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H3zeecmno, umo xaomuueckue K0ae0aHusa 0Ona XUMUUECKUX PeaKyuii Mozym 0vimo onu-
Canbl HeCMAUUOHAPHBIMU KUHEMUUECKUMU MOOEIAMU, COCMOAWUMU U3 MPEX 00bIKHOBEHHBIX
ougpgepenyuansuvix ypasnenuii. Pocciepom 6viiu ycmanoeienst nepevie NPUMepbl XUMUUECKUX
Peaxyuil, 6 Mom Yucie 0GyXmMapuipymuan namucmaouitnaa peaxkyusa Bunnamoecku-Poccnepa, ¢
mpems BPOMENCYMOUHBIMU 6EU4ECINEAMU, COOEPICAUA MPU A6MOKAMAIUMUYECKUE HO RPOMe-
HCYMOUHBIM 6EeU4eCMEaM CIAOUN, OUHAMUYECKAA MOOelb KOMOPOIl ONUCbléaem XAomuuecKue
Konebanusa. B oannoit cmamove npugedena npocmeiiuian 00HOMApUIPymHas YemuvlPexXcmaouiHas
peaxyun A+E=D, gxniouaiowias 0ée agmoxkamaiumuyeckue u 00Ky TUHENHYI0 N0 RPOMENCYmoy-
HbIM @euiecmeam cmaouio, HeCMayuoOHapHaa KUHEMU4ecKas Mooeilb KOmopoili ONUChléden Xao-
muueckue koneoanusn. Hecmayuonapuaa Kunemuueckas Mooeb 8 NPEONoN0HceHUU Keazucma-
YUOHAPHOCHU NO OCHOBHBIM GCU4ECIEAM 8 PAMKAX 3AKOHA OCUCHEYIOUUX MACC RPEOCmasaem
coboil cucmemy mpex 00vIKHO8eHHBIX Oudhpepenyuanvuvix ypaeuenuii. Hanuuue xaoca noo-
meepIHCOeHo HUCTeHHBIMU Paciemamu KUHemu4eckoi Mooeau u Ikcnonenm Jlanynosa. Ixcno-
Henmul Jlanynoea yooenemeopaiom ycnoeuro LI+L2+1.3<0, umo doxa3zvieaem cyuwiecmeoeanue
Xaomuueckux KoaeoaHui.

KiroueBble cjioBa: IIpocTasad XUMHUUYCCKaA peaKusd, XaOTUICCKUEC KoJIeOaHHs
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It is known that chaotic oscillations for chemical reactions can be described by non-sta-
tionary kinetic models consisting of three ordinary differential equations. Rossler established the
first examples of chemical reactions, including the two-route five-stage reaction of the Villamovski-
Rossler, with three intermediate substances, containing three autocatalytic on intermediates stages,
the dynamic model of which describes chaotic oscillations. In given article presents a simple one-
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route four-stages reaction A+E=D involving two autocatalytic and one linear on intermediate stage,
the non-stationary kinetic model of which describes chaotic oscillations. The non-stationary kinetic
model under the assumption of quasistationarity with respect to the main substances within the
Jframework of the law of acting masses is a system of three ordinary differential equations. The
presence of chaos is confirmed by numerical calculations of the kinetic model and Lyapunov ex-
ponentials. The Lyapunov exponents satisfy the condition L1+L2+1.3<0, which proves the existence

of chaotic oscillations.
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N3BecTHO, 9TO TIEpBBIC TPUMEPHI XUMHUICCKUX
peaknuii, TMHAMUYECKAE MOJEIH KOTOPHIX B PaMKax
3aKoHa JeicTByronux mace (3/IM) onuceiBaloT Xaoc,
osuTn ycTaHoBiieHBl Pocciepom [1]. Ilpocretimeit n3
HUX SIBIIICTCS PEAKIUs, MPOTEKAIOMAas 10 TSATHUCTA-
nuiHoMy MexaHu3Mmy Bumnamoscku-Poccnepa [2]:

A+X o 2X,2) X+Y -2Y,3)B+Y-C,

4) X+Z D, 5 E+Z - 27, (1)
rne A, B, C, D, E — ocHoBHEBIC BemiecTBa; X, Y, Z —
MPOMEKYyTOUHBIE BemiecTBa. Mexanusm (1) BkiIrogaet
2 mapmpyrta A+B = C (cramuu 1-3), A+E = D (ctagumn
1,4,5) u conepXUT TpU aBTOKATAIUTUYECKUX CTATUU
0 MIPOMEKYTOUHBIM BellecTBaM (ctaauu 1, 2 u 5).

Hamu maiinena Oosee mpocTas YeThIpEexcTa-
IAHAs peaKIlus, comepskKailas IBe aBTOKATaTUTHUIC-
CKHE U OJHY JIMHEHHYIO MO MPOMEKYTOUYHBIM Belle-
CTBaM CTaJIui0. MexaHu3M 3TOH peakiuy MOoJy4eH Iy-
TeM 3aMeHbl B cxeMme (1) cramuii 3 u 4 Ha cTaguio
3)Z+Y o D u craguu 5 Ha ctanguio 4) E - Z:

1) A+X =2X,2) X+Y - 2Y,3) Z+Y - D,
4HE-Z. 2)

Mexanamsm (2) obpazyet oaue MapmpyT A+E=D,
a ero HecTalMOHAPHASI KWHETUIECKAs MOJCIb B IPe/I-
MOJIOKEHUU KBA3UCTAIIMOHAPHOCTU IO OCHOBHBIM Be-
mecTBaM B paMkax 3JIM mpencTaBiIsieT CUCTEMY TPEX
OOBIKHOBEHHBIX AuDdepeHIIMaTbHBIX YpaBHEHUH

X= WX —wox’ -waxy, ¥ = waxy —wsyz,

z'= w3yz+wy, 3)
TJI€ Wi, W-j — YaCTOTBI CTaIuil B MPSIMOM M 0OpaTHOM
HampaBieHusx | = 1,2,3,4, BKIIIoJaronue KOHCTAHThI
CKOpOCTEH CTaguil M KOHIICHTpAallUM OCHOBHBIX Be-
mectB A, E u D; x, y 1 z — Ge3pa3MepHbIe KOHIIEHTpa-
IIAY TIPOMEXKYTOYHBIX BemecTB X, Y u Z. Cuctema (3)
OTHMCBIBACT XaOTHUECKHE KOJIeOaHus (PUCYHOK).

[Ipu nmpuBeACHHBIX HA PUCYHKE BETMYUHAX Ya-
CTOT CTaIU{ U HAYaJbHBIX YCIOBUIX I Moaenu (3)

134

451

3.5F

DL ERLL)

| 1 1 h I
0 20 40 60 80 100 120 140 160 180 200

Puc. Xaotnueckue kosie6aHus B peakLuy, IPOTEKAIOMIECH 1O
cxeMe (2) u onucbiBaeMoi Mozenbio (3) mpu wi=3, w2=18,
w3=10, w4=1, w-1=0,75 1 HauaTBHBIX YCIOBHAX X0=Yy0=20=0,1:
a — 3aBHCHMOCTS X(t); 6 — dazosblii 3D-noprper
Fig. Chaotic oscillations in the reaction proceeding according to
the scheme (2) and described by the model (3) with wi=3, w2=18,
w3=10, w4=1, w-1=0.75 and initial conditions Xo=yo=20=0.1:

a — dependence x(t); 6 — 3D phase portrait

mipu ¢t = 500 moka3zatenu JIsmyHoBa MPUHAMAIOT 3HAYE-
mus: Ly = 0,138; L, = —0,003-0; Lz = —2,096. Ins
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TPEXMEPHBIX aBTOHOMHBIX CHCTEeM curHarypa (+, 0, —)
mpu Li+L,+L3<0 COOTBETCTBYET CTPAaHHOMY aTTpaK-
TOPY, YTO JOKa3bIBAET CYIIECTBOBAHUE XAOTUYECKUX
KoseOauunii [3].
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TaxuMm 06pa3zom, YyCTaHOBJICHA IPOCTEHTIIAS O1-
HOMapIIPyTHAS YEeTHIPEXCTAIUIHAS XUMHUYECKas peak-
LS, OpOTEKAIOIIas P OMPECICHHBIX 3HAYCHUAX Ya-
CTOT CTaIUil B PSKUME XaOTHUECKUX KOJIcOaHUH.

Aemop evipadicaem brazodaprocms B.X. @eoo-
MO8y 3a None3Hvle 00CYAHCOeHUs Pe3yTbmaAmos padomul.
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