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Ilokazamenu u Kpumepuu oUyeHUBAHUA KOMNEMEHUUIL C ORUCAHUEM WKAI OUECHUBANHUS
(hopmupyromes ¢ Ol no nanpasnenuo NOO20MOBKU U BCMABIAIONCI 8 PADOUYIO NPOSPAMMY HOCIE e€ YMBEPHCOeHUs)

Huoexc Cooepircanue Komnemenyuu Ypoenu oceoenua komnemenyuu
KomnemeHnyuu - - -
ITopozoswiii yposens oceoenusn IIpoosunymutit yposens IIpesocxoonwtit yposens oceoenusn
Komnemenyuu 0C60eHUA KOMNEmenyuu KomnemeHnyuu
3HAaTh: B [I€JIOM OCHOBBI 3HATh: OCHOBBI CUCTEMBI 3HAaTh: CYIIHOCTh M 3HAUCHHE
cucTeMbl HTHOOPMAIIHOHHON U WHPOPMALTUOHHOHN H HHPOpPMALIUKN U HHHOPMAIIMOHHBIX
oubarorpadIecKkuii KynbTyphl. | OubOIHOTrpadIecKuii MPOIIECCOB B Pa3BUTHH
YMeTh: B [I€JIOM YCIICIIHO, KYJIBTYPBI. COBPEMEHHOT'0 HH()OPMAIIMOHHOTO
MPUMEHSTh HH(POPMAIIHOHHO- YMeTh: IpUMEHSATH oOmiecTBa.
KOMMYHHUKAIIMOHHBIE TEXHOJIOTUN | MH(OPMAIIOHHO- YMmeTb: 00padaThIBaTh 1
U C Y4€TOM OCHOBHBIX KOMMYHHKAIIHOHHBIE aHAIN3UPOBATh HH(OPMALIHIO,
CIMOCOOHOCTD K MPUOOPETESHHIO C TpeOoBaHMi HHPOPMATIOHHOH TEXHOJIOTHH, B TOM YHCJIE, K C | CONEPXKAIIYIOCS B Pa3IMYHBIX
OITK-1. GOJIBILION CTETIEHBIO 0e30I1acHOCTH. Y4ETOM OCHOBHBIX MH()OPMALIMOHHBIX HCTOYHHKAX, B
CaMOCTOATENFHOCTH HOBBIX 3HaHMiT | Bi1ageTs: 1o Goibiieil yactu TpeGoBaHU TOM 4HcIe U OHOIMOrpaduuecKux.
C MCIIOJIb30BAHUEM COBPEMEHHBIX CaMOCTOATENEHO HABBIKAMH WHPOPMAaITMOHHON BaageTs: OCHOBHBIMH METOIAMHU
00pa3oBaTeNbHBIX H PCLICHIT CTAHZAPTHBIX 33711 6e30MacHOCTH. 00paboTKK MH(OPMALIHH;
MH(OPMALMOHHBIX TEXHONOTHiA MPOdECCHONATLHOM ButajieTs: HaBbIkamy perienns | HABIKAMH paboTEI co BeeM
ACATCIIbHOCTU Ha 9CHOBe CTAH/APTHBIX 387124 KJIaccaMHU IIpOrpaMMHOI0
UH(POPMALIMOHHOK U . oOecrieueHus, peHa3HaAYEHHOTO
OoubMorpaduIecKoi KyJabTyphl. MpodecCHOHAbHOMU JUTst 00paboTKK MH(POPMALIUH.
JeITeIbHOCTH Ha OCHOBE
nH(pOpMALTMOHHON U
oubnmorpaduieckon
KYJBTYPBI.
3HATh: TEOPETHUUYECKHE aCTIEKThl | 3HATh: TEOPETHUECKHE 3HaTh: OCHOBBI TNIAHUPOBAHHUS
9KOHOMHYECKHX TPOIECCOB, ACTIEKTHI yIPaBIICHUS HKOHOMHYECKHX TPOIECCOB,
CTIOCOGHOCTE HCIONB30BATE OCHOBBI | 1y regarommx B OpraHH3aIii. NPEANPUSITHEM, METO/IbI MPOTEKAOIIMX HA MPEATPUSITUSIX
OK-3 SKOHOMUYECKUX 3HAHUH B

pa3nuHbIX chepax AesITeIbHOCTH

YMeTb: IpUMEHSTH
TEOPETUUECKUE 3HAHUS
HKOHOMHYECKHX MPOLECCOB,
MPOTEKAIONINX B OpraHr3aIH.

aHaJIN3a SKOHOMUYECKUX
IIPOLIECCOB.

YMmerb: IpUMEHATH
M3yYEHHBIE METOJIbI TPH

IEKTPOIHEPIreTHUECKON U
JIEKTPOTEXHUUECKOM OTpaciu.
YMers: 110 pe3yapraTaM
MIPOBEJICHHOT O aHaJIn3a




Baagerb: OCHOBHBIMU
TOHATHAMHU H ITOKa3aTCIIAMU
9KOHOMUYCCKUX IPOLECCOB,
MPOTCKAONIUX B OpraHu3aliunu

IIPOBEICHUH aHAIN3a
9KOHOMHYECKHX IPOLIECCOB,
MIPOTEKAIONINX B OPTaHU3aLUH,
JleJaTh BBIBOJbI U COOTHOCUTh
pe3ynbTaThl aHAIN3A.
Buianers: HaBbIKaMu paboTHI €
OCHOBHOMW JJOKyMEHTALIMEH 110
YIPAaBICHUIO MPEATIPUATHEM;
3HaHUSMH O COJEPKAHUU
YIIPABJIECHYECKOU
JIeATENBHOCTH; METONAMHU
aHaJIM3a YKOHOMHUYECKUX
MIPOLIECCOB, IPOTEKAIOIIHX B
OpraHU3aLNH

(bopMHpOBaTH IIIaH Pa3BUTHA U
nanpHeHen 3G GexTHBHOM
JeSITEIbHOCTH YIPABIIEMON
OpraHu3alyu
AIIEKTPOTEXHUYECKOTO U
3JIEKTPO3HEPTETUIECKOTO
npodus.

BaaaeTb: ONBITHO-
CTaTUCTUYECKUMHU METOJaMU
IUTaHUPOBAHUS COLIUATIBHO-
9KOHOMHUYECKHUX MPOIIECCOB B
YIpaBJISIEMOM OpraHu3auu
3JIEKTPOTEXHUUYECKOTO U
3JIEKTPO3HEPTeTUIECKOTO
npodus.

OK-9

TOTOBHOCTD ITOJIL30BATLCS
OCHOBHBIMH METOJAMU 3aIUTEI
MIPOM3BOICTBEHHOTO TEPCOHANIA U
HaceJEeHHS OT BO3MOYKHBIX
MOCJICACTBUIN aBapuid, katacTpod,
CTUXHUHHBIX OeqCTBUI

3HaTh: CyIIHOCTh Pa3IMYHBIX
AHTPOIIOTCHHBIX U TEXHOTCHHBIX
Ype3BbIUYANHBIX CUTYaAlIUH,
MpaBujIa OpeIynpeKICHUs
BO3MOKHBIX TPaBM, IPYTUX
BO3JICUCTBUI Ha 310POBbE
YeJIOBEKa PU BO3MOXHOM HX
MPOSIBICHUHU.

YMeTh: CaMOCTOSTEIILHO
MIPUMEHSTH MEPHI OKA3AHIS
MIepBO JOBpaueOHON TTOMOIIU
JIATIaM, TIOCTPAJABIIIAM OT
Pa3IMYHBIX YPE3BBIUANHBIX
CUTYyaLHil.

Buaagernb: HaBEIKAMH
CaMOCTOSITCIBHBIX JECUCTBUI MO
OKa3aHUIO JIOBPaueOHON MTOMOIITH
MOCTPAIaBLIUM OT YPE3BBIYAMHBIX
CUTYaLMH.

3HaTh: 0COOEHHOCTH
Pa3IMYHBIX AaHTPOIIOTEHHBIX U
TEXHOT€HHBIX YPE3BbIYalHBIX
CUTyaluil; MEpBI OKa3aHUsA
MepBOH JTOBpaueOHOM TOMOIITH
JUIaM, TTOCTPaIaBIINM OT
Pa3IMYHBIX YPE3BBIYANHBIX
CUTyalUsX.

YMerb: IpUMEHSATH ITpaBUIa
MpeyTpeXIEHUS BO3MOXKHBIX
TpaBM, APYIUX BO3AEHCTBUI
Ha 37I0pOBbE YeJIOBEKa MPU
BO3MOKHOM HX TIPOSIBIICHUH;
CaMOCTOSITETILHO
OCYILIECTBIISTH JJOBpaueOHYI0
MTOMOIIIb [TOCTPAIABIINM OT
Ype3BBIYAWHBIX CUTYaLHH,
MIPOBOJIUTH TIEPBUYHBIE
WHCTPYKTAXKH MO ITHM

3HATb: METO/IBI U TIPHEMBI
CaMOTIOMOIITH, B3aUMOIIOMOIIH 1
noBpayeOHo# momoru B YC
MPUPOJTHOTO, TEXHOTEHHOTO,
COIIHAJIBHOTO M OHUOJIOT0-
COIMAITEHOTO XapaKTepa; BOMPOCHI
JIECMYPTHH; METOIBI
TPaHCIIOPTUPOBKH HOPAKEHHBIX U
OO0JIbHBIX; 3HATH OCHOBBI YXO/1a 32
0O0JIbHBIM.

YMeTh: HCIOIh30BATH BCE BUJIBI
anTevek I OKa3aHus
CaMOIIOMOIITH, B3aUMOIIOMOIIH 1
JIOBpaueOHOM MOMOIIH; YMETh
MOJIb30BATHLCS MTPOCTECHIIUMHU
CpeICTBaMHU MHANBUAYATEHOMN
3aIUTHI; MOJIH30BATHCS
TaOETbHBIMU CPEICTBAMHU
WHINBUIYaIbHOMN 3alUThI;




BOIpOCaM.
Baaners: npuemamu
OKa3aHUs JOBpadcOHOMH
MEUIIMHCKOH TIOMOIIH TTPH
HEOTJIOKHBIX H

OKCTPEMAJIBHBIX COCTOSIHUAX.

HaKJIaAbIBaTh MOBA3KH Ha
pa3IMYHbIC YYaCTKU Tema Mpu
PaHCHMSX M IMOBPEXKICHUSAX;
OCYIIECTBIISATh PA3TUUHBIC BHIBI
TPAHCHIOPTUPOBKHU MOPAKEHHBIX U
OOJIbHBIX.

Baagers: npuemamu
CaMOIIOMOIIHY: IPUEMaMH OKa3aHUs
JIOBpa4deOHO TOMOIIH TTPH
TpaBMax OKa3bIBaTh MOMOIIb B
oyare XUMHUUCCKOTO 3apaKCHHS,
MpUEMaMy OKa3aHUs IOMOIIH B
oyare paJHaliOHHOTO MOPAKEHUS,
IIpueMaMu OKasaHUs ITOMOIIN B
odare 0aKTepUOJIOTHYECKOTO
MOPKEHHS; TIPUEMAaMH OKa3aHHUs
TIOMOILIU MPH OTPABJICHUAX
ImpueMamMu UCIOJIb30BaHUA
MPOCTEHINNX U TAOETBHBIX
WHIUBUIYaTIbHBIX CPEICTB 3alUThI
OpraHoB ApIxanus u koxu B UC;
MpUEeMaMH OKa3aHUs MePBO
MOMOIIY NMPH yIIKOax U BBIBHXAX;
IpUeMaMu IEPBOU ITOMOILU IIPU
OTMOPOXKECHHSIX, 0OMOPOKE,
MOPAKEHHUHU DIICKTPUUECKUM TOKOM,
MPU TETIJIOBOM U COJTHEUHBIX
ylapax, mpueMamMu MOMOIIHA
YTOMAIONIEMY.




Ilepeuenv komnemenyuil ¢ yKazanuem ypoeHeil ux Yopmuposanus no HaAnPaeieHuo

HaunmenoBanue oeHOYHOTO Cpe€acTsa

WNupekc Conepxanue Oransl GOpPMUPOBAHUS KOMITCTESHITHH
KOMITETCHLIUU KOMIIETCHIINU (ykazatb Bce TeMbl u3 PI1/T)
Jlexuuu [IpakTuueckue JlabopartopHbie KypcoBoii npoext
3aHSTHS, 3aHSITHSI (pabota)
nabopaTopHBIN
PAaKTUKYM
OIIK-1 criocoOHOCTh K npuobpetenuto | Tema 1, | He Tewma 3. He npenycmotpena | Jlabopamophas paboma. Konioxeuym.
c 00JIBI1I0H CTETEHbI0 | TeMa 2, | MPelyCMOTPEHBI Koumponvnas paboma (3aounas
CaMOCTOSITeILHOCTH HOBBIX | TeMa 3, Gopma), 3auem.
3HaHHH C  HCIOJNIB30BAaHUEM | TemMa 4,
COBPEMEHHBIX Tema S.
00pazoBaTeILHBIX u
WHGOPMALTMOHHBIX TEXHOIOTUH
OK-3 CIIOCOBHOCTE HCTIONb30BATE Tema 1, | He Tewma 3. He npenycmotpena | Jlabopamopuas paboma. Konnoxeuym.
OCHOBBI SKOHOMHUECKIX TeMa 2, | mperyCMOTPEHBI Koumponvuas paboma (3a0unas
3HAHWH B pa3IMIHBIX cdepax Tema 3, popma), sauem.
JeSITEIIBHOCTH Tema 4,
TeMa 5




OK-9 TOTOBHOCTh nosnb3oBaThes | Tema 1, | He Tema 3. He npenycmotpena | Jlabopamopras paboma. Konroxeuym.
OCHOBHBIMH METOJIaMH 3aIUTHI | TeMa 2, | IPeayCMOTPEHBI Koumponsnas paboma (3aounas
MIPOM3BOACTBEHHOTO TIEpCOHANa | TeMa 3, dopma), 3auem.

U HAceJICHHWsS OT BO3MOXHBIX | TeMa 4,
MOCTEACTBUMN aBapuii, | Tema 5
KaTacTpod, CTUXHHHBIX
OenCTBUN




4 — cemecmp —ounasn/ouHo- 3a04Han gpopma:

Ouyenounvle cpeocmsa Kon-60 Min, 6annoe Max, oannos
Jlabopamopnas paboma 3/2 3*%4=126/2*4=86 3*6=18/2*8=16
Konnokeuym 6/4 6%4=240/4*7=28 6*7=42/4*11=44
Koumponwvnan paboma 1 20 35

3auem 60 100
Hmozo 60 100

Peitmunz no oucyuniune

Hrorosasi cymma 0a/1J10B € y4eTOM yCIHeLIHOI Onenka
NPOMEKYTOYHOM aTTeCTALNU
ot 87 no 100 OTau4HO (3a4TEHO)
ot 74 no 86 Xopoliio (3a4TEHO)
ot 60 mo 73 Y 10BIETBOPUTENHHO (3aYTEHO)
Huxe 60 HeynoBnerBoputenbHO (HE 3aU4TEHO)
KPUTEPHU

OyeHKuU 3HaAHULl cmyoenmoe Ha 3aueme (4 cemecmp)

Ouenka KpuTepun onieHKH HHIUKATOPOB JOCTHKeHHUA MPU (popMe KOHTPOJIA: 3aveT

OTinyHO
OreHKa «3a4TeHO» BBICTABIACTCS CTYICHTY, €CIU OTBETHl HAa BOIPOCHI 10

(3aqTeH0) TeMaM IUCHUIUINHBI IMMOCJICAOBATCIbHBI, JIOTHYCCKU H3JIOKCHBI, JOIMYCKAIOTCA
HC3HAYUTCIIbHBIC HEAOYCTBI B OTBETC CTYACHTA, TaKHUC KaK OTCYTCTBHC

(87-100 6a/110B)
CaMOCTOSITEILHOTO BBIBOJIA, PEUEBBIE OMMOKH U TIp.

OrneHKa «3a4T€HOY BBICTABIAETCS CTYICHTY, €CJIH OTBETHI Ha BOIPOCHI TI0 TEMaM

JUCHUITIINHBI IIOCJICAOBATCIIbHEI, JIOTNYECKN H3JI0KCHBI, JOITYyCKaroTCA
Xoporto (3a4TeHO)

HC3HAYUTCIIbHBI H 4Y€Thl B TBECT T HT TaKHN KakK T TBU

(74-86 6an108) €3HAYUTENbHBIE HeJ0Ye OTBETE CTYJIEHTa, TaKHUEe KaK OTCYTCTBHE

CaMOCTOSITETTFHOTO BBIBOJIA, PEUEBbIE OIIMOKH H TIP.

OreHKa «3a4T€HOY BBICTABISIETCA CTYICHTY, €CIM OTBETHI HA BOIPOCHI IO TEMaM

VY oBneTBopuTeNb | AUCUMIUIMHBL — IOCICAOBATCIbHEI,  JTOTMYECKH  H3JI0KCHBI,  JOIMYCKAIOTCS

HO (3a4TEHO) HE3HAYMWTEJIbHBIE HEIOYETBI B OTBETEC CTYICHTA, TaKuWe Kak OTCYTCTBHE
(60-73 6a110B) | cavocTOATENBHOMO BHIBOJR, peueBble OLIMOKHU H TIp.

He ynoBnerso-
pHUTENBHO (HE

3aYTEHO)
(ke 60) BOIPOCHI IIPENoJaBaTes.

OHCHKa «HE 3a4TCHO» BBICTABJIACTCA CTYACHTY, €CJIM CTYJACHT HC 3HACT OCHOBHBIX
IIOHSITUH TEMBI JUCHUIIIIMHBI, HE OTBCYACT HaA MAOIIOJIHHUTCIBHBIC W HABOJAIINC




MunuctepcTBo 0OpazoBanus U Hayku Poccuiickoit denepanun
HwxHeKkaMCKHil XUMHKO-TEXHOJIOTUIECKUI HHCTUTYT (prinan) heaepaabHOro
['ocynapcTBeHHOTO OrOIKETHOTO 00Pa30BaTEIBHOIO YUPEKICHUS
BBICIIET0 00pa30BaHUs
«Ka3zaHckuii HalMOHAIBHBIN UCCIIEN0BATEIbCKUNA TEXHOJIOTHUECKUI YHUBEPCUTET)
Mexanunueckuii GpaxkynbreT
Kadenpa HepTexumMuiaeckoro CHHTE3a

KomnuiekT 3axanuii 115 J1a00paTopHOH padoThl
o pucruiuinae b1.5.28 «O0masa xuMuueckas TEXHOJIOTHI»

4 cemecTp
JlaGopaTopHas padora Nel
OrnpenelieHne KOHCTAHTHI CKOPOCTH M JHEPTMM AKTHBALIUH
peaKIMy ruIpoJIn3a STHJIAeTarTa

Lenv pabomer:

1. Hsmepumb KOHCMAHmMbL CKOPOCU  2UOPONU3A  DMULAYEMAMA  NPU  PAZTUYHBIX
memMnepamypax.

2. Paccuumamp sHepeuto akmueayuu peaKyuu OMbLIeHUsA SMUaayemama.

3. Paccuumamuv memnepamypHulii Ko3pghuyuerm smoti peaxyuu.

I'maponus (oMbUIEHHE) STUIIALIETATA TPOTEKAET B COOTBETCTBHH CO CIICAYIOIIUM YPaBHEHUEM:

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

CKOpOCTh ATOM peaklyi MOXKHO 3HAYMTENILHO YBEIMYHTH 32 CUET JN0OAaBICHUS K PacTBOpY
COJISIHOM KHCJIOTBI B KAUeCTBE KaTanu3aTopa. Tak Kak KOJIMYECTBO BOJBI IO CPABHEHHUIO C KOJIMYECTBOM
STHJIALIETaTa BO MHOTO pa3 0OJIbIIe, 3Ty PEaKIUIO paCCMATPUBAIOT KaK PEAKIIUIO, TIPOTEKAIOIIYIO 110
YPaBHEHHIO MIEPBOTO MOPSIKA.

KoHueHTpanust sTunanerata «a» B MOMEHT B3STHS IIEPBOW MpOObI paBHA YBEIMYEHHUIO
KOHIIGHTPALMK YKCYCHOW KHCJIOTBI 32 BpeMsl OT IEPBO 10 MOCNIeHEH NPOOBL, T. €. MPOIOPLHOHATIbHA
Pa3HOCTH MEXTy KOIMYECTBOM MUJLTUIIMTPOB €KOTO HATpa, TOIIEIIEro Ha TUTPOBaHUE ATHX MPOO.
Ecnu Ha TMTpOBaHue 1epBoii mpoosl morwio b1 vz NaOH, a Ha TutpoBanue nocie el mpoosI - Dot
NaOH, o

a=m(b, —b,)
rae m — KO3(PHUIMEHT MPONOPIHOHATEHOCTU. Tak e s KOHIGHTpalliy JTIiarerara (a - x) Ko
BpeMeHH t nosryunm:

a—-x=m(b, —b,)
rae b - uncno mwnmmurpos NaOH, mormeiiee Ha TUTpoBaHWE MPOOLI, B3SATOM depe3 t MUH mociie

MepBOM MPOOBI.
[oacTaBnsst 3Ha4UeHUS a U (a - X) B ypaBHEHHE (2), HAXOIUM:
(2303, mb, -b) 2303, b, -b,
t m(b, —b,) t b, —b,

Muoxurens m B ypasaenun (16) cokpamaercs. [Ijisi ompesieneHuss KOHCTAHTbl CKOPOCTH
PEaKINU K HET HEOOXOIMMOCTH BBIYMCIISITH 3HAYSHHE KOHIICHTPAIIMHN STUIIAIETATa, a JOCTATOYHO JIMIIH
3Hath KormdectBo NaOH B Mummmimntpax, morme/iee Ha TUTPOBAaHUE TPOO.

O0opynoBaHme U peaKTUBBI: mepMocmamyl ¢ ycmanoenenuvimu memnepamypamu Ha 20, 30
u 40 epao., mpu niockooonnvle xonoouku va 100 ma;, wecmv xoHuueckux xonoouex ma 200 ma;
KPUCTNAATU3AMOp €O JIbOOM, RUNEmKU Ha 2 M, nunemka Ha 5 mu; Owopemxu Ha 50 mu; mepHuvle
yunuHopol Ha 5 ma. @enongpmaneun; smunayemam, 1/20 1. pacmeop NaOH; 0,2 n. pacmeop HCI.

Bbimosnenne padoTsl

B uuncryio cyxyro koiaOy (KemaTelnbHO ¢ MPHUTEPTOM IpoOKoi) eMmkocThio Ha 100 mi
HaymBaioT 50 w1 0,2 H. pacTBOpa CONSTHOM KUCIIOTHI U oMeniatoT ee B Tepmoctar (t = 20 °C). UroOsr
KoJiba He BCIUTBIBAJIA, €€ 3aKPEIUBIIOT B ImTaThBe. Korma pacTBop MpHMET TeMreparypy TepMocTaTa




(uepe3 10-15 mmH), K HEMy TPUIMBAIOT 5 MIT 3THIAIETAaTa U, TIEPEeMeEIIaB PacTBOp, TOTIAC OTOMPAIOT
TIATIETKOH 2 MJT PeakLIMOHHOW CMECH; MOMEHT NMPHIMBAHUA 3TUIIAIIETaTa CYNTAIOT HAYAIOM PEaKIuy.
Konby ¢ ocraBmieiicss cMechlo MIIOTHO 3aKPBIBAIOT MPOOKOW, YTOOBI 3P BO BpeMs OIBITAa HE
ucriapsuics, 1 He BBIHUMAIOT M3 TEPMOCTaTa B TEUEHHE BCETO OIIbITA.

Basryro npoOy BRUIMBAIOT U3 MHUIETKH B APYryro komoy ¢ 40—50 M1 xomomHoi BOmsI (C
temneparypoid oT 0 mo 2°C) it TOPMOXKEHHUS peakly OMBUICHHS JTHialerara. XoJjoaHas Bona
JOIDKHA OBITh TIPHTOTOBJIEHa 3apanee. g sToro B Komby Opnenmeiiepa HaimBaroT 40—S50 M
JWMICTAIUTMPOBAHHON BOJBI M CTABAT €€ B COCY[ CO JIbAOM 3a 15—20 MuH 10 B3STHS MPOOBL 3aTeM
npo0y TUTPYIOT PACTBOPOM €IKOTO HaTpa B MPUCYTCTBUH (DeHON(TANCeNHA A0 TOSBICHHS PO30BOTO
OKpaIlIMBaHWs, He Mcue3atomero B Tedenne 10—15 cek. Ecnu mo kakuM-nmnubo MpuYrHaM TUTPOBaHHUE
HETb3s TIPOBECTH Cpa3y e TOcie TPIIMBAHUA MpOObI B XONIOAHYIO BOAY, TO KOOy € Mpoboit
OCTaBIISIIOT B cocyje co JbaoM. [lo konmmuecTBy MuuminTpoB pactBopa NaOH, momenmero Ha
TUTPOBAHHUE TIEPBOH TPOOBI, MOXKET OBITH OMpeeieHa TOYHAs KOHIICHTPALUS COJITHOW KHCIIOTHI B
pactBope (Cy).

Crnenyromue mpoObl OTOMPAIOT MHIETKOW, HE BBIHUMAs KOJOBI W3 TEPMOCTaTa, MPUMEPHO
yepe3 15, 30, 50, 80 u 120 MuH TOCIe Havyana peakiuu, T. €. MOCe MpUWIUBaHUs d(upa B KOJIOY C
COJSIHOHM KHCJIOTOH, U TUTPYIOT, KaK YKa3aHo Bblle. Bpems BiauBanus npo0 B XONOAHYIO BOIY TOYHO
(PMKCHPYIOT W IPUHUMAIOT €T0 33 BpeMs B3ATHS P00, TaK KaK MOYKHO CUHTATh, YTO peakiys B Mpode
NpH  OXJIAXKICHUM TPAKTHYECKH OCTAHABIMBACTCS W, CJIEJOBATEIbHO, KOHIICHTPAIMM BEILECTBA,
HaliIecHHble TIpH aHaiu3e, OyQyT COOTBETCTBOBATh KOHIICHTPAIMSAM HMX B PEAKIMOHHOM COCY/E B
MOMEHT B3TUA NpoObl. Tak Kak MO0 Mepe TeyeHMs] PEeaklMH KOHIEHTPAlMs YKCYCHOM KHCIIOTBI,
00pasyroLeics py OMbIICHHH 3(GHpa, YBEIMIUBAETCS, TO IPH TUTPOBAHUH HY>KHO OBICTPO NMPUIIUTH
TaKoe KOJMYECTBO PAacTBOPA €AKOro HATpa, Kakoe MOIUIO Ha Mpeblayliee TUTPOBAHKE, a 3aTeM YKe
OCTOPOKHO JJOTUTPOBBIBATH PACTBOD.

Yto0bl OmpenenuTh HavyalbHYI0 KOHLEHTPALMIO STWI aleTara, HeOOXOAMMO OTTUTPOBAaTh
YKCYCHYIO KUCJIOTY B IPO0OE, B3ATOM B KOHIIE PEAKIMH, KOTZa BeCh 3(HUP THAPOIU3YETCS, YUUTHIBAS, YTO
npyu OOJBIIOM HM30BITKE BOJBI PABHOBECHE CHIIBHO CIIBHTACTCS BIPABO M PEAKIUS OMBUICHHS HJIET
MPaKTHYECKH JI0 KoHLA. [Ipyn KoMHaTHON TeMmepaType peakiusl MpakTHIECKU 3aKaHInBaeTcs uepes 24
y. CrieioBaTeNbHO, IS B3ATHSI TIOCIIeIHEl MpoObI KOJIOY ¢ peaKIMOHHOW CMECBIO HajIo BBIHYTh U3 Tep-
MOCTaTa U Ha CJIe/IyIOUINiA JISHb OTTUTPOBATH 2 M1 PACTBOPA.

OnHaKo peakLHi0 OMBUICHUS 3THIALeTaTa MOXKHO YCKOpHTbh. [l 3TOro Kondy 3aKpbIBalOT
MpoOKO# ¢ 0OpaTHBIM XOJIOAMIBHIKOM M HarpeBaroT Ha BoAsHOU OaHe npu Temmeparype 70 - 80 °C B
teueane 30 mun. HyxHO creauth 3a TeMm, 4YTOOBI KOHJICHCAIIMS TApOB JKHIKOCTH IIa II0
BO3MOXKHOCTH B HIDKHEH YacTH XOJOOWIBHHMKA M 3(Up HE YIeTyuuBajcs M3 PEaKLUHOHHOM CMECH.
INocne oxnasxneHust pacTBOpa MPOBOIAT TUTPOBAHUE 2 M1 TIPOOBI 1 onpenessitoT C,.

TouHO Tak ke MPOBOAMTCA OMBIT U NMpH Apyrux temnepatypax: 30°C u 40°C. OmsIT npu
temneparype 30 °C MoxHO Hadarh npudiiuTenbHO depes 30 - 50 mun, a ombit nipu 40 °C gepes 80 -
100 mun mocne naudana ombita mpu Temneparype 20 °C. IIpoMexyTku BpeMEHH MeXIy OTOOpOM
OTJIENBHBIX TPOO HYKHO YMEHBIIUTh, TAK KaK CKOPOCTh PEAKIMH YBEIMUYHUBACTCS C TIOBBIIICHHEM

TEMITepaTypBbl.
[lomy4yeHHbIE pe3ynbTaThl aHATIM30B K&KJO0H MPOOBI 3aNKCHIBAIOT B TabuIly 1:
Taonuuya 1
OKCepUMeHTaNTbHBIE JAHHBIE ITPoLIecca THIIPOIIN3a
O6bem NaOH,
Ne Bpewms B3aTus Bpewms ot Hauana . KoHcranTa ckopoctu
3aTpauyeHHBIN Ha
mpo6 poOBI peakuu, MAH peaxkuuu K
TUTPOBAHUE, M

O0padoTKa pe3yIbTATOB IKCIIEPUMEHTA
KoHcTaHTBI CKOPOCTH peakiuy I pa3InyHBIX MOMEHTOB BPEMEHU BEIYUCIISIIOT 1O (hOpMyJIe:

1. C
k =2,303-lg -2
t- C,
rae C, - HayanbHas KOHLICHTpalusl »Tunanerara; C; — KOHICHTpAIMs 3THaleTaTa B MOMEHT
BpeMeHH L.

10




3aTeM HaXOmsT CpemHee 3HAUCHUE K. AHAJIOTHYHBIC BEIYUCICHUS K TIPOICIIBIBAIOT TS KAXKIOTO
3HAYCHUS TEMIIEPATYP.

Tabnuya 2
Pe3ynbTarhl SKCIIEPUMEHTATBHBIX JTAHHBIX
Temmepatypa KomncranTta ckopocTi TemmeparypHbIit Kod(huIeHT DHeprus
OITbITA PEAKITUH, Kepex CKOPOCTH PEAKIIHH, Y akTuBaiwy, E,
Vepen= Ecpea:

Cpenree 3HaUYCHHE KOHCTAaHTHI CKOPOCTH PEAKIMHA MOXKET OBITh HalifieHO Tpadmueckm. It
aTOro ypasHenue (16) 3anmiem ciemayromnmm o0pa3om:
kt

lg(b,, —b,) =lg(b, b)) - ——
o(b, ~b) =la(b, ~b,)~ =

3arem n300pasuTe rpaduyuecku 3aBUCUMOCTb 1g(D.- by) OT BpemeHH, OTKIaIbIBAS 3Ty BETHYHHY
10 OCH OPZIMHAT, @ BPEMsI 110 OCH adCIIHCC.

Bpewmst, mun 0 15 30 50 80

(b-by)

19(bo-by)

Bemmumaa k / 2,303 Oymer paBHA TaHTEHCY YIjla HAaKIOHA MPSAMOM, MPOBEICHHON uepes
MOTyYEeHHBIE TAKAUM 00pa3oM ToukH, otkyaa x = 2,303 tga.. Bennunny tga mosiy4nm U3 OTHOLICHUS
MPOTHBOJICKAIIETO KaTeTa K MPUIISKAIIEMY, UCXO/Is U3 rpadrka 3aBUCHMOCTH.

[Monb3ysch CpeIHAM 3HAYCHUEM KOHCTAHT CKOPOCTH PEaKIIMK TPH PA3THIHBIX TEMIIEpaTypax,
HaxOIUM TeMIepaTypHbI KO3()(QHUIMEHT CKOPOCTH PEaKIM W 3HEPTHH aKTHUBAIMU MO (GopMyiam
(13) u (15). Ju1s1 Kax10¥ BETMYUHBI BBIYMCISIIOT 10 JBA 3HAYCHUS U 3aTEM HaXOJIAT CPEIHEE U3 HUX.

ConepixaHnue oT4eTa

1. [IpencTtaBUTh KPaTKYI0 TEOPETHYECKYIO CIPABKY IO CYMIECTBY paboThl. CpaBHUTH
KOHCTaHThI CKOPOCTH, MoJlydeHHble ipu Temnepatype 20, 30 u 40 °C.

2. OTMETUTh UBMECHEHHE K B 3aBUCUMOCTH OT TEMIIEPATYPHI.

3. PaccuuTath 23HEPTHIO aKTUBAIIUK, UCXOJISI U3 KOHCTAHT ckopoctH mpu 30 - 40 °C.

4. Paccuntath TeMIiepaTypHbIH K03 UIEHT B MHTepBaiax temmneparyp ot 20 go 30
u ot 30 7o 40 °C.

5. Halitu cpennee 3HadeHue Y (TeMmmepaTypHOro KodpQUIHMEeHTa), NPEICTABUTH
rpaduKy W3MEHEHUs KOHICHTPAllMW JTHJAIETaTa BO BPEMEHH W KOHCTAHTHI CKOPOCTH OT
TEMIIEPATYPHI.

JlaGopatopHas padora Ne2
KuHeTHKa peaknuy OKHCJIEHUSI HOAUI-HOHOB MEPOKCHIOM BOI0OPOIa
(XMMHYecKHue 4achbl)
B BogHOM pacTBOpE B KUCIIOH cpejie peakiys MPOTEKAET COTIACHO YPaBHEHHIO:
21~ + H,0, + 2H* =1, + 2H,0. @))
MexaHU3M peakiuu BKJIIOYAET HECKOJIbKO CTaAWid, TepBas W3 KOTOPBIX SBIISAETCS
JIUMUTUPYIOILICH:

H202+1_ :H20+10_ (la)
3a HEeH CICOAYCT BTOPAsA CTaausd, KOTopas 06’beJII/IH5[eT HECKOJIBKO 6])ICTpBIX peaKHHﬁ:
[0~ + 2H* + I~ = I, + H,0. (16)

Kunernyeckoe uccnenoBaHue NpOBOAUTCS IyTEM XHUMHUECKOTO aHAIH3a 00pa3yIomerocs
MOJIEKYJISIPHOTO MOHA. TUTpOBaHWE W30BITKOM PacTBOpa THOCYNb(haTa HATPUS OCYIIECTBISETCS
BHYTPHU PEAKIIMOHHOI'O COCyJa — METOJl BHYTPEHHErO0 TUTPOBaHUS. B TOUKe 3KBHUBAIIEHTHOCTH
pacTBop mpuoOpeTaeT roiy0yl0 OKpacKy H3-3a 00pa3oBaHMs COCIMHEHUS HOJa C KPaxMaloM.
l'omy0oit 1IBeT BO3HWKAET BHE3AITHO W Cpasy, Yepe3 CTPOTO OINPEICICHHBIM TEpHUOa BPEeMEHHU.
[TosTomy menast cepus TakuX peakiuii M3BECTHA IMOJ HAa3BAaHUEM «XMMHUYECKHE» WIIH «HOIHBIE)
YacChl.

O0pasyronuiicst o1 MPaKTHYECKH MIHOBEHHO PEarnpyeT ¢ THOCYJIb(HaToM:

I, + 25,03 = 21~ + 5,0¢". 2)
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Konmentparuss cBoOomHoro ioma odeHb Mayia. Bpewms, mpomieamiee OT MOMEHTa
JOOABJICHHUS K PAcTBOPY OIPEIEICHHOrO KOJIMYECTBa THOCYJIh(haTa IO MOMEHTA MOSBICHUS
roay0oii OKpacKu, paBHO BPEMEHU pPacXOJOBaHMS 3KBUBAJICHTHOTO KOJUYECTBA MEPOKCUIA
BOJOpPOAA B peakuuu ¢ Hoaua-uoHamu. Kak BHIHO, HOIWI-UOHBI PErCHEPUPYIOTCS IIPHU
tutpoBanun. [loaTomy KoHIIEHTpanus |” B X0/1e ombITa HE U3MEHIETCA U paBHA HAaYaIbHOM.

B kucnorHom OydepHOM pacTBOpe KHHETUYECKOE YPABHEHHUE J1ACTCS BBIPAXKCHUEM

— 2202 = o [1,0,] - (171 ®)

3n1ech K° — KOHCTaHTa CKOPOCTH, 0. — MOPSIOK peakiyu 1o oaua-uonam. [lockombky [I°
]=const, To, 06benunss x* ¢ [1]% nomyumm:

d[H,0
— 2l2%2] = k[H,0,), (4)
TAC K — KOHCTaHTa CKOPOCTHU IICCBAOIICPBOrO MOpsaKa,
k=k-[I7]% (5)
U3 ypaBuenwus (4) mocne I/IHTerI/IPOBaHI/IH HOJTy4HM BhIpakeHue uis K:
[Hzoz]
k = —l 6
[H20,]’ (©)

rae [H,0,]° — HauanbHas KoHIEHTpAIHSL.
0O603naunm V” — 00beM pactBopa NaxS;03, morie/iiero Ha TATPOBaHUE Beero oxa, a V
— 00beM, H3PACXOJOBAHHBIN K MOMeHTy BpCMeHI/I t. Torma K MOKHO paccuuTath 1o Gopmysie:

k= ?l (7
nockonbKy V* ~ [H202]° u V= — V [HzOz].
Llenpto paboThl sBIsieTCs omnpenencHne KoHCTaHT K, K* U mopsiaka peakuuu 1mo Homma-

r“oHaM ¢.. Eciu OIbIT MPOBOJAT IIPH IBYX TEMIIEPATYPax, TO PACCUUTHIBAIOT SHEPIUI0 aKTUBALIUU

RTyT, ;, ki
Eo= 1, ®

rae kq u k, - KOHCTaHTBI CKOpOCTH IpH Temneparypax Ti u Te.

BbinonHeHue onbITOB U pacyeThbl

B nebonpmyro konbouky Hamutb 0,05 # pactBop H202. B TmaTensHO BBIMBITBIN CTakaH
eMkocTbio 250 ma Biauth pactBop Nal (wmu Kl), 5 vz 2 1 HaSOs 1 ¢TOIBKO BOJIBI, 4TOOBI TOCITE
npwinBanus pactBopa H2O; 06beM peakunonHol cmecu 0bu1 paBeH 100 yma. O0beMBI pacTBOPOB
Nal (KI) u H20O2 3anarotcs mpenogaBateneM. OTMETHTh TEMIIEPATypPy OIIbITA.

Yxkpenuth HaJ crakaHoM OropeTky ¢ 0,05 n pactBopom Na»S;0s, npuiuth 1 Mz TUTpaHTa
u 100aBuTH 5 Kanenb 1% pacTBopa Kpaxmaina. 3aTeM BiuTh B ctakaH HyO.. CMech THIaTENHLHO
nepememiatb. B Moment BmmuBanua H>O; Bkmrounth cexyHmomep. IIpu mosiBieHMH CTOHWKOTO
CHUHET0 OKpAaIlIuBaHUs 3aMETUTh BpeMs, ObICTpo n00aBuTh [ ma NaxS;O3 — Bropyro nopuuro — u,
TIIATENFHO TIIepEeMEIIaB PacTBOP, 3aIMCATh BPEMsI OSBJICHUS OKPACKH.

Takue omneparyu MOBTOPUTH 6-8 pa3 MpH BKIIOUYEHHOM CEKYHJIOMEpe; TepeMelInBaHue
CeKyHAOMepa JA0JDKHO OBITh OBICTPBIM M MHTEHCUBHBIM, TIIATEIBHOCTD JOJDKHA OBITH MPOSIBICHA
u nipu podasienun I ma NaxS;0s. Jlenats 370 Ha0 OJMHAKOBBIM 00pa30M Ha HPOTSHKEHUH BCETO
ornbiTa. Hy)XHO MOCTOSIHHO CIEUTH 3a PEaKIMOHHBIM COCYZOM, TaK KaK OKpacKa MOSBISECTCS
BHe3anmHO. Henp3s mporyckaTh Bpems T0OaBICHHUS OYePEeTHON MOPIMH TUTpaHTa. YTOOH! srydrie
OTJIMYHUTH OKPACKY pacTBOPa, PEKOMEH/IyeTCs] CTABUTh CTaKaH Ha Oelyro Oymary.

[Ipy xomHaTHOM TeMmmeparype peakuuss HAET A0 KOHIA JOBOJbHO jonro. Jlns
HaxoxzaeHus: V* —cymmapHoro oo6beMa pactBopa NaxS,Os, more iero Ha TATPOBAHKE, PEAKIIHIO
YCKOPSIOT, J00aBIIsisl 5 Kamenb KaTajau3aropa — HACBIIEHHOI'O pacTBOpa MOJIMOAAaTa aMMOHUSL.
BrinenuBumiicss #WoX OTTUTPOBBIBAIOT, OTClofa Haxoaar V. TurpoBaHWe BeIyT TOJIBKO 10
obecrBeunBaHus pacTBopa. He cienyer 1oOmMBaThesi 00eCIBEUHBAHUS OCaaKa HOMKpaxMaaIbHOTO
KOMILIIEKCa, TaK KaK 9TO MOXKET MPHUBECTH K «IIEPETUTPOBAHUION.

JlaHHbIE OMBITA U PE3YNIBTATHl PACYETOB 3aHOCAT B TAOIUILY:

Tabruya
KuneTnka oxuc/jieHus iio1u1-HOHOB MEPOKCHIOM BOA0POAa
Konuentpanus pactsopa Nal MO/
O6mem 0,05 1 pactBopa H202 M
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Temnepatypa onbiTa °c

OO6muit oobeMm 0,05 1 pactBopa NaxS,03, V* M
e O6bem V 0,05 1 Bpems t ot Hauana VeV, ) KoncranTa
peaKInu 10 MOMEHTA In(V* =V) | ckopoctu K,
n/m | pactBopa NaxS>03, vz M 1
TIOSIBJICHUS] OKPACKH, C c

Pacuer k Bemyt mo ¢opmyie (7), a Takke rpapuyeckd — Ha OCHOBAHHH 3aBUCHMOCTH
In(V* — V) or t (mo HakioHy rpaduka). Beruuciastor K, aOCOMIOTHYIO W OTHOCHUTEIBHYIO
OIINOKY.

Bropoii ombIT mpoBOASAT ¢ BABOE MEHBINEH WM BABOE OobIIeil KOHIEHTparuei | .
OO6muii o0bem pactBopa (/00 mi) 1 TeMHepaTypa OCTaroTCs NpeskHUMU. ONpPeeaoT KOHCTaHTY
CKOpOocCTH K, 3aTe€M pacCUUTHIBAIOT O — MOPSIOK PEaKIUH M0 HOAUI-UOHY. BBIUUCICHUS TPOBOASAT
o popmyie:

1gk@-1gk®
a= 1g[zg—]<2>-1g[1—](1)' (9)

rae uHnekco (1) u (2) obo3nauatoT HOMep ombita. Popmyna (9) nerko momydaeTcst U3
dhopmyner (5). HalinenHoe 3HaueHHE 0 OKPYTIISIFOT 0 OJNMKAMINETO METONI0 MOJIOKUTEIFHOTO
yHuciia ¥ NPUHHUMAIOT €ro B KadyecTBe Mapamerpa kuHeTtndeckoro ypaBHeHus (3). Koncranrty
ckopocTH K BBIYHMCIISIOT 110 ypaBHEHHIO (5) U, YUMTHIBASA 0., YKA3BIBAOT €€ PA3MEPHOCTD.

Usmensitor Temmeparypy ombita Ha 10 °C u nposogar onmmeit. Onpenmensior K u K.
OHEPruIo akTUBAIIUKM PaCCUUTHIBAIOT 1O hopmyiie (8).

B 3akirouenue cieayer caenarts psij 3aMeqaHmiA:

1. Von, obpasosaBmmiics B peakuuu (1), pearupyer ¢ HepOKCHIOM BOJOPOJA C
BBIIEIEHNEM Kucaopona: H,0, + I, = 2HY + 21~ + 0, Ilporekanue 3Toii MOOGOYHON peakuu
SBIISIETCS. HEKeJaTeNbHBIM. UTOOBI OHA HE HWCKaXalla KWHETUKY, J00aBIeHHWE THOCYyNb(aTa
HaTpHsl B pacTBOP HEOOXOIMMO IPOBOAUTE CPasy K€ MOCIE MOSBICHHUS T0JIy00l OKPacKH.

2. V3MeHeHne KOHIEHTpAlMK PeareHTOB 3a CYET yBeJIMYeHHs o0beMa pacTBopa B
pesyiabrate qodasneHus 6-8 mir Na SOz Mano u npu He0OXOAUMOCTH MOKET OBITH YUTECHO.

O6opynoBanue u nocyaa

CraxkaH Ha 250 mn

Konba na 50 mn

MepHusiit numuaap Ha 100 mn

Bropetka Ha 20 mn

MepHnbiil unnusap Ha 10 mn

Cexynmomep

PeaxTuBbI

0,1 n pacteop Nal (KI) — mo 100 ma

2 u pactBop H2SO4 — 5 mn

0,05 1 pactBop H202 — 1m0 20 mn

1% pactBop kpaxmana — 0,2 mn

0,05 1 pactBop Na2S:03 — 1o 20 ma

Hacermennsiit pactBop Monubaata aMmmonus — 0,2 mn

JlabopaTopnas padora Ne3
HccnenoBanne KHHETHKHY TOMOTEHHBIX peaknui

Ileny  pabomwpr.  DKCIIEpUMEHTAIbHOE  M3Y4YE€HHE  3aKOHOMEPHOCTEH  peakLuu
XJIopaHruapuaa OEH30HHON KUCIIOTHI ¢ TENTHUIIOBBIM CIIUPTOM ¢ 00pa3oBaHUEM CIIOKHOTo 3¢dupa,
COCTaBJICHHE KHHETHYECKOTO ypaBHEHUsI Ipoliecca.

Bakneiimas peakiys MoiydeHHs CIOKHBIX d3PHUPOB - peakuus dTepuduKaym: oopaTuMoe
B3aMMOJEHCTBHE OPTaHNYECKUX MIIM HEOPTaHUYECKHUX KUCIIOT CO CUPTaAMU:

R-COOH + R-OH ——R-COO-R'+ H:0
Jlpyrue cnocoObl MOTydeHNs CIOKHBIX 3(QUpOB:
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— B3aMMOJIEHCTBHE XJIOPAHTUAPHIOB KUCIOT CO CIIMPTAMU:
R-COCI; + 2R-OH —REOO0R' + HCI
— B3aMMOJICHCTBHE aHTHIPUAOB KUCIOT CO CITUPTAMH:
(R-C0O)0 + R—~OH T—RCOOR' + R-COOH

OOBEKTOM WCCIEAOBaHUS B JaHHOH paboTe sBISETCA IpoIecC aIlMINpPOBAHUS

renTmwioBoro cnuprta (B) xiopaHruapumaom OeH30MHHOM KUCTOTHI (A), MPOTEKAIOIIHIA 0 CXeMe:
Ce¢HsCOCI + C;H1s0H —H;CO0OC7H15 + HCI
A B C D

Crnoxsble 3QuUpHl KapOOHOBBIX KHUCIOT TPUMEHSIOTCS B KadecTBE pacTBOPUTENEH,
THIPAaBIMYECKUX  KUIKOCTEH, CMa304HBIX Macell, IUIACTH(QUKATOPOB M  MOHOMEPOB.
TexHonOrn4Yeckne NpoLEcChl CUHTE3a CIIOKHBIX 3(HPOB MOXKHO DPAa3lICIUTh Ha JIBE TIJIaBHBIC
TPYIIIIBL:

- kuAKo(azHble MPOIECChl HEKATATUTHYCCKHE WIM TOMOTCHHO-KATAINTHYECKHE, B
KOTOPBIX XUMHUECKasl pEaKLUsi COBMELIEHA C ITPOLIECCOM pa3eICHHUS.

- TETEPOr€HHO-KaTATUTUIECKUE PEaKMK B XKHUIKOW WM Ta30BOH (hase, OCYLIECTBIsIEMbIE B
MPOTOYHBIX armaparax 0e3 COBMELICHHUS C Pa3AeIUTeIbHBIME MTPOIIECCaMH.

[porneccel mepBoii TPYNIBI SBISIOTCS TPAJUIMOHHBIMU M HarOoJiee pacipoCcTpaHEeHHBIMH
B TEXHOJIOT'HHU 3TepUHUKALINY.

1. Mexanu3M peakuuu dTepupuKannu

Peakiust sTepuduKaniy  KUCIOT CIOUPTAMH OTHOCHUTCS K OOpaTUMBIM THPOILIECCAM.
OO6patHas peakuys Ha3bIBACTCS THAPOIM30M CIIOKHBIX 3(hHUpOB.

OrepuduKanno CIUPTOB KUCIOTAMH MOYKHO OCYLIECTBIATH 0€3 KaTaln3aTopa, HO peaKys
MeIIeHHas, TpeOyercs Bbicokas Temmeparypa (200-300 °C). B mnpucyTCTBUU KHUCIOTHBIX
KaTaau3aTopoB dTepuduKkalus u ruaponus nmporekatoT npu 70—150 °C. B kagecTBe kaTamuzaTopa
NPUMEHSIOT, KaK MpaBuiio, MUHepanbHbie KUCIoThl (H2SOs, HCI).

[Mony4enue crnoXHBIX 3PUPOB MPH B3aUMOJICHCTBUHU XJIOPAHTHAPHUIOB KHCIOT M CIIUPTOB
HAXOJUT IIUPOKOE MPUMEHEHNE B OCHOBHOM B J1a00OpaTOpHON MpPaKTHKE, IIOCKOJIBbKY 3Ta PeaKIus
HeoOpaTHMa, B OTJIIMYME OT 3TepuHUKaMu KapOOHOBBIX KHCJIOT CiUpTaMu. Beiaensromuiics mpu
3TOM XJIOPHCTBIA BOJOPO] MOXHO BBIBOAWUTH M3 cephbl peakiiy, WIX MOTJIOMATh KaKUM-THOO
OCHOBaHHUEM, HalPUMeEp, TUAPOKCUAOM HATPHSI.

Peakiust mporcxoauT B pe3ysbTaTe HyKI€O(QHIBHOH aTakd CHUpPTa Ha aTOM YIJepoAa
KapOOHWIAa XJIOpaHTUApUAa KHUCIOTHl. OOpasylolmMics NpH 3TOM KOMIUIEKC OBICTPO TepsieT
XJIOPHCTBI BOIOPO, JaBas cioxkHbii 3pup RCOOR':

- -7 o
~0 + O |
CHe—C <« [cCsHe—C_ “ho CeHs C OCH s

Cl ? Cl
C,HOH

2. KuHeTuka peakuum 3Tepupuranum
3aBHCHMOCTH CKOPOCTH PEAKIIMU OT KOHIEHTPAIMH PEarvpyrolX BEUIECTB BBIPAKACTCS
OCHOBHBIM 3aKOHOM KMHETHUKU B BUJIE YPABHEHUS:

g =k-IIC/ @

rie K — KOHCTaHTa CKOPOCTH PEaKInH;
Ci — KOHIIEHTpAI¥ 1-TO pearcHTa;
M — KOJIMYECTBO PEAreHTOB;
N — MOPSIOK PEAKITUH TI0 i-My PEarcHTy.
[Topsimok peakuu SBISCTCS SMIHPUICCKONH BenuduHOW. [lopsSaok peakiuu 1o i-My
peareHTy Ha3bIBaeTCA YaCTHBIM MOPsAKOM. OH YUCJICHHO PaBEH MOKA3aTENI0 CTENEHHU, C KOTOPBIM
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KOHIIEHTPAIH 1-TO peareHra BXOJUT B ypaBHEHHE CKOPOCTH peakmun. OOImuil MopsSaoK peakinu
paBeH CyMMe YacCTHBIX MOPSIKOB PEaKIUU 110 BCEM peareHTaM. Tak Kak

Ci= Cio- (1-X), 2

rae Cio — HayajgbHas KOHIIGHTpALMs 1-r0 peareHra, a Xij — CTEleHb MPEBPAIICHHS i-I0
peareHTa, TO CKOPOCTh PEaKIIMK MOXHO BBIPA3UTh Yepe3 CTCIICHD MTPEBPAIICHHUS:

'9r zk'.l_jlcir,lo(l_xi)n (3)

Peakums stepudmkanny sSBIsETCS peakyel BTOPOro MOpsiiKa, KHHETHIECKOe YpaBHEHHE

UMeEEeT BUII:
3 =k-C,-Cq (4)

HccrnenoBanne KMHETUKY TOMOTEHHBIX JKHIKO(GA3HBIX MPOIECCOB MPOBOJSAT, B OCHOBHOM,
B peaktopax mnepuoamueckoro geiictBus — PUC-II. Ilpm sTom 3amadya CcBOAUTCS K
AKCIEPUMEHTAILHOMY OIPEIACICHUI0 (YHKIMKA 3aBUCUMOCTH KOHICHTpAIlMA WJIA CTCICHU
NpEeBpalllcHus] OT BPEMEHUM U MOCIEAyIoLIeMy HUX aHanu3y. Ha DnpakTuke HCHOJb3YIOT
WHTETPAbHBIA W U QepeHINaTbHBI METOIBl ONpEACNCHNs TMOPSIKa PEeakuh W aHaIHu3a
KUHETHYECKUX JaHHBIX.

Humezpanvuolit memoo ynoOeH Uid aHanW3a NPOCTHIX KUHETHYECKUX YpPaBHEHUH,
OMNMCHIBAIOIIMX AIIEMEHTAPHBIE PEAKLIUU, U 3aKIIF0UYAETCS B CIEAYIOLIEM:

1. IlpeamonararoT MEXaHHM3M PEAKIIMU U HAXOJSIT COOTBETCTBYIOIIEE YPABHEHUE CKOPOCTH.
DTO ypaBHEHHE B COOTBETCTBHU C OCHOBHBIM 3aKOHOM KHMHETHKH B CHCTEME C IOCTOSHHBIM
00BEMOM UMEET BUT;

dX, dC.

—Izkf(x|) WK i_':kf(Ci) (5)

dr dr

2. Iocne paznencHust IEPEMEHHBIX M HHTETPUPOBAHUS YPABHEHHUS TTOTYYAIOT:

Xi dx Xi
F(X;)= [ =—t=k[dr=k-r ©)
| X.

Xi0 i Xi0

Ecnu wnrterpan F(X) TpyaHO HAfTH aHATMTHUYECKH, HCIOJIB3YIOT rpaQMIecKuil METOI.
OH cBOIUTCA K ONIPEENICHNIO TUIOLIAIU 1101 KpUBOil B KoopauHarax (puc.3.1):

1
F(X) =X,

3. Ctposrt rpaduk B koopanHatax F(X;) — t (puc. 2). Ecnu oH sBNseTCS NPSIMO#t TMHUCH, TO
MIPUHSATOE YPABHEHUE COTJIACYETCS C KCIIEPUMEHTAIBHBIMY TAHHBIMHU.

(7)

|. __ﬂ X ,'l] F'I:‘ Xl']
A . - i
ax

5
S=F(X,)=
i X‘ f(X)

\

> -
X .
Puc.1. I'paduueckoe uaTETpHpO- Puc.2. IIpoBepka KHHETHYECKOTO
BaHUE KHHETHUYECKOTO YpaBHEHUS YpaBHEHUS MHTETPATIbHBIM METOJOM
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4. Ecnmn  3KCnepuMEHTANbHBIE TOYKA HE JIOKATCsd Ha TPAMYI0, HE00X0IuMOo
uccrnenoBath Apyrue ypaBHeHus (1-ro, 2-To W 3-TO MOPSAKOB), MOKa HEe OyAET MOIYy4eHO
yIOBJIETBOPUTEIHHOE COOTBETCTBHE.

Jugppepenyuanvuotiic. - memoo  3aKIOYaCTCI B HETIOCPEACTBEHHOM TIPOBEPKE
muddepeHInanbHON QOPMBI KHHETHYECKOTO ypaBHeHHA. [IporpaMMy SKCIIEpHMEHTOB B 3TOM
cllyyae HaJ0 IUIAHUPOBaTh TakK, YTOOBI cpa3y MONYyYUTh MOJHYI (OpPMY KHHETHUECKOTO
YpaBHEHHUSI:

1. Ha ocHOBe mpepmoaraeMoro MexaHu3Ma peakiiny BEIOMPAIOT

KMHETUYECKOE YpaBHEHHE:

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

2. Ilo »kcmepuMeHTalbHOM KpuBOW B koopauHatax C; — 1t rpadudeckum
muddepenuupoBanneM HaxogiaT dCi /dt B pa3iu4yHbIe MOMEHTHI BPEMEHH M COOTBETCTBYIOIINE
3TOM CKOPOCTH (vr) KOHIIEHTpaIK pearupyromux semects (Ci).

3. CocTaBnsa0T TabIMIy 3HAYEHWH KOHIIEHTPAWH MCXOIHBIX PEarupyromInX BEIIeCTB U
npousBoaHoM dCi/dt 4yepe3 olpenereHHbIE WHTEPBAIbl BPEMEHH.

4. Crpost rpaduk 3aBucumoctu dCi/dr — f(Ci). Ecau moay4aroT npsaMyro, IpOXOIAIIyO
yepe3 Hayalo KOOPAMHAT, TO YPaBHEHHE CKOPOCTH COOTBETCTBYET SKCIIEPUMEHTAIBHBIM JaHHBIM
(puc. 3.3).

r
=dCddr

-

)

Puc.3. [IpoBepka KHHETHYECKOTO ypaBHEHUS TU(PepeHINATEHBIM METOIOM

5. Ecnu rpaduk B koopaunatax dCi /dv — f(Ci) He sBusercs UPSIMOH, CleayeTr
paccMOTpeTh IpYroe KHHETHYECKOE YpaBHEHHE.

3. OnpeneneHue NOpPAIAKa peakKMu

Hnst Toro 4ToOBl ONpEeAeNuTh OOLIMI MOPSAOK peaklud, Halo B3ATh PEarcHThl B
CTEXHMOMETPHUYECKOM OTHOILICHUH. J{JIsl onmpezeseHrst YacTHOro MOpsAKa M0 peareHTy A BTOpO
pearenT B Oepercs B TakoM M30bITKE, YTOOBI M3MEHEHHUEM €ro KOHIIEHTPAIMHM B XOJE OIbITa
MOXXHO ObUTO mpeHeOpeub. [lpu 3TOM OOMUE TOPSAOK W TOPSAOK PEAKIMH IO JaHHOMY
peareHTy MOXKHO pacCuuTaTb MO 3aBUCHMOCTH HAuYaJbHOW CKOPOCTH OT HAavaJbHOU
KOHIIGHTpAIlMM peareHTa A, WIM METOJ, OCHOBaHHBIM Ha 3aBHCUMOCTH, W3MEHSIOUIEHCS BO
BPEMEHU CKOPOCTH PEaKIMU OT TEKYIIeH KOHIIEHTPAIINU peareHTa A.

1. Ilpy ucCHoONb30BaHMU TNEPBOTO METOAA — MPOBOJAT MpPU IOCTOSIHHOM —TeMIlepaTrype
CEpUIO OIBITOB C Pa3IMYHBIMH HCXOJHBIMM KOHLEHTPALMSAMH  PEAareHTOB U IOCTPOUB
sorapudmuueckyro aHamophosy

Inorg=1Ink+n-InCao 9)

10 HAKJIOHY MPSIMOI HAXOMAT MOPSAOK PEaKIH.

2. I[Ipu nprMeHEeHHN BTOPOTO METO/a — JIJIsl HAXOXKICHHS TOPSAKA PEaKI[K OTPENIEIISIOT B
pa3TMYHbIE MOMEHTHI BPEMEHH CKOPOCTh PEaKIHM{ M KOHIEHTpanuio peareHta A (puc.4), u,
MOCTPOMB JorapudpMuieckyro anamopdo3y B COOTBETCTBUH C ypaBHEHHEM 13

Inor=Ink+n-InCa, (10)

0 HAKJIOHY MPSIMOI HAXOJAT MOPSIOK PEAKIHIH.

16



In o,

Cao

4 tgd=n

12 o= 1y
In k

¥

T InCy

Puc.4. Onpenenenune HavyaabHOW CKOPOCTH M TOpsiAKa PEAKIUM IPH TEpEMEHHBIX
HavyaJIbHBIX KOHLIEHTPAIUAX peareHTa A.
4. Pacuer TepMoaMHAMHYECKUX QyHKIMIA

TepmoauHamMuka peakuuii HE 3aBUCHT OT MEXaHM3Ma, MMEET 3HAa4YEeHHUE JIMIIb CTCHCHb
mpeBpalicHus BEIICCTB. TCpMOI[I/IHaMI/I‘IeCKI/IC BCIINYMHBI, O6I)I‘IHO, BBIYUCIAIOTCA HA OCHOBAaHUH
HU3MEPEHUI TEMIIEPaTypHOU 3aBUCUMOCTH CKOPOCTH PEaKLMU 110 YPaBHEHUIO AppeHuyca:

k=Ae RT (12)
rae K — KoHcTaHTa CKOPOCTH peakuuu npu temmeparype T
Ea — oHeprus akTuBarmm;
A — dJacToTHBI QakTop AppeHuyca, XapaKTepuU3yeT BEpPOSITHOCTh TOTO, YTO IIPH
CTOJIKHOBEHHM MOJIEKYJ] HCXOJHBIX BEHIECTB IMPOHM30HAET pasphlB CTAPbIX H 00pa3oBaHUE
HOBBIX CBSI3€H;
R — razoBas mocrosiHHasl.

Ecmu wm3BecTHBl Tpu u Oojiee KOHCTAHTBI CKOPOCTH pEAKIWH, OIpPEIeNICHHbIC MPH
Pa3IMYHBIX TEMIepaTypax, MOKHO PaCCYUTATh SHEPrUI0 aKTHBALIUU MEPEXOIHOTO COCTOSIHUA U
4acTOTHBIN QakTop AppeHuyca.

Hnst 3Toro yaoOHO MONb30BaThes IpadUuecKUM MeTooM (puc.3.5), BBITEKAIOIMM U3
norapugmudeckoii GopMbl ypaBHEHUsI AppeHnyca:

inidNk4e INA — EA/RT £
/ N tga = —E

S
N

Puc.5. Onpenenenue 3Hepruu akTUBALUU
10 DKCIIEPUMEHTALHBIM JTAaHHBIM

InA < °

Onpgnenvs 3HE (EA) u BBIUMCIUB 4YacTOTHBIH (akrop Appenuyca (4),
PaCCUHTHIBAIOT TEPMOJAHHAMUYECKHE XapaKTEPUCTUKN PEAKIIMU B CTAHIAPTHBIX YCIOBUSAX:
AR’ — SHTANBIUA aKTUBALMH WM TEIUIOBOM dP(PEKT peakinu:

1/T
AH°= E°% - RT / (12)

OHa, OOBIYHO, paBHA WM OJM3Ka K Pa3sHOCTH AE BHYTpPEHHHX OJHEPrUil HCXOAHBIX H
KOHEYHBIX BELIECTB;

AS°r  — DOHTpONHMs aKTHUBAIMM, OSHTPONHS SIBJISCTCS TEPMOJANHAMHYECKOM Mepoi
CTATUCTUYECKOU BEPOSITHOCTU CUCTEMBI; €€ MOXHO PAaCCUMTATh I10 YPABHEHUIO:

AS°1=4,576 g (AIT) — 49,21 (13)

AG®r — uM300apHO-M30TEPMUYECKHI IOTEHIMAN WIM dSHeprus ['mb0ca, XapakTepusyer
BEPOSTHOCTD MPOTEKAHUS PEAKIUH:
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AG°=AH ~T- AS° (14)
5. CocTaBjieHre MOJTHOTO KHHETHYECKOT0 YPABHEHHUsI peaKIMi
OHpeHeHI/IB MOopAaOK HCCJ'ICI[yeMOﬁ pcakuuu, Haﬁ[{ﬂ KOHCTAHTY CKOPOCTU U BBIYHCJIMB
OHCPTHUIO0 aKTUBALlUH, ITOJYYalOT IIOJIHOC KHHETHUYCCKOE YPaBHCHUE:!
E
g =Ae fT-C, (15)
SKCIIEPUMEHTAJIBHAS YACTb

JlaGopaTopHas yCTaHOBKA JUIS UCCIICIOBAaHHS KHHETUKU PEAKIUU allFJIUPOBAHUS CIIUPTOB
XJIOPaHTHIPHUIOM OCH30MHON KHCIIOTHI IIPEeICTaBlIcHa Ha puC. 4.

5

Puc. 4. Cxema maGopaTOpHON YCTAaHOBKH /IS WCCIICOBAaHWS KHHETUKHA PEaKIIHH
AIMJIMPOBAHUS CITUPTOB XJIOPAHTHIPUIOM OSH30WHON KHUCIOTHI

1- Bo3myxomyBKa, 2- ckisiHKa TuiieHko; 3- ckisHka Bynbga; 4- cxisaka TumeHko; 5-
peometp; 6- Oroperka; 7- O6apbotTé€p; 8- crakan; 9- peakrop; 10- Tepmoctar; 11- MarHuTHas
Menranka; 12- Memanka.

MeTtoauka npoBeeHNs IKCIePUMEHTA

Ilepen HayamoM BSKCIEpUMEHTa HEOOXOAMMO MONYYUTh 33JaHUE Yy MPENoJaBaTeIs.
Hcxonnple naHHbIe IS MCCIIe0BaHMUS KHHETHKH MIPEICTaBIeHbI B Tabmuie 1.

Tabmuma 1
I/ICXOHHLIC AAHHBIC 10 3arpy3Ke pearcHTOB

HOMep Nao NB,o ma Me Va Vs Vp Vogm CA,()
MOJIb MOJTh r r M M Ml M Monv/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

8 0,08 0,08 60

9 0,07 0,07 60

10 0,06 0,06 60

[Mocre monydeHus: 3aJaHusi, HUCIOJIb3Ysl 3HAYCHHs MOJSIPHBIX MacC M IUIOTHOCTEH
MCXOJIHBIX PEarcHTOB, TMPHUBEACHHBIX B Ta0N. 4.2, PacCUMTHIBAIOT 3arpy3Kd HCXOIHBIX
peareHToB B MJI, OOmMH O0BEM pPEaKIMOHHOH CMECH M KOHIICHTPALHUIO XJIOpaHTHUIpUaa
O€H30MHOM KUCIIOTHI 110 ypaBHEHUIO (4).

Tabmuia 2
OU3NKO-XUMHYECKUE CBOWCTBA PEarceHTOB
BemectBo A B
M ,r/MOJIB 140,52 116,21
p, r/em® 1,212 0,8219
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Ny, +1000.
vV

obuy

Cao (4)

[locne mpoBepkH NPaBUIBHOCTH pPacd€Ta NMPHUCTYMAIOT K BHIMOJHEHHUIO SKCIEPHUMEHTA.
OKCIEpUMEHT NPOBOAAT B CIIEAYIOLIEH TOCIEA0BATENbHOCTH:

1. PacdeTHOE KOIMYECTBO CIIUPTA 3arpyKaf0T B KOOy, A00aBmsroT 30 M Kerioia.

2. Konby co cnuprom momemaioT B Tepmoctat 10 Ha 10-15 mMuHYT 171 HarpeBaHus 10
TEeMIIEepaTyphl Peakuy.

3. TI'pagyupoBaHHOW TPOOUPKON OTMEPSIIOT pPAcYeTHOE KOJMYECTBO XJIOPAHTHIPUIA
OCH30IHOM KHUCIIOTHI, IEPEINBAIOT B KOJIOY, 100aBISIIOT 30 MII KCHITONIA U TIEPEMEIINBAIOT.

4. BpiayB 0OapOotép 7 u3 peaktopa 9, aKKypaTHO C MOMOIIBI0 BOPOHKH 3aJIUBAIOT
XJIOpaHTHIAPHUI OCH30HHOM KUCIOTHI B peakTop. bapOoTép BCTaBIAIOT HA MECTO.

5. B crakan 8 3aimmBatot 300 M1 BOIBI.

6. U3 Owoperku 6 moGasnsitor B crakan 8 4 mu 0,1H pactBopa KOH u 4-5 kamens
CHUPTOBOTO pacTBopa deHondTanenHa. BrrrouaroT MarHuTHyIo Memaiky 11.

7. Tlo ucreuenmu 10-15 MUHYT BBIHEMAOT KOJNOYy co crmupToM u3 TepmocTtara 10 m
AKKypaTHO 3IHBAIOT €€ COMEPKUMOE B peakTop (cMm. 1. 4).

8. BhICTpO BKIIIOYAIOT CEKYHAOMED, BO3AyX0yBKY 1 1 Memranky 12;

9. Ilpm obecuiBeunMBaHUH PacTBOpPa B CTaKaHE 8 3aMICHIBAIOT MOKA3aHUS CEKYHIOMEpa.

BHUMAHHUE!

CEKYHAOMEP N BO3AYXOAYBKY HE BbIKJIFOUATDH

10. [MpunuBaror HOByto moprmio pacteopa 0,1 H KOH (4 mn) m ¢ukcupyror Bpems
CJIEAYIOIIETro 00ecBEYNBaHUS PAacTBOPA.

11. DxcnepruMeHT MPOAOJIKAIOT JI0 MPEeKpalleHuss 00eCIBEYMBaHUS pacTBOpa B CTakaHe 8.

12. PezynbTaThl 3aHOCST B TaOIMIYy 3.

Taobnuua 3.
3aBUCHMOCTh KOHIICHTPAIIMH XJIOpaHTuaApuIa OeH30iHOM KUCI0Th (Ca) OT BpeMeHH
Vkon T Ca
Ne ! ’ Xa ’ K Kep
M c MOJIB/ 1T

O0padoTKa IKCIEPUMEHTATbHBIX JAHHBIX

Pacuem nopaoka peaxkyuu

1. PaccunThIBaIOT CTENEHD MpeBpaIleHHs XJI0paHTuApuaa OeH30iHON KucioTsl (A). T.k.
KOJHMYECTBO MOJIEH BBIJIEIMBIIETOCS  XJOPOBOAOPOAA  PaBHO KOJIMYEeCTBY  MoJei
MIPOpPEarupoBaBILEro XJOPAHTHAPUAA OCH30MHOM KHCIOTHI, TO

Vr - texymmii obobem pactBopa 0,1 H KOH, pacxomyemblii Ha HEHTpaln3alHio
XJIOPOBOJIOPO/1a, TIOTY9aeMbIi CI0KEHHEM C MPeAbAyIInM o0semMoM: 4, 8, 12 Mt 1 T.4.
Vo — 00mmuii 00beM pacteopa 0,1 H KOH, nomeniiuii Ha 3KCIIEPUMEHT, MIL.
2. OnpenensiioT Tekyuyto KoHueHTpauuio Cy, paccUuTaB CTENEHb MPEeBpaILEeHHU Xy,
CA = CA,() (17X,4)
M CTPOSAT TI0 MTOJYYEHHBIM JTaHHBIM IpapuuecKyto 3aBUCHMOCTs Ca = f(7) (puc. 1)
3. OnpenenstoT K — KOHCTaHTY CKOPOCTH:

k=1/t-(1/Cs—1/Cap),

rae Cqu Cyp— TEKyIIas ¥ HaYaJbHAsT KOHIICHTPALINY;
T — BpeMs B MUHYyTaX.
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Cs

Puc. 5. 3aBHCHMOCTE KOHIICHTPAIIMH PEareHTa A OT BpEMEHH PEaKIIny

4. PaccunmThIBarOT TMOPAJOK peakmuu TrpapuyeckuM METOIOM, KaK OIHCaHO B
noapaszene 3.3. s 3Toro pacCUMTHIBAIOT U BHOCAT B Ta0JI. 4 CIEIYIOIIUE BEIIMYUHEI:
Tabnuna 4
Jannblie s pacuéra 00IIero nopsiika peaxiium
womep | U Ca | Incay | A6 At, v, In(v) n
c MOJIB/J MOJIB/J MOJIB/JI*C
1
2
3
4

1. Ha xmHeTnyeckoil KpuBoi (puc. 4.2) BEIOMPArOT 4—5 TOYEK W MPOBOJST KacaTelbHBIE.

2. PaccuMTBHIBalOT CKOPOCTH PEAKIUH MO BEIIECTBY A B COOTBETCTBYIOIIMH MOMEHT
BPEMCHH M0 TaHIEHCAM yIJia HakJIoHa KacatedbHbIX vy = ACa/d 7 Wi IPUOIMIKEHHO

or =ACnA T

3. PaccuutsiBatot sorapudmsi In Ca u In vr;

4. Crpost rpaduk 3aBucumocTi In Ca OT In vy ¥ 1O TAHTEHCY yIJIa OMPECISIIOT MOPSI0K
peaxumu.

Pacuém akmueayuonnbvix napamempos peaxyuu

1. IlpoBecTn TpW OmbBITA HMPU PaA3TUUHBIX TeMIepaTypax (3amaércs mperojaaBaTesieM) U
paccunTaTh 3Ha4eHus1 K B COOTBETCTBHH C I.11. 1-3.

2. Paccunrarp 3HaueHus norapudmon K u odpatabix Temneparyp /7. Ilocrpouts rpaduk
3aBucumoctu IgK — 1/T 1 o TaHreHCy yriia HakJIOHa ONPEICIUTh SHEPTHIO AKTUBALUH Egyon.

3. Ilo HaiiieHHOMY 3HAYCHHMIO SHEPTUM AKTHBALMHM PACCUUTHIBAIOT SHTAJIBIHIO PEAKLINU
(4 H°r) mo ypasuenwuto (3.12), sutponuto peakiuu (4 S°7) mo ypasuenuio (3.13) u wuzobapHo-
n30TepMuYeckuit morenuuai (4 G°r) no ypasHenuo (3.14).

4. 3anmuchIBAIOT MOJIYICHHOE KMHETUYECKOE ypaBHEeHUE (CM. ypaBHeHuE 3.15).

JlabopaTopHasi padoTa Ned « IkcnepuMeHTATbHOE onpeieleHne XMMHUYEeCKOro PpaBHOBeCHsI
B TOMOT€HHBIX CHCTEMAaX H TEPMOIAHHAMUYECKH AHAJIN3 XUMHYECKUX MPOIECCOB)
Hens padoThl: DKCIIEPUMEHTAIBHOE H3yYSHHE 3aKOHOMEPHOCTEH 00PAaTUMBIX pEeaKIUU
Ha TmpuMepe HTepu(PUKAIMU YKCYCHOW KHCJIOTHI ATHJIOBBIM CITUPTOM, W PacdeT OCHOBHBIX
TEPMOJIMHAMHYECKUX MTOKa3aTellell XUMUIECKOTo Iporiecca.
B kadecTBe 00BEKTa HCCIENOBAHMS IPEIJIATacTCsl Peakius 3TepHu(HUKAINA YKCYyCHOH
KHCJIOTBI 9TUJIOBBIM WJIN U3O0ITPOITUIIOBBIM CITUPTOM.

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

A B C pi|

OTa peakius Py KOMHATHOHN TeMIiepaType mporekaeT MemieHHo. [loaToMmy e€ mpoBosT
npu 70 — 90° B IpHUCYTCTBHHU COJISHOM KUCJIOTHI B KAYECTBE KaTaau3aTropa. B 5THX yCIOBUSX OHA
3aKaH4yuBaeTcs B TeueHue 2 — 3 4. Katanuruueckoe neicTBUE COJIHON KUCIOTHI COCTOUT B TOM,
YTO OHA aKTHBHPYET MOJEKYNy KapOOHOBOH KHCIOTHI. YKCYCHas KHCJIOTa HMPOTOHUPYETCA IO
aTOMy KHCJIOpO/a KapOOHWIBHOM Tpymnmbl (aTOM KHCIOpOJa HMEET HEMOICNEHHYIO0 Iapy
AJICKTPOHOB, 3a CYET KOTOPOH MNPHUCOSAMHSETCS NPOTOH). [IpOTOHMpPOBaHWE TNPUBOIUT K
MPEBPAIICHUIO YaCTUYHOTO TIOJIOKUTEILHOTO 3apsia Ha aTOME Yriiepoja KapOOKCUIBHON TPYIIITEI
B TIOJHBIH, K YBEIHMYEHHUIO €ro AIEeKTPO(UIHLHOCTH. Pe30HaHCHBIE CTPYKTYpHI (B KBaJpaTHBIX
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CKOOKax) TOKa3bIBAIOT IEIOKAIM3AINIO MOJIOKUTEILHOTO 3apsaa B 00pa30BaBIIEMCs] KaTHOHE.
Mornekynia cnupTa 3a CUET CBOCH HEMOJICJICHHOW Taphl AJICKTPOHOB IPHCOSAMHSACTCS K
AKTUBUPOBAaHHOW MOJICKYJIe KHCIOTHL. [IpOTOH OT oOcTarka choupTa MepeMenacTces K
THAPOKCHIIFHOW TPYIIE, KOTOpask MPH 3TOM TpeBpamaeTcs B “xopormro yxoasmyto” rpymnmy HoO.
Iocie sToro oTmiemsieTcss MOJEKYIa BOABI C OJHOBPEMEHHBIM BBHIOPOCOM MPOTOHA (BO3BPAT

KaTaiu3aTopa)
3 + /\ .
O H + C,H;OH

CH 7 /o X /OH 2
3 D —
o CHyC == CH,C]
OH OH
OH H,0,-H' 0
. —_—
CH3C——CE—C2H5 - CH3C/
(l). H OCzHs
N

YroOBbl HU3KOKHILIIKME BELIECTBA, YYAaCTBYIOIIME B PEAKLUWH, HE YJIETYUYHBAIWCH INPH
HarpeBaHUH, PEaKLUIO IPOBOAAT B PEAKTOPE, CHAOXKEHHBIM OOpaTHBIM XOJIOAMIBHUKOM. Teruiora
peaknuy 0Opa3oBaHMs JTWIIALlETaTa OYEHb Malla, W TOITOMY KOHCTaHTa DPaBHOBECHS ITOU
peaknmy, Kak d3TO clienyeT u3 ypaBHeHuss Bant — [odda u, kak ObUIO IMOKa3aHO pPsAOM
9KCIIEPUMEHTAIBHBIX HCCIEIOBAHUN, TPAKTUYECKN HE 3aBHCHT OT TEMIIEPATYphl. 32 H3MEHEHUEM
COCTaBa CMECH CIEAAT MO M3MEHEHHIO B HEH CyMMAapHOW KOHIIEHTpAaIMM KHCIOTHI B TEUEHUE
peakuuu. M3yueHue paBHOBECUS PEAKLMHU OCYIIECTBISETCS HW3MEPEHHEM CKOpPOCTEH MpsSMOM
peaknuu. 3a U3MEHEHHEM KOHLEHTpAlUK Pearupyrolux BEIIECTB CIENAT O TeX IOp, MOKa He
HACTYIIUT PaBHOBECHE.

[IpuHrMas BO BHUMaHHUE, YTO paBHOBECHAs CTEIIEHb MPEBPAIIEHUS YKCYCHOM KHUCIOTHI A
paBHa X, TO TPH JOCTIKEHHMH KOHEUHOM IIeNu, T.e. 00pa30BaHUS YKCYCHOMIPOIMIOBOTO HIIH
YKCYCHORTHJIOBOTO 3(pupa M B UTOrE€ YCTAHOBJEHHUS paBHOBECHOro coctosHus Ha 0,5 monb
BBEJICHHOI B PEaKIMI0 YKCYCHOM KHCIIOTHI paBHOBECHASI CMECh OYJIET COJIEpKaTh:

(0,5-X) mons CH;COOH (A),
(0,5-X) mons C,HsOH B),
X monb — C,HsOOC-CHs (0,
X momb — H20 ©.

Bcero B paBHOBecHO# cMmecu Oyzer 1 Monb peareHTOB. MOJbHBIE JTOJM PEArupyromux
BEIIIECTB B PABHOBECHOM COCTOSIHUM OYAYT PaBHBI

Na = 0,5(1- X",
Ne = 0,5(1- X,
Ny = X%, Ne = X~

Torma KOHCTaHTa PaBHOBECHS MPOBOJIMMON PEaKIMU dTePUPUKAINA YKCYCHOW KUCIOTHI
STHJIOBBIM WJIM HM30TIPOIMIIOBEIM CITUPTOM OyneT paBHA
X *2
KN =
0,25(1— X*)2
IIpm ompeneneHnu paBHOBECHOH CTEMEHW TMpeBpamieHns X* B xoae paboTHI
IKCIIEPUMEHTAIBHO ONpeeNsieT Kak (pyHKIHo oT Bpemenn X= f(t) , T.e. paBHOBecue B cucteme
HACTYIUT TOTJa, KOTJa CTENeHb MPEBPAIICHUs YKCYCHOW KHCIIOTHI HEe OyAeT OINpeneisThcs BO
Bpemenn X= f(1).
XX

0.5 A1

0 2 4 6 ¢ yuH

Puc. 3.1 M3MmeHeHHE CTEIICHU TIPEBPAIICHHUS YKCYCHOM KMCIIOTHI BO BPEMEHHU
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Jns mpoBeAeHHS 3KCHEPUMEHTa HCIONB3YIOT  TPEXTOPIBIA PEeaKkTop, CHAO0KEHHBIH
TEPMOMETPOM, 00PaTHBIM XOJOAMILHUKOM, MEIIANKOH 1 000rpeBarouM npucnocodiaenuem. B
peaktop nomemarT 0,5 Monb nexsHoN ykcycHo u 0,01 MoJIb KOHIIEHTPHUPOBAHHOM COJSTHOM
KHCIIOTHl W HarpeBaioT B TedeHue 10 MHHYT B TepMOCTaTe WM BOASHON OaHe ¢ TepMomapoi. 3a
3TO BpeMs OTAEITHHO TEPMOCTATHPYIOT 0 3alaHHOW TEMITEPaTyphl STHIIOBBIN (M30TPOIIIIOBHIN)
ciupt. [locne ncreuenns 10 MUHYT, COUPT MIOMEIIAIOT B PEAKTOP W BKIIOYAIOT MELIAJIKY U Cpasy
0TOMpAaOT 1MJ peakIMOHHONW MacChl U TIEPEHOCAT B KOJIOY C XOJOIHOW BOMOM M TUTPYIOT 0,5 H.
NaOH B npucyrctuu penondranenna. [locneayrommue npobsl 6epyT yepe3 kaxasie 10 MUHYT U
TaKxke TUTPYIOT. [Ipomecc cunraeTcs 3aBepiieHHOM, KOra Ha THTPOBaHUE JIBYX MOCIEIHHUX MPOO
B3STHIX W3 pPEaKTopa, MOWAET OJUHAKOBOE KOJIMYECTBO MICTOYM, T.€. CHCTEMa CTaHOBHUTCS
paBHOBecHOI. Pe3ynbrars! nccienoBannii 3aHoCAT B Tabnwmiry 3.1.

O0padoTka pe3y1bTaTOB IKCIIEPUMEHTA

Tabmuua 3.1
Pe3ynbTaThl 5KCIEpUMEHTAJIBHBIX UCCIIEIOBAHUN
IH{I(,)(I;:;E VNaOH, s T, MUH. Crenens npeBpaieHus, X

1

2

3

4

5...
Crenenp nmpeBpaIieHus: YKCYCHOM KUCIOTHI ONPEAEIIeTCS 0 YPABHEHUIO

V, —
x -1k,
V.
1

rae Vi- oobsem 0,58 NaOH, nomenmuii Ha THTpOBaHKE TIEPBOM MPOOHL;
Vi — oobem 0,58 NaOH, nomenmmit Ha TuTpoBaHuEe POOEI 32 BpeMs T.
3AJJAHHUE

1. Ilo »KCEpUMEHTAJIbHBIM JaHHBIM PACCUMTATh CTENEHb NMPEBPALICHUS ISl KaXIOW
B3STON TPOOEIL.

2.Ha ocHOBaHWM 3KCIIEPUMEHTANBHBIX AAHHBIX TIOCTPOUTH TPaQHUUECKYI0 3aBHUCUMOCTD
¢ynakimn X= f (t) U ompenenuTh PaBHOBECHYIO CTENEHb IpeBpalleHus. PaccuuraTh yist
UCCIIEAyEeMOM peakuuu SKCIEPUMEHTAIBbHYI0O KOHCTAHTY PpaBHOBECHsS 110 YPaBHEHUIO U
PaBHOBECHBII COCTaB pearupyroNInX BEIeCTB.

3. PaccuntaTh KOHCTAaHTY pPaBHOBECHS IO TEPMOJUHAMUYECKUM JIaHHBIM (ypaBHEHHE
2.20) u cpaBHUTH C PKCIIEPUMEHTAILHOW KOHCTAHTOW PaBHOBECHSI.

4. CnenaTb BBIBOJ O BEPOSTHOCTH MPOTEKAHUS MCCIEAYEMOH peakiuu B MPSMOM HIIH
00paTHOM HamNpaBIeHUH U OTMETHTh BCE YCJIOBHUS, KOTOPHIC MO3BOJIUTH YBEIHUYUTH BBIXOJ]
LIEJIEBOTO MPOLYKTA.

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

Lenv pabomer. DKCNEPUMEHTAIBHOE H3YUYCHHE 3aKOHOMEPHOCTEH TOMOXHMMHUYECKUX
MPOLIECCOB Ha TpHUMEpPEe pPEaKIWH aJOMUHHUS WIM [UHKAa C KHCJIOTaMU TPU Pa3IMYHBIX
TeMIeparypax.

METOAUKA NPOBEAEHUSA DKCIIEPUMEHTA

Jlnst OCyIIECTBIICHUS IAHHOTO IPOIIecca B CTaKaHbl 3arpyxarot 25 mi 7% pacteopa HCI
mwm H2SO, . 3aTeM BHOCAT MpeIBapUTENILHO OYHUINEHHBIH HAXIauHOH OyMaroil Wiu pacTBOpOM
LIEJI0YH, B3BEIICHHBIN Kycouek MeTtaiuia (0,5 - 2 rp.) Ha CTEKJITHHOM Majnoydke ¢ CUTOOOpa3HBIM
HAaKOHEYHUKOM M HauMHAIOT OTCYET BpeMeHH. Uepe3 ompeesieHHbIE MPOMEKYTKA BpeMeHH (10
3aJJaHUI0 NPEIOJaBaTelIs) CTEKISIHHYIO AJIOUKY ¢ METAJIJIOM BBIHUMAIOT U3 CTaKaHa, IPOMBIBAIOT
XOJIOJHOW JUCTU/UTMPOBAHHOW BOIOH, BRICYIIHBAIOT Ha (PHILTPOBAIIBHON OyMare U B3BEIIMBAIOT
Ha aHAJIMTHUYECKHUX Becax. [locne M3BIedeHHd MeTala M3 pacTBOpPa KUCIOTHl OCTAHABIMBAIOT
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CeKyHIOMEp M, B3BECHB €ro, IIOMEHIAlOT OOpaTHO B CTaKaH, BKIIOYAIOT CEKYHIOMEp |
MPOI0JDKAIOT OTCUET BPEMEHH.
Buumanue: noka3aHue ceKyHaoMepa He 00OHYJISIIOT.

Jns uccnenoBaHUS BIUSHUS TEMIEpaTypbl SKCIIEPUMEHT IPOBOIAT TIPH Pa3UIHBIX
Temrepatypax (IO 3aJaHUIO TperojaBarens). Pe3ynbTaThl SKCIEpHMEHTa  3aIllMCHIBAIOT B
Tabmuiy 1.

4. OBPABOTKA SKCIIEPUMEHTAJIbBHBIX JIAHHBIX

Tabnmna 1.
Pe3ysbTaThl SKCIEPUMEHTAIBHBIX HCCIIEOBAHMMI

No T, °C T, MAH Mue Mome Tu, MAH | Xnme
OIIbITa -

Tﬂ
1
2
3

Onpenenenne JUMHTHPYIOLIEH cTauu Npouecca
CreneHp MpeBpaIeHns METALIOB (ATFOMIHHUS, IIMTHKA) OTPEAETSIOT 1o dhopmyne 1:

o lome™M,, 1)

Me mOMe

rae M, —Macca MCXOIHOrO METalla, T;

m,,,— Macca MeTaIa ocjae PeakuH, T.
o T
JUisi ompezesieHnst TMMATHPYIOLICH CTauu CTPOT rpaduk 3aBucuMoctd X, OT — U
T
n

CpaBHUBAIOT € TCOPCTUICCKUMU KPUBBIMH, IIPECACTABJICHHBIMUA HA PUC. 1.

1
X
Me /
0.5
0
0 0.5 1 £
T

Puc 1. 3aBucHMMOCTH CTENEHH NpEBpAICHUS MeTaia Xme OT OTHOIICHUS T/Tn B
3aBUCHMOCTH OT JIMMUTHpYIOIIeH cTaauu mporecca: 1 — BHemHeauddy3noHHas odaactb, 2 —
KHHETHYecKast 0067acTh

[locne HaxOXACHUS JMMHTUDPYIOIIEH CTaauu JUIS KaXIOM W3 TpexX TeMIepaTyp
OTIPEAETAIOT KOHCTAaHTY CKOPOCTH peakuuu U3 ypaBHEHHs 2.3 (ecnm peakmus MPOTEKaeT B
KUHETHIECKOU 00J1acTH).

[lo paccumTaHHBIM  KOHCTAHTaM  TONMOXMMHYECKOTO  MpoLecca  ONpPEeAessIOT
aKTHBALIMOHHBIE TapaMeTphl (PHEPrUI0 AaKTHBALMM W YAacCTOTHBIM (akTop AppeHuyca) IO
YpaBHEHUsIM 2, 3 M pe3yJIbTaThl pacieToOB BHOCST B TaOIUILy 2.

AHanuTHYECKUI METOJI onpeiesieHns SHepruu akTuBanu# (Ea)

k2
RT,T,In i

akm =~ T _T
T2 Tl

YactoTtHblil (akTop Appenuyca (A) ONpeAessitoT U3 WHTErPAIbHONW (OPMBI ypaBHEHHS
Appernyca.

E 2
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akm

k=de F (3)

Tabmuma 2.
Pe3ynbTaThl pacueTa akTHBAIIMOHHBIX IAPAMETPOB
Ne T,°C T,K k A Eaer ,KJ[K/MOIB
1
2
3
3AJIAHUE
1. [ToCTPOUTH 3aBHCHMOCTh CTEHNEHHM NpeBpalleHuss Xme OT T/Tn M, CPAaBHUB C

TEOPETUICCKUMHU KPUBBIMH, IMPEICTABICHHBIMU Ha pUC. |, OMpENeNuTh 00JACTh TPOTEKAHUS
mporiecca.

2. Hcnonb3yss SKCHEpPUMEHTAIBHBIE JaHHBIC, PAacCUUTaThb KOHCTAHTY CKOPOCTH
XMMHYECKOM peakiuu W aKTHBAIMOHHBIE MapaMeTphbl (s mporiecca, MPOTEKAoIIEero B
KHHETHIECKOH 00JIacTH)

3. OrnpeaenuTs TUMUATHPYIONIYIO CTAIUI0 MO BIUSHUIO TEMIEPAaTyphl HA CKOPOCTh
XUMHUYECKOUN pCaKnru U 10 SHCPIrur aKTUBAIIUH.

Kpumepuu ouyenxu nabopamopnuix padom

- MakCHUMajbHO OaJJIOB 3a KaXIYIO0 BBITOJHEHHYIO jaboparopuyio paborty (1*15=15), ecnu
paboTa BBHINIOJHEHA B TIOJIHOM 00BEME, B OTYETE MPAaBWIBHO M AKKYpPaTHO BBHIIOJHEHBI BCE
BBIYHCIICHHUS M TOCTPOEHBI Tpaduky, JIOTHYECKH U OOOCHOBAHHO IPUBEICHBI BBIBOABI IO TEMe
nabopaTOpHOM pabOTHL.

- muHuManbHO OaioB (1*10=10), eciiu B Xole 3KCHEpUMEHTA JOMYLICHBI IPYObIe MPOMaxu, B
OTYeTe €CTh TpyOble OMIMOKH, NMPHUCYTCTBYIOT OLIMOKH B BBIYHCICHHSAX, HETOYHO IOCTPOCHBI
rpaduKH, He JOrHYeckn cOPMUPOBAH BBIBOJI K J1a00OpaTopHOH padore.
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MunuctepcTBo oOpazoBanus U Hayku Poccuiickoit denepanun
HwxHeKkaMCKHii XUMHKO-TEXHOJIOTHYECKH HHCTUTYT ((punuan) dhenepaabHOTo
roCy/1IapCTBEHHOI'O OIOPKETHOTO 00pa30BaTEIBHOIO YUPEIKIACHUS
BBICIIET0 00pa30BaHUs
«Ka3zaHckuii HalMOHAIBHBIN UCCIIEN0BATEIbCKUNA TEXHOJIOTHUECKUI YHUBEPCUTET)
Mexanunueckuii GpakynbreT
Kadenpa HepTexuMuaeckoro CHHTE3a

KoMiuiekT BonmpocoB /Ui KOJIJIOKBUYMOB
no aqucuumivae 51.5.28 O0mas xuMuyeckas TEXHOJIOTUs

4 cemecTp

KosioxkBuym 1

1 [TpuBenuTe MpruMepbl TOMOTEHHBIX Y TETEPOr€HHBIX XUMUUECKUX PEAKIIUN.

2. CdopmymupyiiTe 3aKOH IEHCTBYIOIIIX Macc.

3. Uro Ha3piBaeTCs KOHCTAHTOM CKOPOCTH pEAKIWH, M OT KakuxX (DaKTOpoB OHa
3aBUCUT?

4. Yto Ha3bIBAaETCS MOJIEKYISIPHOCTHIO XUMHYECKOH peakunu? UTo Ha3pIBACTCS TOPSIKOM
XUMU4EeCcKoH peakipn? [loueMy MONEKYISIPHOCTb PEaKLMK HE BCETIa COBMAAAECT C MOPSIIKOM PEaKuu?

5 Or kakux QaKTopoB 3aBUCUT CKOPOCTh XUMUUECKOH peakumn? Kak u mouemy?

6. Hamummure wu BbIBeAWTE YpPaBHEHWS YIS BBIYMCICHHMSA KOHCTaHTBHI CKOPOCTH
TIEPBOTO ¥ BTOPOTO MOPsiAKA.

7. Kak u3MeHsieTcss KOHUEHTpalysl POIyKTa PEaKUUU CO BPEMEHEM, €CIH PEAKLIMS UMEET
HYJIEBOH MOPSIIOK?

8. Kakas w3 OmHOCTaIMIAHBIX pEaKIMii 3aKaHYMBAETCS OBICTpee TP OJWHAKOBBIX
HCXOJHBIX KOHLICHTPALMSIX U OIMHAKOBBIX KOHCTAHTaX CKOPOCTH: MIEPBOT0 WK BTOPOrO nopsiaxa?

9.  TloueMy C TIOBBILICHUEM TEMIIEPATyphl, KaK MPaBUIIO, CKOPOCTh XUMUYSCKOW PEaKIIUK
YBEJIMYUBACTCS?

10. Bpems mnomympeBpalieHHs BEIIECTB B peaKIWM TIepBoro mopsyuka mnpu 323 K
cocrapisier 100 muH, a pu 353 K - 15 muH. Beraucnure TemnepatypHbiii KOGQUIMEHT CKOPOCTH
peaxknyu.

11, Yro Ha3bIBaETCS SHEPTHEH aKTUBAIIMN XUMIYECKON PeaKIiu?

12. Koncranra ckopoctr peakiuu nipu 298 u 323 K cooreerctBerHo pasaa 0,0093 u 0,0806
mun?, OIIpeIeNIuTe SHEPIUIO AKTHBALIMH PEaKIIIH.

13.  Omnpepenute SHEPrui0 aKTUBALUH, JJIs KOTOPOIl MPHU HMOBBIILIEHUH TEMIIEpaTypbl OT 295
1o 305 K ckopocTh peakiuu yJBanBaeTcs.

14,  HWmeet au pa3MepHOCTh U KaKyl0 KOHCTaHTa CKOPOCTH PEAKIIUH?

15. CkopocTh peakuuu BTOPOTO mHopsaka pasHa 4,5-107 Monw/(71°C) IpHM KOHLEHTPALUU
oanoro pearenrta 1,5- 10 mons/n u apyroro 2,5 -10! mons/n. PaccunTaiiTe KOHCTAHTY CKOPOCTH B
cm3/(Monb-¢).

16. Ilpm 583 K ra3z apcun ASH3z pasmaraercs ¢ oOpa3oBaHMEM TBEPIOTO MBIIIbsIKA H
ra3oo0pa3HoOro BoJopoaa. Bo Bpems peakuumd mpH NOCTOSHHBIX O0BeMe M TeMmIieparype oliee
JaBlICHHE B CHCTEME M3MEHSETCS CICAYIOIUM 00pas3om;

L, HAC . iiiiiiiiiiiiiiieieieeeeeeeeeeveveevverreaaens 0 5,6 6,5 8,0

P,Ta 103 97,75 107,41 109,05 111,35

ITokaxxute, u9To peakmus pasznoxeHus ASHsz sBmseTca peaxkmuell MEepBOTO TOPAAKA, H
BBIYMCIIUTE KOHCTAHTY CKOPOCTH 3TOM peakiuu.

17.  KoHCTaHTa CKOPOCTH PEaKIIMH OMBUICHHUS YKCYCHOSTHIJIOBOTO d(Hpa menoupio mpu 283
K pasna 2,38 51- mun-Monb, paccuuraiite BpeMs M0JJOBHMHHOTO pasioxkeHus >3¢upa, ecu 1 1 0,05 H.
pacTtBopa >¢upa cmemath ¢ 1 a1 0,1H. pacTBopa mienoun. Peakiusi oMbUIeHUS 3¢uUpa MOTIUHSIECTCS
KHUHETHYECKOMY YPAaBHEHHUIO 2-T'0 HOPSIIKA.

18. Peakuus pa3noKeHHs aMMHaKa Ha ropsyeil Boiab)pamMoBOW MPOBOJOKE MPOTEKAET MPH
1129 K mo ypauenuw 2 NHz = N2 + 3 Ho. 3a cKOpOCThIO peaKIUy CIICIUIH O MOBBIIICHHIO 00IIETO
nasienuss AP = Py — Po. C TeueHueM BpeMEHH HaBJICHHE B CHCTEME IPU MOCTOSHHOM OOBeMe W
TeMIIepaType MOBBILIAIOCH CISAYIOUIMM 00pa3oM:
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agrwbdE

| T 100 200 400 600 800

AP, TIa-10? 14,66 29,33 59,70 89,60 117,21
HaganbHoe nmaBieHHNe B CHCTEME B CHCTEME PaBHAIOCH 266,6° 102 Ia. OmpenenuTe MOPSAOK PEAKIHHA U
paccuuTaiTe KOHCTAHTY CKOPOCTH.

Konnoxksuym 2

1 OOBACHUTE CMBICI TIOHATHUS «XUMAYECKUE JACHD».

2. Uro Takoe MEXaHU3M XUMUYECKON peakuun?

3. UTo0 Takoe KOHCTaHTa CKOPOCTH XUMHUUYECKON peakmuu? OT Kakux (akTopoB OHA
3aBrucUT? YeMy paBHO YHCIIOBOE 3HAYEHNE KOHCTAHTBI CKOPOCTH?

4, Uro Takoe SHEprusi akTHBAUUM XUMUYecKoil peakunu? Kakumu crmocobamu
MOXHO €€ OTPEICIUTH?

5. CdhopmynupyiiTe 3aK0H JEHCTBYIOMINX Macc.

6. CdhopmynupyiiTe OCHOBHBIE IIOCTYJIAThl XUMUYECKOH KHHETHUKH.

7. Uro Takoe mopsAnok xumuyeckoil peakuuu? JlaiiTe omnpeneneHne CKOpPOCTHIO
XUMUYECKOH peakiuu?

8. ChopmynupyiiTe TpaBUIO COCTABICHHS KHHETUYECKHX YPABHEHHWHA CIOXKHBIX
pEaKLHUd.

9. 3anuimuTe KHUHETUYECKUE YPaBHEHUS AJIsS pacyeTa CKOPOCTH M0 BenlecTBaM A, B,

R u M miist CIo>KHOM peaxIum:

K1
A+B_R+S
K2

k3
A+R-M
10. Metoap! cuHTE3a ¥ TEXHOJIOTHS MPOLIECCOB MOIYUYEHHS CIOKHBIX 3(UPOB.
11. MexaHn3M ¥ KHHETHKA DPEaKIUd XJIOPaHTHIPUAOB KapOOHOBBIX KHCIOT CO
CITUPTaMHU.
12. OKCHepUMEHTAIbHBIE ~ METOABl  HCCIENOBaHWS  KMHETHUKHM  TOMOTEHHBIX
XUMHUYECKHX TPOIIECCOB.
13. MeTto/1b1 onIpeieTIeHHsI TOPSAKa PEAKIIHH.
14. BnusiHue Temneparypsl Ha CKOPOCTh XUMHUYECKHX PEaKLIUH.

KoasoxBuym 3

3akoH ['ecca u cnencTBUs U3 HETO.

3aBHCUMOCTbD TETIIOBOTO AP PEeKTa XUMUIECKOH PEAKIIH OT TEMIIEPATYPHI.
Omnpenenenue HaNpaBJICHUS IPOTEKAHUS 00pATUMON peaKIiK NPH 3aIJAHHBIX YCIOBHSIX.
MerToabl pacyeTa KOHCTAHTHI PAaBHOBECHSL.

Uzobapa Bant-I'odda, nzoxopa Baut-I'odpda, usorepma Bant-I'odpda.

OHpeL[eneHI/Ie 3HAYEHHS KOHCTAHThI paBHOBECHS IIPU IPYTOW TeMIepaType.

6.
7.
8.

9.

10.
11.
12.
13.

Omnpenenenne KOHCTAaHTHI PABHOBECHS UICAIBHBIX U peasibHBIX Ta30(a3HbIX MPOLIECCOB.
Omnpenenenne KOHCTAaHTHI PABHOBECHS KUAKO()A3HBIX XUMUYECKHUX MTPOLIECCOB.

[lokazaTe Ha mpuMepe, KaKUM 00pa3oM MOXKHO OIPENEINTh PABHOBECHBIA COCTaB OOPATUMBIX
XUMHUUYECKUX PEaKIIuil.

MeToapl 3KCIEPUMEHTAIIBHOIO OIPENENEHN PAaBHOBECHOTO COCTaBa PEAKIIMOHHOM MacChl U
KOHCTaHTHI paBHOBECHH.

[Ipunnun Jle-Illarense.

TexHonornyeckue NprueMsl CMELEHHS paBHOBECHS.

Monenu TOmOXMMHYECKUX TIPOLIECCOB.

MexaHu3M U KHHETHKA TOIOXUMHUYECKUX IPOLIECCOB.

14. MCTO)II:I OMpEACIICHUA J'II/IMI/ITI/II)YIOI]_[eﬁ CTauH TOMMOXUMHUYCCKUX IMTPOUECCOB.
15. TexHomOTHUECKHE METOAbBI I/IHTCHCI/I(i)I/IKaLII/II/I TONOXUMHUYCCKUX IMPOLECCOB.
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KoanoxBuym 4

OrnpenenuTe NOHITHSI «XUMHYECKOE MPOU3BOACTBO» U «XUMHUKO-TEXHOJIOTUYECKUI
TIPOTIECCY.

ChopmynupyiiTe cOBpeMEeHHBIE TPEOOBAHHUSA K XUMHUECKOMY TPON3BOJICTBY.

[IpuBenuTe CTPYKTYpYy XUMHUYECKOTO IPOU3BOJICTBA U OOBSICHUTE Ha3HAUCHUE €
(hyHKITMOHATPHBIX YacTeH.

[TepeunciuTe OCHOBHBIE TTOKA3aTETN XUMHUIECKOTO ITPOU3BOJICTBA U XUMHUKO-
TEXHOJIOTMUCEKOr0 MpoIriecca.

UTo sBNIETCA CHIPhEM B MMPOMBILICHHOM Mpou3BoacTBe? Kakue ero ucTouHuku?
[IpuBenuTe KIacCUPUKAIMIO IPUPOIHBIX MAaTEPHAIOB IO pa3HBIM ITPU3HAKAM KaK CHIPHS
JUTSL XUMUYECKON TTPOMBIIIIICHHOCTH.

s kakux uesnei ucnoiab3yercs Bo3AyX U BOJla B XUMUYECKON TEXHOJIOTUH.

KaxoBa poip TOmMBa ¥ SHEPTUN B XUMHYECKOM TTPOU3BOICTBE.

[IpuBennTe BUABI U NCTOYHUKH SHEPTETHUECKUX PECYPCOB XUMUIECKOTO IPOU3BOJICTBA 1
UX TIPUMEHCHHE.

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

[Tepeuncnure CTPOUTEIHHO-MOHTAKHBIE KOHCTPYKIIUU.

Pacckaxute 00 0TX0/1aX XMMHUYECKOTO MTPOU3BOCTBA, UX UCTOYHHUKAX U KITacCU(PUKAIIUS
IO COCTaBY, MIEPUOUIHOCTA 00PA30BAHUS U BO3ICUCTBUS HA OKPYKAIOIIYIO CPEy.
Kakwue crmoco0p! mepepaboTKu TBEPABIX, JKAAKUX U Ta3000pa3HBIX OTXO/IOB BBl 3HAETE.

KosuioxkBuym 5

KaxoB 06muii moaxo/ K TOCTPOEHUIO MaTEMaTHYECKOI MOIETTH MPoIIecca B XUMHUECKOM
peaktope?

UYro Takoe peakTop NACATBHOIO CMEIIEHUS U B YEM MPOSABISAETCS «UACATBHOCTBY?

B uem 3axmrodaercs mogobue u pa3nudue Mpolecca B peakTope NAeaabHOr0 CMEIIEHUS
MEPUOANYECKOM U UI€aTHHOTO BRITECHEHHUS ?

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

Kax meHsercs KOHIIEHTpalys UCXOHOTO KOMIIOHEHTA M MPOAYKTa IO JUIMHE peakTopa
HJIEATBHOTO BBITECHEHUS?

Kak MeHsieTcst KOHLEHTpaLysl BELIECTBa 110 00BEMY IIPOTOYHOTO PEaKTOpa UAeaIbHOTO
cMeleHus?

HazoBuTe npuunHbl OTKIOHEHHS PEKMMOB B POMBIIUIEHHBIX PEAKTOPax OT PEKUMOB
UJ€AIbHOTO CMEIIEHHUS U BHITECHEHNS.

Uro Takoe ontumuzanusi? ChopMyTupyiiTe MOCTaHOBKY 3a/1a4l ONTHMU3AINN
TEXHOJIOTHYECKOT0 MPOoIiecca U MOSICHUTE.

[Touemy 3amada ONTUMHU3AMHE MHOTOKPATHO BCTPEUYAETCS IPH Pa3pabOTKe XMMHUKO-
TEXHOJIOTMYECKOro npouecca?

Uro Takoe TeOpeTHYEeCKHi ONTUMAIBHBIN pexuM? [IJ1 4ero Hy>KHO €ro Onpe/ieieHHe.
KakoBa ontuManbHasi TeOpeTHIecKas TeMreparypa Juisi HeOOpaTHMBIX U 0OPaTHMBIX
(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 OpraHu3anry B3anMOICHCTBUS ra3a ¢ KHUIKOCTHIO IPH
OCYIIECTBIICHUH T'a30-)KUAKOCTHBIX XUMHYECKHUX TIPOIIECCOB?

Hapucyiite cxeMbl peakTOpOB JJIsl FeTePOreHHO-KATATUTHIECKHX ITPOIIECCOB U
00BSICHUTE UX PaboTy.
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10.

11.

12.

13.

14.

15.

YeM orpaHMYECHO HCIIOIH30BAHKE B TIPOMBIIIUICHHOCTH aTMa0aTHYECKOTO peakTopa?

Kak opranuzoBaH mpotiecc: a) B IICEBJO0KMKEHHOM CJIO€ KaTaiau3aropa; 0) mpolecc B
BOCXOJSIIEM ciioe KatanuzaTopa? X HeJoCTaTKu M MpenMyIIecTBa.

Uto BBl MOHUMAETE MO/ aHATTM30M XUMHKO-TEXHOJIOTUIECKOW CHCTEMBI?

Kakwne MOryT MosSIBUTHCSI HOBBIE CBOMCTBA Y TEXHOJIOTMYECKHX aIapaToB, KOT[a OHH
00BETMHEHBI B XMMHUKO-TEXHOJOTHYECKYIO CHCTEMY?

Ompenennure TCOPETUICCKUIN M peaTbHBIA pacXoqHBIH KO (PHUIMEHT 1Mo ChIphI0. KakoBEI
MPUIHHBI UX PA3TUIUs?

Uro Takoe MOJIHAsI SHEPTHsl TEXHOJIOIHYECKOro notoka? KakoBbl ee COCTaBISIOMINE U KaK
OHH OTPEAETSAIOTCA?

[Ipu KaKOM COCMHEHUH PEAKTOPOB UICATLHOTO BHITECHEHHS MOXHO TTOJYYUTh OOJIbIICe
MPEBPAICHUE U BBIXO]] MPOYKTA — MapaJICTILHOM WJIH MOCIIEA0BATSIIEHOM?

Kaxkue Texnonoruueckue peUICHUA UCIIOJIB3YIOTCA AJId YMCHBIICHUA BO3ILCI\/'ICTBI/ISI
XUMHYECKOTO MPOU3BOJICTBA HA OKPYKAIOIIYIO CpeIy?

Kakne MeTo1bl XUMUYECKOW TEXHOJIOTUHU UCTIONB3YIOTCS JJIsl YTHIH3AIHNN |
00e3BpeKUBAHHS TBEP/IBIX OTXOI0B?

Kaxkue METOAbI XUMHUUYECKON TEXHOJIOTUH HCIIOJIB3YIOTCA IJ1d YTWIM3alluu U
00€3BPEKMBAHUS KUJKUX OTXOJ0B?

Ha 1yem ocHOBaHBI OMOXUMHYECKHUE U (I)I/I?)I/IKO'XI/IMI/I‘IGCKI/IG METOABI OUYNCTKHU CTOYHBIX
BoA?

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

Kpumepuu OUCHKU KOJIJIOKBUYMOEB

- MaKCHMaJlbHO OaJUIOB 3a KaXIbli KOJUTOKBHYMOB (2*25=50), ecnu maHbl OTBETHI Ha BCE
MOCTaBJICHHBIE BOITPOCHI JIOTMUECKHA U 0OOCHOBAHHO B ITOJIHOM 00BbEME;

- muHEManbHO OamtoB (1*15=15), ecnmu B Xome OTBETa JOMYIIEHBI IPyOble MPOMAXH,
MPUCYTCTBYIOT HETOYHOCTH.
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MunuctepcTBo oOpazoBanus U Hayku Poccuiickoit denepanun
HwxHekaMCKHii XUMHKO-TEXHOJIOTHYECKHA HHCTUTYT (prinan) dhenepaabHOTo
roCy/1IapCTBEHHOI'O OIOPKETHOTO 00pa30BaTEIBHOIO YUPEIKIACHUS
BBICIIET0 00pa30BaHUs
«Ka3zaHckuii HallMOHAJIBHBIN HCCIIE0BATEIbCKUNA TEXHOJIOTMUYECKUI YHUBEPCUTET)
Mexanunueckuii pakynbTeT
Kadenpa HepTexuMuaeckoro CHHTE3a

KoMmieKT KOHTPOJIbHBIX padoT
AJISl CTY/ICHTOB 3204HOi (hopMbI 00y4eHH s
10 JUCLMIUINHE
b1.5.28 «O0mas xumMudeckas TeXHOJIOTUSI»

4 cemecTp

KonTponbHast pabora cCOCTOMT M3 4EThIpeX 3aJaHui. BapuaHT KOHTpOJIbHOM
paloThI BEIOMpAETCS CTYAEHTaMU 110 MOCIEIHUM Lu(ppaM HOMEpa 3a4eTHOM KHMXKKU ¢ 1
no 21 Bapmant. Ecim mocnennune mudpsl HOMepa 3aueTHON KHIKKM Ooibire 21, To
BapUaHT BbIOMpaeTcs Mo 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.

Bapuanmovl konmponvuvix 3a0anuii

Bapmuanr 1

1. Wcnonp3ys mnpunnun Jle-lllarenbe, mnpoaHanmu3upyiTe BCE BO3MOXKHBIC
CHOCOOBI CMEIICHHS] PAaBHOBECHS PEAKIMU BIPABO M TMONYYCHHUS MaKCUMAIbHOTO
KOJIMYEeCTBa 1iesieBoro npoaykra (AH peakunu paccuuThIBaeTCs O TaOJIMYHBIM JaHHBIM):

2CO) + Oz(r) <> 2COx(r)
CeHe(r) <> CeHizgy + Hom

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

3. TlepeynciuTh W CpPaBHUTH CIOCOOBI TOJNYUEHHUS TEPMHUSCKOH (ochopHOi
KUCHOTHL.  M300pa3uTh TEXHOJNOTHMYECKYIO CXeMy IpPOM3BOJACTBA  TEPMUUYECKOMH
(hochopHOI KUCITOTHI IBYXCTYIEHYATHIM METOIOM.

2A — R(yenesas)

5A — 3S(nobounasn)

OnpenenuTs: CTeNeHb NpeBpalleHus Xa, CENEeKTUBHOCTL Sr, BBIXOJ MPoAyKTa ER,
ecim Ha BBIXoJe U3 peaktopa Ca=5 kmomns/m°, Cr=15 kmonb/m3, Cs=4 KMob/M>.

4. ITpoTrekaroT napajiebHble peaKuu:

Bapmuanr 2
1. Ucnons3ys npunnun Jle-llarense, npoaHanusupyiTe Bce BO3MOXKHBIE
CHOCOOBI CMEIIEHHsS] PaBHOBECUS PEaKIUU BIPABO JIS TMOJYYEHHUS MaKCUMaJIbHOIO
KOJIMYecTBa 11eJIeBoro npoaykra (AH peakiuu pacCYMThIBACTCS 10 TAOIUYHBIM JAHHBIM):
CuSa) + Oz2() < Cue + SOx)
CaHe(r) <> C2Har + Har
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2. Omnmcarh OOLIYI TEXHOJOIMYECKYI) CXEMY XHMHYECKOIO IIPOU3BOJCTBA,
obme  (YHKIUHM, OCHOBHBIC  TEXHOJOTHYECKHE  KOMIIOHEHTBI ~ XHMHUYECKOIO
[IPOM3BOCTBA.

3. OmnwmcaTh CBOMCTBA AMOKCHA M TPHOKCH/IA CEPBI, CEPHOM KUCIOTHI U OJICyMa.
Copra CepHOM KHUCIOTBHI, €€ XpaHeHHe | IepeBo3ka. (OXapakrepu3oBaTh BHIBI
CEPOCOIEPIKAILETO CHIPHSI IS IIPOU3BOJICTBA CEPHOM KHCIIOTHI.

2A — R(yenesas)

5R — 3S(nobounas)

OnpenenuTh: CTENeHb IpeBpalIeHns Xa, CelIeKTUBHOCTD SR, BBIXOJ IPOIyKTa ER,
ecu Ha BhIXoje u3 peaktopa Ca=3 kmons/m>, Cr=12 xmonb/m3, Cs=2 kmoms/m>.

4, HpOTeKaIOT IMOCJICA0BATCIIbHBIC PEAKIIUU:

Bapuanr 3

1. Ucnonb3ys mnpunnun Jle-lllarense, mnpoaHanu3upyiTe BCE BO3MOXKHbBIC
CIIOCOOBI CMEIICHHSI PAaBHOBECHS PEAKIMU BIPABO IS IMOJYYCHHUS MaKCUMAIBHOTO
KOJIMYEeCTBa 11esieBOro npoaykra (AH peakunu paccuuThIBaeTCs MO TAOJIUYHBIM JaHHBIM):

CsHs(r) + H20@x) <> (CH3)3CHO(x)
C2He(ry > CoHar + Hogr)

2. OxapakTepHu30BaTh CBHIPHCBBIC HMCTOYHHKH XHMHUYECKOTO  IPOM3BOJCTBA.
[IpuBecTn mnpuMepbl MCHOJIB30BAaHUS OTXOJOB MPOMU3BOACTBA KaK HCTOYHHUKOB
BTOPUYHBIX MATEPHAIBHBIX PECYpPCOB. lIepClEKTUBHBIE U AIBTEPHATUBHBIE MCTOYHUKH
CBIPb.

3. Onmcarh XUMHYECKYI0O M CTPYKTYPHYIO CXEMbI IIPOM3BOJICTBA CEPHOM
KHCIIOTHI KOHTAKTHBIM CIIOCOOOM M3 KOJTYe/IaHa.

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

OnpenenuThb: cTEeNeHb MpeBpameHust XA, CEIEKTHBHOCTh SR, BEIXO MpoayKTa ERr,
eciu Ha BbIXoje u3 peakTopa Ca=1 xkmonb/M3, Cr=7 kMonb/M3, Cs=1 kmomb/M>,

Bapmuanr 4

1. Wcnonw3ys mnpunnun Jle-lllarenbe, mnpoaHanmusupyiTe BCE BO3MOXKHBIC
CHOCOOBI CMEIICHHS] PAaBHOBECHS PEAKIMU BIPABO IS TMONYYCHHUS MaAKCUMAIbHOTO
KOJIM4YEecTBa 1iesieBoro npoaykra (AH peakunu paccuuThIBaeTCs IO TaOJIMYHBIM JaHHBIM):

CeHe(r) + C2Ha(r) = CeHsC2Hs(x)
C2Har) < CoHoy+ Ho

2. OxapakTepu30BaTh CBHIPHEBBICE HMCTOYHHKH XHUMHYECKOTO TPOM3BOJICTBA.
Onucarb MeTO/Abl MOJATOTOBKU CBHIPhS B XMMHKO-TEXHOJOTHYECKOM Ipouecce. MeTton
¢bnoTauuu.

3. Omnwucarp (PHU3MKO-XUMUYECKHE OCHOBBI OOKHTa (DIIOTAIIMOHHOTO KOJIYeIaHa.
XpaHeHue U MOATr0TOBKA Koluenana Kk 00kury. Onucars YCTpONCTBO meuei sl 00Kura
KOJ4e/aHa.

3A > R(yenesasn)
4. [TpoTekaroT mocieoBaTeIbHbIC PEAKIUH:
R — 2S(nobounas)

OnpenenuThb: cTENeHb MpeBpamieHus XA, CEICKTHBHOCTh SR, BEIXO MpoayKTa ER,
eci Ha BeIXoJ1e 13 peaktopa Ca=3 kmons/M®, Cr=9 kmomb/M3, Cs=1 kMons/m>,

Bapuanr §
1. Wcnonp3ys mnpunnun Jle-lllarenbe, mnpoaHanmu3upyiTe BCE BO3MOXKHBIC
CHOCOGBI CMCHICHUS paBHOBCCUA PCAKIUH BIIPABO I TOJYUCHUSA MAKCHMAJIBHOT'O
KOJIM4YecTBa 1iesieBoro npoaykra (AH peakunu paccuuThIBaeTCs O TaOIMYHBIM JaHHBIM):
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CH20) + Hay <> CH30H
CsH1ar) <> CeHs (r) + 4Hor)
2. Omnwmcarp KiIacCH(OUKAIMIO XUMHKO-TEXHOJIOIMYECKHX  IIPOLIECCOB IO
YCIIOBHSAM Pa0OThI, 110 THITY PEAKIIUH, 110 COCTOSHUIO PEArMPYIOLIMX BEIECTB.
3. Oxapakrepu3oBarh IEUd I O0XKUIa KOJYENaHa, yCTPOMCTBA s IIOJa4u
KOJIUE/IaHa B [IEYM U yIaleHue orapka. Mcnons30BaHue orapka.
4A — R(yenesas)

7A — 4S(nobounas)

OnpenenuTh: CTENeHb IpeBpalIeHns Xa, CelIeKTUBHOCTD SR, BBIXOJ IIPOAyKTa ER,
ecu Ha BhIXoje u3 peaktopa Ca=2 kmons/m>, Cr=12 xmons/m3, Cs=1 kmomns/m>.

4. [IpoTrekaroT napaiiesibHble peaKuu:

Bapuanr 6
1. Ucnonb3ys mnpunnun Jle-lllarense, mnpoaHanu3upyiTe BCE BO3MOXKHbBIC
CIOCOOBI CMEIICHHSI PAaBHOBECHS PEAKIMU BIPABO IS IMOJYYCHHS MaKCUMAIBHOTO
KOJIM4YeCcTBa 1iesieBoro npoaykra (AH peakuuu paccuuThIBaeTCs O TAOJIUYHBIM JAaHHBIM):
N2 + 3Ha@) <> 2NHz(p
CsHs—CH3j(x) + Har) <> CeHg(r) + CHa(r)
2. Omnwmcarh TEXHOJIOTHYECKYIO CXEMY MPOMBIIIICHHOW BOAOMOATOTOBKH. Boma
KakK ChIpb€ U BCIIOMOI'aTeJIbHbIA KOMIIOHEHT ITPOU3BOACTBA. FICTOUHUKH BOJIBI.
3. Omnwucarh OCHOBBI MEXaHUYECKON U JICKTPUICCKON OYMCTKH 00KUTOBOTO rasa
B IIPOU3BOJICTBE CEPHOM KUCIOTHI OT MBLTH, OPBI3T U TyMaHa.
4A — R(yenesas)

7R — 4S(nobounas)

OnpenenuThb: cTENeHb MpeBpameHust XA, CEIEKTHBHOCTh SR, BEIXOJ MpoayKTa ER,
eci Ha BBIXoje U3 peakTopa Ca=2 kmonb/M3, Cr=6 kMob/M>, Cs=4 kmMomb/M>,

4, HpOTGKaIOT MMOCJICAOBATCIIbHBIC PCAKIIUHN:

Bapuanr 7

1. Wcnonp3ys mnpunnun Jle-lllarenbe, mnpoaHanu3upyiTe BCE BO3MOXKHBIC
CHOCOOBI CMEIICHHsS] PAaBHOBECHS PEAKIMU BIPABO JS TMONYYCHHUS MAKCUMAIbHOTO
KOJIMYECTBA 11eJIeBOr0 MpoaykTa (AH peakiuu paccUuThHIBACTCS MO TAOJIHMYHBIM JAaHHBIM):

4C2Ha(r) <> CsHior) + C3Hs ()
CaHe(ry) <> CaHaw+ Har

2. llpuBecTu OOIIYyI0 XapakTEpPUCTUKY U KiIacCU(PUKAIMIO SHEPreTHYECKUX
pecypcoB. Ommcarh  CmOCOOBI  DHEPTOTEXHOJOTHUECKOTO  KOMOWHUPOBAHUS U
WCIIONBb30BAHUSI DHEPreTHUYECKOr0 TMOTEHIMAla ChIpbs M TeIJa 3K30T€PMUYECKUX
peakuuii. BropudHbie 3HEpropecypcsbl.

3. Omnwucarh GU3NKO-XMMHUYECKHE OCHOBBI KaTanuTudeckoro okucieHus SOz mo
SOz. Karanmuzarops! nporecca. KoHTakTHBIC anmapaTsl.

3A > R(yenesas)

6A — 3S(nobounas)

OmnpenenuThb: cTENeHb MpeBpareHust XA, CEIEKTHBHOCTh SR, BBIXOJ MpoayKTa ER,
ecii Ha BeIXoj1e 13 peaktopa Ca=1 kmons/m®, Cr=5 kmomb/M3, Cs=2 kMonb/M>,

4. [IpoTrekaroT napaisienbHble peaKuu:

Bapuanr 8
1. Wcnonp3ys mnpunnun Jle-lllarenbe, mnpoaHanmu3upyiTe BCE BO3MOXKHBIC
CHOCOOBI CMENICHHSI PAaBHOBECHS PEAKIMU BIPABO U TMOJTYYCHHs] MaKCHMaIbHOTO
KOJIM4YecTBa 1iesieBoro npoaykra (AH peakuuu paccuuThIBaeTCS O TAOJIWYHBIM JaHHBIM):
CaHiow) <> CaHer) + 2Hor)
CeHe(r) <> CeHizr) + Har
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2. Omnucatb XMMHYECKOE IPOM3BOJCTBO KaK XHMHKO-TEXHOJOTHYECKYIO
CUCTEMY, BHUIbl TEXHOJOTMYECKUX cBs3el snemMeHTOoB XTC, uX Ha3HAueHUE U
XapaKTepUCTHUKA.

3. Omnucarp (PpU3NKO-XMMHUYECKHE OCHOBHI a0COPOLMM CEPHOrO aHTHAPHAA M3
ra3oBOi CMECH B TIPOM3BOJACTBE CEPHOM KHCIOTHL. ATmapaTypHoe odopMieHne
npouecca.

3A — R(yenesas)

6R — 3S(nobounas)

Onpe/IeNINTh: CTEeHb NpeBpanIeHns XA, CEIeKTUBHOCTh SR, BEIXOJ MPOIyKTa ER,
ecau Ha BhIXoje u3 peaktopa Ca=3 kmons/m>, Cr=10 xmons/m3, Cs=3 kmomns/m>.

4, HpOTeKaIOT IMOCJICA0BATCIIbHBIC PEAKIIUU:

Bapuanrt 9

1. Ucnonb3ys mnpunnun Jle-lllarense, mnpoaHanu3upyidTe BCE BO3MOXKHbBIC
CIIOCOOBI CMEIICHHSI PAaBHOBECHS PEAKIMU BIPABO IS IMOJYYCHHUS MaKCUMAIBHOTO
KOJIMYEeCTBa 11esieBOro npoaykra (AH peakuuu paccuuThIBae€TCS O TAOIUYHBIM JaHHBIM):

2C4Hg(r) <> CgHiex)
C2Ha(ry > CoHony + Hogr

2. llpuBectu KiaccU(UKAIMIO XHMHKO-TEXHOJIOTHYECKHUX MTPOIIECCOB, OCHOBHBIC
nokazarenu XTI, ux B3aumocBs3b. CriocoOs! noselenus ¢ dexkruBaocta XTI

3. Onmcarh XUMHYECKYI0O M CTPYKTYPHYIO CXEMbI IIPOM3BOJICTBA CEPHOM
KHCIIOTHI HUTPO3HBIM CIIOCOOOM.

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

OnpenenuTthb: cTEeNeHb MpeBpameHust XA, CEIEKTHBHOCTh SR, BEIXO MpoayKTa ERr,
eciu Ha BbIXofe U3 peakTopa Ca=5 kmonb/M3, Cr=10 xmomnb/M3, Cs=4 kMomb/m®,

Bapuant 10
1. Wcnonw3ys mnpunnun Jle-lllarenbe, mnpoaHamusupyiTe BCE BO3MOXKHBIC
CIOCOOBl CMEIEHUS] PABHOBECHUS pEaKIMM BIPaBO Ul TOJyYEHHs] MaKCHUMaJIbHOIO
KOJIMYEeCcTBa 1iesieBoro npoaykra (AH peakunu paccuuThIBaeTCS O TaOJIMYHBIM JAHHBIM):
CH20() + Har) <> CH3OH
CsH1ar) <> CsHs (r) + 4Hor)
2. Omnucatb TOMOT€HHbIE XUMHUECKUE MPOLIECCHI, BIUSIHUE YCIOBHUI MPOBEICHUS
U XHMHUYECKUMX NPHU3HAKOB Ha CKOPOCTh IMpeBpauieHuss U AuQdepeHnnanbHyo
ceNeKTUBHOCTh. [1yTu 1 crocoObl HHTEHCU(UKALIMU TOMOTEHHBIX MTPOLIECCOB.
3. Ommcath COBPEeMEHHOE COCTOSHHE | TIEPCIIEKTHBBI PAa3BUTHS a30THOMN
MPOMBIIIIEHHOCTH. ChIpbe I A30THOM MPOMBIIIUIEHHOCTH. MeTob!l pukcanuu a3ora.

2A — R(yenesas)
4. [TpoTeKkaroT mocje0BaTeIbHbIE PEAKIHH:
R — 3S(nobounas)

OnpenenuTs: CTeNeHb NpeBpalieHus Xa, CENeKTUBHOCTL Sr, BBIX0J MPoayKTa ER,
eciu Ha BBIXoJe U3 peaktopa Ca=2 kmMoibs/M°, Cr=7 kMomnb/M>, Cs=4 KMOTB/M,

Bapuant 11
1. Ucnonw3ys npunnun Jle-lllarense, npoaHanu3upyiTe Bce BO3MOXKHBIE
CIOCOOBI CMEILEHUS] PAaBHOBECHUS PEAKIMM BIPABO Ul IOJIyYEHHs] MAaKCHUMalbHOIO
KOJIMYecTBa 11eJIeBoro npoaykra (AH peakiuu pacCYMThIBACTCS 1O TAOIUYHBIM JaHHBIM):
2COr) + Oz(ry <> 2CO2(r)
CaHary) <> CoHaom + Har
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2. llpenctaBuTh W OmUCAaThb TEXHOJOTMYECKYI0 CXEMY  COBMEIIEHHOM
KaTaJTUTHYECKON KOHBEPCHUU METaHA U OKCHUJIA YIiIepo/ia o1 aTMOC(EepHBIM JaBICHHUEM.
3. Omnwucatb METO/BI OYUCTKHU TeXHOJOorndeckux razos ot COx.

2A — R(yenesas)
4. [TpoTeKkaroT napajieabHbIe PEaKIHH:
A — 4S(nobounas)

OnpenenuTthb: CTETEHb MpeBpalieHust XA, CEIEKTHBHOCTh SR, BBIXOJ POAYKTa ER,
€CJIM Ha BBIX0Jie U3 peakTopa Ca=2 kMoib/M°, Cr=7 kmoib/M3, Cs=1 kmomb/m°.

Bapuant 12

1. Wcnonw3ys npunuun Jle-lllarenvbe, mnpoaHanusupyiTe BCE BO3MOXKHbBIC
CHOCOOBI CMEIICHHS] PAaBHOBECHUS PEAaKIMU BIPABO JJISl IONYYEHHUS MaKCUMAaJIbHOTO
KOJIMYECTBA IIeJIeBOTO TpoaykTa (AH peaknuu pacCuyuTHIBACTCS 110 TAOJIWIHBIM JAHHBIM):

CuS() + Oz¢) > Cua + SO
CaHe(r) <> CoHary + Har

2. U310%uTh TEOpEeTHYECKHE OCHOBBI CHHTE3a aMMHaka, OOOCHOBAaTh
ONTUMAJIBHBIC YCIOBHS IpOIecca U HEOOXOJUMOCTh MPOBEACHHS CHHTE3a aMMHUaKa TI0
LUKJIMYECKOU CXeMeE.

3. Omnmcarb MeETOABI OYUCTKM TEXHOJIOTMYECKHX Ta30B OT CEPHUCTHIX
COCTMHEHUM.

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

OnpenenuTtsb: cTENeHb MpeBpameHust XA, CEICKTHBHOCTD SR, BEIXO MpoayKTa ERr,
eciu Ha BbIXoje u3 peakTopa Ca=1 xmonb/M3, Cr=7 kMonb/M3, Cs=4 kmomb/M>,

Bapuanr 13
1. Wcnonp3ys mnpunnun Jle-lllarenbe, mnpoaHamusupyiTe BCE BO3MOXKHBIC
CIOCOOBI CMEILEHUS] PAaBHOBECHS PEAKIMM BIPaBO Ul TOJYYEHHs] MaKCHUMaJIbHOTO
KOJIM4YEeCcTBa 1iesieBoro npoaykra (AH peakunu paccuuThIBaeTCS O TaOJIUYHBIM JAHHBIM):
Naw) + 3Hae) < 2NHs(
CeHo(r) <> CeHizm + Ho
2. Omucarh (U3UKO-XMMHMYECKHE OCHOBBI M ammaparypHoe ogdopMieHue
mpolLecca OYUCTKH 00)KUIOBOTO ra3a OT KOHTAKTHBIX SI/10B.
3. IlpencraBuTh M oOmMcaTh TEXHOJOIMUYECKYIO CXEMY CHHTE3a aMMHaka IpHU
CpEIHEM JIaBJICHUH.

2,5A — R(yenesas)
4. [TpoTekaroT mapaiieabHbIe PEaKIHu:
7,5A — 4S(nobounas)

OnpenenuThb: cTENeHb MpeBpareHust XA, CEICKTHBHOCTh SR, BBIXOJ MPoAyKTa ER,
ecii Ha BeIXoje U3 peaktopa Ca=1 kmons/M®, Cr=6 kmomb/M3, Cs=2 kMonb/M>,

Bapmuanr 14

1. Wcnonp3ys mnpunnun Jle-lllarenbe, mnpoaHamu3upyiTe BCE BO3MOXKHBIC
CIOCOOBI CMEILEHUS] PAaBHOBECHS PEAKIMM BIPABO Ul TOJYYEHHs] MaKCHUMaJIbHOTO
KOJIM4YecTBa 1iesieBoro npoaykra (AH peakunu paccuuThIBaeTCS O TaOIUYHBIM JaHHBIM):

4C2Har) <> CsHior) + C3He ()
CeHiar) <> CeHp () + 4Hor)

2. Omnucath TEXHOJIOTUYECKYIO CXEMYy M 00OpyIOBaHHME OUYMCTHOTO OTACICHHS
COBPEMEHHOT'0O IIPOU3BOICTBA KOHTAKTHON CEPHON KHMCIIOTHI U3 KOJIYEaHa.

3. MBnoxuTh BAMSHUE PA3IMYHBIX (PAKTOPOB HA MPOILIECC OKUCICHUS aMMHaKa B
IIPOU3BOJICTBE a30THON KHUCIIOTBHI.
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2,5A — R(yenesas)
7,5R — 4S(nobounasn)

OnpenenuTh: CTENeHb IpeBpalIeHns Xa, CelIeKTUBHOCTD SR, BBIXOJ IPOIyKTa ER,
ecu Ha BhIXoje u3 peaktopa Ca=3 kmons/m>, Cr=7 kMonb/m3, Cs=4 kMomb/M>,

4, HpOTeKaIOT IMOCJICA0BATCIIbHBIC PECAKIIUU:

Bapuanr 15

1. Wcnonp3ys mnpunnun Jle-lllarenbe, mnpoaHanmu3upyiTe BCE BO3MOXKHBIC
CIOCOOBI CMEILEHUS] PAaBHOBECHS PEAKIMHM BIPABO [UISA TOJYYEHHS MaKCHMAaJIbHOTO
KOJIMYEeCTBa 1iesieBoro npoaykra (AH peakuuu paccuuThIBaeTCs O TAOIWYHBIM JAHHBIM):

2CO) + Oz(r) <> 2COx(r)
CeHs—CHix) + Ha(r) <> CeHe(r) + CHar

2. OxapakTepu3oBaTh KaTalU3aTOPHI, MPUMEHSIEMbIE B IPOU3BOJCTBE CEPHOI
KHCIIOTHI KOHTAKTHBIM METOOM.

3. MBnoxuth (U3HKO-XUMHUYECKHE OCHOBBI Ipolecca abcopOuuu TUOKCcHIA
a30Ta BOJIOW B MTPOU3BOJICTBE pa30aBICHHON a30THOW KUCIOTHI.

7A — R(yenesas)
4. [TpoTekaroT mapajieabHbIe PEaKIHH:
A — 3S(nobounas)

OnpenenuTth: CTEICHb MPeBpaIeHus] XA, CEJIEKTHBHOCTh SR, BBIXO MPOAYKTa ER,
€CJIM Ha BBIX0JIe U3 peakTopa Ca=2 kMoib/M°, Cr=6 kM01b/M3, Cs=2 KMOJIB/M°.

Bapuanrt 16

1. Hcnone3zys npunuun Jle-Illatense, npoaHaiusupyinTe BCE BO3MOKHBIE
CIOCOOBI CMEILEHUS] PAaBHOBECHS PEAKIMM BIPABO Ul TOJYYEHHs] MaKCHUMalbHOTO
KOJIM4YEecTBa 1iesieBoro npoaykra (AH peakunu paccuuThIBaeTCs O TaOJIMYHBIM JaHHBIM):

CsHs(r) <> CeHizer) + Ho(r)
4C2Haw) <> CsHior) + C3He ()

2. Omucarb (PU3MKO-XMMHUYECKHE OCHOBBI HMTPO3HOTO Ipoliecca IMOJy4yeHHUs
CEpPHOM KHUCIIOTBHI.

3. M3noxuTh TeOpeTHYEeCKHe OCHOBBI pa3eieHHs JKUAKOTO BO3AyXa Ha a30T U
KHCIIOPOJT METOJIOM PEKTU(UKAIINH.

7A — R(yenesas)
4. [TpoTekaroT mocse0BaTeIbHbIE PEAKIHH:
R — 3S(nobounas)

OnpenenuTh: CTENeHb IPeBpaNIeHnsT X, CEeTeKTUBHOCTD SR, BBIXOJ IPOIYKTa ER,
ecm Ha BBIXoJe U3 peakTopa Ca=3 kmMois/M°, Cr=8 kMomnb/M>, Cs=5 KMOTB/M,

Bapuanr 17
1. Ucnonezys npunuun Jle-Illatense, nmpoanHaiusupyiTe BCE BO3MOKHBIE
CIOCOOBI CMEILEHUS] PAaBHOBECHS PEAKIMM BIPABO Ul TOJYYEHHs] MaKCHUMaJIbHOTO
KOJIM4YecTBa 1iesieBoro npoaykra (AH peakunu paccuuThIBaeTCS O TaOJIMYHBIM JaHHBIM):
C2oHeg(ry) <> C2Har) + Ho
N2y + 3Ha) <> 2NHz(p
2. Omucarb 000pyaOBaHHE OAIIEHHBIX CUCTEM MPOMU3BOJCTBA CEPHON KHCIOTHI
HUTPO3HBIM METOOM.
3. TIpoBecTH XapaKTEpPUCTUKY CBHIPbS JUIsl a30THOM MPOMBIIUIEHHOCTH.
4A — 2R(yenesas)

5A — 3S(nobounas)

OnpenenuTh: CTENEHb MPEeBpaIIeHus] XA, CEIEKTUBHOCTh SR, BBIXO MPOAYKTa ER,
ecu Ha BhIXoJe u3 peaktopa Ca=3 kmons/m>, Cr=9 xmonb/m3, Cs=2 kmMoms/M>,

4. [TpoTekaroT napasuienbHbIC PeaKINu:
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Bapuanr 18

1. Ucnonb3ys npunnun Jle-lllarenbe, nmpoaHanu3upyiTe BCE BO3MOKHBIE
CIOCOOBI CMEIEHUS] PAaBHOBECHS PEAKIMM BIPABO [UIA TOJYYEHHsS] MaKCHMAaJIbHOTO
KOJIM4YeCcTBa 1iesieBoro npoaykra (AH peakunu paccuuThIBaeTCs O TaOJIUYHBIM JaHHBIM):

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

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

3. Omucarp TEXHOJOTHIO TIOJYYEHHUS a30TOBOJIOPOJHOW CMECH METOAOM
MapOBO3TYIIHOW KOHBEPCUH METaHa.

4A — 2R(yenesas)

5R — 3S(nobounas)

OnpenenuTth: CTEICHb MpeBpaIeHus] XA, CEJIEKTHBHOCTh SR, BBIXO] MPOAYKTa ER,
€CJIM Ha BbIX0oj1e U3 peakTopa Ca=1 kMoib/M°, Cr=5 kMoib/M3, Cs=4 kMoib/MP.

4, HpOTGKaIOT MMOCJICAOBATCIIbHBIC PCAKIIUHN:

BapuanTt 19

1. Wcnonw3ys npunnun Jle-lllarenbe, mnpoanamusupyiTe BCE BO3MOXKHBIC
CHOCOObI CMEIICHHS] PAaBHOBECHUS PEAKIMU BIPABO JS IMONYYCHHUS MAaKCUMAIbHOTO
KOJIMYeCTBa 1eJIeBOro npoaykTa (AH peaknuu pacCYMTHIBACTCS 110 TAOIUYHBIM TAHHBIM):

C2Hary <> CoHar+ Han
CH20() + Har) «» CH30H(y)

2. Omucatb MeTOABbl NPOM3BOJCTBA BOAOPOAA KOHBEpCHEH YIiIeBOJOPOIHBIX
ra3oB. [IpuBecTy cpaBHUTEIBHBIN aHAIN3 3TUX METO/OB.

3. OmnucaTb METOJIbl OUUCTKH a30TOBOIOPOIHON CMECH OT AMOKCH/IA yriiepoja
CEpPOBOJOPOAA.

3A - 15R(yenesasn)

A — 3S(nobounas)

OnpenenuTs: CTeNeHb NpeBpalleHus Xa, CENeKTUBHOCTL Sr, BBIXOJ MpoaykTa ER,
ecm Ha BBIXoJe U3 peaktopa Ca=5 kmomns/m>, Cr=12 xmonb/m3, Cs=3 kMob/M>.

4. IIpoTekaroT napaiesbHble peaKuu:

Bapmuanr 20

1. Ucnons3ys npunuun Jle-lllarense, npoaHanu3upyiTe Bce BO3MOXKHBIE
CIOCOOBI CMEIICHHsS] PAaBHOBECHS pEaKUWU BIPABO AJIs TOIYYEHHUS MaKCUMaIbHOTO
KOJIMYecTBa 11eJIeBoro npoaykTa (AH peakiuu pacCYMThIBAETCS 110 TAOIUYHBIM JAaHHBIM):

CeHia(r) <> CeHe () + 4Hor)
2CO) + Oz(r) <> 2COx(r)

2. Omwmcarh MPOM3BOACTBO BOJOPOJia (a30TOBOJAOPOTHOM CMECH) pa3jieiieCHUEeM
KOKCOBOTO Ta3a.

3. Ommucatp mporecc nepepadoTKi HUTPO3HBIX Ta30B B pa30aBICHHYIO a30THYIO

KHCIIOTY.
3A — 15R(yenesas)

R — 3S(nobounas)

OnpenenuTthb: CTENEHb MpeBpaleHust XA, CEIEKTHBHOCTh SR, BBIXOJ MPOAYKTa ER,
ecm Ha BBIXoJe u3 peaktopa Ca=3 kmons/m°, Cr=12 kmonb/m3, Cs=4 KMOIB/M>.

4. HpOTeKaIOT MMOCJICAOBATCIILHBIC PCAKIIUHN:

BapuanT 21
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1. Wcnonp3ys mnpunnun Jle-lllarenbe, mnpoaHamu3upyiTe BCE BO3MOXKHBIC
CHOCOOBI CMEIICHHSI PAaBHOBECHS PEAKIMU BIPABO IS IMOJYYCHHUS MAKCUMAIBHOTO
KOJIM4YecTBa 1iesieBoro npoaykra (AH peakuuu paccuuThIBaeTCs MO TAOJIUYHBIM JJAHHBIM):

2C4Hg(r) <> CgHisex)
2COq) + Oz(r) <> 2COz()

2. W3710%uTh OCOOCHHOCTH CEPHOKHCIOTHOTO pasnoxkeHus Qochopuron
Kapatay. M300pa3uTh TEXHOJIOTMYECKYIO CXEMY MPOU3BOACTBA U3 HUX SKCTPAKIUOHHON
(hocpopHOIT KHCITOTEHI.

3. Oxapakrepu3oBaTb BHJIbl CEPOCOAEPHKALIETO CBIPhS JJIsI MPOU3BOICTBA
cepHoil kucioTel. [lonydenne cepbl U3 pyl, OYUCTKA cephl. [IpuBecT cxemy yCTaHOBKHU
JUISL KOMITJIEKCHOM MepepaboTKU CEPHBIX PY/I.

2A — R(yenesas)

5A — 3S(nobounas)

OnpenenuTth: CTEICHb MPeBpaIeHus] XA, CEIEKTHBHOCTh SR, BBIXO MPOAYKTa ER,
€CJIM Ha BbIX0jie U3 peakTopa Ca=3 kMoib/M°, Cr=7 kM01b/M3, Cs=2 KMOJIB/M°.

4. [IpoTekaroT nmapasienbHbIe peaKIuu:

Pexomennyemas nureparypa.

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

2.006mas XxuMu4eckass TEXHOJOTHs: YUeOHUK I XUMHUKO-TeXH. By30B/[lox pen.
WN.IT1. MyxneHnosa. — 4-e u3z., nepepad. u ngon. — M: Beici. mk., 1984. — 256 c.: ni.

3. Kpatkuii cripaBoyHUK (HU3HKO-XUMUYECKHX BenuuuH. V3nanue nessitoe/ [lon
pen. A.A. Pasnens u A.M.I[lonomapesoii. — CI16.: CnenumansHas Jlurepatypa, 1998. —
232 c.: uin.

Kpumepuu oyenku konmponvHou padomoi:
VY4eOHBIM MJIAHOM IS 3209HOM (hOpMBI OOYUECHHS TIPEyCMOTPEHA OJJHA KOHTPOIbHAs
pabota. MakcuMalbHOE KOJIMYECTBO OAJIJIOB 32 MPABUIIBHO BHIIOJHEHHYIO KOHTPOJIBHYIO
paboty — 35 6ay10B, MUHUMAJIbHOE KOM4ecTBO OaiioB — 20 6asios.
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MunuctepcTBO oOpa3zoBanus 1 Hayku Poccuiickoit deneparuu
HwxHeKkaMCKHil XUMUKO-TEXHOJIOTUYECKUI HHCTUTYT (prnan) heaepaabHOro
roCy/1IapCTBEHHOT'O OIOPKETHOTO 00pa30BaTEIbHOIO YUPEKIACHUS

BBICIIET0 00pa30BaHUs
«KazaHckuii HaIlMOHAIBHBIN UCCIIEI0BATEIBCKUM TEXHOJIOTMYECKUIT YHUBEPCUTET

MEeXaHUYeCKUN (aKyabTeT

Kadenpa Heprexumuaeckoro cuHTe3a
KommnuiekT BonpocoB /1Jisi 3auera
0 TUCIUIUINHE
b1.5.28 «O0mias xumudeckas TeXHOJIOTUSI»

4 cemecTp
1 Xumnueckas Texsonorus. OCHOBHbIE CTaJIUH XMMHUKO-TEXHOJIOTHUYECKOTO MPOLIECCa.
2.0OCHOBHBIE TEXHUKO-9KOHOMUYECKHE MTOKa3aTeNI XUMUKO-TEXHOJIOTMUECKHX TPOIECCOB.
3. Knaccudukanys XUMHUECKUX PEAKLUA 0 MEXaHU3MY, MOJICKYJIIPHOCTH U MOPSAKY.
4 Knaccupukanus XMMUYECKUX PEaKUi 1o 30HaM MPOTEKaHHs U TeIUIoBoMY 3P dekry.
5.I1oHsATHE O KOHBEPCHUHU, CEIEKTUBHOCTH U BBIXOJI€ TOBAPHON MPOAYKIUH.
6. MarepuanbHBIA ¥ SJHEPTETHUSCKUN OaIaHCHI.
7. CKOpOCTh XUMHUYECKHUX peaKIUi. 3aBUCUMOCTh CKOPOCTH PEaKLMi OT KOHIIEHTPALUX PEeareHTOoB.
Kunernueckoe ypaBHeHHE.
8.3aBHCHMOCTh KOHCTAHTBl PaBHOBECHS XUMHUYECKHUX pEaKIuil OT TeMIepaTrypbl. ODHEprus
AKTUBALMH.
9.PaBHOBecHE XUMUUYECKUX peakUuid. 3aKOH JEHCTBYIOIINX Macc.
10.KoHcranTa paBHOBecus u 3Heprust [ m60ca.
11.Coco06bl cMemIeHus] XUMUYECKOTO PABHOBECHSI.
12.TlonsTue o Karanuse.
13.OcHOBHBIE MEXaHNU3MBI KaTaan3a.
14. TexHomOrMuecKNe XapakTEepPUCTUKU TBEPAOTO KaTajau3aTropa: akTHBHOCTb, TeMIepaTypa
3a)KUTaHUsA, CEIEKTUBHOCTb.
15.TexHonornueckne XapakTepPUCTUKH TBEPIOrO KaTalu3aTopa: CTPYKTypa, HPOMOTHPOBaHHE U
OTpaBJICHUE KaTaau3aTopa.
16.Craguu B3auMOACHUCTBHS I'a3000pa3HBIX PEAreHTOB Ha MOBEPXHOCTH TBEP/BIX KATAIN3aTOPOB.
17. Xummndaeckune peakropsl. Knaccuduxanms.
18.Mogens peakTopa uneanbHoro BeitecHenus (PYB-n).
19.Mopnens peakropa uaeansHoro cmemenus (PUC-n).
20.CrIpbeBasi 6a3a XUMHUUECKOH MPOMBIIILIIECHHOCTH.
21.9uHepreTrueckas 6a3za XUMUYECKOW MPOMBIIUIEHHOCTH.
22.XuMu4ecKasi TEXHOJIOTHS U OUYKCTKA MPOMBIIIJICHHBIX BEIOPOCOB.
23 Knaccudukaiys mpoMBIIIICHHBIX 3arps3HeHUI OHocdepsl.
24 MeToapl OYUCTKH OTPaOOTAaHHOTO BO3yXa M XMM3arpsi3HEHHOM BOJBI.
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