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Heab: Llenpr0o MpakTUYECKOTO 3aHATHS SIBJISIETCS 3aKPEIUICHUE 3HAHUU,
MpUOOpPETECHUE YMEHUMN U MPAKTUYECKUX HABBIKOB HA MPAKTUYECKOM 3aHSATHH.

®opmupyemblie komnerennun: OITK-1

AKTYaJbHOCTh TeMbl: AKTYaJIbHOCTh MPAKTUYECKOTO 3aHSATUS COCTOUT B
TOM, 4YTO 3HAaHMUS, YMEHHMS M HaBBIKH, MOJyUYEHHbIE B XOje paldoThl, OyayT
WCIIOJB30BaHbl JUIsI  BBHIOOpAa ONTHUMAJBHBIX TEX-HOJOTHHW M IapaMeTpOB
MIPOM3BOJCTBEHHBIX MTPOLIECCOB U MPU HANTMCAHUU JTUTIIOMA.

TEOPETUYECKAS YACTb

Karanmn3zoM Ha3bIBaeTCs yBEIWYEHUE CKOPOCTH XUMHUYECKUX PEAKIHUN WIU
BO30YXK/JIEHUE WX B MPUCYTCTBUM KaTaIU3aTOPOB, KOTOPHIE YYACTBYIOT B PEaKIUU,
BCTYIIAasi B IIPOMEXKYTOUYHOE XMMHUYECKOE B3aMMOJECHUCTBUE C peareHTaMH, HO BOC-
CTAHABJIMBAIOT CBOM XMMHYECKHH COCTAaB MO OKOHYAHWM KAaTaJIUTHYECKOTO Mpe-
BpAIlICHUA.

Kartanuzaropamu SIBJISIFOTCSL BEIIECTBA, KOTOPHIE YYACTBYIOT B 3JIEMEHTAp-
HBIX (PU3UUECKUX U XUMUUYECKUX CTAAUSIX XUMUUYECKOW peakiuu, HO MOCIe 3aBep-
ICHUS XUMHUYECKOIr0 IMPOoIEcca BBIACIAIOTCS B HEU3MEHHOM XMMHUYECKOM BHUJIE B
PEAKIMOHHYIO CMECh.

ITo nmpuHIMIY a30BOr0 COCTOSHUS PEareHTOB M KaTaln3aTopa KaTaJluTHye-
CKHE€ MPOILECCHI Pa3IC/ISIIOT Ha JBE OCHOBHBIE IPYINIIbl: TOMOT€HHBIE U TE€TEPOTEH-
HBIE.

[Ipu reTeporeHHOM KaTaJlM3€ KaTajau3aToOp M PEarcHThl WM MPOAYKTHI pe-
aKIIMU HAXOJATCS B pa3HbIX (pa3ax; 0OBIYHO MPUMEHSIOT TBEPbIC KaTaIn3aTOPHI.

[TepexoIHBIM OT TOMOT€HHOIO K T€TEPOT€HHOMY SIBIISIETCSI MUKPOTETEpO-
TCHHBI, B TOM 4YHCIEe (DEPMEHTATUBHBIM KaTalHW3, MPH KOTOPOM KaTall3aTop
HaXOJIUTCS B KOJJIOMIHOM COCTOSIHUM.

B npocThix OHOMapHIPYTHBIX pEAKLMSAX ACHUCTBUE KaTalln3aTopa HE CMe-
11a€T PAaBHOBECHE, a JIMIIb YCKOPSET TOCTUXKEHUE €T0 MPU TAHHOM TEMIIEpaTypeE.

Ecnu TepMoavHaMuuecKn BO3MOXKHBI PA3jIMUYHbIC MapajuleibHbIC pEeaKiuu
OCHOBHOI'0 HMCXOJHOTIO BEIIECTBA, TO IMPUMEHEHHE KaTajlM3aTOPa, YCKOPSIOIIETO

OIHY M3 BO3MOKHBIX peaKHHﬁ, IMMO3BOJIACT MOAABJIATE OCTAJIBHBIC M IMOJIYYaTb Ta-
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KOW MPOJYKT, KOTOPBIM TP HEKATAJTUTUYECKOW pEaKUHUM HE Iosydaercs. B psane
IIPOLIECCOB NPUMEHEHUE KATAIM3AaTOPOB PA3HOTO JACHCTBUSA ITO3BOJISIET IOJIY4aTh
CO 3HAYUTEIbHBIM BBIXOJOM PA3JIUYHbIE POTYKTHI.

I'eTeporeHHslli KataJin3 IMHMPOKO IIPUMEHSETCS B IPOMBIIUICHHOCTH,
Onmaronmapsi HauOoyiee TMPOCTHIM METOJAM  OTJEJICHUS KaTaJlu3aTOpOB  OT
PEaKUMOHHOM CMECH, BO3MOYKHOCTBIO PpETyJIMpOBaTh CKOPOCTh Mpolecca
M3MEHEHHEM COCTAaBa M CTPYKTYPBl AKTUBHBIX LIEHTPOB U JAPYIMMHU CBOWCTBAaMH.
[TomaBnsitoniee  OOJIBIIMHCTBO ~ M3BECTHBIX  MPOMBINIJIEHHBIX — TE€TEPOre€HHBIX
KATAJIMTUYECKUX TPOLECCOB OCHOBAHO Ha PEAKIUAX MEXIYy TIa3000pa3HbIMU
BEILIECTBAMHA C YYaCTHMEM TBEPABIX KAaTAJIM3aTOPOB, XOTSA M3BECTHBI U ApPyrue
coueTaHusi MO (Ha30BOMY COCTOSHUIO MEXIY pEarupyrolidM{ BeELIECTBAMHU U
KaTaJIN3aTOPOM.

Bpliendaror  HECKOIBKO  CHUCTEM  TE€TEpPOreHHOro  Karainusa.  Bcee
KAaTAIMTUYECKUE PEAKLMK, NPOUCXOIAIINE IPU I'OMOI€HHOM M TI'€TEPOr€HHOM
KaTalu3e, ACNAT MO THUILYy B3aUMOJEHCTBHUS KATAIM3aToOpa C PEearupyrolyuMH
BCIIECTBAMHA Ha JBa OCHOBHBIX KJIACcCa: OKHUCIMUTEIbHO-BOCCTAHOBUTEIIBHOE
(rOMOJIUTUYECKOE) U KUCIIOTHO-OCHOBHOE (T€TEPOIUTUYECKOE) B3AUMOIEHCTBHUS.

Mexanu3m Karanusa

OOmuii  MeXaHu3M BJIEKTPOHHOTO  OKHCIUTEIbHO-BOCCTAHOBUTEIILHOTO
KaTajiM3a 3aKIlYaeTcss B OOMEHE »JJIEKTpPOHAMHU MEXIy KaTalu3aTopoM U
peareHTaMH, KOTOpBIM OOJer4aeT 3JIEKTPOHHBIE IMEPEXO/bl B PEarupyrOLINX
MOJIEKYaxX.

MexaHu3M  OOBIYHOTO  HMOHHOTO,  KHCJIOTHO-OCHOBHOIO  KaTajlh3a
3aKJII0YaeTCsl B 0OOMEHE MPOTOHAMU WJIM HOHAMH (aHMOHAMH M KaTUOHAMMU) MEXIY
KaTaJIN3a-TOPOM M pearupyrouMMHA MOJIEKYJIAMH.

Obpazyromiuecs IIPOMEKYTOYHBIE AKTUBHPOBAaHHbIC KOMIUIEKCHI
HEYCTOWYMBBI M PACMANAIOTCS WU pPEarupyroT ¢ Apyroit mojiekynoi. B obomx
ClIy4asx KaTalau3aTop pereHepupyeTcs

3AJIAHUA

1. ITosicHuTe Ha MpUMEpPE CYIIHOCTH MPOLIECCA TETEPOrEHHOIO KaTaau3a.
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2. JlaiiTe mpuMeEpPBI Pa3IMIHBIX MEXAHU3MOB MTPOTEKAHUS TETEPOTCHHOTO Ka-
Tanus3a.

3. OOBsACHUTE MPOIECCHl OKUCICHUS ATHIICHA Ha cepeOpsTHOM M Ha Tajaaue-
BOM Karanuzarope. Mx paznuune.

4. IlpuBenute MpUMEPHI PA3IUUYHBIX CUCTEM IeTEPOreHHOT0 KaTaau3a.

5. Hanummre mMexaHu3Mbl OKHUCIUTEILHO-BOCCTAHOBUTEIHHOE (TOMOJMTH-
YECKOE€) U KHUCIIOTHO-OCHOBHOE (TE€TEPOJIUTUUECKOE) B3aUMOJICUCTBUS KaTaJIU3aToO-
pa.

6. IlpuBegure mNpUMEpbl TUIHUYHBIX KAaTAJIU3aTOPOB JJISI OKUCIUTEIBHO-
BOCCTAHOBUTEIBHBIX PEAKIIUN U KUCIOTHO-OCHOBHBIX PEaKIIHA.

BOITPOChBI

1. JTaitTe onpeniesieHUe mpolecca Kataiusa.

2. Kakue BeliecTBa SIBJIAIOTCA KaTaau3aTopaMu?

3. Ilo xakOMy IPUHLHUITY JIEIATCS KATAIUTHYECKHUE MPOLECChl HA TOMOTEH-
HBIE U TE€TEPOrEeHHBIE?

4. B xakux (pazax HaXOJATCSA KaTaIU3aTOp U PEareHThl WK MPOAYKThI peak-
U1 TETEPOr€HHOM KaTanuze?

5. Kak neiicTByeT Kataau3aTop Ha OJJHOMAapUIPYTHBIEC PEAKIUN?

6. Kak knmaccuuuupyroTcsi KaTamuTUYECKUE PEaKIUy MO TUITY B3aHMO/IEH-
CTBHUSI KaTaJlu3aToOpa C pearupyroiMuMy BellecTBamMu?

7. YUeM OTJIMYAIOTCS U3BECTHBIE CUCTEMBI T€TEPOr€HHOTO KaTaian3a?

8. bnarogapst ueMy reTeporeHHbIN KaTajau3 HauboJee MUPOKO MPUMEHSIETCS

B IIPOMBIIIEHHOCTH?

I[MPAKTUYECKOE 3AHATHE 2. Teopun reTeporeHHOro Karajimsa
Hens: Lenbro MpakTHYECKOTO 3aHATHS SBJISIETCS 3AKPEIUICHUE 3HAHUM,
NpUOOpPETEHUE YMEHUM U MPAKTUYECKUX HABBIKOB HA MPAKTUYECKOM 3aHSATHH.

®opmupyembie komnerennun: OITK-1



AKTYyaJIbBHOCTBb TEMBI: AKTYaJIBHOCTh IPAKTUYECKOTO 3aHATUS COCTOUT B
TOM, YTO 3HAHUs, YMEHHUS U HaBBIKH, [TOJIyY€HHBIE B X0JI¢ pPaOOThI, OyIyT
MCIIOJIb30BaHbI JUIsl BBIOOpAa ONTUMAJIbHBIX TEXHOJIOTMI U TapaMeTpOB
IIPOU3BOJICTBEHHBIX IPOLIECCOB U IPY HANMCAHUHU TATLUIOMA.

TEOPETUYECKAA YACTb

JUIsl MPAaKTUKKU KaTallU3 - 3TO, IIPEXKJIE BCETO TEXHOJIOTHS, CBA3AHHAS TAKUMU
00acTAMU HAyKH, KaK OpraHnYecKas XMMHUsI, XUMHsI TIOBEPXHOCTH, XMMHUYECKast
KWHETUKA, TEpPMOIMHAMUKa, (pU3HKa TBEPJOTo Teia U (hru3nueckas MeTaLTyprusl.
Enunoii Teopun kaTanusza He CylmecTByeT. [ oObsiCHeHHsI MeXaHu3Ma KaTaju-
TUYECKHUX PEAKIMI B pa3HOE BPEMS YUECHBIMU pa3padaThIBaIUCh CIEAYIOLIUE TEO-
pHUii KaTanusa:

I'eomeTpuueckas — reopus Tenmopa. Ita TEOpHs BBOJUT MOHATHE AKTHUB-
HBIX [ICHTPOB B TBEPABIX TEJIAX.

MynpTuieTHas Teopus Katanusa banaHauHa, onpeaeser, 4to B TBEpIOM
KaTaJIn3aToOpPe CYIIECTBYIOT COUETAHHE aTOMOB B (hOpME YIUIETOB, TPUILIETOB,
KBapTETOB, MYJIbTUIUIETOB, B KOTOPBIX PACCTOSHUE MEXKIY aTOMaMU COBIIAJAET C
JUIMHOM CBSA3U B MOJIEKYJIaX YTIE€BOAOPOIOB.

DnekTpoHHas Teopusi BonpkenmreiiHa. IcXoauT U3 NpeacTaBlIeHUs Ipo-
1ecca KaTajinsa, KOTOpblid 00yClIaBIMBAETCs 3JICKTPOHHBIM B3aUMOJIEHCTBUEM,
CBS3aHHBIM C IIEPEHOCOM 3apsiia U3 BAJICHTHOW 30HBI B 30HY IPOBOJIUMOCTH.

XHUMHUYECKAst TEOPUsI paCCMATPUBAET KAaTAIU3aTOP KAK XUMUYECKOE COEIH-
HEHHUE C XapaKTePHbIMU CBOMCTBAMHU, KOTOPbIE O0YCIIaBIMBAIOT XUMHUYECKHUE CBS3H
C peareHTaMu, B pe3yJibTare 4ero (opmMupyeTcs nepexoansiii komiuiekc. [loce
pacrajia KOMIUIEKCa ¢ BBICBOOOKICHHEM MPOIyKTa KaTalu3aTop BO3BpaIlaeTcs B
HCXOJIHOE TOJIOKECHUE.

Kpome nepeunciieHHbIX TEOpH CYIECTBYIOT — TEOPHs KaTalln3a
aHcaMmOJIsIMU, TEOPHUs KPUCTAITMYECKOTO TOJIsl, paJuKaibHasi TEOPUS.

OTH TEOPUHU ONPEAEISUIN KaYECTBEHHYIO CTPYKTYPY, IPUPOAY U COCTAB
aKTUBHBIX LIEHTPOB, POPMYIUPOBAIH B ONIPEIEICHHON Mepe MPON3BOIbHBIN MeXa-

HHU3M KAaTAJIMTHYCCKUX IMPOUCCCOB U HE 3aTparuBajid TCOPETUUCCKUE OCHOBLI ITPH-
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TOTOBJICHHSI TBEPJIBIX KATAIU3aTOPOB ONITUMAIILHOTO COCTaBa, CTPYKTYPHI U
AKTUBHOCTH.

Teopus katanuza nonmdapamu M.M. KosnecHnkoBa, KoTopas BKIIOYHIIA B
CBOH cocTaB paHee CPOpPMyTUPOBAHHBIC TEOPUH KaTalli3a U CO3/iaja HOBBIE MOI-
XO/IbI K PEIIeHUI0 Po0JIeM MO ONPENETICHUIO CTPYKTYPBI, COCTaBa U COCTOSHHUS
aKTUBHBIX IEHTPOB U METO/IOB CHHTE3a KaTaJIn3aTOPOB C U3BECTHON CTPYKTYpOil
AKTUBHBIX [IEHTPOB, ONITUMAIILHOTO COCTaBa, C MAKCUMAIIbHOW aKTUBHOCTBIO H

CCIICKTHBHOCTBIO.

BOITPOCHI

1. B uem coOTBETCTBUE MEXITY TEOMETPUUYECKON KOH(DUTYpalheil aTOMOB
AKTUBHBIX LICHTPOB KaTaJIN3aTOPOB U PEATUPYIOIIUX MOJIEKYJI [0 TEOPUH
Telinopa?

2. OnpeaenuTs TPUHIKUIT SHEPTETUYECKOTO COOTBETCTBUS 10 TEOPUHU
bamanauna.

3. B yeM CymHOCTh 3JIEKTPOHHOU Teopuu BolibkeHiTeiHa?

4. B uem npenMyIlecTBa TEOPUU MOTUBAPAMHU MIEPET paHEe

CYIIECTBYIOIIUMHU?

I[MTPAKTUYECKOE 3AHATHE 3. Knaccudukaius kaTaan3aTtopos.
OCHOBHBIE TEXHOJIOTHYECKUE XapaKTEPHUCTUKH T€TEPOTCHHBIX KaTaIM3aTOPOB

[lenp: Ilenpro MPaKTUYECKOTO 3aHATHA SIBISIETCS 3aKPEIJICHUE 3HAHWU,
MpUOOpPETEHUE YMEHUMN U MPAKTUYECKUX HABBIKOB HA MPAKTUYECKOM 3aHSATHUH.

®opmupyembie komnerennnn: OITK-1



AKTYyaJbHOCTh TEMBI: AKTYaJbHOCTh MPAKTHYECKOIO 3aHATHS COCTOUT B
TOM, YTO 3HAaHHSA, YMEHHUS U HaBBIKM, IOJYYCHHbIE B XOA€ palOThI, OyIyT
UCIOJIBb30BaHbl Ui BbIOOpa ONTHMAJbHBIX TEXHOJIOTMH M  IapaMeTpoB
IIPOU3BOJICTBEHHBIX IPOLIECCOB U P HAMMMCAHUM TUTIIIOMA.

TEOPETUYECKAA YACTb

Ha ocHoBe kiaccudukaiuy KaTaJu3aTopoB IO pa3HbIM IMpU3HaKaM OoJjee
00OCHOBaHHO MOAOUPAIOTCS YCIOBHS MX CHUHTE3a, (GOPMYyIUPYIOTCS MEXAaHU3MBI
JEUCTBHS KaTaJIn3apoB Ha MOJIEKYJbl PEAareHTOB U MOCIEA0BATEIBHOCTD IIPOTEKA-
HUS 3JIEMEHTAPHBIX CTAJUNA KaTaJuTUYECKUX MporeccoB. Kimaccudukanus takxe
Ba)KHA MPU CO3/JaHUM HOBBIX THIOB KAaTaJM3aTOPOB M MOJA0OpE KaTalIU3aTOPOB K
XUMHUYECKUM IIPOLIECCAM U XUMHUYECKUX IPOLECCOB K KaTAIU3aTOPaM.

Knaccudukanuio Katain3aTOpoB MOYKHO OCYIIECTBIISATh HPH BbBIIACICHUH
OCHOBHBIX IIPU3HAKOB CaMHUX KaTaJu3aTOPOB U KaTAIUTUYECKHUX IIPOLIECCOB.

IIpy co3maHuM HOBOTO TBEPJAOTO KaTaaW3aTOpa WIM yCOBEPIICHCTBOBAHHUM
HaXOJAIIErocs B AKCIUTyaTallMd KaTalu3aTopa HEOOXOJUMO YUYUTBHIBAThH CIIEIYIO-
1€ OCHOBHBIE MIapaMETPhI IS KaTalu3aTOPOB:

- (pu3MKO-MEXaHNYECKUE;

- XUMUYECKUE;

- 3KCIUTyaTallMOHHO-3KOHOMUYECKHE.

K ¢usuko-mexanmyeckuM CBOMCTBAM WM MapaMeTpaM KaTajluzaTopa
MO>XHO OTHECTH IOPHUCTOCTh, HACBIMHYIO IUIOTHOCTh, HCTUHHYKO IIJIOTHOCTD,
yAEIbHYIO IOBEPXHOCTb, CPEAHUI 00BEM MOP U pacipeiesieHUe Mop Mo pajnycam,
(bpakUMOHHBIN COCTaB, pa3Mep YacTull, aMOP(HOCTh WM KPUCTAJUIMYHOCTh, Qop-
MY YaCTHII, TEINIOEMKOCTb, TEPMOCTOMKOCTb UJIM BOAO-IIAPOTEPMOCTOMKOCTD, CIO-
COOHOCTB K OTPABJICHUIO U PETrE€HEPALIMH.

K xuMpueckuMm napamerpam KaTajau3aTOpOB MOXHO OTHECTH XUMHUYECKHM
COCTaB, COJEp)KaHue TNpuMeced, CHoCOOHOCTh K AaKTUBUPOBAHUIO (IIPO-
MOTHPOBAHHIO, MOAU(PULIUPOBAHUIO) U OTPABJICHUIO siIaMH, 0Opa30BaHUIO - CILJIa-
BOB, MoAH(UKaIil U (a3, MPUBUBKE aKTUBATOPOB K MOBEPXHOCTU TBEP/BIX KaTa-

JIM3aTOPOB.



DKCIUTyaTallMOHHO-9KOHOMUYECKUMH TIOKA3aTeNIIMA WJIM CBOWCTBAMHU Ka-
TaJIN3aTOPOB SIBJISIOTCS aKTUBHOCTh U CEJICKTUBHOCTD, JIETKAasi PETCHEPUPYEMOCTh
OT Pa3IMYHBIX OTJIO)KCHUH W BKJIIOYCHHUN (KOKCa, OKCHIOB, OOPAaTUMBIX SI0B),
BO3MOKHOCTh CO3JIaHUS TPOCTBHIX CIIOCOOOB CHHTE3a KaTajau3aTopa B IPOMBIII-
JICHHOM MaciiTa0e, TOBBIIICHHAS TEIUIOEMKOCTh, HACBHIMHAS TUIOTHOCTh, MaJias
qyBCTBUTEIBHOCTD K Si7aM, JUTUTEIBHOE BpeMsl pabOThI B peakTope 0e3 pereHepa-
WU, JIETKOCTh TEPEBO30K M XPAHCHWsI, JIETKOCTh OTACJICHUS OT PEaKIIMOHHOU
CMECH, JIOCTYITHOCTh CBIPBSl ISl TIPOM3BOJICTBA KaTalW3aTopa M KOJIOTHYCCKAs
0€3-BpeTHOCTb.

TBepaple KaTanmM3aTOpPhl - 3TO BBICOKOMOPHCTHIE BEIIECTBA C Pa3BUTOU
BHYTPEHHEH MOBEPXHOCTHIO, XapaKTEPU3YIOIIUECS OIPEACICHHON MOPUCTON U
KPUCTAJUTMYECKOU CTPYKTYPOU, aKTUBHOCTBIO, CEIEKTUBHOCTBIO M PSAOM JAPYTHUX
TEXHOJIOTUYECKHUX XapaKTEPUCTHK.

PaccMoTpuM HEKOTOpBIE XapaKTEPUCTUKH TBEPJIbIX KaTaIU3aTOPOB.

JIJIsl KONMMYEeCTBEHHOW OIEHKHM AKTHBHOCTH B TPOMBINIJICHHBIX YCIOBHIX
OTIPEJIEIISIOT: 0011Iee MPEeBpaICHIUE UCXOTHOTO ChIPhS; BBIXO/ IIEJIEBOTO MPOAYKTA;
CKOPOCTb TPEBPAICHHS OMPEACICHHOTO KOJIMYECTBA CHIPhS B €AUHUILY BPEMCHU,
Ha €MHUILY MACChl KaTajlu3aTopa; Ha €IUHUYHBIA 00BEM KaTalu3aTopa; Ha elu-
HUILY TUTOIIA/IA TIOBEPXHOCTU KaTalu3aTopa.

VYaenpHas aKTUBHOCTH BBIPAXKACTCS KOJMYECTBOM TMPOAYKTa TOTYydaeMOTO
3a €IMHUILY BPEMEHH C €IMHUIIBI 00bEMa WIIM BECa KaTaau3aropa.

A = Gyp/ (Vkart.t)

WU

Ayn = Gnp/(Gkart).

HachbimHas mI0THOCTh €CTh OTHOIIEHHWE MAcChl KaTajanu3aTropa K €ro HachII-
HOMY 00BeMY V.

pua. =m/V;

rJie m — Macca KarajnuzaTopa; V — 00beM MpoObl, KOTOPBIN paBeH 00beMy
MaTe-pualia Karaau3aTropa.

o01mit 00beM OyAET paBeH CyMMe:
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V =Vk +Vn + V3,

VK, Vn ; — o0beM kaTanuzaTopa U Mop Karaiu3aTopa;

V3 — cB00OOHBIN 00bEM MEXKIY YaCTUIIAMU (3€pHAMM) KaTaau3aTopa;

KocBeHHO 3T0 MoKa3aTenb MOPUCTOU CTPYKTYPHI.

Kaxymiasicss maoTHOCTh Ompenensercs Kak OTHOIICHHE MacChl KaTaiu3a-
TOpa K CyMM€e 00beMOB KaTainu3aTtopa VK u mop Vi

pen. =M/ (VK + Vn);

HcTrHHYIO MIOTHOCTh KaTaldu3aTopa OMPEAeNAIOT KaK OTHOIIEHUE MAacCChI
KaTanu3aTtopa K 00beMy IUIOTHOTO C0s, 0e3 ydyera o0Obema Mop U MyCTOT MEXIY
YaCTUIIAMU, TO €CTh:

Pun ==m/VK;

VY nenbHbIN 00BEM TTOP — 3TO OTHOIIEHUE CYMMapHOIo 00beMa KaTaau3aTopa
K €ro macce.

Vyz[- = 1/p1<a>1<. - 1/pHCT.

3AJIAHNA

I. PaccuuTarh aKkTMBHOCTH TBEPJIBIX KaTadu3aTOPOB B 3aBUCUMOCTH OT
oO1iiero npespaiieHus coipbs. (1).

2. HaliTu HachIlIHYI0, KQXYIIYIOCS U UICTUHHYIO IIJIOTHOCTH KaTalln3aTopa.

3. Tlonmwp3ysicb NaHHBIMU 3aJaHusl 2, HAWTU YACHbHBIA OO0BEM TIOp U

3aMoJHUTH Tabmuiy. 1

Taomuna 1

NoNe HaumenoBanne | Kaxymascs HUctunnas VYV nensHbIN

/1 KaTajn3aropa IJIOTHOCTB, IUIOTHOCTD, o0beM  TIOD,
PKaXK. PUCT Vyan.
r/em® r/em®

1 Kpucrammuae- | 1,5 r/em® 2,4

CKUH LICOJIUT
2 ['panynmupoBan- | 2,5 2,7
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‘ HBIN KOKC ‘ ‘

4. JlaTb mpuUMeEpBI CEIEKTUBHBIX KaTaIU3aTOPOB IS MMOTYUYEHUS Pa3IUYHbIX
MPOAYKTOB U3 OOHOTO BHA cbipbd. Hanpumep: ucxonnoe coipse: mCO + nHo.

BOITPOCBHI

1. Uto Takoe akTUBHOCTb U CEJIEKTUBHOCTh KaTalnU3aTOPOB?

2. Kakue ocHOBHBIE (PaKTOPHI BIAUSIOT HA aKTUBHOCTh U CEJIEKTUBHOCTD
KaTaJanu3aTopoB?

3. UTo MOHMMAIOT MO/ IMTPOYHOCTHIO ¥ U3HOCOYCTOMYMBOCTBIO KATAIN3aTO-
pa?

4. Kakue ObIBarOT BHJIbI OTPABJICHUS KaTAJIM3aTOPOB?

5. YUemy criocOOCTBYET TETIONMPOBOIHOCTH 3€PEH KaTaauzaropa?

6. UeM ompenensieTcsi Cpok CiIy>KObl U CTOMMOCTh KaTanuzaropa?

7. UeM onpeneisieTcsi BIaroeMKOCTh 00pa3iioB KaraiuzaTopa?

8. I'me yuuThIBaeTCs TEMIIEpaTypa 3aKUraHus KataauzaTopa?

9. Kaky1o mi10THOCTh ONPEEsIOT JUIsl TBEPJIBIX KaTaIU3aTOPOB?

10. Yem ompenensieTcs CocOOHOCTh K pereHepalny Kataan3aTopa?

ITPAKTUYECKOE 3AHATHUE 4. OcHOBHBIC BUIBI HOCUTEICH
reTEPOrE€HHBIX KATATUTUUYECKUX CUCTEM

[lens: L{enpto mpaKTUYECKOTO 3aHATHS ABJISCTCS 3aKPEIICHUE 3HAHUH,
NpUOOpPETEHUE YMEHUHN U MPAKTUYECKUX HABBIKOB HA MPAKTUYECKOM 3aHSITHUH.

®dopmupyembie komnerennun: OITK-1
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AKTYyaabHOCTb TEMbl: AKTYaJIbHOCTb IPAKTUYECKOTO 3aHSITHS COCTOUT B
TOM, YTO 3HAHUs, YMEHHUS U HaBBIKH, [TOJIyY€HHBIE B X0JI¢ pPaOOThI, OyIyT
WCITI0JIb30BAHBI JIJIs1 BELIOOPA ONTUMAIBHBIX TEX-HOJOTUN U TapaMeTPOB
IIPOU3BOJICTBEHHBIX IPOLIECCOB U IPHU HAMKMCAHUU JTATIIIOMA.

TEOPETUYECKASA YACTD

KaranuzaTopsl MOTYT OBITh U3TOTOBJIEHBI KAK HA HOCUTEISX C MAJION
yIIeTBHOMN TJIOUIAIbI0 TIOBEPXHOCTH (IHMATOMUT, IeM3a, acOecT), TaK U ¢ BHICOKO-
pa3BuTOi MoBepxHOCThIO (Y-A1203, MgO, cunukaresns, TIUHBI,
AJTFOMOCUJIUKATHI).

PaccMmoTpum HekoTOpbIe HarbOoIee YaCcTO UCOIb3YEMBIE B TIPO-
MBIIJIEHHOCTH HOCHUTEIH.

ITem3a. [Ipupoanslii MaTEpHai, MOPUCTas PaA3HOBUIHOCTD BYJIKAHUYECKOTO
crekna. [Ipencraiser coboi cMech CUITMKATOB HATPUS, KAJINs, KaJbIUs, AIFOMHU-
HUS1, MarHus, >keJesa.

[lepen ucnoap30BaHUEM U3 TIEM3bI KUCIOTAMH YIAISIOT IPUMECH JKelle3a U
QIFOMUHUS, SIBJIIETCSA HENIPOYHBIM, JIETKUM HOCUTEJIEM.

AcOect — rpynma MUHEPAJIOB, UMEIOLIUX BOJIOKHUCTOE cTpoeHue. 1o xu-
MHUYECKOMY COCTaBYy acOECTOBbIE MUHEPAJIbI IPEACTABIAIOT COO0M pa3InyHbIe
BOJIHBIE CUJIMKATBI MArHUs, JKeJie3a, KaJIbLIUs U HATPUSL.

JuatoMut (Ku3enbryp, UHQy30pHasi 3emMiisi) — TopHasi IOpoja, COCTOAIIAs
IPEUMYIIECTBEHHO U3 MaHIUPEN TMaTOMOBBIX BOAOPOCIEH, YTO oOecreunBaeT
HOCHTEIIO OOJBIIIYIO TIOPUCTOCTD U JETKOCTb.

JInaTOMUT MEXaHUYECKH HE MTPOYEH, UCIIOJIB3YETCA B BUAE KPYITHBIX 3€PEH.

MertannokepaMruka — CIPECCOBaHHBIE MUKPOC(EPUUECKUE APUKU Me-
Tajuia ¢ BBICOKOM TEIIONPOBOJHOCTHIO. PeryiaupyemMas mopucrasi CTpyKkTypa 3aBu-
CHUT OT pa3Mepa UCXOAHBIX MUKPOIIAPHUKOB M JIaBJIEHUS ITpeccoBanusl. MeTauo-
KepaMHUKa MOKET ObITh MCIIOJIb30BaHa JIsl KATAJIM3aTOPOB KUIISALIETO CIIOSL.

AxTuBHBIN yronb (AY). [Ipumenenre AY B pa3uyHbIX OTPACsX Mpo-

MBIIJIEHHOCTH B Ka4€CTBE COPOCHTOB, KaTaJIU3aTOPOB, HOCUTENEH 00yCIOBICHO
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UX BBICOKOM MOPUCTOCTHIO (0K0JI0 60—70 %), 3HAUUTENBHOUN 3JIEKTPUUECKON
IIPOBOAUMOCTBIO U XUMUYECKOU IPUPOJAOU IIOBEPXHOCTH.

AKTHUBHBIE YTJIU, BBIITYCKAEMbIE TIPOMBIIIEHHOCTHIO, B 3aBUCUMOCTH OT 00-
JacTel UX MPUMEHEHUS JEAT Ha TPU OCHOBHBIE TPYIIIIBIL:

1) ocBetastomue; 2) peKynepaioHHbie; 3) yriiy ra30Boro TUIa.

HauGounbiiiee mpuMeHeHUE B Ka4eCTBE KaTaJIM3aTOPOB U HOCUTEIIEH HAILIU
YTJIA TPETHEW IPYIIIIBI.

Cunukarenb — aMOP(HBIN OKCUJT KPEMHUS, XapaKTEPU3yeTCsI BRLICOKOU
YCTOMYUBOCTBIO CTPYKTYPbI, BO3MOKHOCTBIO B IIIMPOKUX Npeiesax peryaupoBarh
MOPUCTYIO CTPYKTYpPY, HEroprouectbto. Hanbompiiee npuMeHeHHEe KaK HOCUTEH
MOJTyYMJIN: CUITMKArellb U BBICOKOAMCIIEPCHBIE TOPOILIKH — a3pOCHUIIbI WK Oenas
caxa.

OKcuapl ATFOMUAHHS.

a-A1203 — xopyn, Haubosee ycTounBas hopMa OKCHJIa aTJFOMUHHUS, CO-
nepaxariast mpuMepHo 99 % A1203 u HeOOIbIIIOE KOTUYECTBO TPUMECEH OKCUIOB
TUTaHa U KpeMHUA. 0-A 1203 nosydaroT 00KUTOM THAPOKCH 1A ATIOMUHUS TIPU
temneparypax 10 1200 °C. [Ipu HarpeBaHHH BIJIOTH 10 TEMIIEPATYPHI IIABICHUS
(cBoire 2000 °C) oH HE MOABEPTaeTCs] HUKAKUM IPEBPALICHUSIM.

KopyHn — MexaHnuyecku MpOYHbIN TEIIONPOBOAHBIN HOCUTEIb, CTOEK K
BO3JICHCTBHIO KUCIIOT U LIEIOYEH.

[To mpounoctu y-A1203 ycrymnaer KOpyHIy, HO SIBII€TCS 00Jiee TOPUCTHIM
MaTepuanoM. AKTUBHBIN okcul amtoMuHus (Y-A1203) Haiien mmpokoe npuMeHe-
HUE B TaKHUX Mpoleccax HedrenepepadoTKu, KaKk puPOPMUHT, THIPOOUUCTKA, THI-
POKPEKUHT, TJI€ UCTIONB3YIOT KaTalnu3aTopsl, coaepxkaiue 10 80—99 % y-A1203.
Ero nosy4aroT npokajiMBaHHEM T'HIPOKCHIA AIFOMUHUS B TPUTHAPATHON WIIH B
MOHOTHAPATHOU popMe.

OcHoBHbIE TPeOOBaHUA, KOTOPBIE HAJ0 YUYUTHIBATH MPU MOAO0PE HOCUTEIIS:

1. HeoOXoAMMbIE MEXaHUYECKHE CBOMCTBA: MPOYHOCTh HA pa3daBiHBaHUE,

HUCTHUPAHUC, TBEPAOCTD.
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2. CTaOMIILHOCTH B YCIIOBUSX PEAKIIUN U PETreHEPAINH - TEPMOCTOUKOCTb,
KOpPpPO3UHHAs yCTOMYUBOCTh

3. IOPUCTOCTh HOCUTEIIS — ONPEEISAETCS CPETHUM PaJNYyCOM TIOp, pacipe-
JieJieHne 00bemMa mop 1o paguycy.

[Topucras cTpyKTypa CBsi3aHHaA C IPUPOON BelleCTBa, 00pa3yIoIIero HOCH-
Te€Jb, U YaCTO HAXOAUTCS B 0OPaTHOM 3aBUCUMOCTH OT BEJIMYUHBI POYHOCTH.

[IpeumyiiecTBa CHHTETUUECKUX HOCUTENCH:

1. MOCTOSIHHBIM XUMUYECKUNA COCTAaB;

2. BO3MOKHOCTb PETyJIMPOBAHUS TOPUCTOU CTPYKTYPHI, UTO MO3BOJISAET €€
JUKBUMPOBATH U MOJIYyYaTh BBICOKOAKTUBHBIN KaTaJIn3aTop.

3. BO3MOKHOCTH MOJTyUYEHHUSI KaTaIU3aTOp B BUJIC TPaHyI 3aaHHONU (POPMBI.

SAIAHUA

1. PaccMoTpeTh criocoObl MPOU3BOICTBA CHIIMKAresl, Kakol U3 HUX Haubo-
Jiee MEPCIEKTUBEH?

2. JlaTb CpaBHUTEIBHYIO XapaKTEPUCTUKY PA3TUYHBIM MOAUGPUKAIIMSIM OK-
CUJa aTFOMUHUSA?

3. HauepTtuth rpadmk 3aBUCUMOCTH BIUSHUS TEMIIEpaTyphl MPOTPEBa OKCU-
Jla ATFOMUHUS HAa aKTUBHOCTD MOTYYEHHBIX MOAU(DUKAIIHIA.

BOITPOCHI

1. TTo kakuM IpU3HAKAM JIENATCS HOCUTENH?

2. KakoBa poJib HOCUTEJIEN IreTEPOTreHHBIX KaTAIN3aTOPOB?

3. Kakue HocHTenu HanboJsiee 4acTo MPUMEHSIOTCS B KATATMTUYECKUX MPO-
neccax?

4. Kakue HOCUTENN OTHOCSTCS K IPUPOJIHBIM MaTepuagam?

5. Kakue HocUTENN OTHOCATCS K CHHTETUYECKUM MaTepuajiaM, B YeM UX
MPEUMYIIECTBO?
6. B yem npu4KrHBI KCTIOJIB30BAHUSI HOCUTEIICH JIJIs TOTYYEHHUS

KaTaan3aTopoB?
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7. Kakue npernMyIecTBa CHHTETUYECKUX HOCUTEIEN?

ITPAKTUYECKOE 3AHATHUE 5. B3auMojieiicTBiE KaTaau3aTOPOB C
peakIMoHHOM cpenoid. OTpaBlieHUE KaTalinu3aTopa

Lenp: Llenpro mpakKTUYECKOTO 3aHATHS ABJISETCS 3aAKPETUVIEHUE 3HAHUU,
npUOOpETeHNE YMEHUM U MTPAKTUYECKUX HABBIKOB HA MPAKTUUECKOM 3aHSITHH.

®dopmupyembie komnerennun: OITK-1
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AKTyaJIbHOCTbh TeMbI: AKTYaJIbHOCTb MPAKTUUYECKOTO 3aHATUS COCTOUT B
TOM, YTO 3HAHUs, YMEHHUS U HaBBIKH, [TOJIyY€HHBIE B X0JI¢ pPaOOThI, OyIyT
UCTIOJIb30BaHBI I BEIOOpAa ONTHMAJIbHBIX TEXHOJIOTHH U TapaMeTpOB
MIPOM3BOJICTBEHHBIX MPOIIECCOB U MPHU HAMMKMCAHUU JAUIIIIOMA.

TEOPETUYECKASA YACTb

OxoHYaTenbHbIE CBOMCTBA KaTaIM3aTOPOB OPMHUPYIOTCS O] IEHCTBHEM
pPEaKIMOHHOM cpepbl. MI3MeHeHHs cocTaBa KaTalnu3aTOPOB B MPOLIECCE PEeaKIIUU
MOTYT OBITH CIEIYIOIUMHU:

1) xumMHuueckre n3MEeHEHus1, MPUBOASIIKE K (ha30BbIM MPEBPAIICHUIM
aKTUBHOTO KOMITOHEHTA,

2) u3MeHeHus 00beMHOT0 cocTaBa 0e3 (ha30BBIX MPEBPAILICHUIA;

3) u3MeHeHus CocTaBa MOBEPXHOCTHOTO CIIOS KaTaanu3aTopa.

BoznelicTBue peakiinoHHON Cpeibl MOKET IPUBECTU K U3MEHEHUIO
COOTHOUIEHHSI KOMIIOHEHTOB, BXOSIIMX B COCTAaB KaTajlu3aTopa, a TAKKe K
pPacTBOPEHHUIO HOBBIX KOMITIOHEHTOB WJIM YaCTUYHOMY YIQJICHUIO CTAPBIX.

OTpaBneHue KaTain3aropa — 3TO YaCTUYHAs WM TOJHAs MOTEPS
aKTUBHOCTH TOJI ICCTBHEM HEOOJBIIOT0 KOJTMYECTBA BEIIECTB, HA3bIBAEMBIX
KOHTaKTHBIMU S/JaMH UJIM UHTUOUTOPaMHU. S1JIbI TOJTHOCTBIO CHMXKAIOT aKTUBHOCTh
karanuzaTopa. [Ipu oTpaBieHnN KOHTAKTHBIX MacC pa3inyaroT UCTUHHOE
oTpaBiieHue (HeoOpaTuMoe, 00paTUMoe, KyMYJISITUBHOE U OJIaronpUsTCTBYIOIIEE)
U JIe3aKTUBAIUS B pe3yjIbTaTe OJIOKUPOBKHU U CIIEKAHMUSL.

HctuHHOE OTpaBieHre. DTOT B OTPABJICHHS HACTYMAET MTPH XUMUIECKOM
B3aMMOJICHCTBHH /1A C KATAJIM3aTOPOM C 00pa30BaHNEM KaTaTUTUYECKU
HEaKTUBHOTO COCAMHEHMS WU B pe3yJibTaTe aKTHBUPOBAHHOM a/1cOPOLIUY s1/1a Ha
HEaKTUBHBIX [IEHTPaxX KaTalln3aTopa.

OTtpaBneHue MOXET ObITh 0OPAaTUMBIM, HEOOPATUMBIM, KYMYJIITUBHBIM.

KymynsatuBHOe (HakamiuBaroleecs) OTpaBJIeHUE BbIPAXKAETCS B
IIPOTPECCUPYIONICH Te3aKTUBAIIMH KaTaIn3aTOPOB MO/ ACWCTBUEM MaJbIX
KOJIMYECTB S10B, COJIEPKAIINXCS B peareHTax. biaaronpusrcTByroiiee oTpaBieHUe

KaTaJinu3aTopoOB IIPOUCXOONUT, KOrAda BBOJMMBIC B KaTAJIIM3aTOP AJbl HaCTUIHO
17



MOATPABIMBAIOT OTAEIbHbIE aKTUBHBIE LIEHTPBI KATAIU3aTOPOB. DTUM
o0ecrneunBaeTcs TO, YTO MOJIEKYJIBI si1a TOPMO3ST 00pa30BaHNe KOHEYHOTO
MPOJYKTA PEAKIIMU WM CHIXKAIOT 00pa30BaHKe MTPOMEKYTOUHBIX MPOTYKTOB
pEaKLuu.

JlezakTuBalMs B pe3yibTaTe OJOKUPOBKU U CIICKAHMUS.

AKTUBHOCTb KaTaJIn3aTOPa MOYKET YMEHBIIATHCS BCIIEICTBUE U3MEHEHUS
CTPYKTYPHBIX XapaKTEPUCTHUK, & TAKIKE TP MEXAHUYECKOM SKPaHUPOBAHUU
MMOBEPXHOCTH KAaTAJIN3aTOPA MBUIBIO WM TBEPABIMHU BELIECTBAMM,
oOpazyronuMucs npu katanuze (0JIOKUPOBKA).

3AJAHUA

1. IIpoBecTn aHanu3 BO3AEHCTBHSI PEAKLIMOHHOM Cpelbl HA U3MEHEHHE COOT-
HOILIEHHUS] KOMIIOHEHTOB, BXOJISIIIUX B COCTAB KaTaanu3aTopa.

2. IlpuBectu npuMepsl 01aronpUATCTBYIONIETO OTPABIICHUS KaTaIU3aTOPOB.

3. HauepTtuth rpadmku 3aBUCUMOCTH aKTUBHOCTH KaTaJlu3aTopa OT CTEIEHU
OTpaBJIEHUS KaTaJlu3aTopa.

4. YKaXuTe OCHOBHBIE MPUYUHBI PU3UUECKON U XUMUYECKOU JIe3aKTUBAIINH
KaTajau3aTopa.

BOITPOCBHI

1. B kakux mporueccax 00JibIIe BCETo MPOSIBIISIOTCS MPOLIECCHI
3ayrJIepoKMBaHUs KaTtanu3aropa?

2. Kakue u3meHeHus: cocTaBa KaTaJu3aTopoB MOTYT OBIThH B
KaTaJUTUYECKOM MPOLIECCE PEAKLINU?

3. Kak BiausieT 3Heprusi akTUBAIMKU KaTaau3aTopa MpU €ro XMMUYECKOM
OTpaBJieHUU?

4. B 4yeMm 3akitoyaeTcs Mpoliecc OTPABJICHUS KaTaiau3aropa?

5. Kakoe ObIBaeT oTpaBlieHUE KaTaIU3aTOPOB?

6. Kak npoucxoaut obpatumoe, HeoOOpaTUMOE U KyMYJIATHUBHOE
(HakaruIMBaroIIeecs) OTpaBieHUE?

7. Yto naeT npuMeHeHHe OIaronpusTCTBYIOIIETO OTPABICHUS B

KaTaJUTUYECKUX Mpolieccax?
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ITPAKTUYECKOE 3AHATHE 6. O6mue cBenenus o neoautax. [Ipupoaa
KaTaJUTUYECKOW AKTUBHOCTH LIEOJIUTOB

TEOPETUYECKASA YACTD

[lenp: L{eapto mpaKTUYECKOTO 3aHATHS SBIIAETCS 3aKPEIJICHUE 3HAHU U,

npuoOpeTeHNe YMEHHUI U MPAaKTUYECKUX HABBIKOB HA MPAKTUYECKOM 3aHSITHH.
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®opmupyembie komnerennun: OITK-1

AKTYaJIbHOCTh TEMBI: AKTYaJIbHOCTh IPAKTUUYECKOTO 3aHATUS COCTOUT B
TOM, UTO 3HAHUS, YMEHUS U HABBIKHU, TIOJy4eHHBIE B X0J1€ pabOThI, OyayT
WCITOJIB30BAHBI JIJIS1 BELIOOPA ONTUMATLHBIX TEXHOJOTUHA U TTapaMeTPOB
MPOU3BOICTBEHHBIX MIPOLIECCOB U NP HAMMMCAHUM JTUTIIIOMA.

TEOPETUYECKAA YACTb

CocraB, CTpyKTypa U CBOICTBA 1IEOJTUTOB

[leonuThl TPUMEHSIOTCS B pa3HBIX OTPACISIX MPOMBIIUIEHHOCTU. OHU
WCIIOJIB3YIOTCSl B KAUECTBE OCYIIUTENEH YyIIeBOOPOIHBIX Ta30B, JJIsS BBIICICHUS
H-TIapaQUHOBBIX YIJIEBOJAOPOIOB U3 MapaUHUCTBIX HEPTIHBIX QpaKUnid, B MU -
[IUHCKUX IEJISX, B XpoMaTtorpaduu, B KaYeCTBE aKTUBHBIX HATIOJHUTEJICH Mpu
MIPOU3BO/ICTBE MPOMBIIIJICHHBIX KaTaU3aTOPOB KPEKUHTA, U30MEPU3ALINU H-
napaduHOB, THJIPOKPEKUHTA U JIeCYIb(UPOBAHUSI.

[Tpu noxGope 1e0IUTOB SISl KaXkI0T0 U3 HAMPABIICHUN €ro MPUMEHEHUS
VUYUTBHIBAIOT UX XUMUUECKUN COCTaB, TEKCTYPY, IPUPOY KATUOHOB B PEIIETKE
LEO0JIUTOB. XMMHUUYECKUI COCTAaB IIEOJIUTOB OMPEAEISAETCA €ro MoayieM, T. E. co-
oTHoIEeHneM okcuaoB Si0,:Al20;.

TekcTypa cBsizaHa ¢ MOyJIEM 11€0JIUTa, a Takke ero TumoM - NaA, NaX,
CaX, CaY, MOpIEHHUT, CBEpXBBICOKOKPEMHE3EMHBIE LIEOJIUTHL. B cocTaBe
[[E0JIMTOB, KaK MPaBUJIO, MPUCYTCTBYIOT HOHBI OJTHO-, ABYX- U TPEXBAJICHTHBIX
METaJUIOB, IIEOJIUTHI TAKKE MOTYT MPOou3BoauThea B H-popme.

Crpykrypa u kiaccudukaius 1eoJuTOB

[HeonuTsl mpeAcTaBIsAIOT COO0I0 KapKACHBIE KPUCTATNIMUECKUE aTFOMO-
CHIIMKATHI. IX XMMUYECKUI COCTaB MOXKET OBITH MPEACTABIICH 00111eH opMyIioHn,
OTPAXKAIOIIEH COCTAB JIEMEHTAPHOMN AYEHKH, B TAKOM BU/IE:

Mex/n [(Al203)x (SiO2)y] mH20,

rie Me — KaTHOHBI C BAJICHTHOCTBIO N M— YUCJIO MOJIEKYJT BOJBL; V/X —
MOJIbHOE OTHOILICHHE OKCUJIa KPEMHHUS K OKCUY aJlFOMUHUS B 1ieonuTe. B
KBa/IpaTHBIE CKOOKH 3aKJIFOUYEH COCTAaB AJIEMEHTAPHOU STYECHKH, KOTOPYIO U

LIEOJIUTE HA3BIBAIOT COJAJIUTOBON STUCHKOM.
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NneanuzupoBaHHas MpOEKUMS 3JIEMEHTA COTAIUTOBOM IYEUKH, B KOTOPOU
Ha TIEpEeCeUCHUH JTUHUH B y3max pacnonaratorcs [AlO4]5- u [S104]4- TeTpasapsl,
cepelliHa JJUHUM OTpeesieT O0IMM KUCIOPOT Y TETPa’ApOB, PUMCKUE HUDPHI
YKa3bIBalOT MECTOMOJIOKEHUE NOHOB Me+.

B conmanutoBoii suelKe BBIAEIEHBI KBAIPATHBIEC U T€KCATOHAJIbHBIC KaHAJbI,
KBaJpaTHbIe KaHasbl uMetoT auametp 0,4-0,5 M, a rekcaronanbubie — 0,6-0,9 HM.
[{eonuThl SBISIOTCS TOHKOIMOPUCTHIMU TBEPIBIMU TE€JIAMH, B KOTOPBIX OCHOBHYIO
JI0JII0 00beMa peleTku 3aHuMaroT HoHbl O2- (mopsiaka 90%), octanbHOE
POCTPAHCTBO 3aHUMAIOT HOHBI A 13+, Si4+, Na+ u npyrue. Ty nojiocTu
BBICTJIAHBI JJICKTPOMArHUTHBIM T0JIEM, KOTOpoe (popMupytot uonsl O2-, u mManas
yacTh - noHaMu A 13+ u Si4+. B nienTpa stueiiku iMeeTcs MoJI0CTh OOJIBIIETO
nuametpa - nopsanka 0,9-1,5 am. L{eonuTsl, mMest KaHABI Pa3TUYHOTO JHAMETPA,
MOTYT MPO-SIBJIATH CUTOBOE PA3JEIEHUE YTIIEBOIOPOJIOB.

DTO CBOMCTBO IIEOJIUTOB M UCIOJIB3YIOT B MPOMBIIUIEHHOCTH JJISI OCYLIKH
ra3oB, JJIs BbIJICJICHUS H-MTapa(UHOBBIX YTIIEBOJOPOJ0OB U JPYTUX MPOIIECCOB.

B neonurax terpasapei [A104] u [S104] cBsizaHbl APYT € APYroM BepIlIMHA-
MU U OPUEHTHUPOBAHBI HAPYKY IPaHbIO U peOpaMu. Takue TeTpa’Apbl U perieTKa
Ha3bIBAIOTCS «OCTPOBHBIMIY WUIIM M30JIMPOBAHHBIMU. LI€OIUTHI TPU TaKOW OPUEH-
Tally TETPAdIPOB SBJISIOTCS BHICOKOAKTUBHBIMU aJICOPOESHTAMHU U KaTaln3aTopa-
MH. B 351eMeHTEe COTAIUTOBOM SIMEMKH PACIIONOKEHUE KATHOHOB Men+ BHYTpHU U
BHE I'eKCaroHaJIbHBIX U KBaJIpaTHBIX ceueHHi 0003HaueHo naaekcamu [ u I', I u
IT'. DTk MOHBI MOTYT MOABEPraThCS 3aMEHE U3 BOAHBIX PACTBOPOB HA Apyrue AHBI.

CaoiicTBa 1IEOJUTOB 3aBUCAT OT cooTHoIeHUs [A104]- u [Si04]-
TETPa’POB B T€KCATOHAJIbHBIX U KBaJIPATHBIX CEYEHUSAX. B rekcaroHaJibHbIX
ceueHusix yucio [A104]-TeTpa’ipoB MOKET MEHATHCS OT 1 110 5, a B KBaIPATHBIX
-ot 1 1o 3.

Takum 00pa3om, B COTAIUTOBOM SYCIKE UMEIOTCS TeKCaroHajIbHBIE,
KBaJIpaTHBIC Y U-TIOJIOCTH U B ATUX TOJIOCTIX Pa3BUBAIOTCS PA3IUYHBIC 1O CUJIC
ANIEKTPOCTATUYECKUE TTOJIs. BHYTpH mop 11eosiMTa mpeBpamieHne MOoJaeKy Oyaer

0omee IMOJIHBIM, YEM HAa BHCIIHHUX LHCHTPAX U B U-T1I0JIOCTH.
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Knaccudukanus neonutos

[{eonmuThl KITacCHPUIMPYIOT IO pa3Mepy TOP B COAATUTOBOM sSUYCHKE, MOTY-
0 M - cooTHOomeHuto okcuaoB S104 : A1203, Tuny KaTUOHOB, BXOSIIUX B Ka-
HaJIBl CONANUTOBOM stuerku. [1o pasMepy mop neonuTsl MOAPa3AeIISItOT Ha TUIIBL A,
X,Y,Z uT. Jl. BykBoit A 0003Ha4arOT 1IEOIUTHI C MPe0OIaqAIONIUM Pa3MEePOM
nop 0,5 um u moaynem M Si02:A1203 = 2, X - ¢ pazmepom niop 1,0 um u M = 2-3,
Y - ¢ pazmepom nop 1,0-1,3 am u M= 4-5,5 u T.x1.

IHeomuTsl ¢ MOIYJIEM JI0 5 Ha3BIBAIOT HU3KOKPEMHE3eMHBIMH, ¢ M = 5,6 -10
- BBICOKOKpEMHE3EMHBIMH, ¢ M > 10 - ynbTpaBbICOKOKpEMHE3EMHBIMU. LleonnTsl ¢
MoayieM M = 4 Ha3wIBalOT «1madazuramm», ¢ M = 6 - spuonutom, ¢ M = 10 -

MopaeHuToMm. 20

Ilepen uHAEKCaMU CTPYKTYPBI LEOIUTA CTABUTCS MHJIEKC HOHA METAJLIA, KO-
TOPBIN BXOJIUT B COAAIMTOBYIO siueiiky. Torma moiaHoe 0603HaYeHHE 1IE0TUTA
npeacrasisiercs B TakoM Buje: NaA, NaX, NaY, CaA, CaX, CaY u . /.

AKTUBHOCTbH IICOJIUTOB MPU U3MEHEHUN MOLYJIS

[{eonuThl MOKHO CHHTE3UPOBATh BHAYaJIe C HEOOIBIION BETUYMHON MOAY-
a5, B ipenenax 0,5-1,0, a 3aTeM BeUYUHY MOJTYJISE MOKHO MEHSITH, IIPOBOJIS
IIPOLIECC ICATIOMUHUPOBAHUS LIEOJIUTA B BOJHOM PAaCTBOPE ITUIICHIMAMULIMHA
TETPAYKCYCHOM KUCIIOTHI. DTO COEAMHEHUE U3BIIEKaeT u3 pemerku [A104] —
TeTpad’aAphbl, KOTophie 3aMemmaroTces [Si04] —rerpasapamu. Moayis 11eoauTa mpu
JeaTFOMUHUPOBAHUM Bo3pacTaeT. [Ipy u3MeHeHnn BeTuduHbl Moaysst M Oynet
MEHSIThCSI aKTUBHOCTbD LI€OJINTA U CEJIEKTUBHOCTh B XUMHYECKUX PEAKIUAX Tpe-
BpAILICHUS OPraHUYECKUX COCIMHEHUM.

3AJIAHUA

1. JlaiiTe pa3BepHYTYIO XapaKTEPUCTHUKY ICOJIUTaM.

2. Haueptuth rpaduk 3aBUCIMOCTH aKTUBHOCTH II€OJIUTA OT U3MEHEHUS €TO
MO/TYJISL.

3. CpaBHUTH KaTaJTUTHYECKUE CBOMCTBA CIEAYIONIUX IICOTUTOB: 1aba3uTa,

SPUOHUTA U MOPJIEHUTA, U COCTaBUTh TaOJIUILY.
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BOITPOCHI

1. YUto Takoe ueonut?

2. Ilo kakoMy MPUHIUITY KIACCUPUIIUPYIOTCS I[COTUTHI?

3. Kak oTimnuarorcst oreuecTBEeHHas U 3apyOexkHasi KjaccuPuKaIiuu
LIEOJIUTOB?

4. Yem xapakTepusyeTcs KpucTauiMueckasi CTpyKTypa 1eoauTa?

5. Kak u3MeHsieTcsi akTUBHOCTD IIEOJIMTOB MPU U3MEHEHHUH €T0 MOJTYJIS?

6. Kakue cyiecTBytoT METOIbI TPOU3BOCTBA IIEOJIUTOB?

7.410 Takoe comanuToBas s4euka neonura’?

8. 3anucatp 0011y10 (hOpMYITy COCTaBa JIEMEHTAPHOM SYCIKU 11€0UTA.

9. OT 4yero 3aBUCAT CBOUCTBA LIEOJIUTOB?

[IpakTueckoe 3ansitue 7. MeToabl UCCIEN0BaHUS KaTAIM3aTOPOB U
KOHTPOJIb KaueCTBa

[lens: L{enpto mpaKTUYECKOTO 3aHATHS ABJISCTCS 3aKPETJICHUE 3HAHUH,
npruoOpeTeHNE YMEHHUI U MTPAKTUYECKUX HABBHIKOB HA MPAKTUYECKOM 3aHSITHH.

dopmupyembie kommnerennun: OITK-1

AKTYaJIbHOCTh TEMBI: AKTYaJIbHOCTh IPAKTUUECKOTO 3aHSTUS COCTOUT B

TOM, UTO 3HAHUS, YMEHUS U HABbIKU, IOJIyYeHHBIE B X0J1€ pabOThI, Oy1yT
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WCITOJI30BAHBI 711 BELIOOPA ONTUMAIBHBIX TEX-HOJOTUN U TTapaMeTPOB
MIPOU3BOICTBEHHBIX TIPOIIECCOB U NIPH HAMMMCAHUH JTATIIIOMA.

TEOPETUYECKAA YACTb

HccnenoBanue KaTaan3aTOpOB JOKHO HOCUTh KOMIUIEKCHBINA XapakTep,
o0ecTIeUrBaIOIINI BBISBIICHHE UX OCHOBHBIX OTPEOUTEIIBCKUX XapaKTEPUCTHUK.

K HUM OTHOCSTCS: aKTUBHOCTh, MEXaHWYECKasl POYHOCTh U CTAOMIIBHOCTH B
pabore.

PesynbpTupyronieit u riiaBHoON XapakTepUCTUKOM SBIISIETCS aKTUBHOCTb, T10-
Ka3aTeJleM KOTOPOU B 3aBUCHUMOCTHU OT UCIIOIb3YEMOI METOJIMKH MOTYT OBITh CTE-
TIEHb TIPEBPAIICHHSI BEIIECTBA, KOHCTAHTA CKOPOCTH PEAKITUH U TIPOCTO CKOPOCTh.

CymiectByeT 00JIbIII0M HAOOP METOI0B, TTO3BOJIIONTUX (PUKCHPOBATH CBOM-
CTBa KaTaJlM3aTOPOB. DTO OMpEIeIICHUE XUMHUIECKOTO B (ha30BOT0 COCTaBOB. [Ipn
WX U3yYECHUU MOTYT OBITh UCIIOIH30BaHbI MPUEMbI «MOKPON» XUMUH, PEHTTeHO(Da-
30BBIN aHAIN3, PEHTTeHOBCKAs PoTorneKTpoHHas criekTpockomnus (POIC), snek-

TPOHHAS U CIIEKTPOCKOIIHSI.

MeToabl KOHTPOJISI M U3yUYeHUS Meron n3yyeHus
CBOMCTB KaTaan3artopoB CBoiicTBa
XUMHUYECKUU COCTaB 1. Kinaccnueckue kaueCTBEHHEIE U KO-

JMYECTBEHHBIE XUMUYECKUE METObI
CUHTE3a U aHaJIu3a

2. X-dmroopecueHuus

3. AKTUBalMOHHAas HEUTpoHOTpadus
4. OMHCCUOHHBIN CIIEKTPAIIbHBIN
aHaJIn3

5. ATomHas aacopOIus

6. [Inamennas gorocnexkrpomeTpus

[Ipupona u cTpykTypa XUMHUYECKHUX CO- | 1. PEHTreHOCTpYKTYpHBIN aHaIu3

CAMHEHUM KaTaau3aTopoB ((ha3oBbIit 2. PenTrenodmroopeciieHTHBIN aHAIN3
CO-CTaB, NOJIMDIPUYECKUI COCTaB U 3. DNeKTpOHOPOTOMETPUUECKUA
CTPYK-Typa MOJH3IPOB | JIp.) aHaJIH3

4. SIMP, OIIP, kBanpynosbHblii AMP
5. UudpakpacHass CHEKTPOCKOIHS

6. CrieKTpOCKONusl B BUAUMOM U yJIb-
TpaduoseToBoi 0061acTH

7. MarauTHbIe METObI

8. Oke-CIeKTPOCKOIuUs

9. TepmorpaBUMETPUYECKUE METOIbI
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Karanutuyecknii KpeKuHT

Karanmutnyaecknii KpeKUHT — 3TO MPOIECC KAaTATUTHIECKOTO IeCTPYKTUBHO-
ro MpeBpalieHus pa3sHOOOpa3HbIX HEDTAHBIX PPAKIUN B MOTOPHBIE TOILJIMBA, ChI-
pbe 11 HePTeXUMHUH 1 aJTKUITUPOBAHMS, PONU3BOJICTBA TEXHUYECKOTO YIJIepoaa U
KOKca.

VYca0BUs KaTaaTuTUYECKOTO KpekuHra — temmneparypa — 450-550 °C, nasie-
Hue 0,1-0,3MlIa, katanm3zarop.

MexaHu3M OOJIBIIMHCTBA PEAKIIMM KATATUTUYECKOTO KPEKUHTa 00BSICHAETCS
B paMKax KapOKaTHOHHOMW TEOPHH, COTJIACHO KOTOPOU aKTUBHBIMHU ITPOMEKYTOU -
HBIMH YaCTUIIAMH SBJITIOTCS KapOKaTHOHBI. OHH 00pa3yrOTCs MPH TeTEPOTUTHYIC-
CKOM Pa3pbIBE CBSA3€H B MOJIEKYJIE YIIIEBO0OPOa MO/ BO3ICHCTBUEM KaTall3aTo-
pa WA TIPU IPUCOSTUHEHUH K YTIEBOAOPOIY IEKTPOHASHUIIUTHBIX KUCIOTHBIX
rpynn karanuzaropa. [locinenoBarensHoe nmpeBpaiieHue KapoKkaTnoHa mpooixKa-
€TCsl 10 JOCTUXKEHHUS HanboJliee CTaOMIbHOU CTPYKTYPHI.

CKOpOCTh KPEKHHTA U BBIXOJ MPOAYKTOB CYIIIECTBEHHO MEHSIOTCS B 3aBH-
CUMOCTH OT KaueCTBa ChIPbhsl, CBOMCTB KaTaIM3aTOpPa 1 MOJIHOTHI €r0 pPereHepanuu,
TEXHOJIOTHYECKOTO PEKUMa, KOHCTPYKTUBHBIX OCOOCHHOCTEH pEaKIIMOHHBIX aIlia-
paToB.

KaranuzaTopsl cOBpeMEHHBIX KPYITHOTOHHAXKHBIX MTPOIIECCOB KaTa-
JUTUYECKOTO KPEKUHTA, OCYIIICCTBIISEMBIX B PEKUME HHTEHCUBHOTO MacCo- U
TEIJI000MEHa B armaparax ¢ JBUKYIIUMCS WU TICEBI0O0KMKEHHBIM CJIOEM KaTta-
JM3aTopa, TOJDKHBI 00J1a1aTh HE TOJIBKO BRICOKUMH aKTUBHOCTBIO, CEJICKTHBHO-
CTBIO U TEPMOCTAOMIILHOCTHIO, HO M YIOBIIETBOPATH MOBBIMIEHHBIM TPEOOBAHUSAM K
HUM TI0 pEereHEPAIIMOHHBIM, MEXaHHYECKUM M HEKOTOPBIM JIPYTUM IKCILTyaTaIlu-
OHHBIM cBoMcTBaM. [IpOMBINIIIICHHBIC KaTAIM3aTOPBI KPEKUHTA MPEACTABIISIOT CO-
O0¥ B 9TOM CBSI3M CIIOKHBIE MHOTOKOMITOHEHTHBIE CUCTEMBI, COCTOSIITNE H3:

1) MaTpuiisl (HOCUTENS); 2) aKTUBHOTO KOMIIOHEHTA - IIE0JINTA; 3)
BCIIOMOTATEJIbHBIX aKTHBHBIX U HEAKTUBHBIX JOOABOK.
[TpomplinieHHBIC KaTaTU3aTOPBI KpeKuHTa. Ha 0Te4eCTBEHHBIX yCTAaHOBKAX

C ABYOKYIIMUMCA CJIOEM IIAPUKOBOT'O KaTajin3aTopa IPUMCHSINCH U ITPOJOJIKAIOT
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MoKa MPUMEHSTHCS mapukoBbie karanuszatopsl AIIIHII-3 (6e3 P33), AIIIHII-6,
[leokap-2 u [leokap-4 (Bce ¢ P30 LaA).

N3 mukpocheprnueckux IICK npumenenne Haxoast: KMIIP-2 (2 % La203),
MII-5 u PCI'-61] (110 4 % La203), KMIIP-4 (c npomoTopoM foxura) u ap. 13 3a-
pyoexubix LICK Gosee n3BecTHBI clieayomre Mapku KaTtaan3aTtopos: [diopaden
(5, 6, 8,9), Cynep ([, sxctpa 1), MZ (1-7), CBZ (1-4), Okrakat-11, PesuaxaT (20,
30) u npyrue.

MupoBoe npou3BOJACTBO KaTaIM3aTOPOB KPEKUHTA B HACTOSIIEE BPEMSI CO-
ctaBiseT okoJio 400 Teic. T B roa. [lo o0beMy npou3BoicTBa HanOOJIEe KPYITHBIMU
KaTtanu3aTopHeIMU padbpukamu BiaaeroT pupmsl «I peiic JleBucon» (CILA, I'ep-
Manusa-43%), «Qurensrapay (CIIA, Huaepnauas: - 27%) u «Ax3o Hobenby
(CIIA, Hunepnauasl, bpasunus - 26%).

[TonaBistoNLy0 YaCTh KaTaIM3aTOPOB KPEKUHTa IIPOU3BOST 110 Tpa-
JTUIIMOHHOM TEXHOJIOTMH «CO CBSI3YIOIMM», UCIIONb3Ys B CTaANHM HAHECEHUS CHH-
TE3UPOBAHHOIO LIE0JIUTA HAa TOBEPXHOCTh HOCUTEIA (ATFOMOCHIIMKATA) CBSA3YIO-
M KOMIIOHEHT. 3aT€M OCYIIECTBIISIOT CTAANU PACHbUIMTEIbHON CYILIKH, HOHHO-
ro oOMeHa TepMOXHUMHYECKON 00pabOTKOM, HAHECEHHS] IPOMOTOPOB, BCIIOMOTa-
TEJbHBIX J00ABOK, IPOKAJIKU, KOMIAYHIUPOBAHUS U T.1.

K ruapoxaTtanutudyeckum B HeprenepepaboTKe OTHOCATCS MPOLECCHI, OCY-
HIECTBJISIEMBIE B CPEIE BOJAOPO/IA B MPUCYTCTBUM KaTanu3aTtopos. [1o cneruduy-
HOCTHU KaTaJIUTHYECKOTO IeUCTBUS THIPOKATATUTHUECKHUE TPOLIECCHl MOXKHO Kilac-
cu(UUMUPOBATH HA CIECTYIOIINE THUIIbL:

[. 'mapokaranuTUyecKkre mpoiecchbl pepopMUpPOBaHUS HEDTIHOTO CHIPHS:

la. Katanutnueckas apoMaTu3alus NpsIMOTOHHBIX OEH3UHOB (KaTa-
JUTUYECKUN PUPOPMHUHT).

16. Karanutuueckas nzomepusarus jgerkux (C4-C6) HopMaabHBIX aJKaHOB.

OCHOBHOI1 LIEJIBIO 3TUX IPOLIECCOB SIBJIAECTCS MOBBIIEHUE OKTAHOBOTO YK CIIa
OCH3MHOB WM MOJYYEHUE UHANBUYAbHBIX ApOMATHUYECKUX WM JIETKUX U30TMa-

padUHOBBIX YTIIEBOJOPOIOB.
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[I. Katanutuyeckue ruiporeHn3aiOHHbIE MTPOLIECChl 00JaropakuBaHus
HE(PTSHOTO CHIPHS:

ITa. 'mapooumncTka TOIIMBHBIX (DPAKITUH.

[16. 'mnpoobeccepuBanue BRICOKOKHUITAIINX U OCTaTOUHBIX (hpakiuil (BaKy-
YMHBIX Tra30iiieid, Macen, mapauHOB U HEPTIHBIX OCTATKOB).

OTH npoliecchl MpeHa3HAYeHbI ISl YAaIeHUs U3 HE(TIHOTO ChIPbs reTepo-
OPraHUYECKUX COCAUHECHUMU.

1. Katanutuyeckue mpoiecchl AeCTPYKTUBHOM TUAPOreHn3auu (THIpo-
KPEKHUHIa) HE(PTAHOTO ChIPbSI:

[Ta. CeneKTUBHBIN THAPOKPEKUHT HEPTIHOTO CHIPhS (TOIIMBHBIX (PpaKiuii,
Macel, THIPaBINYECKUX KUAKOCTEN) C 11E€IbI0 OBBILICHHS] OKTAHOBBIX YHCEN aB-
TOOEH3MHOB U MOJyYE€HHsI HU3KO3ACTHIBAIOIIMX HE(PTENPOLYKTOB ITyTEM T'UIPO/JIE-
napaduHU3AIHH.

6. Jlerxkuii ruipOKPEKUHT BAKYYMHBIX Ta30iJiell 1 HU3KOOKTAHOBBIX O€H-
3MHOB COOTBETCTBEHHO JJIsi TUAPONOTOTOBKH ChIPhS KATAIUTUYECKOIO KPEKUHTa
C OZJHOBPEMEHHBIM IOJyUYEHUEM JU3EIIbHBIX (PpaKLUM U [l TOBBIILIEHUS COJEP-
YKaHUs n3omnapaduHOBBIX YIJIEBOJOPOAOB B OCH3MHAX.

[IB. ['myGokuit THIPOKPEKUHT TUCTUIIISITHOTO ChIPhS (BaKyyMHBIX Ta30¥-
Jieil) U HeTSIHBIX OCTATKOB C IIEJIbI0 YIUIYOJICHHS TIepepadOTKH HETH.

r. I'maponeapoMatr3anusi peakTUBHBIX TOIUIMB M MAaCJISIHBIX IHC-
TUJUISTOB.

OO01mMMH, NPUCYIIMMH BCEM NIEPEUNCIECHHBIM BBIILIE TUIIAM THIPOKA-
TATUTUYECKUX MPOIIECCOB NEPepadOTKN HEPTIHOTO ChIPbSI, SIBISIFOTCS CIEAYIOLINE
IPU3HAKU:

1) xumuyecKkre npeBpalieHusi B HUX OCYILECTBIISIOTCS MO/ JaBJICHUEM BO-
nopoJia, 00pa3yrolerocs B OJIHUX Mpolieccax, HalpuMep, KaTAIUTUYECKOTO pu-
dbopMHHTa, U PACXOTYEMOTO B IPYTHX;

2) XUMUYECKHE MPEBPAIICHUS] HEPTIHOTO ChIPhS B THAPOKATATUTUYECKHUX
Ipoleccax OCYIIECTBIISIIOTCS Ha KaTainu3aTopax Ou- Wil MOIU(PYHKIIMOHAIBHOTO

JICHCTBUSI,
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3) B cocTaBe Bcex 0€3 HCKIIIOUEHUS KaTaIU3aTOPOB THAPOKATATUTUIECKIX
MPOIIECCOB COAEPIKATCS KOMIIOHEHTBI, OTBETCTBEHHBIE 33 MPOTEKAHUE TEMOJIUTH -
YEeCKUX peakiuil ruipupoBanus - neruapuponanus (Pt, Pd, Co, Niu ap.). B kaue-
CTBE BTOPOI'0 KOMIIOHEHTA, OCYIIECTBIISIIOIIETO Te€TEPOIUTUYECKUE PEAKIIUU, Ta-
KH€, KaK U30MepU3allusl, IUKIU3aIusl, KPEKUHT U Jp., B 3aBUCUMOCTH OT THUIIa
MPOLIECCOB MPUMEHSIOTCS MPEUMYIIIECTBEHHO OKCHJI AIFOMUHHUS, TIPOMOTHUPOBAH-
HBIM KHUCJIOTOH, ATFOMOCHITMKAT, IIEOJIUT, a TakXKe CyIb(uapl MoInOaeHa, BOJIb-
dbpama u z1p., obanaomue p-NpPoOBOAUMOCTBIO (TO €CTh ABIPOYHOMN TPOBOIUMO-
CTBIO).

[Tponecc kaTanUTUYECKOTO0 pUuGOpMHUHTA MPETHAZHAYEH IS TOBBIIIICHUS
JIETOHAIIMOHHON CTOMKOCTH O€H3MHOB U MOJTYUYEHUS WHIUBUTyAIbHBIX apOMaTH-
YECKUX YTJIEBOJ0POJIOB, TJIaBHBIM 00pa3oM O€H30:1a, TOIY0JIa KCUIIOJIOB - ChIPbs
He(TexuMuu. BasxkHoe 3HaueHUE UMEET MOTYyUYEHUE B MPOIIECCE JICIIEBOr0 BOJO-
pOACOAEpKAIIErOo ra3a JJis HCIOJIb30BaHUS B APYTUX THAPOKATATUTHYECKUX TIPO-
neccax.

Ha ycranoBkax pudopmMuHra npuMeHsIIOTCS TPU TUITA KaTaIU3aTOPOB: MO-
HoMmetainyeckue (All-56, All-64), oumetammueckue (KP-101, KP-102) u no-
mumetamnueckue (KP-104, KP-106, KP-108 u minatunospuonuTobie CI'-311).

Kommnonentamu karanu3atopoB pudopMuHTa SIBISIOTCS MJIATHHA, HOCUTEIb
(y - oKCHJ aJIFOMUHUS) M TaJIOTE€H B KQU€CTBE KUCIOTHOTO MPOMOTOpa. B monmme-
TAJUTMICCKHUE KaTali3aTOPbl BBOJAT JIOMOJHUTEIBHO Apyrue Metaiuisl, Pd, W, Pb,
Re, Mo, KOTOpBI€ BBIIOIHSIOT POJb IpoMoTOopoB. Coaepskanue miaTuxsl B 1,5-1,7
pasa HIKE, YeM B MOHOMETAJTMYECKHUX.

Pacuer peakTopa u pereHeparopa npolecca KaTaTuTHYeCKOro KpeKUHra.

['eomeTpuyeckue pazMepbl peakTopa ONPEAeIIsItOT CIeAYIOIUM 00pa3oM.

1. Haxomsar o6bem katanuzatopa (VK.p, M3) B peakTope B HACHIITHOM BHUJIE:

Vk.p = Ge /pcW

rae Ge -pacxof ChIpbs, KI/4;

pC -TUIOTHOCTH CBHIPBS B KUIKOM COCTOSIHUU KI/M3;

W - 00beMHast CKOPOCTH IOJAYH CHIPbS, M3MEHsETCS B peaenax 0,8-3,0 ul,
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2. Ompenenstor o0beM kunsmiero cios (Vk ¢ , M3) mo ¢popmyie

Vk.c. = VK.p. pHac. / pk.c.

pHAC. -HaCBIIMHAs IJIOTHOCTh KaTajuzaTopa, 00bdHO 610—690 kr/M3;

PK.C.-TIOTHOCTH Kurisiiiero cios, 400—3500 xr/m.

3. PaccunThiBaloT moiap NonepeyHoro ceueHus peakropa (S, M2 ) no
bopmyie:

S=Gln/V

rae G'm - 00beMHBIN pacxo/1 MapoB NPOJYKTOB KPEKUHTA U BOJSIHBIX MapoB,
M3/c, V - nuHeitHas CKOPOCTh JBMKEHHUS MMapOB HAJ KUIALIUMM CIOE€M KaTalu3a-
TOpa, M/c, 3Has TIIOUa/lb MOMEPEYHOrO CEYEHUs, JIETKO HAWTU €ro JUaMeTp.

4. HaxoasT BBICOTY KUMALIETo ciios katanuzaropa (hk ¢, M) no ¢popmyine

hk c. = Vk.c./S

1 O0IIYIO BBICOTY peakTopa

H =hk.c. + ho.3

rae ho.3.-BeIcOTa OTCTOMHOM 30HEL, ho.3. =4,5-5 M.

5. OnpenenstoT NpoI0JKUTEILHOCTh TPEObIBAHUS YaCTUI] KaTalu3aTopa B
peaktope (Tk, ¢) mo ¢popmyie :

Tk = 3600/K11 w.

[1nomane NonepeyHoro CEYeHMs OTIIAPHON CEKL[MU PEAKTOPA U €€ BBICOTY
PacCCUMTHIBAIOT UCXOAS U3 00beMa BOJSHOTO Napa, CKOPOCTH €ro ABUKEHUS, a
Tak)Ke 00beMa KaTaju3aTropa, HaXOAAIEerocs: B OTIapHON CEKIUU.

['eomeTpuyeckue pa3Mepsl pereHeparopa OnpeaeIstoTcsl TaKUM ke o0pase
KaK ¥ peaKkTopa.

SAIAHUA

1. B peakTop karanutuueckoro kpekunra nocrymnaer 106 000 kr/a Bakyym-
Horo razouis ( p204 = 0,865). O0beMHBII pacxo]] IApOB, IPOXOAAIINX yepe3 pe-
aktop, 16,2 M%/c, nx ckopocts 0,6 M/c. OOBeMHas CKOPOCTb ITOA4YH ChIphA - 1,4 u-
1. HacbimHast mi1oTHOCTH Katanu3aropa paBHa 680 Kr/mM3, IIIOTHOCTh KUIISILETO
cinost 450 xkr/m3. OnpenenuTs AUAMETP U BBICOTY PEaKTOpa, IPUHSB BHICOTY

OTCTOWHOM 30HBI 5 M.
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2. B peakTop katanuTuuecKoro KpekuHra nocrynaet 78150 kr/4 chipbs,
KpartHocth mupkysisiiuu katanusaropa paBHa 7,6. HailTu maccoBbliii pacxo/ iup-

KYJHPYIOIIEro KaTajinu3aTopa.

3. Onpenenutb HEOOXOAUMBIN 00bEM KaTanu3aTropa sl pugopMUpoBaHUs
69800 Kr/4 GeH3MHOBOH (PPaKIMK IIIOTHOCTBIO 749 Kr/M®, poxoasieii uepes pe-
AKIMOHHYIO 30HY ¢ 006eMHOI1 cKopocThio 1,4 ut

4. O0BsicHUTE, TTOYEeMY ITPOMBIIIUIEHHBIE TIPOLIECCHl pUu(OpPMUHTa CO CTaIU-
OHApPHBIM KaTaJIMU3aTOPOM MPOBOAAT IIPHU MOBBIIICHHBIX JTABJIICHUSX, a MPOIECCHI C
HEMPEPHIBHON pereHepaleii, mpu NOHMKEHHBIX JTaBICHUSX.

BOITPOChBI

1. Kakue npoueccsl HedTenepepaOboTKH OCYIIECTBISIOTCS C MPUMEHEHHEM
KaTaanu3aTopoB?

2. KakoBo 11e11€B0€ Ha3HAYEHUE MPOIIECCa KATAIUTHYECKOTO KPEKUHra?

3. Kak Bnusier 00beM KaTaJiu3aTopa Ha anmnaparypHoe o(hopMIIeHHE Mpoliec-
ca?

4. Kakue katanu3atopsl IPUMEHSIOTCS B ITPOLIECCE KATATUTHIECKOTO Kpe-
KUHTa?

5. JlaiiTe KpaTKyro XapaKTEPUCTUKY LEOJIUTAM U ITPOMBILIJICHHBIM KaTaJu-
3aTopam KpEeKUHra.

6. KakoBbl Ha3HAUYCHM S, 3HAUCHHUE U KITACCU(UKALINS THIPOKATATATUYECKUX
POIIeCCOB?

7. KakoB cocTaB KaTaJin3aToOpoB pruopMuHTa?

8. B uem nmpenmyIecTBa MOIMMETALTHICCKAX KaTaaTu3aTopoB pudopmMuH-
ra?

9. Kakoit KOMIIOHEHT KaTaiu3aTopa 00€CIeurnBaeT CEIEKTUBHOCTD THIPO-
KpeKuHra?

10. Kakue nokasaTenu Katajan3aTopa HEOOXOAUMO 3HATH JIJIsl pacyeTa peak-

TOpa U pereneparopa?
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[Tpaktrueckoe 3arsTre 8. OCHOBHBIC KaTATUTHYECCKUE TIPOIIECCHI U
KaTaJIM3aTophbl, MpUMEHsAeMble B HUX. KaTanuTudeckuii puopMuHT

[ensb: [lenbro MpakTUYECKOTO 3aHATHS SBJISIETCS 3aKPEIUICHUE 3HAHUM,
NpUOOpPETEHUE YMEHUMN U MPAKTUYECKUX HABBIKOB HA MPAKTUYECKOM 3aHITHH.

®opmupyembie komnerennun: OITK-1

AKTYaJIbHOCTh TEMbI: AKTYaJIbHOCTh MPAKTUUECKOTO 3aHATHUS COCTOUT B
TOM, UTO 3HAHUS, YMEHUS U HABBIKU, TIOJIyYCHHBIC B X0J1¢ pabOThI, OyIyT
WCIIOJIb30BaHBI JIJI BEIOOPA ONTHMAIbHBIX TEX-HOJOTHH U ITapaMeTPOB
MIPOU3BOJICTBEHHBIX MPOIIECCOB U MPU HAMTUCAHUU JTUTIIIOMA.

TEOPETHUYECKAS YACTD

Karanutnueckuii puopMHHT.
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[Ipomnecc kaTanuTrueckoro pudopmMuHTa NMpeHA3HAYEH JJIS TIOBBITIICHUS
JIETOHAITMOH-HOM CTOMKOCTH OCH3WHOB U MOJIyYEHHUS apOMAaTHIECKIX
YTIE€BOAOPO/IOB, INIABHBIM 00pa3oM O€H30J1a, TOIYyosa U KCUJIOJNOB, a TAKXKe
BOJIOPOACOAEPKAIUI ra3, KOTOPBIM IIMPOKO UCTOJIb-3YIOT B MPOIIECCAX
TUAPOOYUCTKHA HEPTIHBIX AUCTHILIATOB. [Iponecc karanutuyeckoro pudop-
MHUHTIa, OCYIIECTBISIEMbIN IO AaBJIECHUEM Bogopoaa u temneparype 10 510 oC,
BKJIFOYAET TPYU OCHOBHBIX THUIIA PEAKLIHMI, KOTOPHIM MOJBEPTAOTCS YTIIEBOAOPO/IBI:
apoMaTu3alfio, H30Mepu3a-1uio0 U TUAPOKpEeKUHT. Hanbosee BaxHy10 poib
UTPAIOT PEaKINK, BEAYyIIHe K 00pa30BaHUI0 apOMATUUYECKUX YIIIEBOJOPOIOB B
MPUCYTCTBUM KATAIU3ATOPA.

Karanuzatopsl. Ha ycTaHOoBKax pudopMuHra npuMeHsI0TCSI TPU TUTIA
KaTaJIN3aTOPOB: MOHOMETAJUIMYECKHUE, OUMETAIUNTMUECKUE U TTOJIMMETAUTMYECKUE.

KomMmnonenTamu katanu3aTopoB pudopMUHTa SBISIOTCS IUIATHHA, HOCUTEIb
(y - OKCHJ] QJIFOMUHUS) ¥ TAJIOTE€H B Ka4e€CTBE KUCIOTHOTO IMTpoMoTopa. B
MOJMMETAJUIMYECKUE KaTaIN3aTO-Pbl BBOJIAT JOMOJIHUTEIBHO IPYTUE METAILIBI,
Pd, W, Pb, Re, Mo, KkoTopbie BBITIOIHSIOT pojib IpoMoTopoB. Coieprkanue
rmatussel B 1,5-1,7 paza Huxke, 4eM B MOHOMETAJUTMYECKUX.

Karanuzatopsl pudopmuHra coCcTOST U3 HOcUTENsT — okcunaa y-A1203 u
METaJUIMYeCcKOn (Da3pl — MIIATUHBI U COKATAIM3aTOPOB THUIA PEHUS, UPUIHS,
cepedpa u Ipyrux MetaioB. MHO-Toa3HOE COCTOSIHUE KaTaau3aTopOB
pudopMHHTa onpeiesieT MoJu(YHKIIMOHAIBHOE UX BO3-/ICUCTBUE HA
MpEeBpaIleHUEe YIIIEBOA0POAOB OCH3UHOBBIX (DpaKIuii B YCIOBUAX PUDOPMUHTA.

B npoMBIIIIEHHBIX YCTOBUSIX MPUMEHSIOT B OCHOBHOM CJIEAYIOIIUE TUIIbI
karanu3ato-poB: Pt,Re/y-Al203, Pt,Ge/ vy -Al1203, Pt,Ir/ y -Al203, Pt, Sn/ vy -
Al203. Ha noBepxHoCTb KaTanuza-topa HaHocutcs ot 0,3 1o 0,6% mac. Pt u ot
0,3 1o 0,5% mac. cokatanuzaropa. [Ipu MeHbllIeM coJiepKaHNUU ITATUHBI Ha
OKCHJIC aJTFOMUHUS TIOBBINIACTCS KOKCOOOpa30BaHUE HA KaTaau3aTtope, mpu bosuee
BBICOKOM coJiepKanuu Pt Ha HOcUTENe pacTeT J0Js Impolecca THAPOKPEKUHTA

yTJIe-BOJIOPOJIOB.
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JIJist TPOMOTHUPOBAHUST KaTaTN3aTOPOB, TIOBBIIIEHUS UX TEPMOCTAOUITLHOCTH
U YCTOMYU-BOCTH K fJ1aM UCIOJIb3YIOT J00ABKH B HUM TaKUX METAJIJIOM Kak, Me/lb,
IIUHK, KagMui, uaauii, P332 (ma"TaH, nepuii, HEOUM), TUTaH, CyphbMa, HUOOUH,
TaHTaJ, XpOM, MOJHO/ICH, MapTaHell, KeJIe30, KoOaIbT, HUKEIb, PyTCHUN U POIHA.

OTH COKaTaJIM3aToOpbl MOXKHO Pa3ACUTh HA JIBE TPYIIIbL: OAHA U3 TPYII
METaJUIOB - PpPEHUW, UPUIWA, XpOM, MeAb MW TepMaHUNd — YCHIHUBAIOT
TUJIPOAETUAPOLMKIN3YIONIME CBOMCTBA IUIATUHOBOTO KaTalld3aTopa, a BTOpas
rpynmna, K KOTOpPOW OTHOCSTCS OCTaJbHbIE METAJIbI, YCUJIMBAET YCTOWYMBOCTH
KaTajiu3aropa K sjaM, T[IOBBIIAET €ro  TEePMOCTAOMIBHOCTH, CHHUXKAET
TUAPOKPEKUPYIOIINE CBOMCTBA.

Jlns  ycwiieHusT KHUCJIOTHOM (DYHKIIMM HOCHUTENS, €ro H30MEpHU3YIOIIei
CEJIEKTUBHOCTHU B HEM MOHBI KUCIIOPOJA 3AMEHSIOT Ha TaJIOTCHBI.

Meramnuyeckas (a3za KaraauzaTopa OINpeaeiseT THUIPUPYIOIICACTHI-
PUPYIOIINE U JETUIPOLMKIN3YIOIINE CBOMCTBA, & TAKKE BOCCTAHOBJICHUE KOKCA B
IIOTOKE BOJIOPO/A.

TexHoyoruss MpUroToBICHUs KaTaiauzatopa pudopmuara. KaramuzaTopsl
pudOpMUHTa B TPOMBIILJICHHBIX YCIOBUSX TOTOBSIT METOJIOM MPOMUTKA HOCUTES
v -A1203 BOJHBIMU pacTBOPAMU COJIEH IIATUHBI, PEHUS, UPUUS WUIH TePMaHUS U
JIPyTUX MeTaIoB. [ MpOM3BOACTBA ATHUX KaTaau3aTOPOB MOXKHO MPUMEHSTH
METOJbI aACOPOLUM COCAMHEHUNW METAUIOB Ha TMOBEPXHOCTH HOCHUTENS WU
COOCXKJICHHSI THUJAPOTEJICH TPUOKCHIA AJTIOMUHHUA M COJIEM COKaTajau3aToOpoB, C
MOCIIEYIOIIMM HAHECEHUEM Ha 3TOT HOCUTEIb COCAMHECHUH TIJIATUHBI.

Cpoxku city»0bl KaTaau3aTopa 3aBUCST OT YCIOBUM dKCIUTyaTaluu, JJIs
MOJUMETAUTMYECKUX KaTaau3aTopoB 6-7 jeT. KaTanuTudeckuMu sijaMu SIBJISIFOTCS
KOKC, METAJUIOPTAaHUYECKUE COCIMHEHNWSI CBUHIIA, ME/IU, MBIIIBAKA B ChIPHE U
OKCHUJI yriiepoaa. AKTUBHOCTh CHUKAETCS IPU HAJIMYHUU B ChIPhE BJIATH,
CEPHUCTBIX M a30TUCTBIX COCAUHEHUM.

BOITPOCHI 1 3AJIAHUA:

1. KatanuzaTtopsl

2. KOMIIOHEHTHI KaTalinu3aTOpOB
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3. Tunbl KaTaIU3aTOPOB

4. TexHONOTHsI MPUTOTOBIICHUS KaTanu3aTopa pudopMuHTa

[IpakTuyeckoe 3ansTue 9. MeToabl UCCIIEIOBAHUS TEXHOJIOTUYECKUX
XapaKTEPUCTHUK KaTaJIu3aTOPOB.

[ensb: [lenbro MpakTUYECKOTO 3aHATHS SBJISIETCS 3aKPEIUICHUE 3HAHUM,
MpUOOpPETEHUE YMEHUMN U MPAKTUYECKUX HABBIKOB HA MPAKTUYECKOM 3aHSATHH.

®opmupyembie komnerennun: OITK-1

AKTYaJIbHOCTh TEMbI: AKTYaJIbHOCTh MPAKTUUECKOTO 3aHATHUS COCTOUT B
TOM, UTO 3HAHUS, YMEHUS U HABBIKU, TIOJIy9CHHBIC B X0J1¢ pabOThI, OyIyT
HCIIOJIb30BaHBI JIJI BEIOOPA ONTHMAIbHBIX TEX-HOJOTHH U ITApaMeTPOB

IMPOU3BOACTBCHHBLIX IMMPOUCCCOB U IIPU HAITMCAHWHU AUIIIIOMA.

TEOPETUYECKAA YACTb
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HccnenoBanue KaTaau3aToOpoOB JOJKHO HOCUTh KOMILJIEKCHBIN XapaKTep,
00eCIIeYnBAOIINIA BRISIBIICHHE UX OCHOBHBIX MIOTPEOUTEIIBCKUX XapaKTEPUCTHK.

K HMM OTHOCSITCSI: aKTUBHOCTb, MEXaHUYECKasl MPOYHOCTh U CTAOMIILHOCTH B
pabore.

PesynbTupyronieit 1 «riiaBHOW» XapaKTepUCTUKON SBIISIETCS AKTUBHOCTD,
MoKasaresieM KOTOPOH B 3aBUCMMOCTH OT UCIIOJIb3yEeMOU METOJIUKH MOTYT OBITh
CTENEHb NPEBPALLECHUS BEIlIe-CTBA, KOHCTAHTa CKOPOCTH PEAKLIMH U MTPOCTO
CKOPOCTb.

CymectByeT 00b11101M HAOOP METO0B, TO3BOJISIONINX PUKCUPOBATH
CBOMCTBA KAaTaJIM-3aTOPOB. DTO ONPEEICHIUE XUMUYECKOTO U (pa30BOro COCTABOB.
[Ipu ux U3yyeHUr MOTYT OBITH UCIIOJIH30BAHBI PUEMBI «MOKPOI» XUMUU,
pEeHTreHo(ha30BbIi aHAIU3, PEHTTC€HOBCKas (POTOSJIEKTPOHHAS CLIEKTPOCKOMHS
(PDOC), anexkTpoHHAS U CTIEKTPOCKOIIHS.

Tak kak npu BEJEHUU F€TEPOTCHHBIX MPOLIECCOB YPE3BbIYAHO BAKHBI TAKUE
XapaKTEPUCTHKH, KaK IOCTYITHOCTb U IJIOLIAb TOBEPXHOCTH KaTaau3aTopoB, TO
ONpEICIICHNS UX MPEICTABICHBI IIMPOKUM CHEKTPOM METOJI0OB UCCIEOBAHUS. JTO
M3MEpPEHUE CYMMapHOM IJIOIIA U TOBEPXHOCTH KOHTAKTHOM Macchl, MOBEPXHOCTH
HAaHECEeHHOI 0 MeTalljla U 00beMa Mop M0 acOpOLUU Ta30B; ONPEEIICHNE
pacrpenesneHus nop no paMepaM METOJI0M PTYTHOM MOPOMETPUU U Ap.

N3ydenne MexaHWn4eCcKo MPpOYHOCTH KOHTAKTHBIX MAacC TaKKe
MHOTO00pa3HO U OMPEEIAETCs THAPOIUHAMHUYECKUMHU PEAKITMOHHBIMU
ycioBusiMu. Ecnin uMeer MecTo puibTpyronui Cioi, To 3aMepsieTcsl IPOYHOCTh
MaTepHuaia Ha pa3JaBIuBaHUE, €CIU KUMAIIUNA CJIOU, TO ONPEAesaeTCsS HHIEKC
WCTUPAHUS.

Pa3paboTka MeTOA0B HCCEeAOBaHUS KaTalu3aTOPOB B HACTOSAILEE BpEMs
orepexaeT ux pa3padoTky. OcoOEHHO MHTEHCHUBHO UJET Pa3BUTHE U3YUCHUS
paboTaroIIero KaTaau3aTopa.

WccnenoBanue cocraBa, CTPYKTYPhI M CBOMCTB KaTalU3aTOPOB

OCYIIIECTBIISIETCS C IIEJIbI0 pa3pabOTKU METOJ0B M MPUOOPOB KOHTPOJIS U
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YIPABJICHHS MPOIIECCOM CHHTE3a U 2(P(HEKTHBHOM IKCIUTyaTaIlN TBEPABIX
KaTaJnu3aToOPOB.

[Iporecc cuHTE3a TBEPABIX KATAIIM3ATOPOB COMPOBOKIACTCA KOHTPOJIEM U
YIIPABJICHUEM CIEAYIOIINMU IEPEMEHHBIMU: KAYECTBOM CHIPbSI, ISl CHHTE3a
KaTaJIM3aTOPOB; KAYECTBOM PACTBOPUTEIICH, COCTABOM M PACXOJ0OM PaCTBOPOB,
BPEMEHEM CHUHTE3A IOJIYIIPOTYKTOB HA KaXKI0W CTaINH, TEMIIEpATypPOH B
PEAKIHOHHBIX €EMKOCTSX, KOHIIEHTPALIMEN U PACXOJI0OM AKTUBUPYIOIINX
KaTaJIM3aTOpP PaCTBOPOB, TEMIIEPATYPOM CYIIKHU U NMPOKAIMBAHUSA, COCTABOM
MapOBO3AYIIIHON CMECH; CTENEHBIO OKUCIICHUS, BOCCTAHOBIICHUS,
rajoreHUpPOBaHUS, CYJIbPUPOBAHUS KATATU3aTOPOB, IPAHYJIOMETPUUECKUM
COCTaBOM, TEKCTYpPOH, CTPYKTYpOH KPUCTAIUUECKON 1 aMOp(HOH pelIeTKH
TBEPABIX KATAIU3AaTOPOB U IPYTUMH MapaMeTpaMu. JTH MMOKa3aTeIu MpoLecca u
KaTaJIM3aTOPOB MOTYT PETUCTPUPOBATHCS M UCCIIEIOBATHCS HA ITOTOKE WA B
CTAaTUYECKUX PEaKTOpaxX, B JAOOPATOPHBIX YCIOBUIX UM Ha KaTaIU3aTOPHBIX
dhabpukax 17151 TAOJIETUPOBAHHBIX, IIAPUKOBBIX U MUKPOCHEPUUECKUX
KaTaJIM3aTOPOB.

Mertob1 UCCIeIOBaHUS KaTaaIu3aTOPOB: aJICOPOIIMOHHBIC, CIIEKTPAJIbHEIE,
Pano4acTOT-HbIE, U30TOIHBIE, MATHUTHBIE, SJIEKTPOCTATUUECKUE, OIITUYECKHUE,
TepMOTpaBUMETpUUECKHE, HEUTpOHOTpapUIeCKre, MUKPOCKOITUUECKHE,
KaJIOPUMETPUUYECKHUE, NHIUKATOPHbBIE, MOHHBIN OOMEH U JIp.

Mertons! onpenenenust akTuBHOCTH. Hanbouee cyiecTBeHHOM
XapaKTePUCTUKOMN JTH000r0 KaTaanu3zaTopa sBJISICTCSl €r0 aKTUBHOCTH B
OMPEICICHHOM KaTaJTuTUYECKOM mpoliecce. BbIOOp MeTOauKH HCcCiie10BaHus
aAKTUBHOCTH CBSI3aH C OCOOEHHOCTSIMU PEAKITU, YCIOBUSMHU SKCIIEPUMEHTA U T. 1.

Mepoii KaTAIMTHYECKON aKTUBHOCTU MOYKET CIIY)KUTh CKOPOCTh IIPOTEKAHUS
pEaKUHU B UCCIIEAYEMOM HANPABICHUM B PUCYTCTBUM KaTanu3aropa. [Ipu onenke
AKTUBHOCTU KOHTAKTHBIX MacC B TIPOU3BOJICTBEHHBIX YCIOBUSIX OOBIYHO
BBIYHUCIISIIOT CKOPOCTh PEAKIIUU 110 OTHOIICHUIO K €UHUIIE 00beMa V KOHTaKTa.

JIns onpeniesieHust yAEIbHOW KaTAIUTUYECKON aKTUBHOCTH, UM aKTUBHOCTHU

€UHULIBI TOBEPXHOCTH, HEOOXOAMMO 3aMEPUTh BCIO BHYTPEHHIOO TLJIOIIA/Ib
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MOBEPXHOCTH U MOJHOCTBIO €€ UCIOJIb30BaTh B PEAKLUH, T. €. BECTU ITPOLIECC B
KHHETHYECKOMU 00JIaCTH.

Cy1ecTByeT MHOTO Pa3JINYHbIX METOZOB ONPECICHNS KHHETUYECKUX
XapaKTEPUCTHK, KOTOPBIE MOTYT OBITh pa3/IeJICHbl HA IB€ OCHOBHBIE TPYIIIIbI:

1) ctaTueckue, OCyIIECTBISIEMBIE B 3aKPBITHIX CUCTEMAX U 2) IPOTOYHBIE -
B OTKPBITBIX CUCTEMAX.

Cratuueckuili METO/I.

Peakuuio  mpoBoAsST B 3aMKHYTOM  O0BbEME J0  YCTaHOBJICHUS
TEPMOJIMHAMHYECKOTO PAaBHOBECHS JTMOO 1O IMOJHOTO MPEBPAIIEHUS OJHOTO M3
UCXOJHBIX peareHToB. KOHIIEHTpanus peareHToB HM3MEHSETCSs OT MCXOAHOU [0
PAaBHOBECHOM, COOTBETCTBEHHO M3MEHSETCS U CKOPOCTh PEAKUHUHU IO 3aKOHY
JEHCTBYIOINX Macc (OCHOBHOMY 3aKOHY KHHETHKH).

Crarnueckre METOABI MOXXHO IPUMEHATh JIMIIb JUISL  WU3Y4YEHUs
KaTaJIM3aTOPOB CTALIMOHAPHBIX B OTHOILIEHNH PEAKIIMOHHBIX CMECEH.

[IpoTtouHble (AMHAMUYECKUE) METOIBI.

Haubonee pacnpocTpaHeHHBIMH SIBJSIFOTCSI TPOTOYHBIE METOABI MU3MEPEHUS
KATAJIMTUYECKONM aKTHUBHOCTH. B MpOTOYHBIX YCTAHOBKAX IIOTOK pPEareHTOB
OPOMYCKAlOT C OINpEAENCHHOW CKOPOCTBIO 4Yepe3 PpEeaKUHOHHBIA 00beM,
CoJlepKalllMi  KaTaJn3aTop, M IPOU3BOIAT 3aMepbl IapaMeTpoOB IMpoLEcca,
aHaJIM3bl COCTaBa Ha BXOJIE B PEAKTOP, HA BBIXOJE M3 HEr0 U MO BO3MOKHOCTHU B
pa3IMyYHBIX TOYKax 3TOro oobema. [IpoTouHble METOHABI MO3BOJIAIOT MPOBOAUTH
KMHETHYECKHE HCCIEAOBaHUS B YCTAHOBUBIUUXCS YCIOBMSIX, T. €. TIpHU
MOCTOSIHCTBE HCXOJHBIX KOHLEHTpaUWW, TeMIeparyp, MAaBi€HUsS, CTENEHU
NEepEMENIMBAHUS U JIPYTUX [apaMeTpoB B KaXJOM OTAEIbHOM ombiTe. [lpn
nepexoAe OT OJHOrO OMbITa K JIPYyromMy HU3MEHSIOT OIpECNICHHbIE Mapa-MeTpbl
Ipoliecca Ha 3a/IaHHOE 3HAYEHHUE.

[IpoTOYHBI METOJ SBISETCS MHTErPAJBbHBIM U HEMPEPBIBHBIM M IO3BOJIAET
OCYUIECTBJISTh TMpPOILIECC KaK YroJHO [OJIT0 MpHU 33JaHHBIX KOHIIEHTPALUSX,
TEMIEpaTypax, AaBICHUAX, JUHEUHBIX U OOBEMHBIX CKOPOCTSAX Ta30BOr0 MOTOKA

Ha BXOJE B PEaKTOp. ECTECTBEHHO, UTO KOHLIEHTPALIMU PEATHPYIOIINX BEIIECTB U
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Jpyryue MapaMmeTpbl HW3MEHSIOTCS MO JJuHE (BBICOTE) peakTopa B pe3yJbTare
XUMUYECKOTO TIpeBpamieHus. AmnmaparypHoe OGOpMIICHHE TaKHUX YCTaHOBOK
MIPOILIE, a YYBCTBUTEIBHOCTh HUKE, YEM CTATHUECKUX.

[Ipy wcnosp30BaHMKM NOPOTOYHOTO METOAA C  HEMOJBUXHBIM  CJIOEM
Karajgu3aTopa B peakTope OOBIUHO JOMYyCKaloT, YTO JBHUXKEHHE ra3a B CIJOE
KaTajau3aTopa OTBEYAET PEKUMY HJI€aTbHOTO BBITECHEHHS, T. €. MpeHeOperaror
paadAIbHBIMU TPAJIMCHTAMHU TABJICHHUS, TEMIIEPATYPbl, KOHLIICHTPALIUH.

OCHOBHO€ JTIOCTOMHCTBO MPOTOYHOTO METOAA — BO3MOYKHOCTh OINPEACIECHUS
KaTaJUTUYECKOW AKTUBHOCTH TNIPU CTAllMOHAPHOM COCTOSIHUM KaTajau3aTopa.
CylleCTBEHHBI HEAOCTATOK — HEBO3MOXHOCTH IMPSIMOTO M3MEPEHUSI CKOPOCTH
pEAaKLMU U TPYAHOCTH OCYILECTBICHUS B PEATIbHBIX YCIOBUIX PEXKUMA UACATIBHOTO
BBITECCHCHUSL.

Psn mpeumyiiecTB NpOTOYHOTO MeToja (TPOCTOTa KOHCTPYKTUBHOTO
oopMIICHUS, HEMPEPHIBHOCTh Pa0OTHI, BO3MOKHOCTh MPOBEPKHU KaTajau3aTropa B
YCIOBUSX, OJM3KUX K TIPOU3BOJICTBEHHBIM) OOECIEUUIIM €My ILIUPOKOe
IIPUMEHECHUE IIPU H3YYCHUM KATAIUTUYECKUX PEAKUUM OKUCIEHUS OKCHIA
yriiepozaa, OKCUIa Cephl.

besrpagreHTHBI NPOTOYHO-UMPKYJISUUOHHBIM METOJ OCYLIECTBISIOT B
YCIOBUSIX IPAKTAYECKOIO OTCYTCTBUS B PEAKLIMOHHOM 30HE MEPEIaioB
KOHIEHTpalui W Temneparyp. [IpyHUMN €ro npPUMEHUTENbHO K HW3YYEHHIO
KUHETUKH TE€TEPOTCHHBIX KATAJIUTUYECKUX PEAKUMM BIEPBbIC IPEMIOKEH
TemkunbiM, Kunepmanom wu JlykpsHoBou. IlepememmBanne B INPOTOYHO-
HUPKYJISIHIUOHHOMN CHUCTEME JOCTUTaeTCs WHTEHCUBHOU HUPKYJISIHEN
PEaKIMOHHON CMECH Yepe3 KaTalnu3aTop B 3aMKHYTOM 00beMe TP HEMPEPHIBHOM
MOCTYIUICHUM W  BBIBEICHUM Ta30BOTO  IOTOKA, MPUYEM  KOJIUYECTBO
HUPKYJIUPYIOLIETO ra3a JOJKHO 3HAYUTENIBHO MPEBBIIATh KOJWYECTBO BHOBH
BBOJMMOI'0 UCXOAHOTO rasa.

NmnynbcHBIE METOABI

NmnynbcHBIE METOIBI UCCIEAOBAHUS AKTUBHOCTH KATaIU3aTOPOB HAXOJAT B

MMoCJICAHEC BPEMA IMPOKOC NIPUMCHCHUC. Onn npeaycMaTpruBarOT UCII0JIb30BaAHNC
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XpomaTorpaduueckoro ajcopOeHTa B KayeCTBE KaTalau3aTopa C MEepUOIUYECKON
nmojladeil Ha HEro pearupyromux BemecTB. B xpomaTtorpaduueckoil KoJOHKE
MPOUCXOJUT PA3LAECICHUE TPOAYKTOB M HEMPOPEArMPOBABIIMX KOMIIOHEHTOB
PEaKIHOHHON CMECH.

B uMIOylIbCHOM  KaTalUTUYECKOM MHUKPOPEAKTOPE UYepe3  CUCTEMY
MPOIYCKAIOT C MOCTOSIHHOM CKOPOCTBIO Ta3-HOCUTENb (MHEPTHBIM WIM OJIUH M3
pEeareHToB), B KOTOPbIM BBEJECH peareHT. M3 peakTropa ra3-HOCUTEIb NOCTYIAET B
TEPMOCTATUPOBAHHYIO KOJIOHKY ra3oBOro xpomarorpada U 3aTeM B JETEKTOP.
Meton mo3BOJIIET 332 KOPOTKUH CPOK OLIEHUTh OTHOCUTEIBHYIO aKTHBHOCTH M
CEJIEKTUBHOCTH OOJIBIIOTO YKCIIa KaTaau3aTOPOB MPU PA3IMYHBIX TEMIIEpaTypax.

MItynbCHBIE METOABI HE MPUTOAHBI UL ONPEIEICHUS KaTaIuTHYECKOU
aKTUBHOCTU B CTAallMOHAPHBIX YCIOBUsAX. M3ydas UMITYJIbCHI, CIEAYIOLIKE APYT 3a
APYyroM IIpM IIOCTOSSHHOW TEMIEpaType, MOKHO IPOCIECIUTh HW3MEHEHUE
KaTajan3aTopa €Ile 10 HACTYIUIEHUS CTAMOHAPHOTO COCTOSIHHUSI.

HccnenoBanue CTpyKTypHI.

K d4uncny BaKHEMIIMX XapaKTEPUCTUK KOHTAKTHBIX MAacC OTHOCHUTCS MX
MOpUCTasl CTPYKTypa — pa3Mep NOBEPXHOCTH, CyMMAapHbIi OObeM MOp W HX
pacnpeseseHue o paguycam.

PaccMOTpuM ~ HEKOTOpBIE  METOIBI  OINPEAEIIEHHUS  MAKPOCTPYKTYpHI
KaTanu3aTopoB. Bce OHM HaleXHbI, HE OYEHb CJOKHBI MO3TOMY MOTYT OBITh
IPUMEHEHBI HA MPEANPUATHSX, BBIITYCKAIOIUX KOHTAKTHBIE MAacCChl, HOCUTEIHN U
COpOCHTHI.

AJicopO11ust Kak croco0 onpeiesieHusi TOBEPXHOCTH.

CymHOCTh JaHHOTO METOJA: 3TO M3MEPEHUE MOBEPXHOCTH KaTaJIU3aTOPOB
IpU UCCIIEOBAaHUU (PU3MUECKON aJcCOpOIMU ra30B MpHU TeMIeparypax, OJIU3KUX K
UX TOYKaM KUIIEHUS.

IlepBoe TEOpPETHMUECKOE ypABHEHUE, ONUCHIBAIOLIEE CBS3b  MEXKIY
KOJIMYECTBOM aJCOPOMPOBAHHOTO ra3a W €ro pPaBHOBECHBIM JIaBIICHUEM IIPU
IIOCTOSIHHOM TemIieparype, npemioxkeno Jlearmropom. [Ipu 3Tom nipenmnosiaranocs,

4TO acopOLuUsl OrpaHUUYEHa 00pa30BAHUEM MOHO-MOJIEKYJISIPHOTO CJIOSI M Paguyc
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JIEUCTBUS TTIOBEPXHOCTHBIX CHUJI OY€Hb Maj, a MOTOMY aJCOpPOMpPOBATHCS MOTYT
TOJIBKO T€ MOJIEKYJIbI, KOTOPBIE YIAPSAIOTCS O YUCTYIO MOBEPXHOCTh. MOJEKYIIBI,
yaapsmoomuecss o0 yXe aJcopOMpOBaHHBIE MOJIEKYJIbI, YIPYro OTpaxkaroTcs Hu
BO3BPAIIAIOTCS B Ta30BYIO (ha3zy.

VYpaBHeHuto JleHrMioopa NOAYMHSETCS TOJIBKO HE3HAUYUTEIBHOE YHCIIO
uzorepM ajacopbumuu mnapoB. CyliecTByeT NSATh TUIOB H30TepM (PU3ndYecKoi
azcopOIUU MapoB

Mertonbl onpeeneHus HOBEPXHOCTH 110 U30TEpMaM aicopOLru

OTH METOJIbl JENIAT Ha TPU OCHOBHBIE TPYIIbl: OOBEMHBIE, BECOBBIE M
METO/Ibl, OCHOBAaHHBIC HA U3MEPEHUH TEIJIOMPOBOIHOCTU (TMHAMHYECKUE).

B o6beMHOM MeTo/i€ TP JIaHHOM JIaBJICHUH W3MEPSIIOT U3MEHEHHE 00beMa
rasza, KOTO-po€ U CIIy>)KUT MEpPOW KOJIMYeCTBa aJicOpOMpOBaHHOrO BemiecTBa. [lpu
paboTe BECOBBIM METOJIOM OIPEACNSIIOT MpuBeC TBepaor (a3el (agcopOeHT-
ajcopbar), 0OycJOBJIEHHBIM ajcopOuuel raza. B Meromax, OCHOBaHHBIX Ha
U3MEPEHUH TEIUIONPOBOJHOCTH, HCIOJB3YIOT SUEHWKY, KOTOpas IO3BOJSET
ONpENEIUTh M3MEHEHUE TEIUIONPOBOJAHOCTH IIOTOKA Tra3a, MPOXOJAIIETO Hal
COpOEHTOM, BCIEACTBUME M3MEHEHHUs COCTaBa ras3a, BbI3BAHHOIO aJIcopOLUend WM
necopbuueii. B Hacrosimee Bpemsi Hanbosee pacpoCcTpaHeHbl 00bEMHBIE METO/IbI
OnpeIeJICHHS MOBEPXHOCTH. JluHamuueckue METO/IbI npuoopenu
pacnpocTpaHEHUE B CBA3M C pa3BUTUEM Ia30BOIl XpoMaTorpapuu.

B ocnoBe xpomaTtorpaduyeckoro Merojaa JexaT MPOIECCHl aacopOIuu -
JecopOIi, COBMEIICHHBIE B OJHOM KOJIOHKE Oousibliol manuHbl. I[lpu 3TOM
HenoABWXHas (asza (aacopOEHT) HEMpEepbIBHO aACOpOMpPYET aKTUBHBbIE K HEH
KOMITOHEHTHI, JBUXKYIIHECS B 0OIIEM MOTOKE Ta30BOTO HIIN KHIKOTO HOCUTENS, U
CO CIBHUIOM IO BPEMEHHU J1eCOpOMpYET MX M ITOT k€ MOTOK. Xpomarorpadueit
HA3BIBAIOT MPOIIECC, OCHOBAHHBINM HA MEPEMEIIEHUN aJCOPOITMOHHON TUCKPETHOM
30HBI BEIIECTBA BIOJb CIIOS a7ICOPOEHTA B TIOTOKE TOJIBIKHOM (Da3bl U CBSI3aHHBIN
C MHOTOKPAaTHBIM IOBTOPEHHEM COpPOIMOHHBIX M JECOPOIIMOHHBIX AaKTOB B

HaIlpaBJICHUHU ABHIKCHUA HOI[BH)KHOﬁ (1)21351.

40



B cocraB xpomarorpada ¢ Ta30BbIM HOCHUTENIEM BXOMAST: HCTOYHHUK
HENPEPBIBHOM TMOAAaYu HOCHUTENs (TOABMKHON y3€d1 TOYHOTO JO3HPOBAHUS
aHaNMM3UpyeMord  mpoObl  (KpaH-1103aTop); XpomaTtorpaduyeckas KOJIOHKA;
JETEKTOp, TEHEPHUPYIOMIMI CHTHAAbl O BBIXOJAE W3 KOJOHKA KOMIIOHEHTOB
pa3zensieMoro BEIIECTBA; PETUCTPATOP ITUX CUTHAIOB U U3MEPUTENh pacxoja HO-
CUTEJISI HA BBIXOJIE€ U3 KOJIOHKHU.

Xpomarorpadudeckiuii METOJA ONpEeeNieHUsT TOBEPXHOCTH HMEET Pl
MPEUMYIIECTB O CPABHEHUIO CO CTATUUECKUMU: XpoMaTorpauueckue yCTaHOBKU
HEe TpeOyIOT BaKyyMHOH ammapaTypbl; OHA 3HAYUTEIBHO MPOIIE B MOHTaXE; CaMo
OTpe/IeTICHNEe 3aHMMAaeT Topa3[l0 MEHbBIIEe BPEMEHH, SABISAACH MPU ITOM Oojee
YYBCTBUTENLHBIM (MOKHO OIPEAEIATH II0mans nopepxuoctu B 0,01 M?/r).

CymHocTh METO/Ia 3aKJII0YaeTCs B TOM, YTO U3 CMECHU ajicopbara ¢ razom-
HOCUTEJIEM IMPOU3BOJAT TMOIJIOIIEHUE ajcopbara HpH OXJaXKIACHUM oOpa3ua
ancopOeHTa /10 TeMIepaTypbl >KUJIKOIO a30Ta. OJTO BPEMEHHO MPUBOAMUT K
YMEHBIIIEHNWIO KOHIICHTpAlMu ajacopbara B CMECH, NPOXOJAIICH dYepes
U3MEPUTENIbHYIO SYEHKY KaTapoMEeTpa, YTO PETUCTPUPYETCS MOTEHIUOMETPOM U
(buKcupyeTcs Ha JuarpaMme caMonucua B BuAE aAcopOmuoHHoro mwuka. Ilo
JOCTHKEHUM paBHOBECHs B CHUCTEME KarTajlu3aTop—Ta3 I[epo caMoMHcLa
BO3BpallaeTcs B IpexkHee nojoxeHue. [Ipm komHaTHON Temmeparype oOpasua
KOHLIEHTpalusi ajacopdbara B CMECH B pe3yibTare JecopOlUrHd BpPEMEHHO
BO3pacTaer, M O3TO H3MEHEHHE JaeT Ha JAuarpaMMe JIecOpOLMOHHBIA THK,
HaIpPaBICHHBI B MPOTHUBOMOJIOKHYIO CTOPOHY OT HYJIEBOW JTMHHHM KaTapomeTpa
(IeTeKTop MO TEIUIONPOBOJHOCTH) MO OTHOLIEHUIO K aJCOPOLUMOHHOMY IHKY.
[Tnomane ancopOLMOHHOTO MHKAa Ha XpoMmaTorpaMMe MpOINOpLHOHAIbHA
KOJIMYECTBY aJicopOMpoBaHHOrO ajcopoOara. [Ipu sToM miomaau aacopoIrmoHHOTO
U 1eCOPOIIMOHHOTO MUKOB OyIyT PaBHBI.

Bri6op raza-Hocurens umeeT OOJBINIOE 3HAYCHUE BO BCEX aICOPOIMOHHBIX
METOJIaX, B TOM YHCJie U B Xpomarorpapudeckom. Jlydie Bcero B KauecTBe rasa-

HOCHUTCJIA UCITOJIB3YIOTCA MHCPTHBIC I'a3bl K1 a30T.
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VYcraHoBKa I ONpEAENIeHHs IUIOIIAAM IOBEPXHOCTH Karajau3aTropa
XpoMOTOTpadhuIeCKUM METOJIOM COCTOUT U3 CUCTEM OUMCTKU Tra30B, JO3UPYIOIINX
YCTPOMCTB, aJICOPOCHTOB M U3MEPUTEIILHON YacTH.

OnpeneneHrne MEXaHUYECKOM MPOYHOCTH.

[IpruMeHeHnEe BBICOKHMX JAAaBJICHHM, TEMIEPATyp M CKOPOCTEN, KOTOPBIMHU
XapaKTepU3yeTcsi COBPEMEHHOE pa3BUTHE XHWMHUH, HEBO3MOXKHO 0€3 3HaHHs
MEXaHUYECKUX CBOWCTB MCIOJB3YEMBIX MAaTEpUajoB, B TOM YHUCJIE COpPOCHTOB U
KaTaJIu3aTopoB. OJTH MAaTEpHUANIbl, KaK NPaBUJIO, SBISAIOTCA JUCIEPCHBIMU
cucteMaMu. OCOOEHHOCTH JTUCHEPCHBIX TEJN OMPEACIAIOT HHYI0, OTIUYHYIO OT
CIUIOLIHBIX MAaTE€pUaOB, 3aBUCUMOCTbh MPOYHOCTH OT XapakTepa HaIpsSKEHHOTO
COCTOSIHHUS.

OCHOBHBIE TMOJIOKEHHUS, OTPAKAIOIIME CHEUUPUKY TOHKOJIUCIEPCHBIX
IOPUCTHIX TEJI, CICTYIOLIHUE:

1) mpouHOCTH Takux MaTEpUajOB 3aBUCUT HE CTOJBKO OT IPOYHOCTHU
NEPBUYHBIX YACTHUL, 00OPA3YIOMINX TEJIO, CKOJBKO OT XapaKTEpa KOHTAKTOB MEXIY
HUMU;

2) 4YUCIO KOHTAaKTOB ONPENEISETCs pPa3MEpoOM IMEPBUYHBIX YacTHUL[ H
CIIOCOOOM HX YIMaKOBKH - CTPYKTYpOii;

3) KpynHble MOpPHl HE TOJBKO YMEHBIIAIOT YHCIO KOHTAaKTOB B JIAHHOM
CEUYECHHH, HO U SIBISIIOTCS KOHIIEHTPATOpPaMH HANPSHKEHUM U MOATOMY OCOOEHHO
PE3KO MOHMKAOT IPOYHOCTB;

4) NmomoOHO CIUIOUIHBIM, TOPUCTBIE Te€la B 3aBUCUMOCTH OT NYTH UX
MOJIYYEHHUS] XapaKTEepPU3YIOTCS ONpPENENCHHBIM pachpeaesneHueM (Makpo- U
MUKPOCKOITMYECKHUX) BHYTPEHHUX HANPSKEHUI; TOCIEHUE CHUKAIOT MPOYHOCTH
IIPU SKCIUTyaTaluu;

5) BaXXHOH XapaKTepPUCTUKOW SBISAETCS MPOYHOCTh HWHJUBUAYAIBHOTO
KOHTaKTa.

OCHOBHBIMU BUJAMU MEXaHUYECKUX MCHBITAHUN SIBJISIOTCS: CTAaTUYECKUE
UCIBITAaHUSI HAa pacTsDKEHME, CKaThe, M3rud, KpydeHHe M cpe3; AMHAMUYECKUe

UCIBITAHUS. HAa YAApHYK BS3KOCTb W YJIApHBIA pa3pbiB; MCIBITAaHUSA Ha
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BBIHOCJIMBOCTh, a TaK)Ke€ MaTepHabl HCIBITHIBAIOT HAa TBEPAOCTh, H3HOC W
UCTUpPAHUE.

PentrenoBckoe wmccnenoBaHne (a3oBOTO COCTaBa KaTallM3aTOpOB B
YCIIOBUSIX PEaKIUH.

JlJis pOoBEICHUS OTBITa B YCIOBUSAX KaTajdnu3a MOTYT OBITh MCIOJIb30BaHBI
peHTreHorpaduveckne kamepbl. Ha peHTreHorpaMme MOXHO YETKO MPOCIEAHUTH
dbopmupoBanue (pa3oBOro CocTaBa B YCIOBHUSIX PEAKITNH, a TAKKE YBUIIETH MTEPEX0]]
TBepAOH (pa3pl aKTUBHOTO KOMITIOHCHTAa B pacCIUIaB, B JKUIKOCTh MPH YCIOBHSIX
peaKInu.

BOITPOCHI 1 3BAIAHUA

1. MeTo/bI ompeiesieHrs aKTUBHOCTH

2. CraTtnueckuii METOL

3. [IpoTouHbie (IMHAMUYECKHE) METOIBI

4. IMITyTbCHBIE METOJIBI

5. UccnenoBanue CTpyKTyphl

6. OHpGIIGJIGHI/Ie MEXaHUYECKOH IIPOYHOCTH

CIIMCOK JIMTEPATYPBI

IlepeyeHb OCHOBHOW W /ONOJHHMTEILHON JIMTEPATYPbI, HEOOXOAMMOM sl
OCBOCHMS TUCHUILINHBI

IlepeyeHb OCHOBHOM JIMTEPATYyPbI
[IepeyeHb OCHOBHOM JTUTEPATYPHI:

1. [TaxomoB, H.A. Hay4uHble OCHOBBI IPUTOTOBJIEHUS KaTaau3aTopoB. Beenenue B
teoputo u npaktuky / H.A. I[laxomoB; o1B. pen. B.A. CaapikoB; Poccuiickas akagemust Hayk.
Cubupckoe otnenenue. Uncturyt karanuza umenu K. bopeckosa. — HoBocubupck: uzn-so CO
PAH, 2011. - 2011. — 262 c. — ISBN 978-5-7692-1185-0

2. Yopkennopd, U. CoBpemeHHbIH kaTtanu3 u xumudeckas kuaeruka / 1. Yopkennopd,

X. HaitmantcBenpaiiT; nepeBoj ¢ anr. B.M. Ponayruna. — Jlonronpyansiit: Uaremtekt, 2010. —

501 c. — ISBN 978-5-91559-044-0
8.1.2. [lepedeHb TOMOIHUTEIBHON JIUTEPATYPHI:

1. MansueBa, H.B. MccrnenoBanue BIarononioTUTEIBHONW CIIOCOOHOCTH KaTaJlu3aToOpOB:
meToanueckue ykazanus / H.B. Mansiiesa, T.A. Bumnesckas, FO.B. Anekcanaposa;
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MunucrepcTBO 00pa3oBanus u Hayku Poccuiickoit @enepannu, Cankt-IlerepOyprekuit
TOCYIapCTBEHHBIN TEXHOJIOTMYECKUN HHCTUTYT (TeXHUYeCKui yHuBepcuteT). Kadeapa oomeit
XUMHUYECKO# TexHonoruu u karanusa. — Cankr-IlerepOypr: CITOGI TU(TY), 2011. — 49 c.

2. Manbuesa, H.B. [ToinyueHue GIOYHBIX KaTaIM3aTOpPOB KOHBEPCHH YIIICBOJAOPOIOB:
Meronuueckue ykazanus / H.B. ManbeueBa, C.A. JlaBpuieBa; MunuctepcTBo 00pa3oBaHUs U
Hayku Poccuiickoii @enepannu, Cankt-IlerepOyprckuii rocynapCTBEHHBIA TEXHOIOTUYECKHUI
MHCTUTYT (TeXHU4ecKuil ynusepcutet). Kadenpa obmielt XuMuueckoi TEXHOIOTHU U KaTaln3a.
— Cankr-IlerepOypr: CITGI' TU(TVY), 2012. — 36 c.

3. Mansuesa, H.B. Onpenenenne MexaHM4ecKoM MPOYHOCTH HAHOCTPYKTYPUPOBAHHBIX
MOPUCTBIX TEJI: KaTaJlu3aTOPOB, HOCUTENEH U COPOSHTOB: METOIMYECKUE YKa3aHUS K
naboparopHbiM padoTtam / H.B. Manbuesa, 10.B. Anekcanaposa; MUHHCTEpCTBO 00pa3oBaHUs U
Hayku Poccuiickoit @eneparyn, Cankr-IleTepOyprekuii rocynapcTBEHHBIN TEXHOIOTHYECKUNA
MHCTUTYT (TexHuueckuii ynuepcuteT). Kadenpa oOmieit XuMudyeckoit TEXHOIOTHUHU U KaTaau3a.
— Cankr-IletepOypr: CIIGI' TU(TVY), 2012. — 58 c.

Ilepeuenp pecypcoB HHGOPMAIMOHHO-TEIIEKOMMYHUKAIIMOHHOW ceTH  «MHTepHETY,
HEOOXOIMMBIX ISl OCBOCHHMS TUCIIUIUTHHBI (MOJLYJIs)
1 http://window.edu.ru/ — eauHOE OKHO JOCTYyIa K 00pa30BaTeIbHBIM PeCcypcam

2 http://biblioclub.ru/ — DBC «YHuBepcuteTckas OMOIHOTEKA OHIAWHY.

3 http://catalog.ncstu.ru/ — 3aeKTPOHHBIH KaTAIOT aCCOLMAIINHN SJICKTPOHHBIX OMOJINOTEK
yueOHbIX 3aBefieHnid 1 oprann3zanuiit CKOO

4 http://www.iprbookshop.ru — 3BC.
S https://openedu.ru — OTkpeIToe 06pa3oBaHue

6 http://ecograde.bio.msu.ru — Madopmanronnas cuctema «DyHIaMeHTaIbHbBIE TIPOOIEMBI
OLICHKH COCTOSTHHS DKOCHCTEM U SKOJIOTHYECKOTO HOPMHUPOBAHHSD»
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