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NMPEANUCAOBHE

XHMHuueckne H CMEIKHBIe C HeH oTpacyd npoMbliJICHHOCTH, OCHOBAH-
HEle Ha 3aKOHOMEDHOCTAX XHMHHM H XHMHUYeCKOH TeXHOJIOTHH, pa3BHBAa-
IOTCA ONepexaloHMHE TeMaMH. OJIHOBI)EMQHIIO C yBe&JlUyeHHeM Mac-
wTa60B NMPOM3BOACTBA XHUMHUYECKHX NPOAYKTOB pa3pabaTHBalOTCA HO-
Bhle GoJjiee cOBepLIEHHBle CNoco0n NPOU3BOACTB&, BICOKOI((PEKTUBHEIE
TeXHOJIOTHYeCKHe MNpouecChl W annaparsl; NPOHCXOOAHT BCECTOPOHHEE
KOMGHHHpOBﬂIIHe XHMHYECKHX NNPOU3BOACTB.

CoBpeMeHHbIE XHMHUYECKHe 34BOABI, K&K MPaBHO, MPeACTABJASIOT
co60ii c/loXKHble KOMOHHATH XWUMHYECKHX MPOH3BOACTB, 0ObeHHEHHBIX
JAJIs1 KOMIJIEKCHOTO HCMOJ/b30BalMsl ChIPbSl C MHOJyYeHHEM pPas3HUHBIX
NOJYNPOAYKTOB, KOTOpEIe Heo6XoAMMHl jAJsl BHIIYCKA TOBAPHOro Mpo-
aykra, Hepelko KOMOHHHDYIOTCA TakiKe MPOHU3BOACTBA N0 OGLIHOCTH
OCHOBHHX MpPOLIECCOB H NMPHMEHSeMBIX alNapaToB.

Pa3puTHe XHMHYECKOH TeXHOJOTHU MPOHCXOAUT MO NMYTH THIH3AUHH
MPOU3BOACTBA. AHAJOrHYHble Crnoco6bl MNPOH3BOJACTBA, XHMHYECKHE
npoueccs ¥ PEAKTOPH NPHMEHSIOTCs1 AJs1 H3TOTOBJICHHS Pa3THUHBIX
OpraHH4YeCcKHX H HeOpraHHYeCKHX MNpPOAYKTOB. CoOTBETCTBEHHO aHallo-
THYHBIMH MOTYT OHTH M MaTeMaTH4YeCcKHe MOJeJH pa3HbBIX NPOLEeCcCOB
H XHMHKO-TEXHOJIOTHYECKHX CHCTEM. l'loaromy B COBpPeMEHHHX yCJIOBH-
AX 0(.'.06&]1]10 BOo3pacTaeT 3Ha4Y€HHe TeOpPETHUYECKHX OCHOB XHMHYeCcKOo#
TEXHOJIOTHH B MNOATrOTOBKE HHIKEHEpa XHMHK&a-TeXHOJIOTa [WHPOKOro
npopuana, cnocoGHOr0 ynpaBisTe KOMOHHHDOBAHHBIM MPOH3BOACTBOM,
06001aTh TEXHOJOTHYECKHH ONBIT pa3JHYHBIX NMPOH3BOACTB.

Ilpu cospanun yyeGroro Kypca oliueii XMMHYeCKOH TeXHOJIOTHH B
HeM pacCcMaTpHBanH BO B3aHMOCBA3H BCe npoueccel, oTHOCAUIHECst K
XUMHUYECKHM TPOH3BOJCTBaM, KaK XHMHYecKHe, TaK H (u3nueckue.
[Tpu nanbHeiilieM pa3BHTHH HayKH GblJIH Npexje BCEro OTKPHITH 00-
e 3aKOHOMEPHOCTH (PH3MYEeCKHX mpoueccoB. B pesysnbraTe Gola BH-
Jenmen caMoCTOATeNnbHBI Kype «IIpoueccsl M anmapaThl XHMHYECKOH
TEXHOJIOTHH», B KOTOPHIH BKJIOYEHB THAPOAHHaMHUYecKHe, TenJoBLIe,
nnddysHoHHble u MexaHHYeCKHe mpollecchl u annapatsl. Msyuenne
XHMHKO-TE€XHOJIOTHYECKHX MNpOLEecCoB, COOTBETCTBYIOIIHX XHMHYECKHX
PEaKTOPOB H XHMHKO-TE€XHOJOTHYECKHX cHCTeM (cnocof6oB MpoOH3BOX-
CTBa), sBJsAETCA OCHOBHOH 3ajayefi COBpPeMEHHOro yuyeGHOTro Kypca
XHMHUECKOH TE€XHOJIOTHH.

O,ﬂ}laKO YHCJIO XHMHYECKHX MNPOH3BOJACTB HEYKJOHHO BO3pacTaert.
Heine xuMuyeckas NMpOMBILLIEHHOCT, BBINYCKAeT AECATKH THICAY TNPO-
JAYKTOB, H3JIOXKEHHE MPOM3BOACTBA KOTOPHX B OJHOM yuyeGHOM Kypce
HeBO3MOXHO. C pyroif CTOPOHH, yCIeXH HayKH H TeXHHKH yiKe MO3BO-
JAI0T YCTaHOBHTbL OGlIHe 3aKOHOMEPHOCTH AJf MHOTHX INPOH3BOJCTB,
Ta4K KakK THNMHYHBle XHMHYECKHE MeToAbl H annapathl MPHMCHSIOTCH BO
MHOTHX oTpacjaax XHMHYeCKOH NPOMBIIJIEHHOCTH. CJTQ,LlOBaTeJIblIO, AJTs
BBIIyCKa CnelHaTHCTOB C IHHPOKHM TEeXHOJIOTHYECKHM KPyro3opom HeT
HaJoOHOCTH B H3yYEHHH MHOTHX XHMHYeCKHX NpPOH3BOACTB. BaxHo,
4TO6BI 6)’ﬂyu.lHﬁ CneunajucT 3Haa OCHOBHBIE 3aKOHOMEDHOCTH XHMH-
YeCKoH TeXHOJIOIHH, HauboJiee THMNOBBIE XHMHYECKHE npoygeccsl H COOT-
BETCTBYIOLIHE WM PEAKTOPbl, yMes BbHIOHPAThL THN XHMHKO-TE€XHOJOIH-
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yeckoii cHctembl, KOHKpeTHOE TMNpHMEHeHHe TeOPeTHYEeCKHX 3HaHuil
MOXKHO YCBOHTb NpPH H3Y4YEHHH CPaBHUTEJIbHO HeOOJbIIOrO KOJHYECTBa
NPOH3BOACTB, HMeEIOUIHX HauboJiblllee HapPOAHOXO3fAHCTBEHHOE 3Haue-
HHe HJH KOMOHHHPYEMBIX C Y3KOH CHelHaJbHOCTBIO Gyayllero cre-
UM &JTHCTA,

B yerBepToM H3ZaHHU COOTBETCTBEHHO Pa3BHTHIO TeXHOJOTHH Kak
HayKH O MPOU3BOACTBE 3HAUMTEJbHO ycoBepuleHcTBOBaHb! r. IT «Oc-
HOBHble 3@KOHOMEPHOCTY XHMHuYecKoill Texnosoruu» u ra, Il «Xuwmu-
ueCKHe peakTOphi», BKJOUeHa HoBad . IV «XHMHKO-TeXHOJOTHUECKHE
CIFCTEMBI®.

BBuay Toro, uTOo OQHOBPEMEHHO C JIEKLUHSIMH HAYHHAIOTCA W Npak-
THYECKHEe PacCyeTHble 3aHATHS CTYAeHTOB, pasnen «IlpoekTHpoBaHHe
XUMHUECKHX NPOH3BOACTB» nepeHeced u3 riu. II B rom. L.

B ¢Bfi3u C NpOrpeccHPyOLIUM POCTOM HACeJeHHS H MacliTabos
NPOMBILIJIEHHOTO MPOU3BOACTBA Miepe] XHMHUECKOH TexHosornefl cra-
Ja 3ajaya KH3HeoOeCNeyeHHA uesIOBEUeCTBa, T. €. YAOBJETBOPEHHE
3anpocoB HaceJieHHd B MU, NPeCHOH BOAE, AOCTATOYHO YHCTOM A
JAbIXaHHA BO3JYyXe W B PasJIMuHbIX BHAaX SHeDPrHH, NOJyyaeMbIX C NpPH-
MEHEHHEM METOA0B XHMHUYECKOH TeXHoJorHu. Bce 3TH rmobasbHble
npobGyaemMsl OTpaxKeHnl B Kypce XHUMHUYECKOH TEeXHOJOrHH,

Tnaspt I u 11 Hanucanw M. I1. Myxaenosnim, ra. [11—H. 3. Dyp-
mep u H. II. Myxaeunoseim, ra. IV—H. 3. dypmep, rm V—
A. §1. Asepbyxor, rin. VI—E, C. Tymapkusoii, rn. VII—E. C, Ty-
mapkuuoil u M. [1. MyxneHoBbIM.

ABTOpBl MPHHOCAT TrJIYOOKYI0 6JarogapHOCTh 3@ IeHHBle COBETbl
aameuanus B. B. Kadaposy, A. E. Topwrrefiny, H. B. Ky3uuxkuuy u
OV yT NpH3HaTeJbHbl 3a BCe OT3bIBb, NPEMJIOMKEHHA M 3aMeuaHHs,
KOTOpBle MOCTYHNST OT YyHTaTeslefl KHHIH.

Asroput



Taaga [

BBEAEHHE.,
OBIUME MOHATHA

TeXHOJAOrHA—HayKa o crnocobax M mnpoueccax MNpOH3BOACTBA
NPOMBIHIJIEANEIX NPONYKTOB H3 NPHPOJHOrO ChHipbs.

HpOMh!I.lIJlEHHb!Q NPOAYKTBI MOTYT CNYyzKHTb CPeICTBaAMH MPOH3BOI-
cTBa (HampuMep, MerannoobpadaThiBalOIHe CTaHKH HJIH CepHas KHC-
N0Ta) WM MpeIMeTaMH HapojHoro norped/eHHs (HanpuMep, Xoasii-
CTBEHHBIE H3[E/IHs H3 NIACTHYECKHX MACC MJIH OfeXa H3 XHMUYECKHX
BOJOKOH). B TO Ke BpeMsi MHOTHe roToBbie NPOMBILIJIEHHBIE NPOAYKTH
MOTYT HCIOJIb30BATbCs KAK CBIPbE 115 NOCCAYIONIHX NPOH3BOACTB. Tak,
aMMHaK CJYzKHT OCHOBHBIM ChIpbEM B NpoOH3BOACTBE a30THOMH KHCJIOTHI,
KOTOpasi B CBOK ouepeab NMPHMEHSETCS NPH NOJYUYEHHH MHHEDAJTbHABIX
yAoOpenuii, OpraHHYeCKHX HHTPONDOH3BOAHBIX H  psAja [ApYrdx Be-
111 €CTB.

_Crnocof nponsBoacTBa * —3To COBOKYMNHOCTb BCeX omepaiui, Ko-
TOPBIE NPOXOAUT CHPbE A0 MOJy4YeHHs H3 Hero npopykra. Crnocod npo-
H3BOACTBA cJlaraercsi H3 NOCJAeJ0BaTeJibHbIX onepaliiH, NPOTCKAKMIIHX
B COOTBETCTBYKUIHX MallHHax H annaparax. BaaumMocBsab Mexay
OTAEJIbHBIMH allapaTaMy H PEAKTOPAMH C ONHCAHHEM IIPOHCXOISLLHX
B HHX NPOLIECCOB H NMpeBpAalleHHH Ha3BBAIOT TEXHOJOTHYCCKOH cXemoil.
TexHoNorHyecKkas cxema OINUCHLIBAETCH B TEKCTE HJIH nocJjenoBarTciib-
HBIM CXEMATHYECKHM H300paXeHHeM COeJHHEHHBIX MeKay cobof ma-
INHH W annapartoB, HJH e NOoCJCJ0BaTebHbIM YCJTOBHBIM 0003HaYeHH-
€M CBSI3aHHBIX MexKay coOoli onepanufi. Onepanus NPOHCXOIUT B
OIHOM HJIH HECKOJIbKHX anmaparax (MallHHax), oHa NpeiCTaBJIsAeT
coboli coyeTaHHe PA3NHYHBIX TEXHOJIOTHYECKHX MpOuecCoB. B KaxaoM
anmnapare MOXET MPOTEKATb OAHH HJIH COBOKYNHOCTHL npoueccos. B xu-
MHUYECKHX annapartax-peakTopax, KaKk NPaBHJO, OJHOBPEMEHHO MmpoOTe-
KalT rHapaB/HYecKue, TenJobble, fHPDYy3HOHHBIE H XHMHYECKHe Npo-
HecChl, Texnonorus ACJIHTCA Ha MEXaHHYECKYIO H XHMHUYECKYH,

B mexanuueckoi rexwoaoeuu paccmMarpusaioT npoyeccyl, 8 KOTo-
polx usmenserca opma uiu éHewnull sud u gusuweckue csoiicrsa
MATEPUAAQ, G 8 XUMUHECKOU — npoyeccsl. KOPEHHO20 UIMEHEeHUS CO-
crasa, C8OUCT8 u BHYTPEHHE2O0 CTPOEHUS BeuyecTéd. DTo JelleHHe B
3HAUHTEJIBHOM CTENeHH YCJOBHO, TAK KaK NPH H3MEHeHHH BHAa MaTe-
pHajla 4acTo MEHAKTCS ero coCcTaB H XHMHYeckKHe cpoiicrBa. Tak, na-
npuMep, JIHTEiHOe NPOU3BOACTBO OTHOCHTCA K MEXaHHYECKOH Texno-
JIOTHH, HO MNPH JIHTbe METaJJIOB NpPOHCXOAAT H XHMHYECKHe peakuHH.
XHMH‘IECKHQ NpoIECCH B CBOW OYEPEIb BO BCEX NPOH3BOACTBAX conpo-
BOXKIAKTCA MEXaHHUCeCKHMH. XHMHUECKAas TeXHOJOTHSl paccMaTpHBAeT
CnocoOnl H NpoLecCs MPOH3BOACTBA B XHMHUYECKOH, HepTeXHMHYECKOIi,
METaJUlypru4ecKoil, 1e/oN03H0-OyMaxKHoll, NUueBOH, TeKCTHJbHOI,
JIETKOit H JPYrHX oTpaciasax MNPOMBILIJICHHOCTH.

* Texnonoruyeckuii TepMHH «Cnocol NpPOM3IBOACTBa», ECTECTBEHHO, OTJHYAETCA
OT OGLIECTBEHHOTO IKOHOMHUECKOTO NOHATHA 0 cnocofe Kak elUHCTBE NPOH3BOAHTEb-
HBIX CHJ M NPOM3BOACTBEHHLIX OTHOWeHUH,



1. 3HAYEHHE H PA3BBUTHE XHMMHYECKOH MNPOMBIIUAEHHOCTH

3HayeHHe XHMHYECKON npoOMBIIJEHHOETH ONOpeje-
JASIETCsl TEM, 4TO OHa oOOecmeunBaeT HapOAHOE XO3AHCTBO OrpOMHBIM
KOJHYECTBOM MPOLYKTOB, Oe3 KOTOPHIX Oblla OH HEBO3MOMHa JKH3Hb
coBpemMeHHOro obimectBa, PaccmMoTpum 3nauyeHHe XHMHUECKHX NpPOH3-
BOACTB Ha OT/JEJbHBIX MpHMeEpax.

Xumuyeckas mepepa0OTKa HCKOMAeMoOro TOMJHBA, T. €. KAMEHHOro
yras, HedTH, NpHPOAHOro rasa, Topda H caaHLa, NO3BoJsIeT NOJYyHaThb
Takde BaXXHelillHMe NMPOAYKTH, KaK KOKC, MOTOPHbie TON/JHBa, CMa30y-
Hbie Macja, ropiouYHe rasel U OOJplIOe KOJHUCTBO OpraHHYecKHX
BellecT, bes Kokca HeBO3MOXHAa COBpEeMEHHAs METaJJyprus, a cJie-
NOBATE/NbHO, H BCe 3aBHCsLIHE OT Hee OTpPAacJ/H XO3AficTBa, B TOM uUCJ/e
MalidHocTpoenHe, Bes GeH3nHa, JHTPOHHA W JAPYTHX MOTOPHBIX TOIJIHMB
Obiyta Obl HEBO3MOXKHA paboTa aBHALHOHHOro H aBTOMOOHJIbLHOrO TpaH-
cnopra. Besuko 3naueHHe roployuX rasce B ObITY H MPOMBILIJIEHHOCTH
Kak ©e330/bHOTO U Ge3awiMHOro tonanea. Ha Gase opranuueckux Be-
eCTB, MOJy4YeHHBIX NPH NepepadoTKe NMPHPOAHBLIX ra3oB, HedTH, yras,
Topda U ciaHla, NPOU3BOLATC KPACHTE/H, JaKH, JeKapCTBEHHble Mpe-
napaTh, CMHPTHL, B3pbIBuaTbhle BELIECTBA H ApPyrHe MPOAYKTHI, NoTped-
JseMble B CaMBIX pa3JHYHBIX MpOU3BOACTBAaX H B OHTY. OcobenHo
OoJiblIOe 3HAYEHHe MMEIOT [OJydaemble H3 MPOAYKTOB MNepepabOTKH
TOMJIHBA BLICOKOMOJIEKYJISIDHBE CHHTeTHUGCKHE MaTepHalibl — CMOJIB,
HCNOJIb3yeMble /51 MPOH3BOACTBA MJIaCTHYECKHX MacC, CHHTETHYECKHX
BOJIOKOH H KayuyyKOB.

W3 yras (npupoaHbiX ra3oB), BOAH K BO3IyXa Ha XHMHYECKHX 3a-
BOAaxX MOJYYalOT aMMHAK H a30THY0 KHCJOTY, & M3 HHX MDOH3BOAAT
MHHEpaJibHble yA0OPEHHS, pa3siHUHbBIC CHHTeTHYECKHE BEILECTBa H Jpy-
rue maTtepHaie, CepHas KHCJOTa, moJjydaeMasi U3 NPHPOAHBIX MHHe-
paJioB — CEPHOro KOoJYe€aHa HAH Cephi, MPHMCHAETCS BO MHOTHX NpO-
ussoactsax, [Ipu nmomoumn ee wnepacTBOpUMBIE B BOJEC MHHEpalH —
anatut HIH  ¢ochopHT — nepepadaTeiBalor B cynepdocdaTr HIH
npyrie ¢ocdopuble yaobpennsi. [IpoM3BOACTBO UBETHHIX MeETal/OB d
MaUIHHOCTPOEHHE, TEKCTH/AbHASA, KOXKEBEHHAsl W MHINEBas MPOMBILIJIECH-
HOCTH noTped/siioT CepHyl KHCIOTY HAH ee coad. Ha Ttpauncnopre
LUPHMEHSIIOT CEPHOKHCJOTHHIE (CBHHIIOBBIE) aKKYMYJSITOPBI.

VI3 noBapeHHOfi COJMH MOJAYYAIOT COJSAHYI KHCJOTY, COAY, eXKHI
HaTp (THAPOKCHI HATPHsI) H XJIOp, KOTODHIE B CBOIO oUepeir MpHME-
HAIOT B OPOH3BOJACTBE aJlIOMHHHSA, CTEKJa, MHJa, OymarH, xJonuaro-
OyMakKHplX H LIEPCTAHBIX TKaHeil, NJacTHYECKUX Macc, HCKYCCTBEHHOTO
BOJIOKHA H T. 0. D0JblIOe KOMHYECTBO HEHHHX MNPOAYKTOB MOAY4alOT
Npy XUMHYECKO{ mepepa®oOTKe jJepeBa, B TOM 4HC/]E IIEJNK H LITamneNlb,
Oymary, MJacTHYeCKHe MaccChl, Oe3AHMHEII MOPOX, aKTHBHHH YroJs,
YKCYCHY10 KICJOTY, METHJOBHHA H 3THNOBBI COHPTH, CKHNHIap, KaHH-
tons, aueron U ap. XUMHYECKHMH crnocobGaMH NpPOM3BOAAT paiHOaK-
THBHble BelleCTBa, HCNOJb3yeMble B aTOMHONH 3HEPreTHKE.

Paspurne XuMHYCCKOR NPOMBIINNEHHOCTH MPOHC-
XGIUT OMepexalouiuMi TEMNaMHi NO CPaBHEHHIO C APYTHMH OTpac/aMH
npou3soiacT. Moutnas xumuueckas npombiusiennocts CCCP, 3aun-
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malollas no obbemy npoaykuuu sropoe mecto nocie CIIA, cosnana B
ocHoBHoM 3a roanl CoBeTcKoil BAacTH. XHMHYeCKas NPOMBILLJIEHHOCTD
napckoii Poccuu Gblra BeCbMa OTCTANON Kak MO BBIMYCKY NPOAYKUHH,
TaKk W B TexHH4eckom orHowenHH. B 1913 r. B Poccun BhipabarhiBa-
Jock, Hanpumep, cepHoifi kHcaoTe B 14 pas menvwe, yem B CIIA, u
g 10 pas menbue, yem B [epmanun. Ilpoussoicrso cymepgocdara
cocrasasio Bcero 2,5% ot npoussoacrsa B CIIA u 3,5% or Beipabor-
ku B TlepMannu. HeCKo/lbKO MalOMOIIHBIX aHH/IHHOKPACOYHBIX 3aBO-
J0B, CYLIECTBOBABLIMX B TO Bpems, padoTaldo Ha MOJAynpoiayKTax,
3aKyMJEHHBIX y 3arpaHuyHblx (upm. Boabmwas wacte cepba K LIS
APYTHX XHMHYECKHX 3aBOJIOB BBO3MJACh M3-3a rpanuusl. [Tomumo To-
ro, MMIOPTHPOBAMHCH FOTOBblE XHMHYECKHe MPOAYKTHI, TAK KAK MHOTHe
OTPAaC/AH XHMHUYEcKoil mpomblLlIeHHOCTH B Poccui CoBepLIeHHO OTCYT-
cTeOBaJiH. [IpOM3BOACTBO CHHTETHYECKHX BBICOKOMOJEKYJSIPHEIX MarTe-
puajop 6blI0 B TO BPeMs B 3a4aTOYHOM COCTOSIHHH.

3a BpeMs rpaxJaHCKOH BOHHBI H HHOCTPAHHOH HHTEPBEHUHH OO0Jb-
WHHCTBO XHMHYECKHX MPeANpHATHII OLIIO OCTAHOBJAGHO H MOABEPIrAOCH
3HauHTeAbHOMY paspywennio. OgHako sHepruuHele meponpusatus Co-
BETCKOiIl BJIACTH TPHBENH K BOCCTAHOBJEHHIO JIOBOCHHOTO YPOBHs
(1913) xumuueckoill mpombllLieHHOCTH yxe B 1925 1. u 6picTpOMY poc-
Ty ee B mocAenywumue roabl. Ymxe B 1928 r. Bhmyck XuMHYeckoil
NPOAYKUHH MpEeBHICUJ JOBOeHHHII ypoBeHb B 1,0 pasa, nmpuuem npo-
AYKUHs BhipabarblBaiiaCh B OCHOBHOM H3 OTEUECTBEHHOrO ChIPbf,

B roas nepBoii, BTOpoii H Hayada Tperbeil MATHACTOK HapsAy C
pasBUTHEM CYlIeCTBOBABIUHX MPOH3BOACTB MOSIBHJNCHL HOBBIE OTPACJH
XUMHUECKOH NPOMBILIJIEHHOCTH. TpHyM¢dOM coBeTcKoll  XHMHH Obla
nyck B 1932 r. nepeoro B mMupe 3aBoJa CHHTETHUYECKOTO Kayyyka Mo
cnocoby C. B. JlebeneBa, IIpoMmbliljieHHO@ NPOH3BOACTBO CHHTETHuE-
CKOro KayyyKa OBII0 OcBOeHO 3a py6emoM mHuoro nosaunee: B 'epma-
nun B 1937 r., a 8 CIIA B 1942 r. B roas nepBeiX OATHJIETOK CO3/1a-
Ha NPOMBIUJIEHHOCTh OPraHHYeCKOT0 CHHTe3a, MJaCTHYECKHX Macc,
HCKYCCTBEHHOTO BOJ/IOKHA, CHOMXKHellHX (apmaleBTHUECKHX Openapa-
TOB H XMMHUYECKH UHCTHIX peakTHBOB, [ToCcTpoeHHl 3aBOAbI CBA3AHHOTO
a30Ta ¢ MOJHBIM H CJAOXKHBIM IHKJAOM OT CHHTE32a aMMHaKa 10 a3o0T-
HOKHCJBIX coJiefi (HHTpaToB). 3aHOBO CO3JAaHH TaKXKe COBPEMeHHbIe
He(dTenepepabaThiBalomasi, JAeCOXHMHUECKAss U THAPOJH3HAs OTPAcH
OpPOMBIUAEHHOCTH,

3a roabl MepBHX MOATHACTOK XHMHUYECKAasl NPOMBILIJIEHHOCTh 3HAUH-
TeNbHO BBLIPOC/AA, BBHINYCK XHMHYECKOHl MPOAYKUHH YBeJHUHJCS B
1940r. no cpaBuennio ¢ 1928 r. B 15 pa3. Ycusnenusii pocT XHMHUECKHX
Npou3BOoACTE OblA 3amjiaHHpoBaH B TpeTbell (npeaBoeHHO!l) nsaTHAET-
Ke. O1HaKo Bo BpeMsi BOMHBI GOJbIIOE KOJHYECTBO XHMHYECKHX Mpel-
npuaTHit Oelno paspymeno. [locie BOMHB XUMHUECKHEe 3aBOABL OLLTH
OLICTPO BOCCTAHOBJEHBl H PEKOHCTPYHPOBAHKW HA HOBOH TEXHHYECKOIl
OoCHOBe., ¥poBeHb NPOH3BOACTBA, AoCTUTHYTHIL B 1940 r., 611 HAMHOro
NpeBBILICH yXKe B MePBOM NOCJAEBOGHHOM MNATHAETHH, YcCHJAeHHas 3a-
fora napTtHi 4 nNpaBuTesbCcTBa ofecneunsia GoJsiee GHICTPOE PAas3BHTHE
XHMHYECKoHl NPOMBILIIEHHOCTH MO CPaBHEHHIO C JAPYTHMH OTPacAsaMH
HapoaHoro xossiictBa, Ko/HuecTBeHHO POCT MPOH3BOACTBA HEKOTOPHIX
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Ta6auua [. lNpoussoncTeo BaXHeHWHX MPONYKTOB
xumuuecKoit npomsiwsennocty B CCCP (B THIC, TOHH)

Togm
[MpoayxTh 1940 1945 | 1960 I 1970 | 1980
CepHas Kuc/ioTa 1587 781 5398 12 058 23000
Muuepanbusle ynobpenus
(B YCAOBHBIX efuHHIaX) 3238 1221 13 870 55 400 104 000
Kanviuuuporannan copa 536 235 1 887 3668 —
KayctHueckan copa 190 128 765 1938 2800
CHHTETHYECKHE CMOJIBL H
naacT™Macehl 10,9 21,3 311,6 1 672 3600
XuMHUeCKHe BOJIOKHA I, 1,1 211,2 623 1200

BaXKHeflIUUX TMPOAYKTOB XMMHYECKOH MNPOMBILJIEHHOCTH MNpeacTaBaeH
B tada. l.

H B HacTosfilllee BpeMs NPOAOJNKAETCS BCECTOPOHHEE PA3BHTHE XH-
MHuecKoil npombimyieHHocTH. OcobenHo ©ypHoe ee pasBHTHE MNpoOHC-
xoaut B BocTouHbIX paftonax CCCP na 6ase umelunxcs tTam GoraToix
3anacos cuipbs. [l HOBBIX 3aBOAOB W PEKOHCTPYKLHH CTapbix Tpely-
eTesl 'poMajHoe KOJMHYECTBO TeXHHYeCKH COBeplueHHOro odopylosa-
HHSl, NO3TOMy ObICTpO pa3BHBaeTC XHMHYECKOE MAUIHHOCTPOEHHE,
HoBbie kpynuble xumHueckHe KOMOHHATHl NPOM3BOAAT Ha Gase KoMil-
JIEKCHOrO HCMNOJb30BAHHA CbiPbfl pa3HOOOpA3Hble XMMHYECKHe NPOAYK-
THI, IPH 3TOM MNPOHCXOAHUT Bce GOJee TecHOe nepelieTeHHe TeXHOMOTHK
HEOPraHHYeCKHX H OPraHHuYeCcKHX BeLIECTB H KOMOMHHpOBaHHE XHMH-
YeCKOH NpPOMBIIIJIEHHOCTH € JAPYTHMH OTpaciaAMH TSXKeNoH npombiui-
JIEHHOCTH, a TAaK)Ke ¢ NPOH3BOACTBAMH, OTHOCALIMMHCA K JEerkoil
MUILEBOI NPOMBIIIJIEHHOCTH.

BrinosxenHe HaMeueHHBIX NJIAHOB PA3BHTHS XHMHUYECKOHl NpOMBIIL-
JIEHHOCTH M XHMHM34LHsl HAPOJHOTO X03AHCTBA TPeGyIOT BCECTOPOHHEro
pacliipeHHsl HayuyHO-HCCJIEJ0BATebCKHX U ONbITHBIX paboT B 06JacTH
XHMHH, TEXHOJOrHH, annaparto- ¥ npHOOpoCTpOeHHs, aBTOMAaTH3auUHH
KOHTPOJSl U pery/JHpoBaHHs NPOLECCOoB.

B pewennsx XXVI cnesana KIICC ewe pas noguepkHyTo Godbuioe
3HayeHHe pa3BHTHs xumudeckoii npombimnensocty CCCP, ysennue-
HHSl BHIyCKA BaKHefiMX XMMHYECKHX BellecTB, YJAYUYlIeHHs XHMH4e-
CKOrQ MallHHOCTPOEHHS, co31aHHsd 0e30TXOAHOH TeXHOJOTHH, BHeJpe-
HHsl annapatoB OOJbLIOH E€IHHHYHOH MOIIHOCTH, OoJee NOJHOro
HCNOJMb30BAHHA TENAOTH XHMHYeckHX peakuuit u 1. n. Has storo pac-
WIHPAETCS] H COBEPLIEHCTBYETCS CeTb HAYYHBIX y4YpeKJIeHH#, pa3BuBa-
I0TCA Hay4YHO-HCCJIeoBAaTe/bCKHe padoTel B BBHICIIHX yueOHEIX 3aBe-
JeHHAX.

XumHyeckas Hayka M NPOMBIILJIEHHOCTb HIpPalOT HeMalyio poJib B
CO3/laHHH H Pa3BHTHH MaTEpHAJbHO-TEXHHYECKOH ©0a3nl KOMMyHH3MA
u pewenun [IponoBoabcTBenHoli nporpammbl Coserckoro Comwsa, npu-
HaToil mafickum (1982 r.) IMaenymom LK KITCC. Baxxnueiiwunm yeno-
BHem ycneinHoft peanusaunu [IpomosonbcerBenunoit nporpammm CCCP
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ABJAAIOTCH YCKOPEHHe HayYHO-TEXHHYECKOro mporpecca, BHICOKO3((pek-
THBHOE HCMOJIb30BaHHE TPOH3BOACTBEHHOIO MMOTEHIHANA H YKpeIJeHHe
MaTepHaJIbHO-TEXHHICCKOA 6asbl CeNbCKOro X03f#CTBA, BCeX oTpacnef
arpoMpOMBIILIJIEHHOr0 KOMILIEKCAa Ha OCHOBe JAaJbHeHlIero pas3BUTHA
MexaHM3allMM M XHMH3alMH [POH3BOACTBA, LIHPOKOH MeJHOpaluK
3eMelib.

2. XUMH3AUHA HAPOJHOI'O XO3AHCTBA
U MPOBAEMBI :KUSHEOBECIIEYEHWA

XuMH3alHeH HasblBaeTcsl BHEJpeHHEe XHMHYECKUX MeTOJ0B, NpoLec-
COB 4 MaTepHanoB B HapoJHoe Xo3sicTBo. Hlupokoe BHeApeHHe Xu-
MHYECKHX METO/IOB B pa3JIHUHLIE OTPAC]H NPOMBILLIEHHOCTH [0O3BOJISIET
Gosiee pallHOHAJIBHO BEeCTH NPOU3BOJCTBO, HCNOJb30BAThH BCE COCTAB-
HBlEe 4aCTH CHpbd, paboraTh 6e3 OTXO0J0B, He 3arpA3HAs OKPYKaIOULYIO
cpely BpeHBIMH NpHMECAMH, CHHXKATb ce6eCTOMMOCTE OCHOBHOTO Ipo-
JyKTa M, HaKoHel, Mosy4YaTs HOBHe MaTepHatbl. XHUMHU3aUUA MPOH3-
BOJICTBA — BaXHOe HallpaBJieHHe TeXHHYeCKOro Mporpecca.

I'pomainoe 3HaueHHe HMeeT XMMH3alus B KH3HeoGecneueHHH ye-
JIOBEYECTBA M MpeXK/Je BCEro B Y/OBJeTBOpeHHH MoTpeGHOCTeH Hacene-
HHSA MHUIEBBIMH DPOAYKTaMH,

B cBasu ¢ 3THM HOBBIii, KPYNHBIH Liar B CBOeM Pa3BHTHH CJesiaeT
XMMH3aLUs UMEHHO ceJibeKoro xoasifictBa. Ouo monyuur B 1985 r. mu-
HepadbHHX ynoOpenuii B konuuecrse 26,5 muau. T, a B 1990 r. 30—
32 mun. v (B mepecuere na 100%-Hoe comepyKalMe NHUTATENBHBIX
BeulecTB). DBonee BbICOKMMH Temnamu GyjaeT pasBHBATBCA IPOH3BOI-
CTBO BBICOKO3(D(DEKTHBHBIX CpeaCTB 3allMTHl pacTenui, 6yayr yaosjier-
BOpeHB NOTpeGHOCTH CceNbCKOro Xo3fiicTBa B repbuuuiaax, ocylle-
CTBJIEHH MeEpBl MO co3aHui0 HeoGXOAUMO#l MaTepHaJibHO-TeXHHUYECKON
6a3bl XHMH3ALHH,

ITo mepe ynoBieTBOpeHHs 3alIpOCOB CENbCKOro X03AiCTBa B MHHe-
paNbHbIX yA0OpeHHsaX BO3pacTaeT poJb CTHMYJAATOPOB pOCTa pacTeHHH
H XuBoTHBIX. Ilepen XumMuKaMu cTaBUTCA 33jaya o pa3paboTke Ta-
KHX CTHMYJIITOPOB, KOTOpHle MO3BOJIMJH Obl CHUMAThb JBa ypoxas B
cpenneit monoce Coperckoro Coio3a u Tpu ypoxKas B LOJ Ha lore
crpatsl, Crioco6CTByeT MOBHILEHHIO YPOKAHHOCTH NMpHMEHEHHE XHMH-
YeCKHX cpejcTB GopbOBl ¢ BpelUTENAMH CeJbCKOTO X03filicTBa H COp-
HEIMH pPacTEHHSAMH,

Onnako B CB$i3H ¢ MPOTPECCUPYIOUIMM DOCTOM HACEIEHHS 3eMHOro
Hlapa ¥ ¢ OrpaHHYeHHOCTBIO MJIOULAJH 3eMesb, MPUTOAHBIX M8 3emie-
Jesius, BO3HHKJIA HeOOXOAHMMOCTL MOJYUeHHs CHHTETHUECKOH MW HCKYyC-
CTBEHHOH MHIK. YKe MAaBHO g [OMOJHEHHA THIE XKHBOTHHIX
coejuHenuAMu docdopa npumenserca kopmosol npeuunutatr CaHPO,,
a takke kap6amug CO(NHy),; kak 014 43 HCTOUHMKOB cuHTe3a Ges-
Ka B OpraHu3Me,

B nochieaHee BpeMs HavaloChb KPYNMHONPOMBIIIJICHHOE MPOH3BOJ-
cTBO GENKOBHIX NpenapaToB MHKPOGUOJOTHYECKHM CHHTE30M, B KOTO-
pOM B KauyecTBe KaTalnu3aTOPoB, AEHCTBYIOUIHMX NMpPH HOpMaJbHHIX (MpH-
pOMHBEIX) TeMnepartypax, Hcnoab3ywoTca (epMeHTH. ChbipbeM ciayXkart
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napa@HH, CMHPTH H OpPraHHYeCKHe KHCJOTH, Mo/yyaeMble NMpeHMmylie-
CTBEHHO H3 HedTH.

Ecnu 6w 3aMeHuTh HedTH, MPpHMEHAEMYIO KaK TOMIHBO, APYTHMH
HCTOYHHKAMH 3HEPrHH, TO €€ pecypch B KayecTBE CHIpbsi AJsA TPOH3-
BOJACTBA MHIIH H BHICOKOMOJEKYAAPHBIX coeHHeHul GBlJIH 6Bl MpaKTH-
yecku Heucueprnaemsl. Mcnonb3ys ANs MHKpOOHOJNOrHYECKOro CHHTESA
Bcero 4% mupoBoit n06blui nedTH, MOXKHO ofecnedynTs GeNKOBHIH pa-
UHOH BCero HaceJieHus zeMHoro wapa. OAHAKO HBIHE NPOU3BOASATCS
6enKH, NPUTOJHHE JIHIIL B KauecTBe J06aBOK K KopMmy cKota. Beayrtes
NOHCKH TNyTeH NPOHW3BOACTBEHHOro CBA3HIBAHHA aTMocdepHoOro asota
C MOMOIIBI0 MHKPOGHOJOTHYECKOT'O CHHTE3a.

B HacTosiee BpemMs NHuIeBas NPOMBIULIJIEHHOCTh YIREe UIHPOKO HC-
NnoJb3yeT MHKpOOHOJOrHYecKHe MeToib OpoXeHHH B NpOHU3BOACTBE
CMHPTOB M KHCJOT.

Hawusbicilefl cTyneHb0 XHMHU3alUH MHIIEBOrO NPOU3BOACTBA GyleT
XMUMHYECKHH cHHTe3 OeNKoBHX npenapartoB. Temepp yXkKe paspafaTh-
BalOTCA METOAB OpPraHH4YecKkoro cuHTe3a pala aMHHOKHCIOT, onpeje-
JIEHHBIfi Habop KOTOPBHIX MOMKET YaCTHYHO 3aMEeHHTh COOCTBEHHO GeNKo-
Bhle npenapaThl. TBeplo ycTaHOBJEHO, 4TOo A0GaBKA aMHHOKHCJIOT B
MUlly YeJOBeKa MOBbIIAeT yCBOAEMOCTh pacTHTeNbHBEIX OGenko. Xi-
MHYECKHH CHHTE3 HEKOTOpHX CJOXHBIX GeJNKOB— MOJHIEeNTHAOB,
colepiKalulux AeCATKH M COTHH aMHHOKHCJAOTHBIX OCTaTKOB, YAaJoCh
OCYUIeCTBHTL TOKa nuuib B jnabopartopubix ycaoeHsx. Kpome Toro,
paspabaThIBAIOTC XHMHYECKHe MeTOABl u3BJeyeHHsl GelKOB H CaxapoB
U3 TpaB, OBOUIHBIX H APEBECHHIX OTXOAOB, BOAOPOCJEH.

XHMHUYECKH pelleHa 3ajaya MpOM3BOACTBA FHAPOJNH3HOro caxapa
H CNHPTOB H3 APEBECHHB!, XOTf 3TO MPOH3BOACTBO NOKa eille He MOMXKer
3aMEHHTb MOJyYEeHHEe caxapa H3 caxapHOH CBEKJB H TPOCTHHKA.

B Gyayulem ofecrneyeHHe HaceleHus 3eMHOro liapa MHUIEH BrOJHE
BO3MOXHO Ha OCHOBe MPHMEHEHHS XMMHYECKHX METOAOB H MaTepHa-
JOB, T. €. NMyTeM XHMH3AUHH,

XHumH3alUsa CcTAaHOBHTCA HeoOxoauMoit u ofs3arenbHoil Bo Bcex
acnexkTax KH3HH H ALATENbHOCTH yenoBeyecTBa. Oco6o BaXKHYIO polib
HrpaloT B 3TOM OTHOUIEHUH BBICOKOMOJEKYJSpHbIE COeAMHEHHS, TpH-
MeHsieMble B BHJE H3JEJNHH M3 MJIACcTMace, Pe3HHB, XHMHYECKHX BOJIO-
KOH, a Tak¥e B BH/]E JIaKOB, KpacoK W Kiees. CoBpemeHHoOe MalIHHO-
CTpoeHHe, B OCOOEHHOCTH TpaHCMOpPTHOE, GasHpyeTcsa B 3HAYHTEJbHOH
CTeNEHH Ha H3AENHSAX H3 BHICOKOMONEKYNAPHBIX coeanHenuit. [Ipuuem
posb nocieAHHX HEH30exHo GYAeT BO3pacTaTh, NMpH COOTBETCTBYIOLIEM
CHHJKEHHMH AOJIH MeTasJIOB, MpeKAe BCEero MOTOMY, YTO MOTpeGHOCTH
B KOHCTPYKUHMOHHBIX MaTepHallax MpOrpeccHBHO BO3PacTaloT, a 3amachl
PYA AJis BHIJIAaBKH METa/JIOB HEYKJIOHHO yMenbluaiotca. Ilpumenenue
HCKYCCTBEHHBIX W XHMHYECKHX BOJOKOH, MJacTMacC H APYrHX [oJH-
MEpHBIX MaTepHalioB AJS H3TOTOBJEHHA OAEXKAbl, OGYBH H mpeiMeTOB
joMallHero o6uxona crajfo 06GA3aTeNbHBIM BBUAY  HEBO3MOMKHOCTH
V/0BJIETBOpEHH S NOTpeGHOCTEli HaceNeHHsl 3a CUET CeNbCKOX03ANHCTBeH-
HBIX TEXHHUECKHX KYJbTYp M NPOAYKUHH XHBOTHOBOACTBa. CHHTETHYE-
CKHe JleKapCTBeHHBIe NMpenapaTel H KpacuTend obnanaior Gonee pasHo-
ofpa3sHbiMH cBoOficTBaMH, yeMm npHpoausie. Kpome Toro, onn, xak npa-
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BilJ1O, J€IIEBJle €CTECTBEHHLIX M MOTOMY JOMHHHPYIOT B IMOTPELJIEHHH,

ITorpe6HocTs B yHCTON MpecHOH BOJAE KPYMHHIX HacCeNeHHLIX MyHK-
TOB HbIHe 0asupyercd Ha XHMHYECKHX MeTOdaX OYHCTKH H 00e3BpeXKu-
BAaHHSA NPHPOAHBIX BOX {cM. 4, 2). B page pafioHoB 3eMHOro mapa
npecHON BOJABI PEK H 03ep yXe HeNOCTaTOYHO, H XHMHKH 3aHATH NPob-
JeMoi OTpeCHeHHA BOJ Mopeﬁ H OKeaHOB C O,[L[IOBpeMFHHblM noJjyqye-
HHeM LEeHHBIX XJOpHJO0B, cyib(aToB H KapOOWAaTOB Pa3JHYHBIX MeTal-
JIOB, B TOM 4HCJe H AparoueHHuX. CTOuHHe BOJABI BCEX MpeanpHATHH
TOMNJIHBHOH, MeTaJJlypruuecKkoi, MUIIEBOH, J€rKoi, MeJJII0JIO3HO-0Y-
Ma)KHOH W JAPYrux orpacJiedl MPOMBILLIEHHOCTH, BK/JIIOYasA XHMHYECKYIO,
a TakKXe 3HEPreTHUYeCKHX CTaHUHH OuHILalTCA (PH3HKO-XHMHUYECKHMH
H 4YHCTO XHMHYECKHMMH (Ha OCHOBe XHMHUYECKHX peakuHil) cmocobamH.

JKusneoOecneyeHre 4esIOBeYeCTBa BKJKOYaeT MNpoGuaeMBl YHCTOrO
BO3/lyXa H yBeJHYeHHS 3HEPrOBOOPYKeHHOCTH Ha Aywy HaceneHus. Obe
aTH npobuemel O6yAyT KOMIUVIEKCHO pElIeHB INYyTeM OCYLIECTBJIEHHS
BOJ],OpO,B,HOﬁ JHepreTHKH MeToJaMH XHMHH H XHMHUYECKOH TeXHOJOTHH
(cM. 4. 2, ra. II). Huive oTXoAsimiHe rasel TOMJIHBHBIX 3HEPreTHYECKHX
yCTaHOBOK M TPAHCIHOPTHLIX ABHTaTeNeH 3arpasHAaioT aTMocdepy OKCH-
LAMH cephl, a30Ta H MPOAYKTaMH HelOJIHOTO CrOPaHHA YrjieBOLOPONAOB,
a TakXe nulaslo. [IpH mepexone Ha BOJOPOA WJIH METAHON B KavyecTBe
TOMJIHBA pellaloTCs OJHOBPEMEHHO 3a/lla4H HCMOJIb30BaHHA OTGPOCHOM
TEMJIOTHl aTOMHBIX pPeaKUHA M TEMJOTH 3eMHBIX HEAD BMecTO HcTOlllalo-
LIHXCS pecypcoB NMPHPOJAHOro rasa 4 HedTH H, C Apyroil cropomw, No-
JAYYAKTCH YHCTHIE OTXONAHIHe rasbl, BOI[O[)OIL[I&H 3HEPTeTHKa — [eJ0
oynywero. IToka uro orxojsii¥e rassl NpeANpHATHH CcleAyeT ouH-
LIaTs OT BPEJHBIX MpHMeced, H 3TO peuraeTcsd MPUMEHEHHEM XHMHue-
CKHX MeTOMOB, Karaju3a, abcopbuMH H aacopbuMH rasocolbpasHbixX
npumeceit (cm. 4.2, ro. VIII),

3. XUMHYECKAA TEXHOAOI'HA U OXPAHA TIPUPOJbI

XHMHueckan NMPOMBILUIEHHOCTL B JIPYTHC TMPOM3BOJICTBA, BKJIOYalo-
e XHMHKO-TEXHOJIOTHYECKHe MNpPOLECCHI, ABJIAKTCHA HCTOYHHKaMH
sarps3HeHnss atMocdepsl, Boabl H MOYBHI BeIleCTBaMH, BPEAHBIMH A
npupoabi. C APYrod cTOPOHH, AJISl OUHCTKH OTXONSALUHX rasoB U CTOY-
HbiX BOJA OT BpPeAHHBIX s OHocdepb MpHMeceidi Bo MHOTHX ciayuasix
Hanbonee NEACTBEHHBIMH FAB/SIOTCS HMEHHO METOJibi XHMHUECKOH Tex-
HOJIOTHH.

Buocoepoit naseiBaioT 0B60/MOYKY 3€MJIH, CTPYKTYpPa M HEpPreTHKa
KOTOPOH oOYCJNOBJE€HBI NPOILIOH HNIH COBPEMEHHOH J[1eATeJbHOCTHIO
JKHBBIX OPraHu3MoB.

O6nacte GHocdepsl MOCTOSHHO pacUIHPSeTCsi B CBSI3H C HAYYHO-
TeXHHYECKHM MPOTrpeccoM, B YACTHOCTH € HCNOJb30BAHHEM BBICOTHHIX
CaMOJIeTOB, paKeT, KOCMHUYECKHX Kopalbusel, a TakKe MPOHHKHOBEHHEM
YeJloBeKa B 3eMHbie Hellpa, HampHUMep OypeHHeM rnyOMHHBIX CKBaXKHH
BILIOTb A0 MaHTHH 3emuH. HeHe 6nocdepa Bkuovaer B cebs BepXHIOW
YacTb TBepHoil 3eMHOH 060/n04KH — JuToceprl, BCIO rujapochepy H
aTMocdepy BILIOTH A0 cTpaTochepH.
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D Clpalucepe 3a CYeT 3HEPrud HaHboOJee KOPOTKOBOJHOBBLIX YJb-
TpaduONeTOBHX H3JYYCHHI COJHUA KHCJIOPOJA TNpeBpalulaeTcs B 030H,
a OoJsiee ANMHHOBOJHOBAf 4acTb yJabTpaduosieTa BHI3BIBaeT pa3jioxKe-
Hue 030Ha. TakuM oGpa3oM, 3HauHTeJbHast 4acCTb YJAbTpa(HONETOBHX
H3JyueHull 3aTpauyuBaeTcs Ha o6paTumoe npespaiedue 30,=20;3 u
BCe )KHBOEe Ha 3emJe npefoxpaHsercsi OT pas3pyLIHTEJbHOro AeHCTBHA
MOIHBIX H3AyueHHH, ['ajloreHBl ¥ OKCHJBK a30Ta, MOCTYNAaMIHe B aT-
Mocdepy B BO3pacCTaioLlMX KOJHYECTBAX ¢ OTXOAALIMMH rasamu Mpo-
MBILLJIEHHBIX NpeANpUATUHH, MPOHKUKAIOT 0 cTpaTocdephl U pa3pywanT
SalllHTHYI0 O30HHYK o6GosouKy. [To3ToMy Henb3d AOMyCTHTH JanbHeM-
lero BO3paCTaHHs 3THX BHIOPOCOB NPH MPOTPECCHPYIOLIEM pa3BUTHH
COOTBEeTCTBYIOLIMX MPOU3BOACTE.

ATMocgepa 3acopsiercs B HauGoOJblIell CTENEHH OTXOAALIMMH ra-
8aMu, BKJIOYAMUIHMH COeJIMHEHHs Cepbl, OCOGEHHO JHOKCHJ Cephl,
KOTOPBLIH COJI€PIKHUTCA B JABIMOBBHIX rasax OT CXMIaHHS CEepPHHCTHIX yr-
Jeil ¥ Ma3yTa, a TaKXe B OTXOJASIIHX ra3ax UBETHOH MeTaJIYPruud H
PAla NpPOH3BOJICTB, MOTPeGAAIIUX Cepy, CEPHYIO KHCJIOTY U UX MpO-
H3BO/IHBIE,

Oxcuas asota o6pa3yioTes 3a CueT OKHCJeHHsi aTmocepHoro aso-
Ta BO BCex TeXHOJOTHMYECKHX IMpoueccax, NpoXOAsilUX NpPH TeMMepa-
Typax, SHAYUTEJbHO MNPEBHILIAIIIHX THCAYY rpaiycoB, B YaCTHOCTH
B 3JeKkTpuyecknx meyax (f—-3000°C), B TONJMBHHX MeTaJiIypruye-
ckux neyax (f—1600°C) u T. 1.

B pesyabraTe HenmoqHOro CropaHusi TOMJMUBA B TPAHCNOPTHHIX JBH-
rateqsix ¥ Ha HEpreTHYeCKUX cTaHUMSX B aTmocepy BHOpachiBalOT-
cA yrapHHii ras ¥ apoMaTHYeCKHe YrJIeBOJAOPOAH KaHUEepOreHHOro
AeitctBus. Bce Bospacrawoliue o6bembl YrJEKHCIOro rasa, MocTynalo-
wero B armocdepy fpu CHUraHUW BceX BHJIOB TOMJIHBA, NMPH OJHOBpe-
MEHHOM YMEHbLIIeHHH Ha 3eMJie 3€jJeHHX pacTeHHH, YTHUIHU3HPYIOUIHNX
CO,, npuBoaut k HapylieHdo cootHowmeHuss O,: CO, B armocdepe.

Ceuiue 809, yrmekucioro rasa uaBjieKkaercss u3 aTMmocdeps B pe-
3ynbraTe (oToCHHTE3a BojopocasiMu W (uronmankroHoMm Muposorn
OKeaHa W JHWbL HemMHoro Gosnee 10% — pacrenusamu cyuin. Ho nHazem-
HBle BOJbl H OKeaH GLICTPO 3arps3HAIOTCH NPOMBILLJIEHHBIME H GBITO-
BHMM OTXOJaMH, NPEeKAe BCEro CTOYHBIMH BOJaMH MNPOMBILLJIEHHbLIX
NpenpUsTHH.

Ocofyio onacHOCTE MpeJcTaBaAseT 3arps3HeHHe BOJHHIX GaccefiHoB
HeQTHAHBIMH M JPYTHMH YIVIEPOJAHBIMHU CO€JHHEHHSAMH, KOTOpHE Heno-
CPeACTBEHHO OTPABJSAIOT XKHUBble OpraHU3MBbl, NMOAABJSIOT Mpouecc (o-
trocuHTe3a ¢ yyacTuem CQOp u, KpoMe TOro, CBA3HBAIOT KUCJIOPOJ, YTO
MPHUBOJHT K KHCJIOPOIHOMY TOJIOJIaHHIO BOJAHBIX PACTEHHH W JKUBOTHHIX.

[pomannble KoOJUYecTBa ‘CTOYHHIX BOJ, COJepKallHX COeIHHeHHSA
cepel M opraHuyeckie BelleCcTBa, CBA3BIBAIOlHEe pPacTBOPEHHHIH B Boje
KHCHopoJ, cGpachiBAlOT LEJIION03HO-GYMaxKHble MpoH3BOACTBA. Boja
3arpsi3HfieTcss oco60 BpEAHBIMH MeTalllaMH, TaKUMH, KaK pTYThb, CBH-
Hell, MeJb, LHHK, XPOM H KaJAMHil, MOCTYNAKIIHMH CO CTOYHBIMH BOJa-
M MPEeINpuUsATHH UBETHOH MeTaNJNYPTrHH H XuMHYecKHX 3aBofios. [lo-
najaaloT B BojAHble GaccefHb AJOXHMHKATH], MpHMEHAEMBIE JIJIf 3AUHTHL
pacTeHui.
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Boabiiaa yacTh MCNONL3YeMBIX MHHEpPaJbHBIX YIOUPEHHHM BbiMbiBa-
eTcsi B3 MOYBHI, MOMAaJaeT B PeKH, 03epa H MOps, BHI3LBaA 3apacraiue
BO/IOEMOB PACTHTENLHOCTBIO, YMeHblleHHe CcoulepiKaHRd KHC/AOpoaa H
rubesp poid W APYIHX XKHUBBIX CYUIECTB, OOHTAIOUWKUX B BOJE.

[TouBa M 3eMHBe HeJpa 3acOPSIOTCS TBEPABIMH OTXOAAMH MPOMU3-
BOJCTBA: LIJJaMaMH, OrapkKami, ULIaKaMH H 0COOeHHO MyCTOH MOpOAOH
npu LoGbide n oforallleHHH MPOMBILLJIEHHOro chippsi. B nmousy nonaaa-
IOT H 3arpsizHeHusi, BHIOpOlIeHHbIe C OTXOAAUIMMH Fa3aMH H HEKOTO-
pHIMH CTOKamu. B pesyjaprare MOJIHOCTBHIO BHIBOAATCS H3 NMpUMEHEHHS
60JiblliHe MJOWANAH MaxOTHHX 3emelb. MHOrHe TBepiAnle oTBalbl yac-
THYHO PacTBOPAKTCA B J0XK/JAEBHX H TPYHTOBHIX BOAax H paclnpocTpa-
HaoTea Ha GoAabliHe MJIOULAAH, BbI3nBasg rHbeNb HAH CHHXKeHHE pocra
pacTeHHi.

YcraHoBJIeHO, 4TO TeMN poCcTa NMPOMBILIJIENHOrTO NPOH3BOACTBA MpPO-
MOpMHOHA/eH CYyLIeCcTBylolleMy o6beMy NMpPOH3BOJACTBA 7, T. €. CKOpPOCTb
pocra NPOU3BOACTBa U BO BpeMeHH T

U= — =/ 1.1
d‘l? 1% ( ’

rne k2 — Koad$uunenT pocra, TakxKe HelnpephlBHO BO3pacTaeT CO Bpe-

MeHeM. Cnegosa‘renbﬂo, MPOH3BOACTBO paCTeT Mo 3KCIOHeHTe:

%
n=age" . (t.2)
Ecnu mponsBoicTBo OyleT yBeJHUHBATHLCS IO CYIlecTBYHOIleH TeXHo-
JIOTHH, TO Bpejlble oTxoas I 6yayT Bo3pacTaTh MO TOMY XKe 3aKOHY:

D=a,m=age", (1.3)
rne @, @z, O3 — KO3(PQUUHEHTH.

ChaenoBaresbio, JJisi COXpaHeHHS TNOCTOAHHOTO YDOBHSI BPeAHOCTH
oTX0jJ0B AJd 6HOC(bepb] H806XOJIHM nepexon K HOBBHIM cnocobam npo-
H3BOACTBA, AAIOUIHM MeHblle BpeaAHBIX OTXONUB B aaek‘t pa3 HIH XKe,
KaK BpeMeHHOe NnanJnatuBHoOe MepOollpHATHEe, YCHJIeHHe CTeNeHH OYHCT-
KH OTXOAALUIUX rasoB H CTOYHBIX BOA. an 3TOM HA/0 YYHUTBIBATL, 4T0
yBenuucHue NpoMblINJIeHHOro MpoH3BOACTBA, Haopuwmep, B ABa pasa
(yvto npousoiier 3a 10—15 ser) Aas cokpaiuen#si CyulecTBYIollero
YPOBHA BpeAHOCTH HeH3beXHo Notpebyer cHUXKEHHs mpeaelnpHO Aomy-
crumblx ‘konuenTpauuid (I1JK), sarpsisHsAIOmWKEX npHmecedl B OTXOAs-
[INX rasax W BOJax ToxKe B 2 pa3sa.

HsBectHo, uro moHMKeHHe KOHNEHTpauuu komnonenta C (B nau-
HoM C/ydae BpejHOro) BO BpeMeHH TIIpollecca T WJIH NO BelHUHHE
of6beMa OYHUCTHTENbHOTrO anmnapara v (NpoNOpUHOHAJBHOIO BPEMEHH T)
MPOUCXOJHT MO 3aTyXalowled KPuBOH pmc. 1.

CrenoBarensio, cuukenne [IJK B 2 pasa moxer mnorpe6oBaTh
BeCbMa CHJABHOTO BO3pacTaHHs OYHCTHTEJLHBIX 06beMOB npy cyulect-
BYIOIIHX MeTOfax O4HCTKH. CTOMMOCTb OUHCTHBHIX CoopyXeHHfi 6yaer
CHJbLHO MPEBLIIATE KANMUTAJOBJMOXKEHHS B CaM0O NMPOU3BOJICTBO, H B pe-
3ynbTaTe NpousBoicTBo Gyner HepeHTabenbubim. Mexoass w3 storo
Heo6xonHMo paspabaThiBaTe HOBHE Gosee 3(pPeKTHBHbIE cMOCO6L!
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OYHCTKH HJIH K€ MEePEXOJHTh K HOBHIM crnoco0aM NPOH3BOACTBA, MO3BO-
JISIIOIIAM Pe3KO CHH3HTb KOJIKYECTBO KW KOHUEHTPAURIO 3arpsa3HeHHH
B OTXOAAILIKX ra3axXx H CTOYHHX BOJAX.

I'naBHbiM HanpaByeHHeM oxpaubl Guocdepsl OT BPEAHBIX BHEJE-
HUfl XMMHUYECKHX NMPOH3BOJCTB fABIAETCS CO3AaHHUE XHUMHKO-TEXHOJIOTH-
4eCcKHX cHcTeM, pafoTawuluXx no NpHHUHNY Ge30TXOAHOH TEXHOJOruH,
T. €. [IPH KOMIJIEKCHOM HCIO/Ib3UBAHHH BC€X KOMIIOHEHTOB CHIPbA AJIA

BhIpabOTKH MNPOAYKTOB, Heol-

¢ XOAMMBIX HapoJHOMY X03dii-

CTBY, H MpHMEHEHHH 3aMKHY-

HBIX (UHPKYJASILMOHHBIX) CHC-

TEM JJISl OT/eNbHbIX arperaTtos

M BCEro MPOMU3BOACTBAa B Ie-
JIOM.

Hans samuth BogHbx Gac-
cefitoB Haubosee 3QheKTRBHO
co3janue crnocoboB NpoH3BOJ-~
CcTBa ¢ 3aMKHyThiM (OeccTod-

— HbIM) BopooBopoTOM.
VngK oo BaxHblM  HanpasiieHHEM
ABJAETCA MNpHMEHeHHEe TaKux
Puc 1. 3aBHcHMOCTB KOHUEHTpalHH H3BJleKa- BHJIOB CHIpbhSl H TOIJIHBA, KO-
emMoro komnoueHta C ot BpeMeHH mpolecca T Topble NO3BOJAKT CBECTH K
MHHHUMYMY 3arpssHenue OHO-
cpepol. Tak, HanpuMep, 3aMena CHagaja MOTOPHOTO, a 3aTeM M Hep-
reTHYECKOro TUMJIHBA BUJOPOAOM H METAaHOJOM, KOTOpPhIE NPOH3BOAAT-
cf UHMKJIMYECKHMMH cnocoBaMu, 1aCT BO3MOMKHOCTb MPefoXpaHuTh GHO-
chepy oT marybHoro Bo3/leHCTBHUS OKCHJIOB CEpBbl, a3oTa H NPOJYKTOB
HEMOJHOro cropanua yrieBoiovposoB. C nojo0HOM e Uesnbl0 paspa-
6aThIBalOTCSi aBTOHOMHLIE 3JIEKTPOABHTATENM JJisi aBTOTpPaHCHNOPTA.
3alluTa NOYBEHHOrO CJOSi M 3€MHBIX HeAP OT TBEPJAHX OTXOLOB
NPOH3BOJCTBa 4 NYCTOH Mopojasl GasupyeTcs, B NEPBYK ovyepeab, HA
CO3/12aHHH HHBIX CMOCOUGOB JOOLIUH CHIPbA ¥ METOJOB €ro mepepalboTKH.
C 3KOJOrHueckoll TOYKH 3peHUs HaJo pa3paGaTbiBaTh MeTOJbl MOA-
3emHol rasuduKagdu TBePAOro TOMJIUBA, ryGHHHONO BHIULENAYHBAHUA
pas/MUYHBIX COJIell H METa/IOB U3 Y/, NOJA3eMHOrO NJIaBJIeHHsi H BbI-
KauHBaHug cepH H JPYrux JerkomjiaBKMUX MaTepHaJIOB.

B HacTosllee BpeMs riaBHbLIM cnocofoMm 3amuTH GHochepH ocTa-
€TCA COUPYXKeHHEe U COBEPLIEHCTBOBaHHE raso- H BOJOUYHCTHTENbHBIX
ycranoBoK. [Tockonbky mnosxocTbio 6Ge30TXO0[HOE NPUU3BOJICTBO IMOKa
TPYAHO OCYLIECTBUMO, OYHCTKA NPOMBILIJIEHHBIX BHIOPOCOB OT BpeAHBIX
3arpsA3HeHHil HaJ0Jro OCTaHeTc OJHUM W3 OCHOBHBIX HamNpapieHHH
oxpaHu 6Hocdeph.

4, OCHOBHBIE HAIPABAEHHA B PA3BHUTHH
XHMHWUYECKOH TEXHHKH

PaspuTue XUMHYECKOH NPOMBIILJEHHOCTH ONpejensieTcss B 3HAYH-
TeNbHOH CTeNeHH COBEpUICHCTBOBAHHEM XHMHYeCKOH TeXHHUKH. Texuu-
Ka XHMHYECKHX [POH3BUJCTB PAa3BHBAETCH B OCHOBHOM B TeX € Ha-
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npaBJeHHAX, 4TO H B JAPYTHX OTpac/sX NpOMBILLIeHHOCTH. [J1aBHOI
[eJbI0 TEXHHYECKOro Iporpecca SIBJNAETCA NMOBhIIEHHE NMPOH3BOAHTE/b-
HOCTH TPYZda C OJHOBpPEMEHHBIM YJydlleHHeM KauecTBa NMpPOAYKLHH H
cuHkenneM ee cebectonMocTH. OcHOBHBIE B3aWMOCBfi3aHHBIE Hampas-
JeHHs1 Pa3BUTHs XHMHUecKOH TeXHHKH: 1) yBeJHueHHe macliTaboB
NpOM3BOACTBA, MOLIHOCTeil XHMHKO-TeXxHOJOrHuecknx cHctem (XTC)
M OTACJbHHEIX annapaToB; 2) HHTeHcH(HKauuss paboTH anmapaTos;
3) cuHMKEHHE 3HEPro3aTpaT H MaKCHMaJbHOe HCINOJb30BaHHE TEMJOTH
XHMHUECKHX peakuHil; 4) ymeHblleHHe KOJHYecTBa CTajHi NMPOH3BOJ-
CcTBa M NE€peXoj K UHKIHYECKHM (3aMKHYTHIM) cHcTemMaM; 5) 3aMeHa
NepHOJHYECKHX MPOUECCOB HENMpEPLIBHHIMH, 6) MeXaHH3aUHs Tpyao-
eMKHX omepalHii H aBTOMAaTH3alHs NPOH3BOACTBA.

YBesnuerHe MacliTa6oB NMPOH3BOACTBA, T. €. YKPYNHeHHE LEXOB H
3aBOJIOB 3a CUeT YBEJHUeHHs KOJHYeCTBAa XHMHKO-TEXHOJIOrHYecKHX
CHCTEM, XOTsl H HE MOBHIIAET MPOH3BOIHTEJILHOCTL KaXKJ0ro anmnapara,
HO MO3BOJIleT CHH3HTbL y/EJNbHbIe pacXo/bl Ha BCMOMOraTeJbHbIE LeXa
H omnepauny, OGLIe3aBOACKHE PacXOlnl M LEXO0BbIe pacXoibl, BKJIOYad
peMOHTHbe paGoTel. Takum o6paszom, cHH)KaeTcsi ce6ecTOMMOCTb Mpo-
H3BoAMMOro npoaykta. OaHako ynpaBJeHHE MPOH3BOACTBOM, BKJIIO-
yalomnM O60JblIoe KOJNUYECTBO MapaljiellbHHX CHCTeM, YCJAOXKHSETCH.
Bonee 3ddekTHBHEIM OKa3zaNoch yBesuuyeHHe MOLIHOCTEH XHMHKO-TeX-
HOJIOTHYECKHX CHCTeM MyTeM COOTBETCTBYIOLIero yKpyHnHeHHsi anmapa-
TOB, BXOAAWuX B cHcTeMy. [1pu 3TOM focTHraloTcs BCe nMpeuMylllecTBa,
KOTOpble JOCTHraJIICL yBeJIHYeHHeM KoJH4YecTBa IMapa/lielibHO palo-
TaoWwHXx cHcreM. OCHOBHOe MPeHMYLIECTBO YKpPYMHEHHS aNmnaparos,
T. €. yBeJH4YeHHs HX 00BLEMOB Ge3 CYLIECTBEHHOr0 H3MeHeHHs KOH-
CTPYKUHH, — 3TO YBeJIHYeHHe NPOH3BOAHTENLHOCTH, KOTOpas MNpomnop-
IIHOHa/IbHa BO3pacTaHHlo pabouero ob6heMa anmapara.

Jlpoussodureavrocteio [1 Hasbisaercs KoauuwecrTeo 6vipaboTAHHO20
npodykra G uau nepepaboTaHHOZ0 Coblpbs 3a eOUHULY epeMeHu T
(Kkefw uau 1/u):

= G/ (1.4)

B psajge nmpoH3BOACTB KOJHYECTBO BhIpabOTaHHOIO MPOAYKTa H3Mme-
psiioT ero o6emMom Vy, Toraa pasmeprocTs [1 Gyaer m?/u:

I = Vy/r. (1.5)

YBesnuenne o6beMa ammapaTa, Kak MPaBHJO, MPHBOAUT K 3KOHO-
MHH MeTa/ljla HJH APYroro KOHCTPYKUHOHHOrO MaTepHana B pacyere
Ha €JMHHLY peaKUHOHHOro obbema M Ha eIHHHUY BbipabGaTHBaeMOH
NpOAYKUHH, B cBA3H ¢ 3THM YMEHBIIAIOTCS pacXojbl Ha CTPOHTEILCTBO
3/laHHi, COOpYKeHHH u BcmomoraTeinbHoro obopyroBaHusi. B obuiem
yMeHDbIUaIOTCs pacXois Ha KaAHTaJbHOE CTPOUTENBLCTBO, a TaKXKe H Ha
PeMOHT CyulecTBYIouiux 3aBonoB. [loBulllleHHe pa3MepOB W MPOH3BO-
JHTENLHOCTH paboTe anmapaTOB TakMKe CHHXKaeT 3KCITyaTaluHOHHBe
pacxoasl. [Ipexne Bcero yMeHbIIAOTCS MOTEPH TEMNIOTH B OKpPYXKalo-
1y cpely, OGbIYHO TNOBHIIAETCS HHTEHCHBHOCTHL paboTH anmapaTa #
CHHKalTes pacXojiHble KO3(GdHUHEHTH MO CHPbIO, a IMlaBHOe — IOBH-
HraeTcss NPOH3BOJHTENbHOCTE TpyAa paGOTHHKOB TpPOHM3BOJCTBa, Tak
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Kak 1rar 0o6CaAyX)UBAKOLIEro nepcoHana oOHYHO BO3PACTAET B MEHb-
ulei CTENeHH, YeM MPOH3BOJHUTENbHOCTD annapara.

Ucxons us sxoHomuueckoil 3 heKTABHOCTH, HENPEPBIBHO yBeJH4H-
BAl0T MOIIHOCTE BHOBbL yCTaHaBJKHBaeMbiX MALIHWH H annaparosB. Ha-
npﬂmep, MOHLIHOCTh OCHOBHBIX PEAKTOPOB CEPHOKHCJIOTHOrO H aMMHay-
HOro MPOM3BOJACTBA 34 NMOCJEeAHHe ABaAuLATh JeT Bospocna B 30 pas, a
OpOHU3BOHTENBHOCTD ancopﬁuuommx YCTAaHOBOK B OpI‘a!IH'—IECKOII:I Tex-
HGJIOTHH YBE&JIHYHJIACh OT JAECATKOB ThICAY J0 MHJINHOHA KyﬁOMETpOB
B yac obpabGaThiBaemoro raza. Oanako yBenuuenue ofbema anmnapara
663 3HAYHUTEJBHOIO YCJHOMHEeHHA ero KOHCTPYKLIHH BO3MOMHO JHIIbL J10
HEKOTOpOro mpejiena, yxe JOCTUTHYTOrO B pfjie KpymnoMacuutabubix
CHCTEM, B TOM 4YHCJe aMMHAYHBIX H CEPHOKHCJOTHBIX. O,-'lHOBpEME!IHO
C YCJOXKHEHHEM KOHCTPYKILHH 3aTpyaHserc OOGCHyKHBaHHe KPYNHBIX
annaparos. [lo3TroMy MHoro 2¢¢eKkTHBHee MOBHILIEHHE NPOH3IBOAUTENb-
HOCTH amnaparoB 34 cueT HHTEHCH(PHKAUHMH HX PaBoTh.

HurencusnocToo _paborsl annapara I nasvieaercs npouseoourens-
HOCTb e20, OTHECEeHNas K KaKod-aAubo eeaudune, xapaxTepusyroujed
passmepst danro2o annapata. OGBIYHO 1S BHYUCIEHHS HHTEHCHBHOCTH
OTHOCAT MPOH3BOAMTENbHOCTh K 00beMy anmapara v (M®) HiH K mJo-
Iwaau ero ceyeHus S (M?):

1= 1/v =G/, (1.6)
! = Vqg/v, (1.7)
I =11/8 = G/=S, (1.8)
| = Vy/S. 19

HUurencubukauus nocrdraerca aBymMs nytamu: 1) ynyuuienuem
KOHCTPYKUHH MmallluH U4 annapartos; 2) coBeplleHcTBOBaHHEM TEXHO-
JIOrHYeCKHX MNPOLEcCOB B amnnaparax jaHHoro Buaa. MuredcusHoctb
paGorm amnapara mMPOMOPLUHOHAJNbHA CKOPOCTH IMPOLECCd, MO3ITOMY,
H3yuyass KHHETHKY TeXHOJIOTHYEeCKHX NPOLEeCCOB, CTPeMATCA CO3/1aTh
TaKyl KOHCTPYKLHIO alnapaTa M TEXHOJOTrH4YEeCKHH peXKum B HeM, Ko-
Tophe oGecrneyHan Gbl MAKCHMAJbHYIO CKOPOCTh Mpolecca.

[Ipu paspaborke yJayduleHHHX HJIH NPUHUHIIHANLHO HOBBIX KOIi-
CTPYKUHII MallWH ¥ annapaToB HHTEHCHBHOCTb XMMHYECKOro Mpollec-
ca noBbillaeTcs (MO CpPaBHEHHIO ¢ anmapaTamd CTapblX KOHCTPYKUHil)
rmaBHbHIM o6pa3oM ycHJeHHeM NepeMellHBaHHA Deardpylolllux KoMmIo-
HEHTOB U yBeJIH4eHHeM MOBEepXHOCTH CONPHKOCHOBEHHS MeXK/Jy B3aHMO-
JNeHCTBYIOUIMMH BeleCTBAMH, HAXOASLUUMUCHA B pasHBIX arperaTHHY
coCcTosiiuX (TBEPJOM, XKUJIKOM, razoofpasHom). ¥Yiayulienue KOHCTPYK-
ILMil anmapaToOB yacTo OBIBaeT CBsIi3aHO ¢ MeXaHW3auWed H aBTOMAaTH-
3anieil ux obGCAYKHUBaAHHUSA,

OcHOBHbIMM TEXHOJOTHYUECKHMH NYTAMH HHTeHcH(pHUKauHu pabGoThl
annaparos JaHHOTO BHja fBJAIOTCA MOBBILIEHHEe TeMIepaTyphl, 1aB-
JIeHHsl 4 KOHIEHTpPauHdil pearnpyloOUIMX BEUIECTB B COYETAHHH C MpHMe-
HEHHEM KaTa/JH3aTopoB © MNEepeMelllHBAHHEM  pearupylolHX Macc.
Onnako /1 yCKOPeHUS HeKOTOPBIX MPOLEcCOB Heo6X01HMO, Haobopor,
noHH)KeHHe TeMNEePaTypul, NpUMEHEHHEe BAKYyMa U CHHIKeHHe KOHLEHT-
pauuii BemecTB. Mcxoaa u3 5TOro B XHMHYECKOH TeXHHUKe NMPHUMEHHAIOT
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caMble pasJiUYHBE NMapaMeTpbl TEXHOJIOTHYECKOro peXXHma: TeMmiepa-
TYypH OT GJIM3KHX K abCOMIOTHOMY HYJIO 0 HECKOJbBKMX THICAY rpany-
cOB, JaBJleHHs B NPOHM3BOJCTBEHHHX anmaparax OblBalOT OT MOYTH
a6GCOJIOTHOTO BaKyyMa 0 coteH Meramackaneii. BoamoxHocTs npu-
MeHeHHs BBICOKHX TeMMEepaTyp U JaBJeHHH YacTo orpaHdyHMBaercd
CTOMKOCTBIO KOHCTPYKUHOHHBIX MaTE€PHANOB, H3 KOTOPHX H3rOTOBJIEHA
annapatypa, uid passoKeHueMm peareHTOB M, HAKOHel, 3KOHOMHYECKOH
9((PEKTHBHOCTbIO HHTEHCHpUUUPYIOWHX ¢akTopoB. Murencupukauns
penecoobpasHa JHUlbp NPH YCJOBHH, YTO OHA He BhLI3bBaeT 60JbIIOro
pocTa 3aTpar 3HEpPTHM Ha NpOBEJeHHE Mpolecca,

CHHXEeHHEe 3aTpaT 3HEePrHHd HA EAHHHUY TPOJYKIHH JO-
cruraercs, BO-MEPBHX, YMeHbLUIEHHEM TIHADPaBJHYECKHX CONPOTHBJEHHH
Bcex anmnapartoB H TPYOOMPOBOAOB XHMHUKO-TEXHOJOrH4YeCKOH CHCTeMH
M, BO-BTOPHIX, MNOHUMEHHEM CTEMeHH MepeMellMBaHUA pPearupyolnx
Macc, XOTf 3TO MOXKEeT BH3BaTh yMEHbIUEHHe HHTEHCHBHOCTH paboTl
anmaparta. [1aBHasg e Mepa 3KOHOMHM 3HEPTHH B XHMHYECKHX [po-
M3BOJACTBAX — M aKCHMAaJbHOE HCNOJMb30BaHHE TENJNOTH
XHMHYECKHX peaKIHH ANd HarpeBaHUsd HCXOJHBIX BELIECTB JI0O
ONTHMAaJbLHOH TEMNEPaTypel ¥ AJsi BEpabOTKH mapa, SABJASIOUIErOCH
NeHHBIM MOOOUHHIM MPOAYKTOM pPfAJa XHMHUYECKHX NPOU3BOJCTB.

Jlns noBbilleHusi cT€NeHH HCMOJNb30BAHMUSI TEMJOTH peakHuil crpe-
MATCA YBEIWUYHUBATL KOHIEHTpAIHH pearedToB, a TakKike pasmema'rb
TemIoo6MEeHHBEe 3JMEMEHTH W TpyOb MapOBHX KOTJOB HENOCPeJCTBeH-
HO B PEaKIlHOHHOH 30HE.

YMeHbweHHe KOJHYECTBa cTaagu#h MNpPpoOU3BOI-
cTBa © Nepexoa K HHKJIHYECKHM (3aMKHYTH M)
cCHCTEeMaM MOMXKHO CYMTATh ABYEAHHHIM HamnpaBJieHHEM B pa3BUTHH
XMMHUECKHX MPOM3BOJCTB, MPHBOJALLINM K CHHMKEHHIO 3aTpaTr Ha Ka-
NUTANBLHOE CTPOUTENBCTBO M YMEHBIIEHHIO CeOeCTOMMOCTH NMPOAYKIIHH.
Tak, HanpuMep, B Hacroduee Bpemsi (OPMaNbIErd] HPOU3BOIUTCA
OKHCJIEHHEM METaHoNa, a MeTaHoa cHHTeaupylorT H3 cmecd CO u Hy,
nojsyyaemMoll KOHBepcHed MmeTaHa (NMPHPOJHOro rasa) ¢ BOJASIHEIM [Ia-
pom. Beayrea uccienoBaHusi mo NpAMOMY OKHCJEHHIO MeTaHa lo ¢op-
MaapJeriaa, T. €. MO 3aMeHe TpeXxcTaauiiHoro cmnocobGa oAHOCTAmHI-
HpiM. COOTBETCTBEHHO CHH3SITCA KaNUTalbHBHE 3aTpaTH U MOBHICHTCA
NMPOHM3BOJIUTENILHOCTL TPy OGCHYHHBAIOWIEro nepcowasna. SddexTus-
HOCTh IHKJ/JHYECKOH CHCTEMBbl MOXKHO PaCCMOTPETb Ha NpPUMEpPEe MpPOU3-
BOJICTBA CEPHOH KHCJIOTH KOHTaKTHBIM cnmocofom (cm. 4. 2, ru. IV).
Hue cepHasi KucCioTa MPOH3BOJMTCH MO CXeMe ¢ OTKPHITOH IEnbio
annaparoB, Yepe3 KOTOpbie MOC/e/10BaTe/bHO MPOXO/UT T230Basi CMECH.
OkucneHue AHOKCHA Ceppl MPOHCXOAMT B OSATH Craaul, abGcop6ius
TPHOKCHJA cepH — B JBe craauu. [lepexon K nHKIU4YecKoH CHCTeEME C
NpUMEHEHHEM KHCJIOPOAA M MOBHILIEHHOTO JaBJEHHS MO3BOJUT CHH-
3UThL KOJHYECTBO anmapaToB B cHcTeMe B 3 pas3a, B 4yacTHOCTH MpHMe-
HATL OAHOCTajMHiHOe OKHC/eHHe JMOKcuaa cepwl. Ilpu sTom pesko
CHHU3UTCH KOJNUYECTBO KHOKCHJa CepPHl B OTXOAALIHMX rasax, T. €, OJHO-
BpeMeHHO pelllaeTcsi 3Kojordueckas npobnema. Pasymeercs, naneko
He Bce NPOH3BOJCTBa leseco0B6pasHo nepeBOJMTb K OJAHOCTafHHHBIM
HAH K UHKJHYECKHM, HO HCKATb TaKHe NMYyTH HaJO.
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3aMerHa mNepHORAHYECKHX TNPOLECCOB Hempeps B-
H Bl M H — XapakTepHoe ANsl XHMHYeCKOH MPOMBIIIJIEHHOCTH HampaBJe-
HHe TeXHHYeCcKOro mporpecca.

[TepuonvueckHmM Ha3BIBAaKT MPOIECC, B KOTOPOM MOPIHA
ChIPbfl 3arpy:aercsd B annapar, NpoOXGAHT B HeM pAn cTanuil obpabdor-
KH M 3areM BRIrpYXaioTcAl Bce oOpasoBaBllidecs BeulecTBa. TaKHM 06-
pa3oM, OT 3arpyskH Chipbsl RO BBIFpY3KH NPOAYKTa MPOXOAHT ompene-
NeHHbfl Nepuoj BpemeHH. Anmapar He paGoTaer (mpoCTauBaeT) BO
BpeMsi 3arpy3KH H BHI'pY3KH. DTH oNepalHH CBfizaHbl ¢ 3arparoil
Gosblioro KonHyecTBa Tpyaa. Mexanumsauums 3arpy3kd H BHIPPY3KH
3aTpYAHEHA, TAK KaK TpeGyIOTCS MePHORHYECKH NeHCTBYIOIlHe MeXaHH3-
Mbl GOJiblIeft MOUIHOCTH, YeM [Js HeMpephiBHBIX mnpoueccos. Ele
TpylHee aBTOMaTH3HPOBaTh NePHOAHYECKHE TMPOLECCH, TAK KaK NOKa-
3aTeJd peXHMa, MO KOTOPbHIM NpPOH3BOJAUTCA aBTOMaTH3anHA, T. e.
TeMmneparypa, AaBJeHHe H KOHIEHTpalHs BelLleCTBA, MEHSIOTCS B Te-
yeHHe Bcéro nepuona peakuHu. CHagana o6bBIYHO MOBBIIAIOTCS TeMlle-
parypa U paBJjieHHe, MOTOM B KOHUe Tpoiecca OHH MOHHIKAIOTCH; KOH-
LIEeHTpAalHH peardpylolluxX BELIeCTB BCe BpeMs NMOHHKAIOTCHA, HO C pas-
HOH cKopoCThblo. Anmapar paGoTaer ¢ HeMNOJHOH HHTeHCHBHOCTBIO MpH
BbIBOjle Ha pexHMm. [lepHojHuecKHe MpOUeCCH CJHOXKHB B OGCHYyXKHBa-
HHH, KayecTBO MPOAYKUHH HepelKO CHJIbHO MeHAeTCs B 3aBMCHMOCTH
OT peXXHMma ob6cayXKHBaHHA. Bpems 1IHKJA, T. e. NMPOAOJXKHTENBHOCTh
nepHOAHYECKOro MPOU3BOACTBEHHOro MNpouecca, Bcerpa GoJblle, Yem
HenpepHBHOrO; 3HePreTHYeCKHe 3aTpathl Bhille. Bce 3TH mpHYuHBI H
no0yX1awT B HacTOsllee BpeMsi 3aMeHATb NEpPHOLHYECKHEe NPOLECCH
HeNpephIBHBIMH.

Henpepe BHBH MH HA3eBAKOT npolecchl, B KOTOPHX NOCTYymJe-
HHE CBIpbSi B aNNapar H BHIYCK MPOAYKIUHH IMpPOHUCXOAAT HEMpepHBHO
(M cucTemMaTHyeCKHMH NOPUMAMH) B TedeHHe JJIMTENIBHOrO BpeMeHH.
IIpa 3TOM TexHOJOTHYeCKHe MpPOIlecChl MpPOTEKai!dT OJHOBPEMEHHO CO
BcOMoraresibHbIMH H TpaHcmopTHeIMH onepauusiMi. IlpocrtoeB o6o-
pYAOBaHus HeT, MPOH3BOAHTENBHOCTh aNmaparoB Bowe, B Kaxno#
TOYKe anmapara coG/I01alTcs MOCTOSTHHAA TEMMEpPaTypa, KOHUeHTpa-
IS BEllleCTB, JlaBJeHHe H T. M., MO3ITOMY JIErKO BECTH HabJ/IONeHHe 32
pa6oToll annapaToB, MeXaHH3HPOBATH 3arpy3Ky CHIpbS M BBITPY3KY
NpoJyKTa, aBTOMAaTW3HpoBaTh npouecc. [IpH HenpephIBHOM mpoiecce
0o0biYHO YaydllaeTcss H KayecTBO MNPOAYKUHH, obJerdaercs HCHOIb30-
BaHHe TeMJOTH peaklUHH H OTXOAOB NpPOH3BOJICTBA, HaNpHMep rasos,
Tak KaK OHY BBIEJAIOTCH PaBHOMEPHO.

Bo/MbUIHHCTBO XHMHUECKHX MPOH3BOJICTE YyiKe paboTaeT HeNpephiB-
HO; OCTaBlllHecsi MEPHOJHYECKHE TPOLECCH MOCTENeHHO 3aAMEHSIOTCS
wenpepelBHEIMA, O/lHako B HACTOALLEE BpeMs ellle HeIb3s cPasy Bce
MPOH3BOJICTBA NepeBecTH HA HeMpepbIBHBIE; B OJHHX C/AyuYasix 3TO Mpu-
BOAHT K YXVALIEHHIO KavyecTBa MpoaykKTa (Hampumep, MpH KOKcoBa-
HHH), B APYruX ellle He M306peTeHbl CPeACTBA PallHOHAJNBLHONH MeXaHH-
3allUP ¥ ABTOMAaTH3allH¥ TNpoiecca, B OCOOEHHOCTH Ha MAJOMOIIHBIX
H ManorabapHTHEIX yCTaHOBKaX.

[Tpu cpaBHHTENBHOH OlLEHKe MEPHOJAHYECKHX H HENpephIBHBIX Mpo-
LleCCOB CJie/lyeT TaklKe YUHTBIBATh, YTO CPelHAS KOHIEHTpAllus pearu-
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PYIOUIHX BEIIECTB B NPOTOYHBIX PEaKTOPaX HENPephbiBHOrO AEHCTBUSA
OBLIUHO HUXKe, yeM B PeaKTOpax NnepHOAMYecKOro AeHCTBHA, YTO H OT-
paXKaeTcsi Ha HHTEHCUBHOCTH MX paboTnl (cm. rii. II). .

Mexauusauusi TPyJAOeMKHX omnepauuii u aBToO-
MaTH3alluag NPOH3BOACTBA—3TO HaHboNee OOUIHE NYTH TexX-
HHYECKOro mporpecca Ajs BceX OTpacJieif HapOAHOro XO03fHCTBA.

MexaHu3anHua—3aMeda (u3HYeCKOro TPyAa YeJIoBeKa Ma-
IUMHHBIM, MexaHu3anusa 3aKOHOMEPHO MOBBLILIAET MPOM3BOAHTENBHOCTD
TpYAa 3a cyeT HHTeHCHOHUKAmuu paGoThHl anmnapaTypbl WJIH COKPaLleHHs
miTata O6C/HyXHBalomero nepcoHata. Takum o6pa3oM, MeXaHU3ALHs
TPYAOEMKHX MPOLECCOB — BaXKHeMHIlIas 3a7laya Pa3BUTHS He TOJbKO XH-
MHYeCKOH NPOMBIIIJIHHOCTH, HO M BCero HapOAHOIO Xo3dlicTBa.
B GOJbIIHHCTBe XMMHYECKHX NPOU3BOJACTB OCHOBHBIE ONEPALMH YiKe
MeXaHH3WpoBaHb. He Bcerna mexaHu3upoBaHa 3arpys3ka CHpbs, BbI-
rpy3ka NpPOAYKTa W TPAaHCMOPTHPOBKa MaTepHalioB; UMEHHO MEXaHH-
3alus 3TUX CTaiauil NMPOH3BOJACTBA M sBJAETCA TJIABHOH 3ajaueii Ha-
CTOSIMIEr0 BPEMEHH.

ABTOMAaTH3aUHA XapaKTepusyeTcss OCBOGOXIEHHEM uelloBeKa
OT HEeNOCPeACTBeHHOro BLIMOJHEHHs1 (GYHKIHI yHpaBJeHHsi NPOU3BOA-
CTBEHHLIMH NpoOLEccaMH i mepefauell 5THX (QYHKUHH aBTOMAaTHYECKUM
yCTpOHCTBOM. ABTOMATH3aUM$ — BhiCLIAs CTENeHb MEXaHH3auHH, Mo-
3BOJIAIOILAS CHJILHO YBEJHYHBATH MPOH3BOAHMTENLHOCTh TPYAA H YJayd-
1IaTh KAa4yecTBO HNPOAYKLUMH NPH XOPOLIHX 3KOHOMHYECKHX MOKa3aTessx
NPOH3BOACTBA, ABTOMAaTH3allHs MpoLECcca OCYLeCTBISIETCS, KaK mpa-
BHMJIO, COYETAHHEM TPeX OCHOBHLIX MPHOODPOB: H3MEDHUTENs (MU JAaTyM-
Ka), pery/asitopa H HCIOJHHTEJNbHOro MexaHu3ma. Mamepurens, 3ame-
psisi Kako#-1u6o MoKa3aTeJb TEXHOJOIMYECKOIO perKHMa, MoChilaer
HUMIYJILC PEryJasiTopy, KOTOpbli CpaBHHBaeT 3HAayeHHe H3MepeHHOro
noKasarte/jii ¢ 33aJaHHbIM H B Cjly4yade OTKJOHEHHS MMOChLjIaeT KOMaHLy
HCIIOJTHUTETIO,

B XHMHYeCKHX MNDOHM3BOACTBAX NPHOOP-H3MEPHTENb OOLIYHO 3aMme-
psleT TeMIepaTtypy, HIH KOHLUEHTPAIHIO BEelleCTBa, HJIH CKOPOCTh MOTO-
Ka rasa (KMAKOCTH) Ha BXOZe (WJu Ha BBEIXoae) B amnmapar. [Ipubop-
HCOOJNHHTE b TPOU3BOAKT AeficTBHe, BbIpaBHUBAKOILEe HMEHHO TOT MO-
Ka3aTellb, KOTOPLIH 3amepsieTcss u3mepuTeseM. Taxkum o6Gpasom, mnpu
aBTOMAaTH3AallHKH MPOLECC BEAETCS CTPOro B Npejefax YCTAHOBJEHHBIX
HOpM, Ge3 HapylleHUH, KOTOpble HepPeAKO AONYCKAITCH INPH PYUHOH
perynupoBke. i KOMNJIEKCHOH aBTOMATH3alHH CJOMHBIX XHMHKO-
TEXHOJOrMUYECKHX CHCTeM MNDUMEHSIOT YOpaBJ/siolile 3JeKTPOHHO-BHI-
YUC/JUTENbHbIe MAaLIHHbLI, KOTOpble MOJAYy4YaloT HH(OpMAaLKIO 0 Xoje
fnpouecca OT Pa3yHYHBIX NPHOODOB-H3MepHTeJel, BLIYHC/IMIOT ONTH-
MaJibHbie YCJOBUS H 1al0T KOMaHjbl NpHOGOpaM-HCHOJHHTE M. Takum
06pa3oM, B XHMHUECKYID NPOMBIULIEHHOCTL BHEAPSIETCH KHOepHeTHKaA.
Illupokoe npHMeHeHHe B MPOMBIILIJICHHOCTH ABTOMAaTH3WPOBAHHBIX CHC-
TeM ynpasJeHus: Texuojornyeckumu npoueccamu (ACY TIT) — ato ox-
Ha W3 HACymHbLIX 3a4ay HACTOSLIEr0 BPEMEHH.

B HeKoTOpHIX caydasix ellle TPYAHO HJIH HePalHOHAJbHO MPHMEHATH
NOJIHYI0 aBTOMaru3auuio. Toraa HCMOJL3YIOT HAHCTAHUHOHHOE YNpaB-
JeHue. JIHCTAHILHOHHOE YIPaBJieHHEe — 3TO B CYUIHOCTH HENOJHAas
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aBTOMAaTH3aLHsA, TIPH KOTOPOIl ecTh NpHOOpPLI: H3IMEDHTENIb H HCIOJHH-
TeNb, a PEryJATOPOM fIBJIfieTCs 4eqoBeK. YesoBeK ympasJsieT mpoliec-
CGM Ha PaccTosiHHH (HampHMep, ¢ MyJabTa), MycKas HCIOJHHTE/bHbIE
YCTPOHCTBA MO MOKa3aHUAM H3MepHTeasl. [MCTaHIHOHHOE yNpaBieHHe
MOKeT CJYKHTb [JOMNOJHEHHEeM K aBTOMAaTH3aUHH [JS KOHTPOJS ee
J[eUCTBHS.

YKasaHnHble TEHACHIHH B Pa3BHTHH XMMHUECKOH TEXHHKH B3aHMO-
CBf3aHBl ¥ B3aUMOOGYCJIOBJIEHD], MO3TOMY llesecoob6pa3Ho HMEHHO KOM-
MJIeKCHOE HCNOJb30BAaHHE pPa3JHYHBIX CPEjCTB, MOBHILALIKX 3(hdek-
THBHOCTb MPOM3BOACTBA. TeXHHUYECKHE CPEACTBAa JOJKHBI JOHNOJHATHCS
B 0600aThcsl yayylleHHeM OPraHu3alM¥ M YNpPaBJleHHS MPOW3BOJ-
CTBOM.

5. KAYECTBO U CEBECTOMMOCTb XUMHWUECKOW MPOAYKUNH

JocTHruytasi Ha oCHOBe TeXHHYECKOro mporpecca 6o/ibliasi HHTEH-
CHUBHOCTb MPOLECCOB JOJIXHA COYETAThCH C BLICOKHM KauecTBOM MNpo-
AYKUHH H BO3MOXKHO 60J/iee HHM3KOH ee ce6eCTOHMOCTLIO MPH XOPOIUIHX
ycsoBusix Tpyaa pabounx. [ToaToMy mpH KOHCTpYMpOBaHMH annapartos
H Ompeje/eHHH MapaMeTPoB TEXHOJOTHUECKOr0o PeXHMa 3aJaloTcs Ta-
KHe YCJIOBHS, NPU KOTOPHIX pallHOHAJbLHO COYETAIOTCs BCE MepedyHCJieH-
Hble nokasatesu. Pexum pa6oThl anmapaToB, ONTHMAJbHBIN C TOYKH
3peHHs] CKOPOCTH TEXHOJOIHYECKOro mpollecca, HO BH3LIBAKIIKH CHH-
JKeHHe KauecTBa MPOAYKTa, MOBLIEHHe ero ce6ecTOMMOCTH WJH yXyA-
IIeHHe YCJOBHH TPYAa, HE MOXET NPHMEHSTbCH.

Bhricokoe kauecTBo XMMHUECKHX MPOAYKTOB B GOJILIIHHCTBE Ciydaes onpejefsercs
HA YHCTOTOH WJIH KOHLEHTPauHeil B HHX OCHOBHOTO BellecTBa. [lAs BLICOKOMOJeKyasp-
HbIX NPOAYKTOB BaXHO TaKMe CTpPOcHHe MOJEeKyJ H COOTBETCTBYIOLUHE CTPOEHHIO
(GH3HKO-XxHMHYecKkHe cBoiicTBa, [IpOH3BOJACTBO YHCTBHIX HJH KOHUEHTPHPOBAHHBIX NPO-
AVKTOB IleuﬁxD}IHMD He TOJbKO C TOYKH 3peHHSA KauecTBa OKOHUATEeJNbHOH HpOIL}'KLlHH,
HAylWel Ha HaponaHoe noTpebJjeHue. KoOHUeHTPHPOBaHHBIE NPOAYKThH (TouHee nmonydad-
pll[{.‘lTb]} NOBLILIAIOT HHTEHCHBHOCTL TeX nIPOUECCOB, B KOTOprX OHH NPHMEHAKTCA B
KauecTBE ChIpbfl HJHW CPEACTB NPOH3BOJCTBA, @ NPOAYKUHA XHUMHUECKOH (pOMBILIIEH-
HOCTH B 3HAUMTE/bHOH CTeNeHW ABAfETCH HMEHHO ChIpbeM HJIH CPelCTBaMH NpOH3BOI-
Crpa, a He HEMOCPLACTBEHHRIMH HpeﬂMETaMH HapoIHOro HDTpe’ﬁﬂEHl‘Iﬂ‘

KayecTBO KamJ0ro XHMHYECKOro OpOAYKTa, T. e. COCTAB H CBOHCTBA €ro, AOJKHH
YAOBAETBOPATL TpeGOBaHHAM, H3MOXKEHHBIM B rOCyAapCTBEHHBIX HAH OOLLECOI3HBbIX
cranpaprax (IOCT, OCT). [lpu ycraHOBAeHHH CTaHZaPTOB Y4HTHLIBAIOTCH TpeGOBaHHA
norpefuresqn W BO3IMOJMHOCTH UPOH3BOACTBA. B 3asucumocTH OT TpeGoBaHuit noTpebH-
Tesiss Ha NPOAYKUHIO KaKoro-JiHGO NMPOH3BOACTBA MOKeT ObiThb HECKOJILKO CTaHLapToOB,
HO TpeGOBaHHA HX NOJKHbI ObITh TAKHMH, UTOOb HX ObLIO BO3MOMHO OCYUIECTBHTL B
naupoM npoussoacree. Tak, HanmpHMep, CYLIeCTBYIOT pasiquHble CTaHAaPThl Ha cep-
HYIO KHCJOTY, MOTpef/semyid B NPOH3BOACTBE NHILIEBLIX NFDAYKTOB, [AJMA  3apilKH
AKKyMYJSITOPOB, B IpOLEccax HHTPOBAHHs H AJ% APYTHX TexHHueckHX nedeil. TpeGo-
BAaHHA K HOBEIM BHIaM NpPOAYKTOB, Ha KOTOpLIC enie He VCTaHOBJEHbI CTaHILaPThHI,
ONpeLesIOTCA BELOMCTBEHHLIMH TeXHHIecKHMH yeaosuavu (TV).

CefecToOMMOCTSL NPOAYKIUHH H3yyaeTcd B KypcaX [OJHTHUECKOH 3KO-
HOMHH H SKOHOMHKH XHMHuecKOH MpOMbIULIEHHOCTH. 3jech GyayT paccMOTpeHbl Juilb
OCHOBHBIE MOHATHHA O cebecTOMMOCTH, ,HEHE}KHOE BhIpaeHHe 3aTpart LaHHOIO NpellipH-
SATHA Wa HATOTOBJEHHE W COMLT TPOAYKUHH Ha3wlBaeTcsd NOJHOA ceBecToMMOCTbIO. 3a-
TpaTh ﬂpeﬂDpHﬂTHﬂ, HenocCpelCTBEHHO CBA3aHHble C IPOH3IBOQCTBOM NPOAYKLHH, HA3bI-
BaioTcd  (abpHUHO-3aBOACKON ceGecTOHMOCTDIO. CooTHOLUeHHe MeXIYy PasHUHbIMH
BUAAMH 3aTPAT, COCTABJAIOL(AX CeGECTOHMOCTb, NpencTasaaer coboil cTpykTypy cebe-
CTOHMOCTH.
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[Ipoussoncreennan ceGecTOMMOCTb cjlaraerTcsl #3 CJAEAYIOU(HX OCHOBHLIX CTATCil:
1) coipbe, nonyhaGpukaThi H OCHOBHbIe MaTepHaJni*, HETIOCPEACTBEHHO Y4aCTBYIOUIHE
B XHMHYECKHX peakUHAX NPOH3BOACTBA; 2) TONJHBO H SHEPrHA Ha TEXHOJOTHUYECKHe
pean; 3) 3apaboTHas TMaaTa OCHOBHBIX NPOW3BOACTBEHHBIX pabouHx; 4) amoprH3a
L{HH — OTYHCJIEHHS HA BO3MeElleHHEe H3HOCA OCHOBHHIX NMPOH3BOACTBeHHWIX (QOHAOB: 3aa-
uHil, coopyieHHH, o6opyaoBaHHA H Ap.; 5) LEXOBble PAcXojbl, BKAWYAIOIIHE sarpa-
Thi Ha COREpIKAHHEe H.TEKyUIHH PEMOHT OCHOBHbIX TPOH3BOACTBEHHLIX (GOHAOB (B TOM
4HC/IEe H 3apNJaTy BCNOMOraTesNbHbIX H PeMOHTHbIX palouHx), a Takme 3arpaThl Ha
cojepxalne aiMHHHCTPATHBHO-yIpaBJeHYecKOro mepcoHana [exa, OXpaHy Tpyaa M
TexHHKY OesomnacHocTH; 6) oblle3aBoICKHE PACKOAM.

C ceGecTOHMOCTH OCHOBHOrO HPOAYKTa OOBIMHO CHHMAETCH CTOHMOCTb MOGOUHBIX
NPOAYKTOB, NOAYYEHHbIX H3 TOro e coipbd. [lag cocTapaeHHA KaabKyasiuHi cebecTo-
HMOCTH, T. €. pacueTa 3aTpaT Ha €AHHHLY MPOAYKUHH, ONPEAE/ AT pacXojiHule KO3d-
(HUHEHTbl TO CbIpbIO, MaTepHajaM, TOMJIHBY H 3HEPrHH B HATYpadbHbIX eaHHHUAX
(vanpumep, B TOHHAX ChIPbH HAa TOHHY NPOAYKUHH), a 3aTeM, YuMThiBas IeHb Ha
ChIpbe, MaTepHadnl W APYrHe CTaTbH pacxoia, PacCYHTHIBAIOT KaJbKYJALHIO,

CooTHollleHHe 3aTpaT NO pasJHYHLIM CTATbAM Ce0ECTOHMOCTH CHABLHO HaMeHseTcs
LS pasiMyHbIX XHMHUYecKMX TpoH3BoacTB. Bakweiiweil craTtbefl B GoabliHHCTBE cay-
4ydeB sBJASETCH ChIPb€; B CPeAHEM N0 XHMHUYECKOH NPOMBIAEHHOCTH OHO COCTaBJAET
60—709% ceGecroumoctr. Tonsmueo ¥ aueprus B cpeaneM pawT okoao 10% cebecro-
HMOCTH, OAHAKO B 3JEKTPOTEPMHUECKHX H 3JAEKTPOXHMHYECKHX TIPOH3BOACTBAX 3JeK-
TPO3SHEPTHA — OJAHa W3 IVIaBHBIX cTaTel pacxoja.

3apafoTHast NAaTa OCHOBHMIX PaGOYHX B XHMHUECKON TPOMBILIIEHHOCTH BBHAY
BLICOKOH cTeMeHH MeXaHH3aWM HenpepHBHbIX [OPOH3BOACTBEHHHX OPOLECCOB CO-
craBasieT B cpefHeM Juiub OKono 4% ceGecroumoctH. OpHaKo B psge XHMHYECKHX
NPOH3BOACTB JoJisi 3apnaathi npesnimaer 20% ot ceGecronMoctTH. AMopTH3auHs co-
craBadeT o6bidHo 3—4Y cebecroumoctd. M3 anannsa ce0GecTOHMOCTH BHAHBI H NYTH
ee cuuxenna, Heobxognmo npHMeHATb TEXHOMOTHYeCKMe clocobbl W peXHMbl, NpH-
BOMSIL(HE K CHHIKEHHIO PacXOAHBIX Ko3(pHUHEHTOB MO cbipbio. Hano u3blicKuBaTh HO-
Bule Gosiee JellieBble BHALI chipbst. KoMm/iexcHoe HCMOML30OBaHWEe ChIPbs ¢ Nepepabor-
KOH BCeX ero KOMNOHEHTOB B leHHbie AJs HapPOAHOro Xo3aficTBa NMPOAYKTh ABJAAETCS
MOLIHBLIM CPeACTBOM CHH¥KeHHA cebecTOHMOCTH,

HnrencHduxauua paboThr oGopyaoBaHis — HauOoJee BceoObeMJiOLIEe CPEICTBO
CHHXeHHA ceGecToHMOCTH, TaK KaK NnpH 3(dexTHBHOA HHTEHcH(HKANHH, HAaNpHMep
0pH mepexoje OT NEepHOAHYEecKoro mpouecca K HeNpepblBHOMY, HJH aBTOMAaTH3auuu
NpPOH3IBOACTEA MOryT CHH3HTBCH pacXoibl NO BCEM cTaThaM ceDecTOHMOCTH. OILIIaKO B
HEKOTOpHIX cay4asX HHTeHCHHKAUWA MPHBOANT K NOBLILEHHIO PACXOAHBIX Ko3(dHUH-
€HTOB MO CBIPB H TONJHBY 0OpH CHHMEHHH pacxomoB o Apyrum cTatbdaM HJAH K YBe-
JHYCHHIO aMOPTH3AUMA; TOTAA JHLIL NMOJHAN KaJbKyJAUMS, JHIIL pacuet cebecToHMOC-
TH MO BCEM CTATbAM [OKAa3bIBAOT, CKOJIb LejecoobpadHa wHTeHcnpHKauusa. [lpa stom
YyuHMTbiBaeTcs ellle BausHHe (PakTopa, CHHXKaWUlero cebecTOHMOCTh, Ha KauecTBO Mpo-
AYKUHH H YCJAOBHS TPyaa pabouHX.

YiAyumweHHe ycAOBHHE TPyaa CJAYKHT NpeaMeToM NOCTOFHHOK 3a00Tbi
KIICC u CoBerckoro npasuTenscTsa, PaGOTHHKH XHMHUYeCKOH MPOMBILJIEHHOCTH HME-
10T A0 C BPEAHLIMH H SAAOBHTHIMH razamH, MWHIAKOCTAMH H NLUIHLIHMH  CBITYYHMH
BEL(ECTBAMH, 2 TaKXe ¢ BLICOKHMH TeMIOepaTrypamH H JaBJERHAMH. CHEEHQJ'II\I]I\IMH
3aKOHAMH W IpasHJaaMHu 110 TeXHHKe (Ge30MacHOCTH H oxpaHe Tpyaa nOpesycMOTpeHbl
fesonacHble AJf TPYAALIHXCS yea0BHA paGoThl; repMeTHYHAs annapaTypa, BeHTHAALHS,
H30A1HA ropauax nonepxnocreﬁ u T. 0. Ha PA3JHYHBIX NPOH3BOACTBAX MOTYyT BO3-
HUKHYTb pasnooﬁpaaHue ONAacHOCTH: B3pbiBbi, MexaHHUYeCKHe MOBpPEHaeHHdA, OKOIH,
oTpaBJaenusi. [las ycTpaHeHHs WX paspaboTaHnl TIpapHaa TexHHKH  Ge3omacHOCTH,
NpeaAycMaTpPHBAWUIHE pa3AH4YHbIE OrpayKlAeHHsd, MNPHCNOcoGACHH W APYrHe Mephl,
KOTOpbLIE PacCMATPHBAIOTCH B Kypce TeXHHKH GesomacHocTw. [lpn mpoekTHpoBanuu
annapaToB H UexoB BHIGApAlOrcA Takie THMBI aNapaToB M PeXHMH PaGOThl, KOTOphie
CCOTBETCTBYIOT HaHMeHbiuell BPeJHOCTH H OMacHOCTH TPyaa pabounx. DTHM XKe UeddMm

* Tlpn kanbkynMpoBaHHH ceGeCTOMMOCTH chipbeM Ha3LIBAIOT HCXOAHBIA martepuadt,
He npollleailinit OpombiinJennyo nepepaGorky. [lonydaGpukaTom uasmiBalor npeasa-
PHTeNbHO NOABEpPriIHACA NpOMbILIJICHHOH NepepaGoTKE HCXOZHBIR MaTepHas HA AaH-
HOM mpeAnpuaTHH, B pykoBoacTBax Mo TeXHOJOrHH OCHOBHblE MaTepHasbl W NOJy-
¢abpukaThl OOLIYHO HA3LIBAKT CHIPbeM HAH NOJYRPOAYKTOM AaHHOrO MPOM3BOACTBA.
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CAYXAT MeXaHH3alUHA H aBTOMAaTH3aUHA NPOH3BOACTBA. Ha xkaxnom npeanpUsATHR
KOHTpOJL 334 cobmogenteM Ge30macHOro OCYUWECTBJICHHA TeXHOJOrH4ecKOoro mnpouec-
Ca BHINOJHAWT HHXEeHephl MO TeXHHKe 6Ge30MmacHOCTH.

6. MIPOEKTUPOBAHHUE XUMHWUECKHX NPOU3BOACTB
H MOJEAUPOBAHHUE XUMHUKO-TEXHOAOTHUECKWUX NMPOLECCOB

[IpombliieHHple  anmapaThl ¥ LEJbIE XHMHKO-TEXHOJOrHYECKHE
CHCTEMB pa3pabaThiBAlOTCH HAa OCHOBE ONbITA AGHCTBYIOLULHX NPOM3-
BOJCTB HJIH Ha OCHOBE J1a60OpaTOPHBIX HCC/AEAOBAHHH ¢ HCOOJAbL3OBAHH-
€M COOTBETCTBYIOUIHX 3aKOHOMEPHOCTEH XHMHUECKOH TeXHOJIOTHH.

[Ipu opraumsauum HOBOro MpOH3BOACTBA HEOBXOAHMO NpPOH3BECTH
Psill PacyeToB, KOTOphle MOXHO PasJe/MHTh Ha TEXHOJOTHYECKHE, Bbl-
NOJIHSIEMble  HHXKEHepaMK-TEeXHOJOTaMH; KOHCTPYKTHBHBIE, KOTODbLIE
NPOM3BOASAT HHXKEHEephl-KOHCTPYKTOPH; H TEXHOZKOHOMMYECKHE, BHIIIOJ-
HSIeMble HHXKEeHEePaMH-IKOHOMHCTAMH. DTH BHAbl pPacueToOB TECHO CBS-
3aHBl Apyr ¢ ApyroM. B mpoekTHpoBaHHH yyacTByer G60JIbLIOH KPYr
CNeuuagicToB. XHMHYECKOe NMPOH3BOACTBO OGHLIYHO CBSI3aHO ¢ MOTpEG-
JIEHHEM JIEKTPHUYECKOH 3HEDPrHH, BOAH, TMapa, BO3AYyXa Ha CaHTeXHHue-
CKHe HYXJbl (BEHTW/IsiUMA); AJMs JT06G0r0 NPOH3BOACTBA HEOOXOAHMBI
SIAHHS H COOpYXEeHH$, I0ITOMY B NPOEGKTHPOBAHHH Y4YaCTBYIOT HHXKe-
Hepbl-9HEPreTHKH, CaHTeXHHKH, cTpouTenu H 1. n. COBOKYNMHOCTH BCex
BH/OB pacyeToB, YepTexedl H CXEM HJH MAKEeTOB COCTABJ/SET NPOEKT
HOBOI'O NpPOH3BOACTBA.

Hexonnse navHbe AN NPOEKTHPOBAaHWA HOBOrO NPOH3BOACTBA, HeobXo-
AHMMbie NpOeKTHOM OpraHH3aUHH, BBIaeT, Kak MpaBWJo, COOTBETCTBYIOUIHA Hay4HO-HC-
CJIeIOBATE/IbCKHA HHCTHTYT MO YKa3aHHIO BefoMcTBa (MHHucTepcTBa). HMexoaunbie faw-
Hble (MJIH 3alaHHe HA [IPOEKTHPOBaHHe) BKJIOYAlOT pa3HooGpasHbie mapaMeTph, COCTAB
KOTOPHX MEHHCTCA B 3aBHCHMOCTH OT )’CJ’IOBHII:I HPGBKTHPOB.&HHH.

[TpumepHbie mapaMeTphi NpOeKTHPOBAHHA Hexa: |) MecTo CTpOHMTe/bCTBA LeXa;
2) npoH3BOAMTEJLHOCTb; 3) ACCOPTHMEHT BhycKaeMo#l MpOAYKUHHM; 4) BHA H KauecT-
BO HCHOOJIL3YEMOro Chipbfl; D) TeXHOJOTHuecKas cxeMa NpoOH3BoAcTBa; 6) nokaszaTesH
(mapaMeTph) TeXHOJOrHYeCKOro pex<Hma; 7) TEXHOJOrH4YeckKas anmapaTypa H MaTepH-
an pns Hee; 8) cxeMa KOHTpOJS W peryiHpoBaHHs npouecca. B 3aBHcHMOCcTH  oT
XapakTepa XMMHuYecKOro NpoH3BOACTBA M OT TOro, OTHOCHTCH JiH paspabaThiBaeMa#
npoeKTHAasl JOKYMEHTalHs K OTAe/bHOR ONepallH WJIH KO BCeMy NPOH3BOICTBY B Lie-
JIOM, HEKOTOpbie MapameTpbl MOTYT OTCYTCTBOBAaTb; B OTAENbHBIX Cliyuasx, HaoGopor,
npuBeleHHLl nepeveHs MOeT OwTh pacwiped. Kaxabiii W3 nepeudc/eHHbIX Mapa-
MeTpOB BhifMpaeTcs TakHM o6pa3oM, 4To6n Ohia obecreueHa HaHGoJee BHCOKas
9KOHOMHUYecKast 3(QeKTHBHOCTp He OTae/IbHOH (DH3HYECKOi HJIH XMMHYecKol onepauuH,
a BCero NMpOH3BOACTBA B llejoM. 3T0 o6bACHAETCH TeM, YTO HHOTAA ycCJoBHs, obecne-
YHRAIOUIHE MHHHMajbHbie 3aTpaThl MO OJHOH ONepaLHH, NPHBOAAT K 6oJiee BHCOKHM
3aTpataM npH OQOpMJEHHH APYTHX ONepauHi, B pesy/bTate 3TOrO cyMMapHsle 3aTpa-
Thi yBeauuHsalorca. TakK, HampuMep, YBeJHueHHe AHCNEpCHOCTH TBepAOro maTepuaia
yCKOpsAeT ero pacTBOpeHHe (HiH 3KCTpaklHIO) B PACTBOPHTENAX ¢ MellajkaMH. Onepa-
UHS pacTBOpeHHs YHAeWeBJHETCH, HO OJAHOBpeMeHHO CHJIbHO YBEJHYHBAIOTCH 3aTpaThl
Ha noMon Teepaoro MarepHana. CiefoBaTesbHO, ONTHMaJbHAR AHCIEPCHOCTbL JOJIKHA
COOTBETCTBOBATb MHHHMaJbHbIM COBOKYIHLIM pacXofiaM Ha NMOMoJ H pacTBopeHHe.

HauanbHble ycxoaHbie NapaMeTpbl NMPOBEPHIOTCA NPOCKTHOH opraiHiaulel cocras-
JeHHEM TeXHOKOHOMHYECKHX PacyeTOB H Ha OCHOBE pacyeTOB YTOUHSIOTCH WK H3Me-
HaioTcs TakuM 06pa3oM, NPOEKTHPOBaHHe HAYHHACTCR NDH TECHOM B3AHMOLEHCTBHH
TexHOﬂDT’OB-pa3paﬁDNHKOE H NpOeKTaHTOB. HHOI',E[& B BeJOMCTBEHHOM 3aJaHHH HA
NpoeKTHPOBaHHE YKa3blBaeTcA TOJBKO BhipafaThiBaeMbili TPOAYKT, a oONTHMAaJbHble
3HaueHHA BceX YKa3anHbX MapaMeTPoB YCTAaHABJHBAIOT B Mpouecce paspaGoTKH npo-
€KTa.
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[MpoexTHpoBaHne OGbIYHO OCYLIECTBJRETCH B ABE CTalHH B COOTBETCTBHH C mpa-
BHTE/BLCTBEHHBIM HJIH BeJOMCTBeHHBIM 3ajaHHeM.

HepBaﬂ CTAaAHA—NpPOeKTHOS 33 03HYe— BEJYaer Buﬁop H
o6ocHOBaHHe MecTa CTPOHTE/LCTBA H MeTOda MPOH3BOACTBA, HCTOYHHKOB Cbipbii H
SHEPrHH, Pa3padoTKy NPHHLHMUAJLHOH TeXHOJOIHYECKOH CXeMbl, pacyeTsl OCHOBHBIX
nNpollecCOB H annapartos, ONpelesieHHe MPOH3BOJACTBEHHLIX ILITATOB, CTPOHTE/IbHBIX
00beMOB H cefecTOMMOCTH NpoaykuuH, OcHOBY NpOEKTHOrO 3afaHusi COCTABJSIOT
TeXHoJorHuecKkHe pacuersl. OaHAKO TOJIBKO TEXHOYKOHOMHYECKOE cpaBHeHHe pasjiHYHLIX
cnocoGoB NpOH3BOACTBA HA Daze pasHoro cColpbf H 3HePrHH C npumenelmem TEX HJH
HHBIX ﬂpOllECCOB H annapaTOB no3poJder )’CT&HOBHTB ONTHMAJIbHbIE NMOKa3aTeJH. Ta-
KHM 00pa30M, TeXHOJOr PACCYHTHIBACT HECKOJBKO BAPHAHTOB NPOH3BOACTBA, OTAC/bHbIX
[pOLLECCOB H COOTBETCTBYIOLLHX annapartoB /s BuiGOpa HaWJIYYLIHX.

B cocraB npoektHoro 3ajgaHua BXOAAT TEeXHOJNOTHYecKas 3alMHcKa, TEXHOJIOCH-
4ecKast cXeMa M 4epreiKu annaparoB, HauGoJee BaHeIX H clepu@uuHbLX g8 1aHHOTO
NpOH3BOACTBA, — Mpee BCero OCHOBHHIX peaKTopoB. TexHosornyeckas 3amucka co-
,H_EP}KHT OCHOBHbie JaHHLIE, HpHH}lTh[e H 060CHOB3.1]I1H@ ons paspaﬁo'nm NpoeKTa.
Hanpumep, B TexHosiorHueckofi 3amicke NpHBOAATCs OGOCHOBaHHA BhiGpaHHOro Mecta
CTPOHTENIbCTBA uexa, gaHHble 00 HCTOYHHKaX Chipbi, BOAbl, 3/IeKTPOSHEpPrHH, 4 TaKkKe
pacueTsl OCHOBHbIX NMPOLECCOB W aNnapaTos,

Texnosoruueckas cxema nogpoOHO PaCKpbiBAGT CYLIHOCTh XHMHKO-TeXHOJOMHYECKO-
ro npouecca ¥ J0CTATOUHO TO4HO oOTpa)Kaer odopMJeHHe OTAeJbHBIX annaparos,
Y3JIOB H BCEro mpoulecca B uesoM. Hanpumep, B TexHoJOruueckoil cxeMe MPHBOLHTCA
KpatKas XapakTepHCTHKa OCHOBHOTO 0GOpPYMOBaHHs H ero radaputel. 3Jto obopyno-
BaHHe BBIYEPUHBAETCH C OCHOBHBIMH BHYTPEHHHMH YCTPOHCTBAMH, HAHOCHTCH BBOAbL H
BbIBO/HL, T. € Y4acTKH TPYGONPOBOAOR, COeJHHAIOLIHE 0060pY10BaHHe C BHEIUHHMH KOM-
My!IHKaI_LHﬂMH; HaHOCHTCH ras3oBble H XHHIKOCTHble KOJI.I']BKTOPH, a TaKiKe OCHOBHbie
AaT4HKH H HcnoaHuTesisle MexaHuamus KHIL Ilpn sninonHennn cXeMnl Bce anmapatsl
BblUEpUHBAIOT B Maciivabe o6eluHo 1:100, ocHOBHbIE TeXHOJOrHYECKHEe NMOTOKH BbiJeJn-
10T HKHPHBIMH JIHHHAMH, as’oBsle KOJJIEKTOPbl pasmellaior B BEpXHEH 4acTH cXeMbl,
a KHIKOCTHble — B HHxHell. UepTeXH OCHOBHHIX annapartoB [AAHHOTO INPOH3BOJCTBA
Ha ypoBHe NPOeKTHOro 3alaHHf OOHYHO BLIMOJIHAIOTCL (e3 AeTAJHPOBKH, HO B CIEWH-
(HHKalUHMH YKa3blBAIOTCA pasMepnl, Macca H POA MatepHaJta riaBHbIX [eratiefi.

[NpoekrHoe 3aganHue CAYXKHT ocHOBaHHeM [JiA BTOpoil, 3aBeplialowed craiuud
fIPOEKTHPOBAHHSA.

Bropas craaus—padoune uYepTeXH—BhuNOIHNCTCH J[eTaJbHO NO
BceM paslénam. PaGoude uepTexH, CXeMbl H JAPYras NPOCKTHAH AOKYMeHTALHA, Bhl-
f1oNHAeMan Ha BTOpOll:l CTalHH UpOB}(THpOBHHHR, HOCT)’H&IOT HENOCPeCTBEHHO HA CTpPO-
HTEJbHYI0 MJIOMWAAKY AJS OCYLIECTBJECHHS CTPOHTE/BLCTBA 1EXOB H MOHTAXa TexHO-
JIOTHYeCcKOTro 06OpyLoBaHKA, KOMMYHWHKAUHA H CPEICTB aBTOMATH3ANHH.

HHoraa npoexkTupoBaiHe BeleTcd B Tpu cvaiud Torga BTOpoH crajgHeli npoekTH-
POBaHHA #BJAfeTCH TeXHHUeCKHR 0poeKT, GoJiee MOJIHbIH, yeM NpoeKTHoe 3agaHue, HO
He BKJIIOYAIOUIHI B ceGH BapHAHThi, KOTOPble OTNAJH NPH TEXHO3KOHOMHYECKOW 06ocHO-
BaHKHW B NPOEKTHOM 3ajanHHH. TeXHOJOrHYeCKHe pPACUETH HAUHHAIOTCH, KaK IPaBHJIO, C
yTOuyHeHHs METOga nNpPOH3BOACTBA, YKa3aHHOro B HMCXOAHBIX AaHHbX. [las Buibopa
MEtoja NPOH3BOJACTBA MPOBOAHTCA CPaBHHTENbHAH OlEHKAa CYUIeCTBYIOIHX H BHOBb
npefJiaraeMbiX MeTOJOB C TOUKH 3peHHsl KauyecTBa NPOLYKIHH, PACXOJA ChbiPbS K DHEp-
T'HH, ypOBHH MexaHH3auHH H aBTOMATH3ALHH npouecca. CaHHTapHO-TEXHHYECKHX }'CJTO'
BHH TpYZa, HAJHYKA NOGOUYHBIX NPOAYKTOB H OTXOLOB NPOH3BOACTEA, METOJOB OUHCTKH
OTXOMAULHX rasoB H CTOYHMX Boj. Pewlaiomyio posis B oKoHYaTeJNbHOM Buifope TOro
HJIH HHOTO chioco(a Hrpaer SKOHOMHKA. BriGpas cnoco6 NpoH3BOACTEA, TeXHOJOT HaMe-
yaeT OCHOBHble napaMeTpPhl TEXHOJOTHYECKOr0o PEXHMa, THIbI anflapaToB H TEXHOJOTH-
9eCKyl0 cXeMY, KOoTopas BKJiO4aer B cefs OCHOBHbiE annapartbl H KOMMYHHKalHH
MeXAYy HHMH, a TaKKe TPaHCNOPTHLIE YCTPOACTBA AJIA NOJZAYH Cbipbs H BLIBOLA TOTO-
Bofi npoaykuHH, Cxema yCTaHOBKH KOHTPOJbHO-H3MepuTesbHulX npubopos (KHII) u
aBTOMATH3ALHH BHIMOJNHAETCA OOLIYHO OTAEJBHO OT OCHOBHOH TeXHOJOrH4ecKoH cXeMbl.
B HoBoM NpoH3BOACTBE ROJKHL GblTb NMPHHATH HHTEHCHBHbie NPOlecchl H BHCOKONPO-
HW3BOAMTE/IBHBIE annaparbl, HalexHble B paGoTe, NpocThie B o6CAYHHBAHHH, BhiNOAHEH-
Hbi€ H3 JIETKO AOCTYIHBLIX H N0 BO3MOMXKHOCTH AelleBblX KOHCTPYKUHOHHEIX MaTepHaJloB.

[Ipu BuiGope mpoueccoB W annaparoB OGEIYHO MPHXOLHTCH CPaBHHBATh HECKOJBKO
BapHaHTOB Tak, M o6Mura cepHoro KojdelaHa B MHDOBOH NPAaKTHKE OpHVEHHETCs
MATE TUNOB Tleuell ¢ pasJHuUHBLIMH clocoGaMu NepeMeliHBAHHA TBepl ol W rasosof (aa,
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H Kam/bii H3 3THX THNOB B KaKHX-JHOO YCAOBHAX HMeer NpeMMyluecTBa Nepea ApY-
ruMA. Jlas W3BJeueHHd CepOBOACPOAA H3 PasJiHYHbIX Ta30BblX CMeceli NpPHMEeHAITCA
CBhillle J€CHTH CHOCO0OB, H Ka/Abfi H3 HHX pauHOHaNeH B COOTBETCTBYIOUIHX YyCJO-
BHAX,

COL‘TEBHB TeXHOJOIH4yeCKylo CXeMy I]].)OHSBO,E[CTB& H OHpe,IlEJ[HB OCHOBHbIE Hﬂﬂpﬂﬂ—
JIEHHs NOTOKOB CHIPbA, MOJYNPOAYKTOB H TOTOBOH NPOAYKUHH, NPHCTYNAKOT K COCTABJIE-
HHIO MaTepHaJibHOro H 9HepreThueckoro GasaHcos, [laJjiee IpOH3BOAAT PACYET OCHOBHbLIX
peakKuMOHHHIX annapatos, ONpefejdl0T MpOH3BOAHTENbHOCTL H Bpems npebbiBa-
HHSl peareHTOB B KaXKJOM annapare, ocHOBHble pasmMeprl. [IpH 3TOM HCMOJMB3YIOT METO-
bl MOAeJHPOBaHHS NpoUeccoB H alnapartoB. [IpH pacuerax YTOYHAIOT ONTHMAJbHbie
napaMeTpbl TEXHOJIOTHUECKOro peXHMa, KOTOpble ObIIH HaMeyeHsl paHee. B 3aBHcHMOC-
TH OT arpeccHBHOCTH CPeibl, TeMIEPaTypPhl H AaBJieHHa B annapare BblOHPAOT OCHOB-
Hble KOHCTPYKILHDHHI:IE MaTepHaJ‘lu, H3 KOTOprX c.rre}lye'r H3roTOoBJATH AaNnaparkl.
Onpegents OCHOBHbie pasMepsl H NPOM3BOAHTENLHOCTb AaNNapaToB, HaxXOAAT [aanee
HCXOAR H3 ofbuleil NMPOH3BOAHTENLHOCTH [POEKTHPYEMOrO MPOH3BOACTBA KOJIHYECTBO
OJHOTHMHBEIX NapanjesbHo paborawowmux annaparos. JlasbHelilline pacyeTsl 00 KOH-
CTPYHPOBAHHIO aONapaToB H OTA&JbHHX Y3JI0B BEeAyT KOHCTPYKTOpBI, OAHAKO THI
annaparta ¥ pasMepsl peakIuOHHOro obbeMa oNpegensaioT TexHoaord. [locreposaress-
HOCTb OTHEJIbHBbIX CTaAHH NpPOoeKTHpoBaHHA H OObEM HX MOIYT CHJbHO H3MEHATbCA B
3aBHCHMOCTH OT TlocTasJieHHbIX 3agay. Ecau ana kakol-Jn60 onepauHH NpOMbILLIEH-
HOCTE XHMHYECKOIO MAalNHHOCTPOEHHA BbINYCKAET CTaHﬂLﬂpTHbIE annaparu OHPE,EEJIEH-
HOHl NPOH3BOAHTENLHOCTH H KOHCTPYKIHH, eCTECTBEHHO, HET HeoOXOAHMOCTH NPOBOAHTH
KOHCTPYKTOPCKHE pacuersl, 32AauH HOPOEKTAHTOB-MEXAHHKOB CBOAATCA K BhIMOJHEHHIO
pacyeTos H yeprexell Mo MOHTAKY aNnapaToB, apMatypnl H KOMMYHHKaUMi K HHM.

B TexnosorHueckom pacueTe KOMIUIEKCHO pemlaloTcs BONPOCH THAPOAHHAMHKH,
Tendlo- n MECCOHBPERQ‘IH B XHMHUECKOH KHHEeTHKH AJia HaAXOWAeHHA HanboJiee 3KOHO-
MHYEcKH pailHoHaJbHLIX MapaMeTpPoB TEXHOJOrHUeCKHX Npoueccos M anmapartos. Pac-
YeThli MalepHa/ibHbiX OTOKOB COYETAlOTC C SHePreTHYeCKHMH pacyeramH, TaK Kak
pPalUHOHAMbHOE HCHOOJIb30BAHHE YHEPrHH HEPeJKO OKa3biBaercsl pellaiouluM OpH BbiDO-
pe cnocofa 0POM3BOACTBA [AaHHOTO NPOAYKTA.

Marte B W_sHepreTHYecKHH ©Oanaich cocrapasdiorca nNpH
MPOEBKTHPOBAHHH HOBbIX NMPOH3BOACTB H AJIA aHa/in3a pafoThl CYUIECTBYIOLLHX.

MaTtepnanbHblfi ©6aJjaHc— BeulecTBeHHO® BbIPaKeHHe 3aKOHA coxpaHe-
HHA MAacchl BElLECTBA, COMJIACHO KOTOPOMY [0 BeAKOH 3aMKHYTOH cHcreMe Macca
BELECTB, BCTYNHBIIHX BO B3aMMOJEHCTBHe, paBHa Macce BeulecTs, o0pa3vBaBlIHXCA B
pesyhisrare s3aumomefictus. [lpumeHuTensHo K MaTepHaibHomy GajaHcy JuoGoro Tex-
HOJOTHYEeCKOro Ipoliecca 3TO 03Hayaer, Y10 Macca BELIecTB, MOCTYNHBIIHX HAa TeXHOJO-
FHYECKYI0 OlepauHio — NPHXOA, paBHA Macce NOJIydeHHbIX BellecTs —— pacxoay. Mare-
pHAJILHBIA GaJlaHC COCTABJAIOT MO YPaBHEHHIO OCHOBHOM cyMMapHOH peakuHu ¢ yuerom
napajjiesbHblx H NOGOYHBIX peakuué.

B ﬂpOHSBOﬂ.CTBeHIIHX npoueccax paixe MexAy TIJaBHbIMHA KOMIIQHEHTaAMH Cblphﬂ
KPOME OCHOBHUH HPUHCXOJJ.HT nobouHbe PEAKUHH, KpOMB TOro, nobo4yHble pealiumi
BO3HHKAIOT 32 cueT nNpuMecei. OObLIYHO YYHTHIBAIOT HE BCE NMPOHCXOAALLHE PeakuHH H
noJiyyeHHbie MOOGOYNbLIE NPOAYKTH, a JHIIL HMeollhe HanOOJee cyllecTBeHHOE 3Haue-
HHe, T. e. MaTepHaabHbill GajiaHc umeer NpubiamkeHuwnlii Xapaxrep. [lonyckaercd, uro
NpHXOA MAaTepHaJOB HE TOYHO PaBeH Pacxody.

nOCKO.'Ibe Ha NpaKTHKe H[JI‘IXOHHTCH HMeTEk aedio He C yHCThiMH BellecTBaMi, a
C CbipteM CJIOKHOrO COCTABd, TO NPHXOAHTCA cpaBHuBaTh (6anaHcnpoBsaTth) Maccy
OCHOBHbIX KOMIIOHEHTOB H NPHMeceli BO BCeX BHJAAX NOCTYNAIOUIENO CLIPbf, COrJIACHO
aHajiy3aM, ¢ Maccod OCHOBHOro MNpPOAYKTa, NOGOYHBIX MPOAYKTOB H OTXOAOB NPOH3-
BOACTBA.

MarepHasibHblii GaJaHc HENPEPHIBHO AEACTBYIOUHX NPOTOYHLIX PeaKTOPUB cOCTaB-
JIfieTcd, KaK mpaBlJio, AJ4 YCTAaHOBHBILErocs (cTaunoHapHOro) pexkuma, IpH KOTOPOM
ofllas Macca BElecTs, MOCTYNHBIIMX B aNnapar 3a JAaHHbIH MePHOA BpeMeHH, paBHa
Macce BellecTB, BbilIeAUIHX H3 annapa‘ra. KOJ‘IH“IECTBO e BceX BeElecTe B a]‘[ﬂapam
fIOCTOAHHO, T. €. HAKOMJEHHA HJH yObUIH CYMMapHOTO KOJIHMECTBAa BELLeCTB He [Ipo-
HCXOAHT.

Onpenesente Macchl BEUIECTB NMPOH3BOAMTCH OTIEJLHO ANA TBepAOH, KHAKOH H
rasosoii a3, mostomy GanaHcw Bepaxaiorca obbiuHo (opmyoit

Gr+ Gy + Go =G, +Gp + Gy, (1.10)
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rge Gr, G, Gr— CcOOTBETCTBEHHO Macchl TBEPAHX, XHAKHX M ra3oo0pasHLX MaTe-
pHANOB, MOCTYNAOUHX B [POH3BOACTBO HJIM HAa JaHHYI0 oNepauuilo (B annapar);
G’'z, G'w, G'c — maccw NPOAYKTOB NPOHM2BOACTBA.

[Ips npousBojscTBe HEKOTOPHIX MPOAYKTOB MOrYT OTCYTCTBOBAThL KakHe-n1HGo (asul
(TBepaast, xuaKas HAH ra3oo0pa3Has) H CYLIECTBOBATh MO HECKOJLKY BELLECTB OJHOM
Kakoii-1160 (asu, TaK 4to (opmyna (1.10) coormBercTBEHHO ynpoulaeTcss HJH YCIOMK-
unercs. Macca OCHOBHOrO NMpPOAYKTa OOHYHO 3afaeTcd NOpH NPOeKTHPOBAHHH  HJIN
3aMepsieTcH B CYLIECTBYIOUEM NPOH3IBOACTBE, ONpEefeNIfiOT e M3 ypaBHeHHi MaTepH-
ajibHOro 0afnalca KOJHYECTBA chiPbst WKW NOGOYHEIX NPOAYKTOB, KOTOpHE 3aTpyaHH-
TeJIbHO M3MEPHTb B CYNIECTBYIOLlEM NPOH3BOACTBE HJH 3ajaTb NPH NPOEKTHPOBAHHH.
Martepuaabbii GasiaHc 4aue Becero COCTABJSIOT H3 pacuera pacxofa chipbi H MOJY-
yeHH# NMOCOYHLIX NPOAYKTOB Ha eJHHHILY (KuJorpaMM, TOHHa, KMOJb} OCHOBHOTO
NpoAiyKTa; unoraa Oajanchl OTHOCAT K €lHHHIE MACCH CHIPbY HJIH K eIHHHLE BPeMeHH
(uac, cyTH, Mecsn). B pegynbrare cocrapseHus MaTepuadbHoro GasaHca BhlUHC/s-
10TcH pacxoinbie KosddHuuedTH Mo ceipbio. Hanpuvep, aas npouecca, MaTepHabHbil
Gananc Koroporo coorBercTyer ypasHenuio (1.10), ecin G’y — KoaHYeCcTBO uesaesoro
npoaykra; Gr— KOJHYECTBO OCHOBHOrO HcX0AHOTO Bemtectsa H G, Gr— MeHee yeH-
Hbl€ HcXOAHHe BeulecTsa (B YacTHOCTH, BOAA H KHCJODOAL BO3AyXa), TO pAacXOAHbLIE
ko3 pHUHeHTH BbluucasloTes Kak coorHoweHust: Grf/G'r, Guw/G'r, Gr/G'x.

[lpu coctapneHuH noJiHoro GanaHca galHOH onepaluH OOMUYHO peLialT CHCTEMY
ypasuenuii THna (1.10 )c AByMs HJAH TpeMsi HEH3IBECTHHLIMH, NMPH STOM HCNOJLIYIOT H
thopMyJibl AaA BHuYHcjeHHA BHXofa npoaykra (cm. 11.8—I1.9) wan ckopocte mpouecca
(koanuecTBa moaydensoro Bemectsa) (cm. I1.52—I1.56). UYacto 8 Kowue pacuera
npusoaar Tabauuy OGanaHca.

Hepeako cocrapasiior Gajanc Aas Kaxofi-nu6o oAHON (assl reTeporeHHOro npo-
uecca, MpoHcXoAsiulero B peaktope., Torga, BcielicTBHE Mepexoja BewlecTB H3 OAHOM
(asbl B Apyrylo, Macca BeulectTs, NOCTYNAlUIKX B peakTop B COCTaBe Aannol dasw
(vanpeMep, ra3oBoii), He paBHa Macce BeleCTB, BHXOAAWMX H3 peaktopa. B peakro-
pe NPOHMCXOAHT HAKOMJeHHe MK yOblibh KOJAHYecTBa BelllecTB B AaHHOH ¢asze. [lpu
3TOM ofuiee ypaBHeHHe MaTephaJibHoro OaJjiaica, Halpumcp AJst rasoBofl (assl, NpH-
HHMaeT BHA ,

Gp 4 Gr= G + Gy, (L.11)
rjeé KOJIHUeCcTBa BEellecTB, HaKOMUBIUHXCs B peakrope Gry njn yOLIBAIONIHX H3 raso-
BoOit (a3t Gry, PACCUHTHBAIOTCH O OCHOBHLIM KHHETHYECKHM ypaBHeHHsIM Macconepe-
aaun (I1.52) u (11.56). B MHOroKOMNOHEHTHHX CHCTEMax MOXT OLHOBpEMeHHO Npo-
HCXOJAMTh Nepejada HCKOTOPLIX KOMMOHEHTOB B TasoByio a3y H OZHOBpeMeHHas
macconepejaua (aGcopGuMsa, azcopluus, KoHgeHcanus) 3 rasosoll fasu. Takum oGpa-
soM, B ypasueHun (L.11} Moxer ObTb HeckoabKo 4yeHOB Gruw 1 Gry. B nmpocreiitem
cliyuae cocTaBasior GagaaHe 0o OJLHOMY H3 HCXOAHBLIX BeujecTB HJIH O LeJeBoMYy npo-
aykry. Hanpumep, a/ia HcXOgHOro BeulecTBa A n0pH ycTaHOBHBILEMCS peXHME B Npo-
TOYHOM peakTope ypasHeHHe Gasanca 3a eHHHUY BpeMEHH HMeeT BHA

Gy, =0, +G, (1.12)

rae GA — KOJIHYecTBO BellecTBa, NOCTYNHBILErO B peaxkTop; GA — KOJIHYECTRO
np pacx

peulccTBa A, BuIneamiero H3 peakropa; (i — KoJiHuecTBO BeumiecTsa A, H3pacxono-

BAHHOE HA XHMHUYECKVIO peaklHio,

B auddepenunanbuoit gopMe A% yCTaHOBHBLIErocs pe:KHMa ypaBHeHue Gajianca
MOMKHO Bbipa3HTb uepe3 JIHHeNHYI0 CKOpocTb NoToka @ no Bbicote 1 (AsmHe) peakTto-
pa yepes H3MeHeHHe KOHueHTpauwu Ga M CKOPOCTH pacxoja Bew(ecTBAa A B pesyib-
Tate peakiWH (HJH Maccollepejayu B APYTYiO thazy) ua:

w(dC, /OH) = —u, , (1.13)
rae w(0C,/0H) — nepedoc BewectBa A 3a elHHHLY BpeMeHH, T. €. PasHOCTb MCHAY
KOJMYEeCTBOM Beu(ecTsa A, MOCTyNHBIIero B GecKOHeYHO MaJblfi (3JeMeHTapHH) OG-
eM peakTopa, H BLIXOASU(HM H3 Hero. AnaJjornusasi BesuuHHa B ypasHenun (1.12)

Bbipaxaetcs pasdoctbio Gy, — G, . Jlas HeycTaHOBHBINErocsl PeXKHMa, €C/iH CKO-
- np pacx
pocTh mocTynJeHus BeuecTBa A Goublle, ueM ero pacXoj, ypaBHeHHe OaJjlaHca HMcer

BHA
ACy [0ty = —w (9C, | OH) —uy , (I.149)
21




riie 0Ca/0Tuar — CKOPOCTb HAKOMIeHHs BelllecTBa A B  sJeMeHTapHOM  o6GbeMe;
Tuax — BPEMA HAKOMJIEHHI.

2H B COCTaBJHIOT Ha OCHOBE 3aKOHa coXpaHeHH#
9SHEPrHH, B COOTBETCTBHH C KOTOPHIM B 3aMKHYTOH CHCTEMEe CYMMa BCeX BHIOB 3HeprHH
nocTostHHa, OO6nYHO B XUMHKO-TEXHOJOrHUECKHX TMpPOlleccaX COCTaBJReTcH TelJoBOH
GanaHc, MPHMEHHTeNbHO K KOTOPOMY 3aKOH COXPaHEHHA sHeprHu opMyJHpyeTcs che-
aywouwnm o6pasomM: NPHXOA TENVIOThl B AaHHOH NPOH3BOACTBEHHOH ONepauHH A0JKeH
6LTL paBeH pacxoiy ee B ToR e onepauuy. TemnoeoH 6asnaHC cOCTABAMIOT MO AaH-
HEM MaTepHajbHoro GanaHca W TenyioBbiX 3(EKTOB XHMHYECKHX peakuuil u (HsHYeC-
KHX MOpeBpauleHHi, MPOHCXOAALHX B anmaparte, ¢ YueTOM MOABOAA TeMJOThl H3BHE H
OTBOJA ee C MPOAYKTaMH PeaKlHH, a Takxe uepe3 CTeHKH ammapara.

TenaoBoi#t GanaHC paccHHTHIBAIOT MO YpPaBHeHHI0 BHAA

Qs + Qu+ Q + Q0 + Q + Qu=Q;+ Qe+ A+ Q+ G+ Q. (1.15)

rae Qr, Qu, Qr — KOJHYECTBa TenJOTHl, BHOCHMbIE C MOCTYNAWUHMH B anmapart Teep-
AHM, MHIKHM, ra3006pasHbiM mMaTepHaiaMM COOTBeTCTBeHHO, @'z, @ w, @Q'r — Koau-
YecTBa TeMWIOThI AJA BuIXOAAUIHX MaTepuanos; Qp v Q'¢p — Temnorsl (H3HYECKHX mpo-
IECCOB, MPOHCXOARLIHX C BHefleHHeM H norjouieHuem (Q'p) TemdoTu; Qp v Q'p —
TEm10Ta 3K30- H 3HpoTepMHyecKHX (Q’p) peakumi; Qn — KOJHYECTBO TEMJOThHi, N0ABO-
OMMOil B anmapat u3BHe, Q'n— NOTepH TenJoOTh B OKPYKaOLLYI0 CPely H OTBOI ee
yepe3s XOJOAHJbHHKH, NOMelleHHbie BHYTDH anmapara.

Beanuunel Qr, Qw, Qr # Q'r, Q'w, Q'r B HEKOTOPHX KHHTaX Ha3biBaIOT TeNJIoCo-
aepxanpeM Matepuaios. OGbIUHO 3TH BeJMYMHBI BHUHCAIOT OTAeNbHO AJS KamKAOro
BHAa NMOCTYMallero # BHXOAAUErO MaTepHasa no popmye

Q= Get, (1.16)

T. e, Kak NpoH3BejeHHe KoamuectBa Martepuana G, cpeanefl TemJoeMKOCTH ero € H
Temnepatypsl f, OTCYHTAHHOH OT Kakoli-iH6Go 3adaHHOH ToukH, obuuno or 0°C., dan
rasoB TelJJOeMKOCTH MPH NMOCTORHHOM JAaBJeHHH MOXHO ONpefefHTb MPH TeMmliepaType
T K no ¢opmyne [B Ix/(Monb-K)]

cp =8y +a;T = a,T?, (1.17)

KoapHUHEHTH KOTOPOIi ao, @;, @ NpHBeleHbl B TeXHHYecKoH JuTepartype (cnpaBouHH-
KH, TOCOOHS [0 XMMHUYECKOH TeXHOJOrHH, YueGHHKH (H3HueCKOH XuMHHM W T. 1),
OO6bI4HO TPHXOAHTCS HMeTb AeJIO CO cMecsiMM BellecTs, noatomy B dopmyay (L.16)
noAcTaBJseTcd TeNJOeMKOCTb CMECH Cem, KOTODAaf BbLIMHCIAAETCH MO 3aKOHY aiHTHB-
HoctH, Hanpumep, AJst CMeCH Tpex MaTepHaJ 0B, HMEIOULHX TeMJOeMKOCTH £y, Cg, H C3 IPH

KoqHuecTBax marepuana B cmecu Gy, Gy, Ga:

o — Gi6y - Gycy + Gges
M G+ Gy+ Gy

Ian TeepAbix BeulecTs B GOJbIUHHCTBE CAyuyaeB ClpaBelJWBLH NPaBHaa, COTJIacHO
KOTOPBLIM aTOMHLIE TeJOEMKOCTH 3JleMEeHTOB OdHlakoBbl* B 6.1n3kH K 27 J{x/(Moae-K),
a MOJRpHbie TeMIOeMKOCTH PaBHbl CYMMe aTOMHBIX TelJOoeMKocTed, BXOASALIHX B Mo-
JIeKyay 3JieMeHTOB. B TemsocoepiKaHue XKHAKOCTH HHOTAA BKJAIOUAIOT TaKkKe TemioTy
nJaBJeHHs, a 1 ra3os eule H TEMAOTY Napoo6pa3oBaHMs, €CJH 3TH MPOLeECCH Mpo-
MCXOANT B paccynThiBaembix annapataX. OQHAKO TeNJOTY NPOLECCOB KPHCTaAAH3allMH
H KOHIPHCAUMH Jyullle YUHTHBATL B cheiywouled craTbe Gasanca COBMECTHO C TeJo-
Tol, BbldeasiouleficA NpH APYrux nponeccax: aGcopbunu W aacopbuHH ra3oes, pacTBo-
peHnil TBepanix BeulecTB H KHAKocTedi H T. 0, CymmapHo Temsora (u3MYecKHX npo-
LeCCOB Bhlpaxaercs YpaBHEHHEM i

Q(D: Glr1+02r2—}—63r3+ N (1.19)

. (1.18)

* HckaioueHHe COCTABISIOT CJAEAYIOUIHE SJEMEHThI:

Anemedr . . . . . . . H B C o} F Si P S
cp, x/(monb-K) . . 14,4 13,9 7,5 14,6 20,9 20,2 22,6 16,8
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rie G,, G, G3— KOJHUECTBA KOMIOHEHTOB CMeCH, TperepneBlInX (asoBhe nepexoin
B JAaHMOM anmapare; fy, rz, f3— COOTBETCTBEHHan Temuora (a3oBLX MEPEXONOB
(KOHOeHCauHH, KPHCTAJ/UTH3alHH, pacTBOPEHHA H T. M.). KOJHYECTBO uJieHOB B TpaBo#
yacTH ypasHeHus (I.19) cOOTBeTCTBYET uHC/HY HHAHBHAYAJbHBLIX KOMIOHEHTOB, H3Me-
HHBIIHX (pa3oBoe cocrosiine, Tak Ke paccyHTHIBAETCH PACXOA TEMJIOTH Ha (H3IHUECKHE
Npouecck, NPOMCXOAALLHE ¢ TIoriolWleHHer TeIVIoTH Q’p: Decopbumio rasos, napooGpa-
30BaHHe, [JaBJIeHHe, pacTBopeHHe H T, M. Tenjory 9K30TEPMHYECKHX peaKIHH
Qp BLIYHCAAIOT TIO YpaBHEHHIO KaxKAON peakuuwH (ocHOBHOH u moGounoi). Hanpumep,

AnA peaKllHR CHHTE3a
A+B=DAH (1.20)

TEIUIOTA PeaKkuHH Mexay BewecTBaMi A u B paccuuTHiBaeTcsi KaK mpoH3BeleHHE KOJH-
yecTBa MoJiell mosiyueHHoro mpoaykra D wa Temsosoli sdgexr peakunH AH. B crarbe
npuxoia ofilee KoJjiHuecTBO TEIIOTH peakuHii p paBHO CyMMe TemJOT, NMOJYyYeHHHX
MO BCEM 3K30TEpMHuECKMM peakuusM. TakuMm Ke o6pazoM pacCUHTHIBAIOT pacxol
Temiorhl Q'p Ha TpoBejeHHE SHACTEPMHUECKHX DeaKuHi.

[lomson TenoTe B annapat (Ja MOKHO YUHTHBATE NO NOTEPE TEMJIOTH TENJIOHO-
cHTeJeM, HanpuMep rpewolleil BOLOH

Qo = Ge (fyag — trows (1.21)
Qu = Gr, (1.22)

HIH e To odHOH u3 dopMyn TemjonepefladH uepe3 TpeIOILYI0 CTEHKY
Qu=4kF (l,—ty) =, (1.23)

rae kr— kospduunenT Tenjonepelaud; F — NOBEPXHOCTL TeIJoNepenayH; fr—
CpellHAa TeMNepaTypa rpeiolllero BeulecTra (BOABIL, apa H T. 1.); fx — cpelHss Temne-
parypa HarpesaemMoro (XoJIOZHOr0) MaTepHalla B annapaTte; r — TeljioTa HCIapeHud,
1 — Bpems.

Mo ¢opmynam Tenjonepefaun Takike MOMKHO PacCYHTHIBATH OTBOA TEIIOTH OT
pearkpylouleli Macchl B anmapaTe WJH NOTEPIO TEMJOTH B OKpYMxaioulyio cpeay Q'pn.
ITy €TaThi0 PACXOAA YACTO BLIYHC/AIOT O HAMEHEHUIO TENJOTH XJaJareHTa, HamnpH-
Mep OXJaXAaloULero BO3AYXa MJH BOAbL

MopeJqHpOBAaHHEe XHMHKO-TEXHOJOTHUYECKHX NDOIUECCOB H

p €aKTOPOB HEOGXOAHMO OCYWIEECTRBAATE 41pH IPOBEAEHHH HCCNeAoBaAHHA, HA CTAAHNA
MpOeKTHPOBaHHS MPOM3BOACTE W [ ONTHMH3allHH paGoThl (OmpefelieHHst ONTH-
MaJIbHhIX TIapaMeTpoB TEXHOJOIHYECKOro pexHMa) ACACTBYIOUIHX annapaToB H YCTaHO-
BOK. [1pn opraHHszauHd HOBOro NPOH3BOACTBA MOJEJHPOBAHHE CBA3bLIBAET HCC/ej0Ba-
TeJbckYio paboTy ¢ MPOEKTHOH, [O3BOJAS NEPeXOoAHTh OT JabopPaTOPHOro Hec/eAduBa-
HHA K MPOH3BOACTBEHHOMY OCYLIECTBJIEHHIO Tpouecca. MojenHpogaHHe KaKoro-ian6o
(H3HYECKOrO #BJIEHHS, B TOM YHC/IE H XHMHKO-TEXHOJIOTHYECKOro Mpolecca, — 3T0 ocy-
L[ECTBJIEHHE siBJIeHHA, nofoGHoro nporoTHny (o6pasuy). IlomoGHEIMH HaswiBaoTCR
TaKue sIBJeHHH, IJI KOTOPHIX COOTHOIUEHHS CXOJACTBEHHBIX, XapakTepH3YIOWIHX HX
BEJIHUHH TIOCTOAHHBIY,

Takum obpasoM, Moje/HpPOBaHHe TEXHOJOrHYEcKOoro npolecca NpPelnojaraer ero
NozHaHHE 4yepe3 MOJEJIH — TaKHe YINPOIUEHHbLIe CHCTEMbl, KOTOPbIE OTPaMKaloT OTHelNb-
HbE OrpaHHYeHHbIE B HYKHOM HANpPaBJIeHHH CTOPOHLI ABJIEHHH PacCMATPHBAEMOro npo-
pecca. [To onpepenennio M. I. CiMHBKO, MoOZJeHpOBaHHE COCTOHT B H3Yu€HHH Ha
MOJeN X TIpOLEeccOB ANA MPEACKa3aHHi PesyJbTaToB HX MNpPOTeKaHHs B anmaparax
3aJaHHOH KOHCTPYKUMH M OGbIx pasmepoB, OHO BKJIIOYaeT TIOCTPOEHHE MOAeJell B
pekoMeHIauHH Ha WX OCHOBE 1O pa3paGoTKe NMPOH3BOACTBEHHLIX NPOUECCOB H peakTo-

OB.

P [Mepsan 3ajaua MOJENHPOBAHHA — MaTeMaTHYECKOE ONpejeseHne QYHKUHOHALHON
CBSI3H CKOPOCTH Mpouecca U, WIH KOHCTAHTBI CKOPOCTH £, WJIH BbIXOAa TPOAYKTa X C
Onpeie/AOILHMHE HX BelHUHHAMH.

OC!IOBHHMH XapaKTEp}{CTHKaMH XHMHKO-TEXHOJIOTHYECKHX TlpOLleCCOB, Onpeaenanio-
WIHMH WX CKOPOCTb, SIBJSIIOTCH KOHUEHTPAUHH HCXOAHBIX BEUleCTB H MPOAYKTOB B3aHMO-

* O6man cymHocrb NoAoGHS M MOAENHPoBaHHe (H3HYECKHX NPOUECCOB XHMH-
YecKOH TeXHOJIOPHH paccMaTpHBAIOTCA B Kypce NPOUECCOB H aNNAapaToB XHMHUECKOH
TeXHOJIOTHH.
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neiicTBNA B peakuuoHHoM obbeme C, Co, Cs; Kosdduuuentn sbdekrrsnoi Aupdysnn
KoMnoHenToB cHctemb Dy, Da, Ds; Temneparypa B peakunonuom obbeme T H AaBJe-
HHe P, crenenb NepeMellMBaHHA B3aHMOAEHCTBYIOULHX a3, KoTopas MOMeT onpeae-
JIATBCH OTHOCHTEJIbHBLIMH JINHEHHBIMH CKOPOCTAMH ABUXEHHA (Pas Wr, Wy, Wr, aKTHB-
HOCTb MpuMeHsieMoro Katahusartopa Ay, NIOTHOCTH KOMIIOHEHTOB CHCTEMbl Pr, P, Prs
KO3 HUHEHTE BA3KOCTH — AHHAMUYECKHE |l HJIH KUHEMATHUYECKHE V; NOBEPXHOCTHOE
HATSXKEHHEe WIH CHJbI aire3Hn Ma (asoBoil rpanule O; reOMEeTPHUECKHE XAPAKTEePHCTH-
KH B3apMOJeHCTBYIOL(ell CHCTEMBl: BLICOTA peakUnoHHOro oGbema H, ocHoBHOH pasmep
CeyeHHs amnapara, HaupHMep AHaMmeTp Dy waum pauHa NyTH KHAKOCTH (TBEpAOro
Chllyuero MaTepHana) B MepeKpecTHOM NMOToKe ¢ rasoMm (muakoctbio) L, w T. m. Cko-
poctb Tipollecca MOMKHO BhIPa3uTh Kak (YHKUMIO [epeyHcaeHHLIX  MapaMeTpos,
Hanpumep,

ux.f(clv Cz: Cﬂ- e ey Dl! Dz; D!h LR | T, P, Wr, Wik, Wry
AK! Prs Pr, K 9, H' Da]- (1.24)

Cpa3b MeAy NapaMeTpaMi NPEACTABJAETCH B BAe CHCTEMH YPAaBHEHHH uau rpadpH-
YECKHX 3aBHCHMOCTEH M 4aCTHBIX COOTHOLUEHHI, OO6BUHO KHHETHUECKHE XapaKTepHCTH-
KH Ipollecca TECHO CBA3aHbl € YCJOBHAMH Tel10006MeHa B JaHHOM ammapare, NOITOMY
NOJIHOE MOJEJHPOBaHMe anmaparta BKJIOYaeT H MOJeJHPOBaHHe TEMJIONPOBOAHOCTH H
Tensonepenaun. fipn mMonenupoBaHuu Lesoro NPoKH3BOACTBA WM KakKOH-jnbGO onepauny
¢ onpeaeneHHeM ONTHMAaJbBHHX napamMeTpoB OCHOBHOH XapaK'l‘Ep}{CT]{KOIH{ ABJARCTCA
ce0ecTOHMOCTb NPORYKTA WJIH CTOMMOCTb NMepepaloTku B AanHoM annapare. Koauuecr-
BO ONpeje saiOUlHX NapaMeTPOB CHJILHO yBeJHUHBAETCH; peliaioulee 3HadeHHe NpHoGpe-
TalOT pacxoAHbie KOIQOHUUHEHTH MO CLIPbIO, TONNWBY, JEKTPOIHEPrAH H APYrue 3Ko-
HOMUUYECKHE MOKa3aTe/H.

HDHME}{HIOTCB pasauiHble DpHEMbl MOAEJHPOBAHHA XHUMHKO-TEXHOJOTHYECKHX npo-
eccOB M peakyHOHHLIX alnapaToB, HX MOMHO OPHEHTHPOBOYHO pasACJHTL Ha TpH
Meroja: 1) ¢usnueckoe Mopeanposaune; 2) MaTeMaTHuecKoe Mojeauposanue; 3) Mo-
denHpOoBaHie METOAOM MaclTabHOro nepexofla Ha OCHOBE YaCTHHIX COOTHOLICHHH.

Ppauveckoe MoaeJHpOBaHle NpeanojaracT H3ydeilde XHMHKO-TEXHO-
JOTHUECKOro npolecca HenocPeacTBEHHO NPH ero BOCIOPOHU3BEAEHHH B pa3HbIX MacIlTa-
6ax H NpoBelleHHH aHaJu3a BAHAHHS (PH3NUECKHX NapaMerpos H JIHHEHNBIX Pa3Mepos.
IKenepHMeHTbl MPOBOAAT Ha HCCaeayeMoMm OOGbekrTe, a 00paGoTKa ONKTHBHIX AaHHbLIX
OCYLIECTB/ISIETCS COCTaBJeHHeM KPHTEpHaJbHBIX ypaBHEHHH Ha ocHOBe o0LIero MeToaa
nonoGHA WM ananu3a pasmepHocted™ Ins cocrapseHHs KpuTepHasbHOro ypasHEHHs
METONOM aHa/H3a PasMepHOCTedi BXOAAUIHX B HEro BeJHYHH AOCTATOMHO NMPEACTaBHTb
onpefenseMbie XapaKTePHCTHKH npouecca Kak (QyHKuuu ONpeldelsiouHx Mapamerpos
0o Teny @yHKuMoHaabHoi ¢Bazu [cM. ypasHenwe (1.24)] Crenens BumAHHA
Kaxaoro pmapamMerpa HaxXOOHTCH SKCHNEepPHMEHTAJBHO H BbIpaXaeTcs NOoKazaTeasaMH
cTelleHH NMpH KPHTEPHAX, B KOTOPhie BXOAHT AaHHBIA RapaMerp.

KpHrepuaibHble ypaBHEHHS, MOJydeHHble NTOAOGHEIM NpeobGpa3oBauueM Anddepen-
LHaJbHBIX ypaBHeHHH H QyHKUHOHAJIbHBLIX 3aBHCHMOCTEH, MOTYT codepikaTtb Oe3pas-
MEPHBIE KOMILJIEKCBl H CHMINIEKCBHI CaMOU0 pa3JiH4HOro BHAA.

TIpn MomenHpOBaH#H KHHETHKH NMpOpecca B KauecTse ONMPeAe/IAeMOro 4acTo MpH-
MeHRI0T KputepHil Maprynauca Ma==~&/w, rae k& — KoHcTanTa CKOpPOCTH mpouecca,
M/c; W -— aMuelinan cKopocTb noroxa, m/c. OGBIUHO UPHXOANTCA pellaTh KPHTepHAJIbL-
HBIC YpaBHEHM, BKJIOUAIOUlHE 3HAYHTE/bHBIE KOJHYECTBA ONpelefsiioulHX KPHTepHes,
Hanpumep,

Ma = BRe® Pr® Arn¢ §¢ re, (1.25)

rie B — kospduuneur nponopuuonaibioctH; Re=wlp/uw — kpurepnih Pefinosbaca;
Pr=n/pD — xpurepuii [panaran; Arn=E[RT — xunernueckuit xputepuit Appennyca,
B KOTOpOM 9]{3])[“}‘!}1 AKTHBAUHH E MOMET BHPQ}KHTI} AKTHBHOCTE KaTﬂ.ﬂH38T0pa;
S§=C/Cy — cumMnieKc KOHueHTpauMii HCXOoAuwx KomnoHeutos; ['=I/ly — cnmmexc
TEDMETPH'{ECKHX pasMepoB, BJAHAILIHX HA KOHCTHIITY CKOPDCTH npouecca.

BespasmepHasn ¢opma nozsosisier pacipocTpaHuTh HaHneHuble 3aBUCHMOCTH Ha
rpyany noaoGubX Mexay coboift aBJeHHH, XapaKTePH3YIOUHXC MOCTOAHCTBOM IOKa-
saTeseil crenenH @, b, ¢, d, ¢ B KpHTepHAJbHBIX YPaBHEHHAX.

* O6urHe cBeieHus O MeToAe MOAZOOHUA H aHajn3a pasMepHOCcTed JaloTcA B Kyp-
Ce NpPOLECCOB H anMaparos.
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Heo6xonHMO OTMETHTh, 4TO B C/Ayude CJAOMHLIX CHCTEM H NPOLECCOB MOAY4aeTcs
GoabwoH Habop KpHTepHeB NDOAOOHA, KOTOpHE HHOTAA CTAHOBATCH OAHOBPEMEHHO
HecoBmecTHMBIMH, Heenenyemulfi npouece npHXoAHTCA BOCIPOH3BOAHTL B HECKOJbKO
9Tanos, NepexoAd OT MEHbIIHX MacWTaboB K GOJbIIMM, 3AKOHOMEDPHO BApLHpPYA Olipe-
lenslowne nuHefiHbe pa3Mephl Ha OCHOBAHHH MeToja nonobuaA.

KpnrepHanbHbuie ypaBHEHHS DPHMEHHMMbl JHIIbL B TeX NPeAelax H3MEHeHHs onpefe-
JSAOWKX NapaMeTpPoB, KOTOpLIE HCCAeAOBAHLI Ha MOIE/bHbIX ycTanoBKaX. Kpome Toro,
TOYHOCTb MCHNOAb3YeMBIX HHIHE KPHTepHa bHbIX ypasBHeHHil [OHMKEHa [NOTOMY, uTO
HCKOMHIH KPHTEPHH ONpelensercs OLHOYJEHOM NPOH3BEAEHHA ONpelesiouHX
KPHTEpHEB, TOTAa KaK COOTBETCTBYIOULHEe fBJIEHHMA ONHCHIBAIOTCA MHOTO4YJEeHAaMH
audepenunanbibX  ypaBHeHHIL .

MeTons nopobua (pusuyeckoe MOAENHPOBAHHE) NPHMEHHMbL! PH NPOEKTHPOBABHH
CPaBHHTEJILHO MPOCTHIX NPOLECCOB H ONEpAaUHi, B HaCTHOCTH NPOTEKAOWKUX B OAHO(Das-
HBIX cHCTeMax ¢ (PHKCHPOBAHHBIMH TPaHHUAMM, OpH HeGOAbIIHX H3MEHEeHHsX MaclTa-
GoB. [aa anasusza AsyxpasHeX cHcTeM cO cBoGOLHBIMH NOBepXHOCTAMH  (npolleccos,
OCJAOKHEHHHX XHMHYECKHMH PEakUHAMH), 2 TAKKE NPOLECCOB C MHOrO3HauHOH CTo-
XacTHYeCKON KapTHHOMH CBA3H MeXKLY SiBJCHHAMH HCIOJb3OBAHHE METOAOB (hH3HuECKOTO
MOAEJHPOBaHHA 3aTPYLHHTEBHO. &CIIOBHHM METOLOM pacdeTa H aHaJH3a CA0KHBX
CHCTEM peaKTOpOB CTaJ METON MaTeMaTHYeCKOro MOAEJHPOBaHHA. o

MartemaTHuecKoe MOAEJHMpPOBAaAHME NPHMEHHMO [IJ4A DPOLECCOB,
annapaTtop H UeJblX XHMHKO-TeXHOJOrHYeckHX cdcTeM J060i caomupoctd, [lockoabky
MaTeMaTHYeCKoe ONMCAHHE XHMHKO-TEXHOJOIHYEeCKHX [IPOLECCOB H CHCTEM MO4YTH BCer-
Aa BechbMa COXKNO, METOA MaTeMaTHYeCKOro MOLEAHPOBAaHMA NOJAYYHJ IWHPOKOE NnpHMe-
HeHHe nocje PasBHTHA cpencrts BBIYHCAHTEAbHOH TEXHHKH.

XapakTepHo#l 4epTOfl METONZ MareMaTHYeCKOro MoAeMPOBaHHA ABANETCA NPHHLHD
H30MOP(HHOCTH MATEMATHUYECKHX MOJe/AeH, I. e, oLHHAKOoBoe N0 dopme MaTeMaTHYECKOE
_onucaHde 148 pasubix no ¢uanueckoil upupone sbierui. Hanpumep, anddepenunans-
Hble ypaBHenusi NPOLECCOB nepenoca TenJorts Q, Bewectsa G H InekTpHUecTBA | OAM-
HaKoBL MO CBOEMY BHLY

dt
Q=—1A4 Tl (sakon Dypue); (I1.26)
dc
G=—D -(i_i (3akon Puka); (1.27)
(= 1o 3a (0] 1.28
= .l (3akoy Owma) {1.28)

NpH pas3jHyHbIX ONpefe.nlOMX NapaMeTpax: A — KO3(p¢HUHERT TenJonpoBOLHOCTH;
D — kosduunnent auddyanu; p — Ko3pDHUHEHT OMHUECKOTO CONPOTHBACHHSA.
[TpuBenenyble ypapHeHHs OTAMYAIOTCHA JHIL TeM, Y4TO B HHX BXOAST COOTBETCTBY-
0lllHe rpajHeHThl: TeMNepaTyphl, KOHUEHTPALUHH H HaNpPsKeHHs:
dt  dC dv
_— L, - (1.29)
dl dl dl
Ecau sBecTH COOTBeTCTBYIOUIHEe nepecyeTHble xoadduunenTs, goboe siBieHHe
MOMHO CMOJEJHPOBATL [NEPEHOCOM 3JeKTpHuecTBa, Takum o0pa3oM, CT2HOBMTCH BO3-
MOKHBEM HCHOJL3OBATbH PE3yAbTaThl, NOJYYEHHbIE NPH U3YYEHUH OLHHX OODLEKTOB, AJH
uccaenosanua Apyruex. Ha npunuune uzomopdpuoctn ocHosana paGora aHaJOIOBBIX
BHIYHCAHTEAbERX MAIDHH, 03BOJAIOIMHX MOLEJHPOBATL (PH3HKO-XHMHYECKHE NPOUECCHI
“-paanIuYBoH MpPHPOALL
[Tpuvepnas moc/eOBATEALHOCTD MONEJHPOBAHHA: CHAYAJA XHMHKO-TEXHOJOIH-
YECKHH DPOLECcC MCCAEAYIOT H BHINOMHAIOT €rQ MaTeMaTHYeCKOe ONHCaHHe, 3aTeM
cocTaBasloT GJOK-cXeMy MojeaHpyioutelf cHCTEMbl, 00O KOTOPOHl NpoH3BoAuTcs HaGop
¢dynkuronaiennX 610K0B. PYHKUHOHaAbHEIA 6J0K coBepluaeT onpefeNeHHYIO omepa-
uuo: AHddepeHUHpOBaHHE, HHTErpHPOBAHHE, )MHOMEHHe, CYMMHpPOBAHHE H T. M.
B pesyabrate mepBoHauaabHam CHCTEMa YpPaBHEHHH, ONMCHIBAIOULAA TeXHOJAOTHYECKHH
npouecc, npeobpasyeTcs B CHCTEMY YPaBHEHHH B HAnpsiKeHHsiXx Toka. Hanpsmenns
TOKa MOJLENHPYIOT H3MeHeHue 1apaMeTpPOB TeXHOJOrH4eCKOro PekHMa B pPeakLMOBHOM
ob6beme. TakuM 0Opa3om, HaGpaHHasA IEKTPOHHAS cxemMa ABJAAETCS MOAEIbIO Hpouec-
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ca. PesyabTaTel peedus MOXKHO 3aNHCaTb CaMONMWIYwHM NpuGopom. [aa pewenus
CAOKHBIX 32434 NPHMEHAOTCA UHQPOBLIE BLIYHCAHTEAbHblE MAaIIHHHL

MaTemaTHyecKOe MOAEJIHPOBAHHE BKJIOYAET B KauecTBe MEpPBOro stana pasGueHune
npouecca Ha 3aBHCHMBle COCTABAAIOWMEe (YPOBHH) M H3yueHHe 3aKOHOMEPHOCTEH mpo-
TeKaHHsl BCeX COCTABJAIOIHX ¢ UeJbi0 BHIPAKEHHA pPe3yJbTaTo B MaTeMaTHYeCKOH
tdopme.{IIpn sTom Tpebyercs He TOALKO M He CTOJBKO 3HAHME MAaTEMAaTHKH, CKOJABKO
l‘.ﬂyﬁOKOE MOHHMaHHe CYIHOCTH ONHChIBAeMbIX ABJEHHH. B martemaTtHueckom omnHca-
HHH KamA0ro ypoBHA HOJKHbI ObITh yd4TeHbl Haubojee cymectsedHble (haKTOPBI, BJH-
AOLUHE Ha NPOLECe, H B TO e BPEMS OHO He AOJKHO ObITb 3aTPOMOKIAEHO MHOKECTBOM
BTOpOCTENeHHbX (PaKTOPOB, YYeT KOTOPLIX TOJAbKO YC/JOKHAeT MaTeMaTHYecKHH aHalus
H JelaeT TPYAHOOGO3PHMBIMH HCCAeNOBAaHHA.

Hsyuenre npouecca He B C/A0KHOA COBOKYNHOCTH, @ MO 4acTAM — OCHOBHOe Tpe-
GoBaHHE NOCTPOEHHA MaTeMaTHuecKOH monenn. Hanpumep, npH MOdelHpOBAHHH peak-
TOPOB CHayaJa CcOCTaBJAAETCHA KHHeTHYeCKad MOLeJb, NpencTaBasionldas COBOKYNHOCTb
ypasHeHHH, XapakTepH3YOLIHX 3aBHCHMMOCTH CKOpOCTeH OTAeJbHuIX peakuuil oT cocra-
Ba pearHpyioliHX BeuecTs, TeMIepaTyp H AaBjeHH#d Bo Bcell ob6aacTH peasHzauuu Tex-
HOJIOI HYECKOTO [polecca.

Ha BTopom ypoBHe NpOM3BOAHMTCH MOAeNHDPOBaHHe MpoLecca B 3JeMeHTAPHOM
obbeme peakTopa, WalmpHMep Ha OLHOM 3epHe KaTaauzatopa; CocTaBHble 4acTH yKa-
3aHHOH MOAeJH NpelcTaBAROT cOGOH CTalHM MaccoTelJoONepeHoca B 3JeMEHTAPHOM
o6beme, HalpHMep B MOpax 3epeH KaTaiusatopa. CBSsH MeXLy CTAaLHAMH ONHCHIBA-
I0TCA YPaBHEHHAMH MaTepHaJbHOTO H TENJOBOro GajaHcOB.

Tpetbum ypobHem sBjfeTcs MOJeJb Nponecca B AaHHOM peaKUHOHHOM o00beMe,
HanpHMep B CJ0e KAaTaJd3aTOpa ¢ YueTOM MepeHoCa BellecTBA H TEMJOTH MO LaHHOMY
€J1010.

Haxkoneu, uersepThii ypOBeHb NpeAcTaBJseT Moelb KOHTAKTHOTO anmapara,
arperara, BKJO4aloLlereo O4HH HJAH HECKOJbKO peaKUHOHHBIX o6bemos. B Takoi Mone-
JH YyY4HTLIBAETCA pacnofoeHne OTAeNbHBIX peaKIHOHHbIX o0bemoB, HampHMep CJOeB
KOHTAKTHOTO annaparta B HajiduHe TenloobMeHHbIX ycTpoficTB. Moneas uersepToro
ypoBHS ABJAETCH 1O CYULeCTBY, MOLENbIO 3JeMeHTa BCeH XHMHKO-TEXHOJOTHYECKOH
cuctemut (XTC). Corokynnocte Moneneii snemenros XTC, pononHeHHuX ypaBHeHHsMH
CBA3H, COCTABJAET MATEMAaTHYECKYIO MOJEIb MOJHOH TeXHOAOrHYeckKofl CHCTeMbl

Mopens Kaxaoro npeAblAyUIET0 YPOBHS BXOAHT B MONeJb NOCJAELYIOIEr0 Kak
COCTAaBHAs €0 4acTh H He 3aBHCHT OT ero Macutada.

Ha BTOPOM 3Tane MaTeMaTHYeCKOro MOILeJIHPOBaHHR l']O.I']y‘leHthE NaHHblE no
BCEM COCTaBJAIONIHM O0belHHAIOTCH B MaTeMaTHUeCKOe OMHCaHHe CYMMAapHOTO Mmpollec-
ca, NpOTeK4loUero B anpapaTe, NoOcJe Yero NPOBOAMTCA aHAJH3 NOJYYEHHOH MOAeaH
¢ UeJbi0 NMpeAcKasaliHsa NpOTeKaHHs Mpouecca B annapaTe moGoro macwraba. Avanus
MaTeMaTH4eCKHX MojeJseil 3aKkJiouaeTcs B HAXOXKIACHHH TEMHEpﬂTy]}IiHX H KOHUeHTpa-
UHOHHBIX NoJAeH BHYTPH M3yuyaemoH cHcTembl B JIOGOH MOMEHT BpeMeHH, T. €. B pelle-
HHH ypaBIieHI{ﬁ MaTeMarH4yecKoro ONHCaHHA. Jl.m-] ITHX Ile.-’lel-l HEOGXO;LHMO 3HATB
pacnpejefeHHe KOHLEHTpaLii KOMOOHEHTOB H TeMNepaTyp BHYTPH CHCTEMH B Ha4ajb-
Hblfi MOMEHT BpeMeHH (HAyaJbHble YCJOBHS) H 3aKOH B3aHMOLEHCTBHs MeXIy OKpy-
Mawoulell cpefloil H MOBepXHOCTLIO CHCTeMb! (TpaHHuHbie ycaoBua). I'pannunsie ycaosus
MOryT ObiTb 3afaHLl PA3JHYHBIMH CNOCOGAMH, OLHAKO NpH MOLEJHPOBAHMH NPOLECCoB
Macco- H TelljonepeHoca HpHHATO OTAeATb FpaHHuHbe YCa0BHs 1-ro, 2-ro u 3-ro poaa.

TpaHuulsle ycJa0BHs |-Ir'o pola cOCTOAT B 3alanuK paclpeleneHHs TeMIepaTyphl
i uan xonuentpauud C No NOBepXHOCTH MCCAEAYeMOH CHcTeMul B J06OH MOMEHT Bpe-

MEHH T.
fmr’]. {Tv xv yn Z); (1.30}
C=v9; (v, %1, Y1» 21). (1.31)

I'panuunne ycaosua 2-ro poja COCTOAT B 3aJdHHH MDOH3BOAHOR TeMnepaTyph HAH
KOHUEHTPAUHNH KOMNOHEHTOB [0 HOPMaJH K OrpaHHYHBAIOLIEH NOBEPXHOCTH paccMaTpH-
BaeMOR CHCTeMBbl:

at

e =fy (v, X, Yy 2), (1.32)
n

ac

a_n":-'?z (x1, %1, 45 2. (1.33)



[panuunbie ycnosHs 3-ro poia MpeacTaBAsioT AHHefiHyi0 koMOHHaLHIO pacnpene-
JIEHHA TEMIEPATYDP W KOHUEHTPAUHA H HX DPOM3IBOAHLIX MO HOPMajH K BOBEPXHOCTH.

[IprMerenHe BEIYACAHTENLHOM TEXHHAKH N03BOJSCT NPOBOLHTL AHAJH3 pasHoobpas-
HBIX CIOMKHLIX XHMHKO-TeXHOJorHyeckux npoueccos H XTC, satem GLICTpPO HCCJACNOBATL
pasiHuHBle BADHAHTH WX annapaTypHoro odopmaeHus.

B Coserckom Coiose u 3a pyGexom BeAyTest paGoTh [0 paspaGoTKe TAKHX YHH-
BEpPCabHAIX MAIUHHHBIX NPOrPAaMM, KOTOphie [03BONRIOT NPOSKTHPOBUIHKY B KOPOTKHH
CPOK MPOAHaAM3HPOBATh D43JIHYHLIE BAPHAHTHL CXeM NPOW3BOACTBA W BHIGpaTbL HauGo-
aece sdpdextupHuiit. OgHaKo cocTaBieHHe MATEMATHYECKOHR MOLENH BCEro MPOH3BOACT-
Ba — 3ajlaya BecbMa ca0xHas., Boabmwas 4aCcTb XHMHKO-TEXHOJOTHYECKHX CHCTEM eue
HEJOCTAaTOYHO H3YueHa LJifl NOJHOTO MaTeMaTHYECKOIO OIMHCAHHA H MaTeMaTHyeckoe
MOAENHpOBaHHe NMPHMEHUMO JHIL AJA DeIUeHHA yaCTHLIX 34749 B COBOKYNHOCTH ¢ Me-
TOLOM (PH3IHUECKOTO MOLEJAHPOBAaHHS.

Moaneaupo mMeTojgom MaciTa0HQETo Nepexona HA
OCHOBe Y4acCTHHX COOTHOIIEHH|l nNpHMeHAeTcH, ecAH HeT HH NOJHOIO

MaTeMaTHYECKOIO ONMHCaHHA Tpoleccd, HH KpuTepHalbHbix  ypaBHeHufi. [loka dro
TaKOE NOJOMeHHe XapakTepHO LJA PALa NPOH3BOACTBEHHBIX Npoueccos. [Ipd momean-
POBaHHH TAKHX IIpOLECCOB HCMNOAL3YIOT COOTBETCTBYHUIHE TeXHOJOrHYyeckKHe napamer-
Pbl TAKHX K¢ NOAOGHbIX HAH AHAJOTHYHLIX [POM3IBOACTE, COMETas HX ¢ TaGJAHYHBIMH
HAW rpadHuecKkuMH pesybTataMu JdabopartopHuix Hecaeposanuit. [lpu sToMm npumens-
I0TCA OTAeqbHble (44CTHHIE) COOTHOUICHHMA, KOTOphle AOMMHB GbITh OAHHAKOBHIMH B
mojend u obpasue B uacTHOCTH, NOCTOSHHOE COOTHOWEHHE OObeMHLIX CKODOCTeil pea-
THPYIOWHX Macc Molead W o6pasua Vu/Vo, MOCTORUCTBO COOTHOUIEHHS MOTOKOB MaTe-
pHaioB, NOCTYNAIOIMKX B annapar, Hanpumep rasa G u xuakocrs L (G/L); oaunaxo-
BOE 3HAUElHEe OTHOWeHHH NEHCTBUTENbHOH JIMHEHHOH CKOPOCTH W K KpHTHYeCKOH
Wyp, FAE NOA Wyp NOHHMAIOT CKOPOCTE Hayaja B3BEUMBAHHA (MCEBLOOMHIKEHHT)
aepeH NMpH NpPuMEHEHHH B3BEUICHHOrO cJ0sl, CKOPOCTb YHOCA yacTHIl (kameab) B anna-
partax ¢ pacnnlJieHHemM TBepLoro MartepHaa HJAH paaﬁpusruﬂaﬂuem HMHAKOCTH, CKO-
pOCTb ra3a, COOTBETCTBYIOWLYIO IPEKPAIEHHIO CTEKaHHMA JKMAKOCTH NO Hacaike H
3aTon/eHHuO GaweH ¢ HACAAKOf, W T. 1., PABEHCTBO OTHOIIEHHH CceyeHHs anmaparta H
cBOGONHOIO CeueHHs CHTUATOH TOJKH, BLipa)Kaemoe qepe3 JAHamerp annapata D wu
LHaMeTp OTBEPCTHA pelIeTKH du:Di,fEd?o H T. n. [IpumeHsioTcs TaxkkKe OTAebHbIE
KPHTEPHH, HCMoab3yeMble NpH dH3HuecKoM moaeaupopainnd. Mojeaupopanue MeToLoM
nOAGOpA ¥ NPHMEHEHHs 44CTHLIX COOTHOUIEHHH W KPHTepHes TPeGyeT GoaAbWIOro ONHITA
H MCKYCCTBA CO CTOPOHH NPOEKTaATOB. BO MHOIHX cAyyasX, KOrga TpOEKTAHTH He
HMeT HOJALUIOro OMNelITa, NPHXOAHTCA DPpHHHMATH KOBNHILHEHTH 3anaca peakyHOHHBIX
o6beMos B 2 pasa uan Gosee. Takum o6pasom, MaTeMaTHUECKOE ONHCAHHE IIPOLIECCOB
H MaTeMaTHYecKOe MOJeJHPOBAHHE SBJAAIOTCA HADOAHOXO3AHCTBEHHOW 3apauel, peule-
HHE KOTOPOfi yMeHbIlaeT 3aTPaThl HAa CTPOHTE/BCTBO HOBBIX NPOH3BOLCTE H CHHIKaET
cefecTOHMOCTL NMPOAYKILHH.

Iaaga I1

OCHOBHBIE 3AKOHOMEPHOCTH
XUMHYECKON TEXHOAOI'MH

1. MOHATHE O XHUMHKO-TEXHOAOI'HYECKOM IMPOUECCE

B xuMuuecko#i TEXHOJOrHH paccMaTpHBaeTCH COBOKYMHOCTb (DH3H-
YeCKHX H XHMHYECKHX HBJIEIII‘I[:I, H3 KOMIJeKCa KOTOPbIX H CKJajibiBa-
eTCH TEXHOJOTHYeCKHH npoiecc. XHMHKO-TeXHOJOTHYECKHIT npouece,
KaKk npaBHao, CKJAajblBaeTCA H3 CIeayIolUHX B3aHMOCBA3AHHBIX 3J€-
MeHTapHBIX npoueccos (craauit): 1) noasoga pearHpyOILHX KOMIO-
HEeHTOB B 30HY peakuiH; 2) XUMHYECKHX peakuuii; 3) oTBoga M3 30HH
PeaxkuHH MOJYYEHHBIX NMPOAYKTOB.

[Toasoag pearupyloumwHX KOMNOHEHTOB B 30HY pe-
AKILHH coBepuiaerca MoJekynaspuoili nuddysunedi HAM KoHBeKuuel.
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ITpu CHALHOM MepeMelUHBAHHH peaTHPYIOUIHX BEINECTB KOHBEKTHBHBIMA
nepeHOC HA3HIBAIOT TakxkKe TypOymentHod auddysued. B asyx- uam
MHoroasHblXx cucTeMax * MoABOA peardpylollux KOMIOHEHTOB MOXKeT
coBepluaThca abGcopbuued WM gecopbuHedl rasos, KoHjeHcauued na-
poB, nJaBJieHHeM TBepAbIX BellleCTB HJIH PAacTBOPEHHEM HX B KHIKO-
CTH, HCMapeHHeM XUAKOCTeH WM BO3rOHKOH TRepiblX BelllecTB. Mex-
¢dasubiii mepexog — 3To cAoKHHNA AHGDOYIHOHHBIH mpoLecc.

XHUMHYeCKHEe pPeaklHH-—3TO BTOPOH 3Tanm XHMHKO-TEXHOJIO-
ruyeckoro npouecca. B pearupylomeii cucreMe 0oObLIMHO NPOHCXOAHT
HECKOJIbKO MOCAeA0BaTeNbHEX (a2 HHOr4a M MapanielJbHBIX) XHMHYe-
CKHX peakKUuH, MPUBOAAILHX K 00pa30BaHHI0 OCHOBHOTO MpPOAYKTa, a
Takxe pAj NOOOYHLIX peaklUHi MeX1y OCHOBHBIMM HCXOAHLIMH Bellle-
CTBaAMH H NpHUMECAMH, HAJHYHE KOTOPLIX B HCXOJAHOM ChIpbe Heu3bex-
Ho. B peayabTate KpoMe ocHOBHOTO 06pa3yloTcs MoOGOYHbIE MPOAYKTHI
(MaTepHaJbl, HMelOlLHe HAPDOAHOXO3AHCTBeHHOe 3HAUYCHUE) HJH He OT-
X0Abl B OTOPOCHl NMPOH3BOACTBA, T. €. NPOAYKTHI peakuHil, He HMelOllHe
3HAUHTEAbHOH LEeHHOCTH H He HaxogdilHe J0CTATOYHOIO NPHMEHeHH
B Hapoasom XxossiicTBe. IToGouHble NPOAYKTHL H OTXOALI MPOU3BOA-
cTBa MoOryT o6pasoBaThCd MPH OCHOBHOH peakuHH HapAAy € UedeBbIM
TPOAYKTOM, a TakKe BCIAACTBHe MOGOUYHBIX PeakUuil MexKAy OCHOBHbBI-
MH HCXOJHbLIMH BeleCTBAMH H NPpHMECAMH. OGHIIHO NpH avanu3e npo-
H3BOACTBEHHDBIX npoueccos quTbIBaIOTCH He BCe peaKdHH, a JHlIbL Te
M3 HHUX, KOTOpbIe HMEIOT Onpejensiolikee BIAHAHHE HAa KOJHYeCTBO H Ka-
JeCTBO MoJyyaeMbIX UefJeBblX NPOAYKTOB.

OTBO,[[ NPOAYKTOB H3 30HB pe€eaKIHH MOXeT CoBep-
uraThCH Tak e, KaK U MOABOA pearupyloHX KOMMOHEHTOB AHGdY3u-
e, KOHBeKLIHeHl W MepexojoM BelecTsa u3 oaHo#l dasbl (rasonoi,
JKHAKOH, TBepxo#t) B apyryio. OO1iyl0 CKOpOCTb TeXHOJOrHYECKOro
npouecca MoXeT JHMHTHPOBATL CKOPOCTL OAHOTO H3 TpeX COCTaBJAlO-
KX 3JIeMEHT aPHBIX NPOIECCOR, KOTOPLI TPOTeKaeT MejJleHHee [APYTHX,
Ecan vaubonee mMeaneHHoO HAYT XHMHYECKHe PEaKUWH U OHH JIHMHTH-
pYioT 00ULYI0O CKOPOCTb, TO MPOieCC NMPOHCXOAHT B KHHeTHYeCKOH obsa-
CTH; B 3TOM Cayudae TeXHOJOrH CTpeMATCHd YCHJAHUTb HMEHHO Te CI)aKTO-
pel  (KOHIUEHTpauHs HCXOAHBIX BeeCTB, TeMnepaTrypa, MNpHMeHeHHE
KaTaJu3aTopoB H MPOU.), KOTOPbie BJAHAIT OCOGEHHO Ha CKOPOCTbL pe-
akuuH. Ecai 06iiylo CKOpOCTh npouecca NTHMHTHPYeT NOABOJ peareHToB
B 30HY pearkuHu HJIH OTBOA NPOAYKTOB, TO 3TO 3HAYHUT, YTO npouecc
npoucxogut B auddysuonsoil obaactu. CkopocTh auddysuu cTpeMst-
csl YBeJIMYHTH Mpexje BCero nepeMeludBandeM (TypOy/iusanuedl pearw-
pPYIOlUeH CHCTeMbl), MOBLILIEHHEM TeMNepaTypbl H KOHUEHTPAauHH, mne-
peBogoM CcHCTeMbl M3 MHorodasHol B oaHodasuyw H 1. n. Ecau
CKOPOCTH BCeX 3/eMeHTOB, COCTaB/AAIOWIMX TEXHOJOTHUeCKHH mpolecc,
COM3MEPHMBI (MOYTH OJAMHAKOBBI), TO MPOLECC MPOHCXOAUT B Mepexo-
HOH 006JaCcTH H Mo3TOMy HeOOXOAHMO BO31efCTBOBATb Mpexae BCEro
TakuMH (akTopaMH, KOTOpble YCKOPAIOT Kak AH(GY3HI0, TaK U peak-

* Cucremoit HaablBaeTCH TPYNNa BELLeCTB, HAXOAAWMXCH B (H3HYECKOM HJAH XH-
MH4ecKOM B3auMmolelicTBHH. Pasof Ha3BBAeTCH COBOKYNHOCTh ONHOPOAMBIX wacTefi
CHCTeMbl, OAHHAKOBLIX MO CoCTaBY, QH3HYECKHM H XHMHUECKHM cBolicTBaM H OTrpanu-
YeHHBLIX OT APYrHX uacTell CHCTeMbl MOBEPXHOCTBIO pa3fena.
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LHH, T. €. MNOBHIIIATH KOHU.E‘HTP&IIHH) HCXOAHBIX BeElEecCTB H Temnepa-
TYPY.

3HaHHe OCHOBHBIX 3aKOHOMEDHOCTe#l XHMHUYECKOH TeXHOJOTLHH Cy-
mecTseHHo obJeryaer BbIABAEHHe TAKOrO TeXHOJOTHYECKOro pexuma,
KOTOPLI MO3BOJAAET NPOBOAUTL npouecc HaubGojgee 3 HEKTHBHO, T. €.
¢ 60JbLIOH HHTEHCHBHOCTbIO, 0 HAWBHICIUETO BLIXOAA NPOAYKTa, MPH
xopoueM KayecTse ero. TexHosor HCNoONb3yeT OCHOBHBIE 38KOHOMEp-
HOCTH Kak NpH aHaJH3e CYLHIeCTBYIOLIETO MPOHU3BOACTBA AJIs1 €r0 YJIY‘I-
[UeHHHA, TAK H, B OCOGEHHOCTH, npH OpI‘&HHBﬂH.HH HOBOI'O npouaaoncma.

2. KAACCHDHKALIMA XHMHKO-TEXHOAOTHUECKHUX
NPOLECCOB

Bce mpouecchl XHMHYeCKON TeXHOJOTHH AeJSITCS NpeXkAe BCEro Ha
XHMHYeCKHe, BEKJAKHAWOMHEe XHMHYECKYIO peakuuilo, H (bﬂspmecxne.
B nannom Kypce paccmarpHBaeTcsl KaaccH(HKanuma XHMHKO-TEXHOJO-
rHYecKux mnpoleccoB. XUMHYECKHe DeaKUHH fIBJISIOTCH Haubosiee Bax-
HbIM 2TanoOM XHMHKO-TeXHOJOrHYeCKOro mpolecca,

ITpu knaccupHKAUHH XHMHKO-TEXHOJOTHYECKHX MPOLECCOB YYUTbI-
BalOT aejelHe XHMHUYECKHX peaKUuHH Ha npocCThle, CJHOXHbIe-nmapan-
JeJbHbie H CJOXKHble-nocaegosarte]buble. IIpH OnHCaHHH OTAENbHBIX
KJaaccoB XHMHKO-TEXHOJOIHYCCKHX NpoueccOB peakluHH noipasjensdiorT
no THITY BSEHMDﬂEﬁCTBHH pear¢HTOB Ha OKHCJAHTEJbHO-BOCCTA@HOBH-
TeqbHoe (FOMOJIHTHYeCKOE) H KHCJOTHO-OCHOBHOE (reTepOJIHTHYe-
ckoe). XHMHYeCKHe peaKUHH H M[pouecchl MaccomnepejayH  MOTYT
ObITL OOPATHMBIMH HJIH HeoGpaTHMbIMH, COOTBETCTBEHHO pasjHualorT
H TeXHOJOrH4YeCKHe MpouecChbl B I EeJAOM.

Heo6xoaumo pasrpaHH4MBaTh MPOLECCH], MPOTeKAalolilHe B KHHeTH-
yeckoil u nH(Py3HoHHOH o6macTH. DTOT BUA KAacCHQHKaUH npoec-
COB CHJABHO YCJOXKHACTCA B TeTepOreHHLIX CHCTeMmax, B 0CcOBEHHOCTH
npH B3aHMOAeHCTBHH KOMIIOHEHTa ra3oBoH HAH KHAKOI cMmecH ¢ mo-
BEDXHOCTBIO TBEPAOr0 MOPHCTOro MaTepuanta. B takux mpoueccax B
3aBHCHMOCTH OT JUMHTHPYIOUIEro 3Tama MOXHO Hab/aogats obJaacTh:
BHeurHegu(b O y3HOHHYI0, NePeXOAHYIO OT BHeIlUHe- K BHYTpHaudby3uon-
HOoH, BuyTpHaHbGdYy3HoHHYIO (B mopax TBepaoro maTepHana), BHYT-
PEHHIOI0 — MePeXOJHYI0 W KHHeTHYecKywo. Takue o6sacTH HMeIOT HaH-
foJblilee 3HAUeHHEe A1 reTeporeHHO-KaTalHTHYECKHX nponeccos.

Ecan mexanuam npouecca C.TIO}KIIbIﬁ, NPHHAAMCKHOCTE €ro K TOMY
HJIH HHOMY KJjlaccy ompejensieTcs lejeHanpasieHHocTblio. B kiaccu-
(duKan M TeXHOJOrHYeCKHX MpoleccoB Gosblioe 3HAaYeHHe HMeeT He-
0OXOAHUMBIH A/ HX ONTHMH3AHH TEXHOJOTHYECKHH PeXHM. TexH0.a0-
SUYECKUM DENUMOM HA3LIBACTCA COBOKYNHOCTb OCHOBHLLX (PAKTOPOS
(napamerpos), sAuAIOWUX HA CKOPOCTy npoyecca, 861X00 U KA4ecTso
npodyxra. Haa 6GonablIHHCTBA XHMHKO-TEXHOJOMHYECKHX MPOLECCOB
OCHOBHBIMH MapaMeTpaMH pexHuma SABJAAIOTCH TemMmmeparypa, gasJaeHHe,
NnpHMeHeHHe KaTaJjJH3aTopa W aKTHBHOCTbL €ro, KOHUCHTPpalHH B3aHMO-
JeHCTBYIOUIHX BelllecTs, cnocol H CTeneHb nepeMelllHBaHHS pPeareHToB.
ﬂ.ﬂﬂ HEKOTODBIX THMNOB XHMHKO-TeXHOJIOTHYCCKHX TpOoUeccoB nepBocTe-
NedHoe 3HavyeHHe MPHOOGPETAIOT HHblE MOKA3aTeqH peXHma, He Xapak-
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TepHble AN OOJNBIIHHCTBA XHMHKO-TEXHOJOTHUECKHX MpOLEeCCoB; Tak,
HanpuMep, 3JeKTPOXHMHYeCKHe IPOUECCH XapaKTepH3yIOTCA Hanps-
KeHHeM H TJOTHOCTbIO TOKa, pajHaUHOHHO-XHMHYeCKHe — IpHMeHse-
MBIM YypDOBHeM DajiHaluu

[TapaMmerpnl TeXHOJOTHYECKOTO peXKHMa ONPeJeaaioT UPHHLHIILL
KOHCTPYHPOBAHUS COOTBETCTRYIOUHX peakTopoB. OnTHMAalbHOMY 3Ha-
YEHHIO MapameTPOB TeXHOJOTHYECKOTO peXHMa COOTBETCTBYeT MaK<H-
MajlbHas MPOH3BOJAHTE/NBHOCTH annapaToB M NPOK3BOAHTENbHOCTH
Tpyaa nepconana, obcayxHuBaiomero nponecc. [TosToMy XxapakTep H
3HaYEeHHA TapaMeTPOB TEXHOJOTHYECKOTO pelKHMa TOJ0XKEeHb B OCHO-
BY KjaccH(HKanHi XHMHKO-TEXHOJOrHYecKHX mponeccoB. Oanako nce
napaMeTpbl TEeXHOJOrHYECKOro peXHMa B3aHMOCBA3aHLI H OBGYCJIOBAH-
BalOT ApYyr apyra. Mamenenue ogHOro W3 mapamerpoB BjedeT 3a cOOGH
pe3Koe H3MEHeHHe ONTHMAJbHBIX BEJHYHH APYTHX MapaMeTpoB perin«
ma. [TostoMmy ueTkas KaaccHPHKAUHA TeXHOJOTHYECKHX MPOLECCOB MO
BceM Oe3 HCKJIOUEHHA mapameTpam peXuma Oblia OB OYeHb CJOKHA
H HeuenecoobpasHa B obfieM Kypce XHMu4YeckKod Texnoaorud. Heobxo-
AUMO BHIOparh mapaMeTpbl, OKasbiBalomiHe pelllaiolllee BJIHAHHE,

Ha KOHCTPYKILHIO PeakTOpOB H CKOPOCTb NMPOLECCOB CHJbHO BAHSIOT
cnocob M cTenmeHb nepeMelINBanus peareHtoB. B cBoio ouepenb cnocob
H HHTEHCHBHOCTb TepeMellUBaHHSl pearHpyolUHX Macc 3aBHCAT OT
arperaTHoro cocTosiHHs nociaeanux. FMenno arperatHoe cocrosiHue
nepepaGaTbiBaeMbIX BenlecTs onpegeasieT cnocobbl HX TeXHOJOrHYe-
CKOH nmepepalGOTKH ¥ MPHHUHUTNBI KOHCTPYHPOBaHuA anmnaparos. [loaTo-
My mpH H3YYEHHH OOLIMX 3aKOHOMEDHOCTeH XHMHYECKOH TeXHOJNOrHH
NPUHATO IeJHTb TPOLECCH W COOTBETCTBYIOllHEe HM PeaKTOPh! mpexKje
Bcero no arperaTHoMy (pasoBomy) COCTOSIHHIO B3aHMOJAeHCTBYIOIHX
BenrecTB. [To 3TOMY NpH3HAKy Bce CHCTeMbl B3aHMOAEHCTBYIOWIHX Be-
HIECTB W COOTBeTCTBYIOUIHE HM TeXHOJOTHYeCKHEe TIpOUecchl AelsaTcs
Ha OJAHOpPOAHBlE, WJIH TrOMOreHHble, H HEOJAHOPOJHbIE, HJH TeTepo-
reHHble,

FoMoreHHbI MU Ha3bIBAIOTCA TAKHE NpPOLECCh, B KOTOPHIX BCe
pearupylpouige BeuecTBa HaXOAATCH B OaHON Kakofi-nmu6o ¢ase: raso-
soii ('), Bepaoii (T), xuakoii (XK). B romorednbix cucremax B3au-
MOAEHCTBYIOWMX BCULRCTB peaKLHH MPOHCXOAAT OOBIUHO OGLICTpee, yeM
B reTeporeHHbIX, MeXaHH3M BCero TeXHOJOrH4YecKoro npoiecca npoue
H COOTBETCTBEHHO YmMpaBJeHHe MPOLECCOM Jlerye, MO3TOMY TeXHOJOTH
Ha TIpaKTHKe YacTo CTPeMATCH K FOMOTeHHBIM TpolleccaM, T. €. mepe-
BOAAT TBepjble pearupyloHe BellecTBa MJH MO KpaliHed Mepe OfHO
M3 HHX B JKHAKOe COCTOSIHHEe INJaBJeHHeM HWJIH DacTBOpPeHHeM; ¢ Toli
2XKe [1eSblo NpoH3BOAAT ab6copOUHI0 Ta30B WIH KOHAEHCALHIO HX.

'eTeporeHHble CHCTeMbl BKJAIOUAIOT AB€ HJH OoJblllee KoJaHue-
ctBo (a3 *. CyuwecTBYIOT clelylomHe ABYX(asHnbie CHCTeMbl: ras —
JKHAKOCTD; ras— TBepAoe Tel0; KUAKOCTb — KHAKOCTb (HeCMeIlHBalo-
mpecs); KHAKOCTb — TBepJoe TeJo H TBepaoe TeJo— TBEPAOe TeJo.
B npoussoacTBeHHOH MNpakTHKe Haubojiee yacTO BCTPEYAIOTCHA CHCTE-

* (asw reTeporeHHHX CHCTEM MOrYT OHITh TaKiKe OJHOPONHHMH HJH HEO#LHO-
POLHHME MO COCTABY H CBOACTBAM.
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mpl I'—)K, '—T, )K —T. Hepeako mnpou3BoACTBeHHbie MPOLECCH
NpoTeKalT B MHOrohasHblX TreTeporeHHLIX CHCTeMaX, HamnpHMmep
r— X XK-—-T, '—=T—T, X—T—T, '— X—T—T—* u 1. I
[ereporennbie mpoueccel 60jee pacnpoOCTpaHEHbl B  MPOMBIUILICHHOI
NpakTHKe, yeMm romorexusle. [Ipw 3TOM, Kak NOpPaBHJIO, reTepOreHHHIH
ITan npouecca (Macconepenaua) umeer Auby3nMOHHLIE Xapakrep, a
XHMHYeCKas peaKuWs MPOHCXOJHT TOMOT@HHO B ra3oBOH HJIH XKUAKOH
cpeie. Onuako B psiie NPOH3BOACTB MPOTEKAIOT TETEPOrGHHLIE peak-
uuu Ha rpanune I'—T, I'—JK, )K—T, koropbie o6uiuHO U ompese-
Jaq10T 06UlyI0 cKOpocTh nponecca, lereporennble peaklu# NpoUCXOLAT,
B YaCTHOCTH, NPH rOPeHHM (OKHCJAEHHH) TBEpPIBIX BEUIECTB H KHAKO-
cTell, NpU PacTBOpPEHHH MeTa/JIOB M MHHEPaJ OB B KHCJAOTAx M Lile-
Jouax.

XuMHUecKue Tpouecchl AGTSAT HA KaTaJUTHYeCKHE ¥ HeKaTaJHTH-
yeckne. [lo 3HayeHHWAM MmapameTpOB TEXHOJOTHYECKOrO peHMa Mpo-
eCCH MOXKHO Pa3Je/IMTh HA HU3KO- W BbICOKOTeMIepaTypHbLie, MpOHC-
XoJfllke 1noj BaKyyMmMoM, NPH HOPMaJbHOM H BLICOKOM [AaBJeHHH, C
BBICOKOH W HH3KOH KOHUEHTPaUHel HCXOAHLIX BewlecTB # T. m. OaHaxo
Takas noapobHas KJacCH(MHKALUKA, MpUMeHsieMas B HEKOTOPHBIX PYKO-
BOJACTBAX MO OTAEJbHBIM XHMHYECKHM MpPOH3BOACTBAM, H3JMHIIHE CJIOXK-
Ha 119 o6llero Kypca XHMHYECKOH TeXHOJOTHH.

ITo xapakTepy npoTekaHHS Mpouecca BO BPEMEHH COOTBETCTBYIO-
LUlHe anmnapartbl M OCyllecTBJsfeMble B HHX TPOLECCH JAedATcHd Ha
nepuojnyeckue M HenpepbisHble. HenpepbiBHO JeficTByIOlIHe peaKTOPH
HA3bIBAIOTCA NPOTOYHHIMU, TAK KAK Yepe3 HUX MOCTOSHHO NPOTEKAloT
MOTOKH pearupylouux Macc.

[To rupponHHAMHYECKOMY DeXHMY pasJHYaiOT [ABa TpejedbHHX
cayyas nepeMellMBaHHS pearupyiolluX KOMIOHEHTOB € NPOAYKTaMmu
peakuuu, [Toanoe cMelleHne mpeacTaBaseT cOO0H peXXHM, TPH KOTOPOM
TypOyaH3anug CTOMb CHJAbHA, YTO KOHUEHTPALHs peareHTOB B MpOTOY-
HOM peakKTope OJHHAKOBa BO BceMm o0beMe anmapaTa OT BBOJA HCXOA-
HOH CMeCH 0 MecTa BHIBOJ2 MPOAYKUHOHHOH cMecH.

WjeanbHoe BuiTecHeHue HabJaiojaeTcs TOrjaa, Korja HcXofHas
CMeChb He mepeMellHBAaeTcs ¢ MPOAYKTAMH peaklHH, a MPOXOIUT JaMH-
HapHbIM TOTOKOM Mo Bceii AJWHe MJIM BHCOTe annapara. B rakux
peakTopax TMPOHCXOIMT IJIABHOE H3MeHeHHe KOHLEHTpPalUWii B Hampas-
JIeHHH TIOTOK2 peareHTOB, TOrAa KaK B pPeaKIHOHHOM oObeme MOJHOTO
CMElIeHHs HeT rpajHeHTa KOHUeHTpauuHd. B npoMBILJIEHHBIX MpOTOY-
HBIX peaKTOpax CTeMeHb MepeMEeInBaHus BCErJa MeHblle, yeM B anna-
parax MOJHOro cMelleHud, n GoJbllle, YeM B annaparax HAeaJbHOro
BbiTecHeHHA. B HeKOTOpBbIX THIIaX PeaKTOPOB PeXHM MNepeMellHBaHHA
6IU30K K OLHOMY H3 NPEAEJbHBIX CJydaes.

[To TemnepaTypHOMY peXUMY NpPOTOUHBEIE PEAaKTOPbI H MPOHCXOMA-
IlHe B HUX TPOLECCH JeafT HAa H3oTepMHMuecKue, ajuabatuyecKue H

* TeepAHMH B XMMHueCKOH TEXHOJOrHH Ha3LIBAIOTCA BCe MAaTepHa/bl, HacTiubl
KOTOpBIX (aTOMBbl, HOHBI, MOJCKYJb) MOCTOAHHO 3aUKCHPOBAHB OTHOCHTENbHO APYF
Apyra, B ToM uHcle W amoptHble Tena (HMaDpuMep, CTekJo), KoTopuie cOraacio
GHIUKO-XHMHYECKOMY ONpeAe/eHHI0 SBASIWTCA NEPeoXJamAeHHEIMH MKHAKOCTAMH.
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nosiuTepMHUYECKHe (MporpaMMHO-peryaupyemble). B u3oTepMHUYECKHX
peakTopax TeMIepaTypa MOCTOAHHA BO BCEM peaKUHOHHOM obbeme.
HpeanbHo-u3oTepMudeckuii pexkUM BO3MOXKEH JHIIbL B peakTopax ¢ J10-
CTATOYHO CHJbHbLIM MepeMellHBaHUuEM, NpUOAHKAIHUMCH K TMOJHOMY
cmewenuto. [IpubauxKamwTes K H30T@PMHYECKHM MpPOLECChl, B KOTOPbIX
NPOUCXOAAT peaklUHH ¢ MaJjblM TemaoBbIM 3ddexTom (Hanpumep, H30-
MEpDH3alKda) WJAH MPH MaJoH KOHUEHTPAlUHH pearupylouHX BelLecTs.
[Tocnennee xapakTepHO AMsi MPOLECCOB OYHCTKH ra3oB 0T BPeaHBIX
npumeceil,

B agnaGaTuyeckHX peakTOpax HeT OTBOAA MJH MOABOAA TeIJOTHL,
BCSl TeMJIOTa peakUHM aKKyMyJHpyeTcs MNOTOKOM pearupymoiux Be-
mects. MaeansHo-agnabaTuueckuil peXUM BO3MOXKEH JHLIL B peakTo-
pax HAeaJbHOrO BbITECHEHHH TMPH MOJHOH H30JSUHH OT BHEUIHeH cpe-
Abl. B Takux peakTtopax TemmepaTtypa notroka BAOJb OCH peakTopa
npsMo MJAH oOpaTHO TMPONOPUHOHANbHA CTeNeHH MpeBpalueHHs HCXOM-
HOro BeriecTBa B IPOAYKT.

B nosurepmuueckux peakropax TemjoTa PeakUWH JHIIb 4acTHYHO
OTBOAHTCS W3 30HBI PeakKUHH HJH KOMMEHCHpYeTcsl NMOABOAOM AJf 3H-
AOTEPMHYECKHX IIPOLECCOB B COOTBETCTBHH € pacueToM  (IIPOEKTOM)
annapara. B pesyabrare TemnepaTtypa mo AJHHe (HJIH BbICOTE) Deak-
LHOHHOTO 00beMa H3MeHfeTC HepPaBHOMEpPHO W TeMIllepaTypHbIH pe-
JKHM BbipaxKaeTcsl PA3jHYHBIMH KPHBBIMH, BHA KOTOPbIX COOTBETCTBYET
npeABapHTeNbHOMY pacueTy (MporpaMme) H peryjupyercs H3MeHEeHH-
eM TapaMerpoB TEXHOJOTHYeCKOro pexuma. [IpomblliieHHble peakto-
pB UMeT B GOJLUIMHCTBE MOJHTEPMHUUECKHH TeMIepaTypHBIH pexum,
HO MHOra npub/HKalOTCA K H30TepMHUECKOMY HJAH aanabaTH4yecKoOMY
pPeXHMY.

XuMHYecKHe NpeBpaiueHHs BeplecTB COMPOBOXKAAWTCA B TOH HAH
HHOH CcTenenH TenjoBbIMK npoueccamu. Ilo tensosomy sddekty npo-
LeccoB MX AEJAT Ha 9K30- W 3HAOTEepMHUecKHe, Takoe geleHHe HMeeT
ocof0 BaKHOe 3HAUeHHe MPH OINpeleeHHH BAHAHUS TelJoBoro agdek-
Ta HAa pPaBHOBeCHe M CKOPOCTb 06paTHMBIX peakuuit. Tensosoit sddekT
peakuuit B psige NPOU3BOACTB ONPEAEIASeT TEXHOJOTHYECKYID CXeMY
NPOM3BOACTBA H KOHCTPYKLHIO peakropa.

B rereporeHHbIX cucTeMax pasJHyalT NPAMOTOYHLIE, MPOTHBOTOY-
Hble H [epekpecTHble Nponecchl. Takol BUA KaaccHPHKALHH HeoGXO1HM
JAJIS ONpeelleHHsl XapakTepa H3MeHeHHs ABHXymeH CHJBI mpomecca
no BbicoTe (anuHe) peaxTtopa. TaxuMm o0pasoM, gaxe YIPOlEHHAS
KraccupHKkamus IpoueccoB, MPHHATas B 06lleM Kypce XHMHUecKoH
TEeXHOJIOTHH, J0BOJbHO CJ0XHa, MOCKOJbKY OHA OTpaXKaeT BCEeCTOPOH-
HUIl MOAXOa K H3YYeHHIO pasHooOpasHblX XHMHUKO-TEXHOJOTHYeCKHX
NpPONECCOB, CYLIECTBYIONIHX B MPOMBILIJIEHHOCTH.

OcHoBHble 00BEKTH, H3yydeMble B XHMHYECKOH TeXHOJOTHH, — paB-
HOBECHE H CKOPOCTb XMMHKO-TeXHOJOTHYECKHX MPOLEeccOoB. 3aKOHOMep-
HOCTH, ynpapJjsiolllie paBHOBECHEM H CKOPOCTbIO MPOLECCOB, CHJBHO
Pa3iH4alOTCs B TOMOTEHHBLIX M reTepOreHHbIX cHcTemax.



3. PABHOBECHE B TEXHOAOI'HYECKHX MPOLIECCAX

XuMHYeCKHe TMpouecchl AelsTcs HAa OGPaTHMble H HeoGpaTHMbie.
Heo6paTuMble mponecchl NPOTeKaloT JHILL B OJHOM HalpaBjieHHH. XH-
MHUECKHe peaKUHH, KaK mpasH10, o6paTHMbl B TOM OTHOWIEHHH, 4TO B
3aBHCHMOCTH OT YCJOBHH OHH MOTYT NPOTe€KaTh Kak B MPAMOM, TakK H
B ofpaTHoMm HanpasieHHaX, OAHAKO B THOMYHBLIX TNPOH3BOACTBEHHBLIX
YCJAOBHAAX MHOTHMe XHMHYECKHE peaKuuH mnpakKTHYecKH HeoGpaTHMBbL
Tak, nanpumep, peakuus

€O, + Ca (OH), — CaCOj -+ H,0— AH

B YCJOBHAX OYHCTKH rasoBblX cMmecefi or CO; npoMbIBAHHEM HX H3BeCT-
KOBBIM MOJOKOM TNpakKTHYecKH HeoGpaTuma. HeoGpaTuMbl MuoOTHe
CJIOKHbIE peaKlHH, TpeiacTapasfiouine co6oil COBOKYMHOCTb psijia cTa-
Auii, HampHMep peaKuus 0OKHra nmupuTa

4FeS, -+ 110, — 2Fe,04 -+ 850, — AH

B reTeporeHHbiX cHcTeMaXx oGpaTHMBIMHM HAa3BIBAIOT TaKue npoyec-
Cbl, 8 KOTOPbIX BO3MONCeH nepexod SeulecTsq uAU TenAoTbl KUK u3
o0HOU hasbr 80 8TOPYIO, TAK U 0OPATHO.

Bce ofGpaTumble XHMHKO-TEXHOJOTHUECKHE MPOLECCH CTPeMATCA K
paBHOBECHIO, NIPH KOTOPOM CKOPOCTH MPSAMOro H oGpaTHOTO NpoOLeccoB
ypaBHHBHIDTCH, B peaynhTaTe yero COOTHOLWEeHHe KOMIOHEHTOB BO B3a-
HMOJEHCTBYIOULeH CHCTeMe ocTaeTcd HeH3MeHEeHHBIM, MOKa He H3MEHST-
Csl BHeIIHHe ycJOBHA. [IpH H3MeHeHHH Ke TeMNepaTyphl, /[aBjeHuSA
HJIH KOHUEHTPAlHH OAHOTO H3 KOMIOHEHTOB (HJH MOJAPHOro 0GbeMa,
06paTHOTO KOHLEHTPAUHH) paBHOBECHe HapyllaeTcs H B CHCTEMe ca-
MOTMPOHU3BOALHO NMPOHCXOAAT AH(GdYSHOHHbIE H XHMHUYECKHe Nponecchl,
Beaylilie K BOCCTAHOBJIEHH IO pHBHOBECHﬂ B HOBBIX YCJIOBHHX. K XUMH-
yeCKOMY PaBHOBECHIO MPUMEHHM BTOPOH 33aKOH TEPMOAHHAMHKH B €ro
obiueM BHIe, T. €. OJHHM H3 YCJIOBHH XHMHUECKOTO DPaBHOBECHA B H30-
JHPOBaHHON CHCTeMe ABJAeTCA MaKCHMyM 3HTponuu S. daabueiimero
npeBpalleHHs HTPONHH, 0653aTeNbHOrO 474 BCeX CaMOMNPOH3BOJBLHBIX
MpPOLECCOB B COCTOSIHHH PABHOBECHSH, He MPOUCXOAHT, T. e. dS=0.

BuousiHHe OCHOBHBLIX MapaMeTpPoOB TeXHOJOTHYEeCKOro peXHMa Ha
paBHOBeCHe B TOMOT@HHBIX H TeTePOTreHHBIX CcHCTeMaX oNpejensercs
npunnunom Jle lllatenve, BeipaxaouidM BTOPOH 3aKOH TePMOJAHHAMH-
kH. Coraacno npuununy Jle Illatenane B cucTeme, BbiBeJ€HHON BHelll-
HHM BOSﬂefiCTBHeM H3 COCTOAHHUA PABHOBECHA, ﬂpOHCXOﬂHT H3IMeHeHHH,
HanpasJeHHble K ocaab/eHHI0 BO3AEHCTBHH, BBIBOAALIHX CHCTEMY H3
paBHoBecHs. JHlasa mnpumepa paccMOTPHM TNpHMeHeHHe TNpPHHUIHNA
Jle IllaTenbe K 3K30TepMHYECKOH peaKuHH cHHTe3a:

mA 4+ nB = pD — AH*, (I1.1)

* Peakyua (II1) aBasieTcs OCHOBHOH BO MHOFMX NPOMHULIEHHHX npoueccax,
PaccMOTpEHHHIX B NOCAENYOUIHX T1aBax yuyeGHHKA, Hanpumep Al OKHCJAEHHA JIHOK-
cupa cepsl, abcopOuHH TPHUOKCHAA cepbl, CHHTE3aX AMMHaKa, X/IOPOBOLOPOAE, CIHPTOB,
BLICOKOMOJIEKYJAAPHLIX COeHHEHHH M BO MHOTHX IPYTHX OPraHHYeCKHX W HeopraHuue-
CKHX cuuTe3aX. [losTomy oHa 6yleT PaccMaTPHBATBCA KaK MOMIe/bHAi.
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rie m, n U p — KoauyecTsa moneil pemwecrsa A, B u D; AH — usmene-
HHe 3HTaJbNHH, T. €. TemwaoBol 3ddekT peakuud. Bo MHOTHX pPYKOBOIL-
CTBAaX MO XHUMHYECKOH TeXHOJOTHH, TenaoBoH sddekt peakuuu o6o3na-
4ajoT §p B AMKOYJAAX Ha MOJb OCHOBHOTO pearedTa; @p=—AH¥,
O6o3nauas o6beMmbl Beiects yepes V, npumem,yro Va+ Vy>Vp,T. e.
peakuus HAeT C yMeHblueHHem oGbema.

OcHoBHbIe YCA0OBHA, BJIHAIOIHE Ha KOJHYECTBO noJaydyaeMoro npo-
nyKTa,— Temnepatypa f, aasjieHHe P U KOHUEHTpauud (COOTHOLIEHHSA
B peakuMoHHOM o6Gbeme) pearupylomwux Beutects Ca, Cp u Cp.
ﬂ.ﬂﬂ CABHTa paBHOBECHA BMpaBo, T. €. YBCJHYEHHA KOJHYECTBA MNpPO-
IyKTa (NOBBLILIEHHS pPaBHOBeCHOTO BbIX0AAd), COMMIACHO NPHHIHNY
Jle Illatesbe HeoGX0AUMO NOHUXKATL TeMIepaTypy { H KOHLEHTPALHIO
NpoAyKTa CD, T. €. BHIBOJAHTDL MNPOAYKT H3 peaKU,HOHHOI:I 30HH, a8 TaK-
e yBeNHYHBATb JaBjieHHe P M KOHUEHTpaUHH HCXOAHBIX BemtecTs Cy
u Cp B peakuHnonnofi 3one, [Tpuuem nosbiiwenue Ca Gyner cnocoberso-
BaThb GoJsiee MOJHOMY NpeBpallieHHio BelilecTBa B, u o6paTHO, NOBbILIC-
nie Cp cnoco6CTBYeT GoJjee NOJHOMY NpeBpallenuio BewlectBa A. 3to
006CTOATeNbCTBO 4aCTO ACNOJMB3YIOT B IPOMBIUIJIEHHOCTH. TaK, HAaIllpH-
Mep, MpH CHHTe3e XJOpPOBOAOpOAa MNO CyMMapHOMY YPaBHEHHIO pe-
aKUHH

Cl, -+ H, == 2HCI — AH

TIPHCYTCTBHE XJIOPa B XJOPOBONOPOAC HeKenaTeJbHO (OH 3arpasHser
CONAHYI0 KHCAOTY), a Hajuuue BOAOPOAA He BHI3bIBACT 3aTPYAHEHHH.
ITostomy, npHMeHsis ra3oBYI0 cMech ¢ U30BLITKOM BOJAOPOAA, MOAYYalOT
NPOAYKIHOHHBIfI ra3, NOYTH He colepXKalllHil XJaopa.

ITpumensis npunuun Jle HlaTteibe K reTeporeHHOMy 3K30TepMHYe-
cKOMY mpoueccy abGcopOUHH KOMMOHEHTa ra3oBod CMeCH XHAKOCTbIO,
MOXHO yCTAHOBHTb, 4TO PAaBHOBECHAS KOHUEHTPAUHA ra3a B KHIKOCTH
WKW paBHOBeCHas cTeneHb abcopOlUHKM rasoBOro KOMMOHEHTa (BBIXOX
npoayxTa) OGyneT yBelHUHBATLCA NPH MOHHKEHHH TeMmepaTypbl H Mo-
BHILIEHHH OOIIEro AaBJeHHs, a TakikKe NMPH yMeHbUIeHUH NapPLUHATLHO-
ro MaBJEHHS TOTJOIIEHHOTO KOMMOHEHTA Hajl KHAKOCTbLIO. ¥ MeHblie-
HHE MNapluajbHOrO [AaBJeHHA MOXeT OblTb AOCTHTHYTO TIPH BHIBOJAE
npoiyKkra H3 30Hb abcopOUHH, HanpHMep oOcaxKjeHHeM €ro B BHIE
TBepablx KpHcTaanaoB **. [loBblllleHHe KOHIEHTPaUHH (NapuHaJbHOrO
JaBJeHHS) MNOrJIoLLaeMOTo KOMNOHeHTa B Fa30BOH CMeCH yBeJlHYHBAeT
pPaBHOBECHYIO KOHLUEHTPAIHIO €ro B XKHAKOCTH, HO CTeneHb abcopbuuu
MOMKET He H3MEeHATbCH.

PacTBOPHMOCTb TBEPAOre KPHCTAMIHYECKOTrO BelecTBa B XKH/AKOCTH
B COOTBeTCTBHH ¢ npHHUHNOM Jle lllaTenpe noBuiaeress ¢ poCTOM TeM-
nepaTypu, €CJIH 3TOT NPOLECC ABAseTCH SHAOTEPMHUSCKUM, TAK KaK
SHEpTHSA, 3aTPayuBaemMas Ha pa3pylleHHe KPHCTAJIHUeCKOH pelleTKH,
o6bluHO GoJblie TEeNJOTH COJbBaTaldH ModeKyd. JlaBiaeHue npH 3TOM

* B nocaenyoliux ¢Gopmyaax Hcnonszyerci ofosHaueHue ¢p.

** Tak, nasi abcopbuus COp MOKHO BLIGHPATL TaKOH NMOTJAOTHTENb, KOTOPHI AaeT
¢ CO; xpucraanuueckuil ocanok, Hanpumep H3pectkosoe monaoko Ca(OH), o6Gpaszyio-
mee ocapok CaCOs.

40



NPAaKTHYECKH He BJIUAET, MOCKOJbKY H3MeHeHHe o6beMa He3HayH-
TEJbHO.

KoncranTa paBHOBEeCHS CJAYKHT JJSI KOJIHYECTBEHHOrO H3-
MEPEeHHsl MOABHXKHOre papHoBecHsl. B (H3nueckoli XHMHH KOHCTaHTa
PaBHOBECHS oONpejeJseTcs Kak BeJHYHHA TepMOJHHAMHYecKasd, OAHa-
KO €e MOXKHO BBIBECTH TakXe H3 3aKoHa JAeHCTBYIOULHX Mmacc, corJaacs
HO KOTOPOMY CKOPOCTh XHMHYECKOH peaklUHH B HaHHBIH MOMEHT NpAMO
NPONOPLUHOHANbHA MPOH3BEAECHHIO MOMAPHHIX KOHUEGHTpaUWii pearu-
pywuiux pemects. Iasa peakuuu (I1.1) cxopocrs npsiMoli peakiuu

=
uy= ke [A)™ [BI7, (11.2)
a cKopocTh 0OpaTHOH peakUHu
:s = k, [D]P, (11.3)

raie Ry B Ry — KOHCTAHTEI CKOPOCTH MNpAMOH K o6paTHOH peaKuHii;

[A], [B] u [D]— monsipible KOHUEHTpalluu (H/JIH mapluHajibHble AaBje-

HHSI) DEAarHpylOUIHX KOMIOHEHTOB B JaHHEI MOMEHT, T. €. BEJHUHHH,

nepeMeHHble BO BpeMeHH, KoHcranTta paBHoBecusi K BhIUHCHAseTCS Kak

OTHOWIEHHE KOHCTaHTHl CKOPOCTH MNpsiMO# peakuHH K o6paTHOi mpH
—

paBHOBECHH, T. €. MPH paBEeHCTBE U;= 3!

ky [A*]™ [B¥]" = k, [D*]7, (L4
OTKYyZa
ky (D*}?
K=t =—n i | 11.5
k-s [A*]m[ Bt]ﬂ { )

rae [A*], [B*] u [D*] — KoHUeHTpaUUH HJIH MapuuajbHbe NABJICHHS
pearupyromux KOMIOHEHTOB B COCTOAHHH paBHoBecHs. [as raso K
MOKHO BBEIPa3HThb 4epe3 MapuHajgbHBle DaBJEHHA pearHpyroUIdX KOM-
MOHEHTOB P, KOHIUEHTPALHH KomnoHeHToB C H, HaKOHel, Yepes MOJsp-
ubie gog8 ux N. COOTBETCTBEHHO MOJYYAIOTCSl KOHCTAHTEL pPaBHOBECHS,
o6o3zunagaembie Kp, K¢, Ky. OHn cBsizanbl Mexay co0Ofl ypaBHeHHsIMH

K,= Ko (RT)*Y (11.6)
K,=K, PN, (11.6a)

rpe P—oOuee paBienne rasosoft cmecn; AN — npupaiiexue uHcsa
MoJieli rasos BeJencTBHe peakuuu. g moneasnofi peakunn (II1.1)

AN = p— (m + n). (11.7)

Has nonydenns GespasMepHEX 3HaueHn# K B GopMyay noxacras-
JSIOTCSl OTHOCHTE/bHBEIE BeJHYHHBI, HalpuMep OTHOLICHHe JeflCTBH-
TeJBHBIX MapUHaJbHBIX AaBjeHHH K crangaptHeiM. Jlas pactBopos
NOJB3YIOTCs] MOJSIPHBIMH KOHUEHTPALHAMHA HJH e KOHUEHTpalHsIMd
nonoB. Ypasueuue (11.5) He mpuMmensercsi B TeXHHYECKHX pacueTax
AJIS1 BBIYHCJIGHHSI KOHCTAaHThl paBHOBecHa K, Tak Kak paBHOBECHHIE
KOHIEHTpaLUHH OOBIYHO HEHSBECTHB M OMpeAeNsioTcs NPH H3BECTHBIX
UCXOAHBIX KOHUEHTPAUuAX no BesuuuHe K. 3HadeHuss KOHCTAHT PABHO-
BECHS [J51 Pa3/HYHBIX peakUHil, onpenejeHHble OMLITHEIM MyTEM HJH
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paccuuTaHHBIC AHAJHTHYECKH B 32BHCHMOCTH OT TeMNepaTyphl H HAaB-
JICHHsI, NIPHBEACHE! B BuAe TabJHIl W HOMOTpaMM B COOTBETCTBYIOLIHX
CnelHaJbHEIX PYKOBOJACTBAaX M crnpaBouHHkax. JHuasa onpepencHus K
M0 ONBITHBIM JAHHBIM €€ BHIPAXKAlOT yepes BEIXOA MPOAYKTA.
BrixogoM mnpoayKTa Ha3elBaeTcsi OTHOUIEHHE KOJHWYECTBA
(haxTHYECKH MOJYYeHHOro NpoAyKTa (Fy K MAaKCHMAJBHOMY KOJHUYECTBY
npoaykra Gy, KOTOpoe MOrjo 6Bl moJy4yaThCsl H3 JAaHHOTO HCXOIHOrO
BELIECTBA:

v

x = Gg/Gy. (11.8)

Has XAMHYCCKHX peaKu#il MakCHMaJbHOE KOJHYECTBO MPOAYKTAa Ol-
peneasieTcst M0 ypaBHEHHIO PEaKUHK IO OCHOBHOMY HCXOZHOMY Belle-
cTBy. B KauecTBe OCHOBHOrO BeleCTBAa MPHHAMAETCHA, Kak MpPaBHJo,
HauGoJjiee LUCHHBIH KOMIIOHEHT pEeaKUHOHHOH cMeCH, KOTOpHIH O6HYHO
MPUCYTCTBYET B HEJOCTATKE NPOTHB cTexuoMeTpuH. Tak, nJs mpoMeluI-
nennofl peakuuu 2S50,+40;=2503; OCHOBHBIM peareHTOM CYHTAIOT
IMOKCHA CEepel, Tak Kak BTOPOH peareHT — KHCJIOPOA — MOCTyNaeT B
cocTaBe BO3AYyXa W ABJIACTCA MeHee UeHHBIM. To Xe OTHOCHTCA KO BceM
MHOTOUHCJICHHBIM peaKUHsAM OKHCJCHHS MPH MOMOLIH KHCJIOpPOAA BO3-
IyXa, B KOTOPHIX KHCJIOpOJ Bceraa mocTynaer B usbeiTke. [Ipu ruapa-
tauun dtHgena CH;=CH,;+4+ H;O—Cy;HsOH ocHoBHEIM CUHTAIOT 3TH-
JIeH. BOjly, CCTECTBEHHO, HE MPHHHMAIOT 3a OCHOBHOE HCXOAHOE
BeecTBo H 6epyT B H36HITKE B OOJBIIWHCTBE NPOLECCOB IHApaTalliy,
FHAPOJIN3a W KOHBEPCHH ¢ BOAsSHEIM nmapom. Jlas mpoueccoB Mex¢pas-
HOil Maccomepepaun (abGcopbuum, mecopOuMH, HcmapeHus H Ap.) 3a
MakKCHMAaJbHOC NMPHHHMACETCS BCE KOJHYECTBO BEUIECTBA, KOTOpOE HMeE-
ercq B oraatoweil ¢ase (manpuMmep, B raze npu abcopbuuu). Taxoi
BRIXOO NpOAYKTa HpHMCHHTeu‘IbHO K XHMHYECKHM peakKuHAM 0OBIYHO
Ha3BEIBAIOT CTenensio npespaujexrus. B npoueccax maccomepegayd Ta-
KOH BHIXOA HA3BIBAIOT CTeneHsio Mmesxthasnozo nepexolda, HanpHMep
creneHpio abcopBuunH, creneHplo fAecopbuuu H T. n. Crenmenp mpespa-
ICHHS HJIH MeXK(a3HOTO Nepexola MOXKHO BBIpaxKaTk (B COOTBETCTBHH
Cc 1-[a3B£lHH€M) OTHOLICHHEM KOJHYeCcTBa W3pacXOJ0BaHHOrO OCHOBHOrO
BemecTBa K OOIEMY €ro KOJHYecTBy B HavaJje mnpouecca Gy

x = (Gg— Gy) /Gy, (“'9)

rae Gy — KOJIHYECTBO HCXOAHOTO BEUIECTBA, OCTABLIEroCcsd B KOHIE
npouecca (B nepenawowmeil ¢ase npu macconepenaue). Popmyana (11.9),
tak x)e kak # (I1.8), mpumenuma puas pacueTa cTeneHHd NpeBpaLleHHA
J060r0 HCXOAHOTO BelecTBa B roMorenHofl peakuun. Ecau 8 wucau-
reav gopmyast (11.8) nodcrasasercs KoauuecTso npodyxra, nOAyHeH-
HO20 8 COCTOAHUU paBHOBeCUA, TO BblX00 HA3bBIBACTCSH PAaBHOBECHBIM Xp.
s Heo6paTHMBIX NPOLECCOB, MPH KOTOPBEIX MOMKET MPOHCXOAHTE MMOJI-
HOEe XHMHYECKOe II]JEB]J&HICHHE WJH [MOJHBIHR nepexon BeUiecTBa H3
onnofi (assl B ApyTylo, Xp=1. Takoii BEIXOA OOBIYHO Ha3BIBAIOT TEOpe-
THYECKHM ¥ 0603HayawT Xr. s 06paTHMBIX MPOLECCOB PaBHOBECHbIH
BBIXOJ, COBMNAjalomuil ¢ paBHOBECHOH CTENEHbLIO NMpeBpallCHls, BCeraa
MeHpllle eguHHUE (xp<<l), Tak Kak paBHOBECHE HACTylaeT MpH He-
MOJTHOM NpEeBpallEHHH HCXOAHBIX BEUIECTB B MPOAYKT.
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PapHoBecHHI BEIXOJA Xp OOGBYHO BHYHCJAAIOT, HCNOAL3YA TabJHLL
3HaueHuil KOHCTaHT paBHOBecHs K, KOTODHE HMEIOTCA B CMNEIHAJBHEHIX
pykoBojcTBax, C apyroii ctopousl, 3naucHus K, npusegeuunble B Tab-
JIMUEX, BHYHCJECHH MO TeM XKe (GopMyJaM depes paBHOBECHBIH BHIXOA
NpoAyKTa, KOTOPHI ONpefe/iHJH 3KCHepHMEeHTadbHO. Bui dopMyJan
/11 BHIYHCJICHHSl KOHCTAHThI Yepe3 paBHOBECHBIH BLIXOA MPOAYKTa Xp
onpenejaseTcss THNOM peakuud. PaceMoTpuMm BeIBoa (opMmyJsibi anas ra-
3oBoii peakunn thna A+B=D. [lo Takomy TtHny B nponsBoactBe
NPOTEKaeT pAj Peakuui, B 4aCTHOCTH aCCOUHALHS OKCHAA H JHOKCHAA
a3oTa B NPOH3BOACTBE a30THOH KHCJOTEH, CHHTE3Bl 3THJOBOTO CMHPTA,
¢docrena, XJOPHCTOro cyJabypHa:

NO + NO, = N,0,
CH, = CH, + H,0 == CH,;CH,0H
CO +- Cl, = COCl,
SO, +Cl, == SO,Cl, -
Ecau obosnauuTe uepes xp, paBHOBECHHIH BHIXOA nponykra D B jo-
JISX eJHHHIB, Yepe3 py, Py H pPp — NapUHaJbHHE 1aBJCHHST HCXOM-

HeIX BeumiectB A, B u npoaykra D B paBHOBecHofl rasoBoift cMecH, TO
NPH CTEXHOMETPHYECKOM COOTHOLIEHHH HCXOAHHIX BEUIECTB B UYHCTOMH
ra3oBof cMecH B COCTOSIHHH paBHOBECHS MOJKHO 3alHcaTh:

P=p, +rg+ry (I1.10)
rie P—o6uee paBaenue, Corsacho ypaehenuio (II.8)
xp=Gp, / Gy =pl / P, (IL.11)
Py Pp Py Pp 1—x
—_— —_— =] — —_—— = . .
P + P Xp H P P 5 (I1.12)
Koucranta paBHoBechs corsacuo (I1.5)
K-——pD;’pApB. (11.13)

Mopcrapasa B (I1.13) swauennsa napuuanpHelX RaBjeHuit u3 (I1.11)
i (I11.12), monydaem
x, P 4y
P 14
K= E . (11.14)
l—xp\? 1 —x,)2 P
=
2
HOnast  peakuu#l, ypaBHeHHE  KOTOPHX  H306pakaeTcst  MOICJBIO
A+B—>2D, nanpumep aJf cHHTE3a XJIOPOBOLOPOMAZ, OKHCJCHHH IH-
Mepa okcuaa azora NoOo+O;—>2NO;, MOXKHO TakKe 3amHcarh:

-

P 1l —xp _Pé l —xp Py

=P "9 TP 2 TP
* 42 2 p2 2
(b} B %
K= . . = 2 = 2 . (11.15)
pﬁ pB (1 - xp) p2? (] - xp)
2
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Takum o6pa3som, MOXKHO MOJYYHThH YPaBHEHHS, CBS3BIBAIOIHE Xp H
K nns mo6oit obpatumoii peakuun. Pewasi ypaBuenns (I1.14) u
(11.15) oTHOCHTENBHO Xp, MOMKHO YCTAHOBHTB, WTO, COTJACHO MPHHLHIY
Jle Illartesbe, B MepBOM cJaydyae BbIXOJ BO3pacTaeT ¢ MOBHIIICHHEM 1aB-
JICHHSI, 2 BO BTOPOM CJiy4ae OH HE€ 3aBHCHT OT JAaBJCHHA. PagenctBa
(11.2) — (11.15), Bmipaxaiomue CKOPOCTH MJIH paBHOBeCHe peaklHii,
COBepPIUCHHO COpaBedJHBLI OJI MPOCTHIX peaKuuﬁ MeX Iy HIcaJbHBIMH
rasamMu HJH KOMIOHEHTaMH 6eCKOHeYHO pa3baBJ/ieHHBIX pacTBOPOB MPH
COOTHOLICHHSAX PCarupyroiliHx BeUICCTB, OJH3KHX K CTeXHoMeTpHUYEe-
CKHM. HpH nepexone K nNpakTHYCCKHM YCJAOBHAM CJACIyeT YUYHTHIBATDL
JIeTYy4eCTH H aKTHBHOCTH pear}ipy}oumx KOMIIOHEHTOB.

Hesb3ss pyKOBOJACTBOBATLCS CTEXHOMETPHUECKHMHE Ko3ddHuuueHTa-
MH B (OpMaJEHOM YPaBHEHHH XHMHUYECKOH peakLHH, KOTOpOe, Kax
npaBHJ0, BhipaxKact JHIWb CYMMapHOeE KOJIHYECTBEHHOE COOTHOIUCHHE
HCXOOHBIX BCLIECCTB H MNPOAYKTOB, IIEOﬁXDﬂHMOE AJ1s1 COCTaBJICHHA Ma-
TephaJgsHoro G6ananca npouecca. CheayeT BCKPLIBaTh HCTHHHBIH Mexa-
HH3M [Iponecca, HaxXxOdHTb uauboJsiee MeLJeHHbIe JUMHTHpYWOUIHE CTa-
AHH ero H ONpele/AThL MNOpANOK peakKuHH, [0 KOTOPOMY H OJOJXKHBI
6piTh 3anHcaHbl NOKaszaTeH cTeneHed B ypaBHenusix TtHma (11.2) u
(I1.3). Tak, Hanpumep, PeakuuH OKHCJGHHA OKCHAA as3oTa B IPOH3-
BOJCTBE Aa30THOH KHCAOTHl M CEPHOH KHCJHOTH HHTPO3HBLIM clocob6oM
0OLIUHO 3anuCchHBalOTCH CyMMapHbIM }’paBHEHHEM

2NO + 0, == 2NO, (a)

Hcxons H3 cTeXHOMETpHM peaklul (a) MOXHO O6HNO 6B 3anHCaTh BH-
paxeHHe AJS CKOPOCTH MPAMOro NMPOLECCa OKHCJCHHSI KaK ypaBHCHHe
TpeTbero mOpPsiKa, T. €. C CyMMO# MokKasartesed creneHel, pasnofi 3:

U= kCio Co, » (11.16)

raie Cnxo u Co, — KOHLUEHTPALUMK OKCHJA a30Ta B pearupyiouieli cMmecH.
Koneranta paBHOBecHsl peakuuu (a) OMHCHBAGTCH YpaBHEHHEM

@Y (G
GG (Gl

Oanako ¢akTuuecku npomecc HAST MO ABYM MOCJeN0BaTeNbHbIM peak-
HHAM!

(11.17)

2NO = N,0, (6)

N,0, + 0, - 2NO, ()

KaxKaasg W3 HHX BhIpaxaeTrcsd ypaBHEHHSIMH CKOPOCTH BTOPOro nopsa-

ka; obmasg CKOpoCTh npolecca TaKie ONHCHIBACTCH YPaBHEHHEM BTO-

poro mopsiaka. B npou3BOACTBEHHBIX YCJOBHAX 06Mias CKOPOCTDb

npodecca JIHMHTHPYETCA MaJbiM 3HA4YCHHEM KOHCTAHTH pPaBHOBECHS

peakuuu (6). CuenoBaTeJbHO, H paBHOBECHE BCEro Mpouecca XapakTe-
pusyercst He ¢opmysaofi (I1.17), a ypaBuenuem

K= Cy0,7 (Cno)” - (11.18)
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Jns kaTaJHTHYECKHX MNPOLECCOB NOPSAOK peaKuHH IIOYTH BCeria
HHZKE, yeM HX CTCXHOMETPHA M0 XHMHYECKOMY YpaBHCHHIO. TaK, npu
HeKaTaJHTHYCCKOM OKHeJeHuH anokcuna cepel 250,4 0y+==250;3 nops-
MOK peakuuu n=3; NpH OKHCJICHHH JKe Ha KaTaJU3aTopax B 3aBHCH-
MOCTH OT HX AKTHBHOCTH MOpPA/IOK pCaKUHH N CHHXKAETCA no Mepe no-
BbILIGHHS AKTHBHOCTH Katasusartopa. [lo mauueiM I'. K. Bopeckosa,
AJIS MaJjo AKTHBHOTO OKHCHOXEJe3HOro Karajusartopa #=2,5, ans
6onee akTHBHOrC BanajaHeBoro n=1,8 U aJd caMOro akTHBHOIO MJa-
THHOBOro h=1, ORIIaKO KaTaJ/Jgu3aTopbl HE BJHAKT Ha COCTOAHHE
pPaBHOBECHA H KOHCTaHTa paBHOBECHA LA KAaTaJHTHYECKOro npolecca
COOTBETCTBYET CTEXHOMETPHH I'OMOreHHOH HEKATAJHTHUYECKOH peakuuH,

NO3TOMY
(Cs0,)"

(Cs0,)Co,

Ecan peakuusi Hec/oXKHasg H KO3((HUHEHTH XHMHYECKOro YypaB-
HEHH§l COOTBETCTBYIOT MOPAAKY peaKuHlH, HO O/1HH H3 KOMIIOHCHTOB B3AT
B OueHb GOJIBLIIOM H3GBITKE, TO HeleJaecool6pasHo YUHTHIBATH €ro KOH-
UCHTPAUHIO B KHHETHYECKOM YDABHCHHH, TAK KaK OHA NPAKTHYCCKH He
Mensercs B xoae peakuud. Jlas MojpesbHOH peakuuu

mA 4+ nB = pD

(11.19)

npu Cyg—1 (B MOJSAPHLIX MHOJfX) IeJecoo0pa3sHO NPUHSATH U 3aTNHU-
ChIBaThL KHHETHYECKHe YpaBHeHHs B fopme

Uy =k, Cy w ug=r, Cp, (11.20)
rie £';=k;Cng, COOTBETCTBEHHO
K=ty ke =(Cp)/ (CL)™ (11.21)

Takum o6pa3oM OmpejessiiOT KOHCTAHTHI CKOPOCTH H paBHOBeCHS,
HanmpuMep, B Opoueccax TMApoJH3a, FHApaTaull H ofpa3oBaHus KpHC-
TAJIIOTHAPATOB, KOTja HMeeTcsl MHOTOKpaTHbifi H36wITOK BOabL [laa
CHCTEMBl XKHJKOCTb — TBEP0OE XapaKTepeH elle OAHH THI MPOLECCOB,
B KHHETHUYECKHX YPaBHEHHX KOTOPHIX HelesJecoobpasHO YYHTHIBATH
BCe KOMMOHeHTH. Ec/u peakuuss HAeT B XKHAKOH cpeae, HO OfHH H3
peareHTOB MaJiO PaCTBOPHM H COAEPIKHTCA B JKHAKOH B TBepnoi da-
3ax, TO 110 Mepe ero pacxoJOBaHHA [POHCXOAHT pPaCTBOPEHHE H KOH-
IleHTpAalHsa MaJOpacTBOPHMOrO BellecTBa B JKHAKOCTH OCTaeTcs Mpak-
THYeCKH mocTosAHuOH. Jlaxe npH He3HauyuTeJ bHOM H3GLITKE TaKOro
KOMIIOHEHTa ero He cjelyeT YUHTHBaTb B YpaBHEHHAX, YTOGH He yC-
JNOXKHATH pacuers. [IpuMepoM MOMCT CAYXKHUTh KayCTH(QHKaUUs cojo-
BOTO pacTBOpa, NpuMeHseMas B [POM3BOACTBe (HWJH B pereHepalHn)
€/IKOr0 HaTpa H3BeCTKOBeIM crmocoboM. Peakuus nporekaer no ypas-

HEHHIO
Na,CO; ++ Ca (OH), == CaCO;z + 2NaOH )

npu TeMmnepatype okoso 80°C u H36wITKe Oojee AelIeBOro peareH-
Ta — H3BECTH. M3BECT]:: NpHMEHn#dAeTCcsT B BHAE H3BECTHKOBOIO MOJIOKA,
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npesncrasasouero cobofi B3sech Mearnx gactuy Ca(OH); B ero Boa-
HOoM pacrBope. Kap6onar Kajpuus IJIOXO PacTBOPHM M no mepeobpa-
30BaHHsl MEPEXONHT B OCAAOK 10 TeX MOp, MOK2a KOHUEHTPAUUs eIKOro
natpa ne gocrurier 100—130 r/amd. Corsacxo ¢GopmaJbHbIM KHHE-
THYECKHM ypaBI-leHHHM caenoBano 6wl OnpeneJHTek KOHCTAHTy paBHO-
BecHs1 B KHAKOH ¢a3ze mo Qpopmyuse

[CacO; | [NaOH*]?
~ [(caOH);] [NaycO3 |

(11.22)

On1ako, YYHTHIBAS CHJIbHOe H3MeHeHHe KoHUeHTpanuit Nap,COg
(Cna,co, —>0) u NaOH (ot 0 go 120 r/aM®) cpaBHHTENbHO HE3HAUH-
TeabHoe uamenenne Kouuentpaunii Ca(OH), u CaCQ; B pacrsope,
KOHCTaHTy PaBHOBECHSI peaKLHUH OmnpeAessitoT AJAsl NAHHOH TeMmIepaTy-
pPbl IO ypaBHEHHIO

[NaOH*J?
[Na,COj]

i3

rmoe .
—x [Ca (OH),

K [ CaCO;]

= consi, (11.23)

Takxe ynpomaiorca ¢opmyab aas onpegedenuss K B cucremax
ras — TBepJoe.

[pu Bbyucaenun K 4YacTO HCMOAB3YIOT CTaHAapTHBIC TabJHIBL,
HMeIo[Hecs: B TEXHHYECKHX CMPaBOYHHKAX™ H PYKOBOACTBaxX no (pH3H-
yecKOH XMMHH. B HUX 0OBIYHO NMpHBEAEHH TEMJIOTH 00pasoBaHus (M3-
MeHeHHe TemyocoaepKaHuil) gr wan AH (Jx/monw), wnzobapuo-uso-
TepMHYeCcKHe MOTeHlIHaJb ob6pasoBanus AZ H abCOJIOTHHE 3IHTPOMHH
S B crangapruom cocrosuuy, T. e. npu 25°C u 105 la (1 arwm)

AZ
ing=—m? , (11.24)
Tak Kak 2,3 R=2,3-8,32=19,1, a AZ=AH—TAS, 10
ig K, = (TAS — AH)/19,1T. (11.25)

Opnako ausst BbluHcaenusl no ¢opmyaam (11.24) u 11.25) neo6xomumo
BBLISICHHTh MEXaHH3M Mnpolecca, T. €. He CyMMapHBbI€, a HCTHHHBIE ypas-
HEeHHs peaKuuil. 3aBHCUMOCTb KOHCTaHTbI paBHOBecHss K OT Temmepa-
TYpHl BEIpaxKaercsl ypaBHeHHeM u300aphl
dinK g
» P
e == e 11.26
dT RT? ’ (I1.26)
KOTOpOoe NpHMeHsieTcsi [JIsl  ONpeleJeHHs] HEH3BECTHON KOHCTaHTH
paBHoBecust Kp, mpu temmeparype Ty, no usBectHod K,, npu T u

* Beckos C. J1. TexuoxuMmuueckde pacueTH. M., Bucmaa wxona, 1966.
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NpH H3BECTHOM TemaoBOM 2¢p@PekTe peakU¥H MPH [OCTOSHHOM [aBle-
HHH B BHJe DaBeHCTBA

Ky B /1 1
g —2 = (— — —), 11.27
€ K, 23R \T, T, (1.27)

rie R=8,32 Ix/(monp-K) — monapuasi rasosas nocroansas. I[lox-
craBasas ee 3uavenue B (11.27), monyuaem

KP Q‘p(Ts_Tl)
g— = — 11.28
K, 90T, (11-2%)
Vpasueuns (I11.27) u (11.28) nonyueust muTerpupoBanucm (I1.26)
NpH MOCTOAHHOM 3HAuYeHHH ¢p (OompegeseHHoM npu T) H mosTOMY
MPHMEHHMBI B HHTEpBajie TeMMepaTyp, COOTBETCTBYIOMIHX HHeGOabIIO-
My M3MEHEHHIO gp. JIns BuluHcseHnss K mpH 3HAYUTENbHOM H3MEHEHHH
TeMnepaTyphl NPHMEHSIOT ypaBHEHHs] BHAA

g K % Pl TPl P TP 11.29
= 1 = s .
ERr=93rT T R & T 46R 13.8R ks (11-29)

rae Aag, Aay, Ao — xKosdpduuHenTs TennaoBbix ypaBHeHu#t Hepucra,
NpHBEACHHBIE [JA pa3qHYHLIX peakiuufl B cnpaBouyHOfl JuTepaType.
Beuay Toro, uTo 3HadeHHus KOa¢p@HIHeHTOB Ag, O4eHb Mallbl 1751 TeX-
HMYECKMX pacyeTOB, YacTO MPHMEHSIOT YNpOUleHHBle (GOpPMyJisl BHAA

igK, = %:&K,, (11.30)
roe a=*¢%/2,3R («-+» AN K30TePMHUYECKHX peakuuHil H «—» O/
9HIOTCPMHUULCKHX).

PaBunoBecHe B reTEpPOreHHBIX NpPpoUeccax, ONpeaensio-
mee pasuosecnmﬁ BEIXOI MpOAYKTa, 3aBHCHT OT TeMMeparyphbl, naBJje-
HUSI ¥ KOHUCHTpauuil B3zamMopeiicTBylomux BeutecTB., KOHCTAaHTH XH-
MHYECKOTO paBHOBEeCHs B Kaxnoi (ase reTeporeHHOH CHCTEMBl BHI-
ypcasior no ypasuenusm (I1.5)— (I1.30). Mexdasuoe pasHosecHe
ONpeaensioT Ha OCHOBE 3aKOHA paclpedefieHHsl BeUiecTBa M IpaBHJa

das (cm. ra. VI).

4. CKOPOCTb TEXHOAOIHYECKHMX MNPOLECCOB

CKOpOCTE TEeXHOJOTHYECKOrO MNpouecca MO0 [EJeBOMY MPOLYKTY
CCTh pe3yALTHpy0OULasd ckopoctel npsamoil, o6parnofl 1 mMOGOUHEIX pe-
akuuil, a takxke AHGEOY3HH* HCXOAHBIX BEIUIECTB B 30HY peakiHH H
NPOAYKTOB H3 3TOH 30HH. PaccMOTpeHHbleé 3aKOHOMEPHOCTH paBHOBe-
CHSl MO3BOJAKT ONpCAC/JHTbL JHIUL MaKCHMAaJbHO BO3MOMKHBIIT (TeOpC-
THYeckHH) BHXOA npoaykra. OaHaKO TeOpeTHUecKHH BEIXOA B NpPOM3-
BOICTBEHHBIX mpoueccax, OrpaHH4YCHHBIX BpEMEHEM, oOBIYHO He A0C-

* Hmeerca B BHAYy MonekynaapHas W TypOGynentHas auddysun,
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THraeTcd BCJEJCTBHE YMEHBIUEHHS CYMMHPHOﬁ CKOpPOCTH peakKUHH
- —

U=u, — Uy NO MEpe CHHIKEHHH KOHIUEHTPAUHH HCXOAHBIX BelUIeCTB.

B HeobpaTHMuX mpomeccaX, T. e. npH u=0, cKOpoCTh peakuHH cTpe-

MHTCA K Hymgio (4—-0) 0pH 0oJIHOM H3pPacXo/0oBaHHH OJHOTO H3 HC-
— -

XOJHBIX pearedToB. B ofpaTHMBbIX lponeccaXx #—-0 npH uy=uy, T. €.
AOpH gocTHxKeHHH pasHoBecHs. CorsgacHo 3axkoHy AeHCTBYIOUIMX Macc
B H30JHPOBaHHOH CHCTEME KOJHYECTBO MOJYYEHHOTo IPOAYKTa AJd
npocroil peakuun thna (11.1) namensercs ¢
Gu G TEUEeHHEeM BpeMEeHH MO BOCXOASLICH Jora-
pudmuueckoil kpusoit (puc. 2). Ilo anaJo-
CPHYHOH KpHBOH H3MEHSIETCH H BbIXOL NpoO-
aykta (crenenp npespautenus) x. CKopocTb
u . peaklHH, BbIpa’KeHHasl KOJHYECTBOM MOJY-
YeHHOro NpPOAYKTAa 3a EAHHHLY BpeMeHH
(HucXoasmas KpHUBasi), COCTABJACT B HaYa-
Je npouecca 3HAYHTEJbHYIO OPAHHATY Ui,
T Ty T a 4epe3 HEKOTOPOE BPEMS Tn -— JHIUbL BEJH-
YHHY Us [Ipr npHOJHIKEHHH K PABHOBECHIO
Puc. 2. Kunertuka HeoGpaTH- HJIH CHHXXEHHH KOHUEHTpaUHH HCXOAHBIX
MOro mpollecca N0 3aKOHY  BelIeCTB B HeoOpAaTHMBIX [pOLECcCax CKO-
ECF‘CT“Y'Omixcor’:‘S*’tEC; P, t=" pocts peakumn crpemutcs K nymo. [Ipous-
- ' BOACTBEHHBI mpoLecc HewesecoobpasHo
BECTH CO CTOJIb MaJIOH CKOPOCTLIO, MOSTOMY
€ro H He JOBOAAT N0 paBHOBecHs. KpHBee Ha pHC. 2 BRIpa)aloT KHHe-
THKY MpoLecca BO BpPeMeHH LIS XHMHYEeCKHX peakuHii u moboit Mexdas-
HOH Maccomepeaau, npoTexKatouleft B annaparax nepHoguueckoro pef-
cTBHA (B H30JHPOBAHHONH CHCTEME) HJIH B NPOTOYHHEIX alllapartax, 6.u3-
KHX MO peXXHMY K afnnaparaM HaeaJbHOro BbITECHeHHS,
Hsmenenne KOHUEGHTPALHH OCHOBHOMO HCXOJHOrO BellecTBa H Ipo-
AyKTa peakUHH B TeueHHe Ipolecca XapaKTepHu3yercsi KPUBBIMH, KO-
_TOpBI€ pas3JHYlbl AJs1 OPOCTHIX H CJIOXMHBIX peakiuuid, a TakKe pjf
NpOLECCOB, NPOTEKAIOUIHX M0 THNY HAEAaJbHOTO BBITECHEHHS H [IOJHOFO
cMmeuteHns. JLast npocThIX 11POLECCOB, MPOTEKAIOWHX NO THIY HACANb-
Horo BEITECHeHHs1 6e3 H3MeHeHHR ob6beMa no cxeme A—D, KoHLeHT-
palHusi OCHOBHOro HcXopHoro Bemiectsa C, yMeHbllaeTcsl BO BpeMe-
Hn (puc. 3) or HauaapHolt C,, A0 HyJeBoH AJs HeOOpPaTHMBIX Mpo-

neccoB u A0 pasHoBecHoit Cj maa  o6patuMeix. CoOTBETCTBEHHO

KoHLeHTpauMsi mnpoaykra Cp yBejHuYHBaeTCs 1Js oOOPaTHMBIX MpoO-
LECCOB OT HyJ1s1 10 KoHUeHTpauun C, COOTBETCTBYIOIIEH paBHOBECHOH
CTENeHH NpeBpauleHHs, T. €. Xp, a A5 HeoGpaTHMBIX Ao x=1.

BosbIIHHCTBO XHMHYECKHX peakuHil OTHOCHTCA K CJOMKIBIM, T. €.
COCTOHT H3 HECKOJLKHX 3JeMeHTapHbIX, XapaKTep H3MEHEHHSI KOHLEH-
TpauHii peareHTOB /51 MpocTeffliero cjaydas CJ0XHONApaJeJbHOH
peakuHH, nporekawuiell B peakTope BLITECHEHHS M0 cXeMe

B
ky /"
A

N
BN

u
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MoKas3aH Ha pHc. 4, €CJIH KOHCTaHTa CKOPOCTH k|>k2. Has npocreit-
Ry

IIHX CJAOXKHONOCAEAOBATENbHBIX peaKLUHH THNA A—rB—rD B peakTo-
pax BbLITCCHEHHS] H3MEHEeHHE KOHUEHTpPAaUHH XapaxkTepH3yercd KpHBBI-
mH puc. 5. Bo MHOrHX npoH3BOJACTBAX TEXHOJIOTHH OprallMYecKHX Be-
[IECTB LEJEBHIM SABJASETCH MOPOMEXKYTOUHBIH MOPOAYKT B. Kax Buguo

[

[4
| [

Ll 1 " — e — —

lp 7 8

A
V/j
gH-———= <=
T 7 )

Puc, 3. TunmHyHEle KPHBHE Puc. 4. Hamenenue KoH-
H3MEHEHHS KOHUEHTpauuii pe- ueHTpauud B OuHapHona-
areHTOR BO BpeMeHy s panaeisHoll  HeolGparHMmof
NpocTHX peakuuit tHna A—D ks

B PeaKTopax BHTECHeHHs: peaKuHH A7 B

1, 2 — napacranue XKoMueHTpauuh \D

npopykra D aas weolpaTHMOro ke

H oOpaTHMOro npoieccos; 3, 4 —

yMeHBUICHHE KOHUEHTPAIlHH  HC- npH kl}kz
XOOQHOTO BelllecTsa

H3 pHC. 5, ANl ONTHMAaJbHOrO BEIXOAa B HeoOXOAMMO HE TOJLKO
6osbllloe COOTHOIWICHHE R([R;, HO W ONTHMaJNbHOE BpeMsl MpoIecca;
ganpHeiiliee yBeJHUYEHHE BPEMEHH BHI3LIBACT MpEBpAllICHHE LEIEBOro
npoaykra B B D. 2710 oTHOCHTCH, B YA4CTHOCTH, K MHOTOYHCJIEHHBIM
OKHCJIMTeNLHEIM MpOLeccaM M[pH NPOH3BOACTBE CMNHPTOB, aJblCrHoB,
KHCJIOT H APYTHX KHCJODPOAHHIX MPOH3BOAHBIX OPTaHHYECKHX COGLMHE-
HHil, a TaKXKe K [poleccaM HEmoJHOro THAPHPOBaHHS (HanpHMep,
CO+2H,—>CH;30H).

8

T
5 6 v
Puc, 5. HMameHenHe KoHUEHTPauHi B NOCIEAOBATENLHHX HeoOpAaTHMHX pe-

k &
aknuax thna A __, B .,  D:
a—Fky=Ry 6 — RiZDRy; 6 — Ry
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[TockoJIbKY B nMPOTOYHOM peaKTOPe BpeMs nponecca T paBHO OTHO-
LIEHHIO BBICOTH! (AJHHBEI) peakKuuoHHoro ob6beMa H K JHHEHHOH CKO-
pOCTH NOTOKAa pearcHTOB W, a TaKXKe T BbipaxKaeTrcsl OTHOUWIEHHeM pe-
aKHOHHOrO O0beMa U K pacxody cMecH peareutoB Vg, T. e,

t=Hjw=uv/V, (11.31)

TO NpH 3agaHHbIX W H V. KpuBble puc. 1—4 BbipaxaloT TakxkKe 3aBH-
cumoctn C=f(H), C=f(v), u=f(H), u=f(v) u t. n. Kunernueckue
KpuBble, MpHBeAeHHble Ha pHc, |—4, xa-

C PaKkTepH3yIOT TNepuogHYecKHe IpoLecchHl
Q—‘f H TIpoLecChl HACaJIbHOTO BBITEeCHCHHA B
HPOTOYHBIX peaKropax. [IpHHUHIHAIBHO
2 ] OTJHYAIOTCA KHHETHYECKHE KpHBbIe MJIf
I npoueccoB, 6JU3KUX MO THAPOAHHAMHYe-

J | CKOMY PeXHMY K TOJHOMY CMELICHHIO
} (cM. onpesaenecHue Ha c, 86). Kak Buauo

7 u3 puc. 6, Npu noCTOSIHCTBE TEMOepaTy-

" \B_ prt T, pasJjeduss P u Hauaibuol KOHIEH-
] I — T tpauun Cy 051 NPOLECCOB, NpOTEKal-
r] w7 WHX B pexume, OGJHIKOM K MOJHOMY

s CMEIIeHH!IO, CTeNEeHb [1p6Bp3meHHﬂ oc-

Puc. 6. HMaMenenwe KoHuenTpa- HOBHOI'O HCXOAHOTO BelecrBa *
LUHH 70 BpeMeHH npouecca nasa

npocrofi ofpaTtuMofi peaxuun: CAH_CAH
! — KOHUEeHTPauni HCXOOHOTO Beuje- X=—— (11-32)
crea C, nps pexume, OIHIKOM K CAH

MONHOMY CMELIeHHIO M BpEMEHH peak-
mu# T,; 2 — H3MeHeHHe KoHILeHTpa-
uun C, NpH pexHMe BBITECHEHHA B pH HEKOTOPOM 3a13aHHOM BpPeMEHH peak-

KHHeTHdecKolt o6nactd; 3 — uamene- UHHH Tz BBILIE, yeM JId npoueccoB, npore-
Hite KORuEHTpawui C, mpH peXiMe  yagpx  Ges MepeMELIHBAHHSA peareH-
BbiTecHeHHA B AuddysuouHolt oGna- o
ctH; 4 — KonlleaTpauus npoaykra €, TOB, T. €. B ,ELH(I](I]}’SHOHI'IOH obJaactu
OpH  peiime, OGAHIKOM K NOJHOMY (KpHBaﬁ 3] 310 oﬁyc.nomeﬂo CHATHEM
fepemennanme BHelHeAHDPY3HOHHOTO  TOPMOXKEHHs B
DeaKTopax ¢ MOJHBIM TMepeMellHBaHHEM.
B 1o Xe BpeMa crTelleHp [MpeBpalleHHs IIpH  TNOJHOM liepeMe-
uMBaHuK Oblia OBl HMXKe, YeM NPH PpeXHMe HaeaJbHOro BbITEC-
HeHHsl B KuHeTHueckoHl oGsactu (KpuBasg 2), ecau Gb cob.aiopaloch
nocroaHcTso napamerpoB (£, P, C=const). Ognako no camoii cyw-
HOCTH PeXHMa TNOJHOTO CMeLICHHS BO BceM of’beMe peakTopa ycra-
HaBJHBACTCSl NOCTOAHHAA TeMmnepaTypa, paBHas KOHEYHOH reMmnepa-
Type BhIXoAsiiell NMPOAYKNHOHHOH CMECH, a NpH pPeKHMe BbITeCHEHHS
TeMIeparypa MeHseTcs OT HadyaJbHOH 10 KoHeunoll no aguabartnuec-
KOH npsIMO#i HJH NOJHTepMHUYecKOll KpHBOfi. B pesysabrarte, Kak Gyler
nokasaHo HuxKe (cM. c. 109), cpenHsis TemmepaTypa H COOTBETCTBEHHO

* Bripamenne (I1.32) cnpasemnnBo TOABKO AR TIPOUECCOB, NpPOTEKawUux G6e3
naMeneHud obvema. Ilpu n3meHeHHH ob6bema

x=(C, —§C c
( L Ax)/ Ay ?
rae P — xoad¢ulpeHT Nepecyera KOHUCHTPALHH K HAYaAbHOMY 06BEMY CMECH.
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KOHCTaHTa CKOPOCTH Ipollecca MpH pexHMe BHITECHEHHA MOryT OHITb
HHXXe, YeM TIpH pexHMme cMemeHus. IIpH Bcex pexHMax C ypeluue-
HHEM BpeMeHH KOHIleHTpauusi BemlectBa A Gyaer npub/HXaTbcs K
paBHOBECHOMH.

CKOpoCTb NpPOH3BOACTBEHHOTO Ipolecca onpeaesaeT IIPOH3IBOAH-
TEJbHOCTh COOTBETCTBYIOIIHX AannapaToB HJIH pasMepH H KOJHYECTBO
ux. CKopocTh mpolecca pacCUHTHBAIOT 10 BHIXOAY MNPOAyKTa X [cMm
dopmyay (11.8)] 3a BpeMs t HiH uepes KOHCTaHTy (KO3(PHIHEHT)
CKOpOCTH MNpouecca 2. BbIXoa NMpPOAYyKTa MOXKeT BHIpaxkaTbCA B 3aBH-
CHMOCTH OT YCJOBHH CTeleHbiO NpeBpalleHHsi, PABHOBECHHM H (ak-
THYECKHM BBIXOAOM. BnIX0Z OT TeopeTHueckoro, HJH (GaKTHYeCKH#
BHIXO Xg, ONpelelisier cTeleHb NpHOJIHKEHHs npouecca K paBHOBe-
CHIO H HMeeT Baj)KHOe 3HAUeHHe AJIs1 OLEHKH CKOPOCTH MpOH3BOACTBEH-
HOTO mpouecca. BeIXxoAoM OT TeOpeTHYECKOTO Ha3BIBAETCH OTHOILEHHE
KoMHuecTBa (aKTHUECKH mNoJyueHsoro npoaykra Gy K KOJHUYECTBY
€ro, KOTopoe MoJyunjioc, GH NMpH COCTOSTHHH paBHoBecust Gp. Brixon
OT TeOpeTHUECKOro BCerna MeHbllle efHHHIBE H JHIbL B npejene
CTpeMHTCA K eAHHHLIe. BbIXoa uyacTo BBIpa)kaiOT B NpPOLEHTaX, Ha-
npuEMep

xg = (Gl Gp) 100 = (Gg/ Gy, x,) 100. (11.33)

Hus neo6patumeix npoueccos B dopmyny (I11.33) smecro Gp nox-
craBasioT Gr— KOJIHYeCTBO MNpPOAYKTa, KOTOpOe MOJydnJoch Gbl MpH
MOJHOM MpeBpallleHHH B MPOAYKT TOIO M3 HCXOAHLIX BellecTs, KOTO-
poe HMeeTcs B HEAUCTAaTKe II0 CTeXHOMeTpHH peakuud. Ilpum crexwmo-
MEeTPHYEeCKOM COOTHOIIEHHH HCXOAHBIX KOMNOHeHTOB Gy= Gy, T. €. BH-
XOJ OT TeOpeTHHeCKOro COBMajaeT CO CTeNeHblo npesBpamenusa. as
HeoGpaTumoro npoiecca x=1 u oGosnauaerca X;. A o6paTHMBIX
NpPOIECCOB BCETAa Xg >X — CTENEHH MNpeBpallieHds [CM. ypaBHeHHS
(11.8) u (11.33)].

[To anaJIoOTHH ¢ 3HepreTHYECKHM IOHATHEM — KO3(pdHIUHEHT noje3-
HOTO JefCTBHS — BBIXOJ OT TEOPETHYECKOro B JAaHHOM annapaTte He-
peaxko nasmBawoT KIIJl anmapara v. B MuoronojouHslx anmaparax
onpenensitor KIIJ xkamxnpoit nonku, naupumep KIIJ Tapenku pekrn-
(GHUKaLHOHHOR KOJIOHHHBI.

Jlasi cnoxHbIX  (mapaJJiedbHbX, [OCTEAOBATEJNbHBIX)  peaKuui
BaXXHbIM [OKa3zaTelZieM HABJIAETCA CeJeKTHBHOCTb MNponecca. KOI‘;‘.'la B
pe3yJibTaTe lpeBpalileHHs] OCHOBHOI'O HCXOAHOTO BellecTBa A noJsyua-
ercs ueseBoe (3adaHHoe) BelllecTBo B, a takxe noGouyHbie UPOAYKTHI
D u E, 10 ceneKTHBHOCTL S MOXKHO ONpeAe/iHTb KaK OTHOLIEHHE BHI-
XOZa LEJeBOr0 MpPOAYKTAa Xg=Xp K CyMMe BHIXOOB LEJEBOro H [O-
60UHBIX (Xp U XE) TMPOAYKTOB

S= xB f'(xB +xD +xE ). (1134)

HJIA KaK OTHOLIENHE KOJHYeCTBa OCHOBHOTO HCXOJHOTO BelllecTBa,
npeBpaTHBINeroca B ueseBoil npoaykt G, _,p, K 06lIeMYy KOJHUYECTBY
npopearHpoBaBLIEro BelECTBA:

S=G,_p/G, . (11.35)
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Ypasuenus (11.8) u (11.33) paror JNHIIb NOHATHE O TOM HJH HHOM
BHAe BLIXOAa; AelCTBHTEJbHOe BBIUHCJIEHHE BLIXOAA NPON3BOAHTCSA
paam{qno B 3aBHCHMOCTH OT BHIAa HpOI.LECCEi HIH XHMH'—IQCKOﬁ pCaKU,HPl.
PaccMoTrpum gss npumepa BBIYHC/IeHHe BHIXOjJAa NpOAYKTa AJa MoO-
JeJIbHO# peaKIHH

mA -+ nB — pD

1. Ecan ncxoaubie BeilectBa A W B B3ATH B CTeXHOMETPHUECKHX
COOTHOLIEHHAX H peakius HeoOpaTuma, TO

Gp, = Gu= Gy +Gp

H TeOpeTHYeCKHH BBIXOJ

Up
tp=—1—=1, (11.36)
Gy 103
a BHIXOJ OT TeOPeTHYeCKOTO paBeH CTeNeHH fpesBpalleHHs:
Gp, 6,
» >
r=xp= = , (11.37)
Or +Gp Oy +0p+Gpy

rie Ga, 4 Gp— KOAWYeCTBA HCXOAQHBIX BelllecTB MO0 peakiuH;
Ga, 1 Gp,— KOJIMYECTBA MCXOAHDBIX BEIIECTB, OCTABUIHXCA B peakuH-
OHHOH cMecH IOcJie peakiHH, T. €. HA BBIXOJe H3 annapara; GDnb_
KOJIHYeCTBO [OJy4eHHOTO npoiykTa. OQHAKO A/ BHIUHCIEHHS X4 B
razoBHX HJH JXHIKHX TOMOTEHHBIX CHCTeMax Heo6si3aTelIbHO 3aMe-
pATb MAaccOBble KOJHYeCTBA HCXOAHBIX BeLIECTB H NPOAYKTOB peak-
IIMH, 4 MOXHO TOACTABJATb B GOpMYJy KOHIEHTPALHH OCTABLIHXCS
HCXOAHHIX BEUISCTB H IHMPOAYKTa B KoHeuHoil cmecH., KoJuuyecTBo Jio-
Goro BemectBa G B maHHOM o0beme U paBHO NPOHU3BENEHHIO KOHIIEH-
TpauHu atoro semectda C-ua obbeM, T. e.

G“\n o= CAo o, GB0 = CE,0 v, GD@ == CDdJ v,

Takum o6pa3oM, H3MepHB KOHLEHTDAIHIO pearHpyioLIHX BeliecTB
Ca, ¥ Cp, a TaKKe KOHUEHTPaUHIO mOJydaoulerocs npoaykra Cpy
Ha BHIXOJAe H3 amlapaTa, MOXHO [[pQﬂCTaBHTb CTelleHb npcspamc;mg
KdK OTHOLIeHHe MAacCOBBIX KO}IuEHTpauHﬁ:

C‘)m

r=xp=——— .
Ca,tC,+Cp,

(11.38)

2. Ecaium B paccmartpuBaemoii HeoGpatumoii peakunu (II.1) Baar
H30BITOK KaKoro-iuGo BeljecTBa, AonycTdMm B, HpOTHB TeopeTHuecKo-
ro, To [pH TPOYHX pPaBHHIX YCJOBHAX YyBeJHYHBaeTcAd BBLIXOA IO Be-
mectey A M yMenbllaetrcsi no BenlectBY B. JlanHoi#l 3aBHCHMOCTBIO
IWHPOKO MOJIB3YIOTCH B MHXKeHepHOH paKTHKe, KOorja H3 ABYX pearu-
PYIOHIHX BeuiecTs OAHO A sABJsAeTcs AOPOTOCTOAIIHM HJH AeQHUHT-
HbIM, a Apyroe B — pellleBbiM H JIeTKOAOCTYIHBIM. YBEJIHYHBAs KOH-
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HeHTpaiuHio AelleBoro BeulectBa B B 3oHe peaknud, nob6upaiorca 6o-
Jee [OJHOTO HCHONb30BaHHA AOpOroro A, T. e. TOBHINAIOT BHXOA
roToBoro mnpoaykra no A (puc. 7). IIpuMepamn TakHX NpoMBILLIEH-
HBIX [IpOLECCOB fBJAIOTCA peakUHH KOHBEPCHH MeTaHa H JpYrHx
yIJeBOAOPOAOB ¢ BOASHBIM I[AapoM AJA TOJYyYeHHA CHHTE3-rasa
(mCO+nH,), a tTaxxke pasHoo6pasuble NPOLECCH THAPATALHH 3THJIE-
HA, aleTHjeHa H APYyrdHX HenpeieJbHBIX YIJIeBOAOPOAOB C HEbIO
HOJy4eHHs CIHPTOB, aJabJeTHAOB H KeTOHOB. Bo Bcex 3TUX npomeccax
BeulecTBOM B, ecrecTBeHHo, sABJfeTCHA
BOJAA HJH BOJASIHOH nap, KOTophli Geper-
cs B H306HITKE,

Kucnopon B03ayxa, HCHOJb3yeMBbLil
ons o6XHra cepocolepkalllero ChipbfH 3

%

o X,
okncnenus SO; B HPOH3BOACTBe CepHOM max
KHCJIOTH, [AJIA OKHCJeHHs aMMHaka B X
[POH3BOJACTBE A30THOH KHCJAOTH H AJIdA r
OKHCJIeHHS raepoaopoaoB H HX TMPOH3-

y Aopoa p H3lbimox 8

BOZAHBIX, TaKXe §BJSETCS THIHYHBIM Be-
mectBoM B, npumeHseMblM c OGOJIBIIEM Pue, 7. Bauanue naGhTKa Belle-
H36BITKOM MNPOTHB CTEXHOMETPHH. M3- ctBa B Ha Buixoa mnpoaykra D
6bitok B nogblmaer Buixox no A gumb M0 Beuﬁe““g;‘ B pegkin ”:A“"
[0 onpedelieHHOro npejena, T. €. OT Xc +aB=>pD (v, P, t=comst)
NpH CTeXHOMETPHYECKOM  COOTHOILEHHH

KOMIIOHEHTOB NMPHMEPHO A0 Xmax. DTOT Ipenes A HeoGpaTUMBIX Mpo-
I[eCCOB HACTyNaeT NPHM 3HAYEHHH Xmax, OJH3KOM K eiHHHIE, 3 IJf
06paTHMBIX — NPH Xmax—>Xp. [lanbHeifimee noBbllenne H36bITKa B
Gyner paBHOCHJIbHO yBenuueHHio Gannacra. [lpaxrhyeckn usburok B
yCTaHaBJIHBAaeTCA HCXOAf H3 3KOHOMHYeCKHX TOACYETOB H COOTBET-
CTBYeT BHIXOAY X< Xmax. BHXOAB NMpoAyKTa 1m0 A # 10 B aja peakuuu
(11.1) paccuuthiBalOTCSt MO CHEAYIOUIHM YpaBHEHHSM:

G G
Xy =Xp =—*“"Pﬂ"lﬂxa=xm =,—D"’—- (11.39)
A g, +Gp B Gy+Gp

rae G’A — KOJIHYEeCTBO BellleCTBa, pacCYHTaHHOE IO CTeXHOMETpHdyec-
KOMY COOTHOLUEHHIO Mo (hakTHYeCKOMY pacXxopy BeulectBa B; G'p—
KOJIHyeCTBO BellecTBa, pacCCUHTaHHOe 110 cbaK'quecxomy KOJ’IH‘IECTBY
BeulectBa A. Ecnm paccMaTpuBaOT Tas’oByI0 peakuHio, TO BMeCTO
MaccoBbX KoauuecTB B ¢dopmyaax (I11.39) noacrasasior unappMalin-
Hble faBJleHHsl HWIH OoObeMHbie KOHIEHTPalHH COOTBETCTBYIOUIHX ra3os.
3. Ecnu peaxkunst (I1.1) o6patuma u pearupymoliHe KOMIOHEHTH
A u B BBeneHbl B CHCTEMY B CTEXHOMETPHYECKOM COOTHOIUeHHH (Ha-
npuMep CHHTe3 aMMHaka u3 Hs 1 Ny), TO BBIXOJ OT TEOpPeTHYECKOTO 60.1b-
e cTeleHH MpeBpalleHHsl, TAK KaK KOJHYECTBO NPOAYKTA PeaKkiHH B
cocrosiiKd paBHoBecHs Gp, <Ga+ Gs
o On,,

Xp= - . (11.40)
GDP (Gs +Gp )%
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Takoro THma ypaBHeHHe MOXHO BHIBECTH AJISl ONpejlelIeHHA BHIXOAA
no peakruu jroboro Buaa.
BuXoa, KaK npaBmJo, 3aBHCHT OT MHOTHX I[1apaMeTpoB:

x=¢(T, P, 2. Cy , Cg, Cp, n...), (11.41)
rae T — remieparypa; P — nasienue; 1 — ppema; C,, Cp, Cp — KoH-

IEHTPalHH HCXOAHBIX BEIIECTB H NPOAYKTOB peakiuufl; 71— MOpALOK
peaKUHH, paBHEI CyMMe MoKa3aTellefl CTeNeHH HpH KOHLEHTPaUHAX

6,Cp X
X 0y 1
2
T
Puc. 8. Bausanue nopsaka peax- Puc. 9. HM3aMenenwe Kuhne-
LHH Ha DOCT BHIXOAA NPOAYKTa THYECKMX  XapaKTepHCTHK
No BpeMeHd T npouecca BO BpEMEHH A
0, 1, 2— NOpPAACK peakuuu npocTofi 00paTHMOI peak-

KK B peuMme, GJIH3KOM K
HA€aJLHOMY BBITECHEHHIO

HCXOAHBIX BellecTB B KHHETHUECKOM ypaBHEHHH. 3aBHCHMOCTb BBHIX012
NPOAYKTa OT BpeMeHH rpHuBefeHa ua puc. 8. OnHako Xapaktep KpH-
BbiXx X=[(t) CHJbHO 3aBHCHT OT JAPYIrHX 1apaMeTpOB, BXOAALIUX B
sasucuMoctp (I11.41).

TeopeTHueckoe BbIUHC/JeHHe BBIXOAA TPYAHO, TakK Kak OH ABJiseT-
cs CJOXKHOH HeJMHeHHOH QyHKUIHel MHOTHX nepeMeHHbX. O6GbIUHO BHI-
XO0A TOTOBOTO NPOAYKTA ONUPEAesIOT HA OCHOBe IpaKTHUeCKHX AaH-
HBIX M NPHMEHSIOT 3Ty BeJHUHHY [JA CPAaBHHUTEJbHOH OLEHKH Hec-
KOJIbKHX OJHHAKOBHIX IPOH3BOACTB, OCYLIeCTBJIsieMbIX IO pPa3HBIM
TEXHOJOrHUYECKHM CXeMaM WJH Ha pa3JIHYHbIX NpelnpuaTHax. Brixox
rOTOBOrO NpPOAYKTa HApsiny C pacxoAHbIMH Ko3ddupuestamu (T. e.
pacxoaoM CHpbsl Ha €IHHHIy Macchl FOTOBOrO HpoAyKTa) H ceGeCToH-
MOCTbIO NPOAYKIHH B 3HAUHTEeNbHON cTeneHH XapaKTepH3yeT CTeleHb
coBeplIEHCTBA TOTO HJH HHOTO TEXHOJIOTHYeCKOro mpouecca W B oc-
HOBHOM OMpejetsieT ero 3KOHOMHKY. YUem Ousnxe BHIXOA K eAHHHIE,
yem OJiXe pacxeanble Ko3(p(PHLUHEHTH K CTEXHOMETPHUECKHM, TeM
coBepllieHHee OPraHH30BaHO IPOHM3BOACTBO H, CJIe0BaTeJIbHO, TeM
Jyullle ero 3KOHOMHYeCKHe MoKasaTeld.

Jas KoJHYeCTBEHHOH OmeHKH WHTEHCHBHOCTH paboThl Pas/HYHHIX
annapaToB H AJIS TEXHOJIOTHYECKOTO pacuyeTa NpOH3BOACTBEHHBIX IpPO-
IlecCcOB JIyullle 10JIb30BaThCA KOHCTAHTOH CKOpPOCTH mpoinecca R, KOTO-
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pasi B reTepOTeHHBIX Mpoleccax HasblBaelcs Takxe KospdHiHeHTOM
Mmaccolepenauu. KDHCTHHTB CKOpPOCTH npouecca B OTJIHYHEe OT X He
3aBHCHT OT BpeMeHH T M KOHIEHTpallHH peardpymoliHx Beuiects C, a
ee 3aBHCUMOCTb OT TeMIepaTypLl BO MHOTHX CJydasiX JIerko olpene-
JsieTcsl N0 ypaBHeHnio Appennyca. KoHcTanTa CKOpOCTH Ipoiecca —
O[MH M3 OIpeleNsOIHX COMHOXHTeJed B ypaBHeHHH CKOPOCTH IpO-
mecca.

OcHosuble opmyan ckopoctn npouecca. CKOpOCTb XHMHKO-TEXHO-
JIOTHYECKOTO TpOLecca ¥ MOXHO BHIPaXKaTb IIPOH3BOMHBIMKE Pa3JIHUHBIX
BeJIHYUHH BO BpeMeHH. JlJs 1pocThiX 06paTUMBIX TPOLIECCOB, NpOTeKalo-
IIHX TpH pexkdMe, OJH3KOM K HIea/]bHOMY BbITeCHeHHIO, T. €. NpH He-
3HAYHTEJLHOM OCEBOM (MpOLOJbHOM) MHepeMellHBAaHHH, H3MeHeHHe BO
BpeMeHH KoJHuecTBa npoiaykra (, KOHmeHTpauHH HPOAYKTa B pearu-
pyiomteit cmecH Cy, KonueHnTpauun Jwoboro ucxonnoro Beltectsa Cy H
CTeTIeHH TpeBpAallleHHsl X Bhlpa)kaeTcss KPHUBBIMU, NPHBEACHHBIMH Ha
puc. 9. 3a manbiil nmepuon BpeMeHH dt BCe BeJIMUMHBI, XapaKTepH3yio-
e CKOpPOCTb IIpomecca, H3MeHsIOTCA cooTBeTcTBenHo Ha dG, dCy,
—dCy, dx, T. e. CKOpOCTb Tpomecca # MOXKHO BBIPAa3HTb Kak

(od0 GG Gy dx o
dr dt dz dz

Takue e BHIpaXKeHHs CKOPOCTH IIpoiecCa MPHMEHSIOTCH NPH MO-
JeJIUpOBAHUH M TPOCKTHPOBAHUH TepHOAHYECKH pabOTaloIHX peak-
TOpPOB HE3aBHCHMO OT CTeleHH IlepeMellliBaHHs PeareHTOB; B NaHHOM
clyuae T-— BpeMsl OT HauaJsa mnpouecca. Kpusole puc. 9 Belpaxator
Ipolecc NpH NOCTOAHCTBE TeMIepaTypbl M [aBJeHHA, OJHAKO B NepHO-
IMYeCKUX Tpoieccax TeMmlepaTypa H JaBjeHHe, Kak NpaBHMO0, Heroc-
ToAHHLEL. B Haualle mpouecca mocie 3arpy3kd peakTopa TeMilepaTypy
TIOCTelleHHO TOBHIIAIOT, 3 B KOHILE Ipollecca HHOIAa CHHXKAIOT, TpH
3TOM HepelKO MeHfeTCHd H JaasjeHHe. B NpOTOYHBIX peakTopax Bpe-
MA HpOuCCCB npH onpenesieHHOM pacxone pEEK]_LHOHHOfI CMeCcH
Ve (M%/4) uponopunonanbHo oGbemy peaktopa v:

t = v/ V. (11.43)
[Tostomy Bhipaxenns (I11.42) moxHO nepenucaTh Tak:
dG dCy dcy dx
=V — Ve —i—Ve—3 .
u= Vg To Ve To Ve Jo Ve 7o (11.44)

Ilpu ycraHoBHBUIeMCH TOTOKe peareHroB B Bohipaxenusax (11.44)
Hepeako onyckaioT V.. IIpu 3TOM COOTBeTCTBEHHO MeHfeTCs 3HayeHHe
KOHCTaHTbl CKOPOCTH TIpOIecca, HO XapaKTep KPUBBIX, XapaKTepusyio-
IIUX CcKOpocTb Ipoiecca (puc. 9), ocraercs HeusMmenumM. [lpm noc-
TOAHCTBE ceueHus peaktopa (OObIYHO BepTHKAJbHBIH HMUJIHHID) Bpems
npomecca NPONOPUMOHAJbHO BbicoTe peaktopa H, eciu nuHeliHas cko-
POCTL [IOTOKA peareHTOB W DOCTOfHHA, T. €.

c= H/w, (11 45)
CJ’IenOBaTCJ’IbHO, CKOPOCTb ﬂpoue[‘.[‘.a MOAHO B‘E:IpaBHTb KakK
4G dCy
=w—; W— # T. 4. 11.46
“=CuH Y aH A (11.46)
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Ilpu ycraHoBuBlIeMCH MOTOKe (TeMMepaTypHOM pexume) onycka-
10T w B Bbhipaxeuuax (I11.46). B KuHeTHUecKHX ypaBHEHHSIX NPHMEHS-
IOT Te HJH HHble BhIpaxKeHHs cKopocTu npouecca (I11.44) — (11.46) B
3aBHCHMOCTH OT TOrO, Kakoil u3 napamerpos (G, C, x, 1, v, H) yno6-
Hee 3aMepsiTb HJIH BBHIYHCIASATD.

Onpepensemofi BeJHYMHOH TNpH NPOEKTHPOBAHHH NPOH3BOACTBA
MJIH OTAENbHOTO peakTopa OOBIYHO sBJAAETCS peaKUHOHHHH of6bem v
uan Bpems 1. [lpn 3TOM ciedyeT y4HTHBarTh, 4TO B HPHMeHSEMbIX
pacueTHbiXx (opwmyJ/ax, NOJydYeHHBIX Ha OCHOBE 3IKCHepHMEHTaJbHBIX
JaHHbIX, MOXeT OBITb NOCTaBjieH HCTHHHBIH 06beM peaKLUHOHHOTO
npocTpadcTBa Us 1pu pabouedl Temmepatype M AaBJEHHH peaKLHOH-
HOH cMecH Vepp. Toraa monyuaior HCTHHHOE BpeMs Ipoliecca

= GH!VC“‘P). {1147)

B cnpaBounukax u MmoHorpadusx nupupoasit obbeM peaKUHOHHON
CMeCH K HOPMaJbHBIM ycjoBHgM. Torza yc/joBHOe HCTHHHOE Bpews,
npHBeJeHHOe K HOPMaJbHBIM yCJOBUAM, OYAeT

Ty = Ol Ve (uy) - (11.48)

Hepenko B pacueTHHX ¢$opMyaax HCNOAb3YIOT HE HCTHHHBIM, a 06-
IWHA HAH QHKTHBHBIH peaKUHOHHHI 00beM Uos, BKANUAOLIHA 06bem
BHYTPEHHHX AeTaJell anmapara, Hanpumep ofbem Hacagkdh B GallHaAX
C Hacamcoﬁ, obpem TBepAOro KaTta/Jdi3aTopa B KaTaJdUTHUYECKHX peak-
Topax, cBOGOAHHLIH 00BbeM HaZA XHAKOCTBIO B JKHAKOCTHBIX peakTo-
pax u T. . Toraa noayualotT QUKTHUBHOE BpeMs mpouecca npH pabouux

& =%6/Ve . p) (11.49)
HIIH TIPH H. Y.
o y) = 206/ Ve uuy) - (11.50)

IIpu npOEeKTHPOBAaHHH, KaK NPaBuJO, HPHHHMAIOT 3allac BPEMEHH
Ha TPyAHO paccuuThiBaeMble ¢dakTophl, T. e. B Buipaxenue (I1.50) BBo-
aAT KoadunueHt samaca ¢. Toraga

T =L (0] Vo). (11.51)

OnpejensomUMH BeJHYHHAMH B YPaBHEHHH CKOPOCTH Ipouecca
MOryT OBITb KOHCTAHTa CKOPOCTH mpouecca k, [BHXKYUIAd Cujaa 0Opo-
necca AC, a Takxe BelHUMHA peakKuuoHyoro o6vema v. Tak, cKo-
poCTh Ipolieccd, BbiPaXKeHHYI0 HapacTaHHeM KOJHYeCTBa IHPOJAYKTa BO
BpeMeHH, OIpefefsilOT MO YypaBHEHHIO

u=dG/dx = kvAC, (11.52)
[1pu nocTOsIHCTBE peaKUHOHHOrO o6wveMa

=L & e 1153

u=— - =kAC. (I1.53)

3HauyeHHe CKOpOCTH Tpoiecca, BHPa>KeHHOH ypaBHeHHeM
u=dCqx/dt = RAC, (11.59)



pasno ckopoctH u B (I1.63). [pn nepexofle X ypaBHeHHIO
u=dx/dt = kAC (11.58)

06biUHO MpHMeHsiioT Apyrue pasmephocTH (AC — Ge3pasmepHas BeJiH-
YHHA) H TOTOMY 3HAuYeHHA 4 H3MeHs0TCA. VicKoMbie BEJIHYHHLI B
ypasHennsax (I1.53) — (11.55) t© uam k; T BolpaxkawT B C WIH 4, TpH
9TOM peKoMeHAyeTcs Breipaxatbh £ B ¢! muam y~'. Takas pasmepHoCTb
k no ypasueuusam (I11.52) — (11.54) nosyuaercs, HanpHmep, eclid BbI-
pasutb G B kr; v—B Mm% AC u Cp— B Kr/m? 3HaueHHe CKOPOCTH
npolecca He U3MeHAeTCH, ec/iH B JIeBoH (onpedesndemoit) uactd GyayT
TI0/ICTABJIEHb! C COOTBETCTBYIOIIHMH pa3MepPHOCTSAMH JApYTHe Bblpae-
Hus cxopocrtu mnpoitecca (I11.44), (I1.46). Jdna reTeporeHHbiX npoiec-
COB Maccorepesaud, T. €. npu (a30BOM mnepexoje BeulecTBa, ypaBHe-
HHE CKOPOCTH IIpollecca 3amuchiBaeTcs aHaJornyHo ypaBHendo Hbio-
TOHA AJs TemJonepelayu;

u=dG/dw = kFAC, (I1.56)

rie k— KoapoduuuenT Mmacconeperay; F —10BepXHOCTb CONpPHKOC-
HOBeHHs (has.

Ias npomeccoB ¢ pexXumoM, GJH3KHM K TIOJHOMY CMEII€HHIO HC-
XOAHBIX peareHTOB C NPOAYKTAMH peaKLHH, KOHIEHTpalHH BCEX pea-
reHTOB H CTeDeHb NpeBpalleHHsl MOCTOAHHbI BO BCEM peaKIIHOHHOM
ofbeMe, T. e. HeH3MeHHH 10 v, 1, I (cM. puc. 6). [Tosromy npu mocro-
SIHCTBE KOHCTaHTHl CKOPOCTH £ CKOpOCThL mpopecca BhipaaeTcst aJ-
re6paHyeCKHMH OTHOLICHHSIMH:

u= Glx; Cylv; — (Cylz); x/%;
Ve (Gloy: Ve (Cu/v) # 1. 1. (11.57)

Ons MuorocTaiuMHbIX M [HKJIHYECKHX IPOLECCOB MpH MHOJHOM CMe-
IeHHH
G. .. —G c . —C 8- Xy — Xy
U= mn.K I'[‘H' HJIIH u= n.K n.H s HAK u = s (Ilw)
T T T

rae B— Koa(QdHuHEHT nepecueTa HauyaJbHOH KOHUEHTpauHH Cpn K
obbemy KoHeuyHoH cMecH. Bo3MOXKHB TaK¥e BapHaHTBI, BbiTeKaollHe
u3 Buipaxkenuit (11.44) u (I1.46), naupumep:

U= (Ve/v) (Cou—Con® (11.59)

HIIH
c,,—C, .8 1%
H.H H.K [
b= . = _b‘_( Cﬂ.u _‘C“_“B )' (1160}
Kax Buano u3 puc. 6, cpellHHe KOHIEHTPAlHH peareHTOB IipH pe-
JuMe cMmellenns paBHbl KoneudbiM: Cep=Cy, caemoBaTesbHO, U Cpel-
uaa asmxkymas cuja ACcp=AC — koneunoil. Takum ob6pasom, DoJ-
Hble ypaBHEHHS CKOpOCTH mpouecca AJsi peXXHma CMelleHHS NpHHH-
MalT BHJ
Glt = kuACy; (I1.61)

x/t=kACy; B 1. L. (I1.62)
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CKopocTb Tpomecca # NpH MOJHOM CMelleHHH MOXKHO BHUYHCIATDH
no ¢opmynam (I1.58) — (11.60). Ypasuenua tuna (I161) u (11.62)
NPUMEHSAIOT IJIaBHHIM 06pasoM A1 BHIYHCJICHHA KOHCTAHTH CKOPOCTH R,
PaccmoTpuM cymuocTh He3aBHCHMBIX NMepemenHux £, AC, v, F, ompe-
AeJIAIONIHX CKOPOCTh MMpolecca.

KoncTtanTa uin KosdpduuHEeHT CKOPOCTH npouecca
k —cJjioxHaa BeJlHYHHA, 3aBHCSIIIAR He TOJNBKO OT XHMHUYECKHX
CBOHCTB pealHpylomuX BellecTB, HOH OT HX (PH3HUECKHX CBOMCTB, KOH-
CTPYKIIHH annapaTa, CKOpoCTeHl MOTOKOB pearHpyiomiHX Macc HJIH
CTeleHH MepeMelINBaHHUA KOMMOHEHTOB B TroMmoreHHo#l cpege. s
THAPOAHHAMHYECKH MogoBHBIX cucTeM R B ofllem Bujge SBJASeTCHA paB-
HoZeHCTBYOIEeH KOHCTAaHT CKopocTeH npsMofi peakuwu Fk;, obpatuoii
peakuuu Fkp, nobounbix peakuuit k', k’'n, a Takke KO9pPHUHEHTOB
neperoca (AAPQY3uH) HCXOAHHIX BellecTs B 30HY peakuun Dy, D, u
npoayKToB peakuuu D'y, D'y:

k= [ (ky, Ry, ky, ko .. Dy, Dy, ... ,D, D,y ... (1163)

mr oo

Kpome Toro, & 3aBHCHT OT KOHCTPYKTHBHBIX MapaMeTpoB annapa-
Ta u pexumMa ero paborbl. TexuoJsoru-uccienoBatesi obrpiuno ycra-
HABJMBAKOT, KaKue U3 BJHAIIIKX BeJH4YHH OKa3biBAlOT OCHOBHOE, T. e.
onpefessoliee, BJAHAHAE Ha B U KaKHMH MOXHO npeHeGpeub TMpH Tex-
HHYeCKHX pacuertax k. [Ipn sToM onpeefiOIUMH ABJAAIOTCA BeJMYH-
Hbl, HMeEOIlHe HaHMeHblilee 3HauyeHHe H [0ITOMY TOPMO3fIlHE CKO-
pocTb npouecca. JlJiA roMoOreHHBIX MPOHECCOB TpH XOpolleM Iepeme-
WHBAaHHH OOLIMHO Au(pEY3UA pearupyiolllux KOMIOHEHTOB JAPYT K
Apyry NMPOHCXOAMT OHICTPO M MO3TOMY He HIpaeT pOJIM:

k=F(ky, ky by ks o . ). (11.64)

n* kn’

[Mpouecc mporekaet B KHHeTHUecKo#i 06JacTH.

g reTeporeHHBIX NpoOuECcOB HMeHHO AHQOY3uA, Kak MNpaBulo,
JUMHTHPYET CKOpOCTb npouecca u omnpejeniser KospdHuHeHT Mmacco-
nepejayu:

k=f(Dy, Dy, « . . » Dy, Dy, ..., (11.65)

T. €. npouecc nporexaer B Aupdysunonnoi obaactu. Haxoneu, Bo3-
MOKHB CJy4an, Koraa Koa@duuueHT macconepesaus AOCTAaTOYHO noJl-
HO /17 TPHOJHMKEHHBIX TeXHOJOTHYECKHX pacueToB Onpejelifiercs
JRIIb OgHHM Kosbduunenrom auddysnun, nanpumep Dy, T. e.

k= Dy/b, (11.66)

rae 8 — roiunna anddysnonnoro chof. OaHako & — QyHKuus MHO-
ruX IapaMeTpoB M NO3TOMY TpyAHa AJA onpeaeledud., [las Heobpa-
THMBIX [POUECCOB, MPOTEKaIIHX B KuHeTHueckofi obiactd, moxer
OGHITh

k=k,. (11 67)

Hcxopa u3 (11.66) n (1167) npennoxeno onpegenaTb &k B mepe-
XoaHO# 06JaCTH OT KuHeTHueckoW K nuddysHOHHOH Mo ypaBHe-

HHIO
k= kyD/(kd + D). (11.68)
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Onunako pasenctBo (11.68) cnpaBemsnBO JIHIIb NpH HOCTOSAHCTBE
onpezesOINX [POLECC KOHCTPYKTHBHBIX H DEXHMHBIX IapamMeTpoB
peakTopa, T. e. AJS1 peaKTopa [aHHOl KOHCTPYKIHH TNpPH [IOCTOAHCTBE
CKOpOCTeH MOTOKOB peardpymoIlHX Macc H HX (H3HYECKHX CBOHCTB.
Beipaskenus n/s BeiuncieHust k2 pasnooOpasHu; AJS pALa [pOLECCOB
OHH MMEIOTCA B ClelHaJbHbIX PYKOBOACTBAaX, B OOJIBLIHHCTBE e CHy-
yaeB [PHMEHSIOT 3KCMEpHMEHTaJbHOE 3HaueHKe K.

[loBepXHOCTb CONPHKOCHOBEHHS B3aHMOAellCTBY-
DM HX Bell eCcTB B TeTeporeHHOii cucreMe olpefaefisercs THAPO-
AHHAMHUECKHMH YCJOBHAMH nponecca. [IpH CHIbHOM lepeMelIHBanuH
noBepxHocTh corpukocHoBenus B cucremMax [ —T u JK—T B npene-
Jle paBHAa MOBEPXHOCTH BCeX TBEPABLIX YaCTHL, OMbiBaeMbIX ra3oM HJH
HHAKOCTbIO, [IJIsl HOPHCTBIX wacCTHi[ (aAcopSeHTOB, KaTa/lH3aTopoB)
YUHTHIBAETCA H BHYTPEHHAA MOBEPXHOCTb nop. Ilas Hacajox, 3eped Ka-
Tagusatopa HJH aacopbeHTa [OBepXHOCTb KOHTaKTa (a3 Bbipa)KaeTcs
F=S8yv, roe Sy; — yneabHasi mOBepXHOCTb Hacaiku (3epen), m2Z/md;
v—ob6bem nacaakn. B cucremax I'—)K un JK— K (necmewnsaro-
mHecs) [pu cuabHON TypOyau3amun OfpeneseHHe HX HCTHHHOH 0O-
BEPXHOCTH CONPHKOCHOBEHHA HEBO3MOXKHO BCJeACTBHE B3aHMHOIO
[NPOHHKHOBennsi ¢a3 B BHAe BHXPeBHX CTPYH, [y3HPBKOB, Kanejb H
naeHoK. Ecau pedCTBHTENbHYIO [10BEpXHOCTb COIPHKOCHOBEHHSA B3a-
HMOAEHCTBYIOIHX (a3 TPyAHO OUpPeAe/HTb, TO [IPH pacueTax [OACTaB-
astor B ¢opmyay (I1.56) ycioBHyio BeauuMHy, PpaBHYIO, Hanpumep,
NJOIIAAH CeYeHHs anrapara, IJOMAAR Bcex ero NHOJOK, NOBepXHOCTH
HaCafKH, OMHBaeMOH XHAKOCTHIO, W T. 1. Biusinne unepemeuinBauus
Ha [0BEePXHOCTb CONPHKOCHOBEHHA IMEPEeHOCHTCH 1a KOHCTaHTY CKOpOC-
TH [poilecca, KOTOpasi CTaHOBMTCA TakKxXe ycjoBHOH BeanunHo#l. [Ipn
3TOM CJefyeT YUHTHIBaTh, 4TO IepemellnBanHe (a3 AJaA yBeJndenus
MOBEPXHOCTH COINPHKOCHOBEHHA MOXKeT [pHBeCTH OAHOBPEMEHHO H K
BO3pacCTaHHIO KOHCTAHTH CKOPOCTH upoilecca 6iaromapa 3aMeHe Mel-
JeHHOH wMoJeKyaapuo#l auddysua typbyneHtHoH auddysneit (kou-
BeKiHel). -

Ecan tTpyaHo onpeneSHTb HOBEPXHOCTb CONPHKOCHOBEHHA B3amMMO-
nelcTBYIOLIHX (pas, NPOBOAAT pacueT Ha eJHHHIY PEAaKIHOHHOro obbe-
Ma v, T. €. NPHMEHAIOT AJs pacuera reTepoTeHHbIX IpOLEccoB (op-
myay (11.52). Takam oOpa3oM BeauuHiibl, OHpSAENAOLIHE CKOPOCTh
npouecca k, v, F, e 3aBHCAT OT KOHIEHTpalH¥ B3aUMOAEHCTBYIOLIHX
BellecTB H [OTOMY, NHPH NPOYHX MOCTOAHHBIX YCJOBHAX, MOTVT OCTa-
BATbCS HEH3MEHHBHIMH B TeueHHe BCero (ipolecca. ¥YMeHblleHHe CKO-
pocTH mpopecca BO BpeMeHH COOTBETCTBYET CHUMKEHHIO ABHKyureH
CHJIB €ero.

OdBuxyman caida npouecca AC nisd roMOreHHbX peaKiui
OlpefenseTcss N0 3aKOHY AeHCTBYIOIIMX MacC KaK IIpOM3BejeHHe KOH-
HEHTpaiiil pearupyiOlHX BeIeCTB B AAHHBII MOMeHT (TeKyLlHX KOH-
uentpauuit), Jas npocrefimedi wneobpatumoli peakuun nA—s-pD
AC=C} n npn nugeaJbHOM BBITECHEHHH

dCy
u=——=kClL, (11.69)

59



OJIHBKU TakKas peakKiud MaJioBepOsiTHA B NPOH3BOACTBEHHBLIX YCJIOBH-
six. YpaBHenue (I1.69) npurogHo nJA OpHEHTHPOBOYHBIX pacueToB
TaKuX MpOLECCOB, KHHETHKA KOTOPHIX B OCHOBHOM OMNpejeliseTcss H3-
MeHeHleM KOHUEeHTPAaImHH OCHOBHOTO BellleciBa A BcieacTsHe GoablIo-
ro U36BITKa OCTaJIbHBHIX PeareHToB, T. €. AJS psifla peakuHH OKHCJe-
HHAl KHCJIODOAOM BO3A4yXa, THApAaTaliH, THAPOJH3A, NMPH OYHCTKE OT-
XOAAMMHKX Ta3oB H T . IL
Jaa MomeJsbHOH peaKuuH

mA + nB = pb— AH

JBHKYLIAS CHJIA MOXKET BHIPaXKaTbCH PAa3IHYHO B 3aBHCHMOCTH OT
COOTHOLIeHKsi KOHCTAHT ckopoctel npsamoil &, [em. (I1.2)] u oGpatHoi
Ry [em. (I1.3)] peakuu#t, T. e. OT cTeneHu NPpHOMHKEHHA K COCTOSHHIO
pasHosecusi. Ecau peakyus (I1.1) HeoBpaTuma uan nporekaer cleBa
HanpaBo W HAXOXHTCA B COCTOSIHMH, [ajleKOM OT PaBHOBeCHA, TO CKO-
pOCTb peaKuHH u AN HeKaTaJHTHYeCKHX MpOleCCOB, NpOTeKaoulHX
npu pexume, GIH3KOM K HAealbHOMY BbiTeCcHeHHIO, GynmeT

dCp o
= kAC = KC* Cp. (11.70)
[ ——

T
AC

W=

Ecnu peaknus obpatuma u xoucranra papuoBecus K [cm. (IL.5)]
MMeeT 3HAYMTEJbHYI0 BeJHuHHy, TO CKOPOCTb CyMMapHOH peakuuu C
yueTOoM pDaBHOBECHBIX KOHUEHTpamuH HCXOAHBIX BemiecTB Gyvaer

dc
= — = RAC=k( C; — C1)™(Cp —Cp )" (1L.71)
AC

Jas Tex e ycjaoBHH 06IYIO CKOPOCTb peaKUHH MOXKHO BHIPa3HTb
pasHOCTbIO CKopocTell mpAMoll u o6GpatHoll peakuuil
— — dCD
u=ty — uy=—— = hCP C% —k,C8 , (11.72)
[ —

dz —_—
ACy AC,

rae Cy, Cp, Cp— TcKymue peficTBuTenbHble KoHuenrpauuu; C), C;—
paBHOBeCHbBIE KOHIEHTpalHH BemiecTs A, B.

CKOpOCTb KaTaJWTHUECKOH peaKUWH TOPMO3HTCA MPOAYKTAMH, CO-
orpercTBenHo ypasHenna (I1.70) — (I1.72) ycnoxusuorea (cm. roVII).

O6uwmii nopsanox Heobpatumolt (mpsamoi) peaxkuun (11.70) u cym-
mapuo#t (11.71) omumeaxoB u paBen (m+n). [lopsigok peakuuu no
KoMnoHeHTy A pasen m H mo B—n. B dopmyne (I1.71) meuxymas
cuna no komnowenty A pasia (Co—C,)™ u no B— (Cs—Cp)™
YacTHyio ABHXKYLIYIO CHJIY 1O OZHOMY H3 HCXOAHHIX BEILECTB MOXHO
NpeACTaBHTb Pa3HOCTbIO

AC= (Ca—=CH", (11.73)
rae Cp— AeficTBHTENENAA TeKyas KOHUEHTPAaLHs,
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B ypaBrenusx (I1.69) — (I1.71) BBezeunr TeKyuive KOHLEHTPALHH,
KOTOpHi€ HeNpepbiBHO H HEJNHHEHHO MEHSIOTCA B Xofe peakuud. Takue
GopMyJbl yRoOHbl AJIs aHalHM3a MeXaHH3Ma npouecca. [las BbluuCie-
HHS CKOPOCTH peaKUHMH [IBHXKYIAs CHJa IpoOlecca BblpaxKaercs ue-
pe3 HavajbHbie KOHLUEHTPALKM pearHpyloUIHX BeUlecTB H CTENeHH
npeBpauleHds ux. Jlas macconepenauy ABHXKYyUlas cuila B JAHHBIHA
MOMEHT OITHCHIBAETCH BhIpaKeHHEM

AC = Cy — C*, (11.74)

rae  Cyp—Tekymas pelicTBHTE/MbHAA
KOHIEHTp alHsl KOMIIOHEHTa B Ilepefalo-
el ¢ase, Hanpumep, B rasosoil dase
npu abeopbuuu; C* — pasHoBecHan
KOHLIEHTpalua B Nepepaiowlell ¢ase,
HanpuMmep 1pu abcopObumu — mapuu-
aNpbHOe JaBJEHHE MOrJIOUaeMOro KoM-
[IOHEHTA HAJ pacTBOPOM.

B anmaparax NepHOLHYECKOro
AeACTBHSA, TAK e KAK H B NPOTOUHBIX
annaparax, OGJH3KAX IO pexnMy K
anmapataM HAeadbHOr0 BLITeCHEHHS,
ypasuenuss (I1.73) u (I1.74) mpume-
HUMBI JIHIIG [J1f KaYeCTBEHHOro ollpe-
JeNeHHss ABHaKYyueli cuabl. Beruncie-
HHe Cpe/HeH ABHXKYWLeH CHABl PO- Pyc 10, Hanpasjenne ABHIKEHHS
geccd B TeYeHHe BCEro BpeMeEHH IIpe- nortokeB B AsyxdasHol cucreme
OBIBAHHA  B3aHMOAEHCTBYIOIIHX  Be- r—Jx:

IeCTB B anlapaTe (P MOMOLIA (op- & MPaMOToK 8 Gawne ¢ nacankof; 6—

NpoTHBOTOK B Gawmne ¢ Hacankoil,; & —
MyJ (1173) H (1174) HEBO3MOMHO, NepekpecTHM TOK Ha MOJKe annapara

TaK Kak Cy, C u C* B TeueHue npo- i‘;e:;,gl?;nes?;ll:{‘CToch;OEMMa1-e)::-;::JIK:?C:Hrl:'lﬂoﬂ-
necca HellpepblBHO MeHseTcs Mo Jora- Ke rasa
pupMHUECKOMY 3aKOHY.

H71s rereporeHHBIX TPOLECCOB Maccolepegaud H3MeHeHHe KOH-
UeHTPAUHH KOMIIOHEHTOB pas3JH4HO B NPAMOTOYHHIX, MPOTHBOTOUHHIX
H NepeKPeCTHbIX 1Poleccax; COOTBETCTBEHHO PA3JIMYNEl H (POPMYJIbI 15
BhIUHCAEHHS cpefHed ABHXKymeH cunpl. PacemMoTpum 3TH THNBI 1po-
ueccoB. IIpuMeHMTeNnbHO K Ta30XKHAKOCTHOH TeTeporeHHoll cHcTeme
HanpaBJeHHe [ABHJKEHHS pealHPYIOUWIUX (a3 B anmapare nokasaHo Ha
puc. 10. TIpamoToK xapakTepusyeTcs HNBHXKKeHHMEM peardHpylomux ¢as
B OZHOM HalpasleHHH, INPOTHBOTOK — HaBCTpeuy, a IepeKpecTHHIH
TOK — NMOM YIAOM APYT K APYTY.

XapakTep H3MeHeHHS ABHMKYUIEH CHABL AJS IIPOLIECCOB, ONH3KHX
K peXHMy HALaJLHOTO BHITECHEHHS M[pPH MNPAMO- H [POTHBOTOKe,
u3obpaxen Ha puc. 11. 3xecs Cy 1 Cy-—HayaapHasi W KoHeuyHas

KoHleHTpauuu abGcopbupyemoro kommnonenta B rase; C, u C, —

HAayalbHOE H KOHEYHOE PABHOBECHOE MapUHAJbHOE AaBJeHHe abcop-
OupyemMoro KOMNoOHEHTa HaA el0 PAaCTBOPOM B JKHUAKOCTH. DTH KOH-
UeHTpALMNI W NapUHaJbHBIE A4BJEHHS MOFYT BBIPAXKAaTbCA B DA3Juy-
HbIX egunulax usMmepenus: r/m3, moab/m3, Ila u 1. m.
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JBuxywas cuna npouecca AC npu npsAMOTOKe H3MeHsieTCs He-
PAaBHOMEDHO BO BpeMEHH, KOTOpoe onpelejsercs AJHHON MYTH COB-
MecTHOMO ABHXKeHH# peareHTos B anmapare. Jlaa panHoro ciayyas
BpeMs npeGuiBands onpelesseTcs BuicoToit macaaku Gawxu f (Bpe-
Ms NpoNopuHOHAdLHO BeicOTe anmapara); AC Beluka Ha BXOJe B an-
napaTt M CTpeMHTCs K HyJ10 Ha Buixolle. Takum ob6pa3oM, u CKopOCTh
npouecca NpH NPAMOTOKe pasfHuHA B pas3jiHYHBIX TOYKAX ammnapara.
Stum obbsacHAeTcs Ooiblias HepaBHOMEPHOCTb MPONECCOB MpPH Mpsi-
MOTOYHOM ABHXEHHH KOMIIOHEHTOB MO CPaBHEHWIO € MPOTHBOTOUHBIM.

CH
= =
= P =
] X4 g
= C
g X g‘ Pue. 11. HUamenenne
o kocmb - - KOHUEHTpauH# mnpH
g ?fwa Oy g abcopbUHH  KOMNO-
< = HeHTa rasoBoH cme-
C‘*
H CH JKHIKOCTBIO B
Anura nymu 8 nacadwe Anuna nymu 8 nacadre fauwie ¢ HacalKoit:
@ — NPAMOTOK; 6 —
a {5 NpPOTHBOTOK

[Ip# mpoTHBOTOKE ABHXKYWIAaA CHJa NMpoOUECCa B XOAEe €ro M3MeHsAeTcs
menpiie. Ecau gas npsiMOTOKa [NPH OJHOM H TOM Ke 3HAUYEHHU
AC B konue npouecca C,<Cy (cM. puc. 11), TO npn npoTHBOTOKE
C; >Cx, a 3TO 3HAYAT, YTO MpH NpPOTHBOTOKE BHIXOA MPOAYKTa 3Ha-
yutesapHo Gonblie. [TosToMy Ha NpakTHKE Bcerfa CTpeMsaTcs ocCy-
HIECTBUTD IIPOIlECC IO MPHHIMIY NpoTuBoToka. IIpAMoOTOK ke mnpu-
MEHSIOT BHIHYXJAeHHO. Tak, npH pacnujeHHd MelKOH3MeJXbUYEeHHOro
TBEPAOTO MaTepHala WIH KHAKOCTH B MOTOKE B3auMoOjeficTByloulero
C HUMH I'a3a MOXKHO IPUMEHSTH NPAMOTOK, HO 1IpH aToM ofecreunsa-
erca OoJiblilas IOBEPXHOCTh CONpUKOCHOBeHHsA (a3. Takue nponecch
[IpHMEHAIOTeA, HAalpUMep, B NPOH3BOACTBE CEpHOH KHCAOTHL, NpH Kpe-
KHHIe HedTenpoAykToB u T. I CylIKy OTHEomacCHbIX MaTepHaJoB Tak-
JKe OCYILECTBJAIOT B NPAMOTOYHBIX CYLIHJBHBIX allmapaTax, TakK Kak
IIPH CONPHKOCHOBEHHH BBICYLIEHHOIO MaTepHaja € TOpAuYHMH ra3amMi,
yTo MOT/I0 OBITh NPH IPOTHBOTOKE, BO3MOMKHO BOCIJIaMEHEHHe H Ja-
K€ B3pPHIB.

Kak BugHo u3 puc. 11, KOHHEHTpauHs pearnpymrIlHX BELIECTB IpH
NpsIMO- U NPOTHBOTOKE H3MEHseTCsl B TeueHHe mpolecca no Jorapud-
muyeckHM KpuBbM. CoOTBETCTBEHHO CpefHsAs [IBHXKyIlas Cujia Ipo-
necca AC.p BHIUMCISIETCS KaK CpelHsis Jorapumuueckas u3 Haualp-
Hoit ACyx u koneynoit ACx AsMKyuiefl CHIK 1o ypaBHEHHIO

ACep = ACy— ACy (11.75)

C
2,31g i(,‘“
H




Has npouecca abeopbuun dopmyna (I1.75) npuunmaer BHA:
NpH NpAMOTOKE

(11.76)

npH TPOTHBOTOKE
C—C) —(C—C

11AC, (Gr=C) = (G Ga) . (11.77)

Cy—C.

*

2,31g

K H

IIpu mepekpecTHoM ToKe KoHuenTpauusa B abGcopbupyroweit dase
H3MEHSIeTCA Mo JorapH(pMHUeCKOMY 3aKOHY, a KOHUeHTpauHus B rase
M3MEHseTCs U MO BLICOTe, H MO ceyeHHlo amnnapara. IJosTomy 3akodo-
MEpPHOCTb M3MEeHeHHs] ABHXKYIell CHJ/Bl [IPH NepeKpecTHOM TOKEe OueHb
C/10XHAs H MoxeT OLITL onpeaeseHa 1o NpubaHXKeHHEIM dopMyiiaM.
Hanpumep, niaa abcopbuuu

ACep = (G ) = (GG G — Cx (11.78)
cp = . — . .
P Ca—C: 2
2,3 1g .
H CK

Onnako B HHxeHepHOH NpakTHKe OOLIYHO BBIYHC/AIOT YCJAOBHYH ABH-
JKYWHIO CHJly Tponecca B repekpectHoMm Toke mo dopmyae (I11.77).
IIpu stom AC.p, Buumcienunas no (11.77), meubme, uem mo (I1.78),
HO yCJoBHBIH KoadduuHeHT Macconmepeaaud £, onpeaesifeMblfl H3
ONMBITHBIX AaHHBX 1o ¢opmyne (I1.56), OGymer Bo crosbko e pas
6odblue.

Takum o6pazom, Npd NPOEKTHPOBAHHH W BBHIYHCAECHHH CKOPOCTH
mpouecca HJaH KojuuecTBa mpoAykTa no ypasaenuio (I1.56) Gyayr
I'[OﬂyllaTb(‘.ﬂ OAHHAKOBO TOYHBIE pe3yAbTaThl I1PH Onpeae/ieHHu Accp
no dopmyaam (I1.77) u (11.78). Heobxoaumo npHMEeHATE OAHY H TY
xe popmyay (I1.77) wmu (I11.78) kax npu onpegenenun ACep 10 3K-
CepHMeHTaJbHbIM JaHHBIM, TaK H IpH NMPOEKTHPOBAHHH. PasencrtBo
(11.75) cnpaBepauso u aaa pecopbuun. JIas gecopbumn o6s3aTelbHO
C*>(C, nostomy B dopmyaax, mnogobumx (I1.76) — (I1.78), 6yayt
cooTBercTBylomue pastoetn C* — C. Tlpu Macconepepaue B CHCTe-
max — T, I — K u JK— K dopmyasl pjas pacuera ABHAKYIEH CcH-
apl anasoriunsl (I1.75) — (11.78). B mHoromnosounbix amnmapatax co
B3BelIeHHLIM cjoeM H B 0apBoTacKHLIX KOJOHHAX KOMOGHHUpYOTCA
nepekpecTHHl TOK Ha KaxAoH MOJKE C NPOTHBOTOKOM IO BHICOTE all-
napata. Ilpu stom ACcpBuunciasercs noypasnenmo (I11.77). Annapa-
TH C MEPEKPECTHBIM TOKOM OOBIMHO 06ecreudBaloT HaHBLICUIYIO HHTEH-
CHBHOCTb [Ipoliecca BJIefCTBHE ofHOBpemeHnHoro mnossiwenns AC, F
H k mo cpaBHEHHIO C MPOTHBOTOKOM. [l/if peXHuMoOB, G6JHM3KHX K I10J-
HOMy cMmeluenHo (cM. puc. 6), KOHUEHTpPAUHH peareHToB B MPOTOYHEIX
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anmapatax NMOCTOSHHB BO BpeMeHH W 1npocTpaHcTBe. CleloBarellbHO,
Ansi HeobpaTumoll MogeabHo#l peaxuun (I1.1)

ACep = ACy = ch C'[‘;H (11.79)
H s o6paTuMolt

AC¢p = ACy = ( Ca, — Ca )”’ ( Cp,— Cp ]”. (11.80)

4 Ha puc. 12 HaHeceHH JAHHHH KOHIIEHT-
= palMH peareHTOB IIPH 3aJaHHOM BpeMeHH
npouecca, a ciaeloBaTelbHO, W IIPH 3ajaH-
HblX v B [ peaxTopa AJifi yCTaHOBHBLIEroCs
peXHMa TeuyeHusl peakKuuoHHo# cMecu. Ilpu
yBeJHYeHHH peakuuoHHoro obbeMa cooT-
BETCTBEHHO BO3pacTaer KOHUEHTPaLHs Ipo-
ﬂlﬁ— T AYKTa Cn, Konuyectso ero G W crerneHb
y 2y, 3y, npespaumenns x. OpHako aHalH3 ypasHe-
puit (11.61), (11.62) noxkasuizaer, 4To OX-
Puc, 12. 3asucnmocrs suxo- HOBPEeMEHHO ¢ yBejHUeHHEeM 1T /IOJXKHA
Ha TNPOAYKTa OT BeiH4HHB  yMeHwbllaThesl ABHKymas cina ACy nosto-
PeaKiHOnnoro obbeMa v (Wi My pocr G, Gy M X ¢ MOBHIIEHHEM pasMe-
0T BpeMeHH mpolecca T) B
pexume, Gamskom K moisowy POB PeaKiHoHHoro ofbema (v, H, 1) Ho-
cMelllenHio, ANs% Tpex peak- CHT B ofleM HeluHeHHLIE XapaKTep (pHc.
TOpoB TpH vs=3v; u va=2v, 12), TaHreHc yria HakJgoHA KpHBoOfi x=
=f(t) yMeHbluaercs ¢ MOHHMKEHHEM TO-
pAaKa peaKUUH H AN peakUHH HYJeBOro nopaaka x=/f(t) BuipaKaert-
cs npAmoit (cm. puc. 8).
Bo MHOTHX PYKOBOACTBAX CKOPOCThb IIpoLecca M ABHIKYIIYIO CHJIY
BLIPAIKAKIOT Yepe3 CTeleHb INpeBpaleHHs OCHOBHOTO HCXOAHOro Belile-
crBa A. [Iasg n=0 cKopocTb # He 3aBHCHT OT ABHKYIeH CHJbI

dxy
u=—"=r (11.81)
Haga n=1
fd (11.82)
=k (l—x, ). .
u e ko x5 )
Husa n=2
dx,
H= s k(1 —x, )% (11.83)

5. ClMOCOBbl YBEAMYEHHA CKOPOCTH IMNPOLECCA

O,H.H()ﬁ H3 OCHOBHLIX 3aj44a4 TeXHOJIOTHH ABJSAETCHA HCNOJb3OBaHHe
BCeX nyTei’i A0 yBeJHYeHHA CKOPOCTH TEeXHOJOTHYECKOTo npouecca
COOTBETCTBYIOUIEre MOBLIIEHHA I[POH3BOAHTENBLHOCTH annaparyphbl.
AHEHHS HaIIpaBJ’JeHHﬁ HHTEHCH(I)HKaLlPlPl XHMHKO-TEXHOJOTHYeCKHX Ipo-
UeCCOB MPOH3BOAUTCS MPH IMOMOLIH OCHOBHHIX (POPMYA CKOPOCTH mpo-
llecca, COrJIaCHO KOTOPHIM AJSl MOBHILIEHHSI CKOPOCTH MpOLecca Clely-
eT HalTH crnocobnl yBeandeHus jonpefensiiomnx senunun AC, g u F(0).
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Sarem BLiOGHparoT HaubGoslee palHOHAJbHBIE H3 3THX CHOCOGOB, T. €.
Tpeﬁyrou.l.ﬂe HAHMEHBIUHX MMPOH3BOIACTBEHHBIX 3aTpaT /A NOCTHXKeHHHA
3aJaHHOH HHTEHCHBHOCTH TpoLecca.

YVBenudenne gBuKymed cuau npomumecca AC Moker
OGbiTh LOCTHTHYTO BO3pacTaHHeM KOHIEHTpalUHH B3aHUMONEHCTBYIOUIKX
KOMIIOHEHTOB B MCXOAHBIX MaTepuanax (Cepbe), NOBLIIIEHHEM AaBJe-
HHSl, PeryjiipoBaHHeM TeMIepaTyphi Inpolecca, OTBOAOM MPOAYKTOB
peaKL i H3 peaKIlHOHHOTO obnema ¢ LeJIbI0O CABHTa PABHOBECHSA B CTO-
poHy mnpoaykra. JIBHXKywias cHJa XUMHYeCKHX peaxu#i, npoueccos
abcopbuuu, apcopbuMH U KOHAEHCALMH BHpa)aeTcs 4epe3 pPa3HOCTH
npefictsute/ibHBIX C ¥ paBHOBecHHX C* KOHUEHTpAUHH pearupymroiux
peuiects (C—C*), INosToMy yBennyeHHe aBHXKYIIell CHJIBI npolecca
MOXET OCYLIECTBJAAThCH WAH yseduueHneM C, miau yMenbluenuem C*,
HIH OLHOBPEMEHHBIM COOTBETCTBYIOLUIHM H3MeHEHHeM OOEHX BeJHYHH.

A. Yseanuenne KOHUEHTPAUHH B3aHMOAEHCTBYIOIUX KOMIOHEHTOB
B MCXOAHOM chipbe MoBbiaeT C H NPONOPUHOHANBHO CKOPOCTh MPO-
pecca. Crioco6 yBejdudeHHs: KOHIEHTPAIMH B3aHMOAEHCTBYIOILHX KOM-
[TOHEHTOB B HCXOJHOM ChIpb€ 3aBHCHT OT arperaTrHoroe CoCTOoAHHA Ma-
TepHasa. YBeJHUeHHe CONEPKAHHA [0JE3HOr0 COCTABJAIOIIECIO B TBEp-
JIOM Chipbe HasblBaeTcs oGoralleHHeM, a B XKHIKOM H rasoofpasHoM—
KOHUEHTPUPOBaHHeM, ¥YBejHdeHHe KOHUEHTpPauHH B3aHMOAeHCTBYIOLIHX
BRLIECTB — 3TO OAHH H3 CaMbIX paclnpoCTpaHEHHLIX IIPHEMOB nJd HH-
TeHCH(MHKAIHH [IPOLECCOB.

b. Ilosniuenie paBjiends BJAHAET Ha CKOPOCThb nponecca (cKo-
pOCTb JOCTHKEHHA PABHOBECHOrO COCTOAHHA OOPaTHMBIX NPOUECCOB) H
cocTosiHMEe paBHoBecHA. DP@PEKTHBHOCTL NOBHIILEHAS AABJEHHS 3aBH-
CHT OT arperaTHoro cocrosHug obpabaTeiBaecMbix Bewmects., Hauboiee
CHJIBHO BJHAET AaBJ/JaeHHe Ha CKOpDOCThL MpPOUEeCCOoB, HAYLIHX B rasoBoit
(1)338 HJAH XKe MpH BB&HMOLLBI:ICTBHH rasoB ¢ XHIKOCTAMH H TBEPIAbBIMH
TeJaMH. B MeHblUejl cTeneHu JaBJeHHe CKa3hbiBaeTcsa Ha Mnponeccax B
JKHAKOH W TBepaoi (hasax. B roMorenubx mpoueccax, NpoTeKalomnx B
razoeoil ¢aze WKW B reTeporeHHLX C y4acTHeM ra3oofpasHbIX KOMIIO-
HEHTOB, I[IOBHIlEHHe AAaBJeHHSA yMenbinaer obObem rasosofi ¢dass H
COOTBETCTBEHHO YBEJHYHBACT KOHUeHTpaiHHu B38HMO,ELEI|:ICTB}’POLU,HXBB'
uecTB, Takum 06pasoM, NOBBHILEHHe JaBJEeHHS pPaBHOCHJABHO DOCTY
KOHUEHTPpAIlHH peareHTOB. Bauaune JaBJieHHA onpejaendeTrcsd KHHEeTH-
yeckUMH ypaBHeHuamu, [lo anajsorun ¢ (11.54) moxKHO BHpasuTb cKoO-
pPOCTh FOMOreHHOIO Inpolecca B ra3oBoii pase GopMynon

u=2rn = kAp, (11.84)

rie pp— NapuHajbHOe paBjeHHe NMPOAYKTAa B rasoBoli CMecH; Ap —
ABHXKYLIAs cHAa rpouecca, s MoaensHo# peakiHH

myA 4+ nB - p,D
€C/liH oHa HeobOpaTHMa HAM NpOTeKaeT BAAJH OT COCTOAHHA pPaBHO-

BecHu4q:
Bp=p* P (11.85)
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rne o6muii mOpsSAOK peakumu n=m;+n; T[lapunanbhoe nasnaewile
Kak/10T0 KOMIOHEHTa IpOnOpuyoHajJsHo obeMy AaBaeHmio P: pa-=
=aP u pp=>bP, ciegosaTennHoO,

dpn
W ==
d=
rae f — ko3dpdunHeHT, 3aBUCAWNA OT KOHCTAHTBHI CKOPOCTL peakiHH
H ABHXKylleH cujbl npouecca; P — Oe3pasmepHoe jnaBielHde, T. e. OT-
HoweHHe (PAKTHYECKOro JAaBJEHHA K HOP-
u MaJlbHOMY.

Takum ob6pasom, CKOpPOCTb Peakuuy ra-
30BhIX  KOMIMOHEHTOB [PONOPUHOHANbHA
AaBJeHHIO B CTeleHH, DPaBHOH NOPSAKY pe-
akuuui. Jasnenue naubonee CHIAbBHO HHTEH-
cubHIHPYeT peakKUMH BbICOKOro TOpPsAKa,
' uTo nokasauo Ha puc. 13. Oaguako pocr
AaBACHHS MOXeET NMPHBECTH K H3MeHeHHIO
nopAjKa peakuMu f u yMmehbluenuio k. lns
agcopbuuu, abcopbIlluH, KoHAeHCAHH H

4 APYCHX NPOLECCOB fepexoja ra3oBoro Kom-
Puc. 13. Bausne nasaenus NOHEHTA B TBEDPAYIO HIH XKHAKYi0 hasy no

Ha CKopocTb rasosmix peak- aHamorua ¢ (11.56)
UHA pasaHYyHOre nopsjKa

= gpn, (11.86)

n»>7 n=J

dG
= ——= kFAp. 11.8
n Ap (11.87)

Ecny npouecc HeoGpaTHM HAH fallex OT pasBHOBecus, To Ap=pr,
rjie pr— AefCTBHTENbHAas KOHIEHTPAUHS KOMIOHEHTA B rasonoi dase.
Caeposatenbto, n=1 u, npeo6pasysa (11.87) B dopmyay, nomobuyio
(11.86), umeem

dG
— = k,FP, (11.88)
T

U=

T. €. CKOPOCTb 3THUX NPOLECCOB NPAMO MNPONOPLUHOHANbHA AABAEHHIO.

IlosToMy B TMpPOMBIIUJIEHHOCTH IUHPOKO TPHMEHSIOT MOBLIIIEHHOE
JdaBlieHHe [N YCKOpeHHs aGcopOuuu W YBeMHUYEHHs KOHIEHTPaLHH
KOMIIOHEHTA B JKHIKOCTH COOTBETCTBEHHO 3aKOHY pacupeaenenud. das
IpOIeccoB fecopOUuWH rasoB H HCNAPEHHS XKHAKOCTell YCKOpeHHe Ipo-
lecca H MOBbiIeHHE BbIXOAa NOCTHraeTCsd CHHXKeHHeM JaBJeHHs, T. e,
npuMeHedneM Bakyyma. ng obpaTHmbIX Tpoueccos B rasosoil (ase,
NpoTeKaomHX BOJH3H OT COCTOAHHA DPaBHOBECHS, ABHIKYLIAS CHJa B
ypasuennu (I1.84) npumeuutenbHo K moaesnbnoit peakuuu (I1.1) su-
paxaetcs Gopmynoi

Ap= (pa — pa)™(ps —pp)™ (11.89)
3HayeHHs] PAaBHOBECHLIX MapPLUHATbHBIX AABJEHHH (KOHUEHTPANHI)
KOMIOHEHTOB P, M pp  PacCUHTHIBAIOTCA s 3aJaHHOrO COCTaBa

ra3oBoH CMEeCH MO HM3BECTHBIM KOHCTAHTAM paBHOBeCHs. 3aBHCHMOCTh
OT JaBJ€HHA KOHCTAHTBHI DPAaBHOBECHS, BbIPAXKEHHOH B MOASIPHBIX 10-
AAX, ONPEeeNsloOT N0 ypaBHEHHIO

Ky =KV, (11.90)
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HOna moaensHoft peakuun (I1.1)
AN = p; — (m/ 4 ny). (11.91)

dopmyaa (11.90) Bmpaxaer konuzecrsenuo npuuuun Jle [artense:c
yBeJaHdeHneM AaBieHuss P Agaa peakuwii, MAYWHX C yMeHbIEHHEM
obbrema (AN BenuuuHa oTpHuATe/bHAs), KOHCTAHTA paBHOBECHs yBe-
JIMYMBAETCS, A DABHOBECHBIE KOHUEHTpALMH HCXOJHBIX  KOMIOHEHTOB
pi M Ps  COOTBETCTBEHHO yMenbinaioTca. ObpaTHoe siBNeHHE MPOHC-
XOMHT NpH NOBBLILIEHHH HABNEHHSA [ANA pe-
aKuMi, HAYmHX ¢ yBeluvyeHueM obbema. x
Ananus ypasHenun#t (11.84)—(11.90) mo-
KasplBaeT, YTO anfd OOPATHMBIX Ta30BHX
peakuui, NpOTEKAlOIHX ¢ YMeHblleHHeM
ofbeMa, CKOpPOCTE peaKUHH H BHIXOA Npo- |
aykTa OyAyT BO3pacTaTb C MOBBILIEHHEM i

JaBJEHHA 3a CUYET YBeNHYeHHHA HefcTBH- }

TeNbHBIX KOHUEHTpauHH (napunanpHBIX i
JaBJIeHH) KOMIIOHEHTOB Pa M PR U TOHH- Fonm p
}KC‘I:IHH. PABHOBECHHX MApUHANBHBIX AABA- [ . o o abixO-
HHH Pa H PB, T. €. CABHra paBHOBeCHA B pa npoAykTa OT JAABJICHHS
CTOpOHY NpoAyKTa. BelXxox nmpoaykra mo Ta- Aas oBpaTiMoil rasosoit pe-
KOM peakuud HelpepblBHO yBeJHuuBaercs aKWi (1, £, Ca, Cp=const):
npH noBHLIennu aasaenus (puc. 14). On- 1= AN<O: 2 aN>0
HAKO TrpagdeHT yBeJHYEeHHS BbIXoga C Mo-

BHILIEHHEM [ABJCHUS HENpepuiBHO CHHKAETCs, NOITOMY CAHLIKOM BbiCO-
KHe [aBJeHHst NMPUMEHATb HEeBBIrOAHO, OCOOEHHO B TexX cjydasX, KOr-
L2 rasoBas CMech COAEPIKHT 3HAUHMTEJLHHE KOAHYeCTBAa HHEDPTHHIX
npuMecei.

PanuonansHoe gasaeHne xonebnercs AN pasNHYHBIX INPOLECCOB
OT OjHOH AecATOH N0 HECKONbKHX JAeCATKOB MeramackajieH (OT omHO#
RO HeCKONbKHX |coT aTMocdep). Muorne BaKHble NPOH3BOACTBEHHBIE
npollecchl, TakHe, KAK CHHTE3 aMMHaKa, MeTaHO)a, NPOH3BOIACTBO OeH-
3HHA THAPHPOBAHHEM TsKENOro TOMJHBA M PSA APYrAX peakuMi ra-
30BHIX KOMIIOHEHTOB, KOTOpHIE NPOXOAAT C yMeHblieHHeM ofbema, ocy-
HIeCTB/JIeHE B MPOMBILLIGHHOCTH TOJAbKO OJarojapsa NpHMeHEeHHIO BbI-
COKHX aaBJjeHul ceuie 10 MIla.

Hnsg o6paTHMBIX ra3oBulX peakUuil, HAYUIHX C yBeJHUYeHHEM o6be-
Ma, AaBJeHHE CKA3BIBAeTCs TNOJOXKHTEJbHO BAAaNH OT COCTOSIHHS pas-
HOBECHS 3a CYeT pocTa [AefiCTBHTENbHHIX KOHLUEHTpalul HCXOMHBLIX
KOMMOHEHTOB pa H pB. OHaKo npH npubaHKeHUH K DAaBHOBECHIO BuI-
X0J TMpOAYKTAa NPOXOAHT Yepe3 MAaKCHMYyM H 3aTeM CHHXaeTcd
(puc. 14). 1o BhisBano yMenbuienneM Ky [em. (I1.90)] u coorsercrt-
BeHHbLIM YBeJHYEHHEM DaBHOBECHHIX KOHLEHTpAUHA HCXOAHBIX KOMIO-
HenToB (py W ps) B Gopmyne (I1.89). 3nadenne oNTHMANLHOTO NaB-
JIEHHA Ponr KOJEOJETCA OT COTHX A0 AecsThiXx AoaeHd Meranackans (oT
Hosneil armocdeps A0 HECKONbKHX atTmocep) B 3aBHCHMOCTH OT Xa-
Paxktepa peakuuH, ee MOPSAKA 7 M OT 33JaHHOH CTeneHH npespaie-
HHs x,
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B npoMBbILINEHHOCTH TPHMEHEHHE MOBLIEHHOr0 [AaBJAeHHST Hpil
npoBeAeHHH Ta30BBIX PeakUWi, HAYWHX ¢ yBeddyeHHeM oObeMa, hak
NpaBHJO, CBA3aHO C TeMH BBHITOAAMH, KOTOPBIE NOJYYalOT OT HCNOJ:L-
SOBAHHS AABAEGHHUS B NPEAbAYIIHX HJH NOCAeAYIOUWINX Onepanugx Ipo-
H3BOJCTBa. HanpuMep, KOHBEPCHIO MeTaHa C BOAAHBIM NapoM Il
OKHCJIeHlie aMMHaKa 3KOHOMHYHO NPOBOAHTL HNOA AaBjeHHEM, Tak Kaik
OHO 0/1aronpHATHO BAMSAET Ha TOCJISAYIOHE NPOUecch TeXHOJOrHue-
ckoll chctembl. CKHMaeMOCTb razoB IIPH BHICOKHX AABJICHHAX CHJLIO
yMeHblUAeTCs, TAK 4YTO AaJjbHeillee NOBhHIIEHHE AABJEHHS CTAHOBHT-
¢ HeBhIrogaHbiM. [103TOMY anst IIPONECCOB ¢ yyacTHeM rasoBoil (pashul
NpHUMEHsIoTCs AaBleHHA MOPAAKa OAHOH W HEeCKONbKUX eCATKOB Me-
ranackaneil (gecatkos u cored armocthep). das npomeccos moaume-
pH3aUMH H APYrHMX CHHTE30B B KHUAKOH (haze apheKTHBHH gaBNeHUA
B cotin MIla. IlonnMepuaanuio aTasieHa oCyleCTBASIOT IpH AaBJeHH-
ax go 200 MIla, npu stoM no Mepe NoIMMepH3aUHH NPOHCXOAMT Iie-
pexox OT rasoBoil K :KMAKOH M 3aTeM — TBepuoit (pase. CxkaTHe rasos
OCYINEeCTBASETCA KOMIIpeccopamMi, B TBepAO(pa3ubLX npoueccax, BBUAY
He3HAYHTENbHOH CKHMAEMOCTH TBEPABIX Ted, 3(D(PEeKTHBHLIMH ABJSIOT-
€ JMIUb CBEPXBHICOKHE [AaBJEHMS, BHI3BIBAIOLIHE [ePeCTPOHKY JAEKT-
POHHEIX 0DO0JI0YeK, Je(pOopMaUHic KPHCTAJMJIOB H CABHT (pas30OBOr0 pas-
HoBecuq. Tak, M3 yriepojaa, pacTBOpeHHOro B MeTa.l.IMYECKHX pacija-
Bax HPH CBEPXBHICOKHX maBjaeHdsX po 10 teic, MI1a u temnepatypax
2o 2400°C, npoH3BOAAT UCKYCCTBEHHBIE AMA3H,

B. PeryaupoBanne TeMneparyphl IIpoOiiecca Kak CpejCTBO IIOBbIIUe-
HUS ABHXKYILEH CHJABl NPUMEHAETCA rJ1aBHEIM 00pasoM B cOPOUHOHHBIX
H aecopOuMOoHHBIX npoueccax®. [IBHxkKymias cHaa npoueccop abcopb-
uny, agcopbuun, Kouaeucandu Bhpaxkaerca kax AC=C—C*, [Ilouu-
XKasg TeMIepaTypy MHAKOI (haszbl, YMEHbINAIOT NapuHa/jbHOe AaBJeline
apoB rasoBoro (napoBoro) KoMnoHeHTa Haja mHeld, T. e. C*, u cootT-
BETCTBEHHO YBeNHuHBaloT aBHkKyILyio cuay AC u obinyw cxopocTh
npouecca #. CHHXKeHHe TeMTlepaTypsl B NPOTOYHHX anmnaparax yavie
BCEro AOCTHraercs nojayed XHUAKOCTH, NPeABAPUTEIBLHO OXJaXKACHHOH
B XONOAHMBHUKAX. [IPHMEHAOT TakXKe XOJOAHJbHEIE 37eMeHTHl (TpY-
OB, 3MeC€BHKH), IIOMEUICHHLIC HEMOCPEACTBEHHO B amnaparte, WIH OX-
Jaxkjenue CTeHOK annapara. JlBHiKyniasg cuia NpOLECCOB AecopluuH
¥ ucrnapenus Bhipaskaercs kKak AC=C*—C, CaBur paBHOBecHS H yBe-
JHYEHHE CKOPOCTH 3THX NpPOLECCOB AOCTHTAaeTcd IOBLILIEHHEM TeMre-
paTypH XKHAKOCTH Iepes Nnojaveil ee B annapar (B Tensoo6MeHHHKAX,
TpyOuaThIX I1eyax ¥ APYrUX THIAX Harpeparteseil) MIH HeloCPeACTBeH-
HO B annaparax ropsiYHMH rasaMi, OCTPHIM HJH [AyXuM napom. OpHo-
BpeMeHHas pery/jaHpoBKa TeMIllepaTypPh M gaBjieHHS I03BOJAET yBeJH-
YHTh ABMKYLIYIO CHJy IIpouecca 3a cyeT OOOHX COCTaBJSIOLIUX.

I'. OTBOZ TNPOAYKTOB PEAKUHH M3 peaKuHOHHOH J0HB yBeqHIHBACT

—

CYMMAPHYIO CKOPOCTb OOPATUMOH peaxUyH U=U;—Uy 32 CYET YMeHb-
«

LIeHNS Uy WJIH YBeJHYMBAET ABHMKYHIYIO CHJY reTePOreHHOro npoiecca
AC=C—C* 3a cyeT CHMXXEHHS MJM TNOJHOTO yCTPaHEeHHs BeJHIHHBI

* B xuMH4ecKHX DeanlHAX HOBHIICHHE TeMIepaTypH YBeJIWUHBaeT CKOPOCTh
6.tarofaps pOCTY KOHCTAaHTH CKOPOCTH k.
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C*. Ecan peaxuus nportexaer B rasoBoil ¢ase, TO OTBOA NpoayKTa B
KUIAKYIO (nwin TBepayw) a3y osHauaer yMmeHbileHHe C* BILUIOTH 10
HyJaq. V13 ra3oBofi cMecu NPOAYKT PeakuHH MOMKeT OTBOAMTBCS KOH-
AeHcauueil, usbuparenpHoil abcopbuuein uan aacopbuueii. Bo mMuorux
IIPOH3BOACTBAX IAA 3TOr0 rasoByK CMeCh BLIBOASIT H3 pPeaKIMOHHOrO
anmnapara, a satem Ilocje OTAe/eHHs NpOAyKTa (XoHReHcauuH, adcopb-
LMH) BHOBb BBOJST B aNnapaT — NoJyualoTes 3aMKHYTHeE (UHKJAHUe-
CKHe, XDyrobhie) IIpOLeCCH, HAlpHMep CHHTe3 aMMHaxKa, CHHTE3bl
CIHPTOB H T. I. B 3Tux cayuasx peakuus B rasoBoil (aze NPOHCXOAUT
craguAMHi. B xaxpoil cragun xoHuenTpauds npoayxra C* Bospacraer
A0 MAKCHMaJbHO AONYCTUMON BeJMYHHBI, a4 3aTE€M CHUXKAeTcs 10 Be-
AHUMHBL 6/IM3KOH X HyJ10 NpH aGcopOumH, (B MeHbIUell Mepe NPH KOH-
JeNncauuy), saTeM UMK/ MOXKeT IOBTOPATbCA MHOrokpatHo. s »wua-
KOH cMecH NPOAYKT PeaknHH OTBOZMTCS B 3aBHCHMOCTH OT ero CBOHCIB
ocaxKleHHeM B BHJe XKpHcTanJoB, gecopbuueii (ucnapenueM) B BHae
11apoB WM ajcopbuneil Ha TBepaom noraortHresne. OcaxaeHue Kphc-
Ta/J0B C TNOCJAEAYIOUIMM BO3BPaTOM MaTOYHOIO pacTBopa B IpOilect
yacTo NPHMeHsIeTCs B TEeXHOJOrMM MHHEpPanbHHIX coJefl, HAanpuUMep B
NPOM3BOACTBE XJOpHAA KaJjHs, cylbdaTa aMMOHHSI H B JPYrHX npo-
uspoacTsax. Jecopbuua napos PacTBOPEHHOTO BellecTBAa HCHOJbL3Y-
eTcsl MsA r0BHIleHHa eMkocTH (AC) pacTBOpHTesss NPH OUHCTKe Ta-
30B M B TEXHOJOrHH OpTaHUYeCKHX BelIeCTB; MPHMePOM TaKOro Ipo-
necca MoOXKeT CJAVXKHTbL gecopbuns GeHzona H3 COJAPOBOro Macia HpH
nepepaboTke KOKcoBOTO rasa. Ilpu agcopbuuu npoayxTa Ha TBepaOM
NOIVIOTHTeJie TI0C/Ie er0 HAcCHILEeHHs OH H3BJeXKaeTcsi H3 peaxTopa H
pereHepHpyeTcsl IyTeM BbIJEJIEHHS NPOAYKTA NPH HArpeBaHHH HJIH Me-
TOJIOM IKCTPAKIHH.

YBesHueHHe KOHCTAaHTH CKOPOCTH mpopgecca Mo-
JKeT AOCTHraThesl MOBHIlleHHeM TeMmIlepaTypbl B3auMoAeHCTBylOwel cH-
CTeMbl; IpHMeHEeHHeM KaTajJH3aTOpOB; YCH/eHHeM [epeMelIHBaHUs
pearupymomux Mace (TypOy/iuzanueit CHCTEMH ).

A. TloBsilieHHe TeMIepaTypw MPHBOAHT K CHJABLHOMY YBeJHUEHHIO
KOHCTAHT CKOPOCTell peakpuil W B MeHblleil CTelmeHH K yBeJHUEHHIO
koadppuuuentos nuddysun [em. (11.63)]. B pesyasraTe cymmapnas
CKOpOCTB JiIOGOro Inpouecca yBeJHuHBaeTcst IPH TOBbIIIeHHH TeMIlepa-
TYpBl A0 HEKOTOPOTO mpejpena, NPH KOTopoM Oojbllioe 3HAYeHHE TPH-
o6peTaloT cxopocTH obpaTHOf HAH NMOOOYHBIX peaxidii, TouHee yBe-
JMYHBAKOTCS KOHCTAHTB cxopocTd ko, k., k. [cm. (I1.63)]. Bananue

TeMnepaTypH pearHPyOUIMX MAacC Ha KOHCTAHTY CKOPOCTH peaxkuHH
Ana GOABLIIMHCTBA MPOleccoB, HAYIIHX B KHHeTHueckKoH obaacth, orm-
penensercs hopmy.oli AppeHuyca -
—E_
T
k=kee *, (11.92)

KoTopas AJisi TNPHMeHeHHs B pacyeTax JorapudmupyeTcs H OOBIUHO
npeobpasyeTca K BHAY

kB, E {1 1)
28g—=sl07—= 11 93
€ ks R(TI- T (193
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rae ko, ki, Ry — KOHCTAHTHI CKODOCTH PeakUMH NPH COOTBETCTBYIOUIUX
abCco/IOTHRIX TeMIeparypax; € -— OCHOBAHHE HATYPaJbHHX jaorapud-
MOB; £ — 3HeprHsl aKTHBALHH peardupyiomux sewecrs, Jx/moib; R —
MoJIIpHAs rasopas MnocrosnHas, pasuas 8,3 Ix/(moub-K).
Hcnonnsys ypasuenne (11.93) npu ussectunix snauexunx E, &, u
T\, MoxkHO onpenesuTh ke mpH Ji060lH Temneparype Ty, u 3artem pac-
CYHTATh TEMIEpaTypHHIH KO3()PHUHEHT CKOPOCTH peakuud P:

B=rlpi k. (11 94)
st Coranacino  npasuay Banrt-Toddda,
g' TeMrepatyprbiii KosdduuneHt o6nunO
S paBeH 2—4, T.e. NpH NOBHIUEHHH TeM-
£ neparypsl Ha 10° CKOPOCTh peakiHH yBe-
S, auyuBaercss 8 2—4 pasa. OnHako 3TO
S NpaBHiIo NpHGIHKEHHO TPHMEHHMO
Ny AHIUbL B 00JACTH CpejHHX TemIepaTyp
g (10—400°C) npu 3Heprufx akTHBAUHH
S5 nopsinka 60 000—120 000 [I:x/moias. Kak
] BHAHO H3 puc. 15,B ymeHpluaercd ¢ mo-
1S HuxKenwem E d noswiuenuem i, npubau-
s JKafdch K efuHuue B 06M1acTH  BBICOKHX
= 1 1 1 1 TeMmIepaTtyp.

a w0 m%_ 400 Hpr; ngsecmom TeMInepaTypHOM Ko-
CHREpRImYpa apdunreHTe peaKu1i ypaBHeHHE

Puc. 15. 3asucumocts Temmepa- (11.93) mncnosdesyercs ANA  BHUHCACHHSA
Typroro xospduuuenta CcKopo-  3HepruH aktHBauuu. IIpy sTom TeMme-
cTi peaklmit [ or Temnepatypslf  parypuy koabGHUMEHT He MOCTOSHEH,
H QH(_’pI‘I]H' AKTHBAlIHH b - -
I — o334 Immoms: 2 — 250000 A YMEHBINAETCA C POCTOM TeMMepaTyphi.
Roxfwore; 3= 167000 Wxjwonsi 4—  YpaBHEHHE AppeHHyca MOXHO Mpefcra-
0 Hoquony BHTb B BHE

lgh = B— 4 (11.95)
T

¢ nocToAHHuMHA Koshduunentramu A u B, koTopbie crpaBeaJIMBH TONDb-
KO 1js JAHHOH peakuMH B NpefesaxXx I[PAKTHYECKOrO MOCTOSHCTBA
temiieparypHoro kosdounuenta. Koapdunuenr B=Igk, onpenenser-
cq 9KCMepHMeHTaabHo, a A=F/2,3 R nin BHUHCIAETCS, WIH Onpeje-
Jasercs sKcnepuMeHrasasHo. [jig onpepeseHus SHeprHH AKTHBALUH
OOKIUHO CTPOAT 110 IKCIepHMEHTAIbHBM JAaHHbiM rpadux lgk=f(1/T)
(puc. 16), npu atom tga= —E/2,3R.

BansiHue TemnepaTypsl Ha cKOpocTh Npoueccos B AHMYy3HOHHOM
06/1acTH MeHbIlUe, YeM B KHHeTHuecKof. TemmepaTypHyIO 3aBHCHMOCTD
kospduunenta auddy3uu A8 rasoB MOXKHO BHPasUTh YIPOMEHHOMH
opmysoh

T'.!
Dy=8 =7, (11 96)
rae B — kosdgHnueHT, 3aBHCALMNA OT MOJIEKYIsAPHOH Macchl Aup@y-
NUpPYIOWHX BeulecTs; P — ofuiee gaBieHHe rasa; ¢ H3MEHASTCA B lpe-
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neaax 1,6—2,0. Kosdduuuenr nuddysun D ans ra3oB cocrasiser
0,1—1 cm?/c.

Hudbdysusa B KUIKOCTAX NPOTeKaeT ellle MEJAJeHHee, YeM B rasax,
BCJEICTBHE BLICOKOH BSI3KOCTH KHAKOcTeH, 3HaueHHsi KoadpduuHeHTa
nuddysun B pacrsopax B 10'—10° pas meHblie, yeM B rasax, H coc-
rasJasior 1074—10-° em?/e. nsa pacrBopos

T

Dy=B — , (11.97)
B

rie B’ — kosdbdunuenr; p— guHamuuec-
KUA KO3D@HUUEHT BA3KOCTH PACTBOPHTE/SA.
Kpowme Toro, npu moBbILICHHH TeMOepaTyphl
yMEHBIIAeTCs BA3KOCTb H COOTBETCTBEHHO
yBeJHUHBaercst Di.

[lpu uHTCHCHBHOM mNepeMeINHBaHHM ra-
30BOH HaHM XKHIKOH (a3 Maccomepejaua -
coBeplIaeTcs B OCHOBHOM He MOJIEKYJsp-
HOH, a TypOyaenTHoH nuddysuelt, Kotopas
BO3pacTaeT ¢ NOBLILIEHHEM TeMOepaTypbl 7
BCJICJCTBHE YCHJEHHS KOHBEKTHBHBIX TOKOB.

Hau6onee mensnensa guddysus B TBep- Puc 16. 3asucumocts Jora-

noit cpene. Ilpu obbludolt TemnepaType Ko- PHOMA KOHCTaHTHl CKOPOCTH
spdunuent audpdysun Aas TBepAbIx Be-  PEAKUHE OT TEMOEpaTypHl
LEeCTB HMeeT mopsagok  cM2/roj—cM?/BexK.
[ToBulmenne TeMmepaTyphl, yBelHUHBAs CKOPOCTb H aMIUIHTYAY Koue-
6aHHsl aTOMOB B KPHCTa/Jaax, Pe3KO MOBHIIAET CKOPOCTb IHPdY3HH.
Tak, npu 900—1000°C guddysusa yriaepona B Keseso NpH TepMuyec-
Kol 00paboTKe MeTaJJOB MPOHCXOJHUT 38 HECKOJLKO YacoB.

BeseneTBHe Gosibliero TeMnepaTypHOro KoadgHuHeHTa CKOPOCTH
peakuun, uyeM auddysun, HEKOTOPble XHMHKO-TEXHOJOTHYECKHe MNpo-
ueccs (HampuMmep, rasudHKanus 10MAHBa, 00XKHT cyabduIHBIX pyi)
NpH MOBHILIGHHH TeMOepaTypsl [1epexoiHuT M3 KuHeTHdeckoll obJacTu
B aupdysnonnyo. OgHako auddy3us He BjaHseT HA paBHOBeCHe XH-
MHYECKHX MPOLECCOB.

Kak Bugno usz ypasuenut (11.92)—(I1.97), cxopocts npsimoii pe-
aKUHH [OJI)KHAa BCe BpeMsl yBeJHUHBAThCs NPH MOBLIILIEHHH TeMnepa-
Typsl. OAHAKO B MPOU3BOACTBEHHOH MPAKTHKe HMeeTCs MHOrO MPHUHH,
OrpaHHYHBAIOIIHX BO3MOXMHOCTL HHTeHCH(pHKaLHH mpolecca MOBbIlUe-
HHeM TeMmepaTypsl. JJas Bcex 00paTHMBIX 5K30TEpPMHUECKHX Mpolec-
COB, MPOTEKAWIKX C BujgegeHdeM Ttemjaots (T. e. —AH), ¢ nosbiuie-
HHeM TeMIepaTyphl YMeHbIIAeTCs KOHCTAHTAa PaBHOBECHH COIVIACHO
bopmynam (I1.26) —(I1.30), cooTseTCTBeHHO CHHIKAETCs paBHOBECHbLIH
BHIXOJ MPOJYKTa H NPH HEKOTOPOM MOBLIIIEHHH TeMNepaTyphbi KHHETH-
Ka mpouecca BCTynmaeT B NPOTHBOpPeuUMe ¢ TePMOIHHAMHKON ero; He-
CMOTpsl Ha MOBLIILIEHHE CKOPOCTH MPAMOTO Mpollecca BLIXOA OrpaHHuH-
Baerca paBuosecueM (puc. 17). ITpu Hu3kuX TeMmepaTypax IIQEETBP]*

TesibHbHl BBIXOJ X OMpeAeJsieTCsi CKOPOCTLIO mpsiMoro mpouecca (k1)
H NOTOMY pacTeT ¢ MOBHIlIeHHEM f[; MPH BHICOKHX TeMOepaTypax CKO-
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pocte obpaTHOro mnpouecca ‘;2(;%2) YBeJIHUHBACTCST CHJbHEe, uYeM u?
BBIXOJ Xo, OTPaHHYEHHBIH paBHOBecHeM, CHHXKaercst ¢ pocroM f. Has
Lannbix ycaosuit npomecca, T. e. npu T, P, Cao Cpy=const (Ca,
CBU — HaudaJabHHE KOHH&HTpaHHlI HCXOAHBIX BeI.IJ,eCTB) HMeeTCs ONnTH-
MaJbHas TeXHOJOruueckas I?Milgpar}'pa tour, KOTOPOH COOTBETCTBYET

Hauboabliasi CKOPOCTb U=1U;—U; ¥ MAKCHMA/bHLIH BBIXOJX NPOAYK-
Ta X.

X
X .
Xy Pt
~
V' 7 x
/
/
/
/
/
4
Puc. 17, 3aBncnMocTb BHIXOAA NPOAYK- Puc, 18. 3aBucHMOCTH BHI-
Ta OT TEMﬂeDaTypu A1A 3K30TepMHue- xXona HpDﬂ)’KTa 0T TeMmre-
ckux mpoueccos (T, P, Cp,, Cp = parypsl  ANA 3HAOTEPMH-
=const): UEeCKHX 00paTHMBIX peak-
X, — DABHOBECHHI  BBIXOJ NPOLYKTA; Xo— ueit (T, P, CA.,' CB., =
BLIXOJ MPOAYKTa MPH OTCYTCTBHH NOGOUHBIX =COHSI)
pcanunﬁ; xn—BI;!XDJl NPoAYKTa 0OpH HalH-
9pH noGouHbX peaxkumil; x, — BLIXOA fpO-

AYKTa AJAA HeoOpaTHMBIX peakuui

Jas sHpoTepMHUECKHX INpPOLECCOB BHICOKHe TeMmepaTtypwl Oolee
GaaronpHsiTHE, 4e€M JJsi 9K30TePMHUECKHX, TAK KakK C IOBHIUEHHeM
TeMoepaTypbl NOBBHITAETCA H KOHCTaHTa CKOpOCTlI [CM. YpaBHeHHe
(11.92)], u xoucranra pasuoBecusi {cM. ypapuenus (11.26)—(11.30)].
OpHako M B 3TOM cjydae BHIXOJ NOBBIILAETCs MO 3aTyXalowel KpHBoH
puc. 18. CurepoBatenpto, GecnpefiesibHOe MNOBLILIEHHe TeMNepaTypsl
HepesecoobpasHo.

B psne npouecco, 0co6eHHO B TEXHOMOrHU OPraHHYECKHX BElleCTB,
noBbllIeHHEe TeMOepaTypsl OrpaHHYHBaeTCs BO3HHKHOBEHHEM noBouHbLIX
peakuuil ¢ OGONLIIMM TeMmepaTypHBIM KO03QHIHEHTOM, yeM B OCHOB-
Holl peaxuuu. Ilpn 3TOM BEIXOZ NPOAYKTa MOXKET CH/ALHO CHHUMKATHCSH
10 THOHYHOH KPHBON Xn (cM. pHc. 17) elne no npuOJIHXKeHHsI K COCTOS-
HHIO paBHOBECHS. TaKOl:I XapaKTep HMEHT KpHBble CHHTe3a MeHTOJAa,
BLICIIHX CHOHPTOB H MHOTHX ApPYrUX MNpOAYKTOB OpraHH4eCKoro CHH-
Te3a.

CuasHoe NOBBHIIIECHHE TeMIEpaTypbl BO MHOTHX OPOH3BOIACTBCHHBIX
npoueccax OKa3hHBaeTCsi BPeNHBIM, TaK KaK NPHBOAHT K YAaJeHHIO
pearHpyIolllHX BellleCTB H3 30HH peaKuuH, HampHMep 3a cueT gecopd-
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LUHH KOMNOHEHTOB H3 XXHAKOH peakKuHOHHOH Cpesl, HJH K YMeHbLIIeHHIO
TIOBEPXHOCTH CONPHKOCHOBEHHA [a30B C TBEPALIMH BeLleCTBaAMH BCJel~
CTBHE CleKaHHsi B arJOMepaThl TBePAbIX 3€PHHCTHIX MaTepuaJjoB. [To-
BHIIIEHHE TeMIepaTypsl 4acTO OCPaHHYHBAETCS TEPMOCTOHKOCTLIO KOH-
CTPYKTHBHLIX MaTepHAJOB, H3 KOTOPHIX H3TOTOBJEHLI peaKUHOHHbLIE all-
mapaThl, a Takke 3aTpaTaMH 3HEPTHH Ha MOBLILIEHHe TeMOEpPaTyphl,
0COGeHHO B ZHAOTEpMHUECKHUX npoueccax. TakuM o6pas3oM, perysupo-
BaHHe TeMIepaTtyphl H806XOHHMO sl yBeJHUYEHHsT KOHCTAHTHI CKOpOC-
TH B W TOBbIIEHHs ABHKYyUlel cuasl mpomecca AC [cM. ypaBHeHHA
(11.52)—(11.56)]. OnruMaJsibHble TeMIlepaTypH MPOLECCOB 3aBUCAT OT
leipOﬂI)I peareHTOB H KOHUEGHTPALHH HX, CTelleHH TpeBpallcHH#A HC-
XOJIHBIX BCLIECTB B MPOAYKTHI peaKuHu, JaBJieHHs, [MOBCPXHOCTH CONPH-~
KOCHOBCHHA pPearHpyrouiux EI)&?; H HHTEHCHBHOCTH HX epeMeliHBaHHI,
HaKoHell, AJIsi MHOCHX NPOLECCOB, OT dKTHBHOCTH MPHMeHsIEMBIX KaTa-
JIH3aTOPOB.

b. IIpuMeHeHHe KaTasM3aTOpPOB CHALHO MOBLILIAET KOHCTAHTY CKO-
[%TH péa[{usm, He BhI3BIBasl H3MEHEHHsT JJ.BH}KYLIleﬁ CHJIBLI Mponecca
AC. :

Karanusaropsl ycKoOpsiiOT XHMHUECKHE DeaKUHH BCJEACTBHE 3aMe-
HBl OJHOCTaAHHHOro mpouecca, Tpebyiouiero 60ALUIOH 3HEPrHH aKTH-
Bauun £, aByx- uam Gojiee CTaJHHHHIM NpOIECCOM, B KaKAOH mnocJe-
JNOBATeNLHON CTajunm KOTOPOro TpebGyercsi SHEPrusi aKTHBAUHH e, €y,
3HAuYHTEJIbHO MeHbIas, wem E. CXeMy KaTaJluTHYeCKOro CHHTE3a MOXK-
" HO mPEeJCTaBUTL CJASYIOUIMMH ypaBHEHUsiMH: (e3 KaTajusaTopa peak-
mHs MpoTeKaer MelJieHHo B OAHY craauio A+ B — AR, xoropas Ttpe-
Gyer Gousbluoi sHeprun aktupauuu E. B mpucyrcTBHHM Karamusatopa
OHAa pasje/isieTcs Ha [Be NOc/ejoBaTesbHble OLICTPLle CTAIHH:

A + [Kar] = [A-Kar]
B - [A-Kar] = AB + [Kar]

C MeHbIIMMH 3HAYEHHSIMH 3SHEPTHH aKTHBAUHH €; H €. Ecau Karauu-
3aTOp HAXONHTCs B OAHOH (pase ¢ pearupyroudMu BeLleCTBaMH, Npo-
MexxyToyHoe coeauHenue [A-Kar] MOXeT cyllecTBOBaTh B BHIE OT-
IeJ5HOrO0 XHMHUECKOro KOMMOHEHTa, KOTOPHI MOXHO OOHADYKHThL XH-
MHYECKHM aHa/ju30M. Ecin Xe KaTaauM3aTop sBJfSCTCA TBEpALIM Be-
ILIeCTBOM, TO NMOBEPXHOCTHOE NMpoMexyTouHoe coeauHenue [A.Kart] unn
NPOAYKT aKTUBHPOBaHHOW ancopbumH, o6pasyeMblii KaTaJH3aToOpoM ¢
JKHAKHMH HJIH Ta3oBbIMH KOMMOHEHTaMH, He SIBJSETCS TPeXMepHHIM
TeJOM H €ro HeJb3sl ONPeJesHTh XHMHuecKHM aHaausoM. OgHako U B
3TOM CJyyae MeXJy KaTaJdH3aTOpOM H peardpyIOIHMH BelieCTBAMH
HMeeTCsd XHMHYECKasi CBfI3b.

DHePrul0 aKTHBAUMH KaTaJUTHYECKHX peakuuiit Eyx MOXHO BLIUHCH
AuTL W3 ypasBHeHus Appenuyca (I1.93). Ognaxko ansi TBepiablX KaTa-
JIH3aTOPOB TOJYyYaeTCsi He MCTHHHAS, a KaXyULasiCs 3HepPTHsi aKTHBa-
UMM, KoTopasi GoJibllle HCTHHHOW Ha BEJAUYHHY TemJaoTel ajcopbuun
pearupymoollix BeulecTB (BewlecTBa A) Ha xaraauszarope. Karanusa-
TOpHl He YCKOpSIOT NH(OYy3HOHHBIE MPOUECCH, MOITOMY HX OPHMeHe-
HHe ueseco06pa3HO TOJBLKO /5 NMPOLECCOB, HAYLUIMX B KHHETHYECKOH
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obnacrtu. [IpuMeHerHe KaTa/u3aTOPOB BO MHOLHX NPOH3BOACTBaX or-
paniiuMBaeTCsi HX HECTOHKOCTbIO B YC/JIOBHAX HeOOXOMHMOrO TEXHOJIO-
THYCCKOI'O pexHMa, T. e. HOTCpCﬁ AKTHBHOCTH Hpﬂ MOBBILIEHHBIX HJH
MOHMIKEHHBIX TeMIepaTypax, a TakxkKe BCJeACTBHE JelcTBUs NMpHMecel,
cojlepKallHxca B HCXOOHBIX MaTepHaax,

B. [lepemewnBanne ysenuuusaeT Ko3p@HUHeHT MacconepeAaut N
KOHCTAHTY CKOPOCTH IIpollecca BCJAEACTBHE 3aMeHH  MOJEKYJsSIPHOH
auddysn KOHBeKTHBHOH, T. e. CHHXeHHA AUPPY3HOHHBIX COMPOTHB-
J'IOH!Iﬁ, HpeHﬂTCTB}’lDI_L[HX BSaHMOﬂeﬁCTBHI’O KOMIOHeHTOB. C.nenosa-
TeJabHO, YCHJeHHe MNMepeMellHBaHHSA BSEHMORCﬁCTByl{)MHX BellleCTB Le-
JecoobpasHo MpUMeHATb A5 MPOUeCCoB, HAYUIHX B AHDDY3HOHHOI
obsactd g0 TeX Mop, MoKa oblas KOHCTAHTa CKOpPOCTH Ipouecca &
[eMm. dopmyanr (I1.63)— (I1.65)] ne mepecraner 3asHceTb OT kKo3ddu-
UHeHTOB MepeHoca D, T. e, BIJIOTH A0 Hepexofa lpouecca u3 aupdy-
3HOHHOW 00JaCcTH B KHHETHYECKY, Trae R Bblpaxaerca GopmyJoi
(11.64). HanbHeilllee ycHJeHHe NepeMEIUHBAHHS B NPOTOYHBIX alla-
paTax cHH:KaeT ABMIKYUIVIO CHJY [polecca H CKOPOCTb peaKUHH.

B roMorenHblx npoueccax ycuieHHe MepeMelUHBaHHS cofleficTByeT
BbipaBHHBAHHIO KOH]J,eHTpaLLHﬁ HCXOJHBIX BellleCTB BO BCeM OG'bOMC H
YBeJIHYeHHIO 4YHC/a CTOJKHOBEHUH pearHpyliux MoJieky.a. B rerepo-
reanbix cucreMax I'—)K, I'—T, J)K—T, )K—)K mpu orcyrcrsuu nepe-
MellHBaHHUsl a3 Macconepeladya MOJMHOCTBIO ONPeessieTCsi CKOPOCTbIO
MoJeKyJJasipHoH auddysun NMeperasaeMoro KOMNOHEHTa B HeNOJBHXK-
HOM CJ10e H{MJIKOCTHU HJIH Trasa, npHJaeraloineM K MOBEpPXHOCTH CONpPH-
KocHoseHHs $as3. I1pu mepeMeminBauuu TOMUHHA HeNOIBHMKHBIX CJIOeB
HJH JJaMHHAapHBIX CJIO€B, B KOTOPHIX KHIAKOCTb HJIH Ta3 TeKyT CIOKOH-
HO MapaJjenibHO MOBepXHOCTH CONPHKOCHOBEHHS, yMeHblIaeTcsl; Mpo-
HCXOAUT 3apuxpeHue (TypOy/H3auus) CHOKOHHBIX MapaJsiiesbHBIX
CTPy#; MednieHHAs MoJsieKyasapHas auddysus 3aMeHsiercsi ObicTpof
TypOynenTrHofl. B To e BpeMs mepeMellHBaHHe, Kak NMpaBHJO, YBeJH-
uyygaeT [IOBEPXHOCTh CONPHKOCHOBEHHS pearHpylomux daas.

W3z Tpex paccMOTpeHHBIX HANpaB/eHHH YBEJAHUCHHUS KOHCTAHTH CKO-
pOCTH TpoLecca HCHOOJIb3YIOT Mpex/je BCEro To, KOTOPOe YCKOPsAEeT Hau-
OoJlee MeJUUIEHHYIO CTaauI0 Tpolecca.

YBesHueHHE MOBEePXHOCTH CONPUKOCHOBeHHHs has
B reTeporeHHblX CHCTeMaXx IMPOH3BOAHTCHA pA3JHYHO B 3dBHCHMOCTH OT
guga cucteme: I'—K, I—T, JK—T, XX—X (necmelmnpaioimuecs) u
T—T, a TakiKe oT HeoOXOOMMOro peuma mpoliecca, T. e. NpuMeHse-
MBIX JaBJeHHlt, TeMnepaTyp, KOHUEHTPAUHHA peareHTOB, Kara/jH3aTo-
pos u 1. . Criocob cO31aHHs MOBEPXHOCTH COMPUKOCHOBEHHS ompeje-
JAeT KOHCTDYKIHIO annapara [Jjs JaHHOH arperaTHOH CHCTeMBl.

Bo Bcex cayuyaax cTpemsTcs YBeJIMUHTb MOBePXHOCTb Gojiee Tsizke-
noit (naoteofl) ¢aser — tBepnoit B cucremax I'—T, XK—T n kuaxofi
B cucreMe I'—JK; Gosee xe serkasi asa Bo BCeX THNAX anmaparon
OMBIBaeT NMOBEPXHOCTh TAXKeJsof ¢asbi.

A. B cucreme ras — xugkocte (I'—JK) ocHoBHble cnocobul co3-
AaHUsI MOBEPXHOCTH compHKocHoBeHHs (Goubwoi miomaan F) u co-
OTBETCTBEHHO NMPHHUHIH yCTpOﬁCTBa annapaTtoB MOXHO pa3ieliiTb Ha
YyeThIpe KJsacca.
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1. PaspuTHe noBepXHOCTH XKHAKOH (a3bl pacnpejgejeHHeM MXHIKO-
CTH B BHje TOHKOH NJIeHKH Ha NOBEPXHOCTH HacajouYHBIX Teja (Hacaji-
KH), 3aNoJHSIOUIHX peakuHoHHBH o6beM annapara. CoOTBETCTBYIO-
He annapaTbl HA3bIBAKOTCA HacagO4YHBIMH GalHAMH HJH KOJOHHaMH.
[lnomwans conpukocHoBeHHs F rasa ¢ XHIKOCTBIO /s pacuyeToB NpH-
HHMAIOT paBHOH BCeH IIOBepPXHOCTH HAacajKd, HOKPBITOH NJeHKaMH
XHjaKkocTH. COOTBETCTBYIOULYIO Maccomlepegady Has3BBalOT IJeHOYHOH.

2. PaaBuTHe noBepxHOCTH XKHAKOH ¢dasbl 3a cueT JHCHIEPr{poBa-
HHf, T. €. pa3OpbI3arHBaHHsA, PACOBJIEHHS ee NHeBMATHYECKUM HJIH Me-
XaHHYeCKHUM crnoco6oM B o6beMe HJH [1OTOKe rasa, npoxogsaulero uc-
pea noaywo Kamepy uau Gamniwo. CooTBercTBylOIIHe annapaThl Ha3bl-
BaloTCs OGallHAMH C paSﬁpHSl"!iBaHHCM HJIH KaMepaMH ¢ paclblieliH-
eM xugkocTH. [lsnolwmans conpHKkocHOBeHMst F paBHa  NOBEPXHOCTH
BCeX KalleJib, Ha KOTOpPBIX H ﬂpOHCXO,IIHT Maccollepejgada, Ha3biBae-
Mas KanejoHoH. Takue 6awuu mMoryr paboraTh HHTEHCHBHee Hacajlo4-
HBEIX, HO BCJEICTBHE TPYAHOCTH HOCTOSHHOIO TOHKOrO pacublicHHS
KUJKOCTH OHH He YCTOHUHBHI B paboTe M MaJjo NPHMEHSIIOTCA B 1pO-
MBILIJIEHHOCTH,

3. Paspurue moBepxHOCTH B3auMOjeHCTBHs (as 3a cuer nHCnep-
rupoBaHusi rasa B o6beMe XKHIKOCTH, nyteM GapboTaxa, T. e. mpomny-
cKkauua (npoGy/nbKHBaHHA) Ny3BPBKOB rasa uepe3 CjoH KHIKOCTH B
KOJMOHHax ¢ CHTUaTBIMH INOJKaMH (I)CIUETK&M!I) HJIN KOJINa4YKOBbIMH
trapeakaMH. [Tnomane conpuxocHoBeHus (a3 paBHA NOBEPXHOCTH BCEX
Ny3bIPEKOB, COOTBETCTBEHHO Macconepejadyy MOMXKHO Ha3BaTb NY3HpPb-
KOBOHl.

Bap6oraxnble KooHHB paBoTalOT HHTeHCHBHee OalleH ¢ Hacajaka-
MH, HO CO31al0T 3Ha4uYHTe/IbHOe I‘!ri,[[[_)aB.."[H’-ICCKOe CONPOTHBJIeHHEe 11010~
Ky rasa, NO3TOMY NpuUMeHAWTCs pexe Oaued ¢ Hacagkamu. Jasa a6-
COpﬁU_HH H HarpepaHHda INPHMCHAIOTCA KOJOHHEI H OAHOCTYlNEHYATLIC
6apborepsl. ITocneanue npeacrasasior cobofi eMKoCTH, colepiXaliHe
JKHIKOCTh, B KOTOPYIO NOrPYKeHBl KOJoOKoJa uau Tpy6sl. ['az uau map
nocrynaer BHYTPb KOJOKOJOB uaH Tpy6 u npobysnbKuBaeT depes coi
HMHIAKOCTH. H.I"IOII[&J‘J.B CONPHKOCHOBEHHA B alillapatax I[epBoro, Bro-
pOro H TPEThEro THMOB COXPAaHSETCH JIHIIL NPH CPaBHHUTE/bHO CIOKOIi-
HoM mpoxoxienuu raza. B. B. Kadapos, II. A. CemenoB u apyrue
yueHble A0Ka3aju, YTO NPH NOCTYNJCHHH rasa ¢ GosblIoi CKOPOCTHIO
NOBEPXHOCTD TJIEHOK CTaHOBHTCA He IV1aAKOH, a BONHOOGpa3HOH, cde-
puueckas ¢opMa Kaneiab H Iy3bHpPbKOB rasa Takxe Hapyllaerca *;
MMPOHCXOJHT B3aHMHOEC NPpOHHKHOBEHHE ¢!83 yepes rpaHHuHbe IJICHKH,
IIporekaer uHreHcusHasa TypOyJeHTHas Macconepejgaua, NpH KOTOPOIl
TPY/HO YYecTb MJIOLLalb CONPHKOCHOBEHHH.

4, Coajande B3BELIEHHOrO CJ0f IOJBHIKHOH NeHbl NPH IpOnycKa-
HHH rasza CHH3Y BBeDX Uepe3 pellleTKy NeHHOTO alnapara H Haxojs-
IyioCs Ha Hell JKMJIKOCTB C TAKOH CKOPOCTbIO, IPH KOTOPOH CHJBI TPe-
HHsl ras3a O XKMAKOCTb VPABHOBEIUHBAIOT Maccy noclegnell. B pesyin-
TaTe oOpasyeTcsi B3BelIeHHBIH €0 NMOABHXKHONM NeHbl B BHAe GHCTPO
ABMKYLUIMXCA IVIEHOK CTPYH H Kanedb JXKHIKOCTH, TeCHO IHepeMeuIaH-

* Kadgapos B. B. Ocnosnl Maccomepenausd. M.: Bmcman mxona, 1979,
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HHX C- IIy3HPbKAMH H CTPYsAMH ra3a. B menHux anmaparax nojyyaer-
¢ Hauboapillas (43 BCeX YeThIpeX THMOOB annapaToB) MOBEPXHOCTh
CONPHKOCHOBEHHSA rasa ¢ HIAKOCThIO; BCJAEJCTBHE CHJILHOIO mepeMe-
wkBaHua $a3 1 HenmpepblBHOTO OOHOBJEHHST TMOBEPXHOCTH KHIKOCTH
yerpauaiores aad(Qy3noHHEe CONPOTHBJAEHHS M BoszpacTaer Ko3ddH-
[HEHT Maccoliepeiadd (u Temjonepegad).

b. B cucremax ras — tBeppoe (I'—T) u »xuaxocts — TBepjoe
(OK—T) 6oabias nJomagb COMPHKOCHOBEHHUst (a3 pOCTHraeTcs upe-
3KJe BCero H3meJ/bueHHeM TBePAOrO MaTepHala HJH NpHUMeHeHHEM MO-
PHCTHIX KYCKOB H rpaHyJ (3epeH) ero, B KOTOPLIX BHYTPeHHSH IIG-
BePXHOCTh [Op MoMKeT B COTHH pa3 mpeBblllaTh HAPYXKHYIO MOBEPX-
HOCTh Kycouka. TaxkuMm obpasoM, A1 yBedHYeHHS [OBEPXHOCTH
COMPHKOCHOBEHH ST HeOOXOAHMO, BO-MepBHIX, MOBBICHTL JHCHEPCHOCTH Ma-
TepHala HJH MOPHCTOCTb ero KyCKoB. Bo-BTOopnix, HeOOXOAHMO CO3-
JaTh B ammaparte TakHe yCJAOBHf, NPH KOTOPHIX BCS HJIH GoJblias
4aCTh MOBEPXHOCTH TBEPALIX YaCTHIL OMbLIBAETCS MOTOKOM rasa HJad
xKHaKocTH. OcHOBHEIE cnocoObl pa3BHTHs MOBEPXHOCTH MOXKHO pasje-
JIUTHL Ha 4 KJjacca.

1. IMepemeiuuBanue H3MeJbYEHHOTO 1BepJAOr0 MaTepHana MexaHH-
yeCKHMH MelllaJKaMH Ha NOJKax alfiapaTa, OMbiBaeMsIX CBepXy ra-
30M MJH XHAKOCThIO. [IpH mepeMewnBaHuH OGHOBJSETCS NOBEPXHOCTH
CONPHUKOCHOBEHHUS H NMPOH3BOJIUTC NepeiBHKeHHe TBEPAOro MarepHa-
Ja no nonkam. Jas pacueToB yCIOBHO NPHHHMAETCHA MOBEPXHOCTD,
paBHas MJOIMAjAH BCEX MOJOK (CM, HAampHMep, aLETHJEIIOBHIH renepa-
TOp, pHC. 75).

2, IlepeMmemuBanne TOHKO H3MeJIbYEHHOTO TBePAOro MaTepHaJa B
obbeMe (B MOTOKe) raza HJH XKHIKOCTH, NPH KOTOPOM MJOIagb CO-
NPUKOCHOBEHHsS NOCTUraeT MpelejbHOH BeJHYHHBL, paBHOl oO6led 1o-
BEepPXHOCTH BCeX TBEepPAhIX YaCTHIL.

PeakTopsl pjs co3jaHHdg TaKHX YCJIOBHI B CHCTeMe ras — TBepjoe
o6BIYHO NpeAcCTaBJsIOT Co00H mnonbie KaMepsl, B KOTOPHX NpPH MOMO-
IIH MHeBMAaTHYECKHX COMeJ pacmbliaseTcs TOHKOH3MelbYeHHbIH Mare-
puaJj, oca)Kjaloiiuiics B NMOTOKe B3aUMOJCHCTBYIOUIEro ¢ HHM rasa.

B cucreMe raz — tBepaoe H KHIKOCTb — TBEpAOE INPHMEHSETCS
Tak¥Xe pacnblieHHe MeJKOZUCHepCHOr0 MaTepiala B TypOYJIeHTHOM
NOTOKe rasa HJH XHAKOCTH ¢ 006pa3oBaHHEM B3BeCH, IBHXKYyiietics
BMeCTe C MOTOKOM CHM3Y BBepPX MO MPUHUHNY npsMOTOKa. B cucreme
KHUIKOCTL — TBepHoe HauboJee 4aCTO NpPHMEHSIETCS MepeMellHBaiine
(a3 B CMECHTEJsAX NpH NOMOILM MeXaHHYeCKHX HJIH MHeBMAaTHYECKHX
MelllaJIOK, HMEIOUIHX pasjauiyHOe MepeMellnBaloliee yCTpoiCTBO B 3a-
BHCHMOCTH Or CBOHCTB H KOHUEHTpauuu TBepAoll (asel H XKHIKOCTH,

3. IMponyckanue moToka rasa MJAH KHAKOCTH Yepe3 HeMOABHKHLIH
CJI0H KYCKOB MJIM rpaHyJ TBepaoro MaTepHaja, JeXaliero Ha KoJjoc-
HHKaX Han peilerkax. [Ipu 3ToM ras UM XHAKOCTb OMBIBA€T Ty 4acTh
MOBEPXHOCTH KYCKOB, KOTOpasi He CONpHKAacaeTcsl ¢ COCeJHHMH KyCKa-
MH. Takoil ciofi 3ajgepuBaeT TBepible HaCTUIbI, COJepXKallHeCd B
MNOTOKe Tasa HJH MXUIKOCTH, U Ha3bBaeTcsi QUABTPYIOMIHM.

Peaxropbl ¢ ¢UALTPYIOIUINM CI0eM TBepAOro 3€pHHCTOTO MaTepua-
Jla MpOCTHl 1O YCTPOIICTBY, HajeXHbi B pabore M sABAAOTCA HaHGOJCe
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paclmpocTpaHeHHbIM KJIacCOM annaparoB B CHCTeMe ras — TBEploe; B
CHCTEME KHIKOCTb — TBEPAOE Hallle MPHMEHSIOT MeNIaJKH.

4. IMepememnBaie BO B3BELICHHOM (KHMALlEM, MCEBLO0XKHXKEH-
HoM) cioe. Bapewehuwii cinoit obpasyerca npu NponycKkaHHu rasa Hid
JHIKOCTH CHH3Y BBEpX uepe3 CJOfl M3MeJbUYEHHOrO TBEPAOrO MaTepH-
ajla ¢ TAKOH CKOPOCTBIO Wep, TPH KOTOPOM YACTHUH B3BeLIHBAIOTCH,
[J1aBaloT H NYJbLCHPYIOT B IIOTOKE I'a3a HJH KHIAKOCTH, HO He MOKHAIa-
10T [PefesioB B3BelleHHOTO cJjodA. B rujgpoiHHaMHUeCKOM OTHOLIEHHH
B3BelUCHHHIH CJOH B CHCTeMe Ta3 — TBepjoe NnojobeH neHHOMY CJ10I0.
B cucreme )JXK—T uanHefiHasi CKOPOCTb MKHIKOCTH, COOTBETCTBYIOWIAS
00pasoBaHHI0 B3BCLIEHHOTO C10f, HE3HAUYHTENbHA (OT HECKOJbKHX
MHJJIHMETPOB A0 AeCATKAa CAHTHMETPOB B CEKyHIY), MO3TOMY peakio-
pbl CO B3BEIUEHHBIM CJI0eM TBepAHX 3epPeH B KHAKOCTH Malo HPOH3-
BOAMTENbHH H NPHMEHSAIOTCA PeLKo,

B cucremMe gBYX HeCMEWUBAWIMHUXCSH KHIKOCTEH
TaK»Xe CO3/aeTcs B3BEUIEHHBIH CJOH TAXKeMOH XKHAKOCTH B NOJHHMal0-
eMcs motoke GoJee Jerkoil, T. e. o6pasyercsa B3BelUeHHBIH C10 01~
BUIKHOH 3MYJbCHH, AHAJOTHYHOH MOABHXKHOH nede. ITpu Meanennom
JBHXEHHH JIETKOH XHIKOCTH CHH3Y BBepX HABCTpeuy NOTOKY TsAXKeJofl,
AKHAKOCTD, obnafalomas GObUIHM MOBEPXHOCTHEIM HATSIXKEHHEM, ABH-
KETcd B BHIE Kanedb B cjloe Apyroi xuiakoctd. [Tpoucxomur asne-
Hue, cxoanoe ¢ 6apboTaxem.

Haubosiee wacTo pasBuTHe NOBEPXHOCTH CONPHKOCHOBEHHS ABYX
HeCMELIMBAIOMHXCA KHIKOCTeH JOCTHraercsi B MeXaHUUeCKHX HJH
NMHEeBMATHUECKHUX CMEeCUTENsX.

B cucreme T—T npumensiercd nepeMelldBalHe OPH MOMOILH MeXxa-
HUYeCKHX M MHEBMATHUeCKHX MeLIAaJOK, a Takxe BpaUialouuxcs 6apa-
6anos. Bpaumawomuecs 6apabany WHPOKO NPHMEHAOTCH /A co3ja-
HHUsT M ODHOBJEHHA MOBEPXHOCTH COMNPUKOCHOBEHHsI TAKXKe H B CHCTe-
max [—T, )K—T, '—XK.

Iaasa 111
XHUMHUYECKHUE PEAKTOPHI

OpHHM H3 OCHOBHHIX 3JeMENHTOB JI060H XUMHKO-TeXHOJOTHYecKoil
cucrembr (XTC) siBasercss xuMmuueckHil peakrop, XHMHUECKHM peak-
TOpOM Ha3blBaercd annapar, B KOTOpPOM OCYIIECTBAAIOTCA XHMHUYECKHEe
IpoieccH, CcoueTaloniHe XHMHUECKHe peaKuuH ¢ Macco- H Temjlomnepe-
HOcOoM. THUNMHYHBIe PEAKTOPH— HPOMBbIULIeHHbIe MeuH, KOHTAKTHLIE an-
napaTtel, peakToph ¢ MeXaHHYECKHM, MHEBMATHYECKHM H CTPYHHHM ne-
peMellHBaHHeM, BapoyHble KOTJbI, THAPATATOPLl H T. M.

BCE amnaparsl, paclojioxeHHble J0 peaKTopa, npealasinavenbl 451
MOATOTOBKH CHPbA K XHMHUyecKoil mepepaboTke; BCe TO, 4TO HAXOAHTCS
Mocne peakropa, HEOOXOAUMO 7 pasgelieHHss MOAYYalOUHUXCs B pe-
axktope mpoaykros. Ot npaBuapHoCcTH BRIOOpa peakTOpa H €ro coBep-
IieHcTBa 3aBiCHT 3P eKTHBHOCTL BCEro TEXHOJOTHYECKOro hpoluecca.

OcHoBHble TpeGoBaHHs K NMpOMbILLJIeHHbIM peakTopam. 1, _Maxkcu-
EEJIBHHH MPOH3BOAHTENbHOCT H HMHTEHCUBHOCTb paborhl (cM. ri. I).
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B 3aBHCHMOCTH OT MeCTa 3aMepa pacxoia PeakUHOHHON CMeCH M KOH-
LHeHTpalUHH BelllecTBa B Hef‘l, AJist pacueTa HHTEHCUBHOCTH Iponecca
TPHMEHSIIOT cooTBeTcTBYWOUINe (opmynasl. Ecnin  3amepsercs pacxox
peakuHoHHOHR cMecH Vex M KOHIEHTPAlMs LeJeBOrO NPOAYKTa B Hel
Cuox Ha BbIXOJle M3 PeakTOpa (KOHEUHbIE BEJHUYHHbI), TO

I =1/v= Vey Crx/0 = ViCru, (I111.1)

rae Vex— pacxon cMmecH, M%/4; Chx— KOHUEHTPAUUSI TNPOAYKTa Ha
BHIXOJle M3 peakTopa, Kr/M3 v — peakuMoHHBIH 00beM, M*; Vi — ko-
neunas o6beMHasi ckopocTh, Y~ Ecan Cuxk Geapaamepna (nanpuwmep,
obbeMHBIe 10AH), TO

[ =V Cogou, (111.2)

Tie pr — IJIOTHOCTL Npoaykra, Xr/m3. Ecun samepsercs KoHueHTpauus
OCHOBHOTO MCXOaHOrO BemlectBa Cy (HanpuMep, KoOHuUeHTpauus A B
peakuuu aA+bB—dD-eE), To yuureiBas, 410 Cnyx= CuxB,

] = VyCot® (111.3)
uwind npu C, 6eapasMepHoit
= VEC“xIIaPﬂ, (111.4}

rae f— OTHOLIeHHe YHc/ia MoJsiell 1e/leBOrO MPOAYKTa K YHCAy Moseli
OCHOBHOI'O HCXQAHOTO BellecTBa. EcMH B peaklUHH UeNEBBIM ABJAAETCHA
npoaykr D, to B=d/a.

2. Bricokuii BHIXOJ NMpoaykTa M Haubosbllasi CeeKTHBHOCTh_ [1DO-
_ecca. Onn 00ecrieYHBAOTCH ONTHMAJbHbIM PeXHMOM PaGOTH pesk-
TOpa: TeMnepaTypol, NaBJACHUEM, KOHUEHTpAlHell HCXQNHBIX BelleCTB
H NPOAYKTOB peaxuuu. KaTanuTHuecKHH pearTOp AOMXKEH Tak Xe
obecrieunTs 3perTHBHOE NpuUMeHeHHe kaTaauzatopa. OnHako, 60Jb-
wel YacThbI0 HMeETCs NPOTHBOPeuHe MeXAY BLICOKOH CTeNeHbio npes-
palleHHs] H HHTEHCHBHOCTbIO pabors peakropa (puc. 19). C noswie-
nueM OOheMHOH CKOPOCTH cTeneHb NpespalleHust (UM OGMIHH BBIXOX
NpoaykTa) HeH30exHO CHHXKAeTCs, TOTAAa KaK HHTEHCHBHOCTb paborhi
peakropa Bo3pacTaeT. B puxaudeckux cxemax (3amruytbix XTC)
npeuMylllecTBa OTHAIOT HHTEHCHBHOCTH, B CXeMaX C OTKPBITOH LelbIo
(pazomkHyTble XTC) — BrICOKOH cTeneHH TipeBpalleHHs TPH HaH-
Gosbllielt cesleKTHBHOCTH. Tag, B IHKJIHUECKOH cXeMe CHHTe3a aMMHa-
Ka npu o6beMuoil ckopoctd no V=40000 4!, cTeneHb npespaieHus
asora (BHIXOZ aMMuaka) 33 O&MH NPOXON cOcTaB/iser JHIb |2—
14%. Tlpu okuciaeHun [QHOKCHAA Cepsl B CXeMe ¢ OTKPLITOH nensio
npu obbemuoi ckopoctd V=600 y~! nomyuarmor creneHb npespaleHis
oo 990}(0.

Munnmasbble SHEPreTHYECKHe 3aTPATH_Ha lMepeMellHBaHHE H
TPARCNIOPTHPOBKY MaTepHANOB 4€De3 PeakTop, a Takxe HauiyTiee
“HCTOMB30BaHHe—FERAOTE SRA0TEPMIUECRAX  peakuii HJAH TeNJaoTH,
TIOABOAMMON B peakrop AJds HarpeBa pearHpPYIOMIMX BeMIeCTB AC Cll-
THMAJIbHBIX TeMIlepaTyp. XOTd 3aTPaTH 3JIEKTPO3HEPrHH Ha mnepeme-
IUHBAHHWE H NepeMelleHHe PearHpyiOlIHX Mace, KakK H3arpaTta TenjoTh,
OTHOCATCS K SHEPreTHYECKHM, HO NMPHEMBl HX PAanHOHAMH3AUHH pa3-
JIHUHBl H BO MHOTOM NPOTHBODPEYHBHI.
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3aTtpaThl 3/1eKTPO3HEPrHH Ha [epeMellHBalHe pearHPYIOUIHX Mace
MOXHO CHHXAaTb YMeHbUIeHHEM CKO]:)OCTQI?I [MOTOKOB peareHTOB HJIH
yHCsia 060pOTOB MelllaJioK, HO 3TOT NMpHeM OOBIYUHO CBSI3aH C yMeHblle-
HHEM HHTEHCHBHOCTH PabOThl peakTopa M CHHXKEHHEM CTENeHH npee-
pauleHHA. HDHH)K&HPIE SHEepreTHUYECKHX 3aTpaTr Ha TpaHCHOpT rasoB n
HKHAKOCTEeH JOCTHraercs IJIaBHBIM oﬁpaaom CHH2KEeHHeM THApaBJantie-
CKOTO CONPOTHBJIEHHSI peakTopa H, B [MepBYW oOuepeis, yIOpolleHHeM
KOHCTPYKUnH. st Haunydilero ucnoJib3osa- I 4P
HHSl TEIJIOTHl B PeaKTop BCTaBJSIOT Tem1006- Xl 4p
MEHHbBIE IJICMEHTHI, YTO YCJOXHSIET e€ero KoH-
ctpykuuio. Ha puc. 19 npuseaeia xpusaa po- 7
CTa THAPABAHYECKOrO CONMPOTHUBJEHHS ammapa-
Ta JauHol KoHcTpyKuumu AP npu BO3pacTaHHH
ob6bemHol ckopoctH V (3a cuer jiHHefiHOH CcKoO-
pocTH @, mpomnopuHoHaabHolt V). YBeandelHe ¥
HHTEHCHBHOCTH paﬁOTbI annapara HaxoJIuTCHa
B INPHTHBOPEYHH € IHEPreTHYECKHMH 3aTpa-

TaMH, XapaKTepH3YeMbIMH OTHOLIEHHEM
AP: 1.
4. Jlerxkas ynpaBiaseMOCTb H 6€30MACHOCTD v

paﬁoTbl‘: 2TH ycnoauﬂ?ﬁecnequnamwﬂ PaUHO- o o eneune mi-
HasbHON KOHCTPYKUMEH PeakTopa W MANbIMA  repcyppocts  paGotst I,
KoaebaHuAMH napaMeTpoB TeXHOJOTHYECKOrO cremeHH mnpeBpalleHHs X
peXuma, MO3BOJSIOUIMMH JIETKO aBTOMATH3H- H [HAPaBIRyecKoro com-
posaTs padory pearopa. e g

5. Huzkasi CTOMMOCTb  H3rOTOBJIEHHSI pe- Hoh cKopocTH V

aKTopa M PEMOHTa €ro. JTo HOCTHraercs Hpo-

TTOTOH KOHCTPYKUMH W NOpUMeHeHHeM Jellle-

BbIX KOHCTPYKHHWOHHBIX MaTepHaJOB. 4HYepHHX MeTanJoB, CHJIHKATHHX
usfenul, Haubosiee JelIeBHX MJIacTMace.

6. Ycroituusocrh paboThl peaKTopa NMPH 3HAUHTEILHBIX H3MeHeHH-
siX OCHOBHBIX mapaMerpoB peRava (C, 1, P, Ax. w). [lepeuncieHube
Tp36OBﬁlIHﬂ B3aHMOCBSI3AHH W B 3HAYMTEJbHOW CTEMeHH TPOTHBOPEYH-
Bbl, pallHOHANMbHOCTE HX onpeaessieTcsa BJAHSIHHEM Ha ce6eCTOUMOCTL H
KavecrBo npoaykuun., OObYHO He YRAaeTcs peanH3oBaTh MpoLecc B
pPeakrope Takum o6pasoM, uTOOH OblIH YAOBJETBOPEHBl OJHOBPEMEH-
HO BCe IMpelbsBJsieMble K HeMy TpeGoBaHHsi B BHIY HX [IPOTHBOpeYH-
BocTH. [Ipuxoaurcsa BbhipabaThiBaTh Hauboslee pauHoHasbHblE H 3KO-
HOMHYHBIe pelleniisi, obOeclieUHBalOliHe MOAAEPXKaHHe 3ajaHHBIX 3Ha-
YeHHH OCHOBHBIX napaMeTpoB npouecca: BpCMeHH peakllHuu, TeMnepa-
TYPbl B Pas3jiHUHBLIX TOYKAX PeaKIHOHHOH 30HBI, JaBJeHHsi, CTemneHH
nepeMelIUBaHHsl Pearupylomiux BeUeCTB, H3MeHeHHsi KOHUeHTpauui
peareHTOB IO BHICOTE (/JIHHE) peaKkropa. :

[Tpu npoeKTHpOBAHHM PeakTOpa HEOOXOAMMBI CBeleHHs O KHHEIH-
Ke XMMHYeCKOH peakKUMH W NPOH3BOAHTENbHOCTH peakrtopa. WMmmenep-
TeXHosior, paspabaTbiBag CXeMy peakTopa, AOJIKeH TakXe pPeLIHTb,
Oyner au peakrop paboTaTbh HeNpepHBHO HJH MepHOAUYECKH, onpeie-
JIHTH MoOJeJib peakTopa H YKa3aTb crnocobb nojBojaa HWJAH OTBOjAA Teln-
Jorel. Ilpu orpoMHoM MHOroo6pasHi  XHMHYECKHX MPOLEeCCOB H HC-
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Nnosb3yeMblX B HHX PEaKUHOHHBIX aNnapaToB MPEeACTaBISNETCHd TPyi-
HbHIM pelleHHe BOIpoca o BHOOpe peakropa Anasi pa3pabaTeiBaeMoro
HJIM TIPOEKTHPYEMOro npouecca. 10 ycyrybJjsieTcs TeM, UTO B peak-
TOpax HapsiAy ¢ XHMHYECKHMH IpPOTEKAalOT (uaHUeCKHe Mpolecchl,
BaXKHEHIUHMH H3 KOTOPHIX SIBJASIOTCSI AHPDY3HA HCXOAHBIX BEUICCTB H
NPOAYKTOB peakuHH H BblAe/NeHHe H PacnpocTpaHeHHe TEmIOTHI,

Meroabl TexHOJIOrHYeCKOro pacuyera H noxbOpa napaMmerpos 3Ha-
YHTEBHO OTJIMYAOTCH AAS Pas3JHYHBIX THNOB peakropoB. Ilpu pac-
CMOTpEHUH OCHOBHBIX 3aKOHOMepHOCTEeil Oblla YyCTaHOBJEHA CJ0K-
HOCTb KJacCHPUKALUHH XHMHKO-TEXHOJOTHUECKHX IPOIEeCccoB H COOT-
BETCTBYIOU[HX PeakTOpOB: MO XapakTepy omnepandu (IepHOAHUECKHE H
HelpephuIBHBE), (a30BOMY cOCTaBY pearHpYWOIWIHX MacC (passqudble
TPYMILl TOMOTEHHBIX M T'eTePOTeHHBIX NpOLEeccoB), TeMIOBOMY 3 ek
Ty nponecca (3K30- H 3HAOTEPMHYeCKHe), HaHBHICIIEH TeMIeparype
(HH3KO- M BBICOKOTEMOEpaTypHble), MpHMeHseMOMY [aBJeHHI0 (Baky-
yMHble, MOJ aTMOc(epHBIM H BHICOKHM JaBJeHHEM), CTeMeHH nepeme-
IIMBaHHA (CMEUICHHS U BHITECHEHHA), TeMIepaTypHOMY peXHMy (auu-
abaTHueckye, H30TEPMHYECKHE H NOJUTED VHUECKHE).

[Tockonpky ruapoauHamMuyeckasi o6CTaHOBKA M TeMIepaTypHBbli pe-
’KHM B OCHOBHOM OMNpeRe]sloT KHHETHKY Mpoiecca, MpoTeKalollero B
peakTope, NMPeACTABAAETCA BO3MOXKHBIM HCHOJIL30BAaTh HX, KAK OCHOBY
10 Kjiaccu(dHKAUHH peakTopoB. A HMEHHO, paccMaTpHBAThb PeaKToO-
pbl, paGoTalonine B NpeAedbHBIX THAPOAHHAMHYECKHX peKHMaX — HIe-
aJIbHOr0 BBHITeCHEHHst H MOJHOrO (MIea/bHOrO) CMEIIeHHs B H30TeDs
MHYeCKHX, ajHabaTHYeCKUX, HJIH XKe mosuTepMudeckux ycaosusx. ITo-
pobuas HpeanHsauHs NO3BOJAET HCKJIOYHTbL M3 PACCMOTPEHHSI BTOPO+
CTeMEHHBIe YePThl MpOLEcca W HCNOJAL30BATh T€, KOTOpHle ONpere/sioT
NoBeeHHe CHCTEMBL.

OGcraHoBKa B MNPOMBILITEHHOM peakTope, KakK MNpaBu/0, 3Hayll-
TeJbHO CJIOXKHee, 4eM B HjeaJH3UPOBaHHBIX MojensXx. Pacuer mpo-
MBIILIJIEHHOTO peakTopa B GoJblrofi cremeHu Gasnpyercs Ha IKCIEpH-
MEHTaJIbHBIX JaHHHWX M HjeasJH3HPOBaHHbBE MOZENH CJYXaT JHHIb
OTNpaBHO# ToYKOH AJs1 HauboJiee NOJHOTO HCNOb30BAHHA ONMBITIIHIX 1aH~
HBIX, Jis1 ONpejeseHHs] OCHOBHBIX pa3MepoB peakropos. I[lpu mccie-
JOBaHMH pabOThl PeakTOPOB COCTaBJSETCS MaTeMaTHYeCKOe OMHCaHHe
(MaTeMaTHuecKasg MOje/lb peakTopa), MOA KOTOpO# INOHHMAIOT CHC-
TeMy YpaBHeHUH, MO3BOJSIOUIHX ONMpeaesiTh H3MeHeHHe B HEM KOH-
LeHTpanui, TemIepaTypel, AaBdeHHs] H JIPYrdx MapaMeTpPoB pexxuMa.
OTH ypaBHeHHsA BHIBOIASIT HA OCHOBaHHM GanaHCOB BeuiecTBa, TeMJIOTH
H KOJNHYeCTBa [BHIKEHHS JJf peaKropa B LeJoM uJH 1id ero Gec-
KOHEYHO MaJIoro 3JeMeHTa B 3aBHCHMOCTH OT pexkKHMa pabotnl. Huxke
npusenelbl aHp¢epennyalbible ypaBHeHHss 0aJsiaHCOB, pacCuHTaHHbLIE
Ha eJIMHHULY BpemeHH PaboThl peaKkTopa.

Audpepenuuannhipe YPaBHeHU S MW&%_‘(OF?
6anaunca, CoCTaB/jecHHBE 10 OCHOBHOMY HCXOAHOMY BeLIECTBY
“Amrpearintt A—-D uan A+B—D-+E B tpy6uatom peakrtope He-
NPepHIBHOTO JefCTBHA NMPH HECTALHOHAPHOM DeXKHMe:

aC ac,

= —w —u
Dyax oH A

(111.5)
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rae 0Ca/0tqax — CKOPOCTh HAKONJIeHHs BellecTBa A B GeCKOHEYHO Ma-
JIOM 3JieMeHTe peakTopa; Tuaw — BpeMs HaKOIlJIEHHA  BeliecTBa A;
w(0CA/0H) — pa3HOCTb MeXAY KOJHYECTBOM BeLIECTBa A, NOCTYNUB-
1ero B GECKOHEYHO MaJlblil 3JeMeHT PeaKkTopa, H BHIXOASIIHM H3 Hero
B elHHHLY BpeMmeHH; H — BpicOTa (AnMHA) peakTopa; W -~ JHHelHas
CKOPOCTb TNOTOKA; s — CKOPOCTb PacXofoBaiHs BewiectBa A B pe-
3yJbTaTe peaklHH.
Ias CTalMOHapHOrO peXXHMa B HeNPepbiBHO JEHCTBYIOLIEM peak-
Tope 0Ca/0tuax=0; ypaBHeHHe MaTepHaipHOro GalaHca
%Ea _ 1.6
AH =l ( . )'
Ilna peaktopa nepHoaHyecKoro AedcTBHs (HeCTalHOHAapHBIH pe-
XKHUM Bo BpemeHH) w-0C,/0H=0; ypaBHeHHe maTepHaJbHOro GaJjaH-

Ca HMeeT BHA
—(0Cy [ %) =uy . (I11.7)

Jansa 3TOro peaktopa BpeMs HAKOMJEHHs COBNAAaeT CO BPEMEHEeM lipo-
TeKaHHS Npolecca, Taak=T.

Juddepennnasbuoe ypapHeHue Tensosoro 6ajsaHca HecTallHOHap-
HOTO Ipolecca B NIPOTOYHOM PeaKTope

—aT —oT
pc-;-:—w;)c—é-giqpu‘q, (111.8)

rae pf(0T/0t) — cKOpOCTh HAKONJEHHs TeNNOTh B GECKOHEUHO MaJoM
aseMeHTe peakrtopa; wWpé(dT/0H) — pa3HOCTb MeXAY KOJHYeCTBOM
TenJIOThl, NOCTYNHBLIEH B OeCKOHEUHO MaJbill 3J1eMeHT ﬁeamopa H Bbl-
nocumoli u3 nero (B KoHeuHbiX Beaununnax wpc(97/0H) = Qup—~Qys);
p — NIJIOTHOCTb; € — TENJIOEMKOCTb; =(gpldsy — CKOPOCTb BhHIJeICHHA
HJK TOIVIOLIEHHs] TeIJIOTH NpH peakuuH; gp-— TenaoBol 3pderT pe-
agkuun, I1pu crannonapHom pexume pc= (97/dt) =0, nostomy ypas-
HeHHe TenJjosoro 6ananca Oyaer

—aT

wpcé—gz-—qpuA‘ (I11.9)

1. MOJAEAH HJAEAABHBIX PEAKTOPOB

Crenlenp NepeMeuUINBAHHA DearHpyIoLIHX MacC B peaKTOpax HeNo-
CPeACTBEHHO BJHsieT Ha pexxuM HX paborwl, IToanoe cmeinenne obec-
NeyHBaeT NOCTOSHCTBO TNapaMeTpPOB, B YACTHOCTH TeMNEPaTypbl BO
BceM peakuHoHHOM o0beme, a NPH HAeAJbHOM BBLITECHEHHH TeMmIepa-
Typa, KaK NPaBHJO, H3MEHsIeTCs] To BLICOTE peaknHOHHOro obbeMma.
B PES}'JIbTaTE B peaKTopax BHITECHEHHHI MeHdAeTCHd KOHCTAHTa CKOPO'
CTH peakKUHH H COOTBETCTBEHHO CKOPOCTH npouecca. IIpu cpaBnenun
Mojesell HAeajbHHIX PEAKTOPOB BbLITECHEHHS H CMENIEHHs YCJIOBHO
NPHUHSATO NOCTOSHCTBO TeMIepaTypbl H COOTBETCTBEHHO KOHCTAHTHI
CKOPOCTH peaKluHH [Jsi BCeX THIOB peaKTOpoB. BinsiHHe TeMnepaty-
PBI, paccCMOTPEHO OTAEJLHO.
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PeakTop mpeanbHOro shitecHeHHs, B Takom peakTope, Hampumep
Tpy6uaTom, BCe YacCTHUH ABHXKYTCH B 3aJaHHOM HANpaBJeHHH, He
nepeMelInBasaCh ¢ ABHIKYLUIHMHCA BEpeid W C€3ajH M MOJHOCTBLIO BbI-
TecHdAs [10}106110 nopuinl HaxojdillHecsa BhHepeaH 4YacTHUL NOTOKAa
(nopuineBoe nBHXeHHE NOTOKAa). Bpems npebuniBaHHA BCeX 4YacTHi B
annaparax HjaeaJbLHOro BbITECHEHHA OJAHHAKOBO T. e. B]JEMEHHOP"I Xxa-
PaKTePHCTHKON PEaKTOPOB HAea/bHOrO BHITECHEHHS CAYXKHT YpaBHeHHe

t’m't——.vac, (III.IO}
a TaKiKe
Pe’ = wH/D, = oo, (I11.11)

rae v — BpeMsi npeGLIBaHHsI B peakTope JI060ro sjeMeHTapHOro 06b-
ema (9acTHUBl); T— cpeiaHee Bpemsi npeGuiBanus; D, — spdekTns-
Hblll Koadduuuent anddysun; D=0 u coorBercTBeHHO nudysuon-
Holl kpHTepueil Ilakae Pe'=o0; V¢, — pacxon cmecH.
ITo anuHe peakropa NAaBHO H3MEHSIOTCS KOHUEHTPAUWH pearcH-
TOB H B COOTBETCTBHH C 3THM H3MeHseTcsl CKOPOCTb peakudu. Taxk, uas
npocreiiei HeoOpaTHMOH  peakuHn
A=I  A—D, nporekatoueii 06e3 H3IMeHEHHs
L= = |- o6beMa NpPH NOCTOSIHCTBE TeMMepaTypH
A i& N0 Mepe NpOTeKaHHs peaKkuHH MO AJHHe
| (BbICOTE) peakTOpa HJH, YTO TO XKe, IO
I BpeMeHH ero MnpeOblBaHHs B peakrope
: yMeHbIlIaeTCsi KOHUEHTPauus BeLlecTBa
|
|

a ;m*}

T+dT |H+df v +dv Eg‘dgp fg*ﬂ'fp &'ch f,g"dx‘

aH d
y ¥
HIT)
7
T 1 H 1w 6p 1 Gy 1 & | x4
]
L
HIT) A

Puc. 20. Uamenenne xouunentpa- Pac. 21, Hamenense napamerpos npouecca B
LHH peareHTOB (a), CTeneun npe-  37AeMeHTapHOM o0beMe peaKTOpPa BHITeCHEHHs
Bpaulensa (6) W CKOpPOCTH peak-
LHH (6] B peakTope HAeaJbHOrO

BLITECHEHHSA
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A ot Ca, 30 Ca (puc. 20, @), yBelIHUHBaeTCs CTeNeHb NPeBPalLCHHS
(puc. 20, 6) u cuuxaercs ckopoctb peakuun (puc. 20, 8). ITockoas-
KY B peakKTope HAEaJbHOro BbITECHEHHSI H3MEeHAETCH COCTam pearen-
TOB MO AJMHHe, Tpouecc B HEM ONHcbiBaeTcs AHbpdepeHnHaIbaLM
ypaBHeHHeM Marepuaabnoro 6anaunca (II1.6). Ha puec. 21 mokasano
H3MeHenHe NapaMeTpPOB npoleccd B 3JeMeHTapnoM o0keMe peakrtopa
BbiTecHeHHs (oana TpyGa TpyOGuaTtoro peakrtopa). Ecaum na Bxoae B
saeMeHTapHblii 00bheM BpeMms NpebLIBaHHSA pPeareHTOB B pPeakTope coc-
TaBJseT T, NPoHJeHHbI pearupyloileil maccolt obbem peaktopa v H
BeIcOoTa H. TO IocJie 3JjeMeHTapHoro o0reMa HMEeM COOTBETCTBEHHO
t+dt, H+dH u v+dv. Ecan nepes sseMenTapHbM 00bEMOM CTENCHD
TpeBpalileHAss COCTABJAANA X, KOJAH4YecTBO npoaykra D B cmecn Gp,
KoHueHTpau#s ero Cp H KOHUEHTpPauds ucxXoiHoro BeuiectBa Cy, TO
nocje 3jeMeHTapHOro o0heMma cTaJ0 COOTBETCTBEHHO Xz—+dXs. Gn+
+dGp, Cp+dCp u Ca—dCa. OTciofa CKOPOCTb TPOUECCA MOMKHO Bhi-
paxaTh npon3soAubime dx, dG, dCp 1 —dC, no dv nau dv uau dH,
Hanpumep dG/dt uan —dCufdr, dx/dv, —dCyxldv u 1. 1,

Ecau paccmaTpHBaTh npouecc, NPOTEKAUIHHA B ajJeMeHTapHOM
o0neMme peaktopa duv 3a Bpems dt (cm. puc. 21), To NpHXoa peareuTa
B 3TOT 00BeM, MOXKeT OHTh NpeAcTaBacH Kak

Gup = VcCA“ (1—=x5)s (IT1.12)

rae Ve — o6beM HcXoAHo# CMECH, mocTynalolilell B eAHHHLY BpPeMeHH,
m3fc; Ca, — HauaJbHasi KOHUEHTPALUHs OCHOBHOrO HCXOAHOrO pearel-
Ta, KMOAb/M3; X4 — cTeneHnb NpeBpallleHHss HA BXOJAE B 3JeMeHTapHDIH
obnrem, YOuIb (pacxon)

Gy = VoCy, [(1 — (x4 + dx, ). (I11.13)

KonfiuecTBO HCXOAHOro pearenTta, pacxoAyeMmMoro Ha XHMHYECKyio pe-
aKuHio,
Gy, = up do, (I11.14)

rie 4a— CKOPOCTb PeakuuH, oTHeceHHas K einHHue obbema. Takum
o0pasoM, ypapHeHHe MaTepHaabnoro Oananca AJds 3JEMEHTapHOro
o6rema peakrtopa Oyjaer
VoCy, (1— x5 ) = VoCy [1 — (x5 +dxy )] 4 uy do, (111.15)
OTKYa
VeCy, dxy = u, do. (I11.16)
Jns modydenHs ypaBHeHHs MaTepHajbnoro OajaHca BCero peak-
topa ypasuenne (II1.16) momxmuo Gbite mpouHTerpuposaso. Ilocae
pasjenenns nepeMeHHbIX

u A dx
Jldi = f c, —= (111.17)
v u
§° 6 A
noJjyyaem
A
v dxp
T=— = C, 5 - (111.18)
c ’ ¥ Uy
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Ypaenenue (III. 18) npegcrapasier coGolt xapaxTepucTuueckoe
ypasrerue peaxkrtopa HicaabHoro BoitecHeHHs. OHO mosBoasieT, eciau
HW3BECTHA KHHETHKA I[polecca, Onpejle]HTs BpeMsi npeGuiBaHHs pea-
reHTOB, a 3aTeM, HalpHMep, pa3Mephl peakTopa NpH 3ajJaHHBLIX pac-
XOJ€e peareHTOB M CTENeHH MNpeBpalleHHs WJAH NPOH3BOAHTENbHOCTD
peaktopa V¢/tv mpu 3agaHHbIX pa3Mepe peaKTopa M CTCHEHH Mpespa-
wenust ¥ T. 4. CBA3b MeXAy KHHETHUECKHMH [apaMeTpaMH peaKihH
H ToKasaTeasiMi paBoTh peakTopa MoXeT ObiIThb MOKasaHa Tnpeobpa-
sopannem ypaguenus (I111.18). Has neoGpatHMOl peaKuHH, CKOPOCTb
KOTOPOH MOXeT onpeaessiTbCsi KOHUeHTpauuefl HCXOAHOrO BellecTBa
A, nanpumep aasi peakutu nA+mB—-gM+rR npu Goabwom H3GHLT-
Ke BellectBaB (rugpaTanpust ¥ ruaponns npH usGbITKe BOAB, OKHCIe-
HHe NMPU MHOrOKPAaTHOM H36HITKE KHCJIOpOoZa H ApP.), YPaBHeHHe CKO-
POCTH HMeeT BHJA:

uy =kCh="kCy (1 —xy )" (111.19)
HJH
x x X
c Sv dxy e A dxp I A dxy
T=C,, = A-j —A _ —— S — (111.20)
) Ch KCh (1—xy)"  RCT ) (I=xy )"

Jas neoGpaTuMOH peakuus HyJeBoro nopsiaka n=0 ypaesHeHHe
(I11.20) mpunumaet BHJ, .
A, XA Ca,—Ca
= = I11.2
F k % ’ (1.3

Ans HeoOpaTHMOH peaxuHH nepsoro nopsaaka n=1

(111.22)

1
l—x, k l—x,

Ilpu peakuusx 6oJiee BHICOKHX MOPAAKOB, T. €. Npu #>1, aas on-
penelenns BpeMmend INpeGbIBAHHS peareHTOB B peakTope ya06GHO HC-
noab3oBaTe DBM uau rpaduueckoe nuterpupoBanue (pHC. 22).

Ecan B peakrope ugealbHOro BhiTECHEHHs NpoTekaeT obGpaTHMas
peakuust nA4mB=dD c koncrantTaMi CKOpPOCTH NpsIMOH K o6paTHOH

peakuHii, paBHHMH R, H Ry, TO cKOpocTb Gymer u=k,Ct C% —kyCo
Hcxons us atoro
*a
¢ Y dxy
x=C, (111.23)
6 klcg Cp— !ng%

Creneub npeepaillendsi B peakTope MOXKET H3MEHSATbCS OT HEKOTO-
poit HauaJbHOH XA, A0 KOHeuHO# xa, Torga XapakrepHCTHYECKOe
ypaBHeHHe 3alHCHBaeTcs:

X
A
P dxy
T=0C,, j u—A'. (111.24)
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IIpn BeiBoje ypaBuenus (II1.18) Geina mpuusita peakuus nporte-
Kalowas Ge3 uamenenus obbeMa, T. €. B ypaBHEHHH pPeakUuH N+ M=
=g+4r.

Ecan xe peakuust HAET ¢ H3MEHeHHeM oObema, CJAeayeT YUHTLIBATE
OTHOCHTE/JbHOE H3MeHeHHe o0beMa cHcTeMbl f§ NpH M3MeHEHHH cTelle-
HH npeBpamtenns ot 0 go 1

Uy — Uy
A = A=0
g=—2=L A= . (111.25)
Yx a0
rae Uz, H vxﬁ_l—o&bem pPEakKLHOHHOK cMecH NpH Xa=0 H xa=1
COOTBETCTBEHHO.

Konuentpalus peareHToB AJs peaklHH, IpoTekawilefl ¢ H3ame-
HenHeMm oOreMa, Oyner

l—ux, —Et
c, =C, —— I11.26 ‘A
A Aq 1+ﬁx‘o‘ ( )
U cleloBaTelbHO, AJd HEoGpaTHMOMH T
peaklun BpeMs npebplBanHsi B peak- .Cj,,a
TOpe CcOCTaBHT
*A
1 5’ (1434 x4 )"dxy X41 My %4
T= .
n—1 1 —x, )"
kCas ( a) Puc. 22. Tpaduueckuit pacuer peax-

(I11.27) TOPa HAEaJbHOIrO BLITECHEHHA

Jas peakuun uyiaesoro nopsinka ypasHerue (II1.27) npunumaer rtot
e Buf, uto ypasuenne (I11.21):

Ca, *a
T=—,
k
Huia peakuuu nepsoro nopsika
1
t—._—?[([-l-BA a)In(l—xy ) —3, x‘q]. (111.28)

Peanblble peakTopbl O6HYHO pabOTAOT MPH PeXXHUMax HEmoJHOro
nepeMellNBaHHs, HO B HEKOTOPBIX HMPOH3BOACTBEHHBIX peakTOpax cre-
Nlenb [epeMellHBaHHsl CTOJMb He3HAaYWTelbHA, YTO AJSl TEXHOJOruuec-
KHX pacyeToB MOXHO MNPHMeHSITh MOJejb HAeaJbHOT0 BhITECHEHHSI.
K takum peakropam orHOCAT mpexkjae Bcero TpyGuaTble KOHTAKTHBIE
anmaparel ¢ KatanusaTtopaMmu B TpyOax (puc. 23) uiau B MeXTpyOHOM
NpocTpaHCTBe, CAyKalllHe AJs TeTeporeHHBIX raso(asHblx - peakuHil.
TpyGuarteie peakTopbl THIA KOXYXOTPYGHOrO TEMA00OMEHHHKA MpHMe-
HATCS H AJs TOMOTEHHBIX Ta30BbLIX peaKuHﬁ.

Mojens BelTecHeHHsT MOMKHO NMPHMEHATh AJs TeXHHYECKHX PACUETOB
IPH nmpoeKTHPOBAHHH MKHAKOQA3HHEX TPyOuaTeIX peakTopoB C Golib-
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UM OTHOIUEHHeM JJIHHB TpyOel K ero amamerpy. Takue peaktopu
HIHPOKO NPpHMEHSAIOTCA B ITPOH3BOACTBAX OpPraHH4YeCKHX BelledTs,
K peXumy BHITeCHeHHs OTHOCAT MO ra3oBoH (ase nojounbie KOHTAKT-
Hbl€ annapartkl ¢ (QHILTPYIOMIHMH CJAOSIMH KaTaJH3aTopa, LIaxTHhe
NeYyd ¥ KOHBePTOPH. 3HauHTeabHas 4YacTb NMPHMEHSEMbIX B NPOMBILI-
JIEHHOCTH HacajounbiXx Galien AMS B3aHMOJAEHCTBHS [a30B C HAKOC-
7AMH paGoraer npH HeOOJbLIIHX CKO-
PeaeeHinsd POCTAX rasoeporo IIOTOKa H MaJabeX
i naoTHocTsiX opowenud. [lpu Buicore
takux Oamen 10—20 m pexum Teue-
HHf rasa B HHX JOCTaTOYHO GAH30K K

Jxnaxdennsie HaealbHOMY BBITCCHEHHIO.

1R | | /monayHbie 20361 HCL
EEER
P HE H B 27
HEHE
H ><
3 K B B
e k] 1 Ed ¢
: K kK
HEHHR K| (opavue Ha
r) B R et ——
mongytele 7/
eager
Cl
Npodyxm 2
Puc 23. Karaautuuecknfi Tpy6- Puc. 24. Tleun cuuresa
yaThi PeaKkTop AAs SHAOTePMH- XJA0pOBOfOPOAA”
YyeCcKHX TpoueccoB 1 —ropeaka, 2-— KoOpnyc ne-

uM; J — acGecroBas KpbIWKa

Moznesb BBHITECHEHHS MOXKHO HCNOJb30BaTh TaKike AJs pacyera ka-
MepHbIX Tedeil, HApHMCP TNeun CHHTe3a Xjaoposojopona (puc. 24).

Peakrop nojHoro cMewends npotroudblii. [IpoTounstii peakTop cme-
umenHs npeacrasiger coboii annapaT, B KOTOPOM WHTEHCHBHO M-
peMelIHBAIOTCS] peareHThl, HalpHMep NpH NOMowy Mmellajkd. B nero
HelpepLIBHO TOAAIOTCS peareHThl W HeNlpepbiBHO BHIBOASTCS NPOAYKTH
peakunn (puc. 25). Ilocrynalomue B TaKOH peakToOp 4acTHUbl Belle-
cTBAa MrHOBEHHO CMELIHBAIOTCS ¢ HaAXOASIUIHMHCSI B HeM 4YacTHLaMH,
T. ¢. pABHOMEPHO pacnpeaensiorcs B o6beMe anmapara. B pesyabrare
BO BCeX TOYKAxX peakuHoHHOro o6beMa MIHOBEHHO BHIPABHHBAIO1CS
napaMeTphbl, XapakTepHsyiollie Npolecc: KOHUeHTpauuu (puc. 29, a),
cTeneHu Npeppaiienda (pHc. 25, 6), cKOpPOCTH peakuuu (puc. 25, 8),
TeMuepaTtypsi u Ap.

Cpennee Bpemsl npebhiBaHHs PEaKIHOHHOH CMeCH B peakTope MO-
xer OwiTh paccunrano no ypasuennto (I11.10). Oxnako spems npedui-
BanHsl €AHHHYHBIX 4YacTHL MOMKeT KoaebaTbcsl B HWHPOKHX npe,amax
BIJIOThL 0 T=oc0. Takum oOpa3som,

Pe' = wH|D; =0, (111.29)
Tak Kag Dy;= oo,
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XapakTepHcTHYECKOe ypaBHeHHe peakTopa IOJHOrO CMelleHHs MO
HO BHIBOJH1b HAa OCHOBaHHM MaTepHaabHoro Ganauca. ITockoabky B
peakKTope HJA€AJbBHOrO CMeIUeHHs] KOHIEHTpAUHH peareHTOB OIHHAKO-
Bul BO BceM OObeMe annapara, MartepHajbHblii GasaHC cocragiasieics
s Bcero oGbema annapara. Ilpu sToM mapaMerpsl mpouecca B 06b-
eMe peakTopa B OTBOJAHMOM MOTOKe oaunakop. Ilpuxoa BemecTsa

paget
Gy, = VeCly . (111.30) Gag
me ¢ A“ X“tg A*’D
Y6uiap (pacxoll) cocTaBasieT
Gyg == VeCy (1 — xp). 111.31 ——=
y6 e~ A, ( xA) ( ) *—C; — fA,X‘
KonxgecTBo Hcxoamoro BeulecTsBa, BCTYMHB- gl (aA)
wero B peakiulo,
Gy p=up ©. (111.32) , T
Marepuanbublii 6ananc peakropa Gyaer ¢, (4)

VeCyp,= VeCy, (1 — x5 ) 1y v (I111.33)

HJH A
VeCy, X5 =uy v, (111.34) A ,'

N R
OTKY J1a V; 4
::o;‘vcchn xy luy . (I11.35) %, a
Ypaenenue (II1.35) mpeacrapaser coboit xa- ——
paxTepucTuyeckoe ypasHesue MPOTOMHOTO pe- |
akTopa mnoanoro cetuenus. [Las peakuufi, !
L1
nporekanomux Ge3 H3MeHeHHs of6bema, cTe- Y
neHb npespautenns Gyer: Y I
H-
xy = (Cyy —Cu)ICy, - ¢

Ilogcrasus B ypasuenue (111.35) anauenue xa,
[0/Iy4aioT XapakTepHCTHYeCKOe VpaBHEHHE B

Uyf——

BERIe | [ v
T=(Cy, —Cp )u,y (111 36) B %
Vpasnenus (I11.35) n  (II1.36) mnoseoasior Ee‘f;eﬂfgg I(‘;’]’{“"“;‘ﬁfgﬁﬂ

ANl MPOTOYHOrC peakTopa NOJHOro cMelleHHsl npespaiienHs (6), CKo-

o geThipeM BeJHUHHAM, HanpuMep sl peak-
Topa 00BEMOM U H3 Xa, Ua 1 Ve, onpenensite
nstyio Ca, Hau U3 Tpex BedHuHHCy,, Xp» Uy —

pocTb peakuHn (8) B pe-

4KTOpe MNOJAHOro  CMelle-

HHSI; Up — 3aJaHHBIH 00h-
em

YeTBepTYyIo T H T. 1.

Hast peakTopa MOMHOrO CMeLIeHHs, TaK e Kak AJs peakrTopa Hie-
a/IbHOro BbITECHeHHS, pasMep peakTopa, pacxoj peareHTOB, Hadajb-
Hble HJAH KOHeYHhle KOHUeHTpauHH pearenToB, CTeneHb NpeBpauUleHHs
MOryT OniThb OmpefefeHbl TOABLKO IIPH YCJAOBHH, ec/ld H3BECTHA KHHe-
THKa mponecca. XapaKTepHCTHUECKOe YpPABHEHHE MPOTOUHOTO PEeaKTO-
Pa nosnnoro cmemleHusl Aas Heo6paTHMOil peakUHu JMI0GOro mopsiaka,

871



CKOpOCTb KOTOPOii ONpejefsercss KOHUEHTPaUHeHd HCXOQHOro BellecT-
Ba A, nosyuawor u3 ypaBHenus (I11.35):
Cy, * Ca, *a 1 xp

T = =

o KCY (l—xy )t kCE (=xy )"

(111.37)

Jna HeoOpaTuMoil peakuuH Hyaesoro mnopsinka ypasHenue (I11.37)
NPHHHMAET BHA

T=Cy, xp lk, (111.38)
IJ151 HeoOpaTHMOH peakluHH NepBOro nopsajaka
1 x
tm— (111.39)
k I —x,

Jas peakuufi GoJee BBHICOKOrO TOpsAAKa MOXKeT OBITh MPEATIOKEHO
oOBIKHOBEHHOe aHaJHTHYecKoe HJH rpadHdecKoe pellleHHe ypaBHeHHs
(111.37).
Ilpu ocyuiecTBieHHH B peakTope NOJHOrO cMelleHHss o6paTHMOil
peakuun nA+mB==dD noaydaem
Cy x
t= A A . (111.40)
kyCh CP— by CE

Ecan B peakTope H3MeHsIeTCs CTeNeHb MpeBpalileHHs PeareHToB OT
HEKOTOPOH BeNHUHHBl XA, A0 XA , XapaKTePHCTHYECKOE ypaBHEHHe
NpHHHEMaeT BHJ

C, (xp —x,)
A A A
T = et — (111.41)
Up

Ecau B peakrope NOJHOro cMelleHHs] NPOHCXOMHT PeaKLHsl C H3Me-
HeHHeM o6bema B COOTBeTCTBHH ¢ ypaBHeHHeM (II1.26), MoxHo Hamu-
carb:

1 xp (1 "r':%g\ X )
T = .
e G

Jnas wseobpatHMOH peakuuK HYyJeBoro mopsiika ypasuende (II1.41)
npeobpasyercs:

. (111.42)

T=C,, xy |k (111.43)
J7s1 Heo6paTHMOH peaKUMH NepBoro NopsaaKa

1 xy, (1438, x
ML S G i 7 N (111.44)
k l—x,

Mogeab cMeilleHHs] NMPHMeHSIOT NIpexde Bcero IIPH MOAEJIHPOBA-
HHH JKHAKOCTHBIX pPEakTOPOB C INepeMellHBAIOUHMH YCTPOHCTBAMH.
K HHM OTHOCATCS peakTOpbl ¢ NpONesJepHBIMH, JONACTHHMH, SKOP-
HBIMH H ApYrHMH THIIAMH MelIaJOK, a TakKiXe C NMHeBMaTHUYeCKHM H
CTPYITHO-UHPKYISIUHOHHBIM TNlepeMeliHBanHeM. M HTeHCHBHOe nepeMe-
IINBaHHe peardpylomHux Macc B peakTopax NpPH NpOTeKaHHH OCHOBHOHM
peakuuH B XHUAKOH ¢aze Gonee HeoOXxOAHMO, UeM JJis peakuuii B ra-
3080#1 ¢paze. HHTeHcHBHOCTb J1060r0 npollecca B KHAKOH thase B
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103—10° pas Bellle, yeM B ra3oBOH, TOSTOMY B psije IIPOH3BOJACTE
cTpeMATCs] pacTeopuTh (abcopOGHpoBaTh) peareHThl H3 ra3osofl Gash
B JKHIAKYI0 ¢ TeM, 4yTo0bl peakilHs NpoTeKana B XKHAKOCTH. B To ke
BpeMsl KO3(pQHUHEeHTH AH(GPY3HH KOMINOHEHTOB B MKHAKOCTSX OpHUeH-
tuposouno B 10°—10* pa3 mensie, uem B rasax. B peayasrare cKo-
pPOCTb TIPOLIECCOB B JKHAKOH (ase HAH B CHCTEMAX ra3 — XKHAKOCTb,

4

Pue. 26. Cxema Kackala peaKTOpPOB TOJHOTO CMelleHHH

TBepJaoe — HHAKOCTb 6e3 HHTEHCHBHOrO nepeMelrHBaHusa onpejeasier-
cf, KaK NpaBHA0, CKOPOCThIO AH((Y3HH H JHIUIL IPH NepeMellHBAHIUH,
6/M3KOM K TNOJIHOMY, TIpOllecc NepeXOAHT B KHHETHYeCKylo 006.acThb.
[TosTOMYy peaKTOpBl C NepeMellHBAIOMHMH yCTPOHCTBAMH NPHMEHSOT-
¢l AJisl TOMOTEHHO-3KHAKOCTHRIX H PeTepOreHHbIX NPOoUEecCOB B CHCTEMe
AKHAKOCT — TBepaoe (CycleH3HH), KHAKOCTb — XKHAKOCTb (3MYilb-
CHH) H ra3 — KHIKOCTh.

MOIL&J]Ib NOJHOro CcMelleHHs] NPHMEeHAKT TaKXKe A7 TeXHHYeCKEHX
pacueToB peakKTOpPOB B CHcTeMe ras — AHAKOCTb C HHTEHCHBHBIM pas-
6pHaruBaHHeM JKHIKOCTH MOTOKOM rasa (annaparbl THna Tpy6s Bemn-
TYpH H C LEHTPOOEKHBIM pasOpbI3rHBaHHEM), a TaKyKe B TeHHBIX an-
napartax nHe6oabWux paavepon. K

pexXuMy cMellleHHs1 IO TBepaoH da- by

3e (a B OMpEJE]EHHBIX YCJAOBHAX — Liyh

H N0 rasoBoil) OTHOCSAT PeaKTOPEI \ 7

C KHOSLLHM CJOEM TBEepPAoro 3ep- ‘(\ ~

HHCTOrO MarepHaJa: nedd, KOHTak- 6.4 e

THBIE aNfapaTsl HeGOJBLIHX pa3me- ! ™~

pos. Mogesb CMeLIeHHsT MOJKHO HC- gy f~— S 7
NOA630BATH NPH MOJIeAHpPOBaHUH oy p———- e~
PEaKkTOpPOB LHKJIOHHOrO THIa, HA- 'gf ' L 4

A

npuMep UHKJOHHBIX Heyed Aas

r
Tsadaw
CXKHraHHg cepbl H OOGXKHra cyJb-

bUAHBIX PYA.

Kackap peakropos  noJaHoro
CMeweHHa, B elHHHUHOM peaKkTOpe
NOJTHOro cMelleHHs, BCAeNCTBHe TO-

Puc, 27. HaMmecuenne KoHUeHTpaLHH
HCXOZHOTO BeIeCTBA N0 CTYNEHAM
Kackaga peaKTopoB NMOJHOTO cMellle-
HHs (@), B peakTope HAEAaJLHOIO
BhITecHenHs (0)
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ro, 4TO KOHUIEHTPAlUWH pPeareHTOB MTHOBEHHO CHHXKAIOTCA A0 KOHeuHOoil
BeJHUHHBl, CKOPOCTb peaKlUHi NPH OOJbUWIHX CTeneHAx NpeBpalleHHs
HeBeJIHKA H MOTOMY AJ% AOCTHXKEHHS BLICOKHX CTeleHell NpeBpalleHHs
TpebyOTCA peakTophl Hoablioro obbema. Boaee uenecoobpasuHa yera-
HOBKa pPsAjJa MNOCJeJOBATENbHO COeJIHHEHHbiX PeaKTOPOB NMOJHOTO cMe-
ulenns — Kackaja peaktopoe (puc. 26). B kKackage peaxTopoB co-
CTAB PeaKuMOHHONH cMecH H3MeHfercs NMpH mepexoje H3 OAHOTO amnma-
pata B apyro#i (puc. 27). [Ipn 3ToM B KaxKaOH cTynenH KackKana, Kak
3TO XapaKTepPHO AJs1 PeakTOPOB NOJHOro cMelleHHs, mapameTpsl Hpo-
necca NOCTOSIHHB NO BceMy 0Obemy. [las ompejesenHs uucsa Teope-
THUeCKHX CTyMeHeH KackKaja HCHoJb3yloT GOMblledl yacThlo aarebpan-
YyecKHHl U rpadHYecKHH METOAH.

Anreb6panueckHil MeTOJ pacyeTa HCXOAUT H3 MaTepHa.b-
Horo Oananca, cOCTaBASEeMOro ANs KaXJAoH cryNeHn kackaja. Ilas
HeOOpaTHMOH pedaKuHH NepBOro NOpfAAKa H OTCYTCTBHS AHDOY3HOH-
HBIX TOPMOXKeHHH ypaBHeHHe MaTepHaJbHoro 6ananca nepBoH CTyle-
HH KacKajga 6yaer

Cp, Ve =Cy, Vo +kCy 0 =Cy (Ve + ko), (111.45)
OTKYy A4
c, V c, V C
C, =—2" = A 2 = P (111.46)
g Ve - kv ( v ) 1 -+ k=
Vo [l 4k —
. VG
YpasHeHHe MaTepHa/JbHOrO GanaHca BTOPOH CTynmeHH
CaVe=Cy, VotHkCy v. - (111.47)
CaepoBaTenbHO,
CA CA
Cy — = el (I11.48)

* T 0 ke (Ike)?

Pemas TtakuM 0Gpa3oM ypaBHEHHS MaTepHaabHoro Gananca s
Ka}KJ'lOﬁ CTYNeHH KacKajla NOpH paBeHCTBe HX peakKuHOHHBIX 06bemoB
H MOCTOSIHHOH TeMuepaType, nojyuaem

CA

C‘E‘mz W (111.49)

Ypasuenue (111.49) mospossier ne TOALKO ONpeleSHTh KOHUIEHTPAUHIO
peareHTOB Ha BHIXOIe H3 J0OOro peakTopa Kackajaa, HO H naiiTh, ec-
JIH 3alaHBl H3MeHeHHs KOHUEHTPAUHH HJAKH CTeNeHH NpeBPalleHHS BO
Bcem o0beMe Kackajna, YHC/IO JOCAeA0BATEeNbHO COEAUHEHHHX peakTo-
poB:
lg(Cy /C
_ Bl o) ) (111.50)
lg (1 -+ k7)
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Onpenenenue KoHuentpauuu pearentoB Cn, uepes Ca, Aasa peakuuil
BBICOKHX MOPAAKOB BecbMa cjioxkHo. [Tostomy B gaHHOM caydae mpes-
nodTHTE/JeH MeHee TOYHHIH, HO Gojee mpocTol rpadHYecKHi METOA,
FpaduueckHii MeTO  OCHOBAaH Ha TPeoGpPa3OBAHHOM Ypas-
nHenun (I111.36):
Ca Ca, | 1 Ca

m - m-1
ue = — —_—t C . =, 111.5
Am T + T T Am—]l T ( 0’)

TAae #a,— CKOPOCTb peaKUHH B /1-M peaKToOpe.

Ypasuenue (II1.51) mpeacramasieT coGoll ypasHeHie npsiMoi, OITH-
ChIBalOlllel 3aBHCHMOCTB KOHICHTpallHH Ha BbiXOJe H3 /M-TO peaKTopa
Ca,,OT CKOPOCTH peakuuH B HeM 4, Ecau o6beM peakTopoB B Kac-
Kajge OQHHAKOB, T. €, OJAMHAKOBO BpeMs mnpebhLBaHHA B KaXa0# CTy-
neHu Kackaja, seauuuna Ca,., [t nocrosnna. CaeaosarteinbHo, mps-

Masa HQPECCKEET OChb aGCU,I‘ICC B TOUKE CA,,IH HMeeT TaHIeHC yma HaK-
Jgona (—I1/t). Oanako He Bce 3HAueHus u#a, U Ca, U3 ypaBHEHUS

(I1L.51) npuroannl. [ToaxoasiT TOJALKO Te, KOTOpPHIE YAOBJIETBOPSIOT
TaKXe yPaBHEHHIO CKOPOCTH PeaKIHH:

uy, =kf €y ). (111.52)

Taxkum obpasoM, mepecedeHHe MNpPsAMOH JHHHM, HMeIOWlEH TaHreHc
yria HakiaoHa tge=—I1/t ¢ KpHBOIl 3aBHCHMOCTH CKOPOCTH peaKiHH
oT KOHI.LEHTpaH.I‘IH, JaeT 3HAUeHHe KOHL[EHTI:)E![IHH B m-H CTYNEHH C,\m

(puc. 28). UroGbl HaiiTH 3HayeHHe KOHIEHTpPAIHM B JIOGOH CTYyIleHH,
a TakiKe YHCJIO DPEaKTOpPOB B KacKajle, M3 Touku C, 0POBOAST nHps-
MyI0 10 TepeceyeHHs ¢ KPUBOH, ONyCKAlOT NepleHIuKyasp Ha och abe-
HHCC W T. 1. A0 TOJydYeHHs OmNpelejeHHOH KOHREUHOH KOHIEHTpPaUMH,
Ilpu 3TOM, MOCKOJbLKY ObLIO 3alaHO OAHHAKOBOE BpeMsi NpelbiBaHH:A
BO BCeX CTYNeHsX, NpsiMbie, onpeneisembie ypanhenuem (I11.51), 6y-
ayr napaiedbhbl, [lo wveay peakTopoB B Kackaje omnpeaensiercs
BPpeMsi npeGbiBaHHsi peareHTOB H ofbeM KacKaja. YBelHYeHHe YHcJaa
peakTopoB B Kackale NpH JOCTHXKEHHM OJHOH M TOH e CTeleHH
IpeBpallleHHsi NPHBOAHT K YMEHbIIEHHIO BPEMEHH NpeObiBaHHs B HHX
pearcHTOB H COOTBETCTBEHHO ofulero ofbema Kackaja.

PeakTop nepuoamyeckoro neiictsusa. B
peakTop NepHOAKHUYECKOro AEHCTBHUA EINHHO- i
BPeMEHHO 3arpyxKaloT onpejejeHHOe KOJii-
YECTBO peareHToB, KOTOphie HaxoAfATca B
HeM [0 Tex TOp, NOKa He GyaeT AOCTHTHY-
Ta ejaeMas cTelleHb mpeBpaierus. [loc-
Jle 3TOro peakTop pasrpyxator. Pacnpene-
JieHHe KOHIIEHTPAUMH npH JI000H cTerneHN
CMeUIeHHs peareHTOB BO BpeMeHH aHaJo-

r 7
ot PEATODY, UACAILIOND | BMTECIENT pug 35, papmec pa

. ' ) 4YeT Kackafla peakTOopoB InoJ-

Koro peiicteust paboTtaeT B pexuMe MoJ- HOTO CMelIeHHS
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HOro CMeleHHsa, TO CKOPOCTh HAKONJEHHsT BelleCTB B peaKTope coc-
TaBHT
duvCy B d[vCAQ (I —x )] dxp

G == == = ja— —
HAK e av UCAn R (111.53)

KonuuecTso Hexomnoro pearenta A, BCTYNAlOIEro B peakiHio B eAll-
HHILY BpPeMeHH,

pr =u, v (I11.54)
YpasHeHne MaTepuajbHOro 6asanca Gyner
dx, B
Ao 7= U O (111.55)
[Tocne pasnenenus: nepeMeHHHX
dx
Cy — =ds (111.56)
L] uA
H MHTerpHpoBaHHs NOJyyaeM
- x
A dx,
t=cAnj . (111.57)
Up

0

Vpaeuenne (I1.57) npexpcraBasier coGoft xapakTepucTuueckoe
ypasrerue peaxkropa nepuodu4eckoeo deticTeus. OHO MO3BOJSET ompe-
JeJuTh Bpems, Heo6XoAMMOe /s AOCTHXKEHHs B peakKTOpe 3ajaHHON
CTelleHH TIpeBpalile’Hsi, YpaBHeHHUsi, ONHCHBAIOIHE H3MEHEHHe CTerle-
HH TpeBpailleHHs1 HIH KOHIEHTpauHH OCHOBHOIO HMCXOILHOro BellecTBa
BO BpeMeNH B I[IepPHOAHYECKH pPaboTalolIHX peakTopax, aHa/JOTHUHHI
COOTBETCTBYIOLIHM ypaBHEHHSIM B PeaKTOpax HAeaJbHOTO BHTECHEHH$
(raba. 2). Tak, ypasuenne (II1.57) ToxnectBenno ¢opmyae (I11.18).
B Toil e Mepe mpuMEHUMH AJs pacdyera BpemeHH mpolecca B nepu-
oaHuecKH paGortalomux peaktopax ypaBuerus (I11.21) m (II1.22).

2. CPABHEHHE PEAKTOPOB

OxnnuM H3 (HaKTOPOB, HCNOJB3YEMBX AJ8 cpaBHeHHs H BbhGopa pe-
aKTOPOB, SIBJSIETCA BJHsiHHE KOHIEHTPANHH peareHTOB, TOYHee NBH-
JKYLIeH CHJBl mpouecca Ha NMPOH3BOAHTENBHOCTH peakTopa. IIpu srom
YCJI0BHO IpHHHMAETCaA MNOCTOAHCTBO APYIHX napame'rpon TEXHOJOTH-
yeckoro pexuma *, Pacmpepenenue KoHuEHTpauWH peareHToB B pas-
JHYHBIX MOJEJsIX peaKTOpoB mnpHBeaeHo Ha pHc. 21, 27 u B Taba. 2.

PeakTopsl MaeaJbHoro BBITECHEHMA M NojaHoro cmewenus. [lpn
]IpOXO)KILEHI/IH peaKuuouHoﬁ CMECH 4Yepe3 peakTop HAeaJbHOro BHTEC-

* Kamnoii Moje/H PEakTOPOB MPHCYIULH CBOH, OT/AHYAKIIHECHd OT APYrHX MoAe-
Jneft TemMnepaTyphl, AaBJEHNA H CTeNeHn NepememnBaHuf (a CAEAOBATENbHO, H BIHA-
HHe AHGPYIHOHHBIX TOPMOMKEHHH).
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Ta6nuua 2. HameHenWe KOHUeHTPauUufl HCXOLHOTO
BeWlecTEA B PEaKTOpax pasHoro tuna

Pacnpedenenue  xowyermpayul

peaxmop Xapaxmepucmi -
vecKor
& npecmpancm-
no bpemeny de peanmapa ypalnenue
foAnaze cHewenun L cLT=0_ i
Frepwdw::xoeo dedcmbun Ao [ -
(HECTMAUUOHAPHOIE) f
dxl
b I‘=€,.0/ z
T=T) o
C—
I
]
c [
Hieanshozo Byrmechenun 4o X,
(EmoyUonapHoIE) 4
= ﬂl_.
& Iy | Ag 4,
2o L2 G G “
1
| - ———— T T
fgnnoeo crewenus I ¢
PpOmOvHOIL (CmaguoHa proli) C‘n {."o
) - 7= E‘%ﬁ.
- P /]
Lyf-———~ 1 | G -
b . TT o vy
Kacwad peaxmopof !
NOAHDED CHEWERUR C ¢
by » 'gﬂa
G =G
_,L;‘! L i T —Mm
1 IE,'. , L m
) I 1r=7y
L | T
T, T, TxT Y

HeHHsl yMeHbIIaeTcsl KOHIEHTPAIHA HCXOIHBIX pearcHToB Ca, 1o BH-
coTe (AJHMHE) peakTopa M B COOTBETCTBHH C 3THM CHHXaeTCs IBHHKY-
Imasi cusa mpolecca, a NpH MOCTOSIHCTBE APYTHX MapamMeTpoB — H CKO-
pocTe mporiecca.

AualornyHas KapTHHa HalalogaeTcst B peakTopax NepHOAHYEcKOro
ZNefiCTBHSL.

Cpennne KOHIEHTpalMH HCXOAHBIX BelleCTB, a CJ€10BaTeNbHO, H
CpejlHsisl ABHXKYyIlAsl CHJa Tpollecca /s 3THX THNOB peakTOPOB OMpe-
IenseTrcs JorapadMuueckoil popmyaon

Cep = R . (111.58)
cp 2,31g (Cp, ,!CAR)
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ﬂgn NPOXOXKIEHHH peareHTOB uepe3 pPEaKTOP MOJHOrO CMelleHHs
Ca=C, - CaenosaTenbho, cpenHsis aBHXymas cuaa npomecca AC B
II]JOTO‘IHbIX pe€aKTopaXx CMEUIEeHHA BCErjga HHXKe, YEM B peakTopax ne-
pHOAMYECKOro AefiCTBHS W B PEaKTOpaX BhITeCHeHHs, Dta pasHuua GOy-
ldeT TeM Oosbluel, YeM BhIlle CTeNeHb NMpeBpalleHHst H TMOPSIA0K peak-
unu, CpaBnenue ypapuenuit (I11.18) u (II1.35) u cooTBeTCTBYyMOLIMX
uM rpagukos B Tab/1. 2 NoOKa3biBaeT, YTO NMpH HPOYHX PABHBEIX YCJIO-
BUHAX aJs1 JOCTHHKEHHSI 38113HI10ﬁ CTENEHH NpeBpalleHHs ﬂOTpC60B8~
JAock Opl Oosbliice BpeMst NMPH MCHOJB30BAHHH NPOTOYHOTO PeaKTOpa
CMelleHHs. O}lHaKO KOHCTaHTa CKOpPOCTH mnpolecca B peakKTopax cMme-
LIeHHs, KaKk NMpaBHJO, 3HAUHTeNbHO OoJblle, YeM B PeaKTOpax BHITEC-
HeHusi Gjarozaps u3oTepMHuecKoMy pexumy (cMm. c. 109) u cusTHiO
AMOOY3HOHHHX TOpMOXKeHHH (cM. c. 74). BeaeacrtBue mnepememnsa-
HHS YBeJHMUYHBAETCA IOBEPXHOCTh KOHTakKTa (a3 F B reTeporeHHuIX
cucremax.

Takum oOpasoM, cpaBhuBasi o0ulyl0 CKOPOCTb NpolecCca Ha OCHO-
Be KHHeTHueckux ypasHenuit (I1.52) — (I1.56), nanpumep, no dopmy-

Je

dG
uy === =kFAC,

T

clenyer ydectb, Yto R ¥ F, Kak npaBuso, GoJibllle B peaKTopax Cme-
meHust, a AC B peakTopax BEITECHEHHS.

CpaBHeHNe pPeaKTOPOB TOJBKO TNO CKOPOCTH Tpolecca HeaocraTod-
HO. CJ’ICIlyCT ¢lle YUHTHBaTb, 4UTO IOCTOSHCTBO TEMIEPATYPH H KOH-
HeHTpaldH peareHTOB [0 BCceMy 00beMy peaKTopa cMelleHHss oOJer-
yaeT ympaBJjeHHe IpoueccoM, apToMaTu3anuio paboTH peakropa.
Wuorga mpegcraB/iseTcs:i BO3MOMXKHBEIM TOJyYeHHe NPOAYKTa OJHHAKO-
BOT'O KadecCTBa C GONbIIHM BHIXOL0M. Hanp}imep, 4711 NpOoBeAeHHus pAa-
Jla TpOIEeCCOB MOJHMEPH3AIHH NPEeATNOYTHTE/]eH PeakTop NOJHOrD cMe-
[IeHHs BCJEACTBHe BLIPABHMBAHHUS KOHUeHTpauud. Psai kartaauruuec-
KHX CHHTE30B NPOXOAHMT C JAOCTATOYHOH CeJeKTHBHOCTbIO JIHIIL B Y3-
KOM HHTepBaJie TeMliepaTtyp, JErko [JAOCTHMXHMOM B H30TepMHUYECKHX
peaKuHax NOJHOrO nepeMeniiBatu. XapaKTepHHMI‘I IpuMepamu 1a-
KHX mpoueccoB MOryT CJAYKHTh CHHTE3R MeTaHOJa H BBHICIIHX CIHp-
TOB, B KOTOPHIX TOBbilleHHe TemnepaTtypsl Ha 10—20° or onTuMasbHoil
BLI3LIBaeT moGounble peakuuu (cM. puc. 17).

B peakTopax cMelleHHs, KaK npaBuo, s¢ppexTuBHEe, YeM TpH pe-
JKHMe BHITECHEHHs, NMPpOTeKaloT peakKlHH ¢ BHICOKHMH KOHUEHTPaAUHAMHA
peareHTOB H NpH GOJBUIAX TEMJIOBBIX apdextax peakunu. MHTeHCHB-
HOe lepeMelldBaHHe yJaydllaeT yC/JAOBHA Temjonepeiayd; yMeHbIIAKT-
¢ TemnooGMeHHble MOBEPXHOCTH AJsI OTBOAA (MJM MOABOJA) TEMAOTH
OT pearupyloniei CHCTEMBL.

C npyroii CTOpOHBI, NepeMellHBaHHEe MOMET BHI3BATh HEXKejaTelib-
Hoe HCTHpaHWe TBEPARX peareHToB, PO3MIO ammapaTyphl, ycu/JeHHe
YHoCa H3 peakTopa H3MEJbYeHHBIX TBEPIABX HaCTHLL HJIK KalleJdb 2KI11-
KoCTH. DHepreTHYecKHe 3aTpaTH B peakTopax CMelleHHs MOryT ObITh
B HECKOJIbKO pas Bbille, YEM IIpH pexHuMe BHEITECHEHHA.

Takum oGpasom, 4Jsi BHGOPA MOJENH peaKTopa HEOGXOAUMO COMO-
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CTABHTb BCE NOJIOXKHTENbHBIE H OTPHHIATEJNbHblE CTOPOHH TpeNoJa-
raeMblX THIIOB PeaKTOPOB H OCTAHOBHTLCA Ha Takoil mojenH, KoTopast
obecreudT B KOHEUHOM cueTe HauboJsiee, SKOHOMHYECKOE OCYIIECTBJIE-
HHE mpopecca.

EAMHMUHBIH peakTop M KacKaj peaKTOpPoOB MOJHOIO CMEuieHHMs.
CpaBHeHHe pacnpeeseHHsT KOHeHTpalUuli B e AHHHYHOM PeaKkTope 1oJ-
HOro CMelleHHsT U B KaCKaje, COCTOALUEM H3 PEakTOpoOB CMeLleHHH

X
| ||
(! ||
|| [
| _ | | 4
Z1- (Xumuyecnoe |Pari Ja- | KuMugeckae \fas| T
/| S T S N W N B B 2oy mpelpauenue (LR ayanpedpaigenue
010204 1 2 4 10 2040 100 Ke| Typ (MIKE| Typ |M
kT . ] T T G
Puc. 29. 3aBHcHmocTh crenenu mpe- Puc. 30. Tpadux paboTel NepHOOHYECKOro
BpauleHHA OT YHCHAA peaxkTopoB B peamopa

KacKaje

opMHaKoBoro o6bema, npuBeneno B tabu. 2. Ieuxkymas cuja npoiec-
ca AC B Kackage Gyzer Gosiblue, yem B e€IHHHYHOM peakrTope. Pas-
Hupna B AC Oyger TeM Godablueil, uem Gojiblliee UHCJIO PEAKTOPOR B
kackaje. [Ipu Geckoneuno GoJbIIOM YHC/Ie PeakTopoB B Kackaie AC
Kackala npubGamkaercst K AC peakTopa HAeaJbHOro BbITECHEHHS,
Ecau npu Masom uucie cTyneHel MPH H30TEPMHYECKOM PeKHMe KHHe-
THKa mpopecca, NpoTeKalwllero B Ka}l{,ﬂoﬁ CTYIleHH KackKajla, onHucbiBa-
eTcsl ypaBHeHHeM

u = G/t = kvACy, (I11.59)

TO npy GoJsiblieM 4HcIe cTyneHefi (Kak mpaBHJo, npu m>4) anas pac-
dera MOXHO NMPHMEHATH oblllee ypaBHeHHe AJisi BCeX cTyleHell, cOOT-
BeTCTBYIOLlee peamopy BLITECHCHHA:

u=dG/dt = kmvACyp, (I11.60)

rfle v — peakilHOHHBbIH 06beM ofHoil cTynenu; ACy — KOHeYHAs MABH-
Kywas cuja npolecca B JaHHOfl cTymeHM (Mo MOAeNH CMeUleHWs);
ACyp— cpenHsas ABHXKYIIAs cHJa BO BCEX cCTymeHsix (no MojeH
BLITECHEHHUA) ; M — YHCJ0 cTyneHell (peaKTOPORB).

Ha puc. 29 npeacrarneHa ans Heob6paTHMOro npollecca 3aBHCH-
MOCTb CTEMeHH NpeBPALIeHHsT OT Rt AJs pa3jHYHOTO 4HC/]Aa PEeaKTOPORB
B Kackale, H3 KOTOPOTO BHAHO, uro ueM OoJblue 4YHCAO PeaKTOpPOB B
Kackaje, TeM JJs NaHHOH cTemeHH MNpeBpalleHHsi MeHblUe BeJHYHHA
kt, 1. e. TeM MeHbllle peaKuHOHHbIH 06BEM CHCTEMBI.

Tak, ecsin BXOoAible W BHXOJHHE KOHIEHTPALHH AJif Pa3JHUHCrO
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UHCJa PeakToOpPoOB B KaCKale OJAHWHAaKOBH, TO, HampuMep, npu x=0,9
3HayeHHe kT COCTABHT

M v v v v s s o n s e s s 1 2 3
BT v e e e e e 90 43 3,1

TTonyyennoe coOTHOLIEHHe NOKAa3kIBAeT, 4YTO €CJH COXPaHHTh IO-
CTOSIHCTBO TEMNEPaTyphl, NaBJEHHs H CTeneH® nepeMellHBaHUs, TO
obmufl o6beM Kackaja NpH¥ ABYX PeakTOPaX MOXKHO YMEHBUIHTH NpPH-
MepHO B ABa, a NPU TPeX peakTopax NPHMepPHO B TPH pas3a IO CPaB-
HEHHIO ¢ 06beMOM eI¥HHUYHOrO PeaKkTOpa MOJHOr0 CMeHIeHHS.

PeaxkTopn mepHoanYecKoro M HempepbiBHOro aeicreusi, PeakTophl
nepuoauveckoro aeficTBusa paborajor npH HeCTanNHOHAPHOM TEXHOJO-
rHyeckoM pexkume. [IpH 3TOM HE3aBHCHMO OT CTENEHH NepeMenIHBa-
HHsl pearHpyroUiHX Macc H3MEHsSIOTCsS BO BPEMEHH He TOJBKO KOHIIeHT-
pamm peareHToB, HO H TeMnepaTtypa, AaBJieHHe, a COOTBETCTREHHO H
KOHCTaHTa cKopoctu mponecca, Ecam mepHoguueckuii peaxrop pabo-
TaeT B peXxume MOJHOrO CMelIeHHs, TO BpeMs, HeoOXOAHMOe AJg J0-
CTHXKeHUSl 3aJaHHOH CTeneHH npeBpalleHus, PacCUHUTHIBAaeTCsI no Xa-
paktepuctuueckoMy ypasHeuHio (II1.57), xotopoe commanaer ¢ xa-
PAKTEePUCTHUECKHM YpaBHeHHWEM peakTopa HAeaJbHOro BBITECHEHH:
(111.18). CrnexoBaTenbHo, ecau 6plan OB BO3MOMKHLI OJHHAKOBBlE Y-
JIOBHSI TNPOBEJEHHs MpOIecca B PeaKTOPax NepHOAHYECKOro AeRCTBHA
H HAealbHOrO BHITECHEHUA, TO HUX 0ObeMbl OBLIM OB PaBHLL MEXIY
coboii. OaHaKO YCJAOBHS MNPOTEKAHHS TPOLECCOB B MPOMBIULICHHBIX
NPOTOUHLIX PeaKTopaxX, KaK NpaBHJO, Jy4lle, YeM B NEePHOIHYECKHX.

Kpome TOro, mpoH3ROAMTE/AbHOCTh peakTopa INepHOZHYecKoro Aeil-
CTBHSI HHXKe, UeM peaKkTopa HJea/bHOro BHITecHeHHd, paboTalomero
HeNpepbIBHO, TOTOMY YTO NPH UCNOJB30BAHHH TMEpHOAMYCCKH AefiCTRY-
0IIero peakTopa 3aTPauyHBAETCsi HEKOTOPOe BpeMsi HAa 3arpysky pea-
FeHTOB, MOoCJge 4Yero B HeM INPOMCXOAHT XHMHUeCKoe NpeBpaieHue, ITo
OKOHUAHHH Peaki®H NPOU3BOAST ONOPOXKHEHHe DeaKkTopa, Ha YTO Tak-
)e Tpebyercsa onpenenennoe Bpems (puc. 30). Caexoaresnbno, pabo-
Ta TaKoro peakKTtopa CKJaajpiBaeTcss H3 YePeAVIOIHXCH WHKJIOB. 34-
rpyska — XMMMYECKOe NpeBpailleHHe — paarpyska. [Ipu stom noses-
HBIM mepHojaoM paboThl peakKTopa SIBJASETCHA CTafiuA XHMHUYECKHX mpe-
BpawleHuil, BpeMsi Kotopo#l ompegedsercs mno ypasHenuio (IIL57).
T1poHsSBONMTENBHOCTL MEPHOAHYECKOrO PEAaKTOpa 3aBHCHT OT HPOAOJ-
KHTEJBHOCTH onepauuﬁ B LeJIOM:

M=G/r=G(z, , + gen) » (111.61)

rae G — Macca TpPOAYKTA; T — MOJHOE BpeMsl [HKJIA, Txa — BPEMS
XUMHYECKOI0 MPeBpallleHHs; Tpen=7T;+7T) — BPEMs BCIOMOTATEIbHBIX
omepaunii; T, ¥ Ty — BpeMs 3arpy3kH H Da3rpy3KH COOTBETCTBEHHO.
Db dekTHRROCTE paGoTHl peakTopa NepHoAHYecKoro AeHCTBHs Mo~
XeT XapaKTepH30BaThCsl CTeNeHbi0 HAH KO3(QHUHEHTOM HCNOJL30BA-
HUsS BpeMeHH pabloTH peakTopa, KOTOPHI PaBeH OTHOWIEHHIO HPOLOT-
XHUTEJBHOCTH 3Tana XHMHYECKHMX INpeBpallesdil K NpPOJONKHTEIBHOC

TH BCero HHKJa:
N =1 o/ (tx.n+ Tacw)- (111.62)
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Kpurepuem Liedecoo0pa3HOCTH NPOBEICHHs Mpoliecca MepHOAHYEC-
KH WJIH HEINpPEephIBHO SIBASETCS CPaBHEHHE 3KOHOMHYECKHX IOKasare-
Jged paGoThl peaKkToOpoB H, B YACTHOCTH, ceOECTOHMOCTH NOJyYaeMOH
NPOAYKUHH B 3aBHCHMOCTH OT IPOH3BOAHTEIbHOCTH ammapata. Ha
puc. 31 nmpuBejlcHb 3KOHOMHUYecKHe aHarpaMmbl. Ce6ecTOHMOCTb mpo-
AVKIMH 3aBHCHT OT TOCTOSIHHBIX PacXolOB, NEPEMEHHbIX PacXoinB H
CTOMMOCTH cbipbsl. [locTOsiHHBIE pacXoAbl: aMOPTH3allHs, 3KCIjyaTa-
uMs, Haasop, sapnaata i T. ii. (npaMas /) — He 3aBHCAT OT NMPOH3BO-
auTesbHOCTH. JIJis HempepbIBHBIX NPOLECCOB OHH HECKOJBKO BHIIlE,
geM [Jis1 nepuoanyeckux. Ile-
peMeHHbe PacXOdbl: 3JEKTPo-
JHEPrds, map, BOAa M T. M.
(npsaMas 2) — npomopiHo-
HaJbHbl TPOH3BOAHTEJbHOCTH.
Onu Bebille AJs mepuoanyec-
KUX TIPOLECCOB BCi€ACTBHE
NMEepHOIAYECKOro NnyckKa peak-
TOpa, NepeMeHHOro HarpeBa
# OXJaxJAeHHs, TpyAHOCTeH 7
pereHepamnHu TenJaoTel H T. 1. a

[Tpsimasn 3 moKa3biBAaeT CTOH- pyuc 31, Hyomomuueckie AHArpaMMBl TIepHO-
MOCTb CBIpbi, KOTOpas NPO- guueckoro (a) HW uenpepbisHoro (6) mnpouecs

fpubsing

Jampames
Jampamst

TIOPIHOHAABHA NPOH3BOAN- coB
TeJIbHOCTH H  OAHHAKOBa

nast oboux  mpoueccoB. Ilpamas 4 — ofwass  CTOMMOCTB MpO-
H3BOACTBA — MpeACTaBjsieT co0OH CYMMY TOCTOSIHHBIX H TepeMeH-

HBIX PacXoJO0B H CTOUMOCTH CHIpba, OTTNycKHas meHa MNPOLAYKTA —
npsMas 5 — ojilHHAKOBA [ TePHOAHYECKOrO0 H HENPEpPHIBHOTO Tpo-
neccoB, Paznocts Mexay ueHofi Npoaykra # oblilefi CTOWUMOCTBIO MO+
H3BOJACTBA cocTaBjseT NpuOLLIL HAH yOBITOK oT paboTel peakTopa.
W3 puc. 31 caeayeT, 4uTo NPOH3BOAHTENBHOCTb, MPH KOTOPOH Mponece
CTaHOBHTCA YOLITOYHBIM [1Jsi peakTopa TNepHOAHYecKoro AelcTaud,
MeHbIle, YeM AJs peakTopa menpepbiBHOro aefictBusa. Taxkum obpaaom,
npH HeboAbLION MPOU3BOAHTEBHOCTH MOJKET OKasaTbCid 3KOHOMHUeC-
KH BBHIFOAHBIM HCHOJIb30BaHHe peaKTopa NepHOgduecKoro ReHCTBUC.
TIpu BHICOKOH MPOU3BOJUTENBHOCTH, HAOGOPOT, HAUGOMABIIYIO NPUEHYIL
JaeT HCNOJb30BaHHE pPeakTOpa HeNpPepPbIBHOrO JEHCTBHS.

Takum o6pasoM, ucnoJbzoBaHHe nepHoaHYecKH paboTalomux pe-
aKTOPOB 1e1eco0fpa3Ho AJs1 MAaJOTOHHAXKHBIX TIPOM3BOJACTB, HampHs
Mep peaKTHBOB, HEKOTOPBIX KaTalH3aTOpPOB, GpapMaleBTHUECKHX H Ja-
KOKPacOYHBIX MaTepHaJoB,

3. BLIGOP PEAKTOPA U CEAEKTUBHOCTL

Ilpu npoTekaHHH CJOXKHBIX peakuuii Heo6XOMHMMO BHGPAaTh TAaKYIO
Moflenbr mpoiecca W peakTopa, NPH HCHOJb30BAHHH KOTOPOH MOJyua-
©acb 6bl peaKiHMOHHAsh CMeCh, COAEpxKaulasi MaKCHMaJbHO BO3MOXKIIOE
LOoNudecTBO UEJAEBOro MPOLYKTA H MHHHMAJbHOE KOJHYECTBO NodHoU-
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HBIX TPOAYKTOB Hiau OTx0AQB. CeleKTHBHOCTb NapaJijelbHbX peak-
uMfl, HanpuMep

B
ky A

A t

kz\D
34aBHCHT OT COOTHOIICHHS CKOpOCTed OCHOBHOH ¥ mMOOOYHHX peakuHil

HJH OT OTHOCHTENbHOH ckopocTH o6pasoBanus BeunlecTB B u D :upfup.
Ky

IMpuMem, mampumep, 4YTo peakmiss A—B sBasdeTci OCHOBHOH, a

A—D — no6ounoi. Ciefi0oBaTeqbHO, 1eJ1€BEIM NPOAYKTOM CAYXKHT B,
noboynnim — D. Cxopocru peakuuii BblpakaloTcs (popmysamu:

dC
ug =— ——= & CH, (111.63)
dc,
uy = — 2 = 1, G, (111.64)
ECH k
Pyl A (11.65)

rie My, Ny — NOPAAOK peakiiHii.

W3 ypasuenus (I11.65) BuaHO HenmocpeacTBeHHOe BJAHSIHHE HA cO-
OTHOLIeHHe CKOopocTell KOHUEHTPauUHW HCXogHoro pearenta. ['uppoau-
HaMHyecKas oOCTaHOBKa, T.€, MOJ€/b PeakTopa, BJAHSET Ha CKOPOCTb
fmpouecca rJaBHHM 06p830M yepe3 KOHUEHTPauHio HCXOIHOro Belle-
cTBa A, KOTOpasl MOHHXKaeTcs Mo JorapudMHueckoll KpuBOil NpH uae-
aTbHOM BBITECHEHHHM H paBHa KOHEUHOiNl npH cMellenuu. Ilpeamoso-
JKHUM, 9TO TMOPALOK OCHOBHOMl peaKuuu #; Bhillie nopsAiaka noGouHoil A,
T.€. N>y, W PasHOCTb MEXAY HUMH f,—ng=m. Torga ypaBHeuue
(111.65) upumer Buj

u k
L _ Loem, (111.66)
up k,

Jlaa yBeaHUeHHs CeJeKTHBHOCTH Mo NpOoAYKTY B Heob6XoauMo HMETH
Haubonbllee 3HaueHue C,. DTO JAOCTHraeTCsl MPHVEHeHHEM peaKTopa
CMeIICHHUA [MepHOAHYEeCKOTro ﬂEﬁCTBHﬂ HJIH K€ peaKTopa HaeanbHOro
BuiTecHeHHs, Eciy oTaaHo npeanouTeHHe peakTOpY IOJHOro cMenie-
HHA, TO CEeNeKTHBHOCTL MOMKeT ObiTh IOBBILIEHA 3a CYET YCTaHOBKH
KacKkaja TaKHX peaKTOpOB. KOHHCHTPZIL[HIO OCHOBHOro peareHra A
B HCXOJJ,HOI?{ CMeCH MOBHIIIAIOT yaaJeHHEM H3 Hee HHEPTHHX BelUleCcTB
Jas rasodasubix peakuuii ysesuuenue C, H TeM caMBIM CeJCKTHBHO-
CTH AOCTHralOT NOBHILNEeHHEM obuiero JAaBJeHHA B CHCTeMe.

Ecian nopsigok OCHOBHOH peakuud A, HHXKE NMopsaKa MOGOUHOM fg,

n,<ng, pasnocrb Ry—ng=—m. Toraa ypasuenne (II1.65) samumercs:
up By 1
B (111.67)
up k, CP



CjiefoBaTe/IbHO, B JAHHOM C/AyYae KOHUGHTpalUus peareHTa A anas
JAOCTHXKEHH5 BBICOKOH CEJEKTHBHOCTH mo NpoAyKTY B jpoaxkua ObiTh
BO3MOXHO MeHbllel, HauMensulee sHauenue Ca MOXKHO NOALEPKHUBATS,
HCNOJb3Ysl TPOTOYHBIH peakTop MOJHOro cMmemleHHs. Beauuuna Cy
CHHXKaeTca Takie pa3GaBjeHHEM pearcHTOB, MOCTYNAlOMHX B PEaKTOp,
HanpyuMmep BBeJeHHeM B MOTOK HHEPTHBIX BellEeCTB HJH XKe HCIOJAb30BA-
HHeM pellHKja, T. €. BO3BpaTa 3HAYHTEJABHOIO KOJIHHECTBA NMOJYYEHHBLX
NPOAYKTOB Ha BXoj B peakTop, CHHXXeHHe 1aBjeHHs NPH NPOBEICHHH
ra3oBLHIX peaKUKil TaKxXe npeicTaBiaser coboi cnocob yMeHbIWEHHA KOH-
LUEHTPAUHKH HCXOAHBIX peareHToB. Eciu ocHOBHast W moOoTHAs peaKlHH
HMeET OfHH nopsanok, ypaBHenue (II1.66) Oyner umers BUA

ug /z.rD =k, [k, (111.68)

W3 ypaBnenns (111.68) caeayer, uTo pacnpeneieHHe NPOAYKTOB peak-
LHH He 3aBUCHT OT HCNOJb3YEMOR MOJEJIH peakropa. BiusHHe Temie-
paTypbl Ha CEJEKTHBHOCTb, TaK Xe KakK H BJHsSHHE KOHUEHTpaLHH,
CBfI3aHO ¢ THINOM MOAE/JH peaKTopa, NOTOMY 4TO peaKTprI MOJIHOTO
CMeIleHHs1 Bceraa paGoTalOT MpH H30TEPMHYECKOM PEeXHME, a PeakTo-
PHl BbITECHEHHSI HMeIOT ajHabaTHuecKufl HJAM mnoJHTEpMHuecKHIT TeM-
nepaTypHblii pexXHM. B KHHEeTHYeCcKOH OOJacTH BJHSHHE TEMIepaTyphl
BbipaXkaercsi ypaBHehHueMm Appenuyca [cM .ypaBuenue (11.92)]. [Toatomy
r—Eyt ‘. ‘
ﬁ. = _...._—._koe ER — ;ko e—fﬁl'-Eg]J’RT — E e‘-*AEJ’RT (11169)
ko k('; e_"'E;-JrRT kg] k('; !

rae ks, k”o— npenskcnonenunadbibie MHOKHTeaH; Ey u E; — snepruu
aKTHBAlHH OCHOBHOH W mMoGoOuHOW peakuHil cooTBercTBeHHO. Binsanne
TeMnepaTypel Ha CeJEKTHBHOCTb 3aBHCHT OT COOTHOLIEHHA 3Hepruii
aKTHBaIK napaJjnenbHbx peakuuil. Hanpumep, B ciyuae xorna suep-
rus aKTUBAUHH OCHOBHOH peaklUKHu Bhille (B — ueneBoit npolykr), uem
no6oynoft E;>E,, To npu HH3KHX TeMnepaTypax CKOpOCTb NoOOYHOMH
peakuuu 3HAYHTEAbHO BEIIe, ueM ocHOBHOH. [losToMy npH Hu3KEHX
TeMnepaTypax CeJeKTHBHOCTb 1Mo NpoayKTy B HeBeauka. [loBbiuienue
TEMIEPATYPLl YBEIHUHBAET CKOPOCTH peaKuHil H CeJeKTHBHOCThb. EcaH
ke E{<E,, To npH HH3KHX TEMNepaTypax CKOPOCTb OCHOBHOH peakuuu
Bbllle, YeM NOGOYHOI, H CEJEKTHBHOCTL N0 LEJEBOMY INPOAYKTY IpH
HU3KHX TeMmepaTypax Bbllle, 4eM NpH BBICOKHX. TakKuM o6pas3oM, IpPH
E,<E; noBbllleHHEe TeMIEepaTypHl HeueaecooGpasHo.

[TpuBeseHHbIe MPHMEPB! MOKA3biBAIOT, YTO B 32aBHCHMOCTH OT COOT-
HOIIeHHsA MeXAy BeJHYHHaAMH 3HEPriH akKTHBAUHH OCHOBHOH H mo6oy-
HOH peakuHd BO3AeHCTBHE TeMIepaTyphl HaA CEJEKTHBHOCThL Npolecca
pasJyinylio. M3MeHHTh 3TO COOTHOLIEHHE MOXHO NMpOBEACHUAECM IMpouec-
ca B NPUCYTCTBHH KaTa/jM3aTopa CeJEeKTHBHOrO JeHCTBHA, KoTOpHIH
OyZeT CHHXKATh IHEPrHIO AKTHBALMH LEJEBON pEeaKUHH U TEM caMbiM
CO31aCT BO3MOXKHOCTL MOJYYEHHST GoNbIIKX KOJHUECTR IpoAyKTa NpH
HU3KHX TeMmepaTypax.

Ce/leKTHBHOCTb TIOCJE0BATENbHLIX peakiiufi 3aBHCHT TaK e, Kak
H IapaJ/siesIbHBIX, OT COOTHOUIGHHsI CKOPOCTeH MpOTeKalouHX peaKiyi.
Hanpumep, nporekaer nocnepoBaresbHas peaklus 6e3 H3MEHCHHS
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1 ky
obvema cmecu: A—>B—D, rne £y u ky — KOHCTaHTH CKOPOCTEH peak-
uuit, Knuernvyeckne ypaBHeHHSi 3Toro mnpoitecca OyayT:

oC
Uy =— d’: = £C, , (I11.70)
dc
uy = ——df = k;Cy — k,Cp s (1171
dCp
up =—d—_“ =kyCq (111.72)

Tlpu ponmyuwieHuw, 970 LeJCBHIM TPOLAYKTOM SBJASCTCA MPOMENKYTOU-
HHIH [POAYKT, COOTHOUIEHHEe ckopocteil ofpa3oBaHHs npoayktos B 1
D Gyaer:

2 B _—-A 2 T A (111.73)
Up dCy kCh ky, Cpg

Ypapuenne (II1.73) noxaswiBaer, 4TO CeJeKTHBHOCTH OYyAeT TeM
6oJbine, ueM BbIlle KOHUEHTpaUKs HCXomHoro peareHta Ca W COOTHO-
wenue ky # ko. CiemoBaTesbHO, AJdS1 NPOBEAEHHS [OCAEI0BATELHBIX
peakiHii c MOJY4eHHEeM BbICOKO!l CEJeKTHBHOCTH 10 IPOMEXYTOUHOMY
NPOAYKTY NpPeANOYTHTEeNbHBl PEaKTOPH HAealbHONO BEHITECHEHHUSI W pe-
aKTOp MEePHOAHYECKOTo AeHCTBHS MOJHOrO CMEIIeHH$, 4TO BHAHO U3
pac. 32, B3 KOTOPOro TakKXKe clAelyeT, uTo CeJeKTHBHOCTb 3aBHCHT OT
coorHolleHus RifRo.

Ecau koHcTaHTa CKOpoCTH BTOpOll peakuuu Re 3HauuTeJbHO 60Jb-
ule, 4eM KOHCTAaHTa CKOpPOCTH mepBoil peakuuu Ry (ky>>FR,), BhicoKas
CEeJIEKTHBHOCTb AOCTHTAeTCsl JHIIb TIPH MaJbiX CTENeHAX IpeBpalleHHust
H PE3KO NajgaeT C YBeJHYEHHEM CTe-
NeHu npeepauleHud. Jas noayuenus
BBICOKOM CeJIEKTHBHOCTH TaKue Mpo-
LECCHl CJeAyeT OCYULeCTBJIATbH IO LHK-
JHYECKON cxeMe JNIpH MaJjoil crTeneHH
NpeBpalleHdsi HCXOZHOLO CHpbs 3a
OAMH mnpoxopn depe3z peaktop. Llene-
BOH NpOAYKT H3BJeKaercss H3 peakx-
IHOHHOH CMeCH C [ocleayiolieir pe-
UHPKYJAslHel HenpopeardposaBuiero
ChIPbA.

Ecau k;>>k,, BO3MOXHO 0oaHOBDe-

' L L MEHHO MOCTHYb BBICOKOfl CENIEKTHBHO-
bz M‘C 06 08 1 .ty @ cremenu mCuOAB3OBaHUA CHIPbA

X4~ Callono 0e3 BBeJEHHA penHKIa.
Puc. 32. CenextHBHOCTR TNpoiecca Brixox menesoro mpoaykra, ce-
o MpoMexyTounoMy mpoxykry mps JIEKTHBHOCTb H CTENEHb NPeBPaIleHNs

OCAEN0BATENLRON PeaKIMHK: 3aBHCAT OT Mojeau peaktopa. [na
1—3 peakTope mAealsHOTO BHITCCHEHHA; 3JIeMEHTAapHOro ob6beMa  peakropa

2 — B NPOTOYHOM DPeaKTOpe NONHOTO cMe-
weHHs HNeaJbHOTO BBITECHEHHS] NpH MOAE/b-

—
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Hofi peakuuu nA-+.=—>mB-4...—>gD+ ., nporexaioueii 6e3 u3Me-
HEHHAA O0beMa CMecH (MpH paBeHCTBe n=M=ygq), CeJeKTHBHOCTb Oy-
JeT BhIpaXkarThes

s dCy
5= oo (111,74)
CineaoBaTesibHo,
[
A
Cp = — 5" Sg dCy . (111.72)
Ca
Brixon npoaykra B cocraBur
c x
xg =B ! Asac L ASd[C(l N
F—_— = — —_X ==
B CAn CAQ B A CA, 5. B Ao A
Ay 0
. *a A .
- - j‘ Sp (—Cy dxy ) = J’ Sg dx, . (111.76)
Ao
V] i)

TaKa..)ﬁ He 3aBHCHMOCTHL COﬁJIIOJlaETCﬂ Jas pea}(Topa nepuojnyec-
KOro JeucTBUA.

B l‘IpOTOqHOM peaK‘l‘Ope OOJIHOTO CMelleHuHss MIHOBEHHO yCTaHaB‘
JHBAETCs] TMOCTOAHHAA KOIIHEHTpauHﬂ pearesros, H, CJel0BaTeJBHO,
xAZxAK‘ T. €. KOHEYHOH CcTeneHH npeppaulleHHA, HOQTOMY 3aBHCHMOCTE
ME}K}IY BHIXOIO0M MNPOAYKTA, CEJeKTHBHOCTBIO H CTElNeHBIO npespaile-
HHS Bblpa}KaETcﬁ YpaBHEHHEM

Xg = SB X (]I[.?T)

CnpaBedJHBEIM NJa Ji00oro 3jdemeHTapHOro o0bema peakropa cme-
IIeHHs.

3aBUCHMOCTb CEJEKTHBHOCTH OT CTEMEHH MpPeBPALIEHHA MO3BOJSET
BbIOpaTe ONTHMAJbHYIO MOAEAb peakTopa ANsS MaKCHMaJbHOro BHIXO-
na ueqaesoro apoAaykra B (puc. 33). Bulxoa nmpoaykra B peaktope Hpe-
aJbHOTO BHITCCHEHHS M/H K€ peakTope CMeNleHHR MNepHOLHYUECKOro
AeHCTBUA onpejesercs MoLLIaAbIO MO KPHBOI 3aBHCUMOCTH Sp OT X4;
B HENpephiBHO pafoTalouleM peakTope MOJHOTO CMeUIeHHs — [J10-
Hajbi0 NpAMOYroJpHUKa, paBHOR Sp-xa. Ecin celleKTUBHOCTB C yBe-
JAuuyeHHeM CTENEHH npeBpallleHHs ymeHbliaercs (pHc., 33,a,6), BHXOA
TakXe Oyger ymeHblIaThcs. B 2TOM Cjayuae maolmlanb Moj KpHBo#H Gy-
aet GoJblile MJOUIAH NPAMOYTOJABHHKA H, CJeZ0BATeNbHO, NPEAnOYTH-
TeJleH PEAKTOp HIEJbHOrO BHITECHEHHS HJH DeaxkTOp MepHOLHYECKOro
Reicras. Kackan peakropos moanoro cmewrenua (puc. 33,6) pact
Oollee BHICOKMI BBIXOAl, YeM eAHHUYHLI peakTop MOJHOTO CMeLIeHH.
Ecau ¢ ysenuuyeHueMm CTeleHH MPeBpalleHHs CeJEKTHBHOCTb Bo3pac-
Taer (puc., 33, €), TO N0 3aUITPHXOBAHHLIM MJIOWAAAM BHAHO, 4TO BHIXOA
B peakTope MOMHOro cmewenus GyNeT 3HAYHTENbHO Bhillle, 4eM B pe-
aKTOpe HAeaJbHOIO BBITECHEHHS HJAH peaxTope nepHoAHYECKOro JAeH-
ctBus, [Ipu 3TOM HCMOJB30BaHHe Kackald peakTOPOB HE PEeKOMEHIY«
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eTca, TaK KaK BHIXOJ B HeM NMPOAYKTa GyleT HHXKE, YeM B eJHHUYHOM
peakTope MOJHOro cMeuleHusi, PasMepsl peakTopa, B KOTOPOM MpOTe-
KamT CAOXHBIE Peakluu, ONpefealoT HAa OCHOBAHHH XaPaKTepHCTHU-
yecKuX ypaenenuit peaxkrtopos (III.18); (IT1.35); (IIl. 57), mocae To-
ro Kak sei6pana Mozesb peakTopa, ofecledynBaloUlas BEICOKYIO CelNeK-
THBHOCTb npouecca, IIpu 3Tom HCHONBL3YIOTCA YpaBHeHHS, ONMHCHBAIO-
He KAHETHKY CJAQXKHBIX peakuuil.
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Puc, 33. 3aBucuMOCTbL CEACKTHRHOCTH OT CTEHCHH MPeBpaUleHHs AiA Heol-
paTHMON peakiHu:

G, 8 — AAS PEAKTOPOR WAGANLHOTO BhiTeCHeHHs; O — AMS peaKTopa HACAAbHOrO BBI-
TECHEeHHs M KacKala PeakTOPOB NOJHOTO CMELeHHs

4. TEMIEPATYPHBIM PEHKHM PEAKTOPOB

Temnepatypa <¢yuiecTBEHHO BJHSIET HA pe3yNbTaT XHMHYeCKOTO
npouecca B NeJoM H 0coGeHHO Ha XHMHYecKyio peaxudio. [lostomy
ANA CO3J]aHHA B peakTope ONTHMAJbHBEIX TEMDEPATYPHLIX ycJoBHi,
B HaCTHOCTH ONpejeJeHHOro npodHuas TeMmnepatyp, HeOOXOAHMO yuH-
THIBATh TeMIOBOH 3(PdeKT peakllHH, NOABOAL HJIH OTBOX TEMJIOTH, TeM-
JousnyeckHe CBOWHCTBA pearupyloulHX BeulecTB, TeMNepatTypsl Ha
BXONe H BHIXOAE M3 peaKkTopa, a TakiKe THAPOJHHaAMHUeCKylo ofcra-
HOBKY B HeM.

B 3aBHCAMOCTH OT TeMNepaTyPHOro pexXHMa pas/udyaioT TPH OCHOB-
HBHIX THIA PeakTopoB: ajHabaTHyecKHil, H30TepMHUecKHll u noauTep-
MHYeCKHH,

AnnaGaTH4eCKH MH HA3HBAOT PEAKTOPH HEANbHOTO BLITEC-
HeHusl, pafoTaowHe 6e3 nMoABOAa W OTBOLA TEMJOTH B OKPYXKaOUYIO
Cpelly yepes CTEHKHM peaKkTopa MJH NpH MOMOLIK TennooOMeHHEIX 3Je-
MeHTOB. Best Tensora, Boljesiseman (norioilaemas) B peakrope, akKy-
MYyJUupyeTCst peakUHOHHOI CMeChIO.

VlsoTepMuUYeCKHMHI Ha3LBAOT pPeakTopb, B KOTOPHIX Mpo-
uecc mpoTekaeT NpPH MOCTOAHHOH Temnepatype BO Bcem ofbeme peak-
topa. MisoTepMuuHOCTL AOCTHTAETCS MpeXXje BCEro BeCbMa HHTEHCHB-
HBIM NepeMelIHBaHHEM peareHTOB, B pe3yJbTaTe KOTOPOro TeMmmepary-
pa BO BCEX TOYKAX peaKkTopa CTAHOBHTCH OAMHAKOBOH. DTO MPOHCXOAUT
B peaKkTopax C CHJBHBEIM MepeMelUHBAHHeM peareHToB, OJH3KHM K moJ-
HoMmy cmemenuio. HeoGxoaumas Temneparypa B peakTope ycTaHaB M-
BaeTcs WJAM Onarojaps NOABOAY HJH OTBONY TeIJIOTH peakuuH, HJN
3a cyeT pEryJUPOBAHUS TeMOepaTypbl MoeTynawouiel peakuHOHHOH
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cumecu. Vizotepmuueckuil pesxxuM NpuGIHKEHHO JOCTHrAETCS H B peak-
TOpax BHITCCHCHHS NPH NPOTCKaHHH B HHX NpOLUECcCOoOB ¢ MaJblMH Tel-
JoBeiMu 3ddexraMn HAM NpH BecbMa HU3KOH KOHUEHTpaLlI{H peareH-
TOB,

[ToanTepMuHYeCKAMH Ha3bBAIOT PEAKTOPH, KOTOPBIE Xapak-
TEPH3YIOTCH YACTHYHHIM OTBOAOM TEMJIOTH DPEAKUHH HJH YOILBOZOM
TENJOTH H3BHE B COOTBETCTBHH € 3a7aHHOH NporpaMMoil H3MeHEeHHs
TeMnepaTypsl Mo BBICOTE pPeaKTOpa BHITECHEHHS HAM HemojHord Tme-
uweHusa. PeakTopel Takoro THMa Ha3bBAOT TaKiKe MporpaMMHO-pery-
JAHPYEMBIMH, HOJ‘IIITCDMH‘IHBI BO BpPEMEHH peakTophl MNOJHOro cMceiue-
HAS NMEePHOJAHYCCKOTO NCHCTBHSA.

PeaxTopsl nmoanoro cmelexns, paboratouie G6e3 oTBOga TelJIOTH
B OKpyKaloUlyfo cpeny H 6e3 npuMeHeHHA TENNOOOMEHHBIX 3JEMEHTOB,
SIBJISIIOTCSI OJHOBPEMEHHO H3OTCPMHUYCCKHMH H IiHTCI'pa“[hHO-aIlliaGaTH-
YeCKHMH, TaK KaK KOHEeYHyl0 TeMNepaTypy Ha BHIXO[E 13 peakTopa
MOXKHO ONpeneNuTh [0 ypaBHeHuio aiuabaTel. Ona papHa cpeaHeit
TeMmnepatype B peakTtope. PeakToper cMmelleHns ¢ HaJlHYHeM Temja006-
MEHHBEIX 3JIEMEHTOB, B KOTOPHIX YacTb TEMJIOTH MOABOAHTCS HJAH OTBO-
OHTCH, TAK¥HC H30TEPMHUYHEL.

[Tpu n3yyenun # KOJHYECTBEHHOH OLEHKe MPOIECCOB, MPOHCXOIA-
1IHX B peakTope, AN BBIBOAA PAacCUCTHBIX ypaBHEHHH TeMmepaTypHOro
pPeKHMA HCMNOJB3YIOT TemloBHe Gajdanchl.

AnuabGatuyeckue peaxkrtopel. Mamenenne Temneparypsl B aninabatu-
yeckoM peakTope Al NPAMO NPOMOPLHOHANBHO CTENeHH [peBpauieHns
X, KOHUEHTpauuu ocnopnoro pearenta Ca, Temiosomy 3ddexTy peak-
i ¢gp. Pasuwocts Temnepatryp Af oGpaTHO mpomopuHOHAa/bHA TEMJao-
eMKOCTH peaKuuoHsoil cmecn ¢. Mamenenue TemMnepatTypbl NOOJNOKH-
TeJbHO AJA 3K30- W OTPHUATEJBHO AJS 3HAOTCPMHYECCKHX ITIPOLECCOB.
Ypapuenue aguabatnueckoro npotiecca Jerko BBIBOAKTCS H3 TEMJOBO-
ro 6amaHca pJs peakllioHHoro o0hema peakTopa B LENOM HJAH A3
aoboro saeMeHTapHoro obheMa peaxkrtopa. 3anuuieM ofilee Bbiparkes
HHe TeIJIOBOro GaJjaHca A/s yCTaHOBHBILEroCsa Mpollecca Kak PaBEHCT-
Bo npuxona XQup u pacxona XQpacx TEMJIOTH:

YQup = LQpacx- (I11.78)

OTHeceM K npHxony KOJHYECTBO TENJIOTH, KOTopasi BHOCHTCS BXO-
asell peakuuoHHoif cMecbio Qu, W TemroBele 3ddeKTH peakuuii, a
Takxke (GU3MUECKHX MPOLECCOB, MPOHCXOAALIHX B PEAKUHOHHOM 00Be-

me @p, Toraa
EQH[) = Qu =+ Qp. (Ill 79}

B apuabaTtuyeckom mpopecce Tenaoo0OMeH peakTopa ¢ OKpymawouleil
Cpejloit OTCYTCTBYET M BCsSl TEIIOTA OTBOAMTCS C MPOAYKUHOHHOH cMe-
Cbi0, Macca KOTOpoil pasua G, cpennasi TCNJOEMKOCTb € H Temmepary-
pa ma BHXOjJe Ik, T.e€.

EQpacx :G_L: ty. {111‘80)

l'lo 3aKOHY COXpaHeHHs Macch BElIeCTBa obuiee KoJHYeCTBO e
Ocraercst neHameHHBIM. [lpunHuMas MO NPHHUKMY AZAMTHBHOCTH, YTO
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Cpe/HfAA MaccoBas TEMJIOEMKOCTh PeakUHOHHOH Macchl, mocTynaloulei
B 06beM B BHIXOAAWIEH H3 Hero c=const, nonyuaem

Qu=GTl (111.81)

Haa nw6oit npocrofi peaklUnd KONHUECTBO BhIAENHBUIEICH HJH 3a-
TpauyeHHOil (HA 3HAOTEPMHUECKHE NpOLECCH) B peakTope Temiorh Qp
OyaeT NpoONopUHOHAJNBHO MAcCOBOH KOHUEHTPAUMH NPOAYKTa B BbIXO-
pamel cvecy Cp 4R KOHIEHTPALHB OCHOBHOTO MCXOAHOrO BellecTBa
B YOCTYMalouieii CMeCH H creneHd ero npespailenns Cy, X T.e.

Qp = Ggp Cy = GgpCy, %, (111.82)

rie yp— TeNMJoTa peakuudd (mpouecca) Ha eAHHHIY MacCh (MoJb)
neneporo npoaysta. Takam o0pasom, CyMMapHOe ypaBHEHHE TeIo-
gporo Gananca AN peakunn A—-B

Goty= Gay Cy, x =Gty (111.83)

[TpeoGpasys (I11.83), monyuum XapakrepHCTHUECKOEe YpaBHEHHe ajHa-
Oatw Ana peakuun’ A—B:

9,C, % .
tg =ty = p._AU (111.84)
¢
HJH _

4= quAu x=c (ly — ). . (111.85)

Pasuoctp fx—Iy Ha3pBaeTcs agHabaTHUYECKHM H3MeHeHHeM
1eMIepaTyphl.

Has peakuuit Tuna mA+nB—dD-+rR caeayer yuurniBaTh no-
npaBoyHpll Ko3dduuueHt B, BhipakalollHii OTHOUIEHHe Macchl LeJe-
Boro npoaykra (Hampumep, D) K macce OCHOBHOrO HCXOAHOTO BelLEeCT-
Ba A, AJ KOTOPOr0 YuYHTHIBaeTCA CTelleHb NpeBpalleHus B MPOAYKT,
1.e. B=GCp/Ga:

gpCy x
b=ty B ——22 (111.86)

c

YunruiBas (111.82), B pajge cayyaer npuMeHSIOT ypaBHeHHUs ajHa-
6atel B Qopme

9pCp
— ]

c

Q
ty=tyE——=1x£} Y(111.87)
Ge

rie Qp— xonuuecTBO (MAKTUUECKH BHINENUBIIEIICH TEMIOTH pPeakluy.

Huorpa yno6uo npu onpegeieHdn anauabaTHYECKOrO HU3MEHEHHS
TeMnepaTypnl HCMOAb30BaTh AAs pacyeToB renaory Q'p=Qp/x, xoro-
pas BblJeJIHJACh WJH MOrJAOTHAachL 6Bl NPU MOJHOM NpeBpalleHHH oc-
HOBHOrO BelllecTBa B NPOAYKT, T.€. 0NpH x=1, toraa

.

be— g = &= —2 &, (111.88)

Ge
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Kaxk Bupno u3 ypapHeHHH annalarTbl, H3MeHeHHE TeMmepaTypul Ha
no60oM y4acTKe MO OCH MOTOKAa B PEAKTOPE HAEaJbHOTO BbITECHEHHS

NPONMOPIUHOHAIBLHO CTeMeHH MNPeBpalleHns:

At =t — iy = == hx, (111.89)
rje f
g,C g,C Q Q

A e g PD P P, (111.90)
¢ cx Ge x Gc

a X

1] X

Puc. 34. HUamenenue teMnepaTypsl MpH MNOBHIWEHHH CTEMEHH
npespaileHns B aguaGaTHuecKOM peakTOpe HACANLHOrO BHITEC:

HEeHUWH:

a — sK3oTepMHuecKHA npolece; 6 — IHAOTEpMHYECKHA mpomece (o6pa-

THMBEIE peaKnHH)

A — KO3 duunent agnaGarudeckoro H3meneHust remmeparypul. Huor-
Ja ero HasbiBaloT anuabaTuueckoil Temmeparypoil W 0003HAYAIOT f,.
I'padudeckoe BHpaxenue ypaBHeHHs ajuabaTbl NpeJACTaBIEHO HA
puc. 34. Ecnu yunTeiBaeTcq n3MeHeHHe TeMmepaTyphl B OAHOM H3 pe-
aKTOpoB Kackana( GaTapeM) HJAH HA OQHOH H3 MOJIOK MHOTOMOJOYHOrO
peaxTopa, a Takie B peakTope, paGOTaiolleM MO UHK/IHIECKOH TeXHO-

noruyeckoit cxeme (em. ra. IT), 10 xg5=0 u
AL =ty — by = X (x;; — xg). (111.91)

Crenenp mpeBpallleHHs (O IJIMHE OCH
(BbicOTE) 3K30TEpMHUYECKOrO apHabaTuyec-
KOTO PEeaKkTopa BHITECHeHHs H3MEHSETCHd Mo
KpHBO#i, MpencTasienuoil Ha puc. 35. Cko-
POCTbL peaKlHH, COOTBETCTBYIOUlAA HUMKHE-
My Y4acTKy KDHBOif, Maja BCJAEACTBHE HH3-
KO¥f TeMmepaTypbl; COOTBETCTBYIOLLAS BEpPX-
HeMy y4YacTKy — CTPeMHTCA K HYJII0, Tak
Kak CTeleHb MpeBpalleHHs HCXOJHOro Be-
weersa npubanxkaercs K eAHHHLE WAH K
papuopecnoil, Aunanoruuuoft kpupofi Oyner
XapaKTepu3oBaTbCH H TeMMlepaTypa MO Bhi-
coTe peaktopa. TemsoBo#l Gananc anuaba-
THYECKOr0 PEeakTopa BbITECHEHHT CJelyer
COCTaBAATL AJAf 3JeMEeHTapHOro ydacrka

Xyt

HpF————————

H

Puc, 35. HameueHue crenesn

npeBpallelns X, W TeMnepa-

TYpH 10 BHCOTe (AJHHE)

ajuabaTHuecKOTo  peakTopa

NPH 5K30TEPMHYECKOH peak-
UMy
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pucotst dH (pnuun), [lpuxon TennoTe Ha eIHHHIY MAacCHl peaKlHOH-
Hoft cmecu (G=1) mna nwoboro ydyacTKa BHYTPU PEAKTOPA COCTABHT

Qup = qpCy dxy » (111.92)
OTBOJ TEMJIOTH ¢ MPOJIYKTaMH, BEIXOAAUMMH U3 3TOro y4acrka,
Qpacx = cdt. (111.93)
Takum ob6pasoM, ypaBHeHHe TemJoBoro GanaHca UMeeT BUA
% g,Cy dx, = cdl. (111 94)

Ilo mMosenu amguabaTH4yeCcKOro peakTopa BHITECHEHHS PACCUMTHIBA-
10T KOHTaKTHBIE amnnapaThl ¢ (HJIbTPYIOLIHM CJ0eM KaTaJH3aTtopa.
STta Monens NpHMEHHMAa K pacueTy KaMepHBIX PeaKkTOPOB, B KOTOPHIX
NpPOTEKAT TOMOreHHLle peaklHH, Halnpumep ANA NMeud CHHTE3a XJo-
poBomopoia (cm. puc. 24), Ilpamorounsle aGcopfepn ¢ H30MUPYIOWEN
(yTepoBKOH, B KOTOPHIX ras ABHKETCS CBepXy BHU3, NapasJefbilo
pasbpelaruBaeMofl XHAKOCTH, TOXe OJH3KM MO TeMmnepaTypHoMy pe-
JKHMY K agHa6aTe, ecii YUHTHIBATh CNOMKHOCTL Qup, KOTOpOE BKIIOUA-
er He TOJBKO TEeIJIOTYy XeMocopOuuiu, HO H BO3MOXKHBIE TEMJIOTH (PU3i-
YeCKHX NPONECCOB KOHAEHCALHH NapoB WJH HCHAPEHHS MKHIKOCTH.

TennoBoil 6aJaHCIPOTOYHOTOHMHTErpaJbHO-adHa-
6GaTHyeCKOro peakTopa MOJHOTO CMEeUW EHHS COCTABIAA-
eTcsl ducxodst u3 ciaeaywouwero (npu G=1). [Ipuxon tennoTe B eguui-
Ly BpeMeHH (peaklHsi 3K30TepMHUYeCcKast)

Qup = ety + 2Cy, %4 (111.95)
Pacxo,a TENJOTBHI B €HHHILY BpPEMENH
Qpacx = C_fn- (III_Qﬁ)

CKopocTu nogBona H OTBOJA TEIJIOTHE MPH YCTAHOBHBUIEMCS PeXH-
Me pPaBHBEl MeXAy co0OoH u, cleloBaTesbHO,

Cly+gpCy, %5 = Cly (111.97)
HIH TPH MOCTOSTHHOH TEMJOeMKOCTH
qDCA,, Xy = c (s — tu)s (I11.98)

rae Ia M Ix— TeMnepaTypel Ha BXOJAe M BHIXOJ€ U3 PeaKkropa.

Ecnu npuHaATE, YTO B peakTope MOTYT NpOTeKaTh 3K30- H SHAOTEP-
MHYeCKHe peaxiuu, ofllee ypaBHEHHEe TemJoBoro Gajnauca JAas mpo-
TOYHOrO peakTopa MOJHOro CMellleHHs NMPHHHMACT BHJ

=+ qu'Ac x4 = c (tg —tn) (111.99)
Hsorepmuueckne peakropsl. Anajus ypaBHeHHsl aguabarTel MoKa-
3bIBaeT, 4TO KpOmMme [PHHUHNHAJbHO H3O0TEPMHUECKHX pEakKTopOB CMeE-

IIeHHA K H30TEPMHUYECKOMY peXHMY MOryT NpHOJHKATBCA DPeakTophl
¢ BecbMa MaJjhiM 3Hauenuem gp, Ca, WIH X NPH 3HAYUTEJBLHOH Temao-
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NpOBOAHOCTH peakuHOHHON cmecH. B gacTHOCTH, MpaKTHYECKH H30-
TEPMHYHE!l peakTOpbl 1M1 nepepaboTKH HH3KOKOHUEHTPHPOBAHHBIX
rasoe nmpu Ca,—-0, a Tak¥Ke peakTopkl, B KOTOPBLIX 3K30- H 3HAOTEPMH-
yecKHe NpoueccH NpakTHuecku ypasHoBeliuBaioTcs. Ha puc. 36 noxa-
3aHO MOCTOSIHCTBO TeM{epaTyphbl N0 BpPeMeHH NpeObiBaHHS T pearen-
TOB B NPOTOYHOM H30TEPMHYECKOM PEaKTOpe H MO BbicoTe peaxTopa /.
YpaBuenue H30TepMHUECKOro peaxTopa

tep = {x = const. (111.100)

IIpu mopmenupoBaHHM NPOMBIIJICHHBIX pPEAKTOPOB K MOJHOCTLIO
H3oTepMuyeckuM otHocaTes see wugkoctnoie (K, K—XK, XK—T) pe-
akTOPbl ¢ MEXaHMYECKHMH, NHEBMATHYECKHMH
U CTPYHHO-UMPKYJIAPHBIMH [epeMEIUHBAIOLIH- ¢
mMHu ycrpolicteamu, Fl3oTepmuueckuit pemum
nabulonaercs na moJike (Tapesike) MeHHOro H
OapboTaxinoro annapatroB HeBOJIBLIIHX pasMe-
pOB, a Tak:e B CBOOOJHOM B3BellleHHOM (KH-
nfalleM) cJjoe TBePAOroe 3epHHCTOr0 MarepH-
ana. DJju3ok K H30TePMHYECKOMY pEXHM B
aGcopOuuoHHbIX M ajgcopOUMOHHBIX ammapa- TH
Tax AJg OYHCTKH HeropadHx rasoB OT Bpen-

HHX npuMmecedl majolt koHueHTpauMun. Mox- Puc. 36. Temneparypuasn
HO PaCCYHTHIBATb MO H30TEPMHYECKOMY pPerku. XAPaKTCpucThka —m3soTep-
My TaKxe KOHTAKTHble anfaparhi c HellOABHIK- MIFIECKOTO pedkTopa
HbIM KaTaJiu3aTopOoM, HCIOJib3yeMble IJId npe-

BpallcHHa olacHbiX TOKCHYECKHX (ﬂ,ﬂﬂ KaTaaH3aToOpOB HJH KHBOII
npuponbl) mpHmecelt MaJblXx KOHueHTpauuil 8 Oe3BpejHble BelliecTBa.
D TexHuueckuX pacueTax MOMKHO npeneOpeub BeauuuHod Al Has He-
KOTOpbIX PeaKTOPOB, MPHMEHAEeMbIX NPH H30MEPH3auHu  YrJIEBOAOPO-
I0B BBHAY MaJjoro TemsoBoro addexra gp. HocTuraoT pexuma, 67au3-
KOTO K H30TePMHYECKOMY, B HeKOTOpblX abcopOuuoHHBIX annaparas,
B KOTODHIX TelI0Ta, BhijesaseMas npu abcopbumu, pacxomyercs Ha
HCrapeHnHe BOJbl HJIH HHOIO PaCTBOPHTE/IS,

NonuTepmuyeckue peakropsl. Miamenenne TeMnepatypsl B MOJHTEP-
MUYECKOM DEAKTOpe OnpejaeaseTcs BEJAHUAHOH M 3HAKOM TEmJIOBOTO
s(dexTa peakuun, HauajJbyoH KOHUEHTPAUHMEH OCHOBHOTO HCXOAHOLO
pearenTa, CTeNeHbI0 NMPEBPalIEHHS H KOJHYECTBOM TEMJIOTHI, KOTOpOE
MOABOAHTCA B 30HY peaKUHH HJH OTBOIAHTCA OT Hee. HMN3menenne tem-
nepaTypnl pacCYATHIBAETCS 110 YpaBHeHHAM TemJjoBoro 6alanca peak-
TOpa, KOTOpble YUYHTHIBAIOT MPUXOJA TEHJAOTH C peareHTamu, TeioTy
peakuHi, Tenjgoo0Men ¢ oKpy:Kaoumeil cpeloi U BLIHOC TENJIOTHL ¢ NIPO-
AyKTamu peaxkuud., TennoBo# OGasanc HHTerpaJbHO-MOJIH:
repMHYECKOTro peaktopa cMeWeHHs  CKIalbiBaeTca H3
CJeYIOUHX BeJHYHH:

EQup= Ccty£GgyCy, %, (I1r.1on)

EQpacx =G C_tr{ == ky Al gpF %, (I111.102)
Tae kr— KoadhdHuuueHT Tensonepejaun; [ — OBepXHOCTh TemJonepe-
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nayu; Afcp — CpefiHfist ABHAKYWIAS CHJA TelJIoNepelauH, onpejpeaseMas
no ypasuenuam thna (I1.75); v, — BpeMs KOnTakTa rasa (KHIKOCTH)
¢ moBepxHOCTbio Temjaomepenauu F. CienoBaTenbHO, MPH HEH3MEHHOI
MacCOBOH TENJOEMKOCTH H YCTAHOBHBILEMCS peXKHME

= GgpCy, Xy =G ¢ (tg — tu) = kP Aty (111.103)

JleBas uwacrs ypaBrenus (I11.103) npencraBaser TensoTy, BbineaHB-
IWyiocs B pesy/bTaTe peakliu MpH CTCMEHH MPeBpauieHus Xa; MpaBas
YacTh BKJIOYAET TeMJIOTY, MepefaHHyio AW MOJAyYeHHYIO uepes CTeH-
Ky peakTOpa M YHCCEHHYI0 MOTOKOM MPOAYKTOB peakiuu. Kamenenue
1eMnepaTypsl B peakTope PacCUHThIBAlOT MO ypaBhenuio (mpu G=1)
X ko FALT;
tk*zﬂr_ﬂ:qpc’“_ 4 I (111.104)
¢ Ge

CTEMEHDL [PpEBPAULIEHHA _
c(ti— tw) + kyF ALy

?
9Ca, GapCly,

Xy == (111.105)

IIOBEPXHOCTL TenaonepeiadH
=+ GQDC;\‘, XA + & Uii - !H)
kel

(111.106)

3aBHCHMOCTb TeMMePaTypbl OT CTeMeHH MPeBpalleHHs OCHOBHOIO
HCXOAHOr0 BelecTsa B TpyOuaTblX peakTopax BhITeCHeHHs (THOA KO-
KyXoTrpyOuoro TtemsooOMeHHHKA) AJA 3SK30TEPMHYECKHX MPOLECCOB
npuBejena Ha puc. 37,
Tennosofi 6alaHc NONHTEPMHYECKOTrO PeakKkTOpa
HIeaJbHOroO BbiTeCHeuHT (cM. puc. 23) cocraBiaen aias peak-
TOpa, B KOTOpOM TeMmOepaTypa TeMJOHOCHTENS HJHM OXJaxKaalowero
arenTa, HaxojflHKXcs B pyGauike, NOCTOSHHA MO BCeHl QJIMHE peakTopa;
TeMllepaTypa peareHTOB OHHAKOBA B J1000il
TOUKe MONepeyHoro CceueHnHsr peakropa. Tak

! KaK TeMIepaTypa B PEaKTOpe H3IMEHAETCA
nmo ero AJHHe, TemioBoli Oanauc cocras-
JageTcs a9 JMeMeHTapHOro yyacTka peak-
topa df. Tlpu CKOpPOCTH MOTOKA W

g - dH
GggCa, diy = G Cdt = koF' ((~low) —

i

(111.107)
4

rie I —TeMmmepaTtypa B pacCMaTpHBaeMOM
Puc. 37, Basucumocts Temne- pieMeHTE PEAKTOPA; loxp — TEMIEPATYPa B

paTypH OT cTemeHH mnpespa- pyﬁaume

meHHs B MOJHTEPMHYCCKOM .

TpyGuaToM peaktope (0Gpa- Ypapuenune (111.107) nossoaser paccuii-

TuUMas 3K3oTepMHYyecKas pe- TaTb H3MeHeHHe TeMOepaTyphl CTeleHl
aKUNg: npeBpalleHus H MOBEPXHOCTH Teljomepe-

- . 2l -

ik it Jaun B MOJHTEPMHUECKOM peaKkTope HAE

108



anpHOro BuiTecHeHus. [IpH ycTaHOBKe B peakTope CJOMKHHX TEMA000s
MEHHBIX YCTPOHCTB MPOHCXOAHT HEJHHEHHOe H3MEHEHHe TeMiepaTyphl
peareHToB 110 AJduHe TennooOmenHo#l moBepxHocTH F, KosdduuneHra
Temsionepenaud ky W ApYyrux napamerpoB. Torma NPHUXOQMTCH MHOTO-
KpaTHO npoBoauTh pacuetr no ¢opmyaam (II1.101) u (IT1.102) nan
OTeJbHLIX YUAaCTKOB (3JeMeHTOB) TenaoobMeHHOH moBepXHocTH. [Ipu
HeNuHeHHOM, HO MOHOTOHHOM HM3MEHEHHH NapaMeTpPOB yjpaercs IMpume-
HATb AudepeHunanbible ypaBHeHHs Temjaoo6MeHa, Hanpumep, THIA

dQ/dx = k FAL (111.108)

[Noaurepmuyeckuii pexum HabJropaeTcs B peaKkTopax, B KOTOPhIX
OCHOBHOil TemaoBo#l 3PDeKT FFgp YACTHUHO KOMIEHCHpYeTcs 3a cueT
TemIoTH MOOOUYHBIX peakuuil HAM (HU3HUECKHX MPOLECCOB, MO 3HAKY
NPOTHBOMOJIOXXHBIX OCHOBHOMY, T.€. *gp. K Takum peaxTopaM OTHO-
CATCHA MHOTHC LIaXTHHIE [1e4H, JOMEHHbIE, H3BECTKOBOOOKHraTeJbHbE
d 7.0. [HonoOHblil CcAOXKHONONAHTEPMHUECKHH peKUM paboThl uMeer
60JbUIHHCTBO HacaJgo4yHBIX 631.[1311’, NpUHMCHAECMbBIX B MPOMBIIIJIEHHOCTH
Adsi copOUHMOHHBIX H AECOPOLUHOHHBIX MPOLECCOB, TaK KaK [MpoLecchHl
abcopOuuu conpoBoxaaloTesl TEMI00OMEHOM MEXAY ra3oM H KHAKO-
CThiO, BO3MOXKHBIM HCMAPEHHEM pPacTBOPHTE]A B HHMKHEl dactd GalleH
¢ nocaenyolileil konaencalueii B ee BepXHUX yyacTKax.

CpaBHeHHe XapaKTepPHCTHK anuabaTHUeCKHX, H30TePMHUECKHX U
NOJHTEPMHUYECKUX MpoLEeccoB mpuBeaecHo Ha pHe. 38 u 39. Kak Buauno
13 puc. 38, B aguabaTHYECKOM peaKTOpe BhLITECHEHHS [JfA 3K30TepMH-
YECKHX MpOUECCOB 3aBHCHMOCTbL CTeNeHH NpeBpaliCcHHs X OT TeMmOepa-
TYPbI COOTBETCTBYeT ypaBHecHUHsM aauataTtn (I[1.84)—(I11.91), a maxk-
cHMalipHas CTeneHp lpeBpallleHus 17 O0paTHMBIX 3K30TepMHUECKHX
IpoLeccoB orpaHuyuBaercs pasuoBecuem (kpuBas 1). Crenenn mnpe-
BpAleHHs1 M0 BbICOTe peakTopa (MJAM MpOMOPUHOHAJbHOI BeJHYyHHE
BpeMeHH npebblBaHNus) B HayaJje M[Opoliecca HapacTaeT YCKOpeHHo, a
3ateM HapacTraHue X MapgacT BCJACACTBHE CHHIKEHHA }LBH}KYIHEﬁ CHJIBL
npouecca AC=Cx—C; TlpubsuxKenue K PaBHOBECHOMY COCTOSIHHIO

coorBeTctByer AC=0 W OKOHYaHHIO Mpouecca.

X

e e e e

1
e Ty Ty T
Puc. 38. 3asHCMMOCTb CTeNeHH MPEBPAIEHHA OT TeMIepaTyps
(@) u spemenn (6) Ama oGpaTHMOIl 3K30TEPMHUYECKOH peaKLHH:

I — agnaGatHyecku®t peakTop BwITECHeHHRA; 2, 2 — H3oTepMH4YeckH pear-
TOP CMelleHHA; J — NOJHTePMHYEeCKHA peakTop BHITECHEHHA
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Jlns TOH JKe XHMHUECKOiH peakUnu NpH PaBEHCTBE HCXOAHBIX KOH-
ueHTpaUHH pearesTos Cy wauanphoil Temmepatypbl Ty (Ha BXonme B
peakTop) CKOPOCTL JOCTHIKEHHSI COCTOSHHS PAaBHOBECHS B PEaKTOpe
cventedds (mpsMas 2) yBenquuHBaeTcs 3a CUeT NOBHILEHHS TeMIlepa-
Typnl W COOTBETCTBEHHO KOHCTaHTbI CKOPOCTH peaKlHH, a TaKiKe 3a
cuer CHATHA AUQOY3HOHHHIX TOpMOXMeEHHH. B pesynpTate Ty, <ty

npn 3TOM MaKCHMAaJbHO JOCTHXKHMAs CTeNeHp MpeBpalIeHMsT OCTaeTcs

X X

Ty Tny T, TH)

Puc. 39 3asucuMOCTb CTEMEHH NPEBPALICHHA OT TEMIEPaTyphl
{a) u Bpemenn (6) aaa oGpaTHMONl SHAOTEPMHYECKOH peAKUHH:

1 — agHaGaTuuecKHl pPeakTOp BuiTecHeHHsn: 2, 2 — H3oTePMHYECKHA peaks
TOp CMeuleHHsn; J— MOAUTEPMHYECKHH peakTop BLITeCHEeHHA

Takoil €, Kak ¥ B peakTope BhiTecHeHHus. O1HAKO B peakTop Cmelle-
HHS MOXKHO [IOlaBaTb pearupylollylo cMech MpH Temmeparypax 7T
Goslee HH3KHX, 4YeM Temiepartypa Ty, NpH KOTOpPOH Ha4YHHaeTcs peak-
nus; adlis Obl KOHeuHasi TeMmepaTtypa Obiia He HHXKe Ty, 1. €. opu

 gpCux
yCJAOBHA Tu—Ty < =——— 8. Takomy pexumy Ha puc. 38 coorBer-

c
cryer H30Tepma 2. Tlpum 3TOM [MOCTHraeTcss BbICOKAsl CTENeHb Mpe-
Bpau_[EHHH [IpH MaJoi CKOpPOCTH fipoliecca BCJACINCTBHE MNOHHMEHH T
TeMnepaTypr H CE)OTBETCTBEHHO KOHCTEEHTH CKODOCTH; B pesyabTarc
noayuaeres, uto v, >t . OnTuMaabHbll TeMAepaTypHbId pexum, mpi

KOTOpOM MOCTHTaeTCs AOCTATOYHO GOMbUIOH BHIXOA MPOAYKTAa H CKO-
pocTh MpOUECca, HAXOAUTCH TAe-To Mo cepenune mexay Tx u Ty
PesKMM, COOTBETCTBYOLIHI u3oTepme 2’ (puc. 38), xapakrepen aJs
peaKkTOpPOB BBITECHEHHS M CMeUIeHHS, MPHMEHSEMBHIX MpPH OUHCTKE OT-
XopAUUiX ra30B OT BPeaHbIX NpHMeceill HU3KUX KOHUEHTpaluil, Tak Kax
Cy,—0. YpaBuenue, omiceiBaioiee TeMmepaTypHEH peXuM B peax-

TOpE, HMEeT BH]I
Ty= Tk = Tep- (I11.109)

B peakTopax BHITECHEHHS C MOJHTEPMHYECKHM PENHMOM MOXKHO
LOCTHUYB, IPH ONTHMAJbHBLIX YCJIOBHAX OTBOAA TEMJOTHI peakuiH, A0-
cTaToyHo OOJbIIOH cTemeHu MpeBpaieHus npu Gojee BHCOKOI CKOpo-
cTH peaKLHH, 4yeM [0 H30TepMe 2’, ojHaKO 3TO BCerja CBS3aHO C yc-
n0oXKHEeHHEM KOHCTPYKUMH peaktopa. B agmaGartHueckux W moamtep-
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MHYECKHX peakTopax KpHBaa x=/[(t) Bcerza umeer S-o6pasublit
XapakTep BcJeJCTBHE BJHSAHHS [ABYX MapaMeTpoOB PeKHMA: TEMIEpaTy-
Pbl H KOHLEHTpaUHH., B H30TepMHYCCKHX peakTopax kpubas X={(1)
BCerjaa MMeeT MOHOTOHHO 3aTyXalolUlHH Xapakrep.

Has sHforepMuHyecKHX mnpoiueccoB (puc. 39) unabmwpnaercs HHas
kapruua. /s npoBeleHHsi aAnabaTHYECKHX IMPOLECCOB B PeakTopax
BLITECHEHHS M H30TEPMHUYECKHX B peakTopax CMelleHHsi HeOOXOIHMO,
4TOOBl TemnepaTypa BXOJAa pearcHTOB
B peakrop Tpx Oblia MHOrO BHIE
Temnepatrypsl Ty (7Te— HauMmeHblUag
TeMInepaTtypa, npH KOTOPOH HayHHaeT-
csl peakuHus), TaK KaK B XOle peak-
LHH TeMmIeparypa NOHHXKaercs. B pe-
3yJbrare cpenHss TeMIeparypa
aguabarel [ Bolllle, YeM H30TEpMBbl 2,
cjael0BaTeIbHO, CpPeIfHAs KOHCTaHTa
CKOPOCTH peaKLlHH B peakropax cMe-
lleHHs MeHblle, YeM B aguabaTuuec- I
KHX peakTopax BhiTecHeHus. Beaen- I
CTBHE TOTO, YTO B peaKTopax cmelle- Titgtp te tg )
HHSL IBHXKyIas CHIA TaKXKe MeHbllle,
yeM TPH BHITECHEHHH, BpeMs npebp-  L#¢ 40. 3asucumocts ckopoctd

BRlAEJAeHHA H OTBOJA TeNAOoTH OT
BAHHS PEAreHTOB I8 JAOCTHXKEHHS  revrenarype aas  HeoGparHvoi
PaBHOTO BHIXOAA NPOAYKTa B pPEAKTO- 9K30TepMUUECKON Deakluy
pax cMellleHHs1 Bceraa OoJbllie, YeM B
annabaTHUeCKHX peaKTOpax BbITecHe-
Hus. Oas oGoux THNOB 5HAOTEPMHUECKHX PEaKTOPOB BeCbMa BBLIFOLEH
NOJBOJ TEIJIOTH B XOMIe Mpollecca, TaK KaK NPH 3TOM IOBBHILAIOTCSA
KOHNCTaHTa CKOPOCTH H paBHOBeCHAasi CTEeNeHb NMpeBpauieHHs (CM. KpH-
Byio 8 n usorepmy 2’ Ha pHuc. 39,a). Ilpm onTHMalapHBIX yCJIOBHSIX
MOKeT ObITb BpeMs Ipouecca Ty, <Tx, . Ha puc. 39 KpuBble HMEIOT
MOHOTOHHO 3aTyXalomuii xapakTtep. Ho ecan moasox Tem/oTel B peak-
LHOHHLII 00beM CHJABHO NPEBLICHT pacXoj ee Ha 3HIOTEePMHUYECKHe
IIpoLecehl, TO KPHBAsA MOJHTEPMbl MOXeT HMeTb S-o0pasubiii Xxapakrep
B('ﬂ?}lcgane CHJIBHOTO pOCTA4 KOHCTAHTHl CKOPOCTH B YpaBHEHHH
u="kAC.

T

5. YCTOMHYHUBOCTDh PABOTHI PEAKTOPOB

YecrtoftuuBoceTh paboTe peaKTOpa—oOIHO H3 Tpebosa-
HEIl, KOTOpHle NpPeXBABJAAIT K HuM (cM. ¢. 79). Cornacso A. M. Jls-
NYHOBY, «CHCTE€Ma HAa3bIBacTCsl YCTOHYHBOM, €CJH NOC/e HaJOXKEHHS
KaKoro-1ubo BO3MYLICHHS OHa BO3BpaLlaercs B [PeXHee COCTOSHHE
NpH CHATHH 3TOTO BO3MYLUeHHA». Takum oO6pa3oM, yCTOHUYHBOCTL CHC-
TeMbl OIpeje/sieTcs: ee peakliuelt Ha BosmyueHus. [lpu crauuonapuaom
(ycTaHOBHBIIEMCSI) peXXHMe peakTopa Bce napaMeTphl, XapaKTepH3yio-
uige ero paboTy, He H3MEHSIOTCS BO BPEMEHH, T.€. OTCYTCTBYIOT BO3-
Mymedus, Oxmako NUpakTHYeCKH Bcerja MOTYT HMETbCSi XOTsi Obl
HeGoNbIUIKE BO3MYIIEHHS, IpekKAe BCEro H3MEHEHHs COCTaBa H TeMIlepa-
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Typel nocrtynawoulell peakIHOHHOA CMECH, 4 TAKXKe H3MEHEHHs NaBie-
HMs, CTEeMeHH MepeMelIHBAHHA H AaKTHBHOCTH KaTalW3aTopa BHYTPH
peakTopa, KOTOpble BbI3BIBAIOT H3MEHEHHE CTallHOHAPHOTO COCTOAHHUA.
[TosToMy Anst OLEHKH pabOTOCNOCOGHOCTH peakTopa HeoOXOAHMO Bhi-
SACHHTb, KAKHE H3MEHCHHS CTALHOHAPHOTO COCTOAHHS BO3MOMKHEL H HE
NpHBEAYT NH OHH K BO3HHKHOBCHHIO HEYCTO]H{QHBOCTH. HIJH 3aJaHHbBX
HaganbHBIX YCJOBHAX BO3MOXKHO CyllleCTBOBAHHC HECKONBKHX CTalHO-
HApHBIX pPEKHMOB XHMHYECKHX PEaKTOPOB, COOTBETCTBYIOLIHX PasHbIM
3HAYEHHSM OCHOBHBIX NMapaMeTpOB TEXHOJIOTMYECKOrO perkKHMa.

Paccmorpum TeMnepaTyp-
HYW YCTOHYHBOCTBL peak-
TOPOB Ha npuMepe HeoOpaTHMOi
9K30TepPMHYECKOH peakuHH, Tnpo-
Tekamued B peaKkTope MOJHOTO
cMelienusi, paboralwllero MNpH KH-
TEI‘paJIbHOvaﬂHaﬁaTquCKOM pe-
JKHMEe, 3aBHCHMOCTB CKOpPOCTH BbI-
HIeJeHHss  Temnotel  peakuuH Qump
[nepas uacte ypaBuenus (I11.85)]
7 OT TeMmepatypel  NpeAcTaBieHa

KpuBoii Ha puc. 40, S-obpasuas
Puc. 41. Cnocobm ofecnenenna Bhico- (popMa KpHBOi 00ycJsioBJeHa COB-
Koff CTeneHu NpeBpauleHusi # yCrofiuu-  MeCTHHIM BJHSIHHEM HAa CKOPOCTH
BOIr'o TenIOBOI'O PeXHMa B anHabaTtH- BbLIZGJCHHA TeMJOTh! Temnepal‘ypbl

YeCKOM peakTope

H KOHLEHTpAauHH peareHtoB. llpu

HH3KHX  TeMnepaTtypax CKO-
POCTe peakKUHH Mana, a MIOTOMY H BblaeNeHHE TelJMOTHl HeBeNHKO,
C noBblieHHeM TeMIepaTyphbl, COrJIACHO ypaBHeHHI0 Appennyca, pes-
KO BospacTaeT CKOPOCTb pPedKIHH H COOTBETCTBEHHO CKOPOCTb BblAeJie-
uust tennoTel. [lpu 3Tom OblCcTPO majgaeT KOHUEHTPAUHA pEareHTOB,
YTO 3aMelsisgeT peakuuto. [Ipu cTeneHu npeBpameHuds, NpubaHKA0-
LeficA K efMHHALE HJIH K PAaBHOBECHOH, CKOPOCTb peaKIHH, a COOTBET-
CTBEHHO H BblAeJIeHHe TelnoThl ctpemaATcs K Hynio. Ha puc. 40 npa-
BeJeHa JHHelHas 3aBHCHMOCTb CKOpPOCTH OTBOIA TelaOoThbl Qpacx no-
TOKOM  peaKUHOHHOH CMecH, BbuIXOAsAMmEeH M3 axuabaTHUeCKOro
peakTopa [npaBas yacTb ypaBHedus (111.85)], ot reMnepatypsl. [1pu npo.
YHX paBHBIX YCJIOBHAX NpfAMble TEMJIOOTBOAA MOTYT MMeTb YroJ HaKJIO-
Ha, paBHbIl @, H OTCeKaTh Ha ocH abcuucce oTpesok Ty Touku a, b, ¢,
d, e, B KOTOpbIX NPOHCXOIHT nepeceyeHune S-o6pasHoil KpuBOi BeIIe-
JIEHHs TenJIOThl ¢ NpAMBIMH TeNNOOTBOMA, COOTBETCTBYIOT COCTOAHHIO,
Korna cobnmopaercs TemnoBoit Gananc npoliecca, T.e. Qup=Qpacx.
B 3THX TOYKax MNpoiecCc CTAalHOHAPHBIE H HX IONOXKEHHE 3aBHCHT
OT BeJHYHH, BXOASINHX B NpaByioo 4acTb ypaBueHusa (111.85). Takum
06p&30M, MOXKeT cylleCTBOBAaTb HECKOJIBKO CTallHOHApHBIX COCTOf-
HuH.

Ananus puc. 40 nosBonsieT onpenenHThb, NPH KAKOM B3aHMHOM pac-
MOJIOXKEHHH JHHHH TEeMIONOABOAA H TelaooTBojaa OyneT cobaoaaTbes
YCTOHUHMBOCTb TENJIOBOr0 peXuMa B peakrope. [Ipeanonoxum, 1mo ye-
JIOBHAM TellJIOBOIO pexuMa IepeceHeHHe JIHHHI?I Tenaonogeoiga H Tel-

q
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JI00TBOAA [ NPOHCXOAHT B TOYKe a NpH TeMnepatype f.. Ecnu mpo-
u3oHaeT B pe3ysnbTaTe KaKuX-NubO BHEUIHHX BO3JelCTBHIl NOBLILICHHE
TeMNepaTypel, TO OKaXKeTCs, YTO CKOPOCTb OTBOJA TEMJIOTH BHIIlE CKO-
poctH mozasoza. CnenoBaTesnbno, AOJIKHO NPOH3OHTH CHHIKEHHE TeM-
mnepatyphl 10 fa, KOTOpas 0TBeYdeT CTAIHOHAPHOMY COCTOSHHIO CHC-
teMbl. Ecnn TeMmmeparypa okaxkeTcsl HHXKe, 4eM f,, CKOPOCTh TemJo-
NOABOAA CTaHeT Bbillle CKOPOCTH OTBOAA TemJOTHI H  [03TOMY
NPOH30HIET NOBHIIIEHHE TeMIIepaTyphl A0 f,.

Takum oOpasoMm, B 000OHX pacCMOTPEHHEIX peKHMAaxX CHCTEMAa BO3-
BPATHJIACh B HCXOIHOE COCTOSHHE H, CJAeJOBATEJbHO, TeMIepatypa fa
oTBeyaer ee ycroiHumBoMy coctosinuio. OnHako mpoBenenune XHMHye-
CKOTO mpouecca NpH Temnepatype f. He MOXeT OHTb PEKOMEHIOBAHO,
TaK KaK NPH CTOJb HH3KOH TEMIEpaTrype HEBO3MOXKHO HOJYYHTb Bbl-
COKYIO CTelleHb NpeBpalleHHsi HCXOAHMIX BellecTB 0e3 1MoABOAA TemJio-
Thl H3BHE.

Ha puc. 41 Bugno, uto npsamas 2 nepecekaer S-o6pasHyio KPHBYIO
B Touke b npu Temneparype f,. Ecnm TeMmneparypa B peakTope cra-
HeT BbIIIE HJH HH¥E I, TO HCXOAS H3 TOrO, YTO mMpH (osiee BLICOKOI
Temneparype Qup<Qpacx, a mpu OGonee HH3KOH Qnp>Qpacx, CcHCTEMA
BO3BPATHTCA B HcxoAHoe cocrosiue, CJe0BaTenbHO, IPH TeMmepary-
pe f» TeNnJOBOH pE:KHM YCTOHUYHB H JIPOHCXOMHT NOYTH IOJIHOE NpOTe-
kKauue peakiuuu. TakuMm o6pa3zoM, B 3THX YCJIOBHAX MOXKeT OHITh fo-
CTHTHYTA& BLICOKAfl CTEIeHb NPeBpauleHHA.

Hakoneiu, nonmycTHM, 4TO OTHOCHTEJLHOE TI0JOKeHHe S-o6pasHoil
KpHBOil u npsAMoif 3 OTBOAA TeNJOThl TAKOBO, YTO OHH EPeCeKaloTCs B
Tpex Toukax: ¢, d, e. Temnepatypsl { H {4 OTBEUAIOT YCTOHUHBOMY
COCTOSHHIO, 4TO O00YC/aOBAeHO TeMH Ke (akropamu, yto H ahd i, H
tp. B Touke e KONMHYECTBO MOABOAHMOH H OTBOAMMOH TEIJIOTH PAaBHO
MexKay coboit, T.e. Qup=Qpacx, H CHCTEMa MOXKeT paboTaTh B CTALHO-
HapHbIX ycaoBafAX. OIHAKO HE3HAUHTENbHOE MOJIOKHTENbHOE OTKJIOHEe-
HHE TeMIIePaTyphl OT {p NpeBbIIIACT CKOPOCTb BbIJAENEHHS TEMJOTH
Hajx TenjgooTBOAOM — Qup>Qpacx H, CieloBaTesbHO, TeMIeparypa B
peaxkTope OyAeT pacTH 10 TexX Nop, NOKAa He AOCTHTHET f4, COOTBETCT-
BYIOUEH yCTONYHBOMY COCTOSHHIO CHCTeMbl. AHAJOTHYHO, €CJH TEMIIe-
patypa cTader HHxKe fe, TO Qup<Qpacx B TeMIepaTypa B peaktope Oy-
AeT najpatb g0 .. Takum obpasoMm, [, OTBeUaeT HeYCTOHUHBOMY COCTO-
AHHIO CHCTEMEL. )

B3anMHOE TOJNOKEHHEe KPHBBIX TeNJOBbIAEJEHHS H TellJ00TBOIA
MOKeT 6HTh pasnuudbiM. Hanpumep, yeroiiunBoe cocrosnne cobaiona-
eTcsl ToJNbKO NpH MaJoil creneHH npespainennsi (puc. 41). B stom
cnyuae aasi 0JHOBPeMEeHHOro ofecneyeHHst YCTOHUHBOTO PEXKHMA H BhI-
COKOH cTemeHH NpeBpAalleHHs CJACAYET H3MEHHTb PAacClOJNOXKeHHE JHHHH
TENNOBLIACNEHHSA HIH K€ JHHHH TennooTBoaa. Ins u3MeHeHHs moJso-
XeHuss S-o0pasHoil KPHBOH TenjooTBOAA HYXKHO VYBEJHYHTh Bpems
npeGbiBaHHs PEarcHTOB B peaktope (auuus ) ¢ TeM, 4ToObl, HanpH-
Mep, npu Oonee HH3KOH TeMmnepaTtype JMOCTHTATb TOH JKe CTENeHH
npeBpaliCHHsA, 4T0 H HpH BhicokoH. Toraa mnepeceueHue JHHHH Mpo-
H30ligeT B TOUKe b, COOTBETCTBYIOLLEH BLICOKOIH cTelmeHH NpeBpalICHHSA
fIpy ycroiigdBOM pexXHMe paboThl peakropa.
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H3menedne moJsokKeH#s JHHHH TEIUIOOTBOJA MOXKHO OCYUIECTBHTH
AByms nyramu. [lepBulfi nyTe— u3MeHeHHe Yyryla Hak/JOHA mnpsaModl
(MuHEs 2), uTO AOCTHraeTCss BaPbHPOBAHHEM HAYaJbHOH KOHIEHTpa-
nui pearedta Ca, [ypasHenue (I11.90)]. M3 puc. 41 BHAHO, yTO NpH
VMeHbIICHHH KOHUEHTPAIHH HCXOAHLIX BEILECTB JHHHH NepeceKkyTcs
B TOUKe C. TaKOro »Ke Pe3yJbTaTa MOXKHO AOCTHYb YBEJHYEHHEM Ten-
JOOTBOJA H3 PEAKIHOHHOTO MIPOCTPaHCTBA (B NOJHTEPMHYECKHX peak-
Topax). Bropoit nyTe — npn NOCTOSIHHOM YVIJle HAKJOHA — Nepemenie-
HHe JIHHHH TEIJIOOTBOZA OT ee HAYAJLHOIO NOJOXKEHHS, YTO BO3MOKHO
PH H3MCHEHWH TemIlepaTypel PeakmHOHHOH CMecH Ha BXojae B peak-
top (nuHuA 3). B npuBefleHHOM HpHMepe TeNJoBoil GanaHc 6ymer coO-
Guiopathest B Touke d. Takum o6pasom, TOUKam ¢ H d COOTBETCTBYET

BBICOKad CTeCMeHb TNpeBpanleHHdA H

4 &3 ycTONYHBBIfL pexkum paboThl peakropa.

HOnsi caywaeB, korpa mnpoTeKawoT

L2 peaklHH APYrHX THTOB, KpHBble BHI-

1 l AeJAeHHs TeMJoTH HMEIOT 6ojee cI0MK-

| Hylo ¢opMy U GOJbIIOE YHCIO TOYEK
{
|

a nepeceyeHud ¢ NpsiMbIMH OTBOJA Tell-

|
!
! aotel. Ecan, Hampumep, B peaktope
Tz 7, Ty T mnporekaeT mnpocras o6paTuMasi sK30-
TepMHYECKasl Deakilus, B3aHMHoe IO-
Puc. 42, 3asucumoctb cKopoeTd Bhl- JIOKCHHE MPSIMBIX TelJioNoABOJa H
JCNeHHA ¥ OTBOAd TENJAOTHL OT TEeM- TenJooTBOLA IIpHBe,'IEHO HAa pHc_ 42
mepatyps (oOpatimas 3)“30“1”““‘ KpiBasi TenaoBhIAeCHHS HMEeT MakK-
eckas peatii CHMYM, XapakTepHbIi [1J1S 3K30TePMH-
YeckHy peakukil. [Ipamas I orpaxaer
CKOpPOCTbL OTBOAA TEMJOTH ¢ MOTOKOM, BBIXOASAIIHM H3 Peakropa, sHa4H-
TeNBHO Bbillleé CKOPOCTH TemaoBbigencHusl, T.e. Qup<<Qpacx. Temnepa-
Typa Tq OTBeYaeT YCTOHYHBOMY COCTOSHHIO cHcTeMbl, OfHAKO TenJoTh
peakuHd HeLOCTATOYHO [Jis NOJYUeHHS BbICOKOH CTefleHH IpeBpa-
nenud. Ilpu Temnepatype f» AOCTHraeTCs CTANHOHADHOE H YCTOHYH-
BOE& COCTOSIHHE, HO OHO OTBewaeT GoJiee HH3KOI CTEeNeHH NpPEBpPAILCHH,
yeMm A8 OpAMoll TensooTBoAa 3, nmepecekawule#l KPHBYIO TENJONOABO-
Ja npu ONTHMAaJbHO{l Temneparype npouecca f.. CiemoBaTenbHO, IpH
TeMIepaType Belllle H HHXKe ONTHMAaJbHOTO 3HAYEHHS NpeBpalleHHe
HCXOJHOIO peareHTa CHHXKAEeTCS W NOTOMY peryJHpOBaHHEe ¥ KQHTPOJb
TENJOOTBOAA HMeeT peliaouiee 3HaueHue ausi obecneuedust s3QpdeKTUB-
HOiT paGorhl peakTopa. YCTONYHBOCTL TEXHOJNQIHYECKOTO pexuma pe-
aKTopa MOXKHO ONPEAeJIATh el0 YYBCTBHTEJIbHOCTBIO NPH H3MeHEHHH
TOrO HJIM MHOLO JlapaMmeTpa.
[TapaMeTpuuecKass 4YBCTBHUTEAbHOCTH— OPOH3BOAHAS
OT HCXOAHOH BEeJHYHHBI 1O BXOAHOMY Napamerpy

IT = dy/dx, (111.110)

rjle X — BXOAHAsi BeJHYMHA — NapaMeTp, BO3AeHCTBYIOLIHH Ha INpo-
Iecc, — TeMrneparypa, pacXoji PearcHTOB, KOHUEHTpaUWdg U T.IN.; Y —
BHIXONHAS BeJHUKHHA — NapaMeTp, XapaKTepH3YWONIHA pe3yabraT mnpo-
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mecca, — AOCTHraemble CTENEHb NPEBPAILEHHS, TeMOeparypa, BpeMms
peakuHH, KOHCTAHTA CKOPOCTH npolecca H T.II.

ITapamerpuyeckas uyBCTBHTEJbHOCTL MOKA3bIBAeT BJHAHHE BXOZ-
HBIX I'IapafL'IETPOB npou.ecca Ha BHIXOJOHBIE, [‘IEM BhINIE HapﬂMe’PquCC*
Kas 4yBCTBHTENBHOCTDb, TeM GOJIbIIE BJHSIOT BXOJAHbBIE MapaMeTphl mpo-
iecca.

Jas ananuza napamMerpHYecKod YYBCTBHTEJILHOCTH peakTopa Hie-
aJbHOTO BHITECHEHHS, B KOTOPOM MPOTEKAeT, HampHMep, HeobpaTtumas
9K30TepMHYECKasi PEaKlHs, NPH HAJHYHH TENJOOTBOLA HCHNONb3YIOT

X 7

th——————

a o

Puc, 43. TlapaMerpuueckas 4yBCTBHTE/NbHOCTh PEAKTOPA HAeabHOTO

BHITECHEHHS; BJHSHUE TeMINIepaTyphl TeNJoOOMEeHHOH CTeHKH HAa H3Me-

HeHHe CTeleHH UpeBpauleHHA (@) W TeMnepaTypsl No JAjHHe peax-
Topa (6)

ypaBHenue tenjosoro Ganauca (II1.107). IlpaBas uyacTh ypaBHEHHS
(II1.107) yuyuThIBaeT BHIHOC TEMJOTHI ¢ PEeaKIHOHHON CMEChl0 H TemJo-
Ty, KOTopas nepenaercs yepe3 TemI00OMEHHYIO ITIOBEPXHOCTh PeakTopa.
IJOCKONBKY XA H3MEHAETCA IO BBICOTE PEaKTOpa, NPEACTABASAETCH BO3-
MOKHBIM ONPENENHTh H3MGHEHHE TEeMIepaTyphl NO BBHICOTE OPH pas-
JHYHOH CKOPOCTH TeminooTBoaa. Ha puc. 43 nokasaHo H3MeHEHHe 1o
BLICOTE DEAaKTOpa CTENEHH MNPEeBPAaIUEHHs H TeMmiepaTtypbl NpH S3SK30-
TEPMHYECKOH PCAKIHH NDPH pa3jHYHOM TeMIEpPaTypHOM pEeKHME peak-
TOpA.

ITpu anmabaTnyeckom mpouecce (KpuBble /) B peakTope MPOHCXO-
JHT OBICTPBHIH NOLBEM TeMmMmeparypbhl H Ha HeBOJbUIOM YY4acTKe €ero
IJIAHBI NOCTHIAeTCs BLICOKAs CTeleHb INPEBpAallleHHs HCXOAHBIX Be-
mecTB. B NOJHTEDMHYECKOM peakTOpe OTBOJ TEIIOTHl MOXKET OCyIie-
CTBAATHCS C PA3JIHYHOH CKOPOCTbIO. B COOTBETCTBHH ¢ 3THM 1O €ro
Anude OYAYT H3MEHATbCsi TeMmepaTypa M CTemeHb npeBpaumeHus. Ec-
Jii, HAIPHMEp, PCaKUHOHHYIO MAaCCy NOABEPraTth c¢laboMy oxJaaxie-
Hup (kpuBHe 2), TO Temiepartypa Mo ero AJuHe GyieT cHauajaa BO3-
pacrarth 3a CueT TOro, 4To Qup>Qpacx, HO OCTaBaTbhCA HoMee HH3KOH,
yem B aanabGaTHyeckom peakTope. Poct cTemeHw upespameHHs o6yc-
JIOBJAHBACT N4JEHHE CKOPOCTH peaKilHH, B pe3ysbTaTe 4ero HacTtymaeT
Tako#h MOMEHT, KOTAa CKOPOCTb TENJOOTBOAA yepe3 CTEHKY CTAHOBHT-
Csl BullIe CKODOCTH TeNJOBBIAGTEHHS H TeMIepartypa 1o AJHHE peak-
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TOpa HauMHaeT mnajath. Takum oO6pa3oM, TeMIepaTypHas KpHBas
HMEeT 3KCTpPeMaJbHBIH XapakTep — B peakTope MNOABJAETCH TaK Ha3bl-
Bdemaf «ropsyasi TOYKa», COOTBETCTBYIOILAs MAKCHMAJbHOH Temile-
patype.

Kpueple 3 xapakTepHayloT npolecc, MpoOTeKalomuil NpH yMepeH-
HOM OXJaxIeHHH. TCMHCDaTypa no aJjuHe peaKTOpa HHXKE, 4YEM [IpH
cnabom OXJIAKACHHH, U TaKXKe HMeeTCd MaKCHMYM. BBHI.'\Y TOrO 470
cTenenb MNpeBpalieHnd IpH yMepeHHOM OXJMaxKIE€HHH HEeBEJIHKa, CKO-
pOCTb peakuHH B HEKDTOPBII“{ MOMEHT MOXKeT CTaTbhb BhIUIE, Y€M IIPH
cnaboM OXaaKgeHWH. DTO NPHBOAUT K TOMYy, Yro TeMuepatypa B pe-
aKTOpe OKa3biBaeTCst BhILIE N0 CpaBHeHHIO ¢ KpuBoil 2. Ilpu cuapHOM
OXJiaXKAeHHH (KPHBbIe 4) CKOPOCTb OTBOAA TEIJIOTH 3HAUYHTEJNLHO Mpe-
BHILIAET CKOPOCTh €€ BbIAEJeHHS — TeMieparypa 1o AJHHE peakTopa
nagaer # MOXKeT ctaTh Huke Hexonuofi Ty, CrenmeHb NpeBpamicHHs
B llOﬂ,OﬁHle VCJIOBHAX O4YeHb HEeBEeJHKd, T. €. TaKkoi pexXHmM HENPHME-
HUM 1aa paboThl peakropa.

6. OTKAOHEHHA PEAABHBIX PEAKTOPOB
OT HAEAAH3HPOBAHHBIX

ﬂpH pacuere peaJbHBIX annapaTtoB NO NpHBEAEHHBIM VpAaBHEHHAM
HCOSKO_FLHMO BBeJAEeHHE COOTBEICTBYIOLIHX TIOTIPABOK Ha CTelleHb He-
uaeanbHoCTH moToka. Js mosydeHna undOpMaunHH O XapaxTepe Te-
yeHHsl MOTOKA B peakTope HEOOXOAMMO NPOCAEAHTb NYTh Ka)KIO0TO
3JleMEeHTapHOro O0beMa TpH ero ABHXKEHUH yepe3 anmapat. Aas 3To-
ro cjefyeT yCTaHOBHTL pachpele/ieHHe YACTHI 110 BPeMeHH HX Tpeshl-
BaHHA B anmaparte. DTO OCYINECTBJAACTCA 3KCIEPHMEHTAJbHO MCKyC-
OTBEHHBIM HaHeCeHHeM B03MYI_U,CHHI‘;!, HamnpuMep BBel€HHEM B IMOTOK
peareHToB Tpaccepa (Kpacka, pajHOAKTHBHBII H30TOMN, (payopecuu-
pyioliee BeUleCTBO H T. 1.} H CHATHEM TaK HA3BIBAEMHX KPHBHIX OTKJH-
Ka, MOKa3bBAIOIHX 3dBHCHMOCTb KOHUEHTPAllWH Tpaccepa Ha BHIXOJE
H3 peaktopa ot BpeMmenu. Hampumep, ecnu GBIIO HaHECEHO TakK Ha-
3bIBaeMOe «HMIYJbCUBHOE»  BO3MYIeHHEe — MTHOBEHHOe  BBeJeHHe
Tpaccepa B MOTOK, IOCTYNaioLHil B peakTop HAEaJbHOTO BbITeCHe-
HH3’l, Yepe3 HeKOTopoe BpeMs 1o OyAeT OOHApy:KeH MTHOBEUHBI BHIXOJ
BCETO Tpaccepa H 3artem cpa3dy Xe& CHHAKEHHE ero KOHUEHTpalHH
oo uyas (puc. 44, a). DTo oOBACHAETCH TeM, 4TO B DeaKTOpe Hue-
aJIbHOTO BBLITeCHEHHA BCe YaCTHUBI JABHXKYTCAH napajajdeJbHOo Ipyr npy-
Iy ¢ OJMHAKOBOIl CKOPOCTbIO, T. €. BpeMA npebbBaHusg HX ORHHAKOBO.
Taknum o06pas3oM, HHAHKATOP ABHIKETCH 1O JJIHHE peaKTopa Hepasmbl-
BaEGMBIM TOHYAHUIHM CJOEM H CHIHAJ, NoaydYaeMbifi Ha BBIXOJe B MO-
MEHT Tg, B TOYHOCTH COBTajaeT C CHrHAJIOM, BBeIeHHBIM Ha BXOAe B
peakrop npu t=0. Ecam nopuuio HHAHKAaTOpa, HANpHMep KpackH,
BBECTH B pPCAKTOP uIeasbHoro cMmeurenusi{ puc. 44, 6), To oHa cpasy
’K€ PaBHOMEPHO OKPACHT BCIO XKHAKOCTb, HAXOAALLYIOCA B pPeakrope
KOHIEeHTpauHsa ee OyLeT OXMHAKOBAa BO BceM 00beMe H COOTBETCTBO-
BaTh KOHUGHTPAaUHH Ha BBHIXOJAe M3 peakropa. Jlasee KoHueHTpauHA
KpacKH B PeaKTOpe H Ha BHIXOAE H3 Hero OyjeT NOCTeNeHHO yOHIBATH,
TIOCKO/IbKY OHA BBIHOCHTCA BHIXOASILIHM IIOTOKOM.
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Ecan xapakTep notroka B peakTope He OTBEYAaceT HH  HACANBHOMY
BHITECHEHHIO, HH MOJHOMY CMeLIeHHIO, MPHMEpPHBIA BHA KPUBOH OTKJIH-
Ka IIpH HMNYJbCHOM BO3MYLUEHHH MpeiCTaBJeH Ha puc. 44, B, H3 KO-
TOPOro BHAHO , YTO Tpaccep Ha BHIXOAE TNOSABJISAETCH 1037HEE, YeM MpH
uaeanpHom cMelleHHd. Ilpn 3TOM KOHUEHTpauus Tpaccepa cHauajaa
pacTeT BO BPEMeHH, a 3aTeM Nocje NMPOXOXAEHHS MaKCHMyMa fnaja-
eT.CTpyKTypa NOTOKa B TAKOM peaxTope 3aHHMaeT HEKOTOpoe MpoMme-
JKYTOUHOE TOJIOXKEeHHe MeXAy CTPyKTypaMH TOTOKOB B peaKTopax
HAeANbLHOIO BLITECHEHHS M MOJIHOIO cMelleHud. JlJs onucaHus mporec-
COB, MpPOTEKAIOMHX B TAKOr0 THMNa annaparax, HeoOGXOOUMO 3HATb
crenedb OTKJOHEHHS OT HAeaJbHOCTH.

¢ u CN E|/‘\

Ty
a b

Puc. 44. Kpupbie OTKJIHKA Ha HWMIYJbCHOE BO3MYLICHHE B pe-
aKTopax:

a — HACANBHOTO BLITCCHCHHA; 6 — NOJHOrQ CMEIIEHH:A; 8 — Npou3B0/Ib-
HOro pexHMa

Ins onHcaHHs CTPYKTYPHL NOTOKOB B anmnaparax HCHOJb3YIOT He-
KOTOPYIO YNPOILEHHYIO Moeldb, BONee UJIH MeH2e TOUHO OTPaXKalomlyro
LeHCTBHTENbHYI0O (PM3HUECKYI0 KAPTHHY IBHXKEHHS IOTOKOB; OOBIYHO
HCNONB3YIOT IHPODYIHOHHYIO HIH SUEHUYHYIO MOMIENH.

Odudbdysnonnas Moaesab IOMNYCKaeT, 4TO IJfA MaTeMaTHYec-
KOI'o OMHCAHHSA [Mpouecca NPHHHMAETCH aHAaJOHA MEXKAY nepeMellu-
BaHueMm u auddysueir. B cooTBeTcTBHH ¢ 3THM OTKJOHGHHe pacmpe-
HeNicHHs] BpeMmeHH MNpeObiBaHHs 3JeMeHTapHblX 00BeMOB NOTOKa B
Inddysnoil MolenH OT paclpeiefeHHs NPH HACAJbHOM BHITeCHCHHH
CUHTAIOT CJeLCTBHEM MNPOIOJLHOIG (0CeBOT0) H PaAHKAaJbHOIG nepe-
mewnBauus. Oceras IHPOY3us MNPOMCXOAHT KAK 1O HAaNpaBJIeHHIO,
COBNaJaIleMy C ABHXXCHHEM OCHOBHOH MAacChl MOTOKAa, TAK H B TpO-
THBOMOJIOXKHYIO CTOPOHY (MPOoIoJbHOE NepeMelldBanHe, obpaTHoe me-
peMellHBaHHe), B pe3y/nbTaTe Yerc BO3HHKAIOT PA3JIMUHA BO BpPEMeHH
npebbIBAHHA YACTHIL B peakTope (pHC. 44).

ITpouece nuddysuu B nanparaeHun ocu notoka A B GOJBLIHHCTBE
CiaydaeB nojguuHsieTcs 3agoHy PHka H TNOTOMY MOJAeNdb ONHCHIBACTCH
YpaBHEHHEM

aC, ac, 9*C, —_—
% =Y on +Dsy o da (I11.111)

Ypaeuenue (II1.111) ornuuaercs or ypaBHeHHS MOAEJNH peakTopa
ugeansuoro Beitecuenus (II1.5) waauunmem unena D,(02C,/0H?),
YUHTHIBalOLlEro NMpoAoJbHOe NepeMewnBadue, Ilapamerp Dy, — K03 -
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GUUHEHT NPOAOJbHOTrO MepeMeIlHBaHNfA, XapaKTepusyer
cTeneHb NepeMelUHBaHHS NOTOKa no ocu (Bbicore) peaxtopa. [lepe-
MeIIHBAaHHE M0 BJHSHHEM [pPOAOJbHON AH(DOY3HH CHHAKAET CPENHION
KOHUEHTPAIHIO PearcHTOB B PEAKTODE H, CJAeI0BaTeNbHO, IBIXKYLIYIO
cuny mpouecca. OIHAKO NepeMellMBaHHe CHHXKaeT IUPOHY3HOHHBIE
TOpMOMKEHHs H, TaKMM o0pa3oM, YBeJHYHBAET KOHCTAHTY CKODOCTH
npouecca [cm. ypaBnenua (11.52) —
20 Pop (11.56)] nau xospduuHeHT Macco-
I 1\ nepegayd B TETCPOTEHHBIX TPOIEC-
[~ Pe=0,002 cax. Ycu/enue nepeMelIiBaHHs Bbl-
St 3bIBaeT TaKxkKe NEPEXof OT HALAJb-
~ 4 HOTO aAuaBaTHYECKOro  mpoiecca
S |JPe=oo Pe<(,025 (cm. pre. 35) K u30TepMHYECKOMY
10 (puc. 36}, 4To yBeJNHYHBAeT KOH-
5 CTAHTH CKOPOCTH 9K30TepMHyec-
Pe=0,2 KHX npoueccoB. UYtoGw ompene-
JHTb BJAHAHHE NMepeMellluBaHudg Ha
oBuyI0 CKOPOCTh XHMHYECKOTO NIpo-
necca, cJleAyeT YYHTHIBaTh, BO-Iep-
BbIX, BO3PacTaHHE KOHCTAHTH CKO-
"“ pOCTH M, BO-BTOpPHX, YMeHbIUEHHE
Puc. 45. Kpuphie otkauka na mMnyase- ABHXKYUICH CHJIB Mpomecca. Ypas-
ubie Bo3nMyiienwa npu pasawdnoii un- Heuue (IIL111) npencrasiaser co-
TEHCHBHOCTH  TlepeMellHBanHa B MNpo- foft OHOoMapaMeTpHUECKYO JIHQ)'
TOUHOM peaKTOpe: by3HOHHYIO MOIeJb,
f‘—pe)KHM NPaKTHYECKH HACAJBHOrO BLITEC-
HeHHA; 2 — PeXHM  He3sHayHTeALHOro Npo- ﬂBYXH&paMeTIJH‘iCCKaﬂ MOaeNb
recymsore. Mposonenore neptuemania;  YUMTHBACT MePEMCIiHBAHAE  T0TO-
4 — PEeWHM HHTEHCHBHOID OPOLOABHOrO ne- Ka He TOJALKO B MNpoaAOJbLHOM, HO
peMEINBaAHNA; 5—19::(“:«11\1 NOAHOTD CMmelle- " B pagHaJbHOM HaNpaBJIEHHH.
Panuanpnas gudQy3us BhIpaBHH-
BaeT NPOQHIH CKOpocTell KOHiEH-
TpaiHH peareHTOB, TEMACPATYP U cOMHKaeT BpeMst npeOblBanus OTAENb-
HbIX 4acTHi B peakTope. PaamasibHOe mHepeMmelllBaHKe Bcerja moJes-
HO, HO OHO HEPa3neNHMO CBSisaHO ¢ oOceBbIM. B paabHefiiem Oyxer
paccMaTpuBaTbhCd TOJBLKO OiionapamerpHueckas aud@ysuoHHas Mo-
Jenb, T.e. pamnadauHas andgysna se OyAer NPUHHMATBLCA BO BHH-
MaHHe.

Ilapamerpom, XapakTepH3YIOLIHM OCEBOE CMelleHHe, SABJAETCH
angdysnonabil kputepnil [ekne Pe’=D,/wH. Kpurepnii [lekae mo-
JKeT H3MEHAThcs 0T GeCKOHEUHOCTH IJf peaKTopa HAeaJsIbHOTO BHITEC-
HeHHsI 10 HyJsl AJsl peakTopa MOJHOro CMelleHHd. STO MOATBEPIKAIOT
KpHBbLIE OTKJAHKA Ha HM]’[y.ﬂbCHOQ BOaMyuieHHe, NpHBCACHHBIE Ha
puc. 45. laia peakuuil nepeoro nopsigka oTHouleHune ofbeMa peakropa
¢ muddvsuonHoli MOREIb0O NOTOKA Uy K 00BEMY peakTopa HiaeaJbHO-
ro BBITECHCHHSA U, IIPH OJHHAKOBBIX CTeNneHAX l'lpCBpal].lEHﬂﬂ B o0oHX
annaparax MOmer OBITb pACCYHTAHO MO YPABHEHHIO

K-
Sn
i
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rae 14kt (Dy/wH) — koppexkTupyouinfi Hhakrop, YIHTHBAKOWKI KuHe-
THKY PEakuuu MpH NOMOUIM KOHCTAHTHl CKOPOCTH peakuuH &, THApoO-
JHHAMHUYeCKyI0 00CTasOBKY vepe3 KOa((pHUHEHT NPpOLOJLHOTO nepeMe-
wuBanHsa D, CKOPOCTh NMOTOKa @ W BHICOTY peakTopa H. YpaBueHue
(IT1.112) copaBem/HBO JHIIL OpH HeOGONBIWHX OTK/JIOHEHHIX OT MO-
ICNH HICalbHOTO BBLITCCHCHHS.

Sluenynaa MoZenb NPeACTARAACT PeakTop B BHAe psifa mocie-
JOBaTeJIbHO COeJAUMHEHHbIX 11O XOAY NOTOKa OAMHAKOBHIX 10 0OBeMy
flueeK, B KawIA0H U3 KOTOPHIX NMOTOK HAeaapHo nepememan. [Ipu stom
OTCYTCTBYET (epeMeilHBaHHe MexZAy suyeiikamu., HanGosee GaH3KO
3TOMY OTBeHAacT KacKal peakTOpoB ¢ Mecwanakamu (cm. c. 90). C yse-
JHUeHHEM 4YHCJAa A4YeeK n CTPYKTypa NOTOKa B peaKkrope Bce Oonee
OTKJ/IOHAETCA OT Hieadbnoro cMetienns. [Ipn n=oc nocruraercs ume-
ajbHOe BhITeCHesHe. TakKuM o6pa3oMm, peakTop, paboTralollHi B pe-
JKHMe BbITeCHEHHH, MOMKeT GbTb pacCMOTpeH KaK GecKoxeuHasi nocJxe-
AOBaTEeNbHOCTL fAYCEK HAcAJbHOTO CMellenus. 3aZaBafch UYHCAOM
fiYeeK, HalnpHMep, (IpH pacyeTe aGCcopOUHOHHBIX aNMapaToB, MPH 1®©-
Momu IBM BbIUHCIAIOT UHCAO €IHHUI MepeHoca, NPHXOAAIMUXCA Ha
OIHY fYeilKy, H OTClOJa OlpedelisloT pa3Mepbl annapata. Ecan B pe-
aKTope 4HC/IO fAYe€K n>D5, TO TaKoH peakTop ¢ AOCTaTO4HOH Aaf
NPOMBILIICHHOR NMPAKTHKH TOUHOCTBLIO MOXKET ObITh paccyHTaH Kak pe-
AKTOpP BHITECHEHHA,

Trasa [V

XUMHKO-TEXHOAOTHYECKHE
CHCTEMBI

1. XUMHYECKOE MPOH3BOACTBO KAK CAOHKHAA CHCTEMA

Jo Hacrosimueil TMiaBbl paccMOTpPesbl OTAedbHble NpoLeccH K anna-
paThi, B KOTOPBIX OCYILECTBJSIOTCH XUMHKO-TEXHOJOTHUCCKHE MNpeBpa-
IIcHHA ¥ MOKAa3aHbl IYTH HX HHTEHCHC]J[’IK&L[HH. BMECTE ¢ TeM peaJibnoe
XHMHUeCKOe MPOH3BOACTBO NpPeACTaBJfAeT co0ofl COBOKYnHOCTb 00Jib-
Woro gyHcaa B3aMMOCBA3aHHBIX TeXHOJOTHUECKHX anmnapaToB, npegHa-
3HaUeHHHIX 19 nepepalbOTKH ChHIpbA B HPOAYKTH moTpeGiecHuA N
CpeAcTBa NPOH3BOJACTBA. JTO CJOKHBIA KOMILJIEKC, B KOTOPOM BO MHO-
THX cJayuafiXx oNTHMAaJbHble MapaMeTpbl paGoThl anmapaTOB He COBIa-
naot Mmexay cobofi, Tak, sanpuMep, NpoLecc NPOH3BOACTBA CEPHOKH
KHCJOTH COCTOHT H3 INoCJAenoBaTe/bHBLIX 3Tanos, TeMoepaTtrypHbie, a
Takye THApOIHHAMHUYUECKHC YCJIOBHA KOTOPBLIX pa3/HYHBI:

1. OGxur Konmuexana MPOBOAMTCA NPH TemNepaType cBhiiie 700°C
B peyax KHOALero caof (pewHM, OJAH3KHH K MOJHOMY CMELLeHHIO).

2. OuncTka OOKHIOBBLIX T'a30B OCYLIECTBIAETCA MNpPH TeMmueparype
okono 30°C B HACAaZOUHBIX KONOHHAX (perKHM, OJH3KHI K HICANbHOMY
BLITECHCHHIO) H B 3JeKTpOdUIbTpaXx.

3. OxkHcaende OUOKCHIa Cepbl B TPHOKCHI — IpH TeéMNepartype
440—600°C B KOHTAKTHBIX almaparax, HaOpHMep MOJOUYHBIX, KOTOpble
MOXHO paccMaTpiHBaTh KaK SUEHUHYIO MOZE/b.
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4. A6copouusa SOs Bonoit — npu temmepatype 50°C B HacanouHbIX
KOJIOHHAX.

CrenoBareiibHO, ONTHMAJbHOE (QYHKIHOHHPOBAHHE BCETQ INPOH3-
BOJCTBA He MOMKeT ObITh AAJAMTHBHON (hyHKLHEH ONTHMAalbHHX ycno-
BHH paGoThl Kaxmoro anmapara. Mexoas u3 sToro Hapany ¢ Hccaeno-
BaHHeM OTAEJbLHBIX 3JIEMECHTOB TeXHOJOrHueCKoro npoiecca HEOﬁXO}IH-
MO H3yueHHe XHMHuKO-Texuojoruueckofi cucrembl (XTC) B menom.

flpadyxm
Coipoe l 7 ] | 7 ] [ 3 ] pagy

Puec. 46. XuMHKO-TeXHOJNOTHYECKaR CHCTEMa:

1 — cTagHa NoArOTOBKH CHIPLE K XHMWYECKHM npeBpameduam; 2 — xMMAYecKHe
NpeBpauleHHn; § — BbllelleHHe H OYHCTKA NPOLYKTOB

XHMHKO-TEXHOJIOTHUECKAsl CHCTeMa TpencTaBisieT cQ0OH COBOKYMHOCTb
B3aUMOCBA3AHHbBIX TEXHOJOTrHYECKHMH IMOTOKAMH H ILCi:ICTBYHJH_{HX KakK
OJIHO HeJo0e annapaTOB, B KOTOprX OCYLU.ECTBJIHETCH OHpe,ELEJIEI-II-IaH na-
CAenoBaTeJbHOCTE TeXHOJOIHUYECKHX onepaum‘%—-—nommoaxa CRIPLA K
XHMHYECKHM TI]Z}EB])SU.IEHHH}\:'[, XHMHUYECKHe HPEEpaLU.EHHH, BhigeJaeHle
H OYHCTKA IIeJIeBHIX NMPOAYKTOB (pHc. 46).

PaccMOTpeHHI0 XHMHUECKOro MPOH3BOACTBA KAK CJOMKHOH CHCTEMBI
noceswens paborst B. B. KadapoBa, nokaseiBaioiiue nyTd Hccaeno-
Bauusa u ontumusanun XTC. A uMeHHO IPHHHMAETCH, YTQ XHMHUYECKOE
npeanpusTHe MOJKHO NPEACTAaBHTb B BHJAE OTAedbHHX cHcTeM (moz-
cHCTeM), B3aHMOJCHCTBHE MEXKAYy KOTOPHIMH COOTBETCTBYET HEpapXH-
yecKoii CTpyKType, H3oGpaxkennoit na puc. 47. lepras crymeun uepap-
XHH — THIOBbIe TEXHOJOTHYECKHEe IIPOHEcChl: MeXaHHYecKHe, rHApOMe-
X4aHHYECKHE, TeloBHle, AH(PY3HOHHbIE, XHMHUecKHe. DBropas
CTYMeHb — XHMHKO-TeXHOJOTHUECKHE CHCTEMBl, COOTBETCTBYIOLLHE NexaM
HIH y'—I&CTKaM. TPETbﬁ CT)"HEH})—CJ]O}KHHe XHMHKO-TEXHOJOrH4uecKHe
CHCTeMbI, OTBeualollHe IPOH3BOACTBAM LEJACBBIX HJH npomemy'rommx
nponykToB. UeTsepras CTyNeHb— XHMHUECKOe NpeNPHATHE B LEJOM.

Kaxnasa TexuoJornuyecKas onepalHf NPOTEKAaeT B OTAENbHBIX am-
napartax, KoTopsle sBasioTca anemenramu XTC. [das ucciaexoBauus

N
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P et
0§ et =
B v—— @

MEXOHUYECKUE NUMUYECKUE

Puc. 47. Hepapxuueckasn crpykrypa XTC
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XTC xapakTepHO, 4TO HpH 3TOM HE H3yyalOTcsl BHYTPeHHHE CBOHCTBa
H CTPYKTYypa 3JIEMEHTOB, 4 aHAJH3UPYIOTCA TOJBLKO TaKHE CBOHCTBA
9JICMEHTOB, KOTOpble OMPEACJAIOT ero B3aHMOCBA3b C APYrHMH 3JIeMeH-
TamMd XTC u BJAHAIOT Ha CBOHCTBA CHCTEMbI B LIEJIOM.

CocTOAIHHE CHCTEMBl 34BHCHT 0T KOHCTPYKLHOHHLIX MapaMeTpoB
XTC u TeXHOJOrHYECKOro pexxuma.

Koncerpykionusle mnapamerpsl XTC — reoMeTpudeckue Xapakre-
PHCTHKH 2JICMEHTOB CHCTeMbl — o0beM, guaMerp, Boicota H T. A, [la-
paMerpsl TexHoJoruueckoro pexkuma XTC — COBOKYNHOCTL mapamer-
pOB BHYTpPH 3JE€MEHTA, BJIHSAIOIIHMX HA CKOPOCTL TEXHOJOrHYECKOro Mmpo-
1ecca, BHXOJ H KauecTBO NMPOAYKIHH. K HHM OTHOCATCS KOHLEHTpaLMH
peareHTOB, TeMnepaTypa, AaBJACHHE, aKTHBHOCTb KaTa/lu3aTopa, rHApO-
puaaMuka noroka. Or mapamerpoB XTC 3aBucHT KauecTBO (DyHKIIHO-
nupoBanua XTC, KoTopoe ompeneisiioT MO MoKasareasaMm 3G GheKTHBHO-
CTH — KOJIHYECTBY peaJii30BAHHOI MPOLYKIUHH, KAuyeCTBY INPOAYKIHH,
3KCMJYyaTalHMOHHBIM H KamHTaJbHLHIM 3aTpaTam.

[Tpu 3TOM caepyer oTMeTHTh, uTOo Ha nokasaTeju XTC, necomuen-
HO, OKa3blBAIOT BJMAHHE nOKas3aTeJu pabOTH OTAEJBHEIX ee 3JeMeH-
TOB, B KOTOPBLIX OJHOBPEMEHHO TPOTEKAIOT (PH3UYECKHE H XHMHUYECKHE
npoueccul. IlocsenoBareiibHoe onmucanue HIH H3006paxeHHE MPOIECCOB
M COOTBETCTBYIOIUHX HM aNNapaToOB HAa3bBAeTCs TEXHOJOTHUECKO
cxemoii XTC.

Texnonoruueckue cXxemn XTC npunsito AeauTh Ha jABa
OCHOBHBIX THHA: 1) ¢ OTKpHITOH HeNblo; 2) UMKIHYeCKHe (LHPKYJISLH-
OHHble, KPYroBble, 3aMKHYyTbIE).

Cxema ¢ OTKpPBITOH LeNnbl0o COCTOHT H3 anmapaToB, yepes
KOTOPLIE BCE PearHpyiollHe KOMIOHEHTEl HJIH OjHa U3 B3aHMOACHCTBYIO-
WHX (a3 NpoOXOAMT JHIIL OAHH pa3. Ecjiu cTeneHb npeBpalleHHsi B
O/tHOM anmapaTe HeBeJIHKAa, TO BKIIOYAIOT HOC/AEA0BATENbHO HECKOJBLKO
OJHOTHUMHBEIX anmapaToB, HanpuMmep Oarapelo peakTOpOB.

IMpumepom mpomecca ¢ OTKPBITOI LeNbio 0O rasoBoll dasze Momer
CJOY¥KHTb TEXHOJIOrHYEecKas cXeMa OTAeJeHHs KHCJIOTHOH abcopOuun
HHTPO3HBIX I'a30B B TNPOH3BOACTBe pa3baBjeHHOH a30THOH KHCJIOTHI
nof aTMoc(EepHLIM JaBJeHHeM, KOTOopas TpHBeldeHa Ha pHc. 48%,
CreneHb abcopOuHH OKCHAOB a3oTa B KaxjoH GalllHe OTHOCHTEJLHO
HeBeJIHKa, HO B LIECTH MOCJEJOBATEJbHO COCJHHEHHBIX OalIHsX CyM-
MapHas CTEMNeHb H3BJICUCHHSA OKCHJIOB 430Ta M3 rasoB AOCTHraeT MpHU-
mepao 92%. OcraBiunecs HHUTPO3HLIE Ta3bl [OMIOWIAKOTCS IUEJIOULIO
B MOCJCAYIOWHX fallHaX (Ha pucyHKe He mokasano). IlonoGnule. cxe-
Mbl HCIIOJIb3YIOTCSl B NMPOH3BOJACTBE CEPHOH H COJSHOH KHCJIOT, HEKOTO-
PHIX MHHEpPAJbHBIX COJIeH M MHOTHX OPraHHYeCKHX MPOAYKTOB.

ITo oTKpHITOI cXeMme CTPOSIT MPOM3BOACTBA, KOTOPHIE BKJIOUAIOT
lleoGpaTHMEIe W OQpaTHMEBIC MPOLECCHl, HAYLHE C JOCTATOMHO 60JIb-
WHM BbIXOAOM HpoAykTa. Eciu Ke BHXOA MpOAYKTa B OAHOM amnmapa-
Te cocrasaser 4—>5% (cuHTean cnuproB) uam  po 20% (cunTes
aMMMaKa) M pearHpylolllas CcMech COMAEPIKHT JHLIDL He3HAUHTeJbHBIE

—_—

* B coBpeMeHHBIX CHCTeMaxX, paboTalolux Noj AaBaeHHeM, abcopOLus NpOHCXO-
44T B MHOronoJOYHHX 6apGoTaXHBIX KOJIOHHAX,

121



KojuuectBa (OOGBLIYHO HHEPTHHIX) HpuMecefl, TO UeNecoo6pasHO CTPO-
HThL NPOH3BOACTBO IO LHKJHYECKOH cxeme,

IlukaunuecKkas cXeMa npeiycMaTpuBaeT MHOrOKPAaTHOE BO3-
BpalllcHHe B OAMH H TOT XK€ anmapar BCeX pearHpyloUldXx Macc HJH
ofHOH H3 (a3 B TeTEPOreHHOM Ipolecce BIVIOTH A0 [OCTHIKEHHS 3a-
JIaHHOH CTeNEeHH NPeBPaLleHHs HCXOAHLIX BellecTB. THNHYHBHIMH DpH-
MepaMH LHUKJIHYECKOH cXeMBl MOLYT CJYXKHTb CHHTe3 aMMHaka

3

i
Humposnsie Ocmamoynsre
easel 2aser
g e

1
HNO; H,y0

Puc 48 Texuonoruveckas cxema XTC ¢ oTkpHTof uenbio — abeopb-
IIHA HHTPO3HBLIA Td30B BOROIt B NpOH3BOACTBE a30THO KHCAOTHL:
1 — aGeopbunoHKue GalEM, 2-— KHCAOTHLIE XOAOAHILHHKH

(puc. 49), cuHTE3Hl CIHPTOB, MOTOPHEIX TONJHB H jap. Bo Beex Takux
NPOH3BOACTBAX 34 OIHH HHKJ B annaparte HAOCTHraeTcda Heboabiasa
cTelleHp NMPEBPALENHS, HO pearnpylonlas CcMecb T[OCJe BHIAEJIEHHS
IPOIYKTA MHOTOKPATHO LHPKYJHUPYET yepes annapaT BRJOTh A0 MpaK-
THYECKH NOJIHOro npespamienus. K wupkyaupyoweil cMecH Hempepris-
HO ,’{OGEBJ]HCTCH TAKOe KOJHYECTBO CBEHHX HCXOJAHBIX MATEPHAJNOB,
KOTOpOC paBHO pacCxoAdy HX Ha MOJYYCHHEC NPOAYKTaA 32 OJHH LHKJA C
yueTom notepb, ITocKoIbKY B mpouecce pacxoaylTcsi OCHOBHBE HCXOI-
Hble KOMIOHCHTDBI, MPOHCXOAHT HAKOIJCHHC B Ll[ipKy.’IHp}’}OI.LLEI:'I raso-
BOil cMecH 0aJacTHHIX mpHMecell, cofepKamuxcs B HCXOAHOM ChIpbe.
Has ynanenuss npumeceii H3 LHKJIa BLIBOJAAT HEKOTOPYIO 4acCTbh raso-
BOH CMecH.

Ilukianueckue cxeMpl npHobperaioT ocoboe 3KOHOMHUYECKOE H 3KO-
Jioru4eCKoe 3HaveHHe, TdK KAaK B DAAC MPOH3BOACTB HX OCYyHIECTBJE-
HHe I[03BOJISIET PE3KO CHHU3HTL KOJHYECTBO BPEAHHX BHIGPOCOB 1O
CPAaBHCHHIO CO CXeVaMH C OTKPHTOH LEMNbIO.

B rereporeHHBX mpoleccax 4acTo MPHMEHAIOT KOMOHHHPOBAaHHLIE
CXeMbl, B KOTOpblx O/HA M3 pearHpyroumHx c])a3 OpoxoAuT nocJjeposa-
TeJNbHO pfiJl anmapaToB M OCTABIIASICH 4YacTbh ee BbiOpacbiBaeTcs, a
BTOpas ¢asa UUPKYIUPYET uepe3 HEKOTOphle anmapaTel cxeMH. Tak,
pHanpuMep, Npu nepepabOTKe KOKCOBOro rasa naporasopas’cMech mpo-
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XOJHT NOCJCIOBATE]bHO Hepe3 Bce anmapaThl MO cXeMe C OTKPBITOH
LHenblo, a ¢ Jaxpamowre 1 abcopOIHOHHBIE PAacTBOPBLI LHPKYJIHPYIOT
B OTAe/AbHLIX anmapaTaXx. K LHUPKYJHDPYIOWHM PacTBOPaM OTHOCATCA
HaJCMOJIbHAS BOJa, MaTOUYHHIH pacTBOp (cepHas KHCJOTa) B amnapa-
Tax yJaBJHBaHHSl aMMHAKa W3 rasa, NOrJOTHTEJAbHOE Maclo B amnna-
patax abcopOuuu-aecopbuuu criporo Gensosia. 1o cxevme ¢ OTKPLITOIl
[LeNbI0 B OTHOMWICHHH ra3oBoil asel W mHK/IHYECKOH no XHAKOH (asze

o

r
~
& .
V;_EJ&J@EJHMJ
aMMUAK
|
1 |
7
Mudxui Cwamas Mudrud — Mudwud
anmuar a30mobpdonody  ammuaK aMMUaK

CMECH

Puc 49 Texwoitoruuyeckas caeva XTC UHKIHYechasi — CHHTE3
aMMHaKa

1 — gonoHna cuHTeza, 2 — BOASHOM XOJNOAMALHHK, 3 — cenapatop, 4 —
UHPRYAALHOHHBIM KOMOpeccop, § — QUALTP, 6 — KOHAEHCAHOHHAA Ko-
JloHHa, 7 — HCOADHTENL

paboTaloT CHCTeMBbl OYHCTKH TrasoBblX cMeceil OT cepoBOjopoia, AH-
OKCHIa Cepul, AHOkKCHAA U OKcHjaa yraepona. [Ipu KpekHure B anma-
paTax ¢ KHOSAIWHM CJ0CM KaTaau3aTopa MJH ¢ ABHIKYLUIHMCS KaTaJi-
3aTOPOM MAaporasoBas CMechb NPOTeKAeT yepe3 amnnapaT ONHH pas, a
TBepiasf (pasa (KaTajM3aTOp) LHPKYJAHPYeT Hepe3 HEro MHOro-
KpaTHO™.

C pas3BHTHEM XHMHUYCCKOH TEeXHOMOIHH KaK HAYKH aBTOMaTH3amMiH
H MOJEJHDOBAHHA XHMHUECKHX MPOLECCOB HauaJoch 0oJee AeTalbHOE
nsydyenne XTC u H3bicKaHHe ONTHMAJbHLIX BADHAHTOB ee COfepKaHNA
1 (yHkuHOHHpOBaHudA. [laa sTOro mesecoo0pasHO HMeTb TaKylo Mo-
neas XTC, koTopas oTpaxana Obl TeXHOJOTHYECKHE CBA3H MEXAY
a/leMeHTaMH, CYIHOCTh XHMHKO-MeXaHH4eCcKoro nporecca H S5KOHOMH-
Ky npouecca.

2. MOJEAH XHMHKO-TEXHOAOIHYECKHX CHCTEM (XTC)

Ilo onpenmenennio B. B. Kadaposa, cywecTByer nsa BuIa Mofe-
aefi XTC — wmaremaTHyeckass H 0O6oOwIeHHAA.

* Pasjin4Hble TeXHOJOTHYECKHe CBA3H B TeXHOJOrHYeCKHX CHCTeMax paccMorpe-
Hbl Gojee noapoGHo B pasiene 4, ra IV,
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MaTemMaTHueCKHE MOJAeJH— GOPMaAJH30BAHHOE MPEACTaB-
JEHHE CHCTEMBl, MO3BOJIsIONIee aHAJH3NPOBATh €€ MaTeMaTHUECKHMH
METOLAaMH, B TOM 4YHCJEe MAaTEMaTHYCCKHM MOJACJIMpPOBaHHEM. DTH Mo-
deH JaloT MaTeMaTHueckoe omnucanne ¢yukuuonuposanus XTC B
Buge Qopmyd, rpaduxkos. MatemaTuieckue MO LeJdsTCs Ha CHM-
BOJIHYECKHE H HKOHOT paduyecKHe.

Cumeonuyeckue maremaruseckue modesu B BUAC POPMYJ, ypas-
HEHHH, HePAaBEHCTB N T. . MepPejaloT B3aHMOCBS3b V'eAKAY 2JCMeHTa-
MH, NapaMeTpaMH H MoKasaTeJsaMn 3ddeKTuBHOCIH (QYHKUHOHHPO-
Bauus cucreMmbl. Takum o6pasoM, Taxasd MOJeJdb OTPaxaeT COCTOsSHHE
cucTeMb B OpMaJIH30BAHHOM BHJE.

Hxronozpaguueckue maremarudeckue modeau B rpaduueckoii dop-
mMe oToOpakaloT KadecTBeHHule cBofictBa XTC HIM KoJH4eCTBEHHbIE
cooTHowlenusa MexAy mapaMerpamMu XTC. OudH [ai0T BO3MOXHOCTh
KayecTBEHHOrMo H YaCTHYHOrO KOJHRECTBEHHOro ycTaHOBJIeHHusi cBa3efl
mexay avementamu XTC,

ObGobuiennble MOJeJdu—KauecTBeHHble Moaead. OHH [HaioT
obulee npeacrasiecHue o @yHknHonupoBanud XTC, o6 aneMeHTax, 06
MCXOHOM CHIpbe, MPOMEKYTOUHHX u KOHeyHHX mnpoaykrax XTC.
O606utennsie  Momead OLIBAIOT [ABYX THUIIOB ~— OMEPAIHOHHO-OMUCA-
TEJbHEE H MWKOHOrpadHueckHe.

Onepayuonno-onucareavrnas 0606uiennas modeab [paeT yupoluleH-
noe npexacraienne o XTC, 1. e. cioBecuble CBelellHst O ()YHKIHOHHU-
POBAHHH CHCTEMBEI. DTH MONEJH BKJIOUAIOT TAK HA3biBaeMYW XHMH-
YeCKYI0 CXeMy Mpolecca, B OCHOBY KOTOPOH IOJNOKEHE XHMHYECKHE
peakuuHu, npoTekaiowHe npH mnepepaboTke culpbs. [IpH aTOM paccmar-
pPHUBAIOTCSl HE TOJDLKO OCHOBHBIC, HO H BO3MOXHLIC MTOOOUHEIE peaKIliy,
CHIDKAIOUIHE BLIXOJ MeJIeBOro MPOAYKTa I CeleKTHBHOCTb, 00ycJoB-
JIHBaKUlHe oOpa3oBauye OTXOAOB, YBEJHYEHHE pacxola JHEPrHH Ha
nepepaboTKy cbeipbst H T. A. CpaBHeHHe pa3JHYHBIX BAPHAHTOB XHMH-
YEeCKHX CXeM MNOJYYCHHS TeX HJIH HMHLIX IIPOLYKTOB MO3BOJSAET BHIO-
patb Hanbosee SKOHOMHUYeCKH sddekTHBHble H3 HHUX. [IpuMepoM Mmo-
KeT CAYNKHTb XHMHUECKas CcXeMa TNPOH3BOIACTBA COJbL

NaCi + NH; + CO, + H,0 === NaHCO; + NH,CI

2NaHCO; == Na,CO; + CO, + H,0

2NH,Cl + Ca(OH;) = CaCl; + 2NH; + 2H,0

Ca0 + H,0 = Ca(OH),

CaCO, = Ca0 + CO,
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Ol'lepaHHOHHO-OHHCaTQ.HbHaH MOIeJb MOXKET BKJAIOUYATDh CHEL{HEIJPI-
KALHI0O OCHOBHOrO OBOpYHOBaHHSA, CBELEHHS O ChIPbE H BHINYCKaeMOH
OpoNyKHMH, napaMerpax nponecca. [IpumepaMn noJoBHoil MolesH
MOTYT CJAYXKHTbL TEXHOJIOTHUYCCKHE perJaMeHTnl H Apyrad 2Kcnoayarta-
[IHOHHAd H TEXHOJOIHueCKasa JOKyMeHTalusd Ha MNpEANpPHATHAX H B
NMPOEKTHBIX OPraHu3alusIX.

Hronoepagpuueckue obobujernvle mnleau nupeacrabisaior XTC s
rpaclmqecmm HSOGPBPKQHHH. Takas MoJeJb [I03BOJIACT MNOAYYHTL Ha-
TJAsiAHOE npeACTaBJICHHE O cnocobe coeduHenNsl OTAeJIbHBIX 2JI€MEHTOB
cHCTeVb, 3ITO JAa€eTcd B BHIOE cxem: IZlJyIIK[J,‘I»IOI-IaJIbHOﬁ, TEXHOJOT H-
YeCKOH, CTPYKTYpHOH, OonepaToOpHOH.

3. CIMOCOBbLI H30BPAIKEHHA CXEM XTC

®ynknunornadbBaa cxema XTC noxasbiBaer TeXHOJOTHYEC-
KHe CBA3H MEX Y OCHOBHBIMH NOACHCTEMAMH, KaxJadad H3 KOTOphIX
BLINOJIHSIET KaKyo-iaub0 TexHosoruyeckvio onepauuto. Ha puc. 50 use-
OpaxeHa (YHKIHOHAJbHAsl CXeMa TNpPOM3BOACTBA COAH, XHMHUeCKas
cxema KoToporo noka3asa Bbiwe, [Jogofras cxema jaeT ofoblleHHOE
npen(:TaB.neHHe 0O (IJ}'HK]_LHOHHIJOBBHHH CHCTEMEI B IEJOM.

Texunonoruueckas cxeMa XTC noxaswiBaeT THIO H CNOCO-
Obl  COEJHHEHUS 2JIEMEHTOB, MOCJETOBATENLHOCTH TEXHOJIOTUUECKUX
onepauuit. asa storo B TexHoJOTHuecKo#l cXeMe KaXAblli 3JeMeHT
(arperar, annapaTt) Hmeer ofuUlenpHHATOE H300PAXKEHHE, CBI3N MeEXK-
Ay HUMH (TeXHOJOrHuecKHe CBsi3u) u306paxKaloTcd B BHIAE CTPEJOK.
B RauecTBe mnpuMepa Ha

puc. 49 OpHBeAeHAa TEXHO- | Moarotosxa Moaroronss
JIOrHYeCKasi cXeMa CHHTeza | 'hecThid foBIpEnHOR
aMMHaKa.

Ha TEXHOJOTHUECKO *
cxemMe MOryT ObLiTh AaHHbie "‘5‘;';?““"
O BeLIeCTBAaX, Y4YacCTBYIO- -
IINX B mpolecce, H O Ma- {
pameTpax mpouecca., Tex- Abeopuisa
HOJIOTHYECKHE CXEMBI nmoay- AMCTHINAUME 2

4aloT B pe3yabTaTe Hayu-
HOH pa3pabOTKH JaHHOro
criocofa nmpoussojacTBa. Mx
HCIOJNL3YIOT KaK NpH mnpo-
ektupopaunn XTC, Tak
npH  SKCIWIyaTamHM Ipo-
n3pospcTBa. Caenyer orme-

THTL HATVIAJLHOCTD npea-
CTaBJ€HUA npoueccoB ¢
IOMOIIbL IO TE€XHOJIOrHYyEC-

KHX CcXéM, OIHA4KO OHH He
MOryT AaTb HCueplinBaio-
lero npeacTaBleHHs 0
NIpON3BOJACTBE.

(paitomenue
NH,Cl)

f

l

Pacteop
CaCl,

Pacteop NH,CI

DuneTpauHs
(oTaenenne
NaHCO,)

!

KaneumHaums
(painokenmne
NaHCO,)

!

Pacdacoska n
CKNANNPOBAHMUE

'

Coaa

Puc. 50 ®yHROHOHANBHAsA cXeMa
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Crpykrypuasa cxema XTC prnwouaer sjaementst XTC B BH-
je GJIOKOB, HMEIIIHX BXOAL M BEIXOAB! (puc. 51). OHa BarasaHo mo-
KAa3blBAeT TEXHOJOTHYECKHE CBA3H MexJAy OJ0KaMH, yKasblBamolUiue
pyanpaBlieHHe JABHIKEHHS MaTCpPHAJbBHBIX H 9SHEpPreTHUeCKHX MOTOKOB
CHCTEMH H MOMET NPHMEHATbCS KaK HCXOAHAs NP COCTABJICHHH Ma-
TemaTtHueckoit moaean XTC.

Onepatopras cxema XTC nocrpoeiia TakuM oGpa3oM, 4YTO
Kaxabii anement XTC npeacTaBasier coGoii COBOKYMHOCTb HECKOJIb-
KHX THIOB TEXHOJOTHUECKHX OMNepaTOpPOB HJIH OTACJIbHBIX TIMOBHIX
TeXHOJIOTHYeCKHX OMepaTopoB. TaKad cXemMa HCHOJAb3yeTcss NPH MO-
penupoBanun XTC.

Texnoaozuueckuti oneparop XTC — sto anement XTC, B KoTopom
OPOHCXOAHT KadecTBeHHOE HJIH KOJHYeCTBeHHOe npeolGpasoBaHue (-
3HUECKHX NapaMEeTpPOB BXOJAHBIX MaTepHAJLHLIX H JHEPreTHUECKHX
TEXHOJIOTHYECKHX MOTOKOB B U3HUECKHE MapaMeTpH BHIXOAHBIX MarTe-
pHAMbHLIX U DHEPreTHUeCKHUX MOTO-
KOB, KOTOpbI¢ SBJSIOTCA Pe3yibTa-
TOM MPOTeKalUHX B HeM XHMHYe-
CKNAX WM (PH3HUCCKHX [POLECCOB.
D10 MoXKeT ObITb, HANPHMeEp, H3Me-
HeHHE TeMMepaTypbl, MJOTHOCTH,
BA3KOCTH HJH APYTHX NapaMeTpOB
IpPH OCYLIECTBJIEHHH B JIAHHOM 3Jjle-
MeHTe XHMHYECKOH peakiHu, Mpo-
neccoB MaccofMeHa, pasiesienus,
CMCUIeHHS, HArpeBaHus H T. .

TUMOBBIM TEXHOJOrHUYECKHM oOlle-
paTOPOM MOXKHO CUHTATL KAaMKALIH
THOOBO® XHMHKO-TEXHOJOrHYeCKH#
npouecc. THHOBHIE TEXHOJIOrHUYEC-
KHe OMepaTopbl MOAPa3feJasioTes
Ha OCHOBHHIC H BCIIOMOTATejIbHHIE,
K OCHOBHLIM OTHOCATCA TEXHOJO-
rudeckie omepatopel (puc. 52, A)
XHMHYECKOro NpeBpallcHusi, Macco-
oOMeHa, pasjieledHsi, cMellleHHs.
3T omepaTopbl 06GeCneYyHBAIOT Ile-
Jiepoe HampabjeHHe (GYHKIHOBHPO-
Bayna XTC.  Bcenmomorarenanable
TEXHOJOrHYECKHe omepaTopn! (pHC.
52, b)—narpeBa HJIH OXJamAcHHS,
CKATHSl WM pAacIUUpeHHs WJM H3-
MEHEHHS] arperaTHoro COCTOSIHHS
(KoHACHCALUUH, HCIAPEHHUS, PACTBO-
peHHs W [Ap.) OKa3biBalOT BJIHSHHE
TOJMILKO Ha 3HepreTHYecKHe H (Paso-

Puc. 51. CTpykTypHas cxema
avMHaKa:
! — KoNMoHHA CHHMTE3a aMMHaka, 2— BOARHON

CHHTe3a

KOHAeHCaToDp, & — cenmapatop; 4 — UHPKYNA-
UHOWHBIH KoMmnpeccop: 5 — QHALTP; 6 — KOH-
AeHcaUHoHHaA KOMOHHa, 7 — HCHApHTEAb

t
g
2 Vo 5 &6 2
a 3 I
Puc. 52. Texuonorndeckne ofepaTopes
XTC:

4 — QCHOBHAIE® @ — YHVHYECKOrO upespaule-
HHA, & — maccoobMena, & — CMeulgHHA; 2 —
paziecHHA, 5 — BcnovoraTeanHbie a -— Ha-
rpeBa HAH OXJAaMmACHHA, & — CHWATHA HWIH

pacwHpeHya; @ — HIMEHEHUA arperaTHoro
COCTORHHH BelilecTBa

' r‘\ JT?LT
2 -

I 2 g 6

Y

el o

Y

Pue, 53. Onepatopuas cxema:

g — CTaiHA NOArOTOBKH; O — CTafHA XHMH-
YecKHX NpeBpaldeunil, & — CTajHs pasgele-
HHA

126

Bbie COCTOAHHS CHCTEMHL.
Onepatopuas cxema XTC (puc.
53) He TOALKO MOKasbiBaeT B3aHMO"



CRf3b MEXKAY oTheabHbBIMH 3JeMentaMd XTC, Ho oHa [aer cBeleHHA
0 (PH3MKO-XHMHYECKOH CYLIHOCTH MPOILECCOB, NPOTEKaIOUHX B CHCTEMe.
Ha puc. 53 pana cxema ¢ OTKPLITO#t LeNDbIO, DYHKTHPHBIMH JHHHSIMH
NOKa3aHbl TpH CTAaAHH XHMHKO-TEXHOJOTHUECKOro Imnponecca — moAro-
TOBKH, XHMHUYECKOrO MpeBpallleHHs H pasjeneHHs npoiyKToB. Kax-
Hasi CTalHA MOMKeT BKAWOYATh HECKOJBKO THIOBHIX TEXHOJOTHUECKHX
OnepaTopoB.

4, TEXHOAOI'HYECKHE CBA3H

Paccmorpenne cxem XTC noxaseiBaer, 4TO CyL[eCTByeT Ompefe-
JIeHHOe B3aHMOB,efr'ICTBHe MEXKAYy OTHACJbHBIMH 3JIeMEHTaMHu (TCXIIDJTO'
ruyeckumu onepatopamu) XTC. Dro B3ammoseitctere obecneyuBaercd
HaJHUHEM TEeXHOJOTHUECKHX CBA3eH Mew 1y HHMH. Pasauuaior cae-
AyiIoUHe TeXHOJOrH4YeCKHE CBA3H: noc/e/loBaTefbHbie, NOoCaelNBaTe /b

Gy, X, I Gy ks, G by X,
0> A A Xh Agr My “Ap-y An*“An

My

Puc. 54. IMTocnenosaTensHoe coelyHenHe DEakToOpos

Ho-o6BoAHbe (Oaftnac), mapaJejbHble, ob6paTHule (perMKIB) H me-
peKpecTHbIE.

nDCJIC,H.OBaTQﬂbHaH TeXHOJOrHueckKkasa CBA3L, T. e
THNHYHASA CXeMa C OTKPHITOH Henblo, XapakTepHa TE€M, uTO BHIXOHH-
wuit u3 aaemedra XTC mOTOK HeNHKOM MOCTYHNAET B CACAVIOLHH 3Je-
MEHT, T. €. BLIXOAAUIHMH H3 JLAaHHOrO 2JEeMEHTa IOTOK SIBJAseTca BXOd-
UM AJ5 Hocaelylolero ajneMenta. [Ipu 3TOM BCe TeXHOJIOTHYECKHE
MOTOKH NpeObIBAIOT B 3JEMEHTE TOJbKO OAMH pas, T. €. He BO3BpaLla-
TCA B HETO. Ecau crenennb npespalleHud B OJAHOM annapare HeBeJIn-
Ka, TO AJd YBCJAHYCHHA €€ Ha CTalHH XHMHYECKHX HpCBpaLI_ISHHﬁ yc-
TaHaBJAHBAIOT MNOCJEJOBATENbHO pEaKTOphl (puc. 54), cymMapiiniit
00beM  KOTOPLIX U=U;+Uz+..+ Uy, HJIH CEKUHOHHPYIOT ammapaT
FrOpPH3OHTAJBHBIMH NOJKAaMH (TapejKaMmH, peuleTkaMu). B kampgom u3
PeakTOpPOB TNPOHCXOAHMT yBeNHUYCHHE CTENeHH NpPeBpPallleHHS H COOTBET-
CTBEHHO pacTeT CyMMapHas CTeleHb NpeBpauleHHA. Tak, B nmepBOM
peakTope (puc. 54) H3MeHeHue CTeNeHH NPEBPAIICHUS COCTABHMT
Axs, =Xa, — Xa,, BO BTOPOM AXxys, =X, — xa, U T. 1. CyMMmapHas cre-
neHb npeBpaieHus Oynet:

By g =A%, 8%y FAxy A L (VL)
Hanpuwmep, mpu ofAuHAKOBOH CTeneHH NpeBpalleHHs Ha Kam1oift CTy-

NeHn B KaxKAOM peakTope, Aucitke, noake xa=0,6, oGobuias crenens
npeBpallenus Oy4eT BepaXaTbes CAEAYIOUIHM o0pasoM:

Ne erynemwedt . . . . . . . . 1 2 3 4 5
YeesHuespwe . . . . ... . 0,6 0,24 0,096 0,0384 0,0146
CymMapwad . « « « « « =« « » 0,6 0,84 0,936 0,974 0,989
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B 3aBHCHMOCTH OT UeHBl Ha ChHipbe, ceGecTOHAMOCTL €ro mepepa-
60TKH H C yYeTOM OXpaHbl OKpy¥Kaiolled cpeibl OT BpeAHHX OTXOIOB
ompefeisieTcss HeOOXOAHMOE YHCIO CTyMeHeH peakTopa HJAH XKe YHCIO
nocJe0BaTeIbHO YCTAHOBJIEHHBIX peakTopoB B OaTapee.

Ecsnu 06beMbl KamAOTO U3 yCTAHOBJEHHHX MOCACIOBATEI6HO peak-
TOPOB OJMHAKOBH, T. € OJMHAKOBO BpeMsa npeObLIBaHHs PEarcHToB B
K4XAOM H3 HHX, TO UHCJIO peaKkTOpoB m B Takoft 6aTapeenpusanaH-
HOH NpPOH3BOAHUTENBHOCTH MOMKeT ObIThb PacCYHTAHO N0 YpPaBHEHHIO

m=tVq /v, (1v.2)
rae L— Koa(p(HUHeHT 3amaca.

Puc, 55. [locnenoBarensno-o0BOAHAS TEXHOJOTHUCCKAH
ceaAsb (Daiinac)

I[TocnepoBaTteabHo-00BOAHAA TeXHOJOTHUYECKas
cBs3b (6afinac) u3oOpaxeHa Ha puc. 55, U3 KOTOPOro CNEAyeT, YTo
onepaTopbl XHMHYECKOTO NpeBpalileHHsi COCAHHCHBI I1OCJIeA0BATEIbHO,
T, €., HampuMep, HMeeTcs OGaTapes peaKkTOPOB HJH MHOTOMOJOYHbBIH
peaktop. Cuipbe, NIOCTyNHBIllee Ha NepepabBoTKy, pa3jedsercs Ha jBa
notoka. OAuH NOTOK MOCAEAOBATEJ]bHO TPOXOAHT 4Yepe3 BCe CTyNeHH
Gataped uJM peakTopa. BTopoli cMemuBaercss ¢ MPOAYKTaMH, BEIXO-
AALIUMHA M3 [epBOH  CTyHeHH, H MoJyyeHHast cMeCb HampasJfercsi B
caenylomylo cryneHs. [Jogo6nas cBs3b HCIONb3yeTCs, HalpHMep, NpH
npoBejeHny oGpaTHMBIX SK30TEPMMUECKHX peaKuu#h B aauabaruuec-
KHX peaKrtopax. B stux ciayuyasx BBeieHHe X0J0jAHOrO GaitmacHoro no-
TOKa IMO3BOJISAET peryJHpoBaTh TeMMeparypy Opouecca H TeM CaMbIM
obecneuyBaTh €ro MPOBEACHHE B COOTBETCTBHH C ONTHMAJbHLIM TeM-
nepaTypHHM peXHMOM. ,

[MapannenapHbe TeXHOJOTKHUeCKHe cBA3H (puc. 56)
MpHMEHSIIOTC B TeX CJyyasX, KOTJa CTaBHUTCR 3ajaya yBeJHUYeHHA
npouspoiuTeabroctH H MowmnoctH XTC Ge3 ypenuuenusa cremneuH
npeBpallleHHss M MOIIHOCTH OTAeJIbHBIX peakTopoB. Hcmosnb3oBanue
MHOTOKpPAaTHOH mapaJ/enbHOH CBfA3M [Ja 9TOH LeJH, HampHMep, HA
CTaJHH XHMHYECKOTrOo NpeBpallleHHs mpuBeldeHo Ha puc. 57. B atom

r “an
x"ﬂ x,'ﬂ, X“E x“ﬁ
v v 14
& I 1]

Puc. 56. [lapanaenbnas Ttex- Puc. 57, [lapaanensHoe coegu-
HOJOrHYecKas cBfA3b HeHHe peaKkTOopoB
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cJyyae MOTOK peareHTOB pasfaedasieTcsa Ha pan napaJiieJbHbIX NOTOKOB,
Kax/blil H3 KOTOpBIX MOCTYNaeTr B cooTReTcTByOlHil peakrop. [Torto-
KH, BBIXOASLIHE H3 PeaKkTopoB, 00BEAHHAIOTCS 3aTeM B OOULHI MOTOK.
Ecau obnem OTACJBLHDBIX pPEaKTOPOB OAHHAKOB, TO BpeM#d l'[pEﬁb]BaHHH
B HHX pe€areHToB H COOTBETCTBVIOLLHe CTeneHu npespaltielus paBHBE
Mexay coboil. Uneso peakTopoB MOMeT GbITh ONpPEefeneHo {10 ypaBue-
Huwo (IV.2).

l'Iapa.rl.rie.rn,Hme TEXHOJOTHYCCKHE CBASH pPeaJIH3YIOTCs TaK e H
TOr/ia, Korja Ha 6a3e OQHOr0 MCXOAHOTO CHIPbS NpH ero nepepaboTke
B XTC npousBogsT HEeCKOALbKO LeAeBbX NpolykroB. HanpuMep, u3
NpHpOAHOro ras3a B pe3yabraTe ero

nepepaboTKH NOJAY4aloT aMMHaK H i1 Vg v ¥p
JHOKCHI yTaepoaa. AMMHAK MoXKer
ObiThb HCMOMB30BAH AJA NPOU3BOLCT- Ve [

Ba HHTpaTa amMonus (aMmHauHolt ce-
AuTpH). JIHOKCHA yraepojaa COBMECT- Pue. 58. O6paThas Texosoridec-
HO C aMMHAKOM — JIIsi MPOH3BOJCTBA Kaf cBaA3b (peunki)
xapbamuia. B nannoM cayuae s XTC

HMeeTCsl napaJjiienbHasi CBSI3b  MEXKAY INPOH3BOACTBAMH aMMHAuHOR
ceaHTpul B KapGaMHAa.

O6patnas TexHoJOruyecxKass CBA3b (MHKJIHUEC-
KascxeMa, peunuka) (puc. 58) 3akmouaercs B TOM, 4YTO HMe-
ercs o0paTHplil TEXHONOTHYECKHH NOTOK, KOTOPLIH CBSI3LIBAET BLIXOA-
HOH noToK Kakoro-aubo nocnaeaylowero aaeMmenta XTC co Bxoaom
OJHOTO H3 NpeAbIAYIUHX 3aeMeHTos. Ha uz2o06paxennoii va puc. 58 omne-
paTopHOil cxemMe 0GP ATHBIM NOTOKOM (PElHKIOM) siBJIseTCS NOTOK
VE, KOTOpLII BHIXOZHT H3 oneparopa pasjlefieHust H HanpabjsieTcs B
onepartop cmeizenns. I[ToTokn Vi, Bxomawme v cucremy, Vp— Bbixo-
AsiIHe H3 Hee H BHYTpeHHHe TexHoJoruyeckue norokd Ve u Vg, coe-
JHHAOWHE MeXAY coboil 2MeMeHTH CHCTEeMbl H HMEollHe OJAHHAKOBOE
HanpasJaenue ¢ notokaMu Vi u Vp, o6pasyior ociioBHO#H Texnoso-
FHYCCKUH NOTOK CHCTEeMbI.

XTC wmoxer COCTOATbL, HANPHMEpP, H3 HECKOJbKHX NOCJEJ0BATENb-
HO pacroJiOXKEeHHBbIX arperaToB, 4 COOTBETCTBEHHO cxema OyACT BKJIO-
yaTh HECKOJLKO OmepaTopoB XHMHYecKoro mnpespanienHs. Henpespa-
LIEHHOE Chlpbe H NPOMEKYTOUHBLIE NPOAYKTH BO3BpalLaloTC B Kax-
bl M3 3THX 3JEMEHTOB IOCJE pasieneHHa NpoAYKTOB peakund. Ha-
npuMep, Ha pHc. 59 uMeercs ABa 3/7eMeHTa XhMHYECKOrO mpespatie-
uug (I u 2). B nepBoM U3 HHMX NpOTeKaeT peaklus NpeBpauleHHs Be-
wecrsa A; B sewectsa Ay u Aj, T. e. Ai—>A;—+A;. Bo BTOpOM
Ay—>Ay. Tlpu 3TOM BemiecTBa Az W Ay ABASNIOTCS nHeaesBbMu, Ay mpo-
MeXyTouHblM NpoayktoM. Ilocse nepBoro saemMeHTa XHMHUYeCKOro
npeBpalleHHsi peakmuOHHasi cmech pasgensieTca: A; BLIBOAHTCA  H3
CHCTeMBI KaK [(eJeBOil NpoayKT, As ngeT na nadpHeliryio nepepa6ot-
Ky BO BTOpPOH 3JeMeHT XHMHUYECKOro npempailenus, a A; Bosppalila-
eTcsi B nepBsblii ajeMeHT xumuuyeckoro npespawenus. O6pasyoulancs
BO BTOPOM 3JIeMEHTe pPEeaKIHOHHAsh CMech pasfesercsa: A; BbIBOAHTCA
KaK [eneBo#l mpoayKT, Ay peuupKyaupyer Bo BTOpPOil saeMeHT, a co-
depxkauicecs B cmecH BewecTso A; (ecan OHO He HOJHOCTHIO BHIBEje-
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HO NpH pa3jle/leHHH Tocje NepBoi CTyNeHH) pPeHHpKyJHPYeT B mep-
BHl 2/7eMeHT XHMHueckoro mpespamieHus. Takyio XTC, cocrosuiyio
H3 HECKOJbKHX 2/IeMEHTOB XHMHUYECKOrO MpeBpalleHHs ¢ OTBOJOM lie-
JIeBBIX MPOAYKTOB M3 MEPBOrO U BTOPOro 2JIEMEHTOB, HA3LIBAIOT CHCTE-
MOH € CONPAMXKEHHBIM PeHKJ/JIOM.

Haanune o6BopHoro nmoroka (penuxia) obecmeduBaeT MHOrOKpaT-
HOe BO3BpallleHHe B OAHH H TOT Ke JeMeHT CHCTeMH TOTOKOB pea-
FeHTOB, YTO CO3J4aeT YyCJa0BHsi 0oJiee MOJHOTO NpPEBpPamieHHs HCXO[HO-
ro chipbsi. TO OCOBEHHO BAXKHO B TOM cJyuyae, KOr4a B pe3yjbTaTe

As
1 Ag 2 1

4
— ,44

Ay Ay Ao A}

s

Puc. 59. Conpacensbli penHra

OMHOKDATHOrO XHMHUECKOrO B3anMogeficTBLA MOJyuaioT Maayioo cre-
[icHb [PEeBpalledns, 4TO XapakTeplio Ajds oOpaTHMBIX 3K30TepMmuuec-
KHX peakKIuil, NIPOBOAUMBIX NPH BBICOKHX TeMIepaTypax, HalpHuMmep,
CHHTe3 aMMHaKa u3 ajeMeHToB (cM. 4. I, ra. 1I1), cunrtes meranoana
(em. u. 1L, ra. VI) u ap.

Kak Gruisio noxkasano {cum. u, [, ¢, 49), opu NpOBeAeHHH CJOMKHBIX
peakiliil pasIHuHOTO HOPANKA HaJHYyHe peuMkaa (UMPKyJAsnuu) B
HEKOTOPHIX CJyudasix crnocoO0CTBYeT yBeJIHUeHHIO ceseKTHBHocTH. Liup-
KyJsiiisl AaeT BO3MOXKHOCTb HCHOJIL30BAHUA TENJIOTH Peakmui ans
NoJOrpeBa HCXOAHBIX NpoiaykToB. ITogmoOnas pekynepanus SHepruu
CHHXKAeT pacxojbl SHEPTHH Ha MPOH3BOACTBO TOIO HJH HHOLO MPOAYK-
Ta, YKasaHHble [IOCTOHHCTBA OOpaTHOIl TexHOJOrHueckoil cBszu obyc-
aoBuan ee wupokoe nupnmeneHue B XTC. Hdas xapakTepucTiku 00-
paTHEX cBs3ell ucrmosab3yloT KO3 PHUHMEHT OTHOWEHHUA pe-
LHPKYJAAUHH

R=Vg Vg =Vg [ V¢, (1V.3)
a Takke KO9QPHUHEHT HUHPKYAANLUAHN
Ko=Vg I Vpy=Vo[Vy, (IV.4)

rae Vi, Ve, Vo, Vb, Ve— maccoBbie pacxoan BxogHoro (A), BayT-
pennnx (B,C), Beixognoro (D) u obparthoro (E) Texnodormueckux
NOTOKOB (cM. puc. 58). Koap@HUHEHTH OTHOWEHHS PeuHpKyJsdunu H
UMPKYJIALHH CBA3aHBl MeXay coboit.

[TepekpecTHnas TexHosoruueckas cBsaA3b (puc. 60)
OCyUlecTBAsieTCs, TMIaBHEIM 00pa3oM C meabio 3(h(heKTHBHOIO HCHOMbs
3oBanuda sHepruu B XTC. Takoro Tuma CBA3H IUHPOKO MPHMEHsIOTCH
A1 YTHAM3ANHMH OTXOMAAULHX [A30B MJH NPOAYKTOB peaKiuH AJs Ha-
rpeBa MOCTYNAIOUIErO Chipbsi, HampuMep, npu oxucacHun SO, B SOs
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(cM. u. II, ro. 1V) cuntesa ammuaka (cm. u. II, ra. II1), oxkucnenus
amMuaka (cM. 4. II, ra. TII) w ap. IlogoGnas pekynepallus SHeprHH
NPUBOJIHT K 3HAYHTENbHOH SKOHOMHH SHepreTHYeCKHX PecypcoB H yie-
LileBJieHHI0 moJyyaeMsix mpoaykros (cm. 4. II, ra. II).

Builne 6B1M NMpHUBeleHH THNBI TexHoJOrH4YeckHx cBszefl. Chaeayer
oTMeTHTb, 4T0 B XTC BO3MOXHO KOMOMHHDOBaHHe THMOBBLIX CBsi3ef,
Hcnoab3oBaHHe B odHOH u Tofi e XTC pasnuUHBIX CBA3eH, HonoJ-
HAIOIHX APYr Apyra, 4TO HENOCPEACTBEHHO CBA3AHO C YyBeJHYeHHeM
spdexrunocty XTC B nesom.

Taxkum o6pasoM, B XTC mumeeTcs HEKOTOpOe YHCJIO nocjeloBa-
TeJIbHBIX, NapaJJesbHBX, HocheaoBaTe/ibHO-00BOAHHX (6afimacHbix),
o0paTHbIX H MepeKPecTHbIX CBfA3eH  MexXAay
anemedraMu XTC. Ilpu stom nHanuuue obpar-
HBIX cBAsefl npuBoAHT K o6pasoBanHio B XTC
3aMKHYThIX KOHTYpoB. C 3TOH TOUKHM 3peHHs
XTC noapazienqaioTes Ha pPasOMKHYTble H
3aMKHYTHE.

Pasomkuyrboe XTC, T.e. cucremsl ¢
OTKpbiTOH Uenblo, oOnucaHHble Bbliue, Moryt Puc. 60. Ilepexpectnas
BK/I0YATb KOMOMHALMM TMOCJAEA0BATENbHbIX, TEXHOJIOTHIECKan  CBASh
napajjenbHBx H GalinacHbIX TEXHOJOTHUYECKHX
cBsi3ell MeXKAy 5JleMeHTaMH CHCTeMbl. B TakoHl CBSI3H OCHOBHbLIE TE€X-
HOJIOrHYeCKHe TMOTOKH NPOXOJAAT TOJNBKO OAHH pa3 yepe3 TIJaBHbIE
3JIeMeHTBI CHCTeMBHI.

Samxuyree XTC, unugauueckde cucreMmnl (cu. 4. I, ¢. 123) co-
Jepxar, no Kpakued Mepe, ojJHY 0oOpaTHYIO TeXHOJIOTHYECKY CBSA3b
N0 NOTOKaM MacCHl HAH HePTHH, KoTropas obpa3yeT 3aMKHYTH# KOH-
TYp, COCTOAIIUHH M3 OTAENbHLIX 3JEeMEHTOB cHcTeMbl. [IpH 3TOM cie-
nyetr oTMeTHTb, 4T0 B XTC MoxeT ObITH BKJIOUEH He ONHH, a He-
CKOJIbKO TNMOAOGHBIX 3aMKHYTHIX KOHTYpOB.

5. SHEPTOTEXHOAOITHYECKHE CXEMbI

OcnoBroe HanpaBJ/ieHHe pa3BUTHA XHMHuUecKoi, Hedrenepepala-
TeiBaloweli ¥ He)TeXHMHYeCKOH NpPOMBILJIEHHOCTH CBA3aHO C co3ja-
HHeM cHcTeM OoJabllof eAMHHYHOH MOILHOCTH, COYETAIOIIHX MAaKCH-
MaJibHOe HCMOJNb30BaHHe ChIpbs H 3HEPrHH, COOTBETCTBEHHO HA3HIBAEMbIX
SHeproTexHojornueckumMu.  OTauyuTenbHOH  0COGEHHOCTBIO  9HEp-
roTeXHoJIOTHUeCKHX CHCTeM HABJASeTCA cTporasa CﬁaHaHCHPOBaHHOCTb
ITPOM3BOACTBA H NoTpebJieHHs SHEPreTHUECKOro Mapa, OCHOBAHHAA Ha
YTHAH3AIHH BTOPHYHBIX SHepTeTHUECKHUX pecypcoB, B YAaCTHOCTH TeIJjo-
Thl 9K30TepMHYeCKHX peaxuuii. Hanpumep, npu npousBoactBe cepHO#H
KHCJOTH cymmapuoe KOJH4YeCTBO 2HEPrHH, BHAead:olleecs, IJ1aBHbIM
o6pa3oM B BHIe TeMJOBOH, COCTAaBJseT B 3aBHCHMOCTH OT BHAA HC-
nonb3zyeMoro ceipbsi ot 5000 mo 8000 MIx ua 1 T KucsaorH. Jas cos-
pPeMeHHOro KoMIjiekCa npousBoiuTenbHocTbio 5000 T KHCIOTH B CYT-
KH MOIIHOCTb €r0 TemaoBoro notoka gocturaer 480 ThC. KHJIOBaTT
(Momnocts cpeaneli 'AC). Hcnoabsopanue ToaLKo 5% MOIIHOCTH
BHIXOASILEro TEMJIOBOrO MOTOKA MO3BOJSET NOJHOCTBIO KOMIEHCHpPO-
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BAaTb 3aTPaThl SHEPrHM HA NPOHU3BOACTBO KHCJOTH. OcTasnbHas 3sHep-
THsi JOJKHA HCIOJb30BATbCA AJS1 NMOJYYEHHS BbiCOKONOTEHIHAJIbHOTO
napa MJAH TpaHcPoOpMHPOBATLCA B 3JIEKTPOZHEPTHIO HENOCPEACTBEHHO
B CHCTeMe,

B kauecrBe npumepa Ha pHc. 61 npejcraBneHa cXema CoBpeMeH-
HOH 5HepProTeXHOJIOrHYeCKOH CHCTEeMbl NpPOH3BOACTBA CEPHOH KHCJIOTHI.
Bosayx nocse ¢GuALTpaUHH H OCYWKH B anmaparax /4 H I3 cxumaer-
csi no nasaenus 0,5 mIla B koMnpeccope 3 u nocrynaer B cepoCKHra-
lomyo ycrauoBky 4. Cepuucrhiii ras, comepxamuii go 129% auoxcuna

! v

L ; -
"R LT Lo "
13 12 11 i 10 | | @
14 A
H,S0;

Puc. 61. Cxema 3HeproTexHOJOTHYEeCKOR CHCTeMBl MPOH3BOACTBA CepHOH KHCJAOTHI:

I, 10— sgonomaiizepbl; 2 — ragopas TypOHHA; J— KoMOpeccop; 4 — CEpPOCHKHraloWan ycra-
HoBKa; 5 — KOTeN-YTHAHza10p; 6 — rasoBefl dusbrp; 7, 9 — KOHTaXTHHe annapars; § — ren-
nooGMenuuk, [, 12— aGcopGephl; I§ — cywnasuas Gawua; 4 — posLywHslll dHabTp

cepsl ¢ TemmepaTypoli oxkosno 1470 K, nonaercs B KoTen-yTHAH3ATOD
5, BoipaGatoiBaomid  map ¢ gasiedueM 4 MIla u Ttemneparypoii
710 K. Buxon napa cocraeaser 750—1000 kr Ha 1 T kucaorw. [lap
ucnoab3yercsi Asg BeipaboTku sneKkTpoaHeprud B TIOLL u moixer obec-
neuntb paGoTy nmapoBbix TypGHH AJs OpHBOAA KOMINpeccopa W NUTa-
TeJbHLIX HacocoB, QuuuleHHHH B (uUABTPE 6 ras NoCAei0BaTENbHO
NPOXOAMT uepe3 TPH KOHTAKTHBIX anmapaTa 7 C TenJooOMeHHHKaMH S,
COCTaBJISIOIHMH MNEPBYIO CTyneHb KOHTakTHpoBaxud. CremeHb OKHC-
JieHHsl JMOKCHAA cepbl mocje 3T0if crynenu cocrapader 95%. [Tocae
npomexxkytounofi aGcopbuuu, npoomumofi B amnapate [, raszoeagd
cMech HAarpeBaeTcsi B TenyooOMeHHHKAxX H TOAAeTCH Ha BIOPYH CTY-
MeHb KOHTAKTHPOBAHHS B peakTop 9 M najiec yepe3 skoHoMalizep 10
nocrynaer B abcopbep /2. O6uiasi creneHb OKHCJIEHHsS AHMOKCHAA ce-
pbl aocruraer 99,85%.

CHcreMa MOJHOCTBIO HE3aBMCHMA OT BHEIUHEr0 HCTOYHHKA 3JeKT-
posuepruu. s npusosa rasoBofl TypOHHBI HCNOJIb3yeTcd 3Heprid
FOpPSYHX OTXOAAWIMX Tas30B, KOTOphie obecmeuuBalOT 2/; 1peGyemoi
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momHOoCTH. OcTasbHas 9Heprus MNOCTYynaeT B BHAE S3JEKTPHUECKOI,
AJisi BHIpabOTKH KOTOpOH MOXeT HCNoJb30BaThCd MeperpeTsil map.
IInTaTenbHasi BoAa AJIs1 KOTJA-YTHIM3AaTOPa HAarpeBaeTcs B SKOHO-
mafisepax I u 10, Hcnonb3ys TeNnJOBYIO SHEpPTHIO ra30BOH CMecH, BH-
xoasilledl W3 BTOPOH CTyNeHH KOHTAaKTHPOBAHHA M M3 ras3oBofi TypOHu-
Hul. [IpH nosHocThio aBTOHOMHOH pafoTe cHCTeMbl BHpalaTHIBAeTCH
AonosuuTeNbHO okosio 700 xr mapa ma 1 T cepHo#t kucaoTh. [Ipu
S5TOM CTOMMOCTb NOJyuaeMOH 5JeKTPOSHEePrHH M napa MOKEeT NpeBHl-
iaTh 3aTpaThl Ha NepepaloTKYy HCXOAHOTO CHIPLA.

MeTojo0JI0THA CHCTEMHOrO aHany3a, NpHMeHsieMas AJIS paccMOT-
pPeHHsl XHMHKO-TEXHOJIOTHYeCKOro IIpollecca KaK CJIOMXKHOH CHCTeMBl
XTC, naer BO3MOXHOCTb COCTaBJIEHHS €e MaTeMaTHUeCKOH MOJeJH.
HcnonbsoBanne Takofi MOAesNH No3BOJsieT ONTHMH3HPOBATh MpH NpoO-
eKTHPOBAHHM M SKCIJIyaTaUMH XMMHYeCKHX IMPOH3BOACTBE He TOJIbKO
OTAe/IbHble CTajHH, HO H BeCh MPOLECC B IEJOM.

Iraga V

IFTOMOTEHHBIE MNMPOUECCHI
H PEAKTOPHI

1. XAPAKTEPHCTHKA M OMOIrEHHLIX
XHUMHYECKHX [MPOLECCOB

[oMoreHnHble npouecchl, T. e. NPOUECCH, NpOTeKalolike B OAHCO-
HO#l cpeje (KMAKHe HJAM ra3oo0pa3Hble CMecH, He HUMeIOl(He HOBepX-
HocTell pasjefia, OTAeNAIOIMX YACTH CHCTeM APYr OT Apyra), CpaBHH-
TeJbHO PeJKO BCTPEYAIOTCS B NPOMBILIJIEHHOCTH. YHCTO rOMOreHHYIO
CHCTEMY MOJYYHTb TPyAHO. JIi0o60e BellecTBO COAEPKHT CJeabl pas-
JIMUHBIX npHMecell, HaxoasutMxca B Apyrofl ¢dase. Hanpumep, 1 ma
aMcTuanupoBanHoii Boasl HMeeT ot 20000 go 30000 uacTHy NBLIH.

Jlns MHOrMX NPOMBIIJIEHHBX MNpoueccoB (OKHC/AeHHe, TOpeHHe
H Jp.) BO3AyX cuMTaercd roMOreHHoil cpemolf, a AJa npouecca OKHC-
JIeHH aMMMaka Ha IVIATHHOBOM KaTaJlH3aTope TOT Ke BO3AYX H3-3a
HaJMH4YHs B HeM IMbUIHHOK, KalleJeK BJAar"H H T. M. ABJAETCH reTeporeH-
Ho# cpegofi. McxogHoe coipbe, HCTONb3yeMoOe B MPOMBILLIEHHOCTH,
Bcerga MMeer npuMecH. IIpu 3ToM npHpoOAHBIE NPUMeECH 4acCTO BJHSAIOT
Ha XOJ Tpolecca Kak KaTaJu3aTopbl W HHrHGHTOpH. llosToMy nmuib
VCJIOBHO MOXHO NPHHATb 3a rOMOTeHHble Te MPOH3BOACTBEHHbIE MPO-
LleCChl, KOTOpHE NPOTEKAIoT B ra3oBolt uiau xuakoé ¢ase. [pannua
MeXy FOMOTeHHBIMH ¥ TeTepOreHHLIMH CHCTeMaMH NPOXOAHT MO KOJ-
JOHJAM M TOHKHM a3po30JisiM, KOTOphEle Ha3bIBAIOTCS MHKpOTeTepOoreH-
neMM cHcTeMaMHu, M XoTa Heslb3s HafiTH Pe3KOro pasrpaHHYeHHs Mex-
oy FBTE]JOI‘BH[—IBIMH B3BeCAMH H KOJJIOHAHBIMH paCTBOpﬂMH, C 0,[[H0ﬁ
CTOPOHBI, H MEXAY KOJJIOHAHLIMH H HCTHHHBIMH PacTBOpaMH— C ApY-
I‘Oﬁ, BCe e YCJOBHO 3TO pa3jesIeHHE MOXKHO NPOBECTH NO BEJHUHHE
yacTul aHcnepcHoit ¢asbl. Tak, rpy6GoaMcnepCHble CHCTeMBI (cycreH-
3HH, SMYJLCHH), KOTODHle MOXKHO OTHECTH K TeTepOreHHbiM, HMelor
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yacTHusl aMameTpoM Belie 0,1 MKM; Yy KOJJIOMZHBIX CHCTEM pasMep
yactui Kosebaercs or 1 go 0,1 MKM. A HCTHHHBle PacTBOpPH (MoJie-
KYJSIPHO- MU MOHOAHCIEpPCHBIe CHCTEMBI), K KOTOPbIM OTHOCATCA pac-
TBOPH! COJIel, KHCJOT, OCHOBAHHH H T. M., COAEpKAT YAaCTHUBl MEHblIe
I MKM.

YMmeubilleHHe pasMepoB KOJJIOHAHBIX 4aCTHL A0 MOJEKYJ npHGJH-
HMaer MHEKpOreTeporeHube KOJIJIOHAHBIE pacTBOpbLI C MAKCHMAaJbHO pas-
BHTOH MOBEPXHOCTLIO K HCTHHHBIM, T. €. HX MOXHO CUYHTATh TOMOT €H-
HOH cHCTEMOJ, TOrja Kak cycneHsud (manpumep, riMHa, B3MydeHnHas
B BOJE, H3BECTKOBOE MOJIOKO H AP.) H 2MYJbCHH (Hampumep, Mejbyai-
lHe KalJH Macja B BOJE) OTHOCATCH yKe K reTepOoreHHeIM CHCTeMaM.
B roMmoreHHplX cHCTEMAX peakyHH, KaK MNpaBuJO, NPOXOAAT ropasao
GHCTPEB, 4eM B TreTepOreHHbIX. ﬂa}KE NpH TIlaTeJbHOM NEPEeMEIIHBAa-
HHH ABYX HECMEIIHBAIOIUHXCH }KHJ_IKOCTEﬁ YHCAO CTOJKHOBEHHI MoJe-
Kyn B3aIIMOﬂeﬁCTBy}OHLHX BelecTs HeCpaBHHMO MeHbLIE, 4Y€éM B ro-
MOreHHBIX CHCTEMAX. OCYII.[QCTBJ]EHHE H ynpaBJieHHE TOMOreéHHBIMH
npoueccaMH 3HauMTenbHO obneruaercs. [103TOMy MHOrHe NpOMBILIJIEH-
Hble NPOUECCHl BKJIOYAIOT B KauyecTBe 3Tana rOMOreHHbIH XMMHUECKHH
npoiecc (peakuHio) B rasoBoil MAM KHAKOH ¢ase. 3a mocneaHue ro-
Bl CO3JaHBl HOBBIE TEXHOJIOTHUECKHMEe INPOmeccel ¢ BBEICOKO3(ddeKTHB-
HBIMH TOMOTGHHBIMH KaTaJH3aTOpaMH, KOTODHIE obecne'iHBAOT CHAb-
HOE YCKOpEeHHe XHMHYECKHX peakuufl.

Hnsi roMoreHusauuu CHCTeMbl B NPOMBILLJIEHHOCTH HEpeaKo HC-
NoJIb3YIOT NOMVICIIEHHE ra3oB HJH KOHIOEHCAUHIO ITapoB, PAaCTBOPEHHE
WM NJaBJieHHe TBEPALIX MaTepHajOB H MOJY4aldT TakuM oOpasoM
KHJKYIO cpeay, B KOoTopoil OsicTpo mpoTexaioT peakuuu. Muoraa npu-
MeHSI0T HCNapeHHe KHJAKOCTEH MJIH BBIAGJNEHHE M3 HHX B rasobyio da-
3y HYXKHBEIX KOMIIOHEHTOB H NPOBOASAT PeakuHMH B rasopoi ¢ase. Tax,
B OallleHHOM MeETOJAe NOJYYeHHs CepHOH KHCJAOTHI NOCJE MOraoeHHs
OKCHIOB a30Ta TOMOreHHo HjeT o6pa3oBaHie HHTPO3HICEpPHOH KHCIHO-
Thl. B 3ToM e cnocoGe HCIONL3YeTCsT M ra30Basi PEaKuUsi OKHCHAeHHS
NHOKCHIA Cepbl B TPHOKCHA IpH KaTalHTHYECKOM JeHCTBHH Ta3000-
pa3HBIX OKCHJAOB a30Ta. [IpH CEepHOKHCJIOTHOH THApaTauMy 3THJEHA
npollecc HauWHaeTcs ¢ (u3uyeckoit abcopOuuM 3THJEHA CepHOH KHC-
JIOTOH, a 3aTeM TOMOreHHO B XHAKOH (ase ocymecrBasercs obpasosa-
HHE THJICEPHON KHCJOTH H €e NOCJeAYIOMmHA THAPOJHS:

CH, = CH, + H,50; = C,H;050,0H
CsH;0S0,0H ~ HOH == C,H;OH —+ H,S0,

Tak mpoBOAATCS MHOCHe peakiHH cHHTe3a (accoumauus, noJjHme-
pHsanus, o6MeH, NpHCOEAHHEHHe, 3aMelleHHe), Pa3NoXeHHs (AeNosH-
MepH3alusi, KpeKHHT) M HexoTopbie apyrie. llenecooGpaskHo jaath
KPaTKy!O X2PaKTEPHCTHKY HEKOTOPHIX H3 NepeyHCJeHHLIX peaKuHil.

Accoumnaunmed Ha3uBaeTCs COSMHMHEHHe HCKOTOPOrO UMCHA ONHHAKOBHX MO-
JIeKYJ B GoJiee KPYMHsie YacTHUbl AcCOUHAUHA MOJCKYJ NPOHCXOMHT KAK B HHAHBH-
AYanbHuIX Bemlectsay B XMHAKOM H 1"3.3006{)33}[0.\‘1 COCTOAHMH, TadK H B pac‘rsopax.
Hanpumep, razoofpasHeii AHOKCHA a30Ta B ONPeAeNIeHHbX YCIOBHAX AaeT AMMEp:
NO,+NO;=N;0y, uTo H uCHOJS3YeTCSs NPH OPAMOM CHHTe3e KOHUCHTPHPORaHHON
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a3oTHON KucjotH. [lpu sTOM mpouece JHIIbL HAYMHAGTCA Kak FOMOrEHHBIA, a 3aTeM
MepexoiMT B reTepPOreHHu, ACCOUMAUHA YKCYCHOH KHMCIOTH

CHgCOOH - CHyCOOH == (CHZCOOH),

HAET B razoofpasHoM cOCTOAHHH, a GeH30fHOK KHCJOTH

CsHsCOOH - C;H;COOH = (C4H;COOH),
B pacTBope.

YMenblileHHe TeMmepaTypsl d POCT 1aBJeHHs H KOHIEHTPAUHH yBeJHYHBAIOT CTe-
MeHb acCOUHAUMH H, HAOGOPOT, MpH MOBLIWEHHH TEMNEPaTYPbl H CHHACHAH AaBJIEHHA H
KOHUEHTPALHH MOJyUYeHHBIH KOMIJIEKC AHCCOLLHHPYET, T. €. Mpouecc ABJdercs oGpaTi-
MBIM.

[Toaume pH3aunue A Ha3LBalT npouecc COeJHHEHHA Goﬂblﬂ(}]‘o qHcgaa Mo-
JleKysn MoHoMepa B OAHY DoJbLIYI0O Mojekysy (MakpOMOJEKyJy) TOro e CocTaga,

[Monamepuaaund HempeneNbHHIX YrJIEBOAOPOAOB HACT C BblAeJeHHeM TelJOTH
(3K30TepMHUeCKuil Mpoitece) H yMeHbUIeHHeM OOLIETO UYHCHE MOJCKY. B CHCTEME, T, €,
€ yMeHblieHHeM 06beMa, HampHMep:

nCH,=CH, » (—CH,—CH,—)n
[TosTomy MoBEIEHHe AaBJEHHA H MOHHKEHUe TeMmnepaTypsl cmocoGCTBYeT XoAy Mpo-
1ecca.

l'lpu AenOoJHMeEPH3aUHH NPOHCXOAHT OTIHEIJIEHHE MOHOMEDHBLIX 3BeHLEB OT
UEIH MIKPOMOJEKYJdhl.

K pekuHr—Meroa ReCTPYKTHBHOH nepepaBoTkH, ABJAIOIMIHICA 49aCTHBIM CJay-
yaem 1 uposMaa AaA KHAKOCTEA H Tasos.

1Tu oan3—>sT0 TepMuyeckan mnepepaGoTka ropiounx Mmartephagos npu 400—
1500%. Ses pocryma Boafyxa (cyxas meperoHka). [lpu nuposuse B pesyiabTate BO3-
feds 1BHS BLICOKOA TeMmepaTypel OpraHHuecKMe BeulecTBa paculenysloTes ¢ ofpasosa-
HHEM CBOGOHHHK panHKajaoB, NpeAedbHBEX H HeNpeaeJBLHLIX YrJaeBOAOPOAOB MeHbled
MOJEKYAAPHOH Macchl, YeM HCXOAHLIE;, OfipasoBaBliHecHd MOJEKYJbl H pallHKajdnl BCTY-
NawT B peakuHH H3OMepH3aauumn, KOHACHCALIHH, MOJHMEPH3AUHH H 0D, Ha pE3YJAbTATH
NHPOJH3a BAMAIOT TemlepaTypa, RaBJeHHe H MPOAO/KHTE]bHOCTb Harpeanus, [Ipo-
ueccol MHpoOIH3a HMeEwT OrpoMHOe 3HaueHHe B HapOAHOM X03RACTBE.

Kpekuur yriesoA0pojoB, NOJHMEDH3aUHs M Psii APYTHX peakuuii
NpoTeKaloT MO LEeNHOMYy MeXaHH3My. 3apoxKjeHnde LENH, T. e. MOsiBJe-
HHE pagHKaJOB, MPOHCXOAHT BCJIEACTBHE HHHIIHHPYIOIIEro AefiCTBHSA
HEKOTOPBIX BLICOKOAKTHBHBIX BEILECTB MJH CBeTa, paAHauHOiHBIX H3-
JydueHH#H, BHICOKOH TeMnepaTypel u T. N. PasBHTHe uenu npoTtekaer
CaMONPOH3BOJBLHO, TaK Kak oOpaszosaBlliecsi CBOOOJHBIE pagHKaHl
HJIH aTOMBl B3aMMOAEHCTBYIOT C MOJEKyJaMM, B pe3ysibTaTe 4Yero no-
JNy4aloTcst NMPOAYKTHI PeakUMH M HOBHE pajHKals HJIH CBOGOAHBEIE
atomsl. CKOpPOCTE IIPOCTOH UENMHOH peaklHH BLipaXaercs GhopMyJoh

Uy = nv, (V.1)

rae n — yHejao o6pa3oBaBIIMXCH CBOGOAHBIX PajHKaJNOB; Vv — YHCJIO
3BEHBEB [IENH, T. €. AJIHHA ee,

Ecan ropenne, a tem Gosiee neToHaIMsl SBASIOTCS NPHMepaMH Gbl-
CT]J};IX HenHbBIX passemnenﬂmx peaKuHﬁ, TO OKHCJeHHe YT‘JIEBOJ‘.IO])OROB
ocymectsiasiercss OOBMHO TO THOY MeAJieHHBIX PasBeTBJEHHBIX pe-
aKUHH.

Hennsie peakildd 3aTyXaloT H3-3a 0OpHBa LENH, T. €. BCJEACTBHE
HacCbeIlenus CBDGUIIHBIX BaJIeHTHOCTEH pannxanoa H-pH CTOJIKHOBEHHH
Hx Mexay coboH, ¢ mMoneKyJaMH npuMeced, co CTeHKaMH annapaTa, a
TaK¥e CO cneygHaJbHO BBOJAHMBIMH BelleCTBaMH, KOTOprE HA3BIBAIOT-
Cq PEryJsTOpamMM HWJIH OrDaLHIHTesIMH POCTA UEHH.
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FToMoreHHnbs e mpoueccs B ra3oBold ¢ase IIHPOKO
HCIOAb3YIOT B TEXHOJOTHH OPraHHUYeCKHX BEIeCTB M FOPEeHHH ras3oob-
pasnoro (mapooGpasHoro) tonamBa. s oCyHIeCTBJIEHHS 3THX NpoO-
1IeCCOB OPraHMuecKoe BeuMleCTBO MCIApsieTCs M 3aTeM ero mapel oGpa-
6aTHIBAIOTCA TeM MJH HHBIM ra3000pa3HbiM KOMIOOHEHTOM: XJOPOM,
JIHOKCHAOM Cepbl, KHCJIOPOAOM (BO3AYyXOM), OKCHAAMH asoTa H T. M.

XJopHpoBaHHe yrJeBoOgOpPOA0B WM HX MPOHM3-
Npodyrmer BOAHBIX OCYLIECTBJSICTCS AJS TOJYUEHHS Op-
XN0puposatuA raHHueCKHX PacCTBOPHTENEH, SAOXHMHKATOB H
pasHooGpasHbIX MPOAYKTOB  OPraHHYecKoro
cHHTe3a. [ 3aBHCHMOCTH OT MNpPHMEHSEeMbIX
|-/ cpeAcTB MHMIHHPOBAHMS pasjHyaloT CJAeLYIO-
, WM  METONLI XJOPHPOBAHHSA: TEPMHIECKOR,
- (oToXMMHUECKOEe M KaTaauTHueckoe. [leppele
IBa METO[a — rOMOTEHHBIE.
N IIpy TepMuuecKOM XxJopHpOBaA-
HH M, H3MEHSIsT YCJOBHSI npolecca: COOTHOLIe-
HHE HCXOAHBIX BEUECTB, PEXXHM XJOPHPOBA-
L4 HHsl, MOJKHO HAaNPaBHTb PeakIMio B CTOPOHY
NPeHMyIIeCTBEHHOro 06pasoBadmst TCro HJH
HHOrO XJOpnpoHsBoAHoro. Tak, X IOpHCThIE Me-
THII H METHJIEH OOJyvaloTces nhi  GoJblIOM
usbeiTke Merana [CHy:Clo=(3—8):1] mpu
400—450°C. Boabuiofi nadeITOK MeTana B pe-
Puc. 62. Amnapar ana  AKUIOHHOH CMEeCH OJHOBPEMEHHO [O3BOJSET
XJIOPHPOBAHHA METaHAl  QTBOJAHTH TEIJIOTY H3 R0Hbl peaKuuH. XJOpH-
[ — crazphol KOKYX; 2 —ula-  popaHpe OCYLIECTBJASIOT B CleNHAdbHOM pe-

MOTHAA (YTepopxka; J§ — Ha- .
capka  (paphopobbie xoas- AKTOPE KaMepHoro THna (puc. 62), cranbHoii

B D epaMil: L OpNYC KOTOPOT. (yTEpoBaH IMAMOTHBIM KHp-
rinuoM. B pepxuell yacTH HMMEeTcs Hacajgka B
Buie ¢apdoposuix Kouseu. Ilocne nmpeasapu-

TEJLHOrO pasorpeBa anmapaTra CKHMraumeMm ropiouero rasa (cmecn Me-
TaHa ¢ BO3AYXOM), B pesyabTaTe uero (yTepoBKa M Hacaaka akky-
MYJIHPYIOT TEeMJOTY, N0 KepaMuyecKod Tp)Oe, KOHen KoTOpo# onyilel
BO BHYTpeHHHH KepaMHuecKHH UM.IMHAD noJaeTcs MCXOAHAs rasopas
cMech, KOTOpasl Tak:e 3apanee rLozorpesaercsi po 120—250°C. IIpo-
JNVKThl peaKUHH OTBORATCH M3 B AXVeH YacTH annapara ¥ HaopasJs-
I0TCS HAa pacicieHHe.

B nmpoMmuinLi?HHOCTH OpRVeUusloT M JByXcTalifHbli npouecc. Cnep-
Ba TEPMEYECKHM XJOpPUpOBaHMeM MeraHa B ra3oBoil (ase nmojyualor
CH;3Cl n ChiCly u 3aTeM doToXuMHYecKUM JKHIKO(asHBIM XJOpHPO-
BanueM posoast npouecc po ob6pasosanus CHCls u CCls.

DPoTOXMMHURCKOE XJOPHPOBAHHE YIrIEBOAOPOAOB OCY-
ILECTB'AETCA MO [EMHOMY Mexanu3aMy ¢ 00.bUIOH CKOPOCTHIO mpH He-
BLICOKHX 1eMIepaTypax B XKHAKoIl HJaH mapoBoil ¢ase, u HampapieHnHe
370¥ peakuMH yacto ObBAaeT HMIoe, ueM OPH TEPMHYECKOM XJIOpHpOBa-
HUH,

TIpx ofayueunn cBeTOBBLIM HCTOUHHKOM MoiiHOCTbio N B TeueHue
BPEMEHH T CJIOS BellecTBa TOMIIHHON [ mporekaer peaxkpHs
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ky kg
Ay -+ v = 2A+B — npoaykr
ky
IIpu sTom sarpatsl sneprun W na o6ayueHue (B pacuere Ha eju-
HHIy NPOAYKTa) PAaCCUHTHIBAIOT IO ypaBHEHHIO
Nzt
[[Bg] xiys ’
rae [Bsl— HauasbHas KoHueHTpauus BeuwiectBa B; x — crenenb npe-
BpauieHnss B X MOMeHTy BpeMeHHU T; Pxs — KBAaHTOBBLIf BHIXO/.
CyabdoxsmopupoBaHHe, T. e. OAHOBPEMEHHOE jAelCTBHE M-
OKCHAA Cepbl H xJOpa Ha npepgenbHsle yraeBogopoan (RH+SO;+
+ Clg=—>R—S0,Cl+HCI), ncnonbayercs ansi 0poOM3BOACTBA MOIOIUIHX
cpeacTB. DTO THOHYHAS NeNHAs peakuHs, KOTOPYIO AeHCTBHEM yJbTpa-
(bHOJIETOBOTO M3JYUEHHS] YAAeTCsi CeJeKTHBHO HaNpaBHTb B CTOPOHY
o6pasoBauusi cyiabdoxnopuaa. [ans npoussoacTBa 0gHOro M3 BaXKHefl-
IIHX MOHOMEpPOB — XJIOPHCTOTO BHHHJIA H3 JAHXJOP3TaHA NPHMEHSETCS
AernApOXJTOpPHPOBAaHHE NyreM OHPONH3Aa B ra3oBoit dase

CICH, — CH,Cl — CH, = CHCI + HCI
HJIM 1eJIOYbI0 B XKHAKOH (ase
CICH, — CH,Cl ++ NaOH > CH, = CHCI 4~ NaCl + H,0

TepMuueckHii MHPONH3 AMXJOp3TaHa mpoBoxAT npu 480—500°C B pe-
aKrope, COCTOSIIEM H3 [ABYX BCTaBJIEHHLIX ApYr B aApyra Tpy6. Bo BHYT-
penHeil Tpybe yCTaHOBJIEHK IOpPeJiKH, a OapH AUXJOpP3TaHa ABHXKYTCH
N0 KOJbIEBOMY MPOCTpaHCTBY Mexay TpyOGamu. Ilponecc moxer OblTb
TakKe OCYIIECTBJIEH B peakTope THMAa TpybuaToOro TenjooOMeHHHKA.

T'omorenno (B XXHAXOH HJIHM NapoBOH (ase) OCYylIeCTBSIOTCS H IPO-
ueccwl HuTpoBaHus. Ilpy mapodasnHoM HUTPOBAHHUM HCXOA-
Hble DeareHThl MOXKHO CMEIIHBAaTb B JIIOOBIX COOTHOLUEHHSX H nponecc
BeJeTcs NpH BbICOKHX Temmeparypax (400—420°C). I1pu aTom BO3pac-
Taer CKOPOCTb peakKlHH, foJsee MOJHO HCIIOJIb3YEeTCHd a30THasg KHCJO0Ta
HJH OKCHABI a30Ta H PEe3KO CHHXKAeTCsd BBIXOA IIO.IIHHHT[JOCOEI[HHGHHFL
Bo unaGexxkanue oO6pasoBaHHs B3pHIBUATHIX CMeceH yriaeBogopoja Noja-
10T B HUTpPATOp C 6GOJblUIHM MOJsipHbIM H36HTKOM (3:1) mo ornowe-
HHIO K mapaM a30THOH KHMCJOTHI HJH OKCHAaM a30ra. CreneHn KOHBep-
CHH 3aBHCHT Take OT BpPEMEHH Hpe()b‘[BaHHﬂ CMECH B 30HE peakLHH,
OT TeMIiepaTypbl H AaBJEHHS.

[Tpponu3 NPHPOAHBIX ra30B, HePTENPOAYKTOB, KaMEHHOYTOJbHOH
CMOJB Yalle BCEro o6bsICHACTCS pagHKaJgbHO-NENHbIM MeXaHH3MOM.
[Tepsas craaus pasjokenus YrieBOAOpPOIa B roMOl eHHOH cpege (Tep-
MHUECKHIl KPEKHHT, SJeKTPOKPEKHHT M T. 1.} TPOHCXOAHT B SHEpPreTH-
yecku™ naubogee caafoM MeCTe y ueHTpa MOJEKyJbl ¢ o6pasoBaHHEM

aByx csoGoaubix paaukanon: CHs, CoHs n ap. Bosee tskensle panu-
kaab: nponusn CzH: unu 6ytun CyHe — odens HeycTofiumBel M cpasy

(V.2)

* Dueprus paspeiBa ceAszell C—C yMeHblIaeTcA K HEHTPY MoJjekyan. Tak, nas
paapsipa csfisn C,—Cp TpeGyercs 300000 [lx/moas; Co—Cs— 267 500, a aan Cs—
Cy4— 263 300 Ix/moub.

137



pacnaaaloresi ¢ o6pasoBanueM Gosee ycroiuusbix CHs uam C.Hs, H
M MOJIeKyJibl Henpele/bHOro yriesozopoja. Jlanuble pagukalibi BCTpe-
4a10TCH C HCXOAHBIMH MOJeKyJaMH M OpOAOJKAIOT 1elb, «BHPbIBAs»

H u o6pasysi uosbe paauKkanb. Peakumu npu nuposuse oObl4HO sB-
ASIOTCS HeoOpaTHMbIMM; KOHEYHBle De3yabTaThl mpouecca olpeaess-
IOTCS COOTHOILIEHHeM CKopoctell oTAenbHbIX peakumii. I[Thposaus yrue-
BOJOPOAOB MOXKHO NPUG/MMKEHHO pacCMaTpHBaTbh KaK FOMOTEHHYIO He-
KaTaJUTHYECKYI0O MOHOMOJIEKYJNSPHYIO peakuHio nepBoro INopsiika,
uaymyio B rasosofi ¢ase. Ms-
MeHsIS1 TeMnepaTypHbiH  pe-

7 r7 7 77 A30Ta B YCAOBHAX HH3KO-
y - MneparypHO# (nopsinka
Bpema wazpebanus T109¢ Te

A p * 10000°C) naasMbi  Mau B
Puc. 63 3asucHMOCTb CTemeHH npespamlelins [JIaMeHH 3JIeKTPHYeCKOH Av-
MeTaHa B aUEeTHJEH OT BpPeMEeHH HarpeBaHHd ry:
N, + O, == 2NO; AH = 179 xJx

Bropas cTaaMs NpPOH3BOACTBA a30THOH KHCAOTH — oKucleHne NO
o NO; Toxe HAET B rasoBoil Gase Mo cyMMapHOMY ypaBHEHHIO peak-
UHH

=

x®

5]

S a0 KHM Opouecca M IJHTENn»-

§ “a°r 1600°C HOCTb NpEeGHIBAHHS  POAYK-
& TOB pacnaja B 30He peakuHm,

§ CHy4 CHy MOXHO JOCTHTHYTb — Pas/Hy-

§ CH HbIX COOTHOILEHHH MeXuAy

gw 22 CH, KOHEYHLIMH NPOAYKTaMH (pHC.

b 63)

8 ; N

=20 B rasosofi ¢dase ocyme-

g CTBJISIIOT TNOJYYEHHE OKCHLY

S

8

9NO + 0, == 2NO,; AH = — 112 x/Ix

FoMoreHHbe nmpomneccn B XHAKOH ¢ase xapakrepu-
syworcs GoJsplieli WHTEHCHBHOCTbIO, 4yeM B rasoBo#. M3 Goabliero ukc-
Jla npoueccoB, HAYIIHX B KHAKOH (pa3e, MOXMHO OTHEeCTH K rOMOreH-
HBIM [pouecch HeHTpasJH3alluH BOAHOTO PacTBOpPa KHCJIOTH BOAHLIM
pacTBOPOM ILUEJOYH B TEXHOJOTHH MHHEpaJbHBIX COJieli B HauaJbHHH
nepHoa HMX B3auMojeiicTBMA A0 o6pasoBanHMs TBepao# coan. Hanpu-
Mep, HojaydeHHe cyibdaTa aMMOHHS OpPH B3aMMOAEfCTBHH aMMHA4YHOMR
BOIH M cepHoH KHchoTH. ITo TakoMy e DPHHUMOY OPOTEKAlOT H He-
Koiopble o6Menuble peakun# B pacrtBopax (KCl+4+NaNOs;=NaCl+
+KNOs3), o6pasoBante CI0XKHBX 5(HPOB, NPOLECCH FHAPOTH3A ITHI-
CepHOH KHMCJOTHI, M3OMponHiCyabdaTa, XJOPNEHTAHOB, XJOPHCTOTO
ankuaa u Ap. B xuakoit dase npoBoAHTCS LiesNouHOe OnaBjeHHe OeH-
30J1CY 1bOKHCAOTH ¢ obpasoBanueM (eHoNa, NPOU3BOACTBA ITHJEH-
TITHKOJIA I‘H,‘lpaTaLI,PIE}”I OKHCH 3THJIEHA:

+ H,0
H,C — CH, —— CH,OH — CH,0OH
NS

O
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B xuaxoii ¢aze noayuaior npoctele u cMellaHHble 3(DHPHI U3 CIIUP-
TOB; TaK, HanpuMep, STHJCYJbhaT B3aMMOAEHCTBYeT C APYrUM COHp-
TOM:

H;0S0,0H -+ CH4OH — C,H,;0CH; +- H,S0,
2

B romorenHnofi cpeae NpoOTeKalOT W TakHe BaXKHble NPOLECCH, KaK
nosnyuenne agunuHoBoi Kucjaothl  (3CeH;;OH4+8HNO;=3CsH 004+
+7H20 +8NO), cuHTes MeTHJIOBOro 3(GHpa METAKPHJOBOH KHCJIOTH
M3 aleTOHUHAHTHAPHHA W METHJOBOTO COHPTAa B NPHCYTCTBHH CePHOM
kucaoThl. Iloamumeprnsanmeil o6pasoBaBiuerocs 3GHpa 3aTeM 0OJy4aioT
cpraHMYeckoe CTekjo. TakHe 3(HPB HEJJI0J03bl, KAK ITHALEIIII0I03a
W TPHALETATHEeNI0N03a, NOJYyUaloTCsl Ha HEeKOTOPHhIX 3aBOAAX MO rOMO-
reaioMy Metoay. JKuaxodasuas nonumeprsau#s B pacTBOpax npHMe-
HAeTCA B NPOH3BOACTBe JAKOB M HeKoTopbix cMos. CxopocTe pocra
UENH & BbIpa)Kaercs ypaBHEHHeM

u= k[ Ri [M], (v.9)

i=l
rae R, — KOHCTAHTa CKOPOCTH NPHCOEJHHEHHs MOHOMepa K pajukany

npH CcTeneHd NosauMepusaunuu n=i; [R,) — KoHueHTpauus paanxaJos
crenedy nosuMepusauuu i; [M]-— KoHueHTpauusi MoHoMepa.

IIpu o6paszoBaHuM NOJMMepOB OOJbIIOH MOJEKYJApHOH  Macchl’
MOKHO NpHHATb (OPH n3>4), 4TO R He 3aBHCHT OT CTENEHH NOJHMEpH-
saunu paauxana. Torga

u=k[R] [M], (V.4)

rae [R] — KonuenTpayusa BCceX pacTyUINX pajfuKaJOB.

B xuakoit ¢daze oCywecTBJIAIOTCA CEPHOKHCIOTHAs TrHapaTalus
3THJeHa (peakTop KOJIOHHOrO THNA), MOoJydYeHHe 3THJIEHIJIHKOJS, BH-
uuacreapata [CHs(CH,)6COOCyHs), nepcymbdara kanms KeS:0s,
noJHMEpH3auHa BUHHIALETATa.

2. OCHOBHBIE 3AKOHOMEPHOCTH IOMOTEHHBIX TMPOLECCOB

PaccMOTpHM 3aKOHOMEPHOCTH XHMHYECKOH TEeXHOJIOTHH NpHMEHH-
TeJIbHO K TOMOTreHHbIM OpoueccaM, T. e. BJHSAHHe Kouuempaunﬁ pea-
THPYIOWIHX BEUIECTB, TeMmllepaTypbl, AaBJeHHs H NepeMellHBaHHA Ha
CKOpOCTb NpO1eccoB B ra3oBOH M XHAKHX cpepax. 'oMorenHble npo-
Becchl, Kak MpaBHJO, HAYT B KHHeTHUecKo#H obsacTH, T. e, obmas cKo-
pocTb Mmpolrecca ONpefessieTcsi CKOPOCTbIO XHMHYECKOH peaKuhH, No-
3TOMY 3aKOHOMEPHOCTH, YCTAHOBJEHHHE AJA peakKuuil, NpHMeHHMbl H
K npoueccam, HAYIIMM B ra3oBOH HJH KHAKOH Cpele.

C ToukH 3PEHHA KHHETHKH XHMHYECKHEe peaKuHH MOXKHO KJ'IEICCHC]JH'
UHpOBaTh [0 MOJEKYJAPHOCTH, T. €, MO YHCJAY MOJIEKYJ, OAHOBPEMEH-
HO Y4YaCTBYIOIIMX B 3JIeMEHTapHOM aKTe XHMHUECKOro npespallenls,
M 1o nopsaakKy peaxkuud. [Topsilok peakinu paBeH CyMMe NOKasaTeJei
CTeleHed MPH KOHIEHTPAaUMAX PeaTHPYIOUIMX BELIECTB B KHHETHYECKOM
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ypaBHEHHH peakuHd. Yalle Bcero mopsijoK peaklHH He COBmajgaer C
ee MOJIEKYJNAPHOCTBIO, TAK KaK CyMMapHOe CTeXHOMETpHYeCKoe ypas-
HeHHe peakUHH, KaK OPaBHJO, HE MOXeT N0Kas3aTth AeHCTBHTe/bHbLIH
MeXaHH3M peaKIHH, KoTopas OOBIYHO NPOTEKaeT yepes psiil NOCJAENO-
BaTesbHBIX cTagufl, [lo MOJEKYNPHOCTH peakuHH noApa3fetsioTcs
Ha MOHO-, 6H- H TPHUMOJIEKYJSIPHHE H [0 NOPSIAKY — NEPBOro, BTOPO-
ro, TPeTLero u ApoOHOro nopaaKa.

Bausuue KOHLEeHTpauUHUH pearupyromHx BeUIeCTB
ompejesnsieTcs 3aKOHOM JefiCTBYIOIIMX Macc, KOTOPBIH sBAseTcs OC-
HOBHBIM 33aKOHOM XUMHUECKOH KHHETHKH,

I.K onHoMOBMeKyasipuHHM (MOHOMOJEKYJADHBEIM) OTHO-
CATCH: a) peaknWy BHYTPHMOJNEKYJASIPHBX nNeperpynanH-
poeok: A—D, nanpumep usoMepH3alHsi, HHBEePCHsA, U 6) peaKuHH
pasaoxeunsas A—D+D.

2. lsyxMonekynsipuse (6uMo/exkyaspHble), B KOTOPHIX
5/1eMEHTaPHBIH aKT OCYILIECTBJSIETCS B pesyjbTaTe BCTPeYH ABYX Of-
HOMMeHHHX (2A) nnu pasHouMeHHBx MoJsekyn (A+B) ucxoameix Be-
HiecTB.

3. TpexMonaexyansspHb e, rge BCTPeYyaloTCs M BCTYNaloT B
XMMHYECKOe B3aHMONEeHCTBHE TPH MOJEKYJB, MOTYT OBITb peaKiMH
npucoeluHeHns, ob6MedHOro Tuna (HanpuMmep, M3OTOMHBIHA
o6MeH) M peaku¥u peKoMOHHA LUK

3A - D
2A4+B - D4 D’
A+B 4B —>D+D

CTo/NKHOBEHHE TpPeX MoJeKyJs OblBaeT o4eHb PeAKo, ocoOeHHO Bra-
soBoit (hase. KaxmoMy H3 nepedyucleHHHIX Bblllle THOOB peaKunHi co-
OTBEeTCTByeT CBOe KHHETHYECKOe YpaBHEHHE, CBA3bIBAKOILEEe KOHIIEHT-
payHH peareHToB co BpemeHeM, [JopsAaoK peakudH COBNajaer C ee MO-
JIEKYJISIPHOCTBIO TOJIbKO [J11 NPOCTHIX peakiHil, 0poTeKaloUUX B COOT-
BETCTBHYM C ypaBHEHHeM peakluuHd B OAHOM HanpaBJeHHH H COaep:Ka-
IHX OJHH XHMHYECKHH 3Tan. 3aBUCHMOCTb CKOPOCTH XMMHYECKOH pe-
axlUuu OT TeMmepaTypbl CHJABHO H3MEHSeTCs H NpPH BO3PacCTaHHH
nopsigKa peaknuH.

C pOCTOM KOHUEHTPAaUlHH HCXOAHBLIX BEMIECTB CKOPOCTH pEaKIIHH 10
JOCTHXEHUA PaBHOBECHOrC BbIXOJa yBEJHYHBAECTCHA TEM CHJIbHee, 4deMm
BbIIE MOPAAOK peakiuu, PaccMoTpUM HeKOTOpHE KHHETHYECKHEe ypaB-
HeHHA JJisl NMepHOJHUECKHX NMPOLECCOB H NPOLECCOB B ammaparax uie-
asbHOTO BHITeCHeHHsA. CKOpPOCTb Heo6paTHMOH peakuMH NepBOT O
nopsAankKa MNponopuHoHasibHa TeKylieil KOHHEHTPAUMH pearnpylorie-
ro sewectsa. Ecau o6o3HaunTh depes a, b, b’ HauaJbHBE KOHUEHTpA-
HHH cooTBercTByIOIMX Bemects A, B, B’; 4epes x, — ymenbiuenue
KOIIHEIITP&HHﬁ HCXOJHBIX BELIECTB 3a NPOMEXKYTOK BDPCMEHH T OT Ha-
yalia peakluHH 4 kK — KOHCTAHTY CKOPOCTH peakLMH, TO CKOPOCTb peak-
MM NepBOro Nopsiaxa

u=dx,/dv ==k, (a — x;), (V.5)
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OTKYyJAa NOCJIe HHTErPHPOBAHHA
2,3 a

ky =—1
! T ga—xl

. (v.6)

Bonee yno6HO AN TEXHOJOTHYECKHX PacieTOB BBIPAMXKATh CKOPOCTh
peakuHu Yepe3 CrelleHb IPEBpallléHHsS OCHOBHOrO HCXOANHOrO BellecTBa
(cm. ra. 1I):

u=dx/dT=k(l —x), (V.7)

2,3 1
=g —. (V.8)

T l—x

k

KoncTraHTa CKOPOCTH peaKIHH NPH NOCTOSHHOH TeMmmeparype /s
KaXXOoW JaHHOH peakuHH sBASETCAd BeJHYHHOH, He 3aBHCHMOH OT Ha-
yanbHON KOHUEHTPauuH HcxomHoro BemectBa. Kak caemyer us ypas-
wenuft (V.7) u (V.8), pa3MepHOCTb KOHCTAHTHI CKODOCTH 3aBHCHT
TOJILKO OT MPHUHSTHX eNUHHL BpeMeHH. Tax, eciu BpeMsi H3Mepsercs
B CeKyHIax, TO pa3mepHocTh k Gyxer c¢~!. UncnenHo k oranyaercs ot
ki, HO BJAHSHHE MapaMeTPOB TEXHOJOTHUECKOr0 pexHMa Ha R H &
ONMHAKOBO, HampHMEp, BAHAHHE TeMIepaTyphl ONpejensieTcsi ypaBHe-
uuem Appenuyca (11.92). B xauectBe mpumepa Takoli peakuuu (mo-
HOMOJIEKYNsiPHAs peakius [EePBOro NOPsifKa) MOXKHO NPHBECTH pas-
JloXKeHHe MapoB NMPOCThIX 3(HPOB:

CHy —O —CHy — CH, + H, +CO

Peakuuss usomepusauu (D—-A) cnoXKHHX MOJEKya B rasax H
pacTtBopax, a TaKiKe 4acTb OHMOJIEKYJsAPHBIX peakUHH B pacTBopax
(ruapoNH3, KeTo-eHOMbHAS TAayTOMEPHSA U T, 1.) SABASIIOTCA DPeaKUUAMH
nepeoro mopsiaka. KpekuHr MHAHBHAyaJbHHIX YIJIeBONOPOJAOB H Hed-
TAHBIX (Qpakuuii yAOBJETBOPHTENbHO OMHCHIBAGTCS YDaBHEHHEM peak-
uuii nepsoro nopsaka (D—>A+B). CKOpocTb MHOTHX CAOXKHBIX KaTa-
JHTHYECKHX TIPOLECCOB, B KOTOPHIX JHMHTHDYET ONWH 3Tanm (HampH-
Mep, Pas3soXeHHe aKTHBHOro KOMIJekca ¢ ob6pa3oBaHHeM NPOAYKTa),
TaKi¥Ke OMNHCbIBAaeTCss ypaBHEHHAMH MNEPBOro nopaaka, Xors no KoJaH-
4yeCTBY Moned CTEXHOMETPHYECKOro ypaBHeHHA HX CJeNyeT OTHECTH K
6H- HNH TPEXMOJEKYJASPHBIM peaKuHaM,

CKopocTb peakuuii BTOPOT O NOP A KA

u=dx/dv=Fk (a—x) (b—x), (V.9
oTKy/a

2,3 | a(b—x)

“Ta—1b) Cha—x) (V-10)

Ecan HauyanbHble KOHLUEHTPALUH DearHpyloLIMX BellecTB paBHHL
mexkny coboii, T. e. a=b (ucxonHble BellecTBa B3AThl B IKBHMOJEKY-
ASPHBIX KOoJuyecTBax), To ypaBHenus (V.9) u (V.10) 6yayr umerb

ClenyOLH BHA:
u=dx/dt = ky (@ — x)* (V.11)
H COOTBETCTBEHHO

1 Xy
by =— ——. .12
! T al@— x,) v-12)
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Bblpa}l{aﬂ CKOpPOCTh mpouecca 4depes CTENeHb ﬂpeﬂpamel{“ﬂ, HMEeeM
u=dxldt=Fk (1 —x)* (V.13)

1
T l—x

k= . (V.14)

[To Tuny peakuuit BTOpOro Mopsaaka NMPOUCXOAHT B3aUMOAEHCTBHE MPOC-
ThiX MoJiekya B rasosoll cpene: CoHy+Hz—>CsHg, nonyuenue u oMbl
JIEHHE CIIOXHBIX 3(pHPOB B pacTBopax (GHMOJeEKyJsipHbe peaKUHH
BTOPOro MOpsnKa):

CH4COOH - C,Hs0H — CHgCOOC,Hs -+ H,0
RCOOR’ 4 NaOH ~ RCOONa - R‘OH

[To Tunmy peakuuii BTOPOro Nopsifika UAyT peakUHH OKHcaeHHS dop-
Manblerufaa MepOKCHIOM BOXOPONA, B3aHMojeiicTBHe 6poma ¢ XKHPHBI-
MH KHCJIOTaMH, TIpeBpallleHHe apoMaTHYeCKHX aMHHOB B HHa30coelH-
HeHHS H OP.

Peakunn Tperbero nopsaka BCJAefCTBHe HH3KOHA CKOPOCTH HX HMe-
10T MaJioe MpakTHYeCKoe 3HadeHHe.

PaccmaTtpHBas ypaBHeHHs CKOPOCTH FOMOTEHHBIX NPOLECCOB, MOXK-
HO yKasaTb H Teé o6llHe NPHeMbl, KOTOPLE CMOCO6CTBYIOT HHTEHCH(H-
KalHH MPOUeCcCOB, HAYIIAX B KUAKOH u raszoBo#i cpegax. M3 ypasue-
auit (V.7)—(V.14) BHAHO, YTO CKOPOCTb PeaKIHH MaKCHMAaJbHO 3aBH-
CHT OT KOHLIEHTpauu#i TeX pearHpylolHX BeUleCTB, KOTOPHE BXOLAT B
HanGosbllieM KOJHYeCTBe B ypaBHeHHe peakuuu. [Ipu sToM cKopocTh
MHOTOMOJIEKYAsIDHBIX peakuH# ¢ MNOBBLIIEHHEM KOHUeHTPauHi Oyler
BO3pacTraTh ObIcTDEe, 4YeM CKOPOCTh peakuu#i 6ojee HH3IWHX MNOPsi-
KoB. [TosToMy mpW KOHUEHTPHPOBaHHH, 06OrallleHHH CHIPbs HeOOXOIH-
MO Y4YHTHIBaTb NOPANOK peakunu., Hampumep, moBhIleHHe KOHLEHTpA-
MM HCXOMHLIX BelleCTB B [Ba pas3a MO3BOJSET NOBHICHTH CKOPOCTb
peakuHH BTOPOroO nopsika B 4 pasa.

Ha npakruke waumie Bcero BCTpedaloTcs CJAOKHBIE peakuuu (o6pa-
THMEBIE, TapaJJieJibHble H ﬂDCJTEIlDBaTEJIb[]He), KHHEeTHKa KOTOPHIX OcC-
HOBAaHa Ha He3aBHCHMOCTH MPOTEKAaHHs H OJHOBPeMEHHOTO MOAYHHe-
HHS 3aKOHy HeHCTBYIOMHX Macc. B pesynbTaTe H3MeHeHHe CHCTeMEI
ciaraercs H3 CyMMbl H3MeHeHHH, BHeCeHHBIX KaXXIOH M3 3THX He3aBH-
CHMBIX peaKuuH, ©OMHH NMOPANOK PeaKUHH HePeAKO OKa3biBaeTcs
Apo6GHbiM. B KayecTBe MNpHMepa pacCMOTPHM NapaJjaJeNbHBEE
peakuHH:

A
A
N
ky xp
Toraa cxopoctb NpeBpalieHus
dc,
uy == 7= =kCy +kCy = (s + ) Cy . (V.15)
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A ckopocTb 06pa30BaHusT NPOAYKTOB B H D
ug =dCy /dt = k,C, , (V.16)
up =dCp, [ at = k,C, . (V.17)
Ha ocHoBe mociieqHHX ABYX ypaBHEeHHH MOXKHO 3amHCaTh!
ug | up =dCy | dCp = ky/k,. (V.18)
IIpumepoR mapanseibHBIX peakuuil B XHMHYECKOH TeXHOJOrHH
oyelb MHoro. Tak, mpH OKHCJIEHHH aMMHaKa, B 3aBHCHMOCTH OT MpH-

MEHAEMOro KaTaJqH3aTopa H napamerpoB, Mpoluecc MOXKeT NMpoTeKaTh [0
CaenylIIHM NnapannienbHblM DeaKUuHAM:

4NH, + 50, — 4NO + 6H,0
4NHg 4- 30, — 2N, --6H,0
4NH; 40, — 2N,0 - 6H,0
IIpu cuHTe3e METHJIOBOrO CMHPTAa KPOME OCHOBHON peaKLHH
CO + 2H, == CH4OH
MOTrYT HIATH CJeAylolHe napaJJjenbHble peaKkiHH:
CO + 3H, == CH, 4-H,0
2CO +2H, == CH, + CO,
CO+H, = CH,0
PaccmoTpum mocanemoBaTeJdbHbB € peakiHH, T. e. Korpa o6-
pPas3oBaBIUKiCA TEPBHYHLIA (NPOMEXYTOYHHE) NPOAYKT B pe3ynbTa-
Te JaJbHeHUIHX peaKuHi ob6pasyeT HOBHH KOHeYHbIl mpoaykr. Tak
MPOTEKAIOT HEKOTOphle peaKIUHH OpPraHHYecKoro CHHTe3a, B TOM 4HC]e
3aMernieHHus (XJOpHpOBaHHe, HHTPOBaHHe, CyJb(HpPOBaHHE) H OKHCJe-

HHus yraeBogoponos. Hampumep, xsopupoBanne GeHnsona HAeT 1O Ta-
KOH yTpOLIeHHOH cxeMme:
ky ky kg
CeHg — CHCl —— GiH Cly, —— CH;Cly
al, ly Iy
Ilpu cuHTese METHJOBOrO CIHpTa MocaegosarenbHo obpasylores
1eseBOA NMPOAYKT H AHMETHJOBHIH 3¢up:

CO +2H, == CH,OH
2CH,OH == CHg — O — CHy - H,0

}l.!’[ﬂ NMOBHIILIEHHA KOHU,EHT]JBH,Hﬁ’ pearenToB B TOMOTr€HHBIX CHCTe-
Max ﬂpHMe][HEOTCH caeayiuiHe MeToabl:

a) Adsa rasoB: BhIjeJeHHe M3 ra3oBOH cMecH B OoJsiee KOHIEHTDH-
poBaHHOM BHAE, cXKaTHe HJAH CKHXKeHHe H, HaKOHell. paCTBOpEHHE ra-
30B JJ1 IPOBEJEHHs PEeaKIHH B PacTBOpe:

6) aas KUIKOCTefi: BhiapHBaHHe, BHIMOpaiKHBaHHe, YTO MNO3BO-
JiseT MOJyYHTb pacrBop, Gojee HaACHILIEHHBIH peareHTamH, HAH Xe J10-
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MoNHHTENbHbIE BBOJ peareHToB B pacTBop (ocoGeHHO NP UMPKYJISLHH
caabblX pacTBOPOB).

[TopbmmeHHe TeMTepaTyphb yBeiHUUBaeT CKOPOCTb Peak-
LHH BCJeACTBHE BO3PACTAHHS KOHCTAHTHl CKOPOCTH COTJacHo ypaBsne-
nuio Appenuyca (11.92), (11.94), (11.95). Ho nosmimenne Temnepary-
pbl OGBIYHO YBeJHYHBAGT CKOPOCTb M oOpaTHOH peakuuu (a uHoraa
napajsieflbHbIX HJH BbI3bIBaeT PeaKuud o6pasoBanus noOOUYHBIX NPO-
I{)’KTOB), B pe3yJanTare 4ero paBHOBECHE HacTynaeT NnpuH HH3KOM Bbl-
xone npoaykra. IlostomMy Heo6XoAHMO HAaHTH ONTHMAaJbHbIE YCJOBHA,
MpH KOTOPbIX KOHCTAHT4 DABHOBECHA JOCTATOUHO BBICOKA NPH 60J/b-
mof CKOPOCTH NPAMOH peakuuH.

Hapnenue BiuseT Ha YBeJHUYeHHe CKOPOCTH KAaK npsaMoH, Tak
u obpaTHOH peakuMH NPONOPUHOHANBHO UYHCJY pearupyloulHx MmoJe-
Kyj. Takum o6pasoM, AaBjeHHe BJHSAET Yepe3 yBeJHUYEHHE KOHILEHT-
paiumuii peareHTOB, UYTO NPAKTHYECKH OTHOCHTCH K DPEaKUUAM, HAYULHM
B rasoBoil cpexe, ocoGeHHo ¢ yMenbulennem o6bema. [laBaenne cipu-
raeT paBHOBECHEe PeaKlHH, eClH OHA HJeT ¢ H3MeHeHHeM oObema (mo
npunuuny Jie llateabe), u yckopsieT peakuuH H3-3a yBeJHUEHHS NJOT-
HOCTH H, CJIeJ0BaTeJbHO, KOHUEHTPAUHH pEEFHPYIOUlHX BEIEeCTB. Ecian
HEe JHMHTHDYET paBHOBECHE, TO BJHAHHe A4ABJECHHA 3aBHCHT OT nopang-
Ka peakuuH:

u=[p", (V.19)
rie B — koaddunuenT, 3aBHCAMMUNE OT KOHCTAHTbI CKOPOCTH PeaKuHH
H KOHUEHTpauu# pearHpyloimux BeuiecTB, P — GespasmepHoe pasile-
HHE, T. e. OTHOLIeHHe (PAaKTHYECKOTO [JaBJeHHA K HOPMaJlbHOMY
(0,1 MIla); n— nopanok peaknuu. CuefoBarenbHo, [JI9 Peakuui
nepBOro NOpsjaka

s

u=>3pP, (V.20)

a AJs BTOPOTO nopsaika
u = fP= (v.21)

Taxkum ob6pazoM, 4eM BhIIE NOPSAAOK PEAKUHH M YeM YHIIE HCXOI-
Has rasoBas cMech, TeM LejecoebpasHee npHMeHATh AaBiaenue. [Ipu-
MeHeHHe NaBJeHHs BBHITOAHO W NOTOMY, YTO OHO MO3BOJISIET YMEHbIIHTh
IHaMeTp TPy6OnpoBONOB, pasMephl annapaToB, HO NPH 3TOM YBEJIHUH-
BaeTCsl TOJALIMHA HX cTenok. JlaBienne Ha CKOPOCTb peakuuit B pac-
TBOPAaxX BJIHfeT OYeHb MaJlo, HO C yBeNHUEHHeM [1aBjeHHs GHICTPO BO3-
pacrtaeT BA3KOCTb XKHMIKOCTeH, YTO MOXKeT NPHBECTH K IepeXOony peak-
IMH M3 KHHeTHueCKoH B auddyznonnyio obaacts. [lo Tomy, kaxk
CKAa3blBAeTCS JAaBJeHHe Ha KHAKo(asHble TOMOTEHHble pPeaKUHH, HX
MOXHO Pa3GUTb HA TPH rPynnbl: 1) MOHOMOJEKYAApHbIE PeaKUUH pas-
JOXKEHHs, 3aMejdsemMble AaBjeHHeM; 2) HOPMajabHble GHMOJIEKYJaap-
Hbleé DeaklHH, YCKopsemble aaBjenHeM; 3) MeljeHHble GHMOJEKYJsp-
Hble PeaKIMH, 3HAUHTEe/JBHO YCKOpsieMble aBJCHHEM.

[TepemenruBanne yCKopsieT Mpouecchl, nporekamomue B audpysu-
OHHOH 006sacTH BCJEACTBHE 3aMEHbl MEIJeHHOH MOJeKyJaapHoi AHd-
(GysuH OBICTPbIM KOHBEKTHBHBIM NEPEHOCOM DEareHTOB B 30HY peak-
uHu. Ocobenno 3pGeKTUBHO NepemelIMBAHHE IKHUAKHX TOMOTEHHBIX
CHCTEM, B KOTOPBHIX MOJieKY/sapHas nHGQy3us NPOHCXOAHT MenjeHHee,
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gem B rasosbix. Hanpumep, Ajis MrHOBeHHBIX peaKuu# B pacTBopax
(peakuus 3JEKTPOCTATHYECKOro B3aHMOAEHCTBHS H HEHTpajJH3auuu
zapsagos no tany H*+OH-—>H,0) ckopocTs mpouecca omnpenesser-
cs TMOJBOJAOM PeareHTOB H, CJeAOBaTe/bHO, NMepeMellHBanue MoJo0HmX
PacTBOPOB CIHYKHT 3PPEKTHBHEIM CMOCOGOM YBEJHYCHHS KOHCTAHTHI R
H obUlelt CKOPOCTH mpolecca.

[TepemMemunBaHHue BJHSET Ha CKOPOCTh INPOLECCOB, HAYUIHX
B KHHeTHUEeCKO# 06JlacTH B 3aBHCHMOCTH OT THma mpouecca. Jlas
6ONBLIMHCTBA Ta30BHIX peakuuil nepeMelinBaHue He BJHAET Ha CKO-
pocth, TaK KaK KaKaas MOJIeKyJda rasa B OOBYHBIX yCA0BHAX H Oes
[lepeMelllnBalus HCObITHBaeT okojo 10! croskHOBeHHH B CeKyHny.
B IPOTOYHRIX K€ peakTopax CKODPOCTb pPeaKuHH MPH NPOUYHX PaBHBIX
YCJIOBHAX CHHXKaeTcda C yBeJHYEHHEM CTEINEHH nepeMellnBalug BCJIed-
CTBHE CHHIKEHHSI CpPeiHe#l ABHXKyule# cuabl nmpouecca AC BMIOTH 10
JOCTHKEHHS TMOJHOr0 CMelleHHf PeareHTOB € MPOAYKTaMH peaKlHH.

3. PEAKTOPBI JAA TOMOrEHHBIX MPOLIECCOB

,[lJIH l'IIJOBElIEHHH FOMOreHHBIX IIPOoUECCOB MPHMEHAIOTCHA BCe OCHOB-
Hble THIbI PeakTopos, paccMorpenHbx B ri. III. ¥YerpoiterBo peakro-
poB g TPOBEJEHHS TOMOTEHHHIX MPOLECCOB MPOlle, YeM YCTPOHCTBO
PeakToOpoB A5l TeTeporeHnslX NPOLECCOB, BBHAY JICIKOCTH MepeMelln-
BaHuA. Bce peaJibHble anmapaThl 3aHAMAIOT MPOMEXKYTOYHOE TOJIOXKe-
HHEe MeXay anmnapataMHi HACaJbHOro BbITeCHEHHA H INOJHOTIO CMellle-
ung. JIBRXKYUag CHJIA MPOLEcCca B peasibHbIX PeaKTOPax MeHblle, Yem
B peaKTopax HAeaJbHOIo BRITECHEHHH. CJICIIOBaTe.HbIIO, B peaxKTtopax
Jna roMoreHHbIix HPOLLECCOB nepeMelIuBanue IIEOﬁXO,&HMO yCHJIHBaTh
TOJBKO JO Tlepexoja npouecca nu3 aHbdysnonHo#i 0671acTH B KHHETH-
‘IBCKYIO, ,&aJIBHCﬁHJCE e yCH.IIEHHE nepememnsaﬂnﬁ CHHXKaer CKO-
poctb mpoiecca. B HekoTopEIX cayuasx GriBaeT HeOOXOAHMO YCHIIEHHe
nepemMelllHBaHUA H B KHHeTHYecKOd obnacTd, HanpuMep, AJS ycTpaHe-
HHUA MeCTHEIX IleperpeBoB peaxunmmoﬁ CMeCH, A8 YCHJICHHSA Ternuo-
nepefayd MeXKAYy PEaKUHOHHOH CMeChbl0 H TenNoOGMeHHBIMH INOBEPX-
HOCTAAMH H T. N. KOHCTPYKILHH DeaKTOPOB 3aBHCAT OT Xapakrepa cpe-
abl (ras, XHAKOCTH), MapaMeTPOB MpOLECCa H CBOHCTB COeAHHEHHH,
y‘-IaCTBYIOLU,HX B PeaKUHAX.

@daxkTHYECKH BO BCeX peakKTopax B Goibllell HJIH MeHbiled CTeneHH
njaeT nepeMelluBaHHe, CHHXKAlOIIee ABHKYUIYIO CHJY I[Ipouecca H CO-
OTBeTCTBEHHO 06UlyI0 cKOpocTh ero. [Tostomy B dopmyusl, coorBerct-
BYIOUHE HAeaNbHBIM MopmeasM mepeMmemmuBanus (cm. ra. III), myxuo
BHOCHTb TOTNPABKH H BKJIOYaTh B CHCTEMY YPaBHEHHH, ONHCHIBAIOUIHX
nponece, kKpaeBne yciaosusa. Kosdduuuentsl, ydutsiBalOuide BAHAHHE
nepeMellHBaHus, HaXOMATCsA 3KcnepuMentanbno. HawnGonee cymect-
BEHHO BJIHAET Ha CKODPOCTH i'lpOI_LECCEi HCPCMEUJHBEIHHE Mo nJjiuue HIH
BBICOTE amnmapara, a nepeMeillHBaHHe B HallPaBJeHHH, TIEPIeHIHKYIsIP-
HOM HOTOKY, BJHAET Menblle. EC-HH nepeMelInBaiie CHJAbBHO YMeHblIa-
er )ILBH}KYLU,YEO CHIIY ﬂpO]_{ECCa, a aJ8 KOJHYeCcTBeHnuoro yqua €ro Her
HeOOXOAHMbIX JAaHHBIX, anmapaThl PAaCCYHTHIBAIOT MO (POpMy/am, xa-
PaKkrepH3ylOUIHM MOJHOe ¢Mellenne. CKOPOCTh peakllHH B KHIKOM
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¢dase, oTHeceHHasA K enuHuue obbema, B THICAYM pas Gosblie, 4eMm B
rasoBo#l, a Koa((UuHeHTH MOJEKYJsPHOH auDPY3HH B THICAYH pas
menbiie. [Tostomy npoueccs B Kuako# (ase yallle NPOXOAAT B AH-
(pysHoHHO# 06sacTH, YeM ra3oBbie, M HMEHHO AJNA HHTeHCH(DHKaIHH
JKHAKOCTHBIX MPOLECCOB pelllalolliee 3HayeHHe HMeeT nepeMellHBaHHe,
[lepememnBanne obecneunBaeT TakikKe NoJyueHHe ONHOPOAHBIX (H3H-
YeCKHX cMeCeH ¥ HHTeHCH(HKAIHIO TemnoobmeHa,

Tasoodpaswoli

| — npodynm

Y el

\

e

o>

|

Y2 Hevoiwsii

Puc. 64 Cxema ropeiaxks rmedd Puc. 65 Kawmepumil peax-
AJiA CHHTE3a XJ0opoBojopoAaa. TOp € ueHTpOﬁC}KHHM ne-
I — TpyGka ganA BBOda XJopa; 2 — peMellHBaHHeM ras3oBoi
TpyGka BAAA BBOLA Bolopopa; J§-— cMecH
OHHACOBLII  HAKOHEYUHK  TOPEJIKH;

4 — KaMmepa  ned, § — sanaibHB

0K, 6 — cMoTposoll WTynep ¢ Keap-
NEBLIM CTEKJ0M

Jigs rasoBB X TOMOTEeHHB X MOPOLECCOB INPHMEHIOTCA
B OCHOBHOM KaMepHbe W TpyGuaThie peakrops (taba. 3). as cme-
IeHHA ra3a NPHMEHsIOTCs CPaBHHTeNBHO MPOCTHe ycTpoficTBa: com-
JI0, 3KEKTOpP, LUeHTPOOGeXHBH JabupHHTHBHIHN, KacKajHBH CMeCHTelb
n ap. Haubonee Tunuunsle W IIHPOKO NMpHMEeHAEMble anmapaThl A
IPOLECCOB B ra3oBoil (asze:

1. KaMepHBIe PEaKTOPH C 93KEKTOPHBIMH CMECHTEJNAMH rasoB H na-
poB. Hampumep, meus ansa ciHTe3a xjaoposojopona (puc. 64); dopcy-
HOYHas Neub AJfA CKHrAHHWA CepH, Medb A7 TePMOOKHCAHTeNBHOTO
KpeKHHra MeTaHa.

2. Kamepuslfi peakrop ¢ UEHTPOOEKHBLIM MepPeMellHBaHHEeM raso-
Bo#i cMecu (puc. 65) no pexumy paGoThl GAH30K K MNOJHOMY CMellle-
HUIO H H30TEPMHYECKOMY THIY.

3. Tpy6GuaTuil peakrop ¢ TensooOMeHOM MeXAy AByMs rasaMu pa-
GoTaer No peXHMY BHTecHeHHs (puc. 66). DTOT peakTop noJauTep-
MHUEH,
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Ta6apua 3. THON HEKOTOPHIX rOMOreHHHIX ra3oBbHIX NMPOLECCOB H PEaKTOPoB

Cxemb OCHOBHLIX peaHUM nNd nonydenHs

neneporo ﬂpOJJ‘YKTS PeﬁKTOp

CH; +Cl, = CCly 4-CHClg — Kamephoro Tumna
CHy+ 0, — CO 4+ H,0 — » »
H, 4 Cl, = 2HCI — » »
Cj-ls—}-é,_—rcgl-h—{—-... — » »
CgHy — C,Cy+ CsHg TpyGuatoro TaNa

CH4 - CEH-z + Hg » » » »
CHy - C+H, » » » »
CpHyp 4y — 4 2 2 » »
CICH, — CH.Cl — CH,CHCI » » » »
RH + 80, 4~ Cl, - R — S0O,C1 4~ HCI » » » »
CsHg 4 Cl, = CH,=CH — CH,CI - » »
54+0, - SO, - » »
N, 4+0, - NO - » »
NO 43, — NO, — , ?

4, Peaxropwut Tuna «tpy6a B TpyGe» ¢ BOASAHBIM HJIH IDYTHM XHJ-
KOCTHIM OXJIa)KJaeHueM HJIH HarpesoM (puc. 67) paboralor mo npHHUH-
Iy MoeanbHOro BbiTecHenus. Peakropw THma «rpyba B TpyGe» mouu-
TEPMHYHBI H OOBIYHO HCHOJNL3YIOTCH [ PeaKUHH, NPOTeKalouiHx ¢

GonpiuM TensnoBeiM 3ddexrom. KomuuectBo Tpyo,

JAPYyr Ham IPYroM H COEJHHEHHBIX KO-
JIeHaMH, MOmeT jocTHrath 15 u Gonee;
OHH COCTaBJSAIOT ceKuHio. B peaxropax
6oMpIIOH MOIIHOCTH  YCTaHaBJIHBAIOTCH
JdecATKH ceKuui#i, paboralomux mnapan-
JeqbHO H OObeiHHEHHBIX KOJLIEKTopa-
MH.

Jdns XUAKOCTHBIX TOMOTEH-
HblX MpPOHNEeCCOB MNOPHMEHAIOTCS pe-
aKTOpPHl C Pa3JHYHBLIMH TepeMellNBalo-
ILHMH YCTPOHCTBaMH MEXaHHYECKOrO0 H
nHeBMaTHuyeckoro tTHna. Jlas mosbilie-
nus KIIIL (Bhixoga mpoayKra) HCHOMb-
3yIOT NpsMOTOYHbIe annmapaThl GoJbILIOH
RIHHBL, GaTapeH W3 HeCKOJbKHX peaKTo-
poB, a TaKXe MHOrOCEKIHOHHbIe ammna-
paThl, B KOTOPBIX CTeNeHb NPeBpalleHHs
BO3pacTaeT C yBEJHUEHHEM 4YHCaa Cex-
uui. PeakuHoHHble anmapaThl cHa6iKens
TensiooOMeHHHKaMu (pybGaluku, 3MeeBH-
KH) N8 [NOABOJAAa MJH OTBOAA TEIIO-
THI.

HIupoko NpHMEHSIOTCH peaKTophl ¢
Pa3nHYHBIMH BHAaMH MexXaHHUYeCKHX
MelaJoK H APYrHMH THIOAMH [lepeMeLiy-

PacnoJIOKEeHHBIX

Hexobnbid
2as

2 |

Oxnamder-
¢. .”.'r". Holl 2a3
J‘f:“ —
I~
lopayuit
2a3
——

" 2
Taaopdpasnsil
npogyxm -

Puc. 66. KoxyxorpyGHHA peak-
TOp ¢ Tem1ooGMeHoM:

1 — KOXYX ¢ HOBYMA IOHAMWAMH, 2=
TpyGHas pelerka; J-— TpyGKE

147

e



Hazpemas
1 Goda

/2
ﬂ.-:‘)\’oﬁ!@f_ \,—U

peazermel T T : ﬁ

= : == =
Q% 1, Koneyrsie
= T — —
J 1Y "podynmsl
V Xonoinas
foda

Puc. 67. Cxema TtpyGuaroro peakrtopa THna «TtpyGa B TpyGe»:
I — puyTpennsia TpyGa; 2 — pHewnAs TpyGa (pyGawka); §— KOMeHO

BAIOWMX ycTpoHcTB, obecneuHpalolux pexum, GJIH3KHHA K MOJHOMY
cmelleHHio. B xayecTBe mupHMepOB clefyeT yKasaTh PeakTOPH CMe-
UIeHHs ¢ mpome/niepHol Memaljkofi (pHc. 68), nHeBMaTHUECKHM epeMe-
wuBanieM (puc. 69), co cTpyiiHO-3:KeKTOPHBIM cMelleHHeM (puc. 70).
B ycraHOBKe €O CTPYHHO-33KeKTOPHBIM CMellleHHeM TemlIooOMeHHHK
MOXKEeT CJYXKHTL XOJOLHJIBHHKOM HJH nojorpeBateneM. BenexcrsHe
nepeMellHBaHHA 3TH peaKTophl H3oTepmuuHbl. [lns mossimenus KITI
HCIIO/IL3YIOTCA KAacKaj PeakTopoB € MEIIAJKAMH HJH CeKIHOHHPOBAH-
Hble PeakTophl ¢ MellaJKaMH HJH Oe3 MellasoK.

':73
E/J %sﬁ/ ‘
! -
D
Bode G L ||
| —
[ —
(o=

Puc 68. Peakrop ¢ nponeanepHoi Puec. 69. Peaxtop ¢ nues-
MEIaJaKoi: MaTHYeCKHM TnepeMeL!IHBa-

1 — Baj; 2— mewanka; 3— soaadas py- HHEM:
Gauka 1 — BRIXOA BO3AyXa H 3arpys-

Ka MUIKOCTH, 2 — SapGorep;
3 — pmBON NPOAYKTA
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KosoHHEe PeakTopbl OOGBIYHO MPENCTaBJASIOT COOOH BBICOKHE M-
JUHAPH, B KOTOPBIX MOryT GBITh YCTAaHOBJIEHB TENJIOOOMEHHBIE 3Je-
MmeHTH. IloJible KOJMOHHBI PaGoTaioT MO MPHHUMINY HJIeajbHOro BhITEC-
wenusi. [as nepeMelIMBaHHs PEaKIHOHHOH CMECH W BbIpaBHHBAHHS

J“:

fpodyrm
Hexadubiil
peazenm

Hexogmsie
Gewecmba

il -
Hpodyxm ‘ | |

2
Pue. 70. ¥YcraHoBka co cTpyiiHO-IHp- Puc. 71. Peakrtop ¢ nepe-
KYJSLHOHHEIM  CMeLIeHHeM: rOpPOAKAMH

1 — peaxtop CTPYHHO-3KEKTOPHOrO CMeule-
HHA; 2 — NpHeMHHK; J— TenJ00oGMeHHHK

TEMIEPATYPHI yacTo NPHMEHAIOT HacajakKy, HEpPeAKO KOJIOHHBI CeKHHO-
HUPYIOT TepPQOPHPOBAHHHIMHY pellieTKaMH HJAH pasfensioT Neperopoi-
kamu (puc. 71).

HenpeprslBHO paeficTByIOlMe peakKTOPEl MPOTOY-
HOro Tuna paboTalOT N0 NPHHUHMNY HAEaJLHOro BHI-
TecHeHHs MOA06HO peaKTopaM JJsl TOMOreHHOraso-
BHIX mnpoueccoB (cM. puc. 67). Tak, wuHenpepslBHO
LEeHCTBYIOINHHA MPOTOYHBIE PeakTop AJAs THAPOJH3a
AUXJOp3TaHa WMeeT [JAHHY Tpy6 okono | K.
Tonbko npu Takoit aAnuHe obecmeuynBaercss HeobXO-
LHMOe B3aHMOjJeficTBHE pEaKIHOHHOH CMecH H
HOJIKHAfA Tell0oTHava.

Hdas paboThl nojx AaBNEHHEM NPHMEHAIOT apBTO-
KnaBH nepuoguveckoro Jeficrsuf (puc. 73). B
Tabs. 4 mpHBedeHbl NPHMEPH XUAKODa3HBIX peak-
OHH H THIObl PEaKTOPOB AAS HX OCYIUECTBJAEHHS.
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Puc. 72 ABTOKJaB MEPHOAHUYECKOro ACHCTBHA
1 — gopnyc; 2 — peakuuonHsii cocyhk; J. 4— Tpy0n, § — Kpoiuka
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Tab6anunma 4. THNW HeKOTOPHIX peaxuuf, NpHMeHAEMBIX
ANA KHAKOMA3HBIX peakiHA

Cxembl Muoaﬁﬁngigxﬁ;lgn#;l;nm’l}'lleﬂuﬂ Peakrop
KCI - NaNOg == NaCl - KNOg — C nepemelun-
BaHHeEM
CH,Cl, -} Cl,(hv) — CCly — KamepHo- To ke
ro THTa
CH, — O — CH, +H,0 — HOCH, — CH,0H — To ke -
C,Hy080,0H - H,0 — C,H;0H =+ H,S0, - > » -
Kupkodasubli Kpekunr — > %
nCH,O + (n + 1) CgH;OH — — s C nepemelm-
- H[C4H; (OH) €H,] , CgH,OH -+~ nH,O BaHHeM
TMosmMepu3anud BiHYNAneTaTa — KamepHo- —
ro THNa
CH4COOC,H; 4 CH; (CH,),,COOH = TpyGuyaroro — C nepemelwus
<= CHa(CH,3,,000C,Hy -+ CHyCOOH Tima aitey
(NHy),8,0; - 2KHSO; — K,8,04 - - - To xe
- 2(NHy) HSO,4
I'aaga VI
ITETEPOTEHHBIE
HEKATAANTHYECKHE TIPOUECCHI
H PEAKTOPHI

1. OBLUHE CBEJAEHHA

[CereporenHHble XHMHKO-TEXHOJOTHYECKHE MPOLECCH OCHOBaHBI Ha
peakuHsiX MeXJAy peareHTaMH, HaXOJAUMMHCA B pPasHbXx Qasax.
BoabIIHHCTBO MPOMBILUJEHHBIX XHMHKO-TEXHOJOIHYECKHX IPOLECCOB
oTHocHTCcsi K rereporendsiM. OrpomHoe pasnHoobpasue reTeporeHHbIX
MPOLECCOB 3aTPYAHAET HX KiaaccHpuKauuio, B COOTBeTCTBHH ¢ NPHHSA-
TOH KiaaccH(pHKauue# HeKaTaJHTHYECKHe TeTePOreHHBle NPOoueccH je-
astT no (aszoBoMy COCTOSHHIO peareHTOB Ha [NPOLECCH B CHCTeEMax
F—X, )K—T, '—T u 1. o

Mexanusm reTeporedHn x npoupeccoB CJA0XKHEE IoMo-
reHHbIX, TAK K4K B33aMMOeHCTBHIO DeareHToB, HAXOAAIIHXCA B pas-
Hbix (pazax, npeAlIeCTBYET WX NOCTaBKa K INOBEPXHOCTH pa3jgena (as
u maccoobmen mexay ¢asamu, [Tostomy npu H3ydeHHH KHHETHKH re-
TEPOreHHBIX MPOLECCOB CJAEAYeT YYHTHIBATh JOMOJHHTENbHBIE PaKTOPH
NOMHMO TeX, KOTOpble PacCMaTPHBAIOTCA [J1s1 TOMOTEHHBIX NPOIECCOB,
a uMmeHHo: a) obulee ypaBHEHHE CKODOCTH TeTepPOTeHHOro mpouecca,
KPOMe XHMHYECKOH KHHeTHKH, JOJIKHO OTpa)KaTh KHHETHKY Maccome-
pefaul, npHYeM BEIPaJKEHHe CKOPOCTH MaccomepelavyH 3aBHCHT OT Xa-
pakrepa rereporenno#i cucremn ([—XK, TI'—T, T—X u 1. 1);
6) B reTeporeHHOM mnpolecce KaXaas ¢aza MOXKeT HAaXOgHTbCs B On-
penesieHHoM peXHME JBHXKeHHdA, H 3TO TaKxKe onpepesjaser BHI KHHEe-
THuecKoro ypapHenus. Jig KonuuecTBeHHOH XapaKTEPHCTHKH CAOXKHO-
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ro TEXHOJOTHYECKOro mnpolecca JAONYCTHMO pacu/jeHeHHe €ro Ha oOT-
IlelbHble CTaJHH H aHa/lH3 Kaxjaol u3 HHX. TakoH analn3 MO3BOJSET,
HanpuMmep, VCTauHOBHTb, B Kakof o6jacT ~— audphy3uoHHol HIH KHHe-
THUECKOH — HJeT MHpolecc, H NpH pacuyeTe npeHebpednr TOH cTanued,
KOTOpas OKa3blBaeT MaJjoe BJHSHHE, eCTH TOJMbKO CKOPOCTH HH(physun
H XHMHUYECKHX peaKqufI HeCOH3MEPHMHI.

MIIDI‘H& reTeporenuble npoueccs! He CBA3aubl ¢ XHMHYECKHMH pe-
aKIUHAMH H OCHOBaHbI TOJNLKO Ha QJHSHKO*XHMH'-IECKHX ABJIEHHAX. K Ta-
KHM TIpopeccaMm MOXKIO, HamnpuMep, OTHECTH HCOapeHHe 6e3 usmene-
HHA CocTaBa, KOHAeHCAUHIO, NeperouKy, pacrBopeHHe H 3KCTparupo-
BaHue, He COMNPOBOXKIAKIHeca XUMHYECKHMH peaKUuHaMH, KpHCTaJJIH-
34l HIO Ge3s rujaparallii H T. II. XHMH‘IECKHE rereporeHHbie Nporecchl
BKJIKYAIOT KaK OAHY H3 CTaﬂHﬁ XHMHUYECKHe PeaKLHH, KOTOpbie HAYT
B olHOH u3 (a3 mocje nepeMemleHdss TyAa peareHTOB HJH Ha NOBepX-
HOCTH pasfiena ¢as.

Baxkunimu TEXHOJOTHYECKHMH NOKasaTedsaMH MPOMBIIIJIEHHBIX NPO-
[IeCCOB CJYKAaT PAaBHOBECHBLIH BHIXOJ IPOAYKTa, onpenejseMblii paBHO-
BeCHEM NpPH JaHHBIX YCJOBHSX, H (paKTHUeCKHH BBHIXOR NMPOAYKTa, O0-
pesensieMBlll PaBHOBECHEM H CKOpocTblo mpouecca. Mabickauue nyteil
H cnocofOB yBesJHYeHHS PABHOBECHOTO W (haKTHYECKOro BLIXOAa MpO-
LyKTa XUMHUYECKHX NPOLECCOB fIBAsAETCS BaxKHelllel 3ajauefl XHMHYe-
ckoit Texuonoruu, OnpefenenHe MakKCHMaJbHOrO PAaBHOBECHOro BHIXO-
Jla NMPOJAYKTa reTeporeHHbIX MPOLECCOB H BO3MOXKHOCTEl ero NnoBhillle-
HHsl OCHOBAaHO Ha aHaJW3e PaBHOBeCHs B JaHHOH reTepOTreHHOH
cucreMe. Ha reTeporeHible paBHOBECHs BJHAKT TeMmnepartypa, gaBJhe-
HHE, KOHLCHTPAUHH PEareHTOB H NPOAYKTOB peaKIHH.

ParpHoBecne rereporenHsx NPoUecCcOoB onpeneser-
CA KOHCTaHTOH paBHOBECHSA XHMHUECKHX peaKUHH, 3aKOHOM pacmpeje-
JleHHs1 KOMIOHeHTOB Mexny ¢asamu ¥ npaBuaom ¢as. PaBuosecue
MeX1Y HCXOAHBIMH PeareHTaMu W MPOAYKTAMH XHMHUYEeCKOH peaKuud,
npoucxoasuleil B ofHON U3 (a3, onpelensercs KOHCTAHTOH PaBHOBeCHS
Ky, Kc nma Ky Tak Xe, Kak W 1Js1 TOMOTeHHBIX mpoueccos. [Ipu pac-
yeTe U MOJEJHPOBAHHH TeTEPOTeHHBIX MPOLECCOB CTeNeHb NPUOJHNKe-
HHSl K PAaBHOBECHIO XapaKTepH3yeTcs KpHTepHeM paBHoBecusa Pa. Pag-
HOBeCHbIe KOHLUeHTPaUHH KOMIIOHEHTOB B CONMpHKacarmuiHxcsa [t)aBaX
OnpeesgloTCA 3aKOHOM pacnpefelfieHHs BelUIecTBa, KOTOPBIH YCTAHAB-
JIHBaeT MNOCTOAHHOEe COOTHOIIeHHE MeM ]y paBHOBECHBIMH KOHIeHTpa-
HMSMH BellleCTBA B ABYX (pazax cHCTeMbl NPU OHpejeseHHOll TeMmepa-
Type. [TOCTOSHCTBO COOTHOIICHHS He HAPYIUIAeTCH NPH M3MEHEHHH Ha-
YyalbpHO KOHUEHTPalHH KOMMOHEHTa WJH oblllero NaBJieHHsI B CHCTEME.
Ha zakoue pacnpenesyieHdda OCHOBAaHLI TaKHe MNPOMBIIHIJIEHHbBIE npouec-
cel, Kak a0copOuusa rasoB XHAKOCTAMH, AecOpOIHf ra3oB, 3KCTpParH-
poBaHue u T. n. [Ipu MopmenupoBaWuu MPOLECCOB Maccollepejayd Mo-
pobue xapaKTepH3yeTcA KpHTeDHeM DAaBHOBECHOCTH B CJEAYIOUIEM
BHIE:

Pa = 1/(l — xp), (V1.1)
rae xp=Cq/Cp — pakTHyecKuii BHXOA NPOAYKTa 06paTHMOro npouec-
ca MacconepejayH, BbIPa’KeHHbIl B eHHHUAX KOHUEHTPALUHH KOMIO-
HEHTOB,
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CyluecTByeT HeCKOJbKO (GOPMYJHPOBOK 3aKOHA paclpenesieHus AJs
pasubix (a3oBHIX CHCTEM; TaK, YaCTHble CJyYaW 3aKoHA pacnpejelne-
HHA Aas paBHoBecuH B cucreme K — I' M3BecTHBI Moj Ha3BaHHeM 3a-
kouoB 'enpu u Paynqa. Papunosecue ¢as onpenensierca npasuaom as.
Ha ocHoBaunu npaeuia a3z NpPOH3BOAAT pacyeTsl (Pa3oBLIX paBHOBe-
CHH B DAas/JMYHBIX reTePOreHHBIX CHCTEMaX W ONpeJeJAlT KOJHYeCT-
BeHHBIH 3 (eKT H3MEeHeHHs TeMIepaTyphbl, AaBJeHHs, KOHIEHTPALHH
peareHTOB.

IlpaBuso ¢as no3poJsieT BBIYHCAATL CTeNeHH cBOOOABI, T. e.
yucyo ¢akropos (¢ P, Cy, C;), KOTOpOe MOXKHO H3MEHATb He3aBHUCH-
MO APYT OT Apyra Ge3 uaMeHeHuss 4Hcja $as B ABYX- H MHOTO(asHBIX
cucTemax:

c=K-+n—do, (V1.2)

rne ¢ — uucjao creneHeil cBoGOABI MM BAPHAHTHOCTH CHCTEMBI; K —
YHCJIO HEe3aBHCHMBIX XMMHYECKHX KOMOOHEHTOB B CHCTeMe;, N — YHCJO
BHEUIHHX NapaMeTpoB, BJHAKIIMX Ha paBHoBecHe ¢(a3; ¢ — uucao
¢a3. Kak npaBuio, H3 BHELIHHX YCJOBHIl HAa paBHOBeCHe BJHAIT TEM-
nepatypa { M gaBiaenue P; ciegosatesnbuo, n=2. Ecau paccmarpusa-
IOT B3aMMOJEHCTBYIOUIYI0 CHCTEMY NDH NOCTOSIHHOM  JaBJEHHH, TO
n=1.

B Texsosoruyeckoil mpakTuke ajs onpexpesesus (azoBOro papHO-
BeCHsl IIHPOKO NPHMEHAIT AHArpaMMbl COCTOSHHS, B KOTOPBIX KaKoe-
au6o CBOHCTBO CHCTEMBI, HANpHUMep TeMiepaTypa MJaBJeHHS fny HJIH
Temnpeparypa KHNeHHA fuun, HAXOAAT KakK ¢GyHKuHIO coctaBa. duarpam-
MBl COCTOSIHUAl CTPOSAIT HA OCHOBe HpaBuja $a3 oOBYHO 110 ONBITHHNM
nauHpiM. B wacTHOCTH, AJ1A ompejesieHusi TeMOePaTypPH KpHCTaJJH3a-
[LHH NPHMEHSAIOT PaBHOMEPHOe HarpeBaHHe TBepPAOro marepuana (H/IH
oxJlaxjeHHe pacmnjaasa). [Ipu Temmepatype, COOTBETCTBYIOWIEH KPHC-
TajH3aluMd pacniaBa (MW MAaBJACHHIO TBEPAOro Mmarepuana), 3a-
MeJJIfeTCsl CKOPOCTh CHHIKeHHst (WM MOBBHIIEHHsI) TeMNepaTyphl 3a
CueT BhbIJeJIeHHs (MJH 3aTPAaThl) TeMJoTH Kpucraanusauuu. Ha nua-
rpamMMme oxJaykaeHus (mau umarpeBa) kpuBasi t=f(t) HMmeer msato B
nepHoJ KPHUCTANNH3AUNH HIH NJaBJAeHHS.

CKopoCTh reTepPOTreHHB X NPOLUECCOB XapaKTepHuayer-
ca GaKTHYECKHM BBIXOZOM NPOAYKTA HJAH KO3(QEHUHEHTOM CKOPOCTH
mpouecca B KHHeTHYeCKOM ypaBHeHHH. PakTHUecKHil BEIXOA NPOAY! ia
3aBHCHT OT MHoXecTBa (hakToOpOB, KaK XHMHYECKHX, BJAMAIOUIHX Ha
CKOPOCTb peaKuuil, Tak W (QHU3HYECKHX H THAPOAHHAMHUYECKHX, BJHA-
IOLHX Ha CKOPOCTH Maccomepefaud. XHMHYECKHMH (aKTOPaMH ABJI I-
10TCH KOHCTAHTH CKopocTel peakuuii. K (GpH3HYeCKHM H THAPOAHHAM II-
YeCKHM OTHOCATCA BeJHUHHA MexX(asHoH moBepXHOCTH, KO3 HIHeHT
i dy3un U apyrue (uaudeckHe CBOHCTBA DPeareHTOB W HPOJYKTOB
peakuHH, reoMeTpHYeCKHe mapaMeTpsl annapartos, GaKTopel, BJaHsA-
omue Ha TYpOyJeHTHOCTh cucreMbl. BHA ofuero KHHETHYECKOTo
ypaBHeHHs 3aBHCHT OT TOro, B Kakoifl 061acTH — KHHeTHUeCKOil, aud-
(y3MOHHOR MM MepeXOAHOH — HACT MpoUece, T. €. COOTHOIUEHHS KOH-
CTAHT CKOpocCTeil ero Au(PGY3HOHHBIX H XHMHUYeCKHX CTalHH, a Takxe
OT pexuMma JBHKeHHA (pas.
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[eTeporenHbie NPONECCH, CONPOBOXKAAeMBle XHMHYECKO#H peaKuued,
Moryt OBITB TPEX THIOB!: 1) Korpa peakuus mporeKkaeT Ha NOBePXHOC-
Tu pasgena (as, 3TOT THN XapaKTepeH Js NPOUECCOB C ydacTHeM
teeproft pase: T—K; T— T I'—)K—T u ap.; 2) korjaa peakuuu
nporekaloT B ofbeme oAHOH U3 (a3 nocje nepeHoca B Hee BellecTBa
u3 Apyroii; taxkue npouecchi HauOonee pacnpocTpaHeHbl H MOTYT HA-
TH C yuacTHeM JioObix ¢as B cucremax: [ — K, K — K (uecmern-
paromueca), T— XK, T —K —T u ap.; 3) Korga peakuus NpoHCXO-
JHMT HAa NOBEPXHOCTH BHOBb obpasylomeilcs ¢dasbl; 3TOT THI BO3MOMKEH
A NMpOUECCOB B3auMoleicTBHa TBepabix ¢as. Ecau rereporenuslit
npouecc HAET B KHHeTHYecKO# obaactH, TO A8 HePBBIX ABYX YKasaH-
HBIX THIIOB Cl'[paBe,ﬂJIHBbI 34aKOHBI KHHETHKH TrOoMOTreHHBIX MPOIIeCcCcOoB.
IIpu 3tOom CcKOpoCTH mpouecca JHMHTHPYETCH CKOPOCTBIO XMMUYECKHX
peaKuui, onuchBaercs KHHETHYECKHMMH ypaBHeHHSAMH peakuuii, nmops-
JOK KOTOprX 3aBHCHT OT 4YHCJIA H l'[p“pO}lbI pearcHuTos. ,D;JIH KHHEeTHKH
reTeporeHHLIX mpoueccoB B AHd¢Yy3HoHHOH obnacTH xapakrepHs cie-
AyiomHe 0CoOeHHOCTH: a) CpaBHHTEJNbHO MaJjble BeJHYHHBl YCJIOBHOH
SHePruH aKTHBauHH; 6) CpABHHTEJAbHO MaJjoe BJHAHHEe TeMMEpaTyphl
Ha CKOPOCTb MpolLecca, YTO BHAHO XOTA Obl H3 3HAYEHHH TeMNepaTyp-
HBIX Ko3d¢uuHentop AUd(HY3HH, KoTOphIe A5 KHAKOCTEH U ra3oB KO-
Jgebatores B npepenax 1,1—1,5 (ecau ToapKO MOBHIILIEHHEe TeMNlepaTy-
pBl He MeHfAeT (PAa30BOro COCTOAHMSA PeareHTOB); B) Goablioe BAHSHHE
TypOyaH3auHn CHCTeMbl (MepeMelllMBAaHHA) HA CKOpPOCTh mporecca.

B o6mem Buae cKopocTb reTepOreHHOro Nnpouecca NpH HACAJbHOM
BBITECHEHHH H HENOJIHOM NnepeMellHBaHHH BHpaH{aETCfI ypasneuuem

u = dG/dx = kFAC. (V1.3)

[Ipyu pexxumax, GJM3KMX K MOJHOMY cMelleHHIo, ypaBuenue (VI.3)

OpUHHMART BHJ
t= G/t = kFACy. (VI.4)

Oo6mue kuueruyeckue ypapuenus (VI.3) u (VI.4) B kaaom Koukpert-
HOM CcJydYae MPHHUMAIOT ONPENeNeHHBIH, HHOrAa CIOXKHBIH BH B COOT-
BeTCTBHH C XapakrepoM ABHXymed cuasl,AC, cnocoGaM¥u BhIpa>keHus
NMOBEPXHOCTH KouTakTa a3z F, ¢akropamu, BIMSIOUIMMH H4 KOHCTaH-
TY CKOPOCTH npouecca k.

YBenHueHHe ABHKYweH CHAH reTeporeHHOro XHMHYECKOTo Mpoled-
ca JIOCTUraercs yayylleHdeM (H3UKO-XMMHYeCKHX YCJI0BHH ero mpose-
JeHHA, T. e. NOBBHIIUEHHEM KOHUEHTPAUHH PearupyroiiHux BeliecTs, npo-
BeJieHHEM [pomecca TNPH ONTHMAJNbHOH TeMmnepatype H JABJCHHU
H T. n. Passutue MexK(pasnoii moBepxHocTH AOCTHTAETCsi COBEpIICHCT-
BOBaHUEM KOHCTPYKIHMH peaKUHOHHBIX amnaparToB, 4 TAKIKe H3MeHeHH-
eM THAPOAMHAMHUYECKHX YCJIOBHH mpolecca. YBeanueHue Kosddpuuued-
Ta CKOPOCTH £ Ajs Tpoueccos B Ju(GOY3HOHHOR 06AaCTH JoCTHraeTcs
riapubiM- 00pa3oM MOBBbIIIEHHEM TYPOYJEHTHOCTH B3aHMOAEHCTBY-
omux ¢das, B pesyabraTe KOTOPOro NPOHCXOJIHMT yMeHblleHHe gudpdy-
3HOHHBIX COMPOTHBJEHHH M HeNnpepuiBHOe OOHOBJAeHHe MeXxdasuo# no-
BEPXHOCTH.

Opanaxko ysenudenue TypOyaeHTHOCTH uenecoo0pasHO MHILb 0 me-
pPexona B KHHETHYeCKYW oOnacTe. [anabuedmasg TypOynausauus CHH-
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KaeT WHTEHCHBHOCThL PaboTH BCJeACTBHE yMeHbIUeHHS ABHXKyLIeH CH-
JBI MpOLecca, HeKOMIeHCHPOBaHHOrO Bo3pacrauueM & u F (cm. puc. 6).
Jasa ppoueccoR B KHHeTHUYECKO# 06JacTH ypeaudenue k NMPOH3BOAHT-
csl NOpHIIEHHeM TeMnepaTypbl OO0 ONTHMAaJbHOrO 3HaudyeHHA H TIpHME-
HeHHeM KaTajlu3aTOpOB.

YpaBuenus (V1.3) u (VI.4) cayxar ocHoBo#i pacuera peaKTOPOB.
Hnas 3Toro ueo6xoauMo B NepBYI0 ouepPelb 3HATh 3HadYeHHe Ko3pduuu-
edTa k¥ — HauOojee XapaKTepHOro nokasatenas sddexruBHocTH pabo-
ThI pedaKTOpPa. OcHoBHaf CIOXKHOCTB pasHoxapakKTepHoro BJAHAHHA MHO-
rHX HE3aBUCHMBIX NepeMeHHBIX Ha CKOPOCTh MNpolecca YYHTHBIBAETCH
UMeHHO KOaddHuuueHToM ckopocTH k. I[1s1 rereporeHHBIX NpOLHECCOB
B NepeXojHOl oGaacTH (Aa7 ABYX()a3HOH CHCTEMBI)
kﬂ'

nogr * -

kéf(klik'z!k;] ,Dl,Dg,D;,D;,..-,w], Way v ey

oG6?
Gy Yis Vay Py Par s vy, Fl: r"u FS)! (VI'5)

rne k,, ks, k'nos — KoHCTAHTH CKopocTe#l mpsimoil, o6paTtHoil U mo6ou-
ubX peakuuit; Dy, Dy, D), D’y — koadppuuuents anddysuu pearen-
TOB § NPOAYKTOB PeakUHH; ¢ — KO3 (PHUHEHT NOBepPXHOCTHOTO HATH-
KeHllg Ha rpauuue pasiena ¢as; vi, vz— Ko3(QQHUHEHTH BA3KOCTH
®as; p1, p2 — MAOTHOCTH PEATeHTOB; W), Wy — JIHHeiHble CKOPOCTH MO-
tokon; [y, e, [z — reomerpuieckue XapaKTePHCTHKH annapaTa HJIH
ero OCHOBHHIX JeraJjeil (BblpaXiaeMble, HapUMep, COOTHOLIGHHEM AHa-
MeTPa H BBICOTH HJH AJHHBl annapara, MemlaJjKH, HacaJKH, pacnpe-
JeNHTeNbHOA pelleTKH W T. M.). DTa CJA0XKHAf 3aBHCHMOCTb, KakK Inpa-
BHJIO, MOXeT OBITb yMpolleHa B pe3yibTaTe HCKAIOUeHHS paAlda onpe-
AeaA0UIHX QaKTOPOB AJs MpPoueccoB B AHG(Y3UOHHOH MJIH KMHETH-
yeckofl obnacru. JIMMHTHPYIOUIYIO CTajMI0 reteporeHHoro npouecca
MOKHO ONpPejeJiuTh ONBITHBIM MyTeM, H3yYas BJAHAHHE PasJUIHBIX Pak-
TOPOB TeXHOJOTHYECKOro peXXUMa Ha oOuLyI CKOpocTh mpouecca. Tak,
HanpyMep, ecJIH CymMMapHas CKOPOCTb Npoluecca BoO3pacraeT C MOBHI-
LIeHKEM TeMmepaTypsl B COOTBETCTBHM C 3akoHOM Appesuyca

£+10

(cm. 11.92) © Temnepatypubiii Koadduuuedt B;= >1,5, 10

f
onpepenslUleH crajueil ABAfeTCA peakKuHs H NpoUecC HAET B KHHe-
THYecKol oOaacru. Eciu Xe cyMmapHas CKOPOCTb mpolecca Bozpac-
TaeT C YyBeJHUeHHeM CKOPOCTe#l MOTOKOB pearHpyroumux ¢as HiH ¢
pasByTHeM Mexx(a3HoH NOBePXHOCTH, TO Oonpeaejalolled craiueld cay-
JKUT MaccooOMeHn MeXRY ¢hazaMmu, u npouecc uier B AHbGDy3HOHHON
o6sacTH, NpHYeM CKOPOCTH MOTOKOB BJHAKT TOJbKO BO BHEIMIHeAH(-
(dhy3xnoHHOR 06J1aCTH. .

Ilna rereporeHHHX npoueccoB HanOoJjee XapaKrepHa aH(Gy3HoH-
Had UGJ[aCTb. OlIHa[{O HpHMeHeHHE COBPEMEHHBIX HHTEHCHBHBIX HPHE-
MOB TYpOY/IH3alnHK NMOTOKOB H Pa3BHTHA MNOBEPXHOCTH CONPHKOCHOBE-
HHA (a3 MOMKeT MPHUBECTH K MepeBOLY npouecca H3 KHPGY3IHOHHO
ob6sacTH B KMHeTHYecKylo. C Apyro#l cTOPOHHI, NPH NMOBHIICHHH TeMIe-
paTypbl reTeporeHsbiii npouecc MoXkeT NepedTH W3 KHHETHYECKoH 00-
Jacty BO BHemldeAudysnounnyio. Ha puc. 73 noxaszaHo BAHAHHe TeM-
neparypH H cTenedd TypOyaHzaluuu NOTOKAa Ha CKOPOCTH B3aWMOZeH-
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CTBUSL TBEPABIX H ra3oo0pasHbIX peareHToB (0GXKHr, ropeHHe H gap.).
B o6nacTH HH3KHX TeMIIepaTyp onpejensiouleil cTaguell fBAAETCS XH-
muueckas peakuus. B sToff o6aacTH CKOPOCTh Hpouecca BO3pacTaer
NPOINOPUHOHANBHO TeMIlepaType. IIpH BHCOKHX e TeMmepaTypax CKo-
pOCTh PeaKuHH HACTONbKO BO3PaCTaeT, 4To Ipolecc NepexoiHT B AHD-
¢dy3uounyo obnacTb, T. e. JHMHTHPYeT ero oOLLYI0 CKOPOCTb, CTENEHL
TypOynH3aUud ra3oBoro noroka. Takoil e BHA KpHUBBIX 3aBHCHMOCTH

ST
u ¥
W
Wy
W, | ||
a § g
U —
‘&,
Vot
,: hY
2 ,—l a &
T
Pue. 73. Bausune rewnepa- Puc. 74. OcHosHEle BHAH [ABHXEHHA H KOH-
TYPH H CKOPOCTH rasza Ha TaKTH ABYX (a3 mnpH uAcatbHBIX pEKHMAX:
OGUJ;YIO CKOpPOCTL NEoUecca a, 6, 8 —obe (asel NpH pesHMe HAeanbHOro BHI-
W WS WS> 1wy TecHeWHd; @ — NPOTHBOTOK, 6 — NpPAMOTOK, & — ne-

pekpecTHRl Tok; 2, @ —oaHa drasa NpH pexHMe

HAeansHOro  BHITeCHEHHA, ApYras — NpH  peXHMe

MOJAHOTO CMellcHHA; € — ofie (a3l NpH pelkHMe
TNOJAHOrD CMelleHHH

obuleli CKOpPOCTH npouecca (HAH BHIXoAAa IPOAYKTa) OT TeMmepary-
pH M HHTEHCHBHOCTH NePeMeIlHBaHHS peareHTOB (HJIH CKOPOCTH pea-
rupymouux a3) xapakTepeH u AAs APYrHX reTeporeHHbIX MPOLECCOB.

Kuneruueckve ypaBHeHHA W NPHHUWI pacuera PeaKTOPOB AJd re-
TEPOTeHHBIX NMPOLECCOB ONPeJenfloTc TakiKe XapaKTepoM MepeMellH-
BaHHA PearHpPyrOMIHX (1)33 H B3aHMHBIM HaNpaBJgeHHEeM HX [ABHKEeHH.
B apyxdasHblx reTepOreHHbLIX CHCTeMax A KaxaoH M3 (a3 BO3IMOXK-
Hbl o0a HAeaJbHBIX pexuMa nepemMeliuBaHHsdg — HIeaJbHOro BbITECHE-
HHSL H TMOJHOTO CMellleHHs. B AByX{a3HbIX rereporeHHbLIX CHCTEMax
MOTYT OBITH pasauvuble I{DMGI/IIla]_U{H JBHMeHHHA pearupyloumx noro-
KOB, Hanpumep, eciau obe (askl HAXOAATCA B pexuMe, OIHIKOM K Hje-
aJbHOMY BBITECHEHHIO, TO BO3MOXHBI HX NPAMOTOYHOE, NPOTHBOTOYHOE,
H nepekpectHoe Hanpaehaeuus (cM, ra. II, c. 61). OcuoBuble BHAB
KOHTaKTa JBYX (baa [IpH HAeaJabHBIX THAPOAHHAMHYECKHX pexHMax
nokaszauel Ha pHc. 74, B 3Tofi cxeme He yuTeHa BO3MOXKHas cerpera-
s kuakoctu B cucreMax X —T u JK — K. VMpeanbusie Mogenu
ToJIOXKeHB! B OCHOBY KOHCTPYHUPOBAHMA DPeAaKTOPOB /s IPOBeAEHHUSA
uesoro paja reTeporeHHbX npoueccoB. KuueTuka mnpoleccos, KOH-
CTPYKUHH NPUMEHfAeMBbIX peaKTOPOB H MeTOJkI HX pacuyeTa Onpege.s-
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I0TCA Tpexae Bcero (asoBbIM COCTABOM  B3aMMONEHCTBYMOIIHX Be-
L1eCTB, MO3TOMY HH}Ke PACCMOTDEHbI NPOHECCH H PeaKTopsl AJs Oc-
HOBHBIX BHJOB B3aHMOAEHCTBYIOIIMX CHCTEM, IDHMEHsEeMbIX B XHMHYe-
ckux npoussoxcrBax: I — K, I'— T, K —T n K — XK.

2. CHCTEMA TA3 — B8HJIKOCTDb (I' — )

[Ipouecce, ocHOBaHHBIE HA B3aWMOJEiCTBHH rasoo6pasHbIX H KHI-
KHX peareHTOB, INMPOKO HCIOJbL3YIOTCA B XHMHYECKOH H CMEXHBIX C
Hell oTpacaaXx NpombllleHHOCTH. K TakuMm mpomeccam oTHocsaTcs ab-
copbuust ¥ gecopbuus rasos, HCHapeHHe XKHAKOCTeH, NeperoHKa MKu-
KHX cMmecell (AMCTHANAUHS M peKTHQHKauus), NUPOJIU3 HKUAKOCTEH €
UCnapeHHeM NpOAYKTOB NHPOJH3a, aCCONMHALUS TA30BBIX MOJEKYJ C
o0pasoBaHueM KHAKOCTeH, MoJHMepH3alus Bra3onoii paze ¢ o6pa3o-
BaHHeM KHAKUX NOJHMEpOB H T. M. B XUMHUYECKHX reTeporeHHbIX Mpo-
ueccax [' — )K peakuun nporexaiorT B OCHOBHOM B XKHIAKOH (hase, npu-
yeM peakuuHu I[pejllecTBYeT AOCTABKa razoobpasHoro pearedra AWd-
(ysHe# ero B raze W pacrBopenneM B xuakocTH. Ilasa cucremu I—K
Haubosee XapakrepHn albcopOuHOHHBIe H pAeCOpOUHOHHBIE NpOUECCHI.

AGcop6uHneit uasniBaeTcd MNOrJOUleHHe Tasza (HAH KOMIIOHEH-
Ta rasoBOH cMecH) XHAKOCTbIO ¢ o6pasoBanuem pacrBopa. Ecau ab-
copOiHs CONpPOBOXKAAETCA XHMHUYECKHMH peaKUHAMH B XKHUAKOH hase,
TO TaKuHe NPOoUeCces HasnBaloTesl XeMOCO PO UM O H H B MH.

Neeop6buusa—npouece, obpartunit abcopbuuu, 3akKgyaercs
B BbIAEJIEHHH H3 XHAKOCTH PAaCTBOPEHHOrO B HeH rasa. B Texuuxe Je-
copbuus uHorma uaswiBaercsi orroukol. [Ipn mecop6uuu  (orrouke)
nepexoj KOMMOHEHTOB M3 pacTBOpa B ra3 MPOUCXOJAHT HJIH BCJelCT-
BHe HarpeBaHHsA ¥HIKOCTH, HJIH B NMOTOKe HllE!pTHOI'O rasa HJH BO,ﬂ,f‘i‘
HOT'O napa.

PasuoBecue B cucreme JX—I[ xapakrepusyercs mpaBHJIOM
(a3, yKa3bBalOUIMM HeoGXOAMMBblEe YCJOBHA CyLIeCTBOBAHHA AAHHOTO
KonndecTBa (a3, T. e. YHCJIO NapaMeTPOB, XapaKTepH3YIOUIHX paBHO-
BeCHe, 3aKOHOM paCHpe}leJIEIlHH KOMIOHEHTa MeEXAy (baaaMu H KOHC-
TAHTOH pABHOBeCHST XHMHUYECKHX peaKuui. JIns nmepeyHcleHHBIX Npo-
eCcCOB XapaKTepHH! I'JaBHIM 0o6pa3oM 4AByX(asHbe CHCTeMBE, cojep-
JKauige OmHH, ABa H Gosee KoMmoHeHTOB. Pa3oBoe paBHOBecHe LI
3TUX CHCTEeM H306pa}l{aETCH B BHIE ﬂHal"paMM coCcTaB — CBOﬁCTBO, qa-
e BCero coCraB — TeMmlnepaTypa KHIIeHHA. TaK, HanpuMep, adarpam-
Ma COCTaB — TeMmepaTypa KHIeHHA TPEXKOMIOHEHTHOH CHCTeMBI
H,O—HNO;—H:S0O, (puc. 75) nozponser onpelejuTb PaBHOBECHble
COCTAaBbl ¥HAKOCTH H IIapOB KHNALIHX cmeceil UM TemnoepaTryphbl KH-
HeHus cMecefl 3aiaHHOTO cOCTaBa NpH paBHoBecHu. Ha ananuse aroi
AuarpaMMsl B pacuerax NpH NMOMOUIM ee OCHOBAHO MPOH3BOACTBO KOH-
HeHTPUPOBAHHON a30THOH KHCJIOTH peKTHQHKamued cmecefl pasbas-
JeHHOH a30THOW W KOHUEHTPUPOBaHHOH cepHoil kucaOT. I'paduyeckoe
nzobpamenne pacnpejeseins KOMIOHEHTOB MeXAy (asamH NpH pas-
HOBeCHH Aaercs, Hanpumep, B koopauuartax C,—C, — rae C] —
paBHOBECHOe COjiep)KaHMe KOMIOHEHTa B rasoBoil ¢ase; Cx— comep-

JKaHHe KOMIOHeHTa B XuIKOH ¢ase. aa npoueccoB abcopbuuu u
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necopGUMM paBHOBecHe MeXJy rasaMH M MX PacTBOPaMH B KHAKOCTH
BHIpAXKAeTCA 3aKOHOM pachipefenehusi B popme 3akona Fenpu:

p*=4Cy, , (V1.6)

rie p° — paBHOBecHOe, MapuuajibHoe AaBjieHHe- [MONVIOIAeMOro KOM-

nouenta B rase; C, -— paBHOBeCHas PacTBOPHMOCTb KOMIOHEHTa B
HNO;

NN
N

=

WrZzs

w20 g0 40 40 &0 J0  HyS04

—_——
HySO0Z, %

Puc, 75. Imarpamma ¢a3oBOro paBHOBECHA COCTaB — TeMIepa-
typa aas tpexkoMnoHentHoit cHetemnl HpyO—HNO;—H,SO,

JKHAKOCTH, MOJSIPHBIE JIONH; P — mocToAuHaa [eHpH, umewulasa pas-
MepHOCTb AaBJaetisi. 3akou [eHpu upeacrassaser coGOi cieacTBue u3
o6mero npunuuna Jle llarenve, Tak Kak B pesynbTate MOBBIILICHUSA
J1aBJeHHsA Bo3pacTaeT paBHOBEeCHAs pacTBOPHMOCTb rasa B MHJIKOCTH,
NMOCKOJIbKY paCTBDpEHHe CONIpOBOXK AAETCA YMeHbIIeHHeM obneMa cHc-
tembl. [lpu pacuere abcop6uuonHOro (MaM AecOpOUHOHHOrO) pPaBHO-
BeCHs dHalllé BbIpaxKawT COoCTaB MUJIKOCTH M fa3a B OTHOCHTEJIbHBIX
MOJISIPHBIX KOHLEHTPaUHAX H noJIb3YKTCA 3aBHCHMOCTDLIO

C. =4Cy (VL.7)

rae C’'tr — OTHOCHTENbHBIH MOJSIPHBIT cOCTaB rasa npu paBHOBECHH B
KMOJISiX HA | KMOJib HHEPTHOTO rasa:
C. =Cl(1—Cp); (VL8
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C, — OTHOCHTEJIbHEIA MOJSPHBIA COCTAB YKHAKOCTH INPH PaBHOBE-
CHH B KMOJIAX Ha 1 KMOJb pacTBOpPHTEJIS;

Cro=Cy 1 (1—C3), (V1.9)

C,, un C, —wMonspuble I0JW INOIJIOIWAEMOr0 ra3oBOr0 KOMIIOHEHTa

COOTBeTCTBEeHHO B MUIAKOCTH H B rase; \ — Kodgpduuuenr pacnpeje-
newus; y=C, /C,. Kosbduuneur pacnpenenenus — Gespasmep-
Has BeJHYHHA, HCTOJb3yeMas B pacyeTax Kak Kpurepuil nmopobus.

Jns xemocopOuUMOHHBIX OpOLECCOB, KOraa, HallpuiMep, pacTBOpeH-
HBIfl ra3 pearupyer ¢ XHIKOCTbIO, paBHOBECHE XapaKTepusyercs NpH
NOMONIM KOHCTAHTHl paBHOBECHS XHMuYecKoil peaxuun. Tak, ecliu B
xKnakoll ¢dase ujger obpaTuMas peakUHa MexXAy a6copOHpyeMbIM KOM-
NOHEHTOM A M aKTHBHEIM BellleCTBOM noOrJoTHTe s B c ofpaszopanuem
npoaykra D: A+B==D u ecnu cucrema ciaenyer 3akony [eupu (mpu
HeGoMNbIINX KOHIUEHTpAINAX pacTBOpa), TO KOHCTaHTa (a3oBOro pas-
HOBeCHS onpejneasercs no gopMmyie

¥ =¢/(1 4+ Ko Cg ), (V1.10)

rae  — KoHcraurta (hasoBOro paBHOBeCHds € Y4YeTOM peakiiiH;
K¢ — xoucranta pasuoBecus peakuud; Cp— KOHIEHTpaAUHUs aKTHBHO-
ro BeulecTBa NOrJOTHTEN .

OcHoBHOH TexXHOJOIHYECKHH NoKazaTelb— (QaKTHYECKHH BBIXOA
npoaykra, uiam Koadduuuenrt ussneuenus, wam KIIJ annaparta —
Ans abcopbuuu onpepensieTcsi Kak oTHollenHe (AaKTHYECKOro KOJH-
YyecTBa NOTJIOLIEHHOTO KOMIIOHEHTa K paBHOBECHOMY, T. €, NMOKasbiBaeT
cTelleHb NPUOIMKEHHA K paBHOBECHIO:

fla = (Cu.r - Cx.r)"{(cﬂ.r_ C:} ' (VI.11)

rie Cur u Cyr— KOHUGHTPANMH MOrJIONIAEMOr0 KOMIIOHEHTA B rase,
NOCTyNalouleM B annapar H BHXoismem u3 wero; C'. — KOHUGHTpALHS
noraouaeMoro KOMMNOHeHTa B ra3e, KOTOpas PaBHOBECHA CO CpeaHe-
apupmeTHdecKoil KOHUEHTpAuuel ero B XKHAKOCTH, T. e.

Cr=(Clrt C.r)/2,

*

rae C, . u C,  — KOHUEHTpAUHH MOrJoLlaeMoro KOMIOHEHTa B ra-
3e, PABHOBECHBIE C COAEPXKAHHEM €ro B JKHJAKOCTH [0 M NOcj]e anna-
para.

Ypasuenne (VI. 11) u ananoruunnie emy soipaxenus KI1A (uan-
pHMep, B eAMHNLAX XuAKoH (a3sl) BHIBOAATCA Ha OCHOBAHHN MaTe-
puanpHoro Gananca aGecopbumu. KIII necopOuHu BbIBOAHTCS U3 Ma-
Tepuajipuoro 6ananca gecopbuin ¥ pacCYnTHBaeTcsa OOHYHO B €IHHH-

“nax KUAKOH (asul:

na T UK K

__Cm

C c
AN (V1.12)

H.H

Pacuerst KIIJ[ cBsizanbl C PAaBHOBECHEIMH COOTHOILEHHAMH, XOTsl
3Ta BeJIMYHHA QupeleNisieTcsi B OCHOBHOM KHHETHKOH mponecca, Tak
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Kak (paKTHUYeCKOe KOJHYeCTBO MOrJIOUlaeMOro HaH OecopOupyeMoro
KOMIIOHEHTa 3aBHCHT OT CKOPOCTH Macconepenayu H OHO MeHblli@ Das-
HoBecHoro. I1pu cocraBiieHuH KpHTePHAJbHBIX YPaBHEeHHH i Xapax-
TEPUCTHKH YCIOBHH DaBHOBECHs mnpoleccoB abcopbuuu M gecopbusu
MOJL3YIOTCH KPHTEPHAMH paBHOBecHoctu Pa W pacnpeneneHus ¢ 8
¢opme

1 1
Pa= I um Pa= ]nr::i (VI1.13)

y=1C./C.

3asucumoctu (VI.6) — (VI.10) nokaswBaor, 4to abGcopOunorHOe
paBHOBeCHe MOXHO CABHHYTb B CTOPOHY yBelHYEHUs PacTBOPHMOCTH
rasa NOHHXKEHHEM TeMNepaTyphl, B pPe3yJbTaTe 4ero yMeHblIaeTcs pas-
HOBecHaf YNPYrocTb rasa Haj PacTBOPOM M MOBLILIEHHEM KOHIEHTpa-
IHH MOrJION@eMOro KOMIOHeHTa B rase Cur WM NOBHIIeHHeM 06LIero
JlaBJIeHHs, YTO PAaBHOCHJABHO yBeaundeHHo Cpur. [ 3TOro oxjaxpaior
ras M XHAIKHH norjJotutenb nepef abcopbuuell B pa3fMHYHBIX TeNaoo6-
MEHHHKAX H OTBOAAT TENJOTy abcopOuuH npH NMOMOWIH BHYTPEHHUX
XOJOAHJIBHHKOB, pa3MelleHHBIX B abcopbepe, HaH OXJ1amXAalOT cHapy-
)ku abcopbunounnlit annapat. Muoraa orBoa TenaoTsl abeopGuuK Npo-
H3BOAAT 6e3 OXJaXKAeHHs, HCNOMb3ys 3Ty TeMJIOTY AJA HCIapelus
BOJIbI H KOHIIEHTPHPOBAHHS NpoJyKra B camom aGcopbepe. ITockoabky
necopbuusa apafercs npoueccoMm, o6paTHeIM abcopbUHK, TO W NPHEMH
caBura JecopOUHOHHOrO pPaBHOBECHS NMPOTHBOMOJOXKHEL V3BiedeHHio
raza M3 JXHAKOCTH COcOGCTBYeT MOBBbILIEHHEe TeMNepPaTypbl H NOHHKe-
Hue JAaBjeHHd. [nas 3TOro NPHMEHSIOT OGorpeB AecopOepoOB INYXHM
HJH OCTPLIM NMapoM H B HEKOTOPBIX CJy4asdx OCYyWecTBIAAT pecopl-
HIO MO BAKYYMOM,

KuHeTHKky nmpomeccoB ¢ yJYacTHeM XHIKHX H Tla-
3006pacHBX peareHTOB MOXHO PAacCMOTPeTb TaKXKe Ha MNpPH-
Mepax abcopbunn u pecopbuun. Yaule Bcero obILYK CKOPOCTb 3THX
IpOlecCcOB H PasMepsl PeakTopoB onpelensior (pusndeckue auddysu -
oHHble ctaauH. as npoueccoB B au(pdy3uoHHOH 06JacTH KHHeTHUe-
CKHe ypaBHeHHs B HaHubGoJjee oflieM BHIe 3aMHCBLIBAIOTCHA TAK:

w=kF (p— p*), (V1.19)
u = ky F (C* —C), (V1.15)

HJTH

rie p— naplHajbHoe JaBjleHHe [OrJomaeMoro KoMmnoHedTa, [la;
p* — napuuaJbHOe NaBjeHHe KOMNOHEHTa, PABHOBECHOe C XKHAKOCTLIO,
Tla; C — koHUeHTpalUusa PACTBOPEHHOro rasa B JKMAKOCTH, MOJSPHBIE
ponu; C* — KOHUEHTPAUHs PAaCTBOPEHHOrO raza B KHAKOCTH, PaBHO-
BECHAA C ra3oM, MOJApHBbIe JOJH; kr U Ry — KO3(QGuUHEeHT Macconepe-
JlaYM, BbIpaKeHHBI COOTBETCTBEHHO B eJIHHHIAX NapUHaJbHOro AaB-
JIHHS WJIM KOHUEHTPAUHH XHAKOoH (assl.

[Ipu uccaenoBaHuM HomHcaHuU a6copOUHOHHO-AecopOLHOHHBIX TPO-
HeccoB MPHHATO AEJHTh ra3bl Ha XOPOIIO-, cPejHe- H TPYJAHOPACTBODH-
Mble. DTa KiaacCHOHKAUMS YUYUTHIBAET CKOPOCTb pacTBOPEHHS HX B
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KHAKOCTAX M KOHUEHTPAUHIO HacHleHHBIX pacTBOpoB. K xopomo pac-
TBOpDHUMBIM raszam OTHOCATCH GHCTPO B38HMO}IEﬁCTBY10[ILH€ cC KHI-
KOCTbIO, oGpasyiomue ¢ Hell coejuHeHusi, ObcTpo AHQYHAHPYIOLIHE
BHYTPb MHAKOCTH OT HOBEPXHOCTH pasjeJa. JIHM[-ITHPYIOUIHM aKTOM
aGcopOuiy XOpOIIO PacTBOPHMBIX ra3oB ABJAAeTcs NOABOA (auddysusn)
[OrJ0IaeMOro KOMIOHEHTA B rase K MOBepXHOCTH pasgena. [Ipu ab-
cop6uuH CpejHepacTBOPHMBIX Ta30B CKOpocTH AHGGY3HH B ra3oBoif
" XKHAKOH (a3ax M XUMHUECKHX peakuHil (aga xemocopOuHH) conoc-
TaBuMBl, CkopocTe abcopOuMH NJ0X0PaCTBOPHMBIX Ta30B ONpeaensder-
Cfl CKOPOCTBIO @HSHKO-XHMH‘{ECKOI‘O BBaHMOLLEFICTBHH C XHHIKOCTLIO
(ruppatauusi, coipBaTayHA) HJAH CKOPOCTbIO NHPQY3UH MOJYYeHHOrO
coequHends B XUAKOH (ase. IIpy 3TOM MenseHHBIM aKTOM SBJACTCSA
OTBOJ, NPOAYKTa H3 30HBI BSEHMOJIEFICTBHFL

IIpu wmopenupoBaHHH aOGCOpOIHOHHO-IeCOPOUHOHHBIX MPOLeccoB
pacueTHbIe ypaBHEHMA, KaK NMPABHJIO, HMEIOT KPHTepHalbHYIO Gopmy,
npyuyeM 3a OnpejeadaeMyld BeJHYHHY OpHHHMaeTCHA OOBIUHO BeJHYHHA
Ko3(gduuHeHTa MacconepejayH, HalpHMep

Nu = f (Re, Ga, Pr, I, (VI.16)

rie Nu=RkI/D — puddysuonusfi kpurepuit Hyccenpra; Re=wl/v —
rHapoguHaMuyeckuil xpurepuii Pei#inonbpca; Ga=gl/v? — kputepuit
Fanaunesa; Pr=v/D — nquddysuonuniit kpurepuit Ilpauwatas; & — xo-
3¢ GuuHeHT Maccomepenaud; [/ -— xapakTepHBIil JHHelHBII pasmep;
D — xosdppuuuent guddpysHn; w — quHelHas CKOPOCTb MOTOKA; v —
KHHeMaTHYeCKHH KO3 P HIUHEHT BA3KOCTH.

[Tpu macconmepenaue B TypOyJaeHTHOM pexHMe ynobGHee noOJb30-
BaThCsl B KauecTBe ONpeje/sieMOro Kpurepuem koHtakTa (Mapryauca)

Ma = k/w.

BesnuuuHa KpUTepHA KOHTAKTa XapaKTePU3yeT CKOPOCThL pacTBope-
HHSl ra30B B XUAKOCTAX. Eciu aGcopOuns ocyllecTBAseTCA Npu TypOy-
JIEHTHOM peXXHMe, TO AAA ObICTPO pacTBOpUMBIX razoB Ma>1, a gasa
naoxo pacrBopumelx Ma<(0,1. Taam, coorBercTBylomue 0,1<Ma<1,
MOXKHO OTHEeCTH K CpPeIHePacTBOPUMBIM B JaHHBIX XKugkoctax. as
MacconepegauM MpH MEHHOM peXHMe KPHUTePHa/bHOE ypaBHEHHe HMe-
eT BHI

Ma = ARe™ Pr" HY Arn TS, (VI.IT)

rae A — goapuunenr; Arn=FE/RT — kpurepuit Appenuyca; E —
3Heprus akTHBauuu; R — MoaspHasa rasoBasi noctosinHas; I — Temre-
parypa; Hyy=H/hy — ynenbHas BbIcOTa meHHoro cjosi; H — Buicora
cios nedwl; I'=Hhe/0, — cuMnueke reoverpuueckoro nopobus; hg—
BbICOTA HCXOMQHOrO CJOR MHAKOCTH Ha Tapenke; dp— 3KBHBAJEHTHBHIII
qHaMeTp.

Cxopocte Macconepegaiu H 2¢Q@ekTHBHOCT, paboTh mMaccoobMeH-
HBIX amnapaToB xapakrepHayerca momuMo k& Beauunuoit KITH, 7. Be-
AHYHHBL R U 1 B3auMmocBA3aHul, las aOGcopOuuu NMpH MepexkpecTHOM
HanpaBJeHHH NMOTOKOB XHJKOCTH U rasa

0= 2%, | @0, + ky). (V1.18)
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KonuyecTseHHas XapaKTePHCTHKA BJHSAHHS Pa3JHYHBIX NapaMmer-
poB Ha 1 BLIPAXAETCsi B BHAE YaCTHBLIX KPHTePHAJbHBIX YpaBHeHHH.
Hanpumep, ans necopbuuH (amgcopbuyu) XOpoIUO PacTBOPHMLIX rasoB
NPH NEHHOM pexkKHMe

Pa= 4,34 (G/L)** Pr02 M~ 2(H /)" | (V1.19)

rpge Pa=Inl/(1—n) — kpurepuii paBnoBecHoctH, M=1{p/P — xpurepui
pacnpejenenus; G — pacxo rasa, krf4; L — pacxog KHAKOCTH, Kr/d.

Ounnako gaute scero KIT[ MaccoobMeHHBIX annapaToB ONpeLesior
Ha OCHOBe OINBITHBIX AaHHbIX no ¢opmynam tuna (VI.11) u (VI.12).

Ilpn u3ydeHHH XeMOCOPOLUMOHHBIX NPOLECCOB CJAEAYeT COBMECTHD
paccMaTpHBaTh 3aKOHOMEPHOCTH Maccolepefayd H XHMHYecKOoH KHie-
THKH, TaK KaK CKOPOCTH AH(P@PY3HOHHBLIX 3TanoBH XUMHYECKHX CTaiuf
MOryr ObiThb conocTaBHMpl. [losToMy KoaudecTBeHHast Xapakre-
PHCTHKa XeMOCOpPOUHOHHBIX NPOIECCOB CBS3aHa CO MHOTHMH JONOJHH-
TeJdpHBIMH dakropamu. Peakuus B xuUAKOH ra3ze NOHHKAET KOHIEHT-
palHMI0 NOrJoIaeMoro rasoBoro KOMMIOHEHTa B XUJAKOCTH, 4YTO YBeJH-
YHBAET ABHXKYILYIO CHJIY IpPOLEcca H YCKOPSAeT ero No CpaBHEHHIO C
¢dusnyeckoii abcopbiueli. Ypeauuenue obueli cKOpoCTH npouecca 1eMm
6oabllle, YeM BbIllIe CKOPOCTb PeakUHH B XKHAKOH (dase. B coorsercr-
BHH C 3THMH OCOOEHHOCTAMH NpPH KOJAMYECTBEHHOM BbipaX{eHHH XeMO-
COpPOIHOHHLIX NPOUECCOB OOLIYHO BBOAATCA NONPABKH K BEJHYHHE JBH-
Kywled cuibl HIH Ko3(pduuHeHTa Maccollepefayd, KOTOpble Xapakxre-
DH3YIOT paBHOBECHe M CKOpPOCTb peakuMu B XKuAKol ¢ase. Ilpu
3HAYHTEJbHBIX CKOPOCTAX PeakiHH CONPOTHBIEHWE XHAKOH (da3bt cTa-
HOBHUTCSA TIpeHeGpexkHMo MaJjbiM. Haobopor, npH MeATeHHON peakuHH
YCKOpeHHe Tpouecca TakiKe MaJjo H HM MOXKHO npeHeOpeys, paccmar-
puBas npouecc Kak ¢usHyeckylo abcopbuuio JIBHKylyl cuiay ab-
COpOLHOHHBIX MpoueccoB HanboJee TOUHO MOXKHO BBIPA3MTh CJEAYO-
wumM ob6pasom [em. popmyay (VI.14)]:_

A=p—p, , (V1.20)

rie p,* — papHoBeCHas yIpyrocTb noraoulaeMoro KOMIIOHeHTa Ha rpa-
Huile pasjena ¢as. lna dusnveckoll abcopbunu

p>p* TaK Kak p, = p*+ p, (VL 21)

rie p; — pasHOCTb KOHUEHTpalHil noraolllaeMoro KOMNOHEHTa Ha rpa-
HHIle pasfiena a3 H B OCHOBHOH Macce xugkoctd. BeanuuHa p, xa-
paxrepH3yeT HepapHOMEPHOCTb pacnpefesneHHs NOIVICUIAEMOro KOMIO-
HeHTa B OCHOBHOH Macce XHAKOCTH M Ha rpaHule pasfena ¢as npu
YCTAHOBHBLIEMCH THIPOAHHaMHYeckoM pexume. [Ina xemocopOuiin
3HaveHus p¥, p. U P, MEHSIOTCS B pe3yibTaTe PeaKUHH B KuAKOH da-
3€, a HMeHHO p* W P, yMeHbIIAIOTCA [0 CPaBHEHHIO C (H3HYECKOM
abcopbuuedt, a peauunnbt AC H o6llefi CKOPOCTH mpolecca CoOTBeT-
CTBeHHO BO3pactaioT. Bug o6ilero XHHeTHYECKOTO YpaBHEHHA XeMo-
COPOILHOHHOrO mpouecca Onpefeasercss Cnoco60M BhlpaXKeHHs BeIHUH-
HBl p,, KOTOpAas B CBOIO OYEpEe[b 3aBHCHT OT BEJHYUHBI P.. 3HaAYellHe
P:. onpenensioT ONBITHBIM NyTeM S KaXJAOro KOHKPETHOrC XeMo-
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cop6unonHoro mpouecca. B mpocreiiem caydae, Koraa abGcopOuus
conpoBoXKAaeTcsi GbICTPOR HeoGpaTHMOH peakuHe# B XKHAKOH ¢ase,
p*=0 u, caeposarteapno, AC=p, T. e. moJHAs ABHXKYyLlas CHaa Xe-
MOCOPOIIMH 3KBHBAJIEHTHA TNAPLUHAJAbLHON  YNPYTOCTH IIOMJIOUlAaeMOor o
KOMIIOHEHTa B rase.

Paccmorpum GoJsee cnoxkHufl cayuafi a6copO6iHH, CONPOBOKAAWN-
wefica obpaTumoit xuMuYeckoil peakuueit. Ecan Bolpaxkars ABHXKYULYIO
cuay a6copbuun no popmyae (VI.14), To

X

P T (V1.22)

rie K — xoHcranra paBHOBECHs peaxklWH B XKHAKOH (ase; P — Koad-
¢duent leHpH; x — cTeneHb HachlleHHOCTH abcopbenta norJjoulac-
MbIM KOMTioHeHTOM. Toraa

u=kyF (p—— Rmf—-_ﬂ) . (V1.23)

Dosee ToyHoe BblpaKeHHe CKOPOCTH, B KOTOPOM R, He 3aBHCHT OT
KOHUEHTpALlHH ra3oBOoH M XHAKOH (pa3, MOXKHO NOJAYYHTb, ONpenensas
p: OMBITHBIM TIYTEM.

M3menenne ckOpocTH xeMOCOpOUHH MO CpaBHEHHIO ¢ (H3HYecKO!
abcopbuneli MOXKeT ObITb Y4YTEHO H JAPYrHM cnoco6OM — 1o yBejHue-
Huo kos3(dunKenTa macconepenayd B KHUAKOH (pase, NMPHHHMaAs ABH-
KYLLYIO CUly 3KBHBAJEHTHOH ABHKYLleH cuae QusHyeckoit abcopb-

1. 31ech
u = ky rFAC, (V1 24)

rie r — ko PHIHEHT yCKOpenHs abcopbuni B Kuaxkod dasze B pe-
3y/bTaTe peakuuu; kx — KoapduuHcHT abcopbuuy, BLIPaXeHHbH B
eMHULIAX KOHLUeHTpauun xkKHAko#l daszm. Benuunsa r asasiercas ¢yux-
ILHeH psila napameTpPoB H BbipaXKaercsd pas3auyHelM obpaszom B 3asil-
CHMOCTH OT NPHHATOH MOAe/H XeMOCOpOLHOKHOrO npouecca. B obuiem
BHAE

r=F[(k, ky, %, p, pi» C, Dy, Dy m 1. 1), (V1.25)

rie ki, ks — XoHCTaHnTHl cKOpOCcTed npsiMO  # oOpaTHOR  peakuyil;
To— NEPHOL obHOBAEHUA (BpEMﬂ KOHTAKTa XMHIAKOCTH C ra3om OT Oj-
HOTrO OGHOBJ/IEHHS! ee NMOBEPXHOCTH A0 APYroro).

Mex¢pasnas noBepxHocTb [ COOTBETCTBYET noBepXHOCTH Oosiee 14-
KeaoH, KHAKOH (assl H HHOTAA ONpPEeAeNsieTcsi JKCNepHMEHTadbHO.
I'lpu Bricoko#t Typbyausauuu, koraa onpejenenve PakTHYECKOH BeH-
yuHbl F 3aTpyAHHUTENbHO, 10/b3YIOTCS NMPH pacyerax (PHKTHBHOH Beju-
YHHOMH NMOBEPXHOCTH ( nJaolagb CeyeHHs peaxkTopa, NOBEPXHOCIb
HAacalKH, MOJOK) BiAH o6beMa (peakiHOHHBIH 06beM, 00beM KHIKOH pa-
3bt). HMuorga F onpepensiloT, mo/ib3ysick KHHETHYECKHMH YPaBHEHHS-
MH, XapaxKTepHbIMH /A peXHMOB HACAJBHOrO BBITECHEHHA HAH [0J-
sHoro cMmewenua. Tak, ans abcopbiuHOHHOH KOJOHHE C Hacagxkol —
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peakTopa HenpephIBHOTO AEHCTBHsSI C pPEXKHMOM, OJIH3KHM K HAeal]bHO-
MY BBITECHEHHIO, — MOKHO 3aNHCATh
p
K dp
cml"j =, (V1.26)
U
Py

rie Gr— MaccoBblii pPacxoji ra30BOTO pearenTa, Krfd; Py U px — nap-
LHalbHble JdB/eHHs Ta30BOr0 pearenTa Ha BXOJAe B peakTop H BHIXOfe
H3 Hero; 4 — CKOpPOCTb Mpolecca, BbipaxeHHas KaK KOJH4ecTBO al-
copbHpyeMoro peareHTa, lepeHeceHHOe H3 rasa B MKHAKOCTbL B eJHNd-
1y BpeMeBH 4epe3 eAHHHUY Mex{a3HoH noBepxHocTh, Xr/(9:M?).
Ypasuenne (VI.26) uame Bcero pewaercs rpadpudeckn. Haa npouec-
coB B nud¢ysnonHoft obnacTh MOXKHO onpefeauTs npHOAMKeRHOE
sHavenne F, pasjensisi KOJOHHY Ha CEKNHH, B Npejesax KOTOpLIX MO¥K-
Ho noaarats u=const. Toraa

F = GrAp/ucp, (V1.27)

rie Ap — pasHoCTp, NapuHaibHBIX AaBJeHHH rasoBOoro pearenta Ha
BXOJle M BHXOJe H3 CEKIHH, Ucp— CpefHee 3HaueHHe oOblleil cKopocs
TH Npouecca.

Meroap unreHcu@uKanuu npomeccoB abcopOuuu M gecopbuun 3a-
BHCAT, B YacTHOCTH, OT TOro, B Kako# obaacru, AubGy3HOHHOH HIH
KHHeTn4ecKo#, uiaer npouecc. Ecan abcopbuus nporekaer B KHHETH-
yecko#t 06aacTH, T. €. CONPOBOXKAAETCS XUMHYECKHMH pPeaKIHSMHU, CKO-
pOCTb KOTOpHIX MeHblue ckopocTel AH(GQY3HH, TO OCHOBHHIMH MeTOda-
MH HHTeHCHPHKALMH fABASIOTCH OOBIUHBIE NpHEMbl YBEJIHYEHHS1 CKO-
POCTH XMMHYECKHX peaxKLHi: NOBHILUEHHe TEeMIepaTyphi, KOHEHTpa-
IIMK peareHTOB, AaBJeHHS, 4 TaKKe H NpHMeHeHHe KaTajH3aTODOB.
Has yckopenns abcopbunonHex npolleccos B and@ysuonHoft u nepe-
XOAHOH 0bOnacTaXx NPHMEHSAIOT Hiible METOJbI B COOTBETCTBHH € HHLM
XapakTepoM [ABHXKYLIEH CHIB W KO3(p@dUIHEHTa CKOPOCTH Ipolecca.
OcHOBHHIME METONaMW HHTeHCHPHKAIHH 3THX MNPOLECCOB fBJIAKICA:
1) mMaxcuMaabHOe pa3BUTHe INOBEPXHOCTH KoHTakTa (as; 2) typbyau-
3alHy M HHTEHCHBHOE NMepeMellHBaHHE MOTOKOB MKHJAKOCTH H rasa AJs
yBeauyenus KospdHIHeHTa MacconepeAayH; 3) NOHUKEHWE TeMIlepa-
TypH AJ5l ymeHblueHHs p* (H p,) # COOTBETCTBEHHOro YBeJHYEHHS
ABMKYIEeH cuiib Ap; 4) nopelleHHe HayaJbHOH KOHLEH1palHu NOMVIO-
maeMoro KOMIOHEHTa B rase HJIM yBelHyeHHe 0OOllero naBJjeHHs.

Haubousee nocrynHeIM npHeMoM ycKopeHHsa abcopOuuH (a Takxke
u apyrux npouecco B cucreme X — I') sBasercs npumeHeHHe HH-
TeHCHBHOH anmaparypsl, obecneuHBalollefi BLICOKOE Da3BHTHE MOBEPX-
HOCTH XKHAKOH ¢asn, TypOyau3aluio ra3osoil u xopoliee nepeMell-
BaHHpe pearenToB. [IpueMe! Typ6yau3aliu NOTOKOB ONPEAESIOTCS TaKXKe
U XapaxkiepoM obpabarbiBaeMoil cucTeMbi. Tak, AJs cucTeM X0po-
wopaciBOpUMHEX rasos (Ma>1), nHanpumep ammuak — Boaa, Kospgu-
LIHeHT MacconepefayH NMOYTH He 3aBHCUT OT THAPOJHHAMHYECKHX Ila-
pameipos xuiakoii ¢asb (or Rex) H, ciegoBareasHo, Tpebyerca non-
BepraTh TypOyau3auuu raaBHeiM oGpasoM, rasosywo ¢asy. Haobopor,
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Ta6auna 5 Tunw peaktopor a8 reteporenrmx fpomeccor o cucreve I-)K

THO peakTOpOB

KouncrpykTunnas dopma

PemumM nepeMepanus
H ARMMEHHA d43%

'IpHMeEpH MPOUECCOB

OpHeRTHPOBOY HAR
XapAKTePHCTHRA

Kononnble peaktopb
Il aerounse:

a —c uHacagkoi; 6 —
TpyGuaThle WM C /-
CTOBOH Hacajkoii

H. B.
1T nm |

A6cop6uus, pe-
copGilHsl, OMHCTKa
rd3oB oT 43po3o-
3odeit

Manas wiTeHcHBHOCTD
paborw  HeGombinne sHep-
rosarparsl no rdsy, 3Ha-
YUTEbHBIE M0 JKHIKOCTH,
IIpocTora yeTpouctsa, Ha-
AexHOCTh B paGoTe, Xxapo-
was ynpdeaseMocTs M ye-
TOHYHBOCTD peuMa

Bapbomasicnsie:
a—c CHTYaThHIMH
Tapenxamu: 6—c¢
KONMAYKOBLIMH Ta-

peJiKamu

ITo rasy: H. B,
[MTo xmupxocTs:
I1. C. —1— Ha opoii
nojke |t mo BbicoTe
MHOTOMOJOYHOTO peaK-
Topa

To me

CpepHsist HHTEHCHBHOCTB
pabotu. BoibiuMe sHepro-
3aTpaTH. Bo3mo xHocte fpo-
CTHXKEHHA BHICOKOH Cesiek-
THBHOCTH, JlocTarounas Ha-
JexHocTs B pafote H yC-
TONYHBOCTh PE K¥Ma



Tpodoasceriue maba. 5

Tun peakTopoR

KoHCTPYKTHBHAS hopma

PeuM nepemeltiy BaHns
H ABHIKeHHA d.a3*

[MpuMeps mpoueccon

Opuentposoasas
XapaKTepHCTHKa

C pasbpuzeusanues

Manas HHTEHCHBHOC Th

sHeuokocmu: r paboThl. 3nauntenbHbe
a— nonas  Kojaok- no rasy: M. B. To e, a TaKk- |3HeprosaTpark Ha pasdpeia-
Ha; i He [MOJHMepH3auMs | rHBaHKe KHAKOCTH. Manoe
6 — UMKJOHHBIA B rase CHApABAHYECKOR CONDOTHB-
cxpy G6ep aenne. Hepgocrarounan ye-
TOHYHBOCTD PeMHME
1 M
Lt
a ]
PeakTopsl ¢ pacnbl.e- . C AGcopbumn, pe- Bricokas HHTeHCHBHOCTb
= copbums, ouucTKa | BhicokWe sHeprosaTpaTe M

HHEM HHIAKOCTH

rasop OT asposo-
nej

CHIp4BJIHYECKOE COMPOTHR-
aenve. TpymHocTs peryan
POBKH pexHMA
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Tun peawxtopa

feHnble peak ropk

KoucTpykTieras GopMs

PeiHm nepemeliHBanis
W aBMMCHWA (has®

1.‘"

TpyGuarble peakropbi

*H B. — uarapuuer swrechenne; [ C. — nofHoe cMemleRHe;

I C.

—1- (a)
) (©)
M. B.

= WK =

T podoancenue maba., 5§

[IpusMeps npoleccor

QpHeHTHPOBOIHAR
XapaKTepHCTHKA

Bricokast WHTEHCHBHOCTD.

Bonbume sHeprosarparsl.
Xopomwasi  ylIpaBasiemocTs.
Bo3MoxHOCTL  LOCTH KeHHUs
BEICOKOH CEeJIEK THBHOCTH

(B MHOrOMOMOYHOM anmapa-
Te)

Abcopbuus. (-
pogiiz (HedTd, He-
$TenpoayKTOB).
[Tonumepusanus

Manasi HHTEHCHBHOCTL
lpocrora yerpolicTea.
JlerkocTe  ynpapieHHs H
peryJMpOBKH pexHMa

1+ — opogusorok, § | — npamoTok; —4 > — nepekpecTHbIl TOK,



[ CHCTeM TpyZAHopacTBOpuMbIX rasos (Ma<0,l), korma kosddHIE-
enT abcopbuup Mano 3asucut or Rer, nenecoobpasHo MOBHILAThE CKO-
pOCTh AKHAKOIO NOTOKA.

Ckopocts pecopbuuy, NOMHMQ TypOyJIH3auMH NOTOKOB H PAa3BHUTHA
NIOBEPXHOCTH CONPHKOCHOBEHHS, MOMHO YBEJNHYUTH NpuemamH, obpar-
HbIMY abcopOuHH, T.e€. NOBHIUEHUEM TEM-
nepaTypel H yYMEHbLUIEHHEM HaBJEHUs. . Mudrocms

PeakToph A4 NPOBELEHUA TIeTepo-
redHbiXx npomeccos B cucreMme I'—JK me j
HMEIOT XapaKTepHBX ocobenHocTeR U cay-
}aT THNOBOH annapatypoi, B KoTopo#l Ha
XHMHYECKUX 3aBOAAX OCYILECTBAAIOT TaK-
Ke Quanyeckue MacCoOOMEHHbIE IPOLLECCH
H ofnepanud — pU3HYeCcKylo abcopbuui H
JAeCopOUHIo, HWCNapeHHe, AMCTAMNIANHIO H
peKTH(HKALKIO, NPOMBIBKY Ta30B, TENI0006-
MeH. B Takux Ke peakropax OCYILeCTBJsI-
10T # XeMocopOUHOHHBE mnporecchl  (Ha- \
npuMep, B NPOHU3BOACTBE COLbl, MHHEpPaJb- N
HHEIX KHCJOT, Ppsja OpPraHnvyecKkux Be- 4
mects). B Tabn. 5 npuBegeHB! HEKOTOPHE
THNBL PEaKkTOPOB MAJIA IIPOLECCOB B CHCTe-
me I'—JK, cicreMaru3upoBanubie NO NPHH-
UMY YCTPOHCTBA H PEXKUMY  IBHKEHHS
¢ a3. Bee 3Td THNBI peaKTopoB (hakTHvecKH
paboTaloT NpH NPOMEKYTOUHBIX pexKHUMax,
NpUOANKAOUIMXCA K OAHOH M3 HAeaJbHBIX
MO,H,GJIE‘FI NEpEMEIINBAHNA. 1 — pa3GpuiarHpaTtedb MMUAKOCTH,

KOIICTP}’KTHBHOG ocbopmmfme peakro- 2 — xopnyc; 3 — KOAOCHMKOBAR

pOB I‘\__}K Oanﬂe.I[HETCSI anHHTI}IM MeTOo- peuieTka;, 4 — Hacaaka (xkonbla)
JIOM pa3BUTHA NMCBEPXHOCTH KOHTAKTa raso-
BOH W KHAKOK (a3, T. e. NPUEMOM YBeJHYEHHsS NOBEPXHOCTH MKHAKOH
tha3sl B NUIEHOYHBIX peaKTopax ¢ HacagkKo#d (KOJOHHAX C Hacankoi)
(puc. 76) XKUAKOCTH pacnpefiegsercss [0 MOBEPXHOCTH HacajouyHbiX
TeJ TOHKOH NJeHKOH M CTCKaeT BHM3 NPOTHUBOTOKOM B3auMOAeHCTBYIO-
ulemy ¢ el razy. Muorpa npuMensiercs npsamoTok.

PeaxTop COCTOHT H3 KOJOHHBI, KOJOCHHKOBOH pelleTKH, Moaaep-
KHBawIleH Hacagky, HaCcaKd ¥ OpPOCHIEeAbHOro ycrtpodcrsa. Hop-
ManbHasd paboTa peaKTopa 3aBHCHT oT BbOopa Hacaaku. Heobxopu-
Mo, 4ToObl ona obaafgana G0JbIION YAEALHON NMOBEPXHOCTLIO, BOJBILIHN
cobogublM 06beMoM, OBLJIA NErKoil, MeXaHWuecKH MNPOYHOH W jelle-
Boit. Kpome Toro, Hacaika AOJKHa OKa3biBaTh MHHHMAaJbHOE CONpO-
TUBJEHHE [IOTOKY I'a3a H XOpOWO CMauuBaThCHA KHAKOCTbIO. [Ipumens-
eTcsl HatajKa pa3JaHuHOi (GOpPMbI: KOMbIA H3 CTaJH HJIH KEPaAMHKH C
paBHBIMH pasMepaMH BBICOTb H BueliHero auaMerpa (AXd=100X
X100, wau 50X 50, umu 25X 25). Hdag unrencuduraunu paboTe pe-
aKTopa YBEeNHYHBAIOT CKOPOCTH NMOTOKOB Ta3a W XKHUAKOCTH H NMPUMEHS-
IOT crniegMaJlibHble TMNB HacaloK (cnupanbHble, ceAsoobpasHbie, Mmiaoc-
Komnapannejipubie), oGrafaouie Ooapiwv cBofonubiM  obbeMom H
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Puc. 76. Bamna ¢ wacaaxor,



MaJbIM THAPABIHYECKHM CONPOTHBJIEHHEM ¥ MO3BOJALIHE NPUMEHSATH
6o/ee HHTEHCHBHBIE PEHCHMEL

Hacapgoynble KOJOHHB —HauboJee pacnpocTpaHeHHble pe-
aKTopH AJa abcopOuHOHHO-AeCOPOUHOHHBIX MPOLECCOB, HX IWHPOKO
NPUMEHSIOT B NMPOM3BOJACTBE CEPHOM KHCJOTHI, A30THOH KHCJIO1BI, NMPH
nepepaboTKe KOKCOBOro rasa, B psfe NPOLUECCOB OPraHHYECKOro CHH-
Te3a u T. n. PeakTtopwl TpyGuaToro THma paccMoTpeHbl B ra. V. (cM.
puc. 66 u 67).

Bapboraxuwii peaktop (puc. 77) MoXKeT HMETb OT OJHOIl
JAO HECKOJBKHX HeCATKOB KOJANAYKOBHIX HJH CHTUATBHIX TAPEJOK B 3a-
BHCHMOCTH OT xapakrepa npomecca I' — K, or 3agannoro KIT[ peak-
Topa # TpebyeMo#l cesexTuBHOCTH. Ha Kampoff Tapejke NPOHCXOAHT
JHCMEeprupoBaHue rasa B obbeme muAKOCTH nyTeM Oapbortaxka, T. e.
nponycKaHHsi MYy3bPbKOB raza uyepes CJOH KHUAKOCTH, npoTeKalouel
no rapeake. Ha kamno# rtapeske (aszsl B3aHMOEHCTBYIOT 11O TPHH-
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Puc. 77. Cxema ycTpolicTBa Puc. 78. Tlosaa GawHa ¢ pa3Gpus-
GapGoTamHoro peakropa ¢ THBAHHEM HJAKOCTH:
KOJMa4yKOBBIMH  TapejKaMy H 1 — xopnye; 2 — npolHOf pACHBIAHTED
BHYTPEHHHMH NEpeauBaMu {a} HHAKOCTH, J — oduHapHbil pacnuIHTENb
M ¢ CHTYaTHIMH  Tapejka- HHRKOCTH
MH (6):
I — KOANaYKOBa® Tapeaka, 2 -—

nepeansuas  TpyGa; I — woana-

' OK, 4 — narpyGok AAas rasa,

5 — cuTyartas  Tapeaka (pewert-
Ka); 6 — cAHBHOH TIOpOT
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HHNy MNEpeKpPecTHOTo TOKa, HO MO BBICOTE KOJOHHBI CcobJlonaercs
NpHILHN NMPOTHBOTOKA. Bap6oTaxuble peakropsl TOXe IIHPOKO [pH-
MEHSIOTCS B XHMHUECKOH TEeXHOJOrHH — NpPH KOHIEHTPHPOBAHHH KHC-
JOT, B NMPOH3BOACTBE COMAbL, NPH uepepaloTKe HedTH, AJsi NPOLECCOB
JUCTHJASIUMA H PEKTH(HUKALNH, B TeXHOJOTHH OPraHHUECKHX BellecTB.
3TH peakTopsl KOHCTPYKTHBHO Gosee CJI0XHbI, 4eM KOJOHHBI ¢ Hacaf-
KOH, HX 3KCIiyaTallusi cBsizana ¢ OOABUIMMYW  3aTpaTaMH. HO OHH
obecneunBailoT 0oJee BHICOKHE pac-

Xonbl FMHAKOCTH H rasa, paborawoT *ra;,»

fosee HHTEHCHBHO, OOGeCNevHBaOT
BO3MOXHOCTb TOHKOILO pasfedenHs
cMeced.

[Tomas 6amHss ¢ pas-
Opb3ruBaHueM XHUAIKOCTH
npeacrasiena Ha puc. 78. B peax-
TOpax Taxoro THMa (a TakXe B no-
JAbIX  Kamepax ¢ pa3bpbiarHBaHHEM
JKHAKOCTH) pa3BHTHE NOBEPXHOCTH
JKHJKOH (Pa3bl MPOHCXOAMT ee aHC-
NEePrupoBaHHeM, T. €. pa3bpbiarusa-
HHEM, p.’:lC['IbI.."[EHHEM NHEEMATHYE-
CKHM HJAH MEeXaHHUeCKHM TyTeM B
obbeMe NpH noToke rasa. Iloawfl
KOJIOHHBIfI peakTop ¢ pa3bpei3ruBa-
HHEM JXHIKOCTH NpHMEHseTcs, Ha-
npHMep, B NPOU3BOJCTBE CepHOH

Puc. 79. Tlewnuit anmapar:

! — pemerga; 2 — npHemHan KopoGka; §—
KHCJAO0ThHI A8 OUYHCTKH ra3opB OT Ibi-  cauesoft nopor; 4 — kopofka &8 paspyule-

JH H ra3000pasHbIX NpHMecei. A et

YeTpoficTBO NeHHOTO peak-
TOpa nokasano Ha puc. 79. B srom peaxtope ras NpOXOAHT CHH3Y
BBEpX Uepe3 PelleTKYy W HAXOAAMMHCS Ha HeH cJOoll XKHAKOCTH C TaKoH
CKOpOCTbIO, NPH KOTOPOH CHJIbI TPeHHS I'd3a O MHAKOCTb yPaBHOBEIIH-
BaroT Bec mnocaenHell. B pesyaeTate o6Gpasyercs BaBelleHHHE cJ/o#
NOABHXKHOH newsl B BHIe OBICTPO ABHIKYIIHXCSH IJIEHOK, Kaneldb U CTPyil
MHJIKOCTH, TECHO UepeMellaHHOH ¢ Ny3bipbKaMH H CTpysiMH raza. Cxo-
poCThb rasza B CevyelHH peakropa Moxer cocrarasatbh ot 0,7 10 3,5 m/c.
Ilpu Gosee BLICOKOH CKOPOCTH rasa B3BeLIEHHBIH CJOM meHbl paspyla-
€TCsl H YHOCHTCSL € ra3oM B BHI€ NOTOKAa B3BecH Kanedb. [1pu cuibHOoM
Me yMeHbUIEHHH pacxola rasa npoucxoaut 6apboTax H IOJAHOE NPo-
TeKaHHe XHIKOCTH depe3 oTBepcTust peiierkd., O1HONOMOUHEIE NEHHBIE
annapathl 3PQPEKTUBHO NMPHMEHSIOTCA /5 OUHCTKH OTXOASIIHX Ta30B
OT MbLJAK H BpeAHbIX razo00pasHbix NpHMeceil.

B nocsnennde roabl paspaboTanbl KOHCTPYKUHH NMEHHBIX PEaKTOPOB
CO cTaGuaM3aTOPOM CJO0sl MOABHIKHONA MEHb B BHE peleTKHu H3 nepe-
KpelHBAIOILHXCs IIAaCTHH, KOTOpas yCcTaHaBJIMBAETCH Ha raszopacnpe-
feautenbHol peuretke. Ilpn  3TOM nosyvaeics GoJjee onHOponHafd
NoaBukHag neHa, abcopbUHOHHO-neCOPOLHOHHLIE NMPOLECCH HHTEHCH-
¢unupyloTes, CTaHOBHTCA BO3MOXHOH paboTa peaxktopa 6e3 ymoca
Opuiar npu ckopocTsx rasa.no 4,5 w/c.
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Has  a6copOUHOHHO-NeCOPOIUUOHHBIX  MPOLECCOB  NPHMEHSIOTCS
rIaBHbBIM 00pa30M MHOrOMOJIOYHBIE NEHHBIE PEAKTOPH C NEPEJHBHBIMH
Tpy6avu nam 6e3 mepesHBHBIX YCTPOHCTB, B NOCJAENHEM Cjydae BCs
MOCTynamilas KHAKOCTE MOCTENEHHO MNPOTEKaeT Yepe3 OTBePCTHE
pelleTKH ¢ BepXHell MmOJKH Ha CJIeAyIOllyl0 HHXKHIOIO HABCTpeuy rasy,
06pa3ys npu B3aHMOAEHCTBHH C HHM Ha KamJ0H NMOJKe CIO#l neHsl.
Yucao nonok onpenenserca 3apganubiMi KIT[ B ceneKTHBHOCTBIO npo-
Hecea.

Tpy6uatele peaktopsl (Tnna tpy6a B TpyGe, cM. puc. 67) nasa re-
TeporenHsix cucrem I — DK cayxar raaBeHbiM 06pa3oMm AAf BBICOKO-
TEMMEPaTYPHLIX MNPOLECCOB NHPOJH33d B OPraHHYECKOH TeXHOJOTHH;
OHH NMpPHMEHATCA TakXKe g abcopbUHOHHO-1ecOPOUHOHHBIX npolec-
COB, Hanpumep AJs1 aBcopbUHH XJOPOBOAOPOLA B NPOH3BOACTBE CO-
JAHOH KUCJIOTHL

3. CHCTEMA TA3 — TBEPJIOE (I' —T)

Hanbosee THNHYHBIMH TEXHOJOTHYECKHMH IpOLECCAMH C yYaCTHEM
razoobpasnblx u TBepablX pearentoB (I’ —T) asasiorea amcopbuus
rasoB TBepAbiMH ancopbenTaMd 1 pecopbuns ancopOHPOBAHHHIX ra-
30B, peaKIHH KOMNOHEHTOB ra30Boil (pa3bl Ha TBep/AbIX KaTaJau3aTopax,
BO3rOHKA H KOHJEHCAIHNS NapoB TBEPAbIX BEIIECTB, NUPOJH3 TBEPAOroO
TOMJHBA, PAa3JHYHblE BHbl OOXKHIAa TBEPABIX MarTepHaloB H T. M.
Haubonee xapakrepub! s cucrembl I' — T 063KHr TBepablX BeIeCTB,
a Takike ancopOIHOHHBIE MPOLECCHI.

O6XHTrOoM HA3bLIBAIOT MHOIHE BbICOKOTEMMNEDPATYpPHBIE XHMHKO-
TEXHOJOrHYEeCKHE NPOLECCh ¢ YYAaCTHEM TBEPbIX U ra3oo6pasHblx pea-
renToB. [Ipu oOxure TBepabiX MaTepPHAJOB MOryT NPOHCXOAHTbL pas-
Ho0Opa3Hble nMpoUecck, B TOM YHCJE BO3rOHKA, MHPOAH3, NHCCOLMALMS,
KalbLHHAUHA B COUETAHHH C XHMHYECKHMH peakUHAMH. Peakunu Mo-
ryT npoTeKaTh B TBepnoi ¢aze, Mexny KOMMOHEHTAMH TBepHO#l H ra-
30Bo# (a3 u, HaKoHel, B ras3oBoii Pase. B npouecce o6xura Hepenko
NPOUCXOUT YaCTHYHOE MJaBJeHHe TBEPAOro MaTepuasa; nosBJIgeTcs
Kunkas ¢asa, Takxke BzauMopeficTBylomwas ¢ apyruMu. OnuHuM U3
OCHOBHBIX (IH3HKO-XHMHUECKHX fABJIEHHH, NMPOTEKAIOWHX NpH O0O0XKHIre
TBepAblX MaTepHaloB, OyneT HX  TepMHYecKas [IHCCOLHAlHsd, T. €.
pasJoxeHHe MOJEKyJa Ha Ooaee npocTele. Jlnccoumuauua TBepAbX Be-
[IECTB COMPOBOXKAAETCA OOLIYHO 0Gpa3oBaHHeM ra3000pasubX npo-
NYKTOB: NHOKCHAA YyrJAeponad, AHOKCHAA Cepel, BOAAHOro napa, Omuu
U3 BHIOB JHCCOUHALIMH NPH OGXKHIre-— KaJblUHHAUHA, T. € ynaleHue
KOHCTHTYUHOHHOR BOabl (CBf3aHHOM B BHAE THAPATOB) H IHOKCHAA
yriaeposaa.

l'azoBast ¢pasza obpasyercad npu OOXKHICe TBepAblX MaTepHa/JOB 34
CYeT BO3rOHKH, AMCCOIMALMH HJIH APYrHX peakuud B TBepnofl dase;
uHOorga ofMHr BenyT C yYyacTheM rasa, COAepiKallero KHCJA0pon, OK-
cHi yraepona, Xjaop u T. n. I'asoBas ¢asa B npoueccax nHpoJH3a o
00xKHra TBEPABIX MAaTepHaJOB CIYXKHT HE TOJLKO peareHToM, o Tak-
e H TeIIOHOCHTesNeM (NOJYKOKCOBaHHMe, KaJbiuHHAIHA H T. 1.) HIH,
Hao00pOT, OXAAMNAIOUIHM areHTOM — LJA OXJaMJeHHA MPOLYKTOB
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o6:kura (06xHr CcyNb(DHAOB B CEPHOKHCJIOTHOM NPOU3BOACTBE H IBET-
HOH MeTaJJypruH, ras’udukalug TOUAHBA, NPOU3BOACTBO CHAMKATHLIX
MaTepHaJoB). B 3aBHCHMOCTH OT cOCTaBa IolaBaeMOro Ha oOXur ra-
3a (LyTbq) NPOHCXOAAT pasjHUYHBLIE peaKIMH MeXJAy ra3oM H TBEPIbIM
matepHasoM. Ilo THNy 3THX peaklu# OOMKHI AeNfAT HA OKHCAMUTEbHBH
W BOCCTaHOBHTENbHBIH.

Anxcop6uua— noriolleHne ra3os, NapoB WJIH PaCTBOPEHHBIX Be-
LLECTB H3 PACTBOPOB TBePALIMH WU KUAKUMH TenaMu (copbentamn).
AjcopbiHa TeCHO CBfi3aHa C [OBEPXHOCTHHIMH fABJEHHAMH! YAeNbHOH
MOBEPXHOCTBIO ajcoplenTa, NOBEPXHOCTHBIM HATAXKEHHEM Ha CpaHuile
ajcopbenT —ra3 (uaHM agcopbeHT — KHIKOCTL), OPHeHTALlneil MoJe-
KyJ B NOBEPXHOCTHOM aACOpOUPOBAHHOM CJO2 ra3a HaH KHIAKOCTH
H 1. 1. Pasauvaor ¢usnueckyio aicopOluio, mpuH KOTOpolt He npomc-
XOINT XHMMHYECKOTO B3aHMOLEHCTBHA, H XeMOCOpPGLHIO, CONPOBOMXKIaI0-
mwyloca ob6pasoBaHHEM TIOBEPXHOCTHHIX XWMHUYECKHX COeJHHEeHWH al-
copbenta ¢ apcopbarom. Ancopbung rasoB W NapoB 4acTo NpHMeHs-
eTcA B coueTaHHH ¢ jgecopOuuell Aad pereHepauuu ajcopbeHra H
nojayyeHnsa copOUpOBAHHOTO ra3a B YHCTOM BHJE.

Doabllloe 3nauyenHe UMelOT aJCOPOLHOHHbLIE MPOLIECCH AJaf TOHKOI
OUHCTKH OT BpeIHBIX NpHMeceH OTXOAAIINX Ta30B PasJHYHEIX NPOM3-
BOJICTB.

ApcopOlusA ra3os Ha TBEPABIX TeJax uMeeT GOJblIOe 3HAYEHHE IS
FreTePOreHHbIX KaTaJAUTHYECKHX IPOLEcCOB, B KOTOPHIX OHA CJAYKHUT
oGazaTessHOH cTaamedl KatajuTHuyeckoro akra. [lecopbumst e upo-
AYKTa peaKlnn ¢ NMOBEPXHOCTH KaTaJju3aTopa TakwxKe fBAAercs OLHON
M3 cTafiufl KaTaJHTHYECKOTo mpollecca.

B npoueccax ¢ yuactvem rasoroil u TBepaol ¢a3 BlauMoieiicTBHe
MPOMCXOAMT HA I[OBEPXHOCTH TBEPAOTO peareHTa. B cooTBercTBHM C
TUM B lIpQUECCax, HAYHHAIOUWMUXCA ¢ aJCOpPOIMH, paBHOBECHE XapaK-
TepH3yeTcs 3aKOHOM paclpefeeHns ra3oBOro peareHTa Mexay raso-
BoH (pasoH u TBepAOH MOBEPXHOCTBIO, a TakXkKe ajACOPOLUHOHHOH Cro-
coBHOCTBIO TBEPAOrO BEIUEeCTBA NPH AAaHHHIX YCJAOBUAX. DTH 3aKOHO-
MEpPHOCTH OINpefeadioT  pPaBHOBECHVIO  KOHUEHTPaUHI  [a3oBOTO
KOMIIOHEHTa Ha MOBEepPXHOCTH TBepAoro Bewlectsa. Ecan npu dusuuec-
Ko¥ ajcopOiun paBHOBecHe GLICTPO AOCTHraeTcd 1pH HU3KHX TeMmhepa-
Typax, TO NPH aKTUBMPOBAaHHOH ancopbiuuu (xemocopbuumu), Tpebyio-
el 3HauNTeJbHOH 3HEPrHH aKTHBAalWH, CKOPOCThL npollecca NpPH HU3-
KHX TemMnepaTypax MaJja W BO3pacTaeT NPH NOBLILIEHHWH TEMNEpPaTyphl
Jo onTHMaJbHOH B COOTBETCTBHH C 3aKoHoMm Appenuyca. ALcopGiu-
OHHOE paBHOBeCHe XapaKTepH3yeTcd ypaBHEHHEM U20TepMul agcopbuuu

Gy = [ (p*).

Onano# u3 npocreiinx usorepm aacopblUun ABJasieTca H3oTepMma JIsur-

Miopa

B *
_ A48 {(V1.28)

G
a 1+ Ap*

rne A, B — KoHCTaHTH, 3aBHCALIME OT CBOHCTB NOTJOTHTEAA W IOIJO-
IlaeMoro BellecTBa, Ga“*KOJ'IH‘-lECTBO BejecTBa, norJolleHHOe wmac-
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coBoit (unu o6GbemHON) enuHHueli agcopbeHra; p*-— paBHOBECHOE
napuHanbHOoe [aBleHHe ajcopbupyemoro rasa. PasHoBecHHH H
dbaxkTuueckHil BuIXOJA NpoAykra (H3HYecKoH ajncopOIHH MOXHO YyBe-
JHYHTH [OBBILIEHHEM KOHLEHTPALHH aICOpOHpYEMOro KOMIIOHEHTa B
rase HJH NOBbIlIeHHeM oOLIero AaBJeHHd, POBOAA NPOLECC NPH Cpas-
HUTEeAbLHO HH3KHX Temneparypax. [Mnas yeenuuenus ¢akTHueCKoro
BBIX0Ja MPOAYKIa XeMOCOpOIHH HeoOXOAHMO NOBHIATbL TeMIepaTypy
J0 ONTHMAJBHOro 3HaueHHs. Ba)kHeHwuM ¢akropom yBenaHueuus
paBHOBeCHOTO H (PAaKTHUECKOTO BHIXOAA NPH aACOpOUHH CAYKHT pas-
BUTHe MOBEepXHOCTH TBeploro aacopfeHra (NpuUMeHeHHE BbICOKONOPHC-
THX Tel), a Takxe NpHMeHeHHe ancopbeHToB, 001a1aIINX BBHICOKOI
aJcoOpGLHOHHOA CNOCOOHOCTEIO.

JOna npoueccos, conpoBoxKaaeMblXx o6paTHMoll XHMHUeCKoil peax-
nued MexJy TBepABMH U ra3oo6pa3HbIMH peareHTamH, paBHOBeCHble
KOHIIEHTPAlHH H pPABHOBECHBIH BBHIXOJ MNPOJAYKTa ONpefeNfOTcs mpH
NOMOWH KOHCTAHTH paBHOBECHsi, PAaCCYMTAHHOH MO KOHLEHTpaLHAM
HIH UapUHANABHBIM [AaBJeHHeM Tra3o006pa3HLIX peareHTOB H rasoob-
pasHblX TpoAyKTOB peakuuu. IIpu pacuere KOHCTaHTY paBHOBecHS
BbIPAXKAIOT TOJBKO 4Yepe3 paBHOBeCHble KOHLEHTPAllMH KOMIIOHEHTOB
ras3oBoii (pasbl, NOCKOMBLKY DaplHalbible 1aBJeHHd HAaCblIIEHHBIX
[apoB TBEpABIX BelLleCTB MaJw u MOYTH He H3meHaloTca. Ecaun peax-
IHs Hger Ge3 H3MeHeHHs YHCAa MoJel ras3a, paBHOBecHe 3aBHCHT
TONBKO OT Temnepartypsl. IlpumMepom Mmoryr cayxuth ofe cramuu
NPOH3BOJACTBA BOJOPOJA MKele30napoBblM Cloco6OM — BOCCTAIOBIEHHE
BOAOpPOAa H3 BOAFHOTO Mapa XeJe3oM H persHepalHs xedesa Boc-
CTAHOBJIEHHEM ero H3 OKCHIOB BOAOPOIOM H OKTHAOM yriepopga (Bo-
AAHbM raszom rasudukamuu tBepaoro tonausa). Ilpn noaydenuu Bo-
Jopoaa DpOTEKaloT peakulH

Fe (1) + H,O (r) == FeO (1) +H, (r) 437200 JIx (a)

3FeO (1) + H,0 (1) = Feg0, (1) +H, (r) + 70000 [ix (6)

Kouncranrtsl paBHosecus peakuufi (a) u (6) B obwenpunatolt dop-
Me 3anHWyTCA TaK:

- - * *

P Preo Pu, __Preo, Ph,
P pt p- H P pt pt .
Fe "HyO FeQ "H,,O

TTockonbky ana toepiablx (a3 aKTHBIOCTH NMOCTOSHHBLL (MPH nocro-
SAHHONl TemMNeparype), TO NPH pacueTe KOHCTAHTHl PABHOBECHHA BesH-
YHHBI Preo, PFe U PFe,0, MOTYT OBITh BKJIIOUEHbl B BelHuHHY Kp, T. €.

=

Pren
Kp ===k’ = —2—, (V1.29)
Pre Pu,o
pt o pt{n
Ky ——=2 e g = —r (V1.30)
Preo Pu,0

Buipaxkas peanuuny K’ uepe3 paBHOBeCHbBIll BBIXOA BOAOPOAA B MO-

JSAPHBIX LONAX, NOJAYYHM
K =xp/(1 — xp), (V1.31)
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NOCKOJIBKY B 3TOM ciyuae xp=py /P, a 1 —xy=p;, /P, rae P—
oblulee paBjeHHe rasa (paBHOE P, Puo).

Kak sto BHzHo u3 ypasuenus (VI.31), pasuosecue Taxoro Ttuna
peaklHH ONpefeseTcs TOJbKO TeMuepaTypoH H He 3aBHCHT OT AaB-
Aenus. BHX0J BofopoAa yBeJHUHBAETCA C NOHMMKEHHEM TeMOepaTyphl,
Tak Kak peakuun (a) u (6) sk3orepmuudbl. OLHAKO AOCTATOYHO Bbi-
coKaf CKOPOCTb peaKLUHM AOCTHTaeTCs TOJbKO MPH BHICOKOH TeMmnepa-
type: okoso 700°C. [1pu 3TOM paBHOBECHBIHl BbIXON BOAOPOLA HE Bhi-
e 60% wu, ciegoBaTesbHO, BOJAAHON TMap He UOJHOCTbIO MCHOJNb3YeTCs
paxe Tpu paBHOBecCHMH. ITO OAHH H3 CYUIECTBEHHLIX HEZOCTATKOB
JKeJle30napoBoro cnocofa NPOH3BONCTBA BOLOPOLA.

Jlns B3auMogeHCTBHS TBePAbIX M ra300fpa3HbiX BEUecTB, NPOHUCXO-
aAnero ¢ M3MedHesHeM UdYHUcna MoJieH rasa, paBHOBECHe 3ABUCHT TaKXe
H OT paBiedHs B cooTBeTcTBHH ¢ upuHuunom Jle llartenve. Hanpu-
Mep, AAA npollecca BoccTaHoBdenna COp, NpoTekaloulero B rasore-
HepaTopax M JOMEHHHX Meyax [0 peaKiHu

C (1) +CO, (r) == 2CO (r) — 167,5 k/Ix
Boixon CO yBeluuuBaeTcs ¢ MOBbILEHHEM TeMNEPaTypPsl M yMeHblle-
Hnem gpasienus. Beixox mpoayktra CO onpemesnsieTcss cOCTaBOM pab-

HOBECHON TrasoBOW CMECH U BHUHCIAETCH npu NOMOIIN KOHCTaHTHI
PpaBHOBECHA NPH IIOCTOAHHOM nNaBJIEHUH!

Pro)”
Kp= —[ (iO) . (V1.32)
. Peo,
TlockoabKy Xp=peo/P n 1—xy=pco, [P, 10
xp2 2P
__ o _®»C
K= (=P  1—x, (V1.33)

Jns GospHIMHETBA BBHICOKOTEMIIEDATYPHBIX SHAOTEPMHUYECKHX [PO-
" ueccoB 0o6KHra W rasndukauuu TBEpPABIX MaTepHaJOB paBHOBECHE
NPAKTHYECKH MOJHOCTBIO CABMHYTO B CTOPOHY KOHEYHBIX MPOAYKTOB
H M3YYEHHIO MOJJIeKAaT TONbKO KHHETHYeCKHE 3aKOHOMEpPHOCTH.

[Tpu paccMOTpeHHH KMHETHKH mponeccos B cucTeme [ —
T, B 4aCTHOCTH BBICOKOTEMIEPATYPHBIX MpOIeccoB ofXKHra TBepAbiX
MaTepuaJjioB, MOKHO TPHHATL 3a OCHOBY MOzeNb cdepudeckofl yacTu-
bl C HEOpopearnposaBIIUM AxpoM. JTa MoIeNb npefNosaraer, 4To
peakuus crepsBa NpoTeKaeT Ha TBEpAOH INOBEPXHOCTH, NpPHYEM 30HA
DEaKIMH MOCTeNeHHO MPOHHUKAeT B riy6b 4acTHUH ¢ 06pa3oBaHHeM
razooBfpa3HblX M TMOPHUCTHIX TBEPABIX («30J1a») NPOAYKTOB peaKuHH.
B nentpe uactuubl ocraeTca Hempopearupopasllee ajnpo. [lpu anaau-
3¢ 3TOIl MOJENH MOXKHO BBIAEJHTb CJAEIYIOUIHE 3JIeMEeHTAPHbe CTaiHH
npouecca: 1) auddysna raszoobpasHoro peareHTa U3 MOTOKa ras3a K
TBepaol mosepxHocTH; 2) nuddysna razoo6pasHOro peareHTta vepes
CloH TBEPABIX UPOAYKTOB peakuuu; 3) XMMUUecKas peaKuusd Ha I0-
BepxHocTh TBepjaoro pearenra; 4) anddvina razoo6pasHbiX MPOAYK-
TOB peakuuu 4Yepe3 CJOH TBepABIX NPOAYKTOB peakunH; 5) anpdysnsa
razoo6pa3yoro NpoayKra B AP0 ra3oBOro MOTOKA.
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OO6ulee KHHeTHuecKoe ypaBHesHe p3aumoaedicrsua I'— T naa pac-
cMaTpuBaeMoli MOJENH MOXKHO MOJAYYHTh, ONpeAenss CPelHIO CKo-
pocTh mpollecca 3a BpeMs, HeoOXoAMMOe A/ NPOABHIKEHHA pPeaKLHH
IO leHTpa YacCTHIH

1
u==kFAC = " ’ " FAC, (V1.34)
ke + ks + ke

rae kp— ko3dhduunent Macconepenaun (1/k.— conpoTupienue no-
FpaHHYHON ra30Bofl NMJEHKH), M/4; Ry — KOHCTAHTA CKOPOCTH XHMHUeC-
Kol peaklluH, OTHeCEHHas K eJHHHIle TBepAOH TNOBEPXHOCTH, M/d;

f/’_'\‘ﬂ" ; (/'_ﬁ\\‘ I‘/’_““\\
A J A ]
& ) f4 Cr N\ il Cr i\ ¥
|}\‘,T:' |I‘1l—1|’ll :H_a !
| f T
[ Al | [
I L\ i/ 1 I
I} lot |l AN AN dLh
TR Ty Ty Ty TR0y Ty TyTgQTaTy
a ) &

Puc. 80 Hamenexwwe KoHUeHTpauWW rasoofpassoro pearenta Cr B Xole
B3aHMOAEHCTBHA ¢ TRepHOl YacCTHIEH:

1 — razosas NaMHHapHas nJeHxka; 2 — choff npooykToR peaxnuH, I -— Henpopearupo-
sapilee fIpo
JIHMHTHpYIOILAA  CTAOHA a — pHewnss  auddysua; 6 — sHyTpeHARA  nuddyaua;
g — XHMHUECKas peakuHs

1/ka=rq/2D — conpoTuBienne cJos NPOLYKTOB peakUWH TpPH ero
cpenHefl TosiliHe, paBHOH MOJOBHHE pajanyca YacTHUB! r4/2; D — Ko-
atpdunment auddysun rasa B nopax cJa0d OpPOAYKTOB peaKIilHu;
AC — npuxkywas cuna npouecca; AC=Cr— C*,

Has anddysuonuoit obnactn u A8 peaklud nepBoro mopsAaka B
knHeTHueckoil obaacth AC=C,, T. e. IBHXKylLlasd CuJla IKBHBaJIEHTHa
KOHIleHTpallnH rasoobpasHoro peareHra B rasosoil ¢ase.

HM3menenne KoHuenTpauuu raszoobpasnoro peareita A (C:r) B xo-

e peakiunu
A )+ 6B (1) - npoaykTh

npeactasieHo Ha puc. 80.

[TockosibKy BCe 3ssaeMeHTapHble craiuu B3auMoneHcrBus [ — T
HAYT nocjeloBaTesNbHO, TO obllaf CKOpPOCTh Mpolecca onpeiessercs
CKOPOCTbIO CaMOH wmeAJsieHHOH (JuMHTHpyIOUlell) cragnn.

JluMmuaTupytoulaa cragia—saHewnaa gupdbysns, T.e
anbhohysHa yepea raszosylo mnorpaHuunyio njenxky (puc. 80, a). Cko-
pocTh npolecca, paBHYIO CKOPOCTH MaccolepelaydH, MOXKHO BBIPa3HTh

ypaBHeHHEM
1 dG, I dGy

= ——

Fy dr  Fq bdz

= kiCp, (V1.35)
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rie G, U Up— KONHYECTBA pEareHTOB, Bbipa{eHHBle B KMOJAX HJH
B Kr; b— konuuectBo Mmonell rasa, pearupyioulee ¢ 1 moaem (uau
1 Kr) TBeploro BelecTBa.

[TockonbKy nauanbHasi MexdasHas nopepXHocrb Fy SKBHBaNeHTHA
NoBepXHOCTH CepHUeCKOH uYacTHIBL, TO

Fq= 4nr3 = const

= kpCy, (V1.36)

rae GB=p1-U; pr — IJIOTHOCTEL YacTHIE; U —ee obGbeM.

Koauuecrso upopearupoBaBminx BemecTs A H B 3kBuBa/ieHTHO
yMeHblllenHio of’beMa HJIH paaHyca HenpopearHpOBaBllero fapa uac-
THIH T. €.

4 ;
—dGg = —bdGy == pydv = p,d (? s ) = 4nry podry, (V1.37)

rie rp— pajHyc HempopearHpoBaBUIero fapa.
INopcrasasis (V1.37) B (VI1.36), umeem:

- — — = — — =tk C,. (V1.38)

[Ipeo6pasys u unterpupysa (VI1.38), MoxHO moNyuHTH ypaBHeHHe, Xa-
paKTepH3ylOlllee H3MeHEHHe MaCChl HeNnpopearHpoBaBLlefo fjipa BO
BpeMeHH:

rg T
b1 S‘ 7% drg = b kyCy, S’dt, (V1.39)
rﬁ
T .
Fq
OTKyda OMNpeneasieTcsa BpEMﬁ, 3a KOTOpoe pa):u{yc YAaCTHIIRI H3IMEHHT-
Csl OT Iy A0 Igt
Prry ra \?
=—— |14 (2] |. V1.4
Sl Yreres [ +(rq)] (V1.40)

[Tpu nonHom mpeBpalleHHH TBepJAof YacTHUL 3a BpeMms T/, T. € TpH
fﬂ=0,
T = 31‘rq/3bkl‘ci;-- (V1.41)
OTHoweHle
o/t =1 — (rafry)® = xp. (V1.42)

XapaKTepH3yeT CTeleHb NpeBpaineHddsi TBepAOH 4YaCTHUH Xr.
AHaJOTHYHLIM MyTeM MOXKHO TOJYYHTb YPaBHEHHH, XapaKTepH3yIo-
iHe BpemMs H CTeleHb NPeBpaueHHsA TBEPAOro BeecTBa AAs APYrHX
JUMHTHPYIOUHX CTaaui.
Jlumutdapywouasa cTaidda—BHYyTpeHudasa Aubpdysus
rasoBOoro peareHia yepes CcJOH MPOAYKTOB peaKkuHn
(puc. 80, 6).
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Ckopoctb auddyzuu pearenta A uepes cJIOH NpoOAYKTOB peaKkliHH
B COOTBeTCTBHH ¢ 3akoHoM Duxa pelpaxkaerca ypaBHeHHeM
dGy dC,
= 4ny2 D— (V1.43)
dx L dry

= —

rje r;— pajiHycC HeNpopearHpoBaBillero AApa B NaHHbBH MOMEHT Bpe-
MEHH Ti.

Juisi nauHOro MoOMeHTa BpeMeHH MoBepxHocTh dAapa F,=4ar?
nocrosinia. Murerpupya (VI.43) no TosmMHe €105 NpoOAYKTOB peak-
ILHH, TIOJIYYHM

G T'a 0
=% _ " 4p (ac, (V1.44)
dt , r% )
Iy Cl‘
HJTH
1 1
_ 4Gy (— — —) = 4=DC,. (V1.45)
dz Ta My

dakTHueCKH pa3Mep HelpOpPearHpOBaBLIErO Aapa HM3MEHSETCS BO
BpeMenH. JLisi mosiydeHHs pacYeTHOro ypaBHEHHs MOACTaBjfeM B
(V1.45) snauenne dG, uz (V1.37). Toraa ypasuenne {V1.45) npumer
BHJ

ra ryq

ra T
r 1 1 r

— o \ (— — —) r? drg = bDC, ) dx. (V1.46)
i

IMocne unterpupoBauuns (V1.46) noayuum -

2 2 3
ELGeE -
T_GbDC,- ,1 3 e + ’e (V1.47)

Iag noauocTbio NpopearHpoBaBllell YacTHIBl NMPH rp=10

' = par2/6bDC,. (V1 48)

N3 (V1.47) u (V1.48) cuneayer
/7 =1 =3 (ralry)? =+ 2 (ralra)® (V1.49)
Hepexo,usx K CTelneHH npeapameang TBB[]I[OFO BellleCTBa, MNOJYYHM
e =1—3( —x)?3 121 —xy). (V1.50)

JlumuTHpylomaas CTalus—XHMHYECKan peakOHAd
(puc. 80, 8). lnsa peakuuu nepsoro mopsiaka Mo razooGpasHomy Bge-
mecTBy A, KOHIUEHTpPalHS KOTOPOIO OTpejeNiseT CKOPOCTb pPeaklHH,

1 dG, 1 dGy 1 dG,
u__-ux'p:_?,, dt :-—E bd= 2“41:3% bdx =
1 dGp
=_4rrr2 bdz = kel (V.50
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[Moacrasaaa B (VI.51) auauenne dGp u3 (V0.37), umeewm

2
prémrg dry drg
= — g P bk,Cp. (V1.52)

47:.“‘%I dt

Wurerpupya (VI.52) B npesenax rq-—ra, HaXoAHM BpeMs B3aHMoOjeH-
CTBUSL peareHToB
Pr

b Cy

(ra — rq). (V1.53)

BpeMsa, Heo6XoAuMOe AJAA MOJHOro MNpeBpallleHHs YacCTHUWI,
v = ppra/bhiCr. (VI 54)

Kom6unupysa (VI.53) n (VI.54), monyuum BbipaXKeHue, CBSI3HIBalOllee
BpeMs TOJHOro NpeBpalleHds YaCTUI(l CO CTeleHbIo NpeBpalllenys:

T g

= ] —

: =1 —(1—x)!7. (V1.55)
T fy

Ecan ckopoCTe peaklHH ONpeneaseTca KOHIeHTpauueli pearedra B,

TO CJejyeT NPHBECTH aHAJOTHUHBlE PaCCYKACIHA.

JIHMHUTHPYIOLLYIO CTajAHIO Tpollecca MOXKHO ONpPeJeNUThb 3KCHEepH-
MEeHTaJbHO, HAXOAA 3aBUCUMOCTb X¢ (MJAH 4) OT BpeMeHH KOHTAKTa,
pa3MepoB YAaCTHIBl HJAH TeMIepaTyphl.

Ha puc. 81 nokazana Teopernueckas 3aBHCHMOCTb CTENEHH TMpe-
BpallleHns OT OTHOCHTEJLHOTO BpeMeHH KOHTaKTa (t/t’) A 4acTHil
naHHoro pasmepa. CpaBHEHHe KpPWBBIX, [OCTPOCHHBIX MO OMBITHBIM
NAHHBIM, C TEOPETHUECKMMH KPHBHIMH, TpejcTaBleHHbIMH Ha pHc. 81
M OTBedalomMMH ypaBHeHusm (VI.42),
(VL50) m (VL.535), nossonser onpeieiuts x,
JUMHTHPYIOLLYIO CTaJIHI0 paccMarpHBaeMo- )
ro nporecca.

Jlns 4acTHIl PasiHYHBIX pa3Mepos MoX- 0F
HO VYCTAHOBHTb JIHMHTHPYIOILYIO CTamHIO
npomecca, ucnoab3ys ypasHenns (VI41), 0f
(V1.48) u (VI.54). N3 stux ypasHeuui y
MOXHO MHOJNYYHTb COOTHOLIEHHs, OTBeva-
IiHe BPeMeHH [peBpalleHus YacTHL pa- g,
auyca frq, M Tq,, COOTBETCTBEHHO Ty To,

’

T, M T,. [lonyyeHHble COOTHOLIEHHA Xapak-

TEePH3YIOT COOTBETCTBYIOIIHE  JHMHTHpPYIO-
LIHe CTAgHH:

42 04 06 48 1w
T

Buemnas auddy3ns Puc. 81. 3asucHmocTh crene-
. L.9—2 HH TpeBpalleH|sl Xr OT OTHO-
Tyl = Tl = (ra, ,’rqz ) R (V1.56) cHTeabHOro BpemMeHH KOHTAK-
Ta (Tekylllee Bpems T OTHece-
BHyTpenuas auddysus HO K BpeMeHH MOJHOTO Tpe-
v v -rl}.
o), = 1o/t = (r ro )2 1.5 BpalleHus 4acTHIH :
2! 1 2'! 1 (“i [ Hg ) ' (V ?) I — AUMHTHpYIOW AR . cTagug —
BHEWHAR AH(DY3AA; — JIHMH-
XHMHUeCcKas peafxurxa MepBOro nopsika Til&},&oma“ (‘.T;ILH“‘—I!‘H}’TPQHHQSE
—_ — auddysns; — JHMHTHpYIOUan
12'&1 - 12‘&1 - r“l / r"z . (V1.58) CTANIHA — XHMHYECKAafA peakuHs
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Ilpy u3MEHeHHH peXHMHBIX YCJOBHH XHMHYECKHH TreTepOoreHHbI
npouecec MOMKeT NepexofuTh M3 OAHOH 06/1aCTH B APYTYIO, YTO 1aKKe
No3BoJisier ONpefe/lHTh SKCNepHMEeHTalbHO JHMHTHPYIOIIYIO CTafLHIo
npouecca. Poab temneparypHoro ¢akTopa NpH ONpefeieHNH JHMHTH-
pylowel craguu NnokasaHa Buille (cMm. puc. 73).

3Has JHMHTHPYOUIYIO CTaauio npouecca 8 cucreme I' — T, moxkHO
YeTKO ONpefe/uTh BJIMAHUE PEXHMHBIX YCJAO0BHH H BBIOpaTh HaHboJee
pauHOHaJbHble METOAbL HHTEHCH)HKAUHH Ipouecca IpH ero peaJu-
3alHH.

r
g NN U
TD 323 W aKIIAFD E; T '\423
T
r b gy
p A r
r = r 7 ¢

Puc. 82. Tunn peakropos Aas npoueccos B cucreMe [—T A1 moauTepMHYECKOTO
(a—0J) n u30oTepMHYECKOro (&) pexsHMOB:

a — NPOTHBOTOYHLIM; 3arpyska W BHIPY3ka TBepABX MAaTEPHaNOB CHCTEMATHYECKHMH NOpPUHAMH

HAealbHOro BhTecHeuHs No ofenm dasam; 6 — npoTHRoTOYHLIE ¢ nBuMYLefica Teepnofl asoil;

HAEeaNnLHOro BLITECHEHHs 1O o0euM dasam; 6 — nOJOuHbI ¢ MexaHHYyecKol Mewalkofl; NpPoTHRO-

TOYHBIH, peMHM nBHMedHAa ¢as (IH3OK K BBITECHEeHHI0; & — OapalaHHBIf C BpamAOUIHMCR KOp-

nycoM; GJH30K K HAEAJbHOMY BbLITECHEHHIO no Ta3oBoi (ase; J — ¢ MexXaHM4YecKHM mnepeMenle-

HHeM (TPAHCOOPTOM) CJA0R; HAEaJABHOr0 BLITECHEHHRA, NEPeKPECTHLIA TOK; € -—— co B3BELEHHBIM
(kMaauIlM) cloem; GAH30K K pEMHMY CMEWeHHA; nepekpecTHHIfl TOK

Jdaga npoexTUpOBaHHA peaKTOpOB, B KOTOPbIX OCyLLecT-
BJSIOTCS MpOllecckl C yyacTHeM Ta3oOB H TBepAbX Beuecrs, OCHOBOH
CAYXKAT: a) KHHEeTHYeCKHe 3aKOHOMEPHOCTH, B 4aCTHOCTH ypaBHeHHe
CKOPOCTH peaKIHH Ha NOBEPXHOCTH TBepAOH vacTHub; 6) THAPOLH-
HaMmuueckKHH pexxum obeux ¢da3 B peakrope; B) MaHHBle O pacIpefe-
JIEHHH pa3MepoB uYaCTHl, B Clioe MaTepHasa; T') LaHHBe O pacnpeje-
JseHun Temnepatyp u 1. 0. Hla puc. 82 npuseseH:l CXeMbl HEKOTOPBIX
THIUYHBIX peakTopoB B cHcreme I —T.

BosblinHCTBO HeKaTaJHTHYeCKHX OpoueccoB B cHcTeme I' — T oc-
HOBaHO Ha XWMHUYECKUX peaKUusix W MpoTeKaeT IIPH BHLICOKHX TeMIie-
paTypax. XHMMHUECKHE peaKTOphl MAJs OCYUIeCTBJEHHR TaKoro poja
IpoleccoB HMel0T obuiHe XapakTepHble OCOOEHHOCTH H Ha3HIBAlOTCA
neyam.

IlpombimlieHHas NeYb— 3TO allllapaT, B KOTOPOM BHpabaThl-
Baercs TeloTa, HCMNOJb3yemas AJS TeI0BOH 06paboTKH TBepAbIX
maTepuasos B camoil neud. Tennora B Heill BbIANAETCA 3a cueT rope-
HUA TOMJNBA, WM NPOTEKAHHS 3K30TEPMHYECKHX DeaKUWH, HIH XKe 3a
cueT MpeBpameHHs 3JeKTpudyeckoii sHepruu B Temsaosyio. OcoGeu-
HOCThbIO OpPOMHEIIJEHHBIX Ileuefl aBNAeTCA COBMELIEHHe B OJLHOM arpe-
rare peakKUHOHHOTO amnmnapaTa (OCylLIecTBJEeHHE OMNpPEeLeseHHOTo Mpo-
M3BOJACTBEHHOrO Npollecca) H SHepPreTHYeCKOro ycTpolcrBa (Bblgene-
HHe W WuCloJNb3OBaHHe TeljoTthl). B cooisercTBHM ¢ aTHM K
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MPOMBILIJIEHHOH Neyy NpeibABAATCA H TeXHOJIOTHYECKHE, H SHepreTH-
uyeckue Tpebopanud. [1pn KOHCTPYHPOBAHHU COBPEMEHHBIX NPOMBILIIEH-
HBIX Neyeill crpemATcs ofecneyHTh BHINOJHEHHE caelywounx Tpebopa-
auil: 1) BHICOKyH0 OpPOH3BOAHTENbHOCTh; 2) Haubojee HHTEHCHBHYIO
nepeAavy TemJoThl OT HCTOUHHKA SHePrHUH K HaTpeBaeMoMy MmaTepuany,
U3JeNui0 HJAH peaKUHOHHOH cMecH; 3) HauboJjee BbHICOKHH KO(DdHIM-
€HT HCIOJb30BaHHA TeNJOTH, CBOAA K MHUHHMYMY TenJjoOBHE M0OTepH
M TpHMEeHAA pas3auuHble cnocobwl pereHepalluu TenjaoTH; 4) makcu-
MaJlbHblH BHIXOA OPOAYKTOB OpPM BBICOKOM HX KauecTBe; 5) NpOCTOTY
U OPOUHOCTH KOHCTpyKuMu; 6) ycroitunBocTs B pabore; 7) Mexanu-
3allMi0 ¥ aBTOMaTH3alluio paboThl meu.

Hckawounrtensnoe paznoofpa3ve NpUMeHAEMBIX B NPOMBILLIJIEHHOC-
TH BBICOKOTEMOEpaTypHHIX NpoleccoB MpHBEJ0 K 6OAbNIOMY KOJAH-
4eCTBY PAa3jHUHBIX THIIOB H KOHCTPYKUMH HCUOAB3yeMbIX neueil, Ilpo-
MbllUIJIEHHBle MNeyn KJaaccHPUIUPYIOT 00 pa3jHuYHBIM NPU3HAKaM: 0O
OoTpacjaM MNPOM3BOACTBA, MO HCTOYHUKY TENJOBOH 3HEPrun, 0O cnoco-
Oy HarpeBa, N0 TEXHOJOrHYeCKOMY Ha3HaueHHIO, N0 cnocoby 3arpys-
KH U T. 0.

[To ucTouHUKY TenaoBOll 9HEPTrUM pa3auyaioT:

1. TonauBHB e neun, UCMOAb3YIOLINE TBEpPHOE, [bIJIEBHIHOE,
XKHAKOoe u rasoobpasHoe TONIHBO.

2. dnexTpUuuecKHe TMeUH, B KOTOPHIX HCTOYHHKOM TeNJOTH
ABJseTcs 3JeKTPHUecKas SHeprud.

3. [Teuwn, B KoToprlIXx HeoOXoAuMaaA TeMmOepaTypa AOCTHTAeTcs 3a
cueT TenJoTel NOpoucxoafileidt peakuun (neun of¥Kura KojuegaHa u
APYTHX CEPHHUCTHIX Py, AOMEHHBIE Ne4H, KOHBEpPTOPHl AJA BbIMJAaBKH
MeTaJJoB M T. IL).

[lo cnocoGy narpepa pasauuaoT:

1. [Teun npamoro warpesa, nogpasaeaseMble Ha cleayourne
CPYNMBi: a) 0€4H, B KOTOPHLIX HCTOUHHK TEnJOBOH SHEPrHu HaXomuTcd
B HEMOCPEACTBEHHOM CONPHUKOCHOBEHHH C H4TpeBaeMBIM MaTepuaoM
(HanpuMep, UeMeHTHBIE Meud, MOeuH KaJbilHHALlUA B NPOH3BOACTRE
rJMHO3eMa, 3JeKTPoAyroBble neuu npsamoro Harpesa); 6) neuH, B Ko-
TOPHIX TellJloBasfg 3Heprus BblaeJsfeTcss B HarpeBaeMoM MaTepHaJe
(nanpumep, npn o6xuHre WHUXTHl C TONJHBOM B LIAXTHHIX Medax, OpH
o6xKure KojluejlaHa, TepMOOKHCJNTE/NBLHOM NHPOJAM3e MeTaHa); B) ne-
4M, B KOTOPBIX TenJoTa OT HCTOUHHMKA TeNJOBON SHEpTHil nepepaercs
K HarpesaeMoMy MaTepuajly 0OCpeAacTBOM HarpeToro BO3AyXa WM
TOMOYHBIX [a30B; ) TeUH, B KOTOpHIX 3HaYUTeJbHaf uacTb TenjaoBOH
9HEpPruy nepegaetcst H3AyUeHWeM pacKaJeHHBX TBepAbIX Ted (TyHHeb-
Hble neun, oTpaKaTejbHble Neun).

2. [leun KOCBEHHOT™0 Harpesa, B KOTOPHX TeNJ0Ta OT MC-
TOYHHKA TENJOBOH 3HEPruM nepefaeTcd HarpeBaeMoMy MmaTepuajy ue-
pe3 CTeHKH (HanpuMmep, NeYd MOJYKOKCOBAHHA M KOKCOBaHMA C BHell-
HUM 000rpeBOM, PETOPTHble, THreJAbHble H MydesbHble neun, TpyGua-
Thle Meuu).

3aKoHBI TeloNepenauyH aHaJOrudHbl Macconepenaue, U CnocobHl
MHTEHCH(HKALUH [NpPOLECCOB, OCYUIECTBAAEMBIX B [POMBILIEHHBIX
TOMJIHBHBIX MeyaX, BO MHOrOM CXOAHhWl C yXKe pacCMOTPEHHBIMH
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(cm. ra. I1). Obuiee ypaBHeHHe Tenaonepenayd aasl TOIJHBHBIX Neuefl
npsIMOrQ HarpeBa C nepejnavyeil TENNOTH [OCPSACTBOM HATPETHIX I'a30B

HJAW H3JMYUCHHA HMEET BHIO
Q = aFAt, (V1.59)

rpe Q — KOWYeCTBO TeNJOThl, TepenaHiofd 3a eIUHHIY BpeEMeHH;
At — cpenHAsl pa3sHOCTb TEMNepaTyp TENNOHOCHTeJdsi H HarpeBaeMoro
Matepuana; F — IOBEPXHOCTL Harpesa MaTepHana; a — KoadduineHT
TENNO0TAAYH, 3aBHCALIMA OT OTHOCHTeNBLHOII CKOPOCTH IMEepPeMEelleHHH
TENNIOHOCHTENs 1 HarpeBaeMoro Martepuana, MX [JIOTHOCTH, BSI3KOC-
TH, Kosd@uuneHTa TENNONPOBOAHOCTH, TENNOEMKOCTH, GOPMBI H coC-
TOAHUSA NOBEPXHOCTH YacTHI, (Kanesb), KOHCTPYKUMHA NEYH M T, .

Jaga uureHcudHKanuu npoueccoB Macco- U Tenjonepenayn B 9THX
neyax NPUMEHSIOT Cleaymouive npuems: 1) yseanueHue aBuKyniei
- CHJBlL Temaonepefayn Af TOBHIIEHHeM TeMIEpPaTyphl TenJOHOCHTeNs
H npuMeHeHHCM [POTHBOTOKA TENJNIOHOCHTEN W HATPeBaeMoro Mmare-
puaja (TyHHeJblbie neul, Gapabauiibie Bpanralouinecs uneun);2) yse-
JMYeHHe I0BePXHOCTH TennoofMeHa W3MeNbUCHHEM HarpeBaeMoro
MaTepuala W lepeMelllHBaHHEeM €ero B NOTOKe TelljloHocuteas (6apa-
GaHHBle Bpau[4lOLMecs 11€UH), paCubleHIieM 1K B3BelIWBaHWEM Ma-
Tepuana B [OTOKe rasa, neuu KHnAUulero chos), paciniabBieHuem
Harpesaemoll LINXTH (JOMHBI, KOHBEPTOPLI); 3) yBeaunueHHe kKoaddu-
I[HEHTa TEeNJOOTAa4YH HCII0Jb30BaHHEM TeNJAO0Thl H3JYYEHUS CTEH U CBO-
Ia neuell (oTpaxaTesbHbie ne4n), NOBHIICHUCM TYPOYNEHTHOCTH NOTO-
KOB TpelouIuX ra3oB, yBeiduyeHneMm Kos(pduIHEHTA TIenJonpoBOAHOCTH
npu pacunaBieHHW HarpesaeMoro Matrepuana H 1. 1. JlAs TonausHBIX
feyell KOCBEHHOTO Harpesa

Q = k FAt, (V1.60)

rae kr— xosdduunent Ttemnoveperaun. B obuiem cayuae

(V1.61)
a A o

rae a; — Koah@uuueHT TenaooTRayYd OT TEeNJOHOCHTENd K CTeHKe, OT-
pendwouledl ero oT HarpeBaeMoro MaTtepHafa; ¢y — Kosbdunueur
TeNJOOTAAYH OT CTeHKHM K HarperaeMoMy MaTepuwaay, O — ToJauuHa
CTEIIKH; A — TENJAONPOBOZHOCTL CTEHKH.

B neuax KOCBEHHOTO Harpesa IJAsl yBeJuueHusa Al Tak xe, Kaxk u
B neyax NPAMOT0 Harpesa, HUCUOJB3VIOT NOBLILIEHWE TeMIuepaTyphl
TENJOHOCHTEA H MPHHIMD NPOTHBOTOKA MEXKAY MAaTepualioM W Tell-
Jonocurenem (Tpy6uaThie neun KpeKwHTra M neperoHku Hedtu). Pas-
BUTHE [OBEPXHOCTH Tennoo6MeHa B NeuaX KOCBEHHOTO Harpesa HOCTH-
raeTcAd UPHUMEHEHHeM H30THYTHIX H DPeOPHCTBIX TPCIOUIUX TNOBEPXHOC-
TeH, HalpuMep 3MEEeBHKOBBIX Tpyb6 ¢ pebpucrtod [MOBEPXHOCTLIO,
KOHYcoOBpasHbIX KoJer ¢ T. 0. (TpyfuaTbie neus, Neun MoJyKOKCoBa-
HUA yras B ToHkoMm choe). Hna yBenuuenus kosbdunventa rtemndo-
nepefayd yMeHbLIAOT TOJIMHHY CTEHOK (HanpuMep, B KaMepHBIX
KOKCOBBIX 1l€4ax), VyBeIu4yuBaioT Koa(guuueHr TenjonpoBogHOCTH
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CTEHOK, NOBBILIAT KO3 uuueuTs TenJoOTAaYH a TeMH e cnocoba-
MH, 410 U npH npsaMmom Harpese. KosdduuuedaTsl Ten0oTHAaud o Hau-
GoJiee 4YacTO MPHXOAHTCS ONpele/iiTh B YCJOBHAX KOHBEKTHBHOrO
TemicobMeHa NPH BLIHYKJAEHHOM JABHXKEHHH XUJAKOCTH MM rasa. [lpu
5TOM OOBIYHO NPHMEHSIT KDHTepHaJblble 3MNHPUYECKHe YpPaBHEHUSH
BHA

Nu = ARe™ Pr* TP, (V1.62)

rae Nu=al/A — Tensopoii kpurepiiit Hyccenpra; Re=wl/v — kpure-
puit Peiinonbjaca; Pr=v/a — tennosoit kpurepuit [panatas; =1/l —
reoMeTpHUecKMH cumnaekc (moxeT ObiTb HECKOJNbKO CHMINIEKCOB), Xa-
pPaKTEPH3YIOUHH BJIHSIHHE COOTHOLICHWS KOHCTPYKTHUBHBIX napamerpoB
annapara Ha BeJNWuMHy @; l,, [ — OCHOBHBbIE KOHCTDYKTHBHBLIC paszme-
pbl, BJHSIOLIME Ha Tem1oo6MeH, lanpuMep JAMAMETpP annapaTta, WM
TpyObl TenJooOMCHHHKA, HWJIH HacaJKW, BhICOra annapara, WJIH cJos
HacajJKH, HJIH 3JeMeHTa Hacalku H T. I.; A — KO3(Q@HUIHEeHT Tenaonpo-
BOJHOCTH;  — JHHeHHas CKOPOCTb raza HJH XUIKOCTH OTHOCHTENbHO
Tenjgoo6MeHHOH NOBEPXHOCTH; v -— KHHeMaTHuecKHH KoshdHuHeHT
BA3KOCTH; a=MX/cpp — KO3(PDUIHEHT TeMIePaTypPHOIPOBOIHOCTH; Cp—
yIenbHas TemIOeMKoCTb MNPl NOCTOSHHOM JAaBJEHHH; p — NJOTHOCTbL
rasa (kupxocru). Kospduuuent A u nokaszartenu cTeneHeil NpH KpH-
TEpUsX M, n, p ONpeJensiloTcss SKCnepuMeHTalbHO. 3HaueHus A, m,
n, p NPUBOAATCH B KHUrax Mo Temjionepegaye W CnpaBoUYHHKaX.

[To TexuoJoruueckoMy Ha3HaueHHI0 Pa3fHuaioT Neuw AAf yjade-
HMs BJaru M3 TBEP/ALIX MaTepHaJOB, KOTOPble Ha3bl3al0TCs CY LUK J a-
MH;, HarpeBaTeJbHb € NeYy ANd Harpesa MmarepuanoB 6e3 us-
MEHEHHSl UX aTPeraTHOrO COCTOSIHHS (TepvMHueckas o6pafoTka meradt-
JIOB, OTXKHI cTeKna), nNJaBHJAbHBLIE NeuyH [JAA pacniaBieHus
obpabaTpiBaeMOro MarepHada (3JeKTponeud, BarpaHku), 06K UT o-
Bble neuu i o6KHra MHHEPaJbHOTO CbIPb W H3XeNHA H3 Hero
(06xHUr KomnueJaHa, W3BECTHAKA, KEPAMHKH), NeYH MUPOAH3A a8
TepMuyeckod obpaborku ronaupa 6e3 jocTyna Bo3ayxa W T. n. B xu-
MHYECKOH TeXHOJIOIHH paccMaTpHBaluTCs NEeud, NpejHa3HaueHuble A5
OCYILECTBJEHHS XHMHKO-TEXHOJOTHUecKHX npoueccoB. C 3TOH Touku
3penHsi Haubosee yroGHO OTHOCHTb NEYH K TOMY IWIH HHOMY THMy no
npuHuuny ycrpoficrea u paborbl. Takas kaaccubukaunusi npusejeHa
B Taba. 6.

C TOYKH 3pEeHHs TeXHOJOIHH OCOOGEHHO BAXKHO NPOCJEAHTH TpHe-
Mbl, ofecneuHBalollie NepeMelllHBaHHe PearcHroB B NEYH U yBeJHue-
HHEe NOBEPXHOCTH HX CONPHKOCHOBeHHH. B 1aXTHBIX, NOJNOUHBLIX, €
pacnbliecHHeM TBEPIOro MaTepHaJsa H nedax KHNSLIero CJ0s NPHMEHs -
I0TCS OCHOBHble MeTOAbl NepeMellUBaHusl B CHCTeMe TIa3 — TBepioe
(em. ra. 1I).

HlaxTHB e neYl—3TO TORAHUBHBLIC TNEYH NPHMOrO UArpeBa ¢ Bbl-
JeJjeHMeM TeJIOTHL B CaMOM  HarpeBaTeJbHOY MaTepHale 3a Ccuer
OKHCJIEHHS1 TBEPJOTO TONVIHBa (KOKCa), BXOARAILEro B COCTAB LWIHXTHL.
Pafouee npocTpaHCcTBO IMAXTHLIX neuyeil BHITAHYTO BHAOJb BepTHKAJL-
HOH oCH M o6GpasyeT MWAXTy KPYIJIOro HJH NPSMOYIOJLHOTO CedYeHHUs.
llaxra 3anosHeHa KyCKOBHIM OGXKMraemMblM MaTepnHajaom (IWLxToi),
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Ta6nuna 6. KaaccHpuxauus 1mpoMBILIEHHBIX Neueid N0 APHHUHAOY
HX ycTpoWcTRa u padoTh™®

naposHnamMagecknit

Tun neun tin3panue newn [TpHMepsl NpoLeccon W TENACROMN pecuM
[Haxthbte Ilomennas Brinnapka ayrysa Bumsok Kk ugealib-
Barpanka [lnapka 4yryua HOMY  BbITeCHEHHIO
[Teun uBeTHOH [lnaeka meaHbix, cBuH- | mo rasoBofi  ¢ase
MeTaJIy prin LOBBIX M HHKEJNEBBIX DY [Mosutepmuuye-
H3secTKkoBas Pasnoxenue (auccoud- | ckmit
aunsg) KapGoHaToB
[Teyn nonyKoK- [TonykoxcoBanue yris
coBaHus ¢ BHYT- | » Topda
penruM o6orpeBom
[asorenepatop lFaandukauua reepgoro
TONSHBA
[Monoynke Mexannyeckasn O6KHr KoJidegaHa, cep- To xe
(mHOronogoBas) HHCTHX PYA, KoHUeHTpa-
TOB W cojeh
C  pacnuije- [Meun owiseBuA- OGur KoMMegana, Kos- »

HHeM TBepiore
MaTepHana

Horo ofixkura

Cyminia

UeHTPaTOB H pyl uBer-
HbIX MEeTaJIoB
Cywka wmaTepnasios

Kunsuuero
(B3BEWEHHOTO)
chnost

O6Kurobble

[onykokcosanus

PerenepaTopb

Cyumna
[azorenepaTtopbl

[Meun kpexwunra

O6xur Kosvegana, pyn
IBeTHHIX MeTa/loB, H3-
BECTHHKA

Tonykokcosanpe yras,
Topda u caaHua

Briuranne yriepoan-
CTHIX BElIECTB C NOBEpPX-
HOCTH KaTaJsM3aTopa

Cyuika 3epHHCTBIX Ma-
TepHasioB

lasngpukauus rEeprOTO
TOMNJAHBA

Paznomenne ryaposa
W TAXEABIX  He(TAHBIX
OCTATKOB B CJIOE HHepT-
HOrO 3epHHCTOro TenJio-
HOCHTE A

Bausok k nondo-
My CMEWweHHio T
obenm hasam

HMaorepmuyeckni

BapaGanube,
BpauiaiouHecs
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UemeHTHBIE

CnekaHus

OGpazopatme MHHepa-
JIOB UeMeHTHOro KJWnKe-
P

O6pazopaHse  aMmoMH-
HATOB ¥ CH WKAaTOB B
TpOU3BOACTBE rMHRO3e-
Ma H CHIBKATHBHIX MaTe-
P EE W

HMpeasbHoro BbI-
TeCHEHHAA No Tra3o0-
BO# ¢haze



M podoascenue maba, 6

Tun neax Hazpanue neun IlpHmeps NpoLeccon Euﬁﬁ:::;u;g::;g
BapaGauubie, DeppuThbe OfpasoBanue eppura
BpAlLAIOUIHECH HATpHA
KanbuuHauun O6e3BoxuBanue rufpo- [Nommrepmuyeck nit
KCHJa AalloOMHHMA, pas-
JIoKeHne ruapoxapGoHa-
TA HAaTpuA W T. I,
O6xurosnie O6xur Koviyepaua,
riHb, MArHe3uTta, ao-
JIOMHTa W Jp.
[eun ana npo- Bocertanosiienne  cyiin-
H3BOACTBA CyJibH- | PaToB
ToB HaTpud u Ga-
Fuf
[Meuw pas opo- Pasnomenne,  cneka-
W3BOACTBA TEPMO- HHE, [OJaBhedde Qocda-
tocaToB ToB ¢ AoGaBKamu
Cywnaa Cywka pya, MaHepa-
JIOB, coflel W Apyrux Be-
WIECTB
T ynnenbHble O6xurosbie Ofxur  orHeynopos,
(kanaJbHbIE) KepaMHUeCKHX  M3peJsiil
M T. 0O
[Muponuza [MoaykokcoBanue cnad-

ua, NHPOTH3 J[€BeCHAb
H T. 0.

LlpanamugHble AzothpoBanue KapGu-
Ja Kajabuua
[naBuabHble [naBKa cepHoil pyabi
TyHHe/bHbIE Cymmna CyiKa KepamuyecKux
(KaHaJbHLIE) uanenui
y
Kauppnme [Meyn a8 06- O6xur KepavuKu U or- Wpeanbaoro Bhi-
\ KHra  Kepampuec- | Heynopos TeCHEHHA H Npome-
. KHX u3aeduil FKYTOUHbIIE
[Teyn phst oG- O6®Ur CTEK A
JKHra CTeKJIAHHBIX
uageun
Konbyepbie O6wur KHpnHua o [Moavtepmuze-
JAPYTHX KepaMHYECKHX W3- | CKHR
aenail
Mydenn [Monyuenne HCl  n
cyibpaTa  HATpudA, ne-
peden xentoro gochopa
B KpacHbifi it T. N
Petoptbl PaznoKenne MarHesm-

AJIbHbIX CGﬂeﬁ, (10MYKOK-
coBaHHe, YrIEXiKeHHe »
cyxas neperoHka Lepepa
HT. O
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M podonscenue maba, 6

FuapoanHaMRYCCKRIE

Tun newn Haapanne mewn INpumepsl npoueccos M TEnAOBOH peMuM
Kamepm cropa- Cxuranpe docpopa B
HUA W ropesiKkH ((a- | nponssoactBe  HyPO,,
KeJIbHLIE) XJIOpHpOBaHKHE  MeTaHa,
TEPMOOKHCIHTEIIbHBIE NH-
poiu3  meraHa, CHHTe3
XJIOPOBOAOPOAA H T. M.
[Meun kokcoBsa- Kokcosanne w noay-
HHA W MOJIYKOKCO- | KOKCOBaHue TBepaoro To-
BaHHA NAHBA
Cyumna Cywka Kepamukn or-
HEYNopoB, cofed W apy-
THX BEUleCTB
[1uKJIoHHEIE O6:xHr oBLIE O6xur Koayeana, pya Baunsok  k non-
UBETHHIX METaJLIOB HOMY CMeLUeHHIO No
obenm azam
Coxuranna CiKHraHHe u3MeJibueH- Haorepmuuecknit
HOTO TOMJAWBA, CEpPH
Bannnle OTpaxaTenbhble Buinnapka cram map- PasnooGpasubie
TeHOBCKHM  criocobom, pempumbl
BLIJIABKA H ilepenaBKa
UBETHBIX MeTAJIOB, Bap-
Ka CTeKJia H T. I
KonBepTopht Brinsaska u nepenfias-
Ka CTa/li, UBETHBIX Me-
TANIOB U Ap.
Turensueie [Nepenniapka 4yryHa u
Tepmuyeckass — o6paboTka
UBEeTHBIX METaJMoB
Bauusie lopuikosbie [MnaBka cTekna, eako-
ro HaTtpa
Tleun nna pa- OuncTKa UBETHBIX Me-
(HHEpOBaHAA TAVIOB
Tpy6uatete IMuposuza [leperonka wedTn M HpeanbHoro BH-
HeTeNpogyKToB,  Kpe- | TeCHeHHS MO KHA-
KHHP HelTH ® heiTenpo- | Ko# ¢ase
AYKTOB, neperoHKa Ka-
MEHHOYTOAbHOR  CMOJb,
NofyyeHHe YKCYCHOTO aH-
FHAPUAA, [OHPOJIM3 yTJie-
BOLOPONOB # T. M.
JNIeK TPH Hec- HyroBbie  Koc- [lnaska n  padunupo- Pasnoobpaansie
KHe BEHHOr0  HarpeBa | BaHHe UBETHLIX METAJVIOB | peXXHMBI
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Il podoasicenue maba. 6

Cuapoasnamugeckuii

Tun neun Hazpaune neuu Ilpiimeps npoueccos H TENJOBOM PeIHM
Jyroeele ap#- Boltinapa  kauecTBeh- PasnooGpasuble
Moro Harpesa (c | Hoil CTaji, nNoJydeHHe | LeXKHMbI
3aKkpuITOR pyToil) deppOCNIaBoB, 3JeKTpo-
KpeKHHT MeTaHa # Apyrux
YrJEBOIOPOAOE
ek TpHuec~ ConpoTHBaenus AszotupoBanue KapGnia To xe
KHe KOCBeHHOTO  HAr- | KaJbLu#A, nodyyelue Kap-
peBa Oupa Kpemuua ¢ Ksapue-
BOTO CTeKJa
ConpoTuBaeHust [Toayuenne  mckycer- »

OpAMOrQ Harpesa BenHOro rpagurta, cepo-
yriepoja, NHaHHAOB

KomGunuposan- [Monyyenne xapGuaos,
HBlE BO3roHKa pocopa, H3-
BleyeHHe MeTaNIoB M3
PyL H KOHIeH1paTOB,
K TPOJM3  PACTJaBOB:
OKCHJA AIOMUHMA, [oBa-
peHHOH  colM,  eakoro
$aTDa, KapHaJauTa, Mo-
JIYUEHHE WIRKTpPOK OPYHAA
H [UIARJEHBX OTHeYNOpoB

[NepennaBka wmeTanioB »
H CrIaBoB, Bapka Keap-
HeBOrv CrekJa

Huaykunounnie

* B 310ii KAaccHDHKALUMK H OPH NOCASYLIEM pACCMOTPEHHH THNOB Teueli B HECKONBKHX cay-
qafdx COIHATENBHO 0N YUIEHO OTCTyNJeHue or CHCremn [M— T. Taxofy NOAX0A BH3BAH HEOHX0IHMO-
CThIO COBMECTHOMD H3YHCHHA nevell HAaK THIHYHBIX XHMHYECKHX PLAKTOpPOR, CBAIAHHBIX €IMHBIMH 34
KOHOMEpHOCTAME B OGBEAHHEHHEX OGUIHMH KOHCTPYKTHRHBMH OCOGEH HOCTAMH

ofpasywounM Boicokuit GuabTpyouuit cnoii. Teepauit Matepuas men-
JIeHHO JIBHIKETCH BHH3 MPOTHBOTOKOM JYTLIO — ra3aM, pPeardpyloliuM
¢ TBEpPAHIM MAaTEePHaAJOM Ha TMOBEPXHOCTH M B nopax Kyckos. Obe (asul
HaXoAATCs TpPH peXuMe, GJH3KOM K HACAJLHOMY BBITECHEHHIO (CM.
puc. 82, a u 6). Mnorna maxtHbie neun oforpesaiT rasoobpasibiv
TonnuBoM (NpUPOAHBIH ras), ycranaBauBasi ropetki no nepudepiu
H B nentpe neud. IllaxTHble meuH WHPOKO PacnpocTpaHeHbl B Mpo-
MBILIJICHHOCTH H OPHMEHSIOTCA s BBIMJIABKH YyryHa, oOXHra u3s-
BeCTHAKA, CYyALQUAHBIX Py/A, rasuduxamun TBEpLOTO TONAMBA W T.1.
Ouu orauvalorca OONbIWIHMMH pPasMepaMH M BBICOKOH MOIIHOCTLIO (Ha-
npumep, a0 10000 t/cyr uyryHa nps HHTEHCHBHOCTH CBHIle 2 T/cyT
Ha 1 m® ofbema neuu), cpaBHUTENBHOH NpoOCTOTON yCTpPOHCTBA M 06-
cayxuBanusa. MIx pafora HenpepbiBHa, MONHOCTBIO MeXaHM3HpOBaHa
H B 3HAUYMTEJbHOH CTeneHu aBTomMaTu3npoBaHa. WuTencndukanus
Tenao- ¥ MaccoobMeHa B IIAXTHHIX Meyax JOCTHraeTcs NpHMEHCHHEM
IPOTHBOTOKA peareHToB (o0:mKHraeMord Marepuaja H rasoB), BbICO-
Ko CKOpOCTbiO AyTba (Fa3oBoro mnortoka), oboraiieHueM AYTbS KHC-
Aopoiom. Teepabie MaTepualsbl AJsi HHTeHCHbHKauuu mnpoliecca 060-
ramaior Gaotauueli, rpaBHMeTPHYCCKHMH H APYruMH crnocobamu,
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B neyax Apyrux THNOB HHTeHCH(pHKAULHs TPOLECcCOB obecneudBa-
eTcsl TaKKe YBeJHUEHHEM TMOBEPXHOCTH CONMPHKOCHOBCHHSI MYTeM H3-
MeJlbUEHHS TBep/JbIX MaTepHaJsoB. B maxTHOH Teun cHAbHOE HU3MeJb-
UeHHE HEeAONYCTHMO, TaK KakK MPH MEJIKO3EPHHCTOM MaTephaJse (QHALT-
PyIOWHR cJiolt 6OMBIWOH BLICOTH CO3AAET IpoMajiHoe CHAPaBIMUYECKoe
COMpPOTHBJ/IEHHE; KPOMe TOro, HapyulaeTcss paBHOMEPHOCTb pacipeseJe-
HHMSl rasa 10 ceueHHIO Neud. Bennuumna KycKkoB ofKuI'aeMoro mare-
pHasna B lUaxXTHHX Neuax Jo/KHAa OBTb He menee 20 mMm. [loBepx-
HOCTb KOHTaKTa (a3 yBeNUuUMBAIOT NpPHMEHEHHEM [OPUCTOro, TBEPJO-
ro marepuana. TexHoJOrHyecKHi pacueT waXTHHX TMeuell OOLIUHO
CBOJAMTCA K OMNpPENEJIEHHI0 PAacXOAHbiX KOo3(pOhHUHEHTOB MO CHPbIO H
TOMJIMBY MO AAHHHM MaTepHaJbHOIO H TEMJoBOro GalaHCOB M K Ha-
XOX/IEHHIO OCHOBHBIX pa3MmepoB NeuH. Peaxuuounwi of6bem HeKOTO-
pPBIX BHJOB lWaXTHBIX Meveil v MOXKHO ONpeleNHTb Kak cyMmMy 06'beMOB
LUIHXTHl 1O 30HaM TIojOTpeBa, OOXHra M OXJaXJCHHs, 3Has BpeMms
npebbIBaHHA MHXTH B Ka)jp0o# u3 30H. Tak, aas waxTtHoH neuu o6-
HHI'a M3BECTHAKA (MMM Mena)

Uz(g'u_‘i‘&)"n'{"(g“_ I__tg'{""Gl)':oG‘{'EiSTox- (V1 63)
Pu Pr Pu 2 2pr Pm
rne Gy —pacxon o6xuraemMoro Martepuada (M3BecTHsKa), Kr/u;
On— HACHIMHas MJOTHOCTb H3BecTHsKa, Kr/m3%;, p,-— HacbliiHas MJIOT-
HOCTb TOMAMBa (KoKca), kr/m3; Gp— pacxoj Ttomansa, Krfu; S — ko-
3gdULIHEHT ycaaKH WHXTH TPH OOKHUIE; Ty, Tos, Tox — BpeMsi Mpebbi-
BaHHA IWIKHXTH B 30HaX MOJOrpeBa, o6XHra H OXJa)KaeHHus, 4. Bpems
IlpEGhIBaHHH HUIHXTH B Ka}K}_IOPi H3 30H MNeyH OIpenesieTCH Mo HHTEH-
CHBHOCTH Tellonepenayd oOT rasa K oOkuraemomy martepHany Tak,
danpumep, aJas Harpea 00>KHraemoro MaTtepHaJsa B 30He [oaorpesa
OT HaualbHOH TemIepaTypel fuw 10 KOHEUHOH TeMmnepaTyph fx (L0 KO-
TOPOH cJ/efyeT NOJOTpeTb MartepHasn B 3Toil 30He) Tpebyercs Bpems
(B uacax):

dnripe (6, — ty)

T = , 1 64
B 3k FAL3600 108 (Vi 6d)

rae r— cpeaHHH pajauyc Kycka u3BecTHsKa, M; F — cpeanssi noBepx-
HOCTb KyCKa H3BeCcTHSKa, M?; p — IJIOTHOCTL HAarpeBaeMOro MaTepua-
Jaa (U3BecTHsKa), Kr/mM3%; ¢ — TelJIoeMKOCTb HAarpeBaeMoro marepuaJa,
kIx/(kr-K); k: — koapduuuedt rensonepesaud, JK/(M2-K-u);
Af — cpennsis pa3HOCTb TeMmmepaTyp TemJoHocuTeNs (rasa) u narpe-
paemoro matepuaJa, rpag. Popmyna (VI 64) npumennma pas mare-
pHalla 3aJlaHHOH TeMJIONPOBOAHOCTH.

CoBpeMeHHBe JOMEHHBIE NeYH HMEWT nogae3dbll o6bem mo 5000 vid
H COCTOSIT U3 CJIEAYIOIHX OCHOBHBIX uacTtefi: 3achimHOH ammapar, Ko-
JOLIHHK, WiaxTa, pacnap, 3aljeddkH, ropH, ¢ypvMb d Jelllaib
(puc. 83). Ilpn moMoulH 3aCHIMHOrO anmaparta B KOJOWHHK KaKable
5—10 muu 3arpyxaiot wuxty. M3 KosoWHUKA HeNpepbBHO OTBOAAT
BHAE/AILNECS AOMedHbe rassl  Vcxogdpie MartepHasbl, JBHrasch
BHH3 MO llaxTe, HMeoUled BHI YCEYEHHOI O KOHYca, MOJOrpeBaioTCH,
oc/ie Uero MpPOUCXOASAT IMpPOLECCH BOCCT2ZHOBJEHHsSI OKCHAOB KeJjesa
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Puc 83 Momennan neub

1 — 3acwinHoll annapaT, 2 — r'azcoTBOAL, J — cTaduHol Kowmyx, 4, 5 — Qyrepobka;

6 — XOJNIOAHJILHHE, 7 — ONopHOe KOJLLO, § — KoabUeBoll Boalyxonposofi, 9— dyp-

MeHULI pykas, 10— nerka s uyryma, 11 — Kowyx Jetlagu, [2 — netka Anas
urnaka, {3 — KoJdbUeBas OJoMWdAKE

OKCHJOM Yyriepoja, KoTopuifi of6pasyelcfi B AOMHe NPH B3auUMoOdeH-
CTBHM KHCIopoJa (Bo3jyxa) ¢ KohcoM B ropn uepes ¢ypmbi BayBa-
107 ropAunii BO3AYX AJA ropeHHa TONJMBA, B pe3yabTaTe 3TOr0 B
paiione ¢ypm (BepxHss uyacTh ropHa) Temmeparypa jgocruraer 1600—
1800°C u 6omnee. Jasn uuTeHCHUKALMH Npolecca Ha psijile 3aBOJOB
B ayTbe [J006aBAAIOT KHCJIOPOA M NpHPOAHBII ra3. BoccTaHoB/IeHHOE
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B o6nactu pacnapa (900°C) u sanneurkos (ceuitte [000°C) merannu-
YecKOe JKene30, MPOXOAS 30HY BHICOKHX TeMIepartyp, MJAaBHTCSH, Ha-
CHILILARTCS YIVIEPOJAOM H CTEKaeT B TOpPH B BHAe uyryHa. )Kuaxuit
YYI'YH H LIJTaK NEePHOJAHYECKH BbINYCKANTCH yepes 4yryiHyro u iiaa-
KOBYIO JIeTKH (y3KHe KaHaJbl, 3ajlelaHHbie OrHeynopHoH maccoil niu
MeTaJdauueckoll npoGkoit). 3amenky u npoGuBaHHe UYCYHHOH JIETKH
BBHITIOJIHAIOT MHEBMATHYECKHE HJAH 3IJCKTpHYeCKHe Malluipl C AHCTaH-
UHoHHBbIM ynpaBiaeHuem. CralbHOH KOMYX JOMEHHOH MEeYH BHYTPH
GbyTrepyercsl OrHEYNMOPHBIM WAaMOTHHM Kupnuuom. Kpome Ttoro, ans
YMeHbUIEHHA BHIropaHus CIJYTEPOBK& oxJaXxijpaercs crnenmalbHbIMH XO-
JIOAH/bHHKAaMH, KOTODHIE PaclofoKeHbl BHYTDH HeEe.

[Toaounble MeXaHHUYECKHEe NEUYH OTHOCATCA K Iedam npsa-
MOro Harpesa C BbLIACJEHHEM TENJOTHI B ob6HUraeMoMm MarepHaJsnae B
pesyJjibTaTe 5K30TEDMHUECKHX peakuuH. B medax 3Toro THna nepeme-
UIHBaHHC peareHToB, pa3BHTHeE H ob6noBAEHHE NOBEPXHOCTH B3aHMO-
ilef:iCTBHFI H3MEeJbYEHHOrC TBEPAOTO MaTepiana W rasa MNpOH3BOIHTCH
MpH MOMOIIY MEeXaHHYECKHX Mellasok, neperpefaiolluX H MepeaBu-
rawiyx TBepJAbi# Martepuan na noiakax (csojax) neun (puc. 82, g).
HOBE]’)XHOCTB CONPHKOCHOBEHUS TBEPAOro matepHana € rasom B IO-
JIOUHBIX MMeYaX” YCJIOBHO HPHHHMAaeTcHd paBHOﬂ nnowaad BceX MNMONOK:

T2
F o= vy Dg,n, (V1.65)
rae Dpy— BHYTpeHHUH JHaMerp MNeuH; A — YHCJO CBOJOB.

MexaHuueckde NoJoYHble MeYd NPUMeHANHCh A1 o6XkKHra Konueja-
Ha W ADYIHX CYJAbQHAHEIX PYA B [BETHO# METaNAYpPIryH, CEPHOKHCAOT-
HOH M Ue/MJIIONe3HO-0YyMaXKHOH NPOMBILIIEHHOCTH, 3TH TeUYH HMEoT
nauboJsiee CJA0KHYI0 KOHCTPYKUHMIO N0 CPaBHEHHIO C APYTHMH THIAMH
neyed H OTIHYAOTCH MaJqoH HHTeHCHBHOCTBHIO (oKono 0,2 1/(m3-cyt)
obxkuraemoro mareprana). [lo-tomy HecMOTpPA Ha yCTOHYHBOCTL B
paboTe gaHHbie neyd B OOJLIIHECTBE ClydyaeB 3aMeHe#bl MeyaMH apy-
THX THIOB.

[Tetub nuneBugunoro o6xKura (puc. 84) paGoraer no npuu-
LIHOY pachklICHHA TOHKOH3MeNbueHHOro ofKHraemMore MmaTepuana B
OOTOKEe BO3AYXa, T. €. NPH IPAMOTOYHOM Hanpas/JeHHH ABHXXEHHA pea-
FeHTOB. 2TO Medp NpAMOro HarpeBa, oborpeBaeMas TEIJIOTOH 3K30-
TePMHYECKHX peakun#i, nporexkalomux npu obxure. [lopepxHocTb
CONPHKOCHOBEHHSI rasa ¢ o0KHraeMBM MarepHalJoM paBHa MOBepX-
HOCTH TOHKOHM3MEJbYEHHBIX YacCTHL, T. €. OHAa HaMHoro Gojblle 710
CpPaBHEHHIO C pacCMOTPeHHHMH THNamu NedeH. [leun mpeacrasaser
coGofi cTa/bilol UMAHHAP, ¢(yTepoBaHHBIH IMAMOTHBIM KHPIOHYOM H
cHabxeHun#t QopcyHkoll (conmnoM) aJis pacnbiieHHs maTepHana, WTy--
uepaMu AJIf BBOJAAa K BLIBOAA rasa (Bo3[yXa) H TBepJore ocTarka.
Takue neuyu OTrpaHUUCHHO NPUMEHSIOT AJs OOXHIra KoJuegaHa B Mmpo-
H3BOJACTBE cepHOH kucaorbl. CyXxoH ¢JoTauHOHHBIH KoJduejlaH ¢ Hep-
BHYHBIM BO3JyXoM BlyBaercsi uyepe3 dopcyuky (obbluHo pacmnono-
YKEHHYI0 B HHXKHeH 4vacTu) BHYTpb packasieHHo#d neun. [loa nHamopowm
CTPYH BO3AyXa UbIVIEBHAHBIH KoJ4YelaH [OOLHHMAeTCsd B BEPXHIOIO
4acTb MeyH, rlle CMelluBaeTcs ¢ BTOPHYHBIM BO3LYXOM, BAYBaeMmblM B

188



neub AJs yAy4YlleHHHA npouecca o6G:KHra, KOTOpBIH JJIHTCA HECKOJIBKO
ceKyHJI (BO Bpems mnonera nbinHOK). OO6pasopaBuiics orapok
(TBEp/bIH OCTATOK) MajgaeT Ha KOHYCOHAHOe JHO MedH, OTKyAa H yja-
nsercs. T'uapoAnHamMHuueckuil pexcum obeux da3 6/MH30K K MOJHOMY
cmetienuio. ['as ¢ Ttemneparypoit 1000°C  suiBoauTcst M3 GOKOBOro
WITyllepa B NapoBof KOTesa-yTH/IAH3aTOP, a 3aTeM Ha OYHCTKY OT IbLJIH.
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Puc. 84, Tleyn nuaeBHIloro ofxura: Puc. 85. Tleus ana ofikura B KHOA-
I — xoxyx; 2— dyrepoeKa;, J— Gynkep; 49— Iem (Bssememiou] cJioe:
dopcyuka 1 — KaMepa TopeHHs} 2—rasoXxol AJR

oTeofa olMkwroeoro Trasza; 3 — patpyGok
R2® BRIXORZA OFapka;, 49— XOJOAHABHHK
(cekuua napopore kKotda); &§— GyHKep;
6 — peleTka; 7 — WHeK AJs nNoldavd ob-
KHraeMoro TBepAOTo MaTepHala

Boabuias peakiuuoHHasi CHOCOGHOCTb MBIJIEBHAHBIX HACTHU, HaX0/s-
WHXCSA BO B3BEIIEHHOM COCTOSIHHH, MO3BOJM/A JOCTHYL OGOJBIIOH HHTEH-
CHBHOCTH pabOThl 3THX NPOCTHIX MO YCTpoicTBY newed, Oaxako aas
negeif nbleBHAHOrO o6xKura tpebyercs cyXoff, TOHKOAHCHEpCHBIE H
MOHO/JHCIEPCHHH o0MKuraemulit martepuat. Bendk yHoc matepuana ¢
MOTOKOM rasa ¥ pafora 1nedyd HeAOCTAaTOYHO ycToHyupa. [lostomy
NeyH MbJIEBHIHOrO 00XKUra He MOJYYHIH WIHPCGKOTO PacnpoCTPaHEHHS.

[Meup kunamero (s3sewenHoro) canosn (KC) cxemaruu-
10 npejcraBieHa Ha puc. 85. HacTyubl TOHKOH3MeNbYEHHOro O06KH-
raemoro matepnana (manpumep, Kongegasa pasmepom 0,01—0,5 mm
B nonepeuniKe) TNOJAAOTCA HENPepPHIBHO Ha pellieTKy, MOoA KOTOpyio
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MOCTYINaeT BO3AYX €O CKOPOCTbiO, ObecCneudBaiollieil Nepexol YacTHIL
BO B3BElLIEHHOE COCTOSIHHE, HO HEAOCTAaTO4YHOH AAf YyHOCa maTepHana
u3 neud. Haxonsicb B HempepbiBHOM MyJbCALMOHHOM [BHXKeHHH, 4ac-
THIBI OAHOBPEMEHHO ABUraioTcsi (TEKyT) Mo peilleTKe neud, U [pH
3TOM NPOHCXOJAHT UX HHTEHCHBHBIH 06xur.

Bapetllenublii coH TBepJABX 4YacTHL HeoanopoieH. B Hem Hempe-
PLIBHO BO3HUKAIOT M NOJHUMAIOTCH MNy3bpbku rasa (Bosayxa). Ilo
BHAY OH HANOMHHAET KHAAIYI XKHIKOCTb, MO3TOMY H Ha3biBaeTcs
Kunsium chaoem. BricoTa Kunsilero caos onpeaefsieTcsl pacCTOAHHEM
OT pelleTKH A0 OTBEPCTHS AJf BHIXOJAa Orapka, HO MOXET peryJjHpo-
BaTbCSl M CKOpPOCTbIO BHIBOJA Orapka uepe3 OTBepPCTHe B MOJe IMeuH.
Ileun KC pabotaer npu pexume, GJAH3KOM K TOJHOMY CMeLIEHHIO B
HHTepBaJe cKopocTel Awr, onpejesisieMOM MOMMAHCIEPCHOCTLIO OOXKH-
raemMoro Marepuana, T. e. HauMHag CO CKOpPOCTH, MpH KOTOPO# B3Bellu-
BawoTcs Hauﬁonee prr[]lble YacTHubl, H KoHYas CKOpOCTbIO, l'[pH KOTO-
poH YHOCATCH H3 neud HauboJee MesKHe.

IIpu wmonopucnepcHom wmatepuane pabouuii WHTEpPBad cKopocTel
Gonbllle, YHOC MeHbille H paboTa meuu ycioifunsee.

KpuTuueckasi cKopocTb NCEBIOOXKHIKEHHSI Wy, T. €, CKOPOCTb BO3-
AyXa, NpH KOTOPOH 4YacTHIbLI o6XKHraeMoro marepHalja MepeXOUsiT BO
B3BelleHHOe COCTOSIHHE, OlpeJIeNsieTcss M0 BejiHuYHHE HCTHHHOH CKOpo-
CTH B3BEIIHBAHHA Wy ITa BEJHUUHHA OTBEYaeT CKOPOCTH BO3jayXa B
¢BoOOHOM OObeMe B3BelllEHHOTO CJIosl, T. €. B NPOCTPAHCTBE MEXAY
sepHamu. Jas namuuapHoro pexuma, T. e, npu Re<C17u Ar<C1,7-104,

Re=1,1.10" Ar, (V1.66)

rae Re=wypd/v; Ar=gd%a:/v®pr; d-—cpelHuit pa3mep yacTul, M;
pr H pr— MJOTHOCTb Tasa M TBEpAbX uacTun, Krim®, v — KuHeMaTHue-
cKkuil KO3(pPUUMEHT BA3KOCTH, M?[/c; g — ycKopeHHe cBOGOJHOro naje-
Husi, paBHoe 9,81 wm/c? [ns ¢GaoTanuoHHOro KonuenaHa MOXKHO NpH-
HATE dep=0,07 mM. 3epHa Takoro pasmepa B3BELIHBAIOTCH MPH JIAMH-
HApHOM peXHMe, CJeAOBaTeAbHO, nonb3ysack dopmynoli (VI.66), mox-
HO BBHIYHCJHTb Wy s, [Ipn pewennu (VI.66) OTHOCHTENLHO Wy s NOAYUUM

w, = prd®/10% pyv. (V1.67)

QUKTUBHAS CKOpOCTb B3BEUIHBaHWA Wy, T. €. CKOPOCTb Haudana
B3BeIIHBAaHHUA Y&CTHL], pacCcHHTaHHad Ha MOJHOe CeYCHHE Me4H, omnpe-

nensiercs no gopmyne
wes = E(.Ite"“ B (“” -68}

rjue 80-—-—-!’[0[303[10{:'[‘1) HeNnOABHHHOTIO CNOH, T.e. ero obbemHas Joad,
He 3aHsATas uactvuamu. as (aoTaLHMOHHOrO KoMuedaHa MOXHO IIpH-
uATh £0=0,4. Pabouyio CKOpOCTb rasa npu NOJHAHCIIEPCHOM MaTepua-
JMe BbIOHPAlOT TaK, uToObl OHa Obina Oojblle CKOPOCTH B3BELIWBAHHSA
nanbosee Kpynueix wactull. [Ipu 3TOM yacTb HaHboJsiee MEJIKHX YacTHL
MOKeT YHOCHTBCH C MOTOKOM I'a3a, uTo HDOHC}LOILHT B NeyYax Kunawero
CJOA.

B neuax KC nosepxHocTb 06XKHraeMmhX TBepAbIX 4acTHL, (IKBHUBA-
JIEHTHAs NOBEPXHOCTH KOHTaKTa (pa3) MaKcHuMadbHa H IOJHOCTHIO
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OMBIBAaeTCHd rasoM, BeJHKa TypOyJeHTHOCTh AByXdasnofl cpedd H MH-
HHUMaJbHE AHG(GEY3HOHHBlE CONPOTHBJEHHA, 4YTO MNOBHIIaeT Ko3ddu-
IHEeHTBhl Macco- W TedJgolepeiayH. B.naronapﬂ nepeKpecTHoOMy Hamnpas-
JIEHHIO ABHXEeHHWSs peareHToB B 3THX Oeyax obecneyuBaeTcss BHICOKafd
IBHXKYILAd CHJa W HaI/]ﬁO.ﬂbanH noJgRoTa npouecca, T. €. MakKcHmMaJeH
KITA. Bpems gontakTa cocrapiaser B neyax KC neckosbko cekynn,
TOorga KaK B MeXaRHYeCKHX MOJOYHBIX Ne4Yax OHO H3MepsdeTcd YacamMHu.
ITeun KC paGotaior ¢ BHCOKOI HHTeHCHBHOCTBIO — B 10 pa3 unrencus-
Hee, yeM MexaHHuyecKHe moJiouHsle, U B 1,5—2 pasa unTeHcuBHEe, ueM

Coipeebas
Y6 W
s
Tonnube 7 8§ 88
, ; SN
ﬁ? ——
g

7 Burepysne
Boadyx N bepds

Puc. 86. BapaGannas Bpaulajoniafcd neybn:
1 — ropenka; 2 — rogoBka neyw; 3 — GapaBan; 4 — GaHna u ONOPHEle POJHKH; J§ — NpHBOXL
newH; § — NHTaTeAbL 7 — nNbiieocalHTeNbHan Kamepa; 8 — smeKTPOPHALTR: 9 — KOJOCHHKOBHIA
XOMOOHAbHHK cHeKa; [0 — BeHTHJAATOP AJa 0OAav¥ TONAHBA

neyH ThlJeBHAHOro o6:KHra, nockoabky B meuyax KC xoanuectBo 06-
JKHraeMbelX YacTHLL B peaklMOHHOM oObeme GoJblue. TemnepaTypHLIA
pexum neun KC nsaorepmuueckuil, uto obieryaer ynpaBJenHe mpoliec-
coM, NPOMCXOAAIMM B peakTope. TemaoTa peaxllHH TOPEHHSA HCMOJb-
3yercss aJs BepaboTku mapa, [lostomy B 30He KHmsALlero cjost pas-
MeulaloT TenJoOOMEHHHKH [JIA noAorpesa BOABI HJH CeKUHH TpyO na-
pPOBOro KoTJa.

Paspaboranbl KOHCTPyKuHMH neyell B KOMOHHAUHH ¢ LHKJIOHAMM,
B TaKkHX Meyax CKOPOCTb rasa BHIIIe CKOPOCTH YHOCA HACTHLL. Y HeceH-
Hble M3 CJIO YacTHIH YJaBJHBAIOTCA B «ropsAueM» IHKJOHe U BO3Bpa-
njaloTeA B CJ0H. DTH OeYH ¢ UHPKYJIHPYIOUIHM MAaTEPHAJ0M HMeloT
HAHBBICIIYIO HHTEHCHBHOCThL paboTHL.

Henocratkom neueli KC siBsisieTcst BHICOKAs 3aN0BIEHHOCTh MEUHOTO
raza (10 200 r/m3). [Tean KC wiHpoKo OpHMEHAIOT B NPOMBIIIEHHOCTH
s o6KMra KoJsiyejnana, CXKHIaHHA u rasudugaundi TBEpAOro TOIUIHBA,
00KHra H3BeCTHAKA, TepMooHpPaloOTKH pas3/HUHBIX MaTepHaJoB.

bapaGaunwaa Bpamaluasacsa neub (puc. 86) npencras-
Jger coBoli cTanbHOIl, GyTepoBaHHbLIi OrHeyNmopHBIM KHpNHuoM Oapa-
6aH, ycTaHOBJEHHHI Ha ONOPHHIX POJAUKAX MO HEGOJLIIMM VKJIOHOM
K ropusontann (3—4°). BapaGan Bpaulaercs BOKPYyr cBoeil ocH co
ckopoctblo 0,5—2 06/MHH NPH OMOILH BEHIOBOH LIECTEPHH, HACAMKCH-
HOIl Ha newn, W MpHBOAA OT 3AekTpomoropa. [Ipumensior 6apabaunbie
Ileyy ¢ OpPOTHBOTOKOM, Mapa/je’bHBIM TOKOM H KOMGHHHPOBAHHBIM
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IBHXKEHHeM HCXOJHOro MaTepHasa M TONOYHBIX rasoB. PaspuTne peak-
LIIHOHHO} MOBEPXHOCTH M MNEepeMeIIHBAHHE TBEPABIX H ra3’oo0pas’HbiX
peareHTOB JOCTHrAeTCsi BpalleHHeMm MNeuH; BCJEeJACTBHE ITOTO MPOHCXO-
JINT mepechilanHe TBEPAOro MarepHaJga B MOTOKe rasa, ABHIKYyLlerocs
BAOJL Meud. B 3arpysounyio 4acTb (FOJIOBKY) neyHd mopaloTcs HCXOA-
Hble MaTepHa/jbl B BHAE XKHAKOH OYJbObl HJH CYX0f CHIpbeBOH cMECH.
Co cToponpl pa3rpy3ouHOil 4aCTH (rosiopkH) neud uepes (OPCYHKH
nojaeTcs mblIeBHAHOE, XKHAKOe HaH raszoobpasHoe tTomanso. CKopocThk
JBHKEHHA MaTepHaja BO BPalIAIONIHXCA MeyaX MOXKHO ONpejequTh Mo
ypaBHEHHIO

B4 2 cos a.) (V1.69)

wy = B2wrn ( -
sina

rjae Wy — CPeaHfAs CKOPOCTL ABHMKEHHA MaTrepHaia B Heud, M/MHH;
B — kosdpdunuent (114 neveli KadbnHHALHH THAPOKCHAA aJIOMHHHSA
B =2,6); r—paauyc GapaGana meun, M; n— uHcao o6opoTos Gapa-
6auna, o6/mun; f— yron HakJoHa Gapabana K FOpPH30OHTY, rpag; 2 —
yrosl Hak/JOHa MOBEPXHOCTH MaTepHala K OCH MEYyH; @ — yroJa ecre-
CTBEHHOr0 OTKOCA MaTepHaJja, rpam.

BapaGaunble neuw — TONIHBHbLIE, NPAMOro Harpesa, oforpesaemble
rJIaBHEIM 00pa3oM HemnocpeACTBeHHLIM CONPHKOCHOBGHHEM oOXKurae-
MOro MaTepHaja ¢ HCTOYHHKOM TeM10TH — (aKesoM H pacKaJjeHHBIMH
TonounbiMHA rasami. Bnaropapsa peicokoOH pasHocTH Temmepartyp ¢ake-
Ja 1 ofpafaTeiBaevMoro MaTepHana, a TakyKe NPOTHBOTOKY (uaule Bce-
ro NpHMEHAEMOMY) B 3THX meuaX ofecrmeyHBaercs Goablias IBHKY-
was cuia tenaonepejgaud. bapabaunbie Bpaulalouliecs NeyH oTJAHYa-
1oTca GonbuMH pasmepamn (aaunHa ao 200, guamerp po 5 M), Bbl-
_COKOH MpPOH3BOAMTEJLHOCTbLIO, MPOCTOTON B ycTpoiicTBe H obcayHBa-
HHH, ycTOHUHBOCTLIO B paboTe, yHHBepcaJ/bHOCTEIO JeficTHA. [To aTum
npuuunaM OapabaHnble NEUH MOJYUHJIH IIMPOKOE pacnpocTpaHeHie H
SABJAAIOTCA THOOBBIMH MeYyaMH H CYIIHMIaMH, OPHMEHAEMBIMH B CaMBIX
pa3Hoo6pa3nbiX MPOH3BOACTBAX: LEMEHTA H APYTHX CHJAHKATHHIX Ma-
TepHaJoB, [VIHEO3€Ma, codbl, mieJodefi, coneft U MHorux apyrux. Tax
Kak GapabaHnble MeyH HaAeXKHBH H yAOOHH B NPHMEHEHHH, TO B Ha-
cTosiulee BpeMst OHH OGoJbiue pacnpocTpatcHbl, uem mneun KC, xorta
nocsaeaHue obaanator GoJee BLICOKOH HHTEHCHBHOCTLIO. Bpamarmue-
CA Ne4yH AJA MPOM3BOJACTBA LIEMEHTHOro KJAHHKepa (cM. puc. 86) nme-
10T MpOH3BOAHTENBHOCTE A0 75 T/4u. Mcxoanas wmxra 3arpykaercs
HenpepHBHO B BEPXHIOIO 4aCTh MEYH H  BCJEACTBHE ee MeAJeHHOro Bpa-
menHs (1—1,56 o6/MHH) H HakJIOHA NOCTENEHHO MEPEJABHraeTca K HHXK-
HEMY KOHILy, [j€ BBIIDYXKAaeTcHA cneKkiuuiica maTtepuan (kauugep). He-
obxoaumas Temaora obecrneuHBaeTcsl CXKHranveM rasoobpasHoro, XH1-
KOro HJIH MNBJEBHAHOTO TOMJHBA, KOTOPOE [MOJAETCA BO BHyTPeHHEC
NpOCTPAHCTBO MEUH ¢ HHXKHEro ee Kouua. TakuMm obpasoM, TomouHble
rasel ABHXKYTCA MNPOTHBOTOKOM CHIpbeBOIl CMeCH, KOTOpas, MOCTeNneHHO
11arpeBasiCh, NPOXOAUT 30HLI CYIIKH, MOAOrpeBa, KaabuuHauuu (900—
1200°C) u oxJaaaeHHs.

TyuHeabHble (KaHajdbhble) nedn (puc. 87) npeicTaBgsioT co-
Goit kanaa anpuoil no 200 M, BHIOXKEHHBIH H3 OrHEYNOPHOTO KHpMHUa
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HIH MeTanaauyecknfl, GyTepoBaHHBIf OrHEYNOPHEIM KHpNHYOM. BHYTpH
KaHaja nmo pejbcaM ABHKYTCH BMJOTHYIO NMPHMBIKAOMWHE APYr K ApYy-
Ty BaroHeTKH ¢ o0KHraeMBIM MaTepHaJoM HJH H3NeJHAMH HaBCTpeuy
NOTOKY BO3iyXa HJH rasa, B3aHMojeHcTByoulero ¢ TBepabM MaTepHa-
aoM. Jlas wanGomee MOJHOrO HCMOJIL30OBAHHS TEMJOTH BAroHETKH 3a-
HHMAIOT MaKCHMAaJbHYI0 MJIOmlaab TyHHeas. TyHHeJbHEIC neyd — Tom-
JHBHLIE MPAMOro Harpesa, NPHYEM TeNJOTa MepeaaeTcs TOpPAYHMH
ra3aMH, ABHXVUIMMHCSI TPOTHBOTOKOM HarpeBaeMoMy MaTepHaJy.
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Puc. 87. TynHeabnasn mneub — mpo-
noabnbid (@) W nomepeunsifi  (6)

35 paspessl:
SRBIBLA RITHA I — gaHanw ANS NOJAYH BO3AYXa K TO-
penxam, 2— ropeJkn, J-— BaroHeTKa c
4 H3aeaumnmu; 4 — necoudsift 3arteop; 5—

ABMOXOI

Kanan neuyn pasiejsercsd Ha 30HB Mojaorpesa, o6XKHra M oxJamjeHus
marepuaia. B 30He oGxHra npu nomouls (popcyHOK ciKHUraertcs raso-
o6pa3noe XHIKOEe HJH TBEpJOe TOMJIHBO H TOMOYHHE ras3el MepejaloT-
csi B 30Hy oforpeBa. B TyHHeJaBHBIX [eyax BO3MOXKHa Haubosee ToH-
Kas peryadpoBKa TeMnepaTypHOro pexxuma oOO0XXHra BO BpPEMeHH, HX
paBoTy Jerko moJHOCTHIO aBTOMarn3upoBaTte. [Teun paboraior Henpe-
PHBHO, 06./1a.1a10T BHICOKOH MomHocTeio (200 T/cyT u 6o.ee), mpocThbi
B OGCIYXKHMBAHHUH, HAAeXKHBl B 3KCINayarTauuu. TyHHeabHBE [EYH OpH-
MeHsI0T Asis 00XXHra OrHeynopoB M JPYTHX KepaMH4eCKHX H3ACJIHIE,
s MOJYKOKCOBAaHHA CJaHia, cyXoH MeperonkH jJepeBa, BHINJIaBKH
cepbt H3 pyd H T. IL

Tynuenblble neyd HeNpepHIBHOrO ACHCTBHA AJA 0OXKHra Kepamuue-
ckux mageanit (cM. puc. 87) umeroT kanana gaunoi go 165 M u Gosee,
BHYTPH KOTOPOro MO peldbcaM JABHKYTCA TMJIOTHO COMKHYTble APYTr €
JPYroM BaroOHeTKH € HarpyXKeHHBIMH Ha HHX H3leaHAMH. Baronerku
BLIJIOXKEHH OTHEYMOPHEIM KHPIHYOM H NMo OGOKaM CHAGMKEeHBl KeJe3uhl-
MH [HTaMH, KOTOpLle MpH ABHMEHHH BarOHETOK Mepel1BHTaloTcs Mo
CJI0I0 mecka, Bxo/s B Hero nHa 100—150 mm. 3ThMm cambim pasobuiaer-
Cq MOJOCTL Meud OT MNOABATOHETOUHOrO KaHaJja ¢ pedbcaMu. Takiw
06pasoM MMecOUHbIl 3aTBOP MPeAYNpeXKaaeT NPpOHNUKHOBEHHC pacKasicH-
HbIX Ta30B Moj BaroHeTKH. Bce 3To nmo3BoJfAeT NMPeloXPaHHTE HHXHUE
YACTH BArOHETOK M PeJbCOBEIA 1IyTh OT BO31eHCTBHA TeMMepaTyphl.
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KamMepHbe mnmeuu npeicraBiasioT cofofi 3aKpHITEHE KaMephl
pasanyHoii (opmbl. Onu npumeHsioTcss B pa3HoobpasHbIX OTpacafAX
XHMHYeCKO MPOMBIIIAEHHOCTH H MOCYT OTJAHYATBCSA APYr OT Apyra no
ycaoBHAM paboThl, KOHCTPYKUHH H cnocoly o6orpesa. Pazanyhbe
THNBl KaMepHBIX neyeil paGoraioT, HampHUMep, NEePHOAHYECKH HJH He-
npepLIBHO, BO3MOXKEH MPSMOH HarpeB HJH KOCBEHHHIH — yepe3 CTeHKH
KaMepbl; rabapuThl B (opMa pas3JHyHBIX KaMepHBIX Meueli MeHSIOTCH
B LIMPOKUX MNpejenax. ITH neun HaunboJiee MpocThbl MO YCTPOficTBY H
MO3TOMY Mo pa3HooOpasHio MpHMEHEHHs HAaXOASITCA HA NMEepBOM MecTe.
OHH NpUMeEHAIOTCS B KPYMHOTOHHAXKHBLIX IMPOH3BOACTBAX, HaNpHMEp
AJ5 KOKCOBaHHA KaMeHHBIX yr.nel'»’l, KOTOPO€ IMPOH3BOAHTCA B MNPAMO-
YroJbHBIX KaMepax TMepHOAHYeCKOro ﬂEﬂCTBHH, 060rpeBaeM|ﬂx yepes
CTEHKY H OﬁbeﬂHHEHHHX B ﬁaTapeH, BKJ/JIOYAKOIHEe AeCATKH KaMep.
Darapen u MHOXeCTBo Kamep (MHOroKaMepHbie MeyH) NPHMEHSIOTCS
U B APYTHX NpPOU3BOACTBAX, HanpHmep npH ob6KHre KepaMukyu. B atom
cjyyae OCyLIeCTBJSITCs NMPSAMOH HarpeB H3AeJHMH TOMOYHBIMH rasam,
I/IHOI‘Jla KaMepHble MeyH KOCBEHHOrO HarpeBa, HCnoJb3yeMble, HalpH-
Mep, B MPOM3BOACTBE coJeil, HasmBaloT mydeasMH. [las ropenok 4 -
Kamep cropanisi xapakrepHbl He(Go/blliHe pa3mepbl, NPAMOil Harper
H HEMPEepPHBHOCTL AeHCTBHA.

BauuwMu HasbBAlOTCH [€YH, B KOTOPLIX TBepALIH marepuan
MJaBUTCS H NOABepraercst fanbHeflnell TepMHuecKol H XHMHYECKOH
nepepaboTrke B KHAKOM COCTOSHHH. 3TO TOMNJHBHBIE TMEYH MPSIMOro
Harpesa, npHyemM TeJIOTa MOXET nepenaBaThCA HarpeBaeMoMy Mare-
pHaJay Kak KOHE_!eKlJ.I{E‘ﬁ OT FOPCHHA ral3oB, TaK H JYUEHCNyCKaHHeM OT
¢dakena ropenusa rasoofpasHoro TonJaHBa B palouem MpOCTPaHCTBe
MedH, a Tak¥e OT pacKaJeHHBIX CTeH H CBOJa. Bauuwle nmeun OTJAHYa-
I0TCA BBICOKOH HHTEHCHBHOCTBIO Macco- H TelJonepeaul npexae Bce-
ro 6Jaarogapsi MoOJHOMY pAacCl/JaBJIeHHI0O HarpesaeMoro Marepuana, B
pesyabTaTe uero pes3ko Bo3pacTaioT Ko3(dHIlHeHTH Macconepenaun k
H TenaooTlavn . I/I}ITEIICHBIIOCTB TenJaonepesayH B BaHHBIX Mevyax
BHICOKA Tak)Ke 3a cyeT Goabluoli ABMXKyllell cHaBl mpoitecca (BbICOKas
TeMreparypa TEMJIOHOCHTeNA), OBbICTPOro ABHIKEHHSI HArpeThiX rasoB
M HCMOJB30BAHUSA JIYUHCTOH TENJOTHI.

HaunGosiee coBepwicHHBIM THIIOM BaHHOH MeuH C/AYXaT  MIHPOKO
NpHMCHAEMBIC B MeTaNJdyprii H MPOH3BOJACTBE CTEKJa oTpaxa-
TeadbHHe (MJaMeHHEIe) percHepaTHBHEIe Meun, pabouee npocrpa-
CTBO KOTOPHIX BK/Iouaer yrayGiaenHwii moj (Banuy). B oTpaxarte.b-
HBIX Meyax pacijaB HelMpepPHBHO TeueT BJOJb BAHHEI H MaKCHMaJjbHOE
KOJTHYECTBO TEMJIOTH NepenaeTcss H3JAYUEHHEM (baKe.na H KJdaidkKH nedf,
UTO 3HAUYUTEJbHO YBeJHUHBaeT KO3 duuHeHT TenygooTAaud a. Temnsora
TOMOYHEIX rasoB HCHOJb3yeTcdA  [1Js npeaBapHuTEJbHOrO I'IOJ'lOl"pEBﬂ
BO3AyXa U raszooGpasHoro tTonaHBa B pereneparopax. K tHny orpaxa-
TeJbHBEIX Meyell OTHOCATCA MapPTEHOBCKHE MeTaqlyprHuyeckHe reuH, a
TakXKe CTeKJOBapeHHele neud Gosapliod MoiiHoctH. K BaunbiM neuaM
OTHOCATCH CpPaBHUTEAbHO HeBOJblINE TMeuH TMepHOjJHUYecKoro jeii-
CTBHA—THTE€JbHBIC, NDIUMEHAEMbBIC B METAJNJYPrHH AJs BbiJIaBkH
CrenHajJbHblX CMJaBOB, H FTOPIHIKOBE e, KOTODBIE HCNOJb3YIOTCH B
CTEK/JIOBAPEHHH [JIfl H3rOTOBJEHHsI XYHLOXKECTBEHHOrO CTeKJa.
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Tpy6uaTwme neuywn npeicTaBafioT coboH Kamepn TOpeHHA, B
KOTOPHIX pacnosioxeHo 60JbilIOe KOAHYECTBO TPYO Kak Hal OTHEBHIM
MPOCTPAHCTBOM, B KOTOPOM CropaeT TOMJHUBO, TAK M B MOTOKE TOPAUHX
nbIMOBHIX ra3oB. OGumas gawna Tpy6, pasMelleHHEIX B MeyH, 4OCTHra-
eT HeCKOJbKO KH/AoMeTpoB. B TpyGuaTex meuax ocyllCCTBASieTcA KOC-
peHHbIl narpes. Harpepaemas XHAKOCTHASA WK ra3oBas cMeck OBICTPO
JABHKeTCH nmo TpySaM NMPOTHBOTOKOM TOMOYHHM rasam, oforpesaloiinm
BHEIIHIOW MoBepXHocTh Tpy6. Tpy6Guarnle meud o00aagaldT BHICOKOM
MOIIHOCTBIO H HHTEHCHBHOCTBIO, YCTOHYHBOCTBIO B paloTe, CpaBHH-
TeabHOR npocroToit yerpolictBa. Murencusnas paGora sTHX neueil
jgoctHraercs 6iaarogapsi BHCOKOH CKOPOCTH MOTOKAa HarpeBaeMoro Be-
uecTBa BHYTPH Tpy6 (Gouabiloll Ko3dhHUHEHT Temy1ooTIaunw) H pa3BH-
TOH MOBEPXHOCTH Harpesa mocjaeaHHX npH OGoJbIlof pasHOCTH TeMiie-
patyp Af. OcHoBHast uacTb TEILVIOTH nepegaeTcss pajHauueit or
nJaMeHH H pacKaJjeHHOH (yrepoBku neueli. TpyGuaTbie neuH WHPOKO
NPHUMEHSIIOTCs] AJ51 XHMHYeCKOH mnepepaGoOTKH TOMJAHBA H B Oprauuue-
ckoM cHHTe3e. B sTHX mewax ans oborpeBa Hclosb3yercss rasoobpas-
HOe HJH Kuakoe TomauBo. CyllecTBYeT MHOrO CrnocoBOB pacrnoJoKe-
Husl TPYO, TOMOUHBIX YCTPOHCTB M CXeM ABHIKEHWA mepepabaTHBAEMOro
CHIPBA,

ONeKTpPHUYECKHE MNEUYH MNPUMEHSIOTCH B 3JACKTPOTEPMHUECKHX
mpoileccax, MpH KOTOPHX BHICOKHe TemmepaTyph (mo 3500°C) coszna-
joTcst npeobpasoBanieM 3J1CKTPHYECKOH SHEPTHH B Tenaosylo. B anek-
TPHUYECKHX Meyax HCMOJB3YIOT TJIaBHBIM 00pasoM MepeMeHHHH 3Jjek-
Tpuueckuii Tok nanpsikenneM 50—130 B, KoanuecTBo BHAeadOlLeiCS
remaori (k)" paccuuteiBaioT no 3akony lwoyas:

Q= /Unzcosg, (V1.70)
rae /] —cuna Ttoka, A; t— Bpemd, u; U — nanpsaxenne, B,

Ecau TpebGyerca paccuuTaTh COMPOTHBJCHHE MPHMEHSEMOrO Mpo-
BOAHHKA R WAH AJWHY NMPOBOAHHKA [, Hcrmoab3yioT 3akon Owma:

U=IR (V1.71)
H, CJeA0BaTeabHo,
Q=/*Rzcos o, (VI.72)
roé-
i
s (V1.73)

P ~— yaeabHOe COMPOTHBJEHHE MPoBoAHHKA, OM-mm2/M; S — naomans
CeyeHHs MPOBOAHHUKA, MMZ

DNeKTPHUECKHY HArpeB MO CPaBHEHHIO ¢ APYTHMH BHIAMH HArpesa
¥MeeT paj npeuMyumiects: 1) nodyueHWe BHICOKHX TeMIEpaTyp;
2) Goablias CKOPOCTh Harpesa; 3) moJyyeHHe Gojee BHICOKOTO TEMmJo-
Boro KITJ ycraHoBOK; 4) BO3MOXKHOCTL BHACJAEHHUA TEMNOTH B CaMOM
HarpepaemMOM BellecTBe (HanpHMep, B neyaX MpPAMOro Harpesa);
5) HckJ/IOuEHHe 3arpsA3HeHHH HArpPeBaeMoro BelIecTBa MPOAYKTaMH ro-
Penus Tonausa; 6) obneruenHe aBTOMAaTH3aUUH MPOHU3BOACTBEHHOIV
Npouecca. Bbaarogaps yka3anHBHM [JOCTOHHCTBAM 3JEKTPHUECKHH Ha-
TPeB WHPOKO NMPHMEHSETCA B Pa3JHYHBIX NPOM3BOACTBAaX. DoJbiioe
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pacopocTpaHeHHe NOJYUYHJH 3JEKTPOTEPMHUECKHE MNpOLleCCH B MeTal-
.JIy]JI‘H[fl AJi NPOH3BOACTBA ChHellHaJIbHBIX CTa..‘IBf"I, (IJEPPOCTIJ'IEBOB, IBeT-
HEIX H pe,ﬂ,KHX MeTaJlJIOB. HOMHMO MeTaJlJIOB B 3JIeKTpHUeCKHX [euax
noJy4arT paa HeMeTaJlJHuecKHX (XHMHYEeCKHX) NOpPOAYKTOB: KapOug
Ka/JbUus, NHaHAMHJ KaJblHdA, KapOua kpeMHus, kapOuz Gopa, afek-
TPOKOpYHA, ¢ocdop, cepoyriepoi, 03CH, aleTHNeH (NpPH 3JEKTpPOKpe-
KHHTe MeTaHa), KBapuesoe CTeKJO, NJaB/JieHbie H ClneyeHHBIe OrHe- H
KHCJIOTOYNOpHLle MaTepHanrl, rpadut H T. 0. B aleKTpoTepMuHUECKHX
NPOH3BOACTBAX HCOOJB3YIOTCHA 3JEKTPpHUYeCKHe MNe4yH pas.rmtmoﬁ MOIIL-
HOCTH OT HecKOJbKHX coTeH 1o 50 teic. kBT. Bee asekTporepmuyeckue
NPOH3BOACTBA ABJAKTCA 3HeproeMKHMH. Tak, pacxof 3JeKTpHuecKOil
9HEePruH Ha l']pOHBBO,!lCTBO 1 T cocraBaserT:

BemecTrO 3neprus, KBr w/T
Kap6un xamumsa (80%-ubtit) . . . . . . . . . 2700— 3200
Dochop . . w e e e e e e e e e ... . 13000—20000
KapOuaKpemMBHA . . . . . +« « . « « < . .« . . 9000—12000
SACKTPOKOPYHA v v v v« v 4« o o .+ . . 1900— 3200

B cBA3H c BBICOKHMM pacXofoOM 3HePrHH 3JeKTpoTepMHUecKHe Npo-
llecchl pa3BHBAIOTCA TOJMbKO Ha 0ase neuleBOit 3JeKTpHUeCKOH sHep-
rud. DJeKTpHUeCKHe NeuH pasiefdioTcs HAa OedH COMPOTHBJIEHHs, Ay~
roBele, KOMOHHHpOBaHHble H HHAYKIHOHHHE.

4. CHCTEMA HKHJKOCTb — TBEPJIOE (K —T)

ITpoueccer ¢ ydacTHeM TBepABIX H XHAKHX peareHToOB CayKar oc-
HOBOH MHOTHX XHMHYECKHX npousBoiacTB. K TakUM mnpoieccam OTHO-
CATCA PAacTBOPEHHe TBepAbIX BeUleCTB H KPHCTAJJIH3alHA H3 pacTBO-
pPOB, 3KCTparHpoBaiHe H BblllleJayHBaHHe, MOJaaBJgeHHe TBepAbIX Tel
H KpPHCTa/JHM3alHA H3 pacljaBoB, MOJHMEpPH3alUUa B cpefle KHIKHX
MOHOMEPOB ¢ 06pa30BaHHEM TBEP/IbIX BBICOKOMOJEKYTAPHHEIX OpPOIYK-
TOB, KOoaryJdaiHa B KOJJOHIAHBIX CHCTCMAaX, JAHCOEPrHpOBaHHE TBEp/IBIX
UAaCTHIL B MHJIKOCTH, ﬁ,-‘.lCOpﬁIIHH pacTBOPeHHBIX B KHIKOCTH BellecTB
U Jecop6uus HX, HOHOOGMEH MeXKAy KHJKOCTAMH H HOHOOOMEHHEIMH
CMOJIaMH, KaTaJju3 B KHUAKOHA (a3e Ha TBepAHX KaTaqausatopax M T. 0,

PaCTnopenne TBeP/ABIX BeEl(eCTB B MHIKOCTH MOXKHO OpHEHTH-
pPOBOYHO pas3rpaHH4YHTL Ha (H3HUueckoe H XHMHYeckoe., Pusuueckoe
pacTBOpeHHe, MPH KOTOPOM NPOHCXOJAHT JHWbL paspyuieHHe KPHCTAaJ-
JIHYeCKOW pelleTKH, 06paTHMO, T. €. BO3MOXHA O0paTHas KpHCTaJs1d-
3alus PacTBOPEHHOIO BelllecTBa. XUMHueckKoe HeoBpaTHMOoe pacTBope-
HHE COlpoBOKIaeTcsa TakKOro pojaa BSaHMO,{leﬁCTBHHMH PacTBOpPEHHOrQ
BelllecTBa ¢ pacTBOpHTeJeM HJH ¢ XHMHUYECKH aKTHBHBIMH BerjecTBaMH,
NPHCYTCTBYIOIUHMH B pacTBOpe, mpH KOTOPOM MeHAeTcs mnpdpota
PacTBOpPeHHOro BellecTsa H €ro KpHCTaJNJH3alHA B NepBOHAYaTbHOM
BHMle HeBo3Mo)kHa. HanGosbillee mpHMCHEHHE B TeXHHKEe HMeeT H30H-
paTeJibHOE pacTBOpPEHHe TBepPABIX BEIHEC‘I‘B——BKCTpaI‘I&pOBaHHE HJH
BhIlIleaUHBaHHe,

DKkcTparHpoBaHueM, HIH 3IKCTpAakKIIHeill, HasmpBaercd
paszeseHne TBEPABIX HJIM KHAKHX cMmecefi o6paborkoil HX pacTBopH-
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TeNAMH, B KOTODBIX KOMIMOHEHTbHl CMECH DACTBOPSAIOTCS HEOAHHAKOBO.
TBepible BellecTBa IKCTPATHPYIOT H3 CMECH OPraHHUeCKHMH pPacTBO-
pHTEJNAMH, MHHEDaJbHBIMH KHC/JOTaMH, ulesouaMu H Bojoil. [lpu Be-
niesaydBaHHH B KauyecTBe PacTBOPHTENS YacTO HCMOJAb3YIOCA BOAa H
oBopoTHble BOAHBIE pacTBOpH (mienoka). [IpomeccH pacTBopenust,
3KCTparipoBaHHs, BHIIeJAaUYHBaHHA Ha MpPaKTHKe 4Yalle BCero COMpo-
BOXKJAIOTCA KpHcTaAAM3anuedl W3 pacTBOPOB, T. e Bblie-
JeHHeM H3 pacTBOPa B TBEPJIOM COCTOSIHHH DacTBOPeHHHX TBepIbIX
BelllecTB, HX TFHAPOKCHIOB HJH HOBBIX CO€JHHCHHI, MOJYUEHHBIX B pe-
3yJbTaTe XHMHYeCKHX peakiluii B pactBope. Kpucrannuszauus cayXKuT
IJ1g pasje/eHHs BellecTB H3 BOAHBIX PAcTBOPOB, a TaK¥XKe JJs O4HCTKH
3THX BemlecTB. Kpucrannusanuio TBepAbIX BemlecTB (HampHmep, co-
Jleif) H3 BOAHBIX PACTBOPOB NMPOH3BOJAAT PA3JHUYHBIMH clocobamd me-
pecHUIeHHA PacTBOPOB; B 3aBHCHMOCTH OT 3THX CMHOCOGOB pas3/H4aloT
HECKOJ/IbKO BHJOB KPHCTaJJH3AINH,

[MonuTepmMuueckas KpPHCTAJAJH3AUHSA OCYymeECTBAAETCA
oxJa)KJeHHeM HaCHIeHHBIX PacTBOPOB H NPHMEHSETCS [JA BellleCcTs,
pPacTBOPHMOCTH KOTOPBIX NPH MOBHIIIEHHHIX TeMIepaTypax Bhllle, uem
MpH HH3KHX.

M3orepMuueckas KpHCTAJdAH3alUs, [POA3BOAUMASA
HcrapeHHeM BOAbI M3 pacTBOPOB MPH MOCTOAHHOH TeMmepaTrype, Hc-
noJb3yeTcs AJAf coJefl, PacTBOPHMOCTb KOTOPBIX MaJO 3aBHCHT OT
rTemneparype. WHorna KpHCTaAAH3anMI0 OCYUIECTBASIOT BBeJeHHeM
B DacTBOp BelIECTB, NMOHHXKAIIIHUX PaCTBOPHMOCTE OCHOBHOH COJIH.
Takolt THnm kKpHCTaAAH3AUWU Ha3biBaeTcs BoHCaJHBaHHeM. Kpu-
CTaJNU3allHa H3 PaAcTBOPOB — THIIHYHHI Mpolecc XHMHYECKON TeXHO-
JIOTHH, 0cO0EeHHO XxapaKTepHbIil A% MPOH3BOACTBA CojJell M MHHepa/b-
HBIX Y106peHHi, CHAPOMETa yprHuecKHX TMpOILECCOB, a TakKiKe N1
NMPOU3BOJCTBA psijla OPraHHYeCKHX MOJYNMPOLYKTOB H MPOAYKTOB.

PasunoBecne B cucteme X —T ocHoBano Ha mnpaBHie
(a3 u BeIpaxkaercs Npd NOMOMIM aHarpamm (pasoBOro COCTOSAHHA, OIl-
peaensioux 3aBHCHMOCTh COCTOAHHS CHCTEMBI H ()a30BHIX paBHOBECHI!
B Hell OT ee cOCTaBa HJAM BHEIIHHX YCJOBHIi. AHaJM3 TaKHX gHarpaMm
MO3BOJIfET ONpPeNeNsiTh PABHOBECHBIH BHIXOA MPOAYKTA H YCJOBHA MaK-
CHMAJALHOTO MNpHGJHKEHHS peatbHOro MPOH3BOACTBEHHOro mpollecca
K paBHOBECHIO.

PaccmorpuMm npuMenenHe (Ga3o0BBIX JHArpaMm Ha MpUMepax H3
TEXHOJIOTHH coJiefl, KOTopas OCHOBaHa Ha MpoLeccax pacTBOPEeHHd, BHI-
e JauHBaHHA, NJaB/JeHHs H KPHCTaJ/HM3allHd M3 DacTBOpPOB H pac-
MJ1aBOB,

B npocrefimux cayyasix KpHCTaJajgH3alHH cojefi U3 BOQHOTO pacT-
BOpa yBeJHueHHe PAaBHOBECHOTO BHIXOJAa TBEPAOH COJNH MoOMKeT OHIThH
JOCTHI'HYTO MOBHIIIEHHEM KOHLIEHTpPauHH COTH B pacTBOpPe, HCMapeHH-
€M pacTBOPHTels HJH OXJa)KJeHHeM pacTBopa [IJf TNOHHXKEHHA ece
pacTsopuMOCTH. Pa3nenenne co/ieBbIX CHCTEM Ha KOMIIOHEHTH H BblOop
YCJOBIH, OTBeuaolluXx MaKCcHMaabHOMY DABHOBECHOMY BHIXOJLY cCOJeil,
OCYuIecTBASIOT TPH MOMONM AHArpaMM pacTBOpHMOCTH, Tak, MpoH3-
BOACTBO OCHOBHOI'O KaJHiAHOTO Y10OpeHHs — XJOPHAA KajlHf H3 NPH-
ponsoro Muuepa.a — cuaeBuiHTa (KCIl-NaCl) ocuoBano na pasanu-
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HBIX TeMNepaTypHBIX KosbdHIHEHTaX PaCTBOPHMOCTH XJIODHAOB Ka-
aus # Hatpus (puc. 88). [HduarpamMma pacTBOPHMOCTH CHCTEMbI
KCI—=NaCl—H3O (puc. 89) nokasbiBaeT BOSMOXKHOCTb pasfeeHust
3Tux cojeft pacreopenuem KCl npH Bhicokol TemnepaType u roc.e-
Ayomedi kpucraanusanueii KCl npu oxnaxzgenuu. Ha puc. 89 rou-
ku E usorepm 25°C (nunus ApLB;) u 100°C (auuus AE,;B;) orse-
Yal0T COBMCCTHOMY HACHIUIEHHIO pacTBopa oGeHMH COJNAMU (3BTOHHUe-
CKHe TOYKH); JuHHH BoEy u B,E) — pactBopawm, nachliennbiMm NaCl;
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Puc. 88. 3asHcumocTb pac- Puc. 89 Jluarpamma pacTBOPHMO-
TBOPHMOCTH XJOPHAOB Kajaus cti 8 chereme KCI—NaCl—H;0
H HaTpPus OT TemnepaTyphl opu 25 w 100°C

auHun AsE, n AE, — pacrBopam, HacuimenHnM KCIl. ITone kpucran-
ausauun KCl naxomures Buytps tpeyroavnuka AzE,C, a noae Kpu-
cranausaund NaCl — s tpeyronbnrke B,E;D. Conocrasienne H30TepM
NOKa3biBAeT, UTO MPH NMOHMKEHHH TeMmnepaTypu cojepxanue NaCl s
9BTOHHYECKOM pacTBOpe MMOBLIIAETCH. @HWP&THBH&H TOUKa CHCTEMbI
(n3o6paxarolllag Ha AHarpamMe COCTOSHHe CHCTEMBl), COOTBETCTBYIO-
1as coCTaBy 3BTOHHUYECKOro pacTBopa, NpH oxuaaxjeHuu or 100 no
25°C nepemecTHTCA BAOJb Jyua KpHcTaanuszauuu Cn or E; B TOuky n,
T. e. oKasniBaercd B none kpucranausamuu KCl. CnenosatenbHo, npH
oxaaxaeHuu pacrsopa oT 100 go 25°C kpucraaausyercs toabko KCI.
Ecau mocae oTaenennsi ocanka pacrsop BHOBb HarpeTs no 100°C, to
oH okaxeTca HeHachimieHHbiM Mo KCl H mpakTHuecKH HacblIIIeHHBIM
no NaCl. Ecau ropsiunm pacrsopom 3TOro cocrasa obpaboraTth CHNb-
BUHHT, TO Oyzer pacTeopatbed Tosbko KCI, a nocae orpenenuns Hepa-
crBoperHoro NaCl u oxnakaenns noJyyeHHOro 3BTOHHYECKOrO pacTBo-
pa (Toura £,) 6yzer kpHcrananuzosarthes Toibko KCl. B coorBercTsun
¢ QIuarpaMMamH pacrBopumocTH (pHc. 88, 89) mpuauHnHaAJIbHAS cXeMa
uukAxyeckoro npomecca nonyuyeHusi KCl H3 CHIBBHHHTa COCTOHT H3
CleAYIOUHX OCHOBHBIX onepauuii: 1) Beimenayusaune KCl ns cuas-
BuHHTA npH 106—115°C mMaTouHBIM pacTBOPOM MOCJ/e KPHCTaJIH3allHH
KCIl; npu sTom B pacTsop nepexoiuT nouTH nckaountenbio KCI, a
NaCl ocraerca B TBepioi ¢ase; 2) orzeneHue ropAdero Mienoka or
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tBepaoro ocratka NaCl # nyertoil nopoar; 3) oxjaxKjaeHHe IleJoKa,
naceimenoro NaCl u KCl, or 115 no 25°C; npm artom mnpoHCXOoAHT
gpucraanusaina KCl, a NaCl noutd noJHOCTbIO OCTaeTcs B PacTBOpeE;
4) oraenenne kpucraiasos KCl or mMaTouHoro pactsopa, HacChllEHHO-
ro NaCl u KCI npu 25°C, u cymka kpucraanoB KCl; 5) sarpes matod-
voro pacrsopa Ao 115°C u BrlenaunBaHue HM HOBBIX MOPUHII CHJIb-
BHHHUTA.

[Tpu nmomowmu anuarpamm pacrtsopumoctd (puc. 89) paccunTeBalOT
PaBHOBeCHble COCTaBbl PacTBOPa H KOJHUECTBA BhlAeJsieMOH TBepio
¢(hasbl 1 BeIOMpaloT Hanbosee 3(PdeKTHBHBIH UMKJ onepanui, Npu Ko-
Topom focturaerca naunGosabmuil suixogq KCl u NaCl. Ina obpatimux
NPOUECCOB MeXAy TBepIAbIMH H MKHMAKHMH peareHTaMH paBHOBecHe
MOXHO 0XapaKTepH30BaTh NMPH MOMOIIH KOHCTAHTHl pPaBHOBecHS peak-
nuu B xuakol ¢ase. [Tpu 3TOM NpUMEHSIOT YNpOWEHHblE BBIPAXKEHHS
KOHCTAHTHl paBHOBECHS, BKJIIOYAIOUIHE TOJbKO KOHILEHTPALHH OCHOB-
HBEIX KOMIIOHEHTOB, HaxopsllHXca B XKHAKOH dase (cM. ra. II, c. 45).

Knnetrnka B3saumMope#icrBua B cHcTeMme JKX—T pac-
CMaTpHBaeTCs Ha NpHMepe NPOLECCOB PACTBOPEHHA H BHIILEJAUYHBAHHUA.
OG6ruHO mpomecchl pacTBOpeHHs HAYT B Au(dy3HoHHONT HIH mepexon-
Hofi oGmacty. [lpH ¢H3nyeckoM o6paTHMOM pacTBOpPEHHH paspyliaer-
cf KpHCTaJ/HuecKas pelleTka M YacTHIBl TBepAOTO BelecTBa nepexo-
aAT1 B pactBop. CkopocTh (U3HUECKOTO PacTBOPEHHA AJA aaHHOM maphl
pearentos (K -—T) onpenesnsiercs B OCHOBHOM 3aKoHaMM aHpdy3nn
Y MOBEpXHOCTbIO COMPHKOCHOBEHHs (a3, T. e. NOBCPXHOCTHIO KpPHCTaJ-
s0oB. CKOpoCcTh pacTBOPEHHS ¥ yMeHbIIAeTcA TMNPH NOBBIIeHHH KOu-
LeHTpauHH pactBopenHoro BemectBa C B XHUgkoli dase no jorapuod-
MHYECKOMY 3aKOHY B COOTBeTCTBHH ¢ KHHETHUECKHM ypaBHeHHeM (u3M-
YeCKOro PACTBOPEHHs, XapaKTepHbIM [JA PeXHMa HeMoJHOro cMe-
LIeHHHA:

it = kF (Cyac — C), (V1.74)
rae k — ko3¢ PHIHEHT CKOPOCTH pacTBOPENHA, 3aBHCAWIMII OT CKOpO-
creii aAuddysun 1 paspylleHHsa KpHcTajaudeckoil pemetkn. Koaddu-
[IMEeHT CKOPOCTH (HPH3HUECKOro pDAaCTBOPEHHA HHOrja BHpa)KaloT cJe-
Ayiomum obpasom:
k=D/3, (V1.75)
rae D — koapduunent aucpdysnn pactBopeHHoro sewectBa; 6 — yc-
JIOBHAf TOJMMMHA MOTPaHHYHOro AH(GY3HOHHOrO CcJos.

CkopocTh (HDH3HYECKOTO pacTBOPEHHs BbIPaXKalT NMPH NMOMOIUH Teo-

pun nopo6us, NOJAb3YACh KPHTEPHAJbHBIMH 3aBHCHMOCTAMH THIIA

Nu == f (Re, Pr, Ar). (VI.76)
Tak, KpHTepHaJbHOe ypaBHEHHe AJA CKODOCTH pacTBOpEeHHS B3Be-
IMeHHBIX KPHCTAJJA0B COJH BHIPaMKaieTcd CJACAYIOUIHM oﬁpasom:
kl B pp— 173
ko4 (L v P_P_) ,

D D 4 o (V1.77)

rae -—cpennuii nuHefinbli pasMep 4YacTHUH; Vv -— KHHeMaTHUECKHH
KoapduuuenT BAIKOCTH KHAKOCTH; Pr, Pwm — MJOTHOCTH TBepoif dac-
THUBl H XKHAKOCTH (pactBopuTens); A — moctosiHublll KoadduuHEHT.
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Lnsa peakTopos ¢ MemajkaMu KoaddHUHeHT macconepenayd k B
KMOJB/ (M2:4) MOXKHO ONPENe]UTh N0 YPAaBHEHHIO

kd/D = A (v/D) %3 B (nd2/v), (V1.78)

rae A u B — KoadpdunuenTts, XxapakTepusylollHe THO MelankH (Ha-
npuMmep, Agas nponeanepHofi mewaaxku A=0,13; B=0,58); n— uncjo
060poTOB Memaaku, ob/c.

Kunernka pacTBopenys, cONPOBOXKAAIOMErocs XMMHUYECKHMH peak-
UASAMH, ONPEAeNAeTCH ABYMS OJHOBPEMEHHO MPOTEKAIOIIEMH B3aHMO-
CBSI3AHHBIMH cTaausAMu: 1) ripotlecchl Ha NOBEpPXHOCTH TBEPAOro Berie-
CTBa, 3aBHCAlIHe OT (PH3HKO-XHMHUECKHX H XHUMHYECKHX napameTpos;
2) nuddysHoHnmEil mpomecc, T. €. 1OCTABKA PACTBOPEHHBEIX 4acTHI H
NPOAYKTOB PeaKuHH OT MOBEPXHOCTH TBEPAOro BEI(eCTBA B OCHOBHYIO
Mmaccy pacrsopa. Tak e, Kak H B a6copGuHOHHO-1ecOpOUNOHHEIX mpo-
leccax, NpH PacTBOPEHHH H KPHCTAMIH3ANHH Y MOBEPXHOCTH pasjena
(¢as mpeanosaralT cyulecTBOBaHHE MNOrPAHHYHOLO CJOA pacrsBopa ¢
KOHICHTPAUHAMH, OTJHYHBIMH OT KOHHEHTDAUHH HACBIIEHHUA — MCEHb-
mweil npu pacTBopenuu W OoJbiteill npu Kpucrajanuszanud. CkopocTb
XHMHUECKOro pacTBOPEHHS BHPAXKaeTcAd pasyiHiHbiM o0pasoM B 3aBH-
CHMOCTH OT XxapakTepa ABMXKYILeH CHJBI mpounecca U NpeHMYILeCTBeH-
HOro BJIMAHHA Ha K03(dHNHEHT CKOPOCTH PACTBOPEHHS XHMHUECKHX
UM H3UKO-XHMHUECKHX (PaKTODOB: KOHCTAHT CKOPOCTell XHMHUECKHX
peaxiliii Ha MOBepPXHOCTH TBEPJOro BelllecTBa HJH B pacTBOpe, TOJILH-
ubl auddysuontoro ciros, KospduuueHtTor AMGPY3HH, IHEPTHH KpH-
cTaJIHuCcKoll pemleTkn H T. N. CKOpOCTb XHMHYeCKOro pacTBOPEHHs
BhipaxkaloT npu nomolun ypaBHenus (VI.74). Ilpu atom Bausauue xu-
MHYECKHX H (H3HKO-XHMHUCCKHX TapaMeTPOB YUHTHIBAETCH BeJHUH-
no#t k. Jlns nepexoanolt o6aactu (npu w, v, p=const)

. lefﬁ‘ _ _hD ‘ V1 79

By ++ D/b kd 4+ D

rie k) — KOHCTaHTa CKOPOCTH XHMHUYECKHMX NPOLECCOB HA MOBEPXHOCTH
pasieaa ¢as, KoTopas M3MEHAETCH ¢ NOBbILIEHHEM TeMmepaTyphbl B CO-
OTBETCTBHH ¢ ypaBHeHHeM Appennyca. [na kunernueckoll obaacth
k=k;. Ecii Ha NOBePXHOCTH TBEpPAOro BellecTBA HjeT OblcTpas XHMH-
yeckas peaklUHs M B pacTBOp AHGQYHAMPYIOT TOJLKO MPOAYKTH peak-
HdH, TO ABHXKYILell CHAOH nporecca fABAAETCS KOHUEHTPAUHS AKTHB-
Horo seulectBa pactBopurens Cp:

w = kFCy. (VI 80)

Takoifi BHI1 KHHETHUECKOrO ypaBHeHHf XapaKTepeH IJA pacTBope-
HHA METAJJIOB, HX OKCHAOB HJH KapOoHATOB B KHC/IOTEe, BO3MOXKHH H
JPYTHE THIB XHUMHYECKOrO pAacTBOPEHHS, OnHcHBaeMble GoJjiee CJIOXK-
HbLIMH KHHeTHuecKHMH ypaBHenuamu. [Ipouece pactBopenus (Hanpw-
Mep, NpH pasloXKEHHH MHHEPAJOB KHCJIOTAMH) TOPMO3HTCH BCJen-
cTBHEe 00pa30BaHHf KPHCTANJHUECKOH KODKH NMPOAYKTOB peakmHH Ha
noBepxHocTH yactui. [1pu BbliesaunBanuy pacTBOPHMON 4acTH mo-
pPOA CKOPOCTb MpOlecca 3aMeA]sieTCA B pe3yJbraTe AONOJHHTEIbHOH
cTaiud BHyTpeHHeH nud@y3uH pacTBOPHTE/s B NOPH TBEPIOro Belle-
cTBa,
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Jisi MaTeMaTHYECKOro ONHCAHHA KHHETHKH NPOLECCOB B CHCTEME
K — T, conpoBoxaaeMbx HeoOpaTHMON# XHMHYECKoH peaKuueill mo
cxeMme

A (x) 4 B (1) — npoayxTsl
MOXKeT ObITb HCIOJNb30BaHA MpHBeleHHAs BHUIe (¢. 174) Moaeas TBep-
JAOH 4YacTHUB ¢ HelpOpearHpPOBABIUIHM $APOM H COOTBETCTBEHHO Ypas-
HeHus 3tofl mogean (VI.35) — (VI.58).

Wnrtencudpukaunio mnpoueccoB pacTBOPEHHS,  BhlllesauyuBaHus,
3KCTParupoOBaHHs OCYLIECTBAAIOT YBeJHUYEHHEM TMOBEPXHOCTH COMNpPH-
KOCHOBeHUs (a3 F, H3MesNbuYeHHEM TBEPAOrO BelLIECTBa, YBeJHUEeHHeM
ero MOPHCTOCTH H MOJHLIM OMbIBAHHEM TMOBEPXHOCTH ~KPHCTANJIOB
JKHKOCTbIO, TOBBLIWIEHHEM OTHOCHTENbHOW CKOPOCTH mepemelleHHd
TBe%ﬂOi"i H XKuikoii a3 (mepemewnBanue). [loBulleHue TeMnepaTyps
TaKyKe MOXKeT CJYXKHTb OJHHM H3 Haubojee 3(QPEKTHBHLIX NPHEMOB
YCKOPEHHSA MPOUECCOB PACTBOPEHHS W BbllLeNaYHBAHHA KaK B KHHETH-
yeckoil, Tak u B AH(pPysnonHol obaactu. [loBrillieHne TeMmmepaTyphl
VBCJHYHBAET CKOPOCThH pa3pylieHHs KPUCTAMIHYeCKOH pelueTKH, XH-
MHUECKHX DeaklLHii, yMeHbllIaeT BA3KOCTh PacTBOpa H, CJel0BATENbLHO,
AHdPy3HOHHOe CONPOTHBJAEHHE, YBeJHYHBAET KOHLEHTPALHIO Hachllie-
s Cyac ¥ COOTBETCTBEHHO ABHXKYLLYIO CHJY (PH3WYECKOro pacTBope-
uus. las npoueccoB pactBopendsi B AHGPY3HOHHOIT 06JNACTH NpenMy-
LIECTBEHHBLIM MPHEMOM HHTEHCH(PHKAUHH MOXKeT OBITh HHTEHCUBHOE
nepeMelliBaHWe, KOTOpoe Yyckopsier AMQQY3Hi0, BbpaBHHBAET KOH-
UeHTPAUHIo, a NPH XHMHYECKOM PaCTBOPEHHH CIOCOOCTBYET y/aJsieHHIo
TBepAbIX MPOAYKTOB PeaKUHH C MOBEPXHOCTH PACTBOPAEMOTO BellecTBa.
Jas XHMHUYECKOro pacTBOPeHHsA, NMPOHCXOASLIEro B KHHeTHueCKoli 06-
JACTH, MHTEHCHBHOCTh MepEeMeIlHBAaHHs HIPaeT MNOAYHHEHHYIO POJb H
Goabliie BCEro YCKOpfeT mpoliecc NOBHILeHWe TemlepaTyphl. [1pu Bh-
ulenavyuBaHuu AJS [OBBILECHUS CpejlHell ABHXKYUIEH CHAB mpollecca
W CHHXKEHHS MOTEPb CO LIJAaMOM NMPHUMEHSIOT MPOTHBOTOK TBEPAOro Ma-
Tepuada u pacrsopurtess. Ocobo BaKHbIM NpHeMOM HHTeHCH(PUKaUKHH
BhllII€JIAUHBAHHUS SIBAAETC NpUMeHeHHe NOPHCTHIX TBEPAHIX MaTepHa-
0B (CMEKOB) AJisl pa3BHTHA NMOBEPXHOCTH KOHTaKTa (a3 u YCKOPEeHHSH
cTajAH¥ BHYTpeHHelr AHDPy3un.

Peagtopw ans mnpouneccos B cucrteme X —T npea-
ctaBasloT coboil THNOBYIO amnmapaTtypy, B KOTOpO# MpoBoAsT (usHye-
CKHe Mpolecch H onepaunH ((QPH3HUECKOEe PaCcTBOPeHHe, IKCTpAarHpoBa-
Hile, KPHCTANNKH3ALUHIO) H XHUMHYECKHe NpolecCh. DoAbLIHHCTBO XUMH-
yeckux npoueccoB K —T uner B auddysnHounoit obnacti, nostomy B
peakTopax HCMOAb3YIOT Pa3HooOpasHble MPHEMBl Da3BHTHA MeXdba3suoli
MIOBEPXHOCTH W TOBLILIAIOT OTHOCHTEbHYIO CKOPOCTb IllepeMelleHHs
ob6enx ¢a3. DTH nNpHeMbl CBOAATCS B OCHOBHOM K IIPOMYCKAHHIO XKHI-
KOCTH yepe3 QHABTPYIOUIHI HJIH B3BellleHHbBI CJ10# TBepaoro marepHa-
Ja WA K PasjuudbiM cnocobam nepemewnsanud. B raba. 7 pacemor-
PeHH HeKoTOpble THOBl peakrtopos aaf ciicremsl X — T, crpynmipo-
BaHHble 110 MPHHOMIOY HX YCTPOHCTBA M DPeXHMY mNepeMelUHBAHHSA H
nsuxenus (as. Pexnm peasnbHbIX NPOMBILIJICHIIBIX PeakTOPOB JHIIb
NpUGAHMKAETCS K [IpeAedbHbiM HACANBHBIM MOAeNAM NepeMellHBdHUA
(cm, Taba. 7).
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Ta6auuma 7. Tunwl peakTopoB ans rereporeHHuix npouneccos B cucreme K—T

THn peakropa

KoneTpykTueRble dOpME

Pexum nepemeiinpanns
B ABHIKeRHA das®

Tlpumepsl Mpoueccos

OpHEeHTHPOBOY HARA
XapaKTepHCTHKA

C ¢uabTpylomkm cao-

H. B. no xuaxoit

Apcop6uns, Ho-

Manan  HHTeHCHBHOCTB.

€M TBepiero pearelrta haze HooOGMeH, Bulmena-| Manse IHepro3arparhl.
11 YHBaHHe CIeKOB [Tpocrora yerpoiictBa. Xo-
powas  ynpapasemocTb H
yeToHuHBOCTL B pabore
OzuHoynbifi peakrop pa-
GortaeT NepHoguyeckx, 6a-
Tapesi — HenpepiBHo. Bos-
MOKHOCTb JNOCTHIKEHHS Bhl-
COKOH CefleKTHBHOCTH
Co B3BelleHHbLIM CJIO- Il C. Ancopbuua, wHo- Buicokas HHTeHCHBHOCTE.
€M TBEPJOro DeareHta: —t—(a) HoobMeH Cpeanve  9HeprosaTpatsi.
a — ¢ OOLIYHEIM t1 INpocrora yerpofictea, He-
B3BElLeHHbIM CI0eM; B Anpe caosa (6) npepuiBHOCTL paloTh, Xo-
6 — ¢ doHTannpyio- pollag ynpas/iaemMocTh, BO3-
WHM CIoeM MOMKHOCTb  * aBTOM aTH3AUHMH
1pOLIecCOB
C  nepeMelLMBAIOUIHMH 7 ol In. c PactBope e, BricoK an HHTeHCHBHOCTD.
yeTpoiieTBamu: A I WM == SKCTParupoB anue, Bonuiuye 3HeprosaTtpars.
a—c  MexaHuyec- ‘ =t ; BoLillleN1auHBaHHE Xopowas ynpaBasemocTs,
KHMH MeILia/IK aMH \= ””_' NOJHMePH3aIL v HO HejOCTaToyHas halex-

a

HocTe B pabore. Tpya-
HOCTb 3dMEeHnl YacTei



6 —cC nHeBMaTHue-
CKHM  TEpeMeluHBa-
HHemM

To xe

CpenHasi HWHTeHCHBHOCTb.
IMepHoghynocTe paboTsi of-
Horo annapara. [lpocrora
yerpoiicTea H  HafemHOCTb
B pabote

& — ¢ lepemerunga-
MHEM Ha MoJIKax

¢ — CO LIHeKoMm

Paanoxenne
TBEPHOro peareHTa
HHIKOCTHIO (HanpH-
Mep,  MollydeHde
aleTHIeHa H3 Kap-
61uja KabuHs)

Manaa HHTeHCHBHOCTD.
CrnoxHOCTh  yCTpoficTBa H
TPYAHOCTb 3aMeHHl YacTedl.
ﬂO poroBH3Ha SKCIUT yaTalHH

I.
=
H. B.
W
H. B.
= WH

PactBopentie,
BhiLIle/IayHB aHke

Manas HHTeHCHBHOCTD.,
3HayHTesbHLIE  SHEProsar-
parul. ClOKHOCTD  YeTpoOii-
cra, Henpepuieiocts pa-
GoTel




¥0z

11 podo ascenue maba. 7

Tun peakropa

KoRCTp YKTHBHEP GOpME

Pexnm nep

H ABHMXeHHA das”

Iip Pl MPOLECCOB

OpHenTHPOBOYHAR
KApAKTEpHCTHKA

Crpy#HHoro cmeineHHs 1. C. PactBopehne, CpenHAa HHTEHCHBHOCTD.
(CTPYHHO-UHPK Y IALHOH- hd Bhillle/la4yHBaHHe [Tpocrora yerpoficrea, xo-
HBIH CMECHTeJIb) poasg  ynpapigeMocTb H

YCTOHUHBOCTL pexkHMa, Ha-
nexHoCTh B pabore, B3a-
HMO3AMEHSIEMOCTh  JacTe.
3aMKRyTaa, LHPKYIALHON-
Had cXema YCTaHOBKH

Tpy€uarniii  (Oapa- o fodn H. B, Kpucrammsanna |  Manan HHTeHCHBHOCTD,

Gannbiit) ' = [lpoctora yerpoiictea, Ha-
— NeXHOCTh H yCTOHYHBOCTH
;‘Ti" e 8 pafore HenpepriBHoro
X elcTBHA
*H b — ugeanenoe

swrechenne; Il C. — monuoe cmelleRye; —7 — MpAMOTOK; ~* — TMPOTHBOTOK] — 4 - — nepexprcruuft ToK



PeakTopel ¢ GuabTpylOLIHM cioeM OOBIYHO COCTOSIT M3 MOJOrO LH-
JIHHAPHYECKOro KOPMYCa, BHH3Y KOTOPOrO YKpenJieHa rOpPH30HTaJjbHO
HJH HAKJOHHO CHTYaTtad HWJAM KoJnauykosas Tapesaka (MHOrga KoJjoc-
HHKOBaf pelleTka). Ha Tapenke pacnosoxen cio#f mopucToro TBepAo-
ro Mmarepualjla (rpanyJisl aacopfeHTa WJIH KYCKH ClieKa), uepe3 KOTO-
pbIfi MPONYCKAaWT KHAKOCTb, Benanuuna meXpasHoi TBepaoll mosepx-
HOCTH BO3pacTaeT ¢ yBeJHUeHHeM MODHCTOCTH MaTepHana; BHYTPeHHSS
MOBEPXHOCTb MIOP B COTHH M THICAYH pa3 INpPeBbiliaeT BHEUIHIOIO [MO-
BepxHocTb, OcHOBHOe compoTHBJIeHHe MUGOY3HH KUAKOrO peareHTa

I
w 74 1 7
oooq -ﬁ- 2 29 r}-
233 2 i 127, |
2%, 59 22%
2271 3512 29,
gog ,59:-3'3 9 94—
Vil 2514 99 Jn0,
ﬂ' -
%)Z v v

Psic. 90. Barapea anddysopos:

I— 3— nuiddyaops; 4 — HakJOHHAA peweTka; [ — 3arpyska TBepAOro mare-

pHada (cneka), /f — Bxom muaxkoctH, /1] — Bxoa HMHAKOCTH H3I NpedbIAYUWero

Andvbysopa; TV — Bxon npombisHOR KuAKocTH, V — BbiXod UPOMBIBHOR MHM-

koctH, V/ — Buxoa KOHUeHTpHpoBauwwore pacreopa; VIl — Buirpyska orpaGo-
TaHHOTO cCleKa

OKa3bIBAI0T BHYTPeHHHe KaHaJbl HOp, T. e. ApollecCHl HAYT B obJacti
BHYTpeHHell audoy3nn. HanpasiendHe notoka KHAKOCTH H ero CKo-
POCTb 3ABHCHAT OT BHICOTH (QHALTPYIOLIEro CJAOA H pasMepOB PaHy.L.
Yame Bcero MOTOK KHAKOCTH INPOXOAKT B PEAaKTOpPE CBEePXY BHH3.
B peakTopax ¢ QUABTPYIOMINM CJOEM OCYUIECTBASIOT Da3jHyHble al-
copOuHOHHBlE Mpouecch, HOHHOOOMeH (HalpHMep, NPH YMAT4eHHH BO-
Ibl), BHILeJaYHBaHHe CHEKOB B TEXHOJIOTHH coJell, weJsoueH, riHHO-
3eMa ¥ T. 0.

Ha puc. 90 npencrasiena GaTapes peakTopos AJig BhlileJayHBa-
HHS MHOPHCTBIX CTIeKOB TaK Ha3biBaeMblX auddysopos. Takue KacKaibl
aAudby3opoB paboTaloT MO NPHHUMNY IPOTHBOTOKA, T, €. CAMBIH KOH-
LEeHTPHPOBAHHKIN PaCcTBOP OTBOJAAT H3 MOCAEAHEro MO XOAY KHIKOCTH
nuddysopa u B Hero Ke 3arpy:xaior cpekHil cnek. M3 mepsoro ang-
(dy3opa BHIrpyxaiT oTpaboTaHHHN CHeK, a B Hero nojaaior nauboJee
ci1abolii pacTBop (BoAY), KOTOpBI yKpenaseTcs NO Mepe MpPoXoxic-
HHs yepe3 GaTapeio peaKTOPOB.

PeakTophl co B3BelUEHHBIM CJIOEM 3ePHHCTOrO TBEPAOro MaTepHalia
B JKHJAKOCTH, paboTalouiue HellpepbiBHO, BCe O0Jblle IPHMEHSIOTCH
JJA npoueccoB aacopObuHH H HOHOOOMeHa, 3aMeHSd MaNOHHTEHCHB-
Hble, NepHOAHUECKH padoTalomMe PeaKTOPbl ¢ (PHABTPYIOLIHM CJOeM.
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PeakTtophl ¢ 0GbYHEM B3BELIEHHEIM CJOEM NPHTONHLI NPH 3HAYHTE/b-
Hofi pasHocTH MAOTHOCTeHl XHIAKOro U TBEpAOro peareHToB H IIPH
KPYNHBIX 3epHaXx nocaennero. Ecan pasHocth nioTHoctell (pa3 HEBEIH-
Ka ¥ pa3Mepnl I'PaHyJs MaJjbl, TO Lesecoo6pasHo NPUMEHATb PEAKTOPH
¢ ¢doHrauupyiolum caoem (puc. 91). Ponranupyomuit cnoli — pas-
HOBHIHOCThL B3BellleHHOro chaos. Ero npumeHeHHe ocoOGeHHO uenecood-
pasHo npu oOpaboTKe MOJHAHCIEDCHBIX, TBEPAbLIX MaTepHanoB W Kor-
¥ Ja H3-32 arpeccHBHOH PEaKIHOHHOH Cpelbl He-

* HNOMYCTHMO HaJuuHe MeTajinyeckoli peller-

ki (nmoaku) peakropa. B peakrope ¢ (oHTa-

HUPYIOUIHM CJIOEM JHHeHHAasA CKOPOCTb Wk CO-

CTaBAseT JNECATKY CM/c, B TO BpeMs KaK B

oObiuHOM B3BelleHHoM choe T — )K oHa He

npesniliaer HeckonbKuX MM/c. [ToatoMy peak-

TOp ¢ ¢oHTaHUpyIOWUM cjoeMm pafoTaeT ¢

GoJiblileft HHTEHCHBHOCTBLIO u OoJiee NPOH3BO-

putesaed. Urobbl obecneuuTh co3jgaHHe (OH-

TaHUpYIOWEro cjosi, AHaMeTp HHXKHell uYacTH

peaktopa da (puc. 91) He noJuKeH mpeBHILATH

auamerp Tpybonposona dr (da<d:). B obaac-

Td (oHTaHa auamerp peakropa Da>>dr. Cko-

POCTh KHAKOCTH B (POHTaHE Wg NpEBBILAET

. CKOpPOCTb, COOTBETCTBYIOLLYI0 YVHOCY YacTHL
wy(wy>>wy). [lpu npoBenennu B peakrope ¢

(GOHTaHUPYIOIIHM CJOEM HOHOOOMEHHOro Ipo-

mecca, HampuMep H3BJACHeHHA U3 HKHAKOCTH

KATHOHOB PEJKHX METa/ljioB HOHHTHBIMH CMO-

JaMu, NPONYCKalOT MKHAKOCTh uepe3 PEaKTOp

CHH3Y BBepX JO HachilleHHs HOHWTA KaTHOHAZ-

Puc. 91. Peaktop ¢ don-

TAHHPYIOUIHM CAOeM: MH. PereHepauHm HOHHTaA BeNyT IpH TOM KE
| = gouramnpyiouee szpo;  HANPABICHHH pereHepHpylOmeii JKUIKOCTH ¢
onyekmommhien  cnony b MOJYYEHHEM KOHUEHTPATOB PEAKHX METaJIoB.
LHAMETP peakropa B 3ome PeakTopbl ¢ MexaHHWYeCKHMH MellaJKaMH,

bourana; ;an" AHAMETP TPY" g TaK:Ke C MHEeBMATHYECKHM nepeMeuliBaHHEM
posoas WHPOKO NMPHMEHAWTCA AN NpOLeccoB B CHC-
teMe JK—T, B yacTHOCTH AAs pacTBOpeHus,
3KCTParupoBaHHs, BHILeNaYnBaHus, NOJNMePU3ALKH, B TeXHOIOTHH CO-
Jeil, B THApPOMeTannypru4, B MPOHW3BOJACTBE OPraHHYeCKHX BeLleCTB.
OTH XKe PeaKTOPH NPHMEHSIOT AJs FOMOreHHBIX peakuuii B KHUAKOH
Gba3e u ANa B3aUMOAEHCTBHS HecMeWHBawIuXcs Kuakocreld (K—
JK). Tun Mewank# onpefensieTcss BSI3KOCTBIO PeaKUHOHHOH CPEIbl.
Has xKujkocTeff ¢ HE3HAUHTENBHOH BA3KOCTbIO NPHMEHSIOT PeaKTOpbI
¢ nponeajepHbBIMH MellankaMmu (cM. puc. 68), a TaKkkKe ¢ nHeBMaTH4ue-
CKHMH MelllajiKaMH, T. €. HepeMellHBaHueM 3a cuer Gapboraxka BO3-
AdyXa HJH napa 4Yepe3 peakUHOHHYIO Maccy (cM. puc. 69).
[Tpu cpenneit BA3KOCTH MKUAKOCTH NPUMEHSIIOT JomacTHble Meuan-
KH HJH MeWlaJKK CIHpaibHOro Thna. Peaktop ¢ JomacTHOH MellaaKoi
npeacrasien Ha puc. 92. [Ipyu NOBLILIEHHOH BA3KOCTH peaKUHOHHOM
CPeAb NMPHMEHSIOT PEAaKTOPH ¢ SIKOPHBIMH Memankamu (puc. 93).
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Takoro THna MeulajkKa MoXeT BblepyKHBaTh 60JiblIHe MeXaHHYECKHE
Harpy3kHd. CeveHHe Jal FKOPHOH MelllajikH HMeeT MMAPOJIHHAMHUYECKHI
npodHuib, KOTOPHH N03BONfAET NPOM3BOAHTL [epeMmelleHHe CJOeB B
BASKOH cpeiae ¢ MHHMMAaJbHbIM HanpsiXkeHWeM. BHelllHHe uacTH Mme-
IMaJKH TOYTH KacaloTcs CTeH, OYHILasA HX NOBEPXHOCTbL OT CJIoA TBEp-
JAOT0 MartepHaJa.

Puc. 92. Peaktop ¢ Jqo- Puc. 93, Peaxkrtop ¢ saxopHoil
nacTHol Melangoi: MellaaKoi:
] — 3arpyska HCXOAHBIX pe- 1 — memanka, 2 — pyBawka aaa o6o-
aredToB; 2— BaJa, 3§ — Jona- rpesa; [/ — 3arpyska pearervos; [f —
CTH; 4 — BHIFPYaKa [POAYKTA Bhixog npoaykra: //I — Beixon napa;
IV — BHXOA KoHAeHcaTa

OnuHouHble peakToph ¢ MelladKaMH Moryt paborarb Kak mepHo-
OuuecKH, TakK H HenpephiBHo. Ilns obecrneueHusi HelpepbIBHOCTH MPO-
Hecca, a Tak:Ke AJs JOCTHXeHHs 3aJ]aHHOH CTenewd npeBpalleHHs
peareHToB B NPOJAYKT (X) NPH MHHHMaJbHOM PeakUHOHHOM ofbeMe
APHMEHSIOT CHCTeMY NOC/eloBAaTeNbHO COelIHHeHHBIX PEakTOPOB C Me-
waakamu (kackan, Garapeio). DToT NpueM cHHKaeT ofilee BpeMs
npe6bIBaHHA peaKUHOHHOH cMecH, TpebyeMoe ans ofeclieueHHs 3aaaH-
HOH X, TaK Kak C yBeJHYeHHEM YHCJa peakTopoB B Oarapee pacnpene-
JeHHe BpeMeHH npeOwIBaHHs B HUX peareHTos npubauxaercd K pac-
npejesieHHI0 BpeMeHH NpeObiBaHHSA B peaKTope HAeaJsbHOrO BHITeCHEe-
aus (cm. ra. I11).

Peaktop co mHekom (pHc.94) npeacrasasger coGo#f KOpPHITO, B KO-
TOPOM Ha TFOPH3OHTAJLHOM Bany BpallaeTcd CNHPaJbHLIE IIHEK, Hepe-
MelUHBAIOLHA TBepAbIH peareHT (COJb) C PacTBOPOM H TPaHCMOPTH-
pylouufi peakuHoHHyio Maccy. Ilas ycKopeHus Ipollecca pacTBopeHHS
peareHThl HarpeBaloT oborpesarefibHbIMH TPYOaMH (PacnosioKeHHLIMH
no Gokam UIHEKAa), HO KOTOPLIM UHPKYJAHPYeT BOASHOH nap, HJAH HNpPH
MOMOILH OCTPOro napa. PeaKTophl Co IIHEKOM MPHMEHSIOT, HalpHMep,
ana nepepaboTKH NPHPOAHBIX coJieil, B YaCTHOCTH [AJfl rOpAuYero Bhl-
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wenaynpanusg KCl u3 cunbBHHHTA., DTH peakTophl 06/1a1al0T BHICOKOI
NpOH3BOJHTEJNBHOCTBIO, HO BCJAeACTBHE MajoH HHTEeHCHBHOCTH paﬁOTbI
umelT GoabliHe pasMmepul (Hampumep, anametp 4 M, AaHHa 20 m).

YerpoiicTso CTPYHHO-UHPKYASHHOHHOTO CMECHTeS  paccMOTPEHO
B ra. V (em. puc, 70).

o o o
/.z/////,
LA s

o

o

Puc. 94, Peagtop co wWnexkoM # TpyGuaThiMH HarpesaTte-
JIHMH

5. MPOUECCH B BHHAPHBIX TBEPJAbLIX, ABYXM®A3BHbLIX HKHAKHUX
H MHOIO®MA3HLIX CHCTEMAX

K npoueccam, uaymum ¢ yuacrtieM Toabko TBepabXx ¢paz (T—T),
OoObIYHO OTHOCAT CHeKaHHe TBepABIX Martepualos IpH HX ofxure.

CHEKBHHQ—BTO NoJyUCHHe TBEPABIX H IOPHCTHIX KYCKOB H3
MeJKHX MOpOWKOOOpa3HbIXx HJH MbIIEBHAHBIX MaTepHaaos MNpPH BbHICO-
KOH TeMiepaType, He JOCTHramollefi TemMnepaTypbl MJaBJeHHs KOMIO-
HEHTOB. lel HarpepaHHH CMeCH TBEDAbIX MarTepHaJ OB UIHXTHl PeaKUHH
MOLYT HATH KaK HEnoCpeACTBEHHO MeAY TBEPAbBIMH selllecTBaMH, Tak
H MeXJy TBEP/AbIMH BEUIECTBAMH H ra3oM HJIH MEXIY TBEPAbIM H KHI1-
KOCTblO, 00pasylouieiics NpH NMJIaB/jeHHH KOMNOHeHTOB (WHXTH). On-
HAKO peaKkUuHH MeKAY TBepAbIMH pellecTpaMH 0e3 yuacTHS rasopoi
HAH KHAKOH (asbl, BCAeACTBHE MaJjo0# MOBEpXHOCTH CONMPHKOCHOBEHHS
da3 u maaelx ckopoctefi audQy3Ha pearentos, NporexkaloT 0OBIUHO ¢
HeSOABIIOH CKOPOCThIO.

(DaKTH‘{ecKP[ npouecChl B CMECH TBEPADBIX BeUlecTs: CneKaHHe, arJjao-
Mepauus, npHMeHseMble B METAJNYPrHH (B YaCTHOCTH, B NOPOILIKOBOH
MQTaﬂJ]prHH), B HpOHSBOJ’lCTBe BAXKYIIHX pelleCTB, KCpaMHKH, OTHC-
ynopos, HAYT C yuacTHeM KHAKO#l uaH rasosoil ¢as. [lpoueccn cme-
K4HHS NPOUCXOAAT B peakropax-meyaX, Hanpumep B 6apabaHHHIX Bpa-
MalouHIXCd H B TYHHCJbHBIX Heyax.

K TeXHOJOTrH4eCKHM I'IpOlIECC&M, HpOHCXOI(HH.lHM C yuacTHeM pea-
FeHTOB, HaXOASUMXCA B ABYX HJH Gonee xuakux (asax (OK—)K),
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OTHOCATCH 3KCTParHpoBaHHe KAk MeTO]d PasjlejCcHHs KHIKHX
cmecedl, SMYyAbrupoBaHHEe H Ae3MyabTUpPOBaHHE.

DKcTparupoBaHHe OCHOBaHO Ha o06paboTKe KHAKHX CMeceil
PaCTBOPUTEIAMH, H30UPATENbHBIMH MO OTHOWEHHIO K OTACAbHBIM KOM-
MoHEeHTaM. DKCTPardpoBaHue lesecooOpasHo MpPHUMEHHATh, €CJAH CMech
TPYAHO HJAH HEBO3MOKHO pa3flendTb peKTH(HKalUHeH BCJAEACTBHE
0.1M30CTH TeMIepaTyp KHNeHHsd, oO6pPa30BaHHs HepasieJbHO KHIALIHX
cMece#, HeJOCTAaTOUHON TepMHUYECKOH CTOHKOCTH KOMMOHEHTOB.

IKCTparupoBaHue B KHIAKHX cMecsX npuobperaeT Bce Go.bluee
3HaYeHHe B XHMHUECKOH MPOMBIUJAEHHOCTH W MPUMEHseTCs NPU OUHCT-
Ke HedTenpoayKTOB, NPH H3BJeYeHHH (PeHOJA H3 HAACMOJAbHBIX H
CTOYHBIX BOj/ KOKCOBAHHA H TMOJYKOKCOBAHMS, B MPOM3BOACTBE aHMJIH-
Ha, A4 U3BJCYEHUS €ro H3 BOJAHBIX PacTBOPOB, B MPOM3BOJACTBE KAlpo-
HAa (3KCTPaKu¥s KampoJaKTaMma pacTBOPHTENSMH), MPH OTMbIBKE BO-
JIOH OT KHCJAOT U lleJoyell pa3iaHYHBIX OPraHiuecKdx :Kuakocreil, npu
W3BJIEYEHUH DEeAKHX MEeTa/JoB H3 pa3baBieHHLIX PAacTBOPOB, B MPOH3-
BOJACTBe Gpoma u HMoAa H T. M.

DOMyAbrHpPoBaHHe —3TO MpoUeCC MOJYyYeHHs SMYJbcuil, T. e.
JAMCIOEPCHBIX CHCTEM, COCTOSAILHX M3 ABYX HCCMELIHBAIOWIMXCS KHIKO-
cTeil, 0/lHa W3 KOTOpPHIX pacmpejeseHa B Jpyrod B BHAE MeJKHX
Kamneb.

HeamyabrupoBanue—obparHelil sMyJbrUpoBandio mpoLece
pasjeneHus (paccaoeHus) 3IMYJIbCHHA Ha HCXOIHBIE JKHAKOCTH. DMYJib-
rHpOBaHHe ¥ 3MYJbCHH NMPUMEHSIOTCH NPH MPOH3BOACTBE MHOIHX MH-
U€BBIX NMPOAYKTOB, J€KapCTB, MUIMEHTOB H Xy/lOMKeCTBEHHBIX Kpacok,
a TakxKe AJs MOJYYeHHS LEJOro Psila BaXKHBIX BLICOKONOJHMEPOB Me-
TOAOM 3MyJbCHOHHOH moaumepusaunu. [lpuvepom npoMblwIeHHOTO
npHUMeHeHUs Ae3MYyJbrHPOBaHHA MOMKET CJAYXKHUTb 00e3BOXHBaHUe Hed-
TH paspylleHHeM ee 3MyJ/bCHH C BOJAOH MpPH MOMOULU yAbTPA3ByKa HJH
JAPYrHMH METOAaMH.

B rereporennoii cucreme JK — JK mpoTekaloT HeKoTophle peaxkuus
OpPraHYecKoro CHHTe3a, HampuMep HWTpOBaHue u cyaedupoBaue, a
TaKxe 3MYJbCHOHHAS MOJHMEpH3alHs.

PeagTopbl 145 reTeporeHHbIXx peakuuil B XKHAKOH (ase, kKak
npaBuao, cHaGxKeHbl MellaJKaMH PasJH4YHBIX THIOB C Tem1000MeHHbI-
MH yCTPOiicTBAMH (OOBIYHO KOCBEHHOTO Tem1oo0MeHa). D1H peaKkTophl
¢ MemwaJKamMi paCoTalT Npu pexume, 6JH3KOM K MOJHOMY CMelleHHo,
H TOAUHHAIOTCH KHHETHYECKHM 3aKOHOMEpPHOCTAM, XapaKrepHbIM A5
peakuuii B romorenuo#t xuakoctu (cm. ra. V). B MPOMBILLTEHHOCTH
NPHMEHSIOT PeakTopH [/ HeCMelUuHBalOLINXCH KHIAKOcTell Mepuo1n-
YeCKOro M HEeNpephBHOTo AeiiCTBUSA, eIHHHUYHBle H O0belHHEHHbIE B
kackaa (cMm. puc. 27, ta6a. 2 u taba. 6). Ias KHAKOCTHOrO 3KCTparu-
POBaHUS HMCMOML3YIOT TaKKe HACAAOYHble W CHTYATBle KOJMOHHBL C
[IPOTHBOTOYHLIM JBHAKEHHEM XKHMIAKOCTel: TsKedas — CBepXy BHH3, a
JIerKas — CHHU3y BBEpX.

Muorodpasuse mpomecch XapakTepHbl AAs XHMHYECKHX
NpOU3BOACTB. MHOrHe XHMHKO-TEXHOJOIHYECKHEe MpOLlecchl MPOHCXO-
AT C yyacTHeM HecKoJbKuX (as. B gkauecTBe THOHYHBIX MHOTO(asHbIX
TeXHOJOTHUECKUX MPOLECCOB MOXKHO Ha3BaTh, HalpHMep, BHIMIABKY
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4YryHa W CTaJ¥ B METaJAyprudy, rje yuyacTBYIOT TBepjble, KHJAKHE H
razoobpasnbie (assl; KapOOHH3AUHIO AMMHAYHO-CONCBOrO PACTBOpPa B
MNpPOH3BOICTBe COABL, Ie NPH B3aHMOAEHCTBHH rasoBOH M Xujakoi (as
ofpasyercsa TBepnas (rHapokapGoHaT wHaTtpusa); obpasoBanue ABYX
JKHUAKHX (a3 (CMOJbl M BOJBI) NPH OXJa)<JeHHH KOKCoOBOro rasa, of-
pa3oBaHMe ra3a W TBepAOro ocTaTKa NPH MNHPOJH3e XKUJIKHX YrieBo-
aopo1oB u T. H. CKOpocThb MHOroasHbIX MpPOIECcCOB OMpejelsercs
B3aUMOAeHCTBHEM MeXAY KaKuMu-anbo AByMs dasaMu, KOTOpoe $IB-
Jgsercs Haubojee melseHHbIM, [1pu pacuyere mHorodasHbelXx mpoueccos
BBOJIAT yNpOUIeHHs, npeHefperas BJAHAHHEM (aKToOpoB, HIrpPaloLIHX
CPaBHHTRJBHO HEBOJbLIYIO POJih.

IraBa VII

KATAAMTHHECKUE NMPOLECCHI
W PEAKTOPDI

1. BHAUYEHUE W OBAACTH NMPUMEHEHHSI KATAAM3A

Karanus — waubonee 3(@eKTHBHOE W  pPalMOHAJILHOE CPEACTBO
YCKOpPeHHR XWUMHuYecKux peakuuit. Kartanuruueckue npoueccsl npume-
HAIOTCH B MPOMBIIJIEHHOCTH B 60JbiIoM MacwiTabe, npuuem obnacTh
HX TpHMeHeHHs nporpeccHBHo pacrer. [lonasasioulee GONABIHHCTBO
HOBBIX NPOM3BOJCTB, OCBOEGHHHIX 32 MOCJejHHe rojabl XMMHYECKol mpo-
MbILIJIEHHOCTBIO, BKJIOYAIOT KaTalWTHuecKne mpouecch. Kartaaurtuue-
CKHe peaKuHH MOA4YHHATCA OCLHM 3aKOHAM XHMHH U TepMOAUHAMHUKH,
HO AefiCTBHe KAaTallH3aTOPOB 3HAUHTEJbHO OCNeryaer MNpakTHYecKoe
OCyLleCTBJIEHHE pfla XHMHYECKHX peakKnuid. B npucyrcTBuu Kkaranu-
3aTOPOB 3TH PEAaKIHHM YCKOPAIOTCH B THICAYH M MMJJHOHB pas, mnpo-
- TEKAWT NpH BoJsiee HU3KUX TemMepaTypax, 4TO 3KOHOMHUYECKH BBIMOAHO.
Psan npoMmblilil/leHHBIX MPOLECCOB YAAN0Ch OCYMeCTBHTL TOJAbKO Gaaro-
Aaps MPUMENEHHIO KaTajH3aTOpPOB.

Karanus npumeHsieTcs NPH MNOJy4YeHHH BaXHefluHX Heopradive-
CKHX MpPOAYKTOB OCHOBHOA XHMHUYECKOH MNPOMBILIJIEHHOCTH: BOJAOPONA,
aMMuWaKa, cepHoit W a3oTHo# KHcaoT. OcobeHlo BeJIUKO H pasHooGpas-
HO MpHMeHeHHe KaTaJH3a B TeXHOJOTHH OpraHiuecKuX BeUlecTB, npex-
/1€ BCero B OPraHW4ecKoM CHHTe3e — B MPOLlecCax OKHCJAEHHSl, THAPH-
pOBaHHs, AErHAPHPOBAaHWA, THApaTauuH, Jerujaparauuu ¥ ap. [lpu
NOMOLLH KAaTa/JH3aTopOB MOJy4aloT OCHOBHble MOJYIPOAYKTH A
cuHTe3a BhiCOKomosiuMepoB. HemocpencTsennoe moJiydeHne BHICOKOMO-
JIEKYJISIPHBIX coefiHHeHHH MmoJuMepu3auned W NOJHKOHAeHCauueH Mo-
HOMEPOB TaKKe OCYLIeCTBJsSeTCs ¢ y4acTHeM KaraJjusatopoB. Hanpu-
MEeHEHHM KATaJH3aTOPOB OCHOBAaWbl MHOTHE MeTOAbl HepepaBoTKH
HeTeNPOAYKTOB: KaTaJNUTHUECKHH KPEKHUHT, DH(MOPMHHF, H30MepH3a-
UMH, apOMATH3aUHsd M aJKHJHPoBaHHWe yrieBojoponoB. JXuakoe wmo-
TOPHOe TOMAHBO K3 TBEPAOTO (OMKUKeHHe TBEPAOro TOMJWBA) NOJYua-
10T IpH MOMOILH KaraJ/u3aTopoB.
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Ta6anupa 8.

KaaccHhHKALMA KATANHTHYECKHX peaxkiHH

H KaTaJH3aTOPOB

CxeMa peaKilHH

Uenesoit npoaykr
HJIH TIpOIece

Baxueiliiue Katanuaaropb

OKHCAHTEILHO-BOCCTAHOEHT €0/bF bie U'UMD.’[HTH"]ECKHE) peakuHH

1. Okucnenne

Cco

Co,

H,, CHy n np. yraesopo-

ponpt

0,
NH; —— NO

0,
HCl ——— H,0+4-Cl,
[

CH;0H ~—— - HCHO

O,
CHy ——— HCHO

o, ./
CH,=CH,———CH,—CH,
0,
CH,=CH, ———> CHyCHO
CHsCHO —— - CH;COOH

0,
CyoHs T‘*CSH-iO:!

CoHg —— C4H,0,
CeH;CHy ——— C,H;CHO

o,

CH;=CH—CH; ———
————+ CH,=CH—CHO
CH,=CH—CH3+NH,+
+(III?40 —rCCI}{ CH—-C:\+3H ,0

+H;0 — CO+3H
CO+H, — CO,-LH,"
2, Funpupoaanne
N,+-3H, — 2NHjz

CO+2H, — CH,;0H

nCO4-2nH,~C,H,,,,OH +
+(n—1) H,0

nCO+4-2nH, - nH,O +
+-C.H,

91CO4-nH, — nCO,--CH.,
CnHan+Hy — Cplyny.,

Ceprast kucnora

Ounctka Bosgyxa M
Ipyrux rasos or CO

Ouncrka rasop H BO3-
ayxa

AszorHas kmncnora

Xanop

Dopmanbaersn

OxcHp sTHREHa
Aueranbnerun

YKCycHan KHCJoTa

@rtanesbll AHCKWADHL
Manennosuiit anruapun
Bensanngerup
Axposeun
AKpPHAOHHTPII

CunTes-ras
Bonopoz

Ammuak

Meranon

Buiciine cnupThl

Yraesogopoasl Ans No-
NIyueHHs CHiTHHA (CHHTe-

THgecKkoro GeH3HHa), CHH-
ToJla ¥ MOIOWMX CpeAcTB

[lnatuHa; MSTHOKCHE Ba-
HalMA ¢ cyabbaramu  Lie-
JOUYHHEIX  METalN0B, OKCHA
Kenesa; uoust Fe, Cu, Co
B pacTBOpe; OKCHAL a30Ta

Fonkanur — cMmech  ok-
cunos Mn, Cu, Co, Ag;
nnaTHHa, Nannanmi

[Tnaruna; nannapuii; Co;
Cu0; V,05

[Tnatuaa B cnnase ¢ Pd,
Rh; Co304: Fe,034-Cr,04

CuCly; CrClg

Ag; Cu; monubpar Ke-
jiesa

AmOMOCHNMKATEI, MOAH-
(HUHPOBAHHbIE OKCHI0M
MAarHHA; OKCHAB  0N0BA;
okcHabl asora (NQ,)

Ag

Conu Pd u Cu

Coma Mn u Co (B xup-
Ko#t ase)

V;05+K;80,
V,05-4MacO,
V,04;WO,+Ma0,; CuSO,

CuO; SnOz-{—szO;,; MOJIH-
6nar ¥ BOAbGpaM BHCMyTa

Momu6nat BucmyTa, OK-
CHABl ONOBA H CYpPbMEL

i
Fe,03+4-Cr,05; ZnO--
+Cr,03+Cu0; xpovut mean
Fe ¢ npomotopamu (K, O

Al O Si0,, Ca0 u np
n0+Cr363[+Cu0+K 0)

Fe, xap6un Fe ¢ mpo-
MOTOpaMH

Co+ThO,+MgO;Fe -
-+Cu ¢ opomotopamd. Fe;
Ni; Cr O4+Zn0O



11 podoascenue maéa. &

CxeMa pedakuny

Ueaesoil npogykT am
npouece

Bamueiturne KaTanH3aTOPH

(l';Hpcorz CH,0COR,
|
CHOCOR+3H,~CHOCCR,

| |
CH,2COR CH,OCOR,
rre R — nenpejlesbubifi
pazukan tuna Cy,Hgg—,
Ry, — npeaenbHplfi  THNa
Cy:Hzs —
Kasennbif yroab

{~4%H,) — s KMaKHE
yraesojoponb! (12 —
— 17%H,)
co-t: CH,—{-HQO
CH,=CH,
— CHg—CHy

RS — s RH,+H,S

—

Hs
CeHg —— Cety,
[Tapwt

H,

CgH3NO, ——— CgHsNH,
3. derunpupoBanne
Cél-i&e—:-Hg—f—C‘,Haa H,+

4
CotsCHy — Hy4-
+CgH;CH=CH,
CeHya — 4H,4-CgH,
(DervApoOUHKANM3aNA  TeK-
cana)

4. BHoxHMHYecKHe
peakuHn, HaTaau
aupyeMmbe GepmMeH-

raMu®

H,+HAD* = HAD-H+H*

\/—]—O.JO,/\/

MHPOKA TEXHH

\/

&=XHHOH
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Tsepasle XKiph

Motopuble Tonanea

Ouyucika razos

Cuncrka ra3oe oT Henpe-
AeJIbHBIX YT IeBOJOPOAOB

Cunctka HedTenpogyKToB
OT CEPHHCTbIX COefHHeHHH

Tunpuposanye HBOHHOI
CBR3H 4POMATHUYECKHX  yrhe-
BOJOPOLOB

AHninH

Byrapuen
CrHpoa

Benson

DBHosnexTpokaTaiu3  (pas-
paGoTka oOpaTUMHIX BOAO-
POLHHIX 3JEKTPOJOB C yCKO-
peHHeM HOHM3aUWH BOZOpOAa
depme HTOM)

[MHepasd TexHOMOTHA:

a) OOHMH M3 MpOUECCOB MpH
MOAYYEHWH 4eploro Had;

Ni; Ni—Al

Fe; cyabuinl u OKCH-
an Mo n W

Ni; Cr;04
Pt; Ni

Oxkecunn u cyasbugst Co
u Mo

Ni; Co, Pd, Pt

Ni

Cry,03; docdar Nit
-+Cry04

Coepnnennn Fe, Cr, K,
Mg, Ca, Cu

Pt; Ni

GepMeHT ruaporesasa Bo-

HOPOAOKMCIAIOWMX  BaKTe-
pHH
PepmeHT  0-RHGEHONOK-

CHpasa



Il podoascernue maba, 8

CXeMa peaKunu

Lleneroil npOAYKT uJH
npuiece

Baminejiume katanusaTopsl

CH-CH (CH) COOH -
- HAD*=CH,COCOOH +
- HAD-H--H*

CHaCH,OH-FHADY ==
= CHyCHO+ HAD-H +
_i_[—[

6) monounokHc/ioe OGpoxe-
H{e

B) cnuproBoe Gpomende

KHca0THO-0cHOBHBIE  (reTepoaHTHHECKHE)

I. "uppartauua

CH,=CH,+H,0 —
— C,H;OH

CH=CH+H,0 —

2CH=CH--3H,0 —
—CHy—CO — CHg +
+-CO,+2H,

2 Jlerunppartauun
2C2 g,O[[ - H,0+4
H;0C,H;
2CH3600H 2, (CH;C0),0

3 Tuppoaus
C8[[,C[+H20 — HCl 4+
H;0H
ﬁOJ‘!HMEDHaa'
uHﬂ

nCyHy — [CoHyl,

nCyHy — [C4H

sln
nC4H5CH3 [CqH.r.C”aln

3
" CH3> C==CH,~[C4Hgl,

5. [lonukoHageHaoa-
k|
nCyHH;OH + nHCHO —
— cmMona - Bopa

6. Kpekunr yrae-
BOJ OpoONOB
¥raesonopoatt Cog—
— Cy5 = ¥Yruesonopossl
3_(:1:1

7. Maomepuszauuna
H-GyTan — W300yTan

8 AnkWMnHpoOBaHHE
yrnegsogOpoiOB

CeHg+CH,=CH—CHz —
~ CHy—CH—CHg

E:aHn

STanoBslif crupl

Aneranbaerun

Aueton

HOustanosuit shup

YEcycHBIA  auruypug

GenHon

ITonustHaen

ByTagHenosblfl kayuyk
HsonperoBoift kayuyk

[Mosmuzo00y THen

®enoncopmaiibaert AHasa
cMona

Morophble  Tonl iBa

HaobyTtan

B npouspoactse denona

Gepment
porexasa

JaKTaTaerun-

DepmenT ankorosbaerui-
porexasa

peakuHH

H,S0,; H4qPO, ua wHocu-
TeNAX,  KpeMHeBOAbgpamo-
BaA KHCIOTA

HgSO, (cycnensuwa B
HHaxoetH); docdathr Ca o
Cd (cHHTes B rasosoit tase)

ZnO na yrne (B razosoi

Pase)

H,S04: amomocuMk ar,
ALGy; ThoO,
Tpuatundgocdar

Al,O;;;
CcHTene

H3PO, wua Ho-

TiCly-AlRg

(Lurnepa — Harra)
Na; TiCly-AlIRg (LL—H)
Ti1Cly- Al (CoHs )y (LL—H)

AlCly; BF,

ConaHan HAM apyTHe KH-
CJOTBI, SAKWR HATp HM
npyme 11eJ04H B pHCTHO])E

Amopubie amoMOCHAHKAE-
Thl. Kpucrannvueckde ie-
OJIUTb!, COAepIKalllieé OKCH-
Abl  pERKO3IEMENbHBIX 3=
MCHTOB

AMOMOCHAHK AT}

tocars

AlClg;

HyPO, na wocutene
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[1podosscenue mada. 8

Llenegoll nponysT Han
Cxema peakiHu npnpuccc BaxneiiHe KaTaAM3aTOpLI

CJaoMHBle NMpouecchl Ha OGHYHKLHOHANBHBIX KaTajaH3aTropax

1. PudbopmHuHET BricokookTanoBbft GenauH, Pt ma ¢TopupoBanhoii
apovaruueckue yraesopopo- | Al,Oz;  okcHn  Monm6pena
bl HA OKCHje alOMHHWA; OK-

CHy  XpoMa Ha  OKCHae
AMOMHHAA
2. Tvapokpekunr To me Pt; Ni wua kpemnemar-

HHEeBOM HOCHTeNe; Kobank-
TOMONHGleHOBH i KaTanHza-
TOp Ha OKCHAE aliOMHHHS

?Z'HQCZ(EIIEIOHC}T CH- ByTtapuen Cmeck okcupoB:  Zn0O,
e = - = Al O » M " ap.
+ H, 4-2H,0 : s MgO 1t a0

* HAD — o6osnaveuue KodepmeHta, T, €. HEGEAKOBOIl wacTH depmedTa, KOTOpam  yuacTBYer
B KATANUTHYECKOM MpOUECce NyTeM NEepeHota SAEKTPOHOB HJAH NpOTOHOB HAH ONPeHENCHHBX XHMH-
YECKHA rpvIDWpoBOK B paccMatpHesemblx peakluAx Kopepment (HADY) eaymur AKUenTo pom po-
A0y oaa

Hekotopoe npejcTaBieHHe O KaTaJHTHYECKHX npoueccax, npHme-
HSIeMBIX B MPOMBIULIEHHOCTH, AaeT Taba. 8.

2. CYIUHOCTDb H BHABl KATAAM3A

Karaausom wnaseieaerca usmetHenue CKOPOCTU XUMUMECKUX pedx-
yuli uau ux 8036ymdenue 8 pe3yssrare 8030eliCTeus 6eweCcTe-Karaill-
3Qropos, KOTOPbie YHACTBYAT 8 peakyuu, 8CTYNAR 8 NPOMEHYTOUHOE
Xumuueckoe 63aumodelicTéue ¢ PeazeHTamu, HO BOCCTAHABAUBAICT
CBOL XUMUYECKU(] COCTAB NO OKOHYAHUU KATAAUTUYECK020 aKTa.

KarasinzatopaMi MoryT ObiTb pa3/jiHUHLIC BeLIeCTBA: rashl, XKHAKO-
cTH ¥ TBepauie Tena. ITo npuHuLKNy (pasoBoro COCTOSIHHMS PeareHToB H
KaTtaJaHsaTtopa KaTaJdHTHYECKHe nmpolecCH pasiesaloT Ha JBeé OCHOBHbIC
rpynnbl: TOMOTEHHBle H reTeporenuse. B ocobyio rpynny
c/leiyeT BHAGNHTs MHKPOTeTeporeHH He, B uacTHOCTH e p-
MeHTaTHBHH e, KaTalHTHYECKHE NpPOLECCH.

[lpr roMoreHHOM KaTaJH3e KarajiH3aTop H pearupymoulic
BemlecTBa HaXofsTcsad B oanoii dase — rase uam pactsope. Ilpu rerte-
porennomM KaTaJH3€ PeareHT W KaTanu3aTop HaXoAaTCs B pas-
HBIX (azax. MuKporereporedHHsi KaTaJsJu3 NPOHCXOAUT B
Kuakoll (hasze ¢ yyacTheM KOJJNOHAHBIX YACTHI, B KauyecTBe KaTa/Hu3a-
topos. [Ipn ¢epMeHTaTHBHOM KaTa/Hu3€, KOTOPHLIi MPOHCXOAMT B pac-
THTEJBHBIX M KHBOTHBIX KJeTKaX, KaralH3aTopaMH CJAYXKAaT KOJAJOHA-
HO-pacTBOpenHble  GefKOBHE  YacTHIH — (epMeHTH,  YCKOopAIollne
CNIOXKHBle OpPraHHdecKWe mpoueccs XuBoi npupomsl. Ecan B npueyT-
CTBHH KaTaJH3aTopa PeakLHH yCKOPSAKTCH, TO 3TO sBJeHHE Ha3biBaloOT
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MOJIOAKHTEIbHLIM KaTaJH30M H 3TO [OHATHE 4YacTO OTOXAeCTBAAETCS
c OOINUM TOHATHEM <«KaTaJH3».

CyilecTBYIOT U NPHUMEHAIOTCS] BEIIECTBA, 3amennsiouiie, TOpMO3A-
[iHe XHMHYECKHe peaKUHH,— aHTHKATaJH3aTOPbl H HHTHOHTOPHL 3ITO
fBJIeHHe HHOrJa HasblBawT OTPHHETEJII:HHM KaTaJaH30M. B ﬂpOMb[llI-
JIeHHOH MNpaKTHKe MOJOXHTeNbHBIH KaTanaH3 HMeeT HECPaBHHMO 6OJb-
llee 3HAUEHHe, YeM OTPHILATeNbHBI.

CymHocTs TOJMOXKHTEJNBHOrO KaTajH3a OJHHakoBa AAs BCeX ero
BHAOB: TOMOTeHHOro, rereporeHnoro, (pepmentatusHoro. Kamiaefi H3
9THUX BHAOB HMEeT CBOH OTJHUHTeNbHble ocobennHocTH. B olimem cay-
yae ycKopslollee peHcTBHe KaTa/lH3aTOpPOB NPUHIHOHANBHO OT/AHYAET-
cfl OT AeHCTBHA APYrHX (PaKTOPOB, HHTEHCH(PHUHPYIOUIHX XHMHYECKHe
peakiuH: TemIepaTypbl, /JaBJeHHs, pajiHallHOHHOTO BO3AefiCTBHA,
nefictBus csera U r. n. [TosblllenHe Temneparypsl, HallpuMep, yCKops-
eT peakKuHI0 yBenHUeHHeM 3HEePreTHUECKOTO YpPOBHs pearupyioulux
MOJNEKYJ, aKTHBaUHeH HX 3a cueT BBOAHMOH H3BHE TEMJOTHL.

Ilpu BHECEHHH KaTaJH3aTOPOB JHEPreTHUeCKH#i ypOBeHb pearupyio-
WHX MOJeKya He MeHsercd. IeficTBHe KatanusaTtopa #e cMelllaeT pas-
HOBECHsI TIPOCTOH peakluu, a JHUIbL YCKOPSIeT AOCTHXKeHHe paBHOBECHS
npH aaHHoH Temmepatype, [TockonbKy KaTanu3aTop He BJHfAET HA pas-
HOBeCHe, TO KaTaJH3aTOop ABJASETCs] MATKHM IPHeMOM HHTeHCHPHKAUHUH
XMMHYECKHX peakuHH, He HMelUlMM OrpaHHueHuH, XapaKTepHHIX, Ha-
npuMep, A5 NPHMEHEHHsi BBICOKHX TEMMepaTyp HJAH AaBJeHHH,

Ecnu tepMoauHaMHuecKH BO3MOXHBEI pas3iHYHBIE [apajfefbHbe
peakUuH OCHOBHOrO HCXOAHOTO BeleCTBa, TO NPHMEHEHHe KATANH3aTO-
pa, yCKOPSIOMIero oy H3 BOSMOXHHX peakluil, mo3BosseT NOAaBAATh
ocTalipHbEle W MOJNy4aTh TAKOH 1eneBOH MPOAYKT, KOTOpHIH NPH HeKa-
TAJAUTHUECKOH peakiHUH He TMoaydaercsl. B psine npoueccos npumenenue
KaTaJH3aTOpPOB Pa3HOro AeHCTBHS [O3BOJHT MOJYYHTb CO 3HAUHTEJb-
HblM BHIXOAOM pasjiHuHble MNpoaykTel. Hampumep, Kak BHIHO H3
tabn. 8, oKHCJeHHe 3THAeHa HA cepebpsiloM KaTaJlH3aTope JEXKHT B
OCHOBe HpOHSBO}ICTBa OKCHAaa 3THJAeHa, a Ha naanagueBoM KaraJHsa-
TOpe 3HAUYHTENeH BBIXOA aueranpaeruaa. OCHOBHOH NPOAYKT, moayuae-
MBI THApaTalliedl ameTH/AeHAa, TaKXe 3aBHCHT QT [PHUMEHIEeMOro
kaTanusaropa (cM. Taba. 8) B COBOKYNHOCTH ¢ APYTHMH TEXHOJOTH-
YecKHMH NapameTpamH Ipouecca.

Kak nokasaso Buure (ra. I1), ansa npoieccos, npoTekawomux B KH-
HeTHUeCKOA 00nacTH TpH He3HAUUTENbHOM OCEBOM [epeMeUIHBaHHH,

= — = hAC. IT.
w=— A (VIL.1)

JeiicTBHe KaTanH3aTOPOB 3aKJIOUAETCsi B HEOrPaHHUEHHOM MOBbIlIe-
HAH KOHCTAHTH CKOPOCTH peaklUHu k 6e3 BJINAHHS Ha [ABHXKYIIYIO
cuny AC.

Yckopsiloniee neficTBHe KAaTalH3aTOPOB COCTOHT B MOHHKEHHH
SHEPFHH aAKTHBAaUHH XHMHYECKOH pﬂaKllHH B peay.anaTe H3MeHeHHAa
pPeakUHOHHOTO NYTH C y4acTHeM KaTajausaTopa WJH BCAEACTBHe OCY-
IEeCTBNEHHS PEAaKUHH M0 HENHOMY MeXaHH3MY [pH HHHUHHPYOUIEM
JeficTBMH Kartanusartopa (HHHOHaTopa) (cM. ra. V),
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an H3MEHEHHH peaKIHOHHOIO NYTH C y4yacTHeM KaraJjnsaropa pe-
aKlHs NpOTEKaeT yepes psj 3JE€MeHTAPHBLIX CTajiHil, KOTOpble TpebyioT
MeHblleli 3HepPTHH aKTHBAllMM, YeM MpsMasi peakuus Ge3 kaTanH3a-
Topa. CKopocTb peakuun teM OoJbile, YeM MEHbIIe SHePrus aKTHBa-
uHH £, H Bc/eaCTBHE 3KCNOHEHIHANbHOH 3aBMCHMOCTH

k= ke (E/RT) (VI1.2)

CKOPOCThL peaKIHH 3HAYHTE]bHO BO3pacraeT fAaxe IpH HeGoJMbLUIOM
CHHJKEHHH IHEPrHHd akTHBAUHH. B HeKOTOPHIX THMax KaTalHTHYECKIIX
peaknuii OgHOBpeMeHHO ¢ MOHHKendem E yMeHubliaeTcs npegskcrno-
HeHLHaAbHLH 4nen ko B ypaBuenuu (11.2). BeseacTBue aToro nossiue-
HHe KOHCTAHTBI H COOTBETCTBEHHO CKOPOCTH pPeakiud ¢ NPHMEHEeHHEeM
KaTaJH3aTOpa HECKO/JbKO YMeHbIIAaeTcs M0 CPaBHeHHIO C PacCUUTaH-
HBIM Ha OCHOBe CHHXKeuHsi E \

PaccmoTpym aHepreTHYeCcKylo KapTHHy PeakuHoHHOH CHCTeMbI, hHa-
npumep, aus OHMOJeKyAApHOH peaxiud

A+B=D+ ...
npoxoasiiedl B OTCYTCTBHE KaTtaJu3atopa MO cXxeMme
A--B=AB*=D-1. ..

Yyepe3 oGpasoBaHHe aKTHBHOro kommiaexca AB*.
B npucyTcTBHH KaTaauzaTopa peakuus HACT MO APYroMy MyTH, de-
pe3 HEeCKOJIbKO 3JeMeHTapHBLIX CTalnii:

A-f [Kar| = A [Kar] )
A [Kat] -+ B = AB* [Kar} (©)
AB* [Kat] = C - |Kar) (#)

Ha puc. 95 moxasano H3MeHeHHe SHEPrHH pearupyloilell cucTembl
6e3 Katanu3aTopa 4 [pd YYacTHH KaTajd3atopa fJid A1aHHOH peaklHH.
Ecau E —oasueprus akTHBAUMH HEKATaJHTHUYECKOH peakuud, Egar—
9HEPrusi aKTHBAUHMH KaTaJUTHYeCKOH peakuuH (0O JUMHTHDPYIOUEMY
aTamny); €; H € — 3HepPrud akTHBAUHUHA NpPOMEKYTOUHBIX CTaAHil (a) o
(6), 10 npu Epar<E KaTaau3 MmoJOXKHTENbHBIA. [L1sl KaTanaHTHUECKHX
peakLHH, B KOTOpPBIX Ro He H3MeHsAeTCA MO CpaBHEHHIO C HEKaTaJWTH-
YecKHMH, YCKOpsOilee pefiCTBHe KaTa/ju3aTopa H3Mepsercs ero ax-
THBHOCTBIO A, KOTOpas onpeiejseTcss COOTHOIEHHEM KOHCTAHT CKOpo-
CTH peakiHH C KaTalau3aToOpOM Rxar M 0e3 KarajusaTopa R:

29 e ! -
A — war _ =eA£.!RT’ (VIL.3)

rae AE — cunXeHHe 3Heprud aKTHBALUMH KaTajHTHYeCKOH peaxunu nd
CPAaBHEHHIO C HEKaTaJHTHYEeCKOM:

AE = E — Eyan-

anMEEIEHHE Karajausatopa MOMer 3HAYHUTENbHO UOHU3HWTL 3SHEP-
rui0 akTaBalud AE, uTo mpHBejeT K KO0JOCCanbHOMY YBEJNHUEHHIO CKO-
poctu peakuun. Ecau, nanpumep, AE=41800 Jx/Mosb, To npn 600 K
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CKOPOCTh KaTAAHTHYECKOH peakKUHH BHIIE CKOPOCTH HEKATAJHTHUe-
CKOil B
41800

A= 88,3-600 = 4.107 paa.

Takum o6pas3oM, NPH OTKPBLITHH HOBOrO PeakUHOHHOTO NYTH KaTa-
JH3aTOp fABAAETCH AKTHBHBIM Y4YaCTHHKOM [polecca, MpHYeM 3TO
yuacTHe Bblpa)kaercs B 0Opa3s0BAHHH C PEATHPYIOMIHMH BellecTBaMu
HEYCTOHUHBLIX NMPOMEKYTOUHBIX CO-
eAuHeHHI — AaKTHBHBIX KOMIJieK-
COB, fOCJie pacnana KOoTOphIX Ka-
Tanuszatop perenepupyerca. Ilpak-
THUEeCKOe NoBejenHe TPOMbILLIEH-
HBIX KaTaJjii3aTOpOB CBA3aHO ¢ OC-
HOBHBIMH HX TEXHOJOTHYECKHMH Xa-
PAKTEePHCTHKAMH: aKTHBHOCThIO,
TeMncpaTypoil 3axuranus, H3bGHpa-
TeJibHbIM feficTBHeM  (ceJleKTHBHO-
CThIO), H3HOCOYCTORYHBOCTLIO, OT-
paBiasieMocTbio H T. 1. OcHoBHOMH
XapaKTEePHCTHKOH  KaTajiM3aTopoB
CAYKHT HX aKTHBHOCTL A, T. e. Me- Hanpalnenue peaxyuu
pa yckopsiioulero AefcTBHA KATaJiH-
3aTopa Mo OTHOWEHHIO K aaunofi Puc. 95. Msmescine suepruu pearupy-
peaK[lHH. oned CH,CT,E.\{'}] npH HFKHTE!J]HTH.‘IQCK(}H

. (/) v xaraaptuueckol (//) peakuuu

[Ipn mnocrofiHcTBe aABHXKYHIeH
CHIB XHMHUYeCKO#l peakuuHu akTHB-

HOCTb KaTalH3aTopa onpefensieTcss NMo ypaBuenuio (VIL3) wuam mo

hopmyae

JHep2Un

A = tygar —u (1 — $xan), (VIL.4)

rie tar H U4 — CKOPOCTb XHMHuecKol peaxkuHHM NpH y4acTHHM KaTaJH-
3atopa H 0e3 Hero; Qxar — A0J5 00beMa pPeakKUHOHHOTO IIPOCTPAHCTBA,
3aHUMaeMas KaTaJH3aTopoM.

Jas cpaBHeHHs AKTHBHOCTH KaTajH3aTopa Kakof-iHOo XHMHUe-
CKOfi peakUHH B PA3HbIX YCJOBHAX AKTHBHOCTb MOXHO BHIPA3HThL Uepes
HHTEHCHBHOCTh KaTaJHTHUECKOro MNpouecca, T. €.

A= Gyp/or, (VI1.5)

rae Gpp— KOJIHYECTBO MPOAYKTA, MOJYYeHHOE 3a BpeMfd T.

Karasusatopel He ycKoOpsioT aHp@y3HIO, NO3TOMY AJ4 KATAJHTH-
YeCKHX NpOuNECCOB, B KOTOPLIX CKOPOCTb XHMHYeCKHX H IH(pdy3HOH-
HBIX CTajuil colocTaBHMa, AKTHBHOCTh KaTaau3aTopa onpejeasercs
He TOJbKO CKODOCTBIO XHMHueCKHX peaklHil, Ho H Ko3ddHUHeHTaMH
AHQPY3HH H3 AApA NOTOKA K MOBEPXHOCTH KAaTaJH3aTopa H BHYTPH
nop garaausartopa. B obuem cayyae aKTHBHOCTb KaTaJH3aTOPa MOXKeT
ObiTh yHKUHell MHOTHX MapaMeTpoB TEXHOJIOTHUECKOro pexHMa H du-
SHYeCKHX CBOHCTB KaTaJjiH3aTopa:

A= }(Clia"l‘: Cﬂl C}lcx: Cﬂp: Cﬂpﬂur Tr P: Syn! d:‘vcp! Ta, W, MH(}K’ Mrrp, ---); (V"!‘ﬁ)
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rie Cyar, Ca, Cuex, Cup, Cupum — KOHLEHTPAUNH KATAAH3ATOPA, AKTH-
BaTOpa, HCXOJAHbIX peareHToB, NMPOIYKTA, npHmecell COOTBETCTBEHHO;
T — remneparypa; P — papnenue; Syy— yaedbHasi NOBEPXHOCTb KaTa-
Jan3aropa; dscp~—CpeaAHHii pasmep (AMaMeTp) 3epeH KaTaau3aTopa;
ry— 3KBHBAJCHTHHIH paauyc mop Kataausatopa; Muex, Mpp— Moseky-
AAPHBIE MaCChl HCXOAHBIX PeAreHTOB H MPOJAYKTOB PEaKUHH; W — JiH-
HeliHas CKOPOCTb MOTOKA peareHTOB, BJHsMIONIA Ha CKOPOCTh Mpoiec-
ca, NpOTEKalero Bo BHeWwHe-TH(GPy3noHHONH obaacTH.

Uem axkTHBHEe KAaTalH3aTOpP, TEM MPH OTHOCHTENbHO MEHbLIEH TeM-
mepaTtype MOXKHO BECTH MpOLECC, 4TO naeT 3HAYHUTeJbHblE 3KOHOMHUe-
CKHe H TeXHOJOrH4ecKHe MpeHMYyLlecTBa, HAMpumep yBeJIHUEHHE pas-
HOBECHOTO H (PAKTHYECKOro BHIXOAa 00paTHMbIX 3K30TepMHUECKHX
peaxiuHi, yMeHblIeHHe KOoJHYecTBa moboyHbiX NPOAYKTOB, CHHMKEHlie
pacxoaHblx Ko3(QOQHUHEHTOB MO ChHIPbIO, YJAYYUIEHHEe KayecTBa npo-
AYKTa.

[ns razoobpasnbx peareHToB TemnepaTypa 3axKHraHus, T. €. Ta
MHHHMAJbHAsA TeMmmepaTypa pearupyloulHX BeUlecTB, NpH KOTOpo#l Ka-
TaJH3aTOp B JOCTATOYHOH Mepe YBeJHYHBAaeT CKOPOCTb peakiHH, 3a-
BHCHT OT aKTHBHOCTH TBepAbIX KaTaJu3aTOpOB.

Bce karaauTHyecKHe peakiMH, MPOHCXOAsIUIHE NpPH TOMOTEHHOM
reTeporeHHOM KaTa/use, AeAAT MO THNY B3aHMOeiCTBHS KaraaHsaro-
pa ¢ pearHpPylOIHMH BeilecTBaMH Ha [Ba OCHOBHHIX KJjacca: OKi-
CTHTENbHO-BOCCTAHOBHTEAbHOE (TOMOJAHTHYECKO?)
B3auMoaeficTBHEe H KHCJOTHO-OoCHOBHOE (rertepo-
AHTHYecKoe) B3anmonehctrsue (cm. Tada 8).

OGmuii MexaHH3M SJAeKTPOHHOTO OKHC/JHTEJbHO-BOCCTAHOBHTEIbHO-
ro KaraJap3a 3akgaoyaeTcs B oOMeHe 3JEeKTpPOHAMH MEXKAY Karaausa-
TOpPOM H peareHTaMH, KOTopHii objeryaer sJeKTpoHHble Nepexoik B
pearupyomux Mojekynax. Mexanusm oOBIYHOrO HOHHOTO, KHCJIOTHO-
OCHOBHOTO KaTaJlH3a 3axJioyaercs B oOmMeHe npoToHaMH HJAH HOHaMH
(kaTHOHAMH H aHHOHAMH) MEXKAY KaTalH3aTopoOM K pearHpyioulumH
moJdekynamu. OOpasyioiiHecss NpoOMeKyTouHble 3apsKeHHble KoMmaek-
Chl HEYCTOHYHBBl H PacNajaloTCs HAH PearupyrT ¢ Apyroil moaexkymaof.
B o6oux cayuasix xaTaJu3aTop pereHepHpyercs.

KatanuzaTopbl MOTYT yCKOPATh TOJBKO OAHY peakUHIO HJIH TpyIl-
ny peakuuil, a TakikKe peaklUHH pPasjJHYHBbIX THNOB, T. €. KATaJH3aTOpNl
06aanaT HJAH HHAMBHAYAJbHOH cOeNH(HUHOCTLIO, HJIH TpynnoBod
CcnelHpHUUHOCTBIO, @ HEKOTOpble MPHrOAHB 1751 MHOTHX peakuid
(cM. TabGa. 8). THNHYHBIMH KaTaaH3aTOpaMH JUI OKHCJIHTENLHO-BOC-
CTAHOBHTEJNbHBIX pPeaKUHil ABISAIOTCA MepexojHble MeTaJibl, HJIH OK-
CHabl, H cyabuab MeTanjoB (MOJAYNPpOBOIHHKH). HAd KHCAOTHO-OC-
HOBHBIX KAaTaJHTHYECKHX peakUHH THNHYHBIMH  KaTaJH3aTopah
ABJAIOTCH PAacTBOPEHHble KHCJAOTH H OCHOBaHHfA, TBepible HHEpTHhie
BeuiecTBa, NPONHTAaHHbIE KHCAOTAMH HJH OCHOBAHHAMH, HJAH TBEpAble
KHCJOTHLIE HJH OCHOBHblE KaTaJH3aTOPbl — HOHHBIE KPHCTAMABL, HIH
HoHHbie amopdHble rean. Bee TBepbie KaTaaH3aTOpH KHCJAOTHO-OCHOB-
HHX peaKiHH ABAAIOTCA H30JATOPAMH.

OaHu B Te JKe KAaTaau3aTopbl MOTYT YCKOpATb MHOTHE peakxlHil.
Tak, AJs peakUni nepBoro Kaacca yHHBepCaJbHbIMH KaTajaH3aTopami
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GYAyT naatHila H xene3o, YCKOPsAOLIHe KaK OKHCACHHe, Tak H rHipH-
poBaHHe, a /s BTOPOT0o KNacca — HOHBI BOAOPOAA, YCKOPAIOLIHE peak-
HHH THAPOJM3A, TCHAPaTauHHd, H30MEPH3aUHH, NONHKOHAECHCALHH.
Chnoxuble MHOrOKOMIOHEHTHBE KaTalH3aToOPH MOTYT OJHOBpPEMEHHO
YCKDpSITb KaK OKHCJIHTENbHO-BOCCTAHOBHTEJ/NbHLIE, TaK H KHCJIOTHO-
OCHOBHBIE peaKUHH,

HNsbuparenbHb i (cenexTHBHH i) KaTaJu3— 3710
KaTa/lH3, IpH KOTOPOM KaTaJH3aTOp H3 AECKOJIbKHX BO3MOMKHBIX peak-
uuf yckopsieT TOJNbKO 0AHY ueneByio. OH Baxell AJs OPOMHILJIEHHO-
CTH, 0CO6EHHO B [IPOH3BOACTBE OpPraHHYeCKHX NPOAYKTOB, KOTAa cesek-
THBHOCTL HEKOTOPLIX KaTaJH3aTOPOB NO3BOJIAET CHABHO YCKOpPATL On4-
HY TNOJe3HyI0 peakiHio, NPOBOAHThL NpOLEcC NMPH MOHHKEHHOH Temme-
partype, mopaBass ApyrHe peakund. H3bGupartenpHocTs  (CeIeKTHB-
HOCTb) AeHCTBHSI KaTanu3aTopa [kar MOMXKHO BHIPA3HTb OTHOIICHHEM
CKOpPOCTH 0o0pa3oBaHHs UENEBOro NpOAYKTa K CymMMapHoH CKOpOCTH
npeBpamenisa oCHOBHOIG HCXOAHOIO BelleCTBA IO BCEM HaNpaBAeHHAM!:

fha'r:'TiGE__ ' (VIL.7)
= I_dGHcX]

Vuex

rae Gu— KOMH4YeCTBO NMPOAYKTA; Vu/Vucx — COOTHOLIEHHE CTEXHOMETPH-
yecKHX Ko OuiHedToB npH obpa3oBaHnH NMPOAYKTa H3 OCHOBHOrO HC-
xoanoro seiectBa; Gycx — KOJIHYECTBO HCXOLHOTO BeileCTBa.

O6umyio (HHTerpanbHY0) CeNEeKTHBHOCTh AeHCTBHS KaTanusartopa
MOXKHO BHPa3HTb COOTHOLUEHHEM

Gu Gy -
Gn _ Go- VII.
frar =G Go + Gaos (V1.8

rie Gy— KOJIHYeCTBO OCHOBHOrO HCXOAHOTO BelllecTsa, NpeBpaTHBLIee-
cd B UeaeBoH MPOAYKT, MOJb; Gnos — KOJNHUEC1BO HCXOMHOTO Belle-
CcTBa, BCTymHBUIero B nobGouHble peakund, Monb; G — obllee KomHue-
CTBO OCHOBHOI'O HCXOAHOTrO BelllecTBa, MOMb. TIpumensia  pasinuHbie
u3bHpaTeNbHbie KATaJH3aTOPH, MOXKHO H3 ONHHX H TeX Xe HCXOIHHX
BelleCTB MOJAYYHThL pasfHunble 3ajaHable npoayktel. [IpHmepom Tou-
Kol u36HpaTeNbHOCTH KaTalH3aToPa NPH BO3MOMHOCTH HECKOJNLKHX
mapajjenbHbHX peakuri OAHOr0 H TOrO XKe THNA MOXKET CAYKHTb
OKHCNeHHe aMMHakKa [0 OKCHAa a30Ta Ha MNJAaTHHOBOM KartanuH3aTope.
B npucyrcTBHE NJATHHE peaKuHs

4NIl, + 50, = 4NO +- 6H,0 + 900 x/Tx
NnporexKaer NpaKTHYECKH IMOJHOCTHIO (HPH YCJMOBHH ONTHMAaNbHOIO- pe-

XKHMa) 3a AecATHTHCAYHbLIe JONH CEeKYHAH, B TO BpeMs Kak mapan-
JeJbHble HalpaBaeHusi, 6osee BHroalble TEPMOAHHBAMHYECKH,

4NH, -} 40, = 2N,0 4 6H,0 + 1100 xIx
4NH, + 30, = 2N, + 6H,0 -+ 1300 x/Tx
He YCKOPHEOTCH NAaTHHOBLIM KaTaaH3aTopOm H NO3TOMY NOAABJAAIOTCS.
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Jlernpuposanne 3THNOBOro CHHPTAa NPH MOMOIIH OKCHAA UHHAA
HJAH  MegH NPHBOAMT K oOpasosandio aueranbgeruga C,HsOH=
=CH3CHO +Hgz. B npucytcteun ke amomocuankara nan Al,Os nmpo-
HCXOAHT aeruaparaups cnupra ¢ obpasosannem stHaena: CoH;OH=
=CyH,4-H0

CoBwmellleHHOe ferHApPUPOBAHHE W AETHAPATAUHS 3THJIOBOTO CHHPTA
B Mapax jaaer HCXOAHBIH MoHOMEpP AJIsl CHHTE3a KaydyKa — AMBHHH.I
(cm. Taba. 8). llpuMeHenne n30HpaTeNbHOr0 KaTaju3a MO3BOJIAET

OCYILIECTBHTL UENeBOH [polecc ¢ noJay-

;I_ ___________ yeuweM MPOMEXKYTOYHOTO MPOAYKTA, KO-
d TOPHIAl IPH HEKATAaJHTHUYECKOH peakuuH
npespamiaercss B IOCJelyIolliHe HeUeH-

Hble BellectBa. Hanpnmep, okHcleHue

7 MeraHa HMeeT uenHofi rapaktep H Mo-

2 JKeT MNPOXOAHTH depe3 MocheAOBaTe/b-
uble craaun  oGpasosanua CH;OH,
CH,0, HCOOH, CO wu, naxoseu, npon-
aykToB nognoro okuciaenus CO, n HoO.
3T0T mpouecc MOMHO 3a/epXKaThb Ha 3a-

T jauHoil CTagHM NpHMEHEHHEM TOHKO H3-

Puc 96 3asucumocth Bbixoga OMpaTe/NbHBIX KaTajM3aTOpOB B KOMI-

MPOAYKTa OT BpeMEHH JeKkce € APYriiMy ONTHMAJbHBIMH yCJO-

L s ofuunoll Karanwtwseckoll BHAIMH TeXHOJOTHYecKoro pexkuma. Oco-

CKOH  peakumn 60 BBICOKOH HHAIWBHAYAJbHOH  CHELH-

(DHUHOCTBIO, @ TaKXe H Upe3BbYalHO Bbl-

COKOH aKTHBHOCTBIO 00.1271a10T NPHPOLHLIE BHICOKOMOJIEKYJISPHBIE Ka-

TaJH3aTOPhI-PEepMEHTH, YCKOPAIOMIHe CTpPOro olipeaesieHHble NpeBpa-
IIeHHA TOJNBLKO OHOTO H3 BEIECTB.

ABTOKaTaJMTHYECKHMH Ha3bBaTCA peakund, B KOTOPHIX
KaTa/gH3aTopoM fABTAETCA OJHH H3 NPOMEXKYTOUHBIX HJH KOHEUHbIX
NpoAYKTOB peakuuy, Tak, B uenHBIX peakuusiXx aBToKaTaJjJH3atopamu
chayxar cBoboaHble paankaabl, K unciay aBrokaraJWTHYECKHX OTHOCST-
Csl HEKOTOphble PeaklHH pa3J/oXKeHHS B3PLIBYATBIX BENLECTB, TFOPEHHH,
moJInMepH3auud M ap. BoccranosieHne HHKend H MELH H3 HX OKCH-
0B BOAOPOAOM Karanusupyercs obpasyiommpmucs metannamu. Jas
aBTOKaraJjH3a XapakrepHa majlas CKOPOCTh PeakiMil B HayaJjbHbiil
neproj, Ha3bpaembiil NepHOAOM HHAVKUHH, i GLICTPOE HapacTaHHe Bhi-
X014 MPOJYKTA B mocdeAylomuil mepHoa B pesyJbrare BO3pacTaHns
KOJIHuecTBa Karaanszaropa (puc. 96). B nanbueiiiiem BHIXoA MPoayKTa
yBEeJHUHBAETCH COMJIACHO 3aKOHY AeHCTBYIOUMX Mace, Tak e Kak il
51 OOBIYHBIX peakuHi.

ILnsi Bo3OyiKaeHUs (EeNHBIX Peaku#ii B HCXOAHYIO cMech 06HIYIN
BHOCHTCSl BelECTBO — HHHUHMATOD, KOTOPOe, peardpys C HCXOAHLIM
BEL1EeCTBOM, BLI3bIBAET 3apOxKAeHHe UenH, T. e. o6pa3oBaHHe NepPBHIX
cBOGOAHBIX pajHKasoB, H TaKuM 06pasoM yCKOpsieT peakUHio monobno
karaauzaropy. OfHako HHHUHATOPH B OT/IHgHE OT THMNHUHBIX KaTaJiu-
3aTOPOB PacXolylTCA B Mpollecce peaKkuHH.
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3. TOMOrEHHbBI1 H TETEPOrEHHbIM KATAAHU3

FoMoreHHB KaTaJdH3 MOXET NPOTEKaTb B Tra30BOH HJH
JKHAKOA (aze. MeXxaHH3M rOMOreHHOro KaTaJH3a COCTOHT B oGpa3oBa-
HUH MEXKIYy peareHTaMH H KaTaJH3aTOPaMH HecTOHKHX NpOMeXyTou-
HbIX COEJHHEHHH, CYUIeCTBYIOLUIHX B TOH XKe (dase (raz uam pacrsop),
mocje pacnaja KOTODbIX KaTajJu3aTop pereHepupyercs. B oTanume ot
reTepOreHHOKaTAJIUTHYECKMX peakUuii MNpH TOMOTeHHBIX COCTaB N0po-
MEXKYTOUHBIX COeJHHEHHH B pfAae cJAydaeB MOXKHO BBIIBHThH aHAJH3OM,
ﬂpoueccbl roMOreHHOro KaraJjausa KJIaCCHIIbl/]quyK]TCH no THOY B3aH-
MOJIEHCTBHA MEXIYy pearHpyloIlHMH BEIECTBAMH W KAaTaJH3aTOPOM Ha
OKHCJIHTENbHO-BOCCTAHOBHTENbHOE H KHCJIOTHO-OCHOBHOE  B3aMMOjeli-
ctue. ITo dasoBomy coCTOAHMIO rOMOreHHbIe KaTaJHTHYECKHE mpouec-
CHl JeNAT Ha XKHAKOGa3Hble (B pacTBOpax) H rasogdasuble.

KatanuszatopaMu B pacTBOpPAaX CIYXaT KHCAOTH (Ka-
tHoH H*), ochoBanus (anmon OH~), Houbl mertaanos (Met, Me?+), a
TaK)Ke BeIEeCTBa, CHOCOOCTBYIOLIHE OOpa3oBaHHI0 CBOBGOIHBIX pajH-
KaJoB.

Mexanuam KHC/IOTHO-OCHOBHOrO (HCHHOTO) KaTaJu3a B pacTBopax
3aKJIYaeTCsl B TOM, YTO MaeT OOmel MPOTOHAMH MeXIY KaTaJH3aTo-
pOM M pearHpyIOILHMH BeIUIEeCTBAMH, CONPOBOXIAIOUIAICH BHYTPHMO-
JeRyAApHbBIMH npespaiuenusmu. [Ipu KHCJIOTHOM KaTa.ju3e mnpoTon
(MM NONOKMTENbHBIH HOH) MNEPEXOAHT CHayaJjga OT KaTaJu3aTtopa K
pearupyiolieii MoJexkyJe, a NpPH OCHOBHOM KaTaJH3e KaTaJH3aTop
CAYKHT BHAyaJe aKUENTOPOM OPOTOHA HJH JOHOPOM aHHOHA NO OTHO-
[IEHHI0 K MOJIEKyJe pearenTa. B nocjeldyioled cTalHH KaTaJuTHue-
CKOM peakuHH NPOTOH mepemernaercss B 06paTHOM HAMpPaBJEHMH H Ka-
TaJM3aTOP BOCCTAHABJIHBAET CBOH cocTaB. AKTHBHOCTL KaTa/JM3aTOPOB
B KHMCJOTHO-OCHOBHOM B3aHMOJefiCTBHH 3aBHCHT OT JIETKOCTH Nepe1ayH
NpoTOHA peareHTy (KHCJAOTHBIN KaTajlu3) HJIH OTPblBA MPOTOHA OT
pearenta (OCHOBHOF KaTasu3). AKTHBHOCTb KaTaJH3aTOPOB — KUCJOT
M OCHOBAaHHH BO3pacTaeT ¢ POCTOM KOHCTAHTHl HX AHCCOLHAIHH,

[To TakoMy THOY NPOTEKAIOT peaKUHH FUApATAlIMH, JErujpaTtanum,
rHAPOJIH3a, STEPHHKAUHH, IOJHKONEHCAIHH B pacTBopax. [Ipuvepom
KHCJIOTHO-OCHOBHOTO KaTaJjli3a B PacTBOPe MOMKET CHYKHThL ruiparta-
uua odedbrHoB B cOMPTHL, KaTaausupyemas kucaotramu (HA). B 06-
[IEM BHIE

RCH = CH, 4+ HA = RCH, — CH} + A- (a)
RCH —CH3 - HOH = RCH, — CH,CH -H* (6)
H* 4 A- = HA (8)

Ha craaun (a) raraamsatop CJAYXHT JIOHOpPOM NPOTOH&; Ha cTa-
AMH (B) KaTalH3aTop PereHepHpyeTcs.

K HOHHBIM OTHOCATCA W OKHCJHTEJILHO-BOCCTAHOBHTE/bHbE KaTa-
JUTHUECKHE PeaKUHH B pacTBOPaX, yCKOPAEVbIE HOHAMH MeTa/JIoB ¢ ne-
pemeHnHOli cTeneHbio okucaenua Cu?, Mn*+, Fe3+. Tlpuvepom wmoxer
CAYXKATH yCKOpsiloinee aeiicTBHe wonos Fe’* npu romorennom okic.ie-
uun SO, B SO; B pacreope cyibhara xejesa, NPH NPONYCKaHHN dYe-
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pes pacrsop cmecn SO; ¢ Bu3lyXOM, B pesyiibTaTe 4ero obpasyercs
cepHas KHCJOTA.

Il'azodpasHbel# roMOTeHHHH KaTaJdHus, Korga H peares-
Thl H KaTa/JU3aTOp — rash, NPHMEHAIOTCS CPaBHHTENbHO peako. [lpn-
MEpPOM ero MOryT CJAYXHTb JerHiApaTallisi YKCYCHOH KHCJOTH B mapax
NpH Y4acTHH KaTalusaropa — napoofpasHoro TpHsThiadocdara, oKHe-
JIEHHE MeTaHa B (popMaJblertj BO3AYXOM, YCKOpseMOe OKCHAAMH a3o-
T4, OKHCJIeHHE OKCHIA YrJjepoja B AHOKCHA B NPHCYTCTBHH BOHSTHBIX
napoB u T. n. 'asodasHuifl KaTanu3 MOXKET OCYUIECTBAATHLCA MO MOJe-
KyJAPDHOMY H pajHKaJbHOMY LENHOMY MeXaHH3MY.

Ilpy MmonekynapHOM MeXaHH3Me KaTaJHTHUECKOH peak-
UHH NPOHCXOHHT OOMEH aTOMaMH MeXJy KaTajJlH3aTropoM H pearupyio-
HiAMH pemecTBaMH. [IpuMepoM MOJeKYJAADHOTO MeXaHH3Ma Ta30BbIX
KaTaJHTHYECKHX peaKUHH MOXKeT CAYXHThb MepeHoC aToMa KHCJIopoaa
HJH XJ0pa; Tak MNpOTeKaeT OKHCJEHHE JAHOKCHAA Ccepbl OKCHAaMH
asora:

1/2 0, + NO = NO, ()
NO, + S0, = SOz + NO ©)

PajgnkanpHufi MeXaHH3M TOMOTEHHOrO KaTaju3a BO3MO-
JKeH Kak B ra3oBoH, Tak H B XHiKo# ¢dase. Karanuszarop cayxur
HHHUHATOPOM, HaNpPaBJAIOIIHM peaKuHl0 MO UeNHOMY MeXaHH3MY.
YcKOpeHHe AOCTHTAeTCs B pe3yJabTaTe NoABJAEHHA GOraThlX 3HEprHeil
4acTHI — CBOGOJHBIX pajHKaJoB B mnpouecce camoii peakuuu. Ilo Ta-
KOMY MEXaHH3My NpPOTEKaloT HEKOTOpPble OKHCJHTeJbHLIE peakUHH B
rasax, noJHMepH3auus B XKHAKOH ¢dase u 1. n. THnHuHBIM TpHMepoM
razothasHofl KaTaJHTHYECKOH peakUHH PpajHKaJbHOFO THOA MOXNKET
CJYKHTh AeHCTBHE OKCHAOB a30Ta Ha OKHCJEHHE aJKaHOB, B YacTHO-
CTH MeTaHa B ¢opmanbaeruii. BsanmojeficTBHe MeTaHa c OKCHaamu
a30Ta BLI3LIBAET LEMHYIO PEAKUHIO ¢ OTHOCHTEJBLHO JIErKHM 3apoxje-
HHeM [enefl H BHICOKOH CKOPOCTbIO HX 0GpniBa., MexaHH3M 3TOro mpo-
1ecca MOXKHO MPEACTaBHTb YIPOIUEHHO CJAENYIOIEeH Uenbio peakunii:

1. 3apoxaeHne uenu

2CH, + NO, = 2CHj- + H,0 4 NO (cymmapro)
2NO + 0, — 2NO,
I1. TIpogonkenne wenu
CHg- + 0, —» CH,0-4}-CH-
CH; +0OH: - CHz- + H,O u 1. 1.

III. O6puiB uenu
CHy- 4 OH. — CH,OH

drto mpamoe, Ledepoe HampasJieHHe ¢ obOpasopaHuem (opmaabiernia
ycKopsieTcss okcHaamd asora, IlomHMO Toro, MNpoTeKalT M Apyrue
peakuuu, BeayiiHe K HemocpeacTseHHoMy obpasoBanuio CH3OH u «
ero okucaennio jo CHO, a TakKe K Gosee riyGoKOMY OKHCIEHHIO A0
HCOOH, CO u COz n 1. 0.
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CKOpOCTb rOMOTeHHOro KaTaJHTHUYECKOTO np o-
Hecca 3aBHCHT OT pdla C]JaKTOpOB: KOHUEHTPAUHH pPear’upyrouinx
BeIeCTB, KOHUEHTPAUHH KaTaJaud3aTopa, TeMnepaTrypbl, AaBJeHHdA, HH-
TEHCHBHOCTH MNEPEMEUIHBAHHA. 3aBHCHMOCTD CKODOCTH npouecca oOT
KOHUEHTPAUHH peareHTOB H KaTaJu3aropa onpejejsaeTcs Opexiae nce-
ro COOTHOLIeHHEM CKOpocTell 3jleMeHTapHBIX CTaAHil KaTaJHTHYECKOro
aKTa H YCJIOBHAMH HX PaBHOBECHI,

B mpocreiiimem cayyae MOHOMOJEKYAspHOH peakuun A—-B+ ..
KaTaJHTHYECKHH Mpopecc MpoTeKaeT B JABe CTAAMH:

A 4 [Kar] == A* [Kar] (a)
A* [Kart] = B 4 [Kar] (6)

Ecan o6mmas cKOpoCThL KaTaiau3a JHMHTHpyercqa crafuelt (a), To KiuHe-
THYECKOE yPAaBHEHHE HMEET BM]

u=dCq /dz = k,Cy Cyar, (VI1.9)
rae k; — KoHcranta ckopoctH cTagun (a); Cyar — KOHUEHTpaLks Ka-
TaJu3aropa.
Ecan auMaTHpylOwefi asaserca craaud (6), TO

u=dCyq | dz = kKCy Cyar, (VIL. 10)

rjae R;-— KOHCTaHTa CKOpPOCTH BTOpoll cTaauH (6); K — KoHcranra
pagHOBecHA o6GpaTHMOil cTaagHu (a). DTO cnpaBenHBO, eCJH KOHUEH:
TPauHa KaTajJu3aTopa MeHbIIE CTEXHOMETPHYECKOH no ypapuenHio (a),
T. €. €C/IH HeT H36LHTKa KaTajau3atopa. PaccMoTpuM OuHApHYIO pe-
aKIHIO

A+B—>D4. ..

(HanpuMep, THApATAUKA 3THJAEHA), KOTOpas MPOTEKaeT MO CXeMe
A} [Kar] == A* [Kar] — nps sneprud axTHBaLMH €,; (a)
A* |Kar} 4 B = AB* [Kar) = D +- {Kar] — Npi sHeprHH axTHBALHH e,. (6)
Ecan auMmuTHpyloule# gpiafercs mnepeasg CTajusd, T. €. €;°>€;, TO
o6l1as CKOpPOCTh MPOMOPUHOHAJbHA KOHUEHTPAlUHH pearenta A H Ka-
tanusaropa (HoHa H* npu rugpataudn 3ThJeHa) A0 TeX NOpP, NOKa
KOHUEHTPauHa KaTajgH3aTopa MeHblle CTEXHOMETpHYEeCKOH No cra-

aun (a):
) u=dCp /dt = k,Cy Cyar- (VIL.11)

Ecan aumuthHpyer cragua (6), T. e. e;<Ke;, TO o06lag CKOPOCTh
npouecca MNpPONOPUHOHAJbHA KOHUEHTPAUHH AaKTHBHOFO KOMILIEKca
A*[Kar] u pearenta B, T. e.

U= ch /dr = kzc.h"[l(&n] CB ' (VII .12y

rie ke — KOHcTauTa ckopocTH cTaauu (6). Beamunna Cax (kaj oOmpe-
JdejfeTcsi KOHCTAHTOH paBHOBecHs oOpaTuMOil cTazuu (a), T. e.

K == CA'[K:«]TI;CA C}ta']‘: (\'l[.IS}
H, cJejaoBaTeJIbHO,
1 =dCp [dt = kgKC, Cy Cyyr- (V11.14)
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OaHako nepsblil NOPAAOK N0 KOHUEHTPAaUHH KaTaauszatopa Cnar coxpa-
HAeTca JHWbL 10 crexHoMerpHd no crtaanu (a). [lpu yeennuenyn
H30bLITKAa KaTalH3aTopa MNoOKa3aTenb creneHH NpH Ciar CTPEMHTCH K
HYJII0.

Binsanne TeMnepaTyphl, NaBJCHHA H MepeMelUHBaHHA Ha CKOPOCTh
TOMOreHHO-KaTaJMHTHYECKHX PeaKlUHi aHaJoOrHYHO OGIHM KHHETHue-
CKHM 32KOHOMEPHOCTAM TOMOreHHbX npoueccoB. OCHOBHbIM HeaoCTaT-
KOM FOMOUEHHOFO KaTaJH3a fB/AAeTCH TPYAHOCTh BbIAENEHHS KaTaJH-
3aTopa H3 KOHEYHOH NPOAYKUHOHHOH cMecH (MHAKOCTH HJIH rasa), »
pesysabTaTe 4ero 4acTh KaTaJau3aTopa TepaeTcs 0e3BO3BpPATHO, a Mpo-
" AYKT 3arpasHserca uM. [Ipu reTeporeHHOM KaTanu3e rasoBasg H.1H
KHIKas peakilHOHHAasi cMechb Jerko OTAeJSeTCH OT TBEPHOro KaraJsi-
3atopa.

Il'eTeporeHHb# KaTaJ/JdH3 [O3TOMY MNOpPHMEHSETCH B MOpO-
MBIILIJIEHHOCTH B 3HAYHTEJNbHO BOJLIIHX macliTabax, yeM TOMOTEHHbIM,
[lo ¢asoBomy nNpH3HAKY H3BECTHBI Pa3JHUHbIE BHAB TeTEPOTEHHOrO
KaTaJjH3a; HCNOJAb3YIOTCA HAKHE KaTasH3aTOphl, YCKOPAIOUIHe peak-
UHH MeXK/y HecMeuIHBAIOWHMHCA MKHIKOCTAMH HIH KHIKOCTAMH H
rasamu, H TBepable KaTaJH3aTOPH, YCKOpAIOUlHe peakumn MeX1y
JKHAKOCTSIMH HJAH ra3o06pa3HbiMH peareHTamH. DosblUIHHCTBO KaTani-
THUECKHX peaKUHH — 3TO peaKUHH MeXAy ra3oo0pasHbIMH peareHTami
€ y4acTHEM TBEPABIX KaTaJH3aTOPOB.

Ilpu reTeporeHHOM KaTaJ/iH3e, TaK K€ KaK H NPH FOMOTeHHOM, pe-
aKilis ycKopseTcss B pe3y/bTaTe OTKPHITHSI HOBOrO PeaKuUHOHHOTO ny-
TH, TpeOYIOUIEro MeHblliell 3HePrHH aKTHBaUWK FI3MeHeHHe peaKIHOH-
HOro OyTH OPOHCXOIHT 6sarofaps NPOMeEXKYTOUHOMY XHMHYECKOMY
B3aHMOAEHCTBHIO pearHpPYIOIHX BellecTB ¢ KaTaauszatopoM. [lpu re-
TEPOreHHOM KaTasH3e OPOMEXYTOUHble COeAHHEHHS BO3HHKAWT Ha
MOBEPXHOCTH KaTaJH3aTopa, He o0pa3yloT OTAeNbHHX ($a3 H He 006-
HaPyXHBAIOTCA XHMHYeCKAM aHanau3oM. CBOMCTBA 3THX NOBEPXHOCT-
HHX COEMHEHHI OTJIHYAIOTCH OT aHAJMOrHUHBIX oObeMHHIX. Tak, 3mep-
FHf CBA3M B KATAJHTHYECKHX MOBEPXHOCTHBIX COENHHEHHSAX MEHbIIE,
yem B OOBEMHBIX MOJEKYNaX, 4TO OOGYC/IOBJAHBAET HENPOYHOCTH 3THX
coefHHeHHH, BO3MOMXHB MOJEKy.ApHbie, aTOMHble H HOHHbIE MOBepX-
HOCTHLIE COEAHHEHHH C Pa3JHYHBIMH THNamH cBA3H. Jlas uemsbIx
peakiusii KaTasIH3 HMCeT reTepOr¢HHO-rOMOreHHbH Xapaxrep, T. e. Ha
NOBepXHOCTH KaTasaH3aToPa BO3HHKAeT PaaHKasl (reTepOreHHHLIH aKT),
KOTOPHH H BO36GYXK1aeT IeNHYIO PeaklHlo B o6beme raza HJIH XKHIKO-
C¢TH (roMOreHHbI aKT).

[TpH OKHCIHTENbHO-BOCCTAHOBHTEJILHOM (3/IEKTPOHHOM) KaTaJsH3e
KaTagHu3aTopaMH c/ayaT OPOBOMHHKH 3JIEKTPHUECKOTO TOKa — MeTall-
JIBl U NOJYNPOBOAHHKH (ryiaBHBIM 06pa3oM OKCHabl MeTanasaos). OnwT-
Hble AaHHBE MOKA3BIBAIOT, YTO HaWBOMbLIEH KATaJHTHYECKOH aKTHB-
HOCTBIO H pa3HooGpasveM KaTaJHTHYECKOro AelcTBHA  ob.aaiaiot
MeTaansl G60OabIIHX nepnoaoB cHeteMbl 3nemenToB JI. M. Menneneesa.
2to B ocHosHom meTaqtw 1, VI, VII u VIII rpynn: wmens, cepetpo,
xpom, moaubaeH, sBonbdpam, ypaH, xeneso, KOGaIbT, HHKeNb, MIATH-
Ha, nannaauil u Ap. Bce 3TH merannbl ABAAIOTCA NepPeXOAHBIMH 3Je-
MeHTaMH ¢ He3aBepllieHHOH d-000/0UKOH H 06J1aAaloT PA10M CBOHCTB,

224



CIOCOOCTBYIOIIHX KATAJHTHYECKONH AKTHBHOCTH: MEPEMEHHON CTENeHblo
OKHCJIEHHSI, CKJOHHOCTBIO K KOMIJIEKCOOOPAa30BAHWIO, CPABHHTENLHO
HeBBICOKOI PaboToil BhIXOAa siaekTpona u 1. n. OcobeHHO BeaMKa Ka-
TAJHTHUYECKAS AKTHBHOCTb METAJJOB, ¥ KOTOPHIX cymMa d- H S-3JeK-
TPOHOB BhILIE, YeM YHCJO 3JIeKTPOHOB, YYaCTBYIOIUHX B MeTaJJIHUECKOH
CBfA3H, TaK KakK HaJH4YHe HEeCMapeHHbLIX 3eKTPOHOB Ha BHEWIHHX d- H
5-0p6HTanAX 0co60 BHINOAHO /715 MOBEPXHOCTHHIX B3aHMOAEHCTBHIL.
B npuGaHXKeHHOM paccMOTpPeHHH KaTaJH3 Ha METa/1aX OCHOBAaH Ha
AKTHBHPOBAHHOH aacopGUMH (XeMOCOPGUHH) peareHTOB MMOBEPXHOCTHIO
KAaTaan3aToOpa, KOTOpas COMpPOBOXKAETCH AKLENTOPHO-IOHOPHBLIMH
nepexolaMH 3JeKTPOHOB B d-000JOUKY wMmeTaaga W B OOpPaTHOM Ha-
NpaBJeHHH B 3aBHCHMOCTH OT THNa peakuuil. OgHako 3THMH Tepexo-
JaMy He HCYepNbIBACTCH BCA CYLIHOCTh KAaTaJUTHYECKOTO aKTa.

DJIEKTPOHHAA CTPYKTYPa OKCHAHBIX KaTaJH3aTOPOB — MOJYNPOBOJ-
HHKOB OTJIHYAeTCs OT CTPYKTYPHI METaJJIOB HAJHUHEM 3HEPreTHYECKO-
ro paspbiBa (3anpelueHHol 30Hbl), OTACNSIOWIEr0 HHKHIO BAaJEHTHYIO
30HY, NOJHOCTLKH 3a00JHEHNYH 3JEKTPOHAMH, OT BB])XHCﬁ He3anoJga-
HEHHOH 30HBI HNPOBOAHMOCTH. DHEPreTHUECKHH paspbiB HEBEJHK, H B
NOJyNPOBOAHHKAX MPH Kakoii-1n60 aKTHBAUHH (NOBHILLEHHE TeMile-
paTyphl, H3JYYeHHST) MOPOHCXOIHT MEPeXoj 3IMEKTPOHOB H3 BaJeHTHO!
30HH B 30HY nposoauMocTy. OcBOGOMBILHECH NPH 3TOM NepeXole
SHepreTHUeCKHe YPOBHH B BaJIEHTHOH 30He paccMaTpPHBAIOTCA KAK JHP-
KH B 3HEPreTHUECKOM cHeKkTpe KpucTaaia. CBoGoaHblE 3JEKTPOHH H
IObIPKH C TOYKH 3PeHHA 3JeKTPOHHOH TeOpPHH KaTaJjH3a paccMaTpHBa-
I0TCS KaK CBOGO/HbIE BAJTEHTHOCTH TBEPAOrO KaTalH3aTopa, yyacTBylo-
[iHe B MOBEPXHOCTHOM XHMHYECKOM B3aHMOJCHCTBHH C peardpyloLlx-
MH BewectBaMH. Mosekyabl, ancopOHpPOBaHHblE Ha NOBEPXHOCTH
HOJYNPOBOJHUKA, PAacCMaTPHBAIOTCA KaK HNPHMECH, HAPYILAIOKHE CTPO-
ro MepHOJHYECKOe CTPOEHHe KPHCTAJ/IHUeCKOil pelieTKH, HO COCTaB-
JsI0lLlHe ¢ Hel eIHHYIO CHCTeMy, TaK KakK BOJHOBble PYHKIHH pPelieTKH
H MOJEeKVJ, CHAAIWMHX HA ee MOBEPXHOCTH, MePEKPbIBAIOTCH.

IMpu agcop6buHH MOJeKysJ BO3MOXKHA: a) caabasa CBA3b, OCYLLECT-
Basgemas 6e3 yyacTHA 3JEKTPOHOB H AbIPOK, NPH KOTOPOH aacop6Hpo-
BaHHaf MOJIEKY/Ja OCTAEeTCa HEHTPaJbHOH, HO TOJBKO AedOpmMHpyeTcs
ee 3JeKTPOHHAsA 000/104Ka M 6) NpouyHas CBA3b C YUAaCTHEM 3JEKTPO-
HOB MJH [IBIPOK KaTaauzatopa. (DHepruss npouHoii CBA3H AOCTHraeT
1 3B, toraa kak npu cirabolt ¢H3nyeckoll axcopOUUH OHA COCTABJAGET
0,01—0,! sB.) Ilpu 3axBaTe cBOGOMHOrO 3JEKTpOHA peleTKH COPGH-
poBaHHOIl uyacTHIlel BO3HHKAaeT aKUENTOpHAs CBA3b, NPH KOTOPOH 3Ta
yacTHLA 3apaxKaeTcd OTPHIATENbHO, a TMPH 3axBaTe ABIPKH H OTaaue
3JIEKTPOHA — JOHOPHAA CBA3b, NPH KOTOPOH aacopOHPOBAHHAA YaCTH-
ua opHoOperaeT noJOXKHTedbHBI 3apaa. CopOHpOBaHHbHIE YaCTHLbI
NpH pasJHYHBIX GopMax cOpOUHH 06J1aJal0T PA3JHYHON pPeakIHOHHOM
cnoco6HocTHIO. KosHuecTBO MoJieKyJ, Y4acTBYIOUWIHX B COOTBETCTBYIO-
wei ¢opme coOpGUMH, oOmnpeneaseTcA NOJOXKeHHEM ypoBHA Pepmu
(ypOBHZ XHMHYECKOTO NOTEHIIHAJa 3JeKTPOHA) Ha MOBEpPXHOCTH, OT
KOTOpOro 3aBHCHT PaBoTa BHIXOIA 3JEKTPOHA.

CorsiacHO pajHMKajJbHOMY MeXaHH3My o6pasywlomagcd MpH XeMo-
cop6uuH npovYHas CBA3b MOJEKyJa — pelleTka chnocoGCTBYeT JHCCO-
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UHAUHH Peardpylomux MOJeKyJ Ha pagukanab. CBo6oaHble paaHKabI,
MHFPHPYS MO MOBEPXHOCTH KATaju3aTopa, o6pasyioT HeHTpalbHble MO-
JIeKYJIB MPOAYKTa, KOTOPHE necopOupyloTcs. AKTHBHOCTb MOJYNpOBO.1-
HHKOBOI'O KaTa/JW3aTopa TeM Bblllie, yeM (OJblie AKTHBHBIX UEHTPOB
XemMocOpOUHH — CBOBOAHBIX 3JEKTPOHOB H AbIPOK — 6JyXKAa10T 10 €ro
MOBEPXHOCTH.

K KHCJIOTHO-OCHOBHOMY (HOHHOMY) KaTaJH3y OTHOCATCH peakluHH
THApPaTauUHH, AETHAPATAUHH, AMHHHPOBAHHA, H3OMEPH3aUHH, ANKHJIH-
poBaHHa H T. N. (cm. Taba. 8). KaTanuzatopaMu and 3THX peaxuui
CNYKAaT TBEPJAble KHCJOTHI HJIH OCHOBaHHA, 00JajalomHe Julllb HOHHOH
npoBOAHUMOCTbIO. K KHCIOTHBIM KaTaau3aTopam OTHOCATCA MaJoJeTy-
gyue kucnoTht (H3PO4, HeSO,), wanecennble Ha nopucTHe HOCHTENH,
Kucanle conn (Gocdars, cynbdartsl), a TakxKe TBepjabie HEOPraHH4e-
CKHE BeniecTBa, CnocoOHbie MNepesaBalb aAHHOHH  (AJIOMOCHIHKATHI,
YaCTHYHO THApaTHpoBaHrbie okcuawsl Al, Si, W, ranorennant meran-
joB). K OCHOBHHM KaTaiu3aTopaM OTHOCATCA THAPOKCHIbW H OKCHAbI
UIeNOYHBIX H LIEJOYHO3EMENLHbIX METaJIJIOB Ha HOCHTeNdAX H 6e3 HHX,
H(eNIOYHble HJH UIeJOYHO3eMeNbHble COJH cJaabbx KHCAOT (Kap6oua-
TH H T. IL.).

MexaHn3M HOHHOrO reTepoOreHHOro KaTajaH3a aHaJOTHYCH roMo-
TeHHOMY KHCJOTHO-OCHOBHOMY, T. €. CBOJAMTCA K OOMEHY HPOTOHAMH
H.IM HOHAMH (KAaTHOHAMH H aHHOHAMH) MeX]y KaTaJH3aTopoM H pea-
FHPYIOUMMH MoOMeKyaaMy. VoHHBIH reTeporensblii KaTaju3 Xxapakte-
PCH Ana peakuuli OpraHWyecKodl XHMHH, HANpHMep aAfAd O6PaTHMBIX
IpOLeCCOB MepeMelieHHsd BOAOpPOoJa B KAapOOHWILHBIX COEIHHEHHAX C
o6pazoBaHUeM THIPOKCHIA

\CH—-C£0 -+ HA = >CH—C{~0H+ -+ A-::':\/\C = C{-OH + HA

rae HA — kucnora,

Baxuyio posnb Ans Katanmsa WrpalOT  aKTHBHBIE UGHTpH, T. e.
YY4aCTKH MOBEPXHOCTH, 0fJajfalomye MNOBHIUIEHHOH AaKTHBHOCThIO. 3JTO
reoMeTPHYECKHEe HEOJIHOPOJHOCTH MOBEPXHOCTH: MHKH, yrabl, pefpa
KPHUCTAJNJIO0B, HJH MHKPOCTPYKTYpPHBe AedeKTn NoBepXHOCTH. AKTHB-
Hble UEHTPbl MOMXHO paccMaTPHBAThL KaK CPynnbl aTOMOB, HaHMeHee
CBfI3aHHBIX C MOBEPXHOCTbIO H HAXOAALIHXCHA B HaHOosee Gaaronpusr-
HBIX YCJOBHAIX ANMA 3JEKTPOHHOTO WJIH MPOTOHHOrO OOMEHa BBHIY
HAJHYHS HEHACHIIEHHBIX BAJEHTHBIX CBfA3€H y 3THX aTOMOB,

Ancop6una peareHToB NPOHCXOIHT, B MEPBYIO Ouepeb, HA AKTHB-
HbIX UEHTPaX.'CKOPOCThL reTepOreHHO-KaTaJHTHYECKOH peaklHH 3aBu-
CHT He TOJbKG OT KOHUEHTPAUHH KOMMOHEHTOB B ras3opo#l dase, HO H
OT HX aacOPOIHOHHOrO paBHOBECHS HA MOBEPXHOCTH KaTa.ju3aTopa.
ITockOMbKY NPOAYKTHl PCAKUHMH 3aHHMAIOT YaCTh AKTHBHBIX LEHTPOB,
TO OHH TOPMO34T pPeakilulo.

Ina MomenbHOH peakiuu

mA - nB = pD
CKOpPOCTL Bbipaxaerca Qopmynoi
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dC Glel cé
U=t — ity = — = b, ACGHB —k, calzw, ) (VIL.15)
D A 8
rae, Kak npapujo, a<m, b<n, d<lp, d,<d, a,<a, b;<b.

Teepable KaTanuszaTopbl TOTOBAT H NPHMEHSIOT, KaK NPaBHJIO, B
BHAe HeGONbIIHX NOPHCTHIX 3epeH, TabuaeTok, rpauyn Ilpu stow
BHYTPEHHSA [OBEPXHOCTb CTEHOK MOpP MOXET B COTHH H THICAYH pa3s
NPeBOCXOAHTb BHELIHIOW MOBEPXHOCTL 3€pHa.

KartanuTnuyeckas aKTHBHOCTb TBEPABIX MNOPHCTHIX Ka-
Tajli3aTOPOB OMNpejeasieTcsl KaK HX XMMHYECKHM COCTaBOM, TaK H Io-
pHCTO# CTPYKTYypo#l, npH KOTOpoHl MNOAPa3yMeBalOT COBOKYNHOCTb
¢opMul 3epen, o6beMa H pa3Mepa mop H BHyTpeHHell NOBEPXHOCTH
3epHa. AKTHBHOCTL KaTanu3aropa npONOPIHOHANbHA MOBEPXHOCTH,
JAOCTYOHOH A5 peareHTOB, HO B TOHKONMOPHCTHIX KaTalH3aTopax BHYT-
peHHsa NOBEPXHOCThL MOXKET GbiTh MCNOJIL30BAHA [13J€KO He MOJHOCTbIO
H3-32 AHPPY3HOHHBIX TOPMOKEHHIL.

[Tpouecc Katanusza Ha TBepAHX MOPHCTHIX KAaTaJH3aTOPaX CKJadbl-
BAETCH K3 CJAEAYIOUHX 3JeMeHTapHbIX cTajuii: 1) auddysun pearupy-
IOIIHX BEIIECTB H3 fApa NMOTOKA K MOBEPXHOCTH 3€peH KaTaaH3aTopa;
2) audoysun peareHTOB B Nopax 3epHa KaTaju3aropa; 3) akTHUBHPO-
BaHHOW ajcop6uud (XemocopOuUHsA) HA MOBEPXHOCTH KaTalH3aTopa C
06pa3soBaHHEM MNOBEPXHOCTHHX XHMHYECKHX COeJHHEHHH — aKTHBHPO-
BaHHbBIX KOMIJIEKCOB; pe€areHThl — KaTaJau3aTtop; 4) mneperpynunHpoBKH
aToMOB ¢ 0oGpa3oBaHHeM MNOBEPXHOCTHBIX KOMIIEKCOB: MPOAYKT — Ka-
Tanusatop; O) Aecop6UHH NPOAYKTa ¢ moBepxHocTH; 6) auddysun
NpPOAYKTa B MoOpax 3epHa KaraJjadsartopa; 7) Anddy3nn npoaykra ol
MOBEPXHOCTH 3epHa KAaTalH3aTopa B SAPO MOTOKA.

OG6ias CKopoCTh FeTEPOreHHOro KaTaJHTHYECKOro Mpolecca ompe-
JAeJAeTCH OTHOCHTENbHBIMH CKOPOCTAMH OTAENbHBIX CTAAHH H MOXKET
JUMHTHPOBaThCA HanboJee meanenHoH u3 Hux. MHorpa nanGonee mea-
JeHHofl CTagued OKa3bIBaeTCs OJAHO M3 XHMHUYECKHX B3aHMojeficTBHil
Ha NOBEPXHOCTH KaTajH3aTopa, a HHOraa An(JQy3vOHHBE OPOUECCH.

B 3aBucuMoCTH OT ompeaensioiieil CTaAHH Pa3nvyaloT KaTalAHTH-
yeCKHe MPOIECChl, MPOUCXOAAIHE B KHHEeTHYCCKOH, BHeulHe-
AHGbY3IHOHHONR H BHYTpHAHPDPY3HOHHOH obmacTax,

B kunerndeckoli 06/acTH KOHCTAHTa CKOPOCTH Mpollecca He 3aBH-
CHT OT KO3 dHuHenTOB aHGGY3HH. KHHETHUECKOEe ypaBHEHHE AOJKHO
YUHTHIBATh BJHAHHE OCHOBHBIX TEXHOJOTHYECKUX NapaMeTpOB Ha CKO-
pOCTb KaTanuTHyeckoro npoiecca. Jlas rasoo6pasubix peareHTOB

u=kye E/RTpppr g, (VI1.16)

B ypasnennu (VIIL.16) Ap — aBmxKylias cuia mpouecca, BHIPaXKeHHas
B NapluHaJbHbIX gaBjeHHAX pearentos npu P==0,1 MIla (1 at); P—
ﬁespasmepuoe JLaBJEHHE, T. €. OTHOIUIeHHe paﬁoqero JaBJEeHHA K HOp-
manbHOoMy aTtMocdepHOMY; n— oOIHA NOPALOK peakuHd; Bo — KO3D-
(bHnMenT nepecdyeTa K HOpMaJbHBIM JaBJeHHIO H Temnepartype. B ku-
HeTHYeCKOH 06aacTH NpOTeKaloT, KaK MPaBHJ0, npollecch Ha MaJloak-
THBHBIX KaTaJau3aTopax ¢ mMaJbiMH pasMepaMu 3¢peH H KPYOHbIMH MO-
pamMu npH TypOyJeHTHOM peXHMe MOTOKAa peareHTOB H MNPH CpPaBHH-
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TEJbHO HHU3KHX TeMMlepaTypax. YBeJqHUEHHE CKOPOCTH KaTaJHTHUCCKHX
npolleccoB B KUHETHYECKOH 0B1acTH JOCTHraeTcss Npekje BCero MNoBbI-
meHHem temmepaTypsl. OOfuiag cKOpPOCTh Tpoiecca B KUHETHUECKOH
06J1aCTH ompejesifieTcs cOOTHOIeHWeM ckopoceTell 3—b5-it craauil Kata-
JH3a — ajcoplIuH HCXOAHBIX BeLLeCTB, MePerpynnupoBKH aToMOB H
gecopbuMH OPOAYKTa; NPH 3TOM MOPAAOK PEaKUMH MOYTH BCerna MeHb-
e ee MOJEKYJIAPHOCTH, COOTBCTCTBYIOUIEH XHMHUECKOMY YpaBHEHHIO.
Bo Buemuneanddysuonnofi o6nactu (Iumurupyer l-a
HJH 7-7 cTajHA KaTaJju3a) CKOpPOCTL mpouecca onpegeagerca kosdhu-
uMentaMu aHPOHYIUH peareHTOB H OPOAYKTOB peakuuu. [lo 3akony
®duka npu nocToAHCTBE ycaoBui aupysHu
dag dC

= = D5 — VIIL. 17
dv, > 4z ( )

rie G — KOJHYECTBO BeUIECTBA, NePEeHeCeHHOe 32 BpeMsA T B HampasJe-
HHH 2, NepOeHJHKYJAAPHOM K MOBEPXHOCTH 3€PHA KaTaju3aTopa npu
konuentpauuu C 1HOOYHAHPYIOMEro KOMIOHEHTa B AApe MOTOKA pea-
reHToB; S — CBOGOAHAS TMOBEPXHOCTL 3¢peH (TpaHyJ, MPOBOJOK) KaTa-
nusatopa; D, — sddekTusunii kosdbduunedt aud@ysuu, KOTOpHI AB-
afAeTca pe3yJabTaToM MOJeKyJaapHoH H TypOyJenTHoil puddysun u
onpenesnfeTcs OOBIYHO ONBITHBIM nyTeM. Bo BHemneauddysHoHnol o6-
JJacTH MNPOUCXOAAT MPONEcCH Ha BbLICOKOAKTHBHBIX KaTaJH3aTopax,
ofecneyHBalOUMX GOJBUIYIO CKOPOCTh XHMHUECKHX peakuuii {cm., Ha-
npumep, 4. II, pasgen «Oxkucnenve ammuaka»). Ilaa yckopenua upo-
ueccos BO BHelHenHdDY3HOHHOH 00JacTH OPHMEHAIOT BHICOKHE Ju-
HefiHble CKOPOCTH TMOTOKa pPeareHroB, T.€. cO037al0T TypOyiaH3auuio
NOTOKA.

Bo suyrtpuanddysvonnoil obaacTH obmas CKOpoCTh
KaTaJHTHYECKOrO MPOUECca JHMHTHPYeTCH CKOPOCThLIO aHddy3HH pea-
reHToB (OPOAYKTOB peakudH) B TMopax 3epeH kartanausatopa. Bpewms,
HeobxogHMmoe nisa gHPGY3HH razoo0pa3Horo KOMNOHEHTAa B HOPH Ka-
Taju3aToOpa Ha FAYGHHY [, MOXKHO onpenenuTs N0 (opmyse Jinuirefi-

Ha:
= [2/2D,. (VIL.18)

Benuuuny D, onpenendloT B 3aBHCHMOCTH OT COOTHOIUEHHA Pa3MepoOB
nop U AJuHB cBOGOAHOrO mpobera MOJEKYJI A. ITpu A<2r, onpenens-

T D, kak koadbduuuent Mmonekyaapuoit nuddysun D,=D, a opu
A>2r, onpeaeantor Dy= D, no popmyne Knyacena:

2 8RT
Dn:_'_ral M

3 , (VIL.19)

ra2 r— 3KBHBAJEHTHBIH paauyc nop; M -— MoaspHasa Mmacca KOMOO-
HEHTa.

Buyrpuauddysvonnaas obnacTe XapakTepHa AJ8 MOpOBEICHHA Ka-
Taau3a B ¢uIbTpylOmEemM (cTayHoHapHOM) cJoe KaTaJauzatopa. Kara-
JIMTHYECKHEe [pouecchl BO BHYTPHAM(DGDY3HOHHOH OBJACTH MOXKHO yC-
KOPHTbL MpeXjae BCEro yMEeHbUIeHHeM pa3Mepa 3epeH KaTaJju3atopa H
yBeanuenuem paavyca nop. OjgHako npu yBeJIHYEHHH pa3MepoB mop
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YMeHbLIaeTcss HX KOJHYECTBO H, COOTBETCTBEHHO, BHYTPEHHAS TOBEPX-
HocTb. Cu/le0BaTeIbHO, HA10 HAXOMHTH ONTHMAJbBHYIO CTPYKTYPY, NpPH
KOTOPOH MOpbI 10CTAaTOYHO UIHPOKH A NMOJHOFO HCMOJAb30BAaHHA BHYT-
peHHell MOBEPXHOCTH MpPH BhIGpanHOM pa3smepe 3epen. [loBbimenue
KOHUEHTpauuid pearnpyomux seutects C,, C; uau nasnenns P ycko-
paetr kak aHGOy3HOHHEIE, TaK H KHHeTHYecKHe CTajJMH KAaTaJH3a.
C u3MeHeHHEeM COCTaBa PEAKUHOHHOH CMECH MOTYT H3MEHAThCS TaKWKe
COCTaB H HHTEHCHBIIOCTb PaBOThl KaTaJaH3aTopa.

IIpu naaHyud KaTanH3aTopa ONPE/e/]EHHOrO COCTaBa H CTPYKTYPH
HanboJbliee MPAKTHYECKOE 3HAYEeHHe HMeeT TeMnepaTypHBIH peXum
KaTaJHTHYECKHX TipoueccoB. as mpoleccoR, HAYWHX B KHHETHYecKOH
o0JiacTH, NOBbILIEHHe TeMNepaTypsl Bceria YBEJHYHBAET CKOPOCTh
NpHOJHXKEHHS Tpoecca K COCTOSHHIO paBHoBecHd. B pesynbrare aro-
rO 3aKOHOMEPHOCTH H3MEHEHHS CYMMapHOil CKOPOCTH peakiuuu (pei-
CTBHTEJLHOTO BLIXOAA TMPOAYKTA Xq¢) AJNA IK30TEPMHUYECKHX H IHIOTEp-
MHUECKHX PCaKuHH COBEPIIEHHO Pa3JHYHBDL

Brixog npoiykTa 3HIOTEpPMHUYECKOH peakKuUHH HeNpephiB-
HO YBENHYHBAETCH C MOBHILIEHHEM TeMmnepatypbl. THOHUHBIM NpHMe-
POM 3110TEPMHUECKON peaKUHH MOXKEeT CJYXKHThL B3aHMmojellcTBHe Mme-
TaHa ¢ BOASHBIM MapoM HA HHKeJIeBOM KaTajJH3aTope:

CHy + H,0 = CO - 3H, — Q

3aBHCHMOCTb CTENEHH MpeBpallleHHs MeTaHa X OT TeMMNepaTtyphl H
KOHUEHTPAuHH peareHTOB mpHBezeHa Ha puc. 97. Crenenb npespauie-
HHSA, T. €. BIXod Bogopona v CO, pacTer c nopbllleHHeM TeMOepaTyphl.
ITpu ctexuomeTpHyeckoM pacxoje BOAAHOrO napa (kpusas [) mnpax-
THUYECKH MOJIHOE MpPCBpallleHHe MeTaHa MoXKeT ObTb JOCTHIHYTO B cO-
CTOSIHHH paBHOBECH: Jnlib NpH Temmepatypax Buitie 900°C. Yeenu-
YyeHHe KOHUEHTPalHH BOAMHOrO mapa Mo3BoJAeT CABHHYTL paBHOBecHC
peakuiH BhpaBo mpH (oJee HU3KHX TeMmmepatypax (xpusbie 2 H 3).
AHanOrHyHO YBeJHYEeHHIO KOHUEHTPAuHH JeHCcTBYeT H TNOBbILIEHHE
napaenusa. HeficrBHTenbHBlT BBIXOA MPOAYKTAa X B 3HAOTEPMHYECKUX
npoueccax M3MeHsercss nogobHo pasHoBecHomy. [IpH npouHx paBHBIX
yCAOBHAX OH 3HAUHTEJLHO HHXeE PaBHOBECHOrO MPH HH3KHX Temmepa-
Typax H cOJHXKaeTcis ¢ paBHOBECHBIM NPH BLICOKHX TeMmnepaTypax
(xpusan 1).

Ina gocTHxenns HaHGOJBIIAX CKOPOCTH Mpouecca H CTeNeHu mnpe-
BPAILEHHA B SHIOTEPMHUYECKOM Mpouecce CJAeIyeT MaKcHMaJbHO MOBbI-
aTh TEMnepatypy. DTH 3aKOHOMEPHOCTH XapaKTepHbl 1A KOHBEpCHH
yIJeBOJOPOAOB C BOASIHbIM MAapoM, AETHADHPOBAHHA YIJIEBOJOPO/OB,
JerHapartauHi " Ap.

Oag o6paTuMbBIX 9K30TEpPMHUYEeCKHX peakWLHI ¢ no-
BblIIEHHEM TEMMEepaTyphl PaBHOBecHbIHl BbIXO1 MPOAYKTa HEMpepPhIBHO
yMeHblIaeTca, a JelCTBHTeNbHbIH BBIXOJ YBEJHUHBAETCA MPH HH3KHX
TEeMnepaTtypax H yMmeHbliaeTcd mpH BBICOKHX, MPOXOAs YEpPe3 MaKCcH-
MyM MpH ONTHMaJAbHOI TemmepaType (puc. 98). AGconoTHoe 3HaueHHe
MAKCHMAaJABHOrO BHIXOJa H COOTBETCTBYIOIlEe eMY 3HaUeHHEe ONTHMAafAb-
Holl TemTepaTyphl U3MEHAIOTCA B 3aBHCHMOCTH OT aKTHBHOCTH KaTaJH33~
TOpa, KOHUEHTPAUWW peardpylollHX BelIeCcTB M APYTHX YCJOBHH Npo-
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uecca, HO ONTHMAaJbHAasg TeMIepaTypa Bcerja NOHHXKaeTcd ¢ yBeJHUe-
HHeM cTeneHH npesBpamenus. Ha puc. 98 nokasana 3aBHCHMOCTb Bbi-
X0la NpoAyKTa OT TeMmepaTypbl NpH Pa3HOM BPeMEHH CONPHKOCHOBE-
HHA pearupyloIlHX BeulecTB ¢ KaTaJH3aTOpoM T AJA KaTaJH3aTopa,
o6sajalomero onpeaeseHHoll TemnepaTypoil 3axurauus Ts, npH mpo-
UHX MOCTOSIHHBIX YCJOBHAX TeXHOJOFHYeCKOro pexHma. PasnoBecublii

101
= 09
= 081
Soor
SR
< 041
S 03F
E‘ﬁ?-
RR/A .

L | L L
400 500 600 700 600 S00 X
Temnepamypa, °C T T
Puc. 97. 3aBHCHMOCTb CTENeHH Puec. 98. 3aBucumocth BEIXOAa Npo-
KOHBEPCHH MeTaHa oOT TeMnepa- AYKT4 X 3K30TepPMHYCCKOH peakilHu
TYpbel OpPH pasiMyHOM CcOCTaBe OT TeMmMepPaTypbl MNpH pasJiu4HOM
HCXOAHOro rasa (snjgoTepMuue- BpeMeHH KOHTAKTHpPOBAHHA Ha AaH-
cku#i npouecc): HOM KaTaJH3aTope: Ti1>Te>Ti>Ty>
I—CH,: H:O=1:1; 2—CH,: H:0= >15 (P, Ci, Cy=const)
=1:2, 3~ CHy: H;0=1:3 I'—
CH,: HO=1:1; I, 2 3— paBioBec-
HBIl  BHXOL; 1" — peficTBHTENLHBI
BLIXNOA

BLIXOJl Xp H3MCHSleTCH 0O paBHOBecHOH KpuBOH. [leficTBHTENbHBIE BhI-
X0dbl X H3MeHAIOTCcd M8 KaxKI0ro BpeMeHH KOHTakKTa: T|>T:>T3>
>14>T5 00 COOTBETCTBYIOIHM KpHBHiM. COeIHHHB MaKcHMaJbHHE
BLIXO/Ibl, MOXKHO NOJNYYHTh ONTHMAJbLHYIO KPHBYIO, MOKa3bBAIONULYIO,
YTO ¢ YBeJHYEHHEM T H X CJeIyeT MOHHMKAThb TeMnepaTypy AJd J10CTH-
JKeHHsT MaKCHMaJbHOH CKOPOCTH mpoiecca H CTeNeHH NpeBpaineHus.

Ha pue. 99 nokasana 3asucamMocTb X OT T NPH MOCTOAHHOM T A4
KaTaJH3aTOPOB pasHoll akTuBHOCcTH: A;>A;>A;> Ay, obaajgaromux
COOTBETCTBEHHO pa3Hoii TemnepaTypoil saxuranud. [loswienne xkou-
UEHTPALHH PeareHTOB H NaBJEHHS H3MEHAIOT HE TOJBKO AeflCTBHTENb-
HHI{I, HO H paBHOBECHBIH BBIXOJ, a TAaKKe TEMIEpaTypy 3axKHraHus.

DTH 3aKOHOMEPHOCTH CNPABEJHBH AJS BCEX NPOCThIX 06paTHMBIX
3K30TepMHUECKIX Fa30oBbIX peakuHil, B HaCTHOCTH /s [POMbILIJIEH-
HbIX KATAJUTHUYECKHX MPOUECCOB: THAPHPOBAHHA, OKHCJEHHS, THapa-
tauud H ap. Kpussie puc. 98 u 99 THnHuHbl Aa% peakuuil cHHTe3a
amMHaKa, KaTanuTHyeckoro okuciaeHnss SOj, KOHBEDCHH OKcHia yrie-
poaa, OKHCJeHHsl 3THJeHa B OKCHJ 3THJEHa, CHHTe3a YIJeBOJOPO10B
ruapupoBaiem CO U MHOFHX APYrHX NPOILIECCOB.

CnoxKHBIM MOXET GbITh BJHSHHE TeMIePaTypbl Ha KaTaJHTHUECKHE
npolecchi, B KOTOPHIX MOBbIIIEHHE TeMNepaTyps A0 HEKOTOPOro mpe-
J1efa BbI3bIBAET MPOTEKaHHe BPEHBIX NOGOYHBIX peakuuil, Haupumep
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J114a cHHTe3a MEeTaHoJa u 3Tanoda, OKHCJACHHA amMMHaKa H T.IL. ﬂpn
3TOM HEOOXO0AMMO aHaJaH3upoBaTh BJAHAHHE TEMNOEpPaTtypbl Ha Kamxayl
peakuHi B OTAeNbHOCTH.

BpeMss KOHTAKTHPOBaHU A (COMPHKOCHOBEHUA) pEArHPYIO-
IIMX BellecTB C KaraJgH3aTopOM— BaxKHafd TCeXHOTOrH4YecKasl Xapaxte-
pHCTHERA KartaJaHuTH4eCKoro npouecca, KOTopas IMO3BOJAET NPOH3IBOAHTE

X
£ 4
4?
A3adan
Ay A
T AJ
X
4
\ T~ 7
— - T
T’: TJZ -{?_y Eg T T; Ty Ty

Puc. 99. 3aBucHMmocTh BHXOLA NpPO-
OYKTa X 3K30TepMHYecKofi peakiui

Puc. 100. Bausnpe BpevenHn KOH-
TaKTa T Ha ]'I[)OHSB(]IUITCJ'I{)H()CT!) ar-

0T TeMIepaTvpsl AAs KatalH3arto- napata Gft (npyn A=const) n na
POB pasaHuHOH aKkTuBHOCTH: A,;> BHIXOJl DPOAYKTA X NPH Pasitnunoil
>A;>A5>A, (K, P, C, Ca=const) AKTHBHOCTH  KaTaausaTtopa: A;>

>r‘12>tq_-\ (t, P, C, C2=COH51)

pacueT peakKUHMOHHBIX annaparos. BpeMs KOHTAKTHDOBaHHA ONpeae.ts-

eTCH
T = Ues/Veu, (VI1.20)

rie Uep — CBOOOAHBI 06beM KaTaausatopa, M* Vey—ob6bem pearu-
pyloleil cvecH, npoxoasuieii wepe3 karaausarop, m®/c. Ha npaxtuke
yamule BCCrO MOJb3YIOTCS (UKTHBHBIM BpeMeHeM KOHTAKTHPOBanus:

T = Uar/ Veus (VII.21)

rie Usar — 00BeM Karadusatopa, M3, Buausane BpeMeHH KOHTaKTHPO-
BaHua T (Uau o6beMHON CKOpocTH rasa oOpaTHONH t) OAHOTHONO AJs
MHOTHX KartaluTHUYecKuX peakuui. C yBenuueHHeM BpPEeMEHH KOHTAK-
THPOBAHHSA BHIXOJ NMPOAYKTa MPOCTOH 06paTuMOl KaTaJHTIUYeCKoil pe-
akuuH pacteT (cM. puc. 98), HHTEHCHBHOCTb Ke paboTbl KOHTAKTHOIrO
anmnapara G/t nagaer. XapakTep BO3pacTanus BbIXOAa TPOAYKTa X U
CHMKEHHS TPOM3BOAMTENLHOCTH KaTrajgis3aTopa (CKOpoCTH mpouecca)
G/t ¢ yBenuueHWeM BpEeMEHH KOHTAKTa T BbipaXKaeTcs KPHBLIMH, NPH-
BejlennbiMu Ha puc. 100. Uem aktusHee Karannsatop (A;>As>As),
TeM MeHblle BpeMs KoHTakTa (11<t2<t3), HeobXoauMoe AJA JIOCTH-
JKeHHA 3aJaHHOr0 BHIXOAA MPOAYKTA Xsazan. [LJIA NOCAEAOBATENLHBIX
peakuuil, B YaCcTHOCTH MpH H3BUPaATENLHOM KaTajause, BBIXOL mpoMe-
JKYTOUHOTO MPOIYKTA € TeueHHeM BpPeMeHH NMPOXOAUT Yepe3 MAKCHMYM
(cMm. puc. 5).
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BaskneliluuM napaMe1poM TexHOJOrHYECKOTO peKiiMa, ChelqHuy-
HBIM U1 TeTEPOreHHbLIX KaTaJHTHUECKHX MPOLECCOB, fABJASETCA UYHCTO-
Ta NocTynawuedl B KOHTAKTHbie annaparb peakUHOHHOH CMeCH, OT-
CYTCTBHE B Hel npHumecell Bewiecrs, OTPAaBJISIOMIMX KaTalu3aTop.

OTpaBaenue KaTaam3aTopa—3TO YaCTHIHAA WJAM MO
Has MoTeps aKTHBHOCTH B pe3ynabrare AeHcTBUA HeOOAbLUIOro KOJAHYe-
CTBa BEUIECTB, Ha3biBaeMbiX KOHTAKTHbIMH fAgamu. KoHTakrHble Anw
OOBIYHO MOCTYNAIOT B BHAe NpuMmecefl K HCXOLHBIM peareHtaM (rasawm,
Kuakoctam). [lorepa akTUBHoCTH Tipo-
HCXOAUT BCJACACTBHE YaCTHYHOIO HJH
TIOJIHOrO BBIKJIIOYEHNS aKTHBHOH NOBepX-
HOCTH Karaausartopa. MexaHuam oTpas-
z JeHHa cnenuduued AJAs NaHHOro sija u
KartaiausaTtopa U mHoroo6pasen. OHo Ha-
cTynaer B peayJ/bTrare XHMHUYECKOTO B3a-
UMOJCHCTBHA f1a C Karalu3aTopoM C
4% o6pa3oBaHneM KaTaJHTHUYECKH HEaKTHB-
7  HOrO COeJAHHeHHs, aKTHBHpOBaHHOH ai-
copbund figa Ha AKTHBHLIX LEeHTpax Ka-

K

Puc. 101. MsMenenne hoscTanth

CKOPOCTH peakusH Bo Bpememy: 1aJdH3aropa, KpHCTaldlu3alHu sia HAH
I — npn oGpatnmom oTpasaennn; 2 — €0 [IPOH3BOJAHOrNO Ha NOBEPXHOCTH KaTa-
NPH BOCCTAHOBJAGHHH aKTHBHOCTH, § — ; .

npH HeoGpaTHMOM OTPaBaeHun, AT, — Ju3aTtopa.

nepHon  oTpasieHus; AT, — nepHol OTpaBJIEIIHe MOZKeT OBITH OGDETHMb[M

noccTanomaenus  aktuesoctH (an 8 ¥ HeoOpaTuMbiM. [Tpn o6paTtnmMom orpas-
PEAKUHOMHON  CMeCH OTEYTCTBYET) oy aKTHBHOCTH KATaAH3aTOPA CHHIK a-

eTCsl JHWL BO BpeMs MPHCYTCTBHS sA0B
B nocrynaioiweli cmecu. I[lpn nocrynsennn uyucrofi CMecH coegHHEHHs
fila C Karalu3aTopoMm pasiaralTcs, aacopOHpoOBaHHBIH AL y/AeTyuu-
B4€TC ¥ OTFOHAeTCA BMecTe ¢ NpoAykraMmu peakuwud. Heo6paru-
MO€ OTpaBJeHHe ABIACTCA NOCTOAHHLIM; OTPAaBJCHHLIH KaTaJH-
3aTOp BHITPYXKAIOT H3 anmnapara H 3aMEHSIOT HOBbIMH HJIH JKe pereHepH-
PYWOT 3KCTpakiHeli aga HJAH Karaau3aTopa M3 KOHTaKTHOH Macchl.
XapakrepHsle KpuUBble obpatumoro I u HeobpatHMoro & OTpaBieHuUs
MpH MOCTOSHHON KOHIUEHTPALHH $ifia B HOCTYMAIOIUEN CMECH MpeACTaB-
aenbl Ha puc. 101. Ilpu nmocryniennu uucToll CMECH AKTHUBHOCTL 06-
paTHMO OTPABJEHHOIO KaTaJH3aTOpa BOCCTAHABJAMBACTCs Mo KpHBOI 2.
OTpaBaAeMOCTh KaTaJu3aTopoOB MOXKHO OMPeAeqHTb MO COOTHOLIEHHIO
KOHCTAHT CKOpOCTeH peaKkUHH Ha OTPaBJAEHHOM Ropp H HEH3MEHCHHOM
Kartanausarope k:

a = komplk. (VI1.22)

Heficteue anos cneuudHYHO [Ji9 NaHHOTO KaTaJjaHzaTtopa M CoOi-
BeTCTBYIOlIEHl KaTaautHyeckoit peakunu. Hambonee 4yBCTBHTENAbHBI K
fapaM MeTaldHucCKuMe KaTaJusartopbl, ocobeHuo 6iaropoannie merad-
JIbL. Hﬂ,aM}[ IJa NJaTHHOBOTrO KETBJI}ISEiTD[)a, i.l]PlpOl\'O ﬂpHMCHHeMOI‘O
B Npoleccax OKHCJACHHS, SBJAAIOTCA CEPOBOLOPONL M JApyrHe CepHHCThIe
CoenHeH s, COEAMHEHHs MbillbaKka, QocdopucThlii BOAOPOL, HOHBI
meramnos Pb%+, Cu?t, Sn2+, Fe?* y ap. K agam ans Meramiuueckux
KaTa/lH3aTopoB THIpHpoBanus (Keie3o, kobaabT, HHKe/b, najjaiuf,
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naatuHa) otHocatcesl coeauuenusn: H,S, PHj, NHj, kucaopoa u napu
MeTa10B. OKcuaHble NOJYNPOBOJAHHKOBLIE KATa/JH3aTOphl MeHee UyB-
crBUTEeabHbl K fpaM. Ilas BanajgHesoro karadusaropa Ha ocuose V203
sipaMy OYAyT coenMHeHMR MblUbAKA W cenena. J[las npefoxpaHeuls
KaTa/dHM3aTOPOB OT OTPaBJEHHA PpeakUuoHHAR CMeChb HPeABAPUTENBLHY
OYMILLAETCH OT KOHTAKTHBIX fa0B. [Ipn 3tOoM npHMmeHsIOTCA MeTOML
abcopbuuu sIZOB H3 ra3oBuIX CMeceH H36MpaTeJbHbIMH PACTBOPUTE/INA-
MH, COpOUHN WX TBEPABIMH MOIVIOTHTEAAMH, KOHAEHCAUUN W YJNaBJllBa-
HUS Kanesab B JJEKTPOPHIALTPAX, MeraHUYECKOH ¢(u/AbTpauHn W T. I
Ouuctnas annapartypa 06miuHO Gosiee rpoMoO3gka, UYeM KOHTAKTHHIE
afnnaparhbi, H CAOXHee B dKcnayarauuu. Mabickanve kartanusaropon ¢
MeHbluel OTpaB/iseMOCTbI0 — 3TO OJHa M3 KpyuHefAwHX 3anady TeXHH-
YeCKOro nporpecca.

[Tomumo oTpaBseHus, aKTHBHOCTb KaTaau3aTOpa MOMKET MadaTh,
BO-TIEPBLIX, BCJAeACTBHE YMeHblUeHUS aKTHBHOH MOBePXHOCTH MNpH NO-
BLILIEHHBIX TeMmepaTypax, H3-3a peKpHCTa/l/JM3allid, ClNeKaHus, ons
JIABJIEHHS KPHCTAJI0B; BO-BTOPLIX, NPH MeXaHHYeCKOM 3KpaHHPOBa-
H{YM TMOBEPXHOCTH KaTaJIH3aTOpa NpPUMECsMH, HamnpHMep ThJBIO (B
rase) W/H TBepAbIMHU BeLleCTBaMH, O0Opa3yIOWUMHUCA TPH KaTaluie.
Xapaki1epHbIM NPUMEPOM MOXET CAYKHTL OTJOKEHHEe Ha MOoBepXHOoC-
TH aJOMOCH/MKATHBIX M JAPYTHMX KaTajlH3aTOpPOB YIJEPOLMCThIX COe-
AVHEHWH NpPH NPOBEJEHWH CIOXKHBIX OpraHuuYecKux peakuufi, B yacr-
HOCTH KaTaJHTHYeCKOrOo KpekuHra. BoccranoBiieHwe aKTHBHOCTH Ka-
Ta/ju3aropa (pereHepains) MOCTHUTaeTCs MPOCTHIM BBIXKMIaHWEM yrJe-
POIHCTHIX BELIECTB.

4. CBOMCTBA TBEPJbIX KATAAHU3ATOPOB
H HX H3IOTOBAEHHE

[TpoMmuiuinennsie TBEpAbie KaTaliu3aTopH o6bLIYHO He SIBJAAKTCS HH-
AMBHAYaJbHBIMH Bewecrpamu. OHH npeacraBisiior cobOH, Kak mpasu-
JI0, CJOKHYIO CMeCh, KOTOPas Ha3biBaeTCl KOHTAKTHOMR Macco#.
B xonTakTHOH Macce oanu BewecTBa ABJAAIOTCH COOCTBEHHO KaTasH-
3aTopam¥, a JApyrue ciaymxaT akTusatopamu (Moauduxatopamu) i
HOCHTEJAMH,

AKTHBEITO]:)EIMH, HJH TI]')DMOTOpElMH, Ha3blBalOT BellecT-
Ba, MOBLILAMKUNHEe aKTHBHOCTH OCHOBHOrO Kataniusatopa. Hanpuwmep,
B BaHaJHeBOH KOHTaKTHOH Macce IJfl NMPOH3BOACTBA CEPHOH KHCIOTLI
HEDGXD,&HMHMH aKTHBprIOUlHMH ﬂ,OGaBKaMH K OCHOB[IOM}’ KOMIIO-
HEIIT}?—!’IHTHOKCHR}’ BaHaaHsa CJAYMHAaT OKCHJBl [IeJIOUHbIX METaJ/10B.
AKTHBaLlHH MO¥KET HpOHCXOL[HTb BCAeACTBHE XHMHUECKOr0O B3aUMO-
pefictBus 106aBOK ¢ KaTaJdWTHYECKHM BeLIeCIBOM C 06pasoBaHieM
npoayKkTos, o6/aaloullX NMOBBILEHHON KATaMHTHUECKOH aKTHBHOCTLIO.
Jo6aBku moryt o6pa3oBhIBaTh ¢ KaTa/Ju3aTopoM TBepAble pacTBOPSI
¢ 2JeKTpOHHOH CTPYKTYpoOH, coorBeTcTByouell Godbluefli KaTaJuTHue-
ckoft aKTHBHOCTK., HMHOrga akTMBarop YBeJMUHBAET [OBEPXHOCTbL Ka<
TAJUTHYECKH aKTHBHOI'O BeElleCTBa HJH [HoBbillaeT Te]’)MOCTOFIKOC‘Ib
KaTaau3aTtopa, a WHOTAA CJAYXKHT 3aLIMTOH OCHOBHOrO KaTaJH3aTtona
OT Je#CTBHSA KOHTAKTHHIX AJ0B.

233




HocurtensiMu, HAH TperepamWH, Ha3plBalOT TepMOCTOlIKHE,
l'.[[}O'-IHble, ]'lOpHCTble BelecTsda, Ha KOTOpble OCaz2K{JeHHEM H3 pacmopa
HJIH H,pyI‘H‘M cnocofoM HaHOCAT KaTannsaTop. HaHECEHHe KaTaJdHTH-
YeCKHX BEIEeCTB Ha MOPHCTLIl HOCHTeNs ofecmeyuBaeT UX TOHKOE JHC-
neprupoBaHHe, cosjpaer O60JblUYI0 YJAeJbHYI0O MOBEPXHOCTL MPH ONTH-
MaJbHBIX pasMepax Iop Hu TNOBLIIU&eT TEpMOCTOI:lKOCTb Ka’ranusampa,
TaK KakK 3aTrpyilHEHO ClnexKaHHe €ro KpHCTa..‘IJIOB, pasoémennmx Ha
MOBEPXHOCTH HOCHTENSl. KpoMe TOro, MOCTHraeTcsi 3KOHOMHS AOPOTHX
KaTaJHTHYeCKHX BelleCTB, TAKHX, KaK IIJIaTHHA, Ha..‘IJlaILHFI, CEDEGPO
u 1ap. Hocurenp 06b1YHO BAMSIET W Ha aKTHBHOCTb KaTta/Jusaropa, Aei-
CTBYSl KakK aktuBarop. B Kadectse HoCHTENS Yaule BCEro NpHUMEHSIT
OKCHO anlMHHHA, CHJAHKAare/Jb, CHHTeTHUCCKHC AJIOMOCHJIWKATLI, Kao-
JiHH, acbecT, paziHuHbIe COMN, aKTHBHBIH YToJb.

K mpombiiunieHHbBIM KaTaluzatopaMm MpelbABAAIOTCS ClAedylowHe
OCHOBHBle TpPebOOBaHHA: JOCTATOYHO BHICOKAS aKTHBHOCTb, CTOHKOCTD
K JeHCTBHIO KOHTAaKTHBIX f/10B, H3GHpaTe/bHOCTh, cTabuIBHOCTL B pa-
oote, focrtatoyHass TEMJONPOBOAHOCTb, TEPMOCTONKOCTL, MeXaHHueckas
MpOYHOCTb, Manas croumocTb. K KaranuszaropaMm peaKTOpoB KHIsLle-
ro cnos (c. 245) npeawbaBAsieTcs AOMNOJNHHTEAbHOE TPeGOBaHUe — BLICO-
Kas HM3HOCOYCTOHYHMBOCTBL 3€peH MpPH yaapax ¥ TPeHHW ApPYr o apyra,
O CTEHKHW peaKkTopa ¥ TenJaooOMeHHHX ycrpoiictB. HHTeHCHBHOCTB
paborel (aKTHBHOCTBH) MPOMBILIJIEHHOTO KaTalu3aropa MOXKHO onpe-
AenuTb no Gopmynam

I

i = VgCppemp (VI1.23)
HIH
I = VgCuex %pupfs (VII.24)

rie Vi, Vu— KoHeduHada ¥  HauyalbHas oObeMHas CKOpPOCThb rasa,
M3/u Ha 1 w3 karaauzartopa; Cpp 1 Cucx — KOHUEHTPAUHS NPOAYKTa I
OCHOBHOIO HCXOJHOTO peareHTa COOTBETCTBEHHO, OObeMHbie A0JH; X—
CreneHb MpeBpallleHns HCXOJHOrO peareHra, JAOJM €AHHHLBI; Pmp ——
NJAOTHOCTb YHCTOrO Mpoaykra, Kr/m?; f— rkoadduuuedt nepecuera Ha-
YanbHOH 0ObeMHOH CKOpPOCTH B KOHEUHYIO C YUeTOM HaMeHeHHss oObe-
Ma peaKuHmmoﬁ CMecCH.

OcHoOBHbBIE MeTO bl H3TroToBJeHHA KaTtTaJjdHuaaro-
poB:

1. Ocaxkaenue ruApOKCHAOB HJAH KapOOHAaTOB M3 pPacTBOPOB HX CO-
Jell COBMECTHO ¢ HOCHTeJeM HJH Ge3 HOCHTeadA ¢ mochenymlowmnm ¢op-
MOBaHHeM H IMpOoKaJuBaHHEM KOHTAKTHOH Macchl (OCB}K,TLEHHI:IE Ka-
tananzaropsl). Tak, KaTaan3aTopbl KHCJAOTHO-OCHOBHBIX peaKknui ro-
TOBAT COOCaXKJeHHeM KOMIIOHeHTOB, HalpHMep COBMeCTHOH KoaryJisi-
uuell renefi (amomocuaHKaThl, cuankarenb). Konrakruyio macey ¢op-
MYIOT B BuJe TabJeToOK, 3€PeH UJH rpaHyJl.

2. CMeulense ¥ COBMECTHOe NPECCOBaHHe MOPOMIKOB € MOJVYEHHEM
CMEeIIaHHBIX KaTalH3aTOPOB WJIM KAaTalu3aTOpOB C aKTHBATOpaMu H
HOCHTEJISIMH, & TaKXKe ¢ BAXKYUIHMHU BelleCTBaMH.

3. CnnaBnenve HeCKOJAbKHX BewecTB (MeTajJJioB WJIH OKCHIOB) C
nocjenyrumHM BOCCTAHOBJICEHHEM MeTaJlJIoB ¥3 OKCHIOB BOOOpPOAOM
(Hampumep, JKesne3Hblfi KaTaau3aTop cHHTe3a aMmuaka) Hiau Jpyrd-
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MW Ta3aMy, MHOTAA C NocJedYIHM BhIleJauuBaHHeM OAHOIO H3 MC-
TaaqaoB. Tak, CKeleTHbIA HUKe/JeBHH KaTalu3aToOp THAPHDOBaHUA H3-
FTOTOBJAAKT COMaBJCHHEM HHEKENs ¢ aJlOMHHHEM ¢ NoCJeAyrIIHM BL-
mesauuBaHuem focaeanero. YHorga katannsatop roTtoBAT B BHAE
TOHYaHIIHX CEeTOK, H3rOoTOBJIEHHLIX W3 CIIJIaBOB pPAa3JIHYHBIX MeETaJJda0B
([IJ]EITHHO-]']aJIJIa,Il‘PIEBO‘pO;'],HEBble CeTKH 18 OKHCJIAeHHuA BMMHEIK&).

4. ITponuTKa NOPHCTOrO HOCHTEAS PacTBOPOM, COAepIKallluM KaTa-
JU3aTOp W aKTHBATOp, C Mociaeayloulel cymkoi u npokanxoit. K kara-
ﬂH33T0paM IJaHHOro BWIa OTHOCATCA MeTalJnuueCKHue, OKCHIAHEBEIE, CO-
JIEBbI€, KHCJMOTHBIE B OCHOBHBIE.

B KayecTBe KaraJdu3aTopoB NpUMEeHAKT TaKiXKe HEKOTOpPbBIE MHHEpa-
Jbl ¥ CMeCcH HX, HalpuMep aJlOMOCHJAMKAaTLl, OKCHABI JKeJjesa, 6oKcH~
THI M T. T

Has nposeaenus npoueccoB BO B3BEIIEHHOM CJ0Oe KaTajausaropa
KOHTAKTHYI MacCy H3TOTOBJAIT METOAaMH OCakaeHHud U MPONHTKH
B BHAE MeJKHX 3epeH WM Wapukos guamerpoM ot 0,1 mo 3 mm,

5. AlINAPATYPHOE O®OPMAEHHE KATAAMTHYECKHX
NPOLIECCOB

ITpoBenenue KaTanUTHUECKHX peakuuil B OLHOPOAHOH cpepe TeX-
HUYECKH JEerko OCYIIeCTBHMO. AmmapaTkf, B KOTOPBIX MPOBOMASAT IOMO-
reHHble KaTaJduTUYeckue MNpolecch B rasoBoil ¢ase, Moryr GbiTh Ka-
MepaMH, KOJOHHaMHu, TpybuaTeiMu TennoobMeHHWKamMu u 1. m. [omo-
reHHoe okucaenne SOp OKCHAaMM a30Ta OCYLIECTBJAAETCS MNP HUTPO3-
HOM cnocofe MPOW3BOACTBA CEpPHOR KHWCHOTH KakK B JKMAKOH, Tak ya-
CTHYHO ¥ B ra3oBod ¢ase B cBobogHom 0O0beme Hacaaku OalueH, -
LOTepMHUUECKHH npouecc AeruApaTalHu YKCYCHOH KHCAOTH B Hapax
B NPHCYTCTBHM KaTajausaropa napoobpasnoro tpustuadocdara Beayr
B TpyOuaThiX peakTopax, o0orpeBaeMblX TOMOUHBIMM ras3aMH, HUpKY-
JUPYIOIMMHA B MeXTpyOHOM npocrpaHcrBe. JXuakobasHEl Karaaus
NpOU3BOAAT OOLIUHO B peakTopax ¢ pa3auyHOro pola nepeMelIuBalo-
wuMu yerpoficreamu. Hanpumep, noamkonaeHcapuio denona v ab-
JleTuaa B BOJHOM PA&CTBOpe C KaTaJau3aTOPOM COJAHOH KHCJAOTOH Be-
IYT B PeaKTOpaX ¢ MeXaHHUeCKHMH MellaJKaMu.

PeakToph reTeporeiHOro KatTaJausa, ocoOGeHHO KOIi-
TaKTHble aNnaparbi, B KOTOPHIX pearvpylor radbsl Ha TBEpABIX KaTasH-
3aTopax, BecbMa pasznoobpasnbl. KoHTaKTHbie annaparthl JOJKHBEI pa-
GoTaTh HellpepbBHO, 0061a1aTk BEICOKOH WHTEHCHBHOCThIO, obecneyH-
BaTh pexuM npouecca, OJU3KHH K ONTHMaNbHOMY, B OCOBEHHOCTH Ofi-
THMAaJbHBI TEMNEpaTYPHBIA pekuv, QOJKHBI HMeThb MHHHMaJdbHOE
THApPaBJAHYECKOe CONPOTHBJIEHHE, [POCTYI0 KOHCTPYKUHIO K Jerko o6-
CAYKUBATBCH.

Knaccudurkauus kaTaauTHYeCKUX peakTopoB MO (Pa3oBOMY MNH-
3HAKY onpejensier KOHCTPYKUHIO peakropa. I'eTeporenno-karanurnyc-
CKHe Tpolecchl MOTYT NMPOMCXOAWTH B Tra3’oBo# W XKuHIKOH (pasax c
TBEPABIM WJIM XKUIKUM Kartanusaropom. llogaBasaroniee GoNbIUHICTEO
NPOMBILUIJIEHHBIX KATAJUTHYECKHX TPOILECCOB OCYLIECTBJSETCS B Traso-
BO# (pase Ha TBepABIX KaTANH3aTOpax.
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ITo TemMnepaTypHOMY PEKHMY [eTEPOreHHO-KaTaJdHWTHUECKIIE peak-
TOpPLI NOApasdessiioT Ha aanabaTHyeCKHe, H30TepPMHUYECKHE W TIOJAHTEp-
muueckue. Ilo crenenu nepememnsalus HCXOAHBIX BELIECTB € TPOAYK-
TaMH peakKUHW pa3jHyaloT NpejlesbHble DeKUMbl HIeaJbHOTO BBITEC-
HeHiss M moanoro cmemenus (cm. ra. Il c. 50), a Takke pemumb
HelOJHOro mnepemelInBanus, (GakTHUeCKH CyLeCTBYIOLHE B IPOMbILI-
JEHHBIX KaTaJHTHYECKHX peakrTopax M Xapakrepusyemoie guddysu-
onuofi Mogeavio (cm. ria. 111, ¢. 117).

[To rugpoanHamMuuecKOMy PpexHuMY B3aWUMOACHCTBUH 3€PHHCTOTO
TBEPAOro KaTasu3aTopa C NOTOKOM rasa KaTaJdHTHYECKHE DeaKTOpHI
JAeqAT Ha caAeaylowue rpynnbi: 1) ¢ HeMOABMKHBIM ((DUALTPYIOLLIIM)
cl0eM KaTajn3aTopa; 2} CO B3BelUeHHLIM (KHMSUIMM) CJAOEM KaTaJjdH-
3aTopa; 3) C HENDEepPLIBHO ABMIKYILMMCHA KaTaJu3aTOpPOM MO Bcell BHI-
coTe peakuHOHHoro obbvema. DToli KiaccubuKauuel He OXBaueHLl pe-
aKTOpbl MOBEPXHOCTHOTO KOHTaKTa C pa3MelleHueM KaTaJjau3aTtopa B
BUJle TPYO MM CETOK, yepe3 KOTODLIe MpPONycKaercs ras.

KontakrtHeie annmaparts NOBEPXHOCTHOIO KOHT aK-
T a NPHMEHAIOTCH DeKe, 4eM annapaTsol ¢ GUALTPYIOLIUM HIH B3Be-
LIEHHBIM cJoeM KaTanauszatopa. [Ipy noBepXHOCTIOM KOHTaKTe aKTHB-
Hasi MOBEPXHOCTL KaTaJu3aropa HeBesuka. [ToaTomy anmaparsl Tako-
ro Tuna uenecoobpasHo NPUMEHATHL JHIUL AAf OBICTPBIX 3IK30TEPMH-
YeCKHX peakiuil Ha BLICOKOAKTHBHOM KaTajusartope, ofecneudsaioLiem
BbIXOJ, OJHM3KHI K TeoperHuecKomYy. [IpH 3THX YCHIOBHAX 8 KOHTaKT-
HOM amnmnapaTe He Tpebyercs pa3mewiaTh OOJbllHe KOJuyecTBa Kara-
ausartopa. [IpuHnunuanbHas cXxema KOHTAKTHOTO ammapara ¢ KaTadawu-
3aTOpPOM B BH/JE CeTOK MokasaHa Ha puc. 102. B gopnyce annapara
rOpH3OHTAaNbHO YKPeleHbl OJHA HajJ JAPYyroii HeCKOJbKO ceTok (Iua-
KeT CeTOK), M3roTOBJEHHBIX H3 AaKTHBHOIO st JAaHHOH peakuuu me-
TaJana wau cnaasa. [Togorpes rasa no teMmmepatypbl 3aKHraHus mpo-
H3BOJAMTCA IMaBHbBIM 06pa3oM B CaMOM ammnaparte 3a CueT TelJOThl H3-
JyueHusl pacCKaJleHHbIX CeTOK., BpemMf COMpPHKOCHOBEHHA rasa € mo-
BEPXHOCTbLIO CETOK COCTaBJIAET THICAUHbLIE — JeCATHTLICAUHBIE JOJH Ce-
KyHjbel. Takue annmaparbl MPOCTH MO YCTPOACTBY M BLICOKONPOM3BOIH-
TenbHbl. OHH MPUMEHSIIOTCA MJs OKMCJIEHHS aMMuaKa Ha MJIaTHHO-
naJiaiieBo-poAMeBbIX CeTKax, AJA CHHTe3a aleToHa W3 H3OMpOIMHJO-
BOrO ChNUpTa Ha cepebpsiHbIX CeTKaX, [AJf KOHBEePCHHM MeTaHOJa nia
MEJHBIX HJAHM cepeGpSHBIX CeTKax H T. M. DTH Ke MPOLECCH ¢ NpHMeHe-
HUeM JAPYrux MeHee aKTHBHBIX, HO  6ojee JelleBHIX KaTaJ/M3aTOPOB
MPOBOAAT B amnmapartax ¢ (QUIAbTPYIOIINM HJY B3BelleHHLIM CJI0eM Ka-
tTanuzatopa. B HeKoTOpHIX cayuasx, uToObi COBMECTHTL KaTalHu3 M Ha-
rpes ra3oBofi CMeCH, KaTalH3aTop HAHOCAT HA CTEHKH TenJ0OOMeHHLIX
Tpyo.

Annmaparte ¢ QUABTPYIIIHUM CJA0OeM KaTaJu3aTopa
B HacTOfilllee BpeMs Haubonee pacnpocrpaHensl. OHM NPUMeHUMB 411
A060ro THMa KatanuTuyecKux peakuHit. B aTuX anmaparax ciaofi uamu
HECKOJIbKO CJI0eB KaTalu3aTopa HeMOABHIKHO JeXkaT Ha pemieryaroil
onope (MOJNKe) WIH 3arpyxeHsl B TpyObl U 4Yepes HEMNOJABHIKHLIA KaTa-
JIM3ATOP TPOMYCKAaeTCs CMeCh PeardpylOLMX ra3oB NpH pexume, 61H3-
KOM K HjIeajJibHOMY BeITECHeHHIO. HeM Bbillle CJOH KaTanusaTopa, TeM
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MeHee ckasblBaercs ocepoe (oOpaTHoe) MepeMelliuBaHHe rasa U TeM
0c.ce MpHMEHHMA K pacCyeTy peakropa MOJeJb HAealbHOTO BhiTec-
HEHHA.

Karanusarop umeer dopmy sepeH, tabneToK HJAM rpaHy] pasiuu-
HBIX Da3MepoB, HO, KaK NMpaBWio, He meHec 4—D MM B nonepeyHuxe,
TaK Kak npu GoJsiee MEJKHMX YacTHIAX PE3KO Bo3dpacTaeT THjipaBJjHue-
CKOe CONpPOTHB/IEHHE CJ0s KaTalH3aToOpa W Jerde NPOHCXOAHT ero
cnexkanune. KosndecTBo 3arpysKeHioro Kara-
JH3aTopa, BLICOTA, YHCAO CJIOEB H paclo-
JIOJKeHHEe HX B annapaTe 3aBHCAT OT aKTHB-
HOCTH KaTajaiszaropa, Xapakrepa KaTaJiH-
THUECKON Deakiuun, ycJoBHH Temnoobmena.
Uem axTHBHEe KaTalusaTop H GOJbilUe Das-
HOBECHBI BbIXO/J, ¥ CKOPOCTb PeaKUHH, TeM
MeHbUIe KOHTAKTHOR Macchl HYXKHO 3arpy-
JKaTb B annapatT ¥ TeM MeEHblle BbICOTA ‘

4

€104 KaTa/JH3aTopa.
Oco6eHHOCTH KOHCTPYKLUHMHM KOHTAKTHBIX
annaparoB 3aBHCAT B OCHOBHOM OT KOH- 2
CTPYKTHBHOI'O O(OPMIIEHHS TENI0OOMEHHBIX
yerpoiicts. [Toanep:kanue ONTHManbHOTO Y
TeMIepaTypHoOro pexuma -— HauboJee
CJI0XKHasA 3ajaua [PH KOHCTDYHPOBAHHH
KOHTAKTHBIX anmaparos. nasa 3HAOTeDPMH-

yecKHX pearudil tpebyercs MoaBOA Tenjo-
Tl B 30HY KaTaju3da; J1Js MHOTHX KaTaJjH-
THYECKHX TpolueccoB TpebyeTcs TOHKas pe-

Pue. 102, KourtakTHuifi anna-

paT MOBEPXHOCTHOTO KOHTAK-

Ta € KaTajlH3aTopoM B BHIe
CeTOK:

TyJHPOBKA TemMNepaTypHOro peXuma, 4To-

o I — gonsna Pawwxra, 2 — ceTka

6bl n3bexkartb MoOGOUHBIX peaxkuHH. Haubo- s KaTanusaTopa, J— pacnpepe-

- . JHTeAbHan peuietka; 4 — KaproH-

Jee TPYAHO MPOBOAATCA OOGpaTHMBble 3K30- HEIein BT ani.

TEPMHUYECKHE DEAKLHH, IIPH KOTODLIX Tpe- TenbHull KaanaH; A — BYop rasza
B annapaT

6yercs HepaBHOMePHLI 110 BHICOTE ammapa-
Ta HHTEHCHBHLIH OTBOJ TeNnJaoThl W3 30HDI
KaTaju3a H [I0Je3HO0e HCMNO0Jb30BaHHe ITOH TelJOThHl.
Anmaparts ¢ uadbTpYyOUWHM caoeM ©6e3 Tenuaooob-
MEHHBX YyCTpoOHcTR Hanboaee NpocTHl Mo KOHCTPyKuHH. OHH pa-
fortaloT Ha aauabaTHueCKOM TeNJIOBOM peXuMe, NMPHUEM TeMmmeparyp-
HbIA peXHM PETYyAHDYETCHA TOJBKO H3MEHEHHEM COCTaBa W TeMIepa-
TYpbi HCXOLHOTO ra3sa. TaI(He almnapaTel MOXKHO TNPHMEHATH 3) A4
NPaKTHUECKH HeoOPaTHMBIX 3K30TepMHUYECKHX peaKiu#, NMPOBOAUMEIX
B TOHKOM CJIOe BecbMa aKTHBHOro Karanausaropa (puc. 103), nanpu-
Mep AJf OKHCJeHHs MeTaHona B Qopmanbaerua; 6) aas peakuuii ¢
HH3KOH KOHUEHTpalHe#d peareHTOB, HalMpuUMep TMNPH KaTaJlHTHYECKOH
OUHCTKe ra30B OKHCJIeHWeM HJIH ruipHpoBaHneM HDHMECEI:I; ‘B) JLAA
IK30TEPMHYECKUX peakuui ¢ HebOJbWIUM TenJoBbiM 3¢dexTom (plc.
104). KoauuecTsBo 3arpy:KeHHOTO KaTaJusaTopa NPH Mmajolfl ero ax-
THBHOCTH MOXKeT OHTL BechbMa BEJIVIKO, H BLICOTA CJaofa COCTaBJACT
HHOTJa HECKOJLKO MEeTpOB. B TaAaKoro poa annaparax OCyWIECTBJISICT-
¢ ajHabaTHUYeCKHH peXHM; CJIeZOBAaTENBHO, [pH 3K30TEPMHYECKHX
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npoueccax TteMmmneparypa peardipylliHX rasos B CJoe KaraJjausaropa
po3pacraeT NPONOPUHOHAJNbHO CTENEeHH MpeBpalleHua X (Ans AaHHOd
peaknnn). Bospacranue TemnepaTyphi B pe3ynbraTte ajHabaTHyeCKOTO
nponecca MOAKHO BEIYHCIAHTB n0O GOpMyie

Q’x (,'Fp C\,cxx
— =l =1y £k, (VII.25)
¢ c

=1ty =

L 1
—l 2
— fuoda
|_ 4
Boda —— I
|6 Ve
Puc. 103. KontakThHeil annapat ¢ BH- Puc. 104 KontaktHuifi an-
COKOAKTHBHBIM KaTajusaTopoM Oe3 Teil- napar O6e3 TemjooOmexa
J000MEHHBIX yCTPONCTB, HO € 3aKal- IAA 3HAOTEDMHUECKHX H
Koff MPOAYKTOB peakuHH: SK30TEPMHUECKHX Mpouec-
1 — gopnye; 2 — KaTany3aTop; 3 - pellerxa; coB ¢ HeDOABLUHM  Temao-
4 — XOJNOAHABAHK; A — HCXOLHAA ra3oBasn BbIM addexTom:

cvecb; B — NpOAYKTH peaknHH I — kopnye  {dyreposamnuii):

2 — Karanusatop; J— Koaoc-

HHUKOBa# pemerka; A — HCXOI-

Ham rasopas CMeCn; B — npo-
AYKTH peagtHy

rie fx — KOHeyHas TeMIepaTtypa rasa nocje TUPOXOMIAEHHS CJOS KaTa-
Ausatopa; fgp— HadadbHasa Temnepatypa rasa; Qp =gpGup—Tennosoil
3(deKT peakUHHd NPH NMonHoMm MpesBpawedHnn (x=1); gp — TennoBoi
sdpext peakuun Ha 1 Moab mpolykra; G — KONHYECTBO peakUHOHHOMH
cMecH; € — TeIJIOeMKOCTb peaKUHMOHHOH CMeCH; X — CTelleHb OpeBDa-
menus; Cpcx — KOHIEHTPALHA OCHOBHOIO HCXOAHOTO BeLecTBa B TO-
cTynaloueii cmech; f§ — ko3d@uuHenT, paBHbd YuCaAy MOJeH MPOAYK-
Ta, MOJY4YeHHOro M3 OJHOTO MOJia HCXoaHoro Beuwectsa. Ha pue, 105
HOK43aHO, 4TO BBIXOA NMPOAYKTa X oOpaTUMOH 3K30TepMHYecKoil peax-
puu B GuabTpylolleM ciaoe kaTaauzatopa Oes TenmnoobMeHa MOHHIKA-
erca ¢ poctoM aAnabaruyeckoro KosdduuHeHTa peaKkudd A M COOT-
BCTCTBEHHO TeMhepaTyphl B CJ0e, T. €. eClH ha>hy, TO Xo Xy [Ipu
3140TepMHUYECKHX lIpoleccax (—A) remueparypa B CJ0e KaTajiH3aTO-
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pa MOHHKAaeTcssi NPONOPLUHOHAJbLHO TennoBoMy 3({beKTy gp, KOHLEHT-
paun# HcxoAuoro BellecTBa Cyex H CTeNeHH NMpPeBpallleHHs X Coraacho
dopmyne (VII.25). OcnoBubiM AOCTOHHCTBOM annapatoB 0e3 Temio-
06MeHHBIX YCTPOHCTB ABJASETCA MPOCTOTA KOHCTPYKUHH. OIHAKO OHH
coBeplueHHO 1te o0ecneyHBalOT ONTHUMAaJbHBIH TEeMNepaTyPHBI peXuMm,
NO3TOMY HX 3amMeHsaloT Gojee 3P (peKTHBHLIM — ¢ TEenJ000MeHOM.
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Temngpamypa wamaAuaamopa

Puc. 105. Bausnne aguaGatnue- Pue. 106. Cxema MHOroCTYmeH4aToro KOHTaKTH-

ckoro KosbdHuuenta A Ha BeXoA POBAaHHR C BHEIIHHMH Tenno00MeHHHKAMHM:
npoaykTa s oAHOCAOHHOTO I, 2, 3 — KOWTakTHBIe annapatel; a, 6, 8 — TenavolmMeHs
KOHTaKTHOTO amnapara Ges Ten- HHEH; A — HcXoaubift ras; B — NpoAYKTH peaknHH

npo6MeHa MpH OAHHAKOBOH Tem-
nepaType 3axHraHHa [

CyllecrByeT HeCcKolbKo cnoco6oB TennoobmeHa B KOHTAKTHBIX &#II-
naparax, NpHueM KOHCTPYKTHBHbie NPHeMbl OTBOJA TeMJOThl M3 peak-
HOHHOro 06beMa H MOABeJeHHs TeNJOTH OJHOTHMHLI 415 [POBEICHHUS
IK30TePMHUECKUX H 3HAOTepMHuYecKHX peakuMil. IIpumepnas Kaaccu-
(UKaLUHA KOHTAKTHBIX anmaparoB ¢ (HIALTPYIOLIHM CJAOEM KaTajlH3a-
Topa no cnoco6aM OTBORA (HJH MOABOAA) TEMJOTH:

I. KonraxkrHble annmapaTel ¢ NepHOLHUECKHM MOABOAOM H OTBOJLOM
TenJoTH.

II. KoHtakTHble anmaparsl ¢ BHEUIHHMH TenaooOMeHHHKaMH.

[11. KonrakrHele annapatel ¢ BHYTPEHHHMH TEMJOOOMEHHUKAMH,

I.[Toaounsie (cryneHuaroro rennoobMeHa):

a) ¢ TenaooGMeHHHKAMH MEKIY IMOJKaMH,;
6) ¢ oxna)KaeHHeM MeXKAy MOJKaMH AOMOJHHTEJbHBIM BBeAeHH-
©M XOJIONHBIX peareHToB.

2. Tpy6uaTbl e (HenpephlBHOrO OTBOAA HJH MOABOJA TEIJIOTH):

a) c paamellleHHeM KaTaJausaTopa B TpyOKax;
6) ¢ pasmellleHHeM KaTaiHsaropa B MeXTpyOHOM mOpocTpaH-
CTBE.

IV. KoHTakTHble anmaparbl ¢ KOMOHHHPOBAHHEM HECKOJbKHX MpH-

eMOB TenJaoobMena.
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AnmapaTb CHEepPHOAUYECKHM NOJABOAOM HOTBOLOM
TENJAO0TH MPUMEHAIOTCA rJaBHbIM O0pPasoM [Jia 3HJI0TEPMHUYECKHX
KaTaJHTHYeCKHX peakunif. OuM, Kak npaBuIo, OAHOCJOHHBL (cM.
puc. 104). Cuapyku OHH NOKpPLITE cjg0eM H3oasuud. ITpunuun ux pa-
60T COCTOHT B TOM, 94TO almnapat, B KOTOPOM Ha pellieTKe PacnoJo-
JKeH cJIoi KarasH3aTopa, NonepeMeHHO MOAAIOT TO pearupyloiHe Be-
IlecTBa, TO TENJOHOCHTENb (TONOYHBIe Ta3bl, MEperpeThbiii nap, BO3-
ayx). TensoHocHTenb pasorpesaer cJAOH KaTanauzaTopa, pelieTky
()yTepoBKY A0 TeMmepaTypbl peakuUu#, NOc’Ie Yero BHOBbL NMPOMYCKaer-
ca pearupyioulas razosas cMmecb. Karaausartop, pellerka # (yTepos-
Ka fBJAIOTCS aKKymyJstopamu Ttenjorsl. Muoraa na pelueTrky iog
KATAJU3ATOP HACBINAIOT CJA0il MHEPTHOrO MaTepHala — TEeNJIOHOCHTE-
Js1, yBeNMUHBas OGILYI0 TENIOeMKOCThL annapara ¥ nepuop ero palo-
Tol. TakHe anmapaThl NPHUMEHAJHCh AJs1 ACrHAPHPOBAHHA YIJIEBOIOPO-
AOB, KAaTaJHTHYECKOrO KPEKHMHTa W APYTHX 3HIOTEPMHUUYECKHX Mpolec-
COB, B KOTOpPBHIX HEOGXOAMM2 pereHepaids KaTaaH3aTtopa BCJeJICTBHE
6J0KHPOBKH €ro MOBEPXHOCTH NpOAyKTamu M0oOOUHBIX peaKuui. Arn-
MapaThl 3TOrO THMA MaJoNPOH3BOAMTENbHLI H BHITECHAIOTCH 6oJee Co-
BeplleHHBIMH ¥ 3(Q¢eKTUBHBIMH KOHTAKTHLIMH annapaTaMu Cco B3se-
IIEHHBIM CJOEM KaTa/au3aTopa.

B KOHTaKTHBX annapaTax ¢ BHEWHUMH Tenqgons-
MEHHHKAaMH TennoobMen MPOU3BOAHTCA MEKJAY CTaAHAMU KOHTAK-
TUPOBAHUA AJs MOJAEPIKAHHS TEMNEpaTypHOro pexkuma, BJU3KOro K
ontumansnomy. Ha puc. 106 npusesena npuHUHNHAIbHAR CXeMa KOH-
TAKTHPOBAHHA C NPOMEXKYTOUHBIM TenJo0OMEeHOM BO BHEWIHHX TemIo-
ofMeHHHKaX; TaKas cXeMa XapaKrepHa s O6PATHMBIX 3K30TepMil-
deckux peakuuit. Ce:kiil rasz uarpesaercs B TeNJOOOMEHHHKE 8 3a
CUeT TemJOTH MPOAYKTOB peakuMH, NpOIIedIHX KOHTaKTHPOBaHHUe, U
3aTeM [0CJIe/0BATENbHO MPOXOAUT MeXKTpyOHOe MPOCTPAHCTBO TENJO-
0o6MeHHHKOB 6 M @, NMOJOTpeBasCh IO TeMMepaTypbl Hayaaa KaTalH-
THUECKON peakuUHu (TeMIeparTypbl 3axKHMrauusa fy). 3atem ras nocmieno-
BaTeJbHO TIPOXOJHT Yepe3 CJOH KaTaJH3aTOpa B KOHTAKTHBIX anmna-
paTtax M BHYTPH Tpy6 COOTBETCTBYIOIIHX TennooOMeHHHKOB.

B coorsercTBHY ¢ O6LIMMH KHHETHUSCKHUMH 32KOHOMEPHOCTAMHU {CM.
puc. 8) BHIXOA MPOAYKTa NPHW KATaJH3e BO3PACTAET CO BPEMEHEM [0
Jorapudmudeckoil kpusoii. TTosromy, Kak nokazano ua puc. 107, zoan
oT obilero Bexo4a Ax B KaxKJA0M H3 KOHTAKTHBIX annaparos I, 2 u 3
(puc. 106) nonuxKaercs MO Mepe KOHTAKTHPOBaHHA, T. €. AX;>Axy™>
>Ax;. CooTBETCTBEHHO MOCTENEHHO yMEHbIIAloTCs TenJoBoH a(MdeKT
npouecca U KOJMUECTBO TENJOTH, KOTopoe Tpebyercs OTBECTH H3 KaxK-
noro caost. TIpoucxoasuwiue NpH MHOTOCTYNEHYATOM KOHTAKTHPOBaHMH
M3MeHeHHsI TeMmepaTypbl M CTEeNeHH [peBpalleHHs [0Ka3aHH Ha
puc. 107. Tlpu xopoweit TennoBoifl M30JAUMYM aNMapaToB B KaXkKI10M
c/10e KaTasgHaaTopa NPOMCXOIUT anuabaTHuecKuil mpouecc BO3pacra-
HUA TEMNEPaTypPhl PONOPUHOHANLHO MOBBIIIEHUIO CTENeHH MNpespalle-
HUA, 4To Ha puc. 107, A mokazano npambimu I, 2, 3. Koanuecrso xa-
Tanusaropa B annaparax I, 2, 3, Kak NpaBHJIO, NOCJeN0BaTENbHO YBe-
anunpaercs. OHAaKO cTeneHb MpeBPalleHHs B KarK[A0M OTAeJbHOM arll-
napare 1, 2, 3 (puc. 106) nocaenoBaTtesbHO CHKXKaeTcs, YTO COOTBET-
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CTBYET 3aKOHY ACHCTBYIOLLMX MacC M BbLIPaXXaiOMIHM €ro KPHBLIM
(puc. 107, 6). Oxnaxaenne raza B TenyooOMeHHHKaX a, 6, 8 (cM.
puc. 106) uzobpamaercs ropusontassiMmu 8, 6, a (puc. 107, A), Cre-
NeHb NpeBPAlLCHHA B Kax/JOM CJ10e KaTaJH3aTopa OrpaHHueHa mepe-
ceueHHeM aanabaThl ¢ KPHBOH paBHOBeCHA, H B NEPBOM CJ0€ MaxcH-
MaJbHO JOCTHKHMBIH BHIXOJ IPOAYKTa COCTAB/ACT JHUIL X=X, Cae-
AOoBaTeNbHO, YeM Goablie cTyneHeH KOHTAKTHPOBAHHSI H NPOMEHKYTOU-
HOTO OXJlaKeHHS, TeM BHIUIe BHIXOA NPOAYKTA H PeXHUM OJHKe K
onTHMaabHOMY. B coBpeMeHHBIX KOHTAaKTHBIX ammanaTtax NpoMeyTou-
HBIA TenJooOMEH Yale BCero NPOH3BOAAT B Tennoo6MeHHHKAaX, pac-
NOJIOKEHHBIX B MOJOYHOM allllapaTte MEXAy CJAOSMH KaTajHdaTtopa.

INonoynsle KOHTAKTHB € allnapaTbl—OAHH H3 Haubo-
Jee paclpocTpaHCHHHX THIOB KOHTAKTHBIX amnaparos. Ilpunnun ux
YCTPOHCTBA COCTOHT B TOM, YTO [OAOTPEB HJH OXJaXAeHHe rasa Mex-
Oy CJOSAMH KaTaJ/Ju3aropa, JeXalliMH Ha NOoJKaxX, NPOH3BOJAHTCH B
CaMOM KOHTAaKTHOM allNapaTe C HCIOJAb30BAHHEM pPas3JHUHBIX TelJ0-
HOCHTEe/JeH HAM cnocoboB oxgaaxaenusi. TIpHHIHNHAAbHASL cXema IIO-
JIOUHOTO KOHTAKTHOrO annapara AJasi NPOBeAeHHS  3K30TePMHUYECKHX
peakuuii npeacrasiena na puc, 108, Mexay abipyaTbIMH NOJKaMH, HA
KOTOPBIX PacIoJ/IoXKeHbl CJI0H KaTa/ldH3aTopa,

pasMelleHsl TenJooOMeHHHKH. B annaparax
TAKOTO THIMA BBICOTA KaXJAOTo HHXKeIekKa-
Lero ¢/10s KataJusatopa 6oJbLIe, YeM pac- EER -
MO0 €HHOTO HaJ HUM, T. €. YBeJHUHBAETCH e g
no Xojy rada. a BbicoTa TellJIooOMeHHHKOB - -
yMeHbllaeTcsi. TaK Kak N0 Mepe BO3pacTa- :Lr wy 2
HHst O0Ieil CTENeHH NpeBpalleHusl CKOPOCTh =4 Al T
peakuuu cHumaerea (cM. puc. 107) u coot- P aetpsace: milin
BETCTBEHHO YMEHbIWIAETCS KOJIHYECTBO BbiAe-  |l=ghrmiy 3
guBiiedcss TenjgoTtH. B MexTpyGHOM mpo- Pr=H I
X x Ao S
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Puc. 107. 3asucuMocTe cTeneHH npeppautedns ot  Puc. 108, IToaounwsii  kol-
Temmnepatypst (A) u or Bpemenn (B) A8 TPex-  TakTHBII annapar ¢ Tem10006-
CTYyIEHUYaTOro hoOHTaKTHpoBaHHs (no puc. 106):  MeHHHKaMH MeXAY CJAOAMH

I — pasHOBecHar KpwBazn, [/ — onTHManbHag KpHBag; KaTaJju3zaTopa:
1, 2, 3— aiuabaTel BHTECHeHHA, 4, 6, 6 — AWHHH OX- 1 — pewerka; 2— TenaooGMeHHEE
NawieHHA Tasa B TeNaooOMenHHKax; Ax>Ax>Ax, — TpYGKR: 3—'neper0po_ium 1, 11,
cTenekb MpeBpauleHHs B annapatax 1, 2, 3 3a Bpema I, _fﬁ_nembm_ a’ropoh. "TDC-
AT, AT:,  AT; cooTBeTCTBEHHO. ATy=2AT AT:=1.BATy THit, ueTBepTHfl CAOH KaTanwsaTo-
Xi, X3, ¥3— 00nMH BLIXOL 3a BpeMa T), Tz, T3 pa (No xomy rasa); A — ras Hs
TennooGmenukka; B — raz B Ten-

NooGMEHHHK
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CTPAUCTBE TeIIOOOMEeHHHKOB MoC/eA0BATENIEHO CHH3Y BBePX MPOXOAHT
CBeXHH ras, OX/aaxaasi NPOJAYKTE PeakLHH H HarpeBasich 10 TeMmepa-
TYPBl HAuaAa PeAKLLUH.

Ipomecc B KOHTAKTHOM anmapaTe MOXHO NPeACTABHTL rpaduuec-
ku noaobro puc. 107. B ciosix katasusaTopa NpoHCAOAHT peakliusi U
ajnabaTuyeckuil pasorpeB rasa 3a CueT TEIVIOTHI PeAKLHH, @ B IpyO-
Kax TenaoobMeHHHKOB — OXJaxK/eHne rasa. Tennoo6meH NPOHCXOAWT
N0 NPHHLKIY NPOTHBOTOKA, T. €. CaMbli XOJOAHBIH ras oxJaaxjaaer
NPOAYKTBHl PeakLuH nepea NocaeaHed CTyNeHbIO KOHTAKTHPOBAHHSL.
Bosee nosnoe nenoJb3oBanke TENJMOTH peakLiH C MOHHKEHHEM TeM-
nepaTypnl A0 KOHeUHOM TeMnepaTypel f,<i, (TemnepaTypa 3axwura-
HHs1) TPOM3BOJHMTCS BO BHeWHeM TemnooOmeHHHKe (Ha puc, 108 on ne
nokasan). B kpymnomacmrtabuslx NpoOH3BOACTBAX, BK/AIOYAKOMHX KOH-
TaKTHBIe anmnapaTtel AHAMeTPoM A0 18 M, yCTaHOBKa BHYTpPEHHHX Ten-
JIOOOMEHHHKOB, COCTOSIHX M3 ThICAY TPYOD, 3HAUHTENLHO YCJIOXKHSET
KOHCTPYKIHIO H 3aTpyaHsier o6cayKHBaHHe, B YacTHOCTH CMeEHy Ipo-
ropeBwnx Tpy6. [losToMy NPUMEHSIOT KOHTAKTHBIE aNNapaThl, BKJIO-
yalomue 4—6 cloeB KaTasH3aTopa W BHHOCHBIE Tena00OMeHHHKH MOC-
se kaxgpgoro caos (em 4. 1, ra. IV).

B HeKOTOpBIX KaTa/JHTHYECKHX Ipoleccax NPOMeXYTOYHOe OXJax-
JeHHe MOXKHO NpPOH3BOJAHTB JONOJHHTENbHLIM BBEJCHHEM OJHOrO H3
peareHTOB MeXay CTagHsAMH KOHTaKTHPOBaHHs. TakHM peareHTOM Mo-
#eT ObITh XOJOJHbIA ra3, HallpUMep as30TO-BOJAOPOJHAS CMeCh B CHH-
Te3e¢ aMMHaka, BO3AYX — B PeaKUHsAX OKHCJeHHs, BOASHOH Nap — B
peakuMsiX THAPATAllHd H KOHBEPCHH yTJICBOJAOPOMOB ¢ BOJAAHBIM TMa-
poM.

B mo/iouHbIX KOHTAKTHBIX ANNapaTax TPOUCXOAHT CTYlEeHUATLIH
cKkaukooGpasnelii OTBOA TENJOThI, KATAJAHTHUECKasl peaKuHsi H TeIilIo-
oOMeH BeayTCsl pa3fAeNbHO T0C/HeJ0BaTeNbHBIMH 3TallaMH.

B TpyfuaTslx KOHTAKTHHKX annaparTax TenioobMen
MPOHCXONMT HENPEpPBIBHO H OJHOBPEMEHHO € KaTaJHTHUeCKOH peakuu-
eil. Karanus NpOMCXOAHT NPH NOJHTEPMHYECKOM peXuMe; TenJoBOH
3hdeKT peakuHH YACTHUYHO KOMIEHCHDPYeTCsi MOABOAOM HJIH OTBOAOM
TemyoTel. AnnapaTsl ¢ KaTa/jH3aToOpoM B Tpybax HCIONB3YIOTCA sl
SHIOTEPMHUYECKHX H 3K30TepMHueckux peakuufl. Ilpuw nposepenun sn-
JIOTEPMHUECKHX PeaKuuil B MeXTpyGHoe HPOCTPAHCTBO amnnapara Mo-
1a10TCsi TOpsIuMe TOMOYHBIE Ta3bl, OMbIBalollHe TpyOBl ¢ KaTa/au3aTo-
pom. Muorna takue anmapaTel yCTpoeHsl N0 THIly TpybuaToro remJo-
obMeHHHKA, 3aKJTI0UEeHHOr0 B OBMYpOBKY, B Tpybkax KOTOPOro HAXO-
nuTes kataausatop (puc. 109), a nworpa, xaxk neub, 10 OKPYXKHOCTH
KOTOPOH pacnofioxeHsl TpyOKH ¢ KaTanW3aToOpoM, a B LIEHTPe WHPKY-
JHDPYIOT TolouHble rasel. Pearupyiomias razosasi cMeChb NDOXOJHT Ka-
Taau3aToOpHble TPYGKH NPOTHBOTOKOM TENJIOHOCHTEN0, HelpephIBHO
HATpPEBasiCh JI0 TeMIePaTyphl peaKLHH; TEJI0Ta OTXOLSIIIHUX TONOUHHX
rasoB MCHOJIL3YETCsl LISl MOJ0rpeBa peareHTOB H B KOTJaX-yTHJAH3A-
TopaX. ITo TakoMy NpHHUMDY yCTPOeHb! KOHTaKTHble alnapaTw AJS
Jerugpuposanust GyTana, KaTaJUTHUeCKOH KOHBepCHH MeTana (1-a
CTajiusi)H JIPYrux npoueccos. IlpH nposegeHHH 3K30TePMHYECKHX pe-
akuuii B TpyGUaTBIX anmapaTax TenaooOMeH MNPOH3BOAHUTCA MeAy
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KaTaJH3aTopoM H XOJOAHBIM, €lle He nmpopearnposaBliiM razom. Ka-
TaJH3aTOP HAXOJHTCA B TPyHax, OMBIBAEMBIX XOJOJHBIM Ia3oM, HJIH B
MexTpybHOM npocTpancrse. Tak, Hanpumep, ABOiHBIE Tel1000MeH-
Hole TpyOkH (puc. 110) npoHH3BIBAIOT CJOH KaTtaJW3aTtopa, Jexallui
Ha peulerke, 'a3, mocTynalomHuii B KOHTAKTHBIN allapar, MPOXOAHT 110
BHYTpPeHHUM Tpybam W 3ateM 10 KOJbLEBOMY [POCTPAHCTBY MeX Iy
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Puc. 109 TpyGuaThlil KOHTaKTHHIA all- Puc 110. Oeoiinas Tcy‘f‘;"
napat ¢ KaraausaTtopod B TpyGax u obMenHast TpyGpa
OﬁorpeBUM TOMOYHLIMH CasaMu 1 — KaTanHsaTop, — BHYT
! — orueynopHas Knadka, 2 — Tpy0sl ¢ KaTa- pednfas Tenaoofuetiiat gpyﬁ
NH3ATOPOM, A — HCXOAHas ra3oBas CmMeCh, Ka; 3*3"9"1‘1%:"”00 M_f;
B — MpoayKTH peakun: Has TpyOKa, - AulpuaTas

noaka (|)cuu'(’§‘8). A — nexog
Hag rasol cqecs; 5 —npo
Thl peakiHu

BHYTPEHHHMH M BHEWHHMH TenaoobMerHpimer’ TpyOkamu. [lpn 3srov
ras io/IorpeBaercs /A0 TEMIIePATYPhbl peakird, OXJaXK/1asi KOHTaKTAYK
Macey, H 3aTeM BXOJAMT B CJoi Karasnuszaropa. [Ipumepom KoHTaKTHO-
ro ammapara C ABOHHHMH TenoobmexflbIMH TPYOKaMH MOMXKeET Ciy-
HHUThL OJHH H3 THNOB KOJIOHHBI CHHTe3a aMMHakKa IpH CpeaHeM aanJe-
HuH, B annapartax ¢ asofinmMu TCIJIOOOMEHHBIMH TPyOKaMu paclpe-
NeNeHHe HHTEHCHBHOCTH OTBOJA TENJIOTBl M pacinpeaelerHe TeMiepa-
Typ 110 BbICOTe CJIOsi KaTaan3aropa O/uXKe K ONTHMAJBHHM YCIOBHAM,
geM B Npociuix Tpy6Guarteix (pHC. 111). Ho 3Tu annapaTel Takxe ume-
10T PSii HEJOCTATKOB HepaBHOMEpHOE pacipefelenie TemiuepaTtyp 1o
CeUeHHIO anmnapara, HeAOCTAaTOUHYK) WHTEHCHMBHOCTb OTBOjAA TENJIOTHI
OT KaTaJH3aTopa B HauaJje CJOs KOHTAKTHOH MacChl, TPOMO3JAKOC1b
Tena006MeHHBIX 3JAEMEHTOB H YMeHblleHHEe BCJEACTBHE 3TOIO MOJes-
HOro 06beMa, 3aHATOrO KaTaJAH3aTOPOM.
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Ilpu KOHCTPYHPOBAHHH KOHTAKTHBIX ANIAPATOB YacTO MPHMENHIOR
KOMOHHHDOBAHHE HECKOJLKHX MpHEeMOB Temsioob6Mmena. Berpeualoics,
Hanpumep, Tpy6uaTo-NoJOUEEE annapaThl ¢ 3arpy3ko#l karaausaropa
Ha N0JKax W B TPYyOKaX, PACNOJOMKEHHbIX MekKAy MOJKaMH, MOoJoulibie
C COBMelleHHeM B OJHOM alnapaTe pa3HbIX [PUHEMOB OXJiaXK/eHHs
MEXKIY CTAfHsAMH KOHTAKTHPOBAHHS, HANPHMED YyCTaHOBKA TemN.10006-
MEHHBIX TPpy6 H BBOJ XOJOZHOrO ra3a B KOJOHHE CHHTE3a aMMHaKa

U T. 0. B koMGUHUPOBAHHBIX MHOTOCTY-
G IEHYATBIX annaparaX [JOCTHraeTcsi HaH-
BoJiblllee MPHOJIHAKEHHE K ONTHMAJbIOMY
o o TEMIIEPATYPHOMY PEKHMY 10 CPABHEHHIO
JeMnepamys ¢ OPYrUMHU THNAMH  annapatos Quibr-
pywouero cos. OgHako Bce KOHTaKTHbIE
annmapartel ¢ (PHJIBTPYIOLUIHM CJIOEM KaTa-
Ju3aTopa 00/1aAa0T CAEAYIOWHMH HEAOo-
CTATKAMH, MPHCYLIHMH HENOJBHXKHOMY
Karaju3aTopy H 3aTPyAHAIOUIHMH AaJb-
Helly0 HHTeHCH(PHKAKHIO KaTaluTHye-
73 T CKHX [IPOILECCOB:
I. B dunpTpyomem ciroe MOXKHO HC-
Puc. 111. Kpuuie HSMEHCHUN pnonpa0pat,  JHUle CPABHHTEJBHO KDY
BLIXOJA MNPOAYKTA 3K30TepMHYe- /
CKOfil peakumn W TevnepaTypw HbI€ 3€PHA HJH TpaHyisl KarajsusaTopa
Aaas  TpybuaToro KouTakTHoro HE MeHee 4—6 MM B [ollepeyHHKe, TakK
annapara: Kak fnpu 6oJee MeJKHX YacTHIAX pe3Ko
T, — Tewmeparypa 3aWMWrauMs rasd;  poIpaCTAET HAPABANHYECKOE CONPOTHBJE-
e woneduan - TEMICPAYPA AL pye ¢0s. BHYTPEHHSIS MOBEPXHOCTH KPy-

X, — OOWHA BaIXOX [OpOAYHTA :

HBIX YacTHU KaTaJ/Ju3aTopa MaJjo Hc-
HCNOMB3YeTCsl AJSl KaTalH3a, H 3TO CHH-
yi0 cTelleHb MCMOJNb30BaHUS (NPOH3BOAHTENBHOCTE) KATAJH-

x

Kyf——

SH—————————

Kaer 0
3aTtopa.

2. B apowecce paboThl YacTHLULl HENOABHXKHOrO KaTa/JH3aTopa cre-
KalTCd U CIEXUBAKITCS, BCJAEACTBHE YEro [MOBHIIAETCS IHApaBJHdYec-
KOe CONPOTHBJAERYe allnapaTa, HapyllaeTcss paBHOMEPHOCTh pacipe-
HeJeHHA Tas3a W CW{KaeTcd KaTaJIMTHYECKash AaKTHBHOCTh KaTaJH-
3aTtopa.

3. Ilopucrele 3epHa XartaaH3aToOPOB HMEKT HH3KYK) TelJONpoBOl-
HOCTh, H CKOPOCTH TEIJIOONZAYH OT €J0s1 K [IOBEPXHOCTH Temnoobme-
na ouenb maJa. ITo3ToMy H¥R03MOMKHBI HHTEHCHBHBIE OTBOX TEMJIOTH
M3 HeNOJBHKHOTO KATA/NH3aTOPa M DaBHOMEPHOE paclpeaeneHHe TeM-
nepaTyp Mo CeueHHI neno.FIBH}KHO%L‘JOﬂ. Haubonee untencuBHelii 01-
BOJ TEMOTH MOT OBl OBITh TOCTHIBYT DU PACHOJOKEHHH BOXAHBIX
WJH BO3/yLIHBIX XOJIOAHJBHHKOB B CamMOM CJIO@ KaTa/ju3aTopa; OAHA-
KO H3-32 MaJoil TeNJONPOBOAHOCTH HEMQABHIKHOTO CJOSI 3TOT [PHEM
HEeIONYCTHM, TakK KaK KaTajH3aTOp «3aTyXaeT» BOJH3H XoJ0aHJbHH-
KOB, T. €. TeMlepaTypa ero pe3ko CHHMXKAaeTCd H peakuus npekpauia-
eTcsl.

4. Ilnoxue ycnoBus TensnooGmeHa B QUABTPYOWEM CJIoe KaTaJH-
3aTopa He MO3BOJAIOT YETKO PeryaHpoBaTh TeMIepaTtypy H momaep-
XHBAaTh ONTHMANbHBIA Temnepatypueifi pexkum. IToatomy, uanpuwmep,
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JAsl 9K30TePMHUECKHX peakiuil HabanaeTcst MOBbILEHHE TeMmIilepary-
pbl 10 Mepe AOCTHXKelusl Gojiee BLICOKHX CTCHeHeH KOHTAKTHPOBAHMS
BMECTO MOCTENECHHOIO CHHYKEHHSI TeMmmepaTypbl COTJIACHO KPHBOKH OI-
THMaJbHBIX Temnepatyp (cM. pue. 98 u 99). OTKIOHEHWSI OT ONTH-
MaJBHOrO TEMIIEPATYPHOTO pPeXKHMA CHHIKAIOT IIPOH3BOAHMTEIBHOCTh
KaTaJausaTopa.

5. B amnaparax ¢ HelOABHXKHBIM KaTa/lM3aTOPOM HEBO3MOZKHA ero
HenpepbIBHAS pereHepalls, HeoOXOAHMAA AJNSI MHOTHX NPOLECCOB TEX-
HOJIOTMH OPraHHueCKHX BEIIlEeCTB.

AnnapaTs COB3BEIWIEHHBM (KHNSIULHM, ICEB 00K H-
KeHHbBI M) ClA0OEM KaTaJHu3aTopa HOpPUMEHSIOT B3aMmen anmna-
paTtoB ¢ puJALTPYOUUM caoeM. I1pHHIIMI B3BElWEHHOro CJ0s1 yCTpaksi-
e1 llepeyHc/leHHble HeJOCTATKH H TNO3BOJSIET 3HAUHTENbHO YIHPOCTHTb
KOHCTPYKUHIO KOHTAKTHBIX annapatos. B anmaparax co B3BelUeHHbIM
CJOEeM NpHMEHsETCs OOLIMHO MEJKO3CPHHCTBIH  KaTaJu3aTop ¢ Axa-
metpoM uacTHil 0,1—2 mwm. BsaBeleHssii c/0il MesJKHX 4acCTHIL Karta-
Juzatopa obpasyercsi B rasoBoM (MAH XHAKOM) IIOTOKe pearupyko-
mux BeilecTs. s 3TOro ras nponyckakT CHH3y BBEpPX uepes3 pCIUeT-
Ky, Ha KOTOPO#l HaXOAHTCS KATAJH3aTOp, ¢ TAKOH CKOPOCTBIO, uTOOHI
YaCTHIEI KaTaJ/JH3aTopa NPUILIIH B ABHXEHHUE H BeCh CJOH lepeules
M3 HENOABHIKHOTO BO B3BelleHHoe cocrosiHHe. Bo BaBeweHHoM caoe
3epHa KaTa/JHu3aTopa NepeJBHrardTCsl BO BCeX HanpaB/ieHHSX, COBep-
iasl JHHeIHOC H BHXPEBBIC JBHMKEHHS, B Pe3yJbTaTe YCKOPSETCS
anddysnst peareHToB M3 sApa NOTOKa K 4YacTHIIAM  KaTaJaH3aTopa.
BrewHui BHA C/1051 HAllOMHHAET KHOAILYIO XKHAKOCTh, OH TakXKe npo-
HH3aH Ny3bIpsSAMH rasa, OTKyZa W NPOH30IUAO Ha3BaHWe «KHISLIHA»
cioit. Bapellennelli cnoif o6aagaer CBOHCTBOM  TeKydecTH NOA0OHO
wuakoeru. Ilo cremenu nepememmBanns TeBepacH ¢asbl  B3Be-
UIGHHBIH €JIOH B annapartax MaJelX pa3MepoB MOXeT NPHOJHKATE-
¢l K MOJeNH JIOJHOrO  llepeMmelldBaHHsl, TeMmnepartypHeifl pexuM
B KATaJHTHUYECKHX peaKTopax C KHNSUIMM CJ0eM KaTa/JH3aTopa — H30-
TepMHUYECKHH,

INpuHurnuanbHasi cXeMa KOHTAKTHOTO alnapaTa CO B3BCLICHHBLIM
¢JloeM KaTanHM3aTopa /sl 5K30TePMHUeCKHX Deakuull Npusenena Ha
puc. 112, B KOHTakTHOM annaparte HMeeTCsl OJHa HJH HECKOJbKO ra-
3opacnpeleNHTeJbHBIX peuleTok. Pearupyiomas rasosasi cMech Npo-
XOAHT CHH3Y BBepX, ofpa3ysa Haja KaXKAOH MOJKOH B3BEIIEHHHIH cJOH
kaTanuszaTopa. [IpOAyKTE peakuuu ynaisiloTCs H3 BepXHeH pacuin-
pentofi yactu annaparta. Paciiupenne npeanasHadeto A/si BbIAEJIEHUS
M3 rasa YHeCeHHbIX uacTHIL KaTaJaH3aTopa.

OTBox TenyioThl H3 KaTaJH3aTOPa MPOM3BOLHTCS IIPH MOMOLIH BO-
IAHBIX XOJOANJIBHHKOB HuH Tpy0 napoBoro KoT/a, pPasMeuieHHBIX
BHYTPH cnoeB. Takoit npueM TermnooGMeHa MNO3BOJSICT OTBOAHTH TeMH-
JOTY MHTEHCHBHO M PEryJupoBaTe  HHTEHCHBHOCTb TeILJIOOTBOAA NO
caosm, Katanutuueckuil peakTop OZHOBPEMEHHO BBIIOAHSIET (DYHKIHH
KOTJa-yTHAH3aTOpa, T. €. NPOH3BOAHT BOLSIHOH map.

TMonBupas TpebyeMmyio noBepXHOCTH Tell100OMeHa B KaxAoM o€,
MOKHO HOOHTHCS MaKCHMaJbHOro NpUOIHIKEHHsI K KPHBOI ONTHMAaJb-
ueix TemnepaTyp. KoOHCTpYKRuHs TennooOMeHHBIX YCTPOHCTB H BCro
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KOHTAKTHOrO annapaTa €O B3BeLIENUBIM c¢/10eM INpocta; He Tpebyercs
CJOMHBIX W TPOMO3AKMX MPOMEXYTOYHBIX BHYTPEHHHMX W BHEIIHHX
TeM1006MEeHHHKOB H, KpoMe TOro, ofllag MOBEPXHOCTH TeljaooGMeHa
MeHbLIe, ueM B anmnapatax ¢ duasTpyiomuM ciaoem Takoe ympolleHue
H COKpAllleHHe TeIIOOOMEHHBIX YCTPOHCTB BO3IMOKHO 6Gsarogaps oco-
GoiM CBOHCTBAM B3BelleHHOTO c/0s. BenepcTBHe HellpephlBHOrO ABH-
JKeHHsT TBEPABIX 4ACTHL TENJOTA NEPEHOCHTCS KOHBeKIHe#ll u Temme-
patypa BHYTpH cJsosl BelpaBhuBaeTcd. KosadduuueHT tennooraaun or
B3BEUIEHHOTO C/IOA K MOBEPXHOCTH TellyiooOMena B geCATKH pas Beille,
yeM s duasTpyouero ciofg IToaromy BO3MoMmeHn HHTEHCHBHBIT OT-
BOJ TenJoThl H3 ¢j10d 6e3 ONACHOCTH 3aTyXAHHA KOHTAKTHOH Macchl,
a Tak:ke MepepaboTKa rasa ¢ BLICOKOH KOHIEHTpalMeli pearenTos 0e3
OIIACHOCTH MeperpeBa Kartaausaropa. [losToMy TakXe oTllagaeTr He-
00X0AHMOCTb [PeABAPHTE/LHOTO [IOJOFpeBa [ocTylawiell rasosoil
CMEeCH 0 TeMlepaTyphbl 3a)KHCaHUf KaTaau3aTopa, TAaK KaK MNOJOrpeB
JICTKO OCYLIECTB/AETCA MIPH MOCTYIJIEHHH B CJOW 33 CUET €ro BhICOKOIT
TEIIONPOBOAHOCTH. B mepBoM cJsoe KaTanuzaTopa MOMKHO He ycTa-
HaBJHBATh TENN00OMEHHHUKH, DeryJHpys TeMllepaTypy cJaof Tellnotoil
nocTynampuero rasa. Baarogaps H30TepMUYECKHM YCJOBHAM B KaK-
JIOM CJ0e B allmapaTaxX B3BELIEHHOTO C/JOf JETKO OCYLIeCTBJSEeTCA aAB-
TOMATHYECKOE peryJupoBalHe TeMIepaTypHOro
Ef pexHMa
— Baxueifiuee 0OpeMMyLIeCTBO  B3BEIIEHHOTO
C/I0Sl — 3TO MOBHILICHHE MPOH3BOAHTENLHOCTH ha-
Ta/AH3aTOPA B pe3ybTaTe YMEHbLIIEHHS Pa3MepoB
YACTHLL H, CJAEAOBATEJNBbHO, [OJHOTO HCIOAL3O-
BAHHS BHYTPeHHel NOBepPXHOCTH KATAAH3ATOPA, &
Takxe BejgefcTBHe OONLIIOrO NPHOJHMKEHHS K
onramansHoil Temnepatype Ha pne 113 noma-
wast aunuga I, 2, 3, 4 nokasplBaeT H3MEHEHHE

4 ‘ . X
; x=1

Puc 112 Muorocaofinstit
KOHTaKTHBLI anpapar ¢ KH-
NAUIHMHE CJ0AMH KaTaJH-
3aTopa
1 — Boasnol XOA0AHABHEK,
2 — rdsopacnpelend refbasii
KOHYC, J — BagelueHHudl caoft
KaTaamzaTopa 4 — rasopac-
npeflenTelnbian  KOJANATKOBAR
peweIka
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Ty I3

Puc 113 HamenenHe creneuu
npeBpallelia H TemIepaTypsl 8
KOHTAKTHOM amnnapare C 4eThipb-
M5l KHOALIHMH CJAOSIMH KaTaJjH-
satopa (no puc 112)

] — pasuopecHan kpupas; I — onrtn-
ManbLHan wpupbas, 1, 2, 3, 4 — w3oTep-
MB B CNOAX KaTaaH3aTopa



TeMnepaTyphl W CTeNeHH NPEBpalleHHss B YeTLIpeXNoJ0uHOM annapare
CO B3BEIIEHHBIM KaTaJH3aTOPOM IMpH CHJIBHO 3K30TepMHUCCKOH peax-
LHH HAH TpH nepepaboTKe BbICOKOKOHIEHTPHPOBAHHOTO rasa, T €.
npu GoabwoMm ajnaGaruueckoM kosdouuuente A (cv. puc 105); B
3THX YCJOBHSIX B PEAKTOPE € HENOJABHKHLIM KaTaJH3aTopoM AJs NpH-
Onuxenust K 3ajlanHON cTenenu npeBpaulenusa (x—-1} norpeboBanoch
66t Muoro (10—15) cnoes Ha Bxose B nepBuiit (HHXKHHH) KHOAULIHA
c/ioil TeMnmepaTypa NOBLIIIAETCS A0 KOHEYHOH H OCTaeTcsl NOCTOSIHHOH;
B TOCJAEAYIOWKX CJ0sIx, CHAOXKEeHHBIX XOJMOAHWJIbLHHKAMH, TeMmnepaTypa
noHuMXKaeresl 10 3ajanHOi (NpoekTHoH) uzoTepmbl. Ecau nepememnsa-
HHE B ¢ioe OJH3KO K MOJHOMY, TO BCE NMPEBPALIEHHE NPOHCXOAHT MpH
KOHEYHbIX 3HaYeHHsIX X, T. €. B BEPAHHX TOUKax H30TepM, OMH3KHX K
ONTHMaAbLHOH KPHBOH, COOTBETCTBYIOUIEH MaKCHManbHO CKOPOCTH mpo-
necca (cm. puc. 113).

InaBHBIM HENOCTATKOM B3BELICHHOTO C/0si [0 CPABHEHHIO C He-
MOABHMKHBIM SIBASETCS] CHEXKEHHe ABHMXKYLLeH Cu/ibl npouecca BeiaeacT-
Bue GoJsee MOJIHOrO NepeMellHBaHHUS rasad, a4 TakxkKe H3-3a HpoXoxje-
HHSI YacTH rasa depes C10H B BHAe KPyMNHBIX my3bipeil. Kak Gbwio 1mo-
hasaHo, CHMIKEeHHE ABHXKYUIeH CHJAB NPONOPIHOHANBHO CTENEHH NPEeB-
palleHHsi B JaHHOM CJ0€; OHA CH/JbHO CHHXKa@eTCs NPH BLICOKOH cTe-
nenu Opeepautenust B onnoM cjaoe (cm. ra. I1). Tlpumenenue mmoro-
C/JOMHBIX annapaToB M03BOJsAET COMH3HTL ABHKYILYIO CHJIY Ipolecca
B annaparax Co B3BEIUCHHbBIM H HENOABHIKHBIM KaTa/lH3aTOPOM H 01-
HOBpeMeHHO NPHGJAH3HTE TeMOepaTypHHI PeXHM K ONTHMAa/JAbHOMY.
Iasi HEKOTOPOro CHHXKEHHS CTeNeHH NepeMellHBanus H pasbuBalivs
KPyI[HbLIX Ny3bipeii nNoMeualoT BO B3BEIIGHHOM C€/10€ HACAJKH pasHy-
HbX BU10B. Opnako 5TO yCJ/0XKHsIeT KOHCTPyKiuuio peakropa, Hpyroii
HEJOCTATOK — HCTHPAaHHE 3ePeH KaTausaropa, OCODEeHHO OCTPHIX yr-
Jgos u pebep. as B3BeweHHoro c/0si HEOOXOAHUMBI BLICOKONPOUHLIE,
H3HOCOYCTOHUMBLIE, MENKO3EPHHCThIE KOHTAKTHBIE MACCH, T€ JKe KOH-
TAKTHble MAacCChi, KOTOPbie HCHNONAb3YIOTCSl B HENOABHIMKHOM ¢J/10€, Kak
OpaBHJIO, He TIPHMEHHMBI.

B 3aBucHMOCTH OT yC/IOBHH TeXHOJIOTHUECKOrO IpOIeCcca NpHMEeHs-
IOTCSl KOHTAKTHBIE aNmaparbl KUMsILlero ¢jost 6e3 pereHepaiHH KaTa/H-
3aTOpa H ¢ HENPCPLIBHOH pereHepal-
eii nocaepnero (puc. 114). Annapa-
Thl KHISIIIErO0 CJAOSI ¢ yclexoMm IpH-
MEHSIFOTCSI [IPH  [POBEJEHHH KaTaJjH-
THYECKHUX MPOIECCOB, B KOTOPHIX He0B-
XO/lUMa HENpEepBIBHAS CMeHa KaTaJjH-
3atopa [Js pereHepamuu: Aeruapu-
poBaHHe YTJEBOJOPOLOB, THApOdoOp-
MHHI' ([eIHAPOreHH3a1HsI 0 AEerHapo-
UMKAH3auus napaduHOB), KarTajauT-
yeckn# KpekuHr u ap Ilpu nposeme- Puc 114 Cxemst sspementoro caos:
HHH 3HAOTEPMHYECKHX TIPOLIECCOB B a — Ges pereHepaunr kataausatopa, 6 —
annapatax €O B3BeleHHBIM CJOeM ¢ perexepatMeit KaTanH3aTopa, A — HC-

XOAH4R ra3osaa cmeck; B — NpoAyKTH!

KarajJH3aTtopa, TellJIOHOCHTe/JeM CJy- Peakuuu, B — perenepupomanHuil KaTa-
Ausatop, [ — Kataausatop Ha pereHepa-

JKUT MPelBapHTENbHO Harperast pea- i
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rupyrnuas rasopad cCMeCb, a HHOrAa TaKXKe cam KaraanusaTtop.

PCEKTO[)bI B3BCIUCHHOIO CJ0A HauadH MNPUMEHSITL 444 fpoueccos,
He TpCﬁy&)LLlHX pereHepanliy KaTtaau3aropa, noJyueHus (h'rachnsoro aH-
THApHAA H3 lI&(i)Ta.HHHa HJAH KCHJOJd, OKHCJAeHHA 3THJAeHA A0 OKCHaa
€ro, B NpPpOH3BOACTBe AaKPHJOHHTPHJA, AJdA OKHCIOCHHA AHOKCHAA Cepbl.

Becbma NEPCHNECKTHBHO [pPHMEHEHHE PCAKTOPOB ¢ KHIOALLIHM CJ0eM
KaTajausarepa aad KATAAHTHYECKOH OYHCTKH OTXOAALLHMX 3AMbLIEHHLIX
rasoB OT BpeAHbIX F[[)HMGCCFI, B TOM 4HCJAe I.04
OKHCJIEHHl AHOKCHAa Cepbl B ALIMOBbIX rasax
¢ nocaelyiouel copGuHell TPHOKCHaa cephl,
A pasyoXeHHA OKCHAOB a30Ta € HNOMOULbLIO
BOCCTAHOBHTENEH 10 3JeMeHTapHoro asora,
Ans NAOKHTAHHA OpramHyeckix Hp‘HMECEI:]
H T. IL

PEBI{TOI)H C ABHX YW HMCS KATa-
JH3ATOPOM WHPOKO NPHMCHAIOTCH AAad Na-
poasnoro KpexkHHra He(TEeNpOAYKTOB, HO MO-
'yT HCHOOJL30BaTbCA H B APYrux npomeccax
Karanausa, rie rtpelbyeTcsi HempepbIBHAS I1HP-
KyJsinusl KaTajgH3aTopa MEXAy peakKTopoM H
pereHepatopoM. 31eCh OHH YCNeUIHO KOHKYPH-
PYIOT ¢ peaKTOpaMH B3BewexHoro caos. Ilpu-
MEHAWTCA KOHTAKTHLIE ANAapaTtel ¢ ABHXKY-
HIHMCSl KAaTaJH3ATOPOM JIBYX THIOB: a) cO
B3BeChbK) MEJIKO3CPHHCTOIO KaTaJjgusaTtopa B

Puc. 115, CxeMma ycrauos-

KH KaTaJHTHYeCKOTO Kpe-
KHHra ¢ MHOTOKOM B3BeCH
NETEBHIHOTO KaTramHaa-
Topa:
I — smeKTop; 2 — KOHTAKTHRIA
annapaTt ¢ ABHMKYULHMCA Ka-
TanHsatopoM; 4 — Cenaparop;
4 — oTnapHas  eMKOCTh, & —
pereuepaTop (peakTOp € KH-
AALULHM  CAOEM), A — nmapsl
CcHpba H3 TpyOGuartol  neuw;
B — naporazopaf  cMech Ha
pekTH@HRaUMIO; B — BO3AYX,
H — ronouuse razm B KOTEA-

noToKe rasa; 6) ¢ MNJAOTHbIM CAOeM KpYIHO-
3epPHHCTOTO KAaTaNH3aTOpa, OMYCKAIOWEerocs B
IIAXTHOM alnapaTe CBePXY BHH3 B [PSIMOTOKe
HJIH NPOTHBOTOKE C pPEATHPYIOWHMH rasaMmu
(mapamu).

CxeMa yCTAaHOBKH ¢ MOTOKOM B3BeCH Ka-
TajH3aTopa npejacrasiaeHa Ha pue. 115, Cko-
pPOCTb MApPOra30BOH CMeCH CTOMb BEJAHKA, UTO
CHJILI TPEHHS rasa o 3epHa KaTaaH3aTopa mpe-
BbINIAIOT Maccy 3epeH. B peayabrare 310r0 NH3-

yrhansarop MeJbueHHBIH WM [bLICBUANGIA KaTaJ H3aTop

JABMKETCS] BMECTe C ras3oBbIM MOTOKOM H BBI-
HOCHTCSI BMECTE ¢ HMM H3 BepXHell YaCTH KOHTAKTHOro anmapara
(puc. 115). OcrHoBHasi Macca KaTaau3aTropa OTAeAAETCsT OT NPOAYK-
TOB peaKkiMH B IMKJOHHBIX CemapaTopax H 3KeKTOPOM IepelaeTcs B
pereHepaTop, rle Bo B3BCILEHHOM C€/J0¢ [IPOHCXOAHT BBIKMLAHHE yrie-
POANBIX BelIeCTB C MOBEPXHOCTH KaTaausaTopa Bo3ayxoMm. Perenepn-
pPOBaHHBIH pacKaaeHHbLIfi KaTanu3aTop uepes KoJofel M CTOSIK OTBO-
JIUTCA HA CMElieHHe ¢ MapaMH Chipbfl B [IPH MOMOLLH 3XKEKTOpa BHOBb
nopaercst B peakTop. \
HepocraTkoM YCTaHOBOK € ABHXKYIIHMCS KaTaJ JH3aTOPOM SIBJASETCS
TPYAHOCTL [OJHOTO OTAeNeHHsl NLLJAEBHAROrO KaTaJH3aTopa OT Faso-
BOTO NOTOK3. B 3THX yCTAaHOBKaX MHOrO MeCTa 3aHHMAaIOT VJOBHIEIH
KaTaJH3aTOPHOH OEL/IK: UHKAOHK, 3MeKTPODHALTPHL.
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6. OCHOBHBIE 3AEMEHTBI TEXHOAOTHYECKHMX PACYETOB
KOHTAKTHBIX ANMNAPATOB JAf 'A30BBIX CMECEH

TexnoJioryueckue pacuyeThl KOHTAKTHBIX ANNAPATOB NPOU3BOJSATCA
B N1ePHOJ 3aBepllialollell CTAAHH HAYUHOTO HCCJEAOBAHHS HJH IPOEK-
THPOBAHMM LEXOB M 3aBOJAOB, NPH TEXHOJOTHYECKOM 06Cae0BaHNH
paboramumnx uexop u annaparoB. [lopsgok pacuera u npuMeHenue
(OpMYJ MeHsIeTCsl B 3aBHCHMOCTH OT H3BECTHBLIX CBEAGHHH W nocTas-
JieHHo# 3amayud. Huke NPHUBOASITCSI OCHOBHbIE 3JIEMEHTH! TEXHOJOIH-
YECKOro pacuera, KOHEUHOH LeJbK) KOTOPOrO CHOYXKHT ONpejaeeHHe
obbeMa KaTanH3aToOpa M INOBEPXHOCTH TenaooOMeHa, obecneynsalo-
IMX JOCTHMEHHe HeOBXOAMMOH CKOpoCTH Tpolecca W 3aAaHHOH cre-
MeHH NPepPAaLLeHHs.

Tun annapara, ero OpHCHTHPOBOYHASI NPOH3BOAHTE/ALHOCTL H CTC-
neHb NpeBpallieHHsi OCHOBHOTO HCXOMHOI0 KOMIIOHEGHTa B LeJeBOH Ipo-
JYKT ONpeAensieTcsi 3apaHeée NPH COCTABJCHHH TEXHOJOTHYECKOH CXe-
Mbl HJH Ke 3agaioTcsi (IpH 06C/Ae10BAHEH OHH H3BECTHHI).

ﬂ."lﬂ BhIGUpa ONMTHMAJNLHOrO BapuaHTa CPABHHBAIOT paﬁ.ﬂi[‘iHblC THITBI aIIllapaTOB
No OCHOBHLIM TEXHOIKOHOMHUECKHM TOKa3aTelNAw W Npexae scero: 1) no macce Me-
Tajna Ha eIHHULY NPONVKUHH; 2) N0 HHTEIICHBROCTH PadOTLl KaTaaH3aTopa, KoTopas
IANA rasoBbXx peakuni onpenenserca no ¢opmyne (VIL23):

1= VC,

rae [ — KoaWuecTo MpoAyKTa, noayuaeMoe ¢ | M3 kataauzatopa, krf(a-M%); V — 06b-
eMHaA CKOPOCTh, BhIpaXKeHHAA OTHOWeHHeM of6beMa ra3oBoll cMeCH (MpPHBEACHHOIT K
HODMAJIbHLIM TeMIepaType H AaBJCHHIO), BLIXOARILEH H3 annapara B TEueHHe Yaca,
K 00beMy 3arpyxeHHofl B annapaT KouTakTHoli Macchl, M3/ (4-M%) (u~1); C — KoHueuT-
PalKR NPOAVKTA B BhIXOAAUEH razoBoil cMecH, M3/M3 (Joan eQHHHUL); P — ILIOTHOCTE
rasoo0pasHoro npomyxra, hr/m®

KonTakTHble annapartet A8 oOPAaTHMbIX K3IOTEPMHUYECKHX peakiuii
B (uasTpywlleM ciaoe KaTaqamsaTopa

1. B usauane paciera peKoMeHAYETCA NOCTPOHTh OPHEHTHPOBOUHYIO —aHarpaMmy
x—t (cM, puc. 107) OcofieHno Ba)uo 3TO MOCTPOEHHE AAs MHOTOMOJOUHLIX aNiapa-
TOB. PaBHOBECHYIO WDHBYIO Xp—{ MPOBOLAT NO cNMpasOuHLIM AauHHM. QOHako B cnpa-
BOUHHKAX uallie BCEro puBeleHbl 3HaveHHs KOHCTAHT PapHOBECHA, Torda MO HAM
BLIYHCAAIOT 3HAUECHHRA Xp, HCMOB3Y s bopMyas Thna (IL14) » (I1.15). [Tpu aTom noay-
YaloTCH YPABHEHHA pas3/nuHol caoKHocTH, Haudoace npocTo peuiaeTcst OTHOCHTENBHO
xp ypasherne (I1.15) aan wmogeabrofi peakuwn A+B—2D, nporexaouien Ges name-
HeHns obbeMa:

—
1 Ky

x (V11.26)

'l\ = _.f_-_-_'_ *
1 K, +2
OaHago nns opyrex runos peaxunii B8 ypasHenue, nogobuoe {V1I1.26), sxkmouaiotcs
4JeHb, YUUTHBAOUIHE H3veneHe o6beMa peanitHOHHOA eMecH, 1 QOPMYaAN Aas pacue-
Ta Xp CHABHO ycaoxusorest. [Tpu oTeyTeTBHM Tabaul CO 3HAUECHHAMH KOHCTAHT PABHO-
RECHR MPH pas/MHyHbLX TEMIepaTypax HX BHuHCAHIOT To dopMynam tuna (11.24) —
(1130) Kpusyio onTuManbHpiXx TeMMepaTyp CTPOAT NO ONLITHLIM AAHHBLIM HJIH OMNTH-

Magabhbie TeMnepatypnl Fop BHIUHCARIOT O ypABHEHHIO
Ty
2,3 RTy lgE -+ myy
mgy E

Top = (V11.27)

-T
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rone T — temnepatypa, K; R— MoasipHas rasoBad mnocTosinnas, kOm/(Moab-K);
m— Ko3QPUUKHEHT B YPABHCHHHM DCAKLMHM NPH BEeLLECTBC, HAXOAAUICMCH B Heaocra-
TOUNOM KOJHYECTBE MPOTHB CTEXHOMETPHH; §p — TemaoTa peakuud, kIx/Moan, £ —
SHEPTHA aKkTHBanuHu, KIHK/MOAbL,

B yacTHLIX cny4anx MpHMEHSIOTCH (OPMYJasl AJf BLIUHCACHHS MO CTeneHy Mpespa-
NieHUA X.

2. Matepuanphnlii 6anaHc ans BCero anmapata W NO cTaguaAm NpesBpauieHus (noJ-
KaM MHOTOCNOHHOro anmnapaTta) cOCTaBafloT MO H3BECTHOMY MeToay (eM. ria. [I) ¢ He-
nosabzopaHdeMm auarpavm x—I (cwm. ta. 1), H2 martepuannhoro Oamaxca onpepens-
10T KOM{4eCTBO Ta3080fl cMecw, NocTynawomed s anmapat Ve (M3/c), © mo crapusm
npeBpauieHHs.

3. BpCMH CONPHKOCHOBEHHA TIa3a ¢ KaTaJ’lI{SaTOpOM no craanaMm KOHTaKT[‘lp{}RaHHH
Onpeaeasior, HCMOML3Ys OCHOBHBIE (QOopMyanl ckopocTH npouecca (I1.70) — (IL83) u
KHHCTHYeCKOll Mogenn (XapaKTepHCTHueCKHEe YpaBHEHHA) waeaNbHOTO BLITECHEHHA
tuna (I11.17) — (111.28), wanpumep ypaBHeHHs NepBOro Mopaaxka

(VI1.28)

u=2_pa—y L
== L JIH T = —— Il .
e X) HaH p —
B ypasuenun (II1.28) x sapaercs uaH onpegenseTcd W3 AnarpaMMm x—i, k& ompene-
JAReTCH W3 ONBLITHLIX AaHHBIX HAH MeTOaMH MOAeNHPOBaHHA; BAHsHHe TeMOepaTyphl
Ha CKODOCThL PeaKuuH ONMpefetaloT Mo ypasHeHnio AppeHuyca. Onpeaeasiemoii Beau-
unnoit 8 (VI1.28) npu nmpoekTupoBaHHm CAYMKHT BpeMs KOHTAKTa ra3a C KaTa/H3aTo-
poM (T). YpaBHeHHA CKOPOCTH PEaKuMH BO MHOIMX C/Ay1afx aHaJ HTHYCCKH HE HHTErpH-
pyercst, [TosroMy aast NpHOAHAKEHHLIX PAacyeTOB HCMOJAL3YIOT METOA,  FpaHYecKOro
HHTeTpuposanus. [lpeanourTnTesbHee ucnodn3osanne DBM, Ha KoTopwiX npw paspa-
OoTaHHOM MporpaMMme MOXKIIO BApbHPOBATL MapaMmerpul mpopecca H OBICTPO HaXO4HTHL
ONTHMAaJbHOE COYETAHHE TeMNEepPaTypbl, KOHUEHTPALHA HCXOAHLIX KOMNOHEHTOB H KOJH-
YyecTBA cTyMNeneil MPeBPalUeHHs, COOTBETCTBYIOMIHX MAKCHMAJbHOMY 3HAUEHHIO CKo-
pocTH mpouecca.
4. 3nas pacxoa raza Ve w BpeMs KOHTaKTa T, BLIYHCASIOT 0GbeM KOHTaKTHOI Mac-
chl Uk (M3):

vg = EVT (V11.29)
I 06beMHYIO CKOPOCThL Ta3oBoii cmecH, u~!(¢™1):
V= Vi/vg,

KOTOPas aBAfETCA MEPOH HHTEHCHBHOCTH pabornl KaTadw3aTopa B psijie KaTaiuTHuec-
kHX nponeccos. Kosdguupuent 3anaca § yaule Bcero NPpHHHMAaeTcst MO ONBITHBLIM aHHbLIM
s rpejnenax 1,3—2,5. [1pesenst 3anaca MCHAIOTCA VIR Pa3IHYHBIX PeaKUHil H KaTaJH3aTo-
POB ¥ MO CTapHAM NpespameHHa Ha gaHHOM KaTtaauzatope. [lo cymecTsy, & Bxawuaer
BJHSHIE Ha MpOoUEeCce BHELIHe- H BHYTPUAHP(HYIHOHHOTO TOPMOKEHHS, CHHMKEHHE ABH-
m’yuj_eﬁ CHJILI BCJeACTBHE NEPEMENIHBAHHA Ta3a B CJ0E, A TaKKe 3amac Ha najecHue
AKTHBHOCTH KaTaJH3aTOPa BO BPeMfA 3aJlaHHOTO CPORA €ro 3KCIIyaTalHH.

Janas paga Xopowo uec/leLOBAHHBIX KAaTAJHTHYECKHX MPOUECCOB Ko hHIHEHT 3a-
naca MOMHO HDHG«'IH}KEHI{D ONpeieJIHTL MO H3BECTHLIM JHaYeHHAM MapaMeTpos, Ompce-
NeJAIOMUX CKOpPOCThL AHGPYIHOHKELIX npoueccos. [LAA 3Toro Hy:HO 3HaTh Koadouiu-
enTbl nH(PAdyY3HE ra3os B NoToke D) # B NMopax KOHTaKTHOR Maccul Dy Npu H3BECTHBIX
pasMepax 3epeH W MX MODHCTOCTH, ONpeaeRemoii COOTHOWIGHHEM Kaymtefcs px H
MCTHHHON py NAOTHOCTH. Takme ZOMXKHBI GbITh H3BECTHH PAJAHYChl OCHOBHBIX NOp
fu, CKOPOCTh OGTEKAHHS 3€peH ra3oM Wy, OTPABAAEMOCTL KaTa/M3aTopa ol.

5. Tennosoit Ganauc anmapata (cM. r1. [) OOLUHO DPHXOAHTCS COCTaBAATL Hec-
KOALKO pas, BapbHPYs NPH ITOM BeAHYMHB TEMNOOGMEHHLIX MOBEPXHOCTER u TeMINepa-
Typbl MO CTAaOHAM KOHTAKThPOBaHHA TakK, 4ToObl MOJAYUHTL JkenaeMblit TexHoJAoCHYeC-
KHIl perxuM, OpHEHTHPOBOUHO 3afaHHbil guarpavmoil x—i. Tocne onpepenenns ontu-
MaJbHLIX YCJAOBHI TeNAOOTBOAA HEPEAKO NMPHXOAHTCA HIMEHATL AHATPAMMY H YTOUHATE
(mepecudTHIBATL) BLIMOJHEHHEE paHee pacueThl

6. Maowanb ceyeHHs aminaparta F onpependioT no gopmyne

F=V./wg, (V11.30)

roe wcp—q]IIKTHBHHH CKOPpOCTE rasa g caoe, paccydTaHHad Ha NOJHOE ceueHue anna-
paTa. [Ipn 10M McIHdlan cKOpOCTh Ta3a B cBOGOAHOM NPOCTPAHCTBE MEXAY 3epHaMH
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Wy noabupaercs B TAKHX Npelenax, yTo0Hl, ¢ OJAHOR CTOPOHLI, NOTOK rasa Obla AocTa-
TouHo Typ6yansosad (KpHThueckoe unciao Re) ana yayyileHns demio- H maccomepe-
DayH Meay rasoM H 3epHami, a ¢ IpYTofi CTOPOHbI, FHApPABJAHYECKOe CONPOTHBJACHHE
C0s1 GblI0 He CJAHIIKOM BeJIHKO:

Wp = Wye, (VII.31)

rae € — NOPO3HOCTh 3ePHHCTOTO CJ10s, paBHas OTHOMEHIIO CBOGOAHOTO oGbeMa MEXAY
aepHaMu K ofieMy oGbeMmy closd.
7. Buicoty cnos kartaausatopa H BBIYHCAAIOT 1O BbIpakKeHHIO

H = wy/F = 40,/ (nD?) = wyr. (VI1.32)

8. I'mapaBanuccKoe COMPOTHBJGHHWE annapara
AP = AP. 4 AP, + APy, (VIL.33)

rie HauGONbLIMM HBJAAETCA T[HAPaBJHYECKOE CONDOTHBJIEHHE CJI0€B KaTajaHsaTopa
AP, HO NIPUXOAHUTCA YUHTHIBAThL TAKMKE CONPOTHRJAEHHE pacnpefesHTeJbHBIX pellleTOK H
pelleToK, HecylWHX Kataausatop APp, a TakKe MeCTHble CONpPOTHBACHHA APy
B TenjgoGMEHHHKAX Ha BXOJe B annapaT W Ha Bbixoge H3 Hero. ConpoTHBAeHHe Kax/10-
ro ciosi AP MoxHO paccyuthisath no ¢opmyne H. M. JKasoponkosa:

APe=9— 2 H (V11.34)

rje ¢ — ko3(HUHenT TpeHUs Tasa o 3epHa, KOTOpbIH AJS TpaiyJHpPOBAHHHIX KOHTAKT-
HBIX MACC MOXHO DaccYHTLIBaTh Mo Gopmyne

¢=23,7TRe™ "%, (VI1.35)
rje

Re = dwg/Sv; (VII.36)
8§ — BHeWHAS MoBepXHOCTHL 3eped Ha | M® KataausaTtopa, mM2/M® (M~'); € — noposHocTs
€71051; O — IUIOTHOCTb rasa; vV — KHUeMaTHYeCKHi KO3((HUHEeHT BA3KOCTH rasa.

Kax Bugno ns (VIL34), ocoGenno cuabHo Biusier Ha APc TNopo3HocTb cios,
KOTOPYI H CTPEMATCA MOBLICHTL NyTeM NpHAAaHHA YacTHUAM Kartajausartopa cgacoHHOR
HIH KosblieoGpasHoi ¢opmb. ConpOTHBAeHHe KAaXAOH peuteTKH BbIpaKaeTcd ypas-
HeHHEeM

APy = ¢p (pr w/2), (VI1.37)

rae (¢p— KO3DMHLUHEHT CONPOTHRJICHHS PelUeTKH, 3aBHCALIEA OT ee TOJMHHLI H HMe-
IOUHA MHHNMAJbHOe 3HAyeHHe @p=1,45 npn 6=5 MmM; w,— cKopocTh rasa B oTBep-
CTHAX PelleTKH.

[Mocaenyionne KOHCTPYKTHBHBIE H OCOGEHHO SKOHOMHYECKHE pPACHCTHI  Hepeako
3aCTaBJAIT H3MEHATb HEKOTOpble NapameTpbl paGoTel anmnapaTa H, cJel0BaTelbHO,
MPOH3BOAHTDL NMepecyeThl.

KoHTakTHeie annapatsl s 0o0paTHMBIX 3K3OTEPMHYECKHX Ta3oBbIX pPeakuwii Bo
B3BeUIeHHOM cJl0e KaTtajuzatopa (cm. pHe. 112),

1. B nuarpamme x—T, KoTropas BblyepyHBaeTca Ajds OPHEHTHPOBKH MOCHE1YIOLLEro
pacyera, paBHOBeCHAa" H ONOTHMAaJbHAaHA KpuBLle CTPOATCH TTO TeM Ke opaBHJiaM H [l)Op-
MyJam, 4TO H AJfl aNnapaToB C HEMOABHKHbIM KaTadusatopoM (cm. puc. 113). Msorep-
Mbl B Ka/JOM KHMOALLEM CJ0€ pacCYHTLIBAIOT HA OCHOBE TENJOBOrO GBJIaHCﬂ, Bbipaxac-
MOro uepe3 ypasHeHust aanabathi M TemjocoTsopa. Jlas ciaos KaTasuzaTopa TemJaoBOIl
GanaHc, OTHeceHHblli K eNHHHLE Macchl rasa, Belpaxkaerca ajuabaTofi

C“ X
fo, = by + 2% Ak 3, (VI1.38)

4
rie lg,— TeMnepaTypa rasa Ha BLIXOJE€ H3 NepPBOre cJost; fx — HauagbHaf TeMnepa-

Typa rasa (f,<t,); Ax;=x — cTeneHb, NpeBpauledHss OCHOBHOrO pPeareHTa B [EPBOM
caoe; gp — Tennota peakuun, Cuex — HAYAJLHAA KOHUEHTPALHA peareHToB; & — Cpel-
HA MaccoBas TEMJIOEMKOCTb rasa.
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Ha sTopoit H nocaeayomed NoJKax, rjie HMEIOTCA XOJOWIBHIKH, PacueT n30Tep-
Mbl Bespercss no ¢opmyge (HanpHumep, AJA BTOPOro CJI0R)

C ko ALF
ey = ty, + 22 Ax, § — el (VI1.39)
c c

rae fu, =1ls,; AXs — npupaneline cTeNeHy NpespalledHa BO BTOPOM /10 KATaJH3aTOpa;
ky — Ko duinenT Tenjonepegaud 4epes CTCHKH XoJ0AHAbHIKA; Af — pasHocTb TeM-
nepaTyp KHNAUIEro ¢1of 0 XJafgoaredTa; F — NOBepaHOCTh XOJOAHJBHHKA, Pa3MeicH-
Horo Ha BTDp?ﬁ nojiKke peakrtopa, T— Bpema npedbiBaiua rasa B caoe; ( — Kosn-
4ecTBO IasoBoil CMecH, Kr.

2. Onrumanbibiil pa3vmep (anaMerp) sepen KaTadausatopa d, ONPCAENSIOT HCXOAR
H3 KHHeTHYECKHX H FHIpPOAHHAMHYECKHX coobpamenuil. Ilo pauHbIM  KHHETHYECKHX
ONbLITOR HJAH aHAJHTHYECKHM DaCueTOM HAXOAAT ManCHMAanbHbIA paswmep 3epHa, npu
KOTOpoM BHYTPUAH(DGDY3HONHOE TOPMOMKEHHE CYUICCTBCHHO He BANAeT Ha CKOpOCThb
npouecca. B 3aBHCHMOCTH OT MOPHCTOCTH 38pHA H OT COOTHOWEHHA cKopocTefl guddy-
3MH H peaKuHu s Aauioll pearnpylomefi CMECH HONYCTHMBIE pasMephl 3epHa KaTaJjH-
satopa Koaebaorcs ot 0,1 go 3 mm. Opnako mo pesyabratam NOCJACAYIOILHX FHAPO-
AHHAMHYECKHX DAacueToB, Mpexjae BCEro TIHAPABAHUECKOrO CONPOTHBJACHHS  €J107,
MaKCHMAaJbHO AONYCTHMBIA pasvep 3epHa MOMKeT oKa3aThCs HEONTUMANLHBIM, JIuHeil-
Has CKOpOCTb rasa B c¢Joe, a CJACAOBATE/LHO, H BEICOTA ¢lof (NpH 3apanuoil ofbeM-
HOll CKOPOCTH) MOBHINAIOTCS € yBeJnuenHeM pasmepa 3epna, [losToMmy Ans yMenblie-
HHR THAPABAHYECKOTO COMPOTHBAGHHA CAOR HEOOXOANMO NMpHMeHATh Oovsee Meaxkue
3epHa, 4eM MaKCHMaJbHO AONyCTHMBE TO KHHeTHKe Npouecca. Ho maa pasnomepuoro
pacnpepeneHna rasa HeoGroAHMa MHHHMAaJbHas BuicoTa clos sepen (50—100 mm), u
€¢I MO pacderam (HaOpHMep, /s aKTHBHOIO KAaTaaHsaTopa) NOJY4aeTcs CIOH MCHb-
el BBICOTBLI, TO C/AeAYeT YBEAHUHBATL H BBICUTY, H, COOTBETCTBEHHO, pasMephbi 3epHa.
OKkoHuaTesbHO pasmepbl 3cpua YTOUNAOTCA Nocde ONPeAeJeHHS THAPABIHYECKOrO co-
NPOTHBJEHHS, W JHHEHHOH CKOPOCTH rasa B peakrope.

3. PaGouas ckopocTb rasa B clloe AOJKHA ObiTh Bbllle KPHTHYECKON ChOpPOCTY!
nepexoaa 3epHa W3 HeNOABHMKHOIO BO B3BEILEHHOE COCTOAHHE Wn, HO MEHbILE CKODOCTH.
npH KOTOpPOiH TNPOHCXOAMT YHOC 3eped W3 annapaTa @y Oanako 3Tor #HTepBaJ ouellb
BeJIHK M J[Js CPAaBHHTEJBHO Y3KHX TrpaHyJoMeTpHuecKHX ¢paKuuii KaTaJn3aTOpOB
(danax=2d5min), Wy=10ws, [as onpefesedns wy u @y MoXHO Rafith pag dopmya
B CNCUHAJLHHX pykoBoacTsax, 3TH (opMydb BhlBeJeHbl HAa OCHOBE ONLITOB pasjHu-
HBIMH HCCJIE[OBAHHAMH, BCE OHH JAIOT Pe3yJbTaThl BHIYHCAEHHR, OJIHIKKE K ONbBITHBIM,
i Bce MPHBOAATCH K BHAY

Re, , = a Ar™ - b, (VI1.40)

raie Res,y — kpurepuit Pefinoasaca, BKAOuaOWnii  COOTRBETCTBEHHO NOCTaBiAeHHOH
3agaue Wy HAH @y; Ar — Kpurepuii Apxumesna; a u b — kosdpduumentsi. B namusap-
nofi obaacte m Gausko K AByM, B TypOyJcHTHOH — oKono 0,5, a B nepexoahoR uaMme-
nsercs ot 2 go 0.5.

Koukperunie pacyethbie opmyan  suga (VIL40) aunanormynm  (VL66) u
(VL.67). Tlpn onpepenennn pafoueil CKOPOCTH rasa @ CJaeayeT YUHTBIBaTb, 4TO ¢ yBe-
JHYeHHEM W BO3pAaCTaloT K()Blb’_i)l‘]ullell'l'bi CKOPOCTH MacCco- H TCﬂJlOﬂepe,!l.ﬂ'—lH, HO CHH-
Haerca ,II,B]{)KyI[laFI CcHJa T]]')OLLECCH KaTaJH3a BCIeACTBHE YCHJIGI[HH nepemcumﬂam{ﬂ
rasoBoi (asbi H YBeJHYEHHA PA3MEPOB rasoBbIX nysuipeii. KpoMe Toro, nossiledne cko-
POCTH rasa ypBeJuuaHBaeT THAPBBJIHLIBCKOG CONpPOTHBJAENHE pCI[IeTKl‘]. l";l:\lCl’.']TyI B3BCUIEeH-
HOT'Q Ch0a H )’CHJ’IHBBGT l‘]CTHpﬂCMOCTb KﬂTHﬂHBaTDpﬂ. ,HJUI KaraJHza noa a'rmocd}epumm
AaBJCHHEM I']pHMCHFIIOT w= 2{?}3—3{03; B KOJOHHAX BBICOKOIO paBJeHHHA HepaluHOoHaJ bHO
GoJblioe yBeJHdeHHe BHICOTH B3BEWICHHOrO €0 H NOTOMY NpHMeHalnT @w=1,3—2ws.
Ecan wauboJgee BamHOil 3ajavell ABAASTCH TEMOOTAA4a OT B3BRCIMIEHHOTO ¢J0A K TelJo-
oGMeHHHKAM, TO W =4w;—6Ws.

4. Marepnanbislii 6agaHe COCTABAAIOT TaK Ke, KaK H aan QuabTpyiomero cios
(cm. ra. I).

5. KoanuecTBo KOHTAKTHOR Macchl onpeneiadercs Mo Tof e MeTOAHKE, YTO H A7
HenoaBHKHOro cnos (eM. ¢ 251). Opgnako Npu 3TOM HHOraa MPHHHMAIOT YCJIOBHA
NOJHOTO UE[]EMCIIIHBHHHH H COOTBETCTBEHHO BpeMAa T]])EGI:]BBII}{ﬁ raza B cjaoe DU[]EI[CJIYI*
) HH
eTCs W3 BhipaKeHHsn <= 2/RAC, (V1141
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TAe X Haxomar u3 yrodueHnoil auarpammer x—T (em. puc. 113); & onpcaeasercs
TaK e, KAK W 449 HEMOABHKHOro ¢iosi; AC — 0o KOHUEGHTPAUKHM HA BLIXOLE H3 CJ0A.
O6bemM kontakTHON Maccs Bhuucasercs no dopmyse (VIL29), no kosdduusent 3a-
taca GAH30K K €QHHHUE, TaK Kak QaKTHyecKan ABHIKYLIAi CWia Npouecca NMpH onTH-
MasbHbiX YCJAOBHAX 3HaunTenbno Buime npuusTtoi B (VIL41), uTo yxe cosnaer sanac
KaTa/NW3aTopa; KpoMe TOro, BBHAY MaJioro pasMmcpa seped ¥ TypOy/JeHTHOCTH cJ0s
puddy3Ha He BAHAET Ha Xoi npouecca, dns psiga npoucccos nodyueHbl Gojee Tou-
uble ypaBuenus, yem opmyabl tuna (VIL41), B KOTOpHX yuyHTbIBaeTCR cTeneHb nepe-
MeLHBAHHA rasa.

6. Buytpenunii anamerp annapaTa Da BblyHcafieTcas Ha ochHoBe o6bema rasa
Vi, onpesesieHHOI'0 NPH COCTAB/CHHH MaTepHaJbHOro 0anaHca ¢ YY4eTOM TeMnepaTypht
M CTenmeHH Tpespauiedna ra3a (HamencHua ofbema) DO NoJKaM:

Wy Ve
Dy = -1/ L 1.42
a ]// =0 ]/o,‘rssw ’ Vit
rie W -— CKOpPOCTL raaa.

7. Hcxoanan BbicoTa €105 Kartaausaropa Hy (B HENOABHYKHOM COCTOMIHHH) BbIYHC-
visiercn no dopmyne (VIL32).

8, TennoBofl pacueT BLIMOJHSFIOT MO MeTOAHKe, ONHCAHHOM B pacyeTe annapaTop
C HeMOABHMCHBIMH CI0SMH KatagusaTtopa. KospdHunent tengootaaun oT B3BelUCHHOro
¢JI0R K TenyiooOMeHHo# 0BePXHOCTH B cpeaHcM B 10 pas sbilie, yeM OT HEMOABHIKHOrO
cqo. TTockoabKy ANA yCJAOBHI KHAAWEro ¢/iof NMPHMEHHMbl BOASHbIE XOJQ]HALHHKH,
BeMIHYHHA TenJIo0OMeHHOH NOBEPXHOCTH MoMeT ObiTh CHHxkeHa B 10 pas mo cpasne-
HHIO € rasoBbIMH TemnJI00OMEHHHKAMH.

9. 'napaBaHuecKoe COMpPOTHBJACHHe annapara onpeieasior no dopmyse (VIL33).
Oﬂ,HaKD COMPOTHBAEHHE CJIOA KaTajgH3aTopa 3jecCb He 3aBHCHT OT CKOPOCTH ra3a H
BBHIYHC/AETCA H3 ypaBHEHHA

APg = p3fly (1 — &) == pufl,, (VI1.43)

rAe pa— KamMywaacs NAOTHOCTb 3€Pen  KaTajJH3aTopa; Py — HACLINHAA  MJIOTHOCTH
KaTanH3aTOpa; €¢ — MOPO3HOCTh HENOABHKHOrO C/10f, KOTOPYI A7 LIAPHKOBLIX Ka-
TaJH3aTOpPOR MpHHHMAaIOT paenoi 0,4.

Imapasanueckoe conpoTHBjeHHe peleTkH APp B annapaTtax ¢ KAMAIUM  CJOEM
HMeeT OOJblIOE 3HAYEHHE A5 PaBHOMEPHOTO paclipeiesendsi rasza no caoi, Munu-
MaIbHO HeoOXOQHMOE CONpOTHB/IEHHEe OnpeaenfneTca H3 (GOopMyJbl

we E“ —_ Eo
APy min = AP 1 ) , (V11 .44)

wle—w — &y

B

rape €y — NOPO3HOCTD B3BelleHOro caos.

Hexonn u3 3apaHHOr0 conpoTHBAeHHA APpmin paccuuThiBaloT cBoGoaHOe ceueHHe
pellieTKH, a 3aTéM H APYrde KOHCTPYKTHBHbIE NapaMeTpbl pelleTKH H BCero annapara.
3naueHue ez paccyHThiBaeTca No GopmMy.e

(18 Re -+ 0.361232)0.2!
EB = e — .

Ar (VIL.45)

7. MEPCIIEKTHBHBIE METO/BI YCOBEPUIEHCTBOBAHHSA
XUMHKO-TEXHOAOITHYECKHUX FPOLIECCOB

HMureHcHpHKauus H yCOBepLIEHCTBOBAHHE XHMHKO-TeXHOJOrHYeC-
KHX [POLECCOB BO3MOXKHBI MyTeM BHEADPEHHSI HOBBHIX [MPHEMOB, HaXO-
AsINIMXCS B CTaJHH CrTaHoBaeHusi. K TakuM mnpuemMam OTHOCHTCsI HC-
nosb30BaHHe (QOTOXHMHUECKHX, pagHAMHOHHO-XHMHUECKHX, OGHOXHMH-
YeCKHX, MJa3MeHHO-XHMHYECKHX MPOHECCOB, a TaKke yJbTPasByKa.
Pagnaunonno-xuMuueckHe W GHOXHMHYECKHE MpPOMECCH  CXOAHBI C
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OOBIYHBIMH KaTaJHTHYECKHMH H MO MeXaHH3MYy BO30yXIAeHHS H YCKO-
peHnst XHMHYeCKHX peakuuil,

PaanagHoOHHO-XHMHUYECKHE MPOIECCH MPOHCXOAAT IPU
JeHCTBHH HOHHM3HPYIOUIHX H3JYUeHHH BHICOKOH 3Hepruu; Bo3GyaHTels-
MH MOIYT CJAYXKHTb 3JIeKTPOMAarHHTHbIE H3Jay4eHHs (pPeHTreHOBCKOe H
y-H3aydeHHe) y 3apssKeHHble YacTHibl BHICOKOH 3HepruH (yCKOPeHHbie
3JIEKTPOHBI, o- H -4acTHUBl, NPOTOHBL H ApP.). MexaHusM Bo3feHCTBIS
HOHH3HPYIOUIHX H3JAyueHHH Ha peardpyioulylo CHCTeMy COCTOHT B re-
pelavye 3HePrHH pearupyloUIHM  BeUIECTBAM; CNepBa MPOHCXOIHIT
CTOJIKHOBEHHe 3apsiZKeHHBIX YaCTHI ¢ MOJEeKyJaMH peareHtoB ¢ ofpa-
308aHHCM HeCTaOHJAbHBIX aKTHBHPOBAHHBIX MOJEKYJ, KOTOpble paciia-
JAlOTCsT HA aTOMbl HJAH B3aUMOAEHCTBYIOT ¢ HEBO3GYKAEHHBIMH MoJie-
KyJaamu, ofpasysi HOHb H CBOGOJHBIe pajnukatb. lIpH B3anmomeiict-
BHH HOHOB W CBOOOJHEIX PaAMKalOB APYL ¢ APYyromM HJH ¢ Helpespa-
LeHHBIMH MOJIeKY/JJaMH BO3HHKAIOT KOHeUHBIe MPOAYKTEI peakiihi,

PagnaiHoOHHO-XHMHYECKHE TMPOUECCH  MPOUCXOAAT € OOJbLIHMH
CKOPOCTSIMH, TaK KaK 2HePrus akTHBALHH PE3KO CHHXKAEeTCs MO cpas-
HEHHIO C peakuHsAMH HeaKTHBHPOBAHHBLIX MOJIEKYyJ. IHepreTHYECKHMil
Oapbep paAHalHOHHO-XHMHYECKHX peakuHii HeBeauk (okono 20—
40 gdx/moan), Onarofaps 4yeMy MHOTHe palHAmHOHHO-XHMHYECKHE
MpOLEeCcCH MOTYT MPOBOANTHCA NMPH OTHOCHTENBHO HHM3KHX TeMmepary-
pax. PazpaGoTka u peasusaiHsl paJHagHOHHO-XHMHYECKHX MPOLECCOR
B MPOMBIIIJIEHHOCTH MPOHCXOAHT € ydacTHeM HOBOH pajHaimHOHHO-XH-
MHveckoH TexHosorun. K uueay peasnnsoBaHHBIX pagHaLHOHHO-XHMH-
YeCKHX MPOLECCOB OTHOCATCS NMpexie BCEro TakHe peaKIlHH OpraHi-
YyeCKOro CHHTE3a, Kak raJioninpoBaHue, cyiab(upoBaHHe, OKHCJAEHHE,
npucoeAHHeHHe M0 ABOHHON CBSIZH W Ap. PamnauHoHnHble MeTOAB MpH-
MEHSIOTCSl B TeXHOJOIHH BBICOKOMOJEKYJASPHBIX COeJHHeHHH B Tpo-
geccax MOJHMEPH3aUHH, a TakXe AJs NMOBLIIIEHHs] TepMHYecKoli c1oii-
KOCTH H MeXaHHYeCKOH MNPOYHOCTH MOJHMEPOB MYTEM <«CHIHBaHHS»
makpomoaekya., PeanansoBaH mpoiecc paaHanHOHHON BYJKaHH3aUWH
Kayuyka; paspalboraHbl PajHalHOHHO-XHMHYECKHE MeTOAKl NpPOH3BOJI-
¢TBa H3jlenHHl M3 MOJHMEPHREIX MaTepHaJOB — MJeHOK, TPyO, Kabenb-
HOH H3OJSLHH H AP,

BuoxumMuueckKkne nNpoiuecch Haubonee MepCleKTHBHBI A7
XHMHuuecKoil TexHosorun. OHH NPOHCXOAAT B KHBOH mnpupojge B aT-
Moc(epHbIX VeaoBHsX (0e3 moBLIIIEHHs! TeMnepaTyphl, LaBJeHHs) 103
AeficrBHeM BBICOKOAKTHBHHIX MPHPOAHBIX KaTaJu3aTtopos — depmcH-
TOB M FOPMOHOB, d TaK:XKe MHKPOOPraHH3MOB, COAep:KallHX 3TH Kara-
Au3atophl. Bo3MOXKHOCTH GHOXHMHYECKHX MpPOLECCOB B NPOMbILLaell-
HOCTH He OrpaHuyYeHBl, XOTSl TIPHpPOAHBIE OHOXMMHYECKHE TMPOoLeceh
TOKa HeA0CTaTOYHO M3YYEHBl H ellle MaJ0o BOCIDPOH3BEAEHH B MOJesb-
HbeIX yceaoBusix. HemaBHo BosHHK/AA HOBasi OTpacib HayKH — TexHuuye-
cKasi MHKPOOHOJIOTHsI, KOTopasi H3ydyaeT GHOXHMHYeCKHE MeTOIbl Mpo-
H3BOJACTBA CaMbiX pa3HooBpasHbiX XUMHYecKHX npoaykros, Ha npak-
THKe peatH30BaH MuKpoOuosornuyeckuit cuHres aHTHOHOTHKOB, BHTa-
MHHOB, FOPMOHOB. B nepcnekrHBe TexHHYecKoil MHKPOOHOJOrHH Iia-
XoasTes npobJaeMbl ¢ukcauun atmocdepHoro asora, cHHre3a Oenkos
W KHPOB, OKHCJEHHsi Cepbl B THOKCHI H TPHOKCHI Cephl H, HaoGopor,
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BOCCTAHOBJEHHSI CePbl M3 CEPHHCTBIX COeAHHEeHHH, MHKpOGHOJOrHYeCe-
KOro BbilleJayHBaliHsg MeTassioB H3 pya # 1. 4. Ocofo BaxHoe 3Haye-
HHE HUMEIOT MHKpOOHOJOrHYecKHe MeTOAH CHHTE3a MHIIEBBIX MPOAYK-
TOB, B yacTHocTH 6esikoB (cM. ra. I, c¢. 11). HsBectHo, uto B MHpe
olLyIIaeTcs] HeJOCTATOK OeJKOBHX NMPOAYKTOB, H OJHH H3 MyTell pac-
ILHPEHHST MHILEBHX PECypCcoB — 3TO peaJsH3aiHs NpPoH3BOACTBA OeJKOB
MHUKPOGHOIOTHYECKHMH METOIaMH.

Psit 6GHOXMMHYECKHX MPOLECCOB YyiKe AaBHO HCMOJB3YeTCst B MpPO-
MBILIJIEHHOCTH;, 3TO  OHOJIOrHUeCKHH cHHTe3 OeJKOBBIX KOPMOBHIX
ApoKiKeH, pasanyHble (GopMbl OpoeHHa C NOJYYeHHeM CHHPTOB H
KHCJOT, OHOJOTHYECKasl OYHCTKA CTOUHBIX BO M AP.

MoaenupoBanne NMpHHIHMNOB KaTaJjH3a, OCYLIECTBISEMOro B KHBOil
npHpojae, MOMKET MO3BOJIHTH MO-HOBOMY NEPECTPOHThH psA oOTpacaeii
MPOMBILIJIEHHOCTH H PacUIHPHTh MHIEBLE pecypchl.

AUTEPATYPA

Marepuaast XXVI cpespna KITCC. — M : [Tosutu3nar, 1981,

Asepbyx A. A, Tymapxuna E C., Myxaenos M. M. u ap. [IpakTukyM no o6mei
XHMHYeCKOft TexHogoruu, 3-e n3a. — M.; Buiciias mkoaa, 1979.

Aspoe M. 3, Togmec O. M., Hapuuckuit . A. AnnapaTsi co CTaUuHOHADHBIM 3CD
HHCTBIM caoeM. Tuapasauteckie H Tenaossle ocHosb! padoTe. — JI: Xumus, 1979.

baxapko B. A,, Kosocoe A. @, Mockeun B. &, DxoHoMuka xuMuueckoii npo
MuluaeHHocTH. — M.: Briciias wkoaa, 1975,

Besgenexubix A. A. MaremaTHueckHe MOLend XHMHHUECKHX peaKkTopos. — Kues.
Texuura, 1970.

Bpetwnaiigep C., Kaseukuit B., Jleiiko JI u gp. OOwmue oCHOBL XHMHYECKOH Tex-
wogoruu, JI., 1977,

Fepacumor 1. H. Kypc dusnueckoit xumnn. — M.; Xumus, 1973.

3axkreiim A 0. Bpenenne B monenupoBanue XHMHKO-TeXHOJOTHYCCKHX Tpouec-
cos — M.: Xumus, 1979,

Kacatkun A T. OcHoBHbe mpollecchi # annapaThi XHMHYeCKOll  TeXHOJOrHH
9-¢ yang, — M.—JI.- Xumus, 1973,

Kathapos B. B OcHoeb macconepegaun. 3-e uag. — M.: Bricwas wkona, 1978,

Kajapos B. B Metoan KHOepHeTHKH B XMMHH H XHMHUECKO{l TeXHOJOTHH
3.e usq — M.- Xuwmus, 1976.

Jleseswnune 0. Muxeneproe odopmaenne xumuueckux npoueccos — M.: Xumus,
1969

Jykeanos M1 M Kpatkan uctopus xumuveckofi npomoiuientocty CCCP. — M.:
Han-so AH CCCP. 1959.

Myxaenos W. 1., Jobxuua E. H., Hepoxkuta B. H. u ap. Texnonorua karann-
satopoB 2-e w3a. — M —JL.: Xumua, 1979,

Myxaesos H. I, Anoxuy B. W, TNpockypakos B. A. n ap. Karaaus p kundiem
caoe. 2-e uan. — M. — JL.: Xumus, 1978,

Ty6oakuu A, &, Tymapkuna E. C., Pymauyesa E. C. u Ap. PacueTu xivuko-Tex-
HOJIOTHUECKHX npopeccos, 2-¢ H3A. — JI.: Xumun, 1982,



OIr'AABAEHHME

[IpcancmoBie . . . & v v v vt bt e e ek e e e e e e e ..

FTaasa 1. Beeaeune. O0mHe NOHATHA . ., . . . . & v o « o .

1. 3nayene n passBHIHe XHMHUYECKOR NPOMBIULIEHHOCTH , . v e
2. XuMH3aUHA HAPOAHOTO Xo03ficTBa H TNpobaembr KH3He06ecnede A .
3. Xuvuyeckaa TeXHOJIOTHS H OXpaHa NpHpoas! C e s s s e e e
4 OcHoBibie HaNpaBJenust B PAa3BHTHH XHMHYECKONH TeXHMKH . . , .,

- -

5. KauecTBo u ceBecTOMMOCTL XFMHYECKOH NPOAVKUMH . . . o . . . .
6. ITpoexTHpoBaHKHe XUMHYECKHX TPOH3IBOACTE H MOAEIHPOBAHHE XIMHKO-
TeXHONOrHYECKHX TNpoueccos S8 8 e e e e e e s e s s s

IFnasa Il. OcHOoBEbIE 3aKOHOMEPHOCTH XWMHYECKoH TexHwojormuw ., ., . .

1 TlouAtne 0 XHMHKO-TEXHOJIOTHYECKOM TIPOLECCE . . o « . « o s o »
2, KnaccuHKauHa XHMHKO-TEXHOJOTHUECKHX TPOLECCOB ., . . . . + .
3 PaBHoBecHe B TeXHOJIOTHUECKHX MpoLeccax W e e 4 s 8 s+ e v e »
4. CKOpPOCTb TEXHOJOTHUECKHNX TIPOLECCOB . 4 v v 4 4 v o & o s + s
5. Cnoco0m ypesHYEHHA CKOPOCTH MPOLECCA .+ . & . & & o & « o o o

Trnasa Il XumHueckue peakTopsl . . . . « v o « o o o

1. Mopenn HaeanbHblX peakTopoB L
2. CpasHeHne peakTopoB ., . e v e v s e e s e s e e e e
3. Bubop peskrtopa u CeneKTHBHOCTS P e r e e e e s e
4. TemnepaTypHblil pexHuM DPeaKTOPOB ., . . . & o 4 & v « + o« o
5. ¥YcroiiunBocTh paBorsl peakTopoB . . . . ., . e s e e e e
6. Otionenus peanbHLIX PEakTOPOB OT Hneanasnposaﬂﬂmx t e v s s

Fnasa IV. XHMHKO-TEXHOJIOTHUECKHE CHCTEMBI e e e e e e e e e

1. XuMHuecKoe MPOH3IBOACTBO KaK CJOMKHAST CHCTEMA . . + 4+ o & o o o
2. Monenn xumuko-texuonoraueckux cucreM (XTC) ., . . . . . . . .
3. CnocolGul usobpaxenns cxem XTC e e e e e e e e e e e e
4. TexHoJorHuecKuHe cBA3N s h e e s e et m e r e w e s e
5. JHeproTexHo/JOrHUECKHE  CXeMbl C s s e e s 4 e s s e e s

Tnaea V. Fomorcuublc npoueCcCH H PEAKTOPLE e e e e e e e e

1. XapaKkTepHCTHKA TOMOreHHBIX XHMHUECKHX TPOLECCOB . . . o 4 o+ & o
2. OcHoBHble 3aKOHOMEPHOCTH TOMOIEHHBIX TPOUECCOB . 4 4 4 o & o
3. Peaxktopsl A/s1 TOMOTEHHBIX MPOUECCOB . . . + + + v =+ « + & o

IFnasa VI Fereporedsbie HeKaTaJIMTHYECKWe fapouecctl W peakTopsl , ,

I. O6uue cregedus , T T
2. Cuecrema raa-—xmmmcn, (l" s 4 e e e s e b e e b e s oa
3. Cuciema ras — teepgoe (I—T) e e e e e e e e e e e e e e

4. Cucrema  KHJAKOCTb — TBeppoe (K—T) . . . e e e e e ..
5. Tlpoueccst B OHHAPHBIX TBEPAbIX, ABYX(DazHbIX )Kn.rlmix H MuoroasHbix
CHCTEMAX e s 4 4 s 4 e s s e a e s s e s e ne e s oa

Fanaesa VIL KaranuTuyeckue mpouecchbi H pPeaxkTopbi + 4 s a2 s s w

1. 3navenne u oOjacTy NPHMEHEHHA KATAJH3A .+ . . & & v o & o o =
2. CyIHOCTb H BHABL KATAMH32 . . o &« & 4 o o & o s o & o o s
3. T'omorennslii H reTeporéHHbl KaTaams . . P
4. CpoficTBa TBepablX KaTaJH3aTOPOB H HX nsromB.neHae e e s e e
5. AnnapaTypHoe o(OpMJCHHE KaTaJHTHYECKHX TMPOLEccoB ., . . . . .
6. OcHoBHble 3J€MEHTh TEeXHOJOTHYECKHX PacueTOB KOHTAKTHMBIX  alllapaTos

AN rasoBHX cmecel e e e e e e e e e e e e e e e e
7. MNepcneKTuBHble MeTOAb! YCOBePIIEHCTBOBAHMA  XHMHUKO-TEXHOJNOrHUECKHX

npoieccos
Jlutepatypa S

OTtckaHnpoan CemeHo4eHKo Bnagmummp
chem_vova@mail .univ kiev.ua; vova2002@mail.ru

11
13
16
22

24

33

33
35
39
47
64

81
92
97
102
111
116

119

119
123
125
127
131
133

133
139
145

150
150
156
170
196

208

210

210
214
221
233
235

249

253
255






	предисловие
	введение
	общие понятия
	химизация народного хозяйства и проблемы жизнеобеспечения
	значение и развитие химической промышленности
	химическая технология и охрана природы
	основные направления в развитии химической техники
	качество и себестоимость химической продукции
	проектирование химических производств и моделирование химико-технологических процессов

	основные закономерности химической технологии
	понятие о химико-технологическом процессе
	классификация химико-технологических процессов


