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Â ñîîòâåòñòâèè ñ ïîñòàíîâëåíèåì Ïðàâèòåëüñòâà

¹ 290 “Î ôåäåðàëüíîì ãîñóäàðñòâåííîì ïîæàðíîì

íàäçîðå” [1] âçàèìîäåéñòâèå ñ íàäçîðíûìè îðãàíà-

ìè ñòðîèòñÿ íà îñíîâàíèè âûñòàâëåííûõ ñîáñòâåí-

íèêàì îáúåêòîâ çàùèòû ïðåòåíçèé ñ èõ ñòîðîíû.

Òàêèå ïðåòåíçèè, êàê ïðàâèëî, îôîðìëÿþòñÿ â âèäå

ïðåäïèñàíèé íàäçîðíûõ îðãàíîâ (Ãîñóäàðñòâåííî-

ãî ïîæàðíîãî íàäçîðà) è ñîäåðæàò ïåðå÷åíü ìåðî-

ïðèÿòèé, íåîáõîäèìûõ äëÿ âûïîëíåíèÿ ñî ñòîðîíû

îðãàíèçàöèè (ñîáñòâåííèêà èëè àðåíäàòîðà îáúåêòà

çàùèòû). Ïîæàðíàÿ áåçîïàñíîñòü îáúåêòà çàùèòû

ñ÷èòàåòñÿ îáåñïå÷åííîé ïðè ñîáëþäåíèè îäíîãî èç

ñëåäóþùèõ óñëîâèé:

1) â ïîëíîì îáúåìå âûïîëíåíû òðåáîâàíèÿ ïî-

æàðíîé áåçîïàñíîñòè, óñòàíîâëåííûå òåõíè÷åñêè-

ìè ðåãëàìåíòàìè, ïðèíÿòûìè â ñîîòâåòñòâèè ñ Ôå-

äåðàëüíûì çàêîíîì ¹ 184 “Î òåõíè÷åñêîì ðåãóëè-

ðîâàíèè” [2];

2) ïîæàðíûé ðèñê íå ïðåâûøàåò äîïóñòèìûõ çíà-

÷åíèé, óñòàíîâëåííûõ Ôåäåðàëüíûì çàêîíîì [3].

Îöåíêà ïîæàðíîãî ðèñêà âêëþ÷àåò â ñåáÿ ïîæàð-

íî-òåõíè÷åñêîå îáñëåäîâàíèå îáúåêòà, ðàñ÷åò ðèñêà

è ñîñòàâëåíèå ñîîòâåòñòâóþùåãî ïîëîæèòåëüíîãî

çàêëþ÷åíèÿ. Â ñëó÷àå ïîëó÷åíèÿ îòðèöàòåëüíîãî

ðåçóëüòàòà ïðè ðàñ÷åòå âåëè÷èíû ïîæàðíîãî ðèñêà

ðàçðàáàòûâàåòñÿ êîìïëåêñ äîïîëíèòåëüíûõ êîìïåí-

ñèðóþùèõ ïðîòèâîïîæàðíûõ ìåðîïðèÿòèé, íàïðàâ-

ëåííûõ íà ñíèæåíèå âåëè÷èíû ïîæàðíîãî ðèñêà äî

íîðìàòèâíûõ çíà÷åíèé.

Àëãîðèòì ïðîâåäåíèÿ ïðîâåðêè ïðåäñòàâëåí íà

ðèñ. 1.

Áîëåå òî÷íîìó ðàñ÷åòó âåëè÷èíû ïîæàðíîãî ðèñ-

êà ñïîñîáñòâóþò äàííûå ïî ïîæàðîîïàñíûì ñâîé-

ñòâàì âåùåñòâ, â òîì ÷èñëå îðãàíè÷åñêèõ ñîåäèíå-

íèé. Êîëè÷åñòâî îðãàíè÷åñêèõ ñîåäèíåíèé åæå-

ãîäíî óâåëè÷èâàåòñÿ íà 250–300 òûñÿ÷, è ñâåäåíèÿ
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Ðèñ. 1. Ïîðÿäîê ïðîâåäåíèÿ ãîñóäàðñòâåííîé òèïîâîé ïðîâåðêè èíñïåêòîðîì îòäåëà íàäçîðíîé äåÿòåëüíîñòè

Ïîêàçàòåëü Ïðîïàíàëü 2-Ìåòèëïðîïàíàëü Áóòàíàëü Ãåïòàíàëü 2-Ìåòèëíîíàíàëü

×èñëî àòîìîâ 5,00 6,00 6,00 9,00 12,00

×èñëî àòîìîâ óãëåðîäà 3,00 4,00 4,00 7,00 10,00

Îòíîñèòåëüíîå ÷èñëî àòîìîâ óãëåðîäà 0,60 0,67 0,67 0,78 0,83

×èñëî àòîìîâ âîäîðîäà 1,00 1,00 1,00 1,00 1,00

Îòíîñèòåëüíîå ÷èñëî àòîìîâ âîäîðîäà 0,20 0,17 0,17 0,11 0,08

×èñëî àòîìîâ êèñëîðîäà 1,00 1,00 1,00 1,00 1,00

Îòíîñèòåëüíîå ÷èñëî àòîìîâ êèñëîðîäà 0,20 1,17 0,17 0,11 0,08

Êîëè÷åñòâî ñâÿçåé 4,00 5,00 5,00 8,00 11,00

Êîëè÷åñòâî îäèíî÷íûõ ñâÿçåé 3,00 4,00 4,00 7,00 10,00

Îòíîñèòåëüíîå ÷èñëî îäèíî÷íûõ ñâÿçåé 0,75 0,80 0,80 0,88 0,91

Êîëè÷åñòâî äâîéíûõ ñâÿçåé 1,00 1,00 1,00 1,00 1,00

Îòíîñèòåëüíîå ÷èñëî äâîéíûõ ñâÿçåé 0,25 0,20 0,20 0,13 0,09

Ìîëåêóëÿðíàÿ ìàññà 53,03 65,05 65,05 101,08 137,12

Îòíîñèòåëüíàÿ ìîëåêóëÿðíàÿ ìàññà 10,60 10,84 10,84 11,23 11,43

Ãðàâèòàöèîííûé èíäåêñ G1 277,37 358,92 358,93 603,60 849,88

Ãðàâèòàöèîííûé èíäåêñ G2 350,62 534,55 469,72 837,93 1311,60

Èíäåêñ Âèíåðà 10,00 18,00 20,00 84,00 206,00

Èíäåêñ Ðàíäè÷à (0-ãî ïîðÿäêà) 3,41 4,28 4,12 6,24 8,53

Èíäåêñ Ðàíäè÷à (1-ãî ïîðÿäêà) 1,91 2,27 2,41 3,91 5,31

Èíäåêñ Ðàíäè÷à (2-ãî ïîðÿäêà) 1,00 1,80 1,35 2,41 3,72

Èíäåêñ Ðàíäè÷à (3-ãî ïîðÿäêà) 0,50 0,82 0,71 1,46 2,50

Òàáëèöà 1. Íåêîòîðûå äåñêðèïòîðû, ðàññ÷èòàííûå äëÿ èññëåäîâàííûõ îðãàíè÷åñêèõ ñîåäèíåíèé
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î ôèçèêî-õèìè÷åñêèõ ñâîéñòâàõ ìíîãèõ èç íèõ íà

ñåãîäíÿ îòñóòñòâóþò. Â òî æå âðåìÿ ïðè ðàñ÷åòå âå-

ëè÷èíû ïîæàðíîãî ðèñêà íåîáõîäèìî çíàòü òàêèå

ñâîéñòâà, êàê íèçøàÿ òåïëîòà ñãîðàíèÿ, ëèíåéíàÿ

ñêîðîñòü ðàñïðîñòðàíåíèÿ ïëàìåíè, óäåëüíàÿ ñêî-

ðîñòü âûãîðàíèÿ âåùåñòâà [4, 5]. Îäíàêî ýêñïåðèìåí-

òàëüíîå îïðåäåëåíèå ôèçèêî-õèìè÷åñêèõ ñâîéñòâ âå-

ùåñòâ ñîïðÿæåíî ñ ñóùåñòâåííûìè òåõíè÷åñêèìè

òðóäíîñòÿìè, ýêîíîìè÷åñêèìè è âðåìåííûìè çàòðà-

òàìè [6]. Â ñâÿçè ñ ýòèì ïåðñïåêòèâíîé ïðåäñòàâëÿ-

åòñÿ ðàçðàáîòêà ìåòîäà îïðåäåëåíèÿ ïîæàðîîïàñíûõ

ïîêàçàòåëåé, îñíîâàííîãî íà èñïîëüçîâàíèè äåñêðèï-

òîðîâ è èñêóññòâåííûõ íåéðîííûõ ñåòåé.

Ðàññìîòðèì ïðîöåññ ïðîãíîçèðîâàíèÿ íèçøåé

òåïëîòû ñãîðàíèÿ, ëèíåéíîé ñêîðîñòè ðàñïðîñòðà-

íåíèÿ ïëàìåíè [7] è óäåëüíîé ñêîðîñòè âûãîðàíèÿ

êåòîíîâ è àëüäåãèäîâ, îñíîâàííûé íà èñïîëüçîâàíèè

äåñêðèïòîðîâ è èñêóññòâåííûõ íåéðîííûõ ñåòåé.

Äàííûé ìåòîä èñïîëüçîâàëñÿ íàìè â ðàáîòå [8] è

õîðîøî ñåáÿ çàðåêîìåíäîâàë.

Äëÿ îïèñàíèÿ ñòðîåíèÿ ìîëåêóë èññëåäóåìûõ ñî-

åäèíåíèé ïðèìåíÿëèñü äåñêðèïòîðû ñòðóêòóðíîé

ôîðìóëû — òîïîëîãè÷åñêèå èíäåêñû (Âèíåðà W,

Ðàíäè÷à �) è ãåîìåòðè÷åñêèå äåñêðèïòîðû — ïëî-

ùàäü ïîâåðõíîñòè ìîëåêóëû S, ãðàâèòàöèîííûå èí-

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

ñêðèïòîðû áûëè âûáðàíû íà îñíîâå ñîïîñòàâëåíèÿ

çàêîíîìåðíîñòåé èçìåíåíèÿ òåìïåðàòóðû âñïûøêè

â çàâèñèìîñòè îò ñòðîåíèÿ ìîëåêóë âåùåñòâà.

Â òàáë. 1 ïðåäñòàâëåíû äåñêðèïòîðû [9–12] äëÿ

ãðóïïû èññëåäóåìûõ âåùåñòâ. Êàê âèäíî èç äàí-

íûõ, ïðèâåäåííûõ â òàáë. 1, ñ óâåëè÷åíèåì äëèíû

óãëåâîäîðîäíîãî ðàäèêàëà ñîåäèíåíèÿ íàáëþäàåò-

ñÿ âîçðàñòàíèå ãðàâèòàöèîííûõ èíäåêñîâ, èíäåêñîâ

Âèíåðà è Ðàíäè÷à. Â ðåçóëüòàòå ñîïîñòàâëåíèÿ ïî-

êàçàòåëåé äëÿ 2-ìåòèëïðîïàíàëÿ è áóòàíàëÿ óñòà-

íîâëåíî, ÷òî ïðè ðàçâåòâëåíèè óãëåâîäîðîäíîé öåïè

íàáëþäàåòñÿ óâåëè÷åíèå äåñêðèïòîðîâ, çà èñêëþ÷å-

íèåì ãðàâèòàöèîííûõ èíäåêñîâ, èíäåêñîâ Âèíåðà

è Ðàíäè÷à 1-ãî ïîðÿäêà.

Äàëåå ïîëó÷åííûå äàííûå îáðàáàòûâàëè â ïðî-

ãðàììå ÊÄÑ 1.0, ðåàëèçóþùåé èñêóññòâåííûå íåé-

ðîííûå ñåòè [13]. Íà ðèñ. 2 ïðèâåäåíà ìîäåëü íåé-

ðîííîé ñåòè, ñîñòîÿùàÿ èç 30 íåéðîíîâ.

Ñðàâíèì ïîëó÷åííûå ðåçóëüòàòû ñ äàííûìè, ïðåä-

ñòàâëåííûìè â áàçå äàííûõ ïî ãîðþ÷åé íàãðóçêå [7]

è ñïðàâî÷íîé ëèòåðàòóðå [14, 15] (òàáë. 2 è 3).

Ñðàâíåíèå ðåçóëüòàòîâ ñî ñïðàâî÷íûìè äàííûìè

ïîêàçûâàåò, ÷òî îòíîñèòåëüíàÿ ïîãðåøíîñòü íå ïðå-

âûøàåò 18 %.

Èç äàííûõ òàáë. 3 ñëåäóåò, ÷òî òåïëîòà ñãîðàíèÿ

âåùåñòâà õîðîøî êîððåëèðóåò ñ ÷èñëîì àòîìîâ óãëå-

ðîäà â ìîëåêóëå è âîçðàñòàåò ñ óâåëè÷åíèåì äëèíû

óãëåâîäîðîäíîé öåïè. Ïðåäëàãàåìûé ìåòîä ïðîãíî-

çèðîâàíèÿ ó÷èòûâàåò òàêæå ñòðóêòóðó óãëåâîäî-

ðîäíîãî ðàäèêàëà: äëÿ ðàçâåòâëåííûõ àëüäåãèäîâ

çíà÷åíèå òåïëîòû ñãîðàíèÿ âûøå, ÷åì äëÿ âåùåñòâ

íîðìàëüíîãî ñòðîåíèÿ.

Ðåçóëüòàòû ïðîãíîçèðîâàíèÿ ïîêàçàëè îòíîñè-

òåëüíóþ ïîãðåøíîñòü, íå ïðåâûøàþùóþ 15 % îòíî-

ñèòåëüíî çíà÷åíèé, ïðåäñòàâëåííûõ â ñïðàâî÷íîé

ëèòåðàòóðå. Ñëåäîâàòåëüíî, ðåçóëüòàòû ïðîãíîçè-

ðîâàíèÿ ìîæíî ñ÷èòàòü óäîâëåòâîðèòåëüíûìè.

Óñòàíîâëåíî, ÷òî íà âåëè÷èíó òîïîëîãè÷åñêîãî

èíäåêñà Âèíåðà W ñóùåñòâåííî âëèÿåò äëèíà ìîëå-

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

ïðèðîäà çàìåñòèòåëåé. Àíàëîãè÷íàÿ çàâèñèìîñòü

óñòàíîâëåíà 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, ïðè÷åì

äëÿ êåòîíîâ ðàçâåòâëåííîãî ñòðîåíèÿ ýòè äåñêðèï-

òîðû èìåþò áîëåå íèçêèå çíà÷åíèÿ ïî ñðàâíåíèþ ñ

íîðìàëüíûìè êåòîíàìè ïðè îäèíàêîâîì ÷èñëå àòî-

ìîâ óãëåðîäà â ìîëåêóëå. Íàèáîëüøóþ ÷óâñòâèòåëü-

íîñòü ê ïîëîæåíèþ êàðáîíèëüíîé ãðóïïû â óãëåðîä-

íîé öåïè ïðîÿâëÿþò ãðàâèòàöèîííûå èíäåêñû.

Òàêèì îáðàçîì, ìåòîä ïðîãíîçèðîâàíèÿ íà îñíî-

âå äåñêðèïòîðîâ è èñêóññòâåííûõ íåéðîííûõ ñåòåé

ïîçâîëÿåò ñ óäîâëåòâîðèòåëüíîé òî÷íîñòüþ îöåíèòü

ïîêàçàòåëè ïîæàðîîïàñíûõ ñâîéñòâ îðãàíè÷åñêèõ

Ðèñ. 2. Ìîäåëü íåéðîííîé ñåòè
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ñîåäèíåíèé è â îòëè÷èå îò ñòàíäàðòíûõ ðàñ÷åòíûõ

ìåòîäîâ íå òðåáóåò èñïîëüçîâàíèÿ äðóãèõ ýêñïåðè-

ìåíòàëüíûõ äàííûõ (òåìïåðàòóðû êèïåíèÿ, äàâëå-

íèÿ íàñûùåííîãî ïàðà).

Êðîìå òîãî, ïîëó÷åííûå ðåçóëüòàòû ðàñøèðÿþò

áàçó äàííûõ ïî ãîðþ÷åé íàãðóçêå, ïðåäñòàâëåííóþ â

íîðìàòèâíîé è ó÷åáíîé ëèòåðàòóðå, è ñïîñîáñòâóþò

áîëåå òî÷íîìó ðàñ÷åòó âåëè÷èíû ïîæàðíîãî ðèñêà.

¹

ï�ï
Âåùåñòâî

Íèçøàÿ òåïëîòà ñãîðàíèÿ,

ìÄæ�êã

Óäåëüíàÿ ñêîðîñòü

âûãîðàíèÿ, êã�(ì2·ñ)

Ëèíåéíàÿ ñêîðîñòü ðàñïðî-

ñòðàíåíèÿ ïëàìåíè, ì�ñ

ñïðàâî÷íàÿ ïðîãíîçèðóåìàÿ ñïðàâî÷íàÿ ïðîãíîçèðóåìàÿ ñïðàâî÷íàÿ ïðîãíîçèðóåìàÿ

1 2-Ìåòèëïðîïàíàëü – 373,8 – 0,045 – 378

2 2-Ìåòèëíîíàíàëü – 189,6 – 0,018 – 350

3 3-Ìåòèëíîíàíàëü – 258,3 – 0,038 – 459

4 Ïðîïàíàëü 181,6 206,3 – 0,06 – 369

5 Îêòàíàëü 479,3 375,8 – 0,045 – 457

6 Äîäåêàíàëü 722,6 689,5 – 0,056 – 209

7 Ãåêñàíàëü 356,3 349,4 – 0,002 – 233

8 Äåêàíàëü 602,5 589,7 – 0,47 – 286

9 Ïåíòàíàëü 336,8 300,7 0,06 0,046 – 378

10 Áóòàíàëü 233,6 240,8 – 0,039 – 445

11 2-Ýòèëáóòàíàëü – 256,3 – 0,02 – 584

12 Ãåïòàíàëü – 348,9 – 0,033 – 335

13 Óíäåêàíàëü 696 705,9 – 0,042 403 398

14 2-Ìåòèëáóòàíàëü – 584,1 – 0,07 – 456

15 2,3-Äèìåòèëïåíòàíàëü 403,5 399,8 – 0,089 – 285

Òàáëèöà 3. Ðåçóëüòàòû ïðîãíîçèðîâàíèÿ ïîæàðîîïàñíûõ ñâîéñòâ àëüäåãèäîâ â ñðàâíåíèè ñî ñïðàâî÷íûìè äàííûìè [7, 14, 15]

¹

ï�ï
Âåùåñòâî

Íèçøàÿ òåïëîòà ñãîðàíèÿ,

ìÄæ�êã

Óäåëüíàÿ ñêîðîñòü

âûãîðàíèÿ, êã�(ì2·ñ)

Ëèíåéíàÿ ñêîðîñòü ðàñïðî-

ñòðàíåíèÿ ïëàìåíè, ì�ñ

ñïðàâî÷íàÿ ïðîãíîçèðóåìàÿ ñïðàâî÷íàÿ ïðîãíîçèðóåìàÿ ñïðàâî÷íàÿ ïðîãíîçèðóåìàÿ

1 Àöåòîí 2,9 3,4 0,044 0,034 790 818

2 Äèïðîïèëêåòîí 3,9 3,5 – 0,045 – 815

3 Áóòèëìåòèëêåòîí 3,5 4,8 – 0,042 – 768

4 6-Óíäåêàíîí 6,6 6,9 0,038 0,046 – 827

5 2-Ïåíòàíîí – 5,7 – 0,002 – 400

6 2-Îêòàíîí – 6,9 – 0,037 – 824

7 2,4-Äèìåòèë-1,3-ïåíòàíäèîí – 3,7 – 0,046 – 474

8 3-Ïåíòàíîí – 3,3 – 0,011 – 402

9 3-Îêòàíîí – 6,9 – 0,002 – 668

10 3-Ãåêñàíîí – 4,5 – 0,037 – 827

11 2-Ãåïòàíîí – 6,8 – 0,011 – 202

12 3-Ìåòèë-2-áóòàíîí – 3,4 – 0,002 – 416

13 2-Äîäåêàíîí – 6,9 – 0,046 – 830

14 2,6-Äèìåòèëïåíòàíîí – 6,9 – 0,046 – 827

15 3-Íîíàíîí – 6,9 – 0,003 – 827

Òàáëèöà 2. Ðåçóëüòàòû ïðîãíîçèðîâàíèÿ ïîæàðîîïàñíûõ ñâîéñòâ êåòîíîâ â ñðàâíåíèè ñî ñïðàâî÷íûìè äàííûìè [7, 14, 15]
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ABSTRACT

According to Government Resolution No. 290 “On the Federal State Fire Supervision” dated 12.04.2012

for the purposes of monitoring compliance with the legal entity, individual entrepreneur, etc. require-

ments of fire safety are carried out routine checks. This type of oversight activities conducted after

three years from the date of registration in a tax body or three years since the last scheduled inspection.

To avoid this event in accordance with article 6 of Federal Law No. 123 “Technical regulations on fire

safety requirements” (hereinafter — the Technical regulation) is permitted to carry out the calculation

of the assessment of fire risk. If the calculated value does not exceed the allowable value set by the

Technical regulations, it is considered that the facility meets fire safety requirements.

Every year the number of organic compounds is increased by 250–300 thousand, details of which

there is no, and the calculation of the magnitude of fire risk requires knowledge of the properties of

substances as lower heating value, specific speed of burnout, the linear speed of burnout. Experi-

mental determination of physico-chemical properties of substances is associated with significant

technical difficulties, economic and time costs. Therefore, a promising method for determination of

the fire performance method is based on the use of descriptors and artificial neural networks.

The program KDS 1.0 handles pre-computed descriptors of the substance and predicts the re-

quired property.

Keywords: fire safety; calculation; fire risk; ketones; fire-dangerous properties; neural networks;

descriptors; linear speed of a flame.
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