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êèíåòè÷åñêîãî óðàâíåíèÿ õèìè÷åñêîé ðåàêöèè
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Àííîòàöèÿ. Äàííàÿ ðàáîòà ïîñâÿùåíà èçó÷åíèþ ñëîæíûõ õèìè÷åñêèõ ðåàêöèé ìåòîäàìè
òåîðèè ãðàôîâ. Ðàññìîòðåí òåîðåòèêî-ãðàôîâûé àëãîðèòì îïðåäåëåíèÿ êèíåòè÷åñêîãî óðàâ-
íåíèÿ ìåõàíèçìà õèìè÷åñêîé ðåàêöèè. Ðàçðàáîòàíî ïðîãðàììíîå îáåñïå÷åíèå äëÿ èññëåäîâà-
íèÿ ìåõàíèçìîâ õèìè÷åñêèõ ðåàêöèé, îñíîâàííîå íà àëãîðèòìàõ íàõîæäåíèÿ áàçèñíûõ ìàðø-
ðóòîâ è çàïèñè óðàâíåíèÿ ñòàöèîíàðíîé ñêîðîñòè ïî áàçèñíûì ìàðøðóòàì. Âûðàæåíû êèíå-
òè÷åñêèå óðàâíåíèÿ îáðàçîâàíèÿ ïðîäóêòîâ ðåàêöèè ÷åðåç êèíåòè÷åñêèå óðàâíåíèÿ ìàðøðó-
òîâ. Â îñíîâå ìåòîäà ëåæèò òåîðèÿ êâàçèñòàöèîíàðíûõ ðåàêöèé Äç. Õîðèóòè � Ì.È. Òåìêèíà.
Â ïðîãðàììå ðåàëèçîâàíà òåîðåòèêî-ãðàôîâàÿ èíòåðïðåòàöèÿ ìåõàíèçìîâ ñëîæíûõ õèìè÷å-
ñêèõ ðåàêöèé äëÿ ïîñòðîåíèÿ ñòàöèîíàðíûõ êèíåòè÷åñêèõ ìîäåëåé êàòàëèòè÷åñêèõ ðåàêöèé,
ëèíåéíûõ îòíîñèòåëüíî ïðîìåæóòî÷íûõ âåùåñòâ. Ïîëó÷åííûå â ðåçóëüòàòå ðàáîòû ïðîãðàì-
ìû êèíåòè÷åñêèå óðàâíåíèÿ ïî îòäåëüíûì êîìïîíåíòàì ïðèìåíÿþòñÿ ïðè èññëåäîâàíèè ìå-
õàíèçìîâ õèìè÷åñêèõ ðåàêöèé. Ðàáîòà ïðîãðàììû ïðîèëëþñòðèðîâàíà íà ïðèìåðå ìåõàíèçìà
ïàðîâîé êîíâåðñèè ìåòàíà íà íèêåëåâîì êàòàëèçàòîðå.

Êëþ÷åâûå ñëîâà: ìåõàíèçì õèìè÷åñêîé ðåàêöèè, ìàðøðóò, ãðàô Òåìêèíà, êèíåòè÷åñêîå
óðàâíåíèå ðåàêöèè, êîíñòàíòà ñêîðîñòè.

1. Ââåäåíèå

Îñíîâíûì â òåîðèè ñëîæíûõ ñòàöèîíàðíûõ ðåàêöèé ÿâëÿåòñÿ ïîíÿòèå îá èõ ìàðøðó-
òàõ. Êàæäûé íàáîð ñòåõèîìåòðè÷åñêèõ ÷èñåë, ïðèâîäÿùèé ê èñêëþ÷åíèþ ïðîìåæóòî÷íûõ
âåùåñòâ, íàçûâàåòñÿ ìàðøðóòîì ðåàêöèè [1]�[2].

Êàæäûé ìàðøðóò ìîæíî ïðåäñòàâèòü êàê ëèíåéíóþ êîìáèíàöèþ áàçèñíûõ ìàðøðó-
òîâ. Äëÿ íåáîëüøèõ ñõåì ìåõàíèçìîâ ñëîæíûõ õèìè÷åñêèõ ðåàêöèé áàçèñ ìàðøðóòîâ
íåòðóäíî íàéòè íåïîñðåäñòâåííî. Ïðè íàõîæäåíèè áàçèñà ìàðøðóòîâ äëÿ ñèñòåì, ñîäåð-
æàùèõ áîëüøîå êîëè÷åñòâî ó÷àñòíèêîâ ðåàêöèè è ñòàäèé, áîëåå íàãëÿäíûì ÿâëÿåòñÿ èñ-
ïîëüçîâàíèå àïïàðàòà òåîðèè ãðàôîâ.

Â ðàáîòàõ [3]�[4] îïèñàí òåîðåòèêî-ãðàôîâûé ìåòîä äåêîìïîçèöèè ïî áàçèñíûì ìàðø-
ðóòàì äëÿ ïðèìåíåíèÿ îáùåé òåîðèè àíàëèçà èíôîðìàòèâíîñòè êèíåòè÷åñêèõ ïàðàìåòðîâ.
Àâòîðû èñïîëüçóþò ìåòîäîëîãèþ èññëåäîâàíèÿ ñèñòåì äèôôåðåíöèàëüíûõ óðàâíåíèé õè-
ìè÷åñêîé êèíåòèêè íà ãðàôàõ, ïðåäëîæåííûõ À.È. Âîëüïåðòîì [5].

Â [2] ïðèâîäèòñÿ ìåòîäèêà äëÿ ïîñòðîåíèÿ ñèñòåìû óðàâíåíèé ñòàöèîíàðíûõ ðåàêöèé,
îñíîâàííàÿ íà òåîðåòèêî-ãðàôîâîé èíòåðïðåòàöèè õèìè÷åñêîé ðåàêöèè. Â ãðàôå âåðøè-
íàìè ÿâëÿþòñÿ ïðîìåæóòî÷íûå âåùåñòâà, à äóãàìè � ýëåìåíòàðíûå ñòàäèè, íàïðàâëåíèå

1Õàìèäóëëèíà Çóëüôèÿ Àáóäàðîâíà, àñïèðàíò êàôåäðû ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ,
ÔÃÁÎÓ ÂÎ ¾Áàøêèðñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò¿ (450076, Ðîññèÿ, ã. Óôà, óë. Çàêè Âàëèäè, ä.
32.), ORCID: http://orcid.org/0000-0002-0135-317X, shakirova111@mail.ru

2Èñìàãèëîâà Àëüáèíà Ñàáèðüÿíîâíà, ïðîôåññîð êàôåäðû ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ,
ÔÃÁÎÓ ÂÎ ¾Áàøêèðñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò¿ (450076, Ðîññèÿ, ã. Óôà, óë. Çàêè Âà-
ëèäè, ä. 32.), äîêòîð ôèçèêî-ìàòåìàòè÷åñêèõ íàóê, ORCID: http://orcid.org/0000-0002-0135-317X,
ismagilovaas@rambler.ru

3 Ñïèâàê Ñåìåí Èçðàèëåâè÷, çàâ. êàôåäðîé ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ, ÔÃÁÎÓ ÂÎ ¾Áàø-
êèðñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò¿ (450076, Ðîññèÿ, ã. Óôà, óë. Çàêè Âàëèäè, ä. 32.), äîêòîð ôèçèêî-
ìàòåìàòè÷åñêèõ íàóê, ORCID: http://orcid.org/0000-0002-0135-317X, semen.spivak@mail.ru
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êîòîðûõ óêàçûâàåò íà íàïðàâëåíèå ðåàêöèè. Ãðàôû, ââåäåííûå Ì.È. Òåìêèíûì, óäîáíî
ïðèìåíÿòü ïðè èññëåäîâàíèè ìåõàíèçìîâ õèìè÷åñêèõ ðåàêöèé, ëèíåéíûõ îòíîñèòåëüíî
ïðîìåæóòî÷íûõ âåùåñòâ.

Êèíåòè÷åñêèå óðàâíåíèÿ ñëîæíûõ ðåàêöèé â ñòàöèîíàðíûõ ðåæèìàõ ìîãóò áûòü ïðåä-
ñòàâëåíû â âèäå ñêîðîñòåé íàêîïëåíèÿ ñîîòâåòñâóþùèõ ïðîäóêòîâ [2]:

WAj
=
∑
p

vjW
(p) −

∑
p‘

v‘jW
(p‘),

ãäå WAj
� ñêîðîñòü îáðàçîâàíèÿ âåùåñòâà Aj , W

(p) è W (p‘) � ñêîðîñòè ïî ìàðøðóòàì
p è p‘ ñîîòâåòñòâåííî; p è p‘ � ìàðøðóòû îáðàçîâàíèÿ è ðàñõîäîâàíèÿ âåùåñòâà Aj ñî-
îòâåòñòâåííî. Óðàâíåíèÿ äàííûõ ìàðøðóòîâ ñîäåðæàò ñòåõèîìåòðè÷åñêèå êîýôôèöèåíòû
ïðè ýòîì âåùåñòâå vj è v‘j .

Òàêèì îáðàçîì, ñêîðîñòü õèìè÷åñêîãî ïðåâðàùåíèÿ â ñèñòåìå ìîæåò áûòü îõàðàêòåðè-
çîâàíà ñêîðîñòÿìè íàêîïëåíèÿ ñîîòâåòñâóþùèõ ïðîäóêòîâ WAj

è óâÿçàíà ñî ñêîðîñòÿìè
ðåàêöèè ïî áàçèñíûì ìàðøðóòàì. Ñêîðîñòüþ ðåàêöèè ïî áàçèñíîìó ìàðøðóòó íàçûâàåò-
ñÿ ÷èñëî ïðîáåãîâ ïî áàçèñíîìó ìàðøðóòó â åäèíèöó âðåìåíè â åäèíè÷íîì ðåàêöèîííîì
ïðîñòðàíñòâå ïðè óñëîâèè, ÷òî âñå ïðîáåãè ñòàäèé ðàñïðåäåëåíû ïî ìàðøðóòàì áàçèñà.

Ñëåäóåò îòìåòèòü, ÷òî áàçèñíûé ìàðøðóò ðåàêöèè ïðåäñòàâëÿåò ñîáîé îäíîìàðøðóò-
íóþ ðåàêöèþ, îáùèé âèä ãðàôà êîòîðîé èçîáðàæåí íà (Ðèñ. 1.1). Òåîðåòèêî-ãðàôîâûé
ìåòîä íàõîæäåíèÿ ñêîðîñòè ðåàêöèè ïî áàçèñíîìó ìàðøðóòó àíàëîãè÷åí âûâîäó ñêîðî-
ñòè îäíîìàðøðóòíîé õèìè÷åñêîé ðåàêöèè.

Ð è ñ ó í î ê 1.1
Ãðàô Òåìêèíà îäíîìàðøðóòíîé ñëîæíîé êàòàëèòè÷åñêîé ðåàêöèè

Â ðàáîòå [6] ïðèâîäèòñÿ óïðîùåííàÿ ôîðìà çàïèñè êèíåòè÷åñêîãî óðàâíåíèÿ îäíî-
ìàðøðóòíîé ñëîæíîé êàòàëèòè÷åñêîé ðåàêöèè, îñíîâàííàÿ íà òåîðåòèêî-ãðàôîâîì àíà-
ëèçå ìåõàíèçìà õèìè÷åñêîé ðåàêöèè:

W =

n∏
i=1

b+i −
n∏

i=1

b−i

n∑
i=1

Bpr,i +
n∑

i=1

Bobr,i +
n∑

k=1

n−2∑
i=1

Bsm,i

,

ãäå Bpr,i , Bobr,i , Bsm,i � âåñà ïðÿìûõ, îáðàòíûõ è ñìåøàííûõ êàðêàñîâ ñîîòâåòñòâåííî,
b+j , b

−
j � âåñà äóã, âõîäÿùèõ â äàííûé êàðêàñ â ïðÿìîì è îáðàòíîì íàïðàâëåíèÿõ ñîîòâåòñ-

âåííî.
Âåñ äóãè ãðàôà, ñîîòâåòñâóþùåãî ìåõàíèçìó ðåàêöèè, îïðåäåëÿåòñÿ â âèäå bs = ks èëè

bs = kscj â çàâèñèìîñòè îò òîãî, ó÷àñòâóåò ëè â s -é ðåàêöèè íàáëþäàåìîå âåùåñòâî, ãäå
cj � êîíöåíòðàöèÿ j -ãî íàáëþäàåìîãî âåùåñòâà, ks � êîíñòàíòà ñêîðîñòè s -é ñòàäèè.

Êàðêàñ âåðøèíû � íåçàìêíóòàÿ ïîñëåäîâàòåëüíîñòü äóã, ïðîõîäÿùàÿ ÷åðåç âñå âåð-
øèíû è âõîäÿùàÿ â äàííóþ âåðøèíó. Çàïèøåì âûðàæåíèå äëÿ âåñà k -ãî êàðêàñà i -é
âåðøèíû, ïîëó÷åííîå óñòðàíåíèåì èç öèêëà k -îé ñòàäèè:

Bk,i =
i−1∏

j=k+1

b+j ·
k−1∏
j=i

b−j , k = 1, ..., n.
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Ïðÿìûìè è îáðàòíûìè íàçûâàþòñÿ êàðêàñû, ñîñòàâëåííûå èç äóã, êîòîðûå îáõîäÿòñÿ
òîëüêî â ïðÿìîì èëè îáðàòíîì íàïðàâëåíèÿõ ñîîòâåòñòâåííî. Ñìåøàííûå êàðêàñû � êàð-
êàñû, ñîäåðæàùèå äóãè, êîòîðûå îáõîäÿòñÿ êàê â ïðÿìîì, òàê è â îáðàòíîì íàïðàâëåíèè.
Âûðàæåíèÿ äëÿ Bpr,i , Bobr,i , Bsm,i , ïîëó÷åííûå â ðàáîòå [5], ñòðóêòóðèðîâàíû ñ ó÷åòîì
âåðøèí ãðàôà ìåõàíèçìà ðåàêöèè, â êîòîðûõ ïðåòåðïåâàþò èçìåíåíèÿ:

k = 1 : Bpr,1 =
n∏

j=2

b+j , k = 2, ..., n− 1 : Bpr,k =
n∏

j=k+1

b+j ·
k−1∏
j=1

b+j , k = n : Bpr,n =
n−1∏
j=1

b+j ,

k = 1 : Bobr,1 =
n−1∏
j=1

b−j , k = 2 : Bobr,2 =
n∏

j=2

b−j , k = 3, ..., n : Bobr,k =
n∏

j=i

b−j ·
i−2∏
j=1

b−j ,

k = 1, ..., n : Bsm,k =
i−1∏

j=k+i

b+j ·
k−i∏
j=i

b−j , i ̸= k, i ̸= k + 1.

Îòëè÷èòåëüíîé ÷åðòîé ñêîðîñòè ðåàêöèè ïî áàçèñíîìó ìàðøðóòó è êèíåòè÷åñêîãî
óðàâíåíèÿ õèìè÷åñêîé ðåàêöèè ïî îòäåëüíûì êîìïîíåòàì ÿâëÿåòñÿ òî, ÷òî îíè ìîãóò
áûòü çàïèñàíû íåïîñðåäñòâåííî èç ãðàôà ðåàêöèè, íåîáõîäèìî ëèøü çíàòü âåñà äóã è ñòå-
õèîìåòðè÷åñêèå êîýôôèöèåíòû, êîòîðûå îäíîçíà÷íî îïðåäåëÿþòñÿ ìåõàíèçìîì ðåàêöèè.

Ðåàëüíûå ìåõàíèçìû ñëîæíûõ ðåàêöèé ÷àñòî âêëþ÷àþò â ñåáÿ áîëüøîå êîëè÷åñòâî
âåùåñòâ è ðåàêöèé ìåæäó íèìè. Ïîýòîìó âîçíèêàåò âîïðîñ îá àâòîìàòèçàöèè ðåøåíèÿ
çàäà÷è, êîòîðîå óñêîðèò èññëåäîâàíèå õèìè÷åñêèõ ðåàêöèé è ïîâûñèò óðîâåíü íàäåæíîñòè
ïîëó÷åííûõ ðåçóëüòàòîâ.

Ðåçóëüòàòîì íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ ïðîãðàììíàÿ ðåàëèçàöèÿ àëãîðèòìà îïðåäå-
ëåíèÿ óðàâíåíèÿ ñòàöèîíàðíîé ñêîðîñòè ïî áàçèñíûì ìàðøðóòàì è êèíåòè÷åñêèõ óðàâ-
íåíèé îáðàçîâàíèÿ ïðîäóêòîâ ðåàêöèè.

2. Îïèñàíèå ïðîãðàììíîãî îáåñïå÷åíèÿ

Ïðîãðàììà ðàçðàáîòàíà àâòîðàìè â ñðåäå Microsoft Visual C++ 2012. Èíòåðôåéñ ïðî-
ãðàììû ïðåäñòàâëÿåò ñîáîé îêíî ñ ïîëÿìè è òàáëèöàìè äëÿ ââîäà âõîäíûõ äàííûõ, ñ
âêëàäêàìè è ñ êíîïêàìè äëÿ âûïîëíåíèÿ ðàñ÷åòîâ è ïîëó÷åíèÿ ðåçóëüòàòîâ. Ðàññìîòðèì
ìåõàíèçì ïàðîâîé êîíâåðñèè ìåòàíà íà íèêåëåâîì êàòàëèçàòîðå [7] :

1) CH4 + Z → CH2Z +H2, 1)X1 + Y1 → X2 + Y2,

2) CH2Z +H2O → COZ + 2H2, 2) Y2 +X3 → Y3 + 2X2,

3) COZ → CO + Z, 3) Y3 → X4 + Y1,

4)H2O + Z → OZ +H2, 4)X3 + Y1 → X2 + Y4,

5) CO +OZ → CO2 + Z, 5)X4 + Y4 → X5 + Y1;

ãäå X1 = CH4, X2 = H2, X3 = H2O, X4 = CO, X5 = CO2 � èñõîäíûå âåùåñòâà è ïðîäóêòû
ðåàêöèè; Y1 = Z, Y2 = CH2Z, Y3 = COZ, Y4 = OZ � ïðîìåæóòî÷íûå âåùåñòâà.

Âõîäíûìè äàííûìè ïðîãðàììû ÿâëÿþòñÿ êîëè÷åñòâî ñòàäèé â ìåõàíèçìå, îáùåå êî-
ëè÷åñòâî ó÷àñòíèêîâ, êîëè÷åñòâî ïðîìåæóòî÷íûõ âåùåñòâ, îáîçíà÷åíèÿ ó÷àñòíèêîâ ðåàê-
öèè, ìàòðèöà ñòåõèîìåòðè÷åñêèõ êîýôôèöèåíòîâ, ìàòðèöà âåñîâ (Ðèñ. 2.1).
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Ð è ñ ó í î ê 2.1
Îêíî äëÿ ââîäà äàííûõ

Îòîáðàæåíèå ìåõàíèçìà ðåàêöèè ïîñòðîåíî íà ïîñòðî÷íîì àíàëèçå ñòåõèîìåòðè÷åñêîé
ìàòðèöû. Ñòðîêàì ìàòðèöû ñîîòâåòñòâóþò ýëåìåíòàðíûå ñòàäèè, ñòîëáöàì � ó÷àñòíèêè
ðåàêöèè. Îáðàòèìîñòü ñòàäèè ó÷òåíà â ìàòðèöå âåñîâ: åñëè b−=0 , òî ñòàäèÿ íåîáðàòèìà
(çíàê → ), èíà÷å � îáðàòèìà (çíàê ⇔ ). Ìåõàíèçì õèìè÷åñêîé ðåàêöèè îòîáðàæàåòñÿ
òàêæå ÷åðåç ââåäåííûå îáîçíà÷åíèÿ.

Â ïðîãðàììå ïîñòðîåíèå ãðàôà Òåìêèíà îñíîâàíî íà àíàëèçå ìàòðèöû ñòåõèîìåòðè-
÷åñêèõ êîýôôèöèåíòîâ, ñîäåðæàùåé èíôîðìàöèþ î ïðîìåæóòî÷íûõ âåùåñòâàõ. Â öåíòðå
îáëàñòè ãåîìåòðè÷åñêîãî îòîáðàæåíèÿ ãðàôà èçîáðàæåíû âåðøèíû ãðàôà. Ýëåìåíòàðíûå
ñòàäèè â ïðÿìîì íàïðàâëåíèè èçîáðàæåíû äóãàìè â âåðõíåé ÷àñòè ãðàôà, à â îáðàòíîì
íàïðàâëåíèè � â íèæíåé. Ðåáðà èìåþò ñîîòâåòñòâóþùèå íàïðàâëåíèÿ è îòìå÷åíû ñîîò-
âåòñòâóþùèìè çíà÷åíèÿìè èç ìàòðèöû âåñîâ (Ðèñ. 2.2).

Íàõîæäåíèå áàçèñíûõ ìàðøðóòîâ ðåàëèçîâàíî â ïðîãðàììå èíñòðóìåíòàìè ìàòåìàòè-
÷åñêîãî àïïàðàòà ëèíåéíîé àëãåáðû. Ðàññìàòðèâàåòñÿ ÷àñòü ìàòðèöû ñòåõèîìåòðè÷åñêèõ
êîýôôèöèåíòîâ, îòâå÷àþùåé ïðîìåæóòî÷íûì âåùåñòâàì. Ïîèñê ìàðøðóòà íà÷èíàåòñÿ ñî
ñòîëáöà ñ ìàêñèìàëüíûì êîëè÷åñòâîì åäèíèö. Îñóùåñòâëÿåòñÿ ïåðåõîä îò 1 ê -1 â ñòðîêå,
äàëåå � îò -1 ê 1 â ñòîëáöå è ò. ä. Ïðîöåññ ïðîäîëæàåòñÿ äî òåõ ïîð, ïîêà íå áóäåò äîñòèã-
íóò ýëåìåíò, ñ êîòîðîãî íà÷àëîñü äâèæåíèå. Ïðè ïåðåõîäå ê íîâîìó ñòîëáöó ïðîãðàììà
¾çàïîìèíàåò¿ ó÷àñòíèêà ðåàêöèè è íîìåð ñòàäèè. Ïîñëåäîâàòåëüíîñòü ñòîëáöîâ è ñòðîê
îïðåäåëÿåò áàçèñíûé ìàðøðóò ñëîæíîé õèìè÷åñêîé ðåàêöèè.

Ð è ñ ó í î ê 2.2
Ãðàô Òåìêèíà ìåõàíèçìà ïàðîâîé êîíâåðñèè ìåòàíà íà íèêåëåâîì êàòàëèçàòîðå

Äëÿ ðåàêöèè ïàðîâîé êîíâåðñèè ìåòàíà íà íèêåëåâîì êàòàëèçàòîðå ïðîãðàììîé áûëè
íàéäåíû äâà áàçèñíûõ ìàðøðóòà:M1 = (11100)T , M2 = (00011)T . Äëÿ êàæäîãî ìàðø-
ðóòà ïðîãðàììà ñòðîèò ïîäãðàô ñ àíàëîãè÷íûì àëãîðèòìîì ðèñîâàíèÿ ãðàôà èñõîäíîãî
ìåõàíèçìà (Ðèñ. 2.3) .
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Ð è ñ ó í î ê 2.3

Ïîäãðàôû, ñîîòâåòñòâóþùèå áàçèñíûì ìàðøðóòàì M1, M2

Îñíîâíîé ðåçóëüòàò ðàáîòû ïðîãðàììû � óðàâíåíèå ñòàöèîíàðíîé ñêîðîñòè ïî áàçèñ-
íûì ìàðøðóòàì (Ðèñ. 2.4) è êèíåòè÷åñêîå óðàâíåíèå îáðàçîâàíèÿ ïðîäóêòîâ ïàðîâîé êîí-
âåðñèè ìåòàíà íà íèêåëåâîì êàòàëèçàòîðå (Ðèñ. 2.5).

Ð è ñ ó í î ê 2.4

Ñêîðîñòè ïî ìàðøðóòàì äëÿ ìåõàíèçìà ïàðîâîé êîíâåðñèè ìåòàíà íà íèêåëåâîì êàòàëèçàòîðå

Ð è ñ ó í î ê 2.5

Êèíåòè÷åñêèå óðàâíåíèÿ îáðàçîâàíèÿ ïðîäóêòîâ ïàðîâîé êîíâåðñèè ìåòàíà íà íèêåëåâîì

êàòàëèçàòîðå
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Ïðîãðàììà àïðîáèðîâàíà íà ëèíåéíûõ ìåõàíèçìàõ ñëîæíûõ õèìè÷åñêèõ ðåàêöèé è
ñïîñîáíà êîððåêòíî ðàáîòàòü ñ ìàññèâàìè, ñîñòîÿùèìè èç íåñêîëüêèõ äåñÿòêîâ êèíåòè÷å-
ñêèõ ïàðàìåòðîâ.

Áëàãîäàðíîñòè. Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ÐÔÔÈ è Ïðàâèòåëüñòâà
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Software implementation of the algorithm for determining

the kinetic equation of the chemical reaction

c⃝ Z.A. Khamidullina 4, A. S. Ismagilova 5, S. I. Spivak 6

Abstract. In the present paper we study complex chemical reactions by methods of graph theory. A
graph-theoretic algorithm for determining the kinetic equation of the chemical reaction mechanism
is considered. The software for studying the mechanisms of chemical reactions, based on algorithms
for �nding the basic routes and recording the stationary velocity equation along these routes is
developed. Kinetic equations of product formation by kinetic equations of routes were expressed.
The method is based on Horiuti -Temkin's theory of quasistationary reactions. The program
implements a graph-theoretic interpretation of the mechanisms of complex chemical reactions
for the construction of stationary kinetic models of catalytic reactions linear with respect to
intermediate substances. The obtained kinetic equations for individual components are used to
study the mechanisms of chemical reactions. Program is tested on the example of the mechanism
of methane vapor conversion on a nickel catalyst.

Key Words: chemical reaction mechanism, route, Temkin's graph, kinetic equation, rate constant.
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