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Ilokazamenu u Kpumepuu oyeHUGAHUA KOMNEMEHWUIL ¢ ONUCAHUEM WIKATI OUYeHUBAHUS
(hopmupyromes ¢ OII no nanpasnenuo NOO20MOBKU U BCMABIAIOMCA 8 PAOOUYI0 NPOZPAMMY HOCTIe e€ YMBepHCOeHUs)

Huoexc komne-

Cooeporcanue KomnemeHyuu

YPOBHM 0CB0€HUA KOMnemenyuu

meHyuu - - -
Ilopozosuuii yposens océoenun | Ilpoosunymeutii yposens oceo- | Ilpesocxoomnwlii ypoeens océoenus
KomnemeHyuu eHUA KOMHEemeHyuu KomnemeHyuu
3HaThb: B LIEJIOM OCHOBBI CHCTE- 3HATL: OCHOBLI CHCTEMEI HH- | SHATH: CYIIHOCTh M 3HAUYEHHE UH-
MBI HTHQOPMAIIMOHHOH 1 OnOIHO- i ; opManuu 1 HPOPMaIHOHHBIX
3HACT BHJIBI pECYpPCOB H OTpaHu- r‘pa(bng)ecrl)cnﬁ KYJIBTYPbI (bopMaunuo Huoit 1 OudHOrpa g)pgueCCOB B painlinn COBpEMEH
N . WYECKUI KyJIbTYpHI. ;
YeHU ISl perieHust npodeccu- . ¢ YIBTYP
YMeTh: B LICJIOM YCIICIIHO, IPH- | YMeTh: IPUMEHSTh HHOP- HOTro MH(POPMAIIMOHHOTO 00IIIe-
OHAJILHBIX 3a/1a4; OCHOBHBIC ME- | \epary, HHOPMALHOHHO- KOM- MAIIFIOHHO- KOMMyHUKAIOH- | CTBA.
TOABI OLICHKHU P33HH§ croco6oB MYHHUKAIMOHHBIC TEXHOJIOTHI U C | Hpje TeXHOIOTHH, B TOM uKcie, | Y METb: 00pabarTbiBaTh U aHAIN3H-
pemieHns  3a1a4; ACHUCTBYIOIICE | yyeTOM OCHOBHBIX TPeOOBaHUMN ¥ C y4eTOM OCHOBHBIX TpeGo- | POBaTh rH(OPMAITHIO, COIepIKa-
YK2.1 3aKOHOJATENLCTBO U MPABOBBIC | HH(OPMALMOHHON GE30MAaCHOCTH. | papuii HHOPMAMOHHOI Ge3- | LLYIOCS B PasIMYHBIX HHOpMaIy-
HOpPMBI, PpEryJHupyroumue Impo- Buaagers: no Gonbei yactu OIMACHOCTH. OHHBIX HCTOYHHMKAX, B TOM YHCJIC B
(beccMOHaNBbHYIO TEATENBHOCTD; | CAMOCTOATCILHO HABLIKAMA Bu1ajieTh: HABBIKAMH permenus | OMOIHOrpaguyeckux.
Peﬂl(;HHﬂ CTaHIapTHBIX 3a/1a4 CTaHJApTHBIX 32124 podec- Biaagerb: 0CHOBHBIMH METOdaMU
npodeccnoHanbHON . .
Es{Te BHOCTH HA OCHOBE CHOHAJILHOH JIeSITeIIbHOCTH Ha obpaboTiu iHbopMaLH;
A 1 § OCHOBE HH(OPMAIHOHHOI 1 HaBBIKaMU pabOThI CO BCEMHU
MH(OPMAIHOHHOM n 6116 PMarHo KJ1accaMHU MPOTPaMMHOr0
OuOMorpauIeCcKon KyJIbTyphbl. MOIHOrpadUIecKOi KyIbTy- o0ecreueHns, MpeHa3HaueHHOTO
PBL. JUIst 00paboTKU MH(OPMALINH.
3HaTh: TeOpETHUECKHE aCTIeKThl | 3HATH: TEOPETHUYECKHE aclieK- | 3HATH: OCHOBBI TUNIAHUPOBAHUS
YMECT ONpPEACIATH prl: 3ala% B | 51oHoMUYECKHX TIPOLIECCOB, PO~ | ThI YIPABJICHHS NPEANPUATH- | SKOHOMHUYECKHX TIPOLIECCOB, HPO-
paMkax  MOCTaBICHHOM  LEJIH, | pekarommx B OpraHU3alAH. €M, METObl aHAJIN3a KOHO- TEKAIOIUX HA NPEIIPHUATUAX DIIEK-
aHAIM3MPOBATH ¥ BBIOMPATH AJlb- | YMeTh: NPUMEHATH TEOPETHYC- MHYECKHX TPOIECCOB. TPOIHEPTETHIESCKON H DIICKTPOTEX-
VK22 TEPHATHBHBIE CHOCOOBI PEIIE- | cKHe 3HAHUS SKOHOMHYECKUX YMerThb: NIPpUMEHATh U3yUYeH- HUYECKON OTpaciu.

HUS; OIICHMBATh pECypChl U
OTPaHWYEHUSI W COOJIOMATh Ipa-
BOBBIE HOPMBI MPHU JTOCTHKEHUU
npo(ecCHOHANBHBIX — pe3ysbTa-
TOB;

MPOLIECCOB, MPOTEKAIOIINX B Op-
raHu3alvu.

BiaaeTb: OCHOBHBIMH
MHOHATUSIMH H TTOKa3aTeIIMU
SKOHOMHUYECKHUX MPOIIECCOB,
MPOTEKAIOLIUX B OPTaHU3AI[UU

HBIC METOJIBI TIPH MPOBEACHUH
aHaN3a SKOHOMHYECKHX TIPO-
I[ECCOB, MTPOTEKAOIIHX B OP-
TaHU3aIH, ICTATh BHIBOIBI U
COOTHOCHTH Pe3y/IbTaThl aHa-
nm3a.

YMerth: 110 pe3ynpTaTam IpoBe-
JIEHHOTO aHanu3a GopMUpoBaTh
TUIaH pa3BUTHA U JaJbHEHIIeH 3¢-
(EKTHUBHOH NESITENbHOCTH yIpaB-
JIIEMOM OpraHU3alUu MIEKTPOTEX-
HUYECKOT0 M 3JIEKTPOIHEPTeTHIE-




Buiapers: HaBbIKaMu paboThI ¢
OCHOBHOMW JJOKyMEHTALMEN 110
YIPAaBICHUIO NPEATIPUATHEM;
3HAHUAMU O COAEPKAHUU
YIIPABJICHYECKOU
JIeATEIBHOCTH; METONAMHU
aHaJIM3a YKOHOMHUYECKUX
MIPOLIECCOB, IPOTEKAIOIINX B
OpraHu3aLNH

CKOTO0 Mpodus.

BaageTb: ONBITHO-
CTaTUCTHYCCKUMH METOaMH
MJIAHUPOBAHUS COIUATBHO-
SKOHOMMYECKHX MPOIIECCOB B
YIOPaBIIEMON OpraHU3alNU
3JIEKTPOTEXHUYECKOTO 1
BIEKTPOIHEPTETUYECKOTO
npodus.

YK23

BJIa/IEET HaBBIKAMU pa3pabOTKU
LEeNIU U 337a4d MPOEKTa; METO/Aa-
MU OIEHKH TOTPEOHOCTH B Ppe-
cypcax, MPOJOJDKUTEIBHOCTH U
CTOMMOCTH MpPOEKTa; HaBBIKAMU
paboThl ¢ HOPMaTUBHO-TIPABOBOM
JIOKyMEHTaLEH.

3HaTh: CYIIHOCTh Pa3IMYHBIX
AHTPONOTCHHBIX U TEXHOT'€HHBIX
Ype3BbIYAMHBIX CUTYalluH, pa-
BUJIA IPEAYIPEXKACHUS BO3MOK-
HBIX TPaBM, APYTHX BO3JAECHCTBUMI
HAa 37I0pOBbE YEIIOBEKA IPH BO3-
MO>KHOM HX TPOSIBJIICHUU.
YMeTh: caMOCTOSATENBHO PUME-
HATH MEPBI OKa3aHUS NEPBON
J0BpaueOHON OMOIIHN JIULAM,
[IOCTPAAABIIUM OT Pa3TUYHBIX
YPE3BbIYANHBIX CUTYaLUi.
Bnapernb: HaBbIKAMU CaMOCTOS-
TEJILHBIX JENMCTBUU 110 OKa3aHHUIO
JIOBpadeOHOM MTOMOIIIH TTOCTPa-
JIABIIMM OT YpE3BBIYAHBIX CUTY-
anuu.

3HaTh: 0COOEHHOCTHU pa3/Iny-
HBIX aHTPOTIOT€HHBIX U TEXHO-
TEHHBIX YPE3BBIYANHBIX CUTY-
aluii; Mepbl OKa3aHus NepBOr
JIOBpa4YeOHOM MOMOIIIH JIUIIAM,
MOCTPaJaBIINM OT Pa3IHYHBIX
4YpE3BBIYAITHBIX CUTYalUAX.
YMerb: IpUMEHSATH ITpaBUIa
MpeIyNpexIeHUS BO3MOKHBIX
TpaBM, APYIUX BO3AEHCTBUI
Ha 37I0pOBbE YENIOBEKA NPU
BO3MOKHOM HX MPOSIBIICHUH;
CaMOCTOSITENILHO OCYILECTB-
JSITH AOBpadeOHYIO TIOMOIIb
MOCTPaJaBUINM OT YPE3BBI-
YalHBIX CUTYaLUH, TPOBOJUTH
MEPBUYHBIE MHCTPYKTAXKH 110
3THM BOIIPOCaM.

Baagers: npuemamu
OKa3aHMs JOBpaueOHOM
MEIUIMHCKON TTOMOIIM NPH
HEOTJIOKHBIX U
9KCTPEMAJIBHBIX COCTOSHUSX.

3HaTB: METOMBI U MIPUEMBI CaMO-
MOMOIIY, B3aWMOITOMOIIU U JOBpa-
gyeOHo oMoty B YC npupoaHo-
ro, TEXHOT€HHOT'0, COLIUATILHOTO U
OMOJIOTO-COIMATILHOTO XapaKTepa,
BOIIPOCHI AECMYPIUH; METOAbI
TPAHCHOPTUPOBKHU MOPAKEHHBIX U
OOJIbHBIX; 3HATh OCHOBBI YX0/1a 32
OOJIbHBIM.

YMeTh: UCIIOIB30BATH BCE BUJIBI
anTeveK Il OKa3aHUsl CaMOIIOMO-
111, B3aMMOIIOMOIIIY U JTOBpa4eO-
HOW TIOMOLIH; YMETh MOJIb30BATHCS
MPOCTEHIINMH CPEICTBAMH WHAH-
BUyaJIbHOHN 3aIUTHI; TOJIB30BATh-
csl TabETbHBIMU CPEACTBAMU WH/IU-
BUAYaJIbHOHN 3aIllUThI; HAKJIAIbIBATh
MOBSI3KH HA Pa3IMYHbIC YYaCTKU
TeNa Py paHEHUSIX U MOBPEXK/IC-
HUSIX; OCYLIECTBIIATH Pa3InIHbIC
BUJBI TPAHCIIOPTUPOBKH MOPAXKEH-
HBIX ¥ OOJIbHBIX.

Baaners: npuemamu caMornomo-
LIM: IPUEMaMU OKa3aHUsl JOBpa-
4eOHOM MOMOIIH MTPH TPABMax OKa-




3bIBaTh OMOIIb B OUare XuMH4e-
CKOTO0 3apaKCHUS; IPUEMaMH OKa-
3aHUsl TIOMOILY B OYare paauaru-
OHHOTO TIOPaKEHHS; IPUEMaMHU
OKa3aHHs IOMOIIM B o4yare OaKTe-
PHOJIOTUYECKOr0 MOPayKeHNs; MPH-
eMaMU OKa3aHHsl TOMOILH MPH
OTpAaBJICHUAX; IIpUEMaMU UCIIOJIb-
30BaHMS NPOCTEHIINX 1 TaOEIbHBIX
WHIUBUAYaJIbHBIX CPEACTB 3alUThI
OpraHoB JbIxaHus U Koxu B UC;
MpUeMaMU OKa3aHUsI IEPBOH MO-
MOIIY [IPH yIIHOax 1 BbIBUXAX;
IpUeMaMu IEPBOU ITOMOILU IIPU
OTMOPOXKECHHSIX, 0OMOPOKE, TIopa-
KEHUH IEKTPUYECKUM TOKOM, IIPU
TCIIJIOBOM U COJIHCYHBIX yAapax,
MpHeMaMHy IOMOIIIM YTOMAIONIEMY.




Ilepeuenv kKomnemenyuil ¢ yKazanuem ypoeHeii ux Qopmuposanus no HAnPAaeIeHuIo

Nnpnexc Copnepxanue Oransl (GOpMUPOBAHUS KOMITETEHITHH HawmmeHnoBaHue O1IEHOYHOTO CpeaCcTBa
KOMIIETCHIIUU KOMIIETCHIINH (yxazatb Bce Tembl u3 PI1J])
Jlexuun IIpakTrueckue JlaGopaTopHsbie KypcoBoii npoext
3aHATHS, Tabopa- 3aHATHS (pabora)
TOPHBIN ITPaKTH-
KyM

3HaeT BHABI pecypcoB u orpannde- | Tema 1, | He  mpemycmor- | Tewma 3. He npenycmotpena | Jlabopamopuas paboma. Konnoxguym.

HUH U1 pewieHus npodeccuo- | tema 2, PEHBI Koumponvuas paboma (3aounas ¢op-
yK 21 HaJIbHBIX 3a1a4; OCHOBHBIC MCTO/IbI TeMa 3’ Ma), zayem.

OLIEHKH pasHbIX Crocobos pemie- | 0o 4,

HHA 3a]1a4; JeUCTBYOLIEe 3aKOHO-

)Z[aTeHLf:lTB(’) HI/I Hpa}];O;IIl:Ie HOPMBI, TeMa S,

perynupyroomue  mpogpeccrnoHa b-

HYIO ACATCIbHOCTD,

ymeer ompenensts kpyr 3amad B | Tema 1, | He  npemgycmot- | Tema 3. He npenycmotpena | Jlabopamophas paboma. Konioxeuym.

paMKax IOCTaBICHHOH NEJH, aHa- | Tema 2, | PEHEI Koumponvuas paboma (3aounas ¢op-
VK 2.2 JIM3MPOBATh U BBIOMPATh AILTEPHA- | Tena 3, Mma), 3auem.

THUBHBIE CIIOCOOBI peIIeHUs; Olle- Tema 4,

HUBATh PECYpPChl U OT'PAHHUYCHUA U

CO6.HIO)I§TI;yl'];[)paBOBLIepHOprI npu Tema 3

JOCTIDKEHHH  TPOQeCCHOHANBHBIX

pe3yNbTaToB,;

BIasieeT HaBbikamu paspabotku | Tema 1, | He  mpemycmot- | Tema 3. He npenycmotpena | Jlabopamopuas paboma. Konnoxeuym.

eI W 33/[a4 TPOCKTA; MCTOAAMH | Tema 2, | PEHBI Koumponvnas paboma (3aounas gop-
VK 2.3 OIIEHKH TMOTPEOHOCTH B PECYPCax, | pema 3, Ma), 3auem.

MMPOAOJLKUTCIIBHOCTU U CTOMMOCTU Tema 4,

MpOCKTa; HaBbIKaMU pa6OTBI C TeMa 5

HOPMAaTUBHO-NPAaBOBOM  JIOKYMEH-
TalHuen.




4 — cemecmp — ounan gpopma odyuenusn

Ouyenounvle cpedcmea Kon-60 | Min-36 6annos Max-60 é6annoe
Jlabopamopuasa paboma 3 3*7=21 3*9=27
Konnokeuym 6 6*4=24 6*8=48
Koncnekr no CP 5 5*3=15 5*5=25
Hmozo 60 100

5 cemecmp - ouno-3aounan gopma odyuenun

Ouyenounvle cpedcmea Kon-6o Min-36 6anoe Max-60 oannoe
Jlabopamopuasa paboma 2 2*5=10 2*10=20
Konnoxeuym 4 4*10=40 4*15=60
Koncnekm no CP 5 5*2=10 5*4=20
Hmozo 60 100
6 cemecmp — 3a0unasn popma odyuenus

Ouyenounvle cpeocmaea Kon-¢0 Min, 60 6annoe Max, 100 éannoe
Jlabopamopnasn paboma 1 15 25
Konnoxeuym 2 7,5%2=15 15*2=30
Koumponwvuan paboma 1 15 25
Koncnexkm no CP 1 15 20

3auem 60 100
Hmozo 60 100

Peiimunez no oucyuniune
Hroropasi cymma 6a/lIoOB € y4€TOM YCIEUIHOH MPOMeKY- Ouenka

TOYHOM arreCcTralnnum

ot 87 no 100 OTnHr4HO (3a4TEHO)

ot 74 no 86 Xoporio (3a4TeH0)

ot 60 1o 73 VY I0BIETBOPUTEIHHO (3a4TEHO)
Huxe 60 HeynosnieTBopuTennbHO (HE 3a4TEHO)




KPUTEPUHU
Ol eHKU 3HAHUIl CMYOeHmoe Ha 3aueme

OneHka

Kputepun oueHKH HHIUKATOPOB JOCTHKeHHUA MPU (popMe KOHTPOJIsA: 3aueT

OtnuuHo (3auTe-
HO)

(87-100 6as1;10B)

OHGHKa «3a4YTCHO» BBICTABJIACTCA CTYACHTY, €CJIM OTBCTHI Ha BOIPOCHI IO TC-
MaM JUCHUIIIMHBI IMOCJICAOBATCIbHBI, JIOTUYCECKH H3JIOKCHBI, AJOIYCKAarTCA
HE3HAYUTCJIbHBIC HECAOUYCTHI B OTBETC CTYACHTA, TAKHEC KaK OTCYTCTBHE CaMO-
CTOATCIIBHOI'O BBIBOJA, PCYCBBIC OIIUOKHU U mp.

Xoporto (3a4TeHO)
(74-86 6an10B)

OrneHka «3a4TeHO» BBICTABISIETCA CTYIEHTY, €CIM OTBETHl HA BOIIPOCHI IO TEMaM
JUCLUIIINHBI [TOCIIEOBATENbHBI, JIOTHUECKH U3JI0KEHBI, JOIIyCKAIOTCS HE3HA4U-
TEIbHBIE HEJOYETHI B OTBETE CTYACHTA, TAKUE KaK OTCYTCTBUE CAMOCTOSTEIBLHOTO
BBIBOJIA, pEUEBbIC OIIMOKH U TIp.

VY noBnerBopu-
TENBHO (3a4TEHO)
(60-73 b6asaoB)

OneHka «3a4TeHO» BBICTABISIETCA CTYIEHTY, €CIH OTBETHI HA BOIIPOCHI IO TEMaM
JUCLUIIIMHBI [TOCIIE0BATENIbHBI, JIOTHUECKH H3JI0KEHBI, JOIIyCKAIOTCsS HE3HA4U-
TEIIbHBIE HEJOYETHI B OTBETE CTYACHTA, TAKUE KAaK OTCYTCTBUE CAMOCTOSTEIIBHOIO
BBIBOJIa, pEUEBbIC OIMIMOKH U TIp.

He ynosnetso-
puTenbHO (He 3a-
YTEHO)
(au:ke 60)

O1eHKa «HE 3a4TE€HO» BBICTABIISIETCS CTYIICHTY, €CJIM CTYIEHT HE 3HAeT OCHOBHBIX
MOHATUN TE€MBI TUCIUIUINHBI, HE OTBEYaeT Ha JOMOJHUTEIbHBIE U HaBOASIIUE BO-
IIPOCHI NIpenoiaBaTes.




MunucrepcTBo 00pa3oBanus u Hayku Poccuiickoii @enepanuu
HwxHekaMCKHii XUMHUKO-TEXHOJIOTHYECKUI HHCTUTYT (dunuan) penepaibHOTO
['ocymapcTBEHHOTO OFOIKETHOTO 00pa30BaTEIHHOTO YUPESIKICHUS
BbICILIEr0 00pa3oBaHUs
«Ka3zaHCKuii HAllMOHAIBHBIN UCCIIEIOBATEIILCKUI TEXHOJIOTMYECKUN YHUBEPCUTETY
Mexannyeckuii pakynbTeT
Kadenpa OXBT

KommuiekT 3aganuii 1Jis1 1abopaTopHoii padoThl
o mucaumnge b51.0.28 «O06mas xumuyeckas TEXHOJIOTH

4/5/6 cemecTpbI
JlabGoparopHas padora Nel
OnpeneieHne KOHCTAHTBI CKOPOCTH M JHEPTMM AKTHBALUH
peakuuu rupoJiM3a ITHJianerara

Lenv pabomer:

1. Mamepums KOHCMaHmuvl CKOpOCMU 2UOPOU3A IMUNAYEMAMA NPU PA3IULHBIX MEeMREpanty-
pax.

2. Paccuumamp sHepeuto akmueayuu peaKyuu OMbLIeHUsA SMUaayemama.

3. Paccuumamu memnepamypHulii Ko3pguyuerm smotu peaxyuu.

I'maponus (oMbUIEHHE) STUIIALIETATa IPOTEKAET B COOTBETCTBUH CO CIIEAYIOIIIM ypaBHEHUEM:

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

CKOpOCTB 3TOi peakly MOYKHO 3HAYMTENBHO YBEIMUHTh 33 CUET AOOaBICHHS K PacTBOpY CO-
JISTHOM KUCJIOTHI B Ka4ecTBE KaTaan3aTopa. Tak Kak KOJIMYECTBO BOIBI IO CPABHEHHIO C KOJIMYECTBOM
STHJIALlETaTa BO MHOTO pa3 0OJIblIIe, 3Ty PEaKIUIO paCCMAaTPUBAIOT KaK PEAKIIUIO, TIPOTEKAIOILYIO 110
YPaBHEHHIO IIEPBOTO MOPSIKA.

KoHuenTpamms sTiianeraTa «a» B MOMEHT B3ATHS IEPBOM NPOOBI PaBHA YBETMUECHNIO KOHLICH-
TpaLMy YKCYCHOH KHCIJIOTBI 32 BpeMs OT NEPBOM JI0 NOCIEHEH MpoOkL, T. €. MPONOPLMOHAIBHA Pa3HO-
CTH MKy KOJIMYECTBOM MIJUTMIIUTPOB €IKOTO HATpa, MOIIE/IIero Ha TUTpOBaHue 3Tux npod. Ecin
Ha TUTpOBaHWE IMepBOil mpoObl monwio b1 mz NaOH, a Ha TuTpoBaHMe mocneaHeil mpoosl - D, M
NaOH, o

a=m(b, —b,)
e m — Kod(HUIEHT MPONOPIHMOHATBLHOCTH. TaK ke I KOHIIEHTPAIMK STHIIANeTara (a - X) Ko Bpe-
MeHHU t nmosryuum:
a-x=m(b, —b,)

rae by - uncno mummautpo NaOH, nomemiiee Ha TUTpoBaHKUE MPOOBI, B3ATON yepe3 t MHUH mocIie
TIEPBOIA TIPOOHI.

Ioncrapnsis 3HaYeHNs a U (a - x) B ypaBHeHHE (2), HAXOANUM:

(2303 m(b, -b) 2303 b, b

t “mb,-b) t b —b

Muoxurenb m B ypaBaenuu (16) cokparmaercst. lyist onpeieneHns: KOHCTaHTbl CKOPOCTH pe-
aKIMX K HET HeOOXOJMMOCTH BBIYHCIISITH 3HAYCHHUE KOHIICHTPAIMHM ATUIIAIETaTa, a JIOCTATOYHO JIUIIb
3HaTh koinuecTBo NaOH B Munmnutpax, nomeaiee Ha THTpOBaHHUE MPoo.

O0opynoBaHme U peaKTUBBI: mepMocmamyl ¢ ycmanoenenuvimu memnepamypamu Ha 20, 30
u 40 2pao., mpu nrockodonuwvie kordbouku Ha 100 mn; wecms Konuueckux xoabouex na 200 mu,; kpu-
CManIU3amop co 1b0OM;, NUNeMKU Ha 2 M, nunemxa Ha 5 mu; owopemxu Ha 50 M1, MepHble YunuH-
opul Ha 5 ma. Denonghmaneun; smunayemam, 1/20 n. pacmeop NaOH; 0,2 1. pacmeop HCI.

Boinosinenue padoTnl

B gncryto cyxyro konOy (kKenaTensHO ¢ IPUTEPTOi poOKoi) emKkocThio Ha 100 Mt Hamu-
BatoT 50 mi1 0,2 H. pacTBOpa COJISTHOW KHUCIOTHI M IoMematoT ee B Tepmocrtar (t = 20 °C). UroOsr ko-
0a He BCIUIBIBANIA, €€ 3aKPEIUISIOT B mTaTtuBe. Korja pacTBop mpuMeT TeMreparypy TepMocrara (depes




10-15 mMuH), kK HeMy IPIJIMBAIOT 5 MJI ATUJIALICTATa U, TIEPEMEIIIaB PacTBOP, TOTYAC OTOUPAIOT MUIETKOM
2 MII peakIMOHHOM CMeCH; MOMEHT MPHIMBAHUSA dTUALCTaTa CUUTAIOT HayanoM peakuun. Kosily ¢
OCTaBILIEHCS CMECHIO TNIOTHO 3aKPBIBAIOT MPOOKOH, YTOOBI 3P BO BpeMsl OMbITa HE UCHapsuIcs,
1 HE BBIHUMAIOT U3 TEPMOCTATa B TEUCHUE BCETO OIIBITA.

B3sryro npoOy BBUIMBAIOT U3 MUTIETKH B APYTYIO KOOy ¢ 40—50 mi1 X0J0aHOU BOAKI (C TeM-
neparypoit ot 0 1o 2°C) 11 TOpMOXKEHUsI peaKIMKM OMBUICHHS STUIIaleTaTa. XOoI0IHas BoJa JOJDKHA
ObITh IpHUTOTOBIIEHA 3apanee. [[ist aToro B konly Opnenmeiiepa HanmmBaroT 40—50 M1 qECTHIIAPO-
BaHHOM BOJIBI ¥ CTAaBAT €€ B COCYJ CO JIbAOM 3a 15—20 mMuH 10 B3sITHS IPOOBL. 3aTeM mpo0y THTPYIOT
PacTBOpPOM €IKOTO HaTpa B NPHUCYTCTBHM (heHon(pTanenHa A0 NOSIBICHHUS] PO30BOrO OKpAIIMBAHMUS, HE
ucyesaromiero B tedenre 10—15 cex. Ecnm mo xakum-muO0 NpyYMHAM TUTPOBAHUE HEJB3sl MPOBECTH
cpazy ke TIoCTIe TPUIIMBAHKS TIPOOBI B XOJIOMHYIO BOAY, TO KOJOY ¢ Ip0o0OO# OCTaBISIFOT B COCY/IE CO
apaoM. [To konmmuecTBy MummmTpoB pactBopa NaOH, momeamero Ha THTpoBaHUe TIEPBOIA MPOOHI,
MOJKET OBITh OIpe/IeNieHa TOUHAs KOHIICHTPALHsl COJISTHOM KucoThl B pactBope (Cy).

Crenyromue mpoOsl OTOMPAIOT MUTIETKOM, He BRIHUMAsA KOJIOBI M3 TepMOCTaTa, IPUMEPHO de-
pe3 15, 30, 50, 80 u 120 MuH mocIte Havasa peakiyy, T. €. TIOCHIe MPUITUBAHMS 3(PHpa B KOJIOY C COMSTHON
KUCJIOTOH, U THTPYIOT, KaK YKa3aHO BbIe. Bpemst BiuBaHusi poO B XOJNOAHYIO BOAY TOYHO (DHKCH-
PYIOT ¥ MPUHUMAIOT €T 3a BpPeMsl B3ATHS MPOO, TAK KaK MOKHO CUHTATh, YTO PEaKIys B MpoOe MpH
OXJIQK/ICHUH MPAKTHYIECKH OCTAaHABJIMBACTCS U, CIIEJOBATENBHO, KOHLICHTPALMN BEILECTBA, HAlICHHbIE
NP aHaI3e, OyyT COOTBETCTBOBATH KOHIICHTPAILMSIM X B PEAaKIIMOHHOM COCYJZIC B MOMEHT B3SITHSI
npoObl. Tak Kak 10 Mepe TeYEeHHUsI PeakMi KOHIICHTPAIM YKCYCHOM KMCIIOTHI, 00pa3yroleiicss mpu
OMBUIECHHHU 3(QHpa, YBEINUNBACTCS, TO IPH TUTPOBAHUH HYXKHO OBICTPO MPHINTH TAKOE KOIUYECTBO
pacTBOpa €AKOrO HAaTpa, KaKoe MOLLIO Ha MpeplIyllee TUTPOBAHUE, a 3aTeM YK€ OCTOPOXKHO JOTHUT-
POBBIBaTH PacTBOP.

Yto0B! OIpeenuTh HaYaIbHYI0 KOHLIEHTPALHMIO 3THIT aleTaTa, He0OXOUMO OTTUTPOBATh YK-
CYCHYIO KHCJIOTY B Ipo0e, B3TOH B KOHLIE PEaKLMH, KOTAa BECh 3QUp TUAPOIU3YETCsl, YUUTHIBAsL, YTO
npu 6OJ'II>IHOM M30BITKE BOAblI PaBHOBECUEC CWJIbHO CIABUIAaCTCA BIPABO W PCAKIUA OMBUICHHSA UACT
MPaKTHYECKH JI0 KOHLA. [Ipy KOMHAaTHON TeMIiepaType peakiysl MpakTHIeCKN 3aKaHInBaeTcs uepes 24
y. CrieoBaTeNbHO, 7SI B3SITHA HOCIeHEeH IPoObI KOOy C PEeakIMOHHON CMECHIO HAZIO BBIHYTH U3 TEp-
MOCTaTa U Ha CJIeAYIOINiA ICHb OTTUTPOBATH 2 M1 PaCTBOPA.

OnHaKo peakfio OMBUICHHUS 3THNAIETaTa MOXKHO YCKOPHTB. [l 9TOro Kondy 3aKpbIBalOT
poOKO#i ¢ 0OpaTHBIM XOJIOAMIBHIKOM U HarpeBaroT Ha BoAsHOU OaHe npu Temmeparype 70 - 80 °C B
teuerue 30 mun. HyXHO cieauts 3a TeM, 9ToObI KOHACHCAIMS MapOB >KUAKOCTH 1IIIa [10 BO3MOXKHO-
CTH B HI)KHEW 4acTH XOJOAWIBHUKA U 3QHpP HE YIAETYUHBAICS W3 peakimoHHOW cMecH. [locie oxia-
XKIICHHUS pacTBOPA IIPOBOASAT TUTPOBaHHUE 2 M1 IIPOOBI U onpenessitoT C,.

TouHO Tak ke MPOBOAUTCA OMNBIT U NpH Apyrux temnepartypax: 30°C u 40°C. OmsIT npu
temneparype 30 °C MoxHO Hadath npuoiuTenbHO depes 30 - 50 mun, a ombit mipu 40 °C gepe3 80 -
100 mun mocne Havaia onbita npu Temneparype 20 °C. [IpoMeKyTKH BpeMeHH MeXIy OTOOpOM OT-
JEeTBHBIX P00 HYKHO YMEHBIINTD, TaK KaK CKOPOCTh PEAKIIMH YBEINUMBAETCS C TIOBBILICHHEM TEM-
MepaTyphl.

[Mony4eHHbIe pe3yNIbTAThI aHATM30B KKI0W MPOObI 3aIMChIBAIOT B Tabimiry 1:

Taonuuya 1
OKcrieprMeHTaIbHbIE JaHHBIE IPOLIECcca MHAPOIIN3a
O6bem NaOH, 3atpa-
Ne Bpewms B3arus Bpewms ot Havana . KoHncranTa ckopoctu
YEHHBIN Ha TUTPOBAHUE,
mpo0o IpOOkI peaxkuuu, MUH . peaxkuuu K

O0padoTKa pe3yIbTATOB IKCIIEPUMEHTA
KoHcTaHTHI CKOPOCTH pC€aKnM 1A Pa3IMIHbIX MOMCHTOB BPEMCHU BBIYHCIIAIOT 110 (bopMyne:

1 C
k=2,303>lg =2
t- C,
rne C, - HayapHasi KOHLEHTpauys JTiianerara; C; — KOHIEHTpAIWs STWIALETaTa B MOMEHT
BpeMeHu t.
3aTeM HaxOnAT CpeHEe 3HAUEHNE K. AHAJIOTMYHBIE BBIYMCIIEHHS K TIPOJIEBIBAIOT IS KK0TO

3HAYEHUS TEMIIEPATYD.
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Taonuua 2
Pe3ynbTaThl 3KCIEPUMEHTATBHBIX JIAHHBIX

Temmeparypa Koncranta ckopoctu TemneparypHbIii Kod(QhHUITHSHT DHeprust aKTuBa-
onbITa PEAKIVH, Kepen CKOPOCTH PEaKIHH, Y 1y, E,
Vepen— Ecpea:

CpenHee 3HaUCHYE KOHCTAHTBI CKOPOCTH PEAKIIMK MOXKET OBITh HaiieHo rpadudecku. Jis 3to-
ro ypaBHeHue (16) 3anmieM creayommmM oopazom:

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

3arem u300pasute rpaduuecku 3aBUcUMOcTb 1g(D..- by) OT BpeMeHu, oTKIIa/1pIBast 3Ty BEIUYHHY
TI0 OCH OPJIMHAT, 8 BPEMsI T10 OCH a0CIHCC.

Bpewms, Mux 0 15 30 50 80

(b-by)

|g(boo'bt)

Bemmunna K / 2,303 Oyzmer paBHa TaHTeHCY yIila HAKJIOHA TIPSIMOM, TIPOBEICHHON Uepes3 MoITy-
YeHHBIe TaKUM 00pa3oM ToukH, oTKyAa k¥ = 2,303 tga.. BenmnunHy tga momy4nm U3 OTHOIIEHHS TIPOTH-
BOJIEKAIILIETO KaTeTa K MpUIIeKaIeMy, UCXO/s U3 TpaduKa 3aBUCHMOCTH.

[Monb3ysch CpeJHUM 3HaYCHUEM KOHCTAHT CKOPOCTH PEaKIMK NPH PA3TIHBIX TeMIIepaTypax,
HaxOIUM TeMIEpaTypHbIi KO3()(HULIUEHT CKOPOCTH PEAKLMU M 3HEPTrHM aKTHUBALMU 0 (GopMyiiam
(13) u (15). Jy1st Kax10¥ BETMYHHBI BBIYMCIISIIOT 10 JBA 3HAYCHUS U 3aTEM HaXOJIAT CPE/IHEE U3 HUX.

Conep:xaHue oTyeTa

1. IpencraBuTh KpaTKyr0 TEOPETHUECKYIO CIIPABKY IO CYLIECTBY padoThl. CpaBHUTH
KOHCTaHTHI CKOPOCTH, MOJIydeHHbIe Tpu TeMmnepaType 20, 30 u 40 °C.

2. OTMETUTh U3MEHEHHE K B 3aBUCUMOCTHU OT TEMIIEPATYPHI.

3. PaccuuTaTth 2HEPTHUIO aKTUBALIUK, UCXOISI U3 KOHCTAHT ckopoctH mpu 30 - 40 °C.

4. Paccunrats TemmnepatrypHbiii koddumnueHT B nuaTepBanax temmepatyp ot 20 mzo 30
u ot 30 1o 40 °C.

5. Haiitu cpenHee 3HadeHue y (TemmepaTypHOro KO3 QUIMEHTa), MPEeACTaBUTh Tpa-
(uKHM U3MEHEHH KOHLUEHTPALMK 3THIALeTaTa BO BpEMEHU M KOHCTaHTBl CKOPOCTH OT TeMIIe-

paTyphl.

JlabopaTopHast padora Ne2
KuneTrnka peakumu oKHMcJeHHUs] HOAUA-MOHOB NEPOKCHI0M BOJ0OPOAA
(XUMHYecKHUe 4achl)
B BoIHOM pacTBOpe B KUCIIOHN cpejie peaklys IPOTEKaeT COIIaCHO YPABHEHHIO:
217 + H,0, + 2H* = I, + 2H,0. (1)
MexaHn3M peakuyy BKIIOYAeT HECKOJIBKO CTAIWH, MepBas U3 KOTOPHIX SIBISETCS JIMMH-
THPYIOLICH:

H,0, + 1~ = H,0 + 10~ (1a)
3a HEH CICAYCT BTOpPAsA CTagus, KOTOpasd 06’LeHHHHeT HECKOJIBKO 6LICTpBIX peaKLIHfI:
10_+2H++1_=12+H20 (16)

Kunerndeckoe ucciiejoBaHie IPOBOAUTCS IIyTEM XUMHUECKOI0 aHaIu3a 00pa3yrolerocs
MOJIEKYJISIPHOTO MOHA. TUTpOBaHHE M30BITKOM pacTBOpa THOCYJb(haTa HATPUS OCYILECTBISETCS
BHYTPH PEaKIMOHHOTIO COCyZla — METOJ BHYTPEHHETO TUTPOBaHUSA. B TOUke 3KBHUBaJIEHTHOCTH
pacTBOp mpuoOpeTaeT roayoyro OKpacKy M3-3a 00pa3oBaHMs COSANHEHUs HoJa ¢ kpaxmaiom. ['o-
my0OH IIBET BO3HUKAET BHE3AIIHO U Cpa3y, Yepe3 CTPOro ONpeesieHHbIH mepuon BpemeHu. [lo-
3TOMY LieJIasg Cepusl TAaKUX peaklUil N3BECTHA MO/ Ha3BaHUEM «XUMHUYECKHE» WM «HOIHBIE» Ya-
CBI.

O6pa3ytomuiics oI MPaKTHYeCKH MTHOBEHHO PearupyeT ¢ THOCYNIb(haTom:

I, + 25,057 =217 + 5,0¢6". 2

KonuenTpanust cBobonHOro foga odyeHb mMana. Bpems, mpomieniiee oT MOMeHTa 100aB-
JICHUsI K PAcTBOPY OIPENENICHHOTO KOJIMYECTBA THOCYIb(aTa 10 MOMEHTA MOSBICHUS TOIyOOH
OKpPacKH, PaBHO BPEMEHH PAaCXOJOBAHHS 3KBHBAJIEHTHOI'O KOJHMYECTBA MEPOKCHA BOAOPOAA B
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peakuuu ¢ Woaua-uoHamu. Kak BUJIHO, HOAMA-UOHBI PETEHEPUPYIOTCS TIPU TUTpoBaHUU. [1oaTO-
My KOHIEHTpanus | B Xozie onbITa He M3MEHSIETCS ¥ paBHA HA4YaIbHOM.
B kucnotHom OydepHOM pacTBOpe KHHETUYECKOE yPAaBHEHUE JACTCS BHIPAKCHUEM:
— %] = e [H,0,] - (171 )
3nmech K° — KOHCTaHTa CKOPOCTH, 00 — MOPSJOK peakiu 1o oaua-uonam. [lockombky [I°
]=const, To, 06benunss x’ ¢ [1]% nomyumm:
_ d[H20,]

20:] = k[H,0,], (4)
IJIe K — KOHCTaHTa CKOPOCTH TICEBAONIEPBOTO MOPSIIKA,
k=k-[I"]% (5)
W3 ypaBHeHnus (4) mocie HHTCFpHpOBaHI/IH HOJTy4HM BbIpakeHue s K:
[H20]°
k= —l
[H20,]’ ©)

rae [H,0,]° — HayanbHas KOHIEHTpaIIHS.
0O603naunm V” — 00beM pactBopa NaxS;0s, moiie/iiero Ha TATPOBaHUE Beero oxaa, a V
— 00beM, H3PACXOJOBAHHBIN K MOMeHTy BpeMeHI/I t. Torma K MOKHO paccuuTath 1o Gpopmyie:

k= —ln e (7
nockonbKy V* ~ [H202]° u V°o V [H202].
Llenpto paboThl sBIsieTCsT omnpenencHne KoHCTaHT K, K* U mopsiaka peakuuu 1mo Hoama-
voHaM o. Ecim onwIT MMPOBOJAT IIPU ABYX TeMnepaTypax, TO paCCUUTHIBAIOT SHCPI'UIO aKTHUBallUU
__ RTyT.
E L 2l — 8
=g, ®)

rae kq u k, - KOHCTaHTBHI cxopocm mpu Temnepatypax T1u To.

BbinonHeHue onbITOB U pacyeThbl

B HeGompiryto xombouky Hamuth 0,05 # pactBop H20,. B TmiatensHO BBEIMBITHIA CTakaH
eMkocTbio 250 ma Biauth pactBop Nal (wmu Kl), 5 mn 2 1 H,SOs 1 ¢TOSIBKO BOJIBI, YTOOBI MOCITE
npwinBanus pactBopa H2O2 06beM peakunonHoit cmecu 0b1 paBeH 100 ma. O0beMBbI pacTBOPOB
Nal (KI) u H20O2 3amarorcs mpenogaBateneM. OTMETHTh TEMIICPATYPY OIIBITA.

Yxkpenuth HaJ crakaHoM OropeTky ¢ 0,05 n pactBopoM Na»S:0s, npunuth 1 Mz TUTpaHTa
u 100aBuTH 5 Kanenb 1% pacTBopa Kpaxmaina. 3aTeM BiuTh B ctakaH HyO.. CMech THIaTENBLHO
nepemeniatb. B MmomenT BnuBanus HoO» BkmounTs cexyHaomep. [Ipu mosiBieHuu cToikoro cu-
HETro OKpallliBaHUsl 3aMETUTh BpeMms, ObIcTpo m00aBuTh [ mn NaxS;Os; — BTOpyro mopuuio — H,
TIIATENEHO TIEpEMENIaB PacTBOP, 3alUCATh BPeMs MOSIBICHHS OKPACKH.

Takue omnepainuu MOBTOPUTH 6-8 pa3 MpH BKIIOUYEHHOM CEKYHJIOMEpE; NepeMelInBaHue
CeKyHAOMepa JA0JDKHO ObITh OBICTPBIM M MHTEHCUBHBIM, TIIATEIBHOCTH JOJDKHA OBITH MPOSBICHA
u nipu obasnennn I ma NaxS;0s. JlenaTts 3T0 HaI0 OAMHAKOBBEIM 00pa30M Ha MPOTSHKEHUH BCETO
omnbiTa. Hy>KHO IOCTOSIHHO CIIENTH 32 PEaKIIMOHHBIM COCY/IOM, TaK KaK OKpacka MOsBISIeTCs] BHE-
3anHO. Henb3s npomyckats Bpems 100aBiIeHUs oYepeIHON MOpLUUH TUTpaHTa. UToOk!I Jiyyine oT-
JUYUTH OKPACKy PacTBOPa, PEKOMEHAYETCsl CTaBUTh CTaKaH Ha Oelryro Oymary.

[Tpu KOMHATHOH TemIepaType peakiusi HJeT A0 KOHIA JOBOJBHO Joiro. s Haxoxe-
Hus V* —cymmapHoro oowema pactsopa NapS:Os, morieiero Ha THTPOBaHUE, PEAKIIUIO YCKO-
psIOT, 100aBIAg S5 Karesb KaTalnu3aTopa — HaChIIIEHHOT'O pacTBOpa MojubaaTa aMMoHHMs. Brine-
JMBUIMACS MOl OTTHTPOBBIBAIOT, OTCIOAA Haxo T V”. TUTpoBaHUE BEAYT TOJIBKO 10 00eCIBEUH-
BaHUs pactBopa. He cienyer noOuBaThesi 0O0ecBEUMBAHUS OCa/IKa HOJKPaXMalbHOTO KOMILICK-
ca, TaK KaK 3TO MOXKET IIPUBECTH K «IIEPETUTPOBAHUION.

JlaHHbIe OMBITa U PE3yJIBTAThl PACUETOB 3aHOCAT B TAOJUILY:

Tabauya
Kunernka oxucjieHusi HOAUI-MOHOB NMEPOKCHUI0M BOJ0OPOAA
Konuentpanus pactsopa Nal MO/
0O6nvem 0,05 1 pactBopa H20; M
Temnepatypa onbiTa °c
O6mmit o6bem 0,05 1 pactBopa Na S0z, V* M
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Bpewms t ot Hauana Koncranra
Ne | O6wem V 0,05 1 pacTso- P Ve -V, .
peaKInu 10 MOMEHTA In(V* = V) | ckopoctu K,
n/m pa NaxS>03, mz M 1
MOSIBJICHUST OKPACKH, C c

Pacuer k Benyt mo ¢opmyne (7), a Takke rpapuyeckd — Ha OCHOBAaHHMH 3aBUCHMOCTH
In(V* — V) ot t (o HaknoHy rpaduka). Beraucastor Kep, aOCOTIOTHYIO U OTHOCUTEIIBHYIO OLIHO-
KYy.

BTopoii ombIT mpoBOAAT ¢ BIBOE MEHBINECH WM BABOE OoMbIeit KoHIeHTpamuei I”. O0-
it o0beM pacteopa (/00 mz) u Temmeparypa ocTaroTcs npexHuMH. ONpeneistoT KOHCTAHTY
CKOpOCTH K, 3aT€M pacCUUTHIBAIOT O — MOPSAOK PEAKIUH 10 HOAUI-UOHY. BBIUMCICHUS TPOBOISAT
o popmye:

1gk@—1gk®
“ = T ©)

rae uHnekck (1) u (2) obo3nauatoT HOMep ombiTa. Popmyna (9) nerko momydaeTcst U3
dopmyiel (5). HalineHHoe 3HaueHHE 0. OKPYIJISIFOT 0 OJIMKAMIIETO IIEJIOUI0 MOJOXKUTESIBLHOTO
YHUCJIa U IPUHUMAIOT €T0 B KauecTBE mapaMeTpa KuHetudeckoro ypaBHenus (3). Koncranty cko-
poctr K BBIUKCIIAIOT 110 YpaBHEHHUIO (5) M, YUUTBIBASA 0, YKA3bIBAIOT €€ Pa3MEPHOCTD.

Usmensiror Temneparypy onbita Ha 10 °C u npoBoasar onbit. Onpenensior K u k. Duep-
THIO aKTHBAIIMKA PACCYUTHIBAIOT 110 (hopmyie (8).

B 3akmrodenue cieayer caenath psij 3aMevaHmii:

1. Wox, o6pazopasmmiics B peakiun (1), pearnpyer ¢ mepokCHIOM BOIOPO/A C Bbl-
nenenuem kucnopona: H,O, + I, = 2H™ + 21~ 4+ 0, Ilporekanune 310l MOOGOYHON peakuuu sB-
JsieTcsl HesKeNnaTeIbHBIM. UTOOBI OHA HEe UCKaXKalla KHHETUKY, 100aBJIeHNe THOCYIb(aTa HaTpHs B
pacTBOp HEOOXOAMMO MPOBOUTH CPa3y *Ke MOCIe TOSBICHUS FOIy00i OKpacKu.

2. V3MeHeHne KOHIIGHTpAIlMA PEarcHTOB 3a CUYeT YBEIMYCHHs o0beMa pacTBopa B
pesyabrate qobasneHus 6-8 M NaxS;O3 Mano u npu He0OXOAUMOCTH MOKET OBITH YUTECHO.

OGopynoBanue u nocyaa

CrakaH Ha 250 mn

Konba Ha 50 mn

MepHusiit numuaap Ha 100 mn

Bropetka Ha 20 mn

Mepusriii nunusap Ha 10 v

CexyHmomep

PeakTusbl

0,1 n pacteop Nal (KI) — 1o 100 ma

2 u pactBop H2SO4 — 5 mn

0,05 1 pactBop H2O2 — 10 20 mn

1% pactBop kpaxmana — 0,2 mn

0,05 1 pactBop NaxS;03 — 1o 20 mn

Hacermennstit pactBop Monubaata amMoHust — 0,2 mn

JlabopaTopnas pabora Ne3
HccaenoBanne KHHETHKH TOMOTE€HHBIX peaKknmii
Llens pabomer. DKcriepUMEHTAIBHOE H3YyUEHHE 3aKOHOMEPHOCTEH peakiy XJIOpaHTHIPH-
na OEH30HHON KUCIIOTHI C TENTHIIOBBIM CIIUPTOM € 00pa3oBaHUEM CIIOKHOTO 3dupa, cocTaBleHHE
KHHETHYECKOT0 ypaBHEHNS Iporecca.
Baxcneiinnasi peakius MoJydeHus: CIOKHBIX dPHUPOB - peakius dSTepUPHUKALIN: 00paTHMOE
B3aMMOJIEHCTBUE OPraHUUECKUX MIIM HEOPTaHUUECKUX KHCIIOT CO CITUPTaMH:
R-COOH + R-OH —R-COO-R'+ H:0
Jpyrue crnocoObl OYyUSHHS CIIOKHBIX d(DUPOB:
— B3aMMO/ICHCTBHE XJIOPAHTUAPHUIOB KUCIOT CO CIIUPTAMU:
R-COCI; + 2R-OH —REOOR' + HCI

— B3aMMO/JICUCTBUE aHTUJPUIOB KUCIOT CO CIUPTAMU:
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(R-CO):0 + R—~OH T—RCOOR' + R-COOH

OOBEeKTOM HCCeIOBaHUs B JaHHOW paboTe SBJISIETCS MPOLECC alliIMPOBAHKS TEHNTHUIOBO-

ro ciiupTa (B) xnmopanrumpumaom 6eH301HOI KUCTOTHI (A), TPOTEKAIOIINIA IO CXeMe:
Ce¢HsCOCI + C;H1s0H —H;CO0OC7H15 + HCI
A B C D

Croxunble 3¢upbl KapOOHOBBIX KHCIOT MPUMEHSIIOTCS B KAUECTBE PACTBOPUTENCH, THAPAB-
JMYECKUX JKUIKOCTEeH, CMa30uHBIX Macell, TIacTH(GUKATOpOB M MOHOMEPOB. TexHOJIOrH4ecKue
MPOLIECCHI CHHTE3a CIOKHBIX A(HPOB MOXKHO Pa3eIUTh Ha BE ITIABHBIC TPYIIIHI:

- kuaKo(dasHple MPOLECCh HEKATaTUTUYECKUE WM TOMOTEHHO-KaTAINTHYECKHE, B KOTO-
PBIX XMMUYeCKasi peakiysi COBMEIIeHa C TIPOLIECCOM pa3AesIcHusl.

- TETEePOTeHHO-KATATNTHYECKHIE PEaKIINHU B JKUIKOW MIIH Ira30BOH (ase, OCYIEeCTBIsIEMbIC B
MPOTOYHBIX alnapaTax 0e3 COBMELICHHUS C Pa3AeNUTeIbHBIMH MPOIECCaMH.

[Iponeccrr mepBoii TPYNIBI SABISIOTCS TPAIUIMOHHBIMU M HanOoJiee paclipoCTpaHEeHHBIMH
B TEXHOJIOTUH TEPUPUKALIIH.

1. MexaHu3M peakuuu dTepuPuKanun

Peaknust sTeprdukanuy KHCIOT CIUPTAMHU OTHOCHUTCSL K 00paTHUMBIM mporieccam. Oopart-
Hasl peakiys Ha3bIBACTCS TUAPOIM3OM CIIOKHBIX 3(QHUPOB.

OTepuuKannio CIUPTOB KUCIOTAMH MO>KHO OCYIIECTBIATH 0€3 KaTain3aropa, HO peaKius
MeieHHas1, TpedyeTcs Bbicokas Temneparypa (200-300 °C). B npucyTcTBUH KHCIOTHBIX KaTallH-
3aTopoB 3Tepudukanms u ruapoiu3 nporekaroT npu 70—150 °C. B kauecTBe karaausaTopa mpH-
MEHSIIOT, KaK MpaBuiio, MuHepaibHbie KUciaoThl (H2SO4, HCI).

[MoyyeHne cI0XHBIX Y(PHUPOB MPH B3aUMOJICHCTBHH XJIOPAHTHAPUIOB KHCIOT U CIIUPTOB
HAXOJUT IIUPOKOE MPUMEHEHHE B OCHOBHOM B J1a0OpaTOpHON MpPaKTHUKE, IIOCKOJIBbKY 3Ta PEaKIus
HeoOpaTnMa, B OTIMYHE OT ATepUPHUKAINHA KapOOHOBBIX KHCIOT CHPTAaMH. Briaenstomuiics mpu
3TOM XJIOPHCTBIH BOJOPOI MOKHO BBIBOJHUTH M3 Cepbl peaknuH, WIN MOTJIOMATh KaKUM-TH00
OCHOBaHHUEM, HallpUMeEp, TUAPOKCHUAOM HATPHSI.

Peakiust mpoucxomuT B pe3ynbTare HyKJIeo(WIbHOW aTaKy CIIUpTa Ha aToOM yriiepoaa Kap-
OOHMIIA XJIOpaHTHAPUAA KHCIOTEL. OOpa3yrommiicss U 3TOM KOMIUIEKC OBICTPO TepseT XJIOpH-
CTBI BOIOPOJ, AaBas ciuoxubiii a¢pup RCOOR'™:

- -1 o)
~0 + O I
CiHe C <« — | CHg C_ o CeHs C7 OC/Hy
Cl ﬁ Cl
| C:7H15C)H _

2. Kuneruka peakuuu 3repupuranuu
3aBHCHMOCTH CKOPOCTH PEaKIMU OT KOHUEHTPAIMH PEarupyrolX BEUIECTB BBIPAKACTCS
OCHOBHBIM 3aKOHOM KHHETHKH B BUJI€ YPABHEHHUS:

g =k-1ICY ®

rie K — KoHcTaHTa CKOPOCTH PeaKLUH;
Ci — KOHIIEHTpAI¥ 1-TO pearcHTa;
M — KOJIMYECTBO PEAreHTOB;
N — HOPSIIOK PEAKILKH T10 i-My pearcHTy.

[opsnox peakumu sIBIsSETCS SMIUPUYECKON BenmunHOW. [lopamok peakmum mo i-My pea-
TeHTY Ha3bIBaeTCs YacCTHBIM MopsaakoM. OH YHCIEHHO paBeH MOKA3aTeN0 CTENeHH, C KOTOPHIM
KOHIIEHTPALMs 1-T0 peareHTa BXOJHUT B YpaBHEHUE CKOPOCTH peakiuu. OOmMi NOpsIOK peaKun
paBeH CyMME YacTHBIX NOPSAAKOB pEaKLUH 110 BCEM peareHTaM. Tak kak

Ci= Cig - (I-X), 2
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rne Cio — HavabHas KOHICHTPAIUS i-TO peareHTa, a X; — cTerneHb MpeBpanieHus i-ro pea-
TEHTa, TO CKOPOCTh PEAKIIUN MOXKHO BBIPA3UTh YEPE3 CTECIICHD NMPEBPAIICHUS:

& =k-ICi, (1= X)) 3)

Peakums stepudukanuy sSBIseTCS peakiyel BTOPOro MOpsiiKa, KHHETHIECKOe YpaBHEHHE
HMeeT BUI:
'gr:k'CA'CB 4)
HccenenoBanrie KHHETHKA TOMOTCHHBIX JKHIKO(A3HBIX MPOIIECCOB MPOBOASLT, B OCHOBHOM,
B peakTopax nepuomudeckoro aeiicreust — PUC-II. Tlpu 3ToM 3amada cBOIUTCS K DKCIIEPUMEH-
TaJHHOMY OIpENeNeHNI0 (PYHKIMI 3aBHCHMOCTH KOHIEHTPAIMH WA CTENeHH MPEBPAIEHUS OT
BpPEMEHH ¥ TIOCIEIYIONMEeMy HX aHanmn3y. Ha mpakThke UCTOIR3yIOT MHTETPaIbHBIN U quddepeH-
LHUAJIBHBIN METOJIBI ONPEAEIICHNS NOPSIKA PEAKLIMM M aHAIN3a KHHETUYECKUX TaHHBIX.
Humezpanvhlit memood yno0eH s aHATN3a MPOCTHIX KHHETHYSCKUX YPaBHEHUH, OMTUCHI-
BAIOIINX AJIEMEHTAPHBIE PEAKLIUH, U 3aKJIF0YAETCA B CIACAYOLIEM:
1. IlpeamonararoT MEXaHHU3M PEAKLIUHU U HAXOISAT COOTBETCTBYIOILIEE YPABHEHUE CKOPOCTH.
OT0 ypaBHEHHE B COOTBETCTBHH C OCHOBHBIM 3aKOHOM KMHETHUKH B CUCTEME C TIOCTOSSHHBIM 00b-
€MOM MMeECT BUI:
dX. dC.
—=kf(X,) ymu *—"=kf(C)) )
dr dr

2. Ilocne pa3neneHust IEPEMEHHBIX M HHTETPUPOBAHUS YPABHEHHUS IOTYYalOT:
Xi dX Xi
F(X)= [ =k [dr=k-7 ’
| £X. (6)
Xi0 i Xi0

Ecnu wnrterpan F(X) TpyaHO HaiiTH aHATMTHUYECKH, HCIOJIB3YIOT rpaQMYeCKUil METOI.
OH cBOAMTCS K ONPECIICHHUIO TUIOMIAIU 0T KPUBOH B KoopauHaTax (puc.3.1):

F(X) =X,
3. CrposT rpaduk B koopauHartax F(Xi) — 7 (puc. 2). Eciu oH siBIsleTCsl IPSIMOit TMHUEH, TO
NPUHATOE YPaBHEHHE COTIIACYeTCs C IKCIIEPUMEHTAIBHBIMU TAaHHBIMH.

(7)

| jf X ] Ff X']

A x
¢ ax
F=F(X)= | ——
g JIX)
___._.—'—’"-A == L e Eg l'-I = k
i |
I !
i i
1 1
1 1
i i # b
I | ’
Puc.1. I'padguueckoe uHTETpUpPO- Puc.2. IlpoBepka KHHETUYECKOTO
BaHNE KHHETHUUYECKOTO0 YpaBHEHUS YpaBHEHUS MHTETPAIbHBIM METOJOM

4. Eciu 3KCIIepUMEHTAIbHBIE TOUYKH HE JIOXKATCS Ha MPAMYI0, HEOOXOJMMO HCCIIEI0-
BaTh Apyrue ypaBHeHUs (1-ro, 2-To ¥ 3-TO TMOPSIKOB), ITOKa He OyIeT MOIYyYeHO yIOBJIETBOPH-
TEJIHHOE COOTBETCTBHE.

Juppepenyuanvuoiii memod 3aKkimoyacTcss B HEMOCPEICTBEHHOH mpoBepke audde-
peHIManbHOM (OPMBI KMHETHYECKOTO ypaBHeHUs. [IporpaMMy SKCIEpUMEHTOB B 3TOM CIy-
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Yae HaJlo TUIAHUPOBATh TakK, YTOOBI cpa3y MOJIYYUTh MOJHYI0 (HOPMY KHHETHYECKOTO ypaBHeE-
HUS:
1. Ha ocHOBe mpeAmnoiaracéMoro Mexanu3ma peakiuu BIOUparoT
KHHETHYECKOE YpaBHCHHE:
+dCi/dr =k f(Ci) (8)

2. o sxcnepumeHTansHON KpuBOil B KoopanHatax Ci — 7 rpaduueckum nudepeHnmuposa-
uueM HaxomsT dCi /dt B pa3mMyHble MOMEHTBI BPEMEHH M COOTBETCTBYIOIINE 3TOW CKOPOCTH (vr)
KOHIIeHTpaIu pearupyronmx Bemects (C;).

3. CocTaBistoT TabNMIy 3HAYCHUH KOHIEHTPALU MCXOMHBIX PEarupyloldX BEIIECTB U
npousBogHol dCi/dr 4yepe3 omnpeaeneHHble WHTEPBAJIbl BPEMEHH.

4. Crpost rpaduk 3aBucumoctu dCi/dt — f(Ci). Eciu moay4aroT mpsMyro, MPpOXOISIILyI0
Yyepe3 Haualo KOOPAWHAT, TO YpaBHEHHE CKOPOCTH COOTBETCTBYET IKCIIEPUMEHTANBHBIM JaHHBIM
(puc. 3.3).

r

=dCydr

AC)

Puc.3. IIpoBepka kuHeTHYECKOTO ypaBHEHUS MU HepeHIINaTbHBIM METOIOM

5. Ecnu rpaduk B koopaunatax dCi/dr — f(Ci) He SBIAETCS TPSIMOM, CIEAYET PacCMOT-
PETh Apyroe KHHETHUECKOE YpaBHEHHE.

3. Onpenesnenne NOPSAKA peakuuu

Jiist Toro 4ro0Bl ONpeaenuTh OOMMK MOPSIIOK peakiuy, HaJ0 B3STh PEareHTHl B CTEXHO-
METPUYECKOM OTHOIICHUH. J[JI onpeaeNieHrs 4acTHOTO MOpsIIKa MO peareHTy A BTOPOM pearcHT
B Oepercs B TakoM M30BITKE, YTOOBI M3MEHEHHEM €r0 KOHIICHTPAllMd B XOZE OIBITa MOXKHO
ObU10 TIpeHeOpeds. [Ipu 3TOM 0OIIMiT TOPSIIOK U MOPSAOK PEaKIMU MO TAHHOMY PEareHTy MOX-
HO paccyMTaTh MO 3aBUCUMOCTH HAYalbHOW CKOPOCTH OT HAa4aJbHOM KOHIEHTPALIMHU pearcHTa A,
WM METOJl, OCHOBAaHHBIN Ha 3aBUCUMOCTH, W3MEHSIONIEHCS BO BPEMEHH CKOPOCTH PEaKIUU OT
TEKYLIEH KOHLIEHTPALlUU peareHra A.

1. I[Ipu ucmoab30BaHUM MMEPBOTO METOAA — MPOBOJAT IIPH MOCTOSHHOW TeMIlepaType ce-
PpUI0 ONBITOB C Pa3JIMYHBIMU UCXOJHBIMU KOHUCHTpAIUAMU PEArcHTOB W IIOCTPOUB norapu(b-
MHYECKYI0 aHamMop(o3y
In Oro = Ink+n-In CA,o (9)

110 HaKJIOHY HpHMOﬁ HaxXoOsaT MOPAA0K peaKHu.

2. Ilpy mpuMeHEeHWU BTOPOTO METOa — JUTsl HAXOXKICHHS TTOPSIIKA PEAKIINN OTIPEETISIOT B
pa3IYHbIE MOMEHTHI BPEMEHH CKOPOCTh PEaKkIli M KOHIICHTpaluio peareHta A (puc.4), u, mo-
CTpOUB JIOTapU(PMHUUECKYI0 aHaMOP(O3y B COOTBETCTBHH C YpaBHEHHEM 13

Inor=Ink+n-InCh, (10)

10 HAKIIOHY TIPSMOU HAXOASAT MOPSAIOK PEAKIUH.

In &,

Cao

d tgd=n

12 o= 1y
In k

L J

T In C4

Puc.4. Omnpenenenne Ha4aIbHOW CKOPOCTH U MOPSAIKA PEAKINH HPY MEPEMEHHBIX Ha4allb-
HBIX KOHLIGHTPALUSIX peareHra A.
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4. Pacuet TepMoaMHAMHYECKUX (yHKIIHIT

TepmonvHaMuKa peakiuii HE 3aBUCUT OT MEXaHWU3Ma, HUMEET 3HAuCHHUE JIUIIb CTEIICHb
MPEeBpAICHHS BEIIECTB. TepMOIUHAMHUYCECKUE BEIMYMHBI, OOBIYHO, BEIUUCIISIOTCS Ha OCHOBAaHUHU
M3MEpEeHH TeMIIepaTypHOH 3aBUCUMOCTH CKOPOCTH PEaKIn TI0 ypaBHEHHUIO AppeHnyca:

k=Ae RT (12)
rie K — KoHCTaHTa CKOPOCTH Peakiuu npu Temiepatype T;
Ea — pHEprus akTuBaImy;
A — gactoTHBIN (akTOop AppeHmyca, XapaKTephu3yeT BEpOATHOCTb TOTO, YTO MpPHU CTOJIKHOBE-
HUU MOJICKYJ MCXOJHBIX BEIIECTB MPOU30MIET pa3pblB CTAPhIX M 00pa30BaHKE HOBBIX CBS3CH;
R — ra3oBas mocTosiHHAS.

Ecmu wm3BecTHBI TpH M 0oJiee KOHCTAHTHI CKOPOCTH pEaKIUH, ONpeJeNICHHBIC MPH pa3-
JIMYHBIX TEMIIEpaTypax, MOXKHO PAaCCUYHMTaTh SHEPTHI0 aKTHBAIMUA MEPEXOJIHOTO COCTOSIHHS U
4acTOTHBIN (akTop AppeHuyca.

s sToro ynobHO MOIh30BaThCA rpadUuecKuM MeTOoaoM (puc.3.5), BRITEKAIOUINM W3 JIO-

rapupmuyeckoii GopMbl ypaBHEHHsI AppeHuyca:
inklNk4= INA —EA/RT

AN tg a=-— E
Puc.5. Onpenenenue 3Hepruu akTUBALUU
0 PKCIIEPUMEHTATILHBIM JaHHBIM

InA

Onpgnenus 3HE (EA) m BBIYMCIUB 4YacTOTHBIH (akTop Appenuyca (4),
PaCCUNTHIBAIOT TEPMOANHAMUYECKHE XapaKTEPUCTUKU PEAKIIH B CTAHAAPTHBIX YCIOBHUSX:
AR’ — SHTAIBIHS aKTHBALMHK W TEIUIOBOM 3(P(HeKT peakiun:

/T
AH°= E°% — RT / (12)

OHa, 00BIYHO, paBHA WM OJM3Ka K pa3HOCTU AE BHYTPEHHUX dHEPTUN MCXOAHBIX U KOHEY-
HBIX BEILECTB;

AS°r — SHTpOIHS aKTHBAIIUH, SHTPOIIHS SBJISETCS TSPMOINHAMUYECKON MEpOil CTaTHCTH-
YECKOW BEPOSATHOCTH CHUCTEMBI; €€ MOYXHO PacCUMTaTh 10 YPaBHEHHIO:

AS°r=4,576 |g (A/T) — 49,21 (13)

AG®r — n306apHO-U30TEPMUYECKUI MMOTEHIMAA WK SHeprus ['ub0ca, XxapakTepusyer Be-
POSITHOCTH MPOTEKAHUS PEAKITUU:

AG° =AH —T-AS° (14)
5. CocTaBiieHre MOJTHOTO KHHETHYECKOT0 YPABHEHUsI peakuMu
OHpeZLeJ‘II/IB MOpAAOK HCCHCZ[yCMOfI pcakuuu, Haﬁ,[[ﬂ KOHCTAaHTy CKOPOCTHU U BBIYUCIIUB
OHCPIrUur0 aKTUBAIUU, MMOJTYYAatOT NOJIHOC KUHCTUUCCKOC YPABHCHUC!
_Ea
3 =Ae RT.C} (15)
SKCIIEPUMEHTAJDBHASA YACTb

J'Ia60paTopHa$1 YCTaHOBKaA AJid UCCJICAOBAHWA KMHCTUKU PCAKIUU aAllUIIMPOBAHUS CIIMPTOB
XJIOpaHTUAPUIAOM OCH30MHOM KHUCIOTHI npeaCTaBJICHA HaA puUC. 4,
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Puc. 4. Cxema mabopaTopHO# yCTaHOBKH IS HCCIEIOBAHMS KHHETHKH PEAKIIHH allHIHpO-
BaHUsI CIUPTOB XJIOPAHTHAPUAOM OCH30HHON KHCIOTHI

1- Bo3myxomyBka, 2- ckisiHka Tumienko; 3- ckiusnka Bymbda; 4- cknsaka Tumenko; 5-
peomertp; 6- Oroperka; 7- 6apboTep; 8- crakaH; 9- peakrop; 10- Tepmocrar; 11- MarHuTHAs Me-
majnka; 12- memanka.

MeToauka npoBeieHnst IKCIEPUMEHTA

[lepen HayamoM 3KCiepUMEHTa HEOOXOIMMO TTOIYYHTh 3a/laHue y TperoaaBarens. Mcxon-
HbIE JJaHHBIE [Tl NCCIIeIOBAHNS KHHETUKHU TpeCTaBlIeHbI B Tabmwe 1.

Tabmura 1
HcxotHble TaHHBIE 110 3arpy3Ke peareHToB

Homep NAo N0 Ma | Mg | Va | VB | Vp Voo Cao
MoTh Momb r r Mt Mt M Mt Mous/a

1 0,15 0,15 60

2 0,14 0,14 60

3 0,13 0,13 60

4 0,12 0,12 60

5 0,11 0,11 60

6 0,10 0,10 60

7 0,09 0,09 60

8 0,08 0,08 60

9 0,07 0,07 60

10 0,06 0,06 60

IMToce monydyeHWs 3aJaHMs, MCIOJB3Ysl 3HAYCHUs MOJISIPHBIX MacC M IUIOTHOCTEH wcC-
XOJIHBIX PEareHTOB, NPHUBEICHHBIX B TaOJI. 4.2, paCCUMTBHIBAIOT 3arpy3Kd HCXOJHBIX pearcH-
TOB B MJI, OOLIMI O00BEM PEaKIMOHHOW CMECH M KOHLEHTPALHUIO XJIOPaHTUApUaa OCH30UHOM
KHCIIOTBI 110 ypaBHEHHIO (4).

Tabnuma 2
DU3UKO-XUMHYECKHE CBOWCTBA PEAreHTOB
Berectso A B
M ,r/MOIIb 140,52 116,21
p, r/em® 1,212 0,8219
CA’O _ nA,;)/' 1000 : (4)

g

[locre mpoBepkM MPaBHIBHOCTH pacyéTa MPUCTYMAIOT K BBIMTOJHEHHIO AKCIEPHUMEHTA.
OKCIEPUMEHT MPOBOJIAT B CICAYIONIEH TOCIEA0BATEILHOCTH:

1. PacuerHOe KOJIMYECTBO CMPTA 3arpyKaroT B K00y, 100aBmsroT 30 M1 KCHIIOA.

2. Konby co cnuprom nomermaior B Tepmoctar 10 Ha 10-15 MuHYT 171 HarpeBaHus 10
TEMIIEPATYPhI PEAKIIH.

3. T'pagyupoBaHHOI MPOOUPKON OTMEPSIOT PAaCUETHOE KOJMYECTBO XJIOpaHTHIpHIa OeH-
30{HO# KHMCJIOTBI, IEPENUBAIOT B KOJIOY, 100aBisoT 30 MII KCHITONa U IEPEMEIINBAIOT.
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4. Brinye 0ap0oTép 7 u3 peakropa 9, aKKypaTHO ¢ IIOMOIIbIO BOPOHKH 3aJIMBAIOT XJIOPaH-
rUIpu] OEH30HHOHM KHCIOTHI B peakTop. bapboTép BcTaBisIOT Ha MECTO.

5. B crakan 8 3anuBatot 300 M1 BOIBI.

6. U3 Oroperku 6 modasisror B crakan 8 4 mut 0,1H pactsopa KOH u 4-5 kaneins cuupro-
BOTO pacTBopa ¢eHonpranenna. BKIOYaroT MarHUTHYIO Memanky 11.

7. Tlo ucreuennu 10-15 MUHYT BBIHUMAIOT KoJ0Oy co cnupToM u3 Tepmoctara 10 u akky-
paTHO 3aMBAIOT €€ COMEPKUMOE B peakTop (CM. 1. 4).

8. BBICTPO BKIIOYAIOT CEKYHIOMED, BO3MyXOAyBKY 1 1 Memranky 12;

9. Tlpu obecrBeunBaHUU PAaCTBOpa B CTaKaHE 8 3alMCHIBAIOT MOKAa3aHUS CEKYHIOMEpa.

BHUMAHUE!

CEKYHAOMEP N BO3IYXOJAYBKY HE BbIKJTIOUATDH

10. [MpunuBarot HOBYrO nopimio pacteopa 0,1 H KOH (4 M) u pukcupyroT Bpems ciery-
IOLIEero 00eclBEYHBaHMsI PacTBOPA.

11. DxcriepuMeHT IPOAOKAIOT 10 IMPEeKpaIleHusT 00eCIIBEUNBaHMSI pAaCTBOPA B CTaKaHe 8.

12. Pe3ynbTaThl 3aHOCST B TAOIUILY 3.

Tabmuua 3.
3aBUCHMOCTh KOHIICHTPAIIMH XJIOPaHTUApHIa OeH30iHOM KUCIO0ThI (Ca) OT BpeMeHH
Vkon T Ca
No ' ’ Xa ' K Kep
M c MOJIB/TT

O0padoTKa IKCIEPUMEHTATbHBIX IAHHBIX

Pacuem nopsaoka peaxyuu

1. PaccunThIBaIOT CTENEHb NPEBPAIICHUS XJIOpaHTuApuaa OeH30iMHON KucioTsl (A). T.k.
KOJMYECTBO MOJIEY BBIIEIMBILErOCS XJIOPOBOJAOPOJA PAaBHO KOJWMYECTBY MOJEW INpopearupo-
BaBILIETO XJIOPAHTUAPHUIA OCH30HHONW KHUCIIOTHI, TO
vV,
V )

06wy

XA=

Vr - Tekymuit 00bem pacteopa 0,1 H KOH, pacxoayemslii Ha HEUTpaIn3aluio XJI0pOBO-
JIOPO/Ia, TIOTyIaeMBbIi CIIOXKEHHEM C MPEeNbIAyInuM o0beMoM: 4, 8, 12 mMit 1 T.11.
Voo — 001nit 06vem pacteopa 0,1 H KOH, nomenmuii Ha sKkcriepuMenT, MiI.
2. OnpenensiioT Tekyyto KoHueHTpanuio Cy, pacCUuTaB CTENEHb MpEeBpaIleHUs Xy,
Ci= CA,o (1—X,4)
M CTPOSIT IO MOJTYYSHHBIM JaHHBIM rpaduyeckyro 3aBucuMocth Ca = f{7) (puc. 1)
3. OnpenenstoT K — KOHCTaHTY CKOPOCTH:

k=1/t-(1/Cs—1/Cap),

rae Cy u Cyp — TEKyIIas ¥ HadaabHas KOHIIEHTPALIHH;
T — BpeMs B MUHYTax.

{

Cs

»

Puc. 5. 3aBucuMOCTh KOHIIEHTpALMY peareHTa A OT BpEMEHU peakliuu
4. PaccuuThIBalOT MOPAJOK peakUuu TrpadUuecKUM METOAO0M, KakK OIMCAaHO B MOIpa3lie-

ne 3.3. ;s 3TOT0 paccUnTHIBAIOT U BHOCAT B Ta0I. 4 cienyromye BeTnIrHbI:
Taobmuma 4
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JlarHbie s pacyéTa 00IIEero MmopsaKa peaKkIiuu

HOMED

T,

C

Ca,

MOJIB/JT

In(Ca)

ACA1

MOJIB/JT

AT,

v,

MOJIB/JI*C

In(v)

AWINF

1. Ha xuHeTnueckoil kpuBoii (puc. 4.2) BbIOMpaIOT 4—5 TOYEK U MPOBOMAT KacaTelbHbBIE.

2. PaccuMTHIBaIOT CKOPOCTH PEakLUH MO BEHIECTBY A B COOTBETCTBYIOIIMH MOMEHT Bpe-
MEHH MO TaHTeHCaM yIJla HAKJIOHA KacaredbHbIX oy = dCa/d 7 Wi IPUOIHIKEHHO

or=ACyA 7

3. PaccuutsiBatot orapudmsi In Ca u In vy

4. Crpost rpaduk 3aBucumocTr In Ca OT /n vy ¥ MO TAHTEHCY yIJIa OMPEICISIFOT MOPSIOK
peaxuuu.

Pacuém akmueayuonnbvix napamempos peakyuu

1. IlpoBecTu Tpu OMBITA MPU Pa3IHYHBIX TEMIIEpaTypax (3a1aéTcs mpenoaaBaTesieM) U pac-
cuuTaTh 3HaueHHUst K B COOTBETCTBUH C IL.II. 1-3.

2. Paccuutath 3HadeHus norapudmos K u oOpatHbix Temnepatyp /1. Iloctpouts rpaduk
3aBucumoctu IgK — 1/T 1 o TaHreHCy yriia HakJIOHa ONPEACIUTD IHEPTHIO AKTUBALUH Egyon.

3. I[lo HaiiieHHOMY 3HAYCHHMIO SHEPTUM AKTHBALMHM PACCUUTHIBAIOT SHTAJIBIHIO PEAKLINU
(4 H°r) mo ypasuenwuto (3.12), sutponuto peakiuu (4 S°7) mo ypasuenuto (3.13) u wnzobapHo-
n30TepMUYeckuit moreHiuai (4 G°r) mo ypasHenuro (3.14).

4. 3anmuchIBaIOT MOJIYYCHHOE KMHETUYECKOE YpaBHeHUE (M. ypaBHeHuE 3.15).

JlabopaTopHasi padora Ned «JkcnepuMeHTATbHOE onpeieleHne XMMHUYEeCKOro PpAaBHOBeCHsI
B TOMOT€HHBIX CHCTEMAaX H TEPMOIAHHAMUYECKHI aHAJIN3 XMMHYECKUX MPOIECCOB)
Henp padoThl: DKCIIEPUMEHTAIBHOE H3yUeHHE 3aKOHOMEPHOCTEH 00PAaTUMBIX peaKInu
Ha MpUMepe dTePUPUKAIIUN YKCYCHON KMCIOTHI STHJIOBBIM CITUPTOM, M PAacieT OCHOBHBIX TEPMO-
JUHAMHYECKUX MTOKa3aTeNeld XUMUIECKOT0 TIpoIiecca.
B kadecTBe 00BEKTa HCCIENOBAHMS IPEIJIAracTCsl peakius 3TepH(HUKAINN YKCYyCHOH
KHCJIOTBI O9TUJIOBBIM WJIN U3O0IIPOITUIIOBBIM CITMPTOM.

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

A B C pi|

OTa peakius Mpu KOMHATHOM TeMIlepaType mpoTekaeT MeaieHHo. [loaTtomy e€ mpoBomsat
npu 70 — 90° B mpHUCYTCTBUM COSIHON KUCIIOTHI B KAYECTBE KaTalu3artopa. B 5THX yclnoBusax oHa
3aKaH4YMBaeTCs B TeueHue 2 — 3 4. KatanuTuueckoe JEWCTBUE COISTHONW KHCIOTHI COCTOUT B TOM,
YTO OHAa aKTUBUPYET MOJIEKYJIy KapOOHOBOH KHCIOTHI. YKCyCHasi KUCIOTa HMPOTOHUPYETCS MO
aTOMy KHCJIOpoJa KapOOHMIIBHOM TPYMIEI (aTOM KHCIOPOJa MMEET HEMOJENIEHHYIO THapy 3JIeK-
TPOHOB, 3a CUET KOTOPOH MPUCOEAMHSAETCS MPOTOH). [IpoTOHMpOBaHME MPUBOAMT K MpeEBparie-
HUIO YaCTHYHOTO MOJOXKHUTEIHFHOTO 3apsijia Ha aToMe yriiepoja KapOOKCHIBHOM Tpymibl B MOJ-
HBI{, K YBEIIMUCHUIO €r0 deKTpoQuiIbHOCTH. Pe3oHaHCHBIE CTPYKTYpHI (B KBaJAPATHBIX CKOOKaX)
MOKAa3bIBAIOT JIEJIOKATM3ALMIO TTOJIOKHUTEIBHOTO 3apsiia B o0pazoBaBmieMcs KaTHoHe. MoJekyna
CIIMPTA 3a CYET CBOEH HEMOAEIEHHON Maphl AIEKTPOHOB MPUCOEIUHSIETCS K aKTUBUPOBAHHON MO-
JieKye KucinoThl. IIpoToH OT ocTaTka crmpTa nmepemMeniaeTcsi K THAPOKCHIIBHON TPYIIe, KOTopast
P 3TOM TIpeBpamaeTcs B “xopoio yxoaamyro” rpymnmy H20. Ilocne aToro otmersierca Mose-
KyJ1a BOJBI C OTHOBPEMEHHBIM BHIOPOCOM IPOTOHA (BO3BPAT KaTaIM3aTopa)
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UToOBl HU3KOKHUIISIINE BEIIECTBA, YYACTBYIOIINE B PEAKINH, HE YJIETyYHWBAIHCH IPH
HarpeBaHWU, PEaKLHUIO IPOBOAAT B PeaKkToOpe, CHA0KEHHBIM OOpaTHBIM XOJIOIMIBHUKOM. Teriora
peaknuy o0pa3oBaHuUs 3TWUIIALETaTa OYCHb Majia, U MI03TOMY KOHCTaHTa PaBHOBECHS TOH peax-
WM, KaK 3TO clenyeT u3 ypaBHeHus: Bant — ['odda u, kak OBUTO IMOKa3aHO PSIIOM AKCIEPUMEH-
TaJbHBIX HCCIENOBAHUM, MPAKTHUECKH HE 3aBUCUT OT TeMIIepaTyphl. 3a M3MEHEHHEM COCTaBa
CMECHU CIeIsIT MO M3MEHEHHUIO B HEell CyMMapHOH KOHLEHTpAalWW KHCIOTHl B TEUCHUE PEaKLUH.
N3yuenue paBHOBECHsI PEAKLMU OCYLIECTBISIETCS UBMEPEHUEM CKOPOCTEH mpsiMOM peakuuu. 3a
M3MEHEHUEM KOHIICHTPAINH PEarupyromuX BEIIECTB CIENAT 10 TeX MOp, MMOKa He HACTYIUT PaB-
HOBECHE.

IIpuHrMas BO BHUMaHUE, YTO paBHOBECHAs CTEINIEHb MPEBPAIIEHUsI YKCYCHOM KUCIOTH A
paBHa X, TO IpH ITOCTIXEHUH KOHEUYHOW IIeNH, T.€. 00pa30BaHMs YKCYCHONPOIMIOBOTO HITH VK-
CYCHO3THIJIOBOTO 3(HUpa M B UTOTE YCTAHOBJICHUS PAaBHOBECHOTO cOCTOSHUS Ha 0,5 MOIb BBEAEH-
HOM B pEaKIHio YKCYCHOM KHCIIOTHI paBHOBECHASI CMECh OyJIeT COJepiKaTh:

(0,5-X) moms CH3COOH (A),
(0,5-X) monps C2HsOH (B),
X monb — CoHsOOC-CH3 (D),
X monb — H20 (©).

Bcero B paBHOBecHO# cMecu Oyzaer 1 mMonb peareHTOB. MOIBHBIC O pearupyronux
BEIIECTB B PABHOBECHOM COCTOSIHUM OYAYT PaBHEI

Na = 0,5(1- X",
N = 0,5(1- X",
Ng = X", Ne = X

Torma KOHCTaHTa PaBHOBECHS MPOBOJIMMON PEaKIMU dTePUPUKAIIMNA YKCYCHOW KHUCIOTHI
STUJIOBBIM MJIM H30MPOIMIIOBBIM CIIUPTOM Oy/ET paBHa
X *2
K N
0,25(1— X *)2
[Tpu onpeneneHrn paBHOBECHOM CTETIEHU TpeBpalieHust X* B X0/1e padOThl SKCTIEPHMEH-
TaJIHO OmnpeesieT Kak QyHKIuo oT BpeMeHn X= f(T) , T.e. paBHOBECHE B CHCTEME HACTYITUT
TOT/1a, KOT/1a CTEeTEeHb NPEBPAIIEHHUS YKCYCHONW KUCIIOTHI He OyJeT ONpeAesIThCS BO BpEMEHH X=

f(z).

XX

0,5 1

0 2 4 6 7 MuH

Puc. 3.1 V3MeHeHue creneHu MpeBpamieHus yKCyCHOM KMCIOTHI BO BPEMEHU

s mpoBenieHus SKCIIEPUMEHTA UCIIONIB3YIOT TPEXTOPIBIA peakTop, CHaOXEHHBIN Tep-
MOMETPOM, OOpaTHBIM XOJIOJAUILHUKOM, MEILIAJIKOW U 000TrpeBaroIIMM IpuciocodieHueM. B pe-
aktop momeriaroT 0,5 Monb neasHor ykcycHor u 0,01 MOJIh KOHIIGHTPUPOBAHHOHN COJISTHOM KHC-
JIOTBI W HarpeBaroT B TeueHHe 10 MUHYT B TepMOCTaTe WIM BOASHOW OaHe ¢ TepMomnapoi. 3a 3To
BpEMS OTAETBHO TEPMOCTATHUPYIOT 10 3aJaHHOW TEeMIIepaTypbl ATHJIOBBIN (M30MPOMIIIOBBIN)
coupt. Ilocne ucredernns 10 MUHYT, CIMPT MOMEIIAIOT B PEAKTOP M BKIIFOYAIOT MEMIAIKY U Cpa3y
oTOMparoT 1M1 peaKIMOHHON Macchl U MEPEHOCT B KOJIOY € XOJIIOIHON BoAoi U TUTpYIOT 0,5 H.
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NaOH B npucyrctBun denondranensa. [locneayromue npodsl 6epyT yepes Kaxabie 10 MUHYT U
TaKxke TUTPYIOT. [Ipomecc cunraeTcs 3aBepiieHHO, KOTJa Ha THTPOBAHUE BYX MOCIEIHHUX MPOO
B3SITHIX U3 PEAKTOpa, MOWAET OJINHAKOBOE KOJMYECTBO IIEIOYH, T.€. CUCTEMa CTAHOBHUTCS PaBHO-
BecHO. Pe3ynbraTs! nccnenoBanuii 3aHocAT B Tadnmiy 3.1.

O0padoTka pe3yIbTaTOB IKCIIEPUMEHTA

Tabmuma 3.1
Pe3ynbpTaThl 9KCIEPUMEHTAIBHBIX UCCIIEI0BAHUN
Iljgggﬁ VNaOH, rix T, MUH. Crenens npespameHus, X
1
2
3
4
5...
Crenenb npeBpamieHus: YKCyCHOM KUCIOTHI ONPEAEIIeTCs 0 YPaBHEHUIO
V _
x 17k,
V
1

rae Vi- oovsem 0,58 NaOH, nomenmuii Ha THTpOBaHKE TIEPBOH MPOOHL;
Vi — oobem 0,58 NaOH, nomenmiit Ha TuTpoBaHne mpoOkI 32 BpeMs T.
3AJJAHHUE

1. Ilo skcnepuMEHTaIbHBIM JTAHHBIM PACCUMTATh CTEMICHb MPEBPAICHUS TSI  KaxXJaou
B3STON TPOOEI.

2.Ha ocHOBaHWM 3KCIIEPUMEHTANBHBIX AAHHBIX TOCTPOUTH TPaQHUUECKyI0 3aBUCUMOCTD
¢bynximn X= f (1) 1 onpesenuTh PaBHOBECHYIO CTENCHB MPEBpaleHus. PaccuuTaTh s UCCIery-
€MOH peaKIHu SKCIEPUMEHTAIbHYI0 KOHCTAaHTY PAaBHOBECHS [0 YPAaBHEHHUIO U PABHOBECHBIH CO-
CTaB pearupyrolnx BELIECTB.

3. Paccunrtarth KOHCTaHTy paBHOBECHS MO TEPMOAMHAMUYECKUM JAHHBIM (ypaBHEHHE
2.20) u cpaBHUTH C PKCIIEPUMEHTAITFHOW KOHCTAHTOW PaBHOBECHSI.

4. Cnenatb BBIBOZ O BEPOATHOCTH IIPOTEKAHUS UCCIIEyEMOW Peakury B IPSIMOM MU 00-
PpaTHOM HaMpaBJICHUHU U OTMETUTH BCC YCJIOBUA, KOTOPBIC MMO3BOJIUTE YBECIIMYUTDL BbBIXO/ LHEJICBOTO
MPOIYKTA.

JladopaTtopHas pa6ora Ne5 «ccienoBanne KMHETUKH PeaKIUH META/LUIOB ¢ KHCJIOTAMM»
Llenv pabomel. DxcnepUMEHTATbHOE HM3YYEHHE 3aKOHOMEPHOCTEH TOMOXHMHYECKHX
MIPOLIECCOB Ha MPUMEPE PEaKUUH aJIOMUHUS WIM LHMHKA C KUCIOTAaMH IPU Pa3jIMYHBIX TEMIIEepa-
Typax.
METOAUKA NTPOBEAEHUSA DKCIIEPUMEHTA
JUi1st oCcyIIeCTBICHHs JaHHOTO TIPOIiecca B CTaKaHbl 3arpyxkatot 25 mi 7% pacteopa HCI
mwi H>SO, . 3aTeM BHOCAT MpeABapUTENILHO OYHUINCHHBIH HaXIauHOH OyMaroil Wim pacTBOpOM
LIEeTI0YH, B3BEIICHHBIH Kycouek MeTtamia (0,5 - 2 Tp.) Ha CTeKJITHHOM Majodke ¢ CHTOOOpa3HbIM
HAaKOHEYHHKOM W HauMHAIOT OTCYET BpeMeHH. Uepe3 ompelesieHHbIe TPOMEKYTKA BpeMeHH (IO
3aJIaHUIO TIPEIOIaBaTeNIsA) CTEKIITHHYIO MaJOYKy ¢ METAJJIOM BEIHMMAIOT U3 CTaKaHa, TPOMBIBAIOT
XOJIOTHOW JIMCTUIUTUPOBAHHOM BOJIOH, BRICYIIMBAIOT Ha PHIBTPOBAIBLHOW OyMare ¥ B3BEIIMBAIOT
Ha aHAJINTUYECKHUX Becax. llocne M3BieYeHMS MeTalia U3 pacTBOpa KHUCIOTHI OCTAHABIMBAIOT
CeKyHJOMEp M, B3BECHB €ro, MOMEeUIaloT 00paTHO B CTaKaH, BKIIOYAIOT CEKYHAOMEP M MPOAOI-
YKAIOT OTCYET BPEMEHH.
BuumaHue: nokazaHue CeKyHI0Mepa He OOHYJISIIOT.
st uccnenoBaHus BAMSHUA TEMIIEPATYPBI SKCIIEPUMEHT MPOBOJAT MPH PA3IUYHBIX TEM-
neparypax (110 3aJlaHuI0 TpernoaaBaTesisi). Pe3ynbraTel SKCIIEpUMEHTa 3allMChIBAIOT B Ta0IUILy 1.
4. OBPABOTKA SKCIIEPUMEHTAJIBHBIX JTAHHBIX
Tabnuua 1.
Pe3ynbratrhl sKcrieprMEHTaIBHBIX UCCIEA0BaHUI
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Ne T, °C T, MUH Mme Mome T, MUH 7| Xme
omnbITa -
T”l
1
2
3

OmnpeaesieHue JUMUTHPYIOLIEH cTaguM pouecca
CreneHp mpeBpaleHns METALIOB (ATFOMIHHUS, IITHKA) OTPEAETSIOT 1o dopmyne 1:

X _ mOM@ _mMe , (1)

Me mOMe

rae My, —Macca HCXOIHOTO METajlia, T;

mMe— MaccCa METajljia mocJjIC pe€akuuu, r.
o T

,Z[HSI OIMpEACIICHU JIMMUTHPYIOIICU CTaAUU CTPOAT Fpa(i)I/IK 3aBUCHUMOCTH XMe OT — Hu
T

CpaBHUBAIOT C TCOPECTUYCCKMMU KPUBLIMU, ITPCACTABJICHHBIMHA Ha PUC. 1.
1

X
me /
05
0
0 05 '
T

Puc 1. 3aBHCHMOCTB CTENCHHU MpEeBpallieHus MeTaia Xye OT OTHOIICHHUS T/Ty B 3aBH-
CHUMOCTH OT JIMMHUTHpYIOIIEH cTaguu npouecca: 1 — BHemHeaquddy3nonHas odbnacte; 2 — KuHe-
THYECKas 00J1acTh

[Tocne HaxoXkAEHUS JIUMUTUPYIOUIEH CTaIuU I KaXJ0U U3 TpeX TeMIepaTyp OIpese-
JIAIOT KOHCTAHTY CKOPOCTH PEAKIMM U3 ypaBHEHHA 2.3 (eciu peakius MpoTeKaeT B KHMHETHYe-
CKOI 00J1aCTH).

Ilo paccunTaHHBIM KOHCTaHTaM TOMOXMMHUYECKOTO IpOIecca ONPEAETSIOT aKTHBAI[UOH-
HBIC MTapaMeTphl (FHEPTUIO aKTHBAIIUK U YacTOTHBIN (hakTop AppeHHyca) Mo ypaBHEHUsIM 2, 3 u
pe3yabTaThl pACUeTOB BHOCST B Ta0nuuy 2.

Ananutnueckuit Metoa onpeseseHus sHeprud akTuBauun (Eacr)

RT.T, In k—z
127
E p=—o—t @)
aKkm T.-T
2 1

YacroTHblil (akTop Appenuyca (A) onpeaessitoT U3 WHTErpaIbHONW (OpPMBI ypaBHEHHUS

Appennyca.

E(IKVIZ
k=4-¢ 3)
Tabmnuma 2.
Pe3ynbTaThl pacueTa aKTHBALMOHHAIX IAPAMETPOB
0 T,°C T,K k A Eaer ,KJ2K/MOIB

NI

3AJIAHUE
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1. [TocTpouTh 3aBUCHMOCTB CTETICHH MPEBpaIleHHsT Xme OT T/Th U, CPABHUB C TEOpE-
THYECKUMH KPHUBBIMH, PEJICTABICHHBIMU Ha pHC. |, ONpeennTh 001acTh MPOTEKaHHs poLecca.

2. Hcnonb3ysi 9KCIIEpUMEHTANbHbBIC JaHHBIC, PACCUMTATh KOHCTAHTY CKOPOCTH XH-
MHYECKOH peakiMyd | aKTUBALMOHHBIC MapaMeTpbl (IS MpoIecca, MPOTEKAIONIET0 B KHHETHYE-
CKO# 00y1acTH)

3. OrmpeieniTh TUMUTHPYIONIYIO CTaJHI0 MO BIUSHHIO TEMIIEPATypbl Ha CKOPOCTH
XUMHYECKOH PeaKiMy U 110 SHEPIHU aKTHBALIUH.

Kpumepuu ouenxu nabopamopnuix pabom

- MaKCHUMaJIbHO OAJIIOB 3a KXKAYIO BRIOIHEHHYIO TabopaTopHyio padoty (1*15=15), eciu pabo-
Ta BBINOJHEHA B TIOJTHOM 00beMe, B OTYETE MPABUIILHO M aKKYPATHO BBIMOIHEHBI BCE BEIYHUCIICHUS
Y TIOCTPOCHBI TpaduKy, JIOTHYECKH U 0OOCHOBAHHO TPHBEACHBI BBIBOJIBI 10 TEME JT1a00PaTOPHOM
paboTHL

- muHuManbHo OamioB (1*10=10), eciiu B Xole 3KCHEpUMEHTa JOMYLICHBI IPYObIe MPOMaxu, B
oT4eTe ecTh rpyOble OMMOKH, MPUCYTCTBYIOT OIIMOKH B BBIYMCICHUSIX, HETOUYHO ITOCTPOCHBI Tpa-
(ukn, He Morudecku chOpMUPOBAH BHIBOA K TabopaTopHOU padorTe.
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MunucrepcTBo 00pa3oBanus 1 Hayku Poccuiickoit @denepannn
HwxHekaMCKHii XUMHUKO-TEXHOJIOTHYECKUI HHCTUTYT (dunuan) penepaibHOTO
rOCyIapCTBEHHOT'O OIOPKETHOTO 00pa30BaTEIHHOTO YUPEIKICHUS
BbICILIEr0 00pa3oBaHUs
«Ka3zaHCcKkuii HAlTMOHAIBHBIN UCCIIEI0BATEIbCKUN TEXHOJIOTMYECKHIT YHUBEPCUTETY
Mexannyeckuii pakynbTeT
Kadenpa OXBT

KoMmmuiekT BOnpocoB /1Jisl KOJJIOKBUYMOB
o mucrumirge 51.0.28 O0mas xumMuyeckas TEXHOJIOTHS

4/5/6 cemecTpbl
Konnoksuym 1

1 IIpuBeaute mpUMEpPBI TOMOTEHHBIX U I€TEPOr€HHBIX XUMHUYECKUX PEAKIIUI.

2. CdopmymupyiiTe 3aKOH IEHCTBYIOIIIX Macc.

3. Uro Ha3pIBaeTCs KOHCTAHTOM CKOPOCTH pEaKIMH, ¥ OT Kakux (PakTopoB oOHa
3aBUCUT?

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

5 Or kakux GaKTopoB 3aBUCUT CKOPOCTh XUMUUECKOH peakumn? Kak 1 mouemy?

6. Hammmmte W BbIBENUTE YpaBHEHWsI JUIsi BBIYMCICHUS KOHCTAHTBI CKOPOCTH
TIEPBOTO ¥ BTOPOTO MOPsiAKA.

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

8 Kakas u3 omHOCTaIMIfHBIX PEaKIuii 3aKaHYMBAeTCA OBICTpee MPU OIWHAKOBBIX HCXO/I-
HBIX KOHLEHTPAIHAX U OJMHAKOBBIX KOHCTAHTAX CKOPOCTHU: IIEPBOrO WM BTOPOro Mopsiika’?

9.  TloueMy C MOBBIICHHEM TEMIIEPATYPHI, KaK MPaBUIO, CKOPOCTh XUMHYECKOW PEaKInu
YBEIUYUBACTCS?

10. Bpemst momympeBpallleHHs BEIIECTB B peaKIy TIepBoro mopsyka mpu 323 K
cocrapysier 100 muH, a pu 353 K - 15 munH. Beraucnure TemnepatypHbiii KOOGQUIMEHT CKOPOCTH
peaxknyu.

11, Yro Ha3bIBaETCS SHEPTHEH aKTUBAIIMN XUMIYECKON PeaKIiu?

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

13.  Ompegenure SHEPTHIO aKTUBALHH, IJISI KOTOPOH HPH MOBBIIICHAH TEMIIEPATYpHl OoT 295
10 305 K ckopocTh peakuuu yaBauBaeTcsl.

14.  HmeeT a1 pa3sMEpPHOCTh U KaKyH KOHCTAHTa CKOPOCTH peaKiuu?

15. CKOpOCTh peakIHu BTOPOro mopsaka paBHa 4,5-107" Moms/(J1'c) NpU KOHIEHTPALUK OJI-
Horo pearenta 1,5+ 102 monn/n u apyroro 2,5 -101 monw/n. PaccuuraiiTe KOHCTaHTy CKOPOCTH B
cM3/(MoIb-C).

16. Ilpu 583 K ra3 apcun ASH3 pasnaraercs ¢ o0pa3oBaHHeM TBEPJOTO MBILIbsIKA U ra3000-
pasHOro Bozopoaa. Bo Bpems peakuuu mpu HOCTOSHHBIX 00BEMe M TeMIiepaType oOliee JaBiCHUE B
CHCTEMe H3MEHSIETCS CICAYIOMMM 00pa3oM;

L, 9AC i 0 5,6 6,5 8,0

P,11a-10° 97,75 107,41 109,05 111,35

ITokaxxute, uTO peakius pasznoxenus ASHs3 sBIseTcs peakiuell MepBOTO MOPSAKA, ¥ BBIYUC-
JUTE KOHCTAHTY CKOPOCTH 3TOH PEaKI[HH.

17.  KoHcTaHTa CKOPOCTH PEakIMU OMBUICHUS YKCYCHOITHIOBOTO 3(Hpa Ienoyso mpu 283
K pasna 2,38 - mun!-Monb, paccuuraiite Bpemsi 0JIOBMHHOTO pasnoxkenus >¢upa, ecnu 1 1 0,05 u.
pactBopa 3¢upa cmemats ¢ 1 1 0,1H. pacTBopa menoun. Peakius oMbuieHHs 3GUpa TOJIUHICTCS KH-
HETUYECKOMY YPaBHEHHUIO 2-T0 HOPSIKA.

18. Peakuus pasjoKeHHs aMMHaKa Ha ropsiueil Boiib(ppaMoBOl MPOBOJIOKE MPOTEKAET IPU
1129 K no ypaBuenuto 2 NHz = N2 + 3 Hy. 3a ckOpoCThbIO peakiuu CIEIHIIN MO MOBBIIIEHHIO 00Iero
nasineHust AP = Py — Po. C TeueHueM BpeMeHH NaBJIeHUE B CHCTEME MPHU MOCTOSIHHOM 00BbEME U TeMIle-
parype MOBBIIIANOCH CIEAYIOIUM 00pa3om:
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agrwbdE

| 100 200 400 600 800

AP, Ta-102~ 14,66 29,33 59,70 89,60 117,21
HaganpHoe nmaBieHHMe B CHCTEME B CHCTEME PaBHSIIOCH 260,6- 102 ITa. OmpenenuTe MOPSAOK PEAKIHHA U
paccuuTaiTe KOHCTAHTY CKOPOCTH.

Konnoxksuym 2

1. OOBACHUTE CMBICI TIOHATHUS «XUMAYECKUE JACHD».

2. Uro Takoe MEXaHU3M XUMUYECKON peakuun?

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

4, Uro Takoe 3Heprusi aKTUBALMH XUMUYecKoi peakiun? Kakumu cmocobamMu Mox-
HO €€ OTpeNeanTh?

5. ChopmynupyiiTe 3aK0H JEHCTBYIOIIIX Macc.

6. CdhopmynupyiiTe OCHOBHBIE IOCTYIAThl XUMUYECKOW KHHETHUKH.

7. Uro Takoe mopsAAOK XuMHUYecKor peakiuu? JlaiTe omnpeneneHne CKOpoCThIO XH-
MHUYECKON peakuuu?

8. CdhopmynupyiiTe NpaBUIO COCTABICHUS KMHETUUECKUX YPaBHEHHUH CIIOKHBIX pe-
aKIni.

9. 3anuimnTe KHHETUYECKUE YPaBHEHUS AJIsS pacyeTa CKOPOCTH IO BenlecTBaM A, B,

R u M miist CIo>KHOM peaxIum:

K1
A+B_R+S
K2

k3
A+R-M
10. MeTtonbl cHHTE3a M TEXHOJIOTHS MTPOIECCOB TOTYUYSHHS CIOXKHBIX A(HUPOB.
11. MexaHu3M ¥ KHHETHKA Peakluil XJI0paHTUAPUI0B KapOOHOBBIX KHCIOT CO CITUP-
TaMH.
12. DKCIepUMEHTAIbHBIE METO/BI MCCIIEAOBAHUS KUHETHKH TOMOTCHHBIX XUMHYe-
CKHX IIPOIIECCOB.
13. MerTob! onipeieieH sl MOPsIIKa PEaKIUH.
14. BimsiHue TemmepaTyphl Ha CKOPOCTh XMMHUYECKHX PEAKIIHH.

KoasoxBuym 3

3akoH ['ecca u cnencTBUs U3 HETO.

3aBHCUMOCTbD TETIIOBOTO dPPEeKTa XUMUYECKOH PEaKIuK OT TEMIIEPATYPHI.
Omnpenenenue HaNpaBiIeHUs MPOTEKAHUS 00PATUMON peaKK NPH 3aJIJaHHBIX YCIOBHSIX.
MerToabl pacdeTa KOHCTAHTHI PAaBHOBECHSL.

Nzob6apa Bant-I'odda, nzoxopa Bant-I'odda, nzorepma Banr-I'odda.

OHpeJleJIeHI/Ie 3HAYEHHU KOHCTAHThI paBHOBECHS IIPU IPYTOM TEMIIEpaType.

6.
7.
8.

9.

10.
11.
12.
13.

Omnpenenenne KOHCTAaHTHI PAaBHOBECHS UICAIBHBIX U peaibHBIX Ta30(ha3HbIX IPOLIECCOB.
Omnpenenenne KOHCTAaHTHI PaBHOBECHS )KUIAKO(DA3HBIX XUMUYECKHUX ITPOLIECCOB.

[okazare Ha mpuMepe, KakUM O0pa3oM MOXKHO OTIPENIEIUTh PABHOBECHBIM COCTaB 0OPaTUMBIX
XUMUYECKUX PEAKLIMM.

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

[Ipunnun Jle-Illarense.

TexHonornyeckue NprueMsl CMELEHHS paBHOBECHS.

Monenu TOmOXMMHYECKUX TIPOLIECCOB.

MexaHn3M 1 KHHETHKA TOMOXUMHYECKHX TPOIIECCOB.

14. MGTO,Z[BI OIpPEACITICHUA J'II/IMI/ITI/II)YIOH_[eﬁ CTauH TOIMOXUMHUYCCKUX ITPOUECCOB.
15. TexHOIOTHYECKHE METOAbI I/IHTGHCI/I(i)I/IKaL[I/II/I TOIMOXUMHUYCCKUX MMPOLIECCOB.
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KoasnoxBuym 4

Onpenenure NOHATHS «XUMAYECKOE TIPOU3BOJICTBO» U «XHUMHUKO-TEXHOJIOTUICCKHIA TIPO-
1IECCH.

Chopmynupyiite coBpeMEeHHBIE TPEOOBAHHS K XUMHYECKOMY TPON3BOJICTBY.

[IpuBenuTe CTPYKTYpYy XUMHUYECKOTO IPOU3BOJICTBA U OOBSICHUTE Ha3HAYCHHE e¢ PYHK-
LHAOHAIbHBIX YaCTEH.

[lepeuncnure OCHOBHBIE MTOKA3ATEIN XUMHIECKOTO MPOU3BOCTBA U XHMHKO-
TEXHOJIOTHYCEKOT0 MpoIiecca.

Uro sBIsSIETCS CHIPHEM B MMPOMBINIUICHHOM Mpou3BojicTBe? Kakue ero ucrounuku?
[IpuBenuTe KTaccupUKaLNIO0 TPUPOTHBIX MaTEPHUAIOB MO Pa3HBIM MPHU3HAKAM KaK CHIPhS
JUTSE XUMHYECKOM IMTPOMBIIIUICHHOCTH.

JIyig KakuX 1iesielt HCToNIb3YeTCs BO3/IyX M BOJa B XUMHUYECKOUN TEXHOJIOTHH.

KaxoBa poip TommmBa 1 SHEPTUN B XUMHYECKOM ITPOU3BOICTBE.

[IpuBennTe BUABI M NCTOYHUKH SHEPTETHUECKUX PECYPCOB XUMUIECKOTO IPOU3BOICTBA 1
X IPUMEHEHUE.

Ha xakwue aBe rpynimbl MOXKHO pPa3ieauTh 000pyI0BaHINE XUMHUECKOTO MPOU3BOJICTRA,
€ro BUJIbI ¥ HA3HAYCHHE.

HepC‘H/ICHI/ITC CTPOUTCIIbHO-MOHTAXXHBIC KOHCTPYKIHH.

Pacckaxxute 00 0TX0/1aX XUMHUUECKOTO POU3BOICTBA, UX UCTOYHUKAX U KIIaCCU(DUKAIIHS
10 COCTaBY, MIEPUOUIHOCTA 00PA30BAHUS U BO3ACHUCTBUS HA OKPYIKAIOIIYIO CPENy.
Kakwue crmoco0p! mepepaboTKu TBEPABIX, JKAAKUX U Ta3000pa3HBIX OTXO/IOB BBl 3HAETE.

KosuioxkBuym 5

KaxoB 0o6muii moaxo/ K IOCTpOEHUIO MaTeEMaTHUECKO MOIENH Mpoliecca B XUMHUUECKOM
peaktope?

Uro Takoe peakTop NACATBHOIO CMEIIEHUS U B YEM MPOSBIAETCS «UACATBHOCTY?

B 4em 3akirouaercs mogodue u pa3uuue Mporecca B peakTope UaeaabHOTO CMEIICHHS
MIEPUOANYECKOM U UAEaTHHOTO BHITECHEHUS ?

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

Kax meHsercs KOHIIEHTpalys UCXOIHOTO KOMIIOHEHTA U MTPOYKTa IO JUIMHE peakTopa
HJIEATBHOTO BBITECHEHUS?

Kak MeHsieTcst KOHIEHTpaLysl BELIECTBa 110 00BEMY ITPOTOYHOTO PEAKTOpa UACATHLHOTO
cMeleHus?

HazoBuTe npuunHbl OTKIOHEHHS PEKMMOB B POMBIIUIEHHBIX PEAKTOPax OT PEKUMOB
HJEATBHOTO CMEIIEHUS U BHITECHEHUSI.

Uro takoe ontummzanus? ChopMynupyiTe MOCTAaHOBKY 3a]]a4d ONTHMHU3AIMN TEXHOJIO-
THYECKOTO MPOIIecca U MOSICHUTE.

[Touemy 3amada ONTUMU3ALMHE MHOTOKPATHO BCTPEUACTCS P Pa3padOTKe XMMHUKO-
TEXHOJIOTMYECKOro npouecca?

Uro Takoe TeopeTHYeCKUi ONTUMAIBHBIN pexum? 11 4ero Hy>KHO €ro onpenesieHue.
KakoBa ontumaiisHasi TeOpeTHIecKas TeMIreparypa Juisi HEoOpaTuMBIX U 00paTUMBIX (K-
30- ¥ SHAOTEPMHUYECKIX) XHMUYECKUX PEAKLIUH.

KosioxBuym 6

HapucyiiTe cxemMbl peakTOpOB JJIsl peaIn3alii FTOMOT€HHBIX MIPOLIECCOB U OOBSICHUTE UX
paboTy (BXOA ChIPhS U BBIXOJ MPOTyKTa, BPEMsI POBEEHHS ITPOLIecca, ITyTH OIBOIA U
OTBOJIA TETUIOTHI H T.[I.)

Kakue cymiecTByrT CriocoObl OpraHM3aliK B3aUMOJICHCTBHS ra3a ¢ )KUIKOCTHIO IPU
OCYIIECTBJICHUH I'a30-)KUAKOCTHBIX XUMUYCCKUX HpOHeCCOB?

Hapucyiite cxeMbl peakTOpOB TSI TETEPOTeHHO-KAaTATUTHIECKUX MPOIIECCOB B OOBSICHHU-
Te UX padory.
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UYeM orpaHMUYECHO HCIIOIH30BAHKE B TIPOMBIIIUIECHHOCTH aIMabaTHYECKOTO peakTopa?

Kak opranuzoBaH mpotiecc: a) B IICEBIO0KMKEHHOM CJIO€ KaTaiau3aropa; 0) mpolecc B

BOCXOJISIIIEM CJI0€ KaTtanu3aropa? X HeIOCTaTKu U PEUMYIIECTRA.

6. Uro BBl MOHMMAETE O] AHATTM30M XUMHKO-TEXHOJIOTHIECKOW CHCTEMBI?

7. Kaxue MOTYT MOSIBUTHCSI HOBBIE CBOMCTBA Y TEXHOJIOTUUECKUX aMMapaToB, KOTIa OHU
00BETMHEHBI B XMMHUKO-TEXHOJOTHYECKYIO CHCTEMY?

8. Omnpenenure TEOPETUUESCKUH U PEAbHbIN PACXOIHbIH KOA(PGHUIIHUEHT 10 ChIphI0. KakoBbl
MPUIHHBI UX PA3TUIUs?

9. Uro Takoe MoJIHAsE PHEPIHS TEXHOJIIOTUYECKOTr0 MOoTOKa? KakoBBI €€ COCTABIISIONINE U KaK
OHH OTPEAETSAIOTCA?

10. Ipu KakOM COECIMHEHUH PEAKTOPOB UJICATLHOTO BBITECHEHHS MOYXHO TTOYYUTh OOJIbIICe
MPEeBPAICHUE U BBIXO]] MPOYKTA — MapaJICTILHOM WIIH MOCIIEA0BATSIIEHOM?

11. Kakue TeXHOJOTUYECKHUE PEUICHUSI UCIIONB3YIOTCS JIUIsl YMCHBIIICHUS BO3ICHCTBUS XUMHU-
YEeCKOT0 MPOU3BOJICTBA HA OKPYKAIOIIYIO cpery?

12. Kakue MeToIbl XHMUYECKOW TEXHOIOTUN HCIOIB3YIOTCS JIIS YTHIIU3AIMA 1 00€3BPEIKH-
BaHMSI TBEPJIBIX OTXOAO0B?

13. Kakue MeTobl XHMUYECKOW TEXHOIOTUU HCIOIB3YIOTCS JUIsl YTHIU3AIMU 1 00€3BpeKH-
BaHUSI KUJIKUX OTXOJI0B?

14. Ha 1yem ocHOBaHBI OMOXUMHYECKHUE U (I)I/I?)I/IKO'XI/IMI/I‘IGCKI/IG METOABI OYNCTKHU CTOYHBIX
BOA?

15. Kakue MeToIbl XHMUYECKOW TEXHOJIOTUU HCIOIB3YIOTCS JTs YTHIU3AIMA 1 00€3BPEIKH-

BaHUSI Fa30BbIX OTXOJIOB?

o~

Kpumepuu OUECHKU KOJUIOKBUYMOB:

- MaKCHMAaJIBHO OAIIOB 3a KAkl KOUTOKBHYMOB (2*15=30), ecnii gaHbI OTBETHI Ha BCE TIOCTAB-
JICHHBIE BOTIPOCHI JIOTHYECKH U 000CHOBAaHHO B IOJIHOM 00bEME;

- MuHEMaIbHO GayutoB (1*15=15), eciiu B Xo1e OTBeTa JOIYIICHBI TPyOble MPOMaxH, MPUCYT-
CTBYIOT HETOYHOCTH.
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MunucrepcTBo 00pa3oBanus u Hayku Poccuiickoii @enepanuu
HwxHekaMCKHii XUMHUKO-TEXHOJIOTHYECKUN HHCTUTYT ((unnan) ¢peaepaabHOro
rOCyIapCTBEHHOT'O OIOPKETHOTO 00pa30BaTEIHHOTO YUPEIKICHUS
BbICILIEr0 00pa3oBaHUs
«Ka3zaHCcKkuii HAlTMOHAIBHBIN UCCIIEI0BATEIbCKUN TEXHOJIOTMYECKHIT YHUBEPCUTETY
Mexanndeckuii pakyabTeT
Kadenpa OXBT

KoMniekT KOHTPOJIBHBIX padoT
JJIS CTYJI€HTOB 32049HOI opMbI 00yUeHM s
10 JUCLIMILIMHE
B1.0.28 «O01as xumudeckas TEXHOJIOTH

6 cemecTp

KonTponbHas pabota cOCTOUT M3 YeThIpeX 3aJaHuil. BapuaHT KOHTpPOJIBHOH pa-
00TBI BEIOMPAETCS CTYIEHTAMH T10 TIOCIECTHUM IU(ppaM HOMEpa 3a4eTHONH KHIMKKH C 1 1o
21 BapuanT. Ecnu nocnennue nudpsl HOMepa 3a4eTHOM KHUXKKU Oonbiie 21, To BapuaHT
BbIOMpaeTcs mo cymme AByX nocienHux mudp. Hampumep, mocnennue mudpbr HoMepa
3a4E€THOM KHMXKKHU 23, 3TO COOTBETCTBYET 5 BapHaHTy KOHTPOJIBHOTO 3a7aHus. B koHIe
paboThl HEOOXOMMO YKa3aTh CIIMCOK MCIIOJIb30BAaHHOM JTUTEPATYPHI.

Bapuanmui konmpoavnvix 3a0anuil

Bapuant 1

1. Ucnone3ys npunnun Jle-1llatense, npoaHanu3upyinTe BCe BO3MOXHBIE CITO-
COOBI CMEITICHHSI PAaBHOBECHS PEaKIIUU BIIPABO JUIS MOJYYCHUS MAaKCHMAaJIbHOTO KOJUYe-
CTBa 11eNIeBOro npoaykra (AH peakiuu pacCYUTHIBAETCS IO TAOIUYHBIM JaHHBIM):

2CO) + Oz(r) <= 2COx(r)
CsHs(r) <> CeHizer) + Ho()

2. Omnwmcarp 0OIIYI0 TEXHOJOTHYECKYIO CTPYKTYPY XHMMHUYECKOTO TPOU3BOICTBA,
KaueCTBEHHbIE U KOJMYECTBEHHBbIE KPUTEPUU OIEHKU JPPEKTUBHOCTH XUMHYECKOTO
MIPOU3BO/JICTBA.

3. IlepeuncnuTh U CpaBHUTH CHOCOOBI TMONYyYEHHUS TEPMHUECKOH (ochopHOit
KHCIIOTHI. M300pa3uTh TEXHOJIOTUYECKYIO CXEMY IPOM3BOJCTBA TEpMHUECKOH (ochop-
HOM KHCIIOTBI ABYXCTYMEHYATHIM METOAOM.

2A — R(yenesasn)

5A — 3S(nobounas)

OnpenenuThb: cTeNeHb MpeBpameHust XA, CEICKTHBHOCTh SR, BEIXO MpoayKTa ER,
eciu Ha BEIXoJe U3 peakTopa Ca=5 kmonb/M3, Cr=15 xmomnb/M3, Cs=4 kmomb/m®,

4. [IpoTekaroT nmapaienbHbIe peaKINu:

Bapmuanr 2

1. Ucnons3ys npunuun Jle-lllarense, mpoananusupyiiTe Bce BO3ZMOXKHbBIE CIIO-
cOOBI CMEIIeHUs] PAaBHOBECHS PEaKLMU BIPABO Ul MOJYYEHUs MaKCHUMAaJbHOIO KOJHYe-
CTBa 11eN1eBOro npoaykra (AH peakunu paccuuThIBae€TCS O TaOJIWYHBIM JaHHBIM):

CuS() + Oz¢r) > Cu + SOx()
C2He(r) <> C2Har) + Hogry

2. Onucarb OOLIYI0 TEXHOJOTHMUYECKYIO CXeMY XMMHUYECKOTo MPOU3BOJACTBA, 00-

e CbYHKIII/II/I, OCHOBHBIC TCXHOJIOTMYCCKHNE KOMITIOHCHTBI XUMHUYCCKOI'0 IMPpOMU3BOJICTBA.
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3. OmnucaTb CBOWCTBa AMOKCUIA U TPHOKCUIA CEPBI, CEPHOM KUCIIOTHI U OJIeyMa.
Copra cepHOIl KUCIOTHI, €€ XpaHEeHHe U mepeBo3ka. OxapaKTepu3oBaTh BUABI CEPOCO-
JIEPKAILEro ChIpbs Ul IPOU3BOJICTBA CEPHOI KUCIIOTHI.

2A — R(yenesas)
4, [IpoTeKaroT Mocaea0BaTENbHbIE PEAKIIH:
5R — 3S(nobounas)

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

Bapuanr 3

1. HWcnonb3ys npunnun Jle-Illarense, mpoaHaaIu3upylTe BCE BO3MOXKHBIE CITO-
cOOBI CMEUICHUsI PABHOBECHS PEAKLMU BIPABO VIS MOJYYCHUS MaKCHMAaJIbHOTO KOJHYe-
CTBa 11eJIeBOro npoaykra (AH peakuuu pacCYUTHIBAETCS MO TaOIUYHBIM JAHHBIM):

CsHs(r) + H20@x) <> (CH3)3CHO )
C2Heg(ry <> C2Har) + Ha

2. OxapakTepHu30BaTh CHIPhEBBIE UCTOYHUKH XMMHYECKOTO IMPOU3BOJCTBA. [IpH-
BECTU TMPUMEPHI HCIONb30BAHMS OTXOJOB MPOM3BOJACTBA KaK MCTOYHUKOB BTOPHUYHBIX
MaTepualbHBIX pecypcoB. [lepcrieKTHBHBIC U ATbTEPHATUBHBIE HCTOYHUKHU CHIPb.

3. Onucarb XUMHYECKYIO U CTPYKTYPHYIO CXEMBbI ITPOU3BOJICTBA CEPHOM KHCIIO-
ThI KOHTaKTHBIM CITIOCOOOM M3 KOJTYE/IaHa.

3A — R(yenesas)
4, [IpoTeKaroT napajjieabHbIe PEAKIUH:
A — 2S(nobounas)

OnpenenuTs: CTeNeHb OpeBpamieHus Xa, CEIeKTUBHOCTL Sr, BBIX0J NpoaykTa ER,
ecau Ha BhIXoje U3 peaktopa Ca=1 kmons/m>, Cr=7 xmonb/mM3, Cs=1 kMomb/M>,

Bapuanr 4

1. Ucnons3ys npunuun Jle-llarense, npoaHanusupyiTe Bce BO3MOXHBIE CIIO-
coOBbI CMEIIEHHs] paBHOBECHS peaKLMy BIIPaBO Ui MOJIyYE€HUS MAaKCHMaJbHOTO KOJIMYe-
CTBa L1es1eBOro npojaykra (AH peakuun paccunThiBaeTCs 0 TAOJUYHBIM JaHHBIM):

CeHe(r) + C2Hagry <> CeHsC2Hsx)
C2Hary <> CoHam+ Han

2. OxapakTepu30oBaTh CHIPHEBBIE HCTOYHUKH XUMHUYECKOTO MPOu3BoAcTBa. Omnu-
caThb METO/bI MMOJTOTOBKH CBHIPbSl B XMMUKO-TEXHOJIOTHYECKOM Iporecce. Meron ¢uoTa-
ITUH.

3. Omnucatb (PU3HKO-XUMHUECKHE OCHOBBI OOXKHIa (hJIOTAllMOHHOTO KOJTUYelaHa.
XpaHeHHe ¥ OJAr0TOBKa KojyenaHa K o0xury. OnucaTh yCcTpoMCTBO neyeit uis o0xura
KOJI4eaHa.

3A > R(yenesas)
4. [TpoTekaroT mocse0BaTeIbHbBIC PEAKIHH:
R — 2S(nobounas)

OnpenenuTs: CTeNeHb IpeBpanleHus Xa, CENeKTUBHOCTL Sr, BBIXOJ NPoaykTa ER,
ecm Ha BBIXoJe U3 peaktopa Ca=3 kmois/M°, Cr=9 kMomnb/M3, Cs=1 kMoB/M>,

Bapuanr 5
1. HUcnone3ys nmpunnun Jle-lllarense, mpoananu3upyiiTe Bce BO3ZMOXKHBIE CIIO-
coOBI CMEIICHHUSI PAaBHOBECHUSI PEAKIIUH BIPABO ISl TIOMYUYCHUS] MAKCUMAJIBHOTO KOJIMYe-
CTBa IeNeBOro npoaykra (AH peaknuu pacCYUTHIBAETCS IO TAOIWYHBIM JAaHHBIM):
CH20() + Har) > CH3OHy)
CeHia(r) > CeHe (r) + 4Ho(r)
2. Omnwmcarp KIACCUPUKANNIIO XUMHUKO-TEXHOJOTHISCKUX MPOIECCOB MO YCIOBH-
siM pabOoThI, IO TUITY PEAKIIUH, IO COCTOSIHUIO PEarupyIOIINX BEIIECTB.
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3. Oxapakrepu3oBaTh Me4H AJisI OOKHra KoildelaHa, YCTPOMCTBAa i MOJA4H
KOJIYEJIaHa B TIEYM U yAaJIeHUE orapka. Mcrnoap30BaHue orapka.

4A — R(yenesas)
4. [TpoTekaroT napasuiebHbIC PEAKIIUN:
7A — 4S(nobounas)

OnpenenuTthb: CTENEHb MpeBpalieHust XA, CEIEKTHBHOCTh SR, BBIXOJ MPOAYKTa ER,
€CJIM Ha BBIX0JIe U3 peakTopa Ca=2 kMoiab/M°, Cr=12 kmoib/M3, Cs=1 kmonb/mC.

Bapuanr 6

1. Ucnons3ya npunuun Jle-lllarense, nmpoananusupyiiTe Bce BO3MOXKHBIE CIIO-
cOOBI CMEIIeHHs] PAaBHOBECHS peaKlMy BIIPABO JUIS MOJY4YECHHUS MAaKCHUMaJbHOTO KOJMYe-
CTBa 11eJIeBOr0 MpoayKkTa (AH peakuun paccunThIBaeTCs 1O TAOJUYHBIM JaHHBIM):

Nowy + 3H2w) <> 2NH3s(
CsHs—CHj3(x) + Hor) <2 CeHer) + CHar)

2. Omnwucarb TEXHOJOTMYECKYI0 CXEMY IMPOMBIILIEHHOW BOAONOATOTOBKU. Bona
KakK ChIpb€ U BCIIOMOI'aTeJIbHBIA KOMIIOHEHT ITPOU3BOACTBA. FICTOUHMKY BOJBI.

3. Onucarb OCHOBBI MEXaHMYECKON U AJIEKTPUYECKOM OYHCTKU O0KUTOBOTO rasa
B [IPOM3BOJICTBE CEPHOM KUCIIOTHI OT MbUIU, OPBI3T ¥ TyMaHa.

4A — R(yenesas)

7R — 4S(nobounas)

OnpenenuTs: CTeNeHb OpeBpamieHus XA, CEIeKTUBHOCTL Sr, BBIX0J NpoaykTa ER,
ecu Ha BBIXoje U3 peaktopa Ca=2 kmois/m>, Cr=6 kMonb/M3, Cs=4 KMOB/M,

4, HpOTeKaIOT IMOCJICAOBATCIIbHBIC PCAKIIUU:

Bapuanr 7

1. Hcnonssys npuniun Jle-Illatense, mpoaHalusupyite BCe BO3MOXKHBIE CIIO-
COOBI CMEILEHUS PABHOBECUS PEAKIMU BIIPABO Il MOJIYyYEHUS MAKCUMAILHOIO KOJIMYE-
CTBa 11eJIEBOro NpoaykTa (AH peakiuu pacCUMTHIBAETCS 110 TAOJIUYHBIM JAHHBIM):

4C2Haw) <> CsHior) + C3He ()
C2oHe(ry > CoHar + Hogr

2. TlpuBecTd OOIIYIO XapaKTEPHCTHKY M KIaCCU(PHKALMIO SHEPrETHYECKHX pe-
cypcoB. Omucarh CrocoGsl YHEPTOTEXHOIOTHYECKOr0 KOMOWHMPOBAHUS M UCIOJIb30Ba-
HHsI DHEPIETHYECKOTO MOTEHIMAA ChIPhs U TEIlIa K30TEPMUUECKUX peakuuii. Bropuu-
HBIE DHEPTOPECYPCHI.

3. Omnucarh PU3NKO-XMMUYECKHE OCHOBBI KaTaIMTHUECKOro okucienus SOz 1o
SOs. Karanuzaropsl nporecca. KoHTaKTHBIE anmaparsi.

3A - R(yenesast)
4. [TpoTekaroT nmapasuiebHbIe PEaKIIUN:
6A — 3S(nobounasiy)

OmnpenenuTs: CTENEHb IpeBpalieHns XA, CENEKTUBHOCTL SR, BBIXO/ poaykra Eg,
ecim Ha BBIXoje U3 peaktopa Ca=1 kmomns/m>, Cr=5 kMomnb/M3, Cs=2 KMOB/M,

Bapmuanr 8
1. Wcnone3ys npunnun Jle-lllarense, mpoananu3upyiiTe Bce BO3ZMOXKHBIE CIIO-
coOBI CMEIICHHUSI PAaBHOBECHUS PEAKIIUH BIPABO VIS TIOJYYCHHSI MaKCUMAJIBHOTO KOJIMYe-
CTBa IeNeBOro npoaykra (AH peaknuu pacCYUTHIBAETCS IO TAOIUYHBIM JaHHBIM):
CaHiow) <> CaHer + 2Ho(r
CsHs(r) <> CeHizir) + Ho()
2. Omnwmcarth XMMHYECKOE MPOM3BOJICTBO KaK XMMHKO-TEXHOJOTHYECKYIO CHCTE-
My, BUIbl TEXHOJIOTHUECKUX CBsi3el aneMeHToB X TC, UX Ha3HAUYEHUE U XapaKTEPUCTHKA.
3. Omnwucarb GU3NKO-XMMHUYECKHAE OCHOBBI aOCOPOIIMY CEpHOT0 aHTHAPHIA U3 Ta-
30BOI CMeCH B IIPOM3BOJICTBE CEPHOM KHCIOTHI. AnmapaTypHoe opopMIIEHHE TTpolecca.
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3A - R(yenesas)

6R — 3S(nobounas)

OnpenenuTthb: CTENEHb MpeBpalieHusi XA, CEIEKTHBHOCTh SR, BBIXO MPOAYKTa ER,
€CJIM Ha BIXojie U3 peaktopa Ca=3 kMoib/MS, Cr=10 kmoib/M3, Cs=3 kMomb/M°.

4. HpOTeKaIOT MMOCJICAOBATCIIbHBIC PCAKIIUU:

Bapuant 9

1. Ucnons3ysa npunuun Jle-lllarense, nmpoananusupyiiTe Bce BO3ZMOXKHbBIE CIIO-
cOOBl CMELIEHNs PAaBHOBECHS PEAKLMU BIPABO Ul NOJYYEHUs MaKCUMaJIbHOIO KOJUYe-
CTBa 11eJIeBOT0 MpoayKkTa (AH peakuuu paccunThIBaeTCs 1O TAOIUYHBIM JaHHBIM):

2C4Hs(ry <> CsHisex
CaHa(ry <> CoHom + Har

2. IlpuBectu kimaccu(UKALUIO XMMUKO-TEXHOJIOIMUYECKUX MTPOLECCOB, OCHOBHBIE
noka3zarenu X111, nux B3aumocBs3b. Cioco0s! noBeimeHus 3¢ pextuBHOCcTH X TTI.

3. Omnucarb XMMHYECKYIO U CTPYKTYPHYIO CXEMBbI IIPOM3BOJICTBA CEPHOM KHCIIO-
Thl HUTPO3HBIM CIIOCOOOM.

2A — R(yenesas)
4, [IpoTeKaroT napajjieabHbIe PEAKIUH:
A — 3S(nobounasy)

OnpenenuTs: CTeNeHb NpeBpamieHus Xa, CENeKTUBHOCTL Sr, BBIX0J NpoaykTa ER,
ecu Ha BBIXoje U3 peaktopa Ca=5 kmons/m>, Cr=10 xmons/m3, Cs=4 kmomns/m>.

Bapuant 10
1. HWcnons3ys npunnun Jle-Illarense, npoaHalusupyiTe Bce BO3MOXHBIE CIIO-
COOBI CMEILEHUS PABHOBECUS PEAKIMK BIIPABO IS MOJIyYEHUS MAKCUMAJIBHOIO KOJIHYE-
cTBa 1eseBoro npoaykTa (AH peakiun paccunThIBaeTCs 10 TaOIUYHBIM JaHHBIM):
CH20¢) + Har) <> CH30OH(y)
CeHia(r) <> CeHe (r) + 4Ho(r)
2. OmucaTh FOMOTEHHBIE XUMUUECKUE MIPOLIECCHI, BIUAHUE YCIOBHI IPOBEICHUS
U XHMHYECKUX MPU3HAKOB Ha CKOPOCTh MPEBPAIEHUS U AU(PEPEHIMATBLHYIO CETEKTHB-
HOCTh. [TyTH ¥ crI0COOBI HHTEHCH()UKALIUK TOMOTEHHBIX IIPOIIECCOB.
3. Omucarh COBPEMEHHOE COCTOSHHE M MEPCIEKTHBBI Pa3BUTHS a30THOM IMPO-
MBIIUIEHHOCTH. ChIphe 1JIs @30THOM MPOMBIIUIEHHOCTH. MeToab! (pUKcaluu a3oTa.

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

OnpenenuTs: CTeNeHb NpeBpalleHus Xa, CENeKTUBHOCTL Sr, BBIXOJ NPoaykTa ER,
ecm Ha BBIXoJe U3 peaktopa Ca=2 kmons/M>, Cr=7 kMonb/M>, Cs=4 KMOTB/M,

Bapuant 11
1. Ucnons3ys npunuun Jle-lllarense, nmpoananusupyiite Bce BO3ZMOXHbBIE CIIO-
coOBI CMEIIEHUs] PAaBHOBECHS PEaKLMU BIPABO Ul MOJYYEHUs MaKCHUMaJbHOIO KOJUYe-
CTBa 11eNeBoro npoaykra (AH peakuuu paccuuThIBaeTCS O TaOJIUYHBIM JaHHBIM):
2CO) + Oz(r) <> 2COx(r)
C2oHa(ry <> CoHom + Hogr
2. IlpencraBUTh M OMKMCATh TEXHOJIOTMYECKYIO CXEMY COBMEIIEHHOW KaTaluTH-
YeCcKO KOHBEPCHH METaHa U OKCHJIa YIIepo/ia Mo aTMOC(HEPHBIM JTaBIICHUEM.
3. OmnucaTb METOJbI OYMCTKH TEXHOJIOTHYECKUX ra3oB oT COx2.
2A — R(yenesas)

4. [TpoTekaroT mapasuiebHbIe PEaKIIHUN:
A — 4S(nobounas)
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OnpenenuTthb: CTETEHb MpeBpaleHust XA, CEIEKTHBHOCTh SR, BBIXOJ MPOAYKTa ER,
€CJIM Ha BBIX0J1e U3 peakTopa Ca=2 kMoib/M°, Cr=7 kmoib/M3, Cs=1 kmomb/m°.

BapuanTt 12

1. Ucnons3ysa npunuun Jle-lllarense, nmpoananusupyiiTe Bce BO3MOXKHbBIE CIIO-
cOOBI CMEIICHHsI PaBHOBECHS peaKlMy BIIPABO Ui MOJYYE€HUS MAaKCHMaJbHOTO KOJIMYe-
CTBa 11eJIeBOT0 NMpoaykTa (AH peakunu paccunThIBaeTCs 1O TAOIUYHBIM JaHHBIM):

CuSa + Ozr) <> Cu@) + SO
CaHe(r) <> C2Hary + Har

2. UV310%UTh TEOPETHUECKHE OCHOBBI CHHTE3a aMMHaKa, 000CHOBATh ONTUMAJIb-
HbIE YCJIOBHS IpoLecca U HEOOXOIUMOCTh MPOBEACHUS CHUHTE3a aMMHUAaKa M0 LUKINYe-
CKOH CXeMme.

3. OmnucaTh METOJbI OYHCTKHA TEXHOJIOTUYECKUX Ta30B OT CEPHHUCTBIX COCIAHMHE-
HUM.

2A — R(yenesas)
4. [TpoTekaroT mocie0BaTeIbHbBIC PEAKIHH:
R — 4S(nobounas)

OnpenenuTth: CTEICHb MpeBpaIeHus] XA, CEIEKTHBHOCTh SR, BBIXO MPOAYKTa ER,
€CJIM Ha BBIX0jie U3 peakTopa Ca=1 kMoib/M°, Cr=7 kMoib/M3, Cs=4 kMoib/MP.

BapuanTt 13
1. Ucnons3ya npunuun Jle-lllarense, nmpoananusupyiiTe Bce BO3MOXKHbBIE CIIO-
cOOBl CMELIEHHs] PAaBHOBECHS PEAaKLUU BIPABO Ul HNOJIYYEHUS MaKCHUMAaJbHOIO KOJUYe-
CTBa 11eJIeBOTO NMpoAyKTa (AH peakunn paccunThIBaeTCs 10 TAOIUYHBIM JaHHBIM):
N2y + 3H2) <> 2NH3z
CsHer) <> CeHizr) + Ho(r)
2. Onucars (U3MKO-XMMHUYECKHE OCHOBBI M ammaparypHoe o(opMieHue Ipo-
1ecca OYMCTKH 00’KUTOBOIrO ra3a OT KOHTaKTHBIX SI/I0B.
3. IlpencraBuTh M oOmMcaTh TEXHOJOIMUECKYIO CXEMY CHHTE3a aMMHaka IpHU
CPEIHEM JIaBJICHUH.
2,5A — R(yenesas)

7,5A — 4S(nobounas)

OnpenenuTs: CTeNeHb NpeBpalleHus Xa, CENEeKTUBHOCTL Sr, BBIXOJ NPoayKTa ER,
ecm Ha BBIXoje U3 peaktopa Ca=1 kmons/m>, Cr=6 kMomnb/M3, Cs=2 KMOJIB/M,

4. IIpoTekaroT napaiesbHble peakuu:

Bapuanr 14

1. HUcnonw3ys mpunuun Jle-Illarense, npoaHamu3upyiiTe Bce BO3MOXHBIE CIO-
COOBI CMEIIICHUS] PABHOBECHUS PEAKIMH BIIPABO JJIsI TIOTYYEHHUsS] MAKCHMAIBHOTO KOJIHYE-
cTBa LeneBoro npoaykTa (AH peakiuu paccUuThIBaETCs 10 TAOIUYHBIM JaHHBIM):

4C2Haw) <> CsHior) + C3He ()
CeHia(r) <> CsHs () + 4Hor

2. OmucaTh TEXHOJIOTHYECKYI0 CXeMy W OOOpYIOBaHHE OYMCTHOTO OT/ACIICHHUS
COBPEMEHHOTO POU3BOICTBA KOHTAKTHOM CEPHON KHCIIOTHI M3 KOJYE/IaHa.

3. M3noxuTh BIUSHUE Pa3IHYHBIX (PAKTOPOB HA MPOLECC OKUCICHUS aMMHAaKa B
ITPOU3BOJICTBE a30THON KHUCIIOTBHI.

2,5A — R(yenesas)

7,5R — 4S(nobounas)

OnpenenuTs: CTeNeHb NpeBpalieHus Xa, CENEeKTUBHOCT Sr, BBIX0J MpoaykTa ER,
ecm Ha BBIXoJe U3 peaktopa Ca=3 kmons/M°, Cr=7 kMonb/M>, Cs=4 KMOTB/M°,

4. HpOTeKaIOT MMOCJICAOBATCIILHBIC PCAKIIUU:
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Bapuanr 15

1. HWcnonb3ys npunnun Jle-Illarense, mpoaHaaIu3upylTe BCE BO3MOXKHBIE CITO-
COOBI CMEIICHHSI PABHOBECHS PEaKIIMU BIIPABO IS MOJYYCHUS MAaKCHUMAaJIbHOTO KOJMYe-
CTBa 11eNIeBOro npoaykra (AH peakuuu paccuuThIBae€TCS O TAOIUYHBIM JaHHBIM):

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

2. OxapakTepu30BaTh KaTaJIU3aTOPhl, MPHUMEHSIEMBIE B IMPOHW3BOJICTBE CEPHOM
KHCIIOTHI KOHTAKTHBIM METOOM.

3. H3noxuth PU3NKO-XUMUYECKHE OCHOBBI MpoIiecca adbCopOmuu JUOKCHIA a30-
Ta BOJIOHM B MPOM3BOJACTBE Pa30aBICHHOIN a30THOI KUCIIOTHI.

7A — R(yenesas)

A — 3S(nobounas)

OnpenenuTthb: CTENECHb MpeBpalieHusi XA, CEIEKTHBHOCTh SR, BBIXO MPOAYKTa ER,
€CJIM Ha BBIX0Jie U3 peakTopa Ca=2 kMoib/M°, Cr=6 kM0i1b/M3, Cs=2 KMOIB/M°.

4. [IpoTekaroT nmapasmienbHbIe peaKkIuu:

Bapuanrt 16

1. Hcnone3zys npunuun Jle-Illatense, npoaHaiusupyiTe BCE BO3MOKHBIE
CIOCOOBI CMEILIEHHs] PABHOBECHUS PEAKLIUU BIPABO /Il MOIYYEHUS MAKCUMAaJIbHOI'O KOJIHU-
yecTBa LeneBoro npoaykra (AH peakiuu paccuuThiBaeTCs 110 TaOJIMYHBIM IaHHBIM):

CsHe(r) <> CeHizr) + Ho
4C2Haw) <> CsHior) + C3He ()

2. Onucarb (PU3MKO-XMMHUYECKUE OCHOBBI HMTPO3HOTO Ipoliecca IOJIy4yeHHUs
CEpPHOM KHUCIIOTBHI.

3. M310oxuTh TEOpETUYECKHE OCHOBBI pa3eieHMs JKUAKOIO BO3AyXa Ha a30T U
KHCIIOPOJT METOJIOM PEKTU(DHUKAIIHH.

7A — R(yenesas)
4, [IpoTeKaroT Mocaea0BaTENbHEIE PEAKIIH:
R — 3S(no6ounas)

OnpenenuTh: CTENeHb IPeBpaNIeHns Xa, CENeKTUBHOCTD SR, BBIXOJ IPOIyKTa ER,
ecm Ha BBIXoJe U3 peaktopa Ca=3 kmois/m>, Cr=8 kMomnb/M3, Cs=5 KMOIB/M,

Bapuanr 17
1. Hcnone3zys npunuun Jle-Illatense, npoanaiusupynTe BCE BO3MOKHBIE
CIOCOOBI CMEIIIEHUSI PaBHOBECHSI pEAaKIIMK BIPABO JJIS [TOJIYYE€HUSI MAaKCUMAJIbHOTO KOJIU-
gecTBa 1eneBoro npoaykra (AH peakiumn paccuuThIBaeTcs 0 TaOJIMYHBIM IaHHBIM):
CoHer) <> CoHagry + Ho
Naw) + 3Hae) <> 2NHs(
2. Ommucarb 000OpymOBaHHE OAIICHHBIX CHCTEM TPOM3BOJCTBA CEPHON KHCIOTHI
HUTPO3HBIM METOOM.
3. TIpoBecTH XapaKTEpPHUCTUKY CHIPBS ISl a30THON MPOMBIIIIEHHOCTH.
4A — 2R(yenesas)

5A — 3S(nobounas)

OmnpenenuThb: cTENeHb MpeBpaeHust XA, CEICKTHBHOCTh SR, BEIXOJ MPpoayKTa ER,
eci Ha BeIXoJ1e 13 peaktopa Ca=3 kmonbs/M®, Cr=9 kmomb/M3, Cs=2 kMonb/M>,

4. [IporekaroT napaesbHble peaKuu:

Bapuanr 18
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1. Hcnone3zys npunuun Jle-Illatense, npoananiusupyinTe BCE BO3MOKHBIC
CIOCOOBI CMEILEHHs] PABHOBECHUS PEAKLIUU BIPABO Il MOIY4YEHUS MAaKCUMAaJIbHOI'O KOJIHU-
yecTBa LeneBoro npoaykra (AH peakiuu paccuuThIBaeTCs 110 TaOJIMYHBIM 1aHHBIM):

CaHe(r) <> C2Har) + Ha(r
CuS) + Ozr) <> Cugr) + SOz

2. Omnucarp 3HaueHHWe M OO0JACTh NPUMEHEHUS IPOMBILIUIEHHOIO KaTalu3a.
Cy1mHOCTb U BUJIbI KaTaIu3a.

3. Omnucarb TEXHOJIOTHIO MOJIyYE€HHUS a30TOBOAOPOAHOM CMECH METOJOM Mapo-
BO3YLIHOW KOHBEPCUHU METaHa.

4A — 2R(yenesas)

5R — 3S(nobounas)

OnpenenuTh: CTENeHb IpeBpalIeHns Xa, CelIeKTUBHOCTD SR, BBIXOJ IPOIyKTa ER,
ecu Ha BhIXoje u3 peaktopa Ca=1 kmons/m>, Cr=5 xmonbs/m3, Cs=4 kmoms/m>,

4, HpOTeKaIOT IMOCJICA0OBATCIIbHBIC PEAKIIUU:

Bapuanr 19

1. HUcnons3ys npunnun Jle-lllarense, nmpoananu3upyiiTe Bce BO3ZMOXHbBIE CIIO-
COOBI CMEIICHHSI PABHOBECHS PEaKIIMU BIIPABO IS MTOJYICHUS MAaKCHUMAaJIbHOTO KOJIMYe-
CTBa 11eNIeBOro npoaykra (AH peakuuu paccyuTHIBAETCS MO TAOIUYHBIM JAaHHBIM):

CoHary <> CoHary + Ha
CH20) + Har) <= CH30H(p)

2. Omnwmcarh METOJBI TPOU3BOJICTBA BOJOPO/Ia KOHBEPCHEH YIIIEBOJOPOIHBIX Ta-
30B. [IpuBecTy CpaBHUTENBHBIN aHATH3 ITUX METOOB.

3. Omnwucarh METOBI OYUCTKH a30TOBOJAOPOTHON CMECH OT JMOKCHJA yIIIepoia U
CEepOBOIOPOAA.

3A —> 15R(yenesasn)

A — 3S(nobounas)

OnpenenuThb: cTENeHb MpeBpaeHust XA, CEIEKTHBHOCTh SR, BEIXO MpoayKTa ERr,
eci Ha BbIXofe U3 peakTopa Ca=5 kmonb/M3, Cr=12 xmomnb/M3, Cs=3 kmomb/m®.

4. [IpoTekaroT nmapasmienbHbIe peaKkIuu:

Bapuanr 20

1. Ucnons3ys npunuun Jle-lllarense, nmpoananusupyiite Bce BO3MOXHBIE CIIO-
cOOBI CMEIIEHNs] PABHOBECHS PEAaKLMU BIPABO Ul MOJYYEHUS MaKCHUMAaJIbHOIO KOJUYe-
CTBa 11eNeBOro npoaykra (AH peakuuu paccuuThIBaeTCS O TaOJIMYHBIM JaHHBIM):

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

2. Omucarb NPOU3BOACTBO BOJOpOJa (a30TOBOAOPOAHOI CMecH) pasielieHueM
KOKCOBOTI'O Tasa.

3. Ommucatp mporecc nepepadoTKi HUTPO3HBIX Ta30B B pa30aBICHHYIO a30THYIO
KHUCIIOTY.

3A — 15R(yenesas)
R — 3S(nobounas)

OmnpenenuTs: cTeneHb nMpeBpanieHust Xa, CENeKTUBHOCTh SR, BBIXOJ MPOAYKTa ER,
eciu Ha BEIXofe U3 peakTopa Ca=3 kmonb/M3, Cr=12 xmomnb/M3, Cs=4 kmomb/me,

4. HpOTeKaIOT MMOCJICAOBATCIILHBIC PCAKIIUHN:

Bapmuanr 21
1. Ucnons3ys npunuun Jle-lllarense, nmpoananusupyiite Bce BO3ZMOXHbBIE CIIO-
COOBI CMEIIeHHsI PAaBHOBECHS PEAaKLMU BIPABO Ul MOJYYEHUs MaKCHUMAaJIbHOIO KOJUYe-
CTBa 1eNIeBOro npoaykra (AH peakuuu paccyuThIBaeTCS MO TAOJUYHBIM JaHHBIM):
2C4Hg(r) <= CsHisex)
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2CO) + Oz(r) <> 2COx(r)
2. UW3moxxuTh 0COOCHHOCTH CEPHOKHUCIIOTHOTO pasznokeHus (ocdopuroB Kapa-
Tay. M1300pa3uTh TEXHOJIOTUYECKYIO CXEMY MPOM3BOACTBA U3 HUX IKCTPAKIIMOHHOU (hoc-
(hOpHOI KUCIIOTHI.
3. Oxapakrepu30BaTh BHJIBI CEPOCOAEPIKAIIETO CBHIPhS ISl MPOU3BOJCTBA Cep-
HOM KucnoThl. [lomyueHue cepbl U3 pyl, OYHCTKA cepbl. [I[puBeCTH cxemy yCTaHOBKH JIJIst
KOMIUICKCHOM TTepepabOTKH CEPHBIX PY/I.

2A — R(yenesas)
4, [IpoTeKkaroT napajieabHbIe PEAKIMH:
5A — 3S(nobounas)

OnpenenuTh: CTENeHb IpeBpalIeHns Xa, CETeKTUBHOCTD SR, BBIXOJ IPOIyKTa ER,
ecu Ha BhIXoje U3 peaktopa Ca=3 kmons/m>, Cr=7 kMonb/M3, Cs=2 KMOJIB/M,

Pexomennyemas nuteparypa.

1.beckoB B.C., Cadponos B.C. Obmiasi xumuueckasi TEXHOJIOTUS U OCHOBBI IPO-
MBIIIJICHHON 3KOJIOTUHU: Y4eOHUK /uig By30B. — M.: Xumus, 1999. 472 c.: uin.

2.00m1ast XUMUYeCcKasi TEXHOJIOTHS: YUeOHHK JIJIsi XUMHKO-TeXH. By30B/Ilox pen.
W.IT. MyxneHosa. — 4-e u3z., nepepad. u ngon. — M: Beicmr. mik., 1984. — 256 c.: ui.

3.Kpatkwuii cnpaBodHUK (U3MKO-XUMHUYECKUX BenwuuH. W3nmanume nessitoe/ Iloxg
pen. A.A. Pasaens u A.M.Ilonomapesoii. — CII6.: Cnenuansnas Jlureparypa, 1998. —
232 c.: ui.

Kpumepuu ouyenku konmponwvhoit pabomol:
Y4eOHBIM MJIaHOM I 3a09HON (hOPMBI 00YUYEeHHsI TPEAYCMOTPEHA OJHA KOHTPOJIbHAs
pabota. MakcuMabHOE KOJIMYECTBO OAJIJIOB 32 IPABUIIBHO BBHITIOJHEHHYIO KOHTPOJIBHYIO
paboty — 35 GannoB, MUHUMAaIbHOE KOJIHUECTBO OamnoB — 20 6amios.
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MunucrepcTBo 0oOpa3oBanus 1 Hayku Poccuiickoit @enepanun
HwxHekaMCKHii XUMHUKO-TEXHOJIOTHYECKUN MHCTUTYT (dunuan) GenepaibHOTO
rOCy/IapCTBEHHOT'O OIO/PKETHOTO 00pa30BaTEIHHOTO YUPEIKICHUS
BbICILIEr0 00pa30oBaHUs
«Ka3zaHCKui HallMOHAJIBHBIN UCCIIEIOBATEIILCKUI TEXHOJIOTMYECKUN YHUBEPCUTET
MeXaHU4YeCKu (hakynbTeT
Kadenpa OXBT
KommiekT BOnpocoB /15 3a4eTa
10 AUCLUIUINHE
B1.0.28 «O01as xumudeckas TEXHOJIOTH

4/5/6 cemecTpbl
1 Xummueckas Texsonorus. OCHOBHbIE CTaIUH XMMHUKO-TEXHOJIOTHYECKOTO MPOLIECCa.
2.0OCHOBHBIE TEXHUKO-I)KOHOMUYECKHE MTOKA3aTENN XUMUKO-TEXHOJIOTMUECKHX TPOLIECCOB.
3. Knaccudukanys XUMHUECKUX PEaKLUH 10 MEXaHU3MY, MOJICKYJIIPHOCTH U MOPSAKY.
4 Knaccupukanus XMMUYECKUX PEaKUi M0 30HaM MPOTEKaHHs U TeIioBoMy 3 dekry.
5.I1oHsATHE O KOHBEPCHUHU, CEIEKTUBHOCTH U BBIXOJI€ TOBAPHON MPOAYKIUH.
6. MarepuanbHBIA ¥ SJHEPTETHUSCKUN OaIaHCHI.
7. CKOpOCTh XUMHUYECKHUX peaKIUi. 3aBUCUMOCTh CKOPOCTH PEaKLMi OT KOHIIEHTPALUX PEeareHTOoB.
Kunernueckoe ypaBHeHHE.
8.3aBHCHMOCTbh KOHCTaHThI PABHOBECHS] XMMHUYECKUX PEaKLIUi OT TeMIepaTypbl. DJHEpIrusa aKkTHBa-
LM
9.PaBHOBecHE XUMUUYECKUX peakUuid. 3aKOH JEHCTBYIOIINX Macc.
10.KoHncTanTa paBHOBecus 1 sHeprus [ nboca.
11.Crroco0pI cMeTeHNs] XUMHUYECKOTO PABHOBECHSL.
12.ITonatue o Katanuse.
13.0cHOBHBIE MEXaHU3MBI KaTalln3a.
14. TexHOJIOTMUECKHE XapaKTEPUCTUKU TBEPAOIO KaTajlM3aTopa: aKTMBHOCTh, TEMIIEPATypa 3axH-
TaHMA, CEJIEKTUBHOCTbD.
15.TexHonornueckne XapakTepPUCTUKH TBEPIOrO KaTalu3aTopa: CTPYKTypa, HPOMOTHPOBaHHE U
OTpaBJICHUE KaTaau3aTopa.
16.Craguu B3auMOACHUCTBHS I'a3000pa3HBIX PEAreHTOB Ha MOBEPXHOCTH TBEP/BIX KATAIN3aTOPOB.
17. Xummndaeckune peakropsl. Knaccuduxanms.
18.Mogens peakTopa uneanbHoro BeitecHenus (PYB-n).
19.Mogpens peaktopa uaeaabHoro cmemenus (PUC-n).
20.CoIpbeBast 6a3a XUMHUUECKOH MPOMBIIILIIEHHOCTH.
21.2HepreTrueckas 6a3za XUMUYECKOW MPOMBIIIUIEHHOCTH.
22.XuMu4ecKasi TEXHOJIOTHS U OUYKCTKA IPOMBIIIJIEHHBIX BEIOPOCOB.
23 . Knaccudukaius mpoMBIIIICHHBIX 3arps3HEHU OHocdepsl.
24 MeTozapl OYUCTKH OTPaOOTAaHHOTO BO3AyXa M XMM3arpsi3HEHHOM BOJBI.
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