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Ilepeuens kKomnemenyuii U UHOUKAMOPOE OOCMUNCEHUA KOMNEMEHYUIL C YKA3AHUEM IMAN08 YopMUPOBAHUS 8 PO ecce 0CEOCHUS
OUCUUNTUHDL
Komnerenuus:
[TK-1 Cnioco6eH k o0ecrieueHuIo BEIpaOOTKH KOMIIOHEHTOB U TIPUTOTOBJICHUE TOBAPHOM MPOIYKITUH.
NuaukaTopbl 10CTHKEHUST KOMIIETEHIINU:

1.1 3HaeT TeXHOIOTHIO TPOU3BOJICTBA TOBAPHOU MPOIYKIINH; OCHOBHOE 000pYyA0BaHKE MPOIIecca, IPUHIIKITBI €0 padOTHI U MpaBUIa TEXHUIECKOM
IKCIUTyaTallui; TEXHUIECKHE TPEOOBaHUS, IPEIBSIBISIEMBIE K CHIPBIO, MaTepUaiaM, KaTalu3aTopam, TOTOBOW TOBAPHOUN MPOAYKIIUH.

1.2 YMeer ocylIecTBISATh ONMEPaTHBHOE PYKOBOACTBO Pa0OTOM MPOM3BOACTBEHHOTO TOAPA3ACICHUS U OPraHU30BBIBATh PAOOTy MOAYUHEHHOTO
MepCOHAIa Ha BHITTOJIHEHUE TPOU3BOICTBEHHOM MPOTrPaMMBbI M KaueCTBA TOBAPHOM MPOAYKIIMH; IIPOBOIUTH CBEPKY CXOAMMOCTH OallaHCa TOTPEOIsIeMOro
CBIPbSl M BBIPA0OTKH TOBAPHOUM MPOIYKIMH; PACCUUTHIBATH IUIAHUPYEMYIO MOTPEOHOCTH MPHCAIOK, PEareHTOB, KAaTaaU3aTOPOB, MATEPHUATIOB IS
BBITIOJTHEHUSI IPOW3BOICTBEHHBIX 33aJJaHUI HA TUIAHUPYEMbIN TIEPUOJT C YKa3aHUEM CPOKA TTOCTABKH.

1.3 Bnageer HaBbIKaMU PYKOBOJCTBA ACSITEIHLHOCTHIO TEXHOJOTHYECKOTO Y4YacTKa W TMOMYMHEHHBIM MEPCOHATIOM; KOHTPOJS COONIOJACHUS
TEXHOJIOTUYECKHX IMapaMeTPOB B Mpeieax, YTBEPKICHHBIX TEXHOJIOTHUYECKUM PErJIaMEHTOM; TPUMEHEHUS MepP TI0 YCTPAHESHUIO IPUYUH, BBI3BIBAIOIIIX
OTKJIOHEHHE OT HOPM TEXHOJOTHYECKOTO periiaMeHTa; IOATOTOBKH TMPEIJIOKEHUH M0 pa3paboTKe MEpONPHUSTHIl MO COBEPUICHCTBOBAHUIO
TEXHOJOTUYECKHX MPOIECCOB, MOBBIMIAIOIINX Ka4ECTBO TOBAPHOU MPOTYKIUH.

Huouxamopwt Imanwl hopmuposanusn é npoyecce 0C60EeHUA OUCYUNTUHDL
- Haumenoeanue
oocmudiceHun Jexkuyuu Ilpakmuueckue 3anamus, Jlabopamopnwie | Kypcoeoii npoexkm
- OUEHOUHO20 cpedcmea
Komnemenyuu J1a60pamopHvlii RPAKMUKYM 3anamun (paboma)
IK-1.1 Temor 1-18 He npedycmompenwi Temwr 1-18 He npedycmompenoi Jlabopamophvie
pabomut,
[K-1.2 Temor 1-18 He npedycmompenwi Temwr 1-18 He npedycmompenoi KOMIOKBUY ML,
KOHMPObHble pabombl,
IK-1.3 Temor 1-18 He npedycmompenwi Temwr 1-18 He npedycmompenoi 3auem ¢ OYeHKoll,
9K3aMeH




Ilepeuenv oyenounvix cpedcme no oucyuniune (Mooyio)

0J151 OUHOU U OYHO-3A0UHOU (POopM 00yUeHusA

Ouenounvle cpedcmea Kon-¢o Min, 6annoe Max, 6annos
Jlabopamopnas paboma 8 4 6
Konnokeuym 2 4 6
Ox3amen 1 24 40
Hmoeo: 60 100

07151 3a04HOU hopmbl 00yUeHUA

Ouyenounvle cpedcmea Kon-¢o Min, 6annoe Max, 6annos
Jlabopamopnas paboma 4 6 10
Koumponvnas paboma 1 12 20
Ox3amen 1 24 40
Hmoeo: 60 100




IlIkana ouenueanusn

HMudposoe | Boipa:xkenue B | CiioBecHoe KpuTtepun onieHKM HHIMKATOPOB I0CTUKEHUsI IPU (popmMe KOHTPOJISL:
BBIpaskeHHe 0aJsnax: BbIpajKeHHE JK3aMeH / 3a4eT ¢ OLEHKOM 3ayer
5 87-100 Ormnyno  |OLeHKa «OTJIMYHO» BBICTABISETCS CTYAEHTY, €CIM TEOPETHYECKOe
(3auTeHo) |comepikaHHE Kypca OCBOCHO MOJHOCTBHIO, 0e3 MpoOeioB; MCUEPIBIBAOLIE,
MOCJIEAOBATENIBHO, YETKO W JIOTMYECKM CTPOMHO W3JaraeT MaTepuan;
CBOOOZHO CIpaBJsieTCs € 3afadaMy, BONPOCaMH W JAPYTHMMH BHIAMH
MIPUMEHEHUS 3HaHW; NCIIOIb3YET B OTBETE NOMOIHUTEIBHBIN MaTepHa Bce
MPEeyCMOTPEHHBIE MPOrpaMMON 3aJaHUs BBIIOJIHEHBI, KayecTBO UX
BBHITIOJIHEHNSI OLIGHEHO YHCIOM OanioB, OMM3KUM K MaKCHMalbHOMY;
aHAJIM3HUPYET MOJIyYEHHBIE PE3yJIbTAThI; MPOSBIISIET CAMOCTOATENIBHOCTD IIPU
. Onenka «3a4TEHO» BBICTABIIAETCS
BBITIOJTHEHNUH 3aJJaHUH
CTYIEHTYy, €CJIi OTBETHl Ha BOIIPOCHI IO
4 74 - 86 Xopomo |OmeHKa «XOpOILIO» BBICTaBIAETCA CTYAEHTY, €CIH TEOPETUYECKOe
TéeMaM JUCLUIUIMHBI TO0CJIEI0BaTEIbHBI,
(3auTeHo) |comepikaHHE Kypca OCBOCHO IIOJIHOCTBIO, HEOOXOAWMBIE MNPAKTHUECKHUE
JIOTUMECKH  U3JI0KEHBI,  JOIyCKAIOTCs
KOMIIETCHIIMK B OCHOBHOM C(OPMHPOBaHbI, BCE IPEIyCMOTPEHHEIE
. HE3HAYUTEIbHBIE HEJOYETHl B OTBETE
nporpaMMoil  oOydeHHs Yy4eOHbIE 3aJaHHsl BBIOJHEHBI, KadeCTBO WX
CTyIE€HTa, Takue Kak  OTCYTCTBHE
BBITIOJTHEHHS JIOCTaTOYHO BBICOKOE. CTYyAEHT TBEpAO 3HAET MaTepual,
CaMOCTOATEIBHOTO  BBIBOJIA, PEUYEBBIE
IPaMOTHO M 10 CYIIECTBY U3NAracT €ro, He JOMycKas CYWIECTBEHHBIX| ' = =~
HETOYHOCTEH B OTBETE Ha BOIIPOC. P
3 60 - 73 VYnoenerBopu |OnieHKa  «yZIOBJIETBOPUTENBHO»  BBICTABISAETCS  CTYAEHTY,  €CIU
TENBHO TEOPETUYECKOE COJICPKAHUE Kypca OCBOCHO YacCTUYHO, HO MpPOOeibl He
(3a4TeHO) |HOCAT CYLIECTBEHHOTO XapakTepa, OOJBIIMHCTBO MPeIyCMOTPEHHBIX
MPOrpaMMoi 3a7jaHuil BBITIONHEHO, HO B HUX UMEIOTCS OIIMOKH, TIPH OTBETE
Ha TIOCTaBJIEHHBIM BOMPOC CTYAEHT IOIyCKaeT HETOYHOCTH, HETOCTATOUHO
NpaBUIbHBIE (OPMYIUPOBKH, HAOMIONAIOTCA HApYLICHUS JIOTHYECKON
MOCJIEAOBATENBHOCTH B U3JI0KEHUH IPOIPaMMHOI0 MaTepHaa.
2 Huxe 60 HeynosnerBop|OLeHka «HEYIOBIETBOPUTENBHO» BBICTaBIAETCA CTYAEHTY, ecnd OH He|OLieHKa «HE 3a4TE€HO» BBICTAaBIISIETCA
WTEJBHO  |3HA€T 3HAUUTENBHOM YacTH NPOrpaMMHOIO MaTepuana, JOMyCKaeT|CTyAEHTY, €clu CTYJeHT He 3HaeT
(He 3aUTEHO) |CYIIECTBEHHBIE OIIMOKH, HEYBEPEHHO, C OONBIIMMH 3aTPyIHCHUSMH|OCHOBHBIX HOHSTHHA TEMBI AWCLUIIMHBL,
BBHIMIOJIHSET — NpakTHYeckue paboTbl, HEOOXOAWMBIE TPAKTUYECKHWE|HE OTBEYaeT Ha JOMOJHUTEIbHBIE H

KOMIICTCHIIMM HEC C(l)OpMHpOBaHI:I, OOJIBIIMHCTBO opeayCMOTPCHHBIX
HpOI’paMMOﬁ O6y‘IeHHH y‘{e6HBIX 33,I[aHI/Iﬁ HC BBIIIOJIHCHO, Ka4€CTBO HX
BBITTOJTHCHHA OIICHCHO YMCJIOM 6ann013, ONU3KUM K MHUHUMAJIbHOMY

HaBOJAIIHEC BOIIPOCHI MPEIIOaBaATCIIA.




MuHHCTEPCTBO HAYKH U BhICIIEro oOpa3oBanus Poccuiickoit deneparmu
HwxHekaMCKuit XUMHKO-TEXHOJIOTHUECKUI HHCTUTYT ((uinan)
(benepanbHOr0 TOCYAapCTBEHHOTO OI0PKETHOTO 00pa30BaTEIbHOTIO YUPEKICHHS
BBICIIET0 00pa30BaHUs
«KazaHckuii HallMOHATBHBIN HCCIIEIOBATEIBCKUN TEXHOJIOTMUECKUN YHUBEPCUTET)

Dakynomem mMexHOIOSUYECKULL
Kageopa  HXC

Hamnpasnenue noarorosku/crieranbHOCTh: 18.03.01 —Xumuyeckasi TEXHOJIOTUS
(k00 u HaumeHosaHue)

[Tpoduns/crienmanm3anus: «XuMHIECKas TEXHOIOTHsI OPraHUYeCKUX BEIIECTBY,
(HaumeHosanue)

Cemectp_ 6 (ouHas), 7 (04YHO-3a049HAs, 3209YHAs)

BOHpOCLI IJIS MOATOTOBKHU K 3K3aMEHY

o pucrumuinae B51.B.J1IB.03.01 Karanus u kataan3atopsl B HeTeXUMUH U HedTerepepaboTke
(HaumeHoOBaHUE OUCYUNTUHBL)

1. [TonsATHE O KaTanu3e M KaTaau3aTopax;

2. 'oMOreHHBIE U TETEPOreHHBIE CHCTEMBI;

3. IHTeHCHBHOCTH M aKTUBHOCTD KaTalIn3aTopa;

4. CeneKTHBHOCTb KaTalu3aTopa;

5. TpeGoBanus, TpeabsBIIEMbIE K KaTalnu3aTopy (COCTaB KaTanu3aTopa, NpHMeEcei; 4JacToTa KaTalu3aTopa;
MEXaHWYEeCKHE CBOMCTBA KaTajlM3aTopa; MEXaHHYECKHE XapaKTepHCTHKH; TpeOOBaHMS K TEPMHUUECKOU
CTaOMILHOCTH; TPEOOBAHMS K pa3MepaM IpaHysl M popMe TpaHysl KaTaln3aTopa; TeIUIONPOBOJHOCTh KaTaIu3aTopa;
CPOK CITy>KOBI KaTalu3aropa);

6. TexcTypHBIE XapaKTEpPUCTUKM KaTajau3aTopa (BENMYMHA IOBEPXHOCTH, 00BEM mop, ¢gopma u pasmep Iop,
pacrpezerneHye op 1o pasMepam);

7. MeTobl IPUrOTOBIEHHS T€TEPOr€HHBIX KaTaIn3aTOPOB;

8.IIpon3BOACTBO OCAXIEHHBIX KaTaJM3aTOPOB (JIOCTOMHCTBA METOZA, HEJOCTaTKM METOoAa, olmas cxema
IOy 4YEHHS);

9. Ilony4eHue cUIMKArels — HOCUTENS KaTalu3aTopoB;

10. [Ipon3BOACTBO AKTUBHOIO OKCHJA ATFOMHUHUS;

11. LleomuThl, TUIIBI IEOJUTOB, KJIACCH(HUKALINS LIEOIUTOB, TPOMBIIUICHHBIE CIIOCOOBI MX MOy YEHHS;

12. IomyueHne KaTaTU3aTOPOB HAHECCHUEM aKTUBHOTO KOMIIOHEHTA HAa HOCHTEIb;

13. MeToab! NPUrOTOBIIEHHS KATAaIW3aTOPOB OCHOBAHHBIE HA MEXAHUYECKOM CMEIIEHHUM KOMIIOHEHTOB, CyXOW M
MOKPBIA METOJ CMEILEHMS;

14. MeTozpl IPUTOTOBIICHNS TIJIABJICHBIX U CKEJIETHBIX KaTaIUTHYECKUX CHCTEM;

[NonsiTre 0 KaTayM3e U Karann3aTopax.

15. Karanutuueckue siipl. OTpaBiieHUE KaTaIU3aTOPOB.

16. IIpon3BOACTBO KaTaIM3aTOPOB KPEKUHTA.

17. KaranuzaTopbl THAPOOYNCTKY HEPTIHBIX (HPAKIIUH.

18. KaranuzaTopbl THAPHUPOBAHUS U JCTHAPUPOBAHUSL.

19. Karanusaropsl At IPOU3BOACTBA CUHTE3-Ta3a. [[poU3BOACTBO aIIOMOHHUKEIEBOrO KaTalIU3aTopa.

20. Karanmzarops! okuciaenus. [Ipon3BoacTBo cepeOpsHOro KaTain3aTopa.

21. Karanmuzarops! prudopMHUHTa yrieBog0poA0B. TexXHOIOTHs NPUTOTOBIICHUS KaTanu3aropa pugopMuHra.

22. OxpaHa TpyZa ¥ TEXHHKa 0e30MacHOCTH PabOThHI Ha KaTaIN3aTOPHBIX (adpuKax.

23. O6opyOBaHKE KaTAIM3aTOPHBIX MPOU3BOJACTB. PeakTophl s KUIK0(a3HBIX POLIECCOB.

24. O60pyIOBaHHE KaTAIM3aTOPHBIX PON3BOJICTB. ATIIIAPAThI IS CTYIICHUS U pa3/AeeHHs CYCIIEH3HH.

25. O6opynoBaHKE KaTAIM3aTOPHBIX TPOn3BOACTB. OOOpyI0BaHME A CYIIKH M TEPMOOOPAOOTKH.

26. O60pyIOBaHKE KaTAIN3aTOPHBIX IPONU3BOJICTB. MAIIMHBI IS TPOBEICHNS MEXaHHUECKHUX ITPOLIECCOB.

27. Karanus opraHoMeTaIOCHIOKCaHAMU U UX IPOU3BOJACTBO.

28. MeToap! HccaeI0BaHUS KaTaIu3aTopoB. MccnenoBanue CTpyKTyphl.

HabGop yTBep)KIECHHBIX SK3aMCHAIIMOHHBIX  OwieroB  xpanurcs Ha kadempe. Kaxmprit
9K3aMCHAIIMOHHBIN OWJIET CONIEPKUT JIBa TEOPETUYCCKUX BOMpoca MakCHMallbHOE KOJIWYECTBO OalIoB,
KOTOpOE CTYACHT MOXET IMOJYYUTh 3a dk3aMeH -40, U3 HUX 3a OTBET Ha OJIMH TeopeTHdeckuil Bompoc — 20.
MuHIMaNIBHOE KOJIHYECTBO 0AJIIOB 3a 3Kk3aMeH — 0 .



MuHHCTEPCTBO HAYKH U BhICIIEro oOpa3oBanus Poccuiickoit deneparmu
HwxHekaMCKuit XUMHKO-TEXHOJIOTHUECKUI HHCTUTYT ((uinan)
(benepanbHOr0 TOCYAapCTBEHHOTO OI0PKETHOTO 00pa30BaTEIbHOTIO YUPEKICHHS
BBICIIET0 00pa30BaHUs
«KazaHckuii HallMOHATBHBIN HCCIIEIOBATEIBCKUN TEXHOJIOTMUECKUN YHUBEPCUTET)

Dakynomem mMexHOIOSUYECKULL
Kageopa  HXC

Hamnpasnenue noarorosku/crieranbHOCcTh: 18.03.01 —Xumudeckasi TEXHOJIOTHS
(k00 u HaumeHosaHue)
[Tpoduns/ciermanu3zanus: «XuMHUYecKas TEXHOIOTHs OPTraHUYECKHUX BEIIECTBY,
(HaumeHosanue)

Cemectp_ 6 (ouHas ), 7 (O4HO-3204HAsI, 3a0UHAST)

Y4eOHBIM TUTAHOM 110 HampaBieHW0 ToaroToBku 18.03.01 —XwMudeckas TEXHOJOTHS IS
00y4aroIIUXCsl PELyCMOTPEHO MpoBeeHue aboparopubix 3austuii mo aucuummnae b1.B.JIB.03.01
Karanus u karaauzaTopsl B HeTEXUMHUHU U HedTenepepabOTKE.

JlaGopaTopHble 3aHATHS 10 JAUCIMIUIMHE MPOBOAATCS B  CIEHHAIBHO 00OPYIOBaHHBIX
nabopaTopusaX ¢ MPUMEHCHHEM HEOOXOIMMBIX CPEACTB O00yuYeHHs: JabopaTopHOrO 000pYIOBAHUS,
00pasIoB I KCCIICOBAHIA, METOJUUECKUX TTOCOOHH.

Iens mpoBeacHUS TAOOPATOPHBIX PAOOT - MPAKTHUECKOE OCBOCHUE TEOPETHUYCCKHUX TMOJIOKCHUIN
JIEKIIMOHHOTO Marepuaiia, a TakKe BBIpaOOTKa CTyICHTAMH OMNPEICICHHBIX yMEHHH ¥ HaBBIKOB
CaMOCTOSITEIIBHOTO IKCTICPUMEHTHPOBAHHUS.

KommiekT 1adopaTtopHbix pador
o pucrmmuinae 51.B.J1B.03.01 Karanus u kataan3aTopsl B HeTeXUMUU U HedrernepepaboTke

( HauMeHo8auue OUCYUNIUHbL)

JlabopaTopHas padora Ne 1
KATAJIMTUYECKOE PA3JIOXKEHUE ITEPEKUCHU BOIOPOJA
Llenv pabomul: ompeneIuTh CKOPOCTh PA3IOKEHUS TMEPEKHCU BOAOPOAA 3aJaHHOW KOHIICHTpAIMH B
MPUCYTCTBUM TOMOTEHHOTO U TETEPOre€HHOr0 KaTalu3aTropa.
Kpamxkas meopus

IIpuMeHeHue nepekncu BoI0poaa BO MHOTUX TEXHOJOTHYECKUX MPOLIECCaX, MEAUIIMHE U APYTHUX
00J1acTSX OCHOBBIBaCTCS Ha €€ OKHCIUTEILHBIX CBOWMCTBax. Hambosnee XapakTepHBIA IS TIEPEKUCH
BOJIOPOIa SK30TEPMUYESCKHUI pactajl B KUCIION cpe/ie MOKET ObITh TIPEICTABIICH YPAaBHCHHUEM:

H,0;, = HbO+20, (1)
Pexxe TonpKO0 OA ACHCTBUEM HEKOTOPBIX CHIIBHBIX OKUCTUTENEH EPEKUCh BOJOPOAA MPOSBIIAET CBOMCTBA
BOCCTAHOBUTEIISI COTTIACHO YPAaBHEHUIO PEAKLIUU:

H,O; = O, +2H (2)
OxucnurenpHas (yHKIUS OoJiee OTYETIMBO BHIpAXKECHA Yy MEPEKHCH BOJOPOAAa B KHUCIOH Cpeae,
BOCCTaHOBUTEJIS — B II[CJIOYHOM.

Pacnag o cxeme (1) uaét co 3HAYUTENHLHOW CKOPOCTHIO B MPUCYTCTBUU BEIIECTB, CIIOCOOHBIX
OKHUCJIATBHCS BBLACTSIOIUMCS KUCIOPOAOM. Y CKOpSItoIee NEHCTBUE HA PA3IOKEHUE MEPEKUCH BOJOPOAA
OKa3bIBAIOT TaKXKE TBEPJbIC KATAIM3aTOPHI (CTEKIO, MHOTHE METAJUIbI, B YaCTHOCTH IUIATHHA, COJIU U
OKHCJIBI METAJIOB, YTOJIb U T.11.). Ha TeueHne kaTanuTuuecKon peakiiuu pa3ioKeHHs EPEKUCH BOJOPOaa
BIIMSIOT COCTOSIHHE MOBEPXHOCTHU KaTanuzaTopa, pH cpeasl u katanutudeckue sapl. CUIBHBIMU SIaMU IPU
pa3oKEeHUH MepeKkrucy Bojopoaa Ha miarune asisatores: Cs, CoHsOH, L, P, CO, PH3, AsH3, Na,SOs.

CormnacHo cxeMe NMpeioKeHHOW HEMEITKUM YYeHbIM BunanaoMm, pa3noskeHue NepeKucu BoJopoaa
MPOTEKAET Yepe3 CIACAYIONINE MEIJICHHBIC U OBICTPBIC CTa/IUU:

HOOH = O, + 2H (MmenneHHO)
HOOH + 2H = 2H,0 (6sIicTpO)
2H,0, = 2H,0 + O,

CyMMapHasi CKOPOCTh PEaKIUU ONpeaessieTcs] NEPBOM CTaauel, U MOITOMY peakiusi UAET IO
nepBoMy mopsiky. [Ipeamnonaraercs, 4To cTagus aacopOIyu — 1eCOpOIMH MPOUCXOANUT BeChMa OBICTPO U
HE TUMUTUPYET Tpouecc. CKOPOCTh pa3lioKeHUs MEPEKUCH BOJAOPOa B 3HAUUTEIBHON CTECNEHU 3aBUCUT



OT KOHLEHTPALUHU pacTBOpa. IT0 00yCIOBICHO KaTATUTUIECKUM JIEHCTBUEM BOMBI.
OKCnepumMeHmanbHas 4acmy

Peaxmusui: nepexucs Bogopona 30%; kanuii MapraHIOBOKUCIHBINA (IlepMaHranart); yrojis Mapku BAY);
okuchk Meau (I1)); okuch MHKA; AUCTHIUIMPOBAHHAS BOAA.
Ipubopwl: GropeTka Ta3oBast; KONObl KOHHYECKHE, BMECTUMOCTBIO 100 cM’; IHIMHAPHI MEpHBIE,
BMECTHMOCThIO 50 CM>; MHIETKH rpaxyupoBaHHbIe, BMeCcTUMOCThIO 1, 2, 5 u 10 om’; CEKyHIOMED;
TEpPMOMETp CTEeKIIAHHBIH TabopaTopHblii ¢ nuanasonoM usMepenus ot 0 °C 1o 100 °C, nena nenenus 1 °C.
IIpogedenue sxcnepumenma.

1-as1 cepusi onbITOB. B paboTe M3MEpAIOT CKOPOCTh Pa3ioKEHHsI MEPEKUCH BOAOPOAa 3adaHHON
KOHILIGHTpAIMK B MPHUCYTCTBUH KaTaau3aTtopoB. i 3TOH Ienu NPUMEHSIOT Ta30MEeTPHUYECKH croco0,
KOTOpBI TIO3BOJISIET OMNPEAETUTh C JIOCTaTOYHOW TOYHOCTBIO CPEAHIOI0 CKOPOCTh 3@ KOPOTKHE
MPOMEKYTKH BPEMEHHU U, TAKUM 00pa30M, CTPOUTH KPUBBIE H3MEHEHHS CKOPOCTH PEaKLIMU BO BPEMEHHU.

A2 AL

PI/ICYHOK 1 — YcranoBka KaTaJIUTHYCCKOTO Pa3I0KCHUA ICPECKUCHU BOAOPOaa

1 — peakMOHHEIIT cocya; 2 — oOpasel] KaTanu3aTopa; 3 — CoCya AU pacTBOpa MEPeKHCH; 4 — MPOXOJHOI KpaH; 5 — TPEeXX0J0BOi KpaH; 6 — ra3oBas OIOpeTKa;

7- YpaBHUTEIIbHAS CKIITHKA; 8- COCOWHUTEIIbHASA pr6K3., 9 — MarHuTHAs MEIIaaKa

KonuuecTBoO pa3noxuBIICHCS K JAHHOMY MOMEHTY IEPEKUCH BOJOPOA OMPEIEISIOT 0 00beMy
BBICTUBIIIErOCs Kuciaopoaa. Cxema mprudopa Iuisi H3MEPEHUS CKOPOCTH PA3JIOKEHUS TIEPEKUCH BOIOPOIa
MpeJICTaBICHA Ha PUCYHKE 1.

[lepen HauanoM ombITa BHICYLICHHBIM PEAKIIMOHHBIN cocyl 1, ¢ MOMEIIEHHOM B HEr0 HAaBECKOM
KaTanu3aropa, U BOPOHKY 3 COCIMHSAIOT B COOTBETCTBHM CO CXEMOH U TPOBEPSIOT T'€PMETUYHOCTH
CUCTEMBEI. J[Jist 3TOr0 MPUBOMAT JaBJICHUE BHYTPU CHCTEMBI K aTMOC(EPHOMY, YPaBHSB Ha ITPOU3BOIBHOMN
BBICOTE JKUIKOCTh B OIOpPETKE 6 M ypaBHUTEILHOW CKJISHKE 7, HECKOJBKO Pa3 IMOBOPAYMBAIOT KpaH 5,
MOTHUMAIOT CKJISTHKY 7, 4TOOBI 3aIIOJIHUThH OIOPETKY 3aTBOPHOM MKHUAKOCTHIO (BOOH) TOBEPXY, IMOCIIE YEr0
COOOIIAIOT OFOPETKY C PEAKTOPOM U OIYCKAIOT CKISHKY MPUOIU3UTEILHO HAa YETBEPTh BBICOTHI OIOPETKHU.
Ecnmu oGecrieuena mocrtaToyHas T€PMETHYHOCTh, YCTAHOBHBIIWHCS YpPOBEHb 3aTBOPHOU JKUJKOCTH B
OIOpeTKe HE JTOJKCH CMEINIATHCS B TCUCHUE HECKOJIBKUX MUHYT.

Jns TPUTOTOBICHHS WCCICIYEeMOTO pPacTBOpa OTMEPSIOT IUICTKOW WM MHKPOOIOPETKOM
3aJlaHHBIN TpernoiaBaTesieM 00beM UCXOAHOTO pacTBopa HoO; v pa3daBisioT AUCTUILTUPOBAHHON BOJIOM,
nobamisiroT pactBop KMnOs4 B 3amaHHOM TpernojaBaTelieM o0OBeMe W 3aKpbIBaloT Kpbimikod. [locie
THIATETFHO TEPEMENIUBAIOT W OTOMpAIOT JUIsl  aHalu3a TpaJydpoBaHHOW murmeTkor 10 i
MIPUTOTOBJIICHHOT'O PacTBOPA.

[lo mMepe MOHWXEHUS YPOBHS JKUAKOCTH B OFOPETKE YPAaBHUTEILHYIO CKJISIHKY OITYCKAalOT Tak,
YTOOBI Ha MPOTSHKCHUH BCErO OIBITA Pa3HOCTh YPOBHEW B OOPETKE W YPaBHUTEIHHOW CKISIHKE ObLia
MHUHHMAaIBEHOM.

B moment BBoga KMnOj4 BKITFOUaeM CeKyH0Mep. 3HaUeHHE 00beMa BBIICISIONIET0Cs KHCIOpoia
CJIeIyeT PErUCTPUPOBATH MOCTOSTHHO BMECTE CO BpeMeHeM, HaunHas ¢ BBoga KMnOs B peaktop. B xone 1
ombITa aenaroT 15-20 3amepoB. ONBIT cilelyeT 3aKaHYMBaTh, KOTIa 00bEM BBLICIUBIICTOCS KHCIOPOJA
coctaBut 6Oonee 70-75% ot obmero odbema, KOTOPBIH MOMKET BBIIEIUTHCS MPU TOJHOM DPa3IOKECHUH
MIEPEKUCH.

2-asg cepusl OMNBITOB. BTopasi cepusi ONBITOB MPOJICIBIBACTCS AHAIOTMYHO TIIEPBOM, BMECTO
TOMOTEHHOTO KaTaju3aTopa IepMaHTaHaTa Kalus B PEaKIMOHHYIO CMECh MOMEIIACTCsS TeTePOreHHBIN
Katanu3aTop. B KauecTBe reTepOreHHOro KaTaun3aTopa npe/iaraeTcs MPOBECTH POBEPKY Ha aKTUBHOCTh
B PEAKIMU Pa3NI0KEHUS MEPEKUCH BOIOPOAA TPEX 00pa3IoB: yroyib Mapku bAY (KpuUCTaUIb), OKHCh MEIH
(IT) (cTpykKa), OKUCh TUHKA (TIOPOILIOK).

3-a cepus ombITOB. TpeTbsi cepusi OMBITOB MPOBOJAUTCS AHAJIOTMYHO MEPBOM, K TOMOTEHHOMY
KaTajau3aTopy MepMaHTaHaTy Kaius JOOaBJISIOTCS TPOMOTOPHI, T.€. BEIIECTBA KOTOPHIC CIIOCOOHBI
MOBBICUTH HMJIU TIOHU3UTh aKTHBHOCTH KaTaan3aTopa Ha HECKOJBKO MOPSIKOB. B KauecTBe MpOMOTOPOB
KaTajau3aTopa MpejyiaracTcs MPOBECTH MPOBEPKY ¢ J00ABICHUEM YKCYCHON KUCIIOTH oObeMamu (0,025;




0,05;0,1; 0,15; 0,2; 0,25 mi1) ¥ ¢ JOOaBIEHUEM U30TPONIIIOBOTO criupTa o0bemamu (0,2; 0,5; 1; 1,5; 2 mu).
Obpabomka 3KCnepuUMeHMAIbHbIX OAHHBIX

B nmamHOM pasgene 51abopaTtopHOl pabOTBI  CTYJASHTY HEOOXOAMMO 1O TOJTYYCHHBIM
SKCMEPUMCHTAILHBIM JIAaHHBIM TIPOW3BECTH pPAcYEThl W MOCTPOUTH TpadUK WU3MEHEHHsS] CKOPOCTHU
Pa3IoXKeHHS MIEPEKUCH BOJIOPO/Ia BO BpEMEHH.

JInst ka0l ceprH OIBITOB TIOCTPOUTH Ipa)K 3aBUCUMOCTH BBIJICITUBIIETOCS 00beMa KACIOPOAa
OT BpeMeH (PUCYHOK 2).

s kaxxoit kpuBo# rpadudyecku HaiTh 3 (HEKTUBHYIO CKOPOCTh PEaKIIUH, TPOBEIS KacaTeIbHYIO
K KHHETHYECKOM KpUBOH (pUCYHOK 3); 3pPeKTHBHASI CKOPOCTH PEAKIIMH B JIAHHBII MOMEHT BPEMEHHU paBHA
0 a0COTIOTHOW BEJIMYMHE TAHTEHCY yTila HaKJIOHA KacaTelbHoM (3):
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Pucynok 2 — I'padvik 3aBUCUMOCTH BBIJCIUBIIETOCS 00BbeMa KHCIOpOoia (M) OT BpeMeHH (MUH)
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Pucynoxk 3 — I'paduk 3aBHCHMOCTH KOHIIEHTPALMK OT BPEMEHH AJIsl onpeneneHust 3 HeKTHBHON
CKOPOCTH PEaKIUU
HaiiTn KOHIEHTpaLuIo MepeKrcy BOJOPOAa B IPUTOTOBICHHOM PacTBOpE Mo cieaytoeii popmyie (4):

VHz0,+0H,0,
Cyo=—22%2 (4

[Moctpouts rpaduk 3aBUCHMOCTH CKOPOCTH Pa3JIOKEHHUS IMEPEKUCH BOJIOPOJAa OT KOHIEHTPAIUU IS
OTIPEICIICHUS TIOPSIIKA PEAKIIIH.
Cmamucmuueckas 06pabomka pe3yrbmamos 3KCnepumMeHma
B nannOM paszzene mabopaToOpHOH pabOTHI CTYACHTY HEOOXOIUMO IO TOTYYCHHBIM 3KCTIEPUMEHTATBHBIM
JTAHHBIM TPOU3BECTH CTATHYECKYIO 00pabOTKy pe3yIbTaTOB AKCIICPUMEHTA.
Paccunrath cpeaHeapudMeTniecKkoe 3HAUCHNUE PE3yIbTaTOB IKCIICPUMEHTA!
TN -

C:'—':'(‘i’

n

My 0,

TC N — Y1CJIO OKCIEPUMEHTOB

PaccuuraTh OTKJIOHEHHE OT cpeanero 3Hadenus (C; - C)
PaccuntaTh KBaapaT OTKIOHEHHs OT cpenHero 3Hauenus (Ci - C)
PaccuuTaTh CyMMy KBajIpaToB OTKIOHEHHUs OT cpeaHero 3Hauenns: Y (C. — C )

Paccunrath cTaHIapTHOE OTKIIOHCHUE €IMHUYHOTO PE3yJIbTaTa OT CPpeHeapH(PMETHISCKOTO 3HAUCHHUS
|Zcc. —©3=
s.— |ZLE— D=

~N T — 1D

n

C=C+S-#t,
PaCC‘lI/IT aThb I[OBepI/ITeJ'ILHHI/I I/IHTepBaJ'I OHpG}.‘LCJ’I}IGMOH BCIIMYUNHBI. - - 7

rac f,_,'n - KO3(1)(1)I/ILII/ICHT CTBIO).ICHTa. Ero 3nauenme HaxogsaT U3 Ta6J'II/II_H>I 2, 3aaaBasiChb ,Z[OBGpPITeJ'ILHOﬁ

BEPOATHOCTHIO P.
Tabnuna 2 — 3nauenns kospdunnenta CreronenTa t, .
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P n=2|n=3 |n=4|n=5|n=6 | n=7|n=8 |n=9 | n=10

090631292 235|213|201|157|189]|183]|181

095|127 4,30 |3,18|278|257|245|231|226|223

Bui6o0wi. B nannom pazaene mabopaTopHoil paboThI CTYAEHTY HE00X0IMMO MEPEUUCIUTE OCHOBHBIE HTOTH
MPOJICIaHHON PaOOTHI.

1-o#f moarpymmne CTYIACHTOB HEOOXOAMMO TOSCHUTh, KaKUM 00pa3oM TOMOTCHHBIH KaTalu3aTop, B
YaCTHOCTHU MEpPMaHTaHaT Kajus, BIMSICT Ha CKOPOCTb Pa3OKEHUsS MEPEKUCH BOAOPOIa.

2-0ff TOATpyMIie CTYJIEHTOB HEOOXOJUMO IIOSCHHTh, KAaKOW W3 HCIIOJIIE30BAHHBIX UMH 00pa3loB
TeTePOreHHOT'0 KaTalln3aTopa ABISICTCS HanOoJiee aKkTUBHBIM B PEAKIIMU PA3JIOKEHUS TIEPEKUCH BOJIOPOIA
1, KaKUM 00pa30oM CTPYKTypa ¥ MOBEPXHOCTh KaTAIM3aTOPa OKA3bIBAIOT BIIMSHUE HA IPOTEKAHUE PEAKITHH.
3-eil moarpymie CTYAEHTOB HEOOXOIUMO TMOSCHUTH BIHMSHAE NPOMOTOPOB (YKCYCHOW KHCIOTBHI H
M30MPONIIOBOIO CITUPTA) Ha JICHCTBUE TOMOT€HHOTO KaTaau3aTopa.

JlabopaTopHas paGora Ne 2
CPABHEHUE CUHTE3A TOMOI'EHHOI'O U I'ETEPOI'EHHOI'O KATAJIN3ATOPA U OIIPEJ[EJIEHUE
PACTBOPEHHOI'O 1 OBLET'O MOJIUB/[EHA
Lenu pabomur:
1. 3y4UTh METOJUKY MOTYYEHHUS KOMIUIEKCHOT'O MOJIMOICHOBOTO KaTall3aTopa;
2. TIPOBEPUTH NPUHLUIHAIBHYIO BO3MOYKHOCTH M3BJICUCHHUSI PACTBOPEHHOTO MONHMOAEHA copOumeil ero
AKTHBHPOBAHHBIM YTJIEM M3 PACTBOPOB, OIYYEHHBIX PACTBOPEHHEM MOPOIIKOOOPa3HOTO METAITNIECKOTO
MonOeHa B BOJIE, COIEPIKAILCH MEPEKNUCh BOAOPOIA;
3. IpOBEpHTH BIMSHHUE Ha COPOLIMIO HAYATILHOTO COJICPKAHUS MOJIMOICHA.
Kpamxas meopus

IIpeuMymiecTBaMH METOJOB TPUTOTOBJIEHHUS KaTalu3aTOpOB, OCHOBAaHHBIX HAa HAHECEHUH
AKTHBHOTO KOMIIOHEHTa Ha HOCHTENb, SBISIIOTCSA 3QQEKTUBHOE UCIOIB30BAaHNE aKTHBHOTO KOMIIOHEHTA
BCJIE/ICTBUE €TI0 BBICOKOW TUCIEPCHOCTH, MEHBIIIEE KOJIMUECTBO BPEIHBIX OTXOJ0B U Jp. B 3aBHcHMOCTH
OT MEXaHU3Ma B3auMOJICHCTBHsI HAHECEHHBIE KaTalu3aTopbl MOKHO pa3lefUTh Ha J1Ba OOJBIIMX Kiacca,
KOTOpbIE B JaipHeleM OyieM Ha3bIBaTh "'cOpOLMOHHBIMU" 1 "IponuTOYHBIME". B citydae copOIMOHHBIX
KaTaJIu3aTOPOB B IPOIIECCE IPUTOTOBJIEHUS UMEET MECTO B3aUMOJICHCTBHE MEKIY HOCUTEIEM M HCXOTHBIM
BEIIECTBOM, aJCOpPOMPYIOIIMMCS Ha TOBEPXHOCTH. B cilydyae NpPONMUTOYHBIX KaTalU3aTOPOB TaKoe
B3alMOJEHCTBHE MPAKTUYECKH OTCYTCTBYET, U HICXOIHOE COETUHEHNE aKTUBHOTO KOMIIOHEHTA HaXOAUTCA
B PACTBOPEHHOM COCTOSIHUM B ITOpax HOCHUTETS.

[Ipr HeOombIIOM CcOAEep)KaHUM AaKTHBHOTO KOMIIOHEHTA IOPUCTas CTPYKTypa HaHECEHHOTO
KaTajau3aTopa O4YE€Hb MO0 OTIMYAETCd OT CTPYKTYpbl HOCHUTENS, MOATOMY JUId CO3JaHHMA aKTHBHBIX
KaTaJIn3aTOPOB OUYCHb BaYKHBIM SBJISIETCS IIOAOOP HOCUTENS C ONTUMAIBHON TEKCTYPOH.

XapakTepHbIM CBOMCTBOM HAHECEHHBIX KaTaJIM3aTOPOB SABISETCS HEPABHOMEPHOCTh paclpeneie-
HUS aKTHMBHOTO KOMIIOHEHTa IO CeueHHuto rpaHynsl. Ha pucyHke 4 mpencTaBieHO paclpeneieHue
aKTUBHOTO KOMIIOHEHTa IO TpaHyje KaraiausaTtopa. [IpuHATO AeneHHe HaHECEHHBIX KaTalu3aTOpPOB Ha
YeThIpe OCHOBHBIX THMNA: | - ¢ paBHOMEpHBIM pacnpenenaeHneM; I - "KopouKoBbIii", y KOTOPBIX aKTUBHBIN
KOMITOHEHT cocpelnoToueH y nepudepun rpanyit; 11l - akTUBHBII KOMIIOHEHT COCPEOTOYEH B IIEHTpE
rpaHynbl (Tak Ha3blBaeMbld "sudHBIA xKenTok"); IV - akTHBHBIH KOMIIOHEHT PacHOiIOXeH B CpelHeil
00J1acTH, YAaJCHHOW KaK OT IIEHTPa, TaK ¥ OT BHEITHEH MOBEPXHOCTH 3€pHA KaTaau3aropa.

I I
PI/IcyHOK 4 — Pacnpe/:[eneHI/Ie AKTUBHOT'O KOMIIOHCHTA I10 T'paHyJIC KaTaJIn3aTopa

MCTOI[ HAaHCCCHUA HCIIOJIB3YCTCA WU JIA IOJYUYCHUS KATaJIMU3aTOPOB 0oliee CIIOKHOIO CcoCTana,
AKTUBHBIA KOMIIOHCHT KOTOPBIX BKJIHOYACT JIBa UJIIN 0ollee DIIEMEHTOB.




Hecmotpss Ha pa3sHOoOOpa3We XUMHUYECKOTO COCTaBa, IS HAHECCHHBIX METaUIOOKCHUHBIX
KaTajau3aTOPOB MOXXHO BBICTUTh OCHOBHBIE OCOOCHHOCTH, OOYCIIOBJICHHBIC METOJOM HaHECCHUS
AKTUBHOTO KOMIIOHEHTA: JJI1 COPOIMOHHOTO CIOCO0a XapaKTepHBI BHICOKAs, OJNM3Kas K aTOMapHbBIM,
JUCIIEPCHOCTD YaCTULl aKTUBHOT'O KOMIIOHEHTA, COXPAHSIONIAACS B IIUPOKOM JAHana3z0He ero CoaepKaHus,
Y TIOBBINICHHAS! TEPMOCTOMKOCThD, B ClIy4ac OM3JIEMEHTHBIX KaTaJIN3aTOPOB.

Karanuzatoppl, moiydeHHBIE CIIOCOOOM IPOIUTKH, BBICOKOAMCIICPCHBI TOJBKO IPH MAaJIOM
colepKaHUM aKTHUBHOIO KOMIOHEeHTa. K HOCTOMHCTBaM MPONMUTOYHOIO METOJA CIEAYET OTHECTH €ro
MPOCTOTY U JIOCTYITHOCTh MCXOJHBIX BEIIECTB, B OCHOBHOM HUTPATOB U KapOoHaTOB. OHAKO ClIEIAyeT
yKa3aTh W PsiJi HEAOCTATKOB: OIPAHUYCHUS 10 KOHIICHTPAIIMM aKTHBHOTO KOMIIOHEHTA, 00YCIIOBJIICHHBIC
PacTBOPUMOCTBIO HMCXOJHOTO BEIIECTBA W OOBEMOM IOpP HOCHTENIS; BO3MOXKHOCTh HEPAaBHOMEPHOTO
pacmpenencHus: akTUBHOTO KOMIIOHEHTA MO CEYCHHIO TPaHyJbl BCIEACTBUE BBIHOCA B MPOLECCE CYIIKU
YacTH PacTBOpa Ha Mepudepuio 3epHa U T.1.

OT yKa3aHHBIX HEJOCTAaTKOB CBOOOJHBI COPOIMOHHBICE METOABI Oyiarojaps 0OOpa30BaHUIO
XUMHYECKOW CBS3M MEXKIY aacopOUpYEeMbIM BEHIECTBOM M (DYHKIIMOHAIBHBIMH TPYIIIAMUA HOCHTEIIS.
OrpaHuueHusi MeETOAa CBSA3aHBL, MPEXKAEC BCEro, € HEIOCTATOYHBIM ACCOPTUMEHTOM COCIUHCHUMH,
001aIaronux He0OX0IMMOM PACTBOPUMOCTBIO M CITIOCOOHBIX 0CaX/IaThCS Ha MOBEPXHOCTH HOCUTEIICH.

Oxcnepumenmanvuas wacme

Peaxmuevt: nepekuch Bogopoaa 30%; M30MPONUIOBBIA CITUPT; MOTUOJICH; TUAPOKCHU HATPUS; COJISTHAS
KHCIIOTa; CyJIb(aT TUAPO3NHA; cepHast KucioTa; N — (DeHWIaHTPAHUIIOBAsI KUCIIOTa TOTOBSAT PACTBOPCHHUEM
0,20 rp npenapata B 100 cM’pacTBOpa YIIeKHCIOro HATPUS; aMMOHMI MeTaBaHaiaT (BaHaIMeBOKUCIbIH
MeTa); TaOJeTKH aKTUBHUPOBAHHOTO VIS, BOJAA JUCTHUIMPOBAHHAS, KAJIUH JBYXPOMOBOKHCIBIN
(muxpomar kamwisi).
Ilpubopor: konObl KOHWYECKHE, BMeCTUMOCTHIO 100 oM’ LUIUHAPEI MEPHBIE, BMECTUMOCTBIO 50 CM3;
ITUIIETKY TPayHpOBAHHbIE, BMECTHMOCTEIO 1, 2, 5 1 10 cM’; 6r0peTka); Bechl 7ab0paTopHEIE CIIEIHATHLHOTO
KJIacCa TOYHOCTH C HauOONbIIUM TpezenoM B3BemmBanus 200 T; ceKyHAOMED; IUTUTKA 3JICKTPHUYECKA;
GaHs BOJAHAS; TEPMOMETp CTEK/IAHHBIH 1abopaTopHEIii ¢ auamaszonom usmeperus ot 0 °C 1o 100 °C, nena
nenenus 1 0C; KalleJILHUIIA.

Ilpucomosnenue scnomozamenvbHbvix peakmugos
IIpuroroBieHue pacTBopa MeTaBaHajara aMMOHHMA ¢ MoagpHod koHmeHrpauwer C(NH4V03)=0.01
Moss/mv>; 0,025  mone/am®  ToToBsiT pa3zbaBiieHHEM pacTBOpa C MOJISIPHOH  KOHIIEHTpAIUCH
C(NH4V03)=0,01 moms/mM*: B MepHYI0 K06y BMecTHMOCThI0 100 cM® numeTkoii BHOCAT 10 cM® mm 25
CM’® KPEIIKOTr0 pacTBOPa, COOTBETCTBEHHO, MPUIMBAIOT MPU MEPEMEIMBAHKH 15 cM® KOHIIEHTPUPOBAHHOI
cepHoit Kucnotsl (paoc=1,83 r/cM’), TOBOAAT 10 METKH JUCTUTHPOBAHHOM BOION U TIEPEMEIHBAIOT.
[purorosnenue pactBopa N-enunantpanmwiosoi kucnorsl (0,1030,01) r N-(peHUTaHTPaHUIOBON

KHCIIOTHI PacTBOPSIOT B 50 cM’ pacTBOpa THAPOKCHIA HATPHS ¢ MONSApHOM KonenTpanueit C(NaOH)=0,1
MOJIB/ M’ NPy HArpeBaHWM W T[CPEMCIIMBAHUM, 3aTeM IIOJIYYCHHBIM pacTBOp Pa30aBIsIOT
JUCTUILTMPOBaHHOU Bogon 10 100 oM.

I[Ipurorosienue pactBopa cosiroi kucaotel C(HC)=2.0 mons/mm’® 86 cm® KOHIICHTPUPOBAHHOMN COJISIHOM
KHCIOTHI (0500 -=1,18 r/CM3), OCTOPO’KHO, TIPU TIEPEMEIIMBAHNHY BIUBAIOT B MEPHYIO KOJI0Y BMECTHMOCTBIO

500 cM® ¢ 300 om® JUCTHJUTMPOBAHHOW BOJBI, TOCIE OXJAXKICHHUS JTOBOASAT OOBEM pacTBOpa
JTUCTHJUTMPOBAHHOM BOJOH 10 METKH.

[purorosnenue pactsopa cepHoit kucnorsl C(1/2H,SO4)=16 momp/nm® 229 cM® koHIEHTpUPOBaHHOI
CepHOil KHCTOTHI (2157 ~=1,83 T/cM’) 0CTOPOXHO, HEGONBIIMMH MOPIUUAME, TEPEMENINBAs, BIUBAIOT B

dapdpopoByro kpyxkky ¢ 200 cM® mECTHIIMpPOBAaHHOH BOABL Ilocle OXMaXAeHHs 10 KOMHATHOI
TEMIEpaTyphl, PACTBOP KOIMYECTBEHHO MEPEBOJAT B MEPHYIO KO0y BMecTUMOCTHIO 500 cM’, noBoast
00bEM pacTBOpa AUCTHIUIMPOBAHHON BOJIOW 10 METKH U TIEPEMELIHBAIOT.

[IpuroToBieHKe pacTBopa cyibdara ruapasuHa ¢ MaccoBoii goneit okono 1,0% Pacteopsor (1,010,1) r

cynbdara ruapasuna B 100 cM® TUCTULTHPOBAHHOI BOEL. PacTBOp MPUMEHSIOT CBEKEMPUTOTOBICHHBIM.
IIposedenue sxcnepumenma
1-as cepus ombITOB. /Iyl MpUrOTOBIIEHHS padoyero pacTBopa B crakaH Ha 50 mu orMeputh 35,8 i
M30IPONMIOBOrO cIupTa U 3,2 MII epekucH Bogopoaa. Ha aHanmnTuuecknx Becax oTMEpUTh HaBecky Mo
B konmuectBe 0,05 rp 1 706aBUTH K pacTBopy. [lodydeHHBIH pacTBOp epeMeNINBaTh B TEYEHUHU 15 MUHYT
710 TIepexo/ia OT CBETII0-YEPHOT0 OTTEHKA A0 CBETNO0-3e7eHoro. [1o ucreuenuro 15 MuHyT 0T00paTh Mpoody
no 0,5 M B 3 ManeHbKHE KONOBI Tyda e moMmecTuth 1o 10 ma ruapokcuna Hatpus (1,0 mMoms/mm’).
[IpuroToBieHHbIE KOMOBI MOMECTUTh Ha IUIUTKY M HarpeBarh B TedeHue 10 MUHYT, Aajee OXNaauTh MX
TakuM ke 00pas3om B TeueHue 10 munyT. [lociie mpoBeneHNs JaHHBIX ONEpallii B KaXKIy10 KO0y 0ToOpaTh




110 25 MJI CONAHOM KMCIOTHI (2 MOJL/AM?) U 10 5 M cynbdaTa ruaposuna (1%). lanee momydeHHyI0 cMech
B KOJIOAX TakuM ke oOpa3oM HarpeBaTh B TeueHue 10 MuHYT Ha BoastHOW Oane. Ilocie oxnaxnaeHus B
KaKIyI0 KonOy 106aButh Mo 20 MJI pacTBOpa cepHoit KUCIOTHI (16 Momb/am?).

s mpoBeAeHUs TUTPUMETPUUYECKOTO METOAA aHalu3a K IOJyYeHHBIM pPacTBOpaM I100aBHUTH
HECKOJIBKO Kameib MHIuKaTopa (N-QeHumnaHTpaHWJIOBash KHCIOTa). THUTpOBaHHE pPEakHOHHON cMmecu
MPOBOJUTH PAaCTBOPOM MeTaBaHaJaTa aMMOHHS 10 TOSIBJICHHUS CBETJIO-PO30BOrO OTTeHKa. [lpm sTom
MPOTEKAIOT CIECAYIOIIUE PEAKLINH:

4Mo00O4 > + NoH, * HaSO4 + 2H ¥ = 4MoO; ™ + Na + SO4 2 + 4H,0

MoOs +NH4VOs + H2S04 — MoO4* + VOSO4 + NH," + H,0O

2-as cepus onbIToB. [lo ucreuenuro 45 MuHyT U3 pabouero pactBopa otoOpark mpody no 0,5 Mi B nBe
MaJIeHbKHE KOJNOBI TyJa ke TOMEeCTHTh 1o 10 Mm ruapoxcuaa Hatpus (1,0 momb/mm’). MeTomuky mo
OTIPE/ICTICHUIO PACTBOPEHHOTO M 00IIIETr0 MOJINO/IeHA TIPOBECTH TAKUM K€ 00pa3oM, KaK U B IEPBOU CEpUU
OMBITOB. Pe3ynbTaThl TATPOBAHUS II0 JIBYM CEpPHUSIM OIBITOB CBECTU B TaOJHILy.
3-s1 cepust onbITOB. [IpUroTOBIEHHBIN KOMILIEKCHBIH MOnuOaeHOBBIN Katanuzatop (KMK) Heobxoaumo
HAaHECTH HA HOCUTENh. B Hamem ciaydyae B KauecTBE HOCHUTEIS OyNET CIYy)KUTh aKTHBHUPOBAHHBIN YTOJb.
Jis aToro B ctakaH oobemMoM 50 M momeraercst npurotosineHHbn KMK, BBOAUTCS aKTUBUPOBAHHBIN
YTOJIb U OTMEUAETCS BpeMs Hadaia onbita. Yepes kaxasie 30 MUHYT OT Havajia OIbITa OTOMpaeTcs mpooda
Ha aHAJIM3 U3 BEPXHEW YacTH PacTBOpa, KOTopas sBIseTCs Hamboiee yncToil. Jlanee mpoBoauTcs aHamu3
Ha OTpeJIeTICHUE PACTBOPEHHOTO M O0IIEro MOJIMOICHA TaKUM K€ 00pa3oM, KaK U B MIEPBBIX JIBYX CEPHSIX
OmbITa. Pe3ynbTaThl TATPOBaHUS CBOAATCS B TaOIHILY.
Obpabomka 3KCnepUMeHMAIbHBIX OAHHbBIX

B nmamHOM pasgene 51a0opaTopHOM pabOTBl  CTYJACHTY HEOOXOAMMO 10 TOJTYYCHHBIM
AKCIIEPUMEHTATEHBIM JIAHHBIM IPOU3BECTH PACUETHI MACCOBOM JTOJIM PACTBOPSHHOTO U 00IIET0 MOIHOICHA
(X,%), moctpouTh TpaduK 3aBUCUMOCTH MacCOBOM JIOJIM PAaCTBOPSHHOTO W 0OIIero MojiubicHa OT
BPEMECHU.
1. [l Kax01 ceprH ONBITOB PACCYUTATh MAaCCOBYIO JOJIO PaCTBOPEHHOTO U 001Iero MoiubaeHa (X,%)
o cienytornien popmyie (5):

‘= (V, =V, )*C+K =96+ 100
o m = 1000

raoe Vp, VX — 00beMbI pacTBOpa ME€TaBaHaaaTa aMMOHUS, ITOIIEAIINE HA TUTPOBAHUE B pa60¥{eM 7 XOJIOCTOM OIIbITaX, COOTBETCTBEHHO, CM3;

C — MoJIsipHas KOHIEHTPALUSI PACTBOPA METABaHa1aTa AMMOHHMS, MOJIb/IM3;
K — nonpaBounsiit K03Q(UIHMEHT K KOHIIEHTPALMH PaCcTBOpa MeTaBaHaarta ammouust; (K=1)
96 — MOJIsIpHAs Macca S9KBHBAJICHTa MOINOICHA, T/MOJIB;

m — macca HPO6BI, B3sATast HA aHAJIU3, TP.

2. Jlng KaxIoil cepuH OMBITOB TOCTPOMTH T'paMK 3aBUCHMOCTH BPEMEHH OT MAacCOBOH 0JIU
pacTBOpeHHOro U o0mero MonubdaeHa (X,%).
Cmamucmuueckas obpabomxa pe3ynomamos dIKcnepumeHma
B nmanHOM paszzmene 1abopaTOpHOW padOTBHI CTYAEHTY HEOOXOIUMO MO IOJYYECHHBIM
IKCTIEPUMEHTAIBHBIM JAHHBIM MIPOU3BECTH CTATHYECKYIO0 00pabOTKY pe3yIbTaTOB IKCIIEPUMEHTA.
¥R

=:*L rge n — umcno
’

1. Paccuurath Cpe,[[HeapI/I(l)MeTI/I‘lCCKOG 3HAUYCHUC PE3YJIbTATOB 3KCIICPUMCHTA! X =

n

OKCIIEPUMEHTOB.

2. PaccuuTaTh OTKIIOHEHHE OT CPEIHETO 3HAUYEHUS: (Xi - X)
3. PaccuuTath KBaJpaT OTKJIOHEHHS OT CPEJHEro 3HaYeHus: (Xi - )
4. PaccuuTaTh CyMMY KBAJPATOB OTKIOHEHHS OT CPEIHErO 3HAUCHUS: X (X, — T )

5. Paccunrarh cTaHAapTHOE OTKIOHEHUE €MHUYHOTO Pe3ybTaTa OT CpeJIHeEapU(PMETHUECKOTO 3HAYECHHS:
| 2(x; — x)°
- \' n(n—1)
. . X=Xt Sz*t,,
6. Paccunrarh 10BEpHTENBLHBII HHTEPBAII ONPE/EIAEMON BETNYNHBL: x pn

rae t, , - koapduuuent CreroneHTta. Ero 3HadyeHHe HaXoAAT U3 TaOIMIBI 2, 3aaBasCh JOBEPUTEIBHOM

BEPOATHOCTHIO P.



Buisoowi. B mannom pasnene 1abopaTopHOi pabOThI CTYACHTY HEOOX0AUMO NEPEUUCIUTh OCHOBHBIC UTOTH
npojenanHol paboTsl. [loka3zaTh, YTO MPOUCXOAMUT C MPUTOTOBICHHBIM KOMIUIEKCHBIM MOJIMOICHOBBIM
KaTajau3aTopoM IMPH HAHECCHHHM €r0 Ha HOCHUTEIh (YBEIMYUBACTCS WU YMEHBIIACTCS MaccoBas OIS
PacCTBOPEHHOTO M O0IIET0 MOJIMOICHA C TCUCHHEM BPEMEHN ).

JlabopaTopHas paGora Ne 3
HIPUT OTOBJIEHUE KOMIIJIEKCHOI' O MOJIMB/JTEHOBOI' O KATAJIM3ATOPA METO/[OM
SIOKCHUJTUPOBAHHUA U [IPOBEPKA ET'O AKTUBHOCTH

Lenu paboTsr:

l. W3y4uTh METOAMKY TOJNyYeHHS KOMIUIEKCHOTO MOJIMOJICHOBOTO  KaTaju3aropa MeETOAOM
SMOKCHIUPOBAHUS;

2. IPUTOTOBJICHHBII KOMIUIEKCHBI MOJTMOACHOBBIN KaTaau3aTop MPOBEPUTH Ha aKTUBHOCTH B OKTEHE - 1.

Kpamxas meopus

KartanuzaTopbl JOKHBI 007anaTh BBICOKOW TMPOU3BOIUTEIBHOCTHIO. [IpOM3BOIMTENHHOCTD
Katalu3aTopa OO0yCIaBIMBaeT pa3Mephl IMPOMBIIIICHHBIX PEaKTOPOB, MX OOBEM MM KOJIUYECTBO.
[Ipon3BOOUTENBHOCTS KaTalM3aTopa BKIIOYAET B ceOd ABa OCHOBHBIX MapaMeTpa: MHTEHCUBHOCTH | u
aKTUBHOCTh A KaTanmm3atopa. Hambonee cymiecTBEeHHOH XapaKTEpPUCTHKOH JIIOOOro KaTaiau3aTropa
SBIISIETCSL €r0 aKTHBHOCTH B OTIPEICIIEHHOM KaTaJIUTHUECKOM Iporecce. Beibop MeToanku nccieaoBanus
AKTHBHOCTH CBSI3aH C OCOOCHHOCTSIMH PEAKLUH, YCIOBUSIMH YKCIIEPUMEHTA.

Mepoii KaTadUTUYECKOW AaKTHMBHOCTH MOKET CIY)KUTh CKOPOCTh IPOTEKAaHUS pPEAKIUH B
HCCIEAYyEMOM HAMpaBICHUU B MPUCYTCTBUHU KaTaiu3aTopa. AKTUBHOCTb MOXHO BBIPAXKaTh TaK e
CHUKCHUEM HHEPTUU aKTHBAIMU MPHU YYACTUU KaTalu3aropa WIM OTHOIICHHEM KOHCTaHTBl CKOPOCTH
JaHHOW peaklMy B MPUCYTCTBUM KaTalM3aTopa K KOHCTAHTE CKOPOCTU STOH e peakuuu Oe3 Hero,
KOJIMYECTBOM MOJTYUYEHHOTO MMPOIYKTa C €ANHHUIIBI KaTalu3aTopa B €ANHUILY BPEMEHH.

[Tpu ouleHKE aKTMBHOCTH KOHTaKTHBIX MacC B MPOU3BOJACTBEHHBIX YCIOBUSIX OOBIYHO BBIYHCIISIIOT
CKOPOCTb PEAKIUH 10 OTHOLIEHUIO K €ANHHIIE 00beMa KOHTAKTa 110 YPaBHEHHAM

-
Q Ly

- = kACwm ———kAC (1)

raoe Gn— KOJIUYECTBO TOJIYYE€HHOI'O IEJIEBOTO IIPOAYKTA, G — KOJHMYECTBO OCHOBHOTO BCIIIECTBA, IMIPEBPATUBLIECTOCS 32 BPEMS T B obbeme KataiuszaTtopa v, k —

KOHCTaHTa CKOPOCTH KaTAJIMTHYECKOTO IIporecca, C— JBUXKYIAs CUjia mporecca, BeipaxkacMas Ipou3BEACHUEM I[Cf[CTBleH_[HX KOHHCHTpaHI/II\/‘I HUCXOOHBIX BEUIECTB U

YUHUTHIBAOIIAsA TOPMO3AIICE BIIMAHUEC IIPOAYKTOB PEAKIIUH.

O]_ICHKy OHEPIuh AaKTUBHOCTU KaTajlu3aropa MOXKHO IIPOM3BOAWTL U3 Pa3HOCTU CKOpOCTefI
XHUMHAYECKOU pC€aKiuu B IpUCYTCTBHUU KaTaiu3aTopa u 0e3 HETO, JaHHYIO 3aBUCUMOCTB MOKHO YBUJETD I10
(bOpMyJ'Ie (2) HpI/I OTOM YYHUTBIBAIOT OOJIKO o0beMa PCAKIUOHHOI'O IIPOCTPAaHCTBA 3aHHUMACMOI'0O
KaTtaJnu3aTopoOM U JOCTYITHOI'O IJId p€arcHTOB.

A= Uxar — Vnekar * (I_VKaT) (2)

TZI€ VKaT — CKOPOCTh KaTaJTUTHYSCKON PpCaKnuu; VHEKAT — CKOPOCTh HEKATaTUTUYECKON peaKknuu; Vkar — 00béM PEAaKIUOHHOT'O MPOCTPAHCTBA, KOTOPBII‘//I 3aHUMAET

KaTtaimusaTtop.

Oxcnepumenmanvuas yacmo

Peaxmugul: ciupT 3TUIIOBBIN PEeKTU(HUKOBAHHBINA TEXHUUYECKUH; THAPOIEPEKUCH STHIIOCH30I1a; MOJIMOICH;
THIPOKCH] HATPHS; COJISTHAsl KUCIIOTa; Cynb(daT TuApa3uHa; cepHas KUcioTa; N — (eHUIaHTpaHUIOBas
KHCIIOTa TOTOBAT pactBopenueM 0,20 rp npemapara B 100 cM*pacTBopa yriIeKHCIOro HaTPHs; aMMOHHA
MeTaBaHa/JaT (BaHAIMEBOKUCIBIM MeTa); BOJAAa JUCTWIIMPOBAHHASA, KHCIOTAa YKCYCHas JEAsSHas; Kauus
HoauI; KpaxMall pacTBOPUMBIiL; HATPUI CEPHOBATUCTO — KUCIIBIH (THOCYb(AT HATpuUs1) S-BOJHBII; HATpUI
XJIOPUCTBIN (XJIOpUJ HATPHs); MarHUKA XJIOPHUCTBHIA (XJIOPHI MAarHus);, Kaaus THIPOKCHI, METHIOBBINA
OpaHXeBbIil; OPOMKPE30JIOBbIN 3€JIEHBINH; METUIIOBBIN KPACHBIH; H-TEKCaH.
Ilpubopor: konObl KOHWYECKHE, BMeCTUMOCTRIO 100 oM’ LUIUHAPEI MEPHBIE, BMECTUMOCTBIO 50 CM3;
THUIETKYU IPpalyHpOBaHHbIE, BMECTUMOCTBIO 1, 2, 5 1 10 cM’; 6r0peTKa; Bechl 1aGopaTopHbIe CIIEUATLHOTO
KJlacca TOYHOCTH ¢ HanOombmmuM mpenenoM B3BemmBanus 200 T, ceKyHIOMEp; AEIHUTENbHAs BOPOHKA;
IUIATKA DJIEKTpUUEcKas; OaHs BOASHAS; CEKYHAOMEp; NEIUTeNbHas BOPOHKA; KalleIbHUIA; TEPMOMETP
CTEKIISHHBIN 1a6opaTopHBIii ¢ AuanazoHoM usmepenus ot 0 °C 1o 100 °C, nena nenenus 1 °C.

Ilpucomosnenue scnomozamenbHovix peakmugos
IIpuroroBieHue pacTBopa MeTaBaHajaTra aMMOHHMA ¢ MoasgpHol koHmeHrpauwer C(NH4V03)=0.01
Moss/mv>; 0,025  mone/am®  ToToBsiT pa3z0aBiieHHEM pacTBOpa C MOJISIPHOH  KOHIIEHTpAIUCH
C(NH4V03)=0,01 moms/mM*: B MepHYI0 K06y BMecTHMOCTEI0 100 cM® nmumneTkoii BHOCAT 10 e’ mm 25
cM’ KPErKoro pacTBOpa, COOTBETCTBEHHO, MPUJIMBAIOT MPHU TIEPEMEIIMBAHMM 15 cM® KOHIIEHTPHPOBAHHOM
cepHOit Kucnotsl (paoc=1,83 r/cM’), TOBOAAT 10 METKH JUCTUTHPOBAHHOM BOION U TIEPEMEIIHBAIOT.




[purorosnenue pacteopa N-denmnanrpannnosoii kucnorel (0,1010,01) r N-(eHUTaHTPaHUIOBON

KHCIIOTHI PacTBOPSIOT B 50 cM’ pacTBOpa THAPOKCHIA HATPHS ¢ MONSApHOM KoHnenTpanueit C(NaOH)=0,1
MOJIB/ M’ NPy HArpeBaHWM U T[CPEMCIIMBAHUM, 3aTeM IIOJIYYCHHBI pacTBOp pa30aBIsIOT
JUCTUILTUPOBaHHOU BoAo g0 100 oM.

I[Ipurorosienue pactBopa cousiaoi kucaotel C(HC)=2.0 mons/mm> 86 cm® KOHIICHTPUPOBAHHOMN COJISTHOM
KHCTOTHI (0500 -=1,18 r/CM3), OCTOPOKHO, TIPU TIEPEMEIIMBAHNY BIUBAIOT B MEPHYIO KOJIOY BMECTUMOCTHIO

500 cM® ¢ 300 om® JUCTHJUTMPOBAHHOW BOJBI, TOCIE OXJAXICHHUS TOBOASAT OO0BEM pacTBOpa
JUCTUIUTMPOBAHHOM BOIOH 10 METKHU.

Hpurortosnenue pactBopa cepHoit kuciaorel C(1/2H,SO4)=16 monw/nm® 229 cM’ KOHIEHTPHUPOBAHHOI
CepHOM KUCIOTHI (£20° -=1,83 T/cM’) 0CTOpOKHO, HEGOIBIIMMY TIOPLMAMH, HEPEMENINBAs, BIMBAIOT B

dapdopoByro kpyxkky ¢ 200 cM® mECTHIIMpPOBAaHHOH BOABIL Ilocle OXMaXAeHHs 10 KOMHATHOI
TeMIepaTyphl, PACTBOP KOJIMYECTBEHHO MEPEBOJAT B MEPHYIO KOI0y BMecTUMOCThI0 500 cM’, noBoast
00bEM pacTBOpa AUCTHIUIMPOBAHHON BOJIOW 10 METKH U TIEPEMELIHBAIOT.

[IpuroToBieHKe pacTBOpa Cynb(dara TMApasuHa ¢ MaccoBOi nosel okoso 1,0% Pacteopstor (1,010,1) r

cynbgara rugpasuna B 100 cM® IUCTHILIMPOBAHHON BOBI. PacTBOP MPUMEHSIOT CBEKETPUTOTOBICHHEIM.
[IpuroToBieHKE PacTBOPA HoaUIa Kanus ¢ MaccoBoit goneii 50% (25,010,1) r ioauaa Kanus pacTBOPSIOT

B 25 cM’ CBEKENMPOKMIIAUYEHHOH MUCTUIUTMPOBAHHON BOJBI M MOMEMIAIOT B CKISHKY M3 TEMHOTO CTEKIA.
PacTtBOp crnegyer npuMeHSTh CBEXKENPUTOTOBICHHBIM.

[IpuroToBIeHNe PacTBOPOB THOCYb(aTa HaTpus ¢ KoHmenTpanueit C(NaxS,03*5SH,0)=0.05 mons/nvm® u
0,01 wmomp/nv® Jlnms  TpHTOTOBIEHHS pPacTBOpa THOCYIb(aTa HATPUs C  KOHIEHTpalueii
C(Na»S:05*5H,0)=0.05 momb/nm’) MeTonoM pa30aBieHHs B MEpHYIO Kojiby BMecTHMOCThIO 100 cm’
BHOCAT TmTeTKoM 50 cM’ pacTBopa THOCYNb(aTa HaTpus ¢ MOJAPHOH  KOHIEHTpanueii
C(Na2S,05*5H,0)=0.1 MOJIB/ZIM>, TOJUBAIOT 10 METKH JUCTULTAPOBAHHON BOIOH U MepeMeInBaroT. Jms
TIPUTOTOBIIEHHS. PAcTBOpa THOCYIb(aTa HaTpus ¢ KoHuenTpanueit C(NaS:03*5H,0)=0.01 mons/am® B
MEpHYI0 KoJI0y BMeCTHMOCThIO 100 cM® BHOcAT mmertkoif 10 cM® pacTBopa THOCyIb(haTa HaTpus c
MOJISIpHOM  KoHIeHTpauuen 0,1 MOJIB/IM’, JOMHMBAIOT 10 METKH JUCTUIIIMPOBAHHOW BOJOU U
MEPEMEIINBAIOT.

[IpUroToBJeHKEe PACTBOPA THIPOKCHIA Kaus ¢ MoJsipHoii kKortenparmeit C(KOH)=0,5 mous/mm’ (28,0
70,1) r ruapOKCH/Ia KalKs PAaCTBOPSIOT B BOJIE M JIOBOJAT 00BEM PacTBOPA JMCTHILIMPOBAHHON BOJOM 110

1000 cm?.

IIposedenue sxcnepumenma
l-as _cepuss onblTOB. B KkadecTBe KaTaim3aropa 3IMOKCHAMPOBAHHSA OKTEHa-1 ucmonb3yercs
MPUTOTOBJICHHBIA B JIAOOPATOPHBIX YCIOBHUSIX DPAacCTBOPEHHBIH MONMOIEH B STaHONE M YKPEIUIEHHOM
OKCHJIaTe.

IIpenBaputensHO B TepMOCTaT 3arpy3uTh BoAy. B peakTop HpHroTOBIEHHS KOMIUIEKCHOTO
MOJMOACHOBOTO KaTajlu3aTropa 3arpy3uth 96%-Hblii pacTBOp 3TaHONa B KolndecTBe paBHOM 11,8 mi u
YKpEeIUIEeHHBIH OKCHIAT (TMAPOIEPEKUCh dTHIOEH30Ma) B KoindecTBe paBHoM 10,7 mi. 3ateM 3arpys3uThb
MpeBapUTEIbHO B3BEIICHHBIN Ha aHAJIUTUYECKUX Becax MonnbaeH B konunuectse 0,08 rp. Temneparypa
TIpM MPUTOTOBIEHHH KOMILIEKCHOTO MOJIHGEHOBOTO KaTalm3aTopa MojjepxkuBaercss papHoit 56 °C B
TeueHue 2 yacoB. B xofne ombITa oTOMpaeTcs miecTs Mpod Ui ONpeAeieHUs] COACPKaHus OCTaTOYHOIO
MoJHOZeHA C TIOMOIIBIO METOANKH «OnpeneneHusi pacCTBOPEHHOTO M O0IIero MoinMdaeHa B MpOAyKTax
MIPOM3BOJCTBA CTUPOJa», & TAKXKE COJIEP)KaHUE TMAPONEPEKHUCH C MOMOIIBI0 METOAUKH «OmnpeaeneHus
KOHLICGHTpAIlMd TEPOKCUAHBIX COCAMHEHHIT». YCTaHOBKA CHHTE3a KOMIUIEKCHOTO MOJHOICHOBOTO
KaTajau3aTopa MpeCTaBlIcHa Ha PUCYHKE 5.
2-asi_cepusl OMBITOB. MeTOAMKAa MPOBEPKH YKPEIUICHHBIX OOpa3lOB THAPONEPEKUCH 3THIOCH30JIa U
AKTUBHOCTH KaTaJIN3aToOpa B pEaKLINU SMOKCUANPOBAHUS OKTEHa-1.

[onmyyennsiit 0Opa3zen] KOMIZIEKCHOTO MOJIHOACHOBOTO KaTaIM3aTopa M PacTBOpa yKPEIIEHHOTO
OKcHIaTa HEeoOXOOMMO NPOBEPUTH B pEaKUUH SIOKCHAWPOBAHHA OKTeHa-1 THIPONEPOKCHAOM
TUAOEH3071a, COAEPKAIIUMCA B YKpEIICHHOM OKcupaate. OMBIT MPOBOAUTCS B TEPMOCTaTHPOBAHHOM
peakrope, o0bemMoM 30 M, 00OpPYZOBAaHHOM OOPaTHBIM XOJOAWIBHUKOM, TEPMOMETPOM, MarHHUTHOW
MeIankoit 1 npo6ooT6opuukoM. TemmepaTypa B peakTope MoepKuBaeTcs papHoi 96,5 °C ¢ TouHOCTHIO
+ 0,5°C ¢ momomIpI0 TepMOCTaTa.

B kauectBe OMNOKCHIUPYIOUICTO arcHTa HCIOJIb30BaJIN YKPGHHCHHBIﬁ OoKCcuaar STUIOEH307a
HOHy‘lCHHLIﬁ IpU pa3roHKe 10%-no0TO okcuaara. B XO0zI¢€ OIIbITa OT6I/Ipa€TC$I mIECTh Hp06 IJIs OIIPCACIICHUA
COACPIKAHUA OCTaTOYHOM TUAPONCPCKUCH C TIOMOMIIBIO MCTOAWKHU «OHpeI[CJ'ICHI/ISI KOHICHTpAaIunu



MEPOKCUIHBIX COC,Z[I/IHCHI/If/’I». Ilo oxoHYaHWM OIIEITA PCAKIMOHHYIO MACCy IMpPOaHAJIU3UPOBATH Ha
COACPIKAHUEC SMOKCUTPYNIIBI C MMOMOIIBIO MCTOJAUKHA «Onpe;[eneHH;{ MacCOBOM JOJIM OKCHIa HOHCHA B
OIIOKCHOATEC».

PI/ICYHOK VYcTaHOBKa CHHTE3a KOMIUICKCHOTO MOJ'II/I6I[6HOBOFO KaTajin3aTopa

rae | — peakTop; 2- MarHUTHBIN pa3MeIINBaTeNb; 3 — 0OPATHbIIN XONOAMIBHUK; 4 — MaTHUTHAs MeIIajka; 5 — TepMocTaT; | — Boga oximaxaatomias; I — Boga obopoTHas;

II1 — Boza ropsuast; IV — Bozma ropsidas 060poTHast.

Meronyka «BbIoNHEHUs] N3MEPEHUI PACTBOPEHHOTO M OOLIEro MOJIMOIeHa B MPOAYKTaX NPOU3BOICTBA»
K HaBecke B Koji0e MHPHIMBAIOT IMIMHAPOM 10 cM’ pacTBOpa TMAPOKCHAA HATPHA C MOIAPHOI
xonnentpanueit C(NaOH)=1 Monw/mM’, Konby 3aKphbIBalOT BOPOHKOH, CTaBAT Ha DJIEKTPOILIUTKY,
HarpeBaloT J0 KUIeHUS U KUIATAT B TeueHne 10 muH. ConepkuMoe KO0l OXJIaKAAI0T MPYU KOMHATHON
TeMmeparype B TeueHue 10 MuH.

K comepkuMoMy KoJI6bl TIPHIMBAIOT MUIMHAPOM 25 cM® CONAHOM KHUCIOTHI ¢ MOJIAPHOI KOHIIEHTpaIueit
C(HCI)=2 mons/mm® 1 5 cM® pacTBOpa rumpasus cymbdara ¢ MaccoBoii moneit 1%. Konby ¢ pactBopom
IIOMEIAIOT B BOAAHYIO OaHio ¢ Temmeparypoii Bomsl (70-80°C) u marpeatoT B TeueHme 10 MuH.
Honyckaetcs cnaboe KUIEHHE pacTBoOpa B KOJI0e, 3aKPBITON BOPOHKOH, Ha DIIEKTPOIUIUTKE. 3aTEM PAacTBOP
OXJIAX/IAI0T MPH KOMHATHOH TeMmmepaType B Tedenue 10 MuH, 106aBIs0T mmwtuHApoM 20 cM® pacTBopa
cepHOU KuCHOoThl ¢ MoisipHOH koHueHtparmein C(1/2 H,SO4)=16 MOJIB/IM>, CHOBa OXJAXKHAIOT 10
KOMHATHOM TeMIIEpaTypbl, I00aBJISAIOT TPU-TATH Kalellb pacTBOpa (PEHWIAHTPAHWIIOBOW KHCIOTHI U
TUTPYIOT PACTBOPOM METaBaHAaTa AMMOHHS C MOJAPHOH KoHIenTpanueit 0,01 Moms/am’, 10 mosBIeHHs
PO30BOM WM CUPEHEBON OKPAaCKH, YCTOMUMBOW B TedeHUE 1 MUH.
B ananoruyHbeIX yciaoBusx, 0e3 IpoObl, MPOBOIAT XOJIOCTOH OMBIT HA PEAKTHUBEI.
Metonnka « BeInoaHeHHs M3MEpEeHUN KOHLIEHTPALUU EPOKCUIHBIX COEANHEHUI
B MOArOTOBJIEHHYI0 KOHHYECKYIO KOJIOY BMECTHMOCTBIO 250 cM’, BHOCAT MmHHApoM 10 cM® yKcycHoit
KHCJIOTHI, 3aKPBIBAIOT KOJIOY MPOOKOH, B3BEIIMBAIOT C 3alTUCHIO PE3YIbTATOB B3BELUIMBAHUS B IpaMMax A0
BTOPOTO JIECATUYHOTO 3HAKa, MNPWIMBAIOT MHIETKOW aHaIM3UPYeMYI0 NpoOy, B 3aBHCUMOCTH OT
MpenoJaraéMoi KOHIIEHTPALUU IEPOKCUIHBIX COeqMHEHNH B iepecuere Ha ['TIOb, u cHoBa B3BEMINBAIOT.
o pa3HOCTH pe3ynbTaTOB ABYX B3BEIIMBAHWN HaXOAAT MAacCy HABECKH MPOOHI.
K comepxumomy KonObl 106aBisior 1,5 cM® pacTBopa iommaa xamus ¢ mMaccosoit gomeit 50%, konby
3aKpBIBAIOT MPOOKOH, CMOYEHHOM POCTBOPOM HOIIUA KaJIUs, IEPEMEIINBAIOT U BBIACPKUBAIOT B TEMHOTE
B Teuenue 30 mMuH. [To MCTEYeHMM YKA3aHHOTO BpeMeHH mpuauBaioT 100 cM® IUCTHIIMPOBAHHON BOJIHI,
0OMBIBas IPOOKY KoJIObI, H0OBIBIMOT 1,0 cM® KpaxMana U He3aMeITUTeIbHO TUTYIOT BBLICTMBIIMHCS HO
pacTBOPOM THOCYIb(aTa HATpHMA C MOIAPHON KoHieHTpamueil 0,1 MoJb/IM’, B 3aBHCHMOCTH OT
KOHIIEHTpAIMY TIEPOKCUAHBIX coequHeHui B iepecyere Ha ['TIDB, no obecupeunBanus pactBopa.
Metonnka « BeinoaHeHns n3MepeHnid MacCOBOM JI0JIM OKCHJIa HOHEHA B STIOKCUIATE»
B KoHHYECKyIO KOJIOY C MPUTEPTOii IPOOKOH BMeCTUMOCTEIO 250 cM® BHOCAT mumeTkoit 10 cM® pacTBopa
COJISTHOM KHCIIOTHI B HACBHIIICHHOM PacTBOpPE XJIOpPHIA HATPHUA WM MAarHus, JOOaBISIOT C MOMOLIBIO
nunetku (5,0-2,5) cM® aHaTH3MpyeMoii poOsl, HIHHAPOM S0 cM® 3TaHOMA, KOJIOY 3aKpHIBAIOT HPUTEPTOil
npoOKoil M TepeMelmMBalOT Ha BCTpsxuBaTene B TeueHne 30 MuH. 3areM COIEPKHMOE KOJIOBI
KOJIMUECTBEHHO IIEPEHOCAT B UMCTYIO JENMTENbHYI0 BOPOHKY BMECTHMOCTBIO 250 CM®, JBasIbI
omosackuBas koa0y 10 cM® IUCTUIIMPOBAHHON BOIBI U CIMBAs HPOMBIBHBIE BOIABI B Ty K€ BOPOHKY,
npummBaioT 20 cM’ TreKcaHa, U 3aKphbIB BOPOHKY MpPOOKOH, BCTPSAXHBAIOT CONEPKUMOE B TEUEHHE 2 MUH.
[locne paccioeHuss cMecH HW)KHUI BOJHBIM CJIOH CIIMBAIOT B Ty K€ KOHHYECKYIO KOJIOY, B KOTOpOH
TIPOBOMIIACH PeaKiys. B BOPOHKY ¢ TeKcaHOM IpHIMBaioT 10 cM® IMCTHIMPBOAHHOM BOJIBI, B30ANTHIBAIOT
9-10 pa3 1 cTUBaIOT NPOMBIBHYIO BOAY B Ty ke Kon0y. K cogepskumomMy KonObI mpuOaBisioT (5-6) Kamnemb
CMEUIAHHOTO WHAHMKATOpa WJIH METHJIOBOTO OPAHXXEBOTO U TUTPYIOT H30BITOK COJSHON KHCIIOTHI
PacTBOPOM I'MAPOKCH/IA Kanus ¢ MoJsipHOii konnenTparueir C(KOH)=0,5 Mons/am® 10 Hepexosia OKpacku
pacTtBopa OT (HONETOBO-KPACHOM B 3€JEHYIO, IPU TUTPOBAHUH IO CMEIIAHHOMY HHIHMKATOPY, WM OT
KpacHOM B 5KENTYO, IIPY THPOBAHUY IO METHIIOBOMY OPAHKEBOMY.
[TapannensHO TPOBOAAT KOHTPOJBHBIN OMBIT C TEMH K€ PEaKTHBaMH, HO 0e3 aHATU3UPyEeMOH MpoOkI, B
MOJTHOM COOTBETCTBUH C paO0YUM OIBITOM.
Obpabomka 3KCnepUMeHMAIbHBIX OAHHBIX




B nanmHoM pasgene nabopaTopHOil pa0OTBl  CTyIEHTY HEOOXOAWMO TIO TOJXy4EeHHBIM
SKCIEPUMEHTAILHBIM JaHHBIM IIPOU3BECTH Pacu&Thl MACCOBOH JI0JIM PACTBOPEHHOTO U 00111er0 MoNOAeHa
(Xwm,%), MaccoBOM JOJM IEPOKCUAHBIX coeanHeHu (Xr, %), MacCOBOH JTOJTM OKCHIa HOHEHA B TIEpECUeTe
Ha 3MOKCUIHYIO rpymmy (Xo, %), MOCTPOUTH rpaduK 3aBUCUMOCTH MacCOBOM TOJM PAacTBOPEHHOTO U
o61ero MonubeHa OT BPEMEHH, MacCOBOH JI0JIM IEPOKCUAHBIX COCAUHEHUH OT BpEMEHH, MACCOBOW I0JTU
STIOKCUIHOW TPYIIIBI OT BPEMEHHU.

L. PaccuuTare MaccoByl0 HOJIO pacTBOpEeHHOro u odmero moimbaeHa (X,%) mo ciemyrouien
dhopmye:

< - (V, —V,)*C =K 96 = 100

oM m = 1000

raoe Vp, VX — 00beMbI pacTBOpa ME€TaBaHaaaTa aMMOHUS, ITOIIEAIINE HA TUTPOBAHUE B paﬁoqu H XOJIOCTOM OIIbITax, COOTBETCTBEHHO, CMS;

C — MoJIsipHas KOHIEHTPALUS PACTBOPA METaBaHa1aTa aMMOHHMS, MOJIb/IM3;
K — nonpaBounsiit K03Q(UIHMEHT K KOHIIEHTPALMK PaCTBOpa MeTaBaHaara ammouust; (K=1)
96 — MOJIsIpHAs Macca S9KBHBAJICHTa MOINOACHA, T/MOJIb;

m — macca HpO6BI, B3sATast HA aHAJIU3, TP.

2. [Moctpouts rpadk 3aBUCUMOCTH BPEMEHH OT MACCOBOH JIOJIM PACTBOPEHHOTO M OOIIET0 MOJIMO/ICHA
(Xm,%).
3. PaccuuTaTh MaccoBYyIO JIOJIO IEPOKCUIHBIX coeanHeHui (Xr, %) 1mo ciueayroriei Gopmyie:
< - (V, —V,)*C=K=3*100
r m * 1000

raoe Vp, VX — 00beMbI pacTtBopa TI/[OCyJ'II)dJZ.Ta HaTpus, NOUICAIINEC HAa TUTPOBAHUEC B pa6oqu 1 KOHTPOJIBHOM OIBITaX, COOTBETCTBCHHO, CM3,

C — MoJIpHast KOHLEHTPALHS PacTBOpa THOCY Ib(haTa HATPHs, MOJIB/ M3

K — monpaBouHsIit K03 HUIHEHT K KOHIIEHTpAUK pacTBopa THocynbdata Hatpus; (K=1)

D — SKBHBAJICHTHAsI Macca MEPOKCUTHOTO COSANHEHUS, (69-/U1s THAPONEPOKCHAA STUIOCH301a, 8 — T aKTUBHOTO KHCIIOPO/a), TP/MOIb.

m — Macca npo0Osl, B3sTas Ha aHanu3, rp. [Ipu ot6ope mpoOsr Ha aHamu3 Mo 00beMy, Macca mpoObl paBHa Vip*p, rae Vip — o6beM npobbl, cM3 U p — MIOTHOCTH

aHanu3upyemoit mpo6sr mpu 200C, rp/em3.

4. IToctpouts rpaduk 3aBUCHMOCTH BPEMEHHU OT MACCOBOM J0JIM MIEPOKCUAHBIX coequHeHuit (Xr, %).
5. PaccunraTh MaccoByl0 JONIO OKCHJa HOHEHa B MepecueTe Ha SMOKCcUAHyro rpymmy (Xo, %) mo
ciaenyromeil popmyie:
« - (V, -V, )*C*K=2=100
? V= p=1000

raoe Vp, VX — 00beMbI pacTBOpa THAPOKCUAA KaJIWs, MOMICAIINE Ha TUTPOBAHUEC B pa6oqu ¥ KOHTPOJIBHOM OIBITaX, COOTBETCTBCHHO, CM3,

C — MossIpHast KOHIICHTPALHUS PACTBOPA THAPOKCHIA KaJlHs, MOJIb/IM3;

K — mompaBouHbIit K09)GHUIMEHT K KOHICHTPALNHI PacTBOpa rapokcuaa kamust; (K=1)
D —MoIsipHas Macca SKBHBAJICHTA STIOKCHIHON TPYMIEL, paBHas 43 rp/Mob.

V — 00beM mpo0bl, B3STHIH Ha aHAIN3, CM3;

p — wioTHOCTH Tpo6s! ipu 20 0C, rp/cm3.

6. Iloctpouts rpaduk 3aBUCHMOCTH BPEMEHH OT MAacCOBOM [OJM OKCHAa HOHEHa B IepecyeTre Ha
snokcuanyo rpymmy (Xo, %).
Cmamucmuueckas obpabomka pe3y1omamog 3KCnepumenma
B nganmHom pasgene nabopaTopHOil pa0OTBl  CTyIEHTY HEOOXOAWMO TIO TOJXYy4E€HHBIM

OKCIICPUMCHTAJIIbHBIM JAaHHBIM IPONU3BECTU CTATUYCCKYHO 06pa60TKy PE3YJIbTATOB SKCIICPUMCHTA.
T.‘l

— i, Xy B
1. Paccuurath cpenHeapudMeTHUECKOE 3HAYEHHE PE3YNHTATOB SKCHEPUMEHTA: X = —=~— e n - e

=

OKCIIEPUMEHTOB.
2. PaccunTaTh OTKIOHEHHE OT CPEIHEro 3HaUYCHHs: (Xj - X)
3. Paccunrathb KBaJpaT OTKJIOHEHHS OT CPEIHET0 3HAYCHUS: (X; - X)*
4. PaccunTath CyMMy KBaJ[paTOB OTKIOHEHHS OT CPEIHEro 3HaueHus: 2, (x; — ¥ )?
5. Paccunrarh cTaHIapTHOE OTKJIOHEHUE €AMHUYHOTO Pe3yibTaTa OT CpeiHeapUu(hMETHUECKOTO 3HAUCHUS:
| 2
P (Z(x; — x)?
== Tom—1)
\ n(n—1)

- 1
. . X=XxTS_*t,
6. PaccunrtaTh JOBEPUTEILHBIN HHTEPBA OMPECISCMOM BETMYNHBL: * pn
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Buisoowi. B mannom pasnene 1abopaTopHOi pabOThI CTYACHTY HEOOX0AUMO NEPEUUCIUTh OCHOBHBIC UTOTH
npojienaHHol pa0oThl. Iloka3aTh W MOSCHUTH, YTO MPOUCXOAWT C KOHIEHTPAIUECH THIPONEPEKUCH
STUJIOCH30J1a U KOHIIGHTPAlMEHd OKHCH, TEM CaMbIM II0Ka3aTh, YTO IIPOMCXOIUT C aKTHBHOCTBHIO
MOJTyYEHHOTO B JTA00PATOPHBIX YCIOBUSIX KOMIUICKCHOTO MOJIMOCHOBOTO KaTaan3aTopa.

JlabopaTopHas padora Ne 4
HHIMBUPOBAHUE PAJJUKAJIPHON U HOHHOH PEAKLJUH
HA IIPUMEPE TIOJIUMEPU3ALIUH CTHUPOJIA
Lenu pabomur:
1. M3y4YUTh KHHETUKY PaJUKAIFHON U MOHHOHM IMOJIMMEPHU3AINU CTUPOJIA;
2. U3y4YNTb BIMSHUE PA3TUYHBIX AMUHHBIX HHTHOUTOPOB Ha MPOLECC MOMUMEPU3ALIH CTUPOIIA;
3. OOBSCHUTH OCHOBHBIE OCOOCHHOCTH PaJUKAIbHOW M HOHHOW PEeaKLUil MOJTMMEPHU3aLui CTHPOJIA.
Kpamxas meopus

Crupon SBIAETCS OAHUM M3 BaKHEHWIIMX BCIIOMOTaTENFHBIX MOHOMEPOB, MIPUMEHSEMBIX B MPO-
MBIIJICHHOCTH CHHTETHYECKOro Kayuyka. OH BXOIMT B COCTaB OyTaaMEH-CTHUPOJBLHBIX KaydyyKOB WU
TEPMO3JIaCTOIUIACTOB, a TAKXKE HAXOAUT IIMPOKOE MPUMEHEHHE B MPOMBIIUIEHHOCTH IUIACTMACC U psijie
IOpyrux o0JyacTeil MPOMBINIICHHOCTH. [IpOU3BOACTBO MONMCTUPOIa METOOM TEPMHUUECKON MOJIMMEpH3a-
uun opranu3oBaHo u Ha OAO «HmwxHekamckHedTexum». HeoOXoauMo OTMETHTB, YTO B HACTOSAIIMN
MOMEHT CTHPOJ M METOZBI €ro IMOJIMMEpHU3allMd HM3Y4YeHBl HanOolee TMOJNHO M CIIyKaT OCHOBOH JUIs
MOJIEIIMPOBAHUS Psiia JPYTUX MPOLECCOB, BBIBEACHUS! KHHETHYECKUX 3aKOHOMEPHOCTEH M MPOEKTHPOBA-
HUS pEaKTOPOB. DTO CBSI3aHO C MPOCTOTOM MPOBEACHUS TOJIMMEPHU3ALMOHHBIX MTPOLIECCOB C €0 YUACTHEM,
CPaBHHUTEIBHO HU3KUM YAEIbHBIM TETJIOBBIM 3(PPEKTOM MOTMMEPH3ALUH U JOCTYITHOCTHIO MOHOMEDA.

PagukanbHas moauMepu3anysl BCeria MPOTEKAET MO LEMHOMY MeXaHu3My. OYHKINH aKTUBHBIX
MPOMEKYTOUYHBIX MPOAYKTOB MPHU PaluKIbHON MOJMMEPHU3aLUH BBHIOIHAIOT cBOOOIHBIE paaukaibl. K
YHCIy PaclHpOCTPaHEHHBIX MOHOMEPOB, BCTYNAIOIIUMX B PaJUKAIBHYIO IOJUMEPU3AILHIO, OTHOCATCS:
STWJICH, BHHWIXJAOPWJA, BHHWIALETAT, BHHWIMWACHXJIOPHI, TEeTPaQTOpITUICH, aKPHUIOHUTPHIL,
METaKpUJIOHUTPUII, METHIIAKPHUIIAT, METHIIMETaKpHUIIAT, CTUPOJL, OyTagaueH, XJIoporpeH u Ap. Pagukansaas
MOJIMMEpH3aLs OOBIYHO BKIIOYAET HECKOJIBKO XUMUYECKUX CTaluil: HNHUIIMAPOBaHKE, POCT LU, OOPHIB
LENH U niepefady nend. HenpeMeHHBIMU CTaAusSIMU SBISIOTCS MHULMUPOBAHUE U POCT LICTIH.

Hnuyuuposanue paouxanvHou nonumepusayuu COCTOMT B CO3JAHUM B PEAKLMOHHOM cucreme
CBOOOJHBIX paJuKaIOB, CIIOCOOHBIX HadaTh peakUuOHHBIE Hernu. Hanbonee pacmpocTpaHeHHBIH METOJ
OCHOBaH Ha OCYIIECTBJIECHHH B Cpelic MOHOMEpPA TEPMHUECKOTO NOMOJIMTHYECKOIO pacrajia HECTOMKHUX
BEIIECTB - HHUIIMATOPOB. B KauecTBe MHUIIMATOPOB MIMPOKO UCIONB3YIOT Pa3IMUHbIC THITBI TIEPEKUCEH:
IKWINEpeKucH (IepeKuch TpeT-OyTuia), THIPOIEepPEeKUcH (THAPOIEPEKUCh KyMoa), nepadupsl (TpeT-
OyTunmnepOeH30aT), anuinepeKucu (repekuch 6ensonna) u ap. [lepexucu npu HarpeBaHUU paclafaloTCs
CIIeAYIOIUM 00pa3oM (Ha MpUMepe NePeKUCcH OEH30MIA):

Ph-C(0)-O0-O-C(O)-Ph — 2Ph-C(0)-O*— 2 Ph* + 2 CO21

WunnmaTopsl paAuKaIbHOM MoMMepu3auy 00BIYHO HE OTJIMYAIOTCS CEJICKTUBHBIM JICHCTBHEM IO
OTHOUICHUS K Pa3HbBIM MOHOMEpaM, MO3TOMY BBIOOpP HHHMLMATOpPA 4Yalle BCEro 00YyCIOBIMBACTCS
TEMIIepaTypoi, P KOTOPOH B Ka’KAOM KOHKPETHOM CIIydae MOXKET OBITh JOCTUTHYTA JKeJlaeMast CKOPOCTb
reHeprupoBaHus cBOOOAHBIX paaukanoB. Tak, AUBH npumenstor npu 50—70°C, nepekuch 6eH30Ma IpU
80—95°C, a mepekuch Tper-OytHna mpu 120—1400C. DHeprusi akTHBalMM WHULHUUPOBAHUS OOBIYHO
ONM3Ka K HEPTHH CBSA3H, Pa3phIBAIOLICHCS MPU paciiaje HHUIMATOPOB, U Konebercs B npenenax 105—
175 xx/monb. Paaukan, oOpasyromuiics mpu pacmaae MOJIEKYJbl WHHLIMATOPA, MPHCOCTUHACTCS K
JBOWHOM CBSI3M MOHOMEpPA U HAUMHAET PEaKIUOHHYIO 1ICTIb:

R*e + CH2 = CHX — R —-CH; -C*HX

[Nonmumepu3auuio Npu BBICOKHX TEMIEpaTypax MOKHO BbI3BaTh M 0O€3 BBEACHHUS B CHUCTEMY
CHeUUAbHBIX WHHULIMATOPOB. B 3TOM ciydae oOpa3oBaHHE paguKaloB MPOMCXOIHUT, KakK IPaBHIIO,
BCJIEJICTBUE PA3JIOKEHNS HEOOIBLINX KOJIMYECTB MEPEKUCHBIX IPUMECE, KOTOPBIE YacTO 00pa3yloTcs pu
B3aMMOJECHCTBUN MOHOMEpA C KHCIOPOJIOM BO3[yXa, UM JIPYTHX CIydalHBIX NMpuMeced. Bo3mokHOCTH
TEPMUYECKOTO CAMOMHULIUMPOBAHUS JOKAa3aHA TOJIBKO [T OTPaHMYEHHOTO KPyra MOHOMEPOB (CTHpoJa U
HEKOTOPBIX €ro MPOM3BOIHBIX, METUIIMETAKpUIIaTa U psiaa ap.).

WonHoii nonuMepur3anueil Ha3plBaeTCsA MPOLECC CHHTE3a MOJMMEPOB, MPH KOTOPOM aKTUBHBIMHU
LEHTPaMH, BO30YKIAIONIMMHY LEMHYIO PEaKIMIo, ABISIOTCA HOHBL. MoHHas monumepu3anus IpoTeKaeT B
MPUCYTCTBUU KaTanu3aTopoB. KaTanu3aTopsl HOHHOH MOJIMMEpPHU3AMK MOKHO Pa3ieNuTh Ha TPH Kiacca:
1. coenuHenus - JOHOPHI MpoToHOB: kKucinoThl bpencrenna (HF, HCl u ap.) u ocobenno xucnotsl JIptonca



(AICl; + HCI, BF3 + HF u T.11.);
2. COETMHEHMS - TOHOPBI DJIEKTPOHOB;
3. xaranuzaropsl Lurnepa - Harra.

KaTtanuzaTopbl mepBoil rpymnmbl OKa3bIBaroTcd HEed()(HEKTUBHBIMH IJII MHOTHX COEIWHEHUH C
3IIEKTPOHOAKLENTOPHBIME 3aMECTUTESIMA Y JBOWHON CBSA3M (CTHPOJ, O-BHHWINUPPOIMIOH), HO OHHU
OUCHb AKTHMBHBI I10 OTHOLIEHHWIO K TaKMM BEIIECTBaM, KaK BUHWJIOBBIE COEIUHEHHSA C CONPSKEHHBIMU
ce3samu -C=0 u -C=N. Karanuzatopsl BTOpOH TIpymiibl CIIOCOOCTBYIOT MOJMMEPHU3aLUN BHHHUIOBBIX
COEMHEHNH C MOBBIIIEHHOH 3JIEKTPOHHOM IIJIOTHOCTHIO y ABONHOM cBs13u. KaTanuzaropsl Llurnepa - Harra
00pa3yrloT ¢ MOJIEKYJIOH MOHOMEpa KOOpPAWHAIMOHHBIA KoMIUIeKc. [loaToMy cHHTE3 MHOJIMMEPOB B
MIPUCYTCTBUH 3THX KaTaJIM3aTOPOB HAa3bIBAETCSI HOHHO-KOOPANHAIIMOHHONW MOJTMMEpU3aLuei.

B 3aBucuMoctu oT 3apsma oOpasylomierocss MOHa pasziHyaroT KaTHOHHYI0 M aHHOHHYIO
MOJIMMEPU3ALIHIO.

Katnonnas, unu kapOoHHEBas, MOJMMEpH3aLUsl MPOTEKaeT ¢ oOpa3oBaHHEM HOHA KapOOHHMS -
MOJIAPHOTO COEIOMHEHHS C TPEXBAJECHTHBIM aTOMOM YIJIEpOJia, HECYIIUM IIOJOXHUTEIbHBIN 3apsn.
KaranuzaTopamu ciyxaT BeliecTBa, akTUBHBIC B peakuusx @pugens - Kpadrca. Katanuzarop sensercs
aKLENTOPOM, a MOJIUMEPU3YIOLTHICS MOHOMED - TOHOPOM 3JIEKTPOHOB:

e T
H* + CH2=|C — Cl—l}--(ll+ M T I

CH, CH,

AHI/IOHHaH, 1501051 Kap6aHI/IOHHa$I, nojaumMepusanusa IMpoTeKacT C O6pa3OBaHI/ICM Kap6aHI/IOHa -

COCAUHCHUA C TPCXBAJCHTHBIM AaTOMOM YTJICpOJd, HCECYIIUM OTpPILIaTeJ'IBHBIfI 3apsan. AHnonHas
noJIMMepu3alus MpoTeKacT B IPUCYTCTBHUU JJOHOPOB SHGKTPOHOg - KaTaJIn3aTOpOB BTOPOTO Kjlacca:

|
+ CH2=(|3H - CH3_C|--

CN CN

Wonnass mnomumepusanys ycKopseTcd B TPUCYTCTBUM coKaranu3atopoB. [lpum kaTnoHHOMN
MOJMMEPH3aLUN COKAaTAIN3aTOPaMHU CIIy)KaT THAPOKCHICOAEP)KAIINE COCAHHEHHs (BOAA, CIUPTHL,
KHCJIOTHI); COKaTAIN3aTOPaMH MOJIMMEPU3ALMH B IPUCYTCTBUM aKMIMETaJUIOB (KaTanu3aTopoB Llurnepa
- Hatrta) sBnstoTcs Xmopuasl MeTaimioB nepeMeHHol BanieHTHOCTH, HanpuMmep TiCls. CkopocTs HOHHOM
MOJIMMEPU3ALINN OYEHb BEJTUKA.

OKCnepumeHmanbHas 4acmy
Peaxmusvi: STHIOEH301, CTHpOII, WHTUOUTOPHI (MOHOOKCHITPOTIIMIMPOBAHHBIN aMuH,
TUOKCUIIPONTMIINPOBaHHBIN aMrH, HoBanTOKC, 6ppd, MOIMOKCUITPONMIMPOBAHHEBIN aMUH).
Tlpubopor: xonObl KOHMYECKUE, BMeCTUMOCThIO 100, 50 oM UWIMHAPE MEPHBIEC, BMECTUMOCTBIO 50 oM
NHUIETKH IPafyMpOBaHHbIE, BMECTUMOCTBIO 1, 2, 5 1 10 cM’; Bechl 1aGopaTopHble CIENUAIbHOTO KIacca
TOYHOCTH C HaWOOJBIIMM TpeaenoM B3pemmBaHus 200 T, ceKyHIOMEp; TEPMOMETP CTEKJISIHHBIN
nabopatopHslii ¢ auamaszonom usmeperus ot 0 °C 1o 250 °C, nena aenenus 1 °C, nunaToMeTp, TEpMOCTAT,
LITAaTUB.

IIposedenue sxcnepumenma

[lo 3amanuio mpernofaBaTens B3BECHTh HEOOXOAWMYIO MacCy MHIHOMTOpAa HAa aHATUTHYCCKHUX
Becax. [IpuroroButs pactBop: 27 mu ctupona, 3 mi stunbden3ona, 0,0243 rp quMeTHIOSH3MUI TepOKCH A
(CisH203), momyyeHHBIH pacTBOp XOpOLIO IepeMenath, N00aBUTh HaBeCcKy WHruourtopa. Harpersb
TepmocTar 10 125-126°C, 3aH0iHUT AUIATOMETP NPUTOTOBIEHHBIM PACTBOPOM, AMJIATOMETP TTIOMECTUTD
B HarpeThIi TEpMOCTaT.

Cxema yCTaHOBKHM MOJUMEPU3ALNN CTUPOJIA MPEACTABIEHA HA PUCYHKE 8, KOTOpas COCTOHUT M3
TepMocTarta /, TepMOMeTpa 2, IITaTHBA C JIANKOH 3,4 1 3aKpEIIEHHOTO JUJIaTOMETpa J.

[omumepuzauusi BAHHIOBBIX MOHOMEPOB 1o C=C cBsI3M CONMPOBOXKIACTCS YMEHBIICHHEM 00beMa
(mopsinka 20% ot oobema MoHomepa mpu 100% KOHBEpCHHM) PEAKIMOHHON CMECH, Y4TO OOYCIIOBICHO
Pa3HOCTBIO B IUIOTHOCTSX MOHOMepa M mosmMmepa. [lostomy, criens 3a ycaakod NOJUMeEpHU3YIOIIEHcs
CHCTEMBI B PEaKLIHOHHOM cocyie (IUIaTOMETpPE) B XOI€ PEaKI1, MOKHO ONPEACTUTh CKOPOCTh PEaKIIHU.

Obpabomka 3KcnepuUMeHmMAaIbHbIX OAHHBIX.

B nanmHom pasgene nabopaTopHOil pa0OTBl  CTyIEHTY HEOOXOAWMO TIO TOJXy4E€HHBIM
SKCHEPUMEHTAIBHBIM  JTaHHBIM IOCTPOMTH TpauK 3aBUCUMOCTH A=h(!) W TO YIIy HaKIOHA
COOTBETCTBYIOILIEH NMPsSMON HAXOAAT 3HaUeHUE dh/dt, KOTOPOE MO3BOJISIET PACCUUTATh CKOPOCTh PEAKLIUH
10 YPaBHEHUIO:
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(Moub/m*C)

rae M — MoJeKyIspHas Macca MOHOMeEpa, ) — HadabHBIl 00beM PeaKIHOHHOI Macchl B MII TpH Temmepatype T, » — paiuyc AUIaTOMETpa B cM, OM — mapamerp,
CBSI3aHHBIN C KOHLEHTPALMEH MOHOMEpPa MIPH MOJTUMEPU3ALMU U PABHBIH PAa3HOCTH OOPATHBIX BEIHYHMH IUIOTHOCTEH MOHOMepa U monumMepa, T.e. M = 1/ pM —1/ pIl .

IIpu 700 C pa Ct pM=0.860 r/em3, nas I1C pl1=1.046 t/cm3.

- TepmocTaT
- TepMoneTp
- wratie

- marka

- mTaToMeTp

SR

PI/IcyHOK Cxema YCTAHOBKH IMOJIMMCPU3ALINN CTUPOJIA

Cmamucmuueckas obpabomka pe3y1omamoes 3KCnepumenma
B nganmHom pasgene nabopaTopHOil pa0OTBl  CTyIEHTY HEOOXOAWMO TIO TOJXYy4E€HHBIM
HKCIEPUMEHTAIBHBIM JaHHBIM IPOU3BECTH CTATHYECKYI0 00pabOTKY pe3yIbTaTOB HKCIIEPHUMEHTA.
T,

1. Paccumurath CpeI[HCapI/I(l)MeTI/I‘{CCKOC 3HAYCHUE PE3YJIBTATOB OKCIICPUMEHTA: U = ———, e n — uncio

n

OKCIIEPUMEHTOB.

2. PaccuutaTh OTKJIOHEHHE OT CPEIHEro 3HaYeHus: (Vi -U' )
3. PaccuuTaTh KBaipaT OTKIOHEHUS OT CPEIHETrO 3HaYeHUs: (V; - 1_-')2

4. Paccuurarb CYMMY KBaJIpaTOB OTKJIOHCHUS OT CPCAHCTO 3HAUCHUA: Z
5. Paccuurath CTaHAAPTHOC OTKJIOHCHUC CAMHUYHOI'O pE3yJIbTaTa OT CpeI[HeapI/I(l)MCTI/I‘{GCKOFO 3HA4YCHMUA:

5 (Z:i—0)?
T = -
Y nin—1)

6. PaccunraTh 10OBEPUTENBHBIN MHTEPBAN ONPEAEIAEMON BEMMUMHBL: V=1 =+ 5,:, * T p.n

e - koo urment CroronenTa. Ero 3HaueHne HaXoAaT n3 TaOIHIB 2, 3a1aBasSCh JOBEPUTEIBHOM BEPOSTHOCTHIO P.
f-

“on

Bui6oowi. B nannom pazaene mabopaTopHoil paboThI CTYASHTY HE00X0IUMO MEPEUUCIUTE OCHOBHBIE HTOTH
MpojeTaHnHON paboThI.

JlabopaTopHas padora Ne 5
M3YYEHUE CBOMCTB KATAJIM3ATOPOB
C IOMOILBIO IMODEPEHLIMATILHO CKAHUPYIOILEN KAJIOPUMETPUU
Lenu pabomei:
1. HUcnoms3ys JICK Linseis momy4uTs  3aBHCUMOCTH  TEIUIOBOI'O  IOTOKa  OT  TEMIICpaTyphl.
2. Ilo xanmopuMeTpHYECKON KPUBOH ONpPEAEIUTh TEMIIEPATypy MPEBpAIlEeHHUs KBapL U TEMIEpaTypy NpEeBpaIleHus
KBapLl.
3. Onpenenuts SHTAIBIUIO NPOTEKAOMIUX IIPOLECCOB.

TeopemuweCKaﬂ yacmos

CornacHO COBPEMEHHBIM Hay4YHBIM IPEJICTABICHUS, B JIOOOM TeJle HE MOKET OBITh 3araceHa U M3MepeHa
HE3aBHCUMO JPYT OT ApYra TEIUIOBasi, JIEKTPUIECKasi U KHHETHIECKasi SHEpTusl. DTH BUIBI SHEPIHH B3aMMOCBSA3aHbI
1 MOTYT NEPEXOAUTH APYT OT JApyTa.

®dopma 3HEpruM, M3BECTHAS KaK TEIUIOTA, CBS3aHBl TOJBKO C OOMEHOM SHEPIUH MEXIy IBYMS WM
HECKOJIBKUMH cUCTeMaMH. Teriora acCOMUPYETCs C TEIJIOBBIM MOTOKOM, YTO MOAYEPKHBACT €€ KOINYECTBEHHYIO
npupony. Takum obpasom, menioma — 3TO KOJIWYECTBO DHEPIHH, KOTOPOE OOMEHHBAETCS B TEUEHHE JaHHOTO
BPEMEHHOTO MHTEpBajia B JOpMe TEIIOBOrO MOTOKA. [IJIsi M3MepeHHs TEIUIOTH, BBIIENIIEMOH MM MOTJIONIaeMoil B
Pa3JIMYHBIX MPOLECccaX, HCIONB3YIOTCS IMPHUOOPHI, Ha3bIBAEMBIC KAJOPHUMETPAMH, a «KAJOPUMETPHUW» O3HA4aeT
N3MEpEeHNE TEeTIOTHI.

Juddepenunansuas cxanupyromas kanopumerpus (ACK) Bxogur B rpynm ¢usuyecknx M (HU3HKO-
XMMHUYECKHX METOZI0B TepMuueckoro anainmn3a (TA) u sBisieTcst OTHUM M3 TpeX MeTonoB TA, ¢ MOMOIIBI0 KOTOPBIX
OTIPEETISIIOTCS DHEPreTHUeCKHE (SHTAIBITUIHBIC) N3MEHEHUS B HCCIICyEMOM BeIlleCTBE. DTH METO/IbI OCHOBAaHbI Ha
N3MEpPEHNHU TEMIIEPaTypHl, CaMOIIPOU3BOJIBHBIX I KOMITCHCHPYIOIMX  TEIUIOBBIX TIOTOKOB.



JCK ocHOBaH Ha HarpeBaHWH (OXJIAKAECHMH) oOpa3lla M 3TajloHa C 3aJaHHOM CKOPOCTBIO IIPH COXPAaHEHHH WX
TEMIIEpaTyp W MU3MEPEHHUH KOMIICHCHPYIOIIETO TEIJIOBOIO IOTOKA, MOJJICPKHMBAIOIIETO TEMIIepaTypy obpasua B
TIpezenax 3alaHHoM porpaMMbl. JkcnepuMenTansHble kKpuBblie JICK mpeactaBnsior coboii 3aBHCUMOCTH TETIIOBOTO
noroka (B wm/Dx/c) wmm  ynensHOM TerumoemkoctH  Cp  (Jx/r'K) ot Temmeparypsl WM BpeMEHH.
Bcee JICK nMeroT 1Be n3MepHUTENbHBIE STYCHKH: OfIHA PeAHa3HaYeHa IS HCCIeayeMoro oopasna, B ApYyrylo — sSiUeiKy
CpaBHEHUS, TOMEMIAIOT JIMOO IyCTOW THTeNb, JTUOO THIeldb C 00pa3loM CpPaBHEHHS — 3TAIOHOM (MHEPTHBIM B
3aJaHHOM JMara3oHe YCJIOBHIl BEIIECTBOM, IO TEIIO(PH3MYECKUM CBOMCTBAM OJM3KMM K 00pasiy). Suelkn
KOHCTPYHPYIOT MakCUMaJIbHO CUMMETPHYHO (OJMHAKOBBIE THUTJIHM, OAMHAKOBBIE CEHCOPHI, OIMHAKOBOE PACCTOSHHE
OT Harpesarensi 10 ceHcopa W T.1.). OOpasen W 3TaJIOH HAarpeBalOT WHIUBHIyAIbHbIE MCTOYHMKAMH TeEIUIa, a
TEMIIEpaTypy U3MEPSIOT BBEICHHBIE B HUX YyBCTBUTEIIBHBIC TATIHUKH.

N3zmepsiemoii siBisiercst pazHuna 7=7os—1>r MeX1y Temreparypamu oopasua (7os) ¥ aTanona (7») B GyHKINH
BpPEMEHH HarpeBaHus WM TeMIepaTypbl. BenmunHa 7 nporopurnoHaibHa W3MEHEHHIO SHTAIBINHN H, TeTII0OeMKOCTH
C u ob1eMy TepMHYECKOMY COIIPOTHBIICHHIO TETIIOBOMY TOTOKY R=Ro+Ros.

Xon xpuBbix JICK, n3MepeHHBIX IPH OTCYTCTBHU KaKHX-THOO MPOIECCOB, CBSI3aHHBIX C MOTJIOMICHUEM U
BBIJICJICHNEM TeIula (Tak Ha3blBaeMble 0a30BbIC JIMHMM) B OOIIEM CIy4ae OTIMYACTCS OT IMPSIMON JIMHHH,
napajutenbHoi ocu abcnyce. Ilprnunna anomansHoro otkioHeHus kpusoi JICK B Hauasie n3MepeHust 3aKiIo4aeTces B
HEBO3MOXXHOCTH B Hayajie U3MEPEHUs Cpa3zy 00ECIICUUTh IOCTOSIHHYIO CKOPOCTh HarpeBa M3MEpUTEIbHON SUCHKH.
Haxuton xpuBoit [ICK Bo3HHMKaeT M3-32 HEpaBEHCTBA MacC M TEIUIOEMKOCTEH 00paslia W 3TajloHa, BCIIEJICTBHE YETro
Pa3sHOCTh TEIUIOBBIX IIOTOKOB, M3MEPAEMbIX An(depeHINaIbHON TEPMOIIapoil HE paBHA HYIIIO JaXKe B OTCYTCTBHE
(ha30BBIX MIPEBpPAIICHUH 1 JIMHEWHO U3MEHSIETCS C TEMIIEPaTypOi.

OueBHTHO, YTO ONMCAHHBIE BBIIIE apTe(aKThl HE TIO3BOJISIOT MPOBOANTE U3MEPEHUS C BBICOKOH TOYHOCTBIO,
OJTHAKO Y COBPEMEHHOT0 O0OpYyIIOBaHHS €CTh BO3MOXKHOCTb KOPPEKTHPOBaTh 3TH 3(GQEKThl M BBUECTh HX U3
SKCIIEPUMEHTAIBHOM KpuBOW. JI7st 3TOro mepes OCHOBHBIM HM3MEPEHHEM CHHMAIOTCS TaK Ha3bIBa€MbIC KPUBBIC
Koppekuun (kannoposku) - JICK kpuBble, Ipy M3MepeHUH KOTOPBIX B JeprkaTene o0pasia HaXoIuTcs JIN0Oo ImycTon
TUTEINb, 00 NoAIoXKKa 6e3 oOpasma. list Toro, 4ToObl ydecTh KOPPEKLHUIO P OCHOBHOM M3MEPEHHH, C IOMOIIIBIO
MIPOTPaMMHOTO OOECIICUeHHsI aHAJIM3aTopa Mpu oOcyeTe 0a30BBIX KPHUBBIX IPOU3BOJHUTCS KOPPEKIHS C TOMOILBIO
KaJIMOPOBOYHBIX JTAaHHBIX.

[Tpn Hanuumy B uccneayeMoM o0pasiie KaKux-I100 MpOLEccoB, WM TIEPEXOA0B IIEPBOTO POAA, CBSI3aHHBIX
C MOTJIOIICHUEM WITH BBIICTIEHHEM Ternia (IUIaBJIeHNe, CTPYKTYPHBIH (ha30BBIii IEpexo, NCTIapEHHE U Ap.), Ha KPUBBIX
JCK nposiBIsIOTCSl XapakTepHble MUKW W aHOMAJIHMH, MCCIIEIOBaHUE KOTOPBIX JaeT MH(oOpMamuio o mporeccax
MpoTeKaroIux B obpasue. Paznuyaror sk30TepMuueckue (BBIACIECHHE TEIUIa) U AHIAOTEPMUYECKHE (TIOTIIOIICHNE
tera) aHomanuu JICK. Anomanueii na3piBaercs mo00e OTKIOHEHHE OT MOHOTOHHOTO M3MEHEHHS! 3aBUCHMOCTH
curHaia ot BpeMend. Jlrob6as anomanus (muk) JICK mosHoCThI0O MOXKET OBITh OIMcaHa CIeAyIOINMH apaMeTpaMHu:
1. TemmepaTypamu Hadajga THMKa, KOTOpas XapakKTepu3yeT HadaJlo Tporecca, M okoHuanus muka (71 u T,
OTIPEETISIIOTCS KaK TOYKH MepecedeH s KacaTelIbHBIX OCHOBHOH (6a30Boit) muanu JICK u mted nuka).

2. Temneparypoit MakcumyMma (MHHUMYMa) ruka (73), KOTopasi XapakTepru3yeT OKOHYaHHe Ipoliecca.
3. [Tnomaakio nrka, KOTopast onpeessieT SHTAIBINIO (YAeIbHYI0 TeroTy) npouecca (J = Q/M, rae Q - KonndecTBo
TIOTJIONIEHHOTO/BBIICJICHHOTO  TeIla, M - Macca HCClelyeMoro BemiecTBa). [lnomanp nuka — IUIOMIAAb,
OrpaHHYeHHAast IKCTIEPUMEHTAIILHON KPUBOW 1 0a30BOH JIMHUEH.
4. Bocnpou3BOAMMOCTBIO THMKAa NPH OXJIAXKICHWM M MOCIEAYIOmeM HarpeBe. Hamwuume BOCIIPOM3BOANMOCTH
CBUJIETEIBCTBYET 00 obparumoctn (azoBoro nepexoxa. Ecnm TepMudeckas aHoManusi He BOCHPOU3BOIUTCS IPU
MIOBTOPHOM Harpese o0pasiia, 3T0 NpU3HaK HeoOpaTUMoro (Ha3oBOro nepexoma.

Ipaxmuueckas ywacmo

K mccnenoBanusM J10ITycCKalOTCs TBEPHABIE M XKHMJKUE BEIIECTBA, HESIOBHUTHIC (M3-3a TPYIHOCTH OTBOAA
MIPOJIYKTOB HMCIAPEHUs) M HE arpecCHBHBIC K MaTepualy THIJIS WM IOIOKKH. Macca MccieayeMoro Marepraia
BBIOMpAeTCsl B COOTBETCTBUH C 3amadell. Uem Oorbine mMacca oOpasia, TeM MHTCHCHBHEE CHUTHAJ, (DMKCHPYEMBIH
IpuOOPOM, TEM BBIIIE OTHOIICHHE CUTHAI/IIYM U MEHbIIE IOIPEIIHOCTh, BHOCHMAs BHEIIHUMHU (paKTOpaMH, OJTHAKO
CIIEyeT yYUTHIBATh, YTO YeM OOJbIIE KOJMYECTBO MCCIIEAYEMOTO BEIIECTBA, TEM BBINIE B €r0 00beMe I'paJIMeHT
TEMIIepaTyp, TeM Oosiee pa3MBIThI HAOIIOAAaeMble TEPMUUYECKHE aHOMAINH, U TEM MEHBIIE TOYHOCTh M3MEPEHHS
MIOTEpH Beca, TEMIIEPATYPHI U TEIUIOTHI.

ITpn n3mepennn He0OXOAMMBI ABA TUTJISA, B OAWH U3 THIJICH OyIeT IIOMEIIeH UcCieyeMblii oOpasel, Apyrou
TUTeINb (IycToi) OyAeT NCIOIB30BaThCS KaK ATATOH. MaTepHai THUIIIS ONPEAessieTCsl MaKCUMAIIbHOHM TeMItepaTypon
HarpeBa oOpaslla W HCCIeIyeMBbIM BEIIECTBOM, KOTOpOE HE JOJDKHO pearupoBaTh ¢ TurieM. HambGonee wacto
UCTIONIB3yEMBIMH MaTe€pHalaMH TUIIIEH sBIsitoTes anmomuHui (1o 600°C), 30mm0to (no 900°C), mnartuna (xo 1000°C)
u xopyH1 (10 1600 °C u BEImIE).

Turmm 1t n3MepeHnit UCIIONB3YIOTCS MO0 OTKPHITHIE, JIMOO 3aKPBITHIE KPBIIIKOHM, ITPU 3TOM B KPBIIIKE
MIPOJICNIBIBAIOT HEOOJBIIOE OTBEPCTHE ISl BHIBOAA NPOAYKTOB HCHAapeHus. Takoe OTBEpCTHE TaKKe IMOMOraeT
n30exars AeopMali U pa3pbiBa THIJIS B pe3yJIbTaTe MOBBINICHUS BHYTPEHHETO JIaBJICHHS] HACHIIICHHBIX I1apoOB B
IIpoLecCe HArpeBa.

ITepen wn3mepennem oOpaserr HEOOXOIMMO B3BECHTH. UTOOBI 00ECHEUUTH BBICOKYIO JIOCTOBEPHOCTH
M3MEpPEeHNH TOYHOCTh HA4YaJILHOTO OIIpEIeTICHUs Beca ToibkHa ObITh He MeHee 100 mkr. HacTo obpaser 10KeH ObITh
MIOJITOTOBJICH K HM3MEPEHHSM, OCHOBHBIE KPHTEPHH - CIIEAYET OOECIIEYNTh MaKCHMAlbHO BO3MOXKHYIO 00JIacTh
KOHTaKTa MEXJy MCCIeqyeMbIM 00pa3oM W JTHOM TUIIIA (deM Ooible 00iacTb KOHTAaKTa, TEM CHJIbHEE W TOYHEe



CUTHAI, (QPUKCHPYEMBIH aHATH3aTOPOM) U 00ECTICYNTH KaK MOKHO O0Jiee paBHOMEPHOE pacIpeIeTICHIE UCCIIETYEMOTO
MaTepHaa 1o TUTIIO WK TTOITIOKKE.

W3mMepeHne paHee HE WCCICHOBABIINXCS HEM3BECTHBIX MATCPHANIOB; KHIKOCTEH; MaTepHalioB C OYPHBIM
HCTIApCHUEM WIIH PA3JIOKECHUEM MTPOBOIUTCS HCKIFOYATEIEHO B 3aKPHITHIX KPBIIIKOW U 3aIIPECCOBAHHBIX THUTIISX, BO
n30ekaHue HEOOPATHMOTO 3arps3HEHUS N3MEPUTEIBHON sueiiku. Bo n3beskanue 3arps3HEHUS TUTICH 1 00pa3Iios,
YTO 3a9aCTYIO MMPUBOAMT K JOMOJTHUTEITHHON MMapa3uTHOW MOTEpEe Beca, He CIICAYEeT OpaTh MX pykaMu 0e3 3alIUTHBIX
IepyaToK, JMOO CJIeayeT IOJh30BAaThCS NHUHIETOM. He clieayeT CTaBUTh THINIM HA TPSA3HBIC IMOBEPXHOCTH.
Hwxe nepeunciieHs! obmme TpeboBaHus K 00pasiiaM, HCIOIb3yeMbIM Tt n3Meperuin MmetogoMm JICK.

1. O6pa3el He TOIHKEH B3aMMOICHCTBOBATH C MATCPUATIOM H3MEPUTEIHHOM STYCHKH 1 3aIIIUTHBIM I'a30M, €CIIU TAHHOE
B3aMMOJICHCTBHE HE SBISACTCS MPEAMETOM U3yUCHUS.

2. HeobOxoamMo mpef0TBpaTUTh mepexoll o0pas3la B Ta3oBYH ¢a3y, eciid ero cyOnmMaius WIM WUCIapeHHne He
SIBILTIOTCSL  TIpeAMeTOoM u3ydeHus. C 3TOH IMenbi0 JKCIIEPUMEHTHI, KaK IIPABWIIO, IMPOBOIAT B TEPMETHYHO
3aBaJIBIIOBAHHBIX SUYCHKax. B Tex ciryuasx, kKoraa oOpa3el] HarpeBaroT 0 TeMIiepatyp, npepbimatornmx 100 — 150C,
B KpBIIIKE JENAlOT HEOONBIIOe OTBEpCTHE 4YTOOBI HM30ekaTh NePOpPMAlUU SUYCHKH B PE3YNIGTATE IOBBIIICHUS
BHYTPCHHETO JIaBJICHUS.

3. HeoOxomumo 00eCHIeYUTh XOPOIIMK TEIUIOBOH KOHTAKT MEXAY O00pasloM W CeHCOpoM. st 3TOTrOo HYKHO
mo1o0paTh TYCHKY C TUIOCKUM HeJeOPMHUPOBAHHBIM JTHOM U IDIOTHO Pa3MECTUTh MpoOy Ha JaHE sduciku. TBepapie
MTOJIUKPHUCTAIUTMYCCKIE TPEemapaThl JKeIaTeIbHO CIPECCOBATh WM TepeTepeTh (TPEABAPUTEIBHO HEOOXOIMMO
yOeIUTHCS, YTO MEXaHIMUECKOE BO3/ICHCTBHE HE IPUBOIUT K MPOTEKAHHUIO B 00pa3ie PU3MIECKUX W XUMHUECKUX
mporeccoB). M3 CIUIONMIHBIX MaTepHANOB THUIMA IUICHOK M PE3WH OOBIYHO BBIPE3aFOT TOHKHI 00Opa3el HYXHOTO
IUaMeTpa.

4. Macca o0Opa3iia mo0upaeTcs B COOTBETCTBHUE C ITOCTaBICHHOH 3aaueii. CeyeT yIuThIBaTh, 9TO YeM TOJIIIIE CIION
MPOOEI B STYEHKE, TEM BBIIIC HEXKENATSIBHBIN TPaJHeHT TeMIIepaTyp B ee o0beMe. B3BemmuBars 00paserr HeoOX0auMOo
¢ TouHocTeio He MeHee 0,1 mr (+0,0001 T).

5. Heo6xouMo 00ecenTh penpe3eHTaTUBHOCTE MPOoObI. JKuikre 00pasibl mepe;] MOMEIICHUEM B H3MEPUTEITEHYTO
SYEHKy clemyeT TIIATeNFHO IepeMemnBaTh. HeOonbimue KoMuuecTBa MPOOBI TBEPIBIX IONMKPUCTAILTHICCKUX
MpernapaToB OepyT U3 pa3HBIX YACTEH, IMTOCIIE YeT0 TAKXKE TIIATEIEHO MEPEMEIIHBAIOT.

Kanubposxa: JCK umsmepsier 3Haue€HHE pa3sHOCTH, TEMIeEpaTyp MEXAy OO0pas3lOM-3TaJOHOM H HCCIEIyeMbIM
obOpasriom. EnuHWIel w3MepeHus OTKIMKa B oO0meMm ciaydae [MxB/r]. Ilpm Hamuuuu kaiubposku no
yyeCmeumenbHOCHYU MOKHO TiepeBecTH [MKB/T] B e IMHUIIBI H3MEpEeHHUS TeIUIOTH U moyuuth oTkiuk JJCK B [Ix/T],
YTO KpalHEe BaXKHO MPH U3MEPESHUH SHTATBINH. B X01e n3MepeHuii HeoOX0auMO IIOMHHTE, YTO AudQepeHInanbHas
TepMornapa He HaXOAUTCS B HEITOCPESICTBCHHOM KOHTaKTE ¢ 00pa3I[oM, BCICICTBUE 3TOTO TEMIIEPATyphl 00pasia u
TepMONaphl HECKOIBKO OTIUYAOTCSA. [ yCTpaHEHUS 3TOW MOTPENTHOCTH HCHONB3YETCS METOI KATUOPOSKU NO
memnepamype.

Jns mpoBemeHus KanMMOpOBKU TpuOOpa HCIONB3yeTcss HabOp 00pas3moB (CTaHAApPTOB) C TOYHO H3BECTHBIMH
TeMIepaTypaMd W TeruiotaMu (a3oBBIX TpeBpamieHnid. Jlns »tux oOpasmoB m3Mmepstorcs kpussie [ICK, u
MTOJTyYCHHEIE B MPOIECCEe U3MEPEHUH TeMIIepaTyphl M TEIUIOTH aHOMAJIMHA 3alACHIBAIOTCS B TaK HAa3BIBACMEBIC (DaiiiTbl
KaMOpOBKH, TJIC OHU TPHUBOJATCS B COOTBETCTBUE CO CTAHIAPTHBHIMH 3HAUCHHUSIMH U CTPOUTCS KAMOPOBOYHAS
kpuBas. KanrOpoBKy MPOBOIAT B TEX KE YCIOBHAX U C TEM K€ MATEPUAIIOM TUTIICH, UTO MPH U H3MEPCHHUN 00pasia.
Jns xanuOpoBKHM HEOOXOAMMO HCIOJIB30BATH HE MEHEE Tpex o0pas3ioB - craHmapToB. CymecTBYIOT oOmime
TpeOOBaHUS K CTAaHAAPTAM, HCIIONB3YEMBIM TS KaTHOPOBKH:

1. Beicokas creneHb 9ucTOTH (He MeHee 99.999%).

2. JIOCTOBEpHO M3BECTHBIC XapaKTSPUCTUKHU (PA30BBIX IIEPEX0/I0B (TEIUIOTA, TEMITEPATYPa).

3. lHepTHOCTP 1O OTHOIICHHUIO K MaTCPHAITy THIJISL.

4. XuMHUyecKas CTOMKOCTb, YCTOMUMBOCTB 110 OTHOIIEHHUIO K BHEILIHUM BO3ACHCTBHSIM.

5. Huskoe fgaBiieHHE HACKHIIIEHHOTO ITapa MpH TEMITEPaType H3MEPCHUS.

[epen BBITOTHEHUEM JTA0OPATOPHON PAOOTHI JOKHA OBITH MTPOBEACHA POOOIIOATOTOBKA M CHATHI KaTHOPOBOYHBIE
M3MEPEHUs TS UCIIONB3YeMbIX THried. Clemys MOmaroBoi MHCTPYKIIMH POHU3BECTH JKCIEPUMEHT C 00pa3riom
kBapma. [lomydeHHBIC pe3ybTaTH IEeIeCO00pa3HO MPEICTABUTE B BUJIE B TAOIUIIHI

Tabmnmma

Temmneparypa Temmneparypa Temmneparypa OHTanenus, Onucanue

Ne /m
Havana Tonset,’C KoHIA Toffset,’C akcTpeMyMa Tmay/min,’C xJx/r mpoiecca

JlabopaTopHas paGora Ne 6
UCCJIEJOBAHUE KATAJIM3ATOPOB I'MJIPOOUYNCTKN HEDGTIHBIX ®PAKLIUI
IIponiecc KaTamMTHYECKOTO KpPEKHWHTa TpPEAHAa3HA4YeH JUIsl IOMY4YEHHS BBICOKOOKTAHOBBIX
KOMIIOHEHTOB OeH3uHa. Kpekunr ocymectsisercss nmpu 450-500°C B MpUCYTCTBHM ATFOMOCHIMKATHBIX
KaTaJM3aTOPOB M SIBIISIETCS MPOLECCOM KaueCTBEHHOTO HM3MEHEHHsl Chipbsi. Hapsany c OeHsumHOM mpu
KpEKHHTEe 00pa3yroTcsl ApyrHe MPOAYKTHI - ra3000pa3Hble, KUIKUE U TBepAble (Kokc). B kauecTBe ChIpbs
OOBIYHO MPUMEHSIOTCS TSDKETIbIe TUCTHILUIATHL aTMOC(HEpPHON W BaKyyMHOH MEPEroHOK He(TH, a TaKKe



He]Th, Ma3yT U Ip.

OCHOBHBIE TIPOAYKTBI KaTATUTUUECKOTO KPEKHUHTA - >KUPHBIA ra3, HecTaOMIIbHBIN OCH3WH, JIETKUH 1
TSDKENBIM KaTaIUTUYECKUE Ta30MIIH.

KupHbIif Ta3 - ra3, Moay4yaeMblil Ha yCTaHOBKAX KaTaIUTHYECKOro KpeknHra. OH COCTOUT B OCHOBHOM H3
yriaeBonoponoB C3-C4 u COAEep)KUT 3HAYUTEIHHOE KOJIMYECTBO M300yTaHa. JTO MOBHILIAET LIEHHOCTh ra3a
KaK CBIPbs JJIs1 NabHEHIeH nepepaboTKH.

HecraOunpnblii  6ensuH. [lpu KaTamMTHUecKOM KPEKHHTE MOYKHO BBHIpaOaThiBaTh BBICOKOOKTAHOBBIN
aBTOMOOWJIBHBIM O€H3MH WM CBIphE IS MOJyYeHHS Oa30BOTO aBHAIIMOHHOTO OEH3MHA IyTeM
KaTaIUTHIECKON O4YMCTKU. Ha momaBisiomieM OONBIIMHCTBE YCTAaHOBOK OOpa3ylOTCsl KOMIIOHEHTHI aBTO-
MOOMIIbHOTO OeH3MHA. BeH3WH, MOJyYeHHBIH NpH KaTATUTUYECKOM KPEKWHIE TSDKEIOTO CBIPhS, II0
CPaBHEHHUIO ¢ OEH3WHOM, TIOYYEHHBIM M3 JIETKOTO CHIPHS, XapaKTEepU3yeTCs MOBBIMICHHBIM COACPKaHUEM
HENpeAeTbHBIX YIIEBOAOPOA0B ¥ MOHWKEHHBIM COACPKAHUEM apOMAaTHYECKHUX.

Jlerkuii ra3oiisib - AUCTHIIAT ¢ H.K.175-200°C 1 k.k.320-350°C Jlerkue kaTaqTuTHYECKUE Fa30MIN 0OBIYHO
HCIOJNIB3YIOTCS B KaueCTBE KOMIIOHEHTOB AU3EIBHOIO TOIUIMBA. VX neraHoBoe uncio 25-40.

TspKenblid ra30MIb - OCTATOYHBIN POAYKT KATATUTUUECKOTO KPEeKHHTa. TSHKENbIi ra30iiIb UCTIONB3YIOT IN00
MIPY IPUTOTOBJICHUH TOTIOYHBIX Ma3yTOB, TMOO KaK ChIphE ISl TEPMHUUYECKOT0 KPEKWHIa U KOKCOBaHUSI WIIN
JUIS IPOU3BO/ICTBA CaKH.

Kartanutndyeckuil KpeKMHT Haydasl Pa3BHBAThCS C MPUMEHEHHEM aJIOMOCHIMKATHBIX aMOpPQHBIX
Karanu3aropos. Celyac B MPOMBINIIEHHON TPAKTUKE IIIUPOKOE paclpOCTPaHEHHUE MOTyYMIIA CHHTETHYECKHE
LEOJIUTHI - CONM ANIOMOKPEMHHMEBBIX KUCIIOT. B OONBIIMHCTBE CIy4aeB LEOIHUTHI, MCIOIB3yEeMbIE Kak
KaTaJu3aTopbl, MOTU(PHULINPYET METAIUIAMH, OKHCIIaMH METAJIOB (B TOM YHCJIE PEAKO3EMENbHBIX), 8 TAKXKE
JPYTUMH BEIIECTBAMU. YTO 3HAUUTENBHO YCUIMBAET X KaTATMTUYECKHE CBOWCTBA.

OOBIYHO TIEOIMTCOACPKAILME KAaTAIN3aTOPbl KPEKUHTa TOTOBAT IUCIIEPTHPOBAHUEM LEONUTA B
AIOMOCUIIMKAaTHON aMop(HOH MaTpule B Konu-uectse 3-18%.

IleonuTbl TEPMOCTOWKH M YCTOMUMBBEI TNPOTUB ACHCTBUS CEPHUCTBIX, A30TUCTBIX M JIPYTHX
COCIVHEHUH, ABJISAIOMUXCA AAAMU IJsl ApYTUX Katanu3atopoB. KpoHe Toro, Ha HEoiaMTax MPH PaBHBIX
YCIOBUSIX 00pa3yeTcs KOKCa MEHBIIIE, YeM Ha aMOP(HBIX aIFOMOCHIIMKATHBIX KaTalu3aTopax..

Coipbe nponecca. OCHOBHBIM CBIPbEM IPOMBIIIJIEHHBIX YCTAHOBOK KaTaJUTHYECKOTO KPEKHWHIa
SABIISIIOTCA aTMOC(EpHBIE W BaKyyMHbIC JUCTHIUISATHI MEPBUYHOM TMEperoHKH HewTH. Yaie Bcero 3to
¢dpakiuy, BeIKUMAOMmMe npu Temmeparypax ot 350 go 550 OC u Bblme, a Takke CBHIPbE BTOPHUYHOTO -
MIPOUCXOKICHHUS, OJIy9aeMOE Ha YCTAaHOBKaX TEPMHUECKOTO KPEKMHIa M KOKCOBaHMSL.

OcHosnvie ¢hakmopwl npoyecca

Temmneparypa. [lon Temmeparypoll mpoliecca KpEeKMHTa MOHMMAIOT —CPEIHIOI TEMIIEpATypy B
paboueii 30He peakTopa. B 3aBOACKON MpakTHKe ; KATAIMTHYECKUH KPEKUHI MPOBOAAT B HHTEpBAJC
temmneparyp 450-495 C. C ysenmuuenueM temmeparypsl 10 500°C mpH MOCTOSIHHBIX 3HAUYEHUAX JIPYTUX
napaMeTpoB KPEKUHT COMPOBOXKIAETCs OONBIINM razoo0pa3oBaHueM M KOKcooOpasoBaHueM. [Ipu Gomnee
HU3KOW TeMIepaType B OAMHAKOBBIX YC-TIOBHAX PE3KO CHMXKACTCS TITyOMHA Pa3oKEHHs CHIPBS U BBIXOJ
LEeNEBbIX [MpoayKTOB. ONTUMaIBRHONW TEMIIEpATypoH Ipoliecca MPOBOJUMOIO C LENBD MaKCUMaJIbHOIO
oTOopa OeH3MHOBBIX (pakuuid, sBisercsa 450-405 ClaBnenne Ha coBpeMeHHBIX yCTaHOBKaxX ¢ LUPKYJIALMEH
Karajau3aTtopa ChIpbe IepepadaThBalOT IMpu yMmepeHHbIX aaBneHusx: 0,15-0,25 Mlla. B peaktopax c
LUUPKYJBIIMEN MBIIEBUAHOTO WIIM MUKPOC(HEPHUYECKOT0 KaTanu3aTopa MpoLeccsl BeayT moj AasieHuemM 0, 18-
0.25 MIla. C pocToM IaBieHUs UCTIAPEHUE CHIPBS 3aTPyIHACTCS, YTO BBI3BIBACT HEOOXOIUMOCTH (OCOOEHHO
npu nepepaboTKe TSHKENBIX TUCTUILUIATOB) BBOJUTH BMECTE C CHIPHEM B PACTBOP MOBBILICHHOE KOJIMYECTBO
MIeperpeToro mnapa.

O6bemMHas ckopocTb. OTHOLIEHHE YUciIa 00BEMHBIX SMHHIL JKUIKOTO CHIPbS, IIOaBAEMOTro 3a 4ac B
peaktop npu 15-20 C k 00beMy KaTanu3aTopa B 30HE PEaKIMU KPEKUHTa Ha3bIBAeTCsl 00bEMHON CKOPOCTHY:

Ve —2—
K
rae VO - oosemHast ckopocTs. M3/(M3 9); Ve - 06beM xuakoro coipbst. M3/4; VK - 00beM kaTanuzatopa, m3.

BpeMH Hpe6I>IBaHI/I$I yI‘J'ICBO,[[OpOI[HOf/i 3arpy3Kku B pa60qeﬁ 30HC pPCAKTOpa YMCHBUIACTCA O
MOBBIIIIEHUEM OOBEMHOM CKOPOCTH. Hao6op0T, C IOHIDKEHNEM OOBEMHOI CKOpPOCTU BpPEMSA KOHTAKTa
YIIIEBOAOPOAHBIX TIAPOB C KAaTAJIM3aTOPOM YBCIMYUBACTCA, YTO IIPUBOAUT K Ooitee FJ'IY6OKOMy
MMPECBPALICHUIO. Jlerkue BUIbI CBIPbA HCpCpa6aTBIBaCT 0OBIYHO Ipu HU3KUX 00BEMHBIX CKOpOCTAX, a
TAKCIBIC - IPU 0oJ1ee BBICOKHX.

HpI/I HCIOJIb30BAHUN KAaTAJIM3aTOPOB Ha OCHOBC IMCOJHMTOB ChIPhE HCpCpa6aTBIBaCTC$I apu
MOBBIIIEHHBIX 3HAYEHHUSIX OOBEMHOI CKOPOCTH. Ha YCTaHOBKAax C TI'paHyJIUPOBAHHBIM KaTaJINU3aTOPOM
o0beMHAad CKOPOCTb COCTAaBJIACT 2,5-4,0 ‘-I-l, C KHUITAIIUM CIIOEM IBbUICBUJHOI'O HWJIN MI/IKpOC(l)CpI/I‘IeCKOI‘ (0]



KaTanmu3aTopa - 10 30 4 , a B mudr-peakropax 80-100 u’!

[NoBeieHre 00BEMHOI CKOPOCTH MOJAYH CHIPhsI IIO3BOJIMIO TTOBBICUTH TEMIIEPATYPy KPEKHHTa JI0
540-558°C npu TOM k€ KOKCOOOpa3oBaHUHU.

KpaTHOCTh IIMPKYNANNN KaTau3aTopa. [ IyOnHy KpeKHHTa ChIPhs, a TAKXKE COJICpIKaHHe KOKCa Ha
OTBOJMMOM M3 PEAaKTOpa KaTaln3aTope MOXK HO PETYJIUpOBaTh HE TONBKO M3MEHEHHEM TEMIIEpaTyphl
Ipolecca, HoO 1 I3MEHEHHEM KPaTHOCTH LIUPKYJIALUHN KaTaau3aTopa.

[Tpyu MOCTOSIHHBIX KOJMYECTBE U KAUYECTBE BBOAMMOTO B PEAKTOP CHIPhS U HOPMAaIBHBIX pa0OdYnx
YCIIOBHSIX TIPOLIECCa C POCTOM KPAaTHOCTH IUPKYIISAIUM KaTajau3aropa TIIyOWHA NPEBpPAIICHUS ChIPhS
YBEIMUUBACTCS, @ KOHIEHTPAIMS KOKCAa Ha YXOSIIEM U3 peakTopa KaTalu3aTope YMEHb LIAeTCsl, XOTS MpU
3TOM OOIIMH BBIXOJ KOKCa BO3pacTaeT Kak MO aOCONIOTHOMY BeCy, TaK M B NPOLEHTax Ha celpbe. OT
KPaTHOCTH IUPKYJISIIUU 3aBUCUT CPEIHSSI aKTUBHOCTD KaTau3aropa B paboyeii 30He peakTopa.

3HaueHUsT KPaTHOCTH IUPKYJIIMM KaTalu3aTopa HA YCTAHOBKAX C IPaHyJIUPOBAHHBIM
kartaim3atopoM 2-5:1, ¢ meoieBuaHBIM - amMopdHBEIM  10:1, O TBUICBUIAHBIM IICONUTCOACPIKAIINM
karaimzatopom 10:1.

AKTHBHOCTh KaTanmuzaTopa. Karanutuyeckass aKTMBHOCTh KaTaau3aTopa OLCHUBACTCS BBIXOJIOM
OcH3MHA B pacyueTe Ha ChIphe IPH MPOBEACHUH MIPOLiecca B CTAHJAPTHBIX YCIOBHSIX.

VY npupoaHBIX KaTalu3aTopoB oHa coctaBisieT 20-21% mac., y  aMOpPQHBIX CHHTETHUECKHX - 34-
36% Mac., y IEOIUTCOAEpKAIUX MOKET JOCTUraTh 55% Mac. AKTUBHOCTb KaTaJI3aTOPOB 3aBUCHUT OT MX
(U3UKO-XUMHYECKUX CBOWCTB (CTPOEHMS, XUMHUYECKOTO COCTaBa U T.1.), a IJS1 CUHTETHYECKUX - U OT
croco0a MPOU3BOICTBA M KAUECTBA CHIPHS.

B nawane paGoThl peakTopa KaTaJUTHYECKOrO KpPEeKWHra HaONIOJaeTcsi 3aMETHOE YMEHBIIECHHE
AKTUBHOCTH KaTallu3aTopa, HO B Pe3yJbTaTe PETYJSPHON JOO0ABKH B TIOTOK JBMXKYIIErOCS KaTaau3aTropa
MOPLMI CBEKETO KaTajau3aTopa aKTHBHOCTH €r0 YCTaHABIMBAETCS HA MOCTOSHHOM YpPOBHE (paBHOBECHAsS
AKTUBHOCTB ).

Tpunyunwvl ocywecmenenus npomMbuluIeEHHO20 HPoYecca

[TpoMBITIIIICHHBIN TPOIECC OCYIISCTBIIICTCS B CHCTEMaxX C IUPKYJIUPYIOIIAM KaTaIu3aTOPOM
HECKOJIKHX THIIOB:

- YCTaHOBKH, TIe KPEKUHT CHIPhS U PETCHEPAINs OCYIIESCTBIISIOTCS B CIUIOITHOM, ME/IJICHHO OITy CKAOIIeMCS
CJIO€ TIAPUKOBOTO KaTau3aTropa.

- YCTaHOBKH, Tl KPEKWHT CBIPbS W pereHeparys Karaiuszatopa ITPOUCXOIST B ICEBIO0KMKECHHOM
(KunseM) cioe IbIICBHUIHOTO HITH MUKPOC(EPUIECKOTO KaTaln3aTropa.

- YCTaHOBKY C MBUICBUIHBIM 1 MUKPOC(HEPUISCKUM KATATN3aTOPOM U TN T-PEAKTOPOM.

[lpu wuCHONB30BaHUM IICOJIUTCOACPKALIMX KAaTaIM3aTOPOB MPOIECC B 3HAYMTEIBHOU CTEIICHU
MPOXOJUT B TPAHCIIOPTHOM JTHMHUU PEAKTOpa, YTO MOTPEOOBaNO YMEHBIIICHUS 00beMa PEaKITMOHHON 30HBI
peakTopa BILIOTH JI0 0TKa3a KUTSIIETO CJIOS U CO3AaHus TH(PT-PeakTopoB.

B mpoMBINDICHHYIO TPaKTUKY BHEIPEH KATAIUTHYECKUM KPEKWHI B JIBE CTYNEHHW. TEeXHUKO-
SKOHOMHUYECKHUE TTOKA3aTENI TAKOTO MPOIIECCa CBUIE-TEILCTBYT O €r0 3HAYUTEIILHOM MPEUMYIIECTBE MIepe/T
OJTHOPEAKTOPHOW CXEMOWi: BBIXOJA OeH3uHa Bo3pactaeT Oosee yem Ha 10%, mpuyem Oonee 70% OeH3mHA
00pa3zyeTcst Ha TIEPBOY CTYIICHH, T.€. B TPAHCIIOPTHOM JIMHUY.

CrIphe 3a1aeTcs IpernogaBaTeseM. Y CJIOBUS IPOBEACHUS OITbITA (TeMIIepaTypy, 00bEMHYIO CKOPOCTh
MOJIa4M CBIPHSI) CTYACHTHI BRIOMPAIOT CAMOCTOSTEIEHO HA OCHOBE aHAIM3a ChIPhS U COTJIACYIOT BBIOpAaHHBIC
3HAYCHUSI O MPENO/IaBaTeIeM.

Ilposedenue onvima

Jlo Havaa onpITa HEOOXO MO

1. IIpoaHam3upoBaTh B3ATOE CHIPHE - OMPEACITUTD €0 INIOTHOCTh M KOKCYEMOCTb.

2 B3BecuTh MpUEMHHUK 1 abcopOep 0 aOcopOeHTOM.

3. IlonoOpath 0OEEMHYHO CKOPOCTb.

4. IIpoBepuTh He 3a0WTa JIU peaKIMOHHAsi TPYOKa U 3aChINaTh B HEE BBICYIICHHBIN (M3 3KCHKATOpa)
IIaPUKOBBIN KAaTAIU3aTOoP.

Brutrounts HarpeBarenbHYO MeUb, OTCOSAUHHUTH PEaKTOp OT OJI0Ka MUTAHUS U JIOBEIS- TEMIICPaTypy B
peaktope a0 300-350°C, moacymmTh Kataiu3aTop OpH 3TOM Temmeparype B TeueHue 15-20 MuH. moka He
MIPEKPATUTCS BBIJICIICHUE TTapa U3 OTKPHITOTO KOHIIA PEAKIIMOHHON TPYOKH.

[Nocne mpocyIiky Karanu3aTopa B €MKOCTh 3aJIMBAIOT ChIPhE @ HAUMHAOT TOBBIIIATH TEMIIEPATYpPy B
peaktope. Korna remrieparypa B peaktope Oyer Ha 5-10°C Bbliiie 3a1JaHHOMN, HAYMHAIOT TI0/1a9y CHIPhS C 3a,1aH-
HOW cKkopocThio. OTOOp MpOoOBI Taza sl XpPOMaTOrpadMuecKoro aHainu3a MPOWU3BOJMUTCS B CIICIMATBHBIH
MPOOOOTOOPHUK B CEPEIMHE OIBbITA, KOTa U3 CUCTEMBI BHITECHUTCSI BECh BO3IyX. [IpUMEpHO B TOXE BpeMs
OTOMpAETCsI Ta3 B Ta30BbIN MUKHOMETP JJIsI ONPEICIICHHUS TUIOTHOCTH (Ta3a OTOMPAETCs Ha BBIXOJIE M3 Ta30BbIX



4acoB}.

[Mony4eHHBI XKUAKUHA TPOAYKT 3arpy’karoT B KonOy bopua m meperonstor. Bo B3BemeHHbIe
NPUEMHUKN OTOHMparoT OCH3MHOBYIO (hpakuuio, BeIkunamomlyto B mpenenax 200°C. Jlerkuid ra3oiis -
¢pakuuro 200-330 C -oTOMpaIOT NpH NOHMKEHHOM JaBJIEHHH, OCTATOK B KOJIOE - TSDKEIBIN KaTaTUTHUECKUN
ra3oib. OnpenensioT Maccy KaxIoro NpoAyKTa U BBIXO/ B pacueTe Ha B3ATOE€ Ul KpEeKHUHTa chipbe. [lpn
nojcyeTe BBIXOAa OEH3WHA K Macce OCH3MHOBOH (pakumy Hago MpuOaBUTH Maccy YIIIEBOAOPOIOB,
MOTJIONICHHKIX B abcopoepe.

Iomy4eHHbIe TPOAYKTHI MOJABEPracT aHATIU3Y.

CocraB raza onpeaessiroT XpoMaTorpahuuecKuM METOIOM.

Jis1_OCH3WHA YCTaHABIMBAIOT IJIOTHOCTH, (PAKIMOHHBIA COCTaB, HOAHOE YMCIO M COJCP)KaHUE Herpe-
JETBHBIX YTTIEBOAOPOIOB, COACPKAHUE apOMATUUECKHUX YTIIEBOAOPOJOB, CoAepKaHnue (HaKTUIECKUX CMOI,
oktaHoBoe ymcio no ¢opmyne: 0.U.= 60.8 + 0,37x , rme x - % Mac. cCylbQUpPyeMbIX apOMaTHYECKHX
YIJIEBOJIOPOJIOB.
st merkoro razoins onpeaensitoT mwiotHocts ('OCT 3900-47), #ioqHoe 4ncio 1 coaepkaHue HenpeaenbHbIX
yrieBopoponoB (I'OCT 2070-55). temneparypy 3acteiBanust ('OCT 20287-74), conepxkanue cepbl (OCT
1437-75), anmmmHoByto Touky (I'OCT 12329-77) u paccuuthiBatoT rieranoBoe uncio: [[.U.= A. 1. - 20, wim o
TM3EITBHOMY MHIEKCY:

1,415 ;
M= (1,8t + 32) (——m— - 1,315),
P15

re t -aHUIMHOBAs TO‘{KB.,OC. plS 15 -oTHOCUTENBHAS TUNIOTHOCTH IIpoayKTa Ilo JAU3EITIBHOMY UHAECKCY MOXKHO HpHGHl/ISI/ITCHBHO ONpPEACINTb HETAHOBOC YHUCIIO, UCIIOIB3Y ST
rpadux.
JUIs TSDKENoro ra3oisis ONpeneNsioT IUNIOTHOCTh, COEpKaHue Cephl. 3aTEM COCTABIIIOT OTYET MO MpoJie-
JIAHHOW PaboTe U IENal0T COOTBETCTBYIOIINE BEIBOMBI.
Bapuanmur 3a0anus:
1. BeissBUTH BIMsIHHE OOBEMHOI CKOPOCTH IMMOJAYM CHIPbS Ha BBIXOJ, KAueCTBO NPOIYKTOB M TITyOHMHY
npeBpaieHust celpps. [IpoBecTr ombIThl, Hampumep, npu temneparype 470°C u 0OBEeMHBIX CKOPOCTSIX
noaauu ceipbs 0,5; 1,0 u 2,0 4-' Ha TI0OOM U3 UMEIOIUXCS KaTaJIn3aTOPOB.
2. BBISIBUTD BIMSIHHE UCTIONB3YEMOI0 KaTalu3aTopa Ha pe3yJbTaThl KpeKUHra. [Ipi 0JMHAKOBBIX YCIOBUSX
(manpumep, Temmeparypa 470 C, 06beMHast CKOPOCTh MOauu Chipba 1,9 u-') ucnoms3oBaTh amopdHbIit
LEOJUTCOAEPKAIUI KaTaTu3aTOp WU UX CMECH.
3. BesiBUTH BIMSHHE TeMIEpaTyphl HA pe3ybTaThl KpeKUHTa. IIpn oAMHAKOBOM CBIPbE M CKOPOCTH €TI0
[I0JIa4¥ B PEAKIIMOHHYIO 30HY IPOBECTH Mporiecce Mpu Temneparypax 450, 480 8 510°C.

JlabopaTopHas padora Ne 7
NCCIEJOBAHUE KATAJIM3ATOPOB KATAJIMTUYECKOI'O PUGOPMUHI'A YIJIEBOAOPOJOB

B cxeme coBpemeHHOTo HeTenepepadaThIBAIOIIETO 3aB0/Ia OJHUM U3 BEAYIMX POLIECCOB SBIISETCS
KaTIUTHYECKUH pU(OPMHUHT. DTOT porecc 00eCTIeUNBacT MOTyYeHHE BBICOKOOKTAHOBOTO OeH3MHa (0a30BOr0
KOMIIOHEHTA), MHAWBHIYaJbHBIX apOMaTHYECKMX YIICBOJOPOJOB - CHIPbS JIsl OPraHW4ecKOro CHHTE3a
TEXHUUYECKOTO BOAOPO/Ia, UCIIOIB3yEMOT0 ITPH THIPOOUUCTKE TOIIIMB M CHHTE3€ XUMHUYECKUX ITPOTYKTOB.

Chipbe nporecca. B kadecTBe ChIpbs ISl KATAIMTHYECKOTO pH(OpMUHTa UCTIONB3YeT OCH3MHOBEIC
(pakmy NepBUYHON TIeperoHKn Hedreit, Beikumnaronme ot 60 10 210 C. Ing momydeHuns: BBICOKOOKTAaHOBOTO
KOMITOHEHTa OEH3MHA ONTUMAIIBHBIM CHIpbEM SIBIIsIeTCsl hpakiyu, uMerorye npeensl kunenust 85-180°C wm
105-180 OC. B 3ToM ciydae Hanm4Me B ChIphe JerKuX (hpakiuii, BRIKUNaBIux Hinke 80°C, Maso cmocoOcTByeT
MOBBIICHWE OKTAHOBOI'O 4YMCJa KaTajaW3aTa W MPUBOIUT K YBEIMYEHHE ra3000pa3oBaHUsl M HEHPOU3BO-
JUTENBHOM 3arpy3Ke yCTaHOBKH. I1oBbIIeHNE TeMIiepaTypbl KoHLa kumeHus Boie 180°C HexenaTenabHo, Tak
KaKk OHO COMNPOBOXIACTCS YBEIMYEHUEM OTJIOKEHHIH KOKCa, YTO COKpAIIAeT CPOK CIIy>KOBbl KaTaausaTopa,
CHIKAET BBIXOJ JKHUIKOTO MpoaykTa._ Jns moaydeHus' apoMaTHYEeCKHX YITIEBOAOPOIOB B OCHOBHOM HCIIONb-
3yercsi (ppakiuy, BeIkumaiomme B mpeaenax 65-105 wmm 60-140°C. PudopmuHr OeH3MHOBBIX (pakimii
BTOPUYHOTO TPOUCXOXKACHUS (KPEKHMHIa, KOKCOBAaHHWS), COACPXKAIMX 3HAYMTEIbHBIE KOJIMYECTBA
HEHACBIIICHHBIX YITIEBOAOPOIOB. PEKOMEH/IYETCS IPOBOIUTH TOJIBKO B CMECH C MPSIMOTOHHBIMH (ppakLusIMu
ocjie MPeABAPUTENBHOTO THAPUPOBAHHUS CHIPBS.

OcHoBHBIE (pakTOpHI TIpoLiecca

Temneparypa. Ilpn naHHOM BpeMEHM KOHTAKTa MOBBIIEHHE TEMIEPATyphl MpPOILECcCa BBI3BIBAET
YBEJIMYEHWE KOHLEHTpAIlMM apOMAaTUYEeCKUX YIJEBOJAOPOAOB B KaTaau3aTe, HO OJHOBPEMEHHO
YMEHBIIAETCS BBIXOJ] MOCIEAHET0 3a CUET YBEJIMYEHHUS POIM PEAKUUU THMIPOKPEKHMHIA, MPUBOISAIIEIO K
CHJIBHOMY ra3000pa30BaHii0. MUHUMAIIBHBIE TEMIIEPATyphl, 00eCTIeUNBAIOINE JOCTATOYHO HHTEHCUBHOE
MPOTEKaHWE LENEBBIX PEaKLUi, PeKOMEHAyeTcs cienyronme: Ha HadTeHOBOM chipbe 450-460%; Ha




ankaHoBoM - 480-490°C. MakcumanbHBI HarpeB B KOHIE IHKIA PEaKIUH OOBIYHO OTPaHUYMBACTCS
temnepaTtypoi 520 unu 530°C. [lanpHeliinee MOBHILIEHHE TEMIIEPATyphl NMPOLECCa HEKENATENBHO, TaK KaK
YBEJIMYMBAETCSA Ta3000pa30BaHue M 3aKOKCOBBIBAHUE KaTaIN3aTopa.

Jlapnenue. OCHOBHBIE PEAKLMH KATATUTHUECKOTO PH(OPMHUHTA CONPOBOKAAIOTCS 3HAYUTEIHHBIM
yBenuueHneM oovema. C TOUKM 3peHHs PABHOBECHBIX, KOHIIEHTPALMHA pearupyroniX MOJIEKYJ MTOBBIICHUE
JaBJeHHs1 OyZeT MpemsTcTBOBaTh apoMaTu3anuu. OAHaKo, HEOOXOAMMO NMPUMEHITh B CHCTEME BBICOKOE
JaBJCHUE BOJOPOJA VIS HACHILIECHWS HENpENeNbHBIX NPOAYKTOB IMOOOYHBIX pEakUUid KpeKWHra Hu
MpeA0TBPAIICHHS 3aKOKCOBBIBaHNUS KaTann3aTopa. OOBIYHO JaBJeHUE B peakTopax cocrasisier 1,5-2,5 Mlla.

O0BeMHast CKOpOCTh OIA4H ChIpbs. [Ipy HeM3MEHHBIX TeMIIepaType U AaBJeHUEe HU3KHE OOBEMHBIC
CKOPOCTH TIOJIa4M CBIPbsSl YCHUJIMBAIOT PEAKLUMU THIPOKPEKMHIA, TaK KaK O3TH pPEakUUH IPOTEKAIOT
CPaBHUTEIBHO MEAJICHHO. MeHbllee BIMSHHE HAa WHTEHCUBHOCTh PEAKIMH apoMaTH3aluu Ha(TCHOB
OKa3bIBaeT CHIKEHHE 00BEMHON CKOPOCTH, TaK KaK Ha IIATHHOBBIX KaTaln3aTopax Peakluy MPOTEeKaeT C
Oonbiieii ckopocTho. Ilpu BBICOKMX 3HAYEHUSIX OOBEMHOW CKOPOCTH OJHOBPEMEHHO C MOJAaBIICHUEM
peaKky TUAPOKPEKUHIA CHIKAETCSA TaKUE POJIb PEaKIUU ACTHAPOLUKIN3ANN U H30MEpU3alliY aJKaHOB.
VYBenn4eHne MKECTKOCTH TMPOLECCa BBI3BIBAECT YBEIMUEHHE BBIXOJA apPOMATHUECKHX YIJIEBOJOPOAOB U
COOTBETCTBYIOIIMI POCT OKTAHOBOTO 4HcCia OeH3MHA. JKEeCTKOCTh MOXKET YBENUYUTHCS MPU MOBBIIICHUT
TeMIepaTypsl B 30HE pEAaKIHH, CHIDKEHUM [aBJICHWHM B pEakTOpax W KPaTHOCTH LUPKYJAIUA
BOJIOPOZCOIEPKALIETO ra3a WK K€ MPH YMEHBILIEHUH O0BEMHOM CKOPOCTH TIOIAUH KUAKOTO CHIPBSI.

Katanuzarops! pudopMuHra. BonbIIMHCTBO MpUMEHSIEMBIX B HACTOSIIEE BpeMsl MPOMBIIUICHHBIX
KaTaJIn3aTopoB PUGOPMHUHTA COACPKHUT IUIATHHY, OCAXKICHHYIO HAa OKCHIHOATIOMHHHEBOM HOCHUTENE
cozaepxaiieM ranons (00BIYHO XJIOp, pexke ¢Top). HazHaueHue ranonga 3aKmovaeTcs B MPUAAHUS OKCUIY
TIOMUHMSL  IOCTaTOYHOM KHCIOTHOCTH JJIs JOCTWXKEHHS BBICOKOM HM30MEpU3YIOIEH aKTUBHOCTH.
OIHOBPEMEHHO C TOBBIIICHWEM KHCIOTHOCTH TPOMCXOAWT MHTEHCHU(UKAIMS pPEakUUid THUIPOKPEKHHTA.
[IIupoko NpUMEHSIOTCS OMMETAIIMYECKHE W MOJHMMETAIMYECKUE KaTalnnu3aTophl, COACPKaHUE Hapsday C
TUIATHHON ApYTrHe METalUlbl (HampuMep, peHHi, repMaHuil, kaaMmui, cBuHel W Ap.). OHM oTIHYaAIOTCA
CTaOMIIBHOCTBIO TIPH Pa0OTE B KECTKHUX YCIOBUAX, OCOOCHHO MPH OHKEHHOM JIaBlicHUH. VIcnonb3oBaHue
TAaKUX KaTalM3aTOpOB OOecreyrBacT MOBBHIIICHWE BBIXOAA KaTanm3ata Ha 1-8% (Ipu cOXpaHEeHHH €ro
OKTaHOBOT'O YHcia) K Bogopona Ha 20-25%, a TakKe MO3BOJISIET YBEIMYUTH CPOK CITYKOBI KaTaau3aropa u
MPOJOJKUTENILHOCTH paboThl 000pYJOBAHMSL.

TexHonoruyeckoe oopmiieHne nporecca

HawuGonpiiee pacnpocTpaHeHHE UMEIOT YCTAHOBKH CO CTAllHOHAPHBIM CJIOEM KaTalln3aTopa, TAe
MIPOLIECC OCYILECTBIISETCS B HECKOJIBKUX IMOCIENOBATENBHBIX PEAKTOPAaX O MPOMEKYTOUHBIM MOJAOTPEBOM
PEaKIMOHHOM MacoH B IEYH, TaK KaK MPOLECC UMEET 3HAUNTEIbHBIA OTPULATENbHBIA TEIUIOBOH ad(eKT.
OnHako B CBSI3U C BHEAPEHHEM OM - M MOJMMETAJUIMYECKHX KaTalu3aTOpPOB MOSBHJIACH BO3MOXKHOCTD
CHM3UTH JaBJICHUE, YTO MPHUBEJIO K OOJIbIIEH 3aKOKCOBAaHHOCTH KaTajlM3aTopa M K CO3JaHUI0 YCTAaHOBOK O
JBYKYIIMMCS KaTalu3aTopoM.

IIposeodenue onvima

Jlo Hauana omnbITa HEOOXOAUMO:

1. ITomyunTs U3 UMEBIIETOCS CHIPHS MPH TOMOLIM Pa3TOHKKA HEOOXOIUMYIO A paboThl (pakiuio,
BBIKUIIAIOIIYIO, B 38JaHHBIX Tpeesax (OpenenuTh ee BBIXOA Ha HCXOAHBINA OCH3UH).

2 IlpoaHanu3upoBaTh TMOIYYEHHOE CBIPHE, OMNPEACIUB €ro IUIOTHOCTh, (HPAaKIMOHHBIN COCTaB,
TPYNIOBON XUMUYECKHM COCTaB.

3. B3Becuth npueMHUK 1 abcopOep ¢ a0CopOeHTOM.

4. TlpoBeputs, He 3a0HTa JM pEaKIUOHHAs TpPyOka, 3acemarh B TpyOKy 200 cM BBICYLIEHHOTO
Kartanmu3aropa (13 SKCUKaTopa).

5. CobpaTh yCTaHOBKY TIIATEIBHO MPOBEPHB TEPMETHIHOCTD Y3JI0B U COSANHEHHUM.

AHanm3 NpoayKTOB pUQOPMHUHTa

CocraB raza onpeaesnsoT XpoMaTorpaduuecKUM METOAOM.

JI7ist KaTaNM3aTa pacCUMTHIBAIOT IIOTHOCTH, (PPAKIMOHHBII cocTa. MoaHoe unCciIo U coepkanue
HETPENENbHBIX YIJICBOAOPOIOB; ONPEACIAIOT OO0Iee COAEpKaHWE AapOMATHYECKHX YIJIEBOAOPOJIOB
cyibpupoBanueM 98%-Hol cepHOIl KHCIOTOH, TOKa3aTeNlb NPEIOMIICHNS, OKTAHOBOE YUCIIO.

CoCTaBJISIIOT OTYET O MPOJETAaHHON PadOTe U AENAI0T COOTBETCTBYIOIINE BHIBOABI, COMOCTABIISS
MTOKA3aTeNN ChIPhs M KaTaau3aTa.

Bapuanmur 3a0anus

1. IlpoBecTn KaTanuTHUECKUH pUGOPMUHT Ppakiuu OEH3MHA B OAMHAKOBBIX TEMIIEPATYPHBIX YCIOBHAX
pu 00BEMHBIX CKOPOCTIX mojaun cripbs 0,5; 1,0 u 1,3 q-!,

2. C 1enbio BBISIBICHHUS BIMSHUS TEMIIEPAaTyPhl Ha MPOLECC OCYLIECTBUTh KATATUTUYECKUN PUPOPMUHT,



MpU OAHOM 00BEMHON CKOPOCTH MOAAYHCHIPhs (Hampumep 1,0 1) mpoBecTH mpolece IpH TeMIeparypax
470, 500 u 530°C.

3. BeIABUTH BIMSAHUE CpeAHEH TeMIlepaTypbl KUIIEHUs (WM CpeIHEH MOJIEKYIISIpPHOM Macchl) Ha TIyOHHY
pudopMuHra (CTerneHb apoMaTHU3aIig).

[IpoBecTn B OAMHAKOBBIX YCIOBUSX (Temmeparypa M OOBEMHAasi CKOPOCTH) ONBITHI C HCHOIb30BAaHHEM
PasNIU4HOro ChIpbs - ppakuu 62-85°C, 62-105°C u 120-140°C.

JlabopaTopHas paGora Ne 8
NCCIEAOBAHUE KATAJIM3ATOPOB AEI'MJIPUPOBAHNM A BBICIIINX [TAPAGHHOB

[Ipouecc KaTaTUTUYECKOTO ACTHAPUPOBAHMS MapadUHOBBIX YTIIEBOJOPOJOB MpeaHa3HAYCH IS
MOJYYEeHUS MOHOMEPOB Ul CHHTETHUYECKHX KaydyKOB: M300yTHJeHa, U OyTaaueHa. JlermapupoBaHue
SBIISIETCS. PHIOTEPMUYECKUM MPOLIECCOM, TPeOYIOIIMM IMOABOAA OONBLIOr0 KOJUYECTBAa TEIUIa B 30HY
peaxuuu. [Ipouecc o0pr4HO poTekaet npu Temmepatypax 550-600 C. KatanuzaTopaMu SIBISAIOTCS OKCHIBI
METaJIJIOB — XpoMa, XKele3a u JIp.
Lenv u 3a0auu: V3ydeHue mpolecca ACTHAPUPOBAHMS HapaHUHOBBIX YIIIEBONOpOAOB (pakiuu C4.
Omnpenenenue BBIXOAA MPOAYKTOB pPEAKIUH, CTEMEHH KOHBEPCUHU CHIPbS, CEIEKTUBHOCTU IO IIEJIEBOMY
MPOAYKTY, COCTAaBICHHE MaTePHAIbHOrO OajaHca OMbITA.

YcraHoBKa JeTHIPUPOBaHUS apadUHOBBIX YTIEBOJOPOIOB.

N300yTaH ¢ yncroroii 99,9% u3 6amiona Majaoro JaBieHus 1 MOCTynaeT B JIMHUIO Yepe3 PELyKTOp
¢ MaHOMETPOM 3 u poxouT uepe3 GpuibTp 4. Pacxox nzo0yTaHa perynupyercs ¢ OMOIIBIO pOTaMeTpa C
PEryIMpOBOYHBIM BEHTHIIEM 5, 3aTEM I'a3 MOCTYIAeT B CMECHUTENb 8. A30T U3 0aJlioHa 2, CTIONb3YEMBIi B
KadyecTBe pa30aBUTENs, NOCTYNAeT B JHMHUIO Yepe3 peAyKTop ¢ ABYMs MmaHoMmeTpamu 3. Pacxox asora
peryaupyercs ¢ MOMOILBIO PEryIaTopa pacxoja rasa 6, CHa0)KeHHOTO OJIOKOM WHAWKAIMH U yTIPaBICHUS
PPT" 7, 3areM ra3 noctymnaer B cMecuTeNb. I'a30Bas cMech U3 cMecuTens 8 mocTymnaet B peakrop 10. Peakrop
npeacTaBiIsieT co0ol TpyOy U3 HeprkaBeIoIeH, XUMIUUECKH CTOMKON cTanu. BHYTpH pacmonoskeHsl BTyIKU
U3 TOW e cTanu, o0pa3yrolue MoNKy IJisl KaTanu3aTopa. Ha BTynku yepe3 MpOHHLAEMbI TEPMUYECKUN
CTOMKMI MaTepuas 3arpyxkeH croif kapra (okomo 2 cm’). Karammsatop (Cr.O; ma ALO;) 10 oM’
pacronaraercs Ha cioe kBapua. Ha kaTanusaTop 3arpyseH ele OfWH CJIOH KBapia 6 cM® s JTydIIero
pacmpeneneHus ChIpbs MO 00BbEeMy peakTopa. Temmeparypa B PEakTOpe PErHCTPUPYETCS XPOMETb-
IIOMHMHHEBOI TepMomapoi M BBIBOAMTCA Ha KoHTpoiuiep «OBen» 11. Peakrop 10 3akperieH B neun 9
CHEeNMaIbHBIMU 3epKaJIbHBIMHU KOJBIIAMH, 3a30pbl H30JMPOBaHbI KaOJIMHOBOM BaTol. [leus 9 npencrasnser
co0oll TpyOuaThlif HarpeBaTels B KoXyxe. Temreparypa B [le4d peruCTPUPYETCs] XpOMEIb-aTFOMUHUEBOM
tepmomnapoii. Kontpomnep «Autonics» 12 monydaer cHrHaj ¢ TEpMOIAphl U OKa3bIBACT PETYJIHPYIOLIEe
BO3/ICIICTBHE HAa TBEPJOTENBHOE pelie, KOTOPOE B CBOIO OYEpENb MOJAET HANpsKEHHWE Ha HAarpeBaTeb.
Takast KOHCTpyKuusi oOecreuuBaeT KojieOaHHMA TemrepaTypsl, He mnpeBblmatomue +1°C. Ilocie
MPOXOKACHUS TIeUW, Ta3oBas CMECh OXJaXKAaeTca B XOJOAWIBHUKE IO TeMmmeparypsl 15° m depes
MeMOpaHHBIN CYETYHK OTMPABISETCSA Ha XpOMaTOrpapuyecKuid aHaju3.
THopsiook nposedenus pabomul
1. BkitouaeM BEHTUWISIIMIO U DJIEKTPOCETh YCTAHOBKH.
2. IMoaxiroyaeM a3oT U3 OAJLIOHA.
3. [logaem BOZly B XOJNOAMIBHUK
4. YcTaHaBIMBaeM HEOOXOIMMBIN PacXo]] a30Ta Ha 0JIOKe MHIUKAWU U ynpasieaus PPT .
5. YcranaBnuBaeM HEOOX0AUMYIO TEMIIEPATYpy Ha KOHTPOJLJIEpE MEUu.
6. Bxitouaem Harpes neuu.
7. 1o BbIXOJa Me4r Ha PexHUM MpoxyBaeM MPOOOOTOOPHUKHU AJIS ra3a a30ToM, MOJCOSAWHHUB HUX K Y31y
oTOOpa Ha aHaIu3.
8. ITocne BbIXOa Me4M M TEMIIEPAaTyphl PeaKTOpa Ha PeKUM, OAKII0YaeM OayioH ¢ n300yTaHOM.
9.YcranaBnuBaeM pacxoa u300yTaHa C TIOMOIIBIO pOTaMeTpa C PEryJMpOBOYHBIM BEHTUIIEM.
KonTponupyem pacxos B Te€4eHHE BCETO OIBITA.
10.3anmuceiBaeM NOKa3aHMs CYETUMKA U 3aCEKaEM BpEMSI.
11.PeructpupyeM N3MEHEHHsI TEMIIEPATYPBI B PEAKTOPE KAXAYI0 MUHYTY 710 10 MUHYT BKIIOUHUTENBHO.
12. Otbupaem nepByto npoOy rasa.
13. 3acexaem 10 MuHYT.
14. OtOupaem BTOpYyIO MPOOY Ta3a.
15. Ipekpamaem nogauy u3o0yrana B IuHHIO. [lepexpbiBaeM OaioH.
16. IIpoayBaem nuHUIO a30TOM B TeueHue 10 MUHYT.
17.YcTanaBnuBaeM HEOOXOIUMYIO TEMIIEPATypPy B [€UU AJIsl pETeHEPaLny.



18. TIpekpamiaem noxady a3oTa B JIMHHIO.

19. OtcoenuHsieM TUHUIO TTOAAYH CBHIPhS OT PEAKTOPHOTO OJIOKA.

20. INoxpcoeauusieM BO3AYIIHBIN KOMIIPECCOP.

21. IIpoBoguM pereHepaluio KaTaan3aTopa, BEDKUT KOKca B TeueHue 40 MUHYT.
22. IloacoeauHSIEM JIMHUIO MTOIa4YH ChIPhs 00PATHO.

23. BeIxytouyaeM HarpeB MeYH.

24, 3akpbiBaeM OaJUIOH C a30TOM, COpachIBacM JIaBICHHUE B PEIYKTOPE.

25. OTKIII0YaeM AJIEKTPOCETh YCTAHOBKHU U BEHTHIIALIMIO.

Ha ocHOBaHHMH OIIBITHBIX JaHHBIX U PE3YyJIbTATOB aHAJIMU30B COCTABJISAIOT MaTepI/IaJ'IBHI:Iﬁ OanaHc
mnmponecca ACTUAPHUPOBAHUA, ONPCACIISIIOT BBIXOABI MPOAYKTOB PCAKIMU, a TAKKC CTCIICHb KOHBCPCHUU
I/I306YTaHa H CCIICKTUBHOCTD I10 I/I306YTI/IJ'ICHy. PeSyanaTLI pa6OTbI MNpEACTaBJIAIOT B BUJC Ta6J'II/ILII>I.

Kpumepuu oyenxu nabopamopuvix pabom 6 cemecmpe

Kpumepuii ouenxu bann
(3a évinonnenue 00HOI 1AOOPAMOPHOL padOmMbl) ou/ou-
3a0u4/3a0u

JlabopatopHast paboTa OTIMYAETCs TOCISIOBATEIBHOCTRIO, MPABMIILHOCTHIO TONTYYSHHBIX
Ppe3yNbTaToB, BHIBOJOB. [Ipr 0TBETE HAa BOTIPOCHI CTYCHT IEMOHCTPUPYET XOPOIIYIO CTETICHb 6/6/10
BJIAJICHUS TIPECTaBICHHBIM MarepuaioM. OTBEThl (OPMYIUPYIOTCS apryMEHTHPOBAHHO.
OtcyTcTBHE OMMOOYHBIX OTBETOB.
JlaboparopHast paboTa OTIMYAETCs TOCISIOBATEIBHOCTRIO, MPABMIILHOCTHIO MOTYyYEHHBIX
pe3yNbTaToB, BEIBOJIOB. [Ipy 0TBETE HAa BOMPOCHI CTYACHT JIACT IOCTATOYHO TOJIHBIN OTBET, C 5/5/8
HapyIICHUEM TOCIIEIOBATEIFHOCTH HM3JIOKEHNS. ECTh HEOOJNBIIONW MPONEHT OMMOOYHBIX
OTBETOB.
Jlaboparophast paGora BBINONHEHA C TPYOBIMU OIIMOKAMH, ITOMYYCHHBIC PE3YJIHTATHI
3HAYUTENBHO OTIMYAIOTCA OT HMCTUHHBIX. Y CTYACHTa OTCYTCTBYET YCTKHM OTBET Ha 4/4/6
MIOCTABJICHHBIC BOIIPOCHL.
JlaboparopHast paboTa He BHIIIONTHEHA. 0




MuHHCTEPCTBO HAYKH U BhICIIEro oOpa3oBanus Poccuiickoit deneparmu
HwxHekaMCKuit XUMHKO-TEXHOJIOTHUECKUI HHCTUTYT ((uinan)
(benepanbHOr0 TOCYAapCTBEHHOTO OI0PKETHOTO 00pa30BaTEIbHOTIO YUPEKICHHS
BBICIIET0 00pa30BaHUs
«KazaHckuii HallMOHATBHBIN HCCIIEIOBATEIBCKUN TEXHOJIOTMUECKUN YHUBEPCUTET)

Dakynomem mMexHOIOSUYECKULL
Kageopa  HXC

Hamnpasnenue noarorosku/crieranbHOCTh: 18.03.01 —Xumuyeckasi TEXHOJIOTUS
(k00 u HaumeHosaHue)

[Tpoduns/crienmanm3anus: «XuMHIECKas TEXHOIOTHsI OPraHUYeCKUX BEIIECTBY,
(HaumeHosanue)

Cemectp_ 6 (ouHas), 7 (04HO-3204YHAsT)

KomnuiekT 3agannii K KOJIOKBUYMaM

o pucrumuinae B51.B.J1B.03.01 Karanus 1 kataan3atopsl B HeTEXUMHUH U HedTerepepaboTke
(HaumeHoBaHUe OUCYUNTUHDBL)

KonmoxkBuym Ne 1 Tembr Ne 1-7.

1. IlonsiTHE O KaTajdM3€e U KaTalu3aTropax;

2. ['oMoTeHHbIe U TeTepOreHHBIE CUCTEMBI,

3. IHTEeHCHBHOCTh M aKTHBHOCTb KaTaJH3aTopa;

4. CeneKTUBHOCTh KaTalln3aTopa;

5. TpebGoBanusi, mnpenbsBIseMble K KaTaau3aropy (COCTaB Karaiam3aTropa, MpHUMEced; dYacToTa
KaTaJln3aTopa; MEXaHWYeCKUEe CBOWCTBA KaTalU3aTOpa; MEXaHWYECKUE XapPaKTEPHCTHKH; TPEOOBaHMS K
TEPMUYECKOW CTAaOWMIBHOCTH; TpeOoBaHMSA K pasMepaM TpaHysl © (opme TpaHyl KaTalu3aTopa;
TEIUIONIPOBOIHOCTH KaTAIN3aTOPa; CPOK CIYKOBI KaTaln3aTopa);

6. TekcTypHBIE XapaKTEPUCTHKH KaTainn3aTtopa (BeJIMYrHa TOBEPXHOCTH, 00BEM Iop, popmMa 1 pa3Mep 1op,
pacrpeneneHue Iop no pazMepam);

7. Katanutuaeckue sasl. OTpaBieHUE KaTaIN3aTOPOB.

8. OcHOBHBIE CTIOCOOBI TPOU3BOICTBA TBEPABIX KaTaIH3aTOPOB.

Konnoxkeuym Ne 2 Temsr Ne 8-18.

1.ITpou3BOACTBO OCaXIEHHBIX KaTaaM3aTOpOB (JOCTOMHCTBA METOZA, HEJNOCTAaTKU MeToja, olmas cxema
IOy 4EHHS);

2. IlomyyeHne KaTaau3aTopoB HAHECEHHEM aKTHUBHOTO KOMITOHEHTA Ha HOCHTEIT;

3. MeToap! NPUTOTOBJICHUS KaTaln3aTOPOB OCHOBAHHBIE Ha MEXaHWYECKOM CMELICHHH KOMIIOHEHTOB, CyXOH M
MOKPBIIl METO/T CMEIICHHS;

4. MeTozpl IPUTOTOBIICHNS TIJIABJICHBIX U CKEJIETHBIX KATAINTHYECKUX CHCTEM;.

5. [Ipou3BOACTBO KAaTaIU3aTOPOB KPEKUHTA.

6. Karaym3zaTopsl THAPOOYUCTKH HEPTIHBIX (HPAKIHH.

7. Karanm3zaTopsl THAPUPOBAHUS U ACTUAPHPOBAHMS.

8. Karanmusarops! pudopMHuHTa yrieBogopo0B. TeXHOIOTHs IPUTOTOBIICHNS KaTan3aTopa prugopMuHra.

MakcrManbHOE KOJIHYECTBO OAUIOB 32 BEHITIOJIHCHUE KOJUIOKBUYyMa CTYJICHT TOJy4yaeT 6 0aJuios,
MUHUMAaJIBHOE KOJIMYECTBO 0asioB — 4 .

Kpumepuit oyenxu Bann
OT4eT oTIMYaeTcs OCIIeJOBATENBHOCTHIO, TIPABIIIEHOCTHIO ITOTyYEHHBIX PE3yJIbTaToOB, BEIBOJIOB. OTCyTCTBHE 6
OIIMOOYHBIX OTBETOB.
OT4er OmIMYAeTCST MOCIEA0BATENBHOCTBIO, TPABHIIBHOCTBIO TIOMYYEHHBIX PE3YJbTAaTOB, BBIBOJOB. ECTh 5
HeOOJBIION MPOIEHT ONIMOOYHBIX OTBETOB.
OTyeT BBINONHEH C TPyOBIMHU OMIMOKaMH, OJTYYEHHBIE Pe3yJIbTaThl 3HAUMTEIFHO OTIIMYAIOTCS OT HCTHHHBIX. 4

CTy,I[eHT JAOJIKCH BBINIOJIHUTH BCC KOJUIOKBUYMBI.



MuHHCTEPCTBO HAYKH U BhICIIEro oOpa3oBanus Poccuiickoit deneparmu
HwxHekaMCKuit XUMHKO-TEXHOJIOTHUECKUI HHCTUTYT ((uinain)
(benepanbHOr0 TOCYAapCTBEHHOTO OI0PKETHOTO 00pa30BaTEIbHOTIO YUPEKICHHS
BBICIIET0 00pa30BaHUs
«KazaHckuii HallMOHATBHBIN HCCIIEIOBATEIBCKUN TEXHOJIOTMUECKUN YHUBEPCUTET)

Dakynomem mMexHOIOSUYECKULL
Kageopa  HXC

Hamnpasnenue noarorosku/crieranbHOCTh: 18.03.01 —Xumuyeckasi TEXHOJIOTHS
(k00 u HaumeHosaHue)

[Tpoduns/crienmanm3anus: «XuMHIECKas TEXHOIOTHsI OPraHUYeCKUX BEIIECTBY,

(HaumeHosanue)
Cemectp_7 (3a0uHas)

KommuiekT 3agaHuii VI KOHTPOJIbHOH padoThI

o pucrumuinae B51.B.J1B.03.01 Karanus 1 kataan3atopsl B HeTEXUMHUH U HedTerepepaboTke
(HaumeHoBaHUe OUCYUNTUHDBL)

Bapuant 1
1. Xumnueckue peakuun. Kiaccuduxanns xumudeckux peakunid. CKOpocTh peakiuu. J[BrKyas cuiia mpouecca.
2. TpeboBanus, npeabsBIsieMble K Katanm3aTopaMm. OCHOBHBIC TOTPEONTENBCKNE XapaKTEPUCTHKN KaTaIn3aTOPOB.
3. Kartanms B razonedrenepepaboTke.

Bapuant 2
1. IIpocteie u crnoxxHble peakiuy. PaBHOBecue B cucteme. OOpaTuMble M HE 00OpaTHMBbIC PEaKIMU B XUMUUECKOM
KHHETHKE.
2. Tunsl katanm3aTopoB. CrienuaabHbIe TPEOOBAHMS, TPEIBSIBISIEMbIE K IPOMBIIIJICHHBIM KaTaln3aTopaM.
3. Cnoco0Ob! IPUTOTOBIICHNUS TBEPJIBIX KATAIN3ATOPOB U aICOPOEHTOB. 30J1b-T€Ib METOI.

Bapuanr 3
1. TToHATHE 0 MEXaHU3ME XUMHUUYECKON PEaKkMy U JIUMUTHPYIOIIEH CTaAuH MPOLECCOB.
2. Tlonstne 00 WHTEHCHBHOCTH palOTHl KaTaju3aropa. akTOphl, BIHSIOIME HAa HWHTEHCHBHOCTH pPaOOTHI
KaTalau3aropa.
3. IIpou3BOACTBO LEOIUTATIOMOCHINKATHBIX KaTalIU3aTOPOB KPEKUHra. THIBI NPOMBIIIICHHBIX KaTalu3aTOPOB
KPEKHHTa.

Bapuanr 4
1. Ckopocts xmmuueckod peaknuu. Koncranta ckxopoctu. Ilopsaok peakuuu. MonekynsipHocTs. Metonabl
ONpeAeTIeHUs OPSIKa PEAKLUH.
2. T'ereporeHHble KaTaJIUTUYECKUE CUCTEMBI. BiMsHHME KOHIEHTpalUM HCXOOHBIX KOMIIOHEHTOB. BrusHue
KOHIIEHTPALUU NIPOSYKTOB PEAKIMH U IPUMECEH.
3. IIpon3BOACTBO LEOIUTATIOMOCHINKATHBIX KaTaIM3aTOPOB KPEKHHra. TeXHOJOrWs CHHTE3a IIapUKOBOrO
LEOJUTATIOMOCUINKATHOIO KaTaJIn3aTopa.

Bapuanr 5
1. Biousnue Temmeparypbl Ha CKOPOCTh peakUWH. ODHeprus aktuBanud. CrocoObl ompeniesneHHs IMapaMeTpoB
ypaBHeHUs! AppeHuyca: TpapuaecKuii ¥ aHaTUTHIECKHH.
2. ®aKTOPBbI, BIUSIONINE HA CEJIEKTUBHOCTD Pa0OTHI KaTaJn3aTopa. TeKCTypHbIe XapaKTepHCTHKH KaTaIu3aTopa.
3. I1pon3BO/CTBO IEOINTATIIOMOCHIIMKATHBIX KaTAIN3aTOPOB KPEKNHTa. TEXHOJIOTHsl CHHTE3a MUKPOC(EPHUECKOTO
LEOJUTATIOMOCUIMKATHOIO KaTaJIn3aTopa.

Bapuanr 6
1. Karanus u karanu3atopsl. THIIBI KATAIUTHYECKUX PEAKLIUN.
2. BnusiHMe MO3MPOBKM KaTalM3aTopa Ha CEJIEKTUBHOCTH OOpa30BaHMS LIEJIEBOTO MPOIYKTAa MPU TOMOI€HHOM
Katanus3e. MeToasl yCTaHOBICHUSI CTPYKTYpBI KaTanu3aropa. MeTos! H3BJI€YEHNSI TOMOT€HHBIX KaTalU3aTOPOB.
3. TexHomorusi KaTaJu3aTOpOB THIAPOOYNUCTKH HePTAHBIX ¢pakiuii. OcOOCHHOCTH CHHTE3a KaTaln3aTOpOB
THUIPOOYUCTKHU.

Bapuant 7
1. BinsHume Ha peakUuM TeMIepaTypbl, KOHIEHTpPAlUU pEareHTOB, KaTaau3aTopa M AaBieHHus. MexaHu3m
KaTaJIUTUYECKOr0 yCKOPEHUS MpoLecca.
2.TexHOA0rUsl MPOU3BOJCTBA FOMOT€HHBIX KaTATUTUUECKUX cUCTeM. KaTanus3aTtop CepHOKUCIOTHOTO alKWINPOBAaHUS
n3onapaduHOB oneuHaMu. XapaKTepUCTHKA, COCTaB, CTAOMIBHOCTH NPH XpaHEHWH. TeXHOJOTHYECKas cxema
YCTaHOBKU IOJINMEPU3ALUH C BEPTUKAIBHBIMU  FOPU30HTAIbHBIMU PEAKTOPAMHU.
3. TexHONOTHS KaTaIM3aTOPOB THIPOOYUCTKH HEPTSIHBIX Ppakiuid. CHHTE3 aJroMOKOOAIBTOBOTO KaTall3aTopa.

Bapuant 8



1. T'oMOreHHBII U FeTepOreHHbIN KaTaaus.
2. ®ochopHO-KUCIOTHBIA KaTaau3aTop oauroMmepusanun 0ytuwieHoB. CoctaB ochopHsix kucnot. Iupodochopnas
kucnorta. TexHosormdeckasi cxeMa YCTAaHOBKHM OJIMTOMEpH3aliy OyTaH-OyTHIIEHOBOW ()pakuuu B HPUCYTCTBHU
(ochopHOIT KHCITOTHI HAa KU3ETBIYpE.
3. TexHomorus KaTalu3aTOPOB THAPOOYHCTKH He(TSHBIX ¢pakuuii. [TpowsBoAcTBO  aMOMOMOJIMOIECHOBOTO
KaTajau3aTopa.

Bapuant 9
1. Asrokaranu3. IlpuMep aBTOKaTaAJIMTHUECKOW peakiuu. XapaKTepHbIM BUJ KHHETHYECKOM KpPHUBOM
aBTOKATAIUTUYECKOM PEAKLINN.
2. TexHonorndeckas cxema HOITY4YEHUS KATAIMTUYECKOrO KOMILIEKCA AJSl MPOU3BOACTBA M30IPEHOBOrO Kaydyka
CKU-3. OntuManbHbIi COCTaB KaTalnu3aTopa, npumecu. 'OMOreHHbIe KaTanu3aTopbl, HCIIOJIb3YEMBbIE B TEXHOIOTHAX
OAO "HmxuexkamckHepTEXNM".
3. TexHonorus KaTajlW3aTOPOB THAPOOYHCTKM HePTSIHBIX ¢(pakuuii. IlponsBopcTBO —amoMOKOOAIBT —
MOJIOAEHOBOTO KaTaJIN3aTopa.

Bapuanr 10
1. KnucnotHo-ocHOBHOU KaTayim3. THIIBI KHCIOTHO-OCHOBHOTO KaTanu3a. KuHeTHka peakiuil KMCIOTHO-OCHOBHOIO
KaTajlu3a.
2. OcCHOBHBIE METOJBI INPUTOTOBIEHUS KaTanu3aTopoB. llodydyeHME OCHOBHOrO KOMIIOHEHTA KaTalu3aTopa
OCaXJIeHHEM T'UAPOKCUI0B. JIOCTOMHCTBA U HEAOCTATKU METOA.
3. TexHosorusi KarajlM3aToOpoB THIAPOOYUCTKH HEQTSIHBIX ¢pakuuid. [IpoW3BoAcTBO aNIOMOHMKEND —
MOJIOEHOBOTO KaTaJIN3aToPA.

BapmuanTt 11
1. Karanm3zarops! peakuuii crienn(puueckoro KUCIOTHOTO, O0IIET0 KUCIOTHOTO M AJIEKTPO(GMIEHOI0 KaTalln3a.
2. OOmias TEXHOJOTHMYECKass CXeMa IOJyYeHHS! OCAKICHHBIX KaTaM3aTOPOB MPU CYXOM M BI&XKHOM cCIrioco0ax
(opmoBaHusL.
3. TexHomorus KaTaJu3aTOPOB T'HIPOOYUCTKH HE(TSIHBIX (pakiui. [Ipom3BoICTBO KaranmuzaTopa Uit OYHCTKH
KEPOCHHOBBIX (hPaKIUi U TN3EIHHOTO TOIUINBA.

BapuanTt 12
1. Karanmuzaropsl peakuuii crieliuuaeckoro OCHOBHOT0, OOIIIET0 OCHOBHOTO U HYKJIEO(MIEHOTO KaTaJln3a.
2. Co3gaHue onpeneneHHON MOPUCTOH CTPYKTY Pl KaTaIU3aTOpPOB.
3. IIpou3BOACTBO KaTalIM3aTOPOB TUAPUPOBAHMS U JeruapupoBanus. [Ipon3BoACTBO MauIagueBoOro KaTaauszaTropa
Ha HOCHUTEIE.

Bapuanr 13
1. Conessie 3¢ dexTs! B kKaTanuse. [lepBUUHBINA 1 BTOPUYHBIN COJIEBOI S QEKTHL
2. [Tpon3BOJICTBO OCaXICHHBIX KaTaIU3aTOPOB. [losyueHne cuiimkaress - HOPUCTOr0 KpeMHe3eMa-HOCUTES
Karanuzatopa. [lapameTpsl MOPUCTON CTPYKTYPHI CHITMKArels.
3. IIpon3BOACTBO KaTaJM3aTOPOB THAPUPOBAHMS U ACTHIPHUpOBaHus. [Ipon3BoiCTBO 6Op — aTOMOINaIaueBOro
KaTaJm3aTopa.

Bapuanr 14
1. ®epmenTaTuBHENA KaTanu3. OmnpeneneHrue U obmiee moHATHE. THUIBI B3aUMOACUCTBHS (epMeHTOB. [loHATHE O
KodepMeHre.
2. Meronp! nonydyenust cunukaresis. [loryueHue KyCKOBOro U IpaHyJIMPOBAHHOTO CUJIMKAreJsl.
3. Karanuzarop rupupoBanus oJe(h)UHOB.

Bapuanr 15
1. Kunernka depMeHTaTHBHOM peakiyuy ¢ OXHUM cyOCTpaToM. 3aBHCHMOCTBH CKOPOCTH (DepMEHTATUBHOM peakunu
OT KOHIIEHTpaIMu cyOcTpara.
2. Ilony4eHue KaTaIu3aTOPOB HAHECEHUEM aKTHBHOI'O KOMIIOHEHTA HA HOCUTENb. OCHOBHBIE ATAIbl IPUTOTOBIEHUS.
Tumne! karanuzaropos. CopOIMOHHBIC HAHECEHHBIE KaTaIN3aTOPbI.
3. Karanuzarop ruipupoBaHus aJibAETHI0B U CIO0XKHBIX 3(HUPOB.

Tpebosanus k 0popmaenuro KOHMpPOILHOU Pabomol
1. KouTtponbsHast pabota opopMIIsieTCss B OTACIBHON TETPAIH.
2. Ipu odopmiieHrH pabOTHI CHAYANa UICT 3aMUCh 3aJaHHs, 3aTeM €ro PElICHHUE.
3. KouTponsHas paboTa COCTOUT U3 TpeX 3aaHuil. 3a1anus TpeOyroT OTBETa Ha TEOPETHUECKUE BOTIPOCHI,
B KOTOPBIX HEOOXOAUMO JaTh MOJHBIN, pa3BepHYTHIN OTBET Ha MOCTABICHHBIH BOMPOC.
4. B xoHIIe paboThl HEOOXOIUMO YKa3aTh CITUCOK UCTIOIL30BAHHON JINTEPATYPHI.
5. CTyOeHT TOJMUCHIBAET KOHTPOJBHYIO paboTy W MPEIOCTaBIsICT ¢ B JcKaHAT (akynbTeTa Ha
pELCH3UPOBAHUE.
6. Ecii KoHTpOJbHAS paboTa He 3aUTeHa PEIICH3EHTOM, TO OIHOOYHO BBIMOJHCHHBIC 33JJaHUS PEIIAIOTCS



IMOBTOPHO B TOM ke TCTpaau.

7. CTyleHT OJDKEH BBINOTHATH KOHTPOJBHYIO padOTy CBOEro BapHaHTa, B MPOTUBHOM cilydae paboTa
PELIEH3EHTOM HE 3aCUMTHIBAETCSL.

Kpurepnii onenku Bann
JleMOHCTpHPYET MOJHOE TTOHNMAHKE TIOCTABJICHHOM 3a1au. JlaeT JIOrndeckn 000CHOBAHHBIM, MONHBIA 1 20
MPAaBWILHBIN OTBET HA MIOCTABJICHHBIN Bompoc. OTCYTCTBHE OMIMOOYHBIX OTBETOB.
JlaeT 10CTaToYHO MOTHBIN OTBET, C HAPYIIEHHEM TIOCIIEI0BATENLHOCTH H3JIOKEHHSL. 16
Jlaet HemoJHbIH OTBET HAa BOMPOC. 12
Her otBera. 0

MaxkcHuManbHOE KOJIMYECTBO 0alJIOB 3a BEIIOIHEHUE KOHTpOJ'IBHOfI pa60T51 CTYACHT IOJIy4acT 20,
MHHHUMAJIBEHOE KOJU4YecTBO 6amioB — 0 .
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