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Ââåäåíèå

Â íàñòîÿùåå âðåìÿ ïðè ïðîåêòèðîâàíèè ñèñòåì ïðî-

òèâîïîæàðíîé çàùèòû îáúåêòîâ êóëüòóðíîãî íà-

ñëåäèÿ â Ðîññèè ðóêîâîäñòâóþòñÿ íîðìàòèâíûìè äî-

êóìåíòàìè, â òîì ÷èñëå [1–5], à òàêæå òåððèòîðèàëü-

íûìè ñòðîèòåëüíûìè íîðìàìè, íàïðèìåð [6, 7].

Ïîñòàíîâëåíèåì Ïðàâèòåëüñòâà Ðîññèéñêîé Ôå-

äåðàöèè îò 29 èþíÿ 2017 ã. ¹ 774 “Î âíåñåíèè èç-

ìåíåíèé â ïîëîæåíèå î ôåäåðàëüíîì ãîñóäàðñòâåí-

íîì ïîæàðíîì íàäçîðå” [8] óòâåðæäåíî èñïîëüçî-

âàíèå ïðîâåðî÷íûõ ëèñòîâ (ñïèñêîâ êîíòðîëüíûõ

âîïðîñîâ) ïðè ïðîâåäåíèè ïëàíîâûõ ïðîâåðîê îáú-

åêòîâ çàùèòû. Â äîêóìåíòå ïîä÷åðêèâàåòñÿ, ÷òî

“ïðîâåðî÷íûå ëèñòû ñîäåðæàò âîïðîñû, çàòðàãèâà-

þùèå îáÿçàòåëüíûå òðåáîâàíèÿ, ñîáëþäåíèå êîòî-

ðûõ ÿâëÿåòñÿ íàèáîëåå çíà÷èìûì ñ òî÷êè çðåíèÿ íå-

äîïóùåíèÿ âîçíèêíîâåíèÿ óãðîçû ïðè÷èíåíèÿ âðåäà

æèçíè, çäîðîâüþ ãðàæäàí, âðåäà æèâîòíûì, ðàñòå-

íèÿì, îêðóæàþùåé ñðåäå, îáúåêòàì êóëüòóðíîãî íà-

ñëåäèÿ (ïàìÿòíèêàì èñòîðèè è êóëüòóðû) íàðîäîâ

Ðîññèéñêîé u.Ôåäåðàöèè, áåçîïàñíîñòè ãîñóäàðñò-

âà, à òàêæå óãðîçû ÷ðåçâû÷àéíûõ ñèòóàöèé ïðèðîä-

íîãî è òåõíîãåííîãî õàðàêòåðà”.

×åê-ëèñòû ïðåäëàãàþò ê çàïîëíåíèþ è ìóçåè,

ïðåäîñòàâëÿþùèå ñâîè êîëëåêöèè äëÿ âðåìåííûõ è

ïåðåäâèæíûõ âûñòàâîê. Ïî ÷åê-ëèñòàì ïðîâîäèòñÿ

îöåíêà óñëîâèé ïðèíèìàþùåãî ìóçåÿ. Ïðèíèìà-

þùàÿ ñòîðîíà ïðåäîñòàâëÿåò ñëåäóþùèå îñíîâíûå

äàííûå â ÷àñòè ïîæàðíîé áåçîïàñíîñòè:

� ïîýòàæíûå ïëàíû ñ óêàçàíèåì çîí ïðèåìà ýêñïî-

íàòîâ, ìåñò âðåìåííîãî õðàíåíèÿ, ìåñò ïîäãî-

òîâêè âûñòàâîê è âûñòàâî÷íûõ çàëîâ, ðàñïîëî-

æåíèÿ ïîæàðíûõ âûõîäîâ, ïåðåíîñíûõ îãíåòó-

øèòåëåé è ñèñòåì ïîæàðîòóøåíèÿ;

� òèïû ñòðîèòåëüíûõ ìàòåðèàëîâ, èñïîëüçóåìûõ

ïðè ñòðîèòåëüñòâå çäàíèÿ è äëÿ âíóòðåííåé îò-

äåëêè;

� òèï è ðàñïîëîæåíèå çîí àêòèâíîñòè ïóáëèêè,

÷àñû ðàáîòû ìóçåÿ äëÿ ïóáëèêè;

� ñèñòåìû ïîæàðíîé áåçîïàñíîñòè â çäàíèè.

© Ïðèñàäêîâ Â. È., Åðåìèíà Ò. Þ., Áîãäàíîâ À. Â., Ñóøêîâà Î. Â., Òèõîíîâà Í. Â., 2018
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Â ìåæäóíàðîäíûõ íîðìàòèâíûõ äîêóìåíòàõ, ðå-

ãëàìåíòèðóþùèõ ïðàâèëà ïîæàðíîé áåçîïàñíîñòè

äëÿ îáúåêòîâ èñòîðè÷åñêîãî è êóëüòóðíîãî íàñëåäèÿ,

íåîäíîêðàòíî ïîä÷åðêèâàåòñÿ óíèêàëüíîñòü îáúåê-

òîâ çàùèòû è â ñâÿçè ñ ýòèì íåîáõîäèìîñòü èíäè-

âèäóàëüíîãî ïîäõîäà è êîíñóëüòàöèé ýêñïåðòà ïðè

ðàçðàáîòêå êîíöåïöèè èõ ïîæàðíîé áåçîïàñíîñòè.

Êðîìå òîãî, â áîëüøèíñòâå òàêèõ äîêóìåíòîâ ïðåä-

ëàãàåòñÿ íåîáõîäèìûé äëÿ ïðîâåðêè ïåðå÷åíü òðå-

áîâàíèé, òàê íàçûâàåìûé ÷åê-ëèñò (check-list). Â ðà-

áîòå äàí àíàëèç ÷åê-ëèñòîâ, ïðèâåäåííûõ â äîêóìåí-

òàõ, ðàçðàáîòàííûõ ðàçëè÷íûìè ìåæäóíàðîäíûìè

îðãàíèçàöèÿìè ñ ó÷åòîì ïðàêòè÷åñêîãî îïûòà ñòðàí-

ó÷àñòíèêîâ.

Ìåòîäè÷åñêèå ìàòåðèàëû

Ñëåäóåò îáðàòèòü âíèìàíèå íà äîêóìåíòû, ðàç-

ðàáîòàííûå CFPA (Confederation of Fire Protection

Association), NFPA (National Fire Protection Associa-

tion), BSI (British Standard Institute), CTIF (Interna-

tional Association of Fire and Rescue Service), â êîòî-

ðûõ ïðèâîäÿòñÿ ôîðìû ðàçëè÷íûõ îïðîñíûõ ëèñòîâ.

I. Ðóêîâîäñòâî CFPA-E-30–2013 “Managing Fire

Protection in Historic Buildings” (Ïîæàðíàÿ áåçîïàñ-

íîñòü èñòîðè÷åñêèõ çäàíèé) [9] ïðåäëàãàåò ñëåäó-

þùóþ ôîðìó ÷åê-ëèñòà.

Ïîæàðíàÿ áåçîïàñíîñòü
èñòîðè÷åñêèõ çäàíèé (÷åê-ëèñò)

1. Çäàíèå óäîâëåòâîðÿåò òðåáîâàíèÿì áåçîïàñ-

íîé ýâàêóàöèè ïî àñïåêòàì:
� äëèíà ýâàêóàöèîííîãî ïóòè;
� íàëè÷èå óêàçàòåëåé íàïðàâëåíèÿ ýâàêóàöèè;
� ñïåöèàëüíûå çíàêè ó ýâàêóàöèîííûõ âûõîäîâ;
� èñïîëüçîâàíèå òîëüêî ëåñòíèö â êà÷åñòâå ïó-

òåé ýâàêóàöèè;
� èñïîëüçîâàíèå îêîí â êà÷åñòâå ýâàêóàöèîííûõ

âûõîäîâ (åñëè ýòî ïðåäóñìîòðåíî íîðìàìè);
� èñïîëüçîâàíèå áàëêîíîâ â êà÷åñòâå ïóòåé ýâà-

êóàöèè èëè çîí áåçîïàñíîñòè;
� íàëè÷èå ïëàíîâ ýâàêóàöèè;
� íîðìèðóåìûé ïðåäåë îãíåñòîéêîñòè îêîí âáëè-

çè ïóòåé ýâàêóàöèè (ëåñòíèö).

2. Äåëåíèå çäàíèÿ íà ïîæàðíûå îòñåêè.

3. Ïðåäîòâðàùåíèå ðàñïðîñòðàíåíèÿ ïîæàðà â

çäàíèè:
� äîñòàòî÷íîå êîëè÷åñòâî çîí áåçîïàñíîñòè;
� äðóãèå ìåðîïðèÿòèÿ.

4. Ýëåêòðîîáîðóäîâàíèå è äðóãèå ñèñòåìû:
� â ñîîòâåòñòâèè ñ äåéñòâóþùèìè íîðìàòèâíû-

ìè äîêóìåíòàìè.

5. Îáîðóäîâàíèå äëÿ ïîæàðîòóøåíèÿ:
� ðó÷íûå îãíåòóøèòåëè;
� îãíåòóøàùèå ïîêðûâàëà;
� äðóãèå ìåðîïðèÿòèÿ.

6. Âîçìîæíîñòü äîñòóïà ê ïóòÿì ýâàêóàöèè â çäà-

íèè, âêëþ÷àÿ îòäåëüíûå ëåñòíè÷íûå êëåòêè, áàëêî-

íû ñî ñâîáîäíûì äîñòóïîì è ò. ä.

7. Âîäîñíàáæåíèå ïîæàðîòóøåíèÿ:
� ìóíèöèïàëüíîå;
� àëüòåðíàòèâíîå.

8. Èíñòðóêöèè ïî îáñëóæèâàíèþ è ýêñïëóàòàöèè.

9. Íàëè÷èå ïëàíîâ çäàíèÿ.

10. Îòñòóïëåíèÿ îò íîðì�Êîììåíòàðèè.

Ïðè çàïîëíåíèè ôîðìû îòðèöàòåëüíûå îòâåòû

äîïîëíèòåëüíî ñîïðîâîæäàþòñÿ êîììåíòàðèÿìè.

II. Â ñòàíäàðòå NFPA909 “Code for the Protection

of Cultural Resource Properties — Museums, Libra-

ries, and Places of Worship” (Ñâîä ïðàâèë çàùèòû îáú-

åêòîâ êóëüòóðíîãî íàñëåäèÿ — Ìóçåè, áèáëèîòåêè,

êóëüòîâûå çäàíèÿ) [10] ïðèâîäèòñÿ ôîðìà îïðîñíî-

ãî ëèñòà äëÿ îöåíêè îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñ-

íîñòè çäàíèÿ, âêëþ÷àþùåãî íåñêîëüêî ðàçäåëîâ.

Ïîòåíöèàëüíûå ðèñêè

1. Çäàíèå:

a) ñòåïåíü îãíåñòîéêîñòè çäàíèÿ, ãîðþ÷èå�íå-

ãîðþ÷èå êîíñòðóêöèè;

b) äàòà ïîñòðîéêè; èñòîðè÷åñêîå çäàíèå: äà�íåò;

c) ýëåìåíòû çäàíèÿ, ïðåäñòàâëÿþùèå èñòîðè÷å-

ñêóþ�êóëüòóðíóþ öåííîñòü;

d) êðûøà: ãîðþ÷àÿ�íåãîðþ÷àÿ;

e) çäàíèå íàõîäèòñÿ íà ðåêîíñòðóêöèè�ðåíîâà-

öèè: äà�íåò.

2. Ðàçìåðû:

a) ïëîùàäü ýòàæà;

b) ÷èñëî ýòàæåé;

c) ÷èñëî êîðïóñîâ�ôëèãåëåé;

d) ÷èñëî âûõîäîâ;

e) ÷èñëî ýâàêóàöèîííûõ âûõîäîâ;

f) ÷èñëî óñëîâíûõ åäèíèö øèðèíû âûõîäà;

g) òðåáóåìîå ÷èñëî óñëîâíûõ åäèíèö øèðèíû

âûõîäà (â ñîîòâåòñòâèè ñ íîðìàòèâíûìè äî-

êóìåíòàìè);

h) ÷èñëåííîñòü ïåðñîíàëà;

i) êîëè÷åñòâî ïîñåòèòåëåé â äåíü: ñðåäíåå, ìàê-

ñèìàëüíîå.

3. Ðèñê â ñëó÷àå âîçíèêíîâåíèÿ ïîæàðà â ñîñåä-

íèõ çäàíèÿõ:

Íàïðàâëåíèå

Direction

Íåò ñâåäåíèé

N�A

Íèçêèé

Low

Ñðåäíèé

Moderate

Âûñîêèé

High

Ñåâåð

North

Çàïàä

West

Þã

South

Âîñòîê

East
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4. Âîäîñíàáæåíèå:
� ìóíèöèïàëüíîå, ðåçåðâóàð�áàññåéí, íàêîïè-

òåëè;
� ìîùíîñòü;
� ðàçìåðû òðóáîïðîâîäà;
� ðàññòîÿíèå äî ãèäðàíòîâ.

5. Àâàðèéíî-ñïàñàòåëüíûå ñëóæáû:

– Ïîæàðíàÿ ñëóæáà: ìóíèöèïàëüíàÿ�âîëîíòå-

ðû�ïîæàðíî-òåõíè÷åñêàÿ êîìèññèÿ.

Âðåìÿ ïðèáûòèÿ ïîæàðíûõ ïîäðàçäåëåíèé.

– Ñëóæáà íåîòëîæíîé ìåäèöèíñêîé ïîìîùè

(EMS): ìóíèöèïàëüíàÿ�âîëîíòåðû�ñîòðóäíè-

êè, ïðîøåäøèå èíñòðóêòàæ ïî îêàçàíèþ ïåð-

âîé ìåäèöèíñêîé ïîìîùè;

Âðåìÿ ïðèáûòèÿ EMS.

– Ïîëèöèÿ: ïîëèöåéñêèé äåïàðòàìåíò�øåðèô�
ïðî÷åå.

Âðåìÿ ïðèáûòèÿ.

– Ñëóæáà áåçîïàñíîñòè: ñîáñòâåííàÿ�êîíòðàêò-

íàÿ�âîëîíòåðû�íåò.

Êðóãëîñóòî÷íàÿ: äà�íåò (åñëè íåò, òî â òå÷å-

íèå êàêîãî âðåìåíè).

6. Ïîæàðíàÿ áåçîïàñíîñòü (îòâåò â ôîðìàòå “Äà�
Íåò�×àñòè÷íî”):

� ïîæàðíûé ñòîÿê âíóòðåííåãî ïðîòèâîïîæàð-

íîãî âîäîïðîâîäà;
� ñïðèíêëåðíàÿ ñèñòåìà;
� ñèñòåìà ãàçîâîãî ïîæàðîòóøåíèÿ;
� ñèñòåìà ïîæàðîòóøåíèÿ òîíêîðàñïûëåííîé

âîäîé;
� îãíåòóøèòåëè (òèï, ðàñïîëîæåíèå);
� àâòîìàòè÷åñêàÿ ñèñòåìà ïîæàðíîé ñèãíàëè-

çàöèè;
� ëîêàëüíàÿ ñèñòåìà ïîæàðíîé ñèãíàëèçàöèè;
� ñèãíàë, ïåðåäàâàåìûé íàïðÿìóþ ïîæàðíûì

ïîäðàçäåëåíèÿì èëè â öåíòðàëüíûé ïóíêò ïî-

æàðíîé îõðàíû;
� öåíòðàëüíûå ïóíêòû ïîæàðíîé îõðàíû (çàðå-

ãèñòðèðîâàííûå ëàáîðàòîðèÿìè ïî òåõíèêå

áåçîïàñíîñòè UL — Underwriters Laboratories

â ÑØÀ);
� ïðîòèâîïîæàðíûå ñòåíû è ñàìîçàêðûâàþùèå-

ñÿ ïðîòèâîïîæàðíûå äâåðè, çàùèùàþùèå ãî-

ðèçîíòàëüíûå ïðîåìû â çäàíèè;
� êîòåëüíûå, îòäåëåííûå îò çäàíèÿ ïðîòèâî-

ïîæàðíûìè ñòåíàìè è ñàìîçàêðûâàþùèìèñÿ

ïðîòèâîïîæàðíûìè äâåðüìè;
� îãíåñòîéêèå îãðàæäàþùèå êîíñòðóêöèè ëåñò-

íèö è äðóãèõ âåðòèêàëüíûõ ïðîåìîâ;
� äâåðè, îòêðûâàþùèåñÿ íàðóæó;
� äâåðè, îáîðóäîâàííûå ìåõàíèçìîì “àíòèïà-

íèêà”;
� îòâåòñòâåííûé çà ïîæàðíóþ áåçîïàñíîñòü.

7. Áåçîïàñíîñòü (îòâåò â ôîðìàòå “Äà�Íåò�×àñ-

òè÷íî”):

� ñèñòåìà çàùèòû ïîìåùåíèé;
� ñèñòåìà îïåðàòèâíîãî âèäåîêîíòðîëÿ (CCTV);
� äîñòóï ïî ïðîïóñêàì;
� îãðàæäåíèå;
� ëîêàëüíàÿ ñèñòåìà ñèãíàëèçàöèè;
� îáùàÿ ñèñòåìà ñèãíàëèçàöèè;
� öåíòðàëüíûå ïóíêòû îõðàíû (çàðåãèñòðèðî-

âàííûå ëàáîðàòîðèÿìè ïî òåõíèêå áåçîïàñ-

íîñòè UL– Underwriters Laboratories â ÑØÀ);
� îòâåòñòâåííûé çà áåçîïàñíîñòü.

8. Êîëëåêöèè: òèï, ðàñïîëîæåíèå.
� Óùåðá, ïðè÷èíÿåìûé ïðè òóøåíèè âîäîé: íèç-

êèé�ñðåäíèé�âûñîêèé.
� Âíåøíåå àâàðèéíîå õðàíèëèùå: äà�íåò (ðàñ-

ïîëîæåíèå).

9. Âîçìîæíûå èñòî÷íèêè ïðîíèêíîâåíèÿ âîäû â

çäàíèå.

10. Óðîâåíü ïðåñòóïíîñòè: íèçêèé�ñðåäíèé�âû-

ñîêèé.

11. Âîçìîæíûå óãðîçû ñ âåðîÿòíîñòÿìè âîçíèê-

íîâåíèÿ è âîçìîæíûìè âîçäåéñòâèÿìè:

Âîçìîæíûå óãðîçû

– Íåïðåäíàìåðåííûå:

ïîæàð�âçðûâ;

×Ñ ñ óãðîçîé çäîðîâüþ;

âûáðîñ îïàñíûõ âåùåñòâ;

àâàðèÿ íà òðàíñïîðòå.

– Óìûøëåííûå:

òåððîðèçì;

êèáåðàòàêè;

ïîäæîã;

êðàæà;

âàíäàëèçì;

ñàáîòàæ;

íàðîäíûå âîëíåíèÿ, áåñïîðÿäêè, ìÿòåæè.

– Íåèñïðàâíîñòü ñèñòåì:

îòêëþ÷åíèå ýëåêòðîýíåðãèè;

ïðîòå÷êà;

êîëëàïñ çäàíèÿ;

íåäîñòàòîê òîïëèâà;

ñáîè â ðàáîòå êîììóíèêàöèîííûõ ñèñòåì;

çàãðÿçíåíèå âîçäóõà�âîäû â ðåçóëüòàòå âûáðî-

ñîâ;

àâàðèè â ñèñòåìå âîäîñíàáæåíèÿ íà äàìáàõ�
ïëîòèíàõ;
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àâàðèè ñèñòåì âåíòèëÿöèè è êîíäèöèîíèðî-

âàíèÿ;

îòêàç ñèñòåì áåçîïàñíîñòè.

– Ãåîëîãè÷åñêèå:

çåìëåòðÿñåíèÿ;

öóíàìè;

âóëêàí;

îïîëçíè�ñåëè.

– Áèîëîãè÷åñêèå:

ïàíäåìèÿ;

çàðàæåíèå îò æèâîòíûõ�íàñåêîìûõ.

– Ìåòåîðîëîãè÷åñêèå:

íàâîäíåíèÿ, ïàâîäêè;

çàñóõà;

ïîæàðû íà íåîñâîåííûõ òåððèòîðèÿõ (ëåñ, êóñ-

òàðíèê, òðàâà, çåìëÿ);

ñíåã, ëåä, ãðàä, èçìîðîçü, ëàâèíû;

øòîðì, òðîïè÷åñêèé öèêëîí, óðàãàí, òîðíàäî,

ïûëåâûå�ïåñ÷àíûå áóðè;

ýêñòðåìàëüíàÿ æàðà�ìîðîç;

ìîëíèè.

– Ïðî÷åå.

12. Ïðîâîäèòñÿ ëè ïåðèîäè÷åñêàÿ èíâåíòàðèçà-

öèÿ êîëëåêöèé: ïîëíàÿ�÷àñòè÷íàÿ. Äàòà ïðîâåäåíèÿ.

13. Âêëþ÷åíû ëè â ðåçóëüòàòû èíâåíòàðèçàöèè

áàçîâûå îïèñàíèÿ êàæäîãî ïðåäìåòà â êîëëåêöèè?

14. Õðàíÿòñÿ ëè âî âíåøíåì õðàíèëèùå êîïèè

ðåçóëüòàòîâ èíâåíòàðèçàöèè, äîêóìåíòû ñòðàõîâà-

íèÿ è ïðî÷èå âàæíûå äîêóìåíòû?

15. Ïðîâåðÿþòñÿ ëè íà ïîñòîÿííîé îñíîâå õðà-

íèëèùà êîëëåêöèé?

16. Ïðîâåðåíà ëè ñòåëëàæíàÿ ñèñòåìà õðàíåíèÿ

íà ñåéñìîóñòîé÷èâîñòü?

17. Ïðîâåðÿþòñÿ ëè ðåãóëÿðíî è îáñëóæèâàþòñÿ

ëè òàêèå ýëåìåíòû çäàíèÿ, êàê êðîâëÿ, îêíà, òðóáî-

ïðîâîäû?

18. Ïðåäóñìîòðåíû ëè ìåðîïðèÿòèÿ ïî çàùèòå

êîëëåêöèé îò âîçäåéñòâèÿ âîäû?

19. Ó÷òåíû ëè â ïëàíå äåéñòâèé â ñëó÷àå ÷ðåçâû-

÷àéíûõ ñèòóàöèé óãðîçû ñ âûñîêîé âåðîÿòíîñòüþ

âîçíèêíîâåíèÿ è ñåðüåçíûìè ïîñëåäñòâèÿìè?

20. ßâëÿåòñÿ ëè ïëàí äåéñòâèé â ñëó÷àå ÷ðåçâû-

÷àéíûõ ñèòóàöèé àêòóàëüíûì? Äàòà ïîñëåäíåãî îá-

íîâëåíèÿ.

21. Îòðàæåíû ëè çîíû îòâåòñòâåííîñòè â ïëàíå

äåéñòâèé â ñëó÷àå ÷ðåçâû÷àéíûõ ñèòóàöèé?

22. Åñòü ëè ÷åòêî îáîçíà÷åííàÿ îðãàíèçàöèÿ äåé-

ñòâèé â ñëó÷àå ÷ðåçâû÷àéíûõ ñèòóàöèé, ïðåäïî÷òè-

òåëüíî ñ óçàêîíåííûìè ïîëíîìî÷èÿìè?

23. Óêàçàíû ëè äîëæíîñòè (à íå òîëüêî èìåíà)

ñîòðóäíèêîâ äàííîé îðãàíèçàöèè?

24. Îïðåäåëåíû ëè çîíû îòâåòñòâåííîñòè è ñî-

òðóäíèê, ïðèíèìàþùèé ðåøåíèå â êàæäîé êîíêðåò-

íîé ñèòóàöèè?

25. Îïðåäåëåíî ëè ðàñïîëîæåíèå öåíòðàëüíîãî

ïóíêòà óïðàâëåíèÿ?

26. Íàõîäÿòñÿ ëè ñèñòåìû êîììóíèêàöèè ïóíê-

òà â ðàáî÷åì ñîñòîÿíèè?

27. Èçâåñòíî ëè ñîòðóäíèêàì îðãàíèçàöèè âðå-

ìÿ ïðåäîñòàâëåíèÿ ñâåäåíèé â öåíòðàëüíûé ïóíêò

óïðàâëåíèÿ?

28. Èçâåñòíî ëè ñîòðóäíèêàì îðãàíèçàöèè, êàêèå

ñðåäñòâà îêàçàíèÿ ìåäèöèíñêîé ïîìîùè èìåþòñÿ â

èõ ðàñïîðÿæåíèè è êàê ïîëó÷èòü ê íèì äîñòóï?

29. Åñòü ëè â çäàíèè òåëåôîííûå íîìåðà îðãàíè-

çàöèè?

30. Ïðîâîäèëèñü ëè òðåíèíãè ïåðñîíàëà ïî îá-

íàðóæåíèþ î÷àãà âîçãîðàíèÿ?

31. Ïðîâîäèëèñü ëè òðåíèíãè âñåõ ëþäåé â çäà-

íèè ïî ïðåäîñòàâëåíèþ ñâåäåíèé î ÷ðåçâû÷àéíûõ

ñèòóàöèÿõ?

32. Ïðîâîäèëèñü ëè òðåíèíãè ïåðñîíàëà ïî îêà-

çàíèþ ïîìîùè àâàðèéíûì ñëóæáàì ïðè èõ ïðè-

áûòèè?

33. Åñòü ëè ñïîñîáû ïîääåðæàíèÿ ñòàíäàðòíîãî

ðåæèìà ðàáîòû ñèñòåì æèçíåîáåñïå÷åíèÿ çäàíèÿ?

34. Ðàçðàáîòàíû ëè ñõåìû ïðîâåäåíèÿ ðåìîíòà

ñèñòåì â ñëó÷àå ÷ðåçâû÷àéíûõ ñèòóàöèé?

35. Óêàçàíî ëè íà ïîýòàæíûõ ïëàíàõ çäàíèÿ ðàñ-

ïîëîæåíèå ïðîòèâîïîæàðíîãî îáîðóäîâàíèÿ, îòñå÷-

íûõ êëàïàíîâ è ò. ä., êîòîðûå ìîãóò áûòü èñïîëüçî-

âàíû àâàðèéíûìè ñëóæáàìè?

36. Åñòü ëè â çäàíèè áàçîâûé íàáîð ñðåäñòâ äëÿ

äåéñòâèé â ñëó÷àå ÷ðåçâû÷àéíîé ñèòóàöèè?

37. Ðàçðàáîòàí ëè ìåõàíèçì àâàðèéíîãî îòêëþ-

÷åíèÿ ñèñòåì çäàíèÿ?

38. Ðàçðàáîòàí ëè ïëàí óïðàâëåíèÿ âíóòðåííè-

ìè è âíåøíèìè ðåñóðñàìè, íàïðèìåð âçàèìîäåéñò-

âèå ñìåæíûõ ñòðóêòóð?

39. Ðàçðàáîòàíà ëè ñõåìà ýâàêóàöèè êîëëåêöèé â

ñëó÷àå ÷ðåçâû÷àéíûõ ñèòóàöèé?

40. Óêàçàíî ëè â ïëàíå âíåøíåå õðàíèëèùå êîë-

ëåêöèé â ñëó÷àå ýâàêóàöèè?

41. Íàçíà÷åí ëè îòâåòñòâåííûé çà ñâîåâðåìåí-

íóþ ýâàêóàöèþ êîëëåêöèé?

42. Ðàçðàáîòàí ëè ïëàí îãðàíè÷åíèÿ óùåðáà ïðè

óñëîâèè ïîëó÷åíèÿ ðàçðåøåíèÿ ñëóæáû áåçîïàñ-

íîñòè?

43. Âêëþ÷àåò ëè ïëàí ïóíêòû îöåíêè è äîêóìåí-

òàöèè óùåðáà çäàíèÿ è êîëëåêöèé?

44. Óòâåðæäåí ëè ïëàí îãðàíè÷åíèÿ óùåðáà ïî-

æàðíîé ñëóæáîé?

45. Óòâåðæäåí ëè ïëàí äåéñòâèé â ñëó÷àå ÷ðåç-

âû÷àéíûõ ñèòóàöèé èíæåíåðîì ïî áåçîïàñíîñòè?

46. Ñîãëàñîâàíû ëè ó÷åíèÿ è òðåíèíãè ñ ðàáî-

÷èì ïëàíîì äåéñòâèé â ñëó÷àå ÷ðåçâû÷àéíûõ ñèòó-

àöèé?

Ïðè çàïîëíåíèè äàííîé ôîðìû òàêæå íåîáõî-

äèìî óêàçàòü ëþáûå èçìåíåíèÿ (ñ ìîìåíòà ïðåäû-
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äóùåé ïðîâåðêè) äëÿ çäàíèÿ, ëþäåé â çäàíèè, êîëëåê-

öèé, äîñòóïà â çäàíèå è ïðî÷èõ óñëîâèé, âëèÿþùèõ

íà áåçîïàñíîñòü îáúåêòîâ êóëüòóðíîãî íàñëåäèÿ.

III. ×åê-ëèñò â ñòàíäàðòå NFPA 914 “Code for

Fire Protection of Historic Structures” (Ñâîä ïðàâèë

ïîæàðíîé áåçîïàñíîñòè â èñòîðè÷åñêèõ çäàíèÿõ) [11]

ïðåäëàãàåò äëÿ ïðîâåðêè ñîñòîÿíèÿ ïîæàðíîé áåç-

îïàñíîñòè îáúåêòà îòâåòèòü íà ñëåäóþùèå âîïðîñû.

Áåçîïàñíîñòü æèçíåäåÿòåëüíîñòè:

� íå ïðåïÿòñòâóþò ëè ìåðîïðèÿòèÿ ïî îáåñïå-

÷åíèþ áåçîïàñíîñòè èñïîëüçîâàíèþ ýâàêóà-

öèîííûõ âûõîäîâ;
� íàõîäÿòñÿ ëè ïðîòèâîïîæàðíûå äâåðè ëåñò-

íèö è õîëëîâ â çàêðûòîì ñîñòîÿíèè;
� íå çàãðîìîæäåíû è íå çàáëîêèðîâàíû ëè ëåñò-

íèöû è ýâàêóàöèîííûå ïóòè;
� ãîòîâû ëè ê ýêñïëóàòàöèè ýâàêóàöèîííûå ëåñò-

íèöû;
� óñïåøíî ëè ïðîòåñòèðîâàíî àâàðèéíîå îñâå-

ùåíèå;
� ñâîáîäíû ëè ïóòè ýâàêóàöèè ñíàðóæè, î÷èùå-

íû ëè îò ñíåãà è ëüäà;
� ïîäñâå÷åíû ëè óêàçàòåëè âûõîäîâ, íå ñêðûòû

ëè ÷åì-ëèáî, ëåãêî ëè çàìåòíû?

Îáîðóäîâàíèå ïîæàðîòóøåíèÿ:

� ðàñïîëîæåíû ëè ïîðòàòèâíûå îãíåòóøèòåëè

íà ñîîòâåòñòâóþùèõ ìåñòàõ, çàïîëíåíû ëè,

ñíàáæåíû ëè ýòèêåòêàìè;
� âûäåðæèâàåòñÿ ëè ìåæäó ñïðèíêëåðàìè è ìà-

òåðèàëàìè ìèíèìàëüíîå ðàññòîÿíèå 18 äþé-

ìîâ (457 ìì);
� ãîòîâû ëè ê ýêñïëóàòàöèè ïîæàðíûå ðóêàâà,

ëåãêî ëè çàìåòíû è äîñòóïíû ìåñòà èõ õðà-

íåíèÿ;
� íåò ëè ïîìåõ äëÿ ðàáîòû ïîæàðíûõ äàò÷èêîâ;
� îòêðûòû ëè è çàáëîêèðîâàíû èëè çàùèùåíû

óïðàâëÿþùèå êëàïàíû ñïðèíêëåðîâ; íàõîäèò-

ñÿ ëè ñóõîòðóáíàÿ ñèñòåìà ïðè íîðìàëüíîì

àòìîñôåðíîì äàâëåíèè;
� ãîòîâû ëè ê ýêñïëóàòàöèè ðåçåðâóàðû, òðóáû,

ïîääåðæèâàþùèå êîíñòðóêöèè ñïðèíêëåðîâ;
� ïðîâîäÿòñÿ ëè ðåãóëÿðíûå ïðîâåðêè ðàáîòû

ñèñòåìû ïîæàðíîé ñèãíàëèçàöèè;
� ãîòîâû ëè ê ýêñïëóàòàöèè óñòðîéñòâà ìîëíèå-

çàùèòû?

Ýêñïëóàòàöèÿ çäàíèÿ, õðàíåíèå:

� íå ñêàïëèâàåòñÿ ëè ìóñîð â ÷ðåçìåðíûõ êîëè-

÷åñòâàõ; åæåäíåâíî ëè îïîðîæíÿþòñÿ ìóñîð-

íûå êîíòåéíåðû;
� ñîäåðæàòñÿ ëè â ÷èñòîòå, ñ ïîääåðæàíèåì ïî-

ðÿäêà çîíû õðàíåíèÿ; õðàíÿòñÿ ëè ÷èñòÿùèå

ìàòåðèàëû ñ ñîáëþäåíèåì ñîîòâåòñòâóþùèõ

óñëîâèé;

� íå õðàíÿòñÿ ëè ãîðþ÷èå ìàòåðèàëû â íåçàùè-

ùåííûõ çîíàõ, íàïðèìåð â ïîëóïðîõîäíûõ òåõ-

íè÷åñêèõ ïîäïîëüÿõ;
� íå çàêóïîðåíû ëè âîäîñòîêè êðîâëè è äðåíàæ-

íûå ñèñòåìû; íàõîäèòñÿ ëè ïîêðûòèå êðîâëè

â èñïðàâíîì ñîñòîÿíèè;
� íå çàãðîìîæäåíû ëè ïðîõîäû?

Îïàñíûå æèäêîñòè:

� ðàçðàáîòàí ëè ïëàí äåéñòâèé â ñëó÷àå àâà-

ðèéíîãî ïðîëèâà;
� õðàíÿòñÿ ëè ëåãêîâîñïëàìåíÿþùèåñÿ�ãîðþ-

÷èå æèäêîñòè â áåçîïàñíûõ ãåðìåòè÷íûõ êîí-

òåéíåðàõ, â ñîîòâåòñòâóþùèõ ïîìåùåíèÿõ;
� íå çàêóïîðåíû ëè âîçäóõîâîäû ïîìåùåíèé

õðàíåíèÿ;
� õðàíèòñÿ ëè ãðÿçíàÿ âåòîøü â ñïåöèàëüíîì

àâòîìàòè÷åñêè çàêðûâàþùåìñÿ ìóñîðíîì

êîíòåéíåðå;
� ïðåäóñìîòðåíû ëè ïîðòàòèâíûå îãíåòóøèòå-

ëè íóæíîãî òèïà, ðàñïîëîæåííûå â ñîîòâåò-

ñòâóþùèõ ìåñòàõ?

Ýêñïîçèöèè�êîëëåêöèè�êíèãîõðàíèëèùà:

� íåò ëè ïåðåïîëíåíèé â õðàíèëèùàõ;
� íå ôèêñèðóåòñÿ ëè ïåðåãðåâ íà ñâåòîâûõ èí-

äèêàòîðàõ;
� íå áëîêèðóþò ëè ýêñïîçèöèè âûõîäû è íå ïå-

ðåêðûâàþò ëè äîñòóï ê îáîðóäîâàíèþ ïîæà-

ðîòóøåíèÿ;
� íå èñïîëüçóþòñÿ ëè øíóðû-óäëèíèòåëè;
� âñå ëè ãîðèçîíòàëüíûå è âåðòèêàëüíûå ïðî-

åìû â ïðîòèâîïîæàðíûõ ïðåãðàäàõ èìåþò ïðî-

òèâîïîæàðíîå èñïîëíåíèå;
� íàõîäèòñÿ ëè àâàðèéíîå îáîðóäîâàíèå â ñâî-

áîäíîì äîñòóïå;
� çíàêîìû ëè ïîæàðíûå ïîäðàçäåëåíèÿ ñ ïëà-

íèðîâêàìè äàííûõ ïîìåùåíèé, èìåþò ëè äî-

ñòóï â íèõ;
� ñëåäóþò ëè ïåðñîíàë è ïîñåòèòåëè óñòàíîâ-

ëåííûì â çäàíèè ïðàâèëàì êóðåíèÿ;
� îñóùåñòâëÿåòñÿ ëè âðåìåííàÿ ïðîêëàäêà

ýëåêòðîïðîâîäêè â ñîîòâåòñòâèè ñ NFPA 70?

Àóäèòîðèè è ó÷åáíûå êëàññû:

� ñîáëþäàåòñÿ ëè óñòàíîâëåííàÿ áåçîïàñíàÿ

âìåñòèìîñòü;
� çàïðåùåíî ëè ñòîÿíèå è ñèäåíèå â ïðîõîäàõ;
� ñîáëþäàþòñÿ ëè óñòàíîâëåííûå â çäàíèè ïðà-

âèëà êóðåíèÿ?

Ðåñòîðàíû è ôóäêîðòû:

� ñîáëþäàåòñÿ ëè óñòàíîâëåííàÿ áåçîïàñíàÿ

âìåñòèìîñòü;
� íå çàãðîìîæäåíû ëè è îñâåùåíû ëè ïðîõîäû

è ýâàêóàöèîííûå ïóòè;
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� ïðî÷èùåíû ëè ïå÷è, âûòÿæíûå øêàôû, âû-

òÿæíûå êàíàëû?

Ìàãàçèíû�ëàáîðàòîðèè�çîíû óïàêîâêè:

� âûâîçèòñÿ ëè ëàáîðàòîðíûé ìóñîð åæåäíåâ-

íî, ñ ñîáëþäåíèåì óñòàíîâëåííûõ ïðàâèë;
� ïðîèçâîäèòñÿ ëè îêðàñêà íàïûëåíèåì â âåí-

òèëèðóåìîì ïîìåùåíèè; íå çàêóïîðåíû ëè

î÷èñòèòåëè è ôèëüòðû;
� âûïîëíåíî ëè âçðûâîçàùèùåííûì ýëåêòðî-

îáîðóäîâàíèå â çîíàõ õðàíåíèÿ ëåãêîâîñïëà-

ìåíÿþùèõñÿ æèäêîñòåé;
� èìåþò ëè ýëåêòðîïðèáîðû ñâåòîâóþ èíäèêà-

öèþ è îòêëþ÷àþòñÿ ëè â ñëó÷àå íåèñïîëüçî-

âàíèÿ;
� ïðåäóïðåæäåí ëè ïåðñîíàë î âîçìîæíûõ îïàñ-

íîñòÿõ è ïðîõîäèò ëè òðåíèíã ïî ñïåöèàëü-

íîé ïðîãðàììå;
� ïðåäóñìîòðåí ëè ñàíêöèîíèðîâàííûé äîñòóï;
� çàçåìëåíû ëè èíñòðóìåíòû, ñòàíêè ñ ìåõàíè-

÷åñêèì ïðèâîäîì;
� ðàáîòàþò ëè êîëëåêòîðû ñáîðà îòõîäîâ äåðåâî-

îáðàáàòûâàþùåãî îáîðóäîâàíèÿ â ñòàíäàðò-

íîì ðåæèìå; ðåãóëÿðíî ëè îïîðîæíÿþòñÿ ìó-

ñîðíûå êîíòåéíåðû;
� îòêëþ÷àåòñÿ ëè ýëåêòðîîáîðóäîâàíèå â ñëó÷àå

íåèñïîëüçîâàíèÿ?

Âíåøíåå îêðóæåíèå:

� âñå ëè âûõîäû, àâàðèéíûå âûõîäû, ýâàêóàöè-

îííûå âûõîäû îáåñïå÷èâàþò ñâîáîäíûé ïðî-

õîä â áåçîïàñíóþ çîíó;
� ñâîáîäíî ëè ïðèëåãàþùåå ïðîñòðàíñòâî îò

ãîðþ÷èõ ìàòåðèàëîâ, çàðîñëåé;
� îáåñïå÷åí ëè äîñòóï ïîæàðíûõ ïîäðàçäåëå-

íèé;
� ãîòîâû ëè ê ýêñïëóàòàöèè, ëåãêî ëè âèäíû è

äîñòóïíû ïîæàðíûå ãèäðàíòû è ðàçâåòâèòå-

ëè ñïðèíêëåðíûõ ñèñòåì?

Ïåðñîíàë�òðåíèíãè:

� âñå ëè ñîòðóäíèêè çíàêîìû ñ ìåõàíèçìîì çà-

ïóñêà ïîæàðíîé ñèãíàëèçàöèè;
� âñå ëè ñîòðóäíèêè àâàðèéíîé ñëóæáû ïðî-

øëè òðåíèíã è îñâåäîìëåíû î ñâîèõ îáÿçàí-

íîñòÿõ;
� âñå ëè ñîòðóäíèêè çíàêîìû ñ ìåõàíèçìîì èñ-

ïîëüçîâàíèÿ ïîðòàòèâíûõ îãíåòóøèòåëåé è

ìåðîïðèÿòèÿìè ïî ïðåäîòâðàùåíèþ ïîæàðà?

Èçìåíåíèÿ â çäàíèè ñ ìîìåíòà
ïîñëåäíåé ïðîâåðêè:

� íåò ëè èçìåíåíèé â ðàáîòå ñèñòåìû ïîæàðíîé

ñèãíàëèçàöèè è ïîæàðîòóøåíèÿ;
� íå äîáàâëåíà ëè íåäîïóñòèìàÿ ïîæàðíàÿ íà-

ãðóçêà;

� íå äîáàâëåíû ëè ãîðèçîíòàëüíûå è âåðòèêàëü-

íûå ïðîåìû â ïðîòèâîïîæàðíûõ ñòåíàõ è ïå-

ðåêðûòèÿõ?

Ïðèìå÷àíèå î âîçìîæíûõ îïàñíîñòÿõ (íåîáõî-
äèìàÿ èíôîðìàöèÿ âíîñèòñÿ â ñîîòâåòñòâóþùóþ
ôîðìó):

� Îáíàðóæåíû îïàñíîñòè.
� Âîçìîæíûé ðèñê.
� Ðåêîìåíäàöèè.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ïðîâåäåííûé àíàëèç ïîêàçûâàåò, ÷òî â îñíîâ-

íîì ÷åê-ëèñòû, âõîäÿùèå â ðåãëàìåíòû ïîæàðíîé

áåçîïàñíîñòè, âêëþ÷àþò äåëåíèå çäàíèÿ íà ïîæàð-

íûå îòñåêè, ñðåäñòâà ïðåäîòâðàùåíèÿ ðàñïðîñòðà-

íåíèÿ äûìà è îãíÿ â çäàíèè â ñëó÷àå ïîæàðà, ïðî-

âåðêó âûïîëíåíèÿ óñëîâèé áåçîïàñíîé ýâàêóàöèè,

ïðîâåðêó ñèñòåì ïîæàðîòóøåíèÿ íà îáúåêòå. Äëÿ

îáúåêòîâ èñòîðè÷åñêîãî è êóëüòóðíîãî íàñëåäèÿ,

ôóíêöèîíèðóþùèõ â êà÷åñòâå ìóçååâ, â ÷åê-ëèñòàõ

ñîäåðæèòñÿ òàêæå èíôîðìàöèÿ î ïîæàðíîé áåçîïàñ-

íîñòè êîëëåêöèé, âûñòàâî÷íûõ çàëîâ è õðàíèëèù.

Ïðè áîëåå ïîäðîáíîì àíàëèçå ðàññìàòðèâàþòñÿ âîç-

ìîæíûå âíåøíèå óãðîçû. Îñîáûé èíòåðåñ ïðåäñòàâ-

ëÿþò ÷åê-ëèñòû ñ óêàçàíèåì âåðîÿòíîñòè âîçíèêíî-

âåíèÿ è ïîñëåäñòâèé âîçìîæíûõ óãðîç: ýòè äàííûå

ìîãóò áûòü âêëþ÷åíû â îöåíêó ïîæàðíîãî ðèñêà ñ

èñïîëüçîâàíèåì âåðîÿòíîñòíîãî ïîäõîäà. Ñëåäóåò

çàìåòèòü, ÷òî öåëåñîîáðàçíîñòü èñïîëüçîâàíèÿ âå-

ðîÿòíîñòíîãî ïîäõîäà ïðè îöåíêå ïîæàðíîãî ðèñêà

â ñëó÷àå ïðèñïîñîáëåíèÿ èñòîðè÷åñêèõ çäàíèé äëÿ

ñîâðåìåííîãî èñïîëüçîâàíèÿ óæå íåîäíîêðàòíî àíà-

ëèçèðîâàëàñü, íàïðèìåð â ðàáîòàõ [12–16]. Âåðîÿò-

íîñòíûé ïîäõîä îñíîâàí íà áîëåå ðàöèîíàëüíîì

ñîïîñòàâëåíèè îïàñíûõ ôàêòîðîâ ïîæàðà, óðîâíÿ

áåçîïàñíîñòè ëþäåé, îæèäàåìîãî ìàòåðèàëüíîãî

óùåðáà è â êîíå÷íîì ñ÷åòå çàòðàò íà ïðîòèâîïîæàð-

íóþ çàùèòó.

Îäíàêî ðàñ÷åò èíäèâèäóàëüíîãî ïîæàðíîãî ðèñ-

êà íå âñåãäà ìîæåò áûòü âûïîëíåí äëÿ îáúåêòîâ êóëü-

òóðíîãî íàñëåäèÿ, ïîñêîëüêó àðõèòåêòóðíî-ñòðîè-

òåëüíûå ðåøåíèÿ, ÿâëÿþùèåñÿ ïðåäìåòàìè îõðàíû,

îãðàíè÷èâàþò ïðèìåíåíèå óòâåðæäåííîé ìåòîäèêè

ðàñ÷åòà ïîæàðíîãî ðèñêà [12]. Â òàêèõ ñëó÷àÿõ íå-

îáõîäèìà ðàçðàáîòêà àëüòåðíàòèâíûõ ìåòîäîâ îöåí-

êè ïîæàðíîé áåçîïàñíîñòè è ìåòîäîâ ñîâåðøåíñò-

âîâàíèÿ ïðîòèâîïîæàðíîé çàùèòû îáúåêòîâ êóëü-

òóðíîãî íàñëåäèÿ [17–21]. Ìåòîäû êîëè÷åñòâåííîé

îöåíêè ïîæàðíîé áåçîïàñíîñòè ìóçåéíûõ îáúåêòîâ

ïîäðîáíî èññëåäîâàíû â ðàáîòå [22]. Â ñòàíäàðòàõ

NFPA òàêæå ïðåäñòàâëåíû ñöåíàðèè èñïîëüçîâà-

íèÿ ìåòîäîâ êîëè÷åñòâåííîé îöåíêè. Ðàçëè÷íûå àñ-

ïåêòû îáúåêòà îöåíèâàþòñÿ ïî áàëëüíîé ñèñòåìå.

Ïî ðåçóëüòàòàì ýêñïåðòíîé îöåíêè îáúåêòû ïîäðàç-
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äåëÿþò íà ãðóïïû, è äëÿ êàæäîé ðàçðàáàòûâàåòñÿ

èíäèâèäóàëüíûé íàáîð ðåêîìåíäàöèé è êîìïåíñè-

ðóþùèõ ìåðîïðèÿòèé.

Çàêëþ÷åíèå

Ðàññìîòðåííûå â ñòàòüå ÷åê-ëèñòû (èëè àíàëî-

ãè÷íûå, ðàçðàáîòàííûå íà èõ îñíîâå) ìîãóò áûòü

âêëþ÷åíû â ñâîä ïðàâèë ïî ïðîòèâîïîæàðíîé çà-

ùèòå îáúåêòîâ êóëüòóðíîãî íàñëåäèÿ (â êà÷åñòâå

ïðèëîæåíèÿ) ñ îáîáùåíèåì òðåáîâàíèé íîðìàòèâ-

íûõ äîêóìåíòîâ ïî ïîæàðíîé áåçîïàñíîñòè è îïûòà

ðàçðàáîòêè ñïåöèàëüíûõ òåõíè÷åñêèõ óñëîâèé íà

ïîäîáíûå îáúåêòû.

Â ïåðñïåêòèâå ïðè ðàçðàáîòêå ÷åê-ëèñòîâ ìîãóò

áûòü èñïîëüçîâàíû óñîâåðøåíñòâîâàííûå ôîðìû

Ïàñïîðòà ïàìÿòíèêà èñòîðèè è êóëüòóðû è Ó÷åòíîé

êàðòî÷êè îáúåêòà, ïðèâåäåííûå â “Èíñòðóêöèè î ïî-

ðÿäêå ó÷åòà, îáåñïå÷åíèÿ ñîõðàííîñòè, ñîäåðæàíèÿ,

èñïîëüçîâàíèÿ è ðåñòàâðàöèè íåäâèæèìûõ ïàìÿò-

íèêîâ èñòîðèè è êóëüòóðû” [23].
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ABSTRACT

Introduction. Fire protection system design for cultural heritage objects in Russian Federation is

regulated by normative documents and regional construction norms. Russian Federation Government

Regulation on 29.06.2017 No. 774 approved using of check-lists at planned inspection for protected

objects, with key issues concerning obligatory requirements for safety of health and life, cultural

heritage objects, environment, including potential external hazards (natural and man-made emergency

situations).

Check-lists are also used by museums presenting their collections for temporary and touring

exhibitions. Check-list data allow estimating of accepting museum condition. Check-list use in inter-

national normative documentation is analyzed in this work.

Methodical materials. Documents developed by CFPA and NFPA are considered.

Results and discussion. In common these lists include fire compartmentation, fire and smoke

spread restriction, safe evacuation, fire protection systems at the object. Some documents present

information on potential hazard, which can be used for probabilistic fire risk assessment at the object.

Probabilistic approach is based on rational comparison of fire hazard factors, human safety level,

expected damage and loss and finally fire protection costs.

NFPA standards also present scenario for fire protection estimation method at cultural heritage

objects. Various aspects are ranked in points, and objects are grouped by expert assessment. Re-

commendations and remedial measures are developed for each group.

Conclusion. Check-lists analyzed in the paper (or developed on basis of them) can be included

in Code of practice for fire protection of cultural heritage objects, with consolidation of fire safety

requirements in normative documents and Regulation development experience for such objects.

Keywords: cultural heritage object; modern use; fire safety; check-list; probabilistic fire risk assess-

ment.
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ÈÍÔÎÐÌÀÖÈÎÍÍÀß ÒÅÕÍÎËÎÃÈß ÝÊÑÏÅÐÒÍÎÃÎ
ÎÏÐÎÑÀ ÑÏÅÖÈÀËÈÑÒÎÂ ÍÅÔÒÅÃÀÇÎÂÎÉ ÎÒÐÀÑËÈ ÄËß
ÏÐÅÄÎÒÂÐÀÙÅÍÈß ÏÎÆÀÐÎÂ ÍÀ ÎÁÚÅÊÒÀÕ ÇÀÙÈÒÛ

Ïðîâåäåí îïðîñ ñïåöèàëèñòîâ (ýêñïåðòîâ) ïðîèçâîäñòâåííîãî îáúåêòà. Èçó÷åíû ðåçóëüòàòû
îïðîñà ñïåöèàëèñòîâ. Ïðåäñòàâëåíî îïèñàíèå èíôîðìàöèîííîé òåõíîëîãèè àâòîìàòèçèðîâàí-
íîãî îïðîñà ñïåöèàëèñòîâ, ðàáîòíèêîâ ðàçëè÷íûõ ñïåöèàëüíîñòåé, ðàáîòàþùèõ íà ïîæàðî-
îïàñíûõ ó÷àñòêàõ îáúåêòîâ íåôòåãàçîâîé îòðàñëè. Ïðîâåäåí àíàëèç ïîëó÷åííûõ äàííûõ íà òè-
ïîâîì îáúåêòå õðàíåíèÿ è ïåðåðàáîòêè íåôòåïðîäóêòîâ, âûÿâëåíû èõ çàêîíîìåðíîñòè. Îñó-
ùåñòâëåíà ñòàòèñòè÷åñêàÿ îáðàáîòêà ïîëó÷åííûõ ðåçóëüòàòîâ.

Êëþ÷åâûå ñëîâà: êîìïüþòåðíàÿ ýêñïåðòíàÿ ñèñòåìà; îïðîñ; íåôòåãàçîâàÿ îòðàñëü; áàçà çíàíèé;
ïîæàðîîïàñíûå ñèòóàöèè.

DOI: 10.18322/PVB.2018.27.05.17-25

Ââåäåíèå

Íà ìíîãèõ îáúåêòàõ çàùèòû ñóùåñòâóåò îäíà èç íå-

ìàëîâàæíûõ ïðîáëåì — íåäîñòàòîê èëè îòñóòñòâèå

âûñîêîêâàëèôèöèðîâàííûõ ñïåöèàëèñòîâ, èìåþùèõ

ñîîòâåòñòâóþùåå ïðîôåññèîíàëüíîå îáðàçîâàíèå,

çíàíèÿ, îïûò, êîòîðûå ñïîñîáíû ñâîåâðåìåííî ïðåä-

îòâðàòèòü, ñïðîãíîçèðîâàòü ïîæàðîîïàñíóþ ñèòóà-

öèþ, ïðåäëîæèòü íåîáõîäèìûå ìåðû ïî ñíèæåíèþ

ïîæàðíîãî ðèñêà, à òàêæå ìèíèìèçèðîâàòü ïîñëåä-

ñòâèÿ îò ïîæàðà (àâàðèè).

Àíàëèç ðàçáîðà ïîæàðîâ (îïèñàíèå ïîæàðîâ) ïî-

êàçàë, ÷òî ê íàèáîëåå ðàñïðîñòðàíåííûì êàòåãîðè-

ÿì ëèö, âèíîâíûõ â âîçíèêíîâåíèè ïîæàðà, îòíîñÿò-

ñÿ ðàáîòíèêè ðàçëè÷íûõ ñïåöèàëüíîñòåé (19 %),

êîòîðûå íå ÿâëÿþòñÿ ñïåöèàëèñòàìè â îáëàñòè ïî-

æàðíîé áåçîïàñíîñòè. Äëÿ ïîëó÷åíèÿ ìèíèìàëüíîãî

îáúåìà çíàíèé â äàííîé ñôåðå, à òàêæå äëÿ ïîäñêàç-

êè â ðàçëè÷íûõ ñëîæíûõ ñèòóàöèÿõ ýòèì ðàáîòíè-

êàì íåîáõîäèìà ïîìîùü áîëåå îïûòíûõ ñïåöèàëèñ-

òîâ (ýêñïåðòîâ) â äîñòàòî÷íî óçêîé îáëàñòè.

Äëÿ ðåøåíèÿ ïðîáëåì, ñâÿçàííûõ ñ “êàäðîâûì

ãîëîäîì” íà ïîæàðîîïàñíûõ ïðîèçâîäñòâåííûõ îáú-

åêòàõ íåôòåãàçîâîé îòðàñëè, ïðåäëàãàåòñÿ èñïîëü-

çîâàòü èíñòðóìåíò, ïîçâîëÿþùèé íàêàïëèâàòü çíà-

íèÿ, óñâàèâàòü îïûò ñïåöèàëèñòîâ è ýêñïåðòîâ â âèäå

êîìïüþòåðíîé ýêñïåðòíîé ñèñòåìû ïîääåðæêè ïðè-

íÿòèÿ ðåøåíèé [1–8]. Â äàííóþ ïðîãðàììó âõîäèò

áàçà äàííûõ, âêëþ÷àþùàÿ â ñåáÿ ñòàòèñòèêó ïî ïî-

æàðàì íà äàííûõ îáúåêòàõ çàùèòû, èõ îïèñàíèå,

äàííûå îá îòêàçàõ òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ,

ðåçóëüòàòû îïðîñîâ, à òàêæå áàçó çíàíèé [9–17].

Íàó÷íî-èññëåäîâàòåëüñêîé ãðóïïîé ïðîâîäèëèñü

èññëåäîâàíèÿ â ðàìêàõ âûÿâëåíèÿ çàêîíîìåðíîñòåé

ïðè÷èí ïîæàðîâ — èñòî÷íèêîâ çàæèãàíèÿ, èçäåëèé

è óñòðîéñòâ, îò êîòîðûõ âîçíèêàë ïîæàð [18]. Äëÿ

óñïåøíîãî îïðåäåëåíèÿ ýòèõ çàêîíîìåðíîñòåé ïðî-

àíàëèçèðîâàíû ñòàòèñòè÷åñêèå äàííûå ïî ïîæàðàì,

ïðîèñøåäøèì ñ 2001 ïî 2015 ãã. íà ïðîèçâîäñò-

âåííûõ îáúåêòàõ ñêëàäèðîâàíèÿ íåôòè è íåôòåïðî-

äóêòîâ.

© Çóåâ Í. Þ., Õàáèáóëèí Ð. Ø., Øèõàëåâ Ä. Â., Ãóäèí Ñ. Â., 2018
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Ìåòîäèêà îïðîñà
ñïåöèàëèñòîâ-ýêñïåðòîâ

Öåëüþ ýêñïåðòíîãî îöåíèâàíèÿ ÿâëÿëîñü íàïîë-

íåíèå áàçû çíàíèé ðàçðàáàòûâàåìîé êîìïüþòåðíîé

ýêñïåðòíîé ñèñòåìû, ïîçâîëÿþùåé ñïåöèàëèñòàì

ñâîåâðåìåííî ïðèíèìàòü ìåðû ïî ïðåäîòâðàùåíèþ

ïîæàðîâ è ñíèæåíèþ ïîæàðíîé îïàñíîñòè [19].

Â êà÷åñòâå ìîäåðàòîðîâ ýêñïåðòíîãî îöåíèâà-

íèÿ âûñòóïàëè ñïåöèàëèñòû Àêàäåìèè ÃÏÑ Ì×Ñ

Ðîññèè. Â èõ çàäà÷ó âõîäèëî ðàçúÿñíåíèå öåëè è çà-

¹ ï�ï

No.

Âîïðîñ

Question

Âàðèàíòû îòâåòà

Possible answers

1 Ðàññòàâüòå îñíîâíûå èñòî÷íèêè çàæèãà-
íèÿ (èçäåëèå è óñòðîéñòâî), îò êîòîðûõ
íåïîñðåäñòâåííî ìîæåò âîçíèêíóòü ïî-
æàð, ïî ñòåïåíè èõ çíà÷èìîñòè â ïîðÿäêå
óáûâàíèÿ

Arrange the main sources of ignition (pro-
duct and device) from which directly there
can be a fire, in terms of their significance
in descending order

Ëåãêîâîñïëàìåíÿþùàÿñÿ æèäêîñòü (ËÂÆ), ãîðþ÷àÿ æèäêîñòü
(ÃÆ) � Highly flammable liquid, combustible liquid

Ýëåêòðîèíñòðóìåíò � Electric tools

Ãàçîâàÿ óñòàíîâêà, ïðèáîð, ïëèòà � Gas installation, appliance,
cooker

Òåõíîëîãè÷åñêèé àïïàðàò � Technological apparatus

Ãàçîñâàðî÷íûé èíñòðóìåíò � Gas welding tool

2 Ðàññòàâüòå îñíîâíûå ïðè÷èíû ïîæàðîâ,
âîçìîæíûõ íà âàøåì ïðåäïðèÿòèè, ðàñ-
ïîëîæèòå èõ ïî ñòåïåíè èõ çíà÷èìîñòè
â ïîðÿäêå óáûâàíèÿ

Arrange the main causes of fires possible
in your company, arrange them according
to the degree of their importance in de-
scending order

Íàðóøåíèå ïðàâèë ïîæàðíîé áåçîïàñíîñòè (ÏÏÁ) ïðè ïðîâå-
äåíèè ýëåêòðîãàçîñâàðî÷íûõ ðàáîò � Violation of fire safety
rules during welding operations

Íåîñòîðîæíîå îáðàùåíèå ñ îãíåì � Careless handling of fire

Íàðóøåíèå òåõíîëîãè÷åñêîãî ðåãëàìåíòà ïðîöåññà ïðîèçâîäñòâà �
Violation of the technological regulations of the production process

Ðàçðÿä ñòàòè÷åñêîãî ýëåêòðè÷åñòâà � Discharge of static electricity

Íàðóøåíèå ÏÏÁ ïðè ïðîâåäåíèè îãíåâûõ ðàáîò � Violation of
fire safety rules during fire works

3 Ïåðå÷èñëèòå íàèáîëåå ïîæàðîîïàñíûå
ôàêòîðû, õàðàêòåðèçóþùèå òåõíîëîãèþ
õðàíåíèÿ, ïî ñòåïåíè èõ çíà÷èìîñòè â
ïîðÿäêå óáûâàíèÿ

List the most fire hazard factors, characte-
rizing the storage technology, in terms
of their significance in descending order

Ðàçãåðìåòèçàöèÿ � Depressurization

Ïåðåêà÷êà íåôòåïðîäóêòîâ � Pumping of oil products

Ðåìîíò � Repairs

4 Ïåðå÷èñëèòå ãàçîîïàñíûå ðàáîòû íà
âàøåì ïðåäïðèÿòèè, êîòîðûå ÿâëÿþòñÿ
íàèáîëåå ïîæàðîîïàñíûìè, ïî ñòåïåíè
èõ îïàñíîñòè â ïîðÿäêå óáûâàíèÿ

List gas hazardous works in your company,
which are the most fire hazardous, in terms
of their degree of danger in descending
order

Ðàçãåðìåòèçàöèÿ òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ � Depressuriza-
tion of process equipment

Ðàçãåðìåòèçàöèÿ êîììóíèêàöèé � Depressurization of communi-
cations

Îñìîòð, ÷èñòêà, ðåìîíò � Inspection, cleaning, repair

Âûäåëåíèå â ðàáî÷óþ çîíó âçðûâî- è ïîæàðîîïàñíûõ èëè âðåä-
íûõ ïàðîâ, ãàçîâ è äðóãèõ âåùåñòâ � Allocation into the working
area of explosive and fire hazardous or harmful vapors, gases and
other substances

5 Ïåðå÷èñëèòå ôàêòîðû, êîòîðûå ìîãóò
ïîâëèÿòü íà ïðè÷èíó ïîæàðà, ïî ñòåïå-
íè èõ çíà÷èìîñòè â ïîðÿäêå óáûâàíèÿ

List factors, which can affect the cause fire,
in terms of their significance in descending
order

Íàðóøåíèå ïðàâèë ïîæàðíîé áåçîïàñíîñòè � Violation of fire sa-
fety rules

Íàðóøåíèå ïðàâèë õðàíåíèÿ � Violation of retention rules

Íàðóøåíèå òåõíîëîãè÷åñêîãî ðåãëàìåíòà ïðîöåññà � Violation
of the technological regulations of the process

6 Ïåðå÷èñëèòå ÷åëîâå÷åñêèå ôàêòîðû
(ñî ñòîðîíû ïåðñîíàëà), êîòîðûå ìîãóò
ïîâëèÿòü íà âîçíèêíîâåíèå ïîæàðà,
ïî ñòåïåíè èõ çíà÷èìîñòè

List human factors (from the staff), which
can affect the occurrence of fire in terms
of their significance in descending order

Íåñîáëþäåíèå ïðàâèë òåõíîëîãè÷åñêîãî ðåãëàìåíòà � Non-obser-
vance of the rules of technological regulations

Íåîñòîðîæíîå îáðàùåíèå ñ îãíåì � Careless handling of fire

Ïîäæîã, òåððîðèñòè÷åñêèé àêò � Arson, terrorist act

Òàáëèöà 1. Âîïðîñû, ïðåäñòàâëåííûå íà ýêñïåðòíîå îöåíèâàíèå
Table 1. Questions submitted for expert evaluation
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äà÷ ýêñïåðòíîãî îöåíèâàíèÿ, âîïðîñîâ è âàðèàíòîâ

îòâåòîâ. Ýêñïåðòû ïðîâîäèëè îöåíèâàíèå î÷íî, â ïå-

ðèîä ñ 3 ïî 18 àïðåëÿ 2017 ã., êàæäûé ïî îäíîìó ðàçó.

Â êà÷åñòâå ñïîñîáà ïîëó÷åíèÿ îöåíîê áûë âûáðàí

èçâåñòíûé ìåòîä èíäèâèäóàëüíîãî àíêåòèðîâàíèÿ

ñ èñïîëüçîâàíèåì êîìïüþòåðíîé ïðîãðàììû [20].

Â êà÷åñòâå ñïîñîáà îöåíêè ïîëó÷åííûõ ðåçóëüòà-

òîâ áûë èñïîëüçîâàí ìåòîä ðàíæèðîâàíèÿ. Îöåíè-

âàíèå îñóùåñòâëÿëîñü ñ ïîìîùüþ ðàçðàáîòàííîé

àâòîìàòèçèðîâàííîé èíôîðìàöèîííîé ñèñòåìû [21],

â êîòîðîé ïðåäëàãàëèñü âîïðîñû, ïðåäñòàâëåííûå

â òàáë. 1.

Â êà÷åñòâå ýêñïåðòîâ âûñòóïàëè ñîòðóäíèêè îä-

íîãî èç òèïîâûõ ïðåäïðèÿòèé ñêëàäèðîâàíèÿ íåôòè

è íåôòåïðîäóêòîâ, ñîîòâåòñòâóþùèå ñëåäóþùèì

êàòåãîðèÿì: ðàáîòíèêè ðàçëè÷íûõ ñïåöèàëüíîñòåé

(ïëîòíèêè, ýëåêòðèêè, ýëåêòðî- è ãàçîñâàðùèêè, ñàí-

òåõíèêè, ðåìîíòíèêè) è èíæåíåðíî-òåõíè÷åñêèå

ðàáîòíèêè (ãëàâíûé ìåõàíèê, èíæåíåðû ïðîèçâîä-

ñòâåííî-òåõíè÷åñêîãî îòäåëà, îïåðàòîðû òîâàðà (çà-

ïðàâùèêè)). Âûáîð òàêèõ êàòåãîðèé ðàáîòíèêîâ îá-

óñëîâëåí òåì, ÷òî èõ âèíà â âîçíèêíîâåíèè ïîæàðîâ

â ñîâîêóïíîñòè ñîñòàâëÿåò 28 % (ñîãëàñíî Ôåäå-

ðàëüíîìó áàíêó äàííûõ “Ïîæàðû” çà 2001–2015 ãã.)

[22]. Âñåãî íà ïðåäïðèÿòèè òðóäèòñÿ 17 ÷åë. äàííîé

êàòåãîðèè (ãåíåðàëüíàÿ ñîâîêóïíîñòü). Òàêèì îá-

ðàçîì, ñ ó÷åòîì äîâåðèòåëüíîé âåðîÿòíîñòè 95 %

òðåáóåìûé ðàçìåð âûáîðêè ñîñòàâëÿåò 16 ÷åë.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ïî ðåçóëüòàòàì àíêåòèðîâàíèÿ ïîëó÷åíû îöåíêè

(â âèäå ðàíæèðîâàíèÿ ïî ñòåïåíè âàæíîñòè) ïî âî-

ïðîñàì, ïðåäñòàâëåííûì â òàáë. 1. Ïåðåä ðàññìîò-

ðåíèåì ïîëó÷åííûõ ðåçóëüòàòîâ ïðîâåäåíà îöåíêà

èõ ñîãëàñîâàííîñòè. Â êà÷åñòâå ìåòîäà îöåíêè áûë

îïðåäåëåí êîýôôèöèåíò êîíêîðäàöèè Êåíäàëëà [23],

ïðèìåíÿåìûé â ñëó÷àå íàëè÷èÿ áîëåå äâóõ âàðèàí-

òîâ îòâåòîâ.

Ïðîöåäóðà îöåíêè ñîãëàñîâàííîñòè ìíåíèé ýêñ-

ïåðòîâ îñóùåñòâëÿëàñü ñëåäóþùèì îáðàçîì. Îïðå-

äåëÿëèñü çíà÷åíèÿ âàðèàíòîâ îòâåòà Ì è êîëè÷å-

ñòâî ýêñïåðòîâ D. Âû÷èñëÿëàñü ñóììa ñðåäíåãî èç

ðàíãîâ (îöåíîê) r ïî êàæäîìó âàðèàíòó îòâåòà m.

Ïîñëå ýòîãî ïîäñ÷èòûâàëñÿ êîýôôèöèåíò êîíêîð-

äàöèè Êåíäàëëà W, êîòîðûé ïîêàçûâàåò ñòåïåíü ñî-

ãëàñîâàííîñòè ìíåíèé ýêñïåðòîâ è âû÷èñëÿåòñÿ ïî

âûðàæåíèþ
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2

; (2)

ris — ðàíã, ïðèñâàèâàåìûé s-ì ýêñïåðòîì (s
D)

i-ìó îáúåêòó (i 
M ).

Òàê, W = 0 îçíà÷àåò ïîëíîå îòñóòñòâèå ñîãëàñî-

âàííîñòè â ìíåíèÿõ ýêñïåðòîâ, W = 1 — ïîëíóþ

ñîãëàñîâàííîñòü èõ ìíåíèé. Ãðàíè÷íûì óñëîâèåì

âûñòóïàåò çíà÷åíèå W = 0,5, ò. å. ïðè W > 0,5 âûâî-

äû ýêñïåðòîâ â áîëüøåé ñòåïåíè ñîãëàñîâàíû ìåæäó

ñîáîé, ÷åì íå ñîãëàñîâàíû.

Âûïîëíåíà òàêæå ïðîâåðêà ãèïîòåçû î ñîãëàñèè

ìíåíèé ýêñïåðòîâ, äëÿ ïðèíÿòèÿ êîòîðîé íåîáõî-

äèìûì óñëîâèåì ÿâëÿåòñÿ íåðàâåíñòâî � �2 2� òàáë .

Â ñëó÷àå âûïîëíåíèÿ äàííîãî óñëîâèÿ ñ÷èòàåòñÿ,

÷òî ãèïîòåçà î ñîãëàñèè ýêñïåðòîâ â ðàíæèðîâêàõ

ïðèíèìàåòñÿ.

Â òàáë. 2 ïðåäñòàâëåíû ðåçóëüòàòû îïðåäåëåíèÿ

ñîãëàñîâàííîñòè ìíåíèé ýêñïåðòîâ.

Ðåçóëüòàòû, ïðèâåäåííûå â òàáë. 2, ïîêàçûâàþò,

÷òî ïî êàæäîìó âîïðîñó ìíåíèÿ ýêñïåðòîâ ÿâëÿþò-

ñÿ ñîãëàñîâàííûìè, à ãèïîòåçà î ñîãëàñèè ýêñïåð-

òîâ â ðàíæèðîâêàõ ïðèíèìàåòñÿ.

Ïåðåéäåì ê ðàññìîòðåíèþ ïîëó÷åííûõ â õîäå

îáðàáîòêè äàííûõ ðàíæèðîâîê (ðèñ. 1–6).

Ïî ðåçóëüòàòàì èññëåäîâàíèÿ ýêñïåðòû îïðåäå-

ëèëè, ÷òî íàèáîëåå ðàñïðîñòðàíåííûìè èñòî÷íèêà-

ìè çàæèãàíèÿ (èçäåëèå è óñòðîéñòâî), îò êîòîðûõ

Íîìåð
âîïðîñà
(òàáë. 1)

Question
number
(table 1)

M D r S W �2
�òàáë

2

� table
2

1 5 16 48 1918 0,749 47,95 9,48

2 5 16 48 1826 0,713 45,65 9,48

3 3 16 32 314 0,613 19,63 5,99

4 4 16 40 930 0,726 34,88 7,81

5 3 16 32 326 0,637 20,37 5,99

6 3 16 32 338 0,66 21,13 5,99

Òàáëèöà 2. Ðåçóëüòàòû îïðåäåëåíèÿ ñîãëàñîâàííîñòè ìíå-
íèé ýêñïåðòîâ

Table 2. Results of the consistency of expert opinions

Ðèñ. 1. Ðåçóëüòàòû ðàíæèðîâàíèÿ ïî âîïðîñó ¹ 1

Fig. 1. Results of ranking on issue No. 1
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íåïîñðåäñòâåííî ìîæåò âîçíèêíóòü ïîæàð, ïî ñòå-

ïåíè èõ çíà÷èìîñòè (âåðîÿòíîñòè) â ïîðÿäêå óáû-

âàíèÿ ÿâëÿþòñÿ (ñì. ðèñ. 1): ãàçîñâàðî÷íûé èíñòðó-

ìåíò — ËÂÆ, ÃÆ — ãàçîâàÿ óñòàíîâêà, ïðèáîð,

ïëèòà — ýëåêòðîèíñòðóìåíò — òåõíîëîãè÷åñêèé àï-

ïàðàò.

Ñîãëàñíî ñòàòèñòè÷åñêèì äàííûì ïî ïîæàðàì â

Ðîññèéñêîé Ôåäåðàöèè [22] íàèáîëåå ðàñïðîñòðà-

íåííûìè èñòî÷íèêàìè âîçíèêíîâåíèÿ ïîæàðà ÿâëÿ-

þòñÿ: ËÂÆ, ÃÆ — 34 %; òåõíîëîãè÷åñêèé àïïàðàò

— 6 %; ñèãàðåòà, ñïè÷êè, çàæèãàëêà — 5 %; êàáåëü,

ýëåêòðîïðîâîä — 3 %; àâòîìàòè÷åñêèé âûêëþ÷à-

òåëü — 2 %. Êàê âèäèì, ðåçóëüòàòû îïðîñîâ ñïåöè-

àëèñòîâ íà êîíêðåòíîì îáúåêòå çàùèòû íåçíà÷è-

òåëüíî îòëè÷àþòñÿ îò îôèöèàëüíûõ ñòàòèñòè÷å-

ñêèõ äàííûõ.

Ïî ðåçóëüòàòàì èññëåäîâàíèÿ ýêñïåðòû (ñïåöè-

àëèñòû) óñòàíîâèëè, ÷òî íàèáîëåå ðàñïðîñòðàíåí-

íûìè ïðè÷èíàìè âîçìîæíûõ íà ïðåäïðèÿòèè ïîæà-

ðîâ, ðàñïîëîæåííûìè ïî ñòåïåíè èõ çíà÷èìîñòè,

ÿâëÿþòñÿ (ñì. ðèñ. 2): íàðóøåíèå ïðàâèë ïîæàðíîé

áåçîïàñíîñòè (äàëåå — ÏÏÁ) ïðè ïðîâåäåíèè îãíå-

âûõ ðàáîò — íàðóøåíèå ÏÏÁ ïðè ïðîâåäåíèè ýëåêò-

ðîãàçîñâàðî÷íûõ ðàáîò — íåîñòîðîæíîå îáðàùåíèå

ñ îãíåì — ðàçðÿä ñòàòè÷åñêîãî ýëåêòðè÷åñòâà — íà-

ðóøåíèå òåõíîëîãè÷åñêîãî ïðîöåññà ïðîèçâîäñòâà.

Ñîãëàñíî ñòàòèñòè÷åñêèì äàííûì ïî ïîæàðàì â

Ðîññèéñêîé Ôåäåðàöèè íàèáîëåå ðàñïðîñòðàíåííû-

ìè ïðè÷èíàìè ïîæàðîâ, ïðèìåíèìûìè ê îáúåêòàì

ñêëàäèðîâàíèÿ íåôòè è íåôòåïðîäóêòîâ, ÿâëÿþòñÿ:

íàðóøåíèå ÏÏÁ ïðè ïðîâåäåíèè ýëåêòðîãàçîñâà-

ðî÷íûõ ðàáîò — 21 %; íåîñòîðîæíîå îáðàùåíèå ñ

îãíåì — 16 %; íàðóøåíèå òåõíîëîãè÷åñêîãî ðåãëà-

ìåíòà ïðîöåññà ïðîèçâîäñòâà — 13 %; íàðóøåíèå

ïðàâèë òåõíè÷åñêîé ýêñïëóàòàöèè ýëåêòðîîáîðóäî-

âàíèÿ — 9 %; ðàçðÿä ñòàòè÷åñêîãî ýëåêòðè÷åñòâà —

8 %; íàðóøåíèå ÏÏÁ ïðè ïðîâåäåíèè îãíåâûõ ðàáîò

— 7 %.

Òàêèì îáðàçîì, ñïåöèàëèñòû îáðàùàþò âíèìà-

íèå íà îñîáóþ îïàñíîñòü ïðè ïðîâåäåíèè îãíåâûõ

ðàáîò, ïðè ýòîì êîëè÷åñòâî ïîæàðîâ ïî äàííîé

ïðè÷èíå çà ðàññìàòðèâàåìûé ïåðèîä ÿâëÿåòñÿ ìè-

íèìàëüíûì.

Ïî ðåçóëüòàòàì èññëåäîâàíèÿ ýêñïåðòû îïðåäåëè-

ëè, ÷òî íàèáîëåå ðàñïðîñòðàíåííûìè ïîæàðîîïàñ-

íûìè ôàêòîðàìè, õàðàêòåðèçóþùèìè òåõíîëîãèþ

õðàíåíèÿ, ïî ñòåïåíè èõ çíà÷èìîñòè â ïîðÿäêå óáû-

âàíèÿ ÿâëÿþòñÿ: ðàçãåðìåòèçàöèÿ — ïåðåêà÷êà íåô-

òåïðîäóêòîâ — ðåìîíò (ñì. ðèñ. 3).

Ïî ðåçóëüòàòàì ðàíæèðîâàíèÿ ïî âîïðîñó ¹ 4

ýêñïåðòàìè óñòàíîâëåíû íàèáîëåå ïîæàðîîïàñíûå

ãàçîîïàñíûå ðàáîòû ïî ñòåïåíè èõ îïàñíîñòè â ïî-

ðÿäêå óáûâàíèÿ: âûäåëåíèå ãàçà â ðàáî÷óþ çîíó —

ðàçãåðìåòèçàöèÿ îáîðóäîâàíèÿ — ðàçãåðìåòèçàöèÿ

êîììóíèêàöèé — îñìîòð, ÷èñòêà, ðåìîíò.

Ïî ðåçóëüòàòàì èññëåäîâàíèÿ ýêñïåðòû îïðåäå-

ëèëè, ÷òî íàèáîëåå ðàñïðîñòðàíåííûìè ôàêòîðàìè,

êîòîðûå ìîãóò ïîâëèÿòü íà ïðè÷èíó ïîæàðà, ïî ñòå-

Ðèñ. 2. Ðåçóëüòàòû ðàíæèðîâàíèÿ ïî âîïðîñó ¹ 2

Fig. 2. Results of ranking on issue No. 2

Ðèñ. 3. Ðåçóëüòàòû ðàíæèðîâàíèÿ ïî âîïðîñó ¹ 3

Fig. 3. Results of ranking on issue No. 3

Ðèñ. 4. Ðåçóëüòàòû ðàíæèðîâàíèÿ ïî âîïðîñó ¹ 4

Fig. 4. Results of ranking on issue No. 4
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ïåíè èõ çíà÷èìîñòè â ïîðÿäêå óáûâàíèÿ ÿâëÿþòñÿ:

íàðóøåíèå ÏÏÁ — íàðóøåíèå ïðàâèë õðàíåíèÿ —

íàðóøåíèå òåõíîëîãè÷åñêîãî ðåãëàìåíòà ïðîöåññà.

Ïî ðåçóëüòàòàì èññëåäîâàíèÿ óñòàíîâëåíî, ÷òî

íàèáîëåå ðàñïðîñòðàíåííûìè ÷åëîâå÷åñêèìè ôàê-

òîðàìè, êîòîðûå ìîãóò ïîâëèÿòü íà âîçíèêíîâåíèå

ïîæàðà, ïî ñòåïåíè èõ çíà÷èìîñòè ÿâëÿþòñÿ: ïîäæîã,

òåððîðèñòè÷åñêèé àêò — íåîñòîðîæíîå îáðàùåíèå

ñ îãíåì — íåñîáëþäåíèå ïðàâèë òåõíîëîãè÷åñêîãî

ðåãëàìåíòà.

Ïî çàâåðøåíèè îïðîñà ñïåöèàëèñòîâ âñå îòâåòû

ñîõðàíÿþòñÿ è ïîìåùàþòñÿ â áàçó äàííûõ êîìïüþ-

òåðíîé ïðîãðàììû. Îïåðàòîð (ïîëüçîâàòåëü) ïðî-

ãðàììû èçâëåêàåò èíòåðåñóþùèå åãî äàííûå è ïðî-

âîäèò ñîáñòâåííûé àíàëèç ïîëó÷åííûõ ðåçóëüòàòîâ.

Ðåçóëüòàòû îïðîñà ïîçâîëÿþò ñôîðìèðîâàòü è

âûÿâèòü çàêîíîìåðíîñòè, îïðåäåëèòü ñëàáûå ìåñòà

â ñèñòåìå îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè, â îò-

íîøåíèè êîòîðûõ òðåáóåòñÿ ïðèìåíèòü ïåðâîî÷å-

ðåäíûå ìåðîïðèÿòèÿ, íàïðàâëåííûå íà âîññòàíîâ-

ëåíèå (ïîääåðæàíèå) ïîæàðîáåçîïàñíîãî ñîñòîÿíèÿ

êîíêðåòíîãî îáúåêòà çàùèòû.

Çàêëþ÷åíèå

Ïîëó÷åííûå ïðè îïðîñå ñïåöèàëèñòîâ-ýêñïåð-

òîâ äàííûå ïîçâîëÿþò ñôîðìèðîâàòü áàçó äàííûõ

ýêñïåðòíîé ñèñòåìû ïîääåðæêè ïðèíÿòèÿ ðåøåíèé

äëÿ ïðåäîòâðàùåíèÿ ïîæàðîâ íà îáúåêòàõ íåôòåãà-

çîâîé îòðàñëè. Ëîãè÷åñêèå ñâÿçè âîïðîñîâ è îòâå-

òîâ ìîæíî îáîáùèòü è âûÿâèòü îïðåäåëåííûå çàêî-

íîìåðíîñòè, êîòîðûå íåîáõîäèìî èäåíòèôèöèðî-

âàòü êàê ïîëó÷åííûå çíàíèÿ [24].

Ïðè ïîëíîì íàñûùåíèè áàçû çíàíèé îæèäàåò-

ñÿ, ÷òî äàííàÿ êîìïüþòåðíàÿ ýêñïåðòíàÿ ñèñòåìà

ïîçâîëèò ïîëüçîâàòåëþ ïðàâèëüíî è ñâîåâðåìåííî

èäåíòèôèöèðîâàòü ïîæàðîîïàñíóþ ñèòóàöèþ íà îá-

ñëóæèâàåìîì îáúåêòå çàùèòû, ïîëó÷èòü íåîáõîäè-

ìóþ èíôîðìàöèîííî-àíàëèòè÷åñêóþ ïîääåðæêó äëÿ

èõ ïðåäîòâðàùåíèÿ.

Íà çàâåðøàþùåé ñòàäèè èññëåäîâàíèÿ ïëàíè-

ðóåòñÿ äàëüíåéøàÿ àïðîáàöèÿ ðàçðàáîòàííîé èí-

ôîðìàöèîííîé òåõíîëîãèè íà îáúåêòàõ íåôòåãàçî-

âîé îòðàñëè. Ïî èõ ðåçóëüòàòàì áóäåò ïðîâåäåíî

îáîáùåíèå ðàçðàáîòàííûõ ìîäåëåé è àëãîðèòìîâ

óïðàâëåíèÿ ïîæàðíîé áåçîïàñíîñòüþ íà ïðîèçâîä-

ñòâåííûõ îáúåêòàõ íåôòåãàçîâîé îòðàñëè ñ èñïîëü-

çîâàíèåì êîìïüþòåðíûõ ýêñïåðòíûõ ñèñòåì.

Ðèñ. 5. Ðåçóëüòàòû ðàíæèðîâàíèÿ ïî âîïðîñó ¹ 5

Fig. 5. Results of ranking on issue No. 5

Ðèñ. 6. Ðåçóëüòàòû ðàíæèðîâàíèÿ ïî âîïðîñó ¹ 6

Fig. 6. Results of ranking on issue No. 6
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ABSTRACT

Introduction. At many protection facilities one of the most important problems is the lack or absence

of highly qualified specialists with the appropriate professional education, knowledge and experience

that can prevent in a timely manner, predict the fire hazard situation, suggest the necessary measures

to reduce fire risk, and minimize the consequences from a fire.

Studies were carried out in the framework of the identification of the causes of ignition sources,

products and devices that caused a fire. To determine these regularities, an analysis of statistical data

on fires that occurred between 2001 and 2015 was carried out at production facilities for storing oil

and oil products.

Methods. The expert’s goal was to fill the knowledge base of the developed computer expert

system, which allows specialists to take timely measures to prevent fires and reduce fire danger.

As moderators of expert appraisal, experts of State Fire Service Academy of Emercom of Russia

acted. Their task was to clarify the purpose, tasks of expert evaluation, questions and answers.

As experts, employees of one of the typical oil and petroleum product storage facilities, corres-

ponding to the following categories: workers of various specialties (carpenters, electricians, electric

and gas welders, plumbers, repairmen) and engineers and technicians (chief mechanic, engineers of

the production and technical department, the goods operator (refuellers)).

Results and discussion. The data obtained as a result of the survey allows us to identify patterns,

identify weaknesses in the fire safety system for which priority actions are required, and also to create

a database of expert decision support systems. Logical links between questions and answers can be

generalized and identified certain regularities that need to be identified as acquired knowledge.

Conclusions. With full knowledge base saturation, this expert system will allow the user to cor-

rectly and timely identify a fire hazard situation on the protected object, receive the necessary in-

formation and analytical support to prevent them.

Keywords: computer expert system; interview; oil and gas industry; knowledge base; fire-hazardous

situations.
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Ïðåäñòàâëåíà ìíîãîêðèòåðèàëüíàÿ ìîäåëü ìîíèòîðèíãà ïîæàðà â çäàíèè, ïðåäíàçíà÷åííàÿ
äëÿ ôîðìàëèçîâàííîãî îïèñàíèÿ ïðîöåññà ñáîðà èíôîðìàöèè îá èçìåíåíèè çíà÷åíèé êîíòðî-
ëèðóåìûõ ïàðàìåòðîâ äëÿ èåðàðõè÷åñêèõ ñèñòåì ìîíèòîðèíãà. Ðàññìîòðåíà ñïåöèôèêà èçìå-
íåíèÿ ïàðàìåòðîâ ìîíèòîðèíãà ïîæàðà íà îñíîâå ïðîãðàììíîé ðåàëèçàöèè ðàçðàáîòàííîé
ìîäåëè. Ïðåäëîæåíà ìóëüòèïëèêàòèâíàÿ ìîäåëü îáîáùåííîãî ïîêàçàòåëÿ ìîíèòîðèíãà äëÿ
çîí êîíòðîëÿ ñ ðàçëè÷íûìè ïî ñòðóêòóðå è äèíàìèêå ïàðàìåòðàìè ìîíèòîðèíãà. Äëÿ ðåàëè-
çàöèè ðåçóëüòàòîâ ìîíèòîðèíãà â ñèñòåìàõ ïîääåðæêè ïðèíÿòèÿ ðåøåíèé ðàçðàáîòàíà ìîäåëü
òåîðåòèêî-ìíîæåñòâåííîãî àíàëèçà âàðèàíòîâ óïðàâëåíèÿ ïîæàðíî-ñïàñàòåëüíûìè ïîäðàç-
äåëåíèÿìè ïðè òóøåíèè ïîæàðîâ, ó÷èòûâàþùàÿ âàæíîñòü ïîêàçàòåëåé ìîíèòîðèíãà íà ðå-
çóëüòèðóþùóþ ôóíêöèþ ïðèíÿòèÿ ðåøåíèé. Ïðåäëîæåíû íàïðàâëåíèÿ äàëüíåéøåãî ðàçâèòèÿ
ìåòîäîëîãè÷åñêîé ñîñòàâëÿþùåé ïðîöåññà ìîäåëèðîâàíèÿ ìîíèòîðèíãà ïîæàðà â öåëÿõ ïîâû-
øåíèÿ îáúåêòèâíîñòè ïðèíèìàåìûõ óïðàâëåí÷åñêèõ ðåøåíèé è ñíèæåíèÿ âëèÿíèÿ ñóáúåêòèâ-
íûõ ôàêòîðîâ íà ïðîöåññ óïðàâëåíèÿ ïîæàðíî-ñïàñàòåëüíûìè ïîäðàçäåëåíèÿìè ïðè òóøåíèè
ïîæàðîâ â çäàíèÿõ.
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Ââåäåíèå

Êðóïíûé ïîæàð ÿâëÿåòñÿ îäíèì èç íàèáîëåå îïàñ-

íûõ äåñòðóêòèâíûõ ñîáûòèé, âîçíèêàþùèõ â ïðî-

öåññå æèçíåäåÿòåëüíîñòè ÷åëîâå÷åñòâà. Åæåãîäíî

ïðÿìîé ìàòåðèàëüíûé óùåðá îò ïîæàðîâ â Ðîññèé-

ñêîé Ôåäåðàöèè èçìåðÿåòñÿ ìèëëèàðäàìè ðóáëåé,

áîëåå äåñÿòè òûñÿ÷ ÷åëîâåê ãèáíåò íà ïîæàðàõ [1].

Áîëüøèíñòâî êðóïíûõ ïîæàðîâ ïðîèñõîäèò â çäà-

íèÿõ. Ñïåöèôèêà ïðîöåññà òóøåíèÿ ïîæàðà â çäàíèè

îïðåäåëÿåò ðåøàþùóþ ðîëü äåéñòâèé ïåðâîãî ïðè-

áûâøåãî ïîæàðíî-ñïàñàòåëüíîãî ïîäðàçäåëåíèÿ â

íåäîïóùåíèè ðàçâèòèÿ ïîæàðà äî êðóïíîãî. Â ñîîò-

âåòñòâèè ñ íîðìàòèâíî-ïðàâîâîé áàçîé, ðåãóëèðó-

þùåé âîïðîñû îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíî-

ñòè â Ðîññèéñêîé Ôåäåðàöèè, çäàíèÿ îáîðóäóþòñÿ

ñèñòåìàìè è ñðåäñòâàìè ïîæàðíîé àâòîìàòèêè, êîòî-

ðûå ÿâëÿþòñÿ îñíîâîïîëàãàþùèìè êîìïîíåíòàìè

àêòèâíîé ïðîòèâîïîæàðíîé çàùèòû çäàíèé è îòíî-

ñÿòñÿ ê ñðåäñòâàì âåäåíèÿ áîåâûõ äåéñòâèé ïî òó-

øåíèþ ïîæàðîâ [2, 3].

Ñîâðåìåííîå ñîñòîÿíèå âîïðîñà ðàçâèòèÿ ñèñòåì

è ñðåäñòâ ïîæàðíîé àâòîìàòèêè íàïðàâëåíî íà ðàñ-

øèðåíèå èõ ôóíêöèîíàëüíûõ âîçìîæíîñòåé è îäíî-

âðåìåííûé êîíòðîëü èçìåíåíèÿ íåñêîëüêèõ ïàðà-

ìåòðîâ ïîæàðà, ÷òî ñ ôîðìàëüíûõ ïîçèöèé òåîðèè

óïðàâëåíèÿ ñëîæíûìè ñèñòåìàìè ìîæíî ñ÷èòàòü

ìíîãîêðèòåðèàëüíûì ìîíèòîðèíãîì ïîæàðà â çäà-

íèè [4]. Â ñâîþ î÷åðåäü, ðåçóëüòàòû ìîíèòîðèíãà

ïîæàðà èìåþò îñîáîå çíà÷åíèå ïðè ïðèíÿòèè ðåøå-

íèé ðóêîâîäèòåëåì òóøåíèÿ ïîæàðà, îñîáåííî íà

íà÷àëüíîé ñòàäèè åãî ðàçâèòèÿ, êîãäà îí åùå ìîæåò

© Òîïîëüñêèé Í. Ã., Òàðàêàíîâ Ä. Â., Áàêàíîâ Ì. Î., 2018
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áûòü ïîòóøåí ñèëàìè è ñðåäñòâàìè ïåðâîãî ïðèáûâ-

øåãî ïîæàðíî-ñïàñàòåëüíîãî ïîäðàçäåëåíèÿ [5–8].

Â ñîîòâåòñòâèè ñ êîíöåïöèåé åäèíîãî èíôîðìà-

öèîííîãî ïðîñòðàíñòâà ðåçóëüòàòû ìîíèòîðèíãà

ïîæàðà ÿâëÿþòñÿ êîìïîíåíòîé, èñïîëüçóåìîé äëÿ

óïðàâëåíèÿ ñëóæáàìè ýêñòðåííîãî ðåàãèðîâàíèÿ íà

äåñòðóêòèâíûå ñîáûòèÿ, âîçíèêàþùèå â ñîöèàëüíî-

ýêîíîìè÷åñêîé ñðåäå. Îäíàêî ïðàêòè÷åñêîé àñïåêò

óïðàâëåíèÿ íà îñíîâå ìîíèòîðèíãà ïîæàðà ïðåäó-

ñìàòðèâàåò èñïîëüçîâàíèå äàííîãî âèäà èíôîðìà-

öèè ëèøü â ñèñòåìå ïîääåðæêè ïðèíÿòèÿ ðåøåíèé

(äàëåå — ÑÏÏÐ).

Ñòîèò îòìåòèòü, ÷òî òåîðåòè÷åñêàÿ îñíîâà ðàç-

ðàáîòêè è ïðèìåíåíèÿ ÑÏÏÐ ïðåäóñìàòðèâàåò â êà-

÷åñòâå èñòî÷íèêà èíôîðìàöèè äëÿ óïðàâëåíèÿ ìà-

òåìàòè÷åñêèå ìîäåëè ïðîöåññîâ ðàçâèòèÿ è òóøåíèÿ

ïîæàðà è�èëè ôîðìàëèçàöèþ ýêñïåðòíîãî ìíåíèÿ,

à ðåçóëüòàòû ìîíèòîðèíãà ïîæàðà, â ñâîþ î÷åðåäü,

íàõîäÿòñÿ çà ïðåäåëàìè ìåòîäè÷åñêîãî ñîïðîâîæäå-

íèÿ ÑÏÏÐ. Â ñâÿçè ñ ýòèì àêòóàëüíîé ïðåäñòàâëÿåòñÿ

íàó÷íàÿ çàäà÷à, ñîñòîÿùàÿ â ðàçðàáîòêå ìíîãîêðè-

òåðèàëüíûõ ìîäåëåé ìîíèòîðèíãà ïîæàðà â çäàíèè

è èõ ñèñòåìàòèçàöèè ñ ìîäåëÿìè ïðèíÿòèÿ ðåøå-

íèé, èñïîëüçóåìûìè äëÿ ðàçðàáîòêè ÑÏÏÐ ïðè òó-

øåíèè ïîæàðîâ â çäàíèÿõ.

Äëÿ ðåøåíèÿ ïîñòàâëåííîé çàäà÷è íåîáõîäèìû:

1) ðàçðàáîòêà èíôîðìàöèîííî-àíàëèòè÷åñêîé

ìîäåëè ìîíèòîðèíãà ïîæàðà;

2) ðåàëèçàöèÿ ìîäåëè â ìíîãîêðèòåðèàëüíîé ñè-

ñòåìå ïðèíÿòèÿ ðåøåíèé.

Ñîâîêóïíîñòü ðåçóëüòàòîâ ðåøåíèÿ ïîñòàâëåí-

íîé çàäà÷è ïîçâîëèò âíåäðèòü â èíôîðìàöèîííî-

àíàëèòè÷åñêóþ ñîñòàâëÿþùóþ ÑÏÏÐ ðåçóëüòàòû

ìîíèòîðèíãà ïîæàðà â çäàíèè, ñíèçèòü âëèÿíèå

ñóáúåêòèâíûõ ôàêòîðîâ íà ïðîöåññ óïðàâëåíèÿ, ïî-

âûñèòü îïåðàòèâíîñòü ïðèíÿòèÿ ðåøåíèé, ÷òî â äè-

íàìè÷íî ìåíÿþùåéñÿ îáñòàíîâêå íà ïîæàðå èãðàåò

ðåøàþùóþ ðîëü â óñïåõå ëèêâèäàöèè ïîæàðà íà íà-

÷àëüíîé ñòàäèè åãî ðàçâèòèÿ.

Ðàçðàáîòêà ìîäåëè
ìîíèòîðèíãà ïîæàðà

Ñïåöèôèêà ìîíèòîðèíãà ïîæàðà â çäàíèè ñ èñ-

ïîëüçîâàíèåì ñðåäñòâ ïîæàðíîé àâòîìàòèêè îïðå-

äåëÿåò äåëåíèå îáùåé ïëîùàäè ìîíèòîðèíãà íà

çîíû êîíòðîëÿ è íàáëþäåíèå çà îäíèì èëè íåñêîëü-

êèìè ïàðàìåòðàìè ïîæàðà â êàæäîé êîíêðåòíîé

çîíå. Ðåçóëüòàòû ìîíèòîðèíãà ïðåäñòàâëÿþò ñîáîé

ñîâîêóïíîñòü ñîñòîÿíèé íàáëþäàåìîãî ïàðàìåòðà

â êàæäîé èç ýòèõ çîí. Ïðèíöèïèàëüíàÿ ñõåìà ìîíè-

òîðèíãà è åãî èåðàðõè÷åñêàÿ ñòðóêòóðà ïðåäñòàâëå-

íû íà ðèñóíêå.

Òàêèì îáðàçîì, ñïåöèôèêà ìîíèòîðèíãà ïîæàðà

â çäàíèè ïîçâîëÿåò çàêëþ÷èòü, ÷òî êàæäûé êîíêðåò-

íûé âàðèàíò äåéñòâèé ïî òóøåíèþ ïîæàðà â çäàíèè,

îñíîâàííûé íà ðåçóëüòàòàõ ìîíèòîðèíãà, áóäåò õà-

ðàêòåðèçîâàòüñÿ m ïîêàçàòåëÿìè íàáëþäåíèé, äëÿ

êàæäîãî èç êîòîðûõ ïîëó÷åíà âåêòîðíàÿ îöåíêà äëÿ

n çîí êîíòðîëÿ.

Äëÿ ïðèíÿòèÿ ðåøåíèé íà îñíîâå ðåçóëüòàòîâ

ìíîãîêðèòåðèàëüíîãî ìîíèòîðèíãà ïîæàðà íåîáõî-

äèìî èìåòü ïðåäñòàâëåíèå îá èçìåíåíèè êàæäîãî

èç ïàðàìåòðîâ ìîíèòîðèíãà. Äëÿ ïîëó÷åíèÿ òàêîé

èíôîðìàöèè â ñèñòåìå ìîíèòîðèíãà ïîæàðà íåîáõî-

äèìà ìàòåìàòè÷åñêàÿ ìîäåëü, îïèñûâàþùàÿ â ïåð-

âîì ïðèáëèæåíèè ïðîöåññ èçìåíåíèÿ ïàðàìåòðîâ

ìîíèòîðèíãà âî âðåìåíè. Êîíöåïöèÿ ìîíèòîðèíãà

ïîæàðà ïðåäóñìàòðèâàåò äåëåíèå îáúåêòà ìîíèòî-

ðèíãà íà çîíû êîíòðîëÿ è ðàññìîòðåíèå êàæäîé èç

íèõ â îòäåëüíîñòè ñ ó÷åòîì îäíîâðåìåííîãî íàáëþ-

äåíèÿ çà íåñêîëüêèìè ïàðàìåòðàìè ïîæàðà. Â ñâÿçè

ñ ýòèì îöåíêà äèíàìèêè ïàðàìåòðîâ ìîíèòîðèíãà

âîçìîæíà íà îñíîâå òåîðèè êëåòî÷íûõ àâòîìàòîâ,

â êîòîðîé ñîâîêóïíîñòü çîí è ïàðàìåòðîâ êîíòðîëÿ

ìîæåò áûòü îïèñàíà ñèñòåìîé äèôôåðåíöèàëüíûõ

óðàâíåíèé.

Òîãäà êàæäàÿ èç çîí êîíòðîëÿ áóäåò ÿâëÿòüñÿ îò-

äåëüíûì îáúåêòîì êëåòî÷íîãî àâòîìàòà ñ äåëåíèåì

ïî ôóíêöèîíàëüíûì îñîáåííîñòÿì íà íà÷àëüíóþ

çîíó êîíòðîëÿ, â êîòîðîé èíòåíñèâíîñòü èçìåíåíèÿ

ïàðàìåòðà ìîíèòîðèíãà èìååò íàèáîëüøèå çíà÷å-

íèÿ, è ñìåæíûå çîíû êîíòðîëÿ.

Èçìåíåíèå ïàðàìåòðà ìîíèòîðèíãà ïîæàðà p â

çîíàõ êîíòðîëÿ îïðåäåëÿåòñÿ ïî ôîðìóëàì:
� â íà÷àëüíîé çîíå:


 � 
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(2)

ãäå p(�) — ïàðàìåòð ìîíèòîðèíãà ïîæàðà;

p0, p* — íà÷àëüíîå è ïîðîãîâîå çíà÷åíèÿ ïàðà-

ìåòðà ìîíèòîðèíãà ïîæàðà;

nij — êîýôôèöèåíò îáìåíà ìåæäó çîíàìè êîíò-

ðîëÿ i è j;

s — êîëè÷åñòâî çîí êîíòðîëÿ â ñèñòåìå ìîíèòî-

ðèíãà;

Z0, Zj — èíòåíñèâíîñòü èçìåíåíèÿ ïàðàìåòðîâ

ìîíèòîðèíãà ïîæàðà â çîíàõ 0 è j.

Ñòîèò îòìåòèòü, ÷òî ïàðàìåòðû ìîíèòîðèíãà â

ìíîãîêðèòåðèàëüíîé ñèñòåìå ðàçëè÷íû ïî ñòðóêòó-

ðå è äèíàìèêå, ïîýòîìó â êà÷åñòâå èñòî÷íèêà èíôîð-

ìàöèè äëÿ ïðèíÿòèÿ ðåøåíèé íåîáõîäèìî ðàññìàò-

ðèâàòü íîðìèðîâàííûå ïîêàçàòåëè ìîíèòîðèíãà fi,

çíà÷åíèÿ êîòîðûõ èçìåðÿþòñÿ ïî åäèíîé êîëè÷åñò-
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âåííîé øêàëå. Ïðè ïåðåõîäå îò ïàðàìåòðà pi ê fi

ïðèìåíèìû âñå èçâåñòíûå ñïîñîáû íîðìàëèçàöèè,

îäíàêî â êà÷åñòâå ðåêîìåíäàöèé íà îñíîâå îïûòà ðàç-

ðàáîòêè ÑÏÏÐ ìîæíî çàêëþ÷èòü, ÷òî íàèëó÷øèé

ðåçóëüòàò ïðè ðåøåíèè äàííîé çàäà÷è äàåò ìîäåëü

èíòåðâàëüíîé íîðìàëèçàöèè.

Ðàçðàáîòàííàÿ ìîäåëü ìîíèòîðèíãà ðåàëèçîâàíà

â âèäå ïðîãðàììíîãî ñðåäñòâà. Ðåçóëüòàòû èññëåäî-

âàíèÿ ïðîöåññà ìîíèòîðèíãà ñ èñïîëüçîâàíèåì åãî

êîìïüþòåðíîé ðåàëèçàöèè ïîêàçàëè, ÷òî, êàê ïðà-

âèëî, ôóíêöèÿ äèíàìèêè ïàðàìåòðà ìîíèòîðèíãà

èìååò ýêñïîíåíöèàëüíûé âèä. Ïîýòîìó â êà÷åñòâå

îáîáùåííîãî êðèòåðèÿ ìîíèòîðèíãà ïîæàðà ìîæåò

áûòü èñïîëüçîâàíà ìóëüòèïëèêàòèâíàÿ ôóíêöèÿ�(õ),

êîòîðàÿ çàïèñûâàåòñÿ ñëåäóþùèì îáðàçîì:


 � 
 �Ô x f x
i

i

m
i�

�
� �

1

, (3)

ãäå õ — âàðèàíòû óïðàâëåíñêèõ ðåøåíèé;

�i — êîýôôèöèåíòû âàæíîñòè i-ãî íîðìèðîâàí-

íîãî ïàðàìåòðà ìîíèòîðèíãà ïîæàðà; �i

i

m

�
	 �

1

1.

Âíåäðåíèå ðåçóëüòàòîâ ìîíèòîðèíãà
â ìîäåëè ïðèíÿòèÿ ðåøåíèé

Â îáùåé êîíöåïöèè ïðîåêòèðîâàíèÿ è ïðàêòè÷å-

ñêîãî ïðèìåíåíèÿ ÑÏÏÐ ïîä ïðèíÿòèåì ðåøåíèé

ïîíèìàþò ïðîöåññ âûáîðà îäíîãî èëè íåñêîëüêèõ

âàðèàíòîâ èç ìíîæåñòâà èìåþùèõñÿ â ðàñïîðÿæå-

íèè ËÏÐ [9, 10]. Òàêàÿ âåðáàëüíàÿ ïîñòàíîâêà çàäà-

÷è ïðèíÿòèÿ ðåøåíèé ïîçâîëÿåò ðàññìàòðèâàòü äâà

îáúåêòà ìîäåëè äàííîãî ïðîöåññà:
� ìíîæåñòâî âàðèàíòîâ äåéñòâèé:

xi � Õ, i = 1, 2, …, n, n � 2;

� ìíîæåñòâî îöåíîê âàðèàíòîâ ïî ïîêàçàòåëÿì ìî-

íèòîðèíãà ïîæàðà:

F(X) = f1(X) � f2(X) �… � fm (X),

ãäå X — èñõîäíîå ìíîæåñòâî âàðèàíòîâ â ìîäåëè

ïðèíÿòèÿ ðåøåíèé.

Òåîðåòèêî-ìíîæåñòâåííûé àíàëèç âàðèàíòîâ

ðåøåíèé ïðåäóñìàòðèâàåò ïîñòðîåíèå ñòðóêòóðû

ìíîãîìåðíûõ ïîäìíîæåñòâ ñ óêàçàíèåì ðåêîìåí-

Ïðèíöèïèàëüíàÿ ñõåìà ïðèìåíåíèÿ ðåçóëüòàòîâ ìîíèòîðèíãà ïîæàðà â ñèñòåìå ïîääåðæêè ïðèíÿòèÿ ðåøåíèé: ËÏÐ — ëèöî,

ïðèíèìàþùåå ðåøåíèå

Layout of application of fire monitoring results in the system of decision-making support: DM — decision maker
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äàöèé äëÿ îêîí÷àòåëüíîãî âûáîðà âàðèàíòà ðåøå-

íèÿ â ÑÏÏÐ [11–17].

Äëÿ ðåàëèçàöèè ðåçóëüòàòîâ ìîíèòîðèíãà ïîæà-

ðà ïðè òåîðåòèêî-ìíîæåñòâåííîì àíàëèçå âàðèàí-

òîâ ðåøåíèé íåîáõîäèìî ðàññìàòðèâàòü ñòðóêòóðó,

ñîñòîÿùóþ èç òðåõ ïîäìíîæåñòâ, âçàèìîñâÿçàííûõ

ïîñëåäîâàòåëüíûìè âêëþ÷åíèÿìè [10]:

Ñ(Õ) � PG (X) � PF (X) � Õ, (4)

ãäå C(Õ) — ìíîæåñòâî âûáðàííûõ âàðèàíòîâ;

ÐF (X) — ìíîæåñòâî âàðèàíòîâ è èõ îöåíîê ïî

ïîêàçàòåëÿì ìîíèòîðèíãà F = {f1, f2, …, fm};

ÐG (X) — ìíîæåñòâî âàðèàíòîâ è èõ îöåíîê ïî

ïîêàçàòåëÿì ìîíèòîðèíãà ñ ó÷åòîì êîýôôèöè-

åíòîâ âàæíîñòè G = {g1, g2, …, gm}.

Ïðè ó÷åòå êîýôôèöèåíòîâ âàæíîñòè â ðåçóëüòà-

òàõ ìîíèòîðèíãà êàæäûé íîâûé ïîêàçàòåëü ìîíèòî-

ðèíãà G = {g1, g2, …, gm} ñîñòîèò èç ëèíåéíûõ êîì-

áèíàöèé:

g x f x f xij i j
j j( ) ( ) ( ) ,�

�� �1
j = 1, 2, (5)

ãäå �j — êîýôôèöèåíò îòíîñèòåëüíîé âàæíîñòè êðè-

òåðèåâ.

Êîýôôèöèåíòû ìîäåëè òåîðåòèêî-ìíîæåñòâåí-

íîãî àíàëèçà �j ðàññ÷èòûâàþòñÿ íà îñíîâå êîýôôè-

öèåíòîâ âàæíîñòè �j ôóíêöèè (3) ïî ôîðìóëå

�j = k (1 – �j), (6)

ãäå k — êîëè÷åñòâî ëèíåéíûõ êîìáèíàöèé ïàðàìåò-

ðîâ ìîíèòîðèíãà F.

Òàêèì îáðàçîì, ïîÿâëÿåòñÿ âîçìîæíîñòü èñïîëü-

çîâàòü â êëàññè÷åñêîé ìîäåëè òåîðåòèêî-ìíîæåñò-

âåííîãî àíàëèçà âàðèàíòîâ ïðèíÿòèÿ ðåøåíèé ðå-

çóëüòàòû ìîíèòîðèíãà ïîæàðà è òåì ñàìûì ïîâûñèòü

îáúåêòèâíîñòü ìîäåëè çà ñ÷åò ÷àñòè÷íîãî èëè ïîë-

íîãî èñêëþ÷åíèÿ ñóáúåêòèâíûõ ôàêòîðîâ [18–21].

Âûâîäû

Ìîíèòîðèíã ïîæàðà ÿâëÿåòñÿ îäíèì èç èñòî÷-

íèêîâ îáúåêòèâíîé äîïîëíèòåëüíîé èíôîðìàöèè

äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè äåéñòâèé ïîæàðíî-

ñïàñàòåëüíûõ ïîäðàçäåëåíèé ïðè òóøåíèè ïîæà-

ðîâ â çäàíèÿõ. Äëÿ âíåäðåíèÿ ðåçóëüòàòîâ ìîíèòî-

ðèíãà ïîæàðà â ÑÏÏÐ ðåøåíà çàäà÷à, ñîñòîÿùàÿ â

ðàçðàáîòêå ìíîãîêðèòåðèàëüíîé ìîäåëè ìîíèòî-

ðèíãà ïîæàðà â çäàíèè è ïðåäëîæåíû ñïîñîáû åå

èñïîëüçîâàíèÿ ïðè òåîðåòèêî-ìíîæåñòâåííîì àíà-

ëèçå âàðèàíòîâ óïðàâëåíèÿ ïîæàðíî-ñïàñàòåëüíû-

ìè ïîäðàçäåëåíèÿìè.

Ðàçðàáîòàííàÿ ìîäåëü ó÷èòûâàåò ñïåöèôèêó èç-

ìåíåíèÿ ïàðàìåòðîâ ìîíèòîðèíãà ïîæàðà â èåðàð-

õè÷åñêèõ ñèñòåìàõ ñ ó÷åòîì âàæíîñòè ïîêàçàòåëåé

â ðåçóëüòèðóþùåé ôóíêöèè ïðèíÿòèÿ ðåøåíèé.

Ñîâîêóïíîñòü ïîëó÷åííûõ ðåçóëüòàòîâ ïîçâîëÿ-

åò ïîâûñèòü îáúåêòèâíîñòü óïðàâëåíèÿ ïîæàðíî-

ñïàñàòåëüíûìè ïîäðàçäåëåíèÿìè ñ èñïîëüçîâàíèåì

ÑÏÏÐ è ÷àñòè÷íî èëè ïîëíîñòüþ èñêëþ÷èòü ñóáú-

åêòèâíûå ôàêòîðû, âëèÿþùèå íà êà÷åñòâî ïðèíè-

ìàåìûõ ðåøåíèé.

Ìíîãîêðèòåðèàëüíàÿ ìîäåëü ìîíèòîðèíãà ïðåä-

íàçíà÷åíà äëÿ êîíòðîëÿ ïàðàìåòðîâ ïîæàðà â çäàíèè

íà îñíîâå ñòàöèîíàðíûõ ñðåäñòâ ìîíèòîðèíãà. Ñè-

ñòåìàòèçàöèÿ äàííûõ, ïîëó÷åííûõ ñ ìîáèëüíûõ

ñðåäñòâ ìîíèòîðèíãà, â ïðåäëîæåííîé ìîäåëè ÿâ-

ëÿåòñÿ íàïðàâëåíèåì äàëüíåéøåãî ñîâåðøåíñòâî-

âàíèÿ åå ìåòîäîëîãè÷åñêîé ñîñòàâëÿþùåé.
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ABSTRACT

Introduction. The article considers issues relating to improvement of activities as to extinguishing of

major fires by manpower and resources of fire-rescue units for the account of additional information

support of officials with the emergency system of control over results of objective remote monitoring

of fire in the building. Acomplex of fire monitoring results is considered as a component of integrated

informational space for the control of emergency services reacting at destructive events in social

environment.

Development of monitoring model. A class of hierarchical multi-criteria systems of fire moni-

toring has been considered. In such systems, a multi-criteria model for monitoring fire in the building

is developed for formalized description of the process of collection of information on altering values

of fire parameters. The model represents a complex of analytical solutions of a system of differential

equations which describe alteration of monitoring parameters during fire development. The model

is implemented as software with which help evaluation of alteration of fire monitoring parameters

is performed and their exponential temporal relationship is detected.

Implementation of results. In order to account monitoring results, in decision-making models

methods of monitoring parameter normalization are suggested. For various monitoring parameters in

terms of structure and dynamics a multiplicative model of a complex monitoring index is developed.

The developed model is adapted to be introduced into systems of decision-making support in terms of

set-theoretic analysis of variants for controlling fire-rescue units when extinguishing fires.

Conclusions. Results of set-theoretic analysis of variants for controlling, allowed on a qualitative

level to account relative importance of monitoring indices over resulting function of decision making.

The following is suggested: trends for further development of methodological component of

monitoring of fire in buildings aimed at increase of objectivity of the managerial decisions being made

as well as for decrease of impact of human factors upon the process of control of fire-rescue sub-

divisions when extinguishing fires in buildings.

Keywords: fire monitoring system; simulation of parameter dynamics; system of decision-making

support; set-theory analysis; variants of control; fire extinguishing in buildings and constructions.
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ÎÑÎÁÅÍÍÎÑÒÈ ÊÎÐÎÒÊÎÃÎ ÇÀÌÛÊÀÍÈß
Â ÀÂÒÎÌÎÁÈËÜÍÎÉ ÝËÅÊÒÐÈ×ÅÑÊÎÉ ÑÅÒÈ

Ïîêàçàíî, ÷òî ïîæàðû íà àâòîòðàíñïîðòíûõ ñðåäñòâàõ îòíîñÿòñÿ ê îñîáî òÿæåëûì ïðîèñøåñòâè-
ÿì, ïîýòîìó ïðîáëåìà ïîâûøåíèÿ èõ ïîæàðíîé áåçîïàñíîñòè î÷åíü àêòóàëüíà. Ýêñïåðèìåíòàëü-
íî ïðîèëëþñòðèðîâàíî, ÷òî ïðè êîðîòêîì çàìûêàíèè â ýëåêòðè÷åñêîé öåïè, ñîäåðæàùåé àêêó-
ìóëÿòîðíûå áàòàðåè òèïà 51AH/280A è 60AH/330A, â ðÿäå ñëó÷àåâ íå ïðîèñõîäèò îáðàçîâàíèÿ
øàðîâîãî îïëàâëåíèÿ ó ìåäíîãî ìíîãîïðîâîëî÷íîãî ïðîâîäíèêà ñå÷åíèåì 0,75 ìì2, à íàáëþ-
äàåòñÿ âûãîðàíèå îòäåëüíûõ ïðîâîëî÷åê ïðîâîäíèêà, ïðèëèïàíèå èõ ê ñòàëüíîé ïîâåðõíîñòè è
ðàçðóøåíèå â íåïîñðåäñòâåííîé áëèçîñòè îò òî÷êè êîíòàêòà. Ïðèâåäåíû ðåçóëüòàòû èññëåäîâà-
íèÿ íà ðàñòðîâîì ýëåêòðîííîì ìèêðîñêîïå JSM-6390LV îáðàçöîâ ìåäíûõ ìíîãîïðîâîëî÷íûõ
ïðîâîäíèêîâ è ñòàëüíîé ëåíòû, ïîäâåðãøèõñÿ âîçäåéñòâèþ êîðîòêîãî çàìûêàíèÿ ïðè íàïðÿæå-
íèè 12 è 24 Â. Äàíû ñíèìêè ïîâåðõíîñòåé îïëàâëåíèÿ ìåäíûõ ìíîãîïðîâîëî÷íûõ ïðîâîäíèêîâ
è ñòàëüíîé ëåíòû, ïîäâåðãøèõñÿ âîçäåéñòâèþ êîðîòêîãî çàìûêàíèÿ. Óñòàíîâëåíû õàðàêòåðíûå
äèàãíîñòè÷åñêèå ïðèçíàêè, ïîçâîëÿþùèå ìåòîäîì ðàñòðîâîé ìèêðîñêîïèè èäåíòèôèöèðîâàòü
ïðè÷èíó ïîâðåæäåíèÿ ïðè ïîæàðå (âûñîêîòåìïåðàòóðíîå âîçäåéñòâèå, êîðîòêîå çàìûêàíèå, òî-
êîâàÿ ïåðåãðóçêà) ìåäíîãî ïðîâîäíèêà â ýëåêòðè÷åñêîé öåïè ñ íàïðÿæåíèåì 12 Â. Óñòàíîâëåíî,
÷òî âûÿâëåííûå ïðèçíàêè ÿâëÿþòñÿ óñòîé÷èâûìè è íå ïîäâåðæåíû èçìåíåíèÿì â åñòåñòâåííûõ
óñëîâèÿõ õðàíåíèÿ àâòîìîáèëÿ, ïîëó÷èâøåãî ïîâðåæäåíèÿ â ðåçóëüòàòå òåðìîâîçäåéñòâèÿ.
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Ââåäåíèå

Ïîæàðû ïðè÷èíÿþò çíà÷èòåëüíûé ìàòåðèàëüíûé

óùåðá, â ÷àñòíîñòè óíè÷òîæàþò èëè ïîâðåæäàþò

èìóùåñòâî, à òàêæå ïðèâîäÿò ê ãèáåëè è ðàíåíèþ

ëþäåé. Óùåðá îò ïîæàðîâ â ïðîìûøëåííî ðàçâè-

òûõ ñòðàíàõ ïðåâûøàåò 1 % íàöèîíàëüíîãî äîõîäà

è èìååò òåíäåíöèþ ê ïîñòîÿííîìó ðîñòó [1–3]. Ïî-

æàðû íà àâòîòðàíñïîðòíûõ ñðåäñòâàõ îòíîñÿòñÿ ê

îñîáî òÿæåëûì ïðîèñøåñòâèÿì.

Â ðÿäå ðàáîò [4–8] ïîêàçàíî, ÷òî ïîæàðíàÿ îïàñ-

íîñòü ýëåêòðîñèñòåìû àâòîìîáèëÿ îïðåäåëÿåòñÿ òåì,

÷òî åå îòäåëüíûå ýëåìåíòû ìîãóò ñëóæèòü èñòî÷íè-

êîì âîçãîðàíèÿ â ñëó÷àå âîçíèêíîâåíèÿ àâàðèéíîãî

ðåæèìà â êàêîé-ëèáî ôóíêöèîíàëüíîé öåïè. Íåîá-

õîäèìî îòìåòèòü, ÷òî ïî äàííûì ÂÍÈÈÏÎ â Ðîñ-

ñèéñêîé Ôåäåðàöèè íàáëþäàåòñÿ òåíäåíöèÿ óâå-

ëè÷åíèÿ äîëè ÷èñëà ïîæàðîâ íà òðàíñïîðòíûõ

ñðåäñòâàõ ïî ïðè÷èíå òåõíè÷åñêîé íåèñïðàâíîñòè.

Â ÷àñòíîñòè, äîëÿ ÷èñëà ïîæàðîâ íà ëåãêîâûõ àâòî-

ìîáèëÿõ èç-çà òåõíè÷åñêîé íåèñïðàâíîñòè óâåëè÷è-

ëàñü ñ 15,7 % â 2001 ã. äî 34,0 % â 2010 ã. À â 2012 ã.

â Ðîññèéñêîé Ôåäåðàöèè ñóììàðíîå ÷èñëî ïîæà-

ðîâ, ïðîèñøåäøèõ â ðåçóëüòàòå íåèñïðàâíîñòè ñèñ-

òåì, ìåõàíèçìîâ è óçëîâ òðàíñïîðòíîãî ñðåäñòâà,

à òàêæå íåèñïðàâíîñòè åãî ýëåêòðîïðîâîäêè, ñîñòà-

âèëî 7718 (40,0 %). Â ðàáîòå [8] îòìå÷àåòñÿ, ÷òî â

îòäåëüíûõ ñóäåáíî-ýêñïåðòíûõ ó÷ðåæäåíèÿõ Ôå-

äåðàëüíîé ïðîòèâîïîæàðíîé ñëóæáû (ÑÝÓ ÔÏÑ)

Ì×Ñ Ðîññèè äîëÿ ýêñïåðòèç ïîæàðîâ íà àâòîìîáè-

ëÿõ äîñòèãàåò 40–50 % îò îáùåãî êîëè÷åñòâà ïîñòó-

ïèâøèõ ìàòåðèàëîâ. Íåîáõîäèìî íàïîìíèòü, ÷òî ñ

2013 ã. â îáùåìèðîâîì ìàñøòàáå ñòàðòîâàëà è â íà-

ñòîÿùåå âðåìÿ ðåàëèçóåòñÿ ïðîãðàììà àâòîìàòèçà-

öèè àâòîòðàíñïîðòíûõ ñðåäñòâ. Íàïðèìåð, àâòîìî-

áèëü Mercedes-Benz S 500 2016 ã. âûïóñêà êîíñòðóê-

òèâíî èìååò òîëüêî îêîëî 80 áëîêîâ óïðàâëåíèÿ

ðàçëè÷íûìè ýëåêòðè÷åñêèìè óñòðîéñòâàìè. Ñîãëàñ-

íî äàííîé ïðîãðàììå ê 2020 ã. àâòîìàòèçàöèÿ àâòî-

òðàíñïîðòíûõ ñðåäñòâ äîëæíà äîñòè÷ü âûñîêîãî

óðîâíÿ, ïðè êîòîðîì îòñóòñòâóåò êîíòðîëü çà àâòîìî-

áèëåì ñî ñòîðîíû âîäèòåëÿ è îí ëèøü èçðåäêà áåðåò

óïðàâëåíèå íà ñåáÿ. Ê 2025 ã. àâòîìîáèëè äîëæíû

äîñòè÷ü óðîâíÿ ïîëíîé àâòîìàòèçàöèè, ïðè êîòî-

ðîì âîäèòåëþ íå íóæíî óïðàâëÿòü òðàíñïîðòíûì

ñðåäñòâîì. Òåì íå ìåíåå ïðàêòèêà ñâèäåòåëüñòâóåò,

÷òî äàæå íà àâòîìîáèëÿõ ñ âûñîêèì óðîâíåì àâòî-
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ìàòèçàöèè èìåþò ìåñòî ñëó÷àè âîçãîðàíèÿ, â ÷àñò-

íîñòè èçâåñòåí ñëó÷àé ïîæàðà íà ýëåêòðîìîáèëå

Tesla Model S.

Òàêèì îáðàçîì, ðàçðàáîòêà ìåðîïðèÿòèé ïî ïðåä-

îòâðàùåíèþ ïîæàðîâ íà àâòîòðàíñïîðòå èìååò âàæ-

íîå çíà÷åíèå [4–9]. Îäíèì èç âèäîâ ïðîôèëàêòè÷å-

ñêèõ ìåðîïðèÿòèé ÿâëÿåòñÿ ïîæàðíî-òåõíè÷åñêàÿ

ýêñïåðòèçà.

Ïî ìíåíèþ àâòîðà [10], ýêñïåðòèçà ïîæàðîâ îñíî-

âàíà íà êîìïëåêñå ñïåöèàëüíûõ çíàíèé, íåîáõîäè-

ìûõ äëÿ èññëåäîâàíèÿ ìåñòà ïîæàðà, îòäåëüíûõ êîí-

ñòðóêöèé, ìàòåðèàëîâ, èçäåëèé è èõ îáãîðåâøèõ

îñòàòêîâ â öåëÿõ ïîëó÷åíèÿ èíôîðìàöèè, íåîáõî-

äèìîé äëÿ óñòàíîâëåíèÿ î÷àãà ïîæàðà, åãî ïðè÷è-

íû, ïóòåé ðàñïðîñòðàíåíèÿ ãîðåíèÿ, ïðèðîäû îáãî-

ðåâøèõ îñòàòêîâ, à òàêæå äëÿ ðåøåíèÿ íåêîòîðûõ

äðóãèõ çàäà÷, âîçíèêàþùèõ â õîäå àíàëèçà ïðè÷èí,

âûçâàâøèõ ïîæàð.

Ñëåäóåò çàìåòèòü, ÷òî ïîäàâëÿþùåå ÷èñëî âû-

âîäîâ ñóäåáíûõ ýêñïåðòîâ îòíîñèòåëüíî òåõíè÷å-

ñêèõ ïðè÷èí âîçíèêíîâåíèÿ ïîæàðîâ íà àâòîòðàíñ-

ïîðòå íîñèò ïðåäïîëîæèòåëüíûé (âåðîÿòíîñòíûé)

õàðàêòåð, ÷òî íå ïîçâîëÿåò ðàçðàáàòûâàòü è âíåä-

ðÿòü êîíêðåòíûå èíæåíåðíûå ðåøåíèÿ [11]. Ýòî

ìîæíî îáúÿñíèòü ìíîãèìè ïðè÷èíàìè, â òîì ÷èñëå

îòñóòñòâèåì ñîâðåìåííûõ íàó÷íî îáîñíîâàííûõ ìå-

òîäèê, ïîçâîëÿþùèõ îäíîçíà÷íî îïðåäåëèòü, íàïðè-

ìåð, ïåðâè÷íîñòü èëè âòîðè÷íîñòü êîðîòêîãî çàìû-

êàíèÿ. Ýòî êîñâåííî ïîäòâåðæäàþò È. Ä. ×åøêî è

Ã. È. Ñìåëêîâ â ðàáîòå [9], óêàçûâàÿ íà íåîáõîäè-

ìîñòü ñîâåðøåíñòâîâàíèÿ ñóùåñòâóþùèõ ìåòîäèê.

Êàê íàãëÿäíî ïîêàçàíî àâòîðàìè [9, 10, 12], åñëè

â î÷àãîâîé çîíå îáíàðóæåíû õàðàêòåðíûå ïðèçíàêè

ðàçðóøåíèÿ òîêîâåäóùèõ ïðîâîäîâ, òî íåèçáåæíî

âîçíèêàåò âîïðîñ î ìåõàíèçìå ïîâðåæäåíèÿ (ýëåêò-

ðîäóãîâîé èëè òåïëîâîé) è, â ÷àñòíîñòè, î ïåðâè÷íî-

ñòè èëè âòîðè÷íîñòè êîðîòêîãî çàìûêàíèÿ. Ïî ìíå-

íèþ ìíîãèõ àâòîðîâ, äàííûé âîïðîñ äàëåêî íå ïðîñò.

Ïîïûòêè ðåøèòü åãî ñ ïîìîùüþ èíñòðóìåíòàëüíûõ

ìåòîäîâ êðèìèíàëèñòû ïðåäïðèíèìàëè åùå â 50-õ

ãîäàõ ïðîøëîãî ñòîëåòèÿ [9, 10, 12]. Ê ñîæàëåíèþ,

àïðîáèðîâàííàÿ è íàó÷íî îáîñíîâàííàÿ óíèâåðñàëü-

íàÿ ìåòîäèêà îòñóòñòâóåò äî íàñòîÿùåãî âðåìåíè,

íåñìîòðÿ íà íàëè÷èå ðÿäà ðåøåííûõ ÷àñòíûõ çàäà÷

[4–22].

Òàê, íàïðèìåð, àâòîðû ðàáîòû [22] íà îñíîâå

ìíîãî÷èñëåííûõ ýêñïåðèìåíòàëüíûõ äàííûõ ïðè-

øëè ê âûâîäó, ÷òî êðóãëûå ìåäíûå ãëîáóëû ñ ÷åòêè-

ìè ëèíèÿìè ðàçãðàíè÷åíèÿ, òðàäèöèîííî îïðåäåëÿ-

åìûå êàê “íàïëûâû”, îáðàçîâûâàëèñü íà ïðîâîäàõ

íå òîëüêî ïîä íàïðÿæåíèåì, íî è áåç íåãî. Íà íåêî-

òîðûõ ïðîâîäàõ ïîä íàïðÿæåíèåì âîçíèêàëà äóãà,

ïðèâîäÿùàÿ ê îáðàçîâàíèþ òàêèõ ãëîáóë. Â òî æå

âðåìÿ ó íåêîòîðûõ ïðîâîäîâ áåç íàïðÿæåíèÿ äóãà

îòñóòñòâîâàëà, íî íàáëþäàëèñü ýòè õàðàêòåðíûå íà-

ïëûâû [22]. Ïîä ìèêðîñêîïîì íàïëûâû íåêîòîðûõ

ïðîâîäîâ ïîä íàïðÿæåíèåì èìåëè ïîðèñòóþ ñòðóê-

òóðó è ñîäåðæàëè áîëüøîå êîëè÷åñòâî âíóòðåííèõ

ïîðîâûõ ïðîñòðàíñòâ, â òî âðåìÿ êàê â äðóãèõ íà-

ïëûâàõ ïîñëåäíèå îòñóòñòâîâàëè. Àâòîðû [22] îò-

ìå÷àþò, ÷òî ýòà æå òåíäåíöèÿ áûëà õàðàêòåðíà è

äëÿ ïðîâîäîâ áåç íàïðÿæåíèÿ.

Â ðàáîòå [22] íàãëÿäíî ïîêàçàíî, ÷òî ïðè èçó÷å-

íèè îáðàçöîâ ïîä ðàñòðîâûì ýëåêòðîííûì ìèêðî-

ñêîïîì óñòàíîâëåíî îòñóòñòâèå ó íèõ òåíäåíöèé ê

èçìåíåíèÿì â ñòðóêòóðå çåðíà èëè õèìè÷åñêèõ ñî-

ñòàâàõ. Âíóòðåííèå çåðíîâûå ñòðóêòóðû íàïëûâîâ

áûëè èññëåäîâàíû íà ïðåäìåò ðàçìåðîâ ýëåìåíòîâ

ìèêðîñòðóêòóðû, ïîðèñòîñòè è îñíîâíûõ èçìåíåíèé.

Íè ïî îäíîìó èç èçó÷åííûõ ôèçè÷åñêèõ àñïåêòîâ

íàïëûâîâ íå îáíàðóæåíî êàêèõ-ëèáî îòëè÷èòåëüíûõ

îñîáåííîñòåé äëÿ îáðàçöîâ ïðîâîäîâ ïîä íàïðÿæå-

íèåì è áåç íåãî [22]. Ýòî ìíåíèå ïîääåðæèâàþò

òàêèå èññëåäîâàòåëè, êàê V. Babrauskas, Kuan-Heng

Liu, Yung-Hui Shih, Guo-Ju Chen è äð., êîòîðûå óêà-

çûâàþò íà íåñïîñîáíîñòü íàó÷íîãî ñîîáùåñòâà íà

ñîâðåìåííîì ýòàïå äèôôåðåíöèðîâàòü ïåðâè÷íûå è

âòîðè÷íûå îïëàâëåíèÿ ìåäíûõ ïðîâîäíèêîâ [16, 18].

Â ÷àñòíîñòè, V. Babrauskas â ðàáîòå [16], îïåðèðóÿ

êîîðäèíàòàìè î÷àãà ïîæàðà, ïîäâåðãàåò êðèòè÷å-

ñêîìó àíàëèçó ðåçóëüòàòû, ïîëó÷åííûå N. J. Carey [21]

â îòíîøåíèè ïåðâè÷íîñòè èëè âòîðè÷íîñòè êîðîò-

êîãî çàìûêàíèÿ.

Â òî æå âðåìÿ íåîáõîäèìî îòìåòèòü, ÷òî â ðàáî-

òå [6] ïðèâåäåíû ôàêòè÷åñêèå äàííûå, ïîçâîëÿþùèå

ïî õàðàêòåðó èçëîìà ìåäíîãî ïðîâîäíèêà â çîíå

îïëàâëåíèÿ äèôôåðåíöèðîâàòü ïðè÷èíó ðàçðóøå-

íèÿ, îáóñëîâëåííóþ ýëåêòðîäóãîâûì èëè òåïëîâûì

ïðîöåññîì. Íàñòîÿùàÿ ðàáîòà òàêæå ïîñâÿùåíà óñòà-

íîâëåíèþ ïðèçíàêîâ, ïîçâîëÿþùèõ èäåíòèôèöèðî-

âàòü ïðè÷èíó ðàçðóøåíèÿ ìåäíîãî ïðîâîäíèêà.

Öåëüþ ðàáîòû ÿâëÿåòñÿ ðàçðàáîòêà íàó÷íî îá-

îñíîâàííîãî ìåòîäà èññëåäîâàíèÿ ìåäíûõ ïðîâîä-

íèêîâ àâòîìîáèëüíîé ýëåêòðè÷åñêîé ñåòè, ðàçðóøåí-

íûõ â ðåçóëüòàòå êîðîòêîãî çàìûêàíèÿ, äëÿ óñòàíîâ-

ëåíèÿ ïðè÷èíû èõ ïîâðåæäåíèÿ â õîäå ïîæàðíî-

òåõíè÷åñêîé ýêñïåðòèçû.

Èñõîäÿ èç óêàçàííîé öåëè, ïîñòàâëåíû ñëåäó-

þùèå çàäà÷è èññëåäîâàíèÿ:

� ïðîâåñòè ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïî

ýëåêòðîäóãîâîìó ðàçðóøåíèþ ìåäíûõ ïðîâîä-

íèêîâ ïðè íàïðÿæåíèè 12 è 24 Â;

� ýêñïåðèìåíòàëüíî ïîäòâåðäèòü óñëîâèÿ âîçíèê-

íîâåíèÿ ïåðâè÷íîãî êîðîòêîãî çàìûêàíèÿ â àâ-

òîìîáèëüíîé ýëåêòðè÷åñêîé ñåòè;

� äîêàçàòü, ÷òî íà ïîâåðõíîñòè ðàçðóøåíèÿ ìåä-

íîãî ïðîâîäíèêà, ïîäâåðãøåãîñÿ êîðîòêîìó çà-

ìûêàíèþ, ìîãóò áûòü âûÿâëåíû ïðèçíàêè, ïî-

çâîëÿþùèå èäåíòèôèöèðîâàòü ýëåêòðîäóãîâîé

ïðîöåññ;
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� óñòàíîâèòü, ÷òî ïðèçíàêè, âûÿâëåííûå íà ïîâåðõ-

íîñòè ðàçðóøåíèÿ ìåäíûõ ïðîâîäíèêîâ, ïîäâåðã-

øèõñÿ êîðîòêîìó çàìûêàíèþ, ÿâëÿþòñÿ óñòîé-

÷èâûìè è íå ïîäâåðæåíû èçìåíåíèÿì â åñòåñò-

âåííûõ óñëîâèÿõ õðàíåíèÿ (áåç óìûøëåííîãî

óíè÷òîæåíèÿ ïðèçíàêîâ);
� ïîêàçàòü, ÷òî ðàñòðîâóþ ìèêðîñêîïèþ ìîæíî èñ-

ïîëüçîâàòü ïðè èññëåäîâàíèè ïëàâêèõ âñòàâîê

àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé â êà÷åñòâå

îñíîâíîãî ìåòîäà.

Â íàñòîÿùåé ñòàòüå ðàññìàòðèâàþòñÿ ôàêòè÷å-

ñêèå ïðèìåðû èññëåäîâàíèÿ îïëàâëåíèé ìåäíûõ

ïðîâîäíèêîâ, ïîäâåðãøèõñÿ êîðîòêîìó çàìûêàíèþ

ïðè íàïðÿæåíèè 12 è 24 Â.

Ìàòåðèàëû è ìåòîäû

Èññëåäîâàíèÿ ïðîâîäèëèñü â Ðåãèîíàëüíîé óíè-

âåðñèòåòñêîé ëàáîðàòîðèè èíæåíåðíîãî ïðîôèëÿ

“IÐÃÅÒÀÑ” Âîñòî÷íî-Êàçàõñòàíñêîãî ãîñóäàðñòâåí-

íîãî òåõíè÷åñêîãî óíèâåðñèòåòà èì. Ä. Ñåðèêáàåâà

ñ èñïîëüçîâàíèåì ðàñòðîâîãî ýëåêòðîííîãî ìèêðî-

ñêîïà JSM-6390LV ñ ïðèñòàâêîé äëÿ ýíåðãîäèñïåð-

ñèîííîãî ìèêðîàíàëèçà. Ïîâåðõíîñòè ðàçðóøåíèÿ

ìåäíûõ ïðîâîäíèêîâ ïîäâåðãàëèñü àíàëèçó áåç ïðåä-

âàðèòåëüíîé ïðîáîïîäãîòîâêè. Ñõåìà èñïûòàíèé

ïðèâåäåíà íà ðèñ. 1.

Ïî àíàëîãèè ñ ðàáîòîé [7] äëÿ èìèòàöèè ðåæèìà

êîðîòêîãî çàìûêàíèÿ èñïîëüçîâàëñÿ ìíîãîïðîâî-

ëî÷íûé ìåäíûé ïðîâîä ñå÷åíèåì 0,75 ìì2, êàê íàè-

áîëåå ðàñïðîñòðàíåííûé â àâòîìîáèëüíûõ ýëåêò-

ðè÷åñêèõ ñåòÿõ. Èñòî÷íèêîì ïîñòîÿííîãî òîêà ïðè

íàïðÿæåíèè 12 Â ñëóæèëè àêêóìóëÿòîðíûå áàòàðåè

51AH�280A è 60AH�330A, êàê íàèáîëåå ìàññîâûå

ïî ïðèìåíåíèþ íà ñîâðåìåííûõ ëåãêîâûõ àâòîìî-

áèëÿõ, ïðè íàïðÿæåíèè 24 Â — àêêóìóëÿòîðíûå áà-

òàðåè 6ÑÒ190. Ïóñêîâîé òîê àêêóìóëÿòîðíûõ áàòà-

ðåé 51AH�280Aè 60AH�330Aðàâåí ñîîòâåòñòâåííî

280 è 330 À, áàòàðåè 6ÑÒ190 — 1150 À. Êóçîâíóþ

äåòàëü àâòîìîáèëÿ èìèòèðîâàëà ñòàëüíàÿ ëåíòà ðàç-

ìåðîì 52�20�0,8 ìì. Ê îòðèöàòåëüíîìó âûâîäó àê-

êóìóëÿòîðíîé áàòàðåè ïîñðåäñòâîì ìíîãîïðîâîëî÷-

íîãî ìåäíîãî ïðîâîäà ïîäêëþ÷àëàñü ñòàëüíàÿ ëåíòà,

à ê ïîëîæèòåëüíîìó — íàãðóçêà â âèäå ýëåêòðè÷å-

ñêîé ëàìïî÷êè. Äëÿ èìèòàöèè êîðîòêîãî çàìûêàíèÿ

ïðîâîäíèê ðàñïîëàãàëñÿ ïî êàñàòåëüíîé ê ïîâåðõ-

íîñòè ëåíòû (ñì. ðèñ. 1,á) è ïåðïåíäèêóëÿðíî ê íåé

(ñì. ðèñ. 1,â).

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ðåçóëüòàòû ýêñïåðèìåíòà ïî èìèòàöèè êîðîòêî-

ãî çàìûêàíèÿ ïðèâåäåíû íà ðèñ. 2. Êëàññè÷åñêîå øà-

ðîâîå îïëàâëåíèå áûëî ïîëó÷åíî òîëüêî â ñëó÷àå

ðàñïîëîæåíèÿ ìåäíîãî ïðîâîäà ïåðïåíäèêóëÿðíî ê

ñòàëüíîé ëåíòå ïðè íàïðÿæåíèè 24 Â îò áàòàðåè

6ÑÒ190 (ñì. ðèñ. 2,à). Ïðè èñïîëüçîâàíèè àêêóìó-

ëÿòîðíûõ áàòàðåé 51AH�280A è 60AH�330A è íà-

ïðÿæåíèè 12 Â ïðîèñõîäèëî ðàçðóøåíèå ìåäíûõ

ïðîâîäíèêîâ áåç îáðàçîâàíèÿ øàðîâûõ îïëàâëåíèé

(ñì. ðèñ. 2,á è 2,ã). Ïðè ïåðïåäèêóëÿðíîì ðàñïîëî-

æåíèè ìíîãîïðîâîëî÷íîãî ïðîâîäà îòíîñèòåëüíî

ïîâåðõíîñòè ëåíòû ïðîèñõîäèëî ñïåêàíèå ïðîâîëîê

ñ ïîëíûì âûãîðàíèåì èõ ôðàãìåíòîâ (ñì. ðèñ. 2,á).

Ïðè êàñàòåëüíîì ðàñïîëîæåíèè ìíîãîïðîâîëî÷-

íîãî ïðîâîäíèêà îòíîñèòåëüíî ïîâåðõíîñòè ëåíòû

ïðîèñõîäèëî ñïëàâëåíèå îòäåëüíûõ ïðîâîëîê äðóã

ñ äðóãîì è ñòàëüíîé ïëàñòèíîé. Ýòîò ýôôåêò áûë

îïèñàí â ðàáîòå [7] è íàçâàí çàëèïàíèåì. Ïðè ýòîì â

íåïîñðåäñòâåííîé áëèçîñòè îò ìåñòà çàëèïàíèÿ ïðî-

èñõîäèëî ðàçðóøåíèå ïðîâîëîê ìåäíîãî ïðîâîäíè-

êà ñ õàðàêòåðíûìè ïðèçíàêàìè òîêîâîé ïåðåãðóçêè.

Íà ïîâåðõíîñòè ñòàëüíîé ëåíòû â ñëó÷àå êàê ïåð-

ïåíäèêóëÿðíîãî, òàê è êàñàòåëüíîãî ðàñïîëîæåíèÿ

ïðîâîäíèêà îòìå÷àþòñÿ “êðàòåðû” è êàïëè ðàñïëàâ-

ëåííîãî ìåòàëëà (ñì. ðèñ. 2,â è 2,ã). Íåîáõîäèìî òàê-

æå îòìåòèòü, ÷òî â ìîìåíò êîðîòêîãî çàìûêàíèÿ íèòü

íàêàëèâàíèÿ ýëåêòðè÷åñêîé ëàìïû, èãðàþùåé ðîëü

Ðèñ. 1. Ñõåìà ïðîâåäåíèÿ èñïûòàíèé: à — ïðèíöèïèàëüíàÿ ñõåìà (à — îòðèöàòåëüíûé âûâîä àêêóìóëÿòîðíîé áàòàðåè; b —

ïîëîæèòåëüíûé âûâîä àêêóìóëÿòîðíîé áàòàðåè; �— âåëè÷èíà ýëåêòðîäâèæóùåé ñèëû àêêóìóëÿòîðíîé áàòàðåè; I — ñèëà

òîêà; r — âíóòðåííåå ñîïðîòèâëåíèå àêêóìóëÿòîðíîé áàòàðåè; ��— ðàçíîñòü ïîòåíöèàëîâ; E
 

— íàïðÿæåííîñòü ýëåêòðè÷å-

ñêîãî ïîëÿ âíóòðè àêêóìóëÿòîðíîé áàòàðåè; E ý

 
— ýëåêòðè÷åñêàÿ ñèëà; Eñò

 
— ñòîðîííÿÿ ñèëà); á — ìåäíûé ïðîâîä ðàñïîëî-

æåí ïî êàñàòåëüíîé ê ïîâåðõíîñòè ñòàëüíîé ëåíòû; â — ìåäíûé ïðîâîä ðàñïîëîæåí ïåðïåíäèêóëÿðíî ê ïîâåðõíîñòè ñòàëüíîé

ëåíòû
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íàãðóçêè, ïåðåñòàâàëà èçëó÷àòü ñâåò. Äàííîå îáñòî-

ÿòåëüñòâî ñâèäåòåëüñòâóåò î òîì, ÷òî ïîòðåáèòåëþ

â ìîìåíò êîðîòêîãî çàìûêàíèÿ íå õâàòàåò íåîáõî-

äèìîé ìîùíîñòè äëÿ ðàáîòû.

Ñëåäóåò òàêæå îòìåòèòü, ÷òî âîçäóøíûé çàçîð

ìåæäó îãîëåííûì ìåäíûì ïðîâîäíèêîì è ñòàëüíîé

ëåíòîé, ðàâíûé òîëùèíå èçîëÿöèè ïðîâîäíèêà (â äàí-

íîì ñëó÷àå îêîëî 0,4 ìì), ïðåïÿòñòâóåò âîçíèêíî-

âåíèþ êîðîòêîãî çàìûêàíèÿ, íåñìîòðÿ íà òî ÷òî ïî

ñõåìå ðèñ. 1,à â öåïè ïîääåðæèâàåòñÿ íàïðÿæåíèå

îò àêêóìóëÿòîðíîé áàòàðåè 51AH�280A è íèòü íà-

êàëèâàíèÿ ýëåêòðè÷åñêîé ëàìïî÷êè èçëó÷àåò ñâåò

(ðèñ. 3).

Â õîäå ìîðôîëîãè÷åñêîãî èññëåäîâàíèÿ ôðàãìåí-

òà îïëàâëåííîãî ìåäíîãî ïðîâîäíèêà (ñì. ðèñ. 2,à),

ïîäâåðãøåãîñÿ êîðîòêîìó çàìûêàíèþ ïðè íàïðÿæå-

íèè 24 Â îò àêêóìóëÿòîðíîé áàòàðåè 6ÑÒ190, ïðè

ïîìîùè ðàñòðîâîãî ìèêðîñêîïà JSM-6390LV óñòà-

íîâëåíî, ÷òî, ïîìèìî ìèêðîïîðèñòîñòè, íà ïîâåðõ-

íîñòè øàðîâîãî îïëàâëåíèÿ èìåþòñÿ õèìè÷åñêèå

ýëåìåíòû, îòíîñÿùèåñÿ ê ñîñòàâó ñòàëüíîé ëåíòû

(ðèñ. 4, òàáë. 1).

Êàê ñëåäóåò èç òàáë. 1, íà ïîâåðõíîñòè øàðîâî-

ãî îïëàâëåíèÿ íàáëþäàþòñÿ òàêèå õèìè÷åñêèå ýëå-

ìåíòû, êàê Fe, Zn, Mn, ïðèñóùèå ñòàëüíîé ëåíòå.

Ðèñ. 2. Îáùèé âèä ôðàãìåíòîâ ìåäíîãî ïðîâîäíèêà è ñòàëüíîé ëåíòû, ïîäâåðãøèõñÿ êîðîòêîìó çàìûêàíèþ: à — îïëàâëåíèå

ïðîâîäíèêà ïðè íàïðÿæåíèè 24 Â; á — ðàçðóøåíèå ïðîâîäíèêà ïðè íàïðÿæåíèè 12 Â; â — ïîâðåæäåíèå ñòàëüíîé ëåíòû ïðè

ïåðïåäèêóëÿðíîì ðàñïîëîæåíèè ïðîâîäíèêà îòíîñèòåëüíî åå ïîâåðõíîñòè; ã — ïîâðåæäåíèå ñòàëüíîé ëåíòû ïðè êàñàòåëü-

íîì ðàñïîëîæåíèè ïðîâîäíèêà îòíîñèòåëüíî åå ïîâåðõíîñòè

Ðèñ. 3. Âîçäóøíûé çàçîð, ðàâíûé òîëùèíå èçîëÿöèè ïðîâî-

äà, ïðåïÿòñòâóåò âîçíèêíîâåíèþ êîðîòêîãî çàìûêàíèÿ â àâ-

òîìîáèëüíîé ýëåêòðè÷åñêîé ñåòè

Ðèñ. 4. Âèä ïîâåðõíîñòè ìåäíîãî ïðîâîäíèêà, ðàçðóøåííîãî

â ðåçóëüòàòå êîðîòêîãî çàìûêàíèÿ ïðè íàïðÿæåíèè 24 Â (ñì.

ðèñ. 2,à), ïðè óâåëè÷åíèè 35� (à) è 200� (á)

Íîìåð
òî÷êè

èçìåðåíèÿ

Ñîäåðæàíèå õèìè÷åñêîãî ýëåìåíòà, % ìàññ.

O Mg Al Mn Fe Cu Zn

Ñïåêòð 1 24,22 – 1,14 0,64 58,26 4,48 8,62

Ñïåêòð 2 29,64 1,17 1,92 – 6,66 21,18 37,10

Ñïåêòð 3 18,34 – 1,96 – 7,16 59,65 10,00

Ñïåêòð 4 1,96 – 2,88 – – 95,16 –

Òàáëèöà 1. Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà, ïðèâåäåí-
íîãî íà ðèñ. 4,á
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Ïðè÷åì æåëåçî íà ïîâåðõíîñòè ìåäè ïðèñóòñòâóåò

ôðàãìåíòàðíî, â âèäå ÷àñòèö øàðîâèäíîé ôîðìû.

Ñëåäóåò òàêæå îòìåòèòü, ÷òî òåìïåðàòóðà ýëåêòðî-

äóãîâîãî ïðîöåññà âûøå òåìïåðàòóðû ãîðåíèÿ àâ-

òîìîáèëÿ, êîòîðàÿ ñîñòàâëÿåò îêîëî 950 °Ñ. Òàêèì

îáðàçîì, íàëè÷èå íà ïîâåðõíîñòè îïëàâëåííîãî ìåä-

íîãî ïðîâîäíèêà õèìè÷åñêèõ ýëåìåíòîâ, ðàíåå åìó

íå ïðèíàäëåæàâøèõ, ìîæåò áûòü îáúÿñíåíî òîëüêî

ïðîòåêàíèåì ýëåêòðîäóãîâîãî ïðîöåññà.

Èññëåäîâàíèåì ðàçðóøåííîãî â ðåçóëüòàòå êîðîò-

êîãî çàìûêàíèÿ ìåäíîãî ïðîâîäíèêà ïðè íàïðÿæå-

íèè 12 Â (ñì. ðèñ. 2,á, ðèñ. 5) óñòàíîâëåíî, ÷òî îòäåëü-

íûå ïðîâîäíèêè ñïëàâëåíû ìåæäó ñîáîé, íà îïëàâ-

ëåííîé ïîâåðõíîñòè íàáëþäàþòñÿ ìèêðîïîðû (ñì.

ðèñ. 5,á) è ìèêðîëóíêè (ñì. ðèñ. 5,â).

Íà ðèñ. 6 ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèÿ ïî-

âåðõíîñòè ðàçðóøåíèÿ ñòàëüíîé ëåíòû ïîñëå êîðîò-

êîãî çàìûêàíèÿ ïðè íàïðÿæåíèè 12 Â (òàáë. 2).

Êàê ñëåäóåò èç ðèñ. 6,à è òàáë. 2, íà ó÷àñòêå êî-

ðîòêîãî çàìûêàíèÿ íàáëþäàþòñÿ øàðîîáðàçíûå è

êàïëåâèäíûå ÷àñòèöû ìåäè, à òàêæå ôðàãìåíò íå-

ïðàâèëüíîé ôîðìû ñ ëóíêàìè, ñîñòîÿùèé èç ìåäè.

Íà ïîâåðõíîñòè ñòàëüíîé ëåíòû èìååòñÿ “êðàòåð” ñ

ðîâíûì äíîì (ñì. ðèñ. 6,á). Äíî “êðàòåðà” íà 50–72 %

ïðåäñòàâëÿåò ñîáîé æåëåçî (òàáë. 3), à ïî åãî êðàÿì

ðàñïîëîæåíû øàðîîáðàçíûå è êàïëåâèäíûå ÷àñòè-

öû ìåäè.

Ïî òåðìèíîëîãèè ìèêðîòðàñîëîãèè ïåðå÷èñëåí-

íûå âûøå ïðèçíàêè ÿâëÿþòñÿ ìèêðîñëåäàìè, íà-

ãëÿäíî äîêàçûâàþùèìè, ÷òî ïðè÷èíîé ïîâðåæäåíèÿ

êàê ñòàëüíîé ëåíòû, òàê è ìåäíîãî ìíîãîïðîâîëî÷-

Ðèñ. 5. Âèä ïîâåðõíîñòè ìåäíîãî ïðîâîäíèêà, ðàçðóøåííîãî

â ðåçóëüòàòå êîðîòêîãî çàìûêàíèÿ ïðè íàïðÿæåíèè 12 Â (ñì.

ðèñ. 2,á), ïðè óâåëè÷åíèè 37� (à), 200� (á) è 1300� (â)

Ðèñ. 6. Âèä ïîâåðõíîñòè ñòàëüíîé ëåíòû ñ ìåäíûì ïðîâîä-

íèêîì ïîñëå êîðîòêîãî çàìûêàíèÿ ïðè íàïðÿæåíèè 12 Â

(ñì. ðèñ. 2,â è 2,ã) ïðè óâåëè÷åíèè 60� (à) è 220� (á)
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íîãî ïðîâîäíèêà ïîñëóæèë ýëåêòðîäóãîâîé ïðîöåññ

â âèäå êîðîòêîãî çàìûêàíèÿ.

Íà ðèñ. 2,ã ïîêàçàíî ðàçðóøåíèå ïðèëèïøåãî ê

ñòàëüíîé ëåíòå ìåäíîãî ïðîâîäíèêà. Åñëè îäíà ñòî-

ðîíà ïðîâîäíèêà ïîëó÷èëà ïîâðåæäåíèÿ â ðåçóëü-

òàòå êîðîòêîãî çàìûêàíèÿ, òî äðóãàÿ áûëà ðàçðóøå-

íà â ðåçóëüòàòå òîêîâîé ïåðåãðóçêè.

Íà ïîâåðõíîñòè ðàçðóøåíèÿ ïðîâîëî÷êè ìåäíî-

ãî ïðîâîäíèêà â ðåçóëüòàòå òîêîâîé ïåðåãðóçêè îò-

ìå÷àåòñÿ ðó÷üèñòûé óçîð. Ñîãëàñíî ÐÄ 50-672–88

“Ìåòîäè÷åñêèå óêàçàíèÿ. Ðàñ÷åòû è èñïûòàíèÿ íà

ïðî÷íîñòü. Êëàññèôèêàöèÿ âèäîâ èçëîìîâ ìåòàë-

ëîâ” ðó÷üèñòûé óçîð — ýëåìåíò ñòðîåíèÿ ïîâåðõ-

íîñòè ôàñåòîê ñêîëà, ïðåäñòàâëÿþùèé ñîáîé ñèñòå-

ìó ñõîäÿùèõñÿ ñòóïåíåê, îáðàçóþùóþñÿ â ïëîñêî-

ñòè ñêîëà â ðåçóëüòàòå ðàçðóøåíèÿ ïåðåìû÷åê

ìåæäó õðóïêèìè ìèêðîòðåùèíàìè, ðàñïðîñòðàíÿ-

þùèìèñÿ ïî ïàðàëëåëüíûì, áëèçêî ðàñïîëîæåí-

íûì êðèñòàëëîãðàôè÷åñêèì ïëîñêîñòÿì. Íàïðàâëå-

íèå ñëèÿíèÿ ñòóïåíåê ñêîëà â ðó÷üèñòîì óçîðå ñîîò-

âåòñòâóåò íàïðàâëåíèþ ðàñïðîñòðàíåíèÿ òðåùèíû.

×àñòíûé ñëó÷àé ðó÷üèñòîãî óçîðà — âååðîîáðàç-

íûé óçîð, êîòîðûé âîçíèêàåò, åñëè ñòóïåíüêè ñêîëà

ñõîäÿòñÿ â îäíîé òî÷êå â ïðåäåëàõ ôàñåòêè. Íåîáõî-

äèìî ïîä÷åðêíóòü, ÷òî ðó÷üèñòûé óçîð — ýòî ïðè-

çíàê õðóïêîãî èçëîìà.

Èññëåäîâàííûå îáðàçöû ìåäíûõ ìíîãîïðîâîëî÷-

íûõ ïðîâîäíèêîâ è ñòàëüíîé ëåíòû õðàíèëèñü 3 ìåñ.

(÷òî ïðåâûøàåò ñðåäíèé ñðîê ðàññëåäîâàíèÿ äåë

î ïîæàðàõ), â ðàçíûõ óñëîâèÿõ (â ïîìåùåíèè íà îò-

êðûòîì âîçäóõå, â ïîìåùåíèè â ãåðìåòè÷íîé óïà-

êîâêå, â óëè÷íûõ óñëîâèÿõ áåç äîñòóïà âîäû â æèä-

êîì àãðåãàòíîì ñîñòîÿíèè (áåç ïîãðóæåíèÿ â âîäó)).

Ïðè ñðàâíåíèè îáðàçöîâ óñòàíîâëåíî, ÷òî âûÿâëåí-

íûå ïðèçíàêè ÿâëÿþòñÿ óñòîé÷èâûìè è íå ïîäâåð-

æåíû èçìåíåíèÿì â åñòåñòâåííûõ óñëîâèÿõ õðàíå-

íèÿ (áåç óìûøëåííîãî óíè÷òîæåíèÿ ïðèçíàêîâ).

Òàêèì îáðàçîì, â ðåçóëüòàòå èññëåäîâàíèÿ ìåòî-

äîì ðàñòðîâîé ìèêðîñêîïèè ôðàãìåíòîâ ìíîãîïðî-

âîëî÷íîãî ìåäíîãî ïðîâîäíèêà è ñòàëüíîé ëåíòû,

ïîäâåðãøèõñÿ êîðîòêîìó çàìûêàíèþ, óñòàíîâëåíû

õàðàêòåðíûå ïðèçíàêè, ïîçâîëÿþùèå èäåíòèôèöè-

ðîâàòü ïðîöåññ, ïðèâåäøèé ê èõ ðàçðóøåíèþ.

Â çàêëþ÷åíèå íåîáõîäèìî îòìåòèòü, ÷òî, ïî ìíå-

íèþ È. Ä. ×åøêî [10], èñïîëüçîâàíèå ðåçóëüòàòîâ

èíñòðóìåíòàëüíûõ èññëåäîâàíèé â êà÷åñòâå “ïðî-

ìåæóòî÷íîãî ïðîäóêòà” â ýêñïåðòíîì èññëåäîâàíèè

ïî ïîæàðó íå ñíèæàåò èõ öåííîñòè êàê âàæíåéøåãî

èñòî÷íèêà îáúåêòèâíîé èíôîðìàöèè, áåç êîòîðîé âû-

âîäû î ïðè÷èíå ïîæàðà áóäóò ìàëîóáåäèòåëüíûìè.

Çàêëþ÷åíèå

Äîêàçàíî, ÷òî â ýëåêòðè÷åñêîé öåïè ñ íàïðÿæå-

íèåì 12 èëè 24 Â ïðè êîðîòêîì çàìûêàíèè ìåæäó

ìíîãîïðîâîëî÷íûì ìåäíûì ïðîâîäíèêîì è ñòàëü-

Íîìåð
òî÷êè

èçìåðåíèÿ

Ñîäåðæàíèå õèìè÷åñêîãî ýëåìåíòà, % ìàññ.

O Mg Al Mn Fe Cu Ca

Ñïåêòð 1 13,37 – – – 38,91 46,65 –

Ñïåêòð 2 28,90 – – – 51,70 17,26 –

Ñïåêòð 3 10,13 – – – 11,82 78,04 –

Ñïåêòð 4 19,20 – – – 69,59 9,91 –

Ñïåêòð 5 11,91 – – – 47,80 40,29 –

Ñïåêòð 6 27,73 0,69 0,80 0,36 59,35 7,50 0,38

Òàáëèöà 2. Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà, ïðèâåäåí-
íîãî íà ðèñ. 6,à

Íîìåð òî÷êè
èçìåðåíèÿ

Ñîäåðæàíèå õèìè÷åñêîãî ýëåìåíòà, % ìàññ.

O Ñl Mn Fe Cu

Ñïåêòð 1 27,10 1,47 – 48,84 22,59

Ñïåêòð 2 15,96 1,96 – 72,17 9,92

Ñïåêòð 3 28,38 – – 50,42 21,20

Ñïåêòð 4 23,37 2,18 0,52 48,27 25,66

Òàáëèöà 3. Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà, ïðèâåäåí-
íîãî íà ðèñ. 6,á

Ðèñ. 7. Õàðàêòåð èçëîìà ïðîâîëîêè ìåäíîãî ïðîâîäíèêà ïðè

òîêîâîé ïåðåãðóçêå ïðè óâåëè÷åíèè 160� (à) è 600� (á)
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íîé ëåíòîé, èìèòèðóþùåé äåòàëü êóçîâà, íà ïîâåðõ-

íîñòÿõ ðàçðóøåíèÿ ìîãóò ôèêñèðîâàòüñÿ ïðèçíàêè,

â òîì ÷èñëå ìàññîïåðåíîñ, ïîçâîëÿþùèå èäåíòèôè-

öèðîâàòü ýëåêòðîäóãîâîé ìåõàíèçì îáðàçîâàíèÿ ïî-

âðåæäåíèé.

Â ÷àñòíîñòè, òàêèå ïðèçíàêè, êàê “êðàòåð” ñ ðîâ-

íûì äíîì è ðàñïîëîæåííûå ïî åãî êðàÿì øàðî-

îáðàçíûå è êàïëåâèäíûå ÷àñòèöû ìåäè íà ïîâåðõ-

íîñòè ñòàëüíîé êóçîâíîé äåòàëè, ÿâëÿþòñÿ ìèêðî-

ñëåäàìè ýëåêòðîäóãîâîãî ïðîöåññà.

Ñ äðóãîé ñòîðîíû, òàêèå ïðèçíàêè, êàê ìèêðî-

ïîðèñòîñòü, ìèêðîëóíêè, øàðîîáðàçíûå ÷àñòèöû æå-

ëåçà íà ïîâåðõíîñòè ðàçðóøåíèÿ ìíîãîïðîâîëî÷íî-

ãî ìåäíîãî ïðîâîäíèêà, òàêæå ÿâëÿþòñÿ ïðèçíàêà-

ìè êîðîòêîãî çàìûêàíèÿ.

Òàêèì îáðàçîì, â îòëè÷èå îò òîêîâîé ïåðåãðóç-

êè ïðè êîðîòêîì çàìûêàíèè â àâòîìîáèëüíîé ýëåêò-

ðè÷åñêîé ñåòè ìèêðîñëåäû ÿâëÿþòñÿ ïàðíûìè, îòî-

áðàæàþùèìèñÿ êàê íà ìåäíîì ïðîâîäíèêå, òàê è íà

êóçîâíîé äåòàëè. Óêàçàííîå îáñòîÿòåëüñòâî ïîçâî-

ëÿåò äîñòàòî÷íî ëåãêî äèôôåðåíöèðîâàòü ìåõàíèçì

ðàçðóøåíèÿ ìåäíîãî ïðîâîäíèêà. Êîðîòêîå çàìû-

êàíèå èäåíòèôèöèðóåòñÿ ïî ìàññîïåðåíîñó, ò. å. ïî

íàëè÷èþ íà ïîâåðõíîñòè îïëàâëåíèÿ ìåäíîãî ïðî-

âîäíèêà êàïåëü æåëåçà. Âíåøíåå âûñîêîòåìïåðà-

òóðíîå âîçäåéñòâèå îïðåäåëÿåòñÿ ïî âÿçêîìó õàðàê-

òåðó èçëîìà. Â ýòîì ñëó÷àå ïîâåðõíîñòü èçëîìà ïðî-

âîëî÷åê ìåäíîãî ïðîâîäíèêà âáëèçè îïëàâëåíèÿ

èìååò ÿ÷åèñòóþ ñòðóêòóðó. Òîêîâàÿ ïåðåãðóçêà õà-

ðàêòåðèçóåòñÿ òàêèìè ïðèçíàêàìè, êàê îòñóòñòâèå

ìàññîïåðåíîñà è õðóïêèé õàðàêòåð èçëîìà. Ïðè ýòîì

íà ïîâåðõíîñòè èçëîìà ïðîâîëî÷åê ìåäíîãî ïðî-

âîäíèêà âáëèçè îïëàâëåíèÿ íàáëþäàåòñÿ ðó÷üèñòûé

óçîð.

Ïîêàçàíî, ÷òî ðàñòðîâóþ ìèêðîñêîïèþ ìîæíî

èñïîëüçîâàòü ïðè èññëåäîâàíèè îïëàâëåíèé ìåäíûõ

ïðîâîäíèêîâ íå òîëüêî â êà÷åñòâå âñïîìîãàòåëüíî-

ãî ìåòîäà, íî â ðÿäå ñëó÷àåâ è â êà÷åñòâå îñíîâíîãî.

Ïðèâåäåíû ïðèìåðû òîãî, ÷òî êîðîòêîå çàìûêà-

íèå â àâòîìîáèëüíîé ýëåêòðè÷åñêîé ñåòè ñ àêêóìó-

ëÿòîðíûìè áàòàðåÿìè òèïà 51AH�280Aè 60AH�330A

çà÷àñòóþ ïðèâîäèò íå ê êëàññè÷åñêèì øàðîîáðàç-

íûì îïëàâëåíèÿì, à ê çàëèïàíèþ, ñïëàâëåíèþ â îäíó

ìàññó è âûãîðàíèþ îòäåëüíûõ ïðîâîëîê ìåäíîãî

ìíîãîïðîâîëî÷íîãî ïðîâîäíèêà.

Íàãëÿäíî ïðîèëëþñòðèðîâàíû ñëåäóþùèå îá-

ñòîÿòåëüñòâà:

� ïðè êîðîòêîì çàìûêàíèè â àâòîìîáèëüíîé ýëåêò-

ðè÷åñêîé öåïè ëþáîìó ïîòðåáèòåëþ (â òîì ÷èñ-

ëå ýëåêòðè÷åñêîé ëàìïî÷êå) íå õâàòàåò ìîùíî-

ñòè äëÿ ïðîäîëæåíèÿ ðàáîòû;

� â àâòîìîáèëüíîé ýëåêòðè÷åñêîé ñåòè âîçäóøíî-

ãî çàçîðà ìåæäó îãîëåííûì ìåäíûì ïðîâîäíè-

êîì è êóçîâíîé äåòàëüþ áåç ëàêîêðàñî÷íîãî ïî-

êðûòèÿ, ðàâíîãî òîëùèíå èçîëÿöèîííîãî ïîêðû-

òèÿ, äîñòàòî÷íî äëÿ ïðåäîòâðàùåíèÿ êîðîòêîãî

çàìûêàíèÿ.

Íàñòîÿùèì èññëåäîâàíèåì óñòàíîâëåíî, ÷òî

ïðèçíàêè, âûÿâëåííûå íà ïîâåðõíîñòÿõ ðàçðóøå-

íèÿ ìåäíûõ ìíîãîïðîâîëî÷íûõ ïðîâîäíèêîâ, ïîä-

âåðãøèõñÿ êîðîòêîìó çàìûêàíèþ ïðè íàïðÿæåíèè

â ýëåêòðè÷åñêîé ñåòè 12 èëè 24 Â, ÿâëÿþòñÿ óñòîé-

÷èâûìè è íå ïîäâåðæåíû èçìåíåíèÿì â åñòåñòâåí-

íûõ óñëîâèÿõ õðàíåíèÿ (áåç óìûøëåííîãî óíè÷òî-

æåíèÿ ïðèçíàêîâ).

Ïîëó÷åííûå ðåçóëüòàòû ìîãóò áûòü èñïîëüçî-

âàíû ïðè ýêñïåðòíîì èññëåäîâàíèè ìíîãîïðîâîëî÷-

íûõ ìåäíûõ ïðîâîäíèêîâ, èçûìàåìûõ ñ ìåñò ïîæà-

ðîâ, óñòàíîâëåíèè ìåõàíèçìà èõ ïîâðåæäåíèÿ è, â êî-

íå÷íîì ñ÷åòå, ïðè÷èíû ïîæàðà àâòîìîáèëÿ. Â ñâîþ

î÷åðåäü, çíàíèå òåõíè÷åñêîé ïðè÷èíû ïîæàðà äàñò

âîçìîæíîñòü ðàçðàáîòàòü ïðîôèëàêòè÷åñêèå ìåðî-

ïðèÿòèÿ è òåõíè÷åñêèå ðåøåíèÿ, íàïðàâëåííûå íà

åå óñòðàíåíèå.
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SPECIFIC FEATURES OF SHORT CIRCUIT
IN AUTOMOBILE ELECTRICAL SYSTEM

It is shown that fires on vehicles refer to particularly severe accidents, so the problem of increasing
their fire safety is extremely important. It is experimentally illustrated that in a number of cases, when
a short circuit happens in an electrical circuit containing 51AH/280A and 60AH/330A batteries, a spher-
ical fusion is not formed in a copper conductor with a cross-section of 0.75 mm2, but there is a burn-
out of separate conductor wires, their adhesion to the steel surface and destruction in the immediate
vicinity of the contact point. The results of a study with JSM-6390LV scanning electron microscope of
copper multiwire conductors samples and steel band exposed to short circuits at a voltage of 12 and
24 V are given. There are shown photographs of the copper multiwire conductors’ fused surfaces, as
well as of the steel band exposed to short circuits. Characteristic diagnostic factors are found out that
allow to identify the cause of the damage in the event of a fire (high-temperature exposure, short
circuit, current overload) of a copper conductor in an electrical circuit with a voltage of 12 V using
the method of scanning microscopy. It is found out that the detected factors are stable and are not
prone to changes in the natural storage conditions of a vehicle, which was damaged as a result of
thermal exposure.

Keywords: fire; scanning electron microscopy; diagnostic feature; ultratrace; forensic fire and tech-
nical expertise; primary short circuit; secondary short circuit; current overload; copper conductor.
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Introduction

Fires cause significant material damage, in particular,

destroy or damage property, as well they cause deaths

and injuries. The damage from fires exceeds 1 % of

the national income in industrialized countries and tends

to constant growth [1–3]. Motor vehicle fires are among

the most severe accidents.

It was shown in a number of works [4–8] that the ve-

hicle electrical system fire hazard is determined by

the fact that its individual elements can serve as an igni-

tion source in the event of an emergency operation

in any functional circuit. It should be noted that accord-

ing to Fire Safety Research Institute in the Russian

Federation, there has been a trend of increasing

the number of fires in vehicles due to technical malfunc-

tion. In particular, the number of car fires due to tech-

nical malfunction increased from 15.7 % in 2001 to

34.0 % in 2010. And in 2012, the total number of fires

resulting from malfunctioning of systems, mechanisms

and components of the vehicle and the failure of the ve-

hicle wiring, amounted to 7,718 (40.0 %) in the Russian

Federation. It is noted in the work [8] that the propor-

tion of car fire examinations reaches 40–50 % of the total

number of received materials in some Forensic Expert

Institutions of the Federal Fire Service (FEI FFS) of

the Ministry of Emergencies of Russia. It should be re-

called that a program for automating vehicles has been

launched on a worldwide scale since 2013, and it is cur-

rently being implemented. For example, a Mercedes-

Benz S 500 of 2016 production year has only about

80 various electrical devices control units. According

to this program, vehicles automation should reach a high

level by 2020, and there is no driver’s control of the ve-

hicle in these conditions and he�she only occasionally

takes over the control. By 2025, vehicles should become

fully automated and in conditions a driver does not need

to drive the vehicle. Nevertheless, practice shows that

fires happen even in cars with a high level of automation,

in particular, we know that there was an accident when

Tesla Model S burst into flames.

Thus, the development of measures aimed at pre-

venting fires in motor vehicles is important [4–9]. One

of the types of preventive measures is a fire investiga-

tion.

It is the author’s opinion that [10] fire investigation

is based on a complex of special knowledge being nec-

essary for the investigation of a fire site, individual struc-

tures, materials, products and their scorched residues in

order to obtain information, which is necessary for es-

tablishing initial fire, its cause, scorched residues, as well

as to solve some other problems arising in the analysis of

the causes of the fire.

It should be noted that the overwhelming number of

forensic experts’conclusions on the technical causes of

fires in motor vehicles has a presumptive (probabilistic)

nature that does not allow the development and imple-
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mentation of specific engineering solutions [11]. This

can be explained by many reasons, including the lack of

modern scientifically grounded techniques that make it

possible to unequivocally determine, for example, the pri-

mary or secondary nature of a short circuit. This fact is

confirmed indirectly by I. D. Cheshko and G. I. Smelkov

in the framework of the work [9], pointing out to the need

to improve the existing methods.

As shown by the authors [9, 10, 12], if the charac-

teristic features of the destruction of current-carrying

wires are found in the fire zone, the question of the mech-

anism of damage (arc or thermal one) and, in particular,

of the primary or secondary nature of the short-circuit is

inevitably raised. According to many authors, this issue

is far from being a simple one. Attempts to solve it with

the help of instrumental methods were made by crimi-

nologists in the fifties of the last century [9, 10, 12]. Un-

fortunately, an approved and scientifically based univer-

sal technique is not available at the moment, despite

the existence of a number of solved particular problems

[4–22].

So, for example, the authors of the work [22] came

to the conclusion on the basis of numerous experimen-

tal data that round copper globules with distinct delin-

eation lines, which are traditionally defined as “over-

laps”, were formed on the wires not only under voltage,

but also with no voltage as well. An arc appeared on

some wires under voltage leading to the formation of

such globules. At the same time, some wires with no

voltage did not have an arc, but these characteristic over-

laps were observed [22]. The overlaps of some wires

under voltage had a porous structure under the micro-

scope and contained a large number of internal pore vol-

umes, while there were no pore volumes in other over-

laps. The authors [22] note that the same tendency was

characteristic for wires with no voltage.

It is clearly shown in the work [22] that it was deter-

mined when studying samples under a scanning electron

microscope, the samples have no tendency to change

the grain structure or chemical compositions. The inter-

nal grain structures of the overlaps were studied with

respect to the dimensions of the micro structure ele-

ments, porosity and major changes. None of the studied

physical aspects of the overlaps revealed any distinc-

tive features for the samples of wires under voltage and

with no voltage [22]. This opinion is supported by such

researchers as V. Babrauskas, Kuan-Heng Liu, Yung-Hui

Shih, Guo-Ju Chen and others, who point to the inabil-

ity of the scientific community to differentiate the pri-

mary and secondary fusion of copper conductors at

the present stage [16, 18]. In particular, V. Babrauskas,

using the coordinates of the fire, critically analyzes

the results obtained by N. J. Carey [21] in relation to

the primary or secondary short circuit in work [16].

At the same time, it should be noted that the work

[6] contains actual data that allows one to differentiate

the cause of failure caused by the electric arc or thermal

process by the nature of the fracture in the copper con-

ductor in the fusion zone. The present work is also con-

cerned with the establishment of features that allow one

to identify the cause of the destruction of a copper con-

ductor.

The aim of the work is the development of a scientif-

ically grounded method for studying copper conductors

of an automobile electrical system destroyed as a result

of a short circuit, in order to establish the cause of their

damage during the fire investigation.

Based on this goal, the following research objec-

tives are set:
� to conduct experimental studies on the electrical arc

destruction of copper conductors at a voltage of 12

and 24 V;
� to confirm the conditions for the occurrence of

a primary short circuit in the automobile electrical

system experimentally;
� to prove that there may be traces that allow to iden-

tify the electric arc process on the destroyed surface

of the copper conductor, which has been short-

circuited;
� to establish that the traces revealed on the destroyed

surface the of copper conductors that have been

short-circuited are stable and are not prone to changes

in the natural storage conditions (unless the traces

are destroyed deliberately);
� to show that scanning microscopy can be applied

in the study of fusible elements of vehicle fuses as

the main method.

Actual examples of the research of copper conduc-

tors’ fusion exposed to short-circuiting at a voltage of

12 and 24 V are considered in this article.

Materials and methods

The researches were carried out at the Regional

University Engineering Laboratory “IRGETAS” of

Serikbaev East Kazakhstan State Technical University

with the application of JSM-6390LV scanning electron

microscope with energy-dispersive microanalysis attach-

ment. The destroyed surfaces of copper conductors

were analyzed without preliminary sample preparation.

The testing chart is shown in Fig. 1.

By analogy with the work [7], a multiconductor

copper wire with 0.75 mm2 cross-section was used

to imitate the short-circuit state, as being the most com-

mon in automobile electrical systems. The direct cur-

rent source at a voltage of 12 V was 51AH�280A and

60AH�330Arechargeable batteries, which are the most

popular for modern passenger cars, 6ST190 recharge-

able batteries were used at a voltage of 24 V. The start-

ing current of 51AH�280A and 60AH�330A recharge-
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able batteries is 280 and 330 A, respectively, as well as

the starting current of 6ST190 rechargeable battery is

1150 A. Asteel band with the dimension of 52�20�0.8 mm

imitated the car body part. A steel band was connected

by means of the multiconductor copper wire to the neg-

ative terminal of the battery, and an electric bulb as

a load was connected to the positive terminal. To imitate

a short circuit, the conductor was arranged along the tan-

gent to the surface of the band (See Fig. 1b) and perpen-

dicular to it (See Fig. 1c).

Results and discussion

The results of the short circuit imitation are shown

in Fig. 2. Classical spherical fusion was obtained only in

the case of the arrangement of a copper wire perpendic-

ular to the steel band at a voltage of 24 V received from

6ST190 battery (See Fig. 2a). When using 51AH�280A

and 60AH�330A batteries and the voltage of 12 V,

the copper conductors destruction occurred without

forming spherical fusion (See Fig. 2b and 2d). When

applying perpendicular arrangement of the multifil-

ament wire relative to the surface of the band, the wires

were fused with complete burn-out of their fragments

(See Fig. 2b).

When applying tangential arrangement of the mul-

tifilament conductor relative to the surface of the band,

the separate wires were fused to each other and to a steel

plate. This effect was described in the work [7] and is

called sticking. At the same time, the copper conductor

wires were destroyed with characteristic signs of current

overload in the immediate vicinity of the place of stick-

ing. The craters and drops of molten metal on the surface

of the steel band occur both in the case of a perpendic-

ular and tangential arrangement of the conductor (See

Fig. 2c and 2d). It should also be noted that at the mo-

ment of a short circuit, the filament of the electric lamp,

which acted as a load, ceased to emit light. This fact in-

Fig. 1. Testing chart: a — fundamental chart (à — negative conclusion of storage battery; b — positive conclusion of storage battery;

�— size of electromotive force of storage battery; I — strength of current; r — internal resistance of storage battery;��— difference of

potentials; E
 

— tension of electric-field into a storage battery; Ee

 
— electric force; Est

 
— strange force); b — a copper wire is arranged

along the tangent to the surface of the steel band; c — a copper wire is arranged perpendicular to the surface of the steel band

Fig. 2. General view of fragments of the copper conductor and steel band which has been exposed to a short circuit: a — fusion of

the conductor with a voltage of 24 V; b — the destruction of the conductor with a voltage of 12 V; c — the damage to the steel band with

the perpendicular location of the conductor to its surface; d — the damage to the steel band with the tangent location of the conductor

to its surface

Fig. 3. Air gap that is equal to the thickness of the wire insulation

and prevents the occurrence of a short circuit in the automobile

electrical system
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dicates that the consumer does not have enough power

for functioning at the moment of short circuit.

It should also be noted that the air gap between

the bare copper conductor and the steel band that is equal

to the thickness of the conductor insulation (in this case

its thickness is about 0.4 mm), prevents short-circuit,

in spite of the fact that according to the scheme in

Fig. 1a, the voltage is maintained in the circuit by means

of 51AH�280A battery and the filament of the electric

bulb emits light (Fig. 3).

It was found out with the help of JSM-6390LV scan-

ning microscope in the course of the morphological

study of a fused fragment of copper conductor exposed

to the short circuit with the voltage of 24 V received

from 6ST190 battery (See Fig. 2a) that, in addition to

the microporosity, there are chemical elements relating

to the composition of the steel band on the surface of

the spherical fusion (Fig. 4, Table 1).

As can be seen from Table 1, there are chemical ele-

ments such as Fe, Zn, Mn, inherent in steel band on

the surface of spherical fusion. And iron on the surface

Fig. 4. The surface of a copper conductor destroyed in the pro-

cess of a short circuit at a voltage of 24 V (See Fig. 2a), at the in-

crease of 35� (a) and 200� (b)

Measure-
ment point

number

Content of chemical element, % by mass

O Mg Al Mn Fe Cu Zn

Range 1 24.22 – 1.14 0.64 58.26 4.48 8.62

Range 2 29.64 1.17 1.92 – 6.66 21.18 37.10

Range 3 18.34 – 1.96 – 7.16 59.65 10.00

Range 4 1.96 – 2.88 – – 95.16 –

Table 1. Results of microanalysis of the section shown in Fig. 4b

Fig. 5. The surface of a copper conductor destroyed in the pro-

cess of a short circuit at a voltage of 12 V (See Fig. 2b), at in-

crease of 37� (a), 200� (b) and 1300� (c)
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of copper is present fragmentarily, in the form of parti-

cles of a spherical shape. It should also be noted that

the temperature of the electric arc process is higher than

the peak firing temperature of a car, which is about

950 °C. Thus, the presence of chemical elements on

the surface of the fused copper conductor, which pre-

viously was not in its composition, can be only explain-

ed by the electric arc process.

It was established in the process of the study of

the copper conductor destroyed by short-circuiting at

a voltage of 12 V (See Fig. 2b, Fig. 5) that separate con-

ductors are fused together, micropores are observed on

the fused surface (See Fig. 5b), as well as micro craters

(See Fig. 5c).

Fig. 6 shows the results of the study of the destroyed

surface of the steel band after a short circuit at a voltage

of 12 V (See Table 2).

As can be seen from Fig. 6a and Table 2, there are

observed spherical and drop-shaped particles of copper,

as well as a fragment of irregular shape with craters,

consisting of copper in the short-circuit area. There is

a “crater” with flat floor on the surface of steel band

(See Fig. 6b). The floor of the “crater” consists of iron

by 50–72 % (Table 3), and there are spherical and drop-

shaped particles of copper along its edges.

In the terminology of microtracology, the factors

listed above are microscopic traces that clearly demon-

strate that the cause of the damage to both the steel band

and the copper multifilament conductor was the electric

arc process in the form of a short circuit.

In Fig. 2d it is shown the destruction of the copper

conductor adhered to the steel band. If one side of

the conductor is damaged as a result of a short circuit,

the other side has been destroyed by current overload.

A stream pattern can be seen on the surface of

the copper conductor, as the result of the current over-

load. According to RD 50-672–88 “Guidelines. Strength

Calculations and Tests. Classification of Types of

Metals Fractures”, the stream pattern is an element of

the structure of the cleavage facets surface, which is

a system of convergent steps formed in the cleavage

face as a result of the destruction of the bridges between

fragile microcracks propagating along parallel, closely

located crystallographic planes. The direction of merg-

ing of the cleavage steps in the stream pattern corre-

sponds to the crack propagation direction. A particular

case of a stream pattern is a fan-shaped pattern that

occurs if the cleavage steps converge within the facet.

It should be emphasized that the stream pattern is a sign

of a fragile fracture.

The studied samples of copper multifilament con-

ductors, as well the steel band were stored for 3 months

(which exceeds the average time for investigating fires),

in different conditions (indoors in the open air, indoors

Fig. 6. The surface of a steel strip with a copper conductor after

a short circuit at 12 V (See Fig. 2c and 2d) at the increase of 60� (a)

and 220� (b)

Measure-
ment point

number

Content of chemical element, % by mass

O Mg Al Mn Fe Cu Ca

Range 1 13.37 – – – 38.91 46.65 –

Range 2 28.90 – – – 51.70 17.26 –

Range 3 10.13 – – – 11.82 78.04 –

Range 4 19.20 – – – 69.59 9.91 –

Range 5 11.91 – – – 47.80 40.29 –

Range 6 27.73 0.69 0.80 0.36 59.35 7.50 0.38

Table 2. Results of microanalysis of the section shown in Fig. 6a

Measurement
point number

Content of chemical element, % by mass

O Ñl Mn Fe Cu

Range 1 27.10 1.47 – 48.84 22.59

Range 2 15.96 1.96 – 72.17 9.92

Range 3 28.38 – – 50.42 21.20

Range 4 23.37 2.18 0.52 48.27 25.66

Table 3. Results of microanalysis of the section shown in Fig. 6b
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in a sealed package, in street conditions without water

access in a liquid aggregate state (without immersion in

water)). When comparing the samples, it is established

that the identified traces are stable and are not prone

to changes in the natural storage conditions (unless

the traces are destroyed deliberately).

Thus, as a result of study by means of scanning

microscopy method of fragments of the multifilament

copper conductor and steel band exposed to a short

circuit, the characteristic features are established that

allow one to identify the process that led to their dest-

ruction.

In conclusion, it should be noted that, in I. D. Cheshko’s

opinion [10] the use of the results of instrumental re-

search as an “intermediate product” in an expert fire in-

vestigation does not reduce their value as the most

important source of objective information without which

the conclusions about the cause of the fire will be un-

convincing.

Conclusion

It has been proved that some features can be fixed

on the fracture surfaces, including mass transfer that

allow to identify the electric arc mechanism of damages

formation in an electrical circuit with a voltage of 12 or

24 V in the case of a short circuit between a multifila-

ment copper conductor and a steel band imitating a car

body part.

In particular, such traces as a “crater” with a flat

floor and spherical and drop-shaped copper particles

located on its edges on the surface of the steel body part

are micro-traces of the electric arc process.

On the other hand, such features as microporosity,

micro craters, spherical iron particles on the destruction

surface of the destruction of a multifilament copper

conductor are also traces of short circuit.

Thus, unlike the current overload in case of a short

circuit in the automobile electrical system, the micro-

scopic traces are paired and are displayed both on

the copper conductor and on the car body part. This fact

makes it possible to quite easily differentiate the copper

conductor destruction mechanism. A short circuit is

identified by mass transfer, i. e., by the presence of iron

droplets on the fused surface of the copper conductor.

The external high-temperature exposure is determined

by the viscous nature of the fracture. In this case, the sur-

face of the fracture in the wires of the copper conductor

near the fusion has a cellular structure. Current over-

load is characterized by such features as the lack of mass

transfer and the fragile nature of the fracture. At the same

time, a stream pattern is observed on the surface of

the fracture in the wires of the copper conductor near

the fusion area.

It is shown that scanning microscopy can be used

in studying fusions of copper conductors not only as

an auxiliary method, but also as the main one in some

cases.

Examples are given that a short circuit in an auto-

mobile electrical system with 51AH�280Aand 60AH�330A

rechargeable batteries often causes a sticking, fusing

and burning out of separate wires of a copper multifil-

ament conductor instead of a classical spherical fusion.

The following facts are clearly illustrated:

� there is not enough capacity for work continuation

for any consumer (including an electric bulb) at

the moment of a short circuit in an automobile

electric circuit;

� the air gap between the bare copper conductor and

the car body part without a paint coating equal to

the thickness of the insulation coating is sufficient

for preventing a short circuit in the automobile

electric system.

The present study found that the traces revealed on

the destroyed surfaces of copper multifilament conduc-

tors exposed to short circuit at a voltage of 12 or 24 V in

the electrical system, are stable and are not prone to

changes in natural storage conditions (unless the traces

are destroyed deliberately).

Fig. 7. The nature of the fracture in the wire of a copper conductor

with current overload at the increase of 160� (a) and 600� (b)
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The obtained results can be used for expert exami-

nation of multifilament copper conductors taken from

fire sites, as well as for establishing the mechanism of

their damage and, ultimately, the causes of the vehicle’s

fire. In its turn, the knowledge of the technical cause

of the fire will make it possible to develop preventive

measures and technical solutions aimed at its elimina-

tion.
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ÎÏÛÒ ÏÐÈÌÅÍÅÍÈß ÒÅÏËÎÇÀÙÈÒÍÛÕ ÝÊÐÀÍÎÂ
“ÑÎÃÄÀ” ÍÀ ÏÎÆÀÐÎÂÇÐÛÂÎÎÏÀÑÍÛÕ ÎÁÚÅÊÒÀÕ
Â ÓÇÁÅÊÈÑÒÀÍÅ

Ðàññìîòðåíû ýòàïû ðàçâèòèÿ èííîâàöèîííîé òåõíîëîãèè îñëàáëåíèÿ ìîùíûõ òåïëîâûõ ïîòî-
êîâ, ïðåäñòàâëÿþùèõ ñîáîé ýëåêòðîìàãíèòíîå èçëó÷åíèå èíôðàêðàñíîãî äèàïàçîíà, òîíêèìè
âîäÿíûìè ïëåíêàìè, ãåíåðèðóåìûìè íà ìåòàëëè÷åñêèõ ñåòî÷íûõ ïîâåðõíîñòÿõ. Ïðèâåäåíû
îñíîâàííûå íà ìíîãîëåòíåì îïûòå òóøåíèÿ êðóïíûõ ïîæàðîâ è ãàçîíåôòÿíûõ ôîíòàíîâ ôàêòî-
ðû, ïðåäîïðåäåëÿþùèå ðàçðàáîòêó íàèáîëåå âîñòðåáîâàííûõ ìîäåëåé òåïëîçàùèòíûõ ýêðà-
íîâ “ÑÎÃÄÀ”. Ïðåäñòàâëåí ðåàëèçîâàííûé íà ïðàêòèêå íà ïðèìåðå Áóõàðñêîãî íåôòåïåðåðàáà-
òûâàþùåãî çàâîäà âàðèàíò ïðèìåíåíèÿ ðàçëè÷íûõ ìîäåëåé ýêðàíîâ “ÑÎÃÄÀ”, ïîçâîëÿþùèé
ïîâûñèòü óðîâåíü ïðîòèâîïîæàðíîé çàùèòû îñîáî âàæíûõ ïîæàðîâçðûâîîïàñíûõ îáúåêòîâ.
Ïîêàçàíî, ÷òî ýêðàíû “ÑÎÃÄÀ” îáëàäàþò óíèêàëüíûìè ñâîéñòâàìè, î êîòîðûõ àâòîðû ñíà÷àëà
äàæå è íå ïîäîçðåâàëè. Ïîäâåäåíû èòîãè ðàçâèòèÿ è ïðèìåíåíèÿ íîâîé òåõíîëîãèè áîðüáû ñ
ïîæàðàìè çà ïîñëåäíþþ ÷åòâåðòü âåêà.

Êëþ÷åâûå ñëîâà: òåïëîçàùèòíûå ýêðàíû; îñëàáëåíèå òåïëîâûõ ïîòîêîâ; ãàçîíåôòÿíûå ôîíòà-
íû; ðåçåðâóàðíûé ïàðê; ñëèâîíàëèâíàÿ ýñòàêàäà; íàñîñíàÿ ñòàíöèÿ; ïåðñïåêòèâû.

DOI: 10.18322/PVB.2018.27.05.50-60

Ââåäåíèå

Ïðîòèâîïîæàðíûå ïðåãðàäû ðàçðàáàòûâàþòcÿ óæå

ìíîãî äåñÿòèëåòèé [1, 2]. Îäíàêî ê êîíöó ÕÕ âåêà

âûÿñíèëîñü, ÷òî äîñòàòî÷íî áåçîïàñíûõ è íàäåæ-

íûõ ìåòîäîâ è óñòðîéñòâ, îáåñïå÷èâàþùèõ ýôôåê-

òèâíóþ çàùèòó ïîæàðíûõ è ïîæàðíîé òåõíèêè îò

ïëàìåíè è òåïëîâîãî èçëó÷åíèÿ ïîæàðîâ, ïðàêòè÷å-

ñêè íå èìååòñÿ. Òðàäèöèîííûå ìåòîäû îáåñïå÷åíèÿ

áåçîïàñíîé ðàáîòû ïîæàðíûõ íà êðóïíûõ ïîæàðàõ

âêëþ÷àþò â ñåáÿ â îñíîâíîì ñðåäñòâà èíäèâèäóàëü-

íîé çàùèòû ïîæàðíûõ, â ÷àñòíîñòè ñïåöèàëüíóþ

çàùèòíóþ îäåæäó ñ ìàêñèìàëüíîé óñòîé÷èâîñòüþ

ê âîçäåéñòâèþ òåïëîâîãî ïîòîêà 18,0 êÂò�ì2 â òå÷å-

íèå 600–960 ñ. Âååðíîå ðàñïûëåíèå âîäû îñëàáëÿåò

òåïëîâîé ïîòîê âñåãî â 2–3 ðàçà, à òîíêîðàñïûëåí-

íàÿ âîäà, ïîëó÷àåìàÿ ñ ïîìîùüþ ïðèáîðîâ âûñîêî-

ãî äàâëåíèÿ, — âñåãî â 5–7 ðàç.

Â íà÷àëå ÕXI âåêà â Óçáåêèñòàíå áûëî òåîðåòè-

÷åñêè îáîñíîâàíî è ýêñïåðèìåíòàëüíî äîêàçàíî,

÷òî âîäÿíàÿ ïëåíêà òîëùèíîé îêîëî 200 ìêì, ãåíå-

ðèðóåìàÿ íà ìåòàëëè÷åñêîé ñåòêå, îñëàáëÿåò ïàäà-

þùèé òåïëîâîé ïîòîê â 45–100 ðàç è áîëåå â çàâèñè-

ìîñòè îò åãî ïëîòíîñòè. Íàðÿäó ñ òåîðåòè÷åñêèìè

èññëåäîâàíèÿìè ïî ðåàëèçàöèè ýòîé èäåè ñ ïîìîùüþ

ðàçëè÷íûõ óñòðîéñòâ, à òàêæå ñïîñîáîâ èõ ïðèìå-

íåíèÿ íà ðàçëè÷íûõ ïîæàðîîïàñíûõ îáúåêòàõ áûëè

© Óñìàíîâ Ì. Õ., Êóëäàøåâ À. Õ., Ìóçàôàðîâ Ó. Ò., Åêóáîâ Ó. À., Êóëäàøåâ È. Õ., 2018
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íà÷àòû ðàáîòû ïî ðàçðàáîòêå, ïðîèçâîäñòâó è âíåä-

ðåíèþ â ïðàêòèêó ïîæàðíîé îõðàíû ðåñïóáëèêè

íàèáîëåå ïðîñòûõ ìîäåëåé òåïëîçàùèòíûõ ýêðà-

íîâ “ÑÎÃÄÀ”, ïðåäíàçíà÷åííûõ äëÿ çàùèòû ïî-

æàðíûõ è ïîâûøåíèÿ ýôôåêòèâíîñòè òóøåíèÿ ïî-

æàðîâ [3–5].

Öåëüþ è çàäà÷åé èññëåäîâàíèÿ ÿâëÿåòñÿ îáîáùå-

íèå ìíîãîëåòíåãî îïûòà Ãîñóäàðñòâåííîé ñëóæáû

ïîæàðíîé áåçîïàñíîñòè Ðåñïóáëèêè Óçáåêèñòàí ïî

îñíàùåíèþ ïðîìûøëåííûõ ïðåäïðèÿòèé íåôòå-

ãàçîâîé è õèìè÷åñêîé îòðàñëåé ðàçëè÷íûìè ìîäå-

ëÿìè òåïëîçàùèòíûõ ýêðàíîâ, îïòèìàëüíîìó ðàç-

ìåùåíèþ èõ, ñïîñîáàì èõ ïðèìåíåíèÿ è äîñòàâêè,

îáó÷åíèþ ïîæàðíûõ è ÷ëåíîâ Äîáðîâîëüíûõ ïî-

æàðíûõ äðóæèí (ÄÏÄ) ïðèìåíåíèþ äàííîãî èííî-

âàöèîííîãî îáîðóäîâàíèÿ, à òàêæå îïûòà ïî èñïîëü-

çîâàíèþ ñïåöèàëüíûõ âèäîâ ýêðàíîâ ïðè ëèêâèäà-

öèè àâàðèé íà ãàçîíåôòÿíûõ ôîíòàíàõ.

Àíàëèç îïûòà ïðèìåíåíèÿ ýêðàíîâ.
Ðåçóëüòàòû

Íà îäíîì èç çàñåäàíèé ó÷åíîãî ñîâåòà Âûñøåé

òåõíè÷åñêîé øêîëû ïîæàðíîé áåçîïàñíîñòè ÌÂÄ

Ðåñïóáëèêè Óçáåêèñòàí â 1996 ã. áûëà ïðåäëîæåíà

ãèïîòåçà î âîçìîæíîñòè îñëàáëåíèÿ òåïëîâûõ ïî-

òîêîâ â äåñÿòêè ðàç òîíêîé âîäÿíîé ïëåíêîé (îêîëî

200 ìêì), ãåíåðèðóåìîé íà ìåòàëëè÷åñêîé ñåòêå. Ãè-

ïîòåçà ïîäâåðãëàñü æåñòêîé êðèòèêå. Äàëüíåéøèå

ýêñïåðèìåíòàëüíûå è òåîðåòè÷åñêèå èññëåäîâàíèÿ

â ýòîì íàïðàâëåíèè ïðîâîäèëèñü ñ ðàçðåøåíèÿ íà-

÷àëüíèêà øêîëû â èíèöèàòèâíîì ïîðÿäêå ñîâìåñò-

íî ñ Èíñòèòóòîì ýëåêòðîíèêè Àêàäåìèè íàóê Ðåñ-

ïóáëèêè Óçáåêèñòàí.

Â 1999 ã. íà áåðåãó ð. ×èð÷èê â ïðèãîðîäå Òàø-

êåíòà ïðè àêòèâíîì ó÷àñòèè Ãëàâíîãî óïðàâëåíèÿ

ïîæàðíîé áåçîïàñíîñòè Ìèíèñòåðñòâà âíóòðåííèõ

äåë Ðåñïóáëèêè Óçáåêèñòàí (ÃÓÏÁ ÌÂÄ ÐÓ) áûëè

ïðîâåäåíû êðóïíûå íàòóðíûå èñïûòàíèÿ îïûòíûõ

îáðàçöîâ ýêðàíîâ. Ñ òðåõ ñòîðîí îïûòíîãî îáðàçöà

êîðèäîðà ðàçìåðîì 1,7�2,0�2,0 ì áûë óëîæåí øòà-

áåëü äðîâ âûñîòîé 1,7 ì. Íà ðàññòîÿíèè 0,5 ì îò

øòàáåëÿ áûëè óñòàíîâëåíû ïðîòèâîïîæàðíàÿ ïðå-

ãðàäà ðàçìåðîì 2,2�0,15 ì è òåïëîçàùèòíûé ýêðàí

äëÿ çàùèòû ñòâîëüùèêà ñòàöèîíàðíîãî ëàôåòíîãî

ñòâîëà (ÑËÑ). Èñïûòàíèÿ ñî âñåé óáåäèòåëüíîñòüþ

äîêàçàëè æèçíåñïîñîáíîñòü ïðåäëîæåííîé ðàíåå

ãèïîòåçû.

Â íà÷àëå 2001 ã. íà îäíîì èç îñîáî âàæíûõ îáú-

åêòîâ íåôòåãàçîâîé îòðàñëè âáëèçè ã. Àíãðåí ââèäó

ñëîæíîãî ãîðíîãî ðåëüåôà ðàçìåùåíèå ñòàöèîíàð-

íûõ ëàôåòíûõ ñòâîëîâ âäîëü äâóõïóòíîé ñëèâîíà-

ëèâíîé ýñòàêàäû (ÑÍÝ) ïîòðåáîâàëî óìåíüøåíèÿ

ðàññòîÿíèÿ ìåæäó íèìè è æåëåçíîäîðîæíîé ëèíè-

åé, ÷òî â ñâîþ î÷åðåäü çàäåðæèâàëî çàïóñê òåõíîëî-

ãè÷åñêîãî ïðîöåññà. Ââåäåíèå æå äàííîãî îáúåêòà â

ñðîê èìåëî ñòðàòåãè÷åñêè âàæíîå çíà÷åíèå äëÿ ýêî-

íîìèêè ðåñïóáëèêè.

Â ñâÿçè ñ ýòèì òåõíè÷åñêèé ñîâåò ÃÓÏÁ ÌÂÄ ÐÓ

ïîä ïðåäñåäàòåëüñòâîì ïîëêîâíèêà À. Õ. Êóëäàøå-

âà ïðèíÿë îòâåòñòâåííîå ðåøåíèå — èñïîëüçîâàòü

ýêðàíû “ÑÎÃÄÀ” â êà÷åñòâå êîìïåíñèðóþùåé ìåðû

(ÃÎÑÒ 12.1.004–91). Ýòî ðåøåíèå äîêàçàëî öåëå-

ñîîáðàçíîñòü ïðèìåíåíèÿ òåïëîçàùèòíûõ ýêðàíîâ

“ÑÎÃÄÀ” â ïîäîáíûõ ñèòóàöèÿõ.

Ñâîåâðåìåííîå è êà÷åñòâåííîå òåõíè÷åñêîå îá-

ñëóæèâàíèå òåïëîçàùèòíûõ ýêðàíîâ â ñîîòâåòñò-

âèè ñ ðóêîâîäñòâîì ïî ýêñïëóàòàöèè â öåëÿõ ñîõðà-

íåíèÿ èõ òàêòèêî-òåõíè÷åñêèõ õàðàêòåðèñòèê ñäå-

ëàëî òåïëîçàùèòíûå ýêðàíû íàäåæíîé çàùèòîé äëÿ

ïîæàðíûõ, î ÷åì ñâèäåòåëüñòâóåò 17-ëåòíÿÿ ïðàê-

òèêà èõ èñïîëüçîâàíèÿ â áîåâîì ðàñ÷åòå íà äàííîì

îáúåêòå.

Îïûò òóøåíèÿ êðóïíûõ ïîæàðîâ ñ ïðèìåíåíè-

åì ýêðàíîâ ïîêàçûâàåò øèðîêèé ñïåêòð èõ âîçìîæ-

íîñòåé, à íå òîëüêî èñïîëüçîâàíèå èõ â êà÷åñòâå

êîìïåíñèðóþùåé ìåðû äëÿ ñîêðàùåíèÿ ïðîòèâî-

ïîæàðíûõ ðàññòîÿíèé.

Â àïðåëå 1995 ã. íà òåððèòîðèè ïðèðåëüñîâîãî ðå-

çåðâóàðíîãî ïàðêà, ñîñòîÿùåãî èç âîñüìè ÐÂÑ-5000,

ðàçäåëåííûõ îáâàëîâàíèåì íà äâå ãðóïïû, îäíîãî

èç ïðîìûøëåííûõ ïðåäïðèÿòèé ñòðàíû ïðîèçîøåë

êðóïíûé ïîæàð. Äâóõïóòíàÿ ñëèâîíàëèâíàÿ ýñòà-

êàäà ðàñïîëàãàëàñü íà ðàññòîÿíèè îêîëî 100 ì îò

ñêëàäà ãîðþ÷åãî. Êîìïëåêñ ïðîòèâîïîæàðíîé çàùè-

òû ÑÍÝ ñîñòîÿë èç ñèñòåìû àâòîìàòè÷åñêîãî ïåíî-

òóøåíèÿ è âîñüìè ñòàöèîíàðíûõ ëàôåòíûõ ñòâîëîâ,

ðàçìåùåííûõ â 15 ì îò ÑÍÝ òîëüêî ñ òîé ñòîðîíû,

ãäå ðàñïîëàãàëñÿ ðåçåðâóàðíûé ïàðê. Íà ìîìåíò íà-

÷àëà ïîæàðà (â 11.20 ïî ìåñòíîìó âðåìåíè) íà ïó-

òÿõ ïîä çàãðóçêîé íàõîäèëèñü äâà ñîñòàâà æåëåçíî-

äîðîæíûõ öèñòåðí. Íà íà÷àëüíîì ýòàïå ðàçâèòèÿ

ïîæàðà áûëè çàäåéñòâîâàíû âñå ÑËÑ è ïîæàðíàÿ

òåõíèêà îòäåëüíîé ïîæàðíîé ÷àñòè (2 åä. ÀÖ-40 è

1 åä. ÀÏ-5). Îäíàêî â ñâÿçè ñ òåì ÷òî ñèñòåìà àâòî-

ìàòè÷åñêîãî ïåíîòóøåíèÿ èç-çà òåõíè÷åñêèõ íåèñ-

ïðàâíîñòåé íå ñðàáîòàëà, à ðåøàþùåå íàïðàâëåíèå

òóøåíèÿ áûëî âûáðàíî íåïðàâèëüíî, â òå÷åíèå ïåð-

âûõ 15 ìèí áûë èçðàñõîäîâàí âåñü çàïàñ ïåíû è

ïîðîøêà, ëîêàëèçîâàòü æå ïîæàð íå óäàëîñü. Îãîíü

îõâàòèë îáà ñîñòàâà, ïîëîæåíèå ñòàëî êðèòè÷åñêèì,

è îáñëóæèâàþùèé ïåðñîíàë áûë âûíóæäåí îñòà-

âèòü ÑËÑ è îòñòóïèòü èç-çà ðåçêî íàðàñòàþùåé òåï-

ëîâîé ðàäèàöèè.

Â 11.35 ïðèáûëè åùå ÷åòûðå ÀÖ-40, íà÷àëüíèê

îòðÿäà ïîäïîëêîâíèê Ä. Î. Ïóëàòîâ, âçÿâ íà ñåáÿ

êîìàíäîâàíèå, íåìåäëåííî ïðåñåê íà÷àâøóþñÿ ïà-

íèêó è îðãàíèçîâàë ëþäåé, ïîñòàâèâ ïåðåä êàæäûì

êîíêðåòíóþ áîåâóþ çàäà÷ó:

� ëè÷íîìó ñîñòàâó ïîæàðíûõ ïîäðàçäåëåíèé ñ ïî-

ìîùüþ ïåðåíîñíûõ ñðåäñòâ òóøåíèÿ îáåñïå÷èòü



52 ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 5

ÑÐÅÄÑÒÂÀ È ÑÏÎÑÎÁÛ ÒÓØÅÍÈß ÏÎÆÀÐÎÂ

ýøåëîíèðîâàííóþ òåïëîâóþ çàùèòó ñîçäàíèåì

âîäÿíûõ çàâåñ, ïðîäâèíóòüñÿ ê ÑËÑ è âîçîáíî-

âèòü èõ ðàáîòó, à çàòåì, ïðîäâèíóâøèñü ê áëè-

æàéøåìó ñîñòàâó, ñáèòü íà íåì ïëàìÿ;

� ãëàâíîìó èíæåíåðó çàâîäà îðãàíèçîâàòü ðàáîòó

ïî çàêðûòèþ êîøìàìè ãîðëîâèí ãîðÿùèõ öèñ-

òåðí è âûâåñòè ïåðâûé ñîñòàâ ñ òåððèòîðèè ÑÍÝ,

çàòåì ïåðåéòè êî âòîðîìó ñîñòàâó;

� îïåðàòîðàì ÑËÑ îõëàæäàòü öèñòåðíû âòîðîãî

ñîñòàâà, ïîäàâàÿ íà íèõ ñòðóè âîäû ïîâåðõ ïåð-

âîãî ñîñòàâà.

Ñàìîîòâåðæåííûìè äåéñòâèÿìè ó÷àñòíèêîâ

òóøåíèÿ ïîñòàâëåííàÿ ÐÒÏ áîåâàÿ çàäà÷à áûëà

óñïåøíî ðåøåíà áåç ïîòåðü è ñåðüåçíûõ òðàâì.

Àíàëèç ýòîãî ïîæàðà î÷åâèäíûì îáðàçîì äîêà-

çûâàåò íåîáõîäèìîñòü îñíàùåíèÿ ÑËÑ ýêðàíàìè

“ÑÎÃÄÀ-2À”.

Ðàçðàáîòàííûå ÃÓÏÁ ÌÂÄ ÐÓ è íàïðàâëåííûå

âñåì ïîæàðíûì ãàðíèçîíàì ðåêîìåíäàöèè ïî ïðè-

ìåíåíèþ òåïëîçàùèòíûõ ýêðàíîâ “ÑÎÃÄÀ” èìåëè

âàæíîå çíà÷åíèå äëÿ ïðàêòè÷åñêîãî èñïîëüçîâàíèÿ

ïîñëåäíèõ íà îñîáî âàæíûõ îáúåêòàõ èëè íà îáú-

åêòàõ, èìåþùèõ ïîâûøåííóþ ïîæàðî- è âçðûâî-

îïàñíîñòü.

2 äåêàáðÿ 2002 ã. ïîñòóïèëî ñîîáùåíèå î âîçãî-

ðàíèè ãàçîíåôòÿíîãî ôîíòàíà ïðè åãî àâàðèéíîì èñ-

òå÷åíèè íà Êóêäóìàëàêñêîì ìåñòîðîæäåíèè Êàø-

êàäàðüèíñêîé îáë. Ðåñïóáëèêè Óçáåêèñòàí. Âûñîòà

ïëàìåíè ñîñòàâëÿëà áîëåå 90 ì. Ïåðåä ñïåöèàëèñòà-

ìè ÎÎÎ “Åíãèí-Òåõ” íà÷àëüíèêîì ÃÓÏÁ ÌÂÄ ÐÓ,

ÐÒÏ ïîëêîâíèêîì À. Õ. Êóëäàøåâûì áûëà ïîñòàâ-

ëåíà çàäà÷à â êðàò÷àéøèé ñðîê ðåàëèçîâàòü ïðåäëî-

æåííóþ èì èäåþ — èçãîòîâèòü ãîëîâíîé ýëåìåíò

òåïëîçàùèòíîãî êîðèäîðà. Â òå÷åíèå 12 ñóò íà ïðåä-

ïðèÿòèè, îñíîâíîé çàäà÷åé êîòîðîãî áûëà ðàçðàáîò-

êà íîâûõ âîñòðåáîâàííûõ ìîäåëåé ýêðàíîâ “ÑÎÃÄÀ”

è âíåäðåíèå èõ â ïðàêòèêó ñëóæáû ïîæàðíîé îõ-

ðàíû, áûëî èçãîòîâëåíî òåïëîçàùèòíîå óêðûòèå

“ÑÎÃÄÀ” ðàçìåðîì 2,0�2,0�2,0 ì, óñòàíîâëåííîå

íà ñàëàçêè èç äâóõ òðóá äèàìåòðîì 40 ìì ñ öåëüþ

îáåñïå÷èòü âîçìîæíîñòü âîëî÷åíèÿ åãî ïî ïåñ÷àíî-

ìó ãðóíòó. Ñèñòåìà ðàñïûëåíèÿ âîäû â ýêðàíèðó-

þùèõ ïàíåëÿõ áûëà ñäåëàíà äóáëèðîâàííîé. Íàè-

áîëåå ñëîæíûì âîïðîñîì, êîòîðûé óäàëîñü ðåøèòü

çà ñòîëü êîðîòêèé ñðîê, áûëà ñèñòåìà âîäîî÷èñòêè.

Òåïëîçàùèòíîå óêðûòèå “ÑÎÃÄÀ” áûëî äîñòàâëå-

íî è óñòàíîâëåíî íåïîñðåäñòâåííî ðÿäîì ñ îäíèì

èç ñòàíäàðòíûõ óêðûòèé ñ ãàáàðèòíûìè ðàçìåðàìè

6,0�2,0�2,0 ì, èçãîòîâëåííûõ èç äâóõñëîéíîãî ëèñ-

òîâîãî æåëåçà, êîòîðûå îáû÷íî èñïîëüçóþòñÿ â òà-

êèõ ñëó÷àÿõ è óñòàíàâëèâàþòñÿ íà ðàññòîÿíèè 25 ì

âîêðóã óñòüÿ ôîíòàíà.

Ïîäàâàåìàÿ èç èñêóññòâåííûõ âîäîåìîâ âîäà

áûëà ñèëüíî çàãðÿçíåíà ãëèíèñòûìè è ïåñ÷àíûìè

ïðèìåñÿìè, ïîýòîìó áûëà ðàçðàáîòàíà äâóõêàñêàä-

íàÿ ñèñòåìà ôèëüòðîâ äëÿ îáåñïå÷åíèÿ áåñïåðåáîé-

íîé ðàáîòû óêðûòèÿ “ÑÎÃÄÀ”. Íà ïåðâîì êàñêàäå

áûëè èñïîëüçîâàíû ôèëüòðû, ñîñòîÿùèå èç îñíîâ-

íîãî è çàïàñíîãî ôèëüòðîâ ãðóáîé î÷èñòêè âîäû, êî-

òîðûå çàäåðæèâàþò ïðèìåñè ðàçìåðîì áîëåå 1,5 ìì,

à íà âòîðîì — ÷åòûðå ôèëüòðà òîíêîé î÷èñòêè (îäèí

— îñíîâíîé è òðè — çàïàñíûõ), çàäåðæèâàþùèå

ïðèìåñè ðàçìåðîì áîëåå 0,5 ìì (ðèñ. 1). Ôèëüòð ãðó-

áîé î÷èñòêè áûë ðàçðàáîòàí òàêèì îáðàçîì, ÷òî çà

ñ÷åò ïîòîêà ïðîõîäÿùåé ñêâîçü ôèëüòð âîäû îñó-

ùåñòâëÿëàñü åãî ñàìîî÷èñòêà. Çà âñå âðåìÿ áîåâîé

ýêñïëóàòàöèè â òå÷åíèå 15 ñóò íè ðàçó íå ïîòðåáîâà-

ëîñü èñïîëüçîâàíèå çàïàñíîãî ôèëüòðà ãðóáîé î÷èñò-

êè. Îïûò ýêñïëóàòàöèè ôèëüòðîâ òîíêîé î÷èñòêè

ïîêàçàë, ÷òî îíè òðåáóþò ïðîôèëàêòè÷åñêîãî îñìîò-

ðà êàæäûå 6–8 ÷ ðàáîòû. Â äàëüíåéøåì èäåè ïî-

äîáíûõ ôèëüòðîâ áûëè èñïîëüçîâàíû ïðè ìîäåð-

íèçàöèè òåïëîçàùèòíûõ ýêðàíîâ “ÑÎÃÄÀ-1À” è

“ÑÎÃÄÀ-1Â”.

Ñòàíäàðòíîå óêðûòèå èç ëèñòîâîãî æåëåçà íå-

ïðåðûâíî îðîøàëîñü âîäîé äëÿ îõëàæäåíèÿ ñòåíîê.

Âíóòðè óêðûòèÿ ïîñòîÿííî íàõîäèëàñü äåæóðíàÿ

ñìåíà, â îáÿçàííîñòü êîòîðîé âõîäèëî: íàáëþäåíèå

çà ñàìèì ôîíòàíîì; îáåñïå÷åíèå âîäîîõëàæäåíèÿ

ðàáîòàþùåé ðÿäîì òåõíèêè; äåéñòâèÿ ïî óñòàíîâêå

ëàôåòíûõ ñòâîëîâ â íåïîñðåäñòâåííîé áëèçîñòè îò

óñòüÿ ôîíòàíà â öåëÿõ ïîäà÷è âîäû â ïëàìÿ ôîíòàíà

äëÿ óìåíüøåíèÿ ëó÷èñòîãî ïîòîêà; îáåñïå÷åíèå ýô-

ôåêòèâíîé ðàáîòû ÑËÑ. Íåñìîòðÿ íà âñå ìåðû ïî

îõëàæäåíèþ âîäîé ïðîñòðàíñòâà âíóòðè ñòàíäàðò-

íîãî óêðûòèÿ, âûñîêàÿ òåìïåðàòóðà íå ïîçâîëÿëà

äëèòåëüíîå âðåìÿ íåñòè ñëóæáó (áîëåå 2–4 ÷).

Â îòëè÷èå îò ñòàíäàðòíîãî óêðûòèÿ âíóòðè óêðû-

òèÿ “ÑÎÃÄÀ” òåìïåðàòóðà áûëà îêîëî 0 °Ñ, òàê êàê

òåïëîçàùèòíûå ïàíåëè îòðàæàëè òåïëîâûå ïîòîêè

ôîíòàíà. Çàñàñûâàåìûé ïëàìåíåì ôîíòàíà çèìíèé

âîçäóõ èç îêðóæàþùåé ñðåäû íå óñïåâàë ïðîãðåòüñÿ,

Ðèñ. 1. Ôèëüòðóþùàÿ ñèñòåìà óêðûòèÿ “ÑÎÃÄÀ”

Fig. 1. SOGDA filtering shelter system



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 5 53

ÑÐÅÄÑÒÂÀ È ÑÏÎÑÎÁÛ ÒÓØÅÍÈß ÏÎÆÀÐÎÂ

÷òî è îïðåäåëÿëî íèçêóþ òåìïåðàòóðó âíóòðè óêðû-

òèÿ “ÑÎÃÄÀ”.

Ïîñëå ñðåçàíèÿ ïðåâåíòîðà õàðàêòåð ôîíòàíè-

ðîâàíèÿ ñêâàæèíû èçìåíèëñÿ: âåðòèêàëüíîå ïëàìÿ

ôîíòàíà ïåðåøëî â ðåæèì ãîðèçîíòàëüíîãî, ðàñïû-

ëÿåìîãî âî âñå ñòîðîíû èñòå÷åíèÿ. Ïîä âîçäåéñòâè-

åì ïëàìåíè â òå÷åíèå êîðîòêîãî ïðîìåæóòêà âðå-

ìåíè ñòåíû ñòàíäàðòíîãî ìåòàëëè÷åñêîãî óêðûòèÿ

íà÷àëè ñèëüíî äåôîðìèðîâàòüñÿ. Òîëüêî áëàãîäàðÿ

îïåðàòèâíûì äåéñòâèÿì ðóêîâîäèòåëÿ ãðóïïû çàì-

íà÷àëüíèêà ÃÓÏÁ ÌÂÄ ÐÓ ïîëêîâíèêà À. Í. Àëèìà-

òîâà óäàëîñü ñðî÷íî ïåðåäèñëîöèðîâàòüñÿ â óêðû-

òèå “ÑÎÃÄÀ” è èçáåæàòü ñåðüåçíûõ òðàâì è óâå÷èé.

Ýòî áûëè ïåðâûå ÷åòâåðî ëþäåé, ñïàñåííûå áëàãî-

äàðÿ òåïëîçàùèòíûì ýêðàíàì “ÑÎÃÄÀ”.

Îñîáî ñëåäóåò îòìåòèòü, ÷òî íàèáîëåå îïàñíûì

â äåéñòâèÿõ äåæóðíûõ ãðóïï ÿâëÿëîñü îáåñïå÷åíèå

ýôôåêòèâíîé ðàáîòû ëàôåòíûõ ñòâîëîâ ÑËÑ-20,

óñòàíîâëåííûõ â íåïîñðåäñòâåííîé áëèçîñòè îò

óñòüÿ ôîíòàíà — íà ðàññòîÿíèè 5–7 ì, ÷åðåç êîòî-

ðûå ïîäàâàëèñü ìîùíûå ñòðóè âîäû â ñòâîë ôîíòà-

íà. Íåîáõîäèìîñòü ïåðèîäè÷åñêè âûáåãàòü èç-ïîä

óêðûòèÿ äëÿ êîððåêòèðîâêè íàïðàâëåíèÿ ïîäàâà-

åìîé âîäû èç ýòèõ, íåçàùèùåííûõ ñòâîëîâ ïðåä-

ñòàâëÿëà íàèáîëüøóþ îïàñíîñòü.

Â äàëüíåéøåì ïîæàðíûé ãàðíèçîí Êàøêàäàðü-

èíñêîé îáë. áûë óêîìïëåêòîâàí ÷åòûðüìÿ ýêðàíàìè

“ÑÎÃÄÀ-4”, îñíàùåííûìè ëàôåòíûìè ñòâîëàìè

ÏËÑ-20, â öåëÿõ ïîâûøåíèÿ áåçîïàñíîñòè ïîæàðíûõ

ïðè ëèêâèäàöèè àâàðèé íà ãàçîíåôòÿíûõ ìåñòîðîæ-

äåíèÿõ (ðèñ. 2).

Âñå ýòè ãîäû Íàó÷íî-èññëåäîâàòåëüñêèé öåíòð

Âûñøåé òåõíè÷åñêîé øêîëû ïîæàðíîé áåçîïàñíî-

ñòè (íûíå Èíñòèòóò ïîæàðíîé áåçîïàñíîñòè) ÌÂÄ

ÐÓ è ïðåäïðèÿòèå “Åíãèí-Òåõ” â ïîñòîÿííîì ðå-

æèìå èçó÷àëè ðàçëè÷íûå ñëó÷àè âîçãîðàíèé è ïî-

òðåáíîñòè ïðåäïðèÿòèé íåôòåïåðåðàáàòûâàþùåé

îòðàñëè â ìîäåðíèçàöèè ýòèõ ýêðàíîâ. Èíòåðåñíûì

îêàçàëîñü ìíåíèå íà÷àëüíèêà âåäîìñòâåííîé ïî-

æàðíîé îõðàíû Ôåðãàíñêîãî ÍÏÇ (äàëåå — ÔÍÏÇ)

î íåîáõîäèìîñòè îñíàùàòü ÑÍÝ íå òîëüêî ñòàöèî-

íàðíûìè, íî è ïåðåäâèæíûìè ýêðàíàìè. Ïîñòóïà-

ëè òàêæå ïðåäëîæåíèÿ ïî ðàçðàáîòêå ëåãêèõ ïåðå-

íîñíûõ ìîäèôèêàöèé òåïëîçàùèòíûõ ýêðàíîâ äëÿ

èñïîëüçîâàíèÿ èõ ïðè òóøåíèè íà âåðõíèõ ïëîùàä-

êàõ òåõíîëîãè÷åñêèõ óñòàíîâîê. Ïåðåäâèæíûå è ïå-

ðåíîñíûå ìîäèôèêàöèè äàëè áû âîçìîæíîñòü áîëåå

ýôôåêòèâíî èñïîëüçîâàòü òåïëîçàùèòíûå ýêðàíû

íà ïðàêòèêå.

Â ðåçóëüòàòå áûë ðàçðàáîòàí ïåðåäâèæíîé ýêðàí

“ÑÎÃÄÀ-1À”, îñíàùåííûé êîëåñíîé ïàðîé è ïðåä-

íàçíà÷åííûé äëÿ çàùèòû çâåíà èç äâóõ ïîæàðíûõ

(ðèñ. 3). Ýêðàí îêàçàëñÿ íàñòîëüêî ýôôåêòèâíûì,

÷òî ïîçâîëÿë ïîæàðíûì íå òîëüêî òóøèòü ïîæàðû,

íî è çàíèìàòüñÿ äðóãèìè âèäàìè ðàáîò. Ýòîò âèä

ýêðàíà íàøåë ïðèìåíåíèå íå òîëüêî íà ÑÍÝ, íî è íà

äðóãèõ ïîæàðîâçðûâîîïàñíûõ ó÷àñòêàõ îáúåêòîâ.

Èäåÿ ïåðåíîñíîãî ñêëàäíîãî ýêðàíà èíäèâèäó-

àëüíîãî ïîëüçîâàíèÿ äëÿ ïðèìåíåíèÿ íà âåðõíèõ

ïëîùàäêàõ òåõíîëîãè÷åñêèõ óñòàíîâîê îêàçàëàñü

çíà÷èòåëüíî áîëåå ïðîäóêòèâíîé, ÷åì ïðåäïîëàãà-

Ðèñ. 3. Òåïëîçàùèòíûé ýêðàí “ÑÎÃÄÀ-1À”

Fig. 3. SOGDA-1A thermal-protection shield

Ðèñ. 2. Òåïëîçàùèòíûé ýêðàí “ÑÎÃÄÀ-4” ñî âñòðîåííûì ëà-

ôåòíûì ñòâîëîì ÏËÑ-20

Fig. 2. SOGDA-4 thermal-protection shield with the built-in fire-

fighting monitor PLS-20
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ëîñü èçíà÷àëüíî. Áîëåå 70 % ïîæàðîâ ïðîèñõîäèò â

æèëîì ñåêòîðå. Ãàáàðèòíûå ðàçìåðû (ïî ïëîùàäè)

ñêëàäíîãî ýêðàíà “ÑÎÃÄÀ-1Â” ïðèíèìàëèñü èñõî-

äÿ èç ñòàíäàðòíîé ìèíèìàëüíîé øèðèíû äâåðè è

âûáèðàëèñü òàêèì îáðàçîì, ÷òîáû èõ ìîæíî áûëî

èñïîëüçîâàòü â æèëîì ñåêòîðå, — 1,7�0,75 ì (ðèñ. 4).

Êîìïàêòíîñòü è ëåãêîñòü ýêðàíà (ìàññà îêîëî 12 êã)

ïîçâîëÿþò ïåðåâîçèòü åãî íå òîëüêî íà ÀÖ, íî è íà

àâòîìîáèëÿõ ïåðâîé ïîìîùè, à òàêæå îáåñïå÷èâà-

þò âûñîêóþ îïåðàòèâíîñòü, áåçîïàñíîñòü ñòâîëü-

ùèêà, ðàáîòàþùåãî â ìíîãîýòàæíûõ çäàíèÿõ è íà

âåðõíèõ ïëîùàäêàõ òåõíîëîãè÷åñêèõ óñòàíîâîê.

Ïåðâè÷íûå ñðåäñòâà ïîæàðîòóøåíèÿ, êîòîðûìè

ñîãëàñíî ïðîòèâîïîæàðíûì íîðìàì îñíàùàþòñÿ

ìåñòà âîçìîæíûõ âîçãîðàíèé, íåðåäêî îêàçûâàþò-

ñÿ íåýôôåêòèâíûìè: ïðè áîëüøèõ ðîçëèâàõ ëåãêî-

âîñïëàìåíÿþùèõñÿ æèäêîñòåé (ËÂÆ) òåïëîâîé ïî-

òîê íå ïîçâîëÿåò ïîæàðíûì ïðèáëèçèòüñÿ íà îïòè-

ìàëüíîå äëÿ òóøåíèÿ ðàññòîÿíèå. Ïî ïðåäëîæåíèþ

ñïåöèàëèñòîâ-ïîæàðíûõ ñ áîëüøèì îïûòîì ðàáîòû

íà êðóïíûõ ïîæàðîîïàñíûõ îáúåêòàõ áûë ðàçðàáî-

òàí êîìïëåêñ ïåðâè÷íîãî ïîæàðîòóøåíèÿ, îñíà-

ùåííûé òåïëîçàùèòíûì ýêðàíîì “ÑÎÃÄÀ” (ðèñ. 5).

Íà ÷åòûðåõêîëåñíîé ðàìå ðàçìåùàëèñü îãíåòóøè-

òåëè ìàðîê ÎÏ-50, ÎÏ-10, ÎÓ-10, êîøìà, áàãîð è åì-

êîñòü ñ âîäîé äëÿ îáåñïå÷åíèÿ ðàáîòîñïîñîáíîñòè

ýêðàíà â òå÷åíèå íåñêîëüêèõ ìèíóò.

Òàêèì àâòîíîìíûì êîìïëåêñîì ïåðâè÷íîãî ïî-

æàðîòóøåíèÿ “ÑÎÃÄÀ” öåëåñîîáðàçíî îñíàùàòü

íàñîñíûå äëÿ ïåðåêà÷êè íåôòåïðîäóêòîâ, àâòîíà-

ëèâíûå ýñòàêàäû, òåõíîëîãè÷åñêèå çîíû íà ÍÏÇ è

äðóãèå îáúåêòû ñêëàäèðîâàíèÿ íåôòåïðîäóêòîâ,

ãäå âîçìîæíû àâàðèéíûå èñòå÷åíèÿ è ïðîëèâû ïðî-

äóêòîâ, äëÿ îáåñïå÷åíèÿ âîçìîæíîñòè âûïîëíåíèÿ

ïåðâè÷íûõ äåéñòâèé ñî ñòîðîíû ÄÏÄ ïðåäïðèÿòèÿ

äî ïðèåçäà ïîæàðíûõ ïîäðàçäåëåíèé.

Íàðÿäó ñ ðàçðàáîòêîé íîâûõ ìîäåëåé ýêðàíîâ

“ÑÎÃÄÀ” ïðîâîäèëàñü áîëüøàÿ òåîðåòè÷åñêàÿ ðà-

áîòà ïî îïðåäåëåíèþ ýôôåêòèâíîñòè èõ èñïîëüçî-

âàíèÿ, âûáîðó íàèáîëåå îïòèìàëüíûõ ìîäåëåé äëÿ

ðàçëè÷íûõ ïîæàðîîïàñíûõ îáúåêòîâ.

Íà îñíîâàíèè ðåçóëüòàòîâ ýòîé ðàáîòû áûëî íà÷à-

òî îñíàùåíèå òåïëîçàùèòíûìè ýêðàíàìè “ÑÎÃÄÀ”

ìíîãèõ îáúåêòîâ â Óçáåêèñòàíå: Øóðòàíñêîãî ÃÕÊ,

Ìóáàðåêñêîãî ÃÕÊ, ÔÍÏÇ, Áóõàðñêîãî ÍÏÇ (äàëåå

— ÁÍÏÇ), ÀÎ “Ìàêñàì ×èð÷èê”, ×èíàáàäñêîé, Àí-

ãðåíñêîé è Ïàïñêîé íåôòåáàç è ò. ï.

Íàèáîëåå êîìïëåêñíîå îñíàùåíèå ðàçëè÷íûìè

ìîäåëÿìè ýêðàíîâ “ÑÎÃÄÀ” áûëî äîñòèãíóòî íà

ÁÍÏÇ, áëàãîäàðÿ ñîäåéñòâèþ íà÷àëüíèêà ÓÏÁ ÓÂÄ

Áóõàðñêîé îáë. êàíä. òåõí. íàóê, ïîëêîâíèêà Õ. Í. Øà-

ðèïîâà, à òàêæå ðóêîâîäñòâà ÁÍÏÇ, äîêòîðîâ òåõíè-

÷åñêèõ íàóê Ý. Ì. Ñàèäàõìåäîâà è Ø. Ì. Ñàèäàõìå-

äîâà.

Ïîæàðíûå ïîñòû, óñòàíîâëåííûå â íà÷àëå è â

êîíöå ÑÍÝ, áûëè äîîñíàùåíû ÷åòûðüìÿ ïåðåäâèæ-

íûìè ýêðàíàìè “ÑÎÃÄÀ-1À” ïî äâà â êàæäîì.

Íà ÑÍÝ íà ñòàöèîíàðíûõ ëàôåòíûõ óñòàíîâêàõ

áûëè óñòàíîâëåíû ýêðàíû “ÑÎÃÄÀ-2À”. Â ñàìîé ïî-

æàðíîé ÷àñòè àâòîìîáèëè ÀÖ-40 áûëè îáîðóäîâàíû

êðåïëåíèÿìè äëÿ ïåðåâîçêè ýêðàíîâ “ÑÎÃÄÀ-1À”

(ðèñ. 6).

Â ñëó÷àå âîçíèêíîâåíèÿ ïîæàðà íà îáúåêòå áûë

óñòàíîâëåí ñëåäóþùèé ïîðÿäîê èñïîëüçîâàíèÿ ýê-

ðàíîâ:

à) ïðèáûâøèå ïåðâûìè ê ìåñòó ïîæàðà ÷ëåíû

ÄÏÄ ïðèñòóïàþò ê òóøåíèþ ïîæàðà ëàôåòíûìè

ñòâîëàìè ïîä çàùèòîé ýêðàíîâ “ÑÎÃÄÀ-2À”;

Ðèñ. 4. Òåïëîçàùèòíûé ýêðàí “ÑÎÃÄÀ-1Â” â ðàçâåðíóòîì,

áîåâîì ïîëîæåíèè (à) è â ñâåðíóòîì ñîñòîÿíèè (á)

Fig. 4. SOGDA-1B thermal-protection shield in a deployed, ope-

rational state (a) and in a retracted state (b)

Ðèñ. 5. Êîìïëåêñ ïåðâè÷íîãî ïîæàðîòóøåíèÿ “ÑÎÃÄÀ”

Fig. 5. SOGDA primary fire-fighting system
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á) ýêèïàæ îáúåêòîâîé ïîæàðíîé ÷àñòè, ïðèáûâ

íà ìåñòî ïîæàðà è ñíÿâ ñ ÀÖ-40 ïåðåäâèæíûå ýêðà-

íû “ÑÎÃÄÀ-1À”, ïîä èõ çàùèòîé íà÷èíàåò òóøåíèå

ïîæàðà, ïðèìåíÿÿ íàèáîëåå ýôôåêòèâíûå ñðåäñòâà

òóøåíèÿ;

â) ïðèáûâøèå ïî âûçîâó ê ìåñòó ïîæàðà áîåâûå

ýêèïàæè ãàðíèçîíà (ãîðîäñêîãî èëè ðàéîííîãî) â

öåëÿõ îãðàíè÷åíèÿ ðàñïðîñòðàíåíèÿ ïîæàðà íà áîëü-

øèå ïëîùàäè è îïåðàòèâíîé ëèêâèäàöèè åãî ñ ìè-

íèìàëüíûìè ïîòåðÿìè èñïîëüçóþò äëÿ ìàêñèìàëü-

íîãî ïðèáëèæåíèÿ ê î÷àãó ïîæàðà ÷åòûðå ïåðåäâèæ-

íûõ ýêðàíà “ÑÎÃÄÀ-1À”, ðàçìåùåííûõ íà ïîæàð-

íûõ ïîñòàõ â íà÷àëå è êîíöå ÑÍÝ.

Íà÷àëüíèê îòäåëà ïîæàðíîé áåçîïàñíîñòè ÁÍÏÇ

îòìå÷àåò âûñîêóþ ýôôåêòèâíîñòü òåïëîçàùèòíûõ

ýêðàíîâ “ÑÎÃÄÀ” ïðè òóøåíèè èìèòèðîâàííûõ ïî-

æàðîâ íà ÑÍÝ (ðèñ. 7) è â ìåñòàõ õðàíåíèÿ æèäêîãî

ãàçà â õîäå ïîæàðíî-òàêòè÷åñêèõ ó÷åíèé (ðèñ. 8).

Êàê áûëî óêàçàíî âûøå, íåñêîëüêèìè êîìïëåê-

ñàìè ïåðâè÷íîãî ïîæàðîòóøåíèÿ “ÑÎÃÄÀ” íà ÁÍÏÇ

áûëè îñíàùåíû íàñîñíàÿ äëÿ ïåðåêà÷êè íåôòåïðî-

äóêòîâ, àâòîíàëèâíàÿ ýñòàêàäà, òåõíîëîãè÷åñêèå çîíû

è äðóãèå ïîæàðîîïàñíûå ó÷àñòêè, ãäå âîçìîæíû àâà-

ðèéíûå èñòå÷åíèÿ è ïðîëèâû íåôòåïðîäóêòîâ.

Íà ðèñ. 9 ïðåäñòàâëåí ôðàãìåíò îòðàáîòêè äåé-

ñòâèé ÷ëåíîâ ÄÏÄ îáúåêòà ïî èñïîëüçîâàíèþ êîì-

ïëåêñà ïåðâè÷íîãî ïîæàðîòóøåíèÿ “ÑÎÃÄÀ”.

Ñèñòåìàòè÷åñêîå ïðîâåäåíèå ó÷åíèé ñ îòðàáîò-

êîé ïðàêòè÷åñêèõ ìåòîäîâ ïðèìåíåíèÿ ýêðàíîâ

ñïîñîáñòâóåò îáåñïå÷åíèþ ïîñòîÿííîé áîåâîé ãî-

òîâíîñòè è ýôôåêòèâíîãî èñïîëüçîâàíèÿ ýêðàíîâ.

Òàê, íàïðèìåð, íà ó÷åíèÿõ, ïðîâîäèìûõ åæåêâàð-

òàëüíî íà ÁÍÏÇ, îòðàáàòûâàþòñÿ ìåòîäû ïðàêòè-

÷åñêîãî ïðèìåíåíèÿ ýêðàíîâ ëè÷íûì ñîñòàâîì ïî-

æàðíîé îõðàíû è äîáðîâîëüíîé ïîæàðíîé äðóæè-

íîé (ñì. ðèñ. 7–9).

Òàêèì îáðàçîì, îïûò ïðèìåíåíèÿ òåïëîçàùèò-

íûé ýêðàíîâ “ÑÎÃÄÀ” â Óçáåêèñòàíå íà ïîæàðî-

Ðèñ. 6. Êðåïëåíèÿ äëÿ ïåðåâîçêè ýêðàíîâ “ÑÎÃÄÀ-1À” íà

ÀÖ-40

Fig. 6. Mountings for transportation of shields SOGDA-1A

mounted on the tank truck ATs-40

Ðèñ. 8. Îòðàáîòêà äåéñòâèé ÷ëåíàìè ÄÏÄ îáúåêòà ïî èñ-

ïîëüçîâàíèþ ýêðàíà “ÑÎÃÄÀ-2À” â ìåñòàõ õðàíåíèÿ æèä-

êîãî ãàçà

Fig. 8. The scenario of actions taken by members of the facility

Voluntary Fire Brigade (VFB) on the use of the SOGDA-2A

shield in liquid gas storage locations

Ðèñ. 9. Îòðàáîòêà ÷ëåíàìè ÄÏÄ îáúåêòà äåéñòâèé ïî èñïîëü-

çîâàíèþ êîìïëåêñà ïåðâè÷íîãî ïîæàðîòóøåíèÿ “ÑÎÃÄÀ”

Fig. 9. The scenario of actions taken by the facility’s VBF mem-

bers on the use of the primary fire-fighting system SOGDA

Ðèñ. 7. Ïîæàðíî-òàêòè÷åñêèå ó÷åíèÿ ïî ëèêâèäàöèè ïîæàðà

íà ÑÍÝ

Fig. 7. Fire-fighting tactical exercises to eliminate the fire on

the loading and unloading rack
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îïàñíûõ îáúåêòàõ íà ïðèìåðå Áóõàðñêîãî ÍÏÇ ïîêà-

çûâàåò, ÷òî îíè ïîâûøàþò áîåâóþ ãîòîâíîñòü ëè÷-

íîãî ñîñòàâà è ÷ëåíîâ ÄÏÄ îáúåêòà â ñëó÷àå âîç-

íèêíîâåíèÿ ÷ðåçâû÷àéíîé ñèòóàöèè (×Ñ), çàùèùà-

þò èõ æèçíü è çäîðîâüå ïðè âûïîëíåíèè áîåâûõ

çàäà÷ ïî ëèêâèäàöèè àâàðèé, à òàêæå ðåçêî ïîâûøà-

þò ýôôåêòèâíîñòü òóøåíèÿ ïîæàðîâ.

Íåîáõîäèìî îòìåòèòü, ÷òî íà îáúåêòàõ íåôòå-

ãàçîâîãî êîìïëåêñà îáúåêòèâíî ñóùåñòâóåò î÷åíü

ñëîæíàÿ ïîæàðîâçðûâîîïàñíàÿ îáñòàíîâêà, òðåáó-

þùàÿ ðåçêîãî ïîâûøåíèÿ óðîâíÿ èõ ïðîòèâîïî-

æàðíîé çàùèòû [6–8]. Ýòîé ïðîáëåìîé ñòàëè èíòå-

ðåñîâàòüñÿ íå òîëüêî â Óçáåêèñòàíå, íî è â Ðîññèè,

è çà ðóáåæîì [9–18].

Â çàêëþ÷åíèå îñîáî ñëåäóåò îòìåòèòü ìíîãî-

ëåòíåå è ïëîäîòâîðíîå ñîòðóäíè÷åñòâî ñ ðîññèé-

ñêèìè ó÷åíûìè Í. Í. Áðóøëèíñêèì (ãëàâíûé êîîð-

äèíàòîð ñîâìåñòíûõ óçáåêñêî-ðîññèéñêèõ èññëåäî-

âàíèé), Å. À. Ñåðåáðåííèêîâûì, Í. Ï. Êîïûëîâûì,

Â. Ë. Êàðïîâûì, Ð. À. ßéëèÿí è ñ äðóãèìè ñïåöèàëè-

ñòàìè-ïðàêòèêàìè, à òàêæå ñ ñîòðóäíèêàìè ÎÎÎ

“ÑïåöÏîæÒåõ” (ãåíåðàëüíûé äèðåêòîð Â. Þ. Øèì-

êî) ïî ðàçâèòèþ äàííîé òåõíîëîãèè. Ïðîâåäåííîå

ïî çàäàíèþ Ãàçïðîìà ÐÔ è ïðè åãî ôèíàíñîâîé ïîä-

äåðæêå â 2010 è 2011 ãã. íà ïîëèãîíå ÔÃÓ ÂÍÈÈÏÎ

Ì×Ñ ÐÔ â Îðåíáóðãñêîé îáë. ýêñïåðèìåíòàëüíîå

èçó÷åíèå âîçìîæíîñòåé áåçîïàñíîãî ðàññåÿíèÿ ïà-

ðîãàçîâûõ îáëàêîâ, îáðàçóþùèõñÿ ïðè àâàðèéíîì

èñòå÷åíèè ñæèæåííîãî ïðèðîäíîãî ãàçà (ÑÏÃ) èç

ìàëûõ åìêîñòåé, ïîêàçàëî [19], ÷òî ýêðàíû îáëàäà-

þò ðÿäîì äîïîëíèòåëüíûõ óíèêàëüíûõ ñâîéñòâ, êî-

òîðûå ïîçâîëÿþò:
� îáåñïå÷èòü êîíòðîëü íàä íàïðàâëåíèåì ðàñïðî-

ñòðàíåíèÿ âçðûâîïîæàðîîïàñíûõ ãàçîâ, à òàêæå

îïàñíûõ ãàçîâ (õèìè÷åñêè àêòèâíûõ ãàçîâ ïðè

àâàðèÿõ íà õèìè÷åñêèõ ïðåäïðèÿòèÿõ; ãàçîâ, ñî-

äåðæàùèõ ðàäèîíóêëèäû, ïðè àâàðèÿõ íà ÀÝÑ);
� â ñëó÷àå âîçíèêíîâåíèÿ âçðûâà ïîæàðîîïàñíî-

ãî ãàçà îãðàíè÷èòü ðàñïðîñòðàíåíèå âçðûâà çà

ïðåäåëû îãðàæäåííîé ýêðàíàìè çîíû è ïîãàñèòü

ïîæàð âíóòðè åå.

Êàê âèäíî èç âûøåèçëîæåííîãî, îáà ýòè èçîáðå-

òåíèÿ [20, 21] ïðåäñòàâëÿþò ñîáîé ïðîðûâíóþ èí-

íîâàöèîííóþ òåõíîëîãèþ íå òîëüêî â îáëàñòè ïî-

æàðíîé áåçîïàñíîñòè, íî è â áîëåå øèðîêèõ ñôåðàõ

îáåñïå÷åíèÿ áåçîïàñíîñòè â æèçíåäåÿòåëüíîñòè ÷å-

ëîâåêà. Ïðîâåäåíèå äàëüíåéøèõ èññëåäîâàíèé ïî-

çâîëèò îòêðûòü øèðîêèå âîçìîæíîñòè äëÿ ñîçäàíèÿ

ñîòåí óñòðîéñòâ, ðåàëèçóþùèõ ýòó òåõíîëîãèþ [22].

Âûâîäû

Áîëåå ÷åì çà 15 ëåò èñïîëüçîâàíèÿ ðàçëè÷íûõ

âèäîâ òåïëîçàùèòíûõ ýêðàíîâ íà ïðåäïðèÿòèÿõ íåô-

òåãàçîõèìè÷åñêîé îòðàñëè áûëè ðàçðàáîòàíû íàè-

áîëåå îïòèìàëüíûå ìîäèôèêàöèè ýêðàíîâ îòäåëü-

íî äëÿ êàæäîãî èç ïîæàðîâçðûâîîïàñíûõ ó÷àñòêîâ

îáúåêòîâ â çàâèñèìîñòè îò ñòåïåíè èõ ðèñêà. Ê ïðè-

ìåðó, ðåçåðâóàðíûå ïàðêè, àâòîìîáèëüíûå è æåëåç-

íîäîðîæíûå ñëèâîíàëèâíûå ýñòàêàäû, ñêëàäû íåô-

òåïðîäóêòîâ â áî÷êîòàðå, àâòîçàïðàâî÷íûå ñòàíöèè,

à òàêæå ïîæàðíûå ÷àñòè íà îñîáî âàæíûõ îáúåêòàõ

ðåêîìåíäîâàíî îñíàùàòü ïåðåäâèæíûìè òåïëî-

çàùèòíûìè ýêðàíàìè, à ñòàöèîíàðíûå ëàôåòíûå

ñòâîëû — ñòàöèîíàðíûì òåïëîçàùèòíûì ýêðàíîì,

îáåñïå÷èâàþùèì çàùèòó îïåðàòîðà ñòâîëà îò òåï-

ëîâîãî èçëó÷åíèÿ áîëüøîé èíòåíñèâíîñòè.

Óêîìïëåêòîâàíèå íà îñîáî âàæíûõ îáúåêòàõ ëà-

ôåòíûõ ñòâîëîâ ñòàöèîíàðíûìè òåïëîçàùèòíûìè

ýêðàíàìè è îñíàùåíèå ïîæàðíûõ ÷àñòåé è âûøå-

ïåðå÷èñëåííûõ ó÷àñòêîâ ñ âûñîêèì óðîâíåì ðèñêà

ïåðåäâèæíûìè è ïåðåíîñíûìè èíäèâèäóàëüíûìè

òåïëîçàùèòíûìè ýêðàíàìè, áåçóñëîâíî, áóäåò ñïî-

ñîáñòâîâàòü îáåñïå÷åíèþ òðåáóåìîãî óðîâíÿ ïðîòè-

âîïîæàðíîé çàùèòû ïîæàðîâçðûâîîïàñíûõ ó÷àñò-

êîâ ñòðàòåãè÷åñêèõ îáúåêòîâ ýêîíîìèêè.

Ïðîøåäøèå áîåâûå èñïûòàíèÿ íà ãàçîíåôòÿíûõ

ôîíòàíàõ óêðûòèÿ “ÑÎÃÄÀ”, ïðåäíàçíà÷åííûå äëÿ

çàùèòû äåæóðíûõ ñìåí, à òàêæå óêðûòèÿ “ÑÎÃÄÀ-4”

äëÿ ëàôåòíûõ ñòâîëîâ, óñòàíàâëèâàåìûõ â íåïîñðåä-

ñòâåííîé áëèçîñòè îò óñòüÿ ôîíòàíà è ïîäàþùèõ

âîäó â ïëàìÿ ôîíòàíà, ïîêàçàëè ñåáÿ êàê íåçàìåíè-

ìûå è óíèêàëüíûå ñðåäñòâà çàùèòû ïîæàðíûõ.

Êðîìå òîãî, ïðîâåäåííûå â 2010 è 2011 ãã. íà ïî-

ëèãîíå ÔÃÓ ÂÍÈÈÏÎ Ì×Ñ ÐÔ ýêñïåðèìåíòàëü-

íûå èññëåäîâàíèÿ âîçìîæíîñòåé áåçîïàñíîãî ðàñ-

ñåÿíèÿ ïàðîãàçîâûõ îáëàêîâ, îáðàçóþùèõñÿ ïðè

àâàðèéíîì èñòå÷åíèè ÑÏÃ èç ìàëûõ åìêîñòåé, ïî-

êàçàëè, ÷òî òåïëîçàùèòíûå ýêðàíû îáëàäàþò äî-

ïîëíèòåëüíûìè óíèêàëüíûìè ñâîéñòâàìè, ïîçâîëÿ-

þùèìè íå òîëüêî îáåñïå÷èòü êîíòðîëü íàä íàïðàâ-

ëåíèåì ðàñïðîñòðàíåíèÿ âçðûâîïîæàðîîïàñíûõ

ãàçîâ, íî è ïðåäîòâðàòèòü ðàñïðîñòðàíåíèå âçðûâà

çà ïðåäåëû îãðàæäåííîé ýêðàíàìè çîíû ïðè âîç-

íèêíîâåíèè åãî âî âçðûâîîïàñíîé ñðåäå è ïîãàñèòü

ïîæàð âíóòðè ýòîé çîíû.

Òàêèì îáðàçîì, èññëåäîâàíèÿ âûÿâèëè, ÷òî íà-

ó÷íàÿ èäåÿ “îñëàáëåíèÿ òåïëîâîãî ïîòîêà” ïðåä-

ñòàâëÿåò ñîáîé ïðîðûâíóþ èííîâàöèîííóþ òåõíî-

ëîãèþ íå òîëüêî â îáëàñòè ïîæàðíîé áåçîïàñíîñòè,

íî è â áîëåå øèðîêèõ ñôåðàõ îáåñïå÷åíèÿ áåçîïàñ-

íîñòè â æèçíåäåÿòåëüíîñòè ÷åëîâåêà. Äàëüíåéøàÿ

ðåàëèçàöèÿ èññëåäîâàíèé íà îñíîâå ýòîé íàó÷íîé

èäåè ïîçâîëèò îòêðûòü øèðîêèå âîçìîæíîñòè äëÿ

ñîçäàíèÿ ñîòåí óñòðîéñòâ, ðåàëèçóþùèõ äàííóþ

òåõíîëîãèþ (áîëåå ïîäðîáíóþ èíôîðìàöèþ ìîæíî

ïîñìîòðåòü íà ñàéòàõ www.sogda.uz, à òàêæå www.

specpozhtech.ru.)
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ABSTRACT

Goal. The aim and objective of the study is to summarize the long-term experience of the State Fire

Safety Service of the Republic of Uzbekistan in equipping the industrial enterprises of the oil and gas

and chemical industries with various models of thermal-protection shields, their optimal location,

methods of their application and delivery, training of firefighters and members of the Voluntary Fire

Brigade (VFB) in the application of this innovative equipment, as well as the experience in application

of special types of shields in the elimination of accidents at oil and gas gushers.

Review of experience in application of the shields. Outputs. The experience of using SOGDA

thermal-protection shields at fire hazardous facilities in Uzbekistan, as evidenced by the example of
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the Bukhara Oil Refinery Plant, shows that they increase the operational readiness of the force and

VFB members of the facility in the event of an emergency, protect their life and health during

the elimination of accidents, which will obviously improve fire-fighting efficiency. Thermal-protec-

tion shields SOGDA are adopted by such large facilities in the Republic of Uzbekistan as the Bukhara

Oil Refinery Plant (refinery), the Fergana refinery, etc.

Conclusions. In more than 15 years of using different types of thermal-protection shields by the

companies in the oil and gas chemical industry, their most rational modifications have been developed

separately for each of the fire and explosion hazardous sites of the facilities, depending on their risk

degree. For example, tank batteries, truck and rail loading and unloading racks, barrel storage

warehouses for oil products, gas stations, as well as fire-fighting stations at highly important facilities

are recommended to be equipped with mobile thermal-protection shields, and for fixed fire-fighting

monitors a stationary thermal-protection shield, which protects the operator of the monitor against

high intensity thermal radiation, is recommended.

Further research showed that the scientific idea of “attenuation of heat flow” represents a break-

through innovative technology not only in the field of fire safety, but also in wider areas ensuring

safety of human activities. The implementation of research based on this scientific idea will open wide

opportunities for creating hundreds of devices implementing this technology.

Keywords: thermal-protection shields; attenuation of heat flows; oil and gas gushers; tank battery;

loading and unloading rack; pumping station; prospects.
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Ââåäåíèå

Àêòóàëüíîñòü ðàññìàòðèâàåìîé ïðîáëåìû îáúÿñíÿ-

åòñÿ ìíîãî÷èñëåííûìè ôàêòàìè ìàññîâîé ãèáåëè

ëþäåé îò òîêñè÷íîãî äûìà ïðè ïîæàðàõ íà äèñêî-

òåêàõ, â òîðãîâî-ðàçâëåêàòåëüíûõ öåíòðàõ (ÒÐÖ) è

äðóãèõ îáùåñòâåííûõ çäàíèÿõ. Â ñòàòüå îáîñíîâû-

âàåòñÿ íåîáõîäèìîñòü øèðîêîãî âíåäðåíèÿ óíèêàëü-

íûõ êîìïàêòíûõ óñòðîéñòâ îñàæäåíèÿ äûìà â ïðàê-

òèêó îáåñïå÷åíèÿ ýâàêóàöèè èç îáùåñòâåííûõ çäà-

íèé, â ÷àñòíîñòè èç òîðãîâûõ öåíòðîâ. Íåîáõîäè-

ìîñòü ðàçðàáîòêè è ïðîèçâîäñòâà òàêèõ óñòðîéñòâ

îáóñëîâëåíà îòñóòñòâèåì íåäîðîãèõ, êîìïàêòíûõ,

äîëãîâå÷íûõ òåõíè÷åñêèõ ñðåäñòâ, ñïîñîáíûõ ýô-

ôåêòèâíî îñàæäàòü äûì è ñáèâàòü ïëàìÿ õîòÿ áû íà

ó÷àñòêå 5–10 ì äëÿ îáåñïå÷åíèÿ âîçìîæíîñòè ýâà-

êóàöèè ëþäåé â áåçîïàñíîå ìåñòî.

Àíàëèçèðóÿ óðîâåíü ïîæàðíîãî ðèñêà â ÒÐÖ, ñî-

ñòîÿíèå òåõíèêè, îáåñïå÷èâàþùåé èõ ïðîòèâîïî-

æàðíóþ çàùèòó è ýâàêóàöèþ èç íèõ, ìíîãèå àâòîðû

[1, 2] îòìå÷àþò, ÷òî åå íûíåøíåå ñîñòîÿíèå íå ñî-

îòâåòñòâóåò óðîâíþ ïîæàðíîé îïàñíîñòè ÒÐÖ.

Â Ðîññèè è âî ìíîãèõ ïðîìûøëåííî ðàçâèòûõ ñòðà-

íàõ ìíîãîêðàòíî è ñ ìíîãî÷èñëåííûìè æåðòâàìè

âîçíèêàëè ïîæàðû â äîìàõ èíâàëèäîâ, ïîìåùåíèÿõ

äèñêîòåê, áîëüíèöàõ, ÒÐÖ è äðóãèõ àíàëîãè÷íûõ

çäàíèÿõ [2, 3]. Òàê, íàïðèìåð, ïîñëåäíèé ðàçðóøè-

òåëüíûé ïîæàð âîçíèê â ñàìîì áîëüøîì òîðãîâî-

ðàçâëåêàòåëüíîì êîìïëåêñå Ãåðìàíèè “Åâðîïà-

Ïàðêèíã” (ìàé 2018 ã.).

Îñíîâíîé îñîáåííîñòüþ ðàçâèòèÿ ïîæàðà â ÒÐÖ

ÿâëÿåòñÿ åãî îáíàðóæåíèå, êîãäà ïëàìÿ è äûì óæå

áûñòðî ðàñïðîñòðàíÿþòñÿ ïî ïîìåùåíèÿì â ðåçóëü-

òàòå íåíîðìàòèâíîãî ïðèìåíåíèÿ ëåãêîâîñïëàìåíÿ-

åìûõ è ñèëüíîãîðþ÷èõ îòäåëî÷íûõ, îáëèöîâî÷íûõ

ìàòåðèàëîâ, âûäåëÿþùèõ ïðè ïîæàðå ãóñòûå êëóáû

ñèëüíî ÿäîâèòîãî äûìà [3, 4]. Äåòè è äàæå âçðîñëûå

íåðåäêî íå óñïåâàþò ïîêèíóòü ïîìåùåíèÿ èç-çà

áûñòðî ðàñïðîñòðàíÿþùèõñÿ êëóáîâ äûìà, ÷òî õî-

© Çàõìàòîâ Â. Ä., Òóðñåíåâ Ñ. À., ×åðíûøîâ Ì. Â., Àäàåâ À. À., Áåêàñîâ À. Â., 2018
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ðîøî âèäíî íà çàïèñÿõ âèäåîêàìåð íàáëþäåíèÿ.

Ïî ýòîé æå ïðè÷èíå è ñïàñåíèå èõ çàòðóäíåíî: ïî-

æàðíûå, îõðàííèêè, äîáðîâîëüöû, ñïàñàþùèå ëþ-

äåé, ñàìè ìîãóò âíåçàïíî ïîòåðÿòü ñîçíàíèå.

Â ÒÐÖ ôóíêöèîíèðóþò êèíîòåàòðû, ôóäêîðòû,

ñóïåðìàêåòû ýëåêòðîíèêè, ïðîäîâîëüñòâåííûå ìà-

ãàçèíû, áîóëèíã, äåòñêèé öåíòð ñ àòòðàêöèîíàìè,

îòäåëåíèÿ áàíêîâ. Ïðè âñåì îáèëèè ñîâðåìåííîé

òåõíèêè, ñëóæàùåé èíòåðåñàì áèçíåñà, â ÒÐÖ ÷àñòî

íå ðàáîòàþò ñèñòåìû îïîâåùåíèÿ, êîòîðûå îòêëþ-

÷àþò âî èçáåæàíèå ëîæíûõ ñðàáàòûâàíèé [2, 4].

Âëàäåëüöû ÒÐÖ ýêîíîìÿò íà áîëåå ñîâåðøåííûõ

äàò÷èêàõ, èõ äóáëèðîâàíèè è àíàëèòè÷åñêèõ ìîäó-

ëÿõ, ïðàêòè÷åñêè èñêëþ÷àþùèõ ëîæíóþ òðåâîãó.

Êðîìå òîãî, ÷àñòî íå ðàáîòàþò ñïðèíêëåðíûå è

äðåí÷åðíûå ñèñòåìû îðîøåíèÿ, çàêðûâàþòñÿ ýâà-

êóàöèîííûå âûõîäû, ÷òî îòíîñèòñÿ ê ãðóáûì íàðó-

øåíèÿì ïðàâèë òåõíèêè áåçîïàñíîñòè ñî ñòîðîíû

àäìèíèñòðàöèè è îõðàíû ÒÐÖ.

Òèïîâûå ïðîåêòû äåøåâî è áûñòðî âîçâîäèìûõ

çäàíèé òîðãîâûõ öåíòðîâ îòëè÷àþòñÿ âûñîêîé ïî-

æàðîîïàñíîñòüþ. Îñîáåííîñòè èõ êîíñòðóêöèé, ìà-

òåðèàëû îòäåëêè, ïîðîëîíîâûå ìàòû â èãðîâûõ çîíàõ

è äðóãèå àíàëîãè÷íûå ôàêòîðû ñïîñîáñòâóþò áûñò-

ðîìó ðàñïðîñòðàíåíèþ ïëàìåíè è òîêñè÷íîãî äûìà,

îòðåçàþùèõ ïóòè ýâàêóàöèè, ÷òî ïîâûøàåò âåðî-

ÿòíîñòü ãèáåëè ëþäåé. Åùå ðåçóëüòàòû ðàññëåäî-

âàíèÿ êàòàñòðîôè÷åñêîãî ïîæàðà â òîðãîâî-ðàçâëå-

êàòåëüíîì öåíòðå “Àäìèðàë” (ã. Êàçàíü, 2015 ã.)

êðàñíîðå÷èâî ïîäòâåðäèëè âûâîäû ñïåöèàëèñòîâ

ÎÎÎ “Colliers International”, ñòðîÿùåãî áûñòðîâîç-

âîäèìûå çäàíèÿ: “Íåëüçÿ ïåðåäåëûâàòü ñòàðûå áå-

òîííûå çäàíèÿ â íîâûå ñ ïîìîùüþ áûñòðîâîçâîäè-

ìûõ êîíñòðóêöèé, òåì áîëåå â ìàñøòàáíûå ÒÐÖ —

ýòî íóæíî ñòðîãî çàïðåòèòü. Îäíàêî òàêèõ çäàíèé

ÒÐÖ ìíîãî, çàêðûòü èõ íåðåàëüíî — êàêèå æå äðó-

ãèå ïóòè ìîæíî ïðåäëîæèòü?” [2].

Â ÒÐÖ è äðóãèõ ïîæàðîîïàñíûõ îáùåñòâåííûõ

ìåñòàõ ñî ñëîæíûìè ïðîòÿæåííûìè ïóòÿìè ýâàêó-

àöèè äåòÿì íåëüçÿ íàõîäèòüñÿ áåç ðîäèòåëåé. Êàê

ïîêàçàëà, íàïðèìåð, òðàãåäèÿ â êåìåðîâñêîé “Çèì-

íåé âèøíå”, íà äåòñêèõ ñåàíñàõ â êèíîòåàòðàõ,

ïðåäñòàâëåíèÿõ â òåàòðàõ è íà äèñêîòåêàõ íåñîâåð-

øåííîëåòíèå äîëæíû íàõîäèòüñÿ ïîä íàáëþäåíèåì

êâàëèôèöèðîâàííîãî ïåðñîíàëà, â òîì ÷èñëå îõðàí-

íèêîâ, îáó÷åííûõ îðãàíèçàöèè ýâàêóàöèè è ðåãó-

ëÿðíî òðåíèðóþùèõñÿ. Ìû ïðåäëàãàåì îñíàñòèòü

îõðàííûå ñòðóêòóðû ýôôåêòèâíûìè êîìïàêòíûìè

ðàñïûëèòåëÿìè äëÿ îñàæäåíèÿ è íåéòðàëèçàöèè

òîêñè÷íîãî äûìà, ñáèâàíèÿ ïëàìåíè â öåëÿõ îáåñ-

ïå÷åíèÿ áåçîïàñíîãî ïóòè ýâàêóàöèè. Ðàñïûëèòåëè

óäîáíû äëÿ íîøåíèÿ (íàïðèìåð, íà ïîÿñå) è ìîãóò

õðàíèòüñÿ â øêàô÷èêàõ (äî íåñêîëüêèõ äåñÿòêîâ)

ïîä êîíòðîëåì îõðàííèêîâ â èãðîâûõ è çðèòåëüíûõ

çàëàõ, äåòñêèõ êîìíàòàõ, à òàêæå íà ïóòÿõ ýâàêóà-

öèè â êîðèäîðàõ. Ýòî íåîáõîäèìî äàæå â òåõ ñëó÷à-

ÿõ, êîãäà èíñòðóêöèè ïî îáåñïå÷åíèþ áåçîïàñíîñòè

áåçóêîðèçíåííî ñîáëþäàþòñÿ: îòêðûòû âñå ýâàêóà-

öèîííûå âûõîäû, ðàáîòàþò ñîâðåìåííûå äàò÷èêè,

ñèñòåìû îïîâåùåíèÿ äóáëèðîâàíû è îñíàùåíû

àíàëèòè÷åñêèìè ìîäóëÿìè ïðîòèâ ëîæíûõ ñðàáà-

òûâàíèé.

Òàêèì îáðàçîì, íàäåæíîñòü è ýôôåêòèâíîñòü òðà-

äèöèîííûõ ñïðèíêëåðíûõ ñèñòåì â óñëîâèÿõ ïîìå-

ùåíèé áîëüøîé ïëîùàäè è îáúåìà, íàñûùåííûõ

áûñòðîãîðÿùèìè ìàòåðèàëàìè ñ âûñîêîé èíòåíñèâ-

íîñòüþ äûìîîáðàçîâàíèÿ, ñî ñëîæíûìè è ïðîòÿ-

æåííûìè ïóòÿìè ýâàêóàöèè, âåñüìà íèçêè. Ïíåâìà-

òè÷åñêèå, ïíåâìîèìïóëüñíûå è ãèäðàâëè÷åñêèå

ñòàíäàðòíûå ñðåäñòâà òóøåíèÿ ÷àñòî íåðàáîòîñïî-

ñîáíû è ïðàêòè÷åñêè áåñïîëåçíû â ðóêàõ íåîáó÷åí-

íûõ îõðàííèêîâ, è òåì áîëåå ïîñåòèòåëåé, íå èìå-

þùèõ íàâûêîâ ðàáîòû ñ íèìè â óñëîâèÿõ ïîæàðà.

Äëÿ âûâîäà ëþäåé èç çîíû ïîæàðà îõðàííèêè äîëæ-

íû èìåòü ýôôåêòèâíûå êîìïàêòíûå ñðåäñòâà îñàæ-

äåíèÿ äûìà è ñáèâàíèÿ ïëàìåíè íà ïóòÿõ ýâàêóàöèè.

Öåëü íàñòîÿùåé ñòàòüè — îáîñíîâàíèå íåîá-

õîäèìîñòè øèðîêîãî âíåäðåíèÿ óíèêàëüíûõ, êîì-

ïàêòíûõ óñòðîéñòâ îñàæäåíèÿ äûìà â ïðàêòèêó îáåñ-

ïå÷åíèÿ ýâàêóàöèè èç îáùåñòâåííûõ çäàíèé, â ÷àñò-

íîñòè èç òîðãîâûõ öåíòðîâ. Â íàñòîÿùåé ñòàòüå

ðåøàþòñÿ ñëåäóþùèå çàäà÷è: îáîñíîâàíèå êîíñò-

ðóêöèè ðàñïûëèòåëÿ, íå èìåþùåãî îãðàíè÷åíèé

äëÿ ïðèìåíåíèÿ â îáùåñòâåííûõ çäàíèÿõ ñ ìàññî-

âûì ïðåáûâàíèåì ëþäåé; âûáîð ïðîòîòèïà ìàññî-

âîãî ïðèìåíåíèÿ; îïèñàíèå è àíàëèç ïðîâåäåííûõ

ýêñïåðèìåíòîâ; ðàçðàáîòêà ðåêîìåíäàöèé ïî ïðè-

ìåíåíèþ ðàñïûëèòåëÿ è îáîñíîâàíèå äàëüíåéøåãî

ðàçâèòèÿ åãî êîíñòðóêöèè.

Îáîñíîâàíèå íîâîãî ìåòîäà
è òåõíèêè ñïàñåíèÿ

Äëÿ ðåàëèçàöèè íîâîãî ìåòîäà è ñîîòâåòñòâó-

þùåé òåõíîëîãèè ñïàñåíèÿ â óñëîâèÿõ ãóñòîé òîê-

ñè÷íîé çàäûìëåííîñòè ïðåäëàãàåòñÿ ñîçäàòü íîâîå

êîìïàêòíîå èìïóëüñíî-ðàñïûëèòåëüíîå óñòðîé-

ñòâî. Îíî äîëæíî áûòü ïðåäåëüíî ïðîñòûì â îáðà-

ùåíèè (íà óðîâíå íîâîãîäíèõ õëîïóøåê) è â òî æå

âðåìÿ ýôôåêòèâíûì ïðè ñáèâàíèè ïëàìåíè, îñàæ-

äåíèè îïòè÷åñêè ïëîòíîãî äûìà è íåéòðàëèçàöèè

òîêñè÷íûõ ïðîäóêòîâ ãîðåíèÿ. Ðàñïûëèòåëè íîâîãî

òèïà ïëàíèðóåòñÿ ñäåëàòü äåøåâûìè è íàäåæíûìè

(áåçîòêàçíûìè), ñïîñîáíûìè ðàñïûëÿòü íà äàëüíèå

ðàññòîÿíèÿ â âèäå ëîêàëüíûõ âèõðåé ýêîëîãè÷åñêè

÷èñòûå, íåòîêñè÷íûå îãíåòóøàùèå àãåíòû (íàïðè-

ìåð, ãåëè, âîäó è ðàñòâîðû). Áëàãîäàðÿ ýòîìó äàííûå

óñòðîéñòâà, êàê è ñðåäñòâà èìïóëüñíîãî ïîæàðîòó-

øåíèÿ â öåëîì, áóäóò îáëàäàòü øèðî÷àéøèì ñïåêò-

ðîì ïðàêòè÷åñêîãî ïðèìåíåíèÿ [4–7].

Ïðèíöèï äåéñòâèÿ òàêèõ óñòðîéñòâ ÿâëÿåòñÿ êà-

÷åñòâåííî íîâûì. Îí ñîñòîèò â ñîçäàíèè ãàçîêà-
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ïåëüíîãî øêâàëà ñî ñëåäóþùèìè îñíîâíûìè îñî-

áåííîñòÿìè: íåñóùåé ãàçîâîé ôàçîé; ìíîãîâèõðåâîé

ñòðóêòóðîé, óñòîé÷èâîé ê ðàçðóøàþùåìó àýðîäè-

íàìè÷åñêîìó âîçäåéñòâèþ; øèðîêèì ñëàáûì óäàð-

íûì ôðîíòîì. Øêâàë c óäàðíî-âîëíîâûì ôðîíòîì

[7–11], èãðàþùèì ðîëü ôèëüòðà ÷àñòèö äûìà ìèê-

ðîííûõ ðàçìåðîâ, â çàâèñèìîñòè îò õàðàêòåðíûõ

ðàçìåðîâ êàïåëü è ðàññòîÿíèÿ ìåæäó íèìè ìîæåò

áûñòðî îñàäèòü äûì ïî âñåé äëèíå êîðèäîðà è íà

êðàòêèé ïåðèîä âðåìåíè ñîçäàòü ïðîõîä äëÿ áåç-

îïàñíîé ýâàêóàöèè. Íåðåäêî òàêîé øêâàë ñïîñîáåí

ïîòóøèòü èñòî÷íèê äûìà â ïîðèñòûõ, òêàíåâûõ,

òâåðäûõ èñêóññòâåííûõ ìàòåðèàëàõ èëè ñáèòü ïëà-

ìÿ íà ïóòè ýâàêóàöèè [12–17].

Îáîñíîâàíèå âûáîðà êîíñòðóêöèè
ðàñïûëèòåëÿ è åãî ïðîòîòèïà

èç ãîòîâûõ èçäåëèé ñèãíàëüíî-
ñïàñàòåëüíîãî íàçíà÷åíèÿ

Ðåçóëüòàòû àíàëèçà øèðîêîãî äèàïàçîíà ðàçëè÷-

íûõ èçäåëèé ïîêàçûâàþò, ÷òî íàèëó÷øèì ïðîòî-

òèïîì êîìïàêòíîãî äûìîîñàäèòåëÿ — ìèíè-îãíå-

òóøèòåëÿ ÿâëÿþòñÿ ñèãíàëüíûå ðàêåòû âñëåäñòâèå

öåëîãî ðÿäà ïðè÷èí:

1) ïðîñòîòà óñòðîéñòâà è ïðèâåäåíèÿ â äåéñò-

âèå. Ïîæàðîòóøàùåå óñòðîéñòâî ïðèâîäèòñÿ â äåé-

ñòâèå ìèíèìàëüíûì êîëè÷åñòâîì ïðîñòûõ äâèæå-

íèé: äîñòàòü, ñíÿòü çàùèòíûé êîëïà÷îê, íàâåñòè

ïðèöåë íà î÷àã ïîæàðà, äåðíóòü çà øíóð ïóñêîâîãî

óñòðîéñòâà. Ýòè äâèæåíèÿ åäèíñòâåííî âîçìîæíû

ïðè îáðàùåíèè ñ äàííûì óñòðîéñòâîì, íå òðåáóþò

äëèòåëüíûõ íàâûêîâ è òðåíèðîâîê äëÿ ïðàâèëüíîãî

ïðèöåëèâàíèÿ è èíèöèèðîâàíèÿ ðàñïûëèòåëüíîãî

âûñòðåëà [18–20]. Êðîìå òîãî, àëãîðèòì äâèæåíèé

çíàêîì ïðàêòè÷åñêè âñåì ñ äåòñòâà ïî îáðàùåíèþ ñ

íîâîãîäíèìè õëîïóøêàìè;

2) îòñóòñòâèå íåîáõîäèìîñòè ñåðâèñíîãî îáñëó-

æèâàíèÿ èëè åãî ìèíèìèçàöèÿ;

3) âîçìîæíîñòü äîëãîâðåìåííîãî õðàíåíèÿ

(äî 10–15 ëåò) â øèðîêîì äèàïàçîíå òåìïåðàòóð

(îò ìèíóñ 50 äî +60 °Ñ) è äðóãèõ ïðèðîäíûõ óñ-

ëîâèé;

4) ñòàáèëüíîñòü äåéñòâèÿ â äàííîì äèàïàçîíå

òåìïåðàòóð è ïðèðîäíûõ óñëîâèé;

5) ñîâðåìåííàÿ êðèìèíàëüíàÿ îáñòàíîâêà â Åâ-

ðîïå, êîòîðàÿ äèêòóåò íåîáõîäèìîñòü èñïîëüçîâà-

íèÿ äëÿ çàùèòû êîìïàêòíîãî, ïîñòîÿííî íîñèìîãî

óñòðîéñòâà ñàìîçàùèòû. Ýòî îñîáåííî àêòóàëüíî äëÿ

ìîëîäûõ æåíùèí, äåâóøåê, ïîäðîñòêîâ, ïîäâåðãà-

þùèõñÿ íàïàäåíèÿì êðèìèíàëüíûõ ýëåìåíòîâ.

Ñóùåñòâóåò ìíîæåñòâî òèïîâ ðàêåò, ïðåäíàçíà-

÷åííûõ äëÿ àâàðèéíîé ñèãíàëèçàöèè, ïåðåäà÷è èí-

ôîðìàöèè, îñâåùåíèÿ è äðóãèõ öåëåé. Òóðèñòû, àëü-

ïèíèñòû è äðóãèå ïóòåøåñòâåííèêè ÷àùå âñåãî èñ-

ïîëüçóþò ðàêåòû â êà÷åñòâå àâàðèéíîãî ñèãíàëüíîãî

ñðåäñòâà.

Ïðè âûáîðå áàçîâîé ìîäåëè äëÿ ñîçäàíèÿ íà-

äåæíûõ èìïóëüñíûõ ðàñïûëèòåëåé, îñàæäàþùèõ

äûì, ñëåäóåò ïðåäïî÷åñòü ïèðîòåõíè÷åñêèå èçäåëèÿ,

âûïîëíåííûå íà çàâîäàõ îáîðîííîãî ïðîôèëÿ ñî

ñòðîãèì êîíòðîëåì êà÷åñòâà. Ê èõ ÷èñëó îòíîñÿòñÿ

âîåííûå è øòàòíûå àâàðèéíûå ñèãíàëüíûå ðàêåòû è

ôàëüøôåéåðû ïðîìûøëåííîãî èçãîòîâëåíèÿ. Òàêèå

“ôåéåðâåðêè” êà÷åñòâåííî áîëåå íàäåæíû è áåç-

îïàñíû â îáðàùåíèè, ÷åì ñîáðàííûå â ïîëóêóñòàð-

íûõ ìàñòåðñêèõ. Êîðïóñà ðàêåò ïðåäïî÷òèòåëüíû

íå “áóìàæíûå”, à èçãîòîâëåííûå, êàê ìèíèìóì,

èç òîëñòîãî ïðåññîâàííîãî êàðòîíà èëè ïëàñòìàññû

ñ ìåòàëëè÷åñêèìè óñèëèòåëüíûìè êîëüöàìè. Êîð-

ïóñà äîëæíû îáëàäàòü ìàêñèìàëüíîé òâåðäîñòüþ è

ãåðìåòè÷íîñòüþ. Âñå ïàðàøþòíûå ðàêåòû è äðóãèå

ïèðîòåõíè÷åñêèå ñèãíàëüíûå ñðåäñòâà êîíñòðóê-

Ðèñ. 1. Ìèíè-îãíåòóøèòåëè âìåñòèìîñòüþ 0,4 ë îáðàçöà 2018 ã. íà ñòåíäå Ñàíêò-Ïåòåðáóðãñêîãî óíèâåðñèòåòà ÃÏÑ Ì×Ñ

Ðîññèè (à) è êðóïíûì ïëàíîì (á), ðàçðàáîòàííûå ïðîô. Â. Ä. Çàõìàòîâûì (â)

Fig. 1. Mini-extinguisher 0.4 liter at “Little Boy”, made in 2018 year at the stand of the University of the State Fire Service of the Mi-

nistry of Emergency Measures of Russia (a) and mini-extinguisher 0.4 liter close-up (b), designed by prof. Vladimir Zakhmatov (v)
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òèâíî ïîäãîòîâëåíû ê âûñòðåëó, ïîýòîìó îáðàùàòü-

ñÿ ñ íèìè ñëåäóåò ñ ñîáëþäåíèåì îñîáîé îñòîðîæ-

íîñòè.

Îïûò ïðîèçâîäñòâà ïðîòîòèïîâ ïîðòàòèâíûõ ïî-

æàðîòóøàùèõ óñòðîéñòâ ïîêàçûâàåò, ÷òî ñáîðêà

ðàñïûëèòåëÿ âûñòðåëîì çàíèìàåò ñóùåñòâåííî

(â 2–3 ðàçà) ìåíüøå âðåìåíè ïî ñðàâíåíèþ ñî ñáîð-

êîé ñèãíàëüíîé ðàêåòû êàëèáðà 26 èëè 40 ìì ââèäó

ñîêðàùåíèÿ êîëè÷åñòâà îïåðàöèé è ñáîðî÷íûõ ýëå-

ìåíòîâ ñ 35 äî 14. Ìíîãèå äåòàëè ñèãíàëüíîé ðàêå-

òû, íå íóæíûå äëÿ ðåøåíèÿ çàäà÷è áîðüáû ñ îãíåì

è äûìîì, ñëîæíû êîíñòðóêòèâíî è äîðîãè â ïðî-

èçâîäñòâå, ïîýòîìó ñåáåñòîèìîñòü ïðîèçâîäñòâà

èìïóëüñíîãî ðàñïûëèòåëÿ âûñòðåëîì ñíèæàåòñÿ

â 1,8–2 ðàçà ïî ñðàâíåíèþ ñ ñèãíàëüíîé ðàêåòîé.

Îïûòíî-ïðîìûøëåííûå îáðàçöû íîâûõ ìèíè-ðàñ-

ïûëèòåëåé — ìèíè-îãíåòóøèòåëåé ïîêàçàíû íà

ðèñ. 1.

Ìåòîäèêà èñïûòàíèé

Èñïûòàíèÿ íîâûõ óñòðîéñòâ èìïóëüñíîãî ïî-

æàðîòóøåíèÿ è îñàæäåíèÿ ïðîäóêòîâ ãîðåíèÿ ïðî-

âîäèëèñü íà îòêðûòîé ìåñòíîñòè, à òàêæå â êðóïíî-

ðàçìåðíîì àíãàðå äëÿ èñêëþ÷åíèÿ âëèÿíèÿ âåòðà.

Ïðîöåññ è ðåçóëüòàòû èñïûòàíèé ôèêñèðîâàëèñü

âèäåîñúåìêîé è âèçóàëüíî. Äëÿ èìèòàöèè äûìà ïðè-

ìåíÿëèñü ñòàíäàðòíûå äûìîâûå øàøêè, äàþùèå

ãóñòûå êëóáû äûìà. Äëÿ îöåíêè äàëüíîñòè è ýôôåê-

òèâíîñòè òóøåíèÿ èñïîëüçîâàëèñü ñòàíäàðòíûå ìî-

äåëüíûå î÷àãè À (ñîñíîâûå ïëàøêè 40�40�400 ìì,

øòàáåëü ïëàøåê 400�400�400 ìì) è íåñòàíäàðòíûå,

ñîçäàííûå ðàçëèòèåì áåíçèíà íà öåìåíòíîì èëè àñ-

ôàëüòîâîì ïîëó àíãàðà.

Äëÿ ïðèâåäåíèÿ ðàçðàáîòàííîãî ðàñïûëèòåëÿ â

äåéñòâèå íåîáõîäèìî ñîâåðøèòü ÷åòûðå ïðîñòûõ ïî-

ñëåäîâàòåëüíûõ äåéñòâèÿ: 1) âûáðàòü ïîçèöèþ òóøå-

íèÿ íà ðàññòîÿíèè íå ìåíåå 1–2 ì îò î÷àãà ïîæàðà;

2) ñíÿòü ïðåäîõðàíèòåëüíóþ êðûøêó ñî ñðåçà ñòâîëà;

3) íàïðàâèòü ðàñïûëèòåëü íà î÷àã ïîæàðà òàêèì îá-

ðàçîì, ÷òîáû âèõðü ðàñïûëåííîãî îãíåòóøàùåãî ñî-

ñòàâà íàêðûë ñâîèì ôðîíòîì ñðàçó âñþ ïëîùàäü âîç-

ãîðàíèÿ èëè åå ÷àñòü (äî 1 ì2 ãîðÿùåé ïîâåðõíîñòè

áåç ó÷åòà íåðîâíîñòåé — âûåìîê è âïàäèí); 4) ðåçêî

âûäåðíóòü âûòÿæíîé øíóð, ïðèêðåïëåííûé ê ïðî-

âîëî÷íîé òåðêå.

Ðåçóëüòàòû èñïûòàíèé

Ôóíêöèîíàëüíîå âîçäåéñòâèå âèõðÿ (òóøåíèå,

îñàæäåíèå äûìà, ñáèâàíèå ïëàìåíè) íàèáîëåå ýô-

ôåêòèâíî íà ó÷àñòêå ïîëåòà åãî ñïëîøíîãî ôðîíòà.

Ïðè ðàñïûëåíèè 350–400 ã îãíåòóøàùèõ ïîðîøêî-

âûõ ñîñòàâîâ (ÎÏÑ) ÏÑÁ-3 è “Ïèðàíò” ýòîò ó÷àñ-

òîê íà òðàåêòîðèè ïîëåòà ôðîíòà ãàçîïîðîøêîâîãî

âèõðÿ ïðîñòèðàåòñÿ íà ðàññòîÿíèå äî 18–22 ì îò

óñòðîéñòâà. Ïëîùàäü ôðîíòà íà ýòîì ó÷àñòêå óâåëè-

÷èâàåòñÿ îò 0,1 äî 2 ì2. Ïðè ðàñïûëåíèè 350–400 ã

âîäíûõ ðàñòâîðîâ ÎÏÑ ó÷àñòîê ñòàáèëüíîãî ïîëåòà

— “æèçíè” ñïëîøíîãî ôðîíòà ãàçîâîäÿíîãî øêâàëà

ñîñòàâëÿåò 10–15 ì îò ñðåçà ñòâîëà. Ïëîùàäü ôðîí-

òà íà ýòîì ó÷àñòêå óâåëè÷èâàåòñÿ îò 0,1 äî 2,5 ì2.

Èñõîäÿ èç ýòèõ ýêñïåðèìåíòàëüíî ïîëó÷åííûõ çà-

êîíîìåðíîñòåé ðàáîòû ìèíè-ðàñïûëèòåëÿ, è íàäî

îñóùåñòâëÿòü åãî ýêñïëóàòàöèþ. Äàëüíîñòü ðàñïû-

ëåíèÿ, äëèíà íàèáîëåå ýôôåêòèâíîãî ó÷àñòêà òðà-

åêòîðèè è ïëîùàäü ôðîíòà íà ýòîì ó÷àñòêå çàâèñÿò

îò âèäà, ìàññû, àãðåãàòíîãî ñîñòîÿíèÿ è ïëîòíîñòè

ñîñòàâà, à òàêæå îò äèíàìè÷åñêèõ ïàðàìåòðîâ ôðîí-

òà, èñõîäÿ èç òðåáóåìîãî âèäà åãî ôóíêöèîíàëüíîãî

âîçäåéñòâèÿ. Ýòè ïàðàìåòðû ñ òðóäîì ïîääàþòñÿ

ðàñ÷åòó ìåòîäàìè âû÷èñëèòåëüíîé ãèäðîãàçîäèíà-

ìèêè ââèäó íåñòàöèîíàðíîñòè è ñëîæíîñòè ïðî-

öåññîâ ìåæôàçíîãî âçàèìîäåéñòâèÿ è òåïëîìàññî-

îáìåíà. Ïîýòîìó ðåàëåí òîëüêî ýìïèðè÷åñêèé ïóòü

îïðåäåëåíèÿ âçàèìîñâÿçè ïàðàìåòðîâ ðàñïûëåíèÿ

— äëèíû òðàåêòîðèè, èçìåíåíèÿ ïëîùàäè ôðîíòà

âèõðÿ è ôóíêöèîíàëüíîé ýôôåêòèâíîñòè ìèíè-ðàñ-

ïûëèòåëÿ.

Ýêñïåðèìåíòàëüíî îïðåäåëåíû ñëåäóþùèå ïà-

ðàìåòðû ôóíêöèîíàëüíîãî âîçäåéñòâèÿ øêâàëà ïðè

òîíêîäèñïåðñíîì ðàñïûëåíèè âîäû ðàçðàáîòàííûì

óñòðîéñòâîì:

� áûñòðîå ñáèâàíèå ïëàìåíè è îñàæäåíèå ãóñòîãî

äûìà íà ðàññòîÿíèè 10–15 ì;

� òóøåíèå ãîðÿùåé îäåæäû íà ÷åëîâåêå íà ðàñ-

ñòîÿíèè äî 6–8 ì;

� îòñóòñòâèå ðàçäðàæàþùåãî äåéñòâèÿ;

� ðåàáèëèòàöèÿ ÷åëîâåêà, íàõîäÿùåãîñÿ â áåññî-

çíàòåëüíîì èëè ïàíè÷åñêîì ñîñòîÿíèè.

Ïî ñâîèì ãàáàðèòàì èìïóëüñíûå ìèíè-îãíåòó-

øèòåëè ìîãóò áûòü êàðìàííûìè, îáåñïå÷èâàþùèìè

ôóíêöèîíàëüíîå âîçäåéñòâèå â ðàäèóñå äî 3–8 ì;

íàáåäðåííîãî è ïîÿñíîãî íîøåíèÿ, ýôôåêòèâíî äåé-

ñòâóþùèìè íà ðàññòîÿíèè äî 10–15 ì. Ýôôåêòèâ-

íîñòü âîçäåéñòâèÿ îçíà÷àåò, ÷òî íà óêàçàííûõ ðàñ-

ñòîÿíèÿõ ðàçðàáîòàííûå ìèíè-îãíåòóøèòåëè:

� òóøàò ðàçëè÷íûå âîçãîðàíèÿ, â òîì ÷èñëå îò ñïå-

öèàëüíûõ çàæèãàòåëüíûõ ñîñòàâîâ (íàïðèìåð,

íàïàëìà), ïðèìåíÿåìûõ â äèâåðñèîííûõ óñòðîé-

ñòâàõ è çàæèãàòåëüíîì îðóæèè;

� òóøàò ãîðÿùóþ îäåæäó íà ÷åëîâåêå, íàïðèìåð

íà ïîëèöåéñêîì ïðè ïîïàäàíèè â íåãî áóòûëêè ñ

“êîêòåéëåì Ìîëîòîâà” (ðèñ. 2);

� ñïðàâëÿþòñÿ ñ ëîêàëüíûìè ïîæàðàìè êëàññîâ À

(òâåðäûå ãîðÿùèå ìàòåðèàëû), Â (ãîðÿùèå æèä-

êîñòè), Ñ (ãîðÿùèå ãàçû), D (ýëåêòðîîáîðóäîâà-

íèå ïîä íàïðÿæåíèåì);

� îáåñïå÷èâàþò îñòàíîâêó è íåéòðàëèçàöèþ àòà-

êóþùåãî çëîóìûøëåííèêà îäíèì ðàñïûëîì ñ

äèñòàíöèè äî 20 ì.
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Ìèíè-ðàñïûëèòåëè ñîçäàþò ãàçîïûëåâûå âèõðè

è ãàçîâîäÿíûå øêâàëû, ñîäåðæàùèå â âèäå òîíêî-

äèñïåðñíîé ôàçû:

� îãíåòóøàùèå ãåëè è æèäêîñòè, âêëþ÷àÿ ñîñòà-

âû, ñîçäàþùèå ïðè âçàèìîäåéñòâèè ñ âîçäóõîì

êëåéêèå, ãåðìåòè÷íûå ïëåíêè;

� îãíåòóøàùèå ñîñòàâû, äîïóùåííûå äëÿ ïðèìå-

íåíèÿ â ïîìåùåíèÿõ ñ ëþäüìè. Ê íèì ìîæåò îò-

íîñèòüñÿ, íàïðèìåð, ïîðîøîê, ñîçäàþùèé ñèëü-

íîå ðàçäðàæàþùåå âîçäåéñòâèå íà îðãàíû çðåíèÿ,

äûõàíèÿ, îáîíÿíèÿ, êîòîðîå íå èìååò âðåäíûõ

ïîñëåäñòâèé;

� ïðèðîäíûå ìàòåðèàëû, ýêîëîãè÷åñêè ÷èñòûå, íå-

òîêñè÷íûå (ïåñîê, âîäà), ñëàáîàêòèâíûå (ïèùå-

âàÿ ñîäà), è èíåðòíûå ïûëè, îñòàíàâëèâàþùèå è

ðàçäðàæàþùèå îðãàíèçì ïðè îïðåäåëåííûõ äè-

íàìè÷åñêèõ ðåæèìàõ ïîäà÷è, íî íå íàíîñÿùèå

òðàâì, õèìè÷åñêèõ îæîãîâ è óâå÷èé. ×åëîâå÷å-

ñêèé îðãàíèçì ñàì ñïðàâëÿåòñÿ ñ ïîñëåäñòâèÿìè

èõ âîçäåéñòâèÿ áåç ïîìîùè âðà÷à;

� êðàñÿùèå ñîñòàâû äëÿ ïðèìåíåíèÿ ïîëèöèåé ïðè

êîíòðîëå ìàññîâûõ áåñïîðÿäêîâ.

Ìèíè-îãíåòóøèòåëè ðàçðàáîòàííîé êîíñòðóê-

öèè èìåþò ñëåäóþùèå ïðåèìóùåñòâà ïî ñðàâíå-

íèþ ñ ãàçîâûì áàëëîí÷èêîì ïðè èíäèâèäóàëüíîì

ïðèìåíåíèè â öåëÿõ îáåñïå÷åíèÿ áåçîïàñíîñòè:
� âîçäåéñòâèå òîëüêî íà öåëü (îòñóòñòâèå îáðàò-

íîãî âîçäåéñòâèÿ íà òîãî, êòî åãî ïðèìåíÿåò);
� âûñîêàÿ âåðîÿòíîñòü ïîïàäàíèÿ øèðîêèì ôðîí-

òîâ øêâàëà (ïëîùàäü ôðîíòà ìèíè-âèõðÿ â äèà-

ïàçîíå îò 0,1 äî 1,5 ì2 áûñòðî âîçðàñòàåò âäîëü

äèñòàíöèè ðàñïûëåíèÿ);
� çíà÷èòåëüíàÿ äàëüíîñòü äåéñòâèÿ (äî 10–20 ì —

äëÿ ìèíè-îãíåòóøèòåëÿ, 0,5–1,0 ì — äëÿ áàë-

ëîí÷èêà);
� ãàðàíòèÿ áåçîòêàçíîãî ñðàáàòûâàíèÿ íà 5–10 ëåò

(äëÿ ïîðòàòèâíîãî ãàçîâîãî áàëëîíà — íà 2–3 ìåñ.

ïðè îäèíàêîâîé ñòîèìîñòè èçäåëèÿ);
� íåòîêñè÷íîñòü äåéñòâèÿ (â îòëè÷èå îò ãàçà áàë-

ëîí÷èêà, êîòîðûé ìîæåò âûæå÷ü ãëàçà, íîñîãëîò-

êó, ðîò);
� âîçìîæíîñòü ïðèìåíåíèÿ ïîðîøêîâ ñ ïåðöîâîé

äîáàâêîé, íàèáîëåå ýôôåêòèâíûõ èç ÷èñëà íå-

òîêñè÷íûõ.

Îïûò ïðèìåíåíèÿ ïðîòîòèïîâ
ðàñïûëèòåëÿ, âûïóùåííûõ

ñ ó÷àñòèåì àâòîðà èäåè

Ìèíè-îãíåòóøèòåëè âìåñòèìîñòüþ 0,15; 0,25 è

0,33 ë (ñì. òàáëèöó) âûïóñêàëèñü â ñîâåòñêîå âðåìÿ

è â 1990-å ãîäû ïðîìûøëåííûìè ïàðòèÿìè. Â ÷àñò-

íîñòè, â 1979 ã. ÏÎ “Ñèãíàë” (ã. ×åëÿáèíñê) âûïóñ-

òèëî 12 òûñ. ìèíè-îãíåòóøèòåëåé “Îëèìïèàäà” 0,15 ë

íà áàçå êîðïóñîâ è âîñïëàìåíèòåëåé ñèãíàëüíûõ

ðàêåò êàëèáðà 40 ìì ïî çàêàçó îðãàíîâ ïðàâîïîðÿä-

êà, îáåñïå÷èâàþùèõ áåçîïàñíîñòü íà Ìîñêîâñêîé

Îëèìïèàäå (1980 ã.), â êà÷åñòâå êàðìàííûõ ðàñïû-

ëèòåëåé äëÿ ïðàâîîõðàíèòåëåé â øòàòñêîì. Â ïåðè-

îä ïðîâåäåíèÿ Îëèìïèàäû îíè áûëè èñïîëüçîâàíû

äëÿ òóøåíèÿ 3 ÷åë. â ãîðÿùåé îäåæäå, ïîäàâëåíèÿ

áîëåå 250 âîçãîðàíèé è ïðåêðàùåíèÿ äî 150 ìåëêèõ

äðàê áåç íàíåñåíèÿ òðàâì è ïðè÷èíåíèÿ îòðàâëåíèé.

Ðèñ. 2. Ïðèìåð òóøåíèÿ ãîðÿùåãî ìàíåêåíà â øëåìå è ôîðìå

ïîëèöåéñêîãî îïûòíûì ìèíè-îãíåòóøèòåëåì

Fig. 2. An example of extinguishing out a burning policeman in

a helmet and uniform by an experienced mini fire extinguisher

Ïàðàìåòð

Parameter

Ìèíè-îãíåòóøèòåëü � Mini-extinguisher

Îëèìïèàäà-80�
Ìàëûø

Olimpiada-80�Kid

Èìïóëüñ-0,33�
Èìïóëüñ-04

Impulse-0,33�
Impulse-0,4

Ìíîãîðàçîâûé +
5 êîíòåéíåðîâ

Multi-usage +
5 containers

Ìàññà îáùàÿ, ã � Total weight, gr 450�750 900�700 3500 (1000 + 500�5)

Ìàññà ðàñïûëÿåìîãî ñîñòàâà, êã � Spray mass, kg 125�250 250�400 1980 (330 + 330�5)

Ðàäèóñ òóøåíèÿ, ì � Extinguish range, m 1,5�2,5 4�4–12 3,5

Ïëîùàäü òóøåíèÿ, ì2 � Area of extinguish, m2 0,25�0,5 0,5�1 4,5–6

Äëèíà ñòâîëà, ìì � Barrel’s long, mm 165�260 170�220 550

Äèàìåòð ñòâîëà, ìì � Barrel’s caliber, mm 40 50 50

Õàðàêòåðèñòèêè ìèíè-îãíåòóøèòåëåé / Parameters of mini-extinguishers
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Â 1994–1996 ãã. â Êèåâå âûïóñêàëñÿ ìèíè-îãíå-

òóøèòåëü “ÎÏÝ-1” âìåñòèìîñòüþ 0,33 ë â êîëè÷å-

ñòâå 10 òûñ. øò. Âñå èçäåëèÿ áûëè ðåàëèçîâàíû ïî

öåíå â 6–8 ðàç âûøå ñåáåñòîèìîñòè èõ ïðîèçâîäñòâà.

Â 1992–1994 ãã. íà çàâîäå â Ñàìàðñêîé îáë. âûïóñ-

òèëè ïàðòèþ ìèíè-îãíåòóøèòåëåé “Ìàëûø” âìåñ-

òèìîñòüþ 0,25 ë â êîëè÷åñòâå 900 òûñ. øò. Ïðè÷è-

íîé îòñóòñòâèÿ äàëüíåéøåãî ðàçâèòèÿ ýòèõ ïðîåêòîâ

(ñì. òàáëèöó) ñòàëè íåïðàâèëüíûå äåéñòâèÿ âûïóñ-

êàþùèõ ôèðì ïî ñåðòèôèêàöèè ïðîäóêöèè, íàëà-

æèâàíèþ ðûíêà ñáûòà è îòñóòñòâèå ñîâðåìåííîé

ðåêëàìû.

Îáñóæäåíèå ðåçóëüòàòîâ.
Ðåêîìåíäàöèè ïî ïðèìåíåíèþ

ìèíè-ðàñïûëèòåëåé

Ýêñïåðèìåíòû ïîêàçàëè, ÷òî èìïóëüñíûå ìèíè-

ðàñïûëèòåëè âìåñòèìîñòüþ 0,4 ë ñ òåðî÷íûì èíè-

öèàòîðîì òóøàò ðàçëè÷íûå âîçãîðàíèÿ, âêëþ÷àÿ ïîä-

æîãè ïîñðåäñòâîì çàæèãàòåëüíûõ ñîñòàâîâ; ÷åëî-

âåêà â ãîðÿùåé îäåæäå (íàïðèìåð, ïîëèöåéñêîãî ïðè

ïîïàäàíèè â íåãî áóòûëêè ñ “êîêòåéëåì Ìîëîòîâà”)

[19, 20], ëîêàëüíûå ïîæàðû êëàññîâ À–F.

Øêâàëû c òîëùèíîé ôðîíòà 0,5–1,0 ì, ñîçäàâà-

åìûå ðàñïûëèòåëÿìè, ìîãóò îñàäèòü ãóñòîé äûì â

êîðèäîðå íà ó÷àñòêå äëèíîé 10–15 ì â òå÷åíèå 1 ñ

è íà êðàòêèé ïåðèîä âðåìåíè (2–5 ñ) î÷èñòèòü ïóòè

ýâàêóàöèè äëÿ ëþäåé îò äûìà. Ôðîíò øêâàëà ñïîñî-

áåí òàêæå ýôôåêòèâíî è áûñòðî ïîòóøèòü èñòî÷íèê

äûìà â ïîðèñòûõ, òêàíåâûõ, òâåðäûõ èñêóññòâåí-

íûõ ìàòåðèàëàõ èëè ñáèòü ïëàìÿ íà ïóòè ýâàêóàöèè.

Ïîýòîìó òàêèå ðàñïûëèòåëè (20–30 øò.) äîëæíû

áûòü íà ïîñòàõ îõðàííèêîâ â ÒÐÖ, ó îõðàííèêîâ â

èãðîâûõ êîìíàòàõ, à òàêæå ðàçìåùàòüñÿ ñ èíòåðâà-

ëîì 10–20 ì íà ïóòÿõ ýâàêóàöèè â ñïåöèàëüíûõ íà-

ñòåííûõ äåðæàòåëÿõ.

Ðàçðàáîòàííûå ðàñïûëèòåëè äåøåâû, ïðîñòû è

íàäåæíû â ýêñïëóàòàöèè. Îíè ìîãóò ïîòóøèòü ãî-

ðÿùóþ îäåæäó íà ëþäÿõ â òå÷åíèå 1–2 ñ, ÷òî ñ âûñî-

êîé âåðîÿòíîñòüþ ñïàñåò èõ îò òÿæåëûõ áîëåçíåí-

íûõ îæîãîâ. Ïîýòîìó òàêèå ðàñïûëèòåëè äîëæíû

áûòü â íàëè÷èè ó ñîòðóäíèêîâ ïðîòèâîïîæàðíîé

ñëóæáû, êîòîðûå äîëæíû íîñèòü èõ â ñïåöèàëüíûõ

íàáåäðåííûõ êàðìàíàõ âî âðåìÿ ðàáîòû ïî òóøåíèþ

ïîæàðà.

Óäàðíûé ôðîíò øêâàëà èëè âèõðÿ, ñîçäàâàåìûé

ýòèìè ðàñïûëèòåëÿìè, ñïîñîáåí îñòàíîâèòü è íåéò-

ðàëèçîâàòü áàíäèòà îäíèì ðàñïûëåíèåì áåç îáðàò-

íîãî ýôôåêòà íà îáîðîíÿþùåãîñÿ áûñòðåå, ëó÷øå è

íàäåæíåå, ÷åì ãàçîâûå áàëëîí÷èêè è ïèñòîëåòû.

Ïîýòîìó íåñêîëüêî òàêèõ îãíåòóøèòåëåé äîëæíû íà-

õîäèòüñÿ â áàãàæíèêàõ ïîëèöåéñêèõ àâòîìîáèëåé,

ìîòîöèêëîâ, íà ïîñòàõ îáúåêòîâîé ïîëèöèè, äåæóð-

íûõ, îõðàííèêîâ è äðóãîãî ïåðñîíàëà ðàçëè÷íûõ

îáúåêòîâ ìàññîâîãî ïîëüçîâàíèÿ (òîðãîâûõ öåíò-

ðîâ, êèíîòåàòðîâ, òåàòðîâ, ñòàäèîíîâ). Äðóãàÿ ïðè-

÷èíà âîîðóæåíèÿ ïîëèöåéñêèõ òàêèìè îãíåòóøè-

òåëÿìè ñîñòîèò â òîì, ÷òî, êàê ïðàâèëî, ïîëèöèÿ

çíà÷èòåëüíî ðàíüøå ïîæàðíûõ ïðèáûâàåò íà ìåñòî

àâòîìîáèëüíûõ àâàðèé è íå ìîæåò ñïàñòè ëþäåé èç

ãîðÿùèõ àâòîìîáèëåé.

Äàííûé ðàñïûëèòåëü ìîæíî ýôôåêòèâíî ïðè-

ìåíÿòü äëÿ ñàìîçàùèòû ïóòåì ðàñïûëåíèÿ øòàò-

íûõ ðàçäðàæàþùèõ ñîñòàâîâ, èíåðòíîé ïûëè èëè

ñëàáîðàçäðàæàþùèõ îãíåòóøàùèõ ïîðîøêîâ. Ñêî-

ðîñòíîé ïëîòíûé ôðîíò ãàçîïîðîøêîâîãî âèõðÿ ìíî-

ãîêðàòíî óñèëèâàåò ðàçäðàæåíèå ïî ñðàâíåíèþ ñ

ìàëîïîäâèæíûì âîçäóøíî-ïîðîøêîâûì îáëàêîì.

Òî÷íîå îïðåäåëåíèå îïòèìàëüíûõ ïàðàìåòðîâ âîç-

äåéñòâèÿ è ñêîðîñòíûõ äèàïàçîíîâ òðåáóåò ïðîâå-

äåíèÿ äàëüíåéøèõ ýêñïåðèìåíòîâ.

Âûâîäû

Íîâûé ìèíè-îãíåòóøèòåëü ïðåâîñõîäèò ñóùå-

ñòâóþùèå êàê â êà÷åñòâåííîì îòíîøåíèè, îáåñïå-

÷èâàÿ âîçìîæíîñòü ýâàêóàöèè è áåçîïàñíîãî òóøå-

íèÿ ãîðÿùåé îäåæäû íà ÷åëîâåêå, òàê è ïî ñâîèì

õàðàêòåðèñòèêàì (ýôôåêòèâíîñòè, äàëüíîñòè, ìàñ-

øòàáó âîçäåéñòâèÿ è ñòåïåíè áåçîïàñíîñòè).

Ìîæíî ðåêîìåíäîâàòü íîâûé âèä îãíåòóøèòåëÿ

äëÿ ñåðòèôèêàöèè è äàëüíåéøåé îðãàíèçàöèè ñå-

ðèéíîãî ïðîèçâîäñòâà â öåëÿõ øèðîêîãî ïðèìåíå-

íèÿ â îáùåñòâåííûõ çäàíèÿõ äëÿ çàùèòû ëþäåé è

îáåñïå÷åíèÿ èõ ýâàêóàöèè.

Ðûíîê ñáûòà ìèíèàòþðíîãî îãíåòóøèòåëÿ ïðåä-

ñòàâëÿåòñÿ î÷åâèäíûì: òîðãîâûå êîìïëåêñû; îôèñû;

ìåñòà ìàññîâîãî ñêîïëåíèÿ ëþäåé — êèíîçàëû, òå-

àòðû, ìóçåè, çäàíèÿ, ãäå ïðîâîäÿòñÿ äèñêîòåêè, âû-

ñòàâêè, êîíôåðåíöèè; àâòîìîáèëè; êâàðòèðû, êîðè-

äîðû è ëåñòíè÷íûå êëåòêè â ìíîãîýòàæíûõ äîìàõ,

îñîáåííî â íåáîñêðåáàõ; ïðîìûøëåííûå îáúåêòû —

çàâîäû, ñêëàäû, ïîäçåìíûå ñîîðóæåíèÿ (â ïåðâóþ

î÷åðåäü íåôòåãàçîâûå), õèìè÷åñêèå ïðîèçâîäñòâà,

ýíåðãåòè÷åñêèå îáúåêòû, âêëþ÷àÿ àòîìíûå ýëåêòðî-

ñòàíöèè.
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ABSTRACT

Introduction. The purpose of the article is to substantiate the need for widespread implementation of

unique compact smoke deposition devices in the practice of providing evacuation from public

buildings, in particular shopping centers. The following problems are solved in the article: the ra-

tionale for the design of the nebulizer, which has no limitations for use in public buildings with a mass

stay of people; choice of the prototype of mass application; description and analysis of the experi-

ments; development of recommendations for the use of the nebulizer; the rationale for the further

development of its design.

Methodology. It is shown that toxic smoke is a major damaging factor (more than 90 % of people

affected by fires in public buildings, including shopping mall). For the deposition of smoke and

provide escape routes, sprinkler systems are designed, but they are ineffective for smoke deposition

and ineffective in neutralizing toxicity. A whole complex of measures was developed for the urgent

alteration of shopping centers, increasing the executive discipline of personnel and building owners,

eliminating numerous violations of the construction of prefabricated buildings, replacing flammable

finishing materials and fillers of soft toys, intensively emitting smoke, regular training for evacuation

from shopping centers, advanced training in protection.

Results and discussion. It is substantiated that the fastest and most effective measure can be

the equipping of shopping centers with new manual smoke sedimenting extinguishers — mini fire

extinguishers. In the polygon tests, the effectiveness of new devices for creating evacuation routes by

the method of precipitation and neutralization of thick toxic smoke was demonstrated. It is shown that

the use of these devices does not require special training: they can be effectively used by guards and

visitors to shopping centers and other public buildings for self-rescue, putting out burning clothes on

a person and creating short passes in smoke. A high range of spraying and quenching by mini fire

extinguishers has been identified. Their advantages are proved in comparison with stationary

sprinkler systems, according to the instructions intended.

Conclusions. It is expedient and necessary to create and certify the production of new impulse

sprayers with compactness, durability, efficiency, and to conduct an advertising campaign based on

the results presented, to create a regulatory framework and legislative support for the introduction of

such sprayers in the interests of the safety of visitors to the SEC, discotheques and other public

buildings

Keywords: shopping and entertainment center; conflagration; toxic spoke; evacuation; pulse fire

extinguisher; smoke deposition; flame beating; evacuation way support.
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Íàïðàâëÿåìûå â æóðíàë “ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ” ñòàòüè

äîëæíû ñîäåðæàòü ðåçóëüòàòû íàó÷íûõ èññëåäîâàíèé è èñïûòà-

íèé, îïèñàíèÿ íîâûõ òåõíè÷åñêèõ óñòðîéñòâ è ïðîãðàììíî-èíôîð-

ìàöèîííûõ ïðîäóêòîâ; îáçîðû, êîììåíòàðèè ê íîðìàòèâíî-òåõíè-

÷åñêèì äîêóìåíòàì, ñïðàâî÷íûå ìàòåðèàëû è ò. ï. Àâòîðû äîëæíû

óêàçàòü, ê êàêîìó òèïó îòíîñèòñÿ èõ ñòàòüÿ:
� íàó÷íî-òåîðåòè÷åñêàÿ;
� íàó÷íî-ýìïèðè÷åñêàÿ;
� àíàëèòè÷åñêàÿ (îáçîðíàÿ);
� äèñêóññèîííàÿ;
� ðåêëàìíàÿ.

Íå äîïóñêàåòñÿ íàïðàâëÿòü â ðåäàêöèþ ðàáîòû, êîòîðûå áûëè îïóá-

ëèêîâàíû è/èëè ïðèíÿòû ê ïå÷àòè â äðóãèõ èçäàíèÿõ.

Ðåäàêöèÿ ïðîñèò àâòîðîâ ïðè ïîäãîòîâêå ðóêîïèñè ðóêîâîäñòâî-

âàòüñÿ èçëîæåííûìè íèæå ïðàâèëàìè.

1. Ñòàòüÿ è ñîïóòñòâóþùèå åé ìàòåðèàëû äîëæíû áûòü íàïðàâëåíû

â ðåäàêöèþ â ýëåêòðîííîì âèäå ïî àäðåñó info@fire-smi.ru.

Ñòàòüÿ äîëæíà áûòü ÿñíî è ëàêîíè÷íî èçëîæåíà è ïîäïèñàíà âñåìè

àâòîðàìè (ñêàí ñòðàíèöû ñ ïîäïèñÿìè). Îñíîâíîé òåêñò ñòàòüè äîë-

æåí ñîäåðæàòü â ñåáå ÷åòêèå, ëîãè÷åñêè âçàèìîñâÿçàííûå ðàçäåëû.

Âñå ðàçäåëû äîëæíû íà÷èíàòüñÿ ïðèâåäåííûìè íèæå çàãîëîâêàìè,

âûäåëåííûìè ïîëóæèðíûì íà÷åðòàíèåì. Äëÿ íàó÷íîé ñòàòüè òðà-

äèöèîííûìè ÿâëÿþòñÿ ñëåäóþùèå ðàçäåëû:
� ââåäåíèå;
� ìàòåðèàëû è ìåòîäû (ìåòîäîëîãèÿ) — äëÿ íàó÷íî-ýìïèðè-

÷åñêîé ñòàòüè;
� òåîðåòè÷åñêèå îñíîâû (òåîðèÿ è ðàñ÷åòû) — äëÿ íàó÷íî-

òåîðåòè÷åñêîé ñòàòüè;
� ðåçóëüòàòû è èõ îáñóæäåíèå;
� çàêëþ÷åíèå (âûâîäû).

Ðåäàêöèÿ äîïóñêàåò è èíóþ ñòðóêòóðó, îáóñëîâëåííóþ ñïåöèôèêîé

êîíêðåòíîé ñòàòüè (àíàëèòè÷åñêîé (îáçîðíîé), äèñêóññèîííîé,

ðåêëàìíîé) ïðè óñëîâèè ÷åòêîãî âûäåëåíèÿ ðàçäåëîâ:
� ââåäåíèå;
� îñíîâíàÿ (àíàëèòè÷åñêàÿ) ÷àñòü;
� çàêëþ÷åíèå (âûâîäû).

Ïîäðîáíóþ èíôîðìàöèþ î ñîäåðæàíèè êàæäîãî èç îáîçíà÷åííûõ

âûøå ðàçäåëîâ ñì. íà ñàéòå èçäàòåëüñòâà www. fire-smi.ru.

Ìàòåðèàë ñòàòüè äîëæåí èçëàãàòüñÿ â ñëåäóþùåì ïîðÿäêå.

2.1. Íîìåð ÓÄÊ (óíèâåðñàëüíàÿ äåñÿòè÷íàÿ êëàññèôèêàöèÿ).

2.2. Çàãëàâèå ñòàòüè (íà ðóññêîì è àíãëèéñêîì ÿçûêàõ). Çàãëàâèÿ íà-

ó÷íûõ ñòàòåé äîëæíû áûòü òî÷íûìè è ëàêîíè÷íûìè è â òî æå âðåìÿ

äîñòàòî÷íî èíôîðìàòèâíûìè; â íèõ ìîæíî èñïîëüçîâàòü òîëüêî

îáùåïðèíÿòûå ñîêðàùåíèÿ. Â ïåðåâîäå çàãëàâèé ñòàòåé íà àíãëèé-

ñêèé ÿçûê íåäîïóñòèìà òðàíñëèòåðàöèÿ ñ ðóññêîãî ÿçûêà, êðîìå

íåïåðåâîäèìûõ íàçâàíèé ñîáñòâåííûõ èìåí, ïðèáîðîâ è äðóãèõ

îáúåêòîâ, èìåþùèõ ñîáñòâåííûå íàçâàíèÿ, à òàêæå íåïåðåâîäèìûé

ñëåíã, èçâåñòíûé òîëüêî ðóññêîãîâîðÿùèì ñïåöèàëèñòàì. Ýòî êà-

ñàåòñÿ òàêæå àííîòàöèé, àâòîðñêèõ ðåçþìå è êëþ÷åâûõ ñëîâ.

2.3. Èíôîðìàöèÿ îá àâòîðàõ.

2.3.1. Èìåíà, îò÷åñòâà è ôàìèëèè âñåõ àâòîðîâ. Îíè äîëæíû ïðèâî-

äèòüñÿ ïîëíîñòüþ íà ðóññêîì ÿçûêå è â òðàíñëèòåðàöèè â ñîîòâåò-

ñòâèè ñ ñèñòåìîé, êîòîðàÿ â íàñòîÿùåå âðåìÿ ÿâëÿåòñÿ íàèáîëåå

ðàñïðîñòðàíåííîé (http: //fotosav.ru/services/transliteration.aspx).

Àâòîðàìè ÿâëÿþòñÿ ëèöà, ïðèíèìàâøèå ó÷àñòèå âî âñåé ðàáîòå èëè

â åå ãëàâíûõ ðàçäåëàõ. Ëèöà, ó÷àñòâîâàâøèå â ðàáîòå ÷àñòè÷íî,

óêàçûâàþòñÿ â ñíîñêàõ.

2.3.2. Ó÷åíûå ñòåïåíè, çâàíèÿ, äîëæíîñòü, ìåñòî ðàáîòû âñåõ àâòî-

ðîâ ñ ïîëíûì þðèäè÷åñêèì àäðåñîì (íà ðóññêîì è àíãëèéñêîì

ÿçûêàõ). Çäåñü íåîáõîäèìî óêàçàòü: ïîëíîå îôèöèàëüíîå íàçâàíèå

îðãàíèçàöèè, ñòðàíó, èíäåêñ, ãîðîä, íàçâàíèå óëèöû, íîìåð äîìà,

à òàêæå êîíòàêòíûå òåëåôîíû è ýëåêòðîííûé àäðåñ âñåõ èëè õîòÿ

áû îäíîãî èç àâòîðîâ. Ïðè ýòîì íå ñëåäóåò ïðèâîäèòü ñîñòàâíûå

÷àñòè íàçâàíèé îðãàíèçàöèé, îáîçíà÷àþùèå ïðèíàäëåæíîñòü âå-

äîìñòâó, ôîðìó ñîáñòâåííîñòè, ñòàòóñ îðãàíèçàöèè (íàïðèìåð, “Ó÷-

ðåæäåíèå Ðîññèéñêîé àêàäåìèè íàóê…”, “Ôåäåðàëüíîå ãîñóäàðñò-

âåííîå óíèòàðíîå ïðåäïðèÿòèå…”, “ÔÃÎÓ ÂÏÎ…” è ò. ï.), òàê êàê

ýòî çàòðóäíÿåò èäåíòèôèêàöèþ îðãàíèçàöèè. Îáðàùàåì Âàøå âíè-

ìàíèå, ÷òî ïðè ïåðåâîäå íåîáõîäèìî óêàçûâàòü îôèöèàëüíî ïðè-

íÿòîå íàçâàíèå îðãàíèçàöèè íà àíãëèéñêîì ÿçûêå. Âñå ïî÷òîâûå

ñâåäåíèÿ (êðîìå íàèìåíîâàíèÿ óëèöû, êîòîðîå äîëæíî áûòü â òðàíñ-

ëèòåðèðîâàííîì âèäå) äîëæíû áûòü òàêæå ïåðåâåäåíû íà àíãëèé-

ñêèé ÿçûê, â òîì ÷èñëå íàçâàíèå ãîðîäà è ñòðàíû.

Ïðèìåð: Institute for Problem in Mechanics, Russian Academy of Sciences

(Vernadskogo Avenue, 101, Moscow, 119526, Russian Federation).

2.4. Àííîòàöèÿ íà ðóññêîì ÿçûêå äîëæíà ñîñòîÿòü íå ìåíåå ÷åì èç

5–7 ïðåäëîæåíèé è íå äîëæíà ñîäåðæàòü îáîáùåííûå äàííûå ïî

âûáðàííîé äëÿ ñòàòüè òåìå. Àííîòàöèÿ ê íàó÷íîé ñòàòüå ïðåäñòàâ-

ëÿåò ñîáîé êðàòêîå îïèñàíèå ñîäåðæàíèÿ èçëîæåííîãî òåêñòà (ò. å.:

“Èçó÷åíû…, ïðîàíàëèçèðîâàíû…, ïðåäñòàâëåíû…” è ò. ï.).

2.5. Ðàñøèðåííîå ðåçþìå íà ðóññêîì è àíãëèéñêîì ÿçûêàõ. Íåîáõî-

äèìî èìåòü â âèäó, ÷òî àâòîðñêîå ðåçþìå íà àíãëèéñêîì ÿçûêå â

ðóññêîÿçû÷íîì èçäàíèè ÿâëÿåòñÿ äëÿ èíîñòðàííûõ ó÷åíûõ è ñïå-

öèàëèñòîâ îñíîâíûì è, êàê ïðàâèëî, åäèíñòâåííûì èñòî÷íèêîì

èíôîðìàöèè î ñîäåðæàíèè ñòàòüè è îá èçëîæåííûõ â íåé ðåçóëüòà-

òàõ èññëåäîâàíèé. Ïîýòîìó àâòîðñêîå ðåçþìå äîëæíî áûòü:
� èíôîðìàòèâíûì (íå ñîäåðæàòü îáùèõ ñëîâ);
� îðèãèíàëüíûì (íå áûòü êàëüêîé ñ ðóññêîÿçû÷íîé àííîòàöèè

ñ äîñëîâíûì ïåðåâîäîì);
� ñîäåðæàòåëüíûì (äîëæíî îòðàæàòü ñóùåñòâåííûå ðåçóëü-

òàòû ðàáîòû; íå äîëæíî âêëþ÷àòü ìàòåðèàë, êîòîðûé îòñóò-

ñòâóåò â îñíîâíîé ÷àñòè ïóáëèêàöèè);
� ñòðóêòóðèðîâàííûì (ò. å. ñëåäîâàòü ëîãèêå îïèñàíèÿ ðåçóëü-

òàòîâ â ïóáëèêàöèè);
� ãðàìîòíûì (íàïèñàííûì êà÷åñòâåííûì àíãëèéñêèì ÿçûêîì,

áåç èñïîëüçîâàíèÿ ïðîãðàìì àâòîìàòèçèðîâàííîãî ïåðåâîäà);
� îáúåìîì íå ìåíåå 200–250 ñëîâ.

Ñòðóêòóðà ðåçþìå äîëæíà ïîâòîðÿòü ñòðóêòóðó ñòàòüè è âêëþ÷àòü

ââåäåíèå, öåëè è çàäà÷è, ìåòîäû, ðåçóëüòàòû, çàêëþ÷åíèå (âûâîäû).

Ðåçóëüòàòû ðàáîòû ñëåäóåò îïèñûâàòü ïðåäåëüíî òî÷íî è èíôîð-

ìàòèâíî. Ïðè ýòîì äîëæíû ïðèâîäèòüñÿ îñíîâíûå òåîðåòè÷åñêèå è

ýêñïåðèìåíòàëüíûå ðåçóëüòàòû, ôàêòè÷åñêèå äàííûå, óñòàíîâëåí-

íûå âçàèìîñâÿçè è çàêîíîìåðíîñòè.

Âûâîäû ìîãóò ñîïðîâîæäàòüñÿ ðåêîìåíäàöèÿìè, îöåíêàìè, ïðåä-

ëîæåíèÿìè, ãèïîòåçàìè, îïèñàííûìè â ðàáîòå.

Òåêñò äîëæåí áûòü ñâÿçíûì; èçëàãàåìûå ïîëîæåíèÿ äîëæíû ëî-

ãè÷íî âûòåêàòü îäíî èç äðóãîãî.

Ñîêðàùåíèÿ è óñëîâíûå îáîçíà÷åíèÿ, êðîìå îáùåóïîòðåáèòåëüíûõ,

ñëåäóåò ïðèìåíÿòü â èñêëþ÷èòåëüíûõ ñëó÷àÿõ èëè äàâàòü èõ ðàñ-

øèôðîâêó è îïðåäåëåíèå ïðè ïåðâîì óïîìèíàíèè â òåêñòå ðåçþìå.

Â àâòîðñêîå ðåçþìå íå ðåêîìåíäóåòñÿ âêëþ÷àòü ñõåìû, òàáëèöû,

èëëþñòðàöèè, ôîðìóëû, à òàêæå ññûëêè íà ïóáëèêàöèè, ïðèâåäåí-

íûå â ñïèñêå ëèòåðàòóðû ê ñòàòüå.

Äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè ïðè îíëàéí-ïîèñêå âêëþ÷èòå â

òåêñò àííîòàöèè êëþ÷åâûå ñëîâà è òåðìèíû èç îñíîâíîãî òåêñòà è

çàãëàâèÿ ñòàòüè.

2.6. Êëþ÷åâûå ñëîâà íà ðóññêîì è àíãëèéñêîì ÿçûêàõ (íå ìåíåå

5 ñëîâ èëè ñëîâîñî÷åòàíèé). Îíè óêàçûâàþòñÿ ÷åðåç òî÷êó ñ çàïÿ-

òîé. Íåäîïóñòèìî â êà÷åñòâå êëþ÷åâûõ ñëîâ èñïîëüçîâàòü òåðìèíû

îáùåãî õàðàêòåðà (íàïðèìåð, ïðîáëåìà, ðåøåíèå è ò. ï.), íå ÿâëÿ-

þùèåñÿ ñïåöèôè÷åñêîé õàðàêòåðèñòèêîé ïóáëèêàöèè. Ïðè ïåðå-

âîäå êëþ÷åâûõ ñëîâ íà àíãëèéñêèé ÿçûê èçáåãàéòå ïî âîçìîæíîñòè

óïîòðåáëåíèÿ ñëîâ “and” (è), “of” (ïðåäëîã, óêàçûâàþùèé íà ïðè-

íàäëåæíîñòü), àðòèêëåé “a”, “the” è ò. ï.

2.7. Îñíîâíîé òåêñò ñòàòüè äîëæåí áûòü íàáðàí ÷åðåç 1,5 èíòåðâàëà

â ôîðìàòå Word. Ôîðìóëû äîëæíû áûòü íàáðàíû â Microsoft Equa-

tion èëè MathType.

Öèòèðóåìûé òåêñò èç äðóãèõ ïóáëèêàöèé ñëåäóåò áðàòü â êàâû÷êè.

Òàáëèöû, ðèñóíêè, ìåòîäû, ÷èñëåííûå äàííûå (çà èñêëþ÷åíèåì

îáùåèçâåñòíûõ âåëè÷èí), îïóáëèêîâàííûå ðàíåå, äîëæíû ñîïðî-

âîæäàòüñÿ ññûëêàìè.
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Åñëè ïðåäñòàâëåííûå â ñòàòüå èññëåäîâàíèÿ âûïîëíåíû àâòîðàìè

ïðè ôèíàíñîâîé ïîääåðæêå Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ

èññëåäîâàíèé, Ðîññèéñêîãî íàó÷íîãî ôîíäà, Ìèíèñòåðñòâà îáðà-

çîâàíèÿ è íàóêè Ðîññèéñêîé Ôåäåðàöèè è ò. ï., òî â êîíöå ñòàòüè

îáÿçàòåëüíî ñëåäóåò äàòü èíôîðìàöèþ îá ýòîì ñ óêàçàíèåì íîìåðà

è íàçâàíèÿ ãðàíòà (íàó÷íîãî ïðîåêòà, ãîñêîíòðàêòà è ò. ä.).

Ñîêðàùåíèÿ è óñëîâíûå îáîçíà÷åíèÿ ôèçè÷åñêèõ âåëè÷èí â òåêñòå

ñòàòüè äîëæíû ñîîòâåòñòâîâàòü äåéñòâóþùèì ìåæäóíàðîäíûì

ñòàíäàðòàì. Ôîðìóëû è áóêâåííûå îáîçíà÷åíèÿ äîëæíû áûòü ÷åò-

êèìè è ÿñíûìè. Âñå áóêâåííûå îáîçíà÷åíèÿ, âõîäÿùèå â ôîðìóëû,

äîëæíû áûòü ðàñøèôðîâàíû ñ óêàçàíèåì åäèíèö èçìåðåíèÿ. Ðàç-

ìåðíîñòü âñåõ õàðàêòåðèñòèê äîëæíà ñîîòâåòñòâîâàòü ñèñòåìå ÑÈ.

Èëëþñòðàöèè â ýëåêòðîííîé âåðñèè ïðèëàãàþòñÿ îòäåëüíî. Ôîòî-

ãðàôèè äîëæíû áûòü ñäåëàíû ñ õîðîøåãî íåãàòèâà êîíòðàñòíîé

ïå÷àòüþ (ôàéëû ðàñòðîâûõ èçîáðàæåíèé ïðåäîñòàâëÿþòñÿ ñ ðàçðå-

øåíèåì íå ìåíåå 300 dpi, ÷åðíî-áåëàÿ øòðèõîâàÿ ãðàôèêà — 600 dpi).

Ôàéëû âåêòîðíîé ãðàôèêè ñëåäóåò ïðåäîñòàâëÿòü â ôîðìàòå òîé

ïðîãðàììû, â êîòîðîé îíè ñîçäàíû, ëèáî ïå÷àòàòü PDF-ôàéë èç

ýòîé ïðîãðàììû. Âñå èëëþñòðàöèè äîëæíû èìåòü ñêâîçíóþ íóìå-

ðàöèþ. ×åðòåæè è êàðòû â êà÷åñòâå èëëþñòðàöèé íåïðèåìëåìû.

Ññûëêè íà âñå ðèñóíêè â òåêñòå îáÿçàòåëüíû.

Òàáëèöû äîëæíû áûòü ñîñòàâëåíû ëàêîíè÷íî è ñîäåðæàòü òîëüêî

íåîáõîäèìûå ñâåäåíèÿ; îäíîòèïíûå òàáëèöû ñëåäóåò ñòðîèòü îäè-

íàêîâî. Öèôðîâûå äàííûå íåîáõîäèìî îêðóãëÿòü â ñîîòâåòñòâèè ñ

òî÷íîñòüþ ýêñïåðèìåíòà. Ñâåäåíèÿ â òàáëèöàõ è íà ðèñóíêàõ íå äîëæ-

íû ïîâòîðÿòüñÿ. Ññûëêè íà âñå òàáëèöû â òåêñòå îáÿçàòåëüíû.

Äëÿ äâóÿçû÷íîãî ïðåäñòàâëåíèÿ òàáëè÷íîãî è ãðàôè÷åñêîãî ìàòå-

ðèàëà íåîáõîäèìî ïðèñëàòü ïåðåâîä íà àíãëèéñêèé ÿçûê:

� äëÿ òàáëèöû: åå íàçâàíèÿ, øàïêè, áîêîâèêà, òåêñòà âî âñåõ

ñòðîêàõ, ñíîñîê è ïðèìå÷àíèé;

� äëÿ ðèñóíêà: ïîäðèñóíî÷íîé ïîäïèñè è âñåõ òåêñòîâûõ íàä-

ïèñåé íà ñàìîì ðèñóíêå;

� äëÿ ñõåìû: ïîäïèñè ê íåé è âñåãî ñîäåðæàíèÿ ñàìîé ñõåìû.

2.8. Ïðèñòàòåéíûå ñïèñêè ëèòåðàòóðû íà ðóññêîì ÿçûêå è ÿçûêå

îðèãèíàëà (åñëè êíèãà ïåðåâîäíàÿ).

Ñïèñîê ëèòåðàòóðû äîëæåí âêëþ÷àòü áèáëèîãðàôè÷åñêèå ñâåäåíèÿ

îáî âñåõ ïóáëèêàöèÿõ, óïîìèíàåìûõ â ñòàòüå, è íå äîëæåí ñîäåð-

æàòü óêàçàíèé íà ðàáîòû, íà êîòîðûå â òåêñòå íåò ññûëîê. Ëèòåðàòó-

ðà äîëæíà áûòü îôîðìëåíà â âèäå îáùåãî ñïèñêà â ïîðÿäêå óïî-

ìèíàíèÿ. Â òåêñòå ññûëêà íà ëèòåðàòóðó îòìå÷àåòñÿ ïîðÿäêîâîé

öèôðîé â êâàäðàòíûõ ñêîáêàõ, íàïðèìåð [1]. Áèáëèîãðàôè÷åñêèå

äàííûå ïðèâîäÿòñÿ ïî òèòóëüíîìó ëèñòó èçäàíèÿ. Ïîðÿäîê èçëîæå-

íèÿ ýëåìåíòîâ áèáëèîãðàôè÷åñêîãî îïèñàíèÿ îïðåäåëÿåòñÿ òðåáî-

âàíèÿìè ÃÎÑÒ 7.1–2003 è ÃÎÑÒ Ð 7.0.5–2008.

Â îïèñàíèè èñòî÷íèêîâ íåîáõîäèìî óêàçûâàòü âñåõ àâòîðîâ.

Íàðÿäó ñ ýòèì äëÿ íàó÷íûõ ñòàòåé ñïèñîê ëèòåðàòóðû äîëæåí îòâå-

÷àòü ñëåäóþùèì òðåáîâàíèÿì.

Ñïèñîê ëèòåðàòóðû äîëæåí ñîäåðæàòü íå ìåíåå 20 èñòî÷íèêîâ (â ýòî

÷èñëî íå âõîäÿò íîðìàòèâíûå äîêóìåíòû, ïàòåíòû, ññûëêè íà ñàéòû

êîìïàíèé è ò.ï.). Ïðè ýòîì êîëè÷åñòâî ññûëîê íà ñòàòüè èç èíîñòðàí-

íûõ íàó÷íûõ æóðíàëîâ è äðóãèå èíîñòðàííûå èñòî÷íèêè äîëæíî

áûòü íå ìåíåå 40 % îá îáùåãî êîëè÷åñòâà ññûëîê. Íå áîëåå ïîëî-

âèíû îò îñòàâøèõñÿ 60 % äîëæíû ñîñòàâëÿòü ñòàòüè èç ðóññêî-

ÿçû÷íûõ íàó÷íûõ æóðíàëîâ, îñòàëüíîå — äðóãèå ïåðâîèñòî÷íèêè

íà ðóññêîì ÿçûêå.

Íå ìåíåå ïîëîâèíû èñòî÷íèêîâ äîëæíî áûòü âêëþ÷åíî â îäèí èç

âåäóùèõ èíäåêñîâ öèòèðîâàíèÿ: Ðîññèéñêèé èíäåêñ íàó÷íîãî öè-

òèðîâàíèÿ eLibrary, Web of Science, Scopus, Chemical Abstracts,

MathSciNet, Springer è äð. Â ñëó÷àå ïðèñâîåíèÿ ïóáëèêàöèÿì öèô-

ðîâîãî èäåíòèôèêàòîðà îáúåêòà (DOI) åãî íåîáõîäèìî óêàçàòü, ÷òî

ïîçâîëèò îäíîçíà÷íî èäåíòèôèöèðîâàòü îáúåêò â áàçàõ äàííûõ.

Ñîñòàâ èñòî÷íèêîâ äîëæåí áûòü àêòóàëüíûì è ñîäåðæàòü íå ìåíåå

ïîëîâèíû ñîâðåìåííûõ (íå ñòàðøå 10 ëåò) ñòàòåé èç íàó÷íûõ æóð-

íàëîâ èëè äðóãèõ ïóáëèêàöèé.

Â ñïèñêå ëèòåðàòóðû äîëæíî áûòü íå áîëåå 30 % èñòî÷íèêîâ, àâòî-

ðîì ëèáî ñîàâòîðîì êîòîðûõ ÿâëÿåòñÿ àâòîð ñòàòüè.

Ñëåäóåò îáðàòèòü âíèìàíèå íà ïóáëèêàöèè äèññåðòàöèé (îñîáåííî

äîêòîðñêèõ), çàùèùåííûõ â ïîñëåäíèå ãîäû ïî áëèæàéøåé íàó÷-

íîé ñïåöèàëüíîñòè èëè ãðóïïå ñïåöèàëüíîñòåé. Äëÿ ïîèñêà ðåêî-

ìåíäóåòñÿ èñïîëüçîâàòü ðåñóðñ http://www. dissercat.com.

Íå ñëåäóåò âêëþ÷àòü â ñïèñîê ëèòåðàòóðû ÃÎÑÒû; ññûëêè íà íèõ

äîëæíû áûòü äàíû íåïîñðåäñòâåííî ïî òåêñòó ñòàòüè.

Óáåäèòåñü, ÷òî óêàçàííàÿ â ñïèñêå ëèòåðàòóðû èíôîðìàöèÿ (Ô.È.Î.

àâòîðà, íàçâàíèå êíèãè èëè æóðíàëà, ãîä èçäàíèÿ, òîì, íîìåð è êî-

ëè÷åñòâî (èíòåðâàë) ñòðàíèö) âåðíà.

Íåîïóáëèêîâàííûå ðåçóëüòàòû, ïðîåêòû äîêóìåíòîâ, ëè÷íûå ñîîá-

ùåíèÿ è ò. ï. íå ñëåäóåò óêàçûâàòü â ñïèñêå ëèòåðàòóðû, íî îíè ìî-

ãóò áûòü óïîìÿíóòû â òåêñòå.

2.9. References (ïðèñòàòåéíûå ñïèñêè ëèòåðàòóðû íà àíãëèéñêîì

ÿçûêå). Ïðåäñòàâëåíèå â References òîëüêî òðàíñëèòåðèðîâàííîãî

(áåç ïåðåâîäà) îïèñàíèÿ íåäîïóñòèìî. Îáðàùàåì Âàøå âíèìàíèå,

÷òî ïåðåâîä íàçâàíèÿ ñòàòåé ñëåäóåò äàâàòü òàê, êàê îí ïðîõîäèë

ïðè èõ ïóáëèêàöèè, à ïåðåâîä íàçâàíèé æóðíàëîâ äîëæåí áûòü

îôèöèàëüíî ïðèíÿòûì. Ïðîèçâîëüíîå ñîêðàùåíèå íàçâàíèé èñ-

òî÷íèêîâ öèòèðîâàíèÿ ïðèâåäåò ê íåâîçìîæíîñòè èäåíòèôèöèðî-

âàòü ññûëêó â ýëåêòðîííûõ áàçàõ äàííûõ.

Ïðè ñîñòàâëåíèè References íåîáõîäèìî ñëåäîâàòü ñõåìå:

� àâòîðû (òðàíñëèòåðàöèÿ; äëÿ åå íàïèñàíèÿ èñïîëüçóéòå ñàéò

http://fotosav.ru/services/transliteration.aspx, îáÿçàòåëüíî

âêëþ÷èâ â íàñòðîéêàõ ñïðàâà ââåðõó ôëàæîê “Àìåðèêàíñêàÿ

(äëÿ âèçû ÑØÀ)”; åñëè àâòîð öèòèðóåìîé ñòàòüè èìååò ñâîé

âàðèàíò òðàíñëèòåðàöèè ñâîåé ôàìèëèè, ñëåäóåò èñïîëüçî-

âàòü ýòîò âàðèàíò);

� çàãëàâèå íà àíãëèéñêîì ÿçûêå — äëÿ ñòàòüè, òðàíñëèòåðà-

öèÿ è ïåðåâîä íàçâàíèÿ — äëÿ êíèãè;

� íàçâàíèå èñòî÷íèêà (æóðíàëà, ñáîðíèêà ñòàòåé, ìàòåðèàëîâ

êîíôåðåíöèè è ò. ï.) â òðàíñëèòåðàöèè è íà àíãëèéñêîì

ÿçûêå (êóðñèâîì, ÷åðåç êîñóþ ÷åðòó);

� âûõîäíûå äàííûå;

� óêàçàíèå íà ÿçûê èçëîæåíèÿ ìàòåðèàëà â ñêîáêàõ (íàïðè-

ìåð, (in Russian)).

Íàïðèìåð: Sokolov D. N., Vogman L. P., Zuykov V. A. Microbiological

spontaneous ignition. Pozharnaya bezopasnost / Fire Safety, 2012,

no. 1, pp. 35–48 (in Russian) (äðóãèå ïðèìåðû ñì. www.fire-smi.ru).

3. Ê ñòàòüÿì ñëåäóåò ïðèëàãàòü ðåöåíçèþ ñòîðîííåãî ñïåöèàëèñòà

(ò. å. îí íå äîëæåí áûòü ñâÿçàí ñ ìåñòîì ðàáîòû (ó÷åáû) àâòîðîâ

ñòàòüè), êîòîðàÿ äîëæíà áûòü ïîäïèñàíà ðåöåíçåíòîì (ñ óêàçàíèåì

åãî Ô. È. Î., ó÷åíîãî çâàíèÿ, ó÷åíîé ñòåïåíè, äîëæíîñòè, ìåñòà ðà-

áîòû), çàâåðåíà îòäåëîì êàäðîâ (ó÷åíûì ñåêðåòàðåì) è ïå÷àòüþ.

Âñå ðåöåíçåíòû äîëæíû ÿâëÿòüñÿ ïðèçíàííûìè ñïåöèàëèñòàìè ïî

òåìàòèêå ðåöåíçèðóåìûõ ìàòåðèàëîâ è èìåòü â òå÷åíèå ïîñëåäíèõ

3 ëåò ïóáëèêàöèè ïî òåìàòèêå ðåöåíçèðóåìîé ñòàòüè. Îáðàùàåì

Âàøå âíèìàíèå, ÷òî ðåöåíçåíò íå äîëæåí âõîäèòü â Ðåäàêöèîííûé

ñîâåò íàøåãî æóðíàëà.

4. Ñòàòüè, ïðèñëàííûå íå â ïîëíîì îáúåìå, íà ðàññìîòðåíèå íå ïðè-

íèìàþòñÿ.

5. Â ñëó÷àå ïîëó÷åíèÿ çàìå÷àíèé â õîäå âíóòðåííåãî ðåöåíçèðîâà-

íèÿ ñòàòüè àâòîðû äîëæíû ïðåäîñòàâèòü äîðàáîòàííûé âàðèàíò

òåêñòà ñ îáÿçàòåëüíûì âûäåëåíèåì öâåòîì âíåñåííûõ èçìåíåíèé,

à òàêæå îòäåëüíî ïîäãîòîâèòü êîíêðåòíûå îòâåòû-êîììåíòàðèè íà

âñå âîïðîñû è çàìå÷àíèÿ ðåöåíçåíòà. Íåñâîåâðåìåííûé, à òàêæå

íåàäåêâàòíûé îòâåò íà çàìå÷àíèÿ ðåöåíçåíòîâ è íàó÷íûõ ðåäàêòî-

ðîâ ïðèâîäèò ê çàäåðæêå ïóáëèêàöèè äî èñïðàâëåíèÿ óêàçàííûõ

íåäîñòàòêîâ. Ïðè èãíîðèðîâàíèè çàìå÷àíèé ðåöåíçåíòîâ è íàó÷íûõ

ðåäàêòîðîâ ðóêîïèñü ñíèìàåòñÿ ñ äàëüíåéøåãî ðàññìîòðåíèÿ.

6. Íåïðèíÿòûå ê ïóáëèêàöèè ñòàòüè àâòîðó íå âîçâðàùàþòñÿ. Ïðîñüáà

ðåäàêöèè î ïåðåðàáîòêå ìàòåðèàëà íå îçíà÷àåò, ÷òî îí ïðèíÿò ê ïå÷àòè.

Ïðåäïå÷àòíàÿ ïîäãîòîâêà ñòàòåé îïëà÷èâàåòñÿ çà ñ÷åò ñðåäñòâ ïîä-

ïèñ÷èêîâ è òðåòüèõ ëèö, çàèíòåðåñîâàííûõ â ïóáëèêàöèè.

Ðåäàêöèÿ îñòàâëÿåò çà ñîáîé ïðàâî ñ÷èòàòü, ÷òî àâòîðû, ïðåäîñòà-

âèâøèå ðóêîïèñü äëÿ ïóáëèêàöèè â æóðíàëå “Ïîæàðîâçðûâîáåç-

îïàñíîñòü”, ñîãëàñíû ñ óñëîâèÿìè ïóáëèêàöèè èëè îòêëîíåíèÿ ðó-

êîïèñè, à òàêæå ñ ïðàâèëàìè åå îôîðìëåíèÿ!










