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Ilepeuenv komnemenyuii U UHOUKAMOPOB 0OCMUNCCHUA KOMNEMEHUUIL ¢ YKA3AHUEM IMAN08 YopmMuposanus
6 npoyecce 0C60eHUA OUCUUNIUHDBL

Komnemenyus: TIK 2 criocoOeH olleHUBaTh COCTOSIHIE YCIIOBUH Tpyna Ha pabovnX MECTax M OILIEHHBAaTh OCHOBHBIC TEXHOT'CHHBIC OMTACHOCTH .
Huouxamopwvl 0ocmudicenus KOMnemeHyuu:
IIK 2.1 3Haer (akTopbl IPOU3BOJICTBEHHON CPElbl U TPYAOBOTO MPOI[ECCa, OCHOBHBIC BOIPOCHI TMTH EHUYECKOM OIICHKH M KiIacCH(UKAIIMK YCIOBUU Tpya,
MOPSAI0K MTPOBECHUS TPOU3BOACTBEHHOIO KOHTPOJIS U CIICLUAIbHON OIEHKH YCIIOBUH TPY/la, OCHOBHBIC TEXHOT€HHBIC OITACHOCTH, UX CBOWMCTBA U
XapaKTePUCTUKU, METO/IbI 3aIUTHI YSJIOBEKA U MIPUPOTHON CPEIbI OT OMACHOCTEH; OIEHKY PUCKA Pear3allii OMacHOCTEH.
[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 3aII[UThI OT OMACHOCTEH MPUMEHUTENBLHO K chepe cBoei npodeccuoHaabHOM AeATelb HOCTH; OMPE/IENIATh 30HbI TIOBBIIIIEHHOIO
TEXHOI'€HHOT'O PUCKA M 30HBI MTOBBIIIICHHOrO 3arps3HEHMS; HICHTU(QUIIMPOBATH OCHOBHBIC OMIACHOCTH; MPEIBUICTh BOBHUKHOBEHHE TEXHOTCHHBIX PHUCKOB;
MPUMEHSTH Ha MPAKTUKE METO/IbI 3aIMThI YSJIOBEKA U IPUPOTHON CPEIbl OT OMACHOCTEH .
IIK 2.3 Biameer HaBbIKaMu 00PaOOTKH M aHaIM3a HH(OPMAIIMH B 001aCTH OXPaHBI TPY/a, ONPENEICHHUS U IPOrHO3UPOBAHHUS 30H MOBBIIIEHHOIO
TEXHOI'€HHOT'O PUCKA M 30H HOBBIIICHHOIO 3arpsi3HEHHUS.

WnnukaTopsl Ortans! GOopMUPOBAHUS KOMIETEHIIMU HaumeHoBaHue 0LIeHOYHOTO
JIOCTHKCHUS (ykazate Bce Tembl u3 PI1J]) 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 — 0uHO-3a04HAA POpMbL.

Ouenounvle cpeocmea Kon-60 Min-36 6annos Max-60 dannos
Jlabopamopnasn 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 oyenxoin 60 100
Peiimunz no oucyuniune
HToropasi cyMmma 0a/1J10B ¢ y4€TOM YCHEHOM Ouenka
NMPOMEKYTOYHOI aTTecTAlMU

ot 87 10 100 OTJNYHO (3aYTEHO)

ot 74 o 86 Xopoiio (3a4TeH0)

ot 60 10 73 Y 10BJIETBOPUTEIBLHO (324TEHO)

Huxke 60 HeynoBieTBopuTEJIHLHO (HE 324TEHO)

KPUTEPUH

OYEeHKU 3HAHUIL CMYJeHmOo8 Ha 3aueme ¢ oyeHKoll (4 cemecmp)

Ouenka Kputepuu ouieHKH HHIUKATOPOB J0CTHKEHUA NPH (popMe KoHTpoIs: 3auer
OTanaHO
( ) OlleHKa «3a4TE€HO» BBICTABISETCS CTYIEHTY, €CJAH OTBETHl Ha BOIPOCHI IIO
3a4YTEHO

(87-100 6a10B)

TEMaM IOUCHUIIIMHBI IMMOCICAOBATCIbHEBI, JIOTUYCCKHU H3JIOKCHBI, JOITYyCKAarOTCA
HE3HAYUTCJIBbHBIC HEAOYETBI B OTBETC CTYACHTA, TaKUE€ KaK OTCYTCTBHUEC
CaMOCTOATECIBHOT'O BBIBOZA, PEUYCBEIC OIMOKU U Ip.

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

OHCHKa «3a4YTCHO» BBICTABJIACTCA CTYACHTY, €CJIM OTBETHI Ha BOIIPOCHI IO TEMaM

JUCITUITITAHBI IIOCJICAOBATCIIbHEI, JIOTHYCCKH N3JI0KCHBI, AONYCKarOTCsA

HE3HAYUTEIIbHBIE HEAOYETbI B OTBCTC CTYACHTA, TaKHE€ KaK OTCYTCTBUEC
CaMOCTOATEIbHOI'O BBIBOJA, PEYEBBIC OIIMOKU U 1p.

Y 10BIIETBOPUTEND
HO (3a4TEHO)
(60-73 6ax10B)

OrneHka «3a4TeH0» BBICTABIISICTCS CTYACHTY, €CJIM OTBETBHI Ha BOIIPOCHI 110 TEMaM

JUCITUITTAHBI IIOCJICAOBATCIIbHEI, JIOTHYCCKH N3JI0KCHBI, AONYCKarTCA

HE3HAYUTEIIbHBIE HEAOYETbI B OTBETC CTYACHTA, TaKHWE€ KaK OTCYTCTBHUE
CaMOCTOATEIIbHOI'O BBIBOJA, PEUCBBIC OIIMOKHU H Ip.

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

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

MunucTepcTBO 00pa3oBanus 1 Hayku Poccuiickoii @enepanun




HmxHeKkaMCKUl XHMHUKO-TEXHOJIOTUYECKH HHCTUTYT (pruan) dhenepaibHOro
rOCYIapCTBEHHOTO OIO/DKETHOTO 00Pa30BaTEILHOTO YUPEIKIACHUS
BBICIIIETO 00pa30BaHuUs
«Ka3zaHCcKkuii HaIMOHAJIBHBIN UCCIIEI0BATEIBCKUI TEXHOJIOTUYECKUI YHUBEPCUTET
Mexanunueckuii pakynbTeT
Kadenpa nedrexumuyeckoro cuaresa

KoMmiuiekT 3aianuii 11 1a60paTopHoii padoThl
o qucuurmmae b1.B.03 «O0mniaga xummudeckas TEXHOJIOTHAI»

4 cemecTtp
JlabopaTtopnas padora Nel
OnpenelieHne KOHCTAHTHI CKOPOCTH M JHEPTHH AKTHBALUU
Peakuun ruipoJin3a 3THIaneTara

Ilenv pabomur:

1. Uzmepumsv KOHCMAHmMbl CKOPOCHU 2UOPOTUZA SNUAAYEMATNA NPU PA3TUYHBIX MEMNEPAnypax.

2. Paccuumams snepauro akmueayuu peaxyuys OMbLIEHUS JMUIayemamd.

3. Paccuumamuv memnepamypHwiil KOIG@uyuenm smoul peaxyuu.

I'uaponm3 (oMbUIEHHUE) STHNIALIETATA TPOTEKAET B COOTBETCTBHU CO CIIEAYIOIINM YpaBHEHHUEM:

CHsCOOC,Hs5 + H,O < C,Hs0H + CH;COOH

CKOpOCTh 3TOW PEaKIMH MOXHO 3HAYUTEIFHO YBEIMYWTH 33 CUET JI00ABIICHHSI K PACTBOPY COJNSIHOM
KHCJIOTHI B KA4eCTBE Katanmn3aTopa. Tak Kak KOJIIYECTBO BOJIBI IT0 CPABHEHHIO ¢ KOJMYECTBOM JTHIIAIIETATa BO
MHOTO pa3 OoJbllie, 3Ty PEaKIUI0 PACCMATPHBAIOT KaK PEAKIIMIO, MPOTEKAOIIYIO 10 YPABHEHHIO IIEPBOrO
MOPSIIKA.

KonrenTparmst sTrnanerata «a» B MOMEHT B3STHSI TIEPBOI TIPOOBI paBHA YBETMYCHHUIO KOHIIEHTPAIN
YKCYCHOM KHCJIOTBI 3a BpeMsi OT IIEPBOHM 0 IMOCICOHEH MpoObI, T. €. MPOMOPLHOHAIbHA PAa3HOCTH MEKITY
KOJIMYECTBOM MUJUIMJIMTPOB €IKOrO HATpa, TOMIEAIIEr0 Ha TUTPOBaHME dTHX mpod. Ecim Ha TuTpoBaHme
mepBoit 1poOsI tormto by sz NaOH, a Ha tiTpoBanue mociemreti mpoosl - Dz NaOH, To

a=m(b, —Db,)
rie m — Kod(hHUIMEHT TTPOITOPIMOHATILHOCTH. Tak ske T KOHIICHTPAIlK dTHIIAreTara (a - x) Ko BpeMeHH {
MOy YHIM:

a—-x=m(b, —b,)

rae by - wicmo Mummumrpor NaOH, mormemiiee Ha THTpOBaH¥e MPOOHI, B3ATOM depe3 t MHMH IOCIIE ITEPBOM
MIPOOKL
[oacTapmsis 3HAYECHUS @ U (@ - X) B ypaBHEHHE (2), HAXOIVIM:
2303, m(b, ~b) 2303 0 b, —b,
t m(b, —b,) t b, —b,

Muoxutens m B ypaBHeHuu (16) cokparnaercs. [l onpenesieHuss KOHCTAaHTbI CKOPOCTH PEAKLHH K
HET He0OXOAMMOCTH BBIUMCIITH 3HAUCHUE KOHLIGHTPALNH STHJIALIETATa, a JOCTATOYHO JIMIIb 3HATH KOJIMYECTBO
NaOH B mummnmtpax, morre/iee Ha TATPOBaHUE TIPo0.

O0opynoBanne U PeaKTUBbBI: MEPMOCHAmyl ¢ YCmanogienHvimu memnepanmypamu Ha 20, 30 u 40
epao., mpu niockoOoHHble Konbouxu Ha 100 mn; wecmv KoHuueckux konoouex Ha 200 ma; Kpucmaniuzamop
O IbOOM; NunemKku Ha 2 M, nunemxa Ha 5 ma; Owpemku Ha 50 M, MepHble YUIUHOPbI HA 5 M.
DQenonghmaneun; smunayemam, 1/20 1. pacmseop NaOH; 0,2 n. pacmeop HCI.

BbmosnHenue padoTsl

B gncryto cyxyro kondy (>kenaTenpHO ¢ MPUTEPTOH MpoOKoii) eMkocThio Ha 100 Mt HanmmBatoT 50 Mt
0,2 H. pacTBOpa COJISHON KUCIIOTHI U ToMelaroT ee B Tepmoctar (t = 20 °C). YtoObl komda He BCIUIbIBAJIA, €€
3akperursitor B IuTathBe. Korma pactBop mpumer temmepaTypy TepMocrtata (uepe3 10-15 mmH), k Hemy
NPWIMBAIOT 5 MJI STHJIALIETATa M, [IEPEMEILIaB PacTBOP, TOTYAC OTOMPAIOT MUIETKON 2 MJI PEaKLIMOHHON CMECH;
MOMEHT NPWIMBAaHUS STUJAlleTaTa CYMTAIOT HadasoM peakuuu. Komby c octaBHielicsi cMeChIO IIOTHO
3aKpBIBAIOT MPOOKOM, YTOOBI 3¢hup BO BpeMs OmbITa HE HCHAPSUICA, U HE BBIHUMAIOT M3 TEpMOCTaTa B
TEYEHHUE BCETO OIBITA.




BzsaTyro mpoOy BBUIMBAIOT W3 THIETKH B Apyryto komdy c¢ 40—50 M xomomHOM Bompl (c
Temneparypoii ot 0 1o 2°C) Wi TOPMOXKSHUSI PeaKIMKi OMBUICHHS 3THIareTata. XoJoaHas Boia JIODKHA ObITh
MPUTOTOBNIEHa 3apaHee. st atoro B konOy Oprenmeiiepa HanmmBatoT 40—50 M TUCTUIUTMPOBAHHOM BOIBI U
CTaBAT €€ B COCY CO JIbAOM 3a 15—20 MuH 10 B3STHsI TPOOKL. 3aTeM Mpo0y THUTPYIOT PACTBOPOM €KOTO HATpa
B MPUCYTCTBUH (eHON(TaIenHa 1O MOSBICHUS PO30BOr0 OKpAIllMBaHKs, HEe ucuesatomero B Tedenne 10—15
cek. Eci o kakuM-TMO0 NpHYMHAM TUTPOBAHHME HENB3S MPOBECTU Cpasy >Ke IMOocie MPUIMBAaHMS TPOObI B
XOJIOHYIO BOAY, TO KOJOYy C MpOOOH OCTaBISIOT B COCYAE CO JIbAOM. 110 KOJIWYECTBY MWIJLTHIMTPOB
pactBopa NaOH, morre/iiero Ha TUTPOBaHUE TIEPBOI IIPOOBI, MOXKET OBITh OMpEEIcHa TOYHAS KOHIICHTPAIIUs
cossiHOM KucioThl B pactBope (Cy).

Crenytonme poObl OTOMPAIOT TMTIETKOM, HE BRIHMMAsl KOJOBI M3 TepMocTara, IpuMepHO uepes 15,
30, 50, 80 u 120 MuH moclie HaYaJia Peakiyy, T. €. MOCNIC MPHIMBaHUS 3(Upa B KOJIOY C COISIHOM KMCIIOTOM, U
TUTPYIOT, KaK YKa3aHo BblIie. Bpemst BiMBaHuUS Mpo0d B XOJIOTHYIO BOY TOYHO (PUKCHPYIOT ¥ IPUHUMAIOT €ro
3a BpeMs B3ATHSI TPO0, TaK KaKk MOXKHO CUMTaTh, YTO PEAKIMs B MPOOE MPU OXJIKACHHH MPAKTHYECKH
OCTaHaBJIMBAECTCS U, CJCAOBATENbHO, KOHIIGHTpAllMM BEIIECTBA, HalJeHHbIe TIpU aHaim3e, OyayT
COOTBETCTBOBATh KOHIIGHTPAIMSM UX B PEAKIIMOHHOM COCYZI€ B MOMEHT B3sITUS MpoObl. Tak Kak mo Mepe
TEUCHHSI PEAKIMN KOHIIGHTPAIS YKCYCHOM KUCIIOThI, 00pa3yIOIIeCst TPy OMBLICHUH 3(Upa, YBETUUHUBACTCS,
TO TIPU TUTPOBAHWH HYKHO OBICTPO NMPHJIUTH TAKOE KOJIMYECTBO pacTBOpa €IKOro HaTpa, Kakoe IMONUIo Ha
MpeBIIyIIee TUTPOBAHHKE, a 3aTEM YIKE OCTOPOXKHO JJOTHTPOBBIBATH PACTBOP.

UtoOb! Omnpe/eniTh Haua bHYI0 KOHIIEHTpAIMIO TUIT alleTaTa, He0OXOIUMO OTTUTPOBATH YKCYCHYIO
KUCJIOTY B TIpOOE, B3STOM B KOHIIE PEAKIMH, KOrJa Bech d(Hp TUAPOINU3YETCs, YUUTBIBASL, YTO MPU OONBIIOM
N30BITKE BOIBI PAaBHOBECUEC CUJIBHO CABUTACTCA BIIPABO Y PCAKIINA OMBUICHHA UACT IIPAKTUYCCKU 10 KOHIIA. HpI/I
KOMHATHOM TeMIlepaType peakiis MpaKTHIeCKH 3aKaHdauBaercs depes 24 u. ClenoBaTeNbHO, U B3STHS
nocyienHel mpoObl KOOy € PEeakIMOHHOM CMEChIO HAJI0 BHIHYTH M3 TEPMOCTaTa M HA CIEAYIOUIMHA JeHb
OTTHTPOBATH 2 M7 PACTBOpA.

OnHaKo peakI|io OMBIJIEHHS ITHJIAIETaTa MOYKHO YCKOPHTH. [1j1s 5TOr0 KOnly 3aKphIBatoOT MPOOKOH ¢
00paTHBIM XOJIOAMIPHUKOM M HAarpeBaroT Ha BomsHON Oane mpu Temiiepatype 70 - 80 °C B teyerue 30 murn.
HyxHo crequth 3a TeM, 4ToObI KOHAEHCAIMS MapOB JKUIKOCTH IIIa 10 BO3MOXHOCTH B HIM)KHEH 4YacTh
XOJIOMMIILHUKA U 3(Up HE YIETYUHBAICS M3 PEAKIIMOHHOW cMecu. [locie OXIaKIeHHUsT pacTBopa MPOBOJIST
TUTPOBAHKE 2 M1 TIPOOBI ¥ orTpeneisiioT C,.

TouHO Tak ’kKe TPOBOAWUTCA ONMBIT W mpu Apyrux Temmeparypax: 30°C u 40°C. OmsiT npu
temneparype 30 °C MoxHO HayaTh npudan3uTensHo yepes 30 - 50 yun, a onbit mpu 40 °C yepes 80 - 100 mun
rociie Hadaga onbiTa Tpu Temmeparype 20 °C. IIpoMexyTku BpeMEHH MEXIY OTOOPOM OTAEIBHBIX IPo0
HYXXHO YMEHBIIUTH, TAK KaK CKOPOCTh PEAKITUH YBEITMUMBAETCS C TIOBBIIICHUEM TEMITEPATYPHL.

[TomydeHHBIC PE3YNIBTATHI AHATM30B KaKIOH MTPOOBI 3aIFCHIBAIOT B TAOMMITY 1:

Taonuya 1
OKCIIepUMEHTAITFHBIC JAHHBIE MPOIIECcca THAPOIN3a
O0bem NaOH,
No Bpewms B3saTUs Bpewms ot Havana . KoncranTa ckopocTtu
3aTpadyeHHBIA Ha
po0 TIpOOBI peaKIuu, MAH peaKInm K
TUTPOBAHHUE, MII

O0padoTKa pe3yJIbTATOB IKCIEPUMEHTA
KoHCTaHTBI CKOPOCTH PEaKIMH JTsl PA3IMIHBIX MOMEHTOB BPEMEHH BBIUHCIISIOT IO hopMyIe:

1. C
k =2,303-1g =2

t>C,
rre C, - HauaybHAs KOHIIEHTpays dTuianerara; Cy — KOHIIEHTpaIus 3THIIAleTaTa B MOMEHT BpeMeHH 1.
3areM HaxXOIIT CpelHee 3HAueHHE K. AHAJIOTHMYHBIC BBIUUCICHUS K TIPOJENBIBAIOT YIS KaXKIOTO

3HAUEHUS TEMIIEPaTyp.

Tabnuya 2
Pe3ynbTratsl SKCIEpUMEHTAIBHBIX JAHHBIX
Temnepatypa Koncranra ckopoctr TemnepaTypHbIii KO3QHUIEHT OHeprus
onbITa PEAKLIMH, Kepen CKOPOCTH PEAKLMH, Y akruBauuy, E,
Yepen= Ecpeu:

CpenHee 3Ha4YCHHE KOHCTAHTBI CKOPOCTH PEAKIMM MOXET ObITh HailjieHo rpadmdecku. J[ns storo
ypaBHeHue (16) 3amuiieM CaeayrouM 00pa3oMm:




kt
lg(b, —b)=1Ig(b, —b,)———
g( 0 ’[) g( o0 l) 2’303

3atem n300pasute rpadudecku 3aBucuMocTb 1g(D..- by) oT Bpemenu, oTkiIapiBast 3Ty BENUYHHY MO OCH
Op/IMHAT, a BpeMsl 10 OcH abcruce.

Bpewmsi, mun 0 15 30 50 80

(bo-by)

Ig(bw-bt)

Bemmmunna K / 2,303 Oyner paBHa TaHI€HCY yriia HaKJIOHA TPSIMOIA, IPOBEACHHOW Yepe3 MOTy4YeHHbIC
TakuM oOpa3zoM Touku, otkyma x = 2,303 tga.. Benmuuuny tga moaydum w3 OTHOIICHUS MPOTHBOJIEKAIIETO
KaTeTa K MpUIeKaIleMy, UCX0s U3 TpadiKa 3aBHCHMOCTH.

[Nomp3ysich cpemHMM 3HAYEHHEM KOHCTAHT CKOPOCTM pEakWU TMpU pasfiMdHBbIX TeMIlepaTypax,
HAaXOMM TEMIIEPATYPHBII KOI(P(PHUIIMEHT CKOPOCTH PEaKIMU M SHEPruM akTupauuu 1o ¢gopmynam (13) u
(15). Jnist kaxx/I0#i BETMYMHBI BRIYMCIISIOT MO JIBA 3HAYCHHUS M 3aTEM HAXOJISAT CPEIHEE U3 HUX.

Conep:xanue oTyeTa

1. IlpencraBuTh KpaTKyl0 TEOPETHYECKYIO CIpaBKy IO cCymecTBy paborel. CpaBHUTH
KOHCTAHTHI CKOPOCTH, MOTydeHHbIe TIpH Temmepatype 20, 30 u 40 °C.

2. OTMETUTh U3MEHEHUE K B 3aBHCHMOCTH OT TEMIIEPaTyphl.

3. PaccunTaTh 2HEPTHUIO aKTUBAIIUH, UCXOS U3 KOHCTAHT ckopoctu npu 30 - 40 °C.

4. PaccuuTaTh TeMrepaTypHblid K03pduimeHT B HHTEpBaiax temmnepartyp ot 20 o 30 u or 30
1o 40 °C.

5. Haiitn cpenHee 3HaveHWe y (TeMIepaTypHOro Ko3(pQUIMEHTa), MPENCTaBUTh rpaduku
W3MCEHEHUS KOHI[EHTPAIMH dTUIIAIETaTa BO BpDEMEHHN U KOHCTAHThI CKOPOCTH OT TeMIIEpPaTypHhI.

JlaGopatopHast padorta Ne2
KuHeTHKA peakiMy OKHCJIEHUS HOAUA-HOHOB NMEPOKCHIOM BOIOPO/IA
(XHMHUYeCKHe 4achl)
B BogHOM pacTBOpE B KHCIION Cpefie peakius MPOTeKaeT COrflaCHO ypaBHEHHIO:
21~ + H,0, + 2H" = I, + 2H,0. Q)
MexaHnu3M peakiMu BKIIOYaeT HECKOJbKO CTaAWid, TepBas M3 KOTOPBIX  SIBIISIETCS
JIMMUTUPYIONIEH:

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

Kunernueckoe wccieqoBaHne MPOBOJUTCS ITyTeM XHWMHYECKOTO aHajn3a oOpa3yromerocs
MOJIEKYIISIPHOTO MOHA. TuTpoBaHHMe M30BITKOM PacTBOpa THOCYNb(aTra HATPHUS OCYIIECTBISIETCS BHYTPH
PEaKIMOHHOTO COCy/la — METOJ BHYTPEHHETO THTPOBAaHHS. B TOuYKe SKBHBAIEHTHOCTH pPacTBOP
npuoOperaer TomyOyl0 OKpacKy W3-3a o0pa3oBaHMs COEAMHEHHUs iofa ¢ Kpaxmainom. ['omy0oif mBer
BO3HWKAeT BHE3AITHO W Cpasy, 4epe3 CTPOro OMpeneNeHHBIH repuoa BpemeHH. [losToMmy menast cepus
TaKHUX peakiuii M3BECTHA O] HA3BaHUEM «XUMUIECKHE» UIIH «HOIHBIE» YaCHl.

O6pa3yrommuiics 101 MPaKTUYECKH MTHOBEHHO pearupyeT ¢ THOCYIb(aToMm:

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

Konnentparmus cBobogHOrO iona odeHb Mana. Bpems, mpormrenmee oT MOMEHTa A00aBIeHHS K
pacTBOpY OMpPEENIEHHOT0 KOIMYecTBa THOCYIb(aTa 0 MOMEHTa TMOSBIEHHS TOIXyOOi OKpacKku, paBHO
BPEMEHHU PaCcXO0BaHUS HKBUBAJICHTHOIO KOJMYECTBA MEPOKCHIAa BOJOPO/Ia B PEAKIINU C HOAWUI-HOHAMH.
Kax BuHO, HOmuI-HOHBI pereHepupyIoTCs MpH THTpoBaHuu. [loaTomMy KoHIIeHTpanws |” B Xone ombiTa He
M3MEHSETCS U paBHA HAYaJIbHOM.

B xucnorHoM OyhepHOM pacTBOpe KHHETUYECKOE YPABHEHUE TAETCA BRIPAKEHUEM:
d[Hzoz] _ _
——— - = k[H0,] - [I"]%. ©)
31ech K* — KOHCTaHTa CKOPOCTH, 0L — MOPSIIOK Peakiiu mo iomua-uonam. ITockombky [lI]=const,
10, 00beauHsist K™ ¢ [I]%, momyunm:
_ 4[H30,]

120:] = k[H,0,), 4)
TAC K — KOHCTAHTAa CKOPOCTHU IICCBAOIICPBOIO MOPsAAKaA,
k=k-[I7]° (5)

W3 ypaBHeHust (4) mOCe MHTErPUPOBAHUS MOITYYUM BhIpaXKeHue s K:




o = 2 M2 (6)
t  [H20,]
rze [H,0,]° — HauanbHas KOHLEHTPAIIUSL.
O6o3naunm V* — o0beM pactBopa Na»S;0s, momieamero Ha TUTpOBaHHWE Bcero ioma, a V —
00beM, U3pacxo0BaHHbBIN K MOMEHTY BpeMenH t. Torma K MoskHO paccuuTats o gopmysie:

1 Ve
k=-ln——:, (7
o tve-v
mockonsky V* ~ [H202]" u V* — V ~ [H20,].
[enpio pabOTHI SBIISETCS OmpeaeeHre KoHCTaHT K, K» 1 mopsiika peakiiuu 1mo HOauI-HoHaM O.

Ecnu oneit MMPOBOIAT NPHU ABYX TEMIIEpATypax, TO paCCUUTHIBAIOT SHCPIUIO aKTUBAIIUN

RTyT, , ki
E =-—12In=t 3
« =7, M @)

rae ki v k, - KOHCTaHTBI CKOpOCTH TipH TemiiepaTypax T1u To.

BobinoJiHeHne ONBITOB H PacyeThl

B HeGonpmyro konbouky Hamuth 0,05 n pactBop H2O,. B TmiaTenbHO BBIMBITBIA CTakaH
eMkocthto 250 ma Biuth pactBop Nal (mma Kl), 5 mrz 2 n HoSOs u cTonmbko BOIbI, YTOOBI MOCIE
npunuBanus pactBopa HoO, oObem peakimoHHOM cmecu Obin paBeH 100 ma. O6bembl pactBopoB Nal
(K1) u H20O2 3anarorcst mpenonaBareneM. OTMETHTh TEMIIEPATYpy OIbITA.

Ykpenutb Haj ctakaHoMm Oroperky ¢ 0,05 n pactBopom Na»S;0s, mpunuts 1 mz TUTpaHTa U
nobaBuTh S5 kamenb 1% pacTBopa Kpaxmanma. 3arteM BiIUTh B cTakaH H»0,. CMech THIaTeanHO
nepememniatb. B moment BimBanus H>O; BrmounTh cexkyHaomep. [Ipm MosBIEHWH CTOWKOrO CHHErO
OKpallliBaHHUs 3aMETUTh BpeMs, ObicTpo 100aButTh / mn NaS;O3 — BTOpyr0 MOPLHIO — U, THIATEIHHO
MepeMeIaB pacTBop, 3aMKUCcaTh BPEeMs IMOSIBIICHHS OKPACKH.

Takue onepanuu TMOBTOPUTH 6-8 pa3 MpH BKIIOUYEHHOM CEKYHJOMEpe;, IepeMelInBaHne
CEKYHJIOMepa JIOJDKHO OBITh OBICTPHIM W MHTEHCHUBHBIM, TIIATENLHOCTD JOJDKHA OBITH MPOSIBIICHA W TPH
nobasienun I mn NaS;0s. Jlenate 370 Haj0 OIMHAKOBBIM 00pa30M Ha MPOTSHKEHHH BCEro OIBITA.
HyXHO OCTOSHHO ClIenuTh 32 PEaKIMOHHBIM COCYZIOM, TaK KaK OKpacKa MOABISETCS BHe3armHO. Hemb3s
MPOMyCcKaTh BpeMs [00aBICHHUS OYEPEAHOW MOPIMH THUTpPaHTa. UTOOBI JIydlle OTIMYUTh OKPACKY
pacTBopa, peKOMEHIYeTCsl CTaBUTh CTaKaH Ha Oenyro Oymary.

IIpn KOMHATHOH TeMIlepaType peakius HUACT 10 KOHIA JOBOIBHO monro. Jims HaxoxmeHus V™
—cyMMapHoro oobema pacteopa Na,S;0s, moieainiero Ha TATPOBaHUE, PEAKIIUI0 YCKOPSIOT, 100aBsIst 5
Karellb  KaTaln3aTopa — HACHIIEHHOIO pacTBOpa MoIMOIaTa aMMOHHUsS. BblienuBmmiics Hoj
OTTHUTPOBBIBAIOT, OTCIOna HaxomsaT V*. TuTpoBaHMe BemyT TONBKO M0 oOeclBeuyMBaHUS pacTtBopa. He
cienyer AoOMBAaThCI OOECIBEUMBAHUS OCaqKa HONKPAXMaTbHOTO KOMIUIEKCAa, TaK KaK 3TO MOXKET
MIPUBECTHU K «IIEPETUTPOBAHUIO.

JlaHHbIe OmIBITa M PE3YABTATHl PACYETOB 3aHOCAT B TAONHITY:

Tabnuya
Kunernka oxkucjenusi Hoau1-MOHOB NEPOKCUI0OM BOAOPOIa

KonmenTparus pacteopa Nal MO/

O6bveMm 0,05 1 pactBopa H20O; M

Temnepatypa onbITa oC

OO6mmit o6bem 0,05 # pactBopa NaxS:03, V* ML
Ne | O6wem V 0,05 1 pactsopa Bpewms t or Havana Ve -V, ) Koncranra
i N,5,0s, a1 pEaKIMu 0 MOMEHTA i In(V* — V) CKOpOCTH K,

TTOSIBJICHUS] OKPACKH, C c

Pacuer k Benyt 1o dhopmyie (7), a Takxke rpadudeckn — Ha ocHOBaHUH 3aBucumoctH IN(V*> — V)
ot t (1o HakyoHy rpaduka). Beraucistor Kep, aOCOMOTHYIO U OTHOCHTEIBHYIO OLIHOKY.
Bropoii ombIT MpoBOAAT C BIBOE MEHBIIEH WM BABoe Oonbliell koHmeHTpanueid 1. OOmuit
00bem pactBopa (/00 mn) U TemmepaTypa OCTarOTCsS MpeKHUMH. OIMpenesssioT KOHCTAHTY CKOpPOCTH K,
3aTeM PAacCUUTHIBAIOT O — MOPSIIOK PEAKLIUH 110 HOMUA-UOHY. Brruncnenus npoBogst no ¢popmyie:
1gk@—-1gk®
@ = g ®)



rze unaekcs (1) u (2) obo3nayaror Homep ombita. @opmyna (9) nerko momydaercs U3 GOPMyIIBI
(5). HaitinenHoe 3HaueHUE 0. OKPYIIISIOT 10 OJMIKAKMIIIETo LETOIO MOI0KUTEIBHOI0 YUCIa U TPUHUMAIOT
ero B KauecTBe MapaMeTpa KuHeTHueckoro ypasHeHus (3). KoHcTanTy ckopocTd K BBIUMCISIOT 1O
ypaBHEHUIO (5) U, YUUTHIBAs O, YKa3bIBAIOT €€ Pa3MEPHOCTb.

Usmensior Temnepatypy ombita Ha 10 °C u mposoast ombit. Onpenensior K u K. DHepruro
AKTUBAaIlUU PAaCCUUTHIBAIOT 1O popmyie (8).

B 3akmiouenue criemyer clenath psiji 3aMeuaHMiA:

1. Won, obpasoBaBumiics B peakimu (1), pearupyer ¢ MEpPOKCHIOM BOAOPOAA C
BBIIEIeHneEM Kucnopona: H,O, + I, = 2H™ + 21~ + 0, Ilporekanue 5Toi MOGOYHOM PEaKIUN ABJISETCS
HeKeNnaTenbHBIM. UTOOBI OHa HE MCKakajda KUHETHKY, Jo0aBieHHe THOCylb(aTa HATpUS B PacTBOP
HEOOXOJIMMO MPOBOJHUTH CPa3y ke MOocie MOSBICHHUS TOTYO0i OKpacKu.

2. H3MeHeHne KOHILIEHTpAllMM pEareHTOB 3a CYET YBEJIMYeHHS o0beMa pacTBOpa B
pesynbrate nqodaBnenus 6-8 mir Na S>O3 Mano u mpu HEOOXOIUMOCTH MOXKET OBITH YYTEHO.

O6opynoBanue u nocyaa

CrakaH Ha 250 mn

Kon6a na 50 mn

Mepusii numuaap Ha 100 mn

broperka Ha 20 mn

MepHusriit nuausHap Ha 10 mn

CexyHnomep

PeakTuBbl

0,1 1 pacteop Nal (KI) — mo 100 mn

2 n pactBop H2SO4 — 5 mn

0,05 n pactBop H202 — 10 20 mn

1% pactBop kpaxmana — 0,2 mr

0,05 1 pactBop NaxS,03 — 10 20 mn

Hacermennssrit pactBop Moiaudaata aMMoHuUs — 0, 2

JlaGopaTopHasn padota Ne3
HccaenoBanue KMHETHKH FOMOTEeHHBIX peaKIuii

Ilenv pabomer. DKCIEPUMEHTAIBHOE W3YYEHHE 3aKOHOMEPHOCTEH peakluy XJIOpaHTUApHIA
OCH30MHOH KHCIIOTHI C TENTWIOBBIM CHHPTOM C OOpa3oOBaHMEM CJIOKHOTO 3¢dupa, cocTaBieHHE
KHHETUYECKOr0o ypaBHEHUS Ipoliecca.

Baxneiimas peakius TOMy4eHHS CIOXKHBIX 3(HPOB - peakius sTepudukamuu: odpatumoe
B3aMMOJCHUCTBHE OPTAaHUYECKUX MJIM HEOPTaHMUECKUX KHCIIOT CO CHUPTaMU:

R-COOH +R-OH —®-COO-R'+H0
Jpyrue crmocoOsI oMy4YeHus! CIOXKHBIX 3(PUPOB:
— B3aMMOZEICTBUE XJIOPAaHTUAPHUIOB KUCIIOT CO CIUPTAMHU:
R-COCl; + 2R-OH —REOO0R' + HCI
— B3aMMOJEHCTBUE aHTHIPUAOB KHCIOT CO CIIMPTAMHU:
(R-C0),0 + ROH —RCOOR' + R-COOH

OOBeKkToM ucciaeqoBaHUS B JaHHOW paboTe SBISIETCS MPOLIECC ALMJIMPOBAHUS  IENTHIIOBOrO

crimpra (B) xmopanruapumom 6eH30iHON KUCITOTHI (A), IPOTEKAIOIINIT 110 CXeMe:
Ce¢HsCOCI + C;H15s0H—» CsHsCOOC:H5 + HCI
A B C D

Crnoxusble 3Qupbl KaApOOHOBBIX KHCIOT IPUMEHSIOTCS B KAUECTBE PACTBOPUTENECH, THAPABINYECKUX
XKHUIKOCTEH, CMa304HBIX Maces, MIacTU(UKATOPOB U MOHOMEPOB. TEXHOMOrMUECKHE MPOLIECCH CHHTE3a
CIIOXHBIX 3()MPOB MOXKHO Pa3JeiINTh HA JBE ITIaBHBIC TPYIIIIBL:

- JKuakogaszHble MPOLECCHl HEKAaTATUTUYECKUE WM TOMOI€HHO-KAaTaJMTHUECKUE, B KOTOPBIX
XMMHYECKasi peaKklys COBMEILEHA C TPOLIECCOM Pa3/IEIICHHS.

- TeTepOreHHO-KaTaJUTHUECKHe PEAaKUUH B JKUIKOW WINM Tra3oBoil (ase, ocyliecTBisieMble B
MPOTOUYHBIX anmnapaTax 0e3 COBMEIIEHU C Pa3ACIUTENbHBIMHU MIPOLECCAMH.

[Ipoueccsl mepBOW TIpyINIbl SABJISIOTCS TPAAMIMOHHBIMA M HanOoliee paclpoCTpaHEHHBIMH B
TEXHOJIOTUH 3TepUPHUKALINY.

1. Mexanu3m peakuuu 3Tepupuranum

Peaknust stepuumkanuyu KUCIOT CIOUPTAMH OTHOCHTCS K 0OpaTUMbIM mpoueccaM. OOpaTtHast
peaKuys Ha3bIBAETCs TUAPOIN30M CIOKHBIX 3(QUPOB.
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OTepuduKanNI0 COUPTOB KUCIOTAMH MOXKHO OCYIIECTBIISITH ©O€3 KaTannm3aTopa, HO peakius
MeasieHHas1, TpedyeTcs Bricokast Temiepatypa (200-300 °C). B npucyTcTBHH KHCIOTHBIX KaTaln3aTOPOB
stepuukanus U rugponu3 nporexatoT npu 70-150 °C. B kavecTBe KaranmzaTtopa HNPUMEHSIOT, Kak
npaBuiio, MuHepaibHbie Kuciothl (H2SO4, HCI).

[Nony4enue cnoxHbIX 3QUPOB IPH B3aUMOACHCTBUU XJIOPAHTHIIPUIOB KUCIOT U CITUPTOB HAXOIUT
LIMPOKOE PUMEHEHHE B OCHOBHOM B JIAOOpaTOPHOW MPAaKTHKE, MMOCKOJIBKY 3Ta peakuus HeoOpaTHMa, B
OTJINYHME OT 3TepUPHUKANHM KapOOHOBBIX KHCIOT CNHUPTaMH. BBIIENSIOMIMACS TPH 3TOM XJIOPUCTHIHA
BOJIOPOJ] MOKHO BBIBOAUTH U3 CQEphl PeaklWH, WU MOrJomaTh KaKUM-TH00 OCHOBaHHEM, HampHMEp,
THAPOKCUIOM HATpPHUSL

Peaxuus mpoucXoauT B pe3yibTaTe HyKJICO(QHIbHONW aTaku CIMPTa Ha aTOM yriepoja KapOoHuiIa
XJIOpaHTHAPHIa KUCIOTE. OOpasyronmiicss IpH 3TOM KOMIUIEKC OBICTPO TepseT XJOPUCTHIH BOAOPO,
naBas cioxublit 3¢gpup RCOOR

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

2. KuHeTuKa peakuum 3Tepupukanum
3aBUCHMOCTh CKOPOCTH pEaKIWW OT KOHIEHTpAalUHd pearupyrollnX BEm[ECTB BBIPaXKaeTCs
OCHOBHBIM 3aKOHOM KHHETUKH B BUJEC YPABHEHUS:

3 =k-£Ci” 0

rie K — KOHCTaHTa CKOPOCTH PEaKITHH;
Ci — KOHIIGHTpaIMs i-T0 pearcHTa;
M — KOJTMYECTBO PEareHTOB;
N — MOPSAOK PeaKIN| 1O 1-My peareHry.

[Topsimox peakiuu SBISAETCS AMIUPUIECKONW BeTMYMHON. IlopsAmok peaknwm Mo i-My pearcHTy
Ha3bIBaeTCA YaCTHHIM MOpAIkoM. OH YHCIEHHO paBeH MOKa3aTeNio CTENEeHH, C KOTOPHIM KOHIIEHTPAIHS i-
r0 peareHTa BXOAWT B YpaBHEHHE CKOPOCTH peakiuu. OOl MopaIoK peakiiui paBeH CyMMe YacTHBIX
MTOPSZIKOB PEAKITUH 110 BCEM peareHTaM. Tak Kak

Ci = Ci,o . (1*)(i), (2)

riae Cio — HavanbHash KOHIGHTPAIUS i-T0 peareHTa, a Xi — CTEeNeHb MPeBpalleHus i-To peareHTa, To

CKOpPOCTb PEeaKIMHA MOXKHO BBIPA3UTh Yepe3 CTEIEHb PEeBPAICHII:

g =k- Gy (1= X;)" ()

Peaknus stepudukanuy sBIsSETcs peakuueidl BTOPOro MOpPsIKA, KWHETUYECKOE YPaBHEHHE MMEET
BUI:

3. =k-C,-Cy (4)

HccnenoBanne KUHETMKM TOMOTEHHBIX >KHUAKO(A3HBIX IPOLECCOB IPOBOAST, B OCHOBHOM, B
peakropax nepuoanueckoro aectBuss — PUC-II. Ilpu 3TOM 3amaya CBOAUTCS K SKCIEPUMEHTAIBHOMY
onpeneneHn0 (QyHKIMHA 3aBHCUMOCTH KOHLEHTPALMM WM CTENEHH INPEBpAIlCHUS OT BPEMEHH H
MOCIEAyIoeMy UX aHanu3y. Ha mpakTuke MCTIONB3YIOT HHTErPalIbHbIA U JuddepeHInanbHbIii MEeTOIbI
olpezielIeHNs OPAJKa PEaKIUU 1 aHAIN3a KUHETHYECKHUX JTaHHBIX.

Humezpanvhoiii memood ynoOeH [ aHaIn3a MPOCThIX KHHETHYECKUX 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
BUI:
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dX. dc.
SR KE(X)) g £ = KE(C
i (X)) i C) (5)

2. locne pazneneHus NepeMEHHBIX U HHTETPUPOBAHMS YPaBHEHHSI ITOTYYaIOT:
Xi dX Xi
i
F(X)= [ L=k [dr=k-7 ©)
Xi0 fXI Xi0
Eciu wnrerpan F(Xi) TpymiHO HalTH aHaJMTHYECKH, HCHOJIB3YIOT rpaduyeckuii Meroa. OH
CBOJUTCS K ONPECIICHUIO TUIOIIAH 10T KPUBOW B KoopauHaTtax (puc.3.1):

F(X) =X,
3. Crpost rpaduk B xoopauHatax F(Xi) — t (puc. 2). Eciu oH sBIsieTcss npsMOil JIMHUEH, TO
MIPUHSTOE YPAaBHEHUE COTIacyeTcsl ¢ IKCIEPUMEHTATBHBIMU JaHHBIMH.

()

Liffxs) FLX)
&

i
XD

S=F(X,)=

T —

'
]
¥
[ ]
¥
=
1]=]
=
I
o

>
X, | .
Puc.1. I'padugeckoe nHTErpUpO- Puc.2. IIpoBepka KHHETUYECKOTO
BaHUE KHHETHYECKOr0 ypaBHEHHUS ypaBHEHUS HHTEIPaIbHBIM METOIOM

4. Ecim  aKCeprMEHTalIbHBIE TOYKH HE JIOKATCSd Ha TMpsIMYI0, HEOOXOIUMO HCCIENOBaTh
npyrue ypaBHeHus (l1-ro, 2-ro u 3-ro MOPAAKOB), MOKa He OyIeT MOJYyYEHO YIAOBJICTBOPHUTEIBHOE
COOTBETCTBHE.

Jugppepenyuanvrotii Mmemoo 3aKII0YaeTCA B HEMOCPEJACTBEHHOW  MPOBEPKE
middepeHuanbHoi (HOpMBI KHHETHYECKOTO ypaBHEHUs. [IporpamMmy SKCIIEpHMEHTOB B ITOM Clydae
HaJ0 TUIAHUPOBATh TaK, YTOOBI CPa3y MOJIYUIHUTH MOTHYIO (HOPMY KHHETHIECKOTO ypaBHEHHUS:

1. Ha ocHOBe mpemmonraraeMoro Mexanmu3mMa peakiinid BEIOMPAIOT

KHHETHYECKOe ypaBHEHNE:

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

2. Ilo skcrepuMeHTaabHONH KpUBOH B KoopauHaTax Ci — t rpaduueckum nuddepeHiinpoBaHueM
Haxomat dC; /dr B pa3iMYHbIE MOMEHTHI BPEMEHH W COOTBETCTBYIOIIME OTOH CKOpocTH (vr)
KOHIIeHTpaImu pearupyronmx semiects (C;).

3. CocraBisioT TaONWIy 3HAYEHWH KOHIIGHTpPAIMHd WCXOAHBIX pEarupyloliuXx BEIIECTB U
nipousBoaHOM dCi/dr 4epe3 ompeneleHHbIe HHTEPBAIbI BPEMEHH.

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

r
=dCydr

-

.ﬂ CI]

Puc.3. TIpoBepka KuHeTHUECKOTO YpaBHEHUs! Ju(depeHInanTbHbIM METOI0M

12



5. Ecnu rpaduk B koopaunatax dCi/dr — f(Ci) He sABIsSETCS MPSIMOH, CICIyeT PacCMOTPETh
Jpyroe KNHETU4YECKOE YPaBHEHHUE.

3. OnpeneieHne NMOPSAAKA peaKIHA

Hdnst Toro 4uroObl ompenenuTs OOIIMN TOPSOOK peakluH, HaAo B3SATh pEareHThl B
CTEXUOMETPUYECKOM OTHOLIEHUH. JJIs ONpeseeHusl YaCTHOTO MOopsAIKa MO peareHTy A BTOpOM peareHT
B Gepercs B TakoMm M30BITKE, YTOOBI HM3MEHEHHWEM €ro KOHIEHTPAalUUH B XOJE ONbITa MOXHO OBLIO
npeHebpeus. [Ipu 3TOM 0OMLIMIA MOPSAOK M TOPSJOK PEAKIUU MO JAHHOMY PEareHTy MOKHO PacCUuTaTh
[0 3aBUCUMOCTH HAYaJbHOW CKOPOCTH OT HA4aJbHOM KOHIEHTpAllUM peareHta A, W METo[,
OCHOBAaHHBIM Ha 3aBUCUMOCTHM, HW3MEHSIOMIENCS BO BPEMEHHM CKOPOCTH pEaKUMh OT  TEKyIleu
KOHIIEHTpaIK peareHTa A.

1. Ilpu ucmoNb30BaHUU TNEPBOrO METO/NA — IPOBOMAT NPH TOCTOSHHON TeMIepaType CEepHulo
OIBITOB C PA3MMYHBIMH HMCXOMHBIMH KOHIICHTPAL[MSIMH PEArecHTOB H TOCTPOHMB JIOTAPHU(PMUUIECKYIO
aHamopdo3y

INnvorg=Ink+n-1InCap (9)

0 HAKJIOHY MPSIMOM HAXOJIAT MOPS/IOK PEAKIIHU.

2. Tlpn mpUMEHEHHH BTOPOrO METO/Ia — JUII HAXOXKICHUS TOpPSJIKA PEeaKlUW ONpeeNsioT B
pa3IYHbIe MOMEHTHI BPEMEHU CKOPOCTh PEaKIMU M KOHIIEHTpaluio peareHTta A (puc.4), v, TOCTPOUB
JorapupmMuUIecKyro anamop(o3y B COOTBETCTBUU C ypaBHeHUEM 13

Inor=Ink+n-InCa, (10)

0 HAKJIOHY MPSIMOM HAXOJIST MOPS/IOK PEAKIIHY.

In o,

Cao

& tg & =n

g o=y
In k

|
T In C,

Puc.4. Omnpenenenne Ha4uaabHON CKOPOCTH WM MOPSAKA PEAKIIUH MPHU IMEPEMEHHBIX HadaJbHBIX
KOHIIEHTpalMaX peareHTa A.
4. PacyeT TepMOTUHAMHYECKUX (PYHKIMHA

TepMogmHamMmKa peakuii HE 3aBHCAT OT MEXaHHW3Ma, HMEeT 3HAaueHHE JIUIIb CTENEHb
MpEeBpaIeHUs] BEIIECTB. TepMOIMHAMHYECKHUE BEIWYHHBI, OOBIMHO, BBIYHCISIOTCS HA OCHOBaHHUH
HM3MEPEHUN TEMIIEPATYyPHOU 3aBUCUMOCTH CKOPOCTH PEAKLIMHU 10 YPABHEHUIO AppeHuyca:

k=Ae RT (11)
rae K — KoHCcTaHTa CKOPOCTH peakiiu mpu temmeparype T;
Ea — pHEprus akTHBAINY;
A — dacrotHBId (akTOop AppeHuyca, XapaKTepH3yeT BepOATHOCTh TOTO, HYTO TPU CTOIKHOBEHHH
MOJIEKYJT MCXOTHBIX BEIECTB IMPOU30MIET pa3phiB CTAPHIX U 00pa30BaHNE HOBBIX CBSI3EH;
R — razoBas moctossHHAS.

Ecnmn m3BecTHBI Tpu M 0OJee KOHCTAHTHI CKOPOCTH PEaKIHH, OIpPEeIeHHBIE MPU Pa3THIHBIX
TeMIrepaTypax, MOKHO PacCYATaTh SHEPTHIO aKTUBAIMH MEPEXOJIHOTO COCTOSHUS M YaCTOTHBIA (haKTop
AppeHnyca.

Hus »Toro ymoOHO Tmomb30BaThesA TpadudeckuM MeronoMm (puc.3.5), BBHITEKAONM U3

norapudmmdeckoit GopMbl ypaBHEHHsI AppeHuyca:

E
[\\ t o =——
\\ g R

Puc.5. Onpenenenune sHepruy akTUBALMU T10
SKCIEPUMEHTAILHBIM JaHHBIM

InA < i
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OmnpenenuB  aHepruto  aktuBaiuu (Ea) ¥ BeMUMCIMB  4YacTOTHBIA (akrop Appenmyca (A4),
PacCUNTHIBAIOT TEPMOJINHAMUYECKUE XaPaKTEPUCTUKH PEAKIINH B CTAHAAPTHBIX YCIOBHSIX!
AH°7 — DHTaNBNNS aKTUBAILMH HITH TETUIOBOW 3 deKT peakiuu:

AH°= E°% —RT (12)

OHa, 0OBIYHO, paBHA WJIM ONM3Ka K PasHOCTH AE BHYTPEHHHX SHEPTHH MCXOAHBIX M KOHEYHBIX
BELIECTB;

AS®t — 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-M30TEpMHUUECKHI  TMOTEHNMal Wiu  dSHeprus [ ubOOca, xapakrepusyeT
BEPOSTHOCTH MPOTEKAHUS PEAKIIUH:

AG® = AH —T - AS" (14)
5. CocraBJjieHHe MOJIHOT0 KHHETHYECKOr0 yPABHEHHUsI PeaKIuH
OnpenenuB MOPSAJOK HCCIEAyeMOM peaKlUM, Haiiil KOHCTAHTY CKOPOCTH M BHIYHCIIUB SHEPIUIO
aKTHUBaIlluH, HoﬂyanOT ITOJITHOC KHHCTHYCCKOC ypaBHeHI/Iei
_Ea
9 =Ae RT. CX (15)
SKCINIEPUMEHTAJBHASA YACTDH

JlabopaTopHast yCTaHOBKa Ui MCCIENOBaHUS KWHETHKM pPEAKIHWW AaIMJIMPOBAHUS CIIHPTOB
XJIOPAHTHIPHUIOM OEH30MHOW KHCIIOTHI MTPE/ICTaBIeHa Ha puC. 4.

5

N

]

Y
5]

Puc. 4. Cxema nmabopaTOpHON YCTaHOBKH JUIS MCCIIENOBAaHUS KHHETHKW PEAKIUU AlWIHPOBAHUS
CITUPTOB XJIOPAHTHIPHUIOM OCH30MHON KHCTIOTHI

1- Bo3myxonmyBKa, 2- ckisiHKa Tuimenko; 3- ckistaka Byneda; 4- cknsaka Tumenko; 5- peomerp; 6-
Oropetka; 7- 6apOoTep; 8- crakan; 9- peakrop; 10- TepmocTat; 11- MarHUTHas Memnanka; 12- Memianka.

MeTtoaunka npoBeaeHus IKCIEPUMEHTA

[lepen HadanoM 3KCHepUMEHTa HEOOXOIWMO MONYYWTh 3aJaHWe y TpenofaBatens. VcxomHbie
JaHHBIE [T KCCIIeIOBAHS KHHETUKY TIPEACTaBIICHBI B Ta0Onwmie 1.

Tabmmma 1
HcxoHble TaHHBIE TIO 3arPy3Ke PearcHTOB

Howmep Nao Ngo ma Mg Va Ve Vp Voo Cao
MOJIb MOJIb r r M M M M Moab/n

1 0,15 0,15 60

2 0,14 0,14 60

3 0,13 0,13 60

4 0,12 0,12 60

5 0,11 0,11 60

6 0,10 0,10 60

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

[locne momydeHus 3amaHusl, UCHONB3yd 3HAUYEHUS MOJISAPHBIX MAacC M IJIOTHOCTEH MCXOJHBIX
peareHTOB, MPUBEACHHBIX B Tabi. 4.2, pacCUMTHIBAIOT 3arpy3Kd HCXOJHBIX PEAareHTOB B MII, OOIIMii
00beM PEaKIIMOHHOM CMECH M KOHIICHTPALIUIO XJIOpaHTUApUIa OCH30MHON KUCIIOTHI 0 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 —FFF ) (4)
Y Vm?m
Ilocne mnOpoBepkrM NPaBUIBHOCTH pacy€ra MPUCTYNAIOT K BBINOJHEHUIO JSKCIEPUMEHTA.

OKCTHEPUMEHT MPOBOJIAT B CIESAYIOIEH MOCIENOBATEIFHOCTH

1. PacderHOe KOIMYECTBO CIIUPTA 3arpyXKaroT B KoJ0y, gobasistor 30 M Kcuitona.

2. Konby co crnuprom momemator B Tepmocrar 10 nHa 10-15 MuHYT A1 HarpeBaHus 70
TEMITepPaTyphl PEaKIiH.

3. T'pamyupoBaHHON MPOOUPKOM OTMEPSIOT pacyeTHOE KOJIWYECTBO XJIOPAHTHApHIA OCH30MHOM
KHCJIOTBI, IEPENUBAIOT B KOOy, 700aBisroT 30 MII KCHIIONA U TIEpEMENINBaIoT.

4. BeinyB 06ap0oT€p 7 u3 peakropa 9, aKKypaTHO C IIOMOIIbIO BOPOHKH 3aJIMBAIOT XJIOPAHTUIAPHUT
OeH30ITHOI KHCIOTH B peakTop. bapOoTép BCTaBIAIOT HA MECTO.

5. B crakan 8 zanmBator 300 M1 BOJIBI.

6. U3 Oroperku 6 noGaensitor B crakan 8 4 mu 0,1H pacrBopa KOH u 4-5 xanens cniupToBoro
pacTtBopa ¢enondrajgenHa. BkaoyaroT MArHUTHYIO Memaiky 11.

7. Tlo ucreyennu 10-15 MUHYT BBIHUMaIOT KOJIOY cOo ciupToM U3 Tepmoctara 10 m akkypaTHO
3JIMBAIOT €€ COAEPKUMOE B peakTop (CM. 1I. 4).

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

9. Ilpu obecuBeuMBaHNY PACTBOpA B CTaKaHE 8 3aIMCHIBAIOT MOKA3aHUS CEKYHIOMEpa.

BHVMAHHUE!

CEKYHJIOMEP 1 BO3AYXOAYBKY HE BbIKJIFOYATDH

10. INpunusarot HoByr mopuuio pacteopa 0,1 H KOH (4 mi) u QuKcHpyIOT BpeMs CJICIYIOIIEro
00eCIBEYNBaHMS pacTBOpA.

11. DKceprMEHT MPOIOIDKAIOT IO MIPEKpaIIeHHs] 00SCIIBEIMBAHNS PacTBOpa B CTaKaHe §.

12. Pe3ynbTaThl 3aHOCAT B TAOIUITY 3.

Tabmuma 3.
3aBHCHMOCTH KOHIIEHTPAIMK XJIOpaHTHApUAa OeH30iMHOM KicaoTh (Ca) OT BpeMeHH
Vkon T Ca
Ne ' ’ Xa ’ K Kep
MIT c MOJIB/IT

O06padoTKa IKCNEPUMEHTATBHBIX TAHHBIX

Pacuem nopaoxa peakyuu

1. PaccunThIBarOT cTemeHb MpeBpalleHusl XJopaHTuApuaa OeH3oWHOW  kuciaoTel (A). T.k.
KOJIMYECTBO MOJICH BBIIEIHMBILErOCcsS XJIOPOBOZOPOJA PAaBHO KOJIMYECTBY MOJIEH IPOpEardpoBaBILETO
XJIOpAHTHIpHIa OCH30MHON KHCIOTHI, TO

Va6u4

Vr - Tekymuii o6vem pactBopa 0,1 H KOH, pacxomyemsblii Ha HEHTpanu3aluio XJIOPOBOAOPOAA,
MTONTy4aeMbIi CIIOKEHUEM C TIPEIBITYIM o0beMoM: 4, 8, 12 M u T.JI.
Voo — 001mii 00bem pactsopa 0,1 H KOH, nomenmmii Ha SKCHEpUMEHT, MIL
2. OnpenensoT TeKyulylo KoHueHTpauuio Cy4, paccuuTaB CTelleHb NPeBpaIleHus Xy,
Cy= CA,() (1—XA)
U CTPOST I10 MOJYYSHHBIM JaHHBIM rpadudeckyto 3aBucuMocTb Ca = f(7) (puc. 1)
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3. Onpenenstot K — KOHCTaHTY CKOPOCTH:
k=1/t-(1/Cs—1/Cap),

rae Cim CA,() — TCKyIllasd 1 HavdaJIbHasl KOHIICHTPAlUuH,
T— BpEMsA B MUHYTax.

{

Ca

Puc. 5. 3aBucUMOCTb KOHIIEHTPALlMU peareHTa A OT BpEMEHHU pPeakluu
4. PaccuMTHIBaIOT TIOPAJOK pEaKIUH TIpadUuecKuM METOJIOM, Kak OIMHMCcaHo B moxpasnene 3.3.
JL1st 3TOTO pacCYUTHIBAIOT U BHOCST B Ta0JI. 4 CIEAYIOIINE BETUINHBI:
Tabnuna 4
JlanHbie U1 pacyéra oO1Iero nopsijKa peakiuu

HOMeEp

T,

C

Ca

MOJIB/JT

IN(Ca)

ACa,

MOJIB/JT

AT,

v,

MOJIB/JI*C

In(v)

AWIN|F-

1. Ha xunHernueckodt kpuBoi (puc. 4.2) BBIOMpPaIOT 4—5 TOYEK W MPOBOJAT KacaTelbHbIE.

2. PaccunThIBarOT CKOPOCTH PEAKIIMH IO BEMIECTBY A B COOTBETCTBYIOIIMI MOMEHT BPEMEHH IO
TaHTeHCaM yIJia HakiIoHa KacaTeldbHbIX Or = dCa/d T WM PUOIHIKEHHO

or =ACNA T

3. PaccunrniBaror norapudmst In Ca u In vy,

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

Pacuém axmueayuoHHbIX nApaMempos peaKyuu

1. ITpoBecTu Tpu OIBITA MPH Pa3TUYHBIX TEMIIEpAaTypax (3aaaércs MpernoaaBaTeneM) U pacCuuTaTh
3Ha4YeHus1 K B COOTBETCTBUU C IL.II. 1-3.

2. Paccumntare 3Hauenus norapupmoB K um obOpatHeix Temmepatyp /1. Iloctpouts rpaduk
3aBucumocty IgK — 1/T u o TaHreHCy yriia HaKJIOHa OIPEIeTUTh SHEPTUIO AKTUBAITUH Eqin.

3. Ilo HaiieHHOMY 3HAYEHHIO JHEPIMU AKTHUBALMHM PACCYMTHIBAIOT SHTAIBIHNIO peakuuu (4 Hr)
o ypasHeHuo (3.12), saTponuto peakmun (4 S°r) mo ypaBHenuio (3.13) u n300apHO-U30TEPMUIECKUN
norentuan (4 G°r) mo ypasuernwnio (3.14).

4. 3anuceIBaIOT MOIYYEHHOE KHHETHIECKOe ypaBHEHHUE (CM. ypaBHEeHuE 3.15).

JlabopaTtopHas padora Ned « IkcnmepuMeHTAIbHOE onpejieieHHe XHMHYEeCKOT0 PaBHOBECHS B
FOMOTreHHBbIX CHCTeMaX U TePMOJAMHAMMYECKHI aHAIN3 XMMUYEeCKUX NPOLECCOB)

Henap pa6oTbl: OKClEpUMEHTATBHOE H3y4YeHHE 3aKOHOMEPHOCTEH OOpaTHMBIX PEeakiy Ha
npuMepe d3Tepu(UMKaLUM  YKCYCHOW  KHCIOTBI  JTHJIOBBIM CIUPTOM, M  pacyeT OCHOBHBIX
TEPMOJMHAMHUYECKHX ITOKa3aTeneld XUMHUYECKOro Iporecca.

B xaudectBe 00ObeKTa MCCIENOBaHUS MpeIaraercs peakuus 3TepuUKALNN YKCYCHOW KHCIIOTHI
STHJIOBBIM WJIM U30IPONUIOBEIM CIIUPTOM.

CH,COOH +C,H.OH «> CH,COOC,H, +H,0

A B C A
Ota peakuys Ipx KOMHAaTHOW TeMIiepaType nporekaer MemieHHo. [loaromy e€ npoBoast npu 70
— 90° B IpHCYTCTBHH COJNSHOH KHCJIOTH B KAYECTBE KATANIM3aTOPa. B 3THX yCIIOBUAX OHA 3aKAHUYHBAETCS
B TeueHne 2 — 3 4. Karanutuueckoe neiicTBUE CONSHON KUCIIOTBI COCTOUT B TOM, YTO OHA aKTHBHPYET
MOJIEKYJly KapOOHOBOW KHCJIOTBL. YKCyCHasi KHCJOTa IpPOTOHHpYETCS MO0 aToMy KHCIIopoJa
KapOOHWJIBHOW TpymIibl (ATOM KHCIIOPOAA HMMEET HEMOJACIEHHYIO Mapy 3JEKTPOHOB, 32 CYET KOTOPOM
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MpHCOeNnHsAETCs TPOTOH). [IpoTOHHpOBaHME MPUBOAUT K MPEBPALIEHUIO YACTUYHOIO MOJIOKHUTEIHHOT O
3apsijia Ha aToMe yriiepoja KapOOKCHIBHOM TPYIINbI B MOJHBIN, K YBETHYCHHUIO €r0 AIEKTPO(QUIBHOCTH.
Pe3zonaHcHBIE CTPYKTYphl (B KBaIpaTHBIX CKOOKax) TOKa3bIBAIOT JIEJIOKATH3ALUIO ITOJNOKHUTEIBHOTO
3apsaia B oOpa3oBaBIleMCsl KaTHOHE. MojeKya CupTa 3a c4eT CBOSH HEMOENIEHHON Maphl 3JIEKTPOHOB
MIPUCOEINHACTCS K aKTUBHUPOBAHHOM MOJIEKyJe KUCIOTHL. IIpoTOH OT ocTaTka cnupTa mepeMeraercsa K
THAPOKCUIIBHOM TpyIIe, KOTopas MpU 3TOM MpeBpamaercsa B “xopouro yxoasmyo” rpynmny H20. Ilocne
3TOTrO OTLICIUIAETCS MOJIEKYJIa BOABI C OTHOBPEMEHHBIM BEIOPOCOM ITPOTOHA (BO3BpAT KaTalnnu3aTopa)

S@O " 0 on | Caton
& | o ~—— on
oH oS CHoC

OH OH

(|3H -H,0, -H* 0

B —_—
e T — crse,
o iy OC2Hs

UTOoObI HU3KOKHUIIAIIME BEHISCTBA, YYAaCTBYIOIIME B pEAKIUU, HE YJICTyYUBAJIUCh IPHU
HarpeBaHUM, PEAKIMI0 TPOBOAAT B PEAKTOpE, CHAOKEHHBIM OOpPaTHBIM XOJOAUIBLHUKOM. Terora
peakiuu o0pa3oBaHUs TUJIAlETaTa OUYEHb MaJla, U IMO3TOMY KOHCTaHTa PABHOBECHS 3TOW PEaKIIMH, KaKk
3TO ciieayeT u3 ypaBHeHuss Bant — Todda u, kak OBLIO IOKAa3aHO PSIOM  IKCIIEPUMEHTAIbHBIX
WCCIIEIOBAHMMA, TTPAKTUYECKH HE 3aBHCHUT OT TEMIIEPaTyphl. 3a M3MEHEHHEM COCTaBa CMECH CIEIST II0
W3MEHEHHUIO B HEW CyMMapHON KOHIIGHTPAllMd KHUCJIOTHI B TEUCHHE peakiuu. M3ydeHne paBHOBECHUS
peaKIUM OCYIIECTBIISIETCS W3MEPEHUEM CKOPOCTEH TMpsMOil peakinmu. 3a W3MEHEHHWEM KOHIICHTPAIIUH
pearupyroNpX BEMECTB CIEIAT J0 TE€X MOp, IIOKA HE HACTYITUT PaBHOBECHE.

[IpuHrMas BO BHUMaHWE, YTO PAaBHOBECHAS CTEIEHB MPEBPAICHIS YKCYCHOW KUCIOTHI A paBHA
X, TO TIPH IOCTHKEHUH KOHEYHOH IIEJH, T.€. 00pa30BaHUs YKCYCHOIPOIMMIOBOTO UM YKCYCHOITHIIOBOTO
a(upa ¥ B UTOTE YCTAHOBJICHHUS PAaBHOBECHOTO cOCTOSHMS Ha 0,5 MOIb BBEIEHHON B PEaKITHIO YKCYCHOM
KHCJIOTHI PaBHOBECHAs! CMECh OYZAET CONIEePIKaTh:

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

Bcero B paBHOBecHOU cMecn Oyner 1 Mok peareHToB. MOJIBHBIC JJOIM Pearnpyromnx BEIIeCTB B
PaBHOBECHOM COCTOSTHUH OyTyT paBHBI

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

Torma koHCTaHTa paBHOBECHS TPOBOAMMOHN peaKIuu dTepU(PHUKAINKA YKCYCHOH KHCIIOTHI
STHJIOBBIM WJIH H3OMPOMMIOBEIM CITUPTOM OyJEeT paBHA

X *2
KN =
0,25(1— X *)2
[Ipu onpeneneHny paBHOBECHOW CTEIEHU IMpeBpalieHus X* B Xozie paboThl IKCIIEPUMEHTATHHO
ompenensier kak ¢yHkuuio ot Bpemenn X= f(t) , T.e. paBHOBecue B CHUCTeMe HACTYNHUT TOr/a, KOTAa
CTEMeHb MPEBPAIICHUsT YKCYCHOW KUCIIOTHI He OyIeT onpeaensaThes Bo Bpemenn X= f(1).

0 2 4 6 ¢ vuH

Puc. 3.1 M3MeHeHue cTeneHu IpEeBPAIEHUS] YKCYCHOM KUCIOTHI BO BpEMEHU
Jis mpoBeieHus SKCIIEpUMEHTA UCIIONB3YIOT TPEXTOPIIBIA PEaKkTop, CHAOKEHHBIN TEPMOMETPOM,
00paTHBIM XOJIOMIIEHUKOM, MEIIAIKONH U 000rpeBaroIuM IprcrnocodieHneM. B peakrop momemtarot 0,5
MoJib JieasHord yKkcycHod U 0,01 MOnb KOHLIEGHTPUPOBAHHOM COJISIHOM KUCJIOTHI U HArpEeBalOT B TEUCHUE
10 MEHYT B TEpMOCTaTe WM BOJASHOW OaHe C TepMomnapoil. 3a 3TO BpeMsl OTJAEIBHO TEPMOCTATUPYIOT JI0
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3aJaHHOW TeMIlepaTypbl OTHJIOBBINA (M3ompornuioBeiid) coupT. Ilocne ucreuenuss 10 mMuHYyT, COHPT
MOMEILAIOT B PEaKTOp M BKIIOYAIOT MEIIAJTIKY U cpa3y OTOMPAroT 1Ml peakKlMOHHON MacChl ¥ IEPEHOCHT B
KonOy ¢ xonomHoil Bomoi u TUTpyloT 0,5 H. NaOH B mpucyrctBum ¢enondranenna. Ilocnenyromue
mpoObl OepyT uepe3 kKaxasie 10 MUHYT U Takke TUTpPYIOT. [Iporece cuuTaercs 3aBepiieHHON, KOrjga Ha
TUTPOBAHHUE JBYX MOCIEIHUX MPOO B3STHIX U3 PEaKTOpa, MOHIeT OJMHAKOBOE KOJMYECTBO IIENOYH, T.€.
cHcTeMa CTAaHOBHUTCSl paBHOBECHOM. Pe3ynbraTsl MccinenoBanuii 3aHoCT B Tabnuity 3.1.

O0padoTka pe3ybTaTOB IKCIIEPUMEHTA

Tabnuna 3.1
Pe3ynbTaThl 3KCIIEpUMEHTANIBHBIX UCCIIEA0BAHUI
111{;346?: V/NaOH, i T, MUH. Crenenp npesparieHus, X
1
2
3
4
5...
Crerenb npeBpamieHus YKCYCHONW KUCIIOTHI OMPEENIeTCs TI0 YPaBHEHHIO
v, -V
v 17k,
V
1

rae Vi- oobem 0,50 NaOH, momemmit Ha THTpOBaHKE MTEPBOi MPOOEI;
Vi — oobem 0,58 NaOH, nomieimii Ha TUTPOBaHUE MTPOOBI 3a BPeMS T.
3ATAHUE

1. Mo 9KcrepUMEHTAIBEHBIM JIaHHBIM PAcCUMTATh CTEICHb MPEBPALICHUS JUIS  KaKJOH B3STOH
MPOOBI.

2.Ha ocHOBaHMH SKCIIEPUMEHTAIBHBIX JaHHBIX TOCTPOUTH rpahUIecKyro 3aBUCUMOCTh (DYHKIIUU
X=f (1) u onpenenuTh PAaBHOBECHYIO CTENEHb IPEBpAIlCHUs. PaccuuTaTh sl HUCCIEAYyEeMOH peaKkinu
IKCIIEPUMEHTAIHYIO KOHCTaHTY DPaBHOBECHS IO ypPaBHEHUIO M PAaBHOBECHBIM COCTAaB pPearnpyroliux
BEIIIECTB.

3. PaccunTaTh KOHCTaHTY PaBHOBECHS IO TEPMOIMHAMHYECKMM MaHHBIM (ypaBHeHHe 2.20) m
CpPaBHUTH C IKCIIEPUMEHTAIILHON KOHCTAHTON PaBHOBECHSI.

4. Cnenath BBIBOJ O BEPOSTHOCTH MPOTEKAHUS MCCIEAYEMOW PEaKINK B MPSIMOM WA OOpaTHOM
HaIpaBlIEeHUH U OTMETHUTDH BCE YCIOBUSA, KOTOPbIE MTO3BOJIUThH YBEIHMUNTE BBIXOJ IIEIEBOT0 MPOIYKTA.

JlabopaTtopHas padoTa Ne5 «UccienoBanne KHHETUKH PeaAKINH METAJIOB ¢ KMCJIOTAMM

Llens padompr. DKCIIEpUMEHTAIBHOE U3YUYEHUE 3aKOHOMEPHOCTEH TOIMOXMMHUYECKHUX MIPOLIECCOB

Ha MPUMEPE PeaKK ATIOMUHHS WIN [IMHKA C KUCJIOTaMH IIPY PA3JIMYHBIX TEMIIEpaTypax.
METO/JUMKA INPOBEJAEHUSA SKCIIEPUMEHTA

JI7ist oCyIecTBIICHHST JAHHOTO MpoIlecca B CTaKaHbl 3arpyxkaror 25 mu 7% pactBopa HCl  wmm
H>SO, . 3arem BHOCAT NpenBapuUTENHHO OYHINEHHBIA HAXTayHOH OyMmMaroil Wim pacTBOPOM IIENOYH,
B3BeIIeHHBINH Kycouek meramia (0,5 - 2 rp.) Ha CTEKISTHHOHN Majo4Ke ¢ CHTOOOPa3HBIM HAKOHEYHHKOM U
HA4YMHAIOT OTCUYeT BpeMeHU. Uepes onpeneneHHble IPOMEXYTKH BpeMeHH (110 3aJaHUI0 MPEnojiaBaTers)
CTEKJSIHHYIO NAJIOYKY C METAJUIOM BBIHUMAIOT U3 CTAKaHa, MPOMBIBAIOT XOMOJHON JUCTHIIIMPOBAHHOM
BOJIOW, BBICYIIMBAIOT Ha (WIBTPOBAJbHOM Oymare M B3BEIIMBAIOT HA aHAJIMTHYECKUX Becax. [locie
W3BJICYEHUS] METajla M3 PacTBOpa KUCIIOTHl OCTaHABIMBAIOT CEKYHAOMED W, B3BECHB €r0, IMOMEIIAIOT
00paTHO B CTaKaH, BKIIOYAIOT CEKYHAOMEDP U MPOIOKAIOT OTCYET BPEMEHH.

BHuMaHMe: mOKa3aHUe CEKYH/I0Mepa He O0OHYJISIIOT.

Hns  uccnenoBaHus BIMSIHUS —TEMIIEPATYpbl JKCIEPUMEHT TPOBOIAT HPU  Pa3iIWYHBIX

TeMIiepaTypax (1o 3aJJaHuIo TpenoaaBaTessi). Pe3ynpTaThl SKCIEpUMEHTa 3alMChIBAIOT B TaOnumy 1.
4. OBPABOTKA OKCHHEPUMEHTAJIBHBIX JTAHHBIX
Tabmuma 1.
Pe3ynpTaThl SKCHEPUMEHTAIBHBIX MCCICAOBAHUH

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

T

n
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N

Onpenesienne JMMATHPYIOLIEH CTalH Npolecca
Crenenp npeBpalieHns METAIIIOB (aIFIOMHUHUS, IMHKA) ONPEAENIIOT 1o ¢popmye 1:
m -m
X =M e, 1)

Me mOMe

rae M, Ve —Macca HCXOTHOTrO METaJlIa, T

m,,,— Macca MeTaa 1ocie peakiuy, T.
. T
Jlns  onpeneneHus: JUMUTHPYIOLIEH CTaIdu CTPOAT Ipaduk 3aBUCHMOCTH X, OT — H
T
n

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

X
Me /
05
0
0 0.5 1
T

Puc 1. 3aBHCHMOCTH CTEIEHM MPEBPAIIEHUS MeTaIa Xnme OT OTHOIIEHUS T/Th B 3aBHCHMOCTH
OT JINMUTHPYIOIEH cTaauu mnpoiecca: 1 — BHenHeaudGy3noHHas 001acts; 2 — KHHETHYeCKast 001acTh
Ilocne HaxoXxIeHHs JTUMUTUPYIOLIEH CTaIud JJIs KaKJIOM U3 Tpex TeMmIlepaTyp ONpeAelsioT
KOHCTaHTY CKOPOCTH PEaKIIMK U3 ypaBHEHUS 2.3 (€CIu peakius MPoTeKaeT B KHHETHICCKONH 001acTH).
[lo paccunTaHHBIM KOHCTaHTaM TOIOXHMHUYECKOTO IPOIECCa OMPEAETSIIOT aKTHBAI[MOHHBIC
rmapaMeTphl (SHEPTHUIO aKTUBAIIMK M YaCTOTHBIN (akTop AppeHnyca) 0 ypaBHEHHUSIM 2, 3 U pe3yiIbTaThl
pacdeToB BHOCAT B Ta0uIy 2.
AHaJTUTHYSCKUIH METOI orpeaeseHust SHeprun akTHBAHH (E )
k
RT T, In 2
akm ~ —1
T2 _Tl
UacrorHerii daxtop AppeHuyca (A) ompenenstoT W3 HWHTETPAIbHONH (OPMBI ypaBHEHHS
Appenmyca.

E @)

k=4-¢ ® 3)
Tabmuma 2.
Pe3ynpTaThl pacyera akTUBAIMOHHBIX IAPAMETPOB
Ne T,°C T, K k A Eucr ,KJK/MOITB
1
2
3
3AJIAHUE
1. ITocTpouTh 3aBUCHMOCTH CTEIEHH MpeBpamieHuss Xme OT T/Tn W, CpPaBHHB C
TCOPCTUICCKUMU KPUBBIMH, ITPEACTABJICHHBIMU Ha PHUC. 1, OnpeaAciinThb 06J'IaCTB IMPOTCKAaHUs ITpoLecca.
2. I/ICHOJ'H>3y5{ OKCIICPUMCHTAJIbHBIC JaHHBIC, PACCYUTATh KOHCTAHTY CKOPOCTH XUMHUYECKOU
pCakKun M aKTUBAIITMOHHBIC TaPAMCTPhL (,Z[J'ISI mnponecca, NpoOTCeKarouiero B KUHETUYECKOU OGJ‘I&CTI/I)
3. OnpenenuTs JIUMHUTHPYIOUIYIO CTaWI0 IO BIMAHUIO TEMIEpaTypsl Ha CKOPOCTh

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

- MaKCHMaJbHO Oa/UIOB 3a KaKAYyI0 BBIMOJIHEHHYIO JlabopaTophyto paborty (1*15=15), ecmu pabora
BBHITIOJIHEHA B TIOJIHOM O0OBEME, B OTYETE MPABWILHO M AKKypaTHO BBINIOJHEHBI BCE BBIYUCICHUS U
MOCTPOCHBI TPAPHKH, TOTHIECKH U 00OCHOBAHHO TPHBECHBI BEIBOJIBI 10 TEME J1a00pPaTOPHOH paboTHI.

- muHEManeHO OamnoB (1*10=10), eciu B X07€ dKCIEPUMEHTA JOMYIIEHB IPyObie IPOMaxu, B OTYETE
ecTh rpyOble OmMMOKH, MPUCYTCTBYIOT OIIMOKH B BBIYMCIICHUSIX, HETOYHO IOCTPOCHBI TpaduKu, He
JIOTHYECKU C(hOPMHUPOBAH BBIBOJ K JJaOOpaTOPHOM padore.
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MunucrepcTBO 00pa3oBanus 1 Hayku Poccuiickoii @enepanun
HmxHeKkaMCKHii XUMUKO-TEXHOJIOTUYECKHI HHCTUTYT (prumman) genepaabHoro
roCyJapCTBEHHOTO OI0/HKETHOTO 00Pa30BaTEILHOTO YUPEHKICHHS
BBICIIIETO 00pa30BaHuUs
«Ka3zaHCKkuii HaIMOHAJIBHBIN UCCIIEI0BATENBCKUI TEXHOJIOTMYECKUI YHUBEPCUTET)
Mexanunueckuii pakynbpTeT
Kadenpa nedrexumuyeckoro cuaresa
KommuiekT BonpocoB 1Jisi KOJUIOKBHYMOB
no qucuuiuinie b1.B.03 «O6mas xumuueckas TEXHOJIOTUSI»

4 cemecTtp
KoniiokBuym 1

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

2. CdopmynupyiiTe 3aKOH JICHCTBYIOIINX Macc.

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

4, Uro HasbIBaeTCsl MOJEKYISPHOCTBIO XHMHUYECKOW peakiuu? UTo Ha3pIBaeTCsS MOPSIKOM
xuMI9eckoi peakin? [loueMy MOTEKYISIPHOCTD PEAKIMH HE BCETIA COBITAIACT C TIOPSIKOM PEAKITHH?

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

6. Hammmmre W BBIBEAWTE  ypaBHEHHS Ui BBIUMCICHHMS  KOHCTAHTBI  CKOPOCTH
MEPBOr0 ¥ BTOPOro TOPSIZIKA.

7. Kak u3MeHsercsl KOHIIEHTpAIWS TIPOAYKTa PEaKIMH CO BPEMEHEM, €CIIF PEaKInsl MMEET HYJIEBOM
TOPAIOK?

8  Kakas w3 ofHOCTa/MHHBIX peaKIUii 3aKaHIMBAETCS ObICTpee TPH OJMHAKOBBIX HCXOIHBIX
KOHIICHTPAITMSIX U OMHAKOBBIX KOHCTAHTAX CKOPOCTH: TIEPBOT'O MIJIA BTOPOTO ITOPSIIKa?

9. TIloyemy ¢ TMOBBIIICHHEM TEMIIEPATYPhl, KaK IIPAaBHIO, CKOPOCTh XHMHUYECKOHW PEaKIIUH
YBEITUINBACTCS?

10. Bpems mnonympeBpallicHMs ~BEIIECTB B peakimud IepBoro mopsaka mpu 323 K
coctapisier 100 mun, a ipu 353 K - 15 Mun. Beraucinte TemmepatypHbIi KOAQGOHUIIAESHT CKOPOCTH PEaKIIUHL.

11, Yto Ha3bIBaeTCS SHEPTHCH aKTHBAINN XUMUICCKOM PeaKiny?

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

13. Omnpepenute 3HEPrUI0 aKTUBAIUH, JJIsl KOTOPOI NPH MOBBINICHUU TeMmIepaTypsl ot 295 no 305 K
CKOpOCTb PEeaKLUH YIBauBaETCA.

14. HMmeet nu pa3MEepHOCTH U KaKyl0 KOHCTaHTa CKOPOCTH PEaKIuu?

15. CkopocTh peakLuu BTOporo nopsaka pasHa 4,5-107 Momb/(J1'C) IpHM KOHLEHTPALUH OJHOTO
pearenta 1,5- 10°2 mons/in u apyroro 2,5 <10 Mons/n. Paccuuraiite KOHCTaHTY CKOPOCTH B cM*/(MOJIb C).

16. Tlpum 583 K ra3 apcun ASHs pasnaraercst ¢ o0pa3oBaHHEM TBEPAOrO MbIIIbSIKA M ra3000pa3HOro
Bomopoda. Bo Bpems peaknuu Npu MOCTOSHHBIX O0BeMe W TeMmIepaType olliee NaBlIeHHE B CHCTEME
U3MEHSETCs CIEAYIOMIM 00pa3oMm;

B, 9AC 1o 0 5,6 6,5 8,0

P’ Ha10-3 ............................................................ 97’75 107,41 109,05 111'35

[Mokaxxute, uTto peakuus pasnoxeHus ASHz sBisseTcs peakuueil mepBoro MopsaKa, W BEIYUCIUTE
KOHCTAHTY CKOPOCTH 3TOH peakIuu.

17. KoHcTaHTa CKOPOCTH PEAKINH OMBUICHHS YKCYCHOITHIOBOTO 3(dupa menousio npu 283 K paBHa
2,38 n- Mua-Monb!, paccunTaiite BpeMs MOJIOBMHHOIO pasioxkeHus >¢upa, ecnu 1 1 0,05 H. pactBopa a¢dupa
cmemath ¢ 1 i 0,1H. pacTBopa mienoun. Peaknus oMbuIeHUs 3¢upa MOTIHHACTCS KHHETHUYECKOMY YPaBHEHHUIO
2-T0 MopsIKA.

18. Peaxkius pa3nokeHHs aMMHaKa Ha ropsiaell BoibppamMoBoil mpoBosioke nporekaeT mpu 1129 K
o ypaBaeHHI0 2 NHsz = N2 + 3 H». 3a cKOpOCThIO peaknuu CIEIUIHN IO MOBBIIICHUIO 001Iero naBineHus AP =
Py — Po. C TeueHneM BpeMEHHU HaBJIICHHE B CHCTEME IPU MOCTOSHHOM O0OBEME M TeMIlepaType IMOBBIIMIATIOCH
CIEAYIOMUM 00pa3oM:

by Coreree 100 200 400 600 800

AP’ Halo-z .............................. 14’66 29,33 59,70 89’60 117,21
HauanpHOE nmaBlieHWE B CHCTEME B CHCTEME DPaBHSIIOCH 266,6-10% Ila. Ompexenure TOPSAOOK pPEAKIUH H
paccyuTanTe KOHCTAHTY CKOPOCTH.
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agrwdE

Konnoksuym 2

1. OOBSICHUTE CMBICI TOHSTHS «XUMHUYECKUE Yach».

2. Uro Takoe MeXaHU3M XUMHYECKON peakuun?

3. Uro Takoe KOHCTaHTa CKOPOCTH XUMHUeckoil peakumu? OT Kakux (HaKTOpOB OHa
3aBUCHT? YeMy paBHO UMCIIOBOE 3HaYEHHE KOHCTAHThI CKOPOCTH?

4, Uro Takoe SHEprus aKkTUBALMK XUMHUYECKOW peakuuu? Kakumu crnocodamMu MOXHO ee
OTIPEACITUTh?

5. ChopmynupyiiTe 3aKOH JEHCTBYIOIIMX Macc.

6. CdopmynupyiiTe OCHOBHBIC ITOCTYJIATHI XUMHUECKONW KMHETHKHY.

7. Uro Takoe mopsAAoKk XuMudeckoi peakuun? Jlaite onpeeneHne CKOPOCThI0 XUMUYECKOM
peakuuu?

8. ChopmynupyiiTe NpaBUIIO COCTABIICHUS KWHETUYSCKUX YPABHEHUH CIIOXKHBIX PEAKITHIA.

9. 3anumMTe KHHETHYEeCKHe YpaBHEHHUS AJIsl pacuera CKOpocTH 1o BemiecTBaM A, B, Ru M

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

k3
A+R-M

10. Meronsl cMHTE32 ¥ TEXHOJIOTHS TIPOILIECCOB MOJYYSHUS CIIOXKHBIX dHUPOB.

11. MexaHn3M U KHHETHKA PEAKINi XJIOPAaHTHIPHUIOB KAPOOHOBBIX KHCIIOT CO CIIMPTaMH.

12. OKCIIepUMEHTANbHBIE METOMAbl HCCIEAOBAaHUS KUHETUKH TOMOTEHHBIX XUMHYECKUX
IIPOLIECCOB.

13. Meropp! onpeneneHns MopsaaKa peakiny.

14. BrnusiHue TemmnepaTypsl Ha CKOPOCTh XUMHUYECKUX PEAKIIAN.

KosutoxkBuym 3

3akoH ['ecca u cnencTBus U3 Hero.

3aBHCUMOCTD TEIIIOBOr0 AP PeKTa XUMUIECKON PEaKIIMH OT TEMIIEPATYPHI.
Omnpenenenre HanpaBJIeHNs TPOTEKAHUS 0OPATUMOMN PEaKIIUU MPH 33/IaHHBIX YCIOBHSIX.
Merozpl pacuera KOHCTAHTHI PaBHOBECHSI.

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

Onpe/:[eneHHe 3HaYEHUS] KOHCTAaHTHI PABHOBECHS TIPH JIPYTOH TeMIepaType.

6.
7.
8.

9.

10.
11.
12.
13.

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

Onpenenenrie KOHCTAHTHI PaBHOBECHS KHIKO(PA3ZHBIX XUMHUYECKHX TTPOIIECCOB.

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

Meroapl SKCTIEpUMEHTAIIFHOTO OIPEIEIeHAS PABHOBECHOT'O COCTaBa PEAKIIMOHHON MAacChl M KOHCTAHTHI
paBHOBeCHSI.

[Ipunuun Jle-lllarense.

TexHOMmorn4eckre MprueMbl CMEIIeHUS PAaBHOBECHSI.

Mopenu TOTOXUMHUYECKHX TTPOIIECCOB.

MexaHn3M U KHHETHKA TOMIOXUMHUYECKHIX TIPOIIECCOB.

14. Meroas! onpeneneHus TMMUTHPYIOMIEH CTaJuN TOMMOXUMUYECKHUX MPOLIECCOB.
15. TexHOMOrMYECKNE METOIBI HHTEHCH(DUKAIINH TOIIOXUMHUYECKHIX TTPOIIECCOB.

KosoxkBuym 4

=

OmnpenenuTe NOHATHS «XUMHUYECKOE IIPOM3BOJCTBO» M «XUMHKO-TEXHOIOTHYECKUH IPOLIECC.

Cdopmynupyiite coBpeMeHHbIe TpeOOBaHUSI K XHMUYECKOMY IIPOU3BOJICTBY.

3. llpuBenure CTpyKTypy XUMHYECKOI'O IPOU3BOICTBA U OOBSCHUTE HA3HAUCHUE €€
(YHKLIMOHAIBHBIX YaCTeH.

4. llepeuncnute OCHOBHBIE IIOKA3aTEIH XMMUYECKOTO IPOU3BOACTBA M XUMUKO-TEXHOJIOIMUCEKOT O
mporecca.

5. Uro sBnsiercs ChlpbeM B MPOMBIILIEHHOM npou3BoacTBe? Kakue ero ucrouHukn?

N
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10.

11.
12.

13.

n

10.
11.

o s

o

10.

[IpuBeanTe knaccuUKaUIO MPUPOAHBIX MaTEPUAIIOB MO Pa3HBIM MPHU3HAKAM KaK CHIPbS ISl
XUMHAYECKOW MPOMBIILICHHOCTH.

st kakux 11es1ed UCIob3yeTcs BO3AYX U BOAa B XUMHUUECKON TEXHOJIOTHH.

KaxoBa ponb TommBa 1 S9HEPTUU B XUMUYECKOM IIPOU3BOACTBE.

[IpuBeanTe BUIBI M ICTOUHUKHU SHEPTETHUECKUX PECYPCOB XMMHUYECKOTO MPOU3BOACTBA U X
MpUMEHEHHE.

Ha xaxue aBe Tpynmbl MOXKHO pa3euTh 000pYAOBaHHE XUMHUECKOTO MPOU3BOJICTBA, €ro0 BUIBI
1 Ha3Ha4YCHUE.

[epeuncnuTe CTPOUTENTFHO-MOHTAKHBIE KOHCTPYKIHH.

Pacckaxkute 00 0TX01aX XUMHUYECKOTO MPOU3BOJICTBA, UX UCTOUHUKAX U KJIaCCU(DUKAIHS TIO
COCTaBy, IEPUOANYHOCTH 00pa30BaHMS U BO3CHCTBUS HA OKPYXKAIOIIYIO CPeny.

Kakwue criocoOs1 epepaboTKu TBEPABIX, )KUIKUX H Ta3000pa3HBbIX OTXOA0B BBl 3HACTE.

KoasoxBuym 5

KakoB o011yt moaxo;| K MOCTPOSHUI0 MaTEMaTHYECKONW MOJICNHU MPOIECCca B XUMHUECKOM
peakrope?

UTto Takoe peakTop UACaTbHOTO CMEIICHHS M B U€M MPOSBIISIETCS «HICaTbHOCTHY?

B uem 3akrouaercs 1momodre U pa3iimure Iporecca B peakTope UeaIbHOTO CMEIICHUS
NEPUOJUUCCKOM U UICATIBHOI'O BBITECHEHHA?

UTo Takoe YCIOBHOE BpEMS PEAKITUN U YeM OHO OTJIMYACTCS OT BpEMEHHU MPEObIBAHUS B
peakrope?

Kak MeHseTcst KOHIIEHTpAIIHS HCXOIHOTO KOMITIOHEHTA U MPOIYKTA 10 JUTMHE peaKkTopa
UIIE€aIbHOIO BEITECHEHUS?

Kak MeHsieTcst KOHIIEHTpAIIHS BEIIECTBA M0 00BEMY IMTPOTOYHOT'O PEAKTOpa UACAITBHOTO
CMeEIIICHS?

HazoBute IIPUYUHBI OTKIIOHCHHA PEXUMOB B IIPOMBINUICHHBIX PEAKTOPAX OT PEXXUMOB
WeaTbHOTO CMEIIEHHUS M BBITECHEHUSI.

Uro takoe ontumMuzaiusn? CHopMyIHpyHTe MOCTAHOBKY 33724l ONTUMH3AINN
TEXHOJIOTHIECKOT0 TPOIIecca 1 MOSICHUTE.

[Touemy 3amaya ONTUMH3AMK MHOTOKPATHO BCTPEYAETCS MPHU pa3paboTKe XUMHKO-
TEXHOJIOTHIECKOro Tpoiiecca’?

UT0 TaKoe TEOPETUIECCKUI ONTHUMAILHBIN peskuM? J{71s1 9ero Hy>KHO €ro ornpezeieHue.
KaxoBa ontumanbpHas TeopeTryeckas TeMneparypa s HeoOpaTUMBIX U 00paTUMBIX (9K30- U
SHAOTEPMHUIECKNX ) XUMHYECKIX PEaKIIHA.

KousoxkBuym 6

Hapucyiite cxembl peakTOpOB LI pealn3aluy TOMOT'€HHBIX IPOLIECCOB U OOBICHUTE UX padboTy
(BXO[ CHIPBS U BBIXOJ| TPOAYKTA, BPEMs IIPOBEAEHUS IIPoLiecca, MIyTH IOABOIA M OTBOJIA TEILIOTHI
W T.1.)

Kakwue cymecTBytoT cnoco0bl OpraHu3anuy B3aUMOJICHCTBUS ra3a ¢ KUIKOCThIO IPH
OCYLIECTBICHUH Ira30->XUIKOCTHBIX XUMHYECKHUX IPOLECCOB?

HapucyiiTe cxembl peakTOpOB [UIs T€TEPOreHHO-KaTaIUTHUIECKUX IIPOLIECCOB U 00BICHUTE HX
paborty.

UYeMm orpaHuyeHO UCIOJIb30BaHUE B MPOMBIIIJICHHOCTH aquadaTHIecKoro peakropa?

Kax opranmzoBas mporiecc: a) B IICEBJOOKIKEHHOM CIIOe KaTajanu3aTopa; 0) mporecc B
BOCXOZSIIEM cioe KaTanu3zaropa? VX HeqoCcTaTKu M MPeuMyIIecTBa.

Uto BbI MOHUMAETE 110]] aHAJIM30M XUMHKO-TEXHOJIOIMYECKONH CHCTEMBI?

Kakne MoryT nosiBUTbCS HOBbIE CBOMCTBA y TEXHOJIOTMYECKUX AlIapaToB, KOT/1a OHU
00BbeIMHEHB! B XUMHUKO-TEXHOJIOTMUECKYIO CHCTEMY?

Omnpenenute TEOPETHUECKUH 1 peaibHBIA pacXoJHbIi ko3 duimeHt no ceipsio. KakoBs
MPUYMHBI UX PA3IHUus?

Uro Takoe MoJIHAs 3HEPTUs TEXHOJIOTHIeCKOoro moroka? KakoBsl ee cOCTaBIAIOMINE U KaK OHU
OTpenenstoTcs?

[Ipu kakoM coeMHEHUH PEAKTOPOB HICAJIbHOTO BHITECHEHUSI MOXKHO MOJYYUTh OoJIbIIee
MIPEBPALIECHUE U BBIXOA NMPOIYKTa — MAPAJIIENTFHOM WM MTOCIIE0BATENIBHOM ?
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11. Kakue TeXHOIOTHYECKUE PEIICHUS UCTIOIBb3YIOTCS IS YMEHBIICHHUS BO3JICHCTBUS XUMHYECKOTO
MIPOU3BOJICTBA HA OKPYXKAIOIIYIO Cpeay?

12. Kakue MeTO/Ibl XUMUYECKON TEXHOJIOTMH UCTIONB3YIOTCS IS YTHIIU3aI[ui U 00€3BPSIKUBAHUS
TBEPIBIX OTXOA0B?

13. Kakue MeTo/Ibl XUMUYECKON TEXHOJIOTMH UCTIONB3YIOTCS IS YTHIU3aI[ul U 00€3BPSIKUBAHUS
KUIKUX OTXOHOB?

14. Ha yeM OCHOBaHbI OMOXMMHYECKUE U (PU3MKO-XMMHUYECKUE METOJIbI OUUCTKU CTOYHBIX BOJ?

15. Kakue MeTo/Ibl XUMUYECKON TEXHOJIOIMH UCTIONB3YIOTCS IS YTHIN3AIUK U 00€3BPSIKUBAHUS
ra30BBIX OTXOIOB?

Kpumepuu ouenxu xonnokeuymos (0uno-3aounasn):

- MaKCHMaJIbHO 0alIOB 3a KaX</Iblii KOITOKBHYMOB (2*25=50), ecnu aHbI OTBETHI Ha BCE IMOCTaBJIEHHBIE
BOIPOCHI JIOTHYECKH 1 000CHOBAHHO B MOJTHOM 00beMe;

- MuHuManeHO OamnoB (1*15=15), ecnmu B Xome OTBeTa JIOMYIIEHBI TpyOBIe TPOMAaxH, MPHCYTCTBYIOT
HETOYHOCTH.
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MunucrepcTBO 00pa3oBanus 1 Hayku Poccuiickoii @enepanun
HmxHekaMCKHii XUMUKO-TEXHOJIOTUYECKHI HHCTUTYT (rman) genepaabHOro
rOCYIapCTBEHHOTO OIO/PKETHOTO 00Pa30BaTEIBLHOTO YUPEIKICHHS
BBICIIIETO 00pa30BaHuUs
«Ka3zaHCKkuii HaIMOHAJIBHBIN UCCIIEI0BATENBCKUI TEXHOJIOTMYECKUI YHUBEPCUTET)
Mexanunueckuii pakynbpTeT
Kadenpa nedrexumuyeckoro cuaresa

KoMIu1eKT BOIIPOCOB K 3a4eTy ¢ OLleHKOM
o pucuumindae b1.B.03 «O0mias xuMudyeckasi TEXHOJIOT A
1.Xumunueckas TexHoyiorusi. OCHOBHBIEC CTA/IMM XUMHKO-TEXHOJOTUUECKOTO MpoIecca.

2.0OCHOBHBIE TEXHHKO-3KOHOMUYECKHE OKA3aTCIN XUMHKO-TCXHOJIOTUICCKUX IMPOLECCOB.

3.Knaccudukanys XMMHYECKUX peaklui 0 MEXaHU3MY, MOJIEKYJISIPHOCTH U MOPSJIKY.
4.Knaccupukanuss XMMUYECKUX pEeaKIHi 10 30HaM NMPOTEKAHUS U TEIIOBOMY 3(PPeKTy.
5.IIoHATHE O KOHBEPCUH, CEIIEKTUBHOCTH U BBIXOJE TOBAPHOMN IIPOTYKIUH.

6. MaTepuranbHbIi U SHEPreTUYeCKHil OanaHChl.

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

PEarcHTOB. Kunerndeckoe YpaBHCHHC.

8.3aBHCHUMOCTbh KOHCTAHTBI PABHOBECUSI XUMHYECKUX PEAKLUNA OT TEMIEPaTypbl. DHEPrus

aKTHBAIlUH.
9.PaBHOBECHE XMMUYECKUX PEAKIIUN. 3aKOH JIEMCTBYIOIINX Macc.
10.KoHncranra paBHoBecust 1 sHeprus I nooca.
11.Cioco0bI cMeTIeHnsI XAMUYECKOTO PAaBHOBECHS.
12.I1lousTHe 0 KaTanam3e.
13.OcHOBHBIC MEXaHN3MBI KaTajan3a.

14.TexHOJIOTMYECKHE XaPAKTEPUCTUKU TBEPAOTO KaTAIM3aTOpa: aKTUBHOCTh, TEMIIEpaTypa

3aXXUraHus, CCJICKTUBHOCTD.

15.Texnonornyeckue XapaKTEePUCTUKH TBEPAOTO KaTajau3aTopa: CTPYKTYpa,

IIPOMOTHUPOBAHME U OTPABJICHUE KaTaJlM3aTopa.

16.CTaI[I/II/I B3aHMOﬂeﬁCTBHH F83006p33HBIX p€arcHTOB Ha IIOBCPXHOCTH TBEPABIX

KaTajanu3aTopoB.
17.Xumudaeckue peaktopsl. Kimaccudukarmsi.
18.Mopenb peakropa uaeanbHOTo BhiTecHeHus (PUB-H).
19.Monens peaktopa uaeanbHoro cmenienus (PUC-n).
20.CripbeBas 6a3a XMMUYCCKOHN TIPOMBIIILJICHHOCTH.
21.0Onepreruyeckas 6a3a XUMUYECKOU TPOMBIIITICHHOCTH.
22.XuMuyeckasi TEXHOJIOTUS U OYUCTKA MPOMBIIIICHHBIX BEIOPOCOB.
23.Knaccudukanus TpoOMBIIUICHHBIX 3arps3HeHUN OMOChEpHI.
24 MeTo/1bl OYUCTKH OTPAOOTAHHOTO BO3/lyXa M XUM3arpsi3HEHHOM BObI.
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