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1.1 Tunwet u naznauenue mepmuueckKux npoueccos

[Tox TepMUyYECKMMH MpOLECCAMU MOAPA3yMEBAIOT MPOIECChl XUMUYECKUX
npeBpalieHuii HeTSIHOTO ChIPbS - COBOKYITHOCTH pEaKIMi KpekuHra (pacnaaa) u
VIUIOTHEHHUS, OCYIIECTBISIEMbIE TEPMHUYECKH, TO €CTh 0€3 MpUMEHEHUs
KaTanu3atopoB. OCHOBHbBIC MapaMeTPbl TEPMUUYECKUX IMPOIECCOB, BIMSIOMIMX Ha
aCCOPTUMEHT, MaTepHalbHbI OallaHC M KAa4yeCTBO MOJy4aeMbIX MPOAYKTOB -
KaueCTBO ChIPhS, JABJIICHHE, TeMIIepaTypa M MPOJOLKUTEIFHOCTh TEPMOJIM3a
(TepMUH, TPUMEHSEMBIN K TEPMUUECKUM TIPOLIECCaM M0 aHAJIOTHH C KaTaJIu30M B
KaTAIUTUYECKUX MPOIIECCax).

B coBpeMenHoil HedTenepepabOTKe MPUMEHSIOTCS CIEAYIOUIUE THIIBI
TEPMUUYECKUX TIPOIIECCOB:

1. Tepmuyeckuidi KpPEKUHI BBICOKOKHISIIETO JUCTWUIATHOTO WU
OCTaTOYHOT'O ChIPhsI MPH MOBBIIICHHOM faByieHud (2 - 4 MIla) u Temneparype 500
- 540 °C ¢ nomydeHueM rasza u KUIKHX IPOIYKTOB.

C Hauyana BO3HUKHOBEHHS U 10 cepearHbl XX B. OCHOBHBIM Ha3HAYEHUEM
ATOTO «3HAMEHUTOTO» B CBOE BpeMsi Ipoliecca ObUIO TOJYYCHHE M3 TKEIBIX
HEe(TAHBIX OCTATKOB JIOMOJIHUTEIHLHOTO KOJIMYECTBA OCH3WHOB, 00JIAAIONINX, TIO
CPaBHEHUIO C MPSIMOTOHHBIMH, IIOBBIIIIEHHON I€TOHALIMOHHON CTOHKOCTRIO (60 - 65
nyHKTOB 10 OYMM - OKTaHOBO€ YHCIO MO MOTOPHOMY METOJY), HO HU3KOU
XUMHUYECKON CTaOUNIbHOCTBhIO. B CBsi3M ¢ BHEApEeHUEM U pa3BUTHEM OoJiee
3G (HEKTUBHBIX KATAIUTUYECKUX MPOILIECCOB, TAKUX KaK KATATUTHUYECKUN KPEKUHT,
KaTAJIMTUYECKUN pUPOPMUHT, AITKUIUPOBAHUE U Jp., MPOIECC TEPMUUYECKOTO
KPEKHMHTa OCTAaTOYHOTO CHIPbsl KaK OCH3WH MPOU3BOMASIIMN HBIHE yTPATHJI CBOE
NPOMBINJICHHOE 3HadeHue. B  HacTosimiee BpeMsi TEPMUYECKUM KPEKUHT
MPUMEHSIETCS TPEUMYIIIECTBEHHO KaK MPOILIECC TEPMOIOATOTOBKU JUCTUIUISTHBIX
BUJIOB CBIpbS [IJII YCTAHOBOK KOKCOBaHUS M TMPOU3BOACTBA TEPMOTa30MIIs.
[IpuMeHUTENHHO K TOKETBIM HE(MTAHBIM OCTATKaM MPOMBIIICHHOE 3HAYCHHUE B
COBpPEMEHHOW HedTenepepadoTKe MMEET JUIIb Pa3HOBUIHOCTH 3TOTO MPOIECCa,
MOJIYYMBIINI Ha3BaHUE BUCOPEKHUHTA - TPOLIECC JIETKOT0 KPEKUHIa C OTPaHUYEHHOU
rJ1yOMHOM TepMOJIK3a, TPOBOAUMBIN NPU MOHMKEHHBIX aaBiaeHusx (1,5 - 3 MIla) u
TeMIEpaType C LeJIEBbIM HA3HAYEHUEM CHUKEHUS BA3KOCTU KOTEJIBHOrO TOILIMBA.



2. KokcoBaHue - JUIMTENbHBIN MPOLIECC TEPMOIH3a TKEIBIX OCTATKOB WJIH
apOMaTHU3UPOBAHHBIX BHICOKOKHUIISIIUX JTUCTUIUISITOB IIPU HEBHICOKOM JIABJIEHUU U
temnepatypax 470 - 540 °C. OcHoBHOE IleNeBO€ Ha3HAYCHHE KOKCOBAHUS -
MAaJIOIIEHHBIN Ta3, OCH3UHBI HU3KOT'0 KAaYeCTBa U Ta30MIIH.

3. Ilmpomus - BeIcokoTemmeparypubii (750 - 800 °C) rtepmonus
ra3oo0pa3Horo, JErkoro WM CPEAHEIUCTUIUISITHOTO YIIJIEBOJOPOIHOTO ChIPHS,
OPOBOJUMBI ~ TpPU  HU3KOM  JIaBJIGHUM U HUCKJIIOYUTEIBHO Mol
IPOAODKUTEILHOCTH. OCHOBHBIM II€JIEBBIM HA3HAYCHHEM MHUPOJIN3a SBISETCS
IIPOM3BOICTBO OJie(HH - COAEPIKAIIMX ra3oB. B kauecTBe MOOOYHOTO MPOAYKTA IIPU
NUPOIM3E  TMOJYYarOT  BBICOKOAPOMATHU3WPOBAHHBIE  JKUIKOCTH  IIUPOKOTO
(bpakIMOHHOTO COCTaBa ¢ OOJBIIUM COJIEP)KAHUEM HETIPEEIbHBIX YTII€BOI0POIOB.

4. Ilpoumecc  moiiydeHMss  TEXHHYECKOro  yriepoaa  (caxu) -
BBICOKOTEMIIEPATYPHBIH (cBpiLIE 1200 °C) TEPMOJIU3 TSAKEIOrO
BBICOKOQPOMATH3UPOBAHHOTO JUCTHUIATHOTO CHIPHS, MPOBOJWMBIN MPU HU3KOM
JTABJICHUU U MAJIOH MPOJIOJDKUTEITLHOCTH. DTOT MPOLIECC MOKHO pacCMaTPUBATh Kak
XKECTKUM MUPOJIU3, HAIPABJICHHBIN HE HA MOJydeHHE 0JeUHCOAepKAIINX Ira30B, a
Ha MIPOU3BOJCTBO TBEPIOTO BHICOKOJUCIIEPCHOTO YIiIepo/ia - MPOAYyKTa rIIyOOKOro
TEPMHUYECKOTO  PA3JIOKEHUSI  YIIEBOJAOPOJHOTO CBHIPhS IO CYIIECTBY Ha
COCTaBIISIFOIIUE DJIEMEHTHI.

5. [Ipouecc nonyueHus HePTSIHBIX MEKOB (TIEKOBAHUE) - HOBBIN BHEIPSEMBbII
B OTEUECTBEHHYIO HedTenepepaboTKy Ipoiiecc TepMmoin3a (KapOOHHU3aAIUN)
TSOKEIOTO  TUCTUJUIATHOTO WJIM  OCTAaTOYHOTO  CHIPhS, IPOBOAWMBIA  TIPH
TIOHWKEHHOM JIaBJICHHMH, yMepeHHol Temneparype (360 - 420 °C) u mnurensHOM
IPOAODKUTEIHHOCTH. [IOMUMO 11€TIeBOTO MPOAYKTA - TIEKa - B MPOIIECCe MOMyYaroT
ra3bl ¥ KEPOCHHOTA30MIIeBbIE (DPAKIIHH.

6. Ilpomecc mnonmyueHus HEDTAHBIX OUTYMOB - CpeaHETEMIEPATYPHBIM
POAOIKUTETHHBIN IPOIIECC OKHCIIUTETHHON JAETUAPOKOHICHCAIIUH
(kapOoHUM3aIMKM) TSHKENBIX HEPTSIHBIX OCTAaTKOB (TYAPOHOB, ac¢aibTUTOB
neachanbTU3aINH ), TPOBOAUMBIN TPy aTMOChEepHOM AaBieHUH u Temmeparype 250
- 300 °C.

B kadecTBe ChIpbsi TEPMOAMCTPYKTHUBHBIX MPOIECCOB HedTenepepadoTKHy,
KpOME THPOJIN3a, WUCIOJB3YIOTCS OCTATKH MPSAMOM TMEpPErOHKH (Ma3yThl, TONY -
TYAPOHBI, TYIPOHBI), TEPMHUYECKOTO  KpPEKHWHTra, MHponm3a  (CMOJIBI),
neachanpTuzanuu - (geachanbTUzar WM ac)ambTUT) U BBICOKOKHUIIAIINE
apOMaTU3MPOBAHHBIE KOHIIEHTPATHl M Ta30iJid, TMOJydyaeMble Ha OCHOBE
JTUCTUJUIATHBIX TPOJYKTOB (SKCTPAKTBI MACISTHOTO TPOM3BOACTBA, TSKEBIC
ra3oiin KaTaJIMTUYECKOTO KPEKWHTa, KOKCOBAaHWS, IUCTHIUIATHBIC KPEKWUHT -
OCTaTKU W Jp.). B mporeccax muposm3a HAWIYYIIMM BHUIAOM CHIPbS SBJISIOTCS
napaduHOBBIE YTIEBOAOPOBI, JAIONIME MAKCHMAJIbHBIM BBIXOJ OJC(HUHOB:
ra3oo0pasHble (3TaH, MpomnaH, OyTaH WU WX CMECH) M JKHUJKHE (HU3KOOKTAaHOBBIC



OeH3MHBI U KepocuHorazouesbie ¢hpakiun). Tsokénble HedTssHBIE ocTaTku (THO)
MPEACTABIAIOT COOOM CIOXKHYI0O MHOTOKOMIIOHEHTHYIO M MOJIUJUCIEPCHYIO IO
MOJIEKYJIIPHOM ~ Macce CMECh  BBICOKOMOJIEKYJISIPHBIX — YIJIEBOJIOPOJOB U
TeTepOCOCANHECHNN, BKIIIOYAIONINX, KPOME YIJepojJa M BOAOPOJA, Cepy, as3or,
KHCIIOPOJ, ¥ METAJIbl, TAKWE KaK BaHAIWW, HUKEIb, JKEJIe30, MOJHMOJEH W Jp.
OCHOBHBIMM KOMIIOHEHTaMu mepBUYHbIX (HaTuUBHBIX) THO sBisioTcs Macna,
cMoJibl  (ManbTeHbl) W acdanbreHsl. Bo Bropuunsix THO, mnoaBeprHyThIX
TEPMOJUCTPYKTUBHOMY  BO3JCHCTBHIO,  MOTYT  IPUCYTCTBOBaTh,  KPOME
MEPEUNCICHHBIX KOMITOHEHTOB, KapOCHBI U KapOOU/IBI.

KauectBo THO kak cChIpbs TEpMOAMCTPYKTHUBHBIX (&  TaKxKe
KAaTaJIMTUYECKUX) TPOIECCOB, KPOME TPYMIOBOrO MX COCTaBa, OMPENEISETCS B
3HAYUTEIHHOM CTENEeHU U CoJiepKaHUEM B HUX reTepocoenunennii. Kak mpasuio, ¢
yTspkeneHueM HaTuBHBIX THO mnpakTudecku BCE€ OCHOBHBIE T'€TEPOATOMHBIC
AJIEMEHTHI KOHIICHTPUPYIOTCS B BBICOKOMOJICKYJISIpHOW X dYacTu. CojaepkaHue
rerepocoenunennii B THO konebniercs B MIMPOKUX Mpenesax B 3aBUCUMOCTH OT
KauecTBa UCXOHON HedTH, TITyOUHBI 0TOOPA U TEXHOJIOTUU MOTYYSHHUSI OCTATKOB.

OcHOBHBIMH ~ THUMaMH CcepHUCThIX coeauHeHuit B THO  sBastores
BBICOKOMOJICKYJISIPHBIE CYJIb(GUIBI C YIJIEBOJOPOAHONW YacThio mapaduHOBOTO,
HEe(DTSIHOTO, apOMATHYECKOTO M CMEIIAHHOTO CTPOEHHUS, a TaKXKEe TOMOJIOTH
THOo(haHOB 1 TeodeHOB. MoJeKysIpHas Macca CEPHUCTBIX COCTUHEHUIA COCTaBIISET
250 - 10000. ocHoBHasi 4yacTth cepHUCThIX coeauHeHuit B THO cBs3zana c
apOMaTUYECKUMH U CMOJHMCTO-ac(halbTOBBIMU CTPYKTYpaMHU, B COCTaB KOTOPBIX
MOTYT BXOJIUTh MW JPyrde TeTepoaToMmbl. I[IpOSBISIOTCS  Clemyroniue
3aKOHOMEPHOCTH B PpacIHpeleNieHuu rerepocoennuHennii: B HatuBbix THO ¢
BBICOKHM COZIEp’)KaHUEM CMOJI U ac(albTEHOB (TO €CTh ¢ BRICOKOW KOKCYEMOCTHIO)
COJIEPIKUTCS OombIIe CEPHHUCTHIX, a30TUCTBIX, KHCIIOPOTHBIX u
METaJUIOPraHnYeCcKuX (IPEUMYIIIECTBEHHO BaHA NS U HUKEIIS) COCTMHEHHM.

Conepxanune azota B THO cocrasmsiet 0,2 - 0,6 % macc. YcraHoBiaeHO, 9TO
azorocoaepxkamue coeauHeHuss B THO OTHOCATCS TNPEHMYIIECTBEHHO K
CTPYKTypaM C TPETUYHBIM aToMoM a3oTa. Cpenau HUX TpeoOsIaaloT alKWi- U
[UKJIOATKUITPOU3BOIHBIE MMUPUINHOB, XUHOJIWHOB, aKPUJAWMHOB W HEHTpalbHBIC
COCIIMHEHHUS TUIIA MUPPOJIa, MHAOJA U Kapba3ona. B ocraTkax BBICOKOCEPHHUCTHIX
HedTel pacnpenesieHne OCHOBHBIX a30TUCTHIX COSAMHEHUH PUMEPHO CIICIYIOIIee
(B % oT 00111€T0 X COJIEPKAHNS):

XWHONMUHBI U UX HAPTECHOBBIE TOMOJIOTH 50 - 70.
beH30XuHOMMHBI ¥ X HAPTEHOBBIE TOMOJIOTH 25 - 40.
ben3tno30:1bl U X HaPTEHOBBIE TOMOJIOTH 7-15.

Kucnopoansie coenunenust B THO BxoasT B cocTaB cMOJ U ac(haibTEHOB.
OcHOBHasi 4YacTh METAUIOPTAHUYECKUX COEAMHEHUN KOHIEHTPUPYETCS
TaKXe B CMOJIMCTO-acanbToBbIX KoMroHeHTax THO. B macisHoM yacTh BaHa I



NPAKTHYECKH TIOJIHOCTHIO OTCYTCTBYET, a 4YacTh HHKEIs TPUCYTCTBYET B
muctinisitTax. Coneprkanue Banaaus B THO Tem Gomblnie, 4eM BBIIIE COACPIKAHHE
CEpbl, a HUKEJS - 4eM BbllIe cojepkanue azota. B THO manocepHuctsix HedTen
COJIep>KaHUE HUKETIS BhIIIE, YEM BaHA s, Y CTAHOBJICHO, YTO OCHOBHOE KOJIMUECTBO
BaHaJMsl M HUKENS TPEACTaBICHO B HEPTIHBIX OCTaTKaXx B  BHJE
METATIOPTAaHUYECKUX COSTMHEHUI HEMOPGUPHHOBOTO XapakTepa (Hampumep, 62 u
60 % coOTBETCTBEHHO B Ma3yTe POMAIIKUHCKON HE(TH), a MEHBIIIAs UX YacTh - B
BUJIC METAIUTIONOP(PUPHUHOBBBIX KOMILIEKCOB (27 1 33 % COOTBETCTBEHHO).

Ha npakTtuke A5 OLIEHKH Ka4ecTBa ChIPhsi TEPMOIUCTPYKTUBHBIX TIPOIIECCOB,
MOJIB3YIOTCS. TAKUMHU TOKa3aTeNIIMU KakK, BS3KOCTb, TEMIIEpaTypa pa3MsrdeHus,
WHJICKC KOPPEISAINH, INIOTHOCTh, KOKCYEMOCTb, JIEMEHTapHBIN COCTaB, TPYIIIOBOH
XUMHYECKUN COCTaB.

Konmponwsnuvie éonpocwi

1. IlepeunciuTh TUOBI TEPMHUYECKUX IPOLIECCOB B COBPEMEHHOU
HeTenepepabOTKe U UX HA3HAUCHMUS.

2. JIaTh KpaTKyIO XapaKTEPUCTUKY CBhIPbs TEPMOAECTPYKTUBHBIX IIPOLIECCOB.

3. KakoBO BIMSIHME Kay€CTBO ChIPbsi Ha MPOILECC TEPMOJU3a HEPTAHBIX
OCTAaTKOB?

1.2 Iuponus

Ha3naduenmeMm TmpomeccoB THUPOIM3a SBISETCS TPOWU3BOJCTBO HH3IIUX
0JIeUHOB (QJIKEHOB), MPEUMYIIIECTBEHHO 3TUJICHA, SBJISIIOIIUXCS IIEHHBIM ChIPhEM
(MOHOMEpPOM) TSl CHHTE3a BaKHEHIITNX HEPTEXUMHUUECKUX MPOTYKTOB.

[Iporiecc muposm3a B 3aBUCUMOCTH OT IIEJICBOTO HA3HAYCHHS] MOXKET OBIThH
HampaBJIeH Ha MAaKCUMAJbHBIM BBIXOJ JTWJICHA (ITHJICHOBHIE YCTaHOBKH),
nponuieHa Ui OyTuiIeHOB U OyTtaaueHa. Hapsmy ¢ razom B mpoiiecce o0pasyeTcst
HEKOTOPO€ KOJUYECTBO JKHUJKOTO TPOAYKTa, COJEpHKAIIero 3HAYUTEIbHBIC
KOJMYECTBA MOHOUMKIMYECKHX (O€H30JI, TOJYyOJ, KCWJIOJABI W JAp.) U
MOJIMIIUKJINYECKUX (HadTamuH, aHTPALICH U Jp.) apOMaTUYECKUX YTIEBOJIOPOIOB.

[TomyyaeMblii TIpU MHPOJIM3€ STHIEH HCIOJb3YETCS ISl MPOW3BOJICTBA
OKCHJIa JTWJIEHA, STWJIOBOTO CIUPTa, MOJMMEPOB (MOJMUATHIICHA), CTHPOIIA,
rmiactMacce u ap. [lponuieH siBIseTCs UCXOMAHBIM MOHOMEPOM JIJIsi TPOU3BOCTBA
MOJIUTIPOTIMIICHA, aKPUJIOHUTPUIIA U OyTaJreHa.

OcHosHble Hanpagienusi UCNONb308AHUS KUIKUX NPOOYKMO8 HUPOIU3A -
O€H3071a 1 JPYTUX apOMaTHUECKUX YTIIEBOAOPOIOB, HE(PTETIOIUMEPHBIX CMOJ - 3TO
KaK KOMITOHCHT aBTOOCH3WHOB, KOTCIBHBIX TOTUIMB, CBIPhS JIJISI MPOM3BOJCTBA
TEXHUYECKOTO YIJIepoa, MeKOB, BLICOKOKAYECTBEHHBIX KOKCOB U JIP.

Covippém B TIpolleccax MHUPOJIM3A CIyXKaT Ta3000pa3Hble M KHUIAKUE

4



YTIEBOAOPO/bL: Ta3bl, JIErKUe OCH3MHOBBIE (hpAKIIMK, TA30KOHACHCATHI, pa(rHATHI
KAaTaJIMTUYECKOTO PUGOPMHHTA U PEKE KEPOCUHOTA30MIIeBbIE (hpaKIIUU.

OT chIphsl M TEXHOJOTMYECKOrO0 pPEeXHMa MUPOJIM3a 3aBUCAT BBIXObI
npoaykToB. HanbOosnbinii BHIXO/ ATUJIEHA MOJIy4aeTcs NMpu nupoiuse 3tana. [lo
MEpe YTSKEIEHUS ChIpbS BBIXOJl ITHJIEHA CHUKAETCS W YBEIMYMBAETCS BBIXOJ
KUIKAX TPOTYKTOB — CMOJI TUPOJIU3A.

U3  mexnonocuveckux napamempog Ha BBIXOJ HU3IIMX OJIE(PUHOB
HauOoJbIlIee BIMSHUE OKA3bIBACT TEMIIEpaTypa, BpeMsi KOHTAaKTa M MapluaibHOEe
JABJICHUE YTJIEBOJIOPOIOB B PEAKLIMOHHOM 30HE.

[Ipy paHHON TeMmIlepaType C YBEJIMYEHUEM BpPEMEHM KOHTakTa (T)
KOHIIEHTpalusi ojiepuHa B muponu3e (CleoBaTEIbHO, U €ro BBIXOJ) PpaCTET,
JIOCTUTaeT MaKCHUMAaJIbHOTO 3HAYEHUS MPHU Tonr, 3aTeM MagacT. C MOBBIICHUEM
TEMIIepaTypbl BEIMYNHA MAKCUMyMa BBIXOJAA OJE(UHOB PACTET, U 3TOT MAKCUMYM
JOCTUTaeTCd TMpPU  MEHBIIUX 3HAYEHUSX  Tonr. LIpUYEM IS KaXAOTO
WHIUBUYyAIbHOTO oOJieprHAa MMEETCS CBOM ONTHUMAJIbHBIA PEXHUM THPOJIN3A,
o0ecreurBaIUi MakKCUMyM €ro BbIXOJa (3THJIECHOBBIM, MPOMWICHOBBIA WIIH
OyTHJIEHOBBIE PEXKUMBI IIUPOJIN3a). Y BEIMUEHHUIO BBIX0/1a 0JIE(UHOB CIIOCOOCTBYET
TAaK)KE€ CHIKEHUE MapLHUAIbHOTO JABJICHHS CHIPbS B PEAKIMOHHOW 30HE ITyTEM
pa30aBiieHUs] €ro BOJASHBIM ApOM UJIH, 4TO Oosee 3PPEeKTUBHO, BOAOPOIOM.

Pa30aBneHue chipbs MUPOJIM3a BOJSHBIM IapOM U OCOOEHHO BOJOPOJIOM
IPUBOJUT HE TOJIBKO K YBEJTMUEHHUIO BbIX0/1a 3TUJIEHA, HO ¥ () PEKTUBHO 3aMe ISIET
CKOPOCTh BTOPHUYHBIX pEAKUUH CHHTE3a, MPUBOAAIIMX K OOpa30BaHUIO
nupoyriieposa. Bonopos B yClnoBHsIX TUPOIN3a SBISETCA HE TOJIBKO pa30aBUTETIEM,
HO W THUJPUPYIOLIUM KOMIIOHEHTOM, TOPMO3SIIMM OOpa30BaHUE TKEIBIX
IIPOIYKTOB KOHIEHCALMHU, B TOM YUCJIE IUPOYTIEPOA.

IIpomviunennoe oghopmnenue npoyecca

Ha coBpeMeHHBIX BBICOKOITPOU3BOAUTENIBHBIX ATHICHOBBIX ycTaHOBKax (D11-
300, DI1-450 npouzBoauTENBLHOCTHIO COOTBETCTBEHHO 300 1 450 ThIC. T 3THJIEHA B
roJ) IPUMEHSIOTCSI MOILIHBIE NUPOIU3HbIE Neyl, CIEIUATIBHO CKOHCTPYUPOBaHHBIE
IS YCIOBMI MHTEHCHMBHOIO BBICOKOTEMIIEpaTypHoro Harpesa (mo 870-920 °C) ¢
BpeMeHeM NpeObIBaHUS ChIPbS B PEaKIIMOHHBIX 3MeeBUKax B mpenenax 0,01-0,1 c.
OHU XapaKTEepHU3YyIOTCS BEPTUKAIBHBIM PACHOJIOKEHUEM TpyO paJMaHTHBIX
3MEEBUKOB B BHUAE OJHOPSAIHOIO OHKpaHa C JABYXCTOPOHHUM OOIy4YEHUEM
MaHEeJIbHBIMH TOPENIKaMH OeCIIIIAaMEHHOTO TOPEeHHS (WK C (haKeTbHBIMU TOPEJIKaMu
C HacTWIbHbIM IUIamMeHeM). [Ipoxon mo TpybGam pagMaHTHOTO 3MEEBHKA
OpraHH30BaH B BUJEC HECKOJbKUX (OT 4 10 12) mapauienbHBIX MOTOKOB (CEKITUiA).
Kaxxnast cexius COCTOMT U3 HECKOJIBKUX KaponpouHbIX Tpyo (o1 3 1o 12) qnuHoi
oT 6 1o 16 mm guamerpom 75-150 MM. MOIIHOCTE OAHOM THUPOJU3HON TEUU
nocturaet A0 50 ThIC. T 3TUJIEHA B TOJ.

Crnenyroommii M0 3HAYMMOCTH annapar MUPOJIN3a - 3aKAJNOYHbIL annapam,



MpEeIHA3HAYEHHBI JJIs OCYIIECTBJICHHUS OBICTPOrO OXJIAKIEHUS TPOAYKTOB
npoiiecca. Panee nisi 3TOM 1€/ MPUMEHSUIM 3aKaJlO4yHBIE anmapaTbl, B KOTOPBIX
OBICTPOE OXJIAKJECHUE JOCTUTAJIOCh 33 CUET BIPHICKUBAHUS BOASHOTO KOHJIEHCATA.
Ha  coBpeMeHHBIX MHPOJU3HBIX  YCTAHOBKaxX  MPHUMEHSIOT  3aKaJO4YHO-
ucnapurenbHble anmnapatsl (3MA), mnpeacrtaBisgmonme co0oil ra3oTypOUHHbBIC
KOTJIBI-yTHIIM3aTOpPhl. B pe3ynbrare BBHICOKOW JIMHEWHOW CKOPOCTH MPOIYKTOB
MUPOJIU3a, IBIXKYIIUXCA 1O TpyOaM, Mpe0TBpaIacTCs OCelaHue TBEPIBIX YACTHI]
Ha WX CTEHKaX, YBETUYMBACTCS KOIPQPUIIMEHT TeIionepeaadyd U JOCTHTaeTCs
6wicTpoe (3a 0,015-0,03 ¢) oxnmaxaenne no 350-400 °C. 3a cuér sToro Temma us
BOJASHOIO KOHJEHcara, nocrynawoimero B 3MA, pereHepupyercss map BBICOKOTO
nasnenus (11-13 MIla), koTopblit oTaenseTcs B mapocOOpHUKE, ITeperpeBaeTcs 10
450 °C B omHOM W3 CeKUMil NMUPONM3HONW IEYM W 3aTeM HUCHOIB3yeTCs IS
TypOOKOMITIpeECcCcopa.

CoipséM ycTaHOBKH ciy)uT (pakuus 62-180 °C mpsmoronHoro 6eH3uHa u
ppakuus  62-140 °C  GensuHa-paduHaTa KATAIMTHYECKOrO pU(OPMMHTA.
[IpenycMoTpeH Takke MUPOJIM3 HATaHA W IMpOMaHa, MOJy4yaeMbIX B MPOIECCE
IMAPOJIN3a, U € 3aBOJCKUX [ DY.

Konmponwsnwvie éonpocwi

1. KakoBo 11e51eBoe Ha3HAYEHHUE U CHIPhE MPOIIECCOB MUPOTHU3a?

2. OOBACHUTDH BIIUSHHUE TEXHOJIOTMUECKUX MapaMeTPOB MUPOJIM3a Ha BBIXO]
0JIe()MHOB.

3. IlpuBecT NPUHIUIIHATILHYI0 TEXHOJOTHYECKYIO CXEMY YCTaHOBKH
UPOJIN3a, €€ PSKUMHBIC TTapaMeTPhl U MaTEePHAIbHBIN OallaHC.

1.3 Tepmuueckuii Kpekune

B Hacrosimee Bpems mpouecc tepmuueckoro kpekuHra (TK) Tsoxénbix
HeTsaHbIX ocTaTkoB (THO) — 3TO TepMONOATrOTOBKA JUCTUILUISTHBIX BUJOB CHIPbS
JUISl YCTaHOBOK KOKCOBaHHsS M IPOU3BOJCTBA TEPMOTA30MiIsl - CBIPbS JUIA
MOCJEAYIOIIETO MOTYUYECHHS] TEXHUYECKOTO yIiiepo/a (Caxu).

B kauecTBe ChIpbsi YCTAHOBKU MIEPMUUYECKO20 KPEKUH2A OUCHUTIAMHO20
coipva  (TKAC) 1pennoyTUTENbHO  WCIOJB3YKOTCA — apOMATHU3UPOBAaHHBIC
BBICOKOKHUITAIIIIUE JUCTUIUIATBL: TSKEIBIE Ta30MIM KaTAIMTHYECKOIO0 KPEKHHTa,
TsDKENAs CMOJIAa MUPOJIN3a U SKCTPAKTHI CEJIEKTUBHOW OUMCTKU Mace.

I[Ipu TKAC 3a c4€T NpPEeMMyLIECTBEHHOTO MPOTEKaHUs PpPEAKLIUN
JNETHIPOKOHICHCAIIMM  apEHOB, O0pa3yrolIMXcs Mpud KpPEeKUHre mnapaduHo-
Ha()TEHOBBIX YIJIEBOJIOPOJOB, @ TAaKXKE COJIEP)KAIIUXCS B MCXOAHOM ChIPhE,
IPOUCXOJIUT JAIbHEMNIIAsl ApOMATU3ALIHS CBIPBSI.

OcHoBHbiMH  1iesieBbIMU  TIpoaykTamu  TKJIC sBISOTCS TepMOrazouiib



(ppaxuus 200-480 °C) u AMCTMILIATHBIA KPEKHMHT-OCTATOK - ChIPhE yCTAHOBOK
3aMmensieHHOTo KokcoBaHHas (3K) - ¢ 1enbl0 MOJIy4eHHs] BBICOKOKAYECTBEHHOTO
KOKCa, HalpuMep, Urob4aTod CTPYKTYphl. B mporecce monmydaroT Takxke ras u
OCH3MHOBYIO (hpaKIHIO.

Haubonee esaosicnvivu nokazamenamu kavecmea TEPMOTA30MIIa SBISAIOTCS
WHJIEKC KOPPEJSIUHU, COJACpPKAHUE CEPhbl, KOKCYEMOCTh, (hpaKIIMOHHBIN COCTaB,
BS3KOCTb U TEMIIEpaTypa 3aCThIBAaHUSI.

Hnoexc roppenayuu mepmoeasotina (W) TNPUHATO pacCUUTHIBATH B
3aBHCHUMOCTH OT TutoTHocTH (d3°) m cpemneii temmeparypbl KUNCHHS (Tyun) 1O
dbopmye:

U= 474 d3° - 456,8 + 48640/ T .

Mexny MHIEKCOM KOppelsauud U Ko3()PHUIMEHTOM apoMaTU3HpPOBAHHOCTH

(A) cbIpbsi yCTaHOBIIEHA CJIEIYIONIAsl 3aBUCUMOCTh:
N, =0,58 A+9,
rne A=K, C,

K, - uncno apoMaTH4eCKUX KOJIEI B TUIIOTETHYECKOM MOJIEKYJIE ChIPbS;

C , - coneprkaHue yriaeBoJopoia B IUKINYECKOU CTPYKType, %o.

Ota popmyna 1aéT yAOBIETBOPUTENIbHBIC PE3YNIbTATH P U3MEHEHUU A B
npeaenax 140-200 wm Ko B quanazone 90-120.

Beixon caxu W €€ JOUCIEpPCHOCTh 3aBUCUT OT HWHIEKCA KOPPENALHU
tepmorazonns (My). I[losToMy mnOTpeOUTENN Ta30BOTO ChHIPbS MPEIBABISIOT
MOBBINICHHBIE TPeOOBaHMS K €ro apoMaTU30BaHHOCTH U IUIOTHOCTU. B
TEPMOTra30ijie OrpaHNYHUBAKOT KOKCYEMOCTb, 30JIbHOCTh U COJEPKAHUE CMOJIUCTO-
acanbroBbix BemiecTB (CAB).

Kpome tepMuueckoil apoMaTu3alvii, WHIAEKC KOPPESUUU TepMOTra3ouis
BO3MOKHO 3HAYUTEJIBHO MOBBICUTH ITyTEM BaKyyMHOM neperonku npoaykra TKJC
(or 90 mo 150 u BpIme). IIpu 3TOM OJHOBPEMEHHO C TIOBBIIMICHHUEM KadecTBa
TEPMOTa30MJIs MPOUCXOAUT YBEIIMUECHUE €r0 BbIX0/1a ITIOYTH BABOE. B 3TOM CBS3U Ha
psane oredectBeHHbIX HII3 ycTaHOBKM TEpMHUECKOTO KPEKHHTa JUCTUILISTHOTO
ceipbs (TK/C) 6pu1n 10000pyA0BaHBI BAKYYMHOM KOJOHHOM.

[To TexHomormueckomy odopmienuto ycranoBku TKJIC — 210
JIBYXCTyI€HYaTass CUCTEMAa TEPMUYECKOTO KpPEKHWHra, e B OJHON U3 IMeuen
MPOBOAUTCS MATKUI KPEKUHT JIETKO KPEKUPYEMOT'O UCXOAHOTO ChIPhsi, @ BO BTOPOM
- )KECTKUI KPEeKUHT O0Jiee TEPMOCTOMKUX cpelHux ¢pakuuid Tepmoinusa. Panee B
NEPHUOJT CO3/IaHMSI KPEKUHT-TIPOIIECCOB OBLIO YCTAHOBJIEHO, YTO MPU OAHOKPATHOM
KPEKHHTe HE YIaETCs MOCTHYh TPpeOyemMoil TyOWHBI TEPMOJIN3a TSHKEIOTO CHIPhS
M3-32 OMACHOCTH 3aKOKCOBBIBAHWS 3MEEBHUKOB TE€YM M BBIHOCHBIX PEAKITMOHHBIX
anmnaparos.

Ha coBpemennbix yctanoBkax TKIC coxpanén onpaBaaBiuii ceOst IpUHIUI
JIBYKPATHOTO CEJICKTUBHOI'O KPEKHWHTa HCXOIHOTO ChIPhS M PEUUPKYIUPYEMBIX
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cpenHux (Gpakuuii KpeKWHra, 4YTO TO3BOJISIET JOCTUYbL TpeOyemMoul TriyOuHBI
apoMaTu3alui TepMOra3ois.

Konmponwvnwvie éonpocwi

1. KakoBo BIHMSHHE KadecTBa CHIPbsi Ha MpOIECC TepMOJu3a He(TAHBIX
OCTAaTKOB?

2. Kak BnusitoT Temrepatypa U JaBJI€HUE Ha MPOLIECC TEPMOJIN3a HEPTIHBIX
OCTaTKOB?

3. KakoBbl HazHaueHHs] TepMOKpekuHra AucTWuiaTHOro ceipbs (TK/C) u
TpeOOBaHUS K TEPMOTa30MITI0?

4. [lpuHnunuaneHas TexHosorndyeckas cxema npouecca TIKC.

5. YKa3aTh TEXHOJIOTMUECKHUE TapaMEeTPhl B annaparax.



