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Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå è èíôîðìàòèêà

ÓÄÊ 519.6

Ìàòåìàòè÷åñêàÿ ìîäåëü àíàëèçà 2-ôàçíîãî ðàâíîâåñèÿ

ñìåñè è åå ðåàëèçàöèÿ â èíôîðìàöèîííîé ñèñòåìå

c⃝ Å. Â. Áèðþêîâà1, È. Ì. Ãóáàéäóëëèí2 Ê. Ô. Êîëåäèíà3

Àííîòàöèÿ. Äàííàÿ ðàáîòà ïîñâÿùåíà ìàòåìàòè÷åñêîìó ìîäåëèðîâàíèþ àíàëèçà ïàðîæèä-
êîñòíîãî ðàâíîâåñèÿ ìíîãîêîìïîíåíòíûõ óãëåâîäîðîäíûõ ñìåñåé. Öåëüþ ðàáîòû ÿâëÿåòñÿ
ðàçðàáîòêà ìàòåìàòè÷åñêîé ìîäåëè îïèñàíèÿ ôàçîâîãî ñîñòîÿíèÿ ñèñòåì ïðèðîäíûõ óãëåâî-
äîðîäîâ. Ðåàëèçîâàíà èíôîðìàöèîííî-âû÷èñëèòåëüíàÿ ñèñòåìà äëÿ ðàñ÷åòà, âêëþ÷àþùàÿ â
ñåáÿ îïðåäåëåíèå ñîñòàâîâ è êîëè÷åñòâåííîãî ñîîòíîøåíèÿ ïàðîâîé è æèäêîé ôàç ïðè çàäàí-
íûõ äàâëåíèè, òåìïåðàòóðå è îáùåì ñîñòàâå ñìåñè. Áàçà äàííûõ âêëþ÷àåò â ñåáÿ ìíîæåñòâà
âçàèìîñâÿçàííûõ ôàêòîðîâ óñòàíîâëåíèÿ òåðìîäèíàìè÷åñêîãî ðàâíîâåñèÿ, ïîñëåäîâàòåëüíûå
è ïàðàëëåëüíûå àëãîðèòìû ðàñ÷åòà ïàðîæèäêîñòíîãî ðàâíîâåñèÿ â ìíîãîêîìïîíåíòíûõ óã-
ëåâîäîðîäíûõ ñèñòåìàõ, ñîäåðæàùèõ âîäó. Ïðîâåäåí àíàëèç ñóùåñòâóþùèõ ýêñïåðèìåíòàëü-
íûõ èññëåäîâàíèé, ïîñâÿùåííûõ ìîäåëèðîâàíèþ òåðìîäèíàìè÷åñêèõ ñâîéñòâ íåôòåé è ïðè-
ðîäíûõ ãàçîâ â ïîðèñòîé ñðåäå. Ïðîâåäåíû âû÷èñëåíèÿ äëÿ ýêñïåðèìåíòàëüíûõ äàííûõ èç
ëèòåðàòóðû.

Êëþ÷åâûå ñëîâà: àíàëèç ïàðîæèäêîñòíîãî ðàâíîâåñèÿ, èíôîðìàöèîííî-âû÷èñëèòåëüíàÿ
ñèñòåìà, ìíîãîêîìïîíåíòíûå óãëåâîäîðîäíûå ñèñòåìû

1. Ââåäåíèå

Ìåòîäû ïðîãíîçèðîâàíèÿ è àíàëèçà ôàçîâûõ ïðåâðàùåíèé ïðèðîäíûõ óãëåâîäîðîäîâ
áàçèðóþòñÿ íà êîìïëåêñíîì èñïîëüçîâàíèè ðåçóëüòàòîâ èçìåðåíèé, ëàáîðàòîðíûõ èññëå-
äîâàíèé è ìàòåìàòè÷åñêîãî îïèñàíèÿ ñîîòâåòñòâóþùèõ ïðîöåññîâ. Ïðè ïðîåêòèðîâàíèè
ðàçðàáîòêè è ýêñïëóàòàöèè ìåñòîðîæäåíèé íåôòè è ãàçà ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå
ôàçîâîãî ñîñòîÿíèÿ ñèñòåì ïðèðîäíûõ óãëåâîäîðîäîâ âêëþ÷àåò â ñåáÿ îïðåäåëåíèå ñîñòà-
âîâ è êîëè÷åñòâåííîãî ñîîòíîøåíèÿ ðàâíîâåñíûõ ïàðîâîé è æèäêîé ôàç ïðè çàäàííûõ
äàâëåíèè, òåìïåðàòóðå è îáùåì ñîñòàâå ñìåñè [1]. Äàííàÿ ðàáîòà îñíîâàíà íà ðàçðàáîòàí-
íîì ìàòåìàòè÷åñêîì îïèñàíèè àíàëèçà ôàçîâîãî ñîñòîÿíèÿ ñèñòåì ïðèðîäíûõ óãëåâîäî-
ðîäîâ [2].

2. Îïèñàíèå ìàòåìàòè÷åñêîé ìîäåëè

Ïðè çàäàííûõ òåðìîáàðè÷åñêèõ óñëîâèÿõ, íåîáõîäèìî îïðåäåëèòü ìîëüíûå äîëè è
ñîñòàâû æèäêîé è ãàçîâîé ôàç, íà êîòîðûå ðàçäåëèòñÿ èñõîäíàÿ ñìåñü ïî ìîäåëè:
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fi,L − fi,V = 0, i = 1, N

xi ∗ L+ ii ∗ V − zi = 0, i = 1, N∑N
i=1 yi − 1 = 0

L+ V = 1

(2.1)

Â ñèñòåìå ïåðâûå N óðàâíåíèé îïèñûâàþò óñëîâèÿ òåðìîäèíàìè÷åñêîãî ðàâíîâåñèÿ
- ðàâåíñòâî ëåòó÷åñòåé êîìïîíåíòîâ â ñîñóùåñòâóþùèõ ïàðîâîé è æèäêîé ôàçàõ. Ñëå-
äóþùèå N óðàâíåíèé îïèñûâàþò ìàòåðèàëüíûé áàëàíñ êîìïîíåíòîâ â ôàçàõ. Ëåòó÷åñòè
êîìïîíåíòîâ â ïàðîâîé fi,V è æèäêîé fi,L ôàçàõ ðàññ÷èòûâàþòñÿ íà îñíîâå èçâåñòíûõ
òåðìîäèíàìè÷åñêèõ ñîîòíîøåíèé ñ èñïîëüçîâàíèåì óðàâíåíèé ñîñòîÿíèÿ ôàç [3].

Äëÿ ðåøåíèÿ çàäà÷è áûëà ïðèìåíåíà ðàçðàáîòàííàÿ èíôîðìàöèîííî-âû÷èñëèòåëüíàÿ
ñèñòåìà (ÈÂÑ) [2].

Ð è ñ ó í î ê 2.1

Èíôîðìàöèîííî-âû÷èñëèòåëüíàÿ ñèñòåìà àíàëèçà ïðîæèäêîñòíîãî ðàâíîâåñèÿ â

ìíîãîêîìïîíåíòíûõ óãëåâîäîðîäíûõ ñèñòåìàõ

Áûë ñôîðìóëèðîâàí àëãîðèòì ðàñ÷åòà ðàâíîâåñèÿ ñèñòåìû ïàð-æèäêîñòü [2]

3. Âû÷èñëèòåëüíûé ýêñïåðèìåíò

Ðàññìîòðèì ïðèìåíåíèå ðàçðàáîòàííîãî ìåòîäà íà ïðèìåðå ýêñïåðèìåíòàëüíûõ äàí-
íûõ èç ëèòåðàòóðû [1]. Äàííûå çàìåðîâ ïîêàçàëè, ÷òî â çàëåæè Á íà÷àëüíîå äàâëåíèå
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ðàâíî 59,1 ÌÏà, à òåìïåðàòóðà ñîñòàâëÿåò 125 ◦C. Â òàáëèöå 1 ïðåäñòàâëåí êîìïîíåíò-
íûé ñîñòàâ èññëåäîâàííîãî ïëàñòîâîãî ôëþèäà.

Òàáëèöà 1. Êîìïîíåíòíûé ñîñòàâ ïëàñòîâîãî ôëþèäà çàëåæè Á.

Ñîäåðæàíèå
Êîìïîíåíò

% ìîë % ìàññ
Àçîò 0,10 0,06

Äèîêñèä óãëåðîäà 1,81 1,71
Ìåòàí 65,82 22,73
Ýòàí 7,41 4,80
Ïðîïàí 5,04 4,79
èçî-Áóòàí 1,85 2,32
í-Áóòàí 1,96 2,46

èçî-Ïåíòàí 1,23 1,91
í-Ïåíòàí 0,86 1,34

C6 1,74 3,22
C7 2,19 4,72
C8 1,38 3,40
C9 1,51 4,18
C10+ 7,10 42,37
Âñåãî 100 100

Èñïîëüçóÿ ðàçðàáîòàííûé âûøå àëãîðèòì ìû ïîëó÷èëè ðåçóëüòàòû, ïðåäñòàâëåííûå
â Òàáëèöå 2.

Òàáëèöà 2. Ñîñòàâ ãàçîâîé è æèäêîé ôàç ïî ðåçóëüòàòàì ðàçðàáîòàííîãî àëãîðèòìà
ôëþèäà çàëåæè Á

% ìîë
Êîìïîíåíò

Ãàçîâàÿ ôàçà Æèäêàÿ ôàçà
Àçîò 0,13 0,04

Äèîêñèä óãëåðîäà 1,38 2,44
Ìåòàí 72,5 55,79
Ýòàí 4,06 12,43
Ïðîïàí 1,20 10,78
èçî-Áóòàí 0,22 4,28
í-Áóòàí 1,77 4,63

èçî-Ïåíòàí 0,06 2,98
C6 1,26 2,45
C7 1,02 3,94
C8 0,3 2,99
C9 0,1 3,56
C10+ 0,04 17,68
Âñåãî 82,5 126,1

Ðåçóëüòàòû áóäóò ïðîàíàëèçèðîâàíû ñ ëèòåðàòóðíûìè äàííûìè.

4. Çàêëþ÷åíèå

Òàêèì îáðàçîì, â ðàáîòå ðåàëèçîâàíà ìàòåìàòè÷åñêàÿ ìîäåëü äëÿ ðàñ÷åòà ïà-
ðîæèäêîñòíîãî ðàâíîâåñèÿ ìíîãîêîìïîíåíòíûõ óãëåâîäîðîäíûõ ñèñòåì, ðàçðàáîòàíà
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èíôîðìàöèîííî-âû÷èñëèòåëüíàÿ ñèñòåìà àíàëèçà ðàâíîâåñèÿ. Ìåòîäèêà àïðîáèðîâàíà íà
ýêñïåðèìåíòàëüíûõ äàííûõ èç ëèòåðàòóðíûõ èñòî÷íèêîâ.
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Mathematical model analysis of 2-phase equilibrium

mixture and its implementation in the information system

c⃝ E. V. Biryukova4, I. M. Gubaydullin5, K. F. Koledina6

Abstract. This paper is devoted to mathematical modeling of the vapor-liquid equilibrium
analysis of multicomponent hydrocarbon mixtures. The aim is to develop a mathematical model
describing the phase of the systems of natural hydrocarbons. Implemented data-processing system
to calculate, including the determination of the composition and the quantitative ratio of the
vapor and liquid phases at a given pressure, temperature and composition of the total mixture.
The database includes a plurality of interconnected factors thermodynamic equilibrium, serial
and parallel algorithms for calculating vapor-liquid equilibria in multicomponent hydrocarbon
systems containing water. The analysis of existing experimental studies on the modeling of the
thermodynamic properties of oil and natural gas in a porous medium. Carried out calculations to
experimental data from the literature.

KeyWords: analysis of the vapor-liquid equilibrium, information computer system, hydrocarbon
multi-component system
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