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Ilepeuens komnemenyuii U UHOUKAMOPOB OOCMUNCEHUA KOMNEMEHYUIL C YKAZAHUEM IMAN0E YOPMUPOBAHUS 8 NPOUecce 0CEOCHU
OUCUUNIUHDL

Komnerenrmus: OIIK — 3 CriocoOeH ocymecTBIATh MpodheccHoHAbHYIO IeATeIbHOCTh C YIETOM 3aKoHOoAaTenbcTBa Poccuiickoit denepamnuu, B
TOM 4YHCJI€ B 00JIACTH YKOHOMMKH U SKOJIOTHH.

NHnukaTophl TOCTHKEHUS KOMITETEHIIUN

OIIK — 3.1 3HaeT 0CHOBBI POCCUHCKON HOPMATUBHO-TIPABOBOM CUCTEMbBI U 3aKOHOIATEJILCTBA, OCHOBBI AdKOHOMHYECKOU JIEATEIIbHOCTH
MPEANPUSITHS, TT100aTbHBIE MPOOJIEMBI YKOJIOTHU U MIPUHIIUIIBI PAIMOHAIIBHOTO MPUPOIOTIOJIb30BAHUS.

OIIK — 3.2 YMeeT Ucronb30BaTh U COCTABIATH JOKYMEHTHI HOPMATHUBHO-IIPABOBOTO XapaKTepa, MPOBOIUTH TEXHUKO-PKOHOMUYECKHUI aHaIH3
WHXCHEPHBIX PEUICHUH, OCYIIECTBIISATh B O0IIEM BHJIC OIICHKY aHTPOIIOTEHHOTO BO3/ICHCTBHUS HA OKPY)KAIOIIYIO CPEy C YUETOM CIIeIU(DUKH
MPUPOJAHO-KIMMATUYECKUX YCIOBUH.

OIIK — 3.3 Brnageer HaBbIKaM# pa3paOOTKU MPOU3BOJCTBEHHBIX MPOTPAMM U TJIAHOBBIX 3aIaHUM VIS IEPBUYHBIX TIPOU3BOICTBEHHBIX
Mo/ipa3JielIeHni, HaBbIKaMH BHIOOPA PaIlMOHATIBLHOTO CIIOCO0a CHUKEHUS BO3ICHCTBHS HA OKPYKAIOIIYIO CPey.

Huaukarops Oranbl GOpMUPOBAHUS KOMIECTECHIMN HaunmeHoBaHUE OIICHOYHOTO CPEICTBA
JOCTUKEHHUS (ykazatb Bce Temsl u3 PI1J])
KOMIICTCHITNN Jlexmn [Ipaktuueckue | JlabopaTopHble 3aHATHUS KypcoBoii
3aHSTHS, POCKT
71a60paTOPHBII (paboTa)
MPaKTHKYM
OIlK-3.1 Tema 1, Tema 2, Tema | He Tema 3. He Jlabopamopnas paboma. Konroxeuym.
3, Tema 4, Tema 5. PeyCMOTPEHBI npeaycMoTpeHa Konmponvuas paboma (3aounas

@opma.).Ix3amen.

OIlK-3.2 Tema 1, Tema 2, Tema | He Tema 3. He Jlabopamopnas paboma. Konroxeuym.
3, Tema 4, Tema 5 PEyCMOTPEHBI npeaycMoTpeHa Konmponvuas paboma (3a0unas
@opma).Jxzamen.

OIlK-3.3 Tema 1, Tema 2, Tema | He Tema 3. He Jlabopamopnas paboma. Konroxeuym.
3, Tema 4, Tema 5 PEyCMOTPEHBI npeaycMoTpeHa Konmponvuas paboma (3a0unas
@opma).Jxzamen.




4 — cemecmp — 0uHAA/OUHO-300YHAA OPMDBL:

Ouenounvle cpeocmea Kon-60 | Min-36 6annos Max-60 6annoe
Jlabopamopnas paboma 3/2 3%4=126/2*4=80 3*6=18/2*8=16
Konnokeuym 6/4 6*4=2406/4*7=28 6*7=42/4*11=44
IK3amen 24 40
Hmozo 36/60 100

4 — cemecmp — 3a0unan gpopma:

Ouenounvle cpeocmea Kon-60 Min, oannoe Max, oannos
Jlabopamopuasa paboma 1 8 10
Konnokeuym 2 6 20
Konumponvnas paboma 1 10 30
Ix3zamen 24 40
Hmozo 36/60 100

2 — cemecmp — 3a04Haa gopma:

Ouenounvie cpeocmea Kon-60 Min, éainoe Max, dar06
Jlabopamopuasa paboma 1 8 10
Konnokeuym 2 6 20
Konumponvnas paboma 1 10 30
IK3ameH 24 40
Hmozo 36/60 100

Peiimunz no oucyunnune

Htorosas cymma OajjioB ¢ y4eToM Onenka
YCIEIIHOW MPOMEKYTOUYHOM aTTECTALIUU
86 —100 5 (oTIMYHO)
74 -85 4 (xopor1io)
60 - 73 3 (YAOBIETBOPHUTEIBHO)
0-59 2 (He 3a4TeHO)




KPUTEPUH

OUeHKU 3HAHUI cmy0eHmoe Ha IK3amene (4 cemecmp)

Onenka Onucanmne
OHCHKa «OTJIHUYHO» BBICTABJIACTCA CTyZ[eHTy, ccin TeOpeTI/I‘{eCKOG COI[ep)KaHI/IC Kypca
OCBOCHO IIOJITHOCTBIO, 663 HpOGeJ’IOB; HUCUCPpNbIBAOIIC, IMOCJICAO0BATCIbHO, YCTKO U
OTIHIHO JIOTHYECKH CTPOWHO W3JIaraeT MaTepuaji; CBOOOJHO CIpaBIsAETCA C 3agadami,

(87-100 6an10B)

BOIIpOCAMH H JPYTUMH BHUIAaMH TPUMCHCHHS 3HAHWH; WCIONB3yeT B OTBETE
JOTIONHUTEIHHBIA MaTEepHa BCE IPEIYCMOTPEHHBIE IPOTPaMMOH 3aJaHUS BHITIOTHEHBI,
Ka4eCTBO WX BBHITIOJIHCHHS OLEHEHO YHCIOM 0amioB, ONM3KAM K MaKCHMalbHOMY;
AQHATM3UPYET TIONyYeHHBIC pPE3yNbTAaTHl; IMPOSBISIET CAMOCTOATEIBHOCTh IIPH
BBIIIOJTHEHHUH 3aJJaHUN

Xopowo
(74-86 6annos)

OrneHka «XOpOIIIO» BBICTABIACTCS CTYNEHTY, €CIH TEOPETHYECKOe COAep KaHne
Kypca OCBOCHO IIOJIHOCTBIO, HEOOXOJUMBbIE NPAKTUYCCKHEC KOMIICTCHIIMA B
OCHOBHOM C(OPMHUpPOBaHBI, BCE TMPEAYCMOTPEHHBIE MPOTPAMMON OOydeHHUs
y4eOHBIC 3a/IaHUS BBIIOJTHEHBI, KAYECTBO WX BBHIMOJHEHHUS JOCTATOYHO BBICOKOE.
CryneHT TBepJO 3HAeT MaTepuaj, TPaMOTHO W MO CYIIECTBY M3JIaraeTr ero, He
JIOTTyCKasl CYIIECTBEHHBIX HETOUHOCTEH B OTBETE Ha BOIIPOC.

Y 10BIIETBOPUTEIBHO
(60-73 6as10B)

OrneHka «yJIOBIIETBOPUTENIHO» BBICTABISIETCA CTYACHTY, €CIH TeOpeTHYecKoe
colep)KaHHe Kypca OCBOCHO YaCTHYHO, HO NMPOOENsl HE HOCST CyLIECTBEHHOTO
XapaxTepa, OOJBLIMHCTBO MPEAYCMOTPEHHBIX MPOrpaMMO 3aJaHuil BBIIIOJIHEHO,
HO B HHMX HMEIOTCS OIIMOKHW, IPH OTBETC Ha MOCTAaBJICHHBI BOMPOC CTYICHT
JOMYCKAaeT  HETOYHOCTH,  HENOCTaTOYHO  MNpaBWIbHbIE  (DOPMYIHPOBKH,
HAOMIOMAIOTCSl HApYyLICHHUSA JIOTUYECKOM MOCIeNOBAaTENbHOCTH B H3JI0KEHHU
[IPOrpaMMHOT0 MaTepuraia.

He
YIOBJIETBOPHUTEILHO
(menee 60 6a110B)

OneHka «HEYIOBIETBOPUTENBHO» BBICTABISIETCSl CTYACHTY, €CIM OH HE 3HaeT
3HAYUTENPHOW YacTH MPOrpaMMHOIO MartepHuajia, JOMYCKAaeT CYIIeCTBEHHBIE
omKOKY, HEYBEPEHHO, C OOJIBIIMMH 3aTPYJHEHUSIMH BBIOJIHACT NMPAKTUIECKHE
paboTbl, HEOOXOOUMBIE IPAKTUYECKHE KOMIIETEHIMM HE CQOPMUPOBAHBI,
OOJIBIIMHCTBO TPEIYCMOTPEHHBIX MPOrpaMMOi 00y4YeHHsi Y4eOHBIX 3aJaHuil He
BBIITOJTHEHO, KaYeCTBO WX BBITIOJHEHUS OIEHEHO YHCIIOM OajioB, ONU3KAM K
MUHUMAaJIEHOMY




MunucrepcTBo 00pa3oBanus u Hayku Poccuiickoit @enepanuu
HwxHekaMCKHii XUMHUKO-TEXHOJIOTHYECKUI HHCTUTYT (dunuan) penepaibHOTO
['ocymapcTBEHHOTO OFOIKETHOTO 00pa30BaTEIHHOTO YUPESIKICHUS
BbICILIEr0 00pa3oBaHUs
«Ka3zaHCcKkuii HAlTMOHAIBHBIN UCCIIEI0BATEIbCKUN TEXHOJIOTMYECKHIT YHUBEPCUTETY
TexHomornueckuit pakynbTeT
Kadenpa buorexnomnoruu

KommuiekT 3aganuii 1Jis1 1abopaTopHoii padoThl
o mucrumirge 51.0.29 O0mas xumMuyeckas TEXHOJIOTHS

4 cemecTp
JlabGoparopHas padora Nel
OnpenesieHne KOHCTAHTBI CKOPOCTH M JHEPTHH AKTHBALUH
peakuuu rupoJiM3a ITHJianerara

Lenv pabomer:

1. Hsmepumb KOHCMAHMbL CKOPOCU — 2UOPONU3A  DMUIAYEMAMA NPU  PAZTUYHBIX
memMnepamypax.

2. Paccuumamp sHepeuto akmueayuu peaKyuu OMbLIeHUsA SMUaayemama.

3. Paccuumamuv memnepamyprulii Ko3pghuyuenm smotu peaxyuu.

I'maponus (oMbUIEHHE) STUIIALIETATa IPOTEKAET B COOTBETCTBUH CO CIIEAYIOIIIM ypaBHEHUEM:

CH3;COOC;Hs + H,0 < C,HsOH + CH;COOH

CKOpOCTh ATOM peakly MOKHO 3HAYMTENILHO YBEIMYHTH 3a CUET N00aBIeHUS K PacTBOpY
COJISIHOM KHCJIOTBI B KAUECTBE KaTAIU3aTOpa. Tak Kak KOJIMYECTBO BOABI [0 CPABHEHHIO C KOJIMYECTBOM
STHJIALlETaTa BO MHOTO pa3 0oJbllie, 3Ty PEakIMi0 PACCMATPUBAIOT KaK PEaKIIMIO, TIPOTEKAIOIIYIO 110
YPaBHEHHIO IIEPBOTO MOPSIKA.

KoHuenTpanust sTunanerara «a» B MOMEHT B3STHS INEPBOW MPOObI PaBHA YBEIMYCHHIO
KOHIIGHTPALMK YKCYCHOW KHMCJIOTBI 32 BpeMsl OT IIEPBOI 0 MOCNIeAHEH NPOOBL, T. €. NPOIOPLHOHATIbHA
Pa3HOCTH MEXTY KOJIMYECTBOM MUILTHIIUTPOB €IKOTO HATpA, IMOUIEIIET0 Ha TUTPOBAHHE TUX TMPOO.
Ecnu Ha TMTpOBaHKe 1epBoii poos! morwio b1 vz NaOH, a Ha TiTpoBaHue mocrneaHei mpoobl - D
NaOH, o

a=m(b, —b,)
rae m — KO3(QUIMEHT MPONOPIMOHAIBLHOCTH. Tak ke Ul KOHIISHTpal dTwianerara (a - x) Ko
BpeMeHH t nosryunm:
a—-x=m(b, —b,)
rae bt - uncno mwumwmrpoB NaOH, nomemiee Ha TUTpoBaHKME TPOOBI, B3ATOH Yepes t MuH mocie

TIEPBOIA TIPOOHI.
Ioncrapnsis 3HaYeHNs a U (a - x) B ypaBHeHHE (2), HAXOANUM:
(2303, mb, -b) 2303 b, -b,
t m(b, —b,) t b, —b,

Muoxurenb m B ypasaenun (16) cokpamaercs. [Ijisi onpesieneHuss KOHCTAHTbl CKOPOCTH
PEaKINy K HET HEOOXOMMMOCTH BBIYUCIISITH 3HAYEHHE KOHIIGHTPAITMH STUIIAIIETATa, & JOCTATOYHO JIUIIh
3HaTh koinuecTBo NaOH B Munmnutpax, nomeaiee Ha THTpOBaHHUE MPoo.

O0opynoBaHme U peaKTHBbI: mepMocmamyl ¢ ycmarnosnennbimu memnepamypamu va 20, 30
u 40 epao., mpu niockooonuvie xorbouxu na 100 mn; wecmv xonuueckux roabowex na 200 ma;
KPUCTNAATU3AMOp CO JbOOM; NUNEMKU HA 2 MA, nunemxa Ha 5 ma, Oopemku na 50 mu; mepuvie
yunuHopvl Ha 5 mn. @enongmaneun; smunayemam, 1/20 n. pacmeop NaOH; 0,2 1. pacmeop HCI.

Boinosinenue padoTnl

B gucryro cyxyro kosi0y (3kenaTeabHO ¢ MPUTEPTON PoOKOii) eMKOoCThIo Ha 100 MiT HalMBaroT
50 mi 0,2 H. pacTBOpa COJISTHOW KHUCIIOTHI U TIoMentatoT ee B Tepmoctar (t = 20 °C). UroOsl konda He
BCIUTBIBAJIA, €€ 3aKPEIULIOT B ITaTrBe. Korma pacTBop mpuMeT Temrieparypy tepmocrara (depe3 10-15




MUH), K HeMy TPHIMBAIOT 5 MJT dTHJIAIETaTa 1, IEpeMeIiaB pacTBOp, TOTIAC OTOMPAFOT MUTICTKON 2 MIT
PEaKLMOHHOW CMeCH; MOMEHT NPHIMBAaHHS JTUIAlleTaTa CUUTAIOT HadanoM peaknuu. Koily c
OCTaBILEHCS CMECHIO IIOTHO 3aKPBIBAIOT MPOOKOIA, YTOOBI 3HpP BO BPEMSs OIBITA HE UCTIAPSIICS, 1
HE BBIHUMAIOT U3 TEPMOCTATa B TEUCHUE BCETO OIIBITA.

Basryro npoOy BRUIMBAIOT W3 MHUIETKH B APYryio komoy ¢ 40—50 mi XomogHo# Boawl (¢
Temmeparypoit ot 0 10 2°C) 17151 TOpMOKEHUS PEaKLIMK OMBIIEHHS STUIIaLeTaTa. X 0o/ JHas BO/Ia 10JKHA
ObITh TpuTOTOBNEHA 3apaHee. Jms sToro B KomOy Opnenmeiiepa HammBaror 40—50 wmon
JWMICTAIUTMPOBAHHOMN BOJIBI M CTABSAIT €€ B COCYI CO JIbIOM 32 15—20 MuH 110 B3sITHsI TPOOBL. 3aTeM rmpoly
TUTPYIOT PacTBOPOM €AKOrO HaTpa B MPHCYTCTBHU (peHON(pTaNerHa OO MOSBICHUS PO30BOTO
OKpaIlIMBaHWs, He Mcue3aromero B Tedenne 10—15 cek. Ecnu mo kakuM-nnbo mpuyrHaM TUTPOBaHHUE
HEJIB35 IPOBECTH CPazy JKe MOCIIE TIPITMBAHMS TIPOOBI B XOJIOAHYIO BOAY, TO KOJIOY € TPOOO# OCTaBISIOT
B cocyze co nbaoM. [To kommuecTBy MumummiantpoB pactBopa NaOH, momemmero Ha TuTpoBaHue
TIePBOIA IPOOBI, MOJKET OBITH ONPE/ICIICHA TOYHAS KOHLICHTPALIUS COJISTHOM KUCIIOTHI B pacTBope (Cy).

Crenyromue npoOb OTOMPAIOT IMUITETKOMH, He BEIHUMAs KOJIOBI M3 TEPMOCTATa, IPIMEPHO Yepes3
15, 30, 50, 80 u 120 MuH TOCTIe HAYaa PeaKiyy, T. €. TIOCIe MPUINBaHMS dPHUpa B KOIOY C CONSTHOM
KHUCJIOTOMH, ¥ TUTPYIOT, KaK YKa3aHo Bbllle. Bpemst BiBaHMs Ipo0 B XOIOAHYIO BOLY TOUHO (PUKCHPYIOT
Y IPUHAMAIOT €T0 32 BPeMsI B3ATHSI P00, TaK KaK MO>KHO CUHTATh, YTO PEAKIHS B IPOOE TPU OXJTaKICHUH
MPaKTHYECKH OCTAHABIMBACTCS U, CJICOBATEIbHO, KOHLEHTPALMH BEILIECTBA, HAlICHHBIE TIPH aHAIIN3E,
OyJIyT COOTBETCTBOBATh KOHIICHTPAIMSIM MX B PEaKIIMOHHOM COCYJIC B MOMEHT B3sTHsI POoOBL. Tak Kak
0 Mepe TeYEHHS! PEeaKi KOHLCHTpAIMsl YKCYCHOM KUCIIOTHI, 00pa3yIoleiics: Tpu oMbUIeHHH 3dupa,
YBEJIMYMBACTCS], TO IPH TUTPOBAHUH HYKHO OBICTPO MPUIUTH TAKOE KOJIMYECTBO PACTBOPA E€IKOIO
HaTpa, KaKoe MOLLIO Ha MPeIbIayIlee TUTPOBAHKE,  3aTE€M YK€ OCTOPOKHO JOTUTPOBBIBATH PACTBOP.

UYtoObl OmpefenuTh HAYAIbHYI0 KOHLCHTPAIMIO STWI alleTaTa, HeOOXOAUMO OTTHUTPOBATh
YKCYCHYIO KUCJIOTY B IIP00O€, B3SITOI B KOHLIE PEAKLH, KOTIa BeCh 3QUp MHAPOIN3YETCs, yUUTHIBAS, YTO
npu OOJBIIOM HM30BITKE BOBI PABHOBECHE CHIIBHO CIBHIACTCS BIPABO M PEAKLUS OMBUICHHS HAET
MPaKTHYECKH JI0 KOHLA. [Ipy KOMHaTHON TeMIiepaType peakiusl MpakTHIEeCKH 3aKaHInBaeTcs uepes 24
y. CrieoBaTeNnbHO, TS B3THSI NOcieAHel MpoOkl KOOy ¢ peakMOHHOM CMEChIO HajIo BBIHYTh U3 Tep-
MOCTaTa 1 Ha CIICAYIOIIUI JeHb OTTUTPOBATh 2 M1 PACTBOPA.

OnHaKo peaklio OMBUICHHUS 3THNAIETaTa MOXKHO YCKOpPHTB. [l 9TOro Kondy 3aKpbIBalOT
MpoOKO#i ¢ 0OpaTHBEIM XOJIOAMIBHIKOM U HarpeBaloT Ha BOASAHOH OaHe mpu Temmeparype 70 - 80 °C B
teuerue 30 mun. HyxHo cniequTh 3a TeM, YToObl KOHIGHCALKS TApOB JKUAKOCTH I1JIa II0 BO3MOXKHOCTH
B HIDKHEH YacTy XOJIOJWIBHNKA U 3QUp HE yIeTyuuBaJIcs U3 peakMoHHON cmecH. [lociie oxtakneHust
pacTBOpa MPOBOJIAT TUTPOBaHUE 2 /i TIPOOBI U onpeneisitoT C,.

TouHO Tak ke MPOBOAUTCA OMBIT U NpH Apyrux temneparypax: 30°C n 40°C. Onsit npu
temreparype 30 °C MoxHO HayaTh nprom3uTensHO depes 30 - 50 mun, a omsiT ipu 40 °C vepes 80 -
100 mun mocne Hauana ombiTa mpu Temreparype 20 °C. TIpoMeKyTKH BpeMeHH MEXIy OTOOpOM
OTACIBbHBIX Hp06 HY>XKHO YMCHBUIUTH, TaK KaK CKOPOCTb PEAKIIMU YBCIMYUBACTCA C IOBBIIICHHUEM
TeMIEPaTyphbl.

[Mony4eHHbIe pe3yNbTaThl aHATM30B KKI0W MPOObI 3aIMCHIBAIOT B Tabymiry 1:

Taonuua 1
OKCIepUMEHTAITbHBIE JAHHBIE ITPOoIIecca THIIPOIIH3a
Oo0bem NaOH,
No Bpewms B3sTUA Bpewms oT Havana . Koncranra
3aTpadeHHBINA Ha
mpoo pOOBI peaknuu, MUH CKOPOCTH PEAKIHH K
TUTPOBAHUE, MIT

O0paboTka pe3yJIbTATOB IKCIIEPUMEHTA
KoHcTaHTHI CKOPOCTH pCaKUM 1A Pa3IMIHbIX MOMCHTOB BPEMCHU BBIYHCIIAIOT 110 (bopMyne:

1, C
k =2,303-1g—2
tC,
rrne C, - HaganpHasi KOHIIEHTpauys JTiianerara; C; — KOHIIEHTpAIWs STUIAIleTaTa B MOMEHT
BpeMeHu t.
3aTeM Haxo[AT CpeaHEE 3HAaUCHNE K. AHAJIOTUYHBIE BBIYMCIIEHHS K TIPOJIEIBIBAIOT [T K&KJ0TO

3HAYCHUS TEMITEPATYP.



Taonuua 2
Pe3ynbTaThl 3KCIEPUMEHTATBHBIX JIAHHBIX

Temmneparypa KoHcTaHTa cKopocTH TemneparypHbIii Ko3(duimenT Dueprus
OIIbITA PEAKIIH, Keper CKOPOCTH PEAKLIHH, Y aKkTUBaLyy, B,
Vepen— Ecpea:

Cpennee 3HaueHIE KOHCTAHTBI CKOPOCTH PEAKLIN MOYKET OBbITh HaiiieHo rpaduiecku. st aToro
ypaBaenue (16) zamuiem crieayronmm o0pazom:
kt

lg(b, —b,)=Ilg(b, —b,) ———
g( 0 t) g( 0 l) 2’303

3arem u300pasute rpaduuecku 3aBUcHMOcTb 1g(D..- by) 0T BpeMeHu, oTKIIa/1pIBast 3Ty BEIUYHHY
TI0 OCH OPJIMHAT, 8 BPEMsI T10 OCH a0CIHCC.

Bpewms, mun 0 15 30 50

80

(b-by)

Ig(bw-bt)

Bemmunaa k / 2,303 Oymer paBHA TaHTEHCY yIjla HAKJIOHA MPSAMOMW, MPOBEACHHOHN uepes
MOJTyYeHHBIE TaKuM 00pazoM ToukH, oTkyna k = 2,303 tga.. Bemmuuny {ga momydnm u3 OTHOMICHUS
MPOTHBOJICKAILIETO KaTeTa K MpUIISKaIeMy, UCXO/s U3 TpaduKa 3aBUCHMOCTH.

[Monb3ysch CpeJHUM 3HaYCHUEM KOHCTAHT CKOPOCTH PEaKIMK NPH PA3TIHBIX TeMIIepaTypax,
HAXO/IMM TEMITCPaTyPHbI KOADDHUIIMEHT CKOPOCTH PEAKIIMK M SHEPTUH aKTHBAIMH 110 hopmysiam (13)
u (15). [nst kaxx10i BeTMYMHBI BBIYKUCIISIOT 110 [1Ba 3HAUCHHUSI M 3aTEM HAXOJSAT CPE/IHEE U3 HHX.

Conep:xaHue oTyeTa

1. IpencraBuTh KpaTKyr0 TEOPETHUECKYIO CIIPABKY IO CYLIECTBY padoThl. CpaBHUTH
KOHCTaHTHI CKOPOCTH, MOJIydeHHbIe Tpu TeMmnepaType 20, 30 u 40 °C.

2. OTMETUTh U3MEHEHHE K B 3aBUCUMOCTHU OT TEMIIEPATYPHI.

3. PaccuuTaTth 2HEPTHUIO aKTUBALIUK, UCXOISI U3 KOHCTAHT ckopoctH mpu 30 - 40 °C.

4. PaccunraTh TeMIepaTypHbBIA KO3 UIMEeHT B HHTepBaiax temmepatyp ot 20 qo 30
u ot 30 1o 40 °C.

5. Halitm cpennee 3HaueHue 7y (TemrmepaTypHOro Kod(pQuIHeHTa), HpPEICTaBUThH
rpaduKy M3MEHEHHUs KOHLEHTPALUU >THJALeTaTa BO BPEMEHM U KOHCTAHTHI CKOPOCTH OT
TEMIEPaTyPBHI.

JlabopaTopHast padora Ne2
KuneTrnka peakumu oKHucJeHUs] HOAUA-MOHOB NMEPOKCHI0M BOJ0OPOAA
(XUMHYecKHUe 4achl)
B BoIHOM pacTBOpe B KUCIIOHN cpejie peaklys IPOTEKaeT COIIaCHO YPABHEHHIO:
217 + H,0, + 2H* = I, + 2H,0. (1)
MexaHn3M peaknuy BKJIIOYAeT HECKOJIBKO CTaauil, mepBas M3 KOTOPBIX SBIISETCS
JINMUTHUPYIOILEH:

H,0, + 1~ = H,0 + 10~ (1a)
3a HEH CICAYCT BTOpPAsA CTagus, KOTOpasd 06’LeHHHHeT HECKOJIBKO 6LICTpBIX peaKLIHfI:
10_+2H++1_=12+H20 (16)

Kunerndeckoe ncciieioBaHrie POBOAUTCS IMMyTEM XUMHUYECKOTO aHaIH3a 00pa3yIoIIerocs
MOJIEKYJISIpPHOTO MOHA. TUTpoBaHME M30BITKOM pacTBOpa THOCYJb(aTa HATPUS OCYIIECTBISETCS
BHYTPH PEaKIIMOHHOTO COCYyJla — METOJ BHYTPEHHEr0 TUTPOBaHUs. B TOUYKE 3KBUBAJICEHTHOCTH
pactBop mpuoOperaeT roayOyr0 OKpacKy n3-3a 00pa3oBaHMs COCIWHEHUS HOJa C KpaxMaJoM.
lonyOoli 1BeT BO3HWKAET BHE3AITHO M Cpa3y, yepe3 CTPOr0 ONpECIICHHBIH MEPHOJ] BPEMEHHU.
[Toaromy menast cepust TaKUX peakuil U3BECTHA IO/ HA3BAHUEM «XMMHUYECKUE» WIIH «HOIHBIS)
4ackl.

O0pa3yronuiicst o1 MPaKTHYECKH MIHOBEHHO PEarnpyeT ¢ THOCYIJIb(aToM:

I, + 25,057 =21 + S,0¢™. 2

KoHnnienTpamus cBoOogHOTO #HonIa O4YeHb Maja. Bpews, mpoineamiee OT MOMEHTa
No0aBIEHHS K PACTBOPY OIPENENIEHHOIO KOJIUYECTBa THOCYNb(daTa JI0 MOMEHTa MOSBICHUS
rojay0oi OKpacKd, PaBHO BPEMEHH pPacXOJOBaHMs 3KBHUBAJICHTHOTO KOJUYECTBA IEPOKCHIA




BOJIOPOJIa B peakiuu ¢ Hoaua-uoHamu. Kak BHUJIHO, MOJIUII-MOHBI PETEHEPUPYIOTCA TIPHU
tuTpoBanuu. [loaToMy KOHLIEHTpauus | B X0/1e ObITa HE U3MEHSIETCS M paBHA HAYAIbHOM.
B kucnorHom OydepHOM pacTBOpEe KHHETUYECKOE YPAaBHEHUE JACTCS BHIPAKCHUEM:
— %] = o [1,0,] - (171 )
3nmech K° — KOHCTaHTa CKOPOCTH, 0. — MOPSJOK peakiu 1o oaua-uonam. [lockombky [I°
]=const, To, 06benunss x’ ¢ [1]% nomyumm:
_ d[H30,]

20:] = k[H,0,], (4)
IJIe K — KOHCTaHTa CKOPOCTH TICEBAONIEPBOTO MOPSIIKA,
k=k-[I"]% (5)
W3 ypaBHeHnwus (4) mocie HHTCFpHpOBaHI/IH HOJTy4HM BhIpakeHue s K:
[H20]°
k= —l
[H20,]’ ©)

e [H,0,]° — HauanbHas KoHIEHTpaIys.
0O603naunmM V” — 00beM pactBopa Na2S;0s, moreaiero Ha TUTPOBaHUE Beero Hoaa, a V —
00beM, H3PaCcX0I0BAHHBIH K MOMeHTy BpeMeHH t. Torma K MO’KHO paccuuTath 1Mo Gpopmyoie:

k= —ln wv (7
nockonbKy V* ~ [H202]° u V°o V [H202].
Llenpto paboThl sBIsieTCs onpenencHne KoHCTaHT K, K* U mopsaka peakuuu 1mo Homma-
voHaM o. Ecim onwIT MMPOBOJAT IPU ABYX TeMnepaTypax, TO paCCUUTHIBAIOT SHCPIUIO aKTHUBallUuU
RT1T2
E, = 2ing, ®)
rae ki u k, - KOHCTaHTHI CKOpOCTI/I ipu Temneparypax T1u To.

BbinonHeHue onbITOB U pacyeThbl

B HeGompiryto xombouky Hamuth 0,05 # pactBop H20,. B TmiaTensHO BBEIMBITHINA CTakaH
eMkocTbio 250 ma Biauth pactBop Nal (wmu Kl), 5 mn 2 1 HaSOs 1 ¢TOSBKO BOJIBI, 9TOOBI TOCIIE
npwinBanus pactBopa H2O2 o6beM peakunonHoi cmecu 0bu1 paBeH 100 ma. O0beMBbl pacTBOPOB
Nal (KI) u H202 3amarorcs nmpenogaBateneM. OTMETHTh TEMIICPATYPY OIBITA.

Ykpenuth Hax ctakaHoM OropeTky ¢ 0,05 # pactBopoM NaxS,0z, mpunute 1 vz TuTpanTa
u 100aBuTH 5 Kanenb 1% pacTBopa Kpaxmaina. 3aTeM BiuTh B ctakaH HoO,. CMech THIaTENHHO
nepememiatb. B Moment BmmBanua H>O; Bkmrounth cexyHmomep. IIpu mosiBieHMH CTOHWKOTO
CUHET0 OKpAaIIUBaHUs 3aMETUTh BpeMs, ObICTpo n00aBuTh [ ma NaxS;O3 — Bropyro nopumro — u,
TIIATENEHO TIEpEMENIaB PacTBOP, 3alUCATh BPEMs MOSIBICHHS OKPACKH.

Takue omnepanuu MOBTOPUTH 6-8 pa3 MpH BKIIOUYEHHOM CEKYHIOMEpE; TepeMelInBaHue
CeKyHAOMepa JA0JDKHO ObITh OBICTPBIM M MHTEHCUBHBIM, TIATEIBHOCTD JOJDKHA OBITH MPOSBICHA
u nipu obasnennn I ma NaxS;0s. JlenaTts 3T0 HaI0 OAMHAKOBBEIM 00pa30M Ha MPOTSHKEHUH BCETO
omnbiTa. Hy)XHO MOCTOSIHHO CIEIUTh 332 PEaKIMOHHBIM COCYAOM, TaK KaK OKpacKa MOsBISIETCS
BHe3anHo. Henp3s nporyckars Bpemst 100aBIeHUsI ouepeaHoil nopuuu TuTpadta. YTtoOs! Jryyine
OTJIMYUTH OKPACKY PacTBOPa, PEKOMEH/IYETCsl CTABUTh CTaKaH Ha Oelyto Oymary.

[Tpu KOMHaTHOI TeMIepaType peakiys HIET 10 KOHIIA JOBOJILHO JIoNT0. J{jst HaxoxIeH st
V* —cymmapHoro oowema pacteopa NaxS;0s, moreniero Ha TATPOBaHKUE, PEAKIIUIO YCKOPSIOT,
nobaBmsisi 5 Kamenb  KaTajau3aropa — HACHILIEHHOTO pacTBOpa MonMOnaTa aMMOHHUSL.
BeigenuBomiicst o1 OTTUTPOBBIBAIOT, OTCiona Haxomar V”. TuTpoBaHme BeIyT TOJBKO 0
obecrBeunBaHus pacTBopa. He cienyer qoOmuBaThest 00€CIIBEUMBAHUS OCaKa HOMKPaxMaIbHOTO
KOMIIJIEKCa, TaK KaK 3TO MOXKET PUBECTH K «II€PETUTPOBAHHUION.

JlaHHbIe OMBITa U PE3yJIBTAThl PACUETOB 3aHOCAT B TAOJUILY:

Tabauya
Kunernka oxucjenusi HoAu1-MOHOB MEPOKCUI0M BOJ0POAA
Konuentpanus pacteopa Nal MO/
0O65wem 0,05 1 pactBopa H20: M
TemnepaTypa omnbiTa °Cc

O06uwmii 06veM 0,05 1 pactBopa Na,S;03, V* M



Bpewms t ot Hauana Koncranra
Ne O6vem V 0,05 1 p Ve -V, .

peaKIyu 10 MOMEHTA In(V*—=V) | ckopoctu
n/m | pacrBopa Na S;0s, mr M 1
MOSIBJICHUST OKPACKH, C k, c

Pacuer k BeyT mo opmyite (7), a Takxke rpapuuecku — Ha OCHOBaHHH 3aBHcuMocTH IN(V™
— V) or t (o HaknoHy rpaduka). Beraucisror Kep, aOCOTIOTHYIO U OTHOCHTEIBHYIO OIINOKY.

BTopoii omBIT MPOBOAAT C BABOE MEHBIIICH MITH BABOE OOJIBIICH KOHIIeHTpamue |, OO0t
00BeM pactBopa (/00 mn) v TemmepaTypa ocTaroTcs npexxHIMHA. OMpeeNsfoT KOHCTAaHTY CKOPOCTH
K, 3aTeM pacCUMTBIBAIOT 0. — TOPSAOK PEaKUUH 10 HOAMA-UOHY. BbIYMCIICHHS NPOBOISAT IO
thopmye:

Igk@—1gk®
= T ©

rae uHnekckl (1) u (2) obo3nauatoT HOMep omnbita. Dopmyna (9) nerko momydaeTcs: U3
tdhopmyner (5). HalinenHoe 3HadeHHE 0 OKPYTIISIFOT M0 OJIMKAMINETO IIETOMI0 MOJOXKUTEIFHOTO
yHuciia ¥ NPUHUMAIOT €ro B KadecTBe Mapamerpa KuHeTthdeckoro ypaBHenus (3). Koncranrty
ckopocTH K BBIYHMCIISIOT 110 ypaBHEHHIO (5) U, YUUTHIBASA 0., YKA3BIBAOT €€ PA3MEPHOCT.

Usmensiror Temneparypy onbita Ha 10 °C 1 mposoasar onsit. Onpenenstot K u K. Drepruro
AKTHUBAIIUN PACCUUTHIBAOT 10 hopmyute (8).

B 3aknrodenue cieayer caenarth psij 3aMeYaHui:

1. Won, obpasopaBmmiics B peakimu (1), pearupyer ¢ MEpPOKCHIOM BOIOPOIA C
BBIIEIEHUEM Kuciopona: H,O, + 1, = 2HY + 21~ + 0, IIpotekanue 5Toif MOGOYHON peakiyu
SIBIISIETCSI HeXeNaTeIbHbIM. UTOOBI OHa He MCcKaXKalla KHHETHKY, JoOaBlieHHE THOCYIb(aTa HATPHs
B PAacTBOP HEOOXOIMMO TPOBOAUTH CPa3y Ke MOCIIe MOSIBICHHUS TOy00i OKPacKH.

2. W3MmeHeHne KOHIEHTpAIMK PEareHTOB 3a CUeT yBeIH4YeHHs o0beMa pacTBopa B
pesynbrate mobdasnerus 6-8 mir Na S;O3 Mano u mpu He0OX0JUMOCTH MOYKET OBITh YUTEHO.

Oo6opynoBanue u nocyaa

CrakaH Ha 250 mn

Konba Ha 50 ma

MepHusriit numuaap Ha 100 mn

broperka Ha 20 mn

MepHnbiil unnusap Ha 10 mn

CexyHmomep

PeaxTuBbI

0,1 n pacteop Nal (KI) — 1o 100 ma

2 n pactBop H2SO4 — 5 mn

0,05 1 pactBop H2O2 — 10 20 mn

1% pactBop kpaxmana — 0,2 ma

0,05 1 pactBop NaxS;03 — o 20 mn

Hacermennstit pactBop Monubaata amMoHust — 0,2

JlabopaTopnas pabora Ne3
Hccnenopanne KHHETHKHY TOMOTEHHBIX peaKIui
I[ens pabomer: JKcriepIMEHTATBHOE U3ydeHNE 3aKOHOMEPHOCTEH peakiny XJIOpaHTUApHIA
OEH30IHOM KUCIIOTHI C TeNTHJIOBBIM CIMPTOM C 0Opa3oBaHHEM CIIOXKHOTO 3(upa, COCTaBICHUE
KMHETUYECKOTI0 ypaBHEHMUSI ITpoLEcca.
Baxcneiinnasi peakius MoJydeHus: CIOXKHBIX dPHUPOB - peakius dSTepUPHUKALIN: 00paTHMOE
BSaHMOHeﬁCTBHe OpPraHruvyeCKUX UJIN HECOPTaHNYCCKUX KUCIIOT CO CIIMPTaAaMM:
R-COOH + R-OH —R-COO-R'+ H.0
Jlpyrue crnocoObl OIYyUSHHS CIIOKHBIX d3(DUPOB:
— B3aUMO/JICUCTBUE XJIOPAHTUIAPHUIOB KUCIOT CO CIIUPTAMMU:
R-COCI; + 2R-OH —REOO0R' + HCI
— B3aUMOJICHCTBUE aHTUJIPHUJIOB KUCIIOT CO CIUPTAMHU:

(R-C0),0 + R-OH E—RCOOR' + R-COOH



OO0BEKTOM HCCIIeIOBAaHNS B TaHHOW paboTe SBISETCS MPOLECC AMIMPOBAHNS TENTHIOBOTO

cnupTta (B) xnopanruapunom 6eH30iHOM KUCIOTHI (A), MPOTEKAIOIIKUI 110 cXeMe:
CeHsCOCI + C/H1sOH  —HsCOOC;H15 + HCI
A B C D

Cnoxnple 3(HUPBI KapOOHOBBIX KHCIOT NPHMEHSIOTCS B KadeCTBE PACTBOPHUTEIICH,
THIPaBIMYECKUX  KUIKOCTEH, CMa304HBIX Macel, IUIaCTUQUKATOPOB U  MOHOMEPOB.
TexHONMmOrn4YecKknue MpOIEeCcCh CHHTE3a CIOKHBIX 3(UPOB MOXHO DPA3JEIUTh Ha JBE TJIABHBIC
TPYIIIBL:

- )kuaKodaszHbIe MPoLecCchl HEKAaTATUTHUECKUE HITH TOMOT€HHO-KAaTaTUTUYECKHE, B KOTOPBIX
XMMUYeCKasl peakiysi COBMEIIeHa C TIPOLIECCOM pa3esIeHusl.

- TETEePOTeHHO-KATATUTHYECKHIE PEAKIINU B JKUIKOW MITH ra30BOH (ase, OCYIIECTBIsIEMbIC B
MPOTOYHBIX alnapaTax 0e3 COBMELICHHUS C Pa3AeNuTeTbHBIMH MPOIECCaMH.

[Ipomneccrl epBoii TPYNIIBI ABISIOTCS TPAAULIMOHHBIMU U HanOoJee pacpoCTpaHEHHBIMU B
TEXHOJIOTHH 3TEPUPHUKAIHN.

1. MexaHu3M peakuuu dTepuPuKamun

Peakuus sTepudrkaniy KUCIOT COUPTaMU OTHOCUTCS K 00paTuMbIM nponeccaM. O6patHast
peaxius Ha3blBACTCs TUAPOIU30M CIIOKHBIX 3(PUPOB.

OTepuduKannio CIMPTOB KHCIOTAMH MOXKHO OCYIIECTBIIATH 0€3 KaTannu3aTropa, HO peakius
MejieHHas, TpeOyercs Bbicokas Ttemreparypa (200-300 °C). B mpucCyTCTBHM KHCIOTHBIX
KaTaln3aTopoB 3TepuduKanms 1 ruapoiu3 npotekarot npu 70—-150 °C. B kadecTBe katanuzaTopa
NPUMEHSIOT, KaK MpaBuiio, MuHepanbHbie KUCIoThl (H2SOs, HCI).

[MomyueHne cI0XHBIX Y(PHUPOB NMPH B3aUMOJICHCTBHH XJIOPAHTHIPUIOB KHCIOT U CIIUPTOB
HAXOJUT IIUPOKOE MPUMEHEHHE B OCHOBHOM B J1a0OpaTOpHON MPaKTUKE, MTOCKOIBKY 3Ta PeaKIus
HeoOpaTnMa, B OTIMYHE OT TepUHUKAINH KapOOHOBBIX KHCIOT CHPTAaMH. Briaenstomuiics mpu
3TOM XJIOPHCTBIH BOJOPOI MOKHO BBIBOJHUTH M3 Cepbl peaknuH, WIN MOTJIOMATh KaKUM-TH00
OCHOBaHHEM, HAIIpUMEP, TUIAPOKCUIOM HATPHUSL.

Peakiust mpoucxoAauT B pesysbTare HYKICOQHIBHOH aTakd CHHPTa Ha aTOM yriiepoja
KapOOHIIAa XJIOPAHTUAPHIA KHUCIOTHL. OOpasyroIuiicss Mpu 3TOM KOMIUIEKC OBICTPO TepsieT
XJIOPHCTBIA BOIOPO, JaBas cioxkHbIi 3pup RCOOR':

- - - 0
=0 _, y O I
CeHs — C < | CHs— C_ el CeMs C™ OC/Hys
Cl ? Cl
CHOH |

2. Kuneruka peakuuu 3repupuranuu
3aBUCHUMOCTb CKOPOCTH PEaKIMU OT KOHLEHTPAIMH PEarupyroluX BEHIECTB BBIPAKACTCS
OCHOBHBIM 3aKOHOM KMHETHUKHU B BUAC YPABHCHUS!

g =k-1ICY &

rae K — KoHCTaHTa CKOPOCTH PeaKini;
Ci — KOHLEHTpaLus i-TO peareHTa;
M — KOJIMYECTBO PEarcHTOB;
N — IOPSIIOK PEaKIIMK 110 i-My peareHTy.

[opsimox peakuuu sBIsieTCS AMIUpPUYECKOl BennmuuHOH. [lopsmok peakuuu mo i-my
peareHTy Ha3bIBaeTCsl YaCTHBIM MOPsAAKOM. OH YHCIIEHHO PaBeH MOKA3aTellto CTENEHH, C KOTOPBIM
KOHIIEHTPAIMsI 1-TO peareHTa BXOJUT B YpaBHEHUE CKOPOCTH peakiuu. OOUIHi MOpsIoK peaKin
paBeH CyMMe YacTHBIX MOPSIIKOB PEaKkIMy 110 BCEM peareHTaM. Tak Kak

Ci = Ci,o . (1—)(}), (2)

rne Cio — HadanbHas KOHIEHTpAlUs i-r0 peareHTa, a Xi — CTeleHb NpEeBpalleHus i-ro

peareHra, TO CKOPOCTh PEAKIIMK MOXKHO BBIPA3UTh Yepe3 CTEICHb IPEBPALICHUS:



‘9r :k'gcir,]o(l_xi)n (3)

Peaknus stepudmkanuu sBIsSETCS peakiueil BTOPOro MOpsjika, KHHETHYSCKOS YPaBHCHHE
MeeT BHUI:

g =k-C,-Cy (4)

HccnenoBanre KMHETUKY TOMOTEHHBIX JKUKO(A3HBIX MTPOIECCOB MPOBOIAT, B OCHOBHOM, B
peakTopax mnepumoamdeckoro gaeiictBus — PUC-II. Ilpm »sTtomM 3amada CBOOUTCA K
SKCIIEPUMEHTATEHOMY OIpeeNeHni0 (YHKIMA 3aBUCUMOCTH KOHIEHTPAI[MH WIH CTEIeHU
MpEeBpalleHusl OT BPEeMEHH U TMOCIEAyIoleMy UuX aHanmu3y. Ha mnpakTUKe HCHOIb3YIOT
WHTETPATBHBIA W IuQQepeHnanbHbIid METOABl OTNpEACNCHIs TOPSIKa PEaKui W aHaIn3a

KMHETHYECKHX JTaHHBIX.
Humezpansusiii memoo ynoGeH AN aHaiM3a MPOCTBIX KUHETHYECKUX YPaBHEHHH,

OTMCHIBAIOIINX AJIEMEHTAPHBIC PEAKIHH, ¥ 3aKITI0YACTCS B CICAYIOIIEM:
1. TIpeamonararoT MEXaHU3M PEAKIMU M HAXOIAT COOTBETCTBYIOIIEE YPABHEHHE CKOPOCTH.
DT0 ypaBHEHHE B COOTBETCTBHHM C OCHOBHBIM 3aKOHOM KHHCTHKH B CHCTEME C IMOCTOSHHBIM
00BEMOM HUMEET BUI:
_kf(x|) wim  + _kf(C|) 5)
dr dr

2. Ilocne pa3neneHust IEPEMEHHBIX U HHTETPUPOBAHUS YPABHEHHUS TOTYYaIOT:
Xi dX . Xi
F(X.)= [ L=k [dr=k-z 6
i ~ (6)

Xi0 i Xi0

Ecnu wnrterpan F(X)) TpyaHO HAWTH aHATMTHYECKH, HCIIOJIB3YIOT rpaQMIeCcKUuil METOI.
OH cBOAMTCS K ONPECIICHUIO TUIOMIAIU 0T KPUBOH B KoopauHaTax (puc.3.1):

1
f(X)-X,

3. Crpost rpaduk B koopauHatax F(Xi) — t (puc. 2). Eciau oH siBIsieTcs mpsMO# JIMHUEH, TO
NPUHATOE YPaBHEHHE COTIIACYeTCs C IKCIIEPUMEHTAIBHBIMU TAHHBIMH.

(")

L/fxs) FLX)
A ;

i

X
S=F(X)= [ —=—
2 J (X))

K

L »
X, | .
Puc.1. I'padpudeckoe uHTErpHpPO- Puc.2. [IpoBepka KHHETHYECKOTO
BaHWE KHHETHYECKOTO YPaBHEHUS YpaBHEHUS HHTETPAJIHHBIM METOAOM

4. Ecnu 3KcriepuMeHTa bHbIE TOYKH HE JIOXKATCS HAa TMPSIMYIO, HEOOXOIUMO HCCIIE0BATh
npyrue ypasHenus (1-ro, 2-To u 3-T0 MOPSAKOB), MOKa HE OyIET MOIY4YEHO YAOBIETBOPUTEIBHOES
COOTBETCTBHE.

Aucppepenyuanvnoriic. - memoo  3axkioyvaeTcss B HEMOCPEICTBEHHOM IPOBEPKE
middepeHInaATEHOR QOPMbI KHHETHYECKOTO ypaBHEHHs. [IporpaMMy 3KCIIEPHMEHTOB B 3TOM
cillyyae HaJ0 IUIAHUPOBaTh TakK, YTOOBI cpa3y MONYYUTh MOJHYI (OpPMY KHHETHUECKOTO
ypaBHEHUSI:



1. Ha ocHOBe mpe/moiiaraeMoro MeXaHu3Ma Peakilnid BEIOUPAFOT
KHHETHYECKOE YpaBHEHUE!
+dCi/dr =k f(C;) (8)

2. TIlo »kcmepuMeHTalbHOM KpuBOW B koopauHatax C; — 1t rpadudeckum
muddepenunpoBanneM HaxomsT dCi /dt B pa3nTUdHbIe MOMEHTHI BPEMEHH W COOTBETCTBYIOIINE
3TOM CKOPOCTH (vr) KOHIIEHTpaIK pearupyromux Beuiects (Cj).

3. CocTaBnsa0T TabaMIy 3HAYEHWH KOHIIEHTPAIWH MCXOIHBIX PEarupyromInX BEIIeCTB U
npou3BoaHOU dCi/dr depe3 ompeneneHHbIe WHTEPBAIBI BpEMEHH.

4. Crpost rpaduk 3aBucumoctu dCi/dr — f(Ci). Ecau moay4arT npsaMyro, TpOXOIIILyTO
Yyepe3 Haualo KOOPAWHAT, TO YpaBHEHHE CKOPOCTH COOTBETCTBYET IKCIEPUMEHTANBHBIM JaHHBIM
(puc. 3.3).

r
=dCddt

fic)

Puc.3. [IpoBepka KHHETHYECKOTO ypaBHEHUs TU(PepeHIINATEHBIM METOIOM

5. Ecnu rpaduk B koopaunarax dCi/dr— f(Ci) He SBISETCS MPSIMOA, CIIEyeT PACCMOTPETh
Ipyroe KHHETHYECKOE YPABHEHHE.

3. OnpeneneHue NOpPAIKa peakMu

Hnst Toro 4ToOBl ONpeAeiuTh OOIIUI MOPSIOK peakiyd, Hano B3SATh PEarcHThl B
CTEXHOMETPHYECKOM OTHOIICHUH. J{JIs ompeseseHusi YacTHOTO MOpsAAKa MO peareHTy A BTOPOi
peareHT B Oepercs B TakoM M30BITKE, YTOOBI M3MEHEHHUEM €r0 KOHIIEHTPAIMM B XOJE OIbITa
MO3KHO ObIJIO IpeHeOpeyb. [Ipu 3ToM 00 TOPSIIOK U MOPSIOK PEAKIUU 110 JAHHOMY PEarcHTy
MOYKHO PAaCCUHTATh 110 3aBUCUMOCTH HAYAJILHOIM CKOPOCTH OT Ha4YaIbHON KOHIICHTPAIIMU pearcHTa
A, WM MeToJ], OCHOBaHHBIH Ha 3aBUCHMOCTH, N3MEHSIOIIEHCS BO BPEMEHH CKOPOCTH PEAKIHU OT
TEKYIeH KOHIIEHTPAIMK peareHTa A.

1. [Ipu ncmonp30BaHUM IEPBOTO METO/Ia — MPOBOAAT NPH MOCTOSIHHON TEMITEpaType CEPHIO

ONBITOB C PAa3IMYHBIMK HCXOJHBIMU  KOHIICHTPAIHSIMU peareHToB " MOCTPOUB
sorapudmuyeckyro aHamopgo3y
In Oro = Ink+n-In CA,o (9)

10 HAKJIOHY NMPSIMOI HaXOJAT MOPSAO0K PEaKIHH.

2. Ilpu mpMeHEHNH BTOPOTO METOAA — JUIsl HaXOXKJICHHS MOPSIIKa peakliy ONPEAETSIOT B
pa3IMYHble MOMEHTHI BPEMEHH CKOpPOCTb PEaKIMH M KOHIEHTpaiuio peareHta A (puc.4), u,
MOCTPOMB JorapupMuieckyro anaMmopdo3y B COOTBETCTBUH € ypaBHEHHEM 13

Inor=Ink+n-InCa, (10)

10 HAaKJIOHY MPSAMOM HaXOASIT MOPSAIAOK PEaKIUH.

CA A In o,

.
Cao *

g tg & =n

c Al

g =1y

v

T In C4

Puc.4. Onpenenenne HauanbHOM CKOPOCTH M TOpsAKA PEAKIHU TNPH HEPEMEHHBIX
HaYaJbHBIX KOHIIEHTPAIMAX peareHTa A.
4. Pacyer TepMoaMHAMHUYeCKUX QyHKIMIA



TepmoamHaMyKa peakiyii HE 3aBHUCUT OT MEXaHW3Ma, MMEET 3Ha4YeHHe JIUIIb CTETIeHb
MPEeBpAICHHS BEIIECTB. TepMOIUHAMHUYCSCKUE BEIMYUHBI, OOBIYHO, BEIUMCIISIOTCS HA OCHOBAaHUU
HM3MEPEHUM TeMIIepaTypHOM 3aBUCUMOCTH CKOPOCTH PEaKIIMK 10 YPaBHEHUIO AppeHuyca:

k=Ae R (11)
rie K — KoHcTaHTa CKOPOCTH peakuuu npu temmeparype T;
EA — OHEPrus aKTUBAIlUU,
A — dacToTHBIA (akTop AppeHnyca, XapaKTepU3yeT BepOSITHOCTh TOTO, YTO MPU CTOJKHOBEHUH
MOJIEKYJT MCXOJHBIX BEIIECTB MPOU30UIET Pa3phIB CTAPBIX M 00pa30BaHNE HOBHBIX CBS3EH;
R — rasoBas nocrosiHas.

Ecom wm3BecTHBI Tpu W 0ojee KOHCTAHTBHI CKOPOCTH PEAKIMH, OIpeneiicHHBIC IPH
Ppas3IMYHbIX TEMIIEpATYypaxX, MOXHO paCCYUTATh SHEPTrUI0 aKTUBAIIUU MEPEXOJHOI'0 COCTOAHUA H
4acTOTHBIN (akTop AppeHuyca.

Hnst aToro yaoOHO TONb30BaThesl IpadUuecKuM MeToJoM (puc.3.5), BBITEKAIONIMM W3

norapumudeckoit GOpMbI ypaBHEHUSI AppeHnyca:

E
Qa=——
\\ g R

Puc.5. OnpenencHue sHEPTUN aKTUBAIIUU
IO PKCIIEPUMEHTAIBHBIM JTAHHBIM

InA

Onpgnenus 3HE (EA) m BBIUMCIUB 4acTOTHBIH (akTop Appenuyca (4),
PACCUMTHIBAIOT TEPMOANHAMUYIECKHE XapaKTEPUCTHKH PEaKIIUH B CTAHAAPTHBIX YCIOBHUSX:
AR’ — SHTAIBIHS aKTHBALMHU W TEIUIOBOH 3(P(HEeKT peakun:

1/T
AH°= E°% —RT / (12)

OHa, OOBIYHO, paBHAa WM ONM3Ka K pa3sHOCTH AE BHYTPEHHUX OSHEPrMi HCXOIHBIX H
KOHEYHBIX BEIIECTB;

AS°r  — OHTpONMHWsl AKTHBAIIWH, DHTPOIHS SIBJISACTCS TEPMOJAMHAMHUYECKOW  Mepoi
CTaTHCTUYECKOM BEPOSITHOCTH CHCTEMBI;, €€ MO)KHO PacCuuTarh [0 YPaBHEHUIO:

AS°r=4,576 g (AIT) — 49,21 (13)

AG°r — wW300apHO-M30TEPMHUYECKUI MOTEHIMan Wik dHeprus [mbbca, xapakrepusyer
BEPOATHOCTDb MPOTEKAHUS PEaKIUH:

AG*=AH —T-AS° (14)
5. CocTaBiieHHE MOJTHOT0 KHHETHYECKOT0 YPABHEHHUS PeaKIHu
OmpenenuB MOPSIOK WMCCIEAYEMON pEakIK, Hal[s KOHCTAHTY CKOPOCTH W BBIUHCITUAB
OHCPIrUur0 aKTUBAIUU, MMOJTYYAOT NOJIHOC KUHCTUUCCKOC YPABHCHUC!
Ex
g =he FT-C, (15)
SKCIHEPUMEHTAJIBHAS YACTb

JlaGopaTopHasi yCTaHOBKa JUIS WCCIIEOBAHNUSA KMHETHUKU PEaKIMHU alFiIUPOBAaHUS CIIUPTOB
XJIOPaHTUIPUIOM OEH30MHON KUCIIOTHI IpEACTaBiIeHa Ha puc. 4.



Puc. 4. Cxema mabGopaTOpHON YCTAaHOBKH JJISi WCCIEOBAHUS KHHETUKHA PEaKIHH
AIMJIMPOBAHUS CIIUPTOB XJIOPAHTHIPUAOM OCH30HHON KHUCIOTHI

1- Bo3myxomyBka, 2- ckisiHka Tumienko; 3- cknsnka Bymeda; 4- cknsaka Tumenko; 5-
peometp; 6- Oroperka; 7- O6apbotTép; 8- crakan; 9- peakrop; 10- Tepmoctar; 11- MarHuTHas
Memajika; 12- Memaka.

MeToauka npoBeieHnst IKCIePUMEHTA

Ilepen nHawamoMm »SKcIepUMEHTa HEOOXOAWMO TIIONYYWUTh 3allaHHEe Vy IPeroJaBaTesl.
Hcxomnple naHHbIe A UCCTIETOBAHUS KHHETHKH TIPEICTABIICHBI B TabmuIle 1.

Tab6numa 1
VcxoHbIe TaHHBIE 110 3arPy3Ke PeareHTOB

Howmep Nao Ngo ma Mg Va Vs Vp Vosu Cuo
Morh Monh r r Mt Mt Mt M Mo/

1 0,15 0,15 60

2 0,14 0,14 60

3 0,13 0,13 60

4 0,12 0,12 60

5 0,11 0,11 60

6 0,10 0,10 60

7 0,09 0,09 60

8 0,08 0,08 60

9 0,07 0,07 60

10 0,06 0,06 60

IMociae monmydeHWs 3adaHWs, WMCIOAB3YsS 3HAYEHHS MOJSPHBIX MacC W IUIOTHOCTEH
HUCXOOHBIX PCar€cHTOB, TIIPHUBCIACHHLIX B Ta6H. 42, pacCUUTBIBAOT 3arpy3kM HMCXOIHBIX
peareHToB B MJI, OOHmMHA 00BEeM pPEaKIMOHHON CMECH M KOHIIEHTPAIUIO XJIOPaHTHIPUIA
OCH30MHOM KHCJIOTHI 110 YPaBHEHUIO (4).

Tabnuma 2
DU3UKO-XUMHYECKHE CBOWCTBA PEAareHTOB
BemtectBo A B
M, ,r/Monn 140,52 116,21
p, T/cm® 1,212 0,8219
~N,,-1000 4
o =22 @

06w

[locrme mpoBepkM MPaBHIBHOCTH pacyéTra MPUCTYMAIOT K BBIMOJHEHHUIO IKCIEPUMEHTA.
OKCIEPUMEHT MPOBOIAT B CICAYIONIEH TOCIEA0BATEILHOCTH:

1. PacuerHOe KOJIMYECTBO CIMPTA 3arpyKaroT B K00y, 1006aBsroT 30 M1 KCHIIOIA.

2. Konby co cnuprom nomermaior B Tepmoctar 10 Ha 10-15 MuHYT 171 HarpeBaHus 10
TEMIIEPATYPhI PEAKIIH.

3. I'pagyupoBaHHON MPOOMPKON OTMEPSIOT pacyeTHOE KOJMYECTBO XJIOPAHTHAPHA
OEH30IHOM KHUCIIOTHI, IEPEJIUBAIOT B KOJIOY, 100aBsitoT 30 M1 KCHIIONIA U TIEPEMEIIHNBAOT.



4. BrinyB OapOotép 7 u3 peakrtopa 9, akKypaTHO C IIOMOIIbI0 BOPOHKH 3aJIUBaOT
XJIOpaHTUIPU] OEH30HHON KHCIIOTHI B peakTop. bapOooTép BcTaBisAIOT Ha MECTO.

5. B crakan 8 3anuBatot 300 M1 BOIBI.

6. U3 OGropetkun 6 noGammsror B crakan 8 4 miu 0,1H pacrBopa KOH wu 4-5 kamens
CIUPTOBOTO pacTBopa deHondTanenHa. BrrrodaioT MarHuTHyIo Memaiky 11.

7. Tlo ucreyenun 10-15 MHHYT BBIHUMAIOT KOJOYy cO cOUpTOM U3 TepMmocTarta 10 u
aKKypaTHO 3aJIMBAIOT €€ COeP)KNUMOe B peakTop (cM. 1. 4).

8. BBICTpO BKIIIOYAIOT CEKYHIOMED, BO3AyX0MyBKy 1 u Memranky 12;

9. Tlpu obecrBeunBaHUU PAaCTBOpa B CTaKaHE 8 3alMCHIBAIOT MOKAa3aHUS CEKYHIOMEpa.

BHMUMAHUE!

CEKYHAOMEP N BO3YXOJ1YBKY HE BBIKJIIOUATH

10. [IpunuBaror HoByto mopuuio pactBopa 0,1 H KOH (4 mn) u Quxcupyror Bpems
CIIEAYIONIEro 00ecBEUNBaHUS PacTBOPA.

11. DxcriepuMeHT IPOAOKAIOT 10 IMPEeKpaIleHusT 00eCIIBEUNBaHMSI pAaCTBOPA B CTaKaHe 8.

12. Pe3ynbTaThl 3aHOCST B TAOIUILY 3.

Tabmuua 3.
3aBHCHMOCTD KOHIIGHTPAIMH XJIOPaHTHApUAa OeH301HOI KUCIOTH (Ca) OT BpeMeHH
Vkon T Ca
No ' ’ Xa ’ K Kep
M c MOJIB/TT

O0padoTKa IKCIEPUMEHTATbHBIX IAHHBIX

Pacuem nopsaoka peaxyuu

1. PaccunThIBaIOT CTENEHb NPEBPAIICHUS XJIOpaHTuApuaa OeH30iMHON KucioTsl (A). T.k.
KOJMYECTBO MOJIEH BBIIEIHUBIIETOCS XJIOPOBOJOPOJa  PAaBHO KOJIMYECTBY  MOJIEH
MPOPEarupoBaBIIEro XJIOPAHTUAPUIA OCH30MHON KHCJIOTBI, TO

Vr - texymuii o0bem pactBopa 0,1 H KOH, pacxomyemsblii Ha HeEHTpan3aiuio
XJIOPOBOJIOPO/1a, TIOTY9aeMbIi CII0KEHHEM C MpeAbAyIuM o0bemMoM: 4, 8, 12 Mt 1 T.1.
Voo — 001nit 06vem pacteopa 0,1 H KOH, nomenmuii Ha sKkcriepuMenT, MiI.
2. OnpenensiioT Tekyyto KoHueHTpanuio Cy, pacCUuTaB CTENEHb MpEeBpaIleHUs Xy,
Ci= CA,o (1—X,4)
Y CTPOSIT IIO MOJIYYEHHBIM JaHHBIM rpaduueckyro 3aBucuMocTh Ca = f(7) (puc. 1)
3. OnpenenstoT K — KOHCTaHTY CKOPOCTH:

k=1/t-(1/Cys—1/Cap),

rae Cy u Cyp — TEKyIIas ¥ HadaabHas KOHIIEHTPALIHH;
T — BpeMs B MUHYTax.

{

Cs

»

Puc. 5. 3aBucUMOCTE KOHIIEHTpALUK peareHTa A OT BpEMEHU peakluu
4. PaccuuThIBaIOT MOPSIOK peakuuu rpaduyeckuM METOJOM, Kak OMKCAHO B IIOApa3jeie
3.3. 115 3TOTO pacCYUTHIBAIOT M BHOCST B Ta0JI. 4 CIIEAYIONINE BETUINHBI:
Taomuma 4



Jlarnasie mys pacuéra oOIero mopsaKa peaKiium

HOMEp T, Ca, In(Ca) ACax, AT, v,

c MOJIB/JT MOJIB/JT MOJIB/JI*C

In(v) n

AIWIN|F-

1. Ha xuHeTtnueckoil kpuBoii (puc. 4.2) BbIOMpaIOT 4—5 TOYEK U MPOBOMAT KacaTelbHBIE.

2. PaccuMTBHIBalOT CKOPOCTH pPEaKUUH MO BEIIECTBY A B COOTBETCTBYIOIIMH MOMEHT
BPEMCHHU M0 TaHTEHCAM yIJia HakJoHa KacateabHbIX vy = ACa/d 7 Wi IpUOIHIKEHHO

or=ACyA 7

3. PaccuutsiBatot norapudmsi In Ca u In vy

4. Crpost rpaduk 3aBucumMocTr In Ca OT /n vy ¥ MO TAHTEHCY yIJIa OMPEICISIFOT MOPSIOK
peaxuuu.

Pacuém akmueayuonnbvix napamempos peakyuu

1. TIpoBecT Tpu OmbITa MPH Pa3IMYHBIX TeMmIeparypax (3amgaércsi mpernogaBaTeNieM) U
paccauTaTh 3HaueHUs K B COOTBETCTBUH C TI.11. 1-3.

2. Paccuutath 3HaueHus norapudmos K u oOpatabix Temneparyp /1. Iloctpouts rpaduk
3aBucumoctu IgK — 1/T 1 1o TaHreHCy yriia HakJIOHa ONPEACIUTD SHEPTHIO AKTUBALUH Egyon.

3. Ilo HaiiieHHOMY 3HAYCHHMIO SHEPTUH AKTHBALMHM PACCUUTHIBAIOT SHTAJIBIHIO PEAKLINU
(4 H°r) mo ypaBuenwuto (3.12), surponuto peakiuuu (4 S°7) mo ypasuenuio (3.13) u uzobapHO-
nzorepmudeckuii notenuman (4 G°r) no ypasHenuto (3.14).

4. 3anmuchIBaIOT MOJIYYCHHOE KMHETUYECKOE YpaBHeHUE (M. ypaBHeHuE 3.15).

JlaGoparopnas padora Ned «IkcnepuMeHTAIbHOE ONpeieleHHe XUMHYECKOr0 paBHOBECHUS
B FOMOT'€HHBIX CHCTEMAX U TEPMOTHHAMMYECKHIT AHAJIN3 XUMHYECKHX MPOIECCOB)»
Hean padoTsl: DKCHEpUMEHTABHOE U3YUEHHUE 3aKOHOMEPHOCTEH 00paTHUMBIX PEaKIIUH
Ha TIpuMepe JTepU(UKAIMHA YKCYCHOH KHCIOTHI STHIOBBIM CIUPTOM, M pacueT OCHOBHBIX
TEPMOAMHAMUYECKIX TIOKa3aTeeil XUMIUIECKOTro Mmporecca.
B kadecTBe 0OBEKTa HWCCIEOBaHUS TpeliaraeTcsl peakiuus 3TepuUKaniu yKCYCHOM
KHCJIOTBI 9TUJIOBBIM WJIN U3O0IIPOITUIIOBBIM CITMPTOM.

CH,COOH +C,H.OH <> CH,COOC,H, +H,0

A B C pi|

Ota peakuus IpM KOMHATHOH TeMmepaType mpoTekaeT MeieHHo. [loatomy e€ npoBozst
npu 70 — 90° B mpHUCYTCTBUM COJSIHON KUCIIOTHI B KAYECTBE KaTalu3artopa. B 5THX yclnoBusx oHa
3aKkaH4HMBaeTcs B TeueHre 2 — 3 4. Karanmurudeckoe JAeCTBUE CONSHON KUCIOTHI COCTOHUT B TOM,
YTO OHAa aKTUBUPYET MOJEKYIy KapOOHOBOW KHCIOTHL. YKCyCHas KUCIOTa MPOTOHUPYETCS IO
aToMy KHUCJIOpoJa KapOOHWJIBHOM TIpymibl (aToM KHCIOpOJa HMMEET HENOAEICHHYI0 Iapy
JJIEKTPOHOB, 3a CYET KOTOPOH MpHcoeAuHseTcs NpoToH). [IpoToHMpoBaHHWE NPUBOIUT K
MIPEBPAIICHUIO YaCTUYHOTO MOJIOKUTENIBHOTO 3apsjia Ha aTOMe yriiepoja KapOOKCUIIbHON TPYTIIbI
B TOJIHBIH, K YBEJIIMYEHHUIO €r0 AEKTpOPUIbHOCTH. Pe30oHaHCHbBIE CTPYKTYpHl (B KBaIpaTHBIX
cKOOKax) TMOKa3bIBAIOT AEIOKATU3ALUIO IOJIOKUTEIBHOrO 3apsiia B 00pa3oBaBLIEMCsl KaTHOHE.
Monekyna coupra 3a CYET CBOEH HENOJEICHHOM Iapbl 3JEKTPOHOB IPUCOEIUHAETCA K
aKTUBUPOBAaHHOW MoJieKyse KHcHoThl. [IpoToH 0T ocTaTka chnupTa MepeMelaeTcs K
THIPOKCHIIBHON TpyIIIe, KOTopas MpH 3TOM MpeBpamaeTcs B “xoporio yxoaauryro” rpymnmy H20.
[locme sToro ormiemsieTcs MOJEKyJa BOABI C OJHOBPEMEHHBIM BBIOPOCOM TMPOTOHA (BO3BpAT
KaTaJm3aTopa)
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UTo0bl HU3KOKUILALIME BEIIECTBA, YYACTBYIOIIME B PEAKIMHU, HE YJIETYYMBAIUCH NPH
HarpeBaHWU, PEaKLHUIO IPOBOAAT B PeaKkToOpe, CHA0KEHHBIM OOpaTHBIM XOJIOIMIBHUKOM. Teriora
peakuy 00pa3oBaHMA STHIIAIIETaTa OYEHb MaJla, M TIOATOMY KOHCTAHTa PAaBHOBECHS STOH peaklny,
KaK 3TO cienyeT u3 ypaBHeHus Bant — ['odda u, kak 6110 MOKa3aHO PSIIOM 3KCHEPUMEHTAIBHBIX
HCCIIEI0BAaHNH, IPAKTUUECKU HE 3aBUCUT OT TEMIIEPATypPbl. 32 HK3MEHEHHEM COCTaBa CMECH CIEIST
[0 U3MEHEHWIO B HEH CyMMapHOW KOHLEHTpAlMM KHUCJIOTHl B TEUEHHE peakuuu. M3yuenue
PaBHOBECHS PEAKLUH OCYILECTBISCTCS U3MEPECHUEM CKOPOCTEH NMPsIMOI peakunu. 3a N3MEHEHUEM
KOHIIEHTPALMH PEArnpyIOIINX BEIIECTB CIEIAT O TEX MOp, [I0Ka HE HACTYIHUT PAaBHOBECHE.

IIpunrMas BO BHUMaHHUeE, YTO paBHOBECHAs CTEINIEHb MPEBPAIICHUS YKCYCHOM KUCIOTH A
paBHa X, TO TpW JOCTHKCHUU KOHEYHOH IENH, T.e. 00pa3oBaHMsl YKCYCHOIPOIHMJIOBOTO HIIH
YKCYCHORTHJIOBOrO 3(pupa M B UTOIE€ YCTAHOBJICHUS pPaBHOBECHOro coctosHus Ha 0,5 monb
BBEJEHHOW B PEaKLHI0 YKCYCHOM KHCIOTHI paBHOBECHAsA CMECh OyIeT COlepKaTh:

(0,5-X) momns CH3sCOOH (A),
(0,5-X) moms C,HsOH (B),
X monb — C,HsOOC-CHs (0,
X monb — H20 ©.

Bcero B paBHOBecHOI1 cmecu OyzaeT 1 Mojib peareHToB. MONBHBIE O pearupyromux
BEILIECTB B PABHOBECHOM COCTOSIHUM OYAYT PaBHBI

Na = 0,5(1- X",
Ns = 0,5(1- X,
N[[ = X*, NC = X*.

Torna KOHCTaHTa PaBHOBECHUS MPOBOJMMON PEAKIMU 3TepUPUKALMN YKCYCHOW KHUCIIOTHI
STHJIOBBIM WJIM HM30TPOIUIIOBEIM CIIUPTOM OyneT paBHa
X *2
Ky=""">
0,25(1— X*)2
[lpn onpenencHWH paBHOBECHOW CTENEHW TIpeBpamieHuss X* B xoJe paboThI
AKCIIEPUMEHTAIBHO OIpeiesisieT Kak GyHKIuo oT BpeMenn X= f(1) , T.e. paBHOBecue B cucteme
HACTYNUT TOT/A, KOIJa CTENEHb IPEBPALICHUS YKCYCHON KHMCIOTHI HE OYyJeT OIpenessThcs BO
Bpemenn X= f(1).

XX

0,5 1

0 2 4 6 ¢ MuH

Puc. 3.1 V3Mmenenue creneHu MpeBpamieHnss yKCyCHOM KHCIOTHI BO BPEMEHU

Jns mpoBemeHUs] SKCIEPUMEHTa HCIOJB3YIOT — TPEXTOPJBIA PeakTop, CHaO>KEHHBIH
TEPMOMETPOM, 00PaTHBIM XOJOAMIBHUKOM, MEIIANKOH 1 00orpeBaromiuM npucrnocodiaenuem. B
peaktop momematot 0,5 mMonb sensHoit ykcycHoi u 0,01 MoJb KOHIIEHTPHUPOBAHHOMN COJISTHOM
KHCIIOTHI Y HarpeBaioT B TeueHue 10 MUHYT B TepMOCTaTe MM BOASHON OaHe ¢ TepMomapoi. 3a
3TO BpeMs OTAENBHO TEPMOCTATHUPYIOT 0 3aJaHHOM TeMIepaTypbl 3THJIOBBINA (M30MIPONHIIOBHII)
ciupt. Ilocne ncredenns 10 MUHYT, CIMPT MMOMEIIAIOT B PEAKTOP M BKIIOYAIOT MEIIANKY U Cpa3y
oTOMparoT 1M1 peakIMOHHON Macchl U MEPEHOCAT B KOJIOY C XOJIOMHOW BOOM U THUTPYIOT 0,5 H.
NaOH B npucyrctBuu penondranenna. [locnenyromue npoOsl 6epyT yepe3 kaxasie 10 MUHYT 1



Takxe TUTPYIOT. IIporecc cunraeTcs 3aBepiIeHHON, KOTJa Ha TUTPOBAHUE ABYX MOCIEIHUX MPOO
B3STBIX M3 PEAKTOpa, MOHIET OJMHAKOBOE KOJIWYECTBO IIEJIOYM, T.€. CHCTEMa CTAHOBUTCA
paBHOBECHOU. Pe3ynbTarThl ncciieI0BaHUi 3aHOCAT B Tabnwmiry 3.1.

O0padoTka pe3yIbTaTOB IKCIIEPUMEHTA

Tabnuna 3.1
PesynpTathl SKCIEpUMEHTATBHBIX UCCISIOBAHUM
55(1;4663 VNaOH, i T, MUH. Crenens npespaieHus, X
1
2
3
4
5...
CreneHp NpeBpalIeHUs] YKCYCHON KHCIIOTHI OMPEACIISIeTCS 10 YPaBHEHHIO
V, -
y =17,
V
1

rrae Vi- oobem 0,54 NaOH, nomenmnii Ha THTpOBaHKE IEPBOM MPOOHI;
Vi — oobem 0,58 NaOH, nomenmmiit Ha TuTpoBaHrEe POOEI 32 BpeMs T.
3AJJAHHUE

1. Ilo aKciepUMEHTAIbHBIM JaHHBIM pacCYUTaTh CTENEHb MPEBpAIlCHUS JUI1 Kaxaoh
B3STOM IPOOBKI.

2.Ha ocHOBaHMM 3KCIIEPUMEHTANbHBIX AAHHBIX IOCTPOUTH I'PapUUEcKyl0 3aBHUCUMOCTD
¢ynkimn X= f (t) W onpenenuTh PaBHOBECHYIO CTENEHb MpeBpaileHus. PaccuuraTh Uis
HCCIIETyeMOl peaklHMu OHKCIEPUMEHTATbHYI0 KOHCTAHTY paBHOBECHS [0 YPaBHEHHUIO H
PaBHOBECHBIHM COCTaB pearupyoLINX BELIECTB.

3. PaccunTath KOHCTaHTY PAaBHOBECHS 110 TEPMOAMHAMUYECKIM JaHHBIM (ypaBHeHHE 2.20)
U CPaBHUTH C SKCIEPUMEHTAILHON KOHCTAHTOW PABHOBECHSI.

4. CnenaTtb BBIBOJ O BEPOSTHOCTH NMPOTEKAHUSI MCCIEAYEMOH peaknuu B MPSIMOM HIIH
00paTHOM HAaNpaBICHUM U OTMETUTb BCE YCJIOBHUS, KOTOPHIE MO3BOJIUTH YBEIHUYUTH BBIXO[
L[€JIEBOr'O IIPOYKTA.

JladopaTtopHas pa6ora Ne5 «UccienoBanne KMHETUKH PeaKIUH META/LUIOB ¢ KHCJIOTAMM»

Ilenv pabomwbr: DKCIEpUMEHTAIBHOE W3YYEHHE 3aKOHOMEPHOCTEH TOMOXHMHUYECKHX
MIPOLIECCOB HA MpPUMEPE PEAKIUHM aTlOMHUHUS WIN LUHKA C KHCIOTaMU NpPU Pa3IMYHBIX
TeMIeparypax.

METOIUKA ITPOBEJAEHHUSA SKCIIEPUMEHTA

JUi1st ocyIIeCTBICHHs JaHHOTO TIPOIiecca B CTaKaHbl 3arpyxkarot 25 mi 7% pactsopa HCI
mw H2SO4 . 3aTeM BHOCAT MpeABapUTENILHO OYHUINCHHBIH HaXIauHOH OyMaroil Wim pacTBOpOM
LIEeTI0YH, B3BEIICHHBIN Kycouek MeTtamia (0,5 - 2 Tp.) Ha CTeKJITHHOHM Majodke ¢ CUTOOOpa3HbIM
HAaKOHEYHHKOM M HauMHAIOT OTCYET BpeMeHH. Uepes ompelesieHHbIe MPOMEXKYTKA BpeMeHH (110
3aJIaHUIO TIPET0IaBaTelIsA) CTEKJITHHYIO MMaJOYKy ¢ METaJlJIOM BEIHUMAIOT U3 CTaKaHa, IPOMBIBAIOT
XOJIOTHOW JMCTUIUTUPOBAHHOM BOJIOH, BBICYIIMBAIOT Ha (PUILTPOBAIBLHONM OymMare ¥ B3BEIIMBAIOT
Ha aHAJINTUYECKHUX Becax. [locne M3BledeHHs MeTaa M3 pacTBOpa KHUCIOTHI OCTaHABIMBAIOT
CEKYHJOMEp U, B3BECHB €T0, IOMELIAIOT 00PaTHO B CTAKaH, BKIIIOYAIOT CEKYHOMEDP U MPOA0DKAIOT
OTCYET BpEMEHM.

BuumaHue: nokazaHue CeKyHI0Mepa He OOHYJISIIOT.

st uccrnenoBaHus BIMSHUS TEMIIEPATypbl SKCIEPUMEHT MPOBOJAT INPH Pa3IUYHBIX
TeMIieparypax (1o 3aJaHuro MpernoaaBareis). Pe3yapTaTel sKCriepuMeHTa 3alMChIBAIOT B TAOIHUITY
1.

4. OBPABOTKA OKCHHEPUMEHTAJIBHBIX JAHHBIX
Tabmuna 1.
Pe3ynbTaThl 3KCNIEpUMEHTAIBHBIX UCCIIEIOBAHUI
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OmnpeaesieHue JUMUTHPYIOLIEH cTaguM pouecca
CreneHp mpeBpaleHns METALIOB (ATFOMIHHUS, IITHKA) OTPEAETISIOT 1o dopmyne 1:

m —M
X = oM e, )
M
¢ mOMe
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Puc 1. 3aBUCHMOCTB CTENEHHM NpeBpalICHUs MeTaluila Xme OT OTHOLICHHUS T/Th B
3aBHCHUMOCTH OT JIMMHUTHpYIOIIEH cTaguu mponecca: 1 — BHemHeanpdy3noHHas o0nacTb; 2 —
KHHETHYecKas 00J1acTb

Ilocne HaxOXIE€HHS JIMMATHUPYIOIIEH CTaAuM JUIS KaXJIOM U3 Tpex TeMIEpaTyp
OTIPEETAIOT KOHCTaHTY CKOPOCTH peakiuu M3 ypaBHeHUs 2.3 (eciu peakuus MpOTEKaeT B
KHHETHYECKOH 00JIacTH).

Ilo paccumTaHHBIM  KOHCTaHTaM  TOMOXMMHYECKOTO  IpoLlecca  OMPEAEISIOT
AKTUBAI[MOHHBIC TIapaMeTpbl (PHEPruI0 aKTHBAllMM W YaCTOTHBIM (akTop AppeHuyca) IIo
YPaBHEHHUSIM 2, 3 U Pe3yJIbTaThl pacyeToOB BHOCAT B TaOIULy 2.

Ananutnueckuit Metoa onpeseseHus sHeprud akTuBauun (Eacr)
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YacroTHblil (akTop Appenuyca (A) onpenenstoT U3 WHTErpabHOW (OPMBI ypaBHEHHUS
Appennyca.
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1. ITocTpouTh 3aBUCHMOCTH CTEMCHH MpEBpalieHuss Xme OT T/Tn U, CPaBHHUB C
TEOPETUICCKUMHU KPUBBIMH, TMPEICTABICHHBIMU Ha pUC. |, OMpENeNnuTh 00JACTh TPOTEKAHUS
mporiecca.

2. Hcnone3ys SKCIIEpUMEHTAIBHBIC JaHHBIC, PacCUUTaTh KOHCTAHTY CKOPOCTHU
XUMHUYCCKOM peaklMu ¥ aKTHBAIIMOHHBIE TapaMeTphl (VIS Mpolecca, MPOTEKAIOMIETO B
KHHETHIEeCKOU 00J1acTH)

3. OnpenenuTs TUMHTHAPYIONIYIO CTAUI0 10 BIUSHHUIO TEMIIEPaTypbl Ha CKOPOCTh
XUMHYECKOHN PEaKIuK U 10 SHEPTHH aKTUBAIUH.

Kpumepuu oyenku nabopamopnuix pavom (0_0-3_3):

- MakcuManbHO  Oa/UIOB 33  KA&XIYKH0  BBINOJHEHHYI  J1a0OpaTOpHYHO  paboTy
(3*6=18/2*8=16/1*10=10), ecnu paboTa BHITIOJHEHA B MMOJHOM 00bEeMe, B OTYETE MPABUILHO U
AKKypaTHO BBIMIOJIHEHBI BCE BBIYMCICHHS M MOCTPOCHBI I'PadUKH, JOTMYECKH ¥ OOOCHOBAHHO
MPUBEICHBI BBIBOJIBI 110 TEME J1a00paTOPHOW paboTHI.

- MUHUMaJBHO OamtoB (3*4=12/2*4=8/1*8=8), eciin B X0j€ dKCIEPUMEHTa JOMYIIEHB IPyOBIe
pOMaxu, B OTYETE €CTh rpyOble OMIMOKH, MPHCYTCTBYIOT ONUIMOKH B BBIYUCICHHSIX, HETOYHO
MIOCTPOEHBI rpad UKy, He TOTHIECKH C(HOPMUPOBAH BBIBOA K TabopaTopHOi padorTe.



MunucrepcTBO 00pa3oBanus U Hayku Poccuiickoit @enepanuu
HwxHekaMCKHii XUMHUKO-TEXHOJIOTHYECKUI HHCTUTYT (dunuan) penepaibHOTO
rOCyIapCTBEHHOT'O OIOPKETHOTO 00pa30BaTEIHHOTO YUPEIKICHUS
BbICILIEr0 00pa3oBaHUs
«Ka3zaHCcKkuii HAlTMOHAIBHBIN UCCIIEI0BATEIbCKUN TEXHOJIOTMYECKHIT YHUBEPCUTETY
TexHomornueckuit pakynbTeT
Kadenpa buorexnomnoruu
KomnuiekT BonpocoB 1Jisi KOJJIOKBUYMOB
no qucruiuimae b1.0.29 OO6riast xuMudeckasi TeXHOJIOTUs

4 cemecTp
KouoxkBuym 1

1 IIpuBenure npuMepbl TOMOI€HHBIX U T€TEPOr€HHBIX XUMUUYECKUX PEaKLIU.

2. Cdopmynupyiite 3aKOH JEHCTBYIOLIUX Macc.

3. Uro Ha3pIBaCTCS KOHCTAaHTOM CKOPOCTH pEAaKIUH, M OT KakuxX (hakTOpPOB OHA
3aBUCHT?!

4. Urto Ha3BIBACTCS MOJIEKYISIPHOCTHIO XUMIYECKOH peakiui? UTo Ha3bIBaeTCs TIOPSIIKOM
XuUMUIecKkoi peakiwn? [loueMy MONEKYISIPHOCTh PEaKIMK HE BCETIAa COBIAACT C MOPSIIKOM PEaAKITUH?

5 Orkakux (aKkTOpoB 3aBHCHUT CKOPOCTh XUMUYECKOH peakimu? Kak 1 mouemy?

6. Hanumwre u  BelBeAWTE ypaBHEHUS] JJIs1 BBIYKCICHUA KOHCTaHTBI CKOPOCTH
TIEPBOT0 U BTOPOI'O MOPSIKA.

7. Kak m3mMensieTcss KOHIIEHTpaIys MPOAyKTa PEaKIMi CO BPEMEHEM, €CITU PEaKIns UMEET
HYJIEBOI MOPSIIOK?

8. Kaxkast 3 0THOCTaIMIHBIX PEaKIIMil 3aKaHUMBACTCSI OBICTPEE NP OJIMHAKOBBIX MCXOTHBIX
KOHIICHTPAIMSIX U OIMHAKOBBIX KOHCTAHTAX CKOPOCTH: TIEPBOT'O WJIM BTOPOTO Mopsiaka?

9. IloyeMy ¢ MOBBILICHUEM TEMIEPATYpPbl, KaK MMPAaBUIIO, CKOPOCTh XUMHUYECKON peaKu
YBEJINYHUBACTCS?

10. Bpewmst monympeBpallleHHs BEIIECTB B peaknuu IepBoro mopsika mpu 323 K
cocrasisier 100 muH, a ipu 353 K - 15 mun. Beruuciure temriepatypHbpiii KO3(GHUIMEHT CKOPOCTH
peaxkumn.

11. Yo Ha3wpIBaeTCs SHEPrUSH aKTHBAITUN XUMUIECKON PEaKITHH?

12. Koncranta ckopoctu peakumu ipu 298 u 323 K coorserctenHo pasaa 0,0093 u 0,0806
munL, OnpeieNTe SHEPTHIO AKTHBALY PEAKIIMH.

13.  Omnpenenute SHEPTHIO aKTUBALMH, JJIsl KOTOPOH IPH IMOBBILICHUH TEMIIEpaTyphl 0T 295 no
305 K ckopoCTh peakiiuu yJBauBaeTCs.

14,  HWmeet au pa3MepHOCTh U KaKyl0 KOHCTaHTa CKOPOCTH peaKuu?

15. CkopocTh peakuuu BTOpPOTo mHopsaka pasHa 4,5-107 monw/(1°c) Ipu KOHLIEHTpaLUH
oanoro pearenrta 1,5- 102 mons/n u apyroro 2,5 -101 mons/n. PaccuuTaiiTe KOHCTAHTY CKOPOCTH B
cM3/(Moib-c).

16. TIlpm 583 K ra3 apcun ASH3 pasmaraercs ¢ oOpa3oBaHHEM TBEPAOTO MEIIBSIKA H
ra3o00pa3HoOro Bojopoa. Bo BpeMs peakiuu pu MOCTOSHHBIX 00bEMe U TeMIlepaType ooliee 1aBjIeHUe
B CHUCTEME M3MEHETCS CIECAYIOIUM 00pa3oM;

B, HAC .iiiiiiiiiiiiiiiiiiieeeeeeeeeeeevevveveveaaens 0 5,6 6,5 8,0

P,I1a-10°® 97,75 107,41 109,05 111,35

[Mokaxwure, 4yTo peakuust pasinoxeHuss ASHs sBmsercs peakuwed IepBoro mnopsiaka, M
BBIYMCIIUTE KOHCTAHTY CKOPOCTH 3TOU peaKkLHu.

17.  KoHCTaHTa CKOPOCTH pEaKkIMi OMBUICHUS YKCYCHOATHIOBOTO 3dupa 1mesio ubto mpu 283 K
paBHa 2,38 - MuH!-Mosb!, paccuuraiite BpeMs MOJIOBMHHOTO pasjoxeHus >¢upa, ecau 1 1 0,05 h.
pacTtBopa 3¢dupa cmemath ¢ 1 x 0,1H. pacTBopa mienoun. Peakius oMplaeHUs d(GUpa MOTIUHSIETCS
KHHETHYECKOMY YPaBHEHHUIO 2-TO MOPSAKA.

18. Peaknus pasioKeHHs aMMHaKa Ha Topsyed BOJIb(PPaMOBOH NMPOBOJOKE NMPOTEKAET IIPH
1129 K no ypaBraenuio 2 NHz = N2 + 3 Hj. 3a ckopoCThIO peakiiy CIeNIH 10 HOBBILIEHUIO 00IIero
nasieHust AP = Py — Po. C TedeHneM BpeMEHHU JaBleHHE B CHUCTEME IpPH INOCTOSHHOM O0beMe M

TEeMIIEpaType MOBBIIIAIOCH CIELYIOINUM 00pa3oM:
L Corrr 100 200 400 600 800
AP, Halo-z AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 14,66 29,33 59]70 89]60 117'21




IR

HauanpHoe faBleHHE B CHCTEME B CHCTEME PaBHANOCH 266,6-102 [Ta. Onpenenure NOpAAOK peakuu 1
paccuuTaiTe KOHCTAHTY CKOPOCTH.

Konnoxksuym 2

1 OOBACHUTE CMBICT IOHATHS «XUMHYECKHUE JacChl».

2. Uro Takoe MeXaHU3M XUMUYCCKOW peaKiuu?

3. Uro Takoe KOHCTaHTa CKOPOCTU XUMUYECKOU peakiuu? OT Kakux (pakTOpOB OHA
3aBucHuT? UeMy paBHO YHCIOBOE 3HAUEHNE KOHCTAHTHI CKOPOCTH?

4, UTto Takoe PHEPTHUs aKTHUBAITIH XHMHIEeCKOH peakiiuu? Kakumu crmocodaMu MOYKHO
ee OTpeAeIuTh?

5. ChopmynupyiiTe 3aK0H JEHCTBYIOIINX Macc.

6. CdopmynupyliTe OCHOBHBIE IIOCTYIATHl XUMUIECKOH KHHETHKH.

7. Uto Takoe MOpSAOK XUMHYECKOW peakuuu? JlaiiTe ompeaeneHue CKOPOCTHIO
XUMHUYECKOHN peakium?

8. ChopmynupyiiTe TpaBUIO COCTABICHHUS KHHETUYECKHX YPABHEHHH CIIOXKHBIX
pEaKLHUd.

9. 3anuiuTe KHHETUYECKUE YpaBHEHH JUIsl pacyeTa CKOPOCTH 0 BemlecTBaM A, B,

R u M nnist ClosKHOM peaxIum:

K1
A+B_R+S
K2

ks
A+R-M
10. Metonbl cHHTE3a M TEXHOJIOTHS MTPOIECCOB OTYUYSHHS CIOXKHBIX A(HUPOB.
11. MexaHn3M W KHHETWKAa PEaKIui XJIOPaHTHAPHIOB KapOOHOBBIX KHCIOT CO
CIHUPTaMHU.
12. DKCIepUMEHTABHBIE METO/IBI HCCIICAOBAHUS KHHETHKN TOMOTEHHBIX XUMUYECKHX
IPOLIECCOB.
13. Mertoapl onpeieieHus MOPSIIKA PEeaKITiu.
14. BnusiHue Temmneparypsl Ha CKOPOCTh XMMUYECKUX PEaKIIUM.

KoasnoxBuym 3

3akoH ['ecca u cnencTBUs U3 HETO.

3aBHCUMOCTD TEIIOBOTO 3P HeKTa XMMUYECKOH PEAKIIMH OT TEMIIEPATYPBbI.
Omnpenenenue HaNpaBiIeHUs MPOTEKAHUS 00PATUMON peaKK NPH 3aJITaHHBIX YCIOBHSIX.
MerToabl pacdeTa KOHCTAHTHI PAaBHOBECHSL.

Nzob6apa Bant-I'odda, nzoxopa Bant-I'odda, mzorepma Banr-I'odda.

OHpeL[eneHI/Ie 3HA4YEHMsI KOHCTAHThI pAaBHOBECHSI IIPU APYTOi TEMIIEpaType.

6.
7.
8.

9.

10.
11.
12.
13.

Omnpenenenne KOHCTAHTHI PABHOBECHS UICAUTLHBIX U pealbHBIX T'a30(a3HbIX MPOIIECCOB.
Omnpenenenne KOHCTAaHTHI PaBHOBECHS )KUAKO(DA3HBIX XUMUYECKHUX ITPOLIECCOB.

[lokazate Ha mpuMepe, KaKUM O0pa3oM MOXHO ONPEACIHTh PAaBHOBECHBIM COCTaB OOpaTUMBIX
XUMUYECKUX PEaKIIMM.

MeToapl 3KCNIEPUMEHTAIBHOTO OIPEACTICHNSI PAaBHOBECHOIO COCTaBa PEAKIMOHHOW Macchl U
KOHCTaHTBI paBHOBECHH.

[Ipunnun Jle-Illarense.

TexHomornyeckue MprUeMbl CMEIIEHHS PaBHOBECHSI.

Monenu TOmOXMMHYECKUX TIPOLIECCOB.

MexaHn3M 1 KHHETHKA TOMOXUMHYECKHX TPOIIECCOB.

14. Mertonp! onpeneneHus TUMUATHPYIOMIECH CTAINH TOMTOXUMHUIECKUX TIPOIIECCOB.
15. TexHONOTHYECKHE METOABI HHTEHCU(PUKAIINH TOIIOXUMUYIECKUX TIPOIIECCOB.
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KoanoxBuym 4

Onpenenure MOHATHS «XUMHUYECKOE TIPOU3BOJICTBO» U «XHMMUKO-TEXHOJIOTUICCKUN
poriecey.

ChopmynupyiiTe cOBpeMEeHHBIE TPEOOBAHHUSA K XUMHUECKOMY TPON3BOJICTBY.

[IpuBenuTe CTPYKTYpYy XUMUYECKOTO TIPOU3BOJICTBA M OOBICHUTE HA3HAYCHHE €¢
(YHKIIMOHANBHBIX YacTeH.

[Nepeuncnute OCHOBHBIE MOKA3ATEIN XUMUIECKOTO IPOU3BOICTBA H XHMHUKO-
TEXHOJIOTHUCEKOT0 TIpolLiecca.

Uro sBIsSIETCS CHIPHEM B MMPOMBIIIUICHHOM MTpon3BoicTBe? Kakue ero ucrounuku?
[MpuBeauTe KIacCHGUKAIUIO TPUPOIHBIX MATEPUAIIOB MO PA3HBIM MPU3HAKAM KaK ChIPhs
JUTSE XUMHYECKOM IMTPOMBIIIUICHHOCTH.

JIJig KakuX 1ieielt HCToNIb3YeTCs BO3/IyX M BOJa B XUMHUYECKOM TEXHOJIOTHH.

KakoBa poib TOIIIMBA ¥ SHEPTUH B XUMUIECKOM ITPOU3BOICTBE.

[TpuBeauTe BUIBI U HCTOYHUKH SHEPTETUICCKUX PECYPCOB XUMHUECKOTO TIPOU3BOJICTBA U
UX PUMCHCHUE.

Ha xakwue aBe rpynimbl MOXKHO pPa3ieauTh 000pyI0BaHINE XUMHUECKOTO MPOU3BOJICTRA,
€ro BHJIbI M HA3HAUCHHE.

Hepe‘H/ICHI/ITC CTPOUTCIIbHO-MOHTAXXHBIC KOHCTPYKIHH.

Pacckaxxute 00 0TX0/1aX XUMHUECKOTO TIPOU3BOICTBA, UX UCTOUYHUKAX M KIacCU(pHUKAIINS
MO COCTaBY, MEPUOTUIHOCTH 00PA30BaHUS U BO3JICHCTBUS HA OKPYKAIOIIYIO CPEITY.
Kakwue criocoObl mepepaboTKH TBEPBIX, KHIKUX U ra3000pa3HbIX OTXOJIOB BbI 3HACTE.

KosuioxkBuym 5

KaxoB 06muii moaxo K IOCTPOSHUIO MaTeEMaTHUECKOI MO/IENTH Mpoliecca B XUMHUUECKOM
peaktope?

Uro Takoe peakTop NACATBHOIO CMEIIEHUS U B YEM MPOSBIAETCS «UACATBHOCTY?

B 4em 3akirouaercs mogodue U pa3nuyuue Mpolecca B peakTope HAcaaIbHOTO CMEIICHHUS
MEPUOANYECKOM U UI€aTHHOTO BRITECHEHHUS?

Uro Takoe yCIOBHOE BpeMs peaKkIMi U YeM OHO OTIMYAETCS! OT BPEMEHH NPeObIBaHMS B
peaktope?

Kax meHsercs KOHIIEHTpalys UCXOIHOTO KOMIIOHEHTA U MTPOYKTa IO JUIMHE peakTopa
HJIEATBHOTO BBITECHEHUS?

Kak MeHsieTcst KOHLEHTpaLysl BELIeCTBa 110 00BbEMY ITPOTOYHOTO PEaKTOpa UIeaIbHOTO
cMeIeHus?

HazoBuTe npuunHbl OTKIOHEHHS PEKMMOB B POMBIIUIEHHBIX PEAKTOPax OT PEKUMOB
HJEATBHOTO CMEIIEHUS U BHITECHEHUSI.

Uro takoe ontummzanusi? ChopMynupyiTe MOCTAaHOBKY 33]]a491 ONTHMHU3AIHH
TEXHOJIOTMYECKOr0 IpoLecca U MOSICHUTE.

[Touemy 3amada ONTUMU3ALMHE MHOTOKPATHO BCTPEYAETCS IPH Pa3pabOTKe XMMHUKO-
TEXHOJIOTMYECKOro npouecca?

Uro Takoe TeopeTHYeCKUi ONTUMAIBHBIN pexum? 11 4ero Hy>KHO €ro onpenesieHue.
KakoBa ontumansHast TeOpeTHUECcKast TeMIeparypa ik HeOOpaTHMBIX U 00PaTHMBIX
(9K30- U 3HAOTEPMHUUECKUX) XUMUYECKUX PEAKLIUH.

KosioxBuym 6

Hapucyiite cxeMbl peakTOpOB 15l peajn3alii TOMOTEHHBIX MPOLECCOB U OOBSICHUTE UX
paboty (BXOJ CHIPhS U BBIXOJI TIPOJIYKTa, BpEMsI ITPOBENIEHHS NpoIiecca, MyTH MoJ[BOJIa U
OTBOJIA TEIUIOTHI U T.1.)

Kakue cymecTByIoT criocoObl OpraHu3anyy B3auMOICHCTBUS ra3a ¢ KHUIKOCTHIO MPH
OCYIIECTBIICHUH Ta30-)KUKOCTHBIX XUMHUUECKUX TPOIIECCOB?

Hapucyiite cxeMbl peakTOpOB JUIsl FeTepOreHHO-KaTaTUTUIECKUX TIPOIIECCOB U
00BSICHUTE UX PadoTy.
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10.

11.

12.

13.

14.

15.

YeM orpaHHUYEHO HCIIOJIH30BaHUE B IPOMBIIIICHHOCTH aJHa0aTHIecKoro peakropa?
Kak opranuzoBaH mpotiecc: a) B IICEBJO0KMKEHHOM CJIO€ KaTaiau3aropa; 0) mpolecc B
BOCXOJSIIEM ciioe KatanuzaTopa? X HeJoCTaTKu U MpenMyIIecTBa.

Uto BBl MOHUMAETE 1O/ aHATTM30M XUMHKO-TEXHOJIOTUIECKOW CHCTEMBI?

Kakwne MoryT nosIBUThCSI HOBBIE CBOWMCTBA Y TEXHOJIOTMYECKHX aIapaToB, KOTJ[a OHH
00BEIMHEHBI B XMMHUKO-TEXHOJOTHYECKYIO CHCTEMY?

OmpenennTe TEOPETUICCKUI M pealbHBIA pacXoaHBIA K03 OHUIMEHT 1Mo ChIphI0. KakoBbI
MPUYIHHBI UX PA3TUIUs?

Uro Takoe MOJIHAsI SHEPTHsl TEXHOJIOTMYECKOro motoka? KakoBbl ee COCTAaBISIOMINE H KaK
OHH OTpEAETAIOTCA?

[Ipu KaKOM COCAMHEHUH PEAKTOPOB UICATLHOTO BHITECHEHHS MOXHO MOJYYUTh OOJIbIICe
MPEeBPAICHUE U BBIXO]] MPOYKTA — MapaJICIILHOM WJIH MOCIICA0BATSIIEHOM?

Kakue TexHONMornueckue pelieHus UCTIONb3YIOTCS )11 YMEHBIIICHUS BO3CHCTBHS
XHUMHYECKOTO MPOU3BOJICTBA Ha OKPYIKAIOIIYIO Cpey?

Kakne MeTo1bl XUMUYECKOW TEXHOJIOTUHU UCTIONB3YIOTCS JUIsl YTHITH3AINN 1
00€3BpeKMBAHNUS TBEPIBIX OTXOI0B?

Kaxkue METOAbI XUMHUYECKOM TEXHOJIOTHH HCIOJB3YIOTCA AJId YTWIN3alluu U
00€3BPEKMBAHUS KUJKUX OTXO0B?

Ha yem ocHoBaHBI 6I/IOXI/IMI/I‘ICCKI/IC u (I)I/I?:I/IKO'XI/IMI/I‘IGCKI/IG METOABI OUYNCTKHU CTOYHBIX
BoA?

Kakne MeTo1bl XUMUYECKOW TEXHOJIOTUHU UCTIONB3YIOTCS JJTsl YTHIH3AINN |
00€3BpEIKMBAHNUS Ta30BBIX OTXOI0B?

Kpumepuu oyenku xonnoxkeuymos (0_0-3_3):

- MakKCHUMaJbHO Oa/IOB 3a KaXABI KOJUTOKBHUYMOB (6*7=42/4*11=44/2*10=20), eciu maHbI
OTBETHI Ha BCE MOCTABJICHHBIE BOIPOCHI JIOTHYECKH U 000CHOBAHHO B TIOJIHOM 00BEME;

- MUHUMAaJIBbHO 0aiuioB (6%4=24/4*7=28/2*6=), eciu B X0Jle OTBETa JOIYIIEHKI FPyObIe MPOMaxH,
MPUCYTCTBYIOT HETOYHOCTH.



MunucrepcTBO 00pa3oBanus U Hayku Poccuiickoit @enepanuu
HwxHekaMCKHii XUMHUKO-TEXHOJIOTHYECKUN HHCTUTYT ((unnan) ¢peaepaabHOro
rOCyIapCTBEHHOT'O OIOPKETHOTO 00pa30BaTEIHHOTO YUPEIKICHUS
BbICILIEr0 00pa3oBaHUs
«Ka3zaHCcKkuii HAlTMOHAIBHBIN UCCIIEI0BATEIbCKUN TEXHOJIOTMYECKHIT YHUBEPCUTETY
@DaKkynbTeT TEXHOJIOTMYECKUI
Kadenpa buorexnomnoruu

KoMIieKT KOHTPOJIbHBIX padoT
AJISl CTY/ICHTOB 3204HOi ()opMbI 00y4YeHH s
10 TUCLMIUINHE
51.0.29 O0miag xuMuueckas TEXHOJOTHS

4 cemecTp

KonTponbHast pabora COCTOMT M3 4EThIpeX 3aJaHui. BapuaHT KOHTpOJIbHOM
paloThl BEIOMpAETCS CTYEHTaMU 110 MOCIEIHUM Lu(ppaM HOMepa 3a4eTHOM KHUXKKU ¢ 1
no 21 Bapmant. Ecim mocnennue mudpsl HOMepa 3a4eTHOM KHIKKU Oombine 21, TO
BapUaHT BbIOMpaeTcs M0 cymMMe JBYX nocienHux uudp. Hampumep, nociennue uudpst
HOMEpA 3a4€THOM KHUXKKHU 23, 3TO COOTBETCTBYET 5 BapMaHTy KOHTPOJBHOTrO 3a1aHus. B
KOHIIe pa00Thl HEOOXOAUMO yKa3aTh CIIMCOK UCIOJIb30BAHHOM JIUTEPATYPHI.

Bapuanmuor konmpoavnvix 3a0anui

Bapuanr 1

1. Wcnonw3ys npunnun Jle-lllarenbe, mnpoanamusupyiTe BCE BO3MOXKHBIC
CIOCOOBI CMEILEHUS] PAaBHOBECHS PEAKIMM BIPABO Ul TOJYYEHHs] MaKCHUMaJIbHOTO
KOJIM4YEeCcTBa 1iesieBoro npoaykra (AH peakunu paccuuThIBaeTCS O TaOJIUYHBIM JAHHBIM):

2CO) + Oz(r) <> 2COx(r)
CeHo(r) <> CeHizm + Ho

2. Omucarp OOIIYI0 TEXHOJIOTHYECKYIO CTPYKTYPY XUMHUECKOTO MPOU3BOJICTBA,
KAueCTBEHHbIE M KOJMYECTBEHHbIE KPUTEPUU OLIEHKH 3(PPEKTUBHOCTH XUMHYECKOIO
IIPOU3BOJICTBA.

3. TlepeynciuTh W CpPaBHUTH CHOCOOBI TOJYUEHHUS TEPMHUECKOH (HochopHOi
KHUCIOTHL. M300pa3uTh TEXHOIOTHYECKYIO CXEMY ITPOM3BOCTBA TepMUUYECKON ochopHOH
KHMCJIOTHI IByXCTYII€HUAThIM METOJIOM.

2A — R(yenesas)

5A — 3S(nobounas)

OnpenenuTs: CTeNeHb NpeBpalieHus Xa, CENeKTUBHOCTL Sr, BBIX0J NPoaykTa ER,
ecm Ha BBIXoJe U3 peaktopa Ca=5 kmons/m°, Cr=15 kmonb/m3, Cs=4 kMos/M>.

4. [TpoTekaroT mapasienbHble peakluu:

Bapmuanr 2
1. Ucnons3ys npunnun Jle-lllarense, npoananu3upyiTe Bce BO3MOXKHBIE
CHOCOOBI CMEIICHHsS] PaBHOBECUS PEAaKIUU BIPABO IS TMOJYYEHHUS MaKCUMAaJIbHOIO
KOJIMYecTBa 11eJIeBoro npoaykTa (AH peakiuu pacCYMThIBAE€TCS 10 TAOIUYHBIM JAaHHBIM):
CuSq) + Ozr) <> Cugry + SOz
CaHe(r) <> C2Har) + Hogry



2. Omucath OOIIYI0 TEXHOJIOTMYECKYI0 CXEMY XHMHYECKOTO IPOU3BOJICTBA,
o01ue GYHKIMHA, OCHOBHBIC TEXHOJIOTHYECKUE KOMIIOHEHTBI XHUMUYECKOTO TPOU3BO/ICTBA.
3. OmucaTh CBOWCTBA AMOKCHIA U TPHOKCHUIA CEPhI, CEPHOM KUCIIOTHI U OJIeyMa.
CopTa cepHOWl KHCIOTBHI, €¢ XpaHeHHe H TepeBo3ka. (OXapakTepu30oBaTh BHIbI
CEPOCOCPIKAILETO CHIPHSI JUIsl IIPOU3BOJICTBA CEPHOI KHUCIIOTHI.
2A — R(yenesas)

5R — 3S(nobounas)

OnpenenuTh: CTENeHb IpeBpalIeHns Xa, CelIeKTUBHOCTD SR, BBIXOJ IPOIyKTa ER,
ecu Ha BBIXoje U3 peaktopa Ca=3 kmons/m>, Cr=12 xmonb/m3, Cs=2 kMoms/Mm>.

4, HpOTeKaIOT IMOCJICA0BATCIIbHBIC PECAKIIUU:

Bapuanr 3

1. Wcnonp3ys mnpunnun Jle-lllarenbe, mnpoaHanmu3upyiTe BCE BO3MOXKHBIC
CHOCOOBI CMEIICHHSI PAaBHOBECHS PEAKIMU BIPABO IS IMOJYYCHHUS MAKCUMAIBHOTO
KOJIMUYEeCTBa 1iesieBoro npoaykra (AH peakuuu paccuuThiBaeTCs MO TaOJIUYHBIM JaHHBIM):

CsHs(r) + H200x) <> (CH3)3CHO ()
C2oHe(ry > CoHar + Hogr

2. OxapakTepu30BaTh CBIPhEBbIC HWCTOYHHUKHA XUMHUYECKOTO IPOU3BOJICTBA.
[IpuBecTH npuUMeEpHI UCTIOIB30BAHMS OTXOA0B IPOU3BOJICTBA KAaK UCTOYHHUKOB BTOPHUYHBIX
MaTepualbHBIX pecypcoB. [lepcrieKTHBHBIC U ATbTEPHATUBHBIE HCTOYHUKHU CHIPb.

3. Onucarbh XMMHYECKYIO M CTPYKTYPHYIO CXEMBbI TPOU3BOJICTBA CEPHON KUCITOTHI
KOHTAKTHBIM CIIOCOOOM M3 KOJTYE/IaHa.

3A > R(yenesas)
4. [TpoTekaroT napaieabHbIe PEaKIHH:
A — 2S(nobounas)

OnpenenuTs: CTeneHb OpeBpalieHus Xa, CEIeKTUBHOCTL Sr, BBIX0J NpoaykTa ER,
ecam Ha BhIXoje U3 peaktopa Ca=1 kmons/m>, Cr=7 kmonb/mM3, Cs=1 kMomb/M>,

Bapuanr 4

1. Ucnons3ys npunuun Jle-llarense, npoaHanu3upyiTe Bce BO3MOXKHBIE
CHOCOOBI CMEIIEHHsSI PAaBHOBECUS PEaKIUMU BIPABO JJIS IOJYYEHHUS MaKCUMaJIbHOIO
KOJIMYecTBa 11es1eBoro npoaykra (AH peakiuu pacCUMThIBae€TCS MO TAOIUYHBIM JTaHHBIM):

CsHe(r) + C2Har) <> CeHsC2Hs)
C2oHa(ry > CoHon + Hog

2. OxapakTepu3oBaTh CHIPbEBbIE HMCTOYHUKHA XHMHUYECKOTO IPOU3BOJICTBA.
Onucarb MeTOABI MOATOTOBKU CBIPbS B XMMMKO-TEXHOJOTMYECKOM mpouecce. Meron
dbaotarum.

3. Omnucatb (PU3MKO-XUMHUECKHE OCHOBBI OOXKHIa (hJIOTAllMOHHOTO KOJ4YEelaHa.
XpaHeHHe ¥ OJr0TOBKa KofyenaHa K o0xury. OnucaTh yCcTpoMCTBO neyeit uis o0xura
KOJI4eJaHa.

3A — R(yenesan)
4, ITpoTeKaroT Mocye0BaTENbHbBIE PEAKIHH:
R — 2S(nobounas)

OnpenenuTs: CTeNeHb NpeBpalieHus Xa, CENEeKTUBHOCT Sr, BBIX0J MPoayKTa ER,
ecm Ha BBIXoJe U3 peaktopa Ca=3 kmois/M°, Cr=9 kMomnb/M3, Cs=1 kMoIB/M>,

Bapuanr 5
1. Ucnons3ys npunnun Jle-lllarense, npoananu3upyiTe Bce BO3MOXKHBIE
CHOCOOBI CMEIIEHHs] PaBHOBECUS PEaKIUU BIOPABO I TMOJIYYEHHsS] MaKCHMalbHOIO
KOJIMYecTBa 11eJIeBoro npoaykTa (AH peakiuu pacCYMThIBAE€TCS 10 TAOIUYHBIM JAaHHBIM):
CH20¢) + Har) <> CH30OHy)
CeHiar) > CeHe (r) + 4Ho(r)



2. Onucatp KJIaCCH(PHUKAINIO XUMHUKO-TEXHOJIOTHYECKUX IPOIIECCOB 110 YCIOBUSIM
paloTBhI, 10 TUILY PEaKLUi, 10 COCTOSTHUIO PEarupyroIux BEeUIeCTB.

3. Oxapakrepu3oBaTh Me4d Ui OOKHUTra KoJdenaHa, YCTPOWCTBA Uil MOAAYd
KOJI4€eJjaHa B [1IeYH U yaaleHue orapka. Mcnonp3oBanue orapka.

4A — R(yenesas)
4, [TpoTeKkaroT mapaieabHbIe PEaKIHH:
7A — 4S(nobounas)

OnpenenuTthb: CTENEHb MpeBpalieHust XA, CEICKTHBHOCTh SR, BBIXOJ MPOAYKTa ER,
€CJIM Ha BBIX0JIe U3 peakTopa Ca=2 kMoib/M°, Cr=12 kmoib/M3, Cs=1 kmonb/mC.

Bapuanr 6
1. Wcnonb3ys npunuun Jle-lllarenbe, mnpoananmusupyiTe BCE BO3MOXKHbBIC
CHOCOOBI CMEIICHHS] PAaBHOBECHUS PEAKIUMU BIPABO ISl IMOJYYEHHUS MaKCUMAJIbHOTO
KOJIMYeCTBa 11eJIeBoro npoaykTa (AH peaknuu pacCYMTHIBACTCS 110 TAOIUYHBIM JAHHBIM):
N2@) + 3Hay <> 2NHs
CeHs5—CHis(x) + Hary > CeHer) + CHar
2. Omnwucarb TEXHOJOTHMYECKYIO CXEMY MPOMBIILIEHHOW BOAOMOATOTOBKU. Bona
KaK CbIpb€ U BCIIOMOTaTEJIbHbII KOMIIOHEHT ITPOU3BOJICTBA. MICTOUHMKYN BOJIBI.
3. Omnucatb OCHOBBI MEXaHHMYECKON U AJIEKTPUYECKOM OYMCTKH O0KUTOBOTO rasa
B [IPOM3BOJICTBE CEPHOM KUCIIOTHI OT IBUIU, OPBI3T U TyMaHa.
4A — R(yenesas)

7R — 4S(nobounas)

OnpenenuTs: CTeNeHb IpeBpaieHus Xa, CEIeKTUBHOCTL Sr, BBIX0J NpoaykTa ER,
ecm Ha BhIXoJe U3 peaktopa Ca=2 kmoib/m>, Cr=6 kMonb/M3, Cs=4 KkMoB/M>,

4, HpOTeKaIOT IMOCJICAOBATCIIbHBIC PCAKIIUU:

Bapuanr 7

1. Ucnonb3ys mnpunnun Jle-lllarense, mnpoaHanu3upyiTe BCE BO3MOXKHbBIC
CHIOCOOBI CMEIICHHSI PAaBHOBECHS PEAKIMU BIPABO IS IMOJYYCHHS MaKCUMAIBHOTO
KOJIMUYEeCTBa 1ieneBoro npoaykra (AH peakunu paccuuThIBaeTCs MO TAOIUYHBIM JaHHBIM):

4C2Haw) <> CsHior) + C3He ()
C2oHe(ry > CoHar + Hogr

2. llpuBecTn OOIIYyI0 XapakTEPUCTUKY W KIACCU(DHUKAIMIO SHEPreTHYCCKHIX
pecypcoB.  OmucaTh  CHOCOOBI  DHEPrOTEXHOJIOTHYECKOTO0  KOMOWHHMPOBAHHUS |
HCTOJIb30BAHMS SHEPTreTUYECKOTO MOTEHIIUAJIA CHIPhS U TEIJIA SK30TEPMUYECKUX PEAKIIHU.
Bropuunsie 3HEpropecypcesbl.

3. Omnwucarh QU3NKO-XUMHYECKHUE OCHOBBI KaTamuTHdeckoro okucieHus SOz mo
SO3. Karanuzarops! nporecca. KoHTakTHbIE anmapaThl.

3A - R(yenesas)
4, [TpoTekaroT napajieabHbIe PEAKIHH:
6A — 3S(nobounas)

OnpenenuTs: CTeNeHb NpeBpalieHus Xa, CENEeKTUBHOCTL Sr, BBIX0J NPoayKTa ER,
ecm Ha BBIXoje U3 peaktopa Ca=1 kmons/m>, Cr=5 kMonb/M3, Cs=2 KMOTB/M°,

Bapuanr 8
1. Ucnonw3ys npunnun Jle-lllarense, npoaHanu3upyiTe Bce BO3MOXKHBIE
CHOCOOBI CMEIICHHsS] PaBHOBECUS PEaKIUU BIPABO I TMOJIYYEHHs] MaKCHMalbHOIO
KOJIMYecTBa 11eJIeBoro npoaykTa (AH peakiuu pacCYMThIBAETCS 110 TAOIUYHBIM JAaHHBIM):
CaHiow) <> CaHer + 2Ho(r
CsHs(r) <> CeHioir) + Ho(r)
2. Onmucatb XUMHYECKOE TIPOU3BOJICTBO KaK XUMHUKO-TEXHOJIOTUIECKYIO CHCTEMY,
BH/IbI TEXHOJIOTMYECKUX CBsi3el a1eMeHToB XTC, nX Ha3HAUYE€HNE U XapaKTEPUCTUKA.



3. Omnucatp (U3NKO-XMMHUYECKHE OCHOBBI a0COpPOLMHU CEPHOTO aHTHAPHIA W3
ra30BOH CMECH B IPOM3BOJICTBE CEPHON KUCIOTHL. ANIaparypHoe o(opMiieHHe Tpoiecca.
3A — R(yenesas)

6R — 3S(nobounas)

OnpenenuTthb: CTETEHb MpeBpalieHust XA, CEICKTHBHOCTh SR, BBIXOJ MPOAYKTa ER,
€CJIM Ha BBIXojie U3 peakTopa Ca=3 kMoib/M°, Cr=10 kmoib/M3, Cs=3 kMOmb/M°.

4. HpOTeKaIOT MOCJICAOBATCIIbHBIC PCAKIIUU:

Bapuant 9

1. Wcnonb3ys npunuun Jle-lllarenbe, mnpoaHanusupyiTe BCE BO3MOXKHBIC
CIOCOOBI CMEILEHUS] PAaBHOBECHUS PEAKIMM BIPABO JUIS IOJYYEHHUS] MaKCHMMaJIbHOI'O
KOJIMYeCTBa 11e7IeBoro npoaykTa (AH peakiuu pacCYMTHIBAETCS 110 TAOIUYHBIM JAaHHBIM):

2C4Hsr) <> CsHioo
CoHary < CoHory + Ha

2. IlpuBectu kinaccu(UKALUIO XMMUKO-TEXHOJIOIMUECKUX MPOLECCOB, OCHOBHbBIE
nokazarenu XTI, nx B3aumocBs3b. CriocoOs! noBeimeHus 3¢ dexruBHocta XTII.

3. OnucaTb XMMHUYECKYIO U CTPYKTYPHYIO CXEMbI IPOM3BOJICTBA CEPHON KUCIIOTHI
HUTPO3HBIM CIIOCOOOM.

2A — R(yenesas)
4. [TpoTekaroT napaieabHbIe PEaKIHH:
A — 3S(nobounas)

OnpenenuTs: CTeNeHb OpeBpalieHus Xa, CEIeKTUBHOCTL Sr, BBIX0J NpoaykTa ER,
ecu Ha BBIXoJe U3 peaktopa Ca=5 kmons/m>, Cr=10 xmonbs/m3, Cs=4 KMo/,

Bapuant 10
1. Ucnonb3ys mnpunnun Jle-lllarense, mnpoaHanu3upyidTe BCE BO3MOXKHbBIC
CIIOCOOBI CMEIICHHSI PAaBHOBECHS PEAKIMU BIPABO IS IMOJYYCHHS MaKCUMAIBHOTO
KOJIMYEeCTBa 11esieBOro npoaykra (AH peakuuu paccuuThIBae€TCs MO TAOJIUYHBIM JaHHBIM):
CH20¢) + Har) <> CH30OH(y)
CeHia(r) <> CeHe (r) + 4Ho(r)
2. Omnwmcath rOMOTCHHBIE XUMUYECKUE TIPOIECCHI, BIUSHUE YCIOBUN MPOBEICHUS
M XUMHYECKHX TPHU3HAKOB Ha CKOPOCTh TMpeBpamieHus U AuddepeHnnarbHyo
CEJNIEKTUBHOCTD. [1yTH 1 cocoObl MHTEHCU(UKAIIME TOMOTEHHBIX IPOIECCOB.
3. Omnucatb COBpPEMEHHOE COCTOSHUE U TEpPCHEKTUBBI PAa3BUTHUS a30THOU
MPOMBIIUIEHHOCTH. ChIphe JJII a30THOW MTPOMBIIIUIEHHOCTH. MeTo1bl (pUKCaIiu a3oTa.

2A — R(yenesas)
4. [TpoTekaroT mocienoBaTeIbHbIC PEAKIUH:
R — 3S(nobounas)

OnpenenuTs: CTeNeHb NpeBpalleHus Xa, CENEeKTUBHOCTL Sr, BBIXOJ NpoaykTa ER,
ecm Ha BBIXoJe U3 peaktopa Ca=2 kmMois/M°, Cr=7 kMonb/M>, Cs=4 KMOTB/M,

Bapmnanr 11
1. Wcnonp3ys mnpunnun Jle-lllarenbe, mnpoaHamu3upyiTe BCE BO3MOXKHBIC
CIOCOOBI CMEILEHUS] PAaBHOBECHS PEAKIMM BIPABO JUIS TOJYYEHHUS MaKCHUMAaJIbHOTO
KOJIM4YecTBa 1iesieBoro npoaykra (AH peakunu paccuuThIBaeTCS O TaOJIMYHBIM JAHHBIM):
2CO) + Oz(r) <> 2COx(r)
C2oHa(ry <> CoHo + Hogr
2. IlpencraBuTh ©  OmHMCaTh TEXHOJOTMYECKYIO CXEMY COBMEIICHHOM
KaTaJUTHYECKON KOHBEPCHUU METaHa U OKCUA YTIIepoa Mo/ aTMOC(EPHBIM JTaBJICHUEM.
3. OmnucaTb METOJbI OYMCTKH TEXHOJIOTHYECKUX ra3oB oT COx2.



2A — R(yenesas)
4, [TpoTeKkaroT mapaieabHbIe PEAKIHH:
A — 4S(nobounas)

OnpenenuTthb: CTETEHb MpeBparieHust XA, CEICKTHBHOCTh SR, BBIXOJ MPOAYKTa ER,
€CJIM Ha BBIX0J1e U3 peakTopa Ca=2 kMoib/M°, Cr=7 kmoib/M3, Cs=1 kmomb/m°.

Bapuant 12

1. Wcnonb3ys npunuun Jle-lllarenbe, mnpoananusupyiTe BCE BO3MOXKHbBIC
CHOCOOBI CMEIICHHS] PAaBHOBECHUS PEAKIUMU BIPABO JJISl IMONYYEHHUS MaKCUMAJIbHOTO
KOJIMYeCTBa 1ieJieBoro npoaykTa (AH peakiuu pacCYMTHIBACTCS MO TAOIUYHBIM JIaHHBIM):

CuSa) + Oz(r) <> Cu@) + SO
CoHe(r) <> CoHagry + Ho

2. W310%UTh TEOpEeTHYECKHE OCHOBBI CHHTE3a aMMHuaka, OOOCHOBAaTh
ONITUMAJIbHBIE YCIIOBHSI MpoIiecca U HEOOXOIMMOCTh MPOBEACHUS CHHTE3a aMMHUAaKa I10
LUKJIMYECKOU CXEMeE.

3. Omucatp MeTOABl OYHCTKH TEXHOJOTHYECKHMX Ta30B OT CEPHHCTBIX
COCTMHEHUH.

2A — R(yenesas)
4, [TpoTeKaroT Mocje0BaTENbHbBIE PEAKIIHH:
R — 4S(nobounas)

OnpenenuTth: CTEIICHb MPeBpaIieHus] XA, CEIEKTHBHOCTh SR, BBIXO MPOAYKTa ER,
€CJIM Ha BbIXojie U3 peakTopa Ca=1 kMoib/M°, Cr=7 kMob/M3, Cs=4 kmoib/MP.

BapuanTt 13
1. Wcnonw3ys npunnun Jle-lllarenbe, mnpoanamu3upyiTe BCE BO3MOXKHBIC
CHOCOObI CMEIICHHS] PAaBHOBECHS PEAKIMU BIPABO JS IMONYYCHHUS MAaKCUMAIbHOTO
KOJIMYeCTBa 1eTIeBOro npoaykTa (AH peaknuu pacCYMTHIBACTCS 110 TAOIUYHBIM TAHHBIM):
Naw) + 3Hae) <> 2NHs(
CeHe(r) <> CeHizg) + Hom
2. Omnwmcatp (UBHKO-XMMHUYECKHE OCHOBBI U ammaparypHoe odopMIIeHHE
IpolLecca OYUCTKH 00)KUIOBOTO ra3a OT KOHTAKTHBIX SI/I0B.
3. IlpenctaBuTh W omHcaTh TEXHOJOTHYECKYIO CXEMy CHHTE3a aMMHaKa MpH
CPEIHEM JIaBJICHUH.
2,5A > R(yenesas)

7,5A — 4S(nobounas)

OnpenenuTs: CTeNeHb NpeBpalieHus Xa, CENEeKTUBHOCTL Sr, BBIX0J NPoayKTa ER,
ecm Ha BBIXoje U3 peaktopa Ca=1 kmons/m>, Cr=6 kMomnb/M3, Cs=2 KMOJIB/M,

4. IIpoTekaroT napaiesbHble peaKuu:

Bapuanr 14

1. Wcnonw3ys mnpunnun Jle-lllarenbe, mnpoaHanusupyiTe BCE BO3MOXKHBIC
CIOCOOBl CMEILEHUS] PAaBHOBECHS PEAKIMM BIPABO Ul TOJYYEHHs] MaKCHUMaJIbHOTO
KOJIM4YecTBa 1iesieBoro npoaykra (AH peakuuu paccuuThIBaeTCS O TaOIMYHBIM JAHHBIM):

4C2Har) <> CsHior) + C3He ()
CeHia(r) <> CeHe () + 4Hor)

2. Omnucath TEXHOJIOTUYECKYIO CXEMYy M 00OpyIOBaHHME OYMCTHOTO OTACNCHHS
COBPEMEHHOT0 NMPOU3BOJICTBA KOHTAKTHOW CEPHOM KUCIIOTHI U3 KOJTYEqaHa.

3. WMBnoxuTh BAUSHUE PA3IUYHBIX (PAKTOPOB Ha MPOILIECC OKUCICHHUS aMMHaKa B
ITPOU3BOJICTBE a30THON KHUCIIOTBHI.

2,5A — R(yenesas)
4. [TpoTeKkaroT Mocje10BaTeIbHBIC PEAKITUH:
7,5R — 4S(nobounasn)



Onpenenuthb: cTENEHb MpeBpalieHus] XA, CEIEKTHBHOCTh SR, BEIXOJ MPOAYKTa ER,
€CJIM Ha BIXojie U3 peakTopa Ca=3 kMoib/M°, Cr=7 kMoib/M3, Cs=4 kMoib/M°.

Bapuanr 15

1. Wcnonb3ys npununun Jle-lllarense, mnpoananiusupyite BCE BO3MOXKHBIC
CHOCOOBI CMEIICHHSI PAaBHOBECHUS PEAaKIUMU BIPABO JIsl IMONYYEHHUS MaKCUMAJIbHOTO
KOJIMYecTBa 11eJIeBoro npoaykra (AH peakiuu pacCYMTHIBACTCS 110 TAOIUYHBIM TAHHBIM):

2COq) + Oz(r) <> 2CO2()
CeHs—CH3(x) + Hary <> CeHeg(r) + CHa(r

2. OxapakTepu30BaTh KaTalIU3aTOPbl, MPUMEHsSEMble B MPOU3BOACTBE CEPHOM
KHMCJIOTBI KOHTAKTHBIM METOOM.

3. M3n0oxuTh GU3NKO-XUMHUYECKHE OCHOBBI Ipoiiecca a0CopOIMK AUOKCHIA a30Ta
BOJION B IPOU3BOJICTBE pa30aBICHHON a30THON KUCIIOTHI.

7A — R(yenesas)
4. [TpoTekaroT napaieabHbIe PeaKIHu:
A — 3S(nobounas)

OnpenenuTs: CTeNeHb IpeBpalienus Xa, CEleKTUBHOCTL Sr, BBIX0J NpoaykTa ER,
ecu Ha BhIXoje U3 peaktopa Ca=2 kmoib/m>, Cr=6 kMonb/M3, Cs=2 KMOJIB/M,

Bapuanr 16

1. Ucnonb3ys npunuun Jle-lllarense, npoaHaIu3upydTe BCE BO3MOXKHBIE
CIOCOOBI CMEIEHUS] PAaBHOBECHS PEAKIIMHM BIPABO [UIS TOJYYEHHS] MaKCHMAaJIbHOTO
KOJIM4YECTBa 11eNIeBOro npoaykra (AH peakuuu paccuuThIBAETCS MO TAOIWYHBIM JaHHBIM):

CsHs(r) «» CeHior) + Hogr)
4C2Ha(r) <> CsHior) + C3Hs ()

2. Omucarp (PU3HKO-XMMHUYECKHE OCHOBBI HHTPO3HOTO IPOIECCca IOydeHHS
CEPHOM KHUCIIOTHI.

3. MBIoxuTh TEOPETUUYECKHE OCHOBBI Pa3ACieHHs JKUAKOTO BO3AyXa HA a30T U
KHCIIOPOJI METOJIOM PEKTU(DUKAIIIH.

7A — R(yenesas)

R — 3S(nobounas)

OmnpenenuTh: cTENeHb MpeBpaieHust XA, CEIEKTHBHOCTh SR, BEIXO MpoayKTa ER,
eciu Ha BbIXoje U3 peakTopa Ca=3 kmonb/M3, Cr=8 kMomb/M3, Cs=5 kmomb/M>,

4. HpOTeKaIOT MOCJICA0OBATCIIbHBIC PCAKIIUHN:

Bapuant 17
1. Ucnonezys npunuun Jle-Illatense, npoaHaiusupyinTe BCE BO3MOKHBIE
CIOCOOBI CMEIEHUS] PAaBHOBECHS PEAKIMM BIPABO JUIS TOJYYEHHUS] MaKCHUMAaJIbHOTO
KOJIMYEeCcTBa 1iesieBoro npoaykra (AH peakuuu paccuuThIBaeTCs O TaOJIUYHBIM JAHHBIM):
C2oHeg(r) <> C2Har) + Ha
N2 + 3Ha) <> 2NHz ()
2. Omucarb 000pya0OBaHHE OAIIEHHBIX CUCTEM MPOMU3BOJCTBA CEPHON KHCIOTHI
HUTPO3HBIM METOOM.
3. TIpoBecTH XapaKTEpPUCTUKY CHIPbS JUIsl a30THON MPOMBIIUIEHHOCTH.

4A — 2R(yenesast)
4. [TpoTekaroT mapaiieabHbIe PEaKIHu:
5A — 3S(nobounas)

OnpenenuTs: CTeNeHb NpeBpalieHus Xa, CENEeKTUBHOCT Sr, BBIX0J MPoaykTa ER,
ecm Ha BBIXoJe U3 peaktopa Ca=3 kmMois/M°, Cr=9 kMomnb/M3, Cs=2 KMOIB/M°,



BapuanT 18

1. Ucnonb3ys npunnun Jle-lllarenbe, nmpoaHanu3upyidTe BCE BO3MOKHBIE
CIOCOOBI CMEIEHUS] PABHOBECHS PEAKIIMHM BIPABO [UIS TOJYYEHHsS] MaKCHMAaJIbHOTO
KOJIMUYEeCTBa 1iesieBoro npoaykra (AH peakuuu paccyuThIBae€TCS O TaOIUYHBIM JAHHBIM):

CoHe(ry > CoHar + Hogr
CuSa) + Ozr) <> Cu@) + SO

2. Omucarp 3Ha4YeHHWE M OONACTh TNPUMEHEHUS IPOMBIIUICHHOTO KaTalu3a.
CyIHOCTb U BUJIbI KaTalu3a.

3. Omucarb TEXHOJIOTHIO TIOJYYEHHUS a30TOBOJAOPOJHOM CMECH METOAOM
MapOBO3YIIHON KOHBEPCHUH METaHa.

4A — 2R(yenesas)

5R — 3S(nobounas)

OnpenenuTthb: CTETEHb MpeBpalieHust XA, CEICKTHBHOCTh SR, BBIXOJ MPOAYKTa ER,
€CJIM Ha BbIXojie u3 peakTopa Ca=1 kMoib/M°, Cr=5 kMoib/M3, Cs=4 kMoib/MP.

4. HpOTeKaIOT MMOCJICAOBATCIIbHBIC PCAKIIUU:

BapuanTt 19

1. Wcnonw3ys npunnun Jle-lllarenve, mnpoananu3upyiTe BCE BO3MOXKHBIC
CHOCOOBI CMEIICHHS] PAaBHOBECHUS PEAKIMU BIPABO JIA MOJTYYCHHsS] MaKCHMalIbHOTO
KOJIMYeCTBa 1eTIeBoro npoaykTa (AH peaknuu pacCYMTHIBACTCS 110 TAOIUYHBIM TAaHHBIM):

CoHaqry <> C2Hary) + Har
CH20¢) + Har) <> CH30OH(y)

2. Omnwmcatb METOABI NPOU3BOJCTBA BOJOPOAAa KOHBEPCUEH YIIIEBOJOPOIHBIX
ra3oB. [IpuBecTy cpaBHUTEIBHBIN aHAIN3 3TUX METO/OB.

3. Omnwucatb METOABI OUUCTKH a30TOBOJOPOJHON CMECH OT AUOKCHJA yIiiepoia U
CEpPOBOJOPOAA.

3A —> 15R(yenesas)

A — 3S(nobounas)

OnpenenuTs: CTeNeHb NpeBpalleHus Xa, CENeKTUBHOCTL Sr, BBIX0J NPoaykTa ER,
ecm Ha BBIXoJe U3 peaktopa Ca=5 kmoms/m>, Cr=12 xmonb/m3, Cs=3 kMomis/M>.

4. [IpoTrekaroT napaiielnbHble peaKiuu:

Bapuanr 20

1. Ucnons3ys npunuun Jle-llarense, npoaHanu3upyiTe Bce BO3MOXKHBIE
CHOCOObI CMEIIEHHs] PAaBHOBECUS PEaKIUU BIPABO JS IOJYYEHHUS MaKCUMaJIbHOIO
KOJIMYecTBa 11eJieBoro npoaykra (AH peakiuu paccUMThIBaeTCS MO TAOIUYHBIM JTAHHBIM):

CsH1ar) <> CeHs (r) + 4Hor)
2COq) + Oz(r) <> 2COx(r)

2. Omwmcarh MPOM3BOACTBO BOJOPOJa (a30TOBOJAOPOTHON CMECH) pa3JeiieCHUEeM
KOKCOBOTO Ta3a.

3. Omnmucarp nporecc nepepabOTKH HUTPO3HBIX Ta30B B Pa30aBIICHHYIO a30THYIO
KHCIIOTY.

3A — 15R(yenesas)

R — 3S(nobounas)

OnpenenuTs: CTeNeHb NpeBpalleHus Xa, CENEeKTUBHOCT Sr, BBIX0J MPoaykTa ER,
ecm Ha BBIXoJe U3 peaktopa Ca=3 kmons/m°, Cr=12 xmonb/M3, Cs=4 KMoIB/M.

4, [IpoTekaroT mocaea0BaTeIbHBIC PEAKIIUH:

BapuanT 21
1. Ucnonw3ys npunnun Jle-llarense, npoaHanu3upyiTe Bce BO3MOXKHBIE
CHOCOOBI CMEIIEHHs] PaBHOBECUS PEAaKIUU BIPABO JJIS IOJYYEHHUS MaKCUMAaJIbHOIO
KOJIMYecTBa 1iesieBoro npoaykra (AH peakiuu pacCUMThIBAE€TCS 10 TAOIUYHBIM JaHHBIM):



2C4Hs(r) <> CsHiegx)
2COq) + Oz(r) <> 2CO2()

2. W3710%UTh OCOOCHHOCTH CEPHOKHCIOTHOTO pasiiokeHus ¢dochopuros
Kaparay. M300pa3uTh TEXHOJIOTHYECKYIO CXEMY MPOU3BOJCTBA M3 HUX IKCTPAKIIMOHHON
(hocopHOIT KHCITOTHI.

3. OxapakTepu30BaTh BHIbI CEPOCOAEPKAIIECTO ChIPhS IS IPOU3BOJICTBA CEPHOM
kuciaoThl. [TomydeHue cepbl U3 pyid, OYMCTKA cepbl. [IpUBECTH CXEMy YCTAHOBKH IS
KOMILJICKCHOM TepepabOTKU CEPHBIX PY/I.

2A — R(yenesas)

5A — 3S(nobounasn)

OnpenenuTthb: CTETEHb MpeBpalieHust XA, CEIEKTHBHOCTh SR, BBIXOJ MPOAYKTa ER,
€CJIM Ha BBIXojie U3 peakTopa Ca=3 kMoib/M°, Cr=7 kM0b/M3, Cs=2 KkMOIB/M°.

4. [IporekaroT napaJsiesbHble peaKuu:

Pexomennyemas nureparypa.

l.beckoB B.C., CadponoB B.C. OOmas Xxumuueckas TEXHOJOTHS M OCHOBBI
IIPOMBIIIJIEHHON AKOJIOTHUHU: Y 4eOHUK /Ui By30B. — M.:Xumus, 1999. 472 c.: un.

2.006mas XxuMu4eckass TEXHOJOTHs: YUeOHUK A1 XUMUKO-TeXH. By30B/Ilox pen.
WN.IT1. MyxneHnosa. — 4-e u3z., nepepad. u ngon. — M: Beicui. mik., 1984. — 256 c.: ni.

3.Kparkuii cnpaBodHUK (U3MKO-XUMHUYECKUX BenuuuH. W3nanue nessitoe/ Ilog
pen. A.A. Paaens u A.M.IlonomapeBoii. — CII6.: CnienmanesHnas Jlureparypa, 1998. — 232
C.: M.

Kpumepuu oyenku konmponvHoil pabomul:
VY4eOHBIM MJIAHOM IS 3209HOM (hOpMBI 0OYUECHHS TIPEIYCMOTPEHA OJHA KOHTPOJIbHAs
pabota. MakcuMabHOE KOJIMYECTBO OAJIJIOB 32 MPABUIIBHO BBIITIOJHEHHYIO KOHTPOJIBHYIO
paboty — 30 6ayu10B, MUHUMAIbHOE KOn4decTBO OainoB — 10 6aos.



MunucrepcTBo 00pa3oBanus U Hayku Poccuiickoit @enepanuu
HwxHekaMCKHii XUMHUKO-TEXHOJIOTHYECKUN MHCTUTYT (dunuan) GenepaibHOTO
rOCy/IapCTBEHHOT'O OIO/PKETHOTO 00pa30BaTEIHHOTO YUPEIKICHUS
BbICILIEr0 00pa30oBaHUs
«Ka3zaHCKui HallMOHAJIBHBIN UCCIIEIOBATEIILCKUI TEXHOJIOTMYECKUN YHUBEPCUTET
TexHomornueckuii pakyabTET
Kadenpa nedrexmmmuyeckoro cuaresa

KoMmuiekT BOompocoB /1Jisi 3K3aMeHa
o mucrumirge 51.0.29 O0mas xumMuyeckas TEXHOJIOTHS

4 cemecTp
1 Xummdeckas rexnonorus. OCHOBHEIE CTAIHH XMMHKO-TEXHOJIOTHUIECKOTO TIPOLIECCa.
2.0OCHOBHBIE TEXHUKO-IKOHOMUYECKHE [TOKA3aTeNIn XUMUKO-TEXHOJIOTMUECKHX TPOIECCOB.
3. Knaccudukanus XMMHUUECKUX peakiii 0 MEXaHU3MY, MOJICKYJIIPHOCTH U MOPSIIKY.
4 Knaccupukanust XMMUYECKUX PEaKLUi [0 30HaM MPOTEKAHUS U TETUIOBOMY P QEKTy.
5.IloHsATHE O KOHBEPCHUHU, CEIEKTUBHOCTH U BBIXOJI€ TOBAPHOM NPOAYKIUH.
6. MarepuanbHBIA ¥ SJHEPTETHUECKAN OaIaHCHI.
7. CKOpOCTh XUMHUYECKHUX PEAKUUN. 3aBUCUMOCTb CKOPOCTH PEAKLUU OT KOHLIEHTPAIUU PEarcHTOB.
Kunernueckoe ypaBHeHHE.
8.3aBHCHMOCTh KOHCTaHTHl PaBHOBECHS XUMHUECKHUX peEakIuil OT TeMIepaTrypbl. DHeprus
aKTHBalUH.
9.PaBHOBeCHE XMMHUECKUX PeaKiuid. 3aKOH JECHCTBYIOIINX Macc.
10.KoHncranTa paBHOBecus 1 sHeprus [ nboca.
11.Crroco0pI cMeTeHNs] XUMIYECKOTO PABHOBECHSL.
12.I1onsiTHE O KaTanu3e.
13.0OcHOBHBIE MEXaHU3MBI KaTaln3a.
14. TexHOIOTMUECKHE XapaKTEPUCTUKUH TBEPAOr0 KaTajau3aropa: aKTHBHOCTb, TeMIIEpaTypa
3a)KUTaHUsA, CEIEKTUBHOCTb.
15.TexHonOrMuecKne XapakTepUCTUKH TBEPAOTO KaTalau3aropa: CTPYKTypa, MPOMOTHPOBAHHE U
OTpaBJICHHE KaTaJIN3aTopa.
16.Cragun B3auMOACHUCTBHS T'a3000pa3HBIX PEareHTOB Ha MOBEPXHOCTH TBEP/BIX KATAIN3aTOPOB.
17. Xummndaeckune peakropsl. Knaccuduxanms.
18.Mopenb peaktopa uaeaibHoro BeirecHeHus (PUB-H).
19.Mogpens peaktopa uaeaabHoro cmemenus (PUC-n).
20.CrIpbeBas 0a3a XUMHUECKON POMBILICHHOCTH.
21.2HepreTrueckas 6a3za XUMUYECKOW MPOMBIIUIEHHOCTH.
22.XuMHr4YecKas TeXHOJIOTHS ¥ OYHCTKA TPOMBIIUIEHHBIX BEIOPOCOB.
23 Knaccudukaiys mpoMBIIIICHHBIX 3arps3HEHU OHocdepsl.
24 MeTo/ipl OYHCTKH OTpabOTaHHOTO BO3/yXa M XMM3arpsi3HEHHOH BOJIBI.



