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ABSTRACT

The third part describes the features of RFM positioning in scanning mode; definitions of the main parameters of

extinguishing by scanning streams in angular coordinates and linear dimensions are formulated; design calcula-

tions are proposed to determine the RFM scanning area relative to fire area.
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It is end. See the beginning of this article in Pozharovzryvobezopasnost�Fire and Explosion Safety, 2019, no. 3 and 4.
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AUTOMATED SYSTEMS AND MEANS

To develop line streams’ extinguishing procedure, the scanning rasters by area and graphs of RFM angular move-

ments in horizontal and vertical planes during scanning were considered, which together with the movement rates

are the basis for extinguishing program. Options for protected area coverage with high-angled or frontal scanning

streams were considered. Coverage diagrams of flat surfaces by scanning streams at different angles of attack

were presented. The initial requirements to RFM hydraulic and fire tests were presented.

Keywords: scanning streams; angle of attack; effective range; targeting detectors; angular coordinates; coverage

area; frontal surface.
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3.1. Îñîáåííîñòè íàâèãàöèè ÏÐÑ ïðè òóøåíèè
ñòðî÷íûìè ñêàíèðóþùèìè ñòðóÿìè

Ñòðî÷íîå ñêàíèðîâàíèå èñïîëüçóåòñÿ â òåõ ñëó-

÷àÿõ, êîãäà íåîáõîäèìî óâåëè÷èòü ýôôåêòèâíóþ

äàëüíîáîéíîñòü ñòðóè èëè îáåñïå÷èòü òóøåíèå ïî-

æàðà íà áoëüøåé ïëîùàäè î÷àãà ïîæàðà ïî ñðàâíå-

íèþ ñ ïëîùàäüþ ïÿòíà ñîïðèêîñíîâåíèÿ ñòðóè ñ çà-

ùèùàåìîé ïîâåðõíîñòüþ.

Óãëîâûå ïåðåìåùåíèÿ ñòðóè ÎÒÂ, ôîðìèðóåìîé

ñòâîëîì ÏÐÑ, ïðè ñêàíèðîâàíèè ñòðîêàìè â ãîðè-

çîíòàëüíîé ïëîñêîñòè ïðèâåäåíû íà ðèñ. 18,à, à ïðè

ñêàíèðîâàíèè ñòðîêàìè â âåðòèêàëüíîé ïëîñêîñòè

— íà ðèñ. 18,á.

Áàëëèñòèêà (òðàåêòîðèÿ) ñòðóè ïðè ñòðî÷íîì ñêà-

íèðîâàíèè çàäàåòñÿ ñîâîêóïíîñòüþ òðåõ èç âîçìîæ-

íûõ øåñòè õàðàêòåðíûõ ïàðàìåòðîâ ðàñòðà ñòðî÷-

íîãî ñêàíèðîâàíèÿ: òî÷êè íà÷àëà îòñ÷åòà À, êîíå÷-

íîé òî÷êè ðàñòðà ñêàíèðîâàíèÿ Â, âûñîòû ðàñòðà

ñêàíèðîâàíèÿ Í, äëèíû ñòðîêè ñêàíèðîâàíèÿ L,

øàãà ñêàíèðîâàíèÿ ïî âåðòèêàëè h è ÷èñëà ñòðîê n.

Ïðè÷åì äîñòàòî÷íî âàðüèðîâàòü òîëüêî òðåìÿ ïàðà-

ìåòðàìè, íàïðèìåð A, B, h, èëè A, B, n, èëè L, H, h,

èëè L, H, n (ðèñ. 19).

Ïðè ïðèíÿòîé ñêîðîñòè ñêàíèðîâàíèÿ (�3 ãðàä�ñ)

÷åì áîëüøå äëèíà ñòðîêè ñêàíèðîâàíèÿ (ò. å. ÷åì

áîëüøå óãîë ñêàíèðîâàíèÿ) è ÷åì áîëüøå ñòðîê n

Ðèñ. 18. Ãðàôèêè óãëîâûõ ïåðåìåùåíèé ñòâîëà ÏÐÑ â ãîðèçîíòàëüíîé (à) è âåðòèêàëüíîé (á) ïëîñêîñòÿõ ïðè ñêàíèðîâàíèè

ñòðîêàìè: �, � — óãëîâûå ïåðåìåùåíèÿ ñòâîëà ÏÐÑ ñîîòâåòñòâåííî â ãîðèçîíòàëüíîé è âåðòèêàëüíîé ïëîñêîñòÿõ; �ë, �ï —

óãëîâûå ïåðåìåùåíèÿ ñîîòâåòñòâåííî âëåâî è âïðàâî; �â, �í — óãëîâûå ïåðåìåùåíèÿ ñîîòâåòñòâåííî ââåðõ è âíèç; të, tï —

ïðîäîëæèòåëüíîñòü ïåðåìåùåíèÿ ñòâîëà ÏÐÑ ïî ñòðîêå â ãîðèçîíòàëüíîé ïëîñêîñòè ñîîòâåòñòâåííî âëåâî è âïðàâî; �ë, �ï —

òî æå, â âåðòèêàëüíîé ïëîñêîñòè; �í, �â — ïðîäîëæèòåëüíîñòü ïåðåìåùåíèÿ ñòâîëà ÏÐÑ â âåðòèêàëüíîé ïëîñêîñòè ñîîòâåòñò-

âåííî ñíèçó ââåðõ è ñâåðõó âíèç; tð, �ð — ïðîäîëæèòåëüíîñòü ðåâåðñà ñîîòâåòñòâåííî â ãîðèçîíòàëüíîé è âåðòèêàëüíîé ïëîñ-

êîñòÿõ; tö, �ö — ïðîäîëæèòåëüíîñòü öèêëà ñêàíèðîâàíèÿ ñîîòâåòñòâåííî â ãîðèçîíòàëüíîé è âåðòèêàëüíîé ïëîñêîñòÿõ.

Ï ð è ì å ÷ à í è å . Ïðè ñêàíèðîâàíèè â îäíîé ïëîñêîñòè âîçìîæíû íåáîëüøèå êîëåáàíèÿ ïîæàðíîãî ñòâîëà ÏÐÑ â äðóãîé

ïëîñêîñòè. Íà ðèñ. 18, á îñíîâíîå ñêàíèðîâàíèå îñóùåñòâëÿåòñÿ â ïëîñêîñòè �, à êîëåáàòåëüíûå äâèæåíèÿ ïîæàðíîãî ñòâîëà

ÏÐÑ — â ïëîñêîñòè �

Fig. 18. Graphs of RFM angular movements in horizontal (a) and vertical (b) planes at line scanning: �, �— RFM angular movements

in horizontal and vertical planes, respectively; �l, �r — angular movements to the left and to the right, respectively; �u, �d — angular

movements up and down, respectively; tl, tr — the duration of RFM line movement in horizontal plane, respectively, left and right; �l, �r

— the same, in vertical plane; �b, �t — the duration of RFM movement in vertical plane, respectively, from bottom to top and from top to

bottom; trev, �rev — the duration of reverse movement, respectively, in horizontal and vertical planes; tc, �c — the duration of scanning

cycle, respectively, in horizontal and vertical planes.

N o t e . When scanning in plane, slight RFM vibrations in another plane might appear. In Fig. 18b, the main scanning is made in

the plane �, and RFM vibration motions are in the plane �
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ñêàíèðîâàíèÿ, òåì ïðîäîëæèòåëüíåå öèêë ñêàíèðî-

âàíèÿ. Åñëè ïðè ýòîì òóøåíèå îñóùåñòâëÿåòñÿ êîì-

ïàêòíîé ñòðóåé, òî ïåðèîä âîçâðàùåíèÿ ñòðóè â èñ-

õîäíîå (íà÷àëüíîå) ïîëîæåíèå öèêëà ìîæåò áûòü

íàñòîëüêî áîëüøèì, ÷òî ïîæàð íå ìîæåò áûòü ïî-

òóøåí.

Ñêàíèðóþùàÿ ñòðóÿ ÎÒÂ, êâàçèïåðïåíäèêóëÿð-

íàÿ çàùèùàåìîé ïîâåðõíîñòè, â ìåñòå ñîïðèêîñíî-

âåíèÿ ñ çàùèùàåìîé ïîâåðõíîñòüþ èìååò ôîðìó

êðóãà, à ñêàíèðóþùàÿ ñòðóÿ ÎÒÂ, ïîäàâàåìàÿ ïîä

óãëîì àòàêè " ê çàùèùàåìîé ïîâåðõíîñòè, — ôîðìó

ýëëèïñà.

3.2. Ñêàíèðóþùèå ñòðóè,
êâàçèïåðïåíäèêóëÿðíûå

ôðîíòàëüíîé ïîâåðõíîñòè (q � 90°)

Åñëè çàùèùàåìàÿ ïëîùàäü ïîäâåðãàåòñÿ îðî-

øåíèþ íàâåñíûìè èëè ôðîíòàëüíûìè ñòðóÿìè ñî

ñêàíèðîâàíèåì ñòâîëîì ÏÐÑ ïðè " � 90°, òî ïðî-

ãðàììà óïðàâëåíèÿ äîëæíà ïðåäóñìàòðèâàòü íàâè-

ãàöèþ è âèçèðîâàíèå ñòâîëà ÏÐÑ íà îñåâóþ ëèíèþ

ïëàìåíè òàêèì îáðàçîì, ÷òîáû íèæíÿÿ êðîìêà ïëà-

ìåíè ñîâïàäàëà ñ íèæíåé êðîìêîé ïÿòíà êîíòàêòà

ñòðóè ñ çàùèùàåìîé ïîâåðõíîñòüþ (èëè íåñêîëüêî

íèæå).

Äëÿ ñêàíèðóþùåé ôðîíòàëüíîé ñòðóè, êâàçèïåð-

ïåíäèêóëÿðíîé ôðîíòàëüíîé ïîâåðõíîñòè, ïÿòíî ñî-

ïðèêîñíîâåíèÿ ñòðóè ñ îðîøàåìîé ïîâåðõíîñòüþ è

îðîøàåìàÿ ïëîùàäü íå ñîâïàäàþò, à äèàìåòð ñòðóè

Dñòð è äëèòåëüíîñòü öèêëà ñêàíèðîâàíèÿ èçíà÷àëü-

íî ïðèíèìàþò èñõîäÿ èç ïðåäåëüíî äîïóñòèìîé

ïëîùàäè ïîæàðà (ðèñ. 20).

Â ïðîöåññå ñêàíèðîâàíèÿ âîçìîæíî îòêëîíåíèå

ðàñòðà ñêàíèðîâàíèÿ îò èñõîäíîãî ïîëîæåíèÿ, êî-

òîðîå ñîãëàñíî ÃÎÑÒ Ð 53326–2009 íå äîëæíî ïðå-

âûøàòü 2°.

Åñëè âèçèðîâàíèå ñòðóè ïðåäïîëàãàåòñÿ çà ïðå-

äåëàìè ðåãèñòðèðóåìîé îáëàñòè î÷àãà ïîæàðà, î÷àã

ïîæàðà íå âûõîäèò çà ïðåäåëû ïëîùàäè âçàèìîäåé-

ñòâèÿ ñêàíèðóþùåé ñòðóè ñ ïîâåðõíîñòüþ ÀÂÑD

è óãîë (# + 2� + 2�) íå âûõîäèò çà ïðåäåëû óãëà �,

òî ôðîíòàëüíàÿ ñêàíèðóþùàÿ ñòðóÿ îáåñïå÷èâàåò

ëèêâèäàöèþ ïîæàðà ïðè ñîîòâåòñòâóþùåé êîððåê-

òèðîâêå ðàñõîäà ïî îòíîøåíèþ ê ðàñõîäó ñòàöèîíàð-

íîé ñòðóè ïðè " � 90°. Â ýòîì ñëó÷àå (ïðè R >> Dñòð)

óãîë ñêàíèðîâàíèÿ $ ñòðóè, ïÿòíî ñîïðèêîñíîâåíèÿ

ñòðóè ñ ïîâåðõíîñòüþ îðîøåíèÿ è ïëîùàäü, îðîøà-

åìàÿ ñ êâàçèïîñòîÿííîé èíòåíñèâíîñòüþ, èìåþò

âèä (ñì. ðèñ. 20):

à) ïÿòíî ñîïðèêîñíîâåíèÿ:

– â óãëîâûõ êîîðäèíàòàõ:

�ñîïð = # + 2� + 2� + 2� = $ + 2%; (14)

– â ëèíåéíûõ ðàçìåðàõ:

Lñîïð = ÀD = Dñòð + ÎÎ1 = Dñòð + l =

= 2R tg (#�2 + � + � + �)
(15à)

èëè Lñîïð = �ñîïð R �57,3; (15á)

– ïëîùàäü ñîïðèêîñíîâåíèÿ:

S
D

lD
D

ñîïð

ñòð

ñòð

ñòð� � � �
& &2 2

8 8
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��

�
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l D

ñòð

ñòð
4

;

(16)

á) îáëàñòü ñêàíèðîâàíèÿ ñòðóè:

– â óãëîâûõ êîîðäèíàòàõ:

$ ' #; (17)

– â ëèíåéíûõ ðàçìåðàõ:

l = ÎÎ1 ' ÀD – Dñòð = 2R tg($�2), (18à)

èëè l = $R �57,3; (18á)

â) îðîøàåìàÿ ïëîùàäü:

– â óãëîâûõ êîîðäèíàòàõ:

�îðîø = # + 2� + 2� + 2� = $ + 2%; (19)

– â ëèíåéíûõ ðàçìåðàõ:

Lîðîø = ÀD = Dñòð + ÎÎ1 = Dñòð + l =

= 2R tg (#�2 + � + � + �),
(20à)

èëè Lîðîø ( �îðîø R �57,3; (20á)

– ïëîùàäü îðîøåíèÿ:

Sîðîø = ) Sñîïð = ) (&Dñòð �4 + l) Dñòð, (21)

ãäå ) — êîýôôèöèåíò, ó÷èòûâàþùèé óâåëè÷åíèå

ïëîùàäè îðîøåíèÿ ñòðóåé çà ñ÷åò åå ðàñòåêàíèÿ

ïî íàïðàâëåíèþ ïîäà÷è.

Ïðè ýòîì èíòåíñèâíîñòü îðîøåíèÿ â ïðåäåëàõ

ðàñòðà ñêàíèðîâàíèÿ â çîíå êîíòàêòà ñòðóè ñ îðîøà-

åìîé ïîâåðõíîñòüþ äîëæíà ñîîòâåòñòâîâàòü ÃÎÑÒ Ð

51043–2002 è ÑÏ 5.13130.2009 [40]. Ïðåäïîëàãàåòñÿ,

÷òî èíòåíñèâíîñòü îðîøåíèÿ â çîíå, ðàñïîëîæåí-

íîé íèæå ñòðîêè îðîøåíèÿ, íå õóæå, ÷åì â çîíå íå-

Ðèñ. 19. Ðàñòð ïîñëåäîâàòåëüíîãî ñòðî÷íîãî ñêàíèðîâàíèÿ

ïîæàðíûì ñòâîëîì ÏÐÑ: À, Á — ñîîòâåòñòâåííî íà÷àëüíàÿ è

êîíå÷íàÿ òî÷êè ðàñòðà ñêàíèðîâàíèÿ; L — äëèíà ñòðîêè ñêà-

íèðîâàíèÿ â ãîðèçîíòàëüíîé ïëîñêîñòè; H — âûñîòà ðàñòðà

ñêàíèðîâàíèÿ; h — øàã ñêàíèðîâàíèÿ ïî âåðòèêàëè

Fig. 19. Raster of RFM sequential line scanning: A, B — respec-

tively, the reference point and the destination point of scanning

raster; L — length of scanning line in horizontal plane; H —

height of scanning raster; h — vertical scanning step
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ïîñðåäñòâåííîãî êîíòàêòà ñòðóè ñ ïîâåðõíîñòüþ,

à íà ãðàíèöàõ ïðåäåëüíûõ óãëîâûõ êîîðäèíàò îíà

ñîõðàíÿåòñÿ âñëåäñòâèå áîëåå ïðîäîëæèòåëüíîãî

ïðåáûâàíèÿ â ýòîé çîíå, îáóñëîâëåííîãî ðåâåðñîì

äâèæåíèÿ.

Àíàëîãè÷íûå ïîëîæåíèÿ ïî îïðåäåëåíèþ ýïþð

îðîøåíèÿ ïðèåìëåìû è äëÿ ñêàíèðóþùåé íàâåñíîé

ñòðóè, êâàçèïåðïåíäèêóëÿðíîé ãîðèçîíòàëüíîé ïî-

âåðõíîñòè.

3.3. Ñêàíèðóþùèå ñòðóè, ïîäàâàåìûå
ïîä óãëîì àòàêè ê ôðîíòàëüíîé ïîâåðõíîñòè
(0° < q < 90°)

Äëÿ ñêàíèðóþùèõ ñòðóé, ïîäàâàåìûõ ïîä óãëîì

ê ôðîíòàëüíîé ïîâåðõíîñòè (0° < " < 90°), óãîë ñêà-

íèðîâàíèÿ è ðàçìåðû ðàñòðà èçíà÷àëüíî ïðèíèìà-

þòñÿ èñõîäÿ èç ïðåäåëüíî äîïóñòèìîé ïëîùàäè èëè

ëèíåéíîãî ðàçìåðà ïîæàðà, äèàìåòðà ñòðóè Dñòð è

óãëà àòàêè ñòðóè " ê îáúåêòó çàùèòû (ðèñ. 21).

Ïðè çíà÷èòåëüíûõ ðàçìåðàõ ïëàìåíè è ðåàëèçà-

öèè ïðîãðàììîé óïðàâëåíèÿ íåäîñòàòî÷íî ïðîñòî-

ãî ñïîñîáà íàâèãàöèè è âèçèðîâàíèÿ ñòâîëà ÏÐÑ íà

îñåâóþ ëèíèþ ïëàìåíè íå áûëî áû íåîáõîäèìîñòè

ïðèìåíÿòü ñêàíèðóþùóþ ñòðóþ, íî ïîòðåáîâàëîñü

áû òàêàÿ ñòðóÿ, ó êîòîðîé äèàìåòð ïðåâûøàë áû

ìàêñèìàëüíûé ëèíåéíûé ðàçìåð ïëàìåíè. Â ýòîì

ñëó÷àå ïðîãðàììà óïðàâëåíèÿ äîëæíà áûòü íàöåëå-

íà íà âèçèðîâàíèå ñòâîëà ÏÐÑ è ðåãèñòðàöèþ òàêîé

òî÷êè èëè âåðòèêàëüíîé ëèíèè íà ïëîùàäè ïëàìå-

íè, ÷òîáû â çîíó íà÷àëüíîãî ñêàíèðîâàíèÿ (íà÷àëü-

íîãî îðîøåíèÿ) îáÿçàòåëüíî ïîïàëà ëåâàÿ ÷àñòü ïëà-

ìåíè (åñëè ñêàíèðîâàíèå íà÷èíàåòñÿ ñëåâà íàïðàâî)

ñ ó÷åòîì ïîãðåøíîñòåé íàâèãàöèè�, çîíû íå÷óâñò-

âèòåëüíîñòè èçâåùàòåëÿ íàâåäåíèÿ � è ïîãðåøíî-

ñòè ïîçèöèîíèðîâàíèÿ �. Ïðè ýòîì íèæíÿÿ êðîìêà

ïëàìåíè äîëæíà, êàê ìèíèìóì, ñîâïàäàòü ñ íèæíåé

êðîìêîé ïÿòíà êîíòàêòà ñòðóè ñ çàùèùàåìîé ïî-

âåðõíîñòüþ, à ïÿòíî êîíòàêòà ÎÒÂ ñ çàùèùàåìîé

ïîâåðõíîñòüþ (íåçàâèñèìî îò ðàññòîÿíèÿ îò ÏÐÑ

Ðèñ. 20. Ýïþðà îðîøåíèÿ ïëîñêîé ïîâåðõíîñòè ñêàíèðóþùåé ñòðóåé ñ óãëîì àòàêè " � 90°: 1 — ïëàìÿ; 2 — îðîøàåìàÿ ïëî-

ùàäü; 3 — ÏÐÑ;$— óãîë ñêàíèðîâàíèÿ; �— óãîë îðîøåíèÿ ñêàíèðóþùåé ñòðóåé çàùèùàåìîé ïîâåðõíîñòè;#— óãîë çîíû

÷óâñòâèòåëüíîñòè èçâåùàòåëÿ íàâåäåíèÿ; � — óãîë ïîãðåøíîñòè íàâèãàöèè; � — óãîë ïîãðåøíîñòè þñòèðîâêè èçâåùàòåëÿ

íàâåäåíèÿ;  — óãîë ïîãðåøíîñòè ïîçèöèîíèðîâàíèÿ (íå óêàçàí, ïðèíèìàåòñÿ òîëüêî íà îäíó ñòîðîíó); l = ÎÎ1 — äëèíà

ïåðåìåùåíèÿ (äëèíà ñêàíèðîâàíèÿ); L = ÀD — ìàêñèìàëüíàÿ äëèíà îðîøåíèÿ (äëèíà ñòðîêè); Dñòð — äèàìåòð ñòðóè â ìåñòå

ñîïðèêîñíîâåíèÿ ñ çàùèùàåìîé ïîâåðõíîñòüþ; �— ðàñ÷åòíûé óãîë îðîøåíèÿ ñòðóåé; %— óãîë çîíû îõëàæäåíèÿ çàùèùàå-

ìîé ïîâåðõíîñòè; � — ïîãðåøíîñòü ïîçèöèîíèðîâàíèÿ

Fig. 20. Diagram of a flat surface coverage with a scanning stream at an angle of attack" � 90°: 1 — flame; 2 — covered area; 3 — RFM;

$ — scanning angle; � — angle of scanning stream coverage of the surface to be protected; # — angle of targeting detector threshold

level; �— positioning inaccuracy angle; � — angle of targeting detector adjustment tolerance;  — positioning inaccuracy angle (not

specified, taken only per one side); l = ÎÎ1 — movement length (scanning length); L = AD — maximum coverage length (line length);

Dstream — stream diameter at contact spot with the surface to be protected;�— calculated angle of stream coverage; %— angle of the co-

oling zone of the protected surface; � — positioning tolerance
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äî çàùèùàåìîé ïîâåðõíîñòè) çà ñ÷åò ðåãóëèðîâêè

óãëà ðàñêðûòèÿ ñòðóè äîëæíî ïîääåðæèâàòüñÿ ñèñ-

òåìîé óïðàâëåíèÿ êâàçèïîñòîÿííûì. Òàêèì îáðàçîì,

ïîëó÷èì ýïþðó îðîøåíèÿ â îáëàñòè ñêàíèðîâàíèÿ

ñòðóè ÀÂÑÅÑ2Â2À äëèíîé Lñê (â ïðåäåëàõ óãëà îðî-

øåíèÿ ñòðóåé çàùèùàåìîé ïîâåðõíîñòè ïðè ñêà-

íèðîâàíèè �ñê). Åñëè î÷àã ïîæàðà íå âûõîäèò çà

ïðåäåëû ïëîùàäè îðîøåíèÿ ñêàíèðóþùåé ñòðóåé

ÀÂÑÅÑ2Â2À è óãîë íå âûõîäèò çà ïðåäåëû óãëà �ñê,

òî ñêàíèðóþùàÿ ñòðóÿ, äåéñòâóþùàÿ ïîä óãëîì

àòàêè " ê ôðîíòàëüíîé ïîâåðõíîñòè, îáåñïå÷èâàåò

ëèêâèäàöèþ ïîæàðà.

Ðèñ. 21. Ýïþðà îðîøåíèÿ ïëîñêîé ïîâåðõíîñòè ñêàíèðóþùåé ñòðóåé ñ óãëîì àòàêè (0 < " < 90°): 1 — ïëàìÿ; 2 — îðîøàåìàÿ

ïëîùàäü; 3 — ñêàíèðóåìàÿ çîíà; 4 — çîíà, îðîøàåìàÿ çà ñ÷åò èíåðöèè; 5 — ÏÐÑ; $ — óãîë ñêàíèðîâàíèÿ; " — óãîë àòàêè;

% — óãîë îðîøåíèÿ ñòðóåé çàùèùàåìîé ïîâåðõíîñòè;#— óãîë çîíû ÷óâñòâèòåëüíîñòè èçâåùàòåëÿ íàâåäåíèÿ; � — óãîë ïî-

ãðåøíîñòè íàâèãàöèè; � — óãîë çîíû íå÷óâñòâèòåëüíîñòè èçâåùàòåëÿ íàâåäåíèÿ; � — óãîë ïîãðåøíîñòè ïîçèöèîíèðîâàíèÿ

(ïðèíèìàåòñÿ òîëüêî íà îäíó ñòîðîíó); �ñê — óãîë ñîïðèêîñíîâåíèÿ ñêàíèðóþùåé ñòðóè ñ çàùèùàåìîé ïîâåðõíîñòüþ;

�îðîø — óãîë îðîøåíèÿ ñêàíèðóþùåé ñòðóåé çàùèùàåìîé ïîâåðõíîñòè îðîøåíèÿ ñ ó÷åòîì èíåðöèîííîé ñîñòàâëÿþùåé; —

óãîë, ó÷èòûâàþùèé óâåëè÷åíèå óãëà îðîøåíèÿ ñêàíèðóþùåé ñòðóåé çà ñ÷åò åå ðàñòåêàíèÿ âäîëü íàïðàâëåíèÿ ïîäà÷è;

L (L = Lñê = Lñîïð = ÀÅ) — äëèíà ïÿòíà ñîïðèêîñíîâåíèÿ ñòðóè ñ ïîâåðõíîñòüþ; Lîðîø — äëèíà îðîøåíèÿ ñêàíèðóþùåé

ñòðóåé çàùèùàåìîé ïîâåðõíîñòè ñ íîðìàòèâíîé èíòåíñèâíîñòüþ îðîøåíèÿ; Lï — äëèíà ïëàìåíè; l = ÎÎ1 — äëèíà ñêàíèðî-

âàíèÿ; Dñòð — äèàìåòð ñòðóè â ìåñòå ñîïðèêîñíîâåíèÿ ñ çàùèùàåìîé ïîâåðõíîñòüþ;�— ðåàëüíûé óãîë îðîøåíèÿ ñòðóåé çà-

ùèùàåìîé ïîâåðõíîñòè; � — ðàñ÷åòíûé óãîë îðîøåíèÿ ñòðóåé, ïðèõîäÿùèéñÿ íà î÷àã ïîæàðà ñ ó÷åòîì ïîãðåøíîñòè íà-

âèãàöèè

Fig. 21. Diagram of a flat surface coverage with a scanning stream at an angle of attack (0° < "< 90°): 1 — flame; 2 — covered area; 3 —

scanning area; 4 — area covered by inertia; 5 — RFM; $ — scanning angle; " — angle of attack; % — angle of stream coverage of

the surface to be protected; #— angle of targeting detector threshold level; �— positioning inaccuracy angle; �— angle of targeting

detector dead zone; �— positioning inaccuracy angle (taken only per one side); �sc — angle of scanning stream contact with protected

surface; �cover — angle of scanning stream coverage of the protected surface in consideration of inertia;  — angle that takes into ac-

count the increase of scanning stream angle due to its spreading along the supply direction; L (L = Lsc = Lcontact = ÀÅ) — length of con-

tact spot with surface; Lcover — length of scanning stream coverage of protected surface with standard coverage rate; Lf l — flame length;

l = ÎÎ1 — scanning length; Dstream — stream diameter at contact spot with the surface to be protected;�— actual stream coverage ang-

le of protected surface; � — calculated angle of stream coverage of fire area tin consideration of positioning tolerance
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Ïîñêîëüêó ÎÒÂ ïî èíåðöèè áóäåò ñêîëüçèòü ïî

ïîâåðõíîñòè îðîøåíèÿ ïî íàïðàâëåíèþ åãî ïîäà÷è,

òî èíòåíñèâíîñòü îðîøåíèÿ áóäåò ñîõðàíÿòüñÿ íà íå-

êîòîðîì ó÷àñòêå ÀÂÑFF1Ñ2Â2À äëèíîé Lîðîø (â ïðå-

äåëàõ óãëà îðîøåíèÿ ñòðóåé çàùèùàåìîé ïîâåðõíî-

ñòè ïðè ñêàíèðîâàíèè �îðîø), çàâåäîìî ïåðåêðûâàÿ

â ýòîé çîíå ïîãðåøíîñòü íàâèãàöèè �, çîíó íå÷óâ-

ñòâèòåëüíîñòè � èçâåùàòåëÿ íàâåäåíèÿ è ïîãðåø-

íîñòü ïîçèöèîíèðîâàíèÿ �. Ïîýòîìó ïîãðåøíîñòè

�, � è � âî ìíîãèõ ñëó÷àÿõ ìîæíî ó÷èòûâàòü òîëüêî

ñ îäíîé ëåâîé ñòîðîíû ÀÎ ýïþðû îðîøåíèÿ

ÀÂÑÅÑ2Â2À (îñîáåííî, êîãäà $ >> � + � + �), ò. å.

ëèêâèäàöèÿ ïîæàðà ìîæåò áûòü îáåñïå÷åíà ïðè íå-

êîòîðîì ñîêðàùåíèè äëèíû ñêàíèðîâàíèÿ l = ÎÎ1

èëè óìåíüøåíèè óãëà ñêàíèðîâàíèÿ $.

×åì ìåíüøå óãîë àòàêè ", òåì áîëüøå ïëîùàäü

ýëëèïñà Sý è ïðè íåèçìåííîì ðàñõîäå ìåíüøå èí-

òåíñèâíîñòü îðîøåíèÿ, à çíà÷èò, ìåíüøå ÎÒÂ ñòå-

êàåò âíèç ïî âåðòèêàëüíîé ïëîñêîñòè.

Â ýòîì ñëó÷àå (ïðè R >> Dñòð) îáëàñòü ñêàíèðî-

âàíèÿ ù ñòðóè, ïÿòíî ñîïðèêîñíîâåíèÿ ñêàíèðóþ-

ùåé ñòðóè ñ ïîâåðõíîñòüþ îðîøåíèÿ è ïëîùàäü,

îðîøàåìàÿ ñ êâàçèïîñòîÿííîé èíòåíñèâíîñòüþ, áó-

äóò èìåòü âèä (ñì. ðèñ. 21):

à) ïÿòíî ñîïðèêîñíîâåíèÿ:

– â óãëîâûõ êîîðäèíàòàõ:

�ñê = 2(� + � + � + %) + $ = 2� + $; (22)

– â ëèíåéíûõ ðàçìåðàõ:

Lñîïð = ÀÎ + l +Î1Å = ÀD + l (
( 2R tg ($�2 + �),

(23à)

èëè Lñîïð ( �ñê R �57,3; (23á)

– ïëîùàäü ñîïðèêîñíîâåíèÿ:

Sñîïð

ÀD ÂÂ ÎÎ ÂÂ
�

� � �
�

&
"

2 1 14

sin
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�

�
��

�

�
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&

" " "

&

*

D lD D D
l

ñòð ñòð ñòð ñòð
2

4 sin sin sin
(24)

�
�D D lñòð ñòð( , )

sin
;

0 785

"

á) îáëàñòü ñêàíèðîâàíèÿ ñòðóè:

– â óãëîâûõ êîîðäèíàòàõ:

$ ! #; (25)

– â ëèíåéíûõ ðàçìåðàõ:

l ( 2R tg ($�2)�sin ", (26à)

èëè l ( $R�57,3; (26á)

â) îðîøàåìàÿ ïëîùàäü:

– â óãëîâûõ êîîðäèíàòàõ:

�îðîø = �ñê +  , èëè �îðîø = +�ñê; (27)

– â ëèíåéíûõ ðàçìåðàõ:

Lîðîø = ÀÎ + l + Î1Å + ÅF1 = ÀF1 + l (
( R tg ($�2 + ��2) ( R tg ($�2 + ��2 +  ),

(28à)

èëè Lîðîø ( )R tg ($�2 + �) +

+ ,R tg ($�2 + �) ( ),�ñîïð R�57,3; (28á)

– ïëîùàäü îðîøåíèÿ:

Sîðîø = ),(& �Î1Ñ1 �Î1Â1�4 + Dñòð �ÎÎ1) =

= ),Dñòð(0,785Dñòð + l)�sin ",
(29)

ãäå + — êîýôôèöèåíò, ó÷èòûâàþùèé óâåëè÷åíèå

óãëà îðîøåíèÿ ñòðóè çà ñ÷åò åå ðàñòåêàíèÿ âäîëü

íàïðàâëåíèÿ ïîäà÷è; , — êîýôôèöèåíò, ó÷èòû-

âàþùèé óâåëè÷åíèå ïëîùàäè îðîøåíèÿ ñòðóåé

çà ñ÷åò åå ñòåêàíèÿ ïî âåðòèêàëè; ) — êîýôôè-

öèåíò, ó÷èòûâàþùèé óâåëè÷åíèå ïëîùàäè îðî-

øåíèÿ ñòðóåé çà ñ÷åò åå ðàñòåêàíèÿ ïî íàïðàâëå-

íèþ ïîäà÷è.

Ïðè ýòîì èíòåíñèâíîñòü îðîøåíèÿ â ïðåäåëàõ

ðàñòðà ñêàíèðîâàíèÿ â çîíå êîíòàêòà ñòðóè ñ îðî-

øàåìîé ïîâåðõíîñòüþ äîëæíà ñîîòâåòñòâîâàòü ÑÏ

5.13130.2009 [40]. Ïðåäïîëàãàåòñÿ, ÷òî ïî ñðàâíå-

íèþ ñ èíòåíñèâíîñòüþ îðîøåíèÿ â çîíå íåïîñðåä-

ñòâåííîãî êîíòàêòà ñòðóè ñ ïîâåðõíîñòüþ èíòåí-

ñèâíîñòü îðîøåíèÿ â çîíå, ðàñïîëîæåííîé âäîëü

íàïðàâëåíèÿ ïîòîêà ÎÒÂ íà íåêîòîðîì ðàññòîÿíèè

îò ãðàíèöû êîíòàêòà ñòðóè ñ îðîøàåìîé ïîâåðõíî-

ñòüþ, ïðè èçìåíåíèè óãëà àòàêè " îò 0 äî 90° èçìå-

íÿåòñÿ îò ìàêñèìóìà äî ìèíèìóìà (ò. å. ïðàêòè÷åñêè

äî íóëÿ), è íàîáîðîò, â íåêîòîðîé çîíå, ðàñïîëîæåí-

íîé íèæå ñòðîêè îðîøåíèÿ, ïðè èçìåíåíèè óãëà

àòàêè " îò 0 äî 90° èçìåíÿåòñÿ îò ìèíèìóìà äî ìàê-

ñèìóìà (ò. å. ïðàêòè÷åñêè äî èíòåíñèâíîñòè îðîøå-

íèÿ, ñîîòâåòñòâóþùåé èíòåíñèâíîñòè â çîíå êîí-

òàêòà ñòðóè ñ ïîâåðõíîñòüþ).

Ðàñõîä ÏÐÑ ñêàíèðóþùåé ôðîíòàëüíîé, äåé-

ñòâóþùåé ïîä óãëîì ê ôðîíòàëüíîé ïîâåðõíîñòè

(0° < " < 90°) èëè íàâåñíîé ñòðóè ðàññ÷èòûâàåòñÿ

ñëåäóþùèì îáðàçîì:

Qö = �Q ' �KiSñîïð, (30)

ãäå Qö — ðàñõîä ïðè öèêëè÷åñêîì ñêàíèðîâàíèè;

� — êîýôôèöèåíò öèêëè÷íîñòè ñêàíèðîâàíèÿ;

Q — ðàñõîä ñòàòè÷åñêîé ñòðóè;

K — êîýôôèöèåíò èñïîëüçîâàíèÿ ðàñõîäà;

K = (1,2	1,3);

i — íîðìàòèâíàÿ èíòåíñèâíîñòü îðîøåíèÿ ïî

ÑÏ 5.13130.2009, ë�(ñ·ì2);

Sñîïð — ïëîùàäü ñîïðèêîñíîâåíèÿ ñòðóè ÎÒÂ ñ

îðîøàåìîé ïîâåðõíîñòüþ, ì2: äëÿ ïÿòíà êîíòàêòà

ñòðóè â ôîðìå êðóãà Sñîïð.ê = & *Dñòð
2 , ýëëèïñà —

Sñîïð.ý = & "�Dñòð
2 4( sin .

Êîýôôèöèåíò öèêëè÷íîñòè ñêàíèðîâàíèÿ � ñó-

ùåñòâåííûì îáðàçîì çàâèñèò îò äëèòåëüíîñòè ñêà-

íèðîâàíèÿ ïî ñòðîêå è äëèòåëüíîñòè îáùåãî öèêëà
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ñêàíèðîâàíèÿ. Ïîðÿäîê îöåíêè ýòîãî ìóëüòèêðèòå-

ðèàëüíîãî ïàðàìåòðà ïðåäñòîèò îïðåäåëèòü ïî ìåðå

íàêîïëåíèÿ ìàññèâà äàííûõ îãíåâûõ èñïûòàíèé.

Åñòåñòâåííî, ÷åì ïðîäîëæèòåëüíåå öèêë ñêàíèðî-

âàíèÿ, òåì áîëüøå äîëæåí áûòü ðàñõîä (ïðè îäèíà-

êîâîé êîíôèãóðàöèè ñòðóè).

Àíàëîãè÷íûå ïîëîæåíèÿ ïî îïðåäåëåíèþ ýïþð

îðîøåíèÿ ïðèåìëåìû è äëÿ ñêàíèðóþùåé íàâåñíîé

ñòðóè, äåéñòâóþùåé ïîä óãëîì àòàêè ê ãîðèçîíòàëü-

íîé ïîâåðõíîñòè (0° < " < 90°).

4. Íîìåíêëàòóðà ãèäðàâëè÷åñêèõ

è îãíåâûõ èñïûòàíèé ÏÐÑ

Â ïðîöåññå ïðîåêòèðîâàíèÿ ÐÓÏ âîçíèêàåò íå-

îáõîäèìîñòü â ïðîâåäåíèè îãíåâûõ èñïûòàíèé, â ðå-

çóëüòàòå êîòîðûõ äîëæíû áûòü ïîäòâåðæäåíû ïðåä-

âàðèòåëüíî ïðèíÿòûå ðàñõîä è íàâèãàöèîííûå ïà-

ðàìåòðû. Ïðè ïðîâåäåíèè îãíåâûõ èñïûòàíèé ïî

îïðåäåëåíèþ ýôôåêòèâíîñòè ÐÓÏ ïðèìåíèòåëüíî ê

êîíêðåòíîìó îáúåêòó çàùèòû çàäàþò ïðåäâàðèòåëü-

íî ðàññ÷èòàííûå ðàñõîä è äàâëåíèå ó ñòâîëà ÏÐÑ,

ðàññòîÿíèå îò íåãî äî ìàêñèìàëüíî óäàëåííîé îðî-

øàåìîé çîíû, åå ëèíåéíûå ðàçìåðû, ÷óâñòâèòåëü-

íîñòü èçâåùàòåëåé îáùåãî îáçîðà, çîííûõ èçâåùà-

òåëåé è èçâåùàòåëåé íàâåäåíèÿ, íà÷àëüíóþ êîîðäè-

íàòó âèçèðîâàíèÿ ñòâîëà ÏÐÑ äëÿ ïîäà÷è ÎÒÂ, âèä

ñòðóè, êîëè÷åñòâî ñòðîê ñêàíèðîâàíèÿ, ïîãðåøíîñòü

íàâèãàöèè è ïîçèöèîíèðîâàíèÿ. Ñ ó÷åòîì ïðèíÿ-

òûõ èñõîäíûõ äàííûõ ñîñòàâëÿåòñÿ ñõåìà ðàñòðà

ñêàíèðîâàíèÿ ñòâîëîì ÏÐÑ.

Â ñëó÷àå íåñîîòâåòñòâèÿ ðåçóëüòàòîâ èñïûòàíèé

çàïëàíèðîâàííûì íåîáõîäèìî ïðîâåñòè êîððåêòè-

ðîâêó èñõîäíûõ ãèäðàâëè÷åñêèõ è íàâèãàöèîííûõ

ïàðàìåòðîâ, àëãîðèòìà ôóíêöèîíèðîâàíèÿ èëè ïåðå-

êîìïîíîâêó ÏÐÑ îòíîñèòåëüíî çàùèùàåìîãî îáú-

åêòà è ïîâòîðèòü ïîëíûé öèêë îãíåâûõ èñïûòàíèé

ñ íîâûìè îòêîððåêòèðîâàííûìè ïàðàìåòðàìè.

È íàîáîðîò, åñëè ðåçóëüòàòû èñïûòàíèé ïîëîæè-

òåëüíûå, òî ìîæíî ñíèçèòü òðåáîâàíèÿ ê èñõîäíûì

ïàðàìåòðàì: íàïðèìåð, óâåëè÷èòü ðàçìåðû î÷àãà

ïîæàðà èëè ðàññòîÿíèå ìåæäó íèì è ÏÐÑ, ñîêðàòèòü

ðàñõîä â îðîøàåìóþ çîíó, óìåíüøèòü â öåëÿõ èñ-

êëþ÷åíèÿ ëîæíûõ ñðàáàòûâàíèé ÷óâñòâèòåëüíîñòü

èçâåùàòåëåé, èçìåíèòü óãîë àòàêè ñòðóè è ò. ï.

Ñëåäóåò èìåòü â âèäó, ÷òî ðàñõîäû ÏÐÑ, âõî-

äÿùèõ â ñîñòàâ ÐÓÏ, â çàâèñèìîñòè îò ïîæàðíîé

íàãðóçêè, ðàñïîëîæåííîé â çàùèùàåìûõ èìè ïðîèç-

âîäñòâåííûõ çîíàõ, ìîãóò ñóùåñòâåííî ðàçëè÷àòü-

ñÿ. Â ýòîì ñëó÷àå äëÿ îáåñïå÷åíèÿ âîçìîæíîñòè âî-

âëå÷åíèÿ â ðàáî÷èé ðåæèì áoëüøåãî êîëè÷åñòâà ÏÐÑ

îíè äîëæíû áûòü ñíàáæåíû íàñàäêàìè ñ ñîîòâåòñò-

âóþùèìè êîýôôèöèåíòàìè ïðîèçâîäèòåëüíîñòè.

Âûâîäû

1. Ðàññìîòðåíû îñîáåííîñòè íàâèãàöèè ÏÐÑ íà

î÷àã ïîæàðà.

2. Ïðåäëîæåíû ðàñ÷åòíûå âûðàæåíèÿ äëÿ îïðå-

äåëåíèÿ îáëàñòè ñêàíèðîâàíèÿ ñòàòè÷åñêèìè è ñêà-

íèðóþùèìè ñòðóÿìè, ïÿòíà ñîïðèêîñíîâåíèÿ

ñòðóè ñ çàùèùàåìîé ïîâåðõíîñòüþ è îðîøàåìîé

çîíû â óãëîâûõ êîîðäèíàòàõ è â ëèíåéíûõ ðàçìåðàõ.

3. Äëÿ óñïåøíîãî ôóíêöèîíèðîâàíèÿ â ðàáî÷åì

ðåæèìå àëãîðèòì ñèñòåìû óïðàâëåíèÿ êàê ÐÓÏ, òàê

è îòäåëüíûõ ÏÐÑ â çàâèñèìîñòè îò àðõèòåêòóðíî-

ïëàíèðîâî÷íûõ ðåøåíèé çàùèùàåìîãî îáúåêòà

äîëæåí ïîçâîëÿòü âíîñèòü àâòîìàòè÷åñêóþ êîððåê-

òèðîâêó:
� ïðîöåññà íàâèãàöèè â ïåðèîä ïîèñêà î÷àãà ïî-

æàðà è âèçèðîâàíèÿ íà íåãî ïîæàðíîãî ñòâîëà

ÏÐÑ (íà êîíòóð, â ýïèöåíòð èëè ïîä îáðåç ïëà-

ìåíè);
� ñïîñîáà ïîäà÷è ñòðóè ÎÒÂ â î÷àã ïîæàðà (ôðîí-

òàëüíûì èëè íàâåñíûì ðàñïûëåííûì ïîòîêîì,

ñòàòè÷åñêîé èëè ñêàíèðóþùåé ñòðóåé);
� äèàìåòðà ñòðóè ÎÒÂ (â çàâèñèìîñòè îò äàëüíî-

ñòè ïîäà÷è ñòðóè);
� óãëà âîçâûøåíèÿ ñòâîëà ïî îòíîøåíèþ ê óãëó

âèçèðîâàíèÿ èçâåùàòåëÿ íàâåäåíèÿ (â çàâèñèìî-

ñòè îò äàëüíîñòè è äàâëåíèÿ ïîäà÷è ñòðóè ÎÒÂ).

4. Äëÿ íàêîïëåíèÿ èñõîäíûõ ãèäðàâëè÷åñêèõ è

íàâèãàöèîííûõ ïàðàìåòðîâ äëÿ íîðìàòèâíîé áàçû

ïî ïðîåêòèðîâàíèþ ÐÓÏ íåîáõîäèìî ïðîäîëæèòü

äàëüíåéøèå èññëåäîâàíèÿ áàëëèñòèêè è ýïþð îðî-

øåíèÿ ðàçëè÷íûõ âèäîâ êàê ôðîíòàëüíûõ è íàâåñ-

íûõ, òàê è ñòàòè÷åñêèõ è ñêàíèðóþùèõ ñòðóé.
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