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Ilepeuens kKomnemeHnyuil ¢ yKkazanuem yposHeil ux hopmuposanus

Huoexc Cooeporcanue Dmanvt hopmuposanun Komnemenyuu
Komnemenyuu KomnemeHyuu (vkazamws ece memol uz PI1/])
Jexkyuu Ilpakmuueckue | Jlabopamopnwie | Kypcoeoit npo- Haumenoeanue oue-
3anamus, nabopa- 3aHAMUSA exm (paboma) HOYHO020 cpedcmea
MmOpHbLI RPAKMU-
Kym

OK 01. Beioupate  ciocoObr  pemtenus | Tema 1.1, | He  npedycmom- | Tema 1.1, Tema | He npedycmom- | Jlabopamopnoie pa-
3aza4 npodecCHOHANBHON | Tema 2.1, | pennt 2.1, Tema 3.2, peHbl oomut 1-11, mecmupo-
ACATCIBbHOCTU NMPUMCHHUTEIIBHO K TeM“ 32’ TeMﬂ 35, TeMﬂ eanue, 3allém
Pa3IMYHbIM KOHTCKCTaM

Tema 3.5, 4.2, Tema 5.1,
Tema 4.2, Tema 5.3, Tema
Tema 5.1, 5.4, Tema 6.1,
Tema 5.3, Tema 6.2.

Tema 5.4,

Tema 6.1,

Tema 6.2.

OK 02. OcyumiectBiath nouck, anamus u | Tema 1.1, | He npedycmom- | Tema 1.1, | He npeoycmom- | Jlabopamopuwvie  pa-
MHTEPIPCTAMI0  HHPOPMALWMH, | Teora 1.2, | pensl Tema 1.2, PeHbl oomur 1-11, mecmupo-
HEOOXOMUMOM IUI BBIITOJTHEHUS Tema 3.2 Tema 392 sanue, 3auém
3a1aq podeCcCHOHATEHOM ' '

ACATCIIBHOCTHN

Tema 3.3, Tema 3.3,
Tema 3.5, Tema 3.5,
Tema 4.1, Tema 4.1,
Tema 5.1, Tema 5.1,
Tema 5.2, Tema 5.2,
Tema 5.4, Tema 5.4,
Tema 5.5, Tema 5.5,
Tema 6.2, Tema 6.2,
Tema 6.3 Tema 6.3




OK 03. [T1aHupOBaTh M PEATH30BLIBATH Tema 1.2,| He npedycmom- | Tema 1.2, He Jlabopamopnwvie  pa-
COOCTBEHHOE NIPOMECCUOHATIBHOE U | Toma 2. 1, | penvi Tema 2.1, | npedycmompenst | 6omur 1-11, mecmupo-
VINYHOCTHOC pa3BI/ITI/IC TeMtl 33, Te.Mtl 33’ 6aHue, 3aqé'm
Tema 3.4, Tema 3.4,
Tema 4.1, Tema 4.1,
Tema 4.2, Tema 4.2,
Tema 5.2, Tema 5.2,
Tema 5.3, Tema 5.3,
Tema 5.5, Tema 5.5,
Tema 6.1, Tema 6.1,
Tema 6.2, Tema 6.2,
Tema 6.3 Tema 6.3
OK 07. ComeiicTBOBAaTh COXPAHEHHIO Tema 1.1, | He npedycmom- | Tema 1.1, He Jlabopamopnuwvie  pa-
OKPYX alOIIeH CPe/Ibl, Tema 3.2, | penvt Tema 3.2, | npedycmompenwt | 6omur 1-11, mecmupo-
pegypcoc6epe>1<eHmo, 3(b£beKTHBHo Tema 3.5, Tema 3.5, eanue, 3auém
i[;l;l;’;z;]z;lfb B YPE3BbIYaUHBIX Te_}ua 5 1’ Te_;ua 5 1,
Tema 5.4, Tema 5.4,
Tema 6.2 Tema 6.2
OK 09. IM3roTaBIMBaTh U UCIBITHIBATE Tema 1.2,| He npedycmom- | Tema 1.2, He Jlabopamopuwvie  pa-
OIBITHBIC 0OPA3LIBI IIPOXYKIHH Tema 3.3, |penv Tema 3.3, | npedycmompenvt | 6omer 1-11, mecmupo-
Tema 4.1, Tema 4.1, eéanue, 3auém
Tema 5.2, Tema 5.2,
Tema 5.5, Tema 5.5,
Tema 6.3 Tema 6.3
IIK 1.1. [TpoexTupoBath, usrorasmsatb U | Tema 2.1, | He npedycmom- | Tema 2.1, He Jlabopamopuwvie pa-
0OpabaThIBaTh OCHACTKY Tema 3.4, | penv Tema 3.4, | npedycmompenst | 6omur 1-11, mecmupo-
Tema 4.2, Tema 4.2, eanue, 3auém
Tema 5.3, Tema 5.3,
Tema 6.1 Tema 6.1
IK 1.2. OcCyIecTBIATh, HACTPOUKY U Tema 1.1, | He npedycmom- | Tema 1.1, He Jlabopamopnusie  pa-
PKCILIyaTalluio TEXHOJIOTHYECKOTO | Tepg 3.2, | penst Tema 3.2, | npedycmompenut

000pyIOBaHMS U OCHACTKU




Tema 3.5, Tema 3.5, oomuot 1-11, mecmupo-
Tema 5.1, Tema 5.1, sanue, 3auém
Tema 5.4, Tema 5.4,
Tema 6.2 Tema 6.2
K 2.4. CobGmonats orpacnesbie HopMbl U | Tema 1.2, | He  npedycmom- | Tema 1.2, He Jlabopamopuvie  pa-
TpeGOBaHKs 9KOIOTHYECKON Tema 3.3, | penvt Tema 3.3, | npedycmompenswt | 6omur 1-11, mecmupo-
om0 14 TS| Feg 41 Fews 41
Tema 5.2, Tema 5.2,
Tema 5.5, Tema 5.5,
Tema 6.3 Tema 6.3
IIK 3.3. Oprann3oBBIBaTh oc3omacusie | Tema 1.2, |He npedycmom- (Tema 1.2, He npedycmompenuvt/labopamopnuie pa-
YCIIOBHS MPOILIECCOB u |Tema 3.3, |penot Tema 3.3, oomut 1-11, mecmupo-
MPOU3BOJICTBA Tema 4.1, Tema 4.1, saHue, 3auém
Tema 5.2, Tema 5.2,
Tema 5.5, Tema 5.5,
Tema 6.3 Tema 6.3




Ilepeuens oyenounvix cpeocme no oucyuniune (Mo0yo)

Ouenounvie cpeocmea | Kon-6o Min, 6annose Max, 6annos
(6a3zoewtii ypo- (noswvluiennwlil ypo-
6€Hb) 6€Hb)
Jlabopamopnas paboma 17 36 60
Tecmupoeanue 1 24 40
3auém 1 - -
Hmoczo: 60 100




IlIkana ouenueanusn

Mudposoe
BbIpa)KeHHe

BripakeHue B
O0asnax:

CioBecHoe
BbIpaKeHHe

KpHTepHH OLHCHKH MHIAUKATOPOB NOCTUKCHUSI IIPHU (])opMe KOHTPOJIA:

JK3aMeH / 3a4eT ¢ OLleHKOM

3auyerT

5

87 -100

OTan4ao
(3auTeno)

OleHKa «OTJIMYHOY» BBICTABIISICTCSI CTYICHTY, €CITH TEOPETUUECKOE COIepKa-
HUE Kypca OCBOCHO TMOJHOCTHIO, 0€3 Mpo0eIoB; HCUepIBIBAIOIIE, TOCIEI0-
BaTEIbHO, YETKO M JIOTUYECKH CTPOMHO H3JIaraeT MaTepHay, CBOOOIHO
CIIpaBJISIeTCS C 3a]]a4aMH, BOIIPOCAMHM M IPYTUMHU BHIAMU TPUMEHEHUS 3HA-
HUUW; UCTIOIB3YET B OTBETE JOMOIHUTEIHHEIN MaTeprall BCe MPEIyCMOTPEH-
HBIE IPOTPaAaMMOM 3aJJaHUS BHITIOTHEHBI, KAYECTBO MX BBITTOIIHEHHUS OI[CHEHO
quciIoM 0ayIoB, OJIM3KUM K MAKCUMAIBHOMY; aHAJIM3HPYET MOTydeHHEIE pe-
3YJIBTATHI; MPOSBIISICT CAMOCTOSITETLHOCTH IPY BBHITOJHEHUH 3aIaHUIN

74 - 86

Xopouio
(3auTeno)

OreHKa «XOpPOIIO» BBICTABIISETCSA CTY/IEHTY, €CJIH TEOPETHUECKOE COepiKa-
HH€ Kypca OCBOEHO MOJTHOCTHIO, HE0OXOANMBIE TPAKTHYECKUE KOMIIETEHIINN
B OCHOBHOM C()OPMHUPOBAHBI, BCE MTPEAYCMOTPEHHBIE TPOrpaMMoi 00yUeHHUs
yueOHbI€ 3a/1aHUs BBIIOIHEHbI, KAYECTBO MX BBIIOJIHEHUS JOCTATOYHO BbI-
cokoe. CTyIeHT TBEp10 3HaeT MaTepuall, FpaMOTHO U IO CYLIECTBY U3JIaraeT
€ro, He IOIYCKas CyIECTBEHHBIX HETOYHOCTEN B OTBETE HA BOIIPOC.

60 - 73

Y nosnerBopu-
TENBHO
(3auTeHo)

OrneHKa «yZOBJIETBOPUTENHHO» BBICTABISIETCS CTYNEHTY, €CIIH TEOpeTHde-
CKOE co/iepKaHre Kypca OCBOEHO YaCTHYHO, HO MPOOENbl HE HOCST CyIIe-
CTBEHHOTO XapakTepa, OOJIBIIMHCTBO MPETyCMOTPEHHBIX MPOTPAMMON 3a]1a-
HUY BBIITOJTHEHO, HO B HUX UMEIOTCS OIIMOKH, IPU OTBETE Ha ITOCTAaBIICHHBII
BONPOC CTYJEHT AOMyCKAaeT HETOYHOCTH, HEIOCTATOYHO MPaBHIBHBIE GOp-
MYJIHUPOBKH, HAOIIOJAIOTCS HAPYIIEHHUS JIOTHYECKON TIOCIIeIOBATETHbHOCTH B
W3II0KEHHUH IPOTPaMMHOTO MaTepHaa.

OrneHka «3a4TEHO» BBICTABISIETCS CTY-
JIEHTY, €CIIK OTBETHI Ha BOIIPOCHI 10 TEMaM
JACITATIIMHBI TTOCIICAOBATENbHEI, JIOTHYE-
CKH W3JIOKEHBI, JOITYCKAIOTCS HE3HAYH-
TEJIbHBIE HEIOUETHI B OTBETE CTYEHTA, Ta-
KM€ KaK OTCYTCTBHE CaMOCTOSITEIBHOTO
BBIBOJIA, PEUEBbIE OMMNOKH H TP

Huxe 60

Heynosnerso-
PHUTENBHO
(He 3a4TeHO)

OneHka «HEYIOBIIETBOPUTENBHO» BBICTABIISETCA CTYAEHTY, €CIM OH HE
3HAeT 3HAYMTENIBFHOM YacTH MPOrpaMMHOIO Marepuaa, JOIYCKaeT Cylie-
CTBEHHBIE OIUIMOKH, HEYBEPEHHO, C OOJIBIIMMU 3aTPYAHEHUSIMHU BBIIOTHSCT
MIPAKTUYECKUE PadOThl, HEOOXOAWMBIE IMPAKTUYECKUE KOMIICTCHIMH HE
chopMupOBaHbl, OONBLUIMHCTBO MPELyCMOTPEHHBIX MPOrpaMMON 00ydeHuUs
y4eOHBIX 3aJJaHUil HE BBIIIOIHEHO, KAYECTBO UX BBIIIOJIHEHHS OLEHEHO YHC-
J0M OaJisIoB, ONM3KMM K MUHUMAaJIBHOMY

O1eHKa «HE 3a4TEHOY» BBICTABIIACTCS CTy-
JACHTY, €CJIM CTYACHT HE 3HAC€T OCHOBHBIX
IIOHATHUH TEMBI JUCHUIIIIMHBI, HC OTBCYACT
Ha JJOIIOJTHHUTCIIBHBIC M HaBOAAINIHC BO-
IIPOCHI MMpenoaaBaTECIId.




IlpuMepHbIii IepeYeHb OLICHOYHBIX CPEACTB

Non/mt

HaumenoBaunue
OILIEHOYHOT'O
CTBa

Kpatkass xapakTepucTtuka OILIEHOY-

Cpea-|HOro cpencTBa

IIpencrasnenue
OLICHOYHOT'O
CpelcTBa B
dbonme

2

3

4

JlaboparopHast pa-|3To BUA y4eOHOU pabOTHI, IIEIBIO KO-

oora

TOPOI SABJSETCS M3ydeHHe (MCCIen0-
BaHUE, W3MEPEHUE) XapaKTEPUCTHK
1a60paTOpHOTO OOBEKTA.

[enp nabopaToOpHBIX 3aHATUH: OCBO-
eHUEe Hu3y4yaeMoWl Yy4yeOHOW AHCIIH-
IUIMHBI, TPUOOPETEHHE  HABBHIKOB
NPaKTHYECKOTO MPUMEHEHUS 3HAHUH
yueOHON NUCHMIUTUHBI (IUCHIHUTILINH)
C WCIOJIb30BAaHUEM TEXHHUYECKUX
cpencts U (wim) o00pya0BaHUS

Tewms1 1abopa-
TOPHBIX padoT,
KOHTPOJIbHBIE
BOTIPOCHI TIO
Teme Jiabopa-
TOPHOM padOTHI,
BOTIPOCHI K KOJI-
JOKBHYMY

CobecenoBanue

CpenicTBO KOHTPOJISI, OPraHU30BaHHOE
KaK creruagbHasi 0ecena mpenojaaBa-
TeNsl ¢ O0y4YaroIMUMCsT Ha TEMbl, CBSI-
3aHHBIE C U3YYAEMOU TUCIUTUIMHON, U
paccyrTaHHOE Ha BBISICHEHHE 00beMa
3HaHUM OOydYaromierocsi Mo omnpeje-
JICHHOMY pazfieny, TemMe, mpobiemMe u
T.11.

Bomnpocsl o
TeMam/pasziesiaM
JUCITUTUTHHBI

Tect

Cucrema CTaHIapTH3UPOBAHHBIX 3a-
JaHWH, TTO3BOJISIONIAs aBTOMAaTH3HPO-
BaTh MPOIEAYPY U3MEPEHUS YPOBHS
3HAHUN U YMEHUN 00y4YaroIIerocs.

doHg TecTOBRIX
3alaHuN




MuHHCTEPCTBO HAayKU U BhIcHIero oOpasoBanus Poccuiickoit @enepannn
HmxHeKkaMCKH XUMHKO-TEXHOJIOTHUSCKUN HHCTUTYT ((pumuai)
(benepaabHOro TOCYAaPCTBEHHOTO OIOPKETHOTO 00pa30BaTEILHOTO YUPEK ICHHS
BBICIIIETO 00pa30BaHUs
«Ka3zaHCKuii HAlITMOHAIBHBIN UCCIEN0BATEIbCKUNA TEXHOJIOTUYECKUI YHUBEPCUTET

Iloocomosumenvnulil paxyromem
Kadenpa: nedprexumuyeckoro cuaresa

Y4eOHBIM MJIaHOM 1O HampasiieHH0 noAroToBku 18.02.07 «TexHonorust npou3BoACTBA U Ie-
pepaboOTKH MIIACTHYECKUX MACC M 3J1aCTOMEPOBY I 00yJaromuXcs MPeyCMOTPEHO IPOBEICHHE J1a-
O0paTOPHBIX 3aHATUH 10 TUCHHUIUTMHE XUMUYECKAE PEAKTOPHI.

JlaGopaTopHble 3aHATUS IO TUCUUILUIMHE IPOBOASTCA B CHELMAIbHO 000PYAOBAHHBIX Jabopa-
TOPHUSX C MPUMEHEHUEM HEOOXOIUMBIX CPEACTB 00yUeHHUs: JIabopaTOpHOTO 000pyA0BaHus, 00pa3oB
JUI MCCIIEI0BaHUM, MeTOuuecKuX rnocooui. Llens npoBeneHus 1ab0paTopHbIX padoT - MPAKTUYECKOE
OCBOEHHE TEOPETHUYECKUX IOJOXKEHUH JIEKIIMOHHOTO MaTrepHalia, a TakKe BbIpadOTKa CTyAEeHTaMU
OTIpE/IeNIEHHBIX YMEHHUI U HABBIKOB CAMOCTOSITEIIEHOTO SKCIIEPUMEHTHPOBAHUSL.

JIABOPATOPHAS PABOTA Nel
«PacyueT 0OCHOBHBIX TEXHOJOTUYECKUX NTApaMeTPOB BesleHus npoiecca. Yacts 1»

L{ens paboTsr

[Tpumensis nporpamMMusiii komiuteke MS EXxcel, HayduThcst pacCUnuTBHIBaTH KOHBEPCHIO TIPO-
IYKTa.

Kparkas teopus

CreneHb KOHBEPCUHU — JOJISI POPEArupOBaBIIETO UCXOJHOTO peareHTa OTHOCUTEIBLHO
€ro Ha4aJIbHOT'O KOJIMYECTBA:
my,—m, Ryo—Ny FA,O _FA
XA — — pocd
F
m,, 1y A0

1)
rae:  Mao, NAo— KOJIMYECTBO BelIECTBA A B Hayaje Mpouecca, Kr, KMOJb, COOTBET-
CTBEHHO;

Ma, NA — KOJIMYECTBO BELIECTBA A B KOHLIE ITpOLiecca, KI', KMOJIb, COOTBETCTBEHHO;

Fao, FA — MolibHas cKOpOCTh (MMOTOK) KOMIIOHEHTAa A Ha BXOJIE U BBIXOJE U3 pEaKiu-
OHHOT'O YCTPOMNCTBA, KMOJIb/C.

CreneHb KOHBEPCUH, KaK KpUTEpHil 3PHEKTUBHOCTH PEAKIIMOHHBIX YCTPOUCTB UCHIOIb-
3yeTcsl JOBOJBHO YacTO MPU XapaKTePUCTHKE pabOThl amnmapaToB, B KOTOPBIX MPOTEKAIOT MPOCTHIE
u/unu obpatumblie nporecchl. CTerneHb KOHBEPCUU [T MPOCTHIX PEeaKIMii CBsI3aHa ¢ YATbHOM Mpous3-
BOJUTENLHOCTBIO PEAKTOPOB, MX KOHCTPYKIIHEH, c1ocOOOM BBEACHUS UCXOTHBIX PEareHTOB TeMIlepa-
TYpOM Iporecca u T. J

Xon paboTsl

B GonpmumHCcTBE CJIydacB 3a/la4ya MaKCUMH3alluu CTCTICHHU KOHBCPCHU BO3HUKACT IIPU
IMPpOBCACHUUN O6paTI/IMLIX 1 HCKOTOPBIX I'CTCPOTrCHHO-KATATIUTUICCKUX ITPOLICCCOB. HaHpI/IMep, AJI Ie-
TepOFeHHO-KaTaHHTquCKOﬁ peaKknuun: A B C ¢ xuHeTHUECKHM YPaBHCHUCM:
. k-P,-P
A ]
l+b,-P,+b, P,




B KOTOPOM 4WieH bg Pp cpaBHHM 10 cBOeii BemmuuHe ¢ wieHOM 1[1DA[ 1P A, HaOm01a-
eTCs CII0XKHAs 3aBUCUMOCTh CKOPOCTH PEAKIMK OT U30bITKA BTOporo pearenta B. [Ipu Manbix u30bIT-
kax B u (baCPa+bsCPg)<1 kunetnueckoe ypaBHeHue mnpeoodpasyercs B ra (1K TPaAlPg. [TosTomy B

Pogm = Z P;\=const P gy = Z P;\=const

Clly4ae MOCTOSIHCTBA OOILIEro JaBJICHUS i i MaKCUMYyM
CKOPOCTH, @ 3HaYUT U MAaKCUMYM CTEIIEHU KOHBEPCUH OYAET TOCTUTaThCs NMPU SIKBUMOJISIPHOM COOT-
HoueHun peareHToB. Eciu bel 1P 11111bAlIPAlT, TO KHHETHYECKOE ypaBHEHHE MPUMET BUA A [
Ko [ Pa. [Ipu ocTostHCTBE 0OIIIETO IaBJICHHS B CHCTEME, YBEIIMYCHUE MOJILHOTO M30bITKa peareHTa B
10 OTHOILIEHUIO K A Oy/IeT MPUBOJANUTH K YMEHBIICHHUIO MAPIUAIBHOTO JaBICHUS A ¥ 3HAYUT K YMEHb-
[ICHUIO0 CKOPOCTH PEAKIIMHU U CTETIEHU KOHBEPCHUU MPH MPOUYUX PABHBIX YCIOBUSX.

[Ipumep. 'ereporenHo-karanuTHueckas peakuus rugpupoanus AlMH2 B, nogunns-
IOLIAsICSl KHHETUYECKOMY YPaBHEHHUIO:

kPP
r, = )
Y 1+b, P +by B,

IPOTEKaeT B peakTope cMemenus oobeMoM V, =10 M npu naBnernn Po= 70 atm. u Temmepa-
type T=250 °C. CymmapHasi CKOpOCTh TIOJIa4U UCXOJHBIX peareHToB 10 KMoJb/c, KOdpPHUIUEHTHI ba
1 buz cootBercTBeHHO pasHBI 1,0 u 1,0 arm™. Koncranta ckopocTn naHHO# peakuun k pasna 0,3
kMo M- -at™ 2. HalTH COOTHOIIEHNE HCXOIHEIX PETEHTOB, IPH KOTOPOM CTEIEHb KOHBEPCHH Be-
mecTBa A OyJeT MaKCUMaJIbHOM.

Pemenue. J{ns Toro 4roOb! BEIPa3UTh NaplUaIbHbIE JaBICHUS PEarupyrolIUX BEUIECTB Yepes
CTENeHb KOHBEPCUU BeIlleCTBa A, COCTaBUM MaplUaIbHBINA MOJBHBINA OaslaHC:

F
A — 1 _ XA ,
F.4,n
F, F
=B, raep=
FA,U FA,U
F
B — XA;
FA.U
> L B-X,.
TOrzaa 40
[TapumanbHbIe aBICHUS PEAruPYIONIUX BEIIECTB COCTABSIT:
P, =F- L » By = n'_BHXA > g =14 X .
’ 1+p—X : 1+B-X, 1+B-X,
Ve _ X,
XapaKTepUCTUYECKOE YPAaBHEHHUE PEAKTOPA UIEATIBHOIO CMELLICHUS Fi ir »f| , OTKyJa:
L,v X
A 3
Fu In
e kT .p. B
V. V,-(1+B) 48—,  14+B8-%,
XA:—'|"A|: : - X ' _‘X :
Fl_() E) ]‘f'bA, .R).is'_,_b” .P“.fBiA
‘ 1+B-X, = 1+B-X,

BBuay Ci10:KHOCTH aHAIUTUYECKOTO PELIEHMS TIOJYYEHHOIO BBIPAKEHHUS, TOMCK BEJIH-
YUHBI [ COOTBETCTBYIOUIEH MAaKCHUMAaJbHOM CTENEHW KOHBEPCHH, NPOBOJUTCS YHMCIEHHBIMH METO-
JIAMU ITyTeM peIleHUs] ypaBHEHUS:

k%.l—XA.%.B—XA

Vo (148) L+p-X, " 1+B-X,

Y=Tr - X, p-x, 47
o 14b,-P- T L

1+p-X, ™ " 14p-X,



IIPYU pa3HBIX 3HAYECHUAX 1.
PesynbraThl pacdera cTENeHH MpEBpalleHuss XA MPU pa3HbIX 3HAYCHHUAX Ko3(hduim-
eHTa N30bITKA [ TIPUBEACHBI HUXKE:

2 3 4 ] & 7 a g 0

2 |McxogHble ganHble: V 10 B 1 1.2 14 1.6 1.8 2
3 Po 70 Xy 0,9459 0,9687 |0.9692 |0,9686 [0.9677 [0.9669
L T 250
5 10
6 ba
7 bHz 1

k 0,3

ER =]

BreiBoa: MakcumaibHas cternenb koHBepcuu Xa=0,9692 nocturaercst mpu u30bITKE [
Mi,4.



JIABOPATOPHA PABOTA Ne2
«Pacder 0OCHOBHBIX TEXHOJIOTMUECKUX MTApaMeTPOB BeJCHHUs Tporecca. YacTp 2»

ens paboThl
[Mpumensis nmporpamMHubiii Komiuieke MS EXcel, HayuuTbcsi paccUnThIBATh CEIEKTHBHOCTD
BBIXOJ IIPOJIYKTA.

Kparkas Teopus

CenexmusrHocms — J10J14 (MU MPOLIEHT) MPEBPAILEHHOIO UCXOHOTO peareHTa, u3pac-
XOJ0BaHHAs Ha 00pa30BaHKE JAHHOTO MPOayKTa. CeNeKTUBHOCTh MOKHO OIPEIECIIUTh KaK OTHOIIICHHE
KOJIMYECTBA MOJIyYEHHOTO IPOAYKTa K €ro TEOPETUYECKOMY KOJIMYECTBY, KOTOPOE MOIJIO ObI 00pa3o-
BaThCS U3 MIPEBPALLEHHOIO peareHTa MNpu OTCYTCTBUU NMOOOYHBIX PEaKUil U MOTEPh:

A n—n, _ Fz _Fi,o
= y Ty ’
i, . i, .
o X, F 40 X,
Yy v
®f o
rIe — CEIIEKTUBHOCTH (MHTETpaIbHAsI CEJICKTUBHOCTB) IIpoIiecca Mo

IIPOAYKTY i, OIpCACICHHAsA II0 OCHOBHOMY PCArcHTy A,
Vi, VA — CTCXUOMETPHUUCCKUC KOB(i)(i)I/IHI/IeHTI)I IIpU IPOAYKTE 7 HCXOJHOM pCarcHTe AB YpaB-
HCHHUHU pCaKINH.
i Mo - Fi,u
tengy X, . 'FA,G X,
B YPaBHCHUU (2) qIeH ‘4 Va COOTBETCTBYCT KOJHUYCCTBY HCXOM-
HOro pe€arc¢tara, u3pacxoagoBaHHOMY Ha O6pa30BaHI/Ie AaHHOI'0 IMPOAYKTaA. O‘ICBI/II[HO, 4TO CyMMa Ce-
JICKTUBHOCTEH 0 BCEM IIPOAYKTaM, 06p8.30BaHHBIM H3 pearcHra A, JIOJDKHA OBITh paBHa (3)
KpOMe I/IHTeraJIBHOﬁ CCIICKTUBHOCTH IPOLECCA, IMOJIB3YIOTCA TAKKEC IIOHATUEM I[I/I(b'
(bepeHuHaanoﬁ CCIICKTUBHOCTH, KOTOpAA IPEACTABIISACT co0oii 1010 MMPEBpAIICHHOTO NCXOJHOT'O PE-
arcHra, u3pacxoJOBaHHYIO Ha 06paSOBaHI/Ie JaHHOI'O IIPOAYKTa IIpu OECKOHEYHO MaJIOM W3MCHEHUH

COCTOAHUA CUCTCMBI:

p dn, dr

Vi V4
CBsI3b MEX/Ly MHTETPAIBHOM 1 1D PePEHINATBLHOM CENEKTUBHOCTRIO POIIECCa IAETCs
ypaBHeHI/IeM:

cD;l _1)].4 (P;i ‘d.X
i i A-
X

CelneKTUBHOCTh nmpounecca 1o neJIeBoMy HNpOAYKTY SABJISICTCS BaXHOH XapaKTepHCTHKOﬁ
KaTaJIn3aTopoB, YCHOBI/Iﬁ IMPOBEACHUS TpoLeCCa, TUIIA pCAKTOPOB; OHA ITOKA3LIBACT JOJITO ITOJIC3HO UC-
IMOJIb3OBAHHOT'O CBIPbAI. BBI/I,Z[y MaTepruaJIOEMKOCTHU T000r0 XUMHUYECKOTO MMPON3BOACTBA, ITOBBIIIICHUEC
CCJICKTUBHOCTH NIPOUECCOB — OJIHA U3 BaXHEHUIIIMX 3a7a4 XUMUYECKON TEXHOJIOTHH.

Boixoo — 310 JIaJIEKO HE OJJHO3HAYHOE MOoHATHE. MHOr1a 1101 HUM HOHUMAaloT a0COJIIOT-
HOC KOJIMYCCTBO MMOJTYUYCHHOT'O ITPOAYKTA (B, T', KT, MOJIb, KMOJ'H:), HO Yallle BbIXO/] BbIPAKAKOT B JOJIAX
CAWMHUIBI UJIN B MPOLCHTAX HAa B34TOC CBIPhE. KpOMe TOIr0, BBIXOJ IIPUMCHAIOT IJIA XapaKTCPUCTUKH
CHUCTCM pPA3HOTI'O MaciTada — TOJIbKO PCAKIIMOHHOI'O alrapara (XI/IMI/I‘ICCKI/Iﬁ BBIXOI[), KaKoro-JI100
Yy3Jia IIPOU3BOJACTBA UJIHU TEXHOJIOTUYECKOM CXEMBI B EJIOM, KOTJa YYUTBIBAKOTCA HE TOJIBKO PAaCXo[]
ChIpbd Ha XUMUYCCKHUEC PCAKIIMU, HO U PA3JINYHBIC ITOTCPU (TCXHOHOFI/I‘-ICCKI/Iﬁ BBIXOI[). XHUMUYECKUH



BBIXOJI PABEH MOJILHOMY KOJIMUYECTBY MOJYYEHHOTO MPOJYKTa | OTHECEHHOMY K €r0 TEOPETHUECKOMY
KOJINYECTBY:

n.—n. F-F
A _ i0 T .0
X = v oy
P i,
o Fio
V4 V4

W3 ypaBHeHuit (2) u (6) BbITEKAET, YTO BBIXOJ| PABEH MPOU3BEACHUIO CEJIEKTUBHOCTH Ha CTe-
II€Hb KOHBEPCUU:

XiA = (I),-A 'XA.
PH 5TOM SX =3 (0] x,)=X, o

XUMUYECKUHN BBIXO/JI, KAK U CTENIEHb KOHBEPCHUU, U CEIEKTUBHOCTD, SIBJIACTCS BaXKHEUIIEH Xa-
PaKTEpUCTUKON TEXHOJOTHYECKOTo mporiecca. OaHako XUMHUYECKUH BeIX0[ (cM. ypaBHeHuE (7)) 1o-
HATHE 00JIee EMKO€, YEM TIEPBHIC /IBA, U OHO HAIIOJIHEHO KOHKPETHBIM cojiepskanuemM. [loatomy xumu-
YECKUU BBIXOJ] KaK KPUTEPUU ONTUMM3AIMU PA0OTHI PEAKIIMOHHBIX YCTPOMCTB HCIOIB3YETCS J0-
BOJIBHO 4acTo.

Xon paboThl

[Ipumep. IIpu n3ydeHun cucTEMbI NapaAIEIIbHBIX PEAKIIHI:

k, R
—»
-
A— "
— S
L 3
YCTaHOBJIEHBI MEPBBIE MOPSAIKH BCEX PEAKIUNA U CIEAYIOMIEE COOTHOLIEHUE KOHCTAHT CKOPO-

CTH:

K1:k.1:k2=10:1:1. PaccuuTarh I peakTopa IMOJHOTO CMEIICHHS KPUBBIE 3aBUCUMOCTH CEIICK-
TUBHOCTH M BBIXOJIa MPOAYKTa R OT cTenenu kouBepcuu. OnpeieiuTh CTeleHb KOHBEPCHU UCXOTHOTO
peareHTa A, mpu KOTOPOU TIOCTUTaeTCsl MAKCUMAJIbHBIN BBIXO]T TPOAYKTa R.

Pewenue. CeeKTUBHOCTB 110 NMPOAYKTY R ONpenenseTcs BLpaKeHUeM:
n—-r, _ kICA.o(l_XA)_k-ICA,oXA(DR.PHc

h—r,+rn kC,, (1 _XA)_k»ICAOXAcDR‘Pl/IC +k,Cyy (1 a XA)’
kl (I_XA)_k-lXACDR
k, (I—XA)—k_lXAd)R +k, (I—XA)'
Pemum IIOJIY4€HHOC YPaBHCHHUE OTHOCUTCIIBLHO [MR:
D, 'I:kl (1 - XA )‘ k-lX.rchR +k2 (1 . X,-t ):I = kl (1 . X,Al)— k-IXA(DR;
kX, @7 - @[k (1- X, )+ kX, +k,(1- X, )]+ k (1-X,)=0, wm
g [ (-X)+k X, +k(1-X,)]
g 2k, X,

7
e —_—
(PR . (DR‘PMC s ‘r -

una @, =

\/[k, (1-X,)+k, X, +k, (- X )] -4k, Xk (1-X,)
- 2%,X, ‘
PaccuunThiBaeM 1o 3TOMyY ypaBHEHHIO JJIsl Pa3HBIX CTEIICHEH KOHBEPCHH XA CEIICKTUBHOCTD | R
Y BBIXOJ 11e1eBOr0 MpoaykTa Xr =Xal 1R



[
w

.
[
o
~

Crenens xoneepcnu | CenextuerocTs mo | Bemon mponykra R
2 |McxogHble gaHHble: k1 10 Xa nponyxry R (DR) (XR)
3 k-1 1 0 #JTEIL0! #IEJLO!
4 k2 1 0.2 0907177118 0181435424
5 0.4 0903822587 0.361529035
6 0.6 0.896430522 0,537858313
7 0.8 0867217781 0,693774225
8 0.86 0.830467079 0714201688
g 0.9 0.759746927 0.683772234
10 0.95 0478101064 0.454196011
11 1 0 0

ra

Pe3ynbprarhl pacdera CeeKTHBHOCTH M BbIXOJa MO MPOAYKTY R 1mist mapaiiienbHOM peakiuu ¢
0o0paTuMoOM cTaauei 0Opa30BaHUS 1IEJIEBOTO MPOIYKTA!

Crernenn KOHBEp- CenekTUBHOCTh TIO0 TIPO- Beixon mpo-
cun Xa aykty R nykra R
0 0,909 0,000
0,2 0,907 0,181
0,4 0,904 0,362
0,6 0,896 0,538
0,8 0,867 0,694
0,86 0,830 0,714
0,9 0,760 0,684
0,95 0,478 0,454
1 0 0

Crpoum rpaduk B koopauHatax [TRIIXRMT1XA. 3aBUCHMOCTD CeleKTUBHOCTH [r (1) U BbI-
x0/1a XR (2) oT cTeneHn KOHBEPCHH JUTS CHCTEMbI MapalIeIbHBIX MIPEBPAIICHUI ¢ 00paTUMOH 1eIeBOit
CTaguen.

) —

)
e

XA
Buvi16o0: Makcumym Bbixoja npoaykra R pasen 0,714, u on gocturaercs npu Xa = 0,86. Ce-
JIEKTUBHOCTH B 3TOU Touke paBHa 0,830, u oHa pe3ko cHukaercs 10 Hyis mpu Xa = 1.

£
o

CeneKTUBHOCTh (BBIXOJ1) 110
npoaykry R
(=]
ESS
“\\




JIABOPATOPHAS PABOTA Ne3
«Pacuer CKOpOCTH XUMUYECKOW pEAKLIHI
Lens paboThl

[Mpumensis nporpammHubiid komiuieke MS EXxcel, HayauTbcst paccuuThIBaTh CKOPOCTh XMMUYE-
CKOM peakiuH.

Kparkas Teopus

XumudecKkasi KHHETHKa - pa3aen GU3NUecKor XUMUH, H3YJaOUIHi CKOPOCTH XUMUYECKUX pe-
akuuii. OCHOBHBIE 337]a4U XUMUYECKON KUHETUKH:

1) pacdet ckopocTeil peakiuii U onpeieieHie KHHETUUECKUX KPUBBIX, T.€. 3aBUCUMOCTH KOH-
[EHTPAIMI PearupyrolIix BEUIECTB OT BPEMEHU (npsmas 3a0a4a);

2) ompezielieHue MEXaHU3MOB PEAKIIUil 0 KWHETUYECKUM KPHUBBIM (06pamuas 3a0aya).

CKOpOCTh XMMHUYECKON pEeaKIy OTMCHIBAET M3MEHEHUE KOHIEHTPAIMH Pearupyromnx Be-
[IECTB B €MUHUILY BpeMeHu. [ peakiinu

aA+bB+..—dD+eE+..

CKOPOCTB PEaKIUH OTPEACIISIeTCS CIEAYIOINM 00pazoM:

__ldla]_ 14[B] _14[D]_14[E]

a d bode d dt e d

r7¢ KBaJpaTHbIE CKOOKM 00O03HAYalOT KOHIICHTpAIMio BemecTBa (OOBIYHO HW3MEpSETCS B
MoJIs/1), t - Bpems; @, b, d, e - crexuomerpuyeckre K03pPUINEHTH B YypaBHCHHH PEAKIIHH.

CKOpOCTb peakliiy 3aBUCUT OT MPUPOIbl pEarupyoNIuX BEIIECTB, X KOHIIEHTPALUU, TEMIIE-
paTypbl M HaJIM4Us KaTalu3aTopa. 3aBUCUMOCTb CKOPOCTH PEAKIMH OT KOHLEHTPALlUU OMUCHIBAETCS
OCHOBHBIM NTOCTYJIATOM XUMHUYECKON KUHETHKU - 3aKOHOM Oelticm8yIoujux Macc:

CKOpOCTh XMMHMYECKOH peakiuu B KaKIblii MOMEHT BpPEMEHHM MPOMOPLIUOHATIbHA TEKYIIUM
KOHLIEHTPALIUSAM pearupyronx BeuIeCTB, BO3BEACHHBIM B HEKOTOPBIE CTEIICHU:

wiz) =k [A][BY

rie K - KOHCTaHTa CKOPOCTH (HE 3aBUCSINAS OT KOHICHTPAIUHK); X, Y - HEKOTOPBIE YKCIa, KOTO-
pBI€ HA3BIBAIOT NOPAOKOM peakyuu no gewecmeam A u B, COOTBETCTBEHHO. DTH YUCIIa B 00IIEM CITy-
Yyae HUKaK He CBs3aHbl ¢ ko3 unuenramu a u b B ypaBuenun peakiu. Cymma mokasarenei crere-
Hel X + Y Ha3bIBaeTcs obwum nopsaoxkom peaxyuu. I1opsgok peakiuu MOXKeET ObITh MOJIOKUTEIbHBIM
WM OTPULIATEIbHBIM, IETBIM WU IPOOHBIM.

BonpImMHCTBO XMMUYECKUX PEAKIUil COCTOUT U3 HECKOJBKUX CTAJUil, HA3bIBAEMBIX 3J1eMeH-
mapuvimu peakyusmu. Iloa anemeHTapHO# peakiyeld 00bIYHO MOHUMAIOT €MHUYHBIN aKkT oOpa3oBa-
HUS WIK pa3pbiBa XUMUYECKOH CBSI3U, MPOTEKAIOIINNA Yepe3 0Opa3oBaHUE MEPEXOAHOTO KOMILIEKCA.
Uucno yacTHll, YYaCTBYIOIIMX B 3JIEMEHTApPHOW pPEaKlMU, HA3BIBAIOT MOIEKYISAPHOCIbIO PEAKIUH.
DyieMeHTapHBIC Peakiuu OBIBAIOT TOJBKO TPEX TUIIOB: MOHOMOJICKYIsipHbIe (APB + ...), Oumoseky-
nspuele (A + B—D + ...) u Tpumonexynsapusie (2A + B —D + ...). [lns sneMeHTapHbIX peakiuii
oO1IMii MOPSAOK paBeH MOJEKYISIPHOCTH, a TIOPSAKH IO BEIIeCTBAM PaBHBI KOOPQPHUIIMEHTaM B ypaB-
HEHUU PeaKIIUu.

Xon paboThl.

ITpumep 1-1.

Jana peakuus:

2NOBrr) — 2NOq) + Brag)

Cxopocts o6pazosanus 2NO = 1,6*10™ mons/(11*c)

Uemy paBHa CKOPOCTh peaKIIUU U CKOPocTh pacxonoBanus NOBr?



Pewenue. I1o onpenenennto, CKOpOCTb pEaKLUK paBHa:

__1d[NOBr] 1d[NO]
2 dt 2 dt
X9~ -T2

@ FnasHasa Bcraska PasmeTka cTpaHmubl Dopmynbl AaHHbie Peuge

=) ‘*’ Calibri I Ay | = =kl o~ S Nepeno
Bcrasute } XK K U~ | #HE~| O~ é - | = = = | ££ £ | 33 06vean
75{.;(}1&;3 o6meHa M WpudT . BtlDiEHHEaH

' D1 - S| =1/2*1,6%10~-4
A B C E £ | Crpoka popmyn H

| D
1! Cropocts peaximu (W)= I 0,000081

2
3
W3 aToro ke ompeneneHus cleayer, 9To cKopocTh pacxomoBanuss NOBr paBHa ckopoctu 00-
pazoBanust NO ¢ 0OpaTHBIM 3HAKOM:

J[NOBr]  d[NO
OB _aMO)_ 5.0

df dt MOJIB/(IT €).

[Tpumep 1-2. B peakiun 2-ro nopsiaka A + B = D HaganpHble KOHIEHTpaun Bemiects A u B
paBHBI, COOTBETCTBEHHO, 2.0 Mouts/1 1t 3.0 Mob/11. CkopocTh peakiuu paBaa 1.2. 10-3 mous/(11. ¢) ipu
[A] = 1.5 mounb/n. PaccunTaiite KOHCTAaHTY CKOPOCTH M CKOPOCTH peakiuu mpu [B] = 1.5 moss/m.

Pewenue.

[To 3akoHy IEHCTBYIOMKX MacC, B JTI000I MOMEHT BPEMEHH CKOPOCTh PEAaKIIMU PaBHA:

wit) = k-[A]-[B]

K momenTty Bpemenu, koraa [A] = 1.5 mons/m, mpopearuposaiio mo 0.5 moss/it Bemects A u B,
nmostomy [B] = 3 — 0.5 = 2.5 mone/n. KoHcTanTa cKkOpoCcTH paBHa:

k=wit)/[AT[B]) =
BcTasuTb 7 XK 4~ - d-A- EE

v

il
A
|

bydep oémeHa 1% WpndT
| D1 B Fe | =1,2*101-3/(1,5%2,5)

[l

A B ol L i I = :
Koncranta ckopocty (k)= 0,00032!

,N‘H{

K momenty Bpemenu, koraa [B] = 1.5 moms/n, npopearuposaio no 1.5 moss/n Berects A u B,
nostomy [A] = 2 — 1.5 = 0.5 mob/1. CKOpPOCTh peakiiu paBHa:

w(t) = k' [A][B] ="



; ¢ | ERias | s AL | =
BCTaBWTD 5 X KX 4 S - A =

-

i
il
[[LA]
i

bydep obmeHa - WpwudpT |
: D1 - £ | =3,2*10~-470,571,5
| 4] A g C D = =
| _IJ Cropocts peaxunm (W)= | 0,000241

2

3

3amanue 1-1. CxopocTs peaknum 2-ro nopsaka A + BD pasna 2.7° 107 mons/(n ¢) npu
KOHIIEHTpaIusAX BemecTs A u B, cootBerctenno, 3.0° 10° momns/m u 2.0 Mons/n. PaccunTaiite KoH-
CTaHTy CKOPOCTH.

3amanue 1-2. B peakiuu 2-ro nopsinka A + B— 2D HavanbHbIe KOHIICHTPAIMK BEIIECTB A U
B pasusl 110 1.5 Mons/11. CkopocTs peakuuu pasaa 2.0° 10 moms/(ir ¢) npu [A] = 1.0 mons/n1. Paccuu-
TaiiTe KOHCTAHTY CKOPOCTH U CKOPOCTh peakimu mpu [B] = 0.2 Moub/m.

Ha ocHoBanuu 3aganuii czieaTh BEIBOJI.



JIABOPATOPHAS PABOTA Ne4
«Mojenb peakTopa HICaTbHOTO CMEIICHUSDY
Lens paboThl

PaccunraTh peakTop uaeaqbHOTO cMmemieHus ¢ nomoiuibio nmakera MS Excel i LibreOffice
Calc.
Kparkas Teopus
PUC npencrasnsier coboii anmapar ¢ MEIMIAIKON, B KOTOPBIM HEMPEPHIBHO MOIAIOT pe-
areHTHl U TAK)KE HEMPEPHIBHO BHIBOIAT U3 HETO MPOAYKTHL. B TakoM peakTope co34aeTCsi HHTEHCUBHOE
IepeMEINBaHNE, I0ATOMY 10 BCEMY pEaKTOpa MITHOBEHHO YCTaHABJIMBAETCS OJJMHAKOBAsl KOHIIEHTpa-
1IUS peareHTa, paBHasi KOHIICHTPAIUK Ha BbIX0Jie. Pe3koe (CkaukooOpa3HOe) M3MEHEHHE KOHIIEHTpa-
LMY TIPOMCXOJUT 32 CUET MTHOBEHHOTO CMEUIEHHSI TOCTYNAIOIINX PEareHTOB C PEaKIIMOHHOM Maccoii,
YK€ HaXOJAUIEHCs B PEAKTOPE.
Jlns mpocToit peakuuu:

A —= R

Cap *+vi=Ch s v\+w =V

BbIpa3uB KOHIIEHTPAIHIO BEMIECTBA A Yepe3 KOHBEPCHIO MOJTYUHM:

Ca\=Cup* (1 —X,)

Can #* V\=Cap# (1 —Xg) s V\+wy #V Cag#v\=Cho+(1—Xy)+v\+wy+V e — maccoBoe
BBIpaXKEHHE TPHX0J1a, pacxo/a BeriectBa; Ca— KOHIEHTpanus BemecTBa A; Cao— HavalbHas KOHIICH-
Tpaius BemiectBa A; X4 X4 — KoHBepcus 10 BelecTBy A; V — 00bEMHBIN pacxo; Wa W4 — CKOPOCTh
XUMHUUYECKON PEaKIMU IO BEIIECTBY A.

Cpennee Bpems mpeObiBanus [10ICTaBUB 3TO BEIPAKECHUE B YPABHCHHE TOJTYUHM:

Bydiep obmeHa WpngT
CYMM »(© % ¥ | =a2B2/CY|
A B C D E

1 CAO WA w A T{cp)

2 | 1 0,8] 0,9)=A2*B32/C

2 1.5 0.9 0,95 1,421053

4

Puc.1 Beruucnenue Bpemenu npeosiBanus B Excel

Jlnst peakiuu n-ro nopsiaka:

wa\=kCF\=KCE; (1 — X,)"

ITpu n=0:

ITpu n=1:

IIpu n=2:

ITo monenu PUC paccuuThIBarOT peakTophbl ¢ MEIIaIKaMu MPU HEOOBIION BI3KOCTH CPEbl U
HEOOIBIIOM 00BEME peakTopa, HalpUMep, MPOTOUHO-IIUPKYIISALMOHHBIE alllapaThl, PEAKTOPBI C KHUIIS-
LAM CJIOEM.



JIABOPATOPHA PABOTA Ne5
«Mojenb peakTopa HIeaIbHOTO BHITECHEHUS)
Lens paboThl

PaccunraTh peakTop HUeanbHOrO BhITeCHEHHS ¢ moMolibio makera MS Excel unu LibreOffice
Calc.

Kparkas Teopus

PUB npexacrasnser coboit TpyOUaThIii anmapar, B KOTOPOM OTHOIIEHHUE JJTMHA TPYObl 3HAYH -
TEJIBHO NPEBOCXOIUT €€ TMaMeTp. B peakTop HEnpephIBHO MOAAKOTCSA UCXOAHBIE PEAreHThl, KOTOPHIE
MIPEBPALIAIOTCS B MPOAYKTHI peakluy Mo Mepe NMepeMelleHus UX Mo JUIMHe peakTtopa. JIrobas yactuia
ITOTOKA JBMKETCS MPSAMOJIMHENHO U PABHOMEPHO, HE MTPOUCXOAUT HU IIPOJOJIBHOTO, HU MTONIEPEYHOTO
nepemMemmBanys. /[ npocToil peakuu:

A —= R

Gx‘.,.‘p"\.ll'L:wA =dV

[locne mpeoOpa3oBaHMs  ypaBHEHHWE MaTepHaJbHOTO  OajnaHca  NPUHUMAET  BUJ:
Cao+dX, = A : av

I'ne — maccoBoe BhIpaxkeHHE MPUXOJA, PACX0Ja U BCTYMHBIIETO B XUM. PEAKIUIO BEIIECTBA;
Ca— xoHLeHTpanus semectsa A, Cao— HauaabHas KOHIEHTpalys Bemecta A; X4 X4 — koHBepcus 1o
BeLIECTBY A; V — 00BbEMHBIN pacxo; W4 W4 — CKOPOCTh XUMHUYECKOM peakluu 10 BEHIecTBY A.

[IpouHTerprpoBaB MoJiyueHHOE YpaBHEHHE MO 00BEMY peaKTOpa MOTYIUM:

v 4 dx,

\T= ; \=Ca0 (L H_A)

Jliig peakiuu N-To mopsiika:

wa\=k- Ci\=k- Clp - (1 —X4)"

oy (G0

L ALS

RS SN S
el TR T T T

\ % \ %

T= T=
n=2 k-Cap-(1—Xg) " k-Cap-(1—X,)

Brinosinenue paboTsl

n=0

ECMN - K  fe | ECNW(D2=0;A3*B3/C3;ECNN(D2=1;LN(1/(1-82))/C2;B2/(C2*A2%(1-B2))))
A B C D E F G
1 CAO0 XA k n T(cp)
2 | 05 07 0,85 0|=EC/IN(D2
3 1_ 0,8_ 0,9 1 1,788264
4 1,5 0,9 0,95 2 6,315789

Pucynox 1 - Pacuér BpemeHu npeObIBaHMsI B 3aBUCMOCTH OT MOPSAKA PEAKIIHH.

ITo monenu PUB paccunthbiBatoT xujKodasHble TpyOUuaTble peakTopbl, a TakkKe TpyOdaThle
KOHTAKTHBIE amnmaparhbl ¢ KaTaIu3aToOpoM B TpyOax MIIM MEKTPYOHOM MPOCTPAHCTBE.



JIABOPATOPHAS PABOTA Ne6
«Moienb Kackajia peakTOpOB UICATHHOTO CMEIIICHUS
Lens paboThl

[Ipumensist mporpaMMHubIil komiuiekc MS Excel, HayuuTbcst pacCUMTBIBATh Kackaj] peakTOpOB
uneansHoro cmemienus (K-PUC).

Kparkas Teopus

B equanunom PYC-H Henb3st 1oOUTHCS BBICOKOH CTENEHU MPEBpAIlleHUs, TaK KaK KOHI[EHTpa-
1[1s1 MUCXO/IHOTO PEreHTa MrHOBEHHO Ia/1aeT, U BECh MPOLIECC MPOTEKaeT MpHu HU3Koi ckopoctu. Of-
HAKO MpHU MPOBEIECHUHU PEaKLNi, B KOTOPHIX YYacTBYIOT JiBa U 0oJiee peareHToB, IEepeMENINBaHNe
YYaCTHUKOB PEaKIIUU SIBJIIETCS HEOOXOIUMBIM YCIOBUEM €€ OCYIIEeCTBIIEHU. B 3TOM ci1ydae MOXKHO
HCI0JIb30BATh PEAKTOPhl, KOTOPBIE OMUCHIBAIOT sueeyHotl Mojienbto uin Mojenbto K-PYC-H. Kackan
IPEJCTaBIsAET COO0M HECKOIBKO MOCIEI0BATENBHO COETUHEHHBIX IPOTOYHBIX PEAKTOPOB HJI€AIbHOTO
CMEIIECHHUS.
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KoHueHTpauus nCX0JHOTO peareHTa B TaKOi CHUCTeMe CHUKAETCS 0 KOHEYHOTO 3HAUCHUS He
Cpa3y, a MOCTENEHHO OT PEaKTopa K peakTopy. B kaxkoM peakTope KOHIIEHTpAIUs peareHra B 0o0beme
MOCTOSIHHA M paBHA KOHIIEHTPAIMH €r0 Ha BBIXOJIC U3 PEAKTOPa; U3MEHEHHE KOHIIEHTPALIUU IIPOUCXO-
it ckaukoM. OHaKo paboyasi KOHIEHTpalUs B Kackajie MoJIep>KUBAETCS BBILIE, YeM B €AUHUYHOM
PUC-H u npu yBeIMYEHHH YHUCIa PEAKTOPOB MPUONMIKAETCS K 3HAYCHHIO KOHIeHTpanuu B PUB.
IIpu n=8 - 10, K-PUC-H = PUB-H.

Pacuer K-PUC-H cBoautcs k pacueTy 4uciia CTyleHel «ny», HeoOX0UMOro sl JOCTHKCHUS
3aJlaHHOM cTereHu mpeBpaieHus peareHTa. CymiecTBYIOT rpaduueckuii 1 aHATUTUYECKUI METOIbI
pacuera Kackaja peakTOpoOB.

Xon paboThl

[Tpumep. Jlns mocnenoBaTeIbHO MPOTEKAOIINUX PEaAKIIU:

kl K2

STIRMA

NmeroTcs crnenyroniue NCX0IHbIE TaHHbIE:

k1=0,35ua-1;

k2=0,134-1;

CA,0=4 xmomb/m 3 ;

Cr,0=Cs,0=0.

Haiitu makcumalibHYyI0 KOHLEHTpaALMIO BeulecTBa R, koTopas mosiyyaercs Ipu MpPOBEACHUHN
peakiuu: 1) B peakTope mepruoandecKoro AeHCTBUS; 2) B HEMPEPBIBHO JCHCTBYIOIIEM PEaKTOpe Hje-
QIIBHOTO CMENICHHUS; 3) B KacKaJie U3 IByX PEaKTOPOB HICATHHOTO CMEIICHUSI.

Pemenne. Kunetnueckue ypaBHeHHs 17151 JAHHOTO TpoIlecca:



dC, kO - __dC'R
=Rl . =

dt dr

KoHIeHTpanuo MpOMEXYTOYHOTO MPOAYKTa R B peakrope MEepPHOJUYECKOrO JIEHCTBHS

HaizeM, yuutsiBas, yto Cr,0=0

C. = ;ﬂ ’ '[_-r_-j,ﬂ' . (E—Al: _e—h:)
- k T ‘ifl |

JuddepeHunpys morydeHHOE BRIPOKECHUE IS HAXOKICHHUSI MAKCHMYMa, ITOJTYIHM:
dc k-C ,

R _ 1 A0 (_kl 1€—Mr +_k-. _E—lrlgl )= ﬂ-'
dt k, —k, B
trmax =In(0,35/0,13) / (0,35-0,13)=4,55 4

=G —kC,y.

Fa=

Crmax=0,35%*4/(0,35-0,13)* (e (©13"55). g-(035"455))=2 33 xmomb/M3
Jst PUC, B koTOpOM TIpOTEKaET CJIOKHAs ToClieIoBaTebHas peakius 1-ro mopsaka, crpa-
BCIUTMBBI CIIC/YIOIIME BBIPAKCHHS:

k-C,ot | |
C = 1 A0 [ — )
wne = kot ) (ke ) ™ Jik,

tRmax =(1/0,35*0,13)1/2 = 4,7‘-1

Crmax=0,35*4*4,7/((1+0,35*4,7)*(1+0,13*4,7))=1,54 kmonn/M3

JInst 2-ro peakTopa Kackasia U3 JBYX PEaKTOPOB HICATHHOTO CMENICHNS MOKHO 3alHCaTh:

4 —T= CR,E — cﬁ,l _ CR.! _CR,I
r = = = 2
W, Pga k-Cyo—ky 'CR,J
[IpuHuMast BO BHUMaHUE TO, YTO
C ki Cyoet

(—.rﬂ=+r.ﬂ1 O =
okt (4 k) (1+k 1)
C,, - k-Cuyt =k1'c.-r,n‘:r_k2_{jﬁ_r?
T (k) (+kT)  (1+kT)

k- Cppt_ kCupet
(1+kt)y  (+k1)-(1+kt)

IMOJIYYUM:

Cpa(1+kT)-

KonuenTtpauus npoaykra R Ha BeIxozie 2-T0 peakTopa Kackaja paBHa

ko Cupet [ 2+ (k + k) 1]

[+ k) (1+ k)]

MaKCI/IMYM HalJEeM METOJIOM noz[60pa YCJIOBHOT'O BPEMCHHU KOHTAKTA CJICAYOIIUM o6pa30M:

t,u 0,00 0,50 1,00 1,50 2,00 2,50

Crmax 0,000 1,001 1,492 1,720 1,806 1,815

Otkyna caenyeT, 4To Crmax =1,815 kmonb/M3 . Ilpu ucnosnp30BaHUM Kackala ¢ OECKOHEYHO
OO0JIBIIIMM YUCIIOM PEAKTOPOB MJICATLHOTO CMEIIEHHSI MOYKHO JIOCTUTHYThH TaKOTO K€ MaKCHMAJIbHOTO
BBIX0/1a IPOMEXYTOYHOT'0 MPOJIyKTa R, Kak B peakrope nepruoauyeckoro AeHCTBUSL.

B ciiyuae, korja »xenaTesnbHO MOTy4YUTh MAKCUMAJIbHYIO KOHIIEHTpAalMIo BemecTBa R, peaktop
NEPUOINYECKOTO JEUCTBUS sIBJIsETCS Hambosee 3(PPEKTUBHBIM IS MCIIOJIB30BaHHUS €ro MpPU OCy-
IIECTBJICHUHU CIIOKHOTO IpoIiecca.



BeiBo: Hanumm MakcuMasbHYI0 KOHIIEHTPALMIO BelecTBa R, koTopas morydaercst mpu mpo-
BEJICHUU PEaKLUU B Kackaje peakropa uaeaibHoro cmenieHus (Crmax =1,815 kmoan/m3).

0,00 0,50 1,00 1,50 2,00 2,50 3,00 3,50 4,00 4,50 5,00 3,20 6,00 6,30 7,00

7,00 8,00

Ty

Ccr 0,000 1,001 1,492 1,720 1,806 1,815 1,779 1,721 1,650 1,573 1,496 1,420 1,346 1,276 1,210 1,147 1,088
kl= 0,35

k2= 0,13

Cal= 4




JIABOPATOPHAS PABOTA Ne7
«TemnnoBoii 6amaHC XUMUYIECKOTO PEAKTOPay
Lens paboThl

[Ipumensis nporpammubiii komiuiekc MS Excel, HayuuTbcsi paccuuThIBaTh TEIJIOBOW OajlaHC
peakropa.

Kparkas Teopus

DHepreTHdecKuil (TeIIoBoii) OalaHC JTHOOO0TO ammapaTa MOXKET OBITh MPEACTABIICH B

BHJIC YPAaBHEHHUS, CBS3BIBAIOIIETO MIPUXOJI M PACcXO]l SHEPTUu (Teria) mpoiiecca (amnmapara). DHepre-

TUYECKUN OajlaHC COCTABISIETCS HA OCHOBE 3aKOHA COXPAHEHUS SHEPTUH, B COOTBETCTBHH C KOTOPHIM

B 3aMKHYTOH CHCTEME CyMMa BCEX BHJIOB SHEPTHU MOCTOsTHHA. OOBIYHO TSI XUMUYECKHX TTPOIIECCOB
COCTAaBJISIETCS TEIUIOBOM OaaHc. YpaBHEHHE TEIJIOBOTO OajaHca:
>Qmp = ZQpacx (1.1)

WA 2Qmp — XQpacx =0 (1.2)

[TpuMeHUTENHHO K TETIOBOMY OajlaHCy 3aKOH COXPaHEHHs SHEPTHH (OpMYIUpyeTcs
CIIEAYIOIIUM 00pa30M: MPHUXO]] TETJIOTH B JAaHHOM arnmapaTte (WU MPOU3BOICTBEHHOH oTieparyu) 10
JK€H OBITh paBEH PacXo/ly TEIJIOTHI B TOM K€ amnmapare (Wi oreparun).

Jli1s anmapatoB (MPOLEeCCOB) HEMPEPBHIBHOTO IEHCTBUS TEINIOBOM OallaHC, KaK MpaBuio,
COCTaBJISIFOT Ha €IWHUILY BPEMEHH, a JUIS amnmaparoB (MPOIECCOB) MEPUOIMUECKOTO NEHCTBHS — Ha
BpeMsI IIUKJIA (MM OTZIETLHOTO TIepexoaa) 00padoTKH.

TemoBoii 6anaHc pacCYUTHIBAIOT MO JaHHBIM MaTepPHAILHOTO OajlaHca ¢ y4eTOM Tel-
J0BBIX (D (PEKTOB (IKZ0TEPMUUYECKUX U IHIOTEPMHUUECCKIX ) XUMUUYECKUX PEAKITUN U (PU3UIECKUX TIpe-
BpallleHui (McrmapeHue, KOHASHCalus U T.11.), IPOUCXOIAIINX B alllapaTe ¢ y4eTOM IMOIBOJA TEIIOThI
M3BHE U OTBO/JIA €€ C MPOAYKTaMHU PEaKIMH, a TAaKXKe Yepe3 CTEHKH aIlrapara.

TennoBoii 6ananc MoJOOHO MaTepUATLHOMY BBIpaKalOT B BHJIC TaOJUII, AMarpaMm, a
JUI pacueTa UCIOJb3YIOT CIeAyIoliee ypaBHEHUE

Qr+Qx+Qr+Qd+Qp+Qu=QT+Qx+Qr+Qd+Qp+Qu(l3)

rae Qr ,Qx ,Qr — KOJIMYECTBO TEIUIOTH, BHOCUMOE B amlmapaT TBEPIbIMHU, )KUJIKUMH U Ta3000-
Pa3HBIMU BEILIECTBAMU COOTBETCTBEHHO;

Q't, Q"k, QT —KOJINYECTBO TEIUIOTHI, YHOCUMOE U3 alnapara BbIXOIAIIUMHI TPOIYKTaMH U TO-
JTYMPOIYKTaMH PEAKIMH U HE MPOpPearupoBaBIIMMU UCXOJIHBIMH BEIIECTBAMH B TBEPAOM, KHUJIKOM U
ra3oo0pa3HOM BHUJIE;

Qd u Q'dp —rennoTa pU3NYECKUX MPOLIECCOB, MPOUCXOIAIINX C BBIJCIECHUEM U MOTJIOIIEHUEM
(Q'd) TernoTsr;

Qp u Q'p — KOJIMYECTBO TEIUIOTHI, BHIICISIONIEECS B PE3yIbTaTe 9K30- M IHIAOTEPMUUYECKUX
peakuuit (Q'p);

Qn — KOJIMYECTBO TEIUIOTHI, MTOJBOIMMOE B annapaT U3BHE (B BUE TIMOBBIX I'a30B, HATPETOTO
BO3JlyXa, CKUTaHMsI TOIUIMBA, DIIEKTPOIHEPTUU U T.I1.);

Q'm —moTepu Teria B OKPYXKAIOIIYIO CPETy, a TAKKe OTBO/I TETJIa Yepe3 XOJIOAUIbHUKH, IOMe-
IIIEHHBIE BHYTPH arlnapara.

XoJ paboTsl

ITpumep. CoctaBuTh TEIJIOBOM OajlaHC peakTopa s MOTydyeHHs] BOAOPOIa KaTaIuTUYECKON
KoHBepcueil MeraHa. Pacuer Begem Ha 1000M3 H2. [Totepu TEmIOTHI B OKpYKAIOLIYIO CpEAY IPUMEM
6% oT mpuxoa TemIoThl. PacueTr BeieM 1o peakiuu:

CH4 + H20 <« CO + 3H2 — 206200 x/{x

Hcxoonwte oannvie: CH4 :H20 = 1:2. Temneparypa noctynaroumx B peakrop pearenton 1050
C; Temneparypa B 30He peakuuu 9000 C. terumoemkoctu B k[ x/(kmoins *0 C):



Tem-

pa CH4 H20 CO H2
1000
°C 36,72 33,29 28,97 29,10
9000
°C - 38,14 31,36 29,9
Pewenue. B cootBetcTBuu ¢ ycnoBuem 3amaun Ha 1000M 3 H2 06beM UCXOTHBIX peareH-
TOB U MOJY4YEHHBIX IPOJIYKTOB OyJI€T COCTaBIIATh:
[MPUXO/ PACXO/
CH4 333,3333 CcO 333,3333
H20 666,6667 H20 333,3333
H2 1000
UTOI'o 1000 HUTOTI'O 1666,667

[Ipuxonx TennoTsr:

Qduz.CH4 = (333,3/22.4) - 36.72 - 105 =57375 xJIx
Qdpuz.H20 = (666,6/22.4) - 33.29 - 105 =104031,3 xJIx
>Qduz = 161406,3 xJIx

Pacxon temmoter: TermmoTa, yHocumas mpoyKTaMH peakiuuu u3 peakropa npu 9000 C:
QCO =(333,3/22.4) - 31.36 - 900 = 420000 xJIx

QH2 = (1000/22.4) - 29.90 - 900 = 1201339 x/Ix

QH20 =(333,3/22.4) - 38.14 - 900 = 511825 x/]x

2Qdwu3 yn. = 2133025 x/x

Qp =(333/22.4) - 206200 = 3065400 x/Ix

Bcero: 5198425 kJIx

Qn = 162310 - 0.06 = 9738 x/Ix

TennoBoii 6aaHC KOHBEPCUHU METaHa MPUBE/ICH B TaONIHIIC:

PHUXOJT pacxon

Q(H20) 57375 Q(CO) 420000

Q(CH4) 104031,3 Q(H2) 1201339
Q(H20) 510803,6
Qm 9684,375
Qp 3068452

HATOrO 161406,3 HUTOT'O 5210280

AQ =5210280 — 161406,3 = 5048873 xIx

[ToBO/I TETIIOTHI B 30HY PEAKIIMU OCYIIECTBIISETCS 32 CYET CHKUTaHHsI YaCTH METaHa PUPOJI-
Horo ra3a (98% CH4 u 2% N2 ):

CH4 + 202 = CO2 + 2H20 + 890950 kI>k/KMOb.

Jln1st MOKpBITHS 00pa3oBaBIIerocs qeguuuTa TernoTsl AQ HE0OX0IMMO C)Kedb METaHa

5048873/890950 = 5.67 xmous v 5.67 - 22.4 =127m 3 CH4.,

T.e. 129.5 M3 npupoaHoro rasa.

Bb1600: cocTaBuIM TEMJIOBOM OanaHC peakTopa M Halld HEOOXOJMMOE KOJIMUYECTBO TEIIOTHI
U1l IOKPBITUS 00pa3zoBaBIerocs AeuiuTa npu cKuranuu Merana (129,5m3).



Tem-pa
105
900

CH4 HXO coO H
36.72 33.29 28.97
- 38.14 31.36

nPHxo0 PACKOLO
CHa 333,3333 CO 333,3333
H20O 666,6667 H20 333,3333
H2 1000
HMTOro 1000 MTOIO 1666,667
npuxon pacxog
QfH20) 57375 QCO) 420000
Qf CH4) 1040313 QfH2) 1201339
QfH20) 510803,6
an 9684,375
Qp 3068452
WMTOro 161406,3 WMTOro 5210280

Q= S048873




JIABOPATOPHA PABOTA Ne8
«OnTuManbHbI TEMIEPATYpHBIA PEXXUM B peakropax. Yacte 1»
Lens paboThl

[Tpumensist nporpamMHusblii komruieke MS Excel, paccuntaTs onTUMalbHBIA TeMIEpaTypHBIH
PEXKHUM peaKTopa.

Kparkas Teopus

TemneparypHblii (TEII0BOM) peXUM IPOBEACHHUS XUMUYECKOTO Ipolecca, 00eceynBaroInil
HSKOHOMHUYECKH 11€J1€CO00Pa3HYI0 MAKCUMAIbHYIO IIPOU3BOAUTENBHOCTD €ANHUIBI 00bEMa peakTopa
(MHTEHCHUBHOCTH) 110 1I€JIEBOMY MPOAYKTY, Ha3bIBAIOT ONTHUMAJIbHBIM.

[Toaxon x pa3paboTKe ONTUMAIBLHOTO TEMIIEPATYPHOTO PEXKUMA MOKET ObITh Pa3IMYHbIM B 3a-
BHCHMOCTH OT THIIa XUMHUYECKOI pCaKkuu. OLIGBI/II[HO, YTO MaKCUMAJIbHAasA MHTCHCUBHOCTL pCaKTOpa
OyZeT TOCTUTHyTa P MPOBEICHUH IpOoIiecca ¢ MAKCUMaJIbHO BO3MOKHOM CKOpOCThIO. PaccMoTpum
IMO2TOMY, KAaK BJIUACT THUII KHHCTUYCCKOIO YPABHCHUSA Ha BI)I60p TEMIICPATYPHOTO pCKHUMaA.

[IpocThie HeOOpaTUMBbIE PEAKIIHH.

VY paBHEHHE CKOPOCTH HEOOPATUMBIX IK30- M DHIOTEPMHUUYECKUX PEAKIIUNA MOKHO 3aIlucaTh B
BUJIC,

(1)

HaHpI/IMep, I pE€AaKIUU IEPBOTO MOPAIKA

)

CKOpOCTh XUMHYECKOU PEAKIINH SIBISIETCS (DYHKIIUEH HECKOJILKUX TIEPEMEHHBIX: TEMIICPATypPhI
U CTENEHEH MpeBpaIlleHns] peareHToB (WK WX KOHIeHTparuii). C pocToM TeMIieparypbl KOHCTaHTa
CKOPOCTH PEaKIHH B COOTBETCTBHH C YypaBHEHHEM AppeHIyCca MOHOTOHHO Bo3pacTaeT. VI3 ypaBHeHMii
(1) u (2) BuAHO, YTO MPUHIMITHAIBHBIX OTPAHHYCHUI TOBBIIICHUS TEMIIEPATYPHI C HETbIO YBEIHUCHHS
CKOPOCTH HeoOpaTHMbIX peaknuii HeT. C pOCTOM CTENCHH MPEBPAIEHHUsI PEareHTOB CKOPOCTh PEaKIHH
nanaet. JIJist KOMIIEHCAIMH 3TOTO0 YMEHBIIECHHUS IIEIeCO00Pa3sHO YBEIMUUBATH TEMITEPATYPY.

DHIOTEPMHUYECKAst PEAKIIUS COMTPOBOKIACTCS MOTJIOMIEHHEM TETIOTHI. ClIe0BaTEIbHO, TAKUE
PEAKIMU HEBBITOIHO ITPOBOIUTH B aHabaTHYECKUX YCIOBHSAX, TaK KakK M0 Mepe MPOTEKAHUS PEAKIIHH
€e CKOpOCTh OyJeT Mmajaarh Kak M3-3a YBEJIWYCHHs CTCIICHH MPEBPAICHUS, TaK ¥ M3-32 YMCHbIICHHS
TeMIieparypsl. bosiee pa3yMHO POBOANTH 3HA0TEPMHYECKHE ITPOIIECCHI B PEAKTOPAX C IMOBOIOM TeTl-
JOTHI (M30TEPMUYECKUX HIIM B PEAKTOPaX C MPOMEXYTOUHBIM TEIIOBBIM PEXHMMOM), IO UIEPKUBAS
TEMITEpaTypy, MaKCUMaIbHO JOMYCTHMYIO 110 KOHCTPYKIIMOHHBIM cOOOpaxkeHusM. HeoOxoaumo mpu
3TOM JIOTIOJIHUTEIBHO MPOBECTH ONTHMH3AIMIO TEMIIEPATYPHOIO PEKMMA, COMOCTABUB SKOHOMHYE-
CKHE MTOKa3aTelIn: yBeInYeHHe TPUOBLIH BCIIEACTBHE POCTA TPOM3BOIUTEILHOCTH PEAKTOpa U Bo3pac-
TaHUS PacXoJI0B Ha MOJIEPKAHUE BHICOKOM TEMIIEPATYPHI.

JIi1st HeOOPAaTHMBIX SK30TEPMHUYECKUX PEAKIUi POCT CTENEHH MPEBPAILEHHS COTPOBOXKIAETCS
BBIJIEJICHMEM TEIUIOTHI, U, CJIEI0BATENILHO, B a1MabaTHYECKOM PEKMME 3TO MPUBEIET K BO3PACTAHHUIO
TEMITEpaTypbl PEaKIMOHHON CMECH. YMEHbBIIEHHE CKOPOCTH PEAKIUU BCIIEACTBUE YBEINYEHHS CTe-
[ICHU MPEBPAIIeHHs OyIeT YaCTHYHO KOMITIEHCHPOBATHCSI POCTOM KOHCTAHTBI CKOPOCTH PEaKIIUH C BO3-
pactanueM TemrepaTypsl. [IpoBOIst TaKyt0 peakiiyio B IPOTOYHOM anabaTHIecKOM PEeakTope, MOKHO
00ecCIeunTh BHICOKYIO CKOPOCTh XHMHUYECKOM PEaKIiU M BHICOKYIO MTPOU3BOIUTEILHOCTh peakTopa B
ABTOTEPMUYECKOM PEKUME O€3 HUCIOJIb30BaHUS TOCTOPOHHUX UCTOYHUKOB TEIUIOTHI. [Ipu 3TOM Ter-
JI0Ta PEAKIIHOHHOM CMECH, BBIXOSIICH M3 PEakTopa, CIAYKUT I HarpeBa UCXOJHBIX PEareHTOB Ha
BXOJI€ B PEaKTop.

IMpumep. HaiiTi onTUMabHBINA MPOGHIL TEMIIEPATYPhl B PEAKTOPE MICATBHOTO BBITECHCHHUS
JUISL CHCTEMBI PEAKIHH TIEPBOTO MOPSIKA



\ 4, 149,040 \ 4\, 119,00 \ 4149, 0V0
ecnu w3BecTHO, uto =0.0494*\1\07*\1407**e  RT RT |, =505*¢ RT
\ 4\ 149\ 040
RT | X;X4=0.60, a o6macte 1OMyCTUMBIX TeMIIEpaTyp JeKHUT B uHTepBase 550 - 650 K.

Pemenue. Pa36usaem peaktop BeiTecHeHus Ha cekuuu ¢ AXaX4=0.05. [nsa mo6oii u3 HuX
UMEEeM YpaBHCHHE CEIEKTUBHOCTHU

m . m - (L . C
Rj Rj 1o Ky *CF
Ca
K1
1
K3
I\£ C
| S K,
== K * XRyj-1\H\ax,, g
K T
K3 1+ K
= K3
K,
1 K, * X RA—1\HAXy, +dp;
1 - XA".,.[
14 %
’ qJR] qJR]
Ky
1 - XA'\:I'IL - K_l * XRI‘I,Ij_l
Kl) K,
T4+ e (1= X)) + 52 W\AX
KOTOpPO€  JaeT TaKoE€ pEIICHUE = ( Ks) " ( i) Ky A\
K,
1- XA".\,.i. - H._:_ * XR".\,.j—l
K K,
(1 + K_i) * [1 - XA".,.i.:I + K_l *l\\.ﬂ}:‘g‘\vi

HaXOI[I/IM 4yepes3 AeCATUIpaadyCHbIC UHTCPBAJIBL U .

550 560 570 580 590 600 610 620 630 640 650

0,471 10,400 (0,342 0,293 0,253 |0,220 |0,191 0,167 |0,147 0,130 {0,115

0,063 (0,062 {0,073 0,085 (0,099 (0,114 0,130 0,149 0,169 0,192 {0,217

J11 KaXk 101 3aJaHHOM TeMIepaTypbl paCCUNTHIBAEM U3MEHEHUE CEeJIeKTUBHOCTH Mpoiiecca( 1o
NPUBEIEHHO BhIle GOpMyJIe) B 3aBUCHMOCTH OT CTETIEHH KOHBepCHH, HaunHast ¢ X4 X4 =0.05 ¢ ma-

rom 0.05 10 ¢ X4X4=0.60. 3uauenue Borxoaa & &i-1 Xr\j-1 paccUMTHIBAEM 1O IUIONIA/IA, OTPAHUYEH-
'I'Rj II'Rj

HOU KPUBOI , OCSIMU KOOPJMHAT U 3aJJaHHOU OpJAUHATON Xpi~-1X0,-1 B npubau-
KEHHUHU €€ MOYKHO BBIYUCIUTH MO (hopMmyIie Ay Xrj=* AN Xy

Hanee 11 ka0 CEKIMU(JUISI KaXI0M CTENIEHN KOHBEPCUH )OTBICKUBAEM TEMIIEPATYpPY, IIPH
KOTOPOH JIOCTUTAETCSI MAKCUMYM CEJIEKTUBHOCTHU. 3HAYCHHUE NPHUBEAEHBI B Ta0MI. 1

Tab6numa 1.




3HaueHue ONTUMAILHON TEMIIEPATYPhl U COOTBETCTBYIOLIEH €l CEJIEKTUBHOCTU IIPU Pa3jny-
HBIX CTENIECHIX KOHBEPCUU

BriBoa: ucnonb3yst mporpaMmubiii komrieke MS Excel, Mbl Hay4MInch pacCUMTHIBATH ONTH-
MaJIBHBI TEMIIEPATYPHBIN PEXKUM PEAKTOPA.



JIABOPATOPHA PABOTA Ne9
«OnTUMaIbHBINA TEMIIEPATYPHBII peXuM B peakTopax. Yacts 2»
Lens paboThl

[Mpumensiss nporpammHsblid komiuieke MS EXcel, paccuntaTh onTuMabHbBIA TeMIepaTypHbIA
peXUM peakropa

Kparkas teopus

OO06patumbie XUMUYECKUE PEAKITUH.
[Ipoananuzupyem yciaoBus 00ecriedeHHsI ONTUMAIBHOTO TEMIIEPATYPHOTO peKnuMa 00-
paTUMBIX peakUuil Ha MpuMepe oOpaTUMOl peakluy IepBOro NopsaKa
A —R.

C o11HO¥ CTOPOHBI, KAK U CKOPOCTh HEOOpPaTUMOM peakIuy , OHA 3aBUCUT OT KOHCTaHThI
CKOpocCTH K1 ¥ TITyOMHBI XUMHYECKOTO TIPEBPAICHHS XA, a C IPYTrOi — OIMPEEISIeTCs CTEIEHBIO TPH-
ONMKEHUS] PEAKIIMOHHOM CUCTEMbI K COCTOSIHMIO XUMHUYECKOTO PaBHOBECHS M 3HAaYEHHEM MPEeNIbHO
JOCTHKUMOMW CTENEHU MPEBPALICHNS B PABHOBECHBIX YCIIOBUSAX XAe. XapakTep U3MEHEHHS] CKOPOCTH
C pOCTOM TeMIepaTypbl OyJEeT pa3HbIM JJISl FHJI0- U SK30TEPMHUECKUX PeaKLni.

[ToBeilIeHNE TeMIlepaTyphl MPOBEAECHUS 00paTUMON SHIOTEPMHUUECKON peakiuu Mpu-
BOJUT OJJHOBPEMEHHO K pocTy k1 1 yBeMYeHHIO PaBHOBECHOH CTENEHHU MpeBpatieHus Xae. Cienona-
TEJIbHO, MPU GUKCUPOBAHHON CTETIEHU MPEBPALIEHUS XA CKOPOCTh OOpaTUMOM IHI0TEPMUYECKOI pe-
aKIMM C POCTOM TEeMIIepaTypbl MOHOTOHHO yBenuuuBaercs. [lo3Tomy moaxoa k pa3paboTKe ONTH-
MaJIbHOTO TEMIIEPATYPHOIO PeXHUMa ITHX Peakuui OyaeT TakuM ke, KaK U Uil HeoOOpaTUMBIX HJIO-
TEPMHUYECKHUX IIPOLECCOB.

Nuaue obcToutT n1eno ¢ 0OpaTUMBbIMU SK30TEPMHUYECKUMHU peakiusaMH. Tak Kak cKo-
POCTh peaku— (QYHKIMS HECKOJIBKUX IEPEMEHHBIX (110 MeHbLIEH Mepe, IByX— T U Xa),To 1715 aHa-
JM3a 3TOW (PYHKIUHM yIOOHO MCIOJIb30BATh €€ CEYEHHUE IPU MOCTOSHCTBE BCEX NMEPEMEHHBIX, KpOMeE
OJJHOM.

[Tpumep. [l oOpaTUMON 3K30TEPMHUYECKON peakuuu A R nalineHsr:
Kep2ams  Kop2yos K1 K

R =19,0; AH= -75000 Jx/MOib; : =3*\1407 \1},07 *exp(-
48600/RT)\ptyu\H *\+\W\H *. HaiiTu onTUMAaNbHbI IPOQUIL TeMIepaTyphbl LIS PeakTopa Uaeaib-
Xa XA

HOTO BBITECHEHHMS 1 ONITUMAIBHYIO TEMIIepaTypy AJIs anrapara HOJHOTO CMEICHHS =0,60,
i 16459 164,57
€CJIM BEpXHUH Mpe/ien TEMITepaTypsl cocTanisier \6' VT C.
Pemenue. IlpeneOperas uameHeHueM TeroBoro >dpdexra ¢ remneparypoi, 1 10-
0 0
rpaaycHbIX uHTepBanoBs oT 25 1o Y743" \7\3" C HaXo UM KOHCTaHTBI paBHOBECHS 110 (GopMyIe

I[J'IH TEX KC€ TCMIICPATYP BBIYUCIIACM 110 3aIaHHOMY KUHETUYCCKOMY YPABHCHUIO KOH-

CTAHTBI CKOPOCTHU U CKOPOCTb pCaKIIUU JJI psAaa cTereHen KOHBCPCHUU
X
rﬂzﬁl-c_‘l—fc‘_ltcgzf(l-cﬂ,,-(i—xﬂ—f{—“l
c
(HpI/IMeHﬂCM :1,TaK KaK OT 3TOr0 KOHEUHBIN pe3yabTaT HC SaBI/ICI/IT)I/I CBOJIUM HUX B Ta6J'I.1

Tabnuna 1. 3HaueHust CKOPOCTH 0OPATUMOM SK30TEPMUUYECKON peaKIMy B 3aBUCUMOCTH

OT TeMIIEpaTyphl U CTENEeHU KOHBEPCUH, [MOIb/(11 iMun)].



A9~ = Tuer Microsoft Excel - Microsoft Excel - X

I o | s pumeracpaws  oopwas  fawme  Pewvosposswne  Ban  ABBYFineReader1 c@o8

0} b mmenerronn s - x4 = =[] Osuni - = 5 ;;ﬂ ;: AT A

ST TS A RERERA 9w 28 LS TERTE Do LTI

e = _
A B C D E F G | H | 1 J -

1| T Kce K1,mun-1 CrerneHb KOHBEPCUU

2 0,1 0,196 0,34 0,54 0,7

3 25 19 0,091 0,081 0,072 0,058 0,039 0,024

4 35| 7,11 0,172| 0,152| 0,133| 0,105/ 0,066/ 0,035

5 45 2,83 0,312 0,27 0,229 0,168 0,084 0,016

6 55 1,19 0,546 0,446 0,349 0,205 0,004

0 65 0,53 0,925 0,657 0,401 0,015

8 75 0,25 1,521 0,749 0,008

9

10

11

12 )

13

14

15

“:‘ R = T R Yom— 0

A ) B pyc

Brison:
C pocTtoM TemmepaTypbl KOHCTaHThI CKOPOCTH W PAaBHOBECHS MU3MEHSIOTCS B IMPOTUBOIIOJIOK-
HBIX HaIpaBJICHUSIX.



JIABOPATOPHAA PABOTA NelO
«Pacuer agmabaTHYECKOTO KaTATMTUYECKOTO PEAKTOPa C HETMOIBIKHBIM CIIOEM KaTaIn3aTopay
Lens paboThl

[Mpumensis mporpaMMHBIN KomILieke EXcel, HayunTbest paccunThiBaTh ainabaTnYecKuil
KATAIMTUYECKUH PEaKTOp C HENOABMKHBIM CJI0E€M KaTalln3aTopa.

Kparkas Teopus

AnnabaTuiyecKuii peakTOPIpeACTaBIsIeT co00i METAIUTMUECKUH IMIIMHP, B HIDKHEH
4aCTH KOTOPOTO HAXOJUTCS PEIIETKA, HA KOTOPYIO HACHIIAETCS KaTaIM3aToOp B BUJE PAa3JIMYHOTO TUIIA
rpaHyi: TabJeTOK, MIApUKOB, 3€peH HENmpaBWJIbHOW (opmbl U T. 1. ['a30Byl0 peakIMOHHYIO CMECh
MO>KHO HaIpaBJIATh B almapar Kak CBEpXy BHHU3, TaK U CHU3Y BBepX. CTEHKH IMIMHIPA TEIIOU30JIU-
POBaHBI.

B cBs3u ¢ oTcyTcTBHEM YCTpPOWCTB Ul CheMa Tella B aJnabaTUYECKUX peakTopax
OCYILIECTBJISIOTCS IPOLIECCHI C HEOOBIIMMHU TETIOBBIICIIEHUAMH U HU3KOH YyBCTBUTEIBHOCTBIO K H3-
MEHEHUIO TEMIIEPATYpPhl, a TAK)KE MPOLIECCHl C HEOOJBIINMHU CTENIEHAMU IpeBpatieHus. [lpu HeBbIco-
KHUX JIMHEHHBIX CKOPOCTSX Ta30BOTO MOTOKA M, COOTBETCTBEHHO, HEBBICOKOW MOITHOCTH TaKOM peak-
TOP UMEET HEOOJBIIYIO BBICOTY, YTO 00€CIeUrBaeT MaJble 3arpy3Ku KaTajau3aTopa, HU3KOe I'UIpaB-
JINYECKOE COMPOTHUBIICHUE CJI0SI KAaTaanu3aTopa U YMEHBIIIAET SHEPreTUYECKNE PACXO0/IbI 10 MO1a4e ra3a
B CHCTEMY.

OTa KOHCTPYKLUS UCIIOJB3YETCS B HACTOSIIEE BPEMS, B OCHOBHOM, IIPH CO3JaHUU KO-
JIOTUYECKH YHCTHIX TEXHOJOTHH JJIsl KaTaIMTHUYEeCKON OUYHMCTKH BBIXOJHBIX T'a30B OT OKUCJIOB a30Ta U
Cephl, CEPOBOAOPOA, OPraHMUECKUX BEIIECTB U T. 1., @ TAKXKe IPU pa3paboTKe MaTOTOHHAXKHBIX MPO-
1eccoB. JlemeBn3Ha U3roTOBICHUS TAKKX allapaTtoB 00ycIOBIEHA MPOCTOTON KOHCTPYKIMH.

AmnabaTHYeCKUi KaTAIUTUYECKHH PEaKTOp C HEMOJABM)KHBIM CJIOEM KaTajau3aTropa
IpeJHa3HAYeH JUIs aIKHWINPOBaHUs OEH30J1a STHUJICHOM Ha IIEOJIMTHOM KaTaJln3aTope.

Xon paboThl
H oS- :
OAAN FNABHAR BCTABKA PASMETKA CTPAHWLBI DQOPMYNbI JAHHEIE PELLEH3WPC
PEXCUMBI NP OCMOTPA KHUM A Mokas Macwras
F31 - > [V S oc

A B C D E F G H 1
1 |HeoGxoaumblid oBbem KaTann3aTopa ANA OAHOMO peaxTopa: vt 60724,89 obb
2 Wk=Vt/Vob 4,762736 m3 Vob 12750 obbe

w

4 |vt=G/p 71,47046 G-HC
5 p-ns
6 |G=Gt/n 60749,9 krfu Gt 121
7
8

9 |HeoGxoAMmblii BeC KaTanusaTopa:
10 |W=vk*y 3,572052 T ¥ HacbIMHaA Naol

12 MpuHMMmaem guameTp peakTpa 1,4 m. 1.4

14 |T.K. AMameTp annap: LWIMHIPWYECKOR
15 |D=1,13%5~1/2 S - nnowane ce

17 |Torga nAouwaas CeUeHUA annaparta MOKHO HalTK No Gopmyne:
18 |$=(D"2)/(1,13°2) 1,534967 m2

20 |BbicoTa peakUMoHHOM 30Hbl annapara:
21 |Nk=Nnpoa/vk 1999,651 kr/m3 NMpo4 - NPOM3BOaMTENBE

23 |K yCTaHOBKE NDWHUMAEETCA aNNapaT co CeayLMMK XapakTepUCTHRAMMK:
24 | AnameTp BHYTPEHHMHA 1400 mm

25 |BbICOTa MAMHAPWUECKOM YacTH 13400 mm

26 |BbicoTa oBuian 14000 mm

27 TonwmMHa M3onNAuMK 240 mm

28 |JaeneHne pabouee 3 Mna

28 | fanamiien amcarann EREVI



BriBo1: mpuMeHss mporpaMMHBIi KomIuieke Excel, Hayannuch paccuuTeiBaTh aanada-
TUYECKUN KaTAIUTUYECKUI PEAKTOP C HEMOABMKHBIM CIIOEM KaTajau3aropa.



JIABOPATOPHAA PABOTA Nell

«Pacuer peakropa KOKyXOTPYOHOTO THIA HENPEPHIBHOTO JCWCTBUS IS MPOBEICHUS
Ipouecca noJaMMEpU3aluy B pacTBOPE»

Lens paboThl

[Ipumensisi mporpamMmMHbIi KoMmIuleke Excel, HayduThCsl pacCUUTHIBATD PEAKTOP KOXKY-
XOTpYOHOTO THUIIA HEMPEPHIBHOTO JCHCTBUS ISl IPOBEACHUS MPOIEcca MOTMMEPH3AIIH B PaCTBOPE.

Kparkas Teopus

[TpuBenem o60CHOBaHME BBIOOpA TUTIA amapaTa.

CornacHO UCXOJIHBIM JIaHHBIM, HEOOX0IMMO UMETh almapar ¢ pa3BUTON MOBEPXHOCTHIO
TeII000MeHa, KoTopasi He TpeOyeT MOCTOSTHHOM OUYUCTKH OT 3arpsi3HEHUS MOJIMMEPHON TJIEHKOU, TaK
KaK peaklusi MpoTeKaeT 0e3 BBIACICHHs TOJMMEpa U3 pacTBopa. PeakTop JOomKeH MMETh CpaBHH-
TEJBHO HEOOJIBIIYIO IPOU3BOAUTEIBHOCTD, HO 00ECIIEUNBAThH MPH 3TOM JIOCTATOYHO OOJIBIIOE BpEMs
npeObIBaHUS BEILECTB; B HEM HE JOJKHO OBbITh MEPEMENINBAaHUS PEearupyroluX BEIECTB C MPOaYyK-
TaMH1 PCaKIUU.

Taxum 006pazom, HanboJIee MOIXOIANITAM THIIOM anmapara, KOTOPbIA OyAeT YIOBIETBO-
PATH BCEM 3TUM TpeOOBaHUSIM, SIBJIIETCS pEAKTOP BHITECHEHUS C pa3BUTON BHYTPEHHEH MOBEPXHOCTHIO
TEILUI0OOOMEHA U JJaMUHApPHBIM THAPOANHAMHUYCCKHUM PEKUMOM. ,Z[J'ISI oOecrieueHnsT TOCTOSTHHOIO TEM-
nepaTypHOro pexxnma (Temneparypa He Boimie- 308 K) mo anmmHe peakropa, a, cieoBaTeiIbHo, U Kade-
CTBa TMPOJIYKIIUH [EIeCO00pa3HO CEKIIMOHUPOBATH alliapar, OCYIIECTBIISST WHIANBHTyTbHBIH TT0IBO/T
XJIa/IaTeHTa B KXY CEKITUIO.

B cooTBeTCTBHM C HM3JI0KEHHBIM BBIOMPAEM PEAKTOP BBITECHEHHUS KOXKYXOTPYOHOTO
THUTIA, COCTOSIIIIUHN M3 TPEX CEKIIHiA, Iepel KOTOPBIM J0JDKEH OBITh YCTAHOBJICH BCIIOMOTATEIIbHBIN pe-
aKTOP CMEIICHUS TSl MHUITUMPOBAHUS TIpoIiecca MOJIMMEPH3alIiHU JI0 CTENeHH npeBparieHus xo = 0,10.

Xon paboThl

A B C B E F G H I J
1 |PaccumTaTe HEMPEPBIBHOOEWCTBYHOLWMIA PEaHTOP BBITECHEHMA ANA NPOBESEHMA NPpOLECCa
2 |NoAMMepM3aLMK B PACTEOPE NO CASOYHIWKMM JaHHBIM:
3 |G 864 NpoWIBOOMTENBHOCTE NOAMMEDKWIATOPA NO CYXOMY BELWLECTBY KIEcyT
4 (CO 25 HOHLEHTPALMA MOHOMEDE B MCXOAHOW CMECK %4
5 |x0 0,1 cTeneHe NpeBpaLLEHWA MOHOMEDA HA BXOOE
B |x 0,96 cTeneHe NpeBpaLlEHMA MOHOMEDA Ha BoiXode
7 |dHr 1210000 TennoBoi 3QderT peanLMKM NOAMMEDU3aLMKA ik
& |Tp 308 TemnepaTypa peakuMK K
3 |Pp 647 NNOTHOCTE PEAKLMOHHOW CMECK rr¥ma({-3)
10 | Cp 2500 yoenbHaA TEMAOEMKOCTE PEAKLMOHHON CMECH Do
11 |Np 0,13 ko3dpdOHLMEHT TENNONPOBOAHOCTH PEAKLMOHHOM CMECH Br
12 | Tx 288 TemnepaTypa TENAOHOCMTENA (XNaforeHTa) - Boaa K
13 Px 1000 NAOTHOCTb TENOHOCKTENA rr¥ma({-3)
14 | Mx 0,0018 aMHaMMUYECKMA HOSPOULIMEHT BAZKOCTK Ma*c
15 |Cx 4190 yoensHaA TENI0EMHOCTE PEGKUMOHHOW CMEeCK Do
16 | Nx 0,58 ko3ddHLMEHT TENNONPOBOAHOCTH Br
17 |r3 0,0005 Tennoeoe CONPOTHBAEHWE M2
18 |[tp 70 BpemMA NOAMMEDKUIALMIK MHKH 1




A B C D E F G H 1
OnpeneneHue pabouero obbema nonumepusatopa (peawntopa):
Vp=(G*tp)/(Pp*C0*x) 0,272 M3

HKonWuecTeo TENAOTbI, BbIAENAOLEECA B PEIYNLTATE PEAKLMKA NONMMEDWIALIMK:
Qp=G*dHr*{x-x0) 10400 BT

TaK KaK peaKUWOoHHAA CMEC MOCTYNAET B PEAKTOR HATFPETOM 40 TEMMNEpAaTYPbl PEAKLMH,
TO TENAOTa NOLOrPEEa PABHA HYMKO M, CNEA0BATENBHO, ODLIEE HONWMYECTBO TENAOTH Qo6L,

[V IR - B B R TN SO YE TR N

KOTOpOE HEODXOOMMO OTBOAMTE YEDE3 NOBIEPXHOCTE TENNo0EBMeHa B pearTope, BygeT paeHa Qp

==
Lo ]

11 | PACCUMTBLIBAEM YCNOBHBIA KOSPPULMEHT CHOPOCTH OTBOAA TENAOTHI:
12 |Kyen=ap/(vp*(Tp-Tx) 1920 BT
13

ockomsky Kycn > 900 Br(m3-K)?, To Tpebyercs HMeTh MOIMMepH3aTOp C PA3BUTOH MOBEPX-
HOCTBIO TeriooOMeHa. BBuay Toro, 4yTo anmapar UMeeT HECKOJIbKO CEKIIUHM OXJIaXIeHUs, pacueT clie-
JyeT MPOBOAUTD JUTSl KaX A0 CEeKIUU OTAeNbHO. Llenb pacueTa cOCTOUT B HAXOXKACHUU TaKOH TemIie-
paTypbl XJaJareHra, npyu KOTOpPOM TeMIlepaTypHbIi Hamop OyaeT JOCTATOYHBIM Ui MOJAEp KaHHS
TpeOyeMoii TeMIiepaTypbl B peakIIMIOHHOM 00beMe.

BriOupaem uncio cexkuwmii, papHoe z = 3. Kaxxgas cekmusi UMeeT OJIMHAKOBYIO JUIMHY, U, CJIe-
JI0BATEJIbHO, BpeMs IPEObIBaHUS B KAXKIAON CEKLIMU HE MEHSETCH:

A B C D E F G
1 | Bpembl NpebblBaHWA B KAMO0H CEHLMM:
2 te=tf3 1400 c
3
4 |OnpegenAem BHYTPEHHWA gnameTp TpyDoK NnoAnmepu3aTopa:
5 | d={{Np*(Tp-Tx)*Vp)/Qo6uw)"1/3 0,0021 m
6
7 |[MpuHUMaeM BHYTPEHHWA duameTp d= 21 mm
B |OBbwan gnuHa TpyboK B annapaTte:
9 |L=4*vp/(n*d"2) 702 m
10
11 | OnuHa TpyboK B O4HOKH CERLMM:
12 |I=12 234 m
13

14 | BoiBHpaem KOHCTPYKTHEHYH BolcOoTy TpyBoK H=2m.
15 | Obuwee uncno TpyboK B annapaTe:

16 [M=L/H 351
17

18 Mwcno TpyDOK B OOHOM CEHLMK:

19 \n=I/H 177
20

21 [Mrowans NoBEpXHOCTA TENAooDMEHE B annapaTe:

22 [F=n*dH*N 60 m2
pk

KoadduuneHT TennooTaun oT peaklinOHHOM Cpe/ibl 0 SKCIEPUMEHTAIBHBIM JaHHBIM
paBen 0p=22.7 Br*m? * K,



[To ONBITHBIM JAHHBIM MPUHUMAECM CIICIYIOIIEE PACIPEICICHUE CTEICHH MPEBPAIECHUS IO
cexkuusm anmapata: x1=0,57; x2=0,84; x3=0,96.

A B C v E F G H | ] K
1 |PacnpegeneHHe TENACEDH HBTPYIKH:
2 | Opt=G*dHr*[xtl-xi)
3
4 | NO CEKLHAM B 33EHCHMOCTH OT CTENEHH NPEERS WEHHA BYAET CASAYIOWHM:
5 |MNepean cEkLMA: Qpl=0,01%1,21*10%*(0,57-0,1) 5700 | Br
& |BTopan CEKUMA: Qp2=0,01*1,21*10*6*(0,54-0,57) 3300 Br
7 | TpEeToR CEKLMA: Qp3=0,01*1,21*10*6*(0,26-0,54) 1400 | Br
2
% | Mo SHCNPEPHMEHTANDHEM 43 HHEM PACIPEAENEHHE KOSPPHLHEHTOE TENNOOTAIHH XA A3NEHTE N0 CEKLWAM:
10 | pxl= 500
11 |pe2= 780
12 |px3= 490
13

14 |Pacqer kozddHUHEHTE TENACNEPELI|HH NO CEKLHAM
15 |Ki=1/[1/oi6/NHr3+{1fop) |gaer:

1E

17 [H1= 22,4

18 [H2= 22,3

18 |K3= 22

20

21 |Torga TENACEDH NOTOK, OTECOMMEN M2 K3XA0M CEUMM, BYAET pIEEH:
22 |QI=Ki*Fi*dTcpi

23

24 |Pacnpegenerue dTCpi No CEKLUMAM ONPESENAEM NG GOopMyne:

25 |dT cpi=[Qpi*z*d~2)/12 B*Np*vp

26

27 |MNocne NoACTaHoEKH SHOAEHHEX SHEHEHHH HIEECTHE BEEAMYMHH HMEEM:
28 |dTcpl= 15,5 K

29 |dTcp2= 2.8 K

30 (dTep3= 3.2 K

31

32 |CnegoeaTencHo:

33 |Q1= 6600 Br

34 |02= 4800 Br

35 |03= 1500 Br

3amanue: NpuMeHssi IporpaMMHbINA KoMIuieke Excel, Hayunnnch pacCuuThIBaTh peak-
TOP KOXYXOTPYOHOTO THIIa HEMPEPBHIBHOTO ACMCTBUS UIsl MPOBEACHUS Mpolecca MoJIMMepu3alui B
pacTBope.



Kputepuu oneHku 1a00paTopHbIX padoT

[Ipu moaroToBke K Ja0OpaTOpHOI padboTe MO AUCUUILIMHE «XHUMHUYECKHUE pe-

AKTOPLI» B 3 CECMCCTPC CTYACHT JOJIDKCH BBINMOJHUTDL CICAYIOIIUC BUbI pa60T:

MunumaiabHbiii | MakcuMajib-
Buabl pador .
BN HbI 0aJLI

CamocrosiTenbHast npopadoTKa TeopeTnye- 04 9
CKOIr'o MaTepuaa K JabopaTopHoit paboTe ’
O3HakoMJIEeHHE C YCTaHOBKOM, MpUOOpOM, 0,4
METOJIMKOW BBIMOJHEHUSI J1abOpaTOpHOMN 2
paboThI
BrinonHenue HE0OXOAUMOTo  AKCIEpH- 0,4 9
MEHTa
O6paboTka pe3yiabTaTOB MCCIEAOBAHUS, 0,4 9
OCTPOCHHE IPaUKOB
AHanu3 pe3yJabTaToB UCCIEIOBAHUS U BbI- 0,4 2
BOJI 1O paboTe

UTOro : 2 10

Kaxxaplii CTyIeHT HOKEH BBITOHATE MUHIMYM 10 maboparopHbix padoTt. Kax-
nast maboparopHasi padota onenuBaercs B 10 6amios.



Bapuanr 1
TECT
IIPOBEPKU OCTATOYHBIX 3HAHUHU IO JUCLUILIIMHE
OIl.16 «Xumuueckrue peakTopb»

Bomnpoc 1. OcHOBHO# BETMYMHON B XUMHUECKOU KUHETHKA SIBJISICTCSI:

OTBET.

1. Temneparypa peakuuu
2. CkopocTb peakuuu

3. DOHTaIBIHA

Bompoc 2. K kakoMy MexaHu3My OTHOCHUTCS cienytomast peakuus: aA— rR — sS;
OBET.

[IpocTas HeoOpaTuMas peakius

CrnoxHast napaiiensHas peakius

CrnoxHast mocjenoBaTeIbHas peakius

wN e

Bormpoc 3. Uto B M30TepMUUECKHX YCIOBUX onpeaensercs no gopmyne: r =k * f
OBET.

CkopocTe peakuuu

O06beM peakImOHHOW CMECH

CenexkTUBHOCTD

wn e

Bompoc 4. Eciii peareHT u Kataiu3aTop HaXOIATCS B OJHOU (a3e, TO peakius:
OBET.

I'omodasznas

I'ereperonne-katanutuyeckas

I'omoreHHo-KaTanmuTHYECKAS

wrh e

Bompoc 5. CKopocTh peakIny Kakoro mnopsiaka omnpezenseM mo popmyne: W =k * C?a
oBET.

ITepBoro
Broporo
Tpetsero

wrh e

Bormpoc 6. Uemy paBHa cTerneHb npepaiieHus:

OTBCT.

1. Moau MpEeBpaAlICHHOTO pearcHTa ACJINTh Ha MOJIM p€arcHTa NMTaHud

2. Momu pearcura, NpeBpalmcHHOIO B 11 (S (:10) MMPOAYKT ACIIUTH Ha MOJIU ITPEBPAIICHHOI'O p€a-IrCHTa
3. Moau pearcura, NpeBpaicHHOIoO B 11 (S (3:10) 4 MMPOAYKT ACJIUTH HA MOJIM p€arcHTa B IMTAHUA

Bonpoc 7. Haubosnee mmpokoe pacupocTpaHeHne B KOHCTPYKIIMOHHBIX MaTepualiaXx peakTopoB MOJIy-
YUJITH:



OTBCT.

1. Cranu 1 yyryHsl
2. [{BeTHBIE U pelKHE METAILIbI
3. Hemerannuueckue MaTeprasl

Bompoc 8. U3 kakoro marepuasna U3roTaBauBaloT anmnapaTypy co CIEAYIOIINUMH XapaKTepUCTUKAMU: all-
naparypa, npu temmeparype 150°C moq HopMaTbHBIM JTaBJICHUEM. :

OTBET.

1. Mennb

2. AnroMuH#R
3. Turtan

Bomnpoc 9. Kakoit Thn peaktopa He OTHOCUTCS K KJIaCCU(DHUKAIIUU TT0 TEMJIOBOMY PEKUMY:
OBET.

1. PeaxTop ¢ mporpaMMUpOBaHHBIM TETUIOBBIM PEKHUMOM

2. N3oTepmuueckuii peaktop

3. DK30TepMUYECKHI PEAKTOP

Bompoc 10. Kaxo#t peaktop xapakTepHu3yeTcs CIeAYIOMMUM 00pa3oM: TiepeMeHHas KOHIIEHTPAIUs
pearupyromnmx BEIIeCTB 0 JJTMHE anmapaT, HeOOoIbIasi pa3HUIa KOHIIEHTPAIM Ha BXOJIE ¥ BBIXOJIE
U3 peakTopa u, cJIe0BaTeIbHO, HEOOIbIIas CPEAHss IBUXKYLIAs CHIIa IpoLecca. :

OTBeET.

1. PeakTop mpeanbHOTO cMeEIIeHUS

2. PeakTop mmearbHOTO BHITECHEHHS

3. PeakTop mpomexxyTo4HOTO THIIA

Bomnpoc 11. CpenHsis IBUXKYIIIasi CUJIa TIpoIiecca B arnapaTe MpOMEeKYTOYHOTO THIIA:
OBECT.

1. EOJ'IBI_HC, 4YC€M B aliapare rnmoJIHOI'O BBITCCHCHM A, HO MECHBIUIE, YEM B allliapaTe MoJIHOIr0 CMECIICHUA
2. EOJ'IBI_HC, 4YC€M B alriapare rnmoJIHOro CMEIICHMA, HO MCHBIIIE, YEM B allllapaTe MOJIHOI'O BBITCCHCHUA

3. MeHblile, yeM B ammaparax IMOJIHOTO CMEIICHHS U ITOJHOTO BHITECHEHHS
Bomnpoc 12. Yro onpenensiercs o cieayromei Gopmyiie: Xa = (Cao — Ca) /Cao
aBET.

1. CKOpOCTh peakiiuu
2. ['myOuna npeBpalieHus
3. O0beM peaKIIMOHHOW MacChl



Bomnpoc 13. PeakTop kakoro tuma qecTBUS H300paKeH HIDKE:
TenmonocHUTENH TerLHOHocmCeﬂb
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OTBET.
1. [Tepnoanueckoro
2. HenpepriBHOTO
3. [MomyHenpepbIBHOTO
Bompoc 14. Haubonee TunuyHbie peakiuu sl peakTOpOB T'e€TePOreHHON CUCTEMBI )KHJIKOCTh —

AKHUJKOCTD:
OTBET.
1. CynbhupoBaHue U HUTPOBAHUS
2. O30HUpPOBaHKE U FAJIOT€HUPOBAHKE
3. I'uapupoBanue U rugpaTanys
Bompoc 15. O KaKoM THIIE PEaKTOPOB UCT peub (PEaKTOPHI IJIsi CUCTEMBI a3 — KUIKOCTh): DTO

peaKTop MepHoOaNUECKOro AeMCTBUS, MEIOLIUI TPYJHOCTH C YIUIOTHEHHEM BaJIOB, ABIKYILUECS Ya-
CTH OBICTPO BBIXOJST U3 CTPOs, OOJIBbIINE 3aTPaThl JHEPTUU, U KaK CJIEICTBUE OUYEHb PEIKO MPUMEHS -
€TCsl 1151 CUCTEMBI a3 — KUJKOCTb. :

OTBET.
1. PeakTophl ¢ MENIaIKamMu
2. PeakTopsr 6apOoTakHOTO THITA
3. PeakTophbl ¢ MEXaHUYECKUM PACTIBIEHUEM JKHIKOCTH
-
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Bomnpoc 16. Kako#i peaktop n300pakeH HUKE: 2 Boia (1 - cimpainsb 6oIib-

IOTO IMaMeTpa; 2 - CIHpallb MAJIOTo JUaMeTpa; 3 - pyodarika.)



OTBCT.

1. PeaxTop nonumepusanuu uist CHCTEMBI CO CPEIHEN BA3KOCTBIO

2. PeaxTop [u1s1 rOMOT€HHON CUCTEMBI )KUJIKOCTh — KUIAKOCTh C HE3HAYUTEIbHOU BA3KOCTBIO

3. PeaxTop ans nmosrydenus ¢heHom - GopMabIeTUAHBIX CMOJ

Bompoc 17. Karanutuueckue npoieccsl MOKHO pa3eianTh Ha ABe Oonbluue rpynmnsl. Kakas
IPYIIa HE SBJSETCS Pa3HOBUIHOCTHIO KAaTaJUTHUECKOTO MpoIiecca:

OTBET.

1. I'omorenHsIi KaTanus

2. I'ereporennslii katanus

3. Karanms cmemanHoro tumna

Bomnpoc 18. Kakoe 13 nepeunciaeHHbIX MPEUMYIIECTB HE OTHOCUTCS K KOHTAKTHO — KaTaJIuTHYe-
CKOMY METO]ly IIOJIy4eHHS BEIIeCTBa:

OTBET.

1. Bousbiias ckopocTs mporecca

2. Bo3moxHOCTh TpoBeIeHUS Mpoliecca IpU aTMOCPEPHOM JIaBICHUHU

3. Bo3moxHOCTH BeJieHHs mpoliecca Mo NepruoIu4ecKoMy METOLY

Bomnpoc 19. Kakas enuHcTBEeHHas CTa/iusl BXOJUT B MEXaHU3M I'€T€POTreHHOTO KaTalu3a:

OBET.

1. HMudbdysust ra3o00pa3zHOTO peareHTa yepes 301y
2. Judbdy3ust mpoayKTOB peakIuu OT TOBEPXHOCTH
3. Judbdysust ra3000pa3HOTro peareHTa yepe3 HenoIBIKHBIN CII0OM ra3za, OKPYKaIoIIero Tejo

Bompoc 20. [Tpumepno 80% KaTann3aTOPOB U HOCUTEJIEH MOJIyYarOT METOA0M:
OBeET.

1. CoocaxxieHHst UCXOTHBIX KOMIIOHEHTOB U PaCTBOPOB

2. Cyxoe uiu BiIaKHOE CMEIICHHE MOPOIIKOOOPa3HbIX peareHTOB

3. CrinaBiieHHe OKHUCIIOB C MOCIIEAYIOUUM BOCCTAHOBICHHUEM J0 MeTallia

Bompoc 21. KaranuzaTopel kakoro Tura ObIBaIOT METAITUYECKHE U OKCUIHbIE:
OBeET.

1. Karanuzatopsl, mojryueHHbIE MEXaHHUYECKUM CMEIICHHEM

2. Karanuzatopsl, nosryueHHbIE TIJIaBICHUE

3. [Ipupoanbie KaTamu3aTopbl

Bomnpoc 22. B peakropax (¢ HEMOABMKHBIM CJIOEM KaTajau3aTopa) KaKoro TUIa MPOBOASATCS CIEay-
IOLIHE MPOLECCHI: IETUPUPOBAHUE STHIIOCH301a B CTUPOJI, psiMast TUApaTalis 3TUJIEHA U AeTHIPH-
pOBaHUE TUBUHWIOYTUIICHOB. :

OTBET.

1. TpyGuaTsie peakTopsl

2. PetopTHbIE peakTopbl



3. Peakropsl maxTHoro tuna

Bomnpoc 23. B xakoM U3 peakTopoB TeMIIepaTypa Ipolecca MOKET ObITh HanOOIbIIEH:
OBET.

1. TpyOuaTsie peakTopsI

2. PeroptHbie peakTOpsl

3. Peakropsl maxTHoro tuna
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Bormpoc 24. Kaxoit peakTop n3o0pakeH:
OTBET.
1. PeropTHbIit
2. [Tonounsbrit
3. TpyOuatbrit
Bompoc 25. UTo U3 NepeyuciIeHHOro SBISETCA HEJOCTATKOM PEaKTOPOB KHUIISIIETO CIOS:
OBeET.

1. Hanuuue 00JIbIIOT0 KOJIMYECTBA IIbLICYJIABJIUBAIOIINX CPEACTB
2. Bricokas OTPABILIEMOCTh KaTajlu3aToOpa B KUIIAIIEM CJIOC
3. C0XHOCTh AdBTOMATHU3allU U I'POMO3JAKOCTD allllapaTOB



Bapuanr 1
KJIIO4Y
K TE€CTY IIPOBEPKH OCTATOYHBIX 3HAHUN MO JUCLIUILINHE
OIl.16 «XumMuueckrue peakTopb»

Bompoc 1. 2 Bomnpoc 13. 1
Bomnpoc 2. 3 Bompoc 14. 1
Bomnpoc 3. 1 Bomnpoc 15. 3
Bompoc 4. 3 Bomnpoc 16. 1
Bormpoc 5. 2 Bormpoc 17. 3
Bomnpoc 6. 1 Bomnpoc 18. 3
Bormpoc 7. 1 Bomnpoc 19. 2
Bomnpoc 8. 2 Bomnpoc 20. 1
Bomnpoc 9. 3 Bomnpoc 21. 2
Bomnpoc 10. 2 Bomnpoc 22. 3
Bomnpoc 11. 2 Bomnpoc 23. 3
Bomnpoc 12. 2 Bomnpoc 24. 2

Bompoc 25. 1
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Bapuanr 2
TECT
IIPOBEPKU OCTATOYHBIX 3HAHUMN 1O JUCLUILIINHE
OIl.16 «XuMHueCKue peakTopb»

Bomnpoc 1. KakoBo Ha3HaueHHE XUMHUYECKUX PEAKTOPOB?

1) oTBOAUTH TEILIO;

2) SIBISIThCSL COOPHUKOM JIJIsl XPAaHEHHSI BEIIECTB;

3) B anmaparax MpoTeKaeT XUMHUUYECKasi Peakiysi, HeoOXouMas JJis [OJy4eHHs ONpeeIeHHOIO Be-
LIECTBA;

Bomnpoc 2. K kakomy THITy peaKTOpOB OTHOCSIT PEaKTOPHI C HE3HAYNTEILHON BA3KOCTHIO?

1) k peakTOpaM C HETOJHBIM BHITCCHEHUEM JIJIsl PEAKIMi B )KUJIKOH Cpejie;
2) K peakTopam C MOJTHBIM BBITECHEHHEM JUTSl PEAKIM B XKHIKOW CpEJE;
3) K peakTopam JJisl IPOBEJICHHS B Fa30BO# Cpejie;

Bomnpoc 3. K mpocTeiM HEOOpaTUMBIM pEaKIisiM OTHOCHTCSI YpaBHEHHE:

DalA — rR;

a2A — sS.

2) aA +bB — rR;

3) Hao(r) + Clo(1) «> 2HCI(1);

Bomnpoc 4. TTonmumepuzanus OytaaueHa MpOXOaUT B KHIKOHW Cpelie B anmapare ¢ MEIIaaKOu.
Heob6xomumo 1 noaiepKuBaTh MOCTOSHHYIO TEMIIEPATypy [UIsl IPOBEACHUS MOTUMEpU3aLuu?

1) mocrostHHAs TeMIIepaTypa HeoOX0MMa;
2) TeMIiepaTypoii MOXHO IpeHeOpeyb;
3) Her, T.K. 3HaueHue KoddduImeHTa Teronepeaadn OyaeT najaaTh;

Bompoc 5. K HegocTaTkam TpyO4aToro peakropa MOXKHO OTHECTH:

1) mpuMeHeHHUe XJ1aJj0areHTa BBICOKOTO JaBIICHNUS;
2) MaJasi 3aHIMaeMasi IJI0Ia b,
3) MaJtast MPOU3BOIUTEIBHOCTD;

BOHpOC 6. M3MeHeHne unciia MoJiei BCIICCTBA, KOTOPLIC 3aHATHI B pCaKIINH, B CAUHUILIC 00b-
€Ma B CAMHUILY BpEMCHU- JTO... ?

1) ckopoCTh peaKium;
2) KOHCTaHTa CKOPOCTH PEaKInH;
3) sHeprus aKTUBAIUH;

BOHpOC 7. Yxaxwute IMMPAaBUJIbHYIO 3allMCh KHHETHYCECKOI'O YPABHCHU A XHMHUYECKOH peaKkuuu:

—dC al a2
1y =K-Ca1-Cyp
ge —E/RT
Dk=k, e
gy = L. IN_1 NV
)T o V, dc TV dc
Bormpoc 8. 3aBUCHT JI CKOPOCTh PEAKIIUH OT TEMITEPATyphi?
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1) He 3aBuCHT;
2) 3aBUCHT;
3) 3aBHCUMOCTb HE TIPOCICKHBACTCS;

Bompoc 9. K kakomy U3 ciiydaeB OTHOCUTCS CJIEIYIOLIEe ONpPEIeieHIe- CKOPOCTh PEaKIUK TI0-
HHMXXACTCA C YBCIIMYCHUCM TEMIICPATYypPhI:

A) -

7

Bompoc 10. K rereporeHHoi cucreMe KUIKOCTh->KHIKOCTh OTHOCHTCSI:

1) 2 wu GoJiee CMEIIHUBAIOIIMXCS KUIAKOCTEH;
2) HaJIM4YKe TOJILKO OJHOM KUAKOHM (asbl, a APYroi TBEPIOi;
3) 2 wiu 0oJiee HECMENTMBAIOIINXCS UIIH YaCTHYHO CMEITHBAIOIINXCS KU IKOCTEH;

Bormpoc 11. /Iyst cuHTe3a METHIIOBOTO CIIUPTA JIy4YIlle UCIOIB30BaTh CIEAYIOUIUI PeakTop. ..

1) peakTop MOJOYHOTO THIIA;
2) peakTop TpyO4YaToro THIIA;
3) maxTHBIA PEaKTop;

Bormpoc 12. Uto 0OTHOCAT K TUAPOAMHAMUYECKOMY PEKUMY Ui ONPEICICHUs TUTIa peakTopa?

1) rOMOT€HHOCTh U T€TePOr€HHOCTb;
2) MOJTHOE BBITECHEHHUE, TIOJIHOTO CMEIIECHHS, IIPOMEKYTOYHOTO THIIA;
3) HenpepbIBHBIE, MOJYHEIIPEPHIBHBIC, IEPHOANICCKHE;

Bomnpoc 13. K npsimoMy TensiooOMeHy clieiyeT OTHECTH CIIeyIolIee:

1) HemocpeICTBEHHOE COMPUKOCHOBEHHE PEAKIIMOHHON CMECH U TEIIOHOCUTEIIS;
2) TeII000MEH OCYIIECTBIISICTCS YePe3 HEMPOHHUIIAEMYIO TIOBEPXHOCTH;
3) TemI000MeH TaKOTO TUITA HEBO3MOIKEH;

Bomnpoc 14. K koHBepcHU OTHOCUTCS CIIEIYIOIIEe:

_ MOTU NPESPAERHOZ0 Pedsenma % 100%

1) MOTU PedzeHMd 6 FIUMAR UL
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MOTU Peazenma, NPespawieHHo20 & yenesotl Hpodyvxm

= 100%
2) MOTU MPeSPAUEHHDZ0 Peazening

MOTU PEAZEHMA, NPESPAEHHOZ0 & Yenesoll MpodyKm

= 100%
MOAU PedseRma & VM aHii

3) ;

Bomnpoc 15. Kakoit peakTop npencrapiiser coO0i MoJIyr0 KOJOHHY, 3alI0THEHHYIO KUIKOCTBIO,
IJie Ta3 MOAAeTCs Yepe3 paclpeeNuTelb, Jajiee MPOXOAUT Yepe3 CIIOH KUIKOCTH B CeTapanioOHHON
HJacCTH OTACIISICTCA OT Kall€Jib U BBIBOAUTCS U3 aHHapaTa?

1) peakTopbl MOJIOYHOTO THIIA;
2) 0apOOTAKHOTO THUIIA;
3) pETOPTHOTO THIIA;

Bormpoc 16. SBnsercs au BaxXHbIM (HAaKTOPOM TO, YTO OINPEAEISET YCTPONUCTBO peakTopa, BiH-
SAHUC arp€raTHoro COCTOSAHUA UCXOJHBIX BCUICCTB U IMTPOAYKTOB peaKum/I?

1) na, sByseTCS;
2) HeT, He SABJISIETCS,
3) 3aBUCHMOCTH HE ITPOCIICIKUBACTCS;

Bormpoc 17. Kakast u3 xapakTepHCTHUK MOJXOAUT K peaKTOPY BBITECHEHUS ?

1) MOCTOSIHCTBO KOHIICHTPAIIMI PEareHTOB BO BCEM 00bEMeE armapaTa B JaHHbI MOMEHT BPEMEHH;
2)nepeMeHHasi KOHLIEHTpAllKs peareHTOB M0 JUTMHE armnapara;
3) Takue peakTophbl B OOJIbIIEH WIM MEHBIIEH CTENEeHH OTHOCATCS K MOJAEH HICATbHOTO CMEIICHHUS,

Bomnpoc 18. JIocTOMHCTBOM NMEHHBIX PEAKTOPOB MOKHO Ha3BaTh HX:

1) noporoBu3sHa;
2) 3aHMMArOT OOJIBIIYIO TUIOIIAIb,
3) aKCIUTyaTallMOHHBIE 3aTPAThl MaJIbI;

Bompoc 19. Uto oTHOCHTCS K TEMJI000MEHY B KHIISIIEM ciioe?

1) TEII000MeH MECXKAY KUIIAIIHUM CJIIOEM U TENI000MEHHBIMU IOBEPXHOCTAMMU,
2) TCIUIOIEpeaaa MEKAY 3€pHAMHU KaTaJIn3aTopa U ra30BbIM IIOTOKOM;
3) TEMI000MEH MCXKAY 3CpHAMU KaTalIn3aTopa U TEII000MEHHBIMU IMOBCPXHOCTAMMU;

Bonpoc 20. K HenocTaTKy KMISIIIEro ¢i10si OTHOCUTCSL:

1) Hanu4re HeOOJIBLIOTO KOJINYECTBA MBUICY/IABIUBAIOIINX CPEICTB;
2) YyCTOHYUBOCTh PabOTHI CIIOSI BO BPEMEHU;
3)uctupaHue KaTaau3zaTopa BCIEICTBHE yIapOB U TPEHUs 3epeH APYT OT APYra;

Bompoc 21. K xakoMy BBHly KaTaliu3a OTHOCHUTCSI — CKOPOCTb IIPOTEKAHUsS 3aMEUIAETCS M0
NecTBUEM UHTHOUTOPOB?

1) MOJ0KUTENBHBIN KaTalu3;,
2) xaTajiu3 IePEMEHHOTO THUTIa,
3) oTpULIATEeIbHBIN KaTajIu3;
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Bomnpoc 22. Kakoe HeoOX01MM0Oe CBOHCTBO J0JDKEH UMETh KaTanu3aTtop?

1) Gostbiiast 4yBCTBUTEIBHOCTH K IIEPErPEBaM;
2) ¢ HeOOBIIOH TPOYHOCTHIO;
3) aKTUBHOCTB;

Bonpoc 23. B kakoM peakTope Helb3s MOJHOCTHIO OCYIIECTBUTh HU OJHMH THAPOJAWHAMHYE-
CKUM pexum?

1) B peakTOpax MOJHOTO BHITCCHCHHMS;
2) B peakTopax MpOMEXYTOYHOTO THIIA;
3) B peakTOpax MOJIHOTO CMEIICHUS;

Bomnpoc 24. Kakue peakTopsbl JIydilie IpUMEHSITh B KPYITHOTOHHAKHBIX IPOMBIIIJICHHBIX TPO-
1eccax npu OOJIbIIUX CKOPOCTSAX U TEIUIOTaX peakiuii?

1) nepuoauueckue;
2) HeNpepbIBHBIC;
3) mosyHenpephIBHbIC;

Bomnpoc 25. K roMmoreHHOMY KaTajanu3y OTHOCHUTCS:

1) xumMugeckre peBpaIieHus, TPH KOTOPBIX B3aMMO/ICHCTBYIONINE BEIIECTBA U KaTaIH3aTOPhI 00pa-
3y10T 0JIHO(a3HYI0, TOMOTEHHYIO CUCTEMY;

2) XMMUYECKUE MPEBPAIICHUS, TIPH KOTOPBIX PEareHThl M KaTaau3aTopbl 00pa3yroT MHOTO(ha3HyO
WA TETEPOTEHHYIO CHCTEMY;

3) XuMUYeCKHe TPEBPALICHHUS, IIPU KOTOPBIX PEareHThl H KaTaIM3aTOPhl HE 00pa3ykoT APYT ¢ APYroM

onHy daszy;



Bapuanr 2

K TECTY IIPOBEPKHU OCTATOYHBIX 3HAHUU 110 AUCLUIUIMHE

KJIIO4Y

OIl.16 «Xumuueckrue peakTopb»

Bompoc 1.
Bomnpoc 2.
Bormpoc 3.
Bormpoc 4.
Bompoc 5.
Bormpoc 6.
Bormpoc 7.
Bormpoc 8.
Bormpoc 9.
Bomnpoc 10.
Bompoc 11.
Bompoc 12.
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Bomnpoc 13.
Bompoc 14.
Bompoc 15.
Bomnpoc 16.
Bompoc 17.
Bomnpoc 18.
Bomnpoc 19.
Bomnpoc 20.
Bormpoc 21.
Bormpoc 22.
Bomnpoc 23.
Bomnpoc 24.
Bomnpoc 25.
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5. Kpurepun onenkn

Konmdaectso 0-50 (meynosnerBopu- | 51-64 (ymoBnerBopu- | 65-84 (x0- 85-100 (ot-
6amioB TEJbHO) TEJIbHO) po1o) JIMYHO)
[IporeHT BBI- 0-50 % 51-64 % 65-84 % 85-100
MOJIHCHHBIX 3a-
aHui
[Ikana oneHu- HIKe 2 6aioB 3 Gama 4 Gamna 5 GamioB

BaHUA
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