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Ilepeuens Komnemenyui u UHOUKAMOPOE OOCHUNCEHUA KOMIEMEHUUIL C YKA3AHUEM IMAN06 hopmuposanus 8 npoyecce 0C60eHUA
OUCHUUNIUHBL

KoMmnerennus:

I1K-1 Criocob6eH k o0ecredeHn o BEIpabOTKH KOMIOHEHTOB U MIPUTOTOBJICHUE TOBAPHOW MPOTYKIIHH.
HNHaukaTopbl 10CTHKEHUS] KOMIIeTeHIMH:

1.1 3HaeT TEXHOJIOTHIO NPOM3BOJCTBA TOBAPHOW MPOAYKLUWH; OCHOBHOE OOOpYAOBaHHE IpOLECCa, MPUHLUIBI €ro paboThl M MpaBUIiIa
TEXHUYECKOH IKCILTyaTallui; TEXHHUECKHE TPeOOBaHMs, IPEAbSIBIIIEMbIEC K CHIPbIO, MaTepHaliaM, KaTaln3aTopaM, FOTOBOW TOBApPHON MPOTYKIINH.

1.2 YMmeer ocymecTBIIsATh ONMEPAaTUBHOE PYKOBOACTBO pabOTO# MPOM3BOACTBEHHOTO MOAPA3/ICICHUS U OPTaHU30BBIBATh PA0OTy MOJIYMHEHHOTO
IepcoHajla Ha BBIIOJHEHHE IPOM3BOACTBEHHOW MPOTrpaMMbl M KadecTBa TOBAPHOM MNPOAYKIHMH; NPOBOAUTH CBEPKY CXOJMMOCTH OanaHca
noTpeOIsIeMOro ChIpbsi U BBIPAOOTKH TOBAPHOW NPOAYKIMH, PACCUUTHIBATHh IJIAHUPYEMYIO MOTPEOHOCTh MPHUCAIOK, PEareHTOB, KaTalM3aTOPOB,

MaTCpPpHaIOB JIA BBIITOJIHCHHA IIPOU3BOJCTBCHHBIX 3aJaHuM Ha HHaHpreMHfI nepuoa € yKkasaHnueM CpoOKa IMOCTABKH.

1.3 BJIaZIGGT HaBbIKaMMU PYKOBOACTBA ACATCIBbHOCTHIO TCXHOJIOTMYCCKOTO YydYaCTKa W MOAYMHCHHBIM IICPCOHAJIOM, KOHTPOJIA CO6J'IIOI[€HI/I$I

TCXHOJIOTHYCCKUX IIapaMCTPOB B IMPCACIaX, YTBCPKACHHBIX TCEXHOJOTHMYCCKUM PCIIIAMCHTOM; IMPUMCHCHUSA

BBI3BIBAIOIIMX  OTKIIOHCHHEC OT HOPM TCEXHOJOTHYCCKOro periiaMcHTa,

IMOATOTOBKHU  IIP CIIJ'IO)KGHI/Iﬁ 1o

COBCPHICHCTBOBAHNIO TCXHOJOI'MYCCKHUX ITPOUCCCOB, IMMOBLIIAOINX KAa4€CTBO TOBapHOﬁ MMPpOAYKIHH.

Mep [0 YCTPAHCHHIO IPHYHH,
pa3paboTKe MEpONpPUSATHA TI0

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




Ilepeuens oyenounvix cpedcme no oucyuniune (Mooyno)

ons 3aounou (1 cemecmp) ¢hopmul 00yuenusn

Ouyenounvle cpeocmea Kon-60 Min, éannoe Max, oannos
Jlabopamopnas paboma 4 6 10
Koumponvnas paboma 1 12 20
Ok3zamen 1 24 40
Hmoezo: 60 100




HlIxana ouenusanusn

Indposoe
BbIpaKeHue

Bripaxenue B
0aJsnax:

CioBecHoe
BbIpa:KeHHe

KpuTepun onieHKH HHAMKATOPOB JOCTH:KeHHs TPU (opMe KOHTPOJIS:

IK3aMCH

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 CIpAaBISieTCs C 3afadyaMM, BOIPOCAMH W APYIMMH BHIAMH
MIPUMEHEHUS 3HAHWM; HCIOJIB3yeT B OTBETE JOMOIHUTENBHBIN MaTepuan
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
KOMIIETEHIINK B OCHOBHOM C(OPMHPOBAHBI, BCE MPEIyCMOTPEHHBIE
porpaMMoi oOydeHus] y4deOHBle 3aJaHUs BBHITIOJIHEHBI, KadeCTBO WX
BBIMIOJIHEHUSI JOCTATOYHO BbICOKOE. CTYIEHT TBEpPAO 3HAET Marepua,
rpaMOTHO M MO CYUIECTBY M3Jarae€T €ro, He JOMNYyCKas CYLIECTBEHHBIX
HETOYHOCTEW B OTBETE HA BOIPOC.

60 -73

VY nosnersopu
TEIBLHO
(3auTeHo)

OueHka  «yIOBIETBOPUTENIBHO»  BBICTABISETCS  CTYIEHTY,  €CIU
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 MOCTAaBJICHHBIA BOIPOC CTYJIEHT AOMYCKA€T HETOUHOCTH, HEAOCTATOYHO
MpaBWIbHbIE (OPMYJIUPOBKH, HAOIIONAIOTCS HApYIIEHUS JIOTHYECKON
I10CJIEI0BATEIbHOCTH B U3JI0KEHUU IIPOTPAMMHOI0 MaTEpHAIIA.

Huxe 60

Heynosnersop
UTEIBHO
(1e 3auTeHO)

OneHka «HEyAOBIETBOPUTEIBHO» BBICTABISIETCS CTYAECHTY, €CIIM OH HE
3HAeT 3HAYUTENBHOM YacTHM MPOTPaMMHOIO MaTepuana, JOIyCKaeT
CYIIECTBEHHbIC ONIMOKH, HEYBEPEHHO, C OONBIIUMH 3aTPYJHEHUSMU
BBHITIOJIHSIET ~— TIpaKTHUYeCKHe  paboThl, HEOOXOAMMBIE  IMPAKTHYCCKHE
KOMIIETEHIIMK He C(HOPMUPOBAHBI, OOJBIIMHCTBO MPEIYCMOTPEHHBIX
mporpaMMoii oOydeHusi y4eOHBIX 3aJaHW{ HE BBINIOJHEHO, KauecTBO HX
BBITIOJTHEHHS OIICHEHO YUCIIOM 0aiyioB, OJIM3KIM K MUHUMAJIBHOMY




MuHHCTEpCTBO HAyKH U BhICIIEro oOpa3oBaHus Poccuiickoit denepanun
HwxHekaMCKHil XUMHUKO-TEXHOJIOTHYECKUI HHCTUTYT ((unan)
beaepanbHOr0 TOCYIaPCTBEHHOTO OFOPKETHOTO 00pa30BaTEIBbHOTO YUPEIKICHUS
BbICILIEr0 00pa30oBaHUs
«Ka3zaHCkuil HAlMOHAJIBHBIN UCCIIEIOBATEIILCKUI TEXHOJIOTHYECKUI YHUBEPCUTETY

Dakynvmem mexHON0SUHECKUL
Kagpeopa  HXC

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

HpO(bI/U_HJ/ CIIcnyaan3anus: «XHMHUYECKas TEXHOJIOTUS IPUPOIHBIX SHEPIOHOCUTENICH U YIJICPOAHBIX MATEPHATIOBY

(Haumenosanue)
Cemectp__7 (3a0uHast)

Bonpocsl /151 MOATOTOBKH K YIK3aMeHY

o aucrtuiummae b1.B.JIB.03.01 Karanus v kaTanu3aTopsl B HedrenepepadoTke
(HaumeHoB8anue OUCYUNTUHDL)

1. [TonsATHE O KaTanu3e U KaTaJIu3aTopax;

2. 'OMOTeHHBIE U TETEPOTCHHBIE CUCTEMBI;

3. IHTCHCUBHOCTb 1 aKTUBHOCTB KaTalnn3aTopa;

4. CeneKTUBHOCTh KaTalnu3aTropa,;

5. TpeGoBaHusi, MpeABsABIsAEMble K KaTaau3aropy (cocTaB Karalu3aropa, NPUMECeH; 4acToTa KaTalu3aTopa;
MEXaHHYECKHE CBOICTBA KaTaIM3aTOpa; MEXaHMYECKHE XapaKTepUCTUKH;, TpeOOBaHUs K TEPMHUUYECKOIl
CTaOMJIBHOCTH; TPeOOBaHMUS K pa3MepaM IpaHyl U (popMe rpaHyll KaTaau3aTopa; TeIJIOIPOBOIHOCTD KaTalk3aTopa;
CPOK CITy’KOBI KaTaJl3aTopa);

6. TexkcTypHble XapaKTEpPUCTHKH KaTaiuzaTopa (BEJMYMHA ITOBEPXHOCTH, 00BEM mop, ¢gopma U pasmep Iop,
pacrpezeneHue mop 1o pa3Mepam);

7. MeToabl NPUTOTOBIIEHNUS TE€TEPOTCHHBIX KaTaIH3aTOPOB;

8.I1pon3BOJACTBO OCAXIEHHBIX KaTalM3aTOPOB (JOCTOMHCTBA METOZAA, HEIOCTaTKM METOoAa, olmas cxema
MOTYy9YCHHA);

9. Ilosrydyenue cHIMKaresss — HOCUTENSI KaTaJlIH3aTOPOB;

10. ITpou3BOACTBO aKTUBHOTO OKCH/JIA ATFOMHHHS;

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

12. IonyyeHne KaTanau3aTopoB HAHECEHHEM aKTUBHOTO KOMIIOHEHTA Ha HOCUTEJb;

13. MeTo/pl MPUTOTOBJICHUSI KaTAIM3aTOPOB OCHOBAaHHBIE HA MEXaHMYECKOM CMEIICHHH KOMIIOHEHTOB, CYXOH U
MOKpBII METO/I CMEILICHHUS;

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

[onsTHE O KaTayM3e U KaTaju3aTopax.

15. Karanmutnaeckue siapl. OTpaBieHHe KaTal3aTOPOB.

16. ITpon3BOJCTBO KAaTaaM3aTOPOB KPEKUHTA.

17. Karanu3aTopbl THAPOOUYUCTKH HEPTIHBIX (paKIHid.

18. Karannu3aTopbl THAPUPOBAHMS U AETHAPHUPOBAHHUSL.

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

20. Karanuzatops! OKucacHHS. [IpOM3BOACTBO CepeOPSIHOTO KaTaIn3aTopa.

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

22. OxpaHa Tpy/aa U TeXHHKa 0€30MaCHOCTH pabOThl Ha KaTaln3aTOPHBIX (habpHuKax.

23. O6opynoBaHNE KaTAM3aTOPHBIX MPOM3BOACTB. PeakTopsl st xuqK0(pa3HbIX POLECCOB.

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

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

26. O6opynoBaHNE KaTaIM3aTOPHBIX TPOM3BOACTB. MalIMHBI 71 NPOBEACHUSI MEXaHUYECKUX TIPOLIECCOB.

27. KaTtanus opraHoMeTaJuUIOCHIOKCaHaMHU M UX TIPOU3BOJICTBO.

28. Meronp! nccneioBaHus KaTanuzaTopoB. McenenoBanne cTpyKTyphl.

HaGop yTBepKIEHHBIX DK3aMCHAIMOHHBIX OwmineroB xpaHutrcs Ha kadempe. Kaxmprid
9K3aMEHAIIMOHHBIN OWMIIET CONEPXKHT J[Ba TEOPETHYECKHX Bompoca MakCHMalbHOE KOJIMYECTBO OasioB,
KOTOPOE CTYAEHT MOKET MOJIy4InTh 3a 3k3aMeH -40, U3 HUX 3a OTBET Ha OIUH TeopeTnueckuil Bompoc — 20.
MuHnIMaITbHOE KOMMYECTBO 0asioB 3a 3k3aMeH — 0 .



MuHHCTEpCTBO HAyKH U BhICIIEro oOpazoBanus Poccuiickoit denepanun
HwxHekaMCKHil XUMHUKO-TEXHOJIOTHYECKUI HHCTUTYT ((unan)
beaepanbHOr0 TOCYIaPCTBEHHOTO OFOPKETHOTO 00pa30BaTEIBbHOTO YUPEIKICHUS
BbICILIEr0 00pa30oBaHUs
«Ka3zaHCkuil HAlMOHAJIBHBIN UCCIIEIOBATEIILCKUI TEXHOJIOTHYECKUI YHUBEPCUTETY

Dakynvmem mexHON0SUHECKUL
Kagpeopa  HXC

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

HpO(bI/U_HJ/ CIIcnyaan3anus: «XHMHUYECKas TEXHOJIOTUS IPUPOIHBIX SHEPIrOHOCUTENICH U YIJICPOAHBIX MATEPHATIOBY

(Haumenosanue)
Cemectp_ 7 (3a0uHast)

Y4eOHBIM IUTAHOM MO HamparieHuto mnoarotoBku 18.03.01 —Xwumudeckas TEXHOJOTHS IS
00y4aroIuUXCs MPEAyCMOTPEHO MpoBeacHHE TabopaTopHbix 3ansaTuil mo aucimminae b1.B.J1B.03.01
Karanu3 u kaTanm3atopsl B HedrenepepadoTke.

JlaboparopHble 3aHATHS 1O JAWUCHMIUIMHE MPOBOJATCS B  CIHEIHANBHO 00OPYIOBaHHBIX
nmabopaTopusx C TPUMEHEHHEM HEOOXOAWMBIX CPENCTB OOYYEeHHS: JIadopaTopHOTO 000pyHOBaHUS,
00pas3IoB [UIsl KCCIIEIOBAHUN, METOIUUECKUX TOCOOMIA.

Llenb mpoBeaeHUs 1aOOPAaTOPHBIX PAOOT - MPAKTHUECKOE OCBOCHUE TCOPETUYECKHUX MOJIOKEHHIA
JEKIMOHHOTO Marepuaia, a Takke BBIpAOOTKAa CTYICHTAMH OIPEICNCHHBIX YMEHHH W HaBBIKOB
CaMOCTOSTEIBHOTO SKCIIEPUMEHTHPOBAHHSI.

KomiuiekT 1a6opaTopHbix pador
o apucoumuivge 51.B.J1B.03.01 Karanus u katainu3aTropsl B HedrenepepadoTKe
(HauMeHoeaHue ()MCUMI’UZMHbl)
Cemecrp: 7 (3a0uHasn)

JladopaTopHas pa6ora Ne 1
KATAJIMTUYECKOE PA3JIOXKEHUE ITEPEKNCU BOJJOPOJA
Llenv pabomul: ompeneNuTh CKOPOCTh PA3NIOKEHUs MEPEKHCH BOAOPOAA 3alaHHOW KOHICHTpAIMH B
MPUCYTCTBUU TOMOTEHHOT'O U T€TEPOTeHHOr0 KaTajanu3aTopa.
Kpamxas meopus

[IpumeHeHne iepeKrcH BOJAOPOAa BO MHOTUX TEXHOJOTHUECKUX MPOIECcCaxX, MEAUIIUHE U JPYTUX
0o0nacTsSX OCHOBBIBAE€TCS Ha €€ OKHCIMTENBHBIX cBoiicTBax. Hambosiee XapakTepHBIH IS TepeKucH
BOJIOPO/Ia SK30TEPMUYCCKHUI paciiaji B KUCIION cpelie MOXKET OBbITh MPECTABIICH YPAaBHCHUEM:

H202 = HzO + % 02 (1)
Pexxe Tompko TON AEWCTBMEM HEKOTOPBIX CHIIBHBIX OKHCIUTENEH MEepeKHCh BOAOPOJa MPOSBIISET
CBOMCTBa BOCCTAHOBUTEJIS COIIACHO YPABHEHHUIO PEaKIIMH:

H,O0, = O, +2H 2)
OxucnurenbHast (yHKIUs Ooyiee OTYETIMBO BHIpAKEHA y TMEPEKHCH BOJIOpPOJAa B KHUCIOH cpeje,
BOCCTAHOBUTENS — B IIEJIOYHOMA.

Pacnag mo cxeme (1) uaér co 3HaYMTENHHONW CKOPOCTHIO B MPUCYTCTBHHU BEIIECTB, CIIOCOOHBIX
OKHUCJIATHCS BBIJEISIOIIUMCS KUCIIOPOIOM. Y CKOpsIIolIiee JeCTBHE Ha Pa3ioKEeHUE TIEPEKUCH BOJOPOJIa
OKa3bIBAIOT TAKXKE TBEPJIbIC KATAIH3ATOPHI (CTEKIIO, MHOTHE METaUTbl, B YaCTHOCTU IUIATHHA, COJIU U
OKHCJIbI METa/UIOB, yrojib M T.I.). Ha TeueHWe KaTaJUTHUECKOH pPEaKIMH Pa3IOoKEHHUS IEPEeKUCH
BOJIOPO/Ia BIUSIOT COCTOSIHUE TIOBEPXHOCTH KaTanu3aropa, pH cpens! u katanmutuueckue sapl. CUITbHBIMA
SJIaMU TIPH PA3JIOKEHUH TIEPEKUCH Boiopoaa Ha tuatuse ssistotes: Cs, C,HsOH, |, P, CO, PH3, AsHg,
N3.2803.

CorjacHO cxeMe IPEJIOKEHHOW HEMEIKUM YYeHBIM BuilaHIoM, pasiioKeHHE IEePeKUCH
BOJIOPO/Ia IMTPOTEKALT Yepe3 CIEIYIOIINE MEJUICHHbIC U OBICTPBIC CTaIUU:

HOOH = O, + 2H (MemieHHO)
HOOH + 2H = 2H,0 (6sicTpo)
2H202 = 2H20 + 02
CymmapHasi CKOpPOCTh pPEaKIUU OIpPENSIsieTCsS MEPBOH CTaaueH, W MO3TOMY peakius UAET I0



nepBoMy nopsaaky. [Ipenmonaraercs, 9to cragus aacopouny — necopOoIny MPOUCXOANUT BeCchMa ObICTPO U
He TUMHTHpPYeET mporiecc. CKOPOCTh Pa3IoKeHUs MIEPEKUCH BOIOPOIa B 3HAYUTEIFHON CTEMIEHH 3aBUCUT
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’; LWIAHAPBI MEpPHBIE,
BMECTUMOCTBIO 50 CM3; MUTNETKH TpagyrpoBaHHBIE, BMeCTHMOCThIO 1, 2, 5 m 10 CM3; CeKyHIOMep;
TepPMOMETp CTEKJISHHBIH JIabopaTopHsIii ¢ puanazoHoM m3meperns or 0 °C no 100 °C, mena penenns 1
°C.
IIposedenue sxcnepumenma.

1-as cepus ombITOB. B paboTe M3MEPSIOT CKOPOCTH PA3IIOKEHHUS MEPEKHCH BOAOPOAA 3aaHHON
KOHIICHTPAIIMK B MPUCYTCTBUU KaTaJU3aTOPOB. J[sl 3TOH ey MPUMEHSIOT Ta30METPUYECKUI croco0,
KOTOPBI TIO3BOJISICT OMNPEACITUTh C JIOCTATOYHOM TOYHOCTBIO CPEIHIOI0 CKOPOCTh 3a KOPOTKHE
MPOMEXXYTKH BPEMEHHU M, TAKUM 00Pa30M, CTPOUTH KPHUBBIE N3MEHEHHS CKOPOCTH PEAKIINH BO BPEMEHH.
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Pucynox 1 — YcTaHOBKa KaTaIUTUUECKOTO Pa3oKEHUS IEPEKUCH BOAOPOIA
1 — peakumnoHHslii cocyn; 2 — oOpasel KaTanu3aTtopa; 3 — coCyl [ pacTBOPa NEPEeKUCH; 4 — IPOXOIHOM KpaH; 5 — TPeXX010Boii KpaH; 6 — ra3oBas OropeTka;

7- YpaBHUTEIIbHAA CKIISTHKA, 8- COCAUHHUTEIbHAA prGKa; 9 — MarHMTHas MelIaiKa

KonnvecTBo pa3noxuBiieiicst K JaHHOMY MOMEHTY TIEPEKUCH BOAOPOA OTNPENLISIOT M0 00beMy
BBIJIEJIMBIIErocs Kuciaopoaa. Cxema npubopa i U3MEPEHHs CKOPOCTH Pa3sIoKEeHHs NEPEKUCH BOIOPOIa
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
cucTeMbl. J{JIsl 3TOro NpUBOIAT NaBJI€HUE BHYTPH CUCTEMBI K aTMOC(EPHOMY, YPaBHSB Ha IPOU3BOJIbHON
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 OIYCKAalOT CKISHKY HPUOJM3UTEIBHO Ha YETBEPTh BBICOTHI
Oropetkn. Ecnmm obecriedeHa [gocTtaToyHash T€PMETUYHOCTh, YCTAHOBMBIIHUICS YPOBEHb 3aTBOPHOMN
JKUJIKOCTU B OIOpETKE He JOJKCH CMEIAThCS B TeUEHHE HECKOIBKHX MUHYT.

Jii TpUTOTOBJIEHUSI HCCIEAYEMOTO pacTBOpa OTMEPSIOT INHIETKOM MJIM MHKpPOOIOPETKON
3aJlaHHBIN TIpenoiaBaTenieM 00beM ucxoqHoro pacteopa H,O, v pa3daBisifoT AMCTHIUIMPOBAHHON BOJIOH,
nobasmsroT pactBop KMnO, B 3agaHHOM mpenogaBareieM o0beMe M 3aKpbIBalOT Kpbiiikoi. [loce
TIIATEJIFHO MEpEeMElIMBAIOT W OTOMpAalOT A aHaluM3a TIpajyupoBaHHOM mwmmeTkod 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 CJeyeT 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 MOXKET BBIIEITHTHCS
TIPH MTOJTHOM Pa30KeHNU TIEPEKNCH.

2-as_cepus ONBITOB. BTopas cepus ONBITOB NpOJENBIBACTCS AHAIOTHYHO IIE€PBOM, BMECTO
TOMOTEHHOT'0 KaTalu3aTopa MepMaHraHata Kalus B PEaKIHOHHYIO CMECh IOMELIAeTCs] TeTepOreHHBIN
KaTajam3aTop. B KauecTBe TeTEPOreHHOTO KaTaju3aTopa IpeJuiaraeTcsi TPOBECTH TMPOBEPKY 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 NPOBOAWUTCS AHAJIOTUYHO MEPBOH, K TOMOTCHHOMY




KaTajau3aTopy NEpMaHTaHaTy Kaiusg JOOABISIOTCS MPOMOTOPHI, T.€. BEIECTBA KOTOPBIE CIIOCOOHBI
MOBBICUTH WJIM TOHU3UTHh aKTUBHOCTH KaTaJln3aTopa Ha HECKOJBKO MOPSAAKOB. B KauecTBe MpOMOTOPOB
KaTajau3aTopa MpejyiaracTcs MPOBECTH MPOBEPKY C J00ABIEHUEM YKCYCHOHM KUCIOThI o0beMamu (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 TIOJYYCHHBIM
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 BBIIICIMBIIECTOCS 00beMa KUciopoaa (Mi1) OT BpeMeHH (MHH)
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Pucynok 3 — I'paduk 3aBUCHMOCTH KOHIIEHTPALIMH OT BPEMEHH /ISl onpeneneHust 3¢ eKTUBHOM

CKOPOCTH peaKiuu
Ha¥iTi KOHIIEHTpAIHIO TIEPEKUCH BOJIOPO/Ia B IPUTOTOBJICHHOM PACTBOPE 10 clieAyronieit Gpopmye (4):

VB0, =0H. 0.
C _ YHzpg*pHo0, @)

H 0,
HOCTpOI/ITL rpacpm( 3aBUCUMOCTHU CKOPOCTHU Pa3JIOKCHUA NCPEKUCHU BOAOPOAA OT KOHICHTpALUW I
OIpENICIICHUS TIOPSIAKA PEAKIINH.
Cmamucmuueckas 0opabomxa pe3yibmamos IKCnepumenma

B nannom paszzene nabopaTtopHoii paboThl CTYACHTY HEOOXOIUMO 1O TOJTYYEHHBIM 3KCIIEPUMEHTATbHBIM
JTAHHBIM TIPOM3BECTH CTATHUECKYIO 00pabOTKY pe3ysIbTaTOB AKCIIEPUMEHTA.

Paccunrats cpeqHeapudpmeTniecKoe 3HaUYCHHE Pe3yTbTATOB SKCIIEPUMEHTA:

TG

E — Zf=g™L  rJeN— YUCIIO FKCIIEPUMEHTOB
- y

M0

Paccunrars oTKIIOHEHHE OT cpenHero 3uaqenus (Ci - C)
72
Paccunrarh KBagpaT OTKIOHEHHS OT cpeanero 3Hauenus (Ci - C)

PaccumTarh CyMMy KBaJpaToB OTKJIOHEHHUS OT CPEIHEr0 3HAUCHHSL: ), (C.,—C )?

Paccuurats CTAHAAPTHOC OTKJIOHCHUC CAUMHUYIHOI'O pE3yJIbTaTa OT CpeHHeapI/I(bMeTH‘IeCKOFO 3HAYCHUA:
= —E57

Se N! ez — A1)

. . C=Cx5z=t,,
Paccuurats JOBCPUTCIIbHBIM MHTCPBAJI ONIPEACTIACMOUN BCINYNHLL: e

rae t, . - K unuenT CreronenTa. Ero 3HaueHne HaxoaT M3 TaOnuubl 2, 331aBasch JOBEPUTEILHOM
et, ., - Ko ent CrerozienTa. Ero 3HaueHne Haxo, 3 Tab 2, 3a/1aBasACh JOBEPUTEIILHO



BEPOATHOCTHIO P.
Tabmuna 2 — 3nayenus koddpduuuenta Cterofenra t,, .

tﬂ.."!

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

09 1]6,31292|235(213|201157|189|183]|1,81

0,95|12,714,30|3,18 2,78 | 2,57 | 2,45 | 2,31 | 2,26 | 2,23

Bvigoovi. B manHoM pazzmene nmabopaTtopHoil paOOThI CTyIEHTY HEOOXOJMMO MEPEYUCIUTH OCHOBHBIC
WUTOTH TIPOJICTTaHHONW PabOTHI.

1-off moArpymme CTyIEHTOB HEOOXOIUMO TOSCHUTh, KaKUM 00pa3oM TOMOIEHHBIH KaTaliu3aTrop, B
YaCTHOCTHU NIEPMaHTaHAT KaJIHs, BJIUACT HA CKOPOCTh Pa3JIOKCHHS MEPEKUCH BOJIOPOA.

2-0i TOATpYININE CTYACHTOB HEOOXOMUMO TOSCHHUTh, KAKOW W3 WCIOJL30BAHHBIX HMMH 00pa3IoB
TeTepOreHHOr0 KaTanu3aTopa sBJsIeTCsl HanboJiee aKTUBHBIM B PEAKIIMU Pa3oKeHUs IEPEKUCH BOAOPOIa
M, KaKuM 00pa3oM CTPYKTypa U IOBEPXHOCTh KAaTaJIU3aToOpa OKAa3bIBAIOT BJMSHHE Ha MPOTECKAHUC
peakiuu.

3-eif moAarpymmne CTYACHTOB HEOOXOIUMO IMOSCHUTH BIUSHHE MPOMOTOPOB (YKCYCHOW KHCIOTBHI U
M30MPOIHUIIOBOTO CIIUPTA) Ha JeCTBUE TOMOTCHHOTO KaTallnu3aTopa.

JlaGopaTopHas paGoTa Ne 2
CPABHEHUE CHUHTE34A 'OMOI'EHHOI'O U TETEPOI'EHHOI'O KATAJIU3ATOPA U OIIPEJEJIEHUE
PACTBOPEHHOI'O 1 OFLJEI' O MOJIUBE/JEHA
Lenu pabomur:
1. U3yYUTh METOAUKY TOJTYUYEHHSI KOMIUIEKCHOTO MOJMOIEHOBOTO KaTallu3aTopa;
2. IpOBEPUTH NMPUHLUIHMAIBHYIO BO3MOXHOCTb H3BJICUEHHUS] PACTBOPEHHOTO MOJIMOAEHA copOuumei ero
AaKTUBUPOBAaHHBIM  YIJeM W3  pPacTBOpOB, TMOJYYEHHBIX  PACTBOPEHHEM  IOPOIIKOOOpPa3HOTO
METaJUIM4eCKOro Mojaub/ieHa B BOJIE, COJIepKallel IEPEeKUCh BOLOPOa;
3. mpoBepUTH BIMSHUE Ha COPOLIMIO HAYaJIBHOTO COACPKAHUS MOJIMOCHA.
Kpamxas meopus

[IpenmymiecTBaMu METOJIOB TPUTOTOBJIEHUS KaTalW3aTOpOB, OCHOBAaHHBIX HAa HAaHECEHUHU
AKTUBHOT'O KOMIIOHEHTa Ha HOCUTENb, SBISIOTCA 3(G(PEKTUBHOE HCIOJIIB30BaHUE aKTHBHOTO KOMIIOHEHTA
BCJIEZICTBHE €r0 BBICOKOH JMCIEPCHOCTH, MEHbIIEe KOJMYECTBO BPEAHBIX OTXOJ0B U Ip. B 3aBUCHMOCTH
OT MEXaHM3Ma B3aUMOJIEHCTBHS HAaHECEHHBIE KaTaJI3aTOPhl MOYKHO Pa3/IeNNTh Ha JBa OONBIIUX Kiacca,
KOTOpble B JanbHeiimem OyaeM Ha3pBath '"copOumoHHBIMH" U '"mponurouHbiMH'. B ciyuae
COpPOLIMOHHBIX KaTaJM3aTOPOB B IMPOLECCe NPUTOTOBJICHUS HMEET MECTO B3aUMOICHCTBHE MEXKIY
HOCUTENIEeM M HMCXOJHBIM BEIIECTBOM, aJCOPOMPYIONIMMCS Ha IMOBEPXHOCTH. B cilyyae MpONMUTOYHBIX
KaTajau3aToOpOB TAKOE€ B3aWMOJIEHCTBHE MPAKTUYECKH OTCYTCTBYET, M MCXOJIHOE COeIWHEHHE aKTHBHOTO
KOMIIOHEHTa HaXOJUTCS B PACTBOPEHHOM COCTOSTHUM B ITOPaX HOCHUTEIS.

[Ipn HeOonbLIOM coONEpKaHUM AKTHBHOTO KOMIIOHEHTA IIOPUCTas CTPYKTypa HaHECEHHOTO
KaTajau3aTopa OYe€Hb Mal0 OTIMYAETCS OT CTPYKTYPbl HOCHTENS, TO3TOMY JUIS CO3JaHHMS aKTHBHBIX
KaTaJIn3aTOPOB OYEHb BAYKHBIM SIBIISIETCS TI0I00P HOCUTENIS C ONITUMAIILHOM TEKCTYPOH.

XapakTepHbIM CBOMCTBOM HAHECEHHBIX KaTaJIN3aTOPOB SBJISETCS HEPABHOMEPHOCTD pacIpeselie-
HUS aKTHUBHOTO KOMITOHEHTa TI0 CeYeHHWIo rpaHynbl. Ha pucyHke 4 mpeacTaBlieHO paclpeneieHne
aKTHBHOTO KOMIIOHEHTA IO TpaHyjie Kartainm3atopa. lIpuHATO AeneHNe HaHECEHHBIX KaTaM3aTOPOB Ha
YEeTBIPE OCHOBHBIX TUNA: | - ¢ paBHOMEpPHBIM pacnpeaeneHueM; 11 - "KopoukoBbIil", y KOTOPEIX aKTUBHBIN
KOMIIOHEHT cocpeloToueH y nepudepun rpanyit; Il - akTUBHBI KOMIIOHEHT COCPEIOTOYEH B IIEHTpE
rpaHynbl (Tak Ha3bIBaeMbId "SWYHBIN kenTok"); IV - akTHBHBIA KOMIIOHEHT DPACIIOJIOKEH B CpeaHEn
o0nacTH, yJaJeHHOHN Kak OT LIEHTpPa, TaK U OT BHEIIHEH MOBEPXHOCTH 3€PHA KaTaJu3aTopa.
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Pucynok 4 — PacnipezieneHrie akTHBHOTO KOMITOHEHTA 10 TpaHyJle KaTtajan3aTopa

MeTton HaHEeCEeHUS! MCIONB3YeTCS W JUIS TMONYYEHHUS KaTalau3aTopoB OOJee CIO0KHOTO COCTaBa,
AKTHUBHBIM KOMITOHEHT KOTOPBIX BKIIIOYACT JBa MU O0JIee JICMEHTOB.

Hecmotps Ha pa3HOOOpa3ue XUMHYECKOTO COCTaBa, Il HAHECCHHBIX METaNIOOKCHIHBIX
KaTajanm3aTOpOB MOXKHO BBIIETTUTh OCHOBHBIE OCOOCHHOCTH, OOYCIIOBIEHHBIE METOJOM HaHECEHUS
aKTUBHOTO KOMIIOHEHTA: Ui COPOLMOHHOTO CII0CO0a XapaKTEpHBI BBICOKAas, ONM3Kas K aTOMAapHBIM,
JIUCTICPCHOCTh YAaCTHUI[ AaKTUBHOTO KOMIIOHEHTA, COXPAHSIONIAsACS B IIMPOKOM JUANa30HE €ro
CoZlepKaHus, M MOBBIIICHHAS! TEPMOCTONKOCTD, B ClTydae OMAIIEMEHTHBIX KaTaIH3aTOPOB.

KaranmzaTopsl, momydeHHBIE CITOCOOOM TPOMHUTKH, BBICOKOAWCIIEPCHBI TOJBKO IIPH MAaJIOM
COJICP)KaHUU aKTUBHOTO KOMIIOHEHTa. K JOCTOMHCTBAM NPOMMTOYHOTO METOJA CJICAYET OTHECTU €ro
MPOCTOTY U JOCTYITHOCTh MUCXOJHBIX BEIIECTB, B OCHOBHOM HUTPATOB W KapOoHaToB. OMHAKO CleayeT
yKasaTh W PSIl HEAOCTATKOB: OTPAaHMYEHUS N0 KOHIEHTPAIIMH aKTHBHOTO KOMIIOHEHTa, 0OYCIIOBICHHBIC
PacTBOPUMOCTBIO HMCXOJHOTO BEIECTBA M OOBEMOM TOP HOCHTEISA; BO3MOXKHOCTh HEPaBHOMEPHOTO
pacrpeesicHUs] aKTUBHOTO KOMITOHCHTA 10 CCUCHUIO T'PaHYJIbl BCIEACTBHE BBIHOCA B MPOIECCE CYIIKU
YaCTH pacTBOpa Ha Mepudeprio 3epHa H T.JI.

OT yKa3aHHBIX HEJOCTAaTKOB CBOOOJHBI COPOIMOHHBIE METOABI Onaromapsi 00pa30BaHHIO
XUMHYECKON CBS3M MEXKIY aiAcopOMPYeMBIM BEIICCTBOM W (YHKIIMOHAIBHBIMUA TPYIIIIAMU HOCHTEJIS.
OrpaHudeHnsT METOJa CBS3aHBL, MPEXKAE BCEro, C HEAOCTATOYHBIM AaCCOPTUMEHTOM COEIWHEHHH,
o0namaronx Heo0X0AMMOM PaCTBOPUMOCTBIO M CIIOCOOHBIX OCAXKAATHCS Ha MIOBEPXHOCTH HOCUTENEH.

OKcnepumenmanvbHas 4acme

Peaxmuevi: nepexuce Bomopoaa 30%; M30MPONUIOBBIN CIIUPT; MOJIHOACH; TUAPOKCU HATPHS, COJISTHAS
KHCTIOTa; 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: xonObl KOHHYECKHE, BMecTUMOocThi0 100 em’; UWIMHAPEl MEPHBIE, BMECTUMOCTbIO 50 oM;
MATMETKH TIPagyMpoBaHHBIC, BMecTHMOCTBIO 1, 2, 5 u 10 cm® 6roperka); Bechl IabOpaTOpHBIC
CHENUANBHOTO KJIacca TOYHOCTH C HauOONbIIMM mpenesioMm BiBemmBauus 200 r; ceKyHIOMEp; IUIMTKa
aNIeKTpUYIecKas; OaHs BOJSHAs; TEPMOMETpP CTEKJISTHHBIN JIaDOPATOPHBI ¢ auamna3oHoM u3MepeHus ot 0
°C 10 100 0C, LeHa aeaeHus 1 0C; KalleJIbHUIIA.

Tlpucomosnenue 6cnomozamenbHbIX peakmugos
[puroToBieHre pacTBOpa MeTaBaHaJaTa aMMOHHs ¢ MousipHO# koHieHtparmeir C(NH,VO;)=0,01
MOJ'IL/L[MS; 0,025 MOJ'IB/,I[MS loToBsir pa3baBneHmeM pacTBOpa C MOJSIPHOW 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
CepHOI KUCIOTHI (Prgc=1,83 1/ CMB), JOBOJIAT JO METKU TUCTUINIMPOBAHHOM BOJOW U NEPEMEILHUBAOT.

[IpuroroBuaenne pactBopa N-OEHWIAHTPAHWIOBON KHCIOTBI (0,10i0,01) r N-denunanrpanmmoBoi

KHCJIOTHI PACTBOPSIOT B 50 cM° pacTBOpa MMAPOKCHIA HATPHS C MOJISIPHOIT KourenTpamueit C(NaOH)=0,1
MOTB/IM®  TPM  HATPEBAHMH M [EpEMENIMBAHMH, 3aTeM MOIyYeHHBIA pAacTBOp pa30aBiIsiOT
JUCTUWLIMPOBaHHOU Bogoit 1o 100 oM’

[purorosnenue pactsopa consHoit kuciotst C(HCN=2.0 mons/nm® 86 cM® KOHIEHTPHUPOBAHHOI

COMSHOM KHCIOTHI (P20°c=1,18 r/cM°®), OCTOPOKHO, NPH NEpPEeMEINNBAHUN BIHBAIOT B MEPHYIO KOJIOY

BMectuMocthio 500 cm® ¢ 300 cM® AMCTHIUIMPOBAHHON BOMBI, MOCITE OXJIAKICHHS IOBOIAT OOBEM

pacTBopa JUCTUIIIIUPOBAHHOM BOJOM 10 METKH.
puroroBnenue pactBopa cepHoii kucnotel C(1/2H;S0,)=16 moms/mm® 229 cm® KOHIEHTPHPOBAHHO

CepHOM KHUCIOTHI (747 -=1,83 r/CM3) OCTOPOYKHO, HEOONMBITUMH TOPITHSAMH, TIEPEMEITHBAsI, BIUBAIOT B

dappoposyro kpyxky ¢ 200 cM® AHCTHIIMPOBAaHHOH BoxbL Ilocie OXNMAXIEHHs J0 KOMHATHOM
TEMIIepaTypbl, PACTBOP KOIMYECTBEHHO MEPEBOIST B MEPHYIO KOJIOY BMECTHMOCTBIO 500 cM°, TOBOIAT
00BeM pacTBOpa TUCTHJUTMPOBAHHOM BOAOH 10 METKH U TIEPEMEIINBAIOT.

IIpuroToBieHre PacTBOPa Cyb(aTa IUAPa3HHA ¢ MACCOBOM omeii okono 1,0% Pacteopstor (1,010,1) T

cynbgara ruapasusa B 100 cM® TUCTHIUTMPOBAHHOM BOIEL. PaCTBOP HPHMEHSIOT CBEXKEIPUTOTOBICHHBIM.
IIposedenue sxcnepumenma

l-as cepus ombiTOB. Jlnst mpuroroBieHUsS pabodero pactBopa B cTakaH Ha 50 mur otmeputh 35,8 M

M30TPOMIIIOBOTO CITUPTA U 3,2 MIT TIepeKucH Bogopoaa. Ha aHamuTHUeCKnX Becax OTMEPHUTh HaBecKy Mo

B xonmuectBe 0,05 rp u mo6aBuTh K pactBOpy. llomyueHHBIH pacTBOp MepeMeluBaTh B T€YEHUH 15

MHUHYT JI0 TI€pexojia OT CBETJIO-YEPHOrO0 OTTEHKa JO CBeTio-3ejeHoro. 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°). TIpHrOTOBICHHBIE KOJIOBI IIOMECTHTh HA IUIHTKY M HArpeBath B TeucHue 10 MuHYT, nanee
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:

AM0O,Z + NpH, * H,SO, + 2H * = 4M00; ™ + N, + SO, 2 + 4H,0

MoO; +NH,VO; + H,S0, = M0oO,* + VOSO, + NH," + H,0

2-asi cepus onbITOB. [To ncTeueHuro 45 MUHYT U3 pabodyero pacTtBopa oToOpath npody mo 0,5 M B 1Be
MaJleHBKHE KONOBI Tyfa ke moMectuts mo 10 i rumpokenaa Hatpus (1,0 Moms/am’). Mertoauky mo
OTIPEJICICHUI0 PACTBOPEHHOTO M OOIIEr0 MOJMOJeHa MPOBECTH TaKUM K€ 00pa3oM, Kak U B IEPBOii
CEpUH ONBITOB. Pe3ynbTaThl TATPOBAHUS TIO ABYM CEPHUSM ONBITOB CBECTH B TAOJHILY.
3-4 cepust onbITOB. [IpuroTOBNEHHBIN KOMIUIEKCHBIHM MOonOaeHOBIN Katanu3aTop (KMK) rHeobxomumo
HaHECTH Ha HOCHUTENb. B Hamiem ciydae B KauecTBE HOCHUTEINS OyJIeT CIIY)KUTh aKTUBUPOBAHHBINA YTOIIb.
Hust atoro B crakan oobeMoM 50 mi momemniaercs: npurotosieHHblii KMK, BBOAUTCS aKTHBUPOBaHHBIN
yroJb U OTMEYaeTcsl BpeMs Hadama omblta. Yepes kaxapie 30 MUHYT OT Ha4aja OIbITa OTOMpaeTcs npoda
Ha aHaJIM3 U3 BEPXHEH YacTH pacTBOpa, KOTOpas SBIseTcS Hanboiee YncToi. Jlanee mpoBOaUTCS aHAIN3
Ha ONpezeiCHUEe PacCTBOPEHHOTO U 001Iero MoMOAeHa TAKUM Ke 00pa3oM, Kak U B MEPBBIX ABYX CEPHUIX
ombITa. Pe3ynpTaTsl THTPOBAHUS CBOATCS B TaOMIHILY.
Obpabomka 3KcnepuMeHmMAalbHbIX OAHHbBIX

B nmamHOM pasgene J1abopaTOpHOM pabOTHl  CTYACHTY HEOOXOIMMO IO TOJIYYCHHBIM
9KCHEPUMCHTAIFHBIM JITAHHBIM TPOHM3BECTH pPAacyéThl MacCOBOW JIOJM PACTBOPEHHOIO M 0OMIEero
monubaeHa (X,%), mocTpouTh rpaduK 3aBUCHMOCTH MAacCOBOM [IOJM PAcTBOPEHHOTO M OOIIEro
MonOIeHa OT BPEMEHH.
1. Jlns Kax70i Cepuu OMBITOB pacCUUTaTh MaCCOBYIO JIOJIFO PACTBOPSHHOTO U o01iero MmonudaeHa (X,%)
o cienyromeit popmyne (5):

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

rae Vp, VX — 00beMbl pacTBOpa MeTaBaHajaTa aMMOHHSI, TIOLUIEAIINE Ha TATPOBAHHE B Pa00YEM U XOJIOCTOM OIBITaX, COOTBETCTBEHHO, CM3;

X =

C — MonsipHas KOHIIEHTPAIMs PacTBOPA METaBaHa1aTa aMMOHHS, MOJIB/IM3;
K — nonpaBouHsIii K03 HIMEHT K KOHLEHTPAIMK pacTBOpa MeTaBaHa[aTa aMMoHust; (K=1)
96 — MossipHast Macca YKBUBAJIECHTa MOJIMO/IeHA, I/MOJIb;

m — mMacca npoObl, B3sTasi Ha aHAIN3, TP.

2. JIng KaxJoH CepuH OMBITOB TOCTPOUTH TIpadUK 3aBUCUMOCTH BPEMEHH OT MacCOBOHM JOJH
pacTBOpeHHOro u oduero MoiaudaeHa (X,%).
Cmamucmuueckas 06pabomka pe3ynbmamos 3KCnepumenma
B nmanHOM pasgene J1abOpaTOpHOM pabOTHl CTYACHTY HEOOXOAMMO TII0 TOJIYYEHHBIM
IKCIEPUMEHTAILHBIM JIAHHBIM MIPOM3BECTH CTATHYECKYIO 00pab0TKY pe3yIbTaTOB AKCIIEPHUMEHTA.
= Ln %0 e n — uncio

1. Paccuurarh cpepHeapupMeTHIecKOe 3HAYCHUE PE3YJIbTATOB JKCIIEPUMEHTa: X = ,

T

OKCIIEPUMEHTOB.

2. Paccuurath OTKJIOHEHHE OT CPEHETO 3HaueHus: (X; - )
3. PaccumTaTh KBaJpaT OTKIOHEHHS OT CPEIHEr0 3HAUeHHUs: (X; - X )°

4. PaccunrtaTh CyMMY KBaJIpaTOB OTKJIOHEHUS OT CPEIHETO 3HAUCHUSI: x (x,— %)

5. Paccunrarh CTaHAAPTHOC OTKJIOHCHUC CAMHHUYHOTO pE3yJjibTaTa OT CpC,Z[HeapI/I(l)MeTI/I'{CCKOI‘O
3HAYCHUA:

-
o _ E o

* .\H! n(n—1)



. N x=xT 5%t
6. PaccunraTh JOBEpUTENHHBIN HHTEPBAI OMPECTSIEMON BETMINHBI: #

rae t, ,, - koodduuuent CreronenTa. Ero 3HaueHHe HaxXoAAT U3 TaOIMLBI 2, 33JaBasCh JOBEPHTEIbHOM

Ban

BEPOSITHOCTHIO P.

Buvigoosi. B manHOM pazgene mabopaTopHOW pabOTHI CTYACHTY HEOOXOAMMO TMEPEYUCIUTH OCHOBHEIE
WUTOTH TIpONeNaHHOW paboTsl. lloka3aTh, YTO TPOWCXOMUT C TPHUTOTOBICHHBIM KOMILIEKCHBIM
MOJIMOJICHOBBIM KaTaJIM3aTOPOM TPU HAHECEHUHM €r0 Ha HOCUTENb (YBETMYMBACTCS WIIM YMEHBIIACTCS
MaccoBas JOJIs PAaCTBOPEHHOTO M OOIIEeTr0 MOJIHOIeHA C TEUCHUEM BPEMEHN).

JlabopaTopHas paGora Ne 3
HIPUT'OTOBJIEHUE KOMIIVIEKCHOI'O MOJIMBJEHOBOI' O KATAJIU3ATOPA METO/[OM
SIIOKCHJ[HPOBAHUA U IIPOBEPKA EI'O AKTUBHOCTH
Ienu paboTsr:
1. W3y4uTh METOOWKY TIONyYeHHS KOMIUIEKCHOTO MOJHMOAEHOBOTO  KaTalu3aTopa METOJO0M
SMOKCUANPOBAHHUS;
2. IPUTOTOBJICHHBI KOMIUTEKCHBI MOJIMOICHOBBIN KaTaJIn3aTop MPOBEPUTHh HA AKTHBHOCTH B OKTEHE -
1.
Kpamxas meopus

KaranuzaTopsl 1OOmKHBL 007a1aTh BBICOKOHW INPOM3BOAUTEIBHOCTHIO. [IpOM3BOIMTENBHOCTD
KaTaln3aTopa OO0YCIaBIMBaeT pa3Mephl MPOMBIIIICHHBIX PEAaKTOPOB, MX O0BEM MM KOJIWYECTBO.
[Tpon3BOAMTENBHOCTS KaTalu3aTopa BKIOYAeT B ceOs JBa OCHOBHBIX MapameTpa: WHTEHCHBHOCTH | u
aKTUBHOCTh A Karanmuzatopa. Hambomnee cymiecTBeHHOW XapaKTEPHCTUKON JFOOOTO KaTanm3aTropa
SBJISIETCS. €r0 aKTHMBHOCTH B OIIPENEIEHHOM KaTaJIUTHYECKOM Ipolecce. Beibop MeToauku nccienoBanus
aKTUBHOCTH CBSI3aH C OCOOEHHOCTSIMHU peaKHHﬁ, YCJIOBHUAMMU SKCIICPUMCEHTA.

Mepoii KaTalUTHYECKONW AaKTHBHOCTH MOXKET CIYXXUThb CKOPOCTh NPOTEKAaHHWsS pPEaKIUd B
UCCIIElyeMOM HAINpaBICHUH B TMPHCYTCTBHUM KaTaau3aTopa. AKTHBHOCTb MOXKHO BBIP@XaTh TaK K€
CHMKCHHUEM DHEPTHUU aKTHUBALIUW IIPU Y4YAaCTUM KaTaJiM3aTopa WJIM OTHOHIICHUEM KOHCTAHTBI CKOPOCTHU
JAHHOW peakiyH B MPUCYTCTBHU KaTalM3aTopa K KOHCTAHTE CKOPOCTH JTOW K€ peakuuu Oe3 Hero,
KOJINYECTBOM ITOJIyYEeHHOT'O POIYKTA C €AMHULBI KaTaIU3aTopa B €AUHUIY BPEMEHHU.

HpI/I OIICHKEC aKTUBHOCTH KOHTAKTHBIX MAaCC B MNPOU3BOACTBCHHBIX YCIOBUAX OOBIYHO BBIYHCIISIIOT

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

Z5 = RAC nm —%kﬂc (1)

rae GN— KOJMYECTBO MOMYYEHHOTO LENeBOro MPOAyKTa; G — KOJHYECTBO OCHOBHOIO BEIIECTBA, MPEBPATHBIICIOCS 3a BpeMsi T B 0ObeMe Karammsaropa V; K —
KOHCTaHTa CKOPOCTH KaTaJuTHYeCcKoro npouecca; C — JBIXKyIas CUJla MPOLECCa, BhIpaKaeMas NMPOU3BEIEHHEM JICHCTBYIOMUX KOHLEHTPALMH HCXOHBIX BELIECTB

W YYUTBIBAIOLIass TOPMO3AMIIECE BIIMIHAEC IPOAYKTOB PEAKIIHH.

OUEHKY SHEprud aKTUBHOCTH KaTajiu3aTopa MOXHO IMPOU3BOAUTH U3 PA3HOCTU CKOPOCTEH
XUMHYECKOH peakiui B MPUCYTCTBUH KaTanu3aropa U 0e3 Hero, NaHHYI0 3aBHCHMOCTh MOXKHO YBHUJIETh
mo ¢opmysie (2). IIpu 3TOM yYHUTBIBAIOT JOJII0 O00bEMa PEAKIIMOHHOTO MPOCTPAHCTBA 3aHUMAEMOI'0
KaTaln3aTopoOM U JOCTYITHOTO JIJIsl peareHTOB.

A= Uxar — Unexar * (1_VKaT) (2)

TJI€ VKaT — CKOpPOCTh KaTaJIMTHYECKON PEaKunn; VHEKAT — CKOPOCTh HEKaTaJIUTUIECKOM peaKkmuun; VKar — 00bEM PCAKIMOHHOI0 MMPOCTpaHCTBa, KOTOpLIﬁ 3aHUMacT

KaTajau3arop.

OxcnepumenmanvbHas 4acmo

Peaxmuevl: cnupT OSTUIOBBIM PEKTH(OUKOBAHHBIH TEXHUYECKHH; THAPONEPEKUCh 3TUIOCH30I1a;
MONHMOCH; TUIPOKCUJ HATPUsS; COJITHAs KUCIIOTa; cynbdaTr TuapazuHa;, cepHas kuciora; N —
(DeHMTAHTpaHWIOBAas KHMCIOTa  ToTOBAT pacTBopenmem 0,20 rp npemapata B 100 cm’pactBOpa
VIJIEKUCIIOT0 HATpHs; aMMOHMH MeTaBaHaiaT (BaHAIMEBOKMCIBIM MeTa); BOJa AWCTHIUIMPOBAHHAS;
KHUCJIOTA YKCYCHAsl JIeIsiHAsl; Kajuus WOAWA; KpaxMmall pacTBOPUMBIN; HATPUH CEPHOBATHCTO — KHUCIIBII
(THocynb(haT HaTpuUs) S5-BOAHBIN; HATPUH XJIOPUCTHIA (XJIOPUJ HATPHS), MAarHUH XJIOPUCTBIN (XIOPH]
MarHusl); Kajausl THAPOKCH, METUIOBBIA OpaHKEBBIH; OPOMKPE30JI0BBIN 3€JICHBII; METUIIOBBIN KPAaCHBIN;
H-TEKCaH.

Ilpubopwi: konOBI KOHUYECKHE, BMECTUMOCTHI0 100 CM3; MWINHAPE MEPHEBIE, BMECTUMOCTBIO 50 CMS;
MUIMETKU TCpalyupoBaHHbIE, BMecTUMOcThIO 1, 2, 5 um 10 CM3; Oroperka; BeChl JIADOpPATOPHEIC
CHENMANBHOIO KJacca TOYHOCTH C HawOONbIIMM TpeaenoM B3BemmBanuss 200 T, ceKyHAOMeEp;
JenuTenbHas BOPOHKA; IUIMTKA 3JIEKTpUUecKas; OaHs BOISHAs, CEKyHIOMEp; IEIUTEIbHAas BOPOHKA;
Kare/IbHHIIA; TEPMOMETP CTEKIIHHBIN TaG0paTOpHEIii ¢ auanazoHoM mMeperus ot 0 °C xo 100 °C, uena



nenenus 1 °C.

IIpuzomosnenue 6cnomo2amenbHuIX peaKmueos
[IpuroroBieHre pacTBopa MeTaBaHajgaTa aMMOHHsS ¢ MoJisipHOW koHueHTpauuenr C(NH,VO3)=0,01
momb/mv®; 0,025  monw/m®  TOTOBAT pa3sbaBIeHHEM pacTBOpa C  MOJSPHOI  KOHIEHTpaimei
C(NH,V03)=0,01 momb/nm>: B MepHyI0 K00y BMecTuMocThio 100 cm® munerkoit BHocsT 10 oM’ it 25
cM® KPENKOro pacTBoOpa, COOTBETCTBEHHO, MPHIMBAIOT IIPH IepeMenrBanuy 15 cM® KOHIIEHTPHPOBAHHOI
cepHOit KHCIOTHI (Pyoc=1,83 r/cM>), IOBOAAT 10 METKH TUCTHILTMPOBAHHOM BOIO I MEPEMELIHBAIOT.

Hpurorosnenne pactBopa N-(enmnantpanmnosoit kucnotsl (0,10£0,01) r N-deHunanTpaHnIOBOI

KHCJIOTHI PACTBOPSIOT B 50 cM® pacTBOpa MMAPOKCHIA HATPHS C MOJISIPHOiT KoHienTpamueit C(NaOH)=0,1
MOTB/IM®  TIPH  HATPEBAHMM WM IEPEMCNIMBAHMH, 3aTeM MOTyYeHHBIH pacTBOpP pa30aBiIsiOT
JTUCTUIIUPOBAaHHOM Bo0M 10 100 oM.

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

. 3
COJSIHOM KHUCHOTHL (2247 c=1,18 T/cM”), OCTOPOXHO, TpM MEepeMEIINBaHUH BIMBAIOT B MEPHYIO KOJIOY

3 3 .
BMectuMocThio 500 cm® ¢ 300 cM® AUCTWITMPOBAHHOW BOJBI, TOCHE OXJIAXKICHUS JOBOAIT 00BEM
pacTBOpa JUCTUILIMPOBAHHON BOAOU JO METKH.

Ipurorosnenue pactBopa cepuoii kucnotel C(1/2H,S0,)=16 momp/am’ 229 cM® KOHIEHTPHPOBAHHOI

CepHOU KHUCIOTH (P2p7 -=1,83 r/em) OCTOPO’KHO, HEOONBITNME TIOPIMSIMH, TIEpPEMENINBast, BINBAIOT B

dapdopoByio kpyxkky ¢ 200 cM® IUCTHIUIHPOBaHHONW BOXBL Ilocie OXTaXICHHS DO KOMHATHOI
TEMIIepaTyphl, PACTBOP KOIMYECTBEHHO MEPEBOIAT B MEPHYIO KOIOY BMECTHMOCTBIO 500 CM°, TOBOIAT
00bEeM PacTBOPA AUCTHIUTMPOBAHHOM BOJION JI0 METKH U TIEPEMEIIIHBAIOT.

[IpuroToBIieHre PacTBOPa Cyb(aTa rHAPA3HHA ¢ MACCOBOI soneit okono 1,0% Pacteopsior (1,010,1) r

cynetara ruapazuaa B 100 em® JUCTUIUINPOBAHHOU BOABL. PacTBOP MPUMEHSIOT CBEKEIIPUTOTOBICHHBIM.

[IpUroToBNIeHHE pacTBOpa HOMMAA Kanusi ¢ MaccoBoi momeir 50% (25,010,1) r ioamaa Kamus
3

pacTBOPSIOT B 25 cM® CBEKENPOKUIITYCHHONH TUCTWIIMPOBAHHON BOJABI M IOMEMIAIOT B CKISHKY W3
TEMHOTO CTeKJa. PacTBOp creayeT NpUMEHSTh CBEXKETPUTOTOBICHHBIM.

IIpUroTOBICHNE PACTBOPOB THOCYIb(aTa Hatpus ¢ kKounentpaumein C(Na,S,05*5H,0)=0.05 mons/mv’ u
0.01 wmons/mv® JIas OPUTOTOBIGHMS pacTBOpa THOCYIb(para HATpus C  KOHIIGHTpAIlMeil
C(Na,S,05*5H,0)=0.05 Momb/mM°) MeTomoM pasbaBicHHs B MepHYIO KO0y BMecTHMOcThiO 100 cm®
BHOCAT mmmeTkoir 50 cM® pactBopa THOCYIb(haTa HATPUA C  MOJSPHOH  KOHIGHTpAIueil
C(NaS;035*5H,0)=0.1 MOJ'II:/L[MS, JOJIUBAIOT O METKU TUCTWUIMPOBAHHOW BOJON M MEpEeMENIMBAIOT.
JIis TpUTOTOBJIIEHUST  pacTBopa THOCyJbhara Harpus ¢ kourenrpamueir C(Na,S;0;*5H,0)=0.01
MOJIB/IM° B MepHYI0 Konby BMecTMOcThi0 100 cM® BHOCsT mmerkoit 10 cm® pactBopa THoCymbdata
HaTpusl ¢ MOJIApHO# KoHueHTpauuen 0,1 MOJ'IB/,Z[Ms, JIOJIUBAIOT 10 METKU IUCTUUIMPOBAHHOW BOAOU U
MEPEMEIINBAIOT.

[IpHrOTOBIICHHE PACTBOPA THAPOKCH/IA KATHS ¢ MOJISIpHOH kornenTpammeii C(KOH)=0,5 mons/am° (28,0

‘_|'O,1) T THIPOKCHUIA KAIHS PACTBOPSIIOT B BOJE M IOBOAAT 00HEM PacTBOpPA TUCTHUILTUPOBAHHON BOJIOH 10

1000 e,

IIpogedenue sxcnepumenma
l-as cepus ombiTOoB. B KadecTBe KaTaau3aTopa SIOKCHIMPOBAHUS OKTEHa-1  HCIOJB3YyeTCs
MIPUTOTOBJICHHBIM B JTAOOPATOPHBIX YCIOBHSIX PACTBOPEHHBIM MONMOAEH B 3TaHOJE M YKPEIUIEHHOM
OKCHUJIATE.

[IpenBaputensHO B TEepMOCTaT 3arpy3uTh BOAYy. B peakTop NpHUTOTOBIIEHUS KOMIUIEKCHOTO
MOJIHOICHOBOTO KaTaanu3aTopa 3arpy3uTh 96%-HBI pacTBOp 3TaHOIA B KOJWdecTBe paBHOM 11,8 mir m
YKpeIUIeHHBIH OKcuaaT (THIPONepeKnuch 3TUI0CH301a) B KoiudecTBe paBHOM 10,7 mut. 3aTeM 3arpy3uth
MpeIBapUTEIHHO B3BEIICHHBIH Ha aHAMTHYECKUX Becax MoiuOzaeH B konmmuectBe 0,08 rp. Temmeparypa
MIPU TPUTOTOBIICHUHA KOMITIEKCHOTO MOJHMOIEHOBOTO KaTaau3aTopa IMOJUICPKUBACTCS pPaBHON 56 °C B
TeueHue 2 JacoB. B xoxe ombIiTa oTOMpaeTCs mecTh mpod IS OTPEASICHHS COAEPKaHUI OCTAaTOYHOTO
MOJIMO/IEHA C TIOMOIIBI0 MeTOAMKH «Onpe/eeHns pacCTBOPEHHOT0 U O0IIero MOJMOACHa B MPOIYyKTax
MIPOM3BO/ICTBA CTHPOJIA», a TAKXKE CONEP)KaHUE THIIPONEPEKHCH C TIOMOIIBI0 METOAUKH «OmpeneneHus
KOHIICHTPAIIMN TICPOKCHUIHBIX COCIWHEHWI».  YCTAaHOBKA CHHTE3a KOMIUIEKCHOTO MOJIMOICHOBOTO
KaTajau3aTopa MpeCTaBIcHa Ha PUCYHKE 5.
2-as cepwisl OMBITOB. MeTOJauKa MPOBEPKU YKPEIUICHHBIX O0pPa3loB THUAPOIEPEKUCH ASTHIOCH301a U
aKTHBHOCTH KaTaln3aTopa B peakIny AOKCUANPOBAHNSA OKTeHa-1.

[MomyuenHbIN 00pa3en KOMIUIEKCHOTO MOJIMOICHOBOTO KAaTaIM3aToOpa M PacTBOPa YKPEIUICHHOTO
OKcHJaTa HEO0OXOJUMO TMPOBEPUTh B PEAKIUM SIOKCHIUPOBAaHUS OKTeHa-1 THIPONEPOKCUIOM




STUIOCH30J1a, COJACPIKAIIMMCS B YKPEIUIGHHOM oKcuiare. OIBIT MPOBOJMUTCS B TEPMOCTATHPOBAHHOM
peaktope, oobemoM 30 mi, 00OpYIOBaHHOM OOpATHBIM XOJOAMIBHHUKOM, TEPMOMETPOM, MAarHUTHOW
Memankoii u mpoGooréoprukoM. TemmepaTypa B peakTope mHOpiepkuBaetcs pasHoii 96,5 °C ¢
Tounocthio T 0,5°C ¢ momompio TepmocTara.

B kadecTBe AMOKCHAMPYIOMIETO areHTa HWCIONB30BAM YKPEIUIGHHBIA OKCHAAT ATHIOEH30Ja
nmosydyeHHbId Tpu pasroHke 10%-Horo okcumata. B xone ombitTa oTOMpaercs ImecTh mnpod s
OTIpeNeTICHUST CONCP)KAHUA OCTATOYHOM THAPOTIEPEKUCH C TIOMOIIBI0 MeTOAWKH «OTpeaeneHus
KOHIICHTpAIlNK TIEPOKCHIHBIX coenuHeHWi». [lo OKOHYaHWM oOmbITa PEaKIHMOHHYI0  Maccy
MPOAHATU3UPOBATh HA COJEPIKAHUE SMOKCUTPYHNBI C MOMOIIBI0 METOAMKU «OmpeaeeHus MacCOBOM
JIOJIM OKCHJIa HOHEHA B SIIOKCHUJIATE.

Pucynok YcTaHoBka cuHTE3a KOMIUIEKCHOTO MOJIMOAEHOBOTO KaTaJln3aTopa

rae | — peakTop; 2- MarHUTHBIN pa3MeIINBaTelb; 3 — OOpaTHBIH XONOAWIBHUK; 4 — MarHUTHas Melaika;, 5 — tepmoctar; | — Boma oxmaxmaromas; Il — Bozxa

obopotHas; |11 — Boga ropsiuas; |V — Boaa ropsiyast 060poTHas.

Mertoauka «BpINoIHEHNs M3MEPEHUH PACTBOPEHHOTO M OOIIEro MOIMO/IeHa B MPOIYKTaX IPOU3BOJICTBAY
K HaBecke B KONOe NPWIMBAIOT IHIMHAPOM 10 cM® pacTBOpa THAPOKCHAA HATPHS C MOJAPHOI
xonnentparmeit C(NaOH)=1 mons/am’, konby 3aKpbIBAIOT BOPOHKOM, CTAaBAT HA JIEKTPOILIATKY,
HArpeBaroT JI0 KUNeHU U KUmATAT B TeueHne 10 muH. Conepxumoe KoJIObl OXJTaXAA0T TP KOMHATHON
Temneparype B TeueHue 10 MuH.

K conepxuMoMy KOJIOBI MPUIIMBAIOT HHJIUHAPOM 25 cM® COISHOM KHUCIOTHI ¢ MOJISIPHOM KOHUEHTpauueu
C(HCI=2 moms/mm® 1 5 cm® pacTBopa ruapasus cymbdata ¢ MaccoBoii nomeit 1%. KonGy ¢ pacTBopom
MOMEIIAIOT B BOJAHYI0 GaHi0 ¢ TemmepaTypoil Bomsl (70-80°C) m HarpeBaroT B Tedenne 10 MuH.
JomyckaeTcst ciiaboe KHIIGHHWE pacTBOpa B KoJjOe, 3aKphITOH BOPOHKOM, Ha 3JICKTPOIUIMTKE. 3aTeM
PACTBOP OXJIAXKAIOT TP KOMHATHO# TemrepaType B Teuerue 10 MuH, 100asioT mumaaapom 20 cm®
pacTBOpa CepHOil KMCIOTHI ¢ MonapHoii kornentparueit C(1/2 H,SO,)=16 Moms/M°, cHOBa OXJIaX 10T
JI0 KOMHATHOW TeMIepaTypsl, JOOABISIOT TPHU-TISTh Kalelb pacTBOpa (PeHWIAHTPAHWIOBOW KHUCIOTHI U
THTPYIOT PaCTBOPOM METABAHAATA AMMOHHS C MOJIAPHO# KoHIeHTpamuei 0,01 Moms/aM°, 10 HOSBICH S
PO30BOI MM CUPEHEBOM OKPACKU, yCTOMYMBOM B TeueHUE | MUH.
B ananornuHbIX yciaoBusix, 6e3 npoObl, MPOBOASAT XOJIOCTOM ONBIT HA PEAKTHUBBI.
Meroavika «BbIlIOJIHEHNS] U3MEPEHUH KOHLIEHTPAIIMU IEPOKCHUJIHBIX COCAMHEHUI

B HOArOTOBIEHHYI0 KOHHYECKYIO KOOy BMeCTUMOCTHIO 250 cM®, BHOCAT mpmuHmpoM 10 cM® ykcycHoi
KHCJIOTBI, 3aKPBIBAIOT KOJIOY MPOOKOH, B3BEIIMBAIOT C 3aIMCHIO PE3YJIbTATOB B3BEIIMBAHMS B IPaMMax J10
BTOPOTO JIECSTUYHOTO 3HAKa, MPHUIMBAIOT THIETKOW aHaIM3UPYEMYyI0 TNpo0y, B 3aBUCHMOCTH OT
MpearnojaraeMoll KOHIICHTPAIIMU TEPOKCHUIHBIX coeAuHeHuit B mepecuete Ha [TI9b, um cHOBa
B3BELINBAIOT. [0 pa3HOCTH pe3ysbTaTOB IBYX B3BEILIMBAHUN HAXOISAT Maccy HaBECKH IIPOOBI.
K comepxmvoMmy Kkonbbl goGasimsior 1,5 cm® pactBopa Hommma Kamust ¢ MaccoBoii moieit 50%, kounGy
3aKpBIBAIOT MPOOKOH, CMOYEHHOW POCTBOPOM HOAMA Kallvsl, IEPEMENINBAIOT U BBIACPKUBAIOT B TEMHOTE
B Teuernre 30 MuH. 10 HCTEUEHHH YKa3aHHOrO BpeMeHH puiuBaroT 100 cM® IHCTHIIIHPOBAHHOMN BOJIEL,
0OMbIBas POOKY KOJOEI, J0OBBIAIOT 1,0 cM® Kpaxmana ¥ He3aMeUINTEIbHO TUTYIOT BbLIEIUBIIMHCS
#ox pacTBOpoM THOCYNIb(aTa HATPHsl C MOJBSIpHON KoHIeHTparmeit 0,1 MOJIB/IM°, B 3aBHCHMOCTH OT
KOHILIEHTpALMK EPOKCUAHBIX coequHeHui B nepecyere Ha [ TIOB, 1o obecupeunBanus pactopa.

Metoauka «BeINOTHEHUS N3MEPEHUA MAaCCOBOM JI0JIM OKCHJIa HOHEHA B SMOKCHUIATEN
B KOHHYECKYIO KOJOY C IIPUTEPTOi MPoOKOii BMecTHMOCTBI0 250 cM® BHOCAT mumeTkoit 10 cm® pacTBopa
COJITHOM KHCJIOTHI B HACHIIIEHHOM DPACTBOpPE XJIOpHIA HATPWS WM Marfus, M00aBJSIOT C TOMOIIBIO
munerku (5,0-2,5) cM® aHanmsupyemoil mpo6kl, HEMMHApPoM 50 cM® 3TaHONa, KONGY 3aKpHIBAKOT
NPUTEPTON MPOOKOH M MepeMeITuBaOT Ha BCTpsixuBaTelie B TeueHne 30 MUH. 3aTeM COAepKUMOe KOJIOBI
KOJIMYECTBEHHO TEPEHOCST B UHCTYIO JETHTEIbHYI0 BOPOHKY BMECTHMOCTBIO 250 cM®, JBaKbl
ononackusas kon6y 10 cM® AHCTHIIMPOBAHHON BOJBI M CIIMBAsi IPOMBIBHBIE BOJIBI B Ty XK€ BOPOHKY,
nputuBaroT 20 cM® TeKcaHa, M 3aKPbIB BOPOHKY MPOOKOHA, BCTPAXUBAIOT COAEPKUMOE B TCUCHHE 2 MHUH.
ITocne paccrmoeHHs CMeCH HIDKHUU BOIHBIM CIIOH CIMBAIOT B Ty K€ KOHHYECKYIO KOJIOY, B KOTOPOW
MPOBOJMIACH PEaKIUsA. B BOPOHKY ¢ TeKcaHOM NpuwiMBaloT 10 cM® JMCTHIMPBOAHHOH BOJIBI,




B30anThBalOT 9-10 pa3 W CIMBAIOT NPOMBIBHYIO BOAY B Ty ke KoiOy. K comepkumMomy KOJIOBI
pUOABISIOT (5-6) Kamenb CMEMIaHHOTO WHANKATOPa WX METHIIOBOTO OPaH)KEBOT'O U TUTPYIOT M30BITOK
COJISIHOM KHCITOTBI PACTBOPOM THAPOKCH/IA KalUs ¢ MOMsipHO# koHuenTpauueit C(KOH)=0,5 mMoms/am° 10
nepexojia OKPacku pacTBOpa OT (PUOJIETOBO-KPACHOW B 3€JICHYIO, NMPU TUTPOBAHUHM MO CMEIIAHHOMY
WHIUKATOPY, HITH OT KPACHOU B XKENTYIO, TPH TUPOBAHHUH 110 METHIIOBOMY OPaHKEBOMY.
[TapamiensHO MTPOBOAAT KOHTPOJBHBIA OMBIT C TEMH K€ pPeaKTHBaMH, HO 0e3 aHANM3UpyeMoil MpoOkI, B
MOJTHOM COOTBETCTBHUH C pA0OYUM OITBITOM.
Obpabomka 3KCnepuMeHmanbHblxX OAHHbIX

B nmamHOM pa3mene mabopaTopHOl pabOTHl CTYACHTY HEOOXOAWMO TI0 TIOJXYYCHHBIM
JKCIICPUMCHTAIBHBIM JIaHHBIM TIPOM3BECTH pPacuéThl MAaCCOBOH JIOJIM PACTBOPEHHOI'O U  OOIIEro
monmmoaeHa (Xy,%), MaccoBOW JOJMM TMEPOKCUAHBIX coenuHenui (Xr, %), MaccOBOW JOJM OKCHIA
HOHEHA B TIepecUeTe Ha AMOKCUAHYI0 rpynmy (Xo, %), MOCTpOUTh TrpaduK 3aBUCHMOCTH MacCOBOU 0NN
PacTBOPEHHOTO W 0OIIero MOJHOJeHa OT BPEMEHH, MAaCCOBOW IO TMEPOKCUAHBIX COCAMHCHUH OT
BPEMEHH, MaCCOBOM JIOJIU SMOKCUIHOM IPYIIBI OT BPEMEHHU.
1. Paccuntate MaccoByi0 AONIO PacTBOPEHHOTr0 W obmero mommbaeHa (X,%) mo cruemyromeit
dbopmyme:
. (V, —V,)*C =K =96 =100

M m #1000

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

C — MoJsipHas KOHIIEHTPALUs PaCTBOpPA METaBaHaaTa aMMOHHSI, MOJIb/IM3;
K — nonpaBounslit K03 HULHEHT K KOHIEHTpALUK pacTBOpa MeTaBaHaaTa amMonus; (K=1)
96 — MoJIsIpHas Macca dKBUBAJICHTa MOJINO/ICHA, I/MOJIb;

m — Macca l'lpOGbI, B3dATas Ha aHAJIU3, I'P.

2. [loctpouts TpadmKk 3aBUCHMOCTH BPEMEHH OT MACCOBOH JIOJIM PACTBOPEHHOTO U OOIIEero MoinOaeHa
(Xm,%).
3. PaccunTtaTh MacCcoOBYIO JIOJIO MIEPOKCUAHBIX coequHeHui (Xr, %) 1o cienyroieii popmysie:
_(w,-wv)=cxK=3+100

m = 1000

rne Vp, VX — 00beMBI pacTBopa THOCyJ'Ibq)aTa HaTpws, MOWEANINE HA TATPOBAHUE B paGO'{CM ¥ KOHTPOJIBHOM OIIBITaX, COOTBETCTBEHHO, CM3;

r

C — MossipHasi KOHIEHTPALUs PaCTBOPA THOCYIb(haTa HATPUS, MOJIL/AM3;

K — nonpaBounblit K0d)HHIIMEHT K KOHIEHTPALKK pacTBopa THocyab(hara Hatpus; (K=1)

O — 5KBHBAJICHTHAs Macca NEPOKCHIHOTO COeIMHEHHM, (69~ rHPONePOKCHIa STHIIOEH301a, 8 — JUIS aKTHBHOTO KHCJIOPOJIA), TP/MOJIb.

m — Macca npoObl, B3sitast Ha aHaiuu3, rp. IIpu oTOGope npoOkl Ha aHaKM3 1Mo 0ObeMy, Macca poObl paBHa Vip*p, rae Vip — o6beM 1mpoOsl, cM3 U p — IUIOTHOCTH

aHanusupyemoit npo6st npu 200C, rp/cm3.
4. TlocTpouTh rpadvik 3aBUCHMOCTH BPEMEHH OT MaCCOBO J0JIU MEPOKCUIIHBIX coenuaeHui (Xr, %).

5. PaccunraTh MaccoBYIO JOJIO OKCHJa HOHEHa B MepecueTe Ha SHoKcuaHyroo rpymmy (Xo, %) mo
cienyomei Gopmyie:

_ (M, -w)=c=K=3=100
V= p = 1000

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

X

C — MoIIsIpHAst KOHICHTPALHS PACTBOPA THAPOKCHA KAIMS, MOJIB/AM3;

K — monpaBouHblit K03)(HHIHEHT K KOHIIEHTPALMK pacTBopa ruapokcuaa kamus; (K=1)
D —MoJIsIpHas Macca SKBHBAJICHTA SMOKCHIHOM rPyMIbl, paBHas 43 rp/Molib.

V — 06beM npobbl, B3STHIH Ha aHANIN3, CM3;

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

6. I[Noctpouts Tpaduk 3aBUCHMOCTH BPEMEHH OT MAacCOBOM JIONIM OKCHJa HOHEHa B IiepecueTe Ha
snokcuaHy0 rpymiy (Xo, %).
Cmamucmuueckas 06pabomka pe3ynbmamos SKCnepumenma
B nmanHOM pasgene J1a0OpaTOpHOM pabOTHl CTYACHTY HEOOXOIMMO [0 TOJIYYECHHBIM
IKCIEPUMEHTAILHBIM JIAHHBIM MIPOU3BECTH CTATHYECKYIO 00pabOTKY pe3yIbTaTOB AKCIIEPHUMEHTA.

n
E':a-"t'[ rae N — 4Kucio
)

1. PaccuuTarh cpenHeapuMETHYECKOE 3HAUCHHE PE3YNIHTATOB JKCIEPMMEHTa: £ = ~

OKCIIEPUMECHTOB.

2. PaccuuTarh OTKJIOHEHHUE OT CPEHETO 3HAUYEHHs: (X; - X)

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



4. PaccuuTaTth CyMMy KBaJpaTOB OTKJIOHEHUS OT CPETHETO 3HAUCHUS: x (x;, —%)°
5. PaccuuTaTh CTaHIApPTHOE OTKJIOHCHHME CIWHUYHOTO pe3ylibTaTa OT CpeaHeapru(MeTHIeCKOro
3HAYEHUS:
Py
(Z(x;— x)

5:= |
N n{n—1)

. . x=xt+ S5 %t
6. ACCUYUTATh JOBCPUTCIIbHBIM UHTCPBAJI OIPCACIISICMOU BEJIMYMNHBI: B

rae “p,m - koddpuument Creronenta. Ero 3HadeHne HaxoAsT U3 TaOIULIbI, 3a1aBasiCh 10BEPUTEIILHOIN BEPOSTHOCTHIO P.

Bvigoovi. B manHoM pazzene nmabopaTtopHoil pabOThI CTyIEHTY HEOOXOAMMO MEPEYUCIUTH OCHOBHBIC
UTOTH TIpojieiaHHON padoThl. [loka3aTh U MOSICHUTH, YTO MPOUCXOAMUT C KOHIICHTPAIIUEH THIPONIEPEKUCH
STHIOCH3071a W KOHIIEHTpallMedl OKWCH, TEeM CaMbIM II0Ka3aTh, YTO TPOHUCXOIUT C AaKTHBHOCTBHIO
MOJTyYEHHOT'O B JTA0OPATOPHBIX YCIOBUIX KOMIUICKCHOTO MOJIMOICHOBOTO KaTaau3aTopa.

JladopaTtopHasi pa6oTa Ne 4
HHIMBUPOBAHUE PAJIUKAJIPHOH U MOHHOU PEAKLIUA
HA IPUMEPE [HOJIMMEPHU3ALIUH CTHUPOJIA
Lenu pabomur:
1. U3y4uTh KUHETUKY PaJUKAIbHOW U HOHHOU MOJIMMEPU3ALIUU CTUPOJIA;
2. U3y4HTH BIUSHHUE PA3TMYHBIX AMHUHHBIX HHTHOUTOPOB Ha MPOIIECC MOJIMMEPU3AIN CTUPOIIA;
3. 0OBSICHUTH OCHOBHBIE 0COOEHHOCTH PAAMKAIbHON U HOHHOM peaknii MOJTUMEpPH3ai CTUPOIIA.
Kpamxas meopus

Crupon sBiseTcss OJHUM U3 BaXHEWIINX BCIIOMOIaTelIbHBIX MOHOMEPOB, IPUMEHSAEMBIX B MpPO-
MBIIUICHHOCTH CHHTETHYECKOro Kayuyyka. OH BXOOUT B cOCTaB OyTaJWEH-CTHPOJBHBIX KaydyyKOB W
TEPMO3JIACTOIUIACTOB, a TAKXKE HAXOAUT LIMPOKOE NMPHUMEHEHHE B IMPOMBILUICHHOCTH IIACTMACC U psizie
Ipyrux obnacteil npoMbIuleHHOCTH. [Ipon3BoACTBO MONMKUCTHPOIA METOJOM TEPMUYECKON MMOJIMMepHU3a-
uu opranu3oBano U Ha OAO «HwmwkHexkaMmckHedTexum». Heo0OX0AMMO OTMETHUTh, YTO B HACTOSIIIUIN
MOMEHT CTHPOJ M METOABI €ro MOJUMEPH3alUU H3ydeHbl Haubosiee MOJHO M CIyXaT OCHOBOM A
MOJEJIMPOBAHUS Psiia JPYTUX MPOLECCOB, BHIBEACHUSI KHHETUYECKUX 3aKOHOMEPHOCTEH M MPOEKTUPOBA-
HUS pPEakTOpoB. DTO CBA3aHO C TPOCTOTON TPOBENEHHUS IOJMMEPU3AIMOHHBIX IIPOIECCOB C €ro
y4acTHeM, CPaBHUTEILHO HU3KHM YJEIbHBIM TEIUIOBBIM 3()(ekToM mojIuMepu3anuu U JOCTYITHOCTHIO
MOHOMEDA.

PagukanbHas moauMepu3anisl Bceraa NPOTEKaeT Mo HEMHOMY MeXaHu3My. DyHKIMH aKTUBHBIX
MPOMEXYTOUYHBIX MPOAYKTOB MPU PaJUKAILHON MOJMMEPHU3AlUH BBHITIOIHAIOT CBOOOTHBIE paaukaibl. K
YHCIy PaclpOCTPAaHEHHBIX MOHOMEPOB, BCTYIAIOMIMX B PAAUKAJIbHYIO MOJIMMEPHU3ALUI0, OTHOCSTCS:
STWIEH, BHUHWIXJIOPHJA, BHHWIALETAT, BUHWINACHXJIOPHI, TEeTPaQTOpITUIECH, aKPHJIOHUTPUII,
METaKpWJIOHUTPHUJI, METWJIAKpWIaT, METWIMETaKpuiaT, CTHpPOJ, OyTaJueH, XJOpPONpeH u Jp.
PanukanbHas monuMmepusanys OOBIYHO BKJIFOYAE€T HECKOJIBKO XMMHUYECKHX CTaJuN: HWHUIMHPOBAHHE,
POCT 1emnu, oOpbIB LeNu U nepeady uenu. HenmpeMeHHbIME cTaAusAMU SIBIISIOTCSI HHULIMAPOBAaHUE U POCT
HETH.

Huuyuuposanue paouxanbHou noaumepu3ayuyu COCTOUT B CO3JAHUU B PEAKLIUOHHOW cUCTEMeE
CBOOOJHBIX PaJMKaIOB, CIIOCOOHBIX HayaTh peakunoHHbIE Henu. Hambonee pacnpocTpaHeHHBIH METO[
OCHOBaH Ha OCYIIECTBJIEHHH B CpeJe MOHOMEpPA TEPMHUUYECKOI0 FOMOJIMTUYECKOIO pacmajia HECTOMKHUX
BEIIECTB - MHUIIMATOPOB. B KadecTBe MHUIIMATOPOB IIUPOKO HCIIOJIB3YIOT Pa3IMYHbIE THUIBI TIEPEKUCEHt:
AIKHUJIIEPEKUCH (MIEPEKUCh TPeT-OyTHia), TUAPONEPEKUCH (THIPONEPEKUCh KyMona), mep3dupsl (Tpet-
OyTunnepbeH3o0ar), auuinepekucH (nepekucs oenzounna) u ap. [lepexkncu npu HarpeBaHUM pacnagaloTcs
CIIeIyIOIIUM 00pa3oM (Ha MpUMepe MEePeKUCcH OCH30MIa):

Ph-C(0)-0-0O-C(0)-Ph — 2Ph-C(0)-O*— 2 Ph* + 2 CO27

WHnnpaTopsl paguKanbHOW MOJMMEPH3aLUU OOBIYHO HE OTIMYAIOTCS CEJIEKTHBHBIM JCHCTBHEM
MO OTHONIICHWS K pa3HbIM MOHOMEpaM, IO3TOMY BBIOOp HHHIIMATOpA dYallle BCEro OOYCIOBIMBAETCS
TEMIIepaTypol, MpH KOTOPOW B KaKIOM KOHKPETHOM CJy4ae MOXKET OBITh JOCTHTHYTa XKellacMas
CKOpPOCTh T€HEpUpPOBaHUSI cBOOOAHBIX paaukanoB. Tak, AUBH npumenstor npu 50—70°C, nepekuch
Ooemzomna npu 80—95°C, a mepekuch Tper-Oyrmina npu 120—1400C. DHeprus akTUBaLMU
WHHUIIMUPOBAHUST OOBIYHO OJIM3Ka K 3HEPTHH CBS3W, Pa3phIBAIOLICHCS TPH pacliajie WHHIUATOPOB, U
kosebnercs B mpepenax 105—175 x/x/monb. Paamkan, oOpasyrommuiicss mpu pacmaie MOJEKYIbI
WHUIMATOPA, IPUCOESTUHAETCA K TBOMHOM CBSI3M MOHOMEpA U HAUMHAET PEaKIIMOHHYIO LIEIb!

R*e + CH2 = CHX — R -CH, -C*HX



INonumepu3anuuio Ipu BBICOKHX TEMIIEpaTypax MOXHO BBbI3BAaTh U 0€3 BBEICHHS B CUCTEMY
CHELMAIBHBIX WHULIMATOPOB. B 3TOM ciiydae oOpa3oBaHHE DPaJUKalOB IPOMCXOAMT, KaK IPaBUIIO,
BCJICJICTBHE PA3JIOKEHUs] HEOONBIINX KOIWYECTB TMEPEKHCHBIX MPHMECEH, KOTOpPBIE YacTo 00pa3yloTcs
NpU B3aMMOACMCTBUM MOHOMEpa C KHUCJIOPOAOM BO31yXa, MM JAPYTUX CIy4YalHBIX MpHUMeEceH.
B03MOXHOCTh TEPMHUYECKOIO CaMOMHMLIMMPOBAHUS IOKa3aHa TOJBKO JUIS OrPaHMYEHHOTO Kpyra
MOHOMEPOB (CTHPOJIa X HEKOTOPBIX €ro MPOM3BOAHBIX, METHIMETAKPHUIIATA U Psiia JIp.).

WNonnolt nonumMepu3saueil Ha3pIBaeTCs MPOLECC CUHTE3a MOJUMEPOB, MPU KOTOPOM aKTHUBHBIMHU
LEHTPaMH, BO30YKIAOLIMMHI LIEIHYI0 PEAKINIO, ABLIIOTCA HOHBL. MOHHAsA monmMmepu3anus NpoTeKaeT B
IPUCYTCTBUH KaTaau3aTopos. KaTaau3aTopsl HOHHOM MOJUMEPHU3aUU MOXKHO Pa3lesInTh 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
3JIEKTPOHOAKLENITOPHBIMY 3aMECTUTESIMA Y ABOMHOHN CBSI3U (CTUPOJI, O-BUHWINUPPOJIMIOH), HO OHHU
OYCHb AKTHBHBI [0 OTHOLICHUIO K TAKUM BELIECTBaM, KaK BHHMIOBBIC COEIMHEHUS] C CONPSIKCHHBIMHU
cBs3siMu -C=0 u -C=N. Karanmzatopsl BTOpOW TpyMIbl CIIOCOOCTBYIOT MOJMMEPH3ALWU BUHHUIOBBIX
COCIMHEHUM C MOBBILICHHOW 3JIEKTPOHHOW IUIOTHOCTBIO Yy ABOMHOM cBsizu. Kartamuzatopel Lurnepa -
Harra 00pa3yroT ¢ MoneKyIioii MOHOMepa KOOPIUHAIIMOHHBIN KoMIUTeKc. [[03ToMy cHHTE3 OJIMMepOB B
MPUCYTCTBUHU ITHUX KaTaJIM3aTOPOB HAa3bIBAETCSI HOHHO-KOOPAWHAIIMOHHON MOTMMepr3anueit.

B 3aBucuMmocTH OT 3apsima oOpasyromierocs HOHa pa3invyaloT KAaTHOHHYIO M aHUOHHYIO
MOJMMEPHU3ALIUIO.

Karnonnas, wmu kapOoHHeBas, MOJMMEpH3alUsl MPOTeKaeT ¢ 0oOpa3oBaHHEM HOHa KapOOHUS -
IMOJIAPHOr0 COCAMHCHUA C TPEXBAJICHTHBIM aTOMOM YIUJICpOdad, HECYIIUM MOJI0KUTEIbHBIN 3apsan.
Karanmzaropamu ciykaT BemecTBa, akTUBHBIE B peaknusax Opunens - Kpadrca. Katamuzarop siBisercs
AKLENTOPOM, a MOJTMMEPU3YIOILUIICSI MOHOMED - TOHOPOM DJICKTPOHOB:

Hj ?Hz
H* + CH2=F - CH3—(|3+ T A

CH, CH,
AHHMOHHas, WM KapOaHHMOHHASA, MOJMMEpH3aLusl NPOTEeKaeT ¢ o0pa3oBaHMEM KapOaHHOHA -
COEJIMHEHMsS] C TPEXBAJEHTHBIM aTOMOM YIJIepoja, HECYIIMM OTpHUIATEIbHBIN 3apsAi. AHHOHHAs

IoJimMepusalusa MMpoTeKacT B IPUCYTCTBUU JOHOPOB 3JICKTPOHOB - KaTaJIM3aTOPOB BTOPOI'0 Kj1acca:
H

|
+ CH2=?H N CH3-(12"

CN CN
Honnast mnonuMepu3anusi ycKOpsieTCsi B TNPUCYTCTBUHM cokaranu3aTopoB. Ilpu xatnoHHon
MOJIMMEPU3ALINN  COKATaIN3aTOpaMU CIIy’KaT THUAPOKCHIICOJEpKAIllNe COEQUHEHHs (BoJa, CIUPTHI,
KHCJIOTHI); COKaTaJIu3aTOpaMHt MOJIMMEPHU3AlY B TPUCYTCTBUHU JIKMJIMETAIIIOB (KaTann3zaTtopoB Lluriepa
- Harra) sBnsitoTcs Xnopuasl MeTaIJIOB IepeMeHHON BajieHTHOcTH, HanpuMep TiClz. CkopocTh HOHHOM
NOJIMMEPHU3aLUHI OUYEHb BEJIHKA.
DKcnepumenmanvHas 4acmo
Peaxmueuvi: 5TUI0EH3017, CTHPOI, WHTUOUTOPBI (MOHOOKCHITPOIIMIIMPOBAHHBII aMUH,
JMOKCHITPONTMIIMPOBAaHHBI aMuH, HoBaHTOKC, 6PPd, MOTHMOKCHITPOITMIIMPOBAHHBIA aMUH).
Ilpubopwi: xonbObBI KOHUIECKHE, BMecTUMOCTRIO 100, 50 CM3; UJIUHAPE MEPHBIC, BMECTUMOCTRIO 50 em;
IIUNETKH TPaIyHpOBAHHbIE, BMECTUMOCTBIO 1, 2, 5 1 10 cM>; Bechl 1aG0paTOpHbIE CIIEIHATEHOTO KIIacca
TOYHOCTH C HauOOJbIIMM TpenenoM BipemmBaHus 200 T, CeKyHIOMEp; TEPMOMETP CTEKJISTHHBINA
nabopaTopHBIA ¢ Juana3oHoM wu3MepeHus ot 0 °C no 250 °C, nena memenms 1 °C, JIAJIATOMETD,
TEpPMOCTAT, IITAaTHB.
IIposedenue sxcnepumenma
[lo 3amanumro mpemnojaBatelisi B3BECUTh HEOOXOOUMYIO Maccy WHTMOMTOpa Ha aHAIUTHYECKHX
Becax. [IpurotoButh pacteop: 27 mit ctupona, 3 mi stmwibenzona, 0,0243 rp AuMeTHIOSH3WIT IEPOKCH A
(C18H2,0,), momydeHHBIN pacTBOpP XOPOIIO IepeMeniaTh, MT00aBUTh HaBecKy wHTHOHWTOpa. Harpertsh
Tepmoctar 0 125-126°C, 3amonHNTE TUIATOMETp IPUTOTOBICHHBIM PACTBOPOM, JUIATOMETP IOMECTHT
B HarpeThlii TEPMOCTAT.
Cxema yCTaHOBKH NOJIMMEpPU3AlMU CTHUPOJA MPEACTaBIeHa HAa PUCYHKE 8, KOTOpas COCTOHT U3
TepMocTaTa 1, TepMomeTpa 2, mtaTuBa C Jankoil 3,4 u 3aKperIeHHOro AUIaToMeTpa 5.



[Monumepu3aiisi BAHUIOBBIX MOHOMEPOB 10 C=C CBSI3U COMPOBOXKIACTCS yMEHBIIICHHEM 00beMa
(nmopsnka 20% ot obbema mMoHOMepa Tpu 100% KOHBEpCHM) PEaKIMOHHON CMECH, 4TO OOYCIOBIICHO
PasHOCTBIO B IUIOTHOCTSIX MOHOMEpa W TonuMepa. [loaToMy, ciems 3a ycaakoil MoNuMepu3yronieics
CHCTEMbI B PEAKIHOHHOM COCyjA€ (IMIaTOMETPE) B XOJE PEaKIMH, MOXHO OIpPEIEIUTh CKOPOCTh
PEaKITHH.

Obpabomka s3KCnepuMeHmanbHbix OAHHbIX.

B nmamHOM pasjgene 1a00paTOpHOM pabOTHI CTYACHTY HEOOXOAMMO IO IOJYYCHHBIM
9KCIIEPUMEHTAIBHBIM JTAHHBIM MOCTpouTh rpaduk 3aBucumoctd h=h() u mno yray HakimoHa
COOTBETCTBYIOIICH mpsiMoii HaxoasaT 3Hauenne dh/dt, KOTOpoe MO3BONISET pacCUUTATh CKOPOCTh PEAKIMU
0 YPABHEHHIO:

103 smar? dh
V=" * — (monb/1*C)
L’hl_‘TMh.*’I ks
rae M — MonekynspHas Macca MOHOMepa, V — HavalbHbI 00beM PeaKLHOHHOI Macchl B MII TIPU TeMIiepatype T, I' — paJuyc JUIaToMeTpa B cM, 0M — mapamerp,

CBSI3aHHBIN C KOHIICHTPALKEH MOHOMEpa IIPH MOIMMEPH3alMK U PaBHBINA Pa3HOCTH OOPATHBIX BEJIMYMH ILIOTHOCTEH MOHOMEpa M moiumepa, 1.e. M =1/ pM —1/ pII .

TIpu 700 C st Ct pM=0.860 r/em3, jst TIC pII=1.046 r/em3.

- TepnocTaT
2 - TepMOMeETp
3 - mmaTie

- namEa

3 - mImaToMeTp

Pucynok Cxema yCcTaHOBKH NOJTUMEPHU3ALIMU CTUPOIA

Cmamucmuueckas 00pabomra pe3yibmamos IKCnepumMenma
B nmamHOM pasgene J1abopaTOpHOM pabOTHl  CTYACHTY HEOOXOIMMO IO TOJIYYCHHBIM
9KCIIEPUMEHTATBHBIM TAHHBIM [IPOU3BECTH CTATHYECKYIO 00Pa0OTKY pe3yJIbTaTOB YKCIIEPUMEHTA.

- i v

1. Paccuurarh cpe/:[HeapI/I(pMeTquCKoe 3HAUCHUC pPE3YyJIbTATOB 3KCIICPUMCHTA: U = —— —

3y TAe N — 4YHCIo

9KCIIEPUMEHTOB.

2. PaccunTaTh OTKJIOHEHHE OT CpeaHero 3HaueHus: (v -U' )
3. PaccunTaTh KBajIpaT OTKIOHEHHS OT CPETHET0 3HaueHus: (V; - 1)

-
(]

=
L

4. PaccunTaTth CyMMy KBaJpaToOB OTKJIOHEHUS OT CPETHETO 3HAUCHUS:
5. PaccumTaTh CTaHIApTHOE OTKJIOHEHHWE EIWHUYHOTO pe3ylibTaTa OT CcpenHeapru(MeTHIecKoro
3HAYECHUS:

6. PaccunTath J10BepHTENBHBI HHTEpBA ONpeIenseMoii Benmuuubr: V=0 + 5. T * fp.]:

rae r_]'n - ko3¢ dunuent Croionenta. Ero 3Hauenne Haxoaat u3 TabiHIIbI 2, 3a1aBasiCh JOBEPUTENBHOI BEPOSTHOCTBIO P.

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

Kpumepuu oyenxu nabopamopuvix pabom @ cemecmpe

Kpumepuii ouyenxu bann
(3a évinoinenue 00HOI 1a6OpPamopHoll padomut)

JlaGoparopHas paboTa omIMyYaeTcs MOCIIEI0BATEIbBHOCTBIO, IPABWIBHOCTBIO ITOJIY4EHHBIX
pe3ysIbTaToB, BBIBOOB. [IpH OTBETE Ha BOIPOCHI CTYAEHT JEMOHCTPUPYET XOPOLIYHO o5
CTENEHb BIIAJICHUS TPEACTABICHHBIM MarepuanoM. OTBeTbl (OpMYIHPYIOTCS apryMeH-
THpoBaHHO. OTCYTCTBHE OMIMOOYHBIX OTBETOB.

JlabGopatopHast paboTa OTIMYaeTCs MOCIEAOBATENFHOCTHIO, MPABIIHHOCTHIO MOTYYEHHBIX
pe3yabTaToB, BEIBOAOB. [Ipy 0TBETE HAa BOMPOCH! CTYACHT AA€T AOCTATOYHO IMOIHBIN OTBET, 20
C HapyIIeHHEeM TOCIIeIOBATEIbHOCTH M3NIOKeHUs. ECTh HeOOMBIION MPOIIEHT OMMOOYHBIX
OTBETOB.




JlaboparopHas paboTa BBINOJHEHA C TPYOBIMH OLIMOKAaMH, IOJIYYCHHBIC PE3yJbTaThl

3HAYHUTENBHO OTJIMYAIOTCS OT WCTHUHHBIX. Y CTYICHTa OTCYTCTBYeT YETKHMil OTBET Ha 15
HOCTABJICHHBIC BOIPOCHIL.
JlaboparopHas paboTa He BHITIOIHEHA. 0




MuHHCTEpCTBO HAyKH U BBICIIEro oOpa3oBanus Poccuiickoit denepannn
HwxHekaMCKHil XUMHUKO-TEXHOJIOTHYECKUI HHCTUTYT ((unan)
beaepanbHOr0 TOCYIaPCTBEHHOTO OFOPKETHOTO 00pa30BaTEIBbHOTO YUPEIKICHUS
BbICILIEr0 00pa30oBaHUs
«Ka3zaHCKnil HAalMOHAJIBHBIN UCCIIEIOBATEIILCKUI TEXHOJIOTHYECKUN YHUBEPCUTET

Dakynvmem mexHON0SUHECKUL
Kagpeopa  HXC

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

HpO(bI/U_HJ/ CIIcnyaan3anus: «XHMHUYECKas TEXHOJIOTUS IPUPOIHBIX SHEPIOHOCUTENICH U YIJICPOAHBIX MATEPHATIOBY

(Haumenosanue)
Cemectp_7 (3a0uHasi)

KoMmnuekT 3apanuii ajisa KOHTPOJ/IbHBIX paﬁoT

no qucoumvee b1.B.J1B.03.01 Karanus u karanu3aTopsl B HedTenepepaboTKe
(HaumeHoB8aHUe OUCYUNIUHDBL)

KonTtpoannas padora Nel o temam Ne 1-7

Bapuant 1
1. Xumudeckue peaknuu. Krmaccmpukamus xuMudeckux peaknmid. CKOpocTh peakmnud. [IBmKymas cria
mporiecca.
2. TpebGoBanus, mnpenpsBIsieMble K Karamm3aTopam. (OCHOBHBIE IOTPEOUTENBCKHE  XapaKTEPHCTHUKU
KaTaJln3aTOPOB.
3. Karanu3 B razonedrenepepaboTke.

Bapuanr 2

1. Ilpocteie u cnoxHble peakuun. PaBHoBecue B cucteMe. OOpaTHMbIe U HE 00paTUMbIE PEaKIMU B XUMHYECKOI
KHHETHKE.
2. Tuns! karanu3atopoB. CrienuanbHble TPeOOBaHUS, NPEABSIBIISIEMbIE K IIPOMBIIIIJICHHBIM KaTaIn3aTOpaM.
3. CnocoObl MPUTOTOBIICHNUS TBEP/IBIX KaTAIU3ATOPOB U aJICOPOEHTOB. 30JIb-T€JIb METOI.

Bapuant 3
1. [MonsiTve 0 MEXaHU3ME XUMHUYECKON PEaKIIMK U JIMMUTUPYIOIIEH CTaIUH ITPOIECCOB.
2. Tlonartme 00 WHTEHCHBHOCTHM Pa0OTHl Kataym3atopa. (PakTopbl, BIMSIOMIME HA WHTEHCHBHOCTH PaOOTHI
KaTaJn3aTopa.
3. IIpou3BOACTBO LEOIUTATIOMOCHINKATHBIX KaTaJU3aTOPOB KPEKWHra. THIBI NPOMBIIUICHHBIX KaTaJlH3aTOPOB
KPEKUHTA.

Bapuant 4
1. Cxopocts xummueckoil peakumu. Koncranra ckopoctu. Ilopsmox peakiuu. MoJjekyIsipHOCTb. MeToxsl
OTIpeIeTICHUS] MOPSIIKA PEAKIUH.
2. TereporeHHble KaTaJUTHYECKHE CUCTEMBbl. BIMsSHHME KOHICHTPAalMM HWCXOJHBIX KOMIIOHEHTOB. BiusHue
KOHIIEHTPAINH IPOAYKTOB PEAKIIUU U MPUMECEH.
3. IlpoW3BOACTBO IEOIMTATIOMOCHIIMKATHBIX KaTaJU3aTOPOB KpPEKWHra. TEeXHOJOTHs CHHTE3a IIapHKOBOTO
LEOJIUTATIOMOCUINKATHOTO KaTaau3aTopa.

Bapuanr S
1. BnusHue TtemmepaTypbl Ha CKOPOCTh peakIMH. JHeprusi aktuBanuu. CriocoObl OmpeneseHus] NapaMmeTpoB
ypaBHeHHs AppeHuyca: rpadUuecKuid 1 aHaIUTHYECKUH.
2. ®aKTopBl, BIMAIONINE Ha CEIEKTUBHOCTH pabOTHI KaTaan3aropa. TeKCTypHbIe XapaKTepUCTHKU KaTain3aTopa.
3. IIpoM3BOICTBO LEOINTATIOMOCHIMKATHBIX KaTAIU3ATOPOB KPEKUHTa. TEeXHOJIOT s CHHTE3a MUKPOC(HEpUIECKOT0
LEOJIUTAIIOMOCHIMKATHOTO KaTaInu3aTopa.

Bapuanr 6
1. Karanu3 u katanu3aTopsl. THITEI KATATUTHIECKUX PEaKIIUil.
2. BiusHue 103MPOBKM KaTalk3aTopa Ha CEJIEKTHBHOCTh OOpa30BaHMUs IIEJEBOTO MPOJYKTa IPH FOMOTEHHOM
Katanu3e. MeToabl yCTaHOBJICHHUS CTPYKTYPHI KaTann3aropa. MeTo sl H3BIEYEHNS TOMOTEHHBIX KaTaIN3aTOPOB.
3.TexHomorusi KaTaJu3aTOpOB THIAPOOYNCTKH He(PTIHBIX Qpaknuid. OCOOCHHOCTH CHHTE3a KaTajlh3aTOpOB
TUPOOUUCTKH.

Bapuanr 7
1. BausHue Ha peakUWH TEMIepaTypbl, KOHIEHTpAllMM pEearcHTOB, KaTalu3aTopa M IaBieHUs. MexaHu3M
KaTaJINTUYECKOT0 YCKOPEHUs Mpolecca.



2.TexHonmorust IPOU3BOJCTBA TOMOTEHHBIX  KaTaJIMTHYECKMX CHCTeM. Karanmm3atop  CepHOKHCIOTHOTO
AIKWIMpOBaHMUA w3omapaduHOB osnepuHaMu. XapaKTEpPUCTHKA, COCTaB, CTaOWIBHOCTh TPH XPaHEHHH.
TexHOMOrHYECKast cCxeMa yCTaHOBKH MOJIMMEPU3AIMN C BEPTUKAIbHBIMU U TOPU30HTAIBHBIMH PEAKTOPAMH.
3. TexHOMOTHS KaTaIN3aTOPOB THAPOOUNUCTKH HEPTAHBIX Ppakuuid. CHHTE3 aIIOMOKOOAIETOBOTO KaTaIH3aTopa.
Bapuant 8
1. F'oMoOTeHHBII U TeTepOTeHHBIHN KaTan3.
2. ®ochOpHO-KHUCIOTHBIA  KaTanu3arop ojuromepusanuu OyTwiaeHoB. CoctaB  (OCHOpPHBIX  KHUCIOT.
IMupodocdopras kucnora. TexHomornyeckass cxemMa yCTaHOBKH OJIMTOMEpH3aluK OyTaH-OyTHICHOBOH (pakiuu B
npucyTcTBUU GocopHON KUCIOTHI Ha KH3EIbIype.
3. TexHoyorust KaTalu3aTOPOB THIPOOYMCTKH HEPTSIHBIX (pakuuid. [Ipon3BOACTBO  aIOMOMOJIHMOIEHOBOTO
KaTanau3aropa.
Bapuanr 9
1. Astokartamm3. [Ipumep aBTOKAaTaTUTHYECKON peakmuu. XapaKTepHBI BUJ KHHETHIECKOH KpUBOM
ABTOKAaTAINTHIECKON PEaKIuu.
2. TexHomormueckas cxema IMOJNyYEHUS] KaTATMTHYECKOTO KOMIUIEKCA JUIS NMPOM3BOJCTBA M30MPEHOBOIO KaydyKa
CKHU-3. OnTuManpHBIH COCTaB KaTajdu3aTopa, IPUMECH. [ OMOTeHHBIE KaTajdu3aToOpbl, HCIOJb3yeMbIE B
texaonorusix OAO "HmxaekamckHepTeXUM".
3. TexHonorus KaTalW3aTOPOB THAPOOYMCTKH HEPTAHBIX ¢paknuii. IIpon3BOACTBO aTrOMOKOOAmBT —
MOJIHOAEHOBOIO KaTalu3aTropa.
Bapunant 10
1. KucnoTHo-ocHOBHOM KaTanu3. THUIIBI KHCIOTHO-OCHOBHOTO KaTanu3a. KnHeTHka peakuuil KHCIOTHO-OCHOBHOTO
KaTajau3a.
2. OcHOBHbIE METOABI TPHUIOTOBJICHUS KaTann3aTopoB. IloiydeHHEe OCHOBHOTO KOMIIOHEHTa KaTalu3aTopa
OCa)KICHHEM THIPOKCUIOB. /IOCTOMHCTBA N HEIOCTATKH METOIA.
3. TexHomorusi KaTajiW3aTOPOB THAPOOYUCTKH HEPTSIHBIX (Qpaknuid. IIpoW3BOACTBO aNIOMOHHUKENh —
MOJHMO/IEHOBOTO KaTalu3aTopa.
Bapuant 11
1. Karanuszarops! peakuuii crienuduIeckoro KUCIOTHOTO, OOIIEro KHUCIOTHOTO M AJIEKTPOPHUILHOTO KaTaIn3a.
2. OOmasi TeXHOJIOTHYECKAs CXeMa IIOJydCHHUS OCaKACHHBIX KaTaIW3aTOPOB IPH CYXOM M BIAXHOM CHOCO0ax
(dhopmoBanusi.
3. TexHoyorust KaTaJu3aTopoB THIPOOUYHUCTKH HePTSIHbIX (pakumid. [Ipor3BoACTBO KatannzaTopa AJs OYUCTKU
KEPOCUHOBBIX (PpaKINil U TU3ETHLHOTO TOTLIUBA.
Bapuant 12
1. Karanuzatopsl peakuuii crienn()uueckoro OCHOBHOTO, 00IIEro OCHOBHOTO U HYKJIEO(HILHOTO KaTajiu3a.
2. Co3aanue ONpeaeCHHOM MOPUCTOM CTPYKTYPHI KaTaaru3aTopoB.
3. [Ipon3BOJICTBO KaTaJM3aTOPOB TMAPUPOBAHUS U JEeTHApHpoBaHus. [IpoM3BOJACTBO NayUIaANEBOr0 KaTalIn3aTopa
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 CHUIIMKATesl.
3. IIpou3BOACTBO KaTalM3aTOPOB FHMAPUPOBAHUS U AerHApHpoBaHus. [IpousBoacTBo 60p — alOMONANIagNEBOrO
KaTaJIu3aTopa.

Bapuanr 14
1. depmenTaTuBHBINA Katanm3. OnpenencHue u oOllee MoHATHE. THIBI B3auMojneicTBus GepMmentoB. [loHsTHE O
KoepMeHre.
2. Metonb! monydeHus criukaress. [loaydeHne KyCKOBOIO U IPaHyJIUPOBAHHOTO CHITMKATEIIs.
3. Karanuzarop runpupoBaHus oJIcHUHOB.

Bapuanr 15
1. Kunetnka hepMEHTaTUBHON PEaKIH C OJHIM CyOCTpaToM. 3aBHCHMOCTh CKOPOCTH (hepPMEHTATUBHOW PEaKINN
OT KOHIIEHTpanuu cyocTpara.
2. TlomydyeHue KaranuM3aTOpOB HAaHECEHHEM aKTHBHOTO KOMIIOHEHTa Ha HocuTelb. OCHOBHBIE 3Tallbl
IpHUroToBiIeHNUA. Tunsl kKatanu3aTopoB. CopOIMOHHBIE HAHE CEHHBIE KaTaln3aTOPHI.
3. Karanuzatop ruipupoBaHus ajibAETH/I0B U CIOKHBIX d(HUPOB.

Tpebosanus k 0popmaeruro KOHMPOILHOU pabombi
1. KontponbHas pabota odopmisieTcs B OTACTBHOMN 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 HEOOXOINMO JATh IOJIHBIH, Pa3BepHYTHIH OTBET HA TIOCTABJICHHBIN BOTIPOC.

4. B xoHnIie paboThl HEOOXOIUMO YKa3aTh CIIUCOK UCIIOL30BAHHON JINTEPATYPHL.

5. CTy#eHT TOIIMUCHIBACT KOHTPOJBLHYK) pabOTy M MPEAOCTAaBISET €€ B JcKkaHaT (pakynpreTa Ha
peLieH3upOBaHHE.

6. Ecnii koHTpONbHAs paboTa He 3a4TeHa PEIeH3eHTOM, TO ONMIHOO0YHO BBHITTOJHEHHBIE 3aJaHUS 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 TIOCTABICHHOW 3a1au. JlaeT TOrnyecku 000CHOBAHHBIH, MONHBIN U 50
TPaBIIIBHBIH OTBET HA TIOCTABJICHHBIN Bompoc. OTCYTCTBHE OIMIMOOYHBIX OTBETOB.
JlaeT OCTaTOYHO MOJHBIH OTBET, C HAPYIIICHUEM TIOCIIEA0BATEIbHOCTH U3JIOKECHHSL 40
JlaeT HemoJHbII OTBET Ha BOMIPOC. 30
Her otBera. 0

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