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[MPAKTUYECKOE 3AHSATUE 1. OcHOBHbIE MOHSTHS TE€TEPOrE€HHOIO
KaTaJn3a U MEXaHU3M €r0 MPOTEKaHUS

Hean: Llenpio MmpakTUUECKOTO 3aHSATUS SABISETCS 3aKpeIyIeHUE 3HaHUM,
MPpUOOPETCHUE YMEHUMN U MPAKTUYECKUX HABBIKOB HA MPAKTUYECKOM 3aHSATHH.

®opmupyemblie komnerennuu: [1K-1

AKTYaJIbHOCTh TeMbl: AKTYaJbHOCTh MPAKTUUYECKOTO 3aHATUS COCTOUT B
TOM, YTO 3HAaHWs, YMEHHS WM HaBBIKM, TOJYyYCHHBIE B Xone paboThl, OymyT
UCIIOJIb30BAaHbl /11 BBIOOpAa ONTUMAJIBHBIX TEX-HOJOTMM M  TapameTpoB
MPOU3BOJICTBEHHBIX MPOIIECCOB U MPU HAMTMCAHUU JTUTLIIOMA.

TEOPETUYECKASA YACTD

KaTtanu3zoM Ha3bIBaeTcsl yBEIMYEHUE CKOPOCTH XMUMHUYECKHX PEaKUUi WU
BO30YXXJIEHUE WX B MPUCYTCTBUM KaTaIU3aTOPOB, KOTOPHIE YYACTBYIOT B PEaKIUU,
BCTYIasi B MPOMEXKYTOUYHOE XMMHUYECKOE B3aUMOJECHCTBHUE C peareHTaMu, HO BOC-
CTAHABJIMBAIOT CBOM XMMHYECKUU COCTAB MO OKOHYAHMHM KATAIUTHYECKOIO IMpe-
BpaIlCHUS.

Karanuzaropamu sIBASIFOTCSL BEIIECTBA, KOTOPbIE YYACTBYIOT B 3JIEMEHTap-
HBIX (PU3UUECKUX U XUMUUYECKUX CTAIUSIX XUMUUYECKOW peakiuu, HO MOCje 3aBep-
HIEHNS XUMUYECKOr0 MPOIecca BBIAEISAIOTCS B HEU3MEHHOM XMMHUYECKOM BHUJE B
PEAKIMOHHYIO CMECh.

ITo nmpuHIMIy (a30BOr0 COCTOSTHUS PEAreHTOB U KaTajlu3aTopa KaTaJluThye-
CKHE MPOLECCHl Pa3/IENsAOT HA ABE€ OCHOBHBIE TPYMIbI: TOMOTE€HHBIE U T€TEPOreH-
HBIE.

[Ipu rereporeHHOM KaTajiM3e KaTaau3aTop U pPeareHThl WU MPOIYKTHI pe-
aKIIMM HaXOJATCS B pa3HBIX (ha3ax; 0OBIYHO MPUMEHSIIOT TBEP/AbIC KaTaIN3aTOPHI.

[lepexoaHBIM OT TOMOI'€HHOTO K T'€TEPOr€HHOMY SIBIISETCS MHUKPOTE€TEpPO-
TeHHBI, B TOM Yucie (DEpPMEHTATUBHBIA KaTaldu3, MPU KOTOPOM KaTaM3aTop
HaXOJUTCS B KOJJIOUJHOM COCTOSIHUH.

B mpocThix OJHOMapHIPYTHBIX peaklMsIX IEUCTBHE KaTaiu3aTropa HE CMe-

L1AaeT PAaBHOBECHE, A JINIIb YCKOPSAET TOCTHIKEHHUE €T0 IIPU AJAHHOM TEMITEpaType.



Ecmu TtepMoarHaMuuecKn BO3MOXKHBI PA3JIMYHbIC NapajuIeibHbIC PEaKIUu
OCHOBHOI'0 HMCXOJIHOTO BEIIECTBA, TO NMPUMEHEHHUE KaTaau3aTopa, YCKOPSIOIIETO
OJIHY M3 BO3MOXKHBIX PEAKIMA, O3BOJISIET MOJABIATh OCTAJbHBIE W IOJIydYaTh Ta-
KOW MPOJYKT, KOTOPBIM IIPX HEKATAJTUTUYECKOW PEAKIHUM HE Ioiydaercs. B psane
MIPOIIECCOB MPMMEHECHHUE KAaTaJau3aTOPOB Pa3HOTO JACUCTBUS MO3BOJISIECT MOJy4aTh
CO 3HAYMTEIIbHBIM BBIXOJI0M Pa3JIMYHbIC MPOTYKTHI.

'eTeporeHHblid KaTamW3 MIUPOKO IMPUMEHSETCA B MNPOMBIIUIEHHOCTH,
Omarogapss Hambojiee TNPOCTHIM MeEToJaM  OTJEJEHUsS KaTaJau3aTopoB  OT
PEAKIMOHHOM CMECH, BO3MOXHOCTBIO PEryJIHPOBaTh CKOPOCTh IIpolecca
M3MEHEHHUEM COCTaBa M CTPYKTYpPhl AKTHBHBIX IIEHTPOB U JIPYTUMU CBOWCTBaMH.
[TonaBnsromiee OOJBITMHCTBO  HM3BECTHBIX  MPOMBIIUICHHBIX  T'€TEPOreHHBIX
KaTAIUTUYECKUX TMPOIECCOB OCHOBAHO HA PEAKIUAX MEXKIy TIa3000pa3HbIMU
BEIIECTBAMUA C YYaCTHEM TBEPAbIX KaTajlU3aTOPOB, XOTS HU3BECTHBI U IPYTHUE
codeTaHusi 1Mo (pa30BOMY COCTOSIHHIO MEXIy pPEarupyrolluMH BeEIIeCTBAMH U
KaTaJnu3aTOPOM.

Beigenstor  HECKOJIBKO ~ CHUCTEM  TEeTEPOre€HHOro  Karaiausa.  Bcee
KaTaJUTUYECKUE PEAKIHNH, MPOUCXOIAIINE MPU TOMOTEHHOM M TIE€TEPOTr€HHOM
KaTaJu3e, ACIAT MO THUIy B3aUMOJCWUCTBHUSA KaTajau3aTopa C pPEarupyroluMu
BEIIECTBAMHU Ha JIBa OCHOBHBIX KJIacCa: OKHUCIUTEILHO-BOCCTAHOBUTEIBLHOE
(TOMOJIUTUYECKOE) U KUCIIOTHO-OCHOBHOE (T€TEPOJIUTUUECKOE) B3aUMOICUCTBHS.

Mexanu3M KaTaiaus3a

OOt  MeXxaHu3M DJEKTPOHHOTO  OKHCIUTEIbHO-BOCCTAHOBUTEIHLHOTO
KaTajn3a 3aKjIoyaeTcsi B OOMEHE DJJIEKTpOHAMHM MEXIYy KaTalu3aTopoM U
peareHTamMu, KOTOpPBI OO0JerdaeT »SJEeKTPOHHBIC TMEpPeXOAbl B PEArHPYOIINX
MOJIEKYJIaxX.

Mexanu3mM  OOBIYHOTO  HMOHHOI'O,  KHCJIOTHO-OCHOBHOI'O  KaTajn3a
3aKJIF0YaeTCsl B OOMEHEe MPOTOHAMHU WJIM MOHAMU (aHMOHAMU U KaTHOHAMM) MEXTY

KaTajn3a-TOPOM U PearupyronmMu MOJIEKYJIAMU.



Obpasyromuecs IPOMEKYTOYHBIE AKTUBUPOBAHHbIE KOMILJIEKCBI
HEYCTOWYMBBI M PACMANAIOTCS WM PEarupyroT ¢ JIpyrol moiekynoi. B oboux
CIIy4asix KaTalau3aTop pereHepupyeTcs

3AJTAHUA

1. TTosicHuTE Ha MpUMeEpe CYITHOCTh IIPOIIECCa TETEPOrEHHOTO KaTaau3a.

2. JlaitTe mpuMephl pa3IuYHbIX MEXaHU3MOB ITPOTEKAHMS TETEPOTEHHOIO Ka-
Taan3a.

3. OOBsACHUTE MPOIECCHl OKUCICHUSI ATHIICHA Ha cepeOpsTHOM M Ha Tajaaue-
BOM Karanuzartope. Mx paznuuue.

4. IlpuBenuTe NpuUMeEpHI pa3IUYHBIX CHCTEM T€TEPOr€HHOIO KaTaau3a.

5. Hamummre mMeXaHU3Mbl OKUCIUTEIbHO-BOCCTAHOBUTEIBHOE (TOMOJIUTH-
YECKOE€) U KHUCIOTHO-OCHOBHOE (TE€TEPOJUTUUECKOE) B3aUMOJICUCTBUS KaTaIN3aTO-
pa.

6. IlpuBenure npUMEpPHl TUNWYHBIX KaTalU3aTOPOB I OKHUCIUTEIBHO-
BOCCTAHOBUTEIBHBIX PEAKIUN U KUCIOTHO-OCHOBHBIX PEAKIUH.

BOITPOCBHI

1. JTaitTe onpenenieHue mpouecca Karaimsa.

2. Kakue BelecTBa sBIAIOTCS KaTajauzaTopaMu?

3. Ilo kakOMy NpPHHLMIY JEIATCSA KaTAIUTHYECKHE MPOLECCh HA TOMOI€H-
HBIE U TETEPOrEeHHbIE?

4. B kakux (azax HaXOIATCS KaTaJu3aToOp U pEareHThl WIN MPOIYKThl peaK-
UM TETEPOr€HHOM KaTanuze?

5. Kak nmeiicTByeT Kataan3aTop Ha OJHOMAapUIPYTHBIEC PEAKIUN?

6. Kak kiaccupuuupyrorcs KaTaJIUTHYECKUE PEaKIMK MO TUITY B3aUMO/ICH -
CTBUS KaTaJlu3aTopa C pearupyromyuMy BerecTBaMu?

7. UeM OTJIMYArOTCSI U3BECTHBIE CUCTEMBI T€TEPOr€HHOr0 KaTaau3a?

8. bnarogapst uemy reTeporeHHbli KaTanu3 Hauboliee MUPOKO TPUMEHIETCS

B IIPOMBIIIEHHOCTH?



I[MPAKTUYECKOE 3AHATHUE 2. Teopun reTeporeHHOro Kataim3a

ensb: Lenbro MpakTHYECKOTO 3aHATHS SBJISIETCS 3AKPEIUICHUE 3HAHUM,
npuoOpeTeHNe YMEHUM U MPAKTUYECKUX HABBIKOB HA MPAKTUYECKOM 3aHSITHH.

®opmupyembie komnerenunu: [1K-1

AKTYaJIbBHOCTh TEMBI: AKTYaJIbHOCTh IPAKTUYECKOTO 3aHATUSA COCTOUT B
TOM, UTO 3HAHUS, YMEHUS U HABBIKU, TIOJIyYeHHBIE B X0J1€ pabOThI, Oy1yT
MCIIOJIb30BaHBI JUIsl BHIOOpa ONTUMAJIBHBIX TEXHOJIOTHI U TapaMeTpOB
IIPOM3BOACTBEHHBIX IIPOLIECCOB U MIPU HANIMCAHUU JUILIOMA.

TEOPETUYECKAA YACTD

JInst IpakTUKY KaTalnu3 - 3TO, MPEXKIAE BCETO TEXHOJIOTHS, CBI3aHHAS! TAKUMHU
001acTAMU HayKH, KaK OpraHuYecKas XMMHUsI, XUMHsI IOBEPXHOCTH, XMMHUYECKast
KMHETHKA, TEpPMOJUHAMUKA, (PU3MKa TBEPOTO Tesa U (pU3ndecKas MEeTauTyprusl.
Enunoil Teopun karanusza He cymiectByeT. /i 00bsICHEHUSsI MEXaHU3Ma KaTallu-
TUYECKUX PEAKIUil B pa3HOE BPEMsI YUEHBIMH pa3padaThIBAINCh CIEIYIOIINE TEO-
pHUI KaTanmu3a:

I'eomeTpuueckas — reopus Teinopa. ITa TeOpHs BBOJIUT MOHATHE aKTHUB-
HBIX [ICHTPOB B TBEPABIX TEJIAX.

MynbTHuieTHas Teopus Katanusa bananauHa, onpeneisieT, 4To B TBEpIOM
KaTaJn3aTope CYIIECTBYIOT COUETaHUE aTOMOB B (OpME IyIIIETOB, TPUILIETOB,
KBapTETOB, MYJIbTUIJIETOB, B KOTOPBIX PACCTOSIHUE MEXKAY aTOMaMH COBIAJAET C
JUIMHOM CBSA3U B MOJIEKYJIaX YIJI€BOLOPOIOB.

DnekTpoHHas Teopust BonpkeHnmreiiHa. IcXoauT u3 nmpeacTaBieHus Ipo-
1ecca Karainusa, KOTOpblid 00yCIaBIMBAETCS JIEKTPOHHBIM B3aUMOJICHCTBUEM,
CBS3aHHBIM C IIEPEHOCOM 3apsiia U3 BAJICHTHOW 30HBI B 30HY IIPOBOJIUMOCTH.

XHAMHUYECKAs] TEOPUS pACCMATPUBAET KAaTaIU3AaTOP KAK XUMHUYECKOE COEIH-
HEHHE C XapaKTepHBbIMU CBOMCTBaMH, KOTOpPbIE 00YCIIaBIMBAIOT XUMHUECKUE CBS3H
C peareHTaMu, B pe3yibTare 4ero opMupyercs nepexoanbii komrmiekc. [Tocme
pacrnajia KOMIUIEKCca ¢ BBICBOOOKACHHEM MPOAYKTA KaTalu3aTOp BO3BPAILAETCS B

HCXOAHOC ITOJIOKCHUC.



Kpome nepeunciieHHbIX TEOpUM CyIECTBYIOT — TEOPHS KaTalIn3a
aHCaMOJISIMH, TEOPHS KPUCTAIUTMYECKOTO MOJISA, PaJAUKaIbHAS TEOPUS.

OTH TEOPHUH ONIPENEISAIN KAYECTBEHHYIO CTPYKTYPY, IPUPOY B COCTaB
aKTUBHBIX LIEHTPOB, ((OPMYIUPOBAIIN B ONPENEIEHHON MEPE MPOU3BOJIBHBIA MeXa-
HU3M KaTaJIUTHYECKHUX IPOLIECCOB U HE 3aTPAaruBajid TEOPETUYECKUE OCHOBBI ITPU-
TOTOBJICHUS TBEPABIX KaTaIU3aTOPOB ONTUMAIBHOIO COCTaBa, CTPYKTYPhI U
AKTUBHOCTH.

Teopus karanmsa nonudapamu .M. KonecHukoBa, KOTOpasi BKJIFOUHIIA B
CBOM CcOCTaB paHee chOpMyIMPOBAHHBIE TEOPUU KaTaIn3a U CO34aJIa HOBBIE IO
XOJIbl K PELICHUIO MPOOJIEM IO ONPEAEICHHUIO CTPYKTYPbI, COCTaBa U COCTOSTHUS
AKTUBHBIX LICHTPOB U METOJIOB CUHTE3a KaTaJu3aTOPOB C U3BECTHOU CTPYKTYpPOH
AKTHBHBIX LIEHTPOB, ONITUMAJIBHOTO COCTaBa, ¢ MAKCHUMAJIBHOW AKTUBHOCTBIO U

CCIICKTHBHOCTBIO.

BOITPOCHI

1. B uem cOOTBETCTBUE MEXITY TEOMETPUUECKON KOH(DUTypallieid aToOMOB
AKTUBHBIX [IEHTPOB KaTaJIM3aTOPOB U PEarupyroluX MOJIEKYI MO TEOPUHU
Teitnopa?

2. OnpeaenuTs TPUHIUIT SHEPTETUYECKOTO COOTBETCTBUS 10 TEOPUHU
bamanauna.

3. B yeM cymHOCTh 3JIEKTPOHHOU Teopuu BolibkeHiTeiiHa?

4. B yeM npeuMyIiecTBa TEOPUH MOJUBPaMU TIepe]] paHee

CYIIECTBYIOLIUMHU?



[MPAKTUYECKOE 3AHATUE 3. Knaccudukarus kaTaan3aTopos.
OCHOBHBIE TEXHOJIOTHYECKUE XAPAKTEPUCTUKHI I'€TEPOr€HHbIX KaTaIn3aTOPOB

Henpb: Llenpro MpakTAYECKOTO 3aHATHUS SIBISETCS 3aKpPEIUICHHE 3HAHUU,
NpUOOpPETEHNE YMEHHUI U MPAKTUYECKUX HABBIKOB HA MPAKTHUYECKOM 3aHATHH.

®dopmupyembie komnerennun: [1K-1

AKTyaJIbHOCTh TE€MbBL: AKTYaJIbHOCTh MPAKTUYECKOIO 3aHSATUS COCTOUT B
TOM, YTO 3HaHHSA, YMEHHUS W HaBBIKH, IOJYYCHHbIE B XOA€ palOThI, OyIyT
UCIIOJIb30BaHbl  JIJI1  BbIOOpa ONTUMANBHBIX TEXHOJOTUM W  TapamMeTpoB
MPOU3BOICTBEHHBIX IPOLIECCOB Y NP HAMMMCAHUM JTUTIIIOMA.

TEOPETUYECKASA YACTD

Ha ocHoBe knaccudukaiuy KaTalu3aTopoB IO pa3HbIM IMpU3HAKaM OoJjee
000CHOBaHHO MOJOMPAIOTCS YCIOBUSA MX CHUHTE3a, (POPMYIHPYIOTCI MEXAHU3MBI
JEUCTBHS KaTaJIn3apoOB HA MOJIEKYJIbl PEAreHTOB U IOCJIEN0BATEIBHOCTh MPOTEKA-
HUS DJIEMEHTAPHBIX CTAJUNA KaTaTuTUYECKUX MpoieccoB. Kimaccuduxamus takxe
Ba)KHA MPU CO3/JaHUM HOBBIX THUIOB KAaTaJM3aTOPOB M MOJA0OpE KaTalu3aTOPOB K
XUMHUYECKUM IPOLIECCAM U XUMHUYECKHX ITPOLIECCOB K KAaTaIU3aTOPAM.

Knaccudukanuio Kataiu3aTOpoB MOKHO OCYILIECTBISATH IPHU BbIACICHUU
OCHOBHBIX IPU3HAKOB CAMHUX KaTaJu3aTOPOB U KaTAIUTUYECKHUX IIPOLIECCOB.

IIpy co3maHuM HOBOTO TBEPJAOTO KaTaIM3aTOpa WM yCOBEPIIEHCTBOBAHHUH
HaXOJALIErocs B AKCIUTyaTallMM KaTalu3aTopa HEOOXOJUMO YUYUTHIBATH CIEMYIO-
II1E€ OCHOBHBIE MapaMeTpPhI ISl KaTaJu3aTOPOB:

- (pu3MKO-MEXaHUYECKUE;

- XUMHYECKUE;

- BKCIUTyaTallMOHHO-3KOHOMUYECKHE.

K ¢usuko-mexaHnuyeckuM CBOWCTBAM WM TapamMeTpaMm Karajiu3aropa
MO>XHO OTHECTH IOPHUCTOCTh, HACBIMHYIO IUIOTHOCTh, MCTUHHYKO IIJIOTHOCTD,
yIeJIbHYIO MIOBEPXHOCTh, CPEAHUNA 00BbEM TIOP U pacipeie]eHHe Mmop Mo paguycam,
(bpakIMOHHBIN COCTaB, pa3Mep YacTHUIl, aMOPPHOCTh MM KPUCTATITUYHOCTH, Gop-
MY YaCTHII, TEIUNIOEMKOCTh, TEPMOCTOMKOCTb WX BOAO-IIAPOTEPMOCTOMKOCTD, CIO-

COOHOCTB K OTPABJICHUIO U PETCHEpAILIUU.
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K xumuyeckum mapameTpam KaTaJIn3aTOPOB MOKHO OTHECTH XUMHUUYECKUU
COCTaB, COJIEpKaHUWE MpUMECEl, CHOCOOHOCTh K AaKTUBUPOBaHUIO (TIpoO-
MOTHPOBAHHIO, MOAU(GHUIIUPOBAHUIO) U OTPABJICHUIO siIaMH, 0Opa30BaHUIO - CILJIa-
BOB, Monu(dukanuii u (a3, MPUBUBKE aKTUBATOPOB K MOBEPXHOCTH TBEPJBIX KaTa-
JIM3aTOPOB.

DKCIUTyaTallMOHHO-?)KOHOMUYECKUMH TMOKa3aTeIsIMA WM CBOWCTBAMH Ka-
TaU3aTOPOB SIBIISIFOTCSI AKTUBHOCTh U CEJIEKTUBHOCTD, JIETKAasi PEreHEPUPYEMOCTh
OT Pa3IUYHBIX OTJIOKEHUW W BKIIOUYECHUU (KOKCa, OKCHUIOB, OOpAaTUMBIX $JI0B),
BO3MOXXHOCTh CO3/IaHUSI MPOCTHIX CIIOCOOOB CHHTE3a KaTaju3aTopa B IMPOMBIIII-
JICHHOM MaciiTa0e, MOBBIIIEHHAs TEMJI0EMKOCTh, HACHINTHAS IJIOTHOCTh, Majas
YyBCTBUTEJIBHOCTD K sI/IaM, JUTUTENIbHOE BpeMsi pabOThl B peakTope 0e3 pereHepa-
I[UU, JIETKOCTh TMEPEBO30K W XPAHEHWUs], JIETKOCTh OTACICHUS OT PEaKIMOHHOMN
CMECH, AOCTYIHOCTh CBHIPbSl JJIA MPOU3BOJCTBA KaTaln3aTopa U 3KOJIOTMYECKas
0€3-BpeTHOCTb.

TBepaple KaTanu3aTopbl - 3TO BBICOKOMOPHUCTHIC BEIIECTBA C Pa3BUTOU
BHYTPEHHEW NOBEPXHOCTBIO, XAPAKTEPUIYIOIIUECS ONPEAECICHHOW NOPUCTOM H
KPUCTALUTNYECKON CTPYKTYpOM, aKTUBHOCTBIO, CEJIEKTUBHOCTBIO U PSIOM JPYTUX
TEXHOJIOTUYECKUX XaPAKTEPUCTHK.

PaccMoTprm HEKOTOPBIE XapaKTEPUCTUKH TBEPABIX KaTAIN3aTOPOB.

JIs KOJIMYEeCTBEHHOM OLIEHKHM aKTUBHOCTH B IPOMBIIUICHHBIX YCIOBHUSAX
OTIPEJIEIISIIOT: 0011Iee MPEeBpaIeHIE UCXOTHOTO ChIPHS; BBIXO/ IIEJIEBOTO MPOAYKTA;
CKOPOCTh TIPEBpAICHUs] ONPEICTIEHHOTO0 KOJIMYECTBA ChIPhs B €AMHUILY BPEMEHH;
Ha €IMHUILY MAcChl KaTajau3aTopa; Ha €IWHUYHBIA 00BhEM KaTajau3aTopa; Ha €/Iu-
HUILY TUIOIIAIN MOBEPXHOCTH KaTaau3aTopa.

VYenbHasi akTUBHOCTH BBIPAXKAETCsl KOJUYECTBOM MPOJYKTa MOJYy4aeMOTO
3a eIMHUILY BPEMEHU C €IMHUIIBI 00bEMa MJIM Beca KaTaau3aTropa.

A =Gy, (Vkar.t)

Wn

Ayn = Grp/(Gkart).
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HacpinHas maoTHOCTh €CTh OTHOIIEHHE MAcChl KaTajln3aTopa K €ro HachlIM-
HOMY 00BeMY V.

pua. =m/V;

r7Ie m — Macca Katanm3aTopa; V — 00beM IIpOoObI, KOTOPBIA paBEH 00BEMY
MaTe-pualia Karaau3aropa.

o0muii 00beM OyeT paBeH CyMMe:

V =VKk +Vn + V3,

VK, Vn ; — o0beM kaTanuzaTopa U Mop Karajanu3aTopa;

V3 — cBOOOIHBIN 00BEM MEXTY YaCTHIIAMH (3EPHAMH) KaTaIM3aTopa;

KocBeHHO 3T0 1mokasarenb MOPUCTON CTPYKTYPHI.

Kaxymasics MmiaoTHOCTh OIpeneseTcsl Kak OTHOLICHHE MAacChl KaTaiu3a-
TOpa K CyMM€ 00bEMOB KaTainu3aTopa VK 1 nop Vi

Pen. =M/ (VK +Vn);

VcTUHHYIO TJIOTHOCTh KaTalau3aTopa OINpPENENsIOT KaK OTHOILIEHHWE MaccChl
Karanu3aTtopa K 00beMy IUIOTHOTO Cl0fA, 0e3 ydyeTra o0bema Mmop U MyCTOT MEXIY
YaCTULIAMH, TO €CTb:

Pun = =M/ VK;

VY aenbHbIi 00bEM MOpP — 3TO OTHOILIEHHWE CYMMapHOTo 00beMa KaTajau3aTopa
K €ro mMacce.

Vy)l- = 1/p1<a>1<. - l/pI/ICT.

3AJTAHUA

1. Paccuntarh aKTMBHOCTH TBEPIBIX KaTaM3aTOPOB B 3aBHUCUMOCTH OT
oO1iero npespaiieHus coipbs. (1).

2. HaiiTu HachITHY10, K&KYIIYIOCS ¥ UICTUHHYIO IUIOTHOCTH KaTanu3aTopa.

3. Ilonw3ysick OaHHBIMU 3aJlaHdsd 2, HAWTU yAEJIbHBIH 00BEM MOp U

3armoJHUTH Tabmuiry. 1
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Tabmauna 1

NoNe Hanmenosanne | Kaxymascs Hctnnnas Y nenpHbI
/T KaTaanu3aTropa IUIOTHOCTb, IJIOTHOCTb, o0beM  TIOD,
PKaxX. PUCT Vyun.
/oM’ r/em’
1 Kpucrannmuue- 1,5 r/em® 2.4
CKUU 1ICOJIUT
2 ['panynupoBan- | 2,5 2,7
HBII KOKC

4. JIath NpuUMEpPHI CEIEKTUBHBIX KATAIM3AaTOPOB JIS IMOJTYUYECHUS Pa3IUYHBIX
IIPOIYKTOB U3 OJHOTO BHA cbIpbd. Hanpumep: ucxonnoe ceipse: mCO + nHo.

BOITPOCBHI

1. Yto Takoe aKTUBHOCTb U CEJIEKTUBHOCTH KATAJIN3aTOPOB?

2. Kakue ocHOBHBIE (PAKTOPHI BIAUSIOT HA aKTUBHOCTh U CEJIEKTUBHOCTD
KaTaan3aTopoB?

3. UTo NOHMMAIOT MO/ MTPOYHOCTHIO U N3HOCOYCTOMYMBOCTBIO KATAIN3aTO-
pa?

4. Kakue ObIBaOT BHJIBI OTPABIICHUS KaTaJIU3aTOPOB?

5. YUemy ciocoOCTBYeT TEIIONPOBOJHOCTh 3€pEH KaTaauzaropa’?

6. Uem onpenensieTcs CPoK CIIyKObl U CTOMMOCTD KaTanuzaTopa?

7. UeM omnpenesieTcsi BIaroeMKOCTh 00pa3iioB KarajiuzaTopa?

8. I'me yuuThIBaeTCs TEMIIEpATypa 3aKUTAaHUs KaTanus3aTopa?

9. Kakyto I0THOCTh ONPENEISIOT AJIsl TBEPABIX KaTAIN3aTOPOB?

10. Yem onpenensercs: CmoCOOHOCTh K PereHepaluu Kataiamsaropa?

12



I[TPAKTHUYECKOE 3AHATUE 4. OcHoBHBIC BUIBI HOCUTEICH
IrE€TEPOreHHBIX KaTaTUTUUYECKUX CUCTEM

ensb: Lenbro MpakTUYECKOTO 3aHATHS SBJISIETCS 3AKPEIUICHUE 3HAHUM,
PUOOpPETEHUE YMEHUM U MTPAKTUYECKUX HABBIKOB Ha MTPAKTUYECKOM 3aHSATHH.

®dopmupyembie komnerennuu: [1K-1

AKTYaJIbHOCTh TEMBI: AKTYaJIbHOCTh TPAKTUUECKOTO 3aHSITUS COCTOUT B
TOM, YTO 3HAHUSI, YMCHHS U HaBBIKH, MIOJIyYEHHBIE B X0J1¢ pabOThI, OyayT
MCIIOJIB30BaHbI /11 BIOOpA ONTUMAaIbHBIX T€X-HOJOTUNA U MapaMeTPOB
MPOU3BOJICTBEHHBIX MPOIIECCOB U MPU HAMTMCAHUU JTUTLIIOMA.

TEOPETUYECKAS YACTb

Kartanuzatopsl MOryT OBITh U3TOTOBJICHBI KAK HA HOCUTEISIX C MAJIOH
YACIBHOM TUIOMIAIBI0 TOBEPXHOCTH (JIMATOMHUT, ITEM3a, ac0ecT), TaK M C BBICOKO-
pa3BuUTOM MOBEepXHOCTHIO (Y-A1203, MgO, cunukareib, TIHHBI,
AJTFOMOCUJIUKATHI).

PaccmoTpum HEKOTOpBIE HaMOOJIee YaCTO UCIIOIb3YEeMbIC B MPO-
MBIIIIJICHHOCTH HOCHUTEIIH.

ITem3a. IIpupoanbiii MaTepua, NOPUCTast pA3HOBUAHOCTH BYJIKAHUYECKOTO
crekia. [Ipencrapmsier cobol cMeCh CUIIMKATOB HATPHS, KaJIUs, KaJIbIHs, aJlFOMH-
HHSI, MarHus, ’ele3a.

ITepen ucnoap30BaHUEM U3 TIEM3bl KUCIOTAMM YIAISIOT IPUMECH Kejle3a 1
QITFOMHUHUS, SBJISIETCSI HEIPOYHBIM, JISTKUM HOCUTEJIEM.

AcOect — rpyInma MUHEPAJIOB, UMEIOIIUX BOJIOKHUCTOE cTpoeHue. 1o xu-
MHUYECKOMY COCTaBY acOECTOBBIC MUHEPAJIBI TIPEICTABIISIOT COOOM pa3InyHbIC
BOJIHBIC CUJIMKATBI MarHusl, JKeJjie3a, KaJIbIUs U HATPHS.

Juatomut (Ku3enasryp, HHPY30pHast 3eMJIs1) — TOpHAs OPOJia, COCTOSIIAS
MIPEUMYIIIECTBEHHO U3 MaHIMPEN JUATOMOBBIX BOJIOPOCTEH, UTO 00ecrednBaeT
HOCHUTEJIO0 OOJIBIITYI0 TOPUCTOCTH U JIETKOCTb.

I[I/IaTOMI/IT MCXaHNYCCKHU HC ITPOUCH, UCIIOJIb3YCTCA B BUJC KPYITHBIX 3CPCH.
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MertannokepaMruka — CIPECCOBaHHBIE MUKPOC(PEPUUECKUE APUKU Me-
Tajula ¢ BBICOKOH TEIIONPOBOJHOCTBIO. PeryinupyemMas nopucrasi CTpykTypa 3aBu-
CUT OT pa3Mepa UCXOJHBIX MUKPOILIAPUKOB U AaBJIEHUA NpeccoBaHus. Merao-
KepaMHKa MOKET OBITh UCIIOIb30BaHa ISl KaTaIM3aTOPOB KHUIISILIETO CIIOS.

AxTuBHBIN yronb (AY). [Ipumenenre AY B pa3iuyHbIX OTpACsX Mpo-
MBIIIJIEHHOCTH B Ka4eCTBE COPOCHTOB, KaTaJIu3aTOPOB, HOCUTENIEH 00yCIOBICHO
UX BBICOKOM MOPUCTOCTHIO (0K0JI0 60—70 %), 3HAUUTENBHOM 3JIEKTPUUECKON
MPOBOANUMOCTBIO 1 XUMUYECKON MPUPOION MOBEPXHOCTH.

AKTHUBHBIE YTJIH, BBIITYCKA€MbIE IPOMBIIIEHHOCTHIO, B 3aBUCUMOCTH OT 00-
JacTeil UX MPUMEHEHUs JESIT Ha TPU OCHOBHBIE TPYIIIIBIL:

1) ocBetastomue; 2) peKynepaloHHbie; 3) yriy ra30Boro TUIa.

HaunOounbliee mpuMeHeHUE B KaU€CTBE KaTAIM3aTOPOB U HOCUTEJEH HAIUIA
YTJIA TPEThEU TPYIIBI.

Cunukarenb — aMOP(HBIN OKCHUJT KPEMHHUS, XapaKTEPU3YETCsI BHICOKOM
YCTOMYMBOCTBIO CTPYKTYPbI, BO3MOKHOCTBIO B IIIMPOKUX NpeieTax peryaupoBarh
MOPUCTYIO CTPYKTYpY, Heroprouectsto. Hanbonblee npuMeHeHne Kak HOCUTEIH
MOJIYYHJIA: CUIIMKAreIb U BBICOKOJIMCIIEPCHBIE MOPOIIKH — a3pOCHIIbI WK Oerast
caxa.

OKcuapl ATFOMUAHUSL.

a-A1203 — xopyHJ, HauOosee ycToiunBas (popMa okcuaa aTrOMUHMS, CO-
nepsxkarast mpuMepHo 99 % A1203 u HeOOIBIIOE KOTMYESCTBO IPUMECEH OKCHIOB
TUTaHa U KpeMHus. 0-A 1203 nosydaroT 00KUTOM THAPOKCH/IA ATIOMUHUS [IPU
temneparypax 10 1200 °C. [Ipu HarpeBaHUM BILUIOTH A0 TEMIIEPATYPbl ILUIABICHUS
(cBbrimie 2000 °C) oH He OABEPraeTCsa HUKAKUM MTPEBPAILCHUSIM.

KopyH — MeXaHW4YecKH MPOYHbIN TEIIONPOBOIHBIN HOCUTEND, CTOEK K
BO3JECHUCTBUIO KUCJIOT U IIET0YEH.

[To mpounoctu y-A1203 ycrymnaer KOpyHy, HO SIBISETCS 00JIee TOPUCTHIM
MaTepuanoM. AKTUBHBIN okcu amoMunus (y-A1203) Haiien mmupoKoe npuMeHe-
HUE B TaKUX Mpoleccax HedrenepepaboTKu, Kak pUPOPMUHT, THIPOOUUCTKA, TH]I-

POKPEKUHT, TJI€ UCTIOIB3YIOT KaTaIn3aTopsl, cofaepxamue 10 80—99 % y-A1203.
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Ero mosy4aroT npokarMBaHHEeM THIPOKCHIA ATFOMUHUS B TPUTHAPATHON WIIH B
MOHOTHIPATHON (hopme.

OcHoBHBIE TpeOOBaHUS, KOTOPBIE HAJIO YYUTHIBATH IPU MOAO0OPE HOCUTEIIS:

1. HeOOXOAMMBIC MEXaHUYECKUE CBOMCTBA: MPOYHOCTh HA Pa3gaBIMBaHUE,
UCTUPaHUE, TBEPJOCTb.

2. cTaOUJIBHOCTH B YCJIOBUSIX PEAKIIMU U pEreHEPAINH - TEPMOCTOMKOCTb,
KOpPpPO3UHHASl yCTOMYMUBOCTh

3. OPUCTOCTh HOCUTEIIS — ONPEEISETCS CPETHUM PaJNYCOM TIOp, pacrpe-
JiesieHne oobema mop 1o paguycy.

[TopucTas cTpyKTypa CBsi3aHHA C PUPOJION BEIIECTBA, 00PA3YIOIIET0 HOCHU-
Te€Jb, U YaCTO HAXOAUTCS B 0OPATHOM 3aBUCUMOCTH OT BEJIMYUHBI POYHOCTH.

[IpeumytiecTBa CHHTETHUECKIX HOCUTEIICH:

1. MOCTOSIHHBIN XUMUYECKUN COCTAB;

2. BO3MOXKHOCTb PETYJIMPOBAHUS TOPUCTON CTPYKTYPBI, YTO MO3BOJISET €€
JUKBUIMPOBATH U TIOJYYaTh BEICOKOAKTHBHBIN KaTaIH3aToOpP.

3. BO3MOKHOCTh TMOJTyYEHHUS KaTaIU3aTOp B BUJIEC TPaHyII 3aaHHOU (POPMBI.

3AJTAHUA

1. PaccmoTtpeTs criocoObl MPOU3BOICTBA CHUITMKATEISI, KAKOW M3 HUX Hanbo-
Jiee MEPCIEKTUBEH?

2. JlaTh CpaBHUTEIBHYIO XapaKTEPUCTUKY PA3TUYHBIM MOAU(DUKAIIMSIM OK-
cUa aJIFOMUHUA?

3. Haueptuth rpaduk 3aBUCUMOCTH BIUSHUS TEMIIEPaTyphl IPOrpeBa OKCH-
Jla ATFOMUHUS HAa aKTUBHOCTD MOTYYEHHBIX MOAU(DUKAIIHIN.

BOITPOCHI

1. TTo kakuM pU3HAKAM JIENATCS HOCUTENH?

2. KakoBa poJib HOCUTEJIEH TeTepOTeHHBIX KaTaIu3aTopoB?

3. Kakue HocuTenu HanboJsiee 4acTo MPUMEHSIOTCS B KATATUTHYECKUX MPO-
neccax?

4. Kakue HOCUTEIN OTHOCSTCSA K IMPUPOAHBIM MaTepI/IaﬂaM?
15



5. Kakue HocUTENN OTHOCATCS K CHHTETUYECKUM MaTepuajiaM, B YeM UX
MPEUMYIIECTBO?

6. B yem npu4KrHBI UCTIOJIL30BAHUSI HOCUTEIICH JIJIs TOTyYCHHUS
KaTaanu3aTopoB?

7. Kakue npenmyiiiecTBa CHHTETUUECKUX HOCUTENCH?

16



I[MPAKTUYECKOE 3AHATHE 5. BzauMojaelcTBUE KaTain3aTOPOB C
peakIMoHHOM cpenoid. OTpaBlieHUE KaTalnu3aTopa

Lenp: Llenbro MpakTUYECKOTO 3aHATHUS SBISIETCS 3aKPEIJICHUE 3HAHUM,
MPpUOOPETCHUE YMEHUMN U MPAKTUYECKUX HABBIKOB HA MPAKTUYECKOM 3aHSATHH.

®dopmupyembie komnerennuu: [1K-1

AKTYaJIbHOCTh TEMBI: AKTYaJIbHOCTh IPAKTUYECKOTO 3aHATUS COCTOUT B
TOM, YTO 3HAHUS, YMEHUS U HABBIKU, TIOJIyYCHHBIC B X0J1¢ pabOTHI, OyIyT
MCITIOJIb30BaHBI JIJIs1 BEIOOPA ONTUMAILHBIX TEXHOJIOTUNA U MapaMeTPOB
MPOU3BOJICTBEHHBIX MPOIIECCOB U MPU HAMTMCAHUU JTUTLIIOMA.

TEOPETUYECKASA YACTD

OxkoHyaTeNbHbIE CBOMCTBA KAaTAIM3aTOPOB (POPMUPYIOTCS MO IEHCTBUEM
peakMOHHOM cpeabl. 3MeHeHus: cocTaBa KaTajau3aTopoB B MPOLECCE PEAKIIUU
MOTYT OBITh CJICAYIOIIUMH:

1) xuMuYecKre U3MEHEHUs, MPUBOJIAIINE K (DAa30BBIM MpPEBpALICHUSIM
AKTUBHOT'O KOMITOHEHTA;

2) u3MeHeHus 00beMHOT0 cocTaBa 0e3 (Ha30BBIX MIPEBPAILICHUI;

3) U3MEHEeHMs COCTaBa MOBEPXHOCTHOIO CJIOS KaTalu3aTopa.

BosneiicTBre peakiimOHHOW Cpeibl MOKET IPUBECTH K U3MEHECHUIO
COOTHOIIIEHHSI KOMIIOHEHTOB, BXO/ISIIIIMX B COCTAB KaTaau3aTopa, a TaKKe K
PACTBOPEHUIO HOBBIX KOMIIOHEHTOB WJIM YACTUYHOMY YJIaJIEHUIO CTaPhIX.

OTtpaBiieHHE KaTanu3aTopa — 3TO YACTUYHAs WIIU MOJHAs MOTeps
AKTUBHOCTH IO/ ICCTBHEM HEOOJIBIIIOTO KOJIUYECTBA BEIIECTB, HA3bIBAEMbBIX
KOHTAKTHBIMU SIIAMH WJIM UHTUOUTOpAMHU. S/IbI MOJHOCTHIO CHUKAIOT AKTUBHOCTh
Katanu3aropa. [Ipu oTpaBiieHMM KOHTAKTHBIX MAacC pa3In4yatoT UCTUHHOE
oTpaByieHUE (HeoOpaTuMoe, 00paTUMOe, KyMYJIITABHOE U 0J1aronpusTCTBYIOIIEE)
U JIC3aKTHBAIUS B PE3YJIbTATEe OJIOKUPOBKHU U CIICKAHMUS.

HctuHHOE OoTpaBiieHUe. ITOT BUJT OTPABJICHUS HACTYMAET NPU XUMUYECKOM
B3aMMOJICHCTBUU 5i/71a C KATAIM3aTOPOM C 00pa30BaHUEM KaTaTUTHYECKU
HEAKTHUBHOTO COCMHEHUS WU B PE3yJIbTaTe aKTUBUPOBAHHOW aJICOPOITUY sijja Ha

HCAKTHBHBIX ICHTPAX KaTaJn3aTropa.
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OTtpaBneHue MOXKeET ObITh 0OPATUMBIM, HEOOPATUMBIM, KYMYJISITUBHBIM.

KymynaruBHoe (HakaruiMBaroIIeecs) OTPaBICHUE BhIPAKAETCA B
MIPOTPECCUPYIOLIEH 1€3aKTUBALIMY KaTalIn3aTOPOB MO JEHCTBUEM MaJIbIX
KOJIMYECTB $1/10B, COJIEPKAIINXCS B peareHTax. biiaronpusarcTpyroliee oTpaBieHUE
KaTaJIM3aTOPOB IPOUCXOUT, KOTJa BBOJUMBIE B KATAaIU3aTOP bl YACTUYHO
MOATPABINBAIOT OT/IEJIbHBIE AKTUBHBIC IEHTPHI KaTaIU3aTOPOB. JTUM
o0ecrneunBaeTcs TO, YTO MOJIEKYJIBI si1a TOPMO3ST 00pa30BaHNE KOHEYHOTO
MPOJYKTA PEAKIIMU WM CHIXKAIOT 00pa30BaHKE MTPOMEKYTOUHBIX MPOTYKTOB
pEaKIuu.

Jle3akTuBanus B pe3ysibTaTe OJIOKUPOBKU U CTICKAHMUS.

AKTUBHOCTb KaTaJln3aTOPa MOYKET YMEHBIIATHCS BCIECICTBUE U3MEHEHUS
CTPYKTYPHBIX XapaKTEPUCTHUK, a TAK)KE NP MEXAHUUECKOM IKPAHUPOBAHUU
MOBEPXHOCTH KAaTAJIN3aTOPA MbLIBIO WM TBEPABIMHU BEUIECTBAMU,
oOpa3zyroluMucs Mpu karanuse (OJIOKUPOBKA).

3AJIAHUA

1. IIpoBecTn aHanu3 BO3AEHCTBUS PEAKIIMOHHOM CPEJlbl HA U3BMEHEHUE COOT-
HOILIEHHUS] KOMIIOHEHTOB, BXOJISIIIUX B COCTAB KaTajanu3aTropa.

2. IlpuBecTu npuMepsl 01aronpPUATCTBYIONIETO OTPABIICHUS KaTaIUu3aTOPOB.

3. HauepTtuth rpadmku 3aBUCUMOCTH aKTUBHOCTH KaTaJlu3aTopa OT CTEIEHU
OTpaBJIEHUs KaTaJln3aTopa.

4. YKaXUTe OCHOBHBIC PUUNHBI (PU3NUSCKON M XMMUUICCKON JIe3aKTHBAIUH
KaTajau3aropa.

BOITPOCHI

1. B kakux mporueccax 00JIbIe BCETO MPOSIBISIOTCS MPOLIECCHI
3ayriiepoKMBaHUs KaTtanu3aropa?

2. Kakue u3meHeHus: cocTaBa KaTaau3aTopoB MOTYT OBIThH B
KaTAIUTUYECKOM MPOIECCE PEaKIuu?

3. Kak BnusieT sHeprus akTUBAIlUU KaTalu3aTopa Mpy ero XUMHUIECKOM
OTpaBJIEHUU?

4. B ueM 3akJrouaercs mponecC OTPaBJICHHUA KaTaJII/I?)aTOpa?
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5. Kakoe ObIBaeT OTpaBJIEHUE KaTAIU3aTOPOB?

6. Kak npoucxonut oOpaTuMoe, HEOOPATUMOE U KYMYJIATHBHOE
(HakaruIMBaroIIeecs) OTpaBJICHUE?

7. Yto naeT npuMeHeHHEe OJIaronpusTCTBYIOIIETO OTPABICHHUS B

KaTaJIUTHYCCKHUX HpOHCCC&X?
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I[MPAKTUYECKOE 3AHATHUE 6. O6mme cBenenus o neonmrax. [Ipupona
KaTAJIUTUYECKON aKTUBHOCTH 1I€OJIUTOB

TEOPETUYECKASA YACTD

ensb: Lenbro MpakTUYECKOTO 3aHATHS SBJISIETCS 3AKPEIUICHUE 3HAHUM,
npuoOpeTeHNe YMEHUM U MPAKTUYECKUX HABBIKOB HA MPAKTUYECKOM 3aHSITHH.

®dopmupyembie komnerennuu: [1K-1

AKTYaJIbHOCTh TEMBI: AKTYaJIbHOCTh IPAKTUYECKOTO 3aHATUS COCTOUT B
TOM, UTO 3HAHUS, YMEHUS U HABBIKU, TIOJIyYeHHBIE B X0J1€ pabOThI, Oy1yT
MCIIOJIB30BaHbI 1J1 BIOOPA ONTUMAIbHBIX TEXHOJOTUM U MapaMeTPOB
MPOU3BOJICTBEHHBIX MPOIIECCOB U MPU HAMTMCAHUU JTUTLIIOMA.

TEOPETUYECKASA YACTD

CocraB, CTpyKTypa U CBOMCTBA IIEOJIUTOB

[{eonuThl NPUMEHSAIOTCSA B pa3HbIX OTPACAX NPOMBINIIEHHOCTH. OHU
UCIIOJIB3YIOTCSl B KAUYECTBE OCYIIUTENEH YII€BOJOPOIHBIX Ia30B, AJISI BbIICICHUS
H-TIapaQUHOBBIX YIJIEBOJAOPOIOB U3 MapaUHUCTBIX HEPTIHBIX GpaKUUid, B MEIU -
[IUHCKHX IEJISX, B XpoMaTorpaduu, B KaYeCTBE aKTUBHBIX HATIOJHUTENCH Mpu
MPOU3BOJICTBE MPOMBIIIJICHHBIX KaTaM3aTOPOB KPEKUHTa, N30MEPU3ALIUU H-
napaduHOB, TUJIPOKPEKUHTA U 1eCYIb(UPOBAHUSI.

[Tpu nox6ope 11e0IUTOB JUTsl KaXkI0T0 U3 HAMPABIICHUN €ro MPUMEHEHHUS
YUYUTBHIBAIOT X XUMUUECKUN COCTAB, TEKCTYPY, IPUPOAY KATHOHOB B PEIIETKE
LIE0JINTOB. XMMHUYECKHUI COCTAB LIEOJINTOB ONPEIEIAETCA €ro Moayiem, T. E. co-
oTHoIIeHHeEM oKcuaoB Si0,:Al20;.

TekcTypa cBsizaHa ¢ MOJIYJIEM 11€0JIuTa, a Takke ero TunoM - NaA, NaX,
CaX, CaY, MOpIEHHUT, CBEpXBBICOKOKPEMHE3EMHBIE 1I€OJIUTHI. B cocTase
[IE0JIMTOB, KaK MIPaBUJIO, MPUCYTCTBYIOT HOHBI OJTHO-, ABYX- U TPEXBAJICHTHBIX
METaJUIOB, IIE0JIUTHI TAKXKE MOTYT MPOU3BoaAUThCA B H-popme.

CtpykTypa u Kiaccudukaius 1eoJuToB

LleonuTsl IpencTaBiIsIOT COO0I0 KAPKACHBIE KPUCTATUIMYECKHUE alTFOMO-
CHIIMKAThl. IX XUMHUYECKUI COCTAaB MOKET OBITh MPEACTaBIIEH 001Iel GopmynoHn,

0Tpa>1<a10mel71 CoCTaB SHGMGHTapHOﬁ quﬁKH, B TaKOM BHJC:
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Mex/n [(AI203)x (Si02)y] mH20,

rie Me — KaTHOHBI C BAJICHTHOCTBIO N M— YUCJIO MOJIEKYJT BOJBL; V/X —
MOJIbHOE OTHOILIEHHE OKCUJA KPEMHUS K OKCUY aJIIOMUHHUS B Lieonute. B
KBaJIpaTHBIE CKOOKH 3aKJIFOUYCH COCTaB AJIEMEHTAPHOU STYCHKH, KOTOPYIO U
[IEOJINTE HA3bIBAIOT COJAJIUTOBON STUESHUKOM.

N neanu3upoBaHHas MPOEKIUS 3JIEMEHTA COTATUTOBOM STYEHKH, B KOTOPOU
Ha TIEpEeCeUCHNH JTUHUH B y3max pacnonaratorcs [AlO4]5- u [S104]4- TeTpasapsl,
cepelliHa JJUHUH OTpeesieT OO0IMM KUCIOPOT Y TETPa’ApOB, PUMCKUE HUDPHI
YKa3bIBaIOT MECTOIOJIOKEHHE HOHOB Me+.

B copanuToBoO# siueiiKe BBIICICHBI KBAIPATHBIE U TEKCATOHAJIbHBIC KAHAJIBI,
KBajipaTHble KaHasbl uMetoT nuametp 0,4-0,5 M, a rekcaronanbabie — 0,6-0,9 HM.
[{eomuThl SBISIOTCS TOHKOMOPUCTHIMU TBEPJIBIMU TE€JIAMU, B KOTOPBIX OCHOBHYIO
JI0JII0 00BbeMa peleTkH 3aHuMaroT HoHbI O2- (mopsiaka 90%), ocTanbHOE
MPOCTPAHCTBO 3aHUMAIOT HOHBI A 13+, Si4+, Na+ u npyrue. 3Ty moJiocT!
BBICTJIAHBI JJICKTPOMArHUTHBIM T0JIEM, KOTopoe (popMupytot uonsl O2-, u manas
qacTh - noHaMu A 13+ u Si4+. B nienTpa stueiiku iMeeTcsi oJI0CTh OOJIBIIIETO
nuametpa - nopsanka 0,9-1,5 am. L{eonuTsl, mMest KaHABI Pa3TUYHOTO AHAMETPA,
MOTYT MPO-SIBJIATh CATOBOE PA3EIEHUE YTIIEBOIOPOIOB.

DTO CBOMCTBO IIEOJIUTOB M UCIIOJIB3YIOT B IPOMBIIIJIEHHOCTH ISl OCYLIKHU
ra3oB, JIJIsl BbIJIEJICHUS H-MTapaUHOBBIX YIJIEBOAOPOAOB U APYTUX MPOIIECCOB.

B neonurax terpasapsi [A104] u [Si04] cBsi3aHbI APYT € APYrOM BEpIIUHA-
MU U OPUEHTHUPOBAHBI HAPYKY I'PaHbIO U peOpaMu. Takue TeTpa’aApbl U perieTKa
Ha3bIBAIOTCS «OCTPOBHBIMIY WUJIM W30JUPOBAHHBIMU. [l€0IUTHI TPU TaKOM OpUEH-
TallU TETPAdIPOB SBJISIOTCS BHICOKOAKTUBHBIMH aJICOPOSHTAMHU U KaTalnu3aTopa-
MHU. B aiieMeHTe conannuToBOMN SYEHKN PacloyIOKEHUE KaTUOHOB Men+ BHYTpu U
BHE I'eKCaroHaJIbHBIX U KBaJIpaTHBIX ceueHHi 0003HaueHo nHaekcamu [ u I', I n
IT'. OTH nOHBI MOTYT TOABEPraThCA 3aMEHE U3 BOJHBIX PACTBOPOB HA JIpyrue AHBI.

CaoiicTBa 1IEOJUTOB 3aBUCAT OT cooTHOIeHUs [A104]- u [Si04]-

TCTPASAPOB B ICKCAIOHAJIbHBIX U KBAAPATHBIX CCUCHUAX. B rexcaronanabHBIX
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ceyeHusax yucio [A104]-TeTparaApoB MOKET MEHATHCS OT 1 10 5, a B KBaJpaTHBIX
-ot 1 o 3.

Takum 006pa3om, B COTAIUTOBOM SYEiIKEe UMEIOTCS TeKcaroHajIbHbIE,
KBaJIpaTHBIE Y U-TIOJIOCTU U B 3TUX MOJIOCTSIX PAa3BUBAIOTCS PA3UYHbBIC 10 CUJIE
AJIEKTpOCTAaTUYECKUE MoJisl. BHYTpH mop 1ieonnrta npeBpamieHie MojaeKyi Oyaer
0oJiee MOJHBIM, YEM Ha BHEITHUX LIEHTPAX U B U-TIOJIOCTH.

Knaccudukanus neonnton

Leonutsl k1accuUIMpPyIOT O pa3Mepy op B COAATUTOBOM siueiike, MOTy-
10 M - cooTHomeHuto okcuaoB Si04 : A1203, Tuny KaTUOHOB, BXOJSIIUX B Ka-
HaJIbl CONAIMUTOBOM stuerku. [1o pasMepy mop neoauTsl MOAPa3ACIISIIOT Ha TUIIBL A,
X,Y,ZuT. JI. bykBoif A 0003HaYAIOT IIEOTUTHI C MPEOOIAAAIONIM Pa3MEPOM
nop 0,5 am 1 moaynem M Si02:A1203 = 2, X - ¢ pasmepom mop 1,0 aMm u M = 2-3,
Y - ¢ pasamepom nop 1,0-1,3 am u M=4-5,5 u T.1.

IHeomuTsl ¢ MOIYJIEM JI0 5 Ha3BIBAIOT HU3KOKPEMHE3eMHBIMH, ¢ M = 5,6 -10
- BBICOKOKpEMHE3EMHBIMH, ¢ M > 10 - ynbTpaBbICOKOKpEMHE3EMHBIMU. LleonnTsI ¢
MoxaysieM M = 4 Ha3bIBalOT «1mmadbazurammu», ¢ M = 6 - spuoruTom, ¢ M = 10 -

MopaeHuToMm. 20

ITepen nHaEKCAMM CTPYKTYPHI IIEOIUTA CTABUTCS MHJIEKC MOHA METaJljia, KO-
TOPBIN BXOJIUT B COAAIMTOBYIO siueiiky. Toraa nogHoe 0003HaUeHHE 1I€0IUTa
npeacrasisiercs: B TakoM Buje: NaA, NaX, NaY, CaA, CaX, CaY u . /.

AKTHUBHOCTB II€OJIUTOB MPU U3MEHEHUU MOAYJIS

[{eomuThl MOXXKHO CUHTE3UPOBAThH BHAYaJIE C HEOOJIBIIONH BEJIMUUHONU MOTY-
151, B mpenenax 0,5-1,0, a 3aTem BeTMUMHY MOJTYJISI MOYKHO MEHSITh, TIPOBOS
MpoIIeCC ACATIOMUHUPOBAHUS 11€0JIMTa B BOJHOM PAaCTBOPE dTUIICHIMAMUITMHA
TETPAYKCYCHOU KUCJIOTBI. DTO COEMHEHUE U3BIIeKaeT u3 pemetku [A104] —
TeTpa’ipbl, KOTOPHIE 3amemaroTcs [Si04] —teTpasapamu. Moayib 11eouTa Npu
JeaTFOMUHUPOBAHUM Bo3pacTaeT. [Ipu u3MeHeHun BeaTnyuHbl Moay st M Oyaet
MEHSITHCS aKTUBHOCTD 1I€0JIUTA U CEJIEKTUBHOCTh B XUMUYECKUX PEAKIUAX Tpe-

BpalllcH1s OPraHu4cCKux COCIUHECHUM.
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3ATAHUS

1. JlaiiTe pa3BepHYTYIO XapaKTEPUCTUKY LIEOJIUTAM.

2. HaueptuTh rpamk 3aBUCUMOCTH AKTUBHOCTH LIEOJIUTA OT U3MEHEHUS €T0
MOJYJIS.

3. CpaBHUTh KaTAIUTUYECKUE CBOWCTBA CIIEIYIOMINX LIEOJIUTOB: M1aba3uTa,

SPUOHUTA U MOPAECHUTA, U COCTABUTh TAOJIHILY.

BOITPOCBHI

1. Yto Takoe 11eout?

2. Ilo kakoMy MPUHIUITY KIACCU(PULIUPYIOTCS LIEOTUTHI?

3. Kak otnnuarorcs oTeuecTBEHHas U 3apyOekHas KiacCuPUKaluu
L[EOJINTOB?

4. Yem xapakTepusyeTcs KpUucTauInuecKasi CTpyKTypa LeoauTa?

5. Kak u3MeHseTCsl akTUBHOCTD LIEOJIMTOB [P U3MEHEHUH €T0 MOIYJIsA?

6. Kakue cymecTByroT METObI IPOU3BOACTBA LIEOJIUTOB?

7.YUTo0 Takoe comaJuToBas S4uciiKa [eoanuTa’?

8. 3amucatp 001IyI0 (hOPMYITY COCTaBa JIEMEHTAPHOM SYCHKH 1I€OJIUTA.

9. OT 4ero 3aBUCAT CBOMCTBA LIEOJIUTOB?
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IIpakTueckoe 3ansaTue 7. MeToasl HCCIIeI0OBAHNS KATAIN3aTOPOB U
KOHTPOJIb Ka4eCcTBa

Henp: Llenbro MpakTUYECKOTO 3aHATHS SIBIISIETCS 3aKPEIJICHUE 3HAHUM,
npUOOpPETEHNE YMEHHUI U MPAKTUYECKUX HABBIKOB HA MMPAKTHUYECKOM 3aHITHH.

®dopmupyembie komnerennun: [1K-1

AKTYaJIbHOCTh TEMBI: AKTYaJIbHOCTh IPAKTUYECKOTO 3aHATUS COCTOUT B
TOM, YTO 3HaHUs1, YMEHUS U HaBBIKH, MTOJIyY€HHBIE B X0JI¢ paOOThI, OyAyT
WCITI0JIb30BAHBI JIJIs1 BEIOOPA ONTUMAIBHBIX TEX-HOJOTUN U TapaMeTpOB
ITPOU3BOJICTBEHHBIX NMPOLIECCOB U MPH HAITMCAHNUH TATIOMA.

TEOPETUYECKASA YACTD

HccenenoBanue KaTanu3aToOpoB JOJDKHO HOCUTh KOMILJIEKCHBIN XapakTep,
00€eCIeYnBaOIIMIA BbISIBICHHE UX OCHOBHBIX OTPEOUTEIBCKUX XapaKTEPUCTHK.

K HUM OTHOCSTCS: aKTUBHOCTb, MEXaHUYECKasl IPOYHOCTh U CTA0OMIIBHOCTD B
pabore.

Pe3ynbpTupyromen u riiaBHON XapakTEPUCTUKON SBIIIETCS aKTUBHOCTb, I10-
Ka3zaTesieM KOTOpPOH B 3aBUCHMOCTH OT MCTIOJIb3yEMON METOAUKHU MOTYT OBITh CTe-
IIEHb NIPEBPAILCHUS BEIIECTBA, KOHCTAHTA CKOPOCTH PEAKLIUN U IPOCTO CKOPOCTh.

CymiectByeT 00JIbII0M HAOOP METOI0B, TTO3BOJISIONTUX (PUKCHPOBATH CBOM-
CTBa KaTaJIU3aTOPOB. DTO ONpeIeIeHNe XUMHUECKOTo U a3zoBoro coctaBos. [Ipu
UX U3yYEHUH MOTYT OBITh UCIIOIb30BaHbl MPUEMbBI «KMOKPON» XUMHUH, PEHTreHO(ha-
30BBIN aHAIN3, PEHTTEHOBCKAs PoTornekTpoHHas criekTpockomnus (PO®IC), snek-

TPOHHAS U CIIEKTPOCKOIIHS.

MeToabl KOHTPOJISA U U3yYEeHUS Meton u3zyueHus
CBOMCTB KaTajau3aTtopoB CBoiCTBa
XUMHYECKUUN COCTaB 1. Kinaccnueckue kauyeCTBEHHEBIE U KO-

JUYCCTBEHHBIC XUMUYCCKUE METOBI
CUHTE3a U aHaJn3a

2. X-dmaroopecieHus

3. AKTUBaIMoOHHas HeUTpoHOTpadus
4. OMHCCUOHHBIN CHIEKTPaTbHbBIN
aHaIn3

5. ATomHas agcopOrus

6. [Inamennas gorocnekrpomeTpust
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[Ipupona u cTpyKTypa XUMUYECKUX CO- | 1. PEHTTeHOCTpYKTYpHBIN aHAIU3

eAMHEHUN KaTaau3aTopoB ((ha3oBbIit 2. PentrenodmroopeciieHTHBIN aHAIN3
CO-CTaB, MOJIMIAPUUECKUIN COCTAB U 3. DNeKTpOHOPOTOMETPUUECKUN
CTPYK-Typa MOJHUDIPOB U JIp.) aHamu3

4. AMP, OIIP, kBagpynoJsibHbIi AMP
5. MndpakpacHast CHEKTpOCKOIHS

6. CneKTpoCKONnus B BUAUMOM U YJIb-
TpadroIeTOBOM 00JaCTH

7. MarauTHbeIE METOIBI

8. Oxe-CIeKTPOCKONUs

9. TepMorpaBUMETPUYECKHUE METOBI

Karanutnyeckuii KpeKUHT

Karanmutnyaecknii KpeKUHT — 3TO MPOIECC KaTATUTHIECKOTO IeCTPYKTHBHO-
o MpeBpalieHus pa3sHOOOPa3HbIX HEDTIAHBIX PPAKIUN B MOTOPHBIE TOILJIMBA, ChI-
pbe 11 HePTEeXUMHUH 1 aJTKAITUPOBAHHS, PONU3BOICTBA TEXHUYECKOTO YIIIepoaa |
KOKca.

V¢iI0BHsI KaTaIMTHYECKOTO KpeKrHra — temreparypa — 450-550 °C, nasie-
nue 0,1-0,3MlIIa, katanm3zarop.

MexaHu3M OOJIBIIMHCTBA PEAKIIMM KATATUTUYECKOTO KPEKUHTA O0BICHIETCS
B paMKax KapOKaTHOHHOMW TEOPHH, COTJIACHO KOTOPOW aKTUBHBIMHU ITPOMEKYTOU -
HBIMH YaCTHIIAMH SBJISTFOTCS KapOKaTHOHBI. OHH 00pa3yrOTCs TPH FeTEePOTUTHIC-
CKOM pa3pbIBE CBSA3EH B MOJIEKYJIEC YIIIEBOOPOa MO/ BO3ICHCTBUEM KaTaIU3aTo-
pa WA TIPU IPUCOSTUHEHUH K YTIIEBOAOPOAY IEKTPOHASHUIIUTHBIX KUCIOTHBIX
rpynn karanuzaropa. [locinenoBarensHoe mpeBpaiieHue KapoKkaTnoHa mpoosKa-
€TCsl 10 JOCTWKEHUS HanboJiee CTaOMIBbHOM CTPYKTYPHI.

CKOpOCTh KPEKHHTA U BBIXOJ MPOAYKTOB CYIIIECTBEHHO MCHSIOTCS B 3aBHU-
CUMOCTH OT KaueCTBa ChIPhsI, CBOMCTB KaTAIM3aTOPa 1 MOJIHOTHI €r0 PEreHepaluu,
TEXHOJIOTHYECKOTO PEKUMa, KOHCTPYKTUBHBIX OCOOCHHOCTEH pEeaKIIMOHHBIX aIlla-
paToB.

KaranuzaTopsl COBpeMEHHBIX KPYITHOTOHHAKHBIX MPOIIECCOB KaTa-
JUTHYCCKOTO KPEKHHTA, OCYIICCTBIISIEMBIX B PSKMME HHTCHCUBHOTO MacCo-
TEIJI000MEHA B armapaTax ¢ JABUKYIIUMCS WIN TICEBI0O0KMKEHHBIM CJIOEM KaTta-

Jn3aTopa, JOJIZKHBI 06HaﬂaTB HC TOJIBKO BBICOKMMH aKTHBHOCTBIO, CCIICKTHUBHO-
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CTBIO U TEPMOCTAOUIILHOCTHIO, HO U YIOBIIETBOPSTH MOBBIIIEHHBIM TPEOOBAHUSIM K
HUM TI0 PEeTreHEPANMOHHBIM, MEXaHHYECKUM F HEKOTOPBIM JIPYTUM DKCILTyaTaIy-
OHHBIM cBOMcCTBaM. [IpoMbIlITIEHHBIE KAaTAIM3aTOPBI KPEKUHTA MPEACTABISIOT CO-
00¥1 B 3TOH CBSI3U CIOKHBIE MHOTOKOMITOHEHTHBIE CHCTEMBI, COCTOSIINE U3:

1) matpuiisl (HOCUTENA); 2) aKTUBHOI'O KOMIIOHEHTA - [IE0JINTA; 3)
BCIIOMOTaTENIbHBIX aKTUBHBIX U HEAKTUBHBIX JOOABOK.

[TpoMbIiieHHbIE KaTanu3aToOpbl KpeKuHra. Ha oTedecTBeHHBIX yCTaHOBKAxX
C IBMDKYIIUMCS CJIOE€M IAPUKOBOTO KaTalnu3aTopa MPUMEHSUIUCH U MPOJI0JIKAIOT
MOKa MPUMEHSTHCS apukoBbie katanuzatopsl AIITHII-3 (6e3 P33), AIIIHII-6,
[leokap-2 u [leokap-4 (Bce ¢ P30 LaA).

W3 mukpochepruueckux IICK npumenenne Haxoast: KMIIP-2 (2 % La203),
MII-5 u PCI'-611 (110 4 % La203), KMIIP-4 (c npomoTopoM foxura) u ap. 13 3a-
py6exnsix LICK Gonee u3BecTHBI ciieayromue Mapku katanu3aropos: [Jropaden
(5, 6, 8,9), Cynep ([, sxctpa /1), MZ (1-7), CBZ (1-4), Okrakat-11, Pe3unaxat (20,
30) u opyrue.

MupoBoe npou3BOACTBO KaTAIU3aTOPOB KPEKUHTa B HACTOSIIIEE BPEMS CO-
ctaBiseT okoJio 400 Teic. T B roa. [1o 00beMy nMpou3BoCTBa HanboJiee KpyIHbIMU
Karanu3aTopHeiMH (padbpukamu BianeroT pupmsl «I peiic Jlesucon» (CLLIA, I'ep-
Manusa-43%), «Qurensrapay (CIIA, Huaepnauas: - 27%) u «Ax3o Hobenby
(CIIA, Hunepnauasl, bpasunus - 26%).

[TomaBmsrolyr0 4acTh KaTaIM3aTOPOB KPEKUHTA MPOU3BOIST 1O Tpa-
TUITMOHHOM TEXHOJIOTHH «CO CBSI3YIOIIMMY, HCTIONB3YS B CTAINH HAHECEHUS CHH-
TE3UPOBAHHOTO I[EOJUTA HAa TOBEPXHOCTh HOCUTEIS (QTFOMOCHITIKATA) CBSI3YIO-
I KOMIIOHEHT. 3aTEM OCYIIECTBIISIOT CTAJUU PACTIBITUTEIIBHON CYIIIKH, HOHHO-
ro oOMeHa TepMOXHUMHYECKON 00pabOTKOM, HAHECEHHSI IPOMOTOPOB, BCIIOMOTa-
TeJBHBIX J0OABOK, MPOKAIKH, KOMIIAYHANPOBAHUS U T.].

K ruapoxaTtanutudyeckum B HerenepepaboTKe OTHOCATCS MPOLECCHI, OCY-
HIECTBIIsSIEMBIE B CPE/ie BOAOPO/a B MPUCYTCTBUM KaTanu3aTopos. [To cnenmduy-
HOCTHU KaTaJIUTHYECKOTO IEUCTBUS THIPOKATATUTHUECKHUE MTPOLIECCHl MOXKHO Kiac-

CI/I(I)I/IHI/IPOBaTB Ha CICAYIOIIME TUIIbIL:
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[. l'uppokaTanuTHUECKHE MPOLECChl pepOpMUPOBaHUS HEDTIHOTO CHIPHSL:

la. Katanutnueckas apoMaTu3aius IpsIMOTOHHBIX OCH3UHOB (KaTa-
JUTHYECKUN pU(POPMUHT).

16. KaTtanutnueckas nzomepusanus jierkux (C4-C6) HOpMaJIbHBIX aTKaHOB.

OCHOBHOW LIENBIO 3TUX MPOLIECCOB SIBJIAECTCS MOBBIIIEHUE OKTAHOBOT'O YHCIIA
OCH3MHOB WM MOJYYEHUE UHANBUYATbHBIX ApOMATHUYECKUX WU JIETKUX U30T1a-
padUHOBBIX YTIIEBOJOPOIOB.

[I. Karanutuyeckue ruiporeHU3aluOHHbIE MPOIIECCHI 00JIaropaKuBaHUS
HE(TAHOTO CHIPbSI:

[1a. 'napooYnCTKa TOIUIMBHBIX (HPAKIIHUA.

I[16. 'mnpoobeccepuBaHue BBICOKOKHUITAIINX U OCTaTOYHBIX (paKIIHil (BaKy-
YMHBIX ra30iiieid, Maces, napauHOB U HEPTIHBIX OCTATKOB).

OTu nporeccsl NpeHa3HaueHbI J1s YJAIEeHUs U3 He(PTSAHOTO ChIPbsI TETEPO-
OpPraHUYECKUX COECUHEHUN.

[II. KatanuTuyeckue npouecchl 1eCTPyKTUBHON THAPOreHU3aIuu (THapo-
KpPEKHUHTa) HE(QTSIHOTO CHIPhSI:

[a. CeneKTUBHBIN THAPOKPEKUHT HEPTSIHOTO ChIPhS (TOIIIMBHBIX (PpaKiuii,
Macel, THIPaBINYECKUX KUAKOCTEN) C 11€IbI0 OBBILIEHHS] OKTAaHOBBIX YHCEN aB-
TOOEH3MHOB U MOJYYEHHUs] HU3KO3aCThIBAIOIINX HEPTEPOLYKTOB IIyTEM THIPOJe-
napapuHU3ALMH.

[I6. Jlerkuii rupOKPEKHHT BaKyYMHBIX Ta30MJIei 1 HU3KOOKTaHOBBIX O€H-
3MHOB COOTBETCTBEHHO JJIsi TUAPOIIOITOTOBKH ChIPhS KATAIMTUYECKOTO KPEKUHTa
C OJTHOBPEMEHHBIM MOJYyYEHUEM JU3ENIbHBIX (PpaKIuil U 1J1s1 TOBBIIIEHUS COIEp-
YKaHUs n30mapaduHOBBIX YTIIEBOOPOIOB B OCH3MWHAX.

B. ['myOGoKuit THIAPOKPEKUHT TUCTUIUISITHOTO ChIPhs (BaKyyMHBIX Ta30ii-
Jeit) 1 HePTSHBIX OCTATKOB C IEJIbI0 YIUIYOJICHHS TIepepadOTKH HE(TH.

IIr. 'maponeapoMatr3anusi peakTUBHBIX TOIUIMB M MAacCJISIHBIX JIHC-

THUJIJIATOB.
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OO6mmMY, MPUCYIIMMH BCEM TIEPEUNCIICHHBIM BBIIIIE TUTIAM THAPOKA-
TaTUTUICCKUX MPOIIECCOB MEPEePAOOTKH HEPTIHOTO CHIPHS, SIBIISIOTCS CJICIYIONTHE
MPU3HAKU:

1) xuMHUYeCcKrEe MPEBPAILICHHS B HUX OCYILECTBIISIIOTCS TOJT ITABJICHUEM BO-
nopoja, 00pa3yrolIerocs: B OIHUX Mpolieccax, HalpuMep, KaTaTuTHIECKOTO pU-
dbopMHHTa, U PACXOAYEMOT0 B IPYTHUX;

2) XUMUYECKHE TTPEBPAIICHIS HEPTIHOTO CHIPhS B TUAPOKATATUTUYECKAX
polieccax OCYHIECTBISIOTCS Ha KaTaln3aTopax Ou- Wi NoaudyHKIIHOHAIBHOTO
JICUCTBUS,

3) B cocTaBe Bcex 0€3 UCKIIIOUEHUS KaTaln3aTOpPOB THAPOKATATUTHYECKUX
MPOIIECCOB COAEPIKATCS KOMIIOHEHTBI, OTBETCTBEHHBIE 32 POTEKAHUE TEMOIUTH-
YECKUX peakuuil rupupoBanus - neruapuponanus (Pt, Pd, Co, Niu ap.). B kaue-
CTBE BTOPOI'0 KOMIIOHEHTA, OCYILECTBIISIFOIIETO TETEPOIUTUYECKUE PEAKIIUN, Ta-
KHE, KaK U30MepHr3alus, IUKIN3alus, KPEKUHT U JIp., B 3aBUCUMOCTH OT THIa
MPOIIECCOB MPUMEHSIIOTCSI MPEUMYIIIECTBEHHO OKCHJT aJTFOMUHUS, IPOMOTHUPOBAH-
HBIM KUCJIOTOM, alIFOMOCHITUKAT, IIE0JIUT, a TakKe CyIb(uabl MoiuOeHa, BOJIb-
dbpama u 1p., o6aagaroIre p-MPOBOAUMOCTBIO (TO €CTh JBIPOYHOMN TPOBOAUMO-
CTBIO).

[Iporecc kaTanuTrueckoro pudopmMuHTa MpeHa3HauYeH AJIs MOBBIIICHUS
JIETOHAIIMOHHOW CTOMKOCTH OCH3WHOB U MOJYyUYCHUS] UHIUBUIYaIbHBIX apOMAaTH-
YECKUX YIJIEBOJIOPOJIOB, IIIaBHBIM 00pa3oM O€H30J1a, TOJIy0Jia KCHIIOJIOB - CHIPbS
HeTexumuu. BaxkHoe 3HaueHHE UMEET MOJyYeHHE B MPOIECCE JICIIEBOr0 BOO-
pOoACOAepIKAIIErOo ra3a JJisi HCII0JIb30BaHUS B APYTUX THAPOKATATUTHYECKUX TTPO-
eccax.

Ha ycranoBkax pudopMuHra IpuMEHSIFOTCS TPU TUIIA KaTalu3aTOPOB: MO-
Hometammyeckue (AIl-56, AI1-64), oumetannudeckue (KP-101, KP-102) u mo-
numeTammyeckue (KP-104, KP-106, KP-108 u minatunospuonutoBbie CI'-311).

Komnonentamu kataauzatopoB pudOpMHUHTa SBISIIOTCS TUIATUHA, HOCUTEh
(y - oKcU AJIFOMUHMSI) U TAJIOT€H B KaU€CTBE KUCIOTHOIO MpoMoTopa. B monnme-

TAJUTMYECKHUE KaTalu3aTOPhl BBOJST JIOMOJHUTEIBHO Apyrue Metaiisl, Pd, W, Pb,
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Re, Mo, KOoTOpbI€ BBINOJIHAOT PoJib MPOMOTOpOB. Coaepkanue rmiaTtuHel B 1,5-1,7
pa3a HWXKE, 9eM B MOHOMETAUTMYECKHX.

Pacuer peakTopa u perenepaTopa npolecca KaTaldTHYECKOro KPEKUHTa.

['eomeTpuyeckre pa3Mepsl peakTopa ONMPEACIISIIOT CISAYIONUM 00pa3oM.

1. Haxonsar o6bem katanuzaropa (VK.p, M3) B peakTope B HACBHIITHOM BHUJIE:

Vk.p = Ge /pcW

rae Ge -pacxof ChIphs, KI/4;

pC -TUIOTHOCTH CBIPBS B dKUIKOM COCTOSIHUU KI/M3;

W - oO0beMHasi CKOpOCTh MOAa4M ChIpbsi, U3MeHsieTcs B npenenax 0,8-3,0 g,

2. Onpenenstotr 00beM kumsitiero ciost (Vk ¢, M3) o opmyiie

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

pHAC. -HACBIMHAs MJIOTHOCTh KaTajiu3zaTopa, 00bdHO 610—690 kr/M3;

PK.C.-TUIOTHOCTH Kutismero cios, 400—500 kr/m.

3. PaccunThiBatoT 11011316 IOTIEPEYHOTO CEUEeHUsSI peakTopa (S, M2 ) 1o
dbopmyie:

S=Gln/V

rae G'n - o0beMHBIN pacxo/1 MapoB NPOAYKTOB KPEKUHTA U BOJASIHBIX MapoB,
M3/c, V - nuHeitHas CKOPOCTh JBMKEHUS MMapOB HAJ KUIISIIUM CJIOEM KaTalli3a-
TOpa, M/c, 3Has TUIOIIA/b MOMEPEYHOTO CEUEHUS, JIETKO HAWTH €ro JUaMeTp.

4. Haxondat BBICOTY KHIsIIEro ciost katanuzaropa (hk c, m) mo popmyne

hk c. = Vk.c./S

1 0OIIyI0 BBICOTY peakTopa

H = hk.c. + ho.3

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

5. OnpeaensroT MpoA0HKUTEIIBHOCTS TPEOBIBAHMSI YaCTHUIT KaTau3aTopa B
peakrope (Tk, ¢) mo hopmyre :

Tk = 3600/K11 w.

[Tnomaae monepeyHoro CEYCHMsI OTIIAPHOM CEKITUU PEaKTopa U €€ BBICOTY
PACCUYHMTHIBAIOT UCXOMAS M3 00beMa BOJSHOTO TIapa, CKOPOCTH €T0 IBYKCHHUSI, a

TaKkke o0beMa KaTajin3aTopa, HaXOAAIICTroCs B OTHapHOﬁ CCKIIMH.
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['eomeTpuueckue pa3mMepbl perenepaTopa OnpeaessitoTes TAKUM ke o0pasze
KaK U peaKkTopa.

SAJTAHUA

1. B peakTop katanutuyeckoro kpekunra nocrymnaet 106 000 kr/4 Bakyym-
Horo razoitns ( p204 = 0,865). O0BEMHBIN pacxo]l MapoB, MPOXOASAIINX Yepe3 pe-
akTop, 16,2 M3/C, ux ckopocTh 0,6 M/c. O6beMHast CKOPOCTh MOJA4YH ChIPhS - 1,4 4-
1. HacpinHas mioTHOCTh KaTajau3aTopa paBHa 680 Kr/mM3, INIOTHOCTh KHUIISAIIETO
ciost 450 xr/m3. OnpenenuTs AMAMETP U BBICOTY PEaKkTopa, MPUHSB BHICOTY
OTCTOWHOMW 30HBI 5 M.

2. B peakTop KaTaJuTUYECKOTro KpekuHra nocrymnaer 78150 Kr/4 chipbs,
KpatHoCTh HUpKYJISILIUK KaTan3aTopa paBHa 7,6. Haiitu MaccoBblii pacxon Lup-

KyJHPYIOIIETo KaTalnu3aTopa.

3. Onpeaenutb HEOOXOIUMBIN 00BEM KaTaau3aTtopa Jjisi puGpopMUPOBAHUS
69800 Kr/4 GEH3MHOBOM (hPaKIHH IIIOTHOCTBIO 749 Kr/M°, mpoxosieii depes pe-
AKIMOHHYIO 30HY C 00BEMHOIT CKOPOCThIO 1,4 a™

4. O0bscHUTE, TOYEMY TPOMBIIIIJIEHHBIE TPOIIECCHl pUPOPMHUHTA CO CTAIIM-
OHApPHBIM KaTaaInU3aTOPOM MPOBOAAT IIPU MOBBIIIEHHBIX JABJICHHSX, a IPOLECCHI C
HETMPEPBIBHON pereHepaluei, Ipyu NOHUKEHHbBIX TaBICHUSAX.

BOITPOCHI

1. Kakue mpotieccol HedTenepepaboTKU OCYIIECTBISIOTCS C MPUMEHEHHEM
KaTaan3aTopoB?

2. KakoBo 11e1€BO€ Ha3HAYEHHUE MPOLIECCa KaTaTUTUUYECKOTO KPEKUHTa?

3. Kak Bnuser 00beM KaTasin3aTopa Ha anmaparypHoe ohopMIIeHHE MPoIiec-
ca?

4. Kakue kaTanu3aTtopbl IPUMEHSIOTCS B MIPOIECCE KaTATUTUYECKOTO Kpe-
KUHTa?

5. JlaniTe KpaTKyro XapakTEPUCTUKY LEOJIUTAM U ITPOMBIIIIEHHBIM KaTaJIN-

3aTOpaM KPEeKHHTa.
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6. KakoBbI Ha3HaUEHUs, 3HAYCHHUE U KJIACCU(PHUKAIUSI THAPOKATATUTHYECKUX
MPOIIECCOB?

7. KakoB coctaB karaian3atopoB pudopmMuHra?

8. B uem mpeunmyIiecTBa MoJMMeTaNIMIeCKUX KaTaau3aTopoB pudopMuH-
ra?

9. Kakoilt KOMIIOHEHT KaTaiu3aTopa 00€CIeurnBaeT CeIEeKTUBHOCTD TUIPO-
KpeKHuHra?

10. Kakue nokasarenu karaau3aropa HE0OX0JMMO 3HATh JUIsl pacyeTa peak-

TOpa U pereneparopa?
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[TpakTueckoe 3ansatue 8. OCHOBHbBIE KATAIUTUYECKUE MPOIIECCHI U
KaTaJn3aTophl, IpUMeHseMble B HuX. KaTtamutnaeckuit pudopMuHT

Lenp: Llenbro MpakTUYECKOTO 3aHATHUS SBISIETCS 3aKPEIJICHUE 3HAHUM,
MpUOOpPETEHNE YMEHUIN U MPAKTUYECKUX HABBIKOB HA MPAKTUYECKOM 3aHSATUH.

®dopmupyembie komnerennun: [1K-1

AKTYaJIbHOCTh TEMBI: AKTYaJIbHOCTh IPAKTUYECKOTO 3aHATUS COCTOUT B
TOM, YTO 3HAHUS, YMEHUS U HABBIKU, TIOJIyYCHHBIC B X0J1¢ pabOTHI, OyIyT
WCITI0JIb30BAHBI JIJIs1 BEIOOPA ONTUMAIBHBIX TEX-HOJOTUN U TapaMeTpOB
IIPOU3BOJICTBEHHBIX IPOLIECCOB U IPU HATMCAHUU JTUILIOMA.

TEOPETUYECKASA YACTD

Karanutnueckuii pudopMuHT.

[Tponecc kaTanUTHYECKOTO pUGOPMHUHTA MPETHAZHAYEH IS TTOBBIIIICHUS
JIETOHAIIMOH-HOM CTOMKOCTH O€H3MHOB U MOJYYEHUSI apOMATUYECKHUX
YTIE€BOAOPO/IOB, TJIABHBIM 00pa3oM OeH30J1a, TOIYyO0JIa U KCHIIOJIOB, a TAKXKe
BOJOPOJICOAEPKALIUH T'a3, KOTOPBIA IUPOKO UCTIONB-3YIOT B IIpOIIEccax
THAPOOYUCTKHA HEPTIHBIX AUCTHILIATOB. [Iporiecc karanutudeckoro pudop-
MHHTa, OCYILIECTBIIIEMBIH O] JABJICHUEM BOAOpo1a U Temieparype 10 510 oC,
BKJIFOYAET TPU OCHOBHBIX THUIA PEAKLIHI, KOTOPHIM MOABEPTatOTCS YTIEBOAOPOIbI:
apoMaTu3aIfio, H30MepU3a-1nio0 U THAPOKPEeKUHT. Hanbosee BaXHYIO POJIh
UTPAIOT peaKIny, BeAyIIHe K 00pa30BaHUIO apOMATUYECKUX YTIEBOJAOPOJIOB B
MPUCYTCTBUM KaTaau3aTopa.

Karanuzatopsl. Ha yctaHoBKax pudopMuHra npuMeHsIt0TCS TpU THIIA
KaTaJM3aTOPOB: MOHOMETAJUTMYECKUE, OUMETAIUTMYECKUE U TTOJTUMETATIINYECKHE.

Kommonentamu katanu3aTopoB pudopMUHTa SBISIOTCS IUIATHHA, HOCUTEIb
(y - OKCHJ aJIFOMUHUS) M TaJIOTE€H B KaUe€CTBE KUCIOTHOTO MpoMoTopa. B
MOJUMETAJUTMYECKHUE KaTaau3aTo-phl BBOJAT JOMOJIHUTEIBHO APYTHE METAJUIbL,
Pd, W, Pb, Re, Mo, KoTOpbI€ BBIMOIHSIOT POJIb IPOMOTOPOB. CoiepikaHue
matussel B 1,5-1,7 paza Huxke, 4eM B MOHOMETAJUTMYECKUX.

KaranmuzaTtopsr pudopmMuHTa COCTOST M3 HOCHUTENST — oKcuaa y-A1203 u

METaAJINYECKOU (I)&?)BI — IINIATUHBI U COKATAJIM3aTOPOB THUIIA PCHHA, UPUIHA,
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cepeOpa u Ipyrux MeTauioB. MHO-ro¢a3HOE COCTOSIHUE KaTaIn3aTOPOB
pudopMHHTa onpeIesieT MoJu(YHKITMOHATIEHOE UX BO3-ICUCTBUE HA
IpeBpalleHnue yrieBoJ0pOA0B OEH3UHOBBIX (paKIUii B YCIOBUSIX PUGOPMUHTA.

B npoMBIIIEHHBIX YCIOBUSX MPUMEHSIOT B OCHOBHOM CJIEAYIOIINE TUIIBI
katanu3ato-poB: Pt,Re/y-Al203, Pt,Ge/ vy -Al1203, Pt,Ir/ vy -Al1203, Pt, Sn/ vy -
AlI203. Ha noBepxHOoCTh KaTanu3za-topa HaHocutcs ot 0,3 1o 0,6% mac. Pt u ot
0,3 1o 0,5% mac. cokatanuzaropa. [Ipu MeHbIlIeM coJiepKaHUU ITATUHBI Ha
OKCHJI€ aJIIOMUHUS MOBBIIIAETCS KOKCOOOpAa30BaHUE HA KaTajau3aTtope, npu dosee
BBICOKOM coJiepkanuu Pt Ha HOcUTene pacTeT J0s mpouecca THAPOKPEKUHTA
YTJIE-BOJIOPOJIOB.

JIJist TpOMOTHUPOBAHUS KaTaIN3aTOPOB, MOBBIIIEHUS UX TEPMOCTAOUILHOCTH
U YCTOWYU-BOCTH K s/1aM UCIIOJIb3YIOT J00ABKU B HUM TaKUX METAIOM KakK, MeJlb,
IIUHK, KagMui, naaui, P30 (manTaH, nepuii, HeoauM), TUTAH, CypbMa, HUOOUH,
TaHTaJ, XpOM, MOJIHO/IEH, MapraHell, KeJe30, KoOaabT, HUKEIb, PyTCHUN U POIUA.

OTH COKaTaM3aTOpPbl MOXXHO Pa3JCiUTh Ha JBE TPYIIIbL: OAHA W3 TPYII
METAJUIOB - PpPEHUW, UPUIAWNA, XpOM, MeAb U TepPMaHUUM — YCHIIHUBAIOT
TUIPOACTUAPOLIMKIN3YIONIME CBOMCTBA IUIATUHOBOIO KaTajau3aTopa, a BTOpas
rpynna, K KOTOPOW OTHOCSTCS OCTaJbHbIE METAJUIbI, YCUJIMBACT YCTOWYMBOCTH
Karamu3atopa K  sJaM, TIOBBIIAET €ro  TePMOCTAOWUIIBHOCTH, CHUKAET
TUAPOKPEKUPYIOIINE CBOMCTBA.

JUist  ycuneHus: KUCIOTHOW (YHKIIMM HOCUTENS, €ro HM30MepU3YIoIIeH
CEJIEKTUBHOCTH B HEM MOHBI KUCJIOPO/a 3aMEHSIOT HAa TAJIOTEHBI.

Merannuueckas (a3za KkaramuzaTopa ONpeaeseT TUIPUPYIOIICACTHI-
PUPYIOLIME U NETUAPOLMKIN3YIOIINE CBOWCTBA, 4 TAKXKE BOCCTAHOBJIEHHE KOKCA B
MTOTOKE BOJOPOJA.

TexHosnoruss MpPUTOTOBIEHUST KaTtanmzaTopa pudopmunra. KarammzaTopsr
pudOpMHUHTA B IPOMBIIIIEHHBIX YCIOBUSX TOTOBSIT METOJIOM MPOTUTKHA HOCUTEIIS
v -A1203 BOJHBIMU pacTBOPAMH COJIEYN IIATUHBI, PEHUS, UPUIUS WK TEPMAHUS U
IpYyTUX METAIUIOB. [ MPOM3BOACTBA ITUX KATAIM3aTOPOB MOXKHO IPUMEHSTh

METOObI az[cop6u1/m COCIUHECHUN METAIJIOB Ha IIOBCPXHOCTHU HOCHUTCIIA WU
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COOCAKJICHUS] THAPOreNer TPUOKCHIA AOMUHHUA M COJIEW COKAaTaau3aTopoB, C
MOCJIEAYIOIIMM HAHECEHUEM HA 3TOT HOCUTEb COEUHEHNN TUIATHHBI.

Cpoxu ci1y»O0bl KaTaJlu3aTopa 3aBUCAT OT YCIOBUM dKCIUTyaTalluu, JJIs
MOJIMMETAIUIMYECKUX KaTalnu3aTopoB 6-7 ner. KatauTuueckumu siiamMu sIBISIIOTCS
KOKC, METaJUIOPraHUYECKUE COEAMHEHNS CBUHIIA, MEJIH, MBIIIBAKA B CHIPHE U
OKCHUJI yriiepoaa. AKTUBHOCTb CHUYKAETCS IIPU HAJIMYHH B ChIPbE BIIATH,
CEPHUCTBIX U A30TUCTBIX COCINHEHUM.

BOITPOCHI 1 3A JAHUA:

1. KaranusaTtopsl

2. KOMIIOHEHTBI KaTalln3aTOpPOB

3. Turel KaTaau3aTopoB

4. TexHOJIOTHsI MPUTOTOBJIEHUS KaTaJlu3aTopa pugpopMUHTa
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[TpakTueckoe 3ansitue 9. MeToasl UCCIIEIOBAaHUSI TEXHOJIOTUYECKUX
XapaKTEPUCTHUK KaTAIN3aTOPOB.

Lenp: Llenbro MpakTUYECKOTO 3aHATHUS SBISIETCS 3aKPEIJICHUE 3HAHUM,
MPpUOOPETCHUE YMEHUMN U MPAKTUYECKUX HABBIKOB HA MPAKTUYECKOM 3aHSATHH.

®dopmupyembie komnerennun: [1K-1

AKTYaJIbHOCTh TEMBI: AKTYaJIbHOCTh IPAKTUYECKOTO 3aHATUS COCTOUT B
TOM, YTO 3HAHUS, YMEHUS U HABBIKU, TIOJIyYCHHBIC B X0J1¢ pabOTHI, OyIyT
WCITI0JIb30BAHBI JIJIs1 BEIOOPA ONTUMAIBHBIX TEX-HOJOTUN U TapaMeTpOB
MIPOM3BOJCTBEHHBIX MTPOLIECCOB Y MPU HANTMCAHUU JTATIIOMA.

TEOPETUYECKASA YACTD

HccnenoBanne Karain3aToOpoB I0IKHO HOCUTh KOMIUIEKCHBIN XapakTep,
o0ecrieunBaIONINi BBISIBICHHE UX OCHOBHBIX OTPEOUTEIIBCKUX XapaKTEPUCTUK.

K HMM OTHOCSITCSI: aKTUBHOCTh, MEXaHWYECKasl MPOYHOCTh U CTAOMIILHOCTH B
pabore.

PesynpTHpyronen u «ramaBHON» XapaKTEPUCTUKOM ABJISIETCS aKTUBHOCTb,
MoKa3aTesieM KOTOPOH B 3aBUCUMOCTH OT UCIIOJIb3yeMOM METOAUKHA MOTYT OBITh
CTEIICHb MPEBPALICHUS BEIlIE-CTBA, KOHCTAHTA CKOPOCTH PEAKIIUU U MPOCTO
CKOPOCTb.

CymiectByeT 00bI10M HAOOP METO0B, TTO3BOJISIOIINX (PUKCUPOBAThH
CBOMCTBA KaTaJIM-3aTOPOB. DTO OMNpeeIeHUE XUMUUYECKOro U (ha30BOTO COCTABOB.
[Tpu ux M3yyeHun MOTYT OBITH UCIIOJI30BAHBI TPUEMBI «MOKPOI» XUMUH,
peHTreHo(}a3oBbIi aHAIN3, PEHTTeHOBCKAasK (POTOAIEKTPOHHAS CIIEKTPOCKOIIHS
(PD®IC), anexkTpoHHAS U CTIEKTPOCKOIHUS.

Tak kak npu BeJEHUU F€TEPOTCHHBIX MPOIIECCOB YPE3BbIUYAHO BAKHBI TAKUE
XapaKTEPUCTUKH, KaK JOCTYIMHOCTh M TUIONIAAb TIOBEPXHOCTH KaTaIU3aTOPOB, TO
ONpeIeSICHHs UX MPEICTABICHBI IUPOKUM CIEKTPOM METOJI0OB UCCIEOBAaHUS. ITO
M3MEPEHUE CYMMAPHOU IIJIONIAN MOBEPXHOCTH KOHTAKTHOW MACChI, [IOBEPXHOCTHU
HAHECEHHOTO MeTajuia U 00beMa Mop Mo aACOPOIIMU Ta30B; ONpPECICHHE

pacnpeneneHus mop o pasMepam METOJIOM PTYTHOM OPOMETPUH U AP.
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N3ydyeHne MmexaHn4eCKOW NPOYHOCTH KOHTAKTHBIX MacC TAKKe
MHOT000Pa3HO U OMpPEAEIAETCA TUAPOIUHAMUYECKUMHU PEAKIIMOHHBIMU
ycioBusiMu. Ecniu umeer Mecto GuibTpyrouui cioi, To 3aMepsieTcsl IPOYHOCTh
MaTepuasa Ha pa3gaBlIMBaHUE, €CIU KUITAIIUN CIIOM, TO ONPEAENSAETCS UHICKC
VUCTUPAHUS.

Pa3paboTka MeTOA0B HCCIEOBAaHUS KaTAIM3aTOPOB B HACTOSIIEE BpEMs
orepexaeT ux pa3padoTky. OcoOEHHO MHTEHCHUBHO UET Pa3BUTUE U3YICHUS
paboTaroIIero KaTaau3aTopa.

HccnenoBanue cocraBa, CTPYKTYPBI M CBOMCTB KaTaJIU3aTOPOB
OCYILECTBIISIETCS € LIETBIO pa3pabOTKX METOI0B U TPUOOPOB KOHTPOJIS U
YIPABJICHUS MPOIECCOM CHHTE3a U 2P(HEKTUBHOM IKCIUTyaTaIllU TBEPABIX
KaTaJnu3aToOPOB.

[Ipouecc cuHTE3a TBEPABIX KATAIU3ATOPOB COMIPOBOKIAACTCS KOHTPOJIIEM U
YIPaBJIECHUEM CIIEAYIOIINMU IEPEMEHHBIMH: Ka4€CTBOM ChIPbS, JIJIsI CHHTE3a
KaTaJnu3aTOPOB; KAYECTBOM PACTBOPUTENEH, COCTABOM U PACXOJ0M PACTBOPOB,
BPEMEHEM CHHTE3a MOIYIPOAYKTOB Ha KaXI0W CTAa/IUH, TEMIIEPATYpPOH B
PEAKIIMOHHBIX €MKOCTSX, KOHIICHTPAIIMEH U PacX0/I0M aKTUBUPYIOIIUX
KaTaJn3aTop pacTBOPOB, TEMIEPATYPOM CYIIKU U MPOKAIUBAHUSA, COCTABOM
MMapOBO3AYIIHON CMECH; CTENICHBIO OKUCIICHUS, BOCCTAHOBJICHUS,
rajJloreHUpOBaHMUs, CyJIb(PUPOBAHUS KAaTaTU3aTOPOB, IPAHYJIOMETPUUECKUM
COCTAaBOM, TEKCTYPOM, CTPYKTYpPOI KPUCTALITUYECKON 1 aMOP(HHOMN peIieTKu
TBEPABIX KATAIU3ATOPOB U IPYTUMH NTapaMeTpaMu. ITHU MOKa3aTeu Mmpouecca u
KaTaJanu3aTOPOB MOTYT PETUCTPUPOBATHCA U UCCIIEIOBATHCS HA TOTOKE WJIU B
CTaTHYECKUX PEaKTOpax, B JaOOPATOPHBIX YCIOBUSX WJIM HA KATATH3aTOPHBIX
dhabpukax 151 TaOJIETUPOBAHHBIX, IIAPUKOBBIX U MUKPOCHEPUIECKHUX
KaTaJIn3aToOpOB.

MeToapl UCClIeIOBaHUS KaTaIM3aTOPOB: aJICOPOIIMOHHBIC, CIIEKTPaIbHBIC,
paInoYacTOT-HbIE, U30TOMHBIE, MATHUTHBIE, JIEKTPOCTATUIECKUE, ONITUUECKHUE,
TepMOTpaBUMETPUIECKUE, HEUTPOHOTpauIecKre, MUKPOCKOTIMYECKHE,

KaJIOpUMETPUICCKHUE, THAUKATOPHBIC, VOHHBIN OOMEH U Ap.
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Metonas! onpenenenus akTuBHOCTH. Hanbonee cymiecTBeHHOM
XapaKTEPUCTUKOM JIFOOOT0 KaTajn3aTopa sBJISETCS €ro aKTHBHOCTD B
OIIpPEIETICHHOM KaTaJIUTUYECKOM IMpoliecce. BbIOOp METOINKY HCCIe10BaHUS
aAKTUBHOCTU CBSI3aH C OCOOEHHOCTSIMU PEAKIUH, YCIOBUSAMU SKCIIEPUMEHTA U T. [I.

Mepoii KaTaIUTHYECKON aKTUBHOCTH MOXKET CIIY>KMTh CKOPOCTh IPOTEKaHU
peaKkIMu B UCCIIElyeMOM HANPABIICHUHU B IIPUCYTCTBUU Katanu3aropa. [Ipu onenke
AKTUBHOCTU KOHTAaKTHBIX MacC B IIPOU3BOJICTBEHHBIX YCIOBUIX OOBIYHO
BBIUUCIISIOT CKOPOCTh PEaKLMU 10 OTHOIICHHUIO K €IMHULE 00beMa V KOHTaKTa.

Jlist onipesiesieHrs yAeIbHOM KaTallMTUYECKON aKTUBHOCTH, WJIM aKTUBHOCTH
€AMHUIIBI TOBEPXHOCTH, HEOOXOIMMO 3aMEPUThH BCIO BHYTPEHHIOKO TUIONIA/1b
IIOBEPXHOCTH U TOJHOCTBIO €€ UCII0JIb30BaTh B PEAKLIUH, T. €. BECTH IIPOLIECC B
KMHETUYECKON 00JIacTH.

CymiecTByeT MHOTO pa3JIMYHbIX METO/I0B ONPENEICHUS KUHETUYECKUX
XapaKTEpPUCTUK, KOTOPbIE MOTYT ObITh pa3/IeIeHbl Ha IBE OCHOBHBIE IPYIIIIbL:

1) craTnyeckue, OCyECTBISEMBIE B 3aKPBITHIX CUCTEMAX U 2) IPOTOYHBIE -
B OTKPBITBIX CHCTEMAX.

Cratudecknii METOI.

Peakuuio  mpoBOAST B 3aMKHYTOM  OOBbeME 1O  YCTAaHOBJICHUS
TEPMOJMHAMHUYECKOIO paBHOBECHUS JIMOO IO MOJHOTO MPEBPALEHUS OJHOIO W3
UCXOJHBIX peareHToB. KOHILIEHTpalusi peareHToB HM3MEHSETCS OT MCXOAHOW [0
PaBHOBECHOM, COOTBETCTBEHHO M3MEHSETCS W CKOPOCTh PEAKUHUHU IO 3aKOHY
JNENUCTBYIOLIUX MacC (OCHOBHOMY 3aKOHY KUHETUKH).

Cratuueckre METOAbl MOXXHO MNPUMEHSATh JIMIIb JUISl  WU3Y4YEHUs
KaTaJIM3aTOPOB CTALMOHAPHBIX B OTHOILIEHUH PEAKLIMOHHBIX CMECEH.

[IpoTtounbie (AMHAMUYECKUE) METOIBI.

Haubonee pacnpocTpaHeHHBIMH SIBISIOTCS MMPOTOYHBIE METObI U3MEPEHUS
KATAIMTUYECKOM AKTHMBHOCTH. B MPOTOYHBIX YCTAHOBKax IIOTOK pPEareHTOB
IPOIMYCKAIOT C ONpPENEJIEHHOM CKOPOCTBIO 4Yepe3 pPEeakUUOHHBIM 00beM,
coJlepKallluii  KaTaJu3aTop, M MPOU3BOIAT 3aMepbl IapaMeTpoB MpoLEcca,

aHaJIM3bl COCTaBa Ha BXOAC B PCAKTOpP, Ha BBIXOAC M3 HCTO M IO BO3MOXHOCTHU B
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pa3IMuYHBIX TOYKaxX 3TOro oobema. [IpoTouHble METOBI MO3BOJISIOT MPOBOJIUTH
KMHETUYECKUE MCCIENOBaHUS B YCTAaHOBHUBIIMXCS YCIOBHSX, T. €. TMpH
IIOCTOSIHCTBE MCXOJHBIX KOHILICHTpAalLMW, TEMIIEpaTyp, [NaBJICHUA, CTCIEHU
IIEpEMEIINBAaHUs W JPYTUX NapaMeTpoB B KaXKIOM OTAeIbHOM ombite. [Ipn
[Iepexo/ie OT OAHOTO OIbITa K APYIrOMY H3MEHSAIOT OIPEIEICHHBIE Mapa-MeTphl
IIPOIIECCa Ha 3aIaHHOE 3HAYCHHUE.

[IpoTOUHBIN METOX SABJISIETCS MHTETPAJIBHBIM U HENPEPBIBHBIM U ITO3BOJISET
OCYILECTBJIATh IIPOLECC KaK YrOJHO JOJI0 IIpU 3aJaHHBIX KOHUEHTpaLUAX,
TEeMIIepaTypax, JaBJICHUSAX, JUHEHHBIX U OOBEMHBIX CKOPOCTSIX I'a30BOr0 MOTOKA
Ha BXOJE B PEaKTOp. ECTECTBEHHO, UTO KOHLIEHTPALIMU PEATUPYIOIINX BEIIECTB U
Ipyrue mnapaMmeTpbl U3MEHSIOTCS MO JUIMHE (BBICOTE) peakTopa B pe3ysbTare
XUMHUYECKOTO TMpeBpalleHus. AnmnaparypHoe O(OpPMIIEHHE TaKUX YCTaHOBOK
IIPOILIE, & YYBCTBUTEIBHOCTD HUKE, YEM CTATUYECKUX.

IIpy wKCHONB30BaHMM NPOTOYHOTO METOJA C HENOABMIKHBIM  CIIOEM
KaTajau3aTopa B pEaKkTope OOBIYHO [OIYCKAIOT, YTO ABM)KEHHE ra3a B CJ0€
KaTajan3aTopa OTBEYAET PEXUMY HACAIBbHOTO BBITECHEHMS, T. €. MpeHeOperarr
paguanbHBIMU FPAAMEHTAMU JTaBJICHUS, TEMIIEPATYPbI, KOHLIECHTPALUH.

OCHOBHOE JTOCTOMHCTBO MPOTOYHOTO METO/Ia — BO3MOXHOCTh OIPEACIICHHUS
KATQIMTUYECKOM AKTUBHOCTH IIPYM CTALMOHAPHOM COCTOSIHMM KaTajau3aTropa.
CymecTBeHHBIN HEIOCTaTOK — HEBO3MOXXHOCTBH NMPSMOTO U3MEPEHHsS] CKOPOCTH
pPEaKUU U TPYIHOCTh OCYLIECTBIICHUS B PEANBHBIX YCIOBUAX PEKUMA UIEATIBHOIO
BBITECHEHUSI.

Psn mpeumyiiecTB MPOTOYHOTO MeToja (IpOCTOTa KOHCTPYKTUBHOTO
oopmiieHus, HEIPEPHIBHOCTh PabOTHI, BO3MOKHOCTh MPOBEPKU KaTaiau3aTopa B
yCIOBUSIX, ONU3KUX K MPOU3BOJACTBEHHBIM) OOECHEUWIM €My IIMPOKOE
IIPUMEHEHUE NIPU M3YYCHUU KATAIMTUYECKUX PEAKIUN OKHUCIEHHsS OKCHa
yriepoza, OKCUIa Cephl.

besrpagveHTHBI NPOTOYHO-UMPKYISLUOHHBIA METOX OCYLIECTBIAIOT B
YCIOBHUSX IPAKTUYECKOIO OTCYTCTBHSL B PEAKUIMOHHOW 30HE IIEpEIajioB

KOHLIEHTpaluii u Temneparyp. [IpuHIMI ero NPUMEHUTENBHO K H3YyYEHHUIO
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KMHETUKM TETEPOr€HHBIX KAaTAIMTUYECKUX PEAKLUHUA BIIEPBBIE IPEIJIOKEH
TemkunbiM, Kunepmanom wu JlykpsHoBou. IlepememmBanne B INPOTOYHO-
LUPKYJSIMUOHHOM ~ CHUCTEME  JOCTUIaeTcs  WHTEHCUBHOW  LUPKYJSLUEN
PEaKIMOHHON CMeCH uepe3 KaTalln3aTop B 3aMKHYTOM O0OBbEME MPH HEMPEPHIBHOM
IOCTYIJIECHUM W BBIBEJICHWHM Ta30BOI0  IIOTOKA, IIPUYEM  KOJIMYECTBO
LUPKYJMPYIOLIETO ra3a JOJDKHO 3HAYMTENBHO IPEBBIIIATh KOJIMYECTBO BHOBB
BBOJIMMOT'0 MCXOJTHOIO rasa.

HMItynbCHBIE METOBI

NMnynibcHBIE METOABI HCCIIENOBAHUS AKTUBHOCTH KATAIN3aTOPOB HAXOMST B
IOCJIEAHEE BpEMS IHUPOKOe npuMeHeHne. OHU PeayCMAaTPUBAIOT UCIIOJIb30BaHUE
Xxpomarorpauyeckoro ajcopOeHTa B KaueCTBE KaTallM3aTopa ¢ MEPUOAUMYECKON
NoJayeil Ha HEro pearupyrolux BemecTB. B Xpomarorpaduyeckod KOJOHKE
IIPOUCXOIUT PpA3LCICHUE IPOAYKTOB M HENPOPEarupoBaBIIMX KOMIIOHEHTOB
PEAKLIMOHHOM CMECH.

B uMIOynbCHOM  KaTalUTUYECKOM  MHUKPOPEAKTOPE 4YEpPE3  CUCTEMY
IPOIMYCKAIOT C MOCTOSHHOM CKOPOCTBIO Ta3-HOCUTENb (MHEPTHBIM WIM OOUH U3
peareHToB), B KOTOPbIM BBEAECH peareHT. M3 peakTropa ra3-HOCUTEIb MOCTYIAET B
TEPMOCTATUPOBAHHYIO KOJIOHKY Ta30BOro XxpomaTtorpada M 3aTeM B JIETEKTOP.
Meton 1mo3BOJISIET 3a KOPOTKHM CPOK OLEHUTh OTHOCUTEIBHYK) AKTUBHOCTH U
CEJICKTUBHOCTH OOJIBIIOTO YKCIIa KaTaau3aTOPOB MPHU PA3IMYHBIX TEMIIEpaTypax.

NMnynbcHbIE METOABI HE INPUTOAHBI Ul ONPENECICHUsS KaTaIUTHYECKOU
AKTUBHOCTHU B CTAlIMOHAPHBIX YCJIOBHAX. M3ydas UMITyJIbChI, CIEIYIOIINE IPYT 3a
APYrOM TIpU TMOCTOSSHHOW TEMIIEpAaType, MOXHO MNPOCIEAUTh HU3MEHEHUE
KaTaJM3aTopa €uie 10 HaCTYIICHHs CTAlMOHAPHOTO COCTOSIHUS.

HccnenoBanue CTpyKTYpHI.

K unciny BaKHEMIIMX XapaKTEPUCTUK KOHTAKTHBIX MAacC OTHOCUTCS HX
NOpHUCTasi CTPYKTypa — pa3Mep IMOBEPXHOCTH, CyMMapHbIii o0beM MHOp U HX
pacrpeneneHue 1o paguycam.

PaccmoTpum  HEKOTOpBIE  METOABI  OINPEHAEIEHUS  MaKpPOCTPYKTYpbI

KaTaJunu3aTOpoOB. Bce onm HaACKHbI, HC OYCHb CJIOXKXHBI IIO3TOMY MOIYT OBITH
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MPUMEHEHBI Ha TIPEANPHUATHSX, BBIMTYCKAIONUX KOHTAKTHBIE MACChl, HOCUTEIU U
COpPOCHTHI.

AncopOrus Kak croco0 onpeeeHus TOBEPXHOCTH.

CyImHOCTh TaHHOTO METO/a: 3TO M3MEpPEHHE MOBEPXHOCTH KaTaJN3aTOPOB
IpU UCCIEOBAaHUU (PU3MUECKON aJCcOPOIMU ra30B MPHU TeMIepaTrypax, OJU3KUX K
WX TOYKaM KUIICHUS.

[lepBoe TeopeTuyeckoe ypaBHEHHE, OIMMCHIBAIOIIEE CBSA3b  MEXKIY
KOJIMYECTBOM aJICOPOMPOBAHHOTO Tra3a MU €ro paBHOBECHBIM JIaBJICHUEM IIPU
MOCTOSTHHOW TeMIieparype, npenioxeHo Jiearmiopom. [lpu sTom npeamnonaranocs,
YTO afcopOiurs orpaHruueHa oOpa30BaHHEM MOHO-MOJIEKYJSPHOTO CJOS U Paanuyc
JIEUCTBUS TOBEPXHOCTHBIX CHUJI OYEHb Maj, a MOTOMY aJcOpOMpPOBATHCS MOTYT
TOJIBKO T€ MOJIEKYJIbI, KOTOPBIE YAAPSAIOTCA O YHCTYIO MOBEPXHOCTb. MOJEKYIIHI,
yaapsmoommecss o0 yXe aJcopOMpOBaHHBIE MOJIEKYJbI, YIPYro OTpaxkaroTcs U
BO3BPAIIAIOTCS B Ta30BYIO (a3zy.

VYpaBHeHuto JIeHrmMioopa TOIUUHSETCS TOJBKO HE3HAYUTEIbHOE YHCIIO
uzorepMm aacopbumu mapoB. CyliecTByeT MATh THUIIOB H30TEPM (PU3MUECKON
azcopOIIUU MapoB

Mertob! onpeienieHusi TOBEPXHOCTH 110 U30TEPMaM aicOPOIIHH

OTU METONBI NIEeNSAT Ha TPU OCHOBHBIE TPYNIBI: OOBEMHBIC, BECOBBIE U
METO/Ibl, OCHOBAaHHBIE HAa U3MEPEHUH TEIJIONPOBOTHOCTH (JIMHAMHYECKUE).

B o6bemMHOM MeTO/€ TIPU TaHHOM JABJICHUH U3MEPSIIOT U3MEHEHHE 00beMa
rasa, KOTO-po€ U CIYXHUT MEpOil KOJIW4YecTBa aJcopOMpPOBAHHOTO BemiecTBa. [Ipu
paboTe BECOBBIM METOJIOM OIPEACNSIIOT MpuBeC TBepAor (a3el (agcopOeHT-
ajcopbar), 0oOycIOBJICHHBIA ancopOrmelt raza. B meTomax, OCHOBaHHBIX Ha
U3MEPEHUH TEIJIONPOBOJHOCTH, HCHOJB3YIOT SYEHKY, KOTOpas MO3BOJIAET
OTIPEJICINTh M3MEHEHHE TEIJIONPOBOJAHOCTH TMOTOKA Tasza, MPOXOISIIETO Haj
cOpOEHTOM, BCIIEACTBHE M3MEHEHUS COCTaBa Tas3a, BHI3BAHHOTO aJCcOpOIMel WIIH
necopbuueii. B Hacrosiiee BpeMsi HanboJjiee paclpoCTpaHEHbl 00 bEMHbBIC METO/IbI
OTIpeICICHUS TTOBEPXHOCTH. Jlnnamuyeckue METOIbI npuoopenu

pacnpocTpaHEHUE B CBA3U C pa3BUTHUEM ra30BOM XpomaTorpadpuu.
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B ocHoBe xpomatorpaduyeckoro MeTroaa JekaT MpOIecChl aacopOruu -
JecopOuuy, CO-BMEIIEHHBIE B OJHOW KOJOHKE Oo0ibIold miuHbL. Ilpu 3TOM
HernoaBWwkKHas (a3a (aacopOEHT) HENMpephIBHO aACcOpOMpYyeT aKTHBHBIE K Hel
KOMIIOHEHTBI, ABIKYIIHECS B O0IIEM MOTOKE ra30BOT0 MIIU JKUIAKOTO HOCHUTENS, U
CO CIBHUIOM IO BPEMEHHU J1eCOpPOUpYET MX M ITOT K€ MOTOK. Xpomarorpadueit
Ha3bIBAIOT MPOLIECC, OCHOBAHHBIM HA MEpEMEIEHUN aJICOPOLIMOHHON AUCKPETHOU
30HBI BEIIECTBA BJOJb CIIOS aACOPOEHTA B MOTOKE MOJABUXKHOM (pa3bl U CBA3AHHBIN
C MHOTOKPATHbIM TIOBTOPEHHUEM COPOIMOHHBIX M JECOPOIMOHHBIX AaKTOB B
HaIlpaBJICHUM JABM>KEHUS TOJIBHXKHOM (has3bl.

B coctaB xpomatorpada C Tra30BbIM HOCHUTEIEM BXOJAT: HCTOYHUK
HEIIPEPBIBHOM MOJAa4M HOCUTENS (IIOABMXKHOW y3€d1 TOYHOIO JO3UPOBAHMS
aHanu3upyeMoul mpoObl  (KpaH-103aTop); XpomaTorpaduyeckass  KOJIOHKA;
JETEKTOP, TEHEPUPYIOIIMI CUTHAJIBI O BBIXOJAE H3 KOJOHKHM KOMIIOHEHTOB
pa3ienseMoro BEUIECTBA; PErUCTPATOP 3TUX CUTHAIOB U U3MEPUTENh PACX0Ja HO-
CUTEJISI HA BBIXOJIE U3 KOJIOHKHU.

XpomaTtorpaguyeckuii METOJ ONpeNesieHHus TOBEPXHOCTH HUMEET P
MPEUMYILECTB MO CPABHEHUIO CO CTATUYECKUMU: XpOMaTOrpahpuueckiue yCTaHOBKU
He TpeOyIOT BaKyyMHOH ammaparypbl; OHM 3HAUUTEIbHO IPOIIE B MOHTaXeE; CaMo
OTpe/eNIeHNe 3aHMMaeT Tropas30 MEHbBIIE BPEMEHHU, SIBIISSICH IPU 3TOM OoJiee
qyBCTBUTEIBHBIM (MOXKHO OMPEIEIATH MIOMa b moBepxHocth B 0,01 M%/T).

CyImHOCTh METOJa 3aKJII0YaeTcsl B TOM, YTO U3 CMECH ajcopbara ¢ razom-
HOCHUTEJIEM MPOM3BOAAT TMOIJIONIEHUE ajcopOaTra NpH OXJAXACHUM o0pas3ua
aZicopOeHTa /0 TeMIlepaTypbl MXHUAKOTO a30Ta. DTO BPEMEHHO NPUBOJIUT K
YMEHBILIEHUIO KOHIIEHTpaluu ajacopbara B CMECH, NPOXOJAIIed uepes
U3MEPUTENbHYIO SYEHKY KaTapoMeTpa, YTO PErHMCTPUPYETCS MOTEHIMOMETPOM U
dukcupyercss Ha AuarpamMme camomnucua B Buae aacopOuumoHHoro mnuka. [lo
JNOCTH)KEHHHM PABHOBECHS B CHCTEME KaTalh3aTop—Ta3 Iepo CaMOIMCLa
BO3BpAILlaE€TCA B MpexHee nojoxkenue. [Ipu koMHaTHON Temmeparype oOpasua
KOHIIEHTpausi ajacopbata B CMECH B pe3yjJbTare JAecopOLUU BPEMEHHO

BO3paCcTacT, M OTO HM3MEHEHHWE [OaeT Ha [JuarpaMMme JIeCOpOIMOHHBIN IHK,
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HaIlpaBJIEHHbIM B MPOTUBOMNOJIOXHYIO CTOPOHY OT HYJIEBOH JIMHMM KaTapoMeTpa
(IeTeKTop MO TEIUIONPOBOJHOCTH) MO OTHOLIEHUIO K aJCOPOLUMOHHOMY ITHKY.
[Tnomanpe ancopOLMOHHOTO MHMKAa HA XpoMaTorpaMMe IpOINOpLHOHAJIbHA
KOJINYECTBY a/icopOrpoBaHHOro ajacopbara. Ilpu sTom miomianu aacopOLUOHHOTO
U 1€COPOLIMOHHOTO MUKOB Oy/1yT PaBHBI.

Br160p raza-HocuTens UMeeT OOJIbIIOE 3HAUYEHUE BO BCEX aJICOPOIIMOHHBIX
METOJIaX, B TOM YHCJe U B Xpomarorpadpuueckom. Jlydie Bcero B KauecTBe rasa-
HOCHTEJISI UCTIONB3YIOTCSI HHEPTHBIE Ta3bl U a30T.

VYcraHoBKa [UIsl  ONpENENEHHs IUIOLIAJM TIOBEPXHOCTH KaTaln3aTropa
XpOMOTOrpa)uYECKUM METOJIOM COCTOMUT U3 CUCTEM OYHUCTKH Ia30B, JO3UPYIOIIHNX
YCTPOMCTB, aZICOPOEHTOB U U3MEPUTEIBHON YaCTH.

OmnpeneneHne MEXaHUYECKOM MPOYHOCTH.

IIpuMeHeHne BBICOKMX JaBJICHUH, TEMIIEpAaTyp M CKOPOCTEH, KOTOPBIMU
XapaKTEepU3yeTCs COBPEMEHHOE pa3BUTHE XUMHHM, HEBO3MOXXHO O€3 3HaHUs
MEXaHUYECKUX CBOMCTB UCIHOJIb3yEMbIX MaTE€pHaNOB, B TOM YHCJIE COPOECHTOB U
KaTajiu3aTopoB. OTU MaTepHallbl, KaK MpaBWIO, SBISAIOTCA JAUCIEPCHBIMU
cucreMaMd. OCOOEHHOCTH AMCHIEPCHBIX TEJl ONPEAEIAIOT HMHYI0, OTIMYHYH OT
CIUIOLIHBIX MAaTE€pUaJOB, 3aBHCUMOCTh IMPOYHOCTH OT XapakTepa HaIpSKEHHOTO
COCTOSIHMS.

OCHOBHBIE TMOJIOKEHHUS, OTPAKAIOIIME CHEUUPUKY TOHKOJIUCIEPCHBIX
IOPUCTBIX TEJI, CICTYOLIUE:

1) mpoyHOCTh TaKMX MaTEpPUAIOB 3aBUCUT HE CTOJBKO OT MPOYHOCTHU
NEPBUYHBIX YACTHUL, 00OPA3YIOUIUX TEI0, CKOJIBKO OT XapaKTepa KOHTAKTOB MEXIY
HUMU;

2) 4YHUCIO KOHTAaKTOB ONPENEISETCs pPa3MEpoOM IMEPBUYHBIX YacTHUI] H
CI0c00O0M MX YNaKOBKH - CTPYKTYpPOH;

3) KpyIHBIE NOPHI HE TOJBKO YMEHBIIAKOT YUCJIO KOHTAKTOB B JIaHHOM
CEUYECHHMH, HO U SIBISIIOTCS KOHIIEHTPATOPAMH HAMPSDKEHUM M MO3TOMY OCOOEHHO

PE3KO MMOHMKAIOT ITPOYHOCTD,
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4) momoOHO CIUIONTHBIM, TIOPUCTHIE TENa B 3aBUCHMOCTA OT TYTH HX
MOJYYEHUS] XapaKTEPU3YIOTCS OMNPENEIICHHbIM pacrpeaeiacHueM (Makpo- H
MUKPOCKOITMYECKUX) BHYTPEHHUX HAMPSHKEHUN; MOCIEAHUE CHUXKAIOT MPOYHOCTh
MIPU DKCIUTyaTallluu;

5) BaXHOW XapakTEPUCTUKON SIBISETCA NPOYHOCTh WHAUBUIYATHLHOTO
KOHTaKTa.

OCHOBHBIMM BUJIaMH MEXAHUYECKUX HCHBITAHUN SBISIIOTCS: CTATUYECKHUE
UCIIBITAaHUSI HAa PACTSKEHUE, CKATUE, M3ru0, KpydeHUE M Cpe3; JUHAMUYECKUE
UCIBITAHUSI HAa YAApHYI BS3KOCTb W yJIapHBIA pa3pbiB; MCIHBITAaHUS Ha
BBIHOCJIMBOCTh, @ TaKXe MaTepuaibl HCHBITBIBAIOT Ha TBEPAOCTh, H3HOC U
HCTHUpAHHE.

PentrenoBckoe wuccienoBaHue (Pa3zoBOro CcocraBa KaTajau3aTOpoOB B
YCJIOBUSIX PEAKIINHU.

JIJist ipoBeieHHsI OTbITa B YCJIOBHSX KaTajlu3a MOTYT OBITh HCIIOJIb30BAHBI
peHTreHorpadguyeckue kamepol. Ha peHTreHorpamMMe MOKHO Y€TKO MPOCIEIUTH
dbopmupoBanue (Hpa3zoBoro cocraBa B yCIOBUSX PEAKINH, a TAKKE YBUIETh MEPEX0]]
TBep/ioM (ha3bl aKTUBHOTO KOMIIOHEHTa B PAacIljiaB, B JKUAKOCTb TMPHU YCIOBUSIX
peaKkiuu.

BOITPOCHI 1 3AJAHUA

1. Metoap! onpeaeneHnsi akTUBHOCTH

2. CraTn4ecKuii MeTOT

3. [IpoTouHbie (TMHAMHUYECKUE) METOIbI

4. UMy TIbCHBIE METOJIBI

5. UccnenoBanue CTpyKTyphl

6. OnpeneneHre MEXaHMYECKOW MPOYHOCTH

43



CIIMCOK JIMTEPATYPbI

IlepeyeHb OCHOBHOM W [IONOJHHUTEJIbLHOH JIMTEPATYPbl, HEOOXOAUMOM I
OCBOCHMS TUCIHUILIUHBI

IlepeyeHb OCHOBHOM JIUTEPATYPbI
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Haxoautcs B 6azoBoit Bepcuu IbC [PRbooks., sk3eMIIsipoB HEOrpaHUUEHO
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AOcopb1us ra3oB DIEKTPOHHBIN pecypc : YuedbHoe nocodue / B. . CocHOBCKUIA,
H. b. CocnoBckas, C. B. CremanoBa. - Kazanp : Ka3aHckuii HallMmOHaJIbHBIN
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1. KonecuukoB, M. M. Karanuz u mnpousBoicTBO kaTanuzatopoB / U. M.
Konecnukos ; Poc. roc. yu-T Hegtu u raza um. M1.M. I'yOkuna. - M. : Texnuka,
2004. - 400c. : un. - bubmuorp.: c. 376-390. - [Ipeam. yka3z.: c¢. 392-393. - ISBN 5-
93969-021-1

2. AncopOrys MOHOTEHHBIX IOJUMEPOB W3 PACTBOPOB DJIEKTPOHHBIM pecypc :
Momnorpadus / B. I1. bapabanos [u ap.] ; pen.: B. I1. bapabanos, C. B. KpynuH. -
Kazanp : KazaHCKkHI HAalMOHAJIBHBIN HCCIEAOBATEIBLCKUN TEXHOJIOTMYECKUAN
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