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AKTyaJbHOCTb 3aa4 aHaIN3a XHMHYCCKHX PEaKUui 00yC/IOBIEHA COBPEMEHHBIMH MOTPEO-
HOCTSIMU IIPOMBIIIIEHHOCTH, TAKHMH KaK yIydIIeHHe TeXHOJIOTHYECKHX IIPOLECCOB Hepepa-
GOTKH YIJIEBOJOPOAHBIX COCANHEHHH, YCOBEPIICHCTBOBAHHE XUMHUYECKHX PEaKTOPOB U APY-
rue. [IpeaMeToM HM3ydeHHS XMMHYECKONH KHHETHKH SIBISIIOTCS 3aKOHOMEPHOCTH IIPOTEKAaHMS
peaknuuii BO BpeMEHH B 3aBHCHMOCTH OT YCJIOBHIf, a TaKxKe CBSI3M KHHETHYECKUX XapaKTepH-
CTHK CO CTPOCHHMEM PEaKTaHTOB, C 3HEPreTHKOI mpouecca U (QH3UKOH AKTHUBHBIX YaCTHII.
Ipsimast 3aja4a XMMHUYCCKOH KHHETHKH, KOTJAa AU 3a[aHHBIX KOHIECHTPALHil PEaKTaHTOB
HEOOXOAUMO IONYYHUTH BPEMEHHBIE 3aBHCHMOCTH KOHIIGHTpPAlUii, CBA3aHA C PEIICHUEM CHU-
cTeMbl 0OBIKHOBEHHBIX auddepenHunansupix ypasuenuit (OY). Jubdepenimansusie ypas-
HEHHUSI XMMUYECKOW KHHETHKH CTPOSTCS MO ONPEACICHHOMY QJIrOPUTMY Ha OCHOBE CXEM XH-
MHYECKHX peakiuil. B ciydae 1ocTaToqHo GONIBIIOro KONMYECTBA PEareHTOB M CTaluil peax-
LIMH TIOCTPOEHUE COOTBETCTBYIoMEeH cucteMbl OJ1Y HpeAMETHBIM CIHELUATHCTOM BbI3bIBACT
Cepbe3HbIC TPYJHOCTH. DTO SBUIOCH CTHMYJIOM [UIsL CO3JaHUsI TCHEPUPYIOIIMX MPOrPaMM, KO-
TOpBIE UCTIONB3YIOT JUISl HOATOTOBKY MCXOHBIX JAHHEIX €CTECTBEHHYIO 3aIlCh KHHETHIECKOM
cXeMsl. 3azaya CO3aHMs MAaTEMAaTHYECKOr0 U IPOrPaMMHOr0 00ECTICYEHUs ISl PEIICHHs 3a-
J1a4 XUMHUYECKON KHHETUKH BKIIFOYACT COIACPKATENbHYIO CHELN(UKALMIO 33/1ad XUMUYECKON
KUHETUKH Ha S3bIKE XHMHYECKHX YPaBHEHUH, JOCTYIHYIO IPEIMETHOMY CIIEIHAIHCTY;
TPAHCILILUIO IPOrPaMM € BXOJHOI'O SI3bIKa XMMHUYECKUX ypaBHeHui B cuctemy OJ1Y ¢ aBTo-
MAaTHYECKOH MPOBEPKON KOPPEKTHOCTH CHHTAKCHCA M CEMAHTHKH; pacder cucreMsl OLY ¢
MPUMEHEHHEM COOTBETCTBYIOMNX () ()EKTUBHBIX OPUTHHAIBHBIX YHCICHHBIX METOJOB C yde-
TOM JKECTKOCTH M BBICOKOH Pa3MEpPHOCTH M3 OMOIMOTEKH BBIYHCIHTEIBHBIX AJITOPUTMOB;
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rpaguyuecKyi0 MHTEPHPETANNI0 M IOKyMEHTHPOBAHHME PEe3yJbTaTOB HYHCICHHOIO aHajIU3a.
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BBEJAEHUE

Pacuer KMHETHYECKNX KPUBBIX MPH 331aHHBIX HaYaJIbHBIX KOHIEHTPALUIX pe-
areHTOB C U3BECTHBIMU KOHCTAaHTAMH CKOPOCTEH Ha3bIBACTCS NPSIMOM 3ajadyei XH-
muueckoil kuHetuku (II3XK). IIpenmerom u3ydeHus SBISIOTCS BPEMEHHBIE 3aBU-
CHUMOCTH KOHLIEHTpaIlUi peakTaHTOB, KOTOPHIE ABJAIOTCS perieHueM 3axaun Komru
JUISL CUCTEMBl OOBIKHOBEHHBIX IuddepeHmanbubix ypasHenunit (O1Y) xumuue-
CKOM KuHeTukH [1].

IIpy M3ydeHUM XuUMHUYECKHX mporeccoB ¢ nomompbo OIY B HMHXEHEpHOU
TIpaKTHKe [2] HEOOXOAMMO PEIINTh ABE OCHOBHBIE 33Ja4d: 1) COCTaBICHUE CHCTeE-
MBI UG QEepeHINATGHBIX YPAaBHEHNH, ONMUCHIBAIONINX IWHAMHUKY TporeccoB [3];
2) pemieHne MOTyIeHHON CHCTEMBI (aHATUTHIECKH FITH YUCICHHO [4]).

Pemenne mepBoil 3amaum CBs3aHO C MpeoOpa3oBaHHEM HMCXOTHONH MOJIEINH,
MIPEICTaBICHHON B BU/I€ CHCTEMBI XMMUYECKHX YPABHEHUH B OOLIETIPUHATOMN HOTa-
LIUH, B IMHAMHUYECKYIO MOJIENb U3 3aJaHHOTO Ki1acca [5] ¢ IpruMeHeHHEM H3BECTHO-
ro ajaropuT™a npeodpasoBanus [1, 6, 7]. Peiienue BTOpoii 3agaun TpedyeT nmpume-
HEHMS CHEUHANbHBIX YHCIEHHBIX METOAOB, MO3BOJISIOMIUX IONy4yaTh KOPPEKTHOE
yHCcIeHHOe pemenue cucteMsl OZ1Y.

1. POPMYJIMPOBKA ITPOBJIEMbI

HenmoctaTtok CyIecTBYIOIIET0 MNPOTPAaMMHOTO OOecTieueHus] i pelIeHUs
[I3XK 3akitouaercss B €IUHCTBEHHOM Croco0Oe 3amucu peakraHTtoB [8—10, 16—18].
[IpeaMeTHBIN crienMamCcT BBOAUT JIMIIB UCTUHHYIO ()OPMYJTy YYacTHHKA pEaKiny,
B TO BpeMsl KaK JJaHHOE BEI[ECTBO MOXKET UMETh PsiJI N30MEPOB C TaKol ke (hopmy-
noi. M30Mepsl — 3TO BEUIeCTBa, OJMHAKOBEIE 10 aTOMapHOMY COCTaBY, HO pa3iind-
HBIC TI0 CTPYKTYype. B maHHOM ciydae BO3HUKAET MpoOiieMa HACHTH(UKAIIH Bete-
CTBa TP MOCIECTYIOMEH paboTe CO CXeMOM peakIuul M C Pe3yIbTaTaMHi MOJCIHPO-
BaHUS.

Takum o0pa3oM, akTyabHOH sIBISETCS 3a4a4a pa3paboTku crocoba cnennudu-
Kalli¥ CXeMbl XUMUYECKUX PEaKIUi, TO3BOJIIOMIETO OMHO3HAYHO HACHTU(DHUIIHPO-
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BaTh YYAaCTHHKOB PEAKIHWH W IOMYCKAIOUIETO pa3iuyHble (OpPMBI (XUMHYECKas
¢dbopmymna, cTpykTypHas (opmyna, TUHEWHOe 0003HaueHHE) NpPEICTABICHUS Be-
IIECTB, IpUBEJCHHbIE B Ta0i. 1. Pemaercs mpo0ieMa HEOJHO3HAYHOCTH MPU OIH-
CaHMM XUMHUYECKUX PEaKLUil ¢ yJacTHeM BEIIeCTB, JOIYCKAIOIUX H30MEpHBIE CO-
enuHenus. [Ipn 3ToM HEOOXOJMMO peanr30BaTh BO3MOXKHOCTH OJHO3HAYHOTO Tie-
pexona ot oxHOU hopMeI mpenacTaBieHus kK npyroit [11, 12]. Mcnonb3oBanue xu-
MHYECKOH HOTAalMK TO3BOJISIET MPOBOJMTH NpsMblE U OOpaTHBIE MTPpeoOpa3oBaHUs
Hax (OpMyJIOH, TeM caMbIM yIpolas paboTy co CXeMOW peakIHu U JallbHeHIIee
JOKYMEHTHPOBAHHE PE3YIbTaTOB MOCITUPOBAHHS.

Tabnuya 1

(I)OpMLl npeacrapjieHus BelleCcTB

JInHelinass HoTaIus

Xumnueckasi popmyiia CrpykrypHas Gpopmya (SMILES)

0
C3H602 >< | CC1(C)001
0

2. CHOCOBBI CIIEHU®UKALINHN

CymecTByeT 1Ba OCHOBHBIX CIIOCO0a TMPENCTaBICHHUS CTPYKTYPHBIX (hOPMYI:
MOJIEKYJISIpHBIE Tpadbl U TMHeWHbIe HoTanuy [ 13].

MornekynsipHbIit Tpad — 3TO CBSI3HBIII HEOPUEHTUPOBAHHBIM I'pad, ONUCHIBAO-
MIKH CTPYKTYPY XUMUYECKOTO coequHeHHs. BepunHel rpada cOOTBETCTBYIOT aTo-
MaM MOJIEKYJIbl, a peOpa — XUMHUYECKUM CBsI3sIM. B 3TOM cityyae omucaHue cTpyk-
TYPBI 3aKJIIOYAETCS B COCTABIEHUH MaTPHIBI CMEXXHOCTH MOJIEKYJISIPHOTO rpada.

Hawubonee pacmnpocTpaHeHHBIM CIHOCOOOM OJHO3HAYHOTO IPE/ICTABICHUS BeE-
IIECTB SABISIOTCSA JIMHEHHbIe HoTarwy, Hanpumep SMILES (Simplified Molecular
Input Line Entry Specification) [14]. CtpykrypHast opMyIa onuchIBaeTCs KakK JIn-
HEMHas MOCJIe0BATEIbHOCTh CUMBOJIOB. 110 CpaBHEHHUIO ¢ MaTPHLIAMH CMEXKHOCTH
JVHEHHBIE HOTAIIMM KOMITAKTHBI U MO3BOJIAIOT OOMEHMBATHCS MHPOPMAIHei o Xu-
MHYECKHX COEAMHEHUSIX 0€3 HMCIOIb30BaHUS CIELHAIbHOTO MPOTPaMMHOro obec-
HIeUeHUS.

SMILES — cuctema mpaBHjI ONMCAHUS COCTaBa U CTPYKTYPBI MOJIEKYJIBI XUMHU-
YeCKOTo BEIIECTBA C MCIIOIb30BaHUEM CTPOKH CUMBOJIOB. JInHeliHOe 0003HaYeHMe,
cocraBieHHoe 1o npasunaM SMILES, nerko natepnpeTupyercs B AByMEPHYIO UIIH

TPEXMEPHYIO CTPYKTYPHYIO (OPMYITy.
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IIpumep. PaccMoTpuM crienn(HKAIMI0 PEaKIUH pacliafa AUMETHIIHOKCHUpa-
Ha, MHAYIIIPOBAHHOTO HOHOM XJopa [15]:

C3H602 +ClIT —> C3H6070C1
C3H602 + C3H60_OC1 - 102 + CI” + 2C3H60—>
— C3H,070" + C3H,0°0Cl

OCOOCHHOCTBIO PEAKIINH SBIACTCS YIaCTHE PEAKTaHTOB, IMEIOIINX N30MEPHEIC
coequHenus — C3H¢O, (qumernnamokcupan), C;HgO (ameron). Xummuueckas
dopmyna C3;HgO, MOXKeT OTHOCHTBCS K CIELYIONIMM BEIIECTBAM: JUMETHIINOK-
CHpaH, TUOKCOJIaH, STHI(POPMHUAT, MU0, METHIIALIETAT, IPOIIMOHOBAsT KUCIIOTA,
2-ruzipokcunponanans. IlomumMo aneroHna, xumudeckyro gopmyny C;HO rtaroke
HUMEIOT aJUTHIIOBBIN CITUPT, [UKIONPOIAHOI, MPONAaHallb, MPONEHON-2, METHIBHHH-
JIOBBIN 3(hUp, METHIIOKCHPAH, OKCETaH.

Pa3zHooOpa3sue BelecTB OJJHOTO U TOTO JK€ COCTaBa SIBJISETCS OCHOBAHUEM HC-
MOJIb30BaHUsl CTPYKTYPHBIX (POPMYJ TPH 3allUCH CXeMbl peakimu. Torma cxema
peakiuu IpuMeT BUJ (PUCYHOK). Peakiusi conep KUt Tpy CTaIuu U CEMb y4acCTHH-
KOB (PEaKTaHTOB).

S ey
><
0 0-
0 o—c 0
><E|] +><0' %1oz+or+j\

s >

Cxema peaknuy ¢ MpUMEHEHHEM CTPYKTYPHBIX (opMyt

Takum 00pa3oM, YIaCTHHKH PEaKIIMA MOTYT OBITh TPEICTABJICHBI B IBYX HOTA-
musx (tabm. 2). Takol momxom obecreunBacT OJHO3HAYHYIO MICHTH()UKALUIO pe-
aKTaHTa C BO3MOXKHOCTBIO TPEe00pa30BaHMs B CIydae HEOOXOIMMOCTH.
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Tabnuya 2

IIpeacraBieHne peakTaHTOB

CrpyKTypHas/XUMHYECKas
(dopmyia peakTaHTa

0
>< | CC1(C)001
0

SMILES

Cl- [Cl-]
0—cl
>< CC(C)(OCI)[O-]
e
102 0-0
0

)J\ CC(=0)C
-
>< CC(E)([O-IO]
O -
0—Cl
><D- CC(C)(OCDH[O]

BbIBO/bI

HeomHo3Ha4HOCTE cIOCOOOB CIIEIU(HUKANAN PEAKTAaHTOB B CYIIECTBYIOIINX
cpelax KOMITBIOTEPHOTO aHAIN3a XUMUYECKAX peakiuid TpeOyeT pa3pabOTKH CHO-
CO0OB KOPPEKTHOTO YKa3aHHUs pearupyrollnx BelecTB. B kauecTBe albTepHATHBEI
XUMHYECKHM (OpMyJiaM MPeIaraeTcsl NMPUMEHATh CTPYKTYPHYIO HOTAIUIO TpPU
KOMITO3UITUN XUMHUYECKUX PEAKINH TMpeIMETHBIM ToJib3oBateneM. J{Jis BHyTpeHHe-
TO MPEICTaBJICHUS U XPaHEHHs KOMIBIOTEPHOW MOJIEIH 11e7eCO00pa3HO HCIOIb30-
BaTh TekcToByro HoTtarmo SMILES. OnHO3HAYHOCTE BRIOpAaHHBIX HOTAIMIA TapaH-
TUPYET KOPPEKTHOCTD CHCHU(UKAIIH 33a]auH.
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Problems of analysis of chemical reactions are relevant due to the modern needs of the indus-
try: improvement of processing of hydrocarbon compounds, improvement of chemical reac-
tors and others. The object of study of chemical kinetics are regularities of reactions in time
depending on the conditions, the relationship of kinetic characteristics with the structure of re-
actants, the energy of process and physics of active particles. The direct problem of chemical
kinetics (when specified concentrations of reactants must be obtained the time dependence of
concentration) is related to the solution of Cauchy problem for a system of ordinary differen-
tial equations (ODE). Differential equations of chemical kinetics are constructed on a specific
algorithm based on schemes of chemical reactions. In the case of a sufficiently large number
of reaction steps and reagents great difficulties arise when constructing of ODE system. This
was the impetus for the creation of generating programs, which are use the normal recording
of kinetic scheme for preparation of the initial data. The task of creating mathematical and
software for problems of chemical kinetics includes: specification in the language of chemical
equations; translation of text from the source language of chemical equations in ODE with au-
tomatic check of syntax and semantics; solution of ODE system by using the original effective
numerical methods from the library of numerical algorithms taking into account the stiffness
and high dimensional; graphical interpretation and documentation of the results of numerical
analysis. In work we solve the problem of ambiguity in the description of chemical reactions
involving substances that allow isomeric compounds. Proposed to use of the structural formu-
las for the unambiguous specification of reactions. Linear text notation is used for the internal
representation.

Keywords: chemical reaction, isomerism, structural formula, notation SMILES, differential
equations.
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