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®EHOMEH KOHCEPBATUBHO-35YPEHOI PIBHOBATU B YMOBAX
PI3BHUX PEAKTOPIB

Jlocriooicysascs penomen xkoncepsamusno 30ypenoi pienosacu (comnservatively perturbed-equilibrium — CPE) 6
VYMOBAX PIZHUX MUNIE PeaKmopie (68 AyuKIiuHIl Ma YUKIIYHIN CUCeEME): peakmopa i0edibH020 6UMUCHeHHs («steady-
state plug flow reactor, PFR, PIB») ma peakxmopa ideansHozo 3miuysanns («steady-state continuous stirred tank
reactor, CSTR, PI3»). @enomen koncepsamugho 30ypenoi pisnosacu npossasicmocs, sk 6 PIB, max i ¢ PI3. Ilpu
OOHUX [ MUX dce KOHCMAHMAX WeUOKocmi ayukiiyna cucmema 8 PIB xapaxmepuzyemvcs 8enukumu 3HAYeHHAMU
«HAOPIBHOBANCHO20» Nepemeopents (Kouaepcii), Hidic ayukaiuna cucmema 6 PI3. Ananoziuno npu oOHux i mux gice
KOHCMAaHmax weuoxocmi yukiiyna cucmema 6 PIB xapaxmepu3zyemscs 8euKumu 3SHa4eHHAMU « HAOPIBHOBANCHO20»
nepemeopenns (Koneepcii), Hioie yuxniyna cucmema 8 PI3.

Knrouoei cnosa: xoncepsamugno 30ypena pieHogaza, eKCMpemym, peakmop I0eaibHo20 GUMICHEHH:, pPeaKmop
i0eanbHo20 3MIWYBAHHS, MOMEHMAIbHA PIBHO6A2A, XIMIYHA PIGHOBA2A.
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IocTanoBka mpodjemu. Ilonryk ONTHMAaNBHOTO PEXUMY SIBISETHCS KOHLENTYAJIBHOIO Mpobiemoro. HaitOinbin
Ba)KJIMBUM ITOKa3HUKOM, 110 TTOKa3y€ JOCKOHAICTh XIMIYHOTO PEaKTOpa, € IHTEHCUBHICTb MPOTIKAHHS B HHOMY IPOLIECY.

JIBOMa THITOBUMH MOJIEIISIMH XIMIYHHX PEAKTOPIB ABISAIOTHCA [1]:

1) peakTopa imeanpHOTO 3MimyBaHHs — PI3 6e3nepepBHOi il («steady-state continuous stirred tank reactor,

CSTR»);

2) peakTopa ineampHOTO BUTHCHEHHS — PIB («steady-state plug flow reactor).

B igeamsHOoMy TpyOduaTomy peaktopi PIB koxkeH eneMeHT 00’ eMy 3a3HA€ OJHI 1 Ti % 3MiHH, MEPIII HIXK TOCSTAE
Buxony. HaBnaku, B KyOoBOMy peakrtopi HemepepBHOi aii PI3 enemenrapHuii 00’eM, II0 MOCTyHae B CUCTEMY,
MOMEHTAJIBHO 3MILIYEThCS 3 yCiM BMicTOM peaktopy. Xim peakuii B PIB («steady-state plug flow reactor»)
aHaJoriyHuil nHy ii B peakTopi nepioanyHoi aii, ane ax Hisk He PI3 HenepepsHoi nii («steady-state continuous
stirred tank reactor, CSTR»).

[Muranus 3icraBnenus epexruBHocTi PIB Ta PI3 obroBoproBamucs B niteparypi. Sk npasuio, PIB mae Buiy
TeopeTnuHy edekTuBHICTh, HDK PI3 Toro x ob6cary. ToOGTo, 3 orisny Ha ToM camuii mpocrip-uac (abo wac
niepeOyBaHHs), peakilis Oyae MaTu OibpImui BincoTok 3aBepiieHHs B PIB, Hixk y PI3. Ile He 3aBau cripaBeajiuBO
JUIs1 00OPOTHUX peakiii [1].

Jl1st enuHOT peakilii 3 MO3UTUBHUM KiHeTHYHUM mopsnkoM PIB edexruBrimuit aum PI3. Jlns equnoi peakii 3
HETaTMBHUM KiHeTHYHHM TopsakoMm PI3 edexruBnimuit aum PIB [2]. B [3] moBeneHo, mo A MOCTIIOBHUX HE
o0opoTHUX peakiiii 1-ro mopsnky A— B— C Bubip mixk PIB Ta PI3 3anexuTh Bim KOHBEpCii, ajie He BKa3aHO 0 SKO1
PEUOBUHU BiTHOCHUTHCS L€ CTBEPIAKCHHS.

BingnoBinHO HanioMmy aHalizy JiTepaTypH, Ha ChOTOAHIIIHINM Yac, 3arajbHa TEOpis IS MOPIBHAHHS PEaKTOPIB
PIB Ta PI3 BincyTHsL.

XimiuHa piBHOBara sBJISIETHCS (DiHAJBHAM CTAHOM XIMIYHOI peakuii.

B obGoporTHiii ckiaqHii XiMiYHINH peakwii piBHOBara € JeTajJbHOI0, TOOTO It KOXKHOI cTalil MBUAKICTH IPSMOT
peakuii JOpiBHIOE MBUIKOCTI BiANOBiAHOI 3BOpoTHOT peakuii [4]. ['010BHOIO BIACTUBICTIO PIBHOBAXKHOTO CKJIAY €
Horo enuHICTh Ta cTabuIbHICTH. Lle 03Hauae, 1m0 XiMIYHMN CKJIAA y 3aKpUTIH XIMIYHIA cucTeMi Npu (iKCOBAaHHX
KUTBKOCTSAX XIMIYHUX €JIEMEHTIB 1 3aJ]aHOi TeMIIEpaTypH, JOCATAE TOTO K XIMIYHOTO CKJIATy, MOYWHAIOYH 3 OY/Ib-
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SIKOT'O TOYATKOBOTO CTaHy. L[5t koMro3uttist €iuHa i cTabiibHA. €UHICTh PIBHOBAXKHOTO CKIIANY € QYHIAMCHTAIBHOIO
BIJIACTHUBICTIO (hi3MKO-XIMIYHIX CHUCTEM (e Oymo JIOKa3aHO SIKICHO B 1939 porri
3enmpaoBuueM) [5]. IMounmnatroum 3 1960-ro poky, 6arato BUEHHMX BHUBYAIH TPOOJIEMY €IMHOCTI 1 CTaOUILHOCTI
teopetndHo, auB. [llamipo, lemti [6], Apic [7, 8], XopH, JIxekcon [9], Bomsnept, Xynses [10, 11], Topbans [12],
I'opb6anb, S6nouckkwid [13, 14]. CymapHuii aHaTI3 IUX TPoOJIeM MOKHA 3HAHTH B MoHOTpadisx [15, 16].

Po3paxyHoK ckiamy XiMigHOT piBHOBAard cTaB OCHOBOIO PO3B's3aHHs 0aratboX MmpoosieM XiMidHO1 Ta 610XiMiTHOT
imkerepii. Taki po3paxyHKH POBOAITHCS HAa OCHOBI CITUCKY peakiliii 3 BiIOMUMH KOHCTaHTaMH piBHOBaru abo Ha
OCHOBI CITUCKY PEYOBHMH 3 BIIOMHMH XIMIYHMMH MOTeHIianamMu. Takox mnepenbavaeThcs 3ajaHa TeMIlepaTypa
CHUCTEMH 1 KIJIbKICTh XIMIYHUX €JIEMEHTIB Y CHCTEMI.

AHaniz nonepeanix gociaizmkens. B podorax [17, 18] Brepiie onucano Ta mpoaHalli3oBaHO HOBE KiHETHYHE
SIBUILE Y XIMIYHIH KIHETHIIl — KOHCEPBAaTUBHO-30ypeHa piBHOBara (conservatively perturbed-equilibrium — CPE). Y
LOMY SIBUINI JESAKi, HEC BCI IMOYATKOBI KOHILICHTPAIll 3aKPUTOI XIMIYHOI CHCTEMH 3aMIiHIOIOTBCS BiIMOBIIHUMHU
PIBHOBR)XHMMH KOHIIEHTPAIISIMH TPH OJHAKOBIN 3arajbHii KiTbKOCTI KOKHOTO XiMidHOTO eneMmenTta. CaM mociif
(heHOMEHA KOHCEPBATHBHO-30ypEHOT PIBHOBArH MPOBOJUTHCS HACTYITHUM YHHOM:

1. Bwu3HauawThCs 3HAYEHHS PIBHOBKHOI KOHIIEHTpAIII{ BCiX BHIIB.

2. Jlesxi KOMIIOHEHTH, TNpPUHAWMHI JBa, 0OpaHi TaKUM YHWHOM, MO0 iX TIOYATKOBI KOHIIEHTpAIii
BiZipi3HsuIHCS (OYIIU BiAXUJICH]) Bil piIBHOBOKHUX KOHIIEHTpPAIIIM.

3. [TlpunHaiiMHI OZWH KOMITOHEHT OOpaHMH TaKWUM YWHOM, IO HWOTO TOYaTKOBAa KOHIICHTpAIlis piBHA
PIBHOB2)XHOMY 3HAYCHHIO.

4. 30ypeHHs, 3a3Ha4YCHI B MyHKTI 2, TOBUHHI BIIIOBIIaTH BCIM 3aKOHaM 30€pE>KEHHSI, 1110 3aCTOCOBYIOThCS
JI0 peaKuiii CHCTEMH.

5. EBoumoris BCiX BUIB KOHIIGHTPAIIIN CITOCTEPIra€ThCsl, KOJIM BOHU MAlOTh TCHJICHINIO IO PIBHOBATH.

Onwcani BnactTuBocTi sieuiia CPE:

1. JIns pe4oBHHHM, TOYATKOBY KOHIICHTPALIIIO SKOT IPUIMAIOTh 332 PIBHOBAXKHY, CKCTPEMYM KOHIICHTPAIIii
y IUIAXY A0 pPiBHOBATH HEMUHYYHH.

2. Sxmo meHl exCTpeMyM — MAaKCHMyM, TO CHCTEMa XapaKTepU3YEThCS «HAIPIBHOBAXKHOIO»
KOHIIEHTPAIII€IO BiJIMOBIAHOT PEUOBHUHHU.

3. le#i exctpeMyM MoOXe OyTH MHUTTEBOIO YAcCTKOBOIO PIBHOBArol Uil NESKAX CTaliid XiMigHOTO
MEXaHi3My.

Merton CPE GyB HeJaBHO €KCIIEPUMEHTAJIbHO NEpEeBIpeHnil B peakTopi nepioquyHoi Aii Ui cKiIagHol peakuii
etepudikaii, B sKiif eTaHO 1 OEH3MIOBHI CIIUPT PearyoTh 3 OUTOBOIO KHCIIOTOO 3 YTBOPEHHSIM JBOX pi3HUX e(ipiB
iBomu [19, 20].

B nepeximunx CPE — pexxumax XiMidHa CHCTEMa MEPEXOUTh BiJl TOYaTKOBOTO CTaHy, B SKOMY JIesIKi KOHLIEHTpaLil
piBHI pIBHOB&KHHM KOHLICHTPALUSIM CHUCTEMH, 1O KIHIIEBOTO CTaHy, B SKOMY BCl KOHIEHTpalii piBHI piBHOBaXHIH
KOHIIeHTpalii (MoBHa piBHOBara). B 1ux mepexigHUX peXMMax CHCTEMa HEMHHyYe Iepeiijie uepe3 eKCTpeMallbHe
3Ha4eHHS (MakcuMyM abo MiHiIMyM). EkcTpeMyM, MakcuMyM ab0 MiHIMyM € HEMUHYYOI0 03HaKo siBuia CPE.

Ile 3HaueHHS MOYKE TPEIACTABIATH BaXIIMBY iH(GOPMAIIIIO MPO METATLHANA MEXaHi3M, KIHeTHYHI TapaMeTpH Ta
BHKOPHUCTOBYBATUCSl TIpU ONTHUMIi3amii a00 KepyBaHHI XIMIYHMMH peakTopamMH pi3HUX TumiB. ToMy 3amada
3HAXOKCHHS eKCTPEMAIBHUX TOYOK KiHETHIHUX KpUBUX B yMoBax CPE € akTyaJpHOIO, K JUIS Pi3HUX PEaKIii, Tak
1 JUIa pi3HUX THMIB peakTopiB. Takoxk Merox CPE Moxe OyTH 3aCTOCOBAHHM JJIsl 3HAXOKEHHSI ONITUMAIBHAX YMOB
eKCIUTyaTallii KaTaJiTHIHAX pPeakTOpiB, B SKUX MPOBOMATHCS CKJIAIHI 3BOPOTHI XiMiuHI TEpeTBOPEHHS (KPEKiHT,
peakiii OTpuMaHHs BYTJIEBOJHOTO MaiuBa). TOMy akTyanbHOIO € 3aia4a nopiBHsHHS PIB Ta PI3 mis pisHux Tumnis
AnMKIIYHEX (200 HEUMKIIYHMX) 1 LMKJIIYHUX peaklii B yMOBaX KOHCEpBaTUBHO-30ypeHoi piBHoBaru (CPE).

JJis pe4OBUHY, TOYATKOBY KOHIICHTPAILIIFO KO MPUIMAIOTh 32 PIBHOBaXKHY, CKCTPEMYM KOHIICHTPAIIIl y MUIAXY
o piBHOBarum HeMuHyumid. Llel excTpeMyM MoOke OyTH MHUTTEBOIO YACTKOBOI DPIBHOBATOKO JIsl JIESKUX €TaIliB
XIMIYHOTO MeXaHi3My. Yac BUHUKHCHHS I[bOTO CKCTPEMYMY HE 3aJICKUTH Bill 30yPCHB.

Ioxkazano, o sBumie CPE XapakTepu3y€eThCsl EKCTPEMYyMOM Ha IUIAXY Bifl MOYATKOBOI KOHIIEHTPAIIIT 10 CTaHY
¢dinanpHOi piBHOBary [17]. EkcTpemyM, MmakcuMyM abo MiHIMyM, € HEMUHY4YO010 03Hakoro sutna CPE [4, 17].

B nmaniii poboti Oyme mpoBeneHO aHal3 MojeNiel XiMiuyHOI KIHETHMKH B yMOBaX KOHCEPBAaTHBHO-30ypeHOI
PIBHOBAr# JUIs Pi3HUX PEAKTOPIB i/I€ATbHOTO 3MIITyBaHHS Ta iI€TbHOTO BUTICHEHHS.

Mertoto crartTi € 3a1a4a nopiBHsHHA PIB Ta PI3 11 pi3HUX THITIB alMKIIIYHUX 1 MUKITIYHAX PEAKIliii B yMOBax
KOHCepBaTHBHO-30ypeHoi piBHoBarn (CPE) Ha OCHOBI OTPHUMAaHHUX, B Pe3yJbTaTi KOMII IOTEPHUX EKCIIEPHUMEHTIB,
JTAHKX.
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J1st nocsIrHeHHS OCTaBJIeHOT METH HEOOX1HO PO3B'sI3aTH TaKi 3a/1adi:
e 1o0ymoBa MOJIeNIel KIHETUKY aluKIigHIX peakiiit nus PI3 Ta PIB;
e mo0ymoBa MoJeNiel KIHeTUKY MUKITIIYHUX peakiiii ast PI3 ta PIB;
®  TIPOBEJCHHS TEOPETUIHOTO aHATi3y MOJeNel KIHETUKH JIJIS Pi3HUX THUIIIB PEaKIliil Ta pi3HUX THIIIB
peaKTopiB;
®  TIpOBEJCHHS 0OPOOKHM OTPHUMAHHX JaHUX KOMIT IOTEPHOT0 eKCIIepuMeHTy Ta rnopiBHsaHHS P13 i PIB
B YMOBaX KOHCEpBaTUBHO-30ypeHOI piBHOBAry;
®  ypucenbHO npoaHanizyBat ¢peHomen CPE na npukinazi peakropis PIB ta PI3.
Buknax ocHoBHOro martepiany. PosrisiHemo 3BopoTHY aunumkiniyHy (abo HEHMKIIYHY) JIHIHHY peakuiiHy
cucteMy 3 Tppboma pedoBuHamu: A, B ta C (me kK — KOHCTaHTa MIBUIKOCTI NPSIMUX peakiiil, a 3 k- — KOHCTaHTa
LIBUJIKOCTI 3BOPOTHUX PEAKIIiif).

A¢——"—>B«=22>C (D

Jnst manoi cmcteMu TimiOpaHi JOBITBHI KOHCTAHTH IIBHAKOCTI Ta IS 3pYYHOCTI OOpaxyHKy 3arvcaHi
MacuBoM (2):

k= )

Hns cucremu (1) piBHOBaXkHI KOHUEHTpAWil [A]eq, [Bleg Ta [CJe, BU3HAYAIOTHCS CIIIBBIJHOIICHHSAMM, SKi
BHTIKAaIOTh 3 YMOB JICTaJIbHOI PiBHOBATH:

[Bl.,~ ki, [4],
[C]eq 2, eq [B]eq - leq Zeq [A]eq

1€ kjeq Ta k2q — KOHCTAHTH PIBHOBArM BIATIOBIIHUX PEaKIiil.

KoHcTaHTa piBHOBaru JUist KOXXHOTO KOMIIOHEHTY PEaKIiHHOT CHCTEMH € BiTHOIICHHS MIBUAKOCTI MPSIMOT peaKIii
JI0 3BOPOTHOI: k = k" / k™. Jlani BeIMYMHU PiBHOBa)KHMX KOHIIEHTPALill BU3HAYAIOTHCS 3 PIBHSAHHS MaTepiajbHOIO
OanaHcy:

3)

A+k—A Lol 2A 1 (4)
kl kl k2

PiBHOBaXkHI KOHIICHTpALii BU3HAYAIOTHCSA TUTBKA KOHCTAHTAMH PIBHOBArM i BETMYUHOIO 3aralibHOI KiJIBKOCTI
peuoBnnu. 3a gonomoror GyHKUIH «Given and Find» (Mathcad) ta Qopmynu (4) 3HaiineHo piBHOBaKHI
KoHUeHTpawil anst cuctemu (1). PiBHOBakHI KOHLEHTpawii AJsi KOMIIOHEHTIB peakuiiHOi cucremu OyInyTh
HACTYITHUMU:

C,=4
Ceg=| C :EA
q BT (5)
1
Y
1 Ko

VY BiANOBITHOCTI 3aKOHY AiIOYMX Mac LIBUAKICTH 3MiHM KUJIBKOCTI KOXXHOI pe4OBHHH B peakiiiHiil cuctemi (1)
BHpakeHa TUEPEeHIIIHHIMHA PiBHIAHHAMHE (6):
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—k'C, +k C,
D(t,C)=1k'C, =k C,—k;C, +k, C, (6)
k2+C2 - k2_C3

ne t — nesikuit vac, k;*, ki, k2", ky — koHcranTi mBuakocti st peakiii, a Cy3 — JOPIBHIOIOTH KOHIIEHTPALIAM
xomrmioneHTa A, B ta C BiAmoOBigHO.
PI3 6yne oOpaxoBaHWii BUKOPHCTOBYIOUH aHAIOTIYHY MATPHUITIO KoedirieHTiB (7).

l+7-k' -7k 0
K(t)=| -7k 147k +7-k; —1-k; (7)
0 -7k, l+7-k,

Je T— AesKkuid vyac, a k;*, ki, k2", k» — KOHCTaHTH IUBHIKOCTI TS peaKiiii.

[Ipu o6paxynky PIB BukopuctoBytoThcs AudepeHLiiiHi piBHAHHS, a IpH po3paxyHKy PI3 — anreOpaiuHi.

PosrisHyTa 3B0pOoTHAa JliHIMHA peakuiiiHa cucrema (8) npu KOHCTaHTax MBUAKOCTI (9) 3 TphOMa pedoBHUHAMH: 4,
BTaC:

- 7+ - 7+
RELEERN; PRLTENG ®)
ki =10, k, =2, k, =6, k, =2; 9)
ITpoBenenuii po3paxynok PI3 BukopucToByroun MaTpuio koedirientis (10).
1+7-k —7-k 0
k(r)=| -7k 147k +7-kj -1k, (10)
0 -7k, 1+7-k,

BignoBinHo 1m0 Marpuii KoediuieHTiB po3paxoBaHi koHueHtpauii mis PI3. Bynu mnoOynmosani rpadgiuni

3aJIe)HOCTI cucteMu piBHSHB (10), a came 3MiHM KOHIIEHTpALlIi PEYOBHH BiTHOCHO yacy (puc. 1).
0.8 T

0.711
0.622

0.533
cA

0.444
cB

oc 0356

MOJIB/TT

0.267

0.178

0.089

Puc. 1 — KonueHnrpauii pearyro4yux pe40BHH 32 4acoM NpoxomxeHHs A5 PI3 (auukiaiuHuii mexanizm)
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AHaNori4Ho [UIsl 3BOPOTHOT JiHIIHOT alUKIIiYHOI peakuiiHoi cuctemu (8) mpu KoHcTaHTax mBuakocti (11):
+ - + - .
k=10, k=2, k; =6, k; =2; (a1

IToOynoBani rpadiuni 3anexnocTti s PIB, a camMe 3MiHM KOHIIEHTpAaIlili pe4OBUH BiTHOCHO 4acy (puc. 2).
0.8 T

0.711

c
Puc. 2 — KonueHrpauii pearyro4yux pe4oBHH 32 YacoM NnpoxomkeHHs Ais PIB (anuxniunnii Mmexanizm)

Yac nactaHHA eKcTpeMyMa OyB MEHIIMM s anuiiIigHoi peakmii B PI3 mHa =2.1%, ame KoHIEHTpamis
pedoBuHH B B excTpemyMi B PIB Oyna 6inpima Ha ~17.2% Hix B PI3.

AHaNoriyHO pO3rJsiHyTa 3BOPOTHA LMKJIIYHA JiHIMHA peakuiiiHa cuctema (12) mnpu  KOHCTaHTax
mBuakocti (13) 3 Tppoma peuoBunamu: 4, B ta C.

A< ky k' s B < ki ks s C < k3 ks Ny (12)

k=10, k =2, ki =6, k; =2, ki =15, k; =1; (13)

PI3 Oyne oOpaxoBaHO BUKOPHCTOBYIOUHM MAaTpHIO KoediuieHTiB (14).

l+7-k +7-k3 -7k —7-k;
K(r)= -7k l+7-k +7-k; -7k, (14)
—7-k; -7k, l+7-k, +7-k;

Bigmosigno no matpuni koedimieHTiB (14) po3paxoBani koHmeHntparii mias PI3. Bynu mobynosani rpadigni
3aJIe)KHOCTI cucTeMu piBHSHB (12), a came 3MiHM KOHIIEHTpAL[Ii PEYOBHH BiTHOCHO 4acy (puc. 3).
AHaNorivHo [UIs 3BOPOTHOT IMKJIIYHOI JTiHIHOT peakuiiiHoi cucremu (12) npu KoHcTaHTax mBUAKocTei (15):

k=10, k =2, ki =6, k; =2, ki =15, k; =1; (15)

[ToGynoBani rpadiuni 3anexxHocTi aust PIB, a came 3MiHM KOHIIEHTpAIlii PE4OBHH BiIHOCHO yacy (puc. 4).

Yac nactaHHS eKTpeMyMa OyB MEHIIIMM IS IIUKITITHOT peakiii B PI3 Ha =5.6%, ane KOHIEHTpamis pedoBUHHU B
B ekctpemyMmi B PIB Oyna Oinpma Ha ~11.6% =ik B PI3. Ing anuknigroi Ta nukinigHoi peakuii B PIB gac Hactanuas
eKCTpeMyMa IUKIIYHOI peakmii 0yB MeHImHMM Ha ~44.2% HDK B alUKIiYHIA, alle KOHIEHTpAIlisl peYoBUHH B B
eKCTpEeMyMi IIPH alMKIIYHIN peakii Oyna Oinprra Ha ~24.8% HiX B IUKIIIYHIN peakmii. [ anukirigHol Ta TUKITI9HOT
peaknii B PI3 wac HacTaHHsA ekcTpeMyMma IMKIIYHOI peakiii OyB MeHmmM Ha ~46.2% HDX B alUKITIYHIA, aje
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KOHLICHTpALlisl pEYOBUHU B B €KCTpEeMyMi IIpH alMKIiYHIN peakuii Oyia Oinbiua Ha ~18.9% HiX B IMKIIYHIN peakii.
[ukmigHa cucTeMa TOKa3aja MEHIIMHA Yac HACTaHHS EKCTpeMyMa, ajie OiIbIly KOHIICHTpAIil0 pEeYOBHHU B B
ekctpemywmi B PIB Ta PI3 mokasana anukiigHa peakiiiiHa cucteMa. X04 Jyac HacTaHHS eKCTpeMyMa OyB HalMEHIITHM
B PI3 mpwm mukiivyHii cucTemi, mMpoTe KOHIEHTpaIllis pedoBHHU B B eKcTpeMymi Oyia HaibOimemor B PIB mpu
anuKITiIHii cucteMi. Tomy (3 HAIIMX CUCTEM 1 peakTopiB) anukiigyHa cuctema B PIB mokasye kpari xapakTepUCTHKH.

Puc. 3 — KonueHnrpauii pearyrouux pe4oBHH 32 4acoM NMpoxokeHHst Aas PI3 (mukitivynuii MexaHizm)
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Puc. 4 — KoHueHrpaitii pearyrouux pe4oBHH 32 4acoM mpoxo:keHHs 1is PIB (mukiaiyauii Mmexanizm)
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N —

10.
11.

12.

13.

14.

15.

16.

BucHoBku:
®  CKCTPEMYyM B MEPEXiTHUX PEKUMAX CIIOCTEPIraEThCs 3aBXKIN — JJIs AlIMKITIYHUX 1 MUKIIYHAX CKIATHUX
peaxiiii B yMoBax 000x peakrtopis, sk B PIB Tak i B PI3. [Ipu ogHuX i THX e KOHCTaHTaX MIBHIKOCTI
(9) amuxmiyna cuctrema B PIB Xapakrepu3yeTbcs BEIMKMMH 3HAYCHHSAMH «HAJIPiBHOBAKHOTOY
nepeTBOpeHHS (KOHBEPCii), Hixk arukiIiyaa cucteMa B P13. AHanOriqHO MpH OJTHUX 1 TUX K€ KOHCTaHTaX
mBuakocti  (13) wwmkmiuaa cuctema B PIB xapakTepusyeThcsi  BETMKUMHU — 3HAYCHHSIMH
«HA/IpIBHOBaYKHOT'O» NIEPETBOPEHHs (KOHBEpCiT), HIXK LMKIiYHA cucTeMa B PI3;
e B PI3 cmocrepiraeThcs MIBUAMIAN Yac HACTAHHS SKCTpeMyMy. lle crnpaBeuiBO Ui alMKIIYHUX Ta
UUKJTIYHUX CHCTEM;
e uyuMm Oiipmia pI3HUNS MK [MOYATKOBHMH KOHIICHTPAI[ISIMH JBOX pPEYOBHUH, THUM OiJbIIa
«HAJIPIBHOBAXKHA» KOHIICHTPAILliS TPEThOI PCUOBHHH, IOYATKOBA KOHIICHTPAILisl, K0T OyJia piBHOBaXKHA,
® [pPH HAIIKX 3HAYCHHSAX KIHETUYHUX MapaMETPiB UyTIUBICTh Yacy HACTAHHS EKCTPEMyMa OJHi€l i TOi
camoi peakmii B pi3HEX peaktopax (PIB ta PI3) meBemmka (mo ~5.6%), a mpW pi3HHX pEaKMisIx
(aumKIIYHUX 1 UKITIYHAX), ane B ogHoMY THIl peaktopa (PIB um PI3) — 3nauna, nocsraroun ~46.2%.
IlepcneKTHBH MOAAIBIIUX AOCTIAKEHb:
e Anamiz CPE st GiibIll CKIIQIHUX CXEM JIIHIMHIX MEXaHi3MiB 1 U1 HENIHIHHAX MEXaHi3MiB.
e  OnruMmizalliss TOYaTKOBOTO CKJIATY JUIS TOJYYCHHS MaCKUMAJIbHUX «HAAPIiBHOBKHHUX» KIHETHUHHUX
XapaKTCPUCTHK.
e JlomaBaHHS pO3BMHEHOI METOJIOJIOTIT VIS ONITUMI3aIlil KOHKPETHUX KaTAIITHYHUX MPOIIECIB.
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Trishch V. R., Beznosyk Y. O., Yablonsky G. S., Constales D.

THE PHENOMENON OF CONSERVATIVE-PERTURBED EQUILIBRIUM IN CONDITIONS
DIFFERENT REACTORS

Finding the optimal mode is a conceptual problem. The most important indicator that reflects the perfection of a
chemical reactor is the intensity of the process in it.

The phenomenon of conservatively perturbed-equilibrium (CPE) in the conditions of different types of reactors (in

acyclic and cyclic systems) was studied: the ideal displacement reactor ("steady-state plug flow reactor, PFR") and
the ideal mixing reactor ("steady-state continuous stirred tank reactor, CSTR").

For the acyclic reaction, the time of extremum onset was less in CSTR by =2.1%, but the concentration of substance
B in the extremum in PFR was greater by ~17.2% than in CSTR. For the cyclic reaction, the time of extremum onset
was less in CSTR by =5.6%, but the concentration of substance B in the extremum in PFR was greater by =11.6%
than in CSTR. For the acyclic and cyclic reaction in PFR, the time of occurrence of the extremum of the cyclic reaction

was lower by ~44.2% than in the acyclic, but the concentration of substance B in the extremum of the acyclic reaction
was greater by =24.8% than in the cyclic reaction. For the acyclic and cyclic reaction in CSTR, the time of occurrence
of the extremum of the cyclic reaction was lower by =46.2% than in the acyclic, but the concentration of substance B
in the extremum in the acyclic reaction was greater by ~18.9% than in the cyclic reaction. The cyclic system showed
a shorter time for the onset of the extremum, but the acyclic reaction system showed a higher concentration of
substance B at the extremum in PFR and CSTR. Although the time of extremum onset was the lowest in CSTR in the
cyclic system, the concentration of substance B in the extremum was highest in the PFR in the acyclic system.

Therefore (from our systems and reactors) the acyclic system in PFR shows the best characteristics.

The extremum in transient modes is always observed for acyclic and cyclic complex reactions in both reactors, both

in PFR and in CSTR. The phenomenon of conservatively perturbed-equilibrium is manifested in both PFR and CSTR.

With the same rate constants, the acyclic system in PFR is characterized by higher values of "over equilibrium"
conversion than the acyclic system in CSTR. Similarly, with the same rate constants, the cyclic system in PFR is
characterized by higher values of "over equilibrium" conversion than the cyclic system in CSTR.

The time of extremum onset is less in CSTR. This is true for acyclic and cyclic systems.

The greater the difference between the initial concentrations of the two substances, the greater the "over equilibrium"
concentration of the third substance, the initial concentration of which was equilibrium.

At our values of kinetic parameters, the sensitivity of the time of occurrence of the extremum of the same reaction in
different reactors (PFR and CSTR) is small (up to =5.6%), and at different reactions (acyclic and cyclic), but in one
type of reactor (PFR or CSTR) - significant, reaching ~46.2%.

Keywords: conservative-perturbed equilibrium, extremum, ideal displacement reactor, ideal mixing reactor,
instantaneous equilibrium, chemical equilibrium.
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