IIporpamma "OXT-reactor"

PEAKTOPBI HAEAJIBHOI'O CMEIIEHUSA U BBITECHEHUSA

3agaun J1a00PATOPHOI0 NPAKTHKYMA

. I3ydenne n30TepMUYECKOTO TIpoliecca B XUMHUYECKOM PEaKTOpe MPHU MPOTEKaHUHU IIPOCTON HeoOpaTH-
MOU peaKIuu: COIOCTaBICHNUE MOKA3aTeJIe MPOIIECCOB MPHU €T0 OCYIIECTBICHUU B PEKUMAX HJICAITb-
Horo BeITecHeHUs (MB) u cmemenus (MC), B kackane peaktopoB (MC-k); BIusHME yCIOBUH W Tapa-

MCTPOB ITponECcCa Ha €ro MOKa3aTcJIn.

II. M3yuenne n30TepMHUUECKOTO MPOIIEcca B XUMHUYECKOM PEaKTOpE MPH MPOTEKaHUU MPOCTON 00paTH-

MO peakiuu: BIAUSHUE YCIOBUN U MapaMeTpOB Mpolecca Ha ero MoKa3aTeH.

III. 3yuenune n30TepMUYECKOro MPOIECCa B XUMUYECKOM PEAKTOPE MPU MPOTEKAHUM CJIOKHOU PEaAKIIUN:
COIMOCTAaBJICHHE TOKa3aTele IMpoLeccOB TMpU €ro OCYIIECTBICHHUH B pPEXHUMax HJI€aIbHOIO

BbITecHEHUA (UB) u cmemienust (MC) ; BnusgHME yCIOBUHM U NTapaMeTPOB MpoIiecca Ha €ro moKa3aTesu.

IV. N3yuenue nporecca B XUMHUYECKOM PEAKTOPE C TEIJIOBBIMU SIBICHUSMHU (TEIJIOBBIJEICHUE PEaKIINH,

TECIIJIOOTBO/ M3 30HBI peaKHI/II/I)

V. Pacder XUMHUYECKOTO peaKkTopa: TEXHOJIOTUIECKHE IMapaMeTphl Mpolecca B peakTope, BEIOOp pekuMa

mporiecca.

OO01Me NosICHeHUS K J1a00paTOPHOI padore

MaremMaTHyecKHe MOJeJIH nmpoueccoB B XUMHUYECCKOM peaKTOopE

B T1abm. 1u?2 MNPUBCACHBI MATCMATUYCCKHUEC MOICIIN ITPOLICCCA B PCAKTOPEC B PA3JIMYHBIX pCIKUMAX.

[Ipomecc B peakTope NMpHU MPOTEKAHUU NMPOCTONW peakuuu (Tadm. 1).
MaremaTrueckue Moienu B Ta01. 1mpuBeaeHBI B IBYX BUAX:
— "HCXO0MHAsE MOJIEIB", B KOTOPYIO BXOJSIT XUMHYECKUE U (PU3NUECKHE BEITUYMHBI M MapaMeTpPhl — KOH-
HEHTpAIs, 00bEM PeaKkTopa, BeJIMUMHA TIOTOKA, KO3 PHUITMEHTHI TIepeHoca | T.11.
— "pacdeTHast MOZieNb", B KOTOPYIO BXOJSAT IapaMeTpbl B BUJE KOMOMHAIMN NEpBOHAYAIBHBIX XUMHUYE-
CKHX M (PM3NYECKUX BEJIMYUH. PacueTHas MO/ienb UCHIOIB3YETCs B IporpaMMe "PeakTopbl HieaibHOro

CMEIICHUS U BLITECHEHUS .
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Tabauya 1. MaTteMaTudecKre MOJICTH MPOIECcCa B XUMUYECKOM PEaKToOpe
(mpocTast peakuus)

Pexum Hcxoanas Mmoaesb Pacuernas Mojaeib
nC c-C X=Xy _
U3zotepMu. u t=w(C) 7 =r(x)
B d£:w(C) ﬂ:r(x)
N3oTtepmuu. du dr
mput=0 C=Cy mput=0 x=xp
C-Cy C.T X=X
uc r w(CT) P (%)
[Tonutponuny. T-T T-T
¢p— = 0,r(C.T) = Ko Fy (T -Ty) - O = AT r(xT)-B(T-Ty)
dC dx
VB —=w(C.T) —=r(x)
dr dr
[TonuTponnuy. AT dT
¢ =0 (C.T) = KFr(T=Ty) | = ATwr(xT)=B(I'-Ty)
HpI/IVP:O C=Cy, T=Ty HpH’E:Ox:xH,T:TH

O0o03HaueHus:
Pe:xumbl: B — uneansHoro BeITecHeHHS; IC — M1eaJbHOr0 CMEIICHHS
Cy, C — KOHLIEHTpalUs UCXOIHOTO pPeareHTa Ha BXOJE U TeKYIasi B PeaKTope;
Ty, T — Temneparypa Ha BXOJE U TEKyLIasi B PEAKTOPE;
w(C), w(C,T)-- KuHeTU4YeCcKasi MOJIeJIb CKOPOCTH PEAKIIH;
r(x) = w(C(x))/Cy — mpuBeieHHAs! CKOPOCTb PEAKIIHH.
T = vp/V) — YCIIOBHOE BpEMSI pEAKIINH;

Vo — o0beMHas Harpy3Kka Ha peakTop (H.y.);

vp — 00BEM PEaKTopa;

Co — HavanpHasl KOHLEHTpALUs peareHTa B MICXOAHOM HenpopearupoBasuieil cmecu (Cp MOKET OTIUYATh-
cs1 0T Cy, €CIM Ha BXOJI B PEAKTOP MOAAECTCA YaCTUYHO ITPOPEArupoBaBIlasl PCaKLMOHHAs CMECh);

Qp — TemoBoi 3G PexT peakuuu;
Cp — TEIUIOEMKOCTb PEaKIIMOHHON CMeCH;

Ty — TeMriepaTypa TEIJIOHOCUTEIIS;

K1 — ko3 ummenT Teronepeaadn u3 peakiimoHHOro 00bemMa K TEIIOHOCUTEITIO;
Fr - TOBEPXHOCTH TETJI00OMEHON TOBEPXHOCTH B PEAKTOPE;
[TapameTpsl pac4eTHOM MOJENN:
x = (Cp— C)/Cy — creneHb npeBpanieHusi UCXOIHOTO KOMIIOHEHTA;
Xy — CTENEHb MPEBPAIICHUS HCXOJHOTO KOMIIOHEHTA Ha BXOJI€ B PEaKTOP;
AT,y = Qp-Co/cp — BeMUnHA aAMa0aTHYECKOr0 H3MEHEHUS TEMIIEPATYPBI;
B = K1Fry,/cp, — mapaMeTp TEIIoo0MeHa;

Fryy = Fr/vp — yaenbHas IOBEPXHOCTh TEINIOOOMEHA B PEAKTOPE;
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IIpocmas peakyus ONMUCBHIBAETCSI OTHUM CTEXMOMETPHUUECKUM YPABHEHUEM:
A + vgB. = VgR + vsS. (D)
KittoueBbiM BemiecTBOM siBisieTCst KOMIOHEHT A. CKOpPOCTh €ro MpeBpallleHHs ONUCHIBAETCS KH-
HeTndeckuM ypaBHeHueMm w(C,T

B pacuertHoil Moaenu nponecca UCToNb3yeTcs IPUBEACHHOE KHHETHUECKOE YPaBHEHUE

r(x, 1) = w(C(x),1)/Co. (2)
J1y1st mpocToit HEOOPATHUMOM peaKII
r(x, T) = K(T)-f(x). 3)

3neck K(7T) — napaMeTp, UMEIOIINI CMBICI KOHCTAHTBI CKOPOCTH PEAKIMU U 3aBUCALLEN OT TEMIIEPATYPHI;
f(x) — byHKIIMOHANIbHASI 3ABUCHMOCTH CKOPOCTH PEAKITUH OT X.
Jlnst mpocToii 00paTuMoi peakuu

9(C)

Ky

r(x,T)zK(T)~f(x) 1- 4

rae K(7)-f(x) — KuHeTHYecKoe BhIpaXKEHUE U1 CKOPOCTHU MPSIMOM peaKlnu;
Kp — KOHCTaHTa XMMHYECKOTO PABHOBECHUS B XUMUYECKOM ITpeBpatieHuu (1);
@(C) — BbIpakeHUE 3aKOHA JACHCTBYIOIUX MAcC JUIsl 00paTUMOTo rnporiecca. s cTeXuoMeTpruuecKo-

ro ypaBHenus (1) pynkmus @(C) umeeT BU:

VR . Vs
_GRGT

¢(C)= 5)
Cp - CgP

[Ipouecc B peakTope Npu NPOTEKAHUU CIOXHON peakuuu (Tadi. 2).
Cnoorcnas peaxyusi ONIACHIBAETCS. HECKOIBKUMU CTEXMOMETPUYECKMMU ypaBHEHUAMHU. Mcnons3o-

BaHa HOCJ'ICI[OBaTCJ'II)HO-HapaJ'IJ'IeJ'II)HaH cxeMma npeBpameHHﬂ C H€O6paTI/IMI)IMI/I JaCTHBIMH peaKHI/ISIMI/IZ
R
A v3 (6)
2 S

Hcxomaple Moenu mpoliecca B peakTope MpH MPOTEKAaHUU CIOKHOW peakiuu MOJ0OHBI TpUBe-
JEHHBIM B Ta0id. 1, HO YMCIIO ypaBHEHUH M3MEHEHMsI KOHIIEHTpaluii Oyaer Ooublie — AJig CXEMBbI Ipe-
BparieHuil (6) MmareMaTuueckas MOJENb Ipolecca MPEACTaBIsIET COO0M CUCTEMY JBYX ypPaBHEHUH IS
MIPEeBPAIICHHUS BEIIECTB, K KOTOPOMY JUISI HEM30TEPMHUYECKOTO TpoIiecca q00aBIseTCsl ypaBHEHUE H3Me-
HEHUS TeMIepaTyphbl.

B Tabn. 2 npencraBieHbl TOIBKO "pacueTHBIE MOJIETH" TpoLiecca.
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Taéﬂuua 2. MaTemaTtnueckue MOJCIIN IIponecca B XUMHUUICCKOM PCAKTOPC (CJ'IO}KHaH peaKHI/IH)

Pe:xxum npouecca "PacuerHas mogein'

x_xH

NneansHoe cMmelieHue r Ul (x)+ n (x)
i EM = () =1y ()

N3oTepmuueckuit P— 30y

& (x) 41 (1)

W neanpHOE BBITECHEHUE dr =nx)Tnix

dy
N3orepmuuecknii ar N (x)=r3(»)

nput=0 x=xpg, Yy=ynH

W neanbHOE CMENICHUE A - i (x)+n(x)
T
[TonuTponuueckuit % = (x)-r ()
T-T 3
0 - Z ATa/:[,iri (x’T)_B(T _Tx)
7 i=1
nput=0 x=xg, y=yg, I' =Ty
W neanbHOE BBITECHEHUE (;ﬂ =q(x,T)+nr(xT)
T
[TonuTponuueckuit % =5 (x.T)=r(y.T)
dr 3
—=2 ATa}l,iri (x,y,T)—B(T—TX)
dz o
nput=0 x=xy, I'= Ty
O0603HauEeHUS:

x = (Cp— O)/Cy — ob1mas cTerneHb npeBpaiieHus A;

y = Cr/Cy — crenens npeBpaiieHus A B R;

rilxy) = wilC(x, y)Co, j=1,2,3

OcoOeHHOCTb MCHONb30BaHUs BbIpaxkeHuil r(x,7), ri(x,y), a Takxe K(7), fix), @(C) B BbIUHCIH-

TEJIBbHOM nporpamMme orucaHa Jajce.
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Kunernyeckue Moaeiu XMMHYECKOT0 NIPeBPALlCeHUSA
a) [IpocThie HeoOpaTHMasi M 0OpaTHMAasi peaKkuuu
B pacuetHoli Moaenu peaktopa KMHETHUEcKass Mojenb r(x,T) mpocToil HeoOpaTUMON peaKiuu

npeaACTaBJICHA BbIPAKCHUCM

r(xT)=K(T)- f(x). (7
MPOCTON 00pAaTUMOM PEaKIIMU — BhIPAKECHUEM
r(x,T)zK(T)-f(x) 1—@ (8)
p

MHOXUTENb B KBQJAPATHBIX CKOOKAX YUYUTHIBAET 0OPATHMOCTh PEaKIIHH.
Oo6mwmit Bun Gyukuuu K(7T)-AT) B (7) u (8) B mporpaMmMme IpeCTaBICH B BUE
n n
(1—x)1(1—CIX)2, (9)
(1+bx)™

YTO MO3BOJEACT IPOBOJUTDL PACUHCTHI I CaMbIX pa3HOO6pa3HLIX KHHCTHYCCKHX ypaBHeHHﬁ.

K(T)-f(x)=K(T):

[Tapamerp K(7) 3aBucHT OT TemmepaTypbl 7 1 UIMEET CMBICII KOHCTAaHTBI CKOPOCTH PEaKLUU B pac-
YEeTHOM ypaBHEHHHM, HO B OOILEM Cllyyae He PaBeH KOHCTaHTe cCKopocTu peakuuu k(7).

[Ipu nmoAroToBke K BbIUMCIEHUSAM KMHeTHUYecKoe ypaBHeHHE w(C,T) Hal0o MPUBECTH K PacueTHO-
My Bunay r(x, 7).

MMapametpsl pynxuun K(7)-f(T) B ''pacueTnoii mogeau''.
Peaxyus nepsoco nopsaoka, w(C) =—kC.

w(C)  kCy(1-x)
G Co
B ¢yHK1mu (9) ucnonb3dyem Takue Kod(OUIIUEHTHI:

K=k a=b=0, nm=1, ny=n3=0.

B pacuetrHom Buze r( x) =— = k(1_ x)- DTO BBIpaKEHUE IS 1(X) TOTyYUM, €CIU

Pearxyus emopozo nopsoka, w(C) = kC.

2
B pacueTHoM BHJE ( x)=M= kCy(1-x)?- DTO BBIPaKEHHE [T 7(X) TOTYUNM, €CIH B
Co

(9) ucnonb3yem Takue Ko3(OUIUEHTHI:
K=kC0, a=b=0, n1=2, n2=n3=0.

Peaxyusa A +B =R + S.. nepsoco nopsioka no komnonenmam A u B, w(C) =kCaCs.
Hauanbnabie koHUeHTpann KOMIOHEHTOB A U B: Cag u Cgp;
W cX0qHbI KOMITOHEHT — BEIIECTOBO A, M €ro CTEeIeHb MPEBPALICHUS — X.

Texymme konueHTpauu: Ca = Cao(l —x), Cp= Cpo— Cao-x.

B pacuetHOM BHE ,(x)= KCao (1=)(Cao ~Cao¥) _ kCgo (1-x) 1=Cno |
Cao Cro

370 BRIpaKeHUE I 7(X) MOTy4nM, eciii B GyHKIHHU (9) UCTIOTIB3yeM Takue KO (OUITMESHTHI:

K=kCBo, a=CA0/CBo, b=0, I’l1=l’l2=1, I’l3=0.
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Peaxyusa A = VR nepeoeco nopsioka w(c) = —kc npomexaem 6 2azo601ti ¢hase c uzmeneHuem oovema peakyuoH-
HOU cmecu.
KoHlleHTpaluu KOMIOHEHTOB MEHSIIOTCA Kak B pe3yJibTaTe XMMUYECKOIo IMpeBpalleHus, TaKk U
BCJIEJICTBUE U3MEHEHHUs 00bema cMecH. J[Jis KoMImoHeHTa A:
CO (1 —X )
1+Av-Cy-x
rae AV — U3MEHEHHUE Yucia MoJiel B peakliuu (B JaHHOM cityyae Av = v — 1).

B pacuetrHom Buze r(x)= kCpo (1-x) _ kCAo(l_x). OTO BbIpa)XXeHUe IS 1(X) MOTyYUM, €CJIU B
Cag(1+AVCpgx)  1+AVCpgx

¢bynkuuu (9) ucnonb3lyem Takue Kod(OUIIUEHTHI:
K=k a=0, b=AvCy, ni=1, ny=0, nz=1.

®Oynkumsa @(C)/Kp nisti 00paTUMOii peakuusi.

@ynkunoHanbHas 3aBUcUMOCTb Q(C) (cM. (5)) onpenensercs TOJIBKO CTEXUOMETPUUECKUM YpaB-
HenueM (1) u He 3aBUcHUT OT BuAa BelpaxkeHus Kf(x). [Ipenycmorpen pacuer @(C) nisi cTeXMOMETpUYe-
ckoro ypaBHeHus (1). Hago 3agath crexumomerpuueckue KO3PQPUIUESHTHI, Vg, VR, Vs U HaYaIbHBIE KOH-
LEHTPALUU UCXOIHBIX KOMIOHEHTOB A 1 B — Ca¢o u Cgo. Pacuer ¢pynkuun @(C) npenycMoTpeH B Ipo-
rpaMmme.

0) Ciio:kHasi peakiusi

ClioxHas peakius IpeICTaBiIeHa CXeMOou npeBpaliieHus (6) ¢ KHHETUYECKUMH YPaBHEHUSIMU:
7'1 = kICZ‘ 5 7‘2 = kZCZZ; 7’3 = klcl? 5 (10)
rae ki, kp, k3 — KOHCTaHTBI CKOPOCTH YaCTHBIX PEAKIIHIA;
n1, N, N3 — MOPSIAKK YaCTHBIX PEAKLIUN.
IMMapametpsb! pynxuun Ki(7T)-fi(T) B ''pacuernoii moxean'
CkopocTtu npeBpalleHus B paCie€THON MOJENN IOJYyUYUM, UCIOJIB3Ys BBIBOABI (X) Ul POCTOH pe-
aKLU1H, IPUBECHHBIC BBILIIE:
n n n
n()=K(1-x)". nb)=K(-xf"2, nrx)=K3y".
Brech Ky =kCT, Ky =k, Ky =kaCP
B cnoHOIT MOIeNTn MOYKHO BBIOPATh CXEMY TPEBpaIICHUN:
eciu K> = 0, TO mOay4YnM NOCIeq0BaTENIbHYIO CXEMY ITPEBPAICHUI
A—>R->S; (11)

eciu K3 = 0, TO moy4YnM napajuiesIbHyI0 CXeMY IpEBpaIleHUI

(12)

€CJIM 3a1aHbl BCC 3HAYCHMA I(i, TO CXEMa npeBpameHHﬁ — NOCJICAOBATCIILHO-TIapAJIJICIIbHAA (6)
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B) Koncrantsl ckopoctu peakuun K(7)-u paBuoBecusi Kp(T)

Koncranra ckopoctu peakuuu K(7) 3aBUCUT OT TeMIEpaTypbl IO YpaBHEHHIO AppeHuyca
E

K =K(-e RT ,rne E - 3Heprus akTHBALKMH.
B mporpamme Hamgo BBECTH HapaMeTpbl KMHETHYECKOM MOJENN: KOHCTaHTY CKopocTH K* mpu
Temneparype T v SHEpruio akTHBauu E.

Koncranra ckopoctu K npu temneparype 7' pacCuUuThIBAETCS IO YPABHEHUIO

K:K*-exp g =7 (13)
T

N3oTrepMuyeckuil MpoLecc pacCYUTBIBACTCS NpU Temneparype 7, 3a1aBacMOU B YCIIOBHUSAX IIPO-
necca. Ecnum 3anate 3Hauenune £ = 0, TO M30TEPMUYECKUN MPOLIECC PACCUUTHIBAETCA NMPU 3HAYCHHH K*,
3aJaHHOl B mapamerpax Monenu. [Ipu atom 3Hadenus 7% u T MoryT OBITH J1I00BIEC, HO HE 3aJaBaiiTe X

paBHBIMU HYJIIO!
KoHncTanTa paBHOBecus Kj, 3aBUCHT OT TeMIIEPaATyPhI Ky = Kp -exp & U PaCCUUTBIBACTCS 110
RT
ypaBHEHHUIO, To100HOMY (13):

K, =K -exp _%(L_l] : (14)

rae Kp* — KoHCcTaHTa paBHOBECHA IIPU TemIieparype 7% (BBOIATCS B IpOrpamMmme).

Buumanue! 1lpu pacuere napaMeTpoB KUHETHUECKOW MOJIENIM B PACUETHOM YPAaBHEHUH HAJ0 YUUTHIBATh
pa3MepHOCTH 3a7aBaeMbIX UCXOAHBIX napameTpoB — k(T), Kp(T), Co, Cao u Cgo. Hanmpumep, eciu

-1
pasmepHoctb k(T) — [¢™ ], a pazmepHOoCcTh Cy — [MOJB/J], TO KOHIEHTPAIMIO HA/J0 MEPEBECTH B

pasMepHOCTh [00. 10s].
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Onucanue nporpaMMbl "PeaRTODl)I HNJICAJIbHOI'0O CMCIICHUA U BbITeCHeHHs'"'

Bo3moxxHOCTH IPOrpaMMBbl
ITporpamma paccyuTBIBAET:
— CTENEHb IPEBPAILECHUS B PEAKTOPE MTPH 33JaHHOM YCJIOBHOM BPEMEHM PEAKLIMH — X(T);
— HeoOxouMoe T Ul JOCTHKEHH 3a/JaHHOM CTENEHH MTpeBpalleHus — T(x);
— paclpelieNIeHUe CTENEHU IPEBPALLECHHS, CEJEKTUBHOCTH IO MPOAYKTY R (U1 CIOXKHBIX peakuuii) U TeM-
neparypsl (B MOJUTPOIUYECKOM IIPOLECCE) B XMMUUECKOM PEaKTOpE.
Bapuantsl pacyera
Peoicum osuoicenus nomoka:
— WJICaJIbHOTO CMEIIEHUs, TPOTOYHBIN;
— HJICAJIBHOTO BBITECHEHUS;

— NJACAJIbHOI'O CMCIICHUA, HCpHOHH‘IeCKI/Iﬁ; PACCUUTBIBACTCS 11O MOACIN UJICAIbHOI'O BHITCCHCHUS (B
3TOM CJIy4ac yCJIOBHOC BPEMs pCaKIHH T — aCTPOHOMHYCCKOC BPEMA IIPOTCKAHUA HpOI.[CCCB.).

Tennosou pexcum:
— U30TEpPMUYECKU;
— ainabaTUYeCKUii;
— HOJUTPONUYECKUH (C TETIIO0OMEHOM).
Kunemuueckas mooenv:
— MpOCTas peaKius HeoOpaTumas;
— IpocTas peakuus odpaTumasi;
— CJIOXKHAas pEeaKLys.
Ilopsaodok pacuema:
— x(T) (kpome pexxuma VC ¢ TennoBbIMU SBICHUSIMU JJIsI CIIOKHOU PEAKIINHN);
— T(x) (TOJBKO ISl PeXKUMOB U30TEPMHUECKOTO U aIMa0aTUIECKOTO C MPOCTON PEAKIIUEH).
BBoaumbie mapaMeTpsl

TapameTpbl KHHeTHYecKOl Moxean. [Ipu Temneparype T 3a1ar0T KOHCTaHThI CKOPOCTH peakiuii K;' u
paBHOBECHS Kp', aTakke E; u Op.

TennoBble mapameTpsl (U1 pacueTa anadaTUYECKOro U MOJIUTPOINMYECKOIO MPOLECCOB) — BEIUYHMHA
aanabarudeckoro pasorpesa ATy, u mapametp temioorsoaa B. Eciu B = 0, To nponecc — aanadaru-
yeckuit. [{nst cinoxuoM peakiuu 3a0at0T ATy U ATy, 160 ATy 3= ATy — ATy,

YcaoBus npouecca — HA4YAIBHBIE YCIOBUS Xy, Yy, 1y; TEMIIEpATypa TeILIOHOCUTEN Ty (I Impolecca ¢
TEIUIOBBIMU SIBJICHUSIMHU); KOHEUHBIE YCIOBUS — T, €CIM MPOBOAUTCS pacueT X(T), UM X, €CIU PacCUu-
TBIBACTCS T(X).

Bun mento nporpammel nipusezieH B "lIpumMepe BbiosiHEHUs 1a00paTOpHOM paboTh".



9

Pe3yabTaThl pacuera

Pe3ynprarhl pacdyeTa BHIBOAATCS B BUAE TaOiuibl "T—x—y—S—1" (S = y/x — CENEKTUBHOCTH IPO-
necca) win B rpaduueckoit popme. Habop BBIBOOUMBIX JaHHBIX 3aBHCHT OT BapuaHTa KMHETUYECKOTO
yYpaBHEHHSI U MOJIENH Tporiecca Bo3MOXXHO, pe3ybTaThl pa3HBIX pacueTOB BHIBECTH HA OJIUH Tpa(UK s
ux comnocrasienus. s sroro nocne 3amanus "I'padux” Oyzer 3ampoc: "OO0HOBUTH rpadux?”. OTBET
"Jla" — Oyzaer mocTpoeH HOBBIU rpaduk, orBeT "Het" — pe3ynbTarsl pacuera OyIyT BBIBEIEHBI Ha Tpa-
(UK, TOTyYEHHBIH B MPEIbIAyIIeM pacueTe. DTO MO3BOJIUT HAIJISIHO COMOCTAaBUThH Pe3yJIbTaThl pacuera
Pa3HBIX PEKUMOB U yCIOBHH IpoLecca.

BriBos Ha meyaTh He MpeayCMOTpPeH. Pe3ynbTaThl HYKHBIX pacdyeToB (Tabiuila pe3yJbTaToB) Ha-
710 BBIIIMCATh U UCIIOJIb30BATh IPU COCTABICHUH OTYETA.

Bun pesynsraToB npuBezaeH B "[IpuMepe BBITIOJIHEHHSI 1a0OpaTOPHOM paObOTHI".

3amura oT omMOOK

Ecnu Bpemst peakuuu Tk B peakrope VB HacTompko Oobinoe, 4To MpoIece 3aBepIiaeTcs: BOIn3u

BXOJIa B PEAKTOP, TO HA 3TOM y4acCTKE BO3HUKACT OOJBIION IPaJUEeHT KOHICHTPAIUN UIH TEMIIEPATYPHI.

[Iporpamma mpeaynpeaut o0 3tom: "bombmmioil rpamgueHt X...". Hamo w3MeHHMTH yCIOBHS pacuera
(YMEHBUINUTD Ti). Takxke OyJeT npenynpexaeHre 0 HEBO3MOXKHOCTH pacuera, eClIy Mpu pacuere T(x) as
0o0paTUMOro mporecca 3a1aHo X, IPEBbIIIAIOINIEE PABHOBECHYIO CTENIEHb MTPEBPALLICHUS.

Taxxe 6y,[[yT NpeaAynpeKACHUA O APYTHUX HCIIPABUJIbBHBIX U OIINOOYHBIX JICHCTBUSX.

HNHcTpykuus moJib3oBarelisi
Jly1g Bcex mpezrnosaraeMbiX pacueToB ONMPEIEIUTE WM PACCUUTANTEe UCXOIHbIE JTaHHbIE:

e KuHeTHueckue ypaBHEHHs IPUBECTH K PACUETHOMY BUAY, KaK OOBSICHEHO BBIIIIE.

¢ Bce mapaMmeTpbl pacCUMTHIBAIOT MPEABAPUTENIBHO, KAK OHM YKa3aHbl B PAacue€THOM MaTeMaTUYECKOU
MOJICIIH.
[Tpu pacueTe napameTpoB coOIOAANTE pa3sMepHOCTU UCXOAHbIX BennuuH (C, vp, Vo, K, Kp, Op, cp
U T.JI.) TaK, 9TOOBI pa3MEPHOCTH YWICHOB YPaBHCHUU MaTEMaTHYECKOrO MOJENH mporecca B Tabn 1 u 2
coBnagany. Hanpumep, pa3MepHOCTH NEPEMEHHBIX U TTAPAMETPOB B PACUETHOM MOJICIIH TaKHeE:
t[cl, HxT) [¢'], ATy [rpan], B [c].
B nporpammMe MOYKHO TIOTTYYHUTh TIOMOIIh — OMMCAHKE MPOIIecca U MPOrPaMMBbl U HHCTPYKITHEO TIOJI30-

Baress — KHonka «SOS» Ha 9KpaHe OCHOBHOTO MEHIO.

3aBepiieHne padoThl — KHOMKA «BbIxom».
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TIpuMep BLIMOJHEHHUS JIA00PATOPHOI PA0OTHI

3ananme. ConocraBbTe UHTEHCUBHOCTH peakTopoB B, NC-u u kackan peaktopoB UC mist mosyyeHust

ATUIIALleTaTa

CH;COOH + C,H50H < CH;COOC,Hs + H,O.

KoHctanta ckopocTH npsiMOil peakiuu paBHa k = 7,93-107-M"/(KMOJIb-C), KOHCTAHTA paBHOBecust K, =
2,93. BoaHblil pacTBOp peakMOHHOM cMmecH conep:kut 46 macc.% kucnotel u 25 macce.% crnupra. He-
o0xoaMMasi CTETeHb MPEBpaIeHUs] KUCIOThl cocTaBisieT 35%. Temneparypa npomecca 373 K. Ilnot-
HOCTb peakunoHHOM cmecu p = 1020 KI/M® H OCTACTCSI TOCTOSIHHOM. [Ipon3BOUTENBHOCTD MO THJIALE-
taty 25 1/cyT. [lnga xackana peakropoB MC npuHsaTh 00beM oHOrO peaktopa paBHbIM 30% oT 0ObeMa
oauHoyHoro peakropa UC.

Boinosinenue 3axanus. [Jis JaHHOTO 3aaHUs BEIOOP peakTopa Juisi MPOBEISHUS YKa3aHHOTO Mpoliecca
cocTouT B pacuere oobeMoB peakropoB PUB, PUC-H, PUC-kackan ayis moyrydeHus: 3aJaHHON CTETICHU
npeBpamieHust kucnotel. Cucrema, o0namaromias HANMEHBIIUM O0BEMOM, OyAeT OTBEYATh 3a/JaHHBIM
TpeOOBAHHMSIM.

1. IToaroroBka K pacyery
[IpeobpasyeM UCXOTHYIO MOJIENb MPoIlecca K pacueTHOMY BHUY. 3€Ch MOAEIH U30TEPMUIECKOTO
mpolecca B peakropax uaeanbHoro BeiTecHeHus (MB, uzotepmuy.) u uneansHoro cmemenus (MUC, uzo-

TEPMHU.) — cM. Tal. 1.

[IpuBeneHne KUHETUYECKOE YpPaBHEHHE NPOTEKAOIENH pEaKUUU K PaCUETHOMY BUIY.

Peaxmus MOJIYYCHHUA STWJIalCTara — O6paTI/IMaH peaKnug nNCpBOIo MmopsaaKa 1o HCXO0AHbIM KOMIIO-

HEHTaM.
HcxonHoe KWHETUYECKOE YPaBHEHUE w(C) = =kCaCg[1 — @(C)/Kp].
PacuetHOe KMHETHUYECKOE YpaBHEHUE r(x) = —w(C)/Cao = K£(x) [1 - ¢(x)/Kp]

rae Ca, Cp — KOHUEHTPALUHUH, COOTBETCTBEHHO, KUCIOTHI M CIIUPTA;
Cao - — HavabHasl KOHLIEHTPAIUs KUCIIOTHI,
X — CTETNEHb MPEBPAIICHUS KII0UYEBOI0 KOMIIOHEHTa A (KHCIIOTHI).

Tekymue KOHIIEHTpaIUH: Ca = Cao(1l = x); Cg = Cpo — Chrox,
rae Cpo — HavanbHasl KOHIEHTPAIUs CIIUpTAa.

3aBUCUMOCTH CKOPOCTH MPAMOU peakuuu ri(x) = Kf(x) OT cTeneHu npeBpamieHust x pearenra A
OyJeT UMeTh BUJI:

ri(x) = kCao(1 = x)(Cpo — Caox)/ Cao =k Cro(1 = x)[1 = (Cao/Cpo)-x].

B kunetnueckoit pyHkiuu (9), HCHOIB3yEMOI B IPOrpaMMe:

K=kCgo, a=Cao/Cry, b=0, ni=ny=1, n3=0.

PacueT mapaMeTpoB NpUBEAEHHON KMHETUUYECKONU MOJEIH.

B cooTBeTcTBHM C 3aaHHON Pa3MEPHOCTHIO KOHCTAHTHI CKOPOCTH PEAKIIUU MEPEBOJIUM pa3Mep-

o 3
HOCTb KOHLCHTpAlIMX BCIICCTB M3 Macc.% B KMOJBL/M’. YuuteiBaeM, 4TO TPETbUM KOMIIOHCHTOM HCXOI-
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HOM cMmecH sBisieTcss BoAa (KoMnoHeHT P). Mcnonb3ys 3HaueHHs MOJEKYJSIPHOW MacChl KOMIIOHEHTOB
(Ma =60, Mg =46, Mp = 18 KI/KMOJIb) ¥ TNIOTHOCTH CMECH, MOJTYUHUM:
Cao =0,46/60-1020 = 7,82 KMOJ‘IB/MS,
Cpo = 0,25/46:1020 = 5,54 xmons/m’,
Cpo = (1 - 0,46 - 0,25)/18-1020 = 16,4 kmomB/M".
KoHnenTpanuu B MOJTBHBIX JOJISX:
Cao=17,82/(7,82 + 5,54 + 16,4) = 0,263,
Cpo = 5,54/(7,82 + 5,54 + 16,4) = 0,186.
PaccunteiBaem: K = kCpo =7,93-107-5,54 =4,39-10", ¢’';  a = Cao/Cpo=7,82/5,54 = 1,41.
2. PacueT peakTopa uaeajJbLHOI0 CMelIeHus!

BBoa HCXOAHBIX JAHHBIX

B MNEPBOM OKHEC IIpOrpaMMbl BBOAUM HCXOAHBIC JTaHHBIC.

= Peaktopbi
PEAKTOP
|. MNpouecc v peakTop Il. NapameTpH Npouecca
| - ' Cxema peakropa TIKY:  E.Op [xAx/mons]
1. JBKeHnA noToKa i 2l 5. Ycnosus npouecca
" WaeancHoe BLITECHEHWE
| Xu L T 313
' Maeanbhoe cMewenue | — L —
' = oo | XD . Xu o X [0.35
2. Tennosoi pesnm — 1 Te
% WsoTepruyeckul Maremaruueckas Mooens
' AgnatarHIecKui X=X o r(x)
_(‘ Moaurponuueckui T
r3. Pacuer
 K(Tay) 7. NapaMeTpul KWHETWYECKDH MOAEAW
% Tay(x) T 373
- KuHeTWueckoe ypaBHEHUE
A +VEB =v.R +\§S K ]l]l]l]439 E ]ﬂ afs n 1
~4. Peakuma - R b ﬁ-— R —
0 n =
£~ 6 -x) d-ax) Y, ¢l L
i ﬂz:::: :::a‘l:::::a“ = (1 :1 ;1 I‘ZX] [1 B ‘N )] Jna obparimol peaximm J
{ b.x) 1‘2““9“5— Crex. koapp, V Hau, koHu, Co
" Cnoxuan [E 4T ] Kpis: 1 [momu]
K=K{T*pexp ﬁ{ =1IT) B 0263
aQ Oplo RN A
i,= K, (T)exp | FROITAITY] | s 50,164
X - CTeTIeH s MPpeBPAINEHAS A
FACYET
sost B __bwos |

[Ipouecc u peakrop:
JABUKEHHE MOTOKA — UICATbHOEC CMEIIICHHE
TeNJI0OBOM pPeKUM — U30TEPMUUYECKUI
pacuyet — T(x),
peakuusi — mpoctas oOparumas
[TapameTpbl KHHETUYECKOIH MOETU
T*=373K, Ky*=2093, E =0 (pexxum U30TepMUUIECKHUIl)
a=141, b=0, ni=ny=1, n3=0.
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- U1 00paTUMOMN peakLuu:
K*=439-10", Qp =0 (pexum H30TepMUUECKHIA)
W= W= ¥ =1 (cTexuomeTrpruyeckue K03 PUIEeHTHI)
Ca0=0,263, Cgp=0,186
[TapameTps! nporecca:
T=373K; x4, =0; x,=0,35.
Pacuer

Haxumaewm kHomKy «Pacder» Ha SKkpaHe.

= Peaktopbl

PEAKTOP
~PesynbTaThbl pacyeTa—
t X T= I373
000.00 0.000 !
293317 0,350 T
X
Y
X2
Tx
0_
0 t 322¢
~ PACHET | '
sos: @ T

[Tomyuum pesynbrat Tuc = 2933 c.
3anuceIBaeM pe3ynbTar (Tabiniia) U BEIBOJUM pe3yibTaThl Ha rpaduk — kHomnka «I'padux» (mpu
3anpoce “O6HoBUTH Tpaduk?”’ BeIOUpaem «/a»).
3. Pacuer peakTopa nieajbHOr0 BbITECHEHHS
Bo3sBpaijaemcs B MEHIO YCIOBHM pacuera — KHOMKa "'<<<").
Mensiem ycioBus pacyera:
ABUKeHHe MoToKa OcTajbHbIE YCIOBUS pacyeTa, HapaMeTphl U YCIOBHS POLIECCa OCTABIISEM.

Haxxumaem KHOIIKY «Pacuer» Ha OKpaHeC.
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=: Peaktopsl

PEAKTOP
~PesynbTaThl pacyeTa-
t X T= 373
000,00 0,000 !
083,24 0.035
17425 0,070 =i
274,35 0,105 X
3521 0.140
50699 0,175 o
48,55 0.210 XY
B07.80 0,245 a
992,25 0,280
121007 0315 cES
147411 0,350 T«
0_

0 t 322¢

" PACYET |
S0S! |§P Brixon

B tabnune cneBa npuBeaeHo pacnpeaesenne x(T) u koHeuHas mudpa — Ty = 1474 c.

3anuceiBaeM pe3yJbTar (TabiuIa) U BBIBOAMM pe3yJIbTaThl Ha rpaduk — kHomka «I paduk» (mpu
3anpoce “O0HOBUTH rpaduk?” BeiOupacm «Her» — pesynbraThl 3TOr0 pacdyera OyayT BBIBEICHBI B OKHE
MPeIbIIYIIero rpaduKa).

['opusoHTanbHas JTUHUS — paclpejielieHue CTeleHu npespaileHus x B peakrope UC, xpuBas —
pacnpezenenue x B peakrope MIB. CneBa — Tabnuna pe3yabTaToB.

Ipumeuanue. TTockonbKy Tyc > Tus, TO LIesIecO00pa3HO BHavyane paccuutaTh peaktop UC, a 3aTtem —
peaktop 1B, uTo0bI 00a rpaduka pa3sMeCcTHIUCH B OKHE, TOIy4Y€HHOM B IIEPBOM pacyere.

4. O0pa0oTKka pe3yJbTaTOB pacyera.
O0BeM peakTopa v, HaXOJUM U3 omnpezaeneHus T = vy/Vy. O0beM peakimoHHOM cmecu Vj nmoryunm
W3 33IaHHOM TPOU3BOAUTENBHOCTH 1 — KonmuecTBa noydeHHOro npoaykra: I1 = VoCoa = VoCaxi (31€Ch
C»a — KOHIIEHTpauus dTunanerara). Ecnu yyects pasmepHoctu Vy [M3/C], IT [t/cyT] u Ca [Bec. %], TO

Mo, 3600-24
My 10°

1T =VopCppx-

rae Msa, Ma — MOJIEKYISIPHBIE MACChl, COOTBETCTBEHHO, ITHJIALIETaTa U KHCIIOTHI;
3600 c/4, 24 u/cyT, 10° kr/T — HepecueTHbIC KO3hDMUIUEHTBL.
Otcrona 00beM peakIMOHHON CMECH:
Vo = 25-10°-60/(1020-0,25-0,35-88-24-3600) = 2,21-10” m'/c.
OOBeMBI peaKTOpPOB:

Veus = TousVo = 1474-2,21-107 = 3,26 »°;

Venc = TeucVo = 2933-2,21-107 = 6,48 w°.



14

5. Pacuer npouecca B kackajae peakropos UC.

O6nwem peaktopa B kackane PUC cocrasut v; = 0,3-3,26 = 0,98 M3, BpeMs MpeObIBaHUS HEM TpyiC,
=vi/Vy = 0,98/(2,21-10'3) = 443 c. Pacuet kackanma PUC cocTouT B onpeneieHuu 4ucjia peakTopoB 3a-
JaHHOTO o0OBbeMa B Kackaje JJis MOJyuYeHus 3aJJaHHON CTENeHU mpeBpaiieHus. [IpoBoauM psan nmocieno-
BarenbHBIX pacueToB PUC, mpuHuMas 3HadeHHUE X, HA BXOJE B MOCJIEIYIONINNA PEaKTOp, paBHOE 3HAYe-
HUIO X, Ha BBIXOJI€ U3 MPEABIAYLIETO peakTopa. Pacuer 3akaHuMBaeTcs Mo JOCTIKEHHIO X = 0,35.

Bo3sBpaiaemcs B MeHI0 ycioBuil pacyeta ('<<<")

Mensiem nannsie B pasnene “IIpouecc u peakrop’:
ABHMKeHHE NMOTOKA — UJICAIbHOE CMEIIICHUE
pacuet — x(T),
u B pazzaene “IlapameTpsl nporecca”
T« =443 c.
OcranbHble yCI0BUS IIPOLIECCA — TAKUE KXKeE.
Haxumaem kHOTKy «Pacder» u Moy4uM cTeneHb MpeBpaIleHus Mmociie IePBOro peakTopa B Kackaae
x1=0,136
Bo3sBpaiaemcs B MeHI0 ycioBuil pacyeta ("<<<") u BBoguM B pazzene “IlapameTps! npouecca”

xy =0,136
Haxxumaem kHoTIKy «Pacder» 1 mojiydum CTeneHb MPEBPAIICHHS TIOCIIe BTOPOT0 peakTopa B KacKae

x2=0,231
[ToBTopsiem npenpiayuiee ¢ xy = 0,231 1 nonyyaem

x3=0,301.
Pacuer cnenyromero peakropa ¢ xy = 0,301 gaer

x4 =0,352.
3agaHHasi CTENEHb MPEBPAIlCHHS TOCTUTHYTA.

Takum 06pazom, Ui TOCTHKEHUs TpeOyeMoil CTeneHH MpeBpalleHus TpedyeTcss YeThipe PeaKkTo-
pa B kackage PUC. Torna o6bem kackaaa COCTaBUT

Viackan = 0,98-4 = 3,92 m”.

6. BLIBOBI.
Pesynbrath pacuera:
Vi = 3,26 M, Ve = 6,48 M, Viacxan = 3,92 M°
Haumensmmii o0bem peakropa (3,26 M3) H, CIEJIOBATEIHLHO, MAKCUMAJbHAS WHTEHCUBHOCTh
npouecca, pasuas [1/vp = 25/3,26 = 7,67 T. npoaykra ¢ KyboMeTpa peakTopa B CyTKH, B peaKkTope uje-
aJIbHOTO BbITECHeHHsl. B peakTope MI1eaqbHOTO CMENICHHUS WHTECHCHUBHOCTH IPOIeccCa MUHUMAJIbHASI.

HpOHCCC B KaCKaJl€ pCaKTOPOB UMECT NPOMCIKYTOUHOC 3HAYCHHC.
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