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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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MODELING OF DYNAMICAL REACTION-DIFFUSION SYSTEMS
WITH MULTISTAGE AND NON-PERFECT KINETICS

Abstract. The paper deals with the problems of dynamical models describing reaction-diffusion systems cha-
racterizing by the multistage and non-perfect kinetics. The main types of dynamical behavior of such systems using
two typical examples have been considered. As a result of the research it was concluded that multistage and non-
perfect kinetics can strongly influence on the reactor regimes and change their main characteristics. It wasalso
concluded that non-perfect kinetics in the case of high diluted solutions doesn’t change types of rest points and
reactor regimes. However, velocity of wave front which generates from transient oscillatory regimes differs from the
velocity of wave front in a perfect system.

Concrete values of regimes characteristics have undergone changes too. It was shown that the rate of reagents
supply not only controls an output of the reactor but also can essentially change a set of stationary and transition pro-
cess regimes. Usually engineers connect such transformations with heat phenomena. The mentioned above factors
can also cause regime transitions. In addition the set of parameters controlling the regime stability and describing the
system bifurcations has been obtained.

The main types of possible dissipate structures caused by these factors as well as cases of their formation have
been also determined. Besides, transition regimes are determined by a system non-linearity. However in the case of
strong solutions the situation may be different. This problem needs an additional study. The results of the research
are feasibly to be useful for calculating the intensity of mass transfer processes in chemical reactors.

Key words: dissipate structures,multistage kinetics, non-perfect systems, reaction-diffusion systems.

Introduction. Multistage kinetics and non-perfectness of reaction-diffusion systems have an essential
influence on the process regime in chemical reactors [1]. It is well-known that multistage kinetics can
stimulate the origin of multiplicity of stationary points in system dynamics. Besides, chemical oscillations
are observed only in the multistage reaction-diffusion systems [2].

Non-perfectness is also very important aspect that can play an essential role under generating
dynamical regimes in the point of view of chemical thermodynamics [3]. And concrete values of regimes
characteristics can undergo changes too.

However engineers often do not give due attention to these aspects of chemical processes and its
impact on the apparatuses design. They usually connect such transformations only with heat phenomena.
But the mentioned above factors can also cause regime transitions.

In our work this problem has been theoretically investigated and illustrated by means of two model
auto-catalytic reactions as examples.

Model systems with multistage kinetics. Firstly we consider the following model scheme with the
main reagents X, Y and intermediate products 4, C, despite the first stage is supposed to be an auto-
catalytic reaction [3]:
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x+v—hsx x4 v 5 ¢
where ki, k», k3 are the reactions rate constants.

(1

Let’s assume that the component Y enters the reactor continuously with constant supply rate ¢, and

the reagent X is the initial priming-tube.
Thus the system of kinetic equations for main reagents reads [4]:

dt
dy
—=q -k XY -kY.
i q—K 3

Here X > 0 and Y > 0 denote concentrations of reagents X and Y.
Provided the rate ¢ satisfying the inequation

there is the only stable rest point of the system (2)

0 _ 49
Xor=0; Yo ="
k3
But when this rate exceeds the critical value

>q =—=
q9-4 K,

the system acquires yet another rest point:
_qkl_k2k3. Y, _k_z
02 — ek ’ 02 — k :
172 1

Jacobians of the linearized system of kinetic equations at the rest points have the following

_kZ +m O
Jo1 = £ ,
_ha i
ks 3
0 gk, — kyk;
k
JOZ = q2k1
—k, _k_
2

)

3)

4)

)

(6)

(7

®)

Provided ¢ > ¢ the rest point (4) becomes unstable. And the springing up rest point (6) becomes

stable on the contrary and it has a type of stable node or stable spiral.
The regimes analysis gives the following results:
1) for (ks/k;) > 1 at any g the rest point (6) is a stable node, and oscillations donot exist;
2) for (ks/k) < 1 at g exceeding the critical value ¢ rest point (6) can be a spiral.

At (ks/ky) <1 we have
2
g < &{1 - 1- k—3} :
kl
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From this it follows that provided (ks/k») < 1 and ¢ > ¢~ the rest point (6) is a stable spiral, and
appropriate transition regime goes on in the form of oscillations at the rate range

q91<9<49>, (10)
262 [k |
==21- [1-2 (11)
q1 K, kz_
22 [ ks |
=—=1+_[1-—=|. 12)
= ki kz_ (

where

-

Virtual rest point
(physical
*
<
Y 1<49 A Y q>q"
k3/k2 >1
(Xo1-Y01)
- o701 (Xo1.Y01)
/
/ X02,Y02)
\\,| X X
Y
A q>q*
k3/k2 <1
(Xo1,Y01),
(X02,Y02)
®

v <

Phase curves near the rest points of the system (2)

Thus the system has the control parameter
k3

- (13)
ka

(21

The value @ =a =1 is the bifurcation point, and for the transition regime we can obtain the
frequency of oscillations @ and the logarithmic fading decrement v':

2
wz\/Zq 2k2k4 ﬂ (14)
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ky
V=—— 15
> (15)
The second example is the auto-catalytic reaction of the following type [2, 3]:
ky
—1
A+ X 2X +C. (16)
k
2

In the perfect thermodynamic system the following relation is true
u=u" +RTInX, (17)

where 1 is a chemical potential and 4 - its standard value, R is gas constant, T is a temperature.
Impact of system non-perfectness. Let’s consider the case of non-perfect reaction-diffusion system,
where the chemical potentials of reagents read [5].

p=p" +RTInX + w4y (1-X). (18)
Here

©4x = K26 g — (644 +Exx)], (19)
and &,,, &,,, &,y are energies of interaction between molecules of reagents, x is a parameter

depending on the model of liquid state [6-8].
Supposing X << 1 we obtain the following approximate relation

pu=u"+RT X+, (1-2X). (20)

According to thermodynamics of diluted solutions, the diffusion coefficients determine by the
derivatives of chemical potentials over the concentrations [9].
Thus we obtain:

ou RT RT
—=— 20,4y =—(1-204vX), 21
X X AX X( Ax X) 2y
From this it follows
D=D;(1-2w 4y X), (22)

where D; is the diffusion coefficient in perfect system, D is the one in a real system [10-12].

And so, the mass transfer equation for the reaction (15) proceeding in a tubular through-reactor can
be written as follows

oX 0X 0 oX
L g == D.(1-2w,,X)— X), 23
X g2 az[ (=20, >6Zj+f< ) @)
where
f(X)=kAX -k, X*. (24)

Using method of an auto-model variable the equation (23) can be reduced to the following ordinary
differential equation [13]

d*’X  g-c  dX 2o, (deer X o s
ds? D(1-2w,,X)ds 1-20,X\ds) D(1-2w,)

where s = x — ct, c is a phase velocity or a velocity of wave front.
Equations of the appropriate dynamical system read
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dX
= -y,
dt
(26)
ﬂ: qg-—c 20y y2 _ f(X) —
dt D(1-2w,X) 1-20,X D;(1-2w 4 X)
There are two rest points of the system
ks
Jacobians of the linearized system (26) at the rest points (27) read
0 1
Jo=|_kd g-c| (28)
0 1
Jo =| k4 g—c | (29)
D(1-y) D1-7)
where
ky 30
ky
As for diluted solutions @ 4 <<1 the following inequation is correct
y<l. (31)

From detail analysis which is analogous with the analysis of system (2) we conclude that non-perfect
kinetics in the case of high diluted solutions does not change types of rest points and reactor regimes. At
the same time, concrete values of regimes characteristics have undergone changes [14-17].

Particularly, the velocity of wave front which generates from transient oscillatory regimes differs
from the velocity of wave front in a perfect system [18].

The appropriate relation reads
Cor =Co + vy kiD; A . (32)

Here ¢ is the wave front velocity calculated for the perfect system:

o= ‘q —2.Jk,DA|, (33)
and <1 is the special amendment coefficient for which we obtain the following relation
k
y =20, —-A. (34)
ky

Conclusion. It can be concluded that rate of reagents supply not only controls an output of the reactor
but also can essentially change a set of stationary and transition process regimes. Usually engineers
connect such transformations with heat phenomena [19]. At the same time the mentioned above factors
can also cause regime transitions.

As regards the non-perfection of systems its influence for high diluted solutions manifests only in
increasing the wave front velocity under transition regimes [20]. Incidentally, transition regimes-
themselves are determined by a system non-linearity. However in the case of strong solutions the situation
may be different. This problem needs an additional study [21].
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JI. M. MycaGeKOBal, A.T. Kan6aesa', B. B. Juabman’, H. C. )KyMaTaeB3, C. XK. K¥pal<ﬁaelzal, B. P. TayacapOB"

M. Oye3oB ateiHAarsl OKMY, IlIemvkenT, Kazakcran,
’H. C. KypHakoB aThIHIaFbI JKaJIIIbl )koHE OeopraHuKaIbIK XMMUS HHCTUTYTEL, Mackey, Pecei,
*Onrycrix Kasakcran neparoruxansi yuusepeureri, Ilsivkent, Kasakcran,
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JTAHAMMKAJIBIK PEAKITASIIBIK-TA® D Y3USIIBIK )KYHUEJEPII KOIICATBLIbI
KOHE UJEAJIJIbI EMEC KHHETUKAMEH MOJEJIBJIEY

AHHoTanus. JKyMBIC KOl CaThUIBI )KOHE UACAIIBI eMEC KHHETHKAMEH CUMATTANIAThIH PeaKUHsIbIK-TUPdy3usi-
TBIK JKYHenepi CHIaTTalThblH AUHAMHKAIBIK YITIepaiH Macenenepine apHanrad. OCbIHIal KyHelIepaiH AMHaMHU-
KaJIbIK MIHE3-KYJIKBIHBIH HETi3rl TYpJepi €Ki TUNTIK MBICAIIb KOJNJaHy apKblIbl KapacTBIPBIIIBL. 3epTTEYAiH HOTH-
JKECIHJIE KOIT CAaTBUIBI KOHE UACANIBIK eMeC KHHETHKA PeakTop pekKUMIEpiHe KATTHI oCep €Tyl KOHE OJIAp.IBIH HeTisri
cUIIaTTaMallapblH ©3repTyl MYMKIH JereH KOPBITBIHABI kacanubl. CoHIai-aK, »KOFapbl OOpexkeNi CYWBUITBUIFaH
epiTiHAiNep KaFJalbIHIA UACAIBl €MeC KHHETHKA THIHBIIITHIK HYKTelIepi MEH PeakTop PeKUMIEPiHiH TYPIICPiH 03-
TepTIeHi AereH KOPBITHIHABI XKacaiabl. JlereHMeH, yakpITIIa aybITKy PEXHUMIECPIHEH TYBIHAAWTBIH TOJKBIHIBIK
Maiaan (GpoHT) KBULAAMIBIFE TONKBIHABIK MaiinaH ((GpOHT) >KbUIJaMABIFBIHAH MACANABI XKYiene epeKileleHes.
Pexxumuep/iH cunaTTamMaiapbiHbIH HaKThl MOHJIEpI A€ e3repai. PeareHTrepain Oepiny *KbUIAaMABIFBI TEK PEaKTOp-
JIbIH, IIBIFYBIH OaKblIaln KaHa KoiMaii, COHPIMEH KaTap CTallMOHAPJIBIK XKSHE OTIIENI MPOLECTep PEKUMIEPIHIH KUBIH-
TBHIFBIH alTapIIBIKTal e3repTe alaThIHABIFBl KOPCETLI. OJeTTe HHKEHEpJIep MYHal e3repicTep/Ii )KbUTYJIBIK, KYObI-
JpicTapMeH OaiimaHbicThipansl. JKorapbina atanFaH (akTopiap eTheni peskUMIepIi TYAbIpYybl MyMKiH. PexxuMHIH
TYPaKTBUIBIFBIH OacKapaThIH JKOHE JKYHeHIH OM(ypKalUsChlH CUMATTAWTHIH MapaMeTpiiep KHUbIHTHIFBI 1a aJbIH/BL
Ocpbl (hakTOpiapra OailIaHBICTEI MYMKIH JHUCCHUIATHUBTI KYPBUIBIMAAPIBIH HETI3Ti TypJsiepi, COHAai-aK oyapisl
KaJIBIITACTHIPY XKaraaiiapsl aHbIKTaFaH. COHBIMEH KaTap, OTIeNl pexXuMIep KYHECHIH ChI3BIKTHIK €MECTIr1 apKbUIbI
aHBIKTANAbl. AJaiia, KOHICHTpAIMUIAHFAH epiTiHaurep OoiraH Kes3nme, Karmai Oackamia OOdysl MYMKiH. by
Mocele KOCBIMIIIA 3epTTEY/i Tajal eTedl. 3epTTey HOTIKENepl XUMHUSUIBIK peakTopiapaa JKammai TackMaiay mpo-
LeCTepiHIH KapKbIHBUIBIFBIH €CENTeY YIIIH Naiaibl 00Iybl MyMKIH.

Tyiiin ce3aep: DMCCUIATHBTI KYPHUIBIMAApP, KOI CaThUIbl KMHETHKA, WACAJABl eMeC XKyHenep, peakuusuIbIK-
T dy3usIBIK Kylienep.

JI. M. Myca6ekoBa', A. T. Kan6aesa', B. B. lnasman®, H. C. Kymaraes®, C. JI. Kypak6aesa', b. P. Tayacapos*

'FOsxH0-Kasaxcramckuit rOCyJapCTBEHHBIH yHUBepcUTeT uM. M. Aya3oBa, llIeivkenT, KazaxcraH,
2I/IHCTI/ITyT o0bmeit u Heopranuueckoit xumuu uM. H. C. KyprakoBa PAH, Mocksa, Poccus,
3[0sxH0-Ka3axCTaHCKUIA e jaroruaecKuit yuuBepcuret, [llbiMkent, Kazaxcran,
*I0sKHO-Ka3axcTaHCKuil KOJLIe DK “®@emuna”’, [lIeimkenT, Kazaxcran

MOJIEJIUPOBAHUE TUHAMHWYECKHX PEAKIINOHHO-IA®®Y3UOHHBIX CUCTEM
C MHOTOCTAJUMAHON U HEUJAEAJBHOM KUHETUKOM

AnHOTanusA. Pabora mocesmeHa mpodieMaM JHHAMHYSCKUX MOJENICH, OMMCHIBAIONINX PEAKIMOHHO-TUDDY-
3MOHHBIE CHUCTEMBI, XapaKTEPHU3YIOIINECS MHOTOCAAIUMHON W HEUJIeaTbHONW KMHETHKON. PaccMOTpeHBI OCHOBHBIE
THITBI THHAMUYECKOTO TOBEACHHS TaKMX CHCTEM C HCIOJBb30BAaHHWEM JBYX THIMUYHBIX MPHUMEpPOB. B pesynbrare uc-
cleJoBaHus ObLI CIENIaH BBIBOJ O TOM, YTO MHOIOCTAIMMHAS ¥ HEHMEAIbHAs KHHETHKA MOXET OKa3bIBATh CHILHOE
BIIMSHUE Ha PEXUMBI PEaKTOpa U M3MEHITh WX OCHOBHBIE XapaKTEPUCTHKHU. Takke ObUIO CIENaHO 3aKITIOYCHHE O
TOM, YTO HeUJeallbHasl KWHETHKA B CIIy4ae CHJILHO pa30aBIeHHBIX PACTBOPOB HE MEHSET THUIIOB TOYEK IMTOKOS U PEKH-
MOB peaktopa. OJHaKO CKOPOCTh (DPOHTA BOJHBI, KOTOpas BO3HHKACT M3 MEPEXOIHBIX KOJCOATCIHHBIX PEIKHUMOB,
OTJIMYACTCS OT CKOPOCTU (PpOHTA BOJHBI B MJICANBHOW cucTeMe. KOHKpETHBIC 3HAYCHUS XapaKTCPUCTUK PEKHMOB
TaKKe IpeTeprenu u3MeHeHusl. bpljio moka3aHo, 4TO CKOPOCTh TOJa4M PEareHTOB HE TOJIBKO KOHTPOJIUPYET BBIXO]
peaKTopa, HO TaKKE MOXCET CYIIECTBCHHO W3MCHHUTH HAOOp PEKMMOB CTAIMOHAPHOTO W TMEPEXOIHOTO MpPOIIeC-
coB. OOBIYHO WHKCHEPHI CBS3BIBAIOT TAKUE MPEOOPa3OBaHUS C TCIUIOBEIMHA SIBICHUSIMA. Y Ka3aHHBIC BBITIC (PaKTOPHI
TaK)kKe MOTYT BBI3BIBATh IEPEXOTHBbIC PEKUMBL. BBUT MOMydYeH Takke HaOOp MmapaMeTpOB, YIPABISIOMNX CTaOWIIb-
HOCTBIO DPEKMMa W ONHCHIBalOMUX Oudypkamuum cucteMbl. OnpenencHsl TakKe OCHOBHBIC THITHI BO3MOXKHBIX
JIUCCUTIATUBHBIX CTPYKTYP, BBI3BaHHBIC 3TUMHU (DakTOpamu, a Takke ciaydan uX oOpazoBaHus. KpoMe Toro, mepexo-
HBIE PEKHUMBI ONPEACIIIOTCS CUCTEMHON HEIMHEHWHOCTHIO. OTHAKO B ciydae KOHIEHTPHUPOBAHHBIX PAacTBOPOB CH-
Tyanusi MOXET ObITh MHOM. DTa MpobjieMa HYKIAeTCS B IOMOJHUTEIBHOM HCCICIOBAaHHH. Pe3ynbTaThl HCCIEIO0-
BaHHs MOTYT OBITh IOJIE3HBI JUIsl pacyeTa HHTEHCUBHOCTH MPOLIECCOB MAaCCOMEPEHOCa B XUMHUYECKUX PEaKTOpax.

KiroueBble c10Ba: AUCCUMATUBHBIE CTPYKTYPHI, MHOTOCTaIMiHAsT KWHETHKA, HEHUJCAJbHBIC CUCTEMBI, peak-
UOHHO-IM ()P Y3UOHHBIC CHCTEMBI.
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