBOPWUTL MOTPeOHOCTU 3aBofa
no npousBoAcTBy 6uTyma, (a) Kakyto MakcMmanbHyH rpa-
HULY KWUMEeHWS HY*HO YCTaHOBUTb B BaKyyMHOW peKTuW-
(hMKaLMOHHON KOMOHHE, 4To6bl 06ecneuynTb Tpebyemoe
CHabXeHne 6MTYMHOro 3aBoga? Mcnonb3yiite TemnepaTy-
pbl KPUBOI pa3roHKW, a He AaBfeHWA W TeMnepaTypbl Ha
yCTaHOBKE BaKyyMHOW neperoHku, (6) Ecnv npamoroH-
Hbl/i OCTaTOK OyaeT OTAeNsATbCA B PEKTUPUKALWUOHHOW
KonoHHe npu 800"F, Kakmm 6yfaeT 06bem fnerkoil pak-
LUN BakKyyMHOI MeperoHKu?



V
XNMMUNA HEDTU

CucTema MNpuposbl 4ONKHA 6bI TbAENCTBNTE. 1bHO
Kpacusol — Befb B XMMUM Mbl OBHapy>Kusaem,
4TO COefiNHEHUS — BCETfa KpacuBble Lienble Yucna
1 HUKaKnx apobeit

P BykmuHcTep dymep

[o cux nop npu 06CYXAEHUW CBONCTB CbIpOi HedTU U
npoueccos ee nepepaboTKM Ham ypaBanocb usberaTb OCHOB
XWMWUW, HO 3TO CYacT/IMBOe BpeMs MOAOLWIO K KOHUy. Bce
OCTanbHble npoueccbl HedTenepepaboTKM ABAAIOTCA N0 60/b-
el YacT! XMMUYeCKUMMN peakuuamu. Tak Kak Bbl He 0653a-
Hbl 6blNM M3y4yaTb XUMUIO, a A M3ydan (U3NYECKYI XUMWUIO
M coan ee Kak MWHMMYM Ha TpoOliKy, TO Bam npupgetcs ys-
HaTb Koe-4yTo 06 yrnesogopofax, npexzae 4YeMm [BUraTbCH
Janblue.

He nponyckalite 3Ty rnasy! Ecnn Bbl XOTWTe MOHOCTbIO
pasobpaTbCsi B MOCAeAylOWMX CeMM [naBax. Bam npugetcs
OCTaBWUTb Ha 3TOM MecTe 3aK/afKy.

ATOMbI U MONEKYbI

®U3NKN Nepuognmyeckn yAUBNSIOT YYeHbIA MUP TEM, 4TO
pa3buBatoT MaTepuld Ha Bce 60nee MefIKMe 4vacTuubl, elle
MeHee MOHSATHble O6bIYHLIM NHOAAM, YEM HEWTPOHbI U 3NEKT-
poHbl. Ho Ham noBe3no: gns HedTenepepaboTKM He TpebyeTcs
HMYero, 4To 6bII0 Obl MeHblle aToMOB. [Mpumepbl aTOMOB —
3TO Yrnepoa, BOAOPOA, Cepa WAM KUCNopog, KoTopble 060-
3HavyalTCA COOTBETCTBEHHO cumBonamn C, H, S n O.

CsolicTBa BeleCcTB 3aBUCAT OT TOro, M3 KakKux aTtomMoB
OHM COCTOAT U Kakum 06pa3oM aToMbl CBSi3aHbl B TPyMMbl,
Ha3blBaeMble Mo/eKynamu. Camble BaXKHble MpaBuia KacakT-
CSl Ba/IEeHTHOCTEA WM XMMWUYECKUX CBA3EN.



BaieHTHOCTb. Kaxablii Bug aToMoB (3nemeHT) obnagaeT
CNoCOBHOCTbIO COEAUHATHCA C APYTMMW aTOMaMu B COOTBET-
CTBUM CO CBOeW CTPYyKTypoii. Hanpumep, aTtom yrnepoga Bce-
roa Xo4yeT MPUCOEAMHUTL K cebe 4eTbipe APYrMx artoma, a
aToM BOLOPOfAa — TO/IbKO OfWH.

OnpepgenexHve: BaneHTHOCTb aTOMa HEKOTOPOro 3/ieMeHTa
paBHa uucny aTomMoOB Bogopofda (MAM UX 3KBMBANEHTA), C
KOTOPbIM 3TOT aTOM MOXET COeANHUTBCS.

Xumuyeckas cBAsb. Bug coegumHeHns Mexay AByMs atoma-
MW Ha3blBaeTCA XMMWYECKOW CBA3bI. Bbl MOXETe cuuTatb,
4TO 3TO CMJ/1a 3NEKTPOCTAaTMYECKOr0 B3aMMOAeNCcTBUSA.

Yrnesogopopbl

Cawmblil NpocToli Npumep, WANOCTPUPYIOLWWIA BCe TPX NO-
HATWA — BANIEHTHOCTb, XMMUYeCKasa CBA3b W YrneBofopos —
3TO MeTaH, KOTOPbIA COCTOMT W3 OAHOr0 aToma yrfiepoga M
yeTblpex atomoB Bogopofga, ero opmyna CH4. MocmoTtpute
Ha ero CTPyKTypy 1 Bbl yBuAWUTe, 4TO BCe npasuna BafeHTHO-
CTV BbIMOJHAOTCA.

i
H-(i-H
H

MeTaH
<CH4)

Puc. 5.1. MeTaH.

Ecnn Tenepb Mb« pacCMOTPUM ChefyHOLWMIA NpocTerwnii
YrNeBogopos, 3TaH, TO 06HApPYXXMM HEKOTOPOE YC/OXHEHUeE.
dopmyna ataHa CjHfc. MoXHO BMAETb, YTO KaXablil yrnepog
OKPYXXEH YeTblpbMsA CBA3SMMW, a KaXAblli BOLOPOL — OAHOINA.
OGpatute BHMMaHWe, 4TO OAWH aToOM Yyrnepoga Mpucoean-
HeH K apyromy. 9T0 06bl4HOe geno. Mexay npoyum, Korja
BOAOPO4 YNOMWHAeTCA KakK OTAeflbHOe COefMHEeHWe, TO €ro
(hopmyna Bcerga H2, notomy 4TO BOAOPOJ WMMEHHO TaK U
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CyLLecTBYeT: OfMH aTOM BOAOPOAa MPUCOEAMHAETCS KO BTO-
poMy, U Takum 06pa3oM MpPaBUIO BaneHTHOCTU BbIMOMHAET-
cA Ana obonx aTOMOB.

Llenblii knacc yrneBofopOfOB MOXHO NpeAcTaBuTb, NO-
Nnyyas HOBble COEAAMHEHUS TOYHO TaK >XXe, Kak W3 MeTaHa
Obln NoNyYeH 3TaH. 3TU COELMHEHUA ABNAKTCA NpefesbHbl-
MW yrneeogopogamu (ankaHamu) wanm napaduHamy o6Lei
topmynbl CnH2,,+2- Mpumepbl TakMxX yrneBoAopofoB — Npo-
naH, HOpManbHbIli 6yTaH (H-6yTaH) M HOpManbHbIA MeHTaH
(H-neHTaH).

H HH HHHH HHHHH
H—p-p-P-H H—e-<p—<p-<p—p—H
H H H HHHH HHHHH
MponaH HopmasbHbIin 6yTaH HopMabHbIA NeHTaH

(CH8 (CaH10) <cHD)

Puc. 5.3. MponaH, HOpMabHbIiA GyTaH Y HOPMaTbHbIA NeHTaH.

YTo 03HauyaeT C/IOBO «HOPMa/bHbI» nepes cnosamu Oy-
TaH W neHTaH? [leno B TOM, 4TO aToOMbl B Yrnesofopofax
C4H|0wn Cs5H|2 MOXHO pacnofioXMUTb HECKONbKUMKU CNOCO-
6amu. OfmH 13 cnoco60B MoKasaH Ha pUcyHkKe 5.3, HO Kpo-
Me TOro, Mbl MOrnu 6bl M306pa3nNTb OTBETB/EHWE OT OLHOTO
M3 BHYTpPeHHUX atomoB yrnepoga. CoeguHeHna C4HIKO wn
CsH 12, koTopble nMpu 3TOM MofiyyaTcs, ABAATCA napadu-
HOBbLIMW Yr/IeBOAOPOAAMM M30CTPOEHUA W Has3biBAOTCA M30-
OyTaH U M30MeHTaH.
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Puc. 5.4. N306yTaH 1 U30neHTaH.

XoTa H-6yTaH M M306yTaH WMMeHT OAUHAKOBble 6pyTTO-
(OpMY/bl, UX NOBeAeHNe pa3nnyHo. OHU KUNAT NPU pasHbIX
Temnepatypax, WMEKT pasHble MAOTHOCTM (NOTOMY 4TO Mo-
pasHOMY ynakoBaHbl), a KpOMe TOro, OHW BCTynawT B pas-
Hble XMMUYeckue peakuuu, 4To OydeT BMAHO B rnase, no-
CBALLUEHHONANKNIMPOBAHNIO.

Mpu ob6CyXAeHNN Nerknx yrnesofopoLoB UCNOMb3YOT che-
fylollee cornaweHne. Ecny cMecb WAy NMOTOK COLEPXMUT TONb-
KO 3TaH, MpomaH W, BO3MOXHO, BOAOPO[, HO HE COAEPXWT
6yTaHa 1 60nee KpynHbIX (TAXeNbIX) MONEKY/, Takyl CMecCb
UM NOTOK Ha3blBalOT «MponaH u 6onee Nerkne nposyKTbl»,
unn C3”. Takke MOXHO CKasaTb, YTO OHa He COAEPXMT byTa-
Ha 1 60nee TAXKENbIX NPOAYKTOB, TO ecTb C4+. IT0 cornaiwe-
Hue paboTaeT ANA BCeX Yrnesofoponos A0 C5 BKIOUYUTENbHO.

HadTeHbl

[Lpyroi knacc yrnesofopoAoB — 3T0O LMKINYECKWNE COeAn-
HEeHNA, COofdepXalWnin Kak npaBuao, 60/blue YeTblpex aTo-
MOB yrnepoga. Ecnm Lenoyky 13 nATWM aToMoB Yrnepoja ceep-
HYTb B KO/bLO, nony4vaetcs yuknoncHtaH (CsHh))- O6patu-
Te BHMMaHWe, YTO LMKNOMEHTaH COAEPXMWT MeHblle aTOMOB
BOAOPOAa, YeM H-MCHTAH WAM M30MeHTaH. Takxe CyLieCTBY-
IOT M UMKNbl 6ONbLIEro pasMmepa, HanpuMep, LMKIOTreKCcaH.
3TOT Knacc COeAMHEHWI HasblBaeTCcHd Ha)TEHAMM WU Ha-
(hTEHOBbIMMW YrNeBOLOPOAAMMN.
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Puc. 5.5. HadreHsl.
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Puc. 5.6. MeTunumkiorekcaH.

MoMMMO NPOCTbIX NapaPMHOBLIX W LUKINYECKUX YTNeBo-
[opofoB, 6ecKoOHeYHOe YMC/0 BO3MOXHOCTEA nosBnseTcs B
pesynbTaTte COEAVMHEHUA MOMeKyn 3TUX [BYX TUMOB MeXay
coboli. MpocTeAwnM NPUMeEPOM SIBASETCA MeTUALMKIOreK-
caH C7H 14 — pesynbTaT npucoeguHeHus rpynnsl CH3 (oHa
Ha3blBaeTCA MeTWbHOM TPYnnoi WA MeTalbHbIM pagunka-
NOM) K UMKIOrekcaHy, BMeCTO OAHOr0 M3 ero BOLOPOAHbIX
aTomoB (puc. 5.6).

One(uHOBbIE U apoMaTUUecKue YrieBofoposb

MOXHO MoNy4nTb MOMEKy/ly, B KOTOPOW ecTb fBa aToma
Yrnepoda W TONMbKO ueTblpe aTtoMa BOAOPOAa. Ha nepsblii
B3rNs4, MpW 3TOM HapyllaloTcs NpaBufa BafieHTHOCTM, KO-
Topble Bbl M3yyanu npeablgyline natb MUHYT. Ho xumuuec-
Koe CoefuHeHue 3TuneH C2H4 MOCTPOEHO Tak. YTO aTOMbI
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Puc. 5.7. OnednHoBbIE YrNeBOLOPOAb!.

yrnepofa CBA3aHbl [JBOMHOM CBA3bIO, M 3TO KOMMEHCUMpyeT
He[OCTaTOK BOAOPOAHbIX atomoB (puc. 5.7). UTo cMeLlHO:
[BOWHas CBA3b, YAepXusawolas BMecTe fiBa aTtoma Yyriepo-
fa, He MpoYHee, YyeM OfMHapHas CBA3b, a cnabee. MOXHO
cebe npefcTaBuTb, YTO ABE CBA3WM 3aHMMAKOT MeCcTo, fe Mor-
na 6bITb 0gHa cBA3b. [M03TOMY COeAMHEHME OKa3blBaeTCA Xu-
MWYECKN HEeYCTONYMBBLIM, MOXET AO0BO/IbHO /IerKO pearunpo-
BaTb C APYrMMM BellecTBaMW W NpuM 3TOM MpeBpaliaTbCs B
HOBOE COefMHeHWe, B KOTOPOM YXe HeTBOiHOI cBA3u. o
3TON NMPUYMHE 3TWIEH OYEHb YacTO MCMOMb3YIOT 415 CUHTE3a
60/1ee CNOXHbIX XMMUYECKUX COefMHEeHWI. Hanpumep, ecnm
npuuenuTb APYr K [pyry MHOFO MOSieKyn 3Tu/eHa, nosny-
4ynTCA NONMNITUNEH.

MpuHUMNManbHas xapakTepucThka 0neMHOB — 3TO TO,
4YTO B HMX Ha ABa atoMa BOAOPOJa MeHblUue, YeM B COOTBET-
CTBYIOLLEM HaCbllLleHHOM MapaduHe (To ecTb B napaduHe,
COAepKallemM MOMHbIA KOMMMEKT BOLOPOAHbLIX aTOMOB), W,
3HaumMT, Mx obuas dopmyna CnH2n.

OneuHOB B MpUpPOAe He CyLlecTByeT. BO3MOXHO, 4TO
TONbKO BOr MOXeT co3faTb [epeBo, HO C oneuHamMy OH He
cnpasmnca. WX HeT B CbIpoiA He)TM — OHM MOSABAAOTCA,
MOTOMY 4TO WX CO34al0-* MoAnM C MOMOLLbI0 npouecca Kpe-
KWHra, HECKO/bKO BapuaHTOB KOTOPOro Mbl paccMOTpUM B
nocnegytowwmx rnagax. 310 06CTOATENLCTBO, KOTOpPOE Ha nep-
BbIi B3rNAL He CBA3aHO C 06CYXJaemoii TeMOoM, HaxoauT
OTpaXeHne B MPOEKTUPOBAHUWM YCTAHOBOK AN HedhTenepe-
paboTkn n 6ygmet obeyxpatecs B rnase VII.

Apyrve oneduHbl, nNpeAcTaBAlOWME WHTEPEC C TOYKK
3peHUs HegpTenepepaboTku, ato nponusieH (C3HB6) n bytu-
neH (C4HB8). Kak n aTuneH, aTM COEAMHEHNS MOXHO BBOAUTb
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B peakuuMn ¢ APYrvMMW BelecTBaMMu, MO3TOMY OHW MPUroj-
Hbl B KauyeCTBE Cbipbs ANS psfa XMMUYECKUX MNPOLECCOB U
npoLeccoB HedhTenepepaboTKu.

ApoMaTMYeCKMe YINeBOJOPOAbl ABNAOTCS elle OAHUM MC-
KMOYEHNEeM W3 NpaBui BajeHTHOCTW. PaccMOTpUM LUKAK-
yeckoe COeflMHEHME LUKNOorekcaH. Kaxablii aTom yrnepoga
CBfA3aH C ABYMSA APYrMMU aToMamy Yrnepoja U K Hemy npwu-
LlenneHo ABa atoma Bogopoga. Ecnu ybpaTb 0gUH M3 BOAOPO-
[0B OT KaXAOoro yrnepogHoro atoma, To NpaBW/0 BaseHTHOC-
TU HapywuTcs W, 4TOObl OHO CHOBA BbLIMOJHANOCH, MEXAY
YINepoAHbIMW aTOMamMW MOXHO NOMECTUTb HEeKOTOPOe KOu-
YeCTBO [BOWHbLIX cBA3eiW. [ns 3TOro Tpebdyercs, 4ToObl ABOI-
Has cBA3b Oblna y KaXAoro BTOPOro aroma yrfiepoja
(puc. 5.8). Mbl nonyunnun monekyny C~H6, 6eHson. lMpeactas-
neHne, UYTO Kaxjas BTOpas CBA3b B GEH30/IbHOM KO/bue —
ABOWHas, ABNAETCA CUMbHO YMPOLWLEHHbIM. Bonee peanbHoe
npescTaBfeHne OMepupyeT MOHATUAMU PE30HAHCHbIX CTPYK-
TYp W nepeckaknBaloLLnX CBA3EN.

Ecnu ypanuTb 04MH U3 BOAOPOAOB M3 MONeKynbl GeH3ona
a Ha ero MecTto nocagutb rpynny CH3, nonyumtcs yrnesogo-
poa coctaa CjHg, Tonyon (rpynna CH3 Ha3biBaeTca Me-
TanbHbIM pagnkanom, a rpynna C2Hs — 3TUNbHLIM paguKa-
nom. HasBaHus paankKanoB MOX0XW Ha Ha3BaHWA COOTBET-

H
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H-C-H
H I H-C-H
H 1
H
Tonyon Kcunon
(meTun6eHson) (aumeTnnbeHson)
(C7H?) (C*H10

P*c. 5.8. ApomaTunyeckre yrnesogoposbl.
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CTBYHOLIMX MapauHOB — MeTaHa U 3TaHa). Ecnu gBa Bogo-
poja B OEH30/1bHOM KO/bLie 3aMEHWTb Ha [Ba MeTalbHbIX
pagukana, To monyymtcs monekyna coctasa CgHio, kcunon.

[BoliHble CBSI3U B 6EH30/IbHOM KO/bLE AOCTAaTOYHO Heyc-
TONUYUBBI N XUMUYECKWM aKTWUBHbI. M0O3TOMY 6EH30/1 LIMPOKO
UCMNO/Mb3YyeTCH KaK CTPOWUTENbHbIA 610K A8 MONYYEHUS HO-
BbIX BCLUCCTB B XMMMWYECKOW MPOMbILWIEHHOCTW. Tonyon wu
KCWUNON — TOXe LEeHHble COeAWHEHWA; BbifeNeHVe apomaTu-
Kn B He(TenepepaboTke paccmarpmBaetcs B rnase XVI.

[MoHATMe «apomaTuKa* BK/OYaeT BCe COeAVHEHWUA, B MO-
NeKynax KOTOpbIX ecTb 6eH30/1bHOe Konbuo. OAHaKo Ha mpak-
TWKe 3TOT TEPMMWH 4acTO MCNOMb3YyeTCsH TONbKO MO OTHOLe-
HUIO K BeH30ny, Tonyony u Kcunonam. Mexay npoyum, Ha-
3BaHMe apoMaTuKa BO3HWKNO W3-3a CBOEOOpa3HOro cnajko-
BaTOr0 YrneBOAOPOAHOrO 3amaxa, MpucyLiero 60MbWNHCTBY
3TUX COEAUHEHWNIA.

Bbl MOrnnM 3ameTUTb, YTO Kak TONbKO YMCNO aTOMOB Yrie-
pofa CTaHOBMTCS 6OMblIe WECTW, YNCO WX Pa3INYHbIX KOM-
O6uHauuii B CTPYKType BO3pacTaeT naBMHOO6pa3Ho. [Mo3aTomy
NHAMBUAYAbHBLIM COEAMHEHUSAM YAENSAeTCs 0YeHb Mano BHU-
mMaHuns. UTobbl onucaTb cocTtaB HepTu WAM HedTEMPOAYKTa,
MHOTAa YKa3biBalOT MPOLEHTHOE cofepXxaHue napaduHoOB,
HathTEHOB M apoOMaTUKWU; 3TW TPYNMbl BELECTB 06bIYHO Xa-
pPaKTepu3yrTCA COOTBETCTBYHOLWMMMN (PU3NYECKNMU CBONCTBA-
My (NNOTHOCTb, BA3KOCTb, TeMMepaTypa KUMEHUs u T.4.).

YMPAXHEHWA

1 WN306yTaH ABNAETCA M30OMEPOM HOPManbHOro 6yraHa. lo-
yemy y nponaHa Hef nsomepa?

2. CKOMbKO pas/IMyHbIX CTPYKTYP MOXET MMeTb M300yTaH? A
n3oneHtaH? W306yTuneH?

3. Mepeyncnute ueTbipe TUMNa CTPYKTYP, ONMUCaHHbIe B 3TON
rnase.

4. CyuwiectByeT Tpu pasHbix Kcunona Cmoxete v Bbl n3o-
6pasnTb Te ABa W3 HWUX, KOTOPble He MPUBEAEHbl HAa pU-
CYHKe B 3TOW rnase?

5. Tloyemy TONYON TONLKO OAUH?
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KATAJIMTUYECKUA KPEKWHI

Y70 3a TpeweTKaylin Ham Tep3aeT
HeyroMOoHHbIM LLYMOM IMLLHWX CNOB *

B Llekcnup. «Koponb VoaHH*

Ha paHHUX cTagusx pasBuTus HedTenepepabaTbiBatoLl el
MPOMbILWIEHHOCTU NOTPEOHOCTM B aBTOMOOGWILHOM 6GEH3MHe
pocnu GbICTPeit, YeM MOTPeGHOCTM B TSXKENOM XUAKOM TOM-
nuee (Hanpwumep, B AU3€NbHOM TOM/JMUBE), M COOTBETCTBEH-
HO POCMO KO/IMYECTBO CbIPOA He(TH, KOTOPYH HYXHO 6bli0
npeBpaTUTb B 6eH3MH. HedTenepepaboTymkam CTano SiCHO,
YTO ecnM NpPOM3BOAWUTL MPAMOTOHHbLIA GEH3NH B KOAMYECT-
Be, AOCTaTOMHOM A5 YAOBNETBOPEHUS NOTPEGHOCTU PbIHKA,
TO PbIHOK OyfeT OAHOBPEMEHHO 3aTOBApPEH TsXKeNbIM TOMAN-
BOM. JKOHOMMWYECKUM CNeACTBMEM CNOXMBLUEWCA CUTYyaLnm
CTa/l MOCTOAHHbIN POCT LEeH Ha 6eH3MH MpY MajeHun LeH Ha
6onee TsXKenble Gpakumnu.

YT06bl CNPaBMTLCA C 3TON U3NYECKOW N IKOHOMMUYECKONA
npobnemMoil, Haxo4uuBble WHXeHepbl-HedTenepepaboTUnKm
npuayMann HeCcKONbKO KPEKUHT-MPOLEeCcCcoB, M3 KOTOPbIX
Hanbonee WKNPOKO PacnpoCTPaHeH KaTalNTUYECKUA KPEKUHT.

TexHONOrn4Yecknin npouecc

B aByx npeablaywimx rnaBax 0GCYXAanucb HEKOTOpble ac-
MeKTbl XMMU3Ma MpoLiecca KPEKWHTa, a TaKKE XUMUS HedTu B
Lienom. 3gecb Mbl GyfeM paccMaTpyBaTh TEXHOMOTMYECKMIA Npo-
LeCC KPEKUHra: B KPEKWHI-yCTaHOBKe MPSIMOTOHHbIE (pak-
LMW TSXKENIOTOo ras3oiing HarpeBaloT Npu MNOBbILWEHHOM AaBie-
HUU B KOHTaKTe C KaTalu3aTopoM, KOTOpbIA CnocoGCTByeT
NpoTeKaHWIO npoliecca.

KaTanusatop — 370 BeLECTBO, KOTOpPOe YCKOpSeT uau
[Jake BbI3bIBAET XMMWUYECKYIO peakuuio, HO KOrAa peakuus
3aKaHYMBAETCH, KaTann3aTop OCTaeTCs B HEM3MEHHOM Buae —
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TakMM e, Kakum Obin cHayana. [pyrumm cn OBaMu, OH He
N3MEHAeTCa XMMWYECKW, HO 3acTaBnseT Jpyrue BeLlecTBa pe-
aruposatb Apyr ¢ Apyrom. KatanusaTopbl MOXO0X W Ha HEKOTO-
pbIX OECATUNETHWUX feTel, C KOTOpbIMM 06blY4 HO HUYEro He
Cny4yaeTcs, HO TaM, rfe OHW MOABAAOTCA, 0643aTeNbHO 4TO-
HMOYAb NMPOMCXOAMT.

CbipbeM ANs Npouecca KaTaMTUYECKOro KpeKMUHra obbliy-
HO SIBNAETCA MPAMOTOHHbIA TsXenblli ra3onb., a Takxke ner-
Kas hpakumsa BakyyMHOW neperoHku. Temnepatypa KuneHus
CbIpbsl AN KPEKMHTa A0/KHA HaxoauTbcad B npepenax 340—
590°C (650—1100eF). YTo6blI npouecc Hauvancs, Tpebyetcs
HarpeBaHue; TemnepaTypa B peakTope BO BP»eM$ KpeKWHra
HaxogmTcs B paiioHe 480°C (900°F).

Mpouecc paspaboTaH Tak, 4T0Gbl 0COOLIM 06pasoM Cco-
JeicTBOBaTb NMPOTEKAHNID KPeKuHra. 3agadya COCTOUT B TOM,
4yTo6bl NPEBPATUTL TS>KeNble pakumm B 6eH3nH. B ungeane
Temnepatypbl KWMEHUs MPOAYKTOB KPEeKUHTra [O/MKHbI fe-
XaTb B WHTepBane, COOTBETCTBYHOLWEM 6EH3W HY, HO TeXHO-
norusa He 6biBaeT mpeanbHol. Bo Bpems pab60Thbl yCTaHOBKU
NPOUCXOANT HECKO/bKO mpoueccoB. Korga 6onnblume moneky-
Nbl pa3pbiBalOTCA Ha 4YacTu, TO BOAOPOfa OKa3biBaeTcs Hepjo-
CTaTO4YHO, 4YTOObl HaCbITUTb BCE MOJIEKY/bl, LU1 MO3TOMY He-
KoTopas 4acTb yrnepofa nepexoguT B KOKC, KOTOPbIA Moytu
LLe/IMKOM COCTOUT M3 aTOMOB YI/epofa, C/IeNIeHHbIX BMECTE.
Mpy paspbiBe KPYMHbIX MOMEKY/N MOAy4aeTcs MONHbIA Habop
MeNKMX — OT MeTaHa ¥ Bbiwe. [OCKOMbKY KOAOpPOAa Heao-
CTaTOYHO, MHOrMe W3 06pasyloLMXCHs MONEeKYn OKasblBakwT-
cs oneuHamu. Ecnm HeKOTOpble MOMEKYNbl B Cbipbe COCTOAT
M3 HECKONIbKUX apoMaTMYecKMxX WM Ha(TEeHOBbIX LMWKMOB,
COEMHEHHbIX BMECTEe, OHW pa3BajvBatOTCAd Ha MeHbLUME apo-
MaTU4ecKue unM HapTeHOBbIe MoMeKynbl U oneduHbl. WU,
HaKOHeL, MOJeKy/bl, COCTOALMNE M3 HECKON bKMX apomaTu-
YeCKUX WUAN HapTEHOBbIX LUKNOB I A/IMHHbI X OOKOBbIX Lie-
neil, Kak npaBuno, TepsAlT 60koBble Lenun. [MoflyyeHHble B
pesynbTaTte MOMEKYNbl, XOTS W COAepXaT M eHblue aToOMOB
yrnepoga, HO OKa3blBalTCA 6onee TAXeNbIMW , TO €cTb MMe-
0T 60/1ee BbICOKYI OTHOCUTENbHYH MAOTHOCT b. Kpowme Toro,
X TemnepaTypbl KWMeHWs O0ObIYHO Takxe  Bbiwe. Camoe
CMeLIHOe, 4YTO 3TV MoOfieKynbl 06pa3ytoT MPO_AYKT, KOTOPbIA
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TSXKeNlee, YeM WCXOAHOE Cbipbe. Takum 06pa3om, NpofykTa-
MW KpEeKWHra SBNSAeTCA NOMHbIA Habop yrnesoAoOpOAoB, OT
MeTaHa 40 OCTaTKa WM, KPpOMe TOro, KOKC.

AnnapatypHoe 0(OpM/IEHNEe KaTaIMTUYECKOro KpeKWHra
COCTOMT M3 TPeX 4acTeil: peakTopa, pereHepatopa W PeKTu-
(hUKaLWOHHOW KOMOHHbI.

PeakTop

LleHTpanbHOM 4YacTbl0 YCTaHOBKM KaTa/MTUYECKOr0o Kpe-
KUHra saBnsetcsa peaktop (puc. 6.1). Cbipbe NPOXOAUT uepes
HarpesaTteflb, CMeLINBAETCA C KaTanu3aTopoM W MocTynaeT B
BEPTUKaNbHYO Tpyby (palizep), Beywyr B HUXHIOK 4acTb
60NbLIOr0 COCYAa, MOXOXEro Ha pesepByap A8 BOAbl, KOTO-
pblii Ha3blBaeTCS PeakToOpoM. B MOMEHT, Korga Cbipbe NocTy-
naeT B peakTop, MPOLECC YXKe WAET, NO3TOMY Bpems Mnpebbi-
BaHWS Cbipbs B PEaKTOpe — BCEr0 HECKOJNbKO CEKYHA. B Gonee
COBPEMEHHbIX KOHCTPYKLMAX KPEKWHT, B OCHOBHOM, Npouc-
XOAWT yXe B paiizepe. TakuM 06pa3om, peakTop Hy)XXeH TOJb-
KO Ans OTAENeHUs yrneBo4OPOAOB OT KaTanm3aTopa. TO MpPo-
M3BOAWUTCA C MOMOLLbI LMKIOHA, MEXaHWYEecKoro npucno-
c06MeHNSA, WCMOMb3YHOLWEr0 LeHTPUQYrnpoBaHme.

Katanusatop 6biBaeT 06bIYHO OAHOIO W3 ABYX TWUMOB: Lia-
pVKW UM Mukpochepsl. AuameTp WapuKoB 06bl4HO 0,3 nan
0,6 cM. Mukpocepbl ropasgo MeHblle, WM TaKOi KaTanu3sa-
TOp BbIFNSAMT Kak feTckas npucbinka. B HacTosiiee Bpems
LIapVKK YXKe BbIlWAW U3 Mofbl. Mukpochepbl 061aaaoT ABY-
Msi HeOObIYHbIMU CBONCTBaMW. Ecnm cocyp ¢ MOPOLIKOM Ka-
Tanus3atopa BCTPSXMBaTb WM HaK/IOHATb, MNOPOLIOK BeAeT
cebs Kak XMAKOCTb. M03TOMY TaKOi mpouecc MHOrga Hasbl-
BAlOT KPEKUHT C MCEBAOOXKM>KEHHBIM KaTann3aTopoMm.

BTopoe CBOWCTBO NpuUCyLie He TONbKO MOPOLLKY, HO W
LIapnMKaM, HO OHO He 3aMeTHO HEeBOOPYXXEHHbIM rnasom. [log

« MUKPOCKOMOM MOXHO BW[AETb, UTO Kaxkaas MuKpochepa (Mnu
LIapMK) MMeeT MHOXECTBO MOp W, CnefoBaTeNbHO, OTPOM-
HYHO MIOLLLOAb MOBEPXHOCTW. OCKONbKY feiiCTBME KaTanusarto-

| Pa onpegensieTcs ero KOHTaKTOM C CbipbeM, 6ofblias nno-
LWaab MOBEPXHOCTU — OYEHb BaXHOE CBOMCTBO KaTa/au3atopa.
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MpoayKTbl
KpeKnHra
~H m

Cenapartopsbl ang
KaTanusaropa

Cblpbe:
TAXKENbINA
rasoinb +
nerkas

hpakuus
BaKyyMHO
MeperoHKm

PHc. 6.1. PeakTOpHbIA 610K KaTaIMTUYECKOrO KPEKMHTa.

PereHepatop

Ta vacTb YrneBOofOPOAOB, KOTOpas BO BPEMS KpPEKWMHra
npespalLaeTcsd B KOKC, OCeAaeT B BUAE OT/IOXEHMIA Ha KaTa-
nusatope. Korga noBepxHOCTb KaTa/nm3aTopa MOKPbIBAaeTcs
OTNOXEHUAMU, KaTann3aTop CTAaHOBWUTCSH HeaKTUBHbIM (OT-
pa6boTaHHbIM). YT06bI yaLlWTL 3TV yrnepofgHble OTN0XEHUS,
0TpaboTaHHbI/i KaTanu3aTop MoAatoT B COCY[, Ha3blBaeMblii
pereHepaTopoMm (puc. 6.2), TAe €ro CMELWWBAT C FOpsYnM
BO3AYXOM, HarpetbiM npubaunsmtenbHo fo 600°C (1100°F). B
pesynbTaTe MPOUCXOAWT Credytollas XMMnUYeckas peakuus:

C+02-* CO n CO02 (B 60nee cTapbIx MOAENAX),

C +02-» C02 (B 601€e HOBbIX MOAENSAX).
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3TOT npoLecc HasblBAETCA OKUCMEHWEM KOKCa U HanoMu-
HaeT CXXuUraHue [peBecHOro yrna B 6pMKeTax, MOTOMY 4TO B
060MX Cyyasx yrnepoj CoeAnHAeTCS C KMCNOPOAOM, M Npu
3ToM o6pasyetcsa anokcug yrnepoga (C02) n nHorga MoHoO-
okenp yrnepoga (CO), a Takxe Bblgensetca 60/blIOe KONU-
YyecTBO Tenna. Tenno B Buae ropsadyero notoka CO m CO2
06bIYHO MCMOMbL3YIT B KaKoi-nMb0 yacTu npouecca, Ha-
npumMep, 4Ytobbl HarpeTb Cbipbe B TENNO06MeHHUKe. B 6onee
cTapbix Mofensax notok CO/CO02 oTnpaBnAlT B Neyb, rae
CO pookucnsetca go C02, npexpae yem CO02 HakoHel, OT-
npasnsieTca B aTMocdepy.

BoccTaHOBMEHHbIV KaTanu3atop BbIXOAWUT U3 HVDKHER 4a-
CTW pereHepaTopa. Ero MOXHO CHOBa CMeLlaTb C CbIPbEM U
HanpasuTb B peakTop. Takum 06pa3oM, Kartanm3aTtop Haxo-
LUTCA B HENPEPLIBHOM [BVXEHWWU, MPOX0AA NO LUKNY Kpe-
KWHI—pereHepayus.

PeKTUPMKALMOHHAS KOMOHHA KPeKuHra

Tem BpeMeHeM YrNeBOJOPOAHas CMeCb, MONy4eHHas B pe-
3ynbTate KpekuHra, nogaetca (nepekaynBaetcs) B PEKTUGM-
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KpekuHr-ras

S
KpekuHr-6eH3vnH
MpoaykT 13
peaktopa . .
Nerkuii KpeknHr-rasoinb
1
TsOKENbIA KPEKNHT-ra30iinb
Hacoc
ona
CbIpbA Peuypkynupytowmi
rasonsib

Puc. 6.3. ®pakLoHpoBaHue.

KauMOHHY KOMOHHY, MNpeAHa3Ha4YeHHyl ANa pasfeneHus
NPOAYKTOB KaTaMTUYECKOro KpekuMHra. B KOMoOHHe cmecb
06bI4YHO pa3fenserTcs Ha crnegywowye Gpakuumn: yrnesBofopos-
Hble ra3bl (C4 n 6onee nerkune, 170 ectb C4~), KpeKUHr-6eH-
3VH, NErkUin KPeKUHr-rasoiinb, TSHKENbli KPEKUHT-ra3oifib u
Ky0O0BbI/i OCTaTOK, KOTOpPbI/ Ha3blBaeTCA PeLUpKyIMpyoLLuii
rasoinb. MocnefHWin NPOAYKT MOXET MCNOJMb30BaTbCA Pa3Hbl-
MM Ccrnoco6amm, HO yalle BCEro ero CMeLlMBartT CO CBEXel
nopumeli Cbipbs, C KOTOPO OH CHOBa NOCTyMaeT B nNpoLecc.
Ecnm uncno UMKNOB AOCTaTOMHO BEMKO, PeLupKynupyowmnii
rasoiiflb MOXeT MOMHOCAI UCYe3HYTb. Takoli BapuaHT HOCUT
3710BeLLee HasBaHWe PELVPKYNALMA [0 YHUYTOXKEHNS.

TsOKeNblli KPeKWUHI-rasoiiib MOXXHO MCMO/b30BaTb Kak Cbl-
pbe ANA TEPMUYECKOr0 KPEKWMHra UAM Kak KOMMOHEHT ocTa-
TOYyHOro Tonnuea (masyTa). JIerkuiA rasoiinb ABNSETCSH XOPO-
WM KOMMOHEHTOM AW3e/IbHOT0 W AUCTUNNSTHOIO TOMNAMBA,
a KPEKWHT-6EH3NH CNyXUT 3D(PEKTUBHLIM KOMMOHEHTOM aB-
TOMOGUIBHOTO GeH3UHa.
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IpaHuua mexay 6eH3nHOBON hpakumeil n gppakunein ner-
KOro rasoiins He sBnseTcs cTporo ukcupoBaHHow. Mepeme-
LeHMe 3TOW rpaHWLbl NO3BOMAET PEryanpoBaTb COOTHOLIE-
HUe Mexgy 6eH3MHOM W AUCTUANATOM B 3aBUCMMOCTW OT
BpeMeHun roga. Korga HacTynaeT 3UMHWUIA OTONWTENbHbIA ce-
30H, MHOrve Hed)TenepepabaTbiBaloLiMe 3aBOAbl MEPEXOAAT
Ha PeXXMM MaKCUMasbHOIO KOMYecTBa AucTu.rraTa. Ansg ato-
ro M3MEHSIOT TOYKY BbIKMNAaHUS ANA KPeKWHr-6eH3MHa, Tak
4yTo6bl 6OMbLIEE KONMYECTBO MPOAYKTA MONano BO (hpakuuto
Nerkoro rasoins. J1eTom, 4ToObl MEPENTM Ha PEXUM MaKcu-
Ma/IbHOTO KOMMYeCTBa BeH3MHa, rpaHuLy Mexay hpakunusamm
COBWralOT B NPOTMBOMONOXHOM HanpaBieHuUN.

BepxHue NoroHbl, BbIXOAAWME U3 PEKTUPMKALNOHHON KO-
NOHHbI KPEKWMHra, OT/NYalTCA MO COCTaBy OT NEerknx gpak-
LK1, nonyvarowmxca npu pekTugukayum cbipoin HedTu. B
npouecce KpekuHra ob6pasytoTcs onemMHbl, MO3TOMY MOTOK
YINEeBOLOPOAHLIX TFa30B COAEPXWUT HEe TOMbKO MeTaH, 3TaH,
nponaH u 6yraHbl, HO TaKXe BOAOPOA, 3TUMEH, MPOMNUIEH U
OyTuneHbl. W3-3a 3TUX JOMONHWUTENbHbIX KOMMOHEHTOB Kpe-
KWHT-ra3 HanpasAsawT 4na pasfefieHnsa Ha ycTaHOBKY (hpakuu-
OHVPOBAHUA KPEKMHr-rasa. B 3aTom cocTtouT OT/iMYMe OT rasa,
NOYyYeHHOro, Hanpumep, Npu PeKTUUKaLUMN Cbipoil HedTK
(a Takke, Kak Mbl YBUAMUM MO3XKe, NPU TUAPOOYUCTKE, TUA-
POKPEKUHTEe, PUPOPMUHTE U T.4.), KOTOPbIA COAEPXUT TOMb-
KO HacbllleHHble coefjHeHMsa. B nocnefHem cnydae ras Ha-
NpaBfsOT HayCTaHOBKY (DpakLMOHNPOBAHMSA HACBILLLEHHOrO rasa.
M306yTaH, nponuieH u 6YTWAEHbI, MOSyYeHHble C YCTaHOB-
KN KaTannTu4yecKoro KpekKuHra, oOKa3blBalOTCA MONE3HbIMU
[Ns npolecca ankunnpoBaHns, B KOTOPOM 3TW onediMHbI npe-
BPALLAOTCS B KOMMOHEHTbl KOMMNayHAMPOBAHHOTO GeH3nHa.

Bce y3nbl YCTAaHOBKM KaTa/IMTUYECKOTO KPEKWHra, coeau-
HeHHble B 06LLYH CMCTEMY, MOKasaHbl Ha pucyHke 6.4. O6-
paTuTe BHMMaHWE, 4YTO B CMUCTEME WMEETCA ABa LMpKynupy-
IOWKMX NOTOKa. B neBoi 4yacTn pucyHKa KatanusaTop BbIXOAWUT
"3 30HbI peakuuun, NPOXOAUT pereHepaLmnio U CHoBa BO3Bpa-
LaeTca B 30Hy peakuuu. B mpaBoii 4YacTu yrneBoAopofbl BXO-
OAT B CUCTEMY U YXOJAT M3 Hee, HO 3a CYeT ppakuum peuunp-
Ky/NIMPYIOLLEro rasoinig HeKOTOpble KOMMOHEHTbI MOCTOAHHO
LIMpKynmMpytoT B cUCTEME.
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BbIX0flbl MPOAYKTOB KpPeKMHra

3afaveil KaTaNMTUYECKOrO KpPeKWHra sBnseTcs npeBpa-
L eHVEe TAXKeNoro rasonnsa B 6eH3MH K 6onee nerkue gpak-
unn. Huxe npuBefeHbl TUMWYHbIE BbIXOAbI MPOAYKTOB, KO-
TOopble MOKa3blBalT, B KakOi Mepc 3Ta Lefb JocCTuraeTcs.

Chblipbe: O6bemHble %
TsdKeNblid ra3onnb 40,0
Jerkas (pakums BaKyyMHOWM MeperoHKu 60,0
Peuupkynupytowmii rasoins (10,0)*
Bcero: 100,0
MpoayKThI:

Koke 8,0
a3bl 350
KpeKnHr-6eH3unH 55,0
Jerkunin KpekuHr-rasoiinb 12,0
TsXKeNbl KPEKMHT-ra3oiib 8,0
Peumnpkynupytowwumin rasoiinb (10,0)*
Bcero: 118,0

* LIMPKYNUPYIOWMIA NPOAYKT HE Y4MTbIBA/ICA MPWU MOACYETE CyM-
MapHOro obbema.

[MocKoNbKY peunpkynaumna sefetcd 40 NOSHOTO UCYE3HO-
BEHUA, MPOCTas CXeMa KaTta/MTUYEeCKOro KPeKMHra He yuu-
TbiBa€T €ro HW Ha BXof4e, HW Ha BbiIxoge. OpHako 6onee
BaXHbI pe3ynbTaT, a UMEHHO, YyBe/IMYeHNe 06beMa, OTYEeT/IN-
BO BUAEH. [JeACTBMTENbHO, CyMMa 06bEMOB MPOAYKTOB, Bbl-
XOAAWNX C YCTAHOBKM, cocTaBnseT 118% oT o6bema Cbipbs,
NocTynarLlero Ha ycTaHOBKY. OTO HU B KO Mepc He CBfA3a-
HO C UMPKYMpYHOLWWUM MNOTOKOM, a Onpefensercd TO/bKO
COOTHOLWEHMEM MNAOTHOCTE MNPOAYKTOB U CbipbA. Ecnm 6bl
Mbl M3MepANN BbIXOA B BECOBbIX, & HE B 00BLEMHbLIX MPOLEH-
Tax, CYMMapHOe KO/MW4YecTBO MPOAYKTOB OKas3anocb 6bl paB-
HbiIM 100%. HO nOCKOAbKY 60MAbWMHCTBO HEePTENPOAYKTOB
npojarwT no o6beMy, a He MO BeCy, MX KONMYeCTBO OObIYHO
BblpaXXatoT B 00bEMHbLIX eauHuMuax. W MOCKoMbKy BO Bpems
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/ [a3bl
co/co2
KpeKuHr-
% 6eH3NH
X PeakTop § Nerkuii
Otpabo- KPEKHT-
PereHe- TaHHbIiA B3 rasoiinb
paTtop  KaTanu-
3aTop
& § TsdKenbliA
KPEKUHT-
Bosayx o
PeLypKy/K- rasoinb
pyroLwpi
. rasoinb
Caexui
KaTanmsaTop Chipbe y Cbipbe

Puc. 6.4. YCTaHOBKa KaTaJIMTUYECKOr0 KpekuHra

KPEeKMHIa MpoucXoasaT NPUKIOYEHUS C NAOTHOCTbIO, BbIXO-
Abl NPOAYKTOB MOKa3blBAOT 3HAUNTENbHYO NpubGaBKy. WHOr-
fa 3Ta npubaBKa CTaHOBMTCA HaBA34YMBOW wuaeeii HedTenepe-
paboTuYMKOB, M OHU CTapalTca «pasgyTb Gappenb*.

MapameTpbl npouecca

O6bIYHO YCTAHOBKA KaTaNMTUYeCKOro KpPeKuHra paboTa-
eT, MOKa He JOCTMraeT npefena CBOMX BO3MOXHOCTel B OT-
HOLIEHUM BbDKUFAHUS KOKCA. JTO MOXET Npou3oiTu pas-
NUYHLIM 06PA30M, HO CTAHOBUTCS OYEBMAHLIM, KOrAa Hauu-
HaeT MajaTb BbIXOfA GEH3WHA, a KOAM4ecTBO rasoB C4~ wau
TSXKENOro rasoiins npy 3TOM HauynMHaeT Bo3pacTaTb Bbixogbl
MPOAYKTOB C YCTAaHOBKM KPEKWHra 3aBUCAT OT pasHbIX (ak-



VI, KATAMMTUYECKUA KPEKUHI 65

TOpPOB, B TOM 4ucine OT KauyecTBa CbIpbsi, TemnepaTypbl B
peakTope, CKOPOCTU MNOAAYM CbipbS U CKOPOCTU LUPKYNA-
LMW, W, YTO YAMBUTENbHO, OT BPEMEHW CYTOK W Temneparty-
pbl OKPYXaloLl,ero npocTpaHcTBa.

KauecTBO cbipb. Peakuus KpekWHra BecbMa C0XHa, W
CYLLECTBYET AOCTATOYHO MHOFO AaHHbIX, KOTOpble MOryT ObITb
MCNOMb30BaHbl AN MpeAckKa3aHWs BbIXOAOB Ha OCHOBaHUM
pasNnNyHbIX XapakKTepucTuK CbipbsA. BaXHbIMW XapaKTepucTu-
Kamu ABNAKOTCA NMNOTHOCTb CbipbA W COAepXXaHWe B HEM na-
pauMHOB, Ha(TEHOB UM apOMaTUKMW.

TemnepaTypa B peakTope. Uem Bbile TemnepaTtypa, TeEM
WHTEHCMBHEE MPOTeKaeT peakuns KPeKMHra, HO B KakOi-To
MOMEHT KO/MYecTBO 006pa3yHLLMXCS rasoB pe3Ko Bo3pacTaeT
3a CYET yMeHbLUeHNs Konu4yecTBa 6eH3MHa WM Nerkoro ra-
3oins. OnTumanbHas TemnepaTypa B peakTope onpejensertcs
3KOHOMUYECKUMU COOBPaXKeHUAMMN.

CKOpOoCTU Nofaum Cbipbs 1 LMpKynaumn. CAnLLIKOM BbiCOKas
CKOPOCTb NofjaynM MA0XO0 CKa3blBAeTCHA Ha BbIXOAaxX, MO3TOMY
cnepyet cobnogate 6anaHc ¢ 06bLEMOM oOcTaTka OT ppakum-
OHMPOBAHUA, KOTOPbIA NGO HaMpaBnAT Ha LMPKYNaLuMIO,
nM60 0CTaBMAKT BO PpakLMy TAHKENOro KPeKWHr-rasomns.

Bpemsi cyTOK 1 TemnepaTypa. s pereHepaunn otpabo-
TaHHOr0 KaTa/u3aTopa 4epe3 pereHepaTtop MOCTOSSHHO Npo-
nyckatioT Bo3gyx. Ecnu TemnepaTypa Bo3gyxa 3a npegenamu
YCTAHOBKN MOHMXAaeTCsA, BO3AYX CTAHOBUTCA 60/1ee NAOTHbIM.
Tak Kak Hacochbl, nmojawlLline BO3gyX, paboTalwT npu nocTo-
AHHOI CKOPOCTWU, TO B AECTBUTENbHOCTM XOMOAHOr0 BO3AY-
Xa B pereHepartop nogactca 6onbwe, Yyem Tennoro. Yem 60/b-
We Kucnopofa, TeM 60/blle KOKCa BbDKMFaeTcs C MOBepX-
HOCTM KaTanusaTopa. Yem cBexee kKaTanusatop, TeM apdek-
TMBHee peakumusa. Uem addekTnBHee peakums, Tem 6onblue
nonyvaetca 6eH3MHa. ABTOMaTMyeckas 3anucb napaMeTpoB
npouecca feiCTBUTENbHO MO3BONAET 3aPUKCUPOBATb OTKJIO-
HEHUS CTPeNoK: HanmpuMep, HOYbK, KOrfga TemnepaTypa BO3-
Jyxa HWXe, BbIXOLbl MPOAYKTOB 0Ka3biBalTCA Bbilwe. [HeMm,
KOrja CTaHOBMTCA >KapKo, BbIxogbl MafgatoT. To ke camoe
OTHOCWTCA K pe3ynbTaTtam, MOJy4YeHHbIM 3UMOWA U NeToM, W”
3T0 YXe Na0X0, MOTOMY 4TO MOTPEOHOCTU B GEH3MHE Bbllle
Kak pa3 NeToM, Korfa HbIXOfbl CHMXKaKTCS.
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Puc. 6.5. TexHonornuyeckas cxema HeprenepepaboTKm:
1—NPAMOrOHHbIA 6EH3NH;
2 — NpsSIMOrOHHas HaTa;
3 — NPAMOTOHHbIV KEPOCUH;
4 — NPAMOTOHHBIA NErKniA rasoiinb;
5 — NPSAAMOrOHHBIN TSXENbIA rasoiisb;
6 — Nerkas (pakuus BaKyyMHOW NeperoHKu;
7 —6EH3UH KaTaIMTUYECKOTO KPEKUHTa;
8 —Nerkuii rasoiinb KaTa/IMTUYECKOTO KPEKUHTA;
9 —TAXeENbIA rasoi/lb KaTa/IMTUYECKOTO KPEKMHTA.

Pesiome. C TOUYKM 3pEHUS TEXHONOTUW, YCTAHOBKY KaTanu-
TWYECKOr0 KpeKMHra MOXHO YC/IOBHO M306pa3uTb Ha 06uiei
TEXHO/IOTMYEeCKOl CxeMe HedTenepepabaTbiBaloLlero 3aBoga
KakK HEKWIA LUK C BXOAALLMM CbIPbEM U BbIXOAAWMMU NPO-
AykTamu. [0 fJaHHOr0 MOMEHTa Mbl YCNein pacCMOTPEeTb pek-
TU(UKaLNIKO CbIpO Hed)TU, BaKyyMHYK MEpPEeroHkKy M KaTa-
NNTUYECKNIA KPeKUHr. Ha pucyHke 6.5 mokas3aHO, Kak Bce
3TO BbIFNSAWUT B KoMmnaekce. Kpome TOro, Ha 3TOM pUCYHKe

npuBefeHbl COKpaLLeHUs, KOTopble Mbl OyAeM MCMOMb30BaTh
B fJa/nbHenLeMm.
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YMNPAXHEHNA

1 3anofnHuTe NPONYyCKW:
a. YcTaHOBKa KaTa/MTMYeCKOro KpeKWHra BKIOYaeT [Ba
LMPKYNUPYIOLWMX NOTOKa. B 0AHOM 4acTW yCTaHOBKM 3TO

, @ B Apyron — .

6. Ha noBepxHOCTW 0TPaboOTaHHOro KaTanuW3aTopa OTKNafjbl-
BaeTCA . B npouecce pereHepaunm oH yga-
nseTcs 3a CYeT peakuuu c c o6pasoBa-
HVem n

B. 3afjaya KaTaMTUYECKOr0 KPeKMHra — npeBpaLleHue

B .

r. Cbipbe KaTafMTUYeCKOr0 KPEeKMHra 06bl4HO NOCTynaeT C
YCTaHOBOK n .

i CoflepXXaTcs B KPEKWMHr-rase, HO He Co-

[epXXartcs B NMOTOKax HacCblLEHHOro rasa.

e. OcTaToK OT (hpakyMOHMPOBAHMUA MPOAYKTOB KaTanuTuyec-
KOro KpekuHra HasbiBaeTcs 1 06blYHO

3a CYET CMEeLINBAHNA C CbIpbeEM.

2. Wcnonb3yiiTe ycnosusa n OTBETbI M3 NpPeAbIAYLWMUX rNas, a
TaKXKe flaHHble MO BbiIX0faM MPOAYKTOB, MPUBEAEHHbIE B
37Ol rnase. [pefnonoXUM, 4YTO CbipbeM ANA KPEKWUHra
ABNAETCS BCS BEPXHAS (hpakLms, MonyyeHHas C yCTaHOB-
KU BakKyyMHOW NeperoHkKW, W Becb MPSAMOTFOHHbIA Tsaxe-
NbliA Ta3onb (ppakums Mexxay NpSMOrOHHbIM Nerknum ra-
30/iIeEM U OCTATKOM, MAYLWMM Ha BaKyyMHYH MeperoHky).
CKONbKO NIErKOr0 KPEeKWHT-rasoins 6ygeT Mony4yeHo Ha
YCTaHOBKE KaTa/IMTUYECKOr0 KpeKuHra?

3. Tpu3HaKOM TOro, KakuMu CNOXHbIMU MOTYT 6biTb One-
pauumn HeTenepepaboTKW, SBAAETCA UYMCIO BO3MOXHbIX
CNnoco60B, KOTOPbIMU MOXHO M3MEHUTbL 06BEMbI MOTOKOB.
Ha3oBuTe wWecTb CNOCO60B yBeAMYEHUS 06bemMa Nerkoro
KpPeKWUHr-rasomns.




VII
rASOPPAKUMNOHUNPYHHOLWNE
YCTAHOBKW/

..M OTHEMMT OOHUXO T APYTIAX,
KaK MacTbIpbOTbISET OBEL, 0T KOHOB

EsaHrerve oT MaTthes, 25:32

MoyTn BCe YCTaHOBKWM Ha 3aBOfAe MPOWU3BOAAT B HEKOTO-
poM KonuuecTBe GyTaH M 6onee Nerkue yrieBofOPOAHbIE Tasbl.
MepepaboTka rasa — He 0COGEHHO KpacO4yHasi onepaums,
BO3MOXHO, MO3TOMY B 3TOW 06/1aCTM UCMONL3YHTCA Takue
9K30TMYECKMEe Ha3BaHWUA, Kak, Hamnpumep, «TOLLEe* Macro,
«KUPHOE» Macno,* «rybyatoe* macno, pasgennTenbHblii ab-
copbep u T.4. Bca cucTema HasbiBaeTcs ra3ogpakuuMoHUpyto-
et yctaHoBkoin (FPY).

Ha coBpemeHHOM 3aBofe, pacrionaraloLleM KOMIIEKCOM pas-
HOO6pa3HbIX MPOLIECCOB, MOTOKW YINEBOAOPOAHbLIX Fa30B CO BCEX
YCTaHOBOK HanpaensloTcA npeasapuTensHO Ha  rasodpakumo-
HupoBaHVe. KadKapli M3 BbIXOAHbIX MOTOKOB VMEET CBOE Ha-
3HaueHue. [a30hpakLMOHMPOBAHUIO 0BbIMHO MPeALIECTBYT Mpo-
LEeCCbl OYUCTKM (B OCHOBHOM, OT CEPHUCTbIX COEAVHEHWI) W
OCyLLUKM ra3oB. — [lpum. peg.

YcTaHOBKa (paKLUMOHUPOBAHNS HACbILLEHHOMO rasa

Masbl, 06pa3sylolimecs B 6OMbLWIMHCTBE MPOLECCOB, COAEp-
XXaT TONMbKO HACbILLEHHbIE COSAVHEHVS:. MeTaH, 3TaH, MNponaH,
GyTaHbl (H-6yTaH W n306yTaH) M mHorga Bogopod. CnoBo Ha-
CblLLIEHHbIE 03HAYaeT YrneBoopodbl, He cofepxKallue ABOMHbIX

* Takue OpUrMHanbHbIE Ha3BaHUA UCMOMbL3YIOTCS HedhTenepepaboT-
yvkamm B CoeauHeHHbIX LlTtatax. B Poccun Te Xe camble MpomyKTbl
Ha3bIBAOTCA MHa4ye — OTOCH3MHEHHOe abcopbuuMOHHOE Macno wu
HacblLLeHHOe abcopbuMoHHoe Macno. — Mpyv. nepes.
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YMNPAXHEHNA

1 3anonHuTe NPONyCKU:

a.

YcTaHOBKAa KaTaMTUYECKOr0 KpekKUHra BK/HOYaeT [Ba
LMPKYUPYOLWMX NOTOKAa. B 0fHOI uyacTu ycTaHOBKM 3TO

, a B gpyron — .
Ha noBepxHOCTU 0TpaboTaHHOro Kartanus3atopa OTK/agbl-
BaeTCA . B npouecce pereHepaLuun oH ypga-
nseTca 3a CYeT peakuumn ¢ c o6pasoBa-
HueM n
3aflaya KaTaMTUUYECKOro KPEeKWHra — npeBpalyeHne
B .
Cbipbe KaTaIMTUYECKOTO KPeKMHra 0O6bIYHO MOCTYyMaeT ¢
yCTaHOBOK "

coiepXXaTcs B KPeKWHr-rase, HO He CO-
JepXxatcs B MOTOKaX HacblLWeHHOro rasa.
OcTaToK 0T hpakLyMOHNPOBAHUSA MPOAYKTOB KaTanuTuyec-
KOr0 KpPeKMHra HasblBaeTcs M 06bIYHO

3a CYeT CMELIMBaHNA C CblpbeM.
Mcnonb3yliTe ycnoBus v OTBETbl M3 MpPefblaylwmx rnae, a
TakXKe faHHble MO0 BbIXOAaM MPOAYKTOB, MPUBEAEHHble B
3Toli rnaee. lMpefnoONoOXWUM, 4YTO CbIpbeM NS KPEKWUHra
ABNSAETCSH BCA BEPXHAA hpaKLmWs, MonyyeHHas € yCTaHOB-
KU BakyyMHOW NeperoHKW, U Becb NMPAMOTOHHbIN Tsxe-
NbliA Tasolinb (hpakymua Mexay npsmMoroHHbIM IETKUM ra-
30/11eM M 0CTaTKOM, UAYWWUM Ha BakyyMHYK MeperoHKy).
CKONbKO NErkoro KpeKWHr-rasoina 6ygeT nonyyeHo Ha
YCTaHOBKE KaTa/MTUUYECKOT0 KPeKUHra?
MpW3HAKOM TOr0, KakKWMW CMOXHbIMW MOFYT OblTb OMe-
pauun HehTenepepaboTKW, ABNSETCA YMUCAO BO3MOXHbIX
€noco60B, KOTOPbIMU MOXHO M3MEHUTbL 06bEMbI MOTOKOB.
Ha3oBuTe wWwecTb CNoco60B yBennyeHUs o6bema Nerkoro
KpPeKWUHr-rasomns.




VII
FrASOPPAKUMNOHUPYHHOLWNE
YCTAHOBKU

.. NOTHEMMT OIHUXOT APYT X,
KaK MacTbIpb 0 T/bIsieT OBeL, 0T KOXIOB

EaHrenve oT MaTthes, 25:32

MoyTn BCe yCTaHOBKM Ha 3aBOAe MPOWM3BOAAT B HEKOTO-
poM KonuuecTBe GyTaH W 6Gonee Nerkue yrieBOAOPOAHbIE rasbl.
MepepaboTka rasa — He 0COBEHHO KpacoyHas onepaums,
BO3MOXHO, MO3TOMY B 3TOW 06/acTM MCNOMb3YHTCA Takue
9K30TUYECKME Ha3BaHWUS, Kak, Hamnpumep, «Tollee» Macno,
«KUPHOE» Macno,* «rybuyatoe» Macno, pasgenuTeNbHblii ab-
copbep v T.4. Bca cuctema HasbiBaeTcs rasoipakunoHMpYo-
wen yctaHoskon (IFoYy).

Ha coBpemeHHOM 3aBofe, pacrofiaratoLlemM KOMIIEKCOM pas-
HOO6pa3sHbIX NPOLECCOB, MOTOKWU YrNeBOLOPOAHbLIX Fa30B €O BCEX
YCTAaHOBOK HanpaBnsTCcAa NpeasapuTenbHO Ha  rasopakLmo-
HupoBaHVe. KadKapli M3 BbIXOAHbIX MOTOKOB WMEET CBOE Ha-
3HayeHve. [Ma3odipakLMOHMPOBAHMIO 0ObIMHO MPeALLECTBYT Mpo-
LEeCCbl OYUCTKM (B OCHOBHOM, OT CEPHUCTBIX COEAVHEHWI) W
OCyLLKM ra3os. — [puMm. peg.

YcTaHoBKa (DPaKLUMOHUPOBAHUS HACbILEHHOrO rasa

lasbl, obpasytolymecs B 6O/bLUIMHCTBE MPOLECCOB, COAep-
XaT TONbKO HACbILLEHHbIE COEAMHEHWS: MeTaH, 3TaH, MpomnaH,
OyTaHbl (H-6yTaH M M306yTaH) M MHorga Bogopod. CnoBo Ha-
CbILLieHHble 03HA4yaeT YrneBofopofbl, He cofepxaliue [BONHbIX

* Takne OpUrnHaibHble Ha3BaHMA MCNONL3YHOTCA HehTenepepaboT-
ymkamn B CoefuHeHHbIX Llitatax. B Poccum Te e camble NMPogyKTbl
Ha3blBalOTCA MHauye — OTOBCH3MHEHHOe abCcopOUMOHHOE Macno u
HacblILLeHHOe abcopbuyoHHoe Macno. — Mpyv. nepes.
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cBA3eil. ITO 3HAYMT, YTO BCe aTOMbl Yrnepofa B MX MOnekynax
HacbllWeHbl aToMaMy Bofopofa. Takue rasbl HanpaenslTCA Ha
I ®YHacbILLeHHOro rasa. [pyroil TMn rasoBoii CMecu COAepXuT
Takke oneuHbl (3TWNeH, nponuneH N 6yTuneHbl). Takas
cMmecb HanpasnseTcs Ha [PYkpekuHr-rasa. lepepaboTka Bo-
Jopoja v cepoBofopoga TpebyeT creunnyeckmx onepawmi,
KOTOpbIM MOCBALLEHA OTAenbHas rnasa (rnasa XV).

PasgeneHne rasoB Ha KOMMOHEHTbl MpeAcTaBnseT coboi
3HaunTenbHO Gonee TPYAHYH 3afadvy, YeM pasfefieHue Cbl-
poit He(TW. BCNOMHUTE, YTO KaXblil U3 3TUX rasoB ABNSET-
CA WHAUBUAYANbHBIM XUMWYECKUM COEfUHEHWEM W UMEEeT
CBOK Temnepatypy kuneHus (tabn. 7.1). Takum o6pasom,
HUKAKWX XBOCTOB WM HEYETKOro pasfefleHus Ha 3ToT pa3s
6bITb He AO/HKHO. [M03TOMY PeKTU(UKALWOHHbIE KOMOHHbI
4N19 pas3fleNneHnsa rasos COAep>KaT OrPOMHOE YMUCNO Tapenok,
a OpOLUEeHMe W MOBTOPHOE MCNapeHne NPOU3BOAATCA MHOrO-
KpaTHO.

Tabnmua 7.1. HekoTopble CBOWCTBa HU3KOKMNALWINX (PpaKLmii

CoeguHeHmne bpyTTO- T. KuneHna* [1noTHOCTL**
thopmyna °C (“F) Ibs/gal. (r/em3

Bogopog, H2 -253 (-423) -

MeTaH CHa -161 (-258) 2,5 (0,3)
3TaH C2Hs -88 (-127) 2,97 (0,35)
3TuUneH C2Ha -103 (-155) 3,11 (0,37)
Mponax CaH* -42 (-44) 4,23 (0,5)
MponuneH C3H6 -48 (-54) 4,37 (0,52)
M306yTaH CsH,0 -11,7 (1) 4,69 (0,56)
H-ByTaH CsH,0 -0,5 (31) 4.87 (0,58)
306yTHneH Can* -6,7 (20) 5,01 (0,6)
H-ByTuneHbl

ByTeH-1 CaHB** -6,1 (21) 5,01 (0,6)
TpaHc-byTeH-2 CaHs 11 (34) 5,09 (0,61)
unc-byTeH-2 CsHs 3,9 (39) 5,23 (0,63)

* [Mpn aTMOCHEPHOM AaBNEHMUN.
** [pu atMoctepHOM AaBneHumn n 15,5°C (60°F).
** CyLUECTBYET TPU Pa3/IMYHbIX H-BYTU/EHA, BCE MMEIOT O4MHAKO-
Byt (hopmyny C4H,,, HO pasHble CTPYKTYpbl W pasHble CBOICTBA
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[Jpyras CnoXHocTb CBfi3aHa C 3aBUCUMMOCTbIO Temnepary-
Pbl KUMEHWA OT AaBfieHMA. 34ecb CUTyauus NPOTUBOMONOXKHA
cUTyauMm npu BaKyyMHOI neperoHke. UTobbl YacTb ra3oBoOii
CMecu npeBpaTWnach B XWAKOCTb — 4TO NPUHLUNNANBHO
AN PasrOHKN — HYXHO N6BO0 CUMBHO OXNaAUTb CMeCb (CM.
Tabn. 7.1), nM60 3HAYUTENLHO YBENUYUTDL AaBneHne. OBblYHO
[ienatoT u To, W Apyroe.

HacbllWeHHbIA a3, BbIXOASALMIA C YCTAHOBOK M NOCTyna-
IOWMA Ha ppakyMoHNpOBaHNe, NPOXOAWUT CNeayroLme CTaH-
[apTHble onepauuu:

1 OkaTwve. lNasbl, HaxoAgsALWwmMecsd NP HU3KOM [aBfieHUN,
oKumaroT o aasneHus 200 psi (14,06 atm).

2. PasgeneHve pas. lMpu BbICOKOM AaBfeHUU HEKOTOPble
rasbl CXKMXalTCA, ¥ X MOXHO OTLeNWTb B cenapaTtope.

3. Abcopbumsa (nornouieHune). OcTaBlMecs rasbl NOA Bbl-
COKMM [aBflEHWEM HanpaBAAKTCA B pasgennTe,lbHbiid abeop-
6ep (nornotutenb). Ha BepxHIOl Tapenky abcopbepa mogaroT
HaTy, KOTOpasi mpocaynmBaeTcs BHU3 N0 KOMOHHe. Mo gopo-
re oHa cobupaet (abcopbupyeT) 6onbLIYK YacTb MponaHa u
6yTaHa, OCTaBLUMXCA B rasoBoil ¢haze. HadTy, cobpaBLiyto
3TV rasbl, Ha3blBAOT HACbILLEHHbIM abCcOPOLMOHHBIM Mac/IOM.
Co0TBETCTBEHHO HaTa, KOTOPYI MOAAIOT B BEPXHHOH 4acTb
KONOHHbI Ans abcopbumm nponaHa u 6yTaHa, Ha3biBalOT OT-
6eH3VHeHHbIM a6cop6LMOHHBIMMacoM (Bbl TOMHUTE, YTOaMe-
pUKaHLbl HasblBAT WX ©KMPHOE* MAcCn0 W «TOLlee* Macso)
(puc. 7.2).

Puc. 7.1. Cxatue u pasgeneHue das.



4. febyTaHusauna (oTaeneHuve OytaHa). O6oralyeHHoe
(KMpHOE) Macno nocTynaeT B CNefytoLlyt0 KOJIOHHY, KOTO-
pylo HasblBatoT febyTaHW3aToOpoM. B 3TO KOMOHHe nponaH u
6yTaH oTaenAwTCA OT HadTbl. lMOCKONbKYy HaTa HauMHaet
Kunetb npu Temnepatype okono 80°C (180°F), a 6yTaH Ku-
nuT npubnusntensHo npu 0°C (32*F), TO OHM [OBOJMILHO
nerxko pasgenatoTca (puc. 7.3), ropasgo nerye, 4yem 6yTaH u
nponaH OTAeNstTCcs 0T ATaHa B PEKTUMPUKALMOHHOW KONOH-
He. XKnpgkas dpakumsa u3 cenapatopa Takxe HanpasnseTcs B
nebyTaHwuzarop.

5. AenponaHusaums (oTaeneHue nponaHa). CMech YrneBso-
popogos C3—Ca pa3genstoT B BbICOKOW KONIOHHe, rge npo-
naH yXOAuT Kak BepXHAa dpakuns.

6. [JensobyTaHusaums (otgeneHme nsobyrtaHa). B aToil Ko-
NOHHe pas3gensoT 6yraHbl. Tak Kak TOYKW KUMNeHWs H-6yTaHa



70 MepepaboTka HedhTn

Puc. 7.3. OTgeneHne 6yTaHa, NnponaHa n n3obyTtaHa

MU n306yTaHa O4YeHb 6/M3KK, TO 3hPEeKTUBHOE pasfeneHue
TpebyeT 60NLLIOIO KOMM4YECTBA Tapenok [eusobyTaHusaTop
00bIYHO — camas BbICOKas KONOHHAa Ha TPy
7 MNy6uaTas abcopbuma Korga oT6eH3MHEHHOe Macno (To-

wunii abcopbeHT) nogaeTcs BO (hpakuMoHMpylLWmMii abcop-
6ep, BO3HMKaeT fLONONHUTENbHas npobnema HekoTopblie KOM-
NMOHEHTblI 3TOro macna, 06bl4HO rentaH (CyH”) u okTaH
(Cs8H8), ncnapsatotca M NogHMMAKOTCA BBEpX BMecTe € 60-
nee nerkumm komnoHeHtamu (Cj—C2) UTo6bl M3BNEYL 3TU
BELLLECTBA, BEPXHWI MOrOH MOAAETCA B HUXHIOK 4acTb [0-
NONHUTENbHOM abCcopOLMOHHON KOMOHHbLI, a o4yepeaHoe 60-
Nee TAXeNoe «Tolee» Macfo, KOTOpoe Ha 3TOT pa3 HasblBa-
eTcA rybyaToe macno, nogaetcs ceepxy [0/M0BHOW NOroH B
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«Cyxue* rasbl C|—C2

«Cblpble» rasbl C|—Cj

[y6uaToe
macsio
["a3006pasH. j
NIenc. NoroH |
Myésateian. = N
abcopbep

Toulee

Mac/s1o
*

R —

r_JKupHoe macno

Puc. 7.4. T'y6uatas abcopbums.

3TOM Ciy4ae — B OCHOBHOM CyXOii ras, COCTOAWMWIA W3 yrne-
Bogopogos C(—Cj, a ocTaToK — 3T0, B OCHOBHOM, TOLlee
Mac/io, Kak nokasaHo Ha pUCYHKe 7.4.

®pakunto C)—Cj 06bIYHO He pasgensitoT, a MCMoMb3yHT
Ha HedhTenepepabaTbiBalolleM 3aBofe KakK Tomnineo. OfHaKo
MHOT4a 3TaH MOXeT noTpe6oBaTbCH KakK Cbipbe Ha XUMU-
YeCKOM 3aBOJe, W TOrja MpoBOAAT Ae3TaHu3auuio CcMecu
C|— BAONOMHWUTENbLHOW LPNOHHE.

Ha pucyHke 7.5 nokasaHbl BCe CTaguu pasfefieHns Hacbl-
LLLeHHOr 0 Yr/1IeBO4OPOAHONO rasa.

Ha3HaueHue

3aueM HY)XHO pa3fensTb BCe 3TW rasbl? [efno B TOM, 4TO
KaX/Abli M3 HWUX Hallen CBOK COBCTBEHHYK 061acTb nNpume-
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Puc. 7.5. YcTaHOBKa (h)pakLMOHMPOBAHUS HACbILLEHHOrO rasa

HeHNs B HehTenepepabaTbiBatoLleld NpOMbILWIEHHOCTH. TMo-
aToMy Hambonbwas 3PMEeKTUBHOCTb NepepaboTKm HedpTu
MOXET ObITb JOCTUIHYTA, TO/ILKO €CNN BCE KOMMOHEHTbI UC-
nosib3yt0TCA NO HasHa4YeHuto.

M306yTaH. TlMpakTUYecKM MNOMHOCTbIO MPUMEHAETCA Kak
Cbipbe ANA afKUAMpoBaHUA W u3pefKa — KaK KOMMOHEHT
npu MNoflyyeHn KOMMayHAMPOBaHHOIO aBTOMOOGUILHOIO GeH-
3UHa.

H-ByTaH. ToyTy NOMHOCTbIO WMCNONb3YeTCA Kak KOMMOo-
HEHT aBTOMOOGUNbLHOTrO 6GeH3WHa. Bbnarogaps BbICOKOW neTy-
YyecTW, OH MONe3eH [ANs 3anycKa fBuratesiell B XO/OAHYHO
norogy, nMpu 3TOM OH ocTaeTcAd B GeH3WHe B PacTBOPEHHOM
BUIE W NOYTM He wucnapaeTcd. HekoTtopoe KO/IMYeCTBO
H-6yTaHa WCNONb3yeTca KakK XWMWYECKOe Cbipbe WM Kak
TOMNNBO.

MponaH B CLUA nponaH SBNS€TCA OCHOBHbIM KOMMOHEH-
TOM CXWKeHHOro HedTaHoro rasa (LPG). MpumepHo 10%
LPG, nocTynawulero B Mpojaxy, COCTOUT U3 OyTaHa Wau
ABAseTCA MponaH-6yTaHOBOM cmecbto. MponaH Kak TOMIMBO
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06naaeT HEKOTOPbIMW YHWKanbHbIMW CBOWCTBaMMW, MO/Ne3-
HbIMW AN8 MHOTMX o6nacten npumeHeHusi. OH MOXET ObiTb
CKV)KEH NpW pasyMHbIX Temnepatypax W JaBneHusx, 4to ge-
naeT yao6HOW ero TpaHCMOPTMPOBKY, OCOGEHHO B aBTOLMC-
TepHax. Mpu 06blYHbIX TeMMepaTypax NponaH ferko ncnaps-
eTcs, Mo3TOMy ero yAo6HO CXuraTb B rasoBblX NAuTax, Ao-
MallHUX neyax v T.4. MponaH TakXe 4acTo UCMOb3YyeTcs Kak
XUMWNYECKOE CbIpbeE.

OTaH. EgnHcTBEHHas 061acTb NMPUMEHEHUA 3TaHa, paau
KOTOPO ero u oTAenstoT npu HedTenepepaboTke, — 3T0
MCNOMIb30BaHWE B KayeCcTBe XMMMWYECKOro Cbipba (CM. rna-
By XVIII «[pon3Bogctso 3TuneHa»). Bo MHorux cnyvasx
3TaH OCTaB/IAOT BMECTE C METaHOM.

MeTaH. HedTenepepaboTymMKM HEHACBITHbI B OTHOLUEHUN
Tonnvea. MeTaH C Y/I0BO/IbCTBMEM CXWUratOT B Meyax Ha BCeX
yCTaHOBKax HedTenepepabaTbiBaloLLero 3asofa, a TaKXe B
3aBOACKMX Neyax fNA MOAY4YeHWUA Meperpetoro BOASHOrO napa.

YcTaHOBKa (hpPaKLMOHMPOBAHWUA KPeKWHT-rasa

la30Bble CMecK, BbIXOAALLME C YCTaHOBKM KaTaiumTuyec-
KOF0 KPeKUHra unu gpyrux BULOB KPEKWUHra, COAepXaT ofe-
(UHbI: 3TW/IEH, NPONWAEH N ByTUeHbl. DTUAEH 0ObIYHO He
oTAensAlT oT obwen pakymm C|—C2, KOTOpYK OTNpaBns-
0T B TOMMBHYIO CUCTEMY 3aBofa. Ero MOXHO OTAennTb, ecu
OH TpebyeTca KakK XMMUYECKOe CbIpbe.

Ha HehTenepepabaTbiBaloLlleM 3aBOfe MPONWIEH U OyTW-
neHbl 06bIYHO MNOJAKT Ha YCTaHOBKY ankuavposaHus. [Ans
yaobcTBa Tyda XKe HanpaBnstoTCA napauHbl — MponaH wu
6yTaH, n yxe Tam wuxtaendawT (rnasa VIII). Bo3MoxHo
TaKXe MOMIHOe pasfefieHne KOMMOHEHTOB TakuMM e o6pa-
30M, KaK pa3fensitoT KOMMOHEHTbl HaCbILEHHOro rasa.

Bonopopg

Ha HedTenepepabaTbiBaloleM 3aBOfE MMEETCS HECKOJlb-
KO NpoLeccoB, NOTPe6ASIOLMX BOAOPOA: TUAPOKPEKUHT W



76 MepepaboTka HedTn

HECKONbKO BapuMaHTOB TFUAPOOYUCTKU. HEKOTOpble rasoBble
CMCCK, B YaCTHOCTU CMeCb, MOCTynawwas ¢ YCTaHOBKW pu-
thopMuHra, cofepxxaT 60nbLIOE KOMMYECTBO BOAOpofa. Yacto
puUtopMUHr-iaj NOABEpPraldT CXKaTUK MOcne pasgeneHuns, u
Ha 3TOW CTaguu MONyYalT BOAOPOAHbIA KOHLEHTpaT, KOTo-
pbiii siBnseTcsa cmecbto Hj m CH4 1 moxeT ucnonb3oBaTbCs B
KayecTBe BOLOPOLHOTO CbIPbS.

LononHUTeNbHble KOMMYecTBa BOJOPOAA MpW HEOBXOAW-
MOCTU MOXHO MOMyYMTb CMeunanbHO, ecin Ha 3aBoje ecTb
yCTaHoBKa [/ Mo/ly4yeHnsl BOAOPOAA, KOTOPYH MHaye HasblBa-
IOT YCTAaHOBKOI ANA KOHBEPCUM MeTaHa C BOASHbIM NapoM
KoTopas 6yger obcyxaatbca B rnase XV

Cknagckoe o6opyaoBaHue

Mpuwino BpeMst NOroBOPUTbL O A0BONLHO CNELUBUYECKOM
obopygoBaHUK, KoTopoe TpebyeTcs ANs XpaHeHus HedTesa-
BOACKMX ra3oB Bcneacteme neTyyecTv M HU3KMX TeMnepaTyp
KUMNEHNA 3TWX MPOAYKTOB, WX MPUXOAMTCA XPaHUTb B CXMU-
YXEHHOM BMWfe B cCneuuanbHblX KOHTeiHepax Mnof faBfeHUNeM.

MeTaH (M 3TaH, KOTOPbIA He HanpaBfieH Ans WCMOb30-
BaHMA KaK XMMWYECKOoe Cblipbe) 0ObIYHO He XPaHAT Ha Hed-
TenepepabaTbiBaloLLEM 3aBOZe, a HanpasnslOT B TOMJMBHYIO
cUCTeMy cpasy nocfie nonydveHmsa. Cuctema cHabxeHa ypas-
HUTENbHbIMA 6akamMu, KOTOpble MOTyT HakaniuBaTb HEKOTO-
poe KOMMYecTBO ra3o06pasHOro MeTaHa Ha KOpPOTKWe Mepuo-
Abl BO BPEMSI CMEHbl TEXHONOTMYECKOro pexuma. Kpome Toro,
BCE 3TW BbICOKWE (hakesibl, KOTOPbIe SBAAKTCA TUMUYHOK Npu-
HafleXHOCTbI0O HedpTenepepabaTtbiBatolLero 3asoga, Nomora-
HOT M36aBUTbCA OT KPaTKOBPEMEHHOTO Nepenpon3BOACTBa rasa.

MponaH n 6yTaHbl (M MHOrAa 3TaH) MOXHO XpPaHWTb B
CTa/IbHbIX eMKOCTSX WM MOJ3EMHbIX pe3epByapax.

PesepByapbl iITS XpaHeHMA nponaHa u 6yTaHa MMEKT cge-
puyeckyto opmy. CTanbHble eMKOCTM NM60 UMEKT (hopmy
mymm (UMAMHAP C 3aKPYTAeHHbIMW KpasMu, fnexawuin Ha
60Ky), nnbo TakKxe LapoobpasHble. 3akpyrneHHas gopma
Bbl6paHa AN AOCTUXEHWUA ONTUManbHOMW NPOYHOCTU (Y4TOOBI
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pe3epByap BbIAEpPXWBa/i BblICOKWE AABMEHUS) U MUHUMaANb-
HbIX ()MHAHCOBbIX 3aTpar.

Moa3eMHOe XpaHeHMe O0O6bIYHO OCYLLECTBAAETCH OAHUM
13 cneaylowWwmnx aByx cnoco6os: NM60 B MofoCTW B CKanbHOM,
CNaHLUEeBO MAM U3BECTKOBOI mopoge, NMb60 B KyBLUMHE, 06-
pa3oBaBLUEMCS 3a CUET BbIMbIBAHWUSA COMW B MOA3EMHbIX COMS-
HbIX MH3aX, KaK MOoKa3aHO Ha pucyHke 7.6.

B nepBom cnyvae, MpuM XpaHeHUMM B MNOSOCTAX, MNponaH
unn 6yTaH 3aKauMBaeTCsi BHYTPb MM BbIKAYMBAETCH B CXWU-
X€HHOM BMAe, a pasnuyune B 06beMax MPOAYKTa KOMMEHCW-
pyeTca pas/IMYHbIM KOJMYECTBOM NapoB, HaXOAAWMXCH Haj
YKUAKOCTBIO.

Bxog/BbIxop,
nponaHa/6yTaHa Bxoa/BbIxog,
accona
YpoBeHb 3em. P
777777, e

Mo.: -mm.1HB
consHas
NNH3a
XKngkuii
nponax

Puc. 7.6. KyBLUMH Ans NOA3EMHOr0 XpaHeHMs nponaHa 1 6yTaHa
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B cnyyae consiHOM NMH3bI nofjaya BHYTPb WM HapyXxy ocCy-
wecTensieTcs 60nee HeoGblYHLIM 06pa3oM. B KyBLIMHE Haxo-
OMTCA CMeCb MponaHa W coNeHon Bogbl (paccona). 3T age
XWAKOCTU, Kak U nobas napa Boja—macno, He cCMellnBa-
toTcs. UT06bI BbiKayaTb NMponaH HapyXy, BHYTpb 3aKaunBaloT
[JONONHWTENbHOE KOAWYECTBO paccofia, W OH BbITanKuBaeT
nponaH. Korga HY)XHO HaNOMHWUTb KYBLUMH, NpONaH 3aKayu-
BalOT BHYTPb, M OH BbITa/KMBaeT paccosl — 06bIYHO B cre-
UManbHbIii 6acceiiH.

MpenMyLLecTBOM Takoro crnocoba XxpaHeHus SBASeTCH BO3-
MOXHOCTb pacluMpuTh pesepsByap. Ecnn BmecTo pacTsopa CO/un
B KYBLUMH 3aKayaTb UYMCTYIO BOfY, TO JOMOSIHUTENbHOE KO-
NNYECTBO COMM W3 CTEHOK JIMH3bl Nepeifer B pacTsop, W
TakuMm 06pa3oM pasMep pesepByapa yBennuyuTca 6e3 fonos-
HUTENbHbLIX 3aTpaT. KOHEYHO, 3Ty omepauuio MOXHO NPOwu3-
BOAUTb NULWb O ONpefenieHHbIX NpefenioB, 4Tobbl HE BbI3-
BaTb paspyLleHns pesepsyapa.

[pyrum npenmyLlecTtsom 3Toro crnocoba SBNSETCA CTO-
MMOCTb CaMOW KOHCTPYKUMMW. KyBLUMHBI B COMAAHbIX /IMH3aX
06XOAATCA 3HAYUTE/NbHO feLleBfie, YeM COOPYXeHue noJsoc-
Teil B FOpPHOI nopoje, a 3T0 B CBOK OYepefb fAeLIeBne, Yem
BO3BEEeHMe CTalbHbIX pe3epsyapoB. K coxaneHuto, 8 CLUA
npupofa cosgana AOCTYMHble COMAHbIE JIMH3bI W MOAXOAA-
LMe cKafnbHble, CNnaHLeBble W M3BECTKOBbIE MOPOfAbI TOMbKO
B HECKO/IbKMX pPernoHax.

YMNMPAXHEHNA

1 3anofiHMTe NPoOnycKu:
a. [Ba Tuna rasopakuMOHNPYIOLLNX YCTAHOBOK Ha3blBalOT-
€Sl ycTaHOBKa (hpaKLMOHUPOBaHMA n ycTa-
HOBKa (hpakLMOHMpPOBaHUS
6. Hadta, KoTOpasd wucnonb3yeTca ANA 3axsaTta 6onee TsXe-
NbIX Ta30B BO (hpakuuoHupytowem abcopbepe, HasbiBaeT-
cs _ Towee wmacno, Habpas-
LLee XMUAKOCTb, Ha3biBaeTCs
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B. Cmecb, KOTOpas MOXeT WCMOMb30BaThbCs ANA MOTrNOLWeHNs
3HQYMTENbHON JONMN HEKOTOPbIX KOMMOHEHTOB W3 APYroii
CMecH, HasblBaeTcs .

2. YKaxuTe 06bl4Hble 06MacTM MPUMEHEHWA ANA Kax[oro
M3 NepeyncreHHbIX He(TenpoayKTOB

MeTaH

draH MmapooymcTka

MponaH KomnayHAaupoBaH1e aBTOMOOMIBHOrO 6eH3MHa
H-ByTaH Tonnueo ana HedTenepepabaTbiBatOLLEro 3aBOg;!
M306ytaH Cblipbe And aneninpoBaHus

MponuneH XuMUYECKOe Cbipbe

BytuneH  TonnuBo, MOCTynaroLlee B MPOAaXy

ATnneH

Bogopoz

3. Hapucyiite cuctemy pekKTU(HUKaALNOHHBIX KOJIOHH, KOTO-
pble MOTyT 6bITb MCMONb30BaHbl AN Pa3feneHns KPeKUHT-
rasa Ha C2 n 6onee nerkMe rasbl, MponaH, MPOMUEH,
H-OyTaH, u306yTaH 1 6yTuaeH. Vcnonb3yiTe Tabnmyy 7.1,
B KOTOpPOW MpuBeAEHbl TOYKN KWUMEHWUS KaXAoro KOMMo-
HeHTa. [lpegnonaraetcs, 4YTO B KaX[oW KOMOHHE OAuH
NOroH OTAEeNseTcs OT OcTaTKa, M HUKAKMX OOKOBbIX Bbl-
xopoB HeT. Kakasa cneuyuduueckas npob6nema BO3HWUKHET
npu pasgeneHun 6ytaHa u 6yTuneHa?

4. N306pa3uTe TEXHOMOTMYECKYH CXEMY BXOAAWMUX U BbIXO-
AALMX NOTOKOB A5 YCTaHOBOK, KOTOPble OblM paccmoT-
peHbl 40 CUX MOP: pPeKTU(UKaLMOHHAA KONOHHA ANS Cbl-
poii HethTW, KONOHHA BaKyyMHOI MEpPeroHKu, ycTaHOBKa
KaTaJIMTUYEeCKOr0 KPeKWHra U ycTaHOBKa rasopakHuo-
HUpPOBaHNA.




VIl
ANKNITNPOBAHNE

BonsT OHU, YT OXKa>K Ay TpasieneHbs,
Mosi >Ke B YKU3HU LieNb— OB bEAVHEHDI.

PobepT /In dpocT. *[1Boe BPOAAT B NIOXYH0 MOroAy...»

Mocne Toro Kak Obin MpuMaymMaH KaTaiUTUYeCKWiA Kpe-
KWHT, y4YeHble 06paTunM BHMMaHMe Ha obpasylouinecs npu
3TOM nerkve pakuuu. [NaBHas 3agaya cocTosfia B TOM,
4TO6bl MO BO3MOXHOCTW YBENNUYNTL KO/MUYECTBO GEH3NHOBOWA
thpakuumn. OgHako MponuaeH M GYTUNEH WMEKT CAULWKOM
HNU3KNe TemnepaTtypbl KUNEHNA U He OCTalTCA B OeH3NHEe B
pacTBOPEHHOM coCTOsHUW. T103TOMY 6bln paspaboTaH Npo-
Liecc, 06paTHbI KPEKUHTY, KOTOPbIA HasblBaeTCA ankuampo-
BaHWE, W CyTb KOTOPOrO COCTOMT B MpeBpalieHUn Heb6onb-
LUIMX MONEKYN B KPYMHbIE.

Xnmundeckas peakKuuns

ONna XyuMnKa TePMWUH «aNKUaMpoBaHWe* OTHOCKUTCA K Lie-
nomy pagy peakuuil, O0fHAKO AN TeXHONora-HegTenepepa-
60TYMKa aNKUIMPOBaHWE 03HAYaeT B3aMMOAelCTBME Mponu-
neHa wnn 6yTuneHa ¢ n3obytaHoM c o6pa3oBaHMem K3ona-
paMHOB, KOTOPble Ha3blBAKOTCH aKMNaTOM (puUc. 8.1).

N3meHeHne o6bema B 3TOM npouecce NPOTUBOMOMOXHO
TOMY, 4YTO MbI Ha6mo,u,an|/| npn KpekumHre, a MMeHHO, 00bEM
3aMeTHO yMeHbluaeTca. Ecnm B mpouecce y4yacTByeT nponwu-
neH, 1o | 6Gappenb (159 n) nponuneHa u 16 Gappens
(254,4 n) n3obyTaHa Aal0T Ha Bbixoge 2,1 6Gappens (334 n)
npogyKTa ankMnmpoBaHus, a B ciyyae 6yTuneHa — 1 6ap-
pens (159 n) 6ytuneHa un 12 6appens (191 n) wu3obyTaHa
npespawatotcs B 18 6appens (286 n) npogykra. Kak u npu
KPeKUHre, macca WCXOAHbIX BELLECTB paBHa Macce MNpoAyK-
TOB. U3MEHSAETCA TO/bKO MNOTHOCTD.
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M306yTaH MponuneH W3orentaH
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W3006yraH ByTtuneH M300KTaH
(2-metunnponaH)  (6yTeH-1) (2,2,3-TpUMeETUNNEHTAH)
CAHHI (CaH) (C*H|8)

Puc. 8.1. ANKnnmMpoBaHne np«LuaeHa u 6ytuieHa (byTeHa-1).

TexHoM0rM4ecKnii npouecc

MN306yTaH ¥ oneduHbI MOryT B3aWMO/eidCcTBOBaTb MeXay
co60oii Mpu BbICOKOM faBfieHun. OAHAKO Takoi BapuaHT an-
KUIMPOBaHWs TPebyeT oueHb LOPOrol 060pyAoBaHUs. Kak u
ANt MHOTMX APYrvMX NPOLECccOoB, ANl ankWAUpoBaHWUs 6binu
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nogobpaHbl KaTLIM3aTOpPbl, KOTOPbIE YCKOPAKT MpoLecc u
no3BonAT YNPOCTUTL TEXHOOTMYEeCKoe 0bopysoBaHMe. B Ka-
yecTBe KaTa/M3aTopoB 06bIYHO MCMOML3YHOT CEPHYIO Unn (hTo-
PUCTOBOLOPOAHYO KUCNOTY. [poLecchl, NPOBOAUMbIE B MPU-
CYTCTBUM 3TUX KWUCMOT, B OCHOBHOM CXOAHbI Mexay™ co6oi,
HO CEpPHOKMC/IOe anKuiupoBaHWe uMeeT ropasgo 6onee LWin-
poKOe pacnpocTpaHeHue B NPOMbILLNEHHOCTW, NO3TOMY 3/€eCh
Mbl Byaem 06CyXAaTb TONIbKO 3TOT BapuaHT.

YcTaHoBKa aKTUPOBaHUA COCTOMT M3 CEMU OCHOBHbIX
Yy3/10B, KOTOpble MokKas3aHbl Ha pucyHke 8.2. I3T0 — Xo0fo-
OUNbHBIA annapaT, peakTopbl, Y3en OTAENeHUA KWCOTl,
y3en WenoYHoW MNPOMbIBKM W TPU PEKTUPUKALUOHHBIX KO-
NOHHBI.

XonogunbHbli annapaT. ANKUIMPOBaHWe B MNPUCYTCTBUK
CepHOM K1CNoTbl NpOTeKaeT Hambonee 3hHEKTUBHO NpU TeEM-
nepatypax 4—5°C (40*F). Takum o6pa3om, 0/1ehHOBOE Cbl-
pbe (MOTOK MponaH-NponuaeHoOBON n/unu 6yTaH-6yTMIEHO-
BO/ CMecU C YyCTaHOBKM KPEKWHra) CMellnBalT C MOTOKOM
n300yTaHa M C CEPHOW KWCNOTOM U NOAAIOT B XO/OANbHYIO

KpeKkuHr- MpoaykT
ras Yaen ot L0
M306yTaH Peak- AeneHna
y Top KICNOTb
X0noanbHbI LLlenoyHas
annapar C  Kucnorta MpOMbIBKa
MNponaH
t *m
A
& ®2
[}
o)
e3
N306yTaH
X H-ByTaH
Asikunar

P>cC. 8.2. YCcTaHOBKa a/K3LLMPOBaHNS.
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Puc. 8.1. AnKkunupoBaHne NpsiHNAeHa n 6ytuneHa (byTeHa-1).

TexXHONOrnYecKum npouecc

N306yTaH 1 0nedUHbI MOryT B3aMMOLENCTBOBATL MEXAY
c060/1 Npn BbICOKOM faBneHun. OAHAKO Takoi BapuaHT an-
KUNUPOBaHUA TPebYyeT OYeHb [OPOroro 06opyAoBaHus. Kak u
ONS MHOTMX [pYruX MpOoLEeccoB, AN aNKUIWPOBaHUS 6Gblin
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nogoGpaHbl KaTanM3aTopbl, KOTOPble YCKOPSOT Npouecc
no3BONAIT YNPOCTUTL TEXHONOrMYECKOe 060pyfoBaHue. B Ka-
YecTBe KaTasn3aTopoB 06bIYHO UCMOMb3YIOT CEPHYIO UNKU T O-
PUCTOBOAOPOAHYIO KMCNOTy. lpouecchl, NPOBOAWNMbIE B NPU-
CYTCTBUM 3TWUX KWUCNOT, B OCHOBHOM CXOAHbl MeXay* co6oiA,
HO CEpPHOKMC/I0e anKuUiWpoBaHWe UMeeT ropasgo 6osnee Lin-
pOKOe pacrnpocTpaHeHne B NPOMbILLIEHHOCTH, NO3TOMY 34ecCh
Mbl Oyfiem 06CyAaTb TO/IbKO 3TOT BapuaHT.

YcTaHoBKa ankuivmpoBaHUs COCTOMT U3 CeMW OCHOBHBbIX
Yy3N10B, KOTOpble MoOKa3aHbl Ha pUCyHKe 8.2. IT0 — XO0f0-
OWNbHBIA  annapaT, peakTopbl, Y3en OTAENEHUA KWUCNOThI,
y3e/ WWeNOYHOW NPOMBIBKM W TPU PeKTUMMNKALNOHHBIX KO-
NOHHBbI.

XonogunbHeli annapaT. AIKWAWPOBaHWE B NPUCYTCTBUM
CepHOI KNCNoTbl NpoTeKaeT Hanbonee ahHeKTUBHO NpU TEM-
nepatypax 4—5°C (40°F). Takum o6pa3om, 0/epUHOBOE Cbl-
pbe (MOTOK NPONaH-nNponuaeHoBoi u/munu 6ytaH-6yTuneHo-
BO/ CMeCW C YCTaHOBKM KPeKMHra) CMeLuBalT C MOTOKOM
n3obyraHa M ¢ CEPHON KUCAOTOW U MOAAKT B XONOANbHYIO

8.2. YCTaHOBKa a/IKUINPOBaHWA.



Vill. ATIKWIMPOBAHVE 83

yCTaHOBKy. [locnefHsas paboTaeT npu MOBbILLEHHOM faare-
HuUM (3—I12 aTm), 4TOObI BelecTBa HAXOAMNNCb B CXMXKEH-
HOM Blue. B HeKOTOpbIX ClyYasx OXNaXAeHWe OCyLLecTBAsAeT-
CSl HENOCPeACTBEHHO B peakTope.

PeakTopbl. Peakuuns ankunnmposaHuUs npoTekaeT 4OCTaTOu-
HO MefleHHO 1 TpebyeT 0Kono 15—20 MUHYT, NO3TOMY pe-
aKLMOHHas CMeCb MPOXOAUT Yepe3 Lenyt cucteMy 60MbLUmnX
peakTopoB. O6WMIA 06beM PeaKTOPOB CTO/b 3HAYMTENEH, YTO
npu OLHOKPaTHOM MpPOXofe Yepe3 CUCTEMY KaXaas MONeKy-
na goctatoyHo gonro (npu6nmsmtensHo 15—20 MUHYT) ocC-
TaeTcs B peakLMOHHON 30He. [pn NpoXoXAeHWN Yepes peak-
TOpbl XNAKOCTb NEPUOANYECKN MepeMellnBaeTcs, 4YTo obec-
neymBaeT XOPOWWMA KOHTAKT Mexay oneuHamu, m3obyTta-
HOM W KWUCNOTON U, COOTBETCTBEHHO, 3P(eKTUBHOE NpoTe-
KaHue peakuuu.

Y3en O0TAeNeHnst KUCNOThI. 3aTeM XXWUAKOCTb NOCTynaeT B
cocyn 6e3 nepemelnMBaHuWA, B KOTOPOM KUCI0Ta U YrieBo-
[OpoAbl OTAeNnsaTCa Apyr OT Apyra Kak Boja W Macno. Yrne-
BOAOPOAbI MOAHMMAKTCS BBEPX, & KWCAOTa OMyCcKaeTcs Ha
AHO. Tlocne 3Toro KMCnoTy CHOBa BO3BpaLialoT B MpoLecc.
Y3en oTAeNeHWs KUCNOTbl HasblBalOT TakKe KUCAOTHbIM OT -
CTOHVKOM.

Y3en LWenoyHol NpombIBkKL. ocne oTAeneHns Katanmsatopa
YrNeBojopoabl BCE K& COAepXaT cfiefibl KUCMOTbl, NO3TOMY
Ux 06pabaTbiBalOT EAKMM HATPOM B cneunansHoOM cocyge. Ep-
KW HaTp [eicTBYeT Ha YrneBOJOPOA4 Tak e, Kak Alka-
Seltzer feiicTByeT Ha Baw >enyfok npu HecBapeHun — 1O
€CTb HeMTpanusyeT KUCMoTy. BpepHble ahhekTbl Takum 06pa-
30M YCTpaHsAKTCA, WM Nony4aeTca CMecb YrneBofOpoAOB, ro-
TOBas K pasfeneHuio.

PekTunmKaumoHHble KOMOHHbI. B Tpex cTaH4apTHbIX peKTu-
(OMKaLMOHHbBIX KOMOHHAX ankunaT OTAeNseTcs OT HacblLLeH-
HbIX ra3006pasHbIX YrneBoAOpPOAoB. M306yraH npu 3TOM BO3-
BpaLlaeTcs B npoLecc.

Bbixofbl NMPoAyKTOB

Mpouecc ankMaMpoBaHUA CONPOBOXAAETCA PAJOM MOBOY-
HbIX peaKLyiA, HEKOTOpble M3 KOTOPbIX ABMAKTCA B GOnbLUei
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W MeHbLUER CTeneHn HexxenaTenbHbIMKU. TOCKONbKY B CUC-
TeMe (DOPMUMPYHOTCA W pearvpytoT pasHOo6pasHble MOJEKY-
Nbl, TO 06pa3yoTCsi HebOMblUME KONMMYecTBa MpomnaHa, byTa-
Ha W MeHTaHa, 4To He Tak Mnoxo. OfHAaKO Hapsigy C 3TUM
nonyyaetcs 60MbLIOE KOMMYECTBO CMO/bl — BSI3KOF0 KOPMWY-
HEBOr0 BeLLECTBa, MPeAcTaBstoLLero co6oi CNOXHYH CMeChb
YrneBofopoAoB. ATa cMo/a 06bIYHO 0CefjaeT BMECTE C KUCIO-
TON W ypanseTcs BO BPEMs pereHepauuy KWUCNOTbl, Mepeq
TeM KaK Ta GyfeT CHOBa HanpaBieHa B npoLecc.

Hwke npvBefeH 06beMHbli MaTepuanbHbIli 6anaHc Mo
NPonNuIeHOBOMY 1 6YTUIEHOBOMY CbIpbHO.

O6beMHbIA GanaHc
nponuneH GyTUneH

Chbipbe:
Mponunex 1,0 —
byTuneH — 1.0
M306yTaH \n L2
Bcero: 2.6 2,2
MpoaykTbI:
MponaH 0.3 -
H-byTaH - 0.1
Ankunat L2 J2
Bcero: 2,1 1.8

OfHako 6anaHc No BBEAEHHOMY B MPOLECC CbIPbHO U Bbl-
X0fjaM MPOAYKTOB He MOKa3blBaeT, Kakas 4acTb MponaHa u
H-6yTaHa BbIXOAWT W3 peakTopa B HeW3MeHHOM Buge. Ha
camMoM fiefie yCTaHOBKa afKWIMpoBaHUs oGecneynBaeT yTu-
NN3aUMI0 3HAUNTENbHBLIX KOMMYECTB WHAMBUAYaANbHbIX MpPO-
naHa u GyTaHa. Ecnu 3Ta ycTaHOBKa Mo TOW WU MHOMA npu-
YMHe OCTaHOB/EHA, MOTOK MpPOMNaH-NpPONUIEHOBOW CMecKu
06bIYHO HanpaBseTcs B TOMAMBHYIO CUCTEMY, U NMPOW3BOA-
cTBO LPG (CXWXXEHHOr0 He(TSHOrO rasa) 3HauuTeNbHO CO-
KpaLlaeTcs

MapameTpbl npouecca

Onepatop YCTaHOBKM anKWNMPOBaHWUsA [OMXKeH KOHTPO-
NMPOBATb HECKO/IbKO OCHOBHbIX NapamMeTpoB npoLecca, 4To-
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ycTaHoBKy. [locnefjHAs paboTaeT Mpu MOBbILWEHHOM Jame-
HUM (3—12 atm), 4TOObI BELLECTBA HAXOAWIMUCH B CXKVKEH-
HOM Biue. B HEKOTOPbIX Cnyyasx OXNaxaeHWe OCYLLeCTBAET-
CS HeMmoCpefCTBEHHO B peakTope.

PeakTopbl. Peakuus ankuimpoBaHusa NpoTeKaeT focTaTou-
HO MefJ/ieHHO ¥ TpebyeT 0kono 15—20 MUHYT, NO3TOMY pe-
aKLMOHHaA CMecb NPOXOAWT Yepes Lyt cuctemy 60MbLINX
peakTopoB. O6LWNii 06bEM PEaKTOPOB CTO/b 3HAYUTENEH, YTO
npy OAHOKPATHOM MPOXOAEe Yepe3 CUCTeMY KaxXzas MONeky-
na goctatoyHo gonro (npnénusmtensHo 15—20 MUHYT) oc-
TaeTCs B peakuMOHHOW 30He. pu NpOXOXAeHUn Yepes peak-
TOpb! XWAKOCTb NEPUOANYECKN MepeMeLlnBaeTcs, 4to obec-
neymBaeT XOPOLWIA KOHTaKT Mexgy oneunHamu, u3obyTa-
HOM W KWCNOTOW W, COOTBETCTBEHHO, 3P(eKTUBHOE npoTe-
KaHue peakuuu.

Y3en OTAENeHNA KUCMOTHl. 3aTeM XXMAKOCTb NOCTYMaeT B
cocyq 6e3 nepemeliMBaHWA, B KOTOPOM KUC/OTa W Yr/eBO-
[OpOAbl OTAENATCA APYr OT Apyra Kak Boja W Macno. Yrre-
BOZOPOAbI NOLHUMAIOTCH BBEPX, & KWCNOTa OMyCcKaeTcs Ha
OHO. Tlocne 3Toro KWCNoTy CHOBa BO3BpaLalOT B MpoLecc.
Y3en oTfeNeHnsa KUCOTbl HasblBalOT TakKXKe KWC/IOTHLIM OT-
CTONHNKOM.

Y3en LLenoyHoli NpoMbIBKU. Tocne OTAeNeHNs katanmsaropa
YINeBOAOPOAbLI BCE XK€ COAepXaT Cnefbl KUCIOTbl, MO3TOMY
nx 06pabaTbIBalOT €KUM HATPOM B cneunansHoM cocyge. Epn-
KUA HaTp AeicTBYeT Ha YrneBofopod Tak ke, kKak Alka-
Seltzer peiicTByeT Ha Baw >Xenyaok npyu HecBapeHun — TO
ecTb HelTpanm3yeT Kucnoty. BpegHble athhekTbl TakuMm 0bpa-
30M YCTpaHATCA, W NOMy4yaeTcd CMeCb YrneBofjOpofoB, ro-
TOBasA K pasfie/IeHunto.

PeKTU(MKALMOHHbIE KOMOHHLI. B Tpex cTaHAapTHbIX PeKTu-
(DMKALMOHHBIX KO/IOHHAX ankunart oTAenseTcs OT HaCblLeH-
HbIX ra3oobpasHbiX YrneBofopoAoB. V306yTaH npu 3TOM BO3-
BpaLlaeTcsa B npotecc.

Bbixofbl NpPOAYKTOB

Mpouecc ankunMpoBaHWUsA CONPOBOXAAETCA PAAOM MO60Y-
HbIX peakLuid, HEKOTOPbIE M3 KOTOPbIX SM ftoTes B 6OMbLUeit
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WM MeHbLUel CTEMEHN HexenaTtenbHbIMU. MOCKO/bKY B CUC-
TeMe (hOPMMPYIOTCS U pearupyroT pasHoo6pasHbie MOMeKy-
Nbl, TO 06pa3yoTCs HeboNblUMe KO/MMYecTBa MpomnaHa, OyTa-
Ha W MeHTaHa, 4To He Tak nnoxo. OfHaKo Hapsgy C 3TuUM
nosnyyaeTcs 60NbLIOE KOMMYECTBO CMO/bI — BSA3KOr0 KOpMWY-
HEBOro BellecTBa, MPeACTaBASIOLWEr0 CO60M CMOXHYH CMeChb
YrNeBOAOPOA0B. JTa CMOMa 06bIYHO OCeflaeT BMeCTe C KUCNO-
TO W ypanseTca BO BpPEMS PereHepauum KWCAOTbl, nepes
TeM Kak Ta Oy/eT CHOBa HamnpaeJfieHa B npoLecc.

Hwke npuBeeH OObEMHbI MaTepuanbHbIi 6anaHc no
nponuIeHOBOMY W BYTUNEHOBOMY CbipbHO.

OOBLEMHBIN GanaHc
nponuneH 6yTnneH

Cobipbe:
MponuneH 1,0 —
ByTuneH — 1.0
306yTaH Ls L2
Bcero: 2,6 2.2
MpoayKTbI:
MponaH 0,3 —
H-byTaH — 0,1
AnKunat 1*8 u.
Bcero: 2,1 1.8

OpHako 6anaHc No BBEAEHHOMY B MPOLECC CbIPbi0 U Bbl-
X0JaM MNpOJYKTOB He MOKasbiBaeT, Kakas 4acTb nponaHa u
H-6yTaHa BbIXOOUT W3 peakTopa B HEM3MeHHOM Buae. Ha
camMoM fefne yCTaHOBKa anKuanpoBaHusa obecrneynBaeT yTu-
NN3aLMI0 3HAYUTENbHBIX KOMYECTB WHAMBMAYANbHbIX MPO-
naHa u 6ytaHa. Ecnm 3Ta ycTaHOBKa Mo TOW WKW WHOW npu-
YMHe OCTaHOBJIEHA, MOTOK MpOMaH-nponuaeHOBOR CcMecu
006bIYHO HanpasnseTca B TOM/IMBHYK CUCTEMY, U NPOM3BOS-
cTBO LPG (CXMXKEHHOro He(hTAHOrO rasa) 3HayMTeNbHO CO-
KpaLLaeTcs

[MapameTpbl npouecca

OnepaTtop YCTaHOBKWM aNnKUMUPOBAHUA AO/MKEH KOHTPO-
/IMPOBaTh HECKO/IbKO 0CHOBHbIX MapaMeTpPOoB npouecca, YTo-
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6bl He AONYCTUTb MOBOYHBLIX peakuuid. MocnegHne MOryT yxya-
WNTb KAa4yecTBO ankunata U NPUMBECTU K CHKEHUIO OKTaHO-
BOrO uncna NpPoAyKTa W ero LBETOBOr0 WMHAEKCAa W K MOBbl-
LeHN0 AaBNneHNA HacbllWEeHHOro napa.

TemnepaTypa peakuun. [pyv MOHWKEHUN TemnepaTypbl
CepHasi KMCnoTa CTaHOBUTCA 6Gonee BA3KOW M MIOXO CMELWN-
BaeTcA C CbipbeM. B pesynbrate ofieMHbl He BCTynmawT B
peakuuto MOMHOCTbIO. [MOBbILWEHME TemnepaTypbl MNPUBOAMT
K 06pa3oBaHui0 APYrnX MPOAYKTOB, MOMMMO M30rentaHa U
N300KTaHa, YTO CHUXAET KauyecTBO anKunara.

KoHueHTpauua kucnoTbl. Kucnota, uMpkynvpylowias B
cucTeme, HensbexxHO pasbaBnsieTcs BOAON, koTopas MmocTyna-
eT BMecTe C ofie)HaMu, W, KpOMe TOro, B Hee MonajatoT
cMonbl. Korga KOHUEeHTpauusa KUcnotbl CHUxaeTcs ot 99% o
89%, KMCNOTYy CMMBAIOT W HanNpasAAOT B y3en pereHepauum.

KoHueHTpauua usobyTaHa. B npucyTcTBum n3bbITKa M30-
6yTaHa npouecc 6onee agpekTUBeH. OOLIYHO TEXHONOTUYEC-
Kasa cxema COAEPXMWT CUCTEMY A8 PeLMpKynaLmMm n3obyTaHa.
OTHoweHne wn306yTaH : onedpuH Konebnetca oTr 5 : 1 go
5:1

O6beMHasi CKOpoCcT b nogayum onerHa. KavecTso nonyvae-
MOr0 anKuiata MOXET MeHATbCA B 3aBUCMMOCTU OT BPEMEHM
npebbiBaHNA CBeXeli nMopuMu 01eMHOBOr0 Cbipbf B peak-
TOpe.

Pestome. UTO Mbl AO/MKHbI 3HaTb 06 ankunate? Bo-nep-
BblX, OH VMeeT BbICOKOE OKTaHOBOe 4ucno. Bo-BTOPbLIX, OH
XapaKTepusyeTcsd HU3KUM [aBNeHVeM HacbIWEHHOro napa.
MOCKOMbKY Mbl ewe He 06CYyXAain nosnyyeHne aBTOMOOWb-
HOro 6eH3nHa, Takue MNOHATWUA, KaK OKTaHOBOE YMUC/0 W
[laBNeHne HacbIWEeHHOro napa, No-BMAMMOMY, WMEIOT ANd
Bac mano cmbicna. Mol ocTaTOYHO CKasaTb, YTO 3TU Kaue-
CTBa MOJIe3Hbl AN KOMMOHEHTOB 6EH3WHa, U B 3TOM U CO-
CTOMT OCHOBHAfA WAes ankunMpoBaHUA: npespalieHue mano-
LleHHbIX ra3006pa3HblX KOMMOHEHTOB KPEKWHr-rasa B LEeH-
Hble KOMMOHEHTbI 6eH3MHa.

YCTaHOBKY a/lKUMPOBAHNA MOXHO CXeMaTU4ecKu mnpej-
CTaBWTb KaK CUCTEMY, MMEIOLLYIO Ha BX0Ae nponuneH, 6yTu-
NneH 1 n300yTaH, a Ha BbIXOAe — anKuiat, Hapsgy ¢ npona-
HOM W H-6yTaHOM. YT06bl Bbl MOrN OLEHWUTL MECTO aNnKuIu-
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MpAMOrOHHbI I
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[pAMOroHHbI
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. [psAMOrOHHbIN

nyrkuii ra30nNNb C3YCs- H-C4
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Kuit Ankunar
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Has ne-
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[Tspkenast hpakums BaKyyMHOI NeperoHku

CTaToK
NeperoHKm

Puc. 8.3. TMpouecchbl HedTenepepaboTKu.
1—nerkas (hpakLnsa BaKyyMHOW NeperoHku;
2 — KpPeKUHT-6eH3NH;
3 —Nerknii KPeKUHr-rasoiins;
4 —TsOKeNbl KPEKUHT-rasoiib.

poBaHUs B 06LIEl cucTeme HedpTenepepaboTKM, Ha PUCYHKe
8.3 mokasaHbl y3nbl HedpTenepepabaTbiBalOLLEro 3aBofa, Ko-
TOpble Mbl PacCMOTPeNM Bbllle, a TaKXe Y3en afKuimpoBa-
HUS. YANBUTENbHO, KaK BGbICTPO Halla CXeMa YC0XHSAEeTCS.

YMNPAXHEHUA

1. BcraBbTe MponyLieHHbIe C/0Ba.
a. ANKnnnpoBaHWe — 3TO MpoLecc, 06paTHbIii
6. Katanusatopom ankuniMpoBaHuWa ABASETCS
nm6o , B 3aBUCMMOCTU OT BblOGpaHHbIX YC/TOBWIA.
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6bl He ONYCTUTbL MNOBGOYHbIX peakuyuii. MocnegHne MOryT yxya-
WWTb KayecTBO ankuiara U MPUBECTU K CHUDKEHUID OKTaHO-
BOr0 yucna npoAykKTa W ero LBETOBOr0 MHAEKca U K MOBbl-
LWeHWIO faBNeHNdA HaCbILEeHHOro napa.

TemnepaTypa peakumn. [Ipy NOHWXXEHUW TemnepaTypsbl
CepHas KMcn0Ta CTaHOBWUTCS 60nee BA3KOW M MIOXO CMeLIu-
BaeTcA C CbipbeM. B pesynbtate oneduMHbl He BCTynawT B
peakuMio MONHOCTbI0. [1OBbIWEHWE TemnepaTypbl MPUBOAUT
K 06pa3oBaHUIO Apyrnx NpPOAYKTOB, MOMUMO M30renTaHa u
N300KTaHa, YTO CHMXAEeT KayecTBO ankuiara.

KoHueHTpaumst kucnoTbl. Kucnota, UMpKynupylowas B
cucTeme, HensbexxHO pasbaBnseTcs BOAONM, KOTopas MmocTyna-
eT BMecTe ¢ oflepuHamMu, W, KPpoOMe TOro, B Hee nonagaloT
CMOnbl. Korga KOHLUeHTpauusa K1cnoTel cHuUXaetca ot 99% Ao
89%, KMCMOTY CIMBAIOT WU HaNpasnAOT B y3en pereHepauuu.

KoHueHTpaums n3obyTaHa. B npucyTcTBuM M36bITKa M30-
6yTaHa npouecc 6onee apekTUBeH. O6bIYHO TEXHONOTUYEC-
Kas Cxema COAEPXWT CUCTEMY ANS PeunpKynaumm msobyraHa.
OTHoweHne un306yTaH : oneduH konebnetca ot 5 : 1 go
5:1

O6bemMHasn CKopocTb Mogaun oneduHa. KayecTso nonyyae-
MOro ankunaTa MOXeT MeHATbCA B 3aBUCUMOCTU OT BpeMeHU
npebblBaHUS CBEXeW Mnopuun 0nedMHOBOrO Chipbsi B peak-
Tope.

Pestome. UTO Mbl AO/MKHbI 3HaTb 006 ankunate? Bo-nep-
BbIX, OH WMEET BbICOKOEe OKTaHOBOe 4ucno. Bo-BTOpbIX, OH
XapakTepusyeTcsi HU3KUM [aBNEHWEM HACbILLEHHOro napa.
MMOCKONbKY Mbl elle He 06CYXXAanu Mony4eHue aBTOMOOGWSIb-
HOro 6eH3nHa, Takue MOHATWUA, KaK OKTaHOBOE 4MUC/0 W
[aBfieHVe HacbllWeHHOro napa, Mo-BMAUMOMY, WMEHT Ans
Bac mano cmbicna. TMo|» focTaToMHO cKasaTb, YTO 3TU Kaue-
CTBa MOMe3Hbl AN KOMMOHEHTOB OeH3WHa, U B 3TOM W CO-
CTOUT OCHOBHAA WAes anKUINpoBaHWA: NpeBpalleHne mano-
LiEHHbIX ra3006pa3HbIX KOMMOHEHTOB KPEKWMHr-rasa B LEeH-
Hble KOMMOHEHTb! 6eH3nHa.

YCTaHOBKY ankuimpoBaHUsS MOXHO CXEMaTUYeCKu npef-
CTaBUTb KaK CUCTEMY, MUMEIOLLYIO Ha BXOofe MponuneH, 6yTtu-
NleH 1 n306yTaH, a Ha BbIXof4e — ankunaT, Hapsgy ¢ npona-
HOM ¥ H-6yTaHOM. UT06bI Bbl MOrIM OLEHUTb MECTO anKuiun-
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Puc. 8.3. TMpoueccbl HedpTenepepaboTKu.

1—nerkas pakuns BaKyyMHOW NeperoHKu;
2 — KPEKNHT-OEH3UH;

3 —erkuii KPeKUHr-rasob;

4 —TXKeNbll KPeKNHT-rasoine.

poBaHusA B 06LWeli cucteme HedpTenepepaboTKM, Ha PUCYHKe
8.3 nokasaHbl y3/bl HedpTenepepabaTblBalOLLEr0 3aBOAa, KO-
TOpble Mbl PacCMOTpPeNIN Bbllle, a TakXe Y3en ankuivposa-
HWUA. YOUBNTENbHO, KakK ObICTPO Halla cXeMa YCN0XHSAeTCS.

YMNPAXHEHUA

|. BcTasbTe MpoOMyLleHHble CroBa.
a. ANKunupoBaHue — 3TO Mpouecc, 06paTHbIN
6. Karanusatopom ankunvpoBaHWsA ABNSeETCS
nnéo _ B 3aBMCMMOCTW OT BblOpaHHbIX YCM0BWIA.
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MATb OCHOBHbIX Y3/10B YCTAHOBKM anKuanpoBaHns — 310"
r ANKWAaT COCTOMT B OCHOBHOM W3 [BYyX M30napaguHoB, a
MMEHHO "
L. 3a cyeT BbICOKOIO n
HW3KOro , ankunat
npeactaBnser  coboii  LEHHbIR

2. KpekuHr-ras, nocTynawowmii Ha yCTaHOBKY alKUI1poBa-
HUS, UMEET CNefyrLmnii COCTaB:

MponaH 01$
Mponunex 0,25
306y TaH 0,10
H-ByTaH 0,20
ByTuneHbl 0.30

1,00

Ecnm o6buwimii o6bem rasa coctaBnsier 3000 6ap./cyT, a
BbIXOZbl MPOAYKTOB anKW/INPOBaHWA COOTBETCTBYHOT MpuBe-
[JEHHbIM B 3TOW rfaBe, Kakoi 06beM M3006yTaHa C YCTaHOBKM
Y HacblWweHHOro rasa notpebyeTca s npouecca? Kakue
NpPOAYKTbl N B KaKOM KONAUYecTBe OyayT MosyyeHbl?



IX
KATAJIMTUNUECKINW
PUNOPOPMUMHI

HWYTO Tak He TpebyeT pechopMUpPOBaHNS,
KaK MpUBbIYKY Apyruxiodeii.

Mapk TseH. <lMpocTodunsa Bunbcon™

YCTaHOBKM KaTannmTUYecKoro pudopMmHra sBAsloTCca B
HacTosLLee BpeMs NoYTKM 0653aTe/bHbIM 3BeHOM HedTenepe-
pabaTbiBatoLero 3asoja. HasHauyeHume 3TOro npouecca — no-
Ny4YeHUe BbICOKOAPOMAaTU3NPOBaHHbLIX 6GEH3MHOBLIX ANCTUI-
NATOB, KOTOPbIe UCNOMb3YHOTCA B Ka4eCTBE BbICOKOOKTaHo-
BOTO KOMMOHEHTAa WM ANS BblAENEHUS U3 HUX WUHAUBUAYab-
HbIX apOMaT MYECKMXYT/1eBOLOPOA0B: 6eH301a, TOMyona, KCuo-
nos. — Tlpum. peg.

TpeTbe MOKOMEHME MPOLECCOB HeghTenepepaboTKu 6bio
BbI3BAHO K XXW3HW MOBbILEHNEM TpebOBaHWA pbiHKa K Kaye-
cTBy 6eH3nHa. [pu 3TOM KayecTBO OeH3MHa, KakK MpaBuo,
onpefenseTca ero OKTaHOBbIM YMC/AOM, KOTOPOe Mbl Oyaem
o6cyxaatb Tonbko B rnase XII «KomnayHaupoBaHue 6eH3u-
Ha». B 50-e 1 60-e rogbl NOroHsA 3a OKTAHOBLIM YMC/IOM Oblna
AOMUHUPYOWNUM (aKTOpOM B Toproene 6eH3nmHom. KaTtanu-
TUYECKUA PpUGHOPMUHT 6blN NPeAoXKeH Kak OfMH M3 CMOCO-
60B yBeNMYeHNs OKTAHOBOro ymcnia. Ytobbl NOHATL 3Ty rna-
By, NOJIE3HO WMMEeTb YCNOBHYIO 3aKNnagky Ha rnase V, noces-
WEHHOM XMMMWYECKOMY COCTaBy HedTw.

Xumuyeckue peakyuu

B oTnnMumMe OT NpoLEeccoB, KOTOPbIE Mbl 06CYXAanu A0 CUX
nop, B Mpouecce KaTaJMTUYeckoro pugopMmHra TemnepaTy-
pbl KUTMEHNS BELeCTB MEHSOTCS 0YeHb HE3HAUMTeNbHO. W3-
MEHeHWe KacaeTcsi, B OCHOBHOM, XMMMWYECKOTO COCTaBa.
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CbipbeM N8 KaTaNMTUYECKOro pudopMUHra sSiBNseTcs, B
OCHOBHOM, NpPAMOroHHas HajTa U pexe AUCTUNNATHI BTO-
PUYHOTO MPOUCXOXAEHMS, Hanpumep, GEH3UH TepMUYecKo-
ro KpPeKMHra, KOKCOBaHWUSA W TMAPOKPEKUHra. IATU pakuum
00bIYHO CcoAepXXaT BbICOKME KOHLUEHTpauum napaduHOB
HaTeHOB. B mpouecce KaTtanuTUYecKoro pudopmMmuHra MHo-
rve M3 3TUX KOMMOHEHTOB NpeBpalLalTca B apoMaTUyeckue
COefJMHEHVA, KOTOpble MMEIT ropasgo 6onee BbICOKWE OKTa-
HOBbIE uucna.

Hwxe npuBefeHO TUMWUYHOE M3MEHEHWEe coCTaBa HadThbl
B 3TOM Npouecce:

O6beMHbIN %
Chblpbe MpoaykT

MapatuHbl 50 K]
OneguHsbl 0 0
HahTeHb! 40 10
ApomaTnka 10 %

Mpn 3TOM NpPOWCXOAAT B OCHOBHOM Cnejylolime nosnes-
Hble XMMWUYECKMEe peakLuu:

1 TMapatuHbl npeBpalatoTca B um3onapaduHbl (peakyus
n3omepusaymn).

2. MapadmHbl npeBpawaloTca B HaPTeHbl (peakuus LuKnu-
3auum).

3. HadhTeHbl npeBpauiatoTcad B apoMaTuKy (peakuus fAerua-
prpoBaHus).

MpoTekarT TakKe HeKOTOpble MOOOYHbIE peakLuu:

1 YacTtb napahMHOB M HapTEHOB MOABEPraeTCA KPEKUHry,
npeBpalyascb npyu 3To# B YrNeBOAOPOAHbIE Tasbl.

2. YacTb HahTEHOB M apoOMaTMYeCKMX YrneBoAopoaoB TepsieT
60KOBble LleNK, KOTOpble MpU 3TOM TakKXe MpespaliaroTcs

B Yr/N1€BOLOPOAHbIE Tasbl.

Camblli BaXHbIi MOMEHT, KOTOPbIA CredyeT 3anOMHUTb, —
3T0 TO, 4TO NapaduHbl M HahTEeHbI NpeBpaLlalo TCa B apomaT u-
YECKME COEAVMHEHMNST Y HEKOTOpbIe M30MEpPbI, KaK MOKa3aHo Ha
pucyHke 9.1
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MapauHbl B n3onapaduHbl

V
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H
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H-i-H — "1 tH j
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»4-H HH \ %
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H
H-[enTaH MeTunumknorekcaH

Puc. 9.1. Xumus pudopmuHra.
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HadTeHbl B apomaTnKy
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Ob6opypoBaHue

Bbl MOXeTe nogymatb, 4YTO 414 OCYLLECTBIEHWA 3TUX
CMOXHbIX MNpeBpaLleHnii WUCNONb3yeTCA Kakoe-HMOyAb He-
00bIKHOBEHHOe o060pygoBaHne. Ha camom fefne Hy>XeH He-
06bluHbIi KaTanM3aTop, KOTOPbIA Ha 3TOT pa3 COCTOMT U3
okcmpa antommuusa (Al203), cunukarensa (Si02) u nnaTuHbI
(Pt). MnaTuHbl TpebyeTcad He TakK YX Mano (Ha HECKO/NbKO
MUIMOHOB LONNApOB AN OLHOW PUPOPMUHT-YCTAHOBKM),
MO3TOMY KaTanu3aTop 3acnyxusaeT 60/bOro BHUMaHMSA.

CylLecTByeT HeCKO/bKO CNOCO60B MPUBESEHUS YINeBOAO-
POAHOTO CbipbA B KOHTAKT C KaTanu3aTopoM. 3[ecCb Mbl pac-
CMOTPUM BapuaHT, KOTOPbIA Ha3blBaeTCs MNpoLecc C Hemog-
BV>KHbIM C/TIOEM KaTanuM3aTopa, Tak Kak B 3TOM C/y4vae yrie-
BOAOPOAbI NMpPOCayMBalOTCA CKBO3b CMOW KaTanu3aTopa, Ha-
XOAALLNIACS B peaKkTope.

Ona Hambonee 3h(heKTUBHOTO MPOTEKAHUA KaXaoh wu3
peakuuin, n306paxeHHbIX Ha pucyHke 9.1, TpebywoTca pas-*
Hble ycnoBusa paboTbl YCTaHOBKM, TO €CTb pasHble AaBNeHUS,
TemnepaTypbl M NPOAO/KUTENLHOCTW MNpPebbiBaHUA CbipbA B
peaktope. lM03TOMYy MCMONL3YKT TPWU MNOCMEL0BATENbHbIX pe-
akTopa (puc. 9.2), u Kaxblii 13 HUX BbIMOAHAET CBOIO pabo-
Ty. [aBneHne B peakTopax — 200—500 psi (14—35 aTm), a

Puc. 9.2. Katanutunuyeckuii puthOpMuHT.
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Temnepatypa - 480-520*C (900—975°F). Peaktopbl 06bl4HO
UMEIT XapaKTepPHY chepuyeckyto ¢opmy.

Cbipbe CXMMAKT [0 ONpeaeseHHOro AaBneHus, Harpesa-
10T W MojalT B MEepBbli peakTop, e OHO MpocaynBaeTcs
CKBO3b C/IOM KaTanM3aTopa W BbIXOAUT U3 HUWXKHEN u4actu
peakTopa. 3Ta npouefypa NOBTOPSETCS elle ABaXAbl B ABYX
nocreaytolmx peaktopax. 3aTeM MpoAyKT MPONycKatoT yepes
XONOAWNbHUK, Tae 60MblUAs ero 4acTb CXMKaeTcs. Cxmxe-
HWEe HYXHO A8 TOro, 4Tobbl OTAENWTbL GoraTblii BOZOPOAOM
ras U HanpaBUTb €ro Ha PeLupKynsuMio. STO A0BOMbHO BaX-
HblA MOMEHT, KOTOPOMY CTOWT MOCBATUTb HECKOJ/IbKO C/I0B.

Bogopog ABNSeTCA BaXHbIM MOOGOYHLIM MPOAYKTOM KaTa-
NNTNYECKOTo pudopMUHra. B3rnsHuTe elle pa3 Ha XMMUYec-
Kne peakuuun. BONbWMHCTBO M3 HWUX COMPOBOXAAeTCA Bbije-
NeHneM BOAOPOAa, MOTOMY 4YTO B apoOMaTUYECKMX YrNeBOfo-
pojax ero MeHblwe, Y4em B napaduHax unm HadTeHax. Ho
BOAOPOZ 34€Cb Xe U noTpebnaetca. Ero Hy>XHO nofmeLunBaThb
K CbIpbl, YTOObl B peakTopax MOCTOAHHO COXpaHsnacb €ero
BbICOKas KOHLleHTpauus. B 3ToOM ciiyyae aTOMbl yriepoga He
0CaXJAalTCca Ha KaTanusatope, Kak Npu KaTaliuTUYecKoMm
KpeKnHre. BMecTo 3TOro yrnepoj pearupyet C BOAOPOAOM C
o6pa3oBaHMeM YrneBOLOPOAHBIX a30B.

BepHemcs kK o6opypgoBaHuto. OTOK BOAOPOfAA 4aCTUUHO
HanpaBnseTcs Ha YCTaHOBKY rasodpakunmoHWpoBaHus, a va-
CTUYHO BO3BpaLLaeTcs B npouecc. XUAKUA NPoJYKT U3 HUX-
Heil yacTu cenapatopa HampaBniseTCs Ha pasjesieHue B Ko-
NOHHY CTabunmsauuy, Kotopas ABNSETCA HE YeM WMHbIM, Kak
pebyTaHusaTopom (6yTaHOBOW KOMOHHOI). HWKHAA dpak-
ums, pucopmaT (MM KaTanmsat) OTAeNseTcs B 3TOW KOJIOH-
He OT YrneBOfOPOAHbIX ~a30B (A0 6yTaHa), KOTOpble MOAHM-
MalTCA BBEPX W HanpasBndlTCca HAa PY HacbIWeEeHHOro rasa.

PereHepauus

Uepe3 HekoTOpoe Bpems paboTbl YCTaHOBKM aKTUBHOCTb
KaTanmsatopa nafgaet. ATO MPUBOAUT K CHUXKEHUIO OKTaHO-
BOrO uucna pudopmara M YMeHbLUEHWUIO €ro BbiIXOAa Ha efu-
HULY 06bema Cbipbs
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PaHblwe YCTAHOBKW pPUGOPMMHIa OCTaHaBMBanu Ans pe-
remepayuu Kartanusatopa, HO 3aTeM 6bin pa3paboTaH Henpe-
pbIBHbLI PEXWUM, KOTOPbIA OCYLWeCTBASETCA 3a cyeT fobas-
NeHUs elle OA4HOro peakTopa. B nto6oii MOMEHT BpeMeHMW Tpu
peakTopa HaxofATtcsi B paboTe, a YETBEPTbIi — B peXxume
pereHepauumn Katanusatopa. PereHepauusa ocyliecTBnseTcs
nyTeM Mofjayu ropsyero BO34yxa, KOTOPbIA ypanseT ¢ no-
BEPXHOCTW KaTanusaTopa Yrnepof, npespauias ero B COOT-
BETCTBYIOLME MOHOOKCUA U AUOKCUA. [Na BOCCTAHOBMEHUA
KaTanm3aTopa peakTop HYXHO BbIBOAWUTb W3 npolecca BCEro
Ha 30 4acoB; Takum 06pa3om, Mpouecc No4yTu Bcerga BeaeT-
CSl CO CBEXWM KaTann3aTopoM.

Bbixog, % no o6bemy

Ceexuin nnm OTpaboTaHHbIN
BOCCTaHOB/IEHHBII KaTanmsatop
KaTasmsaTop
H2 2 2
C,/C2 2 3
C3 2 3
n30-Ca 3 4
H-Ca 3 4
Pudopmar 88 84
(OKTaHOBOE uMCNIO) (94) (92)

HecMoTps Ha NOCTOSIHHYH pereHepayuto, uyepes onpefe-
NEHHbI NMPOMEXYTOK BPEMEHM aKTUBHOCTbL KaTanusaTopa BCe
e nagaet. Mpu BbICOKUX TemmepaTypax pereHepaLuu nopbi
KaTasmsaTopa paspyllaloTcs. B pesynbtate Kaxgple 2—3 roga
npouecc NPUXOAMTCA OCTaHaBAMBaTb A/ 3aMeHbl KaTanusa-
Topa.

MapameTpbl npouecca

Pbluarn ynpaBieHUsi, KOTOPbIMU WMHXXEHEP MOXET MaHM-
ny/MpoBaTb Ha yCTaHOBKe pUOPMWHra, — 3TO Temmnepaty-
pa. faBneHue ¥ BpeMs Npe6biBaHWs Cbipbs B peakTope. 3aja-
ya MaHUMynauWM cocTouT B COBGMHOAEHUM BanaHca Mexay
KonnyecTBOM npoaykTa putopMUHra M ero kavectsom. Co-
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OTHOLLEHME Mexay 3TUMK ABYMS napaMeTpaMu NOKasaHO Ha
pucyHke 9.3: npu yBeNNYEHWM OKTAHOBOIO YWCMA BbIXO4 MpPO-
JYKTapugopMuHra B 06beMHbIX % CHU>KaeTcst. COOTBETCTBEH-
HO YBENMYMBAETCH BbIXOf ra3oo6pasHbiX MPOAYKTOB. TakuM
o6pa3om, MpPOLEcC KaTaNMTUYECKOro pudopmMuHra [OoSKeH
6bITb MA€aNbHO COrfacoBaH C onepayusMum Mo KomnayHau-
poBaHWIO 6eH3MHA U ¢ paboToi APYrMx YycTaHOBOK, rae mpo-
AYKTaMU SBNAOTCS KOMMOHEHTHI GEH3MHa.
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CsoiicTBa 6€H3MHO-IMTPOMHOBLIX (Dpakumnii (HadThl), UC-
nonb3yemMbix B KauyeCTBE Cblpbsi, BEPHEE WX TPYMMoBOW CO-
CTaB, BblPaXEHHbI B cofdepXXaHun napahMHOB, 0NeUHOB,
Ha)TEHOB M apoMaTWMKKM, TaKXe anusieT Ha BbIXO4 M Kaue-
CTBO npopykTta. [pynnoBoil aHanus HaTbl ABMSETCS BaXKHbIM
(akTopom B OLlEHKE KauyeCTBa CbIpOli HedTu.

ApoMaTuKa. KaTanuTuyecKuii puopMUHT — OCHOBHOIA
MCTOYHMK GeH3ona, Tolyona u Kcunonos. [pouecc Bblgene-
HUA 3TUX KOMMOHEHTOB B WHAMBMAYanbHOM Buge GymeT pac-
CMOTPEH OTAeNbHO B OAHONM W3 MOCNeAYHOLWNX FNaB.

Pestome. KaTanuTu4yeckuit puopMUHT SBASETCA BaXKHbIM
npoueccoMm npesBpaweHnss 6eH3NHOB C HU3KUM OKTaHOBbLIM
YynUCNOM B MPOAYKT C BbICOKMM OKTAHOBbIM YMCOM, KOTO-
Pbiii MOXET 6blTb MCMOMb30BaH KaK KOMMOHEHT aBTOMOGW/b-
Horo 6eH3nHa. [pynnoBoil cocTaB Cbipbsi CMeLLaeTcs OT na-
padMHOB M Ha(hTEHOB B CTOPOHY apoMaTWUKKM U, TakMM o6pa-
30M, MOSBNSETCA BO3MOXHOCTb WMCMONb30BaTb BbICOKME OK-
TaHoBble ymcna apomatuMkun. K coxaneHuto, Yem Bbille OKTa-
HOBOe umncno pudopmaTa, TEM HWKE ero BbIXO4 U TemM 00/b-
Wwe o6pasyeTcs rasos.

YMPAXHEHWA

1 3anonHuTe MpOonyckKu:

a. OCHOBHaf Ueflb KaTaiMTUYECKOro pugopmMuHra — yBenu-
YyeHue HadThbI.

6. [loporMm KOMMOHEHTOM KaTtanu3atopa pugpopMuHra ssns-
cTes .

8 B npogykTte putopmMuHra cofepxunTtcs 6onbLue ,
YeM B CbIpbeE.

- BaxHbIM NO6OYHbLIM MPOAYKTOM KaTanuTuyeckoro pudop-
MUHTa ABNAeTCA

O OpyryMyn no60YHbIMM NPOAYKTaMU SIBASIOTCSA ,
- " .

e- UT06bl NpeaoTBpaTUTL KOKCOBAHWE KaTanm3atopa, peakTo-
pbl 3aMN0NHAT
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Mpu3HakaMu cTapeHWs KaTanmsaTopa SBASOTCS YMeHbLUe-
Hue nnm
MpoAyKTa PUGOPMMHIa, a TakkKe YBe/IMYEHUE Bbixoaa

MpesnonoXnum, 4To 06BEM CbipbS KaTaliMTU4ecKoro pu-
topmuHra coctasnsaet 15 Tobic. 6ap./cyT, a ycnosua pabo-
Tbl NofobpaHbl Tak, 4TO6bI MOMy4YaTb MPOAYKT C OKTaHO-
BbIM umcnom 91. Takoii npoaykT ctouT 100 ULeHTOB 3a
rannoH, a ppakynsa C4“ ctout 50 LEHTOB 3a rafiNoH. YBe-
NNYEHWe OKTAHOBOTrO YKUC/a Ha efWHWLY MOAHMMaeT CTo-
MMOCTb NpofyKTa Ha 1 UeHT. ECTb M CMbICN yCTaHaBAU-
BaTb 60nee XXECTKWI Pexum, 4Tobbl YBEIMUUTb OKTaHO-
Boe uncno? Wcnonb3yiite rpaduk, NpuUBeAEHHbIN Ha pu-
cyHke 9.3. (YKasaHue: OUeHUTE 3KOHOMMWYECKMe Mokasa-
Tenn ans OKTaHoBbIX umcen 91, 95 m 100.)

MpuBegnTe N0 OAHOMY AOMOMHWUTENLHOMY NpUMepy Ans
KaXA0ro Tna XMMUYECKUX peakuuidi, naylmx B npouec-
ce puhopMmuHra.

B 60-e rogbl kKomnanusa Lenn peknammposana MCMosb30-
BaHuWe NpoAyKTa NnaT(@oOpMUHIa B COCTaBe CBOEro MpemMu-
anbHOro 6eH3nHa. YTo o3HayaeT cokpauieHune «nnatdop-
MUHT*?

N306pasuTte cxemy HedTenepepabartbiBalolero 3aBoja,
BK/IIOYAKOLLYI0 OMepauuu, KOTOpble Mbl paccMOTpenu Ao
CUX MOp, B TOM 4MCAe KaTaIMTUYECKUA PUPOPMUHT.



X
YMEHbBLIEHWVE
KOJMMYECTBA OCTATKA

[a>kepynHbl GbIMMYHNY TOXKEHI.
Mapk AHeid JTykaH. «O rpa>KfaHCcKoi BoiHe*

Mpn 6onblinx obbemax HedpTenepepaboTKM Hen3bexHOo
obpasytoTca 60nblIne KONMYecTBa Ky6oBoro ocTaTka. B ako-
HOMnKe CLUA naMeHeHns noTpebHOCTW B GeH3WHE HMKOrga
He COMPOBOXAaNUCb COOTBETCTBYIOLMMU U3MEHEHUAMWU MO-
TpebHOCTN B OCTAaTOYHOM ToMnuBe. [laxe CoKpalieHne Konu-
yecTBa NPAMOTrOHHOIO OCTaTKa 3a CYeT BaKYyMHOI NEperoH-
KN HE CMOr/0 YCTaHOBUTb COOTBETCTBME MEXAY NPOU3BO-
OUMBIM U TpebyeMbiM KO/MMYECTBOM OCTAaTOYHOrO TOM/MBA.
Moatomy HethTenepepaboTUMKM NpuAyMann HECKONbKO CMo-
coboB npeBpaliaTb OCTaTKW B Nlerkue npoaykTol. Ewe B
1920 rogy 6onbliMe KonM4YecTBa He(hTAHOro mneka nepepaba-
TbIBA/INCb HA YCTaHOBKE TEPMUYECKOTO KPeKUHra, 4YTO 3Hauu-
TeNbHO CcoKpaw,ano gucbanaHc mexgy 6eH3MHOM ¥ ocTaTou-
HbIMU (hpakuyuamu. Pa3BuTue TexHonoruu B 6onee nosgHue
rogbl MO3BO/INIO CKOHCTPYMPOBATb YCTAHOBKW KOKCOBaHWS.
3Tn npoueccbl BeCbMa CX0XMW, U Mbl PACCMOTPUM WX 3[€Cb
Kak Hanbonee pacnpocTpaHeHHble Cnoco6bl YMEHbLUEHNS KO-
NNYecTBa OCTATOYHbIX hpakLuii.

TepMUYECKU KPEKUHT

B rnaBe, NOCBsALWEHHOW BaKyyMHOI neperoHke, Bbl y3Ha-
M 0 npouecce, KOTOpblA 6bl1 pa3paboTaH, 4TO6bI K36e-
>KaTb KpekuHra. B 3Toii rnaee Bbl y3HaeTe 0 mpouecce, cne-
UManbHO 3aAyMaHHOM, 4TOObl BbI3BATb KPEKWMHT 3a CYET no-
BbILLIEHMA TeMnepaTypbl. PasHuua B TOM, 4TO BO BTOPOM Cy-
Yae yCNoBMAMMW NpoLecca ynpaensoT.

BCNOMHWTE, 4YTO TEPMUYECKUM KPEKMHTOM Ha3blBaeTcs
pacnaf MOMeKyn Yrnesofopoja ¢ 06pa3oBaHMEM MeHbLUKX
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MOfieKy/, 06bIYHO 0N1e()MHOB, TaK Kak B CUCTEME HeJoCTa-
TOYHO Bogopoda [lapaduHbl C AAVMHHON Lenblo MOryT pa-
3opBathbCcs BO6OOM MecTe. Llmknnueckne coefuHeHns 06bIy-
HO paspbiBalOTCA B MeCTe NPUCOeAMHEHMA GOKOBOW Fpymnnbl,
ecnun TakoBas ecTb. B pesynbTaTe, TAXenble NPOAYKTbI Kpe-
KMHFa 00bIYHO MMEHT MOBbLIWEHHOE CcoAepXKaHue onedu-
HOB, Ha(TEHOB 1 apoOMaTUKM.

CbipbeM NSl TEPMUYECKOTO KpeKMHra 06bI4HO ABASETCA
0CTaTOK BaKyyMHOI MmeperoHku (nek), HO WHOrAa WCMOMb3y-
IOTCA TSXKENbIA KPEKUHT-ra3oifib U peuupKyanupyowmii ra-
30//1b C YCTAHOBKM KPEKUHra.

Ecnn npopykTbl, MocTynawlne Ha TepMUYecKuii Kpe-
KWHF, CUIbHO pasnnyaroTca Mo TemnepaTypam KumneHus, TO
NErkoKMMsAlee Cbipbe He CMELMBAKT C BbICOKOKUMALLUM.
XoTta Ha pucyHke 101 3T NOTOKWM NOKasaHbl BMecTe, B
[0EeNCTBUTENBHOCTY KaXAblA M3 HWUX MOCTynaeT B OTAEMbHYHO
Tpy6uaTylo neyb, TaK KakK AN JIEFKOKMMALWMX MNPOAYKTOB
TpebytoTca 6Gonee xecTkue ycnosus (6osiee BbICOKME Temne-
paTypbl). B meyax cbipbe HarpeBaeTcs 40 TemnepaTyp B npe-
paenax 520—550°C (950—1020eF). Bpems npebbiBaHWA Cbipbs

Puic. 10.1. PeaKUyOHHbIV 610K YCTAHOBKY TEPMUHYECKOTO KPEKVHIA.



MepepaboTka Hedin.

B 3MeeBMKax, NPOXOAALLMX 4yepe3 Meyun, MNOALEPXMBAKOT He-
60NMbWKUM, YTOObI Tam He NPOUCXOAUAWU CAUWKOM Fy6oKue
XuMuueckue NpeBpaleHns. B npoTuBHOM cnyyae Oyget 06-
pa3oBbIBaTLCA KOKC, KOTOPbIA 6bICTPO 3a6beT (3aKOKCYeT)
3MeeBUK, YTO MOXET MPUBECTU K OCTaHOBKe BCEro npouecca.
3aTeM HarpeTtoe Cbipbe MOCTYMNaeT B PeakUMOHHYK CEKLMIO,
KoTopas LO/KHA HaX04MTbCA MO LOCTaTOYHO BbICOKUM [aB-
nenvem (okono 140 psi mnm 10 atm), 4TO crnocobecTByeT
KPEKWUHTY, HO He KOKCOBaHUH).

Ha Bbixode W3 peakTopa MNPOAYKT CMeLIMBAETcs ¢ 6onee
XOMOAHbIM PELUPKYNNPYIOLLMM MOTOKOM, YTO OCTaHaB/vBa-
eT npouecc KpeknHra. Oba nMoToKa MOAAtOTCA B CeKUMIO pas-
TOHKW, TAe NerkoKunswme npoAyKTbl cpasy MNOAHWMAOTCA
BBEPX, TaK Kak faBfeHue B 3TOW CEKLMU MOHMWKeHO (Kak
3T0 NPOUCXOAWUT B KOMOHHE BaKyyMHOW MeperoHKn npamo-
rOHHOro ocTaTka). Ha fiHe ocTaeTcs TsXenblil KPeKUHr-octa-
TOK, 4acTb KOTOPOro HanpaBnfeTcs CHOBAa B PeakKLWOHHYIO
Kamepy B KauyeCTBe peumpKynsTa; TO, YTO OCTaeTcs, 06bIYHO
MCMOMb3YyeTCA KaK KOMMOHEHT ocTaTO4YHOro TOMnvBa.

Nerkokunsime NpoayKTbl U3 BepxXHel YacTu CeKLun pas-
FOHKW MNoJaloT B PEKTUMPUKALMOHHYIO KONOHHY, KOTOopas
nokasaHa Ha pucyHke 10.2. MNpoaykTtel C4“ oTnpaBnsaloT Ha
YyCTaHOBKY (DPaKLMOHMPOBAHUA KPeKWHr-rasa. BeH3nuH u HadTy
(MMTpOMH) C YCTaHOBKM TEPMUYECKOTO KPEKWHra WCMonb3y-
10T KaK KOMMOHEHTbl 6eH3MHa NM60 HanpaBAAlOT Ha yCTa-
HOBKY puopMuHra. asoifib MOXHO MCMOMb30BaTb Kak Au-
3eNbHOE TOMN/MBO UAWN OTMPABUTL Ha PELMPKYNALMIO.

KokcoBaHune

KoKkcoBaHMe — 3TO TEPMUYECKNIA KPEKWHT TSHXKENOro He-
(DTSHOTO Cbipbsi B 60MIEE XKECTKUX YCMOBUAX, MPU KOTOPOM B
KauecTBe OZHOTO M3 MPOAYKTOB MO/y4aeTcsl TBEPAbIA OCTATOK
— KOKC. ocne MHOrux neT HakonaeHus MHQopmayum o Tep-
MWUYECKOM KPEKMHTe CTafo 4OCTaTOYHO SCHO, uTO 6narogaps
BbICOKAM TEMMepaTypaM U OuYeHb BbICOKMM CKOPOCTSM Moja-
un Cbipbsi, KOKCOOGPA30BaHWsA He MPOMCXOAWT, MOKa Cbipbe
He BbIXOAWUT U3 Y3KMUX 3MeEBUKOB B Meyax B GO/bLIOA YpaBHU-
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MOeKyn, 06bIYHO 0NePMHOB, TaK KaK B CMCTeMe HefocTa-
TOYHO Bogopoga. MapaduHbl C AAMHHOW Lenbl MOryT pa-
30pBaTbCs B IO6OM MecTe. Llmknuuyeckne coegnHeHNUs 00bIY-
HO paspblBalOTCA B MecTe MPUCOeAUHEHUs GOKOBOM Tpymnnmbl,
ecnm TakoBas ecTb. B pesynbraTe, TsXKenble NPOAYKTbl Kpe-
KMHFa 06blYHO MMEKT MOBbLILWEHHOE COAepXaHue onequ-
HOB, HathTEHOB 1 apoMaTuKM.

CbIpbeM N8 TEepMUYECKOro KpekKuHra 00blYHO ABseTcA
0CTaTOK BaKyyMHOW NneperoHku (Mmek), HO MHOFAA WCMONb3Y-
HOTCS TAXKENbIA KPEKWHI-ra3oinb W peuupKynmpylowmnin ra-
30//1b C YCTAHOBKMN KPEKMHra.

Ecnv npogykTbl, NocTynawtolinMe Ha TEPMUYEeCKUin Kpe-
KWHF, CUMbHO pasnunyalTca Mo TemnepaTypam KuNeHwus, TO
NerKoKuUnsAlee Cbipbe He CMEWWBAIOT C BblCOKOKUMNALLUM.
XoTta Ha pucyHke 101 3T MOTOKM MOKasaHbl BMecCTe, B
LEeNCTBUTENbHOCTU KaXbli M3 HUX MOCTynaeT B OTAEMbHYIO
Tpy6uaTyto neuyb, TaK KakK A18 NerkoKMnAwux MpoayKToB
TpebytoTca 6onee >KecTkue ycnosus (6onee BbICOKME Temme-
paTypbl). B neyax cbipbe HarpesaeTcs [0 TeMnepatyp B npe-
aenax 520—550°C (950—1020eF). Bpemsi npebbiBaHMSA Cbipbs

Puc. 10.1. PeakumoHHbIiA G/I0K YCTAHOBKN TEPMUYECKOTO KPEKUHTA.
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YnaneHne Kokca K3 6apabaHa — oTAenbHad npobnema,
TaK Kak OH npegcTaBnseT co6oi TeBepAylo nenewky. B npe-
XKHME BpeMeHa peakTop TepPMWYecKOro KPeKWHra WHorga sa-
KoKcoBbiBa.lca B pe3y/bTaTe KaKOro-am6o HapylleHWs TexXHOo-
NOTUYECKOTO pexuma uan aBapun. EAMHCTBEHHbIM CMOCO-
60M BbIYMCTUTL KOKC M3 peakTopa 6biio mocnatb Tyga pa6o-
YMX B KUC/IOPOAHbIX Mackax ¢ 0T6OMHbIMW MONOTKamu. He-
COMHEHHO, 4YTO MMEHHO 3TO CAepXuBano pa3paboTKy npo-
M3BOACTBA KOKCAa Ha HethTemepepabaTbiBaloLMX 3aBOfAX.

B HacTofliee Bpems ypaneHue Kokca — 3TO eXeJHeBHas
pPYTUHHas npoueaypa, KOTOopas OCYyLLecTBAseTcsa nogayeit
CTpyn BoAbl nofg gasneHnem (okono 2000 psi unm 140 atm).
CHayana B KOKCOBOI nenewke, Haxogsuleiics B bapabaHe,
NpoCBep/IMBaeTCA OTBEPCTME CBeEpPXY BHU3. 3aTeM B OTBep-
CTWe ONyCKalT BpaljatoLLnincs CTepXKeHb, B pesy/bTaTe Yero
CTpys BOAbl HanpaBfisgeTCs B pa3Hble CTOPOHbI. 3a CYeT Bbl-
COKOro [aBfeHus nenewka Kokca pa3bmBaeTcs Ha KyCKW,
KOTOpble BbIBA/IMBAOTCA M3 HUXHEW 4YacTW KOMOHHbI U no-

Puc. 10.3. KokcoBaHue.



TeNbHbIA pesepByap. Ecnn yrneBoAOPOAHYIO CMeCh 3agepxaTb B
3TON WM30/MPOBAHHON E€MKOCTM, KOTOpas Ha3blBaeTCs KOKCO-
Bblli GapabaH, TO MOXHO MPOBECTW YyMnpaBiseMble MNpoLecchl
rny6oKoro KpekuHra v KokcoBaHus. bbina paspaboTaHa TeXHO-
norus, Kotopas no3sonseT 3h(MeKTUBHO NPOBOAUTL 3TOT NpPoO-
Llecc, BK/IOYMB €r0 B HEMPEPbIBHbIA peXUM KpekuHra. Xots
naes KOKCOBaHMS Mpolie, YeM ujes KPeKUHra, B MepBoM Ciy-
yae TpebyeTca Gonee CNOXHOE 060pyA0BaHMe, TaK Kak Mpuxo-
JUTCA UMETb fieN10 ¢ KOKCOM. MOCKONbKY KOKC — TBEpPLOe Be-
LecTBO, TO BO3HMKAKT AONOAHUTENbHbIE NPOGAEMbI.

Cbipbe A4N8 KOKCOBaHMS (TO e, 4YTO W ANA KPEKWHra)
HarpeBalT npubnunsnte/iHo go 540"C (-1000°F) u nogatoT
B HUXXHIOK YacTb KOKCOBOro 6apabaHa. Jlerkokunswmue npo-
AYKTbl KpPeKWHra MOoAHMMAKTCA BBEPX W OTKayuMBaloTCA W3
BepxHel yacTu 6apabaHa. Bbicokokunsve NPOAyKTbl OCTa-
l0TCA U, MOCKONbKY HarpeBaHWe MpOAOSKaeTcs, pasnaralT-
ca [0 KOKca, KOTOpbIA npeAcTaBnsieT coboli TBephoe Belle-
CTBO, MOXOXee Ha yronb. apbl U3 BepxHei yacTu bGapabaHa
HanpaBNAlT Ha PeKTUGUKALWIO, TaK Xe, KakK W NPOAYKTbl
TEPMUYECKOr0 KpeKMHra.
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AnTuyeckoro PUOPMUHTA, a rasoiiib — Ha YCTaHOBKE TUA-
pokpekuHra. HO OCTaTOK McyesaeT, TaK YTO Urpa CTouT csey!

Kokc. O KOKCe No/e3HOo cKa3aTb HECKObKO CNOB. bonbluas
yacTb KOKCa, KOTOpbI BbiNyckaeTcsi HedTenepepabaTbiBat-
WMM 3aBOAOM, BbIFNAAMT KakK rybka M MOTOMY Ha3blBaeTcs
ry6uyaThbiii Kokc. OCHOBHble 06/1aCTV MPUMEHEHUSA TaKOro KOK-
ca — 3TO NPOM3BOACTBO 3/1IEKTPOLOB, MONyYeHne Kapbuga
Kansuma u rpaduta. NMPOYHOCTb rybyaToro Kokca HepfocTa-
TOYHa AN ero UCNo/sib30BaHUsA B AOMEHHbIX MNeyax AN Bbl-
naaBKW 4YyryHa uam B IUTEAHOM NPOU3BOACTBE.

BTopass hopma KOKCa — WronbuyaThlii KOKC, KOTOPbI/A Tak
Ha3bIBaeTCA M3-3a CBOMX YAJMHEHHbIX MUKPOKPUCTaNNoB. YTo-
Obl MONYyuNTb TaKOl KOKC, TpebyeTcs 0coboe cbipbe U Oonee
XecTkne ycnosua paboTel. Mo cBOeMy KauyeCTBY TaKOW BUA
KOKCa npefnoytuTesibHee B MPOM3BOACTBE 3N1EKTPOAOB, YeM
rybuatbiii KOKC. B pe3ynbTate, UronbyaTblii KOKC 3HAUYMTESb-
HO OpOXe, 4YeM ry6uaTtbliid.

KOKC coaepXuUT HeKoTopble KOMMYecTBa BOAbl U XUAKUX
YrneBofopojoB, NO3ITOMY Mepes WCNOMb30BaHWEM OH [0/-
XeH ObiTb BbICYLEH. M3menbyeHMe KOKcCa C MocnefyroLumM
HarpeBaHUeM C Le/bl YAaneHus 3TUX Npumeceid HasbiBaeT-
CA Ka/IbLIMHMPOBAHNEM.

Kpome TOro, KOKC MOXHO MPUMEHSTb B KayecTBe TOMAM-
Ba Ha He(pTenepepabaTbiBaloOLLEM 3aBOJE — TOYHO TaKUM XXe
ob6pa3om, KakK mcnonb3yeTcs n06oe Apyroe TBepfoe TOMAM-
BO, Hanpumep, KaMeHHbI Yrofb.

Nerknii KpekuHr (BUCOPEKUHT)

Mpun nepepaboTKe HE( TAHLIX OCT aTKOB — MOJYryAPOHOB 1
ryAPOHOB — Lie/1eBbIM NPOAYKT OM 06bIYHO ABNSET CA KOTeNbHOe
TOMAMBO, MONYYaeMoOe B pe3ynbTaTe CHUXKEHWUS BS3KOCTMU
MCXOJHOrO0 OCTaTKa. TaKoli npouecc HernyGoKoro paxioKe-
HUA CbIPbA Ha3blBae T CANETKUM KPEKMHIOM WU BUCOPEKUHIOM. —
[Mpum. peg

BUCOpPEKMHT — 3TO TEPMUYECKUIA KPEKUHT Ans 6GefHbIX.
YcTaHOBKa BWCOpPEKMHIra WCMOMb3yeT TAXENbl 0CTaTOK OT
Mpouecca BaKyyMHOW NeperoHkM, 4acTb KOTOPOro nojasep-
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NnajfialoT B TENEXKWU WM BaroHeTKW 1S NOABO3KM K MeCTy
XpaHeHusi. O6blYHO GapabaHbl paboTaldT B pexume 48-yaco-
BOrO UMKna: 24 vyaca 6apabaH 3anofiHAETCH KOKCOM, a nepe-
KNlOYEHNe, OXNaX[eHWe W yAaneHue KOKca 3aHMMAalT OKO-
N0 22 4acoB, B TeYeHME KOTOPbLIX 3amMo/IHAEeTCA KOKCOM CO-
cegHuin 6apabaH.

Bbixogbl. MpoAyKTbl, BbIXOAflLMe C YCTaHOBOK KOKCOBa-
HUS N TEPMUUYECKOro KPeKWHra, YyBCTBUTENbHbI K YCMOBU-
AM npouecca, K KOTOPbIM MpeXae BCEro OTHOCATCA Temme-
paTypa B Meyax ¥ CBOICTBa Cbipbs. O6nacTb TemnepaTyp Ku-
MeHWsa, TPYNnoBOW COCTaB M OTHOCWUTENbHAs MAOTHOCTb Cbl-
pbsi 06bIYHO MO3BOMAKT NpefCKasaTb pe3ynbTaTbl Npouecca.
B KauyecTBe npumepa pacCMOTPUM pe3y/bTaTbl MepepaboTKu
ocTaTka C YCTAHOBKM BaKyyMHOWN MeperoHkn (Mofy4yeHHOro
M3 3anafHo-TexacCKol CbIpoii HeTM) Ha yCTaHOBKe Tep-
MMWYECKOr0 KPEeKWHra, paboTaluein B pexume MakKcumasb-
HOro Npou3BOACTBa GeH3MHa, W Ha YCTaHOBKE KOKCOBaHWA.

TepMUYeCKUiAi KPEKNHT KokcoBaHue
Cbipbe 1,00 1,00
MpoaykThl
Kokc* 0,30
c2 0,18 0,15
MponaH 0,05 0,01
MponwuneH 0,07 0,01
ByTaHbI 0,04 0,02
ByTuneHbl 0,06 0,04
BeH3uH 0,30 0,08
Hadta 0,15 0,15
[a3olinb 0J0O 0,50
OcTarok 0%0 _

* BecoBble MPOLEHTLI, TaK KakK 3TO He XWAKOCTb.

Takum 06pa3om, Npu TEPMMYECKOM KPEKWMHIe Konauye-
CTBO OCTaTka ymeHbliaetca Ha 80%. B cnyyae kokcoBaHus
ocTaTka Boobuie HeT, HO obpasyeTcs okono 30% Kokca, Ans
KOTOPOr0 HYXEH PbIHOK cObiTa. B 060Mx npoueccax o6pasy-
H0TCA Takxe 6€H3UH, HapTa WM rasoinb, HO OHW HU3KOrO
KayecTBa. HadTy 4acTto nmepepabaTbiBalOT Ha YCTaHOBKe KaTa-



1n6_ _ Oeeepa6oTka_HedhTu

UTto6bl MPefoTBPaTUTb KOKCOBaHWe B peakTope TepMuuec-
KOro KPeKWUHra, Cbipbe
UTo6bl YCKOPWUTb KOKCOBaHME B KOKCOBOM 6GapabaHe, Cbl-

KayecTBo 6eH3MHa, Ha(Thbl M ras3oins ¢ ycTaHOBOK TEpPMU-
YECKOro KpeKnHra v KOKCOBaHMU#

Ha HedTenepepabaTbiBaloWeM 3aBojge npomsso,u,mcn ABa
TMna Kokca: "

. ®pakunto Ca- HanpaensOT Ha YCTaHOBKY (hpaKLMOHMPO-

BaHUA rasa, Tak Kak OHa COAEpPXUT

Tpun rNaBHbIX 4aCTW YCTaHOBOK TEPMMUYECKOr0 KpPeKWHra u
KOKCOBaHUA — 3T0 ) n
, KOTOprI‘;I B C/ly4Yae KOKCOBaHWA Ha3blBaeTCA

Ynpasnsawowunii HeTenepepabaTbiBaloLLero 3asoja n3 BTo-
poii W TpeTbel rNaBbl AO/HKEH COOOWMUTL MEHeLXepy no
npofaxe, CKOMbKO KOKCa MOCTYMWUT Ha pbIHOK. Becb Ky-
60BbIl OCTAaTOK C YCTAHOBKM BakKyyMHOI MNEpPeroHKW Ha-
npaBffeTcs Ha YCTaHOBKY KOKcOBaHus. [ns pacyeta uc-
nonb3yinTe BbIXOAbl NPOAYKTOB, MPUBELEHHbIE B 3TOWN rna-
Be, 1 OTBETbl Ha 3ajadvy 2 B TpeTbel rnase. CuuTtaiite, uTo
OTHOCUTENbHAs MAOTHOCTb OCTaTKa M3 BaKyyM-ucnapute-
na coctaBnseT \0°AP1 wnm 350 yHT./6ap. (He 3abyabTe,
UTO BbIXOf KOKCA MPWBELEH B BECOBbIX MpPOLEHTax, a efun-
HULEeW M3MepeHNs Konn4yecTBa KOKca Npu npogaxe fBns-
eTC KOpOTKas TOHHa, cofepkawias 2000 (yHTOB.)

[o6aBbTe YCTaHOBKY' TEPMWYECKOr0 KPEKWHra, BK/AKOYas
NMOTOKM COOTBETCTBYIOLIMX BELLECTB, B 0OLLYH TEXHO/O-
rMYecKylo Cxemy HeTenepepabaTbiBalOLLErO 3aBOfAa.
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raeTcs B Hell TEPMMUUYECKOMY KPEKUHTY. [poAYKT MOXHO CHO-
Ba pa3fenuTb Ha (pakuum, 4YTO NPMBOAUT K YMEHbLUEHWIO
o6bema ocTaTka. [locne 3TOro K octaTky A06aBNAIOT AN pas-
6aBNeHNA HeKUii ANCTUNAATHBLIA HeTenpoaykT (pasbtasu-
Tenb), TOrga ocTaTok (Mek) BUCOPEKMHra CTaHOBUTCA MNpw-
roAHbIM K MPUMEHEHWIO B KayecTBe OCTATOYHOro (KOTeNbHO-
ro) tonauea. KonuuectBo guctunnsta, Ao6aBnsemoro Ans
pasbaBneHns, MeHblle, YeM KO/IMYECTBO MPOALYKTOB Kpe-
KWHTa, BbIXOAAWMX C YCTAaHOBKM — Takum 06pa3om, B Le-
nom, 06beM OCTaTOYHOrO TOM/IMBA CHUXAEeTCH.

B kauecTBe pazbaBuTeNs MOXHO 6paTb TAXENbIA KPEKWUHT-
rasolinb, peuvpKyInpylowmnii ra3oinnb UM MOroH, MoNyyeH-
HbIi NpU pa3feneHnn MPOAYKTOB Ha 3TOW XKe YCTaHOBKE.

B1COPEKNHT HaNnoOMWHaeT TEPMUYECKNI KPEKWHT, HO OT-
nn4yaeTcs OT MOCNeLHEro No MHTeHcuBHocTU. ObopyLoBaHMe
B 3TOM Cny4yae npolie, u Becb npouecc fewesne. C gpyron
CTOPOHbI, ToNMbkKo 20—30% TsKenoro ocTaTka BaKyyMHOI
neperoHKN nojsepraeTca TpaHchopmaymm.

3ameuaHune. B HedhTenepepaboTKe MHOIMX CTPaH 3HAYUTENb-
Hble KO/MMYeCTBa THXENOro NPAMOrOHHOrO rasoins nomaga-
0T B Ky60BbIii ocTaTok. B CLUA oH 6bin 6bl OTAENEH Kak
FO/IOBHOW MOrOH BaKyyMHOI MepPeroHKW n 3aMeHeH CBEpXTS-
XenbIM KPeKUHr-rasoinnem B KayecTBe pasbaButens.

YuunTbiBass BO3MOXHble WCTOYHWKM OCTATOYHOrO TOMW-
Ba, YMeHblLUEHMe KO/AMYecTBa OCTaTKa MOXET CBOAWUTLCA K
BaKyyMHOIi NeperoHKe B COYETAHWM C KaTaIMTUYECKUM Kpe-
KWHTOM, a He K TepMWUYECKOMY KPEeKWHry B COYeTaHUWN C
KokcoBaHneM. OfHako 370 6GyfeT MMEHHO YMEeHbLUEHWE KO-
NNYecTBa 0CTaTKa, HO He AeCTPYKUMA Meka.

YMNPAXHEHWA

1 3anofiHMTe NPONyCKw:

a. OCHOBHOe pasnuuvie Mexay TepMUYECKUM W KaTaimTuyec-
KUM KPEKWHITOM — TO, YTO B NEpBOM C/y4ae ANs YCKope-
HUA npouecca He MUCMob3yeTca

6. OCHOBHOE pasfinume Mexay TepMUYECKUM erKI/IHFOM n
KOKCOBaHWeM — 3TO MpPOW3BOACTBO "




108 MepepaboTka HedTn

HedTenepepabaTbiBalOLLEr0 3aBofa C BbiMycKa 60MbLUMX KO-
nnuects BeH3MHa (Korga ycTaHOBKa TMAPOKPeKMHra paboTa-
€T) Ha BbINYCK OONbLWIMX KOMMYECTB [W3e/IbHOro TOM/MBA
(Korga oHa OTK/0YeHa).

K ruapoOKpeKMHry BO MHOrOM MpUMEHMMa W3BeCTHas
LYyTKa CMOPTUBHOTO TPEHepa, MPEeHebpexnTenbHO 3asaBAsto-
Lero No MOBOAY Mepexofa ero Mrpoka B KOMaHAy COMepHu-
KOB: «Mofaraw, 3T0 yCuUIuT 06e KOoMaHfAbl». [MAPOKPEKUHT
MOBbILIAET Ka4eCTBO Kak KOMMOHEHTOB 6eH3MHa, Tak U guc-
Tunnata. OH noTpebseT XyAwue U3 KOMMOHEHTOB AUCTUN-
naTa M BblJaeT KOMMOHEHT 6eH3MHa Bbllle CPeAHEro Kaye-
cTBa.

CnefyeT OTMETUTb elle O4WH MOMEHT: B Mpouecce ruapo-
KpPeKuHra o6pasyloTcs 3HauuTesbHble KOnM4yecTBa M306yTa-
Ha, 4YTO O0Ka3blBaeTCA MNOJIe3HbIM A4 ynpaBleHus Koniuue-
CTBOM CbIpbsi B MpOLLECCe anKNINpoBaHus.

B HacTosiLlee Bpems LIMPOKO MCMONb3YeTCA OKOMO AECATH
pa3finyHbIX TUMOB TFUAPOKPEKNHI-YCTAHOBOK, HO BCE OHU
OYEHb MOXOXM Ha TUMUYHYI KOHCTPYKLWUIO, OMWUCAaHHYIO B
cnefyloLlemM pasgene.

O6opyfoBaHME U XMMUYECKME peakLum

KaTanusatopbl FMAPOKPEKUHIa, K CYaCTblo, MEHEee LeH-
Hbl U [OPOTUN, YeM KaTanus3atopbl pudopMuHra. O6bIYHO 3TO
COefiuHeHNs cepbl C KO6anbTOM, MOMMGAEHOM WM HUKENeM
(CoS, Mo0S2, NiS) un okcup antomuHusa. (HaBepHoe, Bac
[aBHO WHTEpecoBano, A5 Yero BOOOLLE HYXHbl 3TU MeTa-
Nbl.) B oTanume OoT KaTtaniMTUYeCKOro KPekKWHra, HO TaK Xe
Kak Mpu KatanuTU4yecKOM PUGOPMUHTe, KaTanusaTop pac-
nonaraeTca B BUAe HENOABVWKHOMO cnos. Kak u katanutuyec-
KUA pUOPMUHT, TUAPOKPEKWMHI Yalle BCEro MpoBOAAT B
[pyx peakTopax, Kak MoKa3aHO Ha PUCYHKe 11.1.

Cblpbe cmellnBaeTcqd C BOAOPOLOM, Harpetbim fo 290—
400°C (550—750°F) n Haxopgawmmcsa nog AasneHnem 1200—
2000 psi (84—140 aT™), 1 HanpaBNAOT B NepsbIii peakTOp. BO
BPEMS MPOXOXAEHWA CKBO3b CMOW KaTanusaTopa NpuMepHO
40—50% cblpbsi NoABepraeTcs KpekKWHry c¢ obpasoBaHueM



Xl
MAPOKPEKWHI

.. CKopee CBA3b Belleil nopeeTcs
B Lekcnup . MakbeT»

FMAPOKPEKUHT — npouecc 60see NMO34HEr0 MOKOeHUS,
YyemM KaTaMTUYECKUIA KPEeKMHT U KaTanuTuyeckuin pudop-
MWHT, NO3TOMY OH 60/ee 3(W(PEKTUBHO OCYLLECTBAAET Te Xe
3ajayun, 4To M 3TW ABa npouecca. MMAPOKPEKUHT NO3BONseT
YBEIMYNTbL BbIXOL KOMMOHEHTOB 6GeH3MHa, 06bIYHO 3a cyeT
npeBpalleHnsa Cbipbs TUNA rasoinns. Kayectso KOMMOHEHTOB
6eH3MHa, KOTOpOe npu 3TOM AOCTUTaeTcs, HEeAoCTMXUMO
npy MOBTOPHOM MNPOXOX/AEHWM ra3oiins yepes npouecc Kpe-
KWHra, B KOTOPOM OH 6bln MonyyeH. TMAPOKPEKUHT TaKxXe
No3BO/AET MpeBpaliaTh TAXKENbIA ra3oiinb B nerkue gucTun-
nATbl (peakTMBHOE W AM3eNbHOe Tonnueo). W, BeposATHO,
camoe BaXHOe — TO, YTO MPU FMAPOKPEKUHre He obpasyeT-
CSl HUKAKOTO TSXKENO0ro HeneperoHswLeroca octatka (Kok-
ca, neka uam KyboBOro ocrtatka), a TONbKO Nerkokunswiue

hpakumm.

TexHONOrM4ecKnii npotecc

CnoBO rMApOKPeKMHT paclun(poBbIBAeTCA OYeHb MPOCTO.
JT0 KaTaNIMTUYECKUIA KPEKMHT B NpucyTcTBUM Bogopoga. Co-
yeTaHWe BOAOPOAA, KaTanmsaTopa M COOTBETCTBYHLLETNO pe-
XUMa npouecca Mo3BONAOT NPOBECTU KPEKUHT HU3KOKaue-
CTBEHHOTO NErkoro rasoins, KOTOpbli 06pasyeTca Ha Apyrux
KPEKMHI-yCTaHOBKAaX M MHOr4a MCNonb3yeTcs Kak Komno-
HEHT AM3eNbHOr0 TOM/MBA. YCTaHOBKA FMAPOKPEKUHTA Mpo-
N3BOAMT BbICOKOKAYECTBEHHbIN OEH3NH.

3agymaiiTecb Ha MWHYTY, HACKO/NbKO MOME3HbIM MOXET
oKasaTbCs Mpolecc rmapokpekuHra. Ero camoc BaxHoe npe-
MUMYLLECTBO — 3TO CMNOCOGHOCTb MNepek/YaTh MOLLHOCTM



1t0  nepepa6oTka HedbTn

BOZOPOA [aeT Tensio, HeoGXxoAumoe AAs MPOTEKaHUs Kpe-
KUHTra.

[Jpyroii acnekT, B KOTOPOM OHU JOMOJHAIOT APYr Apyra, —
370 06pasoBaHue m3onapauHoB. MMpyU KPeKMHre NosyyvatoTcs
One(UHbl, KOTOpPble MOTYT COEAMHSATLCS APYr C APYroM, Npu-
BOAS K HOPMasibHbIM NapaguHamM. 3a cueT rApUpPoBaHus 4BOI-
Hble CBSI3W GbICTPO HACBILLAKTCS, MPYU 3TOM YacTO BO3HMKAKOT
usonapadmHbl, U Takum 06pa3oM NpeAoTBPaLLAeTCs MOBTOP-
HOe MOJy4YeHUE HeXenaTeNlbHbIX MOMEKy/ (OKTaHOBble uucna
u3onapaguHOB BbILLE, YeM B Clyyae HOPMasbHbIX NapadnHoB).

Korpa yrneBogopogHas CMeCb BbIXOAWT M3 NepBOro peak-
TOpa, ee OXNaxJalT, CXKMXKalT M MPONycKalT yepe3 cena-
paTop 4ns OTAeNneHus BoAopoda. Bopopog cHoBa CMellMBakoT
C CbIpbEM U HANpaBnAKT B MPOLECC, a XUAKOCTb MOJAT Ha
neperoHky. [pofyKTbl, MOMyYeHHbIE B MEPBOM PeakTope,
pas3fensTcs B PEKTU(PUKALNUOHHON KONMOHHE, U B 3aBUCU-
MOCTM OT TOro, 4To TpebyeTcs B pe3ynbTarte (KOMMOHEHTbI
6eH3nMHa, peakTMBHOE TOMAMBO WAW Tra3oiinb), OTAenseTcs
UX 4acTb. KepocnHOBYIO (hpakLMio MOXHO BblAeNNTb Kak 60-
KOBOM MOrOH WM OCTaBWUTb BMECTe C ras3olifleM B KayecTBe
ocTaTka OT MeperoHKu.

OcTaToK OT MeperoHKM CHOBa CMELLMBAKT C TOKOM BOJO-
poja W 3anmyckalT BO BTOpOW peakTop. Tak Kak 3TO BeLle-
CTBO YXe MOABeprasocb rMApupoBaHWIO, KPEKUHTY W pu-
(hOpPMUHTY B MepBOM peakTope, NMpPOLECC BO BTOPOM peakTo-
pe uaeT B 60fiee XXEeCTKOM pexume (6onee BbICOKME Temme-
paTypbl W fasneHus). Kak u npoaykTbl MepBOA cTagum,
CMeCb, BbIXOAAWAA M3 BTOPOro peakTopa, OTAenseTca oT
BOAOPOAA W HanpasnseTcs Ha PpakLMOHUPOBaHUeE.

MpenctaBbTe cebe, Kakoe 06opyfoBaHMe NoTpebyeTca Ans
npouecca, npoxoasuiero npu 2000 psi (140 atm) n 400°C
(750°F). TonuwMHa CTEHOK CTanbHOr0 peakTopa WMHOrga fo-
cturaet 15 cm. OCHOBHas npo6fieMa — 3TO He faTb KPEKUHTY
BbINTW M3-N0f KOHTpOnsA. [MOCKONbKY CyMMapHbIi npouecc
3HAOTEPMUYEH, TO BO3MOXEH ObICTPbI MOAbEM TemmepaTty-
pbl U ONAcHOEe YBE/IMYEHME CKOPOCTM KpekuHra. Ytobbl nsbe-
XaTb 3TOro, 6O0NbLIMHCTBO YCTaHOBOK TUAPOKPEKUHra Co-
[lep>XaT BCTPOEHHble MpucnocobnieHuns, no3sonawoLimne 6bicT-
PO OCTaHOBUTH peakuuio.



Xl
MAPOKPEKUWHI

.. CKopee cBA3b Belleil nopseTCA
B Lllekcnup «Mak6eT»

TMAPOKPEKNHI — npolecc 6ofiee NO3AHEr0 MOKONEHMS,
yemM KaTaUMTUYECKUIA KPEKWUHT W KaTanuTuyeckuin pudop-
MUWHI, NO3TOMY OH 60/1ee 3P PEKTUBHO OCYLLECTBASET TE Xe
3afjayn, 4to M 3TW ABa npouecca. MMAPOKPEKMHT MO3BONSET
YBENNYNTb BbIXOA KOMMOHEHTOB 6GeH3MHa, 06bIYHO 3a cueT
npeBpalleHnsa Cbipbs TUMNA rasoins. KayecTBO KOMMOHEHTOB
6eH3MHa, KOTOpPOe MpW 3TOM AOCTUraeTcs, HeAOCTUXMMO
npu NOBTOPHOM MPOXOXAEHWUW ra3oinsa yepes NpoLEecc Kpe-
KWHTa, B KOTOPOM OH Oblfl NonyyeH. TMAPOKPEKUHT TakxXe
No3BONSAET MpeBpaLLaTh THXKENbIA ra3oinb. B Nerkue LUCTUN-
naTbl (peakTMBHOE W fAu3eNbHOe TONAUBO). W, BEPOSATHO,
camMoe BaXXHOE — TO, YTO MPW TUAPOKPEKMHTE He o6pasyeT-
CA HUKAKOTO TAXENIOro HeneperoHswouierocs ocratka (KOK-
ca, Meka UnM Ky60BOro octaTka), a TOMbKO Nerkokunsuiue

thpakuum.

TexHONOrM4YecKnii npotecc

CroBO IMAPOKPEKUHT paclinpoBLIBAETCS OYEHb MPOCTO.
JTO KaTaNMTUYECKNIA KPEeKUHT B nMpucyTcTBuM Bogopoga. Co-
ueTaHMe BOAOPOAA, KaTanmsaTopa WM COOTBETCTBYHOLLEFO pe-
XMMa npouecca NO3BOMSAO* MPOBECTU KPEKUHT HU3KOKaue-
CTBEHHOTO /IErKOr0 ras3oiins, KOTopblii 06pa3yeTcs Ha Apyrux
KPEKHHT-YCTaHOBKaX M MHOTAA WCMONb3yeTcs Kak KOMMO-
HEHT AM3eNbHOT0 TOMMBA. YCTaHOBKA FMAPOKPEKMHIa Npo-
M3BOANT BbICOKOKAYECTBEHHbIV GEH3MH.

3afiymaiiTecb Ha MWHYTY, HACKO/MbKO MOME3HbIM MOXET
0Ka3aTbCs MPOLECC rMAPOKpPeKUHra. Ero camoe BaxHoe mpe-
MMYLLECTBO — 3TO CMOCOBGHOCTb MepeknoyaTb MOLLHOCTU



ji? MNepepa6oTka HedoTn

NATHbIe TonaAmBa* u B rnase XIV «HedTaHOW 6UTyM M ocTa-
TOYHOE TOM/NBO™.

IvopokpekuHr ocTaTka. CyllecTBYeT HECKONbKO MoAenei
YyCTaHOBOK TMAPOKPEKUHIa, KOTOpble 6bliv CKOHCTPYMpPOBa-
Hbl CreunanbHO ANA MepepabOTKM NPAMOrOHHOrO0 OcTaTka
AW ocTaTka OT BaKyyMHOW MeperoHKU. BOMbLIMHCTBO W3
HMX paboTaeT MO TUNY YCTaHOBOK TMAPOOYUCTKU, KaK OMnu-
caHo B rnaee XV. Ha Bbixoge nonydvaetca 6onee 90% ocTa-
TOYHOro (KOTeNbHOro) TonnMBa. 3ajayeld faHHOro mpouecca
ABNAETCA yAaneHVe cepbl B pe3ynbTaTe KaTanWTMYecKoi pe-
aKLun cepocofepXalinx COefMHEHW C BOAOPOAOM C obpa-
30BaHMeM ceposogopoga (Hz2S). Takum o06pa3om oCTaTOK C
cofepXaHuem cepbl He 6onee 4% MOXeT 6bITb MpeBpalleH B
TAXKENoe XWAKoe TONNUBO, cogepxallee meHee 0,3% cepbl.

Pesiome. Tenepb, KOrja Mbl MOXEM BK/IHUMTb YCTaHOBKY
TMAPOKPEKMHra B 06LLYI0 CXeMy NepepaboTKu HegpTu, Heob6-
XOAWMOCTb COT/IaCOBaHHbIX OMepauuidi CTAaHOBUTCS OYEBUf-
Hoii. C OAHOI CTOPOHbI, YCTAHOBKA TMAPOKPEKMHIA SBSETCS
LeHTpaNbHbIM MYHKTOM, TaK Kak OHa MOMOraeT yCTaHOBUTb
GanaHc Mexay KONM4YeCcTBOM 6GEeH3WHa, AW3eNbHOro ToniuBa
1 peakTWBHOTO Tonnuea. C Apyroii CTOPOHbI, CKOPOCTW nofa-
UM Cbipbs W PeXMUMbl PaboTbl YCTAHOBOK KaTa/MTUYECKOro
KPEKMHIra ¥ KOKCOBaHMS He MeHee BaxKHbl. Kpome Toro, an-
KUMPOBaHUE U PUBOPMUHT TakXe CRefyeT YuuTbiBaTb Mpu
NAaHMPOBAaHWUM pacnpejeneHns NpogyKTOB rMAPOKPEKMHTa.

YMNPAXHEHWA

1 MpoaHanusmpyiTe pasnuuna Mexay TMAPOKPEKUHIOM,
KaTanMTUYeCKUM U TEPMUYECKUM KPEKMHIOM C TOYKM
3peHMUs CbipbA, ABUXKYLLEA CMAbl Npouecca W rpynmnoBoro
cocTaBa MpOAYKTOB.

2. Kak B3avMOJONONHAT APYr Apyra rMAPOKPEKUHT U Ka-
TaNNTUYECKUWA KPEKUHT? PUGHOPMUHT U TUAPOKPEKUHT?

3. V306pa3uTe TeXHONOTMYECKYl Cxemy HedTenepepabaTbl-
BAlOLLEro 3aBOfa, BK/OYMB Tyfa YCTAaHOBKY TrMApPOKpe-
KMHra.



Xl
MAPOKPEKUWHI

.. Ckopee cBA3b Belleil nopseTCA
B Llekcnup «Mak6eT»

MMAPOKPEKUHI — npolecc 60/ee NO3gHEro MOKONEHUS,
YyemM KaTanMTUYeCKMI KPEKWUHT W KaTanuTUYecKuii putop-
MUWHT, MO3TOMY OH 60siee 3 (eKTUBHO OCYLLECTBASAET TE Xe
3afjaun, 4To M 3TK ABa npouecca. MMAPOKPEKMHT MO3BONsET
YBENNYNTb BbIXOA KOMMOHEHTOB 6GEH3MHA, 06bIYHO 3a CueT
npeBpalleHns cbipbs TUMa rasoins. KayecTBo KOMNOHEHTOB
6eH3MHa, KOTOpPOe nNpW 3TOM [OCTMraeTcs, HeJOCTUXMMO
npu NOBTOPHOM TMNPOXO0XAEHWW ra3oinna yepes nNpouecc Kpe-
KWHTa, B KOTOPOM OH Obin nony4veH. MAPOKPEKUHT Takxke
No3BONAET MpeBpalLaTh TAXKENbIA ra3oib B Nerkue AMCTun-
nATbl (peakTMBHOE W fW3enbHOe TonnAuBo). W, BeposiTHO,
camoe BaXXHOe — TO, YTO NPW TULPOKPEKMHTE He 06pasyeT-
CS HMKAKOTO TSXKENOro HeneperoHslLlerocs ocratka (Kok-
ca, Meka Mnm Ky6oBOro ocratka), a TOMbKO NerkKoKunsime

(hpakumu.

TexHOMOrMYeCcKnii npouecc

CnoBO TMAPOKPEKNHT paclln(poBbIBAETCA 0YeHb NPOCTO.
370 KaTaIMTUYECKUIA KPEKUHT B NpucyTcTBuM Bogopoga. Co-
yeTaHWe BOAOPOAA, KaTanusaTopa U COOTBETCTBYHOLLErO pe-
XUMa npouecca No3BONAK™ MPOBECTU KPEKMHI HU3KOKaue-
CTBEHHOrO NIErkoro rasoins, KoTopblli 06pasyeTcs Ha Apyrux
KPEKUHT-YCTaHOBKAxX M WHOrAAa WCMONMb3yeTcs KakK KOMMO-
HEHT AM3eNbHOr0 TOMNMBA. YCTaHOBKA MAPOKPEKMHIa Npo-
N3BOAMNT BbICOKOKAYECTBEHHbIN GEH3NH.

3alymaiiTeCb Ha MWHYTY, HACKONbKO MOME3HbIM MOXET
0KasaTbCs MpoLecC rMapoKpeknHra. Ero camoe BaKHOe mnpe-
MMYLLECTBO — 3TO CMOCOBHOCTb MepekyaTb MOLLHOCTM



MepepaboTka HediTn

UATHble TonAmea» W B rnase XIV «HedTaHOW 6UTyM M ocTa-
TOYHOE TOMNBO*.

IMopokpeknHr ocTaTka. CyllecTByeT HECKONbKO Mojenei
YCTaHOBOK TMAPOKPEKMHTa, KOTOpble OblM CKOHCTPYMpPOBa-
Hbl cneuuanbHO ANA MepepaboTKM NpAMOrOHHOrO ocTaTka
NN octaTka OT BaKyyMHOW neperoHku. BONbLIWHCTBO W©3
HMX paboTaeT MO TWNY YCTaHOBOK FMAPOOYMCTKU, KaK onu-
caHo B rnase XV. Ha Bbixoge nonydvaerca 6onee 90% ocTa-
TOYHOro (KOTenbHOro) TonmnauBa. 3ajadeil faHHOro npouecca
ABNAETCA yAaleHVe Cepbl B pe3ynbTaTe KaTa/JIMTUYECKOl pe-
aKLuuu cepocofepxalnmx coefMHEHUA € BOAOPOAOM C obpa-
30BaHMeM cepoBogopofda (H2S). TakuMm 06pa3om OCTaTOK C
cofepxaHuem cepbl He 60nee 4% MOXeT ObiTb MpeBpalLeH B
TAXKENOoe XWAKoe TonAnMBo, cofepxatiee meHee 0,3% cepbl.

Pestome. Tenepb, Korga Mbl MOXeM BKIHOUUTb YCTaHOBKY
rMAPOKPEKUHra B 06LWY0 cXemMy nepepaboTkn HeTu, Heob-
XOfJMMOCTb COr/laCOBaHHbIX OrepaLuii CTaHOBMTCA O4YEeBUA-
Holl. C OfHOW CTOPOHBI, YCTAHOBKa FMAPOKPEKNHIa ABAAETCS
LLeHTpanbHbIM MYHKTOM, TaK KaK OHa MoMOraeT YCTaHOBWTb
6anaHc Mexfy KO/NM4yecTBOM 6eH3MHa, [M3eNbHOro Tonausa
1 peakTUBHOro Tonauea. C Apyroil CTOPOHbI, CKOPOCTK Moja-
UM CbipbA W pPeXMMbl paboTbl YCTAHOBOK KaTalMTUYECKOro
KpPeKWHra n KOKCOBaHMUA He MeHee BaXHbl. Kpome Toro, an-
KUNWpOBaHWe N PUPOPMUHT TakxXKe CrefyeT yunTblBaTb Npu
NniaHNpPoBaHUN pacnpefeneHns NpoLyKTOB MMAPOKPEKNHTa.

YMPAXHEHWA

1. TpoaHanu3upyinTe pasnnuunsa Mexay FUApOKPEKUHIOM,
KaTaIMTUYECKUM WU TEPMUYECKUM KPEKMHIOM C TOUKM
3pEHNA Cbipbs, ABWXYLLEN CUMbI Npouecca M rpynmnoBoro
cocTaBa MNPOAYKTOB.

2. Kak B3aMMOJOMNONHAT APYr Apyra rMAPOKPEKUHT U Ka-
TaNUTUYECKUA KPEKUHT? PUGHOPMUHT WU TUAPOKPEKUHT?
3. N306pa3nTe TexXHONOTMYecKyt cxemy HedTenepepabaTbl-
BalOLLEro 3aBofAa, BKIKUMB Tyfda YCTaHOBKY TMAPOKpe-

KUHra.



X. TMOPOKPEKWHI  in.

MPOAYKTOB, COOTBETCTBYIOLWMX MO Temmneparypam KuneHus
6eH3nHy (Touka BblkunaHu”~go 200'C (400"F)).
Katanusatop v BOAOPO4 LONONHANT APYyr Apyra B He-
CKOMbKUX acnekTax. Bo-nepBbIX, Ha KaTanu3aTope uaeT Kpe-
KUHT. YT06bl KPEeKMHT npogosmkancs, Tpebyercs nogsog Ten-
na, TO ecTb 3TO — 3HAOTEPMMUecKMiA npoLiecc. B TO e Bpems,
BOZOPOA pearnpyet € MOJieKynaMu, KOTopble 06pasytoTcs
Npy KPeKWHre, Hacbllwias WX, W NpW 3TOM BblgeNfeTcs Ten-
no. [pyrumu crnosamu, 3Ta peaklus, KOTOpas HasblBaeTcs
rMApUpOBaHKe, ABNAETCA 3K30TepMuyeckoil. Takmm o6pasom.
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Mpouecc B ABC HauyuHaeTca ¢ TOro, 4to Bbl 3anonHsete
6eH306aKk Ha 6eH30KONIOHKe. 3aTeM Bbl 3aBoguTe MOTOp, W
6eH30HacoC BbicacbiBaeT TONANBO M3 6aka W OTNpasnseT ero
3 kapbropaTtop. Kap6ropatop ucnapset 6eH3UH, cMmelunBaeT
€ro C BO3AyXOM W OTMpaBnfeT B UMAMHAP. [Janblie nponucxo-
OMT NOCNefoBaTeNbHOCTh COObITUIA, M306paXKeHHas Ha pu-
CYHKe 12.1.

CmMecb 6GeH3MHa C BO34YXOM 3acacblBaeTcs B LUUAUHAP,
KOrga noplieHb ABVKETCS BHU3, M 00bEM LWIMHApPa BO3pac-
TaeT O MakCMMaNbHOro. BnyckHOl KnamaH 3akpbiBaeTcs, ”



K-TMOPOKPEKUHI

MpoayKThbl 1 BbixoAbl. ELLE OfHUM 3amMeyaTeNlbHbIM CBOIA-
CTBOM MpoLecca rMAPOKPEKNHra SBASieTCS yBennueHue o06be-
Ma MPOAYKTOB Ha 25%. CoyeTaHWe KPeKMHra W rugpuposa-
HUS [aeT MNPOAYKTbl, OTHOCWTE/NbHAs MNOTHOCTb KOTOPbIX
3HAUYNTE/IbHO HUXKE, YeM M/IOTHOCTb Chipbs. HWXe npusese-
HO TUMWYHOE pacnpefefieHne BbIXOLOB MPOAYKTOB ruapo-
KpeKMHra npy Mcnosb3oBaHUM B KAYecTBE Cbipbsi rasoiins c
YCTaHOBKM KOKCOBaHWS W CBET/bIX (PaKLuil C YCTaHOBKM
KaTaNMTUYeCKOro KpekuHra. MpogyKTbl FMAPOKPEKUHTa — 3TO

ABe OCHOBHbIE (*)paKLI.I/II/I, KOTOpblE MCNONb3YKTCA KakK KOM-
NOHEHTbI 6eH3MHa.

O6beMHble 40N

Cbipbe:
["a30i/1b KOKCOBaHMA 0,60
CBeT/ible (PpaKLMn C YCTAHOBKM KaT. KPEKUHra 0-40
Bcero 1,00
lMpofyKTbI:
MponaH —
M306yTaH 0,02
n-bytaH 0,08
Jerkuidi NpoayKT rMapOKpeKnNHra 0,21
TshKenblid NPOAYKT rMAPOKPEKMHTIa 0,73
KepocuHoBble thpakuum 1L
Bcero 1,21

B Tabnuue He ykazaHo TpeGyemMoe KO/JM4YeCTBO BOLOPO-
fa, KOTOopoe wW3MepsieTCs B CTaHAapTHbIX Ky6uueckux y-
Tax Ha 6appenb cbipbf. OObIYHBIA pacxos cocTaBasieT
2500 cT. (hyT3/6appens. TsXKenblii NPOAYKT FMAPOKPEKNHIa —
3TO NUrpounH (HadTa), cogepXaluii MHOTO nNpeaLecTBeHHU-
KoB apomatukm (10 ecfb coeguHeHuin, koTopble Nerko mnpe-
BpallalTcs B apomatuKy). ITOT NPOAYKT 4acTO HampasnsioT
Ha YCTaHOBKY pudopMUHra ans obnaropaxuBaHus. Kepocu-
HOBble (DpaKkLUK SBASIOTCA XOPOLUMM PEaKTWBHbLIM TONAUBOM
WAN CbipbeM AN AUCTUANATHOrO (AW3enbHOr0) TOMmAWBa, No-
CKO/NIbKY OHW COfepXaT Mafio apoMaTuku (B pesynbTaTe Hacbl-
LeHns ABOWHbIX CBfi3ell Bogopofom). bonee nogpobHas WH-
thopmauma Ha aTy Temy cofepxutca B rnase X «Ouctun-
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HaTHOIi TemnepaType OH mucnapsieTcs KpaiiHe mefeHHO. Ecnm
Bbl Ha MUHYTY 3agymaeTecb. Bam cTaHeT AcHO, 4TO fgaBne-
HMe MapoB 3aBUCUT OT TemnepaTypbl. AP u3mepswT npu
15°C (60T).

Pe>xkum pa6oThbl gsuraTens. [LOBONbHO onpejeneHnini —
BEPHEMCA K npobneme kap6topaTtopa. Ans AMP 6eH3nHa He-
06X0MMO BbIMOMHEHWE [BYX KpaiiHUX ycnosuii. Mpu xonog-
HOM 3anyCcke AO0/DKHO MCNapATbCs AOCTATOYHOE KOAUYEeCTBO
6eH3nHa (4TOo-HMBYAb 0KOM0 10%), 4TO6LI 06pa3oBanacb BOC-
nnameHsemas cmecb. Ecnm BocnnameHeHue mpowsowno, To
oCcTaBlIAsACH 4acTb 6eH3MHa — Ta, YTO He ucnapunacb —
TOXe HaBepHsAKa cropuT. [pyroe KpaiiHee ycnoBue OTHOCMUT-
CS K peXxuMmy, Korga paboTaeT MOMHOCTbK Pas3orpeTbiil ABU-
ratefib, WAN K ewe 6onee KpailHEMY pexumy, Korga rops-
Yynin fBUTaTeNnb HY)XXHO MOBTOPHO 3anycTuTb. B 3atom cnyuae
napbl 6eH3MHa He LO/MKHbI PacLINPATLCA CAUWKOM CUMBHO,
MHaye Ha NyTu B LWAMHAP GEH3UH HEBO3MOXHO GydeT cme-
Wwatb C BO34yxXoM. Kopoue rosops, CMecb M B 3TOM C/y4ae
B0/MKHa BbITb BOCNIaMeEHAEMO.

HedTenepepaboTunkn 06GHAPY>XWAW, 4YTO CMOCOGHOCTH
6eH3nHa yAOoBNeTBOPATb 3TUM YCNOBMAM MpPSMO CBfi3aHa C
OMP. Bonee Toro, okasanoCb, 4YTO MAeanbHbI MOKa3aTesb
AMNP ana 6eH3nHa fo/MKeH 6bITb pa3IMYHbIM B pa3HOe Bpems
roga. B pasrap 3umbl rge-Hnbyab B ropogke bemumkm (M uH-
HecoTa) ANA X0N04HOro 3amnycka Tpebyetcsi 6eH3uMH ¢ ATMP
13 psi (0,91 aTm). B ropsume aBryctosckue fHu B [Npecuano
(Texac) mawmHbl He 6yayT 3aBoauTbesA, ecnn ATP 6eH3nHa
oKaxeTtcsa Bbllwe, yem 85 psi (0,60 atm).

MapoBas npo6ka. CnefyeT YNOMAHYTb elle OLHO fBMEHUeE,
KOTOpOEe OrpaHuynBaeT AOMNYCTUMOE AaBMEHME HAChILEHHbIX
napoB — 3TO naposasi npo6ka. [Mpo6ieMbl MOryT BO3HMKaTb
npy coyetaHWn 60MbLIOW BbICOTbI HaZ YPOBHEM MOPS W Bbl-
COKMX TemnepaTtyp. Ha 60/blwoi BbicOTe aTMocepHoe AaB-
NeHne Huxe, U 6GeH3UH ¢ BbicokuMm LATMP MOXeT HauyaTb
ncnapsTbea B 1060 vacTu cucTembl. BeH3oHacocy npugetcs
KayaTb CMECb XWAKOCTM U NapoB, B TO BPEMS KaK ero KOHCT-
pyKuus npegnonaraet paboTy TONbKO C XUAKOCTbIO. B pe-
3ynbTate NocTynieHue B Kap6ropatop 6yAeT HeAOCTaTOUHbIM,
M ABWraTeNb OCTAHOBMTCA WM He 3anmyCTUTCA CHOBa, MOKa TeM-



X _Tuapokpekuur iu

MpodyKThl 1 BbixoAbl. Ellle OfHUM 3amMeyaTeflbHbIM CBOW-
CTBOM npoLecca rMapoKpeKnHra sBseTca yBennyeHne obbe-
Ma NpoAyKToB Ha 25%. CouyeTaHWe KpeKWHra u rugpuposa-
HUS faeT MNPOAYKTbl, OTHOCUTENbHAA MJIOTHOCTb KOTOPbIX
3HAYNTENbHO HWXe, YeM MJIOTHOCTL CbipbfA. HuXe npusege-
HO TWUMWYHOE pacnpefesneHve BbIXOAOB MPOAYKTOB TUApo-
KPeKWHra Npu WCMoMb30BaHUM B KayecTBEe Cbipbs rasonns c
YCTaHOBKM KOKCOBaHWUs W CBET/bIX (Dpakuuii C yCTaHOBKK
KaTa/IMTUYECKOro KpeknHra. MNpoayKTbl rMAPOKPeKMHra — 3To

[Be OCHOBHble (hpaKLWMM, KOTOpble UCMOMb3YHTCH Kak KOM-
NMOHeHTbl 6eH3MHa.

O6bemMHble [0NK

Chbipbe:
l"a3o0iinb KOKcoBaHUs 0,60
CBeTnble pakuuy € YCTAHOBKM KaT. KpeKuHra 0.40
Bcero 1,00
MpoayKTbI:
Mponax -
V306yTaH 0,02
H-ByTaH 0,08
JNerknii NpoAyKT rnApoKpeknHra 0,21
TsKenblii NPOAYKT rMAPOKPEKMHIa 0,73
KepocuHoBble dpakLum QJ2
Bcero

1,21

B Tabnuue He ykKasaHO TpebyemMoe KO/IMYECTBO BOAOPO-
[a, KOTOpoe W3MepsieTCs B CTaHAAPTHbIX Ky6uueckux oy-
Tax Ha 6Gappenb cbipbfi. OObIYHbIA pacxoh cocTaBnser
2500 cT. dyT3/6appenb. THXenbld NPOSYKT rMAPOKPEKMHIa —
3T0 AUrpouH (HadTa), cogepXaluii MHOTO npealwecTBEHHN-
koB apomaTuku (To ecfb coegmHeHwnin, KoTopble nerko npe-
BpALLAOTCA B apoMaTuKy). STOT MPOAYKT 4acTO HanpaenstoT
Ha yCTaHOBKY puopMuHra ans obnaropaxuBaHusa. Kepocu-
HOBble (hpaKLMW ABAAIOTCA XOPOLIMM PEaKTUBHBIM Tonnnsom
WK CbIpbeM AN AUCTUNNATHOTO (4M3eNbHOro) Tonauea, no-
CKOMbKY OHM COAepXaT Masio apoMaTuKn (B pesynbTaTe Hachbl-
LEeHMs 4BOIHbIX CBf3eli BOAOpPoAOM). Bonee nogpobHas WH-
(hopmaums Ha 3Ty Temy cofepxutcs B rnase XII «fuctun-



MepepaboTka HedhTn

HaTHOI TemmepaType OH McnapseTcs KpaiHe MeaneHHo. Ecnw
Bbl Ha MUHYTY 3agymaeTecb. Bam CcTaHeT fiCHO, 4TO faBie-
HMe napoB 3aBUCUT OT Temnepatypbl. AP un3mepaT npu
15°C (60T).

Pe>xkum pa6oThl geuraTens. [OBONbHO ONpefeneHnin —
BepHeMcs K npobneme kap6topaTtopa. Ons MNP 6eH3nMHa He-
06X04UMO BbIMOSIHEHWE [BYX KpaiHUX ycnoBuid. Mpu xonog-
HOM 3anycke AO/KHO MCNapATbCA [OCTaTOYHOE KOMMYECTBO
6eH3nHa (YTo-HMOYAb 0KONO 10%), 4TO6LI 06pa3oBanacb BOC-
nnaMmeHsemas cmecb. Ecnu BocnnameHeHWe Mpou3owWwno, To
ocTaBllasics 4acTb GeH3MHa — Ta, 4YTO He ucnapwuiacb —
TOXE HaBepHAKa croput. [pyroe KpaiiHee yCnoBMEe OTHOCUT-
C K pexumy, Korga paboTaeT MOMHOCTbIO pasorpeTbiii ABU-
ratenb, WAM K ewe 6onee KpaliHeMy peXxumy, Korga rops-
Ynin pBuratenb HY>XHO MOBTOPHO 3anycTutb. B atom cnyvae
napbl 6eH3MHa He JO/MKHbI PaclMpsATbLCA CAUWKOM CUMbHO,
MHaye Ha NyTW B LUAMHAP GEH3WH HEBO3MOXHO 6ymeT cme-
waTb ¢ BO3gyxoM. Kopoue rosopsi, cCMecb M B 3TOM C/y4ae
[JO/MKHA BbITb BOCN/IAMEHAEMOA.

HedTenepepaboTunkn 0O6HaApY>XunnuM, 4TO CNOCOBHOCTb
6eH31Ha y[0BNMETBOPATL 3TUM YCNOBMAM MPAMO CBA3aHa C
OMP. bonee TOro, 0kKasanocb, 4YTO WMAeanbHbI MOKa3aTenb
ATMP ans 6eH3MHa JO/MKEH ObiTb pa3IMYHbIM B pa3HOe Bpems
roga. B pasrap 3umbl rge-Hnbyab B ropogke bemuapxku (MuH-
HecoTa) 4nA XOMOAHOro 3anycka Tpebyetcs 6eH3uH c¢ ANMP
13 psi (0,91 atm). B ropsume aBryctoBckue gHu B lpecmauno
(Texac) mawmnHbl He 6yayT 3aBoauTheA, ecnn AMP 6eH3nHa
oKaxkeTca Bbilwe, Yem 8,5 psi (0,60 aTm).

MapoBasi npo6bka. CneayeT YNOMSHYTb elle OAHO B/EHME,
KOTOpPOe OrpaHuMymBaeT AONYCTUMOE [aBNEHME HAaCbIWeHHbIX
napoB — 3TO naposasi npo6ka. [Mpo6ieMbl MOryT BO3HUKaTb
npu coyeTaHUU 6GOMbLIONA BLICOTbI Haj YPOBHEM MOPSi U Bbl-
COKMX TemnepaTyp. Ha 6onblioi BbicoTe aTMocepHoe faB-
NneHve Hmxe, U 6eH3UMH ¢ BbicOkUM [ATMP MoXeT Hauyatb
ucnapsaTbCa B NGO yacTu cuctembl. BeH3oHacocy npuaeTcs
KayaTb CMECb XXWKOCTW U NapoB, B TO BPEMS KaK ero KOHCT-
pykuus npegnonaraet paboTy TONbKO C XWAKOCTbIO. B pe-
3ynbTaTe NoOCTynneHne B Kapb6itopatop OyaeT HefoCTaTOYHbIM,
W ABuUratenb 0OCTAHOBUTCA U He 3anmyCTUTCA CHOBa, MoOKa Tem-
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3aTeM MOpPLUEHb [ABMXKETCA BBEPX MO LMAUHAPY W COKMMaeT
Tonnueo. Korga nopluieHb AOCTMUraeT BepxHeli TOYKWM CBOEro
X0fja, CBeya 3aKWraHua faeT MOLLHYI WUCKPY W BOCM/iaMeHsa-
eT 6eH3MH. BeH3WH MOMEHTanbHO CropaeT, YTO MPUBOAUT K
CUNIbHOMY paclWMWpPeHnto rasoB W [AaB/IeHUI0 Ha MOPLUEHb
[MoaToMy 3aTeM MOpLIEHb BbIHYXAEHHO nepemellaeTcs BHU3
No UWAUHAPY, W 3Heprus nepefaeTcs Ha KoneHyaTblii Ban —
3TO HasblBaeTCsA paGounii Xof nopuHs. B HuKHed Touke pabo-
yero xofa BbINYCKHOW KfanaH, HaxoAAwWwMics B Bepxy Lu-
NNHApPa, OTKPbIBAeTCA, W BO BPEMSA ABMXKEHUA MOPLUHA BBEPX
cropesllee TONAMBO BbibpacbiBaeTcs. B BepxHeli Touke xofa
BMYCKHO KnamaH CHOBa OTKpbIBAaeTCH, W Becb MpoLecc no-
BTOpseTCcs. O6patuTe BHMMaHMe Ha TO, YTO B TEYEHME Kax-
[Oro uUuKna noplleHb Mo ABa pasa nepeMeLlaeTcsa BBEPX W
BHW3 NO UWINHAPY.

[aBneHne HacblLWEHHbIX NapoB

OfHOW M3 NpUHUMNMANbHBIX CTaguii uukna pabotsl ABC
ABNAETCA BOcnnameHeHue 6GeH3nHa. Korga aguratenb paso-
rpeT, C 3TUM HeT npob6nem: Tenno obecneymsaeT NocTynne-
Hue 100% 6eH3nHa B UUAUHAP B BuAe napos. Ho korga
LBUTaTenb TONbKO HauymHaeT paboTaTb Ha X0nofe, cuTyauus
YCNOXHAeTCA.

Mpwn 3anycke X0/M0AHOro0 ABuratenst GoKyc B TOM, 4TOObI
6eH3WH cofepxan [0CTaTOYHO NleTyuyux YrneBofopofoB ANS
06pa3oBaHMA BOCMJaMEHAKOLWEACS MNapoBO34YLIHONW CMeCH.
Mepoli neTy4yecT SBNSETCA [aB/iEHWE HACbILLeHHbIX Mapos.,
KOHKpeTHee, faBneHne napos no Peiigy (AMP) — xapakTe-
pucTUKa, HasBaHHas MO MMEHW YenoBeKa, KOTOpbI/ paspa-
6otan npubop ona ee usMm!beHus.

OnpepgeneHne. [laBfieHNe HaCbILLEHHOro napa — 3TO Mepa
NOBEPXHOCTHOTO [aBfeHns, KOTOpoe Heobxo[uMmo, 4TOObI
XUAKOCTb He ucnapanacb. [na NerkoKuUnsawero yrnesofopo-
fJa Tuna nponaHa [aBfieHNe MapoB OYEHb BbLICOKO, TaK Kak
3TOT Yr/IEBOAOPOS OYEHb NleTyy. bonee BbICOKOKUNAWWIA yr-
NIeBOAOPOA, TaKOW KaK rasoii/ib, XapakTepusyeTcs MO4YTU Hy-
NeBbIM [aBfIEHWEM HACbIWEHHbIX NapoB, TaK Kak Npu KOM-
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TUXKEHHSA HEe0OXO0AMMOro [jaBfeHNA HaCbIWeHHbIX NapoB, Ham
notpebyeTca NpPou3BecTU anrebpanyeckuii pacyeT cpegHe-
B3BELUEHHbIX 3HayeHWi. [laBneHne HacbIWeHHOro napa He
BMO/IHE NPONOPLUOHANIbHO 00bEMHBIM [01AM KOMMOHEHTOB,
HO 1A Hawei Uenu TakoW pacyeT faeT BMOJHE LOCTaTou-
HYH TOYHOCTb. [MpeacTaBbTe cebe, UTO Tpebyemoe 3HayeHue
OMP pasHo 10 psi (0,7 aTM) M MMeeTcA CMeCb U3 MNATK
KOMMOHEHTOB. Mbl JO/KHbI paccumTarb, CKOMbKO H-6yTaHa
cnegyeT fo6aBUTb K 3TON CMecHu.

KOMMOHEeHT O6bewm, OAMP O6vemxAMP
6appenb
MpAMOroHHbI 6eH3VH 4000 1.0 4000
Puopmar 6000 2.8 16800
JNerkwii Npog. rmapoKpeknHra 1000 4.6 4600
KpeKuHr-6eH3nH 8000 4,4 35200
Bcero 19000 60600
H-ByTaH X 52 52

Utobbl nonyunts BennuuHy AP, pasHyto 10 psi (0,7 atm), cnedy-
eT 106aBUTb:
10(19000 + x) = 60600 + 52,
190000 + 10x *=60600 + 52,
—52x + 10« = -129400,
X - 3081 Gappeneii H-6yTaHa.
O6LLee KONMYECTBO NPOU3BEAEHHOr0 6eH3MHa COCTaBuT
19000 + 3081 = 22081 6appenb.

Takum 06pa3om, pacuyeT BecbMa MPOCT, HO eCcTb elle He-
KOTOPblE MOMEHTbI, O KOTOPbIX CleasyeT YNOMsSHYTb. 3UMOI
Tpebyemas BenuunHa AP 06bIYHO Bbile, Yem NETOM, MO-
3TOMY KO/AMYECTBO MPOW3BELEHHOr0 6GeH3MHa TakXe OKa3bl-
BaeTcs Bblwe. [elACTBMTENbHO, YeM Bblille Tpebyemas Benu-
ynHa AMP, Tem 6onble OyTaHa MOXHO A06aBUTb, U TeM
6onbwe 06bemM 6eH3MHa, MoNMy4yeHHblt B utore. K coxane-
HWUIO, OAHAKO, Ha BONbLIMHCTBE PbIHKOB CObITA, KPOME He-
KOTOpbIX paiioHoB Tuna Maliamm Buy, noTpebHOCTM B GeH-
3WHe 3MMOI KakK pa3 HWXe, YeM neToM. TeM He MeHee Ao-
NOAHUTENbHbIE BO3MOXHOCTM MO MNPOM3BOACTBY OeH3MHa
06ecneynBarOT HEKOTOPYH TMOKOCTb B MflaHE MPOW3BOACTBA
[M3eNbHOrO TOM/MBA.
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3aTeM MOPLIEHb ABMXETCA BBEPX MO UWIUHAPY U COKUMaeT
Tonnueo. Korga noplieHb JOCTUraeT BepXHel TOYKWM CBOEro
X0[a, CBeya 3aXuraHua faeT MOLLHYK WCKPY M BOCM/iaMeHs-
eT 6eH3MH. BEeH3UH MOMEeHTa/nbHO CropaeTt, YTO MPMBOAUT K
CUNbHOMY pacLWMUpPEeHU0 rasoB W [aBNEHWIO Ha MOPLUEHb.
Mo3ToMy 3aTemM MOPLUEHb BbIHYXJEHHO MepemMeLlaeTcs BHU3
no LUUANHAPY, W 3HEeprusa nepejaeTca Ha KoseH4YaTblil Bal —
3TO Ha3blBaeTCH paboumii Xxo4 MopLuHs. B HWKHel Touke pabo-
Yero xoda BbIMYCKHOW KnanmaH, HaxoAAalWWics B Bepxy Lu-
NNHApPa, OTKPbIBAETCA, U BO BPeMSA ABUXEHWUS NOPLUHA BBEpPX
cropeBLlee TOMIMBO BbibpacbiBaeTcs. B BepxHell Touke Xofa
BMYCKHOI KnanaH CHOBa OTKpbIBAeTCs, M Becb npouecc no-
BTOpsAeTcA. O6paTuTe BHMMaHWe Ha TO, YTO B TEYEHME KaX-
[0ro uuKna nopleHb NO ABa pasa MepemellaeTcs BBepX W
BHM3 MO UUAUHAPY.

[laBneHune HacbllLeHHbIX NapoB

OfHOW M3 NpUHLMNMaNbHbIX CTaAWin LUukna pabotel ABC
ABNSETCA BOcniameHeHue GeH3unHa. Korga gBuraTenb paso-
rpeT, ¢ 3TUM HeT npobnem: Tenno obecneymsaeT NOCTynne-
Hue 100% 6eH3MHa B UWIWHAP B Buae napoB. Ho korga
fBuraTenb TONMbKO HaymMHaeT paboTaTb Ha Xonofge, cCuTyauus
YCNOXXHACTCS.

Mpn 3anycke XOMOLHOrO ABWUraTens ()OKyc B TOM, 4TOObI
6eH3MH cofepXan [0CTaToOYHO NeTyyux YriesofopofoB ANnA
06pa3oBaHNs BOCNIAMEHAIOLLEACA MapoOBO3AYLUHOW CMecCH.
Mepoii neTyyecTn ABNSETCS LaBNeHWe HaCbIWEHHbIX Mapos,
KOHKpeTHee, faBneHne napos no Peigy (AMP) — xapakre-
pucTUKa, Ha3BaHHad MO MMEHW 4esoBeKa, KOTOpbIA paspa-
60Tan npubop Ana ee n3MepeHus.

OnpegeneHve. [laBfeHne HacblWEHHOro napa — 310 Mepa
NMOBEPXHOCTHOTO [aBfeHnsa, KOTOpoe Heob6xoaumo, 4ToObl
XWUAKOCTb He ucnapsanacb. [Jns NerkoKUnswero yrnesogopo-
fJa Tuna nponaHa AaBneHMe napoB OYEHb BbLICOKO, TaK Kak
3TOT YrNeBOAOPOS OYeHb NIeTyd. bonee BbICOKOKMNAWMI yr-
NEeBOAOPOA, TaKOW KaK rasoinb, XapaKTepu3yeTcs Mo4YTu Hy-
NeBbIM [aBfIEeHWEM HACbIWEHHbIX MapoB, TakK KakK Mnpu KoMm-
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NopLUeHb ABMKETCS BBEPX WM CXMMaeT ce. MMpu oxaTuu napebl
HarpeBatoTca. (MouwynainTe HX3 BENOCMNEAHOr0 Hacoca nocne
TOro, Kak Bbl Hakayanu WunHy. OH OKaXeTcs ropsyvm. ToT Xe
3hheKT NPMBOAMT M K HarpeBaHWUi0 UWANHAPA ABuUrartens.)
Ecnu cmecb mapoB 6eH3MHa M BO3g4yxa A0OCTaTOYHO CUbHO
oOKaTb, TO OHA CWIbHO HarpeeTcs M MOXET camoBochiame-
HUTbLCA 6e3 yyacTusi CBeun 3axuraHus. Ecnm 310 cnyuymTtes
paHblle, 4Yem MNOpLIeHb AOCTUIHET BEPXHEA TOYKM CBOErO
XOfa, TO MpOM30oigeT AeToHauus, TO ecTb ABWratens OyaeT
npensaTCTBOBaTbL [BVKEHWNIO KOMIEHYaTOro Bajia, BMECTO TOrO,
yTo6bl eMY cnoco6cTBOBaTh. [eToHauus 06bIY4HO BOCNPUHM-
MaeTCcA KaK NMOCTYKMBaHWE WUNW ryaeHune asuratens.

OueBWAHO, AeToHaLuW cnefyeT usberatb, Tak Kak OHa
He TONbKO paboTaeT MPOTMB ABWMXKYLIEA CUAbI MOTOpPa, HO
TaKXe OTPULATENIbHO CKa3blBAETCA Ha €ro MexaHU4Yeckux va-
cTax. Ha paHHMX cTaguax pa3paboTkyn 6eH3NHOBbIX ABurare-
neil 6bI10 06HAPYXXEHO, YTO pas3fINyHbIE KOMMOHEHTbl GEH-
3WHa BedyT ceba no-pasHomy. KnroueBON XapakTepuCTUKOM
KOMMOHEHTa fBMISIETCA CTeneHb c>kaTuAa. Ha pucyHke 122
CTeneHb CXaTus — 3TO NPOCTO OTHOLW EeHUNEe 06beEMA LUANHA-
pa B HUWXHEN TOouyke Xofja NOPLWHA K 06beEMYy B BepxHei
Touke. lMpu n3mepeHnn OKTAHOBOIO Yucna 6eH3nHa UM KoM-
NnoHeHTa 6eH3MHa UMeeT 3HaYeHUe KOHKpeTHas CTENeHb CXKa-
TWS, & UMEHHO Ta, MpWU KOTOPOW camoBOCMIaMeHeHue Mnpo-
M30MAeT MMEHHO B BEPXHel TOYKe Xxo4a nopwHsa. Ana msme-
peHMA CTeneHyW CXaTtusd, NpU KOTOPOWA faHHbIA KOMMOHEHT
6eH3nHa [feToHMpyeT, O6bin paspaboTaH cneuunanbHbid pag,
umcen. 3a 6eH3NH C OKTaHOBbIM yucaom 100 6bin YCNOBHO
NPUHAT U300KTaH (2,2,4-TpumeTtunnerHTan) CgH|g. Hopmansb-
Hblii renTaH C7HL, KOTOPbIA EeTOHMPYET NPWU 3HAYUTENbHO
MEHbLLUEA CTeneHW cCXaTus, 6bl1 MPUHAT 3a 6EH3MH C OKTa-
HOBbIM 4MCNOM 0. icnonb3ys UCMbITAHWUA Ha CTEH0BOM ABW-
raresie, KaxgoMy KOMMOHEHTY 6eH3MHa MOXHO MoCTaBuUTb B
COOTBETCTBME CMECb M300KTaHa M H-TentaHa onpefeneHHOro
coctaBa. OKTaHOBbIM YMCNOM CYMTAETCA MNPOLEHTHasa A0S
M300KTaHa B CMecu, AeTOHUpYIOLLeli Npu TOW e CTeneHu
cxXaTus.

VicnblTaHue Ha geToHauuw/. PaccmMoTpeHue MEeTOAWUKW uc-
MbITaHWA MOXET OKa3aTbCA MOMe3HbIM. [Ns 3TOro MCNonb3sy-
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eTCcs CTEHAOBbIV ABUraTenb C MOABUXHON KPbIWKOW LUANH-
4pa, KOTOPYI0 MOXHO MOAHMMATb WM OMycKaTb, MEHAs Ta-
KMM 06pa3oM CTemneHb CXaTusi. BeH3WH, KOTOpblii MCNbIThI-
BaloT, MOJANOT B BUraTeNb NPW KpbllLKe, CABUHYTON BHKU3. B
HEKOTOPOW TOYKe NPOMCXOAWUT AEeTOHaLMA, YTO MOXHO 3a-
MEeTUTb NN60 Ha Cyx, MMBO Mcnonb3ys feToHoMeTp. CTeneHb
CXXaTWa 3anucbiBaloOT, MOCNe 4Yero KpbILWKY MepemeLiaoT
BBepX. [1pMroToBAAIOT fBe CMECUM M300KTaHa W H-remTaHa.
Mpn HekoTOpoM oOMbITe paboTbl C NPUGOPOM MOXHO NOAO-
6paTb CMecu TakMm 06pa3om, 4Tobbl 0fHA M3 HUX AETOHUPO-
Bala NpW MeHblUeid, a gpyras — npu 6o/bleil cTeneHu
CKaTns, YeM KOMMOHEHT, KOTOPbIA TOMABKO YTO UCAbITbIBA-
nn. OKTaHOBble Yucna 417 3TUX ClOCell M3BECTHbI No onpe-
JeneHnto (3TO NpOLEHTHOE CcofepXaHue W300KTaHa). Ans
K0l M3 CMeceil MPOBOAAT Te XXe M3MEPEHUA W 3anuncbliBa-
10T KPUTUYECKYHO CTeneHb cxxatus. MocTpous rpaduk no Tpem
M3BECTHbIM TOYKaM, KaK MoKa3aHO Ha pucyHke 12.3, MOXHO
onpefieNMTb OKTAHOBOE YWNCIO KOMMOHEeHTa 6eH3mnHa.
Hanpumep, KOMMNOHEHT 6eH3MHa AETOHUPYET Ha CTEHAO-
BOM ABuratene npu cTeneHu cxatua 8:1. [IpuroToBAstoT
[Be MoOfeNbHble CMecM — OfHa COLEePXMUT 88% MW300KTaHa
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(04 88), agpyrags — 96% (04 96). Ha cTeHpoBOM fABuratene
OHW [EeTOHWPYIOT COOTBETCTBEHHO MPW CTEMeHAX CxXatus
72 :1un 84 : 1 Mo rpaduky onpefensiemM, 4to HeM3BeCTHoOe
OKTaHOBOE 4uc/o paBHo 93,3.

TpeboBaHMst K OKTaHOBbIM Yucnam. Tenepb Bbl 3HaeTe, yuTo
noka3sblBaeT OKTaHOBOe 4uc/o. lMoyemy 3To Tak BaXHO? KoH-
CTPYKUMS fBuratens 06bIYHO paccyMTaHa Ha TO WM WHOe
nosefeHne tonnmea. CTeneHb CXaTusd TONAMBa B ABurarene
ornpefenser MOLWHOCTb, KOTOPYI TOT CNocobeH pa3BuTb. Yem
6onblle CTeMeHb CXKaTusA, TeM LAWHHee paboynil TakT n Tem
6onee MOLLHbIM ABAAETCA ABUratenb. Takum o6pa3om, Ha
MallWHbLI pa3HOro pasmepa ycTaHaB/WBAalOT fBUratenu pas-
NNYHOW KOHCTPYKLWW, KOTOpbIM TpebyeTca 6eH3WH C pas-
HbIMM OKTaHOBbIMW uYucnamu. Kopoue roeops, 4Tobbl M3me-
HUTb CTEMEHb CXaTus A8 Bawei MawunHbl, Bam He HYXHO
nepeAsuraTb KpblLKY LWAWHAPA BBEPX-BHW3. BMecTo 3TOro
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Bbl 4O/MKHbI MOKYMNaTb UMEHHO Takol 6eH3WH, KOTOpbIA noa-
X04UT AN Balueii MalluHbI.

Tunbl OKTaHOBbIX Yucen. Bam npupetcs M3yumTb elle fBa
HanMeHOBaHUA, KacallLlinecs OKTaHOBbIX YMCes, a UMEHHO,
pasHble BWAbl 3TUX YUCeNl M UX MPUMEHeHWe. Bo-nepsbix,
UCMbITAHUA MO OnpefesieHU0 OKTaHOBbIX 4YWUCeNn MPOBOAAT
npv ABYyX pasHblX pexunmax. 3mepeHne okTaHoBOro ymncna no
uccnefosaTensckomy metogy (MOU) mopenupyer esfy Ha
MalluHe B MATKUX ycnosuax. WM3mMepeHMWe OKTaHOBOro uucna
no moTopHomMy MmeTogy (MOUY) npoBogaT B 60nee XeCTKMX
YC/IOBUAX, KOTOPbIE MOAENMPYIOT ABMXKEHME Ha 60nblIoi
CKOPOCTM WM MpU 3HAYUTeNbHOW Harpy3ske. CouyeTaHue Be-
amuuH MOY n NOY paeT nonHoe npeacrtaBneHne o paboTe
B pasHbIX YCNOBUSAX.

B koHue 60-x rogos B CLUA npoxoauna gUcKyccusa mexay
depepanbHoit Toproeoii Komuccumein (PTK) n HedpTenepe-
paboTyMkamu Mo MoBOAY TOr0, KOTOPOE W3 OKTAHOBbIX YU-
cen cnepyeT ykasbiBaTb Ha 6eH30Kono0HKe. @ TK npegnarana
yKasbiBaTb MOU, a HedpTenepepaboTumMky BO3paxKanu, 4TO
BennmynHa MOY coobuiaet ToNbKO YacTb MHpopmaynmn. ®TK
paccmaTpuBana BapuaHT yKasaHus v Toro, u gpyroro. «bygert
nyTaHuua», — BO3paxann HegpTenepepaboTunku. B pesynbTa-
Te CTOPOHbI MPULIN K KOMMNPOMWCCY, COrNacHO KOTOPOMY
Ha 6eH30Hacocax yKasblBaeTcs cregyrolias BenuyuHa:

1oYy + Moy
2

OTa BeNMYMHA HEe UMEET HUKAKOr0o OMpefe/leHHOro CMbIC-
na, He cymMTas TOro, YTO OHa MONOXWUMAa KOHel, AUCKYyCCUWU.

BTopoii MOMEHT, KacaloLWMinca OKTAHOBbIX YMCen — 3TO
Kak OHM cebs BeayT. Korga ABa KOMMOHeHTa 6eH3MHa CMme-
wusatoT, BennyuHbl MOY n MOY He noguymHAKTCA NpaBu-
ny agautusHoctu. Opyrumun cnosamu, NOY n MOY cmecn
He paBHbl BENMYMHAM, MONMYYEHHbIM YCpPeAHEHUEM C YYeTOM
00BbEMHbIX 40Mei KOMMOHEHTOB. K cuyacTblo, AN KaXAoro
KOMMOHEHTa CYLWeCTBYeT Takasi BEeAMYMHA, KaK OKTaHoBOe
YMCNO CMeLLEHUs, KOTOPOe YXXe MOAYMHAETCA npasuny agaun-
TMBHOCTM. OKTaHOBOE YMC/0 CMELEeHNs onpeaeneHHbIM 06-
pa3soM CBA3aHO C WUCTUHHLIM OKTAaHOBbIM 4uMC/AOM (KOTOpoe
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UTobbl ynpocTUTb MOCNEfHION CTaAuio, NPOU3BOAUTENN
T3OC n TMC paspabotanu gnarpammy, KOTOPYH MOXHO MUC-
nofib30BaTh AN ONPefeNeHNs OKTaHOBOrO yucnia no obbiM
[BYM TOYKaM, 06bI4HO 3TO Touku O u 3,17 r. Mpumep amar-
pamMMbl MOBLILEHNA OKTAHOBOrO Yucna NokKasaH Ha PUCYHKe
125.

Tenepb BepHeMCA K Mpumepy nonyyeHus 6eH3UHa, rge
0019 [OCTUXKEHWS 3afaHHOro OKTaHOBOMo 4ucna f[o6asnsnu
ankunat. peanonoXum, 4YT0 BMECTO ankunata Mbl 6ygem
[no6asnats TAC.

Obvem MOY- MOY- MNOY- WNOY-
(6appens) 0.0 317 0.0 3,17

MpsMOroHHbIN

6eH3nH 4000 61,6 80,6 66,4 835
Puopmar 6000 84,4 91,2 94,0 100,8
Nerkvii npogykT

rMAPOKPEKNHra 1000 73,7 914 755 934
KpeKunHr-6eHsnH 8000 76,8 79.4 92.3 95,8
n-bytaH 3081 92,0 101,5 93,0 1025
Bcero 22081 78,1 86,5 87,4 95,8

Mo KaXJoi Mmape OKTaHOBbLIX YMCEN CMecK CTpouTCs rpa-
(VMK Ha gnarpaMmMe yBelMYEHUS OKTAHOBOIO ymcna (puc. 12 6).
Toukn MOY—0,0 1 MOUY—3,17, a Takke Toukn MNO4Y—0,0
n NOY—3,17 coeAnHATCA MPAMBIMU TUHUAMU ITU NpAa-
Mble MOKa3blBalOT, 4YTO ANA AOCTUXKEHWUA 3agaHHoro MOUY,
paBHoro 80, Tpebyetcs 0,25 r npucagku, a ans JOCTUXKEHUA
MOY 90, HyxHo go6aBmTtb 0,35 r [MocnegHss BenuuMHa u
onpegenset konnyectso TAC, a MOY oka3blBaeTCcAa BbiLLUe.

CnupTbl U KUCNOPOACOAepKaline A06aBKu

B KoHuUe 70-x rogos, Korga AreHTCTBO MO 3aliUTe OKpy»Ka-
loWein cpefibl NOTPe60Bao CHVDKEHWA KONUYEeCcTBa CBMHLA B
6eH3nHe, HedTenepepaboTUMKM CTaM WUCKaTb Apyrue cnoco-
6bl MOBbILIEHNSA OKTAHOBOrO Yucna B HacToslee Bpems Hed-
TEXMMUYECKas MNPOMbILINIEHHOCTb MNpPefoCcTaBNseT AN 3TOro
HECKO/IbKO NPOAYKTOB MeTaHon, 3TaHon. TBC n MTBES
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[Ons HopmatuBa no WMOY npogenbiBaeTcs aHa/OrMYHbIN
pacyer:

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

lMockonbKy And coOTBEeTCTBMA Hopmatusy no MNOY Tpe-
byeTcs 6onblle ankuniata, 3TO U onpegenseT AeliCTBUTENb-
Hyl0 NOTPe6HOCTb, TakK Kak 06a 3afaHHbIX OKTaHOBbIX 4ucnia
ABNAIOTCA MUHUMANBHO JONYCTUMbIMU.

JTOT Npumep LEMOHCTPUPYeT MOSB/IEHUEe MeNnKoi npo-
6nembl. [leiACTBUTENbHO, ecnnm Mbl fo6aBum 12241 6Gappenb
ankunarta, MNOMYYeHHbI MPOAYKT MepecTaHeT COOTBETCTBO-
BaTb ycnosuio no AMP. PeanbHO crnegyet ucnosb3oBaTb CUC-
TeMy W3 [BYX YpaBHEHWW C [BYMS HEeU3BECTHbIMMW, 4TOOLI
y3HaTb O4HOBPEMEHHO KOJ/IMYECTBO afikunata M KO/MYecTBO
OyTaHa. Ho B TaKOM pacueTe y)e CAMLIKOM MHOro anrebpbl u
apupmeTukn, 4Tobbl NPUBOAUTL €ro 34echb.

3TNNNPOBaHHbLIA GeH3UH

YT06bl YNPOCTUTL 3afayy [OCTUXEHWUA HE06XO0AMMOro OK-
TaHOBOTO 4ucna, B 6eH3VMH A06aBNANN COEAUHEHNSA CBUHLA —
TeTpastunceuHey (T3C) wunm TeTpametunceuHey (TMC).
3TN COefMHEHUS YBENUYMBAKOT OKTAHOBOE 4MUCNO GEeH3WHa,
He BANAS NpW 3TOM Ha Apyrue ero CBOMCTBA, B TOM YUC/E Ha
[laBNeHne HaCbIWEeHHOro napa.

T3C — 04YeHb AQ0BUTOE XUMWYECKOE COefMHEHUE, faxe
HeboNblIMe KOHLUEHTpauunm ero napos MOryT NpuMBECTU K
3a60/1€BaHNAM WAN K CMEPTU, BCEACTBUE TaKOl OMacHOCTH,
Ywe B 60-x rogax [naBHbili Bpay (Surgeon General) Coepgu-
HeHHbIX LLTaTOB (KOTOPbLIA TOrAa BXOAWI B WCMOMHUTENb-
Hyl0 BETBb B/IaCTU) YCTAHOBU/A MAaKCUManbHO fgonyctumoe
Konuyecteo T3C B 6eH3UMHe Ha ypoBHe 4.0 MA Ha rannod
(1 rannoH = 3,785 n). AreHTCTBO MO 3aluTe OKPYXaroLLlem
cpegbl (Environmental Protection Agency) noagepano no-
iKiiiik) TnaBHoro Bpaya. MocKonbKy 6eCnOKONCTBO HO noBgo-
Ly 3arpsasHeHus Bo3gyxa Bospactano, B 1974 r. AreHTcTBO
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YT06bl YNPOCTUTL MOCMEAHION CTaNunilo, MPOU3BOAUTENN
T3C n TMC paspaboTanm gnarpammy, KOTOPYH MOXHO UC-
nonb3oBaTh AN ONpefefieHns OKTaHOBOro 4ucna no fiobbim
[BYM TO4YKaM, 06bIYHO 3TO TOukM O u 3,17 r. Mpumep guar-
paMMbl MOBbLILLIEHWNA OKTaHOBOIO Yuc/fa NnokasaH Ha PUCYHKe
125.

Tenepb BepHemca K MNpuMepy nonyyvyeHus 6GeH3uHa, rae
A4NS [OCTVIKEHMS 33flaHHOro OKTaHOBOro 4ucna fobasnsnu
ankunat. lMpefnonoXxum, 4YTO BMECTO afnkunata Mbl Oynem
no6asnAts TOC.

O6eMm MOY- MOY- MOH— MOY-
(6appens) 0,0 3,17 0.0 3,17

MMpAMOroHHBbIN

6eH3NH 4000 61,6 80,6 66,4 83,5
Pucopmar 6000 84,4 91,2 94,0 100,8
JNerknin npogykT

TMAPOKPEKNHra 1000 73.7 91,4 75,5 93,4
KpeKunHr-6eH3mH 8000 76,8 79,4 92,3 95,8
n-bytaH 3081 92,0 1015 93,0 1025
Bcero 22081 781 86,5 87,4 95,8

Mo Kax[oi nmape OKTaHOBbIX YMCEN CMECU CTPOMTCS rpa-
(hMK Ha gnarpaMmMe yBeNMYEHNS OKTAHOBOIO yucna (puc. 12 6).
Toykn MOY—0,0 1 MOUY—3,17, a Takxke Touku MOY—0,0
n MNOY—3,17 coefMHAITCA NPAMbIMU IUHUAMU  ITU Npa-
Mble MOKa3blBalOT, 4TO AN LOCTMXKeHMA 3afjaHHoro MOY,
paBHoro 80, Tpebyetca 0,25 r npucagku, a Ans LOCTMXKEHUSs
MOY 90, HyxHo po6aBuTb 0,35 r [locnefHsAs BeMUYUHA W
onpegendaetr konmyectso TAC, a MOY oKasbiBaeTca BblLLeE.

CnupTbl W KUcnopogcofepxalie f06aBKy

B koHue 70-x ronos, Korga AreHTCTBO NO 3alluTe OKpyXa-
toweldi cpegbl NOTpebOBaso CHUXKEHUSA KOMMYecTBa CBMHLUA B
6eH3MHe, HegTenepepaboTUMKM CTaM MCKaTb Apyrue crnoco-
Obl MOBbLILEHNSA OKTAaHOBOrO YMcna B HacToswee Bpems Hed-
TexMMmyeckas MNPOMBILINEHHOCTL MPEAOCTaBNAET AN 3TOro
HECKONbKO MPOAYKTOB MeTaHon, ataHon, TBC n MTBED
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Ons HopmatmBa no WMOY npogenbiBaeTcs aHaOTMUHbINA
pacuer:

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

lMockonbKy 414 COOTBETCTBMA HopmaTtuMeBy no MOY Tpe-
byetca 6onblle ankunata, 3TO W onpedenseT AelcTBUTESNb-
HYl0 MOTPe6HOCTb, TaK Kak 06a 3afaHHbiX OKTaHOBbIX uucna
ABNAOTCA MUHUMaANIbHO AONYCTUMBIMU.

3TOT npumep AEMOHCTpPUpPYyeT MNOABMEHWe MeNKoh npo-
6nembl. [leiicTBUTENbHO, ecnu Mbl fo6aBum 12241 6appenb
ankunata, MNONYYeHHbI MPOAYKT MepecTaHeT COOTBETCTBO-
BaTb ycnosuto no [AMP. PeanbHO cnefyet UCnosnb3oBaTb CUC-
TeMy W3 [ABYX YpaBHEHWIi C [BYMSl HEeU3BECTHbIMMW, 4TOOLI
y3HaTb OJHOBPEMEHHO KOJINYECTBO anKuiarta W KOMMYeCTBO
6yTaHa. Ho B TaKOM pacyeTe yxe CMIUWKOM MHOro anreépbl un
apumMeTnKn, 4To6bl NPUBOAUTL €ro 3f€ech.

ATUNNPOBAHHbIA GeH3WH

UT06bl YNpPOCTUTL 3afavy JOCTUXEHUA Heo6X04MMOro OK-
TaHOBOrO Yucna, B 6eH3NH f06aBNANN COEAUHEHNSA CBUHLA —
TeTpastunceuHey (T3C) wnm TeTpameTunceuHey (TMC).
3T coeaMHEHNS YBEMYMBAIOT OKTaHOBOE 4MCN0 OEH3MHa,
He BNMAS NPV 3TOM Ha Apyrue ero CBOWCTBA, B TOM 4YMCNe Ha
[laBNeHune HacbILeHHOro napa.

T3C — 04YeHb AQ0BUTOE XMMWYECKOE COEfMHEHME, faxe
He6oNblIMEe KOHLUEHTpauuu ero napoB MOryT MpPUBECTU K
3a60neBaHNAM WU K CMepTU, BCIELCTBME TAKO 0NacHOCTMW.
Yxe B 60-x rogax [nasHblil Bpay (Surgeon General) Coepgu-
HeHHbIX LUTaTOB (KOTOPbLIA TOr4a BXOAUA B WUCMONHUTENb-
HYl0 BETBb B/aCTU) YCTAHOBW/I MaKCUManbHO A0NYCTUMOE
Konuyecteo T3C B 6eH3MHe Ha ypoBHe 4.0 M Ha ranioH
(1 rannoH = 3,785 n). AreHTCTBO MO 3aLUUTC OKPYXaKoLLEM
cpensl (Environmental Protection Agency) noggepXano no-
3uymio naBHoO Bpaya. MOCKOMbKY 6eCnOKOWCTBO MO MoBo-
Ay 3arpsasHeHus Bosgyxa Bo3pactano, B 1974 r. AreHTCTBO
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YTo6bl yNpoCTUTb MNOCAESHIO CTaAWio, MPOWU3BOAMTENN
TOC nTMC paspabotann gnarpammy, KOTOPYH MOXHO MC-
nosb30BaTh 415 ONpefefeHns OKTaHOBOrO Yucna no fiobbim
[BYM TOuKaM, 06bIYHO 3TO ToukuM O u 317 r. Mpumep guar-
paMMbl MOBbILIEHNUA OKTAHOBOIO 4YMcna NokKasaH Ha pUCYHKe
125.

Tenepb BepHemca K MNpuMmepy MonyyeHns 6GeH3WHa, rge
ONA [OCTVDKEHWA 33[aHHOr0 OKTaHOBOr0 4yucna fobasnsanu
ankunat. [MpegnofioXxum, 4YTOo BMECTO afnkunata Mbl Oydem
po6asnatb TAC.

O6em MOY- MOUY- NOY- MOUY-
(6appens) 0,0 317 0,0 3,17

MpPSMOrOHHBIV

6eH3MH 4000 61,6 80,6 66,4 835
Puopmar 6000 84,4 91,2 94,0 100,8
JNerkunii npogykT

rMAPOKPEKNHra 1000 73,7 914 754 93,4
KpeKnHr-6eH3uH 8000 76,8 79,4 92,3 95,8
H-ByTaH 3081 92,0 1015 930 1025
Bcero 22081 78,1 86,5 87,4 95,8

Mo Kax[oi nape OKTAHOBbIX YMCEN CMecu CTPoMTCA rpa-
(UK Ha Avarpamme yBesMYeHUs OKTaHOBOr0 yucna (puc. 12 6).
Toukn MOY—0,0 1 MOY—3,17, a Takxe Toukn MOY—0,0
n MOY—3,17 coefnHAOTCA NPAMbIMU IMHUAMK DTN NpA-
Mble MOKa3blBalOT, YTO A/ AOCTUMXKEHMsA 3afjaHHoro MOMY,
paBHoro 80, Tpebyetcs 0,25 r npucagku, a Ana SOCTVMIKEHUSA
MOY 90, HyxHo fob6asButb 0,35 r [locnefHAs BenuyuMHa
onpegenset konmyectso TAC, a MOY oKa3blBaeTcs BblLLUE.

CnupTbl U KUCNopoAcoaepxalymne fo6aBKu

B KoHue 70-x rosios, Korga AreHTCTBO MO 3alUUTE OKPYy»Ka-
Ioweli cpefbl MOTPeboBano CHWUXKEHMSA KOMMYecTBa CBUHLA B
6eH3nHe, HehTenepepaboTUMKM CTanM MUCKaTb APyrMe cnoco-
6bl MOBbLILEHNS OKTAHOBOMO Yncna B HacTosllee BpeMs Hed-
TeXMmmyeckas MNPOMbILWINEHHOCTb MpefocTaBseT ANnd 3TOro
HECKO/bKO MPOAYKTOB MeTaHon, ataHosn, TBEC n MTBD
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OKTAHOBOr0 4WCNa, KOTOPYH MOXHO MNPUOBAM3NTENBHO MO-
CTPOWUTb Ha OCHOBAHMMW COOTBETCTBYHOLIMX KPUBLIX AN KOM-
MOHEHTOB.

O6blYHO MeTOAMKa pacuyeTa BK/KOYaeT BblIOOP Tpex TOYeK
Ha KaXZOW KpUBOW — 3TO TOYKMW, COOTBETCTBYHOLLME OKTa-
HOBbIM uucnam 6e3 fobasnsgma TOC (HEITUNMPOBAHHbLIN
6eH3nH), c gobaBneHnem 159 r TOC Ha rannoH u 317 r
TOC Ha rannoH (gBe nocnefHue [OBOMbLHO-TAKW CTPaHHble
BE/IMYMHBbI — 3TO MAacchbl, COOTBETCTBYIOWME 151 3 mn TIC).
PaccumTblBatOT CPCIHCMACCOBOC OKTAHOBOE YWC/O0 CMEeCU L5
KaXfon KoHueHTpaunun TAC. Mo NonyyYeHHbIM TPEM TOYKam
MOXHO MOCTPOUTb KPWUBYH MOBbILWEHUSA OKTaHOBOrO 4ucna
cCMecu, a 3aTeM 3Ta KpuBas M03BO/SAET OnpefenunTb Kojinye-
CTBO TeTPasTU/NICBMHLA, HE0OXoAUMMOe ANA JOCTUXEHMUSA NIO-
60ro 3ajaHHOro OKTaHOBOr0O uuchna.
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Mcnonb3oBaHMe MeTaHOMA KakK KOMMOHeHTa KOMMayHAu-
poBaHHOro OEH3MHa BbI3BAN0 AOMOMHUTENbHbLIA WHTEpEC K
TBC. Ecnu 6eH3MHOBas CMeCb COAEPXMT MeTaHon, Npu Mno-
nafaHuy HebONbLIMX KOMMYECTB BOAbI BO3MOXHO paccioe-
HVWe cMecu, TO ecTb ee KOMMOHEHTbl MOryT OTAENUTbCA Apyr
ot gpyra. Korga K meTaHony f06aBnst0T 60nee TsKenble cnmp-
Tol, Hanpumep, TBC, gonycTuMmoe cogep>kaHue Bogbl — KO-
NNYECTBO BOAbI, KOTOPOE MOXHO A06aBUTb Mpexae, Yem npo-
n30iaeT paccnoeHne — yBenuumeaetca. ThC geicTByeT Kak
copacTBOpUTENb, MOMOras MeTaHO/Ny OCTaBaTbCi B PacTBO-
pPeHHOM COCTOSAHUWU B MPUCYTCTBUMN BOAbI.

MTB3. Metun-tpeT-6yTunoseiii agup (MTB3) (Heyau-
BUTENbHO, YTO €ro HasBaHWe COKpallaloT!) aBnseTcs Kwcno-
poacopep>katlein fobaskoi. OH OTIMYAETCS OT MeTaHo/1a, 3Ta-
Hona n TBC, KoTOopble OTHOCATCA K Kiaccy CnupToB (UX
MOAeKynbl cogepxat rpynny OH), Ho, Tem He meHee, MTE3
BCE XXe cofepxuT kucnopog. Ero opmyna (CH3)3COCHs.

MTBE3 nonyyaloT peakuunei n306yruneHa ¢ MeTaHOOM
Haf KatanusaTopom. CbipbeMm gns npoussogctsa MTBO aB-
nsaetcs cmecb C* (6yTaHbl, H-6yTuneHbl 1 n3obyTunexsl). Mpu
3TOM MOYTW BeCb M3006YTWNEH BCTYNaeT B peakuuto 1 Takum
06pa3om yfganserca U3 CMecu. B HeKOTOpbIX Ciyyasx 370 MO-
XeT 0KasaTbCA Mones3HbiM (HanpuMmep, ecnu Ans npofaxwu
TpebyeTcs CMecb YIr/NIeBOLOPOAHbLIX ra3oB, He cofepxalias
KOMMOHEHTOB N30CTPOEHMSA).

AkcnnyaTauusa. Mpobnema nonagaHusa B 6eH3WMH BOAbl yxe
ynomuHanacb, W OHa BecbMa cepbe3Ha. [lpeAcTaBbTe cebe
[iBa CTakaHa, B O4HOM M3 KOTOpbIXx 50 Mn BOAKW (TO eCTb, B
OCHOBHOM, CMeCb 3TaHO/a C BOAOI), a B ApYroM CTOJ/IbKO >e
6eH3nHa. Tenepb NpeAcTaBbTe, YTO B 06a cTakaHa fo6aBuau
no 100 mn BoAbl M nepemeluann. ECTECTBEHHO, BO/Ma U Macsno
pasfenaTcs, Kak TONbKO nepemellvBaHue OyfeT npekpawie-
HO, a BOZKa OT/IMYHO CMeLIaeTcs C BOAOM.

A Tenepb COfepXumoe 000MX CTakaHOB CAWAN BMECTe B
TPETWIA CTakaH W BCTPAXHYAM (Kakue pacxofbl pagu Haykm!).
XunpkocTn cHoBa paccnouncb, HO BOAKa OCTanachb B BOAE U
He nepewna B 6eH3nMH. B CLUA 6eH31H B OCHOBHOM TpaHcC-
nopTupytoT no Tpy6onposogamM. Mpyu 3TOM HEBO3MOXHO Mo-
HOCTbO M36exaTb KOHTaKTa C BOAOW. B pesynbTaTe GeH3UH.
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OKTAHOBOr0O 4ucna, KOTOPYK MOXHO NpMBAM3NTENbHO No-
CTPOUTb Ha OCHOBAHWMW COOTBETCTBYHOLIUX KPUBBIX A1 KOM-
NOHEHTOB.

O6bIYHO MeTOAMKA pacyeTa BK/AOYAeT BbIOOP Tpex Touek
Ha KaXAON KpPUBOW — 3TO TOYKMW, COOTBETCTBYHLLME OKTa-
HOBbIM umcnam 6e3 pobaBnwuns TIAC (HEITUAMPOBAHHbIN
6eH3nH), ¢ pgobaBneHnem 159 r TOC Ha rannoH un 317 r
TOC Ha rannoH (gBe nocnefHue [OBOMbLHO-TAKW CTPaHHble
BE/IMUYNUHbI — 3TO MAaccChl, cooTBeTcTBYtOWMEe 151 3 mn T3C).
PaccunTbiBalOT cpefHe MaccoBOe OKTAHOBOE YMCNO CMecu ANd
KaXXA0/ KoHUeHTpauun TIC. Mo NonyyeHHbIM TPeM TOYKaM
MOXHO MOCTPOWUTbL KPWBYHD MOBbILIEHWA OKTaHOBOro 4ucna
CMecu, a 3aTteM 3Ta KpuBasd MO3BOSIAET ONpefenTb Kounye-
CTBO TETPa3TUACBMHLA, HEO6XOAUMOE N5 [OCTUMKEHUS JH0-
60ro 3aaHHOro OKTaHOBOrO 4uUcna.



132 MepepaboTka HedTn

Mcnonb3oBaHne MeTaHOfla KaK KOMMOHEHTa KOMNayHAum-
pOBaHHOr0 6eH3MHa BbI3BANO [OMNOJIHUTENbHBIA WHTEpPeC K
TBC. Ecnu 6eH3MHOBas CMeCb COAepXMWT MeTaHon, Npu no-
najgaHun HeboNbLIMX KONMYECTB BOAbI BO3MOXHO paccinoe-
HMe CMecu, TO ecTb ee KOMMOHEHTbI MOryT OTAENUTLCA ApYyr
ot apyra. Korga K metaHony 4o6asnsoT 6onee TaXenble cnup-
Tbl, Hanpumep, TEC, gonycTumMoe cogep>KaHue Bofbl — KO-
NIMYECTBO BOAbI, KOTOPOE MOXHO [006aBUTbL Npexze, Yem npo-
n30iMaeT paccnoeHne — ysenmumaetca. TBC aelicTByeT Kak
copacTBOpUTE/b, MOMOras MeTaHO/y O0CTaBaTbCA B PacTBO-
pPeHHOM COCTOAHWUW B NPUCYTCTBUW BOAbI.

MTB3. MeTtun-tpet-6ytunoseiii agup (MTBE3) (Heyau-
BMTENbHO, YTO ero HaspaHwe cokpawaiT!) aBnsetcs Kucno-
poacofep>katein gobaskon. OH OT/IMYAETCA OT MeTaHo/1a, 3Ta-
Hona u TBC, KOTOpble OTHOCATCA K Krmaccy cnuptoB (UX
Monekynbl cogepxat rpynny OH), Ho, Tem He meHee, MTBE3
BCe Xe cofepXut kucnopod. Ero dopmyna (CH3)3COCHS3.

MTBE3 nonyuyaloT peakuueid n306yTUneHa C MeTaHO/IOM
Haf Katanusatopom. Cbipbem ana npowussoactsa MTBO dB-
nsetcsa cMmecb Ca (6yTaHbl, H-0yTUNEHbl ¥ U306yTUNeHbl). Mpu
3TOM MOYTU BeCb WM306YTWNEH BCTYMaeT B peakuuio U Takum
o6pa3om ygansercs U3 cMecu. B HEKOTOPbLIX C/yyasx 3TO MO-
XET O0Ka3aTbCH MO/e3HbIM (HanpuMmep, ecnum Ans Mpofaxm
TpebyeTcAd CMecb Yr/eBOAOPOAHBLIX ra30B, HE COjAepXKallias
KOMMOHEHTOB M30CTPOEHNSA).

SkcnnyaTaums. MMpobnema nonagaHus B 6€H3WH BOAbI Yxe
ynoMmuHanacb, W OHa BecbMa cepbe3Ha. [lpefcTasBbTe cebe
[iBa CTakaHa, B O4HOM M3 KOTOpbIX 50 mn BOAKM (TO ecCTb, B
OCHOBHOM, CMeCb 3TaHOfia C BOAO), a B APYroM CTOMbKO e
6eH3nHa. Tenepb npefcTaBbTe, YTO B 06a cTakaHa fo6aBun
no 100 mn Bofbl U mepemewann. EcTtecTBeHHO, BOAa M macso
pa3fienarcs, Kak TOMbKO MepemellnBaHne OyfeT npekpatie-
HO, a BOJKa OT/INYHO CMeLuaeTcs C BOAOMN.

A Tenepb cofepXumoe 060MX CTakaHOB CAWAWN BMeCTe B
TPeTUA CTakaH W BCTPAXHYNM (Kakue pacxofbl pagn Hayku!).
XwngkocTtn cHoBa paccnounnch, HO BOAKa OCTafnacb B BOAE W
He nepewna B 6eH3nH. B CLUA 6eH3MH B OCHOBHOM TpaHcC-
nopTupytoT no Tpybonposogam. [Mpy 3TOM HEBO3MOXHO MO/-
HOCTbIO M36exaTb KOHTakTa C BOAOW. B pesynbTare 6eH3WH.
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CojepxaHue aHTUeTOHaTOpa, I METaNNMYECKOro CBUHLA Ha rannoH

ca 1054
Puc. 12.5. NMpumep guarpamMmbl NoBbILEHUS OKTAHOBOMO yncna

MeTaHon. MeTtaHon CH30OH — ogHO 13 Haubonee gaBHO
V3BECTHbIX XMMMUYECKNX BewlecTB. OH LIMPOKO W3BECTEH Kak
[peBecHblii cNUPT, TakK Kak paHblle ero fo6biBany AeicTBu-

5- 4*0
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6 Tenepb yuyTeM W3MEHEHWE PEXMMOB pPaboTbl HEKOTOPbIX
YCTaHOBOK, Hanpumep, U3MeHEHUe pexuma puGopmMuH-
ra, s OOCTUXKEHWS OnpefesieHHOro COOTHOLIEHUS Bbl-
X04a M OKTAHOBOTO 4Wcna MPOAYKTa, MOBbIWEHUE TeMMe-
paTypbl Ha YCTaHOBKE KaTalMTUYECKOTO KPeKWHra pAns
YBENUYEHNs BbIXOAA ONeMHOB W, B KOHEYHOM WTOrE,
ankunarta u 1.4,

B. HakoHel, HYXHO yuyecTb pa3BeTB/iEHME BXOAALMUX W Bbl-
XOJAWMX NMOTOKOB. Hanmpumep, Nerknid KpekKuMHr-rasomnb
MOXHO HanpaBuTb Ha KOMMayHAWpPOBaHWE KOTEeNbHOIo
TONAMBA, a He Ha TUAPOKPEKWUHI, BYTWIEH MOXHO He-
NOCPeACTBEHHO MWCNO/b30BaTb KaK KOMMOHEHT aBTOMO-
6unbHOTO BeH3MHa, a He OTNPaBfATb Ha aNKUIMpOBaHue,
a TaKkKe MOXHO OTAeNUTb THHKENYK 4acTb OT MPAMOrOH-
HOM HadTbl (KOTOpas ABAAETCA CbipbeM PUHOPMMUHTA)
4nd nony4yeHus 6ofbliero o6bema KepocuHa (TonnuBa
A5 rasoBbIX TYpouH).

Camblil 3(hheKTUBHbIN cNOCO6 CNPaBUTLCSH CO BCEMU 3TU-
MW MepeMeHHbIMW napameTpamy — 370 MOLE/IMPOBaHWe Npo-
LieccoB HehTenepepaboTKy C NOMOLLbIO TMHENHOTO Nporpam-
MWPOBaHNA Ha 6ONbLLIOM KOMMbIOTepe. BxogHble W BbIXO4-
Hble MOTOKMW, MOLLHOCTb U Ce6eCTOMMOCTb BCEX OMepauuii no
nepepaboTke He(pTU OT MEPeroHKM 0 KOMMNayHAMPOBaHWA
MOrYT 6bITb ONMCaHbl C NMOMOLLbI0 HECKOMbKNX YPaBHEHUNA 1
YNCNEHHBIX 3HaYeHuii. Mo4PO6HO yunTbIBAIOTCA AOCTYMHOCTb
M CTOMMOCTb CbIpO HedpTW, a Takke MOTPebHOCTM B npo-
AYKTax U ux ueHbl. MeToguka NMHERHOro nporpaMMupoBa-
HWA NO3BONSET HANTU Hambonee 3KOHOMUYECKN 3PDEKTUB-
HOe pelleHne ypaBHEHUI (KOTOPbIX 06bIYHO MHOFO).

KomnbloTep mpu 3TOM HEOBXO0AMM, TakK Kak ONTUMasb-
HOe pelleHMe TpebyeT NpoBeAeHNs ThicAY pacyeToB. Ho aaxe
B 3TOM C/yyae pelweHue OygeT npubAn3UTENbHbIM W BOT
noyemy:

a. [laHHble, Ha KOTOPbIX OCHOBAHO MOCTPOEHWE MOJenu,
ABAAIOTCA NNWb NPUBAN3NTENBbHBIMU OLEHKaMU BbIXOA0B
NPOAYKTOB B npoueccax. B 3aBUCMMOCTW OT HeonpegeneH-
HOro umcna (hakTopos (Bpems, Npollefliee Mocne ocrta-
HOBKW peakTopa, aKTMBHOCTb KaTanusatopa, Temmepaty-



X ., komnayHanposaHune BEH3VIHA

NCNONb3yTCA MeTaH MM GeH3WHOBbIE pakyun. NCToUHK-
KOM MeTaHa ABMAETCS MNPUPOAHbIA a3, KOTOPbIA B OCHOB-
HOM COCTOWT M3 MeTaHa.

MpomexyTouyHasa cTaguWa npouecca — MOMYYEHWE CUH-
Tesrasa — cMecu MoHookcuga yrnepoga (CO) u Bogopoga
(H2):

CH4 + HXO -¢ CO + 3H2
(cnHTe3-ras)

CO + 2Hz2 -» CH30H.
(meTaHon)

MpocToTa 3TuX hopmyn obmaHuymBa. Ha camom fene Tex-
HONOTMYeCKWiA npouecc u Heobxogmmoe o6opyfoBaHMe
CNOXHbI W foporu, TpebylTca AOpPOrMe KaTanusaTopbl, pe-
aKkTopbl 1 TpybonpoBogbl, a Takxke Temnepatypbl 260—430°C
(500-800*F) n paBneHusa 4000-5000 psi (280-350 atm).

dTaHon. ITaHOM WAM 3TUOBLIA CAMPT — 3TO CNUPT,
Hanmbonee 3HaKOMbIA KaXAOMY, TaK Kak 3TO OCHOBHOI KOM-
MOHEHT BOAKU. TaK e KakK MeTaHOs, 3TaHO/M paHee Mofyya-
NN M3 NPUPOSHBLIX UCTOYHWMKOB: BGPOXEHMe caxapa, cojep-
Xauierocs B BMHOrpage (BMHO), B KapToene (Bogka) mam B
AYMeHe U KyKypy3e (BUCKW) nof AencTBMeM (epMeHTOB.
XNMUYECKNIA npouecc, KOTOPbIA B HacToslee Bpems UC-
Nnonb3yeTcs 415 MPOMbILWIEHHOTO MONYYEHWUSA 3TaHoNa, Obin
paspaboTtaH B 1919 r. OH OCHOBaH Ha NpsAMOl rugparayum
aTuneHa (rugpartaymeil HasblBaeTCs MPUCOELUHEHWNE BOAbI):

CH4 + HXD -> CH3CH20H
(aTnneHn) (Boga) (atanon)
L J

B CLUA CUHTETUYECKWI A 3TaHON 3amnpel,eHO MCMOb30-
BaTb B MPOM3BOACTBE a/lKOTrO/IbHbIX HAMUTKOB.

TBC. TpeT-byTtunosbiit cnupt (TBC) ob6pa3yetcs B He-
CKOMbKMX Mpoueccax. Hanpumep, OH fBASeTCS MNOBOYHBIM
NPoOAYKTOM B OAHOM M3 MPOLLECCOB NPOM3BOACTBA NPOMUIEH-
okcupa. Ero Takke MOXHO MOMy4uTb peakuuei H-byTuneHa
Unn n306yTueHa C BOAOI, a TaKXe MCX0Aa W3 MPOMUIEHa U
MN3o06yTaHa. dopmyna TpeT-6yTnnosoro cnupta (CH3)3COH.
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Kakas npo6nema BO3HWKHET, ecnn [06aBUTb CTO/MbLKO
T3C? Kakue Tpu Bewun npom3oigyT ¢ 6eH3MHOBLIM pe3ep-
BYapoM, ecnu TSXKenbll MPOAYKT TUAPOKPEKWHIa CHavana
HanpaBuTb Ha PUGOPMUHI M TONMLKO MNOTOM WCMO/Mb30BaThb
KaK KOMMOHEeHT 6eH3uHa? BbIxo4 putopmarta cumtainTe pas-
HbiM 85%, a COOTBETCTBYHOLLIME OKTaHOBble 4ucna W fasie-
HUS HAaCbILLEHHbIX MapoB BO3bMWUTE U3 Tabnuuy, NpuUBELEH-
HbIX B 3TOW rnase.
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cogepXawmii CnMpTbl, MOXET paccnonTbcs B TPybomnpoBofe.
MoaTomy ero npuMxoAMTCA TPaHCNOPTUMPOBATb Kak-HUOYAb
MHaye. MTB3, uMmeloWMmnii Apyroe XMMUYECKOe CTPOEHMUe,
npakTU4yeckn HepacTBOPUM B BOAe, MO3TOMY ero npuMeHe-
HWe He CTO/Ib OrPaHWYEeHO, KakK MpUMeHeHue CrnupToB.

KomnayHauposaHue. VHTepec K cnuptam 06YyCnoBfieH co-
OTHOLUEHMEM MeXLy WX CeBeCTOMMOCTbIO W WX MONE3HbIMU
CBOWCTBaMW B KayecTBe KOMMOHEHTOB 6eH3WHa, KOHKpeT-
Hee, UX CMOCOGHOCTbLIO MOBbIWATbL OKTAaHOBOE 4ucio. Ho mx
BNAVWAHWE He CTONb MPAMONUHENHO, KaK, Hanpumep, BAUA-
Hue ankunaTa unu pudopmara. [lobaBneHne cNMpPTOB WU KUC-
NOpOACOAepPXKaLllnX BeLlecTB AelCTBYeT HEMOHOTOHHO. Ha-
npumMep, Heb6onbwmne gobaBkum (4o 2—3%) cnupTa pesko
nogHumatoT ATMP cmecn. Mpu pganbHeiiwem npubaBneHnn
(8o 5, 10 mam 15% no o06bemy) W3MEHEHWI He MPOUCXOAMWT.
B 3TOM WHTepBane KOHLEHTpauuWin MeTaHON YBEeINYMBAET
OTMP Ha NOCTOAHHYK BENWYMHY, PaBHYK MPUOAN3NTENLHO
3 eguHuuam, 3staHon npumepHo Ha 0,7, a TBC — Ha
2 eguHuubl ATP.

BnvaHne go6aBneHMs CBUHLOBON Npucagkn Takxe Hepe-
TYNSPHO W 3aBUCWUT OT APYTUX KOMMOHEHTOB 6eH3uHa. B He-
KOTOpPbIX Cliyyasx 3a(heKT CBMHLO0BOro aHTUAeTOHATOpa OKa-
3blBaeTCA oTpuLaTenbHbiM. Konb CKOpO paccMaTpuBaeTcs BO3-
MOXHOCTb MPUMEHEHUS CAUPTOB W KUCNOPOLCOAEpKaLnx
[06aBOK 415 NONYYEHUA HEe3ITUNMPOBAHHOro 6eH3nHa, Heyc-
ToliumBOCTb AeincTBUA TOC He MMeeT 0COO0Oro 3HaYeHus.

KomnayHgupoBaHue GeH3uHa
W ero BNWUSHME Ha TEXHONOTMYEecKUe onepalum

HukTo He o6ewan, 4To onNnTMMM3aumMs cocTaBa OeH3MHa
OKa)XXeTCs NPOCTON 3agayeil. ITO AeACTBUTENbHO OYEHb C/IOX-
Hasa npobnema, 0CO6EHHO Tenepb, KOrga B HEKOTOpble Map-
Kn 6eH3nMHa Henb3s pobaenAaTe TAC. [aBaiiTe MOCMOTPUM,
Kak npobsemMa NMOCTENEHHO YCNOXHAETCA:

a. Mpu noTpebHOCTM B 6EH3MHE TPEX MAPOK W HANMYUKN BCEX

KOMMOHEHTOB TpebyeTca cMmewaTb UX Tak, 4Tobbl He 6bII0

0CTaTKOB.
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Kakas npo6nema BO3HWKHeT, ecnu [06aBWUTb CTONbKO
TOC? Kakue Tpu Bewun NpousoinayT ¢ GeH3MHOBbLIM pesep-
ByapoM, €C/M TSXKeNblii NpPoAYKT TUAPOKPEKUHTa CcHavana
HanpaBuTb Ha PUPOPMUHT W TOMbLKO MOTOM MCMOMb30BaThb
KaK KOMMOHEHT 6eH3UHa? BbIxo4 pucopmaTa cuutaiite pas-
HbiM 85%, a COOTBETCTBYHOLLME OKTAHOBblE uyMcna U Aasre-
HWA HacbILWEHHbIX MapoB BO3bMWUTE M3 Tabnuy, NpUBEAEH-
HbIX B 3TOW rnase.
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pa BO3Ayxa, TemnepaTypa oOxnaxpjalowei Bogbl W T.4.)

BbIXOAbl MOFYT MEHATbCS.

6. MOXeT MeHATbCA COCTaB CbIpoOin HedTH.
B. MoryT n3MeHATbLCH NOTPEGHOCTU W MEHbI.

HakoHel, Heu3bexHble He3annaHMpPOBaHHbIE OCTaHOBKM
B pasHblX YaCTsX 3aBOfja HapylUaloT perynspHoe TeyeHue npo-
LleccoB. TeM He MeHee, NMHeliHOe NPOrpamMMUpoBaHMe Kak
aHaNUTUYECKUIA MeToa ABNAETCH HEOLEHWMbIM WMHCTPYMEH-
TOM A4 pa3paboTKW MOLENM WAWM MaHa.

Pestome. MMpu 06CYyXAeHUN NPo6IemMbl KOMMAyHAUPOBaHUA
6eH3MHa NpuxoanTcs obpawiatb BHUMaHWe Ha 3HAYUTE/b-
HYH 4acTb OCHOBHbIX Onepauuii HedTenepepabaTbiBaOLLENO
3aBOfa. YCTapeBWWii Cnoco6 MoslyYyeHWUs HY>XXHOr0 OKTaHOBO-
ro ymcna J0CTaTOYHO MPOCT, HO [eACTBUTENbHAas ONTUMM3a-
UMa KoMnayHAMpoBaHMs GeH3uWHa TpebyeT onTummu3aLmm pa-
60Tbl Bcero HedTenepepabaTbiBalOLLEr0 3aBOAa.

YMNPAXHEHNA

1 [JaiiTe onpegeneHune cnegyrowmnx TEPMUHOB:
[laBNneHne HacbllWEeHHbIX NapoB
anpe
pabounii xop
naposas npobka
KOMMOHEHT, YBENNYMBAIOLLMNIA

[aB/leHNe HaCblLLEeHHOro napa
feToHauus
CTeneHb CXatus
noy n MoY
3TUANPOBaHHbIA GEH3UH™
MOBbILIEHWE OKTAHOBOIO 4ucna

2. PaccuuTaiite Konu4yecTBO H-6yTaHa, KOTOpoe TpebyeTcs
ona nonyyenna AMP 125 psi B cmecu 2730 Gappeneii
NPAMOroHHOro 6eH3uHa, 2490 Gappeneii pudgopmarta ¢
NOY 94, 6100 Gappeneit THKeNOro MpoLyKTa FMAapokpe-
KnHra u 3600 6appeneil KpeKUHr-6eH3nHa. CKOMbKO HYyX-
HO fo6aBuTb TAC, uto6bl MOY 6GeH3mHa 6bino 97,0?
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HarpeTbiM BO34yXOM OHO BOCMIAMEHSETCA, YTO 3acTaB/seT
nopueHb HayaTb pabounit Xxog.

BnpbICKMBaHME TONMMBA B LUAMHAP BKAOYAET HECKOMbKO
tha3. Bo-nepBbiX, TOMIMBO MOAAETCA B XWAKOM Buge — Ans
60/ee paBHOMEPHOrO pacnpeaeneHns ero pacnbinsaoT. Korga
XWAKOe TOMMMBO COMPUKAcaeTcs C MeperpeTbiM BO3AYXOM,
OHO WcnapseTcs, W ero Temnepatypa NOAHMMAETCA 40 Temne-
paTypbl camoBOCniameHeHus. BTopas ¢asa HacTynaeT, Korga
BOCM/IAMEHEHME MPOU30LLINO U OKpyXatowme napbl U Xug-
KOCTb TaKXXe 3aropatotcs. [py 3TOM HaumHaeTcs pabouunii xof
NopLWHA. HakoHeL, Korga ocTaBLUascs 4acTb XXWUAKOCTU 3aKa-
UMBaEeTCA B LMIMHAP, OHA TOXe BOCMIAMEHSETCA U, TakuMm
06pa3oM, [AaBfeHMe Ha NOpLUeHb COXPaHAETCH Ha TOM ke
YPOBHE WM flaxke BO3pacTaeT. M Bce 3TO MPOUCXOAMT Npubnu-
3UTE/IbHO 3a ThICAYHYH OO CEKYHAbI.

O4yeBMAHO, YTO MEXaHM3M CUHXPOHM3ALUWN LOMKEH ObITb
O4YeHb TOYHbIM. Ecnn TONMMBO He MomajaeT B UWIMHAP B
HY>XHbII MOMEHT M C HY>KHO CKOPOCTbIO, 3a OAUH pa3 Mo-
XKET BOCMMaMEHUTHCA CAULWIKOM MHOrO TOMAWBA, W TOrAa,
BMECTO YMpaBAsieMOro WMMNynbca, MOXET Npou3oiTn pabo-
Ynil TaKT cO B3pbIBOM. [103TOMY BMpbICKMBaHME TOM/MBA B
LV3enbHbIV ABUraTenb OCYLLECTBNSETCA C MOMOLLbI ropasgo
60n1ee TOYHOI MexaHUKW, YeM B ABUraTene BHYTPEHHEro cro-
paHus. T10CKOMbKY An3eNbHOe TOMIUBO MOAAETCA B LUAUHAP
B BEPXHEN TOuYKe Xofa MOpwHsA, paboune faBneHUs B cuCTe-
Me nojayn TOMAMBa nexar B WHTepane 2000—10000 psi
(140—700aTm).

AunsenbHoe ToNAMBo

MHoruve nonesHble cBO/CTBa GEH3MHA OKa3blBalOTCA Bpea-
HbIMW AN AW3e/bHOrO ToniuBa. BCMOMHWUTE, 4TO B Ciydvae
6eH31Ha CamMOBOCMNNaMeHeHMs cnegyeT usberatb, B TO Bpems
KaK Ans [M3eNbHOr0 TOM/MBA OfHOW W3 BaXHbIX XapaKTepuc-
TUK IBNSETCS KakK pa3 BOCN/aMeHseMoCTb. Mepoii 3Toro cBoit-
CTBa SIBNAETCA LieTaHoBOoe uuc.to. M0 aHaNornuM ¢ OKTaHOBbIM
4MCNOM W ero MPOMCXOXAEHWEM, LieTaHOBOE 4YMCMO AU3efb-
HOro TOM/MMBA COOTBETCTBYET [ONe YrNeBOAOpPOAa LeTaHa



X1
ONCTUNNNATHBIE TOMNJIMBA

Tenno, memo, 6onblwe Tema.' Mbl ymmpaem
0T X004, @ He 0T TEeMHOTbI. He HOoYb Hac
ybnBaeT, amopos3.

Mwurysnb fie YHamyHo. *0 Tparnyeckom 4yBCTBe MU3HU™

[un3enbHoe ¥ neyHoe TonAMBO (TONAMBO, MPUMEHSEMOE
Ans GbITOBbIX Lenei) — 3To gBa Hambonee WMPOKO UCMOSb-
3yemblX Bufa TOMAMBA, KOTOPble MOMyvaloT Ha HedTenepepa-
6aTbiBalOWEM 3aBOAE M3 PpaKLWiA Nerkoro rasonns. MOXHO
CKas3aTb, YTO 3TO OAWH LUMPOKO WCMOMb3yeMmblii BWA TONAU-
Ba, TaK KaK BO MHOIMX MecTax 4M3e/NbHOe W MevyHOe TOM/NBO
nocTynatT B MPOaXy M3 04HOr0 W TOFO XXe pesepByapa.

[v3enbHbIA gBUraTenb

B 06Lnx yepTax AM3eNbHbIA ABUTraTelb BeCbMa HamoMuHa-
eT 6eH3WHOBbIN ABUraTe/lb BHYTPEHHero cropaHus. Ero efuH-
CTBEHHOE 0YEeBMAHOE OT/INYMe — 3TO OTCYTCTBME CBEYM 3a-
Xuranusa. PaboTta fu3enbHOro Asuratens 3aBUCUT OT CaMo-
BO3ropaHua TonauMea, TO eCTb OT TOr0 CaMOro AB/MeHUA, KO-
TOPOro TakK cTapatoTca u3bexarb B ciyvyae 6€H3WHOBOrO [BU-
ratens.

Mpn ynpaBfeHW camMOBOCMNaMEHEHWEM OYeHb BaXHO,
ytobbl BCe npoueccbl 6BAM MPaBUIbHO CUHXPOHU3NPOBAHbI
no BpemeHu. B oTnnuve ot ABC, B gu3enbHOM Asurartene
BO34yX He CMelUWBaeTCA C TOMJMBOM Mpexae, Yem nonacTb
B UWAMHAP, TO €CTb B LWAMHAP MojaeTcA TONbKO BO3AYyX
Korpa moplueHb nepemeLlaeTcs B BepxHee MofioXKeHue, BO3-
LyX COKuMMaeTca (TakT CXaTua) W Mo3ToMy Harpesaetcs. Tou-
HO B TOT MOMEHT, KOrja noplleHb [OCTUraeT BEpXHei Tou-
KW, B UWAMHAP BMpPbLICKMBaeTcA TOnAuMBo. [lpu KOHTaKTe C



JAQ TMepepaboTka HediTn

Hw3Koli TemnepaTypbl 3aCT bIBAHUS JOCTUTA T 1160 Bbl-
6opom HePTeNnMnoabopom hpakLmnii, UI3KOTOPLIXNONYyYaeTCA
TonnmBo, NM6o foGaBneHNeM K nepeaHeMy creluanbHbix (ge-
MPeccopHbIX) npucasok. —MpyM. pea.

KoMMoHeHTbI TonnvBa. B npuHUMne, BCe Nerkue rasonnu
MOTYT C/TYXXUTb KOMMOHEHTaMu WU3eNbHOro TOM/INBa, HO He-
KOTOopble M3 HUX 60fiee MpegnouTUTeNbHbI. [PAMOrOHHbIE
Nerkne rasonnm 06bIYHO XapaKTepu3yrTCs BbICOKMM COAEp-
XaHvem napauHoOB M LLeTAHOBLIM YMCNOM B MHTepBane 50—
55. Jlerkme KpeKWHr-rasoiinun, Kak npasBu/o, COAEPXaT Bbl-
COKME KOHLEeHTpauumn onenHoB, apomMaTUyecKnx yrnesopo-
pofoB M HalhTEHOB, W MO3TOMY WX LIETaHOBbIE YuCna NOPAA-
Ka 32—35. LleTaHOBOE 4MCNO KepocunHa 0Koso 55. Takoit wu-
POKWIA Habop KOMMOHEHTOB MO3BO/SET /IETKO NPUrOTOBUTH
CMecCb C 3afjaHHbIM LieTaHOBbLIM YMCOM.

MeyHoe TONNUBO

bnarofaps MHOrMM (M3NKO-XMMUYECKUM XapaKTepucTu-
Kam, YrneBofopojbl, BXOASALLMe B COCTaB ras3oiineBbiX (pak-
Lu1iA, Hanbonee WIMPOKO UCMOMb3YHTCS KaK He()TAHOe meu-
Hoe TonnuBO. Bo-nepBbix, OHW 06nagaloT 60nee BbICOKON
TennoTBOPHON CNOCOBHOCTLIO, YeM 6onee nerkue yrinesofo-
pofbl, HampuMmep, cojepxaliuecs B KepoCcuHe, HadTe wau
LPG (CXmKeHHOM HepTAHOM rase). Bo-BTOpbIX, UX TpaHc-
NOpTMPOBKAa [JelleBfie, YeM TPAHCMOPTMPOBKA MPUPOAHOrO
raza unm LPG, Tak Kak Ansi 3Toro He TpebyeTcsa cneyuanb-
HOro 060pyzo0BaHNA, NPUroAHOro Ana paboTbl NOA faBMEHU-
eM. B-TpeTbux, 3T MpogyKTbl MeHee CK/IOHHbI K Cly4aiHo-
My BOCMNaMEHEHWI0O W MeHee B3pbIBOOMNACHbI, 4eM HadTa.
B-ueTBepTbiX, WX ferye Cxeyb, YeM OCTaTOYHble (KOTeNb-
Hble) TOMMAMBA, TaK Kak WX He Hajo MNoLOrpesaTb Mepeq
nojayein B Kamepy cropaHus. HakoHel, OHW fBNstOTCA 60-
Nlee 3KONOTUYECKM YMCTLIMU, YeM OCTaTOYHble TOMNMBa, 6na-
rogaps 6onee MpocTom)' XMMUYECKOMY COCTaBy.

Mo BCcem aTUM NpMYMHAM MeyHoe TOMIMBO LUPOKO Npu-
MEHSAIT ANA 6bITOBbIX HYX[ U pexe — Kak TONJWBO B fier-
KO W TAXKENON NPOMbILIIEHHOCTU. TEPMUH «MeYHoe TOM/u-
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(C]6H34; rekcagekaHa) B ero cMecu ¢ a-MeTunHaTaIuHOM

LleTaHOBOE UMCNO MeTaHa NPUHATO paBHbIM 100, a LeTaHOBOE
yncno a-metunHaptanmHa — 0. Korga gusensHoe TOMAMBO
XapakTepusyeTcs TakOi e BOCN/JIaMEHSEMOCTbIO, onpeje-
NEHHOW Ha ONbITHOM ABWraTese, YT0 U MOAeNbHas CMeCb 3TUX
[BYX YrneBOAOPOAOB, TO METaHOBOE 4YMC/O JAHHOro TOM/IvBa
CYMTaeTCA paBHbIM MPOLEHTHOI foNe LeTaHa B 3TON CMECH.

B HeKOTOpOW Mepe LieTaHOBOE YKUC/O TOM/MBA 3aBUCUT OT
€ro rpynnosoro cocrasa (gonn napauHoB, 0neUHOB, Ha-
(hTEHOB M apomaTtukm). B cnyyae 6eH3MHOBOrO ABUraTens apo-
MaTU4YeCKne COefUHEHUSA MNOME3Hbl, TaK KakK NpenaTcTBytoT
caMOBOCM/IaMEHEHUIO, B TO BpeMsi KakK napaguHbl UMelT
HNU3KNE TeMnepaTypbl BOCNAaMeHeHUs. Ana AusenbHbIX 4BU-
ratenein, Hao6opoT, mapaduHbl, CNOCO6GHbIE K camoBOCMa-
MEHEHMWIO MPU HU3KUX Temnepatypax, ABNATCA MOMe3HbIMU
KOMMOHEHTAMW TOM/MBA, a apoMaTu4yecKue YrneBoLOPOAbI
(KOTOpbIX MHOT0 B KPEKWHr-rasoiifie) — MeHee LEeHHbIMM
KOMMOHEHTaMMW.

Kak 1 6eH3uH, An3enbHble TONANBA ObIBAHOT HECKOMbKUX
Mapok. CTaHZapTHOe TOM/IMBO XapaKTepusyeTcs LleTaHOBbIMU
yucnamm okono 40—45, a TonnMBO BbICLLEro KayecTsa (npe-
MUanbHOE) UMeeT ueTaHOBble uymcna 45—50. MpemuanbHoe
TONAMBO Gonee nerkoe, OHO COAEPXUT 6GOMbLUEe NErKOKUMS-
Wyx hpakyuii, n No3ToMy OHO 60fiee MPUTOAHO AN 3anyc-
Ka JBuratens Ha xonofge. B nerkux gpakuuax OTHOLIEHWe
yrnepoga K BOAOPOAY O6GbLIYHO HUWXKe, MO3TOMy Npu cropa-
HUWM TaKoro TOM/IMBA B XXECTKMX YCN0BUAX 00pasyeTcs MeHb-
Wwe AbiMa. B cBA3M C 3TUM MpemuanbHoe TOMMBO ABMAETCA
npesnoYTUTENIbHLIM BapuUaHTOM NS rOPOACKUX aBTO6YCOB.

Mo TexHuyeckum ycnosmam B Poccun m3enibHOe TOMMBO Ais
aBTOMOOW/IbHBIX WM TPaKTOpHbIX ABWraTeneil pasgensieTcs Ha
ABa COpTa—IeTHee 1 3MMHee.pasnyatoLLmecsiMe Ky coboli no
TeMmnepaType MNOMyTHEHVs W TemnepaType 3acTbiBaHua. [nd
NeTHero Ton/mea (Mapka *J1») TemnepaTypbl MOMyTHEHUS W
3aCcTbIBaHWA [O/MKHbI ObITb He Bbllle —5 n —10°C cooTBeT-
CTBEHHO, 419 3UMHero copTa (Mapka *3») — He Bbile ~35 u
~45XTemnepaTypa 3acTbiBaHUSA apKTMWYECKOro [M3efIbHoro
Tonnmea (Mapka e¢Ae) He Ao/mKHa npesblwaTb —60°C. —
Mpym.  pes.
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Hee, B 6ONbLIMHCTBE C/y4aeB CMELLMBAOT, OTIPYXatoT, Xpa-
HAT W NPOJAalT OAWH W TOT XXe HedTenpoAyKT, KOTOpbIi
NoaXoAuT KaK Ans OTOMJIEHWUS, TaK U ANA CropaHus B 4BU-
ratene.

3HasA LeTaHOBOE YWC/IO0 SIEFKOro NPAMOrOHHOIO rasoins,
NEerkoro KpeKWHr-rasoins, KepocuHa W AOMONHUTENbHbIX
AUCTUNNATHBIX KOMMOHEHTOB, HETPYAHO paccuuTaTb COCTaB
CMecu, KoTopas OyaeT yaoBNeTBOPATL HOPMam Mo LleTaHOBO-
My umcny. YTtobbl gocTuYb Tpebyemoii TemnepaTypbl NOTEpH
TeKy4ecTn, 06bI4YHO 406aBNAOT KEPOCKH, HO YacTo 3TO 3KO-
HOMMWYECKU HEBLITOAHO (PeakTUBHOE TOM/MBO JOPOXE AUC-
TUANATHOrO). Ecnn KepocrHa CAMWKOM MHOTO0, Temnepartypa
BCMbILKN MOXET 0Ka3aTbCA C/IMILIKOM HU3KOI. Mcnonb3oBa-
Hue dpakuuin bonee nerkmx, 4em KepocuH, 06s3aTeNbHO
npuBegeT K npo6nemam ¢ TemnepaTtypoid BcnbiwKKu. Komna-
HUW, NPOM3BOAALLME CMeLnanbHble XUMUYECKME NPOAYKTHI,
C YA0BONbCTBMEM MPOAAIOT NPUCAKW, MeHSKL e Temnepa-
Typy NOTepU TEKYYeCTu.
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(C15H34; rekcagekaHa) B ero CMecu ¢ a-meTuaHaTanMHOM

LleTaHOBOE UMCNO LieTaHa MPUHATO paBHbIM 100, a LieTaHOBOE
uncno a-metunHadtTanmHa — 0. Korga gusensHoe TOMAMBO
XapakTepusyeTcs TakoW >kKe BOCMIaMEHSeMOCTbiO, Omnpefe-
NEHHOI Ha OMbITHOM ABUraTesie, YTO U MO/ENbHAsA CMECh 3TUX
[BYX YrNeBOAOPOAOB, TO LETAHOBOE YMCNO [JAHHOro TOM/IMBa
CUMTaeTCA paBHbIM MPOLEHTHOW A0Me LeTaHa B 3TOW CMeCW.

B HeKOTOpOI Mepe LieTaHOBOE YKCNO TONAMBA 3aBUCUT OT
ero rpynnosoro coctasa (f4onu napauHoB, 01enHOB, Ha-
(hTEHOB M apomMaTuku). B cnyyae 6eH3MHOBOrO ABuUraTens apo-
MaTUYeCKne COeLMHEHWUSA MNOME3Hbl, TaK Kak NPenaTcTByOT
CcaMOBOCM/IaMEHEHUIO, B TO BpeMsi KakK napaguHbl MMelT
HU3KMe TemnepaTtypbl BOCMamMeHeHUs. Ons An3enbHbIX 4BU-
ratenein, Hao6opoT, mapaduHbl, CNOCOGHbLIE K camoBOCMa-
MEHEHMIO NPU HU3KUX TemnepaTtypax, ABAATCA NOJe3HbIMU
KOMMOHEHTamMmn TOMAMBA, a apoMaTuyeckue YrnesofopoLbl
(KOTOPbIX MHOFO B KPEKWHI-rasoine) — MeHee LeHHbIMU
KOMMOHEHTaMU.

Kak 1 6eH31H, Au3efbHble TOMAMBA ObIBAOT HECKONbKUX
Mapok. CTaH[apTHOe TOM/MBO XapaKTepusyeTcs LeTaHOBbIMU
yucnamy okono 40—45, a ToNIMBO BbICLLErO KayecTsa (npe-
MUWanbHOE) UMeeT LeTaHOBble uyncna 45—50. MpemuanbHoe
TONAUBO Gosiee nerkoe, OHO COAePXUT BoJiblle Nerkokuns-
WKnX hpakumnidi, 1 NO3TOMy OHO 6osiee MPUrOAHO ANS 3amyc-
Ka gBuraTens Ha xonoge. B nerkux ¢pakumax oTHoOWeHue
yrnepoga K BOAOpPOAY O6bIYHO HUXe, MO3TOMY MNpuW cropa-
HUW TaKOro TOM/AMBA B XXECTKMX YCMOBUAX 06pasyeTcs MeHb-
e gbiMa. B cBA3M ¢ 3TUM npemMuanbHoe TOMAWBO ABASETCA
npeanoyTUTENbHbIM BapuaHTOM A5 FOPOACKMX aBTOOYCOB.

Mo TexHuyeckum ycnosuam B Poccun ay3enibHOE TOMMBO ANiS
aBTOMOOWIbHBIX UM TPaKTOPHbIX [BUraTeneil pasgenseTcs Ha
ABa copTa—leTHee U 3MMHee,pasmyaroLmecamMmeskay coboii no
TemnepaType MOMyTHeHUs W TemnepaType 3acTbiBaHus. Ans
NeTHero Tonmmea (Mapka «J/1») TemnepaTypbl MOMyTHEHUS U
3acTbIBaHNA AO/MKHbI O6bITb He Bbilwe —5 n —HO°C cooTBeT-
CTBEHHO, 4NA 3MHero copTa (Mapka *3») — He Bbilwe ~35 u
~45'C. TemnepaTypa 3acTblBaHUS apKTUWNYeCKOro [M3e/IbHoro
Tonnmea (Mapka *A») He [o/>KHa npesbiwaTb —60°C. —
Mpum.  pes.



142- TMepepaboTtka HedTn

Hee, B GOMbIUMHCTBE CNy4YaeB CMELUMBAIOT, OTIPYXKaloT, Xpa-
HAT W MNpofalT OAWMH U TOT XXe HepTenpoayKT, KOTOPbIi
NOAXOANT KaK ANs OTOMMEHMUS, TaK W ANA CropaHus B fLBU-
ratene.

3Has LeTaHOBOE UMCMO NEerkKoro NpPsAIMOrOHHOIO rasoiins,
NErKoro KPeKWHr-rasoiinis, KepocuHa M AOMOMHUTENbHbIX
AVNCTUNNATHBIX KOMMOHEHTOB, HETPYAHO paccyuTaTb COCTaB
cMmecu, KoTopasi GyAeT yA0BNETBOPATL HOPMaM Mo LeTaHOBO-
My umcny. UTob6bl fOCTMYL Tpebyemoilt TemnepaTypbl noTepu
TeKy4ecTu, 06bI4YHO A06aBNSAOT KEPOCKH, HO YacTo 3TO 3KO-
HOMMWYECKN HEBLITOAHO (PeakTMBHOE TOMMMBO JOPOXE AMUC-
TUNNATHOrO0). Ecnm KepocuHa CANWKOM MHOTO0, TemnepaTtypa
BCMbILLIKM MOXET 0Ka3aTbCs CMMLLKOM HU3KOW. VMicnonb3oBa-
Hue dpakumnii 6onee Nerkux, 4Yem KepocuH, 0653aTeNbHO
npueeaeT K nNpo6semam c TeMnepaTypoii BCMbIWKK. Komna-
HWUW, NPOM3BOAALLME CMEeLUanbHbIE XUMUYECKNE MPOAYKTHI,
C YAOBONbLCTBMEM MPOAAKOT NpUcagkn, MeHsAHLW e Temnepa-
Typy MOTEPU TEKYYecTw.
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Bo» umeeT B CLUA HECKONbKO CHMHOHWUMOB: TOMAMBO HO-
mMep 2, guctunnaTHoe Tonameo. Two Oil.

CraHfapTbl Ha NeyHoe TONAMBO B OCHOBHOM OMpefens-
H0TCA OrpaHMYEHNAMM, CBA3AHHLIMU C KOHCTPYKLMER 6bITo-
BbIX OTOMNUTENbHBLIX NPUBopoB. C TOUKM 3peHusa 6e3onacHoc-
TM WX 3KCnyaTauuu, BaXHOW XapaKTepUCTUKOA MevyHoro
TOM/MBA ABNAETCA TemnepaTypa BCbIWKX. Tak Kak TOMnanso
TPaHCNOPTUPYIOT M XPaHAT B eMKOCTAX 6e3 mofgorpeea, TO
60/bLUOE 3HAYEHME MEET TemnepaTypa noTepn TekyYecTw.

TemnepaTypa BCbIWKA. MUHUManbHas Temnepatypa, npu
KOTOPOI Napbl TOMAMBa 06pa3yloT ropluMe CMecu C BO3dy-
XOM, Ha3blBaeTCs TEMMEepPaTypoi BCMbIWKU. Takum o6pasom,
TemnepaTtypa BCMbIWKW OKa3blBaeTCs OLHOBPEMEHHO Mepoit
NeTyyecTM U Mepoil BOCNNaMeHseMoCTWU. [ns MeyHoro Ton-
nnBa 3TOT NapaMeTp HOPMUPYeTcs TakuM 06pa3om, 4TOObI
ero napbl He MOFAW BbIATW U3 pe3epByapa W MOAXKEeYb YTO-
HWOYyab He TaM, rge Hy>XHo. (MHorue cyfebHble NCKWU BO3HU-
Kanu u3-3a TOro, 4To GEH3WH CAy4ailHO cMellanca C rneu-
HbIM TOMAMBOM, Napbl MPOCOYMANCHL M3 NOA3EMHOrO CKNaf-
CKOro pesepByapa, 406panncb A0 CUTHANLHOFO MAaMeHW Ha
6n113nexalleM BOAOHarpeBaTesnie, W NPOW3OLIEN B3pbIB.)

TemnepaTypanoTepuTeKyyecTHONpenenseTCcnoco6HoCrb
He(hTeNpoAYKTOB TeUb NPU HU3KMX TemnepaTypax. B npouecce
OXNaXAeHUs HedTenpofgyKTa AOCTUraeTcs Temnepartypa, npu
KOTOpOIi HEKOTOPble KOMMOHEHTbI 3acTbiBaloT. MNpw AanbHeil-
LUEM OXNaXAeHUW MPOAYKT B KOHLE KOHLOB MOMHOCTbIO Te-
psieT TeKy4yecTb. TemnepaTypy noTepy TeKyuyecTW MPUHUMAIOT
Ha 5*F Bbllle TOYKWM, NPU KOTOPOI NPOAYKT MepecTaeT Teub.
TemnepaTypa MOTepWM TEKyYeCTU MEYHOro TOM/MBa O6bIYHO
oKono -25°C (~10°F ).

CmeLLMBaHMe NeYyHoro Tonanea. HecnyvaliHoe, HO HECOM-
HEHHO CYacT/IMBOE COBMajeHWe, YTO He(pTeNnpoAYyKTbl, KOTO-
pble MOTYT CNY)XWUTb KOMMOHEHTaMW [M3€/IbHOr0 TOM/MBA,
TaKXXe Y[0BNETBOPAIOT TPpeb6OBaHMNAM, npeabsaTaeMbiM K Obl-
TOBbIM OTOMUTENbHLIM CUCTEMAaM. VIMEeTCS MHOXECTBO BO3-
MOXXHOCTE MO MCMNONb30BAHMIO Pa3HbIX NErKUX KPEKWHT-
rasoiinein ans nonyyYeHUs NeyHbIX TOMAKMB. STUX BO3MOXHOC-
Tell faxe 6Gonblle, YeM AN AM3ENLHOTO TOMAMBA, TaK Kak
34€Cb HET OrpaHWYeHWii No MeTaHOBOMY uucay. TeM He Me-
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(rnasamu Xyf0XHUKa)

Puc. 14.1. ActhanbTeH.

Tem OH TBep>ke. CMOMbl MOBbILLIAIOT LIEMEHTUPYIOLLME CBOMCTBA
GrTyma W ero anacTWYHOCTb. Macna B GUTYMe SBMSKOTCA pas>ku-
>KalolLei cpefioi, B KOTOPOIA pacTBOPSHOTCSH CMOMbl M HabyxaloT
achanbTeHbl. - [lpyum. peg,

BUTYMbl MOXHO pasgennTb Ha YeTblpe KaTeropuu, XoTs
Takoe AeneHvie M He ABNAETCA CTPOrMM. ITO — MPAMOIOH-
HbIli HEPTAHON OUTYM, OKUCNEHHbIA 6uUTym (Mnu acgansT),
OUCTUNNATHBIA pacTBop 6uTyMa U GUTYMHAas aMYNbCus.

MpAMOTOHHbIV HEDTAHOW BUTYM

OcTaToK, KOTOPbIA MnofyyaeTcs Mpu rny60Koin BaKyyMHOM,
neperoHke CMOAWUCTbIX HedTeld (npu oT6ope 80—90% Auc-
TUANIATOB). MOXHO HEMOCPEACTBEHHO WMCMO/Mb30BaTb Kak 6u-
TyM. OTO — YepHOEe WM TexXL0-KOPUYHEBOE BELLECTBO, MNpU
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Bo» ummeeT B CLUA HECKONbKO CUHOHWUMOB: TOLUMBO HO-
Mep 2, gucTunnaTHoe Tomameo. Two Oil.

CraHfapTbl Ha NeyHoe TOMJMBO B OCHOBHOM oOMpegens-
H0TCA OFpPaHUYEHUSIMUN, CBSA3aHHbIMU C KOHCTPYKLMEN BbITo
BbIX OTONMTENbHbIX NPU60pPoB. C TOUKM 3peHns 6e3onacHoC-
TM WX 3KcnjyaTauuu, BaXKHOW XapaKTePUCTMKON MeyHoro
TONNMBA fangeTcs TemnepaTypa BCnbilWKWA. Tak Kak TONanBo
TPAHCMOPTUPYIOT M XpaHAT B €MKOCTAX 6e3 Mmofgorpesa, TO
60/bLI0E 3HAYEHNE UMEET TemnepaTypa NoTepn TeKyYecTw.

TemnepaTypa Bcnbiwkn. MuUHUManbHasa Temneparypa, npu
KOTOpOI/ nNapbl TON/AMBa 06pa3ytdoT roprouMe CMecu C BO3Ay-
XOM, HasblBaeTCA TemnepaTypoii BChbllWwKK. Takum obpasom,
TemnepaTypa BCMbIWKN OKa3blBaeTCs OLHOBPEMEHHO Mepoi
NeTy4yecT U Mepoil BocniameHseMocTu. [ns neyHoro Ton-
NMBa 3TOT napameTp HOPMUPYeTCH Takum 06pa3om, 4Tobbl
ero mapbl He MOF/JM BbIATU M3 pe3epByapa U MOAKEYb YTO-
HWOyab He TaMm, rge Hy>Ho. (MHorue cygebHble NCKM BO3HU-
Kanu n3-3a TOro, 4To OEH3MH CAyYaillHO CMellancs ¢ mney-
HbIM TOMAMBOM, Mapbl NPOCOYMAUCH M3 MOA3EMHOr0 CKNaf-
CKOro pesepByapa, 406panucb A0 CUTHANLHOIO MAamMeHU Ha
61mM3nexalleM BOAOHarpeBatesie, U MPOM3OLLEN B3pbIB.)

TemnepaTypanoTepu TeKyyecTMoNpcacase TCnoco6HOCTb
He(pTENPOAYKTOB TeUb MPU HM3KUX Temnepatypax. B npouecce
OXNTXAEHNS HehTenpoAyKTa fOCTUraeTcs Temnepartypa, Mpw
KOTOpOW HEKOTOpPble KOMMOHEHTbI 3acTbiBatoT. IMpw ganbHeii-
LeM OXMaXAeHWN NPOLYKT B KOHLe KOHLLOB MOJTHOCTHIO Te-
pseT TeKy4yecTb. TemnepaTypy noTepu TeKy4yeCcTU MpUHUMAIOT
Ha 5'F Bbllle TOYKM, MPU KOTOPOI MPOAYKT NepecTaeT Teub.
TemnepaTypa MOTEPU TEKYYECTM MEYHOro TOnaMBa 0O6bIYHO
okono -25*C (—0°F).

CMeluvBaHue nevHoro Tonavea. HecnyyainHoe, HO HECOM-
HEHHO cyacT/IMBOe COBMafeHne, YTo HedpTeNPOAYKTbI, KOTO-
pble MOryT CAYXWUTb KOMMOHEHTaMu AU3e/bHOro TOM/MBA,
TakXke YA0BNETBOPAIOT TPeOOBAHMAM, MpeAbsABASEMbIM K Obl-
TOBbIM OTOMUTENbHLIM cUcTeMaM. VIMeeTcsi MHOXECTBO BO3-
MOXHOCTE MO WCMOMb30BAHUIO Pa3HbIX NErKUX KPEKWHT-
rasonnein gns NonyyYeHUs MeyHbIX TOMAUB. DTUX BO3IMOXHOC-
Teli paxe 6onblue, YeM ANS AM3E/IbHOFO TOMMAMBA, TaK Kak
3[eCb HET OrpaHMYeHUin Mo LeTaHOBOMY uucniy. Tem He Me-
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Puc. 14.1. ActasibTeH.

TeM OH Teep>ke. CMOSbl MOBLILAOT LEMEHTUPYIOLLME CBOMCTBA
GUTymMa W ero anacTuYHOCTL. Macna B 6UTyMe SBASIOTCS pas>ku-
>KaloLLeli Cpefoii, B KOTOPOI PacTBOPAIOTCSA CMOMbI M HabyxalT
achanbTeHbl. ~ MpyM. peg.

BUTYMbl MOXHO pasfieNMTb Ha YeTblpe KaTeropuu, XoTs
Takoe AefieHWe W He ABASETCA CTPOrMM. ITO — MPSAMOTOH-
Hbll HE(hTAHON OUTYM, OKWUCMEHHbIA 6uUTyM (MM acanbT),
OVCTUNNATHBIA pacTBOp GUTYMa M GUTYMHas 3My/bCus.

MpPAMOroHHbIN HEDTAHOK GUTYM

OcTaToK, KOTOPbIA Mony4yaeTcs npu ray6oKoin BaKyyMHOW,
neperoHKe CMOAUCTBIX HedTeid (mpu oT6ope 80—90% puc-
TWUNNATOB), MOXHO HEMOCPeACTBEHHO WCMONL30BaTb Kak 6u-
TyM. 3TO — YEpHOEe WU TEMHO-KOPUYHEBOE BELLECTBO, Npu
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HE®TAHOWN BUTYM
N OCTATOYHOE TOIJIMBO

OH B3Ga/iaMyyeH, N UYMCTOTHUIMLLEH, MKPACOTbI
B LLlekcnp *YKpOLLEHVEC TPOMTUBOIA»

Y HethTenepepaboTumka ecTb [Be BO3MOXHOCTU ANA MC-
Nofb30BaHWs KyBOBbIX OCTAaTKOB — MPOM3BOACTBO OCTATOY-
HOro TON/AMBa M HedTAHOro 6UTyMa. BbiGop Mexay 3TUMK
BO3MOXHOCTAMM OnpefensieTcs XapakTepucTMKamu MCXomHOM
CbIpoit He(hTU U NMOTPEBHOCTAMU PbIHKA.

HEDTAHOWM BUTYM

HethTAHble 6UTYyMbl NpeacTasnAloT coboli NpoayKThl, MONy-
Yaemble M3 OCTAaTKOB MEPeroHKM He(hTel, KPeKMHra U OuMCTKM
mMacen. VIX LIMPOKO MPUMEHSAIOT B AOPOXKHOM CTPOUTENLCTBE,
npy MpoM3BOACTBE KPOBE/bHbIX MaTepuanos, nakos M T.0. B
cocTas 6UTYMOB BXOAAT B OCHOBHOM Macna, CMofbl U acta,lbTe-
Hbl. — [pym. peg.

HedpTAHble BUTYMbl cOfepXaT pasnuyHble KONIU4YecTBa ac-
(hanbTeHOB, COCTOALWMX U3 0YEHb CNOXHbIX MOMekyn. Acthanb-
TeHbl — nosnapomaTnyeckme CoeAUHEHUA C BbICOKMM COOT-
HOLIEHMEM KONMYeCcTBa Yr/EPOAHbIX aTOMOB K KOJIMYECTBY
BOJOPOAHbIX aTOMOB*B KOTOPbIX 6EH30/IbHble KOMblia TECHO
npunerawT Apyr K apyry (KOHAEHCUPOBAHHbIE LUKNbI). Xu-
MUWK-OpraHuK ckasan 6bl 4To-HMOYAb Bpofe «2,2,3-TpUMeTus-
nyenuHble-coTbl». MOneKybl 3TUX BeLecTB COAepXKaT 06bIYHO
6onee 50 atomoB yrnepoga. Ecnu copep>kaHue acanbTeHOB
[0CTaTOYHO BbLICOKO, TO Takas OCTaToyvHas (pakuusa MoxeT
CMNYXUTb MPOYHLIM W CTAOWNbHBLIM CBA3YIOLWMUM MaTepuanom,
TO eCTb 6GUTYMOM.

Cogep>kaHue acthamib TeHOB B 6 Tyme BAMAeT Ha ero meepdtn nib
¥ TemnepaTypypasmsaryeHus: yem 6osblie B 6uTyMe acga.\bTEHOB,
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Puc. 14.1. AchanbTeH.

Tem OH TBep>ke. CMOMbl MOBLILIAKT LieMEHTVPYIOLLME CBOMCTBA
6MTyMa 1 €ero anacTUYHOCTb. Macna B 6UTyMe SBNAIOTCH pas>ku-
>KaoLein cpefoil, B KOTOPO/ pacTBOPSKOTCA CMO/bl U HabyxaloT
acthanbTeHbl. - [pum. pes.

BUTYMbl MOXHO pasfieiMTb Ha YeTbipe KaTeropum, XoTd
Takoe JeneHve W He ABAAETCA CTPOrnM. 3TO — MNPSMOroH-
Hbli HE(PTAHOW GUTYM, OKUCNEHHbIW 6UTYM (MAnM actansT),
LOncTunnaTHblli pacTBOp 6UTYMa U BUTYMHas 3MY/NbCUA.

MpAMOTOHHbLIN HEDTAHOW BUTYM

OcTaToK, KOTOpbI/i MnoflyyaeTcs npu raybokoin BakyyMHOW,
neperoHke CMOAUCTbIX HedTeilr (Mpu oT6ope 80—90% pauc-
TUNNSTOB), MOXHO HENOCPeACTBEHHO WCMO/b30BaTb Kak OU-
TYM. 3TO — YepHOEe MU TEMHO-KOPUYHEBOE BELLECTBO, Mpu
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KOMHaTHOI TemnepaType OHO OYeHb BA3KOe (rycroe) wmm
TBEpLoe. Uem Bblle 6blia TeMnepaTypa Ha yCTaHOBKe BaKyyM,
HON NeperoHkKn He(TW, Tem 60MblLle BA3KOCTb BUTyMa.

[na xapakTepucTUKM 3TOro Buaa 6UTyma MCMOMb3YIOT ABa
OCHOBHbIX MOKa3aTena: Temnepatypa pasMArvyeHUs W MeHeT-
panna (NPOHMLAEMOCTb). TemnepaTypoii pasmMsryeHnsi Hasbl-
BalOT Temnepatypy, Npu KOTOPON npeAMeT OmnpefeneHHOoM
(hopmMbl 1 33aHHOW Maccbl HaYyMHaeT MOrpyXaTbCs B GUTYM.
B Havnbonee pacnpocTpaHeHHOW MeToAMKe MCMOMb3YHOT CTasb-
Hol wap. HegTaHble 6WTyMbl, MOCTynawlwne B NPOAAXY,
06bIYHO MMEKT TeMMepaTypbl pasMaryeHns okono 25— 170*C
(80—340°F).

MeHeTpayua sBAsgeTCa Mepoli TBepaocTu 6utyma. Mpubop
ANS M3MEepeHNs 3TOro nokasatens CHabXXeH CTanbHOW Wrioin
C TAXKENOW BepxHeil uacTbto. MNeHeTpaunto onpeaenstoT Kak
rnyobuHy, Ha KOTOPYK Wrna norpyxaetcs B 6UTym npu 3a-
[LaHHOI Temnepatype 3a CTaH4apTHbIi MPOMEXYTOK Bpeme-
HU. OueHb TBepAble GUTYMbl XapaKTepu3yoTCs HY/EeBbIM 3Ha-
YyeHMeM NeHeTpaLuu, a nokasaTenb AN 6onee MATKUX GUTY-
MoB gocturaet 250.

HathTa unu KepocuH

Baky-
YMHas
nepe- I Ovctun-
roHKa —» JIATHBbIV
pacTBop
Okwc-
OcTaToK » /IEHHBIIA
outym
Mpsamvo-
—» TOHHBbIi
GuTYM
opsaunii
BO3AYX amynbcna

T

Boga + amynbratop

Puc. 14.2. NMpon3BoACTBO GUTYMOB pasHbIX BUOB.
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Mpon3BOACTBO LIMPOKOro Habopa 6UTYMOB Ha HegTene-
pepabaTbiBalolleM 3aBoge 06ecrneymBaeTCs 3a CYET CMEHbI
pexuma. Hanpumep, HEKOTOpoe BpeMs YCTaHOBKAa BaKyyM-
HOl neperoHKM paboTaeT Ha 3amofiHEHWEe pesepByapa OUTY-
MOM C BefIMYMHOW ncHeTpauum 40—50, mocne 3TOro Pexum
ee paboTbl M3MEHSIOT TaK, 4TO6LI Mosyyancs 6UTyM C Benu-
YMHOM neHeTpauuu 250, KOTOPbIA 3aMoNHAET HOBbI/ pe3sep-
Byap. CMewmBas 3T ABa KOMMOHEHTa HENOCPEACTBEHHO B
eMKOCTW 415 TPAHCNOPTUPOBKMN Ha rpy30BuKe, Gapxe man B
LUUCTEpHE, MOXHO NOMY4YMTb MPOAYKT C NHO60A 3afaHHON
BENMUYMHOW neHeTpauun ot 40 go 250.

OKWCNEHHbIR BUTYM

MoMUMO MOBbILEHNS TemnepaTypbl BaKyyMHO MeperoH-
K1, VMEeTCS BO3MOXHOCTb U3MEHATb KOHCUCTEHLUIO MATKUX
OGUTYMOB XMMUYECKMM MyTeM B BO3AyxofyBKe. Ha 3Toii ycTa-
HOBKe OCTaTKM OT nepepaboTKM HedTW WAU KPEeKMHr-ocTaT-
K/ NPOAYBalOT FOpSYMM BO3LYXOM, B pe3ynbTaTe 4ero npo-
NCXOAMT XMMMYeckas peakuusi. Kucnopog npucoeanHsaeTcs K
6uTYMYy, N160 BOAOPOJ COEAUHSIETCA C KMCNOPOAOM M o6pa-
3yeT BoAy, KOTopas 3aTteM ucrapsietca. B pesynbTate nonyva-
eTcs 6onee TBepAbli M pe3nHONOAO06HbI GUTYM. ITOT cno-
co6 Mo3BOMIAET NOAYUYUTb GUTYMbl C HU3KOW BEAWYMHONM ne-
HeTpauuu u TpebyeT MeHbLUMX 3aTpaT, TaK KakK Mnpu 3TOM
MCNnonb3yeTca Mnek, cofepXxaliniica B Cbipoit HedTK.

ANCcTMNNATHBLIA pacTBop 6UTymMa

[Ons mHormx obnacteli npumeHeHus 6GuTyma Tpebyetcs,
uTOObI MaTepuan octasaics TeKyuum. Hanpumep, npu cTpo-
UTENbCTBE AOPOr OH [O/HKEH XOPOLIO CMELMBATLCA C rpaBu-
eM 1 neckom. MoaTomy acansT 06bIYHO CMELINBAIOT U yKna-
ObIBAlOT NPU MOBbIEHHbIX Temnepatypax. YTobbl ynpocTutb
Tpe6oBaHMA K 06OpPYJ0OBaHWIO B MeCTax YKNafKu, OTKa3as-
wucb oT paboTbl MpW BLICOKMX TemnepaTypax, U O4HOBpe-
MEHHO MONyu4MTb TBEPAOE W MPOYHOE MOKPbITUE, WHOrda B
6uUTym fo6aBnatoT pasbaBuTens. Pa3baBuTenb (MM pasXmKu-
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Tenb) pasmaryaet 6WMTYM, 4TO MO3BOASET paboTaTb C HUM
npu HW3KMX Temnepatypax. [llocne yknanku acanbta pasba-
BUTENb McnapsieTcs M o6pasyeTcas MNpo4yHOe U TBepjoe ac-
(hanbTOBOE MOKPbLITME.

Bpems, 3a KoTopoe pa3baBuTens ucnaputca (OHO 06bIYHO
n3mepsieTcs AHSAMM), 3aBUMCUT OT TOr0, Kakoi MMEHHO Mpo-
OYKT Mcnonb3oBanu Ans pas6asneHus. Ecnu TpebyeTcs 6bICT-
poe 3arycTeHue 6uTymMa (0bpasoBaHMe KOHEYHOro TBepLOro
maTepuana), To pasbaBuTeNeM AOMKHA CAYXWUTb AOCTATOYHO
nerkaa pakuusa, Hanpumep, HadpTa. Ecnu gonyctumo 6onee
LNNTeNIbHOE BPeEMS 3aryCTeHUs, TO UCMOJb3YT KepocuH. Twun
pa3baBuTens 06bIYHO HAxXOAMT OTPaXKEHWe B MapKMPOBKeE
Anc n. A rHeIX pacTBopoB 6utyma: BT (6biCTpolycTerowwlmnc)
n CI (ryctetowme co cpefHein CKOpOCTLHO).

VMicnonb3oBaHue ANCTUANATHBLIX PacTBOpPOB GWTyma Bcerfa
661110 conpshkeHo ¢ npobnemamun. B camom fene, pasbasuTens
NMPOXOAUT Yepe3 BCHO CUCTEM) U YXOAWUT B HUKyAa aTo
fjoporo. Kpome TOro, OH yXoauT He B HMKyfa, a B aTmocde-
pY, W, 3HauYMT, 3arpsisHAeT BO3AyX.

BUTYMHbIE 3MYNbCUN

UT06bI AOCTMYL TON Xe TMBKOCTM B MCMONb30BaHUU 060-
PYyAOBaHMS U MNpu 3TOM M36exaTb Npo6/aeM, CBSA3AHHbIX C
pasbaBuTenem, paspaboTany NPoM3BOACTBO 3MYNbCUA. IMY/b-
CMa — 3TO0 CMecb, cogepxawasa 50—70% o6utyma n 30—50%
BO/bI. UToObl 3TV KOMMOHEHTblI OCTaBa/IUCb B CMELUAHHOM
COCTOSAHMM, [06aBNAT 3MYNbraTop, YTO-HUOYAbL TUMA Mbla.
X0Ta 3MyfnbraTtop topasfo Aopoxe, 4Yem OMTyM, eto ipe6\
CTCA BCEro O4UH MPOLEHT. .

M3 roToBoro martepmana Boja MCMapsieTcs TOYHO TaK e,
KaKk W pa3baBuTeNb, W B pe3y/nbTaTe 06pasyeTcs TBepMblid
actanbT. C aMy/nbCUAMM MOXHO paboTaTb Npu 60/iee HU3KUX
TemrepaTypax Mo CPaBHEHWIO CO BCEMMU OCTaNbHbIMW COpTa-
MU OMUTYMa, NOCKONbKY Ao6aBneHwe BOMbl A8 06neryeHus
paboTbl He TpebyeT 6oMbLIMX 3aTpar

Ons cTpouTenbcTBa A0PO| O6LIYHO WCNONL3YIOT MArKKe
OUTYMbl C UHAEeKCOM neHeTpamumm 200—300. Ans NpoMbIT-
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NeHHbIX Leneli NPUMeHST Matepuan, 4ns KOToporo aTa Be-
nnynHa coctaengetr 40—50. [OnA KpoOBefibHbIX MaTepuanos
(roHT, TOMb, MepramuH) W ANd HacTUAKW MO/oB (BnaroHe-
NPOHULAEMbIE MOKPbITUA, MNANTKA) OUTYMbl 4acTO CMeLLU-
BalOT C TNTNHOIA..

OfunH Ntob603HATENbHbLIN MHXXEHEP O06HapYXW/, 4TO vac-
TULbl BUTyMa B 3My/bCUAX OTPMLATENIbHO 3apsKEeHbl, Takue
3MYNbCUW HA3bIBAKOTCA aHUOHHbIMU. HekoTopble HanonHUTe-
NN, KOTOpble WCMONbL3YKT B CMECAX C OUTYMOM, TakKxe OT-
puuaTenbHO 3apsXXeHbl. [103TOMYy MHOrga OoKasbiBaeTcs TpyA-
HO MOMHOCTbIO CMewaTb HaMnoJHUTENb C GUTYMHOWN 3Mynb-
cueil, 0cOGEHHO ecnu 3TO NPOLENbIBalOT B CbIpyl0 MOrogy,
KOrga BO3MOXHbI 3M1eKTpUYeckne Toku. ns 60pbbbl € 3TUM
ABMEHNEM Mpugymanu cneymanbHble 3MYnbCUU, B KOTOPbIX
yacTuubl 6MTymMa 3apsXeHbl MOMOXUTENbHO. Takue 3My/b-
CWW, KOTOPble Ha3blBatOT KATMWOHHLIMW, OXOTHO COBMELLAT-
€A ¢ HanonHWTenem. [ns AOPOXHbIX paboT B OCHOBHOM Mpu-
MEHSAIT KaTUOHHbIE 3MY/bCUMN.

OCTATOUYHbLIE TOTMJIMBA

OcTtato4yHoe TONAMBO — 3TO TO, 4YTO OCTaeTcd, Korfja Bce
HeTenpoAyKTbl yXXe NMPUroToB/ieHbl (MO3TOMY OHO W Has3blBa-
eTca 0CTaTo4YHbIM). Bo MHOrmx ctpaHax 3a npegenamu CLLUA
0CTaTOYHOEe TOM/ANBO — 3TO BCEro NLUbL OCTATOK OT MepPeroH-
KW CbIpOi HeTU, TO ecTb MasyT.* B CLLIA Ma3yT B OCHOBHOM
MCNOMb3yeTCs Kak Cbipbe AN BaKyyMHOV MeperoHku. B aTom
c/lyqae OCHOBHbIM MHTPeANEHTOM oCTaTOuYHbIX Heth TenpoayK-
TOB AB/SETCA OCTAaTOK OT BaKyyMHOI MeperoHkn (mek).

OcTaTouHble HeTenpoAyKTbl Bcerja TpyAHee BbIrOAHO
npogatb, 4eM BCE NpoYue BUAbl TOMNAMBA, MO ABYM MPUYM-

* B Poccuy K OCTaTOYHbIM He(TAHbIM TOM/MBaM OTHOCATCA TOM/U-
Ba, Cofepxalime He(TAHble OCTaTKW. Kpome TOMOYHbIX Ma3yToB,
OHW NpeLCTaBfieHbl MOTOPHbIMK Tonaveamu AT v M (Tonnmea
L1 CPefiHe060POTHbIX AM3eneid), BbICOKOBAKMMMW CyfOBbIMUA TOM-
nMBamu, a TaKke (NOTCKUMM KOTE/IbHbIMU MasyTamu
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HaMm, OAHa M3 KOTOpbIX (hu3nuyeckas, a gpyras sKOHOMUYEC-
Kas. Bo-nepBblX, WX TPAHCMOPTMPOBKA W UCMOMb30BaHNUE Tpe-
6ylOT cneunanbHOro o6OPYAOBaHWA TWUMA MOAOrPEBAEMbIX
TPy6ONPOBOAOB U pe3epByapoB, TaK KakK WHaue TOMIMBO 3a-
CTbiBaeT. BO-BTOpbIX, 4TO 60fiee BaXKHO, €ro KO/NUYECTBO U
COCTaB MPaKTUYECKN HEBO3MOXHO MPOU3BOSIbHO MEHSTh,
MOCKO/IbKY OCTaTO4YHOE TOM/UBO COCTOUT U3 OTXOAO0B OT Mpo-
M3BOACTBA APYTMX MPOAYKTOB.

MonyyeHne ocTaTOYHOrO TOMIMBA

Tak Kak 0CTaTO4yHOe TOM/AUBO SBNAETCA MOGOYHbLIM MPO-
OYKTOM, TpeboBaHWA, NpefbsBNseMble K TOBapHOMY Mpo-
OYKTY, [OCTATOMHO pacnbiByaTbl. Hanbonee BaKHOW Xapak-
TEPUCTUKON ABNAETCA BA3KOCTb, KOTOpas MOKa3blBaeT, Ha-
CKO/IbKO >XWMAKOCTb COMPOTMBNSETCA TEYEeHWUH, KakK 3TO no-
Ka3aHO Ha pucyHKe 14.3 (BA3KOCTb K/IEHOBOro cmpona 60/b-
e, Yyem BA3KOCTb BOAbl). CTaHAapTHOW efWHULERA BA3KOCTH
ABNAETCA CaHTUCTOKC. MOCKOMbKY BSI3KOCTb MEHseTCA B 3a-
BMCUMOCTM OT TemnepaTypbl (ropsunii cupon TeyeT Nyulle,
YeM XOJIOAHbIA), BA3KOCTb B CAHTUCTOKCAX W3MepST :ipj:
SOC wam up:; 100°C. K oc;aXy 0i BaKyyMHON MeperoHXK
06bIYHO A06aBNAKT Kakou-nn60 pasoaBuTeNb (AUCTUNMAT-
Hblli HedhTenpodyKT) 4N TOro, 4tobbl JOCTUYbL MaKCUMalb-
HOW npuemnemoli BsskocTu. O6bLIYHO B KayecTBe pa3baBuTe-
NS MCNOMb3YKOT KaKyl-nnbo TSKEeNyr MasioBsA3Kyt pak-
UM, KoTopas npeAcTaBnsfeT co60i HeGOMbLUYI LEHHOCTb B
KayecTBe Cbipbsi, Hanpumep, ANA KpekuHra. Ckaxem, 3T0
MOXET 6biTb KPEKUHT-ra3oinb, ecnm OH ecTb.

[pyrum HopmupyembiM MOKY3aTe/icM ABASETCH COfepXa-
Hue cepbl. [JoNyCcTMMOe BbiAefleHNE Cepbl U3 MPOMBbILLNEHHbIX
TONMNB U3MEHSETCA B LUMPOKUX Npefenax B 3aBUCHMOCTM OT
reorpayMyeckoro MoaoXeHWs U OT TpeboBaHMII moTpebuTe-
na. OcTaToO4YHOe TOMAMBO MOXET ObiTb CEPHUCTBIM U Mano-
CEpPHUCTLIM. [paHMUa MeXay 3TUMU KaTeropusiMnm HaxoguTCs
B o6nactm cogepxaHma 0,5—\°i cepbl no macce. Cogepxa-
HWe cepbl 3aBUCUT B OCHOBHOM OT COCTaBa WCXOAHOW CbIpOi
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HepT MeToAMKa yaaneHWs cepbl U3 OCTATOYHOrO TOMAMBA
TpebyeT CNOXHOrO0 AOpPOroro obopypoBaHMs, KoTopoe 6yaeT
onucaHo B cnepaytouleli rnase. TakuMm o06pa3oM, pasHuua B
LLeHe MeXJy CEepHUCTBIM U MafioCePHUCTbIM NPOAYKTOM OT-
paxaeT 3aTpaTbl Ha o6eccepuMBaHMe, a TakXke BO3pacTatoLiue
NOTPe6HOCTM B MaNOCEPHUCTLIX OCTATOUHbLIX TOMMBAX.

HakoHel,, Kak W B cinyvyae AUCTUANATHbIX TOMAMB, A5
0CTaTOYHbIX TOMN/INB MMeEET 3HAYeHMe TemnepaTypa BCMbILWKM
MocKoNbKy AN MepeKauynmBaHWUS OCTATOUYHbIX TOMAWMB Tpeby-
eTCs HarpeBaHue, TemnepaTypa BCMbIWKKU B AaHHOM Cny4ae
ewe 6onee BaxHa. B TO e BpeMsi 0cTaToO4yHOe TOMAMBO Cy-
XWUT OTCTOMHWMKOM, B KOTOPbIA MOXHO CAUTb MHOXECTBO
pasHo06pa3HbIX HEHYXXHbIX MPOAYKTOB. TemnepaTypa BCMbILL-
Ku aBnsetcs (HakToOpoM, OrpaHW4YMBalOLLMM BO3MOXHOCTK
TakKoro CAnBaHus.

Ha HedTenepepabatbiBalowmnx 3aBofax B Kapubckom pe-
rMoHe BHeApeHa MeTOAMKa, MOo3BONsAtOLLas YBENMUYUTbL Npoja-
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XY OCTaTOYHbIX TOMAWB, MOMYYEHHbIX W3 BbICOKOCEPHUCTbIX
CbipbIX HegTeli. Cepy y[anatoT W3 rasoinesbiX (pakuuii ¢
MCMOMb30BaHWEM OTHOCWUTENbHO AELeBOro npouecca rmapo-
OYNCTKU, KOTOPbIA OonucaH B cnegytolleid rnase. OCTaTOYHbIe
NPOAYKTbI, KOTOPble NOAy4arTCA MPWU CMELUMBAHUWN BbICOKO-
CepPHMCTOro ocTaTka C YCTaHOBKW BaKyyMHOW MNeperoHkn ¢
o6eccepeHHbIM rasoifiem, yxe Yy[OBMETBOPAOT HOpMaTuBaM
no cofiepxaHuto cepbl. po Takylo feaTe/lbHOCTb Koe-rge ro-
BOPAT -NPOTWB 3arps3HeHUs Mone3Ho pasbaBieHue™.



XV
NMPOMN3BOACTBO BOJOPO/A,
CEPbl U TMAPOOYNCTKA

HexopoLlonaxHeT TOT, KTOBCEr4axopoLlonaxHeT
Jeummyc MarHyc ABCOHWIA. *3nUrpammbi»

B cbipoii HeTU MOXHO HalTW NPUMECK CaMbIX PasHbIX
BUAOB. Bo Bpems nepemelleHUs HeTAHbIX dpakunii no yc-
TaHOBKaM HeTenepepabaTbiBalOLEr0 3aBoga 3TW MpUMecH
MOryT OKa3blBaTb BpeAHOe B/IMSIHWE Ha 060OpyAOBaHWe, KaTa-
NN3aTOpbl UM KauyeCTBO KOHEYHbIX MNpoAykToB. Kpome TOrO,
CoAepXXaHMe MHOrMX npumecein B HeTenpoaykKTax ogmuu-
anbHO UMM HeoMULMANbHO OrpaHNUYNBAETCS.

FMapooYncTKa BbIMOAHSAET BaXHYH QYHKUUIO, ypanss
MHOrMe NMpuMMecy U3 pPasNnYHbIX He(pTeNnpoAyKTOB. XX N3HEH-
HO BaXXHbIM KOMMOHEHTOM AN npouecca rMapooynCcTKM AB-
NSeTcs BOAOPOA.

MmppooymncTka

HedTaHble ¢pakuuu, cogepxalwne yrnesogopogsl C6 u
6onee TsXesble, BeCbMa BEPOSTHO, COAepXXaT W OpraHuyec-
Kne CoefiHeHUs cepbl. ATOMbI Cepbl MOryT GblTb MpPUCOeu-
HeHbl K aTOMaM Yrfepofa B pPasHbiX MOMIOXEHUAX MOMEKYN W,
TakuM 06pasoM, C XMMWUYECKOW TOYKM 3peHUs, cepa BXOAUT
B cOCTaB (ppakuumn. MmapooumcTka Mo3BOAsSET OTOpBaTb aTo-
Mbl Cepbl OT MOMEKYN YrneBoA0POLOB.

B HacTosLLee BpeMs rMAPOOUYMCTKE MOABEpPral T CBEeMHble
AVCT IMNSAT bl NPSAMOV NePeroHKK, BbIKMNaoWwme npu TeMnepaTy-
paxun>ke 350'C, B TOM uncne n AUCTUNNSAT bl, HANpaBnseMble Ha
nnaT(OpPMUHT,aHaNOTMYHbIEAUCT UNAAT AMU3CbIPbABT OPUUHO-
IO NPOUCXOXKAeHUS (ra30iin KaT a IMTUYECKOro KpeKMHIa u KoK-
COBaHMs), TSA>KeNble rasoinn, nocTynaloliMe Ha KaTanuTuuec-
KWIA KpeKWHT, a Tak>Ke Apyrue npogyKTbl. — MpuM. pes.
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MoToK HedTenpoayKTa CMelMBalOT C TOKOM Bogopoda
HarpeBaloT go 260—425°C (500—800°F). 3aTtem cmecb HedTe-
npoAyKTa W BOJOpOfa HanpaBAAT B pPeakTop, 3amno/HEeH-
Hblli KaTanusatopom B opme Tabnetok (cm. puc. 15.1). Ans
TMAPOOUYNCT KN HE TSAHbIX MPOAYKT OB OT CEPHUCTbIX COeAUHE-
HWI 06bIYHO MPUMEHSAT KO6aNbTMONNOAEHOBLI WA HUKENb-
MONMGAEHOBBLIM KaTann3aTop Ha HOCUTeNne — OKCUAe antomMu-
Hus. — [Mpum. ped. B npucyTcTBUWM Katanusatopa MpoMCXo-
[OWT HECKONIbKO XUMMWYECKUX PeakLuii:

1. Bogopog coeauHseTcs C cepoil ¢ o6pa3oBaHMEM CEPOBO-
popoga (H2S).
HekoTopble coeguMHeHMA a3oTa NpeBpawjatoTcs B aMMUaKk.

3. /lioGble MeTannbl, cogepxalimecs B He(Tu, ocaxaaroTcs
Ha KaTanusaTope.

4, HekoTopble Ofe(UHbI M apoMaTUuyecKkue Yrnesoaopoab
HacbILLaloTCA BOAOPOAOM; KPOME TOr0, B HEKOTOPOIi CTC
MeHU UAeT TMAPOKPEKUHT HA(hTEHOB M 06pasyeTcs HeKo-
TOpOe KO/MMUYecTBO MeTaHa, 3TaHa, npomaHa U 6yraHos.

MoTOK, BbIXOAAWMIA M3 peakTopa, HanpaBAAlT B ucna-
puTenb. rae rasoobpasHble YrneBOAoOpoAbl, a Takke H?S wu
Masioe Ko/IM4ecTBO aMMMaka cpasy NogHMMaKTCA BBepX,
6bl MOMTHOCTbIO OTAENNTb BCE 3TW JiIerKue MPOAYKTbI, Ha Bbl
X0fe M3 peakTopa YyCTaHaBAMBAKOT He6OMblWY pekTudurka-
LMOHHYIO KOJIOHHY.

3HayeHMe npouecca rMapooyvMCTKM MOCTOAHHO BO3pacTa-
€T BC/IefCTBME ABYX OCHOBHbIX MPUYUH:

1 YpaneHue cepbl U MeTannoB u3 hpakynii, HanpaBaSEMbIX
Ha JanbHeliWwylo nepepaboTKy, ABMAETCS BaXHOW 3allu-
TOW [Ns KaTanM3aTOpPOB MPOLECCOB PUPOPMUHTA, Kpe-
KWHIa U TMAPOKPEKMHTa.

2. CornacHo 3akoHam O 4YMCTOM BO3AyXe, AOMYCTUMOE CO-
JepXaHue cepbl B HepTenpoAyKTax MOCTOSIHHO CHWXXaeT-
cs. uTo TpebyeT ob6ecceprBaHUS AUCTUANATOB U PEAKTUB-
HbIX TOM/UB.

MAPOOUMCTKA OC TaTOUHbIX HEPTENPoAyKTOB. TakK Xe, Kak

N npoyme npoayKTbl, OCTaTO4YHbIe TOM/AMBa QAOOJ/DKHbI YyAO-
BNETBOPATbL HOPpMaM MO MLWNTE 0pr>Karou_Le|71 cpefbl [oaTo-
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My, XOTS U C HEKOTOPbIM ONO3faHWeM, 6bin co3faHbl ycTa-
HOBKW ANA nx obeccepmBanns. XoTst TEXHONOTMYECKUE CXEMDbI
39TUX YCTAHOBOK [MOX0XMW Ha CXeMbl YCTAHOBOK AN TMApo-
OUMCTKM NIErKuX ppakuunii, Heobxogumoe 0BOpyAoOBaHue, a
TaKoKe NosyvaemMble NMPOLYKTbl 0T/IM4YatoTes. OcTaTouHble Hed-
TENMPOAYKTbl XapaKTepusytoTcs HU3KMMW COOTHOLLEHUAMU
BOJOPOA/Yrnepod, MosToMy, HEeCMOTPSl Ha MPUCYTCTBUE W3-
6bITka BOAOPOAA, B PEAKTOpPe HY>XHO MOAAEPXKMBATb BbICO-
KOe faB/ieHNe O1a nNpeaoTspalleHnaA KOKCOOGpa3OBaHI/I$|. Mo-
Jly4aeTcsl, YTO YCTaHOBKa A1 TMAPOOYUCTKM OCTaTKOB A0/1-
YKHa ObITb CTO/b XKe MPOYHOM, KaK YCTaHOBKA IMApPOKPEKNH-
ra, a 3TO BeECbMa f0poro.

MpoayKT, BbIXOAAWMIA C YCTAHOBKW TMAPOOYUCTKM OC-
TaTKa, COLePXXWUT 60/bLLEe KOMMYECTBO NErKOKMMALMX MO-
TonoB. [lel0 B TOM, 4YTO M3 3TMX 6ONbLUMX MOSEKyn Tuna
«TPUMETUN-MYENTNHbBbIE-COTbI» HEb3A MPOCTO YA/ IThb Cepy,
as0T M MeTa/Ulbl, He PaspyLLMB MpU 3TOM OYKBaslbHO BCEW
MOJIeKy/bl. Bor nosToMy v nosy4aroTca MOJeKysbl MeHbLLe-
ro pasmepa.

MMpgpooyncTKa peakTUBHOIO Tonavea. MApPoOOYNCTKA UC-
nonb3yeTcsa AN yAydlleHUs nokasaTeneli ropeHns AUCTUI-
NATHBIX TONAMB, 0CO6EHHO peakTMBHOro Tonamnea. Kepocu-
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HoBasi (bpakLMs MOXET cofepXXaTb MHOIO apoOMaTU4eckux yr-
NeBOAOPOAOB, KOTOPble XapaKTepW3ykTCsi BbICOKMM COOTHO-
LWeHnem yrnepoa/sogopod. Mpu cropaHnn 3TUX COeAUHEHMUIA
MOXET nofyyatbCs 60/blIOe KOAUYECTBO AbiMa W3-3a Hepo-
cTaTka Bogopoga. Mexay MpoyumM, OAHWM U3 HOPMUPYEMbIX
nokasarenew PeakTUBHOro Ton/auBa ABAAETCA MaKCMManbHas
BbICOTaHeKonTALlerowlamMeHn.

Mpubop Ans M3MepeHua 3TOro nokasaTens HanoMuHaet
KEpPOCMHOBYK namny. TONJAMBO MOMeWawT B COCyA, CHab-
XEHHbIA (UTUNEM, AIMHY KOTOPOr0 MOXHO MEHATb U Tem
CaMblM perynupoBaTb BeMYWMHY MnameHu. BbicoTa HekonTs-
Wero MAaMeHn Wu3MepsieTca KaK MaKCuManbHas AnumHa gu-
TMna (B MM), Npy KOTOPOW MOMyYaeTCs HekonTsAlee Mnaams.

FmapoouncTka MO3BONMAET YNYYlMTb KEPOCUH C HU3KOM
BbICOTO/ HEKONTALWEro nnamMeHn. Bo Bpems 3Toro npouecca
6eH30/NbHbIE KOMIbLA B MOJMEKYNax apomaTUyeckux Yrnesopo-
poJOB HacbILWATCS BOAOPOAOM U TakuUM 06pa3om npeBpalya-
0TCS B Ha)TEHbI, KOTOPbIE Y)Xe He TaK KONTAT Npu FOPeHuw.

MmapoouncTKa NUpPonm3Horo 6eHsnHa. pu Mpon3BOACTBE
3TUNeHa M3 HagTbl WAU Ta3oins Moay4vaeTcs TakKe NUpPonns-
Hblli 6eH3nMH (cMm  rnasy XVIII). 3TOT NpofyKT COAepXUT 60/b-
LIMe KOSIKYECT.-3 AMEHOB  3r0 :'C«achbl:LrHHb;e YrneBo4opo-
Abl, B MO/EKynax KOTOpbIX MO TBe Mapbl aTOMOB Yrfepoja
CBA3aHbl ABOWHbIMU CBA3SMU. [MUPONU3HBLINA GEH3WH TONLKO
B MasnblX [03aX MPUrofeH ANA MPUTroTOBAEHUA aBTOMOOUIIb-
HOro 6eHsnHa. OH NJ0OXO MaxHeT, CBOEOOPa3HO OKpalleH K
o6pasyeT cmonbl B Kapb6lopaTope.

MpW rMApoOYMCTKE ABOMHbIE CBA3M HACbILWLATCA U 60Mb-
LWIMHCTBO HeXenaTeNbHbIX CBOWCTB TepseTcs. [lpaBfa, B pe-
3ynbTaTe HAacblWEeHNs apoMaTUYecKUX LUKNOB MOXEeT Crerka
NMOHU3NTHLCA OKTAHOBOE YMCIIO.

MonyyeHne Bogoposa

Tak Kak Ha COBpEMEHHOM Hedh T ernepepadaTbiBaOLLEM 3aBO-
4e UMeeTCs GOMbLLOE YMCNO YCTaHOBOK TMAPOKPEKMHIA U TU]
POOUMCTKU, TO Ha>KHOC 3HaueHMe NpuobpeTaeT obecrneueHue
UxBoAoposomM. —Mpum peg.



156 MepepaboTka HedTH

McTOYHMKOM Bogopoda Ha HethTenepepabaTbiBaloleM 3a-
Bofle 06bIYHO ABNAETCA YCTaHOBKA KaTaMTU4eCcKOro pudgop-
MUHra. Jlerkokunswas gpakymnsa, noctynawwas c aToi yc-
TaHOBKW, XapaKTepu3yetcd BbICOKMM COOTHOLUEeHWEeM BOAO-
poa/meTaH; 0ObIYHO ee MOABEPrawT Ae3aTaHM3aunMn 1 genpo-
naHmM3aumm, 4Tobbl NOBLICUTb KOHLEHTPaLMI0O BOAOPOAa.

MHorga Bogopoga C yCTaHOBKM pUPOpPMMHIa OKasbiBaeT-
Ca HefOCTaTOYHO, 4TOObI YAOBMETBOPUTL BCe MOTPe6GHOCTU
HedTenepepabaTbiBatoLLero 3aBoga, Hanpumep, ecnum pabo-
TaeT yCTaHOBKa TFuMAPOKpPeKUHra. Torga BOZOPOZ nNosny4yatoT
Ha YCTaHOBKE KOHBEpCUM MeTaHa C BOAAHbIM napom, KOTOopasd
nokKasaHa Ha pucyHke 15.2.

Mpu noucke BO3MOXHOCTEW CWMHTE3a BOAOPOAa B Kaue-
CTBE MOTEHLMANbLHOIO Cbipbf paccMaTpMBaIUChL pPasfnyHble
COEMHEHNA C BbICOKMM COfEpXaHWeM BOLOPOAa, 4TOOLI
noay4anocb Kak MOXXHO MEHbLUE OTXOAO0B U KaK MOXHO MEHb-
e 3Heprum 6bI10 NOTpayeHo BAycTyw. [Ba COeAUHEHUS,
KOTOpble B KOHLE KOHLOB BblGpann, KaxyTca AOCTaTOYHO
oyeBNAHbIMU — 3T0 meTaH (CH4) n Boga (H?20).

3afavya mpouecca KOHBEpPCUM MeTaHa C BOASHLIM MapoM
COCTOUT B TOM, 4TOOblI M3BMEYb W3 3TUX COEAMHEHWIA Kak
MOXHO 60nblle BOAOPOAA, 3aTpaTWB MPU 3TOM KakK MOXHO

o (24

Hacblw  Yuctbiit

09A  [9A
LononuHun-  ypane- MeTaHupo- JloByL-
Konsep- TeNbHas Hue CO 7 BaHue Ka
cna KOHBepcus

Puc. 15.2. KoHBepcus MeTaHa C BOASHBIM MapoM.
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MeHbLUE 3Hepruu (tonnauea). STOT MPOLECC OCYLLECTB/AETCA
B YETbIpe CTanuW C MOMOLLbIO HEKOTOPbIX MONE3HbIX KaTanu-
3aTopoB.

1 KoHeepcus. MeTaH n BogsaHow nap (H20) cmewwuBawT u
nponyckawT Haf kKatanusatopom npu 800'C (I500°F), B
pesynbTate 4ero o6pasyeTcs MOHOOKCWJ Yriepofa u BO-
Jopoa.

CH4+ HD -+ CO + 3H3

2. [ononHnTenbHaA KoHBepcus. He y[0BNeTBOPUMBLUUCL BOAO-
poAOM, KOTOpbIA Yye 06pa3oBascs, yCTaHOBKa BbDKMMa-
eT BCe, YTO MOXHO, U U3 MoHooKcuga yrnepoga. K cmecu
npn6aBnAlOT LOMNONHUTENBHOE KONMYECTBO BOAAHOrO napa
W NPONyCKalwT Haj ApyruMm Kartanusatopom npu  340°C
(650°F); B pesynbTaTe ob6pa3yeTca AWOKCWUA yrnepoja u
BOZOPOL,.

CO+ HD -»CcO2+ H2

3. PasgeneHue rasos. YTo6bl MOMy4MTb NOTOK C BbICOKMM COfep-
XXaHWEeM BOAOPOJa, ero OTAenAlT OT AMOKCWUAA Yriepofa c
NOMOLLbIO NpoLecca 3KCTpakLuumM guataHonamuHom (A3A).

‘feme- ."-.c\:Hme. Tlocxar.b.Ky MNpPUCYTCTBME [aXKe Hebo:.;
WKNX KOMMYECTB OKCWUAOB YT/NEpOo LI B MNOTOKE BOAOPOAa
MOXET OKa3aTbCA BpeAHbIM AN HEKOTOPbIX 06s1acTeit ero
MCNONb30BaHUA, Ha Cneaylolleid cTaguu npouecca 3Tu
nprMMecn npesBpawialnTca B MeTaH. llpouecc uietT Ha Ka-
Tanusatope npu 420*C (800°F).

CO + 3H2-» CH4+ HD
CO02+ 4 H2-» BH4+ 2 HD

B HeKOTOpbIX Cayyasx B pacrnopsbHkeHWn nepepaboTyMKoB
He OKa3blBaeTCA MeTaHa, He cofepxkaliero cepbl (MPUpPOAHO-
ro rasa). B aTom cryyae BMeCTO MeTaHa MOXHO UCMO/b30BaThb
6onee TsXXenble YrNeBOLOPOAbl, Hanmpumep nponaH WAM Ha-
Ty Takoli npouecc TpebyeT gpyroro o6opyaoBaHus u Apy-
rMx KatanmsaTopoB. Kpome TOro, OH MeHee 3HepreTM4ecKu
aphekTUBEH, HO BCe Xe paboTaeT.
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MonyyeHune cepbl

B npouecce runpooyncTkn obpasyetcs MoTOK CepoBofo-
poga (H2S), cMepTeNbHO A40BMTOr0 rasa, KOTOPbIA HYXHO
KaK-TO yTunmsmpoBaTb. OO6bIYHbI NPOLECC ero npesBpalye-
HUA BKNIOYaeT [IBe CTafuWU: CHayana HYXHO OTAenuTb Cepo-
BOAOPOA OT MpOYMX ras3oB, a 3aTeM NpeBpaTUTb €ro B 3fe-
MEHTHYI0 cepy, KoTopas 6e3BpefHa.

Bbigenenne Hfi. MpubnnsutensHo 4o 1970 r. cepoBOAopos
C YCTAaHOBOK He(TenepepabaTbiBatOlero 3asoja, Hapsgy ¢
NpoYMMM razoobpasHbIMU pakLMAMU, B OCHOBHOM UCMO/b-
30BaNcs Kak TOMMMBO Ha TOM e 3asoge. [pu cropaHun
cepoBojopofa B rneynm obpasyerca guokcup cepbl (S02). B
HacTosLLee BPeMS 3aKOHbI, PErynupyiolme 4YUCTOTy BO3AY-
Xa, HacTO/IbKO OrpaHW4YMBalOT BbIOPOCHI 3TOT0 BELLECTBA, UTO
3TO CTaBWT 3aCNOH MOMafjaHWi0 OCHOBHOMO KO/M4YecTBa ce-
poBojopoa B TONJUBHYIO CUCTEMY.

CepoBOAOPOA MOXHO OTAENUTb HECKONbKMMU XWUMMUYec-
KAMKU cnocobamu. Hambonee 4acTo MCMONb3yeTcsa 3KCTpak-
uma O9A. Cmecb OOA v BOoLy NPOKa4yMBalOT CBEPXY BHU3
yepes COCyZd, 3anO/IHEHHbIV Tapenkamy nn60 HacajKoi.
a3oBas cMecb, cojepXallas CepoBOAOPOS, MOCTYnaeT CHU-

Puc. 15.3. Bnok 06paboTku IMaTaHONaMUHOM.
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3y. Mpu npoxoxpgeHun notoka OA3A CeneKTUBHO MOrnotaer
H S. TMocne 3Ttoro A3A. HacbllLEHHbIA CepoBOAOPOAOM,
GhpakyuMoHNpyOT Aand oTaeneHus H2S, KoTopbili 3aTeM
HanpasnAlOT Ha YCTaHOBKY MofiyyeHus cepbl, a OA Bo3Bpa-
WatoT B MpoLecc. 3Ta CXema aHanornyHa CxXeme LUPKynaumm
TOWEro Macna W >XWPHOro macna B rMpoLecce gemeTaHu3sa-
UMK, KOTOpbI onmcaH B rnase VII, NOCBSILEHHON raso-
(hpakLMOHMNPYOLWNM YCTAaHOBKaM, C TO pasHuuen, yto JOA
n3bupatenbHO MNOrMOWAET CEPOBOAOPOL M He mornouiaet
YrneBofopoabl.

Monyuexue cepbl. lMpouecc agna npespawieHns H2S B 06bIK-
HOBEHHYIO cepy paspaboTan Hemeli no amunuu ICnaycc ewe
B 1885 I. B HacTosllee BpeMs CO3faHbl pasfyHble BapuaHTbl
3TOro MeToja ANs pasHbiX COOTHOLWEHWA H2S n yrnesogopo-
[0B, HO B OCHOBHOM WCMO/b3yeTCA KNacCUYeCKUii AByXCTa-
OWIAHBIA Npouecc ¢ AefleHMeM MOoToKa.

1. C>kuraHne. YacTb notoka H2S cxurawT B neun, B pe-
3ynbTate obpasyeTca JUOKCUL cepbl, Boja U cepa. Cepa no-
nyyaeTcs M3-3a TOro, 4TO KMCNOpoAa, KOTOPbIA nojaeTca B
neyb, HEfOCTATOYHO [N1A CXWraHWA BCEro ceposBofopoja Ao
S02, a xBaTaeT TOMNbKO Ha CXWraHWe OAHON TpeTu.

2tiiST202*»SOjt St 2HD

2. Peakuusa. OCTaBLUMIACA CepOBOAOPOS CMeLIMBAOT C NPo-
AYKTamu cropaHus 1 NponyckawT Haf KaTanusatopom. H2S
pearnpyet ¢ S02c obpasoBaHWeM Cepbl:

2H2S + S02-»3S + HD

Cepa BbIBOAMTCA M3 peakLMOHHOro cocyfa B Buae pac-
nnaea. B 6onbliMHCTBE cnydyaeB fe XpaHAT U OTrpyxawT B
pacnnaBNeHHOM COCTOSSHWW, XOTA HEKOTOpble KOMMaHWUwu
BbI/IMBAIOT Cepy B (DOPMbl W JalOT eil 3acTbiTb. B Takom Buge
Cepy MOXHO XPaHUTb CKO/b YrogHO LONTO.

B npouecce Knaycca npubnusntensHo 90—93% ceposo
[opona npespaliaeTcs B cepy. B 3aBUCMMOCTW OT COCTOSHMSA
OKpy>atoLeil cpedbl B 4aHHOW MeCTHOCTW, OCTaBLUMiAcA ce-
POBOAOPOS. KOTOPbIA Ha3blBaeTCsH OCTATOYHbLIM Fa3oM, WHO) -
[a MOXHO CXe4b B 3aBOACKOM TOMAWBHOW cucTeme. Kpome
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TOro, OCTaTOYHbIA ra3 MOXHO nepepaboTaTb ANA yAaneHWs
6onblueid yacTu H2S ¢ noMowblio 60/ee COBPEMEHHbBIX MeTO-
[oB, Takmx Kak npouecc Sulfreen, npouecc CTpeTdopga uam
SCOT (npouecc Ha ocHoBe MeToga Knaycca, paspaboTaH-
HbI hupmoii LWenn).

YMNPAXHEHNA

1. OnpepennTe, Kakne n3 NpPUBEfEHHbLIX HUXE MOTOKOB AB-
NIAKOTCA CbIpbeM, MPOAYKTOM WAM BHYTPEHHWMMK NOTOKa-
MW B npoueccax rmgpooymncTku, skcTpakuumm A3A, npo-
M3BOACTBa Cepbl NO Knayccy M KOHBepCuMW MeTaHa C BO-
[LAHBIM Napom.

H2S CH4
S H2
co 02
Co02 so0?2



XVI
N3OMEPNSALNA

Loporoit brunb60" Thbly>Ke He TOT X066UT. KakuM Bbbl paHbLue
O>x P P TonkneH «Xo66uT-

M3omepnsaums — Ny nepectpoiika Monekyn. [aHHbIiA
Npouecc HecKONbKO HanoMWHaeT KaTaNWTUYecKuil pudop-
MWHT, C TOW pasHMLEN, 4YTO 34ecb MPOMCXOAUT TONbKO Mpe-
BpalleHne napauMHOB B M3onapaguHbl. 3a6aBHO, 4TO YycTa-
HOBKa W30Mepu3auuu 6yTaHa MOCTPOEHa C WHOW Lenbto,
yeM yCTaHOBKM usomepusauuu napaguHos C5u Cj.

M3OMEPUNSALUUNA BEYTAHA

Ecnm Ha HedTenepepaGaThiBatolleM 3aBoJe paboTaeT ycTa-
HOBKa afKUMMpOBaHUs, TO M300yTaHa 06bIYHO OKa3blBaeTCs
HEA0CTaTOMHO MO CPAaBHEHMID C KOAMYECTBOM MpoOMuaeHa M
6yT Ecnn Ha 3aBode paboTaeT ycTaHOBKa Fefr»Xpr-
.MHr 1 TOo u306yraHa 4acTo OKa3blBaeTcs .rake t WMHXOM
MHOT0, M ero M3GbITOK UCMONb3YIOT KaK KOMMOHEHT GeH3nHa.
Ecnn e TakKoil yCTaHOBKM HeT, TO TpeGyeTcs [OMONHUTENb-
HOe KOMMYecTBO M306yTaHa. ECTb ABE BO3MOXHOCTUM — KyMUTb
ero UAKU Mony4YnTb Ha YCTaHOBKe M3oMepu3auuu 6yTaHa.

TexHOoNorM4veckuii npotiecc
-

CbIpbeM A1 3TOW YCTAHOBKM CNYXUT H-6yTaH WAKM CMeCh
H-6yTaHa M u300yTaHa, KOTOpPYl WHOrga (ecnM OHa MOCTy-
MaeT C YCTaHOBKW ra3odpakyMoHMPOBAHUA) HasbiBalOT He-
(GTAHbIMKU 6GyTaHamu. ByTaH He [O/DKEH COAepXaTb CMejoB
0NeUHOB, TaK Kak OHW [e3aKTUBUPYIOT KaTanusaTop.

ByTaHbl HanpaBislOT B KONOHHY PPaKLMOHUPOBAHWS Cbl-
pbsi. Tae M306yraH yhansevcsi, a 4McTblili GyTaH CMeLLMBaloT
C He6oMbLUMM KOMMYECTBOM BOJOPOAA U X/IOPOPraHUYecKo-
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ro coegumHeHuns (KOTOpoe BLIMOMHAET POSib MpeMoKpa) >
HanpaBAsAKOT B PeakTop, cofepxkawinii MAaTUHOBLIA KaTanu-
3aTop. Ha aTom katanusatope H-OyTaH npeBpaliaeTcs B CBOM
n3omMep — n306yTaH.

MoToK, BbIXOAAWMIA K3 peakTopa, Ha 60% cocTOMT W3
n3obyTtaHa, a octaBwueca 40% — 370 H-OyTaH, nMponaH K
6onee nerkne rasbl. B pekTMUKALMOHHON KOMOHHE nerkue
NPOAYKTbl OTAENAOT U HanpaBAsOT B TOMAMBHYO CUCTEMY, a
6yTaHbl CHOBa HanpaBnAlOT B KONOHHY (pakuMOHMPOBAHMA
Cbipbd, rae H-6yTaH OTAENAOT M BO3BpaLLatoT B npoLecc.

Bbixogbl npogykToB. EcAM nocumTaTb KO/M4ecTBa yyacT-
HUKOB Mnpouecca, TO OKaXeTcs, 4To m300yTaHa nosy4yaercs
HEeCKO/NbKO 6ofblie, 4Yem ucnosib3yetca OytaHa (3To onATb
BbI3BaHO (POKYCOM C MAOTHOCTbIO). Mo cyTw fgena, Ha ycTa-
HOBKY BXOAMT H-OYTaH, a BbIXOAUT M300yTaH, BOT M BCe.

M3OMEPU3ALNA CHC6

3anpeT na npumeHeHue TeTpasTwesnHuya (T3C) mn Tpe-
60BaHNS CyLLLECTBEHHOIO CHU>XKEHMSA COAep>KaHunsa apomaT n4yec-
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[Loporoii Bunb60' Thly>Ke He TOT X066UT. KakuM 6by paHbLLe
0>k P P TosikneH «Xo66uT»

M3omepusaLms — no nepectpoiika Monekyn. [aHHbiu
NpoLEeCcC HEeCKONbKO HamoOMWHAaeT KaTanuTuyeckuid pudop-
MWHF, C TOM pasHuUei, 4To 34eCb NPOMCXOAMT TONbKO Mpe-
BpaweHne napaguHOB B n3onapaduHbl. 3abaBHO, 4TO ycTa-
HOBKa u30Mepu3auuu OyTaHa MOCTPOEHA C WHOW Lenbio,
ueM yCTaHOBKM M3oMepu3auuun napadpuHos C5u Cj.

M3OMEPU3ALUUNA BYTAHA

Ecnn Ha HepTenepepabaTbiBatolwem 3aBofe paboTaer ycra-
HOBKa afKunuposaHusa. TO u3obyraHa 06blYHO OKasblBaeTCs
HejoCTaTO4HO MO CPaBHEHWIO C KOJIMYECTBOM MpoOnuiieHa wu
6\1 c3. Ee.’: Ha 3aBeau paboTaeT ycTaHOBKa NVrpox”:-
.HH) 1 TO M306yTKHA 4acTO OKasblBaeTCA faXe C WHKOM
MHOTO0, ¥ ero n3bbITOK UCNOMb3YIOT KaK KOMMOHEHT 6eH3nHa.
Ecnn >xe Takoli yCTaHOBKWM HeT, TO TpebyeTcs [OMOAHUTENb-
HOe KONMYecTBO M306yTaHa. ECTb Be BO3MOXHOCTU — KYMUTb
ero uAM MnoayunTb Ha YCTaHOBKe n3omepu3auuu 6GyTaHa.

TexHONornyeckunii npowecc
-

CbipbeM TS 3TOM YCTAHOBKWU CAYXMUT H-6yTaH WM CMeCb
H-6yTaHa M n300yTaHa, KOTOpyt MHorga (ecnm OHa MNOCTy-
naeT € yCTaHOBKM ra3o()pakMMOHWPOBaHWA) Has3blBAKOT He-
(GTAHBIMKM OGyTaHamW. bByTaH He [O/MKEH COAepXaTb ClefoB
0NneUHOB, TaK Kak OHW [e3aKTUBMPYIOT KaTanusaTop.

ByTaHbl HanpaBnSOT B KOMIOHHY DPakLMOHUPOBAHUNS Cbl-
pba. LK un306yraH ygansetcs, a unucTblii OyTaH CMelLUuBalOT
C Heb6OoNbLWIMM KONMYECTBOM BOAOPOAA W X0POPraHnyecko-
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ro coefnHeHMn (KOTOPOE BLIMOMHAET PONib /ipoMolopa)
HanpaBNAOT B PEaKTOp, COAEpXaliMil NNaTUHOBBLIA KaTanu-
3aTop. Ha aTom Katanusatope H-OyTaH mnpespaLiaeTcs B CBOM
n3omMep — n306yTaH.

MOTOK, BbIXOAAWMIA M3 peakTopa, Ha 60% cocTouT w3
usobyTaHa, a octaBwuecsd 40% — 3T0 H-6yTaH, nponaH wu
6onee nerkue rasbl. B peKTUHUKALMOHHO KOMNOHHE Nerkue
NPOAYKTbl OTAENAOT U HanpaBNAOT B TOMIMBHYIO CUCTEMY, a
OyTaHbl CHOBa HanpaBNSOT B KOMNOHHY (hpakLMOHUPOBaHUSA
Cbipbsl, rae H-6yTaH OTAENAT U BO3BpaLLalT B MpoLecc.

Bbixogel npogykToB. ECAM nocuuTtaTb KOonMuyecTsa yyacT-
HUKOB MpoLecca, TO OKaXeTcs, 4To M306yTaHa nony4vaercs
HecKonbKo 6ofblue, 4YeM ucnosib3yeTca OyTaHa (3TO onAThb
BbI3BAHO (POKYCOM C MAOTHOCTbIO). [lo cyTu fena, Ha ycTa-
HOBKY BXOAMT H-O6yTaH, a BbIXOAWUT M300yTaH, BOT W BCe.

M3OMEPU3ALNA CHC6

3anpeT Ha npumeHeHwe TeTpasTuacsmHuya (TOC) n Tpe-
60BaHMNA CyLLLeCT BEHHOr0 CHUXKEHNA Cofep>KaHna apomaT nyec-
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KWX Yrn1eBoaopoA0B B GeH3MHaxX 3acTaBnAanT HedTenepepabdba-
ThiBaKLLMeE 3aBOAbI NOLbICKMBAT b HOBbIE BO3MOXHOCT M MO BBE-
LEHUI0 BbICOKOOKTaHOBbIX KOMMOHEHTOB B 6eH3nH. OgHMM K13
Takux cnocoboB ABNAETCA MpoLecc n3oMepusauum napaguHo-
BbIXyrnesogopogos C5/ C6. — Mpum. pes.

HopmanbHblii NeHTaH, KOTOPbI/i XapakTepu3yeTcs OKTa-
HOBbIM 4ucnom 62 (MNOY), npesBpawaerca B W3OMNEHTaH,
MOY koTtoporo 92. B cnyyae rekcaHa mameHeHue WMOY B
pesynbTate mM3omepusauuun ewe 6onee 3HauMTeNbHO: OT 25 A0
npumepHo 75. CTtaHfjapTHad CMecCb, cojepXkawas H- U U30-
NneHTaHbl M rekcaHbl, ob6naropaxuBaeTcs B 3TOM MpoLecce
(MOY meHseTcs ot 73 go 91).

CbIpbeM f1yCT aHOBOK M30MepusaLuum MoryT 6bIThb NpsAmMo-
FOHHble Nerkne 6eH3MHOBbIE hpaKLMK Ujiu nerkue 6eH3nHbl Tna-
pokpekuHra. — lpum. peg.

Tak Xe KaK M yCcTaHOBKa M30Mepu3auum 6yTaHa, ycTa-
HOBKa M30Mepu3auuM MNeHTaH-TeKCAHOBON CMecu MOXeT
BK/OYATb KONMOHHY (PpakLuMOHMPOBAHMA Cbipbs, B KOTOPOW
HOpManbHble YrneBOA0POAbl KOHLEHTPUPYHOTCA, a YrieBofdo-
pofbl M30CTPOEHUA oTaensatoTca. [locne 3TOro HopmanbHble
napauHbl CMELIMBAOT C BOAOPOLOM W HE6ONbLIMM KOMU-
‘N e<>4 opraHuKe* KOro xnopuga u nogato: u peaktop. Ha
n; a MHOBO* KaTa/in3aTope, Haxofduiemcs B peak ope, npu-
MEPHO [MO/I0BUHA CbipbA W30MepU3yeTcs, TaK 4TO MNPOLYKT,
BbIXOAAWMIA M3 peakTopa, (M3omepu3aT) MOXHO (pakuuo-
HUPOBAaTb, W MOMYYEHHbIi MPW 3TOM HOPMa/bHbIA MeHTaH
MOXHO BO3BpawaTb B MPOLECC BMAOTb 4O MOSHON KOHBep-
cun. Tak Kak rekcaHbl KuMAT npu 6onee BbICOKON Temnepa-
Type, Yem H-MeHTaH, a W30MeHTaH KuUNuT npu 6Gonee HU3-
KO TemnepaTtype, TO ANS pa3fefieHnss rekcaHoB TpebyroTcs
[ONONMHUTENbHbIE NPUCNOCO61eHNs; NO3TOMY WHOraa 6ornee
BbITO4HO He MPOBOAWUTL PELUPKYNALUIO H-FekcaHa.

Bobixoabl NpoaykToB W3omepusauus yrnesogopopos CYC$
HECKO/IbKO C/IOXHEee, YyeM u3omepu3aums 6ytaHa B npoayk-
Tax copepxutca 2—3% nerkmx rasos (C4“). B 3aBucumocTun
0T KO/MyecTBa pemmupkynsata, oktaHosoe yucno (LMOY) u3o-
mMepusata MeHseTca oT 80 go 91, npu 3Tom 4Yem 6onblie
JHepreTMyeckue LWTpathl ((hpakLuMOHUPOBAHME, MepeKayu-
BaHWe). TeM 60nblle OKTaHOBOE YMUCIO.
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H-cyQ PKTK-  pasac.
dpnKwWwo- hukanm - nunnb
HMpPOBaHue oHHast C,/Cf

Chipbst KO/IOHHa

Puc. 16.2. YcraHoBka nsomepusauun C, C.

PeHome. W3omepusauus 6yTaHa, npu KOTOPOWA H-ByTaH
npekpawiaeTcs B M306yTaH, HyXHa ANs MNOAyyYeHUs HeobXxo-
AUMOro cbipbs ,r'la NpoHec*.a ankunumposaHua. K3omepusa-
uns Cj/C6 aBnseTca MeTOLOM YBeMYEHUS OKTAHOBOrO 4ucC-
na nerknx KOMMOHEHTOB 6eH3MHa 3a CYeT MNpeBpaLleHnit
H-NeHTaHa W H-rekcaHa. KOTOpble cogepXatcs B 60/bLUOM
KOMIMYECTBE B NErKOM MPSAMOrOHHOM GeH3uHe.



XVII
N3BNEYEHUME APOMATUKNA
PACTBOPUTENTAMW

TONbKO Mbl 1 OCTA/MCh
MaTbio ApHombg *YacosHs B Par6u»

B 1907 r. yenoBek no amunnm 3genady paspabotan npo-
Lecc AN BblgeneHns 60MblUe YacTW apoMaTUYeCcKUX coeam-
HeHWIi W3 YrneBOAOPOAHON cMmecu. ITOT Mpouecc MpUrodeH
MW B TeX CMyyasx, Korga TemnepaTtypbl KWMeHUs apoMaTuKu
61M3KM K TemmepaTypaM KWMeHWS MpPOYUX KOMMOHEHTOB
cMmecu. B aTux ycnoBuax neperoHka He npuBeaeT K YCMexy,
No3ToOMy Mpouecc 3aenaHy. WCMOMb3YHLWMUA 3KCTpaKLyuio
(n3BneyeHne) pacTBopuTeneM, Obll 3HAYUTENIbHBIM LLArOM
BMepea.

MpumeHeHne

BblgeneHne apoMaTUYecKux coefuHeHuidi u3 HedTenpo-
AYKTOB MOXET MOHafo06MTbCA MO ABYM NMpWUMHAM: €cnu apo-
MaTU4ecKue YrneBOoAOPOAbI OKa3biBaldT BPeAHOe AelCTBME Ha
KauyecTBO CMeCU, B KOTOPOI HaxoAsTcsi, MGO ecnu OHWU MO-
ryT OKasaTbCsi Gofiee Mosie3HbIMU, Gyayun BbliAeNeHHbIMU U3
CMEeCU, Yem ocTaBasCb B Heil. MOXHO MpuBeCTU Lenblii psg
MPUMEPOB, C HEKOTOPLIMU M3 HU" Mbl Y)Ke BCTPEYasNCh.

1 KepocuH ¢ BbICOKMM COfepXXaHWeM apoMaTUyeckux co-
eUHEHWNI XapaKTepnu3yeTcs Ma/oii BbICOTOW HekonTsLle-
ro niameHu.

2. PacTBopuTenM TWNa KepocuHa, B 3aBUCMMOCTW OT COAEp-
)KaHUs apoOMaTUKK, UMeKT pasHble 0671acTy NPUMeEHEHUs
B MPOMbILINEHHOCTW.

3. BeH30/M, TOMYON U KCUMOAbI, BblAeNeHHble B WHAMBUAY-
anbHOM BUAE, WUPOKO UCMOMb3YIOTCS B XMMUUECKO Npo-
MbILU/JIEHHOCTHU.
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4. Tpn ypaneHnn apoMaTUKM W3 THXKENOro rasonnuM noBbl-
LIaeTcs KayecTBO MOMYYaeMbIX M3 HEK CMAa30YHbIX Maces.

TexHOoNornyecknin npouecc

Mpouecc 3KCTpakLuMM OCHOBAH Ha CMOCOBHOCTM HEKOTO-
pbIX COEAMHEHMWI U36MpaTeNbHO PacTBOPATb HEKOTOpPble ApY-
rve coefjuHeHuns. B faHHOM cnydae onpefesieHHble pacTBOpu-
Te/M pacTBOPAIOT apoMaTUYeckne COEAMHEHUS, HO Ke pa-
CTBOPAIOT NapaduHbl, ONeuHbl N HadTeHbl. Mbl He 6yaem
pasbupatbCcs, MOYeMy, rak MPOUCXOAWUT, MNOCKONbKY 3TO
CMIULLKOM CNOXHbIA BOMPOC.

Pue. 17.1. SKCTpakuns apomaTMyecKnx yrnesofopofoB
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MpuHUMNUanbHoe TpeboBaHMe K PacTBOPUTEND — 3TO TO
yTo6bl PaAcTBOPUTENb, COAEPXKaLLWii apomaTUyecKue Belle-
CTBa, NErKO OTAENANCH OT OCTalbHbIX KOMMOHEHTOB cMecH.
PaccmoTpuMm gns npumepa KepocWH W MpeanofioXXMM, YTO OH
COAEPXUT MHOFO apoMaTUYeCKUX COefWHEHWUI. Hanbem non-
CTakaHa KepocuHa ¥ fobaBuM nocTakaHa pacTBOpUTENs: B
AAHHOM cnydae, 3TO OyAeT XWAKWIA guokcup cepbl. [Mocne
nepeMeLlnBaHNsA YXUAKOCTb IErKO PasfennTcs Ha fBa Cnos: B
HVWXXHEM C/oe GyAeT KepOCUH, a B BEPXHEM — JIMOKCUN Cepbl
O/HaKO 06BbEM HUXXHEr0 CNOosi OKAKETCS MeHbLUE MOAOBUHbI
CTakaHa, a 06beM BEepXHero cTos 60/blue, TaKk Kak apomaTu-
Yyeckne COefMHEHWA MepeLln M3 KepOCKHAa B IMOKCUA CEpbl.

Ecnu cnuTb AMoKcup cepbl, TO apoMaTU4eckne coepuHe-
HUS MOXHO Nerko f00biTb M3 HEro 06blYHOW MepPeroHKOMN.
3TOT [BYXCTaNWiHbIA MpoOLecC Ha3biBaeTCA MNepPUOAUYECKON
3KCT pakymen.

3Han, Kak OCyLLecTBAAETCH Nepuojmyecknii npouecc, He-
TPYAHO NpeAcTaBUTb cebe HemnpepbiBHbIA BapuaHT. Ha pucyH-
Ke 17.1 n306paxkeHO Tpy cUCTeMbl KONIOHH. Chbipbe nojgaetcs
CHM3y B cocyn (CMecuTenb), COAepXXaliuili nabupuHT 0T6OI-
HbIX Meperopofok (MHOrga MeperopofKn ABUXKYTCS, Kak, Ha-
rpnmep, i cMecumCjie C OPULLIMIOLLIT.UM (‘wina ry. PacTBopuTens
noctynaeTt B BerHlOI'O 4aCTb KOJIOHHbI M 3aTeM Npoas,,rTkK rci
no Heil BHW3, PacTBOPSS MpU 3TOM apoMaTuyeckue coefuHe-
HUA (3kcTpakT). OCTaBLIasca yrnesojopoAHas CMecb, KOTO-
pas MOAHUMaeTCA BBEPX, Ha3bIBaeTCs pauHaT.

MpoayKTbl, BbIXOAALME W3 CMECUTens, MOCTynaiT B fBe
KOMIOHHBI, B OfHON M3 KOTOPbIX paynHaT O4MLLaeTcs OT pa-
CTBOpPWTENSA, KOTOPbLIA MOF B HEro Cny4YainHo nonacTb, mocne
yero pacTBOpMTeNb BO3BpaLLaeTcs B cMecuTenb. Bpapyroin ko-
NOHHe 3KCTpaKT OTAenseTcs OT pacTBOpUTens, OTclofa pa-
CTBOpUTENb TAKXKe BO3BpalLaeTcsa B mpouecc.

Hwke nepeuncneHbl pacTBOPUTENU, KOTOPble MPUMEHS-
I0TCA B pasNU4YHbIX BapuaHTax mpouecca.

1 OumucTka KepocuHa: xuakunin S02 dypdypon.

2. OumncTKa CMa30YHbIX Macen: Xuakuin S02B cMmecn ¢ 6eH-
30n10M. dypdypon, theHon, Xuakuii nponaH (oTaeneHue
napauHoB OT aca/ibTEHOB).
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MpoayKThl nerve
6eH3ona

Mpoa\KTbl TsXXenee
Kcunonos

Pur. 17.2. W3BneyeHne 6eH30N;), TONyona U KCUNOJOB

3. BeH3uH: cynbonaH, GeHOs, aueToOHUTPWI. XUAKWIA
S0 2*

BblgeneHue 6eH3ona

CaMbIM pacnpocTpaHeHHbIM MPUMEHEHNEM 3KCTPaKLUK
apomMaTuKn ABNAeTCA BblfeneHWe 6GeH3ona, Tonyona U KCu-
nonos (B OCHOBHOM 6eH30Ma) B MHAUBUAYaNbHOM Buge. YTo-
6bl 3TOT npouecc 6bin IPPEKTUBHBLIM, Cbipbe A8 3IKCTPaK-
Luun npeAsapuTenbHO NMPEBPaALLAlOT B KOHLEHTpaT apomMaTy-
KW, Bblensas y3kyl (pakuuto u3 pudopmara uam npamo-
rOHHOTro 6eH3MHa, Kak NokKasaHO Ha pucyHke 17.2. Cogep-

* (hypypas — NrrepoUyKYNYecKoe KVCNIOPOACOAEPXKaLLee coefinHe-
Hue; (heHON — apoMaTUYECKOe MMAPOKCUCOMNepPXKalLiee COeJUHEHNE;
cynbhaTax — LMKINYECKNIA cynbittoH; aueToHuTpun — CH,CN
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MpuHLMNMansHOe TpeboBaHWE K PacTBOPUTEND — 3TO TO
4yTobbl pacTBOpWTENlb, COAEPXKALLWil apomaTWyecKune Belle-
CTBa, NErko OTAeNsncs 0T OCTa/bHbIX KOMMOHEHTOB CMECH.
PaccmoTpuM A5 npuMmepa KePOCUH W MPeSnonoXuM, YTo OH
COLEPXXMT MHOr0 apomaTuyeckmx CoefuHeHWit. Hanbem non-
cTakaHa KepocuMHa W [J06aBMM MoCTakaHa pacTBOpMTens: B
JAHHOM cnyyae, 3TO OyaeT XMAKWiA guokcug cepbl. [Mocne
nepemMeLlIMBaHNA YXUAKOCTb NIEFKO Pas3fennTcs Ha fiBa CMos: B
HVWXXHEM cnoe GyaeT KepOCUH, a B BEPXHEM — JIMOKCUA Cepbl.
OfHaKo 06bEM HVKHErO CN0Si OKaKETCA MeHblUe MOJSIOBUHbI
CTakaHa, a 06beM BepXHero cnos 60nblie, Tak Kak apomatu-
Yeckue COefMHEHUN MEPeLn U3 KepocuHa B ANOKCUA Cepbl.

Ecnn cnuTb AnMOKCUA cepbl, TO apoMaTuyeckue coefuHe-
HUS MOXHO NIerKO J06bITb M3 Hero 06bIYHOW NeperoHKoi.
JTOT [BYXCTafWHbLIA MNpOLLECC HAa3biBAeTCA MEpPUOANYECKOI
3IKCTpakyme.

3Has, Kak OCyLLecTBMAETCA NEpUoMYecKnii npolecc, He-
TPYLHO NpeLCcTaBUTb cebe HemnpepbiBHbLIA BapuaHT. Ha pucyH-
ke 171 n306paKeHO TpU CMCTeMbl KONMOHH. Cbipbe Mojaetcs
CHU3y B cocyf (cmecuTenb), cofepXalnii nabupuHT oT6OM-
HbIX NEPeropofok (MHOrAa Meperopojkn ABWXKYTCA, Kak, Ha-
lo.!m.:p, B cmecuTene ¢ «pawow\)ea awi ka r/. Pact3opuTtchb
MocTynaeT B BEPXHIOK 4acTb KOMIOHHbI W 3aTeM MpoaBuracres
No Heli BHW3, pacTBOPAA Mpu 3TOM apoMaTU4ecKune coefuHe-
Huga {akcTpakT). OCTaBlascsa yrnesofopogHas CMeCb, KOTO-
pas MofHMMaeTcsa BBepPX, Ha3blBaeTCH paduHaT.

MpoayKThl, BbIXOAALME W3 CMeCUTens, NOCTynawT B [Be
KO/IOHHbI, B OAHOI M3 KOTOPbIX pauHaT ouyuLiaeTcs OT pa-
CTBOpWTENA, KOTOPbLIA MOF B HEro ciyyailHo nonactb, nocne
yero pacTBopuTenb BO3BpUaeTcs B cMecuTens. Bppyroid ko-
NIOHHE 3KCTpaKT OTAEeNsAeTcA OT pacTBOpUTeNs, OTCloAa pa-
CTBOPUTENb TaKXKe BO3BpalLaeTcs B npolecc.

Hwxe nepeuyncneHbl pacTBOpPUTENN, KOTOpble NMPUMEHSA-
I0TCA B Pa3NMYHbIX BapuaHTax npouecca.

1 OumucTka KepocuHa: xugkuii S02, dypdypon.

2. OumncTKa CMas3oUHbIX Macen: Xuakuii S02B cmecn ¢ 6eH-
30n0M. Ghypdypon, ¢eHon, Xugkuii nponaH (oTAeneHue
napaguHOB OT achasbTEHOB).
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MpoayKTbl nerye
6eH30na

Mpafy KTbl TWKCreC
KCW/10/10B

Puc. 17.2. W3BneyeHne 6eH3ona, TOMyona U KCUIOMOB

3. BeH3uH: cynbonaH, GpeHON, aueTOHUTPUN, XUAKWUIA
S0 2

BbigeneHue 6eH3ona

CambIM pacnpocTpaHeHHbIM MPUMEHEHNEM 3KCTpakLuuu
apoMaTuKu fBNSeTCA BblfeneHne 6GeH30na, TONyona WM KCu-
nonoB (B OCHOBHOM 6GeH30/M1a) B MHAMBMAYaNbHOM Buae. YTo-
6bl 3TOT npouecc 6bln 3P PEeKTUBHBLIM, Cbipbe AN 3IKCTPaK-
LUK npefBapuTesibHO NPeBpallatoT B KOHLEHTpaT apomMaTu-
KW, BbILENas y3kyl ¢pakuuio u3 pudopmarta uam npamo-
rOHHOro 6eH3MHa, Kak NokasaHo Ha pucyHke 17.2. Copep-

* (hyphypan — reTepoLMKIMYECKOE KUC/IOPOACOAEKaLLEe COeMHE-
HWe; PeHON — apoMaTMYECKOe TMAPOKEHIEOAEPXKALLIEE COEAVMHEHME,;
CynbhonaH — LUMKANYECKMIA cynbdoH; aueToHnTpun — CH3CN
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XaHune 6eH30/Ma B MOMYYEHHOM KOHLEHTpaTe MOHbILWeHO. YT
[enaet npouecc aKcTpakumy 6onee 3hHEeKTUBHLIM.

OfHO HauMeHOBaHMEe Ha 3TOM PUCYHKe COMBaeT C TOMKy
PathvHaT GeH3ona He cofepxuT 6eH3ona. STO 0CTATOK OT
KOHLeHTpaTa nocne M3Bie4vyeHWUs M3 Hero 6eHsona (Hapagy c
OPYTUMU LLEHHbIMW cOoeguHeHuamun). [loatomy paduHart sB-
NAETCA ropa3fo MeHee LEHHbIM MNPOAYKTOM, YeM KOHLEHT-

pat apomMaTuKu, 0COBEHHO KaK KOMMOHEHT aBTOMOOGWUILHOMO
6eH3nHa.



XVIII
MPON3BOACTBO 3TUJIEHA

To>KapKko, TOX0M0AHO, HUYTO HE BEYHO
I>xopmk MeTTu «MueHbKuil ABopeLy

XUMUYECKUM MPOU3BOACTBOM, Hambosee TECHO CBsA3aH-
HbIM C MepepaboTKoli He( T, ABNSETCS MPOWU3BOACTBO 3TWe-
Ha. VIMEHHO MO3TOMY KOMMaHWM, KOTOpble 3aHUMAKOTCS U XU-
MUYECKMM MpPOM3BOACTBOM, U HedTenepepabOTKoM, uyacTo
CTPOSIT YCTAHOBKM MO NMPOU3BOACTBY 3TWUNEHA — OHU MepPeKu-
AbIBAlOT MOCTWK OT OJHOMO K pyromy. [Mpon3BoAcTBO 3Tu/ieHa
npaBuUbHee Ha3blBaTb NPOW3BOACTBOM OMe(hNHOB, KPOME TOrO,
BCTPEUAlOTC Ha3BaHUA «KPEKUHT 3TueHa» (4TO HemnpaBuib-
HO), «KPEKWHI BOJAHOrO napa» (TaK Kak Cbipbe CMELIMBAKT C
BOASAHLIM MapoM), a TaKXKe «KPEKWHT...» C fo6aBfieHnemM Ha-
3BaHUs 0[jHOTO M3 BMOB Cbipbsi (Hanpumep, 3TaHa).

YCTaHOBKW MO MpPOWU3BOACTBY 0/1e()MHOB CKOHCTPYMpOBa-
Hbl TaK, YTOGbl NMPOW3BOMIMTL KPEKWMHT Pa3HbIX BUAOB ChbIpbs,
a UMEHHO:

aTaHa,

3TaH-NPOMNaHoBOW CMecH,
nponaxa,

6yTaHa,

HaThI,

rasouns.

CHayvana 3TV YCTaHOBKWU AO/MKHbI BblM NPOU3BOAUTL 3TH-
NeH Ana TOoro, 4tob6bl YAOBNETBOPWUTb pacTyline anneTuThbl
XUMMWYECKON NPOMBbILWIEHHOCTW, A9 KOTOpOl 3TuneH —
BaXHELWNA CTPOUTENbHbIA 610K. [poM3BOANTL NPOMNMAEH
6blN10 HECKO/NIbKO MeHee MHTEePEecHO, TaK Kak 60/blune 3ana-
Cbl 3TOrO YrneBofopoAa BCErga UMENUCh Ha YCTaHOBKe anku-
NNPOBaHMNA, OTKYAa €r0 MOXHO 6bIf0 CTaWUTb, €C/IM BO3HM-
KaTa Takas Heo6XoAMMOCTb. TakMM 06pa3oM, Ha paHHUX CTa-
AMAX pasBMTMSA 6GONMbLWIMHCTBO YCTAHOBOK MO NPOW3BOACTBY
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XaHuc 6eH30na B NMOAYYEHHOM KOHLEHTpaTe MOBbIWEHO, YTO
fenaet npouecc 3KCTpakumy 6onee aPHEKTUBHBIM.

OfHO HavMMeHOBaHWe Ha 3TOM PUCYHKe cOMBaeT C Tonky
PacmHaT 6eH3ona He cofepXut 6eH30na. 3TO oCTaTokK OT
KOHLEHTpaTa Mnocfe U3Bne4YeHUs u3 Hero 6eH3ona (Hapsgy ¢
OPYTVMW UEHHbIMU coeauHeHusMu). MosTomy paduHat aB-
NifleTcA ropasfo MeHee LEeHHbIM MNPOAYKTOM, YeM KOHLEeHT-

paT apomMaThKK, 0COGEHHO KaK KOMMOHEHT aBTOMOOGWIbHOIO
GeH3MHa.



XVII
NMPON3BOACTBO ITUJIEHA

T0>KapKo, TOXONOAHO, HNYTO He BEYHO
L>KopaK MeTTu «ManeHbkuii jBopeLy

XMMUYyeCcKMM MNpoOM3BOACTBOM, Hambonee TECHO CBA3aH-
HbIM C MepepaboTKON HedpTw, SBNAETCA NPOU3BOACTBO 3TUNE-
Ha. IMEHHO MO3TOMY KOMMNAaHWW, KOTOPble 3aHUMAKTCA U XU-
MWUYECKUM MPOWU3BOACTBOM, U HeTenepepaboTKOM, 4acTo
CTPOAT YCTAHOBKM MO MPOW3BOACTBY 3TU/IEHA — OHWU MepeKu-
[blBAOT MOCTMK OT OLHOTO K Apyromy. Mpou3BOACTBO 3TUNEHA
npaBnnbHeEE Has3blBaTb MPOU3BOACTBOM OI'IECbVIHOB; Kpome Toro,
BCTPEYAIOTCSH Ha3BaHWA «KPEKMHT 3TuneHa» (4TO HemnpaBW/b-
HO), «KPEKWHI BOASIHOrO napa» (Tak Kak Cblpbe CMELLMBAIT C
BOAAHbIM MapoM), a TaKXe «KPEKMUHT..» C A06aBNeHMEM Ha-
3BaHWA OAHOr0 M3 BMAOB Cbipbs (Hanpumep, 3TaHa).

YCcTaHOBKM MO MPOM3BOACTBY 0/1e()MHOB CKOHCTPYMpPOBa-
Hbl TaK, YT06bl NPOU3BONNTb KPEKUHT PasHbIX BWAOB Cbipbs,
a UMEHHO:

3TaHa,

3TaH-NpPoOMaHOBOW CMecH,
nponaHa,

byTaHa,

Ha(Thl,

rasonns.

CHayana 3TW YCTaHOBKM [JO/MKHbI GbIM NPOWN3BOAUTL 3TU-
NeH Ans TOro, 4To6bl YAOBNETBOPUTL pacTyliue anneTuThl
XUMWYECKOW NPOMbIWIEHHOCTU, [A18 KOTOPOW 3TUNEH —
BAXHENLINIA CTPOMTENbHbIA 610K, Mpon3BoaAUTL NponueH
6bI/I0 HECKONIbKO MeHee MHTEPECHO, Tak Kak 6o/blune 3ana-
Cbl 3TOrO Yr/7eBOAOPOAA BeeMa MMENWCb Ha YCTaHOBKe anKu-
NNPOBaHUA, OTKYAa €ro MOXHO 6blf0 CTaWUTb, €CAN BO3HU-
Kana Takas Heo6Xx04MMOCTb. Takum 06pa3oM, Ha PaHHUX CTa-
OVSX PpasBUTUS GOMBLWIMHCTBO YCTAaHOBOK MO MPOU3BOACTBY
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0/1e(PUHOB ObIIM paccyMTaHbl Ha KPEKUHT 3TaHa WM NaH-
NMpPONaHOBOWM CMeCW, TaK KaK 3TaH MpeBpaljaeTcs B 3T icn ¢
BbICOKMM BbIXOAOM (CM. Tabnuuy, NPUBEAEHHYH HUWXe).

Pa3sBuTue TeXHWKU B MOCnefytowne rogbl NpPuBEo o ;
NoNb30BaHWI0 00nee TAXKENOro Cbipbf, TaK Kak 3TO CbIpbe
60/ee [NOCTYMHO, a TakKXe MOTOMY, 4YTO HagTa WM rasoiifb
npesBpaLLaloTCca Ha 3TOW YCTaHOBKE B BbICOKOOKTAHOBbIE MJi;-
NMOHeHTbl 6eH3nMHa. B HacToswee BpeMs HEKOTOpPOe Konuye-
CTBO KPYMNHbIX 0/1eDMHOBbLIX MPOM3BOACTB, pasmepom QO ; ;
HU- HedTenepepabaTbiBalWnii 3aBOA, BK/OYEHbI B €r.
My HedTenepepaboTKM W MPOU3BOAAT 3HAUYUTENbHbIE KM
YyecTB.1l 6eH3MHa.

BbLxon. yHT Ha (YHT CbipbA

ChblIpbl OtaH  [MponmaH. KytaH  Hadra [asoii.
ATunex 0.77 0,40 0.36 0.23 04y
Mponunex 0.01 0.18 0.20 0.13 0.14
bywincH 0,01 0,02 0.05 0,15 0.06
byTaguneH 0,01 0.01 0.03 0.04 0,04
TonmBHbIN

ras 0.20 (IAVS] 0.31 0.26 0.18
BeH3nH 0.01 0.05 0,18 0.1S
[a3oiinb — — - 0,01 0.12
XXnpgkoe Toniveo - — - 0,10

B3anmoCBf3b Mexay onepauusamu

OncthunHoBass ycTaHOBKa BO6GMpaeT B cebs HEKOTOpPOe KO-
NnnM4YecTBO 6POCOBLIX MOTOMOB HC(TencpcpabaTbiBatoLleT 3a-
Bofja. Hanpumep, rasbl C yCTaHOBKM KaTaNUTMYeCKOro Kpe-
KMHFa 4acTO HanpaBAsfOT B TOM/MBHYH CUCTEMY, XOTS OHU
cojepXaT 3TaH, 3TW/eH, a TakKXe HeKOoTopoe KOAM4YecTBO
nponaHa u nponusieHa. OAHAKO MpPU HanUuuM 0nNeUHOBOIN
YCTaHOBKN 3TW KOMMNOHEHTbl MOXHO pa3fennTtb N UCNO/b30-
BaTb 6onee 3ath(heKTUBHO.

HekoTopble BUAbl HaTbl MMEKT HU3KUE OKTaHOBbIE YMUC-
Na 1 NO3TOMY MpeACTaBAAOT HeBOMbLIYI LeHHOCTb KaK KoM-
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M»~. 18.1. Mpon3BofCTBO cnecusacs. KpekuHr ataH-npcr3Ho30s
(hpakumm

NOHEHTbl 6eH3nHa. lMpumepom aBnseTca paduHat 6eH3ona.
3T NOTOKW MOTYT CNY)XUTb XOPOWMWUM CbIpbeM AN MPOU3-
BOACTBa 0/1€(QMHOB, He TONbKO MNOTOMY, YTO OHW 6onbLue
HUKYfa He ToAsTcs, HO U MOTOMY, YTO B KayecTBe MOGOYHbLIX
NPOAYKTOB MNPOWM3BOACTBA 3TW/IEHA MpPU 3TOM MOAy4atoTCs
BbICOKOOKTAHOBbIE KOMMOHEHTbI GEH3MHa.

B TO e BpemMs, HeKoTOpble YCTaHOBKM HedTenepepaba-
TbIBAlOLWLEro 3aBofa CRyXaT [JONONHEHUEM AN YCTaHOBKM
npou3BoAcTBa 3TuneHa. Hanpumep, 6yTuneHsl U 6onee Ts-
Xenble N060OYHbIE MPOAYKTbI C 3TON YCTAaHOBKM HaxogaT npu-
MeHeHMe B npoueccax nepepaboTku HedTn. Hurge, kpowme
HedTenepepabaTbiBalOLLEr0 3aBOAA, 3TM NPOAYKTbl TOBApPHON
LLeHHOCTW He MpefCTaBNsOT.
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(hpakumid.

TexHONornyeckunii nporecc

YCTaHOBKM, B KOTOPbIX OCYLECTBNSETCA KPEeKWMHT nana
WnK nponaHa, NpPeAcTaBAsKM roboil npocTeiwunii Bapu M.
HO OHU MO tBONSAIOT M3YUNTb OCHOBbI Mpouecca. JTaH W Npo-
naH Ho Ol K/IbHOCTW NMGO B BW.KO CMecK MNOCTynawT B Medb
KPeKWMHra, rge OHW npebbiBald) KOPOTKOE BPEMA MNPU HbICO-
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Puc. 18.3. byTtaaveH.

KOV TemnepaType, a 3aTeM MNPOUCXOAMT ObICTpOe Oxnaxie-
Hue; B pe3ynbTaTe 06pasyeTcsi 60MbLIOE KOAMYECTBO 3TWUIEHA
(puc. 18.1). UTto KacaeTcs pexuma paboTbl U Cbipbs, YCTAHOB-
Ka Mo NPOM3BOACTBY 01e(hMHOB — 3TO (PaKTUYECKU 06blYHas
yCTaHOBKa TEPMUYECKOT0 KpPeKMUHra.

3TaH W NponaH He pacxofylTcsa MNOMHOCTbIO 3a OfWH
Mpoxof 4yepe3 neun KpekuHra. 103Tomy B peKTU(UKALWNOH-
HON KONIOHHEe 3TW rasbl OTAENATCA WM CHOBAa HampasaslTCA
B npouecc. OObIYHO 3TaH PeuupKyInpyeT A0 YHUUTOXEHUS,
a nponaH 4acTWYHO BbIXOAMT BMecTe ¢ nponwusieHom. Cyuie-
CTBYET TPU TOPrOBbIX Mapku MpONueHa, B 3aBUCMMOCTU OT
COfEepXaHnsa MpMMECU nponaHa: MPONuieH ANa NoauMepwu-
3aumm (97—99% OCHOBHOMO BELLECTBA), XMMMWYECKUN YUCTbINA
nponuneH (92-95%) u HedTAHOW nponuneH (50- 65IT).

Ka ycTaHOBKe, npefHa3HaYeHHOW sn* KpekuHra 6or.ee TH-
XKenoro cbipbsi (HaTbl MaM rasoins), obpasyerca aTaH. [lo-
3TOMy Takue YCTaHOBKM TaKXe cofepXaT neyb ANs nepepa-
60TKM BO3BpaLLEHHOro 3TaHa (cM. puc. 18.2). Bbixogbl 00bIYHO
YKa3sblBalOT C YYETOM PELMPKYASLMU, a He 3a OAWUH MPOXOf.

MOTOK, KOTOPbI/A OCTaeTcsi Ha 0fe()HOBOM 3aBOAE, a He
YXOOUT B CEKUUIO nepepaboTKn HedTu, COCTOUT M3 ByTafme-
Ha (puc. 18.3). byTafueH SBNAAeTCA [AMEHOBbIM YI/1eBOLOPO-
fom, ero dopmyna C4Hb, n monekyna COAEPXWT ABe ABOIA-
HbIX CBSi3W. bnarofgaps ABYM ABOWHbLIM CBS35IM, 3TO BeLUECTBO
OYeHb PeakKMMOHHOCMOCOBHO W UCMOMb3yeTcs AN MNpPOn3-
BOACTBA Kay4yyKoB W nnacTmacc.
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Puc. 18.2. Mpon3BoAcTBO 0NePUHOB KpPeKWHr BbICOKOKUMATUX
thpakuui. a

TexHonormnyeckun)! nponecc

YCTaHOBKW, B KOTOPbIX OCYLLECTBAAETCA KPEKWHI 5 «HA
WiM nponaHa. NpeAcTaBNHKX roboyu NpPOCTEMLLWI BapuaHT,
HO OHW LWHBOMAKT U3Y4YUTb CKHOMbI MpoLiecca. 3TaH W Mpo-
naH no o! 1ICJBKCTV 6o B BUIO CMeCK MOCTYNakT B Meyb
KPEKWHra, rnC OHW npebbiBato! KOPOTKOE BpemMs Mpu Ubleo-
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Puc. 18.3. bytaaueH.

KO TemnepaType, a 3aTeM MNPOWUCXOAMT ObICTPOE OXAaxie-
HMe; B pe3ynbTate o6pasyeTcs 60MblIOE KOMYECTBO 3TU/EHA
(pnc. 18.1). Yto KacaeTcsa pexkuma paboTbl U Cbipbsi, YCTaHOB-
Ka N0 MPOU3BOACTBY O/IEPUHOB — 3TO (PAKTUUYECKU 0OblYHAs
yCTaHOBKa TEPMUYECKOr0 KpeKuHra.

dTaH M MNpomaH He PacxofylTcs MNOMHOCTbK 33 OfMH
npoxof 4yepe3 Meyn KpekuHra. 103TOMYy B peKTUUKALUOH-
HOM KOMOHHE 3TW rasbl OTAENATCA W CHOBA HamnpaBnsaTCA
B npouecc. OBbIYHO 3TaH PELMPKYNUPYET A0 YHUUTOXEHUS,
a nponaH 4YacTMYHO BbIXOAWT BMecTe ¢ nponuaeHom Cyuie-
CTBYET TPU TOProOBbIX Mapku MpOnueHa, B 3aBUCUMOCTU OT
cofiepXXaHusa npuMMecu nponaHa: MpPonuiaeH Ana nonumepwu-
3aumm (97—99% OCHOBHOrO BeLLECTBa), XMMUYECKN YUCTbINA
nponuneH (9?-95%) u HedTaHoN nponmne?: (50- 65IT).

Ka ycTaHoBKe, npefHasHa4yeHHOW AN KpekuHra 6onee T4-
XKenoro cbipba (HadTbl wMAu rasoins), obpasyercs aTaH. [lo-
3TOMYy Takue YCTaHOBKMW TaKXe cofjepXaT neyb ANs nepepa-
60TKM BO3BpaLLEeHHOro ataHa (cMm. puc. 18.2). Bbixodbl 06bIYHO
YKa3blBalOT C YYETOM PELMPKYNALMU, a He 3a O4UH MPOXo4.

MoToK, KOTOpbI/ OCTaeTcs Ha one)MHOBOM 3aBoje, a Nc
YXOAWT B CeKLMI0 nepepaboTkn HedTw, cOCTOMT U3 bGyTague-
Ha (puc. 183). byTagueH sABNSeTCA [MEHOBbIM YrNE€BOAOPO-
pom, ero qopmyna C4H”. 1 Monekyna COAEPXWT ABe [ABOM-
HbIX cBA3W. Bbnarogaps ABYM ABOMHbLIM CBA3AM, 3TO BeLLECTBO
OYeHb PEaKMMOHHOCMOCOOHO W WCMOMb3yeTCs ANA Npowus-
BOACTBA Kay4yyKoB W MjacTmacc.



X NPON3BOACTBO STUNEHA -

YMPAXHEHWA

1 CKoNbKO cbipbs (6;:p/cyT) noTpebyetcs gna pabot:,:
NIMYHOM YCTAHOBKM MO NPOWM3BOACTBY 0feduHOB, Np.
BonsiWweH 1 mnpga. dy HTOB 3TU/IEHA B rog. B kauvecTse C:,.;
yCTaHOBKa MCMOMb3yeT crefyloline MNPOLYKTbI:

aTaH (3.2 yHT/ran),
nponaH (4.24 qyHT/ran),
HapTa (M dyHT/ran).
rasonnb (7,3 yHT/ran).

2. WmeeTca ycTaHOBKa KPEKWHra aTaH-NponaHoBOro CM-',
C NPOM3BOAUTENBHOCTbIO 50& MSIH. PYHTOB 3TUNEHA > 1”
B Hac.'oswwee BpemMsa CbipbeM ABMSETCA CMeCb, COCTOMMMA
n> 70p< ataHa (no o6bvemy) m 30% nponaHa, Npu HUM
yeMHOnKa pa6oTaeT ¢ MOAHOW MPOM3BOAUTENLHO:
BHe «anHO BO3HUKAWM TPYLHOCTU Ha pblHKe nponunae:: U
KOMMHMWSA pewnsia NPon3BoAUTb NPOMNUeH TONbKO 1 K4
nnyeetse 20 MaH. G\HTOH H rosi. CKONbKO Cbipbsi Nepep :
6aTbiMa. :0Cb Ha YCTAHOBKE /10 CUX MOpP. CKO/IbKO MpWU MNOM
no :\\ M loCb NponuneHa, U CKOMNbKO 3TaHa Tenepb cnegyet
MCNoNb30BaTb BMECTO MNpoMnaHa, 4Tobbl COOTHOM: HHE
npi'‘akTos M3MEHUOCb HY)XHbIM 06pa3om?



XIX
MPOCTAA N C/TOXKHAA
NEPEPABOTKA HE®TU

MpocToTapeako BCTPeYaeTCs B HaLlle Bpems.
My6nnii OBnanii I'TOH. </cKycCcTBONOGBN»

B Hauyane 80-X rr. 6U3HECMEHbl M 3KOHOMWUCTbI, UMeBLUNE
[leno ¢ HehTenepepaboTKON, COBEPLUINAN UHTENNEKTYabHbINA
npopbiB. OHM 0BHApPYXWAK, 4TO COCTaB 060PYAOBaHUS, 3KC-
nayaTupyeMoro Ha pasfiniHbiX 3aBofaX, CYLLeCTBEHHO BUSA-
eT Ha LUeHy HepTenpoAyKTOB W CbIpOA He(pTW, a Takke Ha
N3BNeKaeMyrd Mpuobinb. [anbHeillee WU3yyeHWe 3Tol npo-
6/1emMbl MPMBENO K MOSABAEHWIO TEPMWHOB MpocTas M CNoXK
Hosi (MM KoMnfieKcHasi) MepepaboTKa, KOTOpble Tenepb Mpou-
HO BOLWI/M B C/lOBapb He(hTenepepaboTUMKOB.

Kak u MHOrvme cnoBa B aHIIWACKOM f3blKe, TEPMUHbI
npocTas U CcnodkHas Obln B3ATbl M3 TPYroro KOHTEKCTa
MMEILLEro MNWb KOE3eHHOEe OTHOWEHWE K AaHHOMY BOrpo-
c> 3apaBaguaTtbnerno noro, B 60-e rogsl, Bunbyp E. Henb-
COH pa3paboTan wkany KoahuumneHTOoB cNoXkKHocTU. Ero 3a-
faya cocTosna B co3faHuMM 06Lero noaxofa K onpegeneHuto
HEOOXOAMMbBIX KanUuTMOBMOXKEHUIA [N CTPOUTENbCTBA HO-
BbIX He(hTenepepabaTbiBalOLWNX 3aBOA0OB Pa3HbIX TUMOB. B pam-
Kax cxembl HenbcOHa KanwuTanoBfOXEeHUS Ha CTPOUTENbCTBO
KaXA0 KPYMHON efnHULbI 060pyA0BaHUA OblIM OTHECEHbI
K COOTBETCTBYHLLEN BeNUYMHE [N YCTAHOBKU MEepPeroHKu
CbIpoii HeTU, CNOXHOCTb KOTOPOW MpMHMManach 3a eAuHu-
ly. Bcem npoymm ycTaHOBKaM NpucBavBanncb KO3 puumneH-
Thbl, B 3aBUCMMOCTM OT MX CNOXHOCTU U cToumocTu. Hanpu-
Mep. YCTaHOBKa KaTa/JIMTUYEeCKOro KpeKuHra umena Koag-
(hnuneHT. paBHbli 4.0. TO ecTb OHa Oblna B YeTbipe pasa
CNOXHEe, YeM YCTaHOBKA AN MEPEroHKN Cbipoi HedTn npu
TOIA XKe MPOM3BOAUTENbHOCTH.
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Y11PAXXHEHUA

1 CKonbKO cbipbsi (6up/cyT) noTpebyetca gns pabort:,:
NNYHOW YCTaHOBKM MO MPOWU3BOACTBY ONe()MHOB, np.
Boaswelr 1 mnpa. yHTOB aTuneHa B rog. B kauvecTse 0,.;
yCTaHOBKA MCMONb3yeT cnefytoline npoayKTbl:

aTaH (3.2 qyHT/ran),
nponaH (4.24 cqyHT/ran),
HathTa (6.4 ¢yHT/ran),
rasoiine (7,3 yHTt/ran).

MmeeTcqa ycTaHOBKa KPEKWHra 3TaH-/IponaHoBOro Chl; ..
C MPOU3BOAMUTENBHO». Tbl0 51XMAH. )YHTOB 3TUNEHA i
B Hacrosliee BpemMsA CbIpbeM ABNAETCA CMeCb, COCTOSA:::.»-
uT ?nr- ataHa (no ob6bvemy) n 30% nponaHa, MPU «TOM
yc: nonkKa pabotaeT € MOMHON NPOU3BOAWUTENBHO» '
BHe3anHO BO3HWKAW TPYLHOCTWM Ha pbiHKe nponune::.!, n
KOMMaHNA pewiunna NpousBonUTb NPOMUIEH TONBKO > KO-
nnyeetHe 2D MAH. O\HTOH H ron. CKONbKO Cbipbs Nncpep.i
on .l :ocb Ha ycTaHOBKe /B> CUX NOpP, CKO/IbKO MpU MoMm
nonyyanocb NPoMnuIeHa, M CKONbKO 3TaHa Tenepb C :efyer
M»e;b30BaTb BMECTO MNponaHa, 4ToObl COOTHOM: HWe
NPONYKTOB W3MEHWUIOCh HY>XXHbIM 06pa3om?



XIX
NMPOCTAA N CJTOXKHAHA
NEPEPABOTKA HE®TU

MpocToTapesKo BCTPeYaeTCA B Hallle Bpems.
My6nwin OBnanini Harom. *VickyccTBO 1t06BM»

B Hauyane 80-x rr. 6U3HECMEHbI 1 3KOHOMUCTbI, MMEBLUNE
[eno ¢ HeTenepepaboTKON, COBEPLIUAN WHTENNEKTYaNbHbI
npopbiB. OHW 06Hapy>Xuan, 4To cocTaB 060pyA0BaHNsA, IKC-
NNyaTUpyeMoro Ha pasfMyHbIX 3aBojax, CYLeCTBEHHO BNuA-
€T Ha LEeHY HelTenpoAayKTOB M Cbipoii HelTU, a Takke Ha
M3B/EKaeMylo npubbinb. [anbHeiwee wn3yyeHue 3TOK Mnpo-
6nemMbl NPMBENO K MOABNEHWIO TEPMWUHOB MpocTas WM aod>K-
Ham (MK KoMrbleKcHas)) nepepaboTka, KOTOpble Termepb Mpouy-
HO BOLUW B CM0OBapb HehTenepepaboTUNKOB.

Kak v MHOrMe cfnoBa B aHI/IMACKOM $3blKe, TEPMUHbI
npocTas U cnoXkHas OblAM B3ATbl M3 NPYroro KOHTEKCTa
MMEIOLLEro NN b KOC3CMNHOE OTHOLWEHWE K faHHOMY BOMpPO-
cy. 3apBaguaTh ner go atoro, B 60-e rogbl, Bunbyp E. Henb-
COH pa3paboTan WKany KoapprLyMeHTOoB cnoXxHocTu. Ero 3a-
Jlaya cocTosna B Co3faHun 06LWero noaxoja K onpeaeneHunto
HEOOXOAMMbIX KanuTa.loB,loXKEHWIA 415 CTPOUTENbCTBA HO-
BbIX HethTenepepabaTbiBatOLLMX 3aBOAOB pasHbIX TUNOB. B pam-
Kax CXeMbl HenbCOHa KanmTanoB/MOXEHUS Ha CTPOUTENbCTBO
KaXJ0A KPYMHOW efuMHWLUbl 060pyAoOBaHUA Obliv OTHECEHbI
K COOTBETCTBYIOLLE/ BeWYMHE A8 YCTAaHOBKW MeperoHku
CbIpOi HedTH, CNOXHOCTb KOTOPOW MpMHMManach 3a efUHU-
uy. Bcem npounm yctaHOBKam npucBamBannch KoapduumneH-
Thbl. B 3aBUCMMOCTM OT MX CNOXHOCTU M CTOMMOCTM. Hanpu-
Mep. YCTaHOBKa KaTa/WTMYECKOro KpPEeKUHra umena Koag-
UUMEHT, paBHbll 4.0. TO eCTb OHa Oblna B YeTbipe pasa
CMIOXHee, YeM YCTaHOBKa ANA MeperoHKM Cbipoii HethTU npu
TOIA K& MPOM3BOAUTENIbHOCTH.
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Y7066l NPOMANIOCTPUPOBATL UCMNOMb30BaAHME KO3 hULm-
EHTOB C/I0XXHOCTM, pPacCMOTpMM Tpu Tuna HedTenepepaboT-
KW: nepepaboTka. HanpasfeHHas Ha MpPoW3BOACTBO XXWUAKOMO
TON/MBA, Ha MPOM3BOACTBO 6GeH3MHAa U HedTeXMMUyeckoe
npoun3BoAcTBO. Cxemy NpOM3BOACTBA XWAKOFO TONAUBA, MO-
Ka3aHHYl0 Ha pucyHke 19.1, uHorfa HasblBalT ruapoobnaro-
pa>kuBaHue Nerkux pakuuii, Tak KakK B 3TOM BapuaHTe fier-
Kue ANCTUANATBI, NOAYYeHHble U3 Cbipoii HedTw, nepepaba-
TbIBAlOT C UCMONb30BaHMEM Bogopofa. VcTouHMKom BOgOpO-
[a ABNAETCA KaTanMTU4ecKnin pudopMuHT, B KOTOPOM (pak-

Cepa
roy TonnuBHbINA ras

MpAMOrOHHbIA 6eH3NH

I I j pasne- BeHauH

neHne

| Hajpra ~ Pudop-  Pucpopmar

MUWHT
'mgpo- PeakTnBHOe TONIMBO
o4nCTKa
Fnapo-* OuctunnatHoe Tonnmeo f
oumncTKa |
|
LLInpokas octaTouyHas pakuyus L
L OcTatoyHoe TONMBO

Puc. 19.1. 'mgpoobnaropaxuBaHue ferkux Gpakuyuii (npocTas
HedhTenepepaboTKa).
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MHU Tuna HagpTbl nepepabaTbiBalOTCA B Ka4yeCTBEHHbIE KOM-
NOHEHTbl 6eH3nHa. 1o 3TOW Cxeme 3HAYUTENbHbIW 00beM TS-
XKEeNoro rasonng npu neperoHKe nonafgaer B 0OCTaTOK, Mo-
3TOMY BbIXO, >XWAKOr0 TOMMMBa OKa3blBaeTCA AOCTAaTOYHO
BbICOKMM.

Tenepb BbIYNCIUM CAOXHOCTb TaKol cxembl. Ons nepe-
FOHKW CbIpOiA HepTW 3Ta BeMYMHA MO OMpefeneHnto paBHa
10. UT06bl BbIMMCAUTL [06aBOUYHYH CMOXHOCTb AN OCTasb-
HbIX MPOLLECCOB, OTHOCUTE/bHYIO MPOU3BOAUTENBHOCTb KaX
[0l YCTaHOBKM CliefyeT YMHOXMWTb Ha COOTBETCTBYHOLWMA KO-
3aphuUuMeHT CNOXHOCTU. Hanpumep, yCTaHOBKAa KaTtanuTu-
Yyeckoro pugopmMmuHra 3abupaer 15% npofykTa ¢ YCTaHOBKM
MeperoHkmn, a ee KOIPMULMNEHT CNOXHOCTU (pacCUMTaHHbI
HenbcoHom) paBeH 4,0. Takum o6pa3om, cnaraemoe Ans yc-
TaHOBKM puopMuHra coctasnset 0,15 x 4,0 = 0,6. Ana rua-
POOUUCTKN KOIDGPULUMEHT CMOXHOCTM COCTaBASIET TOMbKO
0.5. 3aT0 3Ta ycTaHoBKa nepepabartbiBaeT 35% o06Liero noTo-
Ka — npowussedeHne 3tux yucen paet 0,175. AHanoruyHole
[LencTBus ANa MpoOYMX YCTAHOBOK, BXOAALMX B CXEMY FMApO-
obnaropaxuBaHus Nerknx pakuunin, NpuBogAT K obLlein Be-
NIMYMHE cnoXxHocTn 2,5 (cm Tabn. 19.1).

Tabnuua 19.1. PacyeT CMIOXHOCTU [19 CXeMbl TApo06naropaxmsa-
HUSA Nerkux (pakumi

Koagpguument Lons nepe- Cnox-
C/TOXXHOCTY pabaTblHac- HOCTb
MOr0 MoTOoKa

MeperoHka cbipoli HedTy 1,0 1,0 1.000
roy 0,5 0,5 0,250
Pasgenexve 0.3 0,30 0,090
M'mapoouncTKa HadhTbl 2.0 0.15 0.300
Katanutuuecknii pucpopmunr 4.0 0.15 0.600
MepepaboTka

NPAMOKOHHOTO 6eH31Ha 0.5 0.15 0,075
"'mapoouncTKa KepocuHa 0.5 0.15 0.075
I'mapoouncTka gucTunnsTa 0.5 0,20 QJoQ

2.49
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YT06bI NPOMNNIOCTPUPOBATL UCNOJb30BAHME KO3Q (UL K-
EHTOB C/IOXHOCTW, paccMOTpuUM Tpu Tuna HegTenepepaboT-
Ku: nepepaboTka, HanpaB/ieHHas Ha MPOU3BOLCTBO XWAKOro
TOMNMBA, Ha MPOM3BOACTBO OeH3MHA W HepTeXMMUyeckoe
npouns3soAcTso. Cxemy NPOW3BOACTBA XWAKOrO TOM/AUBA, MO-
KasaHHYl0 Ha pucyHke 19.1, mHorga HasblBalOT rugpoobnaro-
pa>kuBaHue Nerkux pakuuii, TaKk Kak B 3TOM BapuaHTe fier-
Kne AUCTUANATBI, NOMYYEHHble U3 Cbipoit Hed)TU, nepepaba-
TbIBAlOT C UCMOMb30BAHMEM BOAOpofa. MCTOYHMKOM BOZOpPO-
Ja ABNAeTCA KaTanMTU4ecKMil pudopMUHT, B KOTOPOM hpak-

Cepa
roy TonnueHbI ras

MpAMOroHHbIA 6eH3MH

r
r) Paspe- BeH3uH
neHwue

| Hajpta  Pucop-  pugopmar
MUHT

Mmapo- PeakTunsHOe TONMBO
oumcTKa

'mgpo-*
ounCTKa

LLinpokas octatouHas pakuus
OcTaro4Hoe TonIMBo

Puc. 19.1. 'vnpoobnaropaxmBaHue ferknx pakumii (npoctas
HethTenepepaboTKa).
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UMy Tna HadTbl nepepabaTbiBalOTCA B KaYECTBEHHbIE KOM-
MOHeHTbl 6eH3nHa. 1o 3TOi cXeMe 3HAYMTeNbHbIV 06bEM TH-
XKENoro rasoiins npu neperoHke rnonajaeT B OCTaToOK, MO-
3TOMY BbIXO[, >XWAKOr0o TOMMMBA OKa3blBaeTCA [AOCTAaTOYHO
BbICOKMM.

Tenepb BbIYUCAUM C/IOXKHOCTb TaKoi cxembl. [ns nepe-
FOHKM CbIpoi HedTW 3Ta BeNMYUHA MO OMPEAEeNeHNt0 paBHa
10. UT06bI BbIYUCANTL [L06ABOYHYIO CNOXHOCTb AN OCTallb-
HbIX MPOLECCOB, OTHOCUTE/NbHYIO MPOU3BOAUTENBHOCTL KaXk
[0 YCTaHOBKU CieyeT YMHOXMWTb Ha COOTBETCTBYIOLLUIA KO-
APPUUMEHT CNOXHOCTU. Hanpumep, ycTaHOBKa KaTanutu-
Yyeckoro pudopmuHra 3abupaet 15% npogykTa ¢ YCTaHOBKM
MeperoHku, a ee KO3IPMULMNEHT CNOXHOCTU (paccumTaHHbIN
HenbcoHom) paseH 4,0. Takum ob6pa3om, cnaraemoe ans yc-
TaHOBKM puopMuHra coctasnset 0,15 x 4,0 = 0,6. Ana rua-
POOYNCTKN KO3IMPULUEHT CNOXHOCTU COCTABNAET TOJIbKO
0,5. 3aTo 3Ta ycTtaHOBKa nepepabaTbiBaeT 35% 06Lero noto-
Ka — npoussefeHne 3tux uymcen paet 0,175. AHanoruyHble
[eicTBMS 4N MPOYMX YCTAHOBOK, BXOAALMX B CXEMY FMApO-
obnaropaxmBaHus Nerknx gpakuunii, NpMBoaAaT K obwein Be-
NMYNHE cnoxHocTn 2,5 (cm Tabn. 19.1).

Tabnuya 19.1. PacyeT CMIOXKHOCTM A5 CXeMbl TMapoo6aaropaxmnBa-
HUA Nerkmx gpakyni

Koagpdmument [Lons nepe- Cnox-
CNOXHOCTYU pabatbliBac- HOCTb
MOro MoToKa

MeperoHka cbipoii HedhTu 10 10 1.000
roy 0.5 0,5 0,250
PasgeneHue 0,3 0,30 0,090
MapoouncTKa HaghTbl 2,0 0.15 0.300
Katanutuueckuii puopmuHr 4.0 0.15 0.600
MepepaboTka

NPAMOKHHOIO GeH3nHa 0.5 0.15 0,075
M'mapoovmncTKa KepocuHa 0.5 0,15 0.075
vopoouncTka gucTuniaTa 0.5 0.20 QJI0Q
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A Kak HacueT bonee CNOXHbIX BapuaHTOB HedTenepepa-
60TKW. NpW KOTOPbIX BOMbLIYH YacTb OCTATOYHOrO TOMIMBA
npeBpawialoT B 6EH3UH UAN B AUCTUANATLI? [N8 TakuX CXem
HedTenepepaboTkn (No 6GeH3MHOBOMY BapuaHTy) KOahpuum-
€HTbl CMI0XHOCTM OKa3blBalOTCSH ropasfo Bbille, TakK Kak yc-
TaHOBKM, KOTOpble Mpu 3TOM [06aBNAlOTCSA, OYEHb AOPOrW.
Ons cxembl He(hTenepepaGoTKM Mo GEH3MHOBOMY BapuaHTy,
MoKa3aHHOW Ha pucyHke 19.2, KoTOpas COLEPXMWT YCTaHOB-

Puc. 19.2. CnoxHasa HedTenepepaboTka (6eH3VHOBbIA BapuaHT)
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K/ BaKyyMHON neperoHkn (KoshduumeHT cnoxHoctn 2,0),
KaTanuTuyeckoro KpekuHra (6.0), rugpokpekuHra (10.0),
ankunuposaHns (11,0) n HekoTOpble AOMOMHUTENbHbIE Y3/bl,
o6LWas CNoXHOCTb OKa3biBaeTcst paBHoi 9—10,0. Mpu Takoi
CXeMe BbIXOZ OCTaTOYHOro TOMAMBa CHMKaeTca fo 15—20%,
a BbIXof 6eH3MHa MOXeT cocTaBuUTb 45—55%.

Hanbosnblueid CNOXHOCTHIO OT/IMYAKTCA CXeMbl HedTemne-
pepaboTKM, BKAKYaKLME NPOMN3BOACTBO CrielyuabHbIX 0060
LEHHbIX MPOAYKTa», HanpuMep, CMa3o4YHbIX Macen uam Hed-
TexuMunyeckoir npogykuun. COOTBETCTBYIOLIME YCTAHOBKM
UMEKT BbICOKME KO3((PULMEHTbI CIOXHOCTK, YTO OTpaxaeT
YPOBEHb KanuTanbHbIX 3aTpaT Ha WX CTpOWTenbCTBO. Hanpu-
Mep, KO3I(MMULUUEHT CNOXHOCTU AN8 YCTaHOBKW W3BNEYEHUA
apoMaTU4ecKux coefmHeHUM paBeH 33, a AN MPOM3BOACTBA
onethnHoOB OH cocTaBnsieT 10—20 (B 3aBUCMMOCTUM OT BMAA
Cbipb M cnocoba nepepaboTKM BbIXOAALMX MOTOKOB). He
ABNSAETCA PEAKOCTbIO CxeMa HedTenepepaboTKM C BbIXOAOM
XUMUYECKNX MNPOAYKTOB (3TUNeH, nponuneH, 6ytaaveH wu
apomatumka) okono 10%, umetollas nokasaTeflb C0XHOCTU
He MeHee 16

Bca npes aHanusa, npepioXxeHHoOro HenbCOHOM, 3aK/to-
yanacb 3 TOM, YTOObl YMETb BO3MOXHOCTb MOCTPOUTH (K K
NCNb30BI.Tb; AMarpaMMmy, NokKasaHHYH Ha pucyHke 193 )ta
fmarpamma 0TOo6paxkaeT 3aBUCHMOCTb CTOMMOCTM HedTene-
pepaboTKM OT ee CAOXKHOCTU C yyeToM a3ddekTa MacwTaba
npon3BoAcTBa. Ymcna Ha BepTWMKanbHOW OCKU B IEBOI YacTu
fmarpammbl He ABAAIOTCA abCOMOTHLIMW BENMYMHAMWU — 3Ta
WKana fo/mKHa ObiTb OTKannMbpoBaHa B 3aBUMCMMOCTM OT pe-
anbHON CTOMMOCTW COOPYXXEHWS YCTAHOBKMW NS MepPeroHKu
CbIpOil He( T ONpefeneHHOro TUNa B JaHHbIA MOMEHT Bpe-
MeHW C y4yeToM uH@nauuu. OcCTanbHas 4YacTb fuarpaMmmbl
NnoKasbiBaeT, KaK BAUAET Ha YyAenbHble KanuTa/bHble BOXe-
HUS MoKasaTeNb MPOM3BOAUTENBHOCTM (MOLLHOCTM) 3aBOAa
no nepepaboTke cbipoli HeTW (TpaguuMOHHAs XapaKTepuc-
TUKa «MacwTaba MNpou3BOACTBA») B COYETAHWM CO CNOX-
HOCTbk (60nee TOHKUM TEXHOMOTMYECKUM MOoKasaTeneM, Xa-
pakTepusyLWmnmM MacwTab Npou3BOACTBA B €0 COBPEMEH-
HOM MOHUMaHUN).
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Puc. 19.3. 3aBMCMMOCTbL CTOMMOCTY HediTenepepabaTbiBatoLLEro 3a-
BOAa OT C/IOXHOCTHW.

HoBblIi B3rndag Ha C/N0XXHOCTb

Cwuctema HenbcoHa 6bina paspaboTaHa B 3py pacTyluei
nepepaboTKM [eleBOil apabCKoil HepTM U 3agymaHa Ans
TOro, 4To6bl paccunTbiBaTb CTOMMOCTb KaXA0ro HOBOro Hed-
TenepepabaTbiBatoLLEro 3aBOfda Mpexge, Yem ero cTpouTb. Ho
B 80-x rogax WHTepec CMeCTUNICS W3 061acTU paclivpeHuns
Npou3BOACTBa B 061acTb 3KCMyaTauum, TO eCcTb YXe Tpebo-
BaOCb OLEHMBATb He KanuTanbHble BOXEHWS B HeTenepe-
paboTKy, a MapXy nepepaboTumka. Bbl ckaxeTe, 4TO uAet
OLEHKMN C/IOXXHOCTU HaBepHAKa Npucnocobunm K 3TUM HO-
BbIM Tpe6oBaHWsSM. TakK OHO M 6blN0, W CTUMYAUPYIOLLYIO
po/ib 34€Chb Chbirpas pPbiHOK.

O6LLyt0 KOHLEeNUWIo MOHATL HECNI0XHO: YeM 6onee foOpo-
rve MpoAyKTbl MpPOW3BOAWUT HedTenepepabaTbiBalOWniA 3a-
BOL, TeM 6osblie nepepaboTyMK MOXET MOo3BONWUTL cebe 3a-
nNatTuTh 3a cbipbe. HO B 3bI6KOM MMWpe, rae CTOMMOCTb ChipbS.
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MeHa NPOAyKTa WM pa3mMep MNpMObLIIM NOCTOAHHO MEHATCH,
He BCe TaK YX NIeXKUT Ha MOBepXHOCTU. PaccmoTpum Ans
npuMepa Takyl cUTyauuio.

3aBof, paboTawwuii No cxeme ruApoo6naropaxvBaHus
nerkux tpakumnii, nepepabarbiBaeT BbICOKOCEPHUCTYIO HE(Tb
13 3anagHoro Texaca ¥ NpogaeT MPOAYKTbl Ha MECTHOM PbIH-
Ke. [lpyroin 3aBog, paboTaloLinii Mo cxeme NpPoM3BOACTBa GeH-
31Ha, fgenaeT To e camoe. B Tabnuue 19.2 npeacTaBfieH He-
KWIA rMnoTeTUYeCKUA 3KOHOMUYECKMiA pacyeT. BuaHo, uto
ecnn oba 3aBofja GyayT nokynaTb CepHUCTyto 3anajHo-Te-
XaccKylo He(Tb No ueHe 28 pon./6ap., a LeHbl Ha MpoAyK-
uuto GyayT COOTBETCTBOBATb YKa3aHHbIM B Tabnuue, 6GeH3u-
HOBbI/i 3aBOJ MOXET pacCuUMTbiBaTb Ha 60/ee BLICOKYH) MpU-
6binb. B cnyyae 60nee CNOXHOW CXeMbl NepepaboTKy Mapxa
nepepaboTymKa Bbille, YEM B Cly4ae MeHee C/IOXKHON (Npo-
CTOW) CXembl. JTO AOCTATOYHO OYEBMAHO.

Ho cTOWT TPOHYTb NWWb OfIHY NepPeMEHHY, Kak pe-
3ynbTaT OKaXeTCca HecKoNMbKo uHbIM (Tabn. 19.3). [daBaiite
BMECTO CEepHUCTOA HepTn u3 3anagHoro Texaca MO LeHe
28 pon./6ap. BO3bMEM OYeHb TSXKENYH Cbipytd He(Tb MeCcTo-
poxaeHus Mayan (Mekcuka) no ueHe 26 gon./6ap. Mo kpu-
BbIM Pa3roHKW 1 ApyruM XapaKTepucTukam 3ta He)Tb OT/u-
yaeTca or 3.TlagHo-Tcxacckol, ofHako o6opygosaHue Ho
060Mx 3aBOfax OCTaeTcsA TeM e. Bbixogbl NPOAYKTOB Ha 3TOT
pa3s 6yayT Apyrumu, U MOCMOTpUTE, 4YTO CTalo C MapXoi
nepepabotumka! 3aBof, paboTalOWMini MO MNPOCTON CXeMe,
3apabaTbiBaeT MOYTW CTONLKO e JIeHer, 4To v 3aBof, pabo-
TalowWMmii MO CNOXHOIA.

30ecb MOXHO cAenaTb HECKOIbKO BaXXHbIX HaG/HO4EHUIA.

1 TMMepepaboTka He(hTU MecTOpoXAeHWs Mayan Ha pasHbIX
TMnax 3aBOfOB, MPOCTOM W CAOXHOM,* MPUMEPHO OAU-
HaKOBO BbIr0fHa.

2. 3aBog, paboTalwuii MO NPOCTON CXeMe, He MOXeT cebe
No3BO/IMTL MepepabaTbiBaTb CEPHUCTYIO HedTb M3 3anag-
Horo Texaca. Ee CTOMMOCTb CAMLIKOM BbICOKa AN TOrO

* bUoNbl A TEKCTE U 5 TabAMLAX HALIHAMTCS HO-pa3noMy (MPOCToi COONKrreT
HYM HapuaH iv iiupo>H)TaiopjAinuMiiM .ieiKii\ ppakLnii, a cnoXHbIi —6eH3Mn-
HOBOI cxeme nepepa6oTKK), YToGbl Bbl He 3aGblBanu, 0 YeM peyb



Tabnmua 19.2. MNepepaboTka cepHUCTON HedTn 13 3anagHoro Texaca cToMmocTbio 28 pgon./6ap.

mapoobnaropaxuBaHue nerkux pakunii BeH3WHOBbIVi BapuaHT
06% CTtoumocTb Bbipyuka 06% CToumocTb Bbipyuka
eANHULbI UM o6 as eANHULbI unn obujan
obbema unm CTOMMOCTb, o6bema nnu CTOUMOCTb,
LeHa, gon. non. LeHa, gon fon
3anafgHo-Texacckas
cepHUcTas He(Tb 100 28 28.00 100 28 28,00
BeH3uH 30 32 9,60 50 32 16,00
PeakTMBHOE TOM/MBO 10 32 3,20 19 32 6,08
AnCcTMANATHOE TONNMBO 20 kil 6,20 17 31 5,27
OcTaTo4YHOE TONUBO 35 27 9,45 20 27 5,40
3aBofCKOE TOMIUBO
(co 3HaKOM MUHYC —
npupocT 06beMa) 5 -6
O6wwnit BbIXOA, 100 28.45 100 32,75
3atpaTbl Ha nepepaboTKy 100 1 1,00 100 3 3,00
Mapxa nepepaboTunka 100 -0,55 Too" 1,75

Tabnuua 19.3. MepepaboTka HeT Mayan ¢c< mMmocTbio 26 fon./6ap.

rmapoo6naropaxu aHue Nerkux Gpakuuii BeH3MHOBbIN BapuaHT
06.% Ctou”x. b Bblpyuka 06 % CTonmocTb Bbipyuka
eANH1LbI unm o6uwas efUHULbI unm obuias
06bEM; UK CTOUMOCTb, obbema unu CTOMMOCTb,
LeHa, fon. aon LeHa, gon. gon
26.00
Hedlb Mayam 100 Yo 26.00 100 26
BeH3uH 10 r? 3.20 25 32 8,00
PeaKTVBHOE TONnMBO 5 3! 1.60 5 32 1,60
[OuctunnaTHoe Tonnneo 20 31 6.20 25 31 7,75
OcCTaTO4YHOE TONMNBO 60 27 16,20 45*% 27 12,15
3aBo/CcKOe TonNBO
(co 3HakOM MUHYC —
npupocTt 06bema) 5 — — —
O6wwuit BbIXOA, 100 27,20 29,50
3aTpaTbl Ha nepepaboTKy 100 1 1,00 100 3 3,00
Mapxa nepepa6oTunka 100 0,20 00 0,50

* B opuriHase, Mo-BUAVMOMY, OLLIMGOYHO YKasaH BbIXO OCTaTouHoro TOMAMBA Mo GeH3MHOBOMY BapuUaHTy
50 06.%, YTO He COTNacyeTCs ¢ COOTBETCTBYIOLMM 3HAUeHNEM Bbpyuky B TabnuLie 1 nocieyloymm pacecy>x-
eHnamn asTopa. — Mpum. pega.
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Habopa MpoOAYKTOB, B KOTOPbI/i OHa 34ecb NpeBpaliaeTcs.
- 3aBof, paboTaluwmii Mo C/MOXHOW cxeme, BblMyCKaeT Ao-
1 CTaTOYHOE KO/IMYECTBO CBET/IbIX MPOAYKTOB, YTOObI MMETb

NONOXUTE/bHYH MapXy.

B0O3MOXHO, «CMOXHbIA» 3aBOJ HapOYHO B34yn LeHY Ha

3Ty Cbipytd HedTb, 4TOObl «MPOCTOW* 3aBOf He MOl ee

noKynaTb.

4, Bbixogbl NPOAYKTOB U3 HepTU MecTopoxieHus Mayan
TaKOBbl, YTO «C/IOXHbIV» 3aBOA BPAS M CMOXET NOAHATH
Ha HEC UeHy Tak, 4T0bbl «MpOCTOM» 3aBOA NMULIMACA W
3TOro cbipbsA. LleHa Ha 3Ty HedTb U Tak JOCTAaTOYHO BbICO-
Ka (26 pon./6ap.), TaK YTO HU OfMH W3 3aBOAOB He MNONy-
yaeT cAMwkom 6onblioin mapxu (0,20—0,50 gon./6ap.).
XO0Ta TpeTbe M3 MPUBEAEHHbIX HabMOAEeHUA MOXET Mmoka-

3aTbCA BaXHbLIM, OHO MOXET OKa3aTbCA M 6ONbLIMM npeyBe-

nvyeHnem. BnonHe BeposTHO, YTO He(pTM MeCTOPOXAEHMA

Mayan wumMeeTcs TaK MHOF0, 4TO NOTPEBHOCTU «CNOXKHBIX»

3aK040N NOSIHOCTHLK Y[O0BMETBOPSIOTCA, U 4YacTb 3TOW HedT;:

NpUXoAnTCA nepepabaTtbiBaTb M Ha MPOCTbIX 3aBojax (MO3TO-

My o06a TWna 3aBOAOB W MOAY4AdT NPUMEPHO OAWHAKOBYIO

mMapxy). bonee Toro, moTpe6HOCTM B HegTenpogykrax (u.

COOTBETCTBEHHO, WX LEHbl) TakOBbl, 4TO ANA YAOBNeTBOpe-

HUS 3arMpOCOB pPblHKA B OTHOLIEHUMW CBET/IbIX HE(TENPOAYK-

TOB MPUX0AMTCA nepepabaTbiBaTb MO CAOXHON CXeme AOMNOJI-

HUTENbHOE KOMMYeCTBO Cbipbsi (3amafHO-TexaccKoil HedTw).
[na Toro 4tobbl pewnTb, Kakoe K3 yKasaHHbIX 06cTOA-

TeNbCTB WrpaeT pellarllyio posb, HefoCTaTOYHO 3HaTb Be-

NNYUHY MapXu, KOTOPYH MNPUHOCMT nepepaboTka CbIpoii

He()TU B TOT UM WHOI KOHKPETHbIA MOMeHT. B paeicTButens-

HOCTM HY)XXHO paccmaTpuBaTb ropasgo 60/blle MepeMeHHbIX

napameTpoB. Ho Mbl celiya? NOoKaKem, YTO Maccy Mo/e3HoM

MHOPMaLMN MOXHO MONYYMUTb, U3yyas SUHAMMWUKY U3MeEHe-

HUS NapameTpOB C TEYEHWEM BPEMEHU.

[Ona Havana, BNpo4YeM, NpuUBEAEM elle OfWMH NpuMep
MpeanonoXxum, 4YTO M3MeHWUNacb pasHuua (guddepeHuyto)
MeXay MeHamu Ha cBeTnble (6eH3MH, peakTMBHOe TOM/AWBO,
OUCTUNNATHOE TOMAMBO) M OCTaTOYHble He(TENPOAYKTHI
[resid/light oil differential). Mo gaHHbIM Ta6auy 192 n 19.3.
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Tabnuua 19.4. Mapxxa nepepaboTtumka (B gon.).

'mapoobnaropaxveaHme  BeH3WHOBBIN

NErknx hpaxumi BapuaHT
3anagHo-Texacckas cepHucTas
anddepeHuvan 4,67 -0,35 175
anddepeHunan 8,67 0,70 4.13
Mayan
anddepeHuman 4.67 0.20 0.50
anddepeHunan 8,67 0,65 165

3Ta BeAUYMHA cOCTaBnseT Mpu6nusnTensHo 4,67 pon./6ap.
MycTb OHa MO KakKoi-nM6o nNpuunHe YyBenuumunacb pAo
8,67 pon./6ap. (cBeTnble He(hTeNpPOAYKTbl MNOAOPOXANM Ha
3 pon./6ap., a ocTaTOYHble MPOAYHObI NOJeWeBeN Ha
| pon./6ap.). PesynbTaT Takoro M3MeHeHWs MoOKasaH B Tab-
nmye 19.4.

Ha nepBblii B3rNsg MOXeT MoKasaTbCsi, 4TO 060MM 3aBO-
[am CTano nyylle: BO BCEX C/yyasX MapXka Tenepb MOMOXW-
TeNbHa U 3bMKe, YeK A0 i 'YeHekus. OAHAro N3y BHUMA-
TE/IbHOM M3YYEHWU MOXHO YHWAETb, YTO MOJIOXKEHWE «MpPo-
cToro» 3aBofia Ternepb Gonee ys3BMMO. [eNno B TOM, 4YTO pas-
HULA MEXAY MapXoi nepepaboTuMKa Ha «MpPOCTOM» W «C0X-
HOM» 3aBOfax TaKXe yBenmumaacb. B pesynbTaTe CMOXHbI
3aBOj Nofy4ymn 6onblie BO3MOXHOCTE Ans MaHeBpupoBa-
HUSA, HanpuMmep, OH MOXeT B3AyTb MeHbl Ha CbIpyld HedTb
[0 TaKOro YpOBHS, YTO Ha NPOCTOM 3aBOfe BOOGLLE He Mo-
NyyaT HUKAKO MapXu.

CTaHeT M OH 3To fenatb? A ecnm «npocToit» 3aBog 60/b-
e He CMOXET nepepabaTbiBaTb Chbipytd HedTb M 3aKpoeTcH,
NOBAUSIET I 3TO Ha COOTHOLUEHWE Clpoca W NPeAnoXeHus
Ha pblHKe? T1OBNUSET N 3TO B CBOK O4epenb Ha AguddepeH-
UMan LUeH Ha oCTaTouYHble U CBET/ble HepTenpoayKTbl? W He
NosiIBUTCS N B pe3y/bTaTe CTUMYN CHOBa HayaTb nepcpaboT
Ky HedpTU No npocToii cxeme?
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Habopa MpoAYyKTOB, B KOTOPbLI/A OHa 34ecb MpeBpaliaeTcs.
- 3aBof, paboTalOLWMA MO CNOXHON CXeme, BbiMyCKaeT [0-
1 cTaTo4YHOe KOAMYecTBO CBET/bIX NPOAYKTOB, UYTOObI MMETH

NOMOXWUTENbHYH MapXy.

3. BO3MOXHO, «CMOXHbIA* 3aBOf HAapO4HO B34y LEHY Ha
3Ty CbIpyt0 HedpTb, 4TOGblI «NPOCTOW* 3aBOL He MOr ee
noKynaTb.

4, Bbixogbl NpPOAYKTOB M3 He(pTM MecTopoXpaeHus Mayan
TaKOBbl, YTO «C/IOXKHbIN* 3aBOA BPAS 1N CMOXET MOAHATb
Ha Hee LEHY Tak, 4ToObl «NPOCTOW* 3aBOA NULLIUACA «
3TOro cbipba. LleHa Ha 3Ty He)Tb U Tak LOCTATOYHO BbICO-
Ka (26 gon./6ap.), TaKk 4YTo HM OAWH W3 3aBOAOB He MNony-
YyaeT cAMWwkKom 6onbwon mapxu (0,20—0,50 gon./6ap.).
XOTS TpeTbe M3 NPUBEAEHHbIX HabMOAEHWI A MOXeT MokKa-

3aTbCA BaXKHbIM, OHO MOXET OKa3aTbCA W 60/bLIMM MpeyBe-

NnyeHneM. BRonHe BepoOSATHO, YTO He(TU MeCcTOPOXAeHUA

Mayan umeeTcq TaK MHOFO, 4YTO MOTPEOHOCTM «CNOXKHBIX»

3aBOJ0B NOJIHOCTbIO Y[OBMETBOPSAIOTCA, W YacTb 3TOW HedT;:

npnxoauTca nepepabatbiBaTb M Ha MPOCTbIX 3aBofax (MO3TO-

My oba Tuna 3aBOAOB M MOMy4YalT NPUMEPHO OJMHAKOBYH

mapxy). bonee Toro, moTpe6HOCTM B HedTenpoaykrax (u.

COOTBETCTBEHHO, WX LeHbl) TakOBbl, 4TO AN YALOBNeTBOpe-

HUSA 3anpoCOB PblHKAa B OTHOLEHWN CBET/bIX HePTENpoLyK-

TOB NPUXOAWUTCS NepepabaTbiBaTb MO CAOXHOW CXeMe A0MON-

HUTEeNIbHOE KONN4YeCTBO Cbipbsi (3anagHo-TexaccKoi HedTw).
[ns Toro 4ytobbl pewunTb, Kakoe K3 yKa3aHHbIX 06cTOA-

TENbCTB MrpaeT pewarlyo pofb, HEA0CTaTOYHO 3HaTb Be-

NVYUHY MapXu, KOTOPYK MPUHOCMT nepepaboTka Cbipoi

He(h)TM B TOT UAN WHOM KOHKPETHbIA MOMEHT. B paeicTButens-

HOCTM HYXHO paccMaTpuBaTb ropasgo 60/bllie NepemMeHHbIX

napameTpoB. Ho Mbl celiya? NoKaXem, 4TO Maccy mosie3Hou

MHOpMaLMN MOXHO MOMYYUTb, U3yyas AUHAMUKY U3MEHe-

HUA NapameTpoB C TEYEHUEM BPEMEHMU.

[Ona Havana, BMpouyem, NpuBeLEM ele OLWMH NpuMep
[MpegnonoXxunm, 4Yto M3MeHWnNacb pasHuua (auddepeHuyuna.t)
MeXay ueHamn Ha cBeT/ible (6€H3WMH, PeakTUBHOE Tonnuso,
OUCTUNNATHOE TOMAUBO) M OCTaTOYHble HeTEeNnpoAYyKThI
(resid/light oil differential) Mo gaHHbIM Tabnuy 192 n 19.3.
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Tabnmua 19.4. Mapyka nepepa6oTtunka (B fon.).

I'mgpoobnaropaxmeaHne  beH3MHOBBIN

nerkunx thpaxuuia BapuaHT
3anagHo-Texacckas cepHMUCTas
anthdepeHuman 4,67 -0,35 1,75
andgepeHuman 8,67 0,70 4.13
Mayan
antdepeHuman 4.67 0.20 0.50
anddepeHunan 8,67 0,65 165

3Ta Be/M4YMHa cocTaBaseT npubnnsmtenbHo 4,67 pon./6ap.
MycTb OHa MO KakKoW-1M60 NpUYMHE YBeAMYMnacb [0
8,67 pon./6ap. (cBeTnble HedpTeNnpoAYyKTbl MNOLOPOXaAN Ha
3 pon./6ap., a oOcCTaTOYHble NPOAYKTbl MOAelWeBenn Ha
| pon./6ap.). PesynbTaT Takoro M3MeHeHUs nNokasaH B Tab-
nye 194

Ha nepBblil B3rNs4 MOXET MOKas3aTbCsi, YTO 060MM 3aBO-
Jam CTaiio nydlle: BO BCEX CMlyYasdx MapXa Terepb MOM0XM-
TeflbHa y 3b:WC, YeM A0 . ":eHeHusa. OfHaxo /iom BHUMa-
TENbHOM M3YYEHUN MOXHO YBWAETb, YTO MOMOXKEHWE «MpPO-
cToro» 3aBofa Tenepb 6onee ysa3sumo. [eno B TOM, 4TO pas-
HULA MeXAy MapXoi nepepaboTuMka Ha «MNPOCTOM» U «C0X-
HOM» 3aBOfjaX TakXke yBenuumnacb. B pesynbTaTte CM0XHbIiA
3aBOJ Nosyuyun 6o/blie BO3MOXHOCTeW A1 MaHeBpuUpoOBa-
HUA, HanpuMmep, OH MOXET B3AyTb LIEHbl Ha CbIpyld HedpTb
[0 Takoro ypoBHS, YTO Ha NpPOCTOM 3aBoje BOO6Lle He Mo-
nyyaT HUKAKOMN Mapxu.

CTaHeT 1 OH 3TO fJenatb? A ecnu «npocToi» 3aBog 60/b-
e He CMOXeT nepepabaTbiBaTb CbIpyld HedTb U 3aKpoeTcs,
NOB/IMAET 1N 3TO Ha COOTHOLUEHWE Cnpoca U MpeaoXeHns
Ha pbiHKe? T10BIMSAET M 3TO B CBOKO O4epesib Ha anddepeH-
UMan UeH Ha OCTaTOYHble W CBETNble He(hTenpoayKTbl? W He
nosiBUTCA N B pesynbTate CTUMYN CHOBa HayaTb nepepa6oT
Ky HepTM HO MpPOCTON cxeme?
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OTpacneBas Mojenb

Bce BONpoChbl, NpUBEAEHHbIE Bbllle, — 3TO NN b NPUMep
Tex npo6nem, KoTopble BO3HWKAKT EXEeLHEBHO B CBA3UN C
N3MEHEHWEM WEeH Ha Cbipytd HepTb U HedTenpoayKTbl, a
TakKXXe BennuuMHbl AnddepeHymnana. Ytobbl cnpaBUTLCA €O
BCeM 3TuM, TpebyeTca 6onee CTpOruMii aHanus, KOTOPBbIiA
MOXHO HalTW faxe B OTpacneBoi neyaTw.

B uenom, HetTenepepabaTtbiBalw e 3aBOAbl AENATCA Ha
MPOCTble W CMAOXHbIE, HO aHANUTUKM TakKXe 4YacTo ynoTpe6-
NIAIOT TEPMUH «04YeHb CNOXHble*. [1pOCTble W CNOXHble CXe-
Mbl He(hTenepepaboTKM NPUGAM3NTENLHO COOTBETCTBYHOT OM-
pegeneHnto HenbcoHa.

HedTenepepabartbiBatownii 3aBog, paboTalowuii no npo-
CTON CXeMe, BK/IHOYAET TMEPEroHKY CbIpOA HedTn, rugpo-
OYUCTKY CPeAHWUX LUCTUANATOB U KaTaiuTUyeckuin pudop-
MUHT HadThl.

HedTenepepabaTbiBatoWwmnii 3aBog, paboTaloWmUii HO CNOX-
HOVi Cxeme, BK/HOYaeT BCe TO XXe Camoe M/C KatanuTuyec-
Kyt KPEKWHT-yCTaHOBKY W YCTAHOBKM afiKUIMPOBaHUS U ra-
30(hpaKLMOHUPOBAHMA.

HedTenepepabaTtbiBalolwnii 3aBoj, paboTaloLMii N0 O4YeHb
C/IOXHOIN cXeme, BKAKOYaeT BCE TO XE€ camoe, 4To Mpu CoX-
HON Cxeme, MOC YCTaHOBKM NM60 MO MPOM3BOACTBY Ofie-
¢hnHOB, MO0 MO COKpaLLeHNI0 KO/MYecTBa ocTaTka (Hanpu-
Mep, YyCTaHOBKa KOKCOBaHU#).

Mpn nepepaboTke M0G0 HedTU MO OYEHb CMOXKHOWN cxe-
Me Mony4vaeTcs 60Ablue CBET/IbIX HepTeNnpoAyKTOB, Yem Mpu
ee nepepaboTKe No NpocToil cxeme. Hanpumep, nepepaboTka
cepHucToil HedpTu wn3 3anagHoro Texaca AacT NPOAYKTHI,
npuBedeHHble B Tabnuue 195 *

EcTecTBEHHO, ANA APYroro Tuna HeTW BbIXOAbl NMPOAYK-
TOB ByayT Apyrumn B cTaHfapTHON 0TpacneBoil mMogenn Mo-
ryT 6bITb pacCcyMTaHbl BbIXOAbl HE(TENPOAYKTOB M3 KaXoro
copTa Cblpoil HehTW Ans KaXAoh cxembl nmepepaboTku. 37O
No3BOMAET BbIACHUTb, HACKO/bKO HbIrO/Ha NnepepaboTka KOH-
KPeTHOro copTa HepTM N0 KOHKPETHOW cxeme. [na 3toro
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Tabnuua 19.5. CnoxkHocTb NepepaboTkn HedT 1 BbIXOAbl NPOAYKTOB

Bbixog (%)
Mpoctas  CnoxHas  OyeHb CnoXHas

BeH3nH 30 50 65
PeakTnBHOE TOMMMBO 10 19 20
AuctunnatHoe ToNaMBO 20 17 5
OcTaTto4yHOe TONAMBO 35 20 0

3aBOfiCKOe TOMNBO
(co 3HaKoM MUHYC —
npypocT 06bemMa) 5 -6 -10

pesynbTaTbl pacyeTOB paccMaTpuBalOT [BYMs Pa3HbIMU CMO-
cobamMn — nonyyas «MOMEHTa/bHbIA CHMMOK» 00Lieid OT-
pacneBoil KapTUHbI W W3yyas AUHAMUKY W3MEHEHUS CcuUTya-
LN B OTAENbHbIX €C COCTaBNANLLNX.

«MOMeHTaNbHbIN CHUMOK»

CoOBpeMeHHbIe CPefCTBa cp:?sk y KOMMbIOTEPHbIE "k o -
NONW: [AOT 303MOXHOCTb €XeHefleNbHO (-1 JaXe exe-
[JHEBHO) paccuMTbiBaTb W Myb6AMKOBaTb AaHHble, MO3BONAIO-
WMe OLEHUTb NPUBMEKATENbHOCTb ANA MOKynaTenein pasnuu-
HbIX COPTOB CbIpOM HeTW. YUWUTbIBAIOT fBe reorpaduyeckune
TOYKW — Ty, TAe YCTaHaBNMBAKOT LieHbl Ha He(TENPOAYKTHI,
W Ty, TAe Ha3HayaloT LEHY Ha CbIpylo He®Tb. LieHbl Ha Hed-
TENPOAyKTbl 0ObIYHO YyCTaHaBAMBAKOTCA TaM, IfAe HedTb ne-
pepabaTbiBalOT — Ha mnobepexbe MeKCUKaHCKOro 3anuBa
(CWA), B Pottepgame mnu B CuHranype. LleHa Ha cbipyto
He)Tb MOXeT Ha3HayaTbCA TaM XXe, HO MOXeT M B TOM Mec-
Te, rge HedTb f06bIBaIOT. Bo BTOpOM cny4yae nnbo B LieHe Ha
Cbipylo HeTb, NM6GO B UeHax Ha HeMTEeNpoAyKTbl cnesyet
YYeCTb 3aTpaTbl Ha TPaHCNOPTUPOBKY HedTwn. B Tabnuue 19.6
noKas3aHo, KakK Y[efibHas Bblpyyka OT peanusauuun Hedre-
npoAyKTOB Ha nobepexbe MeKCMKAHCKOro 3anvBa (Bblpy4ka
Ha eAMHMLy o6bema nepepaboTaHHON HedTU) NyTeM BblYM-
TaHWA CTOMMOCTU (paxTa MEpPecunuTLIBAETCA B MOKasaTesb.
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Tabnuua 19.6. Yunctas LEeHHOCTb HETU A1 pasHbIX CXeM Mepepa-

60TKM
Cbipas YnenbHas Bblpyyka YucTas LieHHOCTb Heditu
HeTb Mpoctas CnoxHaa Ppaxt [Mpoctas CnoxHaa LleHa Ha
nepepa- nepepa- repepa- nepepa-  coipyto
6otka  6oTKa Botka  GOTKA  HedTh
Apabckas
nerkas 30,50 33,50 120 2930 3250 29,00
Apabekas
TsKenas 2850 30.50 130 2720 2920 26,00
Mayan
(Mekcnka) 26,00 29,00 140 2460 27,60 25,00
Hurepwuiickas

nerkas 3510 37,00 160 3350 3540 30,00
Brent (Cesep-
Hoe mMope) 34,60 36,60 150 3310 3510 30,00

Ha3blBaeMbliA UMCTO LeHHOCTbI0 (netback) HedbTw ans nepe-
paboTumka. ITOT MoKasaTeNb COMOCTaBAseTcs C (hakTu4ec-
KOl CTOMMOCTbIO He(hTK B palioHe MecTopoXaeHus. Tabnuua
COCTaBJ/IeHa AN BapMaHTOB nepepaboTKM MO MPOCTON U CNOX-
HOW CXeMe Ha OCHOBAHWM PbIHOYHbIX LEH Ha fieHb pacyeTa.

Takoii CMUCOK, KOTOPbI/i 06bIYHO 6bIBaET 3HAYUTE/LHO
ANVNHHee, NO03BONAeT OnpeAennTb, HAaCKONbKO MOKYNKa faH-
HOro copTa Cbipoil HedTu OyaeT BbIroAHA ANs  «NPOCTOro»
WUNN «CMIOXKHOr0* 3aBoga. CpaBHMBas LEHHOCTb HedTu C ee
(haKTMUeCcKol LeHOoi, Bbl MmoXeTe onpeaennTb, Kakue copTa
CbIpO/ He(pTU CTOUT NOKynaTb, a KakKune «KycalTcs*.

OTpacneBble TEHAEHLMUM

UT06bl YNOBUTbH AMHAMUKY pblHKA, WCMOMb3YIT rpafukm
BpOAe TOro, 4YTO nokasaH Ha pucyHke 194. Ha pucyHke no-
CTPOEHAa 3aBUCUMOCTb OT BPEMEHW UYMUCTOW LeHHOCTU HedTu
AN8 NPOCTOM U CIOXKHON CXeMbl MepepaboTKu Cbipoli HedTy
(3gecb CHOBa yuMTbIBAKOTCA ABe reorpauyeckume TOYKW) U
aHanornyHble 3aBUCUMOCTU (AKTUYECKUX LEH Ha CbIpyto



ISO___ .MepepaboTka Heditn

Lon /6ap
33
LleHHOCTb He)TU NpKU MPOCTOI cxeme
31
)
27 " LleHa cblpoii HethTm
L Ha CBOOOJHOM pbIHKe

L
fAuBapb ®eBpanb MapT Anpens Maii MioHe  ionb

Puc. 19.4. LleHbl Ha CbIpyto HE(Tb M YMCTAA LLEHHOCTb HeqTH

HeTb — «onuManLHOR* 1 cBOBOLHOW — B MecTe LOObIUK.
C noMoLblo 3TOr0 rpauka MOXHO MPOCNEAUTb, KaK LeHbl
Ha HemMTENPOAYKTbl WAN Ha CbIpylo HeTb MEHSATCA MNOZ
BO3AENCTBMEM PbIHOYHbLIX cun  Ha pucyHke 194 BUAHO, Kak
nafieHne LeH Ha HeTenpoAyKTbl (N YMCTWUN LLEHHOCTU Hed-
TW) CHayana Bbl3blBAET CHUXXEHME LEeH Ha Cbipylo HedTb Ha
CBOOOAHOM PbIHKE, a 3aTeEM W CHUKeHUEe OULMNANbHBIX LIEH.

Jaxe ecnu Bbl 3aroToBUAM MHOXECTBO Tabnuy u rpadu-
KOB, OTBETbl He CTO/Mb OYeBMAHbLI. HO, MO KpailHeil Mepe,
HauyMHaTbL BCerga CTOMUT C rpaiMyeckoro WAM YUCEHHOTO
CpaBHEHUS MPUBEAEHHbIX [OXOA0B A/ BapuvaHTOB MpPOCTO
W C/IOXKHOW CXembl NepepaboTkn C (haKTUYECKUMWU WeHamu
Ha HedTb.



XX
CbIPAA HE®Th,
FA3OKOHOEHCAT
N TA30BbI/ BEH3UNH

CHauana Bbl 6epeTe (hakThl, a N0TOM
MeHsieTe UX Kak BamyrogHo

Mapk TseH

Bce BUAbl Cbipbsi, MOCTYMAalOLWEro Ha HegTenepepabaTbl-
BalOLIMIA 3aBOf C MeCT A06bluM, Kak-HUGY[Ab Ha3blBaKOTCS.
OfHaKo WX Ha3BaHMs Maso roBopsT 06 MX CyTW, Aa W 3By4aT
OYeHb MOXO0Xe. Hampumep, B YemM pasHULA MeXAy Cblpoii
He()Tbi0 M ra3soOKOHAEHCATOM, WAN MeXAy He(THbIM 6eH3u-
HOM W ra3oBbiM GEH3UHOM?

[Job6blya HeTU Ha Mpombicnax

PucyHok 20.1 nokasbiBaeT YMPOLUEHHYIO CXeMy onepa-
Ui, KOTOpble MPOM3BOAATCS Ha rasoBblX U HEMTAHbIX MPO-
mbiciiax. [lofA3eMHble 3anacbl Yr/iieBOAOPOAOB MOryT Cylie-
CTBOBaTb B HECKONbKUX (hopmax. CKBaXUHa, NokasaHHas cre-
Ba, BeAeT B N/acT, 3aKPbITbll CBEPXY rasoBoil wwankoii. Yepes
3Ty CKBaXXMHY [06bIBAlOT ra3 rasoBoii CKBa>KMHbI, OCHOBHbIM
KOMMOHEHTOM KOTOPOro fIBNfeTca MetaH, Ho 15—20% mo-
ryT coctaBffTb 6Gonee TLwICenble YrneBOLOPOAbl, BMIOTb A0
rasomnns.

Korga ras BbIXOAMT W3 CKBaXXWHbI, OH OXNaX[aeTcs W
60Mbllas 4acTb TSHKENbIX YrneBofOPOAOB CXKukaeTcsi. CMech
nocTynaeT B pe3epByap, KOTOpPbI/i Ha3blBaeTCA MofeBoii cena-
paTop. VHOraa ero HasbiBalOT MPOCTO «LWUPOKUM Y4HaCTKOM»
TpybonpoBoga. B 3ToM 6onee LWIMPOKOM MPOCTpPaHCTBe JaBfie-
HMEe OKa3blBAaeTCA HWXe, M BCe rasoobpasHble YrneBofopo-
Abl, KOTOpble Haxoauaucb B PAcTBOPEHHOM COCTOSIHUM B
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XWULKOCTU, ucnapatoTca. 3 BepxHel yacTu cenapaTtopa Bbl
XOAWT MPUPOOHBIN ra3, a N3 HUXKHEN YacTh — ra3oKoHAeHcaT.

CKBaKMHa B CepeAnHe PUCYHKA BefeT B TOT e nnact
3aneraHns, HO Yepe3 Hee W3B/EKAT CbIpyld HedTb, comep-
Xalllyto pacTBOPEHHbI MPUPOAHbLIA ras. Ha noBepxHOCTU
OfHO OTAenseTcs OT APYrok B aHaNOrM4YyHOM cenapaTtope.

HakoHel, cKBaXWHa B MpaBOi 4YacTU PUCYHKa aeneT B
Jpyroi nnacT 3aneraHns, KOTOPbIA COAEPXUT TO/bKO HEedTb.
B aTOM cny4ae cemapaTtop He HY>eH.

[OanbHeliwas nepepa6oTka. Cblpylo HE(MTb U ra30KOHAEH-
cai MOXHO TPaHCMOPTUPOBaTb B LUCTEpHaX Ha aBTOMOGUAX
unu no HedTenposogy. MpPMPOAHBIA ra3 NoYTU Bcerga TpaHc-
nopTUPYHOT C MOMOLLbIO razonpoBoga. Ecnu rasonposoga HeT,
TO MPUPOLHbIA ra3 MOXHO CHOBa 3akayaTb MO 3emM0 AnA
TOro, 4TOObI MPOJOMKATL CBA3AHHYIO C HUM [06bI4Yy HedTu.

Mpy TpaHCNOPTMPOBKe Cbipoii HedTM Mo Hed)TenpoBogy
He(hTW pasNMYHbIX COPTOB, 3a/eraroline Mog 3emnaein oTAenb-
HO, YacTo CMeLIMBalOTCA Mexay coboir Ecnm 3T0 ygobHo, To
ra3oKOHJeHcaT Tak)Xe MOXHO CMeLInBaTb C HeThbHO.

HecmoTps Ha TO, 4YTO MPUPOLHbLIA ra3 MpPoOXoAuT udepe3
nofeBoli cenapatop, OH MOXET BCe €eLle CofepXaTb HeKOTO-
pble KOMMOHEHTbI, 60nee TAXenble, 4emM MeTaH-3TaHOBas
cmecb. BosmoxHa nepepaboTka MpMpOAHOro rasa Ha ycTa-
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HOBKE ra3o(pakKLUMOHWPOBAHHA C LEMbH W3B/EYEHUSA Traso-
BOro GeHsuHa (XKMAKOW 4YacTu, cogepauieiica B MPUPOLHOM
rase). [a3oBblii 6EH3WH COCTOWT W3 3TaHa, NponaHa, byTaHoB
U HehTsHOro GeH3WHa, KOTOPbIA MpefcTaBnseT coboil cmech
yrneBofopoAoB OoT neHtaHa go C9 (uam C|0). NHorpa copep-
XaHue HepTAHOro 6eH3MHa U ByTaHa MOXET oKa3aTbCs A0cC-
TaTO4YHO BbICOKUM, TaK 4YTO 3MMOW 3TU MPOAYKTbl KOH[AEH-
CUPYIOTCA HENOCPeACTBEHHO B rasonposofe. B atom cnyvae
Hacocbl He CMOryT nepekauvBaTb MPOAYKT, W paboTa ocTa-
HOBUTCS. TPUPOAHbLIA ra3 ¢ TakKMM COCTaBOM 06si3aTe/bHO
HY>XHO nepepabaTtbiBaTb Ha YCTAHOBKe rasodpakumoHuUpoBa-
HWA, 4TOGbl YAaNNTb ra3oBblil 6EH3NH U NONYYNUTb TOBAPHbINA
NPOAYKT, TPAHCMOPTUPOBKA KOTOPOro He Bbl30BeT Npobiem.

Y CTaHOBKM ra3opakyMOHUPOBAHHSA

[na BblgeneHna rasoBoro 6eH3MHa MOXHO MCNO/b30BaTh
YeTbIPe OCHOBHbIX CXEMbI.

1 OxnaxpeHve.

2. T'ny6bokoe oxnaxpaeHue.

3. Abcopbuna (NornoweHne) TOWMM Macnom.

4. Apcopbumns Ha TBepAom cnoe (afcopbeHTe).

B cxeme oxna>kieHWs XXUAKOCTb-COAEPXallnMil ra3 oxnax-
faeTcs A0 TemnepaTtypbl, nexaiwieil B uHTepBane or — 10°C
(15°F) po -40'C (—40°F). Mpu Takoin TemnepaType OKOMO
70% aTaHa, 90% nponaHa W Becb OyTaH (a Takxke 6onee
TSKE/Nble KOMMOHEHTbI) CXKWXAITCA, U UX MOXHO OTAeNuTb
(hpaKLMOHNPOBAHUEM.

B cxeme rny6oKoro oxna>kaeHus NpoBOAUTCA 6onee MoaHoe
BblAeneHne 3taHa. C 3TOW LUenblo Temnepatypa XUAKOCTb-
cofepxalliero rasa CHuxaetca Ao wuHTepBana ot —100 fo
—140°C (o1 —150 go -225°F), nna yero npumeHseTcs ycT-
poiicTBO nof HasBaHueMm TypbogeTaHiep. B aTmx ycnoBusx
90—95% aTaHa ¥ Becb nponaH (a Takke 6ofiee TAXenble
KOMMOHEHTbI) OTAENATCA OT rasa.

Abcop6uma (nornoweHme) TOoWmMM MacnoM MPOBOAUTCA Ha
6onee cTapbiX yCTaHOBKax rasopakLMmoHMPOBaHHA TOYHO TaK
Xe, Kak 3TO NPOBOAWUTCA Ha COOTBETCTBYIOLMX YCTaHOBKax
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HedTenepepabaTtbiBatoLero 3asoga. O6bi4yHas npouesypa no-
3BOMIAET MOMy4MTb OKONIo 70% nponaHa u 100% 6yTaHa u
6oniee TAXENbIX KOMMOHEHTOB. [MpW MCMOMbL30BaAHUN OX/IaX-
[EeHHOro TOWero Mmacna MOXHO fo6aBuTb K 3ToMy 50—75%
JTaHa.

Afcop6uns Ha TBEPAOM CNoe — WHTEPECHbIN mpouecc, Ko-
TOpbIA UCMONB3YIOT B Tex cryyasx, Korga TpebyeTcs BCero
NUWb U3MEHUTb TOYKY pOCbl (TO eCTb YAanuTb TONbKO Hanbo-
Nnee TsXKeNble KOMMOHEHTbI, KOTOpble MO 6bl CKOHAEHCU-
poBaTbCA NpW TPAHCMOPTUPOBKe). MHOrMe KOHTPaKTbl Ha
npogaxy rasa TpebytT, 4To6bl TOuYKa pochbl (Temnepartypa,
nMpy KOTOPOW HayuMHalT 06pa3oBbIBATLCA Kamnau) 6Gblia He
Bbilwe —10°C (15'F) npw paBneHWM B rasornpoBoje OKO/O
800 psi (55 atm). B 3aBMCMMOCTM OT KOHKPETHOrO rasoBoro
noTokKa, A/ig 3TOro MOXeT noTpeboBaTbCcA MOMHOE yhaneHue
He(TAHOro 6eH3nHa ¥ YacTU4YHOe ypaaneHue 6GyTaHOB.

HekoTopble NOpUCTble MaTepuanbl, Takue Kak akTUBUPO-
BaHHbIA Yronb, CUANKarenb M OKCUA aniOMUHUS, MOryT 3a-
CTaBNATb 60/blINe 06bEMbl MapoB KOHAEHCUPOBATbCA Ha WX
NOBEPXHOCTU. TaK KakK XWAKOCTb OCTaeTcs Ha MOBEPXHOCTM
TBEPAOro BELLECTBA, 3TOT MPOLLECC HasbiBaeTcA agcopbumeit,
a He abcopbumei (B nocnegHeM ciyvae XXMAKOCTb OKa3sblBa-
eTca BHYTpM Martepuana). ocne KOHAeHcaLuu JOCTaTOYHOrO
KO/INYeCcTBa XUAKOCTU (B AAHHOM Cnyvae, rasoBoro 6eH3u-
Ha) npouecc MpekpawawT WM HanpaenflwT MNOTOK B Apy-
roii pesepsyap, cofepxxawuii HOBYK NopuuI0 afcopbeHTa.
XKnaKocTn yaanstoT ¢ NOBEPXHOCTU aacopbeHTa 06paboTKoiA
neperpeTbiM Napom, cobmparT U KOHLEHCUPYIOT.

Mpun agcopbumn Ha TBepaom cnoe Bbigensetca 10—15%
6yTaHOB U 50—90% He(TAHOro 6eH3uHa.

TpaHCNopTUPOBKA M MCMO/b30BaHME

PbIHKOM cObiTa gns Gonblieli YacTu NPOAYKUMM HedTe-
NPOMBICNOB ABNATCA HedTenepepabaTbiBatowme 3aBoabl. Kak
yXXe YNOMWHANoCb, NPOAYKTbI ABMXYTCA K MecTam HedTene-
pepaboTkm no Tpybonposogam. Yacto yfo6HO MCNONbL30BaTb
He()Tb He TOMbKO KakK MEepPeHOCYMK ANA ra3oKoHAeHcarta, HO
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HOBKC ra3o(pakLUMOHWPOBAHUA C LENbl U3B/IEYEHUSA Ta30-
BOro GeH3nHa (KWAKOM 4acTu, conepxalleiics B NPUPOLHOM
rase). asoBblii 6EH3NH COCTOUT M3 3TaHa, NMponaHa, 6yTaHOH
N HepTsHOro GeH3WHa, KOTOPbIA MpefcTaBnseT coboii cmech
yrneBofopoAoB OT neHTaHa go C9 (nnm C|0). NHorpa cogep-
XaHne HepTAHOro 6eH3MHa M GyTaHa MOXET OKa3aTbCs A0C-
TaTO4YHO BbICOKMM, TaK YTO 3MMOW 3TU MPOAYKTbl KOH[EH-
CMpPYHOTCA HENoCpeACTBEHHO B rasonposofe. B atom cnyuae
Hacocbl He CMOryT nepekayuMBaTb NPOAYKT, M paboTa ocTa-
HoBUTCS. [pupoAHbIA a3 Cc TakMM COCTAaBOM 06si3aTeNbHO
HY)>XHO nepepabaTtbiBaTb Ha YCTaHOBKe ra3oqypakLMOHMPOBP.-
HWS, YTOObI YAANUTb Fa30Bbli 6EH3WH W NOAYYUTb TOBAPHbINA
NPOAYKT, TPaHCMOPTUPOBKa KOTOPOro He BbI30BET Mpobem.

YCcTaHOBKM ra3opakLMOHNPOBAHUS

[ns BbigeneHns rasoBoro 6eH3MHa MOXHO MCNO/Mb30BaThb
YeTblpe OCHOBHbIX CXEMBbl.

1 OxnaxgeHue.

2. nybokoe oxnaxfieHue.

3. Abcopbuus (nornouieHne) ToWMM Mac/ioM.

4. Apcopbuus Ha TBepaom cnoe (agcopb6eHTe).

B cxeme oxna>kAeHWs XUAKOCTb-COAEPXallMii ra3 oxnax-
faeTca A0 TemnepaTtypbl, Nexauwein B uHTepBane ot — 108C
(15'F) po -40°C (—40°F). MNpwn Takoli TemnepaType OKO/O
70% 9sTaHa, 90% nponaHa W Becb OyTaH (a Takxe 6onee
TsXKeNble KOMMOHEHTbI) CXXMXAKTCA, U UX MOXHO OTAENUTb
(hpaKLMOHUPOBAHUEM.

B cxeme rny60KOro oX.LU>KAeHWst NpoBoauTcA 6onee MonHoe
BblfeneHne 3taHa. C 3ToW Uenblo Temnepatypa >XWLKOCTb-
cofiepXallero rasa CHuxaeTca A0 WHTepBana oT —100 go
—140°C (ot —150 fo ~225°F), ong 4yero nNpuMeHseTcs ycT-
poOMCTBO MOf Ha3BaHMeM TypbogeTaHfep. B atux ycnosusx
90—95% asTaHa M Becb nponaH (a Takxke 6osee TsKenble
KOMMOHEHTbI) OTAENAITCA OT rasa.

Abcopbuns (nornowieHme) TowWmMM MacsioM NMPOBOLMTCA Ha
6o/iee cTapbIX yCTaHOBKax rasopakLMOHUPOBaHUS TOYHO TaK
Xe, Kak 3TO MPOBOAMTCH Ha COOTBETCTBYHOLMX YCTaHOBKaXx
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HedTenepepabaTbiBatoLero 3asoga. O6blvHas npoueaypa no-
3B0MSeT NoAyunTb 0kono 70% nponaHa u 100% 6yTaHa u
60nee TAXeNbIX KOMMOHEHTOB. [Mpu MCNONb30BAHUMN OXNaX-
JEHHOTro TOLWLero macna MOXHO A06aBuUTb K 3tomy 50—75%
3TaHa.

AZcopbums Ha TBEPAOM CNOe — UHTEPECHbIW npoLecc, Ko-
TOPbIA MCMOMB3YKOT B TeX Cyyasx, Korga TpebyeTcss Bcero
NNWb M3MEHUTb TOYKY pochl (TO eCTb yAanuTb TONbKO Haubo-
nee TsXeNnble KOMMOHEHTbI, KOTOpPble MOMM 6bl CKOHLEHCK-
poBaTbCA MpU TPaHCNOPTUPOBKe). MHOrMe KOHTPaKTbl Ha
npofaxy rasa TpebykT, 4To6Gbl TOYKa pocbl (TemnepaTypa,
npuv KOTOPOI HauyuHaT 06pa3oBbiBaTLCA Kanau) Oblna He
Bbiwwe —10°C (15"F) npu pgaBneHUM B ras3onpoBoje OKONo
800 psi (55 aTtm). B 3aBUCMMOCTM OT KOHKPETHOrO rasoBoro
NnoToKa, A4NA 3TOro MOXeT noTpe6oBaTbCA MOMHOE YAaneHue
He(pbTAHOro 6eH3MHa M YaCTUYHOe yaaneHne GyTaHOB.

HekoTopble MOpPUCTbIE MaTepuanbl, TakMe Kak aKTUBUPO-
BaHHbIA yronab, CUANKAreflb U OKCUA aftOMUHWUA, MOryT 3a-
CTaB/ATbL 60/blIMe 06BLEMbI NMApPOB KOHAEHCMPOBATbCA Ha WX
NOBEPXHOCTU. TaK KaK XWAKOCTb OCTaeTCs Ha MOBEPXHOCTU
TBEPAOro BellecTBa, 3TOT NpOLECC HasbiBaeTca afgcopbumei,
a He abcopbuueii (B mocnefHeM cny4vae XMAKOCTb OKa3biBa-
eTca BHyTpu matepuana). lMocne KoHAeHcaLWy AOCTAaTOYHOIO
KO/INYeCTBa XUAKOCTU (B LaHHOM C/ydvae, rasoBoro 6eH3u-
Ha) npouecc MpekpawawT WM HanpaenAlT MNOTOK B Apy-
roil pesepByap, COAepXaliMii HOBYH Mopuuio aacopbeHTa.
XKnaKocTu ygansaT ¢ NOBepXHOCTKU aacopbeHTa 06paboTKoi
neperpeTbiM NapomM, cobuparT U KOHAEHCUPYIOT.

Mpun agcopbunn Ha TBEpLOM cnoe Bbigenserca 10—15%
6yTaHOB U 50—90% He(pTAHOro GeH3MNHa.

TpaHCNOPTUPOBKA U UCMOMb30BaHMe

PbiHKOM c6bITa gns 60nblieid YacTW NPOAYKUMWM HedTe-
NMPOMbIC/IOB ABAAOTCS HedTenepepabaTtbiBalolme 3aBoabl. Kak
yXXe YyNOMWHanoch, NPOAyKTbl ABMXYTCA K MecTaMm HedTene-
pepaboTkn no Tpy6onpoBogam. Yacto yfo6HO MCMONb30BaTb
HeTb He TONbKO KaK MEpPeHOCYMK ANA ra3oKoHAeHcata, HO



XX CbIPAA HE®Tb, FA30KOHAEHCAT W FA30BbI/ BEH3VH 195

W Ans He(pTAHOro 6eH3nHa u 6yTaHoB. Cbipas HeTb, B KO-
Topylo 6bin 3akayaH 6yTaH U/Mnn HeTAHOW BGEH3UH, Hasbl-
BaeTcA He(hTI:PO, cogep>KalenneTydynenpoaykThbl. Makcumanb-
HOe KONM4YeBTBO GyTaHa, KOTOPOE MOXHO 3aKayaTb B CbIpyO
HeTb, MHOrZa OrpaHMYMBaeTCs AONYCTUMbIM AaBEHWEM B
HeTenpoBoe.

C nponaHoOM ¥ 3TaHOM paboTalT OTAENbHO OT GyTaHa W
He()TAHOro GeH3nMHa. TakK KakK MponaH SIBASETCA TOBAapHbIM
NpPoAyKTOM, €ro 4acTo OTAEeNstT Ha YCTaHOBKe M OTNpaBns-
0T B aBTOUMCTEPHAX MAM MO rasonpoBogy. B To e Bpems
3TaH MOXHO TpaHCMOPTMPOBaTb (haKTUYECKM TOMbKO MO ra-
30MpoBOAY W3-3a €ro AaBfieHWs MapoB, MAOTHOCTM U T.A.
MHOrga ero oTnpaBnslOT OTAENbHO, a B HEKOTOPbIX CAy4asx
CMeLUMBAIOT C APYTMMU KOMMOHEHTaMM ra3oBoro 6eH3nHa. B
nocnegHeMm cny4vae cMecb He(hTSHOro 6GeH3MHa u Gonee ner-
KUX MPOAYKTOB OTAENAT OT rasa Ha YCTaHOBKe rasodpak-
LMOHMPOBaHMUA, HO Ja/blue He pa3fensoT, a OTNpPaBAsOT B
BUAE CMecK, KoTopas Ha3blBAaeTCs CMeLlaHHOe Cbipbe. B KOHLe
KOHL0B, 3Ty CMeCb pa3fenstoT Ha COOTBETCTBYMOLLEN YycTa-
HOBKE, pPacrnosioXXeHHO 6amke K MecTy cbbiTa unu B 6Gonee
YyLOGHOM NYHKTe MepepacnpegeneHus.



XXI
LEHHOCTb TOIJIMBA -
EFMO TEMJIOTBOPHAHA
CMNOCOBHOCTb

Ecnv Bam CMLLKOM >KapKo, YXOANTE U3 KyXHU
appu C TpymaH

MHorne 3KOHOMUYECKME COO0OPAXeHUs, BAMAKOLIME HA
MpoOM3BOACTBO Pa3IMYHbIX He(TENPOAYKTOB, CBsA3aHbl C KO-
JINYECTBOM TeMoTbl, KOTOPOE BbIfeNseTcs MNpu UX CXUra-
HUK. [1eicTBMTENbHO, UTOGbI BbIGPATh, Kakue MMEHHO MOoTo-
KW cnefyetT MCnonb3oBaTb KakK 3aBOACKOE TOM/MBO, HYXHO
NMPUHUMAaTL BO BHUMAaHMWE PbIHOYHYIO LieHY 3TUX HedTenpo-
AYKTOB, a TakXe WX TEeMJOTBOPHYK CMOCOGHOCTD.

TennocogepxaHue

Mpu cXUraHwu yrnesofopofa NMPOUCXOAAT ABa Mpoliecca
— MAeT XMMUYecKas peakuus W BblAensetcs Tennorta. Xumu-
ueckas peakuus 06bIYHO MpeAcTaBnseT co6oii npespalleHue
YrNeBOLOPOAa U KWCMOpOAa B AMOKCWA Yriepoga v Bogy:

CH4+202-*C02+ 2 HXO + Tenno,

2C6H6+ 1502->12C02+ 6 HD + Tenno.

Konunyectso TennoThl, Bblfendtolieeca B npolecce peak-
1K, pasnnyHo 4na pasHblX Yriesofopofos. B HedTenepepa-
6aTbiBalOLLEN MPOMBILIIEHHOCT KOMMYECTBO TENAOThl 06bIY-
HO M3MepsAlT B bputaHckUX Tennosbix egnHuuax (1 BTU =
1054,8 Ax = 252 kan).

OnpefeneHvie. OaHa BpuTtaHckas Tennosas efinHULA paBHa
KONWYecTBY TennoTbl, KOTOpoe TpebyeTcA ANS HarpeBaHus
oAHoro yHTta Bogbl Ha I'F.
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B Tabnuue npuBefeHbl TeNNOTBOPHble CMOCOGHOCTW He-
KOTOPbIX TOBApPHbIX Hed)TENPOAYKTOB.

MpoaykT BbicLas
TennoTBOpHas
CNoco6HOCTb
MpypoaHbIA ra3 1000-1050 BTwu/dyT.3*
OTaH 66 000 BTU/rannoH **
MponaH 91 600 BTU/rannoH
byTaH 13 300 BTU/rannoH
AncTnnnaTtHoe ToNanBO 140 000 BTU/rannoH
Tonnueo Ne 6 (2,5% cepbl) 153 000 BTU/rannoH
Tonnueo Ne 6 (0,3% cepbl) 151 500 BTU/rannoH

e 1 BTU/pyT.1= 37,27 kOX/M3
** 1 BTU/rannoH = 28,5 kx/m3

CyulecTBYIOT TENIOTBOPHbIE CMNOCOBHOCTK ABYX TMMOB. Tak
HasblBaemMas Bbicllas Tena0TBOPHas CNOCOGHOCTb MOKa3biBa-
eT o6llee KONMMYECTBO Tenna, KOTOpOe BbIAeNsieTcs B pe3y/b-
TaTe XMMMWYECKOM peakuuu (Tensota CropaHusa), a Hu3was
TENNOTBOPHAs CMNOCOGHOCTb YYWUTbIBAET COCTOSIHWE BOAbI,
KoTopass npu 3Tom o6pasyetcsd. [leno B TOM, 4TO YacTb Ten-
NOTbl XMMWUYECKOW peakLMM pacxodyeTcs Ha ucrnapeHue BOfbl.
Kpome TOro, He Bce TEMI0 MOXHO WCMOMb30BaTb, TakK Kak
OHO MPOX0AUT Yepe3 Meyb U BbIXOAUT B AbIMOBYH Tpyby. Kak
nNpaBuio, Yem TsXKenee TOMIUBO, TeM HUKE OTHOLIEHWE BO-
jopoja K yrnepofy B €ro CocTaBe, M TEM MeHblUe BOAbI
o6pasyeTcs Npu ero CXXUraHuu. IJTa CUTyaumUs HaxoauT oTpa-
XXEHWe B BeNMYMHe TENj0BOro K.n.A., KOTOpPoe onpejensercs
KaK OTHOLEeHWe NOMe3HOW TennoThbl K 06LLeil TeNNOTBOPHOWA
CMOCOBHOCTMH. .

MpogykT Tennosoii K.N.A.
MpupoaHbIi ra3 84
MponaH %
AuctnnnatHoe Tonnaneo 88

Yronb 90
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HomorpamMmMa cpaBHUTENbHON LLleHHOCTU TOMN/IMB

Ypo6HbI cnoco6 cpaBHEHWA LEHHOCTM pasHblX HedTe-
NPOAYKTOB W WX TEMNOTBOPHOW CMOCOGHOCTM MOKa3blBaeT
HOMOrpamMa, Mu306paxeHHas Ha pucyHke 21.1. 3J1a Tpey-
rofibHas fuarpamma nosiBunachb Brnepsble B XypHane Oil &
Gas B 1972 1., a B 1977 r. n 3atem ewe pa3 B 1980 r. oHa 6binia
mMoAu(ULMpOoBaHa B CTOPOHY YBENNYEHUA LLIKANbI.

UTo6bl MOHATb, KakK MNOMb30BaTbCA 3TOM AMarpammon,
NPeAnoNoXnM, YTO HaM HY>XHO nofobpatb TONANBO, 3KBUBA-
NIEHTHOE MO LeHe npupoAHOMY rasy no 2 gon. 3a 1 maH. BTU.
CHayana o6paTuMcs K BepTMKanbHOM LUKane crpaBa M Haii-
[leM TOpPU30HTAa/bHYI0 NMMHUIO, KOTOpas MepecekaeT ee B TOY-
Ke 2 gon. 3arem OyfeM [BUraTbCs MO rOPU3OHTaNbHOW IMHUM
crpaea HaneBo WM OTMETUM TMEPecevyeHns C BepTUKalbHbIMU
LIKanamMmu, COOTBETCTBYIOLMMUN pa3IMYHbLIM BMAAM TOMIMBA.
Mpn 3tom Mbl nmoayumm: 13,2 ueHTa/ranioH Ans a3TaHa,
183 wueHTa/rannoH fAna neHTaHa, 20,8 UeHTOB/ranfioH Ans
6yTaHa n TM.

TOYHO TaK Xe LeHy 060ro TonJmsa MOXHO NOCTaBUTL B
COOTBETCTBME LieHe M060ro Apyroro TONANBa, ANA Yero Hyx-
HO MPOBECTU MPAMYIO IMHUIO U3 BEPLUNHbLI CIEBa Yepes OfHY
M3 BEPTMKA/NbHbIX LIKan A0 MepecevyeHns C Apyroi LUKanon
(cooTBeTCTBYHOLLEW APYrOMY TOMAUBY).

Hanpumep, ecnin npamas, nposefjeHHas W3 BepLUUHBI,
nepecekaeT LWUKany, COOTBETCTBYIOLLYIO BbICOKOCEPHUCTOMY
Xugkomy tonnmey Ne 6, B Touke 10 gon./6ap., TO MOXHO
BUAETb, YTO 3KBUBAJEHTHBIMW BeAUYMHAMU NBAAIOTCA Oy-
pbiii yronb no ueHe 34 gon./t, AUCTUANATHOE TOMAMBO NO
22 ueHTal/rannoH, nponaH no 14 UeHTOB/rannoH U NPUPoOL-
HbI ra3 no 1,57 gon./maH. BTU.
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B Ta6nuue npvBeAeHbl TeNJ0TBOPHbIE CMOCOGHOCTU He-
KOTOpPbIX TOBapHbIX He(hTenpoAyKTOB.

MpoaykT BbicLuas
TennoTBOPHas
Crnoco6HOCTb
MpupoaHbIi ras 1000-1050 BTU/gyT.3*
OTaH 66 000 BTU/rannoH **
MponaH 91 600 BTU/rannoH
ByTaH 13300 BTU/rannoH
AnctunnatHoe TonavMBO 140 000 BTU/rannoH
Tonnueo Ne 6 (2,5% cepbl) 153 000 BTU/rannoH
Tonnuso N? 6 (0,3% cepbl) 151 500 BTU/rannoH

e 1 BTU/dyT.1= 37,27 kOx/M3
** 1 BTU/rannoH = 28,5 kx/m3

CyLLecTBYIOT TeNNOTBOPHbIE CMOCOBGHOCTM fABYX TUNOB. Tak
HasblBaeMas BbiCLUas TEMNOTBOPHAsA CMOCOOGHOCTb NOKa3blBa-
eT obLiee KONMYECTBO Temnsa, KOTOpPOe BbILENAETCA B Pe3y/b-
Tate XMMMWYECKOl peakuuu (TennoTa cropaHua), a Hu3was
TEeN/0TBOPHAA CNOCOBHOCTb Y4YWUTbIBaeT COCTOSHWE BOfbI,
KoTopas npu 3aTtom o6pasyetcqd. [eno B TOM, YTO 4yacTb Ten-
NOTbl XMMWUYECKOW peakLMn pacxodyeTcs Ha UcrnapeHue BOfbl.
Kpome TOro, He BCe TENnO0 MOXHO MCMO/Mb30BaTh, TaK Kak
OHO MPOXOAWUT Yepe3 Meyb U BbIXOAUT B AbIMOBYIO Tpy6Oy. Kak
npaBuio, Yem TsHKenee TOMIUBO, TEM HWXKE OTHOLIEHME BO-
Aopofa K yrinepogy B ero coctaBe, W TeM MeHblue BOfbI
obpasyeTcs Mpu ero CKMraHuu. 3Ta cuTyauumsa HaxoAuT oTpa-
XEeHWe B BeNMYMHE TEeMnnoBOro K.m.h., KOTopoe onpejenseTcs
KaK OTHOLWeHWe None3HoW TennoTbl K 06LIel TennOTBOPHON
cnoco6HoCTH. .

Mpogykt Tennosoii K.NA.
MpupoaHbIi ra3 84
MponaH &
Aunctuantnoe TonNaMBo 88

Yronb 90
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Homorpamma CpaBHI/ITeI'IbHOI\/'I LEHHOCTW TON/INB

Y[06HbIA €cNOCO6 CpaBHEHWS LLEHHOCTU pasHbIX HegTe-
NPOAYKTOB U WX TEenj0TBOPHOW CMOCOOGHOCTU MOKa3blBaeT
HOMOrpamMa, u3obpaxeHHas Ha pucyHke 21.1. 31a Tpey-
rofibHaa guarpamMmma nosiBUnachb BrepBble B XypHane Oil &
Gas B 1972 1., a B 1977 1. v 3atem ewle pa3 B 1980 r. oHa 6bin1a
MoAnMULMPOBaHA B CTOPOHY YBENIMYEHUS LUKasbI.

YUTo6bl MOHATb, KakK MOMb30BaTbCA 3TOW [marpamMmoi,
NPeAnoNoXNM, YTO HaM HYXXHO nofgobpaTs TOMN/NBO, IKBUBA-
JIEHTHOE MO LeHe NpupoAHOMY rasy no 2gon. 3a 1 mnH. BTU.
CHavana obpaTumca K BepTUKanbHOI LiKane cnpaBa W Haii-
[eM TOpPU30HTaNbHYI0 NINHUIO, KOTOpas MepecekaeT ee B TOY-
Ke 2 gon. 3atem 6yaem ABUraTbCA NO rOPU3OHTaNbHON NNHUNK
cnpaBa HaneBOo W OTMETWM MepeceyeHUs C BepPTUKa/IbHbIMU
LIKanaMu, COOTBETCTBYIOLWMMUN pasIMYHbIM BUAaM TOMIMBA.
Mpu 3ToM Mbl nonyymm: 13,2 UeHTa/rannoH [na 3TaHa,
183 ueHTa/rannoH ans neHTtaHa, 20,8 ueHTOB/ranioH Ans
6yTaHa u T.[.

TOYHO TaK e LeHy Ntoboro TonanmBa MOXHO NOCTaBUTb B
COOTBETCTBME LieHe N1060ro Apyroro TonamMBa, AN Yero Hyx-
HO NPOBECTW NPAMYIO IMHWUIO U3 BEPLUNHBI CMEBA Yepes OAHY
U3 BEPTMKabHbIX LIKal [0 MepecevyeHns c ApYroi LiKanoi
(COOTBETCTBYHOLLEN APYrOMYy TOMJIMBY).

Hanpumep, ecnu npamas, nNpoBefeHHAd W3 BepLUUHBI,
nepecekaeT LIKany, COOTBETCTBYIOLLYI BbICOKOCEPHUCTOMY
Xunakomy tonamsy Ne 6, B Touke 10 gon./6ap., TO MOXHO
BMAETb, YTO 3KBMUBANEHTHLIMU BeUYMHAMU ABAAIOTCA OY-
pbliA yronb nNo ueHe 34 pon./T, AUCTUANATHOE TOMAWMBO MO
22 ueHTa/rannoH, nponaH no 14 UueHTOB/rafnoOH U NPUPOL-
Hblii ra3 no 157 gon./mMmnH. BTU.



XX LEHHOCTb TONNMBA - BHO TEMNOTBOPHASI CIOCOBHOCTb

Puc. 21.1. SKBMBaneHTHblE VEHbI ANA HEKOTOPbLIX BUAOB YrNeBojo-
pogHoro TonveBa.



OTBETblI N PELLEHWNA

M kaKoB >ke 0TBEeT?...A B YeM TOrga Bonpoc?
lepTpyna CTaiiH.«Anuca b. Toknac, BocnomuHaHws»

FNABA 11

1 (a) PaccuuTaiiTe obwme 06bEMHbIE [ONM B MPOLEHTaxX ”

MocCTpoiiTe rpaguk.
(6) B OknaxomcKoii ManocepHUCTOW HedTn HadThl 9,7%,
a Tsxenaa KanudopHuiickas HepTb TOMbKO HauyuHaeT
KuneTb rae-1o mexgy 125®C (260*F) u 160°C (315'F),
MO3TOMY OHa He COAEPXMWT MOMHON (pakumm HagThbl, a
ee cofepxaHue T0/bKO 4,2%.
. Tak Kak nnoTHocTb API BbluncaseTcs no ocoboii dopmy™

ne, Henb3s MPOCTO CMIOXWTb ABa YWCna U pasfenuTb CyM-
My nononam. HyXHO npeBpatuTb NAOTHOCTM APIB OTHO-
CUTeNbHbIE MAOTHOCTU, MOJIYyYEHHbIE BENUYUHbI CMOXUTb
M pasfenuTb CyMMy Ha fABa, a 3aTeM CHOBa MpeBpaTuTb
pesynbTat B NAOTHOCTb APT.

V® cooTBeTCcTBYeT OTH. naoTHocTK 0,9930
50" cooTBeTCTBYET 0.7796

1,7726/2 - 0,8826,

YTO COOTBETCTBYET 28,15*.

rMABAM!

1. a. X0/104UNbHNUK;

6. MepnoanyvecKkmnii, HeENpPepbIBHbI;

B. Bap6oTaXHbIi1 KONNayok;

r. bap6oTaXHbIMM KOMMaykKaMu, CANBHbIMU CTaKaHamUu;
4. TouKa BbIKMNaHUA ... C TOUKOW Havana KUNeHus;

€. YMeHblUaeTcs;

X. YMeHbLLUAeTCs, YBENNYMBAETCSA.



XXI LIEHHOCTb TOM/MBA - B~0 TEMNIOTBOPHAS CMOCOBHOCTb jog

Puc. 21.1. SKBUBANEHTHbIE VEHbI ANSi HEKOTOPbIX BUAOB YINEBOAO-
pogHoro Tonauea.
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M KaKkoB >ke 0TBeT?...A B YeM ToOrga sonpoc?
lepTpyna CraiH. «Annuca b. Toknac, BocnomuHaHns»

NABA 11

1 (a) PaccuuTaiite obuime 06bLEMHbIE 40NN B MPOLEHTaX U

nocTpoiiTe rpauk.
(6) B OKnaxomcKoii ManocepHUCTOi HedTn HadTbl 9,7%,
a Tskenaa KanudopHuiickas He(pTb TONbKO HayuHaet
KuneTb rge-1o mexgy 125@C (260°F) n 160'C (315°F),
NMO3TOMY OHa He COAepXWUT NOMHOW dpakunu HagpTbl, a
ee cofepxaHue ToNbKo 4,2%.
. Tak Kak nnoTHocTb API BbluncAaseTcs no ocoboii hopmy-

ne, HeMb3s MPOCTO CMOXWUTb ABa YMcna v pasfenuTb CyM-
My nonofam. Hy>HO npeBpaTtuTb NAOTHOCTU AP!B OTHO-
CUTeNbHbIe MAOTHOCTW, MNOJMIYYEHHble BeNUYUHbI CNOXUTb
W pa3fenuTb CyMMy Ha fBa, a 3aTeM CHOBa MNpeBpaTuTb
pesy/nbTaT B MJOTHOCTb API:

1lecooTBeTCTBYeT OTH. NA0THOCTM 0,9930
50’ cooTBeTCTBYET 0.7796

1,7726/2 = 0,8826,

4YTO COOTBETCTBYET 28,15*.

FNABA 111

1. a. X0noguneLHUK;

6. Mepuogmnyeckunin, HeNnpPepbIBHbIN;

B. bapboTaxHbIli KONNavok;

r. bap6oTaXHbIMM KonMaykamu, CAMBHLIMU CTaKaHaMu;
4. TouKa BbIKMMAHUA ... C TOYKON Hayana KUNeHus;

€. YMeHblLlUaeTcs;

X. YMeHbLLaeTcs, yBETMUYMBAETCS.
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2 3Ty 3afavy MOXHO pewnTb HecKobKkUMK cnocobamu [ns
ynpouweHns Bbl Mo>KeTe NPeAcTaBUTb KPUBYH Pa3rOHKM
HabopoM NpPAMbIX, MOKa3blBAKLWMWX 3aBUCMMOCTb TpaHuL,
KnneHns gpakyuin oT 06bEMHbBIX NPOLEHTOB

3aTeM coCTaBbTe O6LLYI0 KPUBYH PasroHKM, paccynTaB
06Wwunii 06bemM Kaxoro noroHa w3 AByx HediTel

O6bem
THIM 45°C (113°F) 315
45-125-C (H3—260°F) 258
125—160°C (260—315°F) 351
160—260°C (315—500°F) 215
260—400®C (500—750eF) 37,6
400—540°C (750—1000°F) 20,0
BbiLle 540®@C (1000°F) 285

200,0

Cnepylowmnii Wwar MOXHO caenatb NMM60O € NMOMOLLbI an-
reébpbl, MM60 nM300pas3nMB KPUBYHD pPasroOHKW B Buae rpaguka
Anrebpanyeckuini  MeToh BK/IKOYaeT Credyrolime ornepayum
THM gns dpakyuym nNerkoro npsiMOroHHoOro rasonna 275*C
(525°F) 3HaumuT, HekoTopas 4acTb noroHa 260—400°C (500—
750'F) nonagaeT BO (hpakumio peakTuBHOro tonnvmea Kakas
UMeHHO’ O603HauYMM ee yepe3s X Torga

(525 - 500)/(750 - 500) = X/37,6,
X = 376
3710 03HayaeT, yto noroH 525—750eF copepxuT
37,6 - 3,76"= 33,84 Tbic Gap /cyT

Ham TpebyeTcsi nonyuntb TonbKo 20 Thic 6Gap /CyT, Hauu-
Haa ¢ 525°F TMycTb Y KOHeyHasd Touka Torjga

(Y - 525)/(750 - 525) = 20/33,84,
Y = 658-F
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FMABA IV
1 & [leperoHkKun, KpekuHra,
6. Huxe;
B. Bbllle;

r. JIerknii BaKyyMHbIA ANCTUNNAT, TAXKENbIA BaKyyM-
HbI/i AUCTUNNAT, OCTATOK BaKyyMHOW MeperoHKu;
4. MOoBbICUTb, MOHN3NTH.

2. a. YTtobbl nonyuntb 35 ThiC. 6ap./cyT ocTaTKa BaKyyMHOWA
NMeperoHKM, Hafo HayaTb C CaMOW «TSKENON» YacTu Kpu-
BOW MeperoHKU u ABuratbca BBepX. B 3agaye 2 rnasbl |1
o6bem (pakumm «Bbie 1000°F* coctaBnan 28,5 Thic.
6ap./cyT. Bce 3TO BewecTtso nomajgeT B OCTaTOK.
Ecnn npu6aButb K aTomy noroH 750—1000°F (20 mAH.
6ap./cyT), To noTtpe6HOCTM OyAyT YAOBNETBOPEHbI C W3-
6bITKOM (Hy>XHO 35,0 — 28,5 = 6,5 Thic. 6ap./cyT). MpoBe-
[leM pacuer.

MycTb X — TemnepaTypa Hayana KMneHma octatka (KOTOpyto

MOXHO Ha3BaTb TaKXe TemnepaTypoil BbIKMMaHWUS NErkoin

dhpakumy unm TemnepaTypoil B BaKyyMHOW peKTudmMKaun-

OHHOI KONMOHHE). Torga

(1000 - X)/(1000 - 750) = 6,5/20,
otctoga X = 918,75€F.

6. /lerkas hpakyusa BaKyyMHOW neperoHKyu obpasyetcs u3
noroHa 750— 1000’F, ee rpaHuubl KuneHnsa 800—918,75°F.
MycTb Y — 06beM 3TOW pakyum.

Torpa

Y/20 = (918,75 - 800)/( 1000 - 750),
Y = 9,5 Tbic. Gap./cyT.

MMABA V

1 Kak 6bl Bbl HM cTpomnu monekyny C3H8, Bce paBHO Tpu
aToma yrnepofa COefMHATCA TEM >e caMbiM 06pasom: K
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ABYM U3 HMX GyaeT nMpucoegumHeHo mo Tpyu atoma BOA0pO-
Aa W OAWH aToM Yyrnepoga, a TpeTuii ByaeT CBA3aH C
ABYMsi aToOMaMu Yrnepoja W [ByMs aTtoMamyu BOAOPOAa.
B03MOXHOCTb HapuUCcoOBaTb MOMEKYNY He NUHENHOM, a Tak,
uTOGbl OMH W3 YrNepoAHblX aTOMOB Haxoguncs nog nps-
MbIM YI/IOM K COCEAHEMY, He O3HayaeT, 4YTo B [eicTBu-
TENbHOCTM 3TO Kakas-To fpyras Monekysna.

2. Ons n3obyTaHa BO3MOXHA TOMbKO OAHA CTPYKTypa C OT-

BETB/IEHNEM B LUEHTPE LEeNnOoYKn W3 Tpex yrnepoaHbiX aTto-
MOB.

H H H
o

H
M306yTaH

Y HOpManbHOro meHTaHa ecTb ABa M3omepa. B monekyne
n3omneHTaHa OfWH W3 aTOMOB Yyrfiepoja NPUCOeANHEH K OA-
HOMY M3 [ByX BHYTPEHHUX aTOMOB L,eMOYKMW, COCTOALLEN U3
yeTblpex aToMoB. K KakoMy WMMEHHO, He WMEEeT 3Ha4yeHus.
3TV fBa MOMOXKEHWUA CUMMETPUYHBI, YTO CTAHOBUTCH SACHO,
eCcnn nepeBepHYTb MOMEKYNY APYrOi CTOpPOHON. BTopoit m30-
Mep, HeOMeHTaH, COCTOMT W3 YeTblpex aTOMOB Yrnepoja,
NPUCOEAUHEHHBIX K NATOMY aToMy.

H
HHHH
H-C—C— c-H
H-C-H H H
H-<p-H
H

H

M3oneHTaH HeoneHTaH

W3omep 6yTuneHa yno6HO n306pasnTb Koco. Tenepb siCHO,
UTO OH OCTaHEeTCs TeM e, Kak 6bl Bbl ero HW noBopayvBany.
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M1306yTHneH

3. MapaguHbl, oneuHbl, HaPTEHbI U apoMaTUKa.
4. Tpn MONeKynbl Kcunona HasbiBaloTCA napa-,
Op/AI0-KCUNON ¥ OTAINYAKTCA MECTOM NPUCOEANHEHUS Me-

TUNbHbIX pPagunKanios.

MeTa- U

H

7

opTo-Kcunon nete-Kcunon napa-Kcunon

5. B Monekyne Tonyona TONbKO OAWH METW/bHbIA pagukan,
M MO3TOMY HE MMEeT 3HAUYeHUs, K KaKOMy UMEHHO atomy
GEH30/IbHOTO KOMbLA OH MPUCOESUHEH, TakK KakK KOMbLO

CUMMETPUYHO.

FMABA VI

1 a. Kartanusartop... yrnesofopog;
6. Kokc (unu yrnepog)... Bosgyx... CO... C02
B. TsKe/ble NPAMOrOHHbIe (hpaKLnu... GEH3NH;
r. ATMOC(HEPHOI 1 BaKyyMHOIA MeperoHKW Cbipoii HedpTy;

4. OnethmHbl;
C. PeumpKynupylowmii rasoinb... peLupKynnpyeT o YHUY-

TOXeHUS.
2. Ha ocHOBaHWW BOMPOCA O BaKyyMHOI MeperoHke: pasmep

Nerkon ¢pakumn BakyymHOl neperoHku (800—918,75°F)
9,5 TbiC. 6ap./cyT. paHuLamMyn Gpakunmn TAXENoro nNpamo-
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FrOHHOTO rasoina 6yLyT TOUKa BblKMMAHWA NErkoro nps-
MOFOHHOro rasoiins 658’F (3Ta BenMuUHa Gblna HailjeHa
B 3afjaye K rnase Ill) n Touka Hayana KunNeHus npsmo-
roHHoro octatka 800'F. MpoTMBHYIO paboTy No BbluMCne-
HUO obbema 3Toro noroHa (658—800°F) Hy>xHO npoge-
natb cnefgyrounm o6pasom.

O6bem hpakumm 500—750°F cocTasnset 37,6
(3apavawms rn. 111).

O6bem ¢pakumm 500—525°F coctaBnseT 3,76
(3agava mnz rn. 111).

O6bem (hpakuuu 525—658°F coctasnseT 20,0
(3agava uz rn. 111).

Moatomy o6bem hpakuun 658—750°F paBeH
376 - 20 - 376 = 1384

[Janee, o6vem tpakumm 750—1000°F paseH 20,0 (3agaua u3
rn. 1), a ppakumm 800— 1000*F paBeH 16,0 (3agaya un3 ra. 1V).
Takum 06pa3oM, Mbl HaXOAUM:

06bem pakuun 750—800°F cocTtasnseT 4,0.

HakoHel, 06bemM NpAMOrOHHOIO TSHXKeNoro rasonns (658—
800'F) paBeH

1384+ 4,0 = 1784

BbIX0f NErkoro KpeknHr-razonng cocrtasnfer 12%; cbipb-
eM KaTa/IMTUYeCKOro KPEKWHra ABAAEeTCA TAXeNbld npsmo-
FOHHbIW rasoiinb u nerkas ¢|NekUums BaKyyMHOW MeperoHku,
3HA4YMT, 06BLEM NErKOr0 KPeKMHr-ras3oins paseH

0,12 x (17,84 + 9,5) = 3,28 Thic. 6ap./cyT.

3. (1) MoHM3NTb TOUKY Hayana KuneHus unau (2) NoBbICUTH
TOYKY BbIKMNaHWA NErkoro KpeknHr-rasonina; (3) ysenu-
UNTb KOMMYECTBO CbIpbs, MOCTYNAlOLWEro Ha yCTaHOBKY
KaTaMTUYECKOro KpPeKnHra, 3a CYeT yBe/IMYeHns CKopoc-
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TM NOJAYM Cbipb B PEKTU(DUKALMOHHYK KOMOHHY ANA
CbIpoii HedhT unn (4) 3a cyeT M3MEHEHUS TPaHuL, TsxKe-
NOro NPSMOrOHHOMO ras3oifs U Nerko pakuum BaKyyMm-
HON neperoHku; (5) yBennmuntb 06bEM peLupKynsaTa 3a
CYET MOHWMXEHUSA TOYKM BbIKUMAHUA TAXKENO0ro KPEeKUHT-
rasoins; (6) U3MeHWUTb pexxum paboTbl peakTopa KaTanu-
TUYECKOro KpekuHra wunu (7) pereHepatopa, 4TO M3Me-
HUT BbIXOAbl MPOAYKTOB KPEKWHTa.

FMABA VII

1 a. HacbllWeHHOro rasa... KpeKuHr-rasa;
6. Towee mMacno... XXMpPHoOe Macno;
B. Nybyatoe macno.

2. MeTaH — TONAUBO ANS HedpTenepepabaTbiBatoLLero 3aBo-
Aa;
3TaH — TONAMBO ANA HehTenepepabaTbiBalOLLEr0 3aBofa
UNN XMMWUYECKOE CbIpPbE;
nponaH — TOBapHOE TOMAWBO WAW XUMUYECKOE CbIpbE;
H-ByraH — KomnayHMpoBaHWe aBTOMOGUIbHOIO 6GeH3u-
Ha;
n306yraH — Cbipbe ANA aNKUAMPOBaHUS;
nponuieH — ankuinpoBaHue;
OyTWNeH — anKUINpPOBaHMUe;
3TWNeH — TOMMMBO ANa HeTenepepabaTbiBatoLLero 3aBo-
fla WA XMMUYECKOE CbIpbe;
BOJOPOA — TMAPO0YUCTKA.

3. OguH u3 H-OYTUNEHOB M M300yruneH KUNat npu 6onee
HU3KOW TemnepaType, 4yem H-OyTaH, a ABa [pPYrux Hop-
MasbHbIX 6yTuaeHa KUNAT npu 6onee BbICOKON Temmnepa-
Type. Takum 06pasom 6yTWieHbl OTAENATCa Apyr OT fpy-
ra u ot H-6yTaHa.

[unarpaMmma 1 nokasbiBaeT YCTPOWCTBO PeKTUQPUKALMNOH-
HOW KONOHHbI, NPUFOAHON ANA 3TOW Uuenn. IOTO TONbKO
OfJMH W3 BapuvaHTOB, BO3MOXHO HECKO/bKO Apyrux. Bax-
HO MOHMMaTb, Kakue BellecTBa 0Ka3blBatOTCA BEPXHUMM
hpakuuammn, a Kakue HeT.

4. Owvarpamma 2.
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[Onarpamma 1. PeKTUuUKauMOHHas KOMOHHA 4191 pa3feneHns rasos
KpeKuHra.

FNABA VIII

I. a KpekuHry;
6. CepHas Kucnota nMbo hTOPUCTOBOAOPOAHAA KUCNOTa;
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¢4 roy
H-C4
n30-
MpAMOroHHbIV l
6eH3nH
MpsaAMoroHHas
«~ HapTa
1 JIpsiMOroHHbIA
KepocuH
% T PAMOTOHHBbIA cr
nerkuii rasoiinb -
. Mpmorona Katanu- KpekunHr-6eH3mnH
TAXeNbI rasoins TT(:?;' Jlerkuit KpeKMHr-rasoin
KpekuHr TaXeNnblii KPeKMHI-rasoiinb
Bakyym-  Jlerkas thpak-
Has ne- W BaKyyMHOI
OcTatok DEroHKa MeperoHKy
neperoHKn

Tsokenas ppaxLys BaKyyMHO NeperoHku

[Ovarpavma 2. MeperoHka Cblpoii HedyTW, BakyymMHasi NeperoHka,
KaTa/IMTUYECKUIA KPEKMHT 1 ra3o(pakLmMoHIpOBaH e

B XO0M0AWNbHLINA annapart, pPeakTop, y3en OTAeNeHUs Kuc-
NOThbl, Y3en LWefOYHON NPOMbIBKU W PeKTU(PUKaLMOHHbIE
KOJIOHHbI;
r. 3orentaHa v M300KTaHa;
4. OKTaHOBOro yucna ... AaB/ieHNs HacblWeHHOro napa ...
KOMMNOHEHT 6eH3nHa

2. Konnyectso n30-C4pgna C3pasHo

3000 x 0,25 x 1j6 = 1200 6ap /cyr,

anna C4
3000 * 0,30 x LI = 1080 6ap /cyT,
Bcero 1080 + 1200 = 2280 6ap /cyT

Tenepb HY)XHO BbluecTb M306yTaH (300 6ap./cyT), KoTO-
pblli y>Ke NpUCYTCTBYET B ChIpbE.
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Oteer 1980 6ap /cyT
MaTepuanbHblil 6anaHc

450 C3 675

750 C3* 1 AnKu-

300 nso-C4 nnpo- H-C4 690

600 H-C4 BAHVE

900 Cr Ankunar 2880
t

1980 6ap /cyT u30-C4c DY HacbIleHHOro rasa

Boixoabl
C°3 (3000 x 0,15) + (3000 x 0,25 x 0,3)= 675 6ap /cyT
C% (3000 X 0,20) + (3000 x 0,30 x 0,1)= 690 6ap/cyT
Ankunar (3000 x 0,25 x 18 + (3000 x 0,30 x 17) =
= 28806ap /cyT
Cbipbe 4980 6ap /cyT
Mpogykt 4245 6ap /cyr

MABA IX

1 a OKTaHOBOrO 4YuCNa;
6 MMnaTtuHa,
B ApomMaTuKu,
r Bogopog,
4 MeTaH, 3TaH, nponaH W OyTaHbl;
e Bogopogom,
X BbIxoja OKTAHOBOro 4ucna  Yr/ieBOAOPOAHbIE rasbl

(CO
2 BbIxoabl NpoAyKTOB paccuuTbiBalOTCS cnepytowmx! obpasom
M3 rpagmka T 049l OY9b5 oYy 100
Bbixog pudopmata, 06 % 88,0 84,7 75,0
Bbixog rasos C4~, 06 % 8.7 10,4 25,2
LleHa pudopmata, LieHTOB 3a rasioH  100,0 104,0 109,0
LleHa rasos C4 , LeHTOB 3a ra/iioH 50,0 50.0 50,0
O6was ueHa pudgopmaTa 8800,0  8800,8 8175,0
O6wwas veHa C4 435.Q 525,0 1260.0

BCEIo 9235,0 93338 9435,0
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MOXHO BWAETb, YTO MpW MOBbILEHWN OKTAHOBOrO 4ucia
pudopmata obwwas CTOMMOCTb MPOAYKLUM MOBbLILIAETCA, XOTH
M He3HauuTeNbHO, HECMOTPS Ha NafeHWe ero Bbixofga. Takum
06pa3oM, ecTb CMbICN yCTaHaBAMBaTb 60Mee XXECTKUIA pexunm.

3. lMpeBpavleHre naparHoB B M3onapaguHbl

H

I H
H-C-H |
H-C-H
H-C-H
| H-C-H H
H-C-H
H-%-H
H
H
H-enTaH WM3orenTaH

M~ fBpaLLieHne napamHOB B HaghTeHbI

H-IekcaH LinknorekcaH
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MpeBpalieHne HapTEHOB B apoMaTUKy

n
|
HH HH H Ac H
HA I u * | | +3Hr
HHA HH I
LinknorekcaH beH3on

KpekuHr HajTeHoB ¢ 06pa3oBaHMeM 6yTaHOB W 6onee ner-
KNX MpPOAYKTOB

HV H
N'"?2-» VV VY y
HA LH*»> — * H?-H
fsS ~i
MH-'HH
LimknorekcaH byTaH MeTtaH

oTtnmii finvnnnv MM-A nT anonatuvm

H H
Il H +2H2 > | if +2CH4
H 4 C/C .-_H H'"'c”™c/ Cc-H
H-C-H W H
H
Kcwunon beHson MeTaH

4. TlnatuHa nac pUOOPMUHT AaeT NAaTHOPMUHT.
5. Ownarpamma 3.
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prvol ok- [*~ 30-C4
r-U He
M Pudopmar
Repocvm
Jlerkuii ralounb C,/C, ANKN-
THK rasoiib Karanu- C4/C4- mpo- —
TC%% » KpekuHr-6exHimm  BaHuc

KPEKVHT  Jlerknit KpeKUHr-rasaonb
Nerkas dhpak- TsKenblii KPeKWHI-rasoiinb

Balyym LMs BaKyyMHOIA
Ham Ne-  neperoHku
OcTaTok peroHun
neperoHkmn
| Taxxenast dppakums BaKyyMHOW NeperoHKu

[Ovnarpamma 3. Cxema nepepaboTKU HeqyTW, BKIKOUAOLLas KaTanu-
TUYECKUIA PUDOPMUHT.

MMABA X

I a KaranusaTop;
6. Kokca n ocTatka;
B. OxnaxgatoT MOTOKOM PeLupKynATa;
r. HarpeBatoT, Noka OHO He 3aKOKCYeTcs;
4. Huskoe;
e. Mybuatblii M MronbyaTblii KOKC;
X. KpekuHr-rasa... oneguHsi;
3. leub, peKkTU(UKaLMOHHAA KOJIOHHA U peakTop... 6a-
pabaH.
2. BbIxog KOKCa COCTaBfserT;

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

3. fAwarpamma 4.
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Tsaxenas
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H'C,4

130-Cj
Ankn- H-C4
ampo- — Ao
Bakue Kunat

Jlerkuii rasoiinb TepM KpeknHra
TsKenbliA rasoiinb TepM KpekuHra
OCTaToOK TepM KpeKuHra

[Ouarpamma 4. [lonosiHeHWe CXeMbl MepepaboTkyM HedTy yCTaHOB-
KO TEPMUYECKOTO KPEKMHTA.

FABA XI
TMApPOKPeKNHT KaTtanutuyecknii Tepmunyeckuii
KPeKUHT KPeKUHT
Cblpbe [asolinb Tsxenblit Tsxxenslil razoiinb
NPSAMOTOHH bl i KaT KpeKuHra,
rAoiine ocTaTok
BaKyyMHOIA
neperoHku
Asnxyuias Kartanusatop, - Kartanusatop HarpesaHue
cuna BOAOPOS,
npouecca
MpogyKTbl MapaduHbl, HadTeHbl. MapatuHsbl,
NPOAYKTbI oneuHsbI, HathTeHbl,
apomaTuka apomatuka,

onepuHbI
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Ezzyﬁg uma BaKyyMHoit
© MeperoHku
OcraTok peroHKa p
neperoHku

Taxceng

hpakuma
BaKyyMHOW
neperoHku

[Ovarpamma 5. TexHONOrMYeckas Cxema nepepaGoTku HedTw, Ao-

MO/IHEHHAs YCTaHOBKOW TMAPOKPEKUHTa.
1— 6GeH3VH TepM, KPEKUHTa;

2 —Nerkuii rasoiinb TepM KPeKUHra;

3 —TsDKe/bliA ra3oiiib TEPM, KPEKUHra;
4 —O0CTaToK TePM, KPEeKUHra.

2. Ta3oiinb KaTaMTUYECKOro KpPeKUHra SIBASETCH XOPOLUIMM
CbIpbEM A8 TUAPOKPEKWHra, a MNpOAYKT TMAPOKPEKWUHTa
AB/IAETCA XOPOLWUM CbIpbeM AN PUPOPMUHTaA.

3. Awnarpamma 5.

MABA Xl

1 [aBneHue HacbllleHHbIX NapoB — 3TO faBfeHUEe Haj Xuj-
KOCTbI), KOTOpOe HeoOXO0AMMO, YTOBbl XWUAKOCTb He uc-
napsnaco.

O P 03HayaeT faBfeHNE HaCbIWEHHbIX NapoB no Peigy. 3ro
UNCNEHHbIN pe3ynbTaT M3MepPeHUs 3TOi BenWUUHbI MeTo-

aom Peiiga.
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Pabounii xo — 3TO ABUXEHWE NOPLIHA BHW3 nocfie Bocnna-
MEHeHUs ToMnnuBa.

MapoBas npo6ka — 3TO ABNEHWE, NPU KOTOPOM OGeH30Hacoc
nofaeT HefOCTAaTOYHOE KO/IMYeCTBO 6eH3WHa, TaK KakK He
MOXeT nepekaymsaTb MNapoXuAKNe CMecu.

KoMmmoHeHT, yBeﬂVI‘-IVIBaFOUJ,VIVI AaBfieHne HacblWEHHOro napa, —

310 yrneBogoposd (06bI4HO H-OyTaH), KOTOpPbI/A MCNOMb3yeT-
s, YTOObI cfenaTh 3TOT NokasaTenb GeH3NHA NPUEMIEMbIM.

JeToHaums — 3TO BOCN/JaMeHeHWe 6GEH3WHA B LUWAWHAPE
paHblie BPEMEHM BO BPEMS XOfa CXKaTus.
CTeneHb C>KaTus — 3TO OTHOLIEHMe o6beMa UWAWHAPA B

HVKHE Touke Xo4a MOopWwHA K 06be|v|y B BerHeVI TOYKE.

MNOY u MOSI — 3TO OKTaHOBble uucna GeH3MHA, U3MEpeH-
Hble B YCNOBUSX, MOAEMUPYHOLWMUX HU3KUE Harpysku npu
OBWXEeHUN (M3MepeHWe WCCNefoBaTeNbCKUM METOLOM) U
BbICOKME HArpy3ku (M3mMepeHWe MOTOPHbIM METOAOM) CO-
OTBETCTBEHHO.

STUAMPOBaHHbIA 6eH3VH — 3TO BEH3WH, B KOTOPbIA f06aB/eH
TeTpasTUACBUHeL (MW TeTpameTWCBUHEL) ANA MOBbI-
LIEHMA OKTAaHOBOrO Yucna.

MoBbILLEHNE OKTAHOBOrO 4ucna — 3TO peakuus 6eH3nMHa Ha
fo6aBfeHne TeTpasTUICBUHLA, onpefensemas U3MepeHu-
em MOY unnn NOY.

2.

O6vem AMNP  WNOY- KOY-

(6ap.) 0,0 3,17
MpPSIMOrOHHbBIA 6eH3UH 2730 1,1 66,4 83,5
Pudopmat 2490 28 94,0 100,8
Taxenblii NpogyKT ¢

TMAPOKPEKNHra 6 100 17 79,0 92,2
KpeKknHr-6eH3nH 3600 AA 92.3 95.8
Bcero 14 920 4,25
H-ByTaH X 52,0 93,0 102,5
14290 x 4,25 + 52,0 X = 12,5 (14290 + X)
X = 3116

Cmecb, BKOYast 6yTaH 18 036 125 84,2 94,6
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OtnoxvB uncna 84,2 n 94,6 Ha guarpamme, rokKasbiBaro-
el 3aBMCMMOCTb OKTaHOBOIO 4mcna oT cofepkaHunsa T3AC
(amarpamma 6), Mbl MOyYMM HEOOXOAMMOE KOMUYECTBO
T3C, paBHoe 4,8 r/rasinoH, YTO NPEBbILIAET MaKCUMasIbHO
[JONyCTMMOE KO/IMYECTBO, COr/laCHO HOopMaMm Mo 3aliuTe
OKpy>KaroLein cpeabl (3,17 r/rannon).

Ecnn TsKenblii NpogyKT FMAPOKPEKMHIa cHadaa Harpa-
BUTb HA PUPOPMUHI, TO BMECTO HU3KOOKTAHOBOro KOMMO-
HeHTa 6eH3MHa Mbl MOMYYVM BbICOKOOKTAHOBbI KOMMOHEHT.
MpuHMMaa BbIxod paBHbIM 85%, MOMyYMM, 4YTO 06LLMIA
06beM pudopmata cocTaBuT 7 675.

Ob6em  AMNP  WMOY- NOY-

(6ap.) 0,0 3,17
MpAMOroHHbI 6EH3WH 2730 111 66,4 83,5
Pudpopmar 7675 28 94,0 100,8
KpekuHr-6eH3vnH 3600 44 92,3 95,8
Bcero 14005 4,83
H-ByTaH X 52,0 93,0 102,5

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

Cmecb, BK/tOYas 6yTaH 16 724 125 89,0 97,2

[ns Takoro BapuaHTa cMecu TpebyeTcsl TOMbKO 2,2 rpav-
Ma TOC Ha rassioH (no gvarpamme 6), a 310 HWKe MaKkcu-
ManIbHOAOMYCTUMOW KOHLUEHTpaLUnK.

FMABA XV
'mopo- Okctpakuma [MpoussoacTso KoHeepcusi MeTaHa
04MnCTKa O3A no Knayccy c BOAAHbIM MapoMm

H2S M c n C, B —

S — — rn -

CO — — — B

co2 — — — B

CH< — — — c,n

H C — — n

02 - - C -

S02 — — B, N —

n - npoaykt, C —cbipbe, B —BHYTpeHHNIA NOTOK.
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* " . 1» it M >

CofepxaHue aHTUAeToHATOpa, I MeTaNIMYeCcKOro CBMHLA Ha WNNOH
cAa 1051

[Ouarpamma 6. [marpaMmmMbl NOBbILIEHUS OKTAHOBOTO YMC/a.
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FMABA XVIII

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

= 26 TbiC. 6ap./cyT.
MponaH: 50 Tbic. 6ap./cyT.
Hadra: 44 TbiC. 6Gap./cyT.
lasoinb: 50 Thbic. 6ap./cyT.

2. Myctb X — Konn4ecTBo cbipba (cMecu 70/30) B 6ap./cyr.
Y1066l Nonyunts 500 MAH. QYHTOB 3TWNEHA, KOMWYECTBO
Cblpbsi AO/MKHO ObiTb CMELYHOLMM.

PaccunTaem CpegHeBeCOBOI BbIX0OL 3TWAeHA U3 3TaHa U
nponaHa. Bbixog aTuieHa M3 3TaHa paBeH MPOM3BESEHWUIO
X Ha NpOLEHTHOE CoflepXXaHWe 3TaHa, Ha MIOTHOCTL 3TaHa
(B thyHTax Ha rannoH), Ha BbIX04 3TU/MeHa U3 3TaHa, Ha 42
(KonmMyecTBO ranioHoB B 6appene) n Ha 365 (uncno gHein B
rogy). 3aTem Hafo npogenaTb aHaNOTMYHbIE AECTBUSA, YTO-
Obl y3HaTb BbIXOA 3TU/MEHA M3 MponaHa:

3 ataHa (X *0,7 * 32 x0,77 x 42 x 365) +
3 nponaHa + (X x 0,30 x 4,24 x 0,40 x 42 x 365) =
STuneH = 500 x 106

Ortctoga X = 14,6 Tbic. 6ap./cyT.

Tenepb paccymTaem KONMYECTBO MPOU3BELEHHOro NPoOnu-
NeHa

M3 aTaHa (14,6 x 0,7 x 3,2 x 42 x 365 x 0,1) +
M3 nponaHa + (14,6 * 0,3 x 4,24 x 42 x 365 x 0,18) =
MponuneH = 56,5 x 10*
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UT06bl Y3HaTb, CKO/MbKO 3TaHa M nponaHa cnegyeT noj-
BEPrHYTb KPEKWUHTY, 4T06bl npou3eoauTb 500 MAH. (yHTOB
3TWMEHA, HO MpU 3TOM TOAbKO 20 MMH. YHTOB MpPONuWeHa,
Hajo COCTaBWUTb CUCTEMY YPaBHEHWIA.

MycTb X — KONMYeCTBO 3TaHa B Cbipbe, Gap./cyT.

Y — KONM4YecTBO npornaHa B Cbipbe, 6ap./cyT.

ATunex:

500 X x 106 =
N3 aTaHa = (Yx 32x42 x 365 x077) +
13 nponaHa + (Z x 4,24 x 42 x 365 x 0,40)
[MponuneHx:

20 Xx 104 =
N3 aTaHa = (Y x 32 x42 x 365 x001) +
M3 nponaHa + (Z x 424 x 42 x 365 x 0,18)

500 Xx KO* = 37773Y + 26000 Z
20 Xx 10* = 490Y + 11700 Z

Y = 124 7bic. 6ap./cyT. aTaHa u
Z = 14Tbic. 6ap./cyT. npornaHa

Bcero 136 Tbic. 6ap./cyT. cmecu 3TaHa v nponaHa 91/9.



MpeaMeTHbI yKa3aTeslb

EcTb.nogu, KOTOpble AeNat0T BIAZ, YTO U3Y4WIN KHUTY, BCErO

/ML MPOCMOTPEB MPEAMETHbIA yKasaTeNb, XOTA 3TO TO
>Ke CaMoe, KakK ec-iu Obl My TeLLeCTBEHHNK MPWHS.KS O Cbl-
BaTb BHYTPEHHWIA BUZ ABOPLA, NOCTOSB Mepes ero BXoAoM

[oxoHaTaH CBuT e TexHuKa CTUMYNALMNyMa»

KypcnBoM BbifenieHbl CTpaHULbl, r4e 3Ha4YeHWe TepMuHa ob6bAac-

HAeTcA

A6cop6ep (absorber) 68, 70cn
Abcopbumns (absorption) 68,
70cn, 193
ABTOMOGUNbHBIA GeH3NH CM 6eH-
31H
Apcopbuus (adsorption) 193
A3o0T (nitrogen) 48, 153
Ankunat (alkylate) 80un cn
AnkunuposaHue (alkylation) 62,
74, 80m cn, 108, 161
ApomaTuka (aromatics) 53 u cn ,
57, 89 cn, 96. 139, 165 n cn
ActanbTeH (asphaltene) 143 cn
Bap6oTaxHblii kKonnayok (bubble
cap) 3luncen, 35
BeH3uH (gasoline) 19, 22, 61, 62,
74, 88, 101, 107, 113 cn,
117 ¢cn, 171
KpeKknHr-6eHsnH (cat cracked
gasoline) 61 cn, 65, 116
nuponusHblii (pyrolysis) 155
NPAMOTOHHbIA  (straight run)
38, 56, 116
C YCTaHOBKM TUAPOKPEKUHTa
(hydrocracked) 117 cn
C YCTaHOBKW KOKCOBaHUA
(coker) 102, 117 cn
BeHson (benzene) S3, 96, 165
Butym (asphalt) 46, 143 cn
BokoBble oTBOAbI (Side draws) 33
BputaHckas Tepmuyeckas eguHuua
(British Thermal Unit, BTU)
196wucn
bytaguen (butadiene) 174

bytaHa n3omepusaumsa (butane
isomerization) 119,161— 163cn
CM TakkKe nsomepusauus 6y-
TaHa

ByTaHbl (butanes) 18, 50, 62, 69,
74, 81 cn, 161, 162, 164. 171

Bytunen (butylene) 53, 62, 69,
75, 81 cn, 171

TpeT-bytunosbiii cnupt Cm TBC

BakyymHas neperoHka (vacuum
flashing) 41 cn, 44 cn 57,
70. 98, 144

BaneHTHocTb (valence) 49 cn, 52

BepxHuii noroH (light ends) 38,
62

BucbpekuHr (visbreaking) 104

Boga (water) 16, 131, 147

Bogopoa (hydrogen) 48, 52, 57,
62, 69, 75 cn, 107 cn, 152,
155cn

BofopoAHbIi KOHLEHTpaT
(hydrogen concentrate) 76

Bpems npebbiBaHUA B peakTope
(residence time) 85

BsAskocTb (viscosity) 149

la3oBbIi 6eH3MH (natural gas
liquids) 191 cn

lasolinb (gas oil) 19 cn , 62, 103,
107, 111, 140, 170 cn
NpsIMOTOHHbIW (straight run) 57
C YCTaHOBKM KOKCOBaHWA

(coker) 103, 111

lasokoHpaeHcaT (condensate)
191 cn

mapuposaHue (hydrogena-
tion) 109



MmapokpeknHr (hydrocracking)
75, 107 cn, 134 156, 161
Mmppoounctka (hydrolreating) 38,
76, 152 cn

Fny6okoe oxnaxpieHue (cryogenic)
193

paHuubl KuneHna Cm Temnepary-

pa KuneHus
pakumin (cut points) 19,
35 cn, 62
'y6uatoe Mmacno (sponge oil) 68,
72

ey (gas plant) 62, 68 Gl, 93,
13

[asneHune napos no Peigy
(Reid vapor pressure) 115 cn

OetoHaumna (knocking) 119 cn

Ovien (diolefin) 155, 174

AnszenbHoe Tonnuneo (diesel fuel)
138 cn

OwnsenbHbli aBuraTens (diesel)
137 cn

ONOKCL, cepbl (sulfur dioxide) 158

OVOKCWL, yrnepoga (carbon
dioxide) 59 cn, 157, 1%

AvctunnatHoe Tonnueo (distillate
fuel) 62, 137 cn

ANCcTn MATHBLIA pacTBop GUTyMa
(cutbacks) 144, 146 cn
BI (RC) 147
Cr (MC) 47

AnataHonamuH (diethanolamme)
158

ATMP Cm paBneHve napos no Pei-
ay, RVP

O9A Cm gnataHonamuH

Enknii Hatp (caustic soda) 83

XXupHoe macno (fat oil) 68 cn

N3o06yTaH (isobutane) 51, 62, 71,
72, 74, 81 cn, 85. 111, 119,
161 cn

N3omepusauma (isomerization)
161 cn

N3omepusayma GytaHa (butane
isomerization) 161, 162, 164

M3onapauH (IsoparafTin) 51

M3oneHTaH (isopentane) 51

MOY Cm oKTaHOBOe 4uCno Mo uc-
CrefoBaTe/Ib.CKOMY MeToay

MpeOMeTHbIN yKasaTenb 221

KatanusaTtop (catalyst) 56 n cn
82, 88 cn, 108, 153

Katanutuyeckunin pudopMunHr (cat
reforming) 89 cn , 111, 112.

KepocuH (kerosene) 19, 20, 21,
38, I, 142, 154, 167
Kucnopog (oxygen) 48, 146
Kucnopoacogepawime [o6aBKu
(oxygenates) 128, 132
Knaycca yctaHoBka (Claus unit)
159 cn
Kokc (coke) 57, 58, 100 cn,
104, 107
rybuatbii (sponge) 104
uronbyatblin (needle) 104
KokcoBaHune (coking) 100 cn
KokcoBblin 6apabaH (coke drum)
101
KomnayHanpoBaHvue 6eH3nHa
(gasoline blending) 113 cn
KoHBepcua MeTaHa C BOAAHbIM
napom (steam methane
reforming) 76, 156 cn
KoHueHTpaT apomaTukmu (aromatics
concentrate) 168
KpekuHr (cracking) 27, 41, 170
KaTanmTmyeckunin (cat 56 cn ,
107, 152
Tepmuyeckuii (thermal) 98 cn
KpekuHr-rasoins (cat cracked gas
oil) 111
Kpusas pasroHku (distillation
curve) 16cn, 25 28 cn, 41
Kcunon (xylene) 54, 96, 165
KyBLwuHbl (jugs) 77, 78
Nerkasa (pakuma BaKyymMHON nepe-
roHku (flasher tops) 45 cn, 57
MakcnuManbHas BbiCOTa HEKONTA-
. wero nnameHn (smoke point)
755, 165
MeTtannbl (metals) 153
MetaH (methane) 49, 55, 58, 68
cn, 76, 1%
MeTaHa KOHBepCUsi C BOASHbLIM
napom Cm KOHBepcusi meTaHa
C BOASAHbIM Mapom
MeTaHupoBaHue (methanation)l57
MetaHon (methanol) 99 cn



