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Äëÿ îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè ïðîöåñ-

ñîâ ïðîèçâîäñòâà, õðàíåíèÿ è òðàíñïîðòèðîâàíèÿ

âåùåñòâ íåîáõîäèìû äàííûå ïî ïîêàçàòåëÿì ïîæà-

ðîâçðûâîîïàñíîñòè âåùåñòâ. Ê ÷èñëó òàêèõ ïîêàçà-

òåëåé îòíîñÿòñÿ òåìïåðàòóðû âñïûøêè è âîñïëàìå-

íåíèÿ è òåìïåðàòóðíûå ïðåäåëû ðàñïðîñòðàíåíèÿ

ïëàìåíè îãíåîïàñíûõ æèäêîñòåé, êîòîðûå ìîæíî

ðàññ÷èòàòü, åñëè èçâåñòíà çàâèñèìîñòü äàâëåíèÿ íà-

ñûùåííîãî ïàðà ð îò òåìïåðàòóðû êèïåíèÿ T ðàñ-

òâîðîâ [1]. Äàííûå ïî òåðìîäèíàìè÷åñêèì ñâîéñò-

âàì ðàñòâîðîâ íåîáõîäèìû òàêæå äëÿ ðàñ÷åòîâ ïî-

êàçàòåëåé, îïðåäåëÿþùèõ íàïðàâëåíèå è ñêîðîñòü

ïðîòåêàíèÿ òåõíîëîãè÷åñêèõ ïðîöåññîâ. Ñóùåñòâó-

þùèå ìåòîäû ðàñ÷åòà ñâîéñòâ ìíîãîêîìïîíåíòíûõ

ñèñòåì òàêæå áàçèðóþòñÿ íà ñâîéñòâàõ èõ áèíàð-

íûõ ñîñòàâëÿþùèõ [2]. Â ñâÿçè ñ ýòèì ïîíÿòíà âàæ-

íîñòü ïðîãíîçèðîâàíèÿ ïîêàçàòåëåé ïîæàðîâçðûâî-

îïàñíîñòè è òåðìîäèíàìè÷åñêèõ ñâîéñòâ âåùåñòâ,

èñõîäÿ èç ìèíèìàëüíîãî êîëè÷åñòâà ýêñïåðèìåí-

òàëüíûõ äàííûõ.

Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ ïîëó÷åíèå

àíàëèòè÷åñêèõ çàâèñèìîñòåé òèïà òåðìîäèíàìè÷å-

ñêèå ñâîéñòâà – òåìïåðàòóðà âñïûøêè äëÿ âåùåñòâ

íåêîòîðûõ ãîìîëîãè÷åñêèõ ðÿäîâ. Â ïðåäûäóùèõ èñ-

ñëåäîâàíèÿõ áûëè èçìåðåíû äàâëåíèå íàñûùåííîãî

ïàðà è îáúåìíûå ñâîéñòâà æèäêèõ âåùåñòâ ãîìîëî-

ãè÷åñêèõ ðÿäîâ í-àëêèëýòàíîàòîâ (ìåòèëýòàíîàò, ýòèë-

ýòàíîàò, í-ïðîïèëýòàíîàò, í-áóòèëýòàíîàò, í-ïåíòèë-

ýòàíîàò), àëèôàòè÷åñêèõ êåòîíîâ (äèìåòèëêåòîí, ìå-

òèëýòèëêåòîí, ìåòèëïðîïèëêåòîí, ìåòèëáóòèëêåòîí,

ìåòèëïåíòèëêåòîí) è í-ñïèðòîâ (ìåòàíîë, ýòàíîë,

í-ïðîïàíîë, í-áóòàíîë, í-ïåíòàíîë, í-ãåêñàíîë) [3, 4].

Êîíñòàíòû î÷èùåííûõ âåùåñòâ óäîâëåòâîðèòåëüíî

ñîâïàäàëè ñ ëèòåðàòóðíûìè äàííûìè [5]. Òåìïåðà-

òóðû êèïåíèÿ ðàñòâîðîâ T èçìåðÿëèñü ýáóëèîìåòðè-

÷åñêèì ìåòîäîì ïðè ïîíèæåííûõ äàâëåíèÿõ ð ïëà-

òèíîâûì òåðìîìåòðîì ñîïðîòèâëåíèÿ ñ òî÷íîñòüþ

20,05 Ê. Äàâëåíèå íàñûùåííîãî ïàðà ðàñòâîðîâ ð

îïðåäåëÿëîñü ðòóòíûì ìàíîìåòðîì (ñ èñïîëüçîâà-

íèåì êàòåòîìåòðà Â-630) ñ òî÷íîñòüþ 26,66 Ïà. Ïî-

ñòîÿíñòâî äàâëåíèÿ â ýáóëèîìåòðå ïîääåðæèâàëîñü

èçîäðîìíûì ðåãóëÿòîðîì ñ îòðèöàòåëüíîé îáðàòíîé

ñâÿçüþ ñ òî÷íîñòüþ 26,66 Ïà. Äåòàëüíîå îïèñàíèå
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ýêñïåðèìåíòàëüíûõ óñòàíîâîê è ìåòîäèê ýêñïåðè-

ìåíòà ïðèâåäåíî â [4].

Çíà÷åíèÿ ýíåðãèè Ãèááñà, ýíòàëüïèè è ýíòðîïèè

í-àëêèëýòàíîàòîâ, àëèôàòè÷åñêèõ êåòîíîâ è í-ñïèð-

òîâ, ðàññ÷èòàííûå ñ èñïîëüçîâàíèåì ìåòîäà Ëüþèñà,

íå óäàëîñü ñâÿçàòü ñ ìîëÿðíîé ìàññîé (ñòðóêòóðîé)

âåùåñòâ. Îñíîâíîé íåäîñòàòîê ðàñ÷åòà ïî ìåòîäó

Ëüþèñà çàêëþ÷àåòñÿ â òîì, ÷òî çíà÷åíèÿ òåðìîäè-

íàìè÷åñêèõ ôóíêöèé íåàäåêâàòíî õàðàêòåðèçóþò

ìåæìîëåêóëÿðíîå âçàèìîäåéñòâèå â æèäêîñòè. Íà-

ïðèìåð, äëÿ èíäèâèäóàëüíîé æèäêîñòè, íàõîäÿùåé-

ñÿ â ðàâíîâåñèè ñ ïàðîì, óðàâíåíèå èçìåíåíèÿ ýíåð-

ãèè Ãèááñà 3G èìååò âèä:

3G = Gïàð – Gæèä = 0, (1)

ãäå Gïàð, Gæèä — çíà÷åíèÿ ýíåðãèè Ãèááñà ñîîòâåò-

ñòâåííî ïàðîâîé è æèäêîé ôàç.

Ñêëàäûâàåòñÿ âïå÷àòëåíèå, ÷òî ýíåðãèÿ Ãèááñà

“íå ÷óâñòâóåò” ìåæìîëåêóëÿðíîãî âçàèìîäåéñòâèÿ

â æèäêîñòè. Ðàêîâñêèé åùå â 1935 ã. ïèñàë, ÷òî “ïóòü

øêîëû Ëüþèñà ïîëåçåí, íî îí ñòàë äîâëåòü íàä èñ-

ñëåäîâàòåëÿìè, çàñëîíÿÿ îò íèõ òåîðåòè÷åñêóþ ñòî-

ðîíó òåðìîäèíàìèêè”. Ðÿä èññëåäîâàòåëåé (Áåëë è

Ãåòòè; Ãèðøâåëüäåð, Êåðòèñ è Áåðä; Íèêîëüñêèé;

Ðàóëèíñîí) óæå îáðàùàëè âíèìàíèå íà íåïîëíîòó

ôîðìàëüíîãî îïèñàíèÿ òåðìîäèíàìè÷åñêèõ ñâîéñòâ

ðàñòâîðîâ [6]. Ðàáîòû ýòèõ ó÷åíûõ ñîäåðæàò èíòå-

ðåñíûå ïîïûòêè ó÷åòà âêëàäîâ ìåæìîëåêóëÿðíîãî

âçàèìîäåéñòâèÿ â èçìåíåíèå òåðìîäèíàìè÷åñêèõ

ôóíêöèé ðàñòâîðîâ. Îäíàêî ýòî íàïðàâëåíèå, ê ñî-

æàëåíèþ, íå ïðèâëåêëî âíèìàíèÿ øèðîêîãî êðóãà

èññëåäîâàòåëåé. Èìåþùèåñÿ ïóáëèêàöèè ðàçîáùå-

íû, òåîðåòè÷åñêèé ñìûñë ïðèåìîâ, èõ îáùíîñòü è

çíà÷èìîñòü äî êîíöà íå âûÿñíåíû.

Âîçìîæíîñòü ïîñòðîåíèÿ íà ýòîé îñíîâå îáùåãî

ïîäõîäà ðàññìîòðåíà Ðóäàêîâûì [7] è àâòîðîì ñòà-

òüè [8]. Ýíåðãèÿ ìåæìîëåêóëÿðíîãî âçàèìîäåéñòâèÿ

îáû÷íî îïðåäåëÿåòñÿ êàê ðàáîòà ðàçâåäåíèÿ ìîëå-

êóë íà áåñêîíå÷íîå ðàññòîÿíèå. Îäíàêî âîçìîæíî

è äðóãîå ðåøåíèå çàäà÷è: èçîëèðîâàíèå ìîëåêóë ñ

öåëüþ èñêëþ÷èòü èõ âçàèìîäåéñòâèå ïóòåì íàëî-

æåíèÿ âíåøíåãî ýíåðãåòè÷åñêîãî ïîëÿ ïðè ñîõðà-

íåíèè ðàññòîÿíèÿ ìåæäó íèìè. Ýòî — ñîñòîÿíèå,

ïîäîáíîå æèäêîñòè, ñî ñâîéñòâàìè èäåàëüíîãî ãàçà.

Åñëè ýíåðãèè “èçîëèðîâàííûõ” è “ðàçâåäåííûõ” ìî-

ëåêóë ðàâíû, òî íà èñêëþ÷åíèå ìåæìîëåêóëÿðíîãî

âçàèìîäåéñòâèÿ â îáîèõ ñëó÷àÿõ çàòðà÷èâàåòñÿ îäè-

íàêîâàÿ ðàáîòà.

Â òåðìîäèíàìè÷åñêîé ñèñòåìå ðåçóëüòàòû ðàñ-

÷åòîâ çàâèñÿò òàêæå îò òîãî, êàêèì ñïîñîáîì îñó-

ùåñòâëÿåòñÿ ïðîöåññ èñêëþ÷åíèÿ ìåæìîëåêóëÿðíî-

ãî âçàèìîäåéñòâèÿ — ïóòåì ðàñøèðåíèÿ ñèñòåìû

äî îáúåìà V % & èëè ïðè V = const. ×èñëî âîçìîæ-

íîñòåé ðåàëèçàöèè äàííîãî ïðîöåññà íåîãðàíè÷åí-

íî, åñëè ïðèíÿòü âî âíèìàíèå ïðîìåæóòî÷íûå ñëó-

÷àè (ìåæäó V % & è V = const), à òàêæå ñëó÷àè ðàç-

ëè÷íîãî òåïëîâîãî îáìåíà ñ îêðóæàþùåé ñðåäîé.

Íåäîñòàòî÷íî ñêàçàòü, ÷òî ñòàíäàðòíàÿ ñèñòåìà

áåç ìåæìîëåêóëÿðíîãî âçàèìîäåéñòâèÿ — èäåàëü-

íûé ãàç. Íåîáõîäèìî òî÷íî îïðåäåëèòü åãî ñîñòîÿíèå.

Èäåàëüíûé ãàç èìååò äâå ñòåïåíè ñâîáîäû, ïîýòîìó

ââåäåì äâà îãðàíè÷åíèÿ. Ïðåæäå âñåãî èñêëþ÷èì

ðàáîòó ïðîòèâ ëþáûõ ñèë, êðîìå ìåæìîëåêóëÿðíî-

ãî âçàèìîäåéñòâèÿ, ÷òî âåäåò ê óñëîâèþ V = const.

Äàëåå âîçìîæíû äâà âàðèàíòà: 1) àäèàáàòè÷åñêèé,

S = const; 2) èçîòåðìè÷åñêèé, Ò = const, êîãäà ýíòðî-

ïèÿ ñèñòåìû ìåíÿåòñÿ çà ñ÷åò ìåæìîëåêóëÿðíîãî

âçàèìîäåéñòâèÿ, íî íå òåìïåðàòóðû. Ýòè ñîîáðàæå-

íèÿ îáúÿñíÿþò íåîáõîäèìîñòü ïðîâåäåíèÿ ïðîöåñ-

ñà ïðè óñëîâèè V = const, T = const.

Â êà÷åñòâå ñòàíäàðòà äëÿ ðàñ÷åòà òåðìîäèíàìè-

÷åñêèõ ôóíêöèé èñïîëüçîâàëè èäåàëüíûé ãàç, âçÿòûé

ïðè òåìïåðàòóðå Ò, îáúåìå V è ñîñòàâå x ðåàëüíîé

æèäêîñòè. Âêëàä ìåæìîëåêóëÿðíîãî âçàèìîäåéñòâèÿ

â òåðìîäèíàìè÷åñêóþ ôóíêöèþ
�

X îïðåäåëÿëè êàê:

�

X X X*� � , (2)

ãäå Õ*, X — çíà÷åíèÿ ôóíêöèè ñîîòâåòñòâåííî äëÿ

èäåàëüíîãî ãàçà è ðåàëüíîé æèäêîñòè.

Ýíåðãèþ Ãåëüìãîëüöà
�

F , âíóòðåííþþ ýíåðãèþ
�

U è ýíòðîïèþ
�

S ìåæìîëåêóëÿðíîãî âçàèìîäåéñò-

âèÿ â æèäêîñòè íàõîäèëè èç ñîîòíîøåíèé:
�

F F F� �* ; (3)

�

U U U� �* ; (4)

�

S S S� �* . (5)

Äàííûå âåëè÷èíû ñâÿçàíû óðàâíåíèåì Ãèááñà –

Ãåëüìãîëüöà:
� � �

U F T S� � . (6)

Â ñëó÷àå ïåðåõîäà ìîëÿ âåùåñòâà èç ñîñòîÿíèÿ

èäåàëüíîãî ãàçà â æèäêîå ñîñòîÿíèå (ñ ìåæìîëåêó-

ëÿðíûì âçàèìîäåéñòâèåì) ïîëó÷àëè [9]:

�

F RT
RT

P V
RT P V� � �ln ;

0 0

0 0 (7)

�

S H RT
RT

P V
� �0

0 0
ln ; (8)

�

U H RT P V� � �0 0 0 , (9)

ãäå R — óíèâåðñàëüíàÿ ãàçîâàÿ ïîñòîÿííàÿ;

Ò — òåìïåðàòóðà êèïåíèÿ, Ê;

P0, V 0 — äàâëåíèå ïàðà è ìîëüíûé îáúåì æèä-

êîñòè;

H0 — ìîëüíàÿ òåïëîòà èñïàðåíèÿ æèäêîñòè.

Íà îñíîâå îïûòíûõ è ëèòåðàòóðíûõ äàííûõ [3–5]

ïî óðàâíåíèÿì (7)–(9) ðàññ÷èòûâàëè çíà÷åíèÿ
�

F ,
�

U

è TS
�

äëÿ æèäêèõ í-àëêèëýòàíîàòîâ, àëèôàòè÷åñêèõ

êåòîíîâ è í-ñïèðòîâ. Àíàëèç ðåçóëüòàòîâ ðàñ÷åòîâ
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ïîêàçàë, ÷òî çíà÷åíèÿ
�

F ,
�

U èTS
�

äëÿ âåùåñòâ â ãîìî-

ëîãè÷åñêèõ ðÿäàõ ëèíåéíî çàâèñÿò îò èõ ìîëÿðíîé

ìàññû Ì è ìîãóò áûòü îïèñàíû óðàâíåíèÿìè âèäà:
�

F k M b� �1 1 ; (10)

�

U k M b� �2 2 ; (11)

TS k M b
�

� �3 3 , (12)

ãäå k1, k2, k3, b1, b2, b3 — êîýôôèöèåíòû, îïðåäåëÿ-

åìûå ìåòîäîì íàèìåíüøèõ êâàäðàòîâ ñ èñïîëü-

çîâàíèåì ïðîãðàììû CurveExpert 1.3 (òàáë. 1).

Óðàâíåíèÿ (10)–(12) îïèñûâàþò òåðìîäèíàìè÷å-

ñêèå ñâîéñòâà æèäêèõ í-àëêèëýòàíîàòîâ, àëèôàòè-

÷åñêèõ êåòîíîâ è íîðìàëüíûõ ñïèðòîâ ñ òî÷íîñòüþ

ïîðÿäêà 220 Äæ�ìîëü.

Ëèíåéíàÿ çàâèñèìîñòü çíà÷åíèé
�

F ,
�

U èTS
�

îò ìî-

ëÿðíîé ìàññû âåùåñòâà (÷èñëà ãðóïï –CH2– â ìîëå-

êóëå) óêàçûâàåò, íà íàø âçãëÿä, íà ïîäîáèå æèäêèõ

ñòðóêòóð ýòèõ âåùåñòâ. Óñòàíîâëåííûå çàêîíîìåð-

íîñòè ìîãóò áûòü èñïîëüçîâàíû äëÿ ñîâåðøåíñò-

âîâàíèÿ ãðóïïîâûõ ìîäåëåé ðàñòâîðîâ (UNIFAC,

ASOG) [10].

Òåìïåðàòóðà âñïûøêè ÿâëÿåòñÿ îäíèì èç âàæíåé-

øèõ ïîêàçàòåëåé ïîæàðíîé îïàñíîñòè è ïðèíèìàåò-

ñÿ çà îñíîâó êëàññèôèêàöèè æèäêîñòåé ïî ñòåïåíè

èõ ïîæàðîâçðûâîîïàñíîñòè. Àíàëèçîì ëèòåðàòóð-

íûõ äàííûõ [11–14] óñòàíîâëåíî, ÷òî òåìïåðàòóðà

âñïûøêè âåùåñòâ àääèòèâíî âîçðàñòàåò ñ óâåëè÷åíè-

åì ìîëÿðíîé ìàññû âåùåñòâà (÷èñëà ãðóïï –CH2–

â ìîëåêóëå) â ãîìîëîãè÷åñêîì ðÿäó äëÿ ðÿäîâ í-àë-

êèëýòàíîàòîâ (ìåòèëýòàíîàò, ýòèëýòàíîàò, ïðîïèë-

ýòàíîàò, áóòèëýòàíîàò, ïåíòèëýòàíîàò, ãåêñèëýòàíîàò,

ãåïòèëýòàíîàò, îêòèëýòàíîàò, íîíèëýòàíîàò, äåöèë-

ýòàíîàò), àëèôàòè÷åñêèõ êåòîíîâ (äèìåòèëêåòîí, ìå-

òèëýòèëêåòîí, ìåòèëïðîïèëêåòîí, ìåòèëáóòèëêåòîí,

ìåòèëïåíòèëêåòîí, ìåòèëãåêñèëêåòîí, ìåòèëãåïòèë-

êåòîí, ìåòèëîêòèëêåòîí, ìåòèëíîíèëêåòîí, ìåòèë-

äåöèëêåòîí) è í-ñïèðòîâ (ìåòàíîë, ýòàíîë, í-ïðî-

ïàíîë, í-áóòàíîë, í-ïåíòàíîë, í-ãåêñàíîë) (ðèñ. 1).

Ïðåäëîæåíî óðàâíåíèå, ñâÿçûâàþùåå òåìïåðàòóðó

âñïûøêè Òâñï (Ê) ñ ìîëÿðíîé ìàññîé âåùåñòâà â ãî-

ìîëîãè÷åñêîì ðÿäó:

Òâñï = k4M + b4, (13)

ãäå k4, b4 — êîýôôèöèåíòû, îïðåäåëÿåìûå ìåòîäîì

íàèìåíüøèõ êâàäðàòîâ ñ èñïîëüçîâàíèåì ïðî-

ãðàììû CurveExpert 1.3 (òàáë. 2).

Ñ ó÷åòîì àääèòèâíîé çàâèñèìîñòè âåëè÷èíû ýíåð-

ãèè Ãåëüìãîëüöà îò ìîëÿðíîé ìàññû âåùåñòâà â ãî-

ìîëîãè÷åñêîì ðÿäó (óðàâíåíèå (10)) ïðåäñòàâëÿëîñü

öåëåñîîáðàçíûì óñòàíîâèòü âçàèìîñâÿçü ýíåðãèè

Óðàâíåíèå

Ãîìîëîãè÷åñêèé ðÿä

í-Àëêèëýòàíîàòû Àëèôàòè÷åñêèå êåòîíû í-Ñïèðòû

Ò = 323 Ê
r2

Ò = 328 Ê
r2

Ò = 353 Ê
r2

k b k b k b
�

F k M b� �1 1 (10) 125,5 4105 0,9951 116,2 6607 0,9999 107,8 18250 0,9999
�

U k M b� �2 2 (11) 272,6 7690 0,9995 294,4 9039 0,9999 229,2 27903 0,9999

TS k M b
�

� �3 3 (12) 146,5 3632 0,9997 178,2 2431 0,9903 121,5 9282 0,9903

Òàáëèöà 1. Çíà÷åíèÿ êîýôôèöèåíòîâ k, b è êîððåëÿöèîííûå êîýôôèöèåíòû r 2 äëÿ óðàâíåíèé (10)–(12)

Ðèñ. 1. Çàâèñèìîñòü òåìïåðàòóðû âñïûøêè îò ìîëÿðíîé ìàñ-

ñû âåùåñòâà â ãîìîëîãè÷åñêîì ðÿäó: 1 — àëèôàòè÷åñêèå êå-

òîíû; 2 — í-àëêèëýòàíîàòû; 3 — í-ñïèðòû

Óðàâíåíèå

Ãîìîëîãè÷åñêèé ðÿä

í-Àëêèëýòàíîàòû Àëèôàòè÷åñêèå êåòîíû í-Ñïèðòû

k b r2 k b r2 k b r2

Òâñï = k4M + b4 (13) 0,9975 185,9 0,9975 0,9337 206,9 0,9957 0,77 254,66 0,9951
�

F k M bâñï � �5 5 (14) 93,22 9399 0,9988 42,68 14723 0,9635 76,67 16181 0,9738
�

F k Ò bâñï âñï� �6 6 (15) 94,14 8179 0,9829 40,78 6767 0,9566 98,40 8818 0,9555

Òàáëèöà 2. Çíà÷åíèÿ êîýôôèöèåíòîâ k, b è êîððåëÿöèîííûå êîýôôèöèåíòû r 2 äëÿ óðàâíåíèé (13)–(15)
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Ãåëüìãîëüöà ñ òåìïåðàòóðîé âñïûøêè âåùåñòâà â

ãîìîëîãè÷åñêîì ðÿäó. Ñ ýòîé öåëüþ áûëè ðàññ÷èòà-

íû çíà÷åíèÿ ýíåðãèè Ãåëüìãîëüöà [3, 4, 9] äëÿ òåì-

ïåðàòóð âñïûøêè â ãîìîëîãè÷åñêèõ ðÿäàõ èññëåäó-

åìûõ âåùåñòâ. Îêàçàëîñü, ÷òî ýíåðãèÿ Ãåëüìãîëüöà

ïðè òåìïåðàòóðå âñïûøêè âåùåñòâ òàêæå àääèòèâ-

íî âîçðàñòàåò ñ óâåëè÷åíèåì ìîëÿðíîé ìàññû âå-

ùåñòâà (÷èñëà ãðóïï –CH2– â ìîëåêóëå) â ãîìîëîãè-

÷åñêîì ðÿäó (ðèñ. 2).

Ïîëó÷åíû óðàâíåíèÿ, ñâÿçûâàþùèå ðàññ÷èòàí-

íóþ ïðè òåìïåðàòóðå âñïûøêè âåùåñòâà ýíåðãèþ

Ãåëüìãîëüöà
�

Fâñï ñ ìîëÿðíîé ìàññîé âåùåñòâà â ãî-

ìîëîãè÷åñêîì ðÿäó:
�

F k M bâñï � �5 5 , (14)

ãäå k5, b5 — êîýôôèöèåíòû, îïðåäåëåííûå ìåòîäîì

íàèìåíüøèõ êâàäðàòîâ ñ èñïîëüçîâàíèåì ïðî-

ãðàììû CurveExpert 1.3 (ñì. òàáë. 2).

Ó÷èòûâàÿ îáùóþ òåíäåíöèþ ê èçìåíåíèþ çíà-

÷åíèé òåìïåðàòóðû âñïûøêè (ñì. ðèñ. 1) è ýíåðãèè

Ãåëüìãîëüöà, ðàññ÷èòàííîé ïðè òåìïåðàòóðå âñïûø-

êè (ñì. ðèñ. 2), îò ìîëÿðíîé ìàññû âåùåñòâ â ãîìî-

ëîãè÷åñêèõ ðÿäàõ, öåëåñîîáðàçíî óñòàíîâèòü èõ âçà-

èìîñâÿçü. Êîððåëÿöèîííûì àíàëèçîì ïîëó÷åííûõ

äàííûõ óñòàíîâëåíî, ÷òî çíà÷åíèÿ ýíåðãèè Ãåëüì-

ãîëüöà ëèíåéíî âîçðàñòàþò ñ ïîâûøåíèåì òåìïåðà-

òóðû âñïûøêè âåùåñòâ â ãîìîëîãè÷åñêèõ ðÿäàõ äëÿ

í-àëêèëýòàíîàòîâ, àëèôàòè÷åñêèõ êåòîíîâ è í-ñïèð-

òîâ (ðèñ. 3).

Êîððåëÿöèîííûì àíàëèçîì ñ èñïîëüçîâàíèåì ïðî-

ãðàììûTableCurve3Dv4.0ïîëó÷åíûóðàâíåíèÿâèäà:
�

F k Ò bâñï âñï� �6 6 , (15)

ãäå k6, b6 — êîýôôèöèåíòû, îïðåäåëåííûå ìåòîäîì

íàèìåíüøèõ êâàäðàòîâ (ñì. òàáë. 2).

Óðàâíåíèå (15) ïîçâîëÿåò ïðîãíîçèðîâàòü ñ íå-

îáõîäèìîé äëÿ ïðàêòè÷åñêèõ öåëåé òî÷íîñòüþ òåì-

ïåðàòóðû âñïûøêè âåùåñòâ â ãîìîëîãè÷åñêèõ ðÿ-

äàõ. Òàêèì îáðàçîì, ïîäâåäåíà òåðìîäèíàìè÷åñêàÿ

îñíîâà äëÿ îïðåäåëåíèÿ òåìïåðàòóðû âñïûøêè îð-

ãàíè÷åñêèõ âåùåñòâ, äàþùàÿ âîçìîæíîñòü äàëüíåé-

øåãî ñîâåðøåíñòâîâàíèÿ ÃÎÑÒ 12.1.044–89 [1].

Óñòàíîâëåííûå çàêîíîìåðíîñòè è ïîëó÷åííûå

íà èõ îñíîâå óðàâíåíèÿ (10)–(15) ïîçâîëÿþò çíà÷è-

òåëüíî ñîêðàòèòü îáúåì ýêñïåðèìåíòà è âûÿâèòü

íåäîñòîâåðíûå ýêñïåðèìåíòàëüíûå äàííûå. Óðàâíå-

íèÿ (10)–(15) ìîãóò áûòü èñïîëüçîâàíû òàêæå äëÿ

ïðîãíîçèðîâàíèÿ ñâîéñòâ íåèçó÷åííûõ âåùåñòâ â

òåõ ñëó÷àÿõ, êîãäà ñïåöèàëèñòû íå ðàñïîëàãàþò ñî-

îòâåòñòâóþùèì ëàáîðàòîðíûì îáîðóäîâàíèåì.

Ðèñ. 2. Çàâèñèìîñòü ýíåðãèè Ãåëüìãîëüöà, ðàññ÷èòàííîé äëÿ

òåìïåðàòóð âñïûøêè âåùåñòâ, îò ìîëÿðíîé ìàññû âåùåñòâà

â ãîìîëîãè÷åñêîì ðÿäó: 1 — í-àëêèëýòàíîàòû; 2 — àëèôàòè-

÷åñêèå êåòîíû; 3 — í-ñïèðòû

Ðèñ. 3. Çàâèñèìîñòü ýíåðãèè Ãåëüìãîëüöà îò òåìïåðàòóðû

âñïûøêè äëÿ âåùåñòâ â ãîìîëîãè÷åñêîì ðÿäó: 1 — í-àëêèë-

ýòàíîàòû; 2 — àëèôàòè÷åñêèå êåòîíû; 3 — í-ñïèðòû

ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ

1. ÃÎÑÒ 12.1.044–89*. Ñèñòåìà ñòàíäàðòîâ áåçîïàñíîñòè òðóäà. Ïîæàðîâçðûâîîïàñíîñòü âåùåñòâ

è ìàòåðèàëîâ. Íîìåíêëàòóðà ïîêàçàòåëåé è ìåòîäû èõ îïðåäåëåíèÿ. — Ââåä. 01.01.1991. — Ì. :

Ñòàíäàðòèíôîðì, 2006. — 100 ñ.

2. Òåðìîäèíàìèêà ðàâíîâåñèÿ æèäêîñòü – ïàð � À. Ã. Ìîðà÷åâñêèé, Í. À. Ñìèðíîâà, Å. Ì. Ïèîò-

ðîâñêàÿ è äð.; ïîä ðåä. À. Ã. Ìîðà÷åâñêîãî. — Ë. : Õèìèÿ, 1989. — 344 ñ.

3. Ñóíöîâ Þ. Ê., Ãîðþíîâ Â. À. Êîððåëÿöèîííûå çàâèñèìîñòè òåðìîäèíàìè÷åñêèõ ñâîéñòâ æèäêèõ

çàìåùåííûõ óãëåâîäîðîäîâ ðàçëè÷íûõ ãîìîëîãè÷åñêèõ ðÿäîâ �� Æóðíàë ôèçè÷åñêîé õèìèè. —

2003. — Ò. 77, ¹ 12. — Ñ. 2297–2299.



31ISSN 0869-7493 ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ 2016 ÒÎÌ 25 ¹ 3

ÏÎÆÀÐÎÂÇÐÛÂÎÎÏÀÑÍÎÑÒÜ ÂÅÙÅÑÒÂ È ÌÀÒÅÐÈÀËÎÂ

4. Ñóíöîâ Þ. Ê., Âëàñîâ Ì. Â., ×óéêîâ À. Ì. Ôàçîâûå ðàâíîâåñèÿ æèäêîñòü – ïàð è òåðìîäèíàìè÷å-

ñêèå ñâîéñòâà ðàñòâîðîâ í-ïðîïàíîë — àëèôàòè÷åñêèå êåòîíû �� Æóðíàë ôèçè÷åñêîé õèìèè. —

2015. — Ò. 89, ¹ 6. — Ñ. 900–904. DOI: 10.7868�S0044453715060291.

5. National Institute of Standards and Technology (NIST) Chemistry WebBook. Search for Species Data

by Chemical Formula. URL: http:��webbook.nist.gov�chemistry�form-ser.html (äàòà îáðàùåíèÿ:

30.08.2015).

6. Rowlinson J. S. Liquids and liquid mixtures. — London : Butterworth Scientific, 1959.

7. Ðóäàêîâ Å. Ñ. Ìîëåêóëÿðíàÿ, êâàíòîâàÿ è ýâîëþöèîííàÿ òåðìîäèíàìèêà (ðàçâèòèå è ñïåöèàëè-

çàöèÿ ìåòîäà Ãèááñà). — Äîíåöê : Äîíåöêèé ãîñóíèâåðñèòåò, 1998. — 139 ñ.

8. Suntsov Yu. K. Legitimacies change of properties of binary systems on an example of solutions formed

by aliphatic alcohol and complex ethers of organic acids �� The report on XVIII International conferences

“Thermodynamics–2003”. — England, Cambridge : University of Cambridge, 2003. — P. 99.

9. Suntsov Yu. K. New method of predicting the thermodynamic properties of solutions �� Journal

of Chemistry and Chemical Engineering. — 2014. — Vol. 8, No. 3. — P. 306–314. DOI:

10.17265�1934-7375�2014.03.013.

10. Walas S. M. Phase equilibria in chemical engineering. — Boston : Butterworths Publishers, 1985. — 671 p.

11. Êîðîëü÷åíêî À. ß., Êîðîëü÷åíêî Ä. À. Ïîæàðîâçðûâîîïàñíîñòü âåùåñòâ è ìàòåðèàëîâ è ñðåäñòâà

èõ òóøåíèÿ : ñïðàâî÷íèê : â 2 ÷. — 2-å èçä. ïåðåðàá. è äîï. — Ì. : Ïîæíàóêà, 2004. — ×. I. — 713 ñ.;

÷. II. — 774 ñ.

12. Ïîæàðîâçðûâîîïàñíîñòü âåùåñòâ è ìàòåðèàëîâ è ñðåäñòâà èõ òóøåíèÿ : ñïðàâ. èçä. : â 2 êí. � Áà-

ðàòîâ À. Í., Êîðîëü÷åíêî À. ß., Êðàâ÷óê Ã. Í. è äð. — Ì. : Õèìèÿ, 1990. — Êí. 1. — 496 ñ.

13. Àëåêñååâ Ñ. Ã., Áàðáèí Í. Ì., Àëåêñååâ Ê. Ñ., Îðëîâ Ñ. À. Ñâÿçü ïîêàçàòåëåé ïîæàðíîé îïàñíîñòè

ñ õèìè÷åñêèì ñòðîåíèåì. III. Êåòîíû (÷àñòü 2) �� Ïîæàðîâçðûâîáåçîïàñíîñòü. — 2011. — Ò. 20,

¹ 7. — Ñ. 8–13.

14. Àëåêñååâ Ñ. Ã., Áàðáèí Í. Ì., Àëåêñååâ Ê. Ñ., Îðëîâ Ñ. À. Ñâÿçü ïîêàçàòåëåé ïîæàðíîé îïàñíîñòè

ñ õèìè÷åñêèì ñòðîåíèåì. II. Êåòîíû (÷àñòü 1) �� Ïîæàðîâçðûâîáåçîïàñíîñòü. — 2011. — Ò. 20,

¹ 6. — Ñ. 8–15.
Ìàòåðèàë ïîñòóïèë â ðåäàêöèþ 27 ÿíâàðÿ 2016 ã.

Äëÿ öèòèðîâàíèÿ: Ñóíöîâ Þ. Ê., Ñîðîêèíà Þ. Í., ×óéêîâ À. Ì., Ãîðþíîâ Â. À. Âçàèìîñâÿçü

ýíåðãèè Ãåëüìãîëüöà ñ òåìïåðàòóðîé âñïûøêè âåùåñòâ â ãîìîëîãè÷åñêèõ ðÿäàõ í-àëêèëýòàíî-

àòîâ, í-ñïèðòîâ è êåòîíîâ �� Ïîæàðîâçðûâîáåçîïàñíîñòü. — 2016. — Ò. 25, ¹ 3. — Ñ. 27–33.

DOI: 10.18322/PVB.2016.25.03.27-33.

English

HELMHOLTZ ENERGY INTERRELATION WITH A FLASH POINT
FOR COMPOUNDS IN HOMOLOGOUS SERIES OF n-ALKYL
ETHANOATES, n-ALCOHOLS AND KETONES
SUNTSOV Yu. K., Doctor of Chemical Sciences, Professor, Professor of Chemistry
and Combustion Department, Voronezh Institute of State Firefighting Service
of Emercom of Russia (Krasnoznamennaya St., 231, Voronezh, 394052, Russian Federation;

e-mail address: jsyntsov@mail.ru)

SOROKINA Yu. N., Candidate of Technical Sciences, Docent, Associate Professor
of Chemistry and Combustion Department, Voronezh Institute of State Firefighting
Service of Emercom of Russia (Krasnoznamennaya St., 231, Voronezh, 394052, Russian

Federation; e-mail address: sorokina-jn@mail.ru)

CHUYKOV A. M., Candidate of Technical Sciences, Head of Chemistry and Combustion
Department, Voronezh Institute of State Firefighting Service of Emercom of Russia
(Krasnoznamennaya St., 231, Voronezh, 394052, Russian Federation)

GORYUNOV V. A., Candidate of Chemical Sciences, Senior Lecturer of Chemistry
and Combustion Department, Voronezh Institute of State Firefighting Service
of Emercom of Russia (Krasnoznamennaya St., 231, Voronezh, 394052, Russian Federation)

ABSTRACT

The number of organic compounds exceeded 20 million and increases each year by 300 thousand.

To ensure the fire safety and technological calculations of processes of production, for storage and

transportation materials there are needed data rates fire and explosion hazard substances. To elucidate
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how the thermodynamic properties of liquid compounds are related to their molecular characteristics,

it is necessary to study the properties of compounds in homologous series. The available methods for

calculating the properties of multi component systems are also based on the properties of the consti-

tuent components.

As objects of research there were selected substances homologous series of n-alkyletanoats,

aliphatic ketones and alcohols. At various temperatures vapor pressure and density of the liquids in

the homologous series were measured. Lewis-Randal calculations do not allow us to directly relate

the thermodynamic function values of substances to the molecular weight (structure) of chemical

substance. As a reference for calculating the contributions from intermolecular interaction, we used

an ideal gas at the temperature, volume of a real liquid and obeying the same statistics.

Based on experimental data and using the standard of ideal gas (taken at the temperature and

volume of liquid) there are calculated the values internal energy, entropy, and Helmholtz energy.

The analysis determined that values of thermodynamic functions are linearly dependent on the mole-

cular weight of the substance in the homologous series.

Analysis of published data established as a linear dependence of the flash point of substances of

molecular weight substances in the homologous series. Considering the tendency of change these

properties it’s established that the flash point of substances linearly dependent on the values of

the energy of Helmholtz of substances homologous series. The corresponding equations were ob-

tained.

The established regularities and obtained based on these equations allow us to predict the pro-

perties of homologous series of substances with the necessary accuracy for practical purposes.

Keywords: saturated vapor pressure; molar volume; internal energy; entropy; Helmholtz energy;

flash point; correlation equations.
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