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[TokazaHo, 4YTO METOJl MaTEMaTHYECKOTO MOJEINPOBAHUS [T03BO-
JISIET PElIUTh MpoOJeMy TMOBBIIICHUs pecypcodPpdeKTHBHOCTH
npoueccoB HedrenepepaboTku. IIporpammublii mpoaykt «Cu-
cTeMa KOHTPOJIS pabOThI KaTallM3aTopay MUCHONB30BaH Il MOHH-
TOPHHIra KaTaauTHyeckoro pudopmwunra. [lokazano, 4to moj-
JepXKaHUe ONTHMAaJbHON KaTaIUTHYECKOW aKTHBHOCTH obecrie-
YHBaeT yBEIMYCHUE CEJICKTUBHOCTH npolecca. C UCIONb30BaHH-
€M MOJICIUPYIOLIeld CHCTEMbl MOXKHO INPOBOIMTH BBIOOpP OITH-
MaJbHOH TEXHOJIOTHYECKOH CXEeMBI 3TOTO Mpoliecca.

Kurouessle ciioBa:

Karanurnueckuit pudopMHHT, MOHHTOPWHT, MaTeMaTH4e-
CKO€ MOJEIMPOBAHUE, aKTUBHOCTh KaTajau3aTropa, pabouuii
LUK, pecypcocOepeKeHue.

[loBeimerne pecypcodpPeKTHBHOCTH — OAHA U3
HarOoJee 3HAYMMBIX MPoOJIeM HedTenepepaboTKu, KOTopas
BO3HHUKAET M3-32 HU3KOTO ITOKa3aTells TIIyOWHBI TiepepabdoTKu
YIJIEBOIOPOIHOTO ChIpbsi B Poccun. Pemmtes 3Ty mpobiemy
MOJKHO C HCIIOJIb30BAaHMEM METOJ[d MaTeMaTHYECKOro MoJie-
JIMPOBaHMS U CUCTEMHOTO aHan3a, KOTOpble KOHKPETHO pea-
JIM3YIOTCS Yepe3 BHEIPEHUE CUCTEM MoAearpoBanus 1, 2].

OnHako HEOOXOAWMO YETKO pa3/eNsiTh CHCTEMBI
MOJISJIMPOBaHMUs 10 WX CcymHocTH. EctecTBeHHO, HTO
HauOOoJIbIICH HAJISKHOCTHIO 00JIAZAl0T MOJEIH, Pa3pado-
TaHHBIE HA OCHOBE MEXaHHM3Ma W KWHETHKH IPEBPALICHUS
YIIJIEBOJIOPOJIOB Ha MOBEPXHOCTH KaTtanu3aTopa. Ha mpax-
THKE, K COKAIICHUIO, OUY€Hb YacTO UCTIONB3YIOTCs (hopmaiu-

30BaHHBIE MaTEMaTHIECKUE MOJIEIH, BHIMTOJIHEHHBIE HA OCHOBE CTATUCTHUYECKOW 00paboTKH (aKxThde-
CKOH mHpopMamu. DTH CUCTEMBI HE MOTYT OBITh IPUMEHEHBI JIJIs IPOTHO3UPOBaHUs pecypcodddex-
TUBHOCTHY MPOMBIIIUICHHOTO TpoIiecca B fuHamuke [3]. B xauecTBe mpuMepa MOKHO Ha3BaTh MTUPOKO
pekiaamupyembie nporpaMmmbl «PIMSy, « COKP», « BEJIPU®» u np. Takue cucTeMbl IPUMEHSIOT U Ha
NpoMBIIIeHHBIX mpeanpustusix. Cucrema «COKP» ncnons3yercs asns onucanus padbotsl cexuun 200
komiutekca JIK-6Y Mosbipckoro HedTenepepadaTpiBaroniero 3aoaa. Ho u3 [4] cTaHOBUTCS SICHO, YTO
JIlaHHasi cucTeMa He o0JajaeT MPOrHOCTUYECKOW (YHKIMEH, U B OCHOBE €€ JIGKHUT CTaTHCTUYECKas
Mojens mpouecca. Hamporus, B kommbloTepHoil cucteme ¢upmbl «lIpodumarukey peann3oBaHbl
(opMann30BaHHbIE 3aKOHOMEPHOCTH TEXHOJIOTHH, YCTaHABIMBAaEMbIE MO PE3yJIbTaTaM UCIBITAHUH C
WCTIONIb30BAaHWEM MAaTEeMaTHYECKOTO ONTUMH3aTOpa. BMecTe ¢ TeM, B HEll He UCIOIb3yeTcs 0a3a JaHHBIX
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M0 KaTallu3aTopaM M, COOTBETCTBEHHO, HE OCYIIECTBIISICTCS TECTHPOBAHHE M BHIOOP KOHTAKTA, a TAKKE
MPOTHO3UPOBAHKE €TI0 TEXHOJIOTHUYECKUX TIOKa3aTelieii B MPOIecce MPOMBIILIICHHOMN SKCILTyaTarmu [5].

Kowmmsroteproit Mopemmpyromeit cuctemoir (KMC), crmocoOHOM pemmTh BBIIIENepeyrCIeHHbIE
3amaun sABIseTcs: «CucreMa KOHTPOJIS pabOThl KaTaaum3aropay, pa3padoTaHHas Ha Kadeape XUMHUIECKOU
TEXHOJIOTHA TOIUTUBA W XUMHYECKOH KHOCpHETHMKH TOMCKOTO MOJIMTEXHUYECKOTO YHHBEpcUTeTa [6].
['MaBHBIN TPUHITUIT €€ peaTn3allii — XUMAYECKOS PAaBHOBECUE PEaKINii KOKCOOOPa30BaHUs U THIPUPOBA-
HUSL TIPOMEXKYTOUYHBIX TIPOJYKTOB YIUIOTHEHHSI, YTO 00ECIIEUNBACT ONTHMATIBHOCTL pabOThI KaTaIn3aTopa,
JUTUTEIEHOCTD CHIPHEBOTO IMKJIA U, KaK CIICACTBHE, PeCYPCcodpPEKTUBHOCTD MPOIIeCcCa.
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Puc. 1. ®opManuzoBaHHas cxema MpeBpamleHuid ansa yrineBonopogaoB Cg—Cip: I' — ras; v-II — HOp-
MasibHbIe Iapadunsel; u-11 — n3onapadunsl; Hag — nuknorexcansl; Has — nuxinonentans; Ap — apoma-
Tryeckue yriaesonopoasl; HIIITY — HenpenenbHbIe TPOMEXKYTOUHBIE IPOAYKTHI YINIOTHEHUS

Ha puc. 1 nokaszaHo, 4To BO3MOKHO CYIIIECTBOBAaHUE PABHOBECHS PEAKLIM 00Pa30BaHUs U TUIPHU-
POBaHUS HENpeeNbHBIX MPOMEKYTOUHBIX MPOIYKTOB YIUIOTHEHHS, a 3HAUUT, PU ONPEAETIEHHbBIX YCIIO-
BUSIX 00pa30BaHKE KOKCa HE MPOUCXOMUT, T. K. €r0 MPEAIIECTBEHHUKH — CMOIIBL, ac(habTeHbl TMOO THA-
PHPYIOTCS 10 YIIIEBOAOPOIOB, THO0 HAXOIATCS B PABHOBECHH C Ta30(ha3HOM PeaKIIMOHHON cpeoi. Takum
00pa3oM, peryiupysi TeMIiepaTrypy BBOJa CBIPbSl B PEAKTOP, MOKHO OOECIICUHTh TaKOH PEKUM BEACHHUS
nporecca, Ipx KOTopoM OyJIeT CyIecTBOBaTh PABHOBECHE PEaKIU 00pa30BaHUsI KOKCOI€HHBIX CTPYKTYp
U X runpupoBanus. Ho Ha mpakTuke 3TO TPyIHO peau30BaTh, T. K. TpEOyeTCs MOMY4YUTh KOHEUHBIH Mpo-
JIYKT 33[JaHHOTO Ka4eCTBa C BHICOKUM OKTAHOBBIM YHCJIOM, IIO3TOMY BO3HHKAET OOBEKTHBHAs HEOOXOIH-
MOCTb OTKJIOHEHHSI OT TEPMOAMHAMUYECKOTO paBHOBECH. B pe3yrnbrare MpoMCXOAUT HaKOIIEHHE HeTIpe-
JIENBHBIX MPOAYKTOB YIUIOTHEHMs. OJHAKO MMEHHO Ha 3TOM INPOTHBOPEYMH OCHOBBIBAETCS PEILCHHE
OYEHBb BYKHOW MPOMBIIIIEHHOH 331a41 — ITOI00p HY)KHOTO KaTanu3aTtopa [7].

MaremaTryeckass MOJIENb KaTaIUTHYECKOTO PHPOPMUHra MpPEACTaBIIeT CO0OH cHcTeMy
ypaBHEHUI MaTepHaIBLHOTO U TEMJIOBOTO OaJaHCOB:
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peareHTa Ha BXOZE B PEaKTop, MOJb/M’; T — TeMIepaTypa; Z — CyMMapHBIi 00beM epepaboTaHHOro
CBIPBS, M°; W; — ckopocTs j-i peaknun; V — 00beM KaTalu3aTopa, M*; G — 0OBEMHBII PACXOL CHIPB,

M/, Q — TernoBoit e j-it peakumn, Jix/Mons; CS — TermmoeMkocTs cMecH, JIK/MOJTb.

p

JI4-35-11/1000 siBisieTcst yCTaHOBKOW pUQOpMUHTa OONBINON eIWHUYHON MomHOocTh. Pt-Re

karanuzatop RG-492 6wl 3arpyskeH B niepBbiid peaktop pudopmunra u RG-582 — Bo Bropoii u Tpetuit

peaKTophl. YCTaHOBKA padoTaeT 1o OCH3MHOBOMY BapHaHTY, KaTaJau3aTop dKCIuTyaTupyeres ¢ 1999 r.

B 2006 r. Ha maHHOW ycTaHOBKE Oblila BHEJpPEHA CHCTEMa KOHTPOJIA PabOTHl KaTalu3aTopa W UHTE-

TpUpoOBaHa B 00IIE3aBOCKYIO0 CTaTUCTHUECKYyI0 0a3y manHbix ETBJl. CxeMa BHyTpeHHEH apXUTEKTY-
pBI JAaHHOM CHCTEMBI KOHTPOJIS KaTaJln3aTopa MpeACcTaBiIeHa Ha puc. 2.
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TaxmmM 06pa3om, HecTaIMOHAPHAS! KHHETHIECKast MOZIETh TPOIIecca KaTaTMTHIECKOTO pr(OpMIH-
ra ¥ CTaTHCTHYECKas 0a3a pacCMaTpUBArOTCS KaK IMHBIN HH()OPMAITMOHHO-MOICTTUPYIOIIUI OJIOK.

O0we3aBoackas 0aza JaHHBIX

| [ [
CuyuTbiBaHIE 3anpoc Coxpanenne
JaHHBIX napameTpoB pe3ynbTaToB
benz benz benz benz Ich 1 Ich 1
TIRC'230 TIRA005 F0340 1 QIR0602 PI4033 TE108
Hurepdeiic B3anmMoneiicTis ¢ 0011e3aBOACKOIT 0a30ii JAHHBIX
GetData(pDate: TDateTime) SaveResult(pDate: TDateTime)
| 1 [}
CunTeiBanne 3anpoc Coxpanenne
JAHHBIX napaMeTpoB Pe3ynbTaToB

' I I

Monynb pacdeTa 1 HHTepIpeTaLin Pe3yIbTaToB

A 4

Busyanusawus pesyastatoB pacuera

Puc. 2. Cxema BHyTpeHHel apxutektypbl ETB/L

K HacrosieMy BpeMeHHM Ha yCTaHOBKE IIPOBEIEHO 8 pereHepaiuii, nepepaborano 6onee 9
MIH T ceipbs. KatanmsaTop orpabotan 12 net, B TO BpeMsi KaKk TEOPETHIESCKUN CPOK CITYyKOBI €ro co-
crapnsier 7 net. [Ipu 3TOM mpoBepeHUE MPOMBIILICHHOTO MOHUTOPHHTA paboThl ycTaHoBkH JIU-35-
11/1000 B TeueHHE ATUTETHFHOTO BPEMEHH MO3BOJWIO CYIIECTBEHHO MPOIIIUTH CPOK CITYKObI KaTalln-
3aTopa, KOTOPBIi B HAacTosIIee BpeMs B IOJITOpPa pa3a MPEBBICUI PaCUETHBIH.

BrInosmHeHHBIT MOHUTOPUHT IMOKa3aj, YTO MU3MEHEHHE aKTHUBHOCTH KaTaju3aTopa B pa3HbIX
CBIPbEBBIX LIMKIJIAX JAXE B Ipeleiaax OJHOM U TOU K€ YCTAHOBKH UMEET Pa3iIu4HbIA xapakrtep. YeTko
MIPOCIICKUBACTCSL TCHICHIIMS CTaOMIU3AlMM PEXMMa U YMEHBIICHHSI CTCTIEHH OTKJIOHEHUS YPOBHS
TEKyIlel aKTUBHOCTH OT YPOBHS ONTHMAaIbHON aKTUBHOCTH OT OJJHOTO CBIPHEBOIO IIUKIA K JPYTOMY.

Ha puc. 3 u 4 npuBeneHBl 3aBUCUMOCTH KOKCOOTJIOKEHHUS M 3HAUEHHA TEKYyIlIed akKTUBHOCTH B
3aBUCHUMOCTH OT 00beMa TepepaboTaHHOTO CBHIPbS B Pa3HBIX IKCILTYATAIIMOHHBIX MEPHOAaX paboTHI
ycranoBku JIU-35-11/1000, koTOpBIe ONMpeneisroTcs aKTHBHOCTHIO U CTaOMIIBHOCTBIO KaTalln3aTopa,
YTJIEBOJIOPOIHBIM COCTaBOM CHIPbSI M KaTanu3ara, PeKUMHBIMU YCIOBUSIMH, a TakkKe CYMMapHBIM
00BeMOM TepepadOTaHHOTO CHIPHAL.

3aBUCHMOCTh aKTHBHOCTH KaTaju3aTopa — TPEHIOBas, a 3aBUCUMOCTh KOKCOHAKOIUIEHUS —
HEJIMHEHHAs B 3aBUCUMOCTH OT 00beMa MepepadOTaHHOTO ChIPhSI.
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Puc. 3. 3aBUCUMOCTD TeKylllell aKTHBHOCTH KaTalM3aTopa OT o0beMa MepepaOdOTaHHOTO CHIPhS IS
Pa3sHbBIX CHIPHEBBIX LIUKIIOB
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Puc. 4. 3aBHCUMOCTH KOKCOHAKOILICHHS OT 00beMa r[epepa60TaHHoro ChIpbs

B nenom, onbit npomemuierHoro npuMeneHnst KMC «Cucrema KOHTpouist paboThl KaTalu3a-

TOpa» MOKa3aJI:

YBenuuenue crabminpHOCTH paboThl Pt-Re karanm3aTopoB pudopMUHTa OT OJHOTO MEXpEreHe-
paIOHHOTO [WKJA K Apyromy. Tak, HampuMep, aKTHBHOCTh KaTallu3aTopa 3a CeIbMOI M BOCH-
MO CBIPHEBOM ITUKI B CpeIHEM CHM3MWIACh Ha 0,25 OTH. e]1., a B TOCJIEeTHEM, JACBSATOM, U BOBCE Ha
0,1 oTH. ex., 9TO YMEHBIIIAET 3aTPATHI HA €TI0 PETCHEPAIIHIO, WIIM YBEIIMUYUBACT MEXKpEreHepaIy-
OHHBIH Mepuo;] ero paboTHI 10 JIBYX JIET;

YBennueHue celeKTUBHOCTH PaboThl Karaam3atopoB Mapok RG-492, 582, yro monrBepxkuaercs
YMEHBILIEHUEM KOKCOHAKOIUICHUs Mexy nukiamu. CoriiacHO mpuBeIeHHON Ha puc. 4 rpaduue-
CKOW 3aBHCHMOCTH, KOJIMYECTBO KOKCA Ha KaTaIn3aTope Ha KOHEI TIEPBOTO M Y€TBEPTOTO CHIPhE-
BOro nukia coctasigeT 21 u 22,5 % coOTBETCTBEHHO, a B BOCBMOM U J1eBATOM — 6,11 u 3,27 %.
YBenuueHue Mporu3BOAUTEIHLHOCTH YCTAHOBKY 110 KOJIMYECTBY IMePEpPabOTaHHOTO ChIPhS B TOJ, a
TaK)Ke JUIUTENBHOCTH 3KCILTYaTaI[IOHHOTO Tepuoja ee padotel. Tak B mecToMm ukie ObUIO mpo-
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W3BEACHO CBBITIE HOPMEI 115 ThIC. T, @ B cembMoM — 135 ThIC. T. Takke CTOUT OTMETHTD, UTO TIep-
BBII M YETBEPTHIN MEKPETeHEPAIMOHHBIN UK JUTHIIUCH OKOJIO JIBYX JICT.

o [lomyuenue 6e3 MOTOTHUTEIHHBIX KAMMTAIBHBIX 3aTpaT JOMOJHUTEIBHON MPUOBLIN OT peann3a-
IIUY [IETIEBOTO MPOAYKTa — TOBAPHOTO OEH3MHA.

[Ipu 5TOM CTOUT OTMETHTH, YTO OMPEAEISIONIUM (PaKTOPOM, BIHUSIONINM Ha TEKYIIUH PEXKIM
paboThl YyCTAaHOBKH B Ka)KIOM CBIPHEBOM IIUKIIE, SBJSIETCS COCTAB MOCTYIAIOUIETO Ha MepepaboTKy
YIJIEBOOPOIHOTO CHIPBS, @ TAKXKe Pa3IMYHOro pojJa HecTaHAApTHBIE TEXHOJOrHYeckne cutyanun. K
TaKUM HECTaHJApPTHBIM YCJIOBHAM OTHOCHTCSI TIPOCKOK CEPBI WIIM TSDKENBIX METAIJIOB, B PE3yIbTaTe
Yero MPOUCXOIUT MOMaJaHNe YaCTH HeCTaOMIIBHOTO THAPOreHU3aTa B CHIPHEBOM MOTOK peakTopa Ka-
TAIUTHYECKOTO pUPOpPMHUHTa OSH3MHOB, a TaKKe, HallpuMep, HEMCIPAaBHOCTh TEINIOOOMEHHOTO 000-
pyIoBaHHA OJIOKA CTaOMIN3ANNN THAPOTEHN3AaTa.

[IporHo3upoBanne KaTaIMTHIECKOH aKTHBHOCTH PEAKTOPHOTO OJOKa pU(QOPMHUHTA U PEXKU-
MOB Pa0OTBHI KaTajau3aTropa TakkKe sIBISIETCS O4YeHb BaXHOU 3amadeil. Ilpomecc mporHo3mpoBaHus
OCIIOKHSIETCS, TIPEXKIe BCETO, HECTAI[MIOHAPHOCTHIO TIpoIiecca KaTaTUTHIeCKOro puopMuHTa — N3Me-
HEHHE COCTaBa CHIPbS, 3aTPy3KH YCTAHOBKH CHIPhEM U T. J. lIpudeM BiusiHHE BHEITHHX BO3MYIIAIO-
HIMX TIapamMeTpOB YacTO HEBO3MOXKHO CIIPOrHO3UPOBATH BOOOIIE — aBapHiiHBIE CUTYallWH, CIIPOC Ha
MPOAYKIIHIO, TTIepe0Ou MOCTABOK ChIPbs | T. 1. sl OIIEHKHW MOTEHIMaia paboTaloero Karaiu3aropa
MPOBEICHO MPOTHO3UPOBAHKE €ro padoTHI 8, 9].

[lapameTpsl TPOTHO3WPOBAHUS TIPUBEACHBI B TaOJHIle, TMPOTHO3 MPOBOIWICS B TEPHOA C
12.07.2011 r. mo 01.01.2012 1., T. . 10O TOTO MOMEHTA KaK IIPOIIIEN OJUH T'OJ] ITOCIIe pereHepanuy Ka-
Taau3aTopa.

Tadauua. [Tapamerpsl mporuo3upoBanus padotel ycranoBku JIY-35-11/1000

[TapaMeTpbl NpOrHO3UPOBAHUS
HauanpHas Temneparypa BBoja coipbs, °C | 491
PacxoJ1 ChIpbsi, M /dac 157
Okranosoe uncio, O.U.1. 96
H-I1/u-11 ceippe 1,14
I1/(Ha + Ap) 1,29
Iepenanx Temmneparyp, °C 63,8
KpartH. rupk. M°/M° 1262
Bogopoxa B BCT', % 86,7
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O0beM nepepabOTaHHOTO CHIPbA, T
Puc. 5. IIporHo3npoBaHue OTIOKEHUN KOKCA HAa TIOBEPXHOCTH KaTaJIu3aTopa

HpOI‘HOSI/IpOBaHI/Ie AKTUBHOCTHU KaTajJnu3aTopa ABJISACTCA 3HAYUMMBIM, IIOTOMY 4YTO 3TO CI10c00-
CTBYCT OIITHUMAJIbHOMY BCIACHUIO IpoHECCa C IMOJTYYECHUEM MAKCUMAJIBHOI'O BbIXOJa MHMPOAYKTOB pHU-

Cepusd 3. Xumus
63



BecTHuk Hayku Cubupu. 2012. Ne 1 (2) http://sjs.tpu.ru

¢opmunaTa. B CBOIO OYepenp 3TO MO3BOJSET OOecCTeYnTh pecypcodPPeKTUBHOCTH MpoIiecca, YiIyd-
IIUTh TEXHUKO-3KOHOMHYECKHUE MTOKa3aTeH PadOThl KaK YCTAHOBKU, TaK U MPOU3BOJICTBA B IIETIOM.

U3 puc. 5 BUAHO, YTO COMIACHO MPOTHO3Y KOJMYECTBO KOKca Ha katanmuzartope k 01.01.2012
coctaBut 4,47 %. [IpoBeneHHbII POTHO3 PAOOTHI YCTAHOBKH B HOBOM CBHIPHEBOM ITUKJIE TIOKA3all, 9TO
MIPH COXPAaHCHUH CTAlIMOHAPHOTO PEXKUMa e¢ pabOoThl, KaTanu3aTop 00JIafaeT BHICOKMM MOTSHIHAIOM
— 0,84 oTH. 1. ¥ MPOTHO3HBIC TEMIIEPATYPhl BBOJIA CHIPHS MO3BOJISIFOT MPOJIOJIKATH CHIPHEBOH ITHKII
0e3 pereHepariy Karaiausaropa u B Hagaie 2012 .

[IpuMeHeHre MOACTUPYIOIIUX KOMITBIOTEPHBIX CHCTEM B XUMHUYECKOW TEXHOJOTMH B HACTOS-
iee BpeMsi OTHOCUTCS K TPOTPECCUBHBIM HAIMPABJICHUSAM PAa3BUTHS XUMUYECKON MPOMBIIUICHHOCTH.
KoMrbproTepHbIe MOJICTUPYIONIHE CUCTEMBI, BKITFOUYAIOIIUE B ce0S MaTeMaTHYECKHE MOJICITH Ha OCHOBE
(U3NKO-XUMHUYECKON CYNIHOCTH TPOIIeCcca, SBISIFOTCS HAa CETOHSIIHUN JeHh HAWIy4dlleld anbTepHa-
THUBOM MOJIEJISIM, OITUCAHHBIM TI0 MPUHIIUITY «YEPHOTO sAHMKay. KpoMe Toro takue Mojaeau o0iagaroT
MPOTHO3HUPYIOIIEH CIIOCOOHOCTBIO, YTO TAKXKE SBISETCS HX HEOCITOPUMBIM MTPEUMYIIIECTBOM.

Takum 00pa3zoM, METOJI MATEMATHYECKOTO MOJICITUPOBAHUS TIO3BOJISIET PEIIUTH MPOOIIEMY TTO-
BBIIIICHUS pecypco3PPekTUBHOCTH mporeccoB HedTenepepadboTku. CTaHOBUTCS BO3MOXKHBIM ITPOTHO3
JUTUTEIBHOCTH ITUKJIa PA0OThI MPOMBIIUICHHOTO PEAKTOpa MPU YCIOBUHU ydeTa PEaKIMOHHOM Croco0-
HOCTH YTJICBOJOPOJIOB M aKTHBHOCTH KaTtanmu3atopa. [lomnepikaHue akTUBHOCTH KaTaln3aTopa B OIl-
TUMAaITbHOM pEXUMe 00ECTIeYMBACT MOBBIIIIEHUE CENIEKTHBHOCTHU TIPOIIECCa.
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