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Ilokazamenu u Kpumepuu oueHUGAHUA KOMNEMEHYUTL C ORUCAHUEM WIKATI OUeHUBAHUA
(popmupyromes 6 OIl no nanpasnenuo no020MoBKYU U 6CMABIAIONMCA 8 PAOOUYIO NPOZPAMMY HOCTe €€ YMEepHCOeHUsl)

Hnoexc Cooepircanue Komnemenyuu Yposnu océoenus komnemenyuu
KomMnemeHyuu - - -
ITopozoswiii yposenv océoenus Ipoosunymotit yposens Ipesocxoonwtit yposens oceoeHus
KomnemeHnyuu 0C80CHUSA KOMNEMEeHUU Komnemenyuu
3HATh: B LIEIOM OCHOBBI 3HATh: OCHOBBI CHCTEMBI 3HATh: CYIIHOCTh ¥ 3HAYECHHE
cHCTEMBI HH()OPMAIIMOHHOMN 1 UH()OPMAIHOHHON U uH(opMauK 1 HHPOPMAIUOHHBIX
oubmmorpadyuuecKuil KyIbTypHIL. oubrorpaduyecKkuii MPOIIECCOB B pa3BUTUU
YMeTh: B LIETOM YCIIENIHO, KYJIbTYPBI. COBPEMEHHOr0 HH(POPMALIMOHHOTO
HPUMEHSTH WH(OPMAIMOHHO- YMeThb: IPUMEHSTh o01eCTRa.
KOMMYHHMKAI[HOHHbIE TEXHOJIIOTMH | MH()OPMAIIMOHHO- YMerb: 00pabarbiBaTh U
Y C YY4ETOM OCHOBHBIX KOMMYHHUKAIHOHHBIC aHAJM3MPOBATH UH(POPMAIIHIO,
CIIOCOOHOCTH K TIPUOOPETEHHIO C TpeGoBaHMi HHPOPMAIMOHHOM TEXHOJIOTHH, B TOM YHCJIE, B C | COIEPIKAIIYIOCS B PA3IMYHBIX
OITK-1 GOJIBIIION CTEMEHBIO 0€30IacHOCTH. y4ETOM OCHOBHBIX UH(OPMAIMOHHBIX HCTOYHUKAX, B
CaMOCTOSITENLHOCTH HOBBIX 3HaHuii | BJIaleTh: 110 OOoNbIIed 4acTu TpeboBaHuii TOM 4HuCIIe U OnOanorpaMIecKux.
C HCIIOIB30BAaHUEM COBPEMEHHBIX CaMOCTOATCIIbHO HABBIKAMM UH()OPMALHOHHON BJiiaieTb: OCHOBHBIMH METOIAMH
06pa30BaTeNbHBIX U pem(gHm{ CTaHNIAPTHBIX 33121 ©€30MaCHOCTH. 00paboTKu uHpOpMAIUH;
. npodeccuoHaTbHON
MH()OPMAIMOHHBIX TEXHOIOTHH p Buiagern: HaBbIKaMu pelnenus | HaBPIKAMA paboThI CO BCeMH
JEATENLHOCTH Ha OCHOBE KJIAaCCaMH ITPOrPaMMHOT0
. CTaHJAPTHBIX 33719
UH(OPMAIHOHHON 1 . obecrieuenust, peaHa3HAYeHHOTO
6116 . npodecCHOHATBHOMN
" J'II/IOl"pa(bI/I‘IeCKOI/I KYJIBTYPHI. JUTA 06pa60TKH HH(I)opMauI/H/I.
JIEATENLHOCTH Ha OCHOBE
nH(OPMAITOHHON 1
oubnmorpadudeckoit
KYJIBTYPHI.
3HATh: TEOPETHUYECKHE ACTIEKTHI | 3HATH: TEOPETHYECKHE 3HaTh: OCHOBBI [JIAHUPOBAHUS
. 9KOHOMHYECKHUX TPOLIECCOB, aCIIEKTHI YIIPABJICHUS SKOHOMHYECKHX MPOIECCOB,
CHOCOOHOCTL HCIONB30BATE OCHOBBL | 115 hregaromux B opraHu3amum. HPEANPUATHEM, METOJIBI HPOTEKAFOIINX Ha TPEINPUATHIX
OK-3 SKOHOMHMYECKUX 3HAHUI B

PA3JIMYIHBIX cq)ep ax ACATCIbHOCTH

YMeTb: MIpUMEHATH
TEOPETUYECKUE 3HAHUS
9KOHOMHUYECKUX ITPOLIECCOB,
MIPOTEKAIOUINX B OPraHU3alUH.

aHaJIn3a SKOHOMUYECKUX
MPOLIECCOB.

YMmeTb: NIpUMEHATH
M3y4EHHBIE METOABI IPU

JIIEKTPOIHEPTeTUIECKON U
IIEKTPOTEXHUYECKONW OTPACIIH.
YMmern: 110 pe3ynbpTaTam
IIPOBEAEHHOr0 aHaIn3a




Biaaners: OCHOBHBEIMH
IIOHATUAMHU U ITOKA3ATCIISIMU
SKOHOMHYECKHUX MPOIIECCOB,
MIPOTEKAIOIINX B OpTraHU3aAINH

MPOBEJICHUH aHaIN3a
3KOHOMMYECKHX MPOIECCOB,
MPOTEKAIOIINX B OpraHU3alnu,
JICIaTh BBIBOJLI U COOTHOCHTh
pe3yJbTaThl aHAIN3A.
Baaners: HaBpIKaMU pabOTHI C
OCHOBHOM JJOKYMEHTaIIUEN 110
YIPABIICHUIO NIPEANPUSTHEM;
3HAHUSIMU O COAEP)KAHUU
YIIPABJIEHYECKON
JICATEIIFHOCTH; METOAAMH
aHaJm3a YKOHOMHYECKUX
MPOIIECCOB, MPOTEKAIOIINX B
OpraHu3aluu

(hopMUpPOBATh IIAH Pa3BUTHS U
nanpHelel 3¢ dexTuBHOI
JESTEIbHOCTH YIPaBIsieMON
OpraHu3alyu
AIIEKTPOTEXHUIECKOT'0 U
AIIEKTPOIHEPTETHIECKOTO
npoduis.

Baagers: onbITHO-
CTaTUCTHYECKUMH METOaMHU
TUTAHUPOBAHUS COIUATBHO-
HKOHOMHUYECKUX MPOIIECCOB B
YIIPaBJISIEMON OpraHu3aiuu
AIIEKTPOTEXHUIECKOT'0 U
AIIEKTPOIHEPTETHIECKOTO
poduIIs.

OK-9

TOTOBHOCTB ITOJIH30BATHCS
OCHOBHBIMH METOJAMH 3aIUTHI
[IPOM3BOACTBEHHOr0 [IEPCOHANA U
HAaCEJIEHHUS OT BO3MOKHBIX
MIOCTIEICTBU aBapwid, KatacTpod,
CTUXUHUHBIX OCICTBUNA

3HaTh: CYIIHOCTh Pa3IMIHbIX
AHTPOTOT€HHBIX ¥ TEXHOT€HHBIX
Ype3BbIYaMHBIX CUTYaIIUH,
MIpaBUJIa PERYTIPEKICHIS
BO3MOJKHBIX TPaBM, JAPYTHX
BO3JICUCTBUI HA 3/TOPOBbE
YeNoBeKa MPH BO3SMOKHOM HX
MIPOSIBIICHUN.

YMmeTb: caMOCTOATENBHO
MIPUMEHSATH MEpPhl OKa3aHUS
IIepBOI TOBpadeOHOI TOMOIITH
JUIaM, TTOCTPAIABIIAM OT
Pa3IMYHBIX YpE3BBIYAITHBIX
CUTYaLUil.

Bnaanernb: HaBpIKaMu
CaMOCTOSITEIILHBIX JCUCTBUM 110
OKa3aHUIO JOBPadYeOHOM MTOMOIITH
MOCTPAJIABIINM OT YPE3BBIYATHBIX
CUTyaluil.

3HaTh: 0OCOOCHHOCTH
Pa3IMYHBIX AHTPOIIOTEHHBIX U
TEXHOT€HHBIX YPE3BBIUYANHBIX
CUTYyallUil; MEpbl OKa3aHUs
TIePBOH TOBPAICOHOM ITOMOIITH
JUIaM, TTIOCTPAIABIIIM OT
Pa3IMYHBIX Ype3BBIYAITHBIX
CUTYaIUsX.

YMeTh: MPUMEHATH IIPaBHIIa
MPETYTPEKISHUS] BOSMOKHBIX
TpaBM, JPYTUX BO3ACUCTBUI
Ha 37I0POBBE YEIOBEKa IPH
BO3MOXKHOM UX TPOSIBIICHHH;
CaMOCTOATEIHHO
OCYIIIECTBIISITH IOBPAYEOHYIO
MTOMOIIIb TTOCTPAIABIINM OT
Ype3BbIUAHBIX CUTYaLUH,
MPOBOJIUTH TIEPBUYHBIE
MHCTPYKTaXKH 10 3THUM

3HaTh: METOBI ¥ TIPUEMBI
CaMOIOMOIIIY, B3aUMOIIOMOIIN U
nmoBpadedHo oMoty B UC
MPUPOTHOTO, TEXHOTEHHOT O,
COIMATBHOTO U OMOJIOT0-
COITMANTLHOTO XapaKTepa; BOIPOCH
JIECMYPTUH; METOJIBI
TPAHCHOPTUPOBKY MOPAKEHHBIX U
OONLHBIX; 3HATH OCHOBBI YXOJIa 3a
OOJTBHBIM.

YMeTh: HCIOIB30BATH BCE BUJIBI
anTeyeK Jisl OKa3aHus
CaMOIMOMOIIIY, B3aUMOIIOMOIIN U
JIOBpaueOHOM MOMOIIHN; YMETh
MOJIb30BAThCS MPOCTEHITUMU
CpEICTBAMH WHAUBUIYaTBLHON
3aIUThI; MOJIH30BATHCS
TaOENbHBIMU CPENICTBAMHU
WHVBHUTyaIbHON 3alWTHI;




BOIIPOCAM.
Baagers: npuemamu
OKa3aHHs JOBpaYcOHOM
MEJIMIIMHCKON MOMOIIM TTPU
HEOTJIOXKHBIX U

OKCTPEMAJIbHBIX COCTOAHUAX.

HaKJIaAbIBaTh ITOBsJ3KH HA
pa3NuYHbIC YYaCTKH TeNla Ipu
PaHCHHUAX U MMOBPCIKACHUAX
OCYIICCTBJIATH Pa3JIMYHBIC BUIbL
TPaHCHOPTHUPOBKU HOPAKEHHBIX U
OOJIbHBIX.

Baagers: npuemamu
CaMOIOMOIIIY: TIPUEMaMH OKa3aHUs
JIOBpaueOHOM TOMOIIN MPH
TpaBMaX OKa3bIBaTh ITIOMOIIb B
oyare XUMHUYECKOTO 3apakeHus;
IIpueMaMu OKas3aHUs IOMOIIU B
oyare paJIMalliOHHOrO TTOPAKEHUS;
IIpueMaMu OKas3aHUs IOMOINU B
ouare 0aKTEpHOJIOTHIECKOTO
MOpakKeHHUsT; TpUEeMaMH OKa3aHUs
MTOMOIIIX TIPH OTPABJICHUSAX;
MIpHEMaMH HCTIOIb30BaHUS
MIPOCTEUIINX 1 TaOEIbHBIX
WHIWBHUIYaTBHBIX CPEICTB 3aIUTHI
OpraHoB AbIxaHus u koxu B UC;
MpUeMaMu OKa3aHUsl IepBon
MTOMOIIIY TIPH YITHOaX ¥ BRIBUXAX;
MpreMaMH TIepBO ITOMOIIH TTPH
OTMOPOKEHUSIX, 0OMOPOKE,
MOpPaKEHUH IIIEKTPUIECKIM TOKOM,
TIPH TEIJIOBOM U COJTHEYHBIX
ynapax, IpueMamMy ITOMOIIH
YTONAIOIIEMY.




Ilepeuens komnemenyuil ¢ ykazanuem ypoeHeil ux popmuposanus no HAnPAae1eHuIo

HanmenoBanue O1leHOYHOT O cpeacrsa

WNuneke Conepxanne Orarbl GOPMUPOBAHUS KOMITETECHIIHH
KOMITETCHITUN KOMITETCHITAN (yka3zath Bce TeMbl u3 PI1/])
Jlekiuu IIpakTruueckue JlabGopaTopHsbie KypcoBoit npoekr
3aHATHS, 3aHATHUSA (pabora)
Tab0paTOPHBIH
MIPAKTUKYM
OIIK-1 criocoOHOCTh K Tpuodperenuto | Tema 1, | He Tewma 3. He npenycmorpena | Jlabopamophas paboma. Konnoxeuym.
c OoubIoi CTENEHBIO | TeMa 2, | MPeIyCMOTPEHBI Koumponwvnas paboma (3aounas
CaMOCTOSATEINbHOCTH HOBBIX | TeMa 3, dopma), 3auem.
3HaHWH C HCIOJB30BaHUEM | TeMa 4,
COBPEMEHHBIX Tema S.
00pa3oBaTeNbHBIX u
MH(OPMAITMOHHBIX TEXHOJIOTHIA
OK-3 CHOCOBHOCTE HCIIONB30BATE Tema 1, | He Tema 3. He npenycmorpena | Jlabopamopnas paboma. Konioxeuym.
OCHOBBI SKOHOMIYECKIX TeMa 2, | IPEeLyCMOTPEHBI Koumponvnasa paboma (3aounas
3HAHWUU B Pa3IUYHBIX chepax Tema 3, popma), sauem.
JeSITeTHHOCTH Tema 4,
Tema 5




OK-9 TOTOBHOCTH nonb3oBaTees | Tema 1, | He Tema 3. He npenycmorpena | Jlabopamopuas paboma. Konnoxeuym.
OCHOBHBIMU METOJIaMHU 3alIUTHI | TeMa 2, | IPEAYCMOTPEHBI Koumponvnas paboma (3aounas
MPOU3BOJICTBEHHOI'0 TIEpCOHANA | TeMa 3, gopma), 3auem.

M HaceleHHs OT BO3MOXHBIX | TeMa 4,
MOCHEACTBUM aBapuii, | Tema 5
KaracTpod, CTUXUMHBIX

oencrBuit




4 — cemecmp —ounan/ouno- 3a04Han gopma:

Ouyenounsie cpedocmea Kon-60 Min, 6annoe Max, oannos
Jlabopamopnas paboma 3/2 3*4=120/2%4=80 3*6=18/2*8=16
Konnokeuym 6/4 6*4=246/4*7=28 6*7=42/4*11=44
Konmponwvnas paboma 1 20 35

3auem 60 100
Hmozo 60 100

Peiimunz no oucyunnune

HroroBasi cyMma 0aj1J10B ¢ y4eTOM YCIEelIHOi
NMPOMEKYTOUHOI aTTecTAlMHU

Onenka

ot 87 1o 100 OTnnyHO (3a4TEHO)

ot 74 1o 86 Xoporro (3a4TeHo)

or 60 10 73 Y TOBJIETBOPUTENBHO (3aYTEHO)
Hwke 60 HeynoBnerBoputensHO (HE 3a4TEHO)

KPUTEPHH
OYeHKU 3HAHUI cmydeHmoe Ha 3aueme (4 cemecmp)

Ounenka Kputepuu ouieHKH HHIUKATOPOB J0CTHKEHUS NPH (popMe KOHTpoIs: 3auer
OTanaHO
( ) OlleHKa «3a4TE€HO» BBICTABISETCS CTYIEHTY, €CJAH OTBETHl Ha BOIMPOCHI II0
3a4YTEHO

(87-100 6a10B)

TEMaM AUCHUIIIIMHBI ITOCIEAOBATEIbHBI, JIOTUYCCKU H3JIOXKCEHBI, JOIMYCKAIOTCA
HE3HAYUTCJIBbHBIC HEAOYETBI B OTBETC CTYACHTA, TaKUC KaK OTCYTCTBHUEC

CaMOCTOATECIBHOT'O BbBIBOJA, PEUYCBEIC OIMOKH U Ip.

Xoporto (3a4TeHo)
(74-86 d6an10B)

OHCHKa «3aYTCHO» BBICTABJIACTCA CTYACHTY, €CJIM OTBETHI Ha BOIIPOCHI IO TEMaM
N3JI0KCHBI, AONYCKarOTCA
TaKM€ KaK OTCYTCTBHE

JUCIUITITAHBI JIOTHYCCKH
HC3HAYUTCIIBHBIC HCIO0YCThI

CaMOCTOATEIIbHOI'O BbIBOAA, PEYCBBIC OIIIMOKU U ap.

IIOCJICAOBATCIIbHEI,
B OTBCTC CTYACHTA,

Y 1oBIIETBOPUTEND
HO (3a4TEHO)
(60-73 6ax10B)

OrneHka «3a4TeH0» BBICTABIISCTCS CTYACHTY, €CJIM OTBETBHI Ha BOIIPOCHI IO TEMaM
N3JI0KCHBI, AONYCKarTCsA
TaKM€ KaK OTCYTCTBHE

JUCITHUITTAHBI JIOTHYCCKH
HC3HAYUTCIIBHBIC HCIO0YCThI

CaMOCTOATEIIbHOI'O BbIBOAA, PEUCBBIC OIMOKYU U 1Ip.

IIOCJICAOBATCIIbHEI,
B OTBCTC CTYACHTA,

He ynoBnerso-
puTensHO (He
3a4TEHO)
(nmxe 60)

OLIeHKa «HC 3a4YTCHO» BBICTABJIAICTCA CTYACHTY, €CJIM CTYACHT HEC 3HACT OCHOBHBIX
IOHSATHM TEMBI JUCHUIINIMHBI, HC OTBCYACT Ha JOIIOJIHUTCIBHBIC W HaBOJAIIHNC
BOIIPOCHI NIPCTIoAaBaTEeIIA.




MunucTepcTBO 00pa3oBanus 1 Hayku Poccuiickoii @enepanuu
HwxHeKkaMCKHl XUMHKO-TEXHOJIOTUYECKH HHCTUTYT (prnuan) dheneparbHOro
I'ocynapcTBeHHOTO OIOPKETHOTO 00pa30BaTENFHOTO YUPEIKICHUS
BBICIIIETO 00pa30BaHuUs
«Ka3zaHCcKkuii HAllMOHAJIBbHBIN UCCIIEIOBATENBCKUI TEXHOJIOTMYECKUI YHUBEPCUTET)
Mexanunueckuii pakynbpTeT
Kadenpa nedrexumudeckoro cuaresa

KoMmiuiekT 3a1anuii 11 1a6opaTopHoii padoThl
o qucuurmmae b1.5.28 «O0mas XuMmuueckas TEXHOIOTHS»

4 cemectp
JlabopaTtopnas padora Nel
OnpenelieHne KOHCTAHTHI CKOPOCTH M JHEPTHH AKTHBALUA
PeaKuun ruipoJin3a 3THjalnerara

ILlenv pabomur:

1. M3mepumb KoHCmMaHmbl CcKOpoCmu eUuOpoausa odmulayemama HpU  PATUYHBIX
memnepamypax.

2. Paccuumams snepauro akmueayuu peaxyuys OMbLIEHUS SIMUIAYemamd.

3. Paccuumamuv memnepamyphbviil KOIG@uyuenm smoul peaxyuu.

I'uaponu3 (OMbUIEHHUE) STHIAIIETATA POTEKAET B COOTBETCTBHH CO CIIEYIOIIUM YpaBHEHUEM:

CHsCOOC,Hs + H,0 «— Co,Hs0OH + CH;COOH

CKOpOCTh ATOM peakii MOXXHO 3HAUYMTENIBHO YBEIWYHTH 32 CUET JI0OABJICHUS K PacTBOpY
COJISTHOM KHCIIOTBI B Ka4ecTBe KaTaim3aTopa. Tak Kak KOJIMYECTBO BOBI IO CPABHEHHUIO C KOITMYECTBOM
STHUIIAIETaTa BO MHOTO pa3 OoJbIIe, 3Ty PEAKIUIO PACCMATPUBAIOT KaK PEaKIHIO, IIPOTEKAOIIYIO 10
YPaBHEHHIO ITEPBOTO MTOPSIKA.

KonneHTpammst aTumnanerata «a» B MOMEHT B3ATHS TI€PBOM IMPOOBI paBHA YBEITHYEHHIO
KOHIICHTPAITUH YKCYCHOM KFICIIOTHI 32 BpPEMs OT ITEPBOI JI0 TIOCIICMHEN MPOOBI, T. €. MPOIOPITHOHAIFHA
Pa3HOCTH MEX/Ty KOIMYECTBOM MIJUIAIMTPOB EIKOr0 HATpa, MOIIEAIIEr0 Ha THTPOBAHUE ITHX MPOO.
Eciu Ha TuTpoBanue nepBoit mpoOsI morwio by vz NaOH, a Ha TuTpoBanme mociemHeit mpooOsI - Do
NaOH, to

a=m(b, —Db,)
e m — KO3 HUIMEHT MPOIOPITMOHATEHOCTH. Tak ke T KOHIICHTpAIWH dTrJiarerara (a - x) Ko
BpeMeHH t nomyuum:

a-x=m(b, —b,)
rae by - wmcno meummarpoB NaOH, moremiee Ha TUTpoBaHMe MPOOLI, B3ATOM depe3 t MUH IOCTIe

TIEPBOM TTPOOEL.
[oacTapmsis 3HAYECHUS @ U (@ - X) B ypaBHEHHE (2), HAXOIVIM:
(2303, mb, -b) 2303, b, -b,
t m(b, —Db,) t b, —b,

Muoxutens m B ypaBHennu (16) cokpamaercs. s ompeeneHusi KOHCTAHTBI CKOPOCTH
PeaKuny K HeT HeOOXOIMMOCTH BBIYMCIIATH 3HAUCHHE KOHIIEHTPALMK STUJIALIETATa, @ JOCTATOYHO JIUIIb
3HaTh KommiectBo NaOH B MummmmTpax, mormesree Ha THTPOBaHKE TTPo0.

O0opynoBaHne U PeaKTHBBI: MEPMOCIMAmyl ¢ YCmanoeneHHvimu memnepamypamu va 20, 30
u 40 2pao., mpu nnockoOouHsie konbouku Ha 100 mn; wecmsv koHuueckux xonbouex ua 200 mu;
KPUCIALIU3AMOP €O N600M, RUNEmKU Ha 2 M, nunemka Ha 5 mu; Giopemku na 50 ma; mepHvie
yununopul Ha 5 mn. @enongmaneun; smunayemam, 1/20 n. pacmeop NaOH; 0,2 n. pacmeop HCI.

BbmosnHenue padoTsl

B ugncryro cyxyro konly (KenaTensHO ¢ MpUTEPTO MpoOKoi) eMkocThio Ha 100 mi
HammBaroT 50 mut 0,2 H. pacTBOpa COMSIHOM KUCIOTHI U romemiarot ee B Tepmoctar (t = 20 °C). UtoOsr
K002 He BCIUIbIBAJIA, €€ 3aKpeIUnIIoT B mraThBe. Korga pacTBop MmpHMET TeMIeparypy TepMocTara
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(uepe3 10-15 MuH), K HEMy NPHJIMBAIOT 5 MJI 3THJIAIETATa U, TIGPEMEIIIAB PACTBOP, TOTYAC OTOMPAIOT
MUIIETKOH 2 MJI pEaKIMOHHOW CMECH; MOMEHT TIPHJIMBAHUS ATUIIAIIETaTa CYUTAIOT HAYAIOM PEaKIMH.
Konby c ocraBmelicsi cMecblo IJIOTHO 3aKpBIBAIOT MPOOKOH, YTOOBI 3Hp BO BpeMs OMbITa HE
UCTIapsiyIcs, ¥ He BRBIHUMAIOT M3 TEPMOCTaTa B TEUEHUE BCETO OIBITA.

BasiTyro npoOy BBUIMBAIOT M3 MUIETKU B JIpyryto komoy ¢ 40—50 mi xomomHoi Bombl (¢
temnepaTypoit or 0 mo 2°C) 11 TOPMOXKEHHsI peakiMid OMBUICHMS 3THJalleTaTa. XOJNOJHas Boja
JIOJDKHA OBITH TMPUrOTOBJICHA 3apaHee. s 3Toro B KoynOy OpieHMediepa HaymBaroT 40—50 mi
JUCTIJUTMPOBAHHON BOZBI M CTABAT €€ B COCY[ CO JBAOM 3a 15—20 mMuH 110 B3sTHS MPOOBL 3aTeM
po0y THUTPYIOT pacTBOPOM EIKOTO HaTpa B MPUCYTCTBUH (peHondTanenHa 0 MOSBICHHUS PO30BOTO
OKpaIllBaHusl, He ucuesatomero B Tedenue 10—15 cek. Ecmu mo kakuM-1100 MpUYMHaM TUTPOBAHUE
HEJB3s TIPOBECTH Cpa3y JKe IMOCe MPWIMBAHUS MPOOBI B XONOAHYIO BOMY, TO KOJIOYy C MpoOOi
OCTaBISIIOT B cocyzie co JbaoM. [lo komnuecTBy MuutuiantpoB pactBopa NaOH, momemmero Ha
TUTPOBAHHUE IIEPBOW MPOOBI, MOXKET OBITH OMpeleNeHa TOYHAs KOHIICHTpAIUS COJITHOW KHCIIOTHI B
pactBope (Cy).

Crenytone npoObl OTOUPAIOT THIIETKOW, HE BBIHMMAs KOJIObI U3 TEPMOCTaTa, MPUMEPHO
yepes 15, 30, 50, 80 u 120 MuH 1mOC/IEe Hayaja PEaKIMH, T. €. MOCIIE MPWIMBAHKUS dPHUpa B KOOy C
COJITHOM KHCIJIOTOM, W TUTPYIOT, KaK yKa3aHo BbIIE. Bpemst BnuBaHus mpod B XOIOJHYIO BOTY TOYHO
(UKCHPYIOT U IPUHUMAIOT €r0 33 BpeMsl B3ATHS P00, TAK KaK MOXKHO CUUTATh, YTO PEaKIHs B IIpode
NPH  OXJIAXKJICHAM TPAKTHYECKH OCTAHABJIMBACTCS W, CJIEJOBATEIbHO, KOHIIGHTpAIMK BEIIECTBA,
HalifIeHHble TIpH aHajm3e, OyJIyT COOTBETCTBOBATh KOHIICHTPALMSIM WX B PEAKIIMOHHOM COCyZe B
MOMEHT B3ATHS MpOOBL. Tak Kak MO Mepe TeYeHWs PEeaKUHH KOHIIEHTPAIUs YKCYCHOW KHCIIOTHI,
00pa3yIomIencs Tpu OMBITIEHUH d(pHpa, YBETNINBAETCS, TO TIPH TUTPOBAHUH HYKHO OBICTPO MPHIIUTH
TaKoe KOIMYECTBO PACTBOpPA €IKOr0 HaTpa, KaKoe MONUIO Ha Mpe/pIIyllee THTPOBAHKE, a 3aTeM YiKe
OCTOPOXXHO JIOTUTPOBBIBATH PACTBOP.

UroObl OmNpeienvTh HAYaIbHYI0 KOHIIGHTPAIMIO JTHI alerara, HeoOXOJUMO OTTUTPOBATH
YKCYCHYIO KUCJIOTY B ITPo0e, B3STOH B KOHIIE PEaKIIMH, KOT/Ia Bech 3(pUp TUApOU3yeTcs, YIUThIBAS, UTO
mpy OOJBIIOM M30BITKE BOJIBI PABHOBECHE CHJIBHO CIIBHTASTCSl BIPABO M PEAKIMS OMBUICHHS HIET
MIpaKTUYeCcKU 10 KoHIfa. [Ipr KoMHATHOM TeMmepaType peakiys MPaKTHYeCKH 3aKaHInBaeTcs yepes 24
y, CJIemoBaTeIBHO, IS B3STHS ITOCTICIHEH TPOOI KOJIOY C pEaKIMOHHON CMECHIO HA/I0 BBIHYTH U3 TEP-
MOCTaTa ¥ Ha CISAYIONIHA JeHb OTTUTPOBATH 2 M1 PACTBOPA.

OnHaKoO PeaKuuio OMBUICHHS 3THIAIETaTa MOKHO YCKOPHTH. st 3TOro Komdy 3aKpbhIBalOT
TIPOOKOM ¢ 0OpPaTHBIM XOJIOAMIFHIKOM M HarpEBarOT Ha BOMsHON OaHe mpu Temrteparype 70 - 80 °C B
teueane 30 mun. HyxHO cieauTh 3a TeM, YTOOBI KOHZICHCAITMS IApOB JKAIKOCTH IIIa IO
BO3MOYKHOCTH B HWDKHEH YacTH XOJIOMWIBHUKA U 3(HUp HE YIETYUHBAJICA W3 PEaKIMOHHOW CMECH.
[Toce oxmaXkaeHusT pacTBOPA MPOBOMISAT TUTPOBAHKE 2 M TIPOOBI 1 onpeneisitoT C,.

TouHO TaK ke MPOBOAWTCS OMBIT U Tpu Apyrux Temrepatypax: 30°C u 40°C. OmsIT npu
temreparype 30 °C MoxHO Hadath npuomiuTensHo yepe3 30 - 50 mun, a ombit nipu 40 °C yepes 80 -
100 mun mocne Hadana ombita ipu Temreparype 20 °C. TIpoMeXyTKd BpeMEeHH MExIy O0TOOpOM
OTIETBHBIX P00 HY)KHO YMEHBIINTh, TAK KaK CKOPOCTh PEAKIINHM yBETMYMBACTCS C MOBBIIIEHHIEM

TEMIIEpaTypBlI.
[omyueHHBIE pe3yNbTATHI AHAIM30B KaXIOH ITPOOHI 3aIiCHIBAIOT B TAOMMITY 1:
Tabnuua 1
OKcIieprMeHTaIbHBIE JaHHBIE NPOLIeCcca THAPOIH3a
O6weMm NaOH,
No Bpewms B3satus Bpewms ot Hauana o KoHcraHTa ckopocTu
3aTpaueHHbId Ha
mpoo IPOOBI peaxmuu, MUH peaxIuu K
TUTPOBaHHUE, MJI

O0paloTka pe3yJIbTATOB IKCIIEPUMEHTA
KoHcTaHTBI CKOPOCTH peakiyu sl pa3MIHbIX MOMEHTOB BPEMEHH BBIUHMCIISIIOT IO (hopMyIIe:

1, C
k =2,303>Ig =~
t-C,
rrae C, - HayanpHasl KOHLEHTpalus sTuianerara; Ct — KOHLEHTpAlMs STUIALETaTa B MOMEHT
BpemeHH L.
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3aTem HaxXoAT CpEeAHCC 3HAYCHUC K. AHaJIOrM4HEIC BRIYUCIICHUS K MMPOACIIBbIBAOT JIAA KAXKJA0I0O
3HA4YCHUA TCMIICPATYP.

Tabnuya 2
PesynbTatsl SKCIepUMEHTAIBHBIX JAHHBIX
Temmepatypa Koncranra ckopocti TemnepaTypHbIid KO3QOHIEHT OHeprus
OnbITa PEAKLIMH, Kepen CKOPOCTH PEaKIHH, Y akriBanud, E,
Yepen— Ecpes=

CpenHee 3HaUCHUE KOHCTAHTHI CKOPOCTH PEAKIMM MOXKET ObITh HaljieHO Tpadwmuecku. [l
atoro ypaBaenue (16) 3anmiieM ciemyronmmM oopa3om:

kt
lo(b,, —b,) =1g(b,, —b,) - ——
‘ 2,303
3arem u300pasute rpaduuecku 3aBucuMocTb Ig(D.- by) oT Bpemenu, oTKIIapIBas ATY BEIMYHHY
10 OCH OpJIMIHAT, 8 BPEMsI 110 OCH a0CICC.

Bpewmsi, muH 0 15 30 50 80

(be-by)

1g(be-by)

Bemumba Kk / 2,303 Gymer paBHa TaHTEHCY yriia HaKIOHA TNPSIMOM, MPOBEIEHHON dYepes
MIOJyYeHHBIE TAKUM 00pa3oM Toukw, otkyaa k¥ = 2,303 tga.. BenuunHy tga nmoiy4uM U3 OTHOIICHHS
MPOTHBOJISKAIIIETO KaTeTa K MpUIIekKanieMy, UCXo/isl U3 rpaduka 3aBUCUMOCTH.

[Mome3ysich cpemHUM 3HaYeHHEM KOHCTAHT CKOPOCTH PEaKIIMK MPH PA3IMYHBIX TEMITEpaTypax,
HaXOIUM TeMIepaTypHbIN KOI(HUIIMEHT CKOPOCTH peakii W SHEPTHH aKTHUBAIWMU 1O (hopMynam
(13) u (15). Jlyist kax 0¥ BETMYMHBI BBIYUCIISIFOT 1O JBA 3HAUCHHS U 3aTEM HaXOJIAT CPEIHEe U3 HUX.

Conep:xxanue oTyeTa

1. IIpencTraBUTh KPaTKyI0 TEOPETHUECKYIO CIPABKY IO CymecTBY padboTel. CpaBHUTH
KOHCTaHTHI CKOPOCTH, IIOTy4eHHbIe pu Temmepatype 20, 30 u 40 °C.

2. OTMETHUTh U3MEHCHHE K B 3aBHCHMOCTH OT TEMIIEPATYPHIL.

3. PaccumTaTh 2HEPTHIO aKTHBAIIMH, UCXOS M3 KOHCTAHT ckopoctu nipu 30 - 40 °C.

4. Paccuurath TeMIrepaTypHbli ko3¢ GUIMEHT B HHTepBaiax Temiepatyp ot 20 qo 30
u ot 30 mo 40 °C.

5. Haiitm cpennee 3HadeHHE Y (TemieparypHoro koddQuimeHnTa), mpeacTaBUTHh
rpa@uKr M3MEHEHUs KOHIICHTPAlMW JTHIAIETaTa BO BPEMEHM W KOHCTAHTBI CKOPOCTH OT
TeMIEepaTypHl.

JlaGopatopHast padota Ne2
KuHeTHKa peakuuy OKHCJIeHUS HOAUA-MOHOB MEPOKCHIOM BOIOPO/a
(XMMHUYecKHUe 4achl)
B BogHOM pacTBOpE B KHCIIOH cpelie peakus MPOTeKaeT COrNIaCHO YPaBHEHUIO:
21~ + H,0, + 2H" = I, + 2H,0. (1)
MexaHn3M peakIiy BKJIIOYAET HECKONBKO CTaJui, TepBas W3 KOTOPBIX SBISETCS
JIMMHUTUPYIOILIEH:

H,0, +1~ = H,0 +10". (1a)
3a Helt criemyeT BTOpas CTaaus, KOTopas 00beANHSIET HECKOIBKO OBICTPBIX PEAKIIHA:
10"+ 2H" + 1~ =1, + H,0. (16)

Kunernyeckoe nccnenoBanye NpoBOIUTCSA MyTEeM XMMHUYECKOT0 aHaIn3a 00pa3yromerocs
MOJIEKYJIAPHOro MoHa. TurpoBaHue M30BITKOM pacTBOpa THOCYJb(aTa HATPUs OCYLIECTBISIETCS
BHYTPH PEaKLMOHHOIO COCyZa — METOJ BHYTPEHHEro TUTpOBaHUS. B Touke SKBHBaJIEHTHOCTH
pacTtBop mpuoOperaer roayOyl0 OKpacKy H3-3a 0Opa3oBaHMs COCOMHEHHS Homa ¢ KpaxmajoM.
l'omyOoii 1BET BO3HMKAEeT BHE3AIIHO M Cpasy, 4Yepe3 CTPOro ONpPEAETIEHHBIH IMEpUOi BPEMEHH.
[losTOoMy nenas cepus TaKMX peakUUil W3BECTHA IO HAa3BaHHEM «XMMUYECKHE» WM «HOIHBIE»
Yachbl.

O6pasyromuiicst o MPaKTHYECKH MTHOBEHHO pearupyer ¢ THOCYIb(paToM:

I, +285,057 =21 + S5,0¢™. (2)
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Konuentpanust cBobogHoro ioxa odeHb Mana. Bpewms, mpomieamee OT MOMEHTa
N00aBIeHUsT K PAcTBOPY OIPENENEHHOTO KOJIMYECTBAa THOCYIb(ara 10 MOMEHTa IOSBICHUS
romy0oil OKpackd, paBHO BpEMEHH pAcXOJOBaHHUS JKBHBAJEHTHOTO KOJIMYECTBA IEPOKCHIA
BOZIOPOAA B peakuuu c Homua-uoHamu. Kak BuUIHO, HOMUA-HOHBI pETEHEPUPYIOTCS IpPH
tuTpoBanuu. [loaToMy KOHIIEHTpanus |” B X0/e OmbITa HE N3MEHSETCS U PaBHA HAYaJIbHOM.

B kucnornoM O6ydepHOM pacTBope KHHETHUECKOE YpaBHEHUE JACTCsI BEIPAKCHUEM:

~ St = ke[H;0,] - (17", ®)

3nech K° — KOHCTAHTa CKOPOCTH, O — MTOPSAJOK peakiuu 1o Hoaua-uonam. [Tockomnbky [I°
]=const, To, o6beaunss k’ ¢ [I7]%, monyunm:

d[H,0
— 2% = k[H,0,) (4)
IZie K — KOHCTaHTa CKOPOCTH IICEB/IOIEPBOro MopsijKa,
k=k-[I7]% 5)
W3 ypaBHeHwust (4) mociie MHTErPUPOBAHUS MOTYYHM BbIpaKeHHe st K:
_ 1, [Hy0,]°
k = n In [H,0,]" (6)

rne [H, 02]0 — HaYaJIbHAasi KOHIICHTPAITHSI.
O6o3naunm V* — o0beM pactBopa NaxS;03, momiemero Ha TUTPOBaHUE Beero Homa, a V
— 00beM, N3pacXO0BaHHBIN K MOMEHTY Bpemenu t. Torma K MOXKHO paccuuTath 1o Gpopmyoie:
1, v
k= - In e (7
nockoneky V* ~ [H202]° u V* — V ~ [H202].
Ilenpto paboThI SBISIETCS onpeseneHne KoHcTaHT K, K’ ¥ mopsiika peakiuu 1mo omu-
noHaM 0. Ecii OmbIT MPOBOMSAT MPH JABYX TEMIIEPATypax, TO PACCYUTHIBAIOT SHEPTUIO aKTHBAIHN
E, =500k 8)
=T, k;
e k; u k, - KOHCTaHTBI CKOPOCTH HpH Temmepatypax T1u Ta.

BrhinoJiHeHU e ONBITOB U pacyeThl

B HeOonpyo ko100uky Hanmuth 0,05 1 pactBop H2O2. B TmiaTeapHO BBIMBITHINA CTaKaH
eMKocThI0 250 mn Biuth pactBop Nal (wmm Kl), 5 v 2 1 HaSOs 1 cTONBKO BOABI, YTOOBI TIOCITE
npuirBaHus pactBopa H>O2 06beM peakmuonHo# cMecn ObuT paBeH /00 ma. OOBEMBI pacTBOPOB
Nal (KI) u H20; 3amarorcs npenonaBateiaeM. OTMETUTE TEMIIEPATYPY OIBITA.

VYxpenuth Haj crakaHoM Oropetky ¢ 0,05 1 pactBopoM NaS:0s, npwuth 1 az TUTpaHTa
u 100aBuTh 5 Kamenb 1% pacTBopa Kpaxmana. 3ateM BiuTh B crakaH HoO.. Cmech TmaTenbHO
nepemeriate. B momenT BmmBanua H»O; Bkmrounth cexyHmomep. [Ipm mosBiIeHWM CTOHKOTO
CHHEro OKpAIllMBaHUs 3aMETUTh BpeMsi, ObIcTpo no6aButh I mrn NaxS;Oz — BTOpYIO mopuuio — H,
TIIATENBHO ITepeMeIIaB PacTBOp, 3aMHCATh BPEMS MTOSIBIICHUST OKPACKH.

Takue omepar TOBTOPUTH 6-8 pa3 MpH BKIIOYEHHOM CEKYHAOMEpE; IepeMelInBaHme
CeKyHJIOMepa JODKHO OBITh OBICTPHIM M WHTEHCHUBHBIM, TIIATETHFHOCTH JOKHA OBITH MPOSIBIEHA
u ripu nodasnernn [ mn NaS;0s. Jlenats 3T0 HaIO OAMHAKOBEIM 00pa30M Ha MPOTSHKEHUH BCETO
orbITa. Hy)KHO TIOCTOSHHO CIENUTh 3a PEAKIMOHHBIM COCYIOM, TaK KaK OKpAacKa IMOSIBISAETCS
BHe3armHo. Henb3st mporryckath BpeMsl ToOaBJIEHUsT OYepeHON MOpIuK TUTpaHTa. UToOb! mydrie
OTJIMYUTEH OKPACKy pacTBOpa, PEKOMEHIyeTCs CTaBUTh CTaKaH Ha Oemyro Oymary.

IIpyu koMHaTHOM Temmeparype peakiusi HIeT A0 KOHLAa JOBOIbHO nonro. Jmis
HaxoxaeHus V* —cymmapHoro oobema pactsopa NaxS:03, momeaiero Ha TUTPOBAHUE, PEAKIIHIO
YCKOPSIIOT, T00aBIsis 5 Kamenb KaTaln3aTopa — HACHIIIEHHOrO PacTBOpa MOIHOIaTa aMMOHUS.
BreigenuBmmiicss #1071 OTTUTPOBBIBAIOT, OTCrO/a HaxomsaT V*. TuTpoBaHWe BEAyT TOIBKO [0
oOecriBeunBaHus pacTBopa. He ciemyer noouBaThcst 00€CIIBEUNBAHUAS OCATKa HOAKPAXMAIEHOTO
KOMILIEKCA, TaK KaK 3TO MOXKET IPUBECTH K «IIEPETUTPOBAHUION.

JlaHHBIE OTIBITA M PE3YIBTATHl PACYETOB 32HOCAT B TAOJHILY:

Tabruya
KuneTruka okuciaenus Hoana-noOHOB NEPOKCHIOM BOIOPOAa
Konuentpanus pactopa Nal MOab/n
O6nem 0,05 1 pactBopa H20; ML
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Temmneparypa onbiTa °C

Oo6mwmit oobem 0,05 1 pactBopa NaxS:03, V* ML
e O6vem V 0,05 # Bpems t ot nauana Ve -V, ) KoncranTa
peaKkuuy 10 MOMEHTa In(V* —V) | ckopoctu K,
n/m | pactBopa NaxS>03, vz ML 1
MOSIBJICHUS OKPAcCKH, C C

Pacuer k Bexyt mo dopmyse (7), a Takke rpaduuecKk — Ha OCHOBAHMH 3aBHCHMOCTH
In(V* — V) or t (mo HakioHy rpaduka). Berumcistor K., aOCOMIOTHYHO M OTHOCHUTEIBHYIO
OIIHOKY.

Bropoii onbIT MPOBOAAT C BABOE MEHbINEH WM BIBOE OOJbIled KOHIGHTpamuen |
OO0mwmit oobem pactBopa (/00 mr) U TeMrepaTypa OCTaroTCs NPeKHUMU. ONpeAessiOT KOHCTAHTY
CKOpOCTH K, 3aTeM PacCUMTHIBAIOT O — IMOPSIOK PEAKIMH 0 HOAM/I-HOHY. BEIYHCIEHUS TIPOBOIAT
o opmyuie:

1gk@—1gk®
a= lg[f-](z)_lg[r](l)’ 9)

rae uajekcs! (1) u (2) oboznayator HoMep ombiTa. Popmyna (9) jerko moxydaercs u3
dbopmymel (5). HalinenHoe 3HaueHHE O OKPYIIJBIIOT JO ONMKAUINEro IEIONMI0 TOI0KUTEIHFHOTO
yHuciia ¥ MPUHMMAIOT €ro B KadecTBe Mapamerpa KuHeTHdeckoro ypaBHeHus (3). Koncranrty
ckopocTy K BBIYMCIISIOT 10 ypaBHEHHUIO (5) M, YUUTHIBASA 0, YKA3bIBAIOT €€ PA3MEPHOCTb.

Mamensitor Temnepatypy ombita Ha 10 °C u npoomsar ommeit. Onpenensior K u K.
DHEepPruio akTUBAIIMK PaCCUUTHIBAIOT 110 hopmyiie (8).

B 3akitodenue ciienyer clienath psijl 3aMeuaHMii:

1. Woxn, obGpasosasmimiicss B peakimu (1), pearmpyer ¢ MEPOKCHIOM BOIOPONA C
BBLIENEHHEM Kuciopona: H,O0, + I, = 2H™ + 21~ + 0, Tlporekanue 5Toi MOGOYHON peaKuu
SBIISIETCSL HexenatelnbHbIM. UTOOBI OHAa HE WCKaXKalla KUHETHKY, JobaBiieHHe THocyib(dara
HaTpUA B pacTBOP HEOOXOIMMO MTPOBOAUTH CPa3y K€ MOCIIE MOSIBIIEHUS TOITyO0I OKPacKH.

2. W3meHeHne KOHIIEHTpAIIMM PEAareHTOB 3a CUET YBENWYeHHs o0beMa pacTBOpa B
pesyabTaTe nobasieHus 6-8 mir NaS;03; Mao v mpu He0OXO0AUMOCTH MOYKET OBITh YYTCHO.

Oo6opynoBaHue u nocyaa

Crakan Ha 250 mn

Komnba Ha 50 mn

Mepuasiid numuaap Ha 100 mn

broperka Ha 20 mn

Mepusiid numuaAp Ha 10 v

Cexynmomep

PeakTuBbI

0,1 n pacteop Nal (KI) — m0 7100 mn

2 n pactBop H2SO4 — 5 mn

0,05 n pactBop H202 — 10 20 mn

1% pactBop kpaxmana — 0,2 mn

0,05 1 pactBop NaxS;03 — o 20 mn

Haceimennstit pactBop Mmonnbaata aMmmoHus — 0,2

JlaGopaTtopnasi padora Ne3
HccnenoBanne KHHETUKU TOMOTEHHBIX peaKIuii

Ilenv  pabomwl:  DKCUEpUMEHTANFHOEC  HM3yYeHHE  3aKOHOMEPHOCTEH  peakiuu
XJIOpAHTHIPHIa OEH30MHON KHUCIOTHI C TENTUIIOBEIM CITUPTOM ¢ 00pa30BaHUEM CIIOKHOI0 3upa,
COCTaBJICHUE KHHETHYECKOTO YpaBHEHUS IIpoIiecca.

Bakneiimas peakius morydeHus CIOXKHBIX 3QHUPOB - peaKius ITEPHPUKAIIN: 00paTHMOe
B3aMMOJICHCTBUE OPTAaHUYECKUX MM HEOPTAHHUYECKHIX KHCIOT CO CITUPTAMH:

R-COOH + R-OH —R-COO-R'+H:0
Jpyrue criocoObI MOMy4YeHus! CIIOXKHBIX 3PUPOB:
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— B3aMMOJICIICTBHE XJIOPAaHTUAPHUIOB KUCIIOT CO CIIUPTAMHU:
R-COCl; + 2R-OH —REOO0R' + HCI
— B3aMMOJICICTBHE aHTHIPUIOB KHCIOT CO CIIUPTAMHU:
(R-C0O);0 + R—OH ——RCOOR' + R-COOH

OOBeKTOM WCccleqoBaHUSI B JIaHHOW paboTe SBISETCS TPOLECC —AalMIUpOBaHUS

rentuioBoro cnmpra (B) xmopanrumpumom 0eH30iHON KUCTOTHI (A), MPOTEKAOLIMN 110 CXeMe:
Ce¢HsCOCI + C7H1sO0H  —HsCOOC7H15 + HCI
A B C D

Cnoxsble 3QUpBl KapOOHOBBIX KHCIOT TNPUMEHSIOTCS B KauyecTBE pacTBOPHUTENCH,
THIPABIMYCCKAX  KHUJIKOCTEH, CMa304HBIX Macel, IUIACTH(UKATOPOB M  MOHOMEPOB.
TexHomornueckne MpoIecchl CHHTE3a CIOKHBIX 3(QHUPOB MOXHO pa3[eiuTh Ha JIBE TJIaBHBIC
TPYIIIBL:

- kuakoazHble MPOIECCHl HEKAaTaTUTHYECKWE WM TOMOTCHHO-KAaTAIMTHYECKUE, B
KOTOPBIX XUMHUECKast Peaki(isi COBMEIIECHA C MTPOIIECCOM pa3JIeIeHusI.

- reTepOreHHO-KaTATUTHIECKIE PEaKIMK B KUIKOW UM ra30Bol (ase, OCyIIecTBIsIEMbIE B
MPOTOUYHBIX armapaTax 0e3 COBMEUICHUS C Pa3IeMTENbHBIMU MPOIECCAMH.

[porecce! TiepBoii TPYNIIBI SBJISIOTCS TPAJUIIMOHHBIME U Hanbosiee pacinpoCTpaHEeHHBIMU
B TEXHOJIOTHH dTEPHUPHUKALINH.

1. Mexanu3M peakuuu 3Tepupuxannn

Peaknust stepuduKanuy KUCIOT CIHUPTAMH OTHOCHTCS K OOpPaTUMBIM IIpoIeccam.
OOpatHas peakius Ha3bIBAETCS THIPOIM30M CIOKHBIX d(DUPOB.

OTepudUKaINIO CTUPTOB KUCIOTAMHA MOYKHO OCYIIECTBIIATH 0€3 KaTalu3aTopa, HO peaKius
MesieHHasi, TpeOyercsi Bbicokass Temmepartypa (200-300 °C). B mpucyTCTBUM KHCIOTHBIX
KaTaJan3aTopoB dTeprUHUKaIMs U ruaponu3 npotekaroT npu 70—-150 °C. B kavecTBe kaTanuzaTopa
MPUMEHSIIOT, KaK MpaBmiio, MuHepaibHbie Kuciotsl (H2SO4, HCI).

[Tony4enue ciaoxHbIX 3GUPOB IIPU B3aUMOJCHCTBUM XJIOPAHTUAPUJIIOB KUCIOT U CIUPTOB
HaXOIUT IINPOKOE IPUMEHEHHE B OCHOBHOM B J1a0OPaTOPHOM IPaKTHUKE, IIOCKOJIbKY 3Ta PeaKIus
HeoOpaTHMa, B OTIMYHE OT ATepUPHUKANN KapOOHOBBIX KHUCIIOT CIIMPTaMHU. Breinensronmiics mpu
3TOM XJIOPHUCTBIH BOIOPOJ MOXKHO BBIBOAWTH M3 C(ephbl peaKliH, WIN IOTJIOMIATh KaKUM-TTHO0
OCHOBaHUEM, HallpUMep, TUAPOKCUIOM HATpUSL.

Peaknus mpoucxoauT B pe3yibTaTe HyKI€O(QUIbHOH aTaky CHUpPTa Ha aToM yIjepona
KapOOHIIIa XJIOpAHTHUAPHUIA KHUCIOTHEL. OOpa3yromuiics TpH 3TOM KOMILIEKC OBICTPO Tepser
XJIOPUCTHII BOJOPOJI, AaBas cloxHbIi 3¢pup RCOOR':

- - 0
~0 + O I
CHs  C < — | CHg  C_ o CeHs~ C— OCH,
cl ? cl
C7H150H |

2. KuHeTuka peakuuu 3repudukannu
3aBHCUMOCTD CKOPOCTH PEaKIHMU OT KOHLIEHTPALMU PEarupyrollnX BEIIECTB BBIPAXKAETCS
OCHOBHBIM 3aKOHOM KMHETHKHU B BUJIC YPAaBHEHHUSL:

S :k-gCi” )

rie K — KOHCTaHTa CKOPOCTH PEaKIiH;
Ci — KOHIIEHTpaIW i-TO peareHTa;
M — KOJIMYECTBO PEarcHTOB;
N — TOPSJIOK PEAKIUH IO i-MY PEarcHry.
TMopsimok peakiyu SBISETCS SMIUPUYSCKOW BeMUYUHOM. [lopsmok peakiuu Mo i-my
peareHTy Ha3bIBaeTCs YacTHBIM MopsaakoM. OH YHCICHHO paBeH MOKa3aTeNi0 CTENEHH, C KOTOPhIM
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KOHICHTpaluusAa i-l"O pcarcHTta BXOJUT B YPABHCHUC CKOPOCTU PCAKIIHU. O6HIHI>1 MOPAAOK peaKIuu
paBC€H CYMMCE YaCTHLIX MMOPAAKOB PCAKIIUH 10 BCEM pCarcHTaM. Taxk xak

Ci= Cio- (1-X), @)

rae Ciyo — HaydajibHasd KOHIICHTpalusa i-l"O pcearcira, a )(| — CTCICHb MPEBpPAIICHUA i-l"O
pceareura, To CKOpoCTb p€aKM1 MOXHO BBIPAa3nUTh Y€PE3 CTCIICHD ITPEBPALLICHUA:

3, :k.gci’jo(l—xi)” 3)

Peakuus srepudukanuu sBIsSETCS peakiyeldl BTOPOro MOopsijika, KHHETHYECKOS YPaBHEHUE

UMEET BU/I;
g =k-C,-Cq (4)

HccnenoBanne KHHETHKH TOMOT€HHBIX JKHJIKO(PAa3HbIX MPOIIECCOB MPOBOIAT, B OCHOBHOM,
B peakropax mnepuomumueckoro jaevictBusi — PUC-II. Ilpm »sTom 3amgada CBOOUTCA K
AKCIEPUMEHTAILHOMY ONpEAS/CHUI0 (YHKIMKA 3aBUCMMOCTH KOHIICHTPAIMA WM CTCICHH
MpeBpalieHus OT BPEMEHH U TMOCIEAyIoNIeMy HuX aHaiu3y. Ha TpakTHKe HCIONb3YIOT
HMHTErpaJIbHbIH U Au(QepeHIMaNbHBIA METOABI ONpPENCICHUs MOpsAAKa pPEaklUd W aHajlu3a
KHHETHYECKUX JAaHHBIX.

Humezpanvnolii memoo ynoOeH [UIsl aHaln3a TPOCTHIX KHUHETHYECKUX YpaBHEHUU,
OTHCHIBAIOIINX DJIEMEHTAPHBIC PEAKITUH, M 3aKIIFOUAETCS B CICHYIOIEM:

1. IlpenmonararoT MEXaHH3M PEAKIIUH U HAXOAT COOTBETCTBYIOIIEE YPABHEHHE CKOPOCTH.
OTO ypaBHEHHE B COOTBETCTBHH C OCHOBHBIM 3aKOHOM KHHETHKHA B CHUCTEME C ITOCTOSHHBIM
00BEMOM BIMEET B

dX. dcC.
—=kf (X)) wu *+—=kf(C
i (Xi) wn i C) (5)
2. Ilocne pa3mencHus IEPEMEHHBIX B HHTEIPUPOBAHUS YPaBHEHUS TTOTyYaOT:
Xi dX _ Xi
F(X;)= .7=kjdr=k-r )
Xi0 1 Xi0

Ecmu wnrerpan F(Xi) TpyaHo HaliTh aHaIMTHYECKH, HCIIONB3YIOT IpaUUIeCKUii METOI.
OH cBOAMTCA K OIPENeIeHUIO TIOMAIN IO KPHBOH B KoopauHaTax (puc.3.1):

1
F(X,)- X, )

3. Crposr rpaduk B koopauHarax F(Xi) — t (puc. 2). Ecnu oH sSBJIS€TCS IPSAMOI JIMHUEH, TO
MPHHATOE YPABHEHUE COTIIACYETCSI C IKCIIEPUMEHTATBHBIMU JTAHHBIMH.

|. .'__;'T.T ,'l] F'I:‘ Xl']
+ T dx .
S=F(X)= [ —
g )
_____,Ff" CoL . .tsa=k
: i > >
X r
Puc.1. I'paduieckoe nHTErpHUpO- Puc.2. IIpoBepka KUHETUYECKOTO
BaHHE KHHETUYECKOTO ypaBHEHUS YpaBHEHUSI HHTErPAJIbHBIM METOI0M
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4. Eciu  dKCepUMEHTaNbHbIE TOYKM HE JIOKATCS Ha TPSAMYIO, HEO0OXOIUMO
uccnenoBatb japyrue ypaBHeHus (1-ro, 2-To u 3-T0 MOpPSIKOB), TIOKa He OyAeT MOIy4eHO
yIOBJIETBOPUTEIHHOE COOTBETCTBHE.

upppepenyuanvuolii. - memoo - 3aKIOUAECTCI B HEMNOCPEACTBECHHON MPOBEPKE
mddepeHaIBEHON POPMBI KMHETHYECKOro ypaBHEeHHs. [IporpaMmy SKCIEpUMEHTOB B 3TOM
cllyyae HaJ0 IUIAHUPOBAaTh TakK, YTOOBI Cpa3y MONYYHTh TMONHYIO (opMy KHHETHUECKOTO
ypaBHEHUS:

1. Ha ocHoBe mpeamnonaraeMoro Mexanmu3mMa peakiiii BEIOMPAIOT

KUHETUYECKOE ypaBHEHHUE!

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

2. Tlo »skcnepuMeHTanbHOM KpuBoii B koopauHarax Ci — 7 rpaduyeckum
mddepeniupoBanrneM HaxoiaT dCi /dr B pa3iMyHblE MOMEHTBI BPEMEHHU M COOTBETCTBYIOLIHE
3TOM CKOpOCTH (vr) KOHLIEHTpaIiK pearupyrorux Berects (Ci).

3. CocraBisatoT TaONUIy 3HAYSHWH KOHIEHTPAIUA MCXOJHBIX Pearupyrollux BelecTB U
nipousBoaHol dCi/dt yepe3 omnpeelieHHbIC MHTEPBAJIbl BPEMEHH.,

4. Crpost rpaduk 3aBucumoctd dCi/dr — f(Ci). Ecau momy4aroT npsaMyro, TPOXOISITyTo
Yyepe3 HavaJlo KOOPAWHAT, TO YpaBHEHHE CKOPOCTH COOTBETCTBYET AKCIIEPUMEHTAIBHBIM JaHHBIM
(puc. 3.3).

r
=dCddr

-

)

Puc.3. IIpoBepka KMHETHYECKOTO ypaBHEHUS M depeHInaTbHBIM METOIOM

5. Ecmu rpaduk B koopaumuatax dCi /dr — f(Ci) He sBIsgercs MpsAMOH, Claexyer
PaccMOTpETh APYroe KHHETHIECKOe YpaBHEHHE.

3. Onpenelienue NOPsIKA peaKkUuu

Jug Toro dYTOOBI OMpenenuTh OOIMN TOPSNOK peaKklWH, HAJ0 B3SITh pEareHThl B
CTEXHOMETPUUYECKOM OTHOLIECHUU. [[ns1 ompeneneHus 4acTHOroO MOpsiAKa MO PearcHTy A BTOpOM
pearenT B GepeTcs B TakoM M30BITKE, YTOOBI M3MEHEHHWEM €ro KOHIEHTPAI[MH B XOJE OITbITa
MOXHO ObITO TIpeHeOpeus. IIpm 3ToM OOmWII MOPAIOK W MOPAJOK pPEAKIUH MO JaHHOMY
peareHTy MOXXHO pacCYUTaTh 110 3aBUCHMOCTH HAdYalbHOH CKOPOCTH OT HadaJIbHOM
KOHIIGHTpAIlN peareHTa A, WM METOJ, OCHOBaHHBIH Ha 3aBUCHUMOCTH, H3MEHSIOMIEHCS BO
BPEMEHU CKOPOCTH PEAKLUHU OT TEKYIIEH KOHLUEHTPALHU pearcHra A.

1. IIpu uCnONb30BaHUM NEPBOIO METOAA — IPOBOAST MPU MHOCTOSHHOM TEMIEpaType
CEpUI0 OMNBITOB C PA3IMYHBIMA HCXOAHBIMH KOHIICHTPAIIUSMH  PEareHTOB M IOCTPOWB
nmorapummdeckyto aHamopdosy

INnorg=Ink+n-1InCap 9)

10 HAKIJIOHY TPSMOW HAXOAAT MOPSAOK PEaKIIHH.

2. [Ipu mpuMeHEeHNH BTOPOTO METO/Ia — JIIsl HAXOXKCHUS TIOPSIIKA PEaKIlui ONPENeNioT B
pasTUYHbIE MOMEHTHI BPEMEHH CKOPOCTh PEaKIMU M KOHIIGHTpaluio peareHTa A (puc.4), u,
IIOCTPOUB JIOTapU(PMUIECKYI0 aHAMOP(O3y B COOTBETCTBUU C ypaBHEHHEM 13

Inor=Ink+n-InCa, (10)

10 HAKIIOHY TIPSIMOW HAXOMAAT MOPSAOK PEaAKIIHH.
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d tgd=n
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¥

T InCy

Puc.4. Ompenenenne HayaabHOW CKOPOCTH M TOPSAKA pPEAKIUHM IPH HNEpEMEHHBIX
HayaJbHBIX KOHLIEHTPALUAX peareHra A.
4. PacueT TepMOIMHAMUYECKUX (PYHKIMIA

TepMoarHaMuKa peaknMil HE 3aBUCUT OT MEXAHM3Ma, MMEET 3HAau€HUE JIUIIb CTEIEHb
MpEeBpaICHUs BElEeCTB. TepMOoAnHAMUYECKHE BEINYHHBI, 0OBIYHO, BBIYMCIISIIOTCS HA OCHOBAHUU
M3MEpEeHUN TEMITePaTyPHON 3aBUCMOCTH CKOPOCTH PEAaKIUH 110 YpaBHEHUIO AppeHuyca:

k=Ae RT (11)
rie K — KoHcTaHTa CKOpPOCTH peakiuu npu temmeparype T;
Ea — oHeprus akTuBanymy;
A — dactoTHBId (QaxkTop AppeHuyca, XapakKTepu3yeT BEpOSTHOCTh TOTO, HYTO TpPHU
CTOIKHOBEHHWH MOJIEKYJ HCXOJHBIX BEIECTB NMPOW30IAET pa3phlB CTapblX M 0OOpa3oBaHHE
HOBBIX CBSI3EH;
R — raszoBas mocTostHHAS.

Ecnmn wm3BecTHBI Tpu ® OojJee KOHCTAaHTHI CKOPOCTH PEaKIUH, OIpeNeleHHbIe TIPH
Pa3TMYHBIX TEMIepaTypax, MOKHO PacCYMTATh JHEPTHIO aKTHBAIIMU MTEPEXOJHOTO COCTOSHUS U
JaCTOTHEIN (akTop AppeHuyca.

Jlis aTOr0 ymoOHO IONB30BATHCA TpaduuecKUM MeToAoM (puc.3.5), BBITEKAIOIIMM U3

sorapuMuIecKor GopMbI ypaBHEHUS AppeHnyca:
|nk|nk4t InA - EA/RT

E
" tga =——
: R

Puc.5. Onpenencane >HEPTHN aKTHBAINH
0 IKCIIEPUMEHTATBHBIM TAaHHBIM

InA

OrjpgnenuB >HEP (Ea) u BBIUMCIUB yacTOTHBIA (akTop AppeHuyca (4),
PACCUMTHIBAIOT TEPMOJANHAMHYCCKUE XapAKTEPUCTUKU PEAKIIMH B CTAHAAPTHBIX YCIOBUSX:
AH®{ — SHTaNBNMS AaKTHBAIWH WM TETUTOBOM 3 dekT peaknuu:

/T
AH°= E% —RT T

OHa, OObIYHO, paBHAa WM ONW3Ka K pa3sHOCTH AFE BHYTPEHHHX DSHEPTH HCXOTHBIX U
KOHEYHBIX BEILECTB;

AS°t  — OHTpPONHMS AaKTHBALMM, DSHTPONUS SIBISAETCS TEPMOAMHAMUYECKOH  MeEpoii
CTaTUCTUYECKOW BEPOSTHOCTH CHCTEMBI; €€ MOKHO PacCUUTaTh [0 YPaBHEHHIO:

AS°1=4,576 Ig (AIT) — 49,21 (13)

AG®r — m300apHO-M30TEPMHUUYECKUN TOTEeHIMan win dSHeprus ['mb0ca, xapakrepusyer
BEPOSITHOCT IIPOTEKAHUS PEAKIIUH:
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AG =AH"-T-AS° (14)
5. CocTaBjieHHe MOJTHOTO KHHETHYECKOT0 YPABHEHHUSI peaKuu
OmnpenenuB MOPSIIOK MCCIEAYEMOH pEaKUWW, HalAsd KOHCTAHTY CKOPOCTH U BBIYHCIIUB
SHEPIUI0 aKTUBALMH, TIOIYYArOT ITOJIHOE KHHETUUECKOE YpaBHEHHUE:

3 =Ae RT.C" (15)

OKCIHEPUMEHTAJIBHASA YACTb
JlaboparopHasi ycTaHOBKA JJIsl UCCIIENOBAHNS KHHETHKH PEaKIUU allMIMPOBAHHS CIIMPTOB
XJIOPaHTUAPHUIOM OEH30MHON KUCIOTHI Ipe/ICTaBlIeHa Ha puc. 4.

5

Puc. 4. Cxema mabopaTOpHOW YCTAaHOBKH IS WCCICIOBAHUS KHHETHKH PEAKIIUH
AIUINPOBAHUS CITUPTOB XJIOPAHTUIPHUIOM OCH30MHOIN KUCIOTHI

1- Bo3myxonmyBka, 2- ckisiHka TuUIeHko; 3- ckisiHka Bysbga; 4- ckisiHka THIEHKO; S-
peometp; 6- Ortoperka; 7- Oap6oTép; 8- crakan; 9- peakrop; 10- Tepmocrar; 11- mMarHuTHas
Melanaka; 12- Memaka.

MeTtoanka nNpoBeaeHHs IKCIIEPUMEHTA

Ilepen HagasoM »JKCIEpUMEHTa HEOOXOAWMO TONYYWTh 3aJlaHHue y MPernoaBaTes.
Wcxonnpie maHHbIC 715 HICCIEOBAHIS KHHETHKH MIPECTaBICHBI B Tabmwe 1.

Tabmmma 1
HcxoaHble JaHHBIE 110 3aTPy3Ke PEareHTOB
Howmep NAo NB,0 ma | me | Va | VB | Vp Voo Cao
MOJIb MOJIb r r MII M M Ml Moav/n
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

IMocne monmyveHus 3agaHusl, WCHONB3YsS 3HAYCHUS MOJSAPHBIX MacC W IUIOTHOCTEH
HCXOMHBIX PEAarcHTOB, TPHUBEICHHBIX B Ta0N. 4.2, pacCUUTHIBAIOT 3arpy3KH HMCXOJIHBIX
peareHTOB B MIJI, OO 00BEM PEAKIMOHHONW CMECH M KOHLCHTPAIMIO XJIOPAaHTHUIAPHUIA
OEH30HOW KUCIIOTHI 110 YpaBHEHHIO (4).

Ta0Omuua 2
DH3UKO-XIMHYECKUE CBOIICTBA PEAreHTOB
BentectBo A B
M, ,r/Mo1b 140,52 116,21
p, r/em® 1,212 0,8219
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n,,-1000 .
Cho= A'{)/ ’

[qam

(4)

[locne mpoBepku MPaBUIBHOCTH PACUETa MPHUCTYMNAIOT K BBINOJHEHUIO HKCIIEPUMEHTA.
OKCHEpUMEHT MPOBOJIAT B CIEAYIOIIEH MOCTIeI0BATEIbHOCTH:

1. PacuerHoe KOJIMYECTBO CIIUPTA 3arpyKaroT B KOJIOY, 100aBisitoT 30 MII KCUIIONIA.

2. KonOy co cnuptom nomemator B Tepmoctar 10 na 10-15 mMuHYyT 11 HarpeBaHust 10
TEMITePaTypbl PEaKIH.

3. I'pamyupoBaHHON TPOOHPKOW OTMEPSIOT pPacueTHOE KOJIMYECTBO XJIOPAHTHIPUAA
OCH30IHOM KUCJIOTHI, IEPEIIMBAIOT B KOJIOY, 100aBJIsIOT 30 MJI KCHJIOIA U TIEPEMEITUBALOT.

4. BeiHyB OapOorép 7 u3 peaktopa 9, akKypaTHO C MOMOIIbIO BOPOHKH 3alIUBAIOT
XJIOPAHTHAPHT OCH30MHON KUCIIOTHI B peakTop. bapOoT€p BCTaBIAIOT HA MECTO.

5. B crakan 8 3anmBator 300 M1 BOJBI.

6. U3 Owperku 6 nobasisiror B crakan 8 4 mu 0,1H pactBopa KOH u 4-5 kamens
CIUPTOBOro pacteopa deHondranenna. BkioyaroT MarHuTHy Merainky 11.

7. Tlo ucredenuu 10-15 MUHYT BBIHUMArOT KOJIOYy co cnupToM u3 Tepmoctara 10 u
AKKypaTHO 3aJIHBAIOT €€ COAEPKUMOE B peakTop (CM. 1I. 4).

8. BBICTpO BKIIIOYAIOT CEKYHIIOMED, BO3TyXOAYBKY 1 1 Memanky 12;

9. Tlpu obecuBeUHBaHNHU pacTBOpa B CTaKaHe 8 3alMCHIBAIOT MTOKA3aHUS CEKyHIOMEpa.

BHUMAHUE!

CEKYHJIOMEP 1 BO3IYXOAYBKY HE BbIKJIFOUATH

10. [TpunuBator HOoByro mopumio pactBopa 0,1 H KOH (4 mn) u ¢ukcupyoT Bpems
CIIE/IYOIEro 00eCIBEYMBAHHS PACTBOPA.

11. DkcrepuMEHT MPOIOIHKAIOT JI0 MPEeKpaIleHns 00eCIIBEYNBAHNS PACTBOpPA B CTaKaHE 8.

12. Pe3ynbTaThl 3aHOCAT B TAOIHILY 3.

Ta6mumma 3.
3aBHCHMOCTD KOHIIEHTPAIMK XJIOpaHTHApUAa OeH30iMHO#M KicaoThl (Ca) OT BpeMeHn
Vkon, T Ca,
No KOH > Xa A K Ko

MII c MOJIB/ T

O0padoTKa IKCIEPUMEHTATbHBIX TaHHBIX

Pacuem nopaoka peaxkyuu

1. PaccunTBIBaIOT CTEMEHD MIPEBpAIICHUs XJIOpaHTuapruaa OeH30iMHoN KucioTel (A). T.x.
KOJIMYECTBO MOJIEH BBIJEITUBIIETOCS XJIOPOBOJIOPOJA  PaBHO KOJIMYECTBY MOJIeH
MIPOpEarupOBABIIICTO XJIOPAHTHUAPHIA OCH30HHON KHCIIOTHI, TO

obwy
Vr - texkymmii obvem pactBopa 0,1 H KOH, pacxomyemsrii Ha HeWTpanmn3anuio
XJIOPOBOZIOPOJIA, TTOTYYAEMBIN CIIOKEHUEM C MPEeAbITyIuM o0beMoM: 4, 8, 12 M u T.x.
Voo, — 00mmii o6sem pactBopa 0,1 H KOH, momenmmii Ha SKCIiepuMeHT, MIT.
2. OnpenensaroT TEKyL[yl KOHIEHTpauuto Cy, PaCCUUTAB CTEIEHb HNPEBpPALCHUS Xy,
CA = CA_() (1—XA)
M CTPOSIT IO MOTYYCHHBIM JaHHBIM rpadudeckyro 3aBucuMocTb Ca = f(7) (puc. 1)
3. Onpenensitot K — KOHCTaHTY CKOPOCTH:

k=1/t-(1/Cs—1/Cap),

rae Cy u Cyp— TEKyas ¥ HaYallbHas KOHIIEHTPAINH;
T — BpeMs B MUHYyTaXx.
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Puc. 5. 3aBucUMOCTB KOHILIEHTpALlMU peareHTa A OT BpeMEHHU peakluu

4. PaccuMThIBAIOT TMOPSAJOK pEAKIUU TrpauUuecKUM METOJIOM, KaK OIKCAaHO B
noxpasaene 3.3. s 3Toro pacCYUTHIBAIOT U BHOCAT B Ta0JI. 4 CICIYIONIUE BETUYUHBIL:
Tabnuna 4
Jannbie 11 pacyéra oOIIero nopsijiKa peakiuu
Homep | © Ca | nca | A Ar, 2, In(v) n
c MOJIB/JT MOJIB/JT MOJIB/JI*C
1
2
3
4

1. Ha xuHeTmdeckoil kpuBoil (puc. 4.2) BeIOMparOT 4—5 TO4YEK W MPOBOMAAT KacaTeNbHBIE.

2. PaccuMThIBalOT CKOPOCTH pEAKIMU IO BEIIECTBY A B COOTBETCTBYIOIIMH MOMEHT
BPEMEHHU [0 TaHI'€HCaM yIyia HakioHa KacaTenbHbIX oy = dCa/d 7 vau nprOIHKEHHO

or=A4CpA 7 ;

3. PaccuutsiBatot sorapudmsr In Ca u /n vr;

4. Crpost rpaduk 3aBucumocTr In Ca OT /n vr ¥ TIO TAHTCHCY yIJa ONMPEAEIISIOT MOPSII0K
peaknuu.

Pacuém akmueayuonHbIX nApamMempos peaKyuu

1. IIpoBecT Tpu OIBITA MPH PA3TUIHBIX TeMIleparypax (3agaércs IperomaBaTeieM) U
paccunTath 3Ha4eHUs K B COOTBETCTBUU C I.IL. 1-3.

2. PaccuntaTh 3HaueHus JjorapudmoB K u o0paTHbix Temieparyp I/7T. I[Toctpouts rpaduk
sapucumoctu IgK — 1/T u 1o TaHTeHCy yIila HaKJIOHa OIPENETUTh SHEPTUIO AKTHBAUH Eyi.

3. Ilo HaiileHHOMY 3HAYEHUWIO PHEPTUH AKTHBALMU PACCUUTHIBAIOT SHTAJBINIO PEAKITUU
(4 H°r) o ypaBuennro (3.12), surponuto peakunu (4 S°r) mo ypasuenuio (3.13) u uzobapHo-
n3oTepmudeckuii moreHnuan (4 G°r) mo ypasHernuro (3.14).

4. 3anuceIBaIOT MOIYYEHHOE KHHETHYECKOe ypaBHEHUE (CM. ypaBHeHuE 3.15).

JlabopaTtopHas padoTa Ned «IkcnepuMeHTAIbHOE onpeieieHHe XUMHYEeCKOT0 PABHOBECHS
B FOMOTE€HHBIX CHCTEMAX H TEPMOAMHAMUYECKHI aHAJIN3 XUMHYECKHX MPOIECCOB)»
Leap padoThl: DKCHEepUMEHTAIBHOE N3YYeHNE 3aKOHOMEPHOCTEW OOpATUMBIX PEaKIINU
Ha TpUMepe STepu(UKANUU YKCYCHONH KHCIOTHI STHIIOBBIM CIUPTOM, M PacdyeT OCHOBHBIX
TEPMOJJMHAMUYCCKHX MOKa3aTerneld XMMUIECKOro mporiecca.
B kauyecTBe 00BEKTa HWCCIEMOBAaHUS MPEIUIAracTcs Peakius 3TepuUKAIMK YKCYCHOM
KHCJIOTBI STHIIOBBIM MJIA H30MPOMUIOBBIM CIIUPTOM.

CH,COOH +C,H,0H «> CH,COOC,H, + H,0

A B C pi

Ota peakuus Ipd KOMHAaTHOM TemIeparype nporekaer MmeaieHHo. [loatromy e€ npoBoasr
pu 70 — 90° B MpUCYTCTBUM CONAHOM KHCIOTHI B KAa4eCTBE KaTaIH3aTopa. B 3THX yCIOBHAX OHA
3aKaHuMBaeTcs B TedyeHue 2 — 3 4. Karanutuueckoe aelicTBHE CONMSTHOM KHCIOTBI COCTOUT B TOM,
YTO OHA AKTHBUPYET MOJIEKYJy KapOOHOBOW KHCIIOTHI. YKCyCHasi KHCJIOTa IPOTOHUPYETCS IO
aToOMy KHUCJIOpOJa KapOOHMJIBHOW TIpyIIbl (aToM KHCJIOpOJa HMMEET HEMOACIEHHYI0 Hapy
JJIEKTPOHOB, 3a CYEeT KOTOPOH mpucoeauHsiercs npoToH). [IpoToHMpoBaHME NPUBOAUT K
MPEBPALIEHUIO YACTHYHOTO MTOJIOKHUTELHOIO 3apsaa Ha aTOMe YIiiepo1a KapOOKCHIBHOM TP YIIIbI
B TIOJIHBIH, K YBEJIMUEHHIO €r0 3JeKTPOQMIBHOCTH. Pe30HaHCHBIE CTPYKTYpHl (B KBaJpaTHBIX
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CKOOKax) MOKAa3bIBAIOT AENOKAIN3AIHI0 MOJIOKUTEIBHOIO 3apsaa B 0Opa3oBaBLIEMCS KaTHOHE.
Monekyna cnupTa 3a CUeT CBOEH HEMOAENEHHONM Maphl 3JEKTPOHOB MPUCOEIUHSETCS K
AKTUBUPOBAHHOW MoJNeKysle KUCIOThl. IIpoToH 0T ocTraTka choupra IepeMemaercs K
THAPOKCUIIBHOM IpyIiIe, KOTOpasi IpH 3TOM INpeBpaliaercs B “xopoulo yxoadmywo” rpymmy H20.
ITocne 3Toro ormierisgeTcs MoOJEKyJa BOABI C OJHOBPEMEHHBIM BBHIOPOCOM HpPOTOHA (BO3BpAT

KaTaiM3aTopa)
&+ - /\
QO H o C,H;OH
CH 7 1

OH
3

-

4
CH3C, -~
& CH3C\

OH -~
OH OH
(|3H -H,0, -H* e
N —_—
T — cHye”
b i 0C,Hs

UtoOBl HU3KOKHITANIME BENIECTBA, YYACTBYIOIIUE B PEAKIUHU, HE YIETYUYUBAIHUCH TPH
HArpeBaHUM, PEAKIUIO TIPOBOJISIT B PEAKTOpPE, CHAOKEHHBIM 0OpPAaTHBIM XOJOAMILHUKOM. TeroTa
peaknuu 0Opa3oBaHWsl JTWIIAlleTaTa OYEeHb Majia, W TOITOMY KOHCTaHTa PAaBHOBECHS ITOU
peaknuu, Kak 3TO clieqyeT u3 ypaBHeHuss Bant — [odda u, kak ObUIO TMOKa3aHO psIOM
OKCIICPUMEHTAJIbHBIX I/ICCHC}IOBaHI/H‘/’I, MPAKTHUYECKU HEC 3aBHUCUT OT TEMIICPATYPHI. 3a U3MEHEeHHnEM
COCTaBa CMECH CIIEIAT M0 M3MEHEHHWIO B HEH CyMMapHOW KOHIIEHTPAITUU KHUCIOTHI B TCUCHHE
peaknuu. M3ydeHWe paBHOBECHSI PEAKIIUU OCYIIECTBISICTCS H3MEPEHHUEM CKOPOCTEH MPSMOM
pCaKuu. 3a U3MEeHEHHEM KOHIOCHTpalUN pearupyrommnx BEIIECCTB CICOAT A0 TEX IIOpP, IIOKa HE
HaCTYIIUT paBHOBECHE.

[IpuHMMas BO BHUMaHHUE, 9TO PaBHOBECHAS CTENEHb NMPEBPAIIEHUS YKCYCHON KHCIOTH A
paBHa X, TO TPH JOCTMKEHHHM KOHEYHON IIENH, T.e. 00pa30BaHUs YKCYCHOIIPOIMJIOBOTO WU
YKCYCHOATHJIOBOTO 3(pHpa W B UTOrE YCTAHOBJICHHSI paBHOBECHOro cocrostHus Ha 0,5 Mok
BBEIEHHOHN B PEAKITHIO YKCYCHON KHCIIOTH PAaBHOBECHAS CMECh OyIeT comep KaTh:

(0,5-X) moms CH;COOH (A),
(0,5-X) moms C,HsOH (B),
X MOJIb — CszOOC-CH3 (,H),
X moib — H0 ©).

Bcero B paBHOBecHOI cmecu Oyaer 1 momb peareHToB. MOJbHBIE JOIHM pPeardpyIOIINX
BEIIIECTB B PABHOBECHOM COCTOSIHMH OYIyT PaBHEI

Na = 0,5(1- X",
NB = 0,5(1- X"),
N;[ = X*, Nc = X*.

Torma KoHCTaHTa paBHOBECHS IIPOBOIUMON PEAKIIHH ITEPUPUKAINN YKCYCHOH KHCIOTHI
STHJIOBBIM WJIH H3OMPOMUIOBEIM CITUPTOM OyJEeT paBHA
X *2
Ky=""">
0,25(1— X*)2
[Ipu onpemeneHny paBHOBECHOW CTeMeHHW mpeBpamieHuss X* B xome paboTHI
HKCIIEPUMEHTAIBHO ONpe/eisieT Kak GyHKuuio ot BpeMenn X= f(t) , T.e. paBHOBecue B cucTeme
HACTYIUT TOTAa, KOTJa CTENeHb MPEBpalleHUs] YKCYCHOH KHCIIOTHI He OyJeT ompenensiThCs BO
Bpemenu X= f(1).
XX

0.5 1

0 2 4 6 ¢ MuH

Puc. 3.1 W3MeHeHue cTeneHn TPEBPALLCHUS] YKCYCHOM KUCIOTHI BO BpEMEHU
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Jnst mpoBeneHHS SKCIIEPUMEHTa HCIOJB3YIOT — TPEXTOPNBIM PeakTop, CHaOXKEHHBIN
TEPMOMETPOM, OOPATHBIM XONOIMILHUKOM, MEIIAJIKOW W 000TrpeBaONIMM MpHcnocodneHneM. B
peaktop nomematot 0,5 Monp nensHoN ykcycHod u 0,01 MOnb KOHIEHTPHUPOBAHHOH CONSTHOM
KHCIOTHl W HarpeBaloT B TeueHHe 10 MHUHYT B TepMOCTaTe MM BOJASHON OaHe ¢ TepMonapoi. 3a
3TO BpEMs OT/AENbHO TePMOCTATHPYIOT 0 3alaHHON TeMIepaTyphl STHJIOBBIN (M30MPOMUIIOBHIN)
ciupt. [locne ncredenus 10 MUHYT, CIUPT MOMEMIAIOT B PEAKTOP M BKIIIOYAIOT MEILIAJIKY U Cpas3y
OTOMpPArOT 1MIJI peaKIIMOHHON Macchl ¥ MEPEHOCST B KOJIOY ¢ XOJIOJHOH Bomol u TUTPYIOT 0,5 H.
NaOH B npucyrctBun denondranenna. [locneayromue npodsl 6epyT depe3 kaxasie 10 MUHYT 1
Takke TUTpYIoT. [Iporecc cunTaercs 3aBepiieHHOM, Korja Ha THTPOBAHUE IBYX MOCIEIHUX MPOO
B3ATBIX M3 pEaKkTopa, IMOHIeT OJMHAKOBOE KOJMWYECTBO IIEI0YH, T.e. CHUCTEMa CTAaHOBHUTCS
paBHOBECHOM. Pe3ynbTaThl MCClIeOBaHU 3aHOCAT B Tabmuiry 3.1.

O0padoTka pe3ybTaTOB IKCIIEPUMEHTA

Tabnuna 3.1
Pe3ynbTaThl SKCIIEpUMEHTAIBHBIX UCCIIEJOBAHUI
1352)46?1) V/NaOH, mn T, MUH. Crenens npeBpatieHus, X
1
2
3
4
5...
Crenenp npeBpaiieHns YKCYCHOW KHCIIOTHI OMPEAEISIETCS 10 YPaBHEHUTO
V, —
x =17,
V
1

rae Vi- oobem 0,58 NaOH, nomieimii Ha TUTPOBaHUE TIEPBOH MTPOOBHI;
Vi — oobeMm 0,58 NaOH, nomieimii Ha TUTPOBaHUE MPOOBI 3a BPeMS T.
3AJTAHUE

1. To sKcTiepUMEHTaNBHBIM JIJAHHBIM PACCUYUTATH CTEIECHBb MPEBpAIICHUS JUIS  KaXIIOH
B3STOU MPOOEI.

2.Ha ocHOBaHWM DKCIIEPUMEHTANBHBIX JaHHBIX TOCTPOUTH TPapUUIECKyr0 3aBUCHMOCTh
¢yukun X= f (t) u ompemenuTh paBHOBECHYIO CTENEHb IIpEBpallleHHs. Paccuurars s
HCCIIEyeMO peaKlMu JKCIIEPUMEHTANBHYI0 KOHCTAHTY paBHOBECHS [0 YpPaBHEHUIO U
PaBHOBECHBIH COCTAB PEarupyIOINX BEIIECTB.

3. PaccunTtaTh KOHCTA2HTY pPaBHOBECHS MO TEPMOJMHAMHYECKHM JaHHBIM (ypaBHEHHE
2.20) ¥ cpaBHUTH € IKCIIEPUMEHTAILHON KOHCTAHTON PaBHOBECHS.

4. Cnenatb BBIBOJ O BEPOSITHOCTH TPOTEKAHHS HCCIENYeMOW PEakIMU B MPSIMOM WM
Oo0paTHOM HAaMNpaBICHHUH W OTMETHTh BCE YCIOBHS, KOTOpPbIC TMO3BOIUTH YBEIHYHTH BBIXOJ
LENIEBOTr0 MPOIYKTA.

JlaGopaTopHas pa6ora NeS «MccienoBanne KHHETUKH PeaKIIMH METAJJIOB € KUCJI0TAMU»

Ileny padomur. DKCUIEPUMEHTATBHOE H3YyUYEHUE 3aKOHOMEPHOCTEH TOMOXMMHYECKHX
MPOLIECCOB HA NPUMEPE pPEAKLUUH AIIOMUHMS WIM LUHKA C KUCJIOTaMH IPH Pa3IndHbIX
TeMIIEpaTypax.

METOJUKA NPOBEJAEHUSA DKCIIEPUMEHTA

JUtst OCyIIECTBIICHUSI IAHHOTO MpoLiecca B CTaKaHbl 3arpyxaroT 25 mi 7% pactBopa HCI
nm H2SO4 . 3areM BHOCAT NpenBapUTENFHO OYMIIEHHBIH HaXKJayHOH OyMaroi Wim pacTBOPOM
L1eJI04H, B3BEIEHHbIH Kycouek meramia (0,5 - 2 rp.) Ha CTEKISTHHOM IMajodke ¢ CUTOOOpa3HBIM
HAKOHEYHHMKOM M HAYMHAIOT OTCUET BpeMeHHu. Yepes3 ompeneneHHble TPOMEXYTKH BpeMeHH (110
3aJaHMIO MIPENOAABATENs) CTEKIITHHYIO AJIOYKY C METAJIJIOM BBIHUMAIOT U3 CTaKaHa, IPOMBIBAIOT
XOJIOIHON AMCTHJUIMPOBAHHOM BOJOM, BRICYLIMBAIOT Ha (pUIBTpOBaJIbHON OyMare u B3BEIIMBAIOT
Ha aHaJMTUYecKHX Becax. [locne u3BIedUeHMs MeTayjla U3 pacTBOpa KHCIOTHI OCTaHABIMBAIOT
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CEKYH/IIOMEp H, B3BECHB €ro, IOMEIAIOT OOpaTHO B CTaKaH, BKJIIOYAIOT CEKyHIOMEp H
HPOAOIKAIOT OTCYET BPEMEHH.
BHumaHue: noka3aHue CeKyHI0Mepa He 00HYJISIIOT.

Jlnst viccrnenoBaHusl BIUSIHUSL TEMIIEPATYPhl 3KCIEPHUMEHT IMPOBOAAT MPU PAa3IHMYHBIX
Temmneparypax (M0 3aJaHHI0 TpernojaBateis). Pe3ynbTaThl JKCIEPHUMEHTA  3alUCHIBAIOT B
Tabmuiy 1.

4. OBPABOTKA OKCIHEPUMEHTAJIbBHBIX IAHHBIX

Tabnuna 1.
Pe3ynbTaThl 3KCIIEPUMEHTAIBHBIX UCCIEA0BAHUI
Neo T, °C T, MUH Mwe Mome | Tn, MHH T | Xve
OIbITa Z
1
2
3

Onpeneienne TMMUTHPYIOLIEH CTaIMK NpoLecca

Crernens npeBpalieHns METAIOB (AIFOMUHUS, [IMHKA) ONPEAENSIOT 1o ¢popmyie 1:
€ )

= Mome=M,, &

Me mOMe

rae M, Ve —Macca HCXOIHOTO METAJIIA, T

m,,, — Macca MeTajula [ocJie peakiuH, T.
. T
Jlist ompeseneH s TMMATUPYIOLIEH CTafil CTPOAT rpaduk 3aBUCMMOCTH X, OT — U
T
n

CPaBHHBAIOT C TEOPETHUECKUMHU KPUBBIMH, TIPEICTABICHHBIME Ha pHC. 1.

1
X
Me /
05
0
0 05 1 ©
T

Puc 1. 3aBHCHMOCTH CTEIEHH MpPEBpAIleHHs MeTaa Xue OT OTHOMIEHHSA T/Th B
3aBHUCHMOCTH OT IJUMUTHpYIOIEH cranuu nporecca: | — BHemHenuddy3nonHas obnacrtp, 2 —
KHHeTH4ecKas 001acTb

Ilocne HaxoXIeHUA JHUMUTHPYIOIIEH CTaaud Uil KaKIOW M3 TpexX TeMIepaTyp
ONPEHENSIIOT KOHCTAaHTY CKOPOCTH PEaKUUH W3 ypaBHEHHs 2.3 (ecau peakuusi MPOTEeKaeT B
KHHETHYECKOH 001acTH).

I[lo paccunmTaHHBIM  KOHCTaHTaM  TOIOXMMHYECKOTO  IIpoLecca  ONPEAENIAIOT
AKTUBAIMOHHBIE TApaMeTpbl (PHEPTUI0 aKTUBAIMM W YacTOTHBIA (akTop AppeHmyca) o
YPaBHEHHUSM 2, 3 U pe3yJabTaThl PACIETOB BHOCAT B TAOMULY 2.

AHanuTuueckuii MeTos ornpeneneHust SHepruu akTuBayu (Ear)

RT, T Ink—2
127
Eakm = Tf-rl @)
2 1

UYacrotHsrii paxrop AppeHuyca (A) ompenensroT U3 MHTErpaabHOH (OpPMBI YpaBHEHUS

AppeHuyca.
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akm

k=Ae ® 3)

Tabnuma 2.
P C3YJ'ILTaTI)I pacqua AKTUBAIIMOHHBIX HapaMeTpOB
No T, °C T,K Kk A Eaxr ,KJK/MOTB
1
2
3
3AJIAHUE
1. ITocTpouTh 3aBHCUMOCTH CTCICHU TpeBpamieHus Xme OT T/Tn M, CPaBHUB C

TCOPECTUYCCKUMU KPUBBIMHU, IMPEACTABJICHHBIMU Ha pPUC. 1, OIIPEACIINTD O6J]aCTb IIPOTCKaHUA
nporiecca.

2. I/ICHOJ'IB?;YSI OKCIICPUMCHTAJIBHBIC JTaHHBIC, paCcCYUTATb KOHCTAHTY CKOPOCTH
XMMHUYECKOW pEAKIMH W aKTHBAIMOHHBIC MapamMeTpsl (i Mpolecca, MPOTEKAMOUIEro B
KUHETUYEeCKOH 00J1acTH)

3. OnpenenuTs TUMUTHPYIONIYIO CTAIUIO0 TI0 BIUSHHUIO TEMIIEpaTyphl HA CKOPOCTH
XUMHYECKOU pCaKuru 1 110 SHEPIrun aKTUBAI[UH.

Kpumepuu ouenxu nadopamopuvix paoom '

- MakCHMMaJbHO OaijioB 3a KakKAyi0 BBITOIHEHHYIO jaboparopHyio pabory (1*15=15), ecnmu
pa60Ta BBIIIOJIHEHA B ITOJITHOM 061)eMe, B OTYETC IPAaBUJIBHO MW AKKYpPaTHO BBIIIOJIHCHBI BCC
BBIYUCIICHHUS ¥ TIOCTPOCHBI T'paduKH, JOTUYECKH U OOOCHOBAHHO TPHUBE/IEHBI BHIBOJABI MO TEMe
J1a00paTOpHO PadOTHI.

- muHnManeHO OamnoB (1*10=10), ecniu B X01e dKCIIEpUMEHTA HOINYIIEHBI IpyOBIie TIPOMAaxH, B
OTYETEe eCTh TPyOble ONIMOKH, MPHUCYTCTBYIOT OMMOKHA B BBIYUCICHHSX, HETOYHO IOCTPOCHEI
rpadukH, He JOrHYecKd chOpMHUPOBaH BRIBO K JJaOOpaTOpHOH pabore.

25



MunuctepcTBO 00pa3oBanus u Hayku Poccuiickoii @enepanun
HmxHeKkaMCKHi XUMUKO-TEXHOJIOTUYECKH HHCTUTYT (prnan) denepanbHOro
roCyJapCTBEHHOTO OI0/DKETHOTO 00Pa30BaTEILHOTO YUPEHKICHHS
BBICIIIETO 00pa30BaHuUs
«Ka3zaHCcKkuii HAllMOHAJIBbHBIN UCCIIEIOBATENBCKUI TEXHOJIOTMYECKUI YHUBEPCUTET)
Mexanunueckuii pakynbpTeT
Kadenpa nedrexumuyeckoro cuaresa

KoMIuieKkT BOnpocoB /i1 KOJVIOKBUYMOB
o mucrmmoinae b1.5.28 O0mas XuMuyecKasi TEXHOJIOTUSI

4 cemectp
KosutokBuym 1

1 IIpuBenuTe mpuMepbl TOMOI'€HHBIX U TETEPOr€HHBIX XUMUUECKUX PEAKIIH.

2. CdopmynupyiiTe 3aKOH JICHCTBYIOIINX Macc.

3 Uro Ha3bIBaeTCs KOHCTAHTONH CKOPOCTH PEAKIMH, M OT Kakux (DakTOpoB OHa
3aBUCHT?

4, Urto Ha3BIBACTCS MOJIEKY/ISIPHOCTHIO XUMITUECKON peakiur? UTo Ha3bIBACTCS TIOPSAKOM
XUMI9IecKoi peakitnn? [loueMy MOIEKyISPHOCTD PEAKIMH HE BCETIAa COBIIAIACT C ITOPSIKOM PEAKITHH ?

5 Or kakux (pakTopoB 3aBUCUT CKOPOCTh XUMUUECKOM peakimn? Kak u mouemy?

6. Hammmmre W BbIBeOqWTE YpaBHEHUS IS BBIYKCICHUS KOHCTAHTBI CKOPOCTH
TIEPBOTO W BTOPOT'O MOPSIAKA.

1. Kak m3meHsiercs: KOHUEHTpalysl NPOAyKTa PEaKMU CO BPEMEHEM, €CIIM PEAKLUsI UMEET
HYJIEBOH TTOPSIIOK?

8. Kakas w3 omHOCTQIMPHBIX pEAKIMii 3aKaHuMBaeTcs OBICTpee MPH  OAWHAKOBBIX
WICXOAHBIX KOHIIEHTPAILMX ¥ OJJMHAKOBBIX KOHCTAHTaX CKOPOCTH: TIEPBOTO MM BTOPOTO TTOPSIIKA?

9.  Tlouemy C NOBBIIICHHEM TEMIIEPATYPHI, KAK TPABHIIO, CKOPOCTh XUMHUESCKOW PEaKIIuH
YBETUINBACTCS?

10. Bpems moiyrpeBpallicHHs BEIIECTB B peaknuM IepBoro mnopsaka mpu 323 K
cocrapisier 100 muH, a ipu 353 K - 15 mMuH. Beraucnure TemriepaTypHbIi KOO(QQHUIMEHT CKOPOCTH
peaKIMH.

11, Yto Ha3bIBaeTCs SHEPTHCH aKTHBAIMH XUMIUICCKON PeaKIiy?

12. Koncranra ckopoctd peakiuu mpu 298 u 323 K coorBercteento pasxa 0,0093 u 0,0806
MuH . OnpeJIeNuTe SHEPTHIO AKTHBAITIH PEAKIHN.

13.  Ompepenute SHEPrui0 aKTUBALUH, JJIs KOTOPOIl MpPHU MOBBIIIEHUH TEMIEPATYpbl OT 295
10 305 K ckopocTh peakiliu yaBauBaeTcs.

14, HMmeet nu pa3MEepHOCTH U KaKyl0 KOHCTaHTa CKOPOCTH PEaKIuu?

15. CkopocTh peakuuu BTOpOro mnopsaka pasHa 4,5-107 monab/(1°C) IpU KOHLEHTpalLUH
onHoro pearedra 1,5 102 monw/1 u apyroro 2,5 -101 mMons/n. PaccuuraiiTe KOHCTaHTY CKOPOCTH B
cM®/(Monb-c).

16. Tlpu 583 K ra3 apcun ASH3 pasnmaraercs ¢ oOpa3oBaHHEM TBEPAOTO MBIIIbIKA H
razoo0pa3Horo Bogopoja. Bo Bpems peakumum mpu TOCTOSHHBIX 0O0BEME W TeMIiepaType ooiiee
JaBlIEHHE B CHCTEME M3MEHSETCS CIEeNYIOIUM 00pa3om;

E, HAC oo 0 56 6,5 8,0

P,11a-10® 97,75 107,41 109,05 111,35

[lokaxkute, 4ro peakums pasnoxeHus ASHsz sBiseTcs peakuueil mepBoro mopsaka, H
BBIYUCIUTE KOHCTAHTY CKOPOCTH 3TOH peaKIyH.

17. KoHcTaHTa CKOPOCTH PEaKIUU OMBUICHHUS YKCYCHOATHIIOBOTO 3(Hpa MmEeNnodbto mpu 283
K pasua 2,38 n- munl-Monb?, paccuuraiite BpeMs IONIOBUHHOIO pasinoxenus >¢upa, ecau 1 1 0,05 H.
pactBopa »dupa cmemars ¢ 1 m 0,1H. pacTtBopa miemoun. Peakmusi oMbpuieHHs 3(upa MOTUNHSACTCS
KHHETHYECKOMY YPaBHEHHUIO 2-T0 MOPSIKA.

18. Peakius pa3ioxeHHs aMMHakKa Ha ropsueii Boib(QpamMoBOil MPOBOIOKE MPOTEKAET MPHU
1129 K mo ypaBaenuto 2 NHsz = N2 + 3 H». 3a cKOpoCThIO peakuu CISAUIH MO MOBBIIICHUIO 00IIEro
nmaBnenust AP = Py — Po. C TedeHmeM BpeMEHH IaBJEHHE B CHCTEME NPHU MOCTOSHHOM oOBeMe u
TeMIIepaType OBBILIANIOCH CIEAYIOIIMM 00pa3oM:
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agrwbdE

100 200 400 600 800

AP IMa-10? - 14,66 29,33 59,70 89,60 117,21
HauanbHoe gaBieHue B cUCTEME B CUCTEME PaBHSUIOCH 266,6- 102 Ia. Onpenenure NOPSIOK PEAKLIUH U
paccuuTaiTe KOHCTAHTY CKOPOCTH.

Koanoxsuym 2

1 OOBSACHUTE CMBICT MIOHATHS «XUMHYECKHE YacChD».

2. Uto Takoe MEXaHU3M XUMUIECKOU peakiiuu?

3. Uro Takoe KOHCTaHTa CKOPOCTH XUMHUECKOH peakuuu? OT Kakux (akTopoB OHA
3aBUcHT? YeMy paBHO YMCIOBOE 3HaYEHHE KOHCTAHThI CKOPOCTU?

4, Uro Takoe SHEprus aKkTUBAIMM XUMUYECKOW peakiuu? Kakumu crocobamu
MOXKHO €€ OTIPEeAeNTUTh?

5. CdopmynupyiiTe 3aK0H JEHCTBYIOIIAX Macc.

6. CdopmyupyiTe OCHOBHBIE ITOCTYJIATHI XUMHUECKONW KMHETHKHY.

1. Uto Takoe MOPSIOK XUMHUYECKOW peakuuu? Jlaiite ompemeneHue CKOPOCTHIO
XUMUYECKON peaKInu?

8. ChopmynupyiiTe NpaBUIO COCTABJICHUS KUHETUYECKUX YPABHEHHH CIIOXKHBIX
peaKkuum.

9. 3anummTe KHHETHYEeCKNEe YpaBHEHUS TS pacdyeTa CKOPOCTH MO BemecTBam A, B,

R u M nmist ClHOKHON peakIiu:
K1
A+BZR+S
1\2 k3
A+R-M

10. Meronpl cMHTE3a ¥ TEXHOJIOTHS IPOILIECCOB MOYYSHUS CIIOXKHBIX I(PHPOB.

11. MexaHu3M W KHHETHKA PEAKIUH XJIOPAaHTHAPUIOB KapOOHOBBIX KHCIOT CO
CIIHPTAMH.

12. OKCIepUMEHTAIIbHBIE ~ METOJBI  HWCCIIEOBAaHWUS  KUHETUKA  TOMOTEHHBIX

XUMHAYECKUX TPOIIECCOB.

13. Meronpl onpe/eNieHus MOPsIIKa PeaKIuH.

14. Brnusinue Temmepatypsl Ha CKOPOCTh XUMUYECKUX PEAKIINH.

KosnokBuym 3

3akoH ['ecca u cencTBus U3 HEro.

3aBUCHMOCTB TEIUTOBOTO d((peKkTa XMMHIECKON PEAKIIH OT TEMITepaTypHI.
Omnpenenenrie HaMpaBJICHHs TPOTEKAHUS OOPATUMON peaKIUH MPH 3aJJAHHBIX YCIOBUSIX.
Meronpl pacuera KOHCTAHTHI PABHOBECHSI.

N3obapa Bant-TI'odda, nzoxopa Baut-I'odda, nzorepma Bant-I'odda.

OnpeneneHHe 3HA4YEeHUs] KOHCTAHTHI paBHOBECHUS IIPU APYrol TeMIepaType.

6.
7.
8.

9.

10.
11.
12.
13.

Onpenenenrie KOHCTAHTHI PABHOBECHUS UICATHHBIX U PEATbHBIX Ta30(pa3HBIX MIPOIECCOB.
Onpenenenrie KOHCTAHTH PABHOBECHS KHUIKOPAZHBIX XUMUYECKHAX TIPOIIECCOB.

[TokazaTe Ha mpuMepe, KakUM 00pa3oM MOXKHO ONpPEIENUTh PAaBHOBECHBIH COCTaB OOpATHMBIX
XUMUYECKUX PEaKLIHM.

Meroapl 3KCIEPUMEHTAIBHOTO OMpEIeNeHIs] PaBHOBECHOT'O COCTaBa PEAKIMOHHOW Macchl U
KOHCTaHTHI PaBHOBECHSI.

[Ipunuun Jle-lllarense.

TexHONMOTMYECKHE TPUEMBI CMEIIEHUST PABHOBECHS.

Mopenu TOOXUMHUYECKHX TTPOIIECCOB.

MexaHn3M U KHHETHKA TOIIOXUMHUYECKHIX TTPOIIECCOB.

14. MCTOILBI onpeaciICHUs HHMHTpr}OHleﬁ CTauu TONOXUMHYCCKUX IMTPOLECCCOB.
15. TexHoMOrn4YecKue MECTOAbI I/IHTeHCI/ICbI/IKaLII/II/I TOIMMOXUMHUYCCKUX MPOLECCOB.
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Konnoksuym 4

OnpenenuTe NOHIATHA «XUMUYECKOE MPOU3BOJCTBO» U «XUMHUKO-TEXHOIOTHYECKUN
IIPOLIECCY.

Cdopmynupyiite coBpeMeHHbBIE TpeOOBaHMsI K XHMUYECKOMY TTPOU3BOICTBY.

[IpuBeanTe CTPYKTYPY XUMHUYECKOTO IIPOM3BOJICTBA U OOBSICHUTE Ha3HAUCHHUE €€
(YHKIMOHANBHBIX YacTeH.

[lepeuncnuTe OCHOBHBIE MTOKa3aTEMN XUMUYECKOTI'O IIPOU3BOJCTBA U XUMHKO-
TEXHOJIOTMYCEKOro IpoLecca.

Uro sBisieTcs ChIpbeM B MTPOMBILIUIEHHOM MTpou3BoacTBe? Kakue ero ucrouHukn?
[IpuBeanTe kMaccuUKaUIo MPUPOAHBIX MATEPUAIIOB MO PA3HBIM MPU3HAKAM KaK CHIPbS
JUTS XUMHYECKOW MPOMBIIUIEHHOCTH.

JIist kKakuMx 1esed uCnosb3yercs BO31yX U BOAAa B XUMHUYECKOM TEXHOJIOTHH.

KaxoBa ponb TommuBa 1 3HEPTHUH B XUMHYECKOM MTPOU3BO/ICTBE.

[IpuBenuTe BUABI U UCTOYHHUKH SHEPTETUYECKUX PECYPCOB XMMHUECKOTO IMPOU3BOCTBA U
WX IPUMEHEHHUE.

Ha xakue aBe rpymnmbsl MOXKHO pa3ielnuTh 000pyI10BaHHE XUMUYECKOTO TPOM3BO/ICTBA,
€ro BU/IbI 1 Ha3HAYECHHUE.

[lepeuncnuTe CTPOUTENFHO-MOHTAKHBIE KOHCTPYKIIHH.

Pacckaxxute 06 0TX01aX XUMUYECKOTO MIPOU3BOJICTBA, UX UCTOUYHUKAX U KJIaCcCUDUKAIHS
I10 COCTaBY, IEPUOJUYHOCTH 00pa30BaHUs U BO3ACHCTBUS HA OKPYKAIOLIYIO CPELy.
Kakwue criocoOsI niepepaboTKe TBEPABIX, JKUJIKUX H Ta3000pa3HBbIX OTXO/IOB BBl 3HAETE.

KoasnokBuym 5

KaxkoB o01muit oxo K TOCTPOCHHUIO MaTEMAaTHIEeCKONH MOJIETTH TIPOIlecca B XUMHUIECKOM
peakrope?

Uro Takoe peakTop UAEAIbHOIO CMELIEHUS U B YEM IIPOSIBIIIETCS «UACAIBHOCTD?

B dgem 3akmogaercs monobue U pa3nudre Mporecca B peakTope NACaIbHOTO CMEIICHUS
[IEPUOJUUECKOM U UJICaIbHOTO BBITECHEHUS?

Uro Takoe yCI0BHOE BpeMs PEAKLUU U YEM OHO OTJIMYAETCS OT BPEMEHHU IIpeObIBaHUS B
peakrope?

Kax MeHsieTcst KOHIIEHTpaIs HCXOIHOIO KOMIIOHEHTA U NIPOAYKTa M0 AJIMHE peaKTopa
H7EATbHOIO BBITECHEHHS?

Kaxk MeHsteTcst KOHIIEHTpaL|sl BEIIECTBA 110 00bEMY IIPOTOYHOI'O PEAKTOPaA UACATEHOTO
CMeIIeHus?

HazoBuTe npuunHbI OTKJIOHEHHSI PEXUMOB B IIPOMBIILIEHHBIX PEAKTOPAaX OT PEKUMOB
WJEANTbHOIO CMELICHUS ¥ BHITECHEHUS.

Uro rakoe ontumu3anusi? ChopMyIupyiTe TOCTAaHOBKY 3aa9i ONTHMHU3AIHH
TEXHOJIOTHYECKOro MPoLecca U HOSICHUTE.

[Toyemy 3amaua oNTUMHU3ALMY MHOTOKPATHO BCTPEYAETCs IPH pa3padoTKe XUMHUKO-
TEXHOJIOTMYECKOro npouecca?

YUTo Takoe TEOPETUUECKUI ONTUMAaNbHBIN pexxuM? JJIs 4ero Hy>kKHO €ro OnpeeleHueE.
KaxoBa ontuManbHast TeopeTHuecKasi TeMIiepaTypa it HeOOpaTUMBIX U 00paTHMBIX
(9K30- ¥ DHIOTEPMHUYECKIX ) XUMUYECKUX PEAKIUH.

KoJsutoxkBuym 6

HapucyiiTe cxeMbl peakTOpOB sl pealin3aliii TOMOT€HHBIX ITPOIIECCOB U O0BSICHHUTE UX
paboTy (BXOI CHIPbS U BBIXOJ NPOIYKTA, BPeMs IIPOBEICHUS MpOIIecca, ITyTH MOABOJA U
OTBOJIA TEIUIOTHI H T.[1.)

Kakue cymecTByoT criocoObl OpraHU3aliy B3aHMOICHCTBUS ra3a ¢ KHKOCTBIO TPH
OCYIIECTBJICHUH T'a30-)KUAKOCTHBIX XUMHYECKHX ITPOIIECCOB?

HapucyiiTe cXeMbl peaKTOpOB JIIsl FeTePOr eHHO-KaTATMTUIECKUX TPOIIECCOB
00BbsicHUTE UX padoTy.
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10.

11.

12.

13.

14.

15.

Uem orpaHMyeHO UCIONB30BaHHUE B MPOMBIIIICHHOCTH aauadaTH4eckoro peakropa?

Kak opranuzoBaH mpotiecc: a) B TICEBAOOKIDKEHHOM CIIO€ KaTanu3atopa; 0) mporecc B
BOCXOZIIEM ciioe KaTanuzatopa? X HeqocTaTku 1 MpeuMyIecTBa.

Uto BBl MOHUMAETE MOJT aHATTM30M XUMHKO-TEXHOJIOTMYECKONH CHCTEMBI?

Kakwue MoryT nosiBUTbCSI HOBBIE CBOMCTBA Y TEXHOJIOTHYECKUX AMapaToB, KOT/ia OHU
00bEIMHEHBI B XUMHUKO-TEXHOJIOTMUECKYIO CHCTEMY?

OmnpenenuTe TEOPETHUECKUH U pealIbHBINA pacXOAHbIH KO3 (UIIUEHT 1O ChIphI0. KakoBbl
MPUYMHBI UX Pa3IHyaus?

Uro Takoe MoJIHAs SHEPTUS TEXHOJIOTHIECKOro MoToka? KakoBbl ee cOCTaBISIOMNE U KaK
OHU OTIpeJeNsIIoTCA?

[Tpu kKakoM cOoeIMHEHNH PEAKTOPOB HICATIbHOTO BHITECHEHUSI MOYKHO MTOJYYUTH OOJIbIIee
MpEeBpaIeHNe U BBIXO MTPOIYKTa — MapajuieIbHOM HITU [TOCIEJ0BATEHHOM ?

Kakwne TexHonmornueckne penieHus HCIoNb3YIOTCS U1l YMEHBIICHUS BO3ICHCTBHS
XUMHAYECKOT0 IPOU3BOJICTBA HAa OKPYKAIOIIYIO cpeny?

Kakwne MeTo/ipl XUMHYECKOi TEXHOIOTHH UCTIONB3YIOTCS ISl YTUIN3AIUT 1
00€3BpEeKUBAHUS TBEPJIBIX OTXOIOB?

Kakne MeTopl XUMHYECKON TEXHOIOTHH UCTIONB3YIOTCS JUIsl YTHIU3AIHN 1
00€3BpEeKUBAHUS KUJIKAX OTXOIOB?

Ha 4em ocHOBaHbBI OMOXUMHYECKHE U PU3HKO-XUMHUECKHE METOJ[bl OYHCTKH CTOUHBIX
Box?

Kakwne MeTo/1pl XUMHYECKOI TEXHOIOTHH UCTIONB3YIOTCS ISl YTHIU3AINT 1
00e3BpEKUBAHUS Ta30BBIX OTXOO0B?

Kpumepuu ouenxu KonioKeuymoe:

- MaKCHMalbHO OailjloB 3a KaKIbI KOJUIOKBHYMOB (2*25=50), ecnm maHBI OTBETHI Ha BCE
MOCTABJICHHBIE BOIIPOCHI JIOTUYECKH U 000CHOBAHHO B TIOJIHOM 00BEME;

- MuHMManbHO OammoB (1*15=15), ecnim B Xoie oOTBera JOMYyIIEHBI TPyOble IIPOMaxH,
MPHUCYTCTBYIOT HETOYHOCTH.
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MunuctepcTBO 00pa3oBanus u Hayku Poccuiickoii @enepanun
HmxHeKkaMCKHii XUMUKO-TEXHOJIOTUYECKHI HHCTUTYT (pruman) genepaabHoro
roCyJapCTBEHHOTO OI0/DKETHOTO 00Pa30BaTEILHOTO YUPEHKICHHS
BBICIIIETO 00pa30BaHuUs
«Ka3zaHCcKkuii HalMOHAJIBHBIN UCCIIEIOBATENBCKUI TEXHOJOTMYECKUI YHUBEPCUTET)
Mexannueckuil pakyJibTeT
Kadenpa nedrexumuyeckoro cuaresa

KomniekT KOHTPOJILHBIX padoT
JJISl CTY/ICHTOB 32049HO (pOopMBbI 00yUeHH S
110 TUCLIUIUIMHE
b1.b5.28 «O0miast xumudeckasi TEXHOJIOTUS»

4 cemecTtp

KouTtponbsHast paboTra cOCTOMT M3 4YeThIpeX 3aAdaHUi. BapuaHT KOHTpOJIbHOM
paboThl BEIOMpAETCs CTYJEHTAMHU I10 MOCJIETHUM LdpamM HOMEpa 3a4eTHONW KHUXKKH C 1
no 21 Bapuant. Ecnu mociennue nu@pbl HOMepa 3a4eTHOM KHUXKKU Ooisbmie 21, TO
BapUaHT BeIOMpaeTcs 1Mo cymMMe JBYX nocienHux 1nudp. Hampumep, nocneanue nudpsl
HOMEpaA 3a4€THOM KHWXKKH 23, 3TO COOTBETCTBYET 5 BapUaHTy KOHTPOJIBHOTO 3a7aHus. B
KOHIIE pa0oThl HEOOXOAUMO yKa3aTh CIIUCOK MCIOIb30BAHHOM JIUTEPATYpBHI.

Bapuanmuvt konmpoavnvix 3adanuil

Bapuant 1

1. Ucnonp3ys npunnun Jle-lllarenbe, mnpoaHamu3upyTe BCE BO3MOKHBIE
CocOOBI CMEIICHUS PAaBHOBECHS PEAKIMH BIPABO [UIA TOJYYCHHS MAaKCHMAaIBHOTO
KOJIMYECTBA 11eJIeBOro poaykTa (AH peakiuu pacCYMThIBAaCTCS IO TAOITHMYHBIM TaHHBIM):

2CO¢) + Oz(r) > 2COx(
CesHe(r) < CsHizpr) + Har

2. Omucarp OOIIYI0 TEXHOJIOTHYECKYIO CTPYKTYPY XHMHUYECKOTO MPOU3BOJICTBA,
Ka4eCTBEHHBIC U KOJHMYCCTBCHHBIC KPUTECPHH OICHKUA S(PPEKTHBHOCTH XHMHUYECKOTO
MIPOU3BOJICTBA.

3. IlepeuncnuTh WM CpPaBHUTH CHOCOOBI TOJIYYEHHUS TepMHUYECKO (HochopHOH
KACIOTBL.  M300pa3uTh TEXHOJOTHYECKYK) CXEMY IPOU3BOJCTBA  TEPMHUYECKOU
bochopHOI KHCIOTHI ABYXCTYNEHYATHIM METOIOM.

2A — R(yenesas)

5A — 3S(nobounas)

Onpenenuts: cTeNeHb MpeBpaieHust XA, CEIEKTUBHOCTD SR, BHIXOJ MPOAYKTa ER,
€CJIM Ha BbIX0Ji¢ U3 peakTopa Ca=5 kMoib/M>, Cr=15 kmomnb/M>, Cs=4 kMoIb/M .

4. [IpoTekaroT mapanienbHble PeaKIIuu:

Bapuant 2
1. Wcnonw3ys npunuun Jle-llarense, npoaHanuzupyiite Bce BO3MOKHBIE
crocoObl CMEIIEHUS] PAaBHOBECHS pEaKIMM BIPaBO Ul TOJYYEHHS MAaKCHMAJIbHOTO
KOJIMYeCTBa 1ieneBoro mpoaykra (AH peakiuu paccuuThIBaeTcs Mo TaOIUYHBIM TaHHBIM):
CuSe) + O2(r) <> Cl(r) + SO2()
CaHery <> CoHary + Hogry
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2. Omucarp OOIIYI0 TEXHOJIOTUYECKYI0 CXEMY XHUMHYECKOTO IpPOU3BOJICTBA,
oOmme  (GyHKUMH, OCHOBHBIE  TEXHOJOTHMYECKHE  KOMIIOHEHTHl ~ XHMHYECKOTO
IIPOU3BO/ICTBA.

3. Omucarb CBONCTBa AUOKCHJIA U TPHOKCUAA CEPBI, CEPHOU KUCIOTHI M OJIEyMa.
Copra cepHOM KHUCIOTBHI, €€ XpaHeHHEe U nepeBo3ka. (OxapaKTepu3oBaThb BUIbI
CEPOCOJIEPIKALIETO ChIPbS /ISl IPOU3BOICTBA CEPHOMN KUCIIOTHI.

2A — R(yenesas)

5R — 3S(nobounas)

OmpenenuThb: CTENeHb MpeBpalieHus XA, CEIEKTUBHOCTL SR, BHIXOJ IPOAYKTa ER,
ecu Ha BeIXoJe u3 peaktopa Ca=3 kmons/m®, Cr=12 xMons/M3, Cs=2 kMob/M>,

4, HpOTeKaIOT MMOCJICA0BATCIIbHBIC PCAKIIUU

Bapuanr 3

1. Wcnonw3ys npunnun Jle-lllarense, mnpoaHanu3upyiiTe Bce€ BO3MOKHBIE
CIOCOOBI CMEIICHMS] PAaBHOBECUS pEaKUUU BIPaBO JJs TOJTYYEHUS MaKCUMaJbHOTO
KOJIM4ecTBa 1esneBoro npoaykra (AH peakuuu paccunThIBaeTCs M0 TaOJIMYHBIM JJTAHHBIM):

CsHs(r) + H2Opx) <> (CH3)3CHO ()
CoHer) <> CoHagy+ Ha

2. OxapakTepu3oBaTh CBHIPHEBBIE HCTOYHUKM XHMHUYECKOTO  ITPOU3BOJICTBA.
[IpuBecTn mnpuMepbl HCMONb30BAHHUS OTXOJOB IPOU3BOJCTBA KaK HMCTOYHHUKOB
BTOPUYHBIX MaTepUajbHBIX pecypcoB. IlepcriekTuBHBIE U albTepHATHBHBIE HCTOUYHUKU
CBIPb.

3. Ommucarp XUMHYECKYI0 M CTPYKTYPHYIO CXEMBI IIPOU3BOJICTBA CEPHOM
KHCIIOTHI KOHTAKTHBIM CIIOCOOOM M3 KOJTYEaHa.

3A — R(yenesas)
4. [TpoTekaroT mapaieabHbIC PeaKIHH:
A — 2S(nobounas)

OnpenenuThb: CTENeHb MpeBparieHust Xa, CEIEKTUBHOCTh SR, BBIXO MPOAYyKTa ER,
ecm Ha BeIXoJe u3 peaktopa Ca=1 kmombs/M®, Cr=7 kMonb/M3, Cs=1 kmomns/m>,

Bapuanr 4

1. Ucnonp3ys npunnun Jle-Illarenbe, mnpoaHamu3upylTe BCE BO3MOKHBIE
CHOCOObl CMEIICHHS] PAaBHOBECUS pEaKUIUU BIPaBO ISl TOJTYYEHUS MaKCUMalbHOTO
KOJIM4ecTBa 1esieBoro npoaykra (AH peakuuu paccuuThiBaeTcs 1o TaOIMYHBIM JaHHBIM):

CeHe(r) + CoHary @ CsHsCoHs ()
CaHay <> CoHory + Hagr

2. OxapaxkTepu3oBaTh CBHIPbEBbIE HCTOYHUKUM XUMHUYECKOTO MPOU3BOJACTBA.
Onucarb MeTOAbl MOJTOTOBKU CHIPhS B XMMHKO-TEXHOJOTHYECKOM Ipolecce. Meroa
dbnoTaruu.

3. Omnwucarp (HU3NKO-XMMHUYECKHE OCHOBBI 00KHra (DIOTAlIMOHHOTO KOJIYEJaHa.
XpaHeHue U MOAr0OTOBKA KoJyenaHa K 00kury. OnucaTh yCTpOMCTBO meueit i o0xura
KoJ4eana.

3A — R(yenesasn)
4. [TpoTekaroT MocaeI0BaTeIbHBIC PEAKIIHH:
R — 2S(nobounas)

Onpenenutsb: CTENEHb MpeBpaleHusi XA, CEIEKTUBHOCTh SR, BBIXOJ MPOAYKTa ER,
ecu Ha BhIXoJe u3 peaktopa Ca=3 kmomb/m®, Cr=9 kmons/M3, Cs=1 kmoms/m®,

Bapmuanr S
1. Wcnons3ys npunuun Jle-llarense, npoaHanuzupyiite Bce BO3MOXKHBIE
crocoObl CMEIEHUS PAaBHOBECHS pEaKIMM BIPAaBO Ul TOJY4EHHUS MaKCHUMaJIbHOTO
KOJIMYecTBa 1ienieBoro nmpoaykra (AH peakiuu paccuuThIBaeTcs Mo TaOIMYHBIM IaHHBIM):
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CH2O() + Hary > CH30Hp
CsHi4(r) > CeHe (r) + 4Ho(r)
2. Omucarp KiIacCU(UKAUMIO  XUMHKO-TEXHOJIOTHUYECKUX  IPOIIECCOB  TIO
YCIOBHSAM palbOTHL, IO THITY PEAKLIUH, TI0 COCTOSIHUIO PEarHpyONINX BEIIECTB.
3. OxapakTepu3oBaTh NeUW Ui OOKHATa KOJYEJaHa, YCTPOWCTBA YIS IIOJa4H
KOJTYe/IaHa B [€YH U yAaJeHue orapka. Mcmonb3oBanue orapka.
4A — R(yenesas)

7A — 4S(nobounas)

OmpenenuTh: CTENeHb MpeBpalieHns XA, CEIEKTUBHOCT SR, BHIXO IPOAYKTa ER,
ecu Ha BeIXoJe u3 peaktopa Ca=2 kmonbs/M®, Cr=12 xmons/M3, Cs=1 kmoms/m>,

4, [IpoTekaroT mapasienbHbIC PEAKIIUU:

Bapuanr 6
1. Ucnonw3ys npunnun Jle-lllarenbe, mnpoaHanu3upyiiTe Bce€ BO3MOKHBIE
CHOCOOBI CMEIIEHMS] PAaBHOBECUS pEaKUUU BIPaBO JJs IOJTYYEHUS MaKCUMaJbHOTO
KOJIMYECTBa 11es1eBOoro npoaykra (AH peakuun paccunThIBaeTcst Mo TAOIMYHBIM JJAHHBIM):
N2y + 3H2) <> 2NH3(
CeHs—CH3(x) + Hor) <= CeHer) + CHar)
2. Omucarh TEXHOJOTHUYECKYIO CXEMY TPOMBIIIICHHON BOJOTOATOTOBKU. Boma
KaK ChIpbE U BCIIOMOTaTeJIbHBIA KOMIIOHEHT IPOU3BOACTBA. MICTOUHNKM BOJIBIL.
3. Ommucatb OCHOBBI MEXaHUYECKOH U DIEKTPUIECKON OYMCTKHA 00KHUTOBOTO Ta3a
B IIPOU3BOJICTBE CEPHOI KUCIOTHI OT IbLIU, OPBI3T U TYyMaHa.
4A - R(yenesas)

7R — 4S(nobounas)

OnpenenuThb: CTeNeHb MpeBparieHust Xa, CEIEKTUBHOCTh SR, BBIXO MPOAYyKTa ER,
eciu Ha BBIXoJe U3 peakTopa Ca=2 kmomb/M°, Cr=6 kMonb/M3, Cs=4 kMob/M>,

4, HpOTeKaIOT IMOCJICO0BATCIIBHBIC PCAKIIUN:

Bapuant 7
1. Wcnonp3ys npunnun Jle-lllarenbe, mnpoaHamu3upyTe BCE BO3MOKHBIE
CHOCOObl CMEIICHHS] PaBHOBECHS pEaKIUU BIPaBO JJs IOJTYYEHUS MaKCHUMAalbHOTO
KOJIM4EeCTBa 11esieBoro npoaykra (AH peakuuu paccunuThIBaeTCs 10 TAOIMYHBIM JaHHBIM):
4CoHas(r) <> CsHior) + C3Hs ()
CoHe(r) <> CoHay+ Ha
2. llpuBect OOIIYyI0 XapaKTEPUCTHKY U KJIACCU(UKALMIO SHEPreTHUYECKUX
pecypcoB. OmucaTh CHOCOOBI  DHEPrOTEXHOJOTMYECKOTO  KOMOMHUPOBAHHS U
UCIOJIb30BAHUS HHEPreTUYECKOTO TMOTEHIMAa ChIphS M TEIUIa 3K30TEPMUYECKUX
peaxiuii. Bropudnbie s3Hepropecypchi.
3. Omnwucarb (U3NKO-XUMHUYECKHUE OCHOBBI KaTaluTUyeckoro okucienus SOz 1o
SO3. Kartanuzarops! nporecca. KoHTakTHBIE anmapaThl.
3A - R(yenesas)

6A — 3S(nobounas)

Omnpenenuts: cTeneHb MpeBpalieHust Xa, CEIEKTUBHOCTb SR, BBIXOJ MPOAYKTa ER,
eciu Ha BbIxoje u3 peaktopa Ca=1 kmomb/M3, Cr=5 kmosb/M3, Cs=2 kMonb/M3,

4. [IpoTekaroT mapanienbHble peaKIuu:

Bapuanr 8
1. Wcnons3ys npunuun Jle-llarense, mnpoaHanuzupyiite Bce BO3MOXKHBIE
CrocoObl CMEIIEHUSI PAaBHOBECHUS pEaKIMM BIPABO IS MOJIYYEHHs MaKCHMAaJIbHOTO
KOJIMYeCTBa 1ieneBoro mpoaykra (AH peakiuu paccuuThiBaeTcs Mo TaOIUYHBIM TAaHHBIM):
CaHiow) <> CaHer) + 2Ha(r)
CsHs(r) <> CeHizr) + Har)

32



2. Onmcarb XUMHUYECKOE TPOM3BOJCTBO KAaK XUMHKO-TEXHOJOTHYECKYIO
CUCTEMY, BHUJIbBI TexHOJoruueckux cBszeid snemeHToB XTC, ux Ha3HaueHUEe U
XapaKTEePUCTHKA.

3. Ommucarp (pU3HKO-XUMUYECKHE OCHOBBI aOCOPOIMH CEPHOTO aHTHApHIA H3
ra3oBOM CMECH B TIPOM3BOJICTBE CEPHOM KHCIOTHL. AmnmaparypHoe odopmiieHue
npouecca.

3A - R(yenesas)

6R — 3S(nobounasn)

OnpenenuTh: CTENEHb IPEBPaIleHUs XA, CETEKTUBHOCTh SR, BBIXOJ MPoAyKTa ER,
eciu Ha BeIXoJe u3 peaktopa Ca=3 kmonns/m®, Cr=10 xkmons/M3, Cs=3 kmoms/m>,

4, HpOTeKaIOT MMOCJICA0BATCIIbHBIC PCAKIIUU

Bapuanr 9

1. Ucnonw3ys mnpunnun Jle-lllarense, mnpoaHanu3upyiiTe Bce€ BO3MOKHBIE
CIOCOOBI CMEIICHMS] PAaBHOBECUS pEaKUUU BIPaBO JJs TOJTYYEHUS MaKCUMaJbHOTO
KoJIM4ecTBa 1eneBoro npoaykra (AH peakuuu paccuuThiBaeTcs 1o TaOIMYHBIM JaHHBIM):

2C4sHs () <> CgHisgx)
CoHar) <« CoHoy+ Ho

2. TlpuBectn kiaccu(PUKANNIO XUMHKO-TEXHOJIOTHYECKUX MPOIECCOB, OCHOBHBIE
nokazarenu XTII, ux B3aumocBsa3b. CriocoOs! noBbienus sppexruBHocty XTIL

3. Ommucarp XUMHYECKYI0 M CTPYKTYPHYIO CXEMBI IIPOU3BOJICTBA CEPHOM
KHUCJIOTBHI HUTPO3HBIM CITIOCOOOM.

2A — R(yenesas)
4. [IpoTekaroT mapaieabHbIE PEaKIIHH:
A — 3S(nobounas)

OnpenenuTb: CTENeHb MpeBparieHust Xa, CEIEKTUBHOCTh SR, BBIXO MPOAyKTa ER,
ecm Ha BeIXoJe u3 peaktopa Ca=5 kmonbs/M®, Cr=10 kMons/M3, Cs=4 kmoms/M>,

Bapuant 10
1. Wcnonp3ys npunnun Jle-lllarenbe, mnpoaHanmu3upyiTe BCE BO3MOKHBIE
CrocoObl CMEUICHHsS] PAaBHOBECHS PEaKLUUU BMOPaBO Ui TMOJYYEHHUS MaKCUMaIbHOTO
KOJIM4ecTBa 1esieBoro npoaykra (AH peakuuu paccuuThiBaeTcs 1o TaOIMYHBIM JaHHBIM):
CH20¢) + Hay <> CH30H(y)
CeHis) <> CeHs () + 4Ho(r)
2. Omnwucatb rOMOre€HHbIE XUMUYECKUE MTPOLIECCHI, BIUSIHUE YCIOBUN MTPOBEICHUS
U XUMUYECKHMX TPU3HAKOB Ha CKOpPOCTh TMpeBpamieHuss u auddepeHnanibHyo
CeJIeKTUBHOCTD. [1yTH 1 criocoObl HHTEHCU(UKALIUU TOMOTEHHBIX IPOIIECCOB.
3. Omnmcatb COBPEMEHHOE COCTOSHHE€ U TMEPCIEeKTHBBI Pa3BUTHS a30THOU
MpOMBIIITIEHHOCTH. ChIpbe A7 @30THON MPOMBIIUIEHHOCTH. MeToibl (huKcaruu a3ora.

2A — R(yenesas)
4. [TpoTekaroT MoCaeI0BaTSIbHBIC PEAKIIHH:
R — 3S(nobounas)

Onpenenuts: cTeneHb MpeBpaeHus: Xa, CEIEKTUBHOCTh SR, BHIXOJ MPOAYKTa ER,
€CJIM Ha BbIX0jie U3 peakTopa Ca=2 kMoib/M>, CR=7 kmoib/M>, Cs=4 kMob/M>.

Bapmnanr 11
1. Wcnons3ys npunuun Jle-llarense, mnpoaHanu3upyiite Bce BO3MOKHBIE
crocoObl CMEIIEHUsI PAaBHOBECHUS pEAaKIMM BIPaBO Ul IOJYYEHHS MAaKCHMaIbHOTO
KOJIMYecTBa 1iesieBoro nmpoaykra (AH peakiuu paccuuThIBaeTcs Mo TaOJIMYHBIM IaHHBIM):
2COq) + Oz(r) > 2COx(r)
CoHyr) < CoHory + Ho)
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2. llpencraBuTh W  OMUCAaTh TEXHOJOTHMYECKYID CXEMy  COBMEIICHHOM
KaTaJUTHYECKON KOHBEPCUM METaHa U OKCHJIA YIIIepo/ia o1 aTMOC(EepHBIM JaBICHHUEM.
3. Ommcars METOABI OUYUCTKHU TEXHOJIOTHYECKUX ra3oB oT COa.
2A — R(yenesas)

A — 4S(nobounas)

OmpenenuThb: CTENeHb MpeBpalieHns XA, CEIEKTUBHOCTL SR, BHIXOJ IPOAYKTa ER,
ecu Ha BBIXoJe U3 peaktopa Ca=2 kmonbs/M°, Cr=7 kMons/M3, Cs=1 kmoms/m>,

4, [IpoTekaroT mapasiebHbIEC PEAKIIUHU:

Bapuaur 12

1. Ucnonw3ys npunnun Jle-lllarense, mnpoanamu3upyiiTe Bce€ BO3MOKHBIE
CHOCOOBI CMEIIEHMsS] PaBHOBECUS pEaKUUU BIPaBO MJs IOJTYYEHUS MaKCUMallbHOTO
KOJIM4ecTBa 1esieBoro npoaykra (AH peakunu paccuuThiBaeTcs 1Mo TaOIUYHBIM JaHHBIM):

CuSw) + Ozr) <> Cugy + SOx
CoHe(r) <> CoHary + Ho

2. W3nmoxuTh TEOpeTHYeCKHe OCHOBBI CHHTE3a aMMHaka, O0O0OCHOBAThH
ONTHMAJIbHBIE YCJIOBHS Ipoliecca U HEOOXOJUMOCTh MPOBEACHUS CHHTE3a aMMHUaKa 1o
UKIINYECKOH cXeMe.

3. Ommcarb MeTOABl OYHCTKA TEXHOJOTHUECKHMX Ta30B OT CEPHHUCTBIX
COEIMHEHU .

2A — R(yenesas)
4. [TpoTekaroT mocieaoBaTeIbHbIC PEAKIHH:
R — 4S(nobounasn)

OnpenenuTh: CTeNeHb PeBPaIIeHus Xa, CeTeKTUBHOCTh SR, BBIXOJ IIPOAYKTa ER,
ecm Ha BBIXoJe u3 peaktopa Ca=1 kmomns/M®, Cr=7 kMonb/M3, Cs=4 kmMob/M>,

Bapuant 13
1. Wcnonp3ys npunnun Jle-lllarenbe, mnpoaHamu3upyiTe BCE BO3MOKHBIE
CHOCOObI CMEIICHHsS] PAaBHOBECHS pEaKIUU BIPaBO MJs TOJTYYEHUS MaKCHUMAalbHOTO
KOJIM4ecTBa 1esieBoro npoaykra (AH peakunu paccuuThiBaeTcs Mo TaOIUYHBIM JAHHBIM):
Noiry + 3Har) <> 2NHj3(p
CsHs(r) <> CeHizr) + Har)
2. Omnwucarp (U3NKO-XMMHUYECKHE OCHOBBI U ammapaTypHoe oQopMIieHHe
MpolLecca OYUCTKU 00KUTOBOTO ra3a OT KOHTaKTHBIX SIJIOB.
3. llpencraBuTh M omMcaTh TEXHOJOTHYECKYID CXEMYy CHHTE3a aMMHaKa Mpu
CpeIHEeM JIaBlICHUH.
2,5A — R(yenesas)

7,5A — 4S(nobounasn)

Onpenenuts: cTeNeHb MpeBpaieHust XA, CEIEKTUBHOCTD SR, BHIXOJ MPOAYKTa ER,
€CJIM Ha BbIX0ji¢ U3 peakTopa Ca=1 kMoib/M>, Cr=6 kMoib/M>, Cs=2 KMOJIb/M>.

4. [IpoTekaroT nmapauienbHble peakluu:

Bapuanr 14

1. Ucnonb3ys mnpunuun Jle-Illarense, mnpoananusupyiite Bce BO3MOKHBIE
CHOCOOBI CMEIICHHsS] PAaBHOBECHS pEaKIMU BIPABO JMJsl TMOJTYYEHUS MaKCHMAallbHOTO
KOJIMYEeCTBa 1iesieBoro npoaykra (AH peakinu paccuuThIBaeTCs MO TaOIUYHBIM JAHHBIM):

4C2Haqr) <> CsHior) + C3He ()
CsHi4(r) <> CeHe (r) + 4Ho(r)

2. Omnwucath TEXHOJOTUYECKYIO CXeMy M 00OpyJOBaHHWE OYHCTHOTO OT/EICHUS
COBPEMEHHOTO MPOU3BOACTBA KOHTAKTHON CEPHOM KUCIIOTHI U3 KOJIUEIaHA.

3. W310XuTh BIUSHUE PA3IUYHBIX ()aKTOPOB Ha MPOIIECC OKUCIICHUS aMMHaKa B
MIPOU3BOACTBE A30THOM KHUCIIOTHI.
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2,5A — R(yenesas)

7,5R — 4S(nobounas)

Onpenenuthb: cTENeHb MpeBpamieHust XA, CEICKTHBHOCTh SR, BBIXOJ IPOAYKTa ER,
ecu Ha BhIXoJe u3 peaktopa Ca=3 kmonb/m®, Cr=7 kMonb/M3, Cs=4 kMoms/M>,

4, HpOTeKaIOT MOCJICA0OBATCIIbHBIC PCAKIIUN

Bapuanr 15

1. Wcnonw3ys npunnun Jle-lllarenbe, mnpoaHanu3upyite BCE BO3MOXKHBIE
CrocoOBl CMEIICHUS! PAaBHOBECHS PEAKIMHM BIPABO JUIA TOJYYCHHS MAaKCHMAaIBHOTO
KoJM4ecTBa 1esneBoro npoaykra (AH peakuuu paccuuThiBaeTcs 1o TaOIMYHBIM JaHHBIM):

2CO) + O2r) <> 2COxr)
CGHS—CHS(m) + H2(r) e C6H6(F) + CH4(F)

2. OxapakTepu3oBaTh KaTallM3aTOPbl, MPUMEHSIEMbIE B TPOM3BOJCTBE CEPHOM
KHUCIIOTBHI KOHTAKTHBIM METOIOM.

3. U310%uTh (PU3NKO-XUMUYECKHE OCHOBBI Iporiecca aOCOpOIUH TUOKCHIA
a30Ta BOJIOM B MPOU3BOJICTBE pa30aBI€HHON a30THOM KUCIIOTHI.

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

OnpenenuTh: CTENeHb IpeBpanIenns Xa, CeTeKTUBHOCTh SR, BBIXOJ IPOAyKTa ER,
ecim Ha BBIXoJe u3 peaktopa Ca=2 kmoibs/M°, Cr=6 kMonb/M3, Cs=2 KMOTE/M>,

Bapuanr 16

1. Ucnone3ys npunmun Jle-llatense, npoaHanu3upyiTe BCE BO3MOXKHBIE
CrocoObl CMEIIEHUSI PAaBHOBECHS pEAKIMM BIPAaBO Ul IOJYYEHHS MAKCHMaJIbHOTO
KOJIMUecTBa 1ieseBoro npoaykra (AH peakiuu paccuuThIBaeTcs M0 TaOJIMYHBIM JaHHBIM):

CsHs(r) <> CeHizr) + Har)
4CoHasr) <> CsHior) + C3Hs ()

2. Onucars (PU3MKO-XUMHUYECKHE OCHOBBI HHMTPO3HOIO Ipolecca MOJydeHUs
CEpPHOM KHUCIIOTBHI.

3. HM3noxuTh TEOpETUYECKHUE OCHOBBI Pa3EiCHUs KUAKOIO BO3JyXa Ha a30T U
KHUCJIOPOJ METOJIOM PEKTU(UKALIH.

7A — R(yenesas)
4. [TpoTekaroT MocaeI0BaTeIbHBIC PEAKIIHH:
R — 3S(nobounas)

OnpeneNuTh: CTENeHb MpeBpanieHust XA, CEIEKTHBHOCTD SR, BBIXOJ IPOAyKTa ER,
eci Ha BeIxoje u3 peaktopa Ca=3 kMoib/M>, CR=8 kmomb/M>, Cs=5 kMOIb/M>.

Bapuant 17
1. HUcnons3ys npuniun Jle-lllarense, npoaHanu3upyiTe BCE BO3MOXKHBIE
CHOCOOBI CMEIICHHS] PAaBHOBECHS pEaKIUU BIPABO IS TOJTYYEHUS MaKCHUMAalIbHOTO
KOJIM4eCcTBa 1esieBoro mpoaykra (AH peakuuu paccuuThiBaeTcs 1Mo Ta0NMYHBIM JaHHBIM):
CoHe(r) > CoHaqry + Hoy
Nor + 3Ho) <> 2NH3z ()
2. Omnwucarpy obopynoBaHue OAIIEHHBIX CHUCTEM IMPOU3BOJCTBA CEPHON KUCIOTHI
HUTPO3HBIM METOJIOM.
3. TlpoBecTu XapaKTEpUCTHKY CHIPbS ISl a30THOM MPOMBIIIIEHHOCTH.
4A — 2R(yenesas)

5A — 3S(nobounas)

Onpenenuts: cTENeHb MpeBpalieHust XA, CEIEKTUBHOCTh SR, BBIXOJ POAYKTa ER,
ecu Ha BhIXoje u3 peaktopa Ca=3 kmomb/m®, Cr=9 kMons/M3, Cs=2 kmoms/m>,

4. [IpoTekatoT napaienabHble peaKIUu:
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Bapuanr 18

1. Ucnons3ys npunimun Jle-Illarense, nmpoaHanu3upyldTe BCE BO3MOMKHBIE
CocoOBI CMEIICHUS! PAaBHOBECHS PEAKIMHM BIPABO [UIA TOJYYCHHS MAaKCHMAaIbHOTO
KOJIM4€eCTBa 11es1eBoro npoaykra (AH peakuuu paccuuThIBaeTcs 0 TAOIMYHBIM JJAHHBIM):

CoHeg(r) <> CoHary + Hogr)
CuSw) + Ozr) <> Cugy + SOy

2. Omucarp 3Ha4eHHWE M OONACTh TNPUMEHEHHUS IPOMBIIUICHHOTO KaTalu3a.
CyIIHOCTb ¥ BU/IbI KaTalu3a.

3. Onwmcarp TEXHOJOTHIO TIOMYYCHHS a30TOBOJOPOTHOW CMECH METOJIOM
MIapOBO3yIIHON KOHBEPCUN METaHA.

4A — 2R(yenesas)

5R — 3S(nobounas)

OrnpenenuThb: CTENEHb NpeBpatieHus Xa, CEIEKTUBHOCT SR, BEIXOJ MPOAYyKTa ER,
ecm Ha BBIXoJe u3 peaktopa Ca=1 kmombs/M®, Cr=5 kMonb/M3, Cs=4 kMoIb/M>,

4, HpOTeKaIOT MOCJICI0BATCIIbHBIC PCAKIIUN:

Bapmuanr 19

1. Ucnonp3ys npunnun Jle-lllarense, mnpoaHamu3upyiTe BCE BO3MOKHBIE
CHOCOOBI CMEIIEHHs] PaBHOBECUS pEaKIUU BIPaBO IS TOJTYYEHUS MAaKCHUMalIbHOTO
KOJIM4ecTBa 1esieBoro npoaykra (AH peakunu paccuuThiBaeTcs 1Mo TaOIUYHBIM JaHHBIM):

CoHar) <« CoHoy+ Ho
CH20¢) + Hary <> CH30H(y

2. Omnwucatb MeToAbl MPOM3BOJCTBA BOJOPOJa KOHBEPCUEH YIIIEBOJOPOJHBIX
ra3zoB. [IpuBecT CpaBHUTENIBHBIN aHATU3 3TUX METOJIOB.

3. Omnwucarb METOJbI OUUCTKH a30TOBOJIOPOIHON CMECH OT IMOKCUAA YTriepoJa u
CEpOBOJIOPOJA.

3A - 15R(yenesas)

A — 3S(nobounasn)

OnpeneNuTh: CTENeHb MpeBpanieHust XA, CEIEKTHBHOCTD SR, BBIXOJ IPOAyKTa ER,
€CJIM Ha BbIX0Jie U3 peakTopa Ca=5 kMoib/M>, Cr=12 kmonb/M>, Cs=3 KMOIIb/M>.

4. [IpoTekaroT mapajuiebHbIE PEaKIIHH:

Bapuanrt 20

1. Ucnonp3ys npunnun Jle-lllarenbe, mnpoaHamu3upylTe BCE BO3MOKHBIE
CHOCOObl CMEIICHHsS] PAaBHOBECHS PEAKLUUU BOPABO Ui TMOJIYYCHHUS MaKCUMAIbHOTO
KOJIM4eCTBa 1iesieBoro npoaykra (AH peakuuu paccuuThIBaeTCs Mo TaOIUYHBIM JAHHBIM):

CeHi4r) <> CeHe (r) + 4Ho(r)
2COq) + Oz(r) <> 2COx(r)

2. Omnwucats HMPOU3BOACTBO BOJOpOJa (230TOBOJOPOJHOM CMECH) pazieieHueM
KOKCOBOTO Ta3a.

3. Omnwucarp npoiiecc nepepaboTKH HUTPO3HBIX ra30B B Pa30aBJIICHHYIO a30THYIO

KHCJIOTY.
3A - 15R(yenesasn)

R — 3S(nobounas)

OmnpenenuTsb: cTeneHb MpeBpalieHust Xa, CEIEKTUBHOCTh SR, BBIXOJ MPOAyKTa ER,
eciu Ha BbIxoJe u3 peaktopa Ca=3 kmonb/m®, Cr=12 kmonb/M3, Cs=4 kmomn/M>,

4. HpOTeKaIOT MOCJICA0BATCIIbHBIC PCAKIIUU:

Bapmuanr 21
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1. Ucnonb3ys npunuun Jle-lllarense, mnpoananu3upyiite Bce BO3MOKHBIE
crocoObl CMEIIEHUSI PABHOBECHS PEAKIMM BIPABO JUIA TOJYYCHHS MAaKCHMAaIbHOTO
KOJIMYECTBA I1eJIeBOT0 poaykTa (AH peakiuu pacCUUTHIBACTCS MO TAOJIUYHBIM JTAHHBIM):

2C4Hgr) <> CgHisex)
2CO) + O2r) <> 2COxr)

2. W3noxuTh 0COOEHHOCTH CEPHOKHCIOTHOTO pasnokeHus ¢ochoputo
Kaparay. M300pa3uTh TEXHOJOTHYECKYIO CXEMY MPOU3BOJCTBA U3 HUX IKCTPAKIIMOHHOMN
(hochopHOIT KHCIOTHI.

3. OxapakTepu3oBaThb BHJIBl CEPOCOJEPXKAMIETO CBIPhS [UIA MPOU3BOJCTBA
cepHoii kucioThl. [lomydyenue cepsl u3 pyad, ounucTka cepbl. [IpuBecTH cxeMy yCTaHOBKH
JUTsl KOMIUIEKCHOU TIepepabO0TKH CEPHBIX PY/I.

2A — R(yenesas)

5A — 3S(nobounas)

OrnpenenuThb: CTENEHb MpeBparieHns Xa, CEIEKTUBHOCT SR, BEIXOJ MPOAYKTa ER,
ecm Ha BBIXoJe u3 peaktopa Ca=3 kmoms/M°, Cr=7 kMonb/M3, Cs=2 KMOTIE/M>,

4, [IpoTekaroT mapasienbHbIe PEAKIIUU:

Pexomenayemas nureparypa.

1.beckoB B.C., CadponoB B.C. OOmiass XuMUYecKas TEXHOJIOTHS W OCHOBBI
MIPOMBIIIJIEHHON AKOJIOTUH: YUeOHUK 11 By30B. — M.: Xumus, 1999. 472 c.: un.

2.00mas xuMu4deckasi TEXHOJOTHS: YUeOHUK i XUMHUKO-TeXH. By30B/Iloxa pen.
N.I1. MyxneHoBa. — 4-e u3f., nepepad. u gom. — M: Beicm. mik., 1984. — 256 c.: win.

3.Kpatkuii cnipaBouyHUK (PU3HKO-XMMHUYECKHX BenuuuH. W3manme nessitoe/ Ilon
pen. A.A. PaBnens u A.M.I[lonomapepoii. — CII6.: Cnenuansnas Jlureparypa, 1998. —
232 c.: .

Kpumepuu oyenku Konmpovhoit pabomel:
VY4eOHBIM IUIaHOM TSl 32049HOH (popMBI 00yUEHHS ITPEeyCMOTPEHA O/THA KOHTPOJIbHAS
paboTa. MakcuMaibHOE KOJHMUYECTBO OAIIOB 33 MPAaBUIHHO BBHITOJHEHHYIO KOHTPOJIBHYIO
paboty — 35 6a/mI0B, MUHUMAIBHOE KOJIM4YecTBO OamuioB — 20 6amios.
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MunuctepcTBO 00pa3oBanus u Hayku Poccuiickoii @enepanumn
HmxHeKkaMCKUl XHMHUKO-TEXHOJIOTUYECKH HHCTUTYT (pruan) dhenepaibHOro
roCyJapCTBEHHOTO OI0/DKETHOTO 00Pa30BaTEILHOTO YUPEHKICHHS

BBICIIIETO 00pa30BaHuUs
«Ka3zaHCKkuii HAllMOHAJIBHBIN UCCIIEIOBATENBCKUI TEXHOJIOTHYECKUI YHUBEPCUTET)

MEXaHU4eCKui (pakyapTer

Kadenpa nedrexumuyeckoro cuaresa
KommuiekT Bonpocos s 3a4eTa
M0 JUCIUIUIMHE
b1.5.28 «O0mas xumMudeckasi TeXHOJIOTHsI»

4 cemecTtp
1.XI/IMI/I‘I€CK3$I TexHonorust. OCHOBHBIE CTaIu XUMHKO-TCXHOJIOTMYECKOI'O IIpoI1ecca.
2.OCHOBHBIE TEXHHUKO-9KOHOMUYECKHE MTOKa3aTeNN XUMHUKO-TEXHOJIOIMUECKUX IPOIIECCOB.
3. Knaccudukanys XuMHUUECKUX PEaKIUN 0 MEXaHU3MY, MOJIEKYJISIPHOCTH U TIOPSJIKY.
4. Knaccupukanus XUMUYECKHX PEaKIMi 10 30HaM MPOTEKAHUSI U TEIIIOBOMY 3P deKTy.
5.I1oHsATHE O KOHBEPCUH, CEIIEKTUBHOCTH U BBIXOJI€ TOBAPHOU MPOAYKLIUH.
6. MaTepHraJIbHBIIi 1 SHEPTeTHYECKUI OaaHChI.
7. CKOpPOCTh XUMHUYECKUX pEaKIiil. 3aBUCIMOCTh CKOPOCTH PEAKIIUH OT KOHIIEHTPAI[UH PEareHTOB.
Kunernueckoe ypaBHEHHE.
8.3aBHCHMOCTh KOHCTAHTHI PABHOBECHS XHMHYECKHUX PEAKIUi OT TeMIepaTypsl. ODHEpPrus
AKTHBalluH.
9.PaBHOBECHE XUMUUYECKUX PEAKIMil. 3aKOH AEHCTBYIOMNX Macc.
10.KoncranTa paBHOBecus U sHeprus 1 nb0ca.
11.Crioco0bI cMeNeHuss XAMHIECKOTO PABHOBECHS.
12.ITousTHE O KaTaANIH3E.
13.0cHOBHBIE MEXaHNU3MBI KaTaln3a.
14.TexHonoruyeckue XapakTePUCTHUKH TBEPAOr'O0 KaTalu3aTopa: aKTUBHOCTb, TeMIlepaTypa
3a)KUTaHMs, CEIIEKTUBHOCTb.
15. TexHONOrHYECKNE XapaKTEPUCTUKH TBEPJOro KaTaln3aTopa: CTPYKTypa, MPOMOTHUPOBAHUE U
OTpaBJICHUE KAaTaIU3aTopa.
16.Ctaguu B3anMOJEHCTBHS Ia3000pa3HBIX PEareHTOB Ha IOBEPXHOCTH TBEPABIX KaTaJIN3aTOPOB.
17. Xumudeckue peakTopsl. Kinaccudukarms.
18.Monens peakTopa uaeansHOro BeiTecHeHus (PUB-H).
19.Monens peakTopa uaeansHoro cmemrenus (PUC-m).
20.CrippeBas 6a3a XUMHUICCKON IMPOMBITTUICHHOCTH.
21.DOHeprerryeckas 6a3a XUMHYECKON MTPOMBIIIEHHOCTH.
22 . XuMHI4YecKasi TEXHOJIOTHS ¥ OYMCTKA IPOMBITIIEHHBIX BRIOPOCOB.
23 Knaccuduxanms MpOMBIIUICHHBIX 3arps3HEHI Onocgepsl.
24 Metoapl OYMCTKHA OTPaOOTaHHOTO BO3/IyXa U XUM3arps3HEHHON BOJIBI.
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