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NucruryT Hedprexmmuu u karamusa PAHI,
Y dumcrunii rocy1apCcTBeHHBIN HE(PTAHON TEXHUUYECKHUN YHUBEPCUTETZ

Annomauyus: MaremaTnyeckoe — ONMCAHWE  KATAJIUTHYECKUX  IIPOIIECCOB
[IPEeJICTABJIISIET coboit CHCTEMY OOBIKHOBEHHBIX HeJIMHEeMHBIX
nuddepeHInaIbHBIX YPABHEHHM, 00BIYHO OOJIBIIION pasMepHOCTH. B kauecrse
BapbUPYEMBIX ITAPAMETPOB MOTYT PaCCMATPUBATHCS M TEMIIEPATypa IIPOBeIeHUs
peakiium, BpeMs [IpoBedeHUs peakiuu. Jlas paccMaTpuBaeMoil peaxriinu
IPUBEJEHBl IleJIeBble (PYHKIIMK ONTHMU3AIUM B BUAE JIKOHOMHUYECKUX
TIOKa3aTeJIet.

Kniwouesnie cnosa: OKOHOMHMUYECKHE IIOKAa3aTesd, KHHETHYeCKas  MOJelib,
peaxknusa OUMETHJIKApOOHATa €O COUPTAMH, BapbHpPyeMbBle IIapaMeTpBl,
9KOHOMUYECKASI OIITUMU3ALIHS.

MaremaTudeckass MoOJeJIb peakIlud JTUMeTHJIKapOoHaTa CO COUPTAMU B
mpucyrcrBuu  Co2(CO)s mpeacraBisieT €000l cuUCTEMY OOBIKHOBEHHBIX HEJIWHENHBIX
nuddepenrmanbabix ypasuennit (COHJY) mameHeHms KOHIIEHTpAIIUM pPeareHTOB BO
BpeMeH™ [1-2]

dx. < ) ! @ ! .
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ij
crexuoMerpuyueckrne koadduimenter; J — ymcsio cranmii, X, — KOHIIEHTPAIIMK BEIIECTB,
mosb/s (i -HOMepa BemrecTBa m3 puc. 1, 2); | — umemo BermecTs; W;— cKOpocTh | -oit
craguu, MoJb/(J'MMH); @ — OTpHUIIATeJbHblE dJIEMEHTHl Marpuupl (Vj), B —

. — KOHCTAHTBI CKOPOCTEeH HPSMOM M 00paTHOM

mosokuTebHbIE daeMeHThl (V;), K;, K_;

craguii, 1* - pukcupoBaHHOE BpeMs IIPOBENCHUS PeAKIINI, MUH.
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ITapamerprr K j IS paccMaTpUBAaeMoON peakIyy ObLIN OIpesiesieHbl B paborax [3-

4].

[Tpu mocTaHOBKE 33724 ONTUMH3AIIUN HEOOXOIUMO BHIOPATH I1eJIeBble (PYHKITHMN.
B paborax [5-6] mokasaHa HeOOXOIMMOCTH ITPUMEHEHUS IIeJIeBhIX (DYHKIIUM B BHUJE
9KOHOMHUYECKHX IIOKa3aTesied IIPU OINTUMHU3AINN XUMUYECKHUX pPeakIuii Ha OCHOBe
KUHeTHYEeCKON Mmomenu. MccienyeMbpIMU TOKA3aTEAMU SBJISIOTCS KPUTEPUM ITPUOBLIH,
IIpeCTaBJIeHHBIN B BuAe (2) U KpUTepUil peHTa0eIbHOCTH, IIPeACTaBJIeHHBIN B Buae (3)

[7].

Pr Sr
1= z Xprod(t’k!-rix0 ) nprod - szource(t*iT!XO ) Msource _W(t*iT )_ A — max (2)

prod=1 source=1

roe X KOHITEHTPAaIIUU IIPOAYKTOB pearimum; X KOHITEHTPAaIlUU HCXOTHBIX

prod source

peareHToB; 7] — BEKTOD YIeJbHBIX II€HOBBIX BECOB KOMIIOHEHTOB (HOPMHUp. K CyMMe ITeH
KOMITOHEHTOB W 3aTPAarT); |/ — IepeMeHHble 3aTpaThl (HopMup.); A — ITOCTOAHHBIE 3aTPATHI

(mopmmup.); Pr — umecno mpomykroB; SI — uMciI0 HMCXOOHBIX peareHTosB, II —
HOPMHPOBAHHASA IPHUOBLIb.

Pr
prrod(t*’T ’XO ): Morod

rod=1
P = Sr i , —> MaX (3)
z Xsource(t*1T » X ) “MNsource T l//(t*,T ) +A
source=1

rae P — HopMupoBaHHas peHTa0eIbHOCTS.

[TocranoBka 3amaynM ONTUMHU3AIIAN PEAKIIMH JTUMETHUJIKApOOHATa CO CIIMPTAMHU B
npucyrcrBuu Coz(CO)s umeet Buz [8]:

- Hesnesnie pyHKIMy orTuMu3anuy B Buge (2) miu (3).

- Bapwsupyemnbie (cBOGOIHBIE) MapaMeTphl — TeMIIepaTypa | ; BpeMs IIPOBEIeHUs
peakimu >,

- MaremaTtmueckas momess B Brge (1).

- Ilpamele orpaHnwyeHuss Ha BapbUpyeMble [apaMeTPhl  OIPeIeJISIoTCs

T l; €[t

I'padur wmamenenus mpuOBLIM OT BpeMeHH 10 (2) TPU Pa3HBIX IHAYECHUAX

*

uuTepBagamu 1 €[T mins Lmax] -

min ?
TeMIlepaTypsl uMmeeT Bux (puc. 1).

Ha puc. 1 mabaogatores caeayoIie 3aKOHOMEPHOCTH.

CymiectByer 00J1aCTh TEMIIEPATYpP C IIOJIOKUTEbHBIMUA 3HAYEHUSMU ITPUOBLIH,
IIpuYeM 4eM OOoJIbIlle TeMIlepaTypa, TeM MaKCUMyM I10 IMPUObLIN HacTrymaeT paubiie (170-
220°C). YMeHbIeHre 3HaveHHe IIPHOBLIN MHTEHCHUBHEE, UYeM BBIIIE TeMIeparypa. ITo
ITPOUCXOJIUT, BEPOSTHO, IIOTOMY, UTO IIPYU BBICOKOM TeMIlepaType KOHBEPCUS PeaKITuu
Hacrymaer Obictpee. Ilpu mosTHOM pacxogoBAHUM OHOTO M3 PeareHTOB (CITUPT) 3HAUYEHUe
KOHBEPCHUH BTOPOTO PeareHTa yBeJIUYUBATHCSI HE MOYKET U IIPUOBLIIb YMEHBIIIAETCS 34 CUET
IIepeMeHHBIX 3aTpaT (HalpuMep, Ha IMOoAAep:KaHue TEMIIEPATYPHI).
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Puc. 1. Uamenenne kpurepus IpUOBLIN OT BPEeMEHU HPU PA3JIAYHBIX 3HAYECHUAX
TeMIIepaTypPhI JJIS PeaKIliuu CITUPTOB ¢ quMeTuikapboraTtoM B mpucyrctBuu Co2(CO)s

PenTabenpHoCcTh J1I000TO IIpoIlecca SIBJISIETCS BAYKHBIM KPUTEPHUEM [JIS OIeHKH
a(pperTHBHOCTH XUMUUYECKOM peakimu. lIpeskme Bcero, peHTa0EILHOCTD XapaKTePU3yeT
KavyeCcTBeHHOEe 3HAaYeHUe IIpollecca. Tak:ke MpU aHATHN3e PeHTA0eJIbHOCTH MOYKHO OTCEYh
He'KeJIaTeJbHbIE VCJIOBUS OCYIIMECTBIEHUS XHUMHUUYECKON peakIliu Y»Ke Ha YpOBHE
stabopaTopHBIX ycaoBuil. MiaMenenune Kpurepusi peHTa0eJIbHOCTH IIPOIlecca OT BPEMEeHU 110

(3) m3obpaskeHo Ha puc. 2.
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Puc. 2. HNamenenue xpurepus pPeHTAOEJIBLHOCTH II0 BpPEeMEHH B JUalla30He

TeMIepaTyp JJIsS peakIiuu CITUPToB ¢ guMmeTmiikapoornaTroM B mpucyrcrsuu Coz(CO)s

IIo pme. 2 BUOHO, UTO peHTA0E/ILHOCTH BBEIXOOUT HA MAKCHMYM M CO BpeMeHeM
YMEHBIIIAETCS, UYTO O0BSACHSIETCSA 3aTpaTaMy Ha IIOoAAep:KaHNre 3aJaHHOM TemiepaTyphl. C
yBEeJIMYEHUEM TeMIIepaTyphbl MAaKCHUMAaJIbHOEe 3HAYeHHe PEeHTA0eJIbHOCTH HACTYIAEeT
paHbIIIe.

Taxum obpasom, B pabore IIpPUBEeEHHI IeJeBBe (PYHKIIUM ONTHMH3AIMN B BHUIIE
OKOHOMHUYECKHX IIOKa3aTeJied [JIsi XUMHYECKOW peakimu. llpuBemeHa IIOCTAHOBKA M
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pellleHre 3aJaYd OKOHOMUYECKOM OINTHMMHU3AIlMM HA OCHOBE KHHETHUYECKOM MOesIn
pearIuy TUMeTUIKapOoHaTa co cuupraMu B rmpucyrerBuu kataausaropa Coz(CO)s.
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Economic optimization based on the kinetic model of
the reaction of dimethylcarbonate with alcohols in the
presence of octacarbonyldicobalt

Koledin S.N. 1.2, Koledina K.F. 12, Gubaydullin I.M. 1.2

Institute of Petrochemistry and Catalysis of the RAS?,
Ufa State Petroleum Technological University?

Mathematical description of catalytic processes is a system of ordinary
nonlinear differential equations, usually of large dimension. As variable
parameters, the reaction temperature and reaction time can be considered. For
the considered reaction, the target optimization functions in the form of
economic indicators.

Keywords: Economic indicators, kinetic model, reaction of dimethyl carbonate
with alcohols, variable parameters, economic optimization.

References

1. Koledina K.F. Sequential-parallel determination of kinetic parameters in the
modeling of the detailed mechanism of hydroalumination of olefins. Dissertation for
the degree of candidate of physical and mathematical sciences. Bashkir State
University. Ufa, 2011.

2. Koledin K.F., Gubaydullin I.M. Kinetics and mechanism of catalytic reactions of
hydroalumination of olefins by organoaluminum compounds. Journal of Physical
Chemistry. 2016. 90. No. 5. P. 671-678.

3. Koledina K.F., Koledin S.N., Shchedneva N.A., Gubaydullin I.M. Kinetics and
Mechanism of Catalytic Reaction of Alcohols with Dimethyl Carbonate. Journal of
Physical Chemistry. 2017. 91. No. 3. P. 422-428.

4. Koledin K.F., Koledin S.N., Gubaydullin I.M., Safin R.R., Akhmetov I.V. Information
system for constructing a kinetic model of a catalytic reaction, planning an
economically optimal chemical experiment. Control Systems and Information
Technology. 2015. Vol. 61. No. 3. P. 79-84.

5. Koledin S.N., Koledina K.F. Planning of economically optimal chemical experiment
on the basis of the kinetic model of the catalytic interaction of alcohols with dimethyl
carbonate. Journal of the Middle Volga Mathematical Society. 2015. V. 17. No. 2. P.
43-50.

6. Koledin S.N., Koledina K.F., Gubaydullin I.M., Spivak S.I. Determination of optimal
conditions for catalytic processes on the basis of economic criteria. Chemical
Industry today. 2016. No. 10. P. 24-35.

309



XIII Meswcoynapoornas wayuhas kKongpeperyus "Jupgpepenyuanvroie ypasHeHUs U UX NPUSIOHCEHU
8 mamemamuueckom mooenuposarnuu'’, Caparck, 12-16 uwnsa 2017.
XIII International scientific conference ''Differential equations and their applications
in mathematical modeling'’, Saransk, July 12-16, 2017.

7. Koledin S.N., Koledina K.F. Optimum control and sensitivity of the optimum in
problems of chemical kinetics. Middle Volga Mathematical Society Journal. 2016. V.
18. No. 3. P. 137-144.

8. Spivak S.I., Koledin K.F., Koledin S.N., Gubaydullin I.M. Informational-
computational analytical system of theoretical optimization of catalytic processes.
Applied Informatics. 2017. V. 12. No. 1 (67). Pp. 39-49.

310



