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Ilepeuenv kKomnemenyuii U UHOUKAMOPOB OOCMUNCEHUA KOMNEMEHYUTL C YKAZAHUEM IMAN0E POPpMUPOBAHUA 8 NPOUECCe 0CBOCHUS
OUCUUNIUHDL
KomMmnerennusn:
ITIK-1 Crioco6eH k 06ecrieueHuI0 BEIpa0OTKA KOMITOHEHTOB U IIPUTOTOBJICHUE TOBAPHON MPOTYKIIHH.
NHaukaTopsbl JOCTHXKEHUS] KOMIIETEHIINM

1.1 3HaeT TEXHOJIOTHIO TPOU3BOACTBA TOBAPHOU MTPOTYKIIMH; OCHOBHOE 000PYI0BaHKE MPOIIecca, MPUHIIUIIBI €T0 paOdOThI U MPaBHIIa TEXHHYECK O
IKCIUTyaTallui; TEXHUIECKIE TPEOOBaHUS, TIPEIBSIBIIEMBIC K CHIPHIO, MaTepUaJIaM, KaTaIu3aTopaM, TOTOBOM TOBAPHOW IPOAYKIIHH.

1.2 YMeeT ocylIecTBIATh ONEpaTUBHOE PYKOBOJACTBO pabOTOIl MPOU3BOACTBEHHOTO MOJPA3/IeiCHHs] U OPraHU30BbIBATH PA0OTY MOIYMHEHHOTO
TIepCOHAJIa Ha BHIMIOJIHEHNE MPOU3BOJICTBEHHON MPOTPAMMBI M Ka4eCTBa TOBAPHOM MPOIYKIIUHU; IIPOBOJAUTH CBEPKY CXOAMMOCTH OajlaHca MOTPedIIsIeMOoro
CBIPbSl M BBIPAOOTKH TOBAPHOM MPOAYKIMH; PACCUUTHIBATH IUIAHUPYEMYIO MOTPEOHOCTH MPHUCAIOK, PEareHTOB, KaTalu3aTOPOB, MAaTepUANIOB s
BBITIOJIHCHUS TIPOM3BOICTBEHHBIX 33/IaHUN HA TJIAHUPYEMBIN TIEPHOJT C YKA3aHUEM CPOKA IMOCTABKH.

1.3 Brnanmeer HaBbIKAMU PYKOBOJCTBA JEATEIHHOCTHIO TEXHOJOTHYECKOIO y4acTKa M TMOJYMHEHHBIM MEPCOHATIOM; KOHTPOJIS COOIIOJICHUS
TEXHOJIOTHYECKUX MTapaMeTPOB B IIPeieiaX, YTBEPKICHHBIX TEXHOIOTUUECKUM PETJIAMEHTOM; IPUMEHEHUSI MEP 110 YCTPAHEHUIO PUYUH, BHI3BIBAIOIIIUX
OTKJIOHEHHE OT HOPM TEXHOJIOTHYECKOTO perjiaMeHTa; IOJATOTOBKH MPEUIOKEHUH 10 pa3pad0TKe MEpPONPHUATHH 10 COBEPIICHCTBOBAHHIO
TEXHOJIOTHYECKUX MPOIECCOB, MOBBIIAIOIINX Ka4€CTBO TOBAPHON MPOTYKIINH.

Hnouxamoput Imanot hopmuposanus é npoyecce 0C60eHUA OUCUUNTIUHDBL
- Haumenoeanue
oocmudiceHun Jekyuu Ilpakmuueckue 3anamus, Jlabopamopnuie | Kypcoeoii npoexkm
. OUEeHOUH020 cpedcmea
KomnemeHnyuu J1a6opamopHbvlii RPAKMUKYM 3anAmun (paboma)
IK-1.1 Temor 1-18 He npedycmompenwi Temwr 1-18 He npedycmompenwi Jlabopamopnvie
pabomet,
IK-1.2 Temwr 1-18 He npedycmompenui Temwr 1-18 He npedycmompenwvi KOJLIOK8UYMbl,
KOHMpObHble pabomul,
IK-1.3 Temwr 1-18 He npedycmompenwi Temwr 1-18 He npedycmompenwi 3auem ¢ OYeHKOl,
9K3aMeH




Ilepeuens ouenounvix cpedocme no oucuuniune (Mooyno)

0ns ounoul (5 cemecmp) u ouno-3ao0unoil (6 cemecmp) popm odyuenusn

Ouyenounvle cpeocmea Kon-60 Min, 6annoe Max, oannos
Jlabopamopnas paboma 4 10 15
Konnoxeuym 1 20 40
Umozo: 60 100

0na ounou (6 cemecmp) u ouno-3aounou (1 cemecmp) gpopm odyuenusn

Ouyenounvle cpeocmea Kon-60 Min, 6annoe Max, oannos
Jlabopamopnas paboma 4 6 10
Konnoxeuym 1 12 20
Oxzamen 1 24 40
Hmoeo: 60 100
ons 3a0unoii (7 cemecmp) ghopmul 00yuenusn
Ouyenounvle cpedcmaa Kon-60 Min, 6annoe Max, oannos
Jlabopamopnas paboma 2 15 25
Koumponvnas paboma 1 30 50
HUmoeo: 60 100
0711 3a04Holl (8 cemecmp) ghopmol 00yuenusn
Ouyenounvle cpedcmaea Kon-60 Min, 6annoe Max, oannos
Jlabopamophas paboma 4 6 10
Koumponvnas paboma 1 12 20
Ox3amen 1 24 40
HUmoeo: 60 100




Illkana ouenueanusn

Indposoe
BbIpa:KeHHe

BoipaxkeHnue B
oaJsuiax:

CioBecHoe
BbIPa:KeHNe

Kputepun onleHKH HHIUKATOPOB JOCTHKEHHUS MPU (popMe KOHTPOJIS:

JK3aMeH / 3a4er ¢ OLIEHKOM

3adyerT

5

87 -100

OTan4HO
(3auteHo)

OLleHKa «OTJIMYHO» BBICTABJISIETCS CTYACHTY, €CJIH TCOPETUUYECKOE
CoJiep)KaHUE Kypca OCBOEHO TOJHOCTBIO, 0e3 MpoOesoB; UCUePIBIBAIOIIE,
MOCNE0BATEIbHO, YE€TKO M JIOTMYECKH CTPOMHO H3JaraeT marepuan,
CBOOOMHO CIpaBIsSIeTCs C 3aJadaMH, BONPOCAaMH W APYTUMH BHUAAMHU
MPUMEHEHUS 3HAHUI; UCTIOJIb3YET B OTBETE JONOJHUTEIbHBIA MaTepUall BCE
NpEeAyCMOTPEHHBIE MPOrpaMMOM 3aJaHUsl BBIIOJHEHBI, KayeCTBO MX
BBITIOTHEHHUST OIIEHEHO YHCIIOM OajuioB, ONM3KUM K MaKCHMalbHOMY;
AHAIIM3UPYET MOJIYUYCHHbBIE PE3YJIbTAThI; NPOSBIISIET CAMOCTOATENIBHOCTD IPU
BBITIOJTHEHHUH 3aJaHUi

74 - 86

Xopo1o
(3auTeHO)

OLEeHKa «XOpOILO» BBICTABISIETCS CTYAEHTY, €CIU TEOPETUUYECKOE
coJlepKaHHEe Kypca OCBOCHO IIOJTHOCTHIO, HEOOXOIWMBIC IPAKTUIECKHE
KOMIIETEHIINK B OCHOBHOM C(OPMHPOBAHBI, BCE MPEIyCMOTPEHHBIE
porpaMMoii oOydeHHs ydeOHbIE 3aJaHUS BBHITIOJIHEHBI, KadeCTBO WX
BBIIIOJIHEHHSI JOCTATOYHO BbICOKOE. CTYIEHT TBEpPAO 3HAET Marepua,
rpaMOTHO M MO CYUIECTBY H3JIara€T €ro, He JONYyCKas CYLIECTBEHHBIX
HETOYHOCTEW B OTBETE Ha BOIPOC.

60 -73

VY nosnersopu
TEIBLHO
(3auTeHo)

OueHka  «yIOBIETBOPUTEIBHO»  BBICTABISIETCS  CTYIEHTY,  €CId
TEOPETHYECKOE COAEpIKaHWE Kypca OCBOCHO YaCTHYHO, HO TMPOOENBl He
HOCSAT CYIIECTBEHHOT'O XapakTepa, OOJBIIMHCTBO TPEIYyCMOTPEHHBIX
MPOTPaMMOii 3aJ]aHNH BBITIONIHEHO, HO B HUX UMEIOTCS OIIMOKH, TIPH OTBETE
Ha MOCTaBJICHHBIA BOIPOC CTYJEHT AOMYCKAeT HETOUHOCTH, HETOCTATOYHO
MpaBWIbHbIE (OPMYJIMPOBKH, HAOIIONAIOTCS HApPYIICHUS JIOTHYECKON
[10CJIEI0BATEIbHOCTH B H3JI0KEHUU IPOTPAMMHOI0 MaTEPHAIIA.

Ornenka

«3a4YTCHO»

CTYACHTY, €CJIM OTBETHI

TEMaM JUCHUITIIMHBI

JIOTHYCCKH

HE3HAUUTEIBHBIE HEIO0YECTHI
Kak
BBIBOJIA,

CTYZCHTA,

CaMOCTOSATCIIBHOT'O

OIINOKY U TIp

H3JIOKEHEI,

TaKHue

BBICTaBIISIETCS
Ha BOINPOCH O

MMOCJICIOBATEILHEI,

JIOILY CKarOTCsl
B OTBETE
OTCYTCTBHE
peueBbie

Huxe 60

Heynosnersop
UTENNBHO
(1e 3auTeHO)

OLeHKa «HEYJIOBJIETBOPUTENBHO» BBICTABISAETCA CTYIEHTY, €CIM OH HE
3HAeT 3HAUUTENBHOM YacTH MPOrpaMMHOIO MaTepuana, JOIyCKaeT
CYIIECTBEHHbIC ONIMOKH, HEYBEPEHHO, C OONBIIUMH 3aTPyTHCHUSMH
BBHITIOJIHSIET ~ TIpaKTHUYeCKHe  paboThl, HEOOXOAMMBIE  IMPAKTHYCCKHE
KOMIIETEHIIMK He C(HOPMUPOBAHBI, OOJBIIMHCTBO MPEAYCMOTPEHHBIX
porpaMMoii oOydeHusi y4eOHBIX 3aJaHWH HE BBINIOJHEHO, KadecTBO HX
BBITIOJTHEHHS OIICHEHO YUCIIOM 0aJyIoB, OJIM3KIM K MUHUMAJIBHOMY

Ornenka
CTYJICHTY,

€CJIn

«HE 3a4TEHO»
CTYZIEHT

BBICTABJIACTCA
HC 3HACT

OCHOBHBIX TOHSTHM TEMBEI JUCITUITIIINHBI,
HC OTBCYACT Ha OOIIOJHHUTCIIBHBIC H
HaBOJAIIHWEC BOIIPOCHI MPETIOaBaTCIIA.




MuHHCTEpCTBO HAYKH U BhICIIEro oOpa3zoBanus Poccuiickoit deneparuu
HmxHexkaMCKUl XUMHKO-TEXHOJIOTHYECKUI HHCTUTYT ((prinan)
benepanbHOro rocy1apCTBEHHOTO OIOPKETHOTO 00pa30BaTEIbHOIO YUPEKIACHUS
BBICIIET0 00pa30BaHUs
«Ka3zaHCKuil HAalMOHAJIBHBIN UCCIIEI0BATEILCKUI TEXHOJIOTHYECKUN YHUBEPCUTET

Daxynomem MmexHON02UYECKUU
Kageopa  HXC

Hamnpagsnenne moarorosku/crnenuanbHocTh:_18.03.01 —Xumudeckas TEXHOIOTHS
(K00 U HaumeHo8aHue)
[Tpoduns/crienmanuzanus: «XUMHUYECKask TEXHOJIOTHSI OPraHUYECKUX BEIIECTBY,
(Haumenosanue)

Cemectp_ 6 (ouHas), 7 (ouHO-3a04Hast), 8 (3a04Has)

BOl'[pOCLI AJIS MOATOTOBKH K 3K3aMEHY

no mucoumuinge b1.B.J1B.03.01 Karanus u karaau3aTopsl B HedTeXuMud U HedrenepepaboTKe
(HaumeHoBaHUe OUCYUNTUHDL)

1. IToHsATHE O KaTanu3e U KaTaau3aTopax;

2. 'oMOTeHHBIE U T€TEePOTeHHBIE CUCTEMBI,

3. IHTEHCUBHOCTb U aKTUBHOCTb KaTaJIn3aToPa;

4. CeneKTUBHOCTh KaTalu3aTropa,

5. TpeOoBaHus, NpeABABIAEMBIE K KaTaau3aTropy (cocTaB KaTalu3aTopa, NPUMECEeH; 9acToTa KaTalu3aTopa;
MEXaHHYECKHE CBOMCTBA KaTaIM3aTOPa; MEXaHMYECKHE XapPAKTCPUCTHKH;, TPeOOBaHMS K TEPMHUYECKOM
CTaOMIBHOCTH; TPeOOBaHUS K pa3MepaM IpaHyld U (hopMe IpaHyJl KaTaau3aTopa; TEIIONPOBOAHOCTD KaTalu3aTopa;
CPOK CITy>KOBI KaTaau3aTopa);

6. TexcTypHbIC XapaKTePHCTHKU Karanu3aropa (BeJHUYMHA MOBEPXHOCTH, 00BEM mmop, dopma U pa3mep Iop,
pactipeiesieHIe Mop 10 pa3Mepam);

7. MeTonbl MPUTOTOBIICHUS T€TEPOT€HHBIX KaTaIN3aTOPOB;

8.ITpou3BOJACTBO OCAXIEHHBIX KaTaJIM3aTOPOB (JIOCTOMHCTBA METO/A, HEIOCTaTKH MeToaa, oO0mas cxema
MOJIyYeHHUs);

9. IlosryyeHue cUIMKaresst — HOCUTENSI KaTaJIH3aTOPOB;

10. ITpon3BOACTBO aKTUBHOT'O OKCHJIA AJIFOMHUHHS;

11. LleosnuThl, TUIIBI IEOJIUTOB, KJIACCH(HUKALINS IEOIUTOB, TPOMBIILIEHHBIE CITIOCOOBI MX MOy YEHHS;

12. INony4ueHne KaTaan3aTopoB HAHECEHHEM aKTUBHOTO KOMIIOHEHTa Ha HOCHTEJb;

13. MeTozpl NPUTOTOBJICHUS! KAaTaJM3aTOPOB OCHOBAHHBIC HA MEXAaHWYECKOM CMEIICHHH KOMIIOHEHTOB, CYXOH
MOKPBII METOJI CMEIICHNS;

14. MeToap! IPUTOTOBIICHUS IUTABJICHBIX U CKEJICTHBIX KaTAIMTUYECKUX CHCTEM;

TlonsiTie o Katanu3e U KaTaau3aropax.

15. Katanmutudeckue sipl. OTpaBlieHHE KaTaIH3aTOPOB.

16. ITpon3BOCTBO KAaTaIM3aTOPOB KPEKUHTA.

17. Karann3aTopsl THAPOOYHCTKH HEPTIHBIX (HpaKIIHH.

18. Karanu3aTopbl THAPUPOBAHUS U AETHIPUPOBAHHSL.

19. Karanu3aTops! AJ1st IPOU3BOICTBA CHHTE3-Ta3a. [I[pOM3BOACTBO aJIFOMOHHMKEIIEBOTO KaTaln3aTopa.

20. KaTtanuzaTopsl okucieHus. IIpon3BoacTBO cepeOpsiHOTO KaTaau3aropa.

21. KatanuzaTopbl pu)OpMHHTa YII€BOIOPOAOB. TeXHOIOTHs IPUTrOTOBIICHUS KaTaju3aropa puOpMHHTa.

22. OxpaHa Tpy/Jia ¥ TeXHHKa 0e301macHOCTH paboThl Ha KaTaln3aTOpHBIX (habprkax.

23. O6opyOBaHNE KAaTaIM3aTOPHBIX MIPOU3BOACTB. PeakTopsl 1uIs )KUAKO(PA3HBIX ITPOIIECCOB.

24. O6opyj0BaHKE KATAM3aTOPHBIX MPOU3BOACTB. ANNApaThl UIs CTYUICHUS U pa3/ielieHHs CYCIICH3HIA.

25. O6opyjoBaHKE KAaTAM3aTOPHBIX MPOU3BOACTB. OOOpYI0BaHUE ISl CYILIKU M TEPMOOOPAOOTKH.

26. O0opyJ0BaHKE KaTAIM3aTOPHBIX MPOM3BOACTB. MaIIMHbBI ISl IPOBE/ICHHUS MEXaHUUECKHUX MTPOLIECCOB.

27. KaTanu3 opraHoMeTaJuIOCHIOKCaHAMH M MX MPOM3BOCTBO.

28. MeTtop! nccieioBaHus KaTaau3aTopoB. McciienoBaHue CTpyKTypBbl.

HabGop yTBep)KOEHHBIX 9SK3aMCHAIIMOHHBIX  OWICTOB  XpaHuTcs Ha Kadeape. Kaxmbii
9K3aMEHAIMOHHBIN OWIIET CONEpKHUT JBa TEOPETHYECKHMX BoIpoca MakchMallbHOE KOJIWYECTBO OallioB,
KOTOPOE CTYACHT MOXKET IMOJYYUTh 3a dK3aMeH -40, U3 HUX 3a OTBET Ha OJIMH Teoperudeckuii Bompoc — 20.
MuHIMaITbHOE KOJIYECTBO OAIITOB 3a 3k3ameH — 0 .



MuHHCTEpCTBO HAYKH U BhICIIEro oOpa3zoBanus Poccuiickoit deneparuu
HmxHexkaMCKUl XUMHKO-TEXHOJIOTHYECKUI HHCTUTYT ((prinan)
benepabHOT0 rOCYIAPCTBEHHOTO OI0/KETHOTO 00Pa30BaTEILHOTO YUPESKICHHS
BBICIIET0 00pa30BaHUs
«Ka3zaHCKuil HAalMOHAJIBHBIN UCCIIEI0BATEILCKUI TEXHOJIOTHYECKUN YHUBEPCUTET

Daxynomem MmexHON02UYECKUU
Kageopa  HXC

Hanpagsnenne moaroroBku/cnenuanbHocTh:_18.03.01 —Xumudeckas TEXHOIOTHS
(K00 U HaumeHo8aHue)
[Tpoduns/crienmanuzanus: «XUMHUYECKask TEXHOJIOTHSI OPraHUYECKUX BEIIECTBY,
(Haumenosanue)

Cemectp_ 5.6 (ounas), 6.7 (o4HO0-3304Has), 7,8 (3a04HAS)

YueOHBIM IIaHOM MO HampapieHuo noarotoBku 18.03.01 —Xwmpdeckas TEXHOIOTHS IS
00y4JaroImuXxcsl MpeayCMOTPEHO MPOBeAcHHE TabopaTopHbIx 3aHaTud mo aucimmuinae b1.B.JIB.03.01
Karanu3 u kaTanu3atopsl B HedTexuMuu U HedrernepepaboTke.

JlaboparopHble 3aHATHS 1O JAUCHMIUIMHE MPOBOJATCS B  CIHEIHANBHO 00OPYIOBAaHHBIX
naboparopusix ¢ NPUMEHEHHWEM HEOOXOAMMBIX CpEACTB OOydYeHHs: JabopaTopHOTO O0OPYIOBAHMS,
00pas3IoB Il KCCIIEOBAHNN, METOIMYECKUX MTOCOOHH.

Ienp poBeneHus 1a00PaTOPHBIX PAOOT - MPAKTUIECKOE OCBOCHHE TEOPETHUECKHMX TOIOKCHHIMA
JEKIIMOHHOTO MaTepuaia, a Takke BbIpabOTKa CTYIACHTAMH OINpENeNCHHBIX yMEHHUH M HaBBIKOB
CaMOCTOSITETIBHOTO SKCIIEPUMEHTHUPOBAHHUSI.

KomimuiekT 1a6opaTopHbix pador
o gucrumuinae 51.B.J1B.03.01 Karanus 1 karaan3aropsl B HepTeXUMHHU U HedTernepepadoTKe
(HauMeHoeaHue ()MCUMI’UZMHbl)
Cemectp: 5 (ounas), 6 (ouHo-3a04Hasn), 7 (3a04Has)

JladopaTopHas pa6ora Ne 1
KATAJIMTUYECKOE PA3JIOXKEHUE ITEPEKHMCHU BOJOPOJA
Llenv pabomoul: onpeneuTh CKOPOCTh PA3IOKEHUS NEPEKHCHU BOAOPOAA 3aJaHHOW KOHICHTpAIMHM B
MPUCYTCTBUHM TOMOTEHHOT'0 U T€TEPOr€HHOr0 KaTaln3aropa.
Kpamxas meopus

[Ipumenenue nmepeKkucu BOJOPOaa BO MHOTHUX TEXHOJIOTHYECKUX MPOIECCaxX, METUITMHE U IPYTHX
00nacTsSX OCHOBBIBAE€TCS Ha €€ OKHCIMTENBHBIX CBOiicTBax. Hawboilee XapakTepHBIN IJs TepeKHucH
BOJIOPOIa SK30TEPMUYECKHUI pactiajl B KUCIOH cpelie MOXKET OBITh MIPECTABIIEH YPABHEHUEM:

H:02 = H20+2 0, (1)
Pexe Tonbko 1101 AE€HCTBUEM HEKOTOPBIX CUIIBHBIX OKUCIIUTENEHN MEPEKUCh BOAOPO/1a MPOSBIIAET CBOUCTBA
BOCCTAHOBUTEJISI COITIACHO YPABHEHUIO PEAKIIUU:

H,0, = O, +2H 2)
OxucnurenbHas (yHkuus Oojiee OTYCTIMBO BhIpAKEHA Yy IEPEKHMCH BOJIOPOAa B KHCIIOH cpeje,
BOCCTAaHOBUTEIIS — B IIEJIOYHOM.

Pacnag mo cxeme (1) uaér co 3HAYUTENHLHONW CKOPOCTHIO B MPUCYTCTBUU BEHIECTB, CIIOCOOHBIX
OKHUCTISITHCS BBLICISIOMIAMCS KUCIOPOJIOM. Y CKOPSIOIIEe NeUCTBHE HA PA3IOKEHUE MEPEKICH BOJOPOIa
OKa3bIBAIOT TAKXKE TBEPJbIC KATAIHM3aTOPHI (CTEKJIO, MHOTHE METAJLIbI, B YaCTHOCTU IUIATHHA, COJIA U
OKHCJIBI METAJIJIOB, YTOJb U T.11.). Ha TedeHne KaTamuTHYECKON peakIiy Pa3iokKeH!s IEPEKUCH BOJIOPOJIa
BITHSTIOT COCTOSTHUE TIOBEPXHOCTH KaTanmu3aTopa, pH cpenbl u katanutudeckue sl CHITBHBIMHA SIaMH TTPH
pa3jIoXKeHUH NIEPEeKUCH BOI0poaa Ha miaTtune sasistotes: Cs, CoHsOH, 1o, P, CO, PH3, AsHs, NaxSO:s.

CornacHo cxeMme NMpeAsioKeHHOH HEMEIIKUM YYeHbIM BruanaoM, paznokeHue NepeKucu BoAopoia
MPOTEKAET Yepe3 CIeAYIOIUe MeJJICHHBIC W OBICTPhIE CTa/INU:

HOOH = O; + 2H (MemieHHO)
HOOH + 2H = 2H,0 (0sicTpO)
2H>0, = 2H,O0+ O,

CyMMapHasi CKOPOCTh PEaKITMH OIMPENeNsIeTCs] TepBOi CTaguei, ¥ MO3TOMY peakius HUAET 10

nepBoMy mopsaky. [Ipeamnonaraercs, 4To cTaaus afcopOonuy — 1ecopOIMH MTPOUCXOIUT BeChMa ObICTPO U



He JIUMUTHPYET Tporiecc. CKOPOCTh Pa3NokKEeHUs IEPEKUCH BOJIOPO/Ia B 3HAUYUTEIBHOMN CTETICHH 3aBUCUT
OT KOHIICHTPAIIMU PacTBOpa. ITO 00yCIOBICHO KATAIUTHYECKIM JICHCTBHEM BOJIbI.
DKcnepumenmanbHas vacmy

Peaxmuevi: nepexucy Bogopoaa 30%; kanuii MapraHUOBOKUCIBIN (TIEpMaHraHaTt); yroib Mapku bAY);
okuch Memu (11)); okuch MMHKA; TUCTHIUTHPOBAHHAS BOJA.
IIpubopei: OropeTka raszoBas; KOJObI KOHMYECKHME, BMeCTUMOCThIO 100 cMm®, IMIMHAPEI MepHBIE,
BMECTUMOCTBIO 50 cM%; MHUIIETKHM TpajaydpoBaHHbIE, BMeCTUMOCThIO 1, 2, 5 u 10 cm® cexynmomep;
TEPMOMETP CTEKJIAHHBII 1abopaTopHkli ¢ auanazonom u3mepenus ot 0 °C 1o 100 °C, uena nenenus 1 °C.
IIposedenue sxcnepumenma.

1-as cepus ombiToB. B paboTe M3MepsIOT CKOPOCTh Pa3sIoKEHHs MEPEKUCH BOAOPOA 3aJaHHON
KOHIIGHTPAIlMM B MPHUCYTCTBUH KaTaau3aTopoB. [l 3TOH 1enu NpUMEHSIOT Ta30MEeTPHUECKH crocoO,
KOTOPBIA TIO3BOJISICT OINPENEIUTh C JOCTATOYHONH TOYHOCTBIO CPENHIO CKOPOCTh 32 KOPOTKHE
MPOMEXYTKH BPEMEHHU U, TAKMM 00pa3oM, CTPOUTH KPUBBIC H3MEHEHHS CKOPOCTH PEaKLIMU BO BPEMEHHU.

Promaet (YRR AARARIN

Pucynox 1 — YcTaHoBKa KaTaTUTHUYECKOTO Pa3IOKEHUS MEPEKUCH BOAOPOIa
1 — peakumnoHHslii cocyn; 2 — obpasen KaTanuzaTtopa; 3 — cocy1 s pacTBOPa MEePeKUCH; 4 — IPOXOIHOM KpaH; 5 — TpeXXo10Boii kpaH; 6 — raoBas OropeTka;

7- YpaBHUTEIIbHAA CKIISTHKA, 8- COCAUHHUTEIbHAA prGKa; 9 — MarHUTHas MeIIajiKa

KonmaecTBO pasnmoKuBIIeics K JaHHOMY MOMEHTY TIEPEKHUCH BOJOPOAA OIPENENSIIOT 0 00beMy
BBIJISJIUBIIErOCs KUcaopojaa. Cxema nprbopa it U3MEpeHHst CKOPOCTH pa3ioKeHUsl IEPEKUCH BOJOPO/Ia
MIpPEICTAaBICHA HA PUCYHKE 1.

[Tepen HauamoMm ombITa BBICYLIEHHBIM pEaKIIMOHHBIN cocy 1, ¢ MOMEIEHHOW B HEr0 HaBECKOU
KaTajau3aTopa, U BOPOHKY 3 COEOUHSIOT B COOTBETCTBHM CO CXEMOW W MPOBEPSIOT T€PMETHUYHOCTH
CUCTEMBI. J{J1s1 5TOTO NPUBOJAT NAaBJICHUE BHYTPH CHCTEMBI K aTMOC(epHOMY, YpaBHSB Ha MPOU3BOJILHON
BBICOTE JKUAKOCTh B OIOpeTKe 6 W YpaBHUTEIHHOW CKIISIHKE 7, HECKOJBKO pa3 MOBOPAaYMBAIOT KpaH 5,
MOTHUMAIOT CKIITHKY 7, 9TOOBI 3aIIOJIHUTH OIOPETKY 3aTBOPHOM XKHUAKOCTHIO (BOJOH) TOBEPXY, ITOCIIE YET0
c0001Iat0T OIOPETKY C PEAKTOPOM M OIYCKAIOT CKIISIHKY PUOIM3UTENFHO HA YETBEPTH BHICOTHI OIOPETKH.
Ecimn obecriedena moctaTtoyHasi Te€PMETHYHOCTh, YCTAHOBHBIIHWICS YpPOBEHb 3aTBOPHOW KXHIKOCTH B
OIOpeTKe He JI0JDKEH CMEIIAThCs B TeUeHUE HeCKOJIBKIX MUHYT.

Jia TpUTOTOBIEHHUS HCCIEyeMOro pacTBOpa OTMEPSIOT MHUIETKOM WIH MHKPOOIOPETKOM
3aJlaHHbBIN TIpernoaBaTelieM 00beM NCXOAHOTo pacTBopa H2O2 1 pa30aBisAioT AMCTUILTUPOBAHHON BOJIOM,
nobasnsror pactBop KMnOs B 3amaHHOM mperonaBaTeneM o0ObeMe M 3aKpbIBalOT KpbImikod. [locie
THIATETIFHO TEPEMEIIMBAIOT W OTOMpAlOT Ui aHajuu3a TpagydpoBaHHOW mumeTkor 10 wmi
MIPUTOTOBJIIEHHOTO PacTBOpA.

[lo Mepe NOHMKEHHS ypPOBHS >KUAKOCTH B OIOpETKE YpaBHHUTEIBHYIO CKIISTHKY OITyCKalOT TakK,
4yTOOBI HA MPOTSHKEHUH BCETO OINBITa PAa3HOCTh YPOBHEH B OIOpETKE M YpaBHUTEIBHOH CKISIHKE Oblia
MHUHUMAaJIbHOM.

B moment BBona KMnQj4 Bkitouaem cekyHaoMep. 3HaueHre 00beMa BBIISISIONIErocs KUCI0POoaa
CIIEyeT PEeruCTPUPOBATh MOCTOSIHHO BMECTE cO BpeMeHeM, HaunHas ¢ BBoga KMnO, B peakrtop. B xone 1
ombITa AenatoT 15-20 3amepoB. OmBIT cienyeT 3aKkaHYMBaTh, KOT/Ia 00BEM BBLICIHMBIIETOCS KHCIOPOJa
cocraBut Oonee 70-75% ot obuiero oObema, KOTOPHIA MOXKET BBIICIHUTHCS MPU TIOJHOM PAa3JIOKEHUU
MEPEKHCH.

2-as_cepusl OUBITOB. BTopas cepHs ONBITOB NPOJENbIBACTCS AHAIOTUYHO TIE€PBOM, BMECTO
TOMOTE€HHOTO KaTalln3aTopa NMEepMaHTaHaTa Kajius B PEaKIHMOHHYIO CMECh IOMEMIAETCS TeTepOTreHHBINH
KaTajau3aTop. B kauecTBe reTeporeHHOro Karanus3aropa npejyiaracTcs IpoOBECTH MPOBEPKY Ha AKTUBHOCTh
B pPEaKI1H pa3iIoKeHUs MEPEeKUCH Boopoaa TpEX 00pa3ioB: yronb Mapku BAY (kpucraibl), OKUCh MeTU
(11 (ctpyxKa), OKUCH ITUHKA (TIOPOIIIOK).

3-51_cepusi OMBITOB. TpeThsi CEpHsl OMBITOB MPOBOJUTCS AHAIOTHYHO IEPBOM, K TOMOTEHHOMY
KaTaJln3aTopy IEepMaHTaHaTy Kaiusi J00aBISIIOTCA MPOMOTOPHI, T.e. BEIIECTBA KOTOpPBHIE CIHOCOOHBI
MOBBICUTH WJIM TOHU3UTHh aKTHUBHOCTH KaTaJln3aTopa Ha HECKOJBKO MOPSAAKOB. B KauecTBe MpOMOTOPOB




KaTajau3aTopa MpeiaracTcs IPOBECTH MPOBEPKY C A00aBICHUEM YKCYCHOHM KHCI0ThI oObeMamu (0,025;
0,05;0,1; 0,15; 0,2; 0,25 M) 1 ¢ HOOABIEHHEM H3OIPONIIIOBOTO crirpTa oosemamu (0,2; 0,5; 1; 1,5; 2 mim).
Obpabomxa 3KCHepUMEHMATbHBIX OAHHBIX

B nmamHOM pasgene s1abopaTopHOMl pabOTBI  CTYJACHTY HEOOXOAMMO 1O TOJYYCHHBIM
OKCIIEPUMEHTAbHBIM JTaHHBIM TIPOW3BECTH pPAacdYE€Thl M TOCTPOUTH TpadWK HM3MEHEHHS CKOPOCTH
pa3IoXKeHHs MIEPEKICH BOJIOPOIa BO BpEMEHH.

J1J1s Kax 1011 cepyH OTBITOB MOCTPOUTH IpaMK 3aBUCUMOCTH BBIJICIIUBIIETOCS 00beMa KHCI0poia
OT BpeMeH (PHUCYHOK 2).

Jia xaxx 1ot KpuBo# rpadudecku HaiTh 3((HEKTUBHYIO CKOPOCTh PEAKINH, TPOBEIS KacaTeIbHYO
K KHHETHUYECKOU KPUBOI (pUCYHOK 3); 3ppeKkTHBHASI CKOPOCTH pEaKIIMH B IAHHBII MOMEHT BPEMEHU paBHA
1o a0COTIOTHOM BEJIMYMHE TAHTEHCY yrila HAaKJIOHA KacaTelbHOM (3):
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Pucynok 2 — I'paduk 3aBHCUMOCTH BBIJICIMBIIETOCS 00beMa Kuciopoaa (Mi1) OT BpeMeHH (MHH)
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Pucynok 3 — I'padyik 3aBUCUMOCTH KOHIIEHTPAIIMU OT BpEMEHH IS onpeesieHus 2P PeKTHBHON

CKOPOCTH peaKInH

HaiiTi KOHIIEHTpaKIO TIEPEKUCH BOJIOPO/Ia B IPUTOTOBIEHHOM PacTBOpe MO ciieayomeit popmyse (4):
VEop, 08,0,
Ca,0,= % (4)
HOCTpOI/ITL I’paCI)I/IK 3aBUCUMOCTHU CKOPOCTU Pa3JIOKCHUA NCPEKUCHU BOAOPOAA OT KOHICHTpALUW I
OIIPEACIICHUS IOPSIAKA PEAKIUH.
Cmamucmuueckas 06pabomxa pe3yibmamos IKCnepumenma
B nannom paszzene nabopatopHoil pabOThI CTYACHTY HEOOXOIUMO 10 TOITY4YEHHBIM 3KCIIEPUMEHTATbHBIM
JAAaHHBIM ITPOU3BECTHU CTATUYCCKYIO 06pa60T1<y PE3YJIbTATOB SKCIICPUMCHTA.
Paccunrats cpeqHeapudpmeTniecKoe 3HaUYCHHE Pe3yTbTATOB SKCIIEPUMEHTA:
T

C — Zi=2"l e N - YuCIO IKCIEPUMEHTOB

1
L

Paccuunrars oTKI0HEHHE OT cpeanero 3Hauenust (Ci- C)
Paccuurath KBaapaTt OTKJIOHEHHUs OT cpeanero 3Hauenns (Ci - C)?

Paccunrath CYMMY KBaJIpaTOB OTKJIOHCHHSA OT CPEAHETO 3Ha‘{€HI/IH:E (C - )2

Paccunrarh cTaHIapTHOE OTKIIOHEHHE €AMHUYHOTO PE3yJIbTaTa OT CpeAHeaprU(PMETHISCKOr0 3HAUCHHUS

_ |=ce — =57
= ,‘! e — AL

. . C=CxSq*t,,
Paccuurats JOBCPUTECIIbHBIM HHTCPBAJI ONIPEACTIACMON BEJINYNHBL: =

rae t, ,, - koaddunuent CrorogenTa. Ero 3HaueHue HaxoAaT U3 TaOIMLBL 2, 331aBasCh JOBEPUTEIBHOM

BEpOATHOCTHIO P.
Tabnuua 2 — 3nauenus koadduuuenra Crprofenra t, .



P n=2 | n=3 | n=4 |n=5|n=6|n=7|n=8 | n=9 | n=10

090631(292|235(213|201157|189|183|1,81

0,95 12,7 14,30|3,18 | 2,78 | 2,57 | 2,45 | 2,31 | 2,26 | 2,23

Bui16o0si. B mannom paznene mabopaTtopHoii pabOTHI CTyIEHTY HEOOXOIUMO IEPEINCITUTh OCHOBHBIE HTOTH
TIpoIeTIaHHON PabOTHI.

1-o¥f moAarpynmne CTYACHTOB HEOOXOIUMO TOSCHUTH, KaKUM O00pa30oM TOMOTEHHBIH KaTaiu3aTtop, B
YaCTHOCTHU NIEPMaHTaHAT KaJIHs, BJIUACT Ha CKOPOCTh Pa3JIOKCHHS MEPEKUCH BOJIOPOA.

2-0 TOATpyNNe CTYACHTOB HEOOXOMUMO TOSCHHWTh, KAKOW W3 WCIOJL30BAHHBIX HMMH 00pa3loB
TeTePOreHHOI'0 KaTajln3aTopa SBJISIeTCs HanOoJiee akTHBHBIM B PEAKIIUU Pa3JI0KEHUS MEPEKUCH BOJIOPOIa
1, KaKUM 00pa30oM CTPYKTYpa ¥ IOBEPXHOCTh KaTaJIN3aTOPa OKA3bIBAIOT BIIMSHUE HA TPOTEKAHUE PEAKIIHH.
3-eil moArpymnme CTYJICHTOB HEOOXOMUMO TMOSCHUTH BIHUSHHAE MPOMOTOPOB (YKCYCHOW KHCIOTBHI U
W30MPOIUIIOBOTO CITUPTA) HAa JSHCTBUE TOMOTCHHOTO KaTallu3aTopa.

JlabopaTtopHasi pa6ora Ne 2
CPABHEHUE CHHTE34A I'OMOI'EHHOI' O U 'ETEPOI'EHHOI'O KATAJIU3ATOPA U OIIPEJJEJIEHUE
PACTBOPEHHOI'O I OFLIJEI' O MOJIUB/JEHA
Lenu pabomur:
1. U3Y4YHUTH METOJHUKY MOJyUYE€HHUS] KOMITJIEKCHOTO MOJIMO/IEHOBOTO KaTaJIn3aTopa;
2. TIpOBEPUTH NPUHLUIHMAIBHYIO BO3MOXHOCTb H3BJICUEHHUS] PACTBOPEHHOTO MOJIMOAEHA copOuumei ero
AKTUBHPOBAHHBIM yTJIEM U3 PACTBOPOB, ITOJYUYEHHBIX PACTBOPEHUEM ITOPOILIKOOOPA3HOTO METAIIIMYECKOTO
MonuOeHa B BOJIE, CO/IepaKalIIell IepeKHCh BOAOPOA;
3. IpOBEPUTH BIMSHUE HA COPOLIMIO HAYATILHOTO COJIEPKAHUS MOJIMO/ICHA.
Kpamxas meopus

[IpenmymiectBaMu METOJOB TPUTOTOBJIEHUS KaTalu3aTOpoOB, OCHOBAaHHBIX HAa HAaHECEHUH
AKTUBHOTO KOMIIOHEHTa Ha HOCHTEIb, SBISIOTCA dPPEKTHBHOE MCIIOIB30BaHHE aKTHBHOTO KOMIIOHEHTA
BCJIEJICTBHE €0 BBICOKOH JMCIEPCHOCTH, MEHbILIEE KOJMYECTBO BPEIHBIX OTXOJ0B U 1p. B 3aBUCHMMOCTH
OT MEXaHM3Ma B3aNMOJECHCTBHU HAHECEHHbIE KaTaJIu3aToOPbl MOXKHO Pa3leiUTh Ha Ba OONBLIMX Kiacca,
KOTOpBIE B JanbHeleM Oy/ieM Ha3blBaTh "'cOpOIMOHHBIMU" 1 "TponuTOYHBIMU". B cityyae copOIIMOHHBIX
KaTaJIn3aTOPOB B [IPOLIECCE MPUTOTOBICHUS IMEET MECTO B3aUMOACHCTBHE MEX Ty HOCUTENIEM H HCXOIHBIM
BEIIECTBOM, aJCOPOMpPYIOIMMCS Ha IOBEPXHOCTH. B ciyyae NPONMUTOYHBIX KaTadU3aTOPOB TaKoe
B3aMMO/IEHCTBHE MMPAKTUIECKH OTCYTCTBYET, M HICXOJITHOE COEMHEHNE aKTUBHOT'O KOMIIOHEHTA HAaXOAUTCS
B PACTBOPEHHOM COCTOSTHHH B ITOPaxX HOCHUTETIS.

[Ipu HeOonbmIOM colEpKaHUM AKTHBHOTO KOMIIOHEHTA IIOPUCTas CTPYKTypa HaHECEHHOI'O
KaTajau3aTopa OYe€Hb Malo OTIMYAeTCS OT CTPYKTYPbl HOCHTENS, TMOITOMY JUIS CO3JaHHWS aKTHBHBIX
KaTaJIn3aTOPOB OYEHb BAYKHBIM SIBIISIETCS TI0I00P HOCUTENS C ONITUMAIILHOM TEKCTYPOH.

XapakTepHbIM CBOMCTBOM HAHECEHHBIX KaTaJIM3aTOPOB SABJISIETCA HEPABHOMEPHOCTH pacIpenesie-
HUSl aKTMBHOTO KOMIIOHEHTa II0 CEUeHHI0 rpaHyibl. Ha pucyHke 4 mnpencTtaBieHO paclpelieleHne
aKTHBHOTO KOMIIOHEHTA IO TpaHyJie Kartainu3atopa. lIpuHATO AeneHNe HaHECEHHBIX KaTaM3aTOpPOB Ha
YeThIPe OCHOBHBIX TUMA: | - ¢ paBHOMEpHBIM pacnpeneneHneM; 11 - "KopoukoBbIil", y KOTOPbIX aKTUBHBINA
KOMIIOHEHT cocpelioToueH y nepudepun rpanyit; Il - akTUBHBIII KOMIIOHEHT COCPEIOTOYEH B IIEHTpE
rpaHynbl (Tak Ha3bIBaeMbIH "SWYHBIN kenToK"); IV - akTUBHBIH KOMIIOHEHT DPACIIOJIOKEH B CpeaHEn
o0JacTH, yJaleHHO! KaK OT IEHTPa, TaK M OT BHEUTHEW MOBEPXHOCTH 3epHa KaTanu3aTopa.

I

Pucynok 4 — PacnipeieneHrie akTHBHOTO KOMITOHEHTA 110 TpaHyJie KaTtajan3aTopa
MeTto/; HaHEeCEHUsST MCIONB3YETCS M JUISl TMONYYCHUs KaTalu3aTopoB 0OJIee CIOXKHOTO COCTaBa,
aKTHUBHBIM KOMITOHEHT KOTOPBIX BKIIIOYACT JBa WU O0JIee 3JIEMEHTOB.



HecmoTpss Ha pa3HOOOpasMe XWMHUYECKOTO COCTaBa, Ui HAHECEHHBIX METATIOOKCHIHBIX
KaTaJln3aTOPOB MOXHO BBIJICTUTh OCHOBHBIC OCOOCHHOCTH, OOYCIIOBIICHHBIE METOJOM HAHECCHUS
aKTUBHOTO KOMIIOHGHTA: JUII COPOIIMOHHOTO CII0CO0a XapaKTEpHbI BHICOKAasl, OJM3Kas K aTOMapHBIM,
JIUCTICPCHOCTh YaCTHI] AKTUBHOTO KOMITOHEHTA, COXPAHSIONIASACS B ITUPOKOM JHANA30HE €ro COJCPIKAHMUS,
U TOBBIIICHHAS] TEPMOCTONKOCTD, B CITydae OMIJIEMEHTHBIX KaTalH3aTOPOB.

KaranuzaTopbl, MONydeHHbIE CIIOCOOOM TIPOIUTKH, BBICOKOJIUCIIEPCHBI TOJNBKO TPH MaJIOM
COJICP)KaHUU aKTUBHOTO KOMIIOHeHTa. K JOCTOMHCTBAM MPOMMTOYHOTO METOJA CIICAYET OTHECTH €ro
MPOCTOTY W JOCTYITHOCTh MCXOJHBIX BEIICCTB, B OCHOBHOM HHUTPAaTOB M KapOoHaToB. OMHAKO CleqyeT
yKa3aTh W PsiJi HEJOCTATKOB: OTPAaHMUYCHUS 110 KOHIICHTPAIIMKA aKTHBHOTO KOMIIOHEHTa, O0YCIIOBIICHHBIC
PacTBOPUMOCTBIO HMCXOJHOTO BEINECTBA M OOBEMOM IMOpP HOCHUTENS; BO3MOXKHOCTh HEPaBHOMEPHOTO
pacrpeesicHUs] aKTUBHOTO KOMITOHCHTA 10 CCUCHUIO TPaHYJIbl BCIEACTBHE BBIHOCA B MPOIECCE CYIIKU
YacTH pacTBOpa Ha epUdepHro 3epHa U T.JI.

OT yKa3aHHBIX HEJOCTATKOB CBOOOJHBI COPOLMOHHBIE METOABl Onaromaps 00pa3oBaHHIO
XUMHYECKOM CBS3M MEXIY aicopOMpyeMbIM BEIICCTBOM U (DYHKIIMOHAIBHBIMH TPYIIAMH HOCHUTEIIS.
OrpaHnYeHUsT METOJla CBS3aHBI, TPEXKIEC BCErO, C HEJIOCTATOYHBIM ACCOPTUMEHTOM COCIAMHCHHH,
001a1aroIMX HeOOXOAMMON PACTBOPUMOCTBIO M CIOCOOHBIX OCAXIATHCS HA TIOBEPXHOCTU HOCHTENCH.

DKcnepumenmanbHas yacmo

Peaxmuewi: nepexucs Bonopona 30%; M30MpONUIOBEINA CIIUPT; MOIMOAEH; TUAPOKCUA HATPHSL; COJISTHAS
KHCJIOTa; cynb(aT ruapo3uHa; cepHast kKucnota; N — peHWIaHTpaHUI0Bas KUCIOTa TOTOBSIT PAaCTBOPEHUEM
0,20 rp npenapata B 100 cm®pacTBOpa yriaeKHcIOro HaTpus; aMMOHMIT MeTaBaHaaT (BaHAaAUEBOKMCIbII
MeTa); TaOJeTKH aKTUBHUPOBAHHOTO VIJIS; BOAA JUCTHWUIMPOBAHHAS, KaJIMH JBYXPOMOBOKHCIIBIN
(muxpomar kaimus).
Ilpubopoei: konObl KOHWYECKHE, BMeCTUMOCTHIO 100 oM’ UAIUHAPE MEPHBIE, BMECTUMOCTBIO 50 cM®;
NUNETKH IPayHpOBaHHbIE, BMECTUMOCTHIO 1, 2, 5 1 10 cM%; GropeTka); Bechl 1a60paTOpHbIE CIEHUATLHOTO
KJlacca TOYHOCTH C HAauOONbIIMM TpeaenoM B3semuBanus 200 T; ceKyHIOMEp; IUTHTKA dIIEKTPUICCKas;
0aHs BOJSAHAs; TEPMOMETP CTEKJIAHHBIN 1a60paTOpHbIi ¢ quanaszonoM uzmepenus ot 0 °C go 100 °C, nena
nenenus 1 °C; xkanenpHUIA.

Tpucomosnenue 6cnomMoeamenbHuIX peaKkmugos
[IpuroToBIEHNE pACTBOpA MeETaBaHAJaTa amMMoHHusA ¢ MoJsipHoM koHueHrpammeit C(NHsV03)=0,01
moan/nm®;, 0,025  mone/nv®  ToToBar pasbaBieHMeM pacTBOpa C  MOJSPHOM  KOHIEHTpAIMei
C(NHsV03)=0,01 mons/am®: B MepHyto konby BMectumocThbio 100 cm® munerkoii BHocsaT 10 cm® mmm 25
cM® KpENKOro pacTBopa, COOTBETCTBEHHO, IIPUIMBAIOT NPH TIEPEMENUBAHUM 15 ¢cM® KOHIIEHTPHUPOBAHHOM
cepHot KucnoThl (p2oc=1,83 r/ cM®), I0BOJIAT 10 METKH JTUCTHJUTHPOBAHHOMN BOJOW M IIEPEMEIITUBAIOT.

Ipurorosnenne pactBopa N-denmmanTpanmiooii kucaorst (0,1070,01) r N-¢eHnnaHTpaHmIoBOit

KMCJIOTHI pacTBOPSAIOT B 50 cM® pacTBOpa ruapoKcHia HaTpyst ¢ MonsipHoi KonuenTpamuein C(NaOH)=0,1
MONL/IM® TpM HArpeBaHUM W IEPEMENIMBAHMHM, 3aT€M IIOJYYEHHBIA pacTBOp  Pa30aBIsIOT
JUCTULIMPOBaHHOU Bogoi 1o 100 cm,

[puroToBienue pactBopa coisaoi kucinotel C(HCNH=2.0 mone/mm® 86 cm® KOHLICHTPUPOBAHHOM COJISTHOM

KUCIOTB  (P257¢c=1,18 r1/cM®), OCTOPOKHO, TNpM NEPEMEINMBAHMHM BIMBAIOT B MEPHYIO KOJOY

BMecTUMOCTBIO 500 cM® ¢ 300 cM® TMCTHILTMPOBAHHOMN BOJIBI, OCIIE OXJIAKIEHHUS TOBOJIAT 00BEM PACTBOPA
JIUCTUINIMPOBAHHOW BOJIOHM 10 METKH.
I[Ipurorosnenue pacteopa cepHo kucnotel C(1/2H2S04)=16 mons/mm® 229 c¢m® kKoHuEHTpUpOBaHHON

cepHOM KMCIOTHI (2157 +=1,83 r/cM®) 0CTOPOXKHO, HEOONBUIMMK HOPLHUAMH, IIEPEMEIIMBAsi, BIUBAIOT B

dapdpoposyro kpyxkky ¢ 200 cM® IUCTHIIMPOBaHHOM BOAbl. Ilocie OXJNaXkAeHUS IO KOMHATHOM
TEMIEpaTyphl, PACTBOP KOIMYECTBEHHO IIEPEBOMAT B MEPHYIO K0JIOy BMecTHMOCTBhIO 500 M3, moBomsT
00BeM pacTBOpa MUCTHIUTMPOBAHHOM BOAOH JI0 METKH U TIEPEMEIINBAOT.

IIpuroToBieHye PacTBOPa Cyb(haTa rHAPa3HHA ¢ MACCOBO# Joneii okono 1,0% Pactopsior (1,010,1) T

cynbdara ruapaszuna B 100 cM® qucTrinmMpoBaHHO BobI. PacTBOP NPUMEHSIOT CBEKENPUTIOTOBIEHHBIM.
IIposedenue sxcnepumenma
1-as cepus ombITOB. [l mpuroToBieHHS pabodero pactBopa B cTakaH Ha 50 mur otmeputh 35,8 M
M30TMPOIMIIIOBOTO CIMpTa U 3,2 MII IepeKUcH BoopoJa. Ha aHanuTHuecKux Becax OTMEPHUTH HaBecKy Mo
B komyectBe 0,05 rp 1 106aBUTH K pacTBOpy. llomydeHHBI pacTBOp NepeMenInBaTh B TEYCHUH |5 MUHYT
IO TIepexo/ia OT CBETIIO-UYEPHOI'0 OTTEHKA J0 CBETII0-3eJIeHOTO. 1o necreuenuro 15 MuayT 0TOOpaTh Mpoody
no 0,5 M B 3 ManeHbKHE KOJOBI Tyja e moMecTuth 1o 10 mur ruapokcuaa Harpust (1,0 moms/mm3).
[IpuroroBnenHsle KOIOBI MOMECTUTh Ha IJIMUTKY M HarpeBarh B TeueHue 10 MUHYT, Aajiee OXJIaAuTh UX
TakuM ke obpazoM B Teuenne 10 munyT. [locie nmpoBeneHus JaHHBIX OTIEpalii B KAKIYIO KO0y 0TOOpaTh




110 25 MJI COSHOM KUCIOTHI (2 MOnb/M®) 1 1o 5 M cynb(ara rugposuna (1%). Jlanee nomydeHHy o CMeCh
B Kobax TakuM ke oOpa3om HarpeBaTh B TedeHne 10 MuHYT Ha BoasHO# Oane. Ilocnme oxmaxkmeHus B
KaXKJIyI0 KoJI0y 106aBuTh 110 20 MJI pacTBOpa cepHoii Kucaothl (16 Mosn/am®).

st mpoBeAeHUS! TUTPUMETPUYECKOr0 METO/a aHalnu3a K IMOJyYeHHBIM pPacTBOpaM J100aBHUTH
HECKOJbKO Karenh mHankatopa (N-dbeHmmanTpaHmiIoBas KucioTa). THTpoBaHHE pEaKIHMOHHON CMecH
MPOBOJIUTH PACTBOPOM MeTaBaHaJaTa aMMOHHS JIO TOSBJICHHUS CBETJIO-PO30BOTO OTTeHKa. [Ipum 3ToM
MPOTEKAIOT CIEAYIOIIUE PEaKIIH:

4M004% + NoHg * HoSO4 + 2H + — 4M0O3~ + Ny + SO4 2 + 4H,0
MoO;3; +NHsVO3; + H,SO4 — M00O4 -4 VOSO, + NH.* + H,0

2-as cepus onbIToB. [lo ncteuenuto 45 MuHyT U3 paboyero pactBopa orobparts nmpody mo 0,5 M B ABe
MalleHbKUE KOJOBI Tyaa *e moMecTuth 1mo 10 mur ruapokcuaa Hatpus (1,0 mons/mm®). Metoauky mo
OIIPEICJICHUIO PACTBOPEHHOTO U 001Iero MOIMOAEHA IIPOBECTU TAKKUM K€ 00pa3oM, Kak U B IIEPBOM CEPUU
OIIBITOB. PC3YJ'II>T3TI>I TUTPOBAHUA 110 ABYM CEPHAM ONBITOB CBECTU B Ta6n1/1uy.
3-4 cepust onbITOB. [IpuroTOBNEHHBIN KOMIUIEKCHBIM MOnOaeHOBbIN Katanm3aTop (KMK) HeoOxommumo
HaHECTH Ha HOcuTesb. B Hamem ciydae B KauecTBe HOCUTEINS OyleT CIIy)KUTh aKTUBUPOBAHHBIN YIOJIb.
Hust aToro B crakan oobemMoM 50 mi momemaercs: npurorosieHHbiii KMK, BBoAUTCS aKTHBUPOBaHHBIN
yroJib ¥ OTMeYaeTcs BpeMsl Hauaja onbiTa. Yepes kaxasie 30 MUHYT OT Havyajia onbITa oTOupaercs npoda
Ha aHaJIM3 U3 BEpXHEW YacTH pacTBOpa, KOTopas sABJIsAeTCS HanOomee yncToi. [lanee mpoBoauTcs aHamm3
Ha ONpeeeHue PaCTBOPEHHOTO U 0011ero MoJIMOAeHa TaKUM Ke 00pa30M, Kak U B MIEPBBIX ABYX CEPHUIX
OIIbITA. PG3YJ'II)T3TI)I TUTPOBAHUA CBOAATCS B T36HI/IHy.
Obpabomka 3KcnepuUMeHmMAlbHbIX OAHHbBIX

B nmamHOM pasgene mabopaTopHOl pabOTHl CTYINEHTY HEOOXOAWMO 110 TIOJXYYSHHBIM
JKCIIEPUMEHTAILHBIM JaHHBIM POU3BECTH PACUETHI MACCOBOM JOJIM PACTBOPEHHOTO M 00IIET0 MO0 IeHA
(X,%), moctpouth rpadMK 3aBUCHMOCTH MAacCOBOH JOJIM PACTBOPEHHOI'O W OOINEro MonuOaeHa OT
BpPEMEHHU.
1. [l ka0 Ceprur OMBITOB PACCUUTATh MAaCCOBYIO JIOJIO PACTBOPEHHOTO U obmero monubaenHa (X,%)
o cienytoier popmyie (5):

_ (v, —w)=c=K =96+ 100
m = 1000

rae Vp, VX — 00beMbl pacTBOpa MeTaBaHajaTa aMMOHHSI, TIOLIEAIINE HAa TATPOBAHHE B PA00OYEM U XOJOCTOM OMbITaX, COOTBETCTBEHHO, CM3;

C — MossipHas KOHIIEHTPALMs PACTBOPA METaBAHAIaTa AMMOHUSI, MOJIb/IM3;
K — nonpaBouHsIii K03 HIMEHT K KOHLEHTPAIlK pacTBOpa MeTaBaHa[aTa aMmmonust; (K=1)
96 — MossipHast Macca YKBUBAJIECHTa MOJIMO/IeHA, I/MOJIb;

m — mMacca 1po0bl, B3sTas Ha aHAIN3, TP.

2. JIns KaxJOW CepuH OMBITOB TMOCTPOUTH TIpadUK 3aBUCHMOCTH BPEMEHH OT MAacCOBOM J0JH
pacTBOpeHHOTO 1 001ero Mmonuoaena (X,%).
Cmamucmuueckas 0bpabomra pe3yibmamos IKCHepUMeHma
B nmamHOM pasgene 51abopaTopHO pabOTHl  CTYIAEHTY HEOOXOAMMO 110 TIOJIYYSHHBIM
9KCIIEPUMEHTAIEHBIM JJAHHBIM IPOU3BECTH CTATHUYECKYIO 00pabOTKy pe3ybTaTOB AKCIIEPUMEHTA.
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1. Paccuurath CpC,Z[HeapI/I(l)MCTI/I‘IeCKOC 3HAUYCHUC PE3YJIbTATOB SKCIICPUMCHTA: x o=

P
rae N — 4ucio
1

"

OKCIIEPUMEHTOB.
2. Paccuurath OTKJIOHEHHE OT CPEHEro 3HaueHus: (Xi- )
3. PaccumTath KBaJIpaT OTKJIOHEHHS OT CPEHEro 3HadeHus: (Xi - X)?

4. Paccuntarh CyMMy KBaIpaTOB OTKJIOHEHHS OT CPEJTHETO 3HAUCHUSI: X (x, — %)

5. PaccunraTh cTaHIapTHOE OTKJIOHEHHE SIMHUYHOTO Pe3yJibTaTa OT cpeaHeapu(hMETHUSCKOTO 3HAUCHUS:

! —
¢ o |ZG—X
N T
I nin—1
J nn—1)
. . x=FitS5.%t,,
6. PaccunTaTh TOBEPUTEIBEHBIN HHTEPBAJ OMPEICIIIEMON BETUUNHBI; - s

rae t, ,, - ko3ddunuent Crorogenta. Ero 3HaueHue HaxoAaT U3 TaOIMLBI 2, 331aBasCh JOBEPUTEIbHON

BEPOATHOCTHIO P.



Buisoowl. B manHOM pasnene 1adbopaTopHOM pabOTH CTYyICHTY HEOOXOAMMO TEPEUCIUTE OCHOBHBIC UTOTH
npojieianHoN paboThl. [Toka3ark, YTO MPOUCXOAUT C MPUTOTOBICHHBIM KOMITUICKCHBIM MOJIMOJICHOBBIM
KaTaJln3aTOPOM TNPH HAHECEHUH €ro Ha HOCHTENb (YBEIMYMBACTCA WM yYMEHBIIACTCS MaccoBas OIS
PacTBOPEHHOTrO U 00IEeTr0 MOJIMOACHA C TEUCHHEM BPEMEHH).

JladopaTopHasi pa6ora Ne 3
HIPUT' OTOBJIEHUE KOMIIVIEKCHOI'O MOJIUB/JTEHOBOI' O KATAJIM3ATOPA METO/JOM
SIIOKCHIIUPOBAHUA U IIPOBEPKA EI'O AKTUBHOCTH

Ilemn paboTHI:

1. W3y4duTh METOAWKY TIONYyYeHHs KOMIUIEKCHOTO MOJHMOAEHOBOTO  KaTalu3aTopa METOJO0M
3MOKCUINPOBAHUS;

2. IPUTOTOBJICHHBIH KOMIUIEKCHBII MOJIMOIEHOBBIN KaTaau3aTop MPOBEPUTH Ha aKTUBHOCTH B OKTEHE - 1.

Kpamxas meopus

KaranuzaTopsl JOKHBL 007amaTh BBICOKOH IMPOU3BOJUTEIBHOCTHIO. [IpOM3BOAMTENBHOCTD
Karanm3aTopa oOyCIaBIMBAaE€T pa3Mephl IPOMBIIUICHHBIX PEaKTOPOB, UX O0BEM WM KOJIHYECTRBO.
[Ipon3BoANTENHHOCTh KaTaTM3aTOpa BKIIOYAET B ce0s JIBa OCHOBHBIX TapamMeTpa: MHTEHCHUBHOCTH | u
aKTUBHOCTh A Karanmu3atopa. HawmOosee cyliecTBeHHONW XapaKTEPHCTUKON JII0OOTO KaTanm3aropa
SIBIISIETCS] €T0 aKTUBHOCTH B ONPEEIIEHHOM KaTaIMTHYECKOM TIporiecce. BrIOOp METOIUKN HUCCIIeOBaHUS
aKTUBHOCTH CBSI3aH C 0COOEHHOCTSAMH PEaKINi, YCIOBUSIMH SKCIIEPUMEHTA.

Mepoil KaTanuTU4YECKOM aAKTUBHOCTU MOXET CIYKUTh CKOPOCTb IPOTEKAHUS PpEAaKLUU B
WCCJIETYEMOM HaIpaBiIeHUH B TNPHUCYTCTBUHM KaTaiu3aropa. AKTHBHOCTP MOXKHO BBIpaXkaTh TaK e
CHIDKEHUEM SHEPruM AKTUBALUUU MPH YYACTUU KaTalu3aTopa WIM OTHOIICHUEM KOHCTAaHThI CKOPOCTH
JAHHOW peakiyH B MPUCYTCTBUM KaTalM3aTOpa K KOHCTAHTE CKOPOCTH 3TOW e peakuun 0e3 Hero,
KOJIMYECTBOM MOJIYUYEHHOT'O MPOIYKTa C €AMHULIBI KaTaau3aTopa B €UHHILY BpEMEHH.

[Ipu oreHKE aKTUBHOCTH KOHTAKTHBIX MAcC B IPOM3BOICTBEHHBIX YCIOBUSX OOBIYHO BBEIYHCIISIIOT
CKOPOCTH PEAKITUH 110 OTHOIICHHIO K eIUHHUIE 00beMa KOHTAKTa 110 YPaBHEHHSIM

= kAC wm ———kAC ()

rae GN— KOIMYECTBO MOJIyYEHHOTO LIEJIEBOr0 MPOAyKTa; G — KOMMYeCTBO OCHOBHOTO BELIECTBA, NPEBPATHBILErOCs 3a BpeMms T B 00beme Karaiusartopa V; K —
KOHCTaHTa CKOPOCTH KaTaIUTHYeCKOro mporecca; C — MBIKyInas CHila mpoLecca, BripaxkaeMast IPOM3BEICHHEM ACHCTBYIOIMX KOHIICHTPAIMH HCXOIHbBIX BELIECTB U

YYHUTBIBAIOMIAS TOPMO3SAIIEE BIIMSIHUE NMPOAYKTOB PEaKIIHH.

OLIGHKy OHEPrun AaKTHBHOCTHU KaTaJlIn3aTopa MOKHO IIPOU3BOAHUTL H3 Pa3HOCTH CKOpOCTCﬁ
XUMHYECKOMN PCaKnuu B IPUCYTCTBUU KaTaIu3aTopa 1 0e3 HET0, TaHHYIO 3aBUCUMOCTb MOKHO YBUACTH 110
(I)OpMyJ'Ie (2) HpI/I 9TOM YUYHUTBIBAKOT JOJIHO o0beMa PCAKIUMOHHOTO TIPOCTPAHCTBA 3adHUMACMOI'O
KaTaJin3aTopoM U JOCTYIIHOI'O I p€arcHTOB.

A = Dkar — Unexar * (1'VKaT) (2)

rJie VKaT — CKOPOCTh KaTAIUTHYECKOH PEaKIMH; VHEKAT — CKOPOCTh HEKATAIMTUYECKOH peakunu; VKaT — 00bEM PeakIMOHHOrO MPOCTPAHCTBA, KOTOPBIH 3aHUMAET

KaTtajausarop.

OKcnepumeHmanbHas 4acme

Peaxmuegbl: ciupT 3TUIOBBINA peKTH(HUKOBAaHHBIA TEXHUUECKHUN; THAPOTIEPEKNCH 3THIIOEH30I1a; MOJIHOICH;
THIIPOKCHU]I HATPHs; COJIIHAsI KUCIIOTA; Cyib(ar ruapasuHa; cepHas kucioTa; N — deHunanTpaHunoBas
KHMCJI0Ta TOTOBAT pactBopenueM 0,20 rp npenapara B 100 cm3pacTBOpa yIJIeKHCIIOTO HATPHS; aMMOHHUI
MeTaBaHa/laT (BaHAJUEBOKHCIBIA METa); BOAA MUCTHUIMPOBAHHAS; KHUCJIOTa YKCYCHAs JIeAsHas, Kayus
Hoau; KpaxMall pacTBOPUMBIiL; HATPHUI CEPHOBATUCTO — KUCIBIH (THOCYIb(AT HaTpuUs) S-BOJHBIN; HATPUI
XJIODUCTBIM (XJIOPHI HATpHsl); MarHUH XJIOPUCTHIA (XJIOPHI MarHusl); Kajdus THAPOKCH[; METHIIOBBIN
OpPaHKEBBIN; OPOMKPE30JI0BBIN 3€JICHBIN; METHIIOBBIN KPACHBIH; H-TEKCaH.
IIpubopei: konObI KOHMYECKHE, BMECTUMOCTBIO 100 cM3; LMIMHAPBI MEpHBIE, BMECTUMOCTBIO 50 cM;
IMIIETKHU TPalyMPOBaHHbIE, BMECTUMOCTBIO 1, 2, 5 n 10 cM3; 6ropeTka; BeChl 1abOPaTOPHBIE CIIEMHATLHOTO
KJjlacca TOYHOCTH ¢ HauOosbImMM mpenenioM B3BemuBanus 200 T, ceKyHIOMeEp; IenuTeNbHas BOPOHKA,
TUTMTKA 3JIeKTpudecKas; OaHs BOASHAA;, CEKyHAOMED; NENUTENbHAas BOPOHKA; KallelIbHHIIA, TEPMOMET]
CTEKJISIHHBIN J1a60opaTopHbIi ¢ auanazonom uzmepenus ot 0 °C no 100 °C, uena nenenus 1 °C.

Ilpucomosnenue 6cnomozamenbHbIX peakmueos
[puroToBneHNe pacTBOpa MeTaBaHajiara aMMOHHsS ¢ MoispHoi konnentparwmeit C(NHzV03)=0,01
monb/aM%; 0,025  wmons/mm® TOTOBAT pa30aBIEHMEM pAacTBOpPA C MOJISPHON  KOHIIEHTpaLHei
C(NH4V03)=0,01 momns/am®: B MepHYI0 K010y BMecTuMOcThI0 100 cM® nunertkoii BHocaT 10 cm® umu 25
cM® KPENKOro pacTBopa, COOTBETCTBEHHO, MIPUIMBAIOT PH TIEPEMENUBAHNM 15 ¢cM® KOHIIEHTPHPOBAHHOM
cepHoit KMCIOTHI (p20c=1,83 1/cM®), TOBOAAT 10 METKH TUCTHINIMPOBAHHOMN BOJOM U EPEMELIHBAIOT.




[purorosinenne pactBopa N-denmmantpanmtooit kucaorel (0,10£0,01) r N-(enmmanTpaHHIOBOM

KMCJIOTHI pacTBOPSAIOT B 50 cM® pacTBOpa ruApoKcHIa HATpHs ¢ MonspHoii konenTpamuein C(NaOH)=0,1
MOJNB/IM®  NPM  HArpeBaHMM W  TEPEMENIMBAHWM, 3aT€M TONYYEHHBIA pacTBOp pa3baBisioT
JHCTHIMPOBAHHOM Boo# 10 100 cM®,

[puroTtosnenue pactBopa consnoi kucaorel C(HCH=2,0 mosn/nm® 86 cM® KOHLIEHTPUPOBAHHOI CONSHON

KHCIOTB  (225°c=1,18 r/cM®), OCTOpOXHO, IpM NEpEMEIIMBAHMU BJIMBAIOT B MEPHYIO KOJOY
BMecTIMOCTBI0 500 eM® ¢ 300 cM® IUCTHINIMPOBAHHOM BOJIBI, OCTIE OXJIAKACHNUS JOBOJAT 00BEM PacTBOpa
JTUCTHJUTMPOBAHHOM BOIOM JI0 METKH.

Ipurorosnenue pacrsopa cepHoil kucnothl C(1/2H2S04)=16 mons/nm® 229 cm® xoHIEHTpHpPOBaHHON

cepHOl KMCOTHI (2157 +=1,83 r/cM®) 0CTOPOXKHO, HEOONBIIMMK HOPLUAMH, IEPEMEIIKBAsi, BIUBAIOT B

dapdopoByro kpyxky ¢ 200 cM® IUCTHUIMpOBaHHONW BOABL Ilocie OXJIaXKIEHHMS 10 KOMHATHOM
TEMIIEPaTypPhl, PACTBOP KOJIMYECTBEHHO IIEPEBOJAT B MEPHYIO KOJIOy BMeCTHMOCTBIO 500 cM3, moBomaT
00beM pacTBOpa TUCTHUTMPOBAHHOM BOAOH JI0 METKH U TIEPEMEIINBAIOT.

[IpuroToBIieHre pacTBOPa Cyib(aTa rHAPA3HHA ¢ MAcCOBO# soneit okono 1,0% Pacteopsior (1,010,1) r

cynbdaTa ruapasuna B 100 cM® 1ucTUIIMpPOBAHHOI BOBL. PacTBOp NPUMEHSIOT CBEKEIPUTOTOBICHHBIM.
IIpUroToBIIeHNe PACTBOPA O KaTHs ¢ MACCOBOIA jonteit 50% (25,010,1) r ifomaa Kanus pacTBOPSIOT

B 25 cM® CBEKENPOKUIIYEHHON IUCTHILTMPOBAHHON BOJBI M MOMEMIAIOT B CKJISHKY W3 TEMHOTO CTEKJIA.
PacTBop creayeT npuMEHSATh CBEKETIPUTOTOBICHHBIM.

[IpuroToBneHre pacTBOPOB THOCYJIb(ara Hatpus ¢ koHueHTparmein C(Na;S,03*5H,0)=0.05 mons/am® u
0.01 wmonp/mm® Jlns mIpUroTOBIEHMS ~ pacTBOpa THOCYJIb(paTra HAaTpUs ¢  KOHIIEHTpalueil
C(NazS;035*5H,0)=0.05 mons/nqm®) MeTon0M pasbaBieHHs B MEpHyIO Koj0y BMecTuMocThio 100 cm®
BHOCAT mnmnetkoil 50 cm® pacTBopa THMOcynb(ara HaTpus C  MOJADHOH  KOHIEHTpauuen
C(NazS;05*5H,0)=0.1 Mons/amM®, TOIMBAOT 10 METKH JMCTHIUIMPOBAHHON BOJIOM M MEepeMEIIHBaioT. J{is
IPUTOTOBJIEHUs] PacTBOpa THOCyIbgarta Hatpus ¢ kKoHeHtparueit C(NaxS,03*5H,0)=0.01 momns/nm® B
MepHyI0 Konby BmectHMOCTBIO 100 cM® BHOCAT nmetkoi 10 cm® pacTBOpa THOCYNb(ara HaTpHs C
MOJISIpHOM KoHUeHTpauuen 0,1 MOJB/IM®, JONMBAIOT 1O METKH JUCTWUIMPOBAHHOW BOJOU U
MEPEMEIITNBAFOT.

[IpUTOTOBIEHNE PACTBOPA THAPOKCUIA KalUs ¢ MOJIApHOi konuenTpamueii C(KOH)=0,5 mons/nm® (28,0

iO,l) T TUAPOKCH/IA KaJIksl paCTBOPSIOT B BOJIE U IOBOJISAT 00BEM pacTBOpa AUCTUILTMPOBAHHON BOIOH 10

1000 cm®,

IIposedenue sxcnepumenma
l-as cepust ombiToB. B KadecTBe KaTamuzaTopa JIOKCHIMPOBAaHUS OKTeHa-1 HCIONb3yeTcs
NPUTOTOBJICHHBIA B JIA0OPATOPHBIX YCIOBHSIX PACTBOPEHHBI MOJIMOJEH B JTAHONE M YKPEIUICHHOM
OKCHJIaTe.

[IpenBaputensHO B TepMOCTaT 3arpy3uTh BOJY. B peakTop NpPHUTOTOBIIEHUS KOMILIEKCHOTO
MOJMOACHOBOIO KaTajau3aTropa 3arpy3uTb 96%-Hblil pacTBOp 3TaHONA B KoundyecTBe paBHOM 11,8 mi u
YKpeIUICHHBIA OKCUAAT (THAPOIIEPEKICH ITHIOCH301a) B KoimuecTBe paBHOM 10,7 mit. 3atem 3arpy3uTh
NpeBapUTEIbHO B3BELICHHBIN Ha aHAJIMTHYECKUX Becax MoymbaeH B konmuecte 0,08 rp. Temneparypa
IPY TIPUTOTOBJIEHMH KOMIUIEKCHOIO MOJIMOIEHOBOTO KaTajiu3aropa MojyiepkuaeTcss pasHoit 56 °C B
TedyeHue 2 yacoB. B xoje ombITa oTOMpaeTcs miecTh Mpod s ONpeCIeHHsT COAEePKaHUS OCTAaTOYHOTO
MOJIMO/IeHa C TTOMOIIBI0 MEeTOANKH «OMpeeNeHns pacTBOPEHHOT0 M O0IIero MoiMOAeHa B MPOIyKTax
MPOM3BOJICTBA CTUPOJIa», a TAKXKE COJep)KaHHE TMAPOINEPEKUCH C TOMOIIBI0 METOIUKH «OnpeaeneHus
KOHIICHTpAIIMHA TIEPOKCUIHBIX COCJAMHEHMIT». YCTaHOBKA CHHTE3a KOMIUIEKCHOTO MOJHOJICHOBOTO
KaTaJn3aTopa NpejicTaBlieHa Ha PUCYHKE 5.
2-as_cepusl OmbITOB. MeToIMKa IMPOBEPKH YKPEIUIEHHBIX 00pa3loB THAPONEPEKHCH ASTHIOEH307a |
AKTUBHOCTH KaTaJlM3aTopa B PEaKIMU SMOKCUIUPOBAaHMs OKTeHa-1.

[Mony4yeHHslli 00pa3zen KOMIDIEKCHOTO MOJIHOICHOBOTO KaTallM3aTopa H PacTBOPa YKPEIUICHHOTO
OKCHJaTa HEOOXOIUMO MPOBEPUTh B PEAKUUH SIOKCHIAUPOBAHUS OKTEHa-1 THAPOIEPOKCHIOM
STHIOCH30M1a, COACPKAIMMCA B YKPEIUICHHOM OKcupaaTte. OMBIT MPOBOJUTCS B TEPMOCTATHPOBAHHOM
peakTope, o0beMoM 30 Mj, 00OPYZOBaHHOM OOPATHBIM XOJOIUIBHUKOM, TEPMOMETPOM, MArHUTHOM
MeIIaIKol u mpobooT6opaukoM. TeMrepaTypa B peakTope noaaepkupaercs papHoi 96,5 °C ¢ TOYHOCTBIO
+ 0,5°C ¢ momomisro TepMoOCTATA.

B kadecTBe AMOKCHIUPYIONIETO arcHTa WCIOIb30BAM  YKPEIUICHHBIM OKCHAAT STHIOCH30J1a
MoJTy4eHHBIN 1pH pasronke 10%-Horo okcuaara. B xoze ombsita oTOMpaeTcs mecTs mpoo I OMpeeIeHus



COJIEpKaHUSI OCTATOYHOW THIPOIICPEKUCH C TIOMOIIBI0 METOMUKH «OmpeneneHus KOHIEHTPAINH
MEPOKCUAHBIX coennHeHui». [lo OKOHYaHWM OmBITa PEAKIMHOHHYI0 MAacCy IMpOaHAIM3HPOBATh Ha
COJIEpKAHUE SMOKCUTPYIIIHI C MOMOIIBI0 METOAUKU «OnpeaeneHus MacCOBOM ONM OKCHJIAa HOHEHA B
IMOKCUAATE.
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PI/IcyHOK YcTaHOBKA CHHTE3a KOMILIEKCHOTO MOJ'II/I6,Z[CHOBOFO KaTajiu3aTopa
rze | —peakrTop; 2- MarHMTHBII pa3MelBaTelib; 3 — 00paTHbIA XOIOAMIBHUK; 4 — MarHUTHAs Mellajka; 5 —repmoctart; | — Boja oxnaxaatomas; |1 —Boxa o6opoTHas;

Il — Boza ropsiuas; 1V — Boja ropsiuast 060poTHast.

Mertoauka «BeInonHeHHs I3MEPEHUH PACTBOPEHHOTO M 0OIIEro MoIMOIeHa B IPOYKTaX IPOU3BOJICTBA»
K maBecke B Konbe mNpuaMBaroT HWInHapoM 10 cM® pacTBOpa I'MApPOKCHAA HATpUs C MOJISIPHOM
xonuentpamueii C(NaOH)=1 wmonbs/am®, KoiOy 3aKpblBalOT BOPOHKOM, CTaBAT Ha OIEKTPOILIUTKY,
HArpeBaroT JI0 KUNeHUs U KUTATAT B Teuenrne 10 muH. CoaepkuMoe KOJObI OXJIaKJAI0T TPH KOMHATHON
TeMrepatype B Teuenue 10 MuH.

K comepskuMoMy KoaObl IPUIMBAIOT HUIUHAPOM 25 cM® CONSHOM KMCIOTBI ¢ MOJISAPHON KOHIEHTpalueil
C(HCH=2 mons/am® u 5 cm® pacTBopa ruapasus cyibdara ¢ MaccoBoit nomei 1%. Konby ¢ pactBopom
MOMEINAIT B BOAAHYIO OaHio ¢ Temmeparypoil Bomel (70-80°C) m marpeBaror B Teuenwe 10 MuH.
Jonyckaetcst cnaboe KUTNIEHUE pacTBOpa B KOJIOE, 3aKPhITO BOPOHKOM, Ha AIEKTPOTUTUTKE. 3aTEM pacTBOp
OXJIOKIAIOT NMPU KOMHATHON TeMriepatype B TeueHue 10 MuH, 100aBIOT IMiMHAPOM 20 cm® pactBopa
CepHOH KHCIOTHI ¢ MonspHol kouenrtparmein C(1/2 H;SO4)=16 moms/nM®, CHOBa OXNaXIarOT 0
KOMHATHOH TeMIIEpaTypbl, N00aBIAIOT TPU-TIATH Kalellb pacTBOpa (PEHUITAHTPAHWIOBOW KHCIOTHI U
THTPYIOT PACTBOPOM METaBaHaJlaTa aMMOHHMS C MOJIAPHOI KoHuenTparueit 0,01 Moys/avMe, 10 nosBIeHUs
PO30BOI UM CUPEHEBOM OKPACKU, yCTOMYMBOM B TeueHUE | MUH.
B ananornuHbIX ycnoBusix, 6e3 npoObl, MPOBOASAT XOJIOCTOM ONBIT HA PEAKTHUBEI.
Meroavika «BplonHEHUs] U3MEPEHUN KOHLIEHTPAIUU IEPOKCHU/IHBIX COCIMHEHUI

B HOArOTOBIEHHYI0 KOHUYECKYIO KOJIOY BMECTHMOCTBIO 250 cM®, BHOCAT tmmuaapom 10 cm® ykcycHoM
KHCJIOTBI, 3aKPBIBAIOT KOJIOY MPOOKOH, B3BEIIMBAIOT € 3aIMCHIO PE3Y/IbTATOB B3BEIIMBAHMS B IPaMMax J10
BTOPOTO JIECSTUYHOTO 3HAKa, MPHWIMBAIOT NHIIETKOW aHAIM3UPYEMYIO Tpo0y, B 3aBUCHMOCTH OT
MpearnoIaraeMoi KOHIICHTPAITUHU MEPOKCUTHBIX coenHEeHM B mepecdeTe Ha [ TIOB, u cHOBa B3BEIINBAIOT.
ITo pa3HOCTH pe3yNbTaTOB ABYX B3BELIMBAHUI HAXOIAT MACCy HABECKU MPOOHI.
K conmepxxumomy koi0b1 mobaBmisroT 1,5 cM® pactBopa Homauaa kaiusi ¢ MaccoBor moner 50%, konOy
3aKpBIBAIOT MPOOKOM, CMOYEHHON POCTBOPOM MOAMIA KK, IEPEMEIIUBAIOT 1 BBIICPKUBAIOT B TEMHOTE
B Teuenne 30 mun. [lo McTedeHnH yKka3aHHOro BpeMeHH npwimBaroT 100 cm® aucTHIIMpOBaHHON BOJIEL,
0OMBIBast MPOOKY KOJIOBI, TOOBIBIAIOT 1,0 cM® Kpaxmalia U He3aMe UTUTENBHO TUTYIOT BBIIEIUBIIMIACS HOJ
pacTBopoM THOCYIb(aTa HaTpus C MOJSPHOM KoHueHTpamueir 0,1 Monb/mM°, B 3aBHCHMOCTH OT
KOHIIEHTPAINH MEPOKCUAHBIX coequHeHni B nepecuere Ha [ TIOb, 1o obecuBeunBanms pacTBopa.

Metoauka « BelnogTHEHNS H3MEPEHUA MAacCOBOM JIOJIM OKCHJIAa HOHEHA B SNIOKCHUJIATE»
B KoHMYECKYIO KOJIOY C PUTEPTON MPoOKOit BMecTUMOCTBIO 250 ¢M® BHOCAT muneTkoi 10 ¢cm® pactBopa
COJITHOM KHCJIOTHI B HACHIIIEHHOM DPACTBOpPE XJIOpHIA HATPUS WM Marfus, J00aBJSIOT C TOMOIIBIO
nuneTku (5,0-2,5) cm® ananmusupyemoii mpoosl, umHapom 50 cm® sTanoma, KOOy 3aKpBIBAIOT IPUTEPTON
npoOKoil W TepeMelMBalOT Ha BCTpsxuBaTene B TeueHne 30 MuH. 3areM COIEPKHMOE KOJIOBI
KOJIMYECTBEHHO TEPEHOCAT B YMCTYIO JIEJUTEIbHYI) BOPOHKY BMECTHMOCTBIO 250 cM3, IBaKIbl
ononackusas Kooy 10 cM® QMCTHIIMPOBAaHHOM BOJBI M CIIMBAsi TIPOMBIBHBIE BOJBI B Ty JK€ BOPOHKY,
npuwmBaroT 20 cM® rekcana, M 3aKpbIB BOPOHKY IIPOOKOM, BCTPSXMBAIOT COJEPKUMOE B TEUEHHE 2 MHUH.
Ilocne paccrmoeHnsi cMecH HIDKHUN BOJHBIN CIIOM CIMBAIOT B Ty )K€ KOHHYECKYIO KOJIOYy, B KOTOpPOU
IPOBOINIIACK PeaKIus. B BOPOHKY ¢ rekcanom npuinBaroT 10 cM® qucTrimpBoaHHON BOIBI, B30I THIBAIOT
9-10 pa3 u cIuBarOT MPOMBIBHYIO BOIY B Ty ke KouOy. K cogepxumomy konObl nprbasistoT (5-6) kanensb
CMEIIAaHHOTO HMHIMKATOpa WIH METHWJIOBOIO OpPAaH)KEBOTO M THTPYIOT H30BITOK COJSTHOM KHCIOTHI
PacTBOPOM THAPOKCHIA Kaus ¢ MoJsapHOi konnenTpanueii C(KOH)=0,5 mons/nm® 10 nepexona oKpacku
pacTtBopa OT (HOJETOBO-KPACHOH B 3€JEHYIO, IPU TUTPOBAHWUHU MO CMELIAHHOMY HHIUKATOPY, WU OT
KpacHOH B JKENTYIO, IPY TUPOBAHUU IO METHIIOBOMY OPaHKEBOMY.
[TapannensHo NPOBOAAT KOHTPOJIBHBIN ONBIT ¢ TEMU K€ pPEeakTUBAaMH, HO 0€3 aHaJIU3UPyeMOil IIpoOkl, B
IIOJIHOM COOTBETCTBUH C paO0YUM OIBITOM.




Obpabomxa dKCnePUMEHMANTbHBIX OAHHBIX

B nmamHOM pa3mene mabopaTopHOl pabOTHl CTYOEHTY HEOOXOAWMO TII0 TIOJXYYSHHBIM
9KCIIEPUMEHTAEHBIM JaHHBIM IPOHU3BECTH PACUETHI MACCOBOM JOJIM PACTBOPEHHOTO U 0011ero MO0 IeHa
(Xwm,%), MaccoBO# 10STM IEPOKCUAHBIX coeaunenuil (Xr, %), MacCOBOH O OKCH/Ia HOHEHA B ITepecyeTe
Ha ’nokcuaHy0 Tpymmy (Xo, %), TOCTPOUTH TpaduK 3aBUCHMOCTH MAacCOBOW JOJNH PAaCTBOPEHHOTO U
o0111ero MoMo/IeHa OT BpEMEHH, MAaCCOBOM JTOJIM TIEPOKCUIHBIX COSTMHEHUI OT BpEeMEHH, MaCCOBOH 10N
SMOKCUAHOM TPYIIIBI OT BPEMEHH.
1. Paccuntare MaccoByl0 AONIO PacTBOPEHHOTO W obmero mommbaeHa (X,%) mo cruemyromeit
bopmye:
V,)*C =K *96 = 100

m o+ 1000

roe Vp, VX — 00beMBI pacTBOpa M€TaBaHaJaTa aMMOHHS, ITOLICAINNE HA TUTPOBAHUE B pa60'{eM H XOJIOCTOM OIIbITax, COOTBETCTBEHHO, CM3;

V. —
o 0

C — MOJIIpHAas KOHLCHTPpAalUs paCTBOpa M€TaBaHaaTa aMMOHUS, MOHB/HM3;
K — nonpaBounslit K03 HULHEHT K KOHIEHTpALUK pacTBOpa MeTaBaHaaTa aMMonus; (K=1)
96 — MoJsIpHast Macca SKBHUBAJICHTa MOJIHO/IeHA, I/MOJIb;

m — Macca HpOGLI, B3dATas Ha aHAJIU3, I'P.

2. IMocTpouts rpadvk 3aBUCIMOCTH BPEMEHH OT MAacCOBOH IO PAcTBOPEHHOTO W OOIIEro MoaubIcHa
(Xwm,%).
3. PaccuntaTh MaccoByIO JOMIO MEPOKCUIHBIX coeanHeHUH (Xr, %) 1o cinenyromei popmye:
_(v,—Vv.)=Cc+K=*2+100

m * 1000

roe Vp, VX — 00beMBI pacTtBopa THOCyJ’lbd)aTa HaTpus, IOIEANINE HA THTPOBAHUE B paGO‘{CM ¥ KOHTPOJIBHOM OIIBITaX, COOTBETCTBEHHO, CM3;

r

C — MoJsipHas KOHIIEHTPALUs PaCTBOPA THOCYJIb(haTa HATPUS, MOJIb/AM3;

K — nonpaBousbiit K03 (ULHEHT K KOHIEHTPALMH pacTBOpa THOCY IbaTa Hatpust; (K=1)

O — SKBHMBAJIEHTHAs Macca IEPOKCHIAHOIO COCAMHEHHMs, (69-11s ruaAponepoKcHa STHI0eH3051a, 8 — Ul aKTHBHOT'O KUCJIOPOJa), FP/MOJIb.

m — macca npo0bl, B3siTasi Ha aHaim3, rp. IIpu oTOGope NpoOkl Ha aHaM3 1Mo 0ObeMy, Macca poObl paBHa Vip*p, rae Vip — o6beM 1mpoOsl, cM3 U p — IUIOTHOCTH

aHanusupyemoit npo6st npu 200C, rp/cm3.
4. TToctpouTs TpaduK 3aBUCMOCTH BPEMEHH OT MaCcCOBOM J0JIM TIEPOKCHUAHBIX coennuennit (Xr, %).
5. PaccunraTh MaccoByrO MONII0 OKCHIa HOHEHa B Tlepecyere Ha SIMOKCHAHYyIo Tpymmy (Xo, %) 1o
crnenyrolei popmyie:
(V, —V,)=C*K=2=100
V=p=1000

rae Vp, VX — 00beMbl pacTBOpa M'MAPOKCH/A Kalus, HOLISANINE Ha TATPOBAaHUE B pab04eM U KOHTPOJIBHOM OIBITaX, COOTBETCTBEHHO, CM3;

X

C — MoJIsIpHasi KOHLEHTPAIHUS PacTBOpa MMAPOKCH/A KaIHs, MOJIb/IM3;

K — nonpaBouHsIii K03 HIMEHT K KOHLEHTPAIMK pacTBOpa rujpokcua kamis; (K=1)
O —MoIsIpHas Macca S5KBHBAJICHTA SIOKCUJIHON IPYIINBI, paBHAs 43 TP/MOIb.

V — 06beM npoObl, B3sTHIH Ha aHANN3, CM3;

p — miotHOCTh PoOsI tipu 20 0C, rp/cm3.

6. Iloctpouth rpaduk 3aBUCHMOCTH BPEMEHHM OT MAacCOBOW JOJM OKCHIAa HOHEHAa B TIepecueTe Ha
snokcuaHyto rpytiy (Xo, %).
Cmamucmuueckas obpabomka pe3yibmamos IKCnepumeHma
B nmanmHOM paszzmene 71a0OpaTOpHOH pabOTBI CTYIEHTY HEOOXOIUMO IO IOJYYEHHBIM

9KCIICPUMCHTAJIbHBIM JaHHBIM MMPOU3BECTU CTATUYCCKYTO 06pa60TI<y PE3YJIbTAaTOB SKCIICPUMCHTA.

— FT .
1. Paccuntath cpeaHeapruMETHUESCKOS 3HAUCHHE PE3YJIbTaTOB KCIIEPUMEHTa: X = —"=n'—‘, rAe N - meno

SKCTIEPHMCHTOB.
2. PaccuuTath OTKJIOHEHHE OT CpejiHero 3HadeHus: (Xi- X)

3. PaccuuTarh KBaJpar OTKJIOHEHHUS OT CPEIHETO 3HAYEHHUS: (Xi - )2

4. PaccunTaTh CyMMy KBaIPaTOB OTKJIOHEHHSA OT CPEIHEro 3HaueHms: L(X; — X )2

5. PaccunTaTh CTaHAapTHOE OTKIOHEHNE €AMHIYHOTO PE3yIbTaTa OT CpeaHeapu(GMeTHIecKOro 3HaUCHH:

Iz(xz'_"")_2

5=
* N| n(n—1)

. . x=xtS5;%t,,
6. PaccunTtaTh TOBEPUTEIIbHBIN HHTEPBAJ ONPEACIIICMOM BETUUNHBI: B



e t?.:l,. n - koodunuent CrrionenTa. Ero snauenne HaXoaaT u3 TabNUIBL, 3a1aBAsCh JTOBEPUTETBHOM BEPOSTHOCTHIO P.

Bui16o0si. B mannom paznene mabopatopHoii pabOTHI CTyIEHTY HEOOXOIUMO IEPEINCITUT OCHOBHBIE UTOTH
npojenaHHol pa0oThl. Iloka3aTh W MOSCHUTH, YTO MPOUCXOAHMT C KOHICHTPAIMEH THIPONEPEKUCU
STWIOEH30Jla M KOHIICHTpalMel OKHCHU, TEM CaMbIM II0Ka3aTh, YTO MPOUCXOJIUT C AaKTUBHOCTHIO
MOJTYYCHHOTO B TAOOPATOPHBIX YCIOBHAX KOMILIEKCHOTO MOJIMOICHOBOTO KaTajIM3aTopa.

JlabopaTopHas paGora Ne 4
HHITHUBUPOBAHHUE PAJIUKAJIBHOM H HOHHOW PEAKIIHH
HA ITPUMEPE [HOJIMMEPHU3AL[UN CTUPOJIA
Lenu pabomur:
1. U3yYNTh KHHETUKY PaJIUKAILHONW M HOHHOHW ITOJIMMEPHU3AINU CTUPOIIA;
2. I3y4YHTh BIMSIHUE PA3TMIHBIX AMHHHBIX HHTHOUTOPOB Ha MPOIIECC MTOJMMEPH3AIINN CTHPOIIA;
3. OOBSICHUTH OCHOBHBIE 0COOEHHOCTH PAAMKAIbHON U HOHHOM peaKknii MOJTUMEPH3aLy CTUPOIIA.
Kpamxas meopus

Ctupon siBiIsSeTCS ONHUM M3 BaXHEHUIIMX BCIIOMOTaTeIbHBIX MOHOMEPOB, MIPUMEHSIEMBIX B MPO-
MBIIJICHHOCTH CHHTETHYECKOro Kayuyyka. OH BXOOUT B COCTaB OyTaJWEH-CTHUPOJBHBIX KaydyKOB U
TEpPMOAJIACTOIIACTOB, a TAK)KE€ HAXOAWUT LIMPOKOE MPUMEHEHUE B MPOMBIIUIEHHOCTH IUIaCTMacc U psijie
Ipyrux obnacteil NpoMbIUIeHHOCTH. [Ipon3BOACTBO MONMKUCTHPOIa METOJOM TEPMUYECKON MOJIMMepHU3a-
ruu opranm3oBano W Ha OAO «HmxkuekamckHeDTexuM». HeoOX0aMMO OTMETHTH, YTO B HACTOSIIIUI
MOMEHT CTHPOJ W METOABI €ro MOJUMEPH3alrd H3yYeHbl Hauboliee MOJHO M CIy)KaT OCHOBOHM s
MOJIEJMPOBAHMS PsJia APYTHUX MPOLECCOB, BHIBEACHUSI KHHETHUECKUX 3aKOHOMEpPHOCTEN U MPOEKTHpOBa-
HUSI PEaKTOPOB. DTO CBSI3aHO C MPOCTOTON MPOBEACHUS MTOJUMEPH3ALMOHHBIX IIPOLIECCOB C €r0 YIaCTHEM,
CPaBHUTEIHHO HU3KUM YCIbHBIM TETTOBBIM 3P PEKTOM MOTUMEPH3AINN U JOCTYITHOCTEI0O MOHOMEDA.

PagukanbHas monuMepu3anus Bceria NpOTEKaeT Mo HEMHOMY MexaHu3My. DYHKINH aKTUBHBIX
MPOMEXYTOUYHBIX MPOAYKTOB MPU PaIUKAIBHON MOJMMEPHU3ALUH BBIIOIHAIOT CBOOOIHBIE paaukaibl. K
YHCIy PaclpOCTPAaHEHHBIX MOHOMEPOB, BCTYNAIOIIMX B PAaIUKAJIbHYIO MOJIMMEPHU3ALUI0, OTHOCSTCS:
STWICH, BUHWIXIOPUJ, BHHWJIALETAT, BHHWIAACHXIOPHUI, TETPapTOPITHICH, aKpUIOHHTPHI,
METAaKpUJIOHUTPWII, METHIIAKPUJIAT, METHIIMETAKPHIIAT, CTUPOJI, OyTaaneH, XJIoponpeH u ap. PanukanbHas
MOJMMEPH3aLUs OOBIYHO BKIIIOYAET HECKOJIBKO XMMUYECKUX CTaUi: HHULUUPOBAHUE, POCT LIEMH, OOPHIB
LENH U nepeady nenu. HenpeMeHHbIMU CTaAHSAMU SIBIISIOTCSI MHUIIMUPOBAHUE U POCT IIETIH.

Hnuyuuposanue paouxanbHol noaumepu3ayuyu COCTOMT B CO3JAHUU B PEAKLIUOHHOW cUCTEMeE
CBOOOJHBIX PaJMKaIOB, CIIOCOOHBIX HayaTh peakunMoHHbIE Hernu. Hambonee pacnpocTpaHeHHBIH METO[
OCHOBaH Ha OCYIIECTBJICHHH B Cpele MOHOMEpa TEPMHUYECKOTr0 TOMOJIMTHYECKOIO paciana HEeCTOMKHX
BEIIECTB - MHUIMATOPOB. B KadecTBe MHUIIMATOPOB IIUPOKO HMCIIOJIB3YIOT Pa3IMUHbIe THUIBI TIEPEKUCEHt:
ANKWIIIEPEeKUcH (TIEPEKUCh TPET-0yThia), THAPOIEPEKUCH (THAPONEPEKUCh Kymoia), nep3dupsr (Tper-
OyTunmepOeH30aT), anuinepekucH (mepexnuck Oensonna) u ap. llepekucu npu HarpeBaHUH pacmaatoTCs
CIIeIYFOIIUM 00pa30M (Ha MpUMepe MEePEKUCH OCH30MJIa):

Ph-C(0)-O-0O-C(0)-Ph — 2Ph-C(0)-O*— 2 Ph* + 2 CO2?

WHnupmaTopsl paAnKaabHOMR MOJMMEPU3aK O0OBIYHO HE OTIIMYAIOTCS CEJIEKTUBHBIM AEHCTBHEM IO
OTHOIIICHUS K pa3HbIM MOHOMEpaM, IO03TOMY BBIOOD HWHHIMATOpA dYalle BCEro OOYCIIOBIUBAETCS
TEMIIEPATY PO, IPU KOTOPOU B KaXKIOM KOHKPETHOM CITydae MOXET OBITh JOCTUTHYTA jKeJaeMas CKOPOCTh
reHepupoBaHusi cBOOOJHBIX paaukaioB. Tak, AUBH npumenstor npu 50—70°C, nepexucs 6eH3oma mpu
80—95°C, a mepekuch Tper-Oytmna npu 120—1400C. DHeprus akTUBaLIUK MHULUUPOBAHHUS OOBIYHO
0JIM3Ka K DHEPTUHU CBSI3H, Pa3phIBAIOIIEHCS MPH paciajie HHUIMATOPOB, U KonebneTcs B npeaenax 105—
175 x/x/monb. Pagukan, oOpasylommidcsi mMpu pacnaze MOJEKYJbl WHUIHATOPA, NPUCOEAUHSETCS K
JBOWHOM CBSI3M MOHOMEpPA M HAYMHAET PEaKLIMOHHYIO 1eTIb:

R*e + CH2 = CHX — R —CH,; -C*HX

[MonuMepH3anuio NpH BBHICOKUX TEMIIEpaTypax MOXHO BbI3BaTh M 0€3 BBEICHHS B CHCTEMY
CHEUUAIBHBIX WHULOUMATOPOB. B 3TOM ciywae oOpa3oBaHME pPagUKaOB MPOHCXOAMT, KaK IPaBUIIO,
BCJIE/ICTBHE Pa3I0KEeHNU HEOOIBIITNX KOJTMYECTB MMEPEKUCHBIX TPUMECEH, KOTOPBIE YacTO 00pa3yroTCs IpU
B3aMMO/JICUCTBUHM MOHOMEpa C KUCJIOPOAOM BO31yXa, W JIPYTUX CIy4YallHBIX NnpuMeceil. Bo3aMOXHOCTD
TEPMHUYECKOTO CAMOMHUIIMMPOBAHMSI JOKAa3aHa TOJIBKO Il OTPaHMYEHHOT0 Kpyra MOHOMEPOB (CTHpoJia U
HEKOTOPBIX €ro MPOU3BOIHBIX, METUIMETAKpUIIaTa U psaa ap.).

HonHoli nonumepusaiyel Ha3bIBaeTCs IPOLECC CHHTE3a IOJIMMEPOB, IIPU KOTOPOM aKTUBHBIMU
LEHTPaMH, BO30YKIAIOLMMHU LIEMHYIO PEaKIMIO, ABISIFOTCS HOHBI. MOHHAs monmMepHu3anus NpoTeKaeT B
NPUCYTCTBHHU KaTaau3aTopoB. KaTanu3aTopsl MOHHOH MOJMMEPHU3aMU MOXKHO Pa3lesInTh HA TPH Kilacca:
1. coenuHEeHHS - TOHOPBI TPOTOHOB: KucioThl bpercrenaa (HF, HCl u ap.) u ocodenHo kuciioTsl JIstonca



(AICIz + HC1, BFs + HF u 1.1.);
2. COeTMHEHHS - TOHOPHI DIIEKTPOHOB;
3. xkatanuzatopsl Lurnepa - Harra.

KaranuzaTopsl mepBoil rpymnmbl Oka3blBaroTcd Hed()(EKTUBHBIMH A1 MHOTHX COEIWHEHUH C
AIEKTPOHOAKIIENTOPHBIMI 3aMECTHUTENISIMI y IBOWHOW CBSI3U (CTHUPOJ, O-BUHWINHPPOIUIOH), HO OHHU
OYeHBb AKTHUBHBI M0 OTHOIIEHWIO K TaKWM BEIIECTBaM, KaK BUHWIOBBIE COCIWHEHHS C COMPSDKEHHBIMU
cBa3samMu -C=0 u -C=N. Karanmzatopsl BTOpOW TpyMIIbl CIIOCOOCTBYIOT MOJMMEPH3ALWU BUHHUIOBBIX
COEIMHEHMM C NOBBIIIEHHOM 3JIEKTPOHHOM INTIOTHOCTBIO Y IBOMHOM cBsA3U. KatanuzaTopel Lurnepa - Hatra
00pa3yroT ¢ MOJEKYJIOH MOHOMEpa KOOPAMHAIMOHHBIM KOMIDIeKC. [loaToMy CHHTE3 MOIMMEpoB B
MPUCYTCTBUU ITHX KaTaJIM3aTOPOB HAa3bIBAETCSI HOHHO-KOOPAWHALIMOHHON MOJIMMepU3aLuei.

B 3aBucuMmocTH OT 3apsma oOpa3ylolierocss HOHa pa3iuyaroT KAaTHOHHYIO M aHHOHHYIO
MOJTMMEPU3AIIHIO.

Karnonnas, wnu kapOoHueBasi, MoJMMEpH3alusl MPOTeKaeT ¢ oOpa3oBaHMEM MOHa KapOOHUs -
IOJIAPHOr0 COCAMHCHUA C TPEXBAJICHTHBIM aTOMOM YIJICpOAad, HECYIIUM MOJI0KUTEIbHBIN 3apsai.
Karanmzatopamu ciykaT BemiecTBa, akTUBHBIE B peaknusiax Opunens - Kpadrca. Katammuzarop sBisercs
aKIIETITOPOM, a TIOTMMEPHU3YIOIIUICS MOHOMED - JOHOPOM 3JIEKTPOHOB!

e
H* + CH2=|C - CHT(F U T I
CH, CH,

AHWOHHas, WM KapOaHWOHHAs, TMONMMEPH3AlHs MPOTEKaeT ¢ oOpa3oBaHWEM KapOaHHWOHA -
COCJIMHEHHs] C TPEXBAJEHTHBIM aTOMOM YIJepoJia, HECYUIUM OTpHUIATENbHBINA 3apal. AHHOHHAs
MOJIMMEPU3ANNS TPOTEKAET B IPUCYTCTBUH JOHOPOB BHGKTpOHOE - KaTaJM3aTOpPOB BTOPOTO Ki1acca:

|
+ CH2=C|:H > CH3_C|~

CN CN

HNonHas nosmMepusanus yCKOPSIETCS B IPUCYTCTBUM COKaTaiM3aTopoB. IIpm kxaTnoHHOM
MOJIUMEPU3ALINN  COKATaNN3aTOpaMU CIy’KaT THUAPOKCHIICOJEpKAIllNe COEAUMHEHUs (BOAa, CIHHUPTHI,
KHCJIOTBI); COKAaTAIN3aTOPaMH ITOJIMMEPU3ALMY B IPUCYTCTBUH aJIKWIMETAUIOB (KaTanu3aTopos Llurnepa
- Harra) sBnsitoTcs Xopuasl MeTaIJIOB IepeMeHHON BajieHTHOcTH, HanpuMep TiCls. CkopocTh HOHHOM
MOJIMMEPU3ALINN OYEHb BEJIHKA.

OKcnepumenmanvHas wacmo
Peaxmueui: THII0EH3017, CTHPOIL, HHTUOUTOPBI (MOHOOKCHITPOIIMIMPOBAHHBIN aMUH,
JIMOKCHUITPOTIMITUPOBaHHbIN aMuH, HoBaHTOKC, 6pPd, MOTHOKCHITPOTTMIIMPOBAHHBINA aMHUH).
IIpuboper: xonbwl KOHUYECKHE, BMECTUMOCTBIO 100, 50 cM3; HUIMHAPEI MEPHBIE, BMECTUMOCTEIO 50 cM?;
IMIIETKA IPaJlyMPOBaHHbIE, BMECTHMOCTBIO 1, 2, 5 1 10 cM3; Bechl 1abopaTOpHBIE CHIENUANBHOTO Kiacca
TOYHOCTH C HauOoJbIIMM TpenenoM B3pemmBaHus 200 T, CeKyHIOMEp; TEPMOMETP CTEKJISTHHBINA
nabopatopHslii ¢ nuanazonom usmepenus ot 0 °C 1o 250 °C, uena nenenus 1 °C, nunatomerp, TepMocTar,
LITATHB.

IIposedenue sxcnepumenma

[To 3amanuro mpernojiaBarelisi B3BECHTh HEOOXOIUMYIO MAaccy WHTHOMTOpa Ha aHAIUTHYECKHX
Becax. [IpurotoButh pactBop: 27 mit ctupona, 3 mi atmwiben3ona, 0,0243 rp auMeTHIOEH3UIT IepoKCHIa
(C18H2207), mosryueHHBIH pPacTBOP XOPOIIO MepeMmenarb, 100aBUTh HaBecKy uHruouropa. Harperb
TepmocTar 10 125-126°C, 3anonHUTE AUIATOMETP NPUTOTOBIEHHBIM PACTBOPOM, AUIATOMETP MOMECTUTH
B HarpeTblii TEpMOCTAT.

CxeMa ycTaHOBKM IOJUMEPH3ALUU CTHPOJIA MPEACTaBIeHa Ha PUCYHKE 8, KOTOpas COCTOHT U3
TepMocTaTa 1, Tepmomerpa 2, mtaTuBa C Jankoil 3,4 v 3aKpenIeHHOro AUIaToMeTpa .

[onmnmepuzanus BUHMIOBEIX MOHOMEPOB 110 C=C CBSI3M CONPOBOKIAETCA yMEHbIIEHHEM 00beMa
(nmopsaaka 20% ot o0bema mMoHoMepa npu 100% KOHBepcHM) PEaKIMOHHON CMECH, YTO OOYCIIOBJICHO
pPa3HOCTBIO B IUIOTHOCTSX MOHOMeEpa M monmmepa. Iloaromy, ciens 3a ycaakoidl HOIMMeEpHU3YROIIEHcs
CHCTEMBI B PEaKIIHOHHOM COCY/I€ (IMUJIaATOMETPE) B XOJI€ PEAKIINHU, MOKHO OTIPEAETUTH CKOPOCTh PEAKIIHH.

Obpabomka sKchepumMeHmanbHbIX OaQHHbIX.

B nanHoM pasgene naGopartopHoll paboOTBl CTYOEHTY HEOOXOOUMO 10 MOJYyYCHHBIM
9KCIIEPUMEHTAJIBHBIM JIAHHBIM TOCTPOHUTH Trpaduk 3aBucumoctd h=h(t) w mo yrmy HakiIoHa
COOTBETCTBYIOIIEH mpsiMoit HaxomsaT 3Hadenne dh/dt, koTopoe mo3BoseT paccunTaTh CKOPOCTH PEAKIINN
10 YPaBHEHUIO:



I, . .2 P
107 ==y dh "
V= % — (Moaw/1*C)
LIHI_TMH:""I dt
rae M — monexynspHas macca MoHOMepa, V — HavalbHBIH 00bEM PEaKLMOHHON Macchl B MII TIpH Temnepatype T, I — paanyc aunatomerpa B oM, M — napametp,
CBSI3aHHBIH C KOHIIEHTPALKEl MOHOMEpPA MPH IIOJIMMEPU3ALUH U PaBHBIH Pa3HOCTH OOPATHBIX BEJIMYMH IUIOTHOCTEH MOHOMepa | mosiumepa, T.e. SM = 1/ pM —1/ pIT .

TIpu 700 C aas Cr pM=0.860 r/em3, pas TIC plT1=1.046 r/cm3.

- TepmocTar
- Tepmonmerp
- wTaTHn

- namka

- AMnaTOMeTp

e

PI/IcyHOK Cxema YCTAHOBKH IMOJIMMEpPU3ALINU CTUPOJIA

Cmamucmuueckasi 06pabomra pe3yibmamos KCnepumMenma
B nmanHOM paszgene J1a0opaTopHOM pabOTBI  CTYJASHTY HEOOXOAMMO IO TOJYYCHHBIM
IKCIIEPUMEHTATBHBIM JJAHHBIM TIPOM3BECTH CTATHYECKYIO 00pabOTKY pe3yabTaTOB DKCIIEPUMEHTA.

JLLITT
1. Paccuurats Cpe,Z[HeapI/Iq)MeTI/I‘IeCKOG 3HAYCHUE PE3YJIbTATOB JKCIIEPUMEHTA: L' = L, rae

N — 4yucio

OKCIIEPUMEHTOB.

2. PaccuutaTh OTKIOHEHHE OT cpeaHero 3HaueHus: (vi -1 )
3. PaccumTaTh KBaApaT OTKIOHEHHUS OT CPEAHEro 3HaYeHus: (Vi - )2
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4. Paccuntath CyMMy KBaIpaTOB OTKJIOHEHHS OT CPETHETO 3HAUCHUS: Z '
5. PaccunraTh CTaHAAPTHOE OTKJIOHEHHE €IMHIUYHOIO pe3ysbTaTa OT CpeaHeapu(pMEeTHIeCKOro 3HAUCHUSL:
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6. PaccunTath J10BepHUTENIbHBII HHTEPBAIl ONpeIeNIeMoii Beamuunb: V=1 + 5. ¥ fp.]:
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rae r:l.."! - k03¢ dunuent Crerofenta. Ero sHaueHne HaxoasT U3 TaONULBI 2, 3a/1aBasICh JOBEPUTEIBHON BEPOSITHOCTBIO P.

Bv1600bi. B nannom pazaene 1adopaTopHO# paboThI CTyI€HTY HEOOXOJMMO NEPEUUCIUTh OCHOBHBIE HTOTH
NpOJIeTaHHON paboTEI.

Kpumepuu oyenku rabopamopuvix pabom @ cemecmpe

Kpumepuii oyenxu bann
(3a eévinoinenue 00HOI 1a0OpaAmMoOpHON pabomsot) ou/ou-
3a0u4/3a0u

JlaGopatopHasi paboTa OTIIMYAETCs MOCIEeIOBATEIbHOCTRIO, TIPABUIIBHOCTBIO TTONYYEHHBIX
pe3yabTaToB, BRIBOAOB. [IpH OTBETE Ha BOMPOCHI CTYIEHT IEMOHCTPUPYET XOPOILLIYIO CTEIIEHb

BJIaJICHUS TIPECTaBICHHBIM MaTepraioM. OTBeThl (OPMYIUPYIOTCS apryMEHTHPOBAHHO. 15/15/25

OTcyTCTBHE OMMMOOYHBIX OTBETOB.

JlaGopatopHasi paboTa OTIIMYAETCs MOCIIEIOBATEIHOCTRIO, TIPABUIIBHOCTBIO TTONYYEHHBIX

pe3yabTaToB, BEIBOJOB. [IpH 0TBETE Ha BOMIPOCHI CTYIEHT AAeT AOCTATOYHO MOJIHBIA OTBET, C 12 5/12 5/20
) ,

HApYHMICHUCM ITOCJICAOBATCIBHOCTHU H3JIOKCHUS. Ecte HeOOMBIION MPOLCHT OIMOOYHBIX
OTBCTOB.

JlaGopaTtopHast paboTa BBIMOMHEHA C TPYyOBIMH OIMMOKAaMH, TOJTYyYEHHBIE DPE3yJbTaThI
3HAQUUTENBHO OTJIMYAIOTCS OT HMCTHHHBIX. Y CTYJEHTa OTCYTCTBYET YETKMH OTBET Ha 10/10/15
MOCTaBJICHHBIE BOMPOCHL.

JlaboparopHas paboTa He BBITOJTHEHA. 0




KommiekT 1a00paTopHbIX padoT
o mucrumumie b1.B.J1B.03.01 KaTtanus 1 kaTaan3atopsl B HeQTEXUMUH U HeQTenmepepaboTKe
(Haumenoeaﬁue OuUCYunIuHbL)
Cemectp: 6 (ounas), 7 (0ouHo-3204HAanA), 8 (3a04HAafA)

JladopaTtopHasi pa6ora Ne 5
M3YYEHUE CBOMCTB KATAJIU3ATOPOB
C [IOMOIIBIO INGDEPEHIIUAJIBHO CKAHUPYIOIIEN KAJTOPUMETPUU
Lenu pabomeoi:
1. Hcmomszys JCK Linseis momyduTh  3aBUCHMOCTH  TEIUIOBOTO  IOTOKA  OT  TEMIEpaTypHl.
2. [To xanmopuMeTpH4ecKOi KPHBOH ONPEAEIUTh TEMIIEpaTypy MpEeBpalleHus KBapll U TeMIeparypy IpeBpalieHus
KBapll.
3. OnpenenuTs SHTAIBINIO MPOTEKAIOIINX MIPOLECCOB.

TeopemulteCKaﬂ yacmos

CornacHO COBpEMECHHBIM HAayYHBIM MPEICTABICHUS, B TFOOOM Telle He MOXET OBITh 3allaceHa M W3MEpeHa
HE3aBUCHMO JIPYT OT Apyra TEIUIOBasl, AICKTpUYecKas U KHHETHUECKas SHeprusl. DTH BUJIbI YHEPT Ui B3aUMOCBSI3aHBI
U MOTYT IIEPEXOAUTH APYT OT ApyTa.

dopma sHeprum, M3BeCTHas KaK TEIUIOTA, CBSI3aHBI TOJBKO C OOMEHOM JHEPrHHM MEXAY IBYMs WU
HECKOJBKUMM CHCTEMaMH. TemsoTa acCOIMUPYETCs C TEIUIOBBIM MTOTOKOM, YTO MOJYEPKUBACT €€ KOJIMYECTBEHHYIO
npupoay. Takum oOpa3oM, mennoma — 3TO KOJIUYECTBO SHEPIHH, KOTOpOe OOMEHUBAeTCAd B TEUCHHE ITAHHOTO
BPEMEHHOI'0 MHTEpBaja B (hopMe TEIUIOBOTrO MOTOKa. J{Jisi W3MepeHus TeMIOThI, BBIACISIEMON WM IOTIOMAaeMol B
Pa3IMYHBIX MpoIleccaX, UCIOIB3YIOTCS MPUOOpPHI, Ha3bIBAaGMBIC KATIOPUMETPAMH, a «KAaJOPHUMETPUW» O3HAdaeT
U3MEPEHHUE TETUIOTHL.

Huddepennnansras ckanupytomas kamnopumerpus (ICK) Bxomur B rpynn (U3WYECKHX U (QH3UKO-
XUMHYECKIX METOAOB TepMuUeckoro aHanmmsa (TA) u saBnseTcs oTHUM U3 TpeX MeTooB TA, ¢ TOMOIIBI0 KOTOPBIX
OTIPENIeIAIOTCS SHEPTETHUECKUE (SHTAIBIMITHBIC) U3MCHEHHS B HCCIIEYEMOM BEIIeCTBE. DTH METOIBI OCHOBAHBI Ha
U3MEPEeHUHI TeMIIepaTyphbl, CaMOIPOM3BOIBHBIX WIH KOMIICHCUPYOIIINX TEIUIOBBIX MTOTOKOB.
JCK ocHoBaH Ha HarpeBaHuU (OXJXKJEHHHM) OOpaslla M 3TajoHa C 3aJaHHON CKOPOCTBIO MPH COXPAaHEHUU HX
TEeMIepaTyp U HW3MEpPEeHHH KOMIIEHCHPYIOUIETO TEIJIOBOTO IOTOKA, MOANEPKUBAIOIIET0 TeMIlepaTypy obOpasia B
mpenenax 3aJaHHol nporpaMmbl. DkcnepuMenTanbHbie kpuBble JJCK npenctaBnsioT co6oii 3aBUCUMOCTH TETLIOBOTO
moroka (B wmJDx/c) wmm yaempHOM Teruoemkoctd Cp  (Jx/rK) oT TemmepaTypbhl WM BPEMEHHU.
Bce JICK uMeroT aBe M3MEpUTENIbHBIE SUSHKH: 0JJHA IPEAHA3HAYEHA I HCCIIeyeMoro oopasiia, B IPyTyIo — S4YeHKy
CpaBHEHUS, TOMEIIAIOT JIMOO IyCTOM THTeNb, JTHOO THUTENh C 00pa3loM CpaBHEHUS — STAIOHOM (MHEPTHBIM B
3aJJaHHOM JIMATIa30HE YCIOBHH BEIIECTBOM, MO TEIUIO(PU3IUYECKAM CBOWCTBAM OIHM3KUM K o0pasiy). Sueiku
KOHCTPYUPYIOT MAaKCUMAaJbHO CHMMETPUYHO (OIUHAKOBBIC THIJIH, OJHHAKOBBIE CEHCOPHI, OMHAKOBOE PACCTOSHHE
OT HarpeBaTellsl 10 ceHcopa M T.x.). OOpa3enm W STalloH HArpeBalOT HHINBHUIYaJdbHBIC HCTOYHHKAMHU TEIUIA, a
TEeMIIepaTypy U3MEPSIOT BBEICHHBIC B HUX YYBCTBUTEIBHBIC TaTIHKH.

Uzmepsiemoii siisieTcs pasHULa 1= q6— [, MEXKIY TemmuepaTypamu oopasna (Tos) 1 3TanoHa (Tor) B QyHKIHH
BPEMEHH HarpeBaHUs WM TeMIepaTypsl. Bennunna T npomopuroHanbHa H3MEHEHHUIO SHTAIBINK H, TenmoemMkocTi
C 1 00111eMy TEPMHUYIECKOMY COMTPOTHBIICHHIO TEIUIOBOMY MOTOKY R=Ry+Ros.

Xon xpuBbix JICK, W3MepeHHBIX IpH OTCYTCTBHH KaKHX-THOO MPOIECCOB, CBSI3aHHBIX C IOTJIOMICHUEM H
BBIJICICHHEM TeIlla (Tak Ha3bIBaeMble 0a30BbI€ JIMHHM) B OOIIEM CIy4ae OTIMYaeTCd OT MpsIMOIl JIMHUH,
napaensHoi ocu abcmmec. [Ipranaa aHoManeHOTO OTKIIOHEeHHUS KprBoi JICK B Hagane m3MepeHHs 3aKIII09aeTCs B
HEBO3MOXXHOCTH B Hadajie M3MEPEHHUS cpa3y 00eCIednTh NOCTOSHHYIO CKOPOCTh HarpeBa M3MEPHUTEIbHON SUCHKH.
Haxuon xpuBoit ICK Bo3HMKaeT u3-3a HEpaBEeHCTBA MacC M TEIUIOEMKOCTEH o0paslia M 3TajoHa, BCIEACTBUE YETO
Pa3sHOCTh TEIUIOBBHIX ITOTOKOB, M3MEPSEMbIX AU PEepeHIIMaIbHON TEPMONapoi He paBHa HYJIIO JJaKe B OTCYTCTBHE
(ha30BBIX NMPEBPAIIEHUH 1 JIMHEWHO U3MEHSETCS C TEMIIEPaTypOi.

OueBHTHO, YTO ONMCAHHbIE BBIIIE apTe(aKThl HE TTO3BOJISIOT MPOBOANTH U3MEPEHHS C BEICOKOH TOUHOCTHIO,
OJTHAKO y COBPEMEHHOTO 00OpYJIOBaHMS €CThb BO3MOXKHOCTH KOPPEKTHPOBAaTh 3TH 3(PQEKTsl M BBIYECTh HX H3
SKCHEPUMEHTAIBHOW KpHBOH. IS 3TOro mepen OCHOBHBIM HM3MEPEHHEM CHHMAIOTCS TaK Ha3BIBA€MbIE KpPHBBIC
koppekmu (kanubpoBkn) - JICK kpuBble, Ipu H3MEPEHNH KOTOPBIX B Jepkarerne oOpas3iia HaXOqUTCs TMO0 MyCTOr
THTEIIb, THOO MOAJIOKKa 6e3 oOpasma. i Toro, 4ToObl y4eCTh KOPPEKIIUIO MPH OCHOBHOM M3MEPEHUH, C TIOMOIIBIO
MPOTPaAMMHOTO OO€ecIieueHNsI aHaIu3aTopa mpu obcdere 6a30BBIX KPUBBIX IPOU3BOANUTCS KOPPEKIHS C MMOMOIIBIO
KaJTHOPOBOYHBIX JAHHBIX.

[Ipu Hanu9wm B BcciemyeMoM o0pasie KaKux-JIn00 MpOoIecCoB, WIH IIEPEX00B MEPBOTO POJIa, CBI3aHHBIX
C TOTJIOIICHHUEM HJIH BBIICJICHHEM Telula (IJIaBJIeHue, CTPYKTYPHBIH (a3oBblii mepexo, ucriapeHue 1 JIp. ), Ha KPUBBIX
JCK nposBistoTcs XapakTepHbIE MKW M aHOMAJIMH, UCCIEJOBaHHE KOTOPBIX JaeT MH(OPMAIMIO O Ipoleccax
NpoTEeKaIKX B oOpasue. PaznnyaioT sk3oTepMuueckue (BBIICICHHE TEIUIA) W SHAOTEPMHUUYECKHE (IIOTJIOLIEHUE
tera) aHomanun JICK. Anomanuei nazpisaetcs 1:000€ OTKIOHEHHWE OT MOHOTOHHOTO M3MEHEHHS 3aBHCHMOCTH
curHaia ot Bpemenu. Jlrobas anomanus (muk) JACK momHoCcTEI0 MOXKET OBITH ONKCaHa CIeTyIOUIMMH MapaMeTpamMHu:
1. TemmepaTypamu Ha4ajga THKa, KOTOpas XapakTepu3yeT Hayajo Iporecca, W okoHdanus nuka (71 u 7>,



OIIPEEIAIOTCS KaK TOUKH IIepeceueHH s KacaTeJIbHbIX OCHOBHOM (0a3oBoi) mnHun JICK u rured nuka).
2. Temneparypoit MakcumyMa (MUHEMYMa) niKa (73), KoTopast XapakTepu3yeT OKOHUaHHE Mpoliecca.
3. IInomaakio nrka, KoTopast onpeessieT SHTaIbIUo (YAeIbHYI0 TerioTy) npouecca (J = Q/M, rae Q - Koian4ecTBo
MOTJIOIIEHHOTO/BBIJIEICHHOT0  Teria, M - Macca wHcclielyeMoro BemiectBa). [lnomanp nuka — IUIOMIAZb,
OrpaHUYCHHAs SKCIICPUMCHTATBHOW KPUBOU 1 0a30BO THHUCH.
4. Bocmpom3BOOUMOCTBIO TNHKa MPH OXJIAXKIACHHH W IIOCIEAyIOImeM HarpeBe. Hammdane BOCIPOM3BOIUMOCTH
CBUJICTENLCTBYET 00 oOpaTmMocTr (a3oBoro mepexoxna. Ecim TepMudeckas aHOMaJHs HE BOCHPOHM3BOIUTCS IIPH
MOBTOPHOM HarpeBe o0pasma, 3To MpHU3HaK HeoOpaTuMOro (ha3oBOro mepexoaa.

Ipaxmuueckasa yacmo

K wmccrenoBaHmsM OMMyCKArOTCS TBEpABIE M JKUAKHIE BEIIECTBA, HESNOBUTHIC (M3-32a TPYOHOCTH OTBOAA
MIPOAYKTOB MCHAPEHH) W HE arpecCHBHBIC K MaTepHally THTJIS K IMOUIOKKH. Macca HCClleyeMoro MaTepuaia
BBIOMpAeTCs B COOTBETCTBUM C 3anadell. Yem Oojplie macca oOpasla, TeM HHTEHCHBHEE CHIHaN, (PUKCHPYEMBIH
npuOOpPOM, TEM BBIIIE OTHOLICHUE CUTHAJ/IIYM M MEHBIIIE TOTPEIIHOCTh, BHOCHMAs BHEITHUMU (DaKTOpaMH, OZHAKO
CJI/TyeT YyYHUTBHIBATh, YTO Ye€M OOJIbIE KOJUYECTBO HMCCIIEJYEMOrO BEIIECTBA, TEM BBILIE B €r0 00BbEME IpalUeHT
TeMIlepaTyp, TeM OoJiee pPa3MBITHl HAOJIOJaeMble TEPMUUYECKHE aHOMAJIUHM, U TEM MEHbIIE TOYHOCTh U3MEPEHUS
MOTEPHU BeCa, TEMIIEPATyPhI U TEIUIOTHI.

[pu u3mMepeHnn HEOOXOAUMBI IBA THUTJISA, B OJMH U3 TUIJICH OyIET MOMEIIEH UCCIIeAyeMbIit 00paselt, Apyrou
TUTeNb (IIyCcTON) OyIeT HCIOB30BATHCS KaK ATAJIOH. MaTeprall THIIIA OTPEASIsIeTCs] MaKCUMaIbHOM TeMIepaTypoit
HarpeBa oOpasla M HCCIEAYEMBIM BEIIECTBOM, KOTOpOE HE IOJDKHO pearnmpoBarh ¢ TUTieM. Hamboree dacto
HCIIONIB3YEMBIMHU MaTepHaIaMy TUTJIeH ABIstoTes amoMuani (1o 600°C), 3omoto (o 900°C), mnatuna (mo 1000°C)
u xopyHZ (10 1600 °C u BbIIIE).

Turnu s u3MepeHnit UCTIONB3YIOTCS JINOO OTKPBITHIC, JINOO 3aKPBHITHIC KPBIIIKOW, MPU STOM B KPBIIIKE
MPOJIENBIBAIOT HEOOJBIIOE OTBEPCTHE JJIs BBIBOJIA NMPOAYKTOB HMCHapeHus. Takoe OTBepCTHE TakKe MOMOraeT
n30exath AeopMaly U pa3pbiBa THIJIS B pe3ysibTaTe MOBBIIMICHHS BHYTPEHHETO JaBJICHUS HACBIIICHHBIX MapOB B
Ipoliecce Harpesa.

Ilepen wu3mepenunem oOpaser; HEOOXOIUMO B3BeCHTh. UTOOBI 00ECHEYHTh BBICOKYIO JOCTOBEPHOCTH
HU3MEPEHUI TOYHOCTh HAYaIbHOTO OMPE/ICICHHUS Beca T0/KkHa ObITh He MeHee 100 Mxr. Hacto oOpaserr 101KeH ObITh
MOATOTOBJIEH K W3MEPEHUSIM, OCHOBHBIC KPHUTEPHH - CIIEAYET OOECIeYUTh MAKCHMaJIbHO BO3MOXHYIO 00JIacTh
KOHTaKTa MEXAY HCCIeTYEeMBIM 00pa3lioM U THOM THIJIA (deM OolbIie 00JIACTh KOHTAKTa, TEM CHIIbHEE M TOYHEe
CUTHAI, (PUKCUPYEMBI aHAIM3aTOPOM) U 00ECTIEYUTH KaK MOKHO 00Jiee paBHOMEPHOE paciipeieIeHUE HCCIIeyEeMOTro
MaTepHaa o TUTIIO HITH MOJIOXKKE.

W3mMepeHne paHee HE WCCICHOBABIIMXCS HEM3BECTHBIX MATEPHAJOB; KUAKOCTEH; MaTepHalioB ¢ OYpHBIM
UCITAPCHHUEM WIIH PA3JIOKEHHEM MPOBOJUTCS UCKITFOUUTEIHFHO B 3aKPBITHIX KPHIIIKOHM U 3aIPECCOBAHHBIX THIJISX, BO
n30exkaHne HeoOpaTUMOTo 3arpsA3HEHHS U3MEPUTENFHON stueiiku. Bo n3bekaHue 3arpsi3HEHHS THIIICH W 00pasIos,
YTO 3a4aCTYIO IPUBOAUT K JOIOJTHUTEIFHON apa3uTHON MOTEpe Beca, HE ClIeAyeT OpaTh UX pyKaMH 0e3 3aIllUTHBIX
MepyaTok, JMOO CleayeT IOJb30BaThCS NHHIETOM. He ciexyeT CTaBUTh TUTIM Ha TPS3HBIE IIOBEPXHOCTH.
Hmxe nepeuncrens! obmue TpeboBaHus K 00pasiiam, UCHOIb3yeMbIM A n3Mepenuit merogom JICK.

1. Obpa3err He 10JKEH B3aUMOJIEHCTBOBATh C MaTePHAaIOM H3MEPHUTEILHOM SIYEHKN U 3alIUTHBIM Ta30M, €CITH IAHHOE
B3aUMO/ICHICTBHE HE ABISIETCS MPEAMETOM H3YUCHHUS.

2. HeoOxoauMo mpeaoTBpaTHTh MEpexoi oOpasiia B ra3oByio (asy, ecid ero CyOJuManus WIA HUCIapeHHe He
SBIISTIOTCSL TIpeaMeToM wm3ydeHus. C 9TOW [eNbl0 SKCIEPUMEHTHI, KaK IPaBHJIO, IPOBOAST B TEPMETUYHO
3aBaJIbIIOBAHHEIX s4YelKax. B Tex cimydasx, korma oOpaser HarpeBarT 10 TeMIieparyp, npesbimaromux 100 — 150C,
B KpBIIIKE JENal0T HeOOJIbIIOE OTBEpPCTHE 4TOOBI M30eXkaTh JeopMaluu SUCHKH B pe3yjbTaTe MOBBIIICHUS
BHYTPEHHETO JIaBJICHUSL.

3. Heobxommmo o06ecnednTh XOpOIIMH TEIUIOBOH KOHTAaKT MEXIy 00pasnoM M ceHCOopoM. st 3TOro Hy»XHO
noa00paTh SUEHKY ¢ MIIOCKMM Helle()OPMUPOBAHHBIM JTHOM M IUIOTHO Pa3MECTUTh NPoOy Ha jaHe siueiiku. TBepable
MOJMKPUCTAJUINIECKHE TpenapaTsl JKeNaTeNIbHO CIPEeCcCOBaTh WM TepeTepeTs (MpeABapHTEIbHO HEO0OXOAMMO
yOeINThCS, YTO MEXaHMYECKOE BO3/ICHCTBUE HE MPUBOJMT K MPOTEKAHHIO B 00pa3iie HU3NUECKUX MM XMMHUYECKHX
nporieccoB). 3 CIUTOIIHBIX MaTEepHaJOB THIA IJICHOK M PE3WH OOBIYHO BBHIPE3alOT TOHKHK 00paser] Hy>KHOTO
JraMeTpa.

4. Macca obpasna moadupaeTcsi B COOTBETCTBHE C TIOCTaBIEHHOMN 3agaueii. Clie/lyeT YUUThIBaTh, YTO YEM TOJIIIE CIION
npoOBl B sTUeiiKe, TeM BBIIIE HEXETAaTeNIbHBIA IpaJJeHT TeMIeparyp B ee oo0beme. B3pemmBaTh 00pazen HeoOX0IMMO
¢ Tounocthio He MeHee 0,1 mr (£0,0001 1).

5. Heob6xomMo o0ecrieunTs penpe3eHTaTuBHOCTE NPo0bl. JKnakue o0pasusl nepe]] MoMeIeHHEM B I3MEPUTEIbHYTO
AYelKy CilefyeT TIIATeNbHO IepeMemuBars. Hebouspiine KonmyecTBa HPOOBI TBEPIBIX IMOJMKPHCTAJUIMUECKHX
npenaparoB OepyT U3 pa3HbIX YacTeH, IT0CIIE Yero TakXKe TIIATeNIbHO MIePEMEIINBAIOT.

Kanubposxa: JCK u3Mmepser 3HaueHHE pPa3HOCTH, TEMIIEPATYp MEXAy OOpa3loM-dTajJOHOM M HCCIELyeMbIM
obpasniom. EnuHUIBI H3MepeHuss OTKIMKa B o0meMm ciydae [MkB/r]. Tlpu Hamuuum xaiubposku no
YY6CMBUMeIbHOCMY MOXHO TiepeBecTH [MKB/T] B eTUHUIIBI U3MEPEeHHsI TETIIOTHI 1 oyduTh oTkiauk JICK B [[Ix/T],
YTO KpalHe BaKHO MIPH U3MEPEHUH SHTAIBIHNH. B X0o1e n3MepeHnii HeoOXoauMo MIOMHHTS, 4To AuddepeHnansHas
TEepMoOTIapa He HaXOIUTCA B HEMOCPEACTBEHHOM KOHTAaKTe ¢ 00pas3IioM, BCIEACTBHE 3TOT0 TeMIepaTypsl o0pasma u
TEPMOTIAPBl HECKOJBKO OTIHYAIOTCS. 7 yCTpaHEHHS 3TOW MOTPEIIHOCTH HCIONB3YETCS METOJ KAIUOPOBKU NO
memnepamype.



Jns mpoBeneHnst KanuOpoBKH IpuOopa HCIosb3yeTcss Habop o0pas3unoB (CTaHIApTOB) C TOYHO HM3BECTHBIMHU
TeMIlepaTypaMi M TerjioTaMu (a3oBbIX mpeBpamieHuid. s stux obOpasnoB umsmepsitorcst kpusble JICK, u
MOJTyYSHHBIE B TIPOLIECCe N3MEPEHHH TEMIIEpaTyphbl U TETUIOTHl aHOMAaJIM{ 3alMCHIBAIOTCS B TaK Ha3bIBaeMble (aiiibl
KaIuOpOBKH, I'Zle OHM MPUBOJIATCS B COOTBETCTBUE CO CTaHAAPTHBIMHM 3HAUCHHSMH U CTPOUTCS KalMOpOBOUHAS
kpuBasi. KannOGpoBKy MpOBOJST B TEX )K€ YCIOBHSX U C TEM )K€ MaTEpPHAIOM THUIJICH, YTO IPU U U3MEPEHHHU 00pasia.
Jis xanmnOpoBKH HEOOXOAWMO WCIIONB30BaTh HE MEHee Tpex o0pas3moB - cTaHmapToB. CyIIecTBYIOT oOImIne
TpeOOBaHMUs K CTaHAAPTaM, HCIIOIb3YEMbIM AJISI KATHOPOBKU:

1. Beicokas creneHp 9ncToTH (HEe MeHee 99.999%).

2. JIoCTOBEpHO W3BECTHBIC XapaKTEPUCTHKH (Ha30BBIX ITEPEX00B (TEIUIOTa, TEMIIEpaTypa).

3. IHepTHOCTH 1O OTHOILEHHUIO K MAaTEPUAITy TUIJIA.

4. XuMmI4decKkasi CTOMKOCTh, YCTOMYHBOCTH IT0 OTHOIIIEHHUIO K BHEIITHUM BO3JIEHCTBHSM.

5. Hu3koe naBneHye HACBHIIIEHHOTO TIapa MPU TeMIIEpaType U3MEPEHHSI.

[epen BeImoOIHEHHEM J1a00paTOPHOIT pabOTHI H0KHA OBITH MPOBEIeHa MPOOOMOATOTOBKA U CHATHI KATMOPOBOYHBIE
M3MEpEeHUs ISl UCTONb3yeMbIX Turied. Cienyst MoumiaroBod MHCTPYKIHMH MPOM3BECTH IKCIEPUMEHT C 00pa3lom
kBapua. [lonmyueHHbIe pe3ysIbTaThl 1eJecO00pPa3HO MPEICTaBUTh B BUJIE B TAOIUIIBI

Tabnuma

Temneparypa Temneparypa Temneparypa OHTanenus, Onucanue

Ne i/t
Havana Tonset,’C KoHIA Toffset,’C aKcTpeMyMa T max/min,"C kJx/T porecca
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HMCCJIEJIOBAHUE KATAJIM3ATOPOB I'MIPOOYNCTKU HED®TSIHBIX ®PAKLIMIA

[Iporecc KaTamUTHYECKOTO KPEKWHTAa TPEAHA3HAYeH ISl TONYYCHHS BBICOKOOKTAHOBBIX
KoMIoHeHTOB OeH3uHa. Kpekunr ocymectBuserca npu 450-500°C B mpHCYTCTBHM alFOMOCHIMKATHBIX
KaTaJM3aTOpPOB U SIBISIETCSl MPOLECCOM KaueCTBEHHOTO HM3MEHEHHUsl ChIpbsi. Hapsay c OeH3WHOM mpu
KpPEKUHTe 00pa3yloTCs Ipyrue MpOAyKTHI - Ta3000pasHbIe, JKUAKHE U TBepIble (KOKC). B kadecTBe ChIpbs
OOBIYHO TIPUMEHSIIOTCS TSKEIbIe JAUCTWILUISTHI aTMOC(EpHOH M BaKyyMHOW TEpPErOHOK He(TH, a Takke
He]Th, Ma3yT U Jp.

OCHOBHBIE TIPOYKTHI KATATUTHYECKOTO KPEKUHTA - KUPHBIHN Ta3, HeCTaOWIIbHBIN OSH3WH, JIETKUN 1
TSDKETIbIN KaTANUTHYECKUE Ta30iIu.

KupHblif Ta3 - ra3, noly4yaeMblil Ha YCTaHOBKaX KaTaIUTHUECKOTO KpeKHHra. OH COCTOUT B OCHOBHOM U3
yraeBogopoaoB C3-C4 u coepKuT 3HaAUYUTEIhbHOE KOIMYECTBO N300yTaHa. DTO TOBHIMIAET IIEHHOCTH Ta3a
KaK CBIPbS IS JalbHEHIIeH nepepadoTK.

Hecrabunbnblii  Oex3uH. [lpy KaTanmuTHUECKOM KPEKHHTE MOYKHO BbIpaOaThiBaTh BBICOKOOKTAHOBBIN
aBTOMOOWJIbHBIM OCH3MH WM CBIpbE Ui TONy4eHHWs O0a30BOro aBHAIIOHHOTO O€H3MHA ITyTeM
KaTaJIMTUIeCKOW ouncTKH. Ha momaBisiroieM OOJBIMMHCTBE YCTAHOBOK OOPa3yrOTCs KOMITOHEHTHI aBTO-
MOOMIILHOTO OeH3MHA. BeH3WH, MOJyYeHHBIM TpPU KATATUTHYECKOM KPEKHUHIEe TSDKEIOTO CBIPhS, IO
CPaBHEHHUIO ¢ OEH3WHOM, MOJyYE€HHBIM U3 JIETKOTO ChIPhS, XapaKTepU3yeTCs MOBHIIIEHHBIM COJEPKAHUEM
HEeNpeAeTbHBIX YTIIEBOAOPOIOB U MMOHIKEHHBIM COZICpKaHHEM apOMaTHYECKUX.

Jlerkuii ra3oiap - JUCTHILIAT ¢ H.K.175-200°C u k.x.320-350°C Jlerkue kaTaIuTHYECKUE Ta30MIH OOBIYHO
UCTIOJIB3YIOTCS B KA4eCTBE KOMITOHEHTOB JIU3eIILHOTO ToIuMBA. VX nietanoBoe umcio 25-40.

TsDKeITbIN Ta30MiIb - OCTATOYHBIH MPOIYKT KATATUTUIECKOTO KPEKUHTa. TSKeIbIii Ta30iIb UCIIONB3YIOT JIN00
IPY IPUTOTOBJICHUH TOTIOYHBIX MA3yTOB, IMOO KaK CHIPhE IJIsl TEPMHUUYECKOTO KPEKMHra ¥ KOKCOBaHHS WIIH
JUTSI TIPOM3BOICTBA CAKH.

KaranmuTrueckuii KpeKHHT Hadal Pa3BHBATHCS C MPHUMEHEHHEM aFOMOCHIIMKATHBIX aMOpP(HBIX
Karanu3atopos. Celuac B MPOMBIIUIEHHON IPAKTHKE IIIHPOKOE pacTIpOCTPaHEHUE MOTyUUIIN CHHTETHIECKHE
LEOJIUTHI - COJIN AIIOMOKPEMHHMEBBIX KHUCJIOT. B OONBIIMHCTBE CIy4aeB LEOJHTHI, MCIOIb3yeMble Kak
KaTalM3aTopbl, MOTUPHUIIUPYET METAIIAMU, OKKCIIaMU METAJUIOB (B TOM YHCIIE PEIKO3EMENBHBIX), & TAKXKe
JIPyTUMH BEIIECTBAMH. YTO 3HAYUTEJIHO YCUINBAET UX KaTAIMTHUECKUE CBOMCTBA.

OOBIYHO 1IEOMUTCOEPIKAIIUE KaTaTU3aTOPbl KPEKHHI'a TOTOBAT JUCIIEPrHPOBAHUEM LIEOJIMTA B
AJFOMOCHITMKATHON aMop(dHO# MaTpuiie B Koyu-uyectse 3-18%.

IleonuTsl TEPMOCTOMKM WU YCTOWYUBBI TNMPOTHUB JEUCTBUS CEPHUCTBIX, A30THUCTBIX W JIPYTUX
COEMHEHNH, SABIIOIMXCS SAaMH A IpYyTHX Karanu3atopoB. KpoHe Toro, Ha LEOIMTax MpH PaBHBIX
YCIIOBHSIX 00pa3yeTcs KOKCa MEHBIIe, YeM Ha aMOP(HBIX aTFOMOCHIMKATHBIX KaTaTU3aTOPaX..

Cripbe mponiecca. OCHOBHBIM CBHIPHEM MPOMBIIIICHHBIX YCTAHOBOK KaTAJUTHYECKOTO KPEKHHTa
ABJSIFOTCA aTMOC(EpHBIE W BaKyyMHbIE OUCTWIUISATHI NEPBUYHON IMeperoHKH Heitu. Yame Bcero 3to
¢pakiuy, BEIKUMAOmuUe npu temmeparypax ot 350 mo 550 OC u BhImle, a TakkKe ChIphE BTOPHYHOTO -
MIPOUCXOKACHHUS, MTOTy9aeMOe Ha yCTAHOBKAaX TEPMHUECKOTO KPEKHUHTa i KOKCOBAHWSL.




OcHosHule hakmopul npoyecca

Temneparypa. Ilox TemmepaTypoil mpolLecca KpeKMHIa IMOHHMAKOT CPEOHIO TEMIIEPATypy B
paboueii 30He peakTopa. B 3aBOACKOI MpakTHKe ; KAaTATUTHYECKUH KPEKHHI HPOBOISIT B HHTEpBaie
temneparyp 450-495 C. C yBenuuenueMm temmneparypsl 10 S00°C mpu MOCTOSIHHBIX 3HAYEHUSX JPYTUX
IapaMeTpOB KPEKHHT COIPOBOXKIACTCS OOIBIIMM ra3oo00pa3oBaHueM W KOKcooOpazoBanmeM. I1pu OGomee
HU3KOH TeMIepaType B OJMHAKOBBIX YC-'TIOBHSIX PE3KO CHIDKAETCS TITyOWHA Pa3io)KeHHUS CHIPbS M BBIXOI
HEeNeBbIX [MpoayKToB. ONTUMAIBHON TeMIepaTypoil mpoiecca MPOBOAUMOrO € LENbD MaKCHMAJIBHOTO
otOopa 6eH3MHOBBIX (pakuuii, sBisercs 450-405 C/laBnenne Ha coBpeMeHHBIX YCTAHOBKAX C IUPKYIIHEH
KaTam3aTopa ChIphe MepepabarbiBaloT mpu ymepeHHbIX maBmeHmsx: 0,15-0,25 Mlla. B peakropax c
UPKYJISLIUEH MBUIEBUIHOTO MIIK MUKPOC(HEPHUECKOro KaTalu3aTopa Mpolecchl BeayT moj AaBieHunemM 0, 18-
0.25 Mlla. C poctom aBieHUs] HCTIaAPEHHE CHIPbS 3aTPYAHSICTCS, YTO BBI3bIBAET HEOOXOAUMOCTE (0COOEHHO
TIpY TiepepadoTKe THKENBIX AUCTHIUIATOB) BBOAUTH BMECTE C CBIPHEM B PAaCTBOP IMOBHIIEHHOE KOJIHMYECTBO
MeperpeToro mnapa.

O0neMHas ckopocTh. OTHOIICHHUE YUCIa 00BEMHBIX €AWHHUIL )KUIKOTO ChIPhS, IT0JIABACMOTO 33 4acC B
peaxrop nipu 15-20 C x 00bpeMy KaTamzaTopa B 30HE peakiiy KPEeKHHTa Ha3bIBAETCSI OOBEMHOM CKOPOCTH:

o Vp 1 '
rae VO - oobemMHast ckopocTb. M3/(M3 1); VC - 06beM xxuaxoro cbipbs. M3/4; VK - 00beM kaTanmzaropa, M3.

Bpemst npeObIBaHMS YIJICBOAOPOMHOW 3arpy3kd B pabodell 30HE pPeakTopa YMEHBIIAETCS O
MOBBIIIICHHEM 00BbeMHON ckopocTH. HaoOopoT, ¢ MOHMXKEHHEM OOBEMHOH CKOPOCTH BpEMsI KOHTAKTa
VIJIE€BOMOPOJHBIX TMMAPOB C KATAIM3aTOPOM YBEIMYMBACTCSA, YTO MPHBOAUT K Oonee TryOOKOMY
mpeBpamieHnto. Jlerkue BHIOBI CHIPhS TepepadaThiBaeT OOBIYHO TPW HHU3KUX OOBEMHBIX CKOPOCTSX, a
TSDKETIBIE - IPH 00JIee BBICOKHX.

[Ipy wWCTONB30BaHWM KATAIM3aTOPOB HA OCHOBE IICONUTOB CHIphE IepepadaThIBacTCs MpPHU
TIOBBIINICHHBIX 3HAYEHMSIX OOBEMHOW CKOpocTH. Ha ycraHOBKax ¢ TrpaHyJTHMpOBaHHBIM KaTalH3aTOPOM
00BbEeMHasl CKOPOCTh COCTaBIseT 2,5-4,0 4u-1, ¢ KUTSIMM CHOeM IMBUIEBUIHOTO MM MUKPOC(EpUIecKoro
karanusaTopa - 10 30 u , a B mudr-peaxropax 80-100 ut

[oBpImIeHre 0OBEMHOI CKOPOCTH TIOIAYH CHIPBS TIO3BOJIMIIO TIOBBICUTH TEMITEPATYPy KPEKHHTA JI0
540-558°C npu TOM ke KOKCOOOpa30BaHUHU.

KpaTHOCTh IIUPKYIISIIMY KaTaJin3aTopa. [ IyOMHy KPEKHUHTa ChIPhs, @ TAKIKE COJIEPKAHUE KOKCa Ha
OTBOJIMMOM M3 peaKkTopa KaTalu3aTope MOXK HO PErylHpoBaTh HE TOJHKO W3MEHEHHEM TeMIIepaTyphl
mporiecca, HO U M3MEHEHHEM KPaTHOCTH MUPKYJISIINH KaTaau3aTopa.

[Tpu MOCTOSIHHBIX KOJMYECTBE U KAY€CTBE BBOJUMOTO B PEAKTOP CHIPhSI M HOPMAJIBHBIX pab0unx
YCIIOBHSIX TIPOIIECCa C POCTOM KPAaTHOCTH IUPKYISIMHA KaTaau3aTropa TIyOWHA IPEBPAIlEHHs CHIPhS
YBEIMYMBAETCS, & KOHIIGHTPAIU KOKCa Ha YXOIAIIEM U3 PeakTopa KaTaln3aTope YMEHb IIaeTCsl, XOTS MPH
3TOM OOIIMI BBIXOJ KOKCa BO3pacTaeT Kak MO a0COIOTHOMY BeCy, TaK M B HPOIICHTaX Ha Chipbe. OT
KPaTHOCTH LIUPKYJISLUN 3aBUCUT CPEHSS aKTHBHOCTD KaTajiu3aTopa B paboueii 30He peakropa.

3HayeHnsT KPATHOCTH IMPKYJSAIMKA KaTalu3aTopa Ha YCTAaHOBKAaX C TPaHYJIHPOBAHHBIM
karamm3aTopoM 2-5:1, ¢ mbUieBHAHBIM - amMopdHbM  10:1, O TBUICBHAHBIM IICOJUTCOACPIKAIIAM
karanm3aropom 10:1.

AKTUBHOCTh KaTanmuzaTopa. Karamutuueckass akTUBHOCTh KAaTallW3aToOpa OLIEHUBACTCS BBIXOAOM
OcH3MHA B pacyeTe Ha ChIPhE MPH MPOBEISHUH MPOIIecca B CTAHAAPTHHIX YCIOBUSIX.

VY npupoHBIX KaTanM3aTopoB oHa coctaBisieT 20-21% mac., y  aMOp(HBIX CHHTETHYECKHX - 34-
36% mac., y IeoJIMTCOIePKAINX MOXKET JOCTUTaTh 55% Mac. AKTUBHOCTh KaTaIn3aTOPOB 3aBUCUT OT UX
(hM3UKO-XUMHUYECKUX CBOWMCTB (CTPOCHUS, XUMHUYECKOTO COCTaBa W T.I.), a JJIS CHHTETHYECKHX - U OT
croco0a MPOM3BOICTBA M KAYECTBA CHIPHSL.

B Haganme paboThl peakTopa KaTATUTHYECKOTO KPEKWHTa HAOOMASTCS 3aMETHOE YMEHBITICHHE
aKTUBHOCTH KaTalli3aTopa, HO B Pe3yJbTaTe PEryJsipHON JO0ABKH B MOTOK JBHXKYIIETOCS KaTalln3aTopa
TIOPIIMI CBEXKETO KaTaln3aTopa aKTHUBHOCTH €r0 YCTaHABIMBAETCS Ha MOCTOSTHHOM YPOBHE (paBHOBECHAs
aKTHBHOCTB).

THpunyunwl ocywecmenenus npomMvluLieHHO20 npoyecca
[IpoMbIINeHHBI TpOLIECC OCYIIECTBISCTCS B CUCTEMaX C LUPKYJIHUPYIOIIMM KaTalu3aTOpOM
HECKOJIbKHX THIIOB:
- YCTaHOBKH, TJIe KPEKUHT CHIPhsI U PETEHEPALNS OCYIIECTBISIOTCS B CIUIOITHOM, ME/IJICHHO OITy CKaIOIIEMCS
CJI0€ MAPUKOBOI0 KaTalnu3aTopa.
- YcTaHOBKH, TJ€ KPEKHWHI CBHIPbS W pereHeparms Katamuzaropa IMPOMCXOJISIT B TCEBIO0KIKEHHOM
(KumsieM) ciioe MBUIEBUIHOTO WIIH MHKPOC(HEPHUIECKOTo KaTalu3aTopa.



- VCTaHOBKH C MBUICBUTHBIM U MUKPOC(HEPUIECKIM KaTaAIN3aTOPOM H IUPT-PEAKTOPOM.

[Ipu wmCTONB30BaHUM IIEONUTCOACPIKANINX KATaIH3aTOPOB IPOIECC B 3HAYUTENHHON CTETeHU
MPOXOJUT B TPAHCIIOPTHOM JIMHUM PEAKTOpa, YTO MOTPeOOBAIO YMEHBIICHHS 00beMa PEaKIIMOHHOM 30HBI
peakTopa BILIOTH 0 0TKAa3a KUIISILEro CJI0s M CO3MaHus TU(T-PEaKTOpOB.

B npowmpInieHHYI0 TpPakTHKY BHEOPEH KAaTAINTHYECKHH KPEKWHT B JIBE CTYMEHH. TeXHHKO-
HSKOHOMHYECKHUE TTOKA3aTENN TAKOTO TPOIIeCca CBUE-TENBCTBYT O €r0 3HAYUTETFHOM MPENMYIIIECTBE TIEpet
OJTHOPEaKTOPHON CXEeMOM: BbIX0J OeH3MHA Bo3pacTaeT Oonee ueM Ha 10%, nmpudyem Gomnee 70% Oenzuna
o0pasyeTcs Ha IePBOH CTYIIEHH, T.€. B TPAHCTIOPTHOM JIMHAH.

ChIpbe 3a/1aeTcs IpenoiaBaresieM. Y CIOBHsI IIPOBEACHUS OITbITa (TeMIeparypy, 00beMHYIO CKOPOCTh
MOAA4YH CBHIPbs) CTYACHTHI BEIOMPAIOT CAMOCTOSITEIHO HA OCHOBE aHAJIM3a CHIPhsI U COTJIacyIOT BHIOpaHHBIC
3HAYEHUS O MPETOIaBaTeIICM.

Ilposedenue onvima

Jo Havana orbITa HEOOXOIUMO:

1 [IpoaHanu3upoBaTh B3STOE CHIPHE - OMPEACTHUTH €r0 TUIOTHOCTh H KOKCYEMOCTb.

2 B3BecuTh ipreMHIUK 1 abcopOep 0 abcopOeHTOM.

3. Ilogo6patb 0OBEMHYIO CKOPOCTB.

4. TIpoBepuTth He 3a0HTa JIM PEaKIHOHHAS TPyOKa M 3aChIaTh B HEee BHICYIICHHBIN (M3 9KCHKATOPa)
LIAPUKOBBII KaTaIU3aTop.

BxorounTs HarpeBaTenpHYIO TIeUb, OTCOSAMHUTE PEAKTOP OT OJIOKA TIMTAHWS U JIOBEIS- TEMIIepaTypy B
peakrope 10 300-350°C, moAcynuTh KaTalu3aTop IpH STOW Temreparype B TeueHue 15-20 MuH. Hoka He
TPEKPATUTCS BBIJEICHUE Mapa U3 OTKPBITOrO KOHIIA PEaKIMOHHON TPYOKH.

[Nocne mpocymiky KataanzaTopa B €eMKOCTh 3aJIMBAIOT CHIPhE a HAYMHAIOT TIOBBIIIATH TEMIIEPATypPy B
peakrope. Kora Temrieparypa B peaktope Oyet Ha 5-10°C Bblilie 3aJaHHOM, HAUMHAIOT TI01a4y CHIPhS C 3a]1aH-
HOM ckopocThio. OTOOp MpOOBI Tasa sl XPOMaTorpapuyuecKoro aHaiu3a MPOWU3BOAUTCS B CIICIMATbHBINA
MPOOOOTOOPHUK B CEpENUHE OMbBITA, KOT/Ia M3 CUCTEMBI BBITECHUTCS BECh BO3IyX. lIprMepHO B TOXE BpeMs
OTOMpAETCs Ta3 B TA30BBIN MMKHOMETP TS OTIPE/ICNIeHNS TUTIOTHOCTH (Ta3a OTOMpAaeTCs Ha BBIXOJIE U3 Ta30BhIX
YacoB}.

[TosyueHHBIN KUAKUA TPOAYKT 3arpykaroT B kojiOy bopiia u meperonsror. Bo B3BeleHHbIE
NPUEMHUKN OTOMpaloT OEH3MHOBYIO (pakuuio, BbIkunamonryto B npexpenax 200°C. Jlerkuid ra3oisp -
¢dpakmuro 200-330 C -0TOMparOT HMpH MOHWKEHHOM JIABJICHUH, OCTATOK B KOJIOE - TSHKEIIBIN KaTaIMTHYCCKHM
razoisib. OnpeernsiFoT Maccy Ka)I0ro MpOyKTa U BBIXOJ B pacyeTe Ha B3SATOE JUIsl KpeKHHTa chipbe. [Ipu
MoJIcueTe BhIXOJa OEH3WHA K Macce OeH3MHOBOW (hpakiuu Haj0 MPHOABUTH MAcCy YTIEBOJOPOJIOB,
TMIOTJIOIIEHHKIX B abcopoepe.

[Nomy4yeHHbIe MPOIYKTHI OABEPracT aHAIN3Y.

CocraB raza onpeaesnstoT XxpoMaTorpaguIecKkuM METOZ0M.

/s GeH3WHA yCTaHABIMBAIOT IUIOTHOCTH, (DPAKIIMOHHBIA COCTaB, HOJHOE YUCIO W COAEpIKaHUE HeTpe-
JIETTbHBIX YTIIEBOJOPOJIOB, COACPKAHNE apOMATUIECKUX YIIIEBOJOPOIOB, cojiepkaHne (aKTHUECKUX CMOI,
oktaHoBoe uucio no ¢opmyne: 0.U= 60.8 + 0,37x , tae x - % Mac. cynbpuUpyeMbIX apoOMaTHUECKUX
YTIIEBOAOPOJIOB.

Jls erkoro razoitns onpeaersiroT wioTHOCTs (I'OCT 3900-47), fioqHoe YrciIo U coaepykaHue HeNnpeaeTbHBIX
yraesogoponoB (I'OCT 2070-55). temmeparypy 3acteBanus (I'OCT 20287-74), conepxanue cepsl (ITOCT
1437-75), anunuHoByto Touky (I'OCT 12329-77) u paccuntbiBarot neranooe yncno: LLU.= A. 1. - 20 , wm no
JM3eTbHOMY MHZCKCY:

M= (1,8t + 32) (im‘-s— - 1,315),
P15

re t -anmmHoBast Touka,°C. p1515 -oTHOCHTENBHAS IIOTHOCTD NPOyKTa ITo IM3eIbHOMY HHJICKCY MOKHO HPUOIIM3UTENBHO ONPEIEINTh [IETAHOBOE YUCIIO, HCIIONB3YS
rpadux.
J1st TSKeNnoro ra3oisisi OnpeneNsitoT MIOTHOCTb, COJAEPKaHUE Cephbl. 3aT€M COCTABISIOT OTYET MO Mpoje-
JIAHHOM paboTe U JeNIal0T COOTBETCTBYIOIIHE BHIBOIBI.
Bapuanmul 3a0anus:
1. BeisBUThH BIHsSHHUE OOBEMHOIH CKOPOCTH TOAAYU CHIPbS Ha BBIXOJI, KAYECTBO MPOAYKTOB U TIIyOWHY
TIpeBpaIieHus ChIpbs. [IpoBecTH OIBITHI, HampuMmep, npu Temmeparype 470°C m 00BEMHBIX CKOPOCTSIX
nogauu ceIpbs 0,5; 1,0 u 2,0 u-! Ha T060M M3 HMEIOIIMXCS KaTaIu3aTOPOB.
2 BrIIBUTH BIHSHUE UCIIONH3yEMOTO KaTaau3aTopa Ha pe3ysibTaThl KPpeKuHra. [Ipy 0JJMHAKOBBIX YCIOBUSIX
(manpumep, Temneparypa 470 C, 0ObeMHasi CKOPOCTh Tofa4u Chipbs 1,9 u-!) ucnonbzoBats amophHbIH
LEOJUTCOACPKAIINM KaTaTu3aTop UM UX CMECH.
3. BolsiBUTh BAMSHHE TEMIICpATypbl Ha Pe3y/IbTaThl KPeKHHra. IIpH OIMHAKOBOM CBHIPhE M CKOPOCTH €r0




MOJIa4M B PEAKIIMOHHYIO 30HY ITPOBECTH Mporiece mpu Temmeparypax 450, 480 B 510°C.

JlaGopaTopHnasi padora Ne 7
NCCIIEJOBAHUE KATAJIM3ATOPOB KATAJIMTUYECKOI'O PUOPOPMUHI' A YI'JIEBOAOPOJOB

B cxeme coBpemeHHOTO HedTenepepadaThBalOLIEro 3aB0a OAHIUM U3 BEAYLIHX MPOLIECCOB SBISAETCS
KaTATUTHIESCKUN pA(OPMHHT. DTOT IPOIIECC 00CCIICUMBACT MOTYICHNE BEICOKOOKTAHOBOTO OeH3HHa (0a30BOT0
KOMIIOHEHTa), MHAWBHAYaJIbHBIX ApOMATHUECKUX YTIICBOJOPOAOB - CBIPbS AJIsI OPraHW4ecKoro CHHTE3a
TEXHUYECKOTO BOJIOPO/a, UCTIONB3yEMOT0 MPY THAPOOUMCTKE TOIUTUB M CHHTE3€ XMMHIECKHX MPOTYKTOB.

CrIpbe mporiecca. B kadecTBe ChIpbsl I KaTAIMTHYECKOTO pUOPMUHIa UCHONB3YeT OCH3MHOBBIE
(dhpakum IepBUYIHON MeperoHkn HedTe, Beikumnatontie oT 60 1o 210 C. st moaydeHus: BRICOKOOKTaHOBOTO
KOMIIOHEHTa OEH3MHA ONTUMAIBHBIM CBIPBEM SIBIISIETCS (DpaKIMK, MMEIoIIMe peaens! kunenus 85-180°C win
105-180 OC. B aTOM cily4ae HAMYHUE B CBIPE JITKUX (PPaKIIHii, BRIKHMABIHX HIbKe 80°C, Majio criocoOCTByeT
TMIOBBIILICHUE OKTAaHOBOTO YHMCIA KaTalu3ara ¥ NPUBOOUT K YBEIMYEHHE Ia3000pa3oBaHHUS M HEIPOH3BO-
JMTETBHOM 3arpy3ke ycTaHoBKH. [loBbIIeHHe TemiiepaTypsl KoHLa KureHus Boiiie 180°C HexenaTensHo, Tak
KaK OHO COMNPOBOKIACTCS YBEIMYCHUEM OTJIIOKEHHH KOKCa, YTO COKpAIaeT CPOK CIIYXKObl KaTaan3aTropa,
CHIDKAET BBIXOJ YKHIKOrO MpOAyKTa. J[Jsl momy4yeHrs! apoMaTHUeCKHX YIJICBOJOPOIOB B OCHOBHOM HCIIONb-
3yercst (ppakimy, BekHmaromue B mpepenax 65-105 wmm 60-140°C. PudopmuHr OeH3WHOBBIX (QpaKiuii
BTOPHUYHOTO  TIPOMCXOXKICHUsSI (KPEKHHTa, KOKCOBaHHWS), COACPXKAIMX 3HAUMTEIbHBIE KOJIMYECTBA
HEHACBIIICHHBIX YITIEBOJOPOIOB. PEKOMEHIYETCSI HPOBOIUTH TOJIBKO B CMECH C MPSIMOTOHHBIMU (ppakuusiMu
MIOCJIE MIPEABAPUTEIHHOTO TUIAPUPOBAHUS CHIPBSL.

OcHoBHBIE (haKTOPHI IIpoIEcca

Temneparypa. Ilpy naHHOM BpeMEHHM KOHTAKTa IOBBIICHHE TEMIIEPATypbl MPOLECCa BHI3BIBACT
YBEJIMUCHUE KOHLEHTPAMM apOMAaTHYECKHX YIJIEBOJOPOAOB B Karamd3aTe, HO OJHOBPEMEHHO
YMEHBILIAETCSl BBIXOJI TOCIECHEr0 3a CUET YBEIMUYCHHUS POJM PEaKLIUH THAPOKPEKUHra, MPUBOASALICTO K
CHIILHOMY Ta3000pa30BaHui0. MHUHIMAILHBIE TEMIIEPATYpPhL, 00ECIICUNBAIONINE JJOCTATOYHO HHTEHCHBHOE
NPOTEKaHWE LENEeBBIX PEaKLU, PEeKOMEHAyeTcsl cienyouye: Ha HapTeHoBOM chipbe 450-460%; Ha
ankaHoBoM - 480-490°C. MakcuManbHBII HarpeB B KOHIIE IMKJIA PEAKIMH OOBIYHO OTPaHWYUBACTCS
temnepatypoit 520 unu 530°C. [lanpHeliee MOBbIIIEHHE TEMIIEPATYPHI MIpoIiecca HeXKeNaTeabHO, TaK Kak
YBEJIMYMBACTCS Ta3000pa30BaHue U 3aKOKCOBBIBAHHE KaTaIM3aToOpa.

[lapnenue. OCHOBHBIE PEAKIUHN KATATUTUYECKOIO PHU(POPMHUHIa CONPOBOXKIAIOTCS 3HAYMTEIbHBIM
yBenuueHneM oobema. C TOUKH 3peHHsT PaBHOBECHBIX, KOHIIGHTPAIMH pearupyroNX MOJIEKYJI MTOBBIIICHHE
JIaBJIeHHUs Oy/IeT MPersTCTBOBATh apoMaTu3aiui. OHaKo, HEOOXOJUMO TPUMEHITh B CHCTEME BBICOKOE
JaBJICHUE BOJOPOJAA JUIl HACBHIIICHWS HENPEACNbHBIX HPOAYKTOB MOOOYHBIX pEaKUMi KpeKWHra M
NpeI0TBPAlICHHs 3aKOKCOBBIBaHMUS KartannzaTopa. OOBIYHO JaBJIeHUE B peakTopax cocrasisier 1,5-2,5 Mlla.

OObeMHas CKOPOCTh 0/Ia4H ChIpbs. [Ipy HEeM3MEHHBIX TEMITEpaType U JaBleHue HU3KHE 00BEMHBIC
CKOPOCTH TIOJIa4d CBIPbSl YCHJIMBAIOT PEAKUMU THAPOKPEKHHIa, TAaK KaK 3TH PEaKUud MPOTEKAIOT
CPaBHUTENLHO MEIJICHHO. MeHblllee BIMSHHE HAa WHTEHCHBHOCTh PEaKIM{ apoMaTH3alud Ha(TEeHOB
OKa3bIBaeT CHIMKEHUE OOBEMHOW CKOPOCTH, TaK KaK Ha TUIATHHOBBIX KaTaJIH3aTOPaX PEakiMu MPOTEKAET C
Oonpurelt ckopocThbio. IIpy BRICOKHMX 3HAUEHHMAX OOBEMHOH CKOPOCTH OJHOBPEMEHHO C IOJIaBICHHEM
PeaKkuuy THIPOKPEKNHIa CHIXKAETCSl TAKHUE POJIb PEAKLIUH JIETUAPOLHKIN3ANY 1 H30MEPU3aliHU aJIKaHOB.
VYBenuueHne KECTKOCTH IMPOIEecca BBI3BIBACT YBEIHYCHHE BBIXOJa apOMATUYECKHX YTIIEBOJIOPOJIOB H
COOTBETCTBYIOIIMI POCT OKTaHOBOTO uHcia OeH3MHa. JKeCTKOCTh MOXKET YBEJIMYUTHCS MPH TOBBIIICHAN
TEMIIEpaTypbl B 30HE pEaKklWd, CHWKEHUM JaBJICHUM B PpEaKTopaX W KPaTHOCTH LUPKYJISIMS
BOJIOPOJICOJIEPIKAIIETO Ta3a WU YK€ MPH YMEHBIIEHUH 00hEMHOM CKOPOCTH MOAAYH YKHUAKOTO CHIPBSL.

Karanuzatops! prdopmuHra. BonbIIMHCTBO MPUMEHSIEMBIX B HACTOSIIIEE BPEMs TPOMBIIUICHHBIX
KaTaIn3aToOpoB PUGOPMHUHIA COAEPKHUT IUIATHHY, OCAXKICHHYI0O Ha OKCHIHOAIIOMHHHEBOM HOCHUTENE
cozeprkareM rajgous (00ObIMHO XJI0p, pexe ¢pTop). HazHaueHne ranouna 3aKiovaeTcs B MPUIAHUS OKCHIY
ATIOMHUHUS  JIOCTATOYHOW KHCJIOTHOCTH JUIsi JIOCTHDKEHHSI BBICOKOH HM30MEpH3YIOIeH aKTHBHOCTH.
OnHOBPEMEHHO C TOBBIIEHUEM KHCIOTHOCTH NPOMCXOAUT MHTEHCH(UKAIMS PEeakLUUi TUIPOKPEKUHTa.
Inpoko NpUMEHSIOTCSI OMMETAIUIMYECKHE U MOJMMETAUIMYECKUE KaTalunu3aTophl, COAEpKaHue Hapsay C
TUTATHHOM JpyTvie MeTayulbl (HalpuMep, peHri, TepMaHui, KaaMui, cBuHen W Ap.). OHM oTIHYaroTCs
CTaOMJIBHOCTBIO IIPU PabOTE B KECTKUX YCIIOBHAX, OCOOCHHO NP NOHIKEHHOM JAaBiieHuu. lcronb3oBaHue
TaKMX KaTaJlM3aTOpOB OOECHEeYMBAET MOBBIIICHWE BBIXOJAA Karanu3ara Ha 1-8% (Ipu coXpaHeHWH ero
OKTaHOBOT'O 4mMcia) K Bogopoaa Ha 20-25%, a Taxke MO3BOJISIET YBEIMYUTD CPOK CITYKOBI KaTanu3aTopa u
MIPOIOJDKUATEIHFHOCTE PabOTHI 000PYTOBAHUS.

Texnonorndyeckoe opopmIIeHHE porecca
HaubGonpuiee pacnpocTpaHeHHe UMEIOT YCTAHOBKH CO CTAIllHOHAPHBIM CIIOEM KaTalln3aTopa, Ie




MIPOIIECC OCYIIECTBISETCS B HECKOIBKUX TOCIEOBATENBHBIX PEAKTOPAaX O MPOMEKYTOUHBIM TTOOTPEBOM
peaKknrOHHOW MAacoOH B T€UH, TaK KaK IPOIECC UMEET 3HAYNTEIBHBIA OTPUIIATEIIBHEIN TEIIOBON ad(eKT.
OpHako B CBSI3U C BHEAPCHHUEM OH - U MOJMMETAUIMYECKUX KaTalH3aTOPOB MOSBUIIACH BO3MOXKHOCTH
CHHM3WTH JJABJICHHE, YTO MPUBENO K OONbIICH 3aKOKCOBAHHOCTH KaTalM3aTopa M K CO3IAaHUIO0 YCTAHOBOK O
JBIKYIITAMCS KaTaTH3aTOPOM.

IIposedenue onvima

Jo Hayana onbITa HEOOXOIMMO:

1. IomyunTs W3 UMEBIIETOCS CHIPHSI TP TTOMOIIM PA3sTOHKKA HEOOXOIMMYFO Uil paboThI (hpaKIHIo,
BBIKATIAIOIIYTO, B 33/IaHHBIX TIpefieNiax (OMpeesIuTh €€ BBIXOI Ha HCXOTHBIA OCH3HH).

2 IlpoaHanu3upoBaTh MOJTYYEHHOE CHIPHE, ONPEICIUB €ro IUIOTHOCTh, (DPAKIMOHHBIN COCTaB,
TPYNIIOBOH XUMUYECKUIN COCTAB.

3. B3BecuTpb npreMHHUK 1 abcopOep ¢ abCOpOSHTOM.

4. TIpoBeputh, He 3a0HMTa M peaklMOHHAas TpyOKa, 3acwimark B TpyOKy 200 cM BBICYIIEHHOTO
Katanuzaropa (U3 IKCHKaTopa).

5. CoOpaTh yCTaHOBKY TIATENEHO MPOBEPHUB TEPMETUIHOCTD Y3IIOB U COSTMHEHUH.

AHanu3 npoayKTOB prudOpMHHTA

CocraB raza onpeaessifoT XpoMaTorpapuuecKiuM METOIOM.

JI71st KaTaau3aTa pacCUNTHIBAIOT IIIOTHOCTD, (DPAKIHOHHBI cocTaB. MoHO YHCIIO U coaepkaHne
HENpPEeeNbHBIX YTIEBOJOPOJOB; OIPEASNISIIOT O0Iee COAepKaHHe apOMaTHYECKHUX YIIIEBOJOPOIOB
cynbhupoBanueM 98%-Hoil CEpHON KUCIIOTOM, MIOKA3aTeNb MPEJIOMIICHHS, OKTAHOBOE YHUCIIO.

CocTaBiIOT OTYET O MPOJCTAHHOW PabOTe U ENal0T COOTBETCTBYIOIIUE BBIBOABI, COMOCTABIISS
MTOKA3aTeN! CHIPhS M KaTaIn3ara.

Bapuanmur 3a0anus

1. TIpoBecTn kaTanuTudeckuil pudopMHHT (ppakiuy OEH3MHA B OJUHAKOBBIX TEMIEPATYPHBIX YCIOBHSIX
pu 00BEMHBIX CKOPOCTAX ToAauu chipbs 0,5; 1,0 m 1,3 u-1,

2. C 1ienblo BBISIBICHUS BIWSHUS TEMIIEPATyPhl HA MPOIECC OCYIMIECTBUTh KATaJUTHYSCKUI PUGOPMUHT,
NpY OJIHOM 00BEMHON CKOPOCTH MOJAYHCHIPhs (HampuMep 1,0 1) mpoBecTH Mmpolecc MpH TeMIlepaTypax
470, 500 u 530°C.

3. BelsBUTH BIIUSTHUE CPEIHEN TeMIlepaTyphbl KATIEHUs (MW CpelHel MOJIEKYIISIPHOW MacChl) Ha TIIyOHHY
pudopMuHTa (CTereHb apOMaTHU3AIIH).

[TpoBecT B OAMHAKOBBIX YCIOBUSX (Temmeparypa u 00BbEMHAasi CKOPOCTH) OMBITHI C HCHOJIb30BAaHHEM
PasIn4IHOro ChIpbs - ppaxuu 62-85°C, 62-105°C u 120-140°C.

JladopaTopHas padora Ne 8
NCCIIEAOBAHUE KATAJIM3ATOPOB JETMAPUPOBAHIM A BEICIHINX ITAPA®MHOB

[Iporecc KaTanUTUYECKOTO JIETHIPUPOBAHUS MapadUHOBBIX YTIIEBOJOPOIOB MpEIHA3HAYECH IS
MOJYYEeHUS] MOHOMEPOB Ui CHHTETHUYECKHX KaydyKOB: M300yTHJICHA, W OyTramuena. JleruapupoBaHue
SBTISIETCSl YHIOTEPMUYECKUM TPOIIECCOM, TPEOYIOIMM IMOJABOJA OOJBIIOr0 KOIMYECTBA TEIIa B 30HY
peaxuuu. [Ipouecc o6br4HO poTekaet npu Temiepatypax 550-600 C. KatanuzaTopaMu SIBISIOTCS OKCHIIBI
METaJIJIOB — XpoMa, Kelie3a u JIp.
Llenv u 3a0auu: VI3yyeHwe mpoliecca IeTHAPUPOBaHUs MapadUHOBBIX YIIeBOA0po0B (pakuuu C4.
Omnpenenenne BbIXOAAa MPOAYKTOB PEaKLU, CTEIEHH KOHBEPCUU ChIPbS, CEIEKTUBHOCTU IO IIEJIEBOMY
NPOAYKTY, COCTaBJIEHHE MaTepHaIbHOro OajaHca OmbITa.

YcTaHoBKa JeruAprupoBaHus MapaduHOBBIX YTICBOIOPOJIOB.

N3006yTaH ¢ yuctoToii 99,9% u3 6aioHa Manoro 1aBieHus | TOCTyMaeT B JIMHUIO Yepe3 PEIYKTOP
C MaHOMETpPOM 3 ¥ mpoxonuT uyepe3 GpuiabTp 4. Pacxon n3o0yrana peryaupyercs ¢ IOMOIIBIO poTaMeTpa ¢
PEryIUPOBOYHBIM BEHTHJIEM 5, 3aTEM T'a3 MOCTyIAaeT B CMECUTENh 8. A30T u3 0ayutoHa 2, NCIIOJIb3YEeMBIH B
KadecTBe pa30aBHTENs, MOCTyMAaeT B JWHHUIO Yepe3 peryKTop ¢ AByMs mMaHomeTpamu 3. Pacxon asora
peryaupyercsi ¢ MOMOILBIO PEryJIiaTopa pacxoja rasa 6, CHaOKEHHOTO OJIOKOM WHAWKALUH U YTIPaBICHUS
PPI" 7, 3atemM ra3 moctymnaeT B cMecuTeNb. | 'a30Bas cMech U3 cMecuTels 8 moctymaet B peaktop 10. PeakTop
MpeACTaBISIET CO00H TPyOy U3 HEeprKaBEIOMIEH, XUMUIECKH CTOHKOMN cTali. BHYTpH paciooKeHbl BTYJIKH
U3 TOW e CTanu, o0pa3yromue MoNKy s KaTanuzatopa. Ha BTynku yepe3 mpoHHIAEMbIH TEPMUYECKUT
cToliKmii MaTepuan 3arpyxkeH cioi kBapua (okono 2 cm®). Karamuzatop (Cr:0; ma Al,O3) 10 cm®
pacrionaraeTcs Ha CJI0€ KBapia. Ha KaTanmusatop 3arpysKeH elue OJuH CIOH KBapua 6 cM® IJIs JTydIIero
pacripenenieHus. ChIpbsi M0 00beMy peakTopa. Temmeparypa B pPEakTOpPEe PErHCTPUPYETCS XpOMeEib-
ATIOMUHHMEBOM TepMOMNapol U BBIBOAUTCA Ha KoHTpoiuiep «OBen» 11. Peaktop 10 3akperuieH B neun 9
CHEIMATFHBIMHU 3ePKaTbHBIMU KOJIBIIAMH, 3230PbI H30JIMPOBAaHBI KAOJWHOBOH BaToil. [leus 9 npencrasmser



co0o#t TpyOUaTHIit HarpeBaTelb B KOKyxe. TeMrepaTypa B TIEUH PETUCTPUPYETCS XPOMEITh-TFOMUHUEBOM
tepmonapoii. Konrpomnep «Autonics» 12 monmydaetr cuTHANI C TEpMOIIAphl U OKa3bIBAeT PETYJIHpYIOIIee
BO3/IEIICTBHE HA TBEPAOTENBHOE pelie, KOTOPOE B CBOIO OYEpe/lb MOAAET HAIPSUKEHUE HA HarpeBaTellb.
Takast KoHCTpyKuusi oOecrmeunBaeT KojeOaHMs TeMmepaTypbl, He mpeBbimaromue +1°C. Ilocne
IPOXOXKACHUSI IeYH, Ia3oBas CMECh OXJAXAAeTcs B XOJIOAWIBHUKE 10 TeMmImeparypsl 15° u uyepes
MEeMOpPaHHBIN CYETYHK OTIPABIACTCA Ha XpOMaTorpapuyecKuil aHaIu3.
Topsook nposedenus pabomoi
1. BkimroyaeM BEHTHISILIMIO U 3JIEKTPOCETh YCTaHOBKH.
2. l[lopkiroyaem a3oT u3 OaIIoHa.
3. Ilonaem Boay B XOJIOAMIBHUK
4. YcranaBnMBaeM HEOOXOJUMBIM pacXxox a30Ta Ha OJIOKe UHIUKAIMK U ynpasieHus PP .
5. YcraHaBnuBaeM HEOOXOAMMYIO TEMIIEPATYPY Ha KOHTPOJIEPE MEUH.
6. Bkitouaem Harpes neuu.
7. o BBIXOJA MEYH HAa PEKUM IPOAyBacM MpoOOOTOOPHHMKH AJIS Ta3a a30TOM, MOJCOSANHUB UX K Y31y
oTOOpa Ha aHAJH3.
8. Ilocrne BbIXOZA EYM U TEMIIEPATyPhl PEaKTOpa Ha PEKUM, HOJKII0YaeM 0aIOH C N300y TaHOM.
9.YcranaBnmuBaeM pacxoa u300yTaHa ¢ TIOMOLIBIO pOTaMETpa C PEryJUPOBOYHBIM BEHTHIICM.
KonTponupyem pacxoz B TeUE€HHE BCETO OIBITA.
10.3anuceiBaeM NOKa3aHUS CYETUHKA U 3aCEKAEM BpEMSI.
11.PeructpupyeM nu3MeHeHHs TEMIIEPATYPhI B PEaKTOpe KaKAyI0 MUHYTY 10 10 MUHYT BKIIOYUTEIHHO.
12. OtOupaem niepByo npoOy rasa.
13. 3acexaem 10 MuHyT.
14. OtOupaem BTOpyIO MpoO0y rasa.
15. Ilpekpamaem nogauy nzo0yraHa B tuHUIO. [lepekpbiBaeM OaioH.
16. IIpoxyBaeM NHHUIO a30TOM B TeueHue 10 MUHYT.
17.YcranapnmuBaeM HEOOXOIMMYIO TEMIIEPATYPy B TIEUH JJIS1 pereHepaIlii.
18. IIpekpamiaem nopavdy a3oTa B JIHHHUIO.
19. OrcoenuHsAEM JTUHUIO TIOAa4YH CBIPbS OT PEAKTOPHOIO OJIOKa.
20. [loacoeauHsieM BO3AYLIHBIN KOMIPECCOP.
21. IIpoBoguM pereHepario KaTaain3aTopa, BEDKHUT KOKca B TeueHue 40 MUHYT.
22. IloacoeauHSIeM JIMHHIO MTOIa4YH ChIPhs 00PaTHO.
23. BelkiItouaeM HarpeB Mevu.
24. 3akpsiBaeM OaJJIOH € a30TOM, COpackIBacM JaBJICHUE B PEAYKTOPE.
25. OTKIIIOYaeM 3JIEKTPOCETh YCTAHOBKH M BEHTUIISIIIHIO.

Ha ocHOBaHMM ONBITHBIX JAHHBIX M PE3yJbTATOB aHAIN30B COCTABIISIOT MaTepHabHBIN OaaHC
npolecca ACrHAPUPOBAHNUS, ONPEESIOT BBIXOABI MPOAYKTOB PEaklHM, a TaKKE CTENEeHb KOHBEPCUHU
n300yTaHa U CeJICKTUBHOCTH 10 U300yTHUIIeHY. Pe3ynbTraTsl paboThl MPENICTABISIOT B BU/IE TAOJIUIIBL.

Kpumepuu oyenxu nabopamopuvix pabom @ cemecmpe

Kpumepuii oyenku bann
(3a évinonnenue 00HOI 1adGOPamopHoll padomut) ou/oy-
3a0u/3a0u

JlaGoparopHast paboTa OTIMYAETCS MOCIIEI0BATEIFHOCTBIO, MPABUILHOCTBIO TOTYYEHHBIX
Ppe3yabTaToB, BEIBOAOB. [IpH OTBETE HA BOIIPOCHI CTYIEHT IEMOHCTPUPYET XOPOLLIYIO CTENIEHb

BJIaJICHUS TPECTaBJICHHBIM MatepraioM. OTBEThbl (HOPMYJIUPYIOTCS apryMEHTHPOBAHHO. 10710/10
OTcyTCTBUE OIMOOYHBIX OTBETOB.

JlaGopatopHas paboTa OTIMYAeTCs TOCIEI0BATEIEHOCTHIO, MPABMIIBHOCTBIO MOTYYEHHBIX

Pe3yJIbTaToB, BbIBOIOB. [Ipy OTBETE HA BOIPOCHI CTYACHT JACT JOCTATOYHO IOJIHBIH OTBET, C 8/8/8

HapyIIeHHEM IOC/IEI0BATEIBHOCTH U3JI0KEHH. ECTh HEOOJBIION MPOILEHT ONIMOOYHBIX
OTBETOB.

JlaGoparopHast pabora BBINOJIHEHA C TPyOBIMH OIIMOKAaMH, IOJYYCHHBIE PE3yJbTaThl
3HAYUTEIbHO OTIMYAIOTCS OT HCTHHHBIX. Y CTyZAEHTa OTCYTCTBYET UETKHH OTBET Ha 6/6/6
MIOCTABJIEHHBIE BOIPOCHL.

JlabGoparopHast paboTa He BBIIIOTHEHA. 0




MuHHCTEpCTBO HAYKH U BhICIIEro oOpa3zoBanus Poccuiickoit deneparuu
HmxHexkaMCKUl XUMHKO-TEXHOJIOTHYECKUI HHCTUTYT ((prinan)
benepabHOT0 rOCYIAPCTBEHHOTO OI0/KETHOTO 00Pa30BaTEILHOTO YUPESKICHHS
BBICIIET0 00pa30BaHUs
«Ka3zaHCKuil HAalMOHAJIBHBIN UCCIIEI0BATEILCKUI TEXHOJIOTHYECKUN YHUBEPCUTET

Daxynomem MmexHON02UYECKUU
Kageopa  HXC

Hamnpagsnenne moarorosku/crnenuanbHocTh:_18.03.01 —Xumudeckas TEXHOIOTHS
(K00 U HaumeHo8aHue)

HpO(l)I/IJ'IB/ cricnuajim3anys: «XuMHUeckas TEXHOJIOTHS OPraHUuYCCKHX BCIICCTBY,
(Haumenosanue)

Cemectp__ 5.6 (ouHas), 6,7 (04HO-3204HAas)

KommnuiekT 3aianuii K KOJUIOKBUYMaM

o qucrmminae b1.B.JIB.03.01 Karanus u katanu3aropsl B HeTEXMMUNA U HedrenepepaboTke
(HaumeHo8aHUe OUCYUNTIUHDL)

KonnoxkBuym Ne 1 Tembr Ne 1-7.

1. TIoHsATHE O KaTaJIM3€ U KaTalIu3aTopax;

2. 'omorenHsie u TE€TCPOrcHHBIC CUCTCMBI;

3. IHTeHCUBHOCTD U aKTUBHOCTH KaTaau3aTopa;

4. CeleKTUBHOCTh KaTaau3aTopa;

5. TpeOoBanms, mpenbsABIsieMble K KaTalu3aTopy (COCTaB Karamu3aTopa, IPUMEcei; YacToTa
KaTaJln3aTopa; MEXaHW4YeCKHEe CBOWCTBA KaTalU3aTOpa; MEXaHWYECKUE XapaKTEPHCTHUKH; TPEOOBaHHS K
TEPMUYECKOM cTaOMIbHOCTH; TpeOOBaHMS K pasMepaMm TIpaHyl u (opMe TrpaHyld KaTaau3aTopa;
TEIUIONPOBOIHOCTH KaTaJIN3aTOPa; CPOK CIIY>KOBI KaTaau3aTopa);

6. TexcTypHbIC XapaKTEPUCTUKHU KaTajau3aTopa (BeJIMYrMHA TOBEPXHOCTH, 00BEM 1T0p, (hopMa U pa3mep I1op,
pacnpezeneHue mop Mo pasmMepam);

7. Karanutuaeckue as1. OTpaBieHHE KaTaIN3aTOPOB.

8. OcHoBHBIE CcITOCOOBI IPOU3BOICTBA TBEP/IBIX KATAIN3ATOPOB.

MakcuMabHOE KOJUYeCTBO OajIOB 3a BBHINOJHECHHUE KOJUIOKBUYMa B 5 cemecTpe (Uil OYHOMH
(dopMbI 00yueHHs) U B 6 cemecTpe (A1 09HO-3209HOHN (HhOpMBI 00yueHwMsI) cTyAeHT nonydaeT 40 6amios,
MUHUMAaIIbHOE KomuecTBO 6amioB — 20 .

Kpumepuit oyenxu bann
Order oOmIMYaeTCs IOCIEA0BATEILHOCTBIO, MNPABHIBHOCTHIO TOJIYYEHHBIX DE3YJIbTATOB, BBIBOIOB. 40
OrcyTcTBHE OMIMOOYHBIX OTBETOB.
Otder OTIMYAeTCs MOCIENO0BATENBHOCTBIO, MPAaBUIBHOCTBIO MONYYEHHBIX PE3YyJbTaTOB, BBIBOAOB. EcTb 30
HEeOOJIBIIION MMPOIICHT ONIHOOYHBIX OTBETOB.
OtdeT BBINOJIHEH ¢ TPYOBIMH OIIHOKAMH, MOTyYEeHHbIE PE3yIbTaThl 3HAYUTEIHHO OTIIMYAFOTCS OT UCTHHHBIX. 20

KosutokBuym Ne 2 Tembt Ne 8-18.

1.I1pon3BOJACTBO OCAXIEHHBIX KaTalM3aTOpOB (JOCTOMHCTBA METOZAA, HEIOCTaTKM MEeToAa, olmas cxema
MOJTyYeHH);

2. IlosryyeHue KaTaau3aTOpOB HAHECEHHEM aKTHBHOTO KOMIIOHEHTa Ha HOCUTEIb;

3. Meroapl NPUTOTOBJIEHUSI KaTAIN3aTOPOB OCHOBAHHBIE HA MEXaHWYECKOM CMEUIEHHH KOMIIOHEHTOB, CYXOH H
MOKPBII METOJI CMEILICHNS;

4. MeTop!l PUTOTOBJICHNUS IUIABIIEHBIX M CKEIETHBIX KATATUTHYECKUX CHCTEM;.

5. IIpon3BOACTBO KaTaIN3aTOPOB KPEKUHTA.

6. KaranuzaTopsl ruIpOOYUCTKH HEPTAHBIX (paKIHid.

7. KaranuzaTops! THAPUPOBAHUS U ACTUAPHPOBAHHS.

8. Karanmzarops!l pupopMuHTa yrieBogoponos. TexHOIOTHs IPUTOTOBICHHS KaTalli3aTopa pu)OpMHUHTa.

MaxkcuManbHOE KOJMYECTBO OA/IOB 3a BBITIOJIHEHHE KOJJIOKBUYMa B 6 cemectpe (A7sl OUHOM
¢dbopMbl 00yueHHs) U B 7 ceMecTpe (A1 04HO-3a09HOM (HOpMbI 00yUeHHs) CTyAeHT mojydaeT 40 O0asmios,
MHHHMAaJIbHOE KOJIMYecTBO 0amioB — 20 .



Kpumepuit ouenxu bann

OryeT oTIMYaeTCs TOCJICA0BATCIIbHOCTBIO, MPABUJIBHOCTBIO MOJYYEHHBIX PE3YJIbTATOB, BLIBOAOB. OTcyTCTBI/Ie 20
OIIMOOYHBIX OTBETOB.
OryeT oTIMYaeTCsS MOCJICA0BATCIIBHOCTBIO, MPABUJIBHOCTBIO TIOJYYCHHBIX PE3YJIbTATOB, BBLIBOIOB. Ectp 16
HEOOIBIION TIPOLCHT OIIMOOYHBIX OTBETOB.

12

OT4YeT BEIIOJIHEH C 1"py6I)IMI/I OIHI/I6K8.MI/I, TIOJTYUCHHBIC PE3YJIbTAThI 3HAYUTCIIbHO OTJIMYA0TCA OT UICTUHHBIX.

CTy,I[CHT JOOJIKCH BBIINIOJIHUTH BCE KOJIJIOKBUYMBEIL.



MuHHCTEpCTBO HAYKH U BhICIIEro oOpa3zoBanus Poccuiickoit deneparuu
HmxHexkaMCKUN XMMHKO-TEXHOJIOTHYECKUI HHCTUTYT ((prinan)
benepanbHOro rocy1apCTBEHHOTO OIOPKETHOTO 00pa30BaTEIbHOIO YUPEKIACHUS
BBICIIET0 00pa30BaHUs
«Ka3zaHCKuil HAalMOHAJIBHBIN UCCIIEI0BATEILCKUI TEXHOJIOTHYECKUN YHUBEPCUTET

Daxynomem MmexHON02UYECKUU
Kageopa  HXC

Hamnpagsnenne moarorosku/crnenuanbHocTh:_18.03.01 —Xumudeckas TEXHOIOTHS
(K00 U HaumeHo8aHue)

HpO(i)I/IJ'IB/ CriCyaJInu3anus: «XUMHYECKAs TEXHOJOTHS OPraHUYECKUX BEIIECTBY,

(Haumenosanue)
Cemectp_7.8 (3a0uHas)

KomnuiekT 3aianuii 1J11 KOHTPOJIbHBIX padoT

o qucrmminae b1.B.JIB.03.01 Karanus u katanu3aropsl B HeTEXMMUNA U HedrenepepaboTke
(HaumeHo8aHUe OUCYUNTIUHDL)

KonTtpoannas padora Nel o temam Ne 1-7

Bapnant 1
1. Xumuyeckue peakiuu. Knaccudukaiius XuMmuaeckux peakiuit. CKopocTs peakiuu. J[BrKyIas cuiia mpoiiecca.
2. TpeOoBanus, IpeabsBIsIEMbIe K KaTaau3aropaM. OCHOBHBIE TIOTPEOUTEILCKUE XapaKTEPUCTUKHU KaTaIU3aTOPOB.
3. Karanu3 B razonedrenepepaboTke.

Bapuant 2
1. IIpocTeie u cnoxHble peakuun. PaBHoBecue B cucteme. OOpaTUMbIe U HE 0OpaTHMBbIE PEAKIMU B XUMHUYECKOM
KHHETHKE.
2. Tune! karanuzatopoB. CrienuanbHble TPeOOBaHMUS, PEABSIBIIEMbIE K IIPOMBIIIIICHHBIM KaTaIn3aTOPaM.
3. CrocoOb!I MPUrOTOBIICHNUS TBEP/IBIX KaTAIN3aTOPOB 1 aJCOPOEHTOB. 30J1b-T€Ib METOI.

Bapuant 3
1. ITonaTue 0 MEXaHU3ME XUMUYECKOHN pPEeaKIMy U TUMHUTHPYIOLIEH CTaIlH PO IIECCOB.
2. Tlonartue 00 WHTEHCHBHOCTH pPabOThHl Karanuzaropa. (DakTopbl, BIHUSIOIIME HA WHTEHCHBHOCTb PabOTHI
KaTaJn3aTopa.
3. IIpou3BOACTBO 1IEOJUTATIOMOCHIMKATHBIX KaTAJM3aTOPOB KPeKHHTa. THIbI MPOMBIIUICHHBIX KaTalH3aTOPOB
KpPEeKHHTA.

Bapuanr 4
1. Cxopoctp xummueckoil peakmmu. Konctanta ckopoctu. I[lopsimox peakmuum. MoJEKyIspHOCTb. MeTobI
OTIpeZIeTIeHUsI OPSIIKa PEaKIUH.
2. T'eteporeHHble KaTaJUTHYECKHE CHUCTEMbI. BiMsHNE KOHIEHTpPAllMM MCXOAHBIX KOMIIOHEHTOB. BrmsHue
KOHIIEHTPAINHX TPOAYKTOB PEAKLIUH U ITpUMECEH.
3. IlpouW3BOACTBO ILEOIUTATIOMOCHIIMKATHBIX KaTaJdM3aTOPOB KPEKHHTa. TEeXHOJIOTHS CHHTE3a LIAPUKOBOTO
[EOJUTATIIOMOCHIMKATHOTO KaTaan3aTopa.

Bapuanr 5
1. BimsHHE TeMIepaTypsl Ha CKOPOCTh peaKmuu. JHeprus akTtuBamuu. CIocoOBl OmpeneNieHHs IapaMeTpoB
ypaBHeHHSI AppeHnyca: rpaQUuecKuii 1 aHATUTHIECKHMA.
2. ®aKTopBI, BIMSAIOUINE Ha CEIEKTUBHOCTH paOOTHI KaTajan3aropa. TeKCTYpHbIe XapaKTePUCTHKU KaTain3aTopa.
3. IIpoM3BOACTBO IIEOINTATIOMOCHIUKATHBIX KaTAIN3aTOPOB KpEeKUHTra. TeXHOIOrus CHHTE3a MUKPOC(HEpUIecKoro
LEOJIUTATIOMOCUINKATHOTO KaTaau3aTopa.

Bapuanr 6
1. Karanus n katanu3aTopsl. THITEI KaTaTUTHYECKUX PEAKIHH.
2. BausHue N03MPOBKM KaTaiu3aTopa Ha CEJIEKTUBHOCTH OOpa30OBaHUS ILIEJIEBOTO IPOAYKTA IIPU TOMOT€HHOM
Katanuse. MeToabl yCTaHOBIEHUS CTPYKTYpPBbI KaTann3aropa. MeTo sl U3BJI€UEHUS TOMOT€HHBIX KaTalIu3aTOPOB.
3.TexHomorusi KaTaJu3aTOpoB THUAPOOYUCTKH HE(PTAHbIX (pakuuii. OCOOEHHOCTH CHHTE3a KaTajIu3aToOpOB
THUIPOOYHNCTKH.

Bapuant 7
1. BamsHme Ha peakuuWd TEMIECPATypbl, KOHIEHTPALMH PEarcHTOB, KaTaau3aTopa M JaBleHus. MexaHusm
KaTaJIUTHYECKOTO yCKOPEHMS TpoIiecca.
2.TexHONOTUsI MPON3BOACTBA TOMOTCHHBIX KaTaTUTHYECKHX CHCTeM. KaTam3aTop CepHOKUCIOTHOTO aJIKHINPOBAHUS
n3onapauHOB oseuHAMHU. XapPaKTEPHUCTHKA, COCTaB, CTAOMIBHOCTh IIPU XPAaHEHHH. TEXHOJIOTHYECKas CXeMma
YCTaHOBKH MOJUMEPU3ALIH C BEPTHKAIbHBIMU U TOPU30HTAIBHBIMH PEAKTOPAMHU.
3. TexHoJIOTHSI KATAJIM3AaTOPOB TMIPOOYHUCTKH HEPTIAHBIX Ppakunii. CHHTE3 aTIOMOKOOaIbTOBOTO KaTaau3aTopa.



Bapuanr 8
1. ToMOreHHBIH ¥ reTeporeHHbII KaTalus.
2. ®ocopHO-KUCIOTHBIH KaTanu3aTtop onuroMepusanuu 0ytuieHoB. CoctaB pocdopubix kucioT. [Tupodocdopras
KucioTta. TexHonorndeckas cxema YCTAaHOBKH OJIMTOMepu3aluu OyTaH-OyTHIIEHOBOW (pakuuu B HPUCYTCTBUU
(ochopHOIT KHCITOTHI Ha KU3ETBrype.
3. TexHOJMOTHS KaTaIM3aTOPOB THAPOOYUCTKH HeDTSIHBIX ¢pakiui. [Ipou3BOACTBO  aIOMOMOJHNOICHOBOTO
KaTajxm3aTopa.

Bapuant 9
1. Asptokaramu3. IIlpumep aBTOKATAIUTHYECKOW pEAKIUH. XapaKTEePHbIH BHUJ KHHETHYCCKOH KpPUBOI
ABTOKATAINTHIECKON PEaKINH.
2. TexHomornveckas cxema TONYyYEHHUs KaTATUTHYECKOTO KOMIUIEKCa IS IPOHM3BOJCTBA M30MPEHOBOrO KaydyKa
CKMU-3. OntuMaibHbIH COCTaB KaTalu3aTopa, MpuMecH. [ OMOreHHbIE KaTaln3aTopbl, HCIOIb3yEeMbIe B TEXHOJIOTHAX
OAO "HwmxHekamckHepTEXUM".
3. TexHonorus KaTajau3aTOPOB THUIPOOYHCTKH HEPTAHbIX ¢pakuuii. [Ipon3BoACTBO aqrOMOKOOANBT —
MOJIUOICHOBOTO KaTalnu3aTopa.

BapnanT 10
1. KucinoTHO-0CHOBHOM Katann3. TUIBI KHCIOTHO-OCHOBHOTO Kataynu3a. KnHeTHka peakuuil KHCIOTHO-OCHOBHOTO
KaTaJm3a.
2. OcCHOBHBIE METOABI TIPUTOTOBIICHHS KaTalu3aTOpoB. [lolydeHWe OCHOBHOTO KOMIIOHEHTa KaTaln3aTopa
OCaXIIeHHEM THAPOKCHIOB. JIOCTOMHCTBA M HEAOCTATKH METO/IA.
3. TexHomorus KaTamU3aTOPOB THUAPOOYHCTKH HEMTAHBIX Gpaknuid. I[IpoW3BOACTBO aTIOMOHUKENIh —
MOJHOICHOBOTO KaTalnu3aTopa.

Bapuant 11
1. Karanuszaropsl peakuuii crienudpuIeckoro KUCIOTHOTO, OOLIEro KUCIOTHOTO M AJIEKTPOPHUILHOTO KaTalu3a.
2. OOmasi TeXHOJIOTHYECKash CXeMa IOJIyYCHHUsS] OCaKACHHBIX KaTaIM3aTOPOB IPH CyXOM W BJI&KHOM CHOCO0ax
(dhopmoBanusi.
3. TexHosorusi KaTaJu3aToOpOB T'HMIPOOUYHUCTKH HeTSIHbIX (pakumid. [Ipon3BoACTBO Katann3aTopa Ajsi OYUCTKU
KEPOCHHOBBIX (Dpakiiii U TU3EIBHOTO TOIIHBA.

BapuanTt 12
1. KaTanmzaTopsl peakiuii cenupuaecKoro 0CHOBHOTO, 00IIEr0 OCHOBHOTO M HYyKJI€O(UIHFHOTO KaTaau3a.
2. Co3gaHue onpeIeNICHHON MTOPUCTOH CTPYKTYPHI KAaTaJIH3aTOPOB.
3. IIpou3BOCTBO KAaTAIM3aTOPOB THAPHUPOBAHUS U ACTUAPUPOBAHUS. [IpOM3BOICTBO MAIIAUCBOTO KaTaIM3aTopa
Ha HOCHUTEIE.

Bapuant 13
1. Conesie 3¢ dexThl B kKatanuse. [IepBUuHbIil 1 BTOPHUYHBIH COJIeBOM 3 (DEKTHL.
2. [Tpou3BOJCTBO OCAXKEHHBIX KaTaau3aropoB. [lonydeHne cuimukaress - HIOPUCTOrO KpEMHE3eMa-HOCHUTES
Karanuzaropa. [lapameTpsl HOPUCTOH CTPYKTYPBI CHUIIMKATEIs.
3. IIpou3BOACTBO KaTaIM3aTOPOB FHMAPUPOBAHUS M AETHApHpoBaHus. [IpousBoacTBo 60p — alOMONANIAANEBOTO
KaTaJIu3aTopa.

BapuanTt 14
1. depmenTaTuBHBINA KaTtanu3. OnpenencHue u oOliee MOHATHE. THIbl B3auMoneicTBus (epMeHTOB. [loHATHE O
KoepMeHre.
2. Metonb! mony4yeHus criukaress. [lodydeHne KyCKOBOTO U IPaHyJIUPOBAHHOTO CHITMKATEIIS.
3. Karanuzarop ruapupoBanus ojehUHOB.

Bapuanr 15
1. Kunetnka hepMEHTaTUBHON PEaKIH C OMHIM CyOCTpaToM. 3aBHCHMOCTh CKOPOCTH (hepMEHTATHBHOM pEaKIiy
OT KOHIIEHTpanuu cyocTpara.
2. Tlony4eHue KaTanu3aTopoB HAHECEHHEM aKTUBHOTO KOMIOHEHTa Ha HOCHTENb. OCHOBHBIE Tallbl HPUTOTOBJICHHUSI.
Tuner katannzaTopoB. CopOLMOHHBIE HAHECEHHBIE KaTaIM3aTOPEL.
3. Katanuzarop rupupoBaHus ajabAerH/I0B U CIOKHBIX A(HUPOB.

Tpebosanus kK 0hopMmaAeHUIO KOHMPOTLHOU PAdOmbL
1. KonTpoinbHas padota ohopMisieTcst B OTIENBHOM TeTpaIu.
2. Ipu odopmiteHnn paObOTHI CHaYaNa UICT 3aMUCh 3aJaHUs, 3aTEM €T0 PEIlICHHE.
3. KoHntponbHas paboTa COCTOUT U3 TpeX 3adaHui. 3aaanus TpEOYIOT OTBETa Ha TEOPETHUECKIE BOIIPOCHI,
B KOTOPBIX HEOOXOIMMO JIaTh MTOJHBIN, Pa3BEpHYTHIH OTBET Ha MOCTABIICHHBIH BOIPOC.
4. B xoHIe paboThl HEOOXOAMMO YKa3aTh CITUCOK UCIIOIB30BAaHHOM JINTEPATYPHI.
5. CTyAeHT NONMUCHIBACT KOHTPOJIEHYHO pPa0OTy W MPEAOCTAaBISCT €€ B JAcKaHaT (pakyibTeTa Ha
pelleH3UPOBaHNE.



6. Ecniit koHTpOMNIbHAS paboTa HE 3a4TeHa PEIIEH3EHTOM, TO OIUOO0YHO BBITOIHEHHBIC 33aHUS PEIIAIOTCS
TOBTOPHO B TOM )K€ TETpaiu.

7. CTyeHT JOJDKEH BBINONHATH KOHTPOJBHYIO pa0dOTy CBOErO BapuaHTa, B IMPOTHBHOM Cily4ae pabora
PELIEH3EHTOM HE 3aCUUTHIBACTCS.

Kpurepuii onenkn baja
JleMOHCTpHUpYyeT MOJHOEe MOHUMAaHUE TOCTAaBICHHO! 3a1a4n. JlaeT Torudeckn 0O0CHOBAHHBIH, OHBIH 1 50
TIPaBIJIGHBIN OTBET HAa MOCTaBJICHHBIM BOIpoc. OTCYTCTBHE OMIMOOYHBIX OTBETOB.
JlaeT ToCTaTOYHO MOJHBIN OTBET, C HAPYIICHHEM ITOCIICIOBATEIFHOCTH M3JI0)KEHHSL. 40
JlaeT HenoJTHBIN OTBET HA BOMPOC. 30
Her otBera. 0

MakcuManbHOE KOJMYECTBO 0aJIOB 32 BRIMTOJHEHNHE KOHTPOJIBHOM paboThl CTYACHT moay4aetr 50,
MHHUMAaJIbHOE KonuecTBo 0annoB — 30 .

Kontpoabnas padora Ne2 mo temam Ne 8-18

Bapuant 1
1. CnocoObl ompeneneHUs] KHHETHYECKHX  IapaMeTpoB  (EPMEHTAaTHMBHBIX  peakuuid. MHrnbuposaHue
(hepMEHTATUBHBIX peakiuid. Tumbl 00paTuMOro HHruONpPoOBaHUs (HEPMEHTATHBHOHN PEaKIHN.
2. «[IpomuTHbIe» HAHECCHHBIE KaTaIU3aTOpPbl. AKTUBHbIE KOMIOHEHTHL. CHOCOOBI HaHECEHUs] AaKTUBHOTO
KOMITOHEHTa U3 pacTBopa. O6paboTKa HOCUTENsI U30BITKOM pacTBopa. PacmpenesieHne akTHBHOTO KOMIIOHEHTA 110
rpaHy’e Katanu3aTopa. IlomydeHne kaTaau3aTopoB Ha HOCUTEISIX METOAOM MTPOIHUTKH.
3. Ilpon3BosCTBO KaTajau3aTopa JeruipupoBanus H-Oyrana. OCHOBBI ITpoliecca JeruApUPOBaHHSI.

Bapuanr 2
1. OnpeneneHne KOHCTAaHTBl ~ MHTMOMPOBAHMS NPH KOHKYPEHTHOM THIIC WHTHOMpPOBaHMA. XapaKTEpHBIA BH[
3aBHCHUMOCTH TIpH IpaduuecKoii 00paboTke pe3yIbTaTOB IKCIIEPUMEHTA.
2. lleomuTel W TPOMBIINIICHHBIE cHOcOOBI uX mosmydeHus. Kiaccudukamms neonntos. THIBI 1€OTUTOB.
[IpumeneHne neonuToB. ' MaAPOTEpMAaBHBIA CHHTE3 [IEOJIMTOB HU3KOTO MOIYJIS.
3. Katanuzarop nermapupoBanus sTriben3ona. Karannzarop nerunpupoBanus oiae(uHOB.

BapuanTt 3
1. OmpeneneHue KOHCTaHTHI WHTMOMPOBAHMS NPH HEKOHKYPEHTHOM MHTHOMPOBAHMH. XapaKTEepHBIH BHJI
3aBHCUMOCTH TpH rpadudeckoit 00padboTke pe3ybTaTOB SKCIIEPUMEHTA.
2. TIpou3BOJACTBO aKTUBHOrO OKcuaa amoMuHus. OCHOBHbIE cHOCOOBI mojyueHusi. Da30Bbie NpeBpaleHHs
runpokcunoB amomunus. Ilpomecc baiepa. KucnoTtHoe nepeocaxaenue. Lllerounoe ocaxaeHue.
3. I1pon3BO/CTBO KaTaaM3aTOPOB AJIsl CHHTE3-ra3a. [Ipon3BOICTBO AIFOMOHHUKENIEBOTO KaTalIn3aTopa.

Bapuanrt 4
1. OmpeneneHue KOHCTAHTHI WHTMOMPOBAaHUS NpH OECKOHKYPEHTHOM HWHIHOMpOBaHWU. XapaKTepHBIH BH
3aBHCHUMOCTH TIpH rpaduieckoil o0paboTke pe3ybTaToB 3KCIEPUMEHTA.
2. Meto npUroTOBIICHNS KaTaJM3aTOPOB, OCHOBAaHHBIC HA MEXaHUYECKOM CMEIIEHUH KOMIIOHEHTOB. JlocTOMHCTBA
MeTo10B. O0mast TEXHOJIOTHYECKas! IENOYKa NOTydeHHs KaTann3aTopoB. CoCoObI MOTyYeHHS.
3. TIpon3BOJICTBO KaTalM3aTOPOB Ul CHHTE3-Ta3a. [Ipon3BOJICTBO IMHK-XPOMOBOIO KaTaln3aTopa JUIs CHHTE3a
METaHOJA.

Bapuant 5
1. F'ereporennsit katanu3. OOIIHE MOIOKESHUS.
2. Cyxoii 1 MOKpBIH CIIOCOOBI CMEIIEHHUS] B MPOLIECCE NMPUIOTOBICHHs KaTaliu3atopoB. [Ipor3BOACTBO CMECEBOroO
KaTaim3aTopa JeruapupoBanus napapuaos Mmapku UM-2201. [IpuHiunuansHas TEXHOJIOTHYECKAs CXeMa.
3. Karanuzarops! okucieHus. [Ipon3BoCTBO cepeOpsiHOIO KaTaau3aTopa.

Bapuanr 6
1. Karanuzaropsl B NPOMBIIUICHHBIX Ipoleccax. | eTeporeHHble W TOMOTCHHBIE KaTAINTHYECKHE IIPOLECCHI.
Baxueilimue katanutuueckue peakuuu TOOHC.
2. IIpon3BO/ICTBO CMECEBOTO KaTalM3aTopa JETHAPHUPOBAHUS OJE(PHHOB U AJIKUJIAPOMATHYECKUX YIIIEBOIAOPOJIOB.
MeTton npou3BOJACTBA.
3. Katanuzarop okuciieHus MeTaHOJIa B (pOpMabIeTHI.

Bapuanr 7
1. OcHOBHBIE OTpACIH IPOMBIIIICHHOCTH, B KOTOPHIX PEaTH30BAHbI TETEPOTreHHO -KaTATUTHYECKIE POIIECCHI.
2. IlmaBneHble KaTaJUTHYECKHE CHCTEMBI. THIBI IUIABICHBIX KATaJIUTHYECKHX CHCTEM. TEeXHOJOTHS
MPUTOTOBIICHNUS IUIABJICHBIX KaTaln3aTopoB. [IpOM3BOACTBO OKCHIHOTO IIIABJICHOTO BaHAJHEBOTO KaTalW3aTopa.
ITpon3BOACTBO KENE3HOTO KaTaIn3aTOpPa CHHTE3a aMMHAKa.
3. Karanuszatopsl pudopMHIHTa yIrieBogopoIoB. TexHOIOrus MPUroTOBICHUS KaTalu3aTopa pupOpMHUHTa.

Bapnant 8
1. TpeGoBanus, npeabsBisieMble K KatanuzatopaM. OCHOBHBIE NMOTPEOUTEIECKUEXAPAKTEPUCTUKH KaTaIM3aTOPOB.
ITonsTHEe aKTUBHOCTHU KaTaIU3aTOPOB.



2. [InaBneHble MacCHBHBIE METAIUINYECKHE KaTauu3aTopsl. [lnaTnHOBEIN ceTyatThiii Katann3atop. CoctaBel HanOoee
pacnpocTpaHEeHHbBIX KaTaln3aTOPHBIX CETOK.
3. be3BoiopoaHbIi puOPMHUHT OEH3UHOB.
Bapnant 9
1. IIpoueccsl, MpoTeKaroIKue Ha TBEpAbIX KaTann3zaropax. OONacTH MPOTEeKaHHs TeTEPOreHHbIX KaTaJIUTHUECKHX
MPOLIECCOB.
2. Ckenernsle Katanusaropsl. CocTaB Katanu3aTopoB. IIpoussoacteo katanusaropa Ni-Penes.
3. Oxpana TpyZa 1 TeXHUKA 0€30MacHOCTH pabOTHl Ha KaTaIH3aTOPHBIX (GadpuKax.
Bapuaur 10
1. Cragnu B3auMOEHCTBHS Ta3000pa3HbIX PEareHTOB Ha MMOBEPXHOCTH TBEPBIX KaTaJIN3aTOPOB. TeXHOIOTHIECKas
XapaKTEePHUCTHKA TBEPABIX KaTanu3aTopos. IloHATHE 00 akTHBATOpPE U HOCUTEIIE.
2. OtpaBneHue Karanu3aTopoB. /le3akTUBaLus B pe3yibTaTe OJIOKMPOBKM M CIieKaHHs. PereHeparysi KOHTaKTHBIX
Mmacc.
3. O6opynoBaHue ISl KaTaau3aTOPHBIX POU3BOACTB. AINIAPATHI VISl CTYILEHHUS U pa3/ieNieHus! CyCIeH3HUH.
Bapuanr 11
1. daxTOpHI, ONpENEIAIOIIIEe AKTHBHOCTD MPOMBILIICHHBIX KaTaJIH3aTOPOB.
2. Karanu3zaTopsl Ha OCHOBE ITPUPOIHBIX TJIHH, [IEOJUTOB, HOHOOOMEHHBIX CMOJI.
3. O6opynoBaHKe IS KATaIM3aTOPHBIX TPOU3BOACTB. OOOpyI0BaHKE VIS CYIIKH ¥ TEPMOOOPAOOTKH.
Bapuanur 12
. Bnustane xoHnerTpannyu npumeceid. CocoObl yCTaHOBIECHHSI HHTHOUPYIOLIETO BIMSIHUS IPUMECCEH.
. IIpupoaHbIe KaTaau3aTOPh! M MX AKTHBALIHSL.
3. O6opynoBaHKEe IS KATaIM3aTOPHBIX TPOU3BOACTB. MAaIIMHBI ATl IPOBEACHHS MEXaHHIECKUX ITPOIIECCOB.
Bapmnanr 13
. CenexTHBHOCTP KaTaiuzaTtopa. MakTopbl, BIUSIONINE Ha aKTUBHOCTD ¥ H30MPATEILHOCTh KaTalli3aTopa.
. OGopynoBaHue JUIsl KATAJIM3aTOPHBIX TPOU3BOACTB. PeakTophl st KUAKO(PA3HBIX IPOIECCOB.
3. Metozp! ucclienoBaHKs KaTanu3aTopoB. ccenoBanue CTpyKTyphl.
Bapuant 14
. Katanutuueckue nporeccel, peanuzoBanuslie B Tatapctane u, B ToMm uncie, Ha OAO "HKHX".
. Merons! ccnenoBanms KaTaau3atopos. OnpeneneHne akTuBHOCTH.  OnpesiesieHne MEXaHHUeCKOH IPOYHOCTH.
3. Karanus opraHoMeTalIoCHIOKCaHaMH M MX TTPOU3BOJICTBO.
Bapuanr 15
. Kpynneiimme xarann3atopHsle mpon3BojacTBa B Poccn.
. UccnenoBanue CTPYKTypBl T€TEPOTCHHBIX KaTaJIU3aTOPOB.
3. OpraHoxJIOpCcHIIaHbI U X IPIMEHEHHE B KaTaJH3e.

N -

N -

N -

N -

Tpebosanus k opopmieruro KOHmMpoabLHOU pabomol
1. KonTponbsHast paboTta opopMIIsieTcs: B OTASIBHON TeTpajIy.
2. IIpu oopmiennn paboThl CHavasIa UIET 3alUCh 3a/IaHUs, 3aTEM €T0 PEIICHNUE.
3. KonrponbHas paboTa COCTOHT M3 TPEX 3aaHui. 3aJaHus TpeOyIOT OTBETa Ha TEOPETUYECKHE BOIPOCHI,
B KOTOPBIX HEOOXOANMO JIaTh TTOJIHBIH, pa3BEepHYTHIH OTBET Ha IIOCTaBJICHHBIN BOIIPOC.
4. B xon1e paboTbl HEOOXOIUMO YKa3aTh CIIMCOK UCTIOJIb30BAHHOMN JINTEPATYPHI.
5. CTyneHT NOINMCHIBAET KOHTPOJBHYIO DPAabOTy W MpPEIOCTaBIseT ee B JAeKaHaT (akyJIbTeTa Ha
pELEH3UPOBAHUE.
6. Eciin koHTpONbHAs paboTa He 3auTeHa PEeH3eHTOM, TO OIIMOOYHO BHIIIOJTHEHHBIE 3a/IaHUS PEIIaroTCs
IIOBTOPHO B TOW € TETPAIH.
7. CTYAEHT JIOJDKEH BBINOJHATH KOHTPOJIBHYIO pabdoOTy CBOErO BapuaHTa, B MPOTUBHOM ciydae padora
PELICH3EHTOM HE 3aCUUTHIBACTCS.

Kpurepuii oneHkn baua
JleMOHCTpUpYeT TOJHOE TIOHMMaHWE ITOCTABIICHHOW 3amaud. Jlaer Jiormdeckn OOOCHOBAHHBIN, TIOJNHBIA U 20
MPaBWJIGHBIN OTBET Ha MOCTaBJICHHBIM Bonpoc. OTCYTCTBHE OMIMOOYHBIX OTBETOB.
Jlaet 1ocTaToyHO NOJIHBIN OTBET, C HAPYILIEHUEM NOCIIEI0BATEIbHOCTH M3JI0KEHUSL. 16
JlaeT HemoJHbIN OTBET Ha BONPOC. 12
Her otBera. 0

MakcuManbHOE KOJTMYECTBO OAJIJIOB 32 BBIIOJHEHHE KOHTPOJILHOM PaboThI cTyAeHT nony4daet 20,
MHUHUMAaJIbLHOE KOJINYeCTBO O0auioB — 12 .



