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Ilepeuens komnemenyuii u UHOUKAMOPOE OOCMUNCEHUA KOMNEMEHWUIL C YKA3ZAHUEM IMAN0E OPMUPOEAHU
8 npouecce oceoernun 0ucuunﬂumﬂ

Komnemenyus: TIK 2 ciocoOeH olieHUBATh COCTOSIHHE YCIIOBHIT TPy/Aa HAa pabOYMX MECTaX M OLECHHBATh OCHOBHBIC TEXHOT'CHHBIC OMTACHOCTH.
Hnouxamopuvl 0ocmudiceHuss KOMnemeHyuu.
1K 2.1 3HaeT akTopbl MPOU3BOJICTBEHHON CpeAbl U TPYAOBOTO MPOIIecca, OCHOBHBIE BOTIPOCH THTHEHHMYECKOH OIICHKH U Kilaccu(UKaIMK YCIOBHHA Tpy/a,
MOPSIOK MPOBEACHUS MPOU3BOJICTBEHHOTO KOHTPOJISL M CHIEIIMATBHOM OLIEHKH YCIOBUH TPYAa, OCHOBHBIE TEXHOTEHHBIE OMTACHOCTH, UX CBOMCTBA U XapaKTe-
PHCTHKH, METO/IBI 3aIIUTHI YEJIOBEKA M IPHUPOIHON CPeIbl OT OTTACHOCTEH; OIIEHKY PHCKA PEean3alii OTIACHOCTEH.
[1K 2.2 ymeeT mpUMeHSITh METO/IbI cO0pa HHHOPMAIIMU O COCTOSHUU YCIIOBHH TPy, 000CHOBBIBATh HEOOXOAMMBIE MEPOIIPHSTHSL, A€aTh 3aKIIOUCHHUS U BbI-
BOJIbI BEIOMPATH METOABI 3alUTHl OT OMACHOCTEH MPUMEHUTEIBHO K cepe cBOeH MpodecCHOHANbHON AATENFHOCTH; OTIPEAEIISATh 30HbI MOBBIIIEHHOTO TEX-
HOTEHHOTO PHCKA U 30HBI MMOBBIIICHHOTO 3arpsI3HEHUS; HICHTH(DHUIIMPOBATH OCHOBHBIE ONACHOCTH; TIPEBHCTh BOSHUKHOBEHHE TEXHOT€HHBIX PHCKOB; ITPH-
MEHSTh Ha MPAKTHKE METOBI 3aIIUTHI YeJIOBEeKa U MPUPOTHOM CPEeIbl OT OMTACHOCTEH.
1K 2.3 Bnageet HaBbIKaM# 00Pa0OTKH U aHAIH3a HHPOPMAIMH B 00JIACTH OXpaHbI TPYAA, ONPEACTICHHUS 1 MPOTHO3UPOBAHMSI 30H MOBBIILICHHOTO TEXHOTCH-
HOTO PHCKA M 30H TOBBIIICHHOTO 3arps3HEHUS.

Wupnkatopsl noctu- Oranbl GopMUpPOBaHUS KOMIETCHIIH HaunmMenoBaHue 011eHOYHOTO
JKEHUS (yxazatb Bce Tembl u3 PI1J]) CpencTBa
KOMIIETCHIINH Jlekiuu IMpakTuyeckue | Jlaboparopusie | KypcoBoii mpo-
3aHATHS, J1a00- 3aHATHS exT (pabora)
paTOpPHBIN Ipak-
TUKYM

IK 2.1 Tema 1, tema 2, | He mnpemycmor- | Tema 3. He npenycmot- | Jlabopamopnas paboma. Kon-
Tema 3, Tema 4, | peHbI peHa JIOK8UYM, KOHMPOIbHAS pabo-
Tema 5. ma, 3a4em ¢ OYeHKOU.

K 2.2 Tema 1, tema 2, | He mpemycmot- | Tema 3. He npenycmot- | Jlabopamopnas paboma. Kon-
Tema 3, Tema 4, | peHbI peHa JIOK8UYM, KOHMPOIbHAS pabo-
TeMa S ma, 3auem ¢ OYeHKOI.

K 2.3 Tema 1, tema 2, | He mnpeaycmor- | Tema 3. He npenycmor- | Jlabopamopnas paboma. Koax-
TeMa 3, TeMa 4, | peHbl peHa JIOKBUYM, KOHMPONIbHAS PAOO-
Tema 5 ma, 3a4em ¢ OYeHKOU.




4 — cemecmp — ouno-3a0unan gopmol:

Ouyenounvle cpedcmea Kon-6o Min-60 éainoe Max-100 6annoe
Jlabopamopnasn paboma 2 2*5=10 2*10=20
Konnoxeuym 4 4*10=40 4*15=60
Koncnexkm no CP 5 5*2=10 5*4=20
Hmozo 60 100
3auem c ouenkoii 60 100
4 — cemecmp — 3a0unan gpopma odyuenusn

Ouyenounvle cpeocmea Kon-6o Min-60 6anoe Max-100 6annoe
Jlabopamopnasa paboma 1 15 25
Konnoxeuym 2 7,5*2=15 15*2=30
Kouncnekr no CP 1 15 20
Kontposbnas padora 1 15 25
Hmozo 60 100

Peitmunz no oucuyuniune

HToroas cymma 6aJ1j10B ¢ y4eTOM yCIEIIHOI MPOMeKy- Ounenka
TOYHOH aTTecTAUMU
ot 87 10 100 OTJn4yHO (324YTEHO)
ot 74 no 86 Xopowo (3a4TeHo)
ot 60 1o 73 Y10BJIE€TBOPUTENHLHO (324TEHO)
HMAxe 60 HeynoBjieTBopuTe/IbHO (He 32UTEHO)




KPUTEPHH

OUeHKU 3HAHUI CMYyJeHmo8 Ha 3aueme c oyenkoil (4 cemecmp)

Onenka

Kpurepum onieHk¥ HHAUKATOPOB AOCTHKEHUS NPU GopMe KOHTPOJIS:
3a4eT ¢ OLeHKOM

Otau4Ho (3a4Te-
HO)

(87-100 6annoB)

OHCHKa «3a4YTCHO» BBICTABJIACTCA CTYACHTY, €CJIM OTBCTHI HAa BOIIPOCHI IO TC-
MaM JUCHUILIMHBI TOCJICAO0OBATCIbHBI, JOTMYECKH H3JIOXKCHBI, AOIIYCKAarOTCA
HCE3HAYUTCIbHBIC HECAOUYCThI B OTBETC CTYACHTA, TAKMEC KaK OTCYTCTBHUEC CaMO-
CTOATCIIbHOI'O BBIBOJIA, PCUYCBLIC OIINOKH U Ip.

Xoporto (3a4TeHO)
(74-86 b6ajI0B)

OLICHKa «3aYTEHO» BBICTABJISACTCA CTYACHTY, €CJIM OTBETHI Ha BOIIPOCHI IO TEMaM
AUCHUINIMHBI TOCJICA0BATCIbHBI, JIOTHUYCCKHU U3JI0KCHBI, JOIIYCKAKOTCA HE3HAUYM-
TCJIBHBIC HEAOYETHI B OTBETEC CTYJACHTA, TAKUE KaK OTCYTCTBUE CaAMOCTOATECIIBHOT'O
BbIBOJA, PECUYCBLIC OIIMOKH U mp.

VY noBnerBopu-
TEJIbHO (3a4TEHO)
(60-73 6asiioB)

OreHKa «3a4TE€HO» BBICTABISICTCSA CTYIEHTY, €CJIM OTBETHI Ha BOIPOCHI [0 TEMaM
JUCHMITIMHBI TTOCJIEIOBATENbHBI, JOTHUECKH H3JI0KEHBI, JOMYyCKAIOTCs He3Ha4H-
TENbHBIE HEAOYETHl B OTBETE CTYIEHTA, TAKHE KaK OTCYTCTBUE CAMOCTOSTEIBHOTO
BBIBOZIA, PEUYEBbIEC OLIMOKHU U TIP.

He ynosnetso-
puTenbHO (He 3a-
YTEHO)
(nmxke 60)

OreHKa «He 3a4TEHO) BBICTABIACTCS CTYICHTY, €CJIU CTYJIEHT HE 3HACT OCHOBHBIX
MOHSATHH TEMBbl JUCLUIUIMHBI, HE OTBEYAET HA AONOJIHUTEIbHBIE 1 HABOAALINE BO-
IIPOCHI NIPENoiaBaTes.




MunucrepcTBo 00pa3oBanus u Hayku Poccuiickoii @enepanun
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rOCYIapCTBEHHOTO OI0/PKETHOTO 00Pa30BaTEIBLHOTO YUPEKICHUS
BhICIIIET0 00pa3oBaHus
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KommuiekT 3aganuii 1Jis1 1abopaTopHoii padoThl
o mucrumnge b1.B.03 «O0mas XxuMuyeckasi TEXHOJIOT U

4 cemecTp
JlaGoparopHasi padora Nel
OnpenesieHue KOHCTAHTBI CKOPOCTH Y SHEPTUM AKTHBALUH
peakuuu rupoJiu3a ITUJianerara

Ilens pabomer:

1. H3mepumpb KoHcmanmsl CKOpoCmu 2UOPONU3A JIMUIAYEmama npu pasiuiHbIx MemMnepamypax.

2. Paccuumamb s1epeuio akmusayuu peakyu OMbLIeHUs Jmuiayemama.

3. Paccuumame memnepamyphbuiil Ko3ghguyuenm 5moii peakyuu.

I'unponus (oMbUICHHE) STHITAIETAaTa IPOTEKAET B COOTBETCTBUH CO CIIEAYIOIIUM YpaBHEHHUCM:

CHsCOOC;Hs + H,0 «» C;Hs0H + CH;COOH

CKOpOCTb 3TO# PeaKIy MOYKHO 3HAYMTENTHHO YBEIINIUTH 32 CUET T00ABIICHHUS K PACTBOPY COJISTHOMN KHC-
JIOTHI B KAQUECTBE KaTaIM3aropa. Tak Kak KOJIMYECTBO BOABI M0 CPaBHEHHUIO C KOJIMYECTBOM JTHIIAIIETaTa BO
MHOTO pa3 OoJbllie, 3Ty PEaKIHUI0 PACCMATPUBAIOT KaK PEaKIMIO, MPOTEKAIONIYIO 10 YPaBHEHHIO MEPBOTO
TopsIIKa.

KoHueHTpanus stunanerara «a» B MOMEHT B3SITHS TIEPBOM MPOObI paBHA YBETMYCHUIO KOHLICHTPAIIUH
YKCYCHOH KHCJIOTBI 33 BpeMsl OT TIEPBO# JI0 MOCIeAHEH MPOoOkIL, T. €. MPONOPLUOHATIEHA PA3HOCTH MEKITY KO-
YeCTBOM MIJUTMIIUTPOB €IKOTO HaTpa, MOIIEIIero Ha TUTPpOBaHMEe 3THX mpo0. Ecim Ha TUTpoBaHue repBoii
rpoOsI onwio by NaOH, a Ha TutpoBanue mocineHei mpoosl - Dy, NaOH, to

a=m(b, —-b)
rjie m — Ko3(pUIMEHT TPONOPIMOHATIBHOCTH. Tak e JUIs KOHIIGHTpAIlMH 3THjalerara (a - x) Ko BpeMeHH t
MOy IHM:

a-x=m(b, —b,)
rae by - grcmo mummurTpor NaOH, morestinee Ha THTpOBaHKE MPOOBI, B3IATOM Uepes t MUH TIOCIE MEPBOM

POOBI.

Ioncrapnsis 3HaYeHN a U (a - x) B ypaBHeHHe (2), HAXOANUM:

(= 238 m(b, ~b,) _ 2,303 0 b, —b,
t “mb,-b) t “b,-b

Muoxwurens m B ypaBHeHuu (16) coxparaercst. st onpeesieHnsi KOHCTaHTbI CKOPOCTH PEaKII|U K
HET HeOOXOAUMOCTH BBIUMCIISTH 3HAUEHHUE KOHIEHTpALMY 3THIALETAaTa, a JOCTATOYHO JIMIIb 3HATh KOJIMYECTBO
NaOH B MumminiTpax, rorre/iee Ha TATpOBaHKE TPOO.

Oo0opynoBaHue U peakTUBBI: mepmocmamsl ¢ ycmanosneHHvimu memnepamypamu na 20, 30 u 40
2pao., mpu nIockoOoHHwle konbouku Ha 100 mn; wecmov kKonuveckux konbouex Ha 200 M, Kpucmauiuzamop
€O 1bOOM; NUNEMKU Ha 2 M, nunemxa Ha 5 mi; Oropemku Ha 50 ma; mepuvle yunuHopsl Ha 5 ma. Denongpma-
qeun; smunayemam, 1/20 n. pacmeop NaOH, 0,2 n. pacmeop HCI.

Boinosinenue padéoTnl

B uncryto cyxyio konOy (>kenatesnsHo ¢ nputepToit mpoOKoit) emkocThio Ha 100 mit HanmuBaroT 50 Mot
0,2 H. pacTBOpa COJITHOW KHCIIOTHI U nomeraroT ee B tepMoctar (t =20 °C). UtoObl konda He BCIUTbIBAJIA, €€
3aKperuIioT B mTaTuBe. Koraa pacTBop mpumMer temmeparypy Tepmoctata (depe3 10-15 MuH), K HeMy TprIId-
BAalOT 5 MII 3TWNAIETaTa |, MepeMenIaB pacTBOp, TOTYAC OTOMPAIOT MHIETKON 2 MII PEaKIIMOHHOM CMECH; MO-
MEHT MPWIMBAHUS STUIALETAaTa CUATAIOT HadaslioM peakuuu. Konby c ocTaBmieicsi cMechbio IUIOTHO 3a-
KPBIBAIOT POOKO#i, YTOOBI 3(hUp BO BPEMsI OIBITA HE UCHAPSUICS, M HE BEIHUMAIOT M3 TEPMOCTaTa B TCUCHHE
BCETO OIBITA.




B3saryio poOy BEUIMBAIOT U3 MATICTKH B IPYTYIO KOOy ¢ 40—>50 MIT XOJIOXHOM BOMKI (C TEMIIEpaTy-
poit ot 0 o 2°C) ay1st TOPMOYKEHHS PEaKIIMK OMBUICHHS dTHJIATETaTa. XO0JI0IHAs BO/Ia TOJDKHA OBITh TIPHUTOTOB-
nieHa 3apanee. /[yt aToro B Kooy Dpnenmeriepa HammBaroT 40—50 MIT TUCTHITMPOBAHHOW BOJIBI U CTABAT €€ B
cocya €o JIbJIoM 3a 15—20 MuH 110 B3STHA TPOOBL. 3aTeM MpoOy TUTPYIOT PaCTBOPOM E€IIKOTO HATpa B MPUCYT-
cTBUM (heHON(TATICHHA IO TTOSIBJICHUS PO30BOI0 OKpAITUBAHKS, He Mcde3aromiero B Teuenme 10—15 cek. Ecmm
0 KAKUM-TIMOO MPUYMHAM TUTPOBAHHUE HEJIb3s IIPOBECTU CPa3y >ke MOCIe NPWINBAHUA IPOOBI B XOJIOIHYHO BO-
Iy, TO KoJI0y ¢ Ipo0Oii OCTaBISIIOT B cocylie co nbAoM. [lo kommyecTBy Muummnutpos pactBopa NaOH,
HOLIEANIEr0 Ha TUTPOBAHUE TIEPBOM MPOOBI, MOXKET OBITH OIPEENICHA TOUHASI KOHLIEHTPALHSI COJISTHOM KUCIIOTHI
B pactBope (Cy).

Crenyromue npoObl OTOMPAIOT MUMETKOM, He BRIHMMAsl KOJMObI U3 TEpMOCTaTa, MPHUMEPHO depes 15,
30, 50, 80 u 120 MuH mocne Havaa Peakiyy, T. €. Mocje NPHIMBaHKS 3(pHpa B KOJIOY € COMSIHON KUCTIOTOH, U
TUTPYIOT, KaK yKa3aHoO BbllIe. Bpems BiuBaHus Ipo0 B XOJIOIHYIO BOAY TOYHO (DMKCUPYIOT U IPUHUMAIOT €ro
3a BpeMsl B3ATHsI PO, TaK KaK MOYKHO CUUTATh, YTO PEaKUys B IMpoOe MPH OXJIKACHUN MPAaKTUYECKH OCTaHaB-
JIMBaeTCs |, CIIEIOBATEIbHO, KOHIICHTPAIIMH BEIIECTBA, HAlCHHBIE TIPH aHATIN3e, OyIyT COOTBETCTBOBAThH KOH-
LEHTpaUysM HX B PEaKIHMOHHOM COCYJE B MOMEHT B3ATHs MpoObl. Tak Kak Mo Mepe TeueHHs! peakuy KOHLICH-
Tpalysl YKCYCHOM KHCJIOTBI, 00pa3yromieics Ipy OMbUIEHHH 3(Hpa, YBEIHMYMBAETCS, TO HMPU TUTPOBAHUU
HY>KHO OBICTPO TPHJINTH TAKOE KOJIMUECTBO pacTBOpa €KOT0 HATpa, KaKoe MOIILIO Ha Mpe/blayllee TUTPOBa-
HHE, a 3aTeM YK€ OCTOPOKHO JOTHUTPOBBIBATH PACTBOP.

UtoOBl ONpeaenTh HauyaIbHYI0 KOHLIEHTPALMIO 3THJ aleTaTa, HeOOXOAUMO OTTHTPOBATh YKCYCHYIO
KUCIIOTY B TIpo0e, B3ATOW B KOHIIE PEAKLMH, KOTAA BeCh (U THUIPOIU3YETCS, YIUTBIBASL, YTO MPH OOJIBIIOM
M30BITKE BOJIBI PABHOBECHE CUITBHO CIBUTAETCS BIPABO M PEAKIIMSI OMBUICHHUSI MIET IPaKTUYECKH J10 KoHIIa. [Ipu
KOMHATHOW TeMIlepaType peaklusl MPakTUUECKU 3aKaHyuBaercs uepe3 24 u. CiaenoBaTenbHO, Ui B3ATHA IMO-
crefiHer IpoObI KOJIOY € peakIMOHHON CMECHIO Ha/I0 BBIHYTh M3 TEPMOCTAaTa M Ha CIIEAYIOUINIA JIeHb OTTUTPO-
BaTh 2 M PacTBOpA.

OmHaKo peaxIuio OMBUTICHHS 3THIIAIeTaTa MOXXHO YCKOPHTh. JlJIs 3TOro Komily 3aKphIBaOT MPOOKOH ¢
00paTHBIM XOJIOJWJIFHUKOM W HarpeBaroT Ha BOISHOW Oane mpu Temrieparype 70 - 80 °C B teuenue 30 murn.
Hy>xHo criemuth 3a TeM, 4ToOBbI KOHJICHCAIIUS TAPOB JKUIKOCTH IIIJIa TI0 BO3MOXKHOCTH B HIDKHEH YacTH XO-
JOAWIbHUKA W 3(Up He yAeTyunBalics U3 PeakHOHHOM cMecH. [locne oxnakaeHus pacTBopa MPOBOSAT THT-
poBanwue 2 m ipoOsI 1 onpenerstoT C,.

TouHO Tak ke MPOBOIUTCS ONBIT U NpU Apyrux temreparypax: 30°C u 40°C. OmnsIT npu Temriepa-
type 30 °C MoxHO HavaTh npubnmmsutesbHo Yepe3 30 - 50 yum, a onbit pu 40 °C gepes 80 - 100 mun nocrne
Hayana omslta npu Temrneparype 20 °C. IIpomMexyTKu BpeMeHH MEXIy OTOOpOM OTAEIBHBIX MPOO HY>KHO
YMEHBIINTh, TAK KaK CKOPOCTh PEAKLIMH YBEINYMUBACTCS C TOBBIIICHUEM TEMIIEPATyPBbL.

[Nomy4eHHbIe pe3yIIbTaThl aHATU30B KaXKI0H MPOOHI 3aIMCHIBAIOT B Tabuiry 1:

Taobnuuya 1
OKcliepuMeHTaIbHbIE JaHHBIE IPOoLiecca MHApOoIn3a
Ne Bpewms B3sTus Bpewms ot Havana O6wvem NaOH, 3atpauen- | KoncranTa ckopoctu
mpob poOkI peakuuu, MUH HBI HAa TUTPOBAHHUE, MJI peakuu K

O0paloTka pe3yJIbTATOB IKCIIEPUMEHTA
Koncrantsl CKOPOCTHU pE€aKInu JJid pa3indYHbIX MOMEHTOB BPEMCHU BbIYUCIIAIOT 110 Q)opMyne:

1. C
k =2,303-Ig =%

t~C,
rne C, - HavabHAs! KOHIIEHTpaIust tunarerara; C; — KOHIICHTpAIHsI STHJIaleTaTa B MOMEHT BpeMeHH .
3areM HaXOIT CpelHEE 3HAUCHUE K. AHAJIOTMYHBIC BBIYUCIICHUS K TIPOAEIBIBAIOT AJISl K&XKIOr0 3Hade-

HUSI TEMIIEPATYD.

Taonuua 2
Pe3ynbTaThl 3KCHEPUMEHTAIBHBIX IAHHBIX
Temneparypa Koncranra ckopoct pe- | TemneparypHblii KO3(DQHUIMEHT CKOPO- | DHEprus aKTHBa-
OIlbITa AKINH, Kepex CTH PEAKIUH, Y v, E,
YCPeH: Ecpellz

CpenHee 3HAUCHHE KOHCTAHTBI CKOPOCTH PEAKIIK MOYKET ObITh HalijieHo rpadidecku. J[is 3Toro ypas-
Henwue (16) 3amuiieM creayronmM 00pasoM:




kt
lg(b, —b)=1Ig(b, —b)-——
g( ) t) g( © 1) 2’303

3arem u3obpazure rpadudecku 3aBUCUMOCTh 1g(D..- br) oT BpemeHH, oTKiapIBast 3Ty BETMYMHY 110 OCH
OpJIMHAT, & BpeMsl 110 OcH abcrucc.

Bpewmsi, Mux 0 15 30 50 80

(b-by)

19(bo-by)

Bemmumnna k / 2,303 Oyner paBHa TaHI€HCY yIila HaKJIOHA MPSIMOIA, IIPOBECHHOM Yepe3 MOTydYeHHbIC
TakuM 00pa3oM ToukH, oTkyaa k = 2,303 tga.. Bennunny tga moayurM 13 OTHOIIEHUS! MPOTHBOJIEKAIIIETO Ka-
TeTa K NpHIIeKaIIeMy, UCXOs M3 rpadiKa 3aBUCHMOCTH.

[Nonb3ysch CpeAHNM 3HAYEHHEM KOHCTaHT CKOPOCTH PEaKUUH TIPU Pa3IMYHbIX TeMIepaTypax, HaXo-
JIAM TEMIIePaTypHbI KOAD(PUIMEHT CKOPOCTH PEaKlMU M SHEpruu aktuBanuu 1o ¢opmynam (13) u (15).
JU1st KasK1oi BETMYMHBI BEIYHCIISIOT IO JIBA 3HAYCHUS M 3aT€M HaXOJIT CPETHEE U3 HUIX.

Conaep:xaHue oT4yeTa

1. [IpencTraBuTh KpPaTKyl TEOPETHUECKYIO CIPaBKY MO CYImEcTBY paboTbl. CpaBHUTH KOH-
CTaHTHI CKOPOCTH, MOJTydeHHbIE Tpu TemnepaType 20, 30 u 40 °C.

2. OTMETHTh U3MEHEHHE K B 3aBHCHMOCTHU OT TEMIIEPATYPHI.

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

4. Paccunrtarh TeMnepaTypHbiii ko3¢ duimeHT B uHTEpBaiax temmnepatyp ot 20 go 30 u ot 30
1o 40 °C.

5. Halitu cpeagnee 3HaueHue y (TemmepaTypHOro koddduuueHTa), MpeacTaBuTh rpaduku u3-
MEHEHUsI KOHIICHTPAIlUHU dTHJIAETaTa BO BpEMEHU U KOHCTAHTHI CKOPOCTH OT TeMIIEPaTyphI.

JlaGopaTopHasi padota Ne2
Kunernka peakiuuu oKucJIeHHs1 HOIH/I-HOHOB MEPOKCHIOM BOI0OPOAa
(XMMUYeCcKHe 4achl)
B BomHOM pacTBOpE B KUCIIOH Cpesie peakysi MPOTEKAeT COIIaCHO YPaBHEHHIO:
2~ + H,0, + 2H* = I, + 2H,0. 1)
MexaHu3M PCaKkin BKJIHOYACT HECCKOJIBKO CTaZII/II\/'I, IepBadgd U3 KOTOPBIX ABJIACTCA JIUMHUTUPYIO-

11(S7 8
H,0, +1" =H,0+10". (1a)
3a Hell clieAyeT BTOpast CTajaus, KOTopasi 00beAMHIET HECKOJIbKO OBICTPBIX PEAKIIHIA:
10” +2H "+ 1~ =1, + H,0. (16)

Kunerndeckoe uccieoBaHue MpOBOJUTCS IMyTEM XUMHUYECKOTO aHalu3a oOpas3ylomerocs: Moje-
KYJIIpHOTO MOHA. TUTpoBaHUe M30BITKOM PacTBOpa THOCYNb(haTa HATPHS OCYIIECCTBISETCS BHYTPH peak-
LIMOHHOTO COCYyJia — METOJ BHYTPEHHETO TUTPOBaHM:. B TOUke 3KBHBaJEHTHOCTH PAacTBOpP MpHOOpeTaeT
roxyOyro OKpacKy H3-3a 00pa3oBaHHs COEIMHEHHs Hoja ¢ KpaxmajoM. 1'oay0oil I[BEeT BO3HUKAET BHE-
3aIllHO U Cpasy, Yepe3 CTPOro ONpelesieHHbIH mepuo] BpeMeHH. [loaTomMy Lenas cepusi TakUX peakuuit
M3BECTHA M0]] Ha3BaHUEM «XUMHYECKHE» UITH «HOHBIE» Yachl.

OO6pasyromuiicst o4 NPaKTHYECKH MTHOBEHHO PEarupyeT ¢ THOCYJIb(haToM:

I, + 25,057 =217 + 5,06". )

KonuenTpanus cBoOonHOro Hoja oueHb Mana. Bpewms, mpomieamiee oT MOMeHTa J100aBJICHUS K
pacTBOpy OMPECICHHOTO KOJMYECTBa THOCYIb(ara JO MOMEHTa MOSBJICHUS TOJIy00il OKpacKH, paBHO
BPEMEHH PacXO0JI0BaHUs SKBHUBAJICHTHOI'O KOJIMYECTBA MEPOKCHIA BOJOPOA B PEaKLMH ¢ HOIUI-MOHAMH.
Kak BuaHO, HOIUA-MOHBI pereHepupyroTcs npu TuTpoBanuu. [losToMy KoHIEeHTpanus |” B Xoze omnbiTa He
M3MEHSETCS ¥ paBHA HaYaJIbHOM.

B kucinoTHOM Oy(hepHOM pacTBOpEe KHHETUYECKOE YPABHEHUE JIACTCS BHIPAKECHUEM:

d 0 —
— %] = o [H,0,] - (17 ®)

3mech K* — KOHCTaHTa CKOPOCTH, 0L — MOPSIOK peaknuu mo woaua-uonam. ITockomeky [I7]=const,
TO, 00BeIMHsA K’ ¢ [I7]% momydnm:

d[H,0
— 22%2] = k[H,0,), (4)
TIC K — KOHCTaHTa CKOPOCTH IICEBAOIIEPBOIO IMOpsaKa,
k=k-[I"]% (5)

W3 ypaBHeHust (4) mociie MHTErPUPOBAHMS ITOJYYHUM BhIpayKeHue s K:




= 1y [H202]°
k=i (6)

rae [H,0,]° — HavanbHas KOHIEHTpALHSL.
O603naunm V* — 00bem pactBopa Na S;0s, moie/iiero Ha THTpOBaHUeE Beero woxaa, a V — 00b-
€M, U3pacXO0BaHHbIH K MOMeHTY BpeMenH t. Toraa K MokHO paccuuTaTh 1o Gopmyie:
1, V*
k = ?ln e (7
nockonbKy V* ~ [H202]° u V* — V ~ [H.02].
[enbro pabOTHI SBJISAETCS ONMpeaesieHHe KOHCTaHT K, K* v mopsiika peakiiuy mo HOaHI-HOHAM (.
Eciu onbIT MPpOBOIAT NIPU JBYX TEMIIEPATYPax, TO PACCUUTHIBAIOT SHEPTHIO aKTHBAIIUH
E, =200k 8)
T-T,  k,
rze kq 1 k, - KOHCTaHTBI CKOPOCTH TIpH TemmepaTypax T1 u Ta.

Bbino/iHeHHe ONBITOB M pacyeThbl

B nebGonbmyto konbouky Hamuth 0,05 # pactBop H20». B TmiaTtensHO BBIMBITHIA CTakaH €MKO-
ctbio 250 ma Bmuth pactBop Nal (wmu Kl), 5 mn 2 # HoSO4 v cTONTBKO BOJIBI, YTOOBI TIOCIIE MPHINBAHUS
pactBopa H202 06bem peaknnonHo# cmecu 0611 paser /00 ma. O6wemsr pactopos Nal (K1) u HO; 3a-
JlatoTcs npenojaBaTeneM. OTMETUTh TEMIIEpaTypy OIbITA.

VYkpenuTs Haa ctakanoM Oropetky ¢ 0,05 1 pactBopoM NayS:0s, npunuth 1 an TUTpanTa u noda-
BUTH 5 Kanenb 1% pactBopa kpaxmaina. 3ateM BiuTh B ctakad H20,. CMmech TmiarensHO nepemMernaTs. B
MoMeHT BiuBanus H>O» Bkirounth cekynaomMep. [Ipu mosiBneHuu CTOMKOrO CHHEro OKpalllBaHUs 3aMe-
TUTH BpeMs, ObICTpO 100aBuTh I M NaxS;03 — BTopyr MOpLHI0 — U, THIATEIBHO MIEpEeMEIIaB pacTBOp,
3anucarb BpeMsl MOSBICHUS OKPACKH.

Takue onepanuy NOBTOPUTH 6-8 pa3 MPH BKJIIOYEHHOM CEKyHIOMEpE; NePEMEIINBAHNE CEKYHIO0-
Mepa AOJKHO OBITh OBICTPBIM W MHTEHCHBHBIM, TIIATEIHLHOCTH JIOJDKHA OBITH MPOSIBIIEHA U MPH T00aBIIe-
Huu 1 mn NaxS;0s. Jlenath 3T0 HaJ0 OIMHAKOBBIM 00pPa30M Ha MPOTSHKEHUH BCero onbita. HykHO mocTo-
SIHHO CJIEIUTh 33 PEaKLHUOHHBIM COCYAOM, TaK KaK OKpacKa HOsBiIseTcs BHe3amHo. Henb3s mpomyckarsb
BpeMs J00aBICHHUS OUEPEIHON MOPLUH TUTpaHTa. YTOOHI JIydllle OTIMYUTH OKPACKY pPacTBOpa, peKOMEH-
JIyeTcsl CTaBUTh CTaKkaH Ha Oenyto Oymary.

[Tpn xOMHATHOHM TeMmmepaType peakiys WAeT 10 KOHIA AOBOJIBHO fonro. Jis Haxoxaenus V™
—cyMmMapHoro oobeMa pactBopa Na»S;0s, momreero Ha TUTPOBaHUE, PEAKIIAIO YCKOPSIOT, TOOABIsS 5
Karejb KaTaJln3aTopa — HaCBIIIEHHOIO pacTBOpa MOJIMOAaTa aMMOHUS. BoienuBIIuniics 101 OTTUTPOBBI-
BAIOT, OTCrO/Ia Haxo T V. TurpoBanue BeAyT TONBKO J0 oOeciBeUnBaHus pacTBopa. He cinenyer no6u-
BaThCs OOECIIBEUMBAHUS OCA/IKa HOIKPAXMaJIbHOTO KOMILUIEKCA, TaK KaK 3TO MOXKET IPUBECTH K «IIepe-
TUTPOBAHUION.

JlaHHBIE OTIBITA U PE3yJBTATHI PACYETOB 3aHOCAT B TAOJHILY:

Tabauya
Kuneruka okucienust ioqu1-nOHOB NePOKCUIOM BOIOPOAa
Konnenrpanus pactsopa Nal MO/
O6mwem 0,05 1 pactBopa H20- M
Temmnepatypa onbiTa °Cc
Oo6muit oobem 0,05 1 pactBopa NaxS,03, V” M
Bpewms t oT Hauana pe- i Koncranra
Ne | O6wvem V 0,05 n pacTBOpa p P Ve =V, o
aKIMM 10 MOMEHTA TIO- In(V* = V) ckopoctH K,
/1 Na2S;03, ma Ml 1
SIBTICHUS] OKPACKH, C c

Pacuer Kk BenyT mo dopmyite (7), a Takke rpaduyuecku — Ha ocHOBaHWH 3aBucuMocTtH IN(V” — V)
ot t (o Hakyony rpaduka). Beraucistor Kep, aDCOTIOTHYIO U OTHOCHUTEIIBHYIO OIINOKY.

Btopoii onbIT MpOBOAT ¢ BIIBOE MEHBIIIEH UM BABOE OobIei KoHmeHTpanuei I”. O0muii 00b-
eM pactBopa (/00 mr) ¥ TemnepaTypa OCTarTCs MpexxHUMH. OTPeeISIFOT KOHCTAHTY CKOPOCTH K, 3aTeM
PacCUMTHIBAIOT 0, — HOPSIOK PEAKIIMU 110 HOIUA-HOHY. BeIYuCIeHUs: MPOBOIAT 10 opMyIIe:

Lgk@ —1gk®
a= 1g[zg—](2)-1:gq[1—](1>' ©)



rae uraekcol (1) u (2) o6o3navyaroT HoMep onbiTa. Dopmyia (9) serko noiaydaercs u3 GOpMYJIbI
(5). HaiimenHoe 3Ha4YeHHE 0L OKPYTIISIOT JO OMMKAMIIETO IEIOIIO IONOKUATEIBHOTO YUCIa M IPUHUMAOT
€ro B Ka4€CTBE MapaMeTpa KUHETHUeCKoro ypasHenus (3). Koncranry ckopoctu K BEMHCIAIOT 10 ypas-
HEHHIO (5) U, yUUTBIBas 0, YKa3bIBaIOT €€ Pa3MEPHOCTb.

Usmensior Temneparypy onbita Ha 10 °C u npoBoasT onbit. Onpenenstor K u K. Dnepruro aktu-
BallMU PaCCUYHUTHIBAIOT IO (popmyite (8).

B 3akimiodenue cienyeT caenarhb psj 3aMedaHui:

1. Wox, obpasosapumiics B peakimu (1), pearnpyer ¢ MepoKCHIOM BOJIOPOJA C BBIICICHH-
em kucnopona: H,0, + I, = 2H™ + 21~ + 0, IlpoTekanne 3Toii MOOOYHON peakIMy SABJIAETCS HEXKela-
TenbHBIM. YTOOBI OHA HEe MCKaXkajla KHHETHKY, J00aBieHue THOCyNIb(daTa HaTpusl B pacTBOP HEOOXOAUMO
MPOBOJUTH Cpa3y e MOoCie MOSBICHUS TOTy00l OKpacKu.

2. W3MmeHeHne KOHIIEHTpAMK PEareHTOB 3a CYET YBENWYeHHs 0O0beMa pacTBOpa B Pe3yib-
tate qobaBnenus 6-8 mi NaxS;03 mano u npu He0OXOTUMOCTH MOXKET OBITH YUTEHO.

O6opynoBanue u nocyaa

Crakan Ha 250 mn

Konba na 50 mn

Mepusbiit nunuaap Ha 100 mn

Bropetka Ha 20 mn

MepHnsiil unnusap Ha 10 mn

CexyHnomep

PeakTuBbI

0,1 n pacteop Nal (KI) — mo 100 ma

2 n pactBop H2SO4 — 5 mn

0,05 n pactBop H202 — 110 20 mn

1% pactBop kpaxmana — 0,2 mn

0,05 1 pactBop NaS;03 — o 20 mn

Hacwimennsrit pactBop Mmonubaara ammonus — 0,2

JlabopaTopHasi padora Ne3
HccaenoBanue KHHETHKHA TOMOTEeHHBIX peaKkUuii

Llens pabompi. DKcriepuMeHTaIbHOE W3YUCHHE 3aKOHOMEPHOCTEW peaky XJIOpaHTHIpuaa OeH-
30i{HOH KHCIIOTBI C TENTUIOBBIM CIIUPTOM € 00Pa30BaHMEM CIIOXKHOTO 3(hUpa, COCTABICHNE KHHETHUECKO-
rO ypaBHEHHS Ipo1iecca.

Baxxnelinmas peakuusi OJXyueHHs CIOXHBIX 3QHUPOB - peakius dTepuduKauu: o0paTUMOe B3au-
MOJICHCTBHE OPraHNYECKUX MIIM HEOPIraHUUECKUX KUCIIOT CO CIIUPTaMH:

R-COOH + R-OH —®-COO-R'+ H:0
Jpyrue crnocoObl MOMYyUSHHS CIIOKHBIX 3(UPOB:
— B3aMMOJICHCTBHE XJIOPAHTHAPHUIIOB KUCIOT CO CIIUPTAMU:
R-COCl; +2R-OH —REOO0R' + HCI
— B3aMMOJICHCTBHE aHTHPUIOB KUCIIOT CO CITUPTAMH:
(R-C0O);0 + R—OH T—RCOOR'+ R-COOH

OOBeKTOM HCCIeI0BaHuUs B JaHHOK paboTe sIBIISETCS MPOLECC AllMJINPOBAaHUsl TENTUIOBOTO CITUP-

ta (B) xsmopaHruapumoM OeH30iHOM KUCTOTHI (A), MTPOTEKAIOIIHIA 10 CXEME:
Ce¢HsCOCI + C7/HisO0H—» CsHsCOOCH 15 + HCI
A B C D

CroxHble 23pHUpBI KAPOOHOBBIX KUCIOT MPUMEHSIOTCS B KAUECTBE PACTBOPHUTENIEH, THAPABIMUECKUX
KHUJIKOCTEH, CMa30YHBIX Macell, IIACTU(PUKATOPOB U MOHOMEPOB. TEeXHOIOTHYECKUe MPOIecChl CHHTE3a
CJIOKHBIX 3(UPOB MOXKHO Pa3AeiUTh Ha JBE TJIaBHBIE TPYIIIIHI:

- ’uaKo(]a3Hble TPOoLECcCh HEKATATUTUYECKUE WIIM TOMOTE€HHO-KATAIUTHYECKHE, B KOTOPBIX XH-
MHUYECKas peaKis COBMEILEHA C MPOLECCOM Pa3IeJICHHSL.

- TETePOrCHHO-KaTAIMTUYECKNE PEaKIMH B YKUJIKOH WK ra3oBoil ¢asze, OCyIIeCTBIsIEMbIE B MPO-
TOUYHBIX alnaparax 0e3 COBMEIIEHHS C Pa3/IeIMTeIbHBIMH POLIECCaMH.

[Iponeccrl mepBoil rpynmsl SBISIOTCS TPaIUIMOHHBIMUA W HauOoJiee paclpoOCTPaHEHHBIMH B TEX-
HOJIOTHH 3TePH(DUKAIHH.

1. MexaHu3M peakuyu dTepupuKaAnnu

Peakuus srepuukanuy KUCIOT CIMPTaMH OTHOCHTCS K oOpaTtuMbIM npoueccaM. OOpartHas peakx-
IIUSI HA3bIBAETCSI THJIPOJIM30M CIIOKHBIX d(HPOB.
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OrepuuKaImio CIUPTOB KUCIOTAMH MOXXHO OCYIIECTBIISATH 0€3 KaTalu3aTopa, HO peakius Mel-
neHHas, Tpebyercs BbIcokas Ttemmeparypa (200—300 °C). B mpuCyTCTBHM KHCIOTHBIX KaTaIHM3aTOPOB
sTepuduKanys u ruaponu3 nporekatot npu 70—150 °C. B kauecTBe KaTannzaTopa NPUMEHSIOT, KaK Tpa-
BUJIO, MUHEpasbHble KUCoThl (H2SO4, HCI).

[Mony4yeHnune coKHBIX 3GUPOB NPU B3aUMOJICHCTBHH XJIOPAHTUAPHUIOB KHCIOT U CIIUPTOB HAXOMT
HIMPOKOE MPUMEHEHUE B OCHOBHOM B JIAOOPAaTOPHOM MPaKTHKE, MOCKONBKY 3Ta peakius HeoOpatuma, B
oTanyKe oT dTepurKanuy KapOOHOBBIX KHUCIOT COMPTaMu. BeLaesIOmuiics Ipyu 3TOM XJIOPUCTHIN BO-
JIOPOJI MOYKHO BBIBOJIUTH M3 chepbl Peakiluy, WK MOMIOATh KAKUM-THOO OCHOBaHHEM, HAITPUMED, THI-
POKCHIOM HATpHSI.

Peakuus mpoucxoAuT B pe3yibTaTe HYKICO(MIBHONW aTaku CIIMpTa HA aToM yriepoja KapOoHMIa
XJIOpaHTuApHuaa KUCIOThl. OOpa3yromuiicss Ipyu 3TOM KOMIUIEKC OBICTPO TepsieT XJIOPHUCTBHIA BOAOPOJ,
nasas cioxubii agpup RCOOR'™:

- - A o)
~0 + O I
CiHe  C <« — | CHe  C_ o CeHs C OC/H
Cl T Cl
- C7H15OH _

2. KuneTuka peakuuu 3Tepupuranumn
3aBHCHUMOCTb CKOPOCTH PEaKLUH OT KOHLEHTPALMK PEarupyrolliyX BELIECTB BBIPAXKAETCSI OCHOB-
HBIM 3aKOHOM KUHETHKHU B BUJE YPaBHEHUS:

) :k-gCin 1)

rae K — KoHcTaHTa CKOPOCTH PEaKIIUH;
Ci — KOHIIEHTpaIM i-TO peareHTa;
M — KOJIMYECTBO PEAreHTOB;
N — MOPSIOK PEaKIIMK 110 i-My PEareHTy.

[Mopsimok peaknuu SBISETCS SMIUPHUECKOW BeMMUUHOM. [lopsiiok peaknuu Mo i-My peareHTy
Ha3bIBAETCS YaCTHBIM NMOPsAAKOM. OH YMCIICHHO PaBeH MOKAa3aTeNto CTENEHH, C KOTOPBIM KOHLIECHTPALUS i-
rO peareHra BXOJWUT B YpaBHEHHE CKOPOCTH peakiuu. OOl MopaaoK peakiuy paBeH CyMMe YaCTHBIX
MOPSIIKOB PEAKIMU 110 BCeM peareHTaM. Tak Kak

Ci= Ci,o : (]—)G), (2)

rae Cio — HauanbHasi KOHLIEHTPALKs i-T0 peareHTa, a Xj — CTeNeHb MPEBPAILEHH i-TO peareHTa, To
CKOPOCTb PEaKIIMH MO>KHO BBIPA3UTh YE€PE3 CTEIIEHb ITPEBPALLCHHUS:

‘9r zk'glcir,lo(l_xi)n (3)

Peaknust srepudukanym SBISETCS PeaKkmuedl BTOPOTO MOPSAIKA, KHHETUYECKOEe YpaBHEHHE UMEET
BHJL:

g =k-C,-Cy (4)

HccnenoBanne KMHETHKA TOMOTEHHBIX KUAKO(DA3HBIX MPOLECCOB MPOBOJIST, B OCHOBHOM, B Peak-
Topax nepuoamdeckoro aeiicteus — PUC-II. Ilpu sTom 3amavya CBOAUTCS K SKCIIEPUMEHTAIBHOMY OIIpe-
JeneHn0 QyHKIHH 3aBUCHMOCTH KOHIEHTPALUK WM CTENIEHH NMPEBPAlIeHrs] OT BPEMEHU M MOCIeIyI0-
meMy ux aHanmzy. Ha mpakTuke ncnoib3yroT HHTETpaabHbId 1 audepeHnnansHbii METOIBI OIpeiene-
HUS NTOPsIJIKA PEAKIMY U aHAIN3a KHHETUYECKUX JIaHHBIX.

Humezpanwvnolii memood ynodeH aisl aHanr3a NPOCTHIX KHHETUYECKUX YPaBHEHUH, OMMCHIBAIOIINX
3JIEMEHTAPHBIE PEAKIIUY, U 3aKJIF0YACTCS B CIEAYIOLIEM:

1. IlpeamomaraioT ME€XaHHW3M pPEAKIWH W HAXOIAT COOTBETCTBYIOIIEE ypaBHEHHE CKOPOCTH. JTO
YpaBHEHUE B COOTBETCTBHU C OCHOBHBIM 3aKOHOM KMHETHKH B CHCTEME C NOCTOSHHBIM 00BEMOM HUMEET
BHJL:
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dX. dC.
TR k(X + & _f(c
dr ( ) 170071 dr ( i ) 5)
2. Iocne pa3aeneHus IEPEMEHHBIX U HHTETPUPOBAHHS YPABHEHHUS MTOJTyYarOT:
Xi Xi
dX.
F(X|)= Wzkjdfzk'f (6)

Xi0 i Xi0

Ecnu wnrerpan F(Xi) TpyaHo HalWTH aHAIMTHYECKH, HCMIONB3YIOT rpadudeckuit meron. OH
CBOIUTCS K ONPEICIICHUIO IUTONIA TN 0T KpUBOH B KoopauHaTax (puc.3.1):

1
f(X)-X, v

3. Crpost rpaduk B koopauHatax F(Xi) — 7 (puc. 2). Eciu oH siBsieTcst npsMOi JTMHUEH, TO IPUHS-
TOE ypaBHEHHUE COTIACYETCS C SKCIIEPUMEHTAIBHBIMU JAaHHBIMH.

|. jlr X |'l:| Fl:' XI':I
&

i
X))

-+

S=F(X,)=

B e 1

\

' | -
X; z
Puc.1. I'paduueckoe uHTErpUpO- Puc.2. IIpoBepka KHHETHYECKOTO
BaHUE KUHETUYECKOTO YPaBHEHUSA YpPaBHEHUS] UHTETPAIIbHBIM METOA0M

4. Ecnmu skcnepuMeHTalbHbIE TOYKM HE JIOXKATCs Ha NPSAMYIO, HEOOXOAMMO HCCIENOBaTh Ipy-
rue ypaBHeHHd (1-ro, 2-ro u 3-T0 TOPSAAKOB), MOKa HE OyIEeT MOJyYeHO YAOBIETBOPUTEIHHOE COOTBET-
CTBHE.

Jugppepenyuanvnoiii memoo 3akimoyaeTcs B HEMOCPEACTBEHHOW MpoBepke auddepeHImanb-
HOW (POpMBI KMHETHYECKOro ypaBHeHHA. [IporpaMMmy 3KCIIEpUMEHTOB B 3TOM cliydae HaJ0 IJIaHU-
pOBaTh Tak, YTOOBI Cpa3y MOIYYUTh MOIHYIO (POPMY KHHETHIECKOTO YPaBHEHUSI:

1. Ha ocHOBe mpearnoiaracéMoro MexaHu3ma peakiyuu BIOUparoT

KHHETHYECKOE YpaBHEHHE:

+dCi/dr =k f(Ci) (8)

2. Ilo skcnepuMeHTanbHON KpuBoil B koopauHarax Ci — 7 rpadumueckum and¢epeHIupoBaHIEM
HaxousaT dCi /dt B pa3nuuHble MOMEHTHl BPEMEHH U COOTBETCTBYIOIINE 3TOW CKOPOCTH (Ur) KOHLIEHTpa-
1uu pearupyromux Bemiects (Cj).

3. CocTaBnsoT TabaMIly 3HAYEHUH KOHLEHTpPAlMH MCXOAHBIX PEardpyIOUIMX BELIECTB M MPOU3-
BozHOMU dCi/dtr depe3 olpeneseHHbIE MHTEPBAJIbI BPEMEHH.

4. Crposr rpadux 3aBucumoctu dCi/dr — f(Ci). Eciu mojay4aroT NpsSMyro, TPOXOISILyi0 uepes3
Havajio KOOPAMHAT, TO YpaBHEHHE CKOPOCTH COOTBETCTBYET IKCIIEPUMEHTANBHBIM JJaHHBIM (pHC. 3.3).

r
=dCydr

fic)

Puc.3. [IpoBepka KHHETHYECKOTO ypaBHEHUS MU PepeHIIMATEHBIM METOIOM
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5. Eciu rpaduk B koopannarax dCi/dr — f(Ci) He SBISETCS NPSAMOH, CIEIyeT PACCMOTPETH Y-
roe KHHETHYECKOE YpaBHEHHE.

3. Onpenenenue NOPsAAKa peakul

Jliist Toro 4TOOBI ONPENENUTh OOIINK TOPSIIOK PEaKIUU, HAaJ0 B3SITh PEarcHThl B CTEXHOMETpUYC-
CKOM OTHOIICHHHU. 7 ompeeneHns 9acTHOTO MOpsAIKa 10 peareHTy A BTOpod peareHT B Gepetcs B
TakoM M30BITKE, YTOOBI M3MCHEHHEM €ro KOHIICHTPAIlMd B XOJE OIBITA MOXKHO OBLIO MpeHeOpeds.
[Ipu >TOM OOIIMIA TOPSIOK U MOPSIOK PEAKIIUHU IO JAHHOMY PEarcHTY MOYKHO PacCuUTaTh 110 3aBUCUMO-
CTH HAa4aJIbHOW CKOPOCTH OT HAa4aJbHOW KOHIIEHTPAIMH peareHTa A, WM METOJ, OCHOBAaHHBIN HA 3aBH-
CHUMOCTH, H3MEHSIOIIEHCST BO BpEMEHH CKOPOCTH PEAKIMH OT TEeKYIIeH KOHIIEHTPAIlUN pearenra A.

1. TIpu ucnonp30BaHUM MMEPBOTO METOJ/A — IIPOBOSIT MPHU MTOCTOSIHHON TEMIIEpaType CEPHUI0 OIbI-
TOB C Pa3JIMYHBIMU UCXOJHBIMH KOHIIEHTPAIUSAMU PEArcHTOB U IIOCTPOMB JIOTapU(PMHUCSCKYIO aHa-
Mopho3zy
Inorg=1Ink+n-InCap 9)

0 HAKJIOHY MPSMOM HAXOMAAT MOPSAO0K PEAKITUH.

2. llpy mpuMeHEeHWH BTOPOTO METOoJa — ISl HAXOKICHHUS MOPSAIKA PEaKIH ONPENeysfoT B pas-
JTUIHBIC MOMEHTHI BPEMEHH CKOPOCTh PEAKITMU 1 KOHIICHTpaInio peareHTa A (puc.4), ¥, TOCTPOUB JIOTa-
pudmudeckyro anaMmop}o3y B COOTBETCTBUU € ypaBHEeHHEM 13

Nor=Ink+n-inCh, (10)

10 HAKJIOHY TPSMOW HAXOMAAT MOPSAOK PEAKITHH.

Ca &~ In o,

C,
Cao *

d tgf=n

C.-‘\:

o o= 1y
In k

L J

T InC,

Puc.4. Ompenenenue HauyanbHON CKOPOCTH M MOPSAAKA peaklUu MpU MEpEMEHHbIX HadadbHbBIX
KOHLICHTpaLUsX pearcHra A.
4. Pacuet TepMoaHaMHu4eCcKUX GyHKIMIA

TepmoanHaMuKa peaklui HE 3aBUCHT OT MEXaHMW3Ma, UMEET 3HA4YCHHE JIMIIb CTEIEHb IpEBpa-
IICHUS] BEIIECTB. TepMOJMHAMHYECKHE BEJIMYMHBI, OOBIYHO, BBIYUCISIIOTCS Ha OCHOBAaHMM M3MEPEHUH
TEMIIEPAaTypHOH 3aBUCUMOCTH CKOPOCTH PEAKIUU [0 ypaBHEHHIO AppeHHyca:

k =Ae RT (11)

rae K — KOHCTaHTa CKOPOCTH peakiuu pu Temmeparype T;

Ea — sHEprus akTuBanuy;

A — 4acTtoTHBI (QakTop AppeHuyca, XapaKTepu3yeT BEpOSITHOCTh TOTO, YTO MPHU CTOJKHOBEHHH MO-
JIeKyJl MCXOJHBIX BEIECTB MPOM30IIET pa3phiB CTAPBIX U 00pa30BaHUE HOBBIX CBSI3CH;

R — rasoBast mocTosiHHAA.

Ecnn usBecTHBI Tpu M 00jee KOHCTAHTHI CKOPOCTH PEAKIUH, OINpeNeieHHbIE IMPU Pa3INIHBIX
TEeMIIEpaTypax, MOKHO PacCYMTATh SHEPTUI0 aKTHBAILIMU MEPEXOHOTO COCTOSHUS U YaCTOTHBIN (hakTop
Appenuyca.

st aTOrO0 YA0OHO MONB30BaThHCS TpauIeckuM MeToIoM (prc.3.5), BBITEKAIOIIUM U3 JIoTapu(Mu-
4yeckoi (popMbl ypaBHEHUSI AppeHHyca:

indNk4= INA — EA/RT c
[ . tg o= —E

N
N

Puc.5. Onpenenenue sHepruy aKTUBALUU 1O
9KCIIEPUMEHTAIbHBIM JTaHHBIM

InA < °
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OnpenenuB sHepruro aktuBaiuu (Ea) ¥ BBIYKCINMB 4acTOTHBIN (akTop AppeHuyca (4), paccun-
THIBAIOT TEPMOJANHAMHYECKHE XaPAKTEPUCTHKH PEAKIIUK B CTAHJAAPTHBIX YCIOBHSX:
AHr — SHTaNBIUs AKTUBALMU WK TEIIOBOU (P (PEKT peaKiuu:

AH°= E°% —RT (12)

OHa, OOBIYHO, PaBHA WJIU OJIM3Ka K pa3HOCTH AFE BHYTPEHHUX SHEPTUN UCXOIHBIX U KOHCUHBIX Be-
IIEeCTB;

AS°r — DHTPONUS aKTUBALUK, SHTPOIHS SABJISETCS TEPMOIUHAMUYECKOH MEPOM CTaTHCTHYECKOM
BEPOSITHOCTH CHUCTEMBI;, €€ MOXXHO PacCUUTaTh [0 YPABHEHUIO:

AS%r=4,576 Ig (AIT) — 49,21 (13)

AG°r — u306apHO-U30TEPMHUYECKUI TMOTEHIUAT WM 3Heprus ['ub0ca, XapakTepu3yeT BeposiT-
HOCTb NIPOTEKaHUS PEAKIHH:

AG =AH"—T-4S° (14)
5. CocraBJ/ieHue MOJHOT0 KHHETUYECKOr0 YPABHEHUSI peaKluu
OmnpenenuB HOPSIIOK HCCIEAYEMOM peakLUuH, Halash KOHCTAHTY CKOPOCTH M BBIYHCIIHB YHEPTUIO
AKTHUBallMy, IOJY4YarO0T MMOJHOC KUHECTUYCCKOC YPAaBHCHUC!
_Ea
8, =Ae RT.C, (15)
JKCHHEPUMEHTAJIBHAS YACTb

JlaboparopHasi yCTaHOBKa ISl UCCIICIOBAHNS KWHETHKY PEAKIIUH allMJIMPOBAHUS CITUPTOB XJIOPaH-
TUAPUIOM OSH30MHON KUCIIOTHI MPECTaBICHA Ha puC. 4.

5

N

N

\

2y
e

Puc. 4. Cxema nmabopaTopHO yCTaHOBKHM JUIS MCCJIEOBaHUS KWHETUKH PEaKIMU allWIPOBaHHS
CIIMPTOB XJIOPAHTUAPUIOM OCH30MHOM KUCIOTHI

1- Bo3ayxomyBKa, 2- ckisiHKa Tuienko; 3- ckisiHka Bynbga; 4- cknsaka TuiieHko; 5- peomeTp; 6-
Oropetka; 7- 6ap0oTEp; 8- crakan; 9- peakrop; 10- TepmoctaT; 11- MaruuTHas Memnanka; 12- Memaika.

MeToauka NMpoBeieHNs IKCIIEPUMEHTA

Iepen HavanoM SKCHEPUMEHTa HEOOXOIMMO MONYYHThH 3aJaHue y TpernoaaBatens. VcxomaHsie
JIAHHBIC JIJISl UCCIIEIOBAHNSI KWHETUKY MPEJICTaBIICHBI B Tabmuie 1.

Tabnuna 1
I/ICXO,Z[HLIG JAHHBIC I10 3arpy3kKe pearcHTOB

HOMep Nao NB,o ma Mg Va Vs Vp VO,;W CA,()
MOJTb MOJTb r r M M Ml M Moav/1

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
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8 0,08 0,08 60
9 0,07 0,07 60
10 0,06 0,06 60

[Mocne monydeHus 3ajgaHuis, UCHOJB3YS 3HAUCHHUS MOJSIPHBIX MAcC M IUIOTHOCTEH HMCXOJHBIX
peareHTOB, MPHUBEICHHBIX B Ta0J. 4.2, paCCYMTHIBAIOT 3arpy3Kd HCXOIHBIX PEarcHTOB B MIJI, OOIIMiA
00bEM PEeaKIIHOHHON CMECH M KOHIICHTPAIIUIO XJIOPAHTUAPHIa OEH30WHON KUCIIOTHI TI0 YPaBHEHHIO (4).

Tabmuna 2
DU3UKO-XMMHUYECKUE CBOKMCTBA PEareHTOB
BemecTBo A B
M ,r/MOJIB 140,52 116,21
p, r/em® 1,212 0,8219
CAYO _ nA;)/]-OOO : (4)

oy

[locne mpoBepkH MPaBUIBHOCTH pacuéTa MPHUCTYNAKOT K BBIIOJIHEHHUIO 3KCIIEPUMEHTa. DKCIEepH-
MEHT IPOBOAST B CIEIYIOLIEH MOCIe0BATEILHOCTH:

1. PacueTHOE KOIMYECTBO CIMPTa 3arpyXaroT B KoJ0y, 106aBisiroT 30 M Kenona.

2. KonbOy co cnuprom nomemmatot B Tepmoctar 10 Ha 10-15 MuHyT A1t HarpeBaHUs 10 TeMIIepa-
TYpPBI PEaKLHH.

3. I'pamynpoBaHHOI MPOOUPKON OTMEPSIOT pacyeTHOE KOIUYECTBO XJIOPaHTHUApHUIA OeH30WHOU
KHCJIOTBI, IEPEJIMBAIOT B KOJIOY, 100aBsA0T 30 MJI KCHJIOJIa U MIEPEMEILNBAIOT.

4. BwiHyB 0ap6oTép 7 M3 peakTopa 9, aKKypaTHO C TIOMOIIBI0 BOPOHKH 3aJMBAIOT XJIOPAHTHIPHUT]
OCH30ITHOI KHCITOTHI B peakTop. bapOoTép BCTaBISAIOT HA MECTO.

5. B crakan 8 3anmuBatot 300 M1 BOJIBI

6. U3 Groperku 6 mobasmstot B ctakad 8 4 mi 0,1H pactBopa KOH u 4-5 xanens cimpToBoro pac-
TBOpa (heHoNTasienHa. BrirodaroT MarHuTHY0 Meniainky 11.

7. Tlo ucreuenun 10-15 MUHYT BEIHUMAIOT KOJIOY co cmuUpToM 13 Tepmoctara 10 u akkypartHo 3a-
JTUBAIOT €€ CONEPKUMOE B peakTop (cMm. 1. 4).

8. brIcTpo BKIFOYAIOT CEKYHIIOMED, BO3MYXOMyBKY 1 1 Memanky 12;

9. Tlpu obecuBeurnBaHUM PACTBOpPaA B CTaKaHE 8 3aMMCHIBAIOT MTOKA3aHUS CEKYHIOMEPA.

BHUMAHUE!

CEKYHJIOMEP 1 BO3IYXOAYBKY HE BbIK/IIOYATDH

10. ITpunuBarot HOBYIO mopiwio pactBopa 0,1 H KOH (4 min) u ¢pukcupyoT BpeMs cleayromero
obeciBeUnBaHUS pacTBOPA.

11. DxcepuMEHT MPOAOJIKAIOT 10 MPEKpalleHHss 00eCIBEUMBaHUs pacTBOpa B CTaKaHe 8.

12. Pe3ynbTaThl 3aHOCST B TaOIHITY 3.

Tabimna 3.
3aBHCHMOCTh KOHIICHTPAIIMHU XJIOPaHTHaApHIa OeH30iHOM KucaoThl (Ca) OT BpeMeHH
Vo T Ca
Ne ' ’ Xa ' K ch

MJI c MOJIB/JI

O0padoTKa IKCIIEPUMEHTAJIbHBIX JaHHBIX
Pacuem nopaoka peakyuu
1. PaccunThiBaroT cTENEHb MPEBpAILeHNs XJIOpaHruapuaa 6en3oitnoit kuciotel (A). T.x. komuue-
CTBO MOJIEW BBIIEIMBILIErOCS XJOPOBOAOPOAA PAaBHO KOJWYECTBY MOJIEH IPOpPEarupoBaBIIErO XJIO-
paHruapuaa OEH30MHON KHUCIOTHI, TO

Vr - Tekymmii 006eM pactBopa 0,1 H KOH, pacxomyeMsbrii Ha HEUTpaM3aIio XJIOPOBOAOPOIa,
MOJTy4aeMbli CJIOKEHUEM C peabIayuM oobemoM: 4, 8, 12 mMi1 u T.1.
Vs, — 001U 006eM pactBopa 0,1 H KOH, nomenmwii Ha 3KCIIEpUMEHT, MIL.
2. OnpenensitoT TEKyIyl KoHieHTpanuto Cy, PacCUuTaB CTENEHb MPEBpAIEHHsS Xy,
CA = CA,() (1—XA)
U CTPOST 110 NOJYYSHHBIM JaHHBIM Ipaduueckyto 3aBucumoctb Ca = f{7) (puc. 1)
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3. Ompenenstor K — KOHCTAHTY CKOPOCTH:
k=1/7-(1/Cys—1/Cyp),

rae Cqu Cy o — TeKymas ¥ HayaJibHasl KOHIIEHTPALINH;
T — BpeMsI B MUHYTaX.

L

Ca

Puc. 5. 3aBuCUMOCTD KOHLIEHTpALUHU peareHTa A OT BpeMEHH PeakLuu
4. PaccuMTBHIBaIOT TOPSJOK pPeakUuu TpadUuecKUM METOAOM, Kak OmKcaHOo B mozpaszene 3.3.
JII1s 3TOTO PAaCCYUTHIBAIOT M BHOCST B Ta0J. 4 CIEIYIOIINE BEITNINHBL:

Tabmuma 4
Jannbie 11st pacyéra 001Iero NopsiIka peaKiu
T, Ca, ACay, AT, v,
HOMeEp A In(Ca) A In(v) n
c MOJIB/JT MOJIB/TT MOJIB/JI*C
1
2
3
4

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

2. PaccuuThIBalOT CKOPOCTH PEAKLUH IO BELIECTBY A B COOTBETCTBYIOLIMH MOMEHT BpPEMEHH IO
TaHICHCaM yIJia HakJIoHa KacarelbHbIX Or = dCa/d 7 uiau npuOIMKEHHO

or=ACpA 7T

3. PaccuursiBatot storapudmsr In Ca u In vy

4. Crposr rpadux 3aBucumocT In Ca OT /n vr ¥ IO TAHI€HCY YIJIa ONPEICISIOT HOPSIOK PEAKIIHH.

Pacuém akmueayuonnbvix napamempos peakyuu

1. IIpoBecTu Tpu ombiTa NpU PAa3IUYHBIX TeMIeparypax (3a1aéTcs mpernoaaBaTesieM) U pacCuuTaTh
3HavyeHus1 K B COOTBETCTBHH C 11.11. 1-3.

2. Paccunrath 3HaueHus nmorapudmoB K u oopatHeix Temmepatyp 1/T. IloctpouTs rpaduk 3aBucH-
moctH IgK — 1/T u mo TaHreHcy yrita HaKJIOHA OMPEISTUTh SHEPTUIO AKTUBAINH Eyn.

3. Tlo HaiiieHHOMY 3HAYEHHIO SHEPIHMH AKTHUBALUHM PACCUUTBHIBAIOT SHTAIBNUIO peakuun (4 H'r)
o ypaBHeHuto (3.12), sutponuto peakuuu (4 S°7) no ypasaenuto (3.13) 1 n300apHO-U30TEPMHUYECCKHHA
noreHuuan (4 G°r) no ypasaenuto (3.14).

4. 3anmuCchIBaIOT MOJIYYEHHOE KHHETHUECKOE YpaBHeHHE (cM. ypaBHeHHE 3.15).

JlabopaTopHas padora Ne4 «JKcnepuMeHTAIBLHOE ONpe/le/ieHne XUMUYeCKOro pAaBHOBECHSI B TOMO-
reHHbIX CHCTeMaX M TePMOAMHAMUYECKU AaHAIU3 XMMUYECKHX MPOLeCcCOB)

Heans paGoTbi: DKCIEpUMEHTAILHOE M3yYeHHE 3aKOHOMEPHOCTEH OOpaTWMBIX peakiuy Ha
npuMepe dTepuPHUKaIN YKCYCHON KHCIOTHI STHJIOBBIM CIIUPTOM, M PAacdyeT OCHOBHBIX TePMOJWHAMUYE-
CKHX IMOKa3aTeneid XMMUYECKOTro IpoIecca.

B kadecTBe 00BEKTa HCCIIEJOBAHUS MPEIIIAraeTCsl Peakius dTepu(pUKaui YKCYCHON KUCIIOTHI
OTHUJIOBBIM WJIA U3O0IIPOITUIIOBBIM CITMPTOM.

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

A B C pl
OTa peakius Mpu KOMHATHOM TeMIlepaType mpotekaeT MemiieHHo. [loatromy e€ mpoBosst mpu 70
—90° B IpUCYTCTBUHM COJITHOM KUCJIOTHI B KAYECTBE KATAIM3aTopa. B 3THX yCIOBUAX OHA 3aKaHYMBAETCS
B TeueHne 2 — 3 4. Karanmutudeckoe MEWCTBHE COJSHOW KHCJIOTHI COCTOHT B TOM, UTO OHA aKTUBHUPYET
MOJIEKYJTy KapOOHOBOM KHCIOTHI. YKCYCHAsi KUCIOTa TPOTOHUPYETCS TI0 aTOMY KHCIIOpOJa KapOOHHIIb-
HOM rpynimsl (aTOM KHCIOPOAa HMEET HETMOACIEHHYO Mapy AJISKTPOHOB, 3a CUET KOTOPOH MPHUCOEIUHSET-
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csi ipoToH). [IpoTOHMpPOBaHKE MPUBOJUT K MPEBPAIICHUIO YACTHYHOTO TIOJIOKUTEIHLHOTO 3aps/ia Ha aTo-
Me yriepojia KapOOKCHIBHOW TPYIIIBI B MOJHBIN, K YBEJIHMYCHHIO €0 AJIEKTPOPHUILHOCTH. Pe3oHaHCHBIE
CTPYKTYpPHI (B KBaJPATHBIX CKOOKAX) MOKA3bIBAIOT JCIOKAIM3AIMIO TTOJIOXUTEIBHOTO 3apsaa B 00pa3o-
BaBIIIeMCS KaTHOHE. MoJIeKysa ClIupTa 3a CUET CBOCH HEIIOICICHHOMN Naphl 3JICKTPOHOB MPUCOCAMHSICTCS
K aKTHMBHPOBAaHHOH MOJIEKYJie KUCIOTHL. [IpOTOH OT ocTaTka CIHPTa MepeMeIiacTcs K THIPOKCHILHON
TpyIIe, KOTOpas MPH ATOM IIpeBpariaeTcs B “xopomro yxomsmyto” rpymmny HoO. [locme sToro ormernis-
€TCs MOJIEKYJIa BOJIbI C OJJTHOBPEMEHHBIM BEIOPOCOM MPOTOHA (BO3BpAT KaTaau3aTopa)

St o H .
+
Vi o OH C,H;OH
O — o 7
OH ™ CH4C, -~
OH OH
OH -H,0, -H /O
‘ —_—
CH3C—0—CyH5 CH3C/
& OC:zHs
N

UroOBbl HU3KOKMILIIIKE BEIIECTBA, YYACTBYIOLIME B PEAKLMHU, HE YJIETyYMBAJIUCh IIPU Harpena-
HHUH, PEAKLUIO IPOBOASAT B peakTope, CHaOKEHHBIM OOPAaTHBIM XOJOAMIBHUKOM. TemoTra peakuuu oopa-
30BaHUs ITUIALIETATa OUSHb Maja, U II03TOMY KOHCTaHTa PaBHOBECHUS 3TOM peakuuu, Kak 3TO clIelyeT U3
ypaBHeHust Bant — I'odda u, kak ObUIO MOKA3aHO PSAIOM SKCIEPUMEHTAIBHBIX HCCIIEIOBAHUH, TPAKTH-
YECKH HE 3aBHCUT OT TEMIIEPATYyphl. 3a U3MEHEHHUEM COCTaBa CMECH CIEIST M0 M3MEHEHHIO B HEll cyM-
MapHON KOHILIEHTPALMU KUCIIOTHI B TeueHUe peakuuu. M3yueHne paBHOBECHUS peaklMU OCYIECTBISIeTCs
M3MEpPEHHEM CKOpPOCTel MpAMOIl peakiuu. 3a U3MEHEHHEM KOHLIEHTPALMU pearupyroux BeIlecTB Cle-
ISIT 70 TEX 0P, ITOKa HE HACTYIHUT PaBHOBECHE.

[IprHuMas BO BHUMaHUE, YTO PAaBHOBECHAs CTEIEHb MIPEBPAILLCHUS YKCYCHOM KUCJIOTHI A paBHa
X, TO TIpH IOCTMKEHUH KOHEYHOH IIeIH, T.€. 00pa30BaHHs yKCYCHOIPOIUIOBOT'O WIIK YKCYCHOITHUIIOBOTO
a¢upa U B UTOTE YCTAHOBIICHUSI PABHOBECHOTO cocTOstHUSA HA 0,5 MOIb BBEAEHHOH B PEaKINI0 YKCYCHON
KHCIJIOTHI PaBHOBECHAsI CMECh OyIIeT COepKaTh:

(0,5-X) mons CH3;COOH (A),
(0,5-X) moxb C,HsOH (B),
X mospb — C2HsOOC-CHs (),
X momb — H20 ©.

Bcero B paBHOBecHO# cMecu Oyaer 1 Mok peareHToB. MOJIbHBIC 10T PEArupyIOINX BEIIECTB B
PaBHOBECHOM COCTOSIHUH OYIyT PaBHBI
Na = 0,5(1- X*),
Ne = 0,5(1- X,
N];[ = X*, NC = X*.
Torz[a KOHCTaAHTAa paBHOBeCHH HpOBOHHMOﬁ peaKHHI/I 3T€pI/I(bI/IKaLII/II/I yKCYCHOﬁ KHUCIIOTBI 3THI10-
BBIM MJIM H30IPOIHIIOBBIM CIIMPTOM OYJIET paBHA
X %2
Ky=——"—>
0,25(1— X*)2
Ipu ompeneneHUM paBHOBECHOW CTENICHU MpeBpalleHus X* B X0/e paboThl SKCIIEPUMEHTAILHO
OHpeHeHHeT KaK (byHK]_[I/IIO oT BpeMCHI/I X: f(T) , T.C. paBHOBeCI/Ie B CUCTCMC HaCTyHI/IT TOraga, korga CTre-
HICHb NPEBPALICHHS YKCYCHOM KUCIIOTHI He OyeT onpenensaTbes Bo Bpemenn X= f(t).

0 2 4 6 ¢ MuH

Puc. 3.1 VU3MeHeHue creneHu MpeBpamieHns yKCyCHOM KMCIOTEI BO BPEMEHU
J1i1st mpoBeJIeHNs SKCIIEPUMEHTA HCIIONB3YIOT TPEXTOPIBIA PeakTop, CHA0KEHHBIH TEPMOMETPOM,
00paTHBIM XOJIOIMIFHUKOM, MEIIATIKON U 000TpeBaroIiuM npucmocobienneM. B peaktop nmomemator 0,5
MoJib JeAsHou ykcycHor U 0,01 MOJib KOHLIEHTPUPOBAHHOM COJISTHOM KUCIOTHI U HArpeBalOT B TCUCHHE
10 MuUHYT B TepMoOCTaTe WM BOASHOM OaHe ¢ TepMomnapoid. 3a 3To BpeMs OTACIBHO TEPMOCTATUPYIOT /10
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3aIaHHOHN TeMITepaTyphl ATHIIOBEIN (M30mpONMIoBEIid) criupT. [locne neredenus 10 MUHYT, CIIAPT TTOMe-
MIAIOT B PEAKTOP W BKIIOYAIOT MEMIANKY M Ccpa3y OTOMPAIOT IMJI peakiMOHHON Macchl U MEPEHOCST B
k0J10y ¢ xomonHo# Bojoi u TuTpyroT 0,5 H. NaOH B npucyrcreuu denondranenna. [locnenyrommue npo-
061 OepyT uepe3 kaxapie 10 MUHYT U Taxke TUTPYIOT. [Ipouecc cunTaeTcs: 3aBepLUICHHON, KOTa Ha THT-
pOBaHUE JIBYX MOCIEIHUX MPOO B3ATHIX U3 PEAKTOPA, MOUAET OJMHAKOBOE KOJIUYECTBO MICIOYH, T.€. CH-
CcTeMa CTaHOBUTCSI paBHOBECHOH. Pe3ybTaThl HccnemoBannii 3aHoCAT B Tabmmiy 3.1.

O0padoTka pe3yIbTaTOB IKCIIEPUMEHTA

Tabnuua 3.1
Pe3ynbTaThl O9KCIIEpHMMEHTAIBHBIX UCCIEN0BAHUI
Howmep V/NaoH, wn T, MUH. CreneHs npeBpameHus, X
poOEI
1
2
3
4
5...
CreneHp NpeBpaIieHusi yKCYCHON KHCIIOTHI ONPEAEIISIeTCs 10 YPAaBHEHHIO
V., -
X =1 'k,
V
1
rae Vi- oovsem 0,58 NaOH, nomenmuii Ha THTpOBaHKE TIEPBOH MPOOHL;
Vi — o0bem 0,54 NaOH, nomenmmit Ha TuTpoBaHue MpoOkI 3a BpeMs T.
3AJJAHUE
1. Tlo skcnepuMeHTaNbHBIM JAHHBIM PACCUUTATh CTEICHb MPEBPAILICHUS IS KaXJAOU B3SITOU

MpOOBI.

2.Ha ocHOBaHMH DKCTIEPUMEHTAIBHBIX JaHHBIX MOCTPOUTH IPadUUIecKyro 3aBUCUMOCTh (PYHKIMH
X=f (1) u onpeneauTh PaBHOBECHYIO CTENEHb MpPEBpAIICHHs. PaccuuTarh s UCCIEAYEMOM peaKiuu
9KCHEPUMEHTATIbHYIO KOHCTaHTY PaBHOBECHS 110 YPAaBHEHHIO U PABHOBECHBIM COCTAaB PEardpyIOLIUX Be-
LIECTB.

3. Paccunrarh KOHCTaHTY PaBHOBECHS MO TEPMOJUHAMHUYECKUM HaHHBIM (ypaBHeHue 2.20) u
CPaBHHUTD C SKCIIEPUMEHTAILHONH KOHCTaHTON PaBHOBECHS.

4. Caenatb BBIBOJI O BEPOSITHOCTH MPOTEKAHUS UCCIICAYEMOM pPEeakiuy B MPSIMOM MK 00paTHOM
HarpaBJICHUH U OTMCTUTH BCC YCJIOBHA, KOTOPBIC MMO3BOJIUTE YBCJIMYUTL BBIXO/] LHEJICBOTO MIPOAYKTA.

JlabopaTopHasi padora NeS «UccjienoBaHue KUHETUKHU PeaKIIUM METAJLUIOB ¢ KHCJI0TAMU»
Llenv pabomer: DKcIepUMEHTAIBHOE U3YYEHHE 3aKOHOMEPHOCTEH TOIMMOXUMHYECKHUX IPOLIECCOB
Ha MPUMEpPEe PEAKLUH ATIOMUHHS WIM [IMHKA C KUCIOTaMU TP Pa3jInYHbIX TeMIeparypax.
METOIUKA IMPOBEAEHUSA DKCIIEPUMEHTA
JUist OCyIIECTBIICHUS TAHHOTO MpOIiecca B CTakaHbl 3arpyxator 25 mi 7% pacropa HCl wu
H2SO4 . 3atem BHOCAT mpeaBapuTENbHO OUYHMILEHHBIH HaKJauHOW Oymaroi WM pacTBOPOM LIENIOYH,
B3BeIIEHHBIA Kycouek MeTayuta (0,5 - 2 rp.) Ha CTEKISTHHOM MaloYKe ¢ CUTOOOpPa3HbIM HAaKOHEUHUKOM U
Ha4YMHAIOT OTCYET BpeMeHHU. Uepes orpeieNeHHbIe IPOMEKYTKH BpeMeHH (TI0 33JaHUI0 TTPETIo/1aBaTeNst)
CTEKJISTHHYIO MAJIOYKy C METAJJIOM BBIHUMAIOT M3 CTAKaHa, MPOMBIBAIOT XOJIOJHON AMCTHIUIMPOBAHHOM
BOJIOW, BBICYIIMBAIOT HA (DPMIIBTPOBAILHOW OyMare M B3BEUIMBAIOT HA aHAIMTHUYECKUX Becax. [locne u3-
BJICYEHHUSI METaJlJla M3 PAcTBOPa KHCIOTHI OCTAHABIMBAIOT CEKYHJOMEDP M, B3BECHB €r0, IIOMEMIAI0T 00-
paTHO B CTaKaH, BKJIIOYAIOT CEKYHAOMED U MPOJOJKAIOT OTCUET BPEMEHHU.
BauMmanme: mokaszanue ceKyHaoMepa He OOHYJIAIOT.
Jns uccnenoBaHus BIUSAHUS TEMITEPATypPhl SKCIIEPHUMEHT MPOBOISAT MPH PA3NUYHBIX TEMIepaTy-
pax (1o 3aJaHuIo penoAaBaTens). Pe3ynbraTel SKcliepuMeHTa 3aluChIBAIOT B Tadimiy 1.
4. OBPABOTKA OKCIHEPUMEHTAJIBHBIX JAHHBIX
Tabmuma 1.
Pe3ynbTaThl 3KCIIEpUMEHTAIBHBIX UCCIIEJOBAHUN

Ne T, °C T, MUH Mwe MoMe | Tn, MUH T | Xve

OIIbITA -
T

n
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N

OnpenesieHue JMMUTHPYIOLIEH cTaguM IpoLecca
CreneHs nMpeBpanieHwsi METAIOB (ATFOMHHHSA, IITHKA) OTIPEACIISIOT 10 opmyde 1:
m —m
X =M me, 1)

Me mOMe

rae M, —Macca HCXOJHOIO METajlla, T;
m,,,— Macca MeTajIa Iocye PpeaKiuH, T.

T
Jliis  ompesenenus TMMUTUPYIOIIEN cTaguu cTposT rpaduk 3aBucumoctu X,, OT — U CpaB-
T

n

HUBAIOT C TCOPCTUYCCKUMU KPUBBIMU, IPEACTABIICHHBIMHA Ha PUC. 1.
1

X
Me /
05
0
0 0,5 1 ©
T

Puc 1. 3aBUCHMOCTH CTENEHH MpeBpalleHus: MeTaia Xuve OT OTHOLICHUS T/Tn B 3aBUCHUMOCTH
OT JIMMHUTHUPYIOLIEH cTanuu mpornecca: 1 — BHemHeaAuddy3nonHas 001acTh; 2 — KUHETHYECKast 001acTh

Ilocne HaxoXIeHHsI JTUMUTHPYIOIIEH CTaaud Uil KaKIOH W3 TpexX TeMIeparyp ONpPEeACISIOT
KOHCTaHTY CKOPOCTH peakiMy 13 ypaBHeHus 2.3 (ecu peakuus MpoTeKaeT B KHHETHUECKON 00JIacTH).

[To paccunTaHHBIM KOHCTaHTaM TOMOXHMMHMYECKOTO IpoLecca ONPeeNaioT aKTUBAI[MOHHBIE Ma-
paMeTpbl (SHEPrui0 aKTHBALMM M YAaCTOTHBIM (akTop AppeHHuyca) Mo ypaBHEHUSIM 2, 3 U pe3ylbTaTbl
pacdeToB BHOCST B TaOIUIy 2.

Ananutryeckuii MetTos onpeaeneHus SHepriuu akTuBauuu (Eaxr)

k2

RT,T, In 2

E em - 1 (2
T2 _Tl

YacrotHbill (akTop Appenuyca (A) onpeaensioT U3 UHTerpanbHO GOpMbI YpaBHEHHsST AppeHu-

yca.
_ Euw
k=4-e ™ 3)
Taobnuua 2.
Pe3ynbTarhl pacyera akTHBAIIMOHHBIX [TApaMETPOB
Ne T,°C T,K k A Eaxr ,KJ[K/MOIB
1
2
3
3AJJAHUE
1. ITocTpouTh 3aBHCUMOCTD CTEIICHH IMpEBpaIieHuss Xwe OT T/Tn M, CPABHHB C TEOpETHYE-
CKUMH KPUBBIMH, IIPEACTABIEHHBIME Ha PUC. 1, ONPENeInTh 00J1aCTh IPOTEKAHMS TIPOLECCA.
2. Hcrons3ys SKCIIEPUMEHTAIBHBIE JaHHbBIE, PACCYMTATH KOHCTAHTY CKOPOCTH XMMHYECKOM
peakiMi W aKTHBAIMOHHbIE TTApaMeTPhl (JIJIsk poliecca, MPOTEKAOIIEro B KHHETHYECKOM 00J1aCTH)
3. OnpenenuTs TUMUTHPYIOIIYIO CTAIUIO 110 BIUSHUIO TEMIIEPATYPhI Ha CKOPOCTh XUMHYE-

CKOM Pp€aKmru 1 110 SOHEPrun aKTUBAIIUH.
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Kpumepuu oyenxu nabopamopnuix pabom (0uHno-3a0unas):

- MaKCHUMaJIbHO 0AJUIOB 3a KaXKIIyIO BBIMOJIHCHHYIO JJabopaTopHyto padoty (1*15=15), eciau pabora BbI-
MOJTHEHA B MTOJTHOM 00beMe, B OTUETE MPABUIBHO M aKKyPaTHO BBITIOIHEHBI BCE BBIYMCIICHUS U TTOCTPOE-
HBI Tpa(QUKH, JIOTHYECKH U 000CHOBAHHO MPHUBEICHBI BEIBOJBI 110 TeMe J1a00opaTopHOi paboThI.

- muaumanbHo OamwioB (1*10=10), eciu B X0 IKCHEPUMEHTA JOMYIICHBI TPYOble MPOMaxXu, B OTYCTE
€CTh TpyObIe OIMMOKH, MPUCYTCTBYIOT OIIMOKH B BEIYHMCIICHHSIX, HETOYHO ITOCTPOCHHI TpadiKh, HE JIOTH-
4ecku cOpPMUPOBaH BBIBOJ K J1a00paTOpHOi padore.
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MunucrepcTBo 00pa3oBanus U Hayku Poccuiickoit denepannu
HwxHekaMCKHii XUMHUKO-TEXHOJIOTHYECKUN MHCTUTYT (dunuan) GenepaibHOTO
rOCy/IapCTBEHHOT'O OIO/PKETHOTO 00pa30BaTEIHHOTO YUPEIKICHUS
BbICILIEr0 00pa30oBaHUs
«Ka3zaHCKui HallMOHAJIBHBIN UCCIIEIOBATEIILCKUI TEXHOJIOTMYECKUN YHUBEPCUTET
Mexanndeckuii HaKyabTeT
Kadenpa OXBT
KomnuiekT BonpocoB 1Jisi KOJJIOKBUYMOB
no aucuumuiiae b1.B.03 «O0mas xuMuyeckast TEXHOJIOTHS»

4 cemecTp
KouanokBuym 1

1 [IpuBeauTe npuMepsl TOMOT€HHBIX M T€TEPOr€HHBIX XUMHUYECKHUX PEaKLIUiL.

2. Cohopmymupyiite 3aKOH JEHCTBYFOIIMX Macc.

3. Uro mHa3pBaeTCs KOHCTAaHTOW CKOPOCTHM pEaKIMH, © OT Kakux (aKkTopoB OHa
3aBUCHT?

4. Yro Ha3bIBaeTCS MOJEKYISIPHOCTHIO XUMHUYECKOW peakitun’? YTo Ha3bIBACTCS TIOPSAKOM XHMH-
Yeckoit peakiyu? [ToueMy MOJIEKYJIIPHOCTh PEaKIIMK HE BCEria COBIAIACT C MOPSIKOM PeaKiu?

5 Orkakux (axTopoB 3aBHCHT CKOPOCTh XUMHUYECKoi peakuun? Kak u mouemy?

6. Hammmmre w  BbBeAWTe  ypaBHEHWS sl BBIUKCICHHS  KOHCTaHTBI  CKOPOCTH
IIEPBOT'0 ¥ BTOPOr'O MOPSAIKA.

7. Kaxk m3MensieTcst KoHIEHTpaLys IPOAYKTa peakiui cO BPEMEHEM, €CIIM PeaKlysl UMeeT HyJIeBOM
MOPSIOK?

8 Kakas n3 ofHOCTaIMITHBIX PEaKINii 3aKaHIMBACTCS OBICTPEE TP OJMHAKOBBIX MCXOIHBIX KOH-
HEHTPALUAX 1 OAMHAKOBBIX KOHCTAHTAaX CKOPOCTH: TIEPBOT0 MJIM BTOPOro Mopsaxa?

9.  Tlouemy c NMOBBILIEHHEM TEMIIEPATYPbI, KaK TPABHJIO, CKOPOCTh XUMHUUECCKOH PEaKIMU YBEITHIH-
BaeTcs?

10 Bpemst momympeBpamicHWsT BeHIECTB B peakuuu rnepBoro mopsaka npu 323 K
cocrasysier 100 muH, a iput 353 K - 15 MuH. Berancnure TemneparypHbiii Ko3(Q)HUIHEHT CKOPOCTH PEaKIIUH.

11, Yro Ha3bIBaeTCS SHEPrUue akTHBAIINN XUMIYECKON PeaKIiu?

12. Koncranra ckopocty peakiuu pu 298 u 323 K coorsercteenno pasna 0,0093 u 0,0806 mum™.
Onpezenure 3HEPIHIO aKTUBALIMN PEAKIINH.

13. Omnpepenurte SHEPTUIO aKTUBALMH, IS KOTOPO# IPU MOBBIIEHUH TeMIepaTypsl ot 295 no 305 K
CKOPOCTb PEaKIINU yIBANBACTCS.

14.  Hwmeet 11 pa3MepHOCTh M KAKyI0 KOHCTAHTA CKOPOCTH PEaKIuu?

15.  CKOpoCTh peakiuu BTOPOro nopsaka pasua 4,5-1077 Mosb/(J1°C) IpU KOHIEHTPAIMU OJHOTO pea-
renra 1,5- 102 Mosw/n u apyroro 2,5 - 107! mons/n. PaccuuraiiTe KOHCTaHTY CKOPOCTH B cM%/(MOJIb-C).

16. TIlIpm 583 K ra3 apcun ASHz pasmaraercs ¢ oOpa3oBaHHEM TBEPAOTO MBIIBIKAa U ra3000pa3HOTO
BOJOpoAa. Bo BpeMs peakiiuu Ipy MOCTOSHHBIX 00bEMe U TeMIlepaType o0liee JaBleHHe B CHCTEME U3MEHSeT-
c4 cIeayomuM 06pas3om;

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

P,Tla-10° 97,75 107,41 109,05 111,35

IMoxaxkute, 4TO peakuus pasnoxxeHus AsHs sABisgeTcs peakiyell NepBOro MOPSIKa, U BHIYUCIUTE KOH-
CTaHTY CKOPOCTH 3TON peaKIui.

17.  KoHcTaHTa CKOPOCTH peakIMi OMBUICHHUS! YKCYCHOATHIIOBOTO 3dupa menousto npu 283 K paBna
2,38 n- munl-monb, paccunraiite Bpems MoNOBMHHOTO pasioxkenus 3¢upa, ecnu 1 1 0,05 H. pacTBopa 3Qupa
cmemats ¢ 1 1 0,1H. pacTBopa menoun. Peakuns oMpuieHus 3¢upa nMogUUHIETCSI KHHETHIECKOMY ypaBHEHUIO
2-To TopsIKa.

18. Peaknus pa3iokeHHs aMMuaka Ha ropsiaed BosbdpamoBoi mpoBoJsioke nmpoTekaer mpu 1129 K
o ypaBHeHHI0 2 NHsz = N2 + 3 H». 3a ckopocThIO peaKuu CIEIMIH 10 MOBBIIICHHIO 00mIero nasieHus AP =
Py — Po. C TeueHneM BpeMeHH JaBJICHHE B CUCTEME IPU IOCTOSHHOM 00beMe U TeMIepaType MOBBIIIAIOCE ClIe-
IYIOIMUM 00pa3om:

by o 100 200 400 600 800

Ap’ Halo-z ............................... 14,66 29’33 59’70 89,60 117’21
HauanbHoe J1aBjieHUe B CUCTEME B CHCTEME PaBHSAIOCHh 266,6-102 T1a. OnpesenuTe NOPSI0K PeakUi U PacCUH-
TalTe KOHCTAHTY CKOPOCTH.

21



N

KoasnoxBuym 2

1. OOBSCHUTE CMBICIT TIOHATHUS «XUMUYCCKUE YAChD».

2. Uto Takoe MEeXaHU3M XUMHUYECKOUN peakuun?

3. Uto Takoe KOHCTaHTa CKOPOCTH XUMHUYECKOH peaknuu? OT Kakux (akTOpoB OHA 3aBH-
cut? YUeMy paBHO YHCIIOBOE 3HAYEHHE KOHCTAHTHI CKOPOCTH?

4. Uro Takoe 3HEPTUs aKTUBAIMM XUMHUECKO# peakiun? Kakumu criocobamMu MOXKHO ee
OTIPEICITUTh?

5. ChopmynupyiiTe 3aK0H JEHCTBYIOIINX Macc.

6. CdhopmynupyliTe OCHOBHBIE IIOCTYIAThl XUMUYECKOH KHHETHUKH.

7. UTto Takoe MOpsIOK XUMUYECKOM peakiuu? Jlaiite onpeneaeHue CKOPOCTHI0O XUMUYIECKOM
peakmum?

8. CdhopmynupyiiTe mpaBUIIO COCTABICHUS KHHETHUECKUX YPABHEHUH CIIOKHBIX PEAKITUI.

9. 3anummTe KHHETHUECKUE YPaBHEHUS T pacdeTa CKOpOCTH 1o BeniectBam A, B, R u M

JUISL CJIOKHOM peaKIuu:
K1
A+BZR+S

K2

k3

A+R->M
10. MeTtoabl cHHTE3a M TEXHOJIOTHS MTPOIECCOB OTYUYSHHS CIOXKHBIX A(HUPOB.
11. MexaHu3M 1 KHHETHKA PEaKIiid XJIOpaHHAPUIOB KAPOOHOBBIX KHCIOT CO CITUPTAMH.
12. 3KCHCpHMCHTaIII>HBIe MCETOAbI UCCICAOBAHUA KUHCTUKU I'OMOTCHHBIX XUMHUUYCCKUX IIPO-
IIECCOB.
13. MeTo/1B1 OTIpeieNIeHHsI TTOPSIKa PeaKIIHH.
14. Bnusinue Temmneparypsl Ha CKOPOCTh XMMUYECKUX PEaKIIUM.

KoanoxkBuym 3

3axoH ['ecca u cieacTBus U3 HETO.

3aBUCHMOCTB TEIUIOBOTO 3 exTa XMMHUIECKOH peaKkuy OT TEMIIEPATYPHL.
Ormpenenenue HarpaBIeHHs IPOTEKAHHsT 00PaTUMOI PeaKIHX TIPH 331aHHBIX yCIOBHSX.
Mertobl pacdeTa KOHCTAHTHI PABHOBECHS.

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

OHpe,I[eJ'IeHI/Ie 3HAYCHUA KOHCTAHTBI paBHOBCCHUS IIPpHU /:[pyron TeMIICpaType.

6.
7.
8.

9.

10.
11.
12.
13.

Onpe/elieHne KOHCTAHThl PABHOBECHSI UJICAJIbHBIX M PealIbHBIX ra30(ha3HbIX MPOIIECCOB.

Onpe/elieHne KOHCTAHThl PABHOBECHS KUAKO(DA3HBIX XMMUYECKUX MTPOIIECCOB.

[Tokazate Ha mpuMmepe, KakuM 00pa30M MOXKHO OIPEJIEIUTh PABHOBECHBI COCTAaB OOPATUMBIX XHMUYeE-
CKHX pPEaKUuH.

MeToapl SKCIIEPUMEHTAIBHOTO ONIPE/ICTICHIS PAaBHOBECHOTO COCTaBa PEAKIIMOHHON MACChl U KOHCTAHTBI
paBHOBECHS.

[punnun Jle-Illarense.

TexHomornueckue MprUeMbl CMEIIIEHUS PABHOBECHSL.

Mojenu TOoHOXUMHUYECKHX TTPOLIECCOB.

MexaHn3M 1 KHHETHKA TOMOXUMHYECKUX ITPOIECCOB.

14. Mertonp! onpeneneHus TUMUTUPYIOMIESH CTAINN TOMTOXUMHUYECKHUX TIPOIIECCOB.
15. TexHOJOrHYECKHEe METOABI HHTEHCU(PUKAIIUY TOMOXMMHUIECKUX MPOIIECCOB.

Konnoxksuym 4

=

Onpenenure MOHATHS «XUMUYECKOE TIPOU3BOJICTBO» U «XUMHUKO-TEXHOJIOTUIECKUN TIPOIIECC).

Chopmynupyiite COBpeMEHHbIE TPEOOBAHHS K XUMHUECKOMY TIPOU3BOJICTBY.

3. IlpuBemuTe CTPYKTYpy XMMHUECKOI'O MPOM3BOJICTBA  O0BACHUTE HA3HAUCHUE ¢€ (DYHKI[MOHAIb-
HBIX YacTeH.

4. Tlepeuncinure OCHOBHBIE MOKA3aTEIM XUMHUUECKOTO MPOU3BOICTBA U XMMHUKO-TEXHOJOTHICEKOI0
mporiecca.

5. Uro sBNsAETCS CHIPbEM B IPOMBIIILIIEHHOM TIpou3BoicTBe? Kakue ero ncTouHuku?

N
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10.

11.
12.

13.

n

10.
11.

o &

S

10.

[MpuBeaure knaccuuKauio MPUPOTHBIX MATEPUAIOB 10 PA3HBIM MIPH3HAKAM KaK CHIPhS JUIS
XUMAYECKOH MPOMBIIIIICHHOCTH.

Jlist kKakux 1eNied UCTONb3YeTCs BO3IyX U BOJla B XUMHUYCCKON TEXHOJIOTHH.,

KakoBa poJjib TOIUIMBA ¥ SHEPTUH B XUMHUECKOM IPOU3BOICTBE.

[IpuBeauTe BUIBI U HCTOYHUKU SHEPTETUICSCKUX PECYPCOB XUMHUECKOTO TIPOU3BOJICTBA U MX
MpUMEHEHUE.

Ha xakuie qBe rpynmsl MOXKHO pa3iAeiuTh 000PYA0BaHUE XUMUYESCKOTO TIPOU3BOJICTBA, €TO BUBI
W Ha3HAYCHUE.

[epeuncinre CTPOUTETHHO-MOHTKHBIE KOHCTPYKIIHH.

Pacckaxute 00 0TX0/1aX XUMHUYECKOTO ITPOU3BOJICTBA, UX UCTOYHUKAX U KiIacCU(UKAIUS IO CO-
CTaBy, IEPUOJUYHOCTH 00pa30BaHMS U BO3JCHCTBHS HA OKPYIKAIOLIYIO Cpey.

Kaxwue crrocoOs1 mepepaboTKu TBEPABIX, KUIKUX M ra3000pa3HBIX OTXOOB BBI 3HACTE.

KomnoxkBuym 5

KaxoB 06m1uii To1xo/1 K IMOCTPOSHUIO0 MaTeMaTHIECKON MOJIEIH IpoIecca B XUMUIECKOM Peak-
Tope?

Uro Takoe peakTop UAeaTbHOTO CMEIIEHHUS U B YeM MPOSBISAETCS «HICATBHOCTH?

B uewm 3akirodaercs mofo0ue U pa3Indme mpolrecca B PeakTope UAeaaTbHOr0 CMEIIEHHUS TepHo-
JUYECKOM M UJeaIbHOTO BHITECHEHUS?

Yro Takoe yCIOBHOE BpeMsl PEaKIIMK K YeM OHO OTIMYAETCs OT BPEMEHH NMPeObIBaHHS B PEAKTO-
pe?

Kak mMeHseTcss KOHIIEHTpaLUs UICXOIHOTO KOMITOHEHTA U MPOAYKTa MO JUIMHE peakTopa hjiealb-
HOTO BBITCCHECHHSI?

Kak MeHseTcst KOHIIEHTpAaIKs BEMIECTBA 10 00hEMY IIPOTOYHOTO PEeaKkTopa HICATBHOTO CMeTIIe-
Husa?

HazoBute npu4rHbI OTKIOHEHHUS PEKHUMOB B IIPOMBIIIUICHHBIX PEAKTOPaX OT PEKUMOB HJ1eaTTh-
HOTO CMEIICHHS U BBITECHEHUSI.

Uro takoe onrumusanus? CHopMyaupyiTe TOCTAHOBKY 33aa4H ONITUMHU3AIINN TEXHOJIOTHUECKO-
o Ipoliecca U MOsSICHUTE.

ITouemy 3amauya ONTUMHU3ALKMK MHOTOKPAaTHO BCTpeYaeTcs Mpu pa3padoTKe XUMHKO-
TEXHOJIOTHYECKOTO Tporiecca?

UTo Takoe TEOPETUUECKUI ONTUMAIBHBIN pexxuM? [[71s1 4uero Hy»>KHO €ro onpeaeiacHue.

KakoBa onTumainsHasi TeOpeTHUEcKas TeMreparypa Juisi HEoOpaTuMBbIX U OOpaTHUMBIX (IK30- U
SHIOTEPMUYECKHX ) XUMHUECKUX PEAKITHIA.

KosnoxkBuym 6

HapucyiiTe cxeMbl peakTOpOB JIJIsl peai3aiuid TOMOTEHHBIX MPOIECCOB H OOBSICHUTE UX PabOTy
(BXOJ CBIPBSI M BBIXOJ] MMPOJIYKTA, BPeMsI IPOBEICHHS TIpOLIecca, ITyTH MOBOJIa U OTBOJIa TETIOTHI
U T.01.)

Kakue cyiecTByIOT criocoObl OpraHu3aniy B3aUMOJICHCTBUS ra3a ¢ HUIKOCTBIO TPH OCYIIECTB-
JICHUH ra30-)KUJKOCTHBIX XUMHUUECKUX TPOIECCOB?

Hapucyiite cxembl peakTopoB ISl TeTepPOTeHHO-KaTATUTHUECKUX TPOIIECCOB M OOBSICHUTE UX Pa-
oory.

YeM orpaHMYEHO HCIOIB30BAaHUE B IPOMBILUICHHOCTH a1uabaTHYeCKOTro peakropa?

Kak opranu3oBaH mpoiiecc: a) B IICEBJIO0KMKEHHOM CII0€ KaTaiu3aropa; 0) mporecc B BOCXO/Is-
nieM cioe karanuzaropa? X HeI0CTaTKH U IPEUMYIIECTBA.

Yro BbI MOHUMAETE MO/ aHATM30M XUMHUKO-TEXHOJIOTHYECKONH CHCTEMBI?

Kakwue MOryT NMOSIBUTBCSI HOBBIE CBOMCTBA Y TEXHOJIOTMUYECKHX aIllapaToB, KOTJia OHU 00be IIHe-
HBI B XUMHKO-TEXHOJIOTHYECKYIO CUCTEMY?

Omnpexenure TEOPETUIECKUN U PEANBbHBIA pacXoIHBINA KO3 GHUIKEHT 1O ChIpblo. KakoBbl mpuyn-
HBI UX pa3inyus?

Yro Takoe TOTHASI SHEPTHS TEXHOIOTUIeCKOro motoka? KakoBbl ee COCTaBISIONINE U KaK OHU
OTIPEIEIISIOTCS?

[Ipu KakoM COeJMHEHNH PEAKTOPOB HUACATBHOIO BBITECHEHHS MOYKHO IOIyYUTh OoJbliee npe-
BpallleHNE W BBIXOJI TPOIYKTa — MapajieIbHOM HITH [TOCIIEI0BATENLHOM?
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11. Kakne TeXHOJOTHYECKHE PELICHHS UCIIOIb3YIOTCS ISl YMCHBIICHHUS BO3ICHCTBUS XUMHUIESCKOIO
MIPOM3BOICTBA HA OKPYKAIOIIYI0 cpeay?

12. Kakue MeTOAbI XMMUYECKON TEXHOJOTUHU MCIIOJIb3YIOTCS IS YTHIIM3AIUU U 00€3BPEIKUBAHUS
TBEPJBIX OTXO/I0B?

13. Kakuie MeTo/Ibl XUMUYECKOW TEXHOIOTUH MCIIOTIB3YIOTCS [T YTUITU3AIMHA U 00€3BPEIKUBAHHS
JKUIKUX OTXOI0B?

14. Ha yemM 0CHOBaHbBI OMOXUMHUYCSCKUEC U (PUIUKO-XUMHUCCKUE METOIBI OYMCTKH CTOYHBIX BOJI?

15. Kakue MeToIbl XHMUYECKOW TEXHOIOTUN HCIOIB3YIOTCS JUIsl YTHITU3AIMK 1 00€3BPSIKUBAHNS Ta-
30BBIX OTXO0J0B?

Kpumepuu oyenxu xonnoxeuymos (04no-3aounasn):

- MaKCHMaJIbHO OAJUIOB 32 KaXK/Iblid KOJUIOKBUYMOB (2*25=50), ecnu 1aHbl OTBETHI Ha BCE TIOCTABIICHHBIC
BOIPOCHI JIOTHYECKH 1 000CHOBAHHO B TIOJTHOM 00BEME;

- MuHAMaIBHO GamtoB (1*15=15), eciu B X0Ji¢c OTBETA JOMYIIEHBI IPyOBIe TPOMaxH, MPHUCYTCTBYIOT He-
TOYHOCTH.
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MunucrepcTBo 0oOpa3oBanus 1 Hayku Poccuiickoit @enepanun
HwxHekaMCKMii XUMHUKO-TEXHOJIOTHYECKUN HHCTUTYT ((unnan) ¢peaepaaibHOro
rOCy/IapCTBEHHOT'O OIO/PKETHOTO 00pa30BaTEIHHOTO YUPEIKICHUS
BbICILIEr0 00pa30oBaHUs
«Ka3zaHCKui HallMOHAJIBHBIN UCCIIEIOBATEIILCKUI TEXHOJIOTMYECKUN YHUBEPCUTET
Mexanndeckuii pakynbTer
Kadenpa OXBT

KoMmieKT BONPOCOB K 3a4eTy ¢ OLEHKOM
o gucrmuinae b1.B.03 «O0masg xuMuueckas TEXHOJIOTHUS)
1. Xummnueckast TexHosiorust. OCHOBHbBIE CTAJUU XUMHKO-TEXHOJIOTUYECKOTO MpoIiecca.

2.OCHOBHBIE TEXHUKO-9KOHOMUYECKHE MTOKA3ATENN XUMUKO-TEXHOJIOTMYECKUX ITPOIIECCOB.

3. Knaccudukanus XuMHUECKUX peakIii 0 MEXaHU3MY, MOJIEKYJISIPHOCTH U MOPSJIKY.

4. Knaccuduxaiys XMuMUYECKIX PeaKIiil 10 30HaM MPOTEKAHUS U TETIOBOMY dPQEKTy.

5.IloHATHE O KOHBEPCUU, CEIIEKTUBHOCTHU U BBIXOJI€ TOBAPHOU MPOTYKLIHUH.

6. MarepuanbHbIi U YJHEPTETHYECKHUI OalaHCHI.

7. CKOpOCTh XMUMHUYECKUX peakiuil. 3aBUCUMOCTb CKOPOCTH pPEaKLUu OT KOHILIEHTpal|U
pearenToB. Kunetnueckoe ypaBHEHHE.

8.3aBHCUMOCTh KOHCTAHThl PABHOBECHS XMMHUYECKUX PEAKLUN OT TeMIepaTypbl. DHEprus
aKTHBaLUU.

9.PaBHOBecHE XMMUYECKUX peaKUi. 3aKOH IEUCTBYIOIIMX MacC.

10.KoHcTaHnTa paBHOBecus u dHeprus ['nooca.

11.Crioco0s1 cMemIeHnss XUMUYECKOTO PaBHOBECHS.

12.I1onsiTHE O KaTanIMU3e.

13.0OcHOBHBIE MEXaHU3MBI KaTaau3a.

14. TexHonornyeckue XxapakTepUCTUKH TBEPJOTO KaTalu3aTopa: akTUBHOCTh, TEMIIEpaTypa
3a)KUTaHUsl, CEJIEKTUBHOCTb.

15. TexHomorn4ecKkne XapakKTEPUCTUKU TBEPAOTO KATAIM3aTOpa: CTPYKTYypa, MPOMOTHUPO-
BaHME U OTPABJICHUE KAaTaIN3aTOPA.

16.Ctaguu B3auMOJICHCTBUS Ta3000pa3HBIX PEareHTOB Ha MOBEPXHOCTH TBEPABIX KaTallu-
3aTOPOB.

17. Xummndeckue peaktopsl. Knaccudukarusi.

18.Monens peakTopa uneanbHoro BeitecHenus (PUB-n).

19.Monens peaktopa uaeaibHoro cMenienus (PUC-n).

20.CpipbeBast 6a3a XUMHUYECKON MPOMBIIUIEHHOCTH.

21.OHepreruyeckas 0a3a XUMHUYECKON IPOMBIIIIEHHOCTH.

22 . Xumudeckasi TEXHOJIOTHUS M OYHCTKA MPOMBIIINIEHHBIX BEIOPOCOB.

23.Knaccudukanus IpOMBIIUICHHBIX 3arpsi3HEHUH Onocdepsl.

24 MeTo bl OYUCTKH OTPAOOTAHHOTO BO3/yXa U XUM3arpsi3HEHHON BOJIBL.
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MunucrepcTBo 00pa3oBanus u Hayku Poccuiickoii @enepanun
HmwxHekaMCKHil XUMHUKO-TEXHOJIOTHYECKUI HHCTUTYT ((unnan) ¢peaepaabHOro
rOCYIapCTBEHHOTO OI0/PKETHOTO 00Pa30BaTEIBLHOTO YUPEKICHUS
BhICIIIET0 00pa3oBaHus
«Ka3zaHCKkuil HalMOHAJIBHBIN UCCIIEIOBATEIILCKUI TEXHOJIOTUYECKUI YHUBEPCUTET»
Mexannyeckuii pakyabTeT
Kadenpa OXBT

KoMIIeKT KOHTPOJIBHBIX paboT
JJISA CTYJA€HTOB 32049HOI (popMbI 00yUeHM s
10 TUCIUTLINHE
b1.B.03 «O06mmasa xumuyeckass TEXHOJIOTHI

4 cemecTp

KonrtponbHas paboTa COCTOUT U3 YeThIpex 3afaHuil. BapuaHT KOHTPOJIBHON pabOTHI BbI-
Oupaercsi CTyJeHTaMH 1O TOCIEAHUM UppaM HOMEpa 3a4eTHOW KHIKKU ¢ 1 mo 21 BapumaHT.
Ecnu nocneanue nudpsl HOMepa 3a4eTHOW KHMKKHM Oojibiie 21, TO BapUaHT BBIOMpaeTcs IO
cymMe IBYX nocnennux mudp. Hampumep, nociennue nudpbl HOMepa 3a4€THON KHIDKKA 23, 3TO
COOTBETCTBYET 5 BapUaHTy KOHTPOJIBHOTO 3a7aHusl. B KoHIe paboThl HEOOXOMMO yKa3aTh CIH-
COK HCITOJIb30BaHHOM JINTEPATYPHI.

Bapuanmot konmpoavnvix 3a0anui

Bapuanr 1
1. Ucnons3ys npunuun Jle-lllatense, npoaHanu3upyiTe Bce BO3MOXKHBIE CHOCOOBI
CMEILIEHUS] PAaBHOBECHUS pEaKLMU BIPABO JUISl OJYYEHHUS] MAaKCUMAJIbHOTO KOJIMYECTBA LIEJIEBOTO
npoaykTa (AH peakiiun paccuuThIBaeTcs O TaOJIMYHBIM JIaHHBIM):
2CO) + Oz(r) <= 2COx(r)
CeHe(r) <> CeHizgr) + Hom
2. Omucarp O0IIYI0 TEXHOJOTHUYECKYIO CTPYKTYPY XMMHYECKOTO MPOM3BOJICTBA, Kade-
CTBEHHBIE U KOJMYECTBEHHbIE KPUTEPHH OLIEHKU YPPEKTUBHOCTH XMMUYECKOTO IIPOU3BO/ICTBA.
3. TlepeuucnuTh U CPaBHUTH CHOCOOBI MOMYYCHUS TEPMHUUECKOH (HOCHOPHOI KHCIOTHI.
N300pa3uTh TEXHOJIOTMUYECKYIO CXEMY MPOU3BOJICTBA TEPMHUUECKON (POCHOPHON KUCIOTHI ABYX-
CTYIIEHYAThIM METOOM.
2A — R(yenesas)

5A — 3S(nobounas)

OnpenenuTh: cTerneHb NpeBpaleHus Xa, CeleKTUBHOCTh Sr, BBIXOJ NpoaykTa Er, eciu
Ha BEIX0jIe U3 peakTopa Ca=5 kmonb/M3, Cr=15 kmomb/M3, Cs=4 KMOIb/M>.

4. [TpoTekaroT mapasienbHble peakluu:

Bapmuanr 2

1. Ucnons3ys npunmun Jle-lllatense, nmpoaHanu3upyiTe Bce BO3MOXKHBIE CIOCOOBI
CMEILIEHUsI pPAaBHOBECHS PEaKIMU BIPABO JUIsSl MOMYyYEHUS] MAaKCUMAJIbHOTO KOJIHYECTBA LI€JIEBOTO
npoaykTa (AH peakiiuu paccuuThIBaeTCs O TaOJIMYHBIM JIaHHBIM):

CuSq) + Oz <> Cuwy + SOz
CaHe(r) <> C2Har + Har

2. Omnwmcarp OONIYI0 TEXHOJIOTHMYECKYID CXEMY XHMHYECKOTO IPOW3BOJICTBA, OOIIHE
(GyHKIINU, OCHOBHBIE TEXHOJIOTHUECKHE KOMIOHEHTH XUMHUECKOTO MTPOU3BOJICTBA.

3. Omnwucarh CBOWCTBA JHUOKCHJIA U TPUOKCHUIA CEPhI, CEPHOUM KHUCIOTHI U oyieyma. CopTa
CEPHOI KUCIIOTHI, €€ XpaHEHHUE U NepeBo3ka. OXxapakTepru30BaTh BUABI CEPOCOIEPIKAILETO ChIPbs
JUISL IPOU3BOJICTBA CEPHOM KUCIIOTHI.
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2A — R(yenesas)
4. [TpoTekaroT mocaeoBaTeIbHbIC PEAKIIHH:
5R — 3S(nobounas)

OmnpenenuTtsb: cTeNeHb NpeBpatieHuss Xa, CEIEKTUBHOCTh SR, BBIXOJ MpoayKTa ERr, ecnu
Ha BbIXoJie U3 peaktopa Ca=3 kMoib/MS, Cr=12 kmoib/M3, Cs=2 kMOIB/M°.

Bapuant 3

1. Ucnons3ys npunmun Jle-llatense, mpoaHanu3upyidTe BcEe BO3MOXKHBIE CHOCOOBI
CMEILEHMs PaBHOBECHUS peaKIMK BIPABO AJIS MOJYyYEHHUs MAKCHUMaIbHOTO KOJIMYECTBA LIE€JIEBOIO
npoaykTa (AH peakiuy paccyuThIBaeTCs O TaOJIMYHBIM TaHHBIM):

C4Hs() + H2Opx) <> (CH3)3CHO ()
CoHeg(r) > CoHary + Hor

2. OxapakTepu3oBaTh ChIPhEBbIC HUCTOYHMKM XMMHYECKOro Ipou3BojacTBa. IIpusectu
IIPUMEpPBI UCIIOIb30BaHUsI OTXOJI0B IIPOM3BOJCTBA KaK MCTOYHMKOB BTOPHUYHBIX MaTE€pHaIbHBIX
pecypcos. IlepcniekTUBHBIE U aIbTEPHATUBHBIC HICTOUHUKH ChIPb.

3. Omucarh XUMHUYECKYIO U CTPYKTYPHYIO CXEMbI IPOM3BOJICTBA CEPHOM KUCIOTHI KOH-
TaKTHBIM CIIOCOOOM M3 KOJYEaHa.

3A — R(yenesas)
4. [TpoTekaroT mapasuieIbHbIC PEaKIIUK:
A — 2S(nobounas)

OmnpenenuThb: CTENEHb NpeBpalieHuss XA, CENEKTUBHOCTh SR, BBIXOJ MPOayKTa ER, ecnu
Ha BbIXoJie u3 peakropa Ca=1 kMoib/M°, Cr=7 kmoib/M3, Cs=1 kmoib/m°.

Bapuant 4

1. HUcnons3ys npunuun Jle-lllarense, npoaHanu3upyiTe BCE BO3MOXKHBIE CIOCOOBI
CMEIIICHUS PaBHOBECHUS PEaKLUU BIPABO IS MOJyYEHUs MAKCUMAIIBHOTO KOJIUYECTBA I[EIEBOT0
npoaykra (AH peakunu paccUMTBHIBACTCS MO TAOJIHMYHBIM JaHHBIM):

CsHe(r) + C2Ha(r) <= CsHsC2Hs(x)
C2Haq) <> C2Hoy + Hag

2. OxapakTepu30BaTh CHIPhEBbIC UCTOYHUKH XMMHUECKOTO MPOon3BoAcTBa. Omnucath Me-
TOJIbI MOJTOTOBKH ChIPbsl B XUMUKO-TEXHOJIOTUYECKOM Ipoliecce. Meroa ¢ortanuu.

3. Omnwucarb HU3NKO-XUMUYECKHE OCHOBBI 00KHTa (PIOTAIIMOHHOTO KOJYeqaHa. XpaHe-
HUE ¥ TTOATOTOBKA KOJ4eaHa K 00xury. OnucaTh yCTPOMCTBO Medei /1l 00)Kura KordeaHa.

3A — R(yenesas)
4. [TpoTekaroT mocie0BaTeIbHbIC PEAKIHH:
R — 2S(nobounas)

OnpenenuTs: CTeNeHb NpeBpaleHns Xa, CENeKTUBHOCTh Sgr, BBIXO MNpojaykTa Egr, eciu
Ha BEIXOZIe M3 peakTopa Ca=3 kMomb/M°, Cr=9 kMomb/M°, Cs=1 KMOIB/M .

Bapuanr §

1. Ucnons3ys npunuun Jle-llatense, mpoaHanu3upyiTe Bce BO3MOXKHBIE CHOCOOBI
CMELIEHUSI PABHOBECHUS PEAKIUU BIIPABO IS MTOJIYYEHHMS] MAaKCHUMAJIBHOIO KOJIMYECTBA LEJIEBOTO
npoaykTa (AH peakiuu paccuuThIBaeTCs O TAOIUYHBIM TAHHBIM):

CH20(r) + Ha(r) <> CH30Hy)
CeHiar) > CsHe (r) + 4H2r)

2. Ormmucarp KiIaccH(UKAUIO XUMHKO-TEXHOJIOTHYECKUX MPOIIECCOB IO YCIOBHSAM pa-
0O0TBHI, 110 TUITYy PEAKLIUH, 10 COCTOSTHUIO pEarupyromux BemecTB.

3. OxapakTepr3oBaTh MeYn sl 00XKHUra KOJTUeaaHa, YCTPOUCTBA IS TIOJadl KoTde/ia-
Ha B [I€YM U yJajeHue orapka. Mcnosnb3oBanue orapka.

4A — R(yenesast)
4. [TpoTekaroT mapasuieIbHbIe PEaKIIuK:
7A — 4S(nobounas)

OmnpenenuThb: CTENEHb NpeBpanieHnst XA, CENEKTUBHOCTh SR, BBIXOJ MpoayKTa ERr, ecnm
Ha BBIXOJIe U3 peakTopa Ca=2 kMoib/M°, Cr=12 kmoib/M3, Cs=1 kmomb/MC.
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Bapuanrt 6

1. Ucnons3ys npunnun Jle-llarense, mpoaHanu3upyiTe BCE BO3MOXKHBIE CIOCOOBI
CMELIEHHs PaBHOBECHUS PEaKIMM BIPABO AJIS MOJYyYEHHUs MAKCUMAIbHOI'O KOJIMYECTBA LIE€JIEBOI0
npoaykTa (AH peakiiuy pacCUMTHIBaeTCs O TAOIMYHBIM IaHHBIM):

Nory) + 3Ho@) <> 2NH3s ()
CeHs5—CHi3(x) + Hory <> CeHe(r) + CHar

2. Onucarb TEXHOJIOTHYECKYIO CXEMY IPOMBIIIJICHHON BOIONOATOTOBKU. Bosa Kak cbl-
pbE U BCIIOMOTaTENIbHBIN KOMIIOHEHT MPOU3BOACTBA. ICTOUYHMKHN BOABI.

3. OmnucaTb OCHOBBI MEXAaHUYECKOH U 3JIEKTPUUYECKON OYMCTKH 00XKHUIOBOI0 rasza B Ipo-
M3BOJICTBE CEPHOM KUCIIOTHI OT MBUIH, OPBI3T U TyMaHa.

4A — R(yenesas)

7R — 4S(no6ounas)

OmnpenenuTb: CTENEHb NpeBpaiieHust XA, CEIeKTUBHOCTh SR, BBIXOJ MpoayKTa Er, ecian
Ha BeIX0J€ U3 peakTopa Ca=2 kMonb/M3, Cr=6 kmoib/M3, Cs=4 KMOIb/M>,

4, HpOTeKaIOT IMOCJICA0OBATCIIbHBIC PECAKIINU:

Bapuanr 7

1. Ucnone3ys npunnun Jle-lllatense, npoaHanu3upylTe BCE BO3MOXHBIE CIOCOOBI
CMEIIICHUST PaBHOBECHUS PEAKIIMU BIIPABO ISl TTOMYyYSHUS MaKCHMAJIBLHOTO KOJIHYECTBA IIEJICBOTO
npoaykTa (AH peakiiuu pacCuMThIBACTCS MO TAOJIMYHBIM JTaHHBIM):

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

2. IlpuBectu 0OOIIyI0O XapaKTEPUCTHKY M KJIACCH(PHUKAIMIO YHEPIeTUUYECKUX PECYpPCOB.
Omnucarh COCOOBI SHEPrOTEXHOJOTHYECKOr0 KOMOMHHUPOBAHUS M UCIOJIb30BAHUS SHEPreTHYe-
CKOTO TIOTEHITHAJIA CHIPBS ¥ TEILIa 3K30TEPMUYCCKUX PeaKIuii. BropruuHbIe YHEPropecypChl.

3. Ommcarp (HU3UKO-XMMHYECKHUE OCHOBBI KaTaauTudyeckoro okucieHus SOz mo SOs.
Karanu3zatops! nporiecca. KoHTakTHBIE ammmapaTsl.

3A — R(yenesas)
4. [TpoTekaroT mapaieabHbIe PeaKIHu:
6A — 3S(nobounas)

Onpenenutsb: cTeneHb NpeBpalieHus Xa, CEIeKTUBHOCTh Sr, BBIXOJ MpoaykTa Eg, ecnu
Ha BBIX0zIe 13 peakTopa Ca=1 kMomb/M°, CR=5 kMomb/M3, Cs=2 KMOIB/M".

Bapuanr 8
1. Ucnons3ys npunuun Jle-lllatense, npoaHanu3upyiTe Bce BO3MOXKHBIE CHOCOOBI
CMELICHUS PaBHOBECHS PEAKIIMU BIPABO ULl MTOJYYEHHUSI MAKCHUMAJIBHOIO KOJIMYECTBA LEJIEBOTO
npoaykTa (AH peakiiun paccuuThIBaeTCs O TaOJIMYHBIM JIaHHBIM):
CaHior) <> CaHe(r) + 2Har
CsHs(r) <> CeHiz(r) + Ho(r)
2. Onmcatb XUMHYECKOE MPOU3BOICTBO KaK XMMHKO-TEXHOJOTHUECKYIO CUCTEMY, BUIBI
TEXHOJIOTUYECKUX CBsA3eH a1eMeHTOB X TC, X Ha3HaYeHHE U XapaKTEpPUCTHKA.
3. Ommcath QU3NKO-XUMHUYECKHE OCHOBBI a0COPOIMH CEpHOTO aHTHIPHIA U3 Ta30BOU
CMECH B MPOU3BOJICTBE CEPHOM KUCIOTHI. AMMapaTypHoe o(opMIIEHHE MpoLecca.
3A > R(yenesas)

6R — 3S(nobounas)

OnpenenuTh: CTENeHb NpeBpamieHuss XA, CEJICKTUBHOCTh Sr, BBIXOJ MpoaykTa Er, ecim
Ha BeIxojie U3 peaktopa Ca=3 kMoib/M3, Cr=10 kmob/M3, Cs=3 kMob/M°.

4, [IpoTekaroT mociaea0BaTeIbHBIC PEAKIIUH:

Bapuant 9
1. Ucnons3ys npunnun Jle-lllarense, mpoaHaau3upyiTe BcCe BO3MOXHBIE CIOCOOBI
CMEILEHUSI PABHOBECHUS PEAKLMU BIPABO JUIS MOJyYEHUSI MAKCUMAJIBHOTO KOJUYECTBA LIEJIEBOTO
npoaykra (AH peakiuu paccunTheiBaeTcs 1o TaOIMYHBIM JaHHBIM):
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2C4Hg(r) <> CgHisex)
CaHa) <> C2Hory + Hogr
2. llpuBectu KIacCUPUKALNNIO XUMHUKO-TEXHOJIOTHISCKUX IMPOIIECCOB, OCHOBHBIE TOKa-
3arenu XTII, ux B3aumocBs3b. CriocoOs! noBbIeHus 3¢ dexkruBHocTd X TI1.
3. Omnmcarh XUMHYECKYIO ¥ CTPYKTYPHYIO CXEMBI MPOU3BOJICTBA CEPHOMN KUCIOTHI HHUT-
PO3HBIM CIIOCOOOM.

2A — R(yenesast)
4. [TpoTekaroT mapasuieIbHbIC PEaKIIUK:
A — 3S(nobounas)

OmnpenenuTsb: CTeNeHb NpeBpatieHuss Xa, CENEKTUBHOCTh SR, BBIXOJ MpoayKTa ERr, ecnu
Ha BbIXOJIe U3 peaktopa Ca=5 kMoib/M°, Cr=10 kmoib/M3, Cs=4 kMoib/MC.

Bapuant 10

1. Ucnonw3ys npunmun Jle-llarense, mpoaHanu3upyidTe Bce BO3MOXKHBIE CHOCOOBI
CMEILEHMs PaBHOBECHUS pEaKIMK BIPABO AJIS MOJYyYEHHUs MAKCHUMaIbHOTO KOJIMYECTBA LIE€IEBOIO
npoaykTa (AH peakiuyn paccyuThIBaeTCs O TaOJIMYHBIM JIaHHBIM):

CH20¢) + Har <> CH30OH(y)
CsHiar) <> CsHs (r) + 4Hor)

2. OrmucaTb TOMOI'€HHbIE XUMUYECKHE MPOLECCHI, BIMSHUE YCIOBUM MPOBEIECHUS U XU-
MHUYECKUX MPU3HAKOB HA CKOPOCThH MpeBpanieHus u auddepeHnnanbayo cenekTuBHOCTh. [TyTtn
U CII0COOBI MHTEHCU(PUKALIMY TOMOT'€HHBIX IPOLIECCOB.

3. Omucarb COBPEMEHHOE COCTOSHUE W MEPCIIEKTUBBI Pa3BUTHS a30THON MPOMBINILICH-
HocTH. ChIpbe AJIs a30THON MPOMBIIIIIEHHOCTH. MeTobl (pUKcaluu a3ora.

2A — R(yenesas)
4. [IpoTekatoT mocie0BaTeIbHbIC PEAKIHH:
R — 3S(rnobounas)

OmnpenenuThb: CTENEeHb NpeBpamieHus XA, CENEKTUBHOCTh SR, BBIXOJ MPOoayKTa ER, ecnu
Ha BbIXOJIe U3 peaktopa Ca=2 kMoib/M°, Cr=7 kM0b/M3, Cs=4 kMoib/MC.

Bapmuanr 11
1. HWcnons3ys npunnun Jle-lllarense, mpoaHanu3upyiTe BCe BO3MOXKHBIE CIOCOOBI
CMEILIEHNS] PAaBHOBECUS PEaKLUU BIPABO JUIS MOJIyYEHUSI MaKCUMAJIBHOIO KOJIMYECTBA LIEIEBOIO
npoaykra (AH peakuuu paccuuThIBaeTCs MO TaOIUYHBIM JaHHBIM):
2COq) + Oz(r) <= 2COx(r)
CaHar) > CoHagy + Hogr
2. IlpenctaBUTh M OHMHUCATh TEXHOJOIMYECKYIO CXEMY COBMELICHHOH KaTaluTHYEeCKOMH
KOHBEPCUH METaHa U OKCUJA YIJIepoAa Mol aTMOC(HEPHBIM AABICHUEM.
3. Omnucarb METObI OYMCTKU TEXHOJOTHUECKUX ra3oB oT COx.

2A — R(yenesas)
4. [TpoTekaroT mapasuiebHbIC PEaKIIUu:
A — 4S(nobounas)

OmnpenenuThb: CTENEHb NpeBpanieHnst XA, CENEKTUBHOCTh SR, BBIXOJ MpoayKTa ER, ecnu
Ha BbIXoJIe U3 peakTopa Ca=2 kMoib/M°, Cr=7 kMoib/M3, Cs=1 kmomb/MC.

Bapuanr 12

1. HWcnons3ys npunnun Jle-lllarense, mpoaHanu3upyiTe Bce BO3MOXKHBIE CIOCOOBI
CMEIIEHHs PaBHOBECHUS PEaKIMK BIOPABO IJIS MMOMYyYEHHUs MAaKCUMAaIbHOTO KOJIMYECTBA 1IE€JIEBOTO
npoaykrta (AH peakuuu paccuuThIBaeTCs MO TaOIUYHBIM JaHHBIM):

CuS() + Ozt < Cu + SOx()
C2He(r) <> C2Hary) + Hogry

2. WBnoxuTh TEOPETUYECKHUE OCHOBHI CHHTE3a aMMHaka, 0OOCHOBaTh ONTHUMAaJIbHBIE
yCIIOBUS IIpoliecca U He0OX0IMMOCTD MTPOBE/IEHUSI CHHTE3a aMMHUaKa 110 [IUKIMYECKOl cxeMme.

3. Ormucatb METOBI OYMCTKU TEXHOJIOTMUYECKUX T'a30B OT CEPHUCTHIX COETUHEHU.

29



2A — R(yenesas)
4. [TpoTekaroT mocie0BaTeIbHbIC PEAKIUH:
R — 4S(nobounas)

OnpenenuTthb: cTeNeHb NpeBpamieHus Xa, CENEKTUBHOCTh SR, BBIXOJ Mpoaykra ERr, ecnu
Ha BbIXoJie U3 peaktopa Ca=1 kMoib/M°, Cr=7 kmonb/M3, Cs=4 kmonb/M>,

BapuanTt 13
1. Ucnons3ys npunnun Jle-llatense, nmpoaHanu3upyiTe BCE BO3MOXKHBIE CIOCOOBI
CMELIEHHs PaBHOBECHUS PEAaKIMM BIPABO AJIS MOJYyYEHHUs MAKCHUMAIbHOI'O KOJIMYECTBA LIE€JIEBOI0
npoaykTa (AH peakiiuy paccUMThIBaeTCs O TAOIMYHBIM IaHHBIM):
Nowry) + 3Ho) <> 2NH3s
CsHe(r) <> CeHiz) + Ho(r)
2. Onucatrhs (PU3MKO-XMMHUUYECKHME OCHOBBI M ammapaTypHoe o(GopMIIeHHE Ipolecca
OYHMCTKH 00XHTOBOTO Ta3a OT KOHTAKTHBIX SIJIOB.
3. IlpencraBuTh M omucaTh TEXHOJOIMUYECKYIO CXEMY CHHTE3a aMMHaKa IpU CpelHEeM
JIaBJICHUU.
2,5A — R(yenesas)

7,5A — 4S(nobounas)

Onpenenuthb: cTereHb NpeBpalieHus Xa, CEJIeKTUBHOCTh Sr, BBIXOJ MpoaykTa Er, eciu
Ha BBIX0zIe 13 peakTopa Ca=1 kMomb/M°, Cr=6 kMomb/M3, Cs=2 KMOIB/M'.

4. [IpoTrekaroT napaisienbHble peaKuu:

Bapuanr 14

1. HWcnonw3ys npunnun Jle-Illatense, npoaHaaM3upyHWTe BCE BO3MOKHBIE CIIOCOOBI
CMEILEHUS PABHOBECHS PEAKILMK BIIPABO JUIS MOJTyYEHUS MAKCHMAIILHOTO KOJIMYECTBA II€JIEBOI0O
npoaykTa (AH peakiu paccuuThIBAETCS 10 TAOIUYHBIM JaHHBIM):

4C2Haw) <> CsHior) + C3He ()
CeHia(r) <> CeHe (r) + 4Ho(r)

2. OmmcaTh TEXHOJOTHUYECKYIO CXEMY M OOOpYHIOBAHUE OYMCTHOIO OTAEIEHHS COBpE-
MEHHOT'O MIPOMU3BOJICTBA KOHTAKTHON CEPHOM KHUCIOTHI M3 KOJTYeIaHa.

3. M310XuTh BAMSHHME PA3IMUHBIX (PAKTOPOB HA IPOLECC OKUCIEHHS aMMHUAKa B IIPOM3-
BOJICTBE a30THOM KHCIIOTHI.

2,5A - R(yenesas)

7,5R — 4S(nobounas)

OnpenenuTth: CTENEHb NpeBpamieHuss XA, CEJICKTUBHOCTh SR, BBIXOJ] MPOayKTa Er, ecim
Ha BeIXOJie u3 peakTopa Ca=3 kMomb/M°, Cr=7 kmonb/M>, Cs=4 KMOIB/MC,

4. HpOTeKaIOT MOCJICA0OBATCIIbHBIC PCAKIIUHN:

Bapuanr 15

1. Ucnons3ys npunnun Jle-lllarense, mpoaHanu3upyiTe BcCe BO3MOXHBIE CIOCOOBI
CMEILEHUS PABHOBECHUS PEAKLUU BIPABO ULl MOJYyYEHUS] MAKCUMAJIBHOIO KOJMYECTBA LIEJIEBOTO
npoaykra (AH peakiuu paccunThiBaeTcs 10 TaOIMYHBIM JaHHBIM):

2CO) + Oz(r) <> 2COx(r)
CeHs—CHj3(x) + Hor) <= CeHer) + CHar)

2. OxapakTepu3oBaTh KaTalu3aTopbl, IPUMEHSIEMbIE B IPOU3BOACTBE CEPHON KUCIIOTHI
KOHTaKTHBIM METOJIOM.

3. MBnoxuTh (GU3NKO-XUMHUECKHE OCHOBBI Ipoliecca adCOpOIUHN AMOKCHIA a30Ta BO-
JI0W B MTPOU3BOJICTBE pa30aBIeHHON a30THOW KUCIIOTHI.

7A — R(yenesas)

A — 3S(nobounas)

Onpenenuth: cTeneHb NpeBpamieHus Xa, CEJIeKTUBHOCTh SR, BBIXOJ MPOAyKTa Er, ecnu
Ha BBIX0zIe U3 peakTopa Ca=2 kMomb/M°, Cr=6 kMomb/M>, Cs=2 KMOIB/M".

4. IIporekaroT napaiesbHble peakuu:
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Bapuant 16

1. Ucnons3ys npunnun Jle-1llaTenbe, nmpoanaau3upyiTe Bce BO3MOKHBIE CITOCOOBI
CMEIICHUS PABHOBECHUS PEAKIIUU BIPABO IS MOyYEHUSI MAKCUMAIILHOTO KOJIMYECTBA IIEJIEBOTO
npoaykra (AH peakuuu paccuuThiBaeTCs MO TaOIMYHBIM JAHHBIM):

CeHe(r) «» CeHiory + Ho(r)
4C2Hy(r) <> CsHior) + C3He ()

2. Omnwucarp (HU3MKO-XUMUYECKHE OCHOBBI HHTPO3HOTO MpOIIecca IMONTYYCHHS CEpHOU
KHUCIIOTHI.

3. M310KuTh TEOPETHUUECKHUE OCHOBBI PA3JICIICHUS KUJAKOTO BO3/IyXa HA a30T U KHCIIO-
POl METOZIOM PEKTHU(DHUKALIUU.

7A — R(yenesas)
4. [TpoTekaroT mocieoBaTeIbHbIC PEAKIHH:
R — 3S(rnobounas)

OmnpenenuTsb: CTENeHb NpeBpatieHuss Xa, CENEKTUBHOCTh SR, BBIXOJ MpoayKTa ERr, ecnu
Ha BbIXoJie U3 peaktopa Ca=3 kMoib/M°, Cr=8 kmoib/M3, Cs=5 kMOIb/M°.

Bapuant 17
1. Ucnons3ys npunnun Jle-1llatense, npoananu3upyiite Bce BO3MOKHBIE CITOCOOBI
CMEIIICHUS PaBHOBECHUS pPEaKLUU BIPABO IS MOMyYEHUSI MAKCUMAJIbHOTO KOJMYECTBA 1IeJIEBOTO
npoaykra (AH peakuuu paccuuThIBaeTCs 10 TaOIUYHBIM JaHHBIM):
CoHe(r) <> C2Haw) + Ham)
N2 + 3Ha) <> 2NHz(p
2. Omnwucarb o0opynoBaHUE OAIIEHHBIX CUCTEM MPOU3BOJICTBA CEPHOIM KUCIOTHI HUTPO3-
HBIM METOJIOM.
3. TlpoBecTH XapakTEpUCTUKY CHIPbs JIJIsl a30THOM MPOMBIIIIEHHOCTH.

4A - 2R(yenesas)
4. [TpoTekaroT mapasuiebHbIC PEaKIIUK:
5A — 3S(nobounas)

OmnpenenuThb: CTENEeHb NpeBpanieHuss XA, CENEKTUBHOCTh SR, BBIXOJ MpoayKTa ERr, ecnu
Ha BbIXoJie U3 peakTopa Ca=3 kMoib/M°, CrR=9 kMob/M3, Cs=2 KMOIB/M°.

Bapuant 18

1. Ucnonwiys npunnun Jle-lllarense, npoananu3upyiTe Bce BO3MOMKHBIE CIIOCOOBI
CMEILIEHNS PAaBHOBECUS PEAaKLMU BIPABO JUIS MOJyYEHUSI MAKCUMAJIBHOTO KOJIUYECTBA LIEJIEBOTO
npoaykra (AH peakuuu paccuuThIBaeTCs MO TaOIUYHBIM JaHHBIM):

CaHe(r) <> C2Har) + Hogr
CuS() + Ozr) <> Cugry + SOz

2. Ormucarp 3HaYeHHE U 001aCTh IPUMEHEHHS MTPOMBIIIIIEHHOT0 KaTanu3a. CyIHOCTb U
BU/JIbI KaTaau3a.

3. OrmucaTb TEXHOJIOTHIO MOJyYEHHsI a30TOBOJOPOAHON CMECH METOAOM MapOBO31yII-
HO KOHBEPCUU METaHa.

4A — 2R(yenesas)
4. [TpoTekaroT mociea0BaTeIbHbIC PEAKIHH:
5R — 3S(nobounas)

OmpenenuTb: CTENeHb NpeBpalleHus XA, CEIEKTUBHOCTh SR, BBIXOJ MpoaykTa Er, ecnn
Ha BeIX0/e U3 peakTopa Ca=1 kmons/M®, Cr=5 kmomb/M3, Cs=4 KMOmb/M>,

Bapuanr 19
1. Ucnons3ys npunuun Jle-llatense, mpoaHanu3upyiTe Bce BO3MOXKHBIE CHOCOOBI
CMELIEHUs] PABHOBECHUS PEAKI[UU BIPABO VIS MMOITYYEHUS MAKCUMAJIBHOIO KOJIMYECTBA LIEJIEBOIO
npoaykTa (AH peakiuu pacCUuThIBae€TCS MO TAOIUYHBIM TAHHBIM):
C2Ha(ry < CoHoy + Hor
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CH20() + Har) «» CH30H(p)
2. Omucarh METOAbl IPOM3BOJACTBA BOAOPOJAa KOHBEPCHEH YIJIEBOJOPOIHBIX Ia30B.
IIpuBecTr CpaBHUTEIBHBIN aHAIU3 TUX METOJOB.
3. OmnucaTtb METOABI OYUCTKU a30TOBOAOPOAHOM CMeCH OT JTMOKCHIA yriiepoja U cepo-
BOZOPOJA.
3A - 15R(yenesas)

A — 3S(nobounas)

OnpenenuTth: CTENEHb NpeBpamieHuss XA, CENIEKTUBHOCTh SR, BBIXO MpoaykTa ERr, ecnu
Ha BBIX0JIe U3 peakTopa Ca=5 kmMomb/M°, Cr=12 kmomb/M®, Cs=3 KMOIB/M°.

4. [IpoTrekaroT napaiesbHble peaKuu:

Bapuant 20

1. Wcnonp3ys npunnun Jle-Illarense, mpoaHaIu3HpyHTe BCE BO3MOXHBIC CIIOCOOBI
CMELICHHS PAaBHOBECHUS PEAKIMH BIPABO JJIS MOMyYSHHUS MAKCHUMAIbHOTO KOJIMYECTBA LIEJIEBOIO
npoaykra (AH peakiuu paccunThIBaeTcs 1Mo TaOIMYHBIM JAHHBIM):

CeHi4r) <> CeHe (1) + 4Hoq
2C0(r) + Oz(r) > 2C02(r)

2. Omnwmcarh TPOU3BOJCTBO BOAOPOAA (A30TOBOAOPOTHOM CMECH) Pa3AelieHUEM KOKCO-
BOT'O Ta3a.

3. Omnmucarp nporiecc nepepadoTKH HUTPO3HBIX Ta30B B pa30aBICHHYIO a30THYIO KHUCIIO-
Ty.

3A - 15R(yenesas)

R — 3S(nobounas)

OnpenenuTthb: cTENeHb NpeBpamieHus Xa, CENEKTUBHOCTh SR, BBIXOX Mpoaykra ERr, ecnu
Ha BbIXoJie u3 peakropa Ca=3 kMoib/Me, Cr=12 kmonb/M3, Cs=4 kmons/M>.

4. HpOTGKaIOT MMOCJICAOBATCIIbHBIC PCAKIIUHN:

Bapuant 21

1. Ucnonb3ys npunuun Jle-lllarense, npoaHanu3upyiTe BCE BO3MOXHBIE CIOCOObI
CMEILEHUSI PABHOBECHUS PEAKLIMU BIIPABO VISl OJYyYEHUS] MAaKCUMAJIBHOIO KOJIMYECTBA LIETIEBOTO
npoaykra (AH peakiuu paccunTheiBaeTcs 10 TaOIMYHBIM JaHHBIM):

2C4Hsgr) <> CsHios
2CO) + Oz(r) <= 2COx(r)

2. W3noXuTh OCOOCHHOCTH CEPHOKHCIOTHOTO pasioxeHus ¢ocdopuroB Kaparay.
N300pa3uth TEXHOIOTUYECKYIO CXEMY ITPOU3BOJICTBA U3 HUX 3KCTPAKIIMOHHON PochopHOi Kuc-
JIOTHI.

3. OxapakTepu30BaTh BHJBI CEPOCOACPIKALIETO CHIPBS IS TIPOU3BOJCTBA CEPHOM KHC-
notel. [lonydeHnune ceprl U3 pya, ouucTKka cepel. IIpuBecT cxeMy yCTaHOBKHU JJIsi KOMILIEKCHOM
nepepaboTKU CEPHBIX PYI.

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

OnpenenuTs: CTeNeHb MpeBpaieHns Xa, CENeKTUBHOCTh SR, BEIXO NpoaykTa Eg, eciu
Ha BBIX0zIe M3 peakTopa Ca=3 kMomb/M°, Cr=7 kMomb/M>, Cs=2 KMOIB/M".

Pexomenyemas nmutepatypa.
1.beckoB B.C., Cadponor B.C. Obmas xuMuyeckass TEXHOJIOTHS U OCHOBBI ITPOMBIIII-
JICHHOM 3Kostoruu: YueOHUK A By30B. — M.: Xumus, 1999. 472 c.: ui.
2.00mas xuMu4Yeckasi TeXHOJIOTHS: Y4eOHHK ia XuMuKo-TexH. By30B/Ilox pen. W.II.
MyxneHoBa. — 4-e u3n., nepepad. u gom. — M: Beicur. mk., 1984. — 256 c.: ui.
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3.Kparkuii cripaBouyHUK (u3nKo-XxuMuU4eckux BenuuuH. M3nanue nessroe/ Ilox pen.
A.A. Panens u A.M.ITonomapesoii. — CII6.: Cnenmanbnas JIurepatypa, 1998. — 232 c.: ni.

Kpumepuu ouenku konmpoionoi pabomel:
Y4eOHbIM IUIaHOM IS 3a09HOM (OpMBI 00yUEHHS MTPEyCMOTPEHA OJTHA KOHTPOJIbHAS padoTa.
MakcuMaabHOE KOJHYECTBO OajlIOB 3a MPaBHILHO BBITOJHEHHYIO KOHTPOJIBHYIO paboTy — 35
0aJII0B, MUHUMAJIbHOE KOJIN4eCTBO OaiuioB — 20 O0aiuioB.
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