TR .

TAABA XXIV DAAEOET I TUA ATTADPAOU

ADPAO

> =

BriGop TuIla peaKkTopa AAS OCYIIECTBAEHUS AQHHOTO XMMHUUEC-
KOIO IIpollecca 3aBUCHUT OT MHOTUX (PAKTOPOB, M3 KOTOPHIX Ba’KHEUIIUMU SB-
ASIOTCS: HEOOXOAMMOCThL UCIIOAB30BaHUS KaTaAM3aToOpa, ero CBOMCTBA M pac-
XOA; TepMOAWHaMUYECKHe OCOOEHHOCTHU IIporiecca — apuabaTUuecKue, M30Tep-
MHWYEeCKVe HAW MOAVUTPOIHNYECKHE YCAOBHSI IIPOBEACHUS XUMUYECKON PpeaKIuy;
METOABI TelAOOOMeHa, HCIIOAB3YeMEBIE AASL OOecIliedeHHs 3aAaHHOTO TeMIlepa-
TYPHOTO pe’XuMa B 30He peaKIU{; CBOMCTBa UCIOAB3YEMEBIX TEIIAOATeHTOB; Iie-
PUOAHYECKOE MAW HelIPepPHIBHOE OCYIeCTBAEHHE IIpoliecca.

[MTpocTeUIuM TUIIOM peakTopa SIBASETCS IIyCTOTEABIV HUAMHAPHUYECKUN all-
mapaTr, B KOTOPOM peakIus MPOTeKaeT B apnabaTUYeCKUX YCAOBUAX Oe3 wcC-
IIOAB30BaHUS KAaTaAM3aTopa UAW C HEOOABIINMM €ero KOAWYEeCTBOM, IIOCTYIIalo-
IIUM B PEaKTOP BMeCTe C UCXOAHBIM CHIPBEM B BHAE CYCIEH3UHM, SMYABCUHM HAU
B ra3oBol (pa3ze. Takue peaKIMOHHBIE aNlapaThl UCIOAB3YIOTCS AAS XUMHUYeEC-
KUX IIPOIEeCCOB, IIPH OCYIIECTBAEHHM KOTOPBIX AOINYCTHMO H3MeHeHUe (IIOBHI-
IIIeHNe MAM IIOHW)KeHHe) TeMIlepaTyphl B 30He peakIuy, 00yCAOBAUBaeMoOe Tell-
AOBEIM 3(P(PeKTOM peaknum (M30TEPMHUYECKON MAU 3HAOTEPMUUECKOM), Oe3 Tell-
AOOOMEHA C BHEIIHEU CpepOM (IoTepsAMHU Tellna IpeHeOperaeMm). [TopoOHEIE ycC-
AOBHSI UMEIOT MECTO IIPH MaAOM TEIAOBOM 3(deKTe peakKIuu W IPU CPaBHU-
TEeABHO HEOOABIION TAyOMHe IIpeBpallleHts, KOrAa TeMIlepaTypa TakKKe Mano
HU3MeHSIeTCsI UAU KOTAQ HabAIopaeMoe m3MeHeHHe TeMIepaTyphl He NPUBOAUT K
3HAUUTEABHOMY M3MEHEeHUIO CKOPOCTH OCHOBHOM peaKIIUM M YCHUAEHHIO 11060Y-
HBIX HEKeAATEeAbHBIX PeaKImi.

B HeKOTOPHBIX cAyYasx HeOOABIIOe W3MeHeHHe TeMIepaTyphl B apuabaTu-
YeCKOM peakTope AOCTHUIaeTCs IIoAQUel BMeCcTe C CEIpheM MHEePTHOrO (He yJacT-
BYIOII[ETO B peaKInH) BellleCcTBa (TelAOareHTa), KOTOpoe IOTAOILIaeT (IPH 3K30-
TEePMUYECKON peaKINi) WAM KOMIIEHCHPYeT (IPH 3HAOTEePMHYECKON peaKIuu)
yacTh TemnAoBoro sdderra peakuuu. [IpuMepoM apuabaTHUYeCKOro peakTopa
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SIBASIETCS BBIHOCHAsI peaKIMOHHAas KaMepa TepMHUUYeCKOro KpPeKHUHra, Kyjpa He-
NIPepPBIBHO IIOCTyINIAeT UCXOAHOE CBHIpbe, HarpeToe B TpyOuaTolu meuu Ao 470—
500 °C. O6beM KaMephl BBIOMpAETCs C TAKMM pacyeToM, 4YTOOBI IIapoBas M
KUAKAsA 4aCTU IIOTOKA HAaXOAUAUCH B amllapaTe B 30HE BBEICOKMX TeMIIEpaTyp B
TeueHUe OTpe3Ka BpPeMeHM, HeOOXOAUMOTO AASI AOCTHJKEHUS TpeOyeMOU IAyOu-
HBl KpPeKWHTa. BcaepCTBUE 3HAOTEPMHYECKOro 3@ ekTa peaknum KpeKWHTa
TeMIlepaTypa B PeaKIIMOHHON KaMepe NOHW>KaeTcsd. [AyOMHA KpeKUHra MOJKeT
PETYyAMPOBATBCSI U3MeHeHHeM KaK TeMIepaTypbl IIOCTYHNAIIero B pPeaKTop
IIPOAYKTA, TaK U AABAEHUS B KaMepe; IIpU M3MeHeHUN AABA€HHSA MeHdeTCd 00'b-
€M ITapoBOU (ha3bl, @ CAEAOBATEABHO, U IIPOAOAKUTEABHOCTb IPEOBIBAHUS €e B
30He peaknuu. [Ipy KpeKMHTe OTAAralolIuics B KaMepe KOKC IIepHOAMYECKH
(opmH pa3 B 1 —2 Mecsdlia) ypangeTcs.

PeakTop Takoro >ke THUIIa UCIOAB3YeTCS B IIpoIlecCaxX KOKCOBAHHUS; B 3TOM
CcAydae TAyOMHA KPeKWHTa BBICOKAs U KOKC 3aIllOAHsSeT KaMepy IIPUMepPHO B Te-
YeHUe CYTOK, a 3aTeM ero U3BAEKAIOT MeXaHWYeCKUMM pa30ypuBaHHWEM HAU IPU
IIOMOIIM THAPABAMYECKUX Pe3aKoB. Aad oOeclieueHUus HeNPePHEIBHOCTU PAaOOTEH
YCTaHOBKY OOBIYHO COOPY’KAlOT ABe KaMephl, II0NIepeMeHHO [TepeKAlouaeMble Ha
IIOTOK CHIPbS U Pe3Ky U BHIIPY3KY KOKCa.

[TpumMepoM IIyCTOTEAOTO peaKTopa, IAe KaTaAW3aTop UCIOAB3YeTCS B BHUAE
CYCIIeH3UH, SIBASETCS PEeaKTOp AAS KUAKO(A3HON TMAPOTEeHM3aluU II0A AdBAe-
HueMm po 70 MIla u temnepaTrype 480 °C; CHIpbEM TAKOTO IIPOIIECCA SIBASIETCS
AMOO YTrOABHAd MacTa — CMeCh U3MEABYEHHOI'O YTAYI C JKUAKMMHU NTPOAYKTaMU
TUAPOTEHM3aIu, AMOO He(dTIHBIe OCTaTKH; KaTaAu3aTop B BHAE IIOPOIIKAa
NIpeABAPUTEABHO CMEIIMBAIOT C YacCThIO MCXOAHOTO CHIPBSI AASL IIOAYYEeHHS KOH-
LIeHTPUPOBAHHON CYCIeH3UU, KOTOPYIO 3aTeM y’Ke CMelIMBAaloT C OCHOBHOU da-
CTBIO CBEIPbS. B peakTopax 3TOro THUIIA 4Yepe3 NITyLEephl, PACIOAOKEHHBIE B
CTeHKaX allllapaTa, IpeAyCMaTpHUBaeTCsd II0AAYa OXAAXKAQIOIIEro BOAOPOAQ, YTO
U IpepAOTBpAlllaeT MOBBIIIEHME TEMIIEPaTyphl, OOyCAOBAEHHOE 3K30TepMHUUeC-
KUM 3PPEKTOM peaKIUuu r'MAPOreHU3aluu.

[ITpoKO NIPUMEHSIOTCS B IIPOMBIIIAEHHOCTU apuabaTHYeCKue pPeaKTOpPHI
AT KQTAaAUTUUEeCKUX IIPOIEeCCOB, BBEIIOAHEHHBIE B BUAE ITUAWHAPHYECKUX alllla-
paTOB U 3AIOAHEHHBIX CTAIMOHAPHBEIM CAOEM I'DAaHYAMPOBAHHOTO KATAaAW3aTopa,
paboTaroiiyue CpaBHUTEABHO AAUTEABHBIN OTPe30K BpeMeHU Oe3 pereHepanuu
UAM BOOOIIe He IOAAE’KAllle pereHepaluu. B 3THX anmapaTax KaTaAW3aToOp
pacmoAaaraeTcss AMOO B BHAE OAHOTO CAOSl IIO BCeM pabodel BBICOTE PEAKTOPa,
AU60 B BUAE OTAEABHBIX CAOEB, pa3MelllaeMbIX Ha IIepOpPHPOBAHHEIX OIOP-
HBIX pellleTKaX, dyepe3 KOTOPble CBOOOAHO IIPOXOAAT Iaphl CHIPbS U He IIPOCHI-
naeTrcsg KaTaaus3aTop. ITOCAOMHOEe pacloAOKeHHe KATAaAU3aTopa OCYIIECTBASIOT
B TeX CAy4YasdX, KOTAd KaTaAu3aTop He 00AapaeT BBICOKOM MeXaHW4YeCKOM IIpou-
HOCTBIO. [Ipy OOABIION BBICOTE CAOSI KaTaAU3aTOP MOJKET pPa3pAaBAMBATBCS U
YIAOTHSITBCS, YTO IPUBOAUT K IOBBIIIEHHOMY COIPOTHBAEHHUIO IIOTOKA CHIPbLS U
HEepaBHOMEPHOCTHU ero paclpejpeAeHUs [0 CeYeHUIO anmaparta.

Takme peaKTOpHl Pa3AWYalOT TaKKe M IO CIOCO0y paclIpepeAeHUss U Ha-
ITPaBAEHUIO ABUKEHUS CHIPbS: C PAAMAAbHBIM ABUXKEHUEM CHIpbs (puc. XXIV-1)
UAM C aKCHAABHBIM (puc. XXIV-2). PeakTOpH ¢ papAUaAbHBEIM ABUJKEHUEM CHIPbS
IIPUMEHSIOT B CAy4asaX, KOTAQ Cpepd HaXOAUTCS TOABKO B >XKMAKOM HMAU Hapora-
30BOM COCTOSIHMU. PapnanbHOe ABHJKeHHe oOecIiedMBaeT MeHbIINe IIOTepH Ha-
Iopa MOTOKY CHIPbS.

AAs BO3MOJKHOCTH BeAEHMSI XUMUUYECKOTO IIpollecca B aAnabaTHUUYeCKUX
YCAOBUSAX MCIOAB3YIOT TaK)Xe CTyIleHUaTOe peryAnpOBaHHE TeMIIepaTypHOTO
pe>kmMa B peakTope. B 3ToM caydae BeCh peaKIMOHHEIM OOBEM, HEOOXOAUMBIN
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Puc. XXIV-1. PeakTop Kara-
ANTHYECKOro pudopMHuHra c
pPaAuaAbHBIM ABIDKEHHEM
CBIPBSI:

1 — mTynep BBOAA CHIDHS;
2 — pacupepeAruTeAb CBIPBS;
3 — kopmyc; 4 — KopoOa;
5 — cOOpPHHUK IPOAYKTOB pe-
aknuy; 6 — IITylep BHI-
IPY3KH KaTaAu3aTopa; 7 —
LIITyIlep BBIBOAA  IIPOAYK-
TOB peakuuu; 8§ — omopa;
9 — MmydTa AAS TepMOIapHl;
10 — IWMAMHAPWYECKUM CTa-
KaH; 11 — MHOTO30HHAasl Tep-
Monapa. [Toroku: I — ceIpee;
II — IPOAYKTBI peakIuu




1

Puc. XXIV-2. PeakTtop THUApPO-
OYHCTKHM AW3EABHOIO TONAHMBA C
aKCHaABHBIM ABH)KE€HHEM ChHIPBSI:

1 — pacmpepeAuTeAbHAs TapeAka;
2 — (uabTpylOlIlee YCTPOMCTBO;
3 — xopmyc; 4 — pelIleTka KOAOC-
HHUKOBas; 5 — KOAAEKTOD AASL BBOAQ
napa; 6 — dapdopoBrle Iapel; 7 —

OIIOPHOE KOABLO; 8§ — omopa; 9,
11 — mTynmep AAd  BHITPY3KH
Karaausaropa; 10, 12 — Tepmo-
napel. [Toroku: I — cwipbe; II —

IIPOAYKTEI peaKInuunu



MAST 3aBepIIeHHs pPeaKIUUd C 3apaHHOM TAYyOMHOU IpeBpallleHus, pa30uBaloT Ha
HECKOABKO IIOCAEAOBATEABHO COEAWHEHHBIX ajpMabaTHYeCKUX peaKTopoB. Ha
IIOTOKE IIPU IIEPEXOAE M3 OAHOTO PEaKTopa B APYIOM YCTAHABAWUBAIOT TEIIAO-
OOMEHHYIO IIOBEPXHOCTH, 4epe3 KOTODPYIO IIOABOAAT HAM OTBOAAT TEIAO AAS
obecrieueHUsT HEOOXOAMMOTO TeMIIEPaTypHOTO pe’KHMMa B IIOCAEAYIOUIEM peak-
Tope. AOIIyCTMMOe H3MeHeHUe TeMIIepaTyphl B KaKAOM peaKTope AOCTUIaeTCs
OrpaHMYeHUeM CTelleHW IIpeBpallleHus, B YaCTHOCTH, 3a CYeT Uu3MeHeHUs
oOBeMa KaTaAusaTopa.

I[TopoOHEIE peaKIMOHHBIE aNIapaThl CO CTyIeHYaTHIM PeryAupOBaHUEM
TeMIIepaTyphl MIMPOKO MCHOAB3YIOT Ha YCTAHOBKAaX KATAaAUTHYECKOTO pudop-
muHTa. OOBIYHO Ha TaKUX VYCTAHOBKAX COOPY’KAIOT TPU IIOCAEAOBATEALHO
COeAVHEHHBIX peaKTopa, IIpudyeM MOTOK IIOCAe IIePBOTO M BTOPOTO PEeakTOPOB
IOCTyIlaeT B TPyOuaTyio Ileyb, I'Ae €My AOIOAHUTEABHO COOOIAaeTCsl TeIAOo,
KOMIIeHCHpPYVIOlllee IOTEPU SHAOTEPMUUECKON PeaKIuu.

PeakTop KaTtaauTH4eckKoro pUMOPMHUHIA IIO CBOEMYy TEeXHOAOTUUYECKOMY
O(POPMAEHUIO AOAKEH YAOBAETBOPATH PSIAY TpeOoBaHUNM — 0O0eCcIeduBaTh 3a-
AAQHHYIO IIPOM3BOAHUTEABHOCTH YCTAHOBKU IIO CHIPBIO, UMEeTh HEeOOXOAUMEBIM pe-
aKIMOHHBIM 00BEM, CO3AaBaTh TPeOyeMylo AAS PU(OPMHUPOBAHUS OBEPXHOCTH
KOHTaKTa B3aMMOAEMCTBYIOIUX (a3, IIOAAEP’KUBATH HEOOXOAUMBIN TEIAO0O0OD-
MeH B IIpollecCe W ypOBeHb AKTUBHOCTU KaTaAusaTopa. KpoMe TOro, AOAKeH
00AaAATh MMHUMAABHBIM THAPaBAUYECKHMM COIPOTHMBAEHHEM U O0OecreuyunBaThb
PABHOMEPHOE paclpejpeA€HHe ra30ChIPhEBOTO IIOTOKA IO BCEMY PEAaKIMOHHOMY
00BbeMy. YMEHBIIEHHE COIPOTUBAEHUS IIOTOKY IIO3BOASET CHHU3UThH pabouee
AaBAeHUE B PeaKTope, 4TO B CBOIO OYepeAb BeAeT K YMEeHBIIEHUIO TOAIIUHEI ero
CTEHKHU U, CA€AOBATEABHO, K CHM’KEHHMIO METAaAAOEMKOCTH Bcero peakropa. He-
OAHODPOAHOCTH PacIpeAeAeHUs ITOTOKa BAUSET Ha IIPOU3BOAUTEABHOCTH PEaKTo-
pa, IPUBOAUT K HEPABHOMEPHOCTHU OTAOJKEHUS KOKCA HA KAaTaAM3aTOpe.

PeakTop KaTaAUTHUeCKOrO PU(MOPMUHTA C PAAUAABHBEIM ABUJKEHUEM CBHIPBS
(cm. puc. XXIV-1) uMeeT KOpIyC 3, BBEIIIOAHEHHBIM C 3AAMNTHYECKUMU AHWUIIA-
MM U H30AMPOBAHHBIM U3HYTPU CAOeM TOpKpeTOeToHa ToAmuHOoM 100 mM. ITo
nepudepuu peakropa pasMellleHbl 60 BepTUKaABHBIX KOPOOOB 4, CTEHKM KOTO-
PBIX, OOpallleHHble K KaTaAW3aTopy, NepopUpOBaHHI.

ITo ocu anmapara ycCTaHOBAEH COOPHHK BEIBOA@ INIPOAYKTOB DPeakIuu I,
BBHIIIOAHEHHEIN B BHAE NTepOPUPOBAHHOMN TPyOEl. Ha TpyOe cHapy>ku yKpenaeH
CAOM KPYIHOU U MEAKOM CeTOK, IIPeAOTBPAIAIOIIUN YHOC KaTaAM3aTopa B
c6opHyI0 TpyOy. ChIpbe BBOAUTCS CBEPXY Uepe3 paclpepeAuTeAb 2, IOCTyIaeT
B IlepdOpHUpPOBaHHLIEe KOPOOa, a 3aTeM, IPOUASI B PAAUMAABHOM HAIllPaBAEHUU de-
pe3 CAOM KaTaausaTopa, coOupaeTcs B COOPHUKE 5 U BEIBOAUTCS depes3 IITyIlep
7 CHU3y anmnapara.

B BepxHel 4acTHU CAOS KaTaAM3aTopa MMeeTCs [MUAMHAPUYECKUM cTakaH 10,
KOTOPBIM IIPU OCEAQHUM CAOSI KaTaAu3aTopa BO BpeMs JKCIAyaTalluy allaparta
OCTaeTcs NMOTPY>KeHHBIM B CAOM KaTaAM3aTOpa MU IPeAOTBpAlllaeT IIPOXOA CPEABI
HaA CAOEM KaTaamusaTopa. AAS BHIIPY3KU KaTaAaM3aTopa IIPU ero CMeHe Ha HUXK-
HeM AHUIIE NIPeAyCMOTPeH HAaKAOHHBIM LITYIEp 6.

AAS KOHTPOA4 3@ TeMIIepaTypol BHYTPH peaKTopa YCTAHOBAEHBI TPU MHO-
ro3oHHBle Tepmonapsl 1. [TpepycMOTpeH KOHTPOAB 3a TeMIEpPaTypol CTEHKU
KOpIyca CHapy’K{U TepMoIlapaMH, AAS 4ero K KOPIyCy IpuBapeHbl MydTsl 9.

OcMOTp M MOHTa>X BHYTPeHHHUX YCTPOMCTB alllapaTa U 3arpy3Ky KaTaAu-
3a@TOpa BHEIIOAHSAIOT Yepe3 BEPXHUM LITYIlep BBOAA CHIPba | pnaMmeTpom 800 MMm.

PeakTop THAPOOYUCTKU AM3EABHOIO TOIAMBA C AKCHAABHBIM ABIKEHHEM
CcrIpbd (cM. puc. XXIV-2) wumeer kopnyc 3, H30AUPOBAHHEIM CHapy>Xu. B
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peakTope pasMelleHBl ABa CAOs KaTaAU3aTopa, depe3 KOTOPHIE CBepXy BHU3
IIPOXOAUT CHIpbe. Ka’KABIM CAOM KaTaAuM3aTopa 3allluileH OT AWHaMUYeCKOTO
BO3AENCTBUS MOTOKA CPEAbl cAoeM (PapdOPOBHIX MIAPOB 6.

B BepxHel 4acTH peakTOpa yCTAaHOBAEHA PACIpPEAEAUTEABHAsd TapeAka [ ¢
naTpyoOKaMu, IIOA KOTOPOM pasMelleHO (PUABTPYIollee YCTPOUCTBO 2, COCTO-
dilee U3 IIUAWMHAPUYECKHUX KOP3UH, IOTPY)XKEHHBIX B CAOM KaTaAM3aTopa.
Kop3uHEl CcBapeHBEl U3 NPyTKa U OOTAHYTEI COOKY U CHU3Y ceTKol. CBepxy
KOP3UHBl OTKPHITHL. B KOp3MHaX U BepxHeM 4YacTU CAOd KaTaAu3aTopa 3a-
AEPKUBAIOTCS IIPOAYKTHI KOPPO3UH U MeXaHWYeCKHe MPUMecCH.

BepxHuii cAOM KaTaAmM3aTOpa MNOAAEPIKUBAETCS KOAOCHUKOBOU PeNIeTKOMU
4, HA KOTOPOM YAOKEHBI ABa CAOSI CEeTKM U cAoM (hbapdopoBeIX mapos. B
IIPOCTPAHCTBE MEXXAY BEPXHHUM U HIJKHHUM CAOSIMM KaTaAU3aTopa HaXOAUTCS
KOAAEKTOP S5 AAS BBOAA Iapa.

B HmKHeN yacTH peaKTopa pa3MellleH CAOM (pap(OpOBHIX WHIAPOB, CAyKa-
IIUX OIIOPOM AAG HUJKHErO CAOSI KaTaAu3aTopa M 00eCledHBaloIIUl paBHOMEp-
HBIM BBIBOA ITPOAYKTOB PEeaKIMU M3 allapaTa. B BepxHeM AHUINE WMEIOTCS TPH
HITyIlepa AAS YCTAHOBKM MHOTO30HHEBEIX TepMoIlap 2, KOHTPOAMPYIOUIUX TeM-
IepaTypHoe IIOAe B CAOe KaTaAu3aTopa, KpoMe TOTo, IIpeAyCMOTpeHa TepMolla-
pa B cpepHelM YaCTU peaKTopa.

KaTaamszaTop BBITpy’>KaeTcs M3 BepXHEro CAOd depe3 IITyiep I! B CTeHKe
annapara, M3 HUKHETO CAOSl Yepe3 ApPeHakKHyI0 TpyOy M IITylLiep B HIDKHEM
pHUINE 9. B cTeHKe peakTopa MeKAY BEPXHUM M HUJKHUM CAOSIMHM KaTaAW3aTo-
pa YCTAHOBAEH AIOK. B HM)KHeEN 4acTH MMEIOTCS CKOOBI AAST YAOOCTBA OOCAY KH-
BaHUS U PEMOHTA.

AN anmmapaToB CO CTAlIMOHAPHBIM CAOEM KaTaAu3aTopa pa3paboTaHbI clie-
IIMaAbHBIE 3HeprocOeperaloijie KaTaAn3aToOphl, COBMellarolie (PyHKIIUN KaTa-
AM3aTOpa U MaccOOOMeHHOI HacapKu. [IpyMeHeHNe TaKHX KaTaAM3aTOPOB B
peakTopax IO3BOASET CHU3UTH TI'HMAPABAUUYECKOE COIPOTUBAEHHE HACHIITHOTO
CAOsI U DHEpPTro3aTpaThl NIPH IIPOXOXKAEHUN IOTOKa Yepe3 CAOM, MHTEHCU(UIIU-
POBaTh TENAO- U MAacCOOOMEH, MOBBICUThL CTeleHb MCIIOAb30BaHUSA oObeMa Ipa-
HYABI U YBEAUWYUTh CPOK 3KCIIAyaTalumu KaTaauzaropa. Ha puc. XXIV-3 nokasa-
HBEI (POPMEI 3HeprocOeperamnxX KaTaAM3aTopoB, BhITycKaeMblx OAO "Pgaszan-
ckunt HIT3". I'paHyABl KaTaau3aTopa UMeIOT (PopMy IIMAMHAPOB, OAHO- M MHO-
rOKaHaABHEIX TPYOOK, KOAell, 3Be3p, pasMep rpaHyA uaMmeHsgercda oT 2,0 po 6,5.
OHeprocOeperaromue GOPMOBAHHBIE KAaTaAU3ATOPHI 0OAAAQIOT BBEICOKOM MeXa-
HHUYECKOU MPOYHOCTHIO, UYTO IO3BOASIET MCIOAB30BATh B IIPOIlecCe ero ITHEBMO-
TPAHCIOPTHEBIE 3aTPY3KYy U BBHITPY3KY.

B "dpcunrtese" AAS peaKIIMOHHO-PEKTU(MUKAIMOHHBLIX alllapaToB IIPU
IIPOU3BOACTBE METHUA-TPET-OyTHUAOBOIO 3(upa pa3paboTaHbl CyAb(ONOHUTHEBIE
KaTaAm3aTopbl B (opMe IIUAMHAPOB MAM KOAell pa3dMepoM 5—20 MM, IIO-
3BOASIIONIVE IO CPABHEHHIO C OOBIYHBIMM KaTaAM3aTOpaMU C pa3MepaMM YacCTHUI]
20 0,5 MM B 10— 20 pa3 yBeAMYUTH AMHEWHbIe CKOPOCTU IIOTOKOB B CAOE.

Puc. XXIV-3. ®opma rpaHyA sHeprocoepe-
ralpliiero KaraAamsaTropa, Bbimyckaemoro OAO
"Psa3zanckuin HIT3"
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B IpOMBINIA€HHON INPaKTHUKe TaKKe IIPUMEHSIOTCS IIyCTOTeAble IHAWHA-
pUYecKkye UWAM 3MeeBUKOBBIE peaKIMOHHBIE aNlapaThl C IIOBEPXHOCTHBIM
TENAOOOMEHOM, XapaKTepU3YIOUINecs MOAUTPONNYECKUMHU YCAOBUSAMU BeACHUS
nmpornecca. B KadecTBe mIpuMepa WCIOAB30BAHMUSA TAaKOrO THUIA PEaKTOPOB
MOJKHO TIPUBECTH PEaKTOP AASI IIOAMMEpPHU3alluM 3TUAEHA II0A BBICOKUM
AdBAeHHEeM. Tenao peakIuu M3 alnapara OTBOAUTCSA MCIAPAIONIENCS BOAOU B
IIapPOBOASHOMN pyOalllke, PACIOAOKeHHON Ha OOKOBOM IIOBEPXHOCTU pPeaKTopa.
AAST BEIDABHUBAHMSA TeMIIepaTyphbl B peakTope U AyUlIero TemAOOOMeHa C ero
BHYTPEHHEN IIOBEPXHOCTBIO B alllapaTe pas3MellaloT IepeMelInBarollee
YCTPOUCTBO.

B kauecTBe peaKkTOpPOB IPOIECCOB TEPMUUYECKOTO KPEKUWHTa M IIUPOAU3A
HUCIIOAB3YIOTCS 3MEeBUKH, pa3MelllaeMble B TPyOdaThIX IledaXx. B 3ToM caydae
3HAOTEPMHUUECKOE TeIIAO peakKIWM B alllapaTe KOMIIEHCHUPYETCS IIOABOAOM
TemAa OT ABIMOBBIX Ta30B depe3 IIOBEPXHOCThH 3MeeBHKa IeYHBIX TpyO. Aag
OCYIIIECTBAEHUS MHPOAW3a JKUAKOTO M Tra3000pa3HOTO0 He@TIHOTO ChIPbS
HUCIIOAB3YIOTCSI MHOIOIIOTOYHBIE IIeYM C >KApPOIPOYHBIMH TPyOaMu, II03BOAS-
IOIIVMY BECTHU IIporecc npu Temmeparype 750 —850 °C.

K ammapaTtaM TOAUTPOIMYECKOTO THUIIA OTHOCSTCS PeaKTOPHI, BBIMIOA-
HeHHBIe B BHAe KOXYXOTPyO4aThIX TENAOOOMEHHBIX alllapaToB, Y KOTOPBIX
OOBIYHO TPYOHOE IPOCTPAHCTBO 3aIIOAHEHO TPAaHYAUPOBAHHBIM KATaAW3aTOPOM
U gBASETCS TaKMM O0pa3oM peakIMOHHBIM OO0OBEeMOM, a 4Yepe3 MeXTpPyOHOoe
IIPOCTPAHCTBO IIPOIIYCKAETCSA AareHT, OCYIIeCTBASIONIUN TENAOOOMEH uepes
IIOBEPXHOCTb TPYOOK. Takoe KOHCTPYKTUBHOE O(QOpPMAEHHE peakTopa Io-
3BOASIET HMeThb CPaBHUTEABHO Pa3BUTYIO IIOBEPXHOCTL TeMAOOOMeHa U He-
OOABIIION TOAIIMHBI B HaIpaBAeHUM I[IOTOKA TeIlAa CAOM KaTaAu3aTopa, a
CAEAOBATEeABHO, U CPAaBHUTEABHO HEeOOABIIIOe pa3AndYle TeMIepaTyp B CAOe
KaTaausaropa. ITocaepHee OOCTOATEABCTBO SBAGETCI OCOOEHHO Ba’XHBIM AAA
peaknuii, KOTOpble 3M(PEKTUBHO NPOTEKAIOT TOABKO B Y3KUX TEMIIEPATYPHBIX
Ipepenax.

B anmaparax, TAe peakIuM 3K30TepMHUUYeCcKHe M TeMIepaTypHBIN pesKUM
OTHOCHUTEABHO HEBBICOK, OTBOA TeIlAd 3a4aCTyIO OCYIECTBASIOT BOAOM, HCHaps-
IolIeNcs B MeXXTPyOHOM IpPOCTpaHCcTBe. VcImoAb30BaHMe HCIIapSaioulelicss BOABL B
KayeCcTBe TeNAOareHTa IIO03BOASET UMeTh 3aAaHHYIO TEMIIEPATypPy B AIOOOM YacTH
TEIIAOOOMEHHOU NOBEPXHOCTH, U3MEHIS AABAECHUE MCHAPSIOUIENCS BOABI, MOXK-
HO PeryAupoBaTh TEMIIePaTyPHBIM peskuM npoliecca. [Tpu m3MeHeHUU AQBAEHHUS
B MEeXTPYOHOM IPOCTPAHCTBE U3MeHSeTCs TeMIlepaTypa KHUIIEHHS BOABI, pas-
HOCTb TeMIIEPATyP Me’KAY TeIIAOOOMEeHUBAIOIIUMUCSA CPeAaMH, & CAeAOBATEABHO,
U TEeIIAOCHEM.

K peakTopaM IDOAUTPONINYECKOTO THUIIA OTHOCATCSA TaK)Ke allaparhbl, KOH-
CTPYKTUBHO O(POPMAEHHBIE IO QHAAOTMU C TEIAOOOMEHHUKAMHU THUIIA «Tpyda B
TpyOe»: BO BHYTpeHHeHM TpyOe pa3MelaeTcsl KaTaAu3aTop, a depe3 KOABIeBOe
IIPOCTPAHCTBO IIPONYCKAeTCsI TEIIAOAreHT.

AAS OCyIeCTBAEHUS XUMHYEeCKOU peaKlUM B M30TEePMUYECKUX YCAOBUAX
HeoOXOAVMO B alllapaTe 00ecCleunTh MHTEeHCUBHOE IlepeMelInBaHlie U BBEICOKO-
3 peKTUBHLIN TenAoOOMeH. B peakTopax AAd TaKMX IIPOIECCOB OOBIYHO HC-
IIOAB3YIOT IICEBAOOKUKEHHEBIE CAOU KAaTaAM3aTOPa HWAM TEIIAOHOCHUTEAS, IIpUMe-
HAIOT Pa3AWYHBIE CMECUTEABHBIE YCTPOUCTBA (MEIIaAKH) U T.IL.

B kauecTBe nmpuMepa peakTopa C M30TE€PMHYECKUMH YCAOBUSIMM PACCMOT-
PHUM anmnaparthl, IpPUMeHseMble A IIpollecca aAKUAUPOBAHUS M300yTaHa OyTH-
A€HaMU C IIeABI0 IIOAYYEHMSI BBICOKOOKTAHOBOTO KOMIIOHEHTa OeH3WHa-aAKHAa-
Ta (M300KTaHa). Peaknusa B amnmapaTe OCYIIECTBASeTCSd B JKUAKOM dase Opu
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Temieparype 5— 10 °C ¢ ucrnoAb30BaHMeM B KadecTBe KaTaamzaropa 95—98%-
HOU CepHOM KMCAOTHI. KOHIIeHTpallgd KHCAOTHL B PeaKIMOHHOM CMecCH B 30He
peakimu cocTaBAseT OKOAO 50 % (0O0beMH.) IIpU pacXoAe KaTaAuM3aTopa, paB-
HOM 10— 15 % Macchel IPOAYKTOB aAKUAMPOBaHUA. C IMOHU)KEHUEM ee KOHIIEeHT-
panunu KUCAOTa CpabaThIBAeTCs BCAEACTBHE IIOTAOIEHUS €l0 HeKOTOPHIX opra-
HUYECKUX COEAMHEHUU U BOABI, PACTBOPEHHOU B MCXOAHOM ChIpbe. AAS IIOA@B-
AEHHUS peaKluU IIOAMMepU3alluu OyTHAEHOB B 30HEe peaKkIUM o00ecleurBaeTCs
3HAUUTEABHBIY M30BITOK IUPKYAUPYIOIIEro n300yTaHa.

Ha puc. XXIV-4 wuzob6pa)keH TOPU3OHTAALHBINM PpeakTop (KOHTAKTOP)
CEPHOKUCAOTHOTO AAKUAMPOBaHMA. McXOAHOe CEIpbe M KHUCAOTA IIOAQIOTCA B
30HYy Hamboaee MHTEHCHUBHOI'O CMeIIeHHUS Ha BXOA NIPOIEAAEDHOU MELIaAKH 3.
Aanee cMechb CHIPbSI M KMCAOTHI IIOCTyIlae€T B KOABIIEBO€ IIPOCTPAHCTBO MEKAY
KopnycoM [ M LUPKYAAIMOHHOM TpyOOM 2, IUPKYAHPYS IO 3aMKHYTOMY
KOHTYpPY B TpyOdaToM IIy4Ke, KaK 3TO MOKa3aHO CTPEeAKaMU Ha PUCYHKe. AAd
OTBOAA TeIIAQ, BBIAGASIONIETOCS IIPU SK30TEPMHYECKON peaKIWH, BHYTPHU
IUPKYAATUOHHOU TPYOBI pa3MellaeTcsl pa3BUTasg INOBEPXHOCTH TEIIAOOOMEHa C
U-o0pa3HbIMH TEeNAOOOMEHHBIMU TPyOKaMmu 4. OXAaKAQIOLIUM areHTOM SBAd-
IOTCSI OCBOOOJKAEHHBIE OT KMCAOTHI UCIHapsoluecss MPOAYKTHI peakuuu. Ilo-
AOOHBIE KOHTAKTOPHI BBHITTOAHSAIOTCSI TaK)Ke M B BHUAE BEPTHUKAABHBIX alllapaToB
C TeNAOOOMEHHOM MOBEPXHOCTBHIO, BBITOAHEHHOUW U3 ABOMHBIX TPYOOK (CBeuHd
O®Ounabpa). XAGAQTEHTOM B 3TOM CAyYae CAYKUT HCHAPSIONIUMCSI aMMUaK WAU
IIPOTIaH.

AAST QAKMAMPOBAHUSA H300yTaHa OyTHAGHAMHM IIPUMEHSIOT TaKXKe Ka-
CKapHBIM peakTop (puc. XXIV-5), 0COOGEHHOCTBHIO KOTOPOTO SIBAIETCS OTBOA
TellA@ 3@ CYeT YAaCTUYHOTO HCIIapeHUs YTAE€BOAOPOAHOMN a3kl (B OCHOBHOM
u3obyTaHa). B amnmapaTe peaklinoHHas 30HA pasjpereHa L-oOpa3HBIMU Iepe-
ropopkaMu 3 Ha psp IMOCAEAOBATEABHO COEAMHEHHBIX CeKIUU (cMm. puc. XXIV-5,
IIATH CEKIUM). B Ka)KAYI0 CEKIIMI0O BMOHTHUPOBAH LIUAMHAPUYECKUN KOHTAKTOP C
IIPONIEAAEePHBIM HacocoM 2. llupkyaupyromuii u300yTaH BMeCTe C CEepHOHU
KHUCAOTOM IIOCTyIllaeT B TOAOBHYIO 4YacThb ammnapara 4 M IMPOXOAUT IIOCAe-
AOBATEABHO BCe CeKIIMH, oOpa3ys OCHOBHOM IIOTOK. OXAaKAeHHe B amnapare
OCYIIIECTBASIETCS WCHapeHueM 4YacTH YTA€BOAOPOAOB. Ilapel YTAE€BOAOPOAOB
OTBOAAT CBEPXY, 3aTeM IIOCAe KOMIIPECCHUM M OXA&KAEHHS HX [OAAIOT B
TOAOBHYIO YaCThb allapara, A€, CMeNINBasgACh C OCHOBHBIM IJUPKYAMPYIOLIUM
IIOTOKOM, CHUJKAIOT TeMIIepaTypy IIOTOKa A0 e€ro pabouel TeMIepaTypHl.

Puc. XXIV-4. Topu30HTaABHBIN PeaKTOp aAKUAMPOBaHUs C TypOocMecuTeaeM:

1 — xopmyc; 2 — IUPKYAdLIMOHHAad TPybOa; 3 — oOTpa’kaTeAbHBble IIePerOPOAKH; 4 — TpyOudaThIN
Iy4oK; 5 — IpoIeArepHas Mellanka; 6 — mnpuBop. [loToku: I — xaapareHT; II — HPOAYKTHI
peaknuy; III — xucaota; IV — cbIpbe
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Puc. XXIV-35. CxeMa KaCKapAHOr0 peakKTopa CePHOKHUCAOTHOTO aAKHUAMPOBAHUS:
1 — cAuBHas Neperopopka; 2 — IpPONIEAAepHBIM Hacoc; 3 — L-o6pa3Hast Ieperopopka; 4 —
TOAOBHAS YacThb alliapaTa; 5 — peaKIUOHHLIe TPyOBI 6 — KOHAEHCATOp IapoB H300yTaHa;, 7 —
KOMIIPECCODP AAS HCIApSIOUierocs u3o0yTaHa; 8§ — Hacoc; @ — cenapallMOHHAs 30Ha; 0 U , —

OTCTOMHBIe 30HHL [ToToku: I — oxaakparommui u3obyTaH; II — ceipbe; III — napsl u3obyTtaHa; IV —
MPOAYKTBEL aAKMAMPOBaHUS; V — cMeCh IJUPKYAUPYIOIIero mu3o0yTaHa M CEpHOW KUCAOTHL, VI —
CBeJKas cepHasl KUCAOTa

Celpbe — cMeCh OYTHAEHOB C M300yTaHOM IIOABOAUTCS ITapaAAeABHBIMU
IIOTOKAMM K Ka>XAOMY KOHTAKTOPY. 3A€Ch OHO CMEIIMBAETCSI C OCHOBHBIM ITUP-
KYAUPYIOIIUM IIOTOKOM M 4epe3 peakIJMOHHBIe TPYOBI O HAIPABASIETCS B Cella-
PAIMOHHYIO 30HY @, TA€ OT IIOTOKA OTAEASIOTCS IIaphl. Aaree MOTOK IIOCTyIaeT
B OTCTOMHYIO 30HY 0, B KOTOPOM OH AEAUWTCS Ha ABe dacTu. CBepxXy OTCTOMHOU
30HBI AerKasi pa3a C BBICOKUM COAEPKaHUEM YTAEBOAOPOAOB, IEPEAMBAsICh de-
pe3 TIeperopopKy [, HAIpaBASETCSI B CAEAYIONIYIO CTYIIEHb K IIPOIEAAEPHOMY
Hacocy. CHU3y OTCTOMHOM 30HHBI Ts)KeAad (pa3a ¢ BBICOKHM COAeP’KaHUEM Cep-

639



HOM KHMCAOTHI HAIIPaBASIETCS BHOBB K HAaCOCY 3TOM JKe CEKIJUM AASL CMeIlleHHus C
CBIPBEM.

W3 mocaepHel CeKIUM TOTOK TOIAAdeT B OTCTOMHYIO 30HY &, NMpeAHa3Ha-
YEHHYIO A OTAGAEHUS NMPOAYKTOB AAKUAMPOBAHUA OT OOAee TAKEeAOrO IOTOKa
U30BITOYHOIO M300yTaHA U CEPHOM KUCAOTHI.

IMTpu TakolM KOHCTPYKLIWM anllapaTa He TpeOyeTcs HCIOAB30BaHMeE CIeIu-
AABHOU CHUCTEeMBI OXAAKAEHUS C TPyOUYaTBIMU XOAOAUABHUKAMU.

B HedTexnMHUuecKOW IPOMBIIINEHHOCTH IIUPOKOE IpPUMeHeHUe IIOAYYUAU
CMEHHO-IITUKANUYECKHEe PeaKIMOHHBIE IIPOIIeCCHl C TBEPABIM KaTaAnU3aToOpOM, KO-
TOPBIM OAHOBPEMEHHO MCIIOAB3YeTCd U B KQUeCTBE TENAOHOCUTEAS.

OCOOGEeHHOCTBIO 3TUX IPOLECCOB (IIPUMEPOM MOJKET CAYKUTh KATaAUTHUUeC-
KUM KPEeKUHT) sIBAIIOTCS CPAaBHUTEABHO OBICTPOe OTpaBA€HHe KaTaAus3aTopa H3-
3@ OTAO’KEHHUM Ha ero NMOBEPXHOCTH KOKCAa M HeOOXOAMMOCTH INepPHOAUYECKOM
pereHepalnuu KaTaAW3aTopa IIyTeM BBDKHMIA KoOKca. [IpoBepeHHe XUMHUYECKOM
peakluy U pereHepaluy KaTaAnu3aTopa MOXKeT OBITh OCYIIECTBA€HO B OAHOM U
TOM >Ke IePUOANYECKHU IePEeKAIOYAroleMcs allllapaTe MAM B ABYX Pa3AMYHBIX
amnnaparax — peaKTope U pereHeparope. B mepBoM caydae KaTaAn3aTOp HeEIO-
ABIJKEH, a A1 oDOecliedeHMsI HEIIPePBIBHOCTU PabOTHI YCTAHOBKU COOPY’KAeTCs
ABa MAM OOABIIIee YMCAO alllapaToB. B TO BpeMs, KaK OAMH amnlapaT HCIOAb3Y-
eTCs KaK peakToOp, B APYTOM OCYIIeCTBASeTCSI pereHepalus KaTAAW3aToOpa; 3a-
TeM alnapaThl B3aMMHO IIePEKAIOYalOTCd. Bo BTOPOM CAydae KaTaAM3aTOp He-
IIPEPBIBHO IIEPEMEINAETCA U3 PeaKToPa, TAe OCYIIEeCTBASIETCS He(PTEXUMUYEeCKUU
IIPOLIeCC, B peTreHeparop, rae C KaTaAnu3aTopa BBIKHUraeTcs KOKC. Ilocae perene-
palun KaTaAaus3aTop MOCTyIlaeT B peaKTop. B Ipoljecce pereHepaluu TeMIlepa-
Typa KaTaAW3aTopa IOBHIIIAeTCs, OH aKKyMYAMPYET YacThb BBIAGAUBIIETOCS Tell-
AQ, KOTOpOe B AAABHEUINIEeM IIeANKOM HMAW YaCTUYHO HCIIOAB3yeTCsI Ha OCylle-
CTBAEHUE 3HAOTEPMUYECKOU PeaKIlMy, YTO IPUBOAUT K IIOHMJKEHUIO TeMIlepaTy-
pBI KaTaAu3aTopa. B 3TOM caydae KaTaAM3aToOp OAHOBPEMEHHO HCIIOAB3YETCSI U
KaK TeNAOHOCHUTeAb. B IIpollecce pereHepanuy BBIAEASIETCS 3HAUYUTEABHOE
KOAWMYECTBO TellAd, YaCTh KOTOPOTO OTBOAUTCS U HCIIOAB3YETCs, HaIpUMep, AAT
IIOAYYEeHHSI BOASHOTO IIapa.

PeakTopHBIe OAOKH KATAaAUTHUECKHX IIPOIIECCOB C ABWJKYIIMMCS KaTa-
AM3aTOPOM, BKAIOYAIOIINE PeaKTop, pereHepaTrop U CUCTeMy TPAHCIOpPTa KaTa-
AM3aTOPa, MO B3aMMHOMY PACIOAOKEHHUIO alllapaTOB M CXeMaM [UPKYAAIIUN
KaTaAM3aTOpa MOAPA3AEAFIOTCS Ha YCTAHOBKU C OAHO- (puc. XXIV-6, a) u ABy-
KpaTHbeIM (puc. XXIV-6, 6) mopbeMOM KaTaAM3aTopa.

Ha YCTaHOBKAX KATAAUTHUYECKOI'O pI/I(bOpMI/IHI‘a C ABMJKYIIMMCSI CAOEM KaTaAusaTopa IHIpu
PACIIOAOKEHUU PEAKTOPOB B OAUH DPsA IPUMEHAIOT TAKXKE CXeMbl C MHOTOKPATHBIM IIOABEMOM
KaTaAn3aTOpa Ha BepX Ka’XAOI'O peaKTopa.

AASL CXeM ¢ OAHOKPATHBIM IOABEMOM KaTaAU3aToOpa MCIOAB3YIOTCS ABa Ba-
pHaHTa — PeaKTOp PacIOAAraloT Haj PereHepaTOPOM MAU pereHepaTop Hap, pe-
akTopoM. [Ipu mpouux paBHBIX YCAOBUIX CXEMBl C OAHOKPATHBIM HOABEMOM
KAaTaAWU3aTopa OTAWYAIOTCSA OOABIIEM BBICOTOM YCTAHOBKH. Tak, AAS YCTAHOBKH
KaTaAUTHYeCKOTO KPEeKUHTa C 'PaHyAMPOBAHHBIM KaTaAM3aTOPOM BBICOTa peak-
TOPHOTO OAOKa IPHU ABYKPATHOM IIopbeMe cocTaBasieT 60— 70 M, a Ipu OAHO-
KpaTtHoM 80— 100 M.

Ha puc. XXIV-7 npuBepeHa cxeMa pPeaKTOPHOTO OAOKA YCTAaHOBKM IIAQT-
dopmunra ¢pupmsl «FOOIT» ¢ ABHXKYIIMMCS KAaTaAU3aTOPOM U ABYKPATHBIM €rO
IIOABEMOM. PeaKTOPHBIM OAOK YyCTAHOBKHM COCTOUT U3 UYETBEIPEX IOCAEAOBATEAb-
HO COEAVHEHHBIX PEaKTOPOB C PAAMAABHBIM ABMJKEHHEM Ia30CBIPBEBOU CMECH.
PeakToOpb! YCTAHOBAEHBEL COOCHO APYT HapA APYTOM, 0Opa3ys eAUHYIO0 KOHCTPYK-
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Puc. XXIV-6. CxeMbl peaKTOPHBIX OAOKOB C OAHO-
(a) m ABykpaTHbIM (4) HOABEMOM KaTaAHM3aTopa:

1 — peaktop; 2 — pereHepaTop; 3 — IIHEB-
MomnoAbeMHUK. [loTtoku: I — ceipee; II — mpo-
AYKTBL peakiuy; [II — 3aKOKCOBAHHBIM KaTaAH-
3atop; IV — pereHepupoBaHHBIN KaTaAM3aTop;
V — Bo3payx; VI — rasel pereHepanuu

Puc. XXIV-7. Cxema peaKTopa KaTaAUTHYECKOTO
pudopMHHTa C ABIDKYHIUMCS KaTaAH3aToOpoM
upmbr «<FOOTITI»:

1 — OyHKep AA KaTaaW3aTopa; 2 — IepeTOYHBIe
TpyOBl; 3 — Kopoba; 4 — COOPHUK IIPOAYKTOB
peakuy; 5 — peakTop IepBOM CTymeHU; 6 —
peakTop BTOPOM CTyIleHU; 7 — peaKkTOp TpeThel
CTylleHH; 8§ — peakTOp UYeTBepTOU CTymeHH; 9 —
onopa; 10 — YyCTPOMCTBO BBIBOAA KaTaAM3aTopa.
IMoToku: I — pereHepupOBaHHBIYM KaTaAU3aTOP;
II — penupkyAaupyrommuii ras; III — cbIpbe;
IV — npoAyKTeEl pU(OPMHUHIA IIOCAe peakTopa
IepBOM CTymeHH; V — HOPOAYKTHL pudOpMHUHTa
peakTopa IepBOU CTyIeHU IIOCAe HarpeBa B II€UH;
VI — NOpoOAYyKTEl PUGOPMHUHIA IIOCAe PpeakTopa
BTOpOM cTyneHHU; VII — HPOAYKTH pupOpMHUHTa
peakTopa BTOPOM CTyIeHU IIOCAe HarpeBa B II€UH;
VIII — npoAyKTHI pU(OpPMHUHIa IIOCAE peakTopa
TpeTbel cTymeHHu; [X — HOPOAYKTB puGOPMHUHTA
peakTopa TpeThel CTyIeHHU IIOCAe HarpeBa B II€UH;
X — TPOAYKTHI pH(OPMHUHTa IIOCAE€ peaKTopa
yeTBepTod cTymeHy; XI — 3aKOKCOBAHHBIU
KaTaAu3aTop
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LIMIO, ¥ CBSI3aHBl MeXXAY COOOM CUCTeMOU IepeTOYHBIX TpyO. Hap BepxHUM pe-
AKTOPOM IIEPBOM CTyIeHU pa3MellleH OYHKep AAS PereHepHUpPOBAHHOTO KaTaAU-
3aTopa.

l'azocwelpreBag cMech, IPOUASA CUCTEMY TEIIAOOOMEHHUKOB U IIEPBYIO CEK-
LU0 M€Y HarpeBa CHIPbS, IOCTYIAeT B PEaKTOp IIepBOM CTyIleHHU, 3aTeM IIO-
CAEAOBATEABHO IIPOXOAUT Yepe3 COOTBETCTBYIONIMEe CeKIJUM Ileud U OAOK peak-
TOPOB BTOPOU, TPeTbel M YeTBEepPTON CTylleHel. ITpOAYKTHI HAaTOpPMUHTA K3
peakTopa 4eTBEPTOU CTyIIeHU IIOCTYNAIOT B CeNapaTop, IAe BBIAEATIETCS BOAO-
POACOAEPsKAIIUM ra3, a IAaTPOopPMaT HallPaBAdeTCs Aaree Ha CTaOMAM3AIUIO.

HTapuKOBBIN KaTaAM3aToOp AuaMeTpoM 1,6 MM 1O CHUCTeMe IIePEeTOUYHBIX
TpyO CBOOOAHO IepeTeKaeT II0A AECUCTBUEM CHABI TSKeCTH U3 OyHKepa B
peaKkTop NepBOM CTYIEeHH, a 3aTeM B PEaKTOPBI BTOPOU, TPETbeM U YeTBEePTOU
cTyneHel. V3 HUJKHETO peakTopa UYeTBEPTOM CTyIleHU udepe3 CHUCTeMY 3aTBOPOB
C IIApPOBBIMHM KAQIIQHAMU KATAAM3aTOP IHOCTyNaeT B IIUTATEAb ITHEBMOTpPAH-

CIIOPTa U a30TOM IIOAQEeTCd B 6YHKep-HaKOHI/ITe]\b peredepaTtopa.

PerenepaTtop mpeacTaBasgeT cOoOOM ammapaT C PaAMAABHBIM IIOTOKOM PeaKIMOHHBIX TIa30B,
pasjpeAeHHBIM TMAPDABAWYECKM Ha TPU 30HBEL. B BepxHel 30He IIPM MOABHOM COAEDP’KAHUU KHU-
cAOpoAa He MeHee 1 % IPOMCXOAWT BBIKMI KOKCQ, B CPeAHEM IPU COAEP’KaHMHM KHCAoOpopa 10—
20 % m mopaue XAOPOPraHUYEeCKUX COEAUHEHHN — OKHCAUTEAbHOE XAODHUpOBaHMe KaTaausaTopa. B
HUJKHEM 30He KaTaAM3aTOp AOIOAHUTEARHO IIPOKAAMBAETCSI B IIOTOKe CyXOro BoO3Ayxa. Kara-
AM3ATOP TOA AEUCTBHEM CHABI TSIKECTH IPOXOAUT BCe 30HHL. [I3 pereHeparopa depe3 CHCTeMY
3aTBOPOB KaTaAM3aTOP IOCTyIAeT B IUTATeAb ITHEBMOTPAHCIOPTA M BOAOPOACOAEPSKAIIUM Ta3oM
mopaeTcst B OyHKep, PacllOAOKeHHBIM HaA PeaKTOPOM IIepBOM CTyIeHH.

TakuM o6pa3oM O6e3 OCTAHOBKM CHCTEMBl HAU BBIKAIOUEHMS OAHOTO U3
pPEeakTOpOB Ha pereHepalyio KaTaAM3aTOpa OCYILIECTBASIETCS HeIPepPhIBHBIN
npolecc nAaT@oOpMUHTa. BO3MOKHOCTH IIOCTOSHHO IIOAAEP’KMBATH CBOWCTBA
pereHepUpPOBAHHOTO KATaAM3aTopa Ha YpPOBHE, OAM3KOM K CBOWCTBAM CBEXKETO
KaTaAM3aTopa, MO3BOASIET IIPOBOAUTL IIPOIECC MAAT(OPMUHTA I0A HEBBICOKUM
AaBAEHUEM U CHU3UTH KPATHOCTDH IIUPKYASAIIVMY Ta3a.

[THeBMOTpPAHCIIOPT KaTaAW3aTopa OCYIIEeCTBASIOT B pPa30aBA€HHON WAU
OAOTHOM asze. [TpUHIMINAABHBEIE CXeMBl PEaKTOPHBEIX OAOKOB C PAa3sAWYHOM
KOHIIeHTpallell YacTUI, B IIHEBMOCTBOAE IIPH ABYKPATHOM IIOABEMEe IIBIAE-
BHAHOTO KaTaAM3aTopa IOKa3aHBI Ha puc. XXIV-8.

[TaeBMOTpaHcnopT B pa3dbaBaeHHOU (pase (cMm. puc. XXIV-8, a) xapakTe-
pu3yeTcsl CPaBHUTEABHO HEBBICOKOUW KOHIJeHTpalyel KaTaAau3aTopa B IOABEM-
HOM CTOsIKe (Iopsiaka 25— 35 Kr/M°) U BBICOKOM TOPO3HOCTEIO (¢ = 0,97). CKo-
POCTb Ta30BOTO IIOTOKA B IOABEMHOM CTOsIKE cOCTaBAdeT 7— 10 M/c, KoAamdecT-
BO IUPKYAUPYIOIIEro B CUCTeMe KAaTaAW3aTopa PeryAupyeTcs IIpU IIOMOIIHN 3a-
ABHKEK-IITNOEPOB, YCTAHOBAEHHBIX B HUJKHEHN YaCTU CTOSIKOB.

TpaHcnopT KaTaauzaTopa B IMAOTHOU (paze (cM. puc. XXIV-8, 6) xapakTe-
pu3yeTcsi BBHICOKOM KOHIeHTpalued KaTaAm3aTopa: OKOAo 200—350 kr/m® B
MOABEMHOM CTOsIKe (MOpo3HOCThL ¢ = 0,7—0,85) u 550 —700 kr/M> B CITyCKHOM
cTosike. [Ipu TakoM crocoOe TpaHCHOpPTa IepeMellleHHe KaTaausaTopa oOyc-
AOBAUBAETCS Pa3sAWYMeM NAOTHOCTEM KaTaAM3aTOpa B HUCXOAAIIEN U BOCXOAS-
I[el BETBSX; B Ka’KAOM BETBU BHICOTA CTOAOA CAOS KAaTaAM3aTOpPa YIUTHIBAETCS
He TOABKO B TPYOOIIpOBOAE, HO U B ammapare. KOAMYECTBO ITUPKYAUPYIOIIETO
KaTaAW3aTopa PeryAupyeTcs M3MeHeHHeM IIAOTHOCTU KaTaAu3aTopa B IOABEM-
HBIX CTOsIKaX, oOecleurBaeMBIM H3MeHeHHeM KOAWYeCTBa BOASHOTO Ilapa HAM
BO3AYXQa, IIOAABAeMOTO B CTOSKH. CKOPOCTH IIOTOKA B IIOABEMHOM CTOSKEe CO-
craBasgeT npuMmepHo 1,5—3,0 m/c.

[ITupokoe pacnpocTpaHeHHWe B IIPOMBIIIAEHHOCTYA ITOAYUYUAU ABE OCHOBHEIE
CUCTEMBI KaTaAUTHYECKOTO KPEKWHTa C ABVJKYIIMMCS KaTaAM3aTOPOM B 3aBU-
CHUMOCTHU OT pa3Mepa TBEPABIX YaCTHI].
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Puc. XXIV-8. CxemMbl IHEBMOTPAHCIIOPTa MBIAEBHAHOIO KaTaAM3aTopa B pa30aBAeHHON (a) u
naoTHo# (-4) dazax:

1 — peakrTop; 2 — IHUKAOHBI; 3 — paclpepeAuTeAbHas pelleTka; 4 — oOTHapHas cekuusg; 5 —
pereHepatop. IToroku: I — Bo3AyX; II — cwipbe; III — pABIMOBBIe ra3bl; IV — NPOAYKTBEI KpeKUHIa

B cucTteMax, MCHIOAB3YIOMIMX I'PAHYAUPOBAHHBIN, B OCHOBHOM IIaPUKOBHIN
KaTaAu3aTop (pa3Mephl TpaHyA 3—5 MM), IIpPOIleCC OCYIIeCTBAGeTCd B all-
rmapaTax IMaXTHOTO THIQ, 4Yepe3 KOTOPHIE CIAOIIHBIM IIOTOKOM IIO BCEMY
CeUYeHUIO amnllapaTa B HAIPaBAEHUU CBEPXYy BHU3 ABIJKETCS KaTaAM3aTop; B
IIPOTHBOTOKE UAU IPSIMOTOKE C HUM ABIDKYTCS KOHTAKTHUPYVIOUIME C HHUM IIaph
VAU Ta3Hl.

B cmucremMax C MEAKO3EpPHHCTBHIM (YaCTHUILI A0 | MM) WAM TBIA€BUAHBIM
(wacTtunpl 20 — 150 MKM) KaTaAM3aTOPOM KOHTAKTUPOBAHME €Tro C Mapora3oBLIM
IIOTOKOM OCYIIIECTBASIETCS B ICEBAOOKMKEHHOM («KuUIAIeM») caoe. IIupokoe
BHEApPEHNEe B KaTaAMTHYECKUe IIPOIeCCHl BBICOKO3((EKTUBHBIX IIE€OAUTCO-
AeprKaliux MUKPOChepUdecKUX KaTaAM3aTOPOB IO3BOAMAO Hpu pa3paboTke
PEaKTOPHBEIX OAOKOB VCTA@HOBOK KAaTaAUTHUECKOTO KpEKHMHra IIepeuTH OT
PEaKTOpPOB C TICEBAOOJKMI)KEHHBIM CAOEM KaTaAW3aTopa K CO3AAHHUIO IIPSIMO-
TOYHBIX AUPT-PEAKTOPOB C BOCXOASIINM IIOTOKOM KaTaAM3aTOPHON B3BECH.

OTH CHUCTEMBl KATAaAMTUYECKOTO KPEKHMHTa Pas3sAudaloTCsl IO  CIoco0y
TPAHCIOPTa KaTaAM3aTopa, B3aUMHOMY PAaCIOAOKEHUIO peaKTopa M pereHepa-
TOpa, METOAAM OCYIIECTBACHUS CEKIIMOHMPOBAHUS, a TakyKe KOHCTPYKTHBHOMY
O(POPMAEHHIO BHYTPEHHUX V3AOB anmnapaTa — BBIPAaBHUBAIOIIUX YCTPOMCTB
(mpepHasHaueHBI AAST  obOecriedeHUsT PaABHOMEPHOIO II0 CEYeHHIO alllapara
ABIVDKEHUST KaTaAM3aTOPa), Ta30PaClIPEAEAUTEABHBIX U Ia30COOPHBIX YCTPOWCTB,
pacupepeAmTeAred KaTaAn3aTopa, OTIAPHBIX CEKITUHM U Ap.
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KokcoBaHue He(TIHBIX OCTATKOB Tak>Xe MOJKET OCYIeCTBASITbCS AMOO B peakTopax IIaxT-
HOro THIIA Ha HUUPKYAUDYIOIIEM B CHUCTeMe TIDAaHyAMPOBAHHOM KOKCe-TEIIAOHOCHTeAe (JaCTHIIBI
amamerpoM 5—10 MM), AMOGO B peakTopax C «KUMSIMIUM» CAOEM MeAKO3epPHHUCTOro KOKca-
TenAOHOCUTeAs: (dactuibl auamerpoM 0,1—0,4 MM). PeakTopHBle OAOKHM TaKHUX KOKCOBBIX YC-
TaHOBOK QHAAOTHUYHBI yCTAHOBKAM KAaTAAMTHMYECKOIO KPEKUHTa, C TOM pasHuIlel, 4TO BMeCTO pere-
HepaTopa yCTaHOBAEH KOKCOHArpeBaTeAb, TAe IUPKYAUPYIOMIUN KOKC-TEIAOHOCHUTEAL HarpeBaeTcs
3a CueT CKMI'aHUS YAaCTHU KOKCQ, OOpasymoollerocs B Ipolecce; U30BITOYHBIM KOKC BBIBOAUTCS M3
CHCTeMBI B KaueCTBe OAHOTO U3 KOHEUHBIX INPOAYKTOB. Bce Temnro, HeoOGXoAMMOe AASI HarpeBa
CBIpbS U IIPOBEAEHUS PeaKIMU KOKCOBAHUS, COOOIIAeTCs KOKCOM-TEIAOHOCUTEAEM, KOTOPBIN
IIOAy4YaeT 3TO TEIIAO B KOKCOHArpeBaTeAe.

[lpy KOKCOBAaHMU B «KUIAIIEM» CAO€ IICEBAOOKIIKAIOMUM U TPAHCIOPTUPYIOIIUM areHTOM
B peakTope SIBASIeTCS BOASHOU Iap, a B KOKCOHAarpeBaTeae — BO3AYX.

PacrionokeHHe peakTopa U pereHepaTopa YCTA@HOBOK KaTaAUTHYeCKOI'O
KPEKHUHTa, UCIOAb3yeMble METOA U CHUCTeMa TPAHCIOpTa KaTaAM3aTopa, a Tak-
JKe AaBAeHHe B OOOUX alllapaTax SIBAJIOTCS B3aMMOCBS3aHHBIMHU (pakTopamu. B
3aBUCUMOCTH OT PACIOAOSKEHMS peaKTopa M pereHeparopa, OpraHU3aluu MeiK-
Ay HUMH TPaHCIIOpPTa KaTaAu3aTopa peaKTOPHO-pereHepaToOpHBIE OAOKM pa3Au-
YaroT:

C IIapaAAeAbHBIM PAa3HOBBICOTHBIM PACIIOAOKEHMEeM peaKTopa U pereHepa-
TOpa X HANOPHBEIM TPAHCIOPTOM KaTaAusaTopa B pa3baBAeHHOU hase (ycTa-
HoBKHU [-A, I-A/ 1-M, T'43-107, dpupmbl «FOOTI» 1 «TeKcako AUBEAOIIMEHT»);

C IIapaAAEABHBIM PAaBHOBBICOTHEIM PACIOAOKEHHEM peaKTopa M pereHepa-
TOpa W TPAHCIOPTOM KaTaAM3aTopa B MAOTHOM (ase B U-oOpa3HBIX KaTaAn3a-
TOponpoBoAax (ycraHoBku 43-103, cdupmel «CToyH 35HA BebcTep uMH>XUHU-
PHUH»);

C COOCHBIM PACIIOAOKeHHeM peaKTopa Hap pereHepaTopoM HUAM pereHepa-
TOpa HaA PeakToOpOM U HANOPHBIM TPAHCIOPTOM KaTaAu3aTopa (yCTaHOBKU
I'K-3, dpupmer «Keanor», «up IIpopaKTC 3HA KEMUKA3», «DKCCOH PHUCEPY IHA
UH>XUHUPUHTY ).

PazMellleHe pereHepaTopa BEIIIE YPOBHSI peaKTopa IIO3BOASIeT HMMeTh B
HeM OOAee HU3KOe AABAEHMeE, AOCTAaTOYHOe AAS oDecliedeHUs IlepeToKa pereHe-
PHPOBAHHOTO KaTAaAM3aToOpa B peakTop. [IpuM TakoM pasMelleHUMW aNlapaToB
CHUJKAIOTCA 3HepreTUYeCKUe 3aTPaThl IIPU 3KCIAyaTallud YCTAHOBKYU, HO YBEAU-
YMBAIOTCA KAllUTAABHBIE 3aTPATHI IIPU €€ COOPY’KEeHUH.

Ilpm coOCHOM  pACIOAOKEHHH  alllapaToB  yIPOLIAeTCS  CUCTeMa
ITHEeBMOTPAHCIIOPTa 3aKOKCOBAHHOTO U PereHepUpOBAaHHOIO KaTaAM3aTOPOB,
YCTPAHSIOTCI M3TUOBI U ITOBOPOTHL KATAaAM3aTOPOIPOBOAOB, YMEHBIIAeTCS HX
abpa3uBHBIN M3HOC.

YTto KacaeTcsl KOHCTPYKTUBHOTO OPOPMAEHUSI PeaKTOPHOIo OAOKE, TO IIPU
BBEIOOPE TOTO MAM MHOTO THIIA PEAKTOPa ONPEAEATIOUIUM IIapaMeTPOM SBASETCS
obecneueHne TpeOyeMOU TAyOWHBI KPEKUHTa («TAYOWHBI IIPEBPAIEHUSA CHIPHI»,
«CTelleHU KOHBEPCUM»).

B npoMEIIIA€HHOMN IIPAaKTHKe HAaXOAAT NPUMeHeHNUe PeaKTOPhl HEeCKOABKUX
THIIOB: PEAKTOPHl C «KUIAIIUM» CAOEM KaTaAau3aTopa (OAHOCTyIIeHuYaThle, CTY-
IIeHYaTO-IIPOTUBOTOYHEIE, C CEeKIIMOHUPYIOIMIUMU BCTAaBKaMU) U AUPT-PEaKTOPEHI
c pa3baBAeHHOM (pa30M KaTaAu3aTopa B TPAHCIOPTHOM AWHWU.

AmnmapaT ¢ ICEeBAOOKMKEHHBIM CAOEM KaTaAnu3aTopa (peakTop, pereHe-
paTop) UMeeT CAeAyIOllllie OCHOBHBIE YaCTH M 30HHI.

PacnpegeaumeabHoe ycmpoUicmBo AAS BBOA@ B CAOM CMeCH KaTaAW3aTopa U
IIapOB CBHIPbSI AAS PeaKTopa UAU BO3AyXa AAS pereHeparopa. IDTO YCTPOUCTBO
AOMKHO O0eCIIeYUTh PaBHOMEPHOE IICEBAOOKUIKEHHE CAO0d 0e3 3HAUUTEABHOTO
oOpasoBaHusa mny3slpeid. Hap TakuMM yCTPOMCTBOM HAXOAUTCHA IICEBAOOKUIKEH-
HBIM CAOM KaTaaM3aTopa. AAd OTHUX JKe IIeAeU CAY’KAT ra30pacIpeACAUTEABHBIE
pelIeTKU IPOBAABHOTO U HEIPOBAABHOTO THUIIOB (cM. puc. XVIII-8).
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Peaxuyuonnaa uau pabouas 30Ha@ — TICEBAOOKUIKEHHBIM CAOM KaTaamn3a-
TOpPa, B KOTOPOM OCYIIECTBASIETCSI KPEKUHT CHIpbI (B peakTope) UAM BBDKUT
KOKcCa (B pereHeparope).

OmcmoiiHaa uAu CenapayuoHHAsA 30Hd, PAaCIOAOKEHHasd Hap CAOeM
KaTaAm3aTropa. B 3TOM 30He OT IOTOKA IIAapOB OTAECASIOTCA HauOOAee KPYIIHBIE
YacTUIBI KaTaAW3aTopa, BBIHECEHHBIe M3 CAOS M BO3BpalllaeMble OOpaTHO B
caoii. BrelHeceHHBIe U3 CcAOd OOAee MeAKHe YacCTHIBl, CKOPOCTh BUTAHUSA
KOTOPHIX paBHA UAM MeHbIlle CKOPOCTH IIapOB HapA CAOeM, YHOCATCS IIOTOKOM
IIapOB B ITUKAOHBHI.

OgHro- uAu gByxcmynenuamble UUKAOHBL, PACIIOAOKEHHEIE B BEpXHEU 4acTHh
OTCTOMHOM 30HBI. YAOBACHHBIM IITMKAOHAMHU KaTaAM3aTOP 4Yepe3 COOTBETCTBY-
IOll[He CITyCKHBIe CTOSKH BO3BpAIlaeTcsl B CAOH.

OmnapHas ceKyus, B KOTOPOM KaTaAu3aTOp OOpabaThIBaeTCs BOAIHBIM
IIapoM C IIeABIO AecOpOIUM C ero IOBEPXHOCTH YTAEBOAOPOAOB (B peakTope)
UAM IIPOAYKTOB CrOPaHM4 (B pereHeparope).

BoapgHOM  map, BBEAGHHBIM B OTHAPHYIKO  CEKIOUIO,  BEITECHAET
YTAEBOAOPOAHBIE IIaphbl HWAW Ta3bl U3 CBOOOAHOIO OOBeMa MeyKAy YacTHUIIaMU
KaTaAM3aTopa, IpeAoTBpalliasi TeM CaMbIM UX B3aWMHOe IIPOHMKHOBEHUE.

OTnapHble CeKIIUM KOHCTPYKTHUBHO BBIIOAHSAIOTCS IHO-pa3zHoMy. Ha puc.
XXIV-9 npeapcTaBA€HBI CXeMBI BapMaHTOB OTIIAPHBIX YCTPOMCTB: KOAbIleOoOpas-
HBIe CeKIJuu 0e3 OTCEeKOB HAM C OTCeKaMy, obecIieduBaromuMu Oonee sddex-
THUBHBIM KOHTAaKT C BOASHBIM IIapOM; IMAMHAPHUYECKHE CEKIIUM C IIePEeropoA-
KaMU TUIIa AMCK —KOABIIO; CEerMeHTHLIe OTIapHble CeKI[UM; BBEIHOCHAS ITUAWHA-
puyeckast CeKITUS.

IMTpu oTnapke oTpabOTAaHHOTO KaTaAU3aTOPa YTAEBOAOPOABI CPAaBHUTEABHO
AETKO VAQASIOTCS M3 IIPOMEKYTKOB MeXXAYy OTAEABHBIMM YacTHUIlaMU KaTa-
AM3ATOpa ¥ CPAaBHUTEABHO TPYAHO M3 IIOp, IO3TOMY PEeXHUM pabOoThI TaKOU
OTIIAPHOU CEKIUM IPEAONPEAEASTETCS He TOABKO TUAPOAWHAMHUKOM IIOTOKOB
KaTaAHW3aTopa M OTIAapHMBAIOIIEero areHTa, HO U CKOPOCTBIO AMMPYHAUPYIOIINX
B IIOpax KaTaAW3aTopa BCTPEUHBIX IIOTOKOB BOASHOTO IIapa U YTA€BOAOPOAOB.

|7

Puc. XXIV-9. CxeMbl OTHApHBIX CEKIUIl PEaKTOPOB M pereHepaTopoB YCTAaHOBOK KaTaAMTHYECKOro
KpeKUHra:

a — KOABLIEeBasl; 0 — IMAMHAPUYECKAs C IEePErOPOAKAMU AMCK — KOABI[O»; & — CerMeHTHas; & —
OUAWHAPUYECKasT BBIHOCHas; [ — CTOSIK OTpabOTaHHOrO KaTaAW3aTopa; 2 —  CTBOA
MMHEeBMOIIOABEMHUKE; 3 — pacIpepeAuTeAbHast pelieTka; 4 — OTHapHasl CeKIUs; 5 — MaTOUYHHUK AAS
BOASIHOTO mapa. [Toroku: I — orpaboTaHHBIM KaTaAusatop; [ — pereHepupOBaHHBIM KaTaAuU3aTOP
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Puc. XXIV-10. PeakTop C NBIA€BHAHBIM KaTaAH3aTOPOM
ycraHoBku I'43-107:

1 Koplyc; 2 — ABYXCTyIeHUYaTble ITUKAOHBL, 3 —
OAAAMCTHUYECKUM cellapaTop; 4 — CTOSKU IIUKAOHOB;, 5 —
MIOABMI)KHAs oropa; 6 dopcyHKa AAd I1IAAMaE; 7
pecopbep; 8 —  audrT-peaktop; 9

MHOTOUYMCACHHLIMU dopcyHKamy; 10 — LITyLEep
NIPeAOXPAaHUTEABHOTO KAamnaHa. [Totoku: I — ceipwe; II —
pereHepupoBaHHBIN KaTaAusaTop; III — 3aKOKCOBAHHBIN
KaTaausaTtop; IV — IpOAyKTHI KpeKuHra; V — BOAGHOM map

COIINO C



OTnapHoe YCTPOUCTBO AOAKHO OOeCHeuUTbh AOCTATOYHO IIOAHYIO Ae-
COPOLNIO YyTA€BOAOPOAOB U3 OTPAOOTAHHOTO KATaAM3aTOpa, TaK KaK HeAecop-
OMpOBaHHBIE YTAEBOAOPOABI BEUKUTAIOTCS B pereHepaTrope BMeCTe C KOKCOM,
IIOBHIIIAA TEMAOBYIO HArpy3Ky alllapaTa, pacxop BO3AyXa M 3Hepros3arparsl, a
TaK’Ke YBEAUUMBasl IOTEPU.

OdpeKTUBHOCTL PabOThI OTHAPHBIX YCTPOMCTB 3aBUCUT OT HX KOH-
CTPYKIIMU, AAUTEABHOCTH NPeOBIBAaHUS KAaTaAU3aTopa B 30He OTHapK{, a Takke
pacxopa OTIapHUBAIOIIEro areHTa.

Ha puc. XXIV-10 npeacTaBAeHa KOHCTPYKIIMS YCOBEPIIEHCTBOBAHHOTO pe-
AKTOpPa YCTAQHOBKM KATAaAMTHYECKOTO KpeKuHra 1'43-107, mpepHa3sHaUeHHOU AAA
epepaboTKU BaKYyMHBIX AUCTHUAAITOB IIPOM3BOAUTEALHOCTHIO 2,0 MAH. T/TOA.
PeakTop mpeacTaBasieT cO60YM BEPTUKAABHBIM LIUAMHAPHUUYECKHHU almapaT Iepe-
MEHHOI'O ceueHUs. PereHepupoOBaHHBIN KaTaAU3aTOP U3 pereHeparopa IpU TeM-
neparype 650—700 °C mocTymaeT IO HAMOPHOMY CTOSIKY B HIJKHIOIO YacTb
AU@PT-PEaKTOPa, TAe KOHTAKTHUPYET C KAIAIMHU CHIpbd, OOpPa30BABUIMMUCS IIPU
IIPOXOXKAEHUM comra 9. B pe3dyabpTaTe TenmAOOOMeHa KaTaAW3aTOP YaCTUYHO OX-
AaKAaeTcst Ao TemnepaTypbl 500 —510 °C, a BBIAGAMBIIEECS TEIIAO PACXOAYETCS
Ha HarpeB U HCIIapeHue CHIpbsA. [Ipy 3TOM HAUYMHAIOTCS peaKIUM KaTaauTHdec-
KOro KpeKHHIa C OTAOXKeHHeM KOKCa Ha JacTHIlax KaTraausaTopa. OOpa3oBas-
LINNCS Tapora30BBIM IIOTOK TPAHCIOPTUPYET KATAaAM3aTOP BBEPX IIO CTBOAY
Au@T-peakTopa. BHyTpeHHUN AMaMeTp AUMT-peakTopa U AAWHY PeakKIMOHHOM
YaCTU ONPEAEASIOT MCXOAA U3 3aAaHHOU IIPOM3BOAUTEABHOCTH YCTAHOBKU IIO
CBIPBIO U YCAOBUM IIPOBeAeHUd Nponecca. OTHOIIEHNE AAMHBI PEaKIIMOHHON Ya-

CTH AUMT-peaKkTopa K ero AuaMeTpy OOBIYHO cocTaBAsteT (20—25)/1,0.

[TepBOHAYaABHO B BepXHEM 4aCTU AMQPT-pPeakTopa OBIAU YCTAHOBAEHBI KOHUUYECKUN II€PEXOA-
HHUK U pacIpeAeAuTeAbHas pelleTKa, IpeAHa3HaueHHasd A BBOAA M PAaBHOMEPHOTO pPacIpeAeAeHUs
KaTaau3aTropa B 30He (DOPCUPOBAHHOTO KUIAIIEro CAOsd. [Ipu HMCIOAB30BaHUM OOAee BBICOKUX
TeMIIepaTyp KpeKUuHTIa U IIPUMeHeHUN COBPeMeHHBIX BLICOKOSq)CbeKTI/IBHHX KAaTaAnU3aTOPOB HeXe-
AATeABHO AAUTEABHOE KOHTAKTHPOBaHME 3aKOKCOBAHHOTO KaTaAM3aTOpa U IPOAYKTOB KPEKHUHTQ,
TaK KaK 3TO CIOCOOCTBYeT IPOTEKAaHWIO BTOPUYHBIX peaKIUM KpeKuHra OeH3uHa. [losToMy
pacIpepeAUTeAbHas pellleTKa B BepXHeM 9acTu AuT-peakTopa OblAa 3aMeHeHa Ha OaAAMCTUYeCKUN
cemaparop.

AAST OBICTPOTO OTAEAEHUSI KaTaAu3aTopa OT He(dTenpOoAyKTOB B BepXHeU
4acTU AUPT-peakTopa yCTAaHOBAEH OAAANCTHYECKUM CeIllapaTop J3, IIO3BOASIO-
IIUH VMCKAIOUUTH HE)KeAQTEeAbHYIO M3AMIIHIOI TAyOMHY IIpeBpallleHUusl ChIPbS M
YMeHBUINTL BpeMsl ero KOHTaKTa C KaTaAM3aTOpPOM. BepxHss 4acTb AUPT-peak-
TOopa C BAAUCTHUYECKUM CelapaTOpoOM OCHallleHa MOABUKHOM ONOpPOM 5.

IMpotipaga GarrnCTHUEeCKUY cellapaTop, KaTaAus3aTop IOCTyIaeT B AecopOep
7, TAe OTIapMBAETCs B IPOTMBOTOKE C BOASHBIM mapoM. Aecopbep CEeKIMOHU-
POBaH KaCKaAHLIMU Iep(OPHUPOBAHHBEIMU KOHYCAMH, IPEISTCTBYIOIINMMI CO3Aa-
HUIO IIOPIIHEBOTO PEeXUMa. B HUJKHEU 4acTH AecopOepa YCTAaHOBAEHBI KOABILe-
Bble KOAAEKTOPBI AAS BBOA@ BOASHOIO Ilapa, B BepxHel 4acTh — (POPCYHKHU 6
AAS BBOAQ IIIAAMa, T.e. YaCTU OCTaTKa U3 PeKTU(UKAIIMOHHOMN KOAOHHBI, COAEp-
JKalllel YHeCeHHBIM U3 peaKTopa KaTaAu3aTop.

AAST YMEHBIIIeHNsI YHOCA KaTaAM3aTopa B PEKTU(UKAIIMOHHYIO KOAOHHY H
CHUKEHHSI KOAWYECTBA PEIUPKYAUPYIOIIEro IAaMa B BepXHEH 4acTH peaKTopa
YCTaHaBAMBAIOTCSI OAHO- UAU ABYXCTyIleHUYaThle IIUKAOHEI 2. Ha CIyCKHBIX CTOSI-
KaX IJUKAOHOB HCIIOAB3YIOT YCTPOMCTBA TUIIA KAallaH-MUTaAKa. KaanaH-MUTasKa
OOBIYHO HAXOAUTCS B 3aKPBITOM IIOAOKEHHUM U OTKPLIBAETCS TOABKO IIOA AAB-
AeHHeM CTOAOa KaTaAu3aTopa, CKOIMBIIErOCs B CIIYCKHOM CTOSIKE.

Kopryc peakTopa u3HyTpU (PyTepoBaH CAOEM >KapOCTOMKOIO TOpPKpeT-Oe-
TOHA TOAIIMHOM 50 MM, @ UKAOHBI 3AIIUIIEHBl YPO3UOHHO CTOUKUM OETOHOM
TOAIIUHONU 20 MM, HAHECEHHBIM Ha IIAHIUPHYIO CETKY.
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B Kopnyce peakTopa NpeAyCMOTPEHB! IITYIIEPEl AAS BBOAA CBHIPbS U KaTa-
AM3aTOpPa, BBEIBOAA IIPOAYKTOB KPEKHWHTa M 3aKOKCOBAHHOTO KaTaAU3aTopa, ycC-
TAHOBKU IIPEAOXPAHUTEABHOT'O KAAllaHa U TepMolap, a TakXXe AIOK-Aa3, IIPeA-
Ha3HA4YeHHBIU A PEMOHTA M MOHTa’ka OOOpPYAOBaHMS, PACIOAOKEHHOI'O BHYT-
pH ammapara.

KoHCTpyKIIUsL pereHepaTopa KpeKUHI-YCTAHOBKU IIpUBEAeHa Ha pUC.
XXIV-11.

OCHOBHBIMHM y3AaMU pereHepaTopa SIBAGIOTCAI KOpPIyC I, KOAAEKTOP BBOAA
BO3AyXa 2 AAS BBIKUTA KOKCA U MOAAEPIKAHUSA KHUIIAIIETO CAOS BO B3BEIIEHHOM
COCTOSHUHU, TONAUBHBIE (DOPCYHKU 3 AAS pa3orpeBa KaTaAn3aTopa IPU IIyCKe
YCTaHOBKY, (POPCYHKU AAS KOHAEHCATa 4 C I[eAblO IIPEeAOTBPAllleHMs AOTOPaHUS
OKHCH YIAepOAd B ABYOKUCH, ABYXCTyIleHUaThle IIMKAOHEI O, cOOpHas KaMmepa
6 M cucTeMa BBOAQ BOASHOTO IIapa B IIUKAOHBI II€PBOM CTYIEHMW U IIOA AHMIIE
COOpHOM KaMephl AAG NPeAOTBpAllleHUs AOTOPaHWS OKHCU YTAEpOAd B ABY-
OKHCBh. B OTAEABHBIX CAyYadax A CbeMa U30BITOUHOTO TellAd U YIIOPIAOUYEHUS
ABIDKEHUS IIOTOKA Ta30B3BECHM B 30HE pereHepanyuu yCTaHABAWBAIOTCA IIapO-
BOASIHBIE 3MEEBUKU.

OO6BIYHO pereHepaTop — CaMBIM KPYIHBIM anmnapaT Ha YCTaHOBKe Ka-
TAAUTUUECKOTO KPEKMHTa, ero o0beM 3HAUWTeABHO IIpeBhIIlIaeT OOBeM peak-
Topa.

Pa3smepnl pereHepatopa 3aBHUCAT OT €ro IPOU3BOAUTEABHOCTU IIO
CKUTAEMOMY KOKCY (KOAMYECTBO KOKCa@, BBDKHIAeMOTO C IIOBEPXHOCTH
3aKOKCOBAHHOI'O KaTaAM3aTopa 3a EAWHMIY BpeMeHH) U BBEIOPAaHHOTO TeXHO-
AOTMUYECKOTO pe’kuMMa IIpollecca pereHepalluu (TeMIepaTypa, AABAEHUeE).
[Tpou3BOAUTEABHOCTE pereHepaTopa XapaKTepu3yeTcs KOAMYECTBOM BBIXK-
JKeHHOTO KOKCA B €AUHMIIY BpeMeHU, U OHa OIPEeAeAseTCsl KaK IIPOH3BeAeHUe
KOAWYECTBA IIMPKYAHPYIOUIEro KaTaanu3aTopa Ha Pa3HOCTh COAEP’KaHUM KOKCa
Ha HEM AO U IOCAe BBIKUTA.

ANST TEIIAOM3OASIIIUY U IIPEAOTBpaAllleHNs adpa3uBHOIO M3HOCA KopIlyca pe-
reHepaTropa CO CTOPOHEBI IIOCTOSTHHO ABMJKYILIIMXCS 3HAUUTEABHBIX MacC KaTaAu-
3@TOpa ero MU3HyTPU IOKPBIBAIOT CAOEM >KAPOCTOMKOIO TOPKpeT-OeTOHa TOA-
mumaoN 150 —200 MM, HaHeCeHHOrO Ha NAHIUPHYIO CeTKy. [IpuMeHeHme TOp-
KpeT-0eTOHA MO3BOASET CHU3UTH TeMIIepPaTypy W TOAIIMHY CTeHKH KOpIyca pe-
reHepaTopa.

BricTpoe oTpAeAreHHe KaTaaM3aTopa OT IIapoB He(TEIPOAYKTOB Ha BHIXOAE
U3 AU@T-peakTopa CTaAO HEOOXOAUMEBIM YCAOBUEM COBPEMEHHBIX BBICOKOTEM-
IepaTypHBIX YCTAHOBOK KATAAUTHMUEeCKOIO KPEKWHIa, pabOoTaloIuxX NpU TeMIle-
parypax cBrite 525 °C.

B HacTrogllee BpeMd NPUMEHIIOTCS HECKOABKO KOHCTPYKIWM KOHIIEBBIX
YCTPOUCTB A AUDT-peakTopa (puc. XXIV-12). B nopgake yBeanmdeHus s dek-
TUBHOCTU K HHUM OTHOCSTCS MHEPIMOHHBIU cemnaparop (cMm. puc. XXIV-12, a),
IIUKAOHBI C BOCXOAAIIMM HOTOKOM (cM. puc. XXIV-12, 6) u paspaboTaH-
Hble (upmoit «MoOHUA» IIMKAOHBL C 3aMKHYTBIM IIOTOKOM (cM. puc. XXIV-
12, 8).

AASL OIITUMAABHOTO OTAEAEHHUS KaTaAnu3aTopa OT He(TenpOAYKTOB B AUMT-
peakTope HeEOOXOAUMO BO M30e’KaHMe IIOBTOPHOTO KpeKWHra OeH3WHa MPeAOT-
BPATUTh KaTAAUTHUYECKUM KPEKUHI B pa30aBAeHHOU (ase mocre AU@T-peaKkTopa
U, coKpaljas BpeMs IIpeObIBaHUS IapOB Ha y4aCTKe MeXKAY BBIXOAOM U3 AUQT-
peakTopa M 30HON PEe3KOTO OXAAXAEHWS, B TAABHOU PeKTUPUKAUVOHHOU KO-
AOHHE CBECTH K MUHUMYMY TepMHYeCKHY KpeKMHT. Kpome TOro, cucreMa OTAe-
AE€HHSI KaTaAus3aTopa OT He@PTEeIPOAYKTOB AOAKHA OOAAAThH ONepalrjuoOHHOM
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Puc. XXIV-11. Perene-
paTop C IbIA€BUAHBIM
KaTaAn3aTopoM:

1 — Kopmyc; 2 — KOA-
AEKTOp AAd BBOAQ BO3-
Ayxa; 3 — TOIAMBHAs
dopcyHka; 4 — dop-
CYHKU AAST KOHAEHCATa;
5 — ABYXCTylleHYaTkIe
IUKAOHEL, 6 — cbop-
Hag KaMmepa. [loTokmu:
I — 3aKOKCOBaHHBIU
KaTaAu3aTop U3 peak-
Topa; II — perene-
PUPOBAHHBIM  KaTaAU-
3atop; III — BO3AyX;
IV — BopgHOM 1map;
V — ABLIMOBEIE T'a3bl
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Puc. XXIV-12. KOHCTPYKIMH KOHIEBBIX YCTPOMCTB AAS AU(T-peaKTopa:

a — VHepIUOHHBIM cenapaTtop; 0 — LHUKAOHBI C BOCXOASIIAM IIOTOKOM; & — IHUKAOHBEL C
3aMKHYTBIM IIOTOKOM. IloTokm: I — cMech KaTaAW3aTopa U IIapoB He(MTEIPOAYKTOB M3 AUMT-
peakTopa; /I — mapora3oBhIll IOTOK U3 Aecopbepa; IIl — HPOAYKTBHI KpeKHHTa

rIOKOCTBIO M He TpeOOBaTh IIOBHIIIEHHOI'O BHUMaHUS CO CTOPOHBI OIIepaTopa,
CBOAUTH K MUHUMYMY KOKCOBaHHe B TPYOOIIPOBOAAX U yMeHBIIATh IIOTepPH Ka-
TaAM3aTOpPa B PeKTU(PUKAITUOHHON KOAOHHe. Hanboaee IIOAHO BCceM 3THM Tpe-
OOBaHUSIM OTBedaeT KOHIIEBOE YCTPOUCTBO AUMT-PeaKToOpa B BUAE UKAOHOB C
3aMKHYTEIM ITOTOKOM.

Cucrema BIPBICKUBAHMUSA CBHIPbI OKa3bIBAeT peIIarolllee BAUAHHWE Ha
BBIXOABI IIPOAYKTOB YCTA@HOBOK KATAaAUTHUECKOTO KpeKHHTra. B mapeane peakiyuu
KpPeKHUHra AOAKHBI IIPOTeKaTh B IapoBOM (pa3e Ha IIOBEPXHOCTU TBEPAOTO
KaTaAusaTropa. BrIcTpoe M paBHOMepHOe CMellleHUe ChIpbg MU KaTaAusaTopa
obecrieunBaeT OOAee IIOAHOe HCIapeHUe He(TEeNpPOAYKTOB M AYUYIIMH UX KOH-
TaKT C KaTaAM3aTOPOM Ha IPOTSKEHUU KOPOTKOTO BpeMeHU MX NpeOBIBaHUSA B
Au@T-peakTope.

Ha puc. XXIV-13 npuBepeHBI HEKOTOPHIE KOHCTPYKIUM PACIBIAMBAIOIINAX
COIleA AAS YCTAQHOBOK KaTaAUTHMYeCKOro KpeKuHra. KOHCTPYyKIWS pacIbIAMBa-
IOI[eTO CONAA AOAKHA oOecIednTh OOpa3oBaHME MEAKUX KalleAb C y3KUM
pacupepereHHEM UX II0 AMAMeTPy U HeOOABIIUM CPEAHUM AuaMeTpoM. Ecan
IIPYU BIIPBICKE CHIPbA OOpPa3ylOTCS KPYIHEBEIE KAllAM, TO OHU OyAYT HCIapSaThCH
MEAAEHHO U MOTYT BOOOIIe He HCHapuThcd. [IpucyTcTBHe B AUPT-peakTope
YaCTUI] KaTaAM3aTopa, CMOYEHHBIX HEUCIapUBIINMCS ChIpbEM, BeAeT K
00pa30oBaHUIO KOKCa, BOAOPOAA M yraeBopopopoB C,—C, CpaBHUTeAbHas
OlleHKa (Mo AQHHBIM (bUpMBl «KeAnor») MoKasbIBaeT, UYTO HAMAYUIIMMM Xapak-
TEPUCTHUKAMU OOAAQAAIOT comAa «AToMax». EcAM IPHHATE CpepHUM AUAMeTp
Kalleab, O0Opa3yIoIuXcs B COMAe «ATOMax» 3@ EAWMHHILY, TO AAS COIIAA C
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Puc. XXIV-13. KOHCTPYKHUM PpacObIAMBAIOIIAX COMEA AAS  YCTaHOBOK KaTaAMTHYECKOro
KpEeKHHra:

a — COIIAO C KPYTABIM OTBEPCTHEM; O — COIIAO CO INEAEBBIM OoTBepcTHeM (upMbl «Keanror»; & —
COIIAO C MHOTOUUCAEHHBIMU (DOPCYHKaMH; 8 — comnro «AtoMax» upm «Keanror» m «Mobua»; 1 —
Kopmyc; 2 — cnupanb; 3 — aAuadparMa C KPyrAbIM OTBepcTHeM; 4 — HAKOHEUHHK CO IIeAeBBIM

OTBepCTHEM; 5 — CTATUYECKUM CMeCUTeAb; 6 — dopcyHKH. [ToToku: I — ceipwe; II — BOASHOM map;
IIl — napochIpbeBasg cMeCh

KPYTABIM OoTBepcTHeM (cM. puc. XXIV-13, a) cpepHul AuaMeTp KalleAb paBeH 3,
AAST COTIAA CO IIeAEBBIM OTBepcTHeM (cM. puc. XXIV-13, 6) — 2,3, a A comiaa
C MHOTOYHUCAEeHHBIMU (popcyHKaMu — 7,8.

Cxema YyCTaHOBKHM comeA «ATomMax» B HIWKHEM dYacTH AMQPT-peakTopa
nmokasaHa Ha puc. XXIV-14.

Ha puc. XXIV-15 npuBepeHa cxeMa pPeaKTOPHO-PereHepaTOPHOro OAOKa
COBPEMEHHOM YCTAHOBKM KAaTAAMTUYECKOTO KPEKUHTa (PAIOHA YABTPA-OPTEMAOY
dupmer  "Keanor”. TlpoljecCc HCHOAB3YETCS AAS IIOAYYEHHS M3 Pa3AMIHBIX
dpaknuil He@TU, B TOM UNCAe M TIKEABIX, BBICOKOOKTAHOBOTO OeH3UHA,
AETKUX OAe(PUHOBBIX YTAEBOAOPOAOB AAS QAKWAUPOBAHUSA W IOAMMEpPU3alluH, a
TaKXe CpeAHUX (Qpakiui, HCIOAB3yeMBEIX KAaK KOTEABHOE WAU AU3EABHOE
TOIIAMBO.

Ha ycraHOBKe B KauecTBe peaKTOpa MUCIOAB3YETCSI BBIHOCHOU AUMDT-peak-
TOp 2 ¢ cucTeMol comea «AToMmax» 1 AAS BIPBICKA CHIPbS,, KOTOPHIM 3aKaH4YU-
BAeTCS IIOBOPOTHBIM IIPSMOYTOABHBIM KOAEHOM. AAS OBICTPOTO OTAEAEHHS Ka-
TAaAM3aTOpa OT IIPOAYKTOB KPEKHMHIa W MCKAIOUEHHS BO3MOJKHOTO H3AUIITHETO
YTAyOAeHUd IIpollecca KpeKUMHra Ha BBIXOAE M3 AUMPT-peakTopa yCTaHOBAEHBI
ABYXCTyII€HUAThIe IIUKAOHBI C 3@aMKHYTBHIM ITOTOKOM. 3aKOKCOBAHHBIN KaTaAM3a-
TOp IIOCTYIAeT B OTIApPHYIO CEKIHIO 6, TAe BOASHBIM IIapoOM OTIapUBAIOTCS 3a-
XBaueHHBble UM YTA€BOAOPOABL. Aanree KATAaAM3aTOP IIO CTOSKY MOAAeTcs Ha
pacupepeAuTerb §, IpepHa3HaYeHHBINM AAI PABHOMEPHOT'O BBOAA KaTaAM3aTopa
B 30HY IIPOTUBOTOYHOU pereHepanmuu. [lopada Bo3pyxa B 30HY pereHepanuu
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Puc. XXIV-14. Cxema yCTaHOBKHU colleA «ATOMax» B HMJKHEH 4acTU AU(T-peaKTopa.
ITotoku: I — ceipbe; II — BopssHOM map; III — mapoceIpbeBasi CMeCh

OCYIIIECTBASIETCS Yepe3 TpU pacupepeauTeasd 9 (cm. puc. XXIV-15, ycroBHO 1o-
Ka3aH OAVH PaCIpPEAEAUTEAB). ABIMOBBIE Ta3bl OTACASIIOTCA OT KAaTAaAM3aTOPHOMU
IBIAU B ABYXCTYII€HUATBhIX IJUKAOHAX 3 U Yepe3 Hapy>KHBI KOAAEKTOP 5 BHIBO-
AATCS B aTMocdepy. AAd ONTUMHU3ALMU TeMIlepaTyphl pereHeparopa npu pabdo-

Te Ha TSIKEAOM CHIpbEe INPUMEHSIeTCS OXAAAUTEeAb KaTaAM3aTopa B IIAOTHOM
daze 10.
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Puc. XXIV-15. PeaKTOpHO-pereHepaTOpHbII OAOK
YCTAaHOBKM KaTaAHMTHYECKOTO KpeKUHIra (HupMBbI
«Keanor»:

1 — comaa «AToMmMax»; 2 — AUDT-peakTop; 3 —
ABYXCTyIleHYaThble IIMKAOHBI pereHepaTropa; 4 —
ABYXCTyII€HUYaThIe ITUKAOHBI C 3@aMKHYTBIM IIOTOKOM;
5 — Hapy’KHBIM KOAAEKTOD ABIMOBEIX Ta3oB; 6 —
OTNapHasd CeKUMs; 7 — KOAAEKTOD AAS BBOAQ BOAS-
HOTO Tapa; 8 — paclIpeApeAuTeAb 3aKOKCOBAHHOI'O
KaTaAu3aTopa; 9 — pacIpepeAdTeAb BO3Ayxa; 10 —
OXAQAUTEeAb KaTaAusaTopa B IAOTHOM ase; 11 —

KAAQIllaH BBOAA CBEJXKETro KaTaamsaropa; 12 — KhaamaH
BBOAQ PeTreHepHPOBAHHOTO KaTaAM3aTopa B AUMT-
peakTop. [loToku: I — cuIpbe; II — NPOAYKTHI

kpekuHra; Il — pbpIMOBBIe Tasel; IV — Bo3payx; V. —
KaTaAu3aTop

NOATA bANxAOA DAAEOET T TUO ATTAPAOTA

Pacuer peakTopa, IpepAHA3HAUEHHOTO AAS OCYIIECTBAEHUS TOU
WA WHOW XHMMHUYECKOM peaKIuM, HMeeT CBOIO CHenUu(MUKy AAI Ka’kKAOTO
KOHKPETHOTO CAydYasi U COCTOUT U3 CAEAYIOIIUX OCHOBHBIX 3TAIlOB!

1) MaTepuarbHBIM 6GanraHC; 2) TemAOBOM 6anaHC; 3) pacyeT PeakKIMOHHOTO
oO0beMa U BEIOOP OCHOBHBIX pa3MepoB C yUeTOM pa3MellleHUsl BHYTPEeHHUX
YCTPOUCTB (paclpeAeAUTeAbHBIe U BBIPABHUBAIONIME PeNIeTKH, CelapaljiOHHAas
30HQ, IJUKAOHBI, TEIIAOOOMEeHHas IIOBEPXHOCTb W T.A.); 4) TMAPOAMHAMHUYeCKUMN
peXXuM AAS BCe€X OCHOBHBEIX MaTePUAABHBIX IOTOKOB IIPU BBEIOPAHHOM KOH-
CTPYKIIMH, pa3Mephl allapaTa ¥ BHYTPEHHUX YCTPOMCTB.
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IMpu ocyijecTBAeHUM IIpoIlecCa B HECKOABKHX alllapaTaxX HAU CeKIJUO-
HUPOBAHHOM aIlllapaTe pacueT IO YKA3aHHOM CXeMe BBIIIOAHSETCS AAS Ka’KAOTO
anmnapara (CeKIUM) B OTAEABHOCTH.

AN IepUOAMYECKH AEMCTBYIOIIETO PEAaKIIMOHHOIO anmnapaTra BBEIOMpAaeTcs u
OOOCHOBBIBaeTCsa rpauk padOTEl; COOTBETCTBYIOIIME PACYETHI BBITOAHSAIOTCS
AAST KaSKAOM M3 CTAaAUM.

O6mire npueMbl pacueTa MaTepPUAAbHOTO OanraHCa M ONPEAEAeHMsI peak-
IMOHHOrO oOBeMa OBIAM PAcCMOTpPeHB paHee. HekoTopble 0COOEHHOCTH
COCTaBAEHUS TEIAOBOTO 0araHCa pacCMOTPUM Ha IIpUMepe paclpOCTPaHEeHHOTO
U CAOKHOTO IIponecca — KATaAUTUUECKOro KpPEeKWHra IIPUMEHUTEABHO K
peakTOpHOMY OAOKY C MEAKO3E€PHHCTHIM KaTaAM3aTOPOM U amllapaTaMH C «KH-
OAIIMM» CAO€M, CXeMa KOTOPBIX C OCHOBHBIMH OOO3HAUEeHUSIMH IIpeACTaBAeHa
Ha puc. XXIV-16.

B npuBepeHHBIX pAaAee YPABHEHUAX NPUHATEL CAeAYIOIHe 0003HAUeHU:

G, — IpOU3BOAWUTEABHOCTH peaKTopa IO 3arpyske, Kr/u;

G, — KOAWUYECTBO KOKCQ, OTAOKHMBIIETrOCsI HA KaTaAnW3aTope IIpH
KpeKuHre, Kr/d;

Gyar — KOAMYECTBO IIUPKYAMPYIOILIEro KaTaAu3aTopa, Kr/y;

L+Gg, 4,

Kar 0.K

+
G.1 / Puc. XXIV-16. Cxema K pacuery
Py = L

A PeaKkTopHOro GAOKAa  yCTaHOBKH
Z. w~— KaTaAMTUYECKOr0 KPeKUHra



t, u t, — TeMIepaTyphbl COOTBETCTBEHHO B peaKTope U pereHeparope, K;

S, — OCTaTOYHOE COAep’kKaHMe KOKCAa Ha pereHepupoBaHHOM KaTaAM-
3aTope, Kr/KT;

G, KOAWYECTBO OCTAaTOYHOTO KOKcCa Ha KaTaauzaTope G,, = S;Geam
Kr/4;

L — KOAWYeCTBO BO3AYyXa, HEOOXOAUMOIO AASl CropaHUs KOKca, obpaso-
BaBIIETOCs MPU KPEKUHTe, KI/4;

Z, i Z, — KOAMYECTBO BOASHOTO TIapa, YXOAAIETO W3 peakTopa M pere-

HepaTopa, COOTBETCTBEHHO, KI/4;
Q, — TemAOTa CrOpaHusi KOKCa, KAJK/KT.
3anuireM TEeNAOBOU 0AAaHC PEeaKTOPHOrO OAOKA B IIEAOM:

Craten 1puxopa

TenAO, BHECEHHOE CBIPBEM......ccciiiiiiiiiiiiriiisiiseiisisssssisiessinsienens Gehy,
Tennro, BHECEHHOE BO3AYXOM ........cocueine LG,
TenAo, BEIAGAEHHOE IIPU CTOPAHUU KOKCA.......coeven.. GQp
CraTthbu pacxopa

Tenno, yHOCHMOE C HPOAYKTAMHU PEAKITHH’ ....ovovererivnrereiriienens (GC —GK)Ht1
TenAO PEAKITUM KPEKHMHTA......coueveriererrerriierienenrensessesessesesensenseneas Gqy,
Temnao, yHOCUMOE ABIMOBBIMU Ta3aMH U3 pereHeparopa..... (L + Gy )H[2
Temao, 3aTpaunBaeMoe Ha HarpeB BOASHOTO IIapa, YXOAS-

LIEr0 U3 PEAKTOPA M PETEHEPATOPA .vovevivereriviiririisinisinsininnns Zlcsn(tl —tz)+ZzCBn(tz —tZ)
[MoTepyu TemnAa B OKPYIKAIOMIYIO CPEAY ...ovviviviviriririieriiereiennans Qror
M30BITOYHOE TENAO pereHepaluy KaTaAM3aTopa, KOTO-

poe MoKeT OBITh MCIIOAB30BAaHO Ha ITPOM3BOACTBO BOAS-

HOTO TIapa... Qs

3anuilleM ypaBHEHHe TelIAOBOro OaraHca:

G.h, +LCt,+G,Q,=(G.~G,)H, +Gq,+(L+G,|H, +
+Z1C13n(t1 -, ) + chm(tz =i, ) + Quor + Qs

[MTpu 3apaHHOM TEMIIEPaTypPHOM pPeXXMMe peaKTopa M pereHeparopa U BEI-
XOAe KOKCa W3 TPUBEASHHOTO BHINIE YPaBHEHUS TEMAOBOTO ©OanaHCAa MOTYT
ObITH HAWAEHBI SHTaAbIUSA B, (& CAeAOBATEABHO, U TeMIEeparypa) ChIPb,

IHUTAOIIETO PEaKTOp M U3OLITOYHOE Temro Q)

u36*

B Tex cAy4asx, KOrAd KOAMYECTBO IIUPKYAUPYIOLIErO B CHUCTEME KATaAM3a-
TOpa MOXKeT OBITb AOCTATOYHO OOABIIMM, KaK 3TO, HAllpUMep, UMeeT MeCTO Ha
YCTaHOBKE C MEAKO3epPHUCTHIM KaTaAM3aTOPOM, TEIIAOBOM 0OaraHC PeakKTOPHOIO
OAOKa MOJKeT pemaTtbes npu Q,.; = 0; B 3TOM CAydae U3 IPUBEAEHHOIO BHIIIE
VPaBHEHUsS TeIIAOBOTO OanaHCA OIpeAeAseTcs TeMIlepaTypa CHIpbsS f,, IIpHU
KOTOPOU IIPUXOAHBIE U PACXOAHBIE CTATBU OAnaHCA PABHHIL

Ilpu 3apaHHOM TeMIepaTrype (. M3 ypaBHEHHS TeIIAOBOrO OanaHca oOIIpe-
Aensercs BeanunHa Q.

3anuIeM TeIAOBOM OaraHC peakTopa:

G.h, + GKaTCKaT(tZ - t1) + GO.KCK(tZ - t1) = (Gc - GK)HZI +
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+ Gq, + ZCylt, -1, )+ GCt, + @,

or!
rae GKaTCKaT(tZ_tl) — KOAMYECTBO Te€IIAQ, BBIAGA€HHOI'O B peaKTOope IIPU OXAdXK-

O0.K 7K

AeHUM KaTaAmsaTopa OT TeMmeparypel f, po ¢ G, C (tz—tl) — TO Xe, IIpU

OXAKAEHUHM OCTATOYHOTO KOKCAa (OOBIYHO OCTATOYHOE COAEpIKaHMe KOKca Ha
pereHepupOBaHHOM KaTaAM3aTOpe HEeBEeAWKO, TaK YTO OJTHUM CAaraeMbIiM B

TENAOBOM OanaHCe 4YacTO MOJKHO IIpeHeOpeun); G, C.f, — KOAMYECTBO TEIIAQ,
YHOCHMOTO M3 peaKTopa C BHOBb 0Opa3oBaBIIMMCA KOKcoM; Q) . — IOTepHu
TeIlAa PeaKTOPOM; OCTaAbHBIe 0OO3HaUeHUs IIPe’KHUeE.

3aMeHsid B NIPUBEAEHHOM YypaBHEHUU TellAoBoro 6araHca G, = 5,Gi U

peliada ero OTHOCUTEABHO MACCHI TUPKYAUPYIOMEro KaTaAru3aTopa, IIOAydYaeM:

(Gc - GK)Htl + Gc(qp - htc) + Zlcsn(tl -1 ) + GKCKtl + OILIOT

G =
(CKaT - SOCK )(tZ - tl)

Kart

KpaTHOCTb UPKYASILIMU KaTaau3aTopa
R = G,/ G..

3anuireM TeIAOBOM 0araHC pereHeparopa:

GQ,+G.Ct, +LCt,=G,,.C

Kar

(t,-1.)+ G Cult, 1))+
+(L + GK)H[2 + ZZC”(t2 -t ) +Qu+ Qe

TAe GKaTCKaT(tz—t1) — TemNAO, 3aTpauMBaeMoOe Ha IOBHIIIeHHe TeMIlepaTyphl Ka-

TaAu3aTopa oT t; A0 &y GQKCK(tz—lH) — TO JKe, AAd OCTQTOYHOIO KOokca; Q. = —

IIOTepU TellAa pereHepaTOPOM.

W3 TennroBoro 6anraHca pereHeparopa MOKET OBITH HAaWAEHO KOAWYECTBO
IUPKYAUPYIOIIETO KaTaAW3aTopa; OHO AOAJKHO OBITb TakuMM JKe, KakK u
HaWAeHHOe U3 YpPaBHEHMs TENAOBOTO OaraHCa peaKTopa.

Korpa 3apaHa KpaTHOCTH IIMPKYASAIIMM KaTaauzaTropa R, a cAepOBaTeAbHO,
U eTO KOAMYECTBO, U3 TEIIAOBOTO 0araHCa PeakTOpa ONPEAEAdeTCs TeMIlepaTypa
CBHIPBA [, @ U3 TEIIAOBOrO OanaHcCa pereHeparopa — 3HadeHue Q.

PaccMoTpuM TenaoBoM OaraHC y3aa cMellleHus. [Ipu cMelleHUUu pereHepu-
POBAHHOIO KATaAM3aTOpPa C UCXOAHBIM CBhIpbeM KaTaAU3aTOP OXAA’KAQeTCS OT
TeMIepaTypel f, AO f3 @ CBhIpbe M IOCTyIAIOIIUe C HUM BOAJHBIE IIapbl Ha-
rpeBaroTca OT f. AO t;, HPU >XUAKO(A3HOM IHTAHUU CHIpbe He TOABKO Ha-
rpeBaeTcs, HO U UcnapseTcs.

W3 TennoBoro 6araHca CMeIIeHUs ONPEAEASeTCS TeMIlepaTypa iy

GKaT(CKaT + SOCK)(tz - t3) = Gc(Hz3 - hrc) + ch.n(ts - tc)'
Ilpu napoda3HOM IUTAHUKU MOJKHO 3aIllMCaTh, YTO
Hz3 _Htc =CH(t3 _tc)'

rae C, — TEeIAOEMKOCTBb IIapOB CHIPHA.
AASd peakTopa C «KUMNSIIAM» CAOEM OOBeM PEakIIMOHHOMN 30HBI OIIpeAe-
ASIETCSI TI0 3aA@HHOU MACCOBOU CKOPOCTH N, C MOMOIIEIO ypaBHenwus (XXIIL3).
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O6BbeM KaTaAM3aTOpa B pereHeparope
Vper = GK/gK’

TA€ Q, — YAEAbHBINL KOKCOCHEM B pereHepaTope, T.e. KOAWYECTBO KOKCaQ,
BbDKMraemMoro B 1 u va 1 m® karaamsatopa, Kr/(M>u). DTa BeAUYMHA HAXOAUTCSI
13 KMHEeTUYECKUX YpPaBHEHWU WAW NPUHMMAETCS Ha OCHOBAHUMU OIBITA PAaOOTHI
IIPOMBIIIAEHHEIX YCTAaHOBOK.

Ilpu HalipeHHOM OOBEME KUIIAIIErO CAOSI KaTaAM3aToOpa B PeakTope Aua-
MeTp alnapara, a 3aTeM M BBICOTY CAOSI BHIOMPAIOT C TAKUM pacyeToM, YTOOBI
Oblna  obOecriedeHa  IPHUHATAs  IIOPO3HOCTh  «KHUIIAIEro» CAOod €, a
CA€AOBATEABHO, M €r0 IIAOTHOCTB. IIpM 3TOM CKOPOCTB IICEBAOOIKMIKAIOIIETO
IIOTOKA onpepeasieTcsd u3 ypaBHeHud (XVIIL19).

Omnpepeans ckopocTs W m3 ypaBHeHusa (XVIIL.22), HaXOAAT YHOC YacCTHI]
KaTaAM3aTopa C IIOTOKOM rasa (mMapoB) W 3albIACHHOCTb 3TOTO IIOTOKA IPU
BXOA€ B IIMKAOHEI. ECAM 3alBINEHHOCTH ra3a HEAOIYCTMMO BeAMKa, TO HU3Me-
HSAIOT AMOO CKOPOCTBh IIOTOKa W, AM6GO BBICOTY CellapalliOHHOTO IIPOCTPAHCTBA
h,. Pacxop BOASHOTO Iapa MAU Ta3a Ha adpallvio CTOSIKOB M CO3AaHMe 3aTBOPOB
OIIpeAeAdIoT 1o ypaBHeHUIo (XVIIIL.30).

Ilpm BEIOpAaHHOM KOHCTPYKIIMM U pas3Mepax alnapaToB, pacIpeAeAn-
TEeABHBIX YCTPOMUCTB U KATAaAM3aTOIPOBOAOB ra30AMHAMHYECKUU pacdeT peak-

HA9

H,p g

Puc. XXIV-17. Cxema K TIHAPaBAUYECKOMY
pacyeTy peakTOpPHOro OAOKa YCTaHOBKHM Kara-
ANTHYECKOro KpPeKHHra




TOPHOTO OAOKA YCTAQHOBKM KATAAMTUYECKOTO KPEeKMHTa C ABIJKYILIUMCS KaTa-
AM3ATOPOM AOAKEH IOATBEPAUTHL BO3MOJKHOCTBL IIepeMeIleHUsI BCEX IIOTOKOB
(1, B 4aCTHOCTH, KAQTAAU3ATOPA) U PETyAUPOBAHUSA €ro PAcXOAd B COOTBETCTBUU
C IPUHATONU CXeMOU OAOKaA.

OCHOBHYIO HAEIO0 ra30AMHAMUUYECKOIO pacyeTa IMPOUAAIOCTPUPYEM Ha IIPU-
Mepe peaKTOpHOTo 6AoKa (puc. XXIV-17) yCcTaHOBKM KaTaAUTHYECKOTO KPEKUH-
ra C «KHIOSHIUM» CAOeM KaTaAu3aTopa M ABYKPATHBIM IIOABEMOM KaTaAU3a-
Topa.

AaBAeHUE Hap KAAIIAHOM CTOSIKAa peaKTopa

ps = pi + Hipig + Hypog +Hspsg,

rAe p; — aOCOAIOTHOEe AABAEHUWEe Hap «Kundmum» caoem; Hy, H,, H; — BBICOTa
CAOS COOTBETCTBEHHO B pPeakTope, OTHAapHOM CeKIMM M CIyCKHOI'O CTOsIKa
peakTopa; P, Pz P3 — HAOTHOCTH CAOSI COOTBETCTBEHHO B peaKTope, OTIapHOMU
CEeKIIUU U CTOSKe.

AaBAeHMe TOA KAalaHOM CTOSIKa peakTopa

ps = p2 + Hyp,g + Ap,+Ap,,

rAe p, — abCOAIOTHOe A@BAEHHe Hap CAOeM B pereHeparope; H, u p, — cooT-
BETCTBEHHO BBICOTA U MAOTHOCTBL CAOSI B pereHeparope; Ap, — COIPOTHUBAECHUE
pacIpeAeAUTEeABHOM pelleTKu pereHepaTtopa; Ap, — TOTeps Hamopa B
ITHEBMOCTBOA€E, BEAYIIIEM M3 peakTopa B pereHepartop.

Anst obecrieueHHWsT HAAEKHOTO PETyAMPOBAHUSI KOAWYECTBA IUPKYAUPY-
IOLIEero KaTaAnu3aTopa, B KAAllaHEe AOAKEH OBITh O0ecIledeH COOTBETCTBYIOIINH
neperap AaBAEHUSA

Ap. = Ps = DPe-

AHaANOTUYHO ONPEAEASTeTCSI AABAEHUE HaA KAAIl@HOM p; U TIOA KAAaHOM Py
CTOSIKa pereHeparopa (o6o3HaueHus cM. puc. XXIV-17):

ps = p, + Hip,g + Hspsgi (XXIV.1)
ps = py + Hip,g +Hspsg+ Ap, + pii (XXIV.2)
Apc = Ps — Pa (XXIV.3)
TAe Apl’) — COIIPOTUBAEHUE PACIPEACAUTEABHOM pellleTKU peakTopa; p, — IIo-

Teps HAllopa B ITHEBMOCTBOAE, BeAYIIEM U3 PereHepaTopa B PeakTop.
W3 ypaBHeHu# (XXIV.1), (XXIV.2) n (XXIV.3) noryuum:

H.oPi—Pt Ap + Hip1g + Ap, + Ap — Hypug
5= .
Psg
I/I3 9TOTIO ypaBHeHI/IH CAeAyeT, qTOo HpI/I HpO‘-II/IX paBHbIX YCAOBI/IHX BBICOTA

pasMelneHus: pereHeparopa H; 3aBUCHT OT Pa3HOCTH AABAGHUU p; — P, B
peakTope M pereHeparope.
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