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ÏÐÎÃÍÎÇÈÐÎÂÀÍÈÅ ÒÅÌÏÅÐÀÒÓÐÛ ÂÑÏÛØÊÈ
Ñ ÏÎÌÎÙÜÞ ÍÅÉÐÎÏÀÊÅÒÀ ÊÄÑ 1.0 ÍÀ ÏÐÈÌÅÐÅ
ÑËÎÆÍÛÕ ÝÔÈÐÎÂ ÌÀÑËßÍÎÉ ÊÈÑËÎÒÛ

Ïðåäëîæåí íåéðîïàêåò ÊÄÑ 1.0. Ðàññìîòðåí ïðîöåññ ïðîãíîçèðîâàíèÿ òåìïåðàòóðû âñïûøêè
ñëîæíûõ ýôèðîâ ìàñëÿíîé êèñëîòû ìåòîäîì, îñíîâàííûì íà èñïîëüçîâàíèè ìîëåêóëÿðíûõ
äåñêðèïòîðîâ è èñêóññòâåííûõ íåéðîííûõ ñåòåé. Ïðîâîäèëè âåðèôèêàöèþ äàííûõ, îñíîâûâàÿñü
íà íåêîòîðûõ ñïðàâî÷íûõ äàííûõ. Óñòàíîâëåíî, ÷òî ïîëó÷åííûå ïî äàííîìó ìåòîäó ðåçóëüòàòû
äàþò íåçíà÷èòåëüíóþ îòíîñèòåëüíóþ ïîãðåøíîñòü ïî ñðàâíåíèþ ñî ñïðàâî÷íûìè äàííûìè, êî-
òîðàÿ íå ïðåâûøàåò 8 %. Ïîêàçàíî, ÷òî äàííûé ìåòîä ïîçâîëÿåò ñ óäîâëåòâîðèòåëüíîé òî÷íî-
ñòüþ îöåíèòü ïîæàðîîïàñíûå ñâîéñòâà îðãàíè÷åñêèõ ñîåäèíåíèé.

Êëþ÷åâûå ñëîâà: ïðîãíîçèðîâàíèå; ýôèðû; òåìïåðàòóðà âñïûøêè; äåñêðèïòîðû; íåéðîííûå ñåòè.

DOI: 10.18322/PVB.2016.25.03.21-26

Ðîñò ìàñøòàáîâ ïðîèçâîäñòâà, èçìåíåíèå òåõíîëî-

ãèé, âûïóñê íîâûõ âåùåñòâ è ìàòåðèàëîâ, â êîíå÷íîì

ñ÷åòå, ïðèâîäèò ê ïîâûøåíèþ ïîæàðíîé îïàñíîñòè

òåõíîëîãè÷åñêèõ ëèíèé, àïïàðàòîâ è îáîðóäîâàíèÿ,

à òàêæå õðàíèëèù è ñêëàäîâ ãîòîâîé ïðîäóêöèè.

Ýòî ñâÿçàíî ïðåæäå âñåãî ñ òåì, ÷òî ïðîèçâîäñòâåí-

íîå îáîðóäîâàíèå è àïïàðàòû òåõíîëîãè÷åñêèõ óñòà-

íîâîê ðàçìåùàþòñÿ íà íåáîëüøîì ðàññòîÿíèè äðóã

îò äðóãà. Êðîìå òîãî, â ïðîöåññå ïðîèçâîäñòâà ïåðå-

ðàáàòûâàåòñÿ áîëüøîå êîëè÷åñòâî ãîðþ÷èõ è ëåã-

êîâîñïëàìåíÿþùèõñÿ æèäêîñòåé, êîòîðûå, êàê ïðà-

âèëî, ïîäâåðãàþòñÿ âîçäåéñòâèþ âûñîêèõ äàâëåíèé

è òåìïåðàòóð.

Íàïðèìåð, ñëîæíûå ýôèðû ïðèìåíÿþòñÿ ïðàê-

òè÷åñêè âî âñåõ îòðàñëÿõ ïðîìûøëåííîñòè. Îíè

âõîäÿò â ñîñòàâ ðàçëè÷íûõ ðàñòâîðèòåëåé, ëàêîêðà-

ñî÷íûõ ìàòåðèàëîâ, ïðîäóêòîâ ïàðôþìåðíîé ïðî-

ìûøëåííîñòè. Ìèðîâîå ïðîèçâîäñòâî ñëîæíûõ ýôè-

ðîâ ñîñòàâëÿåò ïîðÿäêà íåñêîëüêèõ äåñÿòêîâ ìèë-

ëèîíîâ òîíí â ãîä [1]. Êðîìå òîãî, íà ðûíêå ïîÿâëÿ-

þòñÿ âñå íîâûå ñîåäèíåíèÿ. Â ñâÿçè ñ ýòèì ïðîáëåìà

ðàçðàáîòêè ìåðîïðèÿòèé, íàïðàâëåííûõ íà îáåñïå-

÷åíèå ïîæàðíîé áåçîïàñíîñòè îáúåêòà çàùèòû, íå

òåðÿåò ñâîåé àêòóàëüíîñòè [2]. Ñëîæèâøóþñÿ ïðîá-

ëåìó ïîçâîëèò ðåøèòü ðàçðàáîòêà óíèâåðñàëüíîãî

ìåòîäà ïðîãíîçèðîâàíèÿ ïîæàðîîïàñíûõ ñâîéñòâ

âåùåñòâ.

Äëÿ ðåøåíèÿ ïîñòàâëåííîé çàäà÷è ïðåäëàãàåòñÿ

èñïîëüçîâàòü ìåòîä ïðîãíîçèðîâàíèÿ ïîæàðîîïàñ-

íûõ ñâîéñòâ âåùåñòâ íà îñíîâå ìîëåêóëÿðíûõ äå-

ñêðèïòîðîâ è èñêóññòâåííûõ íåéðîííûõ ñåòåé. Ðà-

íåå ýòîò ìåòîä óæå ïðèìåíÿëñÿ íàìè [3–6] è óñïåøíî

ñåáÿ çàðåêîìåíäîâàë. Ïðè ïðîãíîçèðîâàíèè ïîæà-

ðîîïàñíûõ ñâîéñòâ âåùåñòâ ýòèì ìåòîäîì íå òðåáó-

åòñÿ ñóùåñòâåííûõ âðåìåííûõ è ìàòåðèàëüíûõ çà-

òðàò [7].

Î ìîëåêóëÿðíûõ äåñêðèïòîðàõ êàê ýìïèðè÷å-

ñêîé çàêîíîìåðíîñòè èçìåíåíèÿ ñâîéñòâ âåùåñòâ ñ

èçìåíåíèåì ñòðóêòóðû áûëî èçâåñòíî åùå â ñåðåäè-

íå XIX âåêà. Îíà ðàññìàòðèâàëàñü ðóññêèì ó÷åíûì

Ä. È. Ìåíäåëååâûì êàê âçàèìîñâÿçü ñòðîåíèå –

ñâîéñòâî.

Ìîëåêóëÿðíûå äåñêðèïòîðû — ýòî ôèíàëüíûé

ðåçóëüòàò ëîãè÷åñêèõ è ìàòåìàòè÷åñêèõ ïðîöåäóð,

êîòîðûå òðàíñôîðìèðóþò õèìè÷åñêóþ èíôîðìàöèþ,

çàêîäèðîâàííóþ â ðàìêàõ ñèìâîëè÷åñêîãî ïðåäñòàâ-

ëåíèÿ ìîëåêóëû, â ïîëåçíîå ÷èñëî èëè ðåçóëüòàò

êàêîãî-ëèáî ñòàíäàðòèçèðîâàííîãî ýêñïåðèìåíòà.

Íà ðèñ. 1 ïðåäñòàâëåíà êëàññèôèêàöèÿ îñíîâíûõ

ìîëåêóëÿðíûõ äåñêðèïòîðîâ, ïðèìåíÿåìûõ â ïðî-

ãíîçèðîâàíèè ïîæàðîîïàñíûõ ñâîéñòâ ñîåäèíåíèé.

Èñêóññòâåííûå íåéðîííûå ñåòè — ýòî îäíî èç

íàó÷íûõ íàïðàâëåíèé èññëåäîâàíèé â îáëàñòè èñ-
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êóññòâåííîãî èíòåëëåêòà, êîòîðûå íàøëè øèðîêîå

ïðèìåíåíèå â ðàçëè÷íûõ îòðàñëÿõ.

Ïðîãíîçèðîâàíèå áóäåì îñóùåñòâëÿòü ïðè ïî-

ìîùè ðàçðàáîòàííîãî íàìè íåéðîïàêåòà ÊÄÑ 1.0.

Ïðîãðàììà “Íåéðîïàêåò ÊÄÑ 1.0” ïîçâîëÿåò:

1) çàãðóæàòü è ïðîñìàòðèâàòü áàçû äàííûõ, ñî-

äåðæàùèå ñòðóêòóðû õèìè÷åñêèõ ñîåäèíå-

íèé è èõ ñâîéñòâà;

2) îñóùåñòâëÿòü êîððåëÿöèþ ââîäèìûõ äàííûõ;

3) ñòàòèñòè÷åñêè îöåíèâàòü ïîëó÷åííûå ìîäåëè;

4) èñïîëüçîâàòü ïîëó÷åííûå íåéðîñåòåâûå ìî-

äåëè äëÿ ïðîãíîçèðîâàíèÿ ñâîéñòâ âåùåñòâ

áåç ïðîâåäåíèÿ ñëîæíîãî ýêñïåðèìåíòà.

Äëÿ îïèñàíèÿ ñòðîåíèÿ ìîëåêóë èññëåäóåìûõ

ñîåäèíåíèé ïðèìåíÿþò äåñêðèïòîðû ñòðóêòóðíîé

ôîðìóëû — òîïîëîãè÷åñêèå èíäåêñû (Âèíåðà W,

Ðèñ. 2. Ãëàâíîå îêíî ïðîãðàììû “Íåéðîïàêåò ÊÄÑ 1.0”

Ðèñ. 1. Êëàññèôèêàöèÿ îñíîâíûõ ìîëåêóëÿðíûõ äåñêðèïòîðîâ
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Ðàíäè÷à 1) è ãåîìåòðè÷åñêèå äåñêðèïòîðû — ïëî-

ùàäü ïîâåðõíîñòè ìîëåêóëû S, ãðàâèòàöèîííûå èí-

äåêñû G1 (âñå ñâÿçè) è G2 (âñå ïàðû). Óêàçàííûå äå-

ñêðèïòîðû âûáèðàþòñÿ íà îñíîâå ñîïîñòàâëåíèÿ

çàêîíîìåðíîñòåé èçìåíåíèÿ òåìïåðàòóðû âñïûøêè

â çàâèñèìîñòè îò ñòðîåíèÿ ìîëåêóë âåùåñòâà [8–10].

Ãëàâíîå îêíî ïðîãðàììû è ýòàïû ðàáîòû ïðåä-

ñòàâëåíû íà ðèñ. 2.

Â íàñòîÿùåé ðàáîòå â êà÷åñòâå îáúåêòîâ èññëå-

äîâàíèÿ âûáðàí êëàññ ñëîæíûõ ýôèðîâ ìàñëÿíîé

êèñëîòû. Âûáîð äàííûõ âåùåñòâ äëÿ àíàëèçà îáó-

ñëîâëåí øèðîêèì ñïåêòðîì èõ ïðèìåíåíèÿ è îòñóò-

ñòâèåì èõ ôèçèêî-õèìè÷åñêèõ ñâîéñòâ â ñïðàâî÷íîé

ëèòåðàòóðå. Èç-çà îòñóòñòâèÿ âîçìîæíîñòè ïðèâåñòè

âñå äåñêðèïòîðû 11 èññëåäóåìûõ âåùåñòâ, â òàáë. 1

ïðåäñòàâëåíà òîëüêî ÷àñòü èç íèõ.

Êàê âèäíî èç äàííûõ, ïðèâåäåííûõ â òàáë. 1, ñ óâå-

ëè÷åíèåì äëèíû óãëåâîäîðîäíîãî ðàäèêàëà ñîåäè-

íåíèÿ íàáëþäàåòñÿ âîçðàñòàíèå ãðàâèòàöèîííûõ èí-

äåêñîâ, èíäåêñîâ Âèíåðà è Ðàíäè÷à.

Òàêèì îáðàçîì, îñóùåñòâëÿëè ïðîãíîçèðîâàíèå

òåìïåðàòóðû âñïûøêè èññëåäóåìûõ ñëîæíûõ ýôè-
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1 Ãåêñèëáóòèðàò 178 180 2 1,1

2 Áóòèëáóòèðàò – 154 – –

3 Ìåòèëáóòèðàò – 139 – –

4 Àìèëáóòèðàò – 120 – –

5 Ãåïòèëáóòèðàò 100 99 1 1

6 Äåöèëáóòèðàò 120 129 9 7,5

7 Èçîáóòèëáóòèðàò 50 53 3 6

8 Ïðîïèëáóòèðàò – 79 – –

9 Èçîïðîïèëáóòèðàò – 62 – –

10 Èçîàìèëáóòèðàò – 55 – –

11 Ýòèëáóòèðàò – 118 – –

Òàáëèöà 2. Ðåçóëüòàòû ïðîãíîçèðîâàíèÿ òåìïåðàòóðû âñïûø-
êè ñëîæíûõ ýôèðîâ

Äåñêðèïòîð I II III IV V VI VII VIII IX

×èñëî àòîìîâ 11 10 12 13 16 8 6 14 9

×èñëî àòîìîâ Ñ 9 8 10 11 14 6 4 12 7

Îòíîñèòåëüíîå ÷èñëî àòîìîâ Ñ 0,81 0,8 0,83 0,84 0,87 0,75 0,67 0,86 0,78

×èñëî àòîìîâ Î 2 2 2 2 2 2 2 2 2

Îòíîñèòåëüíîå ÷èñëî àòîìîâ Î 0,18 0,2 0,16 0,15 0,12 0,25 0,33 0,14 0,22

Êîëè÷åñòâî ñâÿçåé 10 9 11 12 15 7 5 13 8

Êîëè÷åñòâî îäèíî÷íûõ ñâÿçåé 9 8 10 11 14 6 4 12 7

Îòíîñèòåëüíîå ÷èñëî îäèíî÷íûõ ñâÿçåé 0,9 0,88 0,9 0,91 0,93 0,85 0,8 0,92 0,88

×èñëî äâîéíûõ ñâÿçåé 1 1 1 1 1 1 1 1 1

Îòíîñèòåëüíîå ÷èñëî äâîéíûõ ñâÿçåé 0,1 0,111 0,09 0,08 0,06 0,14 0,2 0,08 0,13

Ìîëåêóëÿðíûé âåñ 140,09 128,8 152,1 164,11 200,15 104,06 80,04 176,13 116,08

Îòíîñèòåëüíûé ìîëåêóëÿðíûé âåñ 12,73 12,8 12,67 12,62 12,5 13 13,34 12,58 12,9

Ãðàâèòàöèîííûé èíäåêñ ñâÿçåé 896,4 816,4 977,89 1059,5 1305,3 651,67 486,74 1191,9 734,93

Ãðàâèòàöèîííûé èíäåêñ ïàð 1505,2 1401,5 1649,9 1794,6 2230,9 1065 745,49 2027,8 1254,7

Èíäåêñ Âèíåðà 202 150 265 340 647 75 31 428 108

Èíäåêñ Ðàíäè÷à (0-ãî ïîðÿäêà) 58,5 7,82 9,23 9,94 12,06 6,4 4,99 10,65 7,11

Èíäåêñ Ðàíäè÷à (1-ãî ïîðÿäêà) 5,3 4,08 5,8 6,30 7,8 3,8 2,81 6,81 4,31

Èíäåêñ Ðàíäè÷à (2-ãî ïîðÿäêà) 3,74 3,38 4,09 4,45 5,51 2,68 1,92 4,8 3,04

Èíäåêñ Ðàíäè÷à (3-ãî ïîðÿäêà) 2,33 2,08 2,58 2,82 3,58 1,56 1,39 3,08 1,83

Èíäåêñ Êèåð-Õîëà (0-ãî ïîðÿäêà) 5,316 4,81 5,81 6,31 7,81 3,81 2,82 6,82 4,32

Èíäåêñ Êèåð-Õîëà (1-ãî ïîðÿäêà) 2,36 2,11 2,61 2,86 3,61 1,61 1,11 3,11 1,86

Èíäåêñ Êèåð-Õîëà (2-ãî ïîðÿäêà) 1,11 0,99 1,24 1,36 1,74 0,74 0,51 1,49 0,87

Èíäåêñ Êèåð-Õîëà (3-ãî ïîðÿäêà) 0,48 0,42 0,54 0,6 0,79 0,3 6 0,67 0,36

Èíäåêñ ôîðìû Êèåðà (1-ãî ïîðÿäêà) 10,6 9,63 11,63 12,63 15,63 7,63 4 13,63 8,63

Èíäåêñ ôîðìû Êèåðà (2-ãî ïîðÿäêà) 7,73 6,74 8,72 9,71 12,69 4,78 0,67 10,71 5,76

Òàáëèöà 1. Äåñêðèïòîðû èññëåäóåìûõ ñëîæíûõ ýôèðîâ ìàñëÿíîé êèñëîòû
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ðîâ ìàñëÿíîé êèñëîòû. Â òàáë. 2 ïðåäñòàâëåíû ïî-

ëó÷åííûå ðåçóëüòàòû è äëÿ ñðàâíåíèÿ ñïðàâî÷íûå

äàííûå [11, 12].

Ïðè ñðàâíåíèè ïîëó÷åííûõ ðåçóëüòàòîâ ñ íåêî-

òîðûìè ñïðàâî÷íûìè äàííûìè âèäíî, ÷òî ñðåäíÿÿ

îòíîñèòåëüíàÿ ïîãðåøíîñòü íå ïðåâûøàåò 3,9 %.

Èçâåñòíî, ÷òî íà âåëè÷èíó òîïîëîãè÷åñêîãî èí-

äåêñà Âèíåðà W ñóùåñòâåííî âëèÿåò äëèíà ìîëåêó-

ëû, íàëè÷èå â åå ñòðóêòóðå ðàçâåòâëåíèé, à òàêæå

ïðèðîäà çàìåñòèòåëåé. Àíàëîãè÷íàÿ çàâèñèìîñòü

õàðàêòåðíà è äëÿ ãåîìåòðè÷åñêèõ èíäåêñîâ G1, G2 è

ïëîùàäè ïîâåðõíîñòè ìîëåêóëû S. Èíäåêñ Âèíåðà

è ïëîùàäü ïîâåðõíîñòè ìîëåêóëû âîçðàñòàþò ïðè

óâåëè÷åíèè ÷èñëà àòîìîâ óãëåðîäà â öåïè.

Ìåòîä ïðîãíîçèðîâàíèÿ íà îñíîâå ìîëåêóëÿð-

íûõ äåñêðèïòîðîâ è èñêóññòâåííûõ íåéðîííûõ ñåòåé

ïîçâîëÿåò ñ óäîâëåòâîðèòåëüíîé òî÷íîñòüþ îöåíèòü

ïîêàçàòåëè ïîæàðîîïàñíûõ ñâîéñòâ âåùåñòâ îðãà-

íè÷åñêèõ ñîåäèíåíèé è â îòëè÷èå îò ñòàíäàðòíûõ

ðàñ÷åòíûõ ìåòîäîâ íå òðåáóåò èñïîëüçîâàíèÿ äðó-

ãèõ ýêñïåðèìåíòàëüíûõ äàííûõ (òåìïåðàòóðû êèïå-

íèÿ, äàâëåíèÿ íàñûùåííîãî ïàðà).

Êðîìå òîãî, ïîëó÷åííûå ðåçóëüòàòû äàäóò âîç-

ìîæíîñòü çíà÷èòåëüíî ðàñøèðèòü áàçó äàííûõ ïî

ãîðþ÷åé íàãðóçêå, ïðåäñòàâëåííóþ â íîðìàòèâíîé

è ñïðàâî÷íîé ëèòåðàòóðå, à òàêæå áóäóò ñïîñîáñòâî-

âàòü îïåðàòèâíîìó ðàñ÷åòó êàòåãîðèè ïîìåùåíèÿ

ïî ïîæàðíîé è âçðûâîïîæàðíîé îïàñíîñòè.
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ABSTRACT

In article topical issue — lack of physical and chemical properties of the new synthesized substances

is brought up. These properties will allow workers of supervising activity to develop systems of

ensuring fire safety on objects of protection. Operability of such systems is reached by an exception

of the combustible environment or a source of ignition.

On the example of esters of oleic acid which are used practically in all areas of the industry and are

made according to help data in number of more than several tens millions tons per year, it was suc-

ceeded to predict flash point, one of the most important fire-dangerous indicators of properties of

substance, by means of KDS 1.0 neuropackage developed by us. The Neyropaket KDS 1.0 program

allows: to load and look through the databases containing structures of chemical compounds and their

properties; to carry out correlation of the entered data; statistically to estimate the received models; to use

the received neural network models for forecasting of properties of substances, without carrying out

difficult experiment.

It’s carried out verification of data based on some help data. Besides, flash point of esters of oleic

acid data about which are absent in reference books was predicted. It gives the chance to make a start

from the received values by development of systems of ensuring fire safety.

On the basis of knowledge of flash point it is possible to perfrom calculation of category of

the room which is necessary for establishment of requirements of fire safety.

Such approach to forecasting of fire-dangerous property of substance is based on the description

of structure of a molecule by means of molecular descriptors and establishment of quantitative correla-

tions between the found values by means of artificial neural networks.

During research of flash point the artificial neural network allowing to predict values with

a margin error, not exceeding 8 %, in comparison with help data was simulated.

Besides, the way of forecasting of fire-dangerous properties of substances based on use of mole-

cular descriptors and artificial neural networks allows to draw a conclusion on possibility of applica-

tion of such way for forecasting of other fire-dangerous properties of organic substances.

Keywords: forecasting; esters; flash point; descriptors; neural networks.
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