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Ilepeuens KomnemeHyuil U UHOUKAMOPOB OOCMUICEHUA KOMNEMEeHYUIL C YKA3AHUEM IMAN08 YopMuposanus 6 npoyecce 0C60eHU:
OUCHUUNIUHBL
KoMmnerennus:
I1K-1 Crioco6eH k o0ecredeHn o BEIpabOTKH KOMIOHEHTOB U IIPUTOTOBJICHUE TOBAPHON MPOTYKIIHH.
NHankaTopbl JOCTHKEHUS] KOMIIETeHI[UH:

1.1 3HaeT TEXHOJIOTHIO NPOM3BOJCTBA TOBAPHOW MPOJYKLMH; OCHOBHOE OOOpYAOBaHHE IpOLEcCa, MPUHLUIBI €ro paboThl M MpaBuIiIa
TEXHUYECKOH IKCILTyaTalluu; TEXHHUECKUE TPEOOBAHUS, IPEIBSIBIISIEMbIC K ChIPBIO, MaTepUaliaM, KaTajau3aropam, FTOTOBOW TOBAPHOW TPOIYKIIHH.

1.2 YMeer ocylIecTBISATh ONMEPATHBHOE PYKOBOJCTBO PA0OTOM MPOM3BOACTBEHHOTO TOIPA3ACICHUS M OPraHU30BBIBATh PabOTy MOMIYNHECHHOTO
NepCOHAaJa Ha BBIMOJIHEHUE IPOM3BOJCTBEHHONW IPOrpaMMbl M KayecTBAa TOBAapPHON TMPOJIYKIMH, IPOBOJUTh CBEPKY CXOAMMOCTH OaiaHca
noTpeOIsIEeMOT0 ChIphsi M BBIPAOOTKH TOBAPHOW MPOAYKIIMH, PACCUUTHIBATh IIAHUPYEMYIO MOTPEOHOCTh MPHUCAIOK, PEareHTOB, KaTalM3aTOPOB,
MaTEepHAJIOB IS BHIMOJIHEHHS POU3BOICTBEHHBIX 33JJaHHI HA IJIAHUPYEMBIH MEPHOJ C YKa3aHUEM CPOKa MOCTABKH.

1.3 Brageer HaBBIKAMH PYKOBOJCTBA JEATEIBHOCTHIO TEXHOJOTMYECKOTO YYacTKa M TOJAYMHEHHBIM IEPCOHAJIOM; KOHTPOJS COOJIOICHHUS
TEXHOJIOTUYECKUX TIapaMEeTPOB B TIpeiesiaxX, YTBEPKICHHBIX TEXHOJIOTUYECKAM pPErIaMEHTOM; MPHUMEHEHHsT Mep 10 YCTPAaHCHHUIO IPUYHH,
BBI3BIBAIONINX OTKJIOHEHHE OT HOPM TEXHOJIOTUYECKOTO pEerjiaMeHTa; TOATOTOBKM MpPEUIOKEHUH 1o pa3paboTKe MEpOnpUATHH 1O
COBEPILLIECHCTBOBAHHIO TEXHOJIOTHYECKUX MPOLIECCOB, MOBBIIIAIONIUX KaYECTBO TOBAPHON MPOAYKIIIH.

Huouxamoput Imanwvl hopmuposanusn e npoyecce 0C60E€HUA OUCYUNTUHDBL
- Haumenoeanue
oocmudiceHus Jexyuu Ilpakmuueckue 3anamus, Jlabopamopnwie | Kypcosoii npoekm
. OUEHOUHO20 cpedcmea
KomnemeHnyuu 1a00pamopHblil NPAKMUKYM 3aHAmMUA (paboma)
IK-1.1 Temwr 1-18 He npeoycmompenut Temwr 1-18 He npeoycmompenul JlabopamopHvie
pabomul,
IK-1.2 Temwr 1-18 He npedycmompenwi Temwr 1-18 He npedycmompenni KONIOKBUYMbI,
KOHMPOJbHble pabomul,
IK-1.3 Temwr 1-18 He npedycmompenwi Temwr 1-18 He npedycmompenni 3auem ¢ OYeHKol,
IK3AMEH




Ilepeuens oyenounvix cpedcme no oucyunaune (Mooyno)

o ounou (5 cemecmp) u ouno-3ao0unoit (6 cemecmp) popm odyuenusn

Ouyenounsle cpeocmea Kon-60 Min, dannoe Max, oannoe
Jlabopamopnas paboma 4 10 15
Konnoxeuym 1 20 40
Hmoezo: 60 100

ona ounoil (6 cemecmp) u ouno-3aounoii (1 cemecmp) gpopm 0dyuenusn

Ouyenounvle cpeocmsa Kon-60 Min, 6annoe Max, oannoe
Jlabopamopnas paboma 4 6 10
Konnoxeuym 1 12 20
Oxzamen 1 24 40
HUmoeo: 60 100

ona 3ao0unou (7 cemecmp) u 3a0unoii na d6aze BO (5 cemecmp) ¢popm odyuenusn

Ouyenounvle cpeocmsa Kon-60 Min, déannoe Max, oannoe
Jlabopamopnas paboma 2 15 25
Koumponvnas paboma 1 30 50
Hmozo: 60 100

0 3a0unou (8 cemecmp) u 3aounoii na 6aze BO (6 cemecmp) popm o6yuenus

Kon-60

Min, dannoe

Max, oannoe

Ouenounvle cpedcmea
Jlabopamopnas paboma 4 6 10
Koumponvnas paboma 1 12 20
Ix3amen 1 24 40
HUmoeo: 60 100




HlIxana ouenusanusn

Indposoe
BbIpaKeHue

Bripaxenue B
0aJsnax:

CioBecHoe
BbIpa:KeHHe

Kputepun onieHKH HHIUKATOPOB JOCTHKEHHS MPU (popMe KOHTPOJIS:

JK3aMeH / 3a4er ¢ OLIEHKOM

3adyeT

5

87 -100

OTan4HO
(3auteHo)

OneHka «OTJIIMYHO» BBICTABISIETCA CTYJIEHTY, €CJIH TEOpPETHUECKOe
coJiep>kaHue Kypca OCBOEHO MOJHOCTHIO, 0e3 Mpo0esyoB; McYepHbIBaoLIE,
[IOCJIEIOBATENIPHO, YETKO M JIOTMYECKH CTPOWHO H3JIaraeT Marepual;
CBOOOJHO CIpaBIsieTCs C 3aJadyaMM, BOIPOCAMH W APYTMMH BHIAMH
MIPUMEHEHUS 3HAHMI; HCIOJB3yeT B OTBETE JOMOJHUTENBHBIN MaTepuani
BCE NPENyCMOTPEHHBIC MPOrPaMMOM 3allaHHs BBIIOJHEHbI, Ka4eCTBO HX
BBIMIOJIHEHHUS OLICHEHO YHCJIOM OamioB, OMM3KUM K MaKCUMaJbHOMY;
aHAJIM3UPYET TIOJIyYEHHBIE pe3yJIbTaThl; MPOSBIAET CaMOCTOSTENbHOCTh
TIpH BBIIOJTHEHUH 33 JaHUH

74 - 86

Xopo1o
(3auTeHO)

OLEeHKa «XOpOILO» BBICTABISIETCS CTYNEHTY, €CIU TEOPETUUECKOE
collep)KaHHEe Kypca OCBOSHO IIOJTHOCTHIO, HEOOXOIWMBIC IPAKTUIECKHE
KOMIIETEHIINM B OCHOBHOM C(OPMHPOBAHBI, BCE MPEIyCMOTPEHHBIE
MporpaMMoi oOyueHusl ydeOHbIe 3aJaHUS BBHITIOJIHEHBI, KadeCTBO WX
BBIMIOJIHEHUSI JOCTATOYHO BbICOKOE. CTYIEHT TBEpPAO 3HAET Marepual,
rpaMOTHO M MO CYUIECTBY M3Jlarae€T €ro, He JONYyCKas CYIIECTBEHHBIX
HETOYHOCTEW B OTBETE HA BOIPOC.

60 -73

VY nosnersopu
TEJIBHO
(3auTeHo)

OneHka  «yIOBJIETBOPUTENBHO»  BBICTABISETCS  CTYyAEHTY,  €CIH
TEOPETHYECKOE COAEpPIKaHWE Kypca OCBOCHO YaCTHYHO, HO TMPOOENbl He
HOCSAT CYIIECTBEHHOI'O XapakTepa, OOJBIIMHCTBO TPEIYCMOTPEHHBIX
MPOTPaMMOii 3aJ]aHN i BBITIONIHEHO, HO B HUX UMEIOTCS OIIMOKH, TIPH OTBETE
Ha MOCTaBJIEHHBIM BOIPOC CTYJIEHT JOMYCKaeT HETOYHOCTH, HELOCTATOUYHO
MpaBWIbHbIE (HOPMYJIMPOBKH, HAOJIIONAIOTCS HAPYIIEHUS JIOTHYECKON
I10CJIEI0BATEIBHOCTH B H3JI0KEHUU IPOTPAMMHOI0 MaTEpHAIA.

Onenka

JIOTHYCCKH

HC3HAYUTCIIBHBIC HCIOYCTHI
TaKHe

CTYyJIeHTa,
CaMOCTOSATENb
OIINOKY U TIp

«Ba4YTCHO»
CTYACHTY, €CJIM OTBETHI
TEMaM JUCHUITIIMHBI

BBICTaBJISICTCS
Ha BOMPOCHI IO
[IOCJIEIOBATEINBHBI,
W3JI0KEHBI,  JIOMYCKAKTCS
B OTBETE
OTCYTCTBHUE

peueBbie

KakK

HOT'O BBIBO/IA,

Huxe 60

Heynosnersop
UTENNBHO
(1e 3auTeHO)

OneHka «HEyAOBIETBOPUTEIBHO» BBICTABISETCS CTYAEHTY, €CIM OH HE
3HAaeT 3HAUUTENBHOM YacTH MPOrpaMMHOIO MaTepuana, JIOIyCKaeT
CYIIECTBEHHbIC ONIMOKH, HEYBEPEHHO, C OONBIIUMH 3aTPYJHEHUSMU
BBHITIOJIHSIET ~— TIpaKTHUYeCKHe  paboThl, HEOOXOAMMBIE  IMPAKTHYCCKHE
KOMIIETEHIIMK He C(HOPMUPOBAHBI, OOJBIIMHCTBO MPEAYCMOTPEHHBIX
porpaMMoil o0ydeHusi y4eOHBIX 3aJlaHWii HE BBIMIOJHEHO, Ka4eCTBO WX
BBITIOJTHEHHS OIICHEHO YUCIIOM OaJyIoB, OJIM3KIM K MUHUMAJIBHOMY

Ornenka
CTYJICHTY,

«HEC

€CJIn

3a4TCHO» BBICTABJIACTCA
CTYACHT HC 3HACT

OCHOBHBIX TOHSTHH TEMBEI JWCIUITIIINHBI,

HEC OTBCYACT

Ha JOOIIOJIHUTCIBHBIC U

HaBOAIIMEC BOIIPOCHI MPETIOJaBaTCIIA.




MuHHCTEpCTBO HAyKH U BhICIIEro oOpa3oBaHus Poccuiickoit denepanun
HmwxHekaMCKHi XUMHUKO-TEXHOJIOTHYECKUI HHCTUTYT ((husnan)
beaepanbHOr0 TOCYIaPCTBEHHOTO OFOPKETHOTO 00pa30BaTEIBbHOTO YUPEIKICHUS
BBICIIETO 00Opa30BaHMS
«KazaHCckuil HAalMOHAJIBHBIN UCCIIEI0OBATENBCKUI TEXHOJIOTUYECKUN YHUBEPCUTET

Dakynvmem mexHON0SUHECKUL
Kagpeopa  HXC

Hanpasnenue noaroroBku/cnenuanbHOCTh: 18.03.01 —XuMudeckas TEXHOJIOTHS
(k00 u HauMeHoBaHue)
[Tpoduns/crienuanu3anus: «XUMUYECKask TEXHOJIOTHSI OPraHUIeCKIX BEIICCTBY,
(Haumenosanue)
Cemectp__ 6 (ounas, 3aouHas Ha 6aze BO), 7 (ouHo-3a04Hast), 8 (3a04Has)

Bonpocsl /151 MOATOTOBKH K YIK3aMeHY

o qucrmminae b1.B.J1B.03.01 Karanus u kataim3aTopsl B HeTEXMMUK U HedrenepepaboTke
(HaumeHoB8anue OUCYUNTUHDL)

1. [ToHsATHE O KaTaNM3e U KaTaJn3aTopax;

2. ['oMOTeHHBIE U TETEPOTEHHBIC CHCTEMEI,

3. IHTeHCUBHOCTH U aKTHBHOCTDH KaTaJlN3aTOPa;

4. CeneKTUBHOCTh KaTalnu3aTropa,;

5. TpeGoBaHusi, MpeABsABIsAEMblE K KaTalu3aropy (cocraB Karanu3aropa, NpPUMECEH; 4acToTa KaTajlu3aropa;
MEXaHHYECKHE CBOICTBA KaTaaM3aToOpa; MEXaHMYECKUE XapaKTepUCTUKH;, TpeOOBaHUs K TEPMHUYECKOI
CTaOMIIBHOCTH; TpeOOBaHUS K pa3MepaM IpaHysl U (opMe IpaHyll KaTajau3aTtopa; TEIIONPOBOJIHOCTh KaTallu3aTopa;
CPOK CITy»OBbI KaTanu3aTopa);

6. TekcTypHbBIC XapaKTePHCTHUKU Karanu3aropa (BeJHMYMHA MOBEPXHOCTH, 00BEM mmop, dopma U pasmep Iop,
pacrpeielieHIe op 10 pa3Mepam);

7. MeTonbl MPUTOTOBIICHHS TeTEPOTEHHBIX KaTalIN3aTOPOB;

8.ITpou3BOJNCTBO OCAXIEHHBIX KATAJIM3aTOPOB (IIOCTOMHCTBA METOAA, HEJOCTaTKA MeETOoJa, oOmas cxema
MOTYy9YCHHA);

9. [lony4eHne CUIHKATeIs — HOCHUTEIS KaTaJH3aTopPOB;

10. ITpou3BOACTBO aKTUBHOTO OKCH/JIA ATFOMHHHS;

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

12. INonyuyeHne KaTainu3aTopoB HAHECEHHEM aKTUBHOTO KOMIIOHEHTA HA HOCUTEJIb;

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;

[TonsiTHE O KaTaNM3e U KaTanan3aTopax.

15. Karanmutuueckue siapl. OTpaBieHUe KaTaIl3aTOPOB.

16. I1pon3BOJCTBO KaTaIM3aTOPOB KPEKUHTA.

17. Karanu3aTopbl THAPOOUYUCTKH HEPTIHBIX (paKIHid.

18. Karanu3aTopsl THAPUPOBAHUS U IETUAPUPOBAHHS.

19. Karanu3aTops! AJ1st IPOU3BOICTBA CHHTE3-Ta3a. [IpoM3BOACTBO AIFOMOHHMKEIEBOTO KaTaln3aTopa.

20. Karanuzatopsl OKHCICHHS. [IpOM3BOCTBO CePeOPSIHOTO KaTain3aTopa.

21. Katanuzatopbl pu)OpMHHTa YTII€BOJIOPOAOB. TEXHOIOTHs IPUTOTOBJICHHS KaTalu3aTopa pupOpMHUHTa.

22. OxpaHa Tpy/Aa U TeXHHKa 0€30MaCHOCTH pabOThl Ha KaTaln3aTOPHBIX (habpuKax.

23. O6opynoBaHNE KaTAM3aTOPHBIX MPOM3BOACTB. PeakTopsl is )KUAKOPA3HBIX TPOIIECCOB.

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

25. O6opyznoBaHne KaTaJlM3aTOPHBIX MPOU3BOACTB. OO0OpYyI0BaHKE IS CYIIKH M TEPMOOOPaOOTKH.

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

27. Katanuz opraHoMeTaJuIOCHIOKCaHaMU M UX TIPOU3BOJICTBO.

28. Meronp! nccneioBaHus KaTainuzaTopoB. HccienoBanne cTpyKTyphl.

HabGop yTBep)KIOEHHBIX 9SK3aMCHAIIMOHHBIX  OWICTOB  XpaHuTcs Ha Kadeape. Kaxmbii
9K3aMEHAIIMOHHBIN OWIIET CONEpKHUT JBa TEOPETHYECKMX BoIpoca MakcHMallbHOE KOJIWYECTBO OallioB,
KOTOPOE CTYICHT MOXKET IMOJYYUTh 3a dK3aMeH -40, U3 HUX 3a OTBET Ha OMH Teoperrdyeckuii Bompoc — 20.
MUHIMaITEHOE KOJIMYEeCTBO 0aIioB 3a dk3ameH — 0 .



MuHHCTEpCTBO HAyKH U BhICIIEro oOpa3oBaHus Poccuiickoit denepanun
HmwxHekaMCKHi XUMHUKO-TEXHOJIOTHYECKUI HHCTUTYT ((husnan)
beaepanbHOr0 TOCYIaPCTBEHHOTO OFOPKETHOTO 00pa30BaTEIBbHOTO YUPEIKICHUS
BBICIIETO 00Opa30BaHMS
«Ka3zaHCkuil HAlMOHAJIBHBIN UCCIIEIOBATEIILCKUI TEXHOJIOTHYECKUI YHUBEPCUTETY

Dakynvmem mexHON0SUHECKUL
Kagpeopa  HXC

Hanpasnenue noaroroBku/cnenuanbHOCTh: 18.03.01 —XuMudeckas TEXHOJIOTHS
(k00 u HaumeHoBaHue)
[Tpoduns/crienuanu3anus: «XUMUYECKask TEXHOJIOTHSI OPraHUIeCKIX BEIICCTBY,
(Haumenosanue)
Cemectp_ 5,6 (ounas, 3aounas Ha 6aze BO), 6,7 (ouHo-3a04Hast), 7,8 (3a04Hasi)

Y4eOHBIM TUTAaHOM 10 HampaBieHuto mnoarotoBku 18.03.01 —XwmMmudeckass TEXHONOTHS IS
00y4aroIuUXCs MPEAyCMOTPEHO MpoBeacHHE TabopaTopHbix 3ansaTuil mo aucimminae b1.B.J1B.03.01
Karanus u katanu3aTopsl B HehTeXUMuu 1 HedTenepepadoTke.

JlaboparopHble 3aHATHS 1O JAWUCHMIUIMHE MPOBOJATCS B  CIHEIHANBHO 00OPYIOBaHHBIX
naboparopusix ¢ NPUMEHEHHWEM HEOOXOAMMBIX CpEACTB OOy4YEeHHUs: JTabOpaTopHOTO OOOPYAOBAHHMS,
00pas3IoB Il HCCIIEOBAHNN, METOAMYECKUX MTOCOOHH.

Llens mpoBeneHus: 1a0OPAaTOPHBIX PAdOT - MPAKTHUECKOE OCBOCHUE TEOPETUUECKHUX ITOJIOKEHHM
JICKIIMOHHOTO Marepuaia, a Takke BbIPAOOTKAa CTYJICHTAMHU OINPEICICHHBIX YMCHHH M HaBBIKOB
CaMOCTOSTEIBHOTO SKCIIEPUMEHTHPOBAHHSI.

KommiexT 1adoparopHbix pador
o guctumuinae b1.B.JIB.03.01 Karanu3 1 kataan3aTopsl B HePTEXUMHUHU U HedTermepepadoTKe
(HauMeHoeaHue oucCyunIuHbl)
CemecTp: 5 (ounas, 3a0uHasi Ha 6a3e BO), 6 (ouHo-3a0uHas1), 7 (3a0uHasn)

JladopaTopHas pa6ora Ne 1
KATAJIMTUYECKOE PA3JIOXXEHUE ITEPEKMCH BOJJOPOAA
Llenv pabomoul: onpeneuTh CKOPOCTh PA3IOKEHHUS NEPEKHCU BOAOPOAA 3aJlaHHOW KOHICHTpAIlMHM B
MIPUCYTCTBUY TOMOTEHHOTO U T€TEPOTEHHOTO KaTajIn3aTopa.
Kpamxas meopus

[IpuMeHeHre epeKrCH BOJOPOa BO MHOTHUX TEXHOJOTHUECKUX MPOIIECCaxX, MEAMIIMHE U APYTUX
00nacTsSX OCHOBBIBAE€TCS Ha €€ OKHCIMTENBHBIX cBoicTBax. Hambosiee XapakTepHBIH IS TepeKucH
BOJIOPOIa SK30TEPMUYECKHUI pactiajl B KUCIOH cpelie MOXKET OBITh TIPECTaBIIEH YPAaBHEHUEM:

HzOz = Hzo + % 02 (1)
Pexxe TONBKO 1OJ JCHCTBUEM HEKOTOPBIX CHJIBHBIX OKHCIUTENCH MEPEKHCh BOAOPOJa IPOSBIISET
CBOICTBAa BOCCTAHOBUTEIS COTJIACHO YPAaBHEHUIO PEAKIINU:

H,O0, = O, +2H 2)
OxucnurenbHas (yHKIMsA Oojiee OTYCTIMBO BBhIpAKEHA y MEPEKHMCH BOIOPOAa B KHCIIOH cpeje,
BOCCTAHOBUTES — B II[CIIOYHOIA.

Pacnag o cxeme (1) uaér co 3HAYMTENHLHONW CKOPOCTHIO B MPUCYTCTBUU BEIUIECTB, CIIOCOOHBIX
OKHUCJIATHCS BBIICISIOMIMMCS KUCIIOPOIOM. Y CKOPSIIOIIee NSHCTBHE Ha Pa3jioKEeHUE TEPEKUCH BOJIOPO/Ia
OKa3bIBAIOT TAKXKE TBEPJIbIC KATAIH3ATOPHI (CTEKIIO, MHOTHE METaUTbl, B YaCTHOCTU IUIATHHA, COJIU U
OKHCJIBI METAJUIOB, yrollb W T.M.). Ha TeueHuWe KaTalMTHUYECKON pEaKIMH pasJIoKEHHUS TEePEeKUCH
BOJIOPO/Ia BIUSIOT COCTOSIHUE TIOBEPXHOCTH KaTanu3aropa, pH cpensl u kaTanuTuueckue siabl. CUIIbHBIMU
sIaMU TIPH Pa3JIoKEHUH TIEPEKUCH Bogopoa Ha ruiatuhe seistorest: Cs, C,HsOH, 1, P, CO, PH3, AsHg,
Na,SOs.

CoriracHO CcXeMe TPEUIOKEHHOM HEMEIKAM VYCHBIM BWIaHIOM, pas3IoKeHHE IEePEKUCH
BOJIOPO/A MPOTEKACT Yepe3 CICAYIOIINE MEICHHbIC U ObICTPBIC CTaIUU:

HOOH = 0, + 2H (MeaeHHO)
HOOH + 2H = 2H,0 (0sicTpO)
2H202 = 2H20 + 02
CymmapHasi CKOpPOCTh PEaKIUU OIpPENSIsieTCsS MEPBOM CTaaueH, W MO3TOMY peakius UAET I0



nepBoMy nopsaaky. [Ipenmonaraercs, 9to cragus aacopouny — necopOoIny MPOUCXOANUT BeCchMa ObICTPO U
HEe TUMHUTHPYET mporiecc. CKOPOCTh Pa3IoKeHUs MIEPEKUCH BOIOPO/Ia B 3HAYUTEIFHON CTENIEHU 3aBHCUT
OT KOHIICHTPAIMK PacTBOPa. ITO 00YCIOBICHO KATATUTHYCCKUM JICHCTBUEM BOJIBI.
OKcnepumenmanvHas 4acmeo

Peaxmuevi: epexucs Bomopoaa 30%; Kanmii MapraHIOBOKHCIBINA (TIepMaHTaHaT); yroiab Mapku bAY);
okurch Memu (11)); okuch MMHKA; TUCTHIUTHPOBAHHAS BOJA.
Ilpubopwi: Oroperka ra3oBas; KOJIObl KOHWYECKHE, BMeCTHMOCThIO 100 cM’; LWIAHIPB MEpPHBIE,
BMECTUMOCTBIO 50 CM3; MUTETKH TpagydpoBaHHBIE, BMECTHMOCThIO 1, 2, 5 m 10 CM3; CeKyHIOMep;
TepPMOMETp CTEKJISHHEIH JIabopaTopHsIii ¢ xuanazoHoM m3meperns or 0 °C no 100 °C, mena genenns 1
°C.
IIposedenue sxcnepumenma.

1-as cepus ombITOB. B paboTe M3MEPAIOT CKOPOCTh Pa3iIOKEHUsI MEPEKUCH BOJOPOIa 3alaHHON
KOHIICHTPAIIMK B MPUCYTCTBUU KaTaJU3aTOPOB. J[sl 3TOH ey MPUMEHSIOT Ta30METPUYECKUI croco0,
KOTOPBI TIO3BOJISICT OMNPEACITUTh C JIOCTATOYHOM TOYHOCTBIO CPEIHIOI0 CKOPOCTh 3a KOPOTKHE
MPOMEXKYTKH BPEMEHHU M, TAKUM 00Pa30M, CTPOUTH KPHUBBIE H3MEHEHHS CKOPOCTH PEAKIINH BO BPEMEHH.

/ e "*’hlhln‘lh“n] MAIAI»]I[.I

Pucynox 1 — YcTaHOBKa KaTaIUTUUECKOTO Pa3oKEHUS IEPEKUCH BOAOPOIa
1 — peakumnoHHslii cocyn; 2 — oOpasen KaTanu3aTtopa; 3 — coCy/l i pacTBOPa NEPEeKUCH; 4 — IPOXOIHOM KpaH; 5 — TPeXX010Boii kpaH; 6 — raoBas OropeTka;

7- YpaBHHTEIbHAs CKIITHKA; 8- COCAMHUTEIbHAA pr6](a; 9 — MarHMTHas MellajiKa

KonnvecTBo pa3noxuBiIeics K JaHHOMY MOMEHTY TIEPEKUCH BOAOPO/IA OTNPENEISIOT M0 00beMy
BBIJIEJIUBIIErOCs KHcaopoaa. Cxema npubopa Ui U3MEPEeHHs CKOPOCTH Pa3jIoKeHHs! IEPEKUCH BOAOPOAa
MIpPEICTAaBIICHA HA PUCYHKE 1.

ITepen HavamoMm ombITa BHEICYIIEHHBIM PEAKITMOHHEIN cocys 1, ¢ MOMEIIEHHOW B HETO HABECKOM
KaTaJn3aTopa, ¥ BOPOHKY 3 COEOUHSAIOT B COOTBETCTBUM CO CXEMOH M IPOBEPSAIOT T'€PMETHYHOCTb
cUCTeMBI. J{JIsl 3TOro NpUBOIAT NaBJI€HUE BHYTPH CHCTEMBI K aTMOC()epHOMY, YPaBHSB Ha MPOU3BOJILHON
BBICOTE JKUAKOCTh B OIOpeTKe 6 W YpaBHUTEIBHOH CKISIHKE 7, HECKOJBKO pa3 MOBOPAYMBAIOT KpaH 5,
MNOJHUMAIOT CKIISTHKY 7, 4TOOBI 3aIlOJHUTH OIOPETKY 3aTBOPHOM XHMIKOCTBIO (BOZOI) IOBEpXY, Mocie
4Yero cooOLIaoT OIOPETKy C PEeaKkTOPOM M OIYCKAarOT CKJISIHKY HPUOJIM3UTENBHO HA YETBEPTh BBICOTHI
Oropetkn. Ecnmm obecriedeHa [gocTtaToyHash T€PMETUYHOCTh, YCTAHOBMBIIHUICS YPOBEHb 3aTBOPHOMN
JKUJIKOCTU B OIOpETKE He JOJKCH CMEIAThCS B TeUEHHE HECKOIBKHX MUHYT.

Jnisi TpUTOTOBJIEHUSI MCCIEAYEMOTO pacTBOpa OTMEPSIOT IMIIETKOH WIM MHUKPOOIOPETKON
3a/laHHBIN TIperioiaBaTeeM 00seM HexoqHoro pactBopa H,O, u pa3zdaBigioT JUCTUIUIMPOBAHHOW BOJIOM,
nobasysiroT pactBop KMnO, B 3amaHHOM mpenogaBareieM o0beMe M 3aKpbIBalOT Kpbiiikou. [locie
THIATEJIFHO MEpEeMENIMBAlOT W OTOMpaloT JJIsl  aHaju3a TrpagydpoBaHHOW mumetkod 10 wmi
MIPUTOTOBJIIEHHOTO pacTBOpa.

[lo mMepe MOHWXEHHS YpPOBHS KHUAKOCTH B OIOPETKE ypPaBHUTEIBHYIO CKIIAHKY OITyCKAalOT TaK,
4yTOOBI HA MPOTSHKEHUH BCETO OINBITa PAa3HOCTh YPOBHEW B OIOpETKE M YpaBHHUTEIBHOW CKISIHKE Oblia
MUHUMAJILHOM.

B wmoment BBOoma KMnNO, BkitouaeM CeKyHaoMep. 3HaueHHe OObeMa BBIACIISIONIETOCS
KHCJIOpOJia CJeqyeT PEerHCTPUPOBaTh MOCTOSHHO BMECTE CO BpeMeHeM, HaumHas ¢ BBoga KMnO, B
peakrop. B xome 1 omweita genmator 15-20 3amepoB. OmbIT ciiegyeT 3aKkaHYMBaTh, Korga oObeM
BBIIETIMBIIETOCS KHUCIOpoaa cocTaBuT Ooinee 70-75% ot obmero o0bemMa, KOTOPBIA MOKET BBIIETHTHCS
TIPH MTOJTHOM Pa30KeHNU TIEPEKNCH.

2-asi_cepus ONBITOB. BTopas cepusi ONBITOB NpOJENBIBACTCS AHAIOTUYHO IIEPBOM, BMECTO
TOMOTEHHOTO KaTalu3aTopa MepMaHraHaTta Kaius B PEaKIMOHHYIO CMECh MOMELIAETCS] TeTepOTeHHBIN
KaTaju3aTop. B KauecTBe TIeTepOreHHOro KaTajlu3aTopa IIpe/ylaraercsi MPOBECTH IPOBEPKY Ha
aKTHBHOCTh B pEaKIIMH Pa3JIOKCHHS TIEPEKUCH BoIOpona Tpéx oOpasloB: yroib Mapku bBAY
(xpuctasisr), okuch Meau (1) (ctpyxka), OKUCH TUHKA (TIOPOILIOK).

3-s1_cepus ONBITOB. TpeThs Cepusl OMBITOB NMPOBOAWUTCSA AHAJIOTUYHO IMEPBOH, K TOMOTEHHOMY




KaTajau3aTopy NEpMaHTaHaTy Kaiusg JOOABISIOTCS MPOMOTOPHI, T.€. BEIECTBA KOTOPBIE CIIOCOOHBI
MOBBICUTH HMJIM TIOHU3UTHh aKTUBHOCTH KaTaJln3aTopa Ha HECKOJBKO MOPSAIKOB. B KauecTBe MPOMOTOPOB
KaTajau3aTopa MpeyiaracTcs MPOBECTH MPOBEPKY C J00ABIEHUEM YKCYCHOHM KHCIOThl oO0beMamu (0,025;
0,05; 0,1; 0,15; 0,2; 0,25 M) u ¢ moOaBIEHUEM M30MPOMIIIOBOrO ciupra oobemamu (0,2; 0,5; 1; 1,5; 2
MII).
Obpabomka s3KCnepumMeHmanbHblxX OAHHbIX

B nmamHOM pasgene mabopaTopHOM pabOTHl  CTYACHTY HEOOXOAMMO TIO TOJYYCHHBIM
OKCMIEPUMEHTAIbHBIM JTaHHBIM TIPOW3BECTH pPAacdYE€Thl W TOCTPOUTH TpadUK HM3MEHEHHS CKOPOCTH
pa3IoXKeHHS MEPEKICH BOJIOPOIa BO BpEMEHH.

Jis  KaxJoW Cepud OMBITOB IOCTPOUTH TpaduK 3aBHCUMOCTU BBIICIHBIIErOCs 00beMa
KHCIIOpoJa OT BpeMEH (PUCYHOK 2).

Jusa  kaxgod KpuBoi rpaduyueckd HaWTH 3PPEKTUBHYIO CKOPOCTh PEaKIHW, MPOBEIS
KacaTeJIbHYI0 K KHHETHYSCKOW KpUBOH (pUCYHOK 3); 3¢ (heKTUBHAS CKOPOCTh PEAKIIUU B JJAHHBIH MOMEHT
BPEMCHH pPaBHA 10 a0COIIOTHON BEJIMYMHE TAHTCHCY yrila HaKJIOHA KacaTelbHoM (3):
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Pucynok 2 — I'paduk 3aBHCHMOCTH BBIJICIMBIIETOCS 00beMa KUcopoaa (Mi1) OT BpeMeHH (MHH)
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Pucynok 3 — I'padyik 3aBUCUMOCTH KOHIIEHTPAIIUU OT BpEMEHH IS onpeesieHus 3pPpexTHBHON

CKOPOCTH PEaKIiu

Ha¥iTi KOHIIEHTpAIHIO TIEPEKUCH BOJIOPO/Ia B MPUTOTOBJICHHOM PACTBOPE 10 clieAyroniei Gopmyie (4):
Vo, EETTEr
Ci 0, = % (4)
[TocTpouth TpapuK 3aBUCHMOCTH CKOPOCTH Pa3JIOKEHHUS IMEPEKHUCH BOIOPOJAA OT KOHIEHTPAIUH IS
OTIpeIeNICHYS TTOPS/IKA PEaKIINH.
Cmamucmuueckas 06pabomka pe3yrbmamos dKCnepumMeHma

B nannom pasneie g1abopaTopHON padOThI CTYACHTY HEOOXOIUMO I10 TOJYYCHHBIM KCIEPUMEHTATLHBIM
JTAHHBIM TPOM3BECTH CTATHUECKYIO 00pabOTKY pe3yJIbTaTOB SKCIIEPUMEHTA.

Paccunrath Cpe[[Heaqu)MeTI/I'{eCKOC 3HA4YCHUC PE3YyJIbTATOB 3KCIICPUMCHTA!
- E;-.-—.- C

C ===

T

rae N — 4ucio OKCIIEPUMEHTOB

Paccunrate oTkIIOHeHHE OT cpenHero 3HaueHus (Ci - )
PaccuuTaTh KBaJpaT OTKIOHEHHS OT cpenHero 3Hauenus (C; - C)°

Paccuurarh cyMMy KBaJ[paToB OTKJIOHEHHUS OT cpeHero 3Hauenus: % (C; — C )

Paccunrarh cTaHIApTHOE OTKJIIOHEHHE €AMHUYHOTO PE3yJIbTaTa OT CpeAHeaprU(PMETHICCKOr0 3HAUCHHUS
|=cc, — 37
= == — -

~ Frrz — A7)
. . C=Cx5z=t,,
Paccuurarts JOBCPUTECIIbHBIM HHTCPBAJI OIIPEACTIACMON BEJINYNHBL: =

rae t, ,, - koadunuent CreroneHTa. Ero 3HaueHue HaxoAaT U3 TaOIMLBI 2, 331aBasCh 1OBEPUTEIbHON



BEPOATHOCTHIO P.
Tabnuna 2 — 3nauenus ko3duuuenta Cterogenra t,,

tﬂ.."!

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

090631292 |235(213|201157|189|183|1,81

095127 14,30|3,18 | 2,78 | 2,57 | 2,45 | 2,31 | 2,26 | 2,23

Bvisoovl. B nanHoM pasnene s1abopaTopHOH pabOThI CTYIEHTY HEOOXOAMMO MEPEUUCIHTh OCHOBHBIE
UTOTH MPOJIENaHHON paboThI.

1-0if moarpymme CTyAEHTOB HEOOXOAWMO TIOSCHHTH, KaKUM 0OOpa3oM TOMOTCHHBIH KaTalu3aTrop, B
YaCTHOCTH NIEPMAHTaHAT KaJIHs, BIMSET Ha CKOPOCTh PAa3JIOKEHHS EPEKUCH BOJOPOIa.

2-0l TOATpyNINEe CTYACHTOB HEOOXOAUMO TOSCHHUTh, KaKOW W3 UCIOJB30BAHHBIX HMMH 0Opa3loB
TeTepOreHHOT0 KaTaJu3aTopa sBISETCS HanOoJIee akTHBHBIM B PEAKIIMN Pa3JIOKESHUS MIEPEKUCH BOIOPOIA
U, KaKuM 00pa3oM CTPYKTypa M MOBEPXHOCTh KaTaIM3aTOpa OKa3bIBAIOT BIHMSHUE Ha IPOTEKAHHE
peaKIyH.

3-eil moArpymie CTYAEHTOB HEOOXOIUMO IMOSICHUTH BIUSHHUE MPOMOTOPOB (YKCYCHOW KHCIOTBHI U
M30IPOITMIIOBOTO CIIMPTA) Ha IeHCTBHE TOMOTEHHOTO KaTalllu3aTopa.

JlabopaTtopHasi pa6ora Ne 2
CPABHEHUE CHHTE3A 'OMOI'EHHOI'O U TETEPOI'EHHOI'O KATAJIN3ATOPA U OIIPEJEJIEHUE
PACTBOPEHHOI'O ¥ OBLIIETO MOJINB/EHA
Lenu pabomul:
1. U3yYnTh METOAUKY TOTYUYEHHSI KOMIUIEKCHOTO MOJTMOIEHOBOTO KaTallu3aTopa;
2. TIPOBEPHUTH MPUHIUIHATBHYI0 BO3MOXXHOCTH H3BJICUCHHUS] PACTBOPEHHOTO MOJIHMOJEHA cOpOLuer ero
AKTUBHPOBAaHHBIM  yIJeM M3  pPacTBOPOB, IMOJIYYEHHBIX PACTBOPEHHEM  IIOPOILIKOOOPa3HOIo
METaJUIN4eCKOro MojaubieHa B BOJIE, COJIEpKalel IEPEKUCh BOLOPOa;
3. IpOBEPUTH BIMSHUE HA COPOLIMIO HAYATILHOTO COJIEPKAHUS MOJIMO/ICHA.
Kpamxas meopus

[IpeumymiecTBaMH METOAOB HPUTOTOBICHUS KaTalM3aTOPOB, OCHOBAHHBIX HA HAHECCHUU
AKTUBHOTO KOMIIOHEHTa Ha HOCHTEIb, SBISIOTCS dPPEKTHBHOE MCIOIB30BaHHE aKTHBHOTO KOMIIOHEHTA
BCJIE/ICTBHE €r0 BHICOKOW TUCIIEPCHOCTH, MEHBIIIEE KOIMYECTBO BPEAHBIX OTXOAOB M JAp. B 3aBucumocTn
OT MEXaHM3Ma B3aNMOJEHCTBHU HAHECEHHbIE KaTaJIu3aToOPbl MOXKHO Pa3leiiTh Ha Ba OONBLIMX Kiacca,
KOTOpBIE B JanbHeiimemM OyneM HaspBaTh '"copOumoHHBIMH"' U "mponmuTtoyHeiMH'. B ciydae
COpOLIMOHHBIX KaTaJu3aTOpOB B IMpoOIlecce MPUTOTOBJICHUS UMEET MECTO B3aUMOJICHCTBHE MEKITY
HOCUTENIEM M HMCXOAHBIM BELIECTBOM, aJCOPOMPYIOLIMMCS Ha MOBEPXHOCTH. B cilyyae mpONMTOYHBIX
KaTaJIu3aTOpPOB TAKOE B3aMMOJICHCTBHE NMPAKTUYECKH OTCYTCTBYET, M MCXOJIHOE COEIMHEHUE AKTHUBHOIO
KOMIIOHEHTa HaXOJUTCS B PACTBOPEHHOM COCTOSTHUH B MTOPaX HOCHTEIS.

[Ipu HeOonbLmIOM colEpKaHUM AKTHBHOTO KOMIIOHEHTA IIOPUCTas CTPYKTypa HaHECEHHOIO
KaTajau3aTopa O4YE€Hb MaJIO OTJIMYAEeTCd OT CTPYKTYphl HOCHUTENS, MO3TOMY Ul CO3/JaHUS aKTHUBHBIX
KaTaJIn3aTOPOB OYE€Hb BAYKHBIM SIBIISIETCS TI0I00P HOCUTENS C ONITUMAIILHOM TEKCTYPOH.

XapakTepHbIM CBOHCTBOM HAaHECEHHBIX KaTAJIM3aTOPOB SBISIETCS HEPABHOMEPHOCTH pacIpeesne-
HUSl aKTMBHOTO KOMIIOHEHTa II0 CEUeHHI0 rpaHyibl. Ha pucyHke 4 mnpencraBieHO paclpelieleHne
aKTHBHOTO KOMIIOHEHTA IO TpaHyjie Kartaimm3aTtopa. lIpuHATO AeneHNe HaHECEHHBIX KaTaM3aTOPOB Ha
YeThIPe OCHOBHBIX TUMA: | - ¢ paBHOMEpHBIM pacnpeaeneHneM; 11 - "KopoukoBbIil", y KOTOPBIX aKTUBHBINA
KOMITIOHEHT cocpeloToueH y nepudepun rpanyi; Il - akTHBHBI KOMIIOHEHT COCPEIOTOYEH B IIEHTpE
rpaHyibl (Tak Ha3bIBaeMBbId "SUYHBIA >kenTok"); IV - akTHBHBIM KOMIOHEHT PAcCHOJOXKEH B CpegHer
o0nacTH, yJajJeHHOM Kak OT LIEHTpa, TaKk U OT BHEIIHEH NOBEPXHOCTH 3€pHA KaTaau3aTopa.
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Pucynok 4 — PacnipezieneHrie akTHBHOTO KOMITOHEHTA 110 TpaHyJle KaTtajan3aTopa

MeTton HaHEeCEHUS! MCIONB3YEeTCS W JUIS TMONYYeHHUS KaTalau3aTopoB OOJee CIOKHOTO COCTaBa,
AKTHUBHBIM KOMITOHEHT KOTOPBIX BKIIIOYACT JBa MU O0JIee JICMEHTOB.

Hecmotps Ha pa3HOOOpa3ue XWUMHUYECKOTO COCTaBa, JJIs HAHECCHHBIX METaUIOOKCHTHBIX
KaTajanm3aTOpOB MOXKHO BBIIETTUTh OCHOBHBIE OCOOCHHOCTH, OOYCIIOBIEHHBIE METOJOM HaHECEHUS
aKTHBHOTO KOMIIOHEHTA: Ui COPOIMOHHOTO CII0cO0a XapaKTepHBI BBICOKasl, OJM3Kas K aTOMapHBIM,
JIUCTICPCHOCTh YAaCTHI[ AaKTMBHOTO KOMIIOHCHTA, COXPAHSIONIAsCs B IIMPOKOM JMANa30HE €ro
CoZlepKaHus, M MOBBIIICHHAS! TEPMOCTONKOCTD, B ClTydae OMAIIEMEHTHBIX KaTaIH3aTOPOB.

KaranmzaTopsl, momydeHHBIE CIIOCOOOM IPOIUTKH, BBICOKOAMCIIEPCHBI TOJIBKO MPH MaJIOM
COJICP)KaHUU aKTUBHOTO KOMIIOHeHTa. K JOCTOMHCTBAM MPOMMTOYHOTO METOJA CIICAYET OTHECTH €ro
MPOCTOTY U JOCTYITHOCTh MUCXOJHBIX BEIIECTB, B OCHOBHOM HUTPATOB W KapOoHaToB. OMHAKO CleayeT
yKazaTh W Pl HEAOCTATKOB: OTPAaHMYEHUS MO KOHIEHTPAIMH aKTHBHOTO KOMIIOHEHTa, 0OYCIIOBICHHBIC
PacTBOPUMOCTBIO HMCXOJHOTO BEINECTBA M OOBEMOM IMOpP HOCHUTENS; BO3MOXKHOCTh HEPaBHOMEPHOTO
pacrpeesicHUs] aKTUBHOTO KOMITOHCHTA 10 CCUCHUIO T'PaHYJIbl BCIEACTBHE BBIHOCA B MPOIECCE CYIIKU
YaCTH PacTBOpa Ha MepudepurIo 3epHa H T.1I.

OT yKa3aHHBIX HEJOCTAaTKOB CBOOOIHBI COPOIMOHHBIE METOABI Oyarojapss 0Opa30BaHUIO
XUMHYECKON CBS3M MEXKIY aiAcopOMPYeMBIM BEIICCTBOM W (YHKIIMOHAIBHBIMUA TPYIIIIAMU HOCHTEJIS.
OrpaHudeHnsT METOJa CBS3aHBL, MPEXKAE BCEro, C HEAOCTATOYHBIM AaCCOPTUMEHTOM COEIWHEHHH,
o0namaronx HeoOX0AMMOM PaCTBOPHUMOCTBIO M CIIOCOOHBIX OCAKAATHCS Ha IIOBEPXHOCTH HOCUTEIEH.

OKcnepumenmanvbHas 4acme

Peaxmuevi: nepexuce Bomopoaa 30%; M30MPONUIOBBIN CIIUPT; MOJIHOACH; TUAPOKCU HATPHS, COJISTHAS
KHCITIOTa; CyabdaT TUApo3uHa; cepHas kuciora; N — (deHwraHTpaHWIOBas KHCIOTa  TOTOBAT
pactBopennem 0,20 Tp mpemapata B 100 cM’pacTBOpa YIJIEKHCIOTO HATPHS; aMMOHHiI METaBaHAIAT
(BaHAIMEBOKUCIIBIM MeTa); TaOJETKH aKTHMBUPOBAHHOTO VIJIs; BOJA AMCTUILIUPOBAHHAS; KaJIud
JIBYXPOMOBOKHCITBIN (IMXpOMAT KaJIwsl).
Ilpubopol: xon0bl KOHHYECKHe, BMecTUMOCThI0 100 em®; UWIMHAPEl MEPHBIE, BMECTUMOCTbIO 50 oM
MATMETKH TPagyMpoBaHHBIC, BMecTHMOCTBEIO 1, 2, 5 u 10 cm® 6roperka); Bechl JabOpaTOpHBIC
CHENUAIBHOIO KJIacCa TOYHOCTH C HauOOJIBIIMM mpenesioMm B3BemmBaHus 200 r; ceKyHIOMEp; TUIMTKA
aNIeKTpUYecKas; OaHs BOJSHAs; TEPMOMETpP CTEKJISHHBIN JIa0OpaTOPHBIN ¢ quarna3oHoM u3MmepeHus ot 0
°C 10 100 0C, LeHa aeaeHus 1 0C; KalleJIbHUIIA.

Tlpucomosnenue 6cnomozamenbHbIX peakmugos
[puroToBieHre pacTBopa MeTaBaHaJaTa aMMOHHs ¢ MouisipHO# koHieHTparmeir C(NH,VO;)=0,01
MOJ'IL/L[MS; 0,025 MOJ'IB/,I[MS loToBsir pa3baBneHmeM pacTBOpa C MOJSPHOW KOHIIGHTpamuen
C(NH,V03)=0,01 monb/mm*: B MepHYyI0 K010y BMecTHMOCTBI0 100 cv® mumeTkoit BHOCsT 10 oM® mmm 25
cM® KPENKOro pacTBOPa, COOTBETCTBEHHO, IIPUIMBAIOT MPH MEPeMEIINBAHIK 15 cM® KOHIIEHTPHPOBAHHOI
CEpHOU KUCIOTHI (Poc=1,83 r/ CMB), JOBOZSIT JIO METKH TUCTHUILTMPOBAHHON BOJOW M MEPEMEITUBAIOT.

[IpuroroBuenne pactBopa N-heHWIaHTPAHWIOBON KHUCIOTHI (0,10i0,01) r N-peHmmaHTpaHUIOBOM

KHCJIOTHI PACTBOPSIOT B 50 cM° pacTBOpa MMAPOKCHIA HATPHS C MOJISIPHOIT KourenTpamueit C(NaOH)=0,1
MOTB/IM®  TIPM  HATPEBAHMM M IEpEMENIMBAHMH, 3aTeM MOIyYeHHBIH pacTBOp pa30aBiIsioOT
JTUCTUIUPOBaHHOU Bojoi 10 100 oM.

[purorosnenue pactsopa consHoit kuciotsl C(HCN=2.0 mons/nm® 86 cM® KOHIEHTPUPOBAHHOI

COSHOM KHCIOTHI (P29°c=1,18 r/cM’), OCTOPOXKHO, IIPU MEpPEMEIIHBAHAN BIMBAIOT B MEPHYIO KOJIOY
3

BMectuMocthio 500 cm® ¢ 300 cM® IMCTHIUIMPOBAHHON BOMBI, MOCITE OXJIAKICHHS TOBOIIT OOBEM
pacTBOpa JUCTUIUINPOBAHHOM BOJON O METKH.
puroroBnenue pactBopa cepHoii kucnotel C(1/2H;S0,)=16 moms/mm® 229 cm® KOHIEHTPHPOBAHHOM

CEepHOHN KHCIOTH (2757 -=1,83 r/em’) OCTOPOXKHO, HEOOJNBIIMMH TOPIUSAMHY, TIEpEMEIINBasi, BINBAIOT B

dapdopoByro kpyxkky ¢ 200 cM® IUCTHIUIMPOBaHHOH BOmbL Ilociie OXIaXICHHS 1O KOMHATHOI
TEMIIepaTypbl, PACTBOP KOJIMYECTBEHHO MEPEBOIST B MEPHYIO KOJIOY BMECTUMOCTBIO 500 cM°, TOBOIAT
00BeM pacTBOpa MUCTHIUTMPOBAHHOM BOAOH JI0 METKH U TIEPEMEIINBAOT.

[IpUroTOBICHHE PACTBOPA CyIb(haTa THAPa3sHHA ¢ MACCOBOM joneii okono 1,0% Pacteopsior (1,010,1) r

cynbgara ruapasusa B 100 cM® IUCTHITMPOBAHHOM BOEL. PaCTBOP HPUMEHSIOT CBEXKEIPUTOTOBICHHBIM.
IIpogedenue sxcnepumenma

1-ag cepus onbiToB. Jls1 mpuroToBieHus pabodyero pacTBopa B cTakaH Ha 50 mui orMepuTh 35,8 Mi

M30TMPOMIIIOBOTO CIUpPTa U 3,2 MII IepeKUcH BoopoJa. Ha aHanuTHueckux Becax OTMEPHUTH HaBecKy Mo

B komumdectBe 0,05 rp m mo6aBuTH K pacTBopy. IlloiydeHHBIH pacTBOp MepeMeNInBaTh B TEUCHHH 15

MHUHYT JI0 TI€pexojia OT CBETJIO-YEPHOrO0 OTTEHKa JO CBeTio-3eieHoro. Ilo ucreuenuto 15 MuUHYT




oToOpath pody mo 0,5 Myt B 3 MajeHbKHE KOJIOBI Tya ke moMecTUuTh 1mo 10 mut ruapokcraa Hatpwst (1,0
MOJIB/iM°). TIpUrOTOBICHHBIE KOIOBI IIOMECTHTH Ha IUINTKY ¥ HarpeBaTh B TedeHune 10 MHUHYT, manee
OXJIaJIUTh UX TaKUM ke 00pazoMm B TeueHue 10 munyT. [locie npoBeeHUs TaHHBIX ONEPAIUi B KAXKIYIO
KOGy 0TOGPATH 0 25 MJI CONSHOMN KHCIOTH (2 MOJB/IM’) 1 10 5 M1 cyibharta ruaposuna (1%). Jlaee
MOTy4YeHHYI0 CMECh B K0j0ax TakuM ke oOpa3oMm HarpeBaTh B TedeHrne 10 MHUHYT Ha BOJISHOU OaHe.
ITocre oxmaxxaeHns B KaXIyr0 KoJ0y m1006aBuTh 1o 20 MII pacTBOpa cepHO# KucioTs (16 MOJIB/IMY).

Jlis mpoBeAICHUS TUTPUMETPUYECKOTO METOJa aHalu3a K MOJYYCHHBIM pacTBOpaM J00aBUTh
HECKOJbKO Karenh mHaukatopa (N-dheHumanTpaHmiIoBas KHcioTa). THTpoBaHHE pPEaKIHMOHHON CMeECH
MPOBOJIUTH PACTBOPOM MeTaBaHalaTa aMMOHHS JIO TOSBJICHUS CBETIIO-PO30BOTO OTTEHKA. IIpu 3ToM
MPOTEKAIOT CIEAYIOIIUE PEaKIINH:

4M00,* + NpH; * HpS04 + 2H * — 4M00; ™ + N + SO, # + 4H,0

MoO; +NH,VO; + H,SO, — Mo0, % + VOSO, + NH,* + H,O

2-as cepus onbiTOB. [lo ucreyeHno 45 MUHYT U3 pabodyero pacTBopa oToOpath nmpody mo 0,5 mi B aBe
MaJleHbKHE KONOBI Tyfa ke moMectuts mo 10 i rumpokenaa Hatpus (1,0 Moms/am’). Mertoauky mo
OTIPEJICICHUI0 PACTBOPEHHOTO M OOIIETro MOJIMOJeHa MPOBECTH TaKUM K€ 00pa3oM, Kak U B IEPBOii
CEpUH OMBITOB. Pe3ynbTaThl TATPOBAHMS TIO ABYM CEPHUSM ONBITOB CBECTH B TAOJHILY.
3-4 cepust onbITOB. [IpuroTOBNEHHBIN KOMIUIEKCHBIH MOonOaeHOBIN Katanu3aTop (KMK) rHeobxomumo
HAaHECTH Ha HOCHUTENb. B Hamiem cirydae B KayecTBE HOCHUTENS OyAeT CIy)KUTh aKTHBHPOBAHHBIH YT OJIb.
Hust atoro B crakan oobeMomM 50 mi momemniaercs: npurotosieHnbliii KMK, BBOAUTCS aKTHBUPOBaHHBIN
yroJIb U OTMEYaeTcsl BpeMs Hadama omblta. Yepes kaxaple 30 MUHYT OT Havaja OIbITa OTOMpaeTcs npoda
Ha aHaJIM3 U3 BEpXHEW YacTH pacTBOpa, KOTopas sABJsAeTCS HanOoee YncToi. [lanee mpoBoauTcs anamm3
Ha ONpezeiCHUEe pacCTBOPEHHOTO U 001Iero MoMOAeHa TAKUM e 00pa3oM, Kak H B MEPBBIX ABYX CEPHUIX
ombITa. Pe3ynbTaTel THTPOBaHUS CBOMSTCS B TaONHITY.
Obpabomka 3KcnepuUMeHmMAalbHbIX OAHHbBIX

B nmanHOoM paszgene J1abopaTopHOM pabOThl  CTYACHTY HEOOXOIMMO 110 TOJIYYCHHBIM
IKCIEPUMEHTAFHBIM JIAHHBIM TPOM3BECTH PAacYEThl MAacCOBOW IO PACTBOPEHHOIO M OOMIEro
monubzaeHa (X,%), mocTpouTh rpaduK 3aBUCHMOCTH MAacCOBOM [OJM PAcTBOPEHHOTO M OOIIEro
MOJIMOIeHA OT BPEMEHHU.
1. Jlns Kaxxa0i Cepuu OMBITOB pacCUUTaTh MAaCCOBYIO JIOJIFO PACTBOPSHHOTO U o0riero monudaeHa (X,%)
o cienyromet popmyne (5):

_(v,—w)*c=K =96+ 100
m = 1000

rae Vp, VX — 00beMbl pacTBOpa MeTaBaHajaTa aMMOHMS, HOIIEANINE Ha THTPOBAHUE B paboyYeM U XOJIOCTOM OMbITaX, COOTBETCTBEHHO, CM3;

C — MonsipHast KOHIIGHTPAIMs PacTBOPA METaBaHa1aTa aMMOHHS, MOJIB/IM3;
K — nonpaBouHslii K03 HIMEHT K KOHLEHTPAIlMK pacTBOpa MeTaBaHa[aTa aMmmMonnst; (K=1)
96 — MossipHast Macca YKBUBAJICHTA MONUOICHA, I/MOJIb;

m — Macca I'Ip06]>I, B3sATas Ha aHAJIU3, I'p.

2. JIns KaxJ0H CepuH OMNBITOB TOCTPOUTH TIpadUK 3aBUCHMOCTH BPEMEHH OT MAacCOBOHM JOJH
pacTBOpeHHOro u oduero MoiaudaeHa (X,%).
Cmamucmuueckas 06pabomka pe3yrbmamos 3KCnepumeHma
B nmanHOM paszgene J1labopaTopHON pabOThl  CTYIACHTY HEOOXOAMMO 1O HOJYYCHHBIM

HKCTIEPUMEHTAIILHBIM JaHHBIM IIPOU3BECTH CTATHYECKYIO 00pabOTKY PE3yIbTaTOB 3KCIIEPUMEHTA.
- _ Lk, =
1. Paccuntats cpenHeapupMeTHIECKOe 3HAUEHHE PE3yIbTaTOB HKCIIEPUMEHTA: * = —=—,

rae N — 4ucio
OKCIIEPUMEHTOB.

2. PaccunTaTh OTKJIOHEHHE OT CPEHEro 3Ha4eHus: (X - X)
. =\2

3. PaccuntaTh KBaIpaT OTKIOHCHHUS OT CpeHero 3HadeHus: (X; - X)
4. PaccuuTaTh CyMMy KBaIpaTOB OTKJIOHEHHS OT CPEHEro 3HaueHns: L{x; — T )
5. Paccumrarth CTaHAapTHOE OTKJIOHEHHE EIMHUYHOTO pe3yiabTaTa OT CpeaHeapruPpMEeTHIeCKOro
3HAYCHUS:

| J—

|&(x; — x)

s = . —

* "u! n(n—1)



. N x=xxT 5%t
6. PaccunraTh JOBEpUTENHHBIN HHTEPBAI OMPECTSIEMON BETMINHBI: €

rae t, ., - koadunuent CreroneHTa. Ero 3HaueHue HaxoAaT U3 TaOIMLBI 2, 337aBasCh 1OBEPUTEIbHON

BEPOATHOCTHIO P.

Buvigoosi. B manHOM pazgene nmabopaTopHOW pabOTHI CTYAEHTY HEOOXOAMMO TMEPEYUCIUTH OCHOBHEIE
WUTOTH TPOJEIaHHOW paboThl. Iloka3aTh, 4YTO TPOUCXOMUT C MPUTOTOBICHHBIM KOMILICKCHBIM
MOJIMO/ICHOBBIM KaTaJIM3aTOPOM TPU HAHECEHUHM €r0 Ha HOCUTENb (YBEIMYMBACTCS WM yYMEHBIIACTCS
MaccoBas J0JIsI PAaCTBOPEHHOTO M O0IIeTro MOJIHOIeHA C TEUCHUEM BPEMEHH).

JlabopaTopHas padora Ne 3
HIPUT'OTOBJIEHHE KOMIIVIEKCHOI'O MOJIUBJEHOBOI' O KATAJIN3ATOPA METO/[OM
SIIOKCHJ[HPOBAHUA U IIPOBEPKA EI'O AKTUBHOCTH
Ienu paboTsr:
1. W3y4nTh METOAWKY TONyYeHHS KOMIUIEKCHOTO MOJHMOJEHOBOTO  KaTalu3aTopa METOJ0M
SMOKCUANPOBAHHUS;
2. IPUTOTOBJICHHBIH KOMITICKCHBIH MOJHOACHOBBIM KaTaau3aTop MPOBEPUTH HA aKTUBHOCTH B OKTEHE -
1.
Kpamxas meopus

KaranuzaTopsl OOKHBL 007amaTh BBICOKOW INPOM3BOOUTEIBHOCTHIO. [IpoM3BOOMTENBHOCTH
KaTaJn3aTopa OO0YCIIaBIMBaeT pa3Mephl IMPOMBIIIICHHBIX PEAaKTOPOB, MX O0BEM MM KOJIWYECTBO.
ITpou3BOAUTENBHOCTE KaTalnu3aTopa BKIOYAeT B ceOs 1Ba OCHOBHBIX NapaMeTpa: MHTEHCHBHOCTH | u
aKTUBHOCTh A Karanmuzatopa. Hambonee cymiecTBeHHONW XapaKTEpPHCTUKON J000TO KaTalmsaTopa
SIBJISIETCSl €T0 aKTHBHOCTH B OIIPE/ICIEHHOM KaTaJUTHYECKOM Ipoliecce. BriOop MeToauKH HccliefoBaHUs
AKTUBHOCTH CBA3aH C OCO6CHHOCTHMI/I peaKHI/Iﬁ, YCIIOBHUAMM SKCIICPUMCEHTA.

Mepoii KaTaIUTHYECKONW AaKTHBHOCTH MOJXKET CIY)KUThb CKOPOCTb INPOTEKAaHHWSA PEaKUHU B
UCCIIelyeMOM HAaIpaBICHUU B TMPHCYTCTBUHM KaTauu3aTopa. AKTHBHOCTb MOXKHO BBIPaXaTh TaK >Ke
CHM)KCHHUEM DHEPTHUU aKTHUBAIUW IIPpU YYAaCTHUM KaTalin3daTopa WM OTHOIICHUEM KOHCTAHTBI CKOPOCTHU
JAaHHOW peakMHM B MPUCYTCTBUM KaTalM3aTOpa K KOHCTAHTE CKOPOCTH 3TOH e peakuuu 0e3 Hero,
KOJINYECTBOM ITOJIyYCHHOT'O IPOAYKTA C €AUHUIBI KaTaIU3aTopa B AMHUIY BPEMEHU.

HpI/I OIICHKEC aKTUBHOCTH KOHTAKTHBIX MAaCC B IIPOU3BOACTBCHHBIX YCIOBUAX O6BI‘IHO BBIYUCITAOT

CKOpPOCTh p€aKIMX 11O OTHOIICHHWIO K €ANHUILIC 00beEMa KOHTAKTA 110 YpaBHCHUAM

% = kAC wn —%}mc (1)

rae GN— KOJMYECTBO MOMYYEHHOTO LENEBOro MPOAyKTa; G — KOJHYECTBO OCHOBHOIO BEIIECTBA, MPEBPATHBIIEIOCS 3a BpeMsi T B 0ObeMe Karammsaropa V; K —
KOHCTaHTa CKOPOCTH KaTaJuTHYecKoro npouecca; C — IBHXKYyIas Cuila IPOLECcca, BhIpaKaeMas IPOU3BEICHUEM JICHCTBYIOMIMX KOHIIEHTPAIUK HCXOHBIX BEILECTB

W YYUTBIBAIOLIass TOPMO3AMIIECE BIIMIHAEC IIPOAYKTOB PEAKIIHH.

OUEHKY SHEprud aKTUBHOCTH KaTajiu3aTopa MOXHO IMPOU3BOAUTH U3 PA3HOCTU CKOPOCTEH
XUMHYECKOH peakiui B MPUCYTCTBUH KaTanu3aropa u 0e3 Hero, JaHHYI 3aBHCHMOCTh MOKHO YBHJIETh
mo dopmyrne (2). Ilpu 3TOM YYHTHIBAIOT MO0 00bEMa PEaKIIMOHHOTO IPOCTPAHCTBA 3aHHMMAEMOTO
KaTaJlu3aTOpPOM U JOCTYITHOIO JIJIsl peareHTOB.

A= Uxar — Unexar * (1'VKaT) (2)

TJI€ VKaT — CKOPOCTh KaTaJIUTHYECKON PpeaKnnu; VHEKaT — CKOPOCTh HEKaTaJIUTUIECKOM peaKkmuun; VKar — 00bEM PCAKIMOHHOI0 MMPOCTPaHCTBa, KOTOpLIﬁ 3aHUMacT

KaTajau3arop.

DxcnepumenmanvHas vacmy

Peaxmuevr: cnupT ITUNOBBIA  pPEeKTU(UKOBAHHBIA TEXHWYECKHH; THAPOIEPEKUCh ATHIOEH30I]4;
MONMONEH; THUAPOKCUA HATpHUsS; CONSHAas KHUCJIOTa; cynbdar TuapaswHa; cepHas kuciora; N —
(DeHMITAHTpaHWIOBAas KHMCIOTa  ToTOBAT pacTBopeHmem 0,20 rp npemapata B 100 cm’pactBopa
VIJIEKUCIIOT0 HATpHs; aMMOHHMH MeTaBaHa/iaT (BaHAIMEBOKMCIBIM MeTa); BOJA AWCTHIUIMPOBAHHAS;
KHUCJIOTA YKCYCHAsl JIeIsiHAsl; Kajuus WOAUM; KpaxMall paCTBOPHUMBIN; HAaTPUM CEPHOBATUCTO — KHUCIIBII
(TrocynbsaTr HaTpuUs) S-BOAHBIN; HATPHH XJIOPUCTHINA (XJIOpWZ HATPHS); MAarHU XJOPUCTBIN (XJIOpHI
MarHusl); Kajaus THAPOKCHI, METUIOBBIA OpaHKEBBIH; OPOMKPE30JIOBbIN 3€JICHBII; METUIIOBBIN KPAaCHBIN;
H-TEKCaH.

IIpubopei: Konbbl KOHHYECKHE, BMECTHMOCTBI0 100 cM®; LINIMHIPB MEpHBIE, BMECTHMOCTBIO 50 cM°;
MUMETKH TpagydpoBaHHbIE, BMeCTHMOCTRIO 1, 2, 5 u 10 cm® GilopeTka; Bechl J1aGOPATOPHbIE
CIICIIMAJIFHOTO Kjacca TOYHOCTH C HaumOONbIIUM mpeneraoM B3semmBanusa 200 T, CeKyHIOMED;
JenuTenbHas BOPOHKA; IUIMTKA 3JIEKTpUUecKas; OaHA BOJIsHAs, CEKyHIOMEp; HeJIUTeNbHas BOPOHKA;
Karle/IbHHIIA; TEPMOMETP CTEKIIHHBIN TaG0paTOpHEIii ¢ auanazoHoM mMeperus ot 0 °C xo 100 °C, uena



nenenns 1 °C.
Tpucomosnenue 6cnomoeamenbHbIX PeaKmugos

[IpuroroBieHre pacTBopa MeTaBaHajgaTa aMMOHHs C MoJisipHOW koHueHTpauuer C(NH,VO3)=0,01
momb/mv®; 0,025  monw/m® TOTOBAT pa3sbaBIeHHEM pacTBOpa C  MOJSPHOH  KOHIEHTpaimei
C(NH,V03)=0,01 momb/nm>: B MepHyI0 K00y BMecTuMocThio 100 cm® munerkoit BrocsT 10 oM’ o 25
cM® KPETIKOro PacTBOPa, COOTBETCTBEHHO, PHIMBAIOT IPH TIEPEMEIINBAHAN 15 cM® KOHIEHTPHPOBAHHOI
cepHOit KHCIOTHI (Pyoc=1,83 I/cM>), TOBOAAT 10 METKH TUCTHILTMPOBAHHOM BOO I MEPEMELIHBAIOT.
[puroropnenne pactBopa N-tenmnanrpanmiosoii kmcnorsl (0,1010,01) r N-(peHmnanTpaHmIoBoit

KHCJIOTHI PACTBOPSIOT B 50 cM® pacTBOpa MMAPOKCHIA HATPHS C MOJISIPHOiT KoHmenTpamueit C(NaOH)=0,1
MOTB/IM®  TIPH  HATPEBAHMM WM IEPEMCIIMBAHMH, 3aTeM MOTyYeHHBIH pacTBOp pa30aBisioOT
JTUCTUILIUPOBAaHHOM Bo0M 10 100 oM.

Ipurorosnenne pactopa coumsHoit kucaorel C(HCN=2,0 mons/am® 86 cM® KOHIEHTPHPOBAHHOI

COMSHOM KUCTOTHI (P20°c=1,18 r/cM®), OCTOPOXKHO, TIPH MepeMENIMBAHHH BIHBAIOT B MEPHYIO KOIOY

BMecTHMOCTEIO 500 oM’ ¢ 300 o’ JMUCTWJUTMPOBAHHON BOJIBI, ITOCIIE OXJIKICHHS JOBOIAT 00BEM

pacTBOpa JUCTUIUIMPOBAHHOM BOAOU JO METKH.
Ipurorosnenue pactBopa cepuoil kucnoter C(1/2H,S0,)=16 momp/am’® 229 cM® KOHIEHTPHPOBAHHOI

CepHOMN KHUCIOTH (27457 -=1,83 r/em) OCTOPO’KHO, HEOONBIINMH TOPIMSAMH, TepEeMEIInBas, BINBAIOT B

dapdopoByio kpyxkky ¢ 200 cM® IUCTHIUIMPOBaHHOW BOXBL IlocTe OXTaXICHHS DO KOMHATHOI
TEMIIepaTyphl, PACTBOP KOJTHYECTBEHHO TEPEBOIAT B MEPHYIO KOJIOY BMECTHMOCTBIO 500 cM°, MOBOIST
00bEeM PaCcTBOPA AUCTHIUTMPOBAHHOM BOJION JI0 METKHU U TIEPEMEIIIUBAIOT.

I[IpUroTOBIIEHHE pacTBOPA CYIb(aTa IMIPA3HHA C MACCOBO# josteit okomno 1,0% Pactsopsor (1,010,1) 1

cynbgara ruapazusa B 100 eM® JUCTUWIITMPOBAHHOM BOJIbI. PACTBOpP MPUMEHSIOT CBEKENPUTOTOBIEHHBIM.
IIpUroTOBICHHE pACTBOpA HMOIMIA Kamusi ¢ MaccoBoil momeit 50% (25,010,1) r iommna kamus

PACTBOPSIOT B 25 CM® CBEKEHPOKHIISYCHHOH IHCTHIUIHPOBAHHON BOABI M MOMEIIAIOT B CKISHKY W3
TEMHOTO CTeKa. PacTBop cienyeT mpuMeHsTh CBEKEIPUTOTOBICHHBIM.

IIpUroTORIIEHHE PACTBOPOB THOCYIb(aTa Hatpus ¢ Kounentpammein C(Na,S,05*5H,0)=0.05 mons/nv® u
0.01 momp/mm® JIns OpUTOTOBNEHHS — pacTBOpa  THOCYIb(AaTa HATPUA C  KOHIEHTpAIHei
C(Na,S,05*5H,0)=0.05 mons/mM’) MeTonoM paszbaBlieHHs B MepHYIO Konby BMmectmocThbio 100 cm®
BHOCAT mmmeTkoir 50 cm® pactBopa THOCYIb(bATa HATPUA C  MOJSPHOH  KOHIGHTpAIueil
C(Na,S;03*5H,0)=0.1 MOJIB/I[M3, JIOJIUBAIOT 10 METKU JUCTHJUIMPOBAHHOM BOJOW M IMEPEMEIIUBAIOT.
JIis TpUTOTOBJIEHUS — pacTBopa THOCyJbhara Harpus ¢ kourenrpamueir C(Na,S;0;*5H,0)=0.01
MOJIB/IM° B MepHyI0 Koy BMecTHMocThio 100 cM® BHocsT mmerkoit 10 cm® pactBopa THOCYmb(aTa
HaTpHUs ¢ MOJIIpHO# KoHieHntparuei 0,1 MOJIB/Z[MS, JIOJIMBAIOT 10 METKU JHUCTUIIMPOBAHHOW BOJON U
MepeMEINBALOT.

[IpUroTOBIEHHE PACTBOPA THAPOKCHIA KA ¢ MOJspHoi konientparmeii C(KOH)=0,5 moun/am° (28,0

‘_|'O,1) T THIPOKCHUIA KAIHS PACTBOPSIIOT B BOJE U IOBOAAT 00bEM PACTBOPA TUCTHILTUPOBAHHON BOJIOM 10

1000 e,

IIposedenue sxcnepumenma
l-ags cepus ombiToB. B KadecTBe KaTamm3aTopa OMOKCHIMPOBAaHUS OKTEHa-1 HCMOIB3yeTCs
NPUTOTOBJIEHHBIA B JIAOOPAaTOPHBIX YCIOBHSIX PAaCTBOPEHHBIH MOJMOIEH B 3TaHONE M YKPEIUIEHHOM
OKCH/IaTe.

[IpenBaputensHO B TepMOCTaT 3arpy3WTh BOAY. B peakTop NpUTOTOBIIEHUS KOMIUIEKCHOTO
MOJMOACHOBOTO KaTajau3aTropa 3arpy3uTh 96%-Hblii pacTBOp 3TaHOJa B KoJnuecTBe paBHOM 11,8 mi u
YKpPEIUICHHBIN OKCHIAT (THAPOINEpeKUCh 3TUI0eH305a) B KouimuecTBe paBHOM 10,7 mi. 3aTeM 3arpy3uth
MIpEeIBApUTEIHFHO B3BEIICHHBIM Ha aHATUTHISCKHX Becax MonnoaeH B konmdecTBe 0,08 rp. Temmeparypa
IpU PUTOTOBJIEHMH KOMIUIEKCHOTO MOJMOIEHOBOrO KaTauiu3aTopa IOJepXKuBaeTcs pasHoil 56 °C B
TedyeHue 2 4acoB. B xoje ombiTa oTOMpaeTcs miecTh Mpod AJsl ONPEACICHUs! CONEPKaHNUs OCTATOUHOTO
MOJTHO/IeHA C TTOMOIIBI0 METOMUKHU «OmpeneeHrs] PaCTBOPEHHOTO U 00IIero MOJIUOIeHa B TIPOIYKTaX
MIPOM3BO/ICTBA CTHUPOJIA», @ TAKXKE CONEp)KaHUE THAPOIEPEKHUCH C MOMOIIBI0 METONUKH «OmpeneneHus
KOHLICHTPAllMM TEPOKCUAHBIX COCAMHEHHI». YCTaHOBKa CHHTE3a KOMIUIEKCHOTO MOJHOAEHOBOTO
KaTaju3aTopa MpeaCcTaBIeHa Ha PHCYHKE 5.
2-asi_cepuisl OUBITOB. MeTo/IWKa IMPOBEPKH YKPEIUICHHBIX 00pa3loB THIAPOIEPEKHCH JTHIOEH307a |
AKTUBHOCTH KaTallM3aTopa B PEaKIMU SMTOKCHINPOBAHUS OKTeHa-1,

[onmy4enHusiii 0O6pa3zen; KOMIIEKCHOTO MOJIHOAECHOBOrO KaTalu3aTopa U PacTBOPa YKPEIJICHHOTO
OKCcHJAaTa HEOOXOIUMO TMPOBEPUTh B PEAKIUM SMOKCHUIWPOBAaHUS OKTEHa-1 THAPONEPOKCHIOM




STUNOEH3011a, COJIEPKAIIUMCS B YKpEIUICHHOM oKkcuyaate. OMbBIT MPOBOJUTCS B TEPMOCTATUPOBAHHOM
peakxtope, o6bemoM 30 mi, 00OpyZOBaHHOM OOPAaTHBIM XOJOIMIBHUKOM, TEPMOMETPOM, MarHUTHOU
Memankoii m mpoGooTbopHuKOM. TemmepaTypa B peakTope MOjIepxkuBaeTcs pasHoit 96,5 °C ¢
TOYHOCTHIO T 0,50C C TIOMOIITHIO0 TEPMOCTATA.

B kadecTBe SMOKCHIUPYIOIIETO areHTa HWCIOIB30BAIU  YKPEIUICHHBIM OKCUAAT STHIOCH30J1a
nmoJydeHHbId Tpu pasroHke 10%-Horo okcumata. B xome ombiTa oTOMpaeTcs ImecTh mnpod s
OTIpeNeIICHUST CONCP)KAHUA OCTATOYHOM THAPOTIEPEKUCH C TIOMOIIBI0 METOAWKH «OTpeaeneHus
KOHIICHTpAIlMK TIEPOKCHIHBIX coenuHeHWi». [lo OKOHYaHWM oOmbBITa PEaKIHMOHHYI0  Maccy
MPOAHAM3UPOBATh HA COJEPIKAHUE SMOKCUTPYHIBI C MOMOIIBI0 METOAUKU «OIpeaeeHus MacCOBOM
JIOJIM OKCHJIa HOHEHA B DIIOKCHIATEY.
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Pucynok YcTaHoBka cuHTE3a KOMIUIEKCHOTO MOJIMOAEHOBOTO KaTaJln3aTopa

roe 1 - PpeaKTop; 2- MarHMTHBIH pasMeIIuBaTellb, 3 - 06paTHLI]7] XOJIOAUJIBHUK 4 — MarHuTHas MEIIaJaKa, 5 - TEpMOCTAT, | - BOJa OXJIaXJaromas, - BOJa

obopotHas; |1 — Boga ropsyas; |V — Boaa ropsiyast 060poTHas.

Mertoauka «BpINoIHEHNs M3MEPEHUH PACTBOPEHHOTO M 0OIIEro MoarO/IeHa B IPOIYKTax IPOU3BOJICTBA»
K HaBecke B KONOE NPWIMBAIOT IHIMHAPOM 10 cM® pacTBOpa THAPOKCHAA HATPHS C MOJAPHOIM
xonnentparueit C(NaOH)=1 mons/am°, Konby 3aKpbIBAIOT BOPOHKOM, CTAaBAT HA JICKTPOILTHTKY,
HArpeBaroT J0 KUNeHUs U KUTATAT B Teuenrne 10 muH. CoaepkuMoe KOJObI OXJIaKJAI0T TPH KOMHATHOU
Temneparype B TeyeHue 10 MuH.

K conepxuMoMy KOJIOBI MPUIIMBAIOT HHJIUHAPOM 25 cM® COISHO KHUCIOTHI ¢ MOJISIPHOM KOHUEHTpauueu
C(HCI=2 mons/mm® u 5 cM® pacTBopa rumpasus cyibdara ¢ Maccosoii goneii 1%. Konby ¢ pacTBopom
MOMEIAOT B BOAAHYIO OaHIO ¢ Temmeparypoil Bomsl (70-80°C) u marpesator B TeueHue 10 MuH.
JomyckaeTcst ciiaboe KHIIGHHWE pacTBOpa B Koj0Oe, 3aKphITOH BOPOHKOWM, Ha 3JICKTPOIUIMTKE. 3aTeM
PACTBOp OXJIAXAIOT TP KOMHATHOI TemiepaType B Tederne 10 MuH, 106aBisioT mummHapom 20 cm®
pacTBOpa CepHOll KMCIOTHI ¢ MoyspHoii kornentpamueit C(1/2 H;SO,)=16 moms/M°, cHOBa 0XJ1aX1ar0T
JI0 KOMHATHOW TeMIeparypsl, JOOABISIOT TPU-TIATH Kalelb PacTBOpa (EHUIaHTPAHUIOBOW KUCIOTHI U
THTPYIOT PaCTBOPOM METABAHAATA AMMOHHS C MOJIAPHO# KoHIeHTpamuei 0,01 Moms/aM°, 0 HOSBICH S
PO30BOI MIIM CUPEHEBOM OKPACKU, yCTOMYMBOM B TeueHUE | MUH.
B aHanoruyHeIX ycinoBUsX, 0€3 MpoObl, MPOBOJIST XOIOCTOH OMBIT HA PEAKTHUBBI.
Meroavika «BbIlIONIHEHNS] W3MEPEHU KOHLIEHTPAIUU IEPOKCHU/IHBIX COCIMHEHUI

B [OArOTOBIEHHYI0 KOHHYECKYIO KOOy BMecTUMOCThIO 250 cm®, BHOCAT mpmuHapoM 10 cM® ykcycHoi
KHCJIOTBI, 3aKPBIBAIOT KOJIOY MPOOKOH, B3BEIIMBAIOT C 3aIMCHIO PE3YJIbTATOB B3BEIIMBAHMS B IPaMMax 10
BTOPOTO JIECATHYHOTO 3HaKa, MPIJIMBAIOT NHIETKON aHaTU3upyeMylo Mpo0y, B 3aBUCHMOCTH OT
MpeanoJaraéMol KOHIIEHTPAallMd MEPOKCUIHBIX coeAnHEeHWH B mepecuere Ha [TIOB, u cHoBa
B3BeLIMBAIOT. [10 pa3HOCTH pe3ysIbTaTOB IBYX B3BEIIMBAHUN HAXOSAT Maccy HaBECKH IIPOOEI.
K comepxuvomy Kkonbbl goGasimsior 1,5 cm® pactBopa Hommma Kamust ¢ MaccoBoii goneit 50%, kouaGy
3aKpBIBAIOT MPOOKOH, CMOYEHHOW POCTBOPOM HOAM/A KW, IEPEMEIINBAIOT U BBIACPKUBAIOT B TEMHOTE
B Teuenre 30 MuH. [10 HCTEUEHHH YKa3aHHOTO BpeMeHH IpuiuBaroT 100 cM® AHCTHIUIHPOBAHHOI BOJIBL,
0OMbIBas MPOOKY KOOk, H0OBBIIOT 1,0 cM® Kpaxmana ¥ He3aMeUINTEIbHO TUTYIOT BbLICIUBIIMHCS
#ox pacTBOpoM THOCYNIb(aTa HATPHUS C MOJSIpHON KoHIeHTparmeit 0,1 MOJIB/IM°, B 3aBHCHMOCTH OT
KOHILIEHTpALMK EPOKCUAHBIX coeauHeHui B nepecyere Ha [ TIOB, no obecupeunBanus pactopa.

Metoauka «BeINoTHEHN N3MEPEHUIA MAaCCOBOM JI0JIM OKCHJIAa HOHEHA B SMOKCHUJIATEN
B KOHHYECKYIO KOJIOY C IIPUTEPTOi MPOOKOi BMeCTHMOCTBIO 250 cM® BHOCAT mumeTkoit 10 cm® pacTBopa
COJITHOM KHCJIOTHI B HACHIIIEHHOM DPACTBOpPE XJIOpHIA HATPUS WM Marfus, J00aBJSIOT C TOMOIIBIO
munerku (5,0-2,5) cM® aHanmsupyemoil mpo6kl, HEMMHApoM 50 cM® 3TaHONA, KONOY 3aKpPHIBAKOT
MIPUTEPTOI MTPOOKOH U MEepEeMENTUBAIOT Ha BCTpsAXHUBarese B TeueHne 30 MUH. 3aTeM COIEeP)KIMOE KOJIOBI
KOIMYECTBEHHO MEPEHOCAT B WUHCTYIO EIMTEIbHYIO BOPOHKY BMECTHMOCTBIO 250 cM®, IBaIbI
ononackueas kon6y 10 cM® AHCTHIIMPOBAHHON BOJBI M CIIMBAs IPOMBIBHBIC BOJIBI B Ty € BOPOHKY,
nputuBaroT 20 cM® TeKcaHa, M 3aKPhIB BOPOHKY IPOOKOM, BCTPAXUBAIOT COAEPKUMOE B TCUCHHE 2 MHUH.
ITocne paccrmoeHHs CMeCH HIDKHUU BOIHBIM CIIOH CIMBAIOT B Ty K€ KOHHYECKYIO KOJIOY, B KOTOPOW
MPOBOJMIACH peakius. B BOPOHKY ¢ rekcaHoM mHpuamBaioT 10 oM’ [IHCTHIMPBOAHHON BOJIBI,




B30anThIBalOT 9-10 pa3 M CAMBAIOT NPOMBIBHYIO BOLYy B Ty ke Koy0Oy. K comepkuMomy KOJIOBI
puOaBIIOT (5-6) Kamnenb CMEeMaHHOT0 MHAWKATOpA WM METHIIOBOTO OPaH)XEBOTO M TUTPYIOT M30BITOK
COJISTHOM KHCJIOTBI paCTBOPOM T'HIIPOKCHIA Kanus ¢ MojsipHol koHueHtpanueit C(KOH)=0,5 Motb/am° 110
nepexosa OKpacKdh pacTBopa OT (HOJIETOBO-KPAcHOW B 3€JCHYI0, MPH THUTPOBAHHH 10 CMEIIAHHOMY
WHIUKATOPY, HITH OT KPACHOU B XKENTYIO, TPH TUPOBAHHUH 110 METHIIOBOMY OPaHKEBOMY.
[TapamnensHO MTPOBOAAT KOHTPOJBHBINA OMBIT C TEMH K€ peaKTHBaMH, HO 0e3 aHaIM3upyeMoil mpoObl, B
MIOJTHOM COOTBETCTBUH € paO0YNUM OIBITOM.
Obpabomka 3KCnepuMeHmanbHblxX OAHHbIX

B nmamHOM pa3mene mabopaTopHOl pabOTHl CTYACHTY HEOOXOAWMO TI0 TIOJXYYCHHBIM
9KCHEPUMEHTAIFHBIM JTaHHBIM TPOM3BECTH pPAacyéThl MAacCOBOM JOJM PACTBOPEHHOIO M 0OMIEro
monmmoaeHa (Xy,%), MaccoBOW JOJMM TMEPOKCUAHBIX coenuHeHwit (Xr, %), MaccOBOW JOJIM OKCHIA
HOHEHA B TIepecUeTe Ha AMOKCUAHYI0 rpynmy (Xo, %), MOCTpOUTH TrpadK 3aBUCHMOCTH MacCOBOM TOJIH
pPacTBOPEHHOr0 W 00LIero MOJNMOAECHA OT BPEMEHH, MAcCOBOW JOJHM TMEPOKCHUIHBIX COEIUHEHUH OT
BpPEMEHH, MacCOBOH JTOJIM STIOKCUIHOM TPYIIIBI OT BPEMEHH.
1. Paccuutarte MaccoByro mOMIO pacTBOpeHHOro u obmero moiubaeHa (X,%) mo ciemyromei
dbopmyme:
V,)*C =K =96 =100

m #1000

roe Vp, VX — 00beMBI pacTBOpa ME€TaBaHaJaTa aMMOHH, TTOLICAIINE HA TUTPOBAHUE B paGO‘ICM M XOJIOCTOM OIIbITax, COOTBETCTBEHHO, CM3;

V. —
xM=[?’

C — MoJsipHasl KOHIIEHTPALUs PaCTBOPAa METaBAHA1aTa AMMOHUSI, MOJIb/IM3;
K — nonpaBounslit K03 HULHEHT K KOHIEHTpALUK pacTBOpa MeTaBaHaaTa aMMonus; (K=1)
96 — MoJsIpHast Macca SKBHUBAJIEHTa MOJIHO/IeHA, I/MOJIb;

m — Macca npoObl, B3sTas Ha aHAIU3, TP.

2. [loctpouts TpadmKk 3aBUCHMOCTH BPEMEHH OT MacCOBOH JIOJHM PAacTBOPEHHOTO W OOIIero MOIHOAeHa
(Xm,%).
3. PaccunTtaTh MacCOBYIO JIOJIO IEPOKCUAHBIX coequHeHuit (Xr, %) no cienyromieii popmysie:
- (V, =V, )= C =K = 2% 100
: m = 1000

rae Vp, VX — 00beMbl pacTBOpa THOCYNIb(aTa HATPHsl, MOLIEAIINE HAa THTPOBAHUE B Pa004YeM U KOHTPOJIBHOM OMbITaX, COOTBETCTBEHHO, CM3;

C — MossipHast KOHIIEHTPAIMs PacTBOPa THOCYJIb(aTa HATPHs, MOJIb/IM3;

K — nonpaBouHslii KO3QPHIHEHT K KOHIIEHTPALMK pacTBopa THoCY Ibhara Hatpus; (K=1)

O — 5KBHMBAJIEHTHAs! Macca MEPOKCHAHOrO COeANHEHHM, (69-111s rUApONepoKCHIa STHI0EH3071a, 8 — Ul aKTHBHOTO KHUCJIOPOA), IP/MOJIb.

m — macca npo0bl, B3iTasi Ha aHanus, rp. Ilpu orGope npoObl Ha aHanu3 Mo o6beMy, Macca mpolsl paBHa Vip*p, rae Vip — o6bem npobbl, cM3 U p — IIIOTHOCTH

aHanu3upyemoii mpo6sr mpu 200C, rp/cM3.

4. TToctpouTh rpadvik 3aBUCHMOCTH BPEMEHH OT MAacCOBOM JI0JIU MEPOKCUIHBIX coenuaeHui (Xr, %).
5. PaccuuraTh MaccoBYIO JOJII0O OKCHJa HOHEHAa B MepecueTe Ha SNoKcuaHywoo rpymmy (Xo, %) mo
crnenyrolei dpopmyie:

_(v,—-V)=Cc*K=3+100
- V% p = 1000

rne Vp, VX — 00beMBI pacTBOpa rUAPOKCHUIA KaJIu, MOLICAIINE Ha TATPOBAHUE B paGOqCM 1 KOHTPOJIBHOM OIIbITaX, COOTBETCTBEHHO, CM3;

Xo

C — MoJIsipHasl KOHIEHTPALMs PACTBOPA I'MIAPOKCUJIA KaJlHsl, MOJIb/IM3;

K — nmonpaBouHblit K0Od3)HUIMEHT K KOHIEHTPALMK PacTBOpa ruapokcuaa kamus; (K=1)
3 —MoJIsIpHast Macca SKBUBAJICHTA STOKCHIHOM IPYMIIbI, paBHas 43 rp/Moib.

V — 06beM npo6bl, B3THIH Ha aHAJIU3, CM3;

p — mwiotHOCTH P06 mipu 20 0C, rp/cm3.

6. Iloctpouth rpaduk 3aBUCHMOCTH BPEMEHHM OT MAacCOBOW JOJNM OKCHIAa HOHEHAa B TIepecueTe Ha
snokcuaHy0 rpymiy (Xo, %).
Cmamucmuueckas obpabomka pe3yibmamos IKCnepumeHma
B nmanHOM paszzmene 1a0OpaTOpHOH pabOTBI CTYISHTY HEOOXOJMMO IO IOJYYCHHBIM
IKCIIEPUMEHTAIBHBIM JIAHHBIM TIPOM3BECTH CTATHYECKYIO 00pabOTKY Pe3ysIbTaTOB SKCIIEPUMEHTA.

N _
1. Paccunrarh cpeaHeaprdMeTHUECKOe 3HAUCHHUE PE3yJbTATOB IKCIIEPUMEHTa: X = —‘T;—l, e - et

OKCIICPUMECHTOB.

2. PaccunTarh OTKIOHEHHE OT CPEAHETO 3HaueHus: (X; - X)

3. Paccuuratp KBaapaT OTKIIOHCHUS OT CPECAHETO 3HAUCHUS . (Xi - E)z



4. PaccyuTaTh CyMMy KBAIpaTOB OTKIOHEHHS OT CPEIHET0 3HAYCHUS: 2 X; — X )

5. PaccumTaTh CTaHIApPTHOE OTKJIOHCHHE CIWHUYHOIO pe3ylibTaTa OT CpeaHeapru(MeTHIeCKOro
3HAYEHUS:

b v

[&(x; — x)

S;= |
\ n{n—1)

y . X=Xt S;%t,,
6. PaccunraTh JOBEPUTEILHEIN HHTEPBAI OMPEAEIAEMON BEMUMHEL: B

roe 'FJ.-?‘! - KOB(])(])I/IHI/I@HT CTI)IOE[CHTB.. Ero 3Hauenue HaxoIAT U3 Ta6J'II/IL[LI, 3adaBasiCh HOBCPHT@HLHOﬁ BEPOATHOCTBIO P.

Buvigoosi. B manHOM pazgene nmabopaTopHOW pabOTHI CTYACHTY HEOOXOAMMO TMEPEYUCIUTH OCHOBHEIE
UTOTH NpojieNIaHHoN paboThl. [Toka3aTk U MOSICHUTB, YTO MPOUCXOIMT C KOHIIEHTPAIHEH THIPOTICPEKUCH
STWJIOCH30JIa M KOHIICHTpalMell OKHCH, TeM CaMbIM II0Ka3aTh, YTO MPOUCXOJIUT C aKTUBHOCTHIO
MOJYYEHHOTO B TA0OPATOPHBIX YCIOBUSAX KOMILICKCHOTO MOJTMOICHOBOTO KaTaln3aTopa.

JladopaTtopHasi pa6ora Ne 4
HHTHUEUPOBAHHE PAJJUKAJIBHOH 1 MOHHOM PEAKITHH
HA ITPUMEPE [HOJIMMEPU3ALIUN CTUPOJIA
Lenu pabomul:
1. U3YYUTH KHHETHKY PaIMKaIbHOW U MOHHON MOJIMMEPHU3AIH CTUPOIIA;
2. M3Y4UTh BIUSHHUE PA3IMYHBIX aMUHHBIX HHTHOUTOPOB Ha MPOLIECC MOJIMMEPU3ALNU CTUPOJIA;
3. OOBSICHUTH OCHOBHBIE OCOOCHHOCTH PATUKATHHON ¥ MOHHOHN peaKInil TOMMEPH3aIliH CTUPOIIA.
Kpamxas meopus

Crupon sBiseTcs OJHUM U3 BaXHEWIINX BCIIOMOTaTElIbHBIX MOHOMEPOB, IPUMEHSIEMBIX B IMpPO-
MBIIJICHHOCTH CHHTETHYECKOro Kayuyka. OH BXOOUT B COCTaB OyTaJWEH-CTHPOJIBHBIX KaydyyKOB M
TEpPMORJIACTOIIIACTOB, a TAK)KE€ HAXOAWUT LIMPOKOE MPUMEHEHUE B MPOMBIIUIEHHOCTH IUIacCTMacc U psje
JIpyrux objactel MpoMbIIUIEHHOCTH. [IpOor3BOACTBO MONKMCTHPOIa METOJIOM TEPMUYECKON MOIUMepH3a-
uu opranm3oBano W Ha OAO «HmxkuekamckHedTexuM». HeoOX0AMMO OTMETHTH, YTO B HACTOSIIIUI
MOMEHT CTHPOJ M METOABI €ro MOJUMEPH3alUU H3ydeHbl HaubOosiee IMOJHO M CIyXKaT OCHOBOM s
MOJIEJTMPOBAHMS PAJIa APYTUX MPOLECCOB, BHIBEACHUS KHHETHUECKUX 3aKOHOMEPHOCTEH U MPOEKTHPOBa-
HUSl PEAKTOPOB. DTO CBS3aHO C MPOCTOTOM MpPOBEIEHHS IONMMEPU3ALHOHHBIX IIPOLECCOB C €ro
y4acTHeM, CPaBHUTENIBHO HU3KHM YJENbHBIM TEIUIOBBIM 3()()EeKTOM MOIMMEpHU3aluH U JOCTYITHOCTHIO
MOHOMEDA.

PanukanbHas monrMepusanys BCeraa MPOTEKaeT Mo HEeMHOMY MexaHu3My. DyHKIUN aKTUBHBIX
MPOMEXYTOUYHBIX MPOAYKTOB MPU PAJUKAILHONW MOJMMEPHU3ALUK BBIIOIHAIOT CBOOOIHBIE paaukaibl. K
YHUCIIy PACIPOCTPAHEHHBIX MOHOMEPOB, BCTYIAIOUIMX B PaJUKaIbHYIO MOJIUMEPHU3AINIO, OTHOCATCS:
STWJIEH, BUHWIXJAOPUJ, BHUHWIALIETAT, BHHWINWACHXIOPHI, TETPAQTOPITHICH, aKpWUJIOHHTPHI,
METAKpWJIOHUTPWI, METHJIAKpWIaT, METWIMETAKpWIaT, CTUpOJ, OyTalueH, XJIOpPOIpeH U [p.
PagukanbHas nonmuMepu3anusi OOBIYHO BKIIIOYAET HECKOJIBKO XHMHMYECKMX CTaJui: MHULUHPOBAHHE,
poCT 11en#, OOpBIB IETIH U Tiepefady nend. HempeMeHHBIMU CTaqusIMU SBISIIOTCS] HHUIIMUPOBAHUE M POCT
LEMH.

Huuyuuposanue paouxanvHoli noaumepu3ayuyu COCTOMT B CO3JaHUU B PEAKIMOHHOW CHUCTEMeE
CBOOOJHBIX PaJMKaIOB, CIIOCOOHBIX HAaYaTh peakIoHHBIE mernu. Hanbosee pacmpocTpaHeHHBI METON
OCHOBaH Ha OCYIIECTBIIEHHH B Cpelie MOHOMEpPA TEPMHUUECKOTO TOMOJIMTHYECKOTO Pacrajga HECTOMKUX
BEIIECTB - HHUIIMATOPOB. B kKadecTBe MHUIMATOPOB IIMPOKO HMCIOJB3YIOT Pa3IMYHbIE TUIBI IEPEKHUCEH:
ANKUIIIIEPEKUCH (TIEPEKUCh TPEeT-0yThia), THAPONEPEKUCH (THAPOTIEPEKUCh KyMoia), nepadupsr (Tper-
OyTunmepOeH3oaT), anuwinepekucH (mepexucsk oensonna) u ap. llepekrcn npu HarpeBaHUH paclajaloTCs
CIIEAYIOIINM 00pa3oM (Ha IpuMepe MepeKuct OeH30MIIa):

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

WannmaTopsl paJivKkanbHOW MOTMMEPH3aMU OOBIYHO HE OTIIMYAIOTCS] CETICKTHBHBIM JICHCTBHEM
MO OTHONIICHWS K pa3HbIM MOHOMEpaM, I03TOMY BBIOOp WHHIIMATOpPA dYallle BCEro OOYCIIOBIMBAETCS
TEMIIepaTypol, MpH KOTOPOW B KaKIOM KOHKPETHOM CIy4ae MOXKET OBITh JOCTHTHYTa XellacMas
CKOpPOCTh TE€HEPUPOBAaHUS CBOOOMHBIX pamukanoB. Tak, AUBH mpumenstor mpu 50—70°C, mepekuch
Oemzomma mpu  80—95°C, a mepekuch Ttper-Oytmma mpum  120—1400C. DHeprus aKTHBAITUH
MHHULMUPOBAHUSI OOBIYHO ONM3Ka K SHEPTHM CBSI3M, pa3pbIBAIOLICHCS NPH paclaje WHULUATOPOB, U
kosebnercs B mpepenax 105—175 x/x/monb. Paamkan, oOpasyiommuiicss mpu pacmaie MOJEKYIbI
MHHULIMATOPA, IPUCOCIUHSETCS K JBOMHON CBSI3M MOHOMEPA U HAUMHACT PEaKLIMOHHYIO 1IETIb!

R*e + CH2 = CHX — R —CH, —-C*HX



INonumepu3anuuio Ipu BBICOKHX TEMIIEpaTypax MOXHO BBbI3BAaTh U 0€3 BBEICHHS B CUCTEMY
CHEeLUAIBHBIX WHULOMATOPOB. B 3TOM ciiydae oOpa3oBaHHE DPagUKalOB IPOHCXOAMT, KaK IPAaBUIIO,
BCJICJICTBHE PA3JIOKEHUsI HEOONBIINX KOIUYECTB MEPEKHCHBIX MPHMECEH, KOTOpPBIE YacTo 00pa3yloTcs
NpU B3aMMOACMCTBUM MOHOMEpa C KHUCJIOPOAOM BO31yXa, MM JAPYTUX CIy4YalHBIX MpHUMeEceH.
B03MOXHOCTh TEPMHUYECKOIO CaMOMHMLIMMPOBAHUS IOKa3aHa TOJBKO JUIS OrPaHMYEHHOTO Kpyra
MOHOMEPOB (CTHPOJIa ¥ HEKOTOPBIX €0 MPOU3BOAHBIX, METHIMETAKPHIIATA U Psiia Jp.).

WNonnolt nonumMepu3saueil Ha3pIBaeTCs MPOLECC CUHTE3a MOJUMEPOB, MPU KOTOPOM aKTHUBHBIMHU
LEHTPaMH, BO30YKIAOLIMMHI LIEIHYI0 PEAKINIO, ABLIIOTCA HOHBL. MOHHAsA monmMmepu3anus NpoTeKaeT B
IPUCYTCTBUHU KaTaau3aTopos. KaTamusaTopsl HOHHOH MOJMMEPHU3aMK MOXKHO Pa3/esInTh HA TPH Kilacca:
1. coeaunenwus - noHOPHI MpoToHOB: KUcHoTh bpencrenaa (HF, HCl u ap.) u ocobenno kucnotsl Jlpronca
(A1C13 + HCL BF3 +HF u T,H),

2. COGAMHEHHUS - JOHOPHI SJIEKTPOHOB;
3. xkatanuzatopsl Lurnepa - Harra.

KaranuzaTopsl mepBoil rpynmbl Okas3pBaroTcd Hed()(EKTUBHBIMH AJIS1 MHOTHX COEIMHEHUH C
3JIEKTPOHOAKLENITOPHBIMHU 3aMECTUTEISIMA Y ABOMHON CBSI3U (CTUPOJI, O-BUHWINUPPOIMIOH), HO OHHU
OYCHb AKTHBHBI [0 OTHOLICHUIO K TAKUM BELIECTBaM, KaK BHHMUJIOBBIE COCIMHEHUS C CONPSIKCHHBIMU
cBs3siMu -C=0 u -C=N. Karanmzatopsl BTOpOW TpyMIbl CIIOCOOCTBYIOT MOJMMEPH3ALWU BUHHUIOBBIX
COCIMHEHUM C MOBBINICHHOW 3JIEKTPOHHOW IUIOTHOCTBIO Yy ABOMHOM cBsizu. Katanuzatopel Llurmepa -
HatTa 00pa3yroT ¢ MoNeKyioif MOHOMepa KOOPAMHANMOHHEIN KoMIuTteke. [loaToMy crHTE3 monuMepoB B
MPUCYTCTBUHU ITHUX KaTaJIM3aTOPOB HAa3bIBAETCSI HOHHO-KOOPAWHAIIMOHHON MOJTMMepr3anuei.

B 3aBucuMmocTH OT 3apsma oOpa3yrollerocss HOHa pa3inyaroT KAaTHOHHYIO M aHHOHHYIO
MOJMMEPHU3ALIUIO.

Karnonnas, wmu kapOoHHeBas, MOJMMEpH3alnsl MPOTeKaeT ¢ 0Opa3oBaHHEM HOHa KapOOHHS -
IMOJIAPHOr0 COCAMHCHUA C TPEXBAJICHTHBIM aTOMOM YIUJICpOdad, HECYIIUM MOJI0KUTEIbHBIN 3apsan.
Karanmzaropamu ciykaT BemecTBa, akTUBHBIE B peaknusax Opunens - Kpadrca. Katamuzarop siBisercs
AKLENTOPOM, a MOJTMMEPU3YIOIIHUIICSI MOHOMED - TOHOPOM BJICKTPOHOB:

H, CH,
H* + CH2=|C — CHT(F U T. I

CH, CH,
AHHMOHHas, WM KapOaHHMOHHASA, MOJMMEpH3alusl NPOTEeKaeT ¢ o0pa3oBaHMEM KapOaHHOHA -
COEJIMHEHHS] C TPEXBAJEHTHBIM aTOMOM YIJIepoJia, HECYIIUM OTpHUIATEeNbHBINA 3apal. AHHOHHAs

NoJImMepuUu3anus MMpoTeKacT B IPUCYTCTBUU JOHOPOB 3JICKTPOHOB - KaTAJIM3aTOPOB BTOPOI'O KJIacCa:
H

|
+ CH2=C|:H 5 CH3-(|:~

CN CN
Honnast mnonuMepu3anusi ycKOpsieTcsi B TPUCYTCTBHMHM cokaranu3aTopoB. Ilpu katnoHHON
MOJIMMEPU3ALINN  COKATANN3aTOpPaMU CIIy>KaT THUAPOKCHIICOJIEpKAIllNe COEAMHEHUs (BOAa, CIHHUPTHI,
KHCJIOTBI); COKaTAIN3aTOPaMH ITOJIMMEPU3ALMY B IPUCYTCTBUH aJKWIMETAIUIOB (KaTanu3aTopoB Llurnepa
- Harra) aBnsitoTcs Xnopuasl MeTaJIOB IepeMeHHOH BajieHTHOCTH, HanpuMep TiCls. CkopocTh HOHHOM
MOJIMMEPU3ALINN OYEHb BEJTHKA.
DKcnepumenmanvHas 4acmo
Peaxmueuvi: 5TUI0EH3017, CTHPOII, WHTUOUTOPBI (MOHOOKCHITPOIIMIIMPOBAHHBII aMUH,
JIMOKCHITPOTTMITUPOBaHHbINA aMuH, HoBaHTOKC, 6pPd, MOTHOKCHITPOTTMIUPOBAHHBINA aMHUH).
Ilpubopwi: xonbObBI KOHUIECKHE, BMecTUMOCTRIO 100, 50 CM3; UJIUHAPE MEPHBIC, BMECTUMOCTRIO 50 em;
IUMETKH TPaIyHpOBAHHbIE, BMECTUMOCTBIO 1, 2, 5 1 10 cM>; Bechl 1aG0opaTOpHbIe CHELHATLHOIO KIacca
TOYHOCTH C HauOOJbIIMM TpenenoM BipemmBaHus 200 T, CEeKyHIOMEp; TEPMOMETP CTEKJISTHHBIH
nabopatopHeii ¢ auamasorom msmeperns ot 0 °C o 250 °C, mema mememms 1 °C, mmmatomerp,
TEpPMOCTAaT, IITaTHB.
IIposedenue sxcnepumenma
Ilo 3amanuro mpemnojasarels B3BECUTh HEOOXOIUMYK) Maccy MHTMOMTOpa Ha aHAIUTHYECKUX
Becax. [IpuroToBuThH pacTBOp: 27 M CTUPOa, 3 M 3TIiOenH30ia, 0,0243 rp AUMETHIOCH3HUIT TTEPOKCHAA
(C1gH2,0;), momyuyeHHBIH pPacTBOP XOPOIIO MepeMmenarb, N00aBUTh HaBecKy uHruoumropa. Harperhb
Tepmoctar 10 125-126°C, 3am0NHNTE TUIATOMETp IPUTOTOBICHHBIM PACTBOPOM, JUIATOMETP OMECTHT
B HarpeThlii TEPMOCTAT.
CxeMa yCcTaHOBKM MOJMMEPH3AaLUU CTHPOJIA MPEACTaBIeHa Ha PUCYHKE 8, KOTOpas COCTOHT U3
TepMocTaTa 1, TepmomeTpa 2, mtaTuBa C Jankoil 3,4 u 3aKpemIeHHOro AUIaToMeTpa 5.



[Monumepu3aiisi BAHUIOBBIX MOHOMEPOB 10 C=C CBSI3U COMPOBOXKIACTCS yMEHBIIICHHEM 00beMa
(nmopsimka 20% ot o6pema MoHoMepa mpu 100% KoHBepcHM) peakIMOHHON CMeCH, 9TO OOYCIIOBJIEHO
PasHOCTBIO B IUIOTHOCTSIX MOHOMEpa W TonuMmepa. [1oaToMy, cieas 3a ycaakoil MoNMMepu3yromeics
CHCTEMBI B PEAKIMOHHOM COCy/e (IUIaTOMETpe) B XOJC PCaKIMH, MOXKHO OIPEACTUTh CKOPOCTh
PEaKITHH.

Obpabomka s3KCnepuMeHmanbHbix OAHHbIX.

B nganHoM pasmene J1abopaTOpHOW pabOTBl  CTYACHTY HEOOXOAUMO TI0 TMOJYyYCHHBIM
9KCIIEPUMEHTAIBHBIM TAHHBIM MOCTpouTh rpaduk 3aBucumoctd h=h() u mno yriay HakitoHa
COOTBETCTBYIOIICH mpsiMoii HaxoasaT 3Hauenue dh/dt, KOTOpoe MO3BONISAET pacCUUTaTh CKOPOCTh PEAKIIMU
10 YPaBHEHHIO:

10%=m=r®  dh
V= * — (Moaw/1*¢)
L’hl_‘TMh?‘I dﬁ
rae M — MonekynspHas Macca MOHOMepa, V — HavalubHbI 00beM PeaKLHOHHOI Macchl B MII TIPH TeMIepatype T, I' — paJuyc JUIaTtoMerpa B cM, 0M — mapamerp,
CBSI3aHHBIN C KOHLCHTPALKEH MOHOMEpA IIPH MOJINMEPH3aliK U PaBHBINA Pa3HOCTH OOPATHBIX BEJIMYUH IUIOTHOCTEH MOHOMEpa U IonuMepa, T.e. M = 1/ pM —1/ pII .

IIpu 700 C mnsa Ct pM=0.860 r/em3, ns I1C pl1=1.046 r/cM3.

- TepmocTat

o
E
E

- AMnATOMeTp

Pucynok Cxema yCcTaHOBKH NOJTUMEPHU3ALIMU CTUPOIA

Cmamucmuueckas 06pabomra pe3yibmamog IKCnepumMenma
B nmanHOM paszzgene J1abopaTOpHOM pabOTHl  CTYIACHTY HEOOXOAMMO 1O IOJYYCHHBIM
9KCIIEPUMEHTAIBHBIM JJAHHBIM [IPOU3BECTH CTATHYECKYIO 00PabOTKY pe3ysIbTaTOB YKCIIEPUMEHTA.
TR .
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1. Paccuutath cpemHeapuMeTHIECKOE 3HAYCHHE PEe3yNIbTATOB IKCIEpUMEHTa: U = “T, tie N - wmeno

9KCIIEPUMEHTOB.

2. PaccunTaTh OTKJIOHEHHE OT CpeHero 3HayeHus: (v; -1 )
3. PaccumTarh KBAJPaT OTKJIOHEHHS OT CPEHEr0 3HAUeHHs: (V) - U)°

4. Paccuurath CYMMY KBaJIpATOB OTKJIOHCHUS OT CPEAHCTO 3HAUCHUS: Z
5. Paccuurarb CTaHAAPTHOC OTKJIOHCHUC CAMHHUYHOTO pE3yjibTaTa OT Cpe,I[HeapI/I(i)MeTI/ILIQCKOFO
SHAYCHU:
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6. PaccunTath 10BepHTENBHBII HHTEPBAI ONpeIeNnseMoil Bemmauns: V=1 + 5. T ¥ fp.]:

e run - ko3 punment CroiozienTa. Ero 3HaueHne HaXo1sT U3 TabNHIbI 2, 3a/1aBasiCh OBEPUTEIILHON BEPOSTHOCTHIO P.

Bvi6oovi. B nanHoM paszene nabopaTtopHoil paOOTHI CTyIEHTY HEOOXOJMMO NEPEYUCIIUTH OCHOBHBIC
WTOTH MPOJIENaHHON paboTHI.

Kpumepuu oyenxu nabopamopmvix pabom @ cemecmpe

Kpumepuii ouyenxu bann
(3a évinoinenue 00HOI 1ad6OpamopHoil padomat) ou/ou-
3aou/3aou

JlaGopatopHast paboTa OTIMYACTCS MMOCIEAOBATEIFHOCTHIO, MPABIIHBHOCTHIO MOTYYECHHBIX
pe3yNbTaToB, BHIBOOB. [Ipy OTBeTE Ha BOMPOCHI CTYAEHT JEMOHCTPUPYET XOPOIIYIO 15/15/25
CTENEHb BIIAJICHUS TPEJICTABICHHBIM MatepranoM. OTBeThl (QOpPMYIHPYIOTCS apryMeH-
THPOBaHHO. OTCYTCTBHE ONMMMOOYHBIX OTBETOB.




Ha6opaTopHa$[ pa60Ta OTIIMYACTCA NOCJICAOBATCIIBHOCTHIO, IMPAaBUJIBHOCTBIO TOJTYYCHHBIX
PE3YIbTAaTOB, BHIBOJOB. HpI/I OTBETC HAa BONPOCHI CTYACHT AAa€T JOCTATOYHO TIOJTHBIN OTBCT,
C HapyHICHUEM IMOCICAOBATCILHOCTH HU3JIOKCHU. Ectr Hebomnbloi IIPOLICHT OIIMOOYHBIX
OTBCTOB.

12,5/12,5/20

JlaGopaTtopHast paboTa BBITIONHEHA C TPYyOBIMH OIMMOKaMH, TONYyYeHHBIE pPEe3yJIbTaThl
3HAYUTENBHO OTJIMYAIOTCS OT WCTUHHBIX. Y CTyJEeHTa OTCYTCTBYET HYETKHH OTBET Ha 10/10/15
MOCTaBJICHHBIE BOIIPOCHI.

JlaboparopHas paboTa He BBITIOIHEHA. 0

KomiuiekT 1a60opaTopHbIx pador
o nucuuruivee 51.B.J1B.03.01 Kartanus 1 kataiau3aTtopsl B HedTexuMuu 1 HedrerepepadoTke
(Haumeﬂoeaﬁue OUCYUNTUHBL)
CemecTp: 6 (ouHas, 3a0uHas Ha 0a3e BO), 7 (ouHo-3204Has1), 8 (3aouHasn)

JlaGopaTopHas padora Ne 5
M3YUYEHUE CBOMCTB KATAJIN3ATOPOB
C IOMOIIBIO JIMOPEPEHIIMAJTIBHO CKAHUPYIOIIEN KAJIOPUMETPUN
Lenu pabompi:
1. HUcnoms3zys JCK Linseis momyduTh  3aBHCHMOCTH  TEIUIOBOTO  IOTOKA  OT  TEMIEpaTyphI.
2. Ilo KamopuMeTpru4ecKol KpUBOH ONpENeNINTh TEMIIEpaTypy IPEBPAICHNS KBAapIl U TEMIIEPATypy MPEeBPaIICHHS
KBapil.
3. OnpenenuTh SHTANBIHNIO MPOTEKAIOIINX IIPOIECCOB.

TeopemulteCKaﬂ yacmos

CoryacHO COBPEMEHHBIM HayYHBIM IIPEJCTaBICHHUS, B JIIOOOM Telle HE MOXKET OBITh 3allaceHa M M3MepeHa
HE3aBHUCHMO JPYT OT ApYTa TEIUIOBas, INEKTPUUECKast 1 KHHETHIECKast SHEPTHst. DTH BUJIBI SHEPTHH B3aNMOCBSI3aHbI
¥ MOTYT NIEPEXOUTh APYT OT IpyTa.

@dopma sHepruy, M3BECTHas KaK TEIUIOTA, CBA3aHBI TOJBKO C OOMEHOM JHEPIHMH MEXAy IBYMS HIU
HECKOJIbKUMHM CHUCTeMaMH. TerioTa acCoMUPYeTCs C TEIUIOBBIM IIOTOKOM, YTO MOJUYEPKUBAET €€ KOJIMYECTBCHHYIO
npupoxy. Takum obpa3oM, mennoma — 3TO KOJINYECTBO SHEPTHH, KOTOpOe OOMEHHBAEeTCAd B TEUCHHE ITAHHOTO
BPEMEHHOT'0 MHTEpBaja B pOpMe TEIIOBOTO MOTOKa. [y M3MEpEeHHs TETJIOTH, BBIACIIEMOI MK TOTJIoNaeMoi B
Pa3NUYHBIX MpoIeccax, HCIOIB3YIOTCS HPUOOPHI, Ha3bIBaGMbIE KAJOPHUMETPAMH, a «KAJOPUMETPUH» O3HAuaeT
HN3MEpPEHHUE TETUIOTHI.

Huddepenunanbuas ckanupyromas kaitopumerpusi (JJCK) Bxoaut B rpymn ¢usnueckux u ¢usnko-
XUMHYECKHX METOAOB TepMuueckoro aHanusa (TA) u gBisgeTcs oAHUM U3 TpeX MeTooB TA, ¢ MOMOIIBI0 KOTOPBIX
OTIPEEIAIOTCS SHEPTeTHIECKNE (IHTAIBIMHHBIE) N3MEHEHUSI B HCCIIClyeMOM BeIleCTBE. DTH METObl OCHOBAHBI Ha
MU3MEPEHUH TEeMIIepaTypHl, CaMOIIPOU3BOJIbHBIX I KOMITCHCUPYIOIITHX TETIOBBIX MIOTOKOB.
JCK ocHoBaH Ha HarpeBaHMM (OXJaXICHHWH) oOpaslia M 3TAJOHA C 3aJaHHOM CKOPOCTBIO MPU COXPAHCHHH HX
TEeMIIEpaTyp W M3MEPEHHH KOMIICHCHUPYIOIIETO TEIIOBOTO IOTOKA, IMOJIEPKHUBAIOIIETO TEMIepaTypy obpasuma B
mpefenax 3aJaHHOW TporpaMMbl. OkcrmepuMeHTanbHble KpuBble JCK mpencraBnsgior coboil 3aBUCHMOCTH
terioBoro notoka (B MJDk/c) winu ynensHOM TermoemkoctH Cp ([x/r'K) oT TemmepaTypbl WM BpEMEHH.
Bce JICK umeroT aBe M3MEpUTENbHBIC SYEWKH: OJHA MpeIHa3HadeHa IJis UCCIeqyeMoro obpasua, B IPYTryno —
SYEHKY CpaBHEHHS, IOMEINAIOT JIHOO ITyCTOM THTelb, THOO0 TUTeNb ¢ 00pa3IoM CpaBHEHUS — ITAJIOHOM (MHEPTHBIM
B 33/IaHHOM [HMAana3oOHE YCJIOBHII BEIIECTBOM, IO TEIUIOGU3NYECKUM CBOICTBaM OJM3KHM K 00pasiry). Sueiku
KOHCTPYUPYIOT MAaKCUMAaJIbHO CHMMETPUYHO (OIMHAKOBBIE THIJIH, OJMHAKOBBIE CEHCOPHI, OAMHAKOBOE PACCTOSHHE
OT HarpeBaTens 10 ceHcopa M T.A.). OOpasenm M STaJlOH HArpeBalOT MHIAMBHUIyaJbHbIE HCTOYHHKAMHU TeIUIa, a
TeMIIepaTypy U3MEpSIOT BBEJICHHbIE B HUX UyBCTBUTENIbHbIE JATUUKH.

Wzmepsiemoii siBistercst pasHuna 1=T,—1,, Mexay Temmneparypamu obpasua (T,s) u atamona (T,,) B
(yHKIIMM BpEeMEHM HarpeBaHWs WM Temieparypsl. Bemmumna T mponopuuoHaibHa W3MEHEHHIO SHTanbnuu H,
termoeMkocTd C 1 0011eMy TepMHUYECKOMY COIPOTHBIIEHHIO TEIUIOBOMY IMOTOKY R=Ry+R .

Xon xpuBbix JICK, M3MepeHHbIX NPH OTCYTCTBUU KAaKHX-THOO IPOIECCOB, CBSI3aHHBIX C IMOTJIOMIEHUEM U
BBIJICJICHMEM Teria (Tak Has3blBaeMble 0a30Bble JMHWHM) B OOLIEM cCilydae OTIMYAeTcs OT MNpPSIMOW JIMHUH,
napanensHoi ocu abcmmec. [Iprunaa aHoManeHOTO OTKIIOHEeHUS KprBoi JICK B Hagane m3MepeHns 3aKIII09aeTCs B
HEBO3MOXXHOCTH B Hadajie M3MEPEHHUS cpa3y 00eCIednTh NOCTOSHHYIO CKOPOCTh HarpeBa M3MEPHUTEIbHON SUCHKH.
Haxmon kpuBoii JICK Bo3HHMKaeT W3-3a HEpABEHCTBA MACC W TEINIOEMKOCTEH 00pasia W 3TajoHa, BCIEACTBUE YETro
Pa3HOCTh TEIUIOBBIX IMOTOKOB, H3MEPsAEMbIX AU(QepeHINATbHON TEPMONAapoi He paBHA HYJIO JaK€ B OTCYTCTBHE
(ha30BBIX MIPEBpALICHUI U TMHEHHO U3MEHAETCS C TEMITEPATYPOH.

OueBHIHO, 4YTO OIMCAHHBIE BBIIEC apTe(akThl HE II03BOJSIIOT IMPOBOJWTH H3MEPEHHSI C BBICOKOW
TOYHOCTBIO, OJJHAKO Y COBPEMEHHOI'0 000pY/I0BaHMs €CTh BOBMOXKHOCTh KOPPEKTHPOBATh 3TH d(P()EKTH U BBIYECTH
UX U3 IKCIEPUMEHTAIbHON KpUBOH. [l 3TOr0 nepe OCHOBHBIM U3MEPEHUEM CHUMAIOTCS TaK Ha3bIBA€MbIE KPUBBIE
koppekiuH (kanubposku) - JICK kpuBble, Ipu H3MEPEHNU KOTOPBIX B JiepXkKartenie o0pasiia HaXoJuTCsl IM0O ImycToi




THTEIIb, JTHOO MOJIOKKa 0e3 oOpasma. 1t Toro, 4ToObI y4ecTh KOPPEKIIUIO MPH OCHOBHOM M3MEPEHUH, C TIOMOIIIBIO
MPOTPaMMHOT0 OOECICUCHUST aHaNNU3aTopa Npu obcueTe 0a30BBIX KPUBBIX NMPOM3BOANUTCS KOPPEKIHUS C ITOMOIIBIO
KaJIMOPOBOYHBIX JAHHBIX.

[Tpn Hanw4mu B MccnexyeMoM o0pasiie KaKuX-TH00 MPOLECCOB, WIN IEPEX0I0B MEPBOTO POAA, CBI3aHHBIX
C TIOTJIOIICHUEM WM BBIIEICHHEM TeIula (TIaBICHUE, CTPYKTYPHBIH (ha30BBIH Iepexoj, MCHApeHHe W Op.), Ha
kpuBblXx JICK mposiBisitoTcss XapakTepHbIE NMHKA W aHOMAIHHM, HCCIIENOBAHHE KOTOPBIX HAaeT HH(MOPMAIMIO O
mporeccax IMpoTeKalIux B oOpasue. Pasnmuyaror sk3orepMuueckue (BBbACIEHHE TeIUla) W DHIOTEPMUYECKHUE
(nornomenne tera) aHomanuu JACK. Anomanueii HazpiBaeTcs 11000€ OTKIOHEHHE OT MOHOTOHHOTO M3MEHEHUS
3aBUCHMOCTH CHUTHana oT BpeMmeHH. JIrobast anomanus (muk) JICK HonHOCThIO MOXKET OBITh ONHUCaHa CIIeTyIOUIMMHU
napaMeTpamu:

1. TemmepaTypamMu Havana THKa, KOTOpas XapakTepu3yeT Hayajo Iporecca, W okoH4daHus nuka (77 u 75,
OTIPEIEIIAIOTCS KaK TOUKH IIepeceueHH s KacaTeJIbHbIX OCHOBHOM (0a3oBoi) muHun JICK u rured nuka).
2. Temmeparypoit MakcuMyMma (MHHAMYMA) KA ( 73), KOTOpas XapakTepu3yeT OKOHUaHHe MpoIiecca.
3. Ilmomanpio THKa, KOTOpas OIpeneNsieT SHTaiublHio (YHOETbHYI TemioTy) mpomecca (J = Q/M, tme Q -
KOJIMYECTBO MOTJIONIEHHOT0/BBIICICHHOTO TeIIa, M - Macca HccelyeMoro BeniecTsa). Ilnomanp mika — miomans,
OrpaHHUYCHHAs HKCIICPUMEHTAIBHOW KPUBOW 1 0a30BOI THHUEH.
4. BocIpon3BOANMOCTBIO THMKa IPH OXJIXICHHM M IOCIENyIomeM HarpeBe. Hanwdame BOCIPOM3BOIMMOCTH
CBHJIETENBCTBYET 00 oOparumocTu (ha3zoBoro mepexona. Ecnm Tepmudeckas aHOMailus HE BOCTIPOM3BOIUTCS NP
MOBTOPHOM HarpeBe o0pasiia, 3TO MpU3HaK HeoOpaTUMOro (a3oBOro Mepexoa.

Ipakxmuueckas uacmo

K HCCIICAOBAaHUAM JOITYCKAIOTCA TBEPABIC U KUAKUEC BCIIECCTBA, HECAJOBUTLIC (1/13-3a TPYAHOCTU OTBOAA
MPOJYKTOB HCIAPEHHs1) ¥ HE arpecCHBHbIE K MaTephady THIJIS MM IOJUIOKKU. Macca mccieayeMoro marepuana
BBIOMpAeTCs B COOTBETCTBUM C 3ajnaueii. Uem Oosblie macca oOpaslia, TeM MHTEHCHBHEE CHTHAN, (PUKCHPYEMBIH
puOOPOM, TEM BBIIIE OTHOIICHNE CUTHAJ/IIYM W MEHBIIE ITOTPEIIHOCTh, BHOCHMAs BHEITHUMH (DAaKTOPaMH, OIHAKO
CJIeyeT yYUTHIBATh, YTO YeM OOJIbIIE KOJMYECTBO HCCIIEYEMOIO BEIECTBA, TEM BBIINIE B €r0 0OBEME IPalUCHT
TEeMIIepaTyp, TeM OoJiee pa3MBITHl HAOIIOJacMble TEPMUUECKHE AaHOMAJIUH, W TEM MEHbBIIE TOYHOCTh U3MEPEHUS
MOTEPH BeCa, TEMIIEPATYPhI U TEIUIOTHI.

ITpn m3mMepeHnn HEOOXOAWMBI Ba THUIJIS, B OJUH W3 TUTJIEH OyAeT MOMEIIEeH HCCIeayeMblii oOpaserl,
JIpyroit turens (mycroi) OyJOeT HCIONB30BAThCSA KakK 3TAIOH. MaTepuai THIJIS OIpEAeIseTcs MaKCHUMaJIbHOM
TEeMIlepaTypoll HarpeBa o0Opaslia M HCCIEAYEMbIM BELIECTBOM, KOTOPOE HE JOJDKHO PearupoBarh C THUIJIEM.
HaunGosiee 4acTo MCIONB3yEMBIMH MAaTepHallaMU TUILNIEH sBistoTcs amomuaui (1o 600°C), somoto (mo 900°C),
mnatura (10 1000°C) u kopynn (10 1600 °C u BImIE).

Turmm 1 u3MepeHnit UCTIONB3YIOTCS MO0 OTKPBITHIE, JTUOO 3aKPBIThIE KPBIIIKOW, MPU 3TOM B KPBIIIKE
MPOJIENBIBAIOT HEOOJBIIOE OTBEPCTHE /IS BHIBOJA NMPOAYKTOB HMCHapeHus. Takoe OTBepCTHE TakKe MOMOraeT
n30exaTh )Ie(i)OpMaIlI/II/I 1 pa3pbiBa TUTJIA B PE3YJIHTATEC MOBBIMICHUA BHYTPEHHETO NaBJICHUSA HACBIIICHHBIX ITApOB B
npolecce Harpesa.

Ilepen wn3mepennem oOpasen; HEOOXOIUMO B3BECHTh. UTOOBI 00eCHEYHTh BBICOKYIO JOCTOBEPHOCTD
M3MEPEHUI TOYHOCTh HAYaJbHOTO ONpENesIeHHsl Beca AoJbkHA ObiTh He MeHee 100 mkr. Yacto oOpasen noimkeH
OBITH MOATOTOBJIEH K N3MEPEHUSIM, OCHOBHBIE KPUTEPHH - CIIEAYET 00ECIIeYNTh MaKCUMaJIbHO BO3MOKHYIO 00J1acTh
KOHTaKTa MEXJy MCCIeAYEeMbIM 00pa3loM U JHOM THIJIS (4eM Ooible 00acTh KOHTAKTa, TEM CHJIbHEE U TOYHEE
CUTHaJ, (UKCHPYEMBI aHalU3aTopoM) M OOECIeYnTh Kak MOXHO Oojiee paBHOMEpPHOE paclpeeieHue
UCCIeyeMOro MaTepuaa Mo TUIIIIO WIH TTOJJIOKKE.

W3mMepeHne paHee HE WCCIEHAOBABIINXCS HEM3BECTHBIX MAaTEPHAJOB; KUAKOCTEH; MaTepHajioB ¢ OypHBIM
HUCITAPpCHUEM HJIN PA3JIOKCHHUEM MTPOBOAUTCA UCKITIOUUTEIBHO B 3aKPBITHIX KpBIIHKOﬁ 1 3a1pe€CCOBAHHBIX TUTJIAX, BO
n30exxaHne HeoOpaTUMOTo 3arpsA3HEHHS U3MEPUTENFHON stueiiku. Bo n3bexaHue 3arps3HeHus THTIIEH U 00pasIos,
YTO 3a4aCTyI0 MPUBOAMT K JOMOJHUTEILHON MTapa3suTHON MOTEpe Beca, He CIeAyeT OpaTh MX pyKaMu 0e3 3aIllIUTHBIX
nepyaTok, JUOO CcieayeT MOJb30BaThCsl NMUHIETOM. He crenyeT craBUTh THUITIM Ha TPS3HbIE ITOBEPXHOCTH.
Hwxe nepedncnensl obmue TpedoBaHust K 00pasiiaM, UCTIONIb3yeMbIM [Uist n3Mepenuid metonom JICK.

1. OOpazen; He JNODKEH B3aUMOJAEHCTBOBAaTH C MaTEpPHAIOM HM3MEPUTEIBbHOW SUYEHKH M 3alIUTHBIM Ta30M, €CiH
JTaHHOE B3aMMOJICHCTBHE HE SIBJISIETCS MIPEAMETOM U3yUYEeHUSI.

2. HeoOxoanmo mpenoTBpaTHTh Hepexoj; obpas3ua B ra3oByio (a3y, eciii ero CyOiJuMalys WM HCTapeHHe He
ABJSIIOTCSL TIpeAMETOM u3ydeHus. C 3TOHW IIeIbI0 DKCIIEPUMEHTHI, KaK MPaBWJIO, IMPOBOAIAT B TI'epPMETHYHO
3aBAJIBIIOBAHHBIX sUeiikax. B Tex ciydasx, korma oOpasell HarpeBaroT 10 TemrepaTyp, npesbimarmux 100 — 150C,
B KpBIIIKE JETAl0T HEOOJBIIOE OTBEPCTHE UYTOOBI M30ekaTh AedopManMM SYEHKH B pe3yibTaTe IOBBIIMICHUS
BHYTPEHHETO [IaBJICHHUS.

3. Heobxomumo 00€CHEYHTh XOPOIIMH TEIJIOBOM KOHTAKT MEXIy 0O0pasioM W CeHCOpoM. s 3TOro HYKHO
nogo0paTh SYEHKY ¢ MIOCKUM Hele(OPMUPOBAHHBIM JHOM U INIOTHO Pa3MECTUTh MPOOy Ha AHE sueiiku. TBepaple
MONMKPHUCTAIUIMYECKHUE TIPETapaThl JKEJIAaTeJbHO CIIPECCOBATh MM MepeTepeTh (TPeaBapUTENbHO HEOOX0IUMO
yOeuThCs, 9TO MEXaHUYECKOE BO3/ICHCTBIE HE IPUBOAMT K MIPOTEKAHMIO B 00pasle (GU3HMYECKUX MIIM XUMHUYECKHX
npoueccoB). M3 CIUIONIHBIX MaTepualioB THMNA IUICHOK M Pe3MH OOBIYHO BBIPE3AIOT TOHKHH 00Opasel HY>XHOTO
JrameTpa.



4. Macca oOpa3siia moa0upaeTcsi B COOTBETCTBHE C MOCTaBIeHHON 3amadeil. CiaenyeT yduThIBaTh, 4TO YE€M TOJIIE
cioi MpoObl B siUeiike, TeM BBINIE HEXKENATEIbHBIN TpaJueHT TemrepaTyp B ee oObeme. B3BemmBarh oOpazers
HeoOxoauMo ¢ TouHocThIo He MeHee 0,1 mr (£0,0001 T).

5. Heobxommmo oOecneyuTh pempe3eHTaTUBHOCTh TpoOBl. JKuakme oOpasmel Iepel TOMEIIeHHEM B
W3MEPUTENFHYI0 SYEeWKy CclemyeT TIaTeIbHO IepeMenmBarth. HeOomnpmme KkommdecTBa TPOOBI  TBEPIBIX
MOJMKPUCTAJUINIECKUX MIPETIapaToB OepyT U3 Pa3HBIX YaCTEH, ITOCIIE YeT0 TaKXKe TIIATEIHHO ITePEMEIINBAIOT.
Kanubposxa: JCK wu3MmepsieT 3HaueHHWE pPAa3HOCTH, TEMIIEPATyp MEXIy O0pa3loM-3TaJOHOM M HCCIEoyeMbIM
obpasuom. EnuHnnsl wu3MepeHuss oTkinka B oOmem cmydae [MkB/r]. Ilpu Hammuum kaiubpoeku no
YyeCmMeUmMenbHOCMY MOXHO TepeBecTH [MKB/r] B eanHHMIBI M3MepeHUs! TerloThl M noxyuutb otknuk JICK B
[[k/r], uTO KpaiiHE BaXKHO IpH H3MEPEHHMH OJHTANBIMHU. B Xone u3MepeHWil HEO0OXOIUMO MHOMHHTh, YTO
muddepeHunansHas TepMoriapa He HAaXOAWTCS B HEMOCPEJCTBEHHOM KOHTAKTe C 00pas3loM, BCJIEICTBHUE 3TOTO
TeMIlepaTypbl 00pasiia ¥ TepMomnapbl HECKOJIBKO OTJIHYAroTCs. [yl yCTpaHeHHUs! 3TOM MOTPEIIHOCTH MCIOIb3YeTCs
METO KanubposKu no memnepamype.
Jus mpoBeneHMs KamHOPOBKH IpuOOpa HCHOIB3yeTcss Habop 0o0pasloB (CTaHAAPTOB) C TOYHO W3BECTHBIMH
TeMIepaTypaMi W TemioTaMHu (a3oBBIX mpeBpammieHuil. s stux obpasmoB m3mepstorcs kpussle JCK, u
MOJIY9YCHHBIC B TIPOIIECCe M3MEPEHHUI TEMITEPaTyphl U TEIDIOTH aHOMAITMH 3aIHCHIBAIOTCS B TaK HAa3bIBacMbIe (aiiipl
KaJHOPOBKHU, TAEC OHH IMPHUBOAATCS B COOTBETCTBHE CO CTAHAAPTHBIMU 3HAUYCHUSMH U CTPOHTCS KaIHOPOBOYHAS
KpuBas. KamnOpoBKy MPOBOIAT B TEX XK€ YCIOBHAX M C TEM JK€ MaTepHaJiOM THUTJICH, YTO NMPH M U3MEpPCHHUH
obpasia.

Jnsi kanuOpoBKM HEOOXOAMMO HCHOJB30BaTh HE MeEHee Tpex o0pa3uoB - craHaaptoB. CyllecTBYIOT oOmime
Tpe6OBaHI/I§I K CTaHAapTaM, UCIIOJIb3yEMbIM I KaHI/I6pOBKI/I:

1. Beicokas crenenb unctothl (He meHee 99.999%).

2. JIOCTOBEPHO M3BECTHBIC XapaKTEPUCTHKH (Da30BBIX MEPEXO0B (TEIUIOTA, TEMIICPATYpPa).

3. lHepTHOCTP MO OTHOIICHHIO K MAaTePHAy THIJIA.

4. XuMHyecKasi CTOMKOCTb, YCTOMUUBOCTD 110 OTHOILIEHUIO K BHELIITHUM BO3/IE€UCTBUSM.

5. Hu3koe maBieHHE HACHIIIICHHOTO MIapa IPU TEMIIEpaType H3MEPCHUSI.

[lepen BeIOTHEHNUEM JTAOOPATOPHOI PaOOTHI JODKHA OBITH IPOBEIEHA MPOOOIIOITOTOBKA U CHATHI KaTHOPOBOYHEIC
W3MEpPeHUs U1 MCIONB3yeMbIX THTIIeH. Clemysl MomaroBoi WHCTPYKIMU MPOU3BECTH HKCIHEPUMEHT ¢ 00pas3loM
kBap1a. [loxy4eHHBIe pe3yIbTaTHI eIeco00pa3HoO MPEICTaBUTh B BHJE B TAOIHIIBI

Tabmuma

Temneparypa Temneparypa Temneparypa OHTANBINS, Omnucanne

Ne /i
Havana Toneet, C KOHIA Tofeet, C skcTpeMyMa T max/mins C KJx/T npoiecca
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NCCIEJOBAHUE KATAJIM3ATOPOB I'MTAPOOUYNCTKHU HEDTSHbBIX d)PAKL[I/Iﬁ

[Ipomecc KaTaMMTUYECKOTO KpPEKWHTa TpPEAHA3HAYCH JJII TIOMYyYEHHUS BBICOKOOKTAHOBBIX
KOMITOHEeHTOB OeH3uHa. KpekuHr ocymectsisercs mnpu 450-500°C B mpHCYTCTBHM alFOMOCHIMKATHBIX
KaTallm3aTOpPOB M SIBIISIETCS MPOIECCOM KAdeCTBEHHOTO HM3MEHEHHWs Chipbs. Hapsamy ¢ OeH3mHOM mpu
KpPEKUHTEe 00pa3yIoTCs Jpyrue MPOAYKTHI - Ta3000pa3HbIe, KUAKHE U TBepIble (KOKC). B kadecTBe CHIpbs
OOBIYHO MPUMEHSIOTCS TSDKENbIC ITUCTH/UIATHI aTMOC(EPHOH M BaKyyMHOW IMEPEroHOK He()TH, a TaKKe
HedTh, Ma3yT H Ap.

OCHOBHBIE TIPOJTYKThI KATAIUTHYECKOTO KPEKHUHTA - KHUPHBIN Ta3, HeCTaOWITbHBIN OSH3WH, JISTKUH U
TSDKCNBIM KaTaTUTHYISCKUE Ta30MIIH.
JKupHBIiA Ta3 - Ta3, TOMyYaeMbIi Ha YCTAHOBKAX KaTAIMTHIECKOTO KpeKuHTa. OH COCTOUT B OCHOBHOM M3
yraeBoopoaoB C3-C4 u collepKUT 3HAYUTEIBHOE KOJMUYECTBO N300yTaHa. DTO MOBKIMIACT [IEHHOCTh Ta3a
KaK ChIpbs JUIs JajibHEHINEH epepadOTKH.
HectabunbHbiit OemsuH. [Ipy KaTamuTHYeCKOM KpPEKMHI€ MOXHO BBIPA0AaThIBATH BBICOKOOKTAHOBBIM
aBTOMOOWJILHBI O€H3WH WM CBIPhE I TIONydYeHHs Oa30BOr0 aBHAIIMOHHOTO OEH3WHA ITyTeM
KaTaJTUTUIeCKOW ouncTkr. Ha momaBisiroieM OOJBIMMHCTBE YCTAHOBOK OOpa3yrOTCS KOMITOHEHTHI aBTO-
MOOWJIEHOTO O€H3WHA. BeH3WH, TMOJYYCHHBIM NMPH KATATMUTHIECKOM KPEKHUHTE TSHKEIIOTO CBIPBS, II0
CPaBHEHHUIO ¢ OEH3WHOM, MOJYYEHHBIM U3 JIETKOTO CHIPhS, XapaKTEPU3YETCs MOBBIIICHHBIM COJIEPKAHUEM
HEIpeeIbHBIX YITIEBOAOPOIOB U MOHMKCHHBIM COICPKAaHUEM apOMaTUUYECKUX.
Jlerkuit razoinp - mguctmiar ¢ H.K.175-200°C m k.k.320-350°C Jlerkue KaralMTHYECKHE Ta30MIN
OOBIYHO HCITOJIB3YIOTCS B KAUECTBE KOMIIOHEHTOB JAM3eIbHOIO TOIUIHMBA. KX neraHoBoe uucio 25-40.
Tsbkedblil Ta30Mab - OCTATOYHBIM MPOAYKT KATATUTUYECKOTO KPEKHHTa. TSKENbIA ra3oiib HCHOJB3YIOT
TU00 TIpW TPUTOTOBJIICHHHM TOTOYHBIX Ma3yTOB, JHOO KaK CHIPbE I TEPMHUYECKOTO KpPEKWHTa |
KOKCOBaHMS WJIM JIJIsl IPOU3BOJICTBA CaKH.

Karanutuyeckuil KpeKHHI Ha4dall Pa3BUBAThCS C MPUMEHEHUEM aTFOMOCHIMKATHBIX aMOP(HBIX




katanu3aropoB. Celyac B IPOMBIIUIEHHOH MPaKkTHUKE IIMPOKOE PACHpPOCTPaHEHHE IOIY4HIN
CHUHTETUUYECKHE IICOJUTHI - COJIM AJIFOMOKPEMHMEBBIX KHCJIOT. B OOJBIIMHCTBE CiIydaeB LEOJINTHI, HC-
MOJb3yeMble KaK KaTaj3aTopbl, MOTU(PHUIMPYET MeTaUlaMH, OKHCIAaMH METauioB (B TOM 4YHCIIE
PEOKO3EMENbHBIX), a TaKKe APYIMMH BEIIECTBAMH. YTO 3HAYUTEIBHO YCHWIMBACT WX KaTaJUTHYECKHE
CBOMCTBA.

OOBIYHO LIEOMUTCOAEPIKAILME KaTaJu3aTOPbl KPEKUHIA TOTOBAT JUCIIEPTHPOBAHUEM IIEOJINTA B
AITFOMOCHJIMKATHON aMop(HO# MaTpuiie B kKoyu-decTBe 3-18%.

Meonutel TEPMOCTOMKM M YCTOMYMBBI NPOTHUB JEWUCTBUSA CEPHUCTBIX, A30TUCTBIX M JPYrUX
COEAMHEHHUH, SBIAIONIMXCA siaMM A APYTHX KaTaau3aropoB. KpoHe Toro, Ha meonuTax IpH paBHBIX
YCIOBUSIX 00pa3yeTcs KOKca MEHBIIIE, YeM Ha aMOP(HBIX aIFOMOCHIIMKATHBIX KaTalu3aropax..

Coipbe npotiecca. OCHOBHBIM CBHIPbEM MPOMBIIUICHHBIX YCTAHOBOK KAaTAIUTHUECKOTO KPEKHUHTa
ABISIFOTCA aTMOC(EpHble W BaKyyMHBbIE AMCTHIUIATHI NEPBUYHOM INEperoHKH Heitu. Yaie Bcero 31o
(dpakuuy, BeIkMNaromue npu temmeparypax ot 350 mo 550 0C u BhIlIe, a TakkKe ChIPhE BTOPUYHOTO -
MPOUCXOXKACHUS, TIOTyYaeMOe Ha yCTAHOBKAaX TEPMUUECKOTO KPEKUHTa U KOKCOBAaHUSI.

Ocnosnvie paxmopwl npoyecca

Temneparypa. Ilon TemmepaTypoil mpouecca KpeKHMHra MOHHUMAKOT —CPEOHIOK TEMIIEPATypy B
paboueii 30He peakTopa. B 3aBOJCKOM MpakTHKe ; KATaJUTHUECKUH KPEKWHI MPOBOAST B HWHTEpBAlC
temnepatyp 450-495 C. C yBenuueHuem temnepaTypbl 10 500°C mpu MOCTOSHHBIX 3HAYEHUSIX APYTHX
MapaMeTpoB KPEKUHT COIPOBOXKIIAETCS OONBIIMM Ta3000pa3oBaHneM M KOkcooOpazoBaHueM. [Ipu Goree
HU3KOW TeMIepaType B OAMHAKOBBIX YC-TIOBHAX PE3KO CHIKAETCS TTyOMHA Pa3jioKEHHS CHIPhS H BBIXOI
HENeBbIX [MPoayKToB. ONTUMAIBFHON TeMIepaTypoil mpoiecca MpOBOAUMOrO € IENbD» MaKCHMAILHOTO
otOopa 6eH3MHOBBIX (pakunii, sBisercs 450-405 CJlaBnenre Ha coBpeMeHHBIX YCTAHOBKAX C IUPKYIIAIHEH
Karajau3aTopa ChIpbe MepepadaThIBalOT MpH yMepeHHbIX aaBneHusx: 0,15-0,25 Mlla. B peaktopax c
IUPKYJALIUEH MBUIEBUIHOTO WM MHKPOCHEPHUYECKOTO KaTallM3aTopa MPOLECChl BEAyT I0J JaBICHHEM
0,18-0.25 MIIa. C pocToM naBIEHHUS HWCIAPEHHE CHIPhS 3aTPYAHSAETCS, YTO BBHI3BIBAET HEOOXOIUMOCTH
(ocobeHHO TIpH TIepepadOTKe THKENBIX AUCTHIUIATOB) BBOAWTH BMECTE C CHIPREM B PACTBOP IMOBBIIICHHOES
KOJIMYECTBO MEPErpeToro napa.

O06beMHast ckopocTb. OTHOIIEHHE YHciIa 00BEMHBIX €IMHHUIL JKUJIKOTO ChIPbhS, TT0JIaBAEMOTO 32 Yac B
peaktop npu 15-20 C k 00beMy KaTanu3aTopa B 30HE PEaKLMU KPEKUHra Ha3bIBaeTCsl 00bEMHONM CKOPOCTDHY:

= O
Yo® Vs, 0 '
rae VO - oGbemHast ckopocTb. M3/(M3 1); VC - 06beM sxuakoro coipbs. M3/4; VK - 06bem kaTanusaropa, m3.

Bpemsi mpeObiBaHHs YIIIEBOJOPOMHON 3arpy3kd B pabodueil 30HE peakTopa yMEHbBIIaeTcs O
TIOBEIIIIEHHEM 00BbeMHON ckopocTr. HaoOopoT, ¢ moHmKeHHeM OObEeMHOH CKOPOCTH BpeMsI KOHTAKTa
VIJIEBOMOPOJAHBIX TMMAPOB C KAaTAIM3aTOPOM VBEIMYMBACTCSA, YTO TMPHUBOIUT K Oosee TIryOOKOMY
npeBpamnieHuio. Jlerkue BUABI CHIpbsl TiepepadaTbiBaeT OOBIYHO MPU HU3KUX OOBEMHBIX CKOPOCTSX, a
TSDKETIbIE - IPH 00Jiee BBICOKHX.

[Ipy wuCTONB30BaHUM KATAM3aTOPOB HA OCHOBE IICOJUTOB CHIphE IepepadaThiBaeTCs IpU
MIOBBIIICHHBIX 3HAYCHUSIX OObEMHOW ckopocTH. Ha ycTaHOBKax ¢ TIpaHyJIMpOBAaHHBIM KaTalH3aTOPOM
00bEeMHasl CKOPOCTh COCTaBisieT 2,5-4,0 4u-1, ¢ KUTSIIMM CHOeM IMbUIEBUIHOTO MM MUKPOC(EpPUIecKoro
Kartanmsaropa - 10 30 u , a B mudT-peaxropax 80-100 u™

[oBeimenne 0OBEMHON CKOPOCTH MOJAYH ChIPhSI IIO3BOJIWIIO TTOBBICUTH TEMIIEPATYpy KPEKHHIa 10
540-558°C npu ToM ke KOKCOOOpa30BaHUHU.

KparHocTs 1upKynsimu karanuzaropa. [ TyOuHy KpeKHHTa ChIPbS, a TAKXKe COJIepKaHue KOKCa Ha
OTBOAMMOM M3 PEaKTopa KaTajJu3aTope MOXX HO PEryJIHpOBaTh HE TOJBKO HM3MEHEHHEM TEeMIIEPaTypbl
mporiecca, HO U NI3MEHEHHEM KPaTHOCTH IUPKYJIISINH KaTaau3aTopa.

[Ipy MOCTOSIHHBIX KOJIMYECTBE U KAYECTBE BBOJMMOTO B PEAKTOP ChIPhS M HOPMAIILHBIX pabouux
YCIOBUSIX TpoOIecca C POCTOM KPaTHOCTH LMPKYJSALMM KaTajlu3aTropa TIyOMHA NpEeBpalleHUS CBIPbS
YBEJIMYHMBAETCS, & KOHIIEHTPALUsI KOKCa Ha YXOJIIEM U3 PEaKTopa KaTajld3aTope YMEHb IIAaeTCsl, XOTs pu
3TOM OOIIMIA BBIXOJ KOKCa BO3pacTaeT Kak MO abCONOTHOMY BeCy, TaK W B MPOIEHTax Ha coipbe. OT
KPaTHOCTH LUPKYJLIIMK 3aBUCUT CPEAHSS aKTHBHOCTD KaTaju3aTopa B paboueil 30He peakTopa.

3HaueHHsT KPaTHOCTH LHUPKYJSIIMM KaTaliu3aropa Ha YCTAHOBKax C TpaHyJIHpPOBAHHBIM
Karanm3atopoM 2-5:1, ¢ mepieBumHBIM amMopdHBEIM  10:1, 0 TMBUICBHIHBIM IICOIMTCOACPIKALITAM
karanm3aropom 10:1.

AKTHBHOCTb KaTanmzaTopa. KaTajauThueckass akTHBHOCTh KaTajM3aTOpa OLIGHHBAETCS BBIXOJOM
OeH3WHa B pacyeTe Ha ChIphe MPH MPOBEICHUH MPOIIecca B CTAHAAPTHBIX YCIOBHUSX.

VY npupoTHBIX KaTan3aTopoB oHa coctaisieT 20-21% mac., y  aMOpQHBIX CHHTETUYECKHX - 34-




36% Mac., y HEOInTCOePKAIUX MOXKET JOCTUraTh 55% Mac. AKTUBHOCTH KaTaln3aTOPOB 3aBUCHT OT MX
(U3MKO-XUMHUYECKUX CBOWCTB (CTPOCHMS, XUMHUYECKOTO COCTaBa W T.n.), @ A CHUHTETHMYECKUX - U OT
croco0a MpOM3BOICTBA M KAYECTBA CHIPDSL.

B navane paboThl peakTopa KaTaTUTHUYECKOTO KPEKHUHIa HaOIIOAAeTCs 3aMETHOE YMCEHBIICHHE
AKTUBHOCTH KaTajJIM3aTopa, HO B pe3yjbTaTe PEryIApHONH JOOaBKM B IOTOK ABMXKYILETOCS KaTaau3aTopa
HOPLUI CBEXETo KaTajau3aTopa aKTMBHOCTh €r0 YCTAHABIMBAETCS HAa IIOCTOSHHOM YpPOBHE (paBHOBECHAs
aKTHUBHOCTb).

Ipunyunwvl ocyujecmenenus npoOMblUIEHHO20 NPpoyecca

ITpoMBILIIEHHBIN IIPOLIECC OCYIIECTBISIETCSI B CUCTEMAax C LUPKYJIUPYIOLIIMM KaTaau3aTopoM
HECKOJIBKMX THUIIOB:

- VYCTaHOBKH, TJ€ KpPEKHHI' CBIpbSi M pereHepauus OCYIICCTBISIIOTCS B CIUIOLUIHOM, MEJJICHHO
OITyCKAIOIIEMCS CI0€ HIaAPUKOBOTO KaTaau3aTopa.

- YCTaHOBKH, IZIe¢ KPEKHHI CBIpbS M pereHepauus Kartainuzatopa I[TPOMCXOJAT B TCEBIOOKMKEHHOM
(kumsAIeM) clioe MBUIEBUAHOTO I MUKPOC(HEPUUYSCKOTO KaTaau3aTopa.

- YCTaHOBKH C MBUIEBUIHBIM U MUKPOC(HEPUUECKIM KaTalIn3aToOpOM U TN T-PEaKTOPOM.

[Ipr ncmonp30BaHMM LEOTUTCOACPXKAIINX KAaTAIN3aTOPOB NPOLECC B 3HAYMTEIBHON CTENCHU
MPOXOJUT B TPAHCIIOPTHOW JIMHUU PEAKTOpa, YTO MOTPEOOBAIO YMEHBIIEHHSI 00beMa PEaKIIMOHHOM 30HBI
peaKkTopa BIJIOTH A0 OTKA3a KUIISILETo €05 M CO3MaHus TU(T-PEaKTOPOB.

B mpoMmbluieHHYI0 NPakTHKY BHEAPEH KATATUTHUECKHHA KPEKHHI B JABE CTYNEHH. TeXHHKO-
9KOHOMHYECKHUE MTOKA3aTeNN TAKOT0 MPoLiecca CBUIE-TEIbCTBYT O €0 3HAYUTEIEHOM MPEHUMYIIECTBE Mepest
OJTHOPEaKTOPHON CXEeMOii: BbIXoJ] OeH3MHa Bo3pacTaeT Oosee ueM Ha 10%, nmpudyem Gomnee 70% Oenzuna
o0pasyeTcs Ha IIepBOM CTYIIEHH, T.€. B TPAHCTIOPTHOM JIMHUM.

Celpbe 3azacTcsi TpenojaBaTeNieM. YCIOBUS TPOBENEHHS OIbITa (TeMIeparypy, OOBEMHYIO
CKOPOCTh TIOAAYH CBIPbsI) CTYJCHTHI BHIOMPAIOT CAMOCTOSITEIILHO Ha OCHOBE aHAJM3a CHIPHS M COTJIACYIOT
BBIOpaHHBIC 3HAYCHHUS O IIPEIIOAABATENCM.

Ilposedenue onvima

J1o Hauasia orbiTa HEOOXOAUMO:

1 [Ipoananu3upoBaTh B3SITOE CHIPHE - ONMPEACTHUTH €ro TUIOTHOCTh U KOKCYEMOCTb.

2 B3BecuTh ipueMHUK 1 abcopOep 0 abcopOeHTOM.

3. Tlono0path 00BEMHYIO CKOPOCTb.

4. TTpoBeputh He 3a0UTa JTM peaKIMOHHAS TPYOKa ¥ 3achilaTh B Hee BBICYIICHHBIN (M3 YKCHKATOPA)
IIAPUKOBBII KaTaan3artop.

BximounTts HarpeBaTeNbHYIO 11€4b, OTCOSAUHUTD PEAKTOp OT OJIOKA MUTaHMs U JO0BEJIS- TEMIIEpaTypy B
peaktope 10 300-350°C, moacymmTh KaTaau3aTop HpH STOM TemrepaType B TedeHue 15-20 MuH. moka He
NPEKPATUTCS BBIIEICHUE N1apa U3 OTKPBITOrO KOHIIA PEaKIMOHHON TPYOKH.

INocie mpocymiky Karaau3atopa B €MKOCTb 3aJIMBAIOT CHIPhE @ HAYMHAIOT MOBBIIATH TEMIIEPATYPY B
peakrope. Korma temneparypa B peaktope Oyaer Ha 5-10°C Bblie 3aJaHHOM, HAYMHAIOT MOJAYY ChIPhS C
3a/IaHHON CKOPOCThI0. OTOOp MPOOKI ra3a [jis XpoMaTorpaGuIecKoro aHaau3a MPOU3BOANTCS B CIICIUATbHBIN
NpoOOOTOOPHUK B CEPENUHE OIBITA, KOTZIa U3 CUCTEMBI BBITECHUTCS! BeCh BO3MyX. IIpuMepHO B TOXE Bpems
otOupaeTcsi ra3 B Ta30BBI NMKHOMETP JUIsl OMpEEIeHUs] TUIOTHOCTH (Ta3a OTOMpaeTcs Ha BBIXOJE U3
Ta30BbIX YaCOB}.

[lonmy4eHHbI XKUAKUA TPOAYKT 3arpyxaroT B konOy bopua m meperonstor. Bo B3BemeHHbIE
NPUEMHUKN OTOMparoT OSH3MHOBYIO (pakuuio, BeIkumnaromryto B npeaenax 200°C. Jlerkuii ra3oinp -
¢pakmuo 200-330 C -oTOMparOT NpH TOHMKEHHOM JaBJICHWH, OCTaTOK B KOJOE - TSOKEJbId Ka-
TATUTUYECKUH Ta3oinb. ONpeaesisioT Maccy KaKAOro NPOAYKTa M BBIXOJ B pacueTe Ha B3STOE IS
KpekuHra celpse. [Ipu noacuere Beixoaa OeH3MHA K Macce OCH3MHOBON (hpakuuu Haso NpUOaBUTH Maccy
YIIIEBOJIOPOIOB, MOTJIONMIEHHBIX B abcopOepe.

[Nomy4yeHHbIe MPOYKTHI IOIBEPracT aHAIN3Y.

CocraB raza onpeaesnstoT XpoMaTorpaguaecKkuM METOJ0M.

/s OeH3WHA YCTaHABIMBAIOT TUIOTHOCTh, (PPAKIMOHHBIA COCTaB, HOJHOE YHCIO U COJEpXKaHUE Herpe-
JIeTbHBIX YTIICBOJIOPOIOB, COJEPIKaHUE apOMAaTHUECKUX YIJICBOIOPOJIOB, COEp)KaHNe (haKTHUECKUX CMOJ,
oktaHoBoe umcio no ¢opmyne: 0.U.= 60.8 + 0,37x , rae x - % mac. cynppupyeMbIX apoMaTHUECKUX
YIIIEBOOPOJIOB.

Jls merkoro razoitns onpeaessroT mwioTHOCTs ('OCT 3900-47), fioqHoe UrciIo U cofiepykaHue HENpeaeTbHBIX
yraesopopono (I'OCT 2070-55). temmeparypy 3acteBanus (I'OCT 20287-74), conepskanue cepsl (I'OCT
1437-75), anunmunoByro Touky (I'OCT 12329-77) u paccuutbiBatot netaHoBoe uncio: LLU.=A. 1. - 20 , nim
TI0 AU3EJIBHOMY MHIIEKCY:



1,415 j
M= (1,8t + 32) (—g— - 1,315),
Fis
raoe t ~aHUJIMHOBAas TO'{Ka,OCA p1515 ~OTHOCHUTEJIbHAA IUIOTHOCTH l'lpOE[yKTa HO J:[I/IBeJ'ILHOMy I/IHZ[eKCy MOXHO le/IGJ‘H/BI/ITeHLHO Ol'lpeJ:[eIH/ITb LETaHOBOE 4YHUCIIO,

UCHONB3Ys TpaduK.

s TsbKenoro ra3olisi ONpeAensioT IIOTHOCTh, COIEpKaHue Cephbl. 3aTeEM COCTAaBIISIOT OTYET MO Ipojie-
JIAHHOW PaboTe U AENal0T COOTBETCTBYIOIIUE BEIBOBI.

Bapuanumul 3a0anus:

1. BeisiBUTE BIUSIHME OOBEMHOH CKOPOCTH IOAAYM CHIPbA Ha BBIXO[, KadeCTBO IIPOLYKTOB M IIIyOUHY
npeBpalleHust colpbsi. [IpoBectn ombIThl, HanpuMep, npu temneparype 470°C 1 0OBEMHBIX CKOPOCTSIX
noxaqu ceipbst 0,5; 1,0 u 2,0 u-! Ha TI0GOM 13 UMEOIUXCS KaTaJIn3aTopoB.

2 BBISBHUTH BIHMSHHE UCIIONB3YyEMOTO KaTalnu3aTopa Ha pe3yabTaThl KpeKUHTa. [1pu OMMHAKOBBIX yCITOBUSX
(manpumep, Temmepatypa 470 C, 06beMHas CKOPOCTh MOJa4K ChIpbs 1,9 u-') HCIonb30BaTh aMOpQHbIii
LEOUTCOACPKAIMI KaTaTu3aTOp WM UX CMECH.

3. BeusiBuTh BiMsSHHE TEMIEpaTypbl Ha Pe3yibTaThl KpekuHra. [Ipy oanHAaKOBOM ChIpbE M CKOPOCTH €ro
M0JJauy B PEaKLIMOHHYIO 30HY NMPOBECTH Mpoiiecc Mpu Temneparypax 450, 480 8 510°C.
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NCCIIEJOBAHUE KATAJIM3ATOPOB KATAJIMTUYECKOI'O PUGOPMUHI'A YTJIEBOAOPOAOB

B cxeme coBpeMeHHOro HedrenepepadaThIBAIOLIEro 3aB0/ja OHUM U3 BEIYIIHX MPOLIECCOB SBISETCS
KaTATUTHYECKUH PUPOPMUHT. DTOT MpolecCc OOECIeUnBacT IOMYUYSHHE BBICOKOOKTAHOBOTO OCH3WHA
(6a30BOro KOMIIOHEHTA), MHAWBHIYaJIbHBIX APOMAaTHUECKUX YIJICBOJOPOIOB - CBHIPbS A1 OPraHUYECKOro
CHHTE3a TEXHHYECKOTO BOJOPOAA, HMCIHOJIB3YeMOrO MpPH THAPOOYUCTKE TOIUIMB M CHHTE3€ XUMHYECKUX
IPOAYKTOB.

CrIpbe mporiecca. B kadecTBe ChIpbsl Uil KATAIUTHYECKOTO PU(GOPMHUHTA HCHONIB3YeT OCH3MHOBBIC
(pakun epBUYHON eperoHku Hedrel, Beikumaromue ot 60 1o 210 C. s moaydeHns BRICOKOOKTaHOBOTO
KOMIIOHEHTa OEH3MHA ONTUMATBHBIM CHIPbEM SIBISIETCS (PPaKIHKM, MMERoIIHe Npenensl kuneHus 85-180°C
umn 105-180 0C. B sToM ciyyae Hanmuuue B ChIpbE JIETKUX (Dpakiuii, BeIKWMABIINX Hke 80°C, maio
CIIOCOOCTBYET IMOBBIIICHHE OKTAHOBOTO YMCIIa KaTajau3aTa W MPUBOAMT K yBEJIMUEHHE ra3000pa3oBaHusl U
HETIPOM3BOANTEIBHON 3arpy3ke ycTaHOBKW. [loBellleHwe TemmepaTypsl KoHIA KuneHus Bbime 180°C
HEe)KeJIaTeNNbHO, TaK KaK OHO COTPOBOX/IACTCS YBEINUCHUEM OTIOKEHHI KOKCa, YTO COKPAIAET CPOK CITy>KOBI
KaTJIN3aTOpa, CHIKAET BBIXOJ KHJIKOTO MPOAyKTa. [l modydeHus’ apoMaTUYecKHX YIJICBOJOPOIOB B
OCHOBHOM HCHOJIBb3YeTCs! (PpaKInK, BEIKUMAOLIHE B rpesenax 65-105 mim 60-140°C. Pudopmunr 6eH3MHOBBIX
(bpaknuii BTOPHYHOTO MPOMCXOXKIICHUS (KPEKWHra, KOKCOBAHMs), COJEPKAIIMX 3HAYMTEIbHBIE KOJINYeCTBa
HEHACBIILIEHHBIX YIJIEBOAOPOJIOB. PEKOMEHAYETCS MPOBOAUTH TOJBKO B CMECH C IPSIMOTOHHBIMHU
(bpakuusaMH OCIe MPEABAPUTEIBHOTO TUIPUPOBAHUS CHIPBSI.

OcHoBHBIE (paKTOPHI IIpoIEcca

Temmneparypa. Ilpy maHHOM BpeMeHH KOHTaKTa MOBBIIIEHHE TEMIIEPaTyphl MpoIlecca BHI3BIBAET
YBEJIMUCHWE KOHIEHTPAMM AapOMAaTHYECKHX YIJIEBOJOPONOB B KaTaju3aTe, HO OJHOBPEMEHHO
YMEHBIIAETCA BBIXOJ MOCIEIHETO 33 CUET YBEJIUYEHHS POJIH PEaKUUM T'MIPOKPEKHHIA, MPHBOSIIETO K
CHIIBHOMY Ta3000pa30BaHNI0. MUHUMaJIbHbBIE TEMIIEPATYpPhl, 00€CTIeYNBAIOIINE JOCTATOYHO HHTEHCHBHOE
NpOTEKaHWE MENEeBBIX PEaKLi, peKOMeHAyeTcsl cienyroumme: Ha HapTeHoBoM cwipbe 450-460%; Ha
ankaHoBoM - 480-490°C. MakcuMallbHBI HarpeB B KOHLE LUKJIA PEaKLUH OOBIYHO OrPaHUYHBACTCS
temnepatypoit 520 wnu 530°C. JlanpHelIee MOBBIIIEHHE TEMITEPATYPHI MPOIlecca HeXKeNaTebHO, TaK Kak
YBEJIMYHMBAETCS Ta3000pa30BaHUE U 3aKOKCOBBIBAHUE KaTaIu3aTopa.

[lapnenne. OCHOBHBIE peaKkIUM KaTATUTUYECKOTO pHU(POPMHUHIa CONPOBOXKIAIOTCS 3HAYUTEILHBIM
yBenndeHrneM oobeMa. C TOUKH 3peHHs] paBHOBECHBIX, KOHIICHTPAIMHA PEarnpyroNIuX MOJIEKYJT TIOBBIIIIEHUE
JIaBJIeHUs Oy/IeT MPEersTCTBOBATh apoMaTu3anuu. OIHAKO, HEOOXOJUMO TPUMEHITh B CHCTEME BBICOKOE
JaBJICHUE BOJOPOJA Ul HACBHIIICHHS HENpPEACNbHBIX HPOAYKTOB IMOOOYHBIX pEaKUMi KpeKWHra Hu
NpeoTBpaIlIeHHs] 3aKOKCOBBIBaHMS Katanuzaropa. OOBIYHO NaBiieHWE B peakTopax cocTasiseT 1,5-2,5
MITa.

OOBbeMHAs CKOPOCTh IONIA4W ChIpbs. [IpM HEW3MECHHBIX TeMIlepaType W JaBJICHUE HU3KUC
00BEMHBIC CKOPOCTH TOJAYM CHIPhS YCHJIMBAIOT PEAKIIMUA THIPOKPEKWHTa, TaK KaK 3TH PEaKIUU
MIPOTEKAIOT CPaBHUTENHFHO MeAJieHHO. MeHblee BIHMSHHE Ha WHTEHCHBHOCTh PEAKIMU apOMaTH3aIid
HaTEHOB OKa3bIBACT CHIKEHUE OOBEMHOW CKOPOCTH, TaK KaK Ha IUIATHHOBBIX KaTalM3aTOpax PEakiuy
MPOTEKaeT ¢ OONBIIEH CKOPOCThIO. [IpM BBICOKMX 3HAYEHUSX OOBEMHON CKOPOCTH OJHOBPEMEHHO C
MOABJICHUEM PpEaKIMK TUAPOKPEKUHTa CHIKACTCS TaKUE pOJIb PEaKUUU ACTUAPOLUKIN3AIUU U
M30MEpH3aLIMH aJIKAaHOB. Y BEJIMYCHHUE JKECTKOCTH MPOIIECCa BBI3BIBAET YBEJIHUEHHE BHIX0/Ia APOMATHIECKUX




YIJIEBOAOPOAOB U COOTBETICTBYIOLIMI POCT OKTAHOBOIO 4Mcia OeH3uHa. XKecTKOCTh MOXKET YBEJINYUThCA
IpY TIOBBILIEHHMHM TEMIEpaTypsl B 30HE PEAKLUH, CHIKEHUM AABICHUU B PEAKTOPaX M KPaTHOCTU
IUPKYJISIIHS BOAOPOJACOACPIKAILETO Ta3a WM K€ MPH YMEHBLIEHHH 00bEMHON CKOPOCTU MOAAYH KUAKOTO
CBIPbS.

KatanuzaTtops! pudopmuHra. bonbmmHCTBO MPUMEHSEMBIX B HACTOSIIEE BPEMs IPOMBIIUICHHBIX
KaTalIn3aTopoB PUGOPMHUHIA COAEPKHUT IUIATHUHY, OCAKICHHYI0 Ha OKCHIHOAJIOMHHHEBOM HOCHUTEIIE
cofieprkareM rajgous (00bIMHO XJI0p, pexke ¢Top). HazHaueHue ranouna 3akiovaeTcs B MPUAAHUS] OKCHIY
IIOMHUHUSL  IOCTATOYHOM KHCJIOTHOCTH [UIl JOCTMDXKEHHS BBICOKOH HM30MEPHU3YIOIIEH aKTHBHOCTH.
OnHOBPEMEHHO C TOBBIIEHUEM KHCIOTHOCTH NMPOMCXOAUT MHTEHCH(HKAIMSA PeakLUuil THUIPOKPEKUHIA.
[Inpoko NpUMEHSIOTCSI OUMETAIUIMYECKHE U MOJMMETAUIMYECKUE KaTalu3aTophl, COACPKaHUEe Hapsay C
TUIATUHON JApYrue MeTajulbl (HampuMmep, peHWH, repMaHuil, Kaamuil, cBuHen U Ap.). OHM oTIMUaroTCs
CTaOMJIBHOCTBIO IIPU PabOTE B KECTKUX YCIOBHAX, OCOOCHHO NP NOHIKEHHOM AaBieHuu. lcronbp3oBaHue
TaKUX KaTaJlM3aToOpoB 00ecHeyMBaeT MOBBIIICHUE BBIXOJA KaTanm3aTa Ha 1-8% (Ipu COXpaHEHWH €ro
OKTAaHOBOT'O YHMCJIa) K BojtopoJia Ha 20-25%, a Takke Mo3BOJISET YBEIHMYUTh CPOK CITY)KOBI KaTalln3aTtopa u
MPOJOJKUATENBHOCTD PAab0OTHI 000PYIOBAHHS.

Texnonornyeckoe opopmiIeHHE poLecca

Haubonpiiee pacnpocTpaHeHHe UMEIOT YCTAHOBKH CO CTAllHOHAPHBIM CIIOEM KaTalln3aTopa, I
MPOLIECC OCYILIECTBIACTCS B HECKOJIBKHX MOCIEIOBATENbHBIX PEAKTOPAX O MPOMEXYTOUHBIM IOIOTPEBOM
PEaKIMOHHONH MacOH B TI€YH, TaK KaK MMPOIECC UMEET 3HAUYNTENFHBIA OTPUIIATEIBHBIN TEIUIOBOH adeKT.
OpHako B CBSI3U C BHEAPCHHUEM OM - M MOJMMETAUIMYECKUX KaTalH3aTOPOB MOSBUIIACH BO3MOXKHOCTH
CHHM3HTH JIABJICHHE, YTO MPUBENO K OOJBIIEH 3aKOKCOBAHHOCTH KaTallM3aTopa M K CO3IAaHUIO0 YCTAHOBOK O
JBIDKYIIIMCS KaTaJIN3aTOPOM.

IIposedenue onvima

Jlo Hayasia onbITa HEOOXOIUMO:

1. ITomy4uTh U3 UMEBLIErOCs CHIPbS MPU MOMOIIM PasTOHKHM HEOOXOIMMYIO A paboThI (pakiuio,
BBIKUIIAIOLIYIO, B 3aJaHHBIX Mpeieax (OpenennTh €€ BBIX0A Ha HCXOAHBIN OCH3UH).

2 IlpoaHanu3upoBaTh MOJYYEHHOE CHIPhE, ONPENEIUB €ro IUIOTHOCTh, (DPAKIMOHHBIN COCTaB,
IpyNIIOBOM XMMHYECKHUI COCTaB.

3. BsBecuTh nprieMHUK 1 abcopbep ¢ abcopOeHTOM.

4. TIpoBeputh, He 3a0HMTa JM peakIMOHHas TpyOka, 3ackimark B TpyOkKy 200 cM BBICYIICHHOTO
Katanuzatopa (U3 IKCHKATopa).

5. Cobpath yCcTaHOBKY TLIATEIHHO IPOBEPUB IT€PMETHUHOCTD Y3JI0B M COEIMHEHHUM.

AHanu3 NpoayKTOB pUPOPMUHTa

CocraB raza onpeaessifoT XpoMaTorpaguuecKiuM METOIOM.

Jlns  kaTanm3ata pacCUMTHIBAIOT IUIOTHOCT, (DPAKIMOHHBIA cOCTaB. MojaHOe 4YuClIO H
CoJepKaHue HEeNpeAeNIbHbIX YIJIEBOAOPOIOB; ONPEACISIOT olliee ColAepKaHUE apOMAaTHYECKHX
YIIJIEBOIOPOJIOB CynbdupoBanueM 98%-HOW CEepHOI KUCIIOTOMW, MOKa3aTelb MPEOMIICHHUS, OKTAaHOBOE
YHUCIIO.

CocTaBiAI0T OTYET O MPOJETAHHOW PabOTe U JENal0T COOTBETCTBYIONINE BBIBOABI, COMOCTABIISS
MOKA3aTeN! CHIPhS M KaTaan3ara.

Bapuanmur 3a0anus

1. IlpoBecTr KatanmuTHyeckuii puopMHUHT (Pppakiuy OEH3MHA B OJUHAKOBBIX TEMIIEPATYpPHBIX YCIOBHUSIX
npu 00BEMHBIX CKOPOCTSX Tofiaun ceipbs 0,5; 1,0 u 1,3 g-l,

2. C 1enbto BBISBIICHUS BIUSHUS TEMIEpaTyphl Ha MPOIECC OCYIIECTBUTh KAaTATMTUICCKUN PHUQOPMUHT,
IpY OAHOM 00BEMHON CKOPOCTH MOJAYHCHIpbs (HampuMmep 1,0 1) mpoBecTH mporecc Npu TeMIepaTypax
470, 500 u 530°C.

3. BhIsIBUTE BIMSIHUE CpEHEH TeMIlepaTyphl KATIeHHs (WIIM CpeHEeH MOJICKYIISIPHOW Macchl) Ha NIyOuHY
pudopmMuHTa (CTENEHH APOMATHU3AIINH ).

[IpoBecTr B OAMHAKOBBIX YCIOBHUSX (Temmeparypa ¥ OOBEMHasi CKOPOCTH) OMBITHI C HMCHOJIb30BAHHEM
PasIUIHOTO CHIPHS - hpakmmu 62-85°C, 62-105°C u 120-140°C.

JlaGopaTopHasi pagora Ne 8
UCCIEOOBAHUE KATAJIM3ATOPOB AET'MAPUPOBAHNMA BBICHINX [TAPA®HWHOB
I[Tporecc KaTaTUTUYECKOTO NETHUIPUPOBAHUS MapaHHOBEIX YIIIEBOJOPOAOB IPEIHA3HAUCH UIS
HOJTy4eHUS] MOHOMEPOB ISl CHHTETHYECKHX KaydyKoB: M300yTHIeHa, n OyrammeHa. JlermapupoBaHue
ABJISIETCS. DHIOTEPMUYECKUM MPOLECCOM, TPEOYIOIIMM IMOABOAA OONBIIOrO KOJMYECTBA TEIUIa B 30HY



peaknum. Ilporecc oObdHO TpoTekaeT mpu Temmeparypax 550-600 C. Karammzatopamu SIBISIFOTCS
OKCHJIBI METAJIJIOB — XpOMa, JKeJie3a U Jp.
Ienv u 3a0awu: VI3ydeHue mpolecca JIETUIAPUPOBaHUS MapadUHOBBIX YIIeBOJAOpoaoB (pakimuu C4.
Omnpenenenre BBIXOAAa MPOAYKTOB PEaKLUU, CTENIEHH KOHBEPCHUHU CHIPbS, CENIEKTUBHOCTU IO IIEIEBOMY
IPOAYKTY, COCTaBJIEHHE MaTepHaIbHOro OajaHca OIbITa.

YcTaHoBKa JeruApUpOBaHus apauHOBBIX YTIEBOAOPOIOB.

N3o00ytan ¢ uwmcroroit 99,9% wu3 OamioHa mamoro maBieHus | IMOCTyHmaeT B JIMHUIO 4epes3
PEAYKTOp C MaHOMETPOM 3 ¥ MpoXoauT depe3 ¢puibTp 4. Pacxon n3o0yraHa perymupyeTcsi ¢ TOMOIIBIO
poTaMeTpa ¢ peryIupoOBOYHBIM BEHTHJIEM 5, 3aTeM Ta3 IMOCTYyIaeT B CMECHTENsb 8. A30T u3 OamioHa 2,
UCIIOJIb3YEMBIH B KauecTBe pa30aBHUTElIs, MOCTYNACT B JIMHHUIO Yepe3 PEAYKTOP C IByMs MaHOMETpamH 3.
Pacxon a3ota perynupyercsi ¢ OMOIIBIO PEryJIATOpa pacxona ra3a 6, CHa0)KEHHOTO OJIOKOM MHIUKAIUN
u ympasnenus PPI" 7, 3arem ra3 moctymaer B cMecurtenb. ['a30Basi cMech M3 CMECHTENS 8 MOCTYIaeT B
peaktop 10. PeakTop npezacrasiser coOoli TpyOy U3 HepKaBEIOIICH, XMMUYECKU CTONKOM ctanu. BHyTpu
pacroioxeHbl BTYJIKH W3 TOH e cTaju, oOpasylolue MONKY Uil KaTanusaropa. Ha BTynku uepes
MIPOHUIIAEMBIN TEPMHUYECKUN CTOWKWN MaTephall 3arpy>KeH CII0M KBapua (OKoio 2 emd). Karanuzatop
(Cr,0; Ha Al,O3) 10 cm® pacmonaraercst Ha cioe kBapra. Ha KaTaqmsaTop 3arpyeH eIe OIWH CIIOH
KBapIa 6 cM® s JIydIIero pacipeiesieHHs ChIpbi MO 06beMy peaktopa. TemmepaTypa B peakTope
PEruCTpUPYETCS XPOMEIb-ATIOMUHUEBON TEPMONIAPON U BBIBOAUTCS HA KOHTpoJuiep «OBen» 11. Peaktop
10 3akperuieH B meuyd 9 crnelMalbHBIMU 3€PKATBHBIMU KOJbLAMH, 3330pbl HU30JUPOBAHBI KAOJMHOBOU
Batoi. Ileur 9 mpencraBnser coboii TpyOwaTelii HarpeBaTeldb B KOXKyxe. Temmeparypa B Nedd
PETUCTPHUPYETCSI XPOMeTb-aTIOMUHUEBON TepMoniapoi. KonTtpomiep «Autonics» 12 momydaeT curHai c
TEpMOIaphl M OKa3bIBACT PETYJIMPYIOLIee BO3ACHCTBHE HAa TBEPAOTEILHOE pelie, KOTOPOE B CBOIO OYepelb
MoJacT HamlpsHDKeHUE Ha HarpeBaTeNb. Takas KOHCTPYKIHMsI oOecriedrBaeT KojeOaHUsl TeMIepaTyphl, He
npesbimaromue +1°C. Ilocne npoxokaeHus Meud, ra30oBas CMECh OXJIAXKIAeTCsl B XOJOJIWIbHHUKE 10
TeMrepaTypsl 15° 1 uepe3 MEMOPaHHBIN CUETYHK OTIPABISAETCS HA XpOMATOrpadMIECKHil aHAJIN3.
Tlopsook nposedenus pabomul
1. BkitouaeM BEHTWISIIMIO U DJIEKTPOCETh YCTAHOBKH.

2. llonkimoyaem a3oT U3 OasoHa.

3. I[logaem Boay B XOJIOAWIBHUK

4. YcranaBnuBaeM HEOOXOIUMBIA pacxo]] a30Ta Ha OJIOKe MHIUKAWK u yrpasienus PPT.

5. YcraHaBnuBaeM HEOOXOAUMYIO TEMIIEpATypy Ha KOHTPOJUIEPE MEYH.

6. Bxiroyaem HarpeB nedu.

7. 1o BbIXOJa me4r Ha PexHUM MPOoIyBaeM MPOOOOTOOPHHUKH JUIS ra3a a30TOM, MOACOCIUHHUB UX K Y31y
oT0Opa Ha aHAIU3.

8. Ilocrne BbIXO/1a TEYH U TEMIIEPATyphl PEAKTOpa Ha PEKUM, HOJKII0YaeM OalIoH ¢ n300yTaHOM.
9.YcranaBnmuBaeM pacxox u3o0yTaHa ¢ TIOMOLIbIO pOTaMETpa C PEryJUpOBOYHBIM BEHTHJIEM.
KonTponupyem pacxosa B Te€UeHHE BCETO OMBITA.

10.3anmuceiBaeM NIOKa3aHUs CYETUYMKA U 3aCEKaeM BpeMSI.

11.Peructpupyem U3MeHEHHsI TEMIIEPATYPhl B PEAKTOPE KaKAYI0 MUHYTY A0 10 MUHYT BKIIOUHUTEIIBHO.
12. OTbupaem niepByro mpody rasa.

13. 3acexaem 10 MuHyT.

14. OtOupaem BTOpyIO MpoOy rasa.

15. Ilpexpamaem nogauy uzo0yrana B 1uHHIO. [lepexpbiBaeM OaioH.

16. IIpoxyBaem IMHATO a30TOM B TedeHHE 10 MUHYT.

17.Y cranaBnuBaeM HEOOXOAUMYIO TEMIIEPATYPY B [I€UHX AJISl pereHepanuu.

18. Ilpekpaiaem nogady a3oTa B JUHHIO.

19. OrcoenuHseM JUHHUIO TIOAAYHU CHIPbS OT PEAKTOPHOI0 OJI0Ka.

20. ITogcoeauusieM BO3MYITHBIN KOMIIPECCOP.

21. IIpoBoguM pereHepaluio KaTaan3aTopa, BBLKUT KOKca B TeueHue 40 MUHYT.

22. IlogcoeauHsIeM JIMHUIO TIOJJA9H CHIPhS OOPaTHO.

23. BeIkimtouaeM HarpeB IeUH.

24. 3akpeiBaeM OaJIOH ¢ a30TOM, COpackIBacM JaBJICHUE B PEAYKTOPE.

25. OTKiIr0YaeM 3EKTPOCETh YCTAHOBKH M BEHTHIISILIHIO.

Ha ocHOBaHMM ONBITHBIX JAHHBIX U PE3yJbTATOB aHAIN30B COCTABIIAIOT MaTepHaIbHbIN OanaHC
npolecca AECrMIPUPOBAHUS, ONPEIEAIOT BBIXOABI NPOLYKTOB PEakIMM, a TaKKe CTENEeHb KOHBEPCUU
n300yTaHa U CeJICKTUBHOCTH 10 N300yTUIeHy. Pe3ynbpTaTsl paboThl MPEICTABISAIOT B BUAE TAOJIUIIBL.



Kpumepuu oyenxu nabopamopruvix pabom 6 cemecmpe

Kpumepuii oyenku bann
(3a évinoinenue 00HOI 1ad6OpamopHoill padomet) ou/oy-
3a04/3a0u
JlaGopatopHast paboTa OTIMYaETCs TOCIENOBATENFHOCTHIO, MPABIIHBHOCTHIO MOTYIEHHBIX
pe3ynbTaToB, BHIBOIOB. [Ipm OTBeTe Ha BOIPOCHI CTYIEHT JEMOHCTPHUPYET XOPOIIYIO 10/10/10
CTCTICHb BJIQJICHUS IIPSACTABICHHBIM MaTepraioM. OTBEThl (OPMYIHUPYIOTCS apryMeH-
TUpoBaHHO. OTCYTCTBUE OIIMOOYHBIX OTBETOB.
JlaGopatopHast paboTa OTIMYAETCS MOCIEAOBATENFHOCTHIO, TPABIIIBHOCTHIO MOTYIEHHBIX
Pe3yIbTaToOB, BEIBOAOB. [Ipu 0TBETE HA BOIIPOCHI CTYAEHT JAeT JOCTATOYHO IMOJTHBIA OTBET, 8/8/8
C HapyIICHUEM TIOCIIC/IOBATEIBHOCTH U3JIOKEeHUS. ECTh HEOOMBIION MPOIICHT OMMMOOYHBIX
OTBETOB.
JlaGopaTtopHast paboTa BBITIONHEHA C TPYyOBIMH OIIMOKaMH, TONYyYeHHBIE pPEe3yJIbTaThl
3HAUUTENILHO OTJIMYAIOTCS OT MCTHHHBIX. Y CTYJCHTa OTCYTCTBYET YETKHH OTBET Ha 6/6/6
TMOCTAaBJICHHBIC BOIIPOCHI.
JlaGopaTopHast paboTa He BBITIOTHEHA. 0




MuHHCTEpCTBO HAyKH U BhICIIEro oOpazoBanus Poccuiickoit denepannn
HmwxHekaMCKHi XUMHUKO-TEXHOJIOTHYECKUI HHCTUTYT ((husnan)
beaepanbHOr0 TOCYIaPCTBEHHOTO OFOPKETHOTO 00pa30BaTEIBbHOTO YUPEIKICHUS
BBICIIETO 00Opa30BaHMS
«Ka3zaHCkuil HAlMOHAJIBHBIN UCCIIEIOBATEIILCKUI TEXHOJIOTHYECKUI YHUBEPCUTETY

Dakynvmem mexHON0SUHECKUL
Kagpeopa  HXC

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

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

Cemectp_ 5,6 (ounas), 6,7 (04HO-3204HAas)

KoMmnuekT 3apanuii K KO/UVIOKBHUYMaM

no mucoumuinge b1.B.J1B.03.01 Karanus u karaau3aTopsl B HedTeXxuMud U HedrenepepaboTKe
(HaumeHoB8aHUe OUCYUNIUHDBL)

KosnokBuym 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 KaTamu3aTopy (COCTaB Karamu3aTopa, IPUMECei; YacToTa
KaTaJIM3aToOpa; MEXaHWYECKHE CBOMCTBA KaTalW3aToOpa; MEXaHMYECKUE XapaKTEPUCTHUKHU; TPeOOBaHUS K
TEPMUYECKOM cTaOMIbHOCTH; TpeOOBaHWS K pa3MepaMm TIpaHyl U (GopMe TrpaHyld KaTaau3aTopa;
TEIUIONPOBOIHOCTH KaTaJIN3aTOPa; CPOK CIIY>KOBI KaTaau3aTopa);

6. TekcTypHBIE XapaKTEPUCTHUKHU KaTaiu3aropa (BelUYMHA TMOBEPXHOCTH, 00BbEM TOp, GopMa U pasmep
0P, pacipezeaeHue 1op 1o pa3Mepam);

7. Karanutuaeckue as1. OTpaBieHUE KaTaIN3aTOPOB.

8. OcHOBHBIE CcITOCOOBI IPOU3BOICTBA TBEP/IBIX KATAIN3ATOPOB.

MakcuMaibHOE KOJUYEeCTBO OajIOB 3a BBHINOJIHEHHUE KOJUIOKBUYMa B 5 cemecTpe (Uil OYHOMH
(opMbI 00ydeHHs) U B 6 cemecTpe (A1 09HO-3209HOH (hopMbI 00ydeHwHs ) cTyneHT nonydaet 40 6amios,
MUHUMAaIIbHOE KotmuecTBO 6amioB — 20 .

Kpumepuit oyenxu bann
OTuer oTIMYaeTcs TOCIEeNOBATENbHOCTRIO, TPABUIBHOCTHIO TIOJYYEHHBIX PE3YJILTATOB, BBIBOJIOB. 40
OTCyTCTBHE OIMIMOOYHBIX OTBETOB.
OTueT OTIMYAaeTCsl TOCHIEA0BATEILHOCTHIO, TPABUIIBHOCTHIO MOMYYEHHBIX PE3YIbTaToOB, BBHIBOJOB. EcTh 30
HeOOJIBIIION MPOTIEHT OMMTMOOYHBIX OTBETOB.
OTuer BBINIOJHEH C TPyOBIMH OIMMOKaMHM, IMOJMYYEHHBIE PE3YJNbTaThl 3HAYMTENLHO OTIMYAIOTCS OT 20
WCTHHHBIX.

KousutoxkBuym Ne 2 Tembr Ne 8-18.

1.IIpou3BOACTBO OCAXIAEHHBIX KaTaIM3aTOPOB (ZOCTOMHCTBA METOJA, HENOCTaTKH MeToJa, ofmas cxema
MOJIy9IeHNA);

2. Tlony4yeHue KaTaau3aTopoB HAHECEHHEM aKTHBHOTO KOMIIOHEHTA HA HOCHTEb;

3. MeroJpl NPUTOTOBJICHUSI KATAIW3aTOPOB OCHOBAHHBIC HA MEXaHHYECKOM CMEUICHHH KOMIIOHEHTOB, CYXOH H
MOKpBIN METO/1 CMEIICHHUS;

4. MeTo/p! TPUTOTOBIICHHUS MJIABJIEHBIX U CKEJIETHBIX KATAIUTHYECKUX CHCTEM;.

5. IIpon3BOACTBO KAaTAIM3aTOPOB KPEKHHTA.

6. KarannzaTopsl THAPOOYUCTKH HEPTIHBIX (PpaKIHK.

7. KaranuzaTtopsl THAPUPOBAHUS U AETUAPHPOBAHHSI.

8. Karanu3zarops! pudopmunra yrieBooposoB. TeXHOJIOTHs IPUTOTOBIICHHS KaTann3aTopa pudGopMHUHTa.

MakcuMabHOE KOJMYECTBO OAajlIOB 3a BEITIONHEHHE KOJUIOKBHYMa B 6 cemecTtpe (U1 OYHOM
(dbopMbl 00yUeHHS) U B 7 ceMecTpe (A1 04HO-3a049HOMN (HOpMbI 00YUCHHMS) CTyAeHT mojy4aet 40 0amios,
MUHUMAIILHOE KOJTHuecTBO 6amioB — 20 .




Kpumepuit ouenxu

Bann

Ortuer oTMyaeTcs TIOCJIEA0BATEIIBHOCTBIO, IIPABUIIBHOCTBIO ITOJTYYEHHBIX PE3YJIbTATOB, BBIBOAOB. OTCyTCTBI/Ie

20
OIMMOOYHBIX OTBETOB.
Order OTIMYAETCS MOCIENOBATEIbHOCTBIO, NMPABHUIBHOCTBIO TOJMYYEHHBIX pPe3yJbTaToOB, BBIBOJOB. EcTb 16
HEOOJIBIION MPOLICHT ONTHOOYHBIX OTBETOB.

12

OT4erT BBITIOJIHEH C I'py6LIMI/I OH.II/I6KaMI/I, TIOJTyICHHBIC PE3YIJIHTATHI 3HAYUTEIILHO OTIIMIAKOTCS OT UICTUHHBIX.

CTyI[eHT JOJIKCH BBITIOJIHUTH BCC KOJUIOKBHUYMBI.




MuHHCTEpCTBO HAyKH U BhICIIEro oOpa3oBaHus Poccuiickoit denepanun
HwxHekaMCKHii XUMHUKO-TEXHOJIOTHYECKUN HHCTUTYT ((huinan)
beaepanbHOr0 TOCYIaPCTBEHHOTO OFOPKETHOTO 00pa30BaTEIBbHOTO YUPEIKICHUS
BBICIIETO 00Opa30BaHMS
«Ka3zaHCkuil HAlMOHAJIBHBIN UCCIIEIOBATEIILCKUI TEXHOJIOTHYECKUI YHUBEPCUTETY

Dakynvmem mexHON0SUHECKUL
Kagpeopa  HXC

Hanpasnenue noaroroBku/cnenuanbHOCTh: 18.03.01 —XuMudeckas TEXHOJIOTHS
(k00 u HaumeHoBaHue)
[Tpoduns/crienuanu3anus: «XUMUYECKask TEXHOJIOTHSI OPraHUIeCKIX BEIICCTBY,
(Haumenosanue)

Cemectp__ 5,6 (3a0unas Ha 6a3e BO), 7.8 (3aounas)

KoMmnuekT 3apanuii ajisa KOHTPOJ/IbHBIX paﬁoT

no mucoumuinge b1.B.J1B.03.01 Karanus u karaau3aTopsl B HedTeXxuMud U HedrenepepaboTKe
(HaumeHoB8aHUe OUCYUNIUHDBL)

KonTtpoannas padora Nel o temam Ne 1-7

Bapuant 1
1. Xumudeckue peaknuu. Krmaccmpukamus xuMudecknx peaknmid. CKOpocTh peaknud. [IBWKymas cuia
mporiecca.
2. TpebGoBanus, mnpenpsBIsieMble K Karamm3aTopam. (OCHOBHBIE IOTPEOUTENBCKHE  XapaKTEPHCTHUKU
KaTaJln3aTOPOB.
3. Karanu3 B razonedrenepepaboTke.

Bapuanr 2

1. IlpocTsie u cnoxHBIE peaknuu. PaBHoBecue B cucteme. OO6paTuMble U HE 0OpaTUMBIE PEAKIIMU B XUMHUYECKON
KHHETHKE.
2. Tuns! karanu3atopoB. CrienuanbHble TPeOOBaHUS, NPEABSIBIISIEMbIE K IIPOMBIIIIJICHHBIM KaTaIn3aTOpaM.
3. Crioco0Obl IPUTOTOBICHHSI TBEPIBIX KATAIM3aTOPOB U alCOPOCHTOB. 30J1b-T'€JIb METOI.

Bapuant 3
1. [MonsiTve 0 MEXaHU3ME XUMHUYECKON PEaKIIMK U JIMMUTUPYIOIIEH CTaIUH ITPOIECCOB.
2. Tlonartme 00 WHTEHCHBHOCTHM PadOTHl Kataym3atopa. (PakTopbl, BIMSIOMIME HA WHTEHCHBHOCTH PaOOTHI
KaTaJn3aTopa.
3. IIpou3BOACTBO NEOIUTATIOMOCHINKATHBIX KaTaJIN3aTOPOB KPEeKWHTa. THIIBI MPOMBIIUIEHHBIX KaTalH3aTOPOB
KPEKUHTA.

Bapuant 4
1. Ckopocth xumuueckoir peakiuu. Koncranta ckopocT. Ilopsimox peaxknuu. MoJekyaspHOCTb. MeTobl
OTIpeieNeHus TOPSIKA PEaKIIHH.
2. TereporeHHble KaTaJUTHYECKHE CUCTEMbl. BIMsSHHE KOHICHTPAllMM MCXOJHBIX KOMIIOHEHTOB. BiusiHue
KOHIICHTPAINH POJAYKTOB PEAKIINU U MPHUMECEH.
3. IlpouW3BOACTBO ILEOIUTAIIOMOCHIIMKATHBIX KaTaJdM3aTOPOB KPEKHHTa. TeXHOJIOTHS CHHTE3a LIapUKOBOTO
LEOJIUTATIOMOCUINKATHOTO KaTaau3aTopa.

Bapuanr S
1. BnusHue TtemmepaTypbl Ha CKOPOCTh peakUuH. JHeprus akTtuBanuu. CriocoObl ompenesieHusl MapamMeTpoB
ypaBHeHHs AppeHuyca: rpadUuecKuid 1 aHaIUTHYECKUH.
2. ®aKTopBl, BIMAIONINE Ha CEIEKTUBHOCTH pabOTHI KaTaan3aropa. TeKCTypHbIe XapaKTepUCTHKU KaTain3aTopa.
3. IIpoM3BOACTBO LEOINTATIOMOCHIMKATHBIX KaTAIN3aTOPOB KPEKUHra. TeXHOJIOTHsl CHHTE3a MUKPOCheprIeckoro
[EOJUTATIOMOCHIMKATHOTO KaTaan3aTopa.

Bapuanr 6
1. Karanu3 u katanu3aTopsl. THITEI KATATUTHIECKUX PEAKIIHiL.
2. BiusHue 103MPOBKM KaTalk3aTopa Ha CEJIEKTHBHOCTh OOpa30BaHMUs IIEJEBOTO MPOJYKTa IPH FOMOTEHHOM
KaTanuse. MeToabl yCTaHOBIEHHS CTPYKTYPBI KaTaln3aTopa. MeToqbl N3BICYEHUSI TOMOT€HHBIX KaTalH3aTOPOB.
3.TexHonorusi KaTaJu3aToOpoB THAPOOYUCTKH He(PTAHbIX (pakuuii. OCOOEHHOCTH CHHTE3a KaTajau3aToOpOB
TUAPOOUUCTKHU.

Bapuanr 7
1. BausHue Ha peakUWH TEMIepaTypbl, KOHIEHTpPAalWH pEarcHTOB, KaTaau3aTopa M AaBieHUs. MexaHu3M
KaTaJINTUYECKOT0 YCKOPEHUs Mpolecca.



2.TexHonmorust IPOU3BOJCTBA TOMOTEHHBIX  KaTaJIMTHYECKMX CHCTeM. Karanmm3atop  CepHOKHCIOTHOTO
AIKWIMpOBaHMUA m3omapaduHOB osnepuHaMu. XapaKTEpPUCTHKA, COCTaB, CTaOWIBHOCTh TIPH XPaHECHHH.
TexHOMOrHYECKast CXeMa YCTaHOBKH MOJIMMEPU3AINU ¢ BEPTUKAIBHBIMHI U TOPU30HTAIBHBIMH PEaKTOPaMH.
3. TexHOMIOTHS KaTaIN3aTOPOB THAPOOUNUCTKH HEPTAHBIX Ppakuuid. CHHTE3 aIIOMOKOOAIBTOBOTO KaTaIN3aTopa.
BapuanTt 8
1. F'oMoOTeHHBII U TeTepOTeHHBIHN KaTan3.
2. ®ochOpHO-KHUCIOTHBIA  KaTanu3atop ojuromepusanuu OyTwiaeHoB. CoctaB  (OCHOpPHBIX  KHUCIOT.
IMupodocdopras kucnora. TexHomornyeckass cxemMa yCTaHOBKH OJIMTOMEpH3aluK OyTaH-OyTHICHOBOH (pakiuu B
npucyTcTBUU GocopHON KUCIOTHI Ha KH3EIbIype.
3. TexHouyiorust KaTalu3aTOpOB THAPOOYHCTKH HedTsHBIX ¢pakuuii. [IpowsBoacTBO  anMOMOMOIHOAEHOBOTO
KaTanau3aropa.
Bapuant 9
1. Astokartamm3. [Ipumep aBTOKaTaTUTHUIECKON peakmuu. XapaKTepHBI BHUJ KHHETHYECKOH KpUBOH
ABTOKAaTAINTHIECKON PEaKIuu.
2. TexHomormueckas cxema IMOJNyYeHUs] KaTATMTHYECKOTO KOMIUIEKCAa AJISI TPOM3BOJCTBA M30IPEHOBOIO KaydyKa
CKU-3. OnrumanbHbBIi COCTaB KaTajau3aTopa, IpuMecd. ['OMOreHHblE KaTajau3aTopbl, HCIOJIb3YEMBIE B
texaonorusix OAO "HmxaekamckHepTeXUM".
3. TexHonorus KaTalW3aTOPOB THAPOOYMCTKH HEPTAHBIX (¢paknuil. IIpon3BOACTBO aTIOMOKOOANBT —
MOJIHO/ICHOBOTO KaTalu3aTopa.
Bapuanrt 10
1. KucnoTHo-ocHOBHOM KaTanu3. THUIIBI KHCIOTHO-OCHOBHOTO KaTanu3a. KnHeTHka peakuuil KHCIOTHO-OCHOBHOTO
KaTaJn3a.
2. OcHOBHbIE METOABI TPHUIOTOBJICHUS KaTann3aTopoB. IloiydeHHEe OCHOBHOTO KOMIIOHEHTA KaTajlu3aTopa
OCaKICHHEM THIPOKCUIOB. /IOCTOMHCTBA M HEIOCTATKH METOIA.
3. TexHomorusi KaTajlW3aTOPOB THIAPOOYUCTKH HEQPTSIHBIX (Qpaknuid. IIpoW3BOACTBO aIIOMOHHUKENh —
MOJHMO/IEHOBOTO KaTalu3aTopa.
Bapuant 11
1. Karanuszarops! peakuuii crienuduaeckoro KUCIOTHOTO, OOIEro KHCIOTHOTO M AJIEKTPOPHILHOTO KaTaH3a.
2. OOmasi TEXHOJIOTHMYECKAsl CXeMa ITOJydeHHsS] OCaKACHHBIX KaTaJIM3aTOPOB IPH CYXOM M BIAXHOM CHOCO0ax
(hopMoBaHus.
3. TexHousorusi KaTaJu3aToOpOB THMIPOOUYHUCTKH He(TsHbIX (pakumid. [Ipon3BoACTBO KatainzaTopa Jjisi OYUCTKU
KEPOCUHOBBIX (PpaKINil M TU3ELHOTO TOTINBA.
BapuanTt 12
1. Karanuzatopsl peakuuii crienn()uueckoro OCHOBHOTO, 00IIEro OCHOBHOTO U HYKJIEO(HILHOTO KaTajiu3a.
2. Co3aanue ONpeaeCHHOM MOPUCTOM CTPYKTYPHI KaTaaru3aTopoB.
3. [Ipon3BOJICTBO KaTalNu3aTOPOB THAPUPOBAHUS U JeTHIpHUpoBaHus. [IpoM3BOACTBO MaIagueBoro KaTaau3aTropa
Ha HOCHUTEJIE.

Bapuant 13
1. ConeBsle 3¢ ekTrl B kKaTanuze. [lepBHYHBIN 1 BTOPUYHBINA COIEBOI AP PEKTHL
2. [Ipon3BOACTBO OCAXKICHHBIX KaTau3aTopos. [loyydeHne cuiMKaress - HOPUCTOTO KPeMHe3eMa-HOCUTEIIS
Karanuzaropa. [lapameTpsl HOPUCTOH CTPYKTYPbI CHIIMKAresl.
3. IIpou3BOACTBO KAaTalM3aTOPOB FHAPUPOBAHMSA M AETHApHpoBaHUsi. [Ipon3BoacTBO 6Op — ANOMONAIIAAHEBOTO
KaTaJu3aTopa.

Bapuanrt 14
1. depmenTaTuBHBINA Katanm3. OnpenencHue u oOllee MoHATHE. THIbI B3auMoneicTBus GepMmenToB. [loHsTHE O
KoepMeHre.
2. Metonb! monydeHus crikarenis. [1oay4eHne KyCKOBOTO ¥ TPaHyIHPOBAHHOTO CHITMKATEIIs.
3. Karanuzarop runpupoBaHus oJIcHUHOB.

Bapuanr 15
1. Kunetnka hepMEHTaTUBHON PEaKIH C OJHIM CyOCTpaToM. 3aBHCHMOCTh CKOPOCTH (hepPMEHTATUBHOW PEaKINN
OT KOHIIEHTpanuu cyocrpara.
2. TlomydyeHue KaranuM3aTOpOB HAaHECEHHEM aKTHBHOTO KOMIIOHEHTa Ha HocuTelb. OCHOBHBIE 3Tallbl
npurotoBieHus. Tunsl kaTanu3atopoB. CopOIOHHBIE HAHECEHHBIE KaTaIN3aTOPHI.
3. Karanuszatop ruApupoBaHys albIeTUIOB U CIOKHBIX S3(QHUPOB.

Tpebosanus k opopmaerur KOHMpPOILHOU Pabomwl
1. KonTponbHas pabota opopMisieTcst B OTIENBHOM TeTpaIu.
2. Ipu odopmiieHHH pabOTHI CHAYAIa UJIET 3alUCh 3aJ]aHUs, 3aTEM €T0 PElIeHUE.
3. KontponpHas paboTra COCTOWT W3 TpeX 3amaHuil. 3amaHus TpeOyIOT OTBETa Ha TEOPETHUCCKHE



BOTIPOCHI, B KOTOPHIX HEOOXOANMO JATh ITOJIHBIH, Pa3BepHYTHIH OTBET HA TIOCTABICHHBIN BOTIPOC.

4. B xoHIe paboThl HEOOXOANMO YKa3aTh CITUCOK UCIIOIB30BAaHHOMN JINTEPATYPHI.

5. CTy#eHT TOIIMUCHIBACT KOHTPOJBLHYK) pabOTy M MPEAOCTAaBISET €€ B JcKkaHaT (pakynpreTa Ha
peleH3upOBaHNE.

6. Eciii koHTpOonbHas paboTa He 3a4TeHa PEIEH3eHTOM, TO OIMIMOOYHO BHITIOJTHEHHBIE 33/IaHUS PEIIAI0TCs
TOBTOPHO B TOM )K€ TETpaJIu.

7. CTyIneHT JOJDKEH BBINONHATH KOHTPOJBHYIO pabOTy CBOEro BapuaHTa, B IMPOTHBHOM Cily4ae pabora
PEIeH3eHTOM HE 3aCUUTHIBACTCS.

Kpurepnii onenku baJy
JleMOHCTpUPYET MOJHOE MOHMMAHKE TIOCTABICHHOM 3a1a4u. JlaeT JTOrudeckd 000CHOBAHHBIIH, MONHBIN U 50
TPaBIIIBHBIH OTBET HA TIOCTABJICHHBIN Bompoc. OTCYTCTBHE OIMIMOOYHBIX OTBETOB.
JlaeT OCTaTOYHO MOJHBIH OTBET, C HAPYIIICHUEM TIOCIIEA0BATEIbHOCTH U3JIOKECHHSL 40
JlaeT HemoJHbII OTBET Ha BOIIPOC. 30
Her otBera. 0

MakcuManbHOE KOJTUYECTBO OAJIJIOB 32 BBHINIOJHCHHE KOHTPOJIBHOM PabOThI CTyACHT moy4aet 50,
MUHUMAaIIbHOE KomrmdecTBO 6amioB — 30 .

Kontpoannas pa6ora Ne2 o remam Ne 8-18

BapuanT 1
1. CnocoObl ompeneneHUs] KHHETHYECKHX — IMapaMeTpoB  (EPMEHTAaTHMBHBIX  peakuuid. MHrnbuposaHue
(hepMEeHTATUBHBIX peakuid. THIb 00paTHMOro HHrHONPOBaHUS (HEPMEHTATHBHOMN PEaKIHH.
2. «[IpormTHBIE» HAHECEHHBIC KaTaJW3aTOpPhl. AKTHUBHBIE KOMIIOHEHTHL. CIOCOOBI HAaHECEHHS AKTHBHOTO
KOMITOHEHTa U3 pacTBopa. O6paboTKa HOCUTENSI M30BITKOM pacTBopa. Pacnpenenenne akTHBHOTO KOMIIOHEHTA 110
rpaHyJie katanusaropa. IloryueHne KaTaTu3aTopoB Ha HOCHTEINSX METOIOM IIPOTIUTKH.
3. IIpon3BoaCTBO KaTaau3aTopa JeTUApUpoBaHus H-OyTana. OCHOBHI Ipoliecca JeTHAPHPOBAHMS.

Bapuanrt 2
1. OnpeneneHne KOHCTAHThl ~ MHIMOMPOBAHMS NPH KOHKYPEHTHOM THIIE WHTHOMpoBaHMs. XapaKTepHBIA BH[
3aBUCUMOCTH MpH Tpadudeckoit 00paboTke pe3ynbTaToB SKCIIEPUMEHTA.
2. lleomuTel W TPOMBIIIICHHBIE CHOCOOBI MX mony4yeHus. Kilaccuduxanust neonntoB. THIIBI 1I€0TUTOB.
IIpumeHeHue neonuToB. I'uaporepManbHblil CUHTE3 LIEOJIUTOB HU3KOTO MOAYJIS.
3. Karanuzarop aeruapupoBanust 3THiIOeH30a. Katanu3atop qeruapupoBaHust 0ne(UHOB.

BapuanT 3
1. Omnpenenenne KOHCTAHTHI WHTUOMPOBAHMS IIPH HEKOHKYPEHTHOM HWHTHOMpOBaHWM. XapakTepHBI BUA
3aBHCHUMOCTH TIpH rpadudeckoil 00paboTke pe3ysbTaToB HKCIIEPHMEHTA.
2. TIpou3BOJACTBO AaKTUBHOTO OKCHAA amfoMHHHUSA. OCHOBHbBIE cHOCOObI TonydeHHs. Pa30Bble IpeBpaIleHUS]
runpokcuaoB amoMuHus. [Iponecc baiiepa. KucnorHoe nepeocaxaenue. lllenouHoe ocaxnenue.
3. IIpon3BO/CTBO KaTAIM3aTOPOB AJISl CHHTE3-Ta3a. [Ipon3BOACTBO AIFOMOHHUKENEBOTO KaTaIN3aTopa.

Bapuanr 4
1. OmpeneneHue KOHCTaHThl WHTUOMPOBaHUS NpPU OECKOHKYPEHTHOM HMHIHOMpOBaHHMU. XapaKTepHBIH BHJ
3aBUCHUMOCTH TIpH rpaduaeckoi 00paboTKe pe3ynbTaTOB SKCIIEPUMEHTA.
2. Meto npUroTOBIICHHUS] KaTaJu3aTOPOB, OCHOBAHHBIE HA MEXaHUYECKOM CMEIICHHUH KOMIIOHEHTOB. JlocTOMHCTBA
MeToA0B. O0Imas TEXHOIOTHIECKas IIeT0YKa MOTydeHHS KaTanmn3aTopoB. CIOCOOB! TTOTydeHHS.
3. TIpon3BOJCTBO KAaTalM3aTOPOB Ul CHHTE3-Ta3a. [IpOM3BOJICTBO IIMHK-XPOMOBOIO KaTaln3aTopa JUIs CHHTE3a
METaHOoJIa.

Bapuant 5
1. Teteporennsiii katanm3. OOIIKE TOI0KESHUS.
2. Cyxoli 1 MOKpBIii CIIOCOOBI CMENIEHHUS B IIPOLIECCE MTPUTOTOBIICHHS KaTanu3aTtopoB. [Ipor3BoACTBO cMeceBOro
KaTaJau3aTopa AeruapupoBanus napadpuHoB Mapku IM-2201. [IpuHunnuansHas TeXHOJIOTHYECKas CXeMa.
3. Karanuzarops! okucieHus. [Ipon3BoCTBO cepeOpsiHOIO KaTaau3aTtopa.

Bapuanrt 6
1. Karamu3aTopbl B NPOMBINUICHHBIX IpoIreccax. | eTeporeHHsle M TOMOTEHHBIE KAaTaTUTHYECKHE IIPOIECCHI.
Baxnetimue katanutudeckue peakiuu TOOHC.
2. ITpon3BoICTBO CMECEBOTO KaTaIM3aTOpa JETHAPUPOBAHHUA OJIC(HHOB U aJKHIAPOMATHUECKUX YIIIEBOJOPOJIOB.
Meron npou3BoACTBA.
3. Karanuzarop okucienus MmetaHona B popMaibaeri.

Bapuant 7
1. OcHOBHBIE OTPACIH MPOMBIIIIEHHOCTH, B KOTOPBIX PEaJIM30BaHbl T€TEPOrCHHO -KaTATTUUECKHE ITPOLIECCHI.
2. IlnaBneHble KaTaJIUTUYECKHE CUCTEMBbl. THUINBI IUIABICHBIX KaTaJIMUTHYECKHX CHUCTEM. TEXHOJOrus
NPUTOTOBJICHUS TUIABJICHBIX KaTaln3aTopoB. [IpoM3BOACTBO OKCHIHOIO IIIABJICHOTO BaHAIMEBOTO KaTalu3aTopa.
IIpon3BOACTBO KENE3HOTO KaTaln3aTopa CHHTE3a aMMHUaKa.




3. Karanuszatopsl pudopMHuHTa yrieBogopooB. TexXHOIOrus MPUroTOBICHUS KaTalu3aTopa pupOpMHUHTa.
Bapuanr 8
1. TpeboBanus, npeapsIBIsIeMble K KaTannzaropaM. OCHOBHBIE TTOTPEOUTEIHCKIEXaPAKTCPUCTUKN KaTaIN3aTOPOB.
[ToHsATHE aKTUBHOCTHU KaTaJIN3aTOPOB.
2. [TaBneHpIe MaCCHBHBIC METAIUTMYCCKHUE KAaTaIH3aTOPHL. [ MaTHHOBEIHN ceTuaThlil Katanm3artop. CocraBsl Hanmboee
pacnpoCcTpaHEHHbBIX KaTAIN3aTOPHBIX CETOK.
3. be3BoiopoaHbIi pupOPMHUHT OEH3UHOB.
Bapuant 9
1. IIpoueccsl, MpoTeKaroIKue Ha TBEPAbIX KaTann3zaTtopax. OONacTH MPOTEKaHHsI TETEPOreHHBIX KaTaTUTHUYECKUX
HPOLIECCOB.
2. CkenetHble KaTanu3aropbl. CoctaB kaTanu3atopos. [Ipon3Boacto karanuzatopa Ni-Penes.
3. OxpaHa Tpyza 1 TeXHHKa 0e30MacHOCTH pabOoThl Ha KaTaN3aTOPHBIX (hadpHKax.
BapuanTt 10
1. Cragnu B3auMoEHCTBHS Ta3000pa3HBIX PEAreHTOB Ha MOBEPXHOCTH TBEPIBIX KaTaJIN3aTOPOB. TeXHOIOTHIECKas
XapaKTEePHUCTHKA TBEPABIX KaTanu3aTopoB. [loHsTHE 00 akTUBAaTOpE U HOCUTEIIE.
2. OtpaBneHne Katann3aTopoB. Jle3akTUBaLuMs B pe3yiabTaTe OJIOKMPOBKM M CIIeKaHHA. PereHepamnmus KOHTaKTHBIX
Mmacc.
3. O6opynoBaHne IS KATaIM3aTOPHBIX POU3BOACTB. ATMAPATHI JUTS CTYILCHUS U pa3/ieNICHUs] CYCIICH3UH.
Bapuanr 11
1. daxTOpHI, ONpENeIAIOIIe AKTHBHOCTD MPOMBILIICHHBIX KaTaJIH3aTOPOB.
2. Karanu3zaTopsl Ha OCHOBE ITPUPOIHBIX TJIHH, [IEOJUTOB, HOHOOOMEHHBIX CMOJI.
3. O6opynoBaHue ISl KaTaau3aTOPHBIX Npon3BoACcTB. O0OpyIOBaHHE VISl CYLIKH U TEPMOOOPAOOTKH.
Bapuanr 12
. Bnustane xonnenTpannu npumeceil. CiocoObl yCTaHOBICHHS HHTHONPYIOIIETO BIMSHUS IPUMECEH.
. IIpupoaHbIe KaTaau3aTOPh! M MX AKTHBALIHSL.
3. O6opynoBaHue IS KATAIM3aTOPHBIX TPOM3BOACTB. MaIIMHBI AT HPOBEACHHS MEXaHHIECKHUX ITPOIIECCOB.
Bapuanr 13
. CenexTHBHOCTD KaTanuzaTtopa. PakTopsl, BIUSIONINE HA AKTUBHOCTD M U30MPATEIbHOCTh KaTalI3aTopa.
. ObopynoBaHue JuIsl KaTaIM3aTOPHBIX IPOU3BOACTB. PeakTophl st KHUAKO(DA3HBIX MPOLECCOB.
. Merozp! uccnenoBaHus KaTanu3aTtopos. ViccnenoBaHue CTpyKTypHI.
BapuanT 14
1. KaTanutuueckue npoIeccel, peaan3oBanHble B TaTtapcrane u, B ToM yucie, Ha OAO "HKHX".
. MeTons! uccneoBanus Katanu3atopos. OnpeneneHue akTuBHOCTH. OmpenesieHre MEXaHMYeCKOH IPOYHOCTH.
3. KaTtanu3 opraHoMeTasIOCHIOKCAHAMH U UX IIPOU3BOJCTBO.
Bapuant 15
. Kpynneiimme xarannzatopHsle mponsBoacTBa B Poccn.
. UccnenoBanue CTpYKTypBl T€TEPOT€HHBIX KaTaJIU3aTOPOB.
3. OpraHoxJIOpCWIIaHbI U X IPIMEHEHHE B KaTaJH3e.
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Tpebosanusi k 0hopmaeHUIO KORMPOILHOU PAbOMbL
1. KonTponbhas paboTta opopMisieTcsi B OTAETbHON TETPaIH.
2. Ilpu opopmnennn paboThl CHaUaNa UAET 3alUCh 3aJaHHUs, 3aTEM €T0 PEIICHHE.
3. KoutponbHas paboTa cOCTOMT W3 TpexX 3amaHuil. 3amaHus TpeOyIOT OTBETa Ha TEOpPETHYECKHe
BOIPOCHI, B KOTOPBIX HEOOXOMMO JaTh MOJHBINH, pa3BEPHYTHIA OTBET HA MOCTABJICHHBIN BOIIPOC.
4. B xoHue paboTsl HEOOXOIUMO YKa3aTh CIIMCOK HUCIIOJIb30BAHHON JINTEPATYPHI.
5. CTy#eHT TOANKCHIBAET KOHTPOJBHYIO paboTy M MpEeNoCTaBisieT ee B JAeKaHaT (akynpTera Ha
pelieH3upOBaHNE.
6. Ecniit koHTpOJIbHAS paboTa HEe 3a4TeHa PEIIEH3EHTOM, TO OITMOOYHO BHITONHEHHBIC 3a]aHUs PEIIAI0TCSI
MOBTOPHO B TOM K€ TETPaIH.
7. CTyIeHT JIOJDKEH BBINONHITH KOHTPOJBHYIO pa0OTy CBOETO BapHaHTa, B IPOTUBHOM cilydae padoTa
PEIIEH3EHTOM HE 3aCUUTHIBACTCS.

Kpurepnii onenku Bann
JleMOHCTPUPYET TIOJHOE MOHMMAHUE IIOCTABJIECHHOM 3agaud. JaeT JIOrMuecKu OOOCHOBAHHBIN, MOJHBIA M 20
HpaBUILHBIHM OTBET Ha IIOCTABIEHHBIN Bopoc. OTCYTCTBHE OMIMOOYHBIX OTBETOB.
JlaeT J0CTaTO4HO IIOJHBIHA OTBET, ¢ HAPYLIEHHEM TI0CIIE0BATENBHOCTH M3II0KEHHS. 16
JlaeT HemoJHbIN OTBET Ha BOIPOC. 12
Her otBera. 0

MaxkcuMabHOE KOJHYECTBO OAJIJIOB 3a BBIIIOJHCHHE KOHTPOJIbHOM pabOThI CTyAeHT noiy4aet 20,
MHHUMAaJILHOE KOJINYECTBO 0amioB — 12 .
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