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Ilepeuens Komnemenyuii u UHOUKAMOPOB OOCMUNCEHUA KOMNEMEHYUTL C YKAZAHUEM IMAN08 PopMuUposanus 6 npoyecce 0C60eHUA
OUCUUNIUHBL
KoMmnerennus:
I1K-1 Criocob6eH k o0ecredeHn o BEIpabOTKH KOMIOHEHTOB U IIPUTOTOBJICHNE TOBAPHOU MPOLYKIUH.
HNHaukaTopbl 10CTH/KEHUS] KOMIIETeHINH:

1.1 3HaeT TeXHOJIOTHIO MPOM3BOJICTBA TOBAPHOI MPOAYKIMH; OCHOBHOE 000pPYJOBaHHUE MPOIEcca, MPUHIUIIBI €ro paboThl ¥ PaBUiIa TEXHHUECK O
IKCIUTyaTallK; TEXHUYECKHE TPeOOBaHMS, IPEIbSIBIIIEMbIE K CBIPBIO, MaTepHaliaM, KaTalu3aTopaM, FTOTOBOH TOBAPHOU MPOIYKIIHH.

1.2 YMeeT ocymecTBIsATh ONMEPAaTUBHOE PYKOBOACTBO pabOTOi MPOM3BOACTBEHHOTO MOAPA3/ICIICHHsI U OPTaHU30BBIBATh PabOTy MOJTYMHEHHOTO
IepcoHalIa Ha BHIITOJHEHUE IIPOU3BOICTBEHHOM MPOrpaMMBbI M Ka4eCTBA TOBAPHOI MPOYKIIMH; IIPOBOIUTH CBEPKY CXOJMMOCTH OaaHca MoTpedIsieMoro
CBHIPbS. M BBIPAOOTKH TOBAPHOW MPOIYKIMHU; PACCUUTHIBATH IUIAHUPYEMYIO MOTPEOHOCTh IMPHCAIOK, PEareHTOB, KAaTalIM3aTOPOB, MATEPHAJIOB JIJIS
BBITTOJTHEHUS TPOM3BO/ICTBEHHBIX 3a/IaHUI HA TUITAHWPYEMBIN TIEPHOJI C YKa3aHUEM CPOKa IIOCTAaBKU.

1.3 Brageer HaBBIKAMH PYKOBOJCTBA NESATEIHHOCTHIO TEXHOJOTMYECKOTO yYacTKa M TOJAYMHEHHBIM IEPCOHAJIOM; KOHTPOJS COOJIOJCHHUS
TEXHOJIOTMYECKUX IapaMeTPOB B MpeJieliaX, yTBEPHKAECHHBIX TEXHOJIOTHYECKUM PEriaMeHTOM; IIPUMEHEHHUS MEP 110 YCTPAHEHUIO IPUYHH, BHI3BIBAIO X
OTKJIOHEHHE OT HOPM TEXHOJOTHYECKOTO pEerjiaMeHTa; IOATOTOBKH NPEIJIOKEHHH IO pa3pabdoTKe MEPONpPUSATHA IO COBEPIICHCTBOBAHUIO
TEXHOJIOTNMYECKUX MPOLECCOB, MOBBIIIAIONINX KAYECTBO TOBAPHON MPOIYKIIIH.

Hnoukamoput dmanwl popmuposanus é npoyecce 0c80eHUA OUCUUNTUHBL
- Haumenoeanue
oocmudiceHun Jexyuu Ilpakmuueckue 3anamus, Jlabopamopuuie | Kypcoeoii npoexkm
- 0UEHOUYH020 cpedcmea
KomnemeHnyuu 1a00pamopHbvlil NPAKMUKYM 3anaAmuUA (paboma)
IK-1.1 Temwr 1-18 He npedycmompenwi Temwr 1-18 He npedycmompenwi Jlabopamophvie
pabomul,
IK-1.2 Temwr 1-18 He npedycmompenwi Temwr 1-18 He npedycmompenwi KOJIIOKBUY MBI,
KOHMPOIbHble pabombl,
IK-1.3 Temwr 1-18 He npedycmompenwi Temwr 1-18 He npedycmompenwi 3auem ¢ OYeHKoll,
9K3AMEH




Ilepeuens oyenounvix cpedcme no oucyuniune (Mooyuro)

0J151 OUHOU U OYHO-3A0UHOU (PopMm 0OyUeHusn

Ouyenounvle cpedcmea Kon-60 Min, 6annoe Max, oannos
Jlabopamopras paboma 8 4 6
Konnoxeuym 2 4 6
Ox3amen 1 24 40
HUmoeo: 60 100
0715 3a04HOU (hopmbl 00yUeHUA
Ouyenounvle cpeocmea Kon-60 Min, 6annoe Max, oannos
Jlabopamopnasn paboma 4 6 10
Konumponvnas paboma 1 12 20
Okzamen 1 24 40
HUmoeo: 60 100




HlIxana ouenusanus

Indposoe
BbIpaKeHue

Bripaxenue B
0aJsnax:

CioBecHoe
BbIpa:KeHHe

Kputepun onleHKH HHIUKATOPOB JOCTHKEHHS MPU (popMe KOHTPOJIS:

JK3aMeH / 3a4er ¢ OLIEHKOM

3adyeT

5

87 -100

OTan4HO
(3auteHo)

OLleHKa «OTJIMYHO» BBICTABJISIETCS CTYICHTY, €CIH TCOPETUUYECKOE
CoJlep)KaHUE Kypca OCBOEHO TOJHOCTBIO, 0e3 Mpo0esoB; UCUEPIBIBAIOIIE,
MOCNE0BATEIbHO, YE€TKO M JIOTMYECKH CTPOMHO H3jaraeT marepuan,
CBOOOJHO CIpaBisSIeTCs C 33JadaMH, BONPOCAaMH W APYTUMHU BHUAAMHU
MPUMEHEHUA 3HAHUW; UCTIOJIb3YET B OTBETE JONOJHUTEIbHBIA MAaTEPHUAIT BCE
NpEeAyCMOTPEHHBIE MPOrpaMMOM 3aJaHUsl BBIIOJHEHBI, KayecTBO MX
BBITIOTHEHHUST OIEHEHO YHCIIOM OajuioB, ONM3KUM K MaKCHMalbHOMY;
AHAIIM3UPYET MOIYUEHHBIE PE3YJIbTAThl; NPOSABIISIET CAMOCTOATENIBHOCTD IPU
BBITIOJTHEHHUH 3aJaHUI

74 - 86

Xopo1o
(3auTeHO)

OLeHKa «XOpOILO» BBICTABISIETCS CTYNEHTY, €CIU TEOPETUUECKOE
coJlep)KaHHEe Kypca OCBOSHO IIOJTHOCTHIO, HEOOXOIWMBIC TPAKTUIECKHE
KOMIIETEHIINKM B OCHOBHOM C(OPMHPOBAHBI, BCE MPEIyCMOTPEHHBIE
porpaMMoii oOy4deHus] y4deOHbIEe 3aJaHUs BBHITIOJIHEHBI, KadeCTBO WX
BBIMIOJIHEHUSI JOCTATOYHO BbICOKOE. CTYIOEHT TBEpAO 3HAET Marepua,
rpaMOTHO M MO CYUIECTBY M3Jarae€T €ro, He JONYyCKas CYHIECTBEHHBIX
HETOYHOCTEW B OTBETE HA BOIPOC.

60 -73

VY nosnersopu
TEJIBHO
(3auTeHo)

OueHka  «yIOBIIETBOPUTEIBHO»  BBICTABISETCS  CTYIEHTY,  €CIU
TEOPETHYECKOE COAEPIKaHWE Kypca OCBOCHO YaCTHYHO, HO TMPOOENBl He
HOCSAT CYIIECTBEHHOT'O XapakTepa, OOJBIIMHCTBO TPEIYCMOTPEHHBIX
MPOTPaMMOii 3aJ]aHUH BBITIONIHEHO, HO B HUX UMEIOTCS OLIMOKH, TIPH OTBETE
Ha MOCTaBJCHHBIA BOIPOC CTYJEHT AOMYCKA€T HETOUHOCTH, HEAOCTATOYHO
MpaBWIbHbIE (OPMYJIMPOBKH, HAOIIONAIOTCS HApYIIEHUS JIOTHYECKON
II0CJIEI0BATEIBHOCTH B U3JI0KEHUU IPOTPAMMHOI0 MaTEpHAIA.

Onenka

«BaYTCHO»

CTYACHTY, €CJIM OTBETHI

TeMaM JIMCIUAILIMHBI
H3JIOKEHEI,
HE3HAYUTEILHBIC HEI0YEThI
TaKkHe
CaMOCTOSTEIBHOTO

JIOTUYECKHA
CTyJICHTA,

OIINOKY U TIp

Kak
BBIBOJIA,

BBICTABIISIETCS
Ha BOMIPOCHI IO

MMOCJICIOBATEILHEI,

JOIYCKArOTCS
B OTBETE
OTCYTCTBHUE
peueBbie

Huxe 60

Heynosnersop
UTEIBHO
(1e 3auTeHO)

OLeHKa «HEYJOBJIETBOPUTEIBHO» BBICTABISAETCS CTYIAEHTY, €CIIM OH HE
3HaeT 3HAUUTEIBHOM YAaCTH NPOrpaMMHOIO MaTepuaina, JOIMyCKaeT
CYIIECTBEHHbIC ONIMOKH, HEYBEPEHHO, C OONBIIUMH 3aTPYJHEHUSIMU
BBHITIOJIHSIET ~ TIpaKTHUYeCKHe paboThl, HEOOXOAMMBIE  MPAKTHYCCKHE
KOMIIETEHIIMK He C(HOPMUPOBAHBI, OOJBIIMHCTBO MPEAYCMOTPEHHBIX
porpaMMoii o0ydeHusi y4eOHBIX 3aJlaHWii HE BBIIIOJHEHO, Ka4eCTBO WX
BBITIOJTHEHHS OIICHEHO YUCIIOM 0aiyioB, OJIM3KIM K MUHUMAJIBHOMY

Ornenka
CTY/ICHTY,

«HEC

€CIIn

3a4TCHO»

CTYACHT

BBICTABJIACTCA
HC 3HACT

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




MuHHCTEpCTBO HAyKU U BhICIIEro oOpazoBanus Poccuiickoit denepannn
HmwxHekaMCKHil XUMHUKO-TEXHOJIOTHYECKUI HHCTUTYT ((uinain)
beaepanbHOr0 TOCYIaPCTBEHHOTO OFOPKETHOTO 00pa30BaTEIHbHOTO YUPEIKICHUS
BbICILIEr0 00pa30oBaHUs
«Ka3zaHCKuil HAalMOHAJILHBINA UCCIIEI0BATENBCKUN TEXHOJIOTUYECKUN YHUBEPCUTETY

Dakynvmem mexHON0SUHECKUL
Kageopa  HXC

Hanpasnenue noaroroBku/cnenuanbHOCTh: 18.03.01 —XuMudeckas TEXHOJIOTHS
(k00 u HauMeHoBaHue)
[Tpoduns/crienuanu3anus: «XUMUYECKask TEXHOJIOTHSI OPraHUIeCKIX BEIICCTBY,
(Haumenosanue)
Cemectp__ 6 (ounas), 7 (04HO-3a04HAas, 3a04HAas)

Bomnpocsl 111 NOATOTOBKH K IK3aMeHYy

o qucrmminae b1.B.J1B.03.01 Karanus u katanu3aropsl B HeTEXMMUN U HedrenepepaboTke
(HaumeHoB8anue OUCYUNTUHDL)

1. [ToHsATHE O KaTaNM3e U KaTaJn3aTopax;

2. ['oMOTeHHBIE U TETEPOTEHHBIC CHCTEMEI,

3. IHTeHCUBHOCTH U aKTHBHOCTDH KaTaJlN3aTOPa;

4. CeneKTUBHOCTh KaTalnu3aTropa,;

5. TpeOoBaHusi, NMpeABSABIsAEMblE K KaTauu3aTropy (cocTaB KaTaiu3aTopa, NpHUMeEceil; 4JacToTa KaTauu3aropa;
MEXaHHYECKHE CBOICTBA KaTaaM3aToOpa; MEXaHMYECKUE XapaKTepUCTUKH;, TpeOOBaHUs K TEPMHUYECKOI
CTaOMJIBHOCTH; TPeOOBaHMUS K pa3MepaM IpaHyl U (popMe rpaHyll KaTaau3aTopa; TeIJIOIPOBOIHOCTD KaTalk3aTopa;
CPOK CITy’KOBI KaTaJl3aTopa);

6. TekcTypHbIC XapaKTEPHCTHUKU Karanu3aropa (BeJMYMHA MOBEPXHOCTH, 00BEM mmop, ¢opma U pasmep Iop,
pacripeniesieHie mop 1o pa3Mepam);

7. MeTonbl MPUTOTOBIICHHS TeTEPOTEHHBIX KaTaIN3aTOPOB;

8.ITpou3BOACTBO OCAXIEHHBIX KATAJIM3aTOPOB (IIOCTOMHCTBA METO/Aa, HENOCTAaTKH MeTona, o0mas cxema
TIOJTY9ICHHA);

9. [lony4eHne CUIMKATeIs — HOCUTEIS KaTaJH3aToOpPOB;

10. ITpou3BOACTBO aKTUBHOTO OKCH/JIA ATFOMHHHS;

11. IleonuThl, TUIIBI IEOJIUTOB, KIaCCU(UKAIIHS IEOTUTOB, MPOMBIIUICHHBIE CIIOCOOBI UX MOYYCHUS;

12. INonyuyeHne KaTalu3aTopoB HAHECEHHEM aKTUBHOI'O KOMIIOHEHTA Ha HOCHUTEIIb;

13. MeTo/pl MPUTOTOBJICHUSI KaTAIU3aTOPOB OCHOBAHHBIE HA MEXaHMYECKOM CMEIIEHHH KOMIIOHEHTOB, CYXOW M
MOKpBII METO/I CMEILICHHUS;

14. MeTo/pl MPUTOTOBIICHNS TIJIABJICHBIX U CKEJIETHBIX KaTaJIUTHYECKUX CHCTEM;

[onsaTune o0 xKatanmse U KaTaTU3aTOPax.

15. Karamutiaeckue sapl. OTpaBlieHHE KaTATH3aTOPOB.

16. [Ipon3BOACTBO KAaTATU3aTOPOB KPEKHUHTA.

17. Karann3aTopsl THAPOOYHUCTKH HEPTIHBIX (hpPaKITHIA.

18. Karanu3aTopsl THAPUPOBAHUS U IETUAPUPOBAHHS.

19. KaranuzaTops! s MPOU3BOICTBA CHHTE3-Ta3a. [[pon3BOACTBO AIFOMOHHUKEIIEBOTO KaTalln3aTopa.

20. Karanuzatopsl okuciacHus. [IpOU3BOCTBO CEPeOPSIHOTO KaTain3aTopa.

21. KatanuzaTopbl pu)OpMHHTa YTII€BOIOPOAOB. TEXHOIOTHs IPUTOTOBJICHHS KaTalu3aTopa pupOpMHUHTa.

22. OxpaHa Tpy/aa U TeXHHUKa 0€30MacHOCTH PpabOThl Ha KaTaln3aTOPHBIX (haObpHuKax.

23. O6opynoBaHNE KaTAM3aTOPHBIX TPOM3BOACTB. PeakTopsl ist )KUAKOPA3HBIX TPOIIECCOB.

24. O6opynoBaHNe KaTAM3aTOPHBIX MPOM3BOACTB. ANNApaThI IS CTYIIECHHS U PAa3IeNICHNs CYCIICH3HUH.

25. O6opyznoBaHne KaTalu3aTOPHbIX MPOM3BOACTB. OOOpYyI0BaHKE ISl CYIIKH M TEPMOOOPaOOTKH.

26. O6opynoBaHNE KaTaJM3aTOPHBIX MPOM3BOACTB. MaIIMHBI JUIs TPOBEACHHUS MEXaHUUECKHX ITPOILIECCOB.

27. KaTtanus opraHoMeTaJuUIOCHIOKCaHaMHU M UX TIPOU3BOJICTBO.

28. Meronp! nccneioBaHus KaTanuzaTopoB. McenenoBanne cTpyKTyphl.

Habop yTBepKIEHHBIX DK3aMCHAIMOHHBIX OmieToB xpaHutcss Ha kadeape. Kaxnprid
9K3aMEHAIMOHHBIN OWIIET CONEPKHUT JBa TEOPETHYECKMX BoIpoca MakchMalbHOE KOJIWYECTBO OallioB,
KOTOPOE CTY/AEHT MOKET MOJIydHTh 3a 3k3aMeH -40, U3 HUX 3a OTBET Ha OIUH TeopeTnueckuii Bonpoc — 20.
MuHHIMaTbHOE KOMYECTBO 0asioB 3a 3k3aMeH — 0 .



MuHHCTEpCTBO HAyKU U BhICIIEro oOpazoBanus Poccuiickoit denepannn
HmwxHekaMCKHil XUMHUKO-TEXHOJIOTHYECKUI HHCTUTYT ((uinain)
beaepanbHOr0 TOCYIaPCTBEHHOTO OFOPKETHOTO 00pa30BaTEIHbHOTO YUPEIKICHUS
BbICILIEr0 00pa30oBaHUs
«Ka3zaHCKnil HAalMOHAJIbHBIN UCCIIEIOBATEIILCKUI TEXHOJIOTUYECKUI YHUBEPCUTET»

Dakynvmem mexHON0SUHECKUL
Kageopa  HXC

Hanpasnenue noaroroBku/cnenuanbHOCTh: 18.03.01 —XuMudeckas TEXHOJIOTHS
(k00 u HaumeHoBaHue)
[Tpoduns/crienuanu3anus: «XUMUYECKask TEXHOJIOTHSI OPraHUIeCKIX BEIICCTBY,
(Haumenosanue)
Cemectp_ 6 (ounad ), 7 (O4HO-3a04Hasl, 3204HAasT)

Y4eOHbIM IIIAHOM MO HampaBieHuo noarotoBku 18.03.01 —Xwumuueckass TEXHOIOTHS IS
00y4aroIUXCs MPEAYCMOTPEHO MpoBeacHHE TabopaTopHbix 3ansaTuil mo aucimminae b1.B.J1B.03.01
Karanu3 u kaTanu3aropsl B Herexumuu u HedrenepepaboTke.

JlaboparopHble 3aHATHS 1O JAWUCHMIUIMHE MPOBOJATCS B  CIHEIHANBHO 00OPYIOBaHHBIX
7abopaTopusix ¢ NPUMCHEHHEM HEOOXOAUMBIX CPEACTB OOydYCHHs: 1abopaTopHOro 000pyIOBaHHS,
00pas3IoB Il HCCIIEOBAHNN, METOAMYECKUX MTOCOOHH.

Ilenb mpoBeacHUs 1abOPaTOPHBIX PabOT - MPAKTHYECKOE OCBOCHHE TEOPETUYECKHUX MOJIOKEHHI
JEKIIMOHHOTO Marepuaja, a TakKe BBIPAOOTKa CTYJIEHTAMH OINPEICICHHBIX YMEHHH M HaBBIKOB
CaMOCTOATEIBHOTO SKCIIEPUMEHTHPOBAHHS.

KommiekT j1adopaTopHbIX padoT
no nucuumivae 51.B.J1B.03.01 Karanu3 u katanu3atopsl B HedTexuMuu U HedrernepepadoTke

(HauMeHosaHue oucyunIuHbl)

JlabopaTopHasn padora Ne 1
KATAJIMTUYECKOE PA3JIOKEHUE INTEPEKHMCH BOJOPOJA
Llenv pabompei: ONpEenENUTh CKOPOCTH PAa3JIOKEHHs NMEPEKUCH BOAOPOJA 3aJaHHOM KOHIEHTPAlMH B
MPUCYTCTBUU TOMOTEHHOTO M T€TEPOTeHHOT0 KaTalln3aTopa.
Kpamxas meopus

[IpumeneHune nepekrcy BOAOPOAA BO MHOTHX TEXHOJOTHYECKHX MPOLIECCaX, MEAULIMHE U APYTHX
o0acTsIX OCHOBBIBacTCS Ha €€ OKHCIHMTENBHBIX cBoiicTBax. Haumbonee xapakTepHbIN ISl MEPEKHCH
BOJIOPOJIa DK30TEPMHUYECKHI pactiaj] B KUCIIOH cpejic MOXKET OBITh MPEACTaBICH YPaBHEHUEM:

H:0, = H:O+ %20, (1)
Pexe TobKO 0] AEHCTBHEM HEKOTOPBIX CHIIBHBIX OKUCIIUTENIEH IEPEKUCh BOJIOPOIa IPOSIBIISIET CBOMHCTBA
BOCCTaHOBUTEJISI COTJIACHO YPAaBHEHHIO PEAKIINH:

H,0; = O, +2H (2)
OxucnutenbHas QyHKIUS Oojiee OTYETIMBO BBIPAXKEHAa Y IEPEKHCH BOAOpOJa B KHUCIOHW cpene,
BOCCTaHOBUTEJISI — B IIEJIOYHOM.

Pacnan mo cxeme (1) ua€r co 3HAYMTENEHON CKOPOCTHIO B MPHUCYTCTBUH BEIECTB, CIIOCOOHBIX
OKHCIISIThCS BBIACIISIIOIIMMCS KUCJIOPOJOM. Y CKOpSIIOIee JeHCTBIE Ha Pa3IoKEHUE MEPEKUCH BOAOPOIa
OKa3bIBAIOT TaKXKe TBEPJIbIE KATaIU3aTOpbl (CTEKJIO, MHOTHE METaJlIbl, B YACTHOCTH IUIATHHA, CONHA U
OKHCIIBl METAJIIOB, YTOJIb | T.I1.). Ha TeueHne KaTaTuTHIEeCKOW PEeaKIuy Pa3lIoKEeHHUs IIEPEKICH BOJOPO/Ia
BJIMAIOT COCTOSIHUE IOBEPXHOCTH Katanuzaropa, pH cpeapl u katanurndeckue sapl. CUIBHBIMY S1aMHU IPU
pa3oXKeHUH NIEPEeKUCH BoIopoaa Ha ratune seistotes: Cs, CoHsOH, 1o, P, CO, PH3, AsH3, NaxSO:s.

CortacHo cxeMe MpeJNI0KEHHOW HEMEIKUM Y4eHbIM BHuianioM, pa3noxeHne NepeKucH BoA0poia
MPOTEKAET yepe3 CIASAYIOIUe MeIJIeHHbIE U OBICTPBIE CTaINU:

HOOH = 0;+ 2H (MemieHHO)
HOOH + 2H = 2H,0 (6sicTpO)
2H,0, = 2H,0 + O

CyMMapHasi CKOPOCTb PEaKkIMU OIpenessieTcs MEepBOW CTaauel, U MO3TOMY peakuust UAET Mo
nepBoMy nopsaky. IIpennonaraercs, 4To cTagust aacopOUuu — JecopOLrU NPOUCXOIUT BecbMa OBICTPO U
He JIUMUTHPYET Tporiecc. CKOPOCTh Pa3NIOKESHHUs MIEPEKUCH BOJOPOAA B 3HAUUTEIILHON CTETIEHH 3aBUCHUT



OT KOHIIEHTPALUK PAacTBOPa. ITO 00YCIOBJICHO KaTATUTHIECKUM JACHCTBHEM BOMBI.
Dkcnepumenmanvhas uacme

Peaxmuevi: nepexucy Bogopoaa 30%; kanuii MapraHUOBOKUCIBIN (TIEpMaHraHaTt); yroib Mapku bAY);
okuch menu (11)); okuch NUHKA; AUCTUIUIMPOBAHHAS BOAA.
IIpubopei: OropeTka raszoBas; KOJObI KOHWYECKHME, BMecTUMOCThI0O 100 cm®, muamHApel MepHBIE,
BMECTUMOCTBIO 50 cM®, MHIIETKH TIpalyupoBaHHBIE, BMECTHMOCTBIO 1, 2, 5 m 10 cm®; cexynmomep;
TEPMOMETP CTEKJISIHHBIN J1a60paTopHbIii ¢ quanazonom usmeperus ot 0 °C o 100 °C, uena nenenms 1 °C.
IIposedenue sxcnepumenma.

1-as cepus ombiTOB. B paboTe n3MepsroT CKOPOCTh Pa3iIoKeHUS MEPEeKUCH BOAOPOJa 3aTaHHOM
KOHIIGHTPAIlMM B MPHUCYTCTBUH KaTaau3aTopoB. [y 9TOHM 1enu NpUMEHSIOT Ta30MEeTPHUYECKH crocoO,
KOTOpPBI TIO3BOJISIET OIpPENEeNUTh C JOCTaTOYHOH TOYHOCTBIO CPENHIOID CKOPOCTh 3a KOPOTKHE
HPOMEKYTKH BPEMEHH H, TAKUM 00pa3oM, CTPOUTH KPUBBIC H3MEHEHHS CKOPOCTH PEAKIH BO BPEMEHHU.

Pucynox 1 — YcTaHOBKa KaTaIUTUUECKOTO Pa3oKEHUS IEPEKUCH BOAOPOIa
1 — peakunoHHslii cocyn; 2 — oOpaser KaTanu3aTtopa; 3 — coCy/l i pacTBOpa NEPEeKUCH; 4 — IPOXOIHOM KpaH; 5 — TpeXX010Boii kpaH; 6 — ra3oBas OropeTka;

7 — ypaBHHUTeIbHAs CKIIHKA; 8 — cOeIMHUTENbHAs TPYOKa; 9 — MarHUTHAs MeLIaJIKa

KonmaecTBO paznmoXuBIIeiics K JAHHOMY MOMEHTY IEPEKUCH BOIOPO/Ia OMPEEISIOT TI0 00beMy
BBIIETMBIIIErocs Kuciopoaa. Cxema mpubopa Ui H3MEepEeHHsI CKOPOCTH Pas3iIoKEHHUs TIEPEKHUCH BOIOPOIa
MIpPEICTABIICHA HA PUCYHKE 1.

ITepen HavamoMm ombITa BHEICYIICHHBIM PEAKIIMOHHBIN cocys 1, ¢ MOMEIIEHHOM B HETO HABECKOM
KaTajam3aTopa, U BOPOHKY 3 COCOUHSIOT B COOTBETCTBHH CO CXEMOW W MPOBEPSIOT T€PMETHYHOCTH
CUCTeMBI. J{JIs1 5TOr0 MPUBOIAT NaBICHUE BHYTPH CHCTEMBI K aTMOC(epHOMY, YpaBHSB Ha MPOU3BOJILHON
BBICOTE JKHUAKOCTH B OIOpeTKe 6 W YpaBHUTEIBHOHM CKISIHKE 7, HECKOJBKO pa3 MOBOPAYMBAIOT KpaH 5,
MOTHUMAIOT CKIITHKY 7, 9TOOBI 3aIIOJIHUTH OIOPETKY 3aTBOPHOM KHUAKOCTHIO (BOIOH) TOBEPXY, ITOCIIE YeT0
COOOINAIOT OFOPETKY C PEAKTOPOM M OMYCKAIOT CKIISTHKY MPUOIN3UTENIHO HA YETBEPTh BHICOTHI OFOPETKHU.
Ecnmu obecriedeHa JtoctaTodHas TePMETHYHOCTh, YCTAHOBUBIIMMCS YPOBEHb 3aTBOPHOW >KHIKOCTH B
OIOopeTKe He TOJDKEH CMEeIIaThCs B TEUEHHE HECKOIBKUX MUHYT.

JUIs TIpUTOTOBJIIEHHST WCCIEIyeMOTO pPAacTBOpa OTMEPSIOT TIHIETKOW WM MHKPOOIOPETKOM
3aJlaHHbBIN TIpernoaBaTelieM 00beM NCXOAHOTo pacTBopa H2O» 1 pa30aBisAioT AUCTUILTUPOBAHHON BOJIOM,
nobassroT pactBop KMnOs B 3amaHHOM mpenonaBatesieM o00beMe M 3aKpbIBalOT Kpbilikod. [locie
THIATETTFHO TEPEMENINBAIOT W OTOMpAlOT Ui aHauu3a TpagydpoBaHHOW mumrmeTkor 10 wmu
MPUTOTOBJIEHHOTO PaCcTBOPA.

[To Mepe MOHIKEHHS YpPOBHS JKUAKOCTH B OFOPETKE YPaBHHUTENBHYIO CKISTHKY OIMYCKAalOT TakK,
yTOOBI HAa TPOTSHKEHUH BCETO OMBITa Pa3HOCTh YPOBHEHW B OIOpPETKE W ypaBHUTENHHOW CKISTHKE ObLIa
MUHHUMAJIbHOM.

B moment BBoia KMNQOj4 BriTtowaeMm cekyHioMep. 3HaueHne 00beMa BBIISISIONIETr0cs: KHCIOPOa
ClIelyeT PeruCTPUPOBATh MIOCTOSHHO BMECTe cO BpeMeHeM, HaunHas ¢ BBoga KMnOy B peaktop. B xone 1
ombITa AenaroT 15-20 3amepoB. OOBIT cilenyeT 3aKaH4YMBaTh, KOTJa 00BEM BBIIEIHBIIETOCS KHCIOPOJa
cocraBut Oonee 70-75% ot obmiero o0bemMa, KOTOPHIH MOXKET BBIICIUTHCS MPU TIOJHOM PA3NIOKESHUU
MIEPEKUCH.

2-as_cepus ONBITOB. BTopas cepusi ONBITOB NpOJENBIBACTCS AHAIOTHYHO IIE€PBOM, BMECTO
TOMOTEHHOTO KaTaln3aTopa MepMaHraHata Kaius B PEaKIMOHHYIO CMECh IMOMENIAeTCs] TeTepOTeHHbIN
KaTalm3aTop. B kauecTBe reTeporeHHOro Karainn3aTtopa npeiaraeTcsi IPOBECTH MPOBEPKY HAa aKTHBHOCTh
B PEaKL1H pa3iIoKeHUs MEPEKUCH BOI0poa TpEX 00pa3oB: yroyib Mapku BAY (kpucrasibl), OKUCh MeU
(1) (cTpyxka), OKHCh IUHKA (ITOPOIIOK).

3'5[ CEpus OIIBITOB. TpeTLSI CEpuAa OIIBITOB IPOBOAUTCA aHAJIOTMYHO HepBOfI, K TOMOT'€HHOMY
KaTaJln3aTopy IEepPMaHTaHATy KaJusl JIOOaBISIFOTCS TPOMOTOPHI, T.e. BEIECTBa KOTOpPHIE CIOCOOHBI
MOBBICUTh MJIM NOHU3UTh aKTUBHOCTH KaTajJM3aToOpa Ha HECKOJBKO MOPSAKOB. B KauecTBe MpOMOTOpPOB
KaTaJn3aTopa IpeajiaracTcsl MPOBECTH MPOBEPKY C JoOaBlieHHEM YKCycHOW KucnoTel oobeMamu (0,025;




0,05;0,1; 0,15; 0,2; 0,25 M) u ¢ gOOaBIEHHEM H3OMPONIIIOBOTO crirpTa oosemamu (0,2; 0,5; 1; 1,5; 2 mu).
Obpabomxa dKCnepUMEHMANTbHBIX OAHHBIX

B nmamHOM pasgene mabopaTopHOM pabOTHl  CTYIACHTY HEOOXOAMMO TIO TOJYYCHHBIM
JKCIICPUMCHTAIBHBIM JaHHBIM TPOM3BECTH PACYETBl W MOCTPOUTh TpadUK H3MEHEHHS CKOPOCTHU
pa3IoXKeHHS MEPEKICH BOJOPOIa BO BpEMEHH.

J1g Kax 101 ceprr OTBITOB MTOCTPOUTH TpadK 3aBUCUMOCTH BBIACIUBIIETOCS 00heMa KHCIopoaa
OT BpeMeH (PUCYHOK 2).

Jia xaxxoit KpuBo# rpadudecku HaiTh 3((HEKTUBHYIO CKOPOCTh PEAKIINH, TPOBEIS KacaTeIbHYTO
K KHHETHYECKOH KpUBOH (prCYHOK 3); 3(ppeKTHBHASI CKOPOCTH pEeaKIMH B TaHHBII MOMEHT BPEMEHHU paBHA
10 a0COTIOTHOM BEJIMYMHE TAHTSHCY yTia HAKJIOHA KacaTelbHo (3):
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Pucynok 2 — I'paduk 3aBHCHMOCTH BBIJICIMBIIECTOCS 00beMa KUciopoaa (Mi1) OT BpeMeHH (MHH)
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Pucynok 3 — I'padyik 3aBUCUMOCTH KOHIIEHTPAIIMU OT BpEMEHH IS onpeesieHus 3pPexTHBHON
CKOPOCTH PeaKLUnu
Ha¥iTi KOHIIEHTpAIMIO TIEPEKUCH BOJIOPO/Ia B IPUTOTOBJICHHOM PACTBOPE 10 clieAyroniei Gopmyie (4):

_ "Hopg*pH, 0. (4)

CH= 0,
[Moctponts rpadmK 3aBHCUMOCTH CKOPOCTH Pa3IOKEHHs TEPEKHCH BOAOPOJAA OT KOHIEHTPALWH IS
oTpeeNeHHs OpAIKa PeakIny.
Cmamucmuueckas 06pabomka pe3ynbmamos dKCnepumMeHma
B nannom pa3zzene nabopaTopHoi paboThl CTYACHTY HEOOXOIUMO 1O HOTYYEHHBIM 3KCIIEPUMEHTATbHBIM
JIAHHBIM TIPOM3BECTH CTATHYECKYIO 00pabOTKY pe3ybTaTOB IKCIIEPUMEHTA.
PaccuuTath cpenHeapudmMeTnuecKoe 3HaUeHUE PE3yJIbTATOB SKCIIEPUMEHTA!

Mg 0,

—= Ln:“:.- lfi

=

rae N — YUCII0 HKCIEPUMEHTOB

Paccunrats oTKIIOHEHHE OT cpeaHero 3uavenus (Ci - C)
Paccuurath KBaapaT OTKJIOHEHHS OT cpeanero 3Hauenus (Ci- C)?

Paccuurarh cyMMy KBaJ[paToB OTKIOHEHHUS OT cpeHero 3Hauenus: % C;, — € )2

Paccunrath CTaHAAPTHOC OTKIIOHCHUC CIMHUYHOI'O pE3yJibTaTa OT cpenHeapH(bMeTquCIcoro 3HAYCHMUA:

_ |=ce —T3F
e ,‘! Frrz — A7)
. . C=CxSz+t,,
Paccuurarts JOBECPUTECIIbHBIM HHTCPBAJI ONIPEACTIAEMON BEJINYNHBI: =

rae t, ,, - koadunuent CreroneHTa. Ero 3HaueHue HaxoAaT U3 TaOIMLBI 2, 331aBasCh J1OBEPUTEIbHON

BEPOSITHOCTHIO P.
Tabnuua 2 — 3nayenus koddduuuenta CtprojeHra t,, ,,
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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

095|127 14,30|3,18 | 2,78 | 2,57 | 2,45 | 2,31 | 2,26 | 2,23

Bui16o0si. B mannom paznene mabopatopHoii pabOTHI CTyIEHTY HEOOXO0IUMO IEPEUNCITUTh OCHOBHBIE HTOTH
NpoJeTaHHON paboTEI.

1-oii moarpymiie CTyIEHTOB HEOOXOOMMO TOSICHUTb, KaKMM O0Opa3oM TOMOTEHHBIM KaTalu3aTop, B
YaCTHOCTH MEpPMaHraHatT Kallusi, BIHSCT HA CKOPOCTh Pa3IOkKEHUS MIEPEKHCH BOJOPOIA.

2-0i TOArpyHne CTYACHTOB HEOOXOOUMO TOSCHHUTh, KaKOW W3 HCIOJB30BAHHBIX HMMH O0Opa3LoB
reTeporeHHOro Karanu3aTopa sBJsieTcsl HanboJiee aKTUBHBIM B PEAKIIMU Pa3IoKeHUs! IEPEKUCH BOAOPOIa
1, KAKUM 00pa3oM CTPYKTypa U MOBEPXHOCTh KATATU3ATOPa OKA3bIBAIOT BIUSHUE HA TPOTEKAHUE PEAKITHH.
3-eif moarpymmne CTYACHTOB HEOOXOIUMO TMOSCHUTH BIHUSHHE MPOMOTOPOB (YKCYCHOW KHCIOTBHI U
M30TPOIHUIIOBOTO CIIUPTA) Ha JeCTBUE TOMOTCHHOTO KaTalllu3aTopa.

JlaGopaTopHas paGoTa Ne 2
CPABHEHUE CHHTE34A I'OMOI'EHHOI' O U 'ETEPOI'EHHOI'O KATAJIU3ATOPA U OIIPEJJEJIEHUE
PACTBOPEHHOI'O I OFLIJEI' O MOJIUB/JEHA
Lenu pabomul:
1. U3yYUTh METOIUKY MOIYYECHHUSI KOMIUIEKCHOTO MOJIMOICHOBOTO KaTaJIM3aTopa;
2. IpOBEPUTH NPUHLUIHMATIBHYIO BO3MOXHOCTH H3BJICUECHHUS] PACTBOPEHHOTO MOJIMOAEHA copOuuei ero
AKTUBHPOBAHHBIM yTJIEM U3 PACTBOPOB, TOJYYEHHBIX PACTBOPEHUEM ITOPOIIKOOOPA3HOTO METAIITMUECKOTO
MonuOeHa B BOJIE, COZIepaKallell IepeKHCh BOAOPOA;
3. mpoBepUTH BIMSHUE Ha COPOLIMIO HAYaJIbHOTO COACPKAHUS MOJIMOACHA.
Kpamxas meopus

[IpeumymiecTBaMu METOJOB TPUTOTOBIEHHUS KaTalW3aTOpOB, OCHOBAaHHBIX Ha HaHECEHUHU
AKTUBHOT'O KOMIIOHEHTa Ha HOCUTENb, SBISIOTCA 3(Q(PEKTUBHOE MCIOJIB30BaHUE aKTHBHOTO KOMIIOHEHTA
BCJIEICTBUE €r0 BBICOKON TUCIEPCHOCTH, MEHBINIEE KOIMUYECTBO BPEIHBIX OTXOJO0B U Ap. B 3aBHCcMMOCTH
OT MEXaHM3Ma B3aNMO/ICCTBHS HAHECEHHbIE KaTajln3aTopbl MOKHO pa3JeluTh Ha JIBa OOJBIINX Kiacca,
KOTOpBIE B JATbHEHTIIEM Oy/ieM Ha3bIBaTh "COpOIMOHHBIMU" U "IPONUTOYHEIMA" . B citydae copOIMOHHBIX
KaTaJIu3aTOPOB B MIPOLIECCE IPUTOTOBICHUS UMEET MECTO B3aUMOJICHCTBHE MEXKIY HOCHTEIEM H HCXOTHBIM
BEIIECTBOM, aJICOPOMPYIOIIMMCS Ha IOBEPXHOCTH. B cilydae NpOMUTOYHBIX KAaTalU3aTOPOB TaKOe
B3aMMO/IEHCTBHE MMPAKTUIECKH OTCYTCTBYET, U HCXOJHOE COCMHEHNE aKTUBHOT'O KOMIIOHEHTA HAaXOAUTCS
B PACTBOPEHHOM COCTOSIHUM B ITOPaX HOCHUTEIIS.

[lpu HeOoONBIIOM coOJiep)KaHUM AKTHBHOTO KOMITOHEHTA IIOPUCTas CTPYKTypa HaHECEHHOTO
KaTajau3aTopa O4Ye€Hb Malo OTJIMYAeTCs OT CTPYKTYpbl HOCHTENS, TMOATOMY JUIS CO3JaHHMS aKTHBHBIX
KaTaJIn3aTOPOB OUYEHb BaYKHBIM SBJISIETCS IIOA00P HOCUTENS C ONITUMAIbHOM TEKCTYpPOH.

XapakTepHbIM CBOMCTBOM HAaHECEHHBIX KaTaJIM3aTOPOB SBJISIETCS HEPABHOMEPHOCTh pacIpeselie-
HUS aKTHBHOTO KOMIIOHEHTa 0 CEeueHHIo rpaHyibl. Ha pucyHke 4 mpencraBieHO paclpelieleHne
aKTHBHOTO KOMIIOHEHTA IO IpaHyjie Kartainu3aTopa. lIpuHATO AeneHHe HaHECEHHBIX KaTalu3aTOpPOB Ha
YyeThlpe OCHOBHBIX THNA: | - ¢ paBHOMepHBIM pacnpeaeneHueM; 11 - "KopoukoBbIiA", y KOTOPBIX aKTUBHBIN
KOMIIOHEHT cocpefioToueH y mepudepun rpanym;, Il - akTHBHBIM KOMIOHEHT COCPEIOTOYEH B IIEHTpE
rpaHynbl (Tak Ha3bIBaeMbIH "SWYHBIN kenTok"); IV - akTHBHBIA KOMIIOHEHT DPACIIOJIOKEH B CpeaHEn
o0nacTH, yJaqeHHOHN Kak OT LIEHTpPa, TaKk U OT BHEIIHEH MOBEPXHOCTH 3epHA KaTalu3aTopa.

O®@O

P HUCYHOK 4 — PaCHpCZLGHGHI/IG AKTUBHOT'O KOMIIOHCHTA I10 T'paHyJIC KaTaJinu3aTopa
MeTO,I[ HAHCCCHUS HCIIOJIB3YCTCA U IS MOJYUCHHUA KATAJIU3aTOPOB 0oJlee CIIOKHOTO CcocCTaBa,
AKTUBHBIA KOMITOHEHT KOTOPBIX BKJIFOYACT JiBa UJIN 0oJiee PJIEMEHTOB.
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HecmoTpss Ha pa3HOOOpasMe XWUMHUYECKOI'O COCTaBa, JUISi HAHECEHHBIX METATIOOKCHTHBIX
KaTaJln3aTOPOB MOXHO BBIJICIUTE OCHOBHBIE OCOOCHHOCTH, OOYCIIOBIICHHBIE METOJOM HAHECCHUS
AKTUBHOTO KOMIIOHEHTa: AJisi COPOLMOHHOTO Croco0a XapaKTepHbI BBICOKas, ONM3Kas K aTOMapHBIM,
JUCTIEPCHOCTD YacTHUI] aKTUBHOTO KOMIIOHEHTA, COXpaHAOMIasica B ITMPOKOM JHANla30HE €0 COACPIKAHMS,
Y TIOBBIIIIEHHAS! TEPMOCTOMKOCTB, B CIIy4ae OMAIEMEHTHBIX KaTaln3aTOPOB.

KaranmzaTopsl, momydeHHBIE CITOCOOOM TPOMHUTKH, BBICOKOAWCIIEPCHBI TOJBKO IIPH MAJIOM
COJep)KaHUM aKTHBHOTO KOMIOHeHTa. K JOCTOMHCTBaM MPOMUTOYHOTO METOJa CIEIyeT OTHECTH €ro
MPOCTOTY M JOCTYITHOCTh MCXOJHBIX BEIIECTB, B OCHOBHOM HUTPaTOB M KapOoHaTOB. OMHAKO CleqyeT
yKasaTh W PSIl HEAOCTATKOB: OTPAaHMYEHUS N0 KOHIEHTPAIIMH aKTHBHOTO KOMIIOHEHTa, 0OYCIIOBICHHBIE
PacTBOPUMOCTBIO HMCXOIHOTO BEIIECTBA M OOBEMOM IIOp HOCUTENS; BO3MOXXHOCTH HEPaBHOMEPHOTO
pacrpeneneHus akKTUBHOTO KOMIIOHEHTA 110 CEUSHMIO T'paHyJNbl BCIEACTBUE BBIHOCA B MPOLECCE CYIIKU
YaCcTH pacTBOpa Ha mepudepurio 3epHa H T.JI.

OT ykazaHHBIX HEIOCTaTKOB CBOOOAHBI COPOIMOHHBIE METOABI Onarojapsi 0O0pa30BaHHIO
XUMHUYECKON CBSI3M MEXIY aacopOMpPyEeMbIM BEHICCTBOM M ()YHKIIMOHAIBHBIMH TPYIITAMUA HOCHTEIIS.
OrpanudeHusi METOJa CBS3aHBL, MPEXKAE BCETO, C HEAOCTATOYHBIM AacCCOPTUMEHTOM COEIWHEHHMH,
o0namaronmx Heo0X0AMMOM PaCTBOPUMOCTBIO M CIIOCOOHBIX OCAXKAATHCS Ha MIOBEPXHOCTH HOCUTENEH.

OKcnepumenmanvHas yacmeo

Peaxmuewi: nepexucs Bonopona 30%; M30MpONUIOBEINA CIIUPT; MOJIMOAEH; TUAPOKCUA HATPHSL; COJISTHAS
KHCTI0Ta; CyNb(haT ruapo3uHa; cepHast KucinoTa; N — (heHnIIaHTpaHWIIOBas KICIIOTa TOTOBSAT PACTBOPEHHUEM
0,20 rp npenapata B 100 cm®pacTBOpa yriaeKHcIOro HaTpus; aMMOHMII MeTaBaHaaT (BaHAaAMEBOKHCIbIIA
MeTa); TaONeTKM AaKTHBHPOBAHHOTO YIJIS; BOJAA IUCTHUIUPOBAHHAS, KA JBYXPOMOBOKHCIIBIN
(muxpomar kamus).
Ilpubopoei: konObl KOHWYECKHE, BMeCTUMOCTHIO 100 oM’ UWIUHAPE MEPHEBIE, BMECTUMOCTBIO 50 cM®;
NUINETKH IPayupOBaHHbIe, BMECTUMOCTEIO 1, 2, 5 1 10 cM%; GropeTka); Bechl 1a60paTopHbIE CIENHUATLHOTO
KJIacca TOYHOCTH ¢ HauOombmuM npezenoM B3BemmBanusg 200 T; ceKyHAOMED; IUINTKA JIEKTpUYEeCcKas;
0aHs BOJSAHAsS; TEPMOMETP CTEKJIAHHBIN 1a60paTOpHbIi ¢ quanasonoM uzmepenus ot 0 °C go 100 °C, nena
nenenus 1 °C; xkanenpHUIA.

Ilpucomosnenue 6cnomozamenbHbiX peakmugos
[IpuroToBieHHe pacTBOpa MeTaBaHagaTa aMMOHHs ¢ MouspHOW kouHieHTpamuein C(NHiV03)=0,01
mons/nv3; 0,025  mome/nm®  ToToBAT pas3OaBieHMEM pacTBOpa C MOJIAPHOI  KOHIEHTpaluen
C(NH4V03)=0,01 momns/am®: B MepHyt0 K016y BMecTuMocThIo 100 cm® nunerkoii BHocaT 10 cm® umu 25
cM® KpENKOro pacTBopa, COOTBETCTBEHHO, IIPUINBAIOT IPH TIEPEMENUBAHUM 15 ¢cM® KOHIIEHTPHUPOBAHHOM
cepHot KucnoThl (p2oc=1,83 1/ CMS), JOBOJAT JO METKU TUCTUIIMPOBAHHOM BOJOW U NEPEMEILHBAOT.

[Ipurorosuenne pactBopa N-heHWIaHTPAHWIOBON KHUCIOTHI (0,10i0,01) r N-peHunmaHTpaHUIOBOH

KHMCIIOTBI pacTBOPsAIOT B 50 cM® pacTBOpa ruapoKcHIa HaTpys ¢ MonspHoii konuenTpanueit C(NaOH)=0,1
MOJIB/MM®  TpM  HATPEBaHMM M TEPEMEIIMBAHMM, 3aTeM IOJNYYEHHBIH pPacTBOpP  pa3baBIsIOT
JUCTUWLIMPOBaHHOU Bogoit 1o 100 cm,

[Ipurorosnenue pactBopa cossHoi kucaotel C(HC)=2,0 Moas/nm® 86 cM® KOHIIEHTPUPOBAHHOM COMSHOM

KHMCIOTHI (224° ¢=1,18 r/cM®), 0cTOPOKHO, NP NEPEMENUBAHUH BIIMBAIOT B MEPHYIO KOJIOY BMECTUMOCTBIO

500 cm® ¢ 300 cm® gmCTHIIMpOBaHHOW BOIBI, MOCTHE OXJAKICHHS JOBOAAT OOBEM pacTBOpa
JUCTHITMPOBAHHON BOIOH /10 METKH.
IIpurorosnenue pacrsopa cepHoll kuciorsl C(1/2H2S04)=16 Mous/nm

CEepHOM KMCIOTHI (P15° ~=1,83 1/cM®) 0CTOPOXKHO, HEGONBIIMMK MOPLHUAMH, MEPEMEIINBAs, BIUBAIOT B

3 229 c¢m® KoHLEHTpUpPOBAaHHON

dapdoposyro kpyxkky ¢ 200 cM® IUCTHIIIMPOBaHHOM BOAbL Ilocie OXJIaXAeHUS IO KOMHATHOM
TEMIIEPATYPHI, PACTBOP KOIMYECTBEHHO IIEPEBOJIAT B MEPHYIO KOJIOY BMecTUMOCThIO 500 cM3, moBoasT
00BeM pacTBOpa TUCTHIUTMPOBAHHOM BOAOH JI0 METKH U TIEPEMEIINBAOT.

I[IpuroToBlIeHNe PacTBOPA CyYIb(aTa rUAPA3HHA C MACCOBOM foneit okono 1,0% Pactsopsior (1,010,1) r

cynbgara rugpasuaa B 100 cM® qUCTUIIIMPOBAHHOM BOIBI. PacTBOp MPUMEHSIOT CBEKEIIPUTOTOBIEHHBIM.
IIposedenue sxcnepumenma
l-ag cepus onbiToB. Js1 mpuroroBneHus pabodero pacTBopa B cTakaH Ha 50 mui ormepuTh 35,8 Mi
M30MPONIIIOBOrO CIUpTa U 3,2 MII IEpeKucH Bogopoaa. Ha aHamuTHUecKknx Becax OTMEPHUTH HaBecKy Mo
B kosmmuectse 0,05 rp u 1006aBUTH K pacTBopy. [lonmydeHHbI pacTBOp epeMenInBaTh B TEYCHUH 15 MUHYT
JI0 TIepexo/ia OT CBETJIO-YEPHOTO OTTEHKA JI0 CBETII0-3esieHoro. [1o ncreyenuto 15 munyt orobpats npody
no 0,5 M B 3 ManeHbKHE KOJOBI Tyja *ke moMecTtuth 1o 10 mur ruapokcuaa Harpust (1,0 moss/mm3).
[IpuroroBneHHble KOJIOBI TOMECTUTh Ha IUINTKY M HarpeBarh B TedeHue 10 MHUHYT, Jajnee OXJIaguTh UX
TakuM ke o0pazom B TeueHue 10 MunyT. [Tocne nmpoBeieHns JTAHHBIX OTEPAIV B KQKAYIO KOJIOY 0TOOpaTh




110 25 MJI COISTHOM KMCIOTHI (2 MOIB/IM®) 1 1o 5 Mt cynb(ara rugposuna (1%). Jlanee noaydeHHyro CMech
B KOJI0aX TakKWM >ke 00pa3oM HarpeBath B TeueHue 10 MUHYT Ha BOasHOM OaHe. Ilocie oxiakmeHHS B
KaXKJIyI0 KoJI0y 106aBuTh 110 20 MJI pacTBOpa cepHoii KucaoThl (16 Moss/am®).

Jnst mpoBeAeHUS! TUTPUMETPUYECKOTO METO/a aHaluu3a K TMOJNyYeHHBIM pPacTBOpaM J00aBUTH
HECKOJbKO Karenh mHaukatopa (N-dheHunmanTpanmiIoBas KHcioTa). THTpoBaHHE pEaKIMOHHON CMeECH
MPOBOJUTH PAacTBOPOM MeTaBaHagaTa aMMOHHA IO TOSBICHHS CBETJIO-PO30BOTO OTTeHKa. [lpm sTOoM
MPOTEKAIOT CIEAYIOIIUE PEaKIINH:

4M004?% + NoHs * HoSO4 + 2H * — 4M00O3 ™ + N2 + SO4 % + 4H,0
MoO3 +NH4VO3 + H,SO4 — M004 2% + VOSO4 + NHs* + H,0

2-asi cepus onbITOB. [To ncTeueHuro 45 MUHYT U3 pabodyero pactBopa 0oToOpath npody mo 0,5 M B 1Be
MalleHbKUE KOJOBI TyJa *e moMecTuth 1mo 10 mir ruapokcuaa Hatpus (1,0 mons/nm®). Metoauky mo
OTIpeJICIEHUIO PACTBOPEHHOTO U 00IIET0 MOJIMOIeHA TPOBECTH TAKUM K€ 00pa3oM, Kak U B IIEPBOM cepUr
OTBITOB. Pe3ynbTaThl THTPOBAHHS TI0 IBYM CEPHUSIM OTIBITOB CBECTH B TAONHILY.
3-s cepust onbITOB. [IpUroTOBICHHBINA KOMIUIEKCHBIH MonnOaeHoBbIH KataausaTop (KMK) HeoOxomumo
HaHECTH Ha HOCcHUTeNb. B Hamem ciydae B KayecTBe HOCUTEINS OyleT CIIyKUTh aKTUBHPOBAHHBINA YTOJIb.
Hunst atoro B crakan oobeMomM 50 mi momemniaercs npurotosieHnblii KMK, BBoAUTCS aKTHBUPOBaHHBIN
yroiib ¥ OTMeYaeTcs BpeMsl Havaja onbiTa. Yepes kaxapie 30 MHHYT OT Hayalla OIbITa OTOUpAETCsl Mpoda
Ha aHaJM3 U3 BEpPXHEH YacTh pacTBOpa, KOTOpas sBIsieTcs: Haubosnee YucToi. Jlanee mpoBoanUTCs aHaIH3
Ha ONpezeiCHUEe PacCTBOPEHHOTO U 001Iero MoMOAeHa TAKUM e 00pa3oM, Kak U B MEPBBIX ABYX CEPHUIX
ombITa. Pe3ynbTaThl THTPOBAHUS CBOJISATCS B TAONHILY.
Obpabomka 3KcnepuMeHmMAalbHbIX OAHHbBIX

B nmanHOM pasgene J1abopaTOpHOM pabOTHl CTYACHTY HEOOXOIMMO M0 TOJIYYCHHBIM
IKCIEPUMEHTALHBIM JaHHBIM POU3BECTH PACUETHI MACCOBOM JOJIM PACTBOPEHHOTO U 001Ier0o MO0 IeHA
(X,%), moctpouth rpauK 3aBUCHMOCTH MAacCOBOW JONHM PACTBOPEHHOrO0 M OOIIEro MojiudaeHa OT
BpPEMCHHU.
1. Jlns Kaxa0i cepuu OMBITOB PacCUUTaTh MaCCOBYIO JIOJIF0 PACTBOPSHHOTO U o0riero MmonuoaeHa (X,%)
o cienyromet popmyne (5):

(V, =V, )= C*K =96 = 100
m = 1000

rae Vp, VX — 00beMbl pacTBOpa MeTaBaHa aTa aMMOHMS, HOLIENINE Ha THTPOBAHUE B pab0OYeM U XOJIOCTOM OIbITaX, COOTBETCTBEHHO, CM3;

X =

C — MoJIsipHas KOHIIEHTPAlMs PACTBOPA METaBaHAIATa AMMOHUSI, MOJIb/IM3;
K — nonpaBouHsIii K03 HIMEHT K KOHLEHTPAIlHK pacTBOpa MeTaBaHajaTa aMmmonnst; (K=1)
96 — MonsApHas Macca SKBUBAJICHTa MOJIHOIEHA, T/MOJIb;

m — mMacca npoObl, B3sTasi HA aHAIN3, TP.

2. JIns KaxJOW CepHH OMBITOB TMOCTPOUTH TIpadUK 3aBUCHMOCTH BPEMEHH OT MAacCOBOM J0OJH
pacTBOpeHHOTO 1 001Iero MmombaeHa (X,%).
Cmamucmuueckas 0obpabomra pe3yibmamos IKCHepUMeHma
B nmanHOM paszzgene J1labopaTopHOM pabOThI  CTYIACHTY HEOOXOAMMO 1O HOJYYCHHBIM
IKCTIEPUMEHTATILHBIM JJAHHBIM TIPOU3BECTH CTATUYECKYIO 00pabOTKYy pe3yIbTaTOB 3KCIIEPUMEHTA.

T

— iy

1. Paccuurath cpeaneapuMeTHUECKOE 3HAYCHHUE PE3yJIbTATOB SKCIEPUMEHTa: L =

5 Xf
rae N — 4ucio

n 1

9KCIIEPUMEHTOB.
2. PaccunTarh OTKJIOHEHHE OT CPEHEro 3HaYeHus: (Xi- )
3. PaccunTarh KBaApaT OTKIOHEHHS OT CPeHero 3HaueHus: (X - )2

4. PaccunTaTh CyMMY KBaJpaToOB OTKJIOHECHUS OT CPETHETO 3HAUCHUS: E (1':- —X )2
5. PaccunraTh cTaHgapTHOE OTKIOHEHUE SIMHUYHOTO Pe3ybTaTa OT cpelHeapu(hMETHISCKOTO 3HAUCHUSI:

| —
PAETEEIE
o _ [Z6=D

* "u! n(n—1)

. . xX=XxTS5;%t,,
6. Paccuurats JAOBCPUTCIIbHBIM UHTCPBAJI OIIPEACIACMOUN BCJIMINHBI: = B

rae t, ., - koaddunuent CroroneHTa. Ero 3HaueHue HaxoAaT U3 TaOIMLBI 2, 331aBasCh J1OBEPUTEIbHOM

BEpOATHOCTHIO P.



Bo1600b1. B taHHOM pazjesie 1abopaTopHOii paboThI CTYICHTY HEOOXOANMO NEPEYHCIUTh OCHOBHBIC HTOTU
npozenanHoii paboTsl. [Toka3arh, 4YTO MPOUCXOIUT C MPUTOTOBICHHBIM KOMILUICKCHBIM MOJIHMOCHOBBIM
KaTaJM3aTOPOM NPU HAHECCHWW €ro Ha HOCHTENb (YBEJIMYMBACTCS WIM YMEHBIIACTCS MaccoBas HOJIs
PacTBOPEHHOTO U 00IIET0 MOJIMOACHA C TEUCHHEM BPEMEHH).

JladopaTopHasi pa6ora Ne 3
HPUT' OTOBJIEHUE KOMIIVIEKCHOI'O MOJIME/JEHOBOI'O KATAJIM3ATOPA METO/[OM
SIIOKCHJ[HPOBAHUA U IIPOBEPKA EI'O AKTUBHOCTH

Ilemn pa®oTHI:

1. W3y4nTh METOAWKY TONyYeHHS KOMIUIEKCHOTO MOJMOAEHOBOTO  KaTalu3aTopa METOJ0M
3MOKCUINPOBAHUS;

2. IPUTOTOBJIECHHBII KOMIUIEKCHBII MOJMOACHOBBIM KaTaau3aTop IPOBEPUTH Ha aKTUBHOCTh B OKTEHE - 1.

Kpamxas meopus

KaranuzaTopsl JOKHBL 007amaTh BBICOKOH MPOU3BOAUTEIBHOCTHIO. [IpOM3BOAMTENBHOCTD
KaTaJn3aTopa OO0YCJIaBIMBAaET pPa3MEphl IPOMBIIIJICHHBIX PEAKTOPOB, MX O0BEM MM KOJIWYECTBO.
[Ipon3BOOUTENBHOCTD KaTaIM3aToOpa BKIIOYAET B ceOs JBa OCHOBHBIX NapaMeTpa: MHTEHCHBHOCTH | u
aKTUBHOCTh A KaTanmuzaTopa. HambGonee cymiecTBEeHHOH XapaKTEpPUCTHKOW JIIOOOTO KaTaau3aropa
SBJISIETCS. €r0 aKTHMBHOCTH B ONIPENEIEHHOM KaTaJIUTHUECKOM Iporecce. BeiOop MeToauku nccienoBanus
AKTUBHOCTH CBSI3aH C OCOOCHHOCTSIMH PEAKLUH, YCIOBUSIMH SKCIICPUMEHTA.

Mepoil KaTanuTU4ECKOM AKTUBHOCTU MOXKET CIYKUTh CKOPOCTb IPOTEKAHUS PpEAKLUU B
WCCJIETyEMOM HaIpaBiIeHUM B TPUCYTCTBHM KaTanu3aTopa. AKTHBHOCTP MOXKHO BBIpaXaTh TaK e
CHIDKEHHEM DHEPrMM aKTHBAaLlMM IPH YYaCcTUH KaTalW3aTopa WM OTHOLIEHWEM KOHCTaHTHI CKOPOCTH
JAHHOW peakyH B MPUCYTCTBUM KaTalM3aToOpa K KOHCTAHTE CKOPOCTH 3TOW e peakuun 0e3 Hero,
KOJIMYECTBOM MOJIYYEHHOT'O MMPOIYKTA C €AMHULIBI KaTadu3aTopa B €JMHHILY BpEMEHH.

[Ipu oueHKe aKTUBHOCTH KOHTAKTHBIX MacC B IPOU3BOACTBEHHBIX YCIOBUSIX OOBIYHO BBIYHUCIISIOT
CKOPOCTh PEAaKIMHU 10 OTHOIIEHHIO K EAMHUIE 00beMa KOHTAKTa [0 yPaBHEHUSM

T = kAC wm ———kAC (1)

rae Gn— KOJIMYECTBO IOJMYYEHHOTO LENEBOro MpOAyKTa; G — KOJHYECTBO OCHOBHOIO BEIECTBA, MPEBPATHBIIEIOCS 3a BpeMs T B 0ObeMe KartammsaTtopa V; K —

KOHCTaHTa CKOPOCTH KaTaJIMTUYECKOI'O IIpoLecca; C— JABUXYIIas cujia mporecca, BeIpaxacMas Ipou3BEACHUEM HeﬁCTBy}OLL[HX KOHHCHT‘paHl/lﬁ HUCXOOHBIX BEIUIECTB U

YUHTBIBAIOIIask TOPMO3SIIECE BIUAHUE IIPOAYKTOB PEAKIINHA.

OHCHKy OHCPTHU AKTUBHOCTU KaTajiu3aTopa MOXHO IMPOU3BOAUTL U3 PA3HOCTU CKOpOCTeﬁ
XUMHYECKOMN PCaKknuu B IPUCYTCTBUHU KaTajInu3aTopa 1 0e3 HET0, TaHHYIO 3aBUCUMOCTb MOKHO YBUACTH 110
(l)opMyne (2) HpI/I 9TOM YUYUTBIBAKOT JOJIHO obbeMa PCAKIUMOHHOTO TIPOCTPAHCTBA 3aHUMACMOI'0
KaTaJiu3aToOpoOM U JOCTYIHOI'O AJIA p€arcHTOB.

A = Dkar — Unexar * (1'VKaT) (2)

TJI€ VKaT — CKOPOCTh KaTaJIUTHYECKON PpeaKnnu; VHEKAT — CKOPOCTh HEKaTaJIUTHIECKOMN peaKkmuun; VKar — 006EM PEAKIMOHHOT0 MMPOCTPaHCTBa, KOTOpBIﬁ 3aHUMAacT

KaTtajausarop.

OKcnepumenmanvHas 4acmo

Peaxmuebi: CIUPT STUIIOBBIA PEKTU()UKOBAHHBIA TEXHUUCSCKUN; TUPOIICPEKUCH ITUIOEH30J1a; MOJIHOICH;
THIPOKCHU HATPHs; COJIIHAsl KUCIIOTA; Cynb(ar ruapasuHa; cepHas kuciota; N — deHunanTpaHuioBas
KUCIoTa roToBsaT pactsopenuem 0,20 rp npenapata B 100 cM>pacTBOpa yriekucIoro HaTpus; aMMOHUIA
MeTaBaHa/aT (BaHAJUEBOKHCIBIA MeTa); BOAAa MUCTHUIMPOBAHHAS; KHUCIOTa YKCyCHas JeAsHas; KaJlus
HoIWI; KpaxXMaJl pacCTBOPUMBIN; HATPHIA CEPHOBATHUCTO — KUCIBIN (THOCYTb(AT HATPUs) S-BOAHBIN; HATPUN
XJIOPUCTBIM (XJIOPUI HATpHsl); MarHUH XJIOPUCTHIA (XJIOPHI MAarHus); Kajdusl THAPOKCH[I; METHJIOBBIN
OpaHKEBBIN; OPOMKPE30JI0BBIN 3€JICHBIN;, METHIIOBBIN KPACHBIHN; H-TEKCaH.
IIpu6opbl: KONOBI KOHMYECKHE, BMECTUMOCTBIO 100 cM®; MIMHAPBI MEpHBIE, BMECTHMOCTBIO 50 oM,
IMIIETKHU TPalyMPOBaHHbIE, BMECTUMOCTBIO 1, 2, 5 n 10 cM3; 6ropeTka; BeChl 1abOPaTOPHBIE CIIEMHATLHOTO
KJIacca TOYHOCTH C HamOOJbIIUM TpenenoM B3pemmuBanus 200 T, CeKyHIOMED; ICIUTEIbHAS BOPOHKA;
TUIATKA JJIEKTpUUEcKas, OaHs BOJSHAS; CEKyHJIOMEp; JICIMTeNbHAs BOPOHKA; KallelIbHUIIA; TEPMOMETP
CTEKJISIHHBIN J1a60opaTopHbIi ¢ auanazonom uzmepenus ot 0 °C no 100 °C, uena nenenus 1 °C.

IIpuzomosnenue 6CnHOMO2amenbHblX peaKmueos
[IpuroroBiaeHHe pacTBOpa MeTaBaHaJaTa aMMOHUs ¢ MousspHoil konientpanueir C(NH4V03)=0,01
mone/nv®; 0,025  momb/nm®  ToToBAT pa30aBieHMEM pacTBOpa € MOJISAPHOH  KOHIEHTpaluen
C(NHsV03)=0,01 mons/mm®: B MepHyto K010y BMecTuMOCThIO 100 cm® muneTkoii BHOCAT 10 cm® mimu 25
cM® KpENKOro pacTBopa, COOTBETCTBEHHO, IPUIMBAIOT NPH TIEPEMENUBAHNM 15 ¢cM® KOHIIEHTPUPOBAHHOM
cepHolt KUcIoThI (p2oc=1,83 1/ cM®), I0BOJIAT 10 METKH JUCTUIIMPOBAHHOM BOJOU U NEPEMEILIHUBALOT.




Hpurorosnenue pactBopa N-benunanTpanmnopoit kucaorel (0,1010,01) r N-deHunanTpaHunosoit

KMCJIOTHI pacTBOPSAIOT B 50 cM® pacTBOpa ruapoKcHia HaTpys ¢ MonsipHoii konnenTpamuein C(NaOH)=0,1
MOJNB/IM®  TPM  HArPEBaHMM W  TEPEMENIMBAHWM, 3aTE€M TIOJMYYEHHBIM pPacTBOp  pa3baBisioT
JUCTUILTMPOBAHHON Booii 10 100 cM®,

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

KHMCJIOTHI (225% c=1,18 r/cM®), 0cTOPOXHO, IPHU NEPEMENMBAHUY BIIMBAIOT B MEPHYIO KOJI0Y BMECTUMOCTBIO

500 cm® ¢ 300 cM® aMCTHIIMpOBAHHOW BOABI, MOCTE OXJAKICHHA JOBOAAT OOBEM pacTBOpa
JUCTUITMPOBAHHOU BOJIOM 10 METKH.
[purorosnenue pactopa cepHoil kucnorel C(1/2H;S04)=16 mons/mm® 229 cm® koHIEHTPHPOBAHHOI

CepHOM KUCTOTHI (2257 ~=1,83 r/cM®) 0CTOPOkKHO, HEOONBIMMMH TOPLUUAMH, TIEPEMENINBAs, BIUBAIOT B

dapdopoByro kpyxky ¢ 200 cm® mucTHIMpoBaHHOW Boabl. Ilocie OXJaXIEHHMS 10 KOMHATHOM
TEMIIEPaTypHhl, PACTBOP KOJIMYECTBEHHO IIEPEBOJAT B MEPHYIO KOJOY BMECTHMOCTBIO 500 cM®, moBomaT
00beM pacTBOpa TUCTHIUTMPOBAHHOM BOAOH JI0 METKH U TIEPEMEIINBAOT.

I[puroToBnenye pacTBopa cyibhaTa THAPA3UHA C MACCOBO# oneii okono 1,0% Pacteopsror (1,010,1) T

cynbdara ruapaszuna B 100 cm® qucTrIMpoBaHHO BOBI. PacTBOp NPUMEHSIOT CBEXKENPUTIOTOBIEHHBIM.
[IpuroToBIeHre pacTBOpa Hoauaa Kanus ¢ MaccoBoit noneit 50% (25,010,1) T ifomua Kamms pacTBOPSIOT

B 25 cM® CBEKENPOKUIISIEHHON AUCTHILTMPOBAHHON BOJBI M MOMEMIAIOT B CKJISHKY U3 TEMHOTO CTEKJIA.
PacTBOp cnenyeT mpuMeHsTh CBEKEIPUTOTOBICHHBIM.

IIpUroToBIeHHE PACTBOPOB THOCYIb(aTa HaTpus ¢ KoHuenTpamueidn C(Na,S;0s*5H,0)=0.05 monw/am® u
0.01 monp/mm® Jlns TpUrOTOBNEHMS ~ pacTBOpa THOCYJb(para HAaTpMs C  KOHIEHTpalHen
C(NazS;05*5H,0)=0.05 mons/aqm®) MeTon0M pa30baBieHHs B MEPHYH KoJ0y BMecTUMOCThIO 100 cm®
BHOCAT mmmetkod 50 cm® pacTBOopa THOCynb(ara HAaTpEs C MOJSPHOM  KOHIEHTpalHuei
C(NazS;03*5H,0)=0.1 Mons/am®, 101MBAIOT 0 METKM JUCTHIIMPOBAHHOMN BOJIOM M HepeMeInBaoT. J{s
IPUTOTOBJICHHSI PACTBOpa THOCYIb(ara Hatpus ¢ KoHuentparuei C(Na,S;03*5H,0)=0.01 momns/am® B
MepHyI0 Konby BMmectHMOCTh0 100 cM® BHOcAT mmertkoii 10 cm® pacTBOpa THOCYIb(aTa HATpHs C
MOJISIpHOM  KoHIeHTpauuen 0,1 MOJIB/IMS, JONUBAIOT 1O METKH JUCTUIJIMPOBAHHOW BOJIOM U
MepPEeMEIINBAIOT.

[IpHUrOTOBIEHKE PACTBOPA THAPOKCUIA KallUs ¢ MOJISpHO# konueHnTpamueir C(KOH)=0,5 mons/nm® (28,0

10,1) r ruAPOKCH/IA KANKS PACTBOPSIOT B BOJIE M JIOBOJAT 00BEM PAacTBOPA AUCTHILINPOBAHHON BOIOH 110

1000 cm®.

IIpogedenue sxcnepumenma
l-as  cepus onbiToB. B KkauecTBe KaTanmuzatopa SIOKCHAMPOBAHHMA OKTeHa-1 HMCHOIB3yeTCs
NPUTOTOBJIEHHBIA B JIAOOPATOPHBIX YCIOBHSIX PACTBOPEHHBIH MOJMOIEH B 3TaHONE M YKPEIUIEHHOM
OKCH/IaTe.

[IpenBaputenbHO B TEepMOCTaT 3arpy3uTh BOAY. B peakTop MPHIOTOBICHHS KOMILIEKCHOTO
MOJMOACHOBOIO KaTajau3aTropa 3arpy3uTh 96%-Hblii pacTBOp 3TaHOJAa B KoundecTBe paBHOM 11,8 mi u
YKpPETUICHHBIN OKCHAT (THAPOTEpEeKUCh ITHI0EH30Ma) B KonndecTBe paBHOM 10,7 Mi. 3ateM 3arpy3uth
MPEIBAPUTEIHHO B3BEIICHHBIM Ha aHAJIMTHUECKUX Becax MojubzieH B koiuuecTBe 0,08 rp. Temmneparypa
IPY TIPUTOTOBJIEHMH KOMIUIEKCHOIO MOJIMOIEHOBOTO KaTaiu3aropa Mojyiepkuaetcss pasHoit 56 °C B
TedyeHue 2 yacoB. B xoje ombiTa oTOMpaeTcs miecTh Mpod A ONpPEeAETICHUs! COIEPKaHNs OCTATOUHOTO
MoOJHOICHa C TIOMOIIBI0 MeToAuKH «OIpeaeseHusi pacTBOPEHHOTO M 001Iero MoJaubeHa B MPOILYKTax
IPOM3BOJCTBA CTHPOJIa», a TAKXKE COJAEepKaHUE TMAPOIEPEKUCH C MOMOIIBI0 MeToauKu «OnpeneneHus
KOHLIEHTPAllMM TEPOKCUAHBIX COCAMHEHH». YCTaHOBKAa CHHTE3a KOMIUIEKCHOTO MOJHOAEHOBOTO
KaTajau3aTopa MpeacTaB/IeHa Ha PUCYHKE 5.
2-asi_cepuisl OUBITOB. MeTO/IMKa IMPOBEPKU YKPEIUICHHBIX 00pa3loB THIAPOIEPEKHCH ASTHIOEH307a |
AKTUBHOCTH KaTaJlM3aTopa B PEaKIMU SMTOKCHIUPOBAaHUs OKTeHa-1.

[Mony4eHHbIit 00pa3zen] KOMIDIEKCHOTO MOJHMOIEHOBOTO KaTallu3aTopa W PAcTBOPa YKPEIJICHHOTO
OKcHJaTa HEoOXOIUMO TMPOBEPUTh B PEAKIUM SMOKCHUIWPOBAaHUS OKTEHa-1 THAPONEPOKCHIIOM
3TUI0EH3071a, COIEpKAIUMCSl B YKpeIJIeHHOM okcuzaate. OIBIT MPOBOIUTCA B TEPMOCTaTUPOBAHHOM
peakrope, o0bemMoM 30 M1, 00OPYyZOBaHHOM OOpPATHBIM XOJIOAWIBHUKOM, TEPMOMETPOM, MarHUTHOU
MeIaKoii u mpo6ooTdopaukom. Temmeparypa B peakTope noiepubaetcs pasHoit 96,5 °C ¢ TOUHOCTHIO
+ 0,5°C ¢ momompro TepMocTara.

B kauecTBe SMOKCHIMPYIOIIETO areHTa MCHONb30BATHM  YKPEIUICHHBIH OKCHIAT STHIOSH30I51a
noJTydeHHbIH 1pu pasrouke 10%-noro okcuaara. B xozme onbsita oTOMpaeTcs mecTs mpoo I ONpeaeIeHus
COJEpKaHUSI OCTATOYHOM THAPOINEPEKUCH C TOMOLIbI0 MeToauku «OrmpeneseHus KOHLEHTpauuu



MEPOKCUAHBIX COCMUHCHUI». [l0 OKOHYaHWHM OIBITa PEAKIIMOHHYIO MacCcy IpOaHAIM3UpPOBATh Ha
CoJIepKaHUE SIOKCHTPYIIITEI ¢ ITOMOINBI0 METOAMKK «OIpeneeHrsi MacCOBOM IO OKCHIIAa HOHEHA B
S3MOKCHIATEY.

PI/ICyHOK YcTaHOBKa CHHTE3a KOMILIEKCHOTO MOJ'II/I6I[6HOBOFO KaTajiu3aTopa

rze | — peakTop; 2- MarHUTHBII pa3MeIINBaTellb; 3 — 00paTHBIH XOIOANIBHUK; 4 — MarHUTHAs MEIIajKa; 5 — TepmocTaT; | — Boma oxnaxaaromias; |1 — Boga 0o6opoTHas;

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

Mertoaunka «BbINoOIHEHNS H3MEPEHUH PACTBOPEHHOTO M OOIIEro MOJIMO/IeHa B MPOIYKTaX TPOU3BOJICTBAY
K HaBecke B Konbe NpWiMBaroT muamHapoMm 10 cMm® pacTBopa THApPOKCHAA HATpHs C MOJSPHOM
xonuentpameii C(NaOH)=1 wmonw/am®, Koa0y 3aKphIBalOT BOPOHKOM, CTaBAT Ha SJIEKTPOIUIUTKY,
HarpeBaroT A0 KHuIleHUs U KUmATAT B Tedyenne 10 mun. ComepkuMoe KOJI0bl 0XJIaXKAal0T MPYU KOMHATHON
TeMriepatype B Teuenue 10 MuH.

K comepsKuMOMy KOJIObI NPHIMBAIOT IIUHAPOM 25 cM® CONSHOM KHCIOTBI ¢ MOJISPHON KOHIEHTpAIUei
C(HCH=2 mons/mm® u 5 cm® pacTBOpa ruapasuH cyibdaTa ¢ MaccoBoil goneit 1%. Konby ¢ pacTBopom
MOMEINAIT B BOASAHYK OaHI0 ¢ Temmeparypoit Boael (70-80°C) m marpeBaror B Teuenwe 10 MuH.
HormyckaeTcs cmaboe KUTIeHne pacTBOpa B KOJIOE, 3aKPBITOM BOPOHKOW, Ha SJIEKTPOILIUTKE. 3aTeM PacTBOP
OXJIOKIAIOT NMPU KOMHATHON TeMriepatype B TeueHue 10 MuH, 100aBIOT IMinHApOM 20 cm® pactBopa
cepHOl KMCIOTHl ¢ MonspHoi konenrtparueii C(1/2 H;SO4)=16 Mmonb/nm®, cHOBa OXNakIalOT 10
KOMHATHOH TeMIIEpaTypbl, I00aBIAIOT TPU-TIATH Kamellb pacTBOpa (PEHWIAHTPAHWIOBOW KHCIOTHI U
THTPYIOT PACTBOPOM METaBaHaaTa aMMOHHS ¢ MOJIIpHOM KoHnentpamueii 0,01 Mons/am3, 1o nossnenus
PO30BOI UJTM CUPEHEBON OKpacKH, yCTOMYUBOW B TeueHUe 1 MUH.
B ananormnuHbIX yciaoBusix, 6e3 npoOsl, MPOBOAAT XOJIOCTOM OMBIT HA PEAKTHUBEI.
Metoauka «BEINOTHEHH U3MEPEHNUN KOHIEHTPALNUU NEPOKCUAHBIX COCAUHEHUIN
B 10Ar0OTOBJIEHHYI0 KOHUYECKYIO KOJIOY BMeCTUMOCTBIO 250 M, BHOCAT mumunapom 10 cm® ykcycHoi
KHCJIOTHI, 3aKPBIBAIOT KOJIOY MPOOKOH, B3BEIIMBAIOT C 3aIIMCHIO0 PE3YNIbTAaTOB B3BELIMBAHMSI B TPaMMax JI0
BTOPOTO JECSATUYHOTO 3HAKA, NPWIMBAIOT IHIETKOH aHAIM3UPYeMyK MpoOy, B 3aBUCHMOCTH OT
MIpeAroIaraeMoi KOHIICHTPAITUH TEPOKCUTHBIX coeqnHeHM B iepecdeTe Ha [ TIOB, u cHOBa B3BEIINBAIOT.
[To pa3HOCTH pe3ynbTaTOB ABYX B3BEHIMBAHUI HAXOJISAT MACCY HABECKHU MPOOHI.
K conmepxxumomy ko061 mobaBisiroT 1,5 cM® pactBopa Hoauaa kaiusi ¢ MaccoBor monerd 50%, konOy
3aKpBIBAIOT MPOOKOW, CMOUCHHOM POCTBOPOM HOAMAA KANKs, IEPEMEIINBAIOT U BBIACP)KUBAIOT B TEMHOTE
B Teuenne 30 mMun. [lo ucreyennn ykazanHoro BpeMenu npwimBarot 100 cm® qucTrimMpoBaHHON BOJIEI,
0OMBIBast MPOOKY KOJIOBI, T0OBIBIAIOT 1,0 cM® Kpaxmalia u He3aMeJIMTENBHO TUTYIOT BbIIEIUBIIMACS HOJT
pacTBOpoM THOCYNIb(aTa HaTpus C MOJAPHOM KoHueHtparmeidr 0,1 Monb/mm3, B 3aBUCMMOCTH OT
KOHIICHTpAI[MK TEPOKCUIHBIX coequHeHul B nepecuere Ha [ TIDB, 1o oOecuBeunBaHus pacTBopa.
Meroavika «BbIIoNHEHNS U3MEPEHUI MACCOBOM J0JM OKCU/Ia HOHEHA B AMOKCUIATE)
B KOHMYECKYIO KOJIOY C MPUTEPTOM MPoOKoii BMecTUMOCThIO 250 cm® BHOCAT muneTkoii 10 cm® pactBopa
COJISTHOM KHCIIOTHI B HACHIIEHHOM PacTBOpE XJIOpHIA HATPHs MU MarHusi, JOOaBISIOT C MOMOIIBIO
nunetk (5,0-2,5) cM® ananmu3upyemoit mpo0sl, TWIMHAPOM 50 cM® 3TaHoma, KO0y 3aKpLIBAIOT IPUTEPTOM
npoOKoOil W TepeMelMBalOT Ha BCTpsxuBaTene B TeueHue 30 MuH. 3areM COIEPKHMOE KOJIOBI
KOJIMYECTBEHHO MEPEHOCAT B YUCTYH0 JENUTENbHY) BOPOHKY BMECTUMOCTBIO 250 cM®, IBaIbl
onosackuBas KojiOy 10 ¢cM® IMCTHIIMPOBAHHON BOJBI M CJIMBas MPOMBIBHBIE BOJBI B Ty XK€ BOPOHKY,
npuwmBaroT 20 cM® rekcana, M 3aKpbIB BOPOHKY IIPOOKOM, BCTPSAXUBAIOT COJIEPKMMOE B TEUEHHE 2 MHH.
[locne paccnoeHus cMecH HW)KHUH BOJHBIM CJIOH CIIMBAIOT B TY K€ KOHMYECKYIO KOJIOYy, B KOTOpPOH
IPOBOIMIIACK PeaKIus. B BOPOHKY ¢ rekcanom npuinBaroT 10 cM® qucTrimpBoaHHON BOIBI, B30I THIBAIOT
9-10 pa3 u cTMBArOT MPOMBIBHYIO BOJIY B Ty ke Kon0y. K copepxumomy KonObI mpubaBisioT (5-6) Kamemb
CMEIIAaHHOTO HMHIMKATOpa WIH METHWJIOBOI'O OpPAaH)KXEBOTO M THUTPYIOT H30BITOK COJISTHOM KHCIOTHI
PacTBOPOM THAPOKCHIA Kajus ¢ MONspHOii konuentpaueii C(KOH)=0,5 mons/nm® 10 nepexosia OKpacku
pacTBopa OT (PHMOJIETOBO-KPACHOW B 3€JIEHYIO, IPU THTPOBAHWHU IO CMEUIAHHOMY HHIWUKATOPY, WA OT
KpacHOM B JKENTYIO, IIPU TUPOBAHUHU IO METHIIOBOMY OPAHKEBOMY.
[apannensHO NPOBOAAT KOHTPOJIBHBIN OMNBIT C TEMU K€ pPEeakTHBaMH, HO 0e3 aHAIM3UPYyEeMOU MpoObl, B
MTOJTHOM COOTBETCTBHH C pa0OYNM OIIBITOM.
Obpabomxa dKCnepUMEHMATbHBIX OAHHBIX




B nmamHOM pasmene maboparopHOil pabOTHI CTYIACHTY HEOOXOAUMO TIO IOIYYCHHBIM
9KCTIEPUMEHTAIBHBIM JaHHBIM ITPOM3BECTH PACUETH MACCOBOH 0N PACTBOPEHHOTO M 00IIIEro MoarbaeHa
(Xwm,%), MaccoBoO# 10JTM IEpOKCUAHBIX coenuHenuit (Xr, %), MacCOBOH O OKCHIa HOHEHA B ITepecyeTe
Ha 3MOKCUIHYI0 rpymmy (Xo, %), MOCTPOUTH rpaduK 3aBUCUMOCTH MAacCOBOW JIOJIM PAaCTBOPEHHOTO U
obmero MonubaeHa OT BpEMEHH, MacCOBOM JIOH TIEPOKCHIAHBIX COSTMHEHHI OT BpEMEHH, MaCCOBOH J0JIN
STOKCHAHON TPYIIIBI OT BPEMEHH.

1. PaccuuTarte MaccoBylo HONIO0 pacTBOpeHHOro M obmero moiubaeHa (X,%) mo ciemyromien
bopmyme:
V,)*C =K =96 =100

m * 1000

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

V. —
xM=[?’

C — MoJIsipHAast KOHIIEGHTPALMS PACTBOPA METaBaHa1aTa aMMOHHS, MOJIB/IM3;
K — nonpaBounslii K09)(HUINEHT K KOHIIEHTPALUK PacTBOpa MeTaBaHagaTa aMMonus; (K=1)
96 — MossipHast Macca SKBHUBAJICHTa MOJIHO/IeHA, I/MOJIb;

m — Macca npo0bl, B3sTas Ha aHAIN3, TP.

2. Ioctpouts rpadvk 3aBUCIMOCTH BPEMEHH OT MAacCOBOH JIOJM PAaCTBOPEHHOTO M OOIIEro MoiubOaeHa
(Xm,%).
3. PaccuuTtaTh MacCcoOBYIO JIOJIO MIEPOKCUAHBIX coequHeHuit (Xr, %) no cienyroieit popmysie:
(v -w)=Cc=K=*3=100
m o= 1000

rae Vp, VX — 00beMbl pacTBOpa THOCYIIb(aTa HATPusl, MOLIEAIINE HAa THTPOBAHUE B Pa004YeM U KOHTPOJIBHOM OIbITaX, COOTBETCTBEHHO, CM3;

Xr

C — MoJsipHasi KOHIIEHTPALUs PaCTBOPA THOCYIb(paTa HATPUS, MOJIb/IM3;

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

O — SKBHMBAJIEHTHAs Macca NEPOKCHAHOrO COCAMHEHHM, (69-11s ruAponepoKCcHa STHI0eH301a, 8 — Ul aKTHBHOT'O KUCJIOPOJa), FP/MOJIb.

m — macca npo0bl, B3sTast Ha aHaiu3, rp. IIpu orGope npoObl Ha aHaIu3 1Mo 06beMy, Macca mpobsl paBHa Viip*p, rae Vip — o6beM npobbl, cM3 U p — IIIOTHOCTH

aHaIM3upyeMoii mpo6s! pu 200C, rp/cm3.

4. TToctpouTs Tpaduk 3aBUCMOCTH BPEMEHH OT MaCcCOBOM J0JIM IEPOKCUAHBIX coenuuenuit (Xr, %).
5. PaccuuraTh MaccoByIO JONII0O OKCHIa HOHEHa B IepecueTe Ha snokcuaHywoo rpynmy (Xo, %) mo
cnenyromei popmyre:
_(v,—-V)=Cc*K=3+100
V=p=1000

rne Vp, VX — 00beMBI pacTBOpa THAPOKCHA KaJIU, MOLICAIINE Ha TATPOBAHHUE B paGO'{CM 1 KOHTPOJIBHOM OIIbITaX, COOTBETCTBEHHO, CM3;

Xg

C — MoJIsIpHasi KOHLEHTPAIHUS PacTBOpA MMAPOKCH/A KaIHsl, MOJIb/IM3;

K — nonpaBounblit K03 HHUIMEHT K KOHIEHTPAILMK PacTBOpa ruapokcuaa kamus; (K=1)
D —MoJIsIpHasi Macca KBUBAJICHTA SMOKCH/IHOM rPyMIIbl, paBHast 43 rp/Molib.

V — 06beM npo6bl, B3THIH Ha aHAIU3, CM3;

p — mwiotHOCTH P06l mipu 20 0C, rp/cm3.

6. IMoctpouts Tpaduk 3aBHCHUMOCTH BPEMEHH OT MACCOBOM JIOJM OKCHJa HOHEHAa B Mepecyere Ha
snmoKcuanyo rpymmy (Xo, %).
Cmamucmuueckas 06pabomka pe3yibmamos IKCnepumenma
B nmanHOoM paszgene J1abopaTopHOM pabOThl  CTYACHTY HEOOXOIMMO 110 TOJIYYCHHBIM
IKCTIEPUMEHTATILHBIM JJAHHBIM TIPOU3BECTH CTATUYECKYIO 00pabOTKy pe3yIbTaTOB 3KCIIEPUMEHTA.
i, %

1. PaccunTaTh cpeaHeapu(PMETHUECKOE 3HAUYEHUE PE3YJILTATOB DKCIEPUMEHTA: X = —:=i—  men - uuemo

T
SKCIIEPUMEHTOB.

2. Paccuurarh OTKJIOHEHHUE OT CPEHETO 3HAUEHUS: (Xi - X)

3. PaccuMTaTh KBaJpaT OTKIOHEHHS OT CPENHET0 3HaueHus: (Xi - X)2

4. Paccuntarh CyMMY KBaJIpaTOB OTKJIOHCHHS OT CPEIHETO 3HAUCHUS: z (x;, —x)

5. PaccunTaTh cTaHAapTHOE OTKIOHEHUE SIUHIUYHOTO Pe3yIbTaTa OT CpeHeapu(hMETHISCKOTO 3HAUCHUSI:
¥ Az

[&(x; — x)

5= |
N n(n—1)

6. PaccunTaTh 1OBEpUTENBHBIA HHTEPBAI ONPEACTSIEMON BETUYNHBI:



rae t‘p; n - KO?(i)(i)l/ILIl/lCHT Creronenra. Ero 3HaueHue HaxXoAsT U3 TaOJUIIBL, 33/1aBasICh HOBCpl/lTCHLHOﬁ BCPOSATHOCTHIO P.

Bvi6o0vi. B nannom pazaene 1adopaTopHO# paboTHI CTyIEHTY HEOOXOJMMO NEPEUUCIUTh OCHOBHBIE HTOTH
nponenaHHoN paOotel. [loka3aTh M MOACHUTH, YTO MPOMCXOAWT C KOHLEHTPALMEH I'MAPONEPEKUCH
STHAOEH30/1a W KOHIIEHTpalMeld OKUCH, TeM CaMbIM I[0Ka3aTh, YTO MPOHCXOAUT C AaKTHBHOCTBHIO
MOJY4YEeHHOTO B Ta0OPaTOPHBIX YCIOBUAX KOMILIEKCHOTO MOJTMOACHOBOTO KaTain3aTopa.

JladopaTtopHasi pa6oTa Ne 4
HHTHUEUPOBAHUE PAJIUKAJIBHOH U MOHHOM PEAKIIHH
HA ITPUMEPE [HOJIMMEPU3AL[UN CTUPOJIA
Lenu pabomur:
1. U3YYNUTH KHHETHKY PaMKaIbHON U MOHHON MOJIMMEPHU3AI[H CTUPOIIA;
2. MI3YYUTh BIUSHHUE PA3IMYHBIX aMHUHHBIX HHTHOUTOPOB Ha MPOIIECC MOJIMMEPU3AINU CTUPOIIA;
3. OOBSICHUTH OCHOBHbIE OCOO€HHOCTH PAAMKAIbHON U MOHHOM peakuuii MoJuMepHU3aluy CTUPOIIA.
Kpamxas meopus

Crtupon sBiseTcs OJHUM M3 BaXHEWIINX BCIIOMOIaTElIbHBIX MOHOMEPOB, IPUMEHSIEMBIX B IpPO-
MBIIUICHHOCTH CHHTETHYECKOro Kaydyka. OH BXOOUT B COCTaB OyTaJWEH-CTHPOJBHBIX KaydyyKOB M
TEPMO3JIACTOIUIACTOB, a TAKXKE HAaXOIUT LIMPOKOE NMPUMEHEHHE B IMPOMBIIUIEHHOCTH IUIACTMACC U Psizie
JIpyrux obnacteil MpoMbIIUIEHHOCTH. [IpOM3BOACTBO MONMKUCTHPOIA METOJJOM TEPMHUUECKON MOJIMMepHU3a-
uu opranu3oBano U Ha OAO «HwmwkHexkaMckHedTexum». HeoOX0AMMO OTMETHUTh, YTO B HACTOSIIIUIN
MOMEHT CTHPOJ M METOABI €ro MOJUMEPH3alUu H3ydeHbl HaubOosiee MOJHO MU CIyXKaT OCHOBOM A
MOJIEJTMPOBAHMS PAJia APYTHUX MPOLECCOB, BHIBEACHUS KHHETHUECKUX 3aKOHOMEpPHOCTEH U IPOEKTHpOBa-
HUS peaKTOPOB. DTO CBSI3aHO C IIPOCTOTOI MPOBEACHUS MTOJIMMEPU3ALIMOHHBIX MTPOLIECCOB C €TO YUYACTHEM,
CPaBHUTEIBHO HU3KUM YCIbHBIM TEIIOBBIM 3G (PEKTOM MOJTUMEPH3ALNN U JOCTYIHOCTEIO MOHOMEDA.

PagukanpHas moauMepu3anisl Bcerna NPOTEKAaeT Mo LHEMHOMY MeXaHu3My. DyHKIMHM aKTUBHBIX
MPOMEXYTOUYHBIX MPOAYKTOB MPU PaJUKAILHON MOJMMEPHU3aLUH BBHIIOIHAIOT CBOOOJHBIE paaukaibl. K
YHCIy PaclpOCTPAaHEHHBIX MOHOMEPOB, BCTYIAIOIIMX B PAIUKAIbHYI MOJIMMEPU3ALUI0, OTHOCSTCS:
STWIEH, BHUHWIXJIOPHUA, BHHWIALETAT, BHUHWINWACHXJIOPHI, TeTPaQTOpITUICH, aKpHWIOHUTPUI,
METaKpUJIOHUTPUJI, METUIIAKpUIIAaT, METUIIMETaKpUIaT, CTUPOJ, OyTaaAueH, XJI0pompeH U Jp. PagukanbHas
MOJIMMEPH3aLUs OOBIYHO BKIIOYAET HECKOJIBKO XMMUYECKUX CTAaUi: MHUIMUPOBAHUE, POCT LIEMH, OOPHIB
LIENH ¥ niepenady nenu. HenpeMeHHbBIMU CTaAuAMU SIBASIOTCS] HHULMUPOBAHNE U POCT LIETIH.

Hnuyuuposanue paouxanvHoll noaumepuzayuyu COCTOUT B CO3JaHUU B PEaKLMOHHOM cUCTeMe
CBOOOJIHBIX paJIMKAIOB, CIIOCOOHBIX HA4aTh peaklMOHHbIE Ienu. Hambonee pacnpocTpaHeHHBIH METO[
OCHOBaH Ha OCYIIECTBJICHHH B Cpele MOHOMEpa TEPMHUYECKOTO TOMOJIMTHYECKOIO paciana HEeCTOMKUX
BEIIECTB - MHUIIMATOPOB. B KauecTBe MHUIIMATOPOB MIMPOKO MCIIOJIB3YIOT PAa3JIMuHbIC THUIIBI TIEPEKHCEH:
ANKHUITEpEeKUCH (MIEPEKUCh TPeT-OyTHiIa), THAPONEPEKUCH (THIPONIEPEKUCh KyMona), mep3dupsl (Tpet-
OyTuiepOeH30aT), anuiImnepeKucH (mepexuch oensonna) u ap. llepekucu npu HarpeBaHUH paclagatoTCs
CIIeIyFOIIUM 00pa3oM (Ha MpUMepe MePeKUcH OEH30mIIa):

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

WuannmaTopsl painKaibHOM MOMMMEpPHU3AIMK O0OBIYHO HE OTIIMYAIOTCS CEJIEKTUBHBIM JICHCTBHEM T10
OTHOLIEHHS K pasHbIM MOHOMEpaM, IO3TOMY BBIOOP HHHLIMATOPA dYalle BCEro OOYCIIOBIMBAETCS
TeMIIepaTypoi, P KOTOPOH B KaXKIOM KOHKPETHOM CITydae MOXKET ObITh JIOCTUTHYTA XKellaeMasi CKOPOCTh
reHepHupoBaHus CBOOOAHBIX paaukanoB. Tak, AUBH nmpumenstor npu 50—70°C, nepexuch 6eH30ma Mpu
80—95°C, a nepekuch Tper-Oytmna npu 120—1400C. DHeprus akTUBaUUK MHULUUPOBAHHS OOBIYHO
ONM3Ka K SHEPTUM CBSI3H, pa3phIBAOLIEHCS [IPH paciaje MHUIMATOPOB, U Kosiebnercs B npenenax 105—
175 x/lx/monb. Pamukan, oOpasyromMiics MpH pachajie MOJCKYJbl WHUIUATOPA, MPHCOCIUHACTCS K
JIBOMHOM CBSI3M MOHOMEpPA Y HAUMHAET PEAKIIMOHHYIO LIEMb:

R*e + CH2 = CHX — R —CH,; -C*HX

[MonuMepu3anuio NpH BBHICOKHX TEMIIEpaTypax MOXHO BBI3BaTh M 0€3 BBEICHHS B CHUCTEMY
CHEMaTbHBIX HHUIMATOPOB. B 3TOM ciiydae oOpa3oBaHWE paguKaloB MPOUCXOAWUT, KakK MPaBHIIO,
BCJIEZICTBUE PA3JIOKEHHSI HEOOIBIINX KOJIMYECTB NEPEKUCHBIX IPUMECEH, KOTOPBIE 4acTo 00pa3yloTcs Ipu
B3aMMOJECHCTBUN MOHOMEpA C KHCIOpPOJIOM BO3JyXa, WM JPYTHX CIydallHbIX NpuMeceld. Bo3moxHOCT
TEPMHUYECKOTO CAaMOMHULIMUPOBAHUS JI0Ka3aHa TOJIBKO U OTPAaHMYEHHOTO Kpyra MOHOMEPOB (CTHPOJIa H
HEKOTOPBIX €ro MPOU3BOIHBIX, METUIIMETaKpUIIaTa U psaa ap.).

NonHol nonuMepu3anueil Ha3pIBaeTCs MPOLECC CUHTE3a MOJUMEPOB, P KOTOPOM AKTHBHBIMHU
HEHTPaMH, BO30YXTAIOMUMH [EMHYIO0 PEaKIHIO, SIBIAIOTCA MOHBL. MoHHas monmmMmepr3anns IpoTeKaeT B
MPHUCYTCTBUU KaTanu3aTopoB. KaTamu3zaTopsl HOHHOI MTOIMMEPHU3AIMA MOKHO Pa3fAeuTh Ha TPHU Kiacca:
1. coenuHeHM - TOHOPBI TPOTOHOB: KUCIOTh bpercrenna (HF, HCI u ap.) u ocobenno kucnotsl JIstonca



(AICIz + HCI1, BFs + HF u 1.1.);
2. COeTMHEHHS - IOHOPHI DIIEKTPOHOB;
3. xkatanuzatopsl Lurnepa - Harra.

KaranuzaTopsl TIepBOil T'pyNIbl OKa3bIBAIOTCS HEAIPPEKTUBHBIMU JJIi MHOTHX COCAMHCHUH C
AIIEKTPOHOAKIIENTOPHBEIMHI 3aMECTHUTENISIMU Yy ABOWHOW CBSI3U (CTHUPOJ, O-BUHWINHPPOJIUIOH), HO OHHU
OYeHb AKTHUBHBI M0 OTHOIIEHWIO K TaKWM BEIIECTBaM, KaK BUHWJIOBBIE COCTUHEHUS C COMPSIKEHHBIMU
c3simu -C=0 u -C=N. Karanuzatopbl BTOPO# TPYIIIbI CHOCOOCTBYIOT MOJUMEPU3AllMU BHUHUIOBBIX
COEIMHEHMM C NOBBIIIEHHOM 3JIEKTPOHHOM INTIOTHOCTBIO Y IBOMHOM cBsA3U. KatanuzaTopel urnepa - Hatra
00pa3yoT ¢ MOJEKyJOW MOHOMEpa KOOPAMHAIMOHHBIM KOoMIUIeKc. [loaTomy cwHTE3 MOTUMEpPOB B
MPUCYTCTBUU STUX KaTAIU3aTOPOB HA3bIBACTCSI HOHHO-KOOPIUHAIMOHHON TTOJIMMEpHU3aliueH.

B 3aBucuMmoctH OT 3apsma oOpasyrolierocss HOHa pa3inyaroT KaTHOHHYIO M aHHOHHYIO
MOJTMMEPU3AIIHIO.

Karvonnas, win kapOOHHUEBas, MOJUMEPU3AIUS MPOTEKAeT ¢ 00pa3oBaHWEM HOHA KapOOHUS -
MOJISIPHOTO COCNUHEHUSI C TPEXBAJICHTHBIM aTOMOM VTJEPOJa, HECYIIUM IMOJIOXKHUTEIbHBIN 3apsi.
KaranmzaTopamu cirykat BemiecTBa, akTuBHBIE B peakmusix Opunens - Kpadrca. Karammsarop sBistercs
aKIIETITOPOM, a TIOTMMEPHU3YIOIIUICSI MOHOMED - JOHOPOM JJIEKTPOHOB:

Hy (|3H3
H* + CH2=F - CH:;—-(II+ U T. I

CH, CH,

AHWOHHAs, WM KapOaHWOHHAs, TMONMMEPH3AlHs MPOTEKaeT ¢ oOpa3oBaHWEM KapOaHHWOHA -

COCJIMHEHMs] C TPEXBAJEHTHBIM aTOMOM YIJepoJia, HECYUIUM OTpHUIATENbHBINA 3apal. AHHOHHAs
HOJIMMEPH3ALHSI IPOTEKAaeT B IPUCYTCTBUU JOHOPOB JICKTPOHOB - KaTaIM3aTOPOB BTOPOTO Kiacca:

|
+ CH2=C|:H it CH3—(|3"

CN CN

HNonHnas nosmMepusanus YyCKOPSETCS B IPUCYTCTBUM COKaTalM3aTopoB. IIpm kaTHOHHOU
MOJIMMEPH3aLUN  COKATAIM3aTOpaMU  CIIYy)KaT THIPOKCHICOAEPKAIINE COCAMHEHHs (BOAA, CIUPTHI,
KHCJIOTBI); COKAaTAIN3aTOPaMH ITOJIMMEPU3ALMY B IPUCYTCTBUH aJKHWIMETAIUIOB (KaTanu3aTopos Llurnepa
- Harra) sBnsitoTCS XIOPUIBI METAILIOB IepeMeHHo# BaneHTHOCTH, HanpuMep TiCls. CkopocTs HOHHON
MOJIUMEPU3ALINN OYEHb BEJIUKA.

OKcnepumenmanvHas 4acmo
Peaxmueuvi: 3TUII0EH3017, CTHPOIL, HHTUOUTOPBI (MOHOOKCHITPOIIMIMPOBAHHBIN aMUH,
JIMOKCHUITPOTTMIIUPOBaHHbIN aMuH, HoBaHTOKC, 6pPd, MOTHOKCHITPOTTMIIMPOBAHHBINA aMUH).
IIpubopei: xonbwl KOHUYECKHE, BMeCTUMOCTBIO 100, 50 cM3; HuIMHAPEI MepHBIE, BMECTUMOCTBIO 50 cM;
IIMIIETKA IPaJlyMPOBaHHbIE, BMECTUMOCTBIO 1, 2, 5 u 10 cM3; Bechl 1abopaTOpHBIE CHIENUANBHOTO Kilacca
TOYHOCTH C HauOoJbIIMM TpenenoM B3pemmBaHus 200 T, CEKyHIOMEp; TEPMOMETP CTEKJISTHHBIHA
nabopatopHslii ¢ auanazonom usmepenus ot 0 °C 1o 250 °C, uena nenenus 1 °C, nunatomerp, TepMocTar,
LITATHB.

IIposedenue sxcnepumenma

[lo 3amanuro mpernojaBatrelisi B3BECUTh HEOOXOIUMYIO Maccy WHTMOMTOpa Ha aHaIUTHYECKUX
Becax. [IpurotoButh pactBop: 27 mu ctupona, 3 mi stwiben3ona, 0,0243 rp AuMeTHIOSH3WIT TEPOKCH A
(C18H2202), mosryueHHBIH pPacTBOpP XOpPOIIO MepeMmenarb, 100aBUTh HaBecKy uHruouropa. Harperb
TepmocTar 10 125-126°C, 3anonHUTE AUIATOMETP NPUTOTOBIEHHBIM PACTBOPOM, AUIATOMETP MOMECTUTH
B HarpeThlii TEPMOCTAT.

CxeMa yCTaHOBKM MOJMMEPH3ALUU CTHPOJIA MIPEICTABICHA Ha PUCYHKE 8, KOTOpas COCTOMUT U3
TepMocTaTa 1, TepMomerpa 2, mtaTuBa C Jankoil 3,4 u 3aKpemIeHHOro AUIaToMeTpa .

[Honmnmepuzanus BUHMIOBEIX MOHOMEPOB 110 C=C CBsI3M CONPOBOKIAETCA yMEHbIIEHHEM 00bemMa
(nmopsaaka 20% ot o0bema mMoHoMepa npu 100% KOHBepcHM) PEaKIMOHHON CMECH, YTO OOYCIIOBJIICHO
pPa3HOCTBIO B IUIOTHOCTSX MOHOMeEpa M moimmepa. Iloatomy, criens 3a ycaakoill HOIMMepU3yroIencs
CHCTEMBI B PEaKIIHOHHOM COCY/Ie (JMUIaTOMETPE) B XOJI€ PEAKIIUH, MOKHO OTIPEAETHTH CKOPOCTh PEAKIIHH.

Obpabomka sKchepumMeHmanbHblX OaQHHBIX.

B nanHoM pasgene naOopaTopHOi pabOTBl CTYOEHTY HEOOXOOUMO 10 TOJyYEHHBIM
OKCIIEPUMEHTAIBHBIM JTAHHBIM MOoCcTpouTh Tpaduk 3aBucumoctd h=h() m mno yray Hakiona
COOTBETCTBYIOIIEH mpsiMoii HaxoasaT 3HaueHue dh/dt, KOTOpoe MO3BOJISET pacCUUTaTh CKOPOCTh PEAKIMU
110 YPaBHEHUIO:



10%=m=r?  dh
V=" * — (Moub/1*C)
I-'rhl_'p_Mh?"'I dat
rae M — monekynsipHas Macca MOHOMepa, V — HavasbHbIH 00beM PEaKLMOHHON Macchl B MII IIPH Temiiepatype T, I' — paguyc munaromerpa B cM, dM — mapamerp,

CBSI3aHHBIH C KOHIIEHTPALKEl MOHOMEpPa MPH IIOJIMMEPU3ALUH U PABHBIH Pa3HOCTH OOPATHBIX BEJIMYMH IUIOTHOCTEH MOHOMeEpa | mosiumepa, T.e. SM = 1/ pM —1/ pIT .

ITpu 700 C pus Ct pM=0.860 r/cm3, nos TIC pl1=1.046 r/cm3.

- TepmocTat
- Tepmonterp
- WA

- marma

- mnatoneTp

AL

Pucynox Cxema ycTaHOBKHU IOJMMEPU3ALMH CTUPOIIA

Cmamucmuueckas 06pabomka pe3yibmamos IKCnepumMenma
B nganHom pasgene naGopatopHoll paboOTBl CTYJEHTY HEOOXOOUMO IO IOJyYCHHBIM
AKCIIEPUMEHTABHBIM JJAHHBIM IPOU3BECTH CTATHUECKYIO 00pabOTKY pe3yIbTaTOB AKCIIEPUMEHTA.

- Li=q vl

1. PaccuuraTh cpenHeapuMeTHUECKOE 3HAUCHHUE PE3YJIbTATOB JKCICPUMEHTA: U = —==— i n — wucmo

OKCIIEPUMEHTOB.

2. PaccunTaTh OTKJIOHEHHE OT CpeHero 3HayeHus: (Vi -1 )
3. Paccuurarh KBaJpar OTKIOHEHHS OT CPEHEro 3HaueHus: (v - U)?

4. PaccuMTath CyMMy KBaJpaTOB OTKJIOHEHHUS OT CPEJHETO 3HAYCHUSL: Z
5. PaccunTaTh cTaHAapTHOE OTKIOHEHUE SAUHIYHOTO Pe3yIbTaTa OT CpeqHeapuhMETHIECKOTO 3HAUSHUS:
|I—‘::U:' - 5:':

”\I 1’1:1’1 - l:'

6. PaccuuTaTh 10BEPUTENBHBII HHTEPBAT OTpeenseMoit Benmaunb: V=U £ S * Com

rae rul:p! - kod(uument CroioznenTa. Ero 3Hauenue Haxoast u3 Tabnuibl 2, 3a/1aBasich 10BEPUTEILHON BEPOATHOCTHIO P.

Bvi600bi. B nannom pazaene 1adopaTopHO# paboThI CTyIeHTY HEOOXO0JMMO NEPEUUCIUTh OCHOBHBIE HTOTH
NpOJIeTaHHON paboTEI.

JlaGopaTopHast pa6ora Ne 5
M3YUYEHUE CBOMCTB KATAJIM3ATOPOB
C IOMOIIBIO IMOPEPEHIIMAJTIBHO CKAHUPYIOIIEN KAJJOPUMETPUN
Lenu pabomoi:
1. Hcmonws3ys JICK  Linseis moiyyuTh  3aBUCHMOCTb  TEIUIOBOIO  IMOTOKA  OT  TEMIEPaTyphl.
2. Ilo xaJopuMeTpU4ecKoll KpUBOW ONpENeNINTh TEMIIepaTypy IpeBpalleHns] KBapll U TEMIIepaTypy MpeBpalleHus
KBapil.
3. OmnpenennTh SHTANBIHIO MPOTEKAIONINX ITPOLIECCOB.

TeopemulleCKaﬂ yacmos

CornacHO COBPEeMEHHBIM HAYYHBIM IPECTABICHUS, B JTI0OOM Tesle He MOXET OBbITh 3allaceHa M M3MepeHa
HE3aBUCHMO JIPYT OT APYra TEIUIOBast, HICKTpUIeCKas M KHHETHIECKask SHePTusl. DTH BUIBI YHEPTUI B3aNMOCBSI3aHBI
U MOTYT IEPEXOAUTH APYT OT Apyra.

dopma sHeprum, M3BECTHas KaK TEIUIOTA, CBSI3aHBI TOJBKO C OOMEHOM JHEPrHHM MEXAY IBYMS WU
HECKOJBKUMH CHCTEMaMU. TemnnoTa acCOLUUPYETCsl C TEIIOBBIM MOTOKOM, YTO MOJYEPKHUBAET €€ KOIUYECTBEHHYIO
npupony. Takum oOpa3oMm, mennoma — 3TO KOJIWYECTBO DHEPTHH, KOTOpOe OOMEHMBAETCSl B TE€YEHHE IaHHOTO
BPEMEHHOT'O MHTEpBaja B (hOpMe TEIIOBOro MoToKa. [yl M3MEpeHHUs TEIUIOTH, BEIAEISIEMON MM TOTJIOMAeMON B
Pa3NUYHBIX MpoIleccax, HCIOIB3YIOTCS HPHUOOPHI, HAa3bIBAEMbIE KaJIOPHMETPAMH, a «KaJOPUMETPUI» O3HAYaeT
N3MEPEHHUE TETUIOTHI.

Huddepennnanpnas ckanupytomas kamopumerpus ([ICK) Bxogur B rpynn ¢u3ndeckux u (U3HKO-
XUMHYECKHX METOAOB TepMuueckoro ananmusa (TA) u aBnsgeTcs oAHUM U3 TpeX MeTo0B TA, ¢ MOMOIIBI0 KOTOPBIX
OTIPENIeNAIOTCS PHEPTEeTHUECKUE (SHTAIBIMIHBIEC) U3MEHEHHUS B HCCIIEAYEMOM BEIIEeCTBE. DTH METOJBI OCHOBAHBI HA
N3MEPEeHUHI TeMIepaTypsl, CaMOIIPOM3BOJIBHBIX WA KOMIIEHCUPYIOIIIIX TEIUTOBBIX MTOTOKOB.



JICK ocHOBaH Ha HarpeBaHuW (OXJaXICHHH) OOpa3la M 3TaJOHA C 3aJaHHOH CKOPOCTHIO NMPHU COXPAHEHHU HX
TEMIEepaTyp W W3MEPEHWH KOMIICHCHPYIOUIETO TEIUIOBOTO IOTOKA, IMOAICPKHUBAIOMIETO TeMIlepaTypy oOpasma B
npenenax 3agaHHol nmporpaMmbl. DKkcrepuMenTaibHble KpuBble JJCK mpencTaBistoT co00ii 3aBUCHMOCTH TETUIOBOTO
motoka (B M/x/c) wmm ymemsHOH TemoemkoctH Cp  (Ix/rK) oT TemmepaTypsl WM BpEeMEHH.
Bce JICK nmMeroT 1Be n3MepHTENbHBIC SYSHKN: 0/THA IPEeIHAa3HAYCHA TSI HCCIIeyeMOoTro 00pasia, B IPYTYIo — TUEHKY
CpaBHEHUS, TOMEIIAIOT MO0 IyCTOM THTeNb, JTHOO THUTENh C 00pas3loM CpaBHEHUS — STAJIOHOM (WHEPTHBIM B
3aJJaHHOM JMala3oHe YCJIOBUH BELIECTBOM, 10 TEIUIOPU3MYECKUM CBOMCTBaM OJM3KMM K 00pasmy). Sueiiku
KOHCTPYUPYIOT MaKCUMaJIbHO CUMMETPUYHO (OMHAKOBBIE TUTJIH, OJIMHAKOBBIE CEHCOPHI, OJIMHAKOBOE PACCTOSHHE
OT HarpesaTelsl A0 ceHcopa W T.n.). OOpasell M STajJOH HarpeBaloT WHIMBHUAyaJIbHbIE MCTOYHHKAMH TEIUla, a
TEeMIIEpaTypy U3MEPSIOT BBE/ICHHBIC B HUX YyBCTBUTENIBHbBIE JATYHUKH.

U3mepsiemoii siBisieTcst pasHuna T=1T q6— 1, MEXKIY Temmeparypamu oopasia (Tos) ¥ 3TanoHa (Tor) B QyHKIMH
BpPEMEHHU HarpeBaHUs WM TeMIleparypsl. Benmuuna T nponopunoHaabHa U3MEHEHHIO SHTANBIIMU H, TermoeMKocTH
C 1 00mmeMy TepMUIECKOMY COMIPOTHBIICHHUIO TETNIOBOMY NOTOKY R=Ro+Rs.

Xon xpuBbix JICK, W3MepeHHBIX IPH OTCYTCTBHH KAaKHUX-THOO IPOIECCOB, CBS3AaHHBIX C IOTJIOMICHUEM H
BBIJICICHHEM TeIUla (Tak Ha3bpIBaeMble 0a30BbIC JIMHHM) B OOIIEM CiIydae OTIMYAeTCd OT MPSIMOIl JIMHUM,
napaensHoi ocu abcmmcc. [IpranHa aHoMansHOTO OTKIIOHeHUs KpuBoi JICK B Hauase m3MepeHns 3aKII09acTcs B
HEBO3MOXXKHOCTH B Hadajle M3MEPEHHUS cpa3zy 00ECHeUUTh MOCTOSIHHYIO CKOPOCTh HarpeBa M3MEpPUTEIHHON sTUCHKH.
Haxnon xpusoii JICK Bo3HHKaeT U3-3a HEPaBEHCTBA MAcC M TEIUIOEMKOCTEH 00paslia W 3TaloHa, BCICACTBUE YETo
Pa3HOCTh TEIUIOBBIX MOTOKOB, H3MEPseMbIX IU(depeHIanbHON TepMonapoil He paBHa HYJIIO Jake B OTCYTCTBHE
(ha30BBIX MTPEBpAICHHI U IHHCHHO U3MEHICTCS C TEMIICPaTyPOil.

O‘IeBI/II[HO, YTO OIIMCAaHHBIC BBIIIC apTe(baKTI)I HC MMO3BOJIAIOT MTPOBOAUTH U3MEPECHUA C BBICOKOH TOYHOCTBIO,
OJTHAKO y COBPEMEHHOT0 00OpYJOBaHMS €CThb BO3MOXKHOCTH KOPPEKTHPOBAaTh 3TH A(PQEKThl M BBIYECTh MX U3
3KCHCpHMCHTaJ’ILHOI7[ KpHBOﬁ. JIJ'IH 9TOro IMNepe€a OCHOBHBIM HU3MCPCHHUECM CHUMAIOTCA TaK Ha3bIBACMBIC KPUBBLIC
Koppekmu (kamuOpoBku) - JICK kpuBble, Ipu M3MEpeHUH KOTOPHIX B IepKaTese oOpas3a HaXOQUTCs JIHOO ITyCTOH
TUTEJIb, THOO TOUTOKKA Oe3 oOpasma. [t Toro, 9To0Bl y4ecTh KOPPEKIHIO IIPH OCHOBHOM H3MEPEHUH, C TIOMOIIHIO
MPOTPAMMHOTO OOECIICUeHHs aHaJIn3aTopa mpu obcdere 0Aa30BBIX KPHBBIX MPOU3BOAUTCS KOPPEKIHS C IMOMOIIBIO
KaJTHOPOBOYHBIX JAHHBIX.

[pu Hanu9wH B HccieayeMoM o0pasie KaKux-JIH00 MPOIecCOB, WIH MIEPEX0A0B MEPBOTO POJIa, CBI3aHHBIX
C TIOTJIOTIICHIEM WM BBIICTICHUEM TeTlIa (TIaBIIeHIE, CTPYKTYPHBIH (pa30BEIi IIepexol, UCTIapeHUE U Ap. ), HA KPUBBIX
JCK nposBisitoTcs XapaKTepHble MKW U aHOMAJIMH, UCCJEJOBaHHE KOTOPHIX AaeT MH(POPMAIMIO O IpOIeccax
NpOTEKaIMX B oOpasue. PaznnyaioT sk3oTepMuueckue (BbACICHHE TEIIa) M DHIOTEPMHUYECKUE (TIOrIoNeHNe
teruia) anomanuu JICK. Anomanuen Ha3zpiBaeTcsi Jr000€¢ OTKIOHCHHE OT MOHOTOHHOTO M3MCHEHHUS 3aBHCHMOCTH
curHaia ot Bpemenu. Jlrobas anomanus (muk) JJCK moaHOCTBIO MOXKET OBITH ONMCAaHA CIEIYIOINMH MapaMeTPaMH:
1. TemmepaTypamMu Havaja THKa, KOTOpas XapakTepu3yeT Hayajlo Tmpouecca, ¥ okoHuyanus nuka (71 u 7o,
OTIPEJICNIAIOTCS KaK TOYKH TepecedeHns KacaTeabHbIX ocHOBHOM (6a3oBoit) nunuu JICK u mieu nmuka).

2. Temmepatypoit MakcuMyMma (MHHAMYMa) K ( 73), KOTOpas XapakTepu3yeT OKOHYaHHE MpoIiecca.
3. [Tnomaapto miIKa, KOTOpas OTpeNesIeT SHTANBINIO (YIeNbHYI0 TermoTy) npouecca (J = Q/M, rae Q - KoaudecTBo
MOTJIONEHHOTO/BBIZICTICHHOTO  Terla, M - Macca wHccieqyeMoro BemlecTBa). [Dnomans muka — IUTOMIAns,
OrpaHUYEHHAs SKCIICPUMEHTAIBHOW KPUBOW 1 0a30BO THHUEH.
4. BocCmpou3BOIUMOCTBRIO TNHKAa MPH OXJIAXKIACHWU M IOCISAYIOIIeM HarpeBe. Hammdume BOCIPOU3BOIUMOCTH
CBUJICTEIILCTBYET 00 oOpaTmMoctH (a3oBoro mepexona. Ecim TepMudeckas aHOMaMs HE BOCIIPOMU3BOAUTCS TpPHU
MOBTOPHOM Harpese o0pasiia, 3To Mpu3HaK HeoOpaTuMoro (Ha3oBOro nepexosa.

Ipakxmuueckas yacmo

K HCCIICAOBAaHUAM JOITYCKAIOTCA TBEPABIC U KUAKUE BEIIECTBA, HECAJOBUTLIC (1/13-3a TPYAHOCTHU OTBOJA
NPOJYKTOB HCIApEHHs) M HE arpecCHBHbIE K MaTepuay THIJIS MM MOJUIOKKH. Macca HccliieyeMoro Marepuaina
BBIOMpAeTCs B COOTBETCTBUM C 3anadell. Yem OoJblie macca oOpaslia, TeM HHTEHCHBHEE CUTHaj, (UKCHUPYEMBIH
prOOPOM, TEM BBIIIIE OTHOIICHHE CUTHAJ/IIYM U MEHBIIIEC TIOTPEIIHOCTh, BHOCHMAasl BHEITHUMHE (haKTOpaMH, OJJTHAKO
CIIeZlyeT yYUTHIBATh, YTO YeM OOJIBIIEe KOJUYECTBO HCCIICAYEMOrO BEIIECTBA, TEM BBINIC B €0 00BEME TPaJUCHT
TeMIIeparyp, TeM OoJiee pa3MBITHI HAONIOMACMBIC TEPMUYCCKHE aHOMAIUHM, U TEM MEHBIIe TOYHOCTb U3MEpPEHUS
MOTEPH BECa, TEMITEPATYPHI M TEILIOTHI.

[pu m3mepeHnn HeOOXOAUMBI IBa THTIISA, B OAHMH U3 THIJICH OyIeT IMOMeIIeH UcCleIyeMbIi 00pa3sel, Apyroi
TUrels (IycToit) OyIeT NCTI0NIb30BaThCs KaK ATANOH. MaTepHal THIJIS ONpeeNsieTcss MaKCUMaIbHOM TeMIiepaTypoi
HarpeBa oOpasiia M HCCIEIyeMbIM BEIECTBOM, KOTOpOE HE JIOJDKHO pearupoBarh C¢ Turiiem. Haubomnee uacto
HCIIOJIb3YEMBIMH MaTepHajaaMu THIJICH sBIsitoTes amomuanii (1o 600°C), 30mo0to (10 900°C), miaruua (mo 1000°C)
u xopyH# (zo 1600 °C u BbIme).

Turmm s u3MepeHnit UCTIONB3YIOTCS MO0 OTKPBITHIC, JTNOO 3aKPBITHIE KPBIIIKOW, MPU 3TOM B KPBIIIKE
MPOJIENIBIBAIOT HEOOJBIIIOE OTBEPCTHE /IS BBIBOJA IMPOAYKTOB HCHapeHus. Takoe OTBepCTHE TakkKe MOMOraeT
n30exaTh )qu)opMaum/I 1 paspbiBa TUTJIA B PE3YJIbTATEC MOBBINICHNUA BHYTPCHHETO MaBJICHUA HACBIIICHHBIX ITApOB B
npolecce Harpesa.

Ilepen wn3mepennem oOpaszenr HEOOXOIUMO B3BECHTh. UTOOBI 00ECHEYHTH BBICOKYIO IOCTOBEPHOCTH
M3MEPEHUI TOYHOCTh HaYaJIbHOTO OIIpeesIeHHs Beca JIoJrKHa ObITh He MeHee 100 mkr. YacTto oOpasern 10iKeH ObITh
MOATOTOBJIEH K W3MEPEHUSIM, OCHOBHBIE KPUTEPHM - CJIEAYET OOECIeYHTh MaKCHMaJIbHO BO3MOXHYIO 00JIacTh
KOHTaKTa MEXJy HCCIeAyeMbIM 00pa3lioM M JHOM THIJIS (4eM Oosblie 00JacTh KOHTaKTa, TeM CHIIbHEE W TOUHEe



CUTHAJ, GUKCUPYEMBI aHAIN3aTOPOM) 1 00ECTICUNTh KaK MOKHO 00Jiee paBHOMEPHOE paclpeiesieHre UCCIEayEeMOTO
Marepuaa Mo THIIII0 W TOATI0XKE.

W3mepenne paHee HE MCCIIENOBABIIMXCS HEM3BECTHBIX MAaTEPHANIOB; KUAKOCTEH; MaTepHalIoB ¢ OYPHBIM
UCTIApEHUEM HJIH PAa3JI0KEHHEM IPOBOIUTCS UCKIFOUUTENBHO B 3aKPBITHIX KPBIIIKON M 3aIIPECCOBAHHBIX TUTIIIX, BO
n30exkaHne HeoOpaTUMOTo 3arpsA3HEHHS U3MEPUTENBFHON stueiiku. Bo n3bekaHue 3arps3HeHHs THTIICH H 00pasIos,
YTO 3a4acTyIO IPUBOANT K JIOTIOTHUTEIBHON Mapa3uTHOH 1moTepe Beca, He ClIexyeT OpaTh NX pyKaMu 0e3 3aIlUTHBIX
nepyaTok, JMOO CcleayeT MOJb30BaThcsl NMHMHIETOM. He ciienyeT CTaBUTh THIVIM Ha TpS3HBIE ITOBEPXHOCTH.
Hioxe nepeunciens! oduiie TpeboBaHMs K 00pa3nam, UCTIoIb3yeMbIM 1 namepenuit merogom JJCK.

1. Obpa3er He 10JHKEH B3aMMO/ICHCTBOBATh C MaTePHAIOM M3MEPUTEIHHOM SIMEHKN U 3aIIUTHBIM Ta30M, €CITH TaHHOE
B3aUMO/ICHICTBUE HE SIBISICTCS IIPEIMETOM H3YUCHHS.

2. HeoOxomauMo mpefoTBpaTUTh Hepexoj; obpas3ua B ra3oByio a3y, eciii ero CyOJMMalys WM UCTapeHHe He
ABJISIIOTCSL TIpeAMETOM u3ydeHusi. C 3TOW IIENbI0 DKCIIEPUMEHTHI, KaK IpPaBHJIO, IMPOBOAAT B I'€PMETHYHO
3aBaJIBIIOBAaHHBIX A4YeiKax. B Tex cirygasx, korma obpasel HarpeBaioT 0 TeMiepaTyp, npesbrmatommx 100 — 150C,
B KpBIINIKE ICTAl0T HEOOJBIIOE OTBEPCTHE UYTOOBI M30ekaTh AedopMalMy SYEHKH B Pe3yiIbTaTe IOBBIIICHUS
BHYTPEHHETO JaBIICHUS.

3. HeobOxomnmo obOecneduTh XOPOIIMK TEIJIOBOM KOHTAKT MEXIy oOpa3moM H ceHcopoM. [l 3TOTO HYyKHO
nogo0path SYEHKY ¢ MIOCKUM Hele(OPMUPOBAHHBIM JTHOM M IUIOTHO Pa3MECTUTh MPOOy Ha AHE sueiiku. TBepaple
MONMUKPHUCTAIUIMYECKHUE TIPETapaThl JKEIAaTeNbHO CIIPECCOBaTh WM IEpeTepeTh (MPeaBapUTENFHO HEOOXOIMMO
yOenuThCs, YTO MEXaHWYECKOE BO3/ICHCTBUE HE MPUBOJUT K MPOTEKaHHIO B 00pa3ue (GU3NUECKUX MM XMMUYECKHX
npoueccoB). V3 CIUIOMIHBIX MaTepHAIOB THMA IUICHOK W PE3MH OOBIYHO BBIPE3aIOT TOHKHH 00paszell Hy>KHOTO
JIaMeTpa.

4. Macca o0Opa3sia nogoupaeTcst B COOTBETCTBHE C ITOCTaBICHHOM 3a1aueil. ClielyeT yUUThIBaTh, YTO YEM TOJIILE CIION
npoObl B siUeiiKe, TeM BBILIE HeXeIaTeNIbHbIA IPaJJUeHT TeMIeparyp B ee oobeme. B3BenmBaTh 00paszen Heo0X0JUMO
¢ TouHocThio He MeHee 0,1 mr (£0,0001 r).

5. Heo6xoammMo 00ecIieunTs penpe3eHTaTUBHOCTE MPoObL. JKnakue o0pasis! nepe]] MOMEIeHHEM B H3MEPUTEIBHYIO
AYeHKy ClIeAyeT TIIATeNbHO IepeMemmBarh. Hebospimme KommdecTBa HPOOBI TBEPIBIX MOIMKPHCTAIUIMYECKUX
IpernaparoB OepyT U3 pa3HbIX YacTeH, ITOCIIE Yero TakXKe TIIATENIFHO IEPEMEIINBAIOT.

Kanubposxa: JCK m3Mmepser 3HaueHHE DPAa3HOCTH, TEMIIEPATYp MEXIy OOpasloM-3TaJOHOM M HCCIEIYCMbIM
obpasmom. EgmHumnel wm3MmepeHus oTkimka B obOmeM ciydae [MkB/r]. Ilpum Hammamm xaaubposku no
YYECmeumenbHOCmY MOKHO TiepeBecTr [MKB/T] B e TUHMIIBI H3MEPEHUs TEIUIOTH 1 oyunuTh oTKIMK JICK B [[Ix/T],
4TO KpallHe Ba)KHO NPU M3MEPEHHUHU SHTAIbINU. B X0/1€e n3MepeHuii HeoO0X0ANMO IOMHUTb, 4TO AU GepeHIaIbHas
TepMonapa He HaXOJIUTCSl B HEMOCPEACTBEHHOM KOHTaKTe ¢ 00pa3lioM, BCIEACTBHE 3TOr0 TeMIlepaTrypsl oOpasua u
TepMoOmnapsl HECKOJbKO OTIMYaroTcs. it ycTpaHeHHs 3TOH NOTIPEUIHOCTH HCIOJIB3YETCSl METOM KAIUOPOGKU NO
memnepamype.

Jns mpoBeneHus KanuOpOBKH NpuOOpa HCIOJIB3yeTcss Habop o0pa3uoB (CTaHIApTOB) C TOYHO HM3BECTHBIMHU
TEeMIlepaTypaMl M TeryioTaMu (a3oBbIX mpeBpameHuid. s stux obOpasnoB msmepsiorcst kpusble JICK, u
MOJTyYCHHBIE B TIPOIIECCE H3MEPEHHI TEMIIEPaTyphl M TEIUIOTHl AaHOMAJIMH 3aIMChIBAIOTCS B TaK Ha3bIBaEMBbIe (hailib
KaJIMOPOBKH, T/le OHW HMPUBOJIATCS B COOTBETCTBHE CO CTAHAAPTHBIMM 3HAUCHHSMH U CTPOHUTCS KalHMOpOBOYHAS
kpuBasi. KannOpoBKy NpOBOMST B TEX K€ YCIOBHSX U C TEM )K€ MAaTEPHAJIOM THTJIEH, YTO TP M W3MEPEHNH o0pasia.
Jns kanuOpoBKM HEOOXOOMMO HCIIOIb30BaTh HE MEHee Tpex o0pas3moB - cranmaptoB. CymecTByroT oOmme
TpeOOBaHuUs K CTaHAAPTaM, UCIIOIb3YEMbIM /ISl KATMOPOBKU:

1. Bricokas ctenenb 4nucTOTH (He MeHee 99.999%).

2. JIocTOBEpHO M3BECTHBIEC XapaKTEPUCTHKH (ha30BbIX MEPEX0JIOB (TEIIOTa, TEMIIEPATYPA).

3. lHepTHOCTH 1O OTHOIICHHIO K MaTepuaiy TUTJIS.

4. XuMuueckasi CTOMKOCTh, YCTOMUHUBOCTH 110 OTHOIIEHUIO K BHEITHUM BO3/ICHCTBUSM.

5. Huzkoe paBieHye HACBIIIEHHOTO TIapa NPU TeMIIEpaType U3MEpEHHSI.

[Nepen BeImoIHEHNEM TaO0PaTOPHOI PabOTHI TOHKHA OBITH MPOBEJICHA TPOOONOATOTOBKA U CHATHI KAJIMOPOBOYHBIE
M3MEpEHUs ISl UCTIONBb3yeMbIX Turied. Cienys MomaroBod MHCTPYKIMH NPOM3BECTH 3KCIIEPUMEHT C 00pa3loMm
kBapua. [lomyueHHbIe pe3yIbTaThl 11e71ecO00pPa3HO MPEACTaBUTh B BUJIE B TAOIUIIBI

Tabmuma

Temneparypa Temneparypa Temneparypa OHTanenus, Onucanne

Ne n/n
Havana Tonset,’C KOHIIA Toffset,’C 9KCTpeMyMa T max/min,"C kJx/r rpolecca

JlaGopaTopHas padora Ne 6
UCCJIEJJOBAHUE KATAJIM3ATOPOB I'MIPOOUYUCTKN HEDTIHBIX ®PAKIMM
[Iponecc kaTamUTHUYECKOrO KPEKMHIa TpeAHa3HAadeH s IONYYEHHS BBICOKOOKTAHOBBIX
KoMITOHeHTOB OeH3uHa. Kpekunr ocymectisercs rnpu 450-500°C B NpUCYTCTBHU allFOMOCHIMKATHBIX
KaTaJM3aTOpOB U SBIISIETCSl MPOIECCOM KavyeCTBEHHOTO HM3MEHEHHUsl ChIpbsi. Hapsay c¢ OeH3MHOM mpu
KpEeKHHIe 00pa3yroTcsl pyrue MpOAYyKTH - Ta3000pa3Hble, XKHUIKUE U TBepAble (KOKc). B xauectBe ChIpbs
OOBIYHO TIPUMEHSIFOTCSl TSDKEIble JUCTHILISATHI aTMOC(EpHONH M BaKyyMHOH IEpPEeroHOK HedTH, a Takke



He(Th, Ma3yT U JIp.

OCHOBHBIE IIPOAYKTHI KATAIMTUUECKOTO KPEKHUHIa - KUPHBIH ra3, HecTaOWIbHBIM OCH3MH, JITKUN 1
TSDKENBIA KaTATUTHYECKUE Ta30IIH.

KupHblif Ta3 - ra3, noayyaeMblil Ha YCTaHOBKaX KaTaTUTHUUECKOTO KpeKHHIra. OH COCTOUT B OCHOBHOM U3
yraeBogopoaoB C3-C4 u comepKuT 3HaAUYUTEIhHOE KOJMYECTBO N300yTaHa. DTO TOBBIIIAET IIEHHOCTH Ta3a
KaK CBIPhS TS TadbHEHIIeH mepepadoTKy.

HecrabunpHblii 6ensuH. [lpn KaTamUTHUEeCKOM KPEKHHTE MOXKHO BbIpaOaThiBaTh BBICOKOOKTAHOBBIN
aBTOMOOWIBHBIN O€H3WH WM CBIphE Ui TONydYeHHs ©0a30BOrO aBHAIIMOHHOTO OEH3WMHA ITyTeM
KaTaIUTHYECKON O4nCTKU. Ha monamisirorieM OOJIBIIMHCTBE YCTAaHOBOK OOpa3yrOTCSl KOMIIOHEHTBI aBTO-
MOOMIBHOTO OcH3MHA. BeH3WH, MOJy4YeHHBIH NpU KaTATUTHYECKOM KPEKHUHIE TSDKEIOTO CBIPbs, IO
CpaBHEHHIO ¢ OCH3MHOM, MOTYYE€HHBIM H3 JIETKOTO CBIPbs, XapaKTEePU3yeTCsl MOBBIILIEHHBIM COJep)KaHeM
HeTpeeNbHbIX YITIEBOAOPOIOB 1 IOHWKEHHBIM COJIEPKAHUEM apOMaTHIECKUX.

Jlerkuii ra3oiiib - TUCTHIAT € H.K.175-200°C 1 k.k.320-350°C Jlerkue xaTaquTHUEeCKUE ra30MId 0OBIYHO
UCIIONIb3YIOTCS B KA4eCTBE KOMIIOHEHTOB JU3eJIBHOT0 TorunBa. VX neranoBoe umcio 25-40.

T spKeITBIi Ta30MITb - OCTATOYHBIH MPOAYKT KATATUTUIECKOTO KPEKHUHTA. T SKeIbIif Ta30iIb UCTIONB3YIOT JIN00
IPY IPUTOTOBJIEHUH TOTIOYHBIX MA3yTOB, THOO KaK ChIPbE IJIs1 TEPMHUYECKOrO KPEKUHIa ¥ KOKCOBAHHS WIN
JUTSI IPOU3BOJICTBA CAKH.

Karanutuueckuii KpeKMHI Hadal Pa3BHBATHCS C MPHUMEHEHHEM allOMOCHIMKATHBIX aMOP(HBIX
KaTanu3aTopoB. Ceifuac B MPOMBIILIEHHOH NPAKTUKE IIMPOKOE PACHIPOCTPAHEHHUE Oy IHITA CHHTETUUECKHE
LEOJIUTHI - COJIN ANTIOMOKPEMHHMEBBIX KHUCIIOT. B OONBIIMHCTBE CIy4aeB IEOIHUTHI, MCIIOIb3yeMblE Kak
KaTan3aTopbl, MOTUPHUIUPYET METAIIAMHU, OKHCIIaMU METAJUIOB (B TOM YHCIIE PEAKO3EMENIBHBIX), 8 TAKXKe
JPYTMMH BEIIECTBAMHU. YTO 3HAYUTENIFHO YCHIMBACT UX KaTAJIUTUUECKHE CBOMCTBA.

OOBIYHO TIEOTUTCOAEPIKAIINE KAaTATU3aTOPhl KPEKHHI'a TOTOBAT JUCIIEPTHPOBAHUEM IICONIHUTA B
AJTFOMOCHJIMKATHOHN aMop(HO# MaTpuiie B Koyiu-dyecTBe 3-18%.

[eonutel TEPMOCTOMKM M YCTOMYMBBI MPOTHUB JACKUCTBUSA CEPHUCTBIX, A30THCTBIX M JPYruX
COCAMHCHHUH, SBISAIOMIMXCA SIIaMM AJsl APYTHX KaTanu3aropoB. KpoHe Toro, Ha meonuTax MpH paBHBIX
YCIOBUSIX 00pa3yeTcs KOKca MEHBIIIE, YeM Ha aMOP(QHBIX AIFOMOCHITMKATHBIX KaTalnu3aTopax..

Coipbe npotiecca. OCHOBHBIM CBHIPbEM MPOMBIIIJIEHHBIX YCTAHOBOK KaTAJUTHUYECKOTO KPEKHHTa
ABJSIFOTCA aTMOC(EpHbIe W BaKyyMHbIC IOUCTWIUIATHI IEPBUYHOI IeperoHKH Heitu. Yame Bcero 31o
(pakuuy, BeIKMNarOIUe Ipu Temmeparypax oT 350 mo 550 OC u BhIle, a TakkKe ChIPhE BTOPUUHOTO -
MIPOUCXO0KACHHUS, TOJTy4aeMOe Ha YCTAaHOBKaX TEPMHUUECKOTO KPEKMHTa U KOKCOBAHMSL.

Ocnosnvie paxmopwl npoyecca

Temmnepatypa. Ilog Temmneparypoil mporecca KpeKMHIa MOHHMMAIOT —CpPEAHIO TeMIeparypy B
paboueii 30He peakTopa. B 3aBOJCKOI NMpaKTHUKe ; KAaTATMTUYECKUH KPEKHHT TPOBOJST B WHTEPBAJIC
temmneparyp 450-495 C. C ysenmmuenueMm Temmeparypsl 10 500°C mpu MOCTOSHHBIX 3HAYEHHAX APYTUX
napaMeTpoB KPEKUHI' COMPOBOXKIAETCS OONBIINM razoo0pa3oBaHueM M KOkcooOpazosaHueM. [Ipu Goiee
HU3KOW TeMIepaType B OJAMHAKOBBIX YC-TIOBHSX PE3KO CHIKAETCS TIyOWHA Pa3JIoKEHHS CHIPhS H BBIXOJ
HeNEeBbIX [MpoayKTOB. ONTUMAIBHON TeMIIepaTypol mpoliecca MPOBOAMMOIO C LENbD» MaKCHMaIbHOTO
otbopa 6eH3MHOBBIX (pakuui, sBisercs 450-405 Clasnenne Ha coBpeMEHHBIX YCTAaHOBKAX € LMPKYJISLIMEH
KaTaJlM3aTopa ChIphe MepepalareiBaloT npu ymepeHHbIX naaBneHusx: 0,15-0,25 Mlla. B peakropax c
MUPKYJIAIUEH MBUIEBUIHOTO WIIK MUKPOC(HEPHUECKOT0 KaTallu3aTropa Mpolecchl BeayT mnoj AasieHuem 0,18-
0.25 Mlla. C pocTom J1aBlieHUs] HCHIAPEHHE ChIPbS 3aTPYAHSETCS, YTO BBI3bIBAET HEOOXOAUMOCTE (0COOEHHO
npu nepepadoTKe TSHKENBIX TUCTUILUIATOB) BBOAUTH BMECTE C CHIPBEM B PACTBOP MOBBILIEHHOE KOJINYECTBO
HepPErpeToro napa.

OO0beMHas ckopocTh. OTHOLIEHHE YMCiIa 0OBEMHBIX €MHHIL JKUIKOTO CHIPbsI, 0JIaBaeMOT0 32 Jac B
peaktop npu 15-20 C k 00beMy KaTanu3aTopa B 30HE PEaKLMU KPEKUHra Ha3bIBaeTCsl 00bEMHON CKOPOCTDHY:

£ —
Vo= ol
rae VO - oobemHast ckopocTb. M3/(M3 1); VC - 06beM sxukoro cbipbs. M3/4; VK - 06beM kaTanmzaropa, M3.

BpeM;[ Hpe6BIBaHI/I$I yFJIeBOIIOpOJIHOI‘/'I 3arpy3Ka B pa60qel71 30HC pE€akKTopa YMCHBIIACTCA O
MOBBIIIEHHEM O00BEMHOM CKOpPOCTH. Hao6op0T, C TIOHIDKEHUEM OO0BEMHOMU CKOpPOCTH BpPEMS KOHTaKTa
YIII€EBOAOPOAHBIX ITApOB C KaTaJlu3aTOpPOM YBCIMYHUBACTCA, 4YTO IPHUBOAUT K Ooiee FJ'Iy60KOMy
npeBpanieHuio. Jlerkue BUABI CBIPbsl TiepepadaThiBaeT OOBIYHO MPU HU3KUX OOBEMHBIX CKOPOCTSX, a
TSDKEIbIe - TpU 00Jiee BEICOKUX.

HpI/I HCIIOJIb30BAHUM KaTajlku3aTOpPOB Ha OCHOBE MLCOJIUTOB CbhIPHE r[epepa6aTLIBaeTCﬂ pu
TIOBBIIICHHBIX 3HAYEHUSIX OOBEMHOM CKOpocTH. Ha ycTaHOBKax ¢ TpaHYJIMPOBAHHBIM KaTaIM3aTOPOM
00bEeMHasl CKOPOCTh COCTaBIseT 2,5-4,0 4u-1, ¢ KUISIIMM CHOeM IMbUIEBUIHOTO MM MUKPOC(EpUIecKoro



karaimusatopa - 10 30 1 , a B iudr-peakropax 80-100

IoBeimeHne 00BEMHOI CKOPOCTH MOJIAuH ChIPhsI IO3BOJIMIIO IOBBICUThH TEMIIEPATYPy KPEKUHTa J10
540-558°C npu TOM ke KOKCOOOpa30BaHUH.

KparHocts nupkynsnmu xkaranuzaropa. [ TyOMHYy KpEeKHHTa CBIPbsI, a TAKXKE COIepKaHHe KOKCa Ha
OTBOIMMOM M3 PEAaKTOpa KaTaau3aTope MOXX HO PErylHpoBaTh HE TOJNBKO HM3MEHEHHEM TEeMIIEPaTypbl
npolriecca, HO ¥ U3MEHEHHEM KPaTHOCTH LIMPKYJISIIUY KaTalau3aropa.

[Ipy MOCTOSIHHBIX KOJMMYECTBE U KaueCTBE BBOAUMOIO B PEAKTOP CHIPbS M HOPMAIIBHBIX pabounx
YCIOBUSAX MpoOIecca C POCTOM KPAaTHOCTH LUPKYJALUM KaTaau3aTopa IIyOMHA MHpPEBpPAILEHUS ChIPbS
YBEJIMYMBACTCS, & KOHIIEHTpalusI KOKCa Ha YXOSILEM U3 PeaKTopa KaTajau3aTrope yMEHb LIaeTCs, XOTs [pu
9TOM OOLIMI BBIXOJ KOKCa BO3pacTaeT Kak Mo aOCOJIOTHOMY BeCy, TaK M B HpOLEHTax Ha cbippe. OT
KPaTHOCTH LUPKYJISIIMK 3aBUCUT CPEAHSS aKTHBHOCTH KaTaju3aTopa B paboueil 30He peakTopa.

3HaueHMsT KpaTHOCTH LUPKY/SIIMM KaTaju3aropa Ha YCTAHOBKax C IPaHyJIMPOBAaHHBIM
KaTanmzatopoM 2-5:1, ¢ meueBuaHBIM - amopdHBIM  10:1, O TBUICBUIHBIM  IIEOJIMTCOACPIKAIIM
katanuzaropom 10:1.

AKTHBHOCTb Karanu3aTopa. KarannTudeckass akTMBHOCTb KaTaln3aTopa OLIEHUBAETCSI BBIXOAOM
OeH3MHa B pacyeTe Ha ChIphe MU IIPOBEICHUH NPOLecca B CTAHAAPTHBIX YCIOBUSX.

VY npupoIHBIX KaTann3aTopoB oHa coctaBisieT 20-21% mac., y  aMOpQHBIX CHHTETHUECKHX - 34-
36% Mmac., y IeOJTUTCOAEPKAILUX MOXKET JOCTUIraTh 55% Mac. AKTUBHOCTb KaTaJH3aTOPOB 3aBUCHT OT HX
(U3MKO-XUMUYIECKUX CBOUCTB (CTPOCHMS, XUMHUYECKOIO COCTaBa M T.n.), @ AT CUHTETHMYECKUX - U OT
croco0a MPOM3BOJICTBA M KAYECTBA CHIPDSL.

B navane paboTBHl peakTopa KaTaJUTHUYECKOTO KPEKHUHI'a HAOIIOAAETCs 3aMETHOE YMCEHBIICHHE
AKTUBHOCTH KaTaJIM3aTopa, HO B pe3yjbTaTe PETYIApPHONW JOOABKM B MOTOK ABHXKYILETOCS KaTaau3aTopa
TIOPLIUI CBEXKETO KaTajlu3aTopa aKTHBHOCThH €r0 YCTaHABIMBAETCS Ha MOCTOSHHOM YpOBHE (paBHOBECHAsS
aKTHBHOCTb ).

THpunyunwl ocywecmenenus npomMvluLIeHHO20 Npoyecca

[TpoMBITIIIIEHHBII TPOIIECC OCYIIECTBISETCS B CHCTEMAax C IMPKYJIHPYIONUM KaTaln3aTOpOM
HCECKOJIBKUX THUIIOB:

- YCcTaHOBKH, TJIe KPEKUHT CBIPBS U PereHepanusi OCYIIECTBISIFOTCS B CIUTOIIHOM, MEJIIEHHO OITYCKAFOIIIEMCS
CJIO€ MIAPUKOBOTO KaTalu3aTopa.

- VCTaHOBKH, T/Ie¢ KPEKHHT CBIpbS M pereHepanus Kartanuzatopa I[TPOUCXOJAT B TICEBIOOKMKEHHOM
(KuMAIIEeM) CII0€ MBUICBUAHOTO MIIM MUKPOC(HEPUYECKOT0 KaTalu3aTopa.

- YCTaHOBKH C MBUIEBHIHBIM 1 MUKPOC(EPHUUECKIM KaTaIN3aTOPOM U TU(T-PEAKTOPOM.

[Ipu wmCrONB30BaHUM IIEONUTCOEPIKANIUX KATATH3aTOPOB IPOIECC B 3HAYUTENHHON CTETeHU
MIPOXOJUT B TPAHCIIOPTHOM JTMHUU PEAKTOpa, YTO MOTPEOOBATIO YMEHBIIICHUS 00beMa PEaKIIMOHHON 30HbBI
peakTopa BILIOTh JI0 0TKa3a KHUIISIIETO CIIOS W CO3/IaHus TU(T-PEaKTOPOB.

B npoMbIIUIeHHYI0 TPaKTHKY BHEAPEH KaTAIUTHYECKHH KPEKWHT B JIBE CTYMEHHW. TeXHHUKO-
9KOHOMHYECKHE MTOKA3aTeNN TAKOT0 IPOIlecca CBUE-TEIbCTBYT O €r0 3HAYUTEILHOM MIPEUMYIIECTBE Mepest
OJTHOPEAKTOPHOM CXEeMOii: BbIX0j OeH3nHa Bo3pacTaeT Oosiee uem Ha 10%, mpuuem Oosee 70% OeH3uHa
o0pasyeTcs Ha IepBO CTYIIEHH, T.€. B TPAHCTIOPTHOM JIMHHH.

ChIpbe 3a/1aeTCs MpernoiaBarenieM. Y CIIOBUS IPOBE/ICHHS OITbITA (TeMIIepaTypy, 00bEMHYIO CKOPOCTh
TIOIa4H CBIPbs) CTYACHTHI BEIOMPAIOT CAMOCTOSITENIFHO HA OCHOBE aHAJIN3a CHIPhsI U COTJIaCYIOT BHIOpaHHBIE
3HAUYEHUS O TIPETO/IaBaTeNIeM.

Ilposedenue onvima

J1o Hauasia orbiTa HEOOXOAUMO:

1 IIpoaHanu3upoBaTh B3SATOE CHIPhE - OMPENENUTH €r0 INIOTHOCTh U KOKCYEMOCTb.

2 B3BecuTh ipreMHUK 1 abcopOep 0 abcopOeHTOM.

3. Ilomo6path 00BEMHYIO CKOPOCTb.

4. IlpoBeputh He 3a0WTa M peakIMOHHAs TPyOKa 1 3achIaTh B Hee BBICYIIEHHBIN (M3 SKCHKATOpa)
IIapUKOBBII KaTali3aTop.

Brimounts HarpeBaTeNnbHYIO T1€49b, OTCOSIMHHUTD PEAKTOP OT OJIOKA IMUTAHHS | JOBEIS- TEMIIEpaTypy B
peaktope 1m0 300-350°C, moacymmTh KaTaqu3aTrop MpH STOH TemrepaType B TedeHue 15-20 MuH. TOKa He
NPEKPATUTCS BBIIEICHUE N1apa U3 OTKPBITOrO KOHIIA PEaKIMOHHON TPYOKH.

[Nocne mpocymiky KataauzaTopa B €eMKOCTh 3aJIMBAFOT CHIPhE a HAYMHAIOT MOBBIIIATH TEMIEPATYPy B
peaktope. Korna Temrieparypa B peaktope Oyzet Ha 5-10°C BbIiTie 3a1aHHOM, HAYWHAIOT TI01a9y CHIPHS C 3a/1aH-
HOU CKOpOCThI0. OTOOp MpoOBI Ta3a It XpomarorpaduuecKoro aHajau3a IPOU3BOMUTCS B CIEIMATHHBIN
NpoOOOTOOPHUK B CEPENUHE OIBITA, KOIJIa U3 CUCTEMBI BBITECHUTCS BeCh BO3MyX. [IpuMepHO B TOXKe Bpems
0oTOHMpaeTCs Ta3 B ra30BbI MMKHOMETP JUTS OTpeAeIIeHIUS IUIOTHOCTH (Ta3a 0TOMPAETCs Ha BBIXOE M3 Ta30BBIX



JacoB}.

[TomydeHHBIN >KUIKUA MPOIYKT 3arpykaroT B koinOy bopria m meperoustor. Bo B3BemieHHBIC
NPUEMHUKH OTOMparoT OCH3MHOBYIO (pakuuio, BeIkumnaromyto B npeaenax 200°C. Jlerkuii ra3zounp -
¢dpakmuro 200-330 C -oTOMparOT NPy MOHWKEHHOM JIABJICHUH, OCTATOK B KOJIOE - TSHKEIIBIN KaTaTMTHYCCKHIA
ra3oinb. OnpeaessifoT Maccy KaXIoro MPOAyKTa M BBIXOJ B pacdeTe Ha B3ATOE U KpeKHHTa chipbe. [lpn
MmoJicueTe BhIXOJa O€H3WHA K Macce OeH3MHOBOW (hpakiwy HAZO0 MPHOABUTh MAcCy YTIEBOIOPOJIOB,
MOTJIONICHHKIX B abcopoepe.

[NomydeHHbIe TPOAYKTHI IOABEPraeT aHAJIH3Y.

CocTag raza ornpenessiroT XpoMaTorpauIeCKUM METOIOM.

Jlns OeH3WHA YCTaHABIMBAIOT IUIOTHOCTB, (DPAKLMOHHBIA COCTaB, HOJHOE YHCIIO W cOIep)KaHHe Hempe-
JETbHBIX YTIIEBOAOPO/OB, COACPKAaHUE apOMATUYCCKUX YIIIEBOJOPOJIOB, COACpKaHue (DaKTHYECKUX CMOI,
oktaHoBoe uucio mo dopmyne: 0.U.= 60.8 + 0,37x , rae x - % mac. cynbpupyeMpIX apOMaTHIECKIX
YIIJIEBOIOPOJIOB.

st merkoro razoiins onpenessoT mwioTHocts (TOCT 3900-47), fiomHoe urcio U coepkaHne HerpeIeTbHBIX
yraesogopoao (I'OCT 2070-55). temnepatypy 3acteiBanust (TOCT 20287-74), comeprxanue cepbl (ITOCT
1437-75), anuuHoByto Touky (TOCT 12329-77) u paccunthiBarot neranoBoe yucio: [[U.= A. 1. - 20 , wim o
JM3eTIEHOMY WHIGKCY:

1,415 :
M= (1,8t + 32) (—g— - 1,319),
P15

rze t -anminHoBas Touka,°C. p1515 -oTHOCHTENbHAS IOTHOCTD NPOoAyKTa 10 U3eIbHOMY HHIEKCY MOKHO IPUOIU3UTENIBLHO ONPEIEUTh LIETAHOBOE YHCIIO, UCTIONb3YS
rpadux.
JIIst TSHKENOTo Ta30MiIsl ONpeeNsiioT MIOTHOCTD, COJEPKaHUE Cephl. 3aTeM COCTaBIISIOT OTYET IO MPOoje-
JIAaHHOM paboTe U JeNIal0T COOTBETCTBYIOIINE BHIBOIBI.
Bapuanmul 3a0anus:
1. BeisBUTh BIMSHUE OOBEMHON CKOPOCTH MOA4YU CHIPbS Ha BBIXOJI, KQUECTBO MPOAYKTOB U IIIyOUHY
npeBpalleHust colpbsi. [IpoBecTr ombITHI, HampumMep, Tpu Temneparype 470°C u 00bEeMHBIX CKOPOCTSIX
nogaun ceipbs 0,5; 1,0 u 2,0 u-! Ha MFOOOM M3 UMEFOIIMXCS KATaIU3aTOPOB.
2 BrIIBUTH BIHSHUE UCTIONB3yEMOTO KaTaln3aTopa Ha pe3yibTaThl KpeKuHTa. [Ipu OHAKOBBIX YCIOBHSIX
(manpumep, Temneparypa 470 C, o0beMHas CKOPOCTh Moga4u ceipbs 1,9 u-1) mcmons3oBath aMOpQHBIA
LEOJUTCOACPKAINM KaTaau3aTop MU UX CMECH.
3. BolsiBUTh BIMSHHE TEMIIepaTypbl HA pe3yibTaThl KpekuHra. [Ipu ogMHAKOBOM CBHIPhE M CKOPOCTH €T0
M0JJauy B PEaKLIMOHHYIO 30HY MPOBECTH Mpoiiecc Mpu Temneparypax 450, 480 8 510°C.

JlaGopaTopHas padora Ne 7
HUCCIIEAOBAHUME KATAJIM3ATOPOB KATAJIMTUYECKOI'O PUDOPMUHT'A YIJIEBOJOPOJ0OB

B cxeme coBpeMeHHOTO HedTenepepadaThBAIONIEro 3aBojia OJHIM M3 BEIYIIMX MPOIIECCOB SBISIETCS
KaTATUTHYECKHH pU(GOPMHUHT. DTOT IpoIiecc 00ECTIeUrBaeT MOTyYeHHE BHICOKOOKTAHOBOTO OeH3MHA (0a30BOr0O
KOMIIOHEHTA), MHAMBHAYaJIbHBIX APOMAaTHUECKUX YITIEBOJOPOAOB - CBIPbS AJIsI OPraHW4ecKOro CHHTE3a
TEXHUYECKOI0 BOJOPO/a, UCIIONB3yEMOr0 MPY THAPOOYMCTKE TOIUIUB M CHHTE3€ XMMHIECKHX ITPOTYKTOB.

ChIpbe mporiecca. B kadecTBe ChIpbs ISl KATAIUTHYECKOTO PUOPMUHTA UCTIONB3yeT OSH3MHOBBIC
(bpakuyu nepBUYHON neperoHku Hedrei, Beikunaromme ot 60 1o 210 C. s moaydeHust BBICOKOOKTAHOBOT'O
KOMIIOHEHTa OEH3MHA ONTUMAIIBHBIM ChIPBEM SIBIISIETCS (DpaKIMK, UMEIoIuMe npeaess! kunenus 85-180°C win
105-180 OC. B aToM city4yae Halnu4due B ChIPbE JITKUX (PpaKiuii, BRIKUMaBMHX Hibke 80°C, Mao criocoOcTByeT
TIOBBIIIICHUE OKTaHOBOTO YHCHIA KaTanu3ara W TPHUBOJIUT K YBEIHYCHHE Ta3000pa3oBaHMS U HEMPOH3BO-
JUTEITBHON 3arpy3ke ycTaHOBKH. [ToBbIIeHNE TemnepaTypsl KOHIAa KureHus Boie 180°C HexenaTenbHO, TaK
KaK OHO CONPOBOXKIACTCS YBEIMUEHHUEM OTJIIOKEHUI KOKCa, YTO COKpAIaeT CPOK CIIY)KObI KaTain3aTropa,
CHIDKAET BBIXOJ >KMIKOTO HpoayKTa._ I momydeHns' apoOMaTHYecKHX yIieBOAOPOIOB B OCHOBHOM HCIIONb-
3yercsl (pakiyy, BbIKHmatomue B mpepenax 65-105 wm 60-140°C. PudopmuHr OeH3WHOBBIX (QpaKLui
BTOPMYHOTO  TPOMCXOXICHMsSI (KPEeKHHTa, KOKCOBAHHUS), COACPXKAIMX 3HAUMTEIbHBIE KOJIMYECTBA
HEHACBIIIIEHHBIX YTIIEBOJIOPOJIOB. PEKOMEH/TyeTCs IIPOBOJIUTH TOJIBKO B CMECH C MPSIMOTOHHBIMU (PpaKiusMu
M0CJIE TIPEABAPUTENBHOTO THAPUPOBAHUS CHIPBSI.

OcHoBHBIE (PaKTOPHI TpoLIecca

Temmeparypa. [lpn gaHHOM BpeMeHH KOHTAaKTa MOBBIIIEHHE TEMIIEPaTyphl MPOIlecca BHI3BIBAET
YBEIMYEHNE KOHIEHTpPAIlMM apOMAaTUYEeCKHX YTJIEBOJOPOAOB B KaTajlu3aTe, HO OJHOBPEMEHHO
YMEHBIIAETCA BBIXOJ TOCJIEAHETO 3a CUET YBEJIMYEHUS POJM PEaKLUUH THIPOKPEKHHIA, TPUBOJSAIIETO K
CHJILHOMY Ta3000pa30BaHuI0. MUHUMaJIBHBIE TEMIIEPATYphl, 00eCIICUNBAIOLINE JOCTATOUHO HHTEHCUBHOE
MPOTEKAHHWE LIEJIEBbIX PEaKIMii, PEKOMEHAYETCs Cieayronme: Ha HadTeHOBOM chipbe 450-460%; Ha




ankaHoBoM - 480-490°C. MakcuMajbHBI HarpeB B KOHIIC IMKJIA PEaKIMH OOBIYHO OIPaHHYMBACTCS
temrrepatypoit 520 wu 530°C. JlanbHeHIIee MOBBIIICHHE TEMITEPATyPhl TIPOIlecca HEeXKEIaTeNbHO, TaK KakK
YBEJIMYMBACTCS Ta3000pa30BaHne U 3aKOKCOBBIBAHHE KaTalH3aTopa.

[lapnenue. OCHOBHBIE pEaKIUU KATATUTUYECKOTO PHU(POPMHUHIa COMPOBOXKIAIOTCS 3HAYNTEILHBIM
yBenndeHrneM oobeMa. C TOUKH 3peHHs] paBHOBECHBIX, KOHIICHTPAIHHA PEarnpyrOIINX MOJIEKYJT TIOBBIIIICHHE
JaBIeHuss OyZeT MpernsATCTBOBaTh apoMarn3anuu. OmHaKko, He0OXOIMMO MPUMEHSTh B CHCTEME BBICOKOE
JaBJICHUE BOJOPOJAA Ul HACBIIICHHWS HEMpEeACNbHBIX HPOAYKTOB MOOOYHBIX pEaKUWi KpEeKWHra Hu
IIPEAOTBPAIICHHUS 3aKOKCOBbIBaHUS KaTaau3aropa. OObIYHO JaBIICHHE B peaKTOpax cocTasiser 1,5-2,5 MITa.

OOBeMHas CKOPOCTD MMOIa4H ChIphs. [Ipr HEM3MEHHBIX TeMITepaType U AaBlieHHe HIU3KHe 00hEMHBIE
CKOPOCTH TOJA4d CBIPbSl YCHJIMBAIOT PEaKUIWU THAPOKPEKWHIa, TaK KaK 3TH PEaKnud NPOTEKaIoT
CPaBHUTENLHO MeJIeHHO. MeHblllee BIMsSHHE Ha WHTEHCHBHOCTH DPEaKIHMH apoMaTH3alud Ha(TEeHOB
OKa3bIBAaCT CHIDKEHHE 0OBbEMHON CKOPOCTH, TaK KaK Ha TUIATHHOBBIX KAaTaIM3aTOPaX PEaKIUU MPOTEKAeT C
Oonpirelt ckopocThio. [Ipy BBICOKHMX 3HAueHHMSX OOBEMHOH CKOPOCTH OJHOBPEMEHHO C TOJABICHHEM
peakny THIPOKPEKNHIa CHIJKACTCSl TAKHUE POJIb PEaKLIUU IETUAPOLHKIN3ANN 1 H30MEPU3aliN aJKaHOB.
YBennyeHne XKEeCTKOCTH TPOLecca BBI3BIBAECT YBEIMYEHHE BBIXOAa aPOMATHYECKHX YTIIEBOAOPOIIOB M
COOTBETCTBYIOIIIUI POCT OKTAaHOBOTO YMcCia OeH3uHa. JKEeCTKOCTh MOXKET YBETUYUTHCS MPU TOBBIIICHUN
TEMIEpaTypbl B 30HE PEAKIMW, CHIDKECHUHM JIABJICHUU B pPEaKTOpax W KPaTHOCTH LUPKYJISIHS
BOJIOPOJICOJIEPIKAIIETO Ta3a WITH JKe TIPH YMEHBIIEHHH 00hEMHOM CKOPOCTH MOAAYH KHUAKOTO CHIPBSL.

Karanuzaroper prudopmuHTra. BONBIIMHCTBO MPUMEHSIEMBIX B HACTOSIIEE BPEMs MPOMBIILIEHHBIX
KaTaIn3aTopoB PUGOPMHUHTA COACPKHUT IUIATHHY, OCAXKICHHYIO HAa OKCHIHOATIOMHHHUEBOM HOCHUTENE
cojiepkaiiieM rajous] (00bIIHO XJI0p, pexke ¢Top). HazHaueHue rajouna 3aKkiIt0vaeTcs B MPUIAHUS OKCHITY
AMFOMUAHUS  JIOCTaTOYHOM KHCIIOTHOCTH ISl JOCTIDKEHHS BBICOKOM W30MEpH3YIOMIeH aKTHBHOCTH.
OHOBPEMEHHO C TMOBBIIICHUEM KHCIOTHOCTH TPOMCXOAUT MHTCHCH(UKAIMS peakluil THIPOKPEKUHTA.
[Iupoko NpUMEHSIOTCSI OMMETAIUIMYECKHE U MOJMMETANIMYECKUE KaTalnu3aTopbl, COACPKaHUEe Hapsay C
TUTATHHOM JpyrHe MeTayulbl (HalpuMep, PeHWH, TepMaHUi, KaaMui, cBuHen Hu Ap.). OHM OTIHYaroTCs
CTaOMIIEHOCTBHIO TPH PadOTE B KECTKUX YCIOBHAX, OCOOCHHO NP MMOHIMKEHHOM JIaBieHuH. Vcronb3oBaHme
TaKUX KaTaJIn3aTOPOB OOECIICYMBACT IMOBBIINICHUE BbIXOJa Karaiu3zara Ha 1-8% (IpH COXpaHEHHH €ro
OKTaHOBOT'O YHMCJIa) K Bojopoja Ha 20-25%, a Taxke Mo3BOJISET YBEIHMUUTH CPOK CITY)KOBI KaTaJin3aTtopa u
MPOJOJKUATENBHOCTD Pab0OTH 000PYIOBAHHS.

Texnonorunyeckoe opopMIEHHE Mpoliecca

Haubonpiiee pacnpocTpaHeHHE UMEIOT YCTAHOBKH CO CTAllHOHAPHBIM CIIOEM KaTallu3aTopa, I
MIPOIIECC OCYIIECTBISETCS B HECKOIBKUX TOCIIEOBATENFHBIX PEAKTOPAX O MPOMEKYTOUHBIM TTOOTPEBOM
PEaKIMOHHON MaCOH B MEYH, TaK KaK MPOIECC UMEET 3HAUUTENLHBIA OTPUIIATEIbHBIN TETUIOBOW a(QeKT.
O,Z[HaKO B CBA3M C BHCAPCHUEM 6I/I - U MNOJUMETAJUIMYCCKUX KaTaJIM3aTOPOB IMOABWIACH BO3MOKHOCTDH
CHU3UTH JABIIEHUE, YTO MPHUBEJIO K OOJNBIIEH 3aKOKCOBAHHOCTH KaTallM3aTopa M K CO3J]aHUI0 YCTAHOBOK O
JBIKYIIAMCS KaTaTn3aTOpPOM.

IIpogedenue onvima

J1o Havasia onbITa HEOOXOIUMO:

1. ITomy4nTh U3 UMEBIIErOCs CHIPHS MPU MOMOIIN PasTOHKW HEOOXOIUMYIO I paboThl (pakimio,
BBIKUIIAIOIIYIO, B 33]JaHHBIX MpejieNnax (OMpeIeuTh €€ BBIX0/1 Ha HCXOIHBINA OCH3UH).

2 IlpoaHanu3upoBaTh MOJTYYEHHOE CHIPHE, ONPENCIUB €ro IUIOTHOCTh, (hPAKIMOHHBIN COCTaB,
TPYTIIOBOA XMMHUYECKUH COCTaB.

3 BsBecuTh nprieMHUK 1 abcopbep ¢ abcopOeHTOM.

4. TIpoBepuTth, He 3a0HMTa JIM peaklMOHHAas TpyOKa, 3acwimark B TpyOKy 200 CM BBICYIIEHHOTO
Kartanmu3aropa (13 SKCHUKaTopa).

5. Cobpath yCcTaHOBKY TLIATENIHHO IPOBEPUB IT€PMETHUHOCTD Y3JI0B U COSIMHEHUMH.

AHanmm3 IpoyKTOB pUPOPMHUHTA

Cocrag raza onpeaessiFoT XpoMaTorpaguueckKiuM METOJIOM.

Jlyist KaTaNM3aTa PacCUMTHIBAIOT IIOTHOCTD, (PPAKIMOHHBI cocTaB. MoaHoe uncio u coxepxanue
HENpeeNbHBIX YTJIEBOJOPOJOB; OIPEIENIIOT 00Iee COoAepKaHWe apOMaTHYECKHUX YTIJIEBOJOPOAOB
cyiabhupoBanrueM 98%-HOU CEpHON KUCIIOTOM, MOKA3aTeNb MPEJIOMIICHHS, OKTAHOBOE YHCIIO.

CocTaBiAI0T OTYET O MPOJETAHHOW PabOTe W JENal0T COOTBETCTBYIONINE BBIBOABI, COMOCTABIISAS
MIOKA3aTeNH ChIPhs M KaTallu3aTa.

Bapuanmur 3a0anus

1. TIpoBecTr katanuTuyeckuii pudopMHUHT (Ppakiuy OEH3UHA B OJJMHAKOBBIX TEMIEPATYPHBIX YCIOBHUSIX
Ipu 00BEMHBIX CKOPOCTAX IoAauu chipbs 0,5; 1,0 u 1,3 u-1,

2. C 1enbto BBISBIICHUS BIUSHUS TEMIEPaTyphl Ha MPOIECC OCYIIECTBUTh KAaTATMTUIECKUN PHUQOPMUHT,



MIPH OTHOW 0OBEMHON CKOPOCTH MONAYHCHIPhs (HarmpuMmep 1,0 9) mpoBecTH Imporece IpHu TeMIlepaTypax
470, 500 u 530°C.

3. BeisiBUTE BAMSIHUE CpEAHEH TeMIlepaTypbl KANIEHUs (WM CpeHEeH MOJICKYJISPHONH MAacchl) Ha TIyOuHY
pudopmMuHra (CTeneHb apoMaTHU3aIIN).

[IpoBecT B OJMHAKOBBIX YCIOBUSX (TeMmeparypa ¥ 0OBEMHAsh CKOPOCTB) OMBITHI C HCHOJIb30BAaHHEM
PasIUIHOTO CHIPHS - hpakmum 62-85°C, 62-105°C u 120-140°C.

JlaGopaTopHas padora Ne 8
NCCIEAOBAHUE KATAJIM3ATOPOB AEI'MAPUPOBAHIA BBICHINX [TAPA®HHOB

[Iponecc KaTaIMTHYECKOTO ACTHAPUPOBAHMS MapadUHOBBIX YIJIEBOJOPOJOB MpeJHa3HAYCH IS
MOJY4YEeHUs] MOHOMEPOB Ul CHHTETHYECKHX Kay4dyKoB: M300yTHWieHa, u OyTramuena. JlernapupoBaHue
ABJSIETCS. HIOTEPMUYECKUM IPOLECCOM, TPEOYIOIIMM IOABOAA OOJBLIOrO KOJMYECTBA TEIUIA B 30HY
peaxiun. [poriecc 00br4HO MpoTekaeT npu Temiieparypax 550-600 C. KaranuzaTopamu SBISIOTCS OKCHITBI
METaJIJIOB — XpoMa, XkKele3a U JIp.

Llenv u 3a0auu: VI3ydenme Tmporiecca OeTHAPUPOBAaHUS TapadUHOBBIX YTieBogoponoB ¢pakmuu C4.
OmnpenesneHue BbIXoJa MPOLYKTOB PEAaKIMU, CTEIIEHM KOHBEPCHU ChIPbS, CEIEKTUBHOCTH IO LIEJIEBOMY
MPOJAYKTY, COCTaBJIEHHE MaTepHaIbHOro OajaHca OmbITa.

YcTaHoBKa JeTUAPUPOBaHUs MapaduHOBBIX YTIEBOAOPOIOB.

N300yTaH ¢ yncroroii 99,9% u3 6aniona Maaoro JaBiaeHus 1 MOCTynaeT B IMHUIO Yepe3 PeLyKTop
¢ MaHOMETpOM 3 ¥ mpoxonuT yepe3 GuibTp 4. Pacxon n3o0yTaHa peryiaupyeTcs ¢ MOMOIIBI0 poTaMeTpa ¢
PETyJIMPOBOYHBIM BEHTHIJIEM 5, 3aTEM ra3 IOCTYIAaeT B CMECUTENb 8. A30T U3 OauioHa 2, UCIIOJIb3YEMbIii B
KadyecTBe pa30aBUTENs], NOCTYNAaeT B JMHUIO Yepe3 PeAyKTop ¢ AByMs MaHoMmeTpamu 3. Pacxox asora
peryaupyeTcst ¢ MOMOIIBIO PEryJIATOpa pacxoja raza 6, CHaO>KEHHOTO OJIOKOM WHAWKAIUH U YIIPABICHUS
PPI" 7, 3aTeM ra3 mocTymaet B CMECUTENb. | 'a30Bast cMmech u3 cMecutens § mocrymnaeT B peaktop 10. Peaktop
MIPEJICTABISIET COO0H TPYOy M3 HEeprIKaBEIOIIEeH, XUMUYIECKH CTOWKOHN cTay. BHYTpH pacmonokeHbl BTYIKA
U3 TOH Ke CTaiu, 00pa3yIoIIre MoKy Ul KaTann3aropa. Ha BTymku depes IpOHHUIaeMbli TEPMUIECKHN
cToiikuii MaTepuan 3arpyxkeH cioil kpapua (oxomo 2 cm®). Karamuszarop (Cr.0; ma Al,O3) 10 cm®
pacronaraeTcs Ha clioe KBapua. Ha katanmusatop 3arpyskeH €lle OJuH CJIoi KBapua 6 cM® 1y jydinero
pacmpeneneHus CoIpbs MO 00bEMy peakTopa. Temmeparypa B pPEaKTOpPE PErHCTPUPYETCS XPOMEb-
TIOMUHHMEBON TepMoIapoi U BBIBOJAUTCS Ha KoHTpoiuiep «OBen» 11. Peakrop 10 3akperuien B neun 9
CHEeIMaTbHBIMU 3€pPKAJIbHBIMU KOJIBIIaMH, 3230PbI H30JIMPOBaHbl Ka0JWHOBOH BaToil. [leus 9 npencrasmnser
co00i1 TpyOUaThIil HArpeBaTenhb B KOXKyxe. TeMreparypa B 4l PErHCTPUPYETCS XPOMETb-aTIOMUHIEBON
tepmomnapoii. Konrpomnep «Autonics» 12 moiy4aeT cUrHajl ¢ TEpMOIIApbl U OKa3bIBAE€T PETYJIHMPYIOLIEe
BO3/IEIICTBHE HA TBEPIOTENBbHOE pelie, KOTOPOE B CBOIO OdUepelb MOAAET HAIPsUKEHHWE Ha HarpeBaTellb.
Takas KOHCTpPYKIHsS oOecreunBaeT KoyeOaHus TeMmreparypel, He mnpesbimatomme +1°C. Ilocme
NPOXOKACHUSI TeUW, Ta30oBas CMECh OXJaXAaeTcs B XOJIOAWJIBHUKE 10 Temrepatypsl 15° u yepes
MeMOpaHHBIH CYETYHK OTIPABISETCS Ha XpOMaTorpapuyecKuii aHam3.

Topsidok nposedenus pabomoi

1. BkimtoyaeM BEHTHIISILIMIO U 3JIEKTPOCETh YCTAaHOBKH.

2. llonkimoyaem a3oT U3 OaioHa.

3. Ilogaem BOY B XOJOIUIHHIK

4. YcraHaBnrBaeM HEOOXOIMMBINA Pacxo/l a30Ta Ha OJIOKe MHAWKANWY U ynpaenenus PPT.

5. YcranaBnuBaeM HEOOXOIUMYIO TEMIIEPATYPy Ha KOHTPOJIJIEpE MEUH.

6. Bkitouyaem Harpes Tneuu.

7. 1o BbIXOJa Me4r Ha PexHUM MPOIyBaeM MPOOOOTOOPHUKH JUIS ra3a a30TOM, MOACOCIUHHUB UX K Y31y
oTOOpa Ha aHaAJIH3.

8. Ilocne BpIXOAA I€YM M TEMIIEPATYpPhI peakTopa Ha PEKUM, MOAKII0YaeM 0aJIoH ¢ M300yTaHOM.
9.YcranaBnmuBaeM pacxoj H300yTaHa C TIOMOIIBIO pOTaMeTpa C PETyJIUPOBOYHBIM BEHTHIIEM.
KonTtpoaupyem pacxos B TeueHHE BCETO OMBITA.

10.3anmuceiBaeM TIOKa3aHMS CYETIYMKA U 3aCEKaeM BpeEMSI.

11.Peructpupyem n3MeHEHHS TEMIIEPATYPHI B PEAKTOPE KaXAyI0 MUHYTY A0 10 MHHYT BKJIIOUHTENBHO.
12. OtOupaem nepByro npody rasa.

13. 3acekaem 10 MuHYT.

14. OrOupaeM BTOPYIO MPOOY rasa.

15. Ipekpamaem nojauy n3o0yrana B TuHHIO. [lepekpbiBaeM OaIIIOH.

16. IIpoxyBaeMm NUHUIO a30TOM B TedeHHe 10 MUHYT.

17.YcranaBinuBaeM HEOOXOIUMYIO TEMIIEPATYPy B M€Y JIJIsl pereHepaInu.



18. Ilpekparmaem nmogady a3oTa B JIMHHIO.

19. OTcoenuHsieM TUHUIO ITOAAYH CHIPhS OT PeaKTOPHOTro OJIoKa.

20. [NoxcoeauusieM BO3MYIIHBIN KOMIIPECCOP.

21. [IpoBoauM pereHepanuio KaTaiu3aTopa, BBDKUT Kokca B TedeHue 40 MUHYT.
22. IloxgcoeauHseM JIMHUIO TIOJAYH CHIPhS OOPaTHO.

23. BeIkirtouaeM HarpeB IeUH.

24. 3akpsiBaeM OaIJIOH ¢ a30TOM, COpackIBacM JaBlICHUE B PEAYKTOPE.

25. OTKIIIO9aeM 3JeKTPOCETh YCTAHOBKU M BEHTHIIAIINIO.

Ha ocHOBaHHMM OIIBITHBIX JTaHHBIX U PE3YIbTAaTOB aHAJIU30B COCTABJIAIOT MaTepPIaJ'IBHLIfI OanaHc
nmponoecca ACTUAprUpOBaHrd, ONPCACIIAIOT BBIXOABI NPOAYKTOB PCAKIMH, d TAKIKEC CTCICHb KOHBCPCHUU
I/I306YTaHa 1 CCIICKTUBHOCTD I10 I/I306YTI/IJ'ICHy. PC3yJ’ILTaTBI pa6OTLI MpeACTaBJIAOT B BUAC Ta6J'II/ILIBI.

Kpumepuu oyenxu nabopamopmvix pabom @ cemecmpe

Kpumepuii oyenxu bann
(3a évinonnenue 00HOI 1adGOPaAmMoOPHOIL padomut) ou/ouy-
3a04/3a0u

JlabopatopHast paboTa OTIIMYAETCs MOCICAOBATEIILHOCTHIO, TIPABHIBHOCTHIO TIOTYYCHHBIX
Ppe3yJIbTaToB, BRIBOJIOB. [Ip1 0TBETE HAa BOMIPOCHI CTYJICHT IEMOHCTPUPYET XOPOIIYIO CTETICHb 6/6/10
BJIAJICHUS TPEICTABICHHBIM MaTepranoM. OTBEThl (POPMYIHPYIOTCSI apryMEHTHPOBAHHO.
OTcyTCTBHE ONIMOOYHBIX OTBETOB.
JlaGopatopHast paboTa OTJIMYaeTCsl MOCIEeIOBATEILHOCTHIO, TIPABUIILHOCTBIO MOJTYYeHHBIX
Pe3yJIbTaToB, BBIBOIOB. [IpH OTBETE HA BOIPOCHI CTYACHT JIACT IOCTATOYHO IOJIHBII OTBET, C 5/5/8
HApYILICHUEM TIOCIICIOBATENFHOCTH U3JIOXKEHHS. ECTh HEeOONBIIOH MPOIEHT OMHOOYHBIX
OTBETOB.
JlabopaTtopHasi pabOTa BBINOJHEHA C TPYOBIMH OINMOKAMH, IOJTYYCHHBIC DPE3YJIbTaThl
3HAYMUTEIBHO OTIMYAIOTCS OT HWCTHHHBIX. Y CTYJICHTa OTCYTCTBYET YCTKUH OTBET HA 4/4/6
MOCTaBIICHHBIC BOMPOCHL.
JlabopaTopHast pab0Ta He BBHINOJTHEHA. 0




MuHHCTEpCTBO HAyKU U BhICIIEro oOpazoBanus Poccuiickoit denepannn
HmwxHekaMCKHil XUMHUKO-TEXHOJIOTHYECKUI HHCTUTYT ((uinain)
beaepanbHOr0 TOCYIaPCTBEHHOTO OFOPKETHOTO 00pa30BaTEIHbHOTO YUPEIKICHUS
BbICILIEr0 00pa30oBaHUs
«Ka3zaHCKuil HAalMOHAJIBHBIN HCCIIEI0BATENBCKUN TEXHOJIOTUYECKUI YHUBEPCUTET»

Dakynvmem mexHON0SUHECKUL
Kageopa  HXC

Hanpasnenue noaroroBku/cnenuanbHOCTh: 18.03.01 —XuMudeckas TEXHOJIOTHS
(k00 u HauMeHoBaHue)

[Tpoduns/crienuanu3anus: «XUMUYECKask TEXHOJIOTHSI OPraHUIeCKIX BEIICCTBY,
(Haumenosanue)

Cemectp_ 6 (ounast), 7 (04HO-3204HAas)

KoMniekT 3agaHuii K KO/VIOKBHUYMaM

no mucruminae b1.B.J1B.03.01 Karanus u karaan3aTopsl B HedTeXuMud U HedrenepepaboTKe
(HaumeHoB8aHUe OUCYUNIUHDBL)

KosnoxkBuym Ne 1 Tembr Ne 1-7.

1. TIoHsATHE O KaTaJIM3€ U KaTalIu3aTopax;

2. 'omorenHsie u TE€TCPOrCHHBIC CUCTCMBbI;

3. IHTeHCUBHOCTDH U aKTUBHOCTH KaTaau3aTopa;

4. CeleKTUBHOCTh KaTaau3aTopa;

5. TpeOoBanms, mpenbsABIsieMble K KaTalu3aTopy (COCTaB KaTallu3aTopa, IPUMECel; dacToTa
KaTaJln3aTopa; MEXaHW4YeCKHUe CBOWCTBA KaTalU3aToOpa; MEXaHUYECKUE XapaKTEPUCTHKH, TPEOOBaHUS K
TEPMHUYECKON CTaOMIBHOCTH; TpeOOBaHUS K pa3MepaM TpaHynl © QopMme TpaHyd KaTaiam3aropa;
TETUTONPOBOIHOCTD KaTaIM3aTopa; CPOK CIIYKOBI KaTaau3aTopa);

6. TexcTypHbBIC XapaKTePUCTUKHU KaTaau3aTopa (BeJIUUMHA TOBEPXHOCTH, 00BEM Mop, hopMa U pa3mep Iop,
pacrpeesieHue mop Mo pazmMepam);

7. Karanutnueckue siapl. OTpaBIeHNE KaTaIN3aTOPOB.

8. OcHOBHEBIE CcITOCOOBI IPOU3BOICTBA TBEP/IBIX KATAIN3ATOPOB.

KouutoxkBuym Ne 2 Tembr Ne 8-18.

1.IIpou3BOACTBO OCAXIEHHBIX KaTaJIM3aTOPOB (ZOCTOMHCTBA METOJA, HEIOCTaTKM MeTona, olmas cxema
MOJIy4eHHUs);

2. Ilony4yeHue KaTaau3aTopoOB HAHECEHUEM aKTHBHOTO KOMIIOHEHTa Ha HOCHTEIb;

3. Meroapl NPUTOTOBJICHUSI KATAIW3aTOPOB OCHOBAHHBIE Ha MEXaHMYECKOM CMEIICHWH KOMIIOHEHTOB, CYXOW
MOKpBII METO/I CMEILICHHUS;

4. MeTo/ipl TPUTOTOBIICHNUS MJIABJICHBIX U CKEJIETHBIX KATAIUTUYECKUX CUCTEM;.

5. TIpor3BOJCTBO KaTaIN3aTOPOB KPEKUHTA.

6. KaTanmu3aTopsl rTHAPOOYUCTKH HEPTSIHBIX (QPaKIHL.

7. Katanuzatopbl THAPUPOBAHUS H ACTUIPUPOBAHUSL.

8. Karanmzaropsl pupopMuHTa yriieBoA0poa0B. TeXHOIOTUs IPUTOTOBICHHS KaTalli3aTopa pud)OpMHUHTa.

MakcumasabHOE KOJIMYECTBO 0A/IOB 3a BBIMOJIHEHHE KOJUTOKBHYMA CTYACHT MOJy4aeT 6 6ayuios,
MHUHUMAIBLHOE KOJIUYECTBO 0anioB — 4 .

Kpumepuit oyenku bann
Oruer oTaMYaeTcs! MOCIIeA0BATEILHOCTBIO, MPABIIIBHOCTHIO MOIYYEHHBIX PE3yJIbTaToB, BEIBOAOB. OTCYTCTBHE 6
OnMOOYHBIX OTBETOB.
Oruer OTIMYAETCS IOCIEOBATEIbHOCTHIO, IPABMIIBHOCTBIO TONYYEHHBIX Ppe3yJbTaToB, BBIBOIOB. EcThb 5
HeOO0JIBIION MPOIEHT ONIMOOYHBIX OTBETOB.
Oruer BBINOJIHEH C TPYObIMH OIIMOKaMH, TIOJyYeHHBIE PE3YJIbTaThl 3HAYUTEIBHO OTINYAIOTCS OT HCTHHHBIX. 4

CTYJICHT JOJIDKEH BBITIOJIHUTH BCE KOJIJIOKBUYMBI.



MuHHCTEpCTBO HAyKU U BhICIIEro oOpazoBanus Poccuiickoit denepannn
HmwxHekaMCKHil XUMHUKO-TEXHOJIOTHYECKUI HHCTUTYT ((uinain)
beaepanbHOr0 TOCYIaPCTBEHHOTO OFOPKETHOTO 00pa30BaTEIHbHOTO YUPEIKICHUS
BbICILIEr0 00pa30oBaHUs
«Ka3zaHCkuil HAalMOHAJIBHBIN UCCIIEIOBATEIILCKUI TEXHOJIOTMYECKUI YHUBEPCUTETY

Dakynvmem mexHON0SUHECKUL
Kageopa  HXC

Hanpasnenue noaroroBku/cnenuanbHOCTh: 18.03.01 —XuMudeckas TEXHOJIOTHS
(k00 u HaumeHoBaHue)

[Tpoduns/crienuanu3anus: «XUMUYECKask TEXHOJIOTHSI OPraHUIeCKIX BEIICCTBY,

(Haumenosanue)
Cemectp_7 (3a04Hasi)

KommuiekT 3aganuii 1Jisi KOHTPOJILHOH padoThI

no mucruminae b1.B.J1B.03.01 Karanus u karaan3aTopsl B HedTeXuMud U HedrenepepaboTKe
(HaumeHoB8aHUe OUCYUNIUHDBL)

Bapuant 1
1. Xumwuyeckue peakiuu. Knaccudukaiius XuMuaeckux peakiuit. CKopocTs peakiuu. J[BrKyIast cuiia mpoiiecca.
2. TpeOoBanus, peabsBIseMbIe K KaTaau3aropaM. OCHOBHBIC TIOTPEOUTEILCKUE XapaKTEPUCTUKU KaTaIU3aTOPOB.
3. Karanms B razonedrenepepaboTke.

Bapuant 2
1. IIpocTeie u cnoxHble peaknun. PaBHoBecue B cucteme. OOpaTUMbIe U HE 0OpaTHMbIE PEAKIMU B XUMHYECKOM
KUHETHKE.
2. Tuns! karanuzatopoB. CrienuanbHble TPEOOBaHNUS, PEABSIBIAEMbIE K IIPOMBIIITICHHBIM KaTaIn3aTOpaM.
3. CrocoOb!I MPUrOTOBICHNUS TBEP/BIX KaTAIN3aTOPOB U aJICOPOCHTOB. 30JIb-TEIb METO.

Bapuanr 3
1. ITonaTHE 0 MEXaHU3ME XUMUYECKOHN peaKkIuy U TUMHUTHPYIOIIEeH CTaAuK PO IIECCOB.
2. Tlonatme 00 WHTEHCHBHOCTH pPabOThHl Karanuizaropa. (DakTopbl, BIUSIOIIME HAa WHTEHCHBHOCTH PabOTHI
KaTaJau3aropa.
3. IIpou3BOACTBO LIEOIUTATIOMOCHINKATHBIX KaTaJIU3aTOPOB KpEKWHra. THIBI NPOMBIIUICHHBIX KaTajlH3aTOPOB
KPEKHHTa.

Bapuant 4
1. Cxopoctp xummueckoil peakmmu. Konctanta ckopoctu. Ilopsmox peaknuu. MoOJeKyIspHOCTb. MeToIsI
OTIpeZIeTICHUSI OPSIIKA PEAKIUH.
2. T'ereporeHHble KaTaJUTHYECKHE CHUCTEMBI. BIMSHHME KOHIEHTpPALMM HCXOJIHBIX KOMIIOHEHTOB. BimsHue
KOHIEHTPAINX TPOAYKTOB PEAKLIUH U ITpUMECEH.
3. Ilpou3BOACTBO LEOIUTATIOMOCHIMKATHBIX KaTaJU3aTOPOB KpPEKWHra. TEeXHOJOIrHsi CHHTEe3a IapUKOBOTO
[EOJIUTATIIOMOCHIMKATHOTO KaTaan3aTopa.

Bapuanr S
1. BnusHHe TeMmepaTypsl Ha CKOPOCTh peakuuu. ODHeprus aktuBaruu. CrIocoObl OmperesieHHus IapaMeTpoB
ypaBHEHUS AppeHnyca: rpaQUuecKuii 1 aHAIUTUIECKHIMA.
2. ®aKTopBIl, BIMSAIOUINE Ha CEJIEKTUBHOCTh paOOTHI KaTajau3aropa. TeKCTypHbIe XapaKTepUCTHKU KaTain3aTopa.
3. IIpon3BOACTBO IEOINTATIOMOCHIMKATHBIX KaTaJIN3aTOPOB KPEKUHTa. TEeXHOJIOTHsI CHHTE3a MUKPOC(HEPHUIECKOTO
LEOJIUTATIOMOCHIIMKATHOTO KaTaIn3aTopa.

BapuanT 6
1. Karanu3 n katanu3aTopsl. THITEI KaTaTUTHIECKUX PEAKIIHH.
2. BausHue NO3MPOBKM KaTalu3aTopa Ha CEJIEKTHBHOCTH OOpa30BaHUS IIEJIEBOTO IPOIYKTa NP TOMOTEHHOM
Katanuze. MeToabl yCTaHOBJICHHUS CTPYKTYPHI KaTain3aropa. MeTo bl H3BIEYEHNS TOMOTEHHBIX KaTaIN3aTOPOB.
3.TexHONOTUST KaTaJIM3aTOPOB THAPOOUUCTKH HeDTsHbIX (pakiuil. OCOOCHHOCTH CHHTE3a KaTalh3aTOpOB
THUIPOOUYHNCTKH.

Bapuant 7
1. BimsHme Ha peaknWy TEMIEPaTypbl, KOHIEHTPALMHM PEareHTOB, KaTalu3aTopa W MAaBIeHHA. MeXaHH3M
KaTaJIMTHYECKOT0 YCKOPEHUs Mpoliecca.
2.TexHOoI0THS TPOU3BOACTBA TOMOT€HHBIX KAaTAIMTUYECKUX cucTeM. KaTann3aTop cepHOKHCIIOTHOTO ajIKHUIIMPOBAHUS
n3onapauHOB osiepUHAMHU. XapaKTEpPHUCTHKA, COCTaB, CTAOMIBHOCTh NPU XpaHEHHWH. TeXHoJIorHYeckas cxema
YCTaHOBKH ITOJUMEPU3ALMH C BEPTUKAIbHBIMU U TOPU30HTAIbHBIMH PEAKTOPAMHU.
3. TexHOJIOTHSI KATAJIM3aTOPOB THJIPOOYHCTKH HEPTIHBIX (Ppakunii. CHHTE3 aIIOMOKOOaIbTOBOTO KaTaIu3aTopa.

Bapuant 8



1. T'oMOTeHHBII U TeTePOTeHHBIN KaTalln3.
2. ®ochOpHO-KUCIOTHBIN KaTaIn3aTop onuroMmepusanuu 0yruiacHoB. Coctas pochopubix kucioT. [TupodochopHas
KuCIoTa. TeXHONOrmdeckasl cxeMa YCTAaHOBKHM OJIMTOMepHu3anuy OyTaH-OyTHICHOBOW ()pakuuM B HPUCYTCTBUHU
(hocdopHOIt KUCTOTHI HA KH3EIBTYpe.
3. TexHomorusi KaTanW3aTOPOB THUAPOOYHCTKH HE(PTAHBIX ¢pakuuid. I[Ipow3BOACTBO  aTOMOMONHOICHOBOTO
KaTaau3aTopa.

Bapuanr 9
1. Asrokaramu3. [lpumep aBTOKaTaJIUTHUYECKOW peakuMU. XapaKTepHBIH BHJ KHHETHYECKOW KpPUBOH
ABTOKAaTaINTHYECKOH PEaKIuy.
2. TexHomormyeckas cxema MOJyYEHUS] KaTATUTHYECKOTO KOMIUIEKCA JUIsl NMPOU3BOJICTBA M30MPEHOBOIO KaydyKa
CKMU-3. OntuMaibHbIH COCTaB KaTalu3aTopa, MpuMecH. [ OMOreHHbIE KaTaln3aTophl, HCIOIb3YeMbIe B TEXHOJIOTHAX
OAO "HwmxHekaMmckHepTEXUM".
3. TexHomorus KaTamu3aTOPOB THAPOOYUCTKH He(PTAHBIX (Qpakuuii. [Ipon3BoACTBO amOMOKOOAmbT —
MOJHOICHOBOTO KaTalnu3aTopa.

Bapuant 10
1. KucnoTHO-0CHOBHOHM KaTann3. THIIBI KHCIOTHO-OCHOBHOTO KaTanu3a. KnHeTHka peakuuil KHCIOTHO-OCHOBHOTO
KaTajn3a.
2. OcCHOBHbIE METOABI NPHUTOTOBICHUS KaTann3aTopoB. I[lomydeHHE OCHOBHOTO KOMIIOHEHTAa KaTalu3aTopa
OCax<IeHUEM TUAPOKCUIO0B. JIOCTOMHCTBA U HEAOCTATKU METOA.
3. TexHomorusi KaTajiu3aTopoB THIAPOOYHMCTKH He(PTAHbIX ¢pakuuii. [Ipou3BoACTBO alIOMOHUKENb —
MOJIMO/ICHOBOTO KaTalu3aTopa.

Bapuant 11
1. Karanuszaropsl peakuuii crieuduIeckoro KUCIOTHOTO, OOLIEro KUCIOTHOTO M AIIEKTPOPHUILHOTO KaTalu3a.
2. OOmasi TeXHOJIOTHYECKasi CXeMa IOJyYCHHUs] OCaKACHHBIX KaTalW3aTOPOB MPH CYXOM M BIAXHOM CIOCO0ax
(dhopmoBaHusI.
3. TexHonorust KaTalu3aTOpOB THIPOOYHUCTKH HePTAHBIX (ppaknmii. [Ipou3BOACTBO KaTaim3aTopa AT OYUCTKH
KEPOCHHOBBIX ()paKIMi U TU3EIHHOTO TOIIIHBA.

BapuanTt 12
1. Karanuzatopsl peaknuii crienn(puaeckoro OCHOBHOTO, OOIIIEro OCHOBHOT'O U HYKJIEO(HIFHOTO KaTalu3a.
2. Co3aaHue OIpeeICHHOM MOPUCTOH CTPYKTYPHI KaTaaH3aToOpOB.
3. [Ipou3BOJCTBO KaTaM3aTOPOB THAPUPOBAHUS U JeruapupoBanus. [Ipor3BoACTBO NayuiaAneBOro KaTtann3aTopa
Ha HOCHUTeEJIE.

Bapnant 13
1. Conessle 3¢ ¢exThl B Katanuse. [IepBUUHbIIT 1 BTOPUUHBIH cOeBOH AP deKThL.
2. I[Tpon3BOJICTBO OCAXKJEHHBIX KaTanu3aropos. [lomydeHne cuiamkaresns - HOPUCTOTO KPEMHE3EMa-HOCHTEIIS
Katanuzaropa. [lapaMeTpsl HOPUCTON CTPYKTYPBI CHIIMKATeIs.
3. IIpou3BoACTBO KAaTaJM3aTOPOB THAPUPOBAHMS U AeruapupoBanus. [IponsBoacTBo 60p — aarOMONAIIaAneBOTO
KaTauu3aropa.

Bapuant 14
1. depmenTatuBHBIN KaTtanu3. OnpeneneHue u obmiee MoHATHE. THNBI B3auMojeicTBuS (epMeHToB. IloHATHE O
KodepMeHTe.
2. MeToap! nonyueHus cuimkaress. [lony4yeHne KyCKoBOTo U rpaHyJIMPOBAHHOTO CHIIMKAreJIs.
3. Karanuzarop runpupoBanus oje(rHOB.

Bapuant 15
1. Kunernka (pepMEHTATHBHOW PEAKINHU C OJHUM CyOCTpaToM. 3aBUCHMOCTh CKOPOCTH ()epMEHTAaTUBHOM peakunu
OT KOHIIEHTpanuu cyocTpara.
2. [lomydenne KaTann3aTopoB HAHECEHNEM aKTUBHOTO KOMIIOHEHTA HA HOCHTENb. OCHOBHBIE 3Tallbl IPUTOTOBJICHUS.
Tumns! katannzaropoB. CopOLMOHHBIE HAHECCHHBIE KaTaIM3aTOPEL.
3. Katanuzarop rupupoBaHus ajabAeTH/I0B U CIOKHBIX A3(HUPOB.

Tpebosanus kK 0hopmaeHUIO KOHMPOILHOU PAdOMbl
1. KonTponbkHast pabota opopMIIsieTcs: B OTACIBHON TETPaIH.
2. Ilpu opopmnennn paboThl CHAaUaNa UAET 3alUCh 3aJaHNs, 3aTEM €T0 PELICHHE.
3. KontposnpHas paboTa COCTOUT U3 TPEX 3aaHui. 3aAaHns TPeOyIOT OTBETA HA TEOPETHUECKUE BOMIPOCHI,
B KOTOPBIX HEOOXOJIMMO JIaTh MTOJTHBIHN, Pa3BEepHYTHIN OTBET Ha MOCTABIICHHBIH BOIIPOC.
4. B xoHue paboTsl HEOOXOIUMO YKa3aTh CIIMCOK UCIIOJIb30BAHHON JIUTEPATYPBI.
5. CTyOeHT NOANKCHIBAET KOHTPOJBHYIO paboTy M MpEeJoCTaBisieT ee B JAeKkaHaT (akynpTera Ha
pelieH3upOBaHNE.
6. Ecnu koHTpOJbHAS padoTa HE 3auTeHa PELEH3EHTOM, TO OIIMOO0YHO BHIIIOJHEHHBIC 33aHUs] PEIIAIOTCS



MOBTOPHO B TOM )K€ TETpaj.
7. CTyAeHT IOJDKEH BBHINOIHATH KOHTPOJIBHYIO paboTy CBOETro BapHaHTa, B IPOTHBHOM CiIy4ae paboTa
PELIEH3EHTOM HE 3aCUUTHIBACTCS.

Kpurepuii ouenku Baaau
JleMOHCTpHpYET NOTHOE IOHUMAaHHME TTOCTAaBICHHON 3ama4i. JaeT Iormaecku 000CHOBAaHHBIM, MTOTHBIN U 20
MIPaBUJIBHBIA OTBET HAa OCTABJICHHBIN Bonpoc. OTCYTCTBHE OMIMOOYHBIX OTBETOB.
JlaeT J0CTaTOYHO MOJHBIHM OTBET, C HAPYIICHUEM HOCIEIOBATEIBHOCTH H3JI0KEHHSL. 16
JlaeT HENOJTHBIA OTBET Ha BOIPOC. 12
Her otBeTa. 0

MakcuMaabHOE KOJIMYECTBO OAIOB 3a BBIMOJHEHHE KOHTPOIbHON paboThl cTyAeHT momydaet 20,
MHUHUMAaJILHOE KonuecTBo 0annoB — 0 .
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