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ÏÎÆÀÐÎÎÏÀÑÍÛÕ ÑÂÎÉÑÒÂ ÏÐÎÄÓÊÒÎÂ
ÍÅÔÒÅÏÅÐÅÐÀÁÎÒÊÈ ÍÀ ÎÑÍÎÂÅ ÌÎËÅÊÓËßÐÍÛÕ
ÄÅÑÊÐÈÏÒÎÐÎÂ ÄËß ÎÁÎÑÍÎÂÀÍÈß ÒÅÌÏÅÐÀÒÓÐÍÎÃÎ
ÊËÀÑÑÀ ÂÇÐÛÂÎÇÀÙÈÙÅÍÍÎÃÎ ÝËÅÊÒÐÎÎÁÎÐÓÄÎÂÀÍÈß

Ïîêàçàíî, ÷òî îäíîé èç âàæíåéøèõ õàðàêòåðèñòèê âçðûâîçàùèùåííîãî îáîðóäîâàíèÿ ÿâëÿåòñÿ
åãî òåìïåðàòóðíûé êëàññ. Óñòàíîâëåíî, ÷òî íà îïðåäåëåíèå òåìïåðàòóðíîãî êëàññà âëèÿåò òåì-
ïåðàòóðà ñàìîâîñïëàìåíåíèÿ. Ââèäó ñëîæíîñòè ýêñïåðèìåíòàëüíîãî íàõîæäåíèÿ ýòîãî ïîêàçà-
òåëÿ ïîæàðîâçðûâîáåçîïàñíîñòè ïðåäëîæåíî èñïîëüçîâàòü ìåòîäèêó ïðîãíîçèðîâàíèÿ ïîæà-
ðîîïàñíûõ ñâîéñòâ ïðîäóêòîâ íåôòåïåðåðàáîòêè íà îñíîâå ìîëåêóëÿðíûõ äåñêðèïòîðîâ è
èñêóññòâåííûõ íåéðîííûõ ñåòåé. Âåðèôèêàöèþ ïðåäëàãàåìîé ìåòîäèêè ïðîâîäèëè íà ïðèìåðå
ïðîãíîçèðîâàíèÿ òåìïåðàòóðû ñàìîâîñïëàìåíåíèÿ êèñëîðîäñîäåðæàùèõ ïðåäåëüíûõ óãëåâî-
äîðîäîâ, â ÷àñòíîñòè ñëîæíûõ ýôèðîâ ïðîïèîíîâîé êèñëîòû. Óñòàíîâëåíî, ÷òî ñðåäíåå çíà-
÷åíèå àáñîëþòíîé ïîãðåøíîñòè ïðè ïðîãíîçèðîâàíèè ñîñòàâèëî 6,25 �Ñ, à îòíîñèòåëüíîé
ïîãðåøíîñòè – 2 %. Ñäåëàí âûâîä, ÷òî ìåòîäèêà ïðîãíîçèðîâàíèÿ ïîæàðîîïàñíûõ ñâîéñòâ
ïðîäóêòîâ íåôòåïåðåðàáîòêè ïîçâîëÿåò îïðåäåëÿòü îñíîâíûå ïîêàçàòåëè ïîæàðîâçðûâîîïàñ-
íîñòè ñâîéñòâ âåùåñòâ ñ ïðèåìëåìîé òî÷íîñòüþ, ÷òî äàåò âîçìîæíîñòü óñòàíîâèòü òåìïåðàòóð-
íûé êëàññ âçðûâîçàùèùåííîãî ýëåêòðîîáîðóäîâàíèÿ.

Êëþ÷åâûå ñëîâà: ïðîãíîçèðîâàíèå; ìîëåêóëÿðíûå äåñêðèïòîðû; èñêóññòâåííûå íåéðîííûå
ñåòè; ýôèðû; îáîðóäîâàíèå.
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Ââåäåíèå

Â òî âðåìÿ êàê ñîâåðøåíñòâóþòñÿ òåõíîëîãèè, âñå

áîëüøå ëåãêîâîñïëàìåíÿþùèõñÿ ìàòåðèàëîâ èñ-

ïîëüçóåòñÿ â íåôòåïåðåðàáàòûâàþùèõ îòðàñëÿõ

ïðîìûøëåííîñòè. Â ñâÿçè ñ ýòèì äëÿ áåçîïàñíîãî

îáðàùåíèÿ ñ îïàñíûìè âåùåñòâàìè íåîáõîäèìî ïðè-

ìåíÿòü ñîîòâåòñòâóþùåå âçðûâîáåçîïàñíîå ýëåêò-

ðè÷åñêîå îáîðóäîâàíèå [1].

Äîïóñòèìàÿ ìàêñèìàëüíàÿ òåìïåðàòóðà ïîâåðõ-

íîñòè ýòîãî îáîðóäîâàíèÿ ÿâëÿåòñÿ îäíîé èç âàæ-

íåéøèõ õàðàêòåðèñòèê, îïðåäåëÿþùèõ ñòåïåíü èõ

çàùèòû. Íåìàëîâàæíóþ ðîëü ïðè ýòîì èãðàåò òàê-

æå òåìïåðàòóðà ñàìîâîñïëàìåíåíèÿ èñïîëüçóåìûõ

â ïðîèçâîäñòâå âåùåñòâ è ìàòåðèàëîâ. Íàïðèìåð,

â îäíîì èç îñíîâíûõ íîðìàòèâíûõ äîêóìåíòîâ [2]

ïðåäñòàâëåíà êëàññèôèêàöèÿ âçðûâîçàùèùåííîãî

ýëåêòðîîáîðóäîâàíèÿ, îñíîâàííàÿ íà òåìïåðàòóðå

ñàìîâîñïëàìåíåíèÿ âåùåñòâà. Â [2] óêàçûâàåòñÿ ìè-

íèìàëüíàÿ òåìïåðàòóðà, ïðè êîòîðîé âåùåñòâî ìî-

æåò âîñïëàìåíèòüñÿ â âîçäóõå ïðè àòìîñôåðíîì äàâ-

ëåíèè áåç âîçäåéñòâèÿ âíåøíåãî èñòî÷íèêà çàæè-

ãàíèÿ, òàêîãî êàê èñêðà èëè ïëàìÿ. Ñëåäîâàòåëüíî,

ñïîíòàííîå âîçãîðàíèå âåùåñòâ áóäåò îêàçûâàòü íå-

ãàòèâíîå âëèÿíèå íà ëþäåé, êîòîðûå èõ òðàíñïîð-

òèðóþò, õðàíÿò è èñïîëüçóþò.

Îñíîâíîé çàäà÷åé íàñòîÿùåãî èññëåäîâàíèÿ

áûëà ðàçðàáîòêà ìåòîäèêè, ïîçâîëÿþùåé ïðîãíî-

çèðîâàòü ïîæàðîîïàñíûå ñâîéñòâà ïðîäóêòîâ íåô-

òåïåðåðàáîòêè â ðåæèìå ðåàëüíîãî âðåìåíè áåç ïðî-

âåäåíèÿ ñëîæíûõ òåõíè÷åñêèõ îïåðàöèé [3].

Ìåòîäîëîãèÿ

Îäíèì èç ïåðñïåêòèâíûõ íàïðàâëåíèé ÿâëÿåòñÿ

ìåòîäèêà ïðîãíîçèðîâàíèÿ ïîæàðîîïàñíûõ ñâîéñòâ
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ïðîäóêòîâ íåôòåïåðåðàáîòêè, îñíîâàííàÿ íà èñïîëü-

çîâàíèè ìîëåêóëÿðíûõ äåñêðèïòîðîâ è èñêóññòâåí-

íûõ íåéðîííûõ ñåòåé, êîòîðàÿ óñïåøíî áûëà ïðè-

ìåíåíà íàìè ðàíåå [4–7].

Ïðåäëàãàåìàÿ ìåòîäèêà ëèøåíà òàêèõ ïðîáëåì,

êàê áîëüøèå âðåìåííûå è ðåñóðñíûå çàòðàòû, ñëîæ-

íîñòè ïðè ðàñ÷åòàõ, è ïîçâîëÿåò â ðåæèìå ðåàëüíî-

ãî âðåìåíè áåç ïðåðûâàíèÿ ïðîöåññà ïðîãíîçèðî-

âàòü ïîæàðîîïàñíûå ñâîéñòâà ïðîäóêòîâ íåôòåïåðå-

ðàáîòêè.

Äàííàÿ ìåòîäèêà øèðîêî ïðèìåíÿåòñÿ äëÿ ïðî-

ãíîçèðîâàíèÿ òàêèõ ïîêàçàòåëåé ïîæàðîâçðûâî-

îïàñíîñòè ïðîäóêòîâ íåôòåïåðåðàáîòêè, êàê: íèçøàÿ

òåïëîòà ñãîðàíèÿ, ìàññîâàÿ ñêîðîñòü âûãîðàíèÿ,

óäåëüíàÿ ñêîðîñòü ïëàìåíè, èñïîëüçóåìûå â ðàñ-

÷åòàõ ïîæàðíîãî ðèñêà; ìàêñèìàëüíîå äàâëåíèå

âçðûâà, ïðèìåíÿåìîå â ðàñ÷åòàõ ïî îïðåäåëåíèþ

êàòåãîðèè ïîìåùåíèÿ ïî âçðûâîïîæàðíîé è ïîæàð-

íîé îïàñíîñòè, è äð.

Íèæå îïèñàíà ïðîöåäóðà ðåàëèçàöèè ïðåäëàãà-

åìîé ìåòîäèêè.

1. Çàãðóçêà áàçû äàííûõ. Áàçà äàííûõ ïðåäñòàâ-

ëÿåò ñîáîé ìîëåêóëÿðíûå äåñêðèïòîðû, îïèñûâà-

þùèå ñòðîåíèå ìîëåêóëû âåùåñòâà.

2. Îïðåäåëåíèå ïàðàìåòðîâ ñåòè. Íà äàííîì

ýòàïå óñòàíàâëèâàþò êîëè÷åñòâî ñëîåâ, èõ ðàçìåðû,

à òàêæå íîìåðà äëÿ òåêóùèõ ñëîåâ i = 0.

3. Ïîñòðîåíèå ñåòè äëÿ ñëîåâ i, i + 1. Ìíîæåñò-

âî ñèãíàëîâ, ïîñòóïàþùèõ íà âõîä èñêóññòâåííîãî

íåéðîíà, îäíîâðåìåííî ÿâëÿþòñÿ è âûõîäîì íåéðî-

íà, è âõîäíûì ñèãíàëîì èñêóññòâåííîé íåéðîííîé

ñåòè. Âåëè÷èíà âõîäÿùåãî ñèãíàëà óìíîæàåòñÿ íà

ïîïðàâî÷íûé êîýôôèöèåíò, òàê íàçûâàåìûé âåñ,

êîòîðûé àíàëîãè÷åí ñèíàïòè÷åñêîé ñèëå áèîëîãè-

÷åñêîãî íåéðîíà. Çàòåì ñ ïîìîùüþ êîýôôèöèåíòîâ

îïðåäåëÿåòñÿ ïàðàìåòð, âëèÿþùèé íà ñîñòîÿíèå

íåéðîíà. Âñå ïðîèçâåäåíèÿ ñóììèðóþòñÿ, è ïî ïî-

ëó÷åííîé ñóììå óñòàíàâëèâàåòñÿ óðîâåíü àêòèâà-

öèè íåéðîíà s.

Ñîñòîÿíèå íåéðîíà îïðåäåëÿåòñÿ ïî ôîðìóëå

S wi i

i

n

�
�
! "

1

, (1)

ãäå"i —ìíîæåñòâî ñèãíàëîâ, ïîñòóïàþùèõ íà âõîä;

wi — âåñîâûå êîýôôèöèåíòû íåéðîíà.

4. Îáó÷åíèå ñåòè íà íàáîðå Õi. Îáó÷åíèå èñêóñ-

ñòâåííîé íåéðîííîé ñåòè ïðîâîäèòñÿ ìåòîäîì ãðà-

äèåíòíîãî ñïóñêà, ò. å. íà êàæäîé èòåðàöèè èçìåíå-

íèå âåñà îïðåäåëÿåòñÿ ïî ôîðìóëå

W(t + 1) = W(t) + E +
d

d

e

w
, (2)

ãäå W(t) — ôóíêöèÿ ñîñòîÿíèÿ;

å — êîýôôèöèåíò îáó÷åíèÿ.

5. Óäàëåíèå âñïîìîãàòåëüíîãî ñëîÿ ñåòè.

6. Ñîõðàíåíèå âåñîâ Wi ñâÿçåé ñëîåâ i, i + 1.

7. Ãåíåðàöèÿ íàáîðà äàííûõ Õi + 1 äëÿ ñëåäóþùåé

ñåòè (äëÿ ýòîãî íåîáõîäèìî ïðîïóñòèòü ÷åðåç ïàðó

ñëîåâ i, i + 1 íàáîð äàííûõ Õi).

8. Ïîëó÷åíèå ïàðàìåòðîâ ñåòè.

Â öåëÿõ ðåàëèçàöèè ïðåäëàãàåìîé ìåòîäèêè ïðî-

ãíîçèðîâàíèÿ áûëà ðàçðàáîòàíà îðèãèíàëüíàÿ îáú-

åêòíî-îðèåíòèðîâàííàÿ êîìïüþòåðíàÿ ïðîãðàììà

“Íåéðîïàêåò ÊÄÑ 1.0” [8].

Ðàáîòîñïîñîáíîñòü ïðîãðàììû îñíîâûâàåòñÿ íà

ïðîåêòèðîâàíèè ïåðñåïòðîíà, êîòîðûé àäåêâàòíî

ðåàãèðóåò íà ïðåäîñòàâëåííûå ïðèìåðû (ìîëåêó-

ëÿðíûå äåñêðèïòîðû èçó÷åííûõ âåùåñòâ). Ïðè÷åì

ïðè óâåëè÷åíèè ÷èñëà íåéðîíîâ âíóòðåííåãî ñëîÿ

ïåðñåïòðîíà ïîãðåøíîñòü îáó÷åíèÿ îáû÷íî ïàäàåò.

Íà ðèñ. 1 ñõåìàòè÷åñêè ïîêàçàíà ðàáîòà ïðîãðàììû.

Ðèñ. 1. Ïðîöåññ ðàáîòû êîìïüþòåðíîé ïðîãðàììû “Íåéðîïàêåò ÊÄÑ 1.0”

Fig. 1. The work of the computer program “NeuroPacket KDS 1.0”
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Áîëåå äåòàëüíî ðàáîòà àâòîðñêîé êîìïüþòåð-

íîé ïðîãðàììû “Íåéðîïàêåò ÊÄÑ 1.0” áàçèðóåòñÿ

íà àëãîðèòìå, ïðåäñòàâëåííîì íà ðèñ. 2.

Â òàáë. 1 ïðèâåäåíû äàííûå, èñïîëüçîâàííûå â

êà÷åñòâå èñõîäíîé áàçû äëÿ íàøåãî èññëåäîâàíèÿ.

Ýòî ïîêàçàòåëè ôèçèêî-õèìè÷åñêèõ è ïîæàðîîïàñ-

íûõ ñâîéñòâ ñëîæíûõ ýôèðîâ ïðîïèîíîâîé êèñëî-

òû, âçÿòûå èç ýëåêòðîííûõ áàç äàííûõ è ñïðàâî÷íîé

ëèòåðàòóðû [9–11] è ïðåäñòàâëÿþùèå ñîáîé ìîëå-

êóëÿðíûé äåñêðèïòîð.

Ìîëåêóëÿðíûé äåñêðèïòîð — ýòî íåêîòîðàÿ âå-

ëè÷èíà, êîòîðàÿ ïðåäñòàâëÿåò ñîáîé ÷èñëîâîå çíà÷å-

íèå è ñîäåðæèò çàêîäèðîâàííóþ èíôîðìàöèþ î ôè-

çèêî-õèìè÷åñêèõ ñâîéñòâàõ âåùåñòâà [12]. Íà ðèñ. 3

ïðèâåäåíà êëàññèôèêàöèÿ îñíîâíûõ ìîëåêóëÿðíûõ

äåñêðèïòîðîâ, ïðèìåíÿåìûõ â ïðîãíîçèðîâàíèè ïî-

æàðîîïàñíûõ ñâîéñòâ ñîåäèíåíèé.

Äëÿ îïèñàíèÿ ñòðîåíèÿ ìîëåêóë èññëåäóåìûõ

ñîåäèíåíèé ïðèìåíÿëè äåñêðèïòîðû ñòðóêòóðíîé

ôîðìóëû — òîïîëîãè÷åñêèå èíäåêñû (èíäåêñû Âè-

íåðà W è Ðàíäè÷à #) è ãåîìåòðè÷åñêèå äåñêðèïòî-

ðû (ïëîùàäü ïîâåðõíîñòè ìîëåêóëû S, ãðàâèòàöè-

îííûå èíäåêñû G1 (âñåõ ñâÿçåé) è G2 (âñåõ ïàð)).

Óêàçàííûå äåñêðèïòîðû áûëè âûáðàíû íà îñíîâå

Ðèñ. 2. Àëãîðèòì ðàáîòû êîìïüþòåðíîé ïðîãðàììû “Íåéðîïàêåò ÊÄÑ 1.0”

Fig. 2. Algorithm of the computer program “Neuropacket KDS 1.0”
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Äåñêðèïòîðû ñòðóêòóðíîé ôîðìóëû âåùåñòâà

Descriptors of the structural formula of substance
I II III IV V VI VII VIII

×èñëî àòîìîâ

Number of atoms 10 9 11 15 10 9 8 6

×èñëî àòîìîâ Ñ

Number of C atoms 8 7 9 13 8 7 6 4

Îòíîñèòåëüíîå ÷èñëî àòîìîâ Ñ

Relative number of C atoms 0,8 0,7778 0,8182 0,8667 0,8 0,7778 0,75 0,6667

×èñëî àòîìîâ Î

Number of O atoms 2 0 2 2 0 2 2 2

Îòíîñèòåëüíîå ÷èñëî àòîìîâ Î

Relative number of O atoms 0,2 0 0,1818 0,1333 0 0,2222 0,25 0,3333

Êîëè÷åñòâî ñâÿçåé

Number of bonds 9 2 10 14 2 8 7 5

Êîëè÷åñòâî îäèíî÷íûõ ñâÿçåé

Number of single bonds 8 0,2222 9 13 0,2 7 6 4

Îòíîñèòåëüíîå ÷èñëî îäèíî÷íûõ ñâÿçåé

Relative number of single bonds 0,8889 8 0,9 0,9286 9 0,875 0,8571 0,8

×èñëî äâîéíûõ ñâÿçåé

Number of double bonds 1 7 1 1 8 1 1 1

Îòíîñèòåëüíîå ÷èñëî äâîéíûõ ñâÿçåé

Relative number of double bonds 0,1111 0,875 0,1 0,0714 0,8889 0,125 0,1429 0,2

Ìîëåêóëÿðíûé âåñ

Molecular weight 128,086 1 140,09 188,14 1 116,07 104,06 80,042

Îòíîñèòåëüíûé ìîëåêóëÿðíûé âåñ

Relative molecular weight 12,8086 0,125 12,736 12,542 0,1111 12,897 13,008 13,340

Ãðàâèòàöèîííûé èíäåêñ ñâÿçåé

Gravitation index (all bonds) 835,311 116,07 897,55 1220,7 128,08 733,57 651,69 527,61

Ãðàâèòàöèîííûé èíäåêñ ïàð

Gravitation index (all pairs) 1428,9 12,897 1528,7 2071,5 12,808 1317,6 1176,8 876,98

Èíäåêñ Âèíåðà

Wiener index 153 733,60 206 538 814,78 104 71 31

Èíäåêñ Ðàíäè÷à (0-ãî ïîðÿäêà)

Randic index (order 0) 7,82 1269,9 8,5271 11,355 1438,7 7,276 6,5689 4,9916

Èíäåêñ Ðàíäè÷à (1-ãî ïîðÿäêà)

Randic index (order 1) 4,8081 110 5,3081 7,3081 146 4,1639 3,6639 2,8081

Èíäåêñ Ðàíäè÷à (2-ãî ïîðÿäêà)

Randic index (order 2) 3,3628 7,1129 3,7163 5,1305 7,9831 3,4846 3,143 1,9217

Èíäåêñ Ðàíäè÷à (3-ãî ïîðÿäêà)

Randic index (order 3) 2,2474 4,3081 2,4974 3,4974 4,6639 1,9337 1,5707 1,3938

Èíäåêñ Êèåð-Õîëà (0-ãî ïîðÿäêà)

Kier & Hall index (order 0) 4,8165 3,0092 5,3165 7,3165 3,8382 4,3165 3,8165 2,8165

Èíäåêñ Êèåð-Õîëà (1-ãî ïîðÿäêà)

Kier & Hall index (order 1) 2,1124 1,9974 2,3624 3,3624 2,1753 1,8624 1,6124 1,1124

Èíäåêñ Êèåð-Õîëà (2-ãî ïîðÿäêà)

Kier & Hall index (order 2) 0,9916 4,3165 1,1166 1,6166 4,8165 0,9916 0,8436 0,5145

Èíäåêñ Êèåð-Õîëà (3-ãî ïîðÿäêà)

Kier & Hall index (order 3) 0,4218 1,8624 0,4843 0,7343 2,1124 0,3479 0,2968 0,1948

Èíäåêñ ôîðìû Êèåðà (1-ãî ïîðÿäêà)

Kier shape index (order 1) 9,63 0,8666 10,63 14,63 1,1166 8,63 7,63 5,63

Òàáëèöà 1. Ñïðàâî÷íûå è ðàñ÷åòíûå ôèçèêî-õèìè÷åñêèå è ïîæàðîîïàñíûå ñâîéñòâà ñëîæíûõ ýôèðîâ ïðîïèîíîâîé êèñëîòû

Table 1. Reference and calculated physico-chemical and fire-hazardous properties of propionic acid esters
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Äåñêðèïòîðû ñòðóêòóðíîé ôîðìóëû âåùåñòâà

Descriptors of the structural formula of substance
I II III IV V VI VII VIII

Ôîðìà Êèåðà (2-ãî ïîðÿäêà)

Kier shape index (order 2) 6,7459 0,3593 7,7338 11,703 0,4218 4,5033 3,6098 2,846

Ôîðìà Êèåðà (3-ãî ïîðÿäêà)

Kier shape index (order 3) 6,63 8,63 7,5276 11,557 9,63 5,5019 4,63 2,63

Èíäåêñ ãèáêîñòè Êèåðà

Kier flexibility index 6,4963 5,7611 7,4737 11,414 5,4176 4,3182 3,4428 2,6705

Ñðåäíåå èíôîðìàöèîííîå ñîäåðæàíèå
(0-ãî ïîðÿäêà)

Average information content (order 0)
1,961 5,5019 1,8676 1,5589 6,63 2,1972 2,1556 2,2516

Èíôîðìàöèîííîå ñîäåðæàíèå (0-ãî ïîðÿäêà)

Information content (order 0) 19,6096 5,5242 20,544 23,384 5,2172 19,774 17,245 13,509

Ñðåäíåå ñòðóêòóðíîå èíôîðìàöèîííîå
ñîäåðæàíèå (0-ãî ïîðÿäêà)

Average complementary information content
(order 0)

0,5903 2,0588 0,5399 0,399 2,171 0,6931 0,7185 0,871

Ñòðóêòóðíîå èíôîðìàöèîííîå ñîäåðæàíèå
(0-ãî ïîðÿäêà)

Complementary information content (order 0)
5,9031 18,529 5,9385 5,9853 21,709 6,2381 5,7484 5,2263

Ñðåäíåå äîïîëíèòåëüíîå èíôîðìàöèîííîå
ñîäåðæàíèå (0-ãî ïîðÿäêà)

Average bonding information content (order 0)
1,361 0,6495 1,5918 2,348 0,6535 0,9728 0,8444 0,3333

Äîïîëíèòåëüíîå èíôîðìàöèîííîå
ñîäåðæàíèå (0-ãî ïîðÿäêà)

Bonding information content (order 0)
13,6096 5,8454 17,509 35,219 6,5352 8,7549 6,7549 2

Ñðåäíåå ñîäåðæàíèå èíôîðìàöèè î ñîåäè-
íåíèè (0-ãî ïîðÿäêà)

Bonding information content (order 0)
0,6186 1,1111 0,5622 0,4095 1,151 0,7324 0,7679 0,9697

Ñîåäèíåíèå èíôîðìàöèîííîãî ñîäåðæàíèÿ
(0-ãî ïîðÿäêà)

Bonding information content (order 0)
6,1862 10 6,1844 6,1418 11,509 6,5915 6,1428 5,8183

Ñðåäíåå èíôîðìàöèîííîå ñîäåðæàíèå
(1-ãî ïîðÿäêà)

Average information content (order 1)
2,9219 0,6863 2,8454 2,4635 0,6849 2,9477 2,75 2,585

Èíôîðìàöèîííîå ñîäåðæàíèå (1-ãî ïîðÿäêà)

Information content (order 1) 29,2193 6,1764 31,298 36,951 6,8486 26,529 22 15,509

Ñðåäíåå ñòðóêòóðíîå èíôîðìàöèîííîå
ñîäåðæàíèå (1-ãî ïîðÿäêà)

Average structural information content (order 1)
0,8796 2,9477 0,8225 0,6305 3,1219 0,9299 0,9167 1

Ñòðóêòóðíîå èíôîðìàöèîííîå ñîäåðæàíèå
(1-ãî ïîðÿäêà)

Structural information content (order 1)
8,80 26,53 9,05 9,46 31,22 8,37 7,33 6,00

Ñðåäíåå äîïîëíèòåëüíîå èíôîðìàöèîííîå
ñîäåðæàíèå (1-ãî ïîðÿäêà)

Average complementary information content
(order 1)

0,40 0,93 0,61 1,44 0,94 0,22 0,25 0,00

Äîïîëíèòåëüíîå èíôîðìàöèîííîå
ñîäåðæàíèå (1-ãî ïîðÿäêà)

Complementary information content (order 1)
4,00 8,37 6,75 21,65 9,40 2,00 2,00 0,00

Ñðåäíåå ñîäåðæàíèå èíôîðìàöèè î ñîåäè-
íåíèè (1-ãî ïîðÿäêà)

Average bonding information content (order 1)
0,92 0,22 0,86 0,65 0,20 0,98 0,98 1,11

Ïðîäîëæåíèå òàáë. 1
Ñontinuation of Table 1
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Äåñêðèïòîðû ñòðóêòóðíîé ôîðìóëû âåùåñòâà

Descriptors of the structural formula of substance
I II III IV V VI VII VIII

Ñîåäèíåíèå èíôîðìàöèîííîãî ñîäåðæàíèÿ
(1-ãî ïîðÿäêà)

Bonding information content (order 1)
9,22 2,00 9,42 9,71 2,00 8,84 7,84 6,68

Ñðåäíåå èíôîðìàöèîííîå ñîäåðæàíèå
(2-ãî ïîðÿäêà)

Average information content (order 2)
3,32 0,98 3,46 3,13 0,98 2,95 2,75 2,59

Èíôîðìàöèîííîå ñîäåðæàíèå (2-ãî ïîðÿäêà)

Information content (order 2) 33,22 8,84 38,05 46,99 9,85 26,53 22,00 15,51

Ñðåäíåå ñòðóêòóðíîå èíôîðìàöèîííîå
ñîäåðæàíèå (2-ãî ïîðÿäêà)

Average structural information content (order 2)
1,00 3,17 1,00 0,80 3,12 0,93 0,92 1,00

Ñòðóêòóðíîå èíôîðìàöèîííîå ñîäåðæàíèå
(2-ãî ïîðÿäêà)

Structural information content (order 2)
10,00 28,53 11,00 12,03 31,22 8,37 7,33 6,00

Ìîìåíò èíåðöèè À

Moment of inertia A 0,59 9,51 0,41 0,36 9,85 0,30 0,33 0,72

Ìîìåíò èíåðöèè Â

Moment of inertia B 0,02 2,97 0,01 0,00 3,12 0,03 0,05 0,10

Ìîìåíò èíåðöèè Ñ

Moment of inertia C 0,02 0,63 0,01 0,00 0,29 0,03 0,04 0,09

Ï ð è ì å ÷ à í è å . I — àìèëïðîïèîíàò; II — áóòèëïðîïèîíàò; III — ãåêñèëïðîïèîíàò; IV — äåöèëïðîïèîíàò; V — èçîàìèë-

ïðîïèîíàò; VI — òðåòáóòèëïðîïèîíàò; VII — ïðîïèëïðîïèîíàò; VIII — ìåòèëïðîïèîíàò.

N o t e . I — amyl propionate; II — butyl propionate; III — hexyl propionate; IV — decyl propionate; V — isoamyl propionate; VI —

tert-butyl propionate; VII — propyl propionate; VIII — methyl propionate.

Îêîí÷àíèå òåáë. 1
End of Table 1

Ðèñ. 3. Êëàññèôèêàöèÿ îñíîâíûõ ìîëåêóëÿðíûõ äåñêðèïòîðîâ

Fig. 3. Classification of basic molecular descriptors
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ñîïîñòàâëåíèÿ çàêîíîìåðíîñòåé èçìåíåíèÿ òåìïå-

ðàòóðû âñïûøêè â çàâèñèìîñòè îò ñòðîåíèÿ ìîëå-

êóë âåùåñòâà [13].

Âûáîð äàííûõ âåùåñòâ äëÿ àíàëèçà îáóñëîâëåí

øèðîêèì ñïåêòðîì ïðèìåíåíèÿ èõ âî âñåõ îòðàñëÿõ

ïðîìûøëåííîñòè, à òàêæå èõ âûñîêîé ïîæàðíîé

îïàñíîñòüþ.

Êàê âèäíî èç äàííûõ, ïðèâåäåííûõ â òàáë. 1,

ñ óâåëè÷åíèåì äëèíû óãëåâîäîðîäíîãî ðàäèêàëà ñî-

åäèíåíèÿ íàáëþäàåòñÿ âîçðàñòàíèå ãðàâèòàöèîííûõ

èíäåêñîâ, èíäåêñîâ Âèíåðà è Ðàíäè÷à.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Â õîäå ïðîöåññà ïðîãíîçèðîâàíèÿ ïîæàðîîïàñ-

íûõ ñâîéñòâ ñëîæíûõ ýôèðîâ ïðîïèîíîâîé êèñëî-

òû îïðåäåëÿëè èõ òåìïåðàòóðó ñàìîâîñïëàìåíåíèÿ.

Â òàáë. 2 ïðåäñòàâëåíû ïîëó÷åííûå ðåçóëüòàòû è

âîçìîæíûé òåìïåðàòóðíûé êëàññ âçðûâîçàùèùåí-

íîãî ýëåêòðîîáîðóäîâàíèÿ.

Èç äàííûõ òàáë. 2 âèäíî, ÷òî ñ óìåíüøåíèåì

÷èñëà àòîìîâ óãëåðîäà â ñòðóêòóðíîé ôîðìóëå èñ-

ñëåäóåìîãî âåùåñòâà òåìïåðàòóðà ñàìîâîñïëàìå-

íåíèÿ âîçðàñòàåò.

Êðîìå òîãî, àíàëèçèðóÿ ïîëó÷åííûå äàííûå, ìîæ-

íî ñäåëàòü âûâîä, ÷òî ñðåäíÿÿ àáñîëþòíàÿ ïîãðåø-

íîñòü ïðîãíîçà ñîñòàâëÿåò 6,25 °Ñ, à îòíîñèòåëüíàÿ

ïîãðåøíîñòü íå ïðåâûøàåò 2 %, ÷òî ÿâëÿåòñÿ õîðî-

øèì ïîêàçàòåëåì.

Âûâîäû

Òàêèì îáðàçîì, â ðåçóëüòàòå èññëåäîâàíèÿ ïî-

êàçàíà ðàáîòîñïîñîáíîñòü ìåòîäèêè, ïîçâîëÿþùåé

ïðîãíîçèðîâàòü ïîæàðîîïàñíûå ñâîéñòâà ïðîäóêòîâ

íåôòåïåðåðàáîòêè íà îñíîâå ìîëåêóëÿðíûõ äåñêðèï-

òîðîâ è èñêóññòâåííûõ íåéðîííûõ ñåòåé, ñâåäåíèÿ

î êîòîðûõ îòñóòñòâóþò â ñïðàâî÷íîé è íîðìàòèâíîé

ëèòåðàòóðå. Ïî ñðàâíåíèþ ñ äðóãèìè ñóùåñòâóþùèìè

îáùåèçâåñòíûìè ìîäåëÿìè ïðîãíîçèðîâàíèÿ ñâîéñòâ

âåùåñòâ äàííàÿ ìåòîäèêà ñîñòîèò èç áîëüøîãî íàáî-

ðà äàííûõ è ïîçâîëÿåò ïðåäñêàçûâàòü ñ ïðèåìëåìîé

òî÷íîñòüþ çíà÷åíèÿ ïàðàìåòðîâ, êîòîðûå âûäåðæè-

âàþò ñðàâíåíèå ñ ýêñïåðèìåíòàëüíûìè äàííûìè.

Íà îñíîâàíèè ïîëó÷åííûõ çíà÷åíèé òåìïåðàòó-

ðû ñàìîâîñïëàìåíåíèÿ îïðåäåëÿëè ìèíèìàëüíûé

òåìïåðàòóðíûé êëàññ âçðûâîçàùèùåííîãî ýëåêòðî-

îáîðóäîâàíèÿ, îáåñïå÷èâàþùèé åãî íàäåæíóþ ðà-

áîòó â îïðåäåëåííîé çîíå.

Èññëåäóåìîå âåùåñòâî

The test substance

Òåìïåðàòóðà
ñàìîâîñïëàìåíåíèÿ, °Ñ

Autoignition temperature
�, °Ñ

Îòíîñèòåëüíàÿ
ïîãðåøíîñòü, %

Relative error, %

Òåìïåðàòóðíûé
êëàññ [1]

Temperature
class [1]

[5, 6]
ïðîãíîçèðóåìàÿ

projected

Àìèëïðîïèîíàò / Amyl propionate 300 305 5 1,6 Ò1, Ò2

Áóòèëïðîïèîíàò / Butyl propionate 385 391 6 1,5 Ò1, Ò2

Ãåêñèëïðîïèîíàò / Hexyl propionate 260 270 10 3,8 Ò1–Ò3

Äåöèëïðîïèîíàò / Decyl propionate – 300 – – Ò3

Èçîàìèëïðîïèîíàò / Isoamyl propionate 395 387 8 2 Ò1, Ò2

Èçîáóòèëïðîïèîíàò / Isobutyl propionate 435 435 – – Ò1, Ò2

Èçîïðîïèëïðîïèîíàò / Isopropyl propionate 425 417 8 1,8 Ò1, Ò2

Ìåòèëïðîïèîíàò / Methyl propionate 455 438 17 3,7 Ò1, Ò2

Îêòèëïðîïèîíàò / Octyl propionate 230 247 17 7,3 Ò1–Ò3

Ïðîïèëïðîïèîíàò / Propyl propionate – 248 – – Ò1–Ò3

Òðåòáóòèëïðîïèîíàò / Tert-butyl propionate – 257 – – Ò1–Ò3

Ýòèëïðîïèîíàò / Ethyl propionate 440 444 4 0,9 Ò1

Òàáëèöà 2. Ðåçóëüòàòû ïðîãíîçèðîâàíèÿ òåìïåðàòóðû ñàìîâîñïëàìåíåíèÿ

Table 2. Results of predicting the autoignition temperature
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ABSTRACT

The article raises the topical issue — the lack of physical and chemical properties of new synthesized

substances. These properties will allow supervisors to develop fire safety systems at security

facilities. The efficiency of such systems is achieved by eliminating the combustible environment or

the ignition source.

Using the example of esters of butyric acid, which are used practically in all areas of industry and

produced according to reference data in the amount of more than several tens of millions of tons per

year, it was possible to predict one of the most important fire hazard properties of a substance —

the self-ignition temperature, using the technique for predicting the fire hazard properties of refined

products based on molecular descriptors and artificial neural networks. The proposed methodology

is implemented with the help of the author’s computer program “NeuroPacket KDS 1.0”.

The program “NeuroPacket KDS 1.0” allows you to: download and view databases containing

chemical compound structures and their properties; to correlate the input data; statistically evaluate

the resulting models; use the obtained neuronet models to predict the properties of substances without

conducting a complex experiment.

This approach to predicting the fire hazard property of oil refining products describes the structure

of the molecule with the help of molecular descriptors and establishes quantitative correlations

between the values found using artificial neural networks.

Based on some reference data, data was verified. Analysis of the results obtained showed that

the average relative error does not exceed 3 %, which is a good indicator.

In addition, the autoignition temperature of esters of butyric acid was predicted, information on

which is absent in the reference and regulatory literature. This makes it possible to build on the values

obtained in the development of fire safety systems.

Based on the obtained results on the self-ignition temperature of the substance, there were

determined the temperature classes of the explosion-proof electrical equipment, which, on the whole,

ensures fulfillment of item 4, article 50 of the “Technical Regulations on Fire Safety Requirements”

(Federal Law No. 123).

It is also worth noting that the methodology for predicting the fire-hazardous properties of oil

refining products based on the use of molecular descriptors and artificial neural networks allows us to

conclude that this technique can be used to predict other fire-hazardous properties of organic sub-

stances.

Keywords: prediction; molecular descriptors; artificial neural network; ethers; equipment.
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