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Ilepeuens Komnemenyuil u UHOUKAMOPOE OOCMUNCEHUA KOMNEMeHUUIL C YKA3AHUEM IMAN08 (PopMUPOBAHUS 8 RPOUecCe 0CBOCHUS
OUCUUNTUHDL

Komnerentus: OIIK — 3 Crioco6en ocyiecTBIATh Mpo(dhecCHOHaIbHYIO IEITEIbHOCTD ¢ yUeTOM 3aKoHoAaTenbcTBa Poccuiickoit denepanuu, B
TOM 4YHCJI€ B 00JIACTH SKOHOMHUKHU U 3KOJIOTHH.

NHnukaTopel TOCTHKEHUST KOMITETEHIIUN

OIIK — 3.1 3HaeT OCHOBBI POCCUICKON HOPMATUBHO-TIPABOBOM CUCTEMBI M 3aKOHOIaTE€IHCTBA, OCHOBBI SKOHOMUYECKOMU JEATEIHHOCTH
MIPeNNPUATHS, I100aTbHbIE MPOOIEMBI SKOJIOTUU U IPUHIHIIBI PALIMOHAILHOTO MPUPOJOIIOIB30BAHMUS.

OIIK — 3.2 YMeer ncnonbs30BaTh U COCTaBIATh JOKYMEHTBI HOPMATHBHO-TIPABOBOTO XapakTepa, MPOBOJUTh TEXHUKO-3KOHOMUYECKHI aHAJIN3
MHXEHEPHBIX PELIEeHH, OCYIIECTBIATH B 00LIEM BH/IE OIIEHKY aHTPOIMOT€HHOTO BO3JIEHCTBUS HAa OKPYKAIOLIYIO CPEy C YUETOM crietupuKku
MIPUPOIHO-KIMMATUYECKUX YCIOBUH.

OIIK — 3.3 Bnaneer HaBbIKaMH pa3pabOTKX MPOU3BOACTBEHHBIX MPOTPAMM U TIJIAHOBBIX 3aJJaHUM JUI IIEPBUYHBIX MPOU3BOICTB EHHBIX
noJpa3JielIeHn i, HaBbIKaMH BbIOOpa pallMOHAJIBLHOIO CII0CO0a CHIKEHUS BO3ACHCTBUS Ha OKPYKAIOIIYIO CPELy.

WNnnukaTopst Oransl GOpMUPOBAHUS KOMITETEHIIHH HanmMeHoBaHMe OIIEHOYHOTO CPEACTBA
JIOCTHKCHUS (ykazatp Bce Tembl u3 PI1/])
KOMIIETCHIINH Jlexkunu IIpaxkrtugeckue | JlabopaTOpHBIE 3aHATHS KypcoBoii
3aHATHS, MIPOEKT
71abopaTOpPHBIi (pabora)
MIPAKTUKYM
OIlK-3.1 Tema 1, Tema 2, Tema | He Tema 3. He Jlabopamopnas paboma. Konnoxsuym.
3, Tema 4, Tema 5. MPERYCMOTPEHBI MpenycMoTpeHa Koumponvnas paboma (3aounas

dopma.). xzameH.

OIIK-3.2 Tema 1, Tema 2, Tema | He Tema 3. He Jlabopamopnas paboma. Konnoxsuym.
3, rema 4, TeMa 5 MPERYCMOTPEHBI MpenrycMoTpeHa Koumponvnas paboma (3aounasn
Gopma).Ox3amen.

OIIK-3.3 Tema 1, Tema 2, Tema | He Tema 3. He Jlabopamopnas paboma. Konnoxguym.
3, Tema 4, Tema 5 MIPEyCMOTPEHBI npeIycMOTpeHa Konmponvnas paboma (3a0unas
Gopma).Ox3amen.




4 — cemecmp — 0uHaA/0UHO-3A0UHAA POPMDBL:

Ouyenounvle cpeocmea Kon-60 | Min-36 6annos Max-60 dannoe
Jlabopamopnas paboma 32 3%4=126/2*4=806 3*6=18/2*8=16
Konnokeuym 6/4 6*4=2406/4*7=28 6*7=42/4*11=44
IK3amen 24 40
Hmozo 36/60 100

4 — cemecmp — 3a0unasn ghopma:
Ouyenounvle cpeocmea Kon-eo Min, 6annoe Max, 6annoe
Jlabopamopnas paboma 1 8 10
Konnokeuym 2 6 20
Konmponsnas paboma 1 10 30
IK3amen 24 40
Hmozo 36/60 100

2 — cemecmp — 3a04nan gopma:
Ouyenounvle cpeocmea Kon-60 Min, oannoe Max, 6anioe
Jlabopamopnas paboma 1 8 10
Konnokeuym 2 6 20
Konmponvnas paboma 1 10 30
IK3amen 24 40
Hmozo 36/60 100

Peitmunz no oucuyunnune

Hrorosas cymma 6aioB ¢ y4eToM
YCIIEUTHOM MPOMEKYTOUHOMN aTTecTalluu

OrneHka

86 —100 5 (OTIMYHO)

74 — 85 4 (xopo1o)

60 —73 3 (yIOBIETBOPUTEIHHO)
0-59 2 (HE 3a4TEHO)




KPUTEPHH

OYeHKU 3HAHUI CmYy0eHmoe Ha Ik3amene (4 cemecmp)

Onenka Onucanne
OIIeHKa «OTJIUYHO» BBICTABJISACTCA CTy}IeHTy, cClin TeOpeTI/I‘IeCKoe conepmaHI/Ie Kypca
OCBOCHO IIOJIHOCTHBIO, 663 np06en0B; HUCUCPIIBIBAIOIIC, ITOCICAOBATCIBHO, YCTKO U
OTJ'II/I‘IHO JIOTUYECCKU CTpOﬁHO nu3jiara€T MaTtcpual; CBO6OI[HO CIIpaBJIsICTCA C 3aJladyaMu,

(87-100 6as10B)

BommpocaMu U JApYruMu BUAAMU TIPHUMCEHCHUA 3HaHPII>i; HUCIIOJIB3YECT B OTBCTEC
Z[OHOJ'IHI/ITeJ'II)HHﬁ MaTepHrall BCC NpCAyCMOTPCHHBIC HpOFpaMMOﬁ 3aJJlaHUA BBITIOJIHCHBI,
Ka4y€CTBO HX BBIIIOJIHCHUSA OLUCHCHO YHCJIIOM 6aJ'IJ'IOB, ONIM3KHUM K MaKCUMAJIbHOMY;
AHAJIUBUPYCT TOJYUYCHHBIC PE3YJIbTAThI; NpoABJIACT CaMOCTOATCIBHOCTL  IIPU
BBITIOJIHCHU U SaI[aHI/Iﬁ

Xoporio
(74-86 6as110B)

OreHKa «XOpOIIO» BBICTABISIETCS CTYAEHTY, €CIIM TEOPETHUYECKOE COCp)KaHHUE
Kypca OCBOGHO TMOJNHOCThIO, HEOOXOAMMBbIC NPAKTHUECKHE KOMIICTCHIINH B
OCHOBHOM c(opMHpOBaHbI, BCE IMPEAYCMOTPEHHBIC MPOrpaMMOi 00ydeHHs
yueOHbIC 3aJJaHHS BBIMOIHEHBI, KAYECTBO WX BBITIOJIHEHUS JOCTATOYHO BBICOKOE.
CTyIeHT TBep/O 3HAeT MaTepuaj, TPaMOTHO M IO CYIIECTBY H3JIaraeT ero, He
JIOIyCKasi CYIIECTBEHHBIX HETOUHOCTEW B OTBETE Ha BOIPOC.

YV 10BJIETBOPUTEIILHO
(60-73 6asioB)

OrneHka «yJIOBIETBOPUTENHFHO» BBICTABISIETCS CTYACHTY, €CIH TEOPETHYECKOe
coJiepaHue Kypca OCBOEHO YaCTUYHO, HO MPOOENTBl HE HOCHT CYIIECTBEHHOTO
xapakrepa, OOJBIIMHCTBO MPEAYCMOTPEHHBIX MPOrpaMMOi 3a/aHuil BBITOIHEHO,
HO B HHX HMEIOTCS OIIMOKH, TIPU OTBETE HA IOCTABJIEHHBIN BOIMPOC CTYIEHT
JONMYCKaeT  HETOYHOCTH,  HEJOCTATOYHO  NpaBWIbHBIE  (QOPMYJIHPOBKH,
HaONIOAIOTCS HApPYIIEHHWST JIOTHYECKOM TIOCIENOBATENbHOCTH B H3JI0KEHUHU
MPOrpaMMHOr0 MaTepuania.

He
YIOBIICTBOPUTENHHO
(menee 60 6a,110B)

OreHka «HEYJOBJICTBOPUTEIBHO» BBICTABIISCTCS CTYACHTY, €CIM OH HE 3Haer
3HAYUTEILHOW YacTH MPOrpaMMHOTrO MaTepuaia, JOIMYCKaeT CYIIeCTBEHHBIC
ONIMOKHU, HEYBEPEHHO, C OONBIIUMH 3aTPYAHECHHUSMHU BBIMOIHSIECT MPAKTUYCCKHE
paboTel, HEOOXOAMMBIC TPAKTUYECKHE KOMIIETCHIMH HE C(HOpPMHPOBAHEI,
OOJIBPIMMHCTBO MPEAYCMOTPEHHBIX MPOTpaMMON O00ydeHHs YIeOHBIX 3aJaHUN He
BBITIOJIHEHO, KAaYeCTBO HMX BBIMOJHECHUS OICHEHO YHCIIOM OaluioB, OJIM3KHM K
MUHHMaJIBHOMY




MunuctepcTBO 00pa3oBanus 1 Hayku Poccuiickoii @enepanun
HwxHeKkaMCKH XHMHUKO-TEXHOJIOTUYECKH HHCTUTYT (pruan) dhenepaibHOro
TlocynapcTBeHHOTO OOPKETHOTO 00pa30BaATEIBHOTO YUPEKIACHHUS
BBICIIIETO 00pa30BaHuUs
«Ka3zaHCkuii HAIlMOHAJIBHBIN UCCIIEIOBATENBCKUI TEXHOJIOTUYECKHI YHUBEPCUTET)
Texnonoruueckuii pakynpTer
Kadenpa buorexnomoruu

KoMmiuiekT 3a1anuii i 1a6opaTopHoii padoThl
o mucrmmumnae 51.0.29 O01masg xuMudeckasi TEXHOJIOTHUSI

4 cemecTtp
JlabopaTtopnas padora Nel
OnpenelieHne KOHCTAHTHI CKOPOCTH M JHEPTHH AKTHBALUA
Peakuun ruipoJin3a 3THIalnerara

Ilenv pabomer:

1. M3mepumb KoHCmMaHmbl CKOpocmu 2UOpoausa dmulayemama HpU — PA3IUYHBIX
memnepamypax.

2. Paccuumams snepauro akmueayuu peaxyuys OMbLIEHUS SMUIAYemamd.

3. Paccuumamuv memnepamyphwiil KOIp@uyuennm smoil peaxyuu.

I'uaponun3 (oMbUTEHUE) STHIALIETATA POTEKACT B COOTBETCTBHU CO CIIEAYIOIINM YpaBHEHUEM:

CH;COOC,Hs + H,0 - Co,Hs0OH + CH;COOH

CKOpOCTh ATOM peakii MOXHO 3HAUYMTENIBHO YBEIWYHTH 32 CYET JIOOABJICHUS K PacTBOPY
COJISTHOM KHCJIOTHI B KA4eCTBE KaTamu3aTopa. Tak Kak KOIMMYeCTBO BOABI IT0 CPABHEHHIO C KOJINYECTBOM
STHUIIAIETaTa BO MHOTO pa3 OOIbIIe, 3Ty PEaKIHIO0 PACCMATPHUBAIOT KaK PEAKITHIO, IIPOTEKAOIITYIO TT0
YPaBHEHUIO ITEPBOT'0 MOPSAKA.

KonmeHTpammst aTunanerata «a» B MOMEHT B3ATHS TIEPBOM IMPOOBI paBHA YBEIMYEHHUIO
KOHIICHTPAITUH YKCYCHOM KHICIIOTHI 32 BPEMs OT ITEPBO JI0 TIOCIICMHEN TTPOOBI, T. €. MPOIOPITHOHAIFHA
Pa3HOCTH MEX/Ty KOIMYECTBOM MUJUTMIIUTPOB €KOTO HATpa, MOMIEANIEr0 Ha TUTPOBAHHE 3THX IIPOO.
Eciu Ha TrTpoBanme mepBoit mpo6s! momwio by az NaOH, a Ha TuTpoBanme mociemHei mpoos - e
NaOH, to

a=m(b, ~b,)
e m — KO3 HUIMEHT TIPOITOPIMOHATEHOCTH. Tak ke T KOHIIGHTpAIWX dTrviarerara (a - x) Ko
BpeMeHH t nomydum:

a-x=m(b, —b,)
rae b - uncno muwmmmrpos NaOH, moresiiee Ha THTpoBaHMe MpoObl, B3STOM depe3 t MUH I1OCTe

TIEPBO TTPOOEL.

[oacTapmsis 3HAYECHUS @ U (@ - X) B ypaBHEHHE (2), HAXOIVM:

(= 2308 mb, ~b) _ 2303 b, -b,
t m(b, —Db,) t b, —b,

Muoxutens m B ypaBHennu (16) cokpamaercs. s ompeeneHusi KOHCTAHTBI CKOPOCTH
PeaKuuy XK HEeT HeOOXOIMMOCTH BBIYMCIIATH 3HAUCHHE KOHLEHTPALMH 3TUJIALETaTa, a JOCTAaTOYHO JIMIIb
3HaTh KommiectBo NaOH B MummmmTpax, mormesiee Ha THTPOBaHKE TTPO0.

O0opynoBaHNe U PeaKTHBBI: MepMOCHAambl ¢ YCManoeneHHoiMu memnepamypamu na 20, 30
u 40 2pao., mpu nrockooounvie xonoouxku wa 100 mn; wecmov KoHuueckux xonbouex wa 200 ma;
KPUCIALIU3AMOP €O TbOOM, NUNEmKU Ha 2 M, nunemxa Ha 5 ma; oiopemxu na 50 ma; mephvle
yununopul Ha 5 mn. @enongmaneun; smunayemam, 1/20 n. pacmeop NaOH; 0,2 n. pacmeop HCI.

Bomosnnenue padoTbi

B auncryro cyxyro konOy (KenaTenbHO ¢ PpUTepTOi MpoOKoii) eMkocThio Ha 100 M1 HanmBaroT
50 mu 0,2 H. pacTBOpa CONSHOM KUCIOTHI U momeriatot ee B Tepmoctar (t =20 °C). YtoOs! konba He
BCIUIBIBANA, €€ 3aKpeIUIIOT B Tatuse. Koraa pacTBop npumer temnepatypy Tepmoctata (depes 10-15




MHH), K HEMY TIPHJIMBAIOT 5 MIT 3THJIALETATa 1, IEPEMEILaB PACTBOP, TOTYAC OTOMPAIOT MUIIETKOM 2 MIT
PCaKIMOHHOM CMecH; MOMEHT NPHJIMBAaHHS JTHJIAIETaTa CUATAIOT HadayloM peakuuun. Komly c
OCTaBILIEHCS CMECHIO MJIOTHO 3aKPBIBAIOT MIPOOKOH, YTOOBI 2pHp BO BpeMsI OMbITa HE UCTIAPSUICS, 1
HE BBIHUMAIOT M3 TEPMOCTATA B TEUCHHUE BCETO OIBITA.

BasTyro npoOy BBUIMBAIOT M3 MUIETKU B JIpyryto komdy ¢ 40—50 mi xomomHoi Bombl (¢
temnepaTypoit o 0 10 2°C) 17151 TOpMOXKEHUSI peaKIMK OMBIJIEHHS STUIIalieTaTa. Xolo/JHas Bojia JOJDKHa
ObITh TpHUrOTOBJICHAa 3apaHee. [lns storo B konmOy Oprenmeliepa HammBaroT 40—50 wmi
JCTUJLIAPOBAHHOM BOJIBI M CTABST €€ B COCYI CO JIbJIOM 3a 15—20 MUH J10 B3sTHsI TPOOBL. 3aTeM Ipo0y
TUTPYIOT PACTBOPOM €IKOr0 HaTpa B TPUCYTCTBHM (peHONpTanenHa 10 TOSBICHUS PO30BOTO
OKpaIllBaHusl, He ucuesatomero B Tedenue 10—15 cek. Ecmu mo kakuM-1100 MpUYMHaM TUTPOBAHUE
HEJE3$ [TPOBECTH Cpa3y JKe IOCIIe PUITMBAHUS IPOOBI B XOIOAHYIO BOAY, TO KOJIOY € TPOOOi OCTaBIISIOT
B cocye co JbjaoM. [To konmmyectBy MuiummnutpoB pactBopa NaOH, momeniero Ha TuTpoBanue
MIEPBOIA MPOOBI, MOKET OBITH ONPE/IEIeHa TOYHAsT KOHIICHTPAIIUSI COISTHON KUCIIOTHI B pactBope (Cy).

Crenytone poObl OTOMPAIOT MUITETKOH, HE BRIHUMAsI KOJIOBI M3 TEPMOCTATa, IPUMEPHO Yepe3
15, 30, 50, 80 u 120 MuH TOCIIE HaYalla peakiyH, T. €. TIocie MPUIMBaHusI dpupa B KOOy ¢ CONSHON
KHUCJIOTOH, ¥ TATPYIOT, KaK yKa3aHO BbIIle. Bpemst BIMBaHUS MPo0O B XOIOJHYIO BOJLY TOYHO (PUKCHPYIOT
Y IPHHUMAFOT €0 32 BPEMsI B3 THsI IPOO, TAK KAK MO’KHO CUMTATB, YTO PEAKIIHS B IPOOE TPH OXJIaXKICHUH
MPAKTUYCCKH OCTaHABJIMBACTCA U, CJICAOBATCIIbHO, KOHICHTPAUK BEIICCTBA, HaﬁI[eHHbIe IIpy aHAJIM3E,
Oy/IyT COOTBETCTBOBATH KOHIICHTPAIHSIM WX B PEAKIIMOHHOM COCYJIE B MOMEHT B3sTHS IPoObL. Tak Kak
0 MepEe TeUCHHUS! PEAKIMH KOHIISHTPAIUS YKCYCHON KHUCIIOTBI, 00pa3yIomencs pyu oMbUICHUH 3dupa,
YBEJIMYHMBAETCS, TO MPU THUTPOBAHUH HY)KHO OBICTPO MPWIJIUTH TAKOE KOJIMYECTBO PAcTBOPA EAKOTO
HaTpa, KaKoe MOILIO Ha MPEbIIyIee TATPOBAHKE, a 3aTEM YK€ OCTOPOKHO JIOTHTPOBBIBATH PACTBOP.

UroObl ONpeenvTh HAYaIbHYI0 KOHIIGHTPAIMIO JTHIJ alerara, HeoOXOJUMO OTTUTPOBATH
YKCYCHYIO KUCJIOTY B ITPo0e, B3STOH B KOHIIE PEAKIIMH, KOT/Ia BeCh A(pUp TUIpOIU3yeTcs, YIUThIBASI, YTO
NpH OOJIBIIIOM HM30BITKE BOJIBI PABHOBECHE CHIIBHO C/IBUTAETCS BIIPABO M PEAKIUS OMBUICHHS HJIET
MIpaKTUYecKU 10 KoHIfa. [Ipr KoMHATHOM TeMmepaType peakiys MPaKTHYeCKH 3aKaHInBaeTcs yepes 24
y, CJIemoBaTeNbHO, IS B3STHS ITOCIICIHEH MPOOI KOJIOY C PEaKIMOHHON CMECHIO HA/I0 BRIHYTh U3 TEP-
MOCTaTa ¥ Ha CISAYIONIHA JeHb OTTUTPOBATE 2 M1 PACTBOPA.

OnHaKoO PeaKuuio OMBUICHHS STHIAIETaTa MOKHO YCKOPHTH. JIsi 3TOro Koimdy 3aKpbhIBalOT
MIPOOKOM ¢ 0OPAaTHBIM XONOMMIIFHIKOM M HarpeBarOT Ha BOASHOM OaHe mpu Temrepatype 70 - 80 °C B
tedenue 30 vun. HyXHO cienuTs 3a TeM, 9TOOBI KOHIEHCAIIHS [TapOB KUAKOCTH IIIIa TI0 BO3MOXKHOCTH
B HW)KHEH YacTH XOJIOJMIBLHAKA U 3QUP HE YIICTYyIHUBAJICS U3 PEAKIIMOHHOM cMecH. [locIie 0XImax IeH st
pacTBopa IMPOBOAAT TUTPOBAHKE 2 M1 TIPOOBI 1 onpenensioT Co,.

TouHO TaK e MPOBOAWTCS ONBIT U mpH Apyrux Temmepatypax: 30°C u 40°C. OmsiT pu
temreparype 30 °C MoxHO HavaTh npuommuTensHo yepe3 30 - 50 ymun, a ombit nipu 40 °C yepes 80 -
100 mun mocne Hadana ombita npu Temreparype 20 °C. IIpoMexyTKd BpeMEHH MEXIy O0TOOpOM
OTIETBHBIX P00 HY)KHO YMEHBIINTH, TaK KaK CKOPOCTh PEAKIMH yBETMUMBAETCS C ITOBBIIICHIEM

TEMIIEpaTyphlI.
[omyueHHBIE pe3yNbTaTHI AaHATM30B KaXI0H ITPOOHI 3aIiCHIBAIOT B TAOMMITY 1:
Taonuya 1
OKclieprMeHTaIbHbIE JaHHBIE NPOLIeCcca THAPOIN3a
O6weMm NaOH,
No Bpewms B3saTus Bpewms ot Hauana 9 KoncranTa
3aTpayeHHBIN Ha
mpoo IPOOBI peaxmuu, MUH CKOpPOCTH PEaKInH K
TUTPOBaHHUE, MJI

O0pabdoTka pe3yIbTATOB IKCIIEPUMEHTA
KoHcTaHTBI CKOpOCTH peakiyy A7l pa3IMIHbIX MOMEHTOB BPEMEHH BBIYUCIISIIOT 0 (hopMyIIe:

k=2 3031I S
=2,303=lg —
t-C,
rrae C, - HayanpHasl KOHLEHTpauus sTunanerara; Ct — KOHLEHTpalHs STUIALETaTa B MOMEHT
BpemeHH L.
3areM HaxXoOAT CpeHEE 3HAYECHHE K. AHATIOTMYHBIC BEIMUCIEHUS K IPOJENBIBAIOT JI KasKI0r0

3HAYEHHS TeMIIEpaTyp.



Tabnuya 2
Pe3ynbTathl SKCIIEPUMEHTAIBHBIX JTAHHBIX

Temmnepartypa Koncranra ckopoctr TemnepaTypHbIii KO3QOHIEHT OHeprust
OIbITa PEAKLIMH, Kepen CKOPOCTH PEaKI|H, Y akTuBauuy, Eq
Yepen— Ecpes=

CpenHee 3HaUCHUE KOHCTAHTHI CKOPOCTH PEAKIIMU MOYKET ObITh HaliIeHO rpaduyecku. 1yt 3Toro
ypaBuenue (16) 3ammiiem cieayrormM o0pa3om:

kt
lg(b, —b)=1Ig(b, —b)-——
g( 0 t) g( 0 l) 2’303

3atem u300pasute rpadudecku 3aBUCHMOCTS Ig(D.- br) oT BpeMenu, oTkiaspiBast 3Ty BeTHIHUHY
110 OCH OPJIMHAT, & BPEMsI T10 OCH a0CIHCC.

Bpewmsi, mun 0 15 30 50

80

(be-by)

1g(bo-by)

Bemumna K / 2,303 Oymer paBHa TaHTEHCY yria HaKIOHA NPSIMOM, MPOBEICHHON dYepes
MOJTyYeHHBIE TAKUM 00pa3oM ToukH, otkyaa k¥ = 2,303 tga.. Bemmunny tga nmomyduM 13 OTHOIICHHS
MIPOTHBOJIGKAIIIETO KaTeTa K MpUIIekanieMy, UCXo/isl U3 rpaduka 3aBUCHMOCTH.

[Mome3ysich cpemHUM 3HaYeHHEM KOHCTAHT CKOPOCTH PEaKIIMK MPH PA3IMYHBIX TEMITEpaTypax,
HaXO/IUM TeMITepaTypHbIi KO3DOHUIIMEHT CKOPOCTH PEaKIIMK U SHEPTUH aKTHBAIMH 110 hopmysiam (13)
u (15). [i1st kaxka0ii BeTMYIMHBI BEIYUCIISIOT 110 [1Ba 3HAYCHHS U 3aT€M HAXOIISAT CPETHEE U3 HUX.

Conep:xanue oTyeTa

1. IlpencTraBuTh KPaTKyI TEOPETHUECKYIO CIPABKY IO CymIecTBY paboTbl. CpaBHUTH
KOHCTaHTHI CKOPOCTH, ITOJTy4eHHble pu Temmnepatype 20, 30 u 40 °C.

2. OTMETUTh U3MEHEHHE K B 3aBUCHMOCTH OT TEMIIEPATYPHI.

3. PaccumTaTh 2HEPTHUIO aKTUBAIIMH, UCXOS M3 KOHCTAHT ckopoctu npu 30 - 40 °C.

4. PaccunutaTh TeMIepaTypHbIi K03(hPUIMEHT B HHTepBaiax Temmepatyp ot 20 qo 30
u ot 30 mo 40 °C.

5. Haiitm cpennee 3HadeHHE Y (TemieparypHoro KoddQuimeHnTa), TpeaCcTaBUTH
rpa¢ukd M3MEHEHHWs KOHILEHTpPALWW JdTUJIAlleTaTa BO BPEMEHHW W KOHCTAHTBI CKOPOCTH OT
TEMIIepaTypHI.

JlaGopatopHast padota Ne2
KuHeTHKa peakuuu OKHCJIeHUS HOANI-HOHOB MEPOKCHIOM BOIOPO/a
(XMMHUYecKHUe 4achl)
B BogHOM pacTBOpE B KHCIIOH cpelie peakus MPOTeKaeT COrIacHO YPaBHEHUIO:
21~ + H,0, + 2H" = I, + 2H,0. (1)
MexaHnu3M peakIii BKJIIOYAeT HECKONBKO CTaaui, TepBas W3 KOTOPBIX SBIISETCS
JIMMUTHPYIOILIEH:

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

Kunernueckoe mcciieoBaHue MPOBOJUTCS ITyTEM XUMHUYECKOT0 aHaJIM3a 00pa3yromerocst
MOJIEKYJISIPHOTO MOHA. THTpoBaHME M30BITKOM PacTBOpa THOCYNIb(paTa HATPHS OCYHIECTBISETCS
BHYTPH PEaKIMOHHOIO COCyJa — METOJ BHYTPEHHErO TUTPOBaHMA. B TOuke SKBMBAJICHTHOCTH
pacTBOop TproOperaer TonyOyro OKpacKy W3-3a 00pa3oBaHUS COCAMHEHHUS HOIa C KpaxmaJioM.
lomy6oii 11BET BO3HMKAeT BHE3AITHO M Cpasy, 4epe3 CTPOro ONpPEIETICHHBIH MepHo BpPEMEHH.
[TosToMy nenasi cepus TaKMX peaKMidi M3BECTHA IT0]I HA3BAaHWEM «XMMHYECKUE» HITH «HOIHBIC)
9achl.

O6pasyromuiicst o MpaKTHYECKH MTHOBEHHO pearupyer ¢ THOCYbphaTom:

I, +285,057 =217 + S5,0¢™. (2)

KonnenTpanus cBoOogHOro iHoma o4eHb Maja. Bpems, mpomreamiee OT MOMEHTa
N00aBJIEHNsT K pacTBOPY ONPENENeHHOr0 KOJIMYECTBAa THOCYNb(ara 1O MOMEHTa IOSBICHHS
rony0oil OKpackd, PaBHO BpPEMEHH pAacXOJOBaHHUS SKBHBAJEHTHOIO KOJIMYECTBA IEPOKCHIA




BOIOpPOAA B peakuuu c Homua-uoHamu. Kak BuUIHO, HOMUA-MOHBI pETEHEPUPYIOTCS IPH
tuTpoBanuu. [loaToMy KOHIIEHTpaus |” B X0/1€ OmbITa HE H3MEHSETCS U PaBHA HAYaJIbHOM.

B kucnotnom O6ydepHOM pacTBope KHHETHUECKOE ypaBHEHUE JACTCsI BHIPAKCHUEM:
d[H,0,] -
——dzt = =k[H,0,] - [I7]% ©)
3nmech K° — KOHCTAHTa CKOPOCTH, O — MOPSAJOK peakiuu 1o Hoaua-uonam. [Tockomnbky [I°
]=const, To, o0obeauuss k’ ¢ [I7]%, monyunm:

d[H,0
— 2% = k[H,0,) (4)
IZie K — KOHCTaHTa CKOPOCTH IICEBAOIEPBOro NopsiKa,
k=k-[I7]% 5)
W3 ypaBHeHust (4) mociie MHTErpUPOBAHUS MOTYYHM BbIpaKeHHe st K:
_ 1, [Hy0,]°
k= o, ©)

rae [H, 02]0 — HaYaJIbHAast KOHIICHTPAITHSI.
O6o03naunm V* — 00bem pacTBopa Na.S,0s, moirezmniero Ha TATpOBaHUE Beero oxa, a V —
00beM, HU3pacxo0BaHHbBIN K MOMeHTY BpeMenH t. Torma K MoskHO paccuuTats 1o gopmysie:
1,  v*
k=-In—— 7
0 t o ve=v’ ()
mockonsky V* ~ [H202]" u V* — V ~ [H20;].
Ilenpto paboThl SBISIETCS onpereneHne KoHcTaHT K, K’ ¥ mopsiika peakiuu mo omu-
HMOHaM 0. Ecju ombIT MpOBOAAT IIpH IBYX TEMIIEpaTypax, TO PaCCUMTHIBAIOT SHEPTHIO aKTUBAIIUU
RTyT, , ki
E,=—"2%In—, )
=T, k;

rne ki v k, - KOHCTaHTHI cKOpocTH TTpH TeMriepaTypax T1u To.

BbinoiHeHue ONBITOB W pacueThl

B HeOonpiyo koj100uky Hanmuth 0,05 1 pactBop H2O2. B TmiaTeapHO BBIMBITHIA CTaKaH
eMKocThi0 250 mn Biuth pactBop Nal (wmm Kl), 5 vz 2 1 HaSO4 1 cTOIBKO BOABI, YTOOBI TIOCITE
npuiuBaHus pactBopa H>O2 06beM peakmuonHo# cMecu ObuT paBeH /00 ma. OOBEMBI pacTBOPOB
Nal (KI) u H20; 3amarorcs npenonaBateiaeM. OTMETHTD TEMIIEpATYPy OIIBITA.

Ykpenuth Hax ctakaHoM Oroperky ¢ 0,05 1 pactBopoM NazS;0s, npuinuth 1 M TUTpaHTa
u n00aBuTh 5 Kamenb 1% pacTBopa Kpaxmana. 3ateM BiuTh B crakaH H,O.. Cmech TmaTensHO
nepemeriatb. B MoMenT BnuBaHms H>O, BKIIOUNTE cekyHAoMep. lIpw MOSBIEHHUH CTOWKOTO
CHHEro OKpaIllMBaHUs 3aMETUTh BpeMsi, ObIcTpo no6aButh I mrn NaxS;Oz — BTOpYrO mopuuio — H,
TIIATENBHO ITepeMeIIaB PacTBOp, 3aMHCATh BPEMS MTOSIBIICHUST OKPACKH.

Takue omepar TOBTOPUTH 6-8 pa3 MpU BKIIOYEHHOM CEKYHAOMEpE; IepeMelInBaHme
CeKyHJIOMepa JODKHO OBITh OBICTPHIM M WHTEHCHUBHBIM, TIIATEIHFHOCTH JOKHA OBITH MPOSIBIEHA
u npu godasiaeHun I mn NaS;0s. [leaats 3T0 HaI0 OAMHAKOBBIM 00pa30M Ha IPOTSHKEHUH BCETO
orbiTa. Hy’)KHO TIOCTOSHHO CIIENWTH 3a PEAKIMOHHBIM COCYZOM, TaK KaK OKpacKa IMOSBISETCS
BHe3armHO. Henb3st mporryckats BpeMsi T0OaBJIEHUsT OYepeHON MOpIrK TUTpaHTa. UToOb! myydre
OTJIMYUTEH OKPACKy PacTBOpa, PEKOMEHIyeTCsS CTaBUTh CTaKaH Ha Oemyro Oymary.

[Ipu KOMHaTHOI TemIepaType peaknus UAET 10 KOHIIA JOBOIBHO A0NT0. J{J1s HaX 0K IeH s
V* —cymmapHoro ob0bema pactBopa NapS»;0s, mormeaiiero Ha THTPOBaHHUE, PEAKIIUIO YCKOPSIOT,
noOaBisisi 5 Kamednb Karaiam3aTopa — HACBIIIEHHOTO pacTBopa MoOMuOIaTta aMMOHUSL
BreigenuBmmiics 107 OTTUTPOBBIBAIOT, OTCIOMa HaxomsaT V*. TuTpoBaHWe BEAyT TOIBKO [0
oOecriBeunBaHus pacTBopa. He ciemyer noouBaThcst 00eCIIBEUMBAHAS OCATKa HOAKPAXMAIEHOTO
KOMILIEKCa, TaK KaK 3TO MOXKET IPUBECTH K «IIEPETUTPOBAHUION.

JlaHHBIE OTIBITA M PE3YIBTATHl PACYETOB 32HOCAT B TAOJHILY:

Tabruya
Kuneruka okuciaenus Hoana-nOHOB NEPOKCHIOM BOIOPOAa
Konuentpanus pactopa Nal MOAb/N
O6mwem 0,05 1 pactBopa H20: M
Temnepatypa onbita °C

O6mmit o6vem 0,05 1 pactBopa NazS203, V* ML



Bpewms t or Hauana Koncranra
Ne O6bem V 0,05 1 P Ve -V, .
peaKkuuy 10 MOMEHTa In(V* —V) | ckopoctu
n/m | pactBopa NaS;03, mn M 1
HOSIBJICHUS] OKPACKH, C k, c

Pacuer Kk BeayT mo dopmyite (7), a Takke rpauuecku — Ha OCHOBaHMHM 3aBHUcuMocTH IN(V*
— V) or t (mo HakioHy rpaduka). Beraucistor Kep, aOCOMOTHYIO M OTHOCHTEIBHYO OLIHOKY.

BTopoii onbIT IPOBOIAT C BABOE MEHbBIIIEH UK BIBOE OOJIbIIeH KOHIIeHTpanuel |7, O0mwmit
o0beM pactBopa (100 ma) 1 TeMIiepaTypa OCTarTCs npexHUMH. OMPeeNaioT KOHCTAHTY CKOPOCTH
K, 3aTeM pacCUMTHIBAIOT 0 — TOPSAIAOK PEAKIMH 0 HOAWI-WOHY. BBIUHCICHUS MPOBOIAT IO
dhopmyse:

1gk@—1gk®
R TECEETO) ©

rae uHaekcsl (1) u (2) obo3nauaror HOoMep ombita. Popmyna (9) snerko nomyvaercs U3
dhopmynsl (5). HalineHHOe 3HAauUEHHE O OKPYIJISIOT A0 OJMIKAMIIEro SO0 MOJ0KUTEIBHOTO
yHuciia ¥ MPUHMMAIOT €ro B KadecTBe Mapamerpa KuHeTHueckoro ypasHeHus (3). Koncranrty
ckopocTH K BBIYMCIISIOT 10 ypaBHEHHUIO (5) U, YUUTHIBAS 0, YKA3bIBAIOT €€ PA3MEPHOCTD.

W3smenstor Temniepatypy onbita Ha 10 °C n mposoast ombit. Onpenensitor K u K. Duepruzo
AKTHBAIIMU PaCCUUTHIBAIOT 11O popmyiie (8).

B 3akiiodenue ciienyer clienath psijl 3aMeuaHmii:

1. Won, obGpasosasmmmiics B peakimu (1), pearmpyer ¢ MEPOKCHIOM BOZOPONA C
BBIIEIeHnEM Kucnopona: H,O, + I, = 2HY + 21~ + 0, IlpoTexanue 5TOH 1MOGOYHOM peakuu
SIBIISIETCSI HeXeNnaTellbHbIM. UTOOBI OHA He MCKa)kalla KWHETUKY, JT00aBJIeHHE THOCYIb(aTa HaTpHUs
B PacTBOP HEOOXOJMMO MPOBOJIUTH CPa3y JKe MOCIe MOSBICHUS TOTYO0H OKpacKu.

2. H3MeHeHne KOHIIEHTpAIlMK PEareHTOB 3a CYET yBEIHYeHUs o0beMa pacTBopa B
pe3yabTaTe qobasiaeHus 6-8 mir NaS;03 Mao v mpu He0OXO0AUMOCTH MOYKET OBITh YUTCHO.

OodopynoBaHue 1 nmocyaa

Crakan Ha 250 mn

Komnba va 50 mn

Mepuasiid numuaAp Ha 100 mn

broperka Ha 20 mn

Mepusiid numuaAp Ha 10 M

Cexynmomep

PeakTuBbI

0,1 n pacteop Nal (KI) — mo 100 mn

2 n pactBop H2SO4 — 5 mn

0,05 u pactBop H202 — 0 20 mn

1% pactBop Kpaxmana — 0,2 ma

0,05 1 pactBop Na»S;03 — o 20 mn

Haceimennstit pactBop Mmonnbaata aMmmoHus — 0,2

JladopaTopHasi pa6ora Ne3
HccnenoBanne KHHETUKU FTOMOT€HHBIX peaKkIuii
ILlens pabomor. JKCIEpUMEHTAIBHOE H3yYEHUE 3aKOHOMEPHOCTEN PEAKIINH XJIOPAHTUAPHIA
OCH30MHON KHUCIIOTBI C TelTHJIOBBIM CIHMPTOM C OOpa30BaHHEM CIOXKHOTO 3(Qupa, cocTaBICHHUE
KHHETUYECKOr0 ypaBHEHUS Ipolecca.
Baxxneiimas peakuus Mojy4eHus CIOKHBIX 3QHUPOB - peakuus dTepuduranuu: oopaTumoe
B3aMMOJICHCTBHE OPTaHUYECKUX HJIM HEOPraHMYECKUX KHCIIOT CO CIIMPTAMHU:
R-COOH + R-OH —R-COO-R'+H:0
Hpyrue cnocoObl MoMy4YeHus CIOKHBIX I(PUPOB:
— B3aMMO/IEIICTBHE XJIOPAaHTUAPHUIOB KUCIIOT CO CIIUPTAMHU:
R-COCl; + 2R-OH —REO0O0R' + HCI
— B3aMMOJIEIICTBUE aHTHPUAOB KHCJIOT CO CIIMPTAMHU:
(R-C0O);0 + R—OH —RCOOR' + R-COOH



OOBEKTOM HCCIeIOBaHUs B JAHHOW paboTe SIBISIETCS MPOLIECC allMINPOBAHUST TENTUIOBOTO

cnupTta (B) xmopanruapuaom 6eH30iHON KUCIOTH (A), TPOTEKaIoIuUii Mo cxeme:
CeHsCOCI + C7H1sO0H  —HsCOOC7H15 + HCI
A B C D

Cnoxsble 3QUpel KapOOHOBBIX KHCIOT TNPUMEHSIOTCS B KadyecTBE pacTBOPHUTENICH,
THIPABIMYCCKAX  KHUJIKOCTEH, CMa304HBIX Macel, IUIACTH(UKATOPOB M  MOHOMEpOB.
TexHomornueckne Mpolecchl CHHTE3a CIOKHBIX 3(QHPOB MOXHO Ppa3JeiuTh Ha JIBE TJIaBHBIC
TPYIIIBL:

- ®uIKo(a3HbIe MPOIECcChl HEKATATUTUIECKHE HITH TOMOT €HHO-KaTalTMTUYECKHIE, B KOTOPBIX
XUMHYECKasi peakifs COBMEIIEHA C TIPOLIECCOM Pa3/ICIICHHS.

- FeTepOreHHO-KaTaTUTHYECKNE PEaKIMK B KUIKOW UM ra30Bo (ase, OCyIIecTBIsIEMbIE B
MPOTOUYHBIX armapaTax 0e3 COBMEUICHUS C Pa3IeMTeNbHBIMU MPOIECCAMH.

[Ipoteccr! mepBoi TPYNIIBI SIBISIOTCS TPAAUIIMOHHBIME U HAaNOOJIee paclpocTpaHEeHHBIMH B
TEXHOJIOTUH ITEPUPHUKAIINH.

1. Mexanu3Mm peakuuu 3Tepupuxanun

Peaxmust aTepuduKanuy KHCIOT CIIUPTAMHU OTHOCHTCS K 00paTHUMBIM porieccam. OOpatHas
peaKiysl Ha3bIBACTCS TUAPOIHU30M CIOXKHBIX 3(QUPOB.

OTepudpUKaINIO0 CIUPTOB KUCIOTAMHA MOYKHO OCYIIECTBIIATH 0€3 KaTamu3aTopa, HO peaKius
MesieHHasi, TpeOyercsi Bbicokass Temmepatypa (200-300 °C). B mpucyTCTBUM KHCIOTHBIX
KaTaJn3aTopoB dTepUHUKAIMS U TuaAposn3 nporekatoT nmpu 70—150 °C. B kavecTBe kaTanuzatopa
MPUMEHSIIOT, KaK MpaBiiio, MuHepaitbHbie Kucotsl (H2SO4, HCI).

[Mony4enue caoXHBIX 3UPOB MPH B3aUMOJICHCTBHH XJIOPAHTHPHJIOB KUCIOT U CHUPTOB
HAXOJUT IIUPOKOE IPUMEHEHHE B OCHOBHOM B JJA0OPaTOPHOM MPAKTHKE, MOCKOJIBKY 3Ta PEaKIUs
HeoOpaTHMa, B OTIIMYKE OT dTEPUPHUKAINU KapOOHOBBIX KHCJIOT CIUpTaMu. Beiienstommuiics mpu
9TOM XJIOPHCTBIH BOJIOPOJ MOXKHO BBIBOJIUTH U3 c(epbl peakiid, WK TOTIONATh KaKHM-TTH00
OCHOBaHUEM, HaIlpUMep, TUAPOKCUIOM HATpUSL.

Peakuusi mpoHCXOOMT B pe3ynbTaTe HYKICO(DMIBHON aTakW CIHpPTa HA aTOM Yriepoja
KapOOHIIIa XJIOpaHTHUIApHUAAa KHCIOTHEL. OOpasylomuiicss IpH 3TOM KOMILIEKC OBICTPO TepseT
XJIOPUCTHII BOJOPOI, AaBas cloxHbIi 3¢pup RCOOR':

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

2. Kunetuka peakmuu 3TepupuKanuu
3aBUCHMOCTh CKOPOCTH PEAKIIMU OT KOHIIEHTPAINH PearupyloINX BEIIECTB BBIPAYKAeTCs
OCHOBHBIM 3aKOHOM KHHETHKHU B BUJIC yPaBHEHUS:

3 :k-gCi” )

rae K — KOHCTaHTa CKOPOCTH PEaKInH;
Ci — KOHIIEHTpaIWs i-TO peareHTa;
M — KOJINYECTBO PEareHTOoB;
N — IOPSAJOK PEaKLHH 110 i-MY peareHry.

[opsinok peakuuu SBISETCS SMIUPUYECKOW BennuuHOH. [lopsimok peakuum mo i-my
peareHTy Ha3bIBaeTCs YaCTHBIM NMOPsAKOM. OH YMCIIEHHO PaBeH MOKA3aTeNIo CTENEeHH, C KOTOPBIM
KOHLIEHTpAaLMs i-TO peareHTa BXOAMUT B YpaBHEHUE CKOPOCTH peakunu. OOl NopsaoK peakuun
PaBeH CyMMe YacTHBIX MOPSIIKOB PEaKIMY 10 BCEM peareHTam. Tak Kak

Ci = Ci,o . (1—)(i), (2)

rae Cio — HavanpHas KOHLEHTpauus i-TO peareHra, a Xi — CTeleHb MPEBpAalleHus i-To

peareHra, TO CKOPOCTb PEaKLIMi MOKHO BBIPA3UTh Yepe3 CTENEHb PEBPALICHHS:



3, :k._]ZCir?O(l—Xi)n 3)

Peaknust sTepudukanmu sSBiseTcs peakuueld BTOPOro NmopsaaKa, KHHETHYECKOe YpaBHEHHE
MeeT BUI:

3 =k-C,-Cy (4)

HccnenoBanre KWHETHKHA TOMOT€HHBIX KHIKO(a3HBIX MTPOIIECCOB MPOBOAAT, B OCHOBHOM, B
peaktopax mepuomuueckoro gedctBus — PUC-II. Tlpu »3ToM 3agada CBOOUTCA K
9KCIIEPUMEHTAIILHOMY OINpeneleHuI0 (YHKIWH 3aBUCHMOCTH KOHLIGHTPAIlMW WM CTEleHH
IpeBpalleHuss OT BPEMEHUM U TOcIenymolmeMy uX aHanu3dy. Ha mpakTuke HCIONb3YIOT
WHTErpaNbHbId ¥ I QepeHIHaNbHBIH METOABl ONpeACIeHHs TMOpsAKa peakluu W aHalu3a
KHHETHYECKUX JaHHBIX.

Humezpansvuotit memod ynoOeH s aHanM3a MPOCThIX KHHETHYECKHX YpaBHEHUH,
OIMCHIBAIOIINX 3JIEMEHTAPHBIE PEaKIUH, U 3aKJIF0YAETCS B CIEIYIONIEM:

1. ITlpenmosnararoT MeXaHHU3M PEAKIIMN U HAXOAAT COOTBETCTBYIOIEE YPABHEHHE CKOPOCTH.
OTO ypaBHEHHE B COOTBETCTBHM C OCHOBHBIM 3aKOHOM KHWHETHKM B CHUCTEME C IOCTOSHHBIM
00bEMOM MIMeeT BH/I;

dX. dC.
—=kf (X)) wu +—=kf(C
i (Xi) un i (C) (5)
2. ITocne pazaeneHust IepeMEHHbBIX U MHTETPUPOBAHNUS YPaBHEHHUS MOTYJaroT:
Xi dX _ Xi
F(X.)= [ ==k [dr=k-r ©
! Xi0 fxl Xi0

Ecmu wnrerpan F(Xi) TpyaHo HaliTh aHaIMTHYECKH, WCIIONB3YIOT IpaUIECKUii METOI.
OH cBOAMTCSA K OIPENEICHUIO TIOMIA M IO KPHBOH B KoopauHaTtax (puc.3.1):

1
f(X)-X,

3. Crposr rpaduk B koopauHarax F(Xi) — t (puc. 2). Ecnu oH sSBiIS€TCS IPSAMOI JTMHUEH, TO
MPHHATOE YPAaBHEHUE COTIIACYETCSI C IKCIIEPUMEHTATBHBIMU JAHHBIML.

()

l __ﬂ X :'l:| F X.l:l
A i

i

X
S=F(X)= [ ——
4 ;"j'uf:]

\

> >
X, | .
Puc.1. I'padudeckoe nHTErpHpO- Puc.2. IIpoBepka KUHETUYECKOTO
BaHHE KHHETUYECKOT0 ypaBHEHUS YpaBHEHUSI HHTETPAJIbHBIM METOA0M

4. Ecu 3KcTiepUMEHTAIbHBIE TOUYKM HE JIOXKATCAd Ha MPAMYI0, HEOOXOANMO HCCIeN0BaTh
npyrue ypaBHeHus (1-ro, 2-ro u 3-ro mopsaKoB), OKA HE OYAET IMOMyUYeHO yI0BIECTBOPUTENBHOE
COOTBETCTBHE.

Juppdepenyuanvuotii. - memoo  3aKIOUAECTC B HEMNOCPEICTBEHHON MpPOBEPKE
muddepeHnanbHON POPMBI KMHETHYECKOro ypaBHeHus. lIporpamMmy 5KCIEPUMEHTOB B 3TOM
cllyyae€ HaJo IUIAHMPOBATh Tak, YTOOBI Cpa3y MOJIY4YHTh HONHYIO (OopMy KHHETHUECKOTrO
YpaBHEHUS:



1. Ha ocHOBe mpemnonaraeMoro MexaHiu3mMa peakiui BEIOUPAroT
KHHETHYECKOE yPaBHEHHUE:
+dCi/dr =k f(Ci) 8)

2. Tlo »skcmepumeHTanbHOM KpuBoM B koopamHatax Ci — 7 rpaduueckum
muddepentmpoBanneM HaxomiaT dCi /dr B pa3iWyHble MOMEHTBHI BPEMEHH M COOTBETCTBYIOIINE
3TOM CKOPOCTH (vr) KOHLIEHTpaIMK pearupyromux Berects (C).

3. CocraBisloT TaONUIly 3HAYCHUN KOHLEHTPAIMH MCXOJHBIX PEarHpYIOLIMX BEIISCTB U
nipousBoaHOM dCi/dt yepe3 omnpenelieHHbIC MHTEPBAJIbl BPEMEHH.

4. Crpost rpaduk 3aBucumoctd dCi/dr — f(Ci). Ecnu moaydaroT IpsaMyro, TpOXOASILYiO
Yepe3 Havyalo KOOPJHHAT, TO YPaBHEHHUE CKOPOCTH COOTBETCTBYET IKCIEPUMEHTAILHBIM TAHHBIM
(puc. 3.3).

r
=dCddr

C)

Puc.3. IIpoBepka KMHETHYECKOTO ypaBHEHUS nr(depeHInaaIbHBIM METOIOM

5. Ecnu rpa¢mk B koopauuatax dCi/dr— f(Ci) He sBIAETCS TPSAMOM, CIEIyeT PaCCMOTPETH
JIPyroe KHHETHYECKOe YpaBHEHHE.

3. OnpenejieHue NOPsAKA Peakiuu

Hdnst Toro 4ToOBI oOMpenenuTh OOUIMIA TOPSIOK pEeakluh, HaJI0 B3ATh PEareHThl B
CTEXMOMETPUYECKOM OTHOIIEHUHU. JJI onpeneneHus 4acTHOro MOpsiiKa Mo peareHTy A BTOpOi
peareHT B Gepercst B TakoM U30BITKE, YTOOBI W3MEHEHHUEM €ro KOHIICHTPAIMH B XOJE OIbITa
MOXHO OBUTO peHedpeyb. [Ipu 3ToM 0OIIMI TOPSIOK U OPSIIOK PEaKIINH 0 JaHHOMY peareHTy
MOKHO PacCYMTaTh MO 3aBUCHMOCTH Ha4aJIbHON CKOPOCTH OT HA4aJIbHON KOHIIEHTPAIIUU peareHTa
A, WM METOJl, OCHOBaHHBIN Ha 3aBHUCHMOCTH, U3MEHSIOMIEHCS BO BPEMEHN CKOPOCTH PEAKIIUU OT
TEKYIlled KOHI[EHTpalluK peareHTa A.

1. Ilpu ucrons30BaHUM MIEPBOTO METOJ[a — MMPOBOJSAT IPH IMIOCTOSIHHON TEMIIEPAaType CEPHI0

OMBITOB C PA3IMYHBIMK HWCXOJHBIMH  KOHIICHTPAIMSIMU pearcHTOB u MOCTPOUB
morapummdeckyto aHamopdosy
Inoro=Ink+n-1InCap 9)

M0 HAKJIOHY MPSIMOM HAXOJAT MOPSIOK PEAKIIHY.

2. lpy mpUMEHEHNN BTOPOTO METOJIA — JJIsl HAXOXKJICHHS TOPSIKA PEaKIMU ONPEeIsIoT B
pa3IMYHBIE MOMEHTHI BPEMEHH CKOPOCTh pEaKIMH M KOHIIEHTpaIuio peareHta A (puc.4), u,
IIOCTPOUB JIOTapru(PMUIECKYI0 aHAaMOP(O3y B COOTBETCTBUU C ypaBHEHHEM 13

Inor=Ink+n-InCa, (10)

M0 HAKJIOHY MPSIMOM HAXOIAT MOPSIOK PEAKIIHH.

CA A In v,

Ca
Cao

& tg & =n

C.-'\.:

tg o= 1y
In Kk

'
T In C4

Puc.4. OnpenencHue HayalnbHOM CKOPOCTHM M TIOpSIIKA PEAKUWU IMPH MEPEMEHHBIX
HavaJIbHBIX KOHLEHTPALMIX peareHTa A.
4. PacyeT TepMOAUHAMMYECKUX (PYHKIM A



TepMonuHamMuKa peakuuid HE 3aBUCUT OT MEXaHW3Ma, MMEET 3HA4YeHHUE JIHIIb CTENECHb
MpeBpaIeHus BelecTB. TepMoAnHAMUYECKUE BENUYHHBI, OOBIYHO, BBIYMCIISAIOTCS HA OCHOBAHUHU
M3MEpPEHUH TeMIIepaTypPHO 3aBUCMOCTH CKOPOCTH PEaKIUH 110 YpaBHEHUIO AppeHuyca:

k=Ae RT (11)
rie K — KoHcTaHTa CKOpPOCTH peakiuu npu temmeparype T;
Ea — oHeprus akTuBaiuuy;
A — dacTtoTHBI pakTop AppeHuyca, XapaKTepu3yeT BEpOSTHOCTh TOTO, YTO MpPU CTOJKHOBEHWUH
MOJIEKYJI UCXOIHBIX BEHIECTB MPOU30UET Pa3phIB CTAPBIX U 00pa30BaHUE HOBBIX CBSI3EH;
R — ra3oBas nmoctrosHHasl.

Ecnmu wm3BecTHB Tpu M Oojiee KOHCTaHTHI CKOPOCTH PEAKIHMH, ONpeleleHHbIE TpH
Pa3IMYHBIX TEMIICpATypax, MOXHO paCCUUTaTh SHEPIrUi0 aKTUBAIMU NEPEXOAHOTO0 COCTOAHUA U
Y4aCTOTHBIN (hakTop AppeHuyca.

Hnst 3TOoro ymoOHO TMONb30BaThesi rpaduueckuM MeTofoM (puc.3.5), BBITEKAIOIUM W3

norapudmuueckoi (opMbl ypaBHEHHS AppeHunyca:
inkink4= InA — EA/RT

E
(1™ tga =——
: R

Puc.5. Onpenenenne sHEprUH aKTHBAIIH
110 OKCIICPUMEHTAJIBHBIM JaHHBIM

InA < )

OrpgnenuB dHEP (Ea) m BBIUMCIMB YacTOTHBIN (akTop Appenmyca (A4),
PACCUMTHIBAIOT TEPMOJINHAMHYECKUE XapaKTEPUCTUKU PEAKIIMH B CTAHAAPTHBIX YCIOBUSX:
AH°t — SHTANBNHS AKTUBALIUH WM TETUIOBOW 3P QEKT peaKIiu:
>

1T
AH°= E° — RT / (12)

OHa, OOBIYHO, paBHA WM OJM3Ka K PasHOCTH AE BHYTPEHHHX JHEPTHM HCXOMHBIX W
KOHEYHBIX BEIIECTB;

AS°r  — oHTpomMs AaKTUBAllMH, OSHTPOIMS SIBJISETCS TEPMOAMHAMHYCCKON Mepoit
CTaTHCTUYECKON BEPOATHOCTH CHCTEMBI, €€ MOXXHO PacCYUTATh [0 YPaBHEHHIO:

AS°r=4,576 Ig (AT) — 49,21 (13)

AG®r — u300apHO-M30TEPMUYECKUN TOTEHIIMAN WM 3Heprus [ub0ca, xapakTepusyer
BEPOSITHOCTh TPOTCKAHUSI PEAKIIUH:

AG =AH"-T-AS" (14)
5. CocrTaBJ/ieHUe NOJHOT0 KHHETUYECKOr0 YPABHEHUsI Ppeakuu
OmnpenenuB MOPSIIOK MCCIEAYEMOH pEeakuuy, HalAs KOHCTaHTY CKOPOCTH M BBIYUCIIUB
9HEPrUI0 aKTUBALIUH, TIOITYYalOT ITOJTHOE KHHETHYECKOEe YpaBHEHHUE:
_Ea
3 =Ae RT.C, (15)
SKCIIEPUMEHTAJIBHAS YACTD

JlaGopaTopHast ycTaHOBKA JJIsl UCCIIENOBAHNS KMHETUKH PEaKIMU alMIMPOBAHUS CIMPTOB
XJIOPaHTUAPHUIOM OEH30MHOM KHCIIOTHI IpeCTaBleHa Ha puc. 4.



Puc. 4. Cxema 5abopaTOpHOW YCTaHOBKM JUIsl MCCJICIOBAaHUS KHHETHUKH PEaKIIMH
AIMJIMPOBAHUS CIIUPTOB XJIOPAHTUIPUIOM OCH30HHON KHUCIOTHI

1- Bo3myxonmyBka, 2- ckisiHka TuIieHko; 3- ckisiHka Bysbga; 4- ckisiHka THIEHKO; S-
peometp; 6- Oroperka; 7- 0apOotTép; 8- crakan; 9- peakrop; 10- Tepmocrar; 11- mMarHuTHas
Melanka; 12- memaka.

MeTtoauka NpoBeaeHHs IKCIEPUMEHTA

Ilepen HayaioM OSKCIEPUMEHTa HEOOXOAMMO IMOJAYUYUTh 3aJaHUE Yy MPernojJaBaTels.
HcxoaHple TaHHBIC 151 UCCIISIOBAHUS KHHETUKY MTPEACTaBIICHBI B TaOwmIIe 1.

Tabmuma 1
Wcxonnple JaHHBIE IO 3aTPy3Ke PEareHToB

HOMep Nao NBo ma Mp Va Ve Vp VU,;W CA,()
MOJIb MOJIb r r MII M M MII Mo/

1 0,15 0,15 60

2 0,14 0,14 60

3 0,13 0,13 60

4 0,12 0,12 60

5 0,11 0,11 60

6 0,10 0,10 60

7 0,09 0,09 60

8 0,08 0,08 60

9 0,07 0,07 60

10 0,06 0,06 60

IMocne monmydeHus: 3agaHusi, WCIONB3Ys 3HAYCHUS MOJIPHBIX MacC W IUIOTHOCTEH
HCXOMHBIX PEarcHTOB, NPHUBENCHHBIX B TaON. 4.2, PacCUMTHIBAIOT 3arpy3KH HCXOTHBIX
peareHTOB B MII, OOImMI 00BEM PEAKIMOHHONW CMECH M KOHIICHTPAIMIO XJIOPaHTHUAPHUIA
OEH30ITHO KHCIIOTHI IO ypaBHEHHIO (4).

Tabmmua 2
OUBHKO-XUMUYECKHE CBOMCTBA PEareHTOB
BemecTBo A B
M; ,r/Mo71b 140,52 116,21
p, T/em’ 1,212 0,8219
N, -1000. 4
Cro ="y ; (4)

o6y

ITocne mpoBepKH NPaBUIBHOCTH pacyéra TNPHCTYMAIOT K BBIIOIHEHUIO SKCIIEPUMEHTA.
OKCHEpUMEHT MPOBOJIAT B CIEAYIOIIEH TOCIEI0BATEIbHOCTH:

1. PacdeTHOE KOIMYECTBO CHHPTA 3arpy’KaroT B KOOy, 100aBisror 30 M1 KCrtona.

2. KonbOy co cruprom nomeniaror B Tepmoctar 10 Ha 10-15 MuHYT mi1s HarpeBaHus 10
TEMIIEPaTypbl PEaKIUH.

3. I'pamympoBaHHON TPOOMPKOW OTMEPSIOT PACYETHOE KOJIUYECTBO XJIOPaHTHAPUIA
OEH30IHOW KUCIIOTHI, IEPETUBAIOT B KOJIOY, 100aBIstoT 30 MIT KCHIIONA U TIEPEMEIIHBAIOT.



4. BeinyB OapOorép 7 u3 peaktopa 9, aKKypaTHO C MOMOIIbI0 BOPOHKH 3aJIUBAIOT
XJIOPaHTUAPH] OCH30IHON KHCIOTHI B peakTop. bapOoTép BCTaBISAIOT HA MECTO.

5. B crakan 8 3anuBatotr 300 M1 BOIBI.

6. U3 Owoperku 6 nobasmsror B crakan 8 4 mu 0,1H pactBopa KOH u 4-5 kamens
CIUPTOBOro pactBopa (deHondranerna. BkioyaroT MarHUTHY Memaiky 11.

7. Tlo ucredennu 10-15 MUHYT BBIHUMAOT KOJIOy co cnupToM u3 Tepmoctara 10 u
AKKypaTHO 3aJIMBAIOT €€ COAEPKUMOE B PeakTop (CM. 1I. 4).

8. BBICTpO BKIIIOYAIOT CEKYHIOMED, BO3ILYyXOAYBKY 1 1 Memanky 12;

9. Tlpu obecuBeUHBaHNUHU pacTBOpa B CTaKaHe 8 3alMCHIBAIOT MTOKA3aHUS CEKyHOMEpA.

BHUMAHUE!

CEKYHJOMEP 1 BO3AYXOAYBKY HE BbIKJIFOYATH

10. [TpunuBator HoByro mopumio pactBopa 0,1 H KOH (4 mn) u ¢uxcupyor Bpems
CIIEIYIOIIEro 00eCIIBEYMBAHUS PACTBOPA.

11. DxcriepuMEHT MPOIOIKAIOT JI0 MPEeKpaIleHns 00eCIIBeYNBaHNS PAaCTBOpPA B CTaKaHe 8.

12. Pe3ynbTaThl 3aHOCAT B TAOIHILY 3.

Tabnmna 3.
3aBHUCHMOCTH KOHIICHTPAITUHU XJIOpAHTHAPU A OeH30iHOM KUCTOTH (CA) OT BpeMEeHH
VoH, T Ca,
Ne KOH ’ XA A K ch

MII c MOJIB/ T

O0padoTKa IKCIEPUMEHTAIBHBIX JAHHBIX

Pacuem nopaoka peakyuu

1. PaccunThIBAIOT CTENEHB MPEBPAILCHHUs XJIOpaHruapuaa 6eH3oiHol kuciotsl (A). T.k.
KOJIMYECTBO MOJIEH BBIJETUBIIETOCS XJIOPOBOJIOPOJIA paBHO  KONWYECTBY  MOJed
MPOpEaruPOBABIIICTO XJIOPAHTHAPUIA OCH30HHON KHCIIOTHI, TO

obwy
Vr - texkymuii obvem pactBopa 0,1 H KOH, pacxomyembrii Ha HEHTpaIM3aIinio
XJIOPOBOAOPO/IA, MOTyIaeMbIH CIOKEHUEM C IPEABIAYIAM 00beMoM: 4, 8, 12 Mt u T.11.
V61— 00mHH 006eM pactBopa 0,1 H KOH, momenmmuiii Ha 3KCIIepUMEHT, MII.
2. Ompenensor TeKylyto KoHIeHTpanwio Cy, paccunuTaB CTEIEeHb MpeBpaIieHus Xy,
CA = CA,() (]fXA)
U CTPOST IO MOTYYCHHBIM JIJAHHBIM Ipadudeckyro 3aBucuMocth Ca = f(7) (puc. 1)
3. Onpenensitor K — KOHCTAHTY CKOPOCTH:

k=1/t-(1/Cy—1/Cup),

rae Cy u Cyo— TeKyLasi ¥ Ha4aJIbHAsl KOHLUEHTPALIUH;
T — BpeMsi B MUHYTax.

(

C:

Puc. 5. 3aBHCUMOCTB KOHIIEHTpALlMy peareHTa A OT BpEMEHHU pPeaKkIuu
4. PaccumThIBAIOT TIOPSIOK peaknuu rpaudecKkiM METOJOM, KakK OIHCAHO B IOApas3fene
3.3. [l 5TOTO pacCYMTHIBAIOT M BHOCAT B TaOJI. 4 CIIEAYIONIE BETHINHBI:
Tabmuua 4



JlanHble 11 pacyéra o0IIero mopsijika peakuum

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

c MOJIB/ 1T MOJIB/ 1T MOJIB/JI*C

In(v) n

AWIN(F

1. Ha xunernueckoit kpuBoii (puc. 4.2) BeIOMpaloT 4—5 TOYEK W MPOBOIAT KacaTelbHBIE.

2. PaccuuMThIBalOT CKOPOCTH pEAKIMH MO BEIIECTBY A B COOTBETCTBYIOIIMH MOMEHT
BPEMCHHM MO TaHT€HCaM yriia HakioHa kacaTenbHbIX vy = dCa/d 7 vau nprOIMIKEHHO

or =ACNA T

3. PaccuursiBatot sorapudmsr In Ca u /n vr;

4. Ctpost rpaduk 3aBucumocTr In Ca OT /n vy ¥ TIO TAHTEHCY yIJIa OMPEACISIOT MOPSIIOK
peaxIuu.

Pacuém akmueauyuonnbix napamempos peakyuu

1. IlpoBectn Tpu ombITa MpU Pa3NHYHBIX TeMmIepaTypax (3amaércs mpenojaBaTeneM) U
paccunTaTh 3HaueHuS K B COOTBETCTBHUH C I.11. 1-3.

2. PaccunraTh 3HaueHus norapudmoB K 1 odpaTtHbix Temiepatyp I/7. Iloctpouts rpaduk
sapucumoctu IgK — 1/T u 1o TaHTeHCy yrila HaKJIOHa OMPENETUTE SHEPTUIO AKTHBAUH Eyi.

3. Mo HaiilecHHOMY 3HAYEHHIO DHEPTUM AKTHUBAIMH PACCUUTHIBAIOT SHTAIBIAIO PEAKIIUU
(4 H°r) o ypaBuennto (3.12), sutponuto peakunu (4 S°r) mo ypaBuenuto (3.13) u m3obapHO-
n3oTepmMudeckuii nmoreHuan (4 G°r) mo ypasHenuro (3.14).

4. 3anuchIBalOT MOIYYEHHOE KHHETHUECKOe ypaBHEHUE (CM. ypaBHeHue 3.15).

JlaGopaTopHasi pa6oTa Ned «IKcnepuMeHTAIbLHOE Onpe/iesieHHe XUMHYECKOT0 PpAaBHOBECHSI
B FOMOTE€HHBIX CHCTEMAX H TEPMOAMHAMUYECKHI aHAJIN3 XUMHYECKHX MPOIECCOB)»
b padoThl: DKCIIEPUMEHTATLHOE H3YICHUE 3aKOHOMEPHOCTEH 00OpaTUMBIX PEaKIIUH
Ha TpuUMepe STepu(PHUKAIMU YKCYCHOW KHCIIOTHI STHIIOBBIM CIIUPTOM, M pacyeT OCHOBHBIX
TEPMOJJMHAMUYECKHX TTOKa3aTerneld XMMUIECKOro mpoliecca.
B kauecTBe 00BEKTa HCCIENOBaHUS TpeJlaraeTcs peakius STepUPHUKAINA YKCYCHON
KHCJIOTHI STHIIOBBIM MJIA U30TPOIUIIOBBIM CITUPTOM.

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

A B C pi

Ota peakuys NIpyd KOMHAaTHOM TeMIlepaType nmpoTekaeT MeaieHHo. [loaTomy e€ mpoBomsT
mpu 70 — 90° B MpUCYTCTBUM CONMAHOM KHCIOTHI B Ka4uecTBE KaTaTH3aTOpa. B 5THX yCIOBHAX OHA
3aKaHYMBaercd B TeueHne 2 — 3 4. Karanutuyeckoe IelCTBUE CONSIHOM KHCIOTHI COCTOMT B TOM,
YTO OHA AKTHBUPYET MOJIEKYJy KapOOHOBOW KHCIOTBI. YKCyCHasl KHCJIOTa IPOTOHUPYETCS IO
aToMy KHUCJIOpOJa KapOOHMJIBHOW TIpymNIbl (aToM KUCJIOPOJa HMMEET HEMOACIECHHYI0 Hapy
JJIEKTPOHOB, 3a CYEeT KOTOPOH mpucoeauHsiercs nporoH). [IpoToHMpoBaHME NPUBOAUT K
MIPEBPALLECHUIO YACTUYHOI'O MTOJIOKHUTEIBHOIO 3apsiia Ha aTOMe yriiepoa KapOOKCHIIBHON TPYIIIIbL
B TIOJIHBIH, K YBEJIMUEHHUIO €ro 3JeKTpO(UIbHOCTH. Pe3oHaHCHbIE CTPYKTYpHI (B KBaJpaTHBIX
CKOOKax) MOKa3bIBAIOT IETOKAIN3ALUIO MOJIOKHUTEIBHOIO 3apsiia B 0Opa3oBaBLIEMCsS KaTHOHE.
Mornekyna coupra 3a CYeT CBOEH HEMOACIECHHONM mapbl 3JIEKTPOHOB MPUCOCOUHSETCS K
aKTUBHPOBAHHON MoOJNeKyne Kuciotel. IIpoToH oOT ocraTka choupra IepeMeniaercs K
THUAPOKCUIIBHOM IpyIIIE, KOTOpasi IPH 3TOM IpeBpalaercs B “xopomo yxoadmyw” rpymmny H20.
Ilocne sToro ormeruisercss MONEKysa BOABI C OJHOBPEMEHHBIM BBHIOPOCOM NIPOTOHA (BO3BpPAT
KaTam3aTopa)
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UToOBl HU3KOKHITAIIME BEUIECTBA, YYACTBYIOIIHME B PEAKLWHU, HE YIETYUYHMBAIHUCH TIPH
HArpeBaHuM, PEAKLUIO TPOBOIST B PEAKTOpE, CHAOKEHHBIM 0OPAaTHBIM XOJNOAMILHUKOM. TeroTa
peakiy 00pa30BaHMs THIIALETATa OUYEHb MaJla, ¥ TI0OITOMY KOHCTaHTa PaBHOBECHSI 3TOM peaKiuy,
KaK 3To ciefyer u3 ypaBHenus Bant — ['odda u, kak ObLIO MOKAa3aHO PSIIOM SKCIIEPHUMEHTAIBLHBIX
WCCIIEIOBAHNMN, MPAKTHYECKH HE 3aBUCUT OT TeMIEpaTyphl. 3a U3BMEHEHHEM COCTaBa CMECH CIENST
10 U3MEHEHMI0 B HEll CyMMapHOM KOHIIEHTpAllUM KHUCIIOTBI B TE€YEHHME peakuuu. M3yuenue
paBHOBECHS PEeaKIIMK OCYIIECTBISETCS U3MEPEHUEM CKOPOCTEH MPsAMON peakiuy. 3a N3MEHEHHEM
KOHLIEHTPaLUH pearupyronux BEMECTB CIEAAT 10 TEX M0p, [I0KA HE HACTYIIUT PaBHOBECHE.

[IpuarMas BO BHUMaHHUE, YTO PaBHOBECHAS CTEIEHb MPEBPAIEHHS YKCYCHON KHCIOTHI A
paBHa X, TO TpPHU JOCTHKCHUH KOHEYHOW IICJH, T.€. 00pa3oBaHUsl YKCYCHOIPOIHIIOBOTO HIIH
YKCYCHOPTHJIOBOTO 3(Hpa M B HUTOI'€ YCTAHOBJICHHUS PaBHOBECHOro cocTostHus Ha 0,5 Moib
BBEIEHHOMN B PEAKIIMIO YKCYCHOW KHCJIOTHI PaBHOBECHAS! CMECh OY/IET CoaepKaTh:

(0,5-X) moms CH3COOH (A),
(0,5-X) momb CoHsOH (B),
X monb — Co;HsOOC-CHs (),
X monb — H20 (©).

Bcero B paBHOBecHOM cMecu Oyaer 1 Momb peareHTOB. MOJIBHBIC TOJIA PEardPYIONTHX
BEIIIECTB B PABHOBECHOM COCTOSIHUH OYIyT paBHBI

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

Torma KOHCTaHTa PaBHOBECHS MPOBOJIUMOMN PEAKITUH ITCPUPUKAITIN YKCYCHON KUCIOTHI
STHJIOBBIM WJIM H3OMPOMUIOBEIM CITUPTOM OyJEeT paBHa
X *2
KN =
0,25(1— X*)2
IIpu ompeneneHnM paBHOBECHOW CTEICHW TpeBpamieHns X* B Xoae paboThI
IKCIIEPUMEHTAIBHO OMpe/essieT Kak QyHKuo ot BpeMenn X= f(t) , T.e. paBHOBecHe B cucTeme
HACTYIIUT TOTJa, KOTJa CTENeHb MPEBpaIleHUs] YKCYCHON KHCIIOTHI He OyJeT OmpenensiThCs BO
BpeMenn X= f(1).
XX

0.5 1

0 2 4 6 ¢ MuH

Puc. 3.1 M3MeHeHue CTeneHn NpEeBPALCHHS] YKCYCHOM KUCIIOTH BO BPEMEHU

Jns mpoBeneHHs 3KCIIEPUMEHTA MCIOJB3YIOT — TPEXTOPNbIM PeakTop, CHAaOXKEHHbIH
TEPMOMETPOM, OOPATHBIM XOJOIMIBHUKOM, MELIAJIKOH W 000rpeBaroM rnprcnocodieHnem. B
peaktop nomMemator 0,5 monb neasHod ykcycHol u 0,01 Mojb KOHLEHTPUPOBAHHOM COJISTHOM
KHCJIOTBl W HarpeBaroT B TeueHHe 10 MUHYT B TepMOCTaTe MJIM BOJISHOM OaHe ¢ TepMonapoi. 3a
3TO BpeMs OTIEIbHO TEPMOCTATHPYIOT 10 3aJlaHHOW TeMIIepaTyphl 3THUIIOBBINA (M30MPOMMIIOBBIN)
ciupt. [locne ucreuenust 10 MUHYT, COUPT MOMEIIAIOT B PEAKTOP M BKIIOYAIOT MEMIAJIKY U Cpasy
oTOMparoT 1MJI peaKkIMOHHONW MacChl U TIEPEHOCST B KOJIOY C XONOAHON BoAoH u TUTpyroT 0,5 H.
NaOH B npucyrctBun denondranenna. [locnenyromue npodsl 6epyT depes kaxasie 10 MUHYT 1



Takke TUTPYIOT. [Iporece cunTaercs 3aBeplIeHHON, KOT/Aa HA TUTPOBAHKE IBYX MOCIEIHUX TPo0
B3STBIX W3 PEaKTOpa, MOWIET OJMHAKOBOE KOJMYECTBO INEIOYH, T.€. CHCTEMa CTaHOBHUTCS
paBHOBECHOW. Pe3ynbTaThl HccnenoBanuii 3aHOCST B Tabnuiy 3. 1.

O0paldoTKa pe3yJIbTATOB IKCIIEPUMEHTA

Tabmuma 3.1
Pe3ynbTaThl 3KCIIEpUMEHTAIBHBIX UCCIEA0BAHUI

Howmep VNaOH, T, MUH. Crenens npespateHus, X
OOk

1

2

3

4

5...

CrerneHb npeBpamieHus YKCYCHOU KUCIOTHI OMPESISIETCS TI0 YPaBHEHHIO
V, -V
v 17k,
V
1

rae Vi- oobem 0,50 NaOH, momenmmii Ha THTpOBaHKE MTEPBOM MTPOOBL;
Vi — oobem 0,58 NaOH, nomenimii Ha TUHTpOBaHUE MPOOBI 38 BpeMs T.
3AJJTAHUE

1. To sKkciepUMEHTaNbHBIM JIJAHHBIM PACCUUTATH CTENECHb MpPEBpAIICHUs JUIT  KaXJIOH
B3SITOMN TIPOOBI.

2.Ha ocHOBaHWM DKCIIEPUMEHTANBHBIX JaHHBIX TOCTPOUTH TPapUUECKyr0 3aBUCHMOCTh
byukiun X= f (t) U ompenenuTh PaBHOBECHYIO CTENEHb MpeBpamieHus. PaccuurtaTh st
WCCIEyeMO peakly JSKCIEPUMEHTAIbHYI0 KOHCTaHTY pAaBHOBECHS MO YPaBHEHUIO U
PaBHOBECHBIM COCTaB PearupyromIuX BEIECTB.

3. PaccunTath KOHCTaHTY PaBHOBECHS 110 TEPMOAMHAMHICCKIM TaHHBIM (ypaBHeHuE 2.20)
U CPaBHUTH C HKCIIEPUMEHTAIBHON KOHCTAHTON PaBHOBECH .

4. Cuenatb BBIBOI O BEPOATHOCTH MPOTEKAHHS HCCIETyeMOH peakiiu B MPSIMOM MU
00paTHOM HaIlpaBIEHUH W OTMETHTHh BCE YCJOBHSA, KOTOpPBHIE IO3BOJIUTH YBEIHYUTH BBIXOJ
LIEIEBOTO TIPOTYKTA.

JladopaTtopHas padoTa Ne5 «UcciienoBanne KHHETHKU PeaKIUH METAJIOB ¢ KMCJI0TAMM

Llenv pabomsr: DKCIIEPUMEHTANBHOE HM3yYEHHE 3aKOHOMEPHOCTEH TOIMOXHMHUYECKHIX
[IPOLIECCOB HA INPUMEPE pPEAKLUUH QIIOMUHMS WIM IMHKA C KUCJIOTaMH IPH Pa3lIndHbIX
TeMIIepaTypax.

METO/JUMKA INPOBEJAEHUSA SKCIIEPUMEHTA

JIiist OCyIIecTBIICHHS TAaHHOTO Mpollecca B CTakaHbl 3arpyxarot 25 mi 7% pactsopa HCI
nmn HoSO4 . 3ateM BHOCSAT mpenBapUTENbHO OYHINEHHBIM HAXIAYHOH Oymaroi Wil pacTBOPOM
IIENT0YH, B3BEIIEHHBIH Kycodek Meramia (0,5 - 2 rp.) Ha CTEKISIHHOHN Mallouke ¢ CUTOOOpPa3HBIM
HAKOHEYHUMKOM M HAYMHAIOT OTCYET BpeMeHHu. Uepes ompeneneHHble TPOMEXYTKH BpEeMEHH (IO
3aJaHMIO MIPENOAABATENS) CTEKITHHYIO aJ0YKy C METaJIJIOM BBIHUMAIOT U3 CTaKaHa, IPOMBIBAIOT
XOJOHON AMCTUILTAPOBAHHON BOMOW, BBHICYIIMBAIOT Ha (PHIBTPOBAIEHOM OyMare ¥ B3BEIINBAIOT
Ha aHaJIWTUYecKUX Becax. [locme u3BiIedUeHMs MeTallja U3 pacTBOpa KHCIOTHI OCTaHABIMBAIOT
CEKYH/IOMEp U, B3BECUB €r0, IOMELIA0T 00PAaTHO B CTAaKaH, BKIIOYAIOT CEKYHIOMED U MPOAOIIKAIOT
OTCUET BPEMEHH.

BHuMaHMe: mOKa3aHUe CEKYH/I0Mepa He OOHYJISIIOT.

Jns uccienoBaHus BIMSHHUS TEMIIEPaTyphl 3KCIIEPUMEHT NPOBOAAT MPH Pa3IHMYHBIX
TeMIiepaTypax (1o 3aJaHuIo penoAasartess). Pe3ynapTaTel SKCIIEpUMEHTa 3allMCBIBAIOT B TAONUILY
1.

4. OBPABOTKA OKCHHEPUMEHTAJIBHBIX JTAHHBIX
Tabmuma 1.
Pe3ynbrathl aKcrIepUMEHTANIBHBIX UCCIEIOBAaHUI
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Onpenenenne JMMATHPYIOLIEH CTAIHH TIpoIlecca
Crenenp npeBpamieHus METaIOB (ATIOMUHNS, IMHKA) ONIPEACISIIOT 1Mo opmyiie 1:

X = Monze _mMe ’ 1)

Me mOMe

rae M, Ve —Macca HCXOHOTO METaJlIa, T

m,,,— Macca MeTaa 1ocie peakiuy, T.
o T
Jlist onpeneneHus IMMUTHPYIOLICH CTalu CTPOST rpaduk 3aBuCUMOCTH X, OT — W
T
n

CpaBHUBAIOT C TCOPETUUCCKUMU KPUBBIMH, IPECACTABIICHHBIMU Ha PUC. 1.

1
X
Me /
05
0
0 0.5 1
T

Puc 1. 3aBHCHMOCTH CTEIEHH IpEBpalleHHs Meraia Xue OT OTHOMIEHHS T/Tn B
3aBHCUMOCTH OT JIMMUTHpYIOIIEH crajuu nporecca: 1 — BHemHenupdpy3noHHas oonactp;, 2 —
KHHETH4ecKas 00JacTh

Ilocne HaxoXkJeHUA JUMUTUPYIOUIEH CTaguu Il KaxJIOW U3 Tpex TeMmIepaTyp
OIIPENENIIOT KOHCTAHTYy CKOPOCTH PEaKIUu W3 ypaBHEHUsS 2.3 (ecnu peakmusi MpOTEKaeT B
KHHETHYECKOH 001acTH).

[lo paccumTaHHBIM  KOHCTaHTaM  TOMOXMMHYECKOTO  IPOI[eCCa  OMPEAEISIOT
AKTHBAIMOHHBIE TApaMeTpbl (PHEPTrui0 aKTUBAIMM W YacTOTHBIH (akTop AppeHmyca) II0
ypaBHEHUSM 2, 3 U pe3yNbTaThl pacueTOB BHOCAT B TAONMUILy 2.

AHaTUTHYECKUI METOI OnpeaeseHust SHeprun akKTUBAHH (E )

k
2
RT1T2 Ink—
akm ~ —1
T2 _Tl

UYacrorHerii paxrop AppeHuyca (A) ompenensroT U3 WHTErpaabHOH (OpPMBI YpaBHEHUS
AppeHuyca.

E (2)

akm

k=4-e & 3)
Tabmuma 2.
Pe3ynbraThl pacuera akTHBAIIMOHHBIX apaMeTPOB
No T,°C T,K k A Euxr , KK/ MOITB

WIN|F-

3AJIAHUE



1. ITocTpouTh 3aBHCUMOCTH CTCNCHU MpeBpalieHus Xme OT T/Tn M, CPaBHUB C
TCOPETUYCCKMMHU KPUBBIMH, MPEACTABICHHBIMUA Ha pUC. 1, ONpeAenuTh OONACTh MPOTEKAHUS
nporiecca.

2. Hcnonp3ysi 3KCIEpUMEHTANIbHBIC [aHHBIC, PAacCUYUTaTh KOHCTAHTY CKOPOCTH
XMMHUUYECKOW pEAKIMU W aKTHBALMOHHBIC MapameTpbl (Ui Mpolecca, MPOTEKAMUIEro B
KUHETUYECKOH 00I1acTH)

3. OnpenenuTs TUMUTHPYIONLYIO CTAIUIO0 TI0 BIUSHHUIO TEMIIepaTyphl HA CKOPOCTH
XUMHYECKON PpCaKuru 1 110 SHEPIrun aKTUBAIUH.

Kpumepuu oyenku nabéopamopnvix paoom (0_0-3 3):

- MakcMMalbHO  Oa/UIOB 32  KA&XIY0  BBIIOJIHEHHYI  JIaOOpaTopHyr  padory
(3*6=18/2*8=16/1*10=10), ecu paboTa BHITIOJIHEHA B MMOJHOM O0OBEME, B OTUETE MPABUILHO U
AKKYPaTHO BBINOJIHEHBI BCE BBIYMCIIEHHS W IOCTPOCHBI TPaMKH, JOTHYECKH U OOOCHOBAHHO
MIPUBEIECHBI BHIBOJIBI IO TEME J1a00paTOpHON PadOTHI.

- MuHUMaNBHO Oamnos (3*4=12/2*4=8/1*8=8), ecnu B X0je SKCIEPUMEHTA JOMYIIEHBI TPyObIe
[POMaxu, B OTYETE €CTh IPyOble OIIMOKH, MPHCYTCTBYIOT OMIMOKH B BBIYMCIIEHHSX, HETOYHO
[OCTPOEHBI TpaduKu, He JTIOrHYeCKU ¢(hOPMUPOBAH BBIBOJ K J1aO0OpPaTOPHOM paboTe.



MunuctepcTBO 00pa3oBanus 1 Hayku Poccuiickoii @enepanun
HwxHeKkaMCKHii XUMUKO-TEXHOJIOTUYECKH HHCTUTYT (pruan) dheneparbHOro
rOCyJapCTBEHHOTO OI0/HKETHOTO 00Pa30BaTEILHOTO YUPEHKICHHS
BBICIIIETO 00pa30BaHuUs
«Ka3aHCKkuii HaIMOHAJIBHBIN MCCIIE0BATEIbCKAN TEXHOJIOTUYECKUN YHUBEPCUTET»
Texnonoruueckuii pakynpTer
Kadenpa buorexnomoruu
KommuiekT BonpocoB 1J/isi KOJUVIOKBHYMOB
no quciumuinie b1.0.29 O6mias xumudeckast TEXHOJIOTUS

4 cemecTtp
KoniioxkBuym 1

1 IIpuBenuTe puMepbl TOMOT'€HHBIX U TETEPOr€HHBIX XUMUUECKUX PEAKLIH.

2. CdopmynupyiiTe 3aKOH JICHCTBYIOIIMX Macc.

3. Uro Ha3bIBaeTCs KOHCTAHTONH CKOPOCTH pEaKIMH, M OT Kakux (DakTopoB OHa
3aBUCHT?

4, Urto Ha3BIBACTCSI MOJIEKYISIPHOCTHIO XUMIUECKON peakiuu? UTo Ha3bIBACTCS TIOPSAKOM
XUMI9ecKoi peakiun? [loueMy MOIEKYISIPHOCTD PEAKIMHI HE BCETIA COBITAIACT C TTOPSIIKOM PEAKITHH ?

5 Or kakux ($pakTopoB 3aBUCUT CKOPOCTh XUMUYECKOM peakimn? Kak u modemy?

6. Hammmmre W BbIBeOQWTE YpaBHEHUS IS BBIYMCICHHS KOHCTAHThI  CKOPOCTH
TEPBOr0 U BTOPOro MOPSI/IKA.

7. Kak m3MeHseTcss KOHIICHTpAIHsI IIPOIyKTa PEaKITHA CO BPEMEHEM, €CITH PEAKIIHS MMEeT
HYJIEBOH TTOPSIIOK?

8. Kakast u3 oJJHOCTaIMITHBIX PEAKITHI 3aKaHIMBAETCS OBICTPEE IPH OJMHAKOBBIX HCXOIHBIX
KOHIIEHTPAIUIX ¥ OJMHAKOBBIX KOHCTAHTAaX CKOPOCTH: TIEPBOTO MIIA BTOPOTO TOpsiaKa?

9.  Tlouemy C IOBBINICHHEM TEMIIEPATYPHI, KAK TPABHIIO, CKOPOCTh XUMHUESCKOW PEaKIIUH
VBEITMYUBACTCA?

10. Bpems moiyrpeBpallicHHs BEIIECTB B peaknud Iepsoro mnopsaka mpu 323 K
coctapisier 100 muH, a ipu 353 K - 15 mun. Beraucnure temmeparypHbiii KO3()(OUITMEHT CKOPOCTH
peaKIym.

11, Yto Ha3bIBaeTCs SHEPTHCH aKTUBAIMN XUMUICCKON PeaKiny?

12. Koncranta ckopoctd peakmuu mpu 298 u 323 K coorBerctBenHo paBHa 0,0093 u 0,0806
MuH . OnpeJIenuTe SHEPTHIO AKTUBAIIH PEAKIIHH.

13.  Ompepenute YHEPTHUIO AKTUBALIMH, JJIsl KOTOPOU NP MOBBILICHUN TEMIIEPATYphI OT 295 1o
305 K ckopocTh peakiuu yIBauBaeTcs.

14, HMmeet nu pa3MEepHOCTH U KaKyl0 KOHCTaHTa CKOPOCTH PEeaKiuu’?

15. CkopocTh peakluM BTOpOro mopsaka pasHa 4,5-107 monw/(11°c) IIpH KOHLEHTpaLUH
onHoro pearenta 1,5- 102 mons/n u apyroro 2,5 -10"t mons/n. PaccuuraiiTe KOHCTaHTY CKOPOCTH B
cm¥/(Monb-c).

16. Tlpu 583 K ra3 apcun ASH3 pasnmaraercs ¢ oOpa3oBaHHEM TBEPAOTO MBIIIbIKA |
ra3zoo0pa3zHoro Bogoponaa. Bo Bpems peakuu npu OCTOSHHBIX 00beMe B TeMIepaType oblee JaBiIeHue
B CHCTEME U3MEHSETCA CIEeAYIOIMNUM 00pa3oM;

B, GAC. i 0 5,6 6,5 8,0
P Ha10-3 ............................................................ 97’75 107,41 109,05 111'35

[Mokaxkute, 4ro peakums pasnoxeHus ASHsz sBiseTcs peakuueil mepBoro mopsaka, H
BBIYUCIIUTE KOHCTAHTY CKOPOCTH 3TOH PEaKIHH.

17.  KoHcTaHTa CKOPOCTH PEAKIINH OMBUICHUS YKCYCHOATIIIOBOTO 3dupa memousto mpu 283 K
paBHa 2,38 n- munl'Monb, paccuuraiiTe BpeMs MONOBUHHOrO pasioxeHus s¢upa, ecnu 1 1 0,05 H.
pactBopa »¢upa cmemats ¢ 1 m 0,1H. pacTBopa memnoun. Peakumst ompuieHHS >¢Hpa TOTIUHSIETCS
KHHETHYECKOMY YPaBHEHHIO 2-TO MOPSIKA.

18. Peakius pa3jioxeHHs aMMHaka Ha ropsiueii Boib()pamMoBOil MPOBOJIOKE MPOTEKAET MPU
1129 K mo ypaBuenuto 2 NHz = N2> + 3 H». 3a cKOpOCTBIO peaKIuu CISAUITHN M0 TOBBIIICHHIO 00IIEro
nmaBnenuss AP = Py — Po. C TedeHmeM BpeMeHHU HABICHHWE B CHCTEME IIPH MOCTOSHHOM oOBeMe u
TeMIepaType OBBIIIANIOCH CIECAYIOLIMM 00pa3oM:

By C o 100 200 400 600 800

AP Ha.lo-z .............................. 14’66 29,33 59,70 89’60 117’21



agrwdE

HauanbHoe ngaBieHue B cUCTEME B CHCTEME PaBHSIOCH 2606,6° 102 ITa. Onpenenure NOPSIOK PeAKIUU U
paccuuTaiTe KOHCTAHTY CKOPOCTH.

Koanoxsuym 2

1 OOBSACHUTE CMBICT TIOHATHS «XUMHYECKHE YaChl».

2. Uto Takoe MEXaHU3M XUMUIECKOU peakiuu?

3. UTo Takoe KOHCTaHTa CKOPOCTH XUMHUYECKOH peakiuu? OT KakuxX (pakTOpoB OHA
3aBUcHT? YeMy paBHO YMCIIOBOE 3HaYEHHE KOHCTAHThI CKOPOCTU?

4, UTo Takoe 3HEPrus aKTUBALIMKA XUMUIECKOH peakiuu? Kakumu criocodamMmu MOKHO
ee OIpeaeIuTh?

5. CdopmynupyiTe 3aKOH JEHCTBYIOIIMX Macc.

6. CdopmyupyiTe OCHOBHBIE MTOCTYJIATHI XUMUYECKOH KMHETHUKH.

1. Uto Takoe MOPSIOK XUMHUYECKOW peakuuu? JlaiiTe omnpemeneHue CKOPOCTHIO
XUMUYECKON peaKInu?

8. ChopmynupyiiTe MpaBUIO COCTABJICHUS KUHETUYECKUX YPABHEHHH CIIOXKHBIX
peaKkuum.

9. 3anuimMTe KWHETHYEeCKe YpaBHEHUS IS paciyeTa CKOPOCTH IO BelecTBaM A, B,

R u M st clnoskHON peakiuu:
K1
A+BZR+S
1\2 k3
A+R-M

10. Meronbl cMHTE3a ¥ TEXHOJIOTHS IPOILIECCOB MOYYSHUS CIIOXKHBIX IPHPOB.

11. MexaHu3M W KHHETHUKA PEAKIUN XJIOPAHTHUAPUIOB KapOOHOBBIX KHCIOT CO
CITUPTaMH.

12. OKCTepUMEHTAITLHBIE METO Bl NCCIICIOBAHNS KHMHETHKHA TOMOTCHHBIX XUMUYIECKIX

MIPOIIECCOB.

13. MeTtonb! onpeaeneHus MOPSIKa PCaKITHH.

14, Brusiaue TemmiepaTypsl Ha CKOPOCTh XHMHYECKIX PEAKITHA.

KosnokBuym 3

3akoH ['ecca u cencTBus U3 HEro.

3aBUCHMOCTB TEITOBOTO d((pekTa XMMHIECKOH PEAKIIUH OT TEMITePaTypHI.
Omnpenenenre HaMpaBICHHs TPOTEKAHUST OOPATUMON PEaKIIUHU TIPH 3aJIAHHBIX YCIOBHUSX.
Meronpl pacuera KOHCTAHTHI PAaBHOBECHSI.

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

OnpeneneHHe 3Ha4YeHHs] KOHCTAHTHI PaBHOBECHS IPU OPYTOW TEMITepaType.

6.
7.
8.

9.

10.
11.
12.
13.

Omnpenenenrie KOHCTAaHTHI PABHOBECHS UICATIBHBIX U PEaJIbHBIX Ia30(a3HbIX IPOLIECCOB.
Omnpenenenrie KOHCTAHTHI PABHOBECHS KUAKO(PA3ZHBIX XMMUYECKHX HPOLIECCOB.

[lokazate Ha mpumepe, KakuM 00Opa3oM MOXKHO ONpPENETUTh PABHOBECHBIN cOCTAaB OOpPaTHMBIX
XUMUYECKUX PEaKLHM.

Meronpl 3KCIIEPUMEHTANBHOTO OMNPEAEICHUS] PAaBHOBECHOI'O COCTaBa PEAaKLMOHHOW Macchl U
KOHCTaHTbI PaBHOBECHSI.

IIpunuun Jle-Illarense.

TexHonornueckue npueMbl CMEIIEHUS PaBHOBECHSI.

Mozenu TOOXMMHYECKUX MTPOLIECCOB.

MexaHHu3M U KHHETHKA TOITOXMMHUYECKUX IIPOLIECCOB.

14. MCTOILBI onpeaciICHUA J'IPIMPITPIpyTOHIeﬁ CTaAuu TONOXUMHYCCKUX IMMPOLCCCOB.
15. TexHoMOrn4YecKue MECTOAbI I/IHTeHCI/ICbI/IKaLII/II/I TOIMMOXUMHUYCCKUX MPOLECCOB.
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10.

11.
12.

13.
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Koanoxsnym 4

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

Cdopmynupyiite coBpeMeHHbBIE TPEOOBaHMS K XUMUYECKOMY MPOU3BOJICTBY.

[IpuBeanTe CTPYKTYPY XMMHYECKOTO MTPOU3BOJICTBA U OOBSICHUTE HA3HAUCHHE €€
(YHKIMOHANBHBIX YacTeH.

[lepeuncnuTe OCHOBHBIE MTOKA3aTEMN XUMUYECKOTI'O IPOU3BOJCTBA M XUMHKO-
TEXHOJIOTMYCEKOro IpoLecca.

Uro sBisieTcs ChIpbeM B MPOMBILUIEHHOM MTpon3BozcTBe? Kakue ero uctouHuku?
[IpuBeanTe KMaccuGUKaUIO MIPUPOAHBIX MATEPUAIIOB MO PA3HBIM MPU3HAKAM KaK CHIPbSI
JUTS XUMHYECKOW MPOMBIIUIEHHOCTH.

JIist kKakmMx 1esed uCnosib3yercs BO3lyX U BOAAa B XUMHUYECKOM TEXHOJIOTHH.

KaxkoBa ponb TommmBa 1 3HEPTUH B XUMHUYECKOM ITPOU3BOJICTBE.

[IpuBenuTe BUABI U UCTOYHHUKH SHEPTETUYECKUX PECYPCOB XMMHYECKOTO IMPOU3BOCTBA U
WX IPUMEHEHUE.

Ha xakue aBe rpynmbsl MOXKHO pa3ielnuTh 000pyI0BaHHE XUMUYECKOTO IPOM3BO/ICTBA,
€ro BU/IbI 1 Ha3HAYECHHUE.

[lepeuncnuTe CTPOUTENFHO-MOHTAKHBIE KOHCTPYKIIHH.

Pacckaxxute 00 0TX0/1aX XUMHUYECKOT'O MPOU3BOJICTBA, UX UCTOYHHKAX M KIIACCUPUKAIINS
I10 COCTaBY, IEPUOJUYHOCTH 00pa30BaHUsI U BO3AEHCTBUSI HA OKPYKAIOILYIO CPELY.
Kakwue criocoOsI niepepaboTKe TBEPABIX, JKUJIKUX H Ta3000pa3HBIX OTXO/IOB BBl 3HAETE.

KoanokBuym 5

KakoB o01muit moxo K TOCTPOSHIIO MaTeMaTHICCKOW MOZEIH MPOIlecca B XUMHUIECKOM
peakrope?

Uro Takoe peakTop UAEAIBHOIO CMELIEHUS U B YEM MPOSIBIIAETCS «HMI€aIbHOCTbY?

B dgem 3akmogaercs monobue U pa3nudre Mporecca B peakTope NACAIFHOTO CMEIICHNS
[IEPUOJUUECKOM U UJICaIbHOTO BBITECHEHUS !

Uro Takoe yCI0BHOE BpeMs PEAKLUU U 4YEM OHO OTJIMYAETCS OT BPEMEHHU IIpeObIBaHUS B
peakrope?

Kax MeHsieTcst KOHIIEHTpaL|sl HCXOJHOIO KOMIIOHEHTA U IIPOLyKTa IO AJIMHE peakTopa
H7EATbHOIO BBITECHEHHS?

Kax MensieTcst KOHIIEHTpALHsl BEIECTBA 110 00bEMY IPOTOYHOI'O PEAKTOpPa MAEaIbHOTO
CMeIIeHus?

HazoBuTe npuunHbI OTKJIOHEHHSI PEXUMOB B IIPOMBIIUIEHHBIX PEAKTOPAaX OT PEKUMOB
WJEANTbHOIO CMELIEHHUS 1 BHITECHEHUSI.

Uro rakoe ontumu3anusi? ChopMyIupyiTe TOCTAHOBKY 3aa9i ONTHMHU3AIHH
TEXHOJIOTHYECKOro MpoLecca U HOSICHUTE.

[Toyemy 3amaua oNTUMHU3AMY MHOTOKPATHO BCTPEUAETCS IIPU pa3padOTKe XUMHUKO-
TEXHOJIOTMYECKOro npouecca?

YT0 TaKO€ TEOPETUUECKUI ONTUMAJIbHBIN pexxuM? {7151 4ero Hy>KHO €ro onpeAeieHue.
KaxoBa ontuManbHast TeopeTHuecKasi TeMIlepaTypa it HeOOpaTUMBIX U 00paTHMBIX
(9K30- ¥ SHIOTEPMUYECKIX ) XHMUYECKUX PEAKIUH.

KonsioxkBuym 6

HapucyiiTe cxeMbl peakTOpOoB sl peasin3aliii TOMOT€HHBIX ITPOIIECCOB U 00BSICHUTE UX
paboTy (BXOI CHIPbS U BBIXOJ NPOIYKTa, BPeMs IIPOBEICHUS MpoIecca, Iy TH MOABOJA U
OTBOJIA TEIUIOTHI H T.[I.)

Kakue cymecTByoT criocoObl OpraHH3aliH B3aUMOICHCTBHUS Ta3a ¢ )KUAKOCTHIO IPH
OCYIIECTBJICHUH T'a30-)KUAKOCTHBIX XUMHYECKHX ITPOIIECCOB?

HapucyiiTe cXeMbl peakTOpOB ISl TeTePOreHHO-KaTATMTHIECKUX POLIECCOB U
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 ICEBJO0KIKEHHOM CIIO€ KaTanu3aTropa; 0) mpoiecc B
BOCXOZSIIEM ciioe KaTtanuzatopa? VX HeJOCTaTKU U MPEUMYIIECTBA.

Uto BBl MOHUMAETE MOJT aHATTM30M XUMHKO-TEXHOJIOTMYECKONH CHCTEMBI?

Kakue MoryT nosiBUThCS HOBBIE CBOMCTBA Y TEXHOIOTUYECKUX alllapaToB, KOTAa OHH
00bEIMHEHBI B XUMHUKO-TEXHOJIOTMUECKYIO CHCTEMY?

OmnpenenuTe TEOPETHUECKUI U peallbHBINA pacXoHbIN K03 duIineHT mo chipbio. KakoBsl
MPUYMHBI UX Pa3IHyaus?

Uro Takoe MoJIHAs SHEPTHUs TEXHOJIOTHIecKoro noToka? KakoBbl ee cOCTaBIISIONINE U KaK
OHU OTIpeJeNsIIoTCA?

[Tpu kKakoM coeMHEHHH PEaKTOPOB HJICaIbHOTO BEITECHEHUSI MOKHO MOJTYYUTh OojIbIee
MpeBpaIeHUe U BBIXO MTPOIYKTa — MapajuieIbHOM HITH [TOCIeJ0BATETHHOM?

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

Kakne MeToipl XHMUYECKOH TEXHOIOTHH UCTIONB3YIOTCS ISl YTHIIN3AIUN H
00€3BpEeKUBAHUS TBEPJIBIX OTXOIOB?

Kakue MeToipl XUMHUECKOi TEXHOIOTHH UCTIONB3YIOTCS ISl YTUIN3AIT 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 xonnokeuymos (0_0-3_3):

- MaKCHMallbHO OajloB 3a KakIbI KOJUTOKBHYMOB (6*7=42/4*11=44/2*10=20), ecnu maHBI
OTBETHI Ha BCE MTOCTABIICHHBIEC BOITPOCHI JIOTHIECKH U 00OCHOBAHHO B ITOJTHOM 00BhEMe;

- MUHHMaJIbHO OailioB (6*4=24/4*7=28/2*6=), eciiu B X0Ji¢ OTBETa JOMYIICHBI IPyObIC IPOMaXH,
MPHUCYTCTBYIOT HETOYHOCTH.
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«Ka3zaHCkuii HAIlMOHAJIBHBIN UCCIIEIOBATENBCKUI TEXHOJIOTUYECKHI YHUBEPCUTET)
@aKynbTEeT TEXHOJIOTMYECKHU I
Kadenpa buorexnomoruu
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10 TUCLIUIUIMHE
b1.0.29 O6mas xumMuyeckas TeXHOJIOTHUS

4 cemecTtp

KouTtponbsHast paboTra cOCTOMT M3 4YeThIpeX 3adaHUi. BapuaHT KOHTpOJIbHOM
paboThl BEIOMpAETCS CTyJEHTAMHU IO MOCJIETHUM LKdpamM HOMEpa 3a4eTHOW KHIXKKH C 1
no 21 Bapuant. Ecnn mocnennue nu@pbl HOMepa 3a4eTHOM KHUXKKM Oosbmie 21, To
BapUaHT BeIOMpaeTcs Mo cyMMe JBYX nocienHux nudp. Hampumep, nocneanue nudpsl
HOMEpaA 3a4€THOM KHWXKKH 23, 3TO COOTBETCTBYET 5 BapUaHTy KOHTPOJIBHOTO 3aiaHus. B
KOHIIE pa0oThI HEOOXOAUMO yKa3aTh CIIUCOK MCIOJIb30BAHHOM JIUTEPATYpBHI.

Bapuanmuvt konmpoavnvix 3adanuii

Bapuant 1

1. Wcnonp3ys npunnun Jle-lllarenbe, mnpoaHanmu3upyiTe BCE BO3MOKHBIE
CrocoOBbl CMEIICHUS PAaBHOBECHS PEAKIMHM BIPABO [UISA TOJYYCHHS MAaKCHMAaIBHOTO
KOJIMYECTBA 11eNIeBOro mpoaykTa (AH peakiuu pacCYUThIBACTCS MO TAOJTHMYHBIM JIaHHBIM):

2COq) + Ozr) <> 2COy(
CsHs(r) <> CeHizr) + Har)

2. Ommucarp OOIIYI0 TEXHOJIOTHYECKYIO CTPYKTYPY XUMHUYECKOTO MPOU3BOJICTBA,
Ka4eCTBEHHBIC U KOJMYECTBCHHBIC KPUTEPHH OLCHKUA S(PPEKTHBHOCTH XHUMHUYECCKOTO
MIPOU3BOJICTBA.

3. IlepeuncnuTh WM CpPaBHUTH CHOCOOBI TOJIYYEHHUS TepMHUYECKO (HochopHOH
KHACIOTHL. M300pa3uTh TEXHOJIOTHYECKYIO CXEMY ITPOU3BOICTBA TEPMHUECKOM PochopHOI
KHCJIOTBI JABYXCTYIIEHYATHIM METOIOM.

2A — R(yenesas)

5A — 3S(nobounas)

Onpenenuts: cTeNeHb MpeBpalieHust XA, CEIEKTUBHOCTh SR, BHIXOJ IPOAYKTa ER,
€CJIM Ha BbIX0Ji¢ U3 peakTopa Ca=5 kMoib/M>, Cr=15 kmonb/m>, Cs=4 kMob/M>.

4. [IpoTekaroT mapanienbHble peaKIuu:

Bapmuanr 2
1. Wcnons3ys npunuun Jle-llarense, npoaHanuzupyiite Bce BO3MOXKHBIE
CrocoObl CMEIIEHUsI PABHOBECHUS pEaKIMM BIPAaBO JUI IOJYYEHHS MAaKCHMAaJIbHOTO
KOJIMYecTBa 1iesieBoro nmpoaykra (AH peakiuu paccuuThIBaeTcs Mo TaOJIMYHBIM IaHHBIM):
CuSe) + O2(r) <> Cl(r) + SO2()
CaoHs(r) <> C2Har) + Ho)



2. Omnwucarp OOy TEXHOJOTUYECKYID CXEMY XHMHUYECKOTO IPOM3BOJICTBA,
obmrue (GYHKITNHN, OCHOBHBIC TEXHOJIOTHYECKUE KOMITOHEHTHI XUMHYECKOTO IMPOU3BOJICTBA.
3. Omnwmcarp CBOMCTBA JUOKCUIA U TPUOKCHJIA CEPHI, CEPHOU KUCIIOTHI U OJIeyMa.
Copra cepHOM KHUCIOTBHI, €€ XpaHeHHEe U InepeBo3ka. (OxapakTepu3oBaTb BUIbI
CEPOCOJIEPIKALIETO ChIPbS /ISl IPOU3BOJICTBA CEPHOMN KUCIIOTHI.
2A — R(yenesas)

5R — 3S(nobounas)

OmpenenuTh: CTENeHb MpeBpalieHus XA, CEIEKTUBHOCTL SR, BHIXO MIPOAYKTa ER,
ecu Ha BeIXoJe u3 peaktopa Ca=3 kmomnns/m®, Cr=12 xMons/M3, Cs=2 kMob/M>,

4, HpOTeKaIOT MMOCJICA0BATCIIbHBIC PCAKIIUU

Bapuanr 3

1. Wcnonw3ys npunnun Jle-lllarense, mnpoaHanu3upyiiTe Bce BO3MOKHBIE
CHOCOOBI CMEIICHHS] PAaBHOBECUS pEaKUUU BIPaBO JJs IOJTYYEHUS MaKCUMaJbHOTO
KOJIM4ecTBa 1eseBoro npoaykra (AH peakuuu paccunThIBaeTCs M0 TaOIMYHBIM JJAHHBIM):

CsHs(r) + H2Opx) <> (CH3)3CHO ()
CoHeg(r) <> CoHary + Ho(r)

2. OxapakTepu3oBaTh CBHIPHEBBIE HMCTOYHHKHA XHMHYECKOTO ITPOM3BOICTBA.
[IpuBecTu mpuMepbl UCTIOIb30BaHUSI OTXOJA0B MTPOU3BO/ICTBA KaK HCTOYHUKOB BTOPHUYHBIX
MaTepHalbHBIX pecypcoB. IlepcrekTuBHbIE U aTbTepHATUBHBIE HCTOUYHUKHU CHIPb.

3. Omucarb XUMHUYECKYIO U CTPYKTYPHYIO CXEMBI TIPOU3BOJICTBA CEPHON KUCIOTHI
KOHTaKTHBIM CIIOCOOOM U3 KOJTYe/laHa.

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

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

Bapuanr 4

1. Wcnonp3ys npunnun Jle-lllarenbe, mnpoaHanmu3upyiTe BCE BO3MOKHBIE
CHOCOObl CMEIICHHS] PaBHOBECUS pEaKUWU BIPaBO IS TMOJTYYEHUS MaKCHUMalIbHOTO
KOJIM4ecTBa 1esieBoro npoaykra (AH peakuuu paccuuThiBaeTcs 1Mo TaOIMYHBIM JaHHBIM):

CeHe(r) + CoHary @ CsHsCoHs ()
CoHar) <« CoHay+ Hao

2. OxapaxkTepu3oBaTh CBHIPbEBbIE HCTOYHUKUM XUMHUYECKOTO IPOU3BOJICTBA.
Onucarb MeTOAbl MOJTOTOBKU CHIPhS B XMMHKO-TEXHOJOTMYECKOM IMpoliecce. Meroa
dbnoTarun.

3. Omnwucarp (HPU3HKO-XMMUYECKHE OCHOBBI 00KHra (DIOTAIIMOHHOTO KOJIYEAaHa.
XpaHeHue U MOAr0oTOBKA KoJdenaHa K 00kury. OnucaTh yCTpOMCTBO meueit i o0xura
KoJ4eaHa.

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

Onpenenuts: cTeNeHb MpeBpalieHust XA, CEIEKTUBHOCTD SR, BHIXOJ IPOAYKTa ER,
eciu Ha BhIXoJe u3 peaktopa Ca=3 kmomb/m®, Cr=9 kmons/M3, Cs=1 kmomns/m®,

Bapmuanr S
1. Wcnonw3ys npunuun Jle-llarense, npoaHanuzupyiite Bce BO3MOXKHBIE
crocoObl CMEIIEHUsI PABHOBECHS pEaKkIMM BIPABO IS MOJIYYEHHs] MaKCHMAaJbHOTO
KOJIMYecTBa 1iesieBoro nmpoaykra (AH peakiuu paccuuThIBaeTcs Mo TaOJIMYHBIM IaHHBIM):
CH20() + Hzry <> CH30Hp
CsHi4(r) > CeHe (r) + 4Ho(r)



2. Omucatp KJIacCH(PHUKALINIO XUMHKO-TEXHOJIOTHIECKUX MTPOLIECCOB IO YCIOBHIM
paboThI, 10 TUIY pEeaKLU, 10 COCTOSHHUIO PEarupyronux BEIIeCTB.

3. OxapakTepu3oBaTh NeUW JUIA OOKHTra KOJYeJaHa, YCTPOWCTBA Ui I10JA4H
KOJIYE/]aHa B [1€YU U yJaJeHue orapka. Mcnoap3oBaHue orapka.

4A — R(yenesas)
4. [IpoTekaroT mapaieabHbIe PEaKIHH:
7A — 4S(nobounas)

OmpenenuThb: CTENeHb MpeBpalieHus XA, CEIEKTUBHOCTL SR, BHIXO IPOAYKTa ER,
ecu Ha BeIXoJe u3 peaktopa Ca=2 kmonns/m®, Cr=12 xmons/M3, Cs=1 kmoms/m>,

Bapuanr 6
1. Ucnonw3ys npunnun Jle-lllarense, mnpoaHanu3upyiiTe Bce€ BO3MOKHBIE
CHOCOOBI CMEIIEHHsS] PAaBHOBECUS pEaKUUU BIPaBO JJs TOJTYYEHUS MaKCUMaJbHOTO
KoJM4ecTBa 1eneBoro npoaykra (AH peakuuu paccuuThiBaeTcs 1o TaOIMYHBIM JaHHBIM):
N2y + 3H2) <> 2NH3(p)
CeHs5—CH3x) + Hay <> CsHo(r) + CHar
2. Onucath TEXHOJOTHUYECKYIO CXEMY TPOMBIIIIEHHON BOJONOATOTOBKU. Boma
KaK ChIpb€ U BCIIOMOTAaTeNIbHbII KOMIIOHEHT MPOU3BO/IcTBA. VICTOUHUKHN BOJIBI.
3. Ommcatrb OCHOBBI MEXaHUYECKOH U DIEKTPUIECKON OYHCTKHA 00KHUTOBOTO Ta3a
B IIPOU3BOJICTBE CEPHOI KUCIOTHI OT MbLIU, OPBI3T U TYyMaHa.
4A - R(yenesas)

7R — 4S(no6ounast)

OnpenenuTh: CTENeHb PeBPaIleHns Xa, CeTeKTUBHOCTh SR, BBIXOJ IIPOAyKTa ER,
ecim Ha BBIXoJe U3 peakTopa Ca=2 kmoib/M°, Cr=6 kMonb/M3, Cs=4 kMob/M>,

4, HpOTeKaIOT MMOCICO0BATCIIBHBIC PEAKIIUN

Bapuant 7

1. Wcnonp3ys npunnun Jle-lllarenbe, mnpoaHanmu3upyiTe BCE BO3MOKHBIE
CIOCOOBI CMEIICHHS PABHOBECHS pEaKIM{ BIPABO JJIsA IOJYYCHUS MaKCHMAIBHOTO
KOJIMYECTBA IeJIeBOTro MpoaykTa (AH peakiuu pacCUUTHIBACTCS 1O TAOIMYHBIM JJAHHBIM):

4CoHasr) <> CsHior) + C3Hs ()
CoHe(r) <@ CoHary+ Ha

2. TlpuBecT OOIIYI0 XapaKTEPUCTHKY MW KIACCH(DHUKAIMIO SHEPreTHUYCCKUX
pecypcoB. OmmcaTh  CHOCOOBI  DHEPrOTEXHOJIOTMYECKOTO  KOMOMHHUPOBAHHS U
HCII0JIb30BAHHUS SJHEPTE€THYECKOTO MOTECHIIMANA ChIPhS U TEIlIa SK30TEPMHUCCKUX PEAKITHI.
BropuuHbie 3HEPropecypChl.

3. Onucarp HU3MKO-XUMHYECKHE OCHOBBI KaTaTUTHUYECKOro okucieHus SOz 1o
SOz. Karanuzaropsl nporecca. KoHTakTHBIE amnmapaThl.

3A - R(yenesas)
4. ITpoTekaroT mapaieabHbIC PEAKIHH:
6A — 3S(nobounas)

Onpenenuts: cTeNeHb MpeBpalieHust XA, CEIEKTUBHOCTh SR, BHIXOJ IPOAYKTa ER,
€CJIM Ha BbIX0oji¢ U3 peakTopa Ca=1 kMoib/M>, Cr=5 kmoib/M>, Cs=2 KMOJTIb/M>.

Bapuanr 8
1. Wcnons3ys npunuun Jle-llarense, npoaHanuzupyiite Bce BO3MOXKHBIE
crocoObl CMEIIEHUSI PABHOBECHS pEaKIMM BIPABO IS MOJIYYEHHs] MaKCHMAaJIbHOTO
KOJIMYeCTBa 1iesieBoro nmpoaykTa (AH peakiuu paccuuThIBaeTcs Mo TaOJIMYHBIM IaHHBIM):
CaHiow) > CaHer) + 2Har)
CsHs(r) <> CeHizr) + Har)
2. Onucarb XUMHYECKOE IPOU3BOJICTBO KaK XUMUKO-TEXHOJIOIMUECKYIO CUCTEMY,
BH/JIbl TEXHOJIOTMYECKUX CBs3eH aneMeHToB X TC, NX Ha3HAUEHNE U XapaKTEPUCTUKA.



3. Ommucarp (pU3HKO-XUMHUYECKHE OCHOBBI aOCOPOIMM CEPHOTO aHTHApHIA W3
ra30BOM CMECH B IPOU3BOJICTBE CEPHOM KUCIIOTHL. ATIapaTypHoe o(popMIIEHHE IIpoLecca.

3A - R(yenesas)
4. ITpoTeKaroT MoCeI0BATEIbHBIC PEAKIIHH:
6R — 3S(nobounasn)

OnpenenuTh: CTENEHb IPEBPAIlEHUs XA, CETEKTUBHOCTh SR, BBIXOJ MPOAyKTa ER,
ecu Ha BeIXoJe u3 peaktopa Ca=3 kmomns/m®, Cr=10 xkmons/M3, Cs=3 kmoms/m>,

Bapuanr 9

1. Ucnonw3ys npunnun Jle-lllarense, mnpoaHamu3upyiite Bce€ BO3MOKHBIE
CrOocOOBI CMEIICHUS PABHOBECHS PEAKIMHM BIPABO ISl TOJIYYEHHS MaKCHMAaIbHOTO
KoJIM4ecTBa 1eneBoro npoaykra (AH peakuuu paccuuThiBaeTcs 1o TaOIMYHBIM JaHHBIM):

2C4sHs () <> CgHisgx)
CaHay <> CoHowy + Hagr)

2. TlpuBectn Kimaccu(PpUKANIO XMMHKO-TEXHOJIOTHYECKUX MPOIECCOB, OCHOBHBIE
nokazarenu XTII, ux B3aumocssa3p. CriocoOs! nosblenus 3¢ dexrusHoct XTII.

3. Omucarb XUMHUYECKYIO U CTPYKTYPHYIO CXEMBI TIPOU3BOJICTBA CEPHON KUCIOTHI
HUTPO3HBIM CHIOCOOOM.

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

OnpenenuTh: CTENeHb IpeBpanIenns Xa, CeTeKTUBHOCTh SR, BBIXOJ IIPOAYKTa ER,
ecim Ha BBIXoJe u3 peaktopa Ca=5 kmombs/M®, Cr=10 kMons/M3, Cs=4 kMoms/M>,

Bapuant 10
1. Wcnonp3ys npunnun Jle-lllarenbe, mnpoaHamu3upyiTe BCE BO3MOKHBIE
CHOCOObl CMEIICHHS] PaBHOBECUS pEaKUWU BIPaBO ISl TOJTYYEHUS MaKCUMalIbHOTO
KOJIM4ecTBa 1eseBoro npoaykra (AH peakuuu paccuuThIBaeTCs M0 TaOIMYHBIM TAHHBIM):
CH20¢) + Hay @ CH30H(y
CeHis) < CeHs () + 4Ho(r)
2. Omnwucatb rOMOT€HHbIE XUMUYECKUE MTPOLIECCHI, BIUSIHUE YCIOBUN MPOBEICHUS
U XUMUYECKHMX NPU3HAKOB Ha CKOpPOCTb TMpeBpamieHuss u adddepeHnanibHyo
CeJIeKTUBHOCTD. [1yTH 1 ciocoObl HHTEHCU(UKALIUK TOMOTEHHBIX MPOIECCOB.
3. Omnwucarb COBpPEMEHHOE COCTOSIHHE€ U IEPCIEeKTHBBI Pa3BUTHS a30THOU
poMbIIIIeHHOCTH. ChIpbe 7151 @30THOM MPOMBIIUIECHHOCTH. MeTo bl huKcaluu a3oTa.

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

Onpenenuts: cTeNeHb MpeBpaieHust XA, CEIEKTUBHOCTD SR, BBIXOJ MPOAYKTa ER,
€CJIM Ha BbIX0jie U3 peakTopa Ca=2 kMoib/M>, CR=7 kmoib/M>, Cs=4 kMob/M>.

Bapuant 11
1. Ucnonb3ys mnpunuun Jle-Illarense, mnpoananusupyiite Bce BO3MOKHbBIC
CHOCOOBl CMEIICHHS] PAaBHOBECHS pEaKUWU BOPABO [UIS TOJYYEHHS MaKCUMalIbHOTO
KOJIM4eCcTBa IesieBoro mpoaykra (AH peakuuu paccuuThiBaeTcs 1Mo TaOIMYHBIM JaHHBIM):
2COq) + Oz(r) > 2COx(r)
CaHary <> CoHory + Hagr
2. llpencraBuTh W  OMUCaTh TEXHOJOTMYECKYID CXEMY COBMEIIEHHOM
KaTaJUTHYECKON KOHBEPCUM METaHa U OKCUA YTaepoa Mo aTMOC(HEPHBIM JIaBICHUEM.
3. Omnwucarb METO/bI OYUCTKH TEXHOJIOTHYEeCKHX Ta3oB oT COx.



2A — R(yenesas)

A — 4S(nobounas)

Onpenenuthb: cTENeHb MpeBpamieHust XA, CEICKTHBHOCTh SR, BBIXOJ IPOAYKTa ER,
ecu Ha BhIXoJe u3 peaktopa Ca=2 kmonbs/m®, Cr=7 kMonb/M3, Cs=1 kmoms/m>,

4. [IpoTtekaroT nmapanenbHble peakluu:

Bapuaur 12

1. Ucnonw3ys npunnun Jle-lllarense, mnpoananu3upyiite Bce€ BO3MOKHBIE
CrocoOBl CMEIICHUS! PAaBHOBECHS PEAKIMHM BIPABO JUIA TOJYYCHHS MAaKCHMAaIBHOTO
KOJIM4ecTBa 1esieBoro npoaykra (AH peakunu paccuuThiBaeTcs 10 TaOJIMYHBIM JTAHHBIM):

CuSq) + Ozr) <> Cugy + SOy
CaHe(r) <> CoHary) + Hor

2. W3nmoxuTh TEOpeTHYeCKHe OCHOBBI CHHTE3a aMMHaka, O0O0OCHOBAThH
ONTHUMAJIbHBIE YCJIOBHSI Ipoliecca U He0OXOJUMOCTh MPOBEJACHUSI CHHTE3a aMMHaKa I10
UKJINYECKOU CXEME.

3. Ommcarb METOJBl OYHCTKH TEXHOJOTHUECKHMX Ta30B OT CEPHHUCTBIX
COCIMHEHU M.

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

OnpenenuTh: CTENeHb IpeBpanIenns Xa, CeTeKTUBHOCTh SR, BBIXO IPOAYKTa ER,
ecm Ha BeIXoJe u3 peaktopa Ca=1 kmombs/M®, Cr=7 kMons/M3, Cs=4 kMob/M>,

Bapuanr 13
1. Wcnonp3ys npunnun Jle-lllarenbe, mnpoaHanmu3upyiTe BCE BO3MOKHBIE
CHOCOObl CMEIICHHS] PaBHOBECUS pEaKIWU BIPaBO MJIsl TOJTYYEHUS MaKCHUMalbHOTO
KoJIM4ecTBa 1eneBoro npoaykra (AH peakuuu paccuuThiBaeTcs 1o TaOIMYHBIM JaHHBIM):
Nowr) + 3Ho) <> 2NH3s(
CsHs(r) <> CeHizr) + Har)
2. Omumcatp (PU3NKO-XUMUYECKHE OCHOBBI M ammapaTrypHoe odopMiieHHe
MpolLecca OYUCTKU 00KUTOBOTO ra3a OT KOHTaKTHBIX SI/IOB.
3. llpencraBuTh M omucaTh TEXHOJIOTHYECKYID CXEMYy CHHTE3a aMMHaKa Mpu
CpeIHEM JIaBJICHUH.
2,5A — R(uyenesasn)

75A — 4S(nobounasn)

OnpeneNuTh: CTENeHb MpeBpanieHust XA, CEIEKTHBHOCTD SR, BBIXOJ IPOAyKTa ER,
€CJIM Ha BbIX0Jie U3 peakTopa Ca=1 kMoib/M>, CR=6 kMoib/M>, Cs=2 KMOJIb/M>.

4. [IpoTtekaroT nmapanienbHble peaKluu:

Bapuant 14

1. Ucnonb3ys mnpunuun Jle-Illarense, mnpoaHanu3upyiite Bce BO3MOXKHbBIC
CHOCOObl CMEIICHHS] PAaBHOBECHS PEaKIUU BIPaBO IS TOJTYYEHUS MaKCHUMAalIbHOTO
KOJIM4eCcTBa 1esieBoro npoaykra (AH peakuuu paccuuThiBaeTcs 1Mo TaOIMYHBIM JaHHBIM):

4C2oHasr) <> CsHior) + C3Hs ()
CsHi4(r) <> CeHe (r) + 4Ho(r)

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

3. UW310XuTh BIUSHUE PA3IUYHBIX ()AaKTOPOB Ha MPOIIECC OKUCIICHUS aMMHaKa B
MIPOU3BOJACTBE A30THOM KHUCIIOTHI.

2,5A — R(yenesas)

4, [IpoTekaroT mocneaoBaTeIbHbIC PEAKIIHH:
P P 7,5R — 4S(nobounas)



Onpenenuth: cTENeHb MpeBpamieHust XA, CEICKTHBHOCTh SR, BBIXOJ IPOAYKTa ER,
ecu Ha BeIXoJe u3 peaktopa Ca=3 kmonbs/M®, Cr=7 kMonb/M3, Cs=4 kmMoms/m>,

Bapuanr 15

1. Wcnonw3ys npunnun Jle-Illarense, mnpoaHanu3upyite BCE BO3MOKHBIE
CrocoOBl CMEIICHUS! PAaBHOBECHS PEAKIMHM BIPABO JUIA TOJYYCHHS MAaKCHMAaIbHOTO
KoJM4ecTBa 1esneBoro npoaykra (AH peakuuu paccuuThiBaeTcs 1o TaOIMYHBIM JaHHBIM):

2CO) + O2r) <> 2COxr)
CeHs—CH3x) + Hoy <> CsHo(r) + CHag

2. OxapakTepu3oBaTh KaTaJlU3aTOPbI, NPUMEHSIEMbIE B TPOM3BOJCTBE CEPHOM
KHUCIIOTHI KOHTAKTHBIM METOIOM.

3. M310%uTh (HU3HKO-XUMHIECKHE OCHOBBI ITpoIiecca abCopOIUy THOKCHIA a30Ta
BOJIOW B IPOM3BOJICTBE pa30aBICHHON a30THON KUCIIOTHI.

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

OrnpenenuTh: CTENEHb peBpamienns Xa, CEIEKTUBHOCTL SR, BEIXOJ MPOAYKTa ER,
ecim Ha BBIXoJe u3 peakTopa Ca=2 kMomb/M°, Cr=6 kMonb/M3, Cs=2 KMOTE/M>,

Bapuanr 16

1. Ucnone3ys npunuun Jle-llatense, npoaHanu3upyiTe BCE BO3MOXKHBIE
CHOCOOBI CMEIIEHHS] PAaBHOBECUS pEaKUIUU BIPaBO MJs TOJTYYEHUS MaKCUMaJIbHOTO
KOoJIM4ecTBa 1eneBoro npoaykra (AH peakuuu paccuuThiBaeTcs 1Mo TaOIMYHBIM JaHHBIM):

CeHer) <« CsHizpr) + Har
4C2Ha(r) <> CsHiory + CsHe (1)

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

3. HM3noxuTh TEOpEeTHYECKHUE OCHOBBI Pa3l€iCHUs KUAKOIO BO3JyXa Ha a30T U
KHCJIOPOJ METOJIOM PEKTU(UKALIH.

7A — R(yenesas)
4. [TpoTekaroT Mmocae10BaTeIbHBIC 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. Ucnons3ys npunimn Jle-Illatense, mpoaHanu3upyidTe BCE BO3MOMKHBIE
CHOCOOBl CMEIICHHS] PAaBHOBECHS PEaKUWW BIPABO Ui TOIYyYEHHs MaKCUMajIbHOTO
KOJIM4eCcTBa 1esieBoro npoaykra (AH peakuuu paccuuThiBaeTcs 1Mo TaOIMYHBIM JaHHBIM):
CaHery <> C2Hary + Hogry
Now) + 3Ho) <> 2NH3z ()
2. Omnwucarb obopynoBaHue OAIlICHHBIX CUCTEM MPOU3BOJCTBA CEPHON KUCIOTHI
HUTPO3HBIM METOOM.
3. IlpoBecTu XapaKTepUCTHKY CHIPbS ISl a30THOM MPOMBIIIUIEHHOCTH.
4A — 2R(yenesas)

5A — 3S(nobounas)

Onpenenuts: cTeNeHb MpeBpalieHust XA, CENEKTUBHOCTh SR, BBIXOJ MPOAYKTa ER,
ecu Ha BhIXoJe u3 peaktopa Ca=3 kmomb/m®, Cr=9 kmonn/M3, Cs=2 kmoms/m®,

4. [IpoTekatoT napaienabHble peaKIMU:



Bapuanr 18

1. Hcnone3ys npunuun Jle-llaTense, npoaHanu3upyiTe BCE BO3MOXKHBIC
crocoObl CMEIIEHUSI PABHOBECHUS PEAKIMHM BIPABO JUIA TOJYYCHHS MAKCHMAaIbHOTO
KOJIMYeCTBa I1eNieBoro mpoaykTa (AH peakiuu paccyuThIBaeTCs MO TaOIMYHBIM IaHHBIM):

CoHeg(r) <> CoHary + Hogr)
CuSq) + Ozr) <> Cugy + SOx

2. Omucarp 3Ha4eHHWE HW OONACTh TNPUMEHEHHUS IPOMBIIUICHHOTO KaTalu3a.
CyIIHOCTb ¥ BU/IbI KaTalIn3a.

3. Ommucarp TEXHOJOTHIO IIOJy4CHHsI a30TOBOJOPOJHOW CMECH METO/I0M
IIapOBO3yIIHON KOHBEPCUN METaHA.

4A — 2R(yenesas)

5R — 3S(nob6ounas)

OnpenenuThb: CTENEHb NpeBpatieHns Xa, CEIEKTUBHOCT SR, BEIXOJ MPOAYKTa ER,
ecm Ha BeIXoJe u3 peaktopa Ca=1 kmomns/M®, Cr=5 kMons/M3, Cs=4 kMomb/M>,

4, HpOTeKaIOT MMOCJICO0BATCIIbHBIC PCAKIIUN:

Bapuant 19

1. Wcnonp3ys mnpunnun Jle-lllarense, mnpoaHanmu3upyiTe BcE€ BO3MOKHBIE
CHOCOObl CMEIICHHsS] PAaBHOBECHS pEeaKUWM BIOPaBO Ul TOJYYEHHsS MaKCUMalIbHOTO
KoJM4ecTBa 1eneBoro npoaykra (AH peakuuu paccuuThiBaeTcs 1Mo TaOIMYHBIM JaHHBIM):

CaHaqy <> CoHay + Hagy
CH20() + Hary <> CH30Hy)

2. Ormmcarp MeETOIBI TPOW3BOJCTBA BOJOPOJA KOHBEPCHEH YTIIEBOIOPOIHBIX
ra3zoB. [IpuBecTr cpaBHUTENBHBIN aHAIN3 ITUX METOJOB.

3. Omnucarb MeTO/ibl OYUCTKU a30TOBOJIOPOTHON CMECH OT AMOKCHJA Yriepoaa U
CEpoOBOAOPOLA.

3A - 15R(yenesasn)

A — 3S(nobounas)

OnpenenuThb: CTeNeHb MpeBparieHust Xa, CEIEKTUBHOCTh SR, BBIXOJ MPOAYyKTa ER,
ecm Ha BeIXoJe u3 peaktopa Ca=5 kmonbs/M®, Cr=12 kMons/M3, Cs=3 kmMoms/M>,

4. [IpoTekaroT mapayuiebHbIE PEaKIIHH:

Bapuant 20

1. Wcnonp3ys npunnun Jle-Illarenbe, mnpoaHamu3upylTe BCE BO3MOKHBIE
CHOCOOBI CMEIICHHS] PAaBHOBECUS pEaKUWU BIPABO ISl TOJTYYEHUS MaKCHUMaJbHOTO
KOJIM4eCcTBa 1esieBoro npoaykra (AH peakuuu paccuuThIBaeTCs M0 TaOIHMYHBIM JTAHHBIM):

CesHisr) <> CeHs () + 4Ho(r)
2COq) + Oz(r) <> 2COx(r)

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

3. Omnwucarp npoiecc nepepabOTKH HUTPO3HBIX ra30B B Pa30aBJICHHYIO a30THYIO
KHCTIOTY.

3A - 15R(yenesas)
R — 3S(nobounas)

Omnpenenutsb: cTeneHb MpeBpalieHust Xa, CEIEKTUBHOCTb SR, BBIXOJ MPOAYKTa ER,
eciu Ha BbIxoje U3 peaktopa Ca=3 kmonb/m®, Cr=12 kmonb/M3, Cs=4 kmomn/M>,

4, HpOTeKaIOT IOCJICA0OBATCIIbHBIC PCAKIIU:

Bapmuanr 21
1. Wcnons3ys npunuun Jle-lllarense, mnpoaHanu3upyiite Bce BO3MOKHBIE
CrocoObl CMEIIEHUsI PAaBHOBECHUS pEaKIMM BIPABO JUI TOJYYEHHS MAaKCHMAaJIbHOTO
KOJIMYecTBa 1ienieBoro nmpoaykra (AH peakiuu paccuuThIBaeTcs Mo TaOIMYHBIM IaHHBIM):



2C4Hs(r) <> CsHig(x)
2CO) + Oy <> 2COxr)

2. W3710%uTh OCOOEHHOCTH CEPHOKHCIOTHOTO pasliokeHus GHochopuToB
Kaparay. M300pa3uTh TEXHOJOTHYECKYIO CXEMY MPOU3BOJICTBA U3 HUX 3KCTPAKIIMOHHOMN
(hochopHOIT KHCIOTHI.

3. OxapakTepu30BaTh BU/IBI CEPOCOIEPIKAIIETO ChIPHS IS TPOU3BOICTBA CEPHOM
kucinoTel. [lomydyeHue cepsl M3 Py, OYMCTKA cepbl. [IpUBECTH CXeMy YCTaHOBKH IS
KOMILIEKCHOM IepepabOTKK CEPHBIX PY/I.

2A — R(yenesas)
4. ITpoTeKaroT mapajiebHbIE PEAKIHH:
5A — 3S(nobounas)

OrnpenenuThb: CTENEHb MpeBpalieHns XA, CEIEKTUBHOCTL SR, BEIXO MPOAYKTa ER,
ecm Ha BIXoJe u3 peaktopa Ca=3 kmombs/M°, Cr=7 kMonb/M3, Cs=2 KMOIE/M>,

Pexomenayemas nureparypa.

1.beckoB B.C., CadponoB B.C. OOmiass XuMUYecKas TEXHOJIOTHS W OCHOBBI
MIPOMBIIIJICHHOM 3KOJIOTUH: YUeOHUK sl By30B. — M.: Xumus, 1999. 472 c.: uin.

2.00mas xuMuueckasi TEXHOJOTHs: YUeOHUK JJIsi XUMUKO-TeXH. By30B/Iloxa pen.
WN.I1. MyxneHoBa. — 4-e u3z., nepepad. u gon. — M: Beicur. mik., 1984. — 256 c.: ui.

3.Kpatkuii cripaBouHUK (PU3MKO-XUMUYECKUX BenuuuH. W3nanue nessitoe/ [lox
pen. A.A. Panens u A.M.Ilonomapeoii. — CII6.: CriertmansHas Jluteparypa, 1998. — 232
C.: WL

Kpumepuu oyenku Konmpovhoit paoomol:
Y4eOHBIM IIaHOM IS 3a09HO# (hOpMBI O0YUEHHUS MPETyCMOTPEHA OJJHA KOHTPOJIbHAS
paboTa. MakcuMaibHOE KOJMUYECTBO OAIIOB 33 MPAaBUIHHO BBITOJHEHHYIO KOHTPOJIBHYIO
paboty — 30 6amioB, MUHUMaIBHOE KoJIM4decTBO OamuioB — 10 Gamios.



MunucrepcTBO 00pa3oBanus U Hayku Poccuiickoit @enepanun
HwxHeKkaMCKH XUMHKO-TEXHOJIOTUYECKH HHCTUTYT (prnuan) dhenepaibHOro
roCyJapCTBEHHOTO OI0/HKETHOTO 00Pa30BaTEILHOTO YUPEHKICHHS
BBICIIIETO 00pa30BaHuUs
«Ka3zaHCkuii HaAIlMOHAJIBHBIN UCCIIEI0OBATENBCKUI TEXHOJIOTMYECKUI YHUBEPCUTET)
TexHonoruueckuit pakynbTeT
Kadenpa nedrexumuyeckoro cuaresa

KoMIuieKT BOnpocoB 1151 IK3aMeHa
o mucrmmumnae 51.0.29 O01masg xuMudeckasi TEXHOJIOTHUSI

4 cemecTtp
1.XI/IMI/I‘IGCK3H TexHonorusi. OCHOBHBIE CTaguu XUMHUKO-TEXHOJIOI'MYCCKOro Impoiecca.
2.OCHOBHBIE TEXHUKO-9KOHOMUYECKHE MTOKA3aTEeIN XUMHUKO-TEXHOJIOIMUECKUX IPOIIECCOB.
3. Knaccudukanys XMMHUUECKHX pEaKIUi 0 MEXaHU3MY, MOJIEKYISIPHOCTH U TIOPSJIKY.
4. Knaccupukanys XUMUYECKHX PEaKIMid IO 30HaM MPOTEKAHUS B TEIIOBOMY (D (DeKTy.
5.IIoHsATHE O KOHBEPCUH, CEIIEKTUBHOCTH U BBIXOJE TOBAPHOW MPOILYKIIMHU.
6. MaTepHrasIbHBII 1 SHEPTeTHYECKUI OaJaHCHI.
7. CKOpPOCTh XUMHUYECKHX peaKIuii. 3aBUCHMOCTh CKOPOCTH PEAKIIMH OT KOHIIEHTPAIUH PEareHTOB.
Kunernueckoe ypaBHEHUE.
8.3aBHCHMOCTh KOHCTAHTHI PABHOBECHS XHMHYECKMX pEaKIHi OT TeMIepaTypbl. OJHEpPrus
AKTHUBalluH.
9.PaBHOBECHE XUMUUYECKUX PEAKIINil. 3aKOH ACHCTBYIOIMNX Macc.
10.KoHcranTa paBHOBecus u dHeprus [ mb0Oca.
11.Crioco0b1 cMeneHnsT XAMUIECKOTO PAaBHOBECHS.
12.IlousATHE O KaTaNIH3E.
13.0cHOBHBIE MEXaHU3MBI KaTaN3a.
14.TexHonoruyeckue XapakTEpUCTHKM TBEPIOrO KaTalau3aTopa: aKTHUBHOCTb, TeMIIEpaTypa
3a)KUTaHMs, CEIEKTUBHOCTb.
15. TexHONOrN4eCcKNEe XapaKTEPUCTUKH TBEPAOIrO KaTalau3aTopa: CTPYKTypa, MPOMOTHPOBAHHUE U
OTpaBJICHUE KaTaJIu3aTopa.
16.Ctaguu B3anMoAeHCTBHA Ia3000pa3HbIX PEareHTOB Ha IOBEPXHOCTH TBEPABIX KaTaJIM3aTOPOB.
17.Xumudeckue peakTopsl. Kinaccudukarys.
18.Mopnens peakTopa uacansHOro BeiTecHeHus (PUB-H).
19.Monens peakTopa uneansHoro cmemrenus (PYUC-m).
20.CripbeBas 6a3a XUMUYECKOW MPOMBIIILIEHHOCTH.
21.DOHeprerryeckas 6a3a XUMHYECKON MTPOMBIIUIEHHOCTH.
22 . XuMHIYecKasi TEXHOJIOTHS ¥ OYHCTKA MTPOMBIIIUIEHHBIX BBIOPOCOB.
23 Knaccuduxarus MpOMBIIIUIEHHBIX 3arps3HEeHI Onocgepsl.
24 Metoapl OYMCTKHA OTPAOOTAHHOTO BO3/IyXa U XUM3arps3HEHHON BOJIBI.
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