xANOU TDTOANCU OE I ExAN
TROAR TADADAATOEE
N

TAOORTTAT NU
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C
w

B He(TenepepabaTrIBatOel IPOMBIIIAEHHOCTH A ITOAYYEHUS
PsIA@ BaJKHEWIINX He(TENPOAYKTOB U IIOBBIIIEHUS MX KadeCTBa ITUPOKO IIPH-
MEHSIOT XMMHUUYeCcKue mporecchl. Mcnoab3oBaHNe XMMHUUYECKUX ITPOIeCCOB obec-
neyuBaeT O0oAee TAYOOKYIO IlepepaboTKy HeTH C IOAYYEeHUEM CBETABIX HedTe-
IIPOAYKTOB B KOAMYECTBAX, IIPEBHIIIAIONINX UX COAep’KaHHe B UCXOAHOUW HedTH
B 1,56—2 pa3sa.

XuMHUYecKre MPOIeCcChl MO3BOASIIOT IOAYYaTh ChIPbE AASI MHOTHX HedTe-
XUMHUYECKUX ITPOU3BOACTB, B YaCTHOCTH, HEIIPEAEABHBIE YTAEBOAODPOABI — 3TH-
A€H, IponuAeH, OyTUAEHBI, OyTapAWeH, apOMaTHU4YeCKHEe YTAEBOAOPOABI — OeH-
307, TOAYOA, 3THUAOEH30A, KCHUAOABI, U30NpONuAOeH30A U Ap. Ha Oasze Takoro
CBIPbSI OCYIIECTBASIETCS IIPOM3BOACTBO IIAQCTMAcCC, CHHTETHUYECKUX KaydyKoB,
CUHTETUYECKUX BOAOKOH, MOIOIIUX CPEACTB U APYTHUX II€HHBIX ITPOAYKTOB.

Hcnioab3oBaHMe psina XMMUYECKUX IIPOIECCOB TTO3BOASET MOBBINIATHL Kayde-
CTBO CBETABIX HE(DTEIIPOAYKTOB U MaceAa — oOOecIeduBaTh OOeccepuBaHue, IO-
BBIIIIEHNE aHTUAETOHAIIMOHHEIX CBOMCTB U CTAOMABHOCTH, CHU)KEHHE KOKCYeMO-
CTH, YAy4YllleHUe IIBeTa U T.A.

[NepeuncAuM HeKOTOpPBEIE OCHOBHBIE XMMUYECKHe IIPOIecChl, UCIOAb3ye-
Mble IIpU IIepepaboTKe He(TU U IOAYUYUBIINE IIUPOKOE paclIpoCTpaHeHUe.

KaTtarutnueckuii pu)OpMHHI O€H3UHOBBIX (PpaKIUuM, TPUMEHSIEMBIN AAS
TIOAY4YEeHUsI BBICOKOOKTAHOBEIX OEH3WHOB, BBIAGAEHUS TOBApPHBEIX apoMaThuyec-
KHX YTA€BOAOPOAOB (OEH30Ad, TOAYOAQ, 3TUAOEH30Ad, KCUAOAOB) M IPOU3BOACT-
Ba TEXHUYECKOTO BOAOPOAA.

IMpomecc ocyllecTBAgeTCsl C HIUPKyAdIided rasa, copepskauero 70—80 %
(o6 BeMH.) Bopopopa pu Temrepatype 450—530 °C u paBraenum 1,5—4,0 M4,
B IIPUCYTCTBUM PA3AWYHBIX KaTaAM3aTOPOB, TAABHBIM 0O0Opa3oM, IAATHHOBOTO.
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IMpu pucgopMuUHTe IOAyYalOT TaK’Ke ra3 C BBICOKUM COAEPI’KAHHEM BOAOPOAQ,
UCIOAB3YEMBIN AASL TUAPOOUYUCTKYU IPU 0OeccepUBaHNUM He(TEIPOAYKTOB.

KararuTnyecKuii KpeKUHI PAa3sAUYHBIX BHUAOB AWUCTHAASITHOTO W OCTATOU-
HOTO CBIPbSI C IEABIO TOAYYEeHHS BBICOKOOKTAHOBBIX OEH3MHOB M Tas3a C
BBICOKOM KOHIIEHTpalel MPONaH-IIPONUAEHOBOM M OyTaH-OyTUAEHOBOM (Dpak-
nuit. Ilporecc nmportekaeT npu Temmneparype 420—550 °C u paBaenuu 0,1—
0,3 MIla B HPUCYTCTBUU AAIOMOCHAMKATHEBIX, I[€OAMTCOAEP’KAIIUX U APYTHUX
KaTaAu3aTOpPOB.

N3oMepu3anuss HOPMAAbHBEIX YTAEBOAOPOAOB (IleHTaH, OyTaH, OeH3WMHOBasd
dpaknua) pA9 MOAyYEeHUS M300yTaHa, UCIIOAB3YEMOTO AAS AAKMAUPOBAHUS WAU
U30IIeHTaHa — CBIPbSI AAS IIOAYYEHMSI CHUHTETHMYECKOTO KaydyKa M BBICOKO-
OKTAHOBBIX KOMIIOHEHTOB OeH3MHa. KaTaau3aTOpoM HN30MepHU3alluUd CAYKUT
XAOPUCTBIN artoMuHub. Ilporiecc BepyT npu Temmneparype 120—150 °C u paB-
AeHuu Ao 1 MIla.

TmppoouncTtka — AAsT obeccepuBaHUsA He(PTAHBIX PPaKIIMM, a TaKKe AAT
HACHIIMIEHUSI BOAOPOAOM HEIPEAEABHBIX YIAEBOAOPOAOB, COAEp’KAIlUXCAd B
IIPOAYKTAaX BTOPUYHOM IIepepabOTKU. DTOT MOPOLECC UCIOAB3YETCS TAKKe AAA
3aBeplIarolleld OYMCTKU MaceAa u napadguHoB. IIpomecc OCylIeCTBASIETCS NPU
TeMnepaType 300 —420 °C u npu paBaeHum 3—4 MIla.

I'mAPOKPEKHHT BBLICOKOKMIIANIUX AVUCTUAAITHBIX (PPAKIUN AAST TOAYUYEHUS
AOTIOAHUTEABHOI'O KOAWYECTBA CBETABIX HedTenpopyKToB. [Tpomecc ocymiecTs-
agerca npu temneparype 370 —420 °C u paBaeHuu 14— 20 MTla.

I[TyreM THAPOKpPEKMHIa BBICOKOCEPHUCTHEIX Ma3yTOB MOXKET OBITh
obecieueHO 3HAUUTEABHOE CHUJKEHHe COAep’KaHUS cepbl B KOTEABHOM TOIIAU-
Be C IIeABbI0 YMeHBIIeHUs 3arps3HeHUs BO3AYIIHOIO OaccelHa ABYOKUCHIO
CepHl.

KokcoBanne He(TSIHBIX OCTATKOB ¥ BBICOKOKMITSAIINX AUCTHUAAITOB BTO-
PUYHOIO TIPOUCXOKAEHMS, MCIOAB3YEMOE AAd TIOAYYEHUS MAaAO30ABHOTO
He@TAHOro KoKca. [TonrydaeMmMble KOKCOBBIE AUCTUAASITHI BOBAEKAIOTCS B AAADL-
HeWNIyIo I1epepaboTKy AAS IOAYYEeHUsSI CBETABIX HedTelpOoAyKTOB. KokcoBaHue
BepyT npu paBaeHuu 0,1 —0,3 MIla u Temneparype 480 — 540 °C.

IMTupoan3s HeTAHBIX AUCTUAAATOB (OeH3UH, KEpOCHH) WAU rasa (dTaH,
IIPOINaH) CAY’KUT OCHOBHBIM IIPOIIECCOM IIPOM3BOACTBA Ba’KHEMIIEro ChIPbS
He(pTeXUMHUU — HENPEeAEABHBIX YTAEBOAOPOAOB (3THAEH, IPONUAEH, OyTaAUEH).

Ilpu nupoam3e IOAYYAIOT TAaKXKe apoOMaTUYEeCKUe YIAECBOAOPOABL (DEH30A,
TOAYOA) U IIHPOKOHAeHcaT. [Ipolecc oOCylIecTBASIeTCS IIPU AABACHHUU HIDKe
0,01 MIla u temnepaTtype 650 —900 °C.

AAKHAHpPOBaHUE N30MapaguHOBHIX YTA€BOAOPOAOB HEIPEAEABHBIMU OCY-
LIECTBASETCSI C IIeABIO IIOAYYEeHUS BBICOKOOKTAHOBBIX KOMIIOHEHTOB O€H3WHOB.
B KadecTBe HeIpEAEABHBIX YTA€BOAOPOAOB MCIOAB3YIOT IIPOIUAEH, OYTHUAEHHI,
aMHUAEHBl, B KauecTBe M30NapadUHOBEIX YIAEBOAOPOAOB — U300yTaH WAU H30-
meHTaH. Tak, NIpPU AAKUAUPOBAHUM H300yTaHa OYTUAEHOM IIOAYYalOT M30-
OKTaH.

Peakniyiga anKMAMPOBAHMA OCYIIECTBASIETCS NOpu TeMiepaTrype oT 0 a0
—10 °C, ecAu B KaueCTBe KAaTaAM3aTOpa HCIOAB3yeTCd CepHas KUCAOTQ, WAU
npu 25—30 °C B MNpPUCYTCTBUM KaTaaus3aTopa — (PTOPHUCTOBOAOPOAHOMU
KUCAOTHI.

AAKHAMpOBaHUe 0€H30Aa HENPEAEABHBIMU YTAEBOAOPOAAMHU (3THAEH, IIPO-
nuAeH). KataansaTopoM CAy>KUT (pochOpHast UAU CepHasi KUCAOTHI, XAOPUCTBIU
AAIOMUHUMY, aAIOMOCUAUKATEL U Ap. [Iporecc nmpoTekaeT npu Temmeparype oT 50
p0 450 °C u paBaeHum oT 1 po 3 MIla B 3aBUCHUMOCTU OT KOHKPETHOTO
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KaTaausatopa. [IpOAYKTHI AAKHMAUPOBAHUSA OeH30Aa UCIOAB3YIOT AAS IIPOU3-
BOACTBA CHUHTETHUYECKOI'O KaydyKa U PAAa XUMHYECKUX IIPOAYKTOB.

AeruppupoBaHue — IIPOIIECC, COIPOBOJKAQIOIMIMHICS OTIIEIAEHUEM BOAO-
poAa OT MOAEKYA, IpeAHa3HadaeTCs AAS TIOAYYEHUS HeINPeAEAbHBIX YTAeBO-
AODOAOB M3 IIPEAEABHBIX, HalpuMep OyThaeHa u3 OyTaHa, OyTapueHa u3 Oy-
THAEHa, U30aMUAeHa M3 M30IleHTaHa, U30IlpeHa U3 m3oaMmuAeHa. [Iporecc mpo-
TeKaeT Ha XPOMOAAIOMUHHUEBBLIX KaTaau3aTopax npu TeMneparype 530—600 °C
U A@BAEHHH aTMOC(epHOM HAU HUKe aTMocdepHOro. B pesyabTraTe AermpApu-
poBaHUS u3 3TUAOEH30Aa IMOAYYAIOT CTHUPOA, & U3 H30INPONUAOEH30Aa —
a-MEeTHUACTHPOA.

IToanMepu3anuss — IIPOIECC ITOAYYEHHS BBICOKOMOAEKYASIDHOTO BellecT-
Ba — TIIOAMMepa B pe3yAbTaTe B3aUMOAEMCTBHS HU3KOMOAEKYASIPHBIX Be-
1IeCTB — MOHOMEPOB. DTOT NPOILECC MUCIOAB3YETCS AAS MOAYUYEeHHUs IIAACTMAcc,
CHUHTETUYeCKUX KaydyKOB, MaceA U APYIMX NPOAYKTOB. Tak, IOAMMepH3aluein
IIPONMAEHA B IIPUCYTCTBUM KaTaam3aTopa — (POCHPOPHON KUCAOTHI IIOAYYAIOT
TeTpaMep IPONHUAEHQ, UCIIOAB3YEMBIM B IIPOU3BOACTBE MOIOIUX CPEACTB.

[Moaumepu3sarnue IponuAeHa IIOAYYAIOT BBICOKOKAYECTBEHHYIO IIAACTMac-
cy — 1noaumnponuaeH. IloavMepusanuell MH300yTUA€HA IIOAYYAIOT TBEPABIHM
MOAUM300yTUAEH (MOAeKyAdpHass Macca okoao 200 000) mAm >KUAKUN IOAMH30-
OyTuAeH (MOAeKyAdpHas Macca okoao 10 000).

V3 mnpuBepeHHOM KpATKOM XapaKTEePUCTUKU Ba’KHEUIINX XUMHYECKUX
IIPOIIECCOB CAEAYeT, UYTO XMMHYeCKHe PeakIH, HCIOAb3yeMble B HedTemnepe-
pabaTelBarolled U HePTEXUMUYECKOU IIPOMBIIIAEHHOCTH, CYILIECTBEHHO Pa3AU-
yaloTCs II0 PeXXUMY (AaBAeHUe oT arMocdepHoro po 200 MIla, TeMneparypa oOT
100 po 700 °C) m wmCHOAB3yeMBIM KaTaamszaTtopaM. Ilopo6Hoe MHOrootGpasue
00yCAOBAWIBaeT HEOOXOAWMOCTHL HCIIOAB30BaHMSA PAa3AWYHOM anmnapaTrypbl U
METOAOB pacueTa, ¥ TIIO3TOMYy B AAHHOW TA@BEe W3AAralOTC OCHOBHEIE
TIONOJKEHUS U TIOHSITHUS, OTHOCSIIMECS K PeaKIMOHHBIM allapaTaM, Haubonee
PacIpoCTPaHEHHBIM IIpU IIepepaboTKe He(TSIHOrO CHIPBA.

NTTAU EEANNEOEEAOEE

T
OETEXANEED THOTOANNT

AmmapaT, B KOTOPOM OCYIIECTBASIETCSI TOT WUAU HHOUW XUMU-
YEeCKUM IPOIeCcC, HAa3bIBAIOT PEeaKUUOHHLIM YCMpOlUCmBOM WAW peakmopom. B
pSIAE€ CAy4YaeB TAKOM amlapaT HA3bIBAIOT WHAYe, YYUTHEIBAI OCOOEHHOCTH
XUMHYECKOTO IIpoIiecca WAW ero Has3HaueHWs; TakK, HampuMep, Ha YCTaHOBKe
KATaAUTUYECKOI'O KpPEeKHWHIa aIlllapaT, B KOTOPOM OCYIIECTBASIETCA peaKIusd
OKUCAEHUd (TOpeHust) KOKCA, OTAOXKMBIIEIOCS Ha KaTaAu3aTope, HOCUT
Ha3BaHMe pereHepamopd, Tak KaK ero Ha3HaueHHe — BOCCTAHOBUTH aKTHBHYIO
CIOCOOHOCTL KaTaAM3aTopa, T.e. pereHepupoBaTh ero. OOIenpuHITON KAACCH-
q)I/IKaI_U/II/I XUMHUYeCKUuX IIpomeccoB W pPeaKTOpOB HeET, II0O3TOMYy OTMETHUM
HEKOTOphle HanboAee CYI[eCTBEHHbIE ee ITPU3HAKU.

XuMHYeCcKue IIPOLEeCcChl IMOAPA3AEASIIOTCS Ha KaTaAUTUYeCKue U HeKa-
TaAUTHUYECKHEe, TOMOTI'eHHbIe U IreTepOreHHbIe, 3K30TepMUUYeCKrue MU SHAOTepMU-
yeckue.

KaTtaruTnmyeckue peaKknuy OCYIIECTBASIIOTCS B MIPUCYTCTBUU Te€X WAW WHBIX
KaTaAM3aTOPOB, YCKOPSAIOIIUX XWMWYECKOe IIpeBpalleHre U ITO3BOASIONINX
IIPOBECTH €ro B 0OOAee AeTKUX YCAOBHAX, HaANpuUMep, NOpu OoAee HHU3KOHU
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TeMIlepaType; CIOCOOCTBYIOIIUX IIPOTEKAHUIO peaklIUu B >KeAaTeAbHOM Ha-
NIPaBA€HUM, IIOAYYEHHIO OOAee BBICOKMX BBIXOAOB OCHOBHBIX IIeA€BEIX IIPO-
AYKTOB M COKpPAIIAIOUIAX CKOPOCTBh IPOTEKAHUS IMOOOUYHBIX PEaKIINU.

HexkaTtaarnTH4ecKne peakKMyd IIPOTEKAIOT IO0A BO3AEHUCTBHEM BBICOKOU
TeMIepaTyphbl; K HUM OTHOCSTCS IHPOAM3 >XMAKOTO M Tra3000pa3HOTO YTAEBO-
AOPOAHOTO CHIPBSI, KOKCOBaHUE, TEPMUUECKUN KPEKUHT U T.A.

T'oMoreHHble peakIMU IIPOTEKAIOT B OAHOM (a3e, HAIpUMep TOABKO B
razoo0pa3Hou.

l'eTeporenHslie peakuuy XapaKTEePU3YIOTCS HAAMYHEM ABYX HAM OOABIIETO
uyncra da3. K reTeporeHHBIM OTHOCATCS Peaklny, NPOTEKAKINe B IIapOBOU
dasze Ha TBEpPAOM KaTaAu3aTope.

Bcskag xumuyeckass peak[Ousi COIPOBOJKAQETCS TEIAOBBIM 3(h(EeKTOM.
Peaxk1ius, npoTeKarollast C IOTAOIIEHUEM TellAd, Ha3bIBAeTCS SHgOmMepMUUecKol,
a C BEIAEAEHHMEM TellAa — 3IK3omepmuueckol. IIpyu CAOKHBIX XMMHYECKHUX IIpe-
BpAIlleHUsIX MOT'YT OAHOBPEMEHHO IPOTEKATh PEAKIIUM, IPOTUBOMOAOKHEIE IIO
TenAoBOMYy 3(@EKTyY, MOITOMY AASL TEXHOAOTMUECKOro O(MOPMAEHHUS IIpoLecca
Ba’kKHa UTOrOBas BeAMYMHA — OOIUM TENAOBOM 3(P(eKT.

PeakumoHHBIE YCTPOICTBA KAACCUUIIUPYIOTCA IO CAEAYIOUIUM IIpU-
3HaKaM: II0 XapaKTepy AeUCTBUSA — IepHOAUYeCKHe U HellpephIBHBIE; B 3aBU-
CHUMOCTH OT HAIpPaBA€HUU IIOTOKOB peareHTOB WUAM KaTaAM3aTOPOB — IIpd-
MOTOYHBIE, IIPOTUBOTOYHBIE U CTYIIEHYAQTO-IIPOTUBOTOYHBIE; B 3aBUCHMOCTU OT
TUAPDOAMHAMHWYECKUX OCOOEHHOCTEM — amllapaTbl HWAECAABHOTO BBITECHEHUS,
UAEAABHOTO CMeIIeHMsI M YaCTUYHOIO CMeIIeHUs; 10 TepMOAUMHAMUYECKUM
IpU3HAaKaM — peakKTOphl MH30TepMHYecKue, aprabaThdeckue M IIOAUTPOIU-
yecKHe; 10 Ha3HAUeHUIO — PeaKTOphl PUPOPMUHTE, KAaTAAUTHUECKOTO KPEeKUH-
ra, TUAPOKPEKHMHIQ, pereHepaTophbl, KOKCOBBIE KaMephl, PeaKIUOHHEIE 3Mee-
BUKU [1€YU NUPOAU3A U T.A.

B mepnopnyecKu AEHCTBYIOUIMX pPeaKTopax MCXOAHOE CBEIPbe U IIOAYYEH-
Hble IIPOAYKTBHI PpeaKIMU COOTBETCTBEHHO 3arpyskKaloTCs M Pasrpy’KaioTcs
IIepPUOAUYECKHU.

B HenpephIBHO AEHCTBYIOIIMX peaKTopax MCXOAHOE ChIpbe — PeareHT WAU
KaTaAW3aTop — IMOCTYIAIOT B allapaT U YAQASIOTCSI M3 HETro HelpephIBHO. B
HENpPePBIBHO AEUCTBYIOIIMX PEeaKTOpaxX IMOTOKU CEIPbI M KaTaAuM3aTopa IIpo-
XOAAT 4Yepe3 almnapar AuOO INPSMOTOYHO, T.€. B OAHOM M TOM JKe HAllpABACHWH,
AuOO B IIPOTUBOTOKE.

B cTyneHYaTo-IPOTHMBOTOYHBIX PeaKTOpaxX KaTaAU3aTOp IOCAEAOBATEABLHO
IepeMelaeTcs OT OAHOM CTyIIeHM K APYTOM B IIPOTHUBOTOKE C MCXOAHBIM CHI-
pBeM.

Ans o1leHKU 3P PEeKTUBHOCTH PeaKTOpa HENpPEPBIBHOTO AEHCTBUS Ba’KHBIM
IIOKAa3aTeAeM SBASIETCS XapaKTep HAIpPABACHUWSA ABWJKEHUs YACTHUI, pearu-
pYyIOLIero ChIpbs ¥ KaTaAn3aTopa.

B amnmaparax HAEaAbHOr0 BBITECHEHHMSI 4YaCTHUIBI ABIDKYTCI B OAHOM
HallpaBAe€HUU Oe3 IlepeMellMBaHMsA, W IIO3TOMY IIPOAOAKUTEABHOCTH IIPeOHI-
BAHUS AIOOBIX YACTHUI] B 30HE DPeaKIUU OAMHAKOBA. TaKOU XapaKTep ABWKEHUS
MOXXHO HAOAIOAQTH B TPyOd4aTOM pPeakToOpe, AAMHA TPyOBI KOTOPOro 3Ha-
YUTEABHO NIPEBHIIIAET €€ AUAMETDP, @ CKOPOCTh IIOTOKA CPABHUTEABHO BBICOKA.

B anmapaTax HMAeaABHOTO CMeIIeHWs IIOCTYIAIOUIMM IIOTOK IIPaKTUYeCKU
MTHOBEHHO IlepeMellMBaeTcs, a OOpa3oBaBIIasiCs CMeCh COCTOUT M3 YaCTHUI]
CBIPbS U INPOAYKTOB PeaKIUM, a TaKXKe CBeXXero M OTpPabOTaHHOIO KaTaAM-
3aTopa. [IpOAOAKUTEABPHOCTh, NPEOBIBAHUS PA3AWYHBIX YACTHUI[, B ITPOTOYHBIX
anIapaTrax HMACAABHOIO CMeEIIeHUs HEOAMHAKOBA, A OAHHUX OHA IIPEBBIIIAET
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CpepHee 3HadeHMe, A APYIMX He AOCTHUTaeT ero. I[IpuMepoM MOXKeT CAY’KUTb
anmapaT ¢ MeIlaAKOW HeNpepBIBHOTO AENCTBUS, PEAKTOPBEI C IICEBAOOKUIKEH-
HBIM CAOEM KaTaAm3aTopa U Ap.

AAST anmapaToB, HCHOAB3YEMBIX B ITPOMBIIIAEHHBIX YCAOBHUSX, OOBIYHO
XapakTepeH pekKUM, 3aHHMAIOUINN IIPOME’KYTOUHOEe MEeCTO MeXAY UACaAbHBIM
BBITECHEHHEM M MAEAAbHBIM CMeIllleHHeM, 3TO peXUM UYaCmu4HOro nepeme-
WUBAQHUA.

B TepMOAMHAMUUYECKOM OTHOILIEHMU pabOTa peaKTOPOB MOJKET NPOTEKAaTh
B M30TEPMUYECKUX YCAOBUSIX, T.e. KOTAQ B AIOOOM YaCTH ammapara TeMmIlepaTrypa
OAWHAKOBa. Takue yCAOBHUS OOeCIeUMBAIOTCA B pPeakKTopax, paboTarollux B
pekuMax, OAM3KUX K pPesKUMYy MAEAaABHOTO CMellleHUs. B 3aBUCHUMOCTH OT 3HaKa
TenAoBOro 3ddeKkTa peakIuM IIPU U30TEePMHUYECKOM pekuMe oOeclieunBaeTCs
PaBHOMEPHBIU IIOABOA UAU OTBOA, TEIIAQ.

Bo MHOrumx cAy4Yasgx peaKTOpbl pabOTAIOT B apUMabATUUECKUX YCAOBUAX,
IIpY KOTOPHIX XMMHYECKHU IIpoIllecc IIpoTeKaeT Oe3 TeNAOOOMeHa C BHEIIHEU
cpepoli. B 3TOM caydae IIpU 3K30TEPMHYECKOM pPeaklMU TeMIlepaTypa pea-
THPYIOIIEro IIOTOKA IIOBHIIIAETCS M Ha BXOAE B allapaT OHa MeHBIle, YeM Ha
BBIXOAe U3 Hero. [Ipu 3HAOTepMHYECKOM peaKIMd HMeeT MeCTO oOpaTHoe
sIBAEHHeE.

AAs TIpeAOTBpallleHus  3HAYUTEABHOTO H3MeHeHUs TeMIlepaTyphl B
peakTope, KOTOpPOe MOXKEeT UMeTh MECTO IIPU IOBBIIIEHHOM TEIAOBOM
3¢ derTe peakimu, o6ecnedynBaeTCsI TEIAOOOMEH peaKTopa C BHEIIHEN CPeAOH,
T.e. OCYIIIEeCTBASIETCSI noAumponuieckull mporecc.

B Takmx 1poleccax TeNAOOOMEH C BHeIIHeM cpepOM MOXKeT ocCy-
LIeCTBASITBCS HEelIPEPHIBHO (IOBEPXHOCTH TEMAOOOMEHA pa3MelllaeTcss HellOCPeA-
CTBEHHO B 30HE€ peaKIMW{) HUAM CTyIEeHYaTo (TemAOOOMeHHas IOBEPXHOCTH
pa3MeliaeTcss BHe 30HBI peakIWd B  CHENUAABHBIX  MEKCEKIIMOHHBIX
YCTPOMCTBAX).

K TenmroTeXHMYECKUM KAACCU(PUKAIIMOHHBIM IIPU3HAKaM, BAUSIONIUM Ha
KOHCTPYKTUBHOe O(OPMAEHHEe PeaKTopa, OTHOCATCS TaKKe THUIILI TelAoareH-
TOB, KOTOPEIe MOTYT OBITh:

d) MOCTOPOHHUMHM — OCYIIEeCTBASIOIINMU TEIIAOOOMEH uepe3 INOBEPXHOCTH
(HampmMep, UCHApSIONIascsl BOAA B PeaKTOpe AAST THAPOTEHU3AIMU N300KTH-
A€Ha);

0) TemAOareHTaMM CMeIIEHUs, KOTOPBIMU SIBASIIOTCSI KOMIIOHEHTBI HMCXOA-
HOM pearupyrollel CBIPbeBOM CMeCH, UCIOAB3yeMBIE TaK’Ke AAS OTBOAA WAU
IIOABOAA TeIlA@ (HAIIpUMep, XOAOAHBIM BOAOPOA, IIOAABAEMBIM B pPa3AUYHEBIE
YaCTHU peaKTopa I'MAPOTeHMU3allun);

B) TBEPABIMH, HE YYACTBYIOIIMMU B IIPOIleCCe, MAM KaTaAW3aTopaMH (Ha-
IprMep, KaTaAu3aToOpbl KaTaAUTHMYECKOTO KPEeKWHIa, KOKC IIPOIleCCOB He-
npepkIBHOrO KOKCOBaHwsl).

OATETATE YOOAEO OE I ExANETE PAAEOEE

XuMHu4yecKasg peaKIud CONPOBOXKAAETCA BBIAEACHHEM WAU
MOTAOIIIEHUEM TenAd. B COOTBETCTBUU C IIEPBBIM 3aKOHOM TEePMOAWHAMUKU
TEeNnAOBOM A(PPeKT XMMHUUECKOU peakimu () IpPU IOCTOSIHHOM AABAEHUU paBeH
U3MeHeHUIO BHYTpeHHelM sHepruu cucteMel AU u paboTel A, coBepllaeMoM
CHCTEeMOMU IIpU M3MeHeHUM ee oObeMa (pacIliupeHHe HAU C)KaThe) B pe3yAbTaTe
XUMUYECKOM peakInu:
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Q=AU +A.

EcAu xmMuueckass peakiius IIPOTEKaeT IIPU IMOCTOSHHOM AABACHUU Oe3
u3MeHeHUs1 o6beMa, To pabota A = 0 u

Q = AU.

TennoBoil 3(@deKT XUMHUYEeCKON peakKIWU IIpU IIOCTOIHHOM OOBeMe,
YUCAEHHO PABHBEIM U3MEHEHUIO BHYTPEHHEU JHEPTUU CUCTEMEBI, IPUHATO HAa3bI-
BaTh menaAomol peaxkyuu.

TennoBoit 3pheKT peaKuu 3aBUCUT OT arperaTHOTO COCTOSHUS UCXOAHBIX
U KOHEUHBIX IIPOAYKTOB peakIuy, a Takke OT TeMIepaTypsl. Ecau B
pe3yAbTaTe XUMHUYECKON peaKIMHd N3MEeHSeTCs arperaTHOe COCTOSHHe, TO B
3HaYeHNe TEeNAOBOrO 3(p(eKTa pPeakKIMU BXOAUT 3HaueHHe TEeIAOTHl (Pa30BOTO
nmepexopa (TENAOTHI HCHAPEHWS WAM KOHAEHCAIUM, INIAABAEHUS WAU 3aTBep-
AEBaHUS).

B cnpaBouHOM AuTepaType TEeNAOBOM 3(Pp(eKT peakKluu OOBIYHO OTHOCAT K
CTAHAAPTHBIM YCAOBUAM. TelnoBOU 3(M@PEKT XMMUUYECKOU peaKIUu pacCcyu-
TBIBAIOT Ha EAWHUITy OOpasyIoIIMXCS INIPOAYKTOB peaKIuM, a HWHOTAA 3TO
3HaYeHNe OTHOCAT K EeAWHHIle KOAMYeCTBa MCXOAHOTO WAW IIPEBPAIeHHOTO
CBHIPBA.

TennoBoir 3(hheKT XUMUUECKOU PEAKIUU MOJKeT OBITh HAUAEH 3KCIIEepHU-
MEHTAAbHO AMOO BBEIUMCAEH B COOTBETCTBUM C 3aKOHOM ['ecca.

3akon lecca, ABASIOMIMUCS CAEACTBUEM II€PBOTO Hadahra TEPMOAWHaAMUKH,
(POPMYAUPYETCI CAEAYIOIINM 00pa3oM. TemroBOM 3(pdeKT XUMUUeCKOM peak-
UM [OPOCTHIX BelIeCTB 3aBUCHT OT MCXOAHOTO M KOHEYHOTO COCTOSTHUM
CUCTEMBI U He 3aBHUCHUT OT IIYTH, II0 KOTOPOMY NPOTEKAEeT peakIud.

TennroBoir 3hheKT XUMUUECKOU PEAKIUU MOJKeT OBITh BBIUMCAEH IO 3a-
KoHY ['ecca Kak pa3HOCTb CyMM TeIIAOT OOpPa30BaHUS U3 3AEMEHTOB IIPOAYKTOB
peakum M UCXOAHBIX BelleCTB:

Q=AH= E(AHoﬁp)np -3 (AH,,) (XXIIL1)
UAM KaK PAa3HOCTh CYMM TENAOT CTOPaHMsS HCXOAHBIX BellleCTB U IIPOAYKTOB
peakuuu:

Q=AH =3 (AH,,) -3 (AHCFOP)HP. (XXIIL2)

INpu pacuerax no ypaBHeHuaM (XXIII.1) u (XXIII.2) TenAoTEl 0Opa30BaHUsA
U CTOPAHUS AAI CTAHAAPTHOTO COCTOSIHUSI MOTYT OBITh HAWAEHBI B CIIPABOYHOM
AHUTEpPATYype.

3HaUYeHUe TENAOBOro 3)eKTa peaklud XUMHUYECKHUX IIPOLEeCCOB, HCIOAb-
3yeMBIX B He(TIHOM NPOMBIIIAEHHOCTH, KOAeOAeTCS B IINPOKMUX IIpeAeAdx,
HanmpuMep, AAS DHAOTEPMUUECKOIO IIpollecca NMHPOAN3a OeH3WHa OHa COCTaB-
asger or 1400 ao 2000 KAJK/KT, cumTasi Ha IPeBpalleHHOe ChIpbe, a AAd
5K30TEPMHUYECKOTO BBIKHTA KOKCA C KaTaamsaTropa KpekuHra — oT 28 000 po
32 000 KAK/KT.

Kak yKe oTMeueHO paHee, HEKOTOPHBIE IPOLECCHl IIPEACTABASIOT COOOHU
COYeTaHNe XMMHUYECKHUX peaKlul, UMEIOUX pa3Hble 3HAKU TeNAOBOro 3ddex-
Ta, U IIO3TOMY KOHEUHBIM TeIIAOBOM 3(PpeKT 3aBUCUT OT TAYOMHBI IIpollecca. B
KauecTBe npuMepa Ha puc. XXIII-1 mpuBepeHBI AQ@HHBIE IO 3HAQUYEHWIO TEIIAO-
Boro adgderra () peakIUM KATAAUTUUECKOIO KpeKMHra B 3aBUCHUMOCTHU OT
TAyOMHBI INIpeBpallleHus X AT (DPaKOUM AM3EABHOrO TomnAuBa. I3 rpaduka
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-280 Puc. XXIII-1. 3aBUCHUMOCTH TENAOBOro 3dderTa
peaknuy KaTaAUTHYECKOro KPEKWHTa AE€rKOro ChIpbs
\ Q oT rAyOuHBI NIpeBpamieHus 1
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CAeAyeT, YTO TeNAOTa peaKIuu IepPBOHAYAABHO C BO3pacCTaHueM I‘AYGI/IHBI
IIpeBpameHnda CBIPbA YBEAWYMBAETCs], a4 3daTeM YMeHbHIaeTCsl; MAKCHUMAABHOe
3Ha4YeHvue TeIIAOTBEl peaKIuu COOTBETCTBYeT I‘AY6I/IHe opeBpalieHusa CbhIPbS
55 %.

ANEEO PAAEOEE.
UATA

TN 1 TAU EETAOEEE TAOOAOE I Ex
TIDAAAEATEA PAAEOETTITAT T.

Ba)kHOU XapaKTEepUCTUKOM XMMUYECKOI'O IPOIecca SBASETCH
cmeneHb npeBpaljeHUsl (KOHBepcul) UCXOGHOIO ChlPbs, TIOA KOTOPOM ITOHUMAIOT
OTHOCHUTEABHOE KOAVWYECTBO HCXOAHOTO CHIPbhS, IIPOpPearupoBaBIIETO B AQHHOMU
peakIiiuy, u3MepeHHOe B AOASIX E€AWHMIIBI MAU MPOIleHTaxXx. TakK, €CAU CTeleHb
IIpeBpalleHusd PaBHA X, TO KOAMYECTBO HEIPOPEarupoOBaBIIETO CHIPBS COCTABUT
1 — x, uam 100 — x.

AASL OCYIIeCTBAEHUS AIOOOU XUMHYECKOU DPeakIUUh C 33aAaHHOU CTeleHBIO
IIpeBpallleHnss HeOOXOAWMO, 4YTOOLI B TeueHMe OIPEeAEAeHHOTO BpeMeHHU
Y4YacTBYIOIIie B PeaKIIUM BellleCTBA HAXOAWMANCH B pPeaKTOpe IIPU OIpeje-
AEHHBIX TeMIlepaType U AaBAeHUHU. UeM BEIIIIe CKOPOCTh XUMHUYECKOM peaKkIuH,
TeM MeHBIIe BpeMs, HeOOXOAUMOE AAS ee OCYIIeCTBACHUS, W TeM MeHBIIe
OyaeT oObeM peaKTopa.

IMTop ckopocmbio peakyuu IIOAPA3yMeBAIOT KOAMYECTBO BHOBL 00Opasy-
IOIIUXCS IIPOAYKTOB B €AVMHUILY BpeMeHH.

AAST TIpocTeilliel MOHOMOAEKYASIPHOM TOMOTEHHOM peaKIMu CKOPOCThb
peakIuu OIpPeAEAdeTCd YpaBHEHUEM

%=K(1—x),

rae K — ko3 uiimeHT IpONOPUHOHAABHOCTH, HOCAINUY Ha3BaHHe KOHCTAHTHI
CKOPOCTH PeakIuu.
W3 aToro ypaBHEHUS TOCAe MHTETPUPOBAHUS UMEeM
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Pemns paHHOE ypaBHEHHE OTHOCHUTEABHO IIPOAOAKUTEABHOCTU PEAKIUU T,
IIOAYYHM

r=Lin-1-
1-x

= |-

AN peakUIm APDYTHX THUIIOB KOHCTaHTHEI CKOPOCTH PeaKIUM HAM BpeMs
pearupoBaHusl OIPEAEASIOTCS APYTHMMM, OOAee CAOJKHBEIMHM YPaBHEHUAIMU AU
KUHETUYECKUMU KPUBBIMMU.

EcAau u3BecTHa NPOAOAKUTEABHOCTH PeaKIUU T, HEeOOXOAUMAas AAS OCY-
IIEeCTBACHUSI AQHHOTO XWMHUUYECKOTO IIpollecca C 3aAA@HHOM CTeleHbIo IIpe-
BpallleHus, TO TpebyeMbIli 00beM peaKIMOHHOIO IIPOCTPaHCTBA

V., = Va/g,

p

rae V — o0bem pearupyromux BellleCTB IIpu TeMIiepaType W AdBACHUU
peaknuu, MS/C; T — IPOAONKUTEABHOCTHb peaKluu, C; € — AOAA CBO6OAH01"O
o0beMa peakIMOHHOTO IIPOCTPAHCTBA (AAS HEKATAaAUTHUYECKUX IIPOI[ECCOB
e = 1).

Hcnoabp30oBaHME JTOTO IMPOCTOTO YPaBHEHWS BO MHOTMX CAyYasX 3aTPYAHUTEABHO. AAs
MHOTUX He(TeXUMUYECKUX PeaKIUH He IPEeACTAaBASIETCSI BO3MOJKHBIM OIPEACAUTH ITPOAOAIKU-
TEABHOCTb pPeaKIIUM, M, KpOMe TOTO, CYIIeCTBEHHBLIe 3aTPYAHEHUSI IIPEACTaBASET OIpeAeAeHHe
o0G'beMa pearupymomux Bemects V. MHorue peakIiy IIPOTEKAIOT CO 3HAYUTEALHBIM M3MeHEHUeM
o6beMa BCAEACTBHE 00pa30BaHUs IPOAYKTOB peakIuy, 00beM KOTOPHIX CYIIECTBEHHO OTAMYAETCS
OT 0o0beMa HCXOAHLIX IPOAYKTOB, IIOITOMY AAS OIpPEeAeAeHUsT oO0beMa pearupyloliuxX BellecTB
HEOOXOAUMO PACIOAAraTh 3aBHCHUMOCTBIO KOAWYECTBA OOPAa3yIOIIMXCS BEIleCTB OT AAUTEABHOCTH
peakuuu.

MmHorue peakIuu OIPOTEKalOT IIPU BBICOKUX TeMIepaTrypax M AABACHUSX, IIOITOMY OC-
AOJKHSIETCS OIlpepereHre oObeMa ra3000pa3HBEIX ¥ MapooO0pa3HBIX IPOAYKTOB peakIui, TaK Kak B
9THUX YCAOBUSIX HaOAIOAQIOTCSI 3HAQUUTEABHBIE OTKAOHEHUS OT 3aKOHOB MAEAABHBIX Ta30B.

YuuTEIBasi OTMeUYeHHOe, IIPU pacueTe oOO0beMa PeaKIUOHHBIX alllapaToB MCIOAL3YIOT
3KCIIEPUMEHTAABHO HaWAeHHOe 3HaueHue OOBbeMHOW HMAM MAacCoBOUW cKopocTu. OObeMHasd CKO-
POCTb N, €CTh NIPOU3BOAUTEABHOCTh €AMHUIIBI PEAKIIMOHHOTO O0BeMa, m3MepsieMasi AN SKUAKOTO
CEIPBsT KaK 00beM XOAOAHOTO CHIPBS, IIOAABAEMOro B 1 U Ha epAMHHUIy oO0beMa peaKIIMOHHOW 30HHIL.
DTa BeAMYMHA BBEIpakaercss B M°/(M*4) mam u'. [Ipu ra3zoo6pa3sHOM CEIpbe OGBLEMHAas CKOPOCTh
BEIpa’kKaeTcsl B KyOOMeTpax MCXOAHOTO ra3a IIPU HOPMAAbHBEIX YCAOBUSX.

MaccoBast CKOPOCTB N, paBHa Macce ChIpbsl, MOCTyHNAaloWero B 1 4 Ha €AMHUIly MAacChl Kara-
AM3aTOpa HAM TEIAOHOCUTEAS, HAXOAJIIErocs B 30He peaknwu. EaWHAUMIE W3MepeHHs 3TOU
BEAWUMHBI KT/ (KI"49) UAK 4.

OtmernM, 4TO BeAnuMHa, oOparHast o0beMHOR (1/n,) mam maccosodt ckopoctu (1/ng), mpo-
MIOpIMOHAABHA AAWTEABLHOCTH peaKIMM U Ha3bIBaeTCsl (QUKMUBHBIM BpeMeHeM peaxkuyuu T,. Tak,
€CAU IIPY HEM3MEHHBIX IIPOYMX YCAOBUSAX OOBbEMHAas MAM MacCOBas CKOPOCTh YBEAWYeHA B 927 pasa,
TO MMPOAOAKUTEABHOCTE PeaKIIUK YMeHbIIaeTCs TakKe B 2 pasa, XOTsI abCOAIOTHOe 3HadeHUe AAU-
TEABHOCTH PeakIy B 00OUX CAyYasiX OCTAeTCsI HEM3BECTHEIM.

C wucnoab3oBaHmeM OOBEMHOM WAW MACCOBOM CKOPOCTH OOBEM peak-
HHOHHOﬁ 30HBI OIIPpEAEAdeTCd II0 CACAYIOINUM YPABHEHUAM!:

V, = V./n, = Vg

p
V. G./ngp, = Gt/ P (XXIIL.3)

p

rae V. — 06'beM HMCXOAHOTO CEIPhS, M°/4; G.— Macca MCXOAHOTO CHIPbs, KI/d;
P, — IAOTHOCTb CAOSl KATAAM3ATOpPa (TEIAOHOCHUTeAsd) B peakTope, Kr/m>,

Kak oTmMedanoch paHee, AAST CAOXKHBIX XUMHYECKUX MPOIEeCCOB, OTAWYA-
Iomuxcs o0pa3oBaHHeM psAa IIPOAYKTOB peakIlUy, 3aBUCHMOCTL CTeleHU
TIpeBpalleHus M BBEIXOAOB ITPOAYKTOB PEAKIUM AAST AQHHOTO CHIPbS X, KaTa-
AMBATOPAa M TEMIIEPATypPHhl MPOIecca OT AAMTEALHOCTV pearupoBaHUs IIPEACTaB-
ASIFOT B BUAE KMHETUYECKUX KPUBBIX.
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B kauecTBe mpumepa Ha puc. XXIII-2 mpuBepeHLI KWHETUYECKHE KPUBHLIE
AT KQTAAUTHUUYECKOTO Ta30MAS NPU KOHKPETHBIX YCAOBUSAX B 3aBUCHUMOCTH OT
(pUKTHBHOM AAMTEALHOCTH PEAarnpoBaHusA T, = 1/n,.

B oO6meMm caydae 3aBUCHMOCTH KOHCTAHTBI CKOPOCTH XUMHUYECKOM peak-
LMY OT TeMIlepaTyphl BEIpa’kaeT ypaBHeHUe AppeHHyca:

IgK=--£ +1IncC, (XXIIL4)
RT

rae C — TIIOCTOSHHAsA UHTErpupoBaHmMsd; R — yHUBepcasbHas ras3oBad IIO-
crogHHad; T — TeMneparypa nponecca, K; E — 3Heprugd akTUBaIUU.

OHepruell aKmuBauyuu HA3BIBAIOT M30BITOK JHEPIHWU PEarupyrolinux Mo-
AEKYA Hap CPEAHUM 3HaueHUeM J3HePIUM BCeX MOAEKYA peardupylollel CHUCTEeMEI
IIpU AAQHHOM TeMIlepaType. 3HaueHHe SHEpPTUM aKTUBALIMU OIPEeAEAIeTCs U3
ypaBHeHus (XXIII.4) Ha OCHOBAHUM 3KCIIEPUMEHTAABHO HAMACHHOU KOHCTAHTHI
CKOPOCTH peakIuu IpHU ABYX TeMIlepaTypax.

Yem BBIIIEe DJHEPTUsl aKTUBAIUM, TEeM MeHbBIIe CKOPOCTh XUMHUYECKOU
peaknuu. [Ipu oCyllecTBA€HUM XUMHWYECKOU PEakIuyd B IPUCYTCTBUM ITOAOJKHU-
TEeABHOTO KaTaAM3aTopa SHEpPrys aKTHBAIMK CHUJKAETCs, IO03TOMY CKOPOCTH
peakIuM YBEAUYUBAETCS. OTHUM M OOBACHIETCS BO3MOXKHOCTH IOHM)KEHUS
TeMIlepaTyphl IIpoliecca IPU OCYIIeCTBA€HUU peaKUWKW B NPUCYTCTBUU KaTa-
Am3aTopa.

AA psApa HedTeXMMUYEeCKUX MPOIeCCOB 3HAaueHWe JHEPTur aKTUBAIUU
AeRUT B mpeperax 60— 270 KAJK/MOAB.

YuuThIBas, YTO IIPW IIOBBLIIIEHUM TeMIepaTypbl CKOPOCTh peaKIuu
BO3pacTaeT, BpeMsi, HEOOXOAUMOE AASI OCYIIeCTBAEHUS PeaKIUU, COOTBETCTBEH-
HO COKpalaercs. Tak, ecAu IpU TeMIeparypax t; U {, KOHCTAHTBl CKOPOCTH
peakuum paBHBI K, n K, TO IPOAOAKUTEABHOCTH peaKIUU T, U T, IIPU ITUX
TeMIlepaTypax oOOpaTHO NPOIOPIMOHAABHA KOHCTAHTaM CKOPOCTH peax-
uu, T.e.

90
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10 —7
Puc. XXIII-2. KuHeTuuyecKue KpHBBIE CTyIeHYaTo-

MPOTHBOTOYHOTO0 KaTaAUTHYECKOT0 KpeKHWHra BaKy-
0 01 02 0304 0,5 06 ywmuoro rasoiias npu 475 °C:
1 — OeH3uH; 2 — AerKul rasouAb, 3 — ras;, 4 —
Tq, s 1 KOKC; 5 — TAyOWHA MpeBpalieHust
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T, _ K
T Ky

3aBUCHUMOCTh KOHCTAHTBI CKOPOCTHU XWMHUYECKOM peakIuu OT TeMIlepa-
TYyphl XapaKTePHU3yeTCsd TaK’Ke TeMIepaTypHBIM KO3(M@PUINEHTOM CKOPOCTHU
peakunum K, uWAUM TeMIepaTypHBIM TIPAaAUEHTOM CKOPOCTH peakuum At.
TemnepaTtypHbBIli KO3(dunmeHT K, eCcTb OTHOLIEHHEe KOHCTAHT CKOPOCTH
peaknum IIpU ABYX TeMIleparypax, oTandarmomuxcd Ha 10 °C, T.e. 3TO BeAHMYMHa,
IIOKa3bIBaloIasi, BO CKOABKO pPa3 U3MeHSeTCs CKOPOCThb peakIUuM IIpU H3MeHe-
Huu TeMmneparyphl Ha 10 °C. TeMmIepaTypHBIM I'pPapAUEHTOM CKOPOCTH peaKIuu
At Ha3BIBAIOT M3MEHEHUEe TeMIIepaTyphl, HEOOXOAUMOe AAS YBEAHMYEHUS CKO-
POCTH peakIuu B 2 pa3sa.

C HCHOAB30OBaHMEM TEMIIEPATYPHOTO KO3(@HUIIMEHTa CKOPOCTH PeakIuu
K, nAm TeMmIepaTypHOTO TrpapueHTa At  B3aWMOCBSI3b MeXAY KOHCTaHTaMU
CKOPOCTH peaKIM{d HAM IIPOAOAKUTEABHOCTBHIO PearupoBaHMsI IIpU TeMIlepa-
Typax ¢, U t, BEIpa’)KaeTCsI CAEAYIOIIMMU YPaBHEHUSIMU:

K. = K, Kt2-t).
2 =B '

T, =T,K "2, (XXIIL5)

-ty
= At
T,=T,2 .

B3auMOCBA3b MeXAY TeMIEPaTyPHBIM KO3(M@MUIUEHTOM CKOPOCTHU PEeaKINuU
K, u TemIepaTypHBIM I'paplueHTOM At, COOTBETCTBYIOIIUM YABOEHMHIO CKOPOCTHU
peaknuy, onpeAeAseTcsl BEIpakKeHueM:

10

K, =25,

rae K, — cpepaHee 3HaueHHe TeMIIepaTypHOro Ko3(d@uimeHTa CKOPOCTHU
peaknuu B UHTepBaAe TeMIeparyp §; u f,; Al — TeMmIepaTypHBIIX IpapueHT; K,
K, — KOHCTaHTBl CKOPOCTH peaKIM{ NIpU TeMIepaTrypax ¢ U t; T, U T, —
IIPOAOASKUTEABHOCTU PearupoBaHNS COOTBETCTBEHHO IIPH 3TUX TeMIlepaTypax.
YpaBHenue (XXIIL.5) nOpuMeHUMO TakKe U AAI pacueTa (QUKTUBHOMU
MAUTEABHOCTUA PEATUPOBAHUS Ty, T.€.
Ty, =T K,
[TpuBepeHHBIe YpaBHEHMSI IIO3BOASIOT BBIYUCAUTHL ITPOAOASKHUTEABHOCTD
peakum Ipu TeMIepaType f, €CAU H3BEeCTHO 3TO 3HadYeHHe ITPOAOAKUTEAD-
HOCTHU peakIuu Ipu TeMIepaType t;.
B3anMOCBa3b MeXKAYy 3HAUEHUSIMH MACCOBBIX HMAM OOBEMHBIX CKOPOCTeH
IIpY U3MEHEHUU TEeMIIEPATyphl TaK’Ke MOJKHO BBIYUCAUTH C HCIOAB30BAHUEM
KO3 PULMEHTa CKOPOCTU PEaKIUU II0 YPAaBHEHUAM

_ 01(t2-t1).,
g, =Ny, K[ !

- 0d(eg-ty)
n,, = nVth .

HpI/IBeAeHHBIe YpPaBHEHUsI CIIPABEAAUVBBI AASI U30TEpPMHUYECKOI'0 IIpoIecca;
npu aAI/Ia6aTI/I‘-IeCKI/IX WA TIOAUTPOIIMYECKHUX IIpolecCax IITPOAONKUTEABHOCTb
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pearupoBaHmsl AU MacCOBYIO (0OOBEMHYIO) CKOPOCTH MOJKHO PacCUYUTHIBATH IIO
NIPUBEAEHHBIM BBINIE YPaBHEHUSM, €CAM TeMIepaTyphl t; U f, COOTBETCTBYIOT
TeMIepaTypaM t,, S9KBUBAaAEHTHBEIM CpPeAHEH CKOpPOCTH mporiecca. AAsi HeM30Tep-
MHUYECKOIro IIpollecca TeMIepaTypou f, SKBUBAAEHTHOU CpPEAHEN CKOPOCTH,
SIBASIETCSI TeMIlepaTypa, IIPU KOTOPOM AOCTHUTaeTCs Ta JKe CKOPOCTh IIPOIleccaq,
YUTO U B U30TepMUYECKUX YCAOBUSIX IIPOBEAEHUsI IIpoIecca.

TeMmnepaTypa, 5KBUBaAeHTHas CpepHeNM CKOPOCTH ajpnabaTHdecKoro IIpo-
1mecca,

10 In 01(t, - t;)In K,
In K, 1_K;Ov1(t2*t1)

t

=i +

5.a

TeMneparypa, SKBUBaAeHTHAsI CPEAHEN CKOPOCTH IMOAUTPONNYECKOro IIPOo-
mecca,

0 K062t _q
ta.n = tl + !
InkK,  (ty-t)Ink,

I'emeporennas Kamaiumuieckas peaxkyusi OCYILIeCTBASIeTCS B IPUCYTCTBUU
TBEPABIX IIOPUCTHIX KATAAM3ATOPOB U NPOTeKAeT B HECKOABKO CTAAUM: CTAaAUU
BHellIHeN AU(M@Y3UN Pearupyrolinx MOAEKYA U3 CPepbl K 4acThIle KaTaAu3aTo-
pa; BHyTpeHHeUd Aud@Py3un dYepe3 MHNOPEI K IIOBEPXHOCTH KaTaAM3aToOPa;
AACOPOIIMU MOAEKYA ITIOBEPXHOCTBIO; XMMHUUECKOU PEAKINU MeKAYy apCopOUpo-
BAHHBIMU MOAEKYAAMHU; AeCOpOIIUM OOpa3yIoUIMXCS INPOAYKTOB peakIuM; UX
AU dy3un B 00paTHOM HallpaBAEHUM.

CKOpOCTh BCero Ipoliecca B IIEAOM 3aBHUCUT OT Haumbonree MeANeHHOU
CTaAUU peakIuu, KOTopasg U SABASETCd olipepeardrouieii. Ecam onpeaeadroiiei
CTapued gBASETCI CaM aKT XHMUUYECKOrO B3aWMOAEUCTBUSA MeXXAY pearupy-
IOIIYMHA MOAEKYAAMH, @ IIPOIleCC OTBOAA M IMOABOAA KOMIIOHEHTOB IPAKTUYECKU
He BAUSIET Ha ee CKOPOCTb, TO TaKyIO0 peaKIIUI0 Ha3bIBAIOT IIPOTEKAIoIel B
KHUHeTuYecKol obOaacTu. Ecam ompepeasiiolied cTapued SIBASIETCSI CKOPOCTh
IIOABOAQ pPEarvpyrollnuxX BelleCcTB, TO PEAKIUI0 HA3BbIBAIOT IIPOTEKAIOIeN B
A Py3noHHON oOAacTu. Ecam >Xe CKOpPOCTM KakK CaMOM peakIuy, TakK u
nponeccoB AMPPY3UU COM3MEPUMBI, TO CKOPOCTB BCEro IIPOIlecca SBASETCA
dyHKIIMEeN KUHETHYeCKUX U AUM@Y3UOHHBIX SBACHUM U IIPOIECC NPOTEeKaeT B
IIepexXoAHOM 0OAACTH.

AAd peakiium, MpOTeKamolled B KUHETUYEeCKOM OOAAcCTH, MOBHIIIEHHE
TeMIIEPATYPHl IO3BOASIET 3HAUUTEABHO YBEAUUYUTH CKOPOCTh PEaKIIUH, TOIAQd KaK
M\ peakIuy, IpoTeKawllel B AUPAPY3MOHHOU 0OOAACTH, H3MEHeHUe TeM-
IepaTypbl HE3HAUUTEABHO BAMSET HAa CKOPOCTH IIPOIECCd, TaK KaK CKOPOCThb
AMDPy3Un HE3HAUYUTEABHO HM3MEHSeTCsI C HM3MEeHeHHeM TeMIepaTyphl peak-
LIUU.

YBeanueHuss CKOPOCTH peaKluM, MpoTeKawlled B AUPDY3UOHHOU
00AACTH, MOJKHO AOCTUTHYTH ITyTeM yMeHBIIEHUS I'PAaHyA KaTaAU3aToOpa, yBeAU-
YeHHS Pa3MepoB IIOPOBHIX KAHAAOB KAaTaAW3aTOPa, UHTEHCUBHEIM IIepeMellnBa-
HUEM WUAM NOBHIIIEHWEM CKOPOCTU IIOTOKA, T.e. OCYIIECTBAEHHMEM TAaKHUX Mepo-
IIPUATUMN, KOTOPBIE CIIOCOOCTBYIOT YBEAUUEHUIO CKOPOCTU BHYTPEHHEN U BHEII-
Hel puddys3un.



NTAAT TTNOE TAOADEAEUTTAT AAEATRA
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I[Mpm  ocymiecTBA€HHM  XHMUYECKOTO  IIpollecca  CTelleHb
IpeBpalleHuss WCXOAHOTO  CBHIPbSI MOJKHO  PEryAMpPOBAThH  CAEAYIOIIUMU
criocobamu:

1) u3MeHeHUEM TeMIEepaTyphl U AABAEHUS, BAMSIONINX HAa KOHCTAHTY
pPaBHOBECHUS XUMUUYECKOM pPeakIluy;

2) n3MeHeHUeM ITPOAONKUTEABHOCTH peaKIuy;

3) IoAOOPOM COOTBETCTBYIOIIEr0 KaTaAM3aTopa;

4) BepeHUEM IIpOIlecca C PelUpPKyAAIded, IpU KOTOPOM 3a OAHOKPATHBIN
IIPOITYCK CHIPbS Yepe3 PeakIJMOHHYIO 30HYy OO0ecCIledMBaeTcCs AOIYCTHMMas CTe-
TIeHb NIpeBpalleHus.

[MpununuarbHasg cxeMa IIpollecca C pPelUupKyAdIiued ChIpbsl OKa3zaHa Ha
puc. XXIII-3. TIpoAyKTBI peakIUM BMeCTe C HeIpOpearupOBAaHHBIM CHIPbEM
BBIBOAATCS M3 PEakIMOHHOM 30HBl, a IIOCAe UX pasjpereHus He-
IIpOpearupoBaBliiee CEIPbe BO3BPAIlaeTCs B peaKIMOHHYIO 30HY. B mporecce c
PEIUPKYASIIITIEN AOIYCTHUMasl CTelleHb ITPeBPAaIeHNsI COOTBETCTBYET YMEPEHHOMY
BBIXOAY IIOOOYHBIX IIPOAYKTOB peaKIuu (HaIpuMep, KOKC IPU KaTaAUTHIeCKOM
KPEKUHTE).

OcyilecTBAeHUe IIpoIlecca C  PeIUpPKyAsdIuell HelIpOpearupoBaBIIEro
CHIPbS MO3BOASET IIOBBICUTH KOHEUHBIM BBEIXOA I[€A€BBIX IIPOAYKTOB peak-
IIUM Ha HCXOAHOE CHIpbe, HO OHO CBS3aHO C AOIOAHUTEABHBIM PaCXOAOM
JHEPTUN Ha OTAEAEHHE NPOAYKTOB PEaKIUU OT HeIpOpearupoBaBIIErO CHIPH,
a TakkXe OOBIYHO TpeOyeT WAM YBEAWUYEHUs pa3MepoB peakKTopa, WAU
COKpallleH!sI MTPOU3BOAUTEABHOCTH AEUCTBYIOIIEeM YCTAaHOBKH IO HCXOAHOMY
CBIPBIO;

5) um3MeHeHHeM KOHIEHTPAIUM TeX WAW HHBIX KOMIIOHEHTOB MCXOAHOTO
CHIpbsi. Tak, MpU AAKUAWPOBAHWN H300yTaHa WAW OEH30Aa HENPEAEABHBIMHA
YTA€BOAOPOAAMHU 3HAUUTEABHOE IIOBBHIIIEHWEe KOHIEHTpanmuu m300yTaHa (OeH30-
Ad) IIO3BOASIET OCYIIECTBHUTH PEaKIUI0 AAKMAMPOBAHMSI IIPAKTHYECKH IIOA-
HOCTBIO, IIOA@BASIS IIPU 3TOM peaKIUIO ITOAMMePHU3allul HellpeAeAbHBIX YTAeBO-
AOPOAOB, KOTOpas MOJKeT OAHOBPEMEHHO IIPOTeKaTb B 3ITUX YCAOBUSGX; A
peakluy aAKUAMPOBAHUS Ha | MOAB HEIIPEAEABHOT'O yTAeBOAOpOAa OepeTcs 5—
20 moAnelt m300yTaHa UAM O€H30Ad, XOTS B peaKIUIO BCTYIAeT TOABKO 1 MOAB
3TOTO KOMMOHEHTa. BOABIION M30BITOK OAHOTO M3 KOMIIOHEHTOB MCXOAHOTO
CHIPBS, IIeAeCOOOpa3HBIM C TOYKU 3PEHUs IOBBIIMIEHUS BBIXOAA IIEAEBOTO IIPO-
AYVKTa, CBSI3@aH C HEOOXOAUMOCTBIO 3HAQUUTEABHOT'O PAcXOAd JHEPruu Ha ero
BBIA€AEHUE. B 5TOM CBSI3U ONPABAAHHBIM SIBASIETCS CTyIleHYaTOe OCYILeCTBAeHUE

IIpoiecca.

CyIIHOCTL TaKOro Ipollecca U ero IpeuMyllecTBa IOSICHUM Ha IpHUMepe TPeXCTyIleHYaToro
AAKMAMPOBaHUA M300yTaHa OyTHA€HAMH.

B 5TOM ympolleHHOM INpuUMepe AAd Ka’KAOW CTyIeHU peaKIUH IIPUHATH CAEAyIOLIHe YCAO-

Puc. XXIII-3. Baok-cxema Imponecca C
penUpKYyAsiiell HeNpopearnpoBaBIIero Cbl-
pbsi:

1 — peaxkTop; 2 — amnmaparypa AAI pas- I
penenus. IToroku: I — HMCXOAHOE CHIPLE;
II — cMech NPOAYKTOB DPeakLuU C HEIpo-
pearupoBaBIIMM ChbIpeeM; [II  — penup-
KyAUDPYIOIIUN IOTOK HeIpOopearupoBaBIIero I 1 i 2 114
CBIpbs; IV — IPOAYKTHI Peakluu
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BHUSA: COOTHOIIEHWEe YHCAAa MOAeM wu3obyraHa K OytmaeHaMm 10:1; pacxopa m3oOyTaHa Ipu obpa-
30BaHUM aAKuAaTa | MOoAb Ha 1 MOAB OyTHAEHQ, BBIXOA aAKMAaTa 1 MoAb Ha | MOAb OyTHAeHa.
BAoOK-cxema IIOTOKOB AAST OTOTO IpuMepa npuBepeHa Ha puc. XXIII-4. udpsl Ha AUHUAX TOTOKOB
COOTBETCTBYIOT YHCAAGM MOAEH.

CoraacHO 3TOU cXeMe Ha IepBYIO CTylleHb aAKMAHUPOBaHUs nocTymnaeT 10 Moaelt m3oOyTaHa
u 1 MOAbL OyTHAEHOB, @ B pe3yAbTaTe peakluu obpasyeTcsi 1 MOAbL aAKMAaTa UM ocTaeTcs 9 Monel
HeIpOpearvpoBaBIIero M300yTaHa, IIO3TOMY AASl COXPaHEHHS COOTHOLIEHHS HM300yTaH —
OyTuaeHbl, paBHoro 10:1, Ha BTOpylo cTyneHb nopaeTcs 0,9 Monell OyTHAEHOB.

Ha oroit crynenm obGpasyercsa 0,9 Moaeld ankuaaTa, a oOlllee KOAMYECTBO AaAKHUAATa,
OTXOAMAIIIETO CO BTOPOM CTyIEeHH, paBHO 1,9. AHAaAOTMUHBIE YCAOBHSI OCYIIeCTBAEHBEI U Ha TpPeThbel
CTyTIeHH.

AASL HarASIAHOCTH Ha TIPUBEAEHHOM cXeMe IIOTOKM AaAKMAATa M M300yTaHa YCAOBHO IIPEA-
CTaBAEHBI Pa3speAbHO; B A€HMCTBUTEABHOCTH 3TH IIOTOKM 0Opa3yT pacTBOP.

M3 npuBepeHHBIX Ha CXeMe AQHHBIX CAEAyeT, 4TO, oOecnedywBas Ha Ka’kKAOM CTyIeHHM Tpe-
OyeMoe cOOTHOIIeHUe H300yTaHa K OyTtuareHaM 10 : 1 Ipu Tpex CTyNeHsSX, B IIeAOM IIO yCTaHOBKe
IIOAYYHM, UTO OOIIee YHCAO MOAeN OyTHAEHOB, BOBA€UEHHBIX B PeaKI[UI, COCTaBUT

1+09 + 08 =27
a COOTHOIIIeHUe U300yTaH-OyTUAEHBL
10: 27 = 3,7

Ilpu pacdeTe peakIUOHHEBEIX YCTPOMCTB MATEPHAABHBIM OaraHC IIpollecca
MOXKeT OBITh COCTaBA€H, €CAW U3BECTHBI YPaBHEHUS IIPOTEKAIOIUX XUMUUYECKUX
peakuii U MOTyT OBITH OOOCHOBAHHO IIPUHATHI KO3(@PUIHUEHTH H30BITKA
Y4aCTBYIOIINX B PeaKIUM KOMIIOHEHTOB (peareHTOB).

Tak, Hanpumep, MaTepHUaAbHBIY OaraHC pereHepaTopa YCTAHOBKM KaTaAU-
TUUYECKOTO KPEKHHTAa COCTABASIETCS Ha OCHOBE AQHHBIX II0O KOAMYECTBY M COCTa-
By BBDKUTAe€MOI'O C KaTaAM3aTOpa KOKCQ, YYUTBIBAS, YTO M3BECTHBHI PeEaKIUU
rOpeHusi COCTAaBHBIX 4YaCTel KOKca (yraepoa, BOAOPOA, cepa) U KO3((UIIMeHT
n30bITKa BO3AyXa. OAHAKO B OOABIIMHCTBE CAydYaeB IIPU XMMUYECKOM Iepepa-
00TKe He(TSHOTrO CHIPbS INPOUCXOAAT CAOKHBIE XUMHUUYECKHe IIpeBpallleHus M
IIO3TOMY MaTepHUaAbHBIE 0AAaHCHI HAAEKHO MOTYT OBITh COCTaBA€HBI TOABKO Ha
OCHOBE JKCIIEPUMEHTAABHBIX AAQHHBIX, IIOAYYEHHBIX HA IIPOMBIIIAEHHBIX WAU
ONBITHBIX YCTAHOBKAaX.

Kak y>Ke OTMedyaAOCh paHee, Pe3yAbTAThl IIOAOOHBIX 3KCIIEPUMEHTAABHBIX
MAQHHBIX IIPUMEHUTEABHO K AQHHOMY CHIPBIO U KATAaAM3aTOPy MOTYT OBITH IIPEA-
CTaBA€HBI B BUAE KUHETUUYECKUX KPUBBLIX (CM. puc. XXIII-2) mAn sMOupudeckKux
YPaBHEHUM.

Ha ocHOBe 00001IeHUS AQHHBIX O PadOTe MPOMBIIIAEHHBIX YCTAHOBOK AAA
HEKOTOPBIX XMMUUYECKUX IPOILEeCCOB IepepabOoTKu He(MTAHOrO CHIPpbI OBIAU

I 73

a1 1,0 i 1,9 1 2,7 iar 2,7
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Puc. XXIII-4. BAOK-cXxeMa IIOTOKOB AASI IIpUMepa TPeXCTyNeHYaTOro aAKMAMPOBaHHUS H300yTaHa
OyTHUAEeHaMu:

P — peaxknmoHHasi 30Ha; K — KOAOHHA ANl OTA€AeHHsI M300yTaHa OT aAKuaara. Ilotokm: I —
uzobytaH; II — OyTuaeHs]; IIl — arKmAAT; OU@PHL Ha IOTOKAX COOTBETCTBYIOT YKMCAAM MOAEM
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IPEAAOSKEHBI OMIIMPUYECKUE YPaBHEHUSI, TTO3BOASIONINE MPUOAVIKEHHO OIIpeAe-
MITH BBIXOABI OCHOBHBEIX IIPDOAYKTOB PEaKIINU.

Tak, prg mpollecca TepMUYECKOro KpekuHra HedTsaHoro ceipbsa C. H. OO6-
PSAUMKOB U APYTHE€ aBTOPBI IPEAAOSKUAYN YPABHEHNS, IIO3BOASIIONINE OIPEACAITD
BBEIXOABI OeH3MHa U raza B 3aBUCHUMOCTH OT IIAOTHOCTH MCXOAHOTO CHIPbS U
IIOAyYaeMOT0 KpeKMHT-OCTaTKa. [lopoOHBIe ypaBHEHUS HMeIOTCS AAS  pac-
yeTa Ipoliecca KOKCOBaHUS HETSIHOTO CHIPBS. AAST KAaTaAUTHIECKOTO KPEKWHTa
AVCTUAASITHOTO CBHIPbS Ha aAIOMOCUAMKATHOM KaTaauzdatope b. M. BonpaapeHKO
TIPEANOKUA  OMINPUYECKUe 3aBUCHUMOCTH, IIO3BOASIONINE B IIepBOM IIpH-
OAMKEHUM OIIPEAEAITH BBIXOABL CYXOrO rasa, OyTaH-OyTHMAEHOBOM (pak-
UM, aBTOMOOUABLHOTO OeH3MHAa M KOKCQ, B 3aBUCUMOCTM OT CTelleHU IpeBpa-
1IeHU4.
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