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Ilepeuenv komnemenyuii U UHOUKAMOPOB 0OCMUNCCHUA KOMNEMEHUUIL ¢ YKA3AHUEM IMAN08 YopmMuposanus
6 npouyecce 0C80EHUA OUCUUNTUHbL

Komnemenyus: TIK 2 criocoOeH olleHUBaTh COCTOSIHIE YCIIOBUH Tpyna Ha pabovnX MECTax M OILIEHHBAaTh OCHOBHBIC TEXHOT'CHHBIC OMTACHOCTH .
Huouxamopwvl 0ocmudicenus KOMnemeHyuu:
[IK 2.1 3Haer (akTopbl IPOU3BOJICTBEHHON CPElbl U TPYAOBOTO MPOI[ECCa, OCHOBHBIC BOPOCHI TMTMEHUYECKON OIICHKH M KJIaCCH(HKAIIMK YCIOBUU TPYya,
TIOPSIIOK TTPOBENIEHHUS MPOU3BOJICTBEHHOI'0 KOHTPOJIS M CIIEITUATBHON OIIEHKH YCIOBHH TPy/Aa, OCHOBHBIE TEXHOT €HHBIE OITACHOCTH, X CBOMCTBA U
XapaKTEePUCTUKH, METOJIBI 3aIIUThHI YEIOBEKA M MPUPOTHON CPENbI OT OMACHOCTEH; OIIEHKY PUCKA PeaTM3aIH OMTaCHOCTEH.
[IK 2.2 ymeer npuMeHSATh METO bl COOpa HH(GOPMAIIMH O COCTOSHUM YCIIOBUH Tpy/la, 000CHOBBIBATH HEOOXOAUMbBIC MEPOIIPHUSITHS, JeaTh 3aKIIOUCHUS 1
BBIBOJIbI BBIOMPATh METO/IbI 3aIIUTHI OT OMACHOCTEH MPUMEHUTEIBLHO K chepe cBoei nmpodeccuoHanbHOM AeATEIbHOCTH; OMPEICNIATh 30HbI TOBBIIIIEHHOTO
TEXHOI'€HHOT'O PUCKA M 30HBI MTOBBIIIICHHOrO 3arps3HEHMS; HICHTU(QUIIMPOBATH OCHOBHBIC OMIACHOCTH; MPEIBUICTh BOBHUKHOBEHHE TEXHOTCHHBIX PHUCKOB;
MIPUMEHSATH Ha TIPAKTUKE METOIBI 3aIUTHI YeJIOBEKA U IIPUPOTHOMN CPEIBI OT OMACHOCTEH.
IIK 2.3 Biameer HaBbIKaMu 00paOOTKH M aHajIM3a HH(OOPMAIIMU B 00J1aCTH OXPaHbI TPY/a, ONPEACICHHS U IPOrHO3UPOBAHUS 30H MOBBIIIIEHHOIO
TEXHOTEHHOTO PUCKA M 30H MMOBBIICHHOT O 3arPsI3HCHUS.

WnnukaTopsl Ortans! GOopMUPOBAHUS KOMIETEHIIMU HaumeHoBaHue 0LIeHOYHOTO
JIOCTHKCHUS (ykazate Bce Tembl u3 PI1/]) cpencraa
KOMIIETCHIIUH Jlexkunu IIpaktuueckue | JlaGopaTopHbie Kypcosoii
3aHATHS, 3aHATUSL IPOEKT
71abopaTOpPHEII (pabora)
IIPAKTUKYM
IIK 2.1 Tema 1, Tema 2, | He Tema 3. He Jlabopamopnas paboma.
Tema 3, Tema 4, | IPEenyCMOTPEHBI npeaycMotpena | Koaioxeuym, sauem c OyeHKol.
Tema 5.
K 2.2 Tema 1, Tema 2, | He Tema 3. He Jlabopamopnas paboma.
Tema 3, Tema 4, | IPEeAYCMOTPEHBI npenycmorpeHa | Konnokeuym, 3auem ¢ OYeHKOLl.
Tema 5
K 2.3 Tema 1, Tema 2, | He Tema 3. He Jlabopamopnas paboma.
tema 3, Tema 4, | IPELYCMOTPEHBI npeaycMotpena | Koaroxeuym, sauem ¢ oyeHKoll.
Tema 5




4 — cemecmp — ounoO-3a04HaAA POpMbL.

Ouenounvle cpedocmea Kon-60 Min-36 6arnos Max-60 dannos
Jlabopamopnas paboma 2 2*5=10 2*10=20
Konnoxeuym 4 4*10=40 4*15=60
Koncnexm no CP 5 5*2=10 5*4=20
Hmozo 60 100
3auem c oyenxoi 60 100
Peiimunz no oucyuniune
HTorosasi cyMmma 0aj1J10B ¢ y4€TOM yCHelHOoMi Ouenka
NMPOMEKYTOYHOM aTTecTAlMU

ot 87 10 100 OTJN4YHO (3aYTEHO)

ot 74 no 86 Xopoiio (3a4TeHo)

ot 60 10 73 Y 0BJETBOPUTEIBLHO (324TEHO)

Huxke 60 HeynoBieTBopuTEJIHLHO (HE 324TEHO)

KPUTEPUHU

OUeHKU 3HAHUIL CYJeHmOo8 Ha 3aueme ¢ oyeHKoll (4 cemecmp)

Ouenka Kputepuu oueHKH HHIUKATOPOB J0CTHKEHUS NPHU (popMe KOHTPos: 3aueT
OTianaHO
( ) OlleHKa «3a4TE€HO» BBICTABISETCS CTYICHTY, €CJAH OTBEThl Ha BOIPOCHI IIO
3a4TEHO

(87-100 6a/10B)

TEMaM OUCHUIIIMHBI IMOCICAOBATCIbHEBI, JIOTUYCCKHU H3JIOKCHBI, JOITYyCKarOTCA
HE3HAYUTCJIBbHBIC HEAOYETBI B OTBETC CTYACHTA, TaKUE€ KaK OTCYTCTBHUE
CaMOCTOATEIIBHOTO BbIBOZA, PEUYCBEIC OIIMOKU U Ip.

Xoporto (3a4TeHo)
(74-86 6an10B)

OLICHI(a «3aYTCHO» BBICTABJIACTCA CTYACHTY, €CJIM OTBETHI Ha BOIIPOCHI 11O TEMaM

JUCIUIIITAHBI IIOCJICAOBATCIIBHEI, JIOTHYCCKH N3JI0KCHBI,
HE3HAYUTEIIbHBIE HEAOYETbI B OTBCTC CTYACHTA, TaKHWE€ KaK OTCYTCTBHUEC

CaMOCTOATEIBbHOI'O BBIBOJA, PEYECBBIC OIIMOKU U mp.

JIOITyCKArOTCA

Y 10BIIETBOPUTEND
HO (3a4TEHO)
(60-73 6an10B)

OrneHka «3a4TeHO0» BBICTABIISICTCS CTYACHTY, €CJIM OTBETBHI Ha BOIIPOCHI 110 TEMaM
JUCITUIIITAHBI JIOTHYCCKH
HE3HAYUTEIIbHBIE HEAOYETbI B OTBETC CTYACHTA, TaKHE€ KaK OTCYTCTBUE

CaMOCTOATEIIbHOT'O BBIBOZA, PEUYCBBIC OIIMOKHU H Ip.

IIOCJICAOBATCIIbHEI, H3JI0KCHBI, AONYCKarOTCs

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

OLIeHKa «HC 3a4YTCHO» BBICTABJIAICTCA CTYACHTY, €CJIN CTYACHT HEC 3HACT OCHOBHBIX
IIOHATHM TEMBI JUCHUIIIMHBI, HC OTBCYACT Ha JOIIOJIHHUTCIIBHBIC W HaBOJAIIHNC
BOIIPOCHI NPCIIoaaBaTECIIAd.

MunucrepcTBO 00pa3oBanus 1 Hayku Poccuiickoii @enepanun




HwxHeKkaMCKHl XUMHKO-TEXHOJIOTUYECKH HHCTUTYT (pruan) dhenepaibHOrO
rOCY/IapCTBEHHOTO OIO/DKETHOTO 00Pa30BaTEIBLHOTO YUPEIKIACHUS
BBICIIIETO 00pa30BaHuUs
«Ka3zaHCckuii HaIlMOHAJIBHBIN UCCIIEIOBATEIBCKUI TEXHOJIOTUYECKUI YHUBEPCUTET
Mexanunueckuii GpakynbTeT
Kadenpa nedrexumuyeckoro cuaresa

KoMmuiekT 3aianuii 11 1a6opaTopHoii padoThl
o mucrmmuinae b1.B.03 «O0mas XuMmuueckas TEXHOIOTHS»

4 cemecTtp
JlabopaTtopnasi padora Nel
OrnpenelieHne KOHCTAHTHI CKOPOCTH M JHEPTHH AKTHBALUA
Ppeakuun ruipoJin3a 3THalnerara

ILlenv pabomur:

1. HU3mepums KOHCMAHMbL CKOPOCMU SUOPOAU3A IMUTAYENANA NPU PAZTUYHBIX MEeMREPAMYPax.

2. Paccuumams snepauro akmueayuu peaxyuy OMbLIEHUS JIMUIayemamd.

3. Paccuumamuv memnepamyphbviil KOIp@uyuenm smoul peaxyuu.

I'uaponu3 (oMbUTEHUE) STHIAIIETATA POTEKAET B COOTBETCTBHU CO CIIEAYIOIIUM YpaBHEHUEM:

CHsCOOC,Hs + H,0 « Co,Hs0OH + CH;COOH

CKOpOCTb 3TOW PEAKIMH MOXXHO 3HAYUTENBHO YBEIMYHTH 33 CHET JOOABJICHHS K PACTBOPY COJSIHOM
KHCJIOTBI B Ka4eCTBE Karaim3aropa. Tak Kak KOJIMUYECTBO BOJIbI 10 CPABHEHHUIO C KOJIMYECTBOM dTHJIAIETAaTa BO
MHOTO pa3 OoJIbIlle, 3Ty PEaKIMI0 PAaCCMATPHBAIOT KAaK PEAKIIMIO, MPOTEKAIOIIYIO 10 YPaBHEHHUIO MEPBOrO
MOPSIIKA.

KonmeHTpammst sTunanerara «a» B MOMEHT B3STHSI TIEPBOI TPOOBI paBHA YBETMYCHHUIO KOHIIEHTPAIN
YKCYCHOM KHCJIOTBI 3a BpeMsi OT IIEPBOM 0 IMOCICOHEH MpoObI, T. €. MPOMOPLHOHAIbHA PA3HOCTH MEKITY
KOJIMYECTBOM MUJUIMJIMTPOB €IKOr0 HaTpa, TMOMIEAIIEr0 Ha TUTPOBaHME 3THX mpod. Ecim Ha TuUTpoBaHme
mepBoit poOkI tormto by sz NaOH, a Ha TiTpoBanue mocetels mpoos! - Dz NaOH, o

a=m(b, —Db,)
rae m — KO3((UIMEHT IPOIOPIMOHAIBHOCTH. Tak e U1 KOHIICHTPAIMK dTUIIaleraTa (a - x) KO BpeMeHH t
MOTY9HM:
a—-x=m(b, —b,)
rae by - wicmo Mummmrpo NaOH, more/miiee Ha THTpOBaHKe MPOOHI, B3ATOM depe3 t MHMH IOCIIE IEPBOM

MIPOOKL

[oacTapmsis 3HAYESHUS @ U (@ - X) B ypaBHEHHE (2), HAXOIVIM:

(2303, mb, ~b) 2303 0 b, —b,
t m(b, —b,) t b, —b,

Muoxutens m B ypaBHeHuu (16) cokparuaercs. [l onpeesieHuss KOHCTAaHTbI CKOPOCTH PEAKIHH K
HET He0OXOAMMOCTU BBIUMCIITH 3HAUCHUE KOHLIGHTPALNH STHJIALIETATa, a JOCTATOYHO JIMIIb 3HATH KOJIMYECTBO
NaOH B Mummmnutpax, Morre/ee Ha TATPOBaHUE TIPo0.

OO0opynoBanue U peakTHBBL: mepmocmamyl ¢ ycmanogneHHvimMu memnepamypamu Ha 20, 30 u 40
epao., mpu nioCcKoOoHHble Konbouxu Ha 100 mn; wecmv kKoHuueckux konoouex Ha 200 ma; Kpucmaniuzamop
O IbOOM; NunemKu Ha 2 M1, nunemxa Ha 5 ma; Owpemku Ha 50 M, MepHble YUTUHOPbI HA 5 ML
Denonghmaneun; smunayemam, 1/20 n. pacmeop NaOH; 0,2 n. pacmeop HCI.

Bomosnnenue padoTbi

B uncryto cyxyro kon0y (>kenaTenpHO ¢ MPUTEPTOH MPoOKoii) eMkocThio Ha 100 mit HanmmBatoT 50 Mt
0,2 H. pacTBOpa COJISTHON KUCIIOTHI U ToMelaroT ee B TepMmoctar (t = 20 °C). UtoObl komba He BCIUIbIBAJIA, €€
3akperuritor B IuTathBe. Korma pactBop mpumer temmepaTypy TepMocrtata (uepe3 10-15 mmH), k Hemy
NPWIMBAIOT 5 MJI STHJIALIETaTa |, [IEPEMEILIAB PacTBOP, TOTYAC OTOMPAIOT MUIETKON 2 MJI PEAKLIMOHHON CMECH;
MOMEHT NPWIMBAaHHUS STUJAlleTaTa CYMTAIOT HadaysoM peakuuu. Komby c octaBHieics cMEChIO IIOTHO
3aKpBIBAIOT MPOOKOM, YTOOBI 3(hUp BO BpeMs OIbITa HE HCHAPSUICA, U HE BBIHUMAIOT M3 TEpMOCTaTa B
TEUEHHUE BCETO OIBITA.




BzsaTyro mpoOy BBUIMBAaIOT M3 THIETKH B Apyrylo komdy c¢ 40—50 M xomomHOH Bompl (c
Temneparypoii ot 0 1o 2°C) Wi TOPMOXKESHUSI PeaKIMKi OMBUICHHS 3THIIareTata, XoJoaHast Boia JIO/DKHA ObITh
MPUTOTOBNIEHa 3apaHee. st atoro B konOy Oprenmeiiepa HanmmBatoT 40—50 MII TUCTUIUTMPOBAHHOM BOIBI U
CTaBAT €€ B COCYL CO JIbAOM 3a 15—20 MuH 10 B3STHsI IPOOKL. 3aTeM Mpo0y THUTPYIOT PACTBOPOM €KOTO HATpa
B MPUCYTCTBUM (eHON(TaenHa 10 MOSBICHUS PO30BOr0 OKpAIllMBaHKs, HEe ucuesatomero B Tedenne 10—15
cek. Eci o kakuM-TmO0 NpHYMHAM TUTPOBAHKE HENB3sI MPOBECTU Cpa3y >Ke MOocie MPUIMBAaHUS TPOOBI B
XOJIOIHYIO BOAY, TO KOJOYy C MpOOOH OCTaBISIOT B COCYAE CO JIbAOM. 110 KOJIWYECTBY MWILTHIMTPOB
pactBopa NaOH, morre/iiero Ha TUTPOBaHUE TIEPBOi POOBI, MOYKET OBITh ONpEEIcHa TOYHASI KOHIICHTPAIIUs
cossiHOM KucioThl B pactBope (Cy).

Crenytonme npoObl OTOMPAIOT MUIIETKOM, He BRIHMMAsl KOJOBI M3 TepMocTaTa, IpuMepHO depes 15,
30, 50, 80 u 120 MuH moclie HaYaJia Peakiyy, T. €. MOCNIC NPHIMBaHUS 3(Upa B KOJIOY C COISIHOM KMCIIOTOM, U
TUTPYIOT, KaK yKa3aHo BbIie. Bpemst BiBaHus po0 B XOJIOTHYIO BOJY TOYHO (PMKCHPYIOT U IPUHUMAIOT €ro
3a BpeMs B3ATHSI TPO0, TaK KaKk MOXKHO CUMTaTh, YTO PEAKIMsS B MPOOE MPU OXJIKACHHH MPAKTHUYECKH
OCTaHaBJIMBAECTCS U, CJCAOBATENbHO, KOHIIGHTpAllMM BEIIECTBA, HaHJEHHbIE TIpU aHajm3e, OyIyT
COOTBETCTBOBATh KOHIIGHTPAIMSIM UX B PEAKIIMOHHOM COCYZIE B MOMEHT B3siTHS MpoObl. Tak Kak mo Mepe
TEUCHHSI PEAKIMN KOHIICHTPAIMS YKCYCHOM KUCIIOThI, 00pa3yIoIIeics Tpyu OMbLUICHUU 3(QUpa, YBEITUUUBACTCH,
TO TIPU TUTPOBAHWH HYKHO OBICTPO NMPHJIUTH TAKOE KOJIMYECTBO pacTBOpa €IKOro HaTpa, Kakoe IMONUIo Ha
MpepIIyIIee TUTPOBAHHKE, a 3aTEM YIKEe OCTOPOXKHO JOTHTPOBBIBATH PACTBOP.

UtoObl omnpe/ieNniTh HauadbHYI0 KOHIIEHTpAIIMIO STUI alleTaTa, HeoOXOIMMO OTTUTPOBATH YKCYCHYIO
KUCJIOTY B TIpOOE, B3STOM B KOHIIE PEAKIMH, KOrJa Bech d(Hp TUAPOINU3YETCs, YUUTBIBAS, YTO MPU OONBIIOM
N30BITKE BOIBI PABHOBECUEC CUJIBHO CABUTACTCA BIIPABO Y PEAKIINA OMBUICHHA UACT IIPAKTUYCCKU 10 KOHIIA. HpI/I
KOMHATHOM TeMIlepaType peakiis MpaKTHYeCKH 3aKaHduBaercs depes 24 u. ClenoBaTeNbHO, U B3STHS
nocyienHel mpoObl KOOy € PeakIMOHHOM CMEChIO HAJI0 BBIHYTh M3 TepMOCTaTa M Ha CIISJYIOUIMH JIeHb
OTTHTPOBATH 2 M7 PacCTBOpa.

OnHaKo peakIyio OMBIICHHUS STUIIAIETaTa MOKHO YCKOPUTB. JJist 3TOro Kooy 3aKphIBAFOT TPOOKOH ¢
00paTHBIM XOJIOAMJIPHUKOM M HAarpeBaroT Ha BomsHON Oane mpu temiieparype 70 - 80 °C B teyerue 30 mumn.
HyxHo crequth 3a TeM, 4TOObI KOHAEHCAIMS MapOB JKUIKOCTH IIa 10 BO3MOXHOCTH B HIM)KHEH 4YacTh
XOJIOMMIILHUKA U 3(GUp HE YIETYUHBAICSI M3 PEAKIIMOHHOW cMecd. [locne oXNaKIeHHUsT pacTBOpa MPOBOJIST
TUTPOBAHKE 2 M1 TIPOOBI U orTpeneisioT C,.

TodHO Tak Xe MPOBOAWTCS OMBIT W Tpw Apyrux Temmeparypax: 30°C m 40°C. Omeir mpu
temmeparype 30 °C MoxHO HayaTh npudan3uTensHo yepes 30 - 50 yun, a onbit mpu 40 °C yepes 80 - 100 rmun
rociie Hadaga onbita Tpu Temmeparype 20 °C. IIpoMexyTku BpeMEHU MEXIY OTOOPOM OTAEIBHBIX IPoO
HYXXHO YMEHBIIUTH, TAK KaK CKOPOCTh PEAKITUH YBEITMUMBAETCS C TIOBBIIICHUEM TEMITEPATYPHL.

[TomydeHHBIC PE3yNIBTATHI aHATTM30B KaKI0H MPOOBI 3aIMCHIBAIOT B TAOMMITY 1:

Tabnuya 1
OKCIIepUMEHTAITbHBIE JJAHHBIE MTPOIECca THAPOIH3a
O0bem NaOH,
Ne Bpewms B3sTUs Bpewms ot Hayana . KoncranTa ckopocTtu
3aTpavyeHHBIA Ha
po0 TIpOOBI peaKIuu, MAH peaKkInu K
TUTPOBAHHE, MII

O0padoTKa pe3yJIbTATOB IKCIEPUMEHTA
KoHCTaHTBI CKOPOCTH PEaKIMH ISl PA3JIMIHBIX MOMEHTOB BPEMEHH BBIUKCIISIOT IO opMyIe:

1. C
k =2,303-1g —2

t~C,
rne C, - HauaybHas KOHIIEHTpanys dTuiarerara; Cy — KOHIIEHTpaIus STHJIaleTaTa B MOMEHT BpeMeHH 1.
3areM HaxXOIIT CpelHee 3HAYeHHE K. AHAJIOTMYHBIC BBIUMCICHUS K TIPOIENBIBAIOT YIS KaXKIOTO

3HAUYEHUS TeMIIEpaTyp.

Tabnuua 2
Pe3ynbTatsl SKCIEpUMEHTAIBHBIX JAHHBIX
Temmeparypa KoncranTa ckopoctr TemnepaTypHbIii KO3QHUIEHT OHeprus
OIbITa PEAKLIH, Kepen CKOPOCTH PEAKLMH, Y akruBauuy, E,
Yepen= Ecpea:

CpenHee 3HA4YCHHE KOHCTAHTBI CKOPOCTH DPEAKIIMM MOXKET ObITh HailjieHo rpadmuecku. J[ns storo
ypaBHeHue (16) 3anmiieM cIeayouM 00pa3oMm:




kt
lg(b, —b,)=1Ig(b, —b)-——
g( 0 t) g( 0 l) 2,303

3aTem n300pasute rpaduyecku 3aBucMocTb 1g(D..- by) oT Bpemenu, oTkiIapIBast 3Ty BENUYHMHY MO OCH
Op/IMHAT, a BpeMs 10 OcH abcrucC.

Bpewmsi, mun 0 15 30 50 80

(bo-bx)

Ig(bw-bt)

Bemmunna K / 2,303 Gyner paBHa TaHI€HCY yriia HaKJIOHA TPSIMOiA, IIPOBEACHHOW Yepe3 MOTy4YeHHbIC
TakuM oOpa3zoM Touku, oTkyma k = 2,303 tga.. Benmuuuny tga moaydum w3 OTHOLICHUS MPOTHBOJIEKAIIETO
KaTeTa K MpUIeKaIIeMy, UCXOs U3 TpadiKa 3aBHCHMOCTH.

[Nome3ysich cpemHMM 3HAYEHWEM KOHCTAHT CKOPOCTM pEakiyU TMpU pasfiM4HBbIX TeMIlepaTypax,
HAaXO[MM TEMIIEPATYPHBII KOI(P(PHUIIMEHT CKOPOCTH PEaKIMU M SHEPruM akTuBaluu 1o ¢opmynam (13) u
(15). Jyis1 kak/I0¥ BETMYMHBI BBIYKCIISIOT MO JIBA 3HAYCHHUS M 3aTEM HAXOJISIT CPEIHEE U3 HUX.

Conep:xaHue oTyeTa

1. IlpenctaBuTh KpaTKyl0 TEOPETHYECKYIO CIpaBKy IO cymiecTBy paborel. CpaBHUTH
KOHCTAaHTHI CKOPOCTH, MOTydeHHbIe TIpH Temmepatype 20, 30 u 40 °C.

2. OTMETUTh U3MEHECHHE K B 3aBHCHMOCTH OT TEMIIEPaTypBhl.

3. PaccunTaTh 2HEPTHIO aKTUBALIUH, UCXOS U3 KOHCTAHT ckopoctu npu 30 - 40 °C.

4. PaccuuTaTh TeMrepaTypHblid K03 duiueHT B HHTepBaiax tremnepatyp ot 20 mxo 30 u or 30
1o 40 °C.

5. Haiitu cpenHee 3HaveHWe y (TeMIepaTypHOro Kod(pQUIMEHTa), MPENCTaBUTh rpaduku
W3MCEHEHUS KOHI[EHTPAIMH dTUIIAIETaTa BO BpDEMEHW U KOHCTAHTBI CKOPOCTH OT TeMIIEpaTypPHhI.

JlaGopatopHast padota Ne2
KuHeTHKA peakMy OKMCJIEHUS HOAUA-HOHOB MEPOKCHIOM BOIOPO/IA
(XHMHYeCKHe 4achl)
B BogHOM pacTBOpE B KHCIION Cpejie peakins IPOTeKaeT COTJIACHO yPaBHEHUIO:
21~ + H,0, + 2H" = I, + 2H,0. Q)
MexaHn3M peakiMu BKIIOYaeT HECKOJbKO CTaAWid, TepBas M3 KOTOPBIX  SIBIISIETCS
JIUMUTUPYIONIEH:

H202+I_=H20+10_. (1a)
3a Hel cremyeT BTopas CTamus, KOTopas 00beIMHSIET HECKOIBKO OBICTPBIX PEAKITHIA:
10+ 2H" + 1~ =1, + H,0. (16)

Kunerndeckoe wccineqoBanne MPOBOJUTCS ITyTeM XHWMHYECKOTO aHajin3a oOpa3yromerocs
MOJIEKYIISIPHOTO MOHA. TuTpoBaHue M30BITKOM PacTBOpa THOCYNb(aTa HATPHUS OCYIIECTBISIETCS BHYTPH
PEaKIMOHHOTO COCy/la — METOJ BHYTPEHHETO THUTPOBAaHH. B TOYKe SKBHBAJIEHTHOCTH pPacTBOP
mpuoOperaer TomyOyr0 OKpacKy W3-3a o0pa3oBaHMs COEAMHEHHUs iofga ¢ Kpaxmainom. ['omy0oif mBer
BO3HWKAeT BHE3AITHO M Cpasy, 4epe3 CTPOro OMpeneNeHHBIH mepuoa BpemeHH. [losToMmy menmast cepust
TaKHUX peakiuii H3BECTHA O] HA3BaHUEM «XUMUIECKHE» WIIH «HOIHBIE YaCHI.

O6pasyrommuiics #10]] MPaKTUYECKH MTHOBEHHO pearupyer ¢ THOCYIb(aToM:

L, + 25,057 =217 + 5,06 2

KonnenTtparmus cBobogHOrO iona odeHb Mana. Bpems, mpormrenmee oT MOMEHTa A00aBIeHHS K
pacTBOpY OMpEENIEHHOr0 KOIMYecTBa THOCYJIb(aTa 0 MOMEHTa TMOSBIEHHS TOIXyOOH OKpacKku, paBHO
BPEMEHHU PacXOI0BaHUS HKBUBAJICHTHOIO KOJMYECTBA MEPOKCHIa BOJOPO/Ia B PEAKINU C HOAWUI-HOHAMH.
Kax BumHO, HOmMI-HOHBI pereHepupyIoTcs pH TUTpoBaHuu. [loaTomy KoHIIeHTpanus |” B Xone ombiTa He
M3MEHSETCS U paBHA HAYaJIbHOM.

B kucnornom OydepHoM pacTBOpe KHHETHYECKOE YPaBHEHHE AAETCS BhIPaXKEHUEM:
d[Hzoz] _ _
——— - = k[H0,] - [I"]%. ©)
31ech K’ — KOHCTaHTa CKOPOCTH, 0L — MOPSIOK peakiuu 1o ioaua-uonam. I[lockonbky [I7]=const,

10, 00beauHsist K ¢ [I]%, momyunm:
d[H,0,

2] = k[H,0,], (4)
TAC K — KOHCTAHTAa CKOPOCTH IICCBAOIICPBOIO IMOpsAAKa,
k=k-[I7]% (5)

U3 ypaBHeHust (4) mociie MHTErpupOBaHUS MOITYYUM BhIpaXkeHue s K:




_ 1, [Hy0,]°
k= - ln—[HzOz] , (6)

rie [H,0,]° — HauanbHas KOHLEHTpALHL.
O6o3naunm V* — oO0beM pactBopa Na»S;0s, momienmero Ha TUTpOBaHHWE Bcero ioma, a V —
00beM, U3pacXo/I0BaHHbIH K MOMEHTY BpeMmeHH t. Toraa K MoxxHO paccunrtaTh 110 popmyiie:

1 ve
k==-ln—— 7
0 t ve=y’ (7)
mockonsky V* ~ [H202]" u V* — V ~ [H20;].
Ienpio pabOTHI SBIISETCS onpeeneHre KoHCTanT K, k> ¥ mopsiika peakiiuu mo HOauI-HOHAM O.
Eciu OmBIT MPOBOAAT TPH ABYX TEMIIEpATypax, TO PACCUYMTHIBAIOT SHEPTHIO aKTHBAIIMN

RTyT, , ki
E =—"2In—+
¢ T-T, in k' ©)

rne ki u k, - KOHCTaHTHI cKOpocTH Tpu TemrepaTtypax T1u To.

BobinosiHeHne ONBITOB H PacyeThl

B HeOonpmyro konoouky Haiautk 0,05 n pactBop H»O,. B TmiaTenbHO BBIMBITBIM CTakaH
eMkocthto 250 ma Biuth pactBop Nal (mm Kl), 5 mrz 2 n HoSOs u cTOmbKO BOIBI, YTOOBI IMOCIE
npunuBanus pactBopa HoO. oO0bem peakimoHHOM cMmecu Obi1 paBeH /00 ma. O6bembl pactBopoB Nal
(K1) u H2O2 3anarorcst mpenonaBareneM. OTMETHTh TEMIIEPATYPy OIbITA.

Ykpenutb Haj ctakaHoMm Oroperky ¢ 0,05 n pactBopom NarS;0s, mpunuts 1 mz TUTpaHTa U
nobaBuTh S5 kamenb 1% pacTBopa Kpaxmana. 3arteM BiIUTh B cTakaH H»0,. Cmech THIaTeanHO
nepemeniatb. B moment BimBanns H>O; BrmounTh cexkyHmomep. [Ipu MOsBIEHWH CTOWKOrO CHHETO
OKpalllMBaHHUs 3aMETUTh BpeMs, ObicTpo 100aButTh / mn NaS;O3 — BTOpyr0 MOPLHIO — U, THIATETHHO
MepeMeIIaB pacTBop, 3arUCcaTh BPEeMs IOSIBIICHHS OKPACKH.

Takue omepanuu TOBTOPUTH 6-8 pa3 TpU BKIIOYEHHOM CEKYHJOMEpE; IepeMelluBaHue
CEKyHJIOMepa JIOJDKHO OBITh OBICTPHIM W MHTEHCHUBHBIM, TIIATENLHOCTD JOJDKHA OBITH MPOSIBIICHA W TPH
nobasiennn I mn NaS;0s. Jlenate 3T0 HajA0 OIMHAKOBBIM 00pa30M Ha NPOTSHKEHHH BCEro OIBITA.
HyXHO OCTOSHHO ClIemuTh 32 PEaKIIMOHHBIM COCYZIOM, TaK KaK OKpacKa MOABISETCS BHe3armHo. Hemb3s
MPOMyCcKaTh BpeMs M00aBICHHUS OYEPEAHOW MOPIMH THUTpPaHTa. UTOOBI Jydile OTIMYUTh OKPACKY
pacTBopa, peKOMEHIYETCsl CTaBUTh CTaKaH Ha Oelyro Oymary.

[Ipn KOMHATHOH TeMIlepaType peakius HUACT 10 KOHIA JOBONBHO monro. Jns Haxoxmenus V=
—cyMMapHoro oobema pacteopa NapS;0s, momeainiero Ha TATPOBaHUE, PEAKIIUI0 YCKOPSIOT, 100aBisas 5
Kamenb KaTajgm3aTopa — HACBHIIEHHOTO pacTBopa MonuOaata amMMOHUS. BeimenuBmmiics #on
OTTHUTPOBBIBAIOT, OTCIOna HaxomsaT V*. TuTpoBaHWe BemyT TONBKO M0 oOeclBeuyMBaHUS pacTtBopa. He
cienyer AoOMBAaThCI OOECIBEUMBAHHUS OCagKa HONKPAXMaTbHOTO KOMIUIEKCAa, TaK KaK 3TO MOXKET
MIPUBECTHU K (IIEPETUTPOBAHUIO.

JlaHHbBIE OTBITa M PE3YIABTATHl PACYETOB 3aHOCAT B TAONHITY:

Tabnuya
Kunernka oxkucjenusi Hoau1-MOHOB MEPOKCUIOM BOAOPOa

Konmnentparus pacteopa Nal MO/

O65veMm 0,05 1 pactBopa H2O2 M

Temnepatypa onbiTa oC

O6mmit 06vem 0,05 H pactBopa NaxS;03, V* ML
Ne | O6mem V 0,05 1 pactsopa Bpewms t or Havana Ve -V ) Koncranra
i N,S,0s, a1 pEaKIMu 10 MOMEHTA i In(V* — V) CKOpOCTH K,

TTOSIBJIGHUS] OKPACKH, C C

Pacuer Kk BenyT 1o dpopmyie (7), a Takxke rpagudeckd — Ha ocHOBaHUH 3aBucumoctH In(V*> — V)
ot t (o HakytoHy rpaduka). Beraucistot Kep, aOCOMOTHYIO M OTHOCHTEIBHYIO OLIHOKY.
Bropoii ombIT MpoOBOAAT C BIABOE MEHBIIEH WM BABOe Oonblnell koHmeHTpanuei |. OOmuit
00bem pactBopa (/00 mn) U TemmepaTypa OCTarOTCsS MpeKHUMH. OMpenesssioT KOHCTAHTY CKOpPOCTH K,
3aTeM PAacCUUTHIBAIOT O — MOPSIIOK PEAKLUU 110 HOMUA-UOHY. Beruncnenus npoBoast no gpopmyie:
lgk@-1gk®
@ = g ®)



rae uaaekcsl (1) u (2) obo3nayaror Homep ombita. Popmyna (9) nerko momyvaercs U3 GOPMYIIBI
(5). HaiinenHoe 3HaueHUE 0. OKPYIIISIOT 10 OJMIKAKIIIETro LETOIO MOJI0KUTEIBHOI0 YHCIA ¥ TPUHUMAIOT
ero B KauecTBe MapaMeTpa KuHeTHueckoro ypapHeHus (3). KoHcTanTy ckopocTd K BBIUMCISIOT 1O
ypaBHEHUIO (5) U, YUUTHIBas O, YKa3bIBAIOT €€ Pa3MEPHOCTb.

Usmensor Temneparypy omsita Ha 10 °C u mpooast ombit. Onpenensior K u K. DHepruto
AKTUBAIlUU PaCCUUTHIBAIOT 1O popmyie (8).

B 3akmmiouenue ciiemyer cienats psijl 3aMeuaHMiA:

1. Won, obpasoBaBumiics B peakimu (1), pearupyer ¢ MEpPOKCHIOM BOAOPOAA C
BBIIEIeHnEM Kucnopona: H,O, + I, = 2H™ + 21~ + 0, Ilporekanue 5Toi MOGOYHOM PEaKIUK ABIISETCS
HEeKeNnaTeTbHBIM. UTOOBI OHa HE MCKaXkajda KUHETHKY, Jo0aBieHHe THOCylb(aTa HATpUS B PacTBOP
HEOOXOJJMMO MPOBOJHUTH CPa3y XKe MOocie MOSBICHUS TOIYO0i OKpacKu.

2. V3MeHeHne KOHIIEHTpAIlMM pEareHTOB 3a CYeT YBEJIMYeHHS o0beMa pacTBopa B
pesynbrate nqodaenenus 6-8 M Na S>O3 Mano u mpu He0OXOIUMOCTH MOXKET OBITH YYTEHO.

Oo6opynoBanue u nocyaa

Crakan Ha 250 mn

Kon6a na 50 mn

Mepuasiii numuaap Ha 100 mn

broperka Ha 20 mn

MepHubriif nuauHap Ha 10 mn

CexyHnomep

PeakTuBbl

0,1 1 pactBop Nal (KI) — mo 100 mn

2 npactBop H2SO4 — 5 mn

0,05 u pactBop H202 — 10 20 mn

1% pactBop kpaxmana — 0,2 mr

0,05 1 pactBop NaxS,03 — 1o 20 mn

Hacermennstit pactBop Monubpata aMMoHUS — 0, 2

JlaGopaTopHasn padota Ne3
HccaenoBanue KMHETHKHA F'OMOTEeHHBIX peaKIuii

Ileny pabomwr. DKCIEPUMEHTAIBHOE W3YYEHUE 3aKOHOMEPHOCTEH peakLuy XJIOpaHTUApHIA
OCH30MHOH KHCIIOTBI C TENTWIOBBIM CHHPTOM C OOpa3oOBaHMEM CIOKHOTO 3¢dupa, cocTaBieHHE
KHHETUYECKOr0o ypaBHEHUS Ipoliecca.

Baxneiimmas peakius TOMy4eHHS CIOKHBIX 3(HpPOB - peakius sTepudukanmuu: odpatumoe
B3aMMOJICHUCTBHE OPTAaHUUECKUX MJIM HEOPTaHMUECKUX KHCIIOT CO CHUPTaMHU:

R-COOH + R-OH —R®-COO-R'+ H:0
Jpyrue crocoOsI MoMy4YeHus! CIOXKHBIX 3(PHUPOB:
— B3aMMOZEICTBHE XJIOPAaHTUAPUIOB KUCIIOT CO CIIUPTAMHU:
R-COCl; + 2R-OH —REO0OO0OR' + HCI
— B3aMMOJEICTBUE aHTHIPUAOB KHCIIOT CO CIIMPTAMHU:
(R-C0O);0 + R~OH T—RCOOR' + R-COOH

OOBeKkToM ucciaeqoBaHUsl B JAHHOW paboTe SBISIETCS MPOLECC AalMJIMPOBAHUS  T'€ITHIOBOTO

crimpra (B) xmopanruapumom 6eH30iHON KUCITOTHI (A), IPOTEKAIOIINIT 110 CXeMe:
CeHsCOCI + C;His0H—» CsHsCOOC7H5 + HCI
A B C D

Crnoxusble 3Qupbl KApOOHOBBIX KHCIOT IPUMEHSIOTCS B KAUE€CTBE PACTBOPUTENECH, THAPABINYECKUX
XKHUIKOCTEH, CMa304HbIX Macell, MIacTU(UKaTOPOB U MOHOMEPOB. TeXHOMOrHUecKre MPOLECChl CUHTE3a
CIIOXHBIX 3()MPOB MOXKHO Pa3JeiINTh Ha JBE INIaBHBIE TPYIIIBL:

- JKuaxogaszHble MPOLECCHl HEKATATUTUYECKUE HIIM T'OMOI€HHO-KAaTaJIMTHUECKHE, B KOTOPBIX
XMMHYECKas peaklys COBMEILEHA C TPOLIECCOM Pa3/ICICHHS.

- TeTEepOreHHO-KaTaJUTUYECKHE PEaKLUMH B >KUJIKOW WIM Tra3oBoi (ase, ocyuiecTBisieMble B
MPOTOUYHBIX anmnapaTax 0e3 COBMEIIECHHS C Pa3ACIuTENbHBIMHU MPOLIECCAMH.

[Ipoumeccsl mepBoOl TpymNIbl SABJISIOTCS TPAAMLIMOHHBIMHA M HanOoliee paclpoCTpaHEHHBIMH B
TEXHOJIOTUH 3TEpUPHUKALINH.

1. Mexanu3M peakuuu 3Tepupuranum

Peaknust stepuumkanuy KUCIOT CIOUPTAMH OTHOCHTCS K oOpaTuMbIM mpoueccam. OOpaTtHast
peaKuys Ha3bIBAeTCs TUAPOIN30M CIOKHBIX 3(QUPOB.



OTepuUKaLNI0 COUPTOB KUCIOTAMH MOXKHO OCYIIECTBIISITH ©O€3 KaTaliu3aTopa, HO peakius
MeasieHHas1, TpedyeTcs Bricokast Temiepatypa (200-300 °C). B npucyTcTBHH KHCIOTHBIX KaTaJln3aTOPOB
stepudukanus U ruaponu3 nporexatoT npu 70-150 °C. B kadecTBe Karaim3zaTtopa HNPUMEHSIOT, Kak
npaBuiio, MuHepaibhbie Kuciotsl (H2SO4, HCI).

[ony4enue cnoxHbIX 3GUPOB TPU B3AUMOACHCTBUU XJIOPAHTHIPUIOB KUCIOT U CITUPTOB HAXOIUT
LIMPOKOE PUMEHEHHE B OCHOBHOM B JIAOOpaTOPHOW MPAaKTHKE, MMOCKOJIBKY 3Ta peakuus HeoOpaTHMa, B
OTJINYHME OT 3TepUPUKANNHM KapOOHOBBIX KHCIOT CIHUPTaMH. BBIIENSIOMIMACS TPH 3TOM XJIOPUCTHIHA
BOJIOPOJ] MOKHO BBIBOAUTH U3 CQEphl PeaklWH, WU TOrJomaTh KaKUM-TH00 OCHOBaHHEM, HalpHMEp,
THAPOKCUIOM HATpPHUSL

Peaxuust mpouCXoaUT B pe3yibTaTe HyKJICO(PHUIbHONW aTaky CIHMPTa Ha aTOM yriepoja KapOoHuIa
XJIOpaHTHAPHIa KUCIOThl. OOpasyronmiicss IpH 3TOM KOMIUIEKC OBICTPO TepseT XJOPUCTHIH BOAOPO/,
naBas cioxublit 3¢gpup RCOOR

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

2. KuHeTuka peakuum 3Tepupuranum
3aBUCHMOCTh CKOPOCTH pEaKIMW OT KOHIEHTpAalUHd pearupyrollnX BEmIECTB BBIPaXKaeTCs
OCHOBHBIM 3aKOHOM KHHETUKH B BUJE YPABHEHUS:

S :k-gc;‘ Q)

rae K — KOHCTaHTa CKOPOCTH PEaKITHH;
Ci — KOHIIGHTpaI¥s 1-T'0 pearcHTa;
M — KOJTMYECTBO PEareHTOB;
N — MOPSAOK pPeaKIUK O i-My peareHry.

[Topsimok peakiuu SBISETCS AMIUPUIECKON BETMUIMHON. [lopsAmok peaknmw M0 i-My pearcHTy
Ha3bIBaeTCA YaCTHHIM MOpAIkoM. OH YHCIIEHHO paBeH MOKa3aTelio CTEeNEeHH, C KOTOPHIM KOHIIEHTPAIHS i-
T'O peareHTa BXOJIHUT B YpaBHEHHE CKOPOCTH peaknuu. OOHiA MOPSJOK Peakuy paBeH CyMME YacTHBIX
MTOPSZIKOB PEAKITNH 110 BCEM peareHTaM. Tak Kak

Ci = Ci,o . (17)(]), (2)

rie Cio — HavanbHas KOHIEHTpPAIUS i-T0 peareHTa, a Xi — CTCNeHb MPEeBpaIleHHs i-TO peareHTa, To

CKOpPOCTb PEeaKIIMA MOXKHO BBIPA3UTh Yepe3 CTEIEHb MPEeBPAISHII:

3, :k.i]:{Ci'To(l—Xi)n 3)

Peaknus stepudukanyuy sBIsSeTcs peakuueid BTOPOro MOpPsIKA, KWHETHYECKOE YpaBHEHHE MMEET
BUI:

8 =k-C,-Cy (4)

HccnenoBanne KUHETMKM TOMOTEHHBIX JKHUAKO(A3HBIX IPOLECCOB IPOBOAST, B OCHOBHOM, B
peakropax nepuoanueckoro aectsusi — PUC-II. Ilpu 3TOM 3amaya CBOAMTCS K SKCIEPUMEHTAIBHOMY
onpeneneHn0 (QyHKIMHA 3aBHCUMOCTH KOHLEHTPALMM WM CTEIIEHH INPEBpAIlCHUS OT BPEMEHH H
MOCIEAYIoIIeMy UX aHanu3y. Ha mpakThke UCTIONB3YIOT HHTErPalIbHBIA U JuddepeHInanbHbIii MEeTOIbI
olpezielIeHNs OPAJKa PEaKIUU 1 aHAIN3a KUHETHYECKUX JTaHHBIX.

Humezpanvhoiii memood ynoOeH Ui aHAIN3a IPOCThIX KHHETHUECKUX YPaBHEHHUH, OMMCHIBAIOLIMX
3JIEMEHTapHBIE PEAKIINH, U 3aKJII0YAETCS B CIICAYIOLIEM:

1. IlpeamonararoT MEXaHU3M PEAKLIUH M HaXOAAT COOTBETCTBYIOIIEE YpPaBHEHHE CKOPOCTH. DTO
YpaBHEHHE B COOTBETCTBUU C OCHOBHBIM 3aKOHOM KHHETHUKH B CHCTEME C IIOCTOSIHHBIM 00bEMOM HMEET
BHI:

10



dX. dcC.
—L =kf(X.)) yu *+— =kf(C,
i (X;) i (C) (5)

2. Iocne pazneneHus nepeMEeHHBIX U HHTETPUPOBAHMS YPaBHEHHSI ITOTYYalOT:
Xi dx Xi
i
F(X)= [ —t=k[dr=k-7 )
Xi0 fxl Xi0
Eciu wnrerpan F(Xi) TpyaHO HalWTH aHaJMTHYECKH, HCHOJIB3YIOT rpaduyeckuid Meroa. OH
CBOJUTCS K ONPEICIICHUIO TUIOIIAH 10T KPUBOW B KoopauHaTtax (puc.3.1):

F(X3) =X,
3. Crpost rpaduk B xoopauHatax F(Xi) — t (puc. 2). Eciu oH siBIsieTCss NpsSMOil JIUHUEH, TO
MPHHATOE YPAaBHEHUE COTIIACYETCsI C IKCIIEPUMEHTATbHBIMU JTAHHBIMHL.

()

|. .'__i'rl:-.T |'l:| FI:‘ XI':I
& X
S=F(X )= 1 (X
g X
_____._._r-"" _____ tea=k
; ; > >
P | ’

Puc.1. I'padudeckoe nHTErpUpO- Puc.2. IIpoBepka KHHETUYECKOTO
BaHHE KHHETHYECKOTO YPaBHEHUS YpaBHEHUS HHTETPATHHBIM METO/IOM

4. Ecim 3KCepMeHTalbHBIE TOYKH HE JIOKATCSd Ha TMpsIMYI0, HEOOXOIUMO HCCIIENOBaTh
npyrue ypaBHeHus (1-ro, 2-ro u 3-ro MOPAAKOB), MOKa He OyIeT MOJYyYEHO YIOBJICTBOPHUTEIBHOE
COOTBETCTBHE.

Jugppepenyuanvrotii Mmemoo 3aKITIOYAETCS B HEMOCPEJCTBEHHOW  TPOBEpPKE
middepeHuanbHoi (HOpMBI KHHETHYECKOTO ypaBHEHUs. [IporpaMmy SKCIIEpUMEHTOB B ITOM Ciydae
HaJ0 TUIAHUPOBATh TaK, YTOOBI CPa3y MOJIYUIHUTH MOTHYIO (HOPMY KHHETHIECKOTO ypaBHEHHUS:

1. Ha ocHOBe mpemmonaraeMoro Mexanmu3Ma peakiiii BEIOMPAIOT

KHHETHYECKOE ypaBHEHNE:

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

2. o skcnepuMeHTaabHONM KpHBOH B KoopauHaTax Ci — t rpaduueckum nuddepeHiinpoBaHueM
Haxomat dC; /dr B pa3iM4HbIE MOMEHTHI BPEMEHH U COOTBETCTBYIOIIME OTOH CKOpOcTH (vr)
KOHIIeHTpaImu pearupyronmx semiects (C;).

3. CocraBisioT TaONHUIy 3HAYEHWH KOHIIGHTpPAIMHA WCXOAHBIX pEarupyloliuXx BEIIeCTB U
nipousBoaHOM dCi/dt 4depe3 ompeneleHHbIe HHTEPBAIbI BPEMEHH.

4. Crpost rpaduk 3aBucumocts dCi/dt — f(Ci). Ecnu moiydaroT mpsiMyro, MPOXOIAIIYI0 depe3
Hayallo KOOPAWHAT, TO YPaBHEHHNE CKOPOCTH COOTBETCTBYET IKCIIEPUMEHTAIBFHBIM JaHHBIM (puc. 3.3).

4
=dCydr

[

AC

Puc.3. TIpoBepka KuHeTHUECKOTO YpaBHEHUs Ju(depeHIrnanIbHbIM METOI0M
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5. Ecnu rpaguk B koopaunatax dCi/dr — f(Ci) He sBISETCS MNPSIMOH, CIASIyeT PacCMOTPETh
Jpyroe KNHETU4YECKOE YPaBHEHHUE.

3. OnpeneJienne MOPSIKA peaK UM

Hns  Toro 4droObl ompenenuTs OOIMA TOPSOOK peaknuy, Hajao B3SATh pEareHThl B
CTEXUOMETPUYECKOM OTHOLIEHUH. JIJIs OlpeaeeHusl YacTHOTO MOopsAaKa MO peareHTy A BTOpOM peareHT
B Gepercs B TakoMm M30BITKE, YTOOBI HM3MEHEHHWEM €ro KOHIEHTPAalUUH B XOJE€ ONbITa MOXHO OBLIO
npeHebpeus. [Ipu 3TOM 0OMLIMIA MOPSAOK U TOPSJOK PEAKIUHU MO JAHHOMY PEareHTy MOKHO PacCUuTaTh
[0 3aBUCUMOCTH HAYaJbHOM CKOPOCTH OT HA4aJbHOM KOHIEHTpALlUM peareHta A, Wi METOo[,
OCHOBAaHHBIM Ha 3aBUCUMOCTH, HW3MEHSIOMIENCA BO BPEMEHHM CKOPOCTH pEaKUMh OT  TEKYIeu
KOHIIEHTpaIK peareHra A.

1. Ilpu ucnonb30BaHUU NEPBOrO METO/NA — IMPOBOMAT NPH TOCTOSHHON TeMmIepaType CEepHulo
OIBITOB C PA3MMYHBIMH HCXOTHBIMH KOHIICHTPAL[MSIMH PEArecHTOB © TOCTPOHMB JIOTAPHU(PMUUECKYIO
aHamopdo3y

Inorg=1Ink+n-InCap 9)

0 HAKJIOHY MPSIMOI HAXOMAT MOPSIO0K PEaKIIHH.

2. Tlpn mpUMEHEHWH BTOPOrO MeETOola — JUI HAXOXKICHUS TOPSJIKA PEeaKlUW ONpeeNsioT B
pa3IMYHbIe MOMEHTHI BPEMEHU CKOPOCTh PEaKIMU M KOHIIEHTpaluio peareHTta A (puc.4), v, IOCTPOUB
norapupmMuUecKyro anamop(o3y B COOTBETCTBUU C ypaBHeHUEM 13

Inor=Ink+n-InCa, (10)

0 HAKJIOHY MPSIMOI HAXOJMAT MOPSI0K PEaKIIHH.

CA & In o,

Cy
Cao

& tgd=n

C Al

o o= 1y

v

T In C,

Puc.4. Omnpenenenne Ha4yadbHON CKOPOCTH WM MOPSAKA PEAKIUH TPU IMEPEMEHHBIX HadaJIbHBIX
KOHIIEHTpalMaX peareHTa A.
4. PacyeT TepMOTUHAMHYECKUX (PYHKIMHA

TepMonmuHaMuka peakiMii HE 3aBUCHT OT MEXaHM3Ma, HWMeEeT 3Ha4YeHHE JIUIIb CTeleHb
MpEBpAICHUsT BEIIECTB. TepMOITUHAMHYECKHUE BEIWYHHBI, OOBIMHO, BBIYHCISIOTCS HA OCHOBAaHHUH
HM3MEPEHUN TEMIIEPAaTyPHOU 3aBUCUMOCTH CKOPOCTH PEAKIIMHU 10 YPABHEHUIO AppeHuyca:

k=AeRT (11)
rae K — KoHCTaHTa CKOPOCTH peakiuu mpu temmeparype T;
Ea — pHEprus akTHBAIIY;
A — dacrotHBId (axkTOop AppeHuyca, XapaKTepH3yeT BepOATHOCTh TOTO, HYTO TIPHU CTOIKHOBEHHH
MOJIEKYJT MCXOTHBIX BEIECTB IIPOU30MIET pa3phiB CTAPHIX U 00pa30BaHNE HOBBIX CBSI3EH;
R — ra3oBas moctossHHAS.

Ecnmn m3BecTHBI Tpum M 0ojee KOHCTAHTBI CKOPOCTH PEaKIWH, OIpPEeTeHHBIC MPU Pa3THIHBIX
TeMIiepaTypax, MOKHO PacCUATaTh SHEPTHIO aKTUBAIMH MEPEXOJIHOTO COCTOSHUAS M YaCTOTHBIA (haKTop
AppeHnyca.

Hns »Toro ymoOHO Tmonb30BaThCs TpaduueckuMm MeronoMm (puc.3.5), BBHITEKAIONM U3

norapudmmdeckoit GopMbl ypaBHEHHsI AppeHuyca:

E
s tgar = ——
\\ g R

Puc.5. Onpenenenne sHepruy akTUBALMU 110
SKCIEPUMEHTAILHBIM JaHHBIM

InA <
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OmnpenenuB  sHepruto  aktuBanuu (Ea) ¥ BeMUMCIUB  4YacTOTHBIA (akrop Appenuyca (A4),
PacCUNTHIBAIOT TEPMOJINHAMUYECKUE XaPaKTEPUCTUKH PEAKIINH B CTAHAAPTHBIX YCIOBHSIX!
AH°7 — DHTaNBNNS aKTUBAIUH HITH TETUIOBOW 3 deKT peakiuu:

AH°= E°% —RT (12)

OHa, 0OBIYHO, paBHa WM ONM3Ka K PasHOCTH AE BHYTPEHHHX SHEPTHH MCXOAHBIX M KOHEYHBIX

BELIECTB;
AS® — BHTpONUS aKTUBAIMHK, SHTPOMUS SBISETCS TEPMOJUHAMUYECKOH MEPOH CTaTUCTHYECKOU
BEPOSITHOCTU CUCTEMBI; €€ MOXHO PacCUMTATh [0 YPAaBHEHUIO:

AS°r=4,576 g (AIT) — 49,21 (13)

AG°r —  u300apHO-M30TEpMHUYECKHI  TOTEHNMal WM  dHeprus [ ubOca, xapakrepu3yeT
BEPOSITHOCTH MPOTEKAHUS PEAKIIUH:

AG*=AH" ~T- AS" (14)
5. CocraBJjieHHE MOJTHOT0 KHHETHYECKOTO YPABHEHHS PeaKIHH
OmpenenuB TOPSIOK HCCISTYEMONW PEaKIH, HaWIi KOHCTAHTY CKOPOCTH M BBIYMCIIMB DHEPTHIO
AKTHUBallMy, ITOJTy4al0T NOJIHOC KUHCTUYCCKOC YPaBHCHHE!
N
g =Ae fT.C, (15)
SKCIIEPUMEHTAJIBHAS YACTb

JlabopaTopHasi yCTaHOBKAa JUIi MCCIENOBAaHUS KWHETHKHM pPEAKIHH AaIUINPOBAaHUS CIIHPTOB
XJIOPAHTHIPHUIOM OEH30MHOW KHCIIOTHI MTPE/ICTaBIeHa Ha puC. 4.

5

N

By

\

Puc. 4. Cxema nabopaTOpHOH YCTaHOBKH JUIS MCCIIEHOBAaHUS KHHETHKH PEAKIUH AlWIHPOBAHUS
CITUPTOB XJIOPAHTHIPHUIOM OCH30MHON KHCIOTHI

1- Bo3myxomyBKa, 2- ckisiHKa Tumenko; 3- ckistaka Byneda; 4- cknsaka Tumenko; 5- peomerp; 6-
Oropetka; 7- 6apOoTep; 8- crakan; 9- peakrop; 10- TepmocTat; 11- MarHuTHas Memnanka; 12- Memianka.

Metoauka npoBeaeHus IKCIEPUMEHTA

[lepen HavanoM 3KCHepUMeHTa HEOOXOIMMO MONYYWTh 3aJaHWe y TpernojaBatens. VcxomHeie
JaHHBIE [T HCCIIeIOBAHS KHHETUKA TIPEACTaBIICHBI B Tabmwmie 1.

Tabmma 1
HcxomHble TaHHBIE TIO 3aTPy3Ke PearcHTOB

HOMep Nao NB,o Ma Me Va Ve Vp Vogm CA,()
MOJTb MOJTb r r M M M M Mo/

1 0,15 0,15 60

2 0,14 0,14 60

3 0,13 0,13 60

4 0,12 0,12 60

5 0,11 0,11 60

6 0,10 0,10 60

7 0,09 0,09 60
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8 0,08 0,08 60
9 0,07 0,07 60
10 0,06 0,06 60

[locne momydeHus 3amaHus], UCHONB3yd 3HAUYEHUS MOJIAPHBIX MAcC M IJIOTHOCTEH MCXOJHBIX
pearcHTOB, MPUBEACHHBIX B Tabi. 4.2, pacCUMTHIBAIOT 3arpy3Kd HCXOJHBIX PEAareHTOB B MII, OOIIMii
00BbeM PEaKIIMOHHOM CMECH M KOHIICHTPALIUIO XJIOpaHTUAPUIa OCH30MHON KUCIIOTHI 10 YPaBHEHHIO (4).

Tabmuna 2
DU3NKO-XUMHUYECKUE CBOMCTBA pEareHTOB
BemectBo A B
M, ,r/mMonb 140,52 116,21
p, T/cm® 1,212 0,8219
N,, -1000 .
CA 0= A0 TP (4)
Y Vu(?u{
Ilocne mnpoBepkuM NPaBUIBHOCTA pacy€ra TMPUCTYNAIOT K BBIINOJHEHUIO JSKCIEPUMEHTA.

OKCTHEPUMEHT MPOBOJIAT B CICAYIOIEH MOCIENOBATEILHOCTH

1. PacuderHoe KOIMYECTBO CIIUPTA 3arpyXKaroT B Koj0y, go0asstor 30 M Kcuitona.

2. Konby co crnuprom mnomemator B Tepmocrar 10 nHa 10-15 MuHYT 11 HarpeBaHusi 10
TEMITePaTyphl PEaKIHH.

3. I'pamyupoBaHHON TPOOHPKON OTMEPSIOT pacyeTHOE KOJWYECTBO XJIOPAHTHApHIA OCH30MHOM
KHCJIOTBI, IEPENUBAIOT B KOOy, 700aBisroT 30 MII KCHIIONA U TIEpEMENINBaIoT.

4. BeinyB 0ap0oT€p 7 u3 peakropa 9, aKKypaTHO ¢ TIOMOIIbIO BOPOHKH 3aIMBAIOT XJIOPAHTUIAPHUT
OeH30ITHOI KHCIOTH B peakTop. bapOoTép BCTaBIAIOT HA MECTO.

5. B crakan 8 zaimBatot 300 M1 BOJIBI.

6. U3 Oroperku 6 noGaensitor B crakad 8 4 mu 0,1H pacrBopa KOH u 4-5 xanenb cniupToBoro
pacTtBopa ¢eHondrajgenHa. BkaoyaroT MAarHUTHYIO Meaiky 11.

7. Tlo ucreyenuu 10-15 MUHYT BBIHUMAIOT KOJIOY cO cmupToM U3 Tepmoctara 10 m akkypaTHO
3JIMBAIOT €€ COAEPKUMOE B peakTop (CM. 1I. 4).

8. BhICTpo BKIIIOYAIOT CEKYHIAOMED, BO3AYXOAYBKY 1 u Meranky 12;

9. Ilpu obecuBeyMBaHNY PACTBOpA B CTaKaHE 8 3aIMCHIBAIOT MIOKA3aHUS CEKYHIOMEpa.

BHVMMAHUE!

CEKYHJIOMEP 1 BO3AYXOAYBKY HE BBIKJIFOYATDH

10. Ipunusarot HOBYyIO mopuuto pacteopa 0,1 H KOH (4 M) u QukcupyroT BpeMs CIeIyrOIIEro
00eCIBEYNBaHMS pacTBOpA.

11. DxcepuMEHT MPOIOIDKAIOT JI0 MIPEKpaIIeHHs] 00SCIIBEIMBAHNS PacTBOpa B CTaKaHe &.

12. Pe3ynbTaThl 3aHOCAT B TAOIUITY 3.

Tabmuma 3.
3aBHCHMOCTH KOHIIEHTPAIMK XJIOpaHTHApUAa OeH30iMHO#M KicaoThl (Ca) OT BpeMeHn
Vkon T Ca
Ne ' ’ Xa ’ K Kep
MIT c MOJIB/IT

O0padoTKa IKCIEPUMEHTATBHBIX TAHHBIX

Pacuem nopsaoxa peaxkyuu

1. PaccunThIBarOT cTemeHb MpeBpalleHuss XJIopaHTuapuaa Oen3oiHoW  kucnoTel (A).  T.k.
KOJIMYECTBO MOJICH BBIJEIHMBILErOCcs XJIOPOBOZOPOJA PAaBHO KOJIMYECTBY MOJIEH IPOpPEardpoBaBILETO
XJIOpAHTHIpHIa OCH30MHON KHCIIOTHI, TO

Vr - Tekymuii oobem pactBopa 0,1 H KOH, pacxomyemslii Ha HEWTpaIu3auuio XJI0pOBOAOPOIa,
MTONTy4aeMbIi CIIOKEHUEM C TIPEIBITyIIM 00beMoM: 4, 8, 12 M u T.JI.
Voo — 001uii 00bem pacteopa 0,1 H KOH, nomeammii Ha SKCHepuMEHT, MIL.
2. OnpenensoT TEKyLIylo KoHUeHTpauuio Cy4, paccuuTaB CTelleHb NpeBpalleHus Xy,
Cy= CA,() (1—XA)
U CTPOST I10 MOJYYSHHBIM JaHHBIM rpadudeckyto 3aBucuMocTb Ca = f(7) (puc. 1)
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3. Onpenensitot K — KOHCTaHTY CKOPOCTH:
k=1/t-(1/Cs—1/Cap),

rae Csmu CA,() — TCKyIllas 1 HavdaJIbHasl KOHIICHTPAlUuK,
T— BpEMsA B MUHYTax.

L

Cy

Puc. 5. 3aBUCUMOCTB KOHIIEHTPALMU peareHTa A OT BpEMEHHU peaKluu
4. PaccuMTHIBaIOT TIOPAJOK pEAKIUH TIpadUuecKuM METOJIOM, KaK OMHMcaHo B moxpasnene 3.3.
JL1st 3TOTO pacCYUTHIBAIOT M BHOCST B Ta0JI. 4 CIETYIOIINE BEMTUINHBI:
Tabnuna 4
Jannbie 11 pacyéra o0I1ero nopsijiKa peakiuu

HOMEp

T,

C

Ca,

MOJIB/JT

IN(Ca)

ACA!

MOJIB/JT

AT,

v,

MOJIB/JI*C

In(v)

AWIN|F-

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

2. PaccunThIBarOT CKOPOCTH PEAKIUH IO BEMIECTBY A B COOTBETCTBYIOIIMI MOMEHT BPEMEHHU IO
TaHTeHCaM yIJia HakiIoHa KacarelabHbIX 0y = dCa/d T WM IPUOIHKEHHO

or =ACA T

3. PaccunrsiBaror orapudmst In Ca u In vy,

4. Ctposr rpaduk 3asucumMocth IN Ca OT /1 vy ¥ 110 TAHTEHCY YTIIa OMPEAENSIOT TOPSIOK PEAKIINH.

Pacuém axmueayuonHbIX nApamMempos peaKyuu

1. IIpoBecTu Tpu OMBITA MPH PA3TUYHBIX TEMIIEpaTypax (3aaaércs MpernoaaBaTeneM) U pacCuuTaTh
3Ha4YeHus1 K' B COOTBETCTBUU C IL.II. 1-3.

2. Paccumtare 3Hauenus norapupmoB K um obOpatHeix Temmepatyp /1. Iloctpouts rpaduk
3aBucumocty IgK — 1/T u o TaHreHcy yriia HakJIOHa ONPEIeTUTh SHEPTUIO AKTUBAIUH Eqin.

3. [lo HaiiieHHOMY 3HAYEHHIO JHEPIMU AKTHUBALMM PACCYMTBHIBAIOT SHTAIBIHNIO peakuuu (4 H'r)
o ypasHeHuto (3.12), saTponuto peakmun (4 S°r) mo ypaBHenuio (3.13) u n300apHO-U30TEPMUIECKUN
norentan (4 G°r) mo ypasuernwmio (3.14).

4. 3anuceIBaIOT MOIYYEHHOE KHHETHYECKOe ypaBHEHHUE (CM. ypaBHeHue 3.15).

JlaGopaTopHas padora Ned «IkcnepruMeHTATILHOE oNpe/e/ieHe XUMHYECKOr0o pABHOBECHSI B
FOMOTreHHBIX CHCTEeMaX U TePMOJAMHAMMYECKHI aHAIN3 XMMUYEeCKUX NMPOLECCOB»

Henap pa6oTbl: OKCIEpUMEHTAIBHOE H3y4YeHHE 3aKOHOMEPHOCTEH OOpaTHMBIX PEeakiy Ha
npuMepe d3Tepu(MKaLUM  yKCYCHOW  KHCJOTBI ~ JTHJOBBIM CIHUPTOM, M  pacyeT OCHOBHBIX
TEPMOJMHAMHUYECKHX ITOKa3aTeneld XUMHUYECKOro porecca.

B xauectBe 0ObekTa MCCIENOBaHUA Mpelsiaraercs peakuus 3TepuUKaNN YKCYCHOW KHCIIOTHI
STUJIOBBIM WJIM U30IPONUIIOBEIM CIIUPTOM.

CH,COOH +C,H.OH «» CH,COOC,H, +H,0

A B C A
Ota peakuus IpM KOMHaTHOW TemIiepaType nporekaer MmeaieHHo. [loaromy e€ mpoBoast npu 70
— 90° B IPUCYTCTBHH CONSAHO KUCJIOTH B KAYECTBE KATAM3aTOPa. B 3THX yCIOBUAX OHA 3aKAHYHBAETCS
B TeueHne 2 — 3 4. Karanutuueckoe neiicTBUE CONSTHONH KMCIIOTBI COCTOUT B TOM, YTO OHA aKTHBHPYET
MOJIEKYJly KapOOHOBOW KHCJIOTBL. YKCyCHasi KHCJOTa IPOTOHHpPYETCS MO0 aToMy KHCIIopoJa
KapOOHWJIBHOW TpymIibl (ATOM KUCIIOPOAA HMMEET HEMOJACIEHHYIO Mapy 3JEKTPOHOB, 32 CYET KOTOpOM
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MpUCOeNNHsAETCs TPOTOH). [IpoToHHpOBaHME MPUBOAUT K MPEBPALIEHUIO YACTUUHOIO MOJOKHUTEIHHOT O
3apsijia Ha aToMe yriiepojia KapOOKCHIBHON TPYNIBI B MOJHBIN, K YBETUYCHHUIO €ro AIEKTPO(OUIBHOCTH.
Pe3zonaHcHBIE CTPYKTYphl (B KBaIpaTHBIX CKOOKax) TOKa3bIBAIOT JEJIOKATH3ALUIO ITOJNIOKHUTEIBHOTO
3apsaaa B o0pa3oBaBIIeMCsl KaTHOHE. MojeKya CupTa 3a c4eT CBOSH HEMOAENIEHHON Maphl 3JIEKTPOHOB
MIPUCOENHACTCS K aKTUBHPOBAHHOM MOJIEKyJe KUCIOThL. IIpoTOH OT ocTaTka cupTa mepeMenaercs K
THAPOKCUIIBHOM TpyIIe, KOTopas MpU 3TOM MpeBpaaercsa B “xopomto yxoasmyo~ rpynmny H.O. Ilocne
3TOTrO OTLICIUIAETCS MOJIEKYJIa BOABI C OTHOBPEMEHHBIM BEIOPOCOM ITPOTOHA (BO3BpAT KaTalnu3aTopa)

S 0 ' . .
% o OH C,H;0H
CHj D — 7 7
\ CHsC ~—> CH;C
OH \ \ I —
OH OH
(|3H -H,0, -H* 0
: —_—
CH30—<|3—02H5 D — CH3C\/
o iy OC2Hs

UToObl HU3KOKHUIIAIIME BEHISCTBA, YYAaCTBYIOIIME B pEAKIUU, HE YJICTyYUBAJIUCh IPHU
HarpeBaHUM, PEAKIMI0 TPOBOAAT B PEAKTOpE, CHAOKEHHBIM OOpPaTHBIM XOJOAUIBLHUKOM. Terora
peakiuu 00pa3oBaHUs TUJIAllETaTa OUYEHb MaJla, U ITO3TOMY KOHCTaHTa PABHOBECHS 3TOW PEaKIIMH, KaKk
3TO ciieayeT w3 ypaBHeHuss Bant — Todda u, kak OBLIO IOKAa3aHO PSIOM  SKCIIEPUMEHTAIbHBIX
WCCIICIOBAHMMA, TTPAKTHYECKH HE 3aBHCHUT OT TEMIIEpaTyphl. 3a M3MEHEHHEM COCTaBa CMECH CIEIAT II0
M3MEHEHHIO B HEW CyMMapHON KOHIIGHTPAllMd KHUCJIOTHI B TEUCHHE peakiuu. M3ydeHue paBHOBECUS
peaKIUM OCYIIECTBIISIETCS W3MEPEHHUEM CKOPOCTEH TMpsMOil peaknuu. 3a W3MEHEHHEM KOHIICHTPAIINH
pearupyroNpX BEMIECTB CIEIAT J0 TEX MOp, IOKA HE HACTYITUT PaBHOBECHE.

[IpuHrMas BO BHUMaHWE, YTO PAaBHOBECHAS CTEICHB MPEBPAICHHS YKCYCHOW KUCIOTHI A paBHA
X, TO TIpH JIOCTH>KEHUH KOHEYHOMH I1eNH, T.€. 00pa30BaHHUsl yKCYCHOMPOMMIOBOTO UM YKCYCHOATHIIOBOT'O
a(upa ¥ B UTOTE YCTAHOBJICHHUS PaBHOBECHOTO cOCTOSHUS Ha 0,5 MOIs BBEIEHHOH B PEaKITHIO YKCYCHOM
KHCJIOTHI PAaBHOBECHAs! CMECh OYZAET COMIePKaTh:

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

Bcero B paBHOBecHOU cMmecn OymeT 1 Mok peareHToB. MOJIBHBIC JOIM Pearnpyromnux BEIIeCTB B
PaBHOBECHOM COCTOSTHUY OYIyT paBHBI

Na = 0,5(1- X*),
NB = 0,5(1- X"),
Nﬂ = X*, Nc = X*.

Torma KoHCTaHTa paBHOBECHS MPOBOAUMON pPEAKIUH JTEPUPHUKAIMH YKCYCHOW KHCIOTHI
STHJIOBBIM WJIH H3OMPOMMIOBEIM CITUPTOM OyJEeT paBHA

X *2
KN =
0,25(1— X*)2
IIpu omperneneHn: PaBHOBECHOM CTEICHH MpPEBpaIlieHuss X* B X0je paboThl 3KCIIEPUMEHTAIBHO
ompeziersieT Kak (GyHKuuio or Bpemenn X= f(t) , T.e. paBHOBecHe B CHCTEMe HACTYIUT TOTrIa, KOTZIA
CTEMeHb MPEBPAIICHUs YKCYCHOU KUCIOTHI He OyeT onpenensaThes Bo BpeMenn X= f(1).

0 2 4 6 ¢ MuH

Puc. 3.1 V3MeHeHue cTeneHn IpEeBpALEHUS] YKCYCHOM KUCIOThI BO BpEMEHU
Jis ipoBeeHust SKCIIEpUMEHTa UCIIONB3YIOT TPEXTOPIBIA PeaKkTop, CHAOKEHHBIN TEPMOMETPOM,
00paTHBIM XOJIOMIIEHUKOM, MEIIAIKONH U 000rpeBaroIIuM IprcrnocobieHrneM. B peakrop momemntarot 0,5
Mouib JieasHord ykcycHod U 0,01 MOnb KOHLIEHTPUPOBAHHOM COJISIHOM KUCJIOTHI U HArpEeBalOT B TEUCHUE
10 MHHYT B TepMOCTaTe WM BOJASHOW OaHe C TepMomnapoil. 3a 3TO BpeMsi OTJENBHO TEPMOCTATUPYIOT 110
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3aJaHHOW TeMIlepaTypbl JTHJIOBBINA (M3omponuioBeiid) cnupT. [locne ucrewenust 10 MuHyT, COHPT
MOMEILAIOT B PEaKTOP M BKIIOYAIOT MEIAJIKY U cpa3y OTOMPAroT 1Ml peakKlMOHHON MacChl ¥ IEPEHOCHT B
KonOy ¢ xonomHoil Bomoi u TUTpyloT 0,5 H. NaOH B mpucyrctBum ¢enondranenna. Ilocnenyromue
mpoOsl OepyT uepe3 kaxasie 10 MUHYT U Taxke TUTpPYIOT. [Iporece cunTaercs 3aBepiieHHON, KOrjga Ha
TUTPOBAHHUE JBYX MOCIEIHUX MPOO B3STHIX U3 PEaKTOpa, MOHIeT OJMHAKOBOE KOJMYECTBO MIENOYH, T.€.
cHCcTeMa CTAaHOBHUTCSl paBHOBECHOM. Pe3ynbraTsl MccinenoBanuii 3aHoCAT B Tabnuity 3.1.

O0padoTka pe3ybTaTOB IKCIIEPUMEHTA

Tabnuna 3.1
Pe3ynbTaThl 3KCIIEpUMEHTANBHBIX UCCIIEA0BAHUI
Ilj;ggii V/NaOH, T, MUH. Crenenp npesparienust, X
1
2
3
4
5...
CrerneHb npeBpamieHus YKCYCHOU KUCIOTHI OMPESISIETCs TI0 YPaBHEHHIO
vV, -V
v 17",
V
1

rie Vi- oobem 0,50 NaOH, momeimmiit Ha THTpOBaHUE MTEPBOM MPOOHI;
Vi — oobem 0,58 NaOH, nomieimii Ha TUTPOBaHUE MPOOBI 3a BPeMS T.
3ATAHUE

1. o 9KcrepUMEHTANIBHBIM JIaHHBIM PACCUMTATh CTEICHb MPEBPANICHUS JUIS KaXKJOH B3STOH
MPOOBI.

2.Ha ocHOBaHMH SKCIIEPUMEHTAIBHBIX JaHHBIX TOCTPOUTH rpahuUecKyto 3aBUCUMOCTh (DYHKITUU
X=f (t) u onpenenuTh PAaBHOBECHYIO CTENEHb IPEBpAIlCHUs. PaccunTaTh s UCCIENYyEeMOH peaKkinu
IKCIIEPUMEHTAIBHYIO KOHCTaHTY DPaBHOBECHS IO ypaBHEHHUIO W PAaBHOBECHBIM COCTAaB pPearnpyrouux
BEIIIECTB.

3. PaccunTaTh KOHCTaHTY PaBHOBECHS IO TEPMOIWHAMHYECKMM HaHHBIM (ypaBHeHue 2.20) m
CpPaBHUTH C IKCIIEPUMEHTAIILHON KOHCTAHTON PaBHOBECHSI.

4. Cnenatpb BBIBOJ O BEPOSTHOCTH MPOTEKAHUS HCCIEAYEMOW PEaKINH B MPSIMOM HIJIH OOpaTHOM
HaIpaBlIeHUH U OTMETHUTDH BCE YCIOBUSA, KOTOPbIE MTO3BOJIUThH YBEITHMUNUTH BBIXOJ IIEIEBOT0 POIYKTA.

JladopaTtopHas padoTa Ne5 «UcciienoBanne KHHETHKU PeaKIUH METAJIOB ¢ KMCJI0TAMM

Llens padompr: DKCIIEpUMEHTAIBHOE U3YUEHUE 3aKOHOMEPHOCTEH TOIMOXMMHUYECKHUX MIPOLIECCOB

Ha MPUMEPE PeaKK ATIOMUHHS WIN [IMHKA C KUCJIOTaMH IIPH PA3JINYHBIX TEMIIEpaTypax.
METO/JMKA INPOBEJAEHUS SKCIIEPUMEHTA

JI7ist oCyIecTBIICHHST JAHHOTO MpoIlecca B CTaKaHbl 3arpyxkarot 25 mu 7% pactBopa HCl  wm
H,SO, . 3arem BHOCAT NpenBapUTENHHO OYMINEHHBIA HAXTadyHONH OyMaroil Wim pacTBOPOM IIENIOYH,
B3BelIeHHBIH Kycouek meramia (0,5 - 2 rp.) Ha CTEKITHHOHN Majo4Ke ¢ CHTOOOPa3HBIM HAKOHEYHHKOM U
HAa4YMHAIOT OTCUYeT BpeMeHU. Uepes onpeneneHHble IPOMEXYTKH BpeMeHH (110 3aJaHUI0 MPEnojiaBaTens)
CTEKJSIHHYIO NAJIOYKY C METAJUIOM BBIHUMAIOT U3 CTAKaHa, MPOMBIBAIOT XOMOJHON JUCTHIIIMPOBAHHOM
BOJIOW, BBICYIIMBAIOT Ha (MIBTPOBaJbHOM Oymare M B3BEIIMBAIOT HA aHAJIMTHYECKUX Becax. [locie
W3BJICYEHUSI METajla M3 PacTBOpa KUCIIOTHl OCTAaHABIMBAIOT CEKYHAOMEP M, B3BECHB €O, IMOMEIIAIOT
00paTHO B CTaKaH, BKIIOYAIOT CEKYHAOMEDP U MPOIOIKAIOT OTCYET BPEMEHH.

BHuMaHMe: MOKa3aHUe CEKYHAOMepa He OOHYJISIIOT.

Hdns  uccnenoBaHus BIMSIHUS —TEMIIEPATypbl JKCIEPHUMEHT INPOBOIAT NPU  Pa3iIUUHBIX

TeMIiepaTypax (1o 3aJaHuIo TpenoaaBaTessi). Pe3ynpTaThl SKCIEpUMEHTa 3alUChIBAIOT B TaOnumy 1.
4. OBPABOTKA OKCHHEPUMEHTAJIBHBIX JTAHHBIX
Tabmuma 1.
Pe3ynpTaThl 3KCHEPUMEHTAIBHBIX MCCIESAOBAHUH

Ne T, °C T, MHH Mwe Mome | T, MHH 7| Xme
OIIbITa —

T

n
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N

Onpenesienne JMMATHPYIOLIEH CTaiuH Npolecca
Crenenb npeBpalieHns METAIIIOB (aIFOMHUHUS, IMHKA) ONPEAENIIoT 1o ¢popmye 1:
m -m
X = oM e, &)

Me mOMe

rae M, Ve —Macca HCXOHOIO METaJIA, T

m,,,— Macca MeTaa Iocie peakiuy, T.
o T
Jlns  onpeneneHus: JUMUTHPYIOLIEH CTaadu CTPOAT Ipaduk 3aBUCHMOCTH X, OT — H
T
n

CpaBHUBAIOT C TCOPECTUUCCKUMU KPUBBIMH, IPCACTABIICHHBIMU Ha PUC. 1.
1

X
Me /
05
0
0 05 1 &
T

Puc 1. 3aBHCHMOCTH CTEITEHM MPEBPAIIEHUS METaIa Xnme OT OTHOIIEHHUS T/Tn B 3aBHCHMOCTH
OT JUMHUTHPYIOIIEH cTaauu mporecca: 1 — BHemHeaAupHy3noHHAs 007aCcTh; 2 — KHHETHIeCcKas 00J1acTh
ITocne HaxoXxJeHHS JTUMUTUPYIOLIEH CTaIud I KaXKJIOM M3 Tpex TeMmIlepaTyp ONpeAesioT
KOHCTaHTY CKOPOCTH PEaKIIMH U3 ypaBHEHUS 2.3 (€cu peakius MpoTeKaeT B KHHETHICCKOH 001acTH).
[lo paccunTaHHBIM KOHCTaHTaM TOMOXHMHYECKOTO IPOIECca OMPEAETSIIOT AaKTUBAI[MOHHBIC
rmapaMeTphl (SHEPTHUIO aKTUBAIIUU M YaCTOTHEIN (akTop AppeHnyca) 0 ypaBHEHHUSIM 2, 3 U pe3yiIbTaThl
pacyeToB BHOCAT B Ta0uIy 2.
AHaJTUTHYECKUI METOI orpeaeneHust SHeprun akTHBANH (Eqr)
RT, T, In k—z
12 kl 2
Eaxm = TT.-T. (
2 1

UYacrorHerii ¢aktop AppeHuyca (A) ompemenstoT W3 HUHTErpadbHOH (OPMBI ypaBHEHUS
Appenmyca.

aKm

k=4-e * 3)
Tabmuma 2.
Pe3ynpTaThl pacyera akTUBAIMOHHBIX IAPAMETPOB
Ne T,°C T,K k A Eucr ,KJK/MOITB
1
2
3
3AJIAHUE
1. [TocTpOUTh 3aBHCUMOCTb CTEMEHHM MpeBpamieHuss Xme OT T/tn W, CPaBHHB C
TCOPCTUICCKUMU KPUBBIMH, ITPEACTABJICHHBIMU Ha pHUC. 1, OnpeaAcinThb 06J'IaCTB IMPOTCKAaHUs MTpoLecca.
2. I/ICHOJ'IBSYSI OKCIICPUMCHTAJIbHBIC JdHHBIC, PACCUYUTATh KOHCTAHTY CKOPOCTHU XUMHUYECKOUI
pCaKun MU aKTUBAIITUOHHBIC TaPAMCTPhL (,Z[J'ISI mnponecca, NpoTCeKarouiero B KUHETUYECKOU O6J'I&CTI/I)
3. OnpenenuTs JNUMHUTHPYIOUIYIO CTaiWIO0 IO BIMSHUIO TEMIEpaTypsl Ha CKOPOCTh

XUMHYCCKOMN PpCaKru U 110 SHEPIruu aKTUBALIUH.
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Kpumepuu oyenxu navopamopnuix pabom (ouno-3aounas):

- MaKCHMaJbHO Oa/UIOB 3a KaKAyI0 BBIMOJIHEHHYIO JlabopaTopuyto pabory (1*15=15), ecmu pabora
BBHITIOJIHEHA B TIOJIHOM O0BEME, B OTYETE MPABWILHO M aKKypaTHO BBIMIOJHEHBI BCE BBIUYUCICHUS H
MOCTPOCHBI TPAPHKH, TOTUIECKH U 00OCHOBAHHO IPHBECHBI BEIBOJIBI 10 TEME J1a00pPaTOPHOM paboTHI.

- muauManeHO OamtoB (1*10=10), ecimu B X0je dKCIEPUMEHTA JOMYIIEHBI IPyOble IPOMaxu, B OTYETE
ecTh rpyOble OMMOKH, MPUCYTCTBYIOT OIIMOKM B BBIYMCIICHUSX, HETOYHO IOCTPOCHBI TpaduKu, He
JIOTUYeCKU C(hOPMHUPOBAH BBIBOJ K JJaOOpaTOPHOM padore.
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MunuctepcTBO 00pa3oBanus u Hayku Poccuiickoii @enepanumn
HuxHeKkaMCKUl XUMUKO-TEXHOJIOTUYECKHI HHCTUTYT (pruman) genepaabHOro
roCyJapCTBEHHOTO OI0/DKETHOTO 00Pa30BaTEILHOTO YUPEHKICHHS
BBICIIIETO 00pa30BaHuUs
«Ka3zaHCKkuii HAllMOHAJIBHBIN UCCIIEIOBATENBCKUI TEXHOJIOTHYECKUI YHUBEPCUTET)
Mexannueckuii pakynbpTeT
Kadenpa nedrexumuyeckoro cuaresa
KommuiekT BOnpocoB /151 KOJUIOKBHYMOB
no guctuiuinae b1.B.03 «O01as xumuyeckas TEXHOIOTUS»

4 cemecTtp
KosutoxkBuym 1

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

2. CdopmynupyiiTe 3aKOH JICHCTBYIOIINX Macc.

3 Uro Ha3blBacTCs KOHCTAHTOM CKOPOCTM peakiMd, M OT KakuxX (DaKTOpOB OHA
3aBUCHUT?

4, Uro HasbIBaeTCsl MOJEKYISPHOCTHIO XHMHUYECKOW peakiuu? UTo Ha3pBaeTCS MOPSIKOM
XuUMI9eckoi peakin? [loueMy MOIEKYISIPHOCTD PEAKIMH HE BCET/Ia COBIAIACT C MOPSIKOM PEAKITUH?

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

6. Hammmmre W BBIBEAWTE  ypaBHEHHsS  JUISL  BBIUMCICHHS  KOHCTAHTBI  CKOPOCTH
MEPBOr0 ¥ BTOPOIro TOPSIZIKA.

7. Kak u3MeHsercsl KOHIIEHTPAIMS TIPOIYKTa PEaKIMK CO BPEMEHEM, €CIIF PEaKIns MMEET HYJIEBOM
TIOPSIOK?

8  Kakas w3 ofHOCTa/MHHBIX peaKWii 3aKaHIMBAETCS OBICTpee TPH OJMHAKOBBIX HCXOIHBIX
KOHIICHTPAITMSIX U OJMHAKOBBIX KOHCTAHTAX CKOPOCTH: TIEPBOT'O MIJIM BTOPOT'O ITOPSIIKa?

9. TIloyemy ¢ TMOBBIIICHHEM TEMIIEPATYPhl, KaK IIPAaBHIO, CKOPOCTh XHMHUYECKOH PEaKIUH
YBEITUINBACTCS?

10. Bpems mnonympeBpallicHMs ~BEIIECTB B peakiuud IiepBoro mopsaka mpu 323 K
cocrasisier 100 muH, a ipu 353 K - 15 Mun. Beraucnure temiieparypHbliii KO3 GHIIUEHT CKOPOCTH PEAKIIUH.

11, Yto Ha3bIBaeTCs SHEPTHCH AKTHBAINN XUMHUICCKOM PeaKiim?

12. KomncranTa ckopoctr peakimu npu 298 u 323 K coorerctBenHo pasra 0,0093 u 0,0806 mMun™.
OnpenenuTe SHEPTHI0 AKTHBAITUN PEAKITHH.

13. Omnpepenute HEPruI0 aKTUBALUH, JJIsl KOTOPO# NPH MOBBINICHUU TemIepaTypsl ot 295 no 305 K
CKOpOCTh PEeaKLUH YIBauBaETCA.

14. HMmeet nu pa3MEepHOCTH U KaKyl0 KOHCTaHTa CKOPOCTH PEaKIuu?

15. CkopocTh peakmuu BTOporo nopsaka pasHa 4,5-107 Momb/(J1'c) IpHM KOHLEHTPALMH OJHOTO
pearenta 1,5- 10°2 mons/in u apyroro 2,5 <10 Mons/n. PaccuuraiiTe KOHCTaHTY CKOPOCTH B cM*/(MOJIbC).

16. Tlpum 583 K ra3 apcun ASHs pasnaraercs ¢ oOpa3oBaHHEM TBEPAOrO MbIIIbSIKa M ra3000pa3HOro
Bomopoda. Bo Bpems peaknuM Npu MOCTOSHHBIX O0BeMe W TeMIepaType oOliee NaBlIeHHE B CHCTEME
U3MEHSETCs CIEAYIOMIM 00pa3oMm;

f, GAC. i 0 5,6 6,5 8,0

P,1a-10® 97,75 107,41 109,05 111,35

[Mokaxkute, uTro peakuusi pasnoxeHus ASHz sBisseTcs peakuueidl mepBoro MopsakKa, W BEYUCIHUTE
KOHCTaHTY CKOPOCTH 3TOH peaKIuu.

17. KoHcTaHTa CKOPOCTH PEaKINH OMBUICHHS YKCYCHOITHIOBOTO 3(dupa menoysio npu 283 K paBHa
2,38 n- Mua-Monb!, paccunTaiite BpeMs MONOBMHHOIO pasioxkeHus >¢upa, ecnu 1 1 0,05 H. pactBopa 3¢dupa
cmemath ¢ 1 1 0,1H. pacTBopa mienoun. Peaknus oMbuIeHNs 3¢upa MOTIHHACTCS KHHETHUECKOMY YPaBHEHHUIO
2-10 MOpsIKA.

18. Peaxkius pa3nokeHHs aMMHaKa Ha ropsiaell BoibppamMoBoil mpoBosoke nmporekaeT mpu 1129 K
o ypaBaeHHIO 2 NH3z = N2 + 3 H». 3a cKOpOCThIO peaknuu CIEIUIN IO MOBBIIICHUIO 0011ero naBineHus AP =
Py — Po. C TeueHHeM BpeMEHHU NaBJICHHE B CHCTEME IIPU IOCTOSHHOM O0OBEME M TeMIlepaType IMOBBIIIATIOCH
CIEAYIOMUM 00pa3oM:

by C o 100 200 400 600 800

AP’ Ha10-2 ............................... 14]66 29,33 59'70 89,60 117,21
HauanpHOE pmaBlieHHE B CHCTEME B CHCTEME DPaBHSIIOCH 266,6-10% Ila. Ompexenure TOPSAJOK pPEAKIUH H
paccyuTanTe KOHCTAHTY CKOPOCTH.
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Koanoxsuym 2

1. OOBSCHUTE CMBICI TOHATHS «XUMHUYECKUE YaCh».

2. Yro Takoe MeEXaHN3M XUMHUYECKON peakuun?

3. Yro Takoe KOHCTaHTa CKOPOCTH XHMHYecKoW peakuuu? OT Kakux (QakTopoB OHa
3aBUCHT? YeMy paBHO UMCIIOBOE 3HaYEHHE KOHCTAHThI CKOPOCTH?

4, Uro Takoe HEprus aKkTUBAMK XUMHUYECKOW peakuuu? Kaknumu crnocodamu MOXHO ee
OTIPEACTUTh?

5. ChopmynupyiiTe 3aKOH JEHCTBYIOIIMX Macc.

6. CdopmynupyiTe OCHOBHBIC TOCTYJIATHI XUMHUECKONW KMHETHKHY.

7. Uro Takoe mopsAAok XuMudeckoi peakuun? Jlaite onpeeneHrne CKOPOCThI0 XUMUYECKOM
peakuuu?

8. CdopmynupyiiTe NpaBUIIO COCTABIICHUS KHHETUYECKUX YPAaBHEHHUH CIIOXKHBIX PEAKITHA.

9. 3anummMTe KHHETHYeCKHe YpaBHEHUS TSl pacueTa CKOpOCTH Mo BemecTBaM A, B, Ru M

JUISL CJIO’KHOM PEAKIINU:
K1
A+BZR+S
K2

k3
A+R-M

10. Meronbl cCHHTE32 ¥ TEXHOJIOTHS IPOLIECCOB MOYYESHUS CIIOXKHBIX dHUPOB.

11. MexaHn3M U KWHETHKA PEAKINi XJIOPAaHTHAPHIOB KApOOHOBBIX KHCIIOT CO CIIMPTaMH.

12. OKCIIepUMEHTANbHBIE METOMAbl HCCIEAOBAHHS KUHETHKH TOMOTEHHBIX XWMHYECKHUX
IIPOLIECCOB.

13. Meromp! onpeneneHns MopsaaKa peakiny.

14. BrusiHue TemmnepaTypsl Ha CKOPOCTh XUMHUYECKUX PEAKIIAM.

KosnokBuym 3

3akoH ['ecca u cnencTBus U3 Hero.

3aBHCUMOCTD TEIIIOBOr0 APPeKTa XUMUIECKON PEaKIIMK OT TEMIIEPATYPHI.
Omnpenenenre HanpaBJIeHNs TPOTEKAHUS 0OPATUMOMN PEaKIIUU MPH 33/IaHHBIX YCIOBHSIX.
Mero/pl pacuera KOHCTAHTHI PABHOBECHSI.

Nzobapa Baut-I'odhda, nuzoxopa Baut-I'odhda, uzorepma Baur-I"odda.

OnpeneneHHe 3Ha4YeHHs] KOHCTAHTHI PaBHOBECHS IPU OPYTOW TEMITepaType.

6.
7.
8.

9.

10.
11.
12.
13.

Onpenenenrie KOHCTAHTHI PABHOBECHS UACATBHBIX U PEATbHBIX ra30()a3HbIX MPOIIECCOB.

Onpenenenrie KOHCTAHTHI PaBHOBECHS KHIKO(PAZHBIX XUMHUYECKHX TTPOIIECCOB.

[lokazaTe Ha mpuMepe, KakuM OO0pa3oM MOXXHO ONPEIeNTUTh PABHOBECHBIH COCTaB OOpPATUMBIX
XUMHUYECKUX PEeaKIIui.

Meroppl SKCTIEpUMEHTAITFHOTO OIPEIEIeHAS PAaBHOBECHOT'O COCTaBa PEAKIIMOHHON MacChl M KOHCTAHTHI
paBHOBeCHSI.

[Ipunuun Jle-lllarense.

TexHoMmorn4eckrie MprueMbl CMEIIeHUS PAaBHOBECHSI.

Mogenu TOmOXUMHUYECKHX TTPOIIECCOB.

MexaHn3M U KHHETHKA TOMIOXUMUYECKHX TIPOIIECCOB.

14. Meroap! onpeneneHus TMMUTUHPYIOMICH CTaJuN TOMOXHMMUYECKHX MPOLECCOB.
15. TexHoMOrMYECKNE METOIHI HHTEHCU(UKAIINN TOIIOXHUMHUYECKIX TTPOIIECCOB.

Konsnoxksuym 4

Lo

Omnpenenute NOHATHS «XUMHUYECKOE IPOM3BOJCTBO» M «XUMHKO-TEXHOIOTMYECKUH TIPOLIECC.

Cdopmynupyiite coBpeMeHHbIE TPeOOBaHUS K XHMHYECKOMY ITPOU3BOJICTBY.

3. llpuBegure CTpyKTypY XUMHYECKOIO IPOM3BOICTBA U OOBSICHUTE HA3HAUCHUE €€
(YHKLIMOHANBHBIX YacTeH.

4. llepeuncnure OCHOBHBIE IIOKA3aTEIH XMMUYECKOTO IPOU3BOACTBA M XUMUKO-TEXHOJIOIHUCEKOT O
mporiecca.

5. Uro sBnsiercs ChIpbeM B MIPOMBIILIEHHOM npou3BojcTBe? Kakue ero ucrouHukn?

n
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10.

11.
12.

13.

N

10.
11.

oa s

o

10.

[IpuBeanTe knaccuUKAUIO MPUPOAHBIX MaTEPHUAIIOB MO Pa3HBIM MPHU3HAKAM KaK CHIPBS IS
XUMHAYECKOW MPOMBIILICHHOCTH.

Jnst kKakuXx 1ie1ed UCIob3yeTCs BO3AYX U BOAA B XUMHUYECKOM TEXHOJIOTHH.

KaxoBa ponb TormBa 1 SHEPTUU B XUMUYECKOM IIPOU3BOCTBE.

[IpuBeanTe BUIBI M MCTOUHUKH SHEPTETHUECKUX PECYPCOB XMMHUYECKOTO MTPOU3BOACTBA U UX
MpUMEHEHHE.

Ha xaxue aBe Tpynibl MOXKHO pa3IeuTh 000pyAOBaHHE XUMHUECKOTO MPOU3BOJICTBA, €ro0 BUIBI
W Ha3HaYCHUE.

[epeuncnuTe CTPOUTENFHO-MOHTAXKHBIE KOHCTPYKIHH.

Pacckaxxute 00 0TX01aX XUMHUYECKOTO POU3BOJICTBA, UX UCTOUHUKAX U KJIacCU(DUKAIHS IO
COCTaBy, IEPUOANYHOCTH 00pa30BaHMS U BO3JCHCTBUS HA OKPYXKAIOIIYIO CPeny.

Kakwue criocoOb1 epepaboTKu TBEpABIX, JKUIAKUX H Ta3000pa3HBIX OTXO/I0B BBl 3HACTE.

KoasoxkBuym 5

KakoB o011yt moaxo; K MOCTPOSHUI0 MaTEMaTHYECKON MOJICNU MPOIECCa B XMMHUECKOM
peakrope?

Yo Takoe PEAKTOP UACAJIHLHOr0 CMCIICHUA U B YEM ITPOABIIACTCA <(HJIGEIJII)HOCTI)))?

B uem 3akimrouaercs momodue U pa3indre Ipoiecca B peakTope UaeaibHOTO CMEIICHUS
MEPUOJUYCCKOM U UACATIBHOI'O BBITECHEHHA?

UTo Takoe YCIOBHOE BpEMS PEAKITUN U YeM OHO OTIIMYAETCS OT BpEMEHHU IPEOBIBAaHUS B
peakrope?

Kak MeHseTcst KOHIIEHTpAIIHS HCXOIHOTO KOMITOHEHTA U MPOIYKTA IO UTHHE peaKkTopa
WIE€aJIbHOIO BEITECHEHUS?

Kak MeHsieTcst KOHIIEHTpAIIHS BEIIECTBA IO 00BEMY IMTPOTOYHOTO PEAKTOPa UICAIEHOTO
CMEIIICHS ?

HazoBute IIPUYUHBI OTKIIOHCHUS PEKUMOB B IIPOMBIINUICHHBIX PEAKTOPAX OT PEXUMOB
MJeaTbHOTO CMEIIEHHUS M BBITECHEHUSI.

Uro Takoe ontumMu3zaiusn? CHopMynHpyHTe MOCTAHOBKY 33724l ONTUMH3AINN
TEXHOJIOTUYECKOTO MPOIecca U MOSICHUTE.

[Moyemy 3a/a4a ONTHMHU3AIUA MHOTOKPATHO BCTPEYAETCS MPH Pa3paboTKe XUMHKO-
TEXHOJIOTUYECKOTro Tporiecca?

UT0 Takoe TEOPETHUIECKUI ONTHUMAJILHEIN peskuM? J{J1s1 9ero Hy>KHO €ro ornpezeieHue.
KaxoBa ontrmanpHas TeopeTnyeckasi TeMIeparypa Jjis HeoOpaTUMBIX U 00paTUMBIX (9K30- U
SHAOTEPMHUIECKNX ) XUMHYECKIX PEaKIIHA.

KousiokBuym 6

Hapucyiite cxembl peakTOpoB [UIs peann3aluy FTOMOT'€HHBIX IPOLECCOB U OOBACHUTE UX paboTy
(BXOZ CHIPBS U BBIXOJ TPOAYKTA, BPEMs IPOBEAEHUSI ITpoLiecca, IyTH IOABOIA U OTBOJIA TEILIOTHI
W T.1.)

Kakue cymecTBytoT coco0bl OpraHu3auuy B3aUMOJICHCTBUS ra3a ¢ KUIKOCThIO IPU
OCYLIECTBICHUH Ia30->KUIKOCTHBIX XUMHYECKHUX MPOLECCOB?

HapucyiiTe cxembl peakTOpOB [UIs F€TEPOreHHO-KaTaIUTHIECKUX IPOLIECCOB U 0OBICHUTE HX
paborty.

UYeM orpaHu4eHO UCIIOJB30BaHHUE B IPOMBIIITICHHOCTH aq1a0aTHYecKoro peakropa?

Kax opranmzoBas mporiecc: a) B IICEBJOOKIKEHHOM CIIOe KaTamu3aTopa; 0) mpoiiecc B
BOCXOZSIIEM ciioe KaTanuzaropa? VX HenocTaTku M MPeMMyIIecTBa.

Uto BbI MOHUMAETE M0J] aHAJTM30M XUMHKO-TEXHOJIOIMYECKONH CHCTEMBI?

Kakne MoryT nosiBUTbCSI HOBbIE CBOMCTBA y TEXHOJIOTHYECKUX aNIlapaToB, KOI/Ia OHU
00BbEIMHEHBI B XUMHUKO-TEXHOJIOTHYECKYIO CUCTEMY?

OmnpenenuTe TEOPETHUECKUH U peabHBIA pacXoqHbIi ko3 duiment no ceipsio. KakoBsl
MPUYMHBI UX PA3TIHUUs?

Uro Takoe MoJIHas 3HEPTUs TEXHOJIOTHYECKOro moroka? KakoBsl ee cOCTaBISAIOIINE U KaK OHU
OTpeaensatoTcs?

[Ipu kakoM coeIMHEHNH PEaKTOPOB HJICaJIbHOTO BHITECHEHUSI MOXKHO MOJYYUTh OoJIbIIee
MIpEBpALIECHUE M BBIXO/ NMPOAYKTa — MapaJlJIETbHOM WIIH MOCIE0BATEILHOM ?
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11. Kakue TeXHOIOTMYECKUEe PEIICHUS UCTIONB3YIOTCS [Tl YMCHBIICHHS BO3JICHCTBUS XUMHUYECKOTO
MIPOM3BOICTBA HA OKPYXKAIOIIYIO Cpeny?

12. Kakue MeTO/Ibl XUMUYECKON TEXHOJIOTMH UCTIOIB3YIOTCS IS YTHIIU3AIUN U 00€3BPSIKUBAHUS
TBEPJIBIX OTXOA0B?

13. Kakue MeTo/Ibl XUMUYECKOH TEXHOJIOIMH UCTIONB3YIOTCS IS YTHIIU3aIlUN U 00€3BPSKUBAHUS
JKHIKHX OTXOHOB?

14. Ha yeM OCHOBaHbI OMOXMMHYCCKUE U (PU3MKO-XMMHUYECKUE METO/IbI OUUCTKU CTOYHBIX BOJ?

15. Kakue MeTo/1bl XUMUYECKON TEXHOJIOIMH UCTIOIB3YIOTCS IS YTHIIU3AIUN U 00€3BPSIKUBAHUS
ra3oBBIX OTXOHO0B?

Kpumepuu ouenxu xonnokeuymos (ouno-3aounasn):

- MaKCHMAaJIbHO OAJIJIOB 3a KaXKblii KOJUTOKBUYMOB (2*25=50), eciu aHbl OTBETHI Ha BCE MOCTABIICHHBIC
BOIPOCHI JIOTHYECKH 1 00OCHOBAHHO B TIOJIHOM 00bEME;

- MuHuMansHO OamnoB (1*15=15), ecnmu B Xome oTBeTa JMOMYIIEHBI TpyOBIe TMPOMAaxH, MPHCYTCTBYIOT
HETOYHOCTH.
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MunuctepcTBO 00pa3oBanus u Hayku Poccuiickoii @enepanumn
HuxHekaMCKHl XUMUKO-TEXHOJIOTUYECKHI HHCTUTYT (ruman) genepaabHOro
rOCYIapCTBEHHOTO OIO/PKETHOTO 00Pa30BaTEIBLHOTO YUPEIKIACHHS
BBICIIIETO 00pa30BaHuUs
«Ka3zaHCKkuii HAllMOHAJIBHBIN UCCIIEIOBATENBCKUI TEXHOJIOTHYECKUI YHUBEPCUTET)
Mexanunueckuii GpakynbreT
Kadenpa nedrexumuyeckoro cuaresa

KoMImuieKT BOIpocoB K 3a4eTy ¢ OLleHKOM
o pucuumingae b1.B.03 «O0mas xuMudyeckasi TEXHOJIOT A
1.Xumunueckas TexHoyiorusi. OCHOBHBIEC CTAJIMU XUMHKO-TEXHOJOTUYECKOTO MpoIlecca.

2.OCHOBHBIC TEXHHKO-3KOHOMHYECKHE MOKA3aTEIM XUMHKO-TEXHOJIOTHYECKIX IpoueCCOB.

3.Knaccudukanus XMMHUYECKUX peakluii o MEXaHU3MY, MOJIEKYJISIPHOCTH U MOPSJIKY.
4.Knaccuukanus XMuMUYECKUX peaKIHil 1o 30HaM NMPOTEKAHUS U TEIIOBOMY d(PPeKTy.
S.IIoHsATHE O KOHBEPCHH, CEJIEKTUBHOCTU U BBIXOJIE TOBAPHOU MPOTYKLIAH.

6. MaTepuanbHbIi U SHEPreTUYecKHil OanaHChl.

7. CKOpPOCTh XMMHYECKHUX PEAKIUH. 3aBUCUMOCTh CKOPOCTH PEAKIMU OT KOHIIEHTpaluu

PEarcHTOB. Kunerndgeckoe YpaBHCHHC.

8.3aBHCHMOCTh KOHCTAHTBI PABHOBECUS XUMHYECKUX PEAKLIUNA OT TeMIEPAaTypbl. DHEPrus

aKTUBAIlUH.
9.PaBHOBeCHE XMMUYECKUX PEAKIIMK. 3aKOH JICMCTBYIOIIMX Macc.
10.Koncranra paBHoBecust u sHeprus I nooca.
11.Cioco0bI cMeTIeHUsI XHMUYECKOTO PAaBHOBECHS.
12.IlousTHE O KaTaIM3eE.
13.OcHOBHBIC MEXaHM3MBI KaTaan3a.

14.TexHOJOTMYECKHE XaPAKTEPUCTUKU TBEPAOTO KaTAIM3aTOpa: aKTUBHOCTh, TEMIIEpaTypa

3aXXUraHus, CCJICKTUBHOCTD.

15. TexHonoruyeckue  XapakTepUCTUKU TBEPAOTO KaTanauzaTopa: CTPYKTYpa,

IIPOMOTHUPOBAHKE U OTPABJICHUEC KaTaJIMU3aTopa.

16.Craguu  B3aMMOJEHCTBHUS Ta3000pa3HbIX pEareHTOB Ha MOBEPXHOCTU TBEPABIX

KaTajanu3aTopoB.
17.Xumuveckue peaktopbl. Kinaccudukarmms.
18.Monenb peaktopa uaeaabHoro BeitecHenus (PUB-n).
19.Monens peaktopa uaeanbHoro cmemienus (PUC-n).
20.CripbeBas 6a3a XUMUYCCKOHN TIPOMBIIILJICHHOCTH.
21.DOHepreruueckas 6a3a XUMUYECKON TPOMBIIIIIEHHOCTH.
22.XuMu4eckasi TEXHOJIOTUS M OYUCTKA MPOMBIIIICHHBIX BEIOPOCOB.
23.Knaccudukaiusi IpoOMBIIITICHHBIX 3arpsi3HeHui Ouocdepsl.
24 MeTo/1bl OYUCTKHA OTPAOOTAHHOTO BO3/IyXa M XUM3arpsi3HEHHOU BObI.
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