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Ðàçðàáîòàíû ìàòåìàòè÷åñêèå ìîäåëè ôóíêöèîíèðîâàíèÿ ñèñòåìû ëèêâèäàöèè îïàñíûõ ñèòóà-
öèé (ïîæàðîâ, íàâîäíåíèé, ÄÒÏ è äð.), òðåáóþùèõ îïåðàòèâíîãî ïðèâëå÷åíèÿ îãðàíè÷åííîãî
÷èñëà (2–3) ìîáèëüíûõ ïîäðàçäåëåíèé ñîîòâåòñòâóþùèõ ýêñòðåííûõ ñëóæá. Ïîêàçàíî, ÷òî îíè
ïîçâîëÿþò îïðåäåëèòü íåîáõîäèìîå êîëè÷åñòâî ïðèâëåêàåìûõ ìîáèëüíûõ ïîäðàçäåëåíèé äëÿ
ëèêâèäàöèè ðàçëè÷íûõ îïàñíûõ ñèòóàöèé. Îïðåäåëåíû êðèòè÷åñêèå ñîñòîÿíèÿ òàêîé ñèñòåìû,
êîãäà ìîáèëüíûå ïîäðàçäåëåíèÿ íå ñìîãóò áûòü ïðèâëå÷åíû. Ïîêàçàíà âîçìîæíîñòü ðåøåíèÿ
çàäà÷ àíàëèçà è ñèíòåçà äàííîé ñèñòåìû.
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ñòîÿíèÿ ñèñòåìû; âåðîÿòíîñòü îòêàçîâ.
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Ñîâðåìåííûé ýòàï ðàçâèòèÿ îáùåñòâà õàðàêòåðèçó-

åòñÿ âîçíèêíîâåíèåì âñå áîëüøåãî ÷èñëà ðàçëè÷íûõ

îïàñíûõ ñèòóàöèé (ïîæàðîâ, íàâîäíåíèé, ÄÒÏ è äð.),

òðåáóþùèõ îïåðàòèâíîãî ïðèâëå÷åíèÿ ìîáèëüíûõ

ïîäðàçäåëåíèé ýêñòðåííûõ ñëóæá — ïîæàðíûõ, ñêî-

ðîé ìåäèöèíñêîé ïîìîùè (ÑÌÏ), ñïàñàòåëåé, ïî-

ëèöèè è äð. [1–3]. Ýòî îòíîñèòñÿ êàê ê ïðîìûøëåí-

íûì ïðåäïðèÿòèÿì è íàñåëåííûì ïóíêòàì [4, 5],

òàê è ê êðóïíûì äîðîæíûì ìàãèñòðàëÿì è îáúåê-

òàì â Àðêòè÷åñêîé çîíå [6, 7].

Â îäíîì ñëó÷àå äëÿ ëîêàëèçàöèè è ëèêâèäàöèè

îïàñíîé ñèòóàöèè (íàïðèìåð, ïîæàðà) òðåáóåòñÿ

ïðèâëå÷åíèå òîëüêî îäíîãî ìîáèëüíîãî ïîäðàçäå-

ëåíèÿ (íàïðèìåð, ïîæàðíîãî êàðàóëà), â äðóãîì, áî-

ëåå ñëîæíîì, ñëó÷àå — äâóõ ïîäðàçäåëåíèé, â åùå

áîëåå ñëîæíîì — òðåõ (íàïðèìåð, ïîæàð ïî ïîâû-

øåííîìó íîìåðó [8]).

Â ñâÿçè ñ ýòèì ïðåäñòàâëÿåòñÿ öåëåñîîáðàçíûì

ïðîâåñòè ìîäåëèðîâàíèå ïðîöåññîâ ïðèåìà – îá-

ñëóæèâàíèÿ âûçîâîâ ñ öåëüþ îïðåäåëåíèÿ íåîáõî-

äèìîãî ÷èñëà ìîáèëüíûõ ïîäðàçäåëåíèé äëÿ ëèê-

âèäàöèè îïàñíûõ ñèòóàöèé ñ ãàðàíòèðîâàííîé âå-

ðîÿòíîñòüþ, à òàêæå îöåíêè âåðîÿòíîñòåé ñîñòîÿíèé

ñèñòåìû “îïàñíûå ñèòóàöèè – ïîäðàçäåëåíèÿ ýêñ-

òðåííûõ ñëóæá”, ÷òî ïîçâîëèò ñïëàíèðîâàòü ìåñòà

èõ äèñëîêàöèè [9].

Äëÿ ðåøåíèÿ äàííûõ çàäà÷ ìîæåò áûòü èñïîëü-

çîâàí ìàòåìàòè÷åñêèé àïïàðàò èññëåäîâàíèÿ îïå-

ðàöèé è òåîðèè ìàññîâîãî îáñëóæèâàíèÿ [10]. Ïðè

ýòîì ñîñòàâëÿåòñÿ ïåðå÷åíü ñîñòîÿíèé {S} èññëåäó-

åìîé ñèñòåìû (â äàííîì ñëó÷àå “îïàñíûå ñèòóàöèè

— ìîáèëüíûå ïîäðàçäåëåíèÿ”), è èç àíàëèçà ñòàòè-

ñòèêè îïðåäåëÿþòñÿ ñðåäíèå çíà÷åíèÿ âðåìåíè {t}

ïåðåõîäà ñèñòåìû èç îäíîãî ñîñòîÿíèÿ â äðóãîå.

Ïîëàãàÿ, ÷òî âåëè÷èíû {t} ñëó÷àéíû è ïîä÷èíåíû

ýêñïîíåíöèàëüíûì çàêîíàì ðàñïðåäåëåíèÿ [11, 12],

ìîæíî ïîëó÷èòü âåêòîðû èíòåíñèâíîñòåé ïåðåõîäîâ

{�} è {�}, ÿâëÿþùèõñÿ ïàðàìåòðàìè ýêñïîíåíöè-

àëüíûõ çàêîíîâ ðàñïðåäåëåíèÿ.

Âåêòîð {�} îáóñëàâëèâàåò ÷àñòîòó âîçíèêíîâå-

íèÿ îïàñíûõ ñèòóàöèé. Â íåãî âõîäÿò ïàðàìåòðû:

�1, �2, �3 — ÷àñòîòà âîçíèêíîâåíèÿ ñèòóàöèé, òðå-

áóþùèõ ïðèâëå÷åíèÿ ñîîòâåòñòâåííî îäíîãî, äâóõ,

òðåõ ìîáèëüíûõ ïîäðàçäåëåíèé è ò. ä. Âåêòîð {�}
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îòðàæàåò ñêîðîñòè ëèêâèäàöèé îïàñíûõ ñèòóàöèé

è ñîäåðæèò ïàðàìåòðû:�1,�2,�3 — ñêîðîñòü ëèêâè-

äàöèè ñèòóàöèé, òðåáóþùèõ ïðèâëå÷åíèÿ ñîîòâåò-

ñòâåííî îäíîãî, äâóõ, òðåõ ìîáèëüíûõ ïîäðàçäåëå-

íèé è ò. ä.

Íà ðèñ. 1–6 ïðèâåäåíû ãðàôû ïåðåõîäîâ äëÿ ñè-

ñòåìû “îïàñíûå ñèòóàöèè – ìîáèëüíûå ïîäðàçäå-

ëåíèÿ” ïðè ðàçëè÷íûõ êîëè÷åñòâàõ n ìîáèëüíûõ

ïîäðàçäåëåíèé*, êîãäà âîçìîæíû ñèòóàöèè, òðåáó-

þùèå ïðèâëå÷åíèÿ îäíîãî èëè äâóõ ìîáèëüíûõ ïîä-

ðàçäåëåíèé ýêñòðåííûõ ñëóæá. Ñèñòåìû èç m óðàâ-

íåíèé â ïðåäïîëîæåíèè î ñòàöèîíàðíîñòè ïðîöåñ-

ñîâ, ñîîòâåòñòâóþùèå ãðàôàì ïåðåõîäîâ íà ðèñ. 1–6

è ñîäåðæàùèå âåðîÿòíîñòè {p} ñîñòîÿíèé {S}, ïðè-

âåäåíû â òàáë. 1. Òàì æå ïðèâåäåíû êðèòè÷åñêèå

âåðîÿòíîñòè îòêàçîâ: ðîòê — âåðîÿòíîñòü ñîñòîÿíèÿ

Sîòê, êîãäà çàíÿòû âñå ïîäðàçäåëåíèÿ (êàíàëû îáñëó-

æèâàíèÿ) è íè íà êàêóþ âíîâü âîçíèêøóþ îïàñíóþ

ñèòóàöèþ íè îäíî ìîáèëüíîå ïîäðàçäåëåíèå îòïðàâ-

ëåíî áûòü íå ìîæåò; ðII — âåðîÿòíîñòü ñîñòîÿíèÿ

SII, êîãäà íà âîçíèêøóþ ñèòóàöèþ, òðåáóþùóþ ïðè-

âëå÷åíèÿ îäíîâðåìåííî äâóõ ïîäðàçäåëåíèé, îíè

íå ìîãóò áûòü âûñëàíû.

Íà ðèñ. 7–9 ïðèâåäåíû ãðàôû ïåðåõîäîâ, êîãäà

âîçìîæíû ñèòóàöèè, òðåáóþùèå ïðèâëå÷åíèÿ îä-

íîãî ìîáèëüíîãî ïîäðàçäåëåíèÿ ëèáî äâóõ èëè òðåõ

ïîäðàçäåëåíèé îäíîâðåìåííî. Â òàáë. 2 ïðèâåäåíû

âåðîÿòíîñòè {p} ñîîòâåòñòâóþùèõ ñîñòîÿíèé {S},

à òàêæå âåðîÿòíîñòè êðèòè÷åñêèõ ñîñòîÿíèé ðîòê,

ðII è ðIII. Âåðîÿòíîñòü ðIII ñîîòâåòñòâóåò ñîñòîÿíèþ

SIII, êîãäà âîçíèêàåò îòêàç â îäíîâðåìåííîì ïðèáû-

òèè òðåõ ïîäðàçäåëåíèé (íàïðèìåð, ïîæàð ïî ïîâû-

øåííîìó íîìåðó), åñëè òîãî òðåáóåò âíîâü âîçíèê-

øàÿ îïàñíàÿ ñèòóàöèÿ.

Ðåøåíèå ñèñòåì ëèíåéíûõ àëãåáðàè÷åñêèõ óðàâ-

íåíèé, ïðèâåäåííûõ â òàáë. 1 è 2, ñ öåëüþ îïðåäå-
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Ðèñ. 1. Ãðàô ïåðåõîäîâ äëÿ äâóõêàíàëüíîé ñèñòåìû (n = 2),

îáñëóæèâàþùåé âûçîâû, òðåáóþùèå çàäåéñòâîâàíèÿ ëèáî

îäíîãî, ëèáî îäíîâðåìåííî äâóõ êàíàëîâ: � — êàíàë îá-

ñëóæèâàíèÿ ñâîáîäåí;�— êàíàë îáñëóæèâàåò îäèí âûçîâ;

�–� — âûçîâ îáñëóæèâàþò ñðàçó äâà êàíàëà; Sîòê — ïîë-

íûé îòêàç (íè îäèí âûçîâ íå ïðèíèìàåòñÿ ê îáñëóæèâàíèþ);

SII = Sîòê� S1 — îòêàç â îáñëóæèâàíèè “äâîéíîãî” âûçîâà

* Â òåîðèè ìàññîâîãî îáñëóæèâàíèÿ ïðèíÿòî èñïîëüçîâàòü òåð-

ìèí “êàíàë îáñëóæèâàíèÿ”, àíàëîãè÷íûé ïîíÿòèþ “ìîáèëü-

íîå ïîäðàçäåëåíèå”.

Ðèñ. 4. Ãðàô ïåðåõîäîâ äëÿ ïÿòèêàíàëüíîé ñèñòåìû (n = 5),

îáñëóæèâàþùåé âûçîâû, òðåáóþùèå çàäåéñòâîâàíèÿ ëèáî

îäíîãî, ëèáî îäíîâðåìåííî äâóõ êàíàëîâ (îáîçíà÷åíèÿ ñì.

íà ðèñ. 1): SII = Sîòê� S5� S7� S9 — îòêàç â îáñëóæèâàíèè

“äâîéíîãî” âûçîâà

Ðèñ. 3. Ãðàô ïåðåõîäîâ äëÿ ÷åòûðåõêàíàëüíîé ñèñòåìû (n = 4),

îáñëóæèâàþùåé âûçîâû, òðåáóþùèå çàäåéñòâîâàíèÿ ëèáî

îäíîãî, ëèáî îäíîâðåìåííî äâóõ êàíàëîâ (îáîçíà÷åíèÿ ñì.

íà ðèñ. 1): SII = Sîòê� S4� S6 — îòêàç â îáñëóæèâàíèè “äâîé-

íîãî” âûçîâà

Ðèñ. 2. Ãðàô ïåðåõîäîâ äëÿ òðåõêàíàëüíîé ñèñòåìû (n = 3),

îáñëóæèâàþùåé âûçîâû, òðåáóþùèå çàäåéñòâîâàíèÿ ëèáî

îäíîãî, ëèáî îäíîâðåìåííî äâóõ êàíàëîâ (îáîçíà÷åíèÿ ñì.

íà ðèñ. 1): SII = Sîòê� S2� S3 — îòêàç â îáñëóæèâàíèè “äâîé-

íîãî” âûçîâà
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Ðèñ. 5. Ãðàô ïåðåõîäîâ äëÿ øåñòèêàíàëüíîé ñèñòåìû (n = 6), îáñëóæèâà-

þùåé âûçîâû, òðåáóþùèå çàäåéñòâîâàíèÿ ëèáî îäíîãî, ëèáî îäíîâðåìåí-

íî äâóõ êàíàëîâ (îáîçíà÷åíèÿ ñì. íà ðèñ. 1): SII = Sîòê� S8� S11� S13 —

îòêàç â îáñëóæèâàíèè “äâîéíîãî” âûçîâà

n m Ñèñòåìà óðàâíåíèé Ïðèìå÷àíèÿ

2 4 0 = – (�1 + �2) p0 + �1p1 + �2 p2;

0 = �1p0 – (�1 + �1) p1 + 2�1p3;

0 = �2 p0 – �2 p2;

0 = �1p1 – 2�1p3

Àíàëèòè÷åñêîå ðåøåíèå:

ð0
1

1 2 1
21 0 5� � 
 
 
� � �, ;

ð1 = �1 ð0; ð2 = �2 ð0;

ð ð3 1
2

00 5� , ;�
ð ðîòê � 
( , ) ;� �2 1

2
00 5

ðII = ðîòê + ð1

3 5 0 = – (�1 + �2) p0 + �1p1 + �2 p2; 0 = �1p0 – (�1 + �2 + �1) p1 + 2�1p3 + �2 p4;

0 = �� p0 – (�1 + �2) p2 + �1 p4; 0 = �1p1 – (�1 + 2�1) p3 + 3�1p5;

0 = �2 p1 – (�1 + �2) p4 + �1 p2; 0 = �1p3 – 3�1p5

ðîòê = ð4 + ð5;

ðII = ðîòê + ð2

4 9 0 = – (�1 + �2) p0 + �1p1 + �2 p2; 0 = �1p0 – (�1 + �2 + �1) p1 + 2�1p3 + �2 p4;

0 = �2 p0 – (�1 + �2 + �2) p2 + �1p4 + 2�2 p5; 0 = �1p1 – (�1 + �2 + 2�1) p3 + 3�1p6 + �2 p7;

0 = �2 p1 + �1p2 – (�2 + �1 + �1) p4 + 2�1p7; 0 = �2 p2 – 2�2 p5;

0 = �1p3 – (3�1 + �1) p6 + 4�1p8; 0 = �2 p3 + �1p4 – (�2 + 2�1) p7; 0 = �1p6 – 4�1p8

ðîòê = ð5 + ð7 + ð8;

ðII = ðîòê + ð6

5 12 0 = – (�1 + �2) p0 + �1p1 + �2 p2; 0 = �1p0 – (�1 + �2 + �1) p1 + 2�1p3 + �2 p4:

0 = �2 p0 – (�1 + �2 + �2) p2 + �1p4 + 2�2 p5; 0 = �1p1 – (�1 + �2 + 2�1) p3 + 3�1p6 + �2 p7;

0 = �2 p1 + �1 p2 – (�1 + �2 + �2 + �1) p4 + 2�1p7 + 2�2 p8;

0 = �2 p2 – (�1 + 2�2) p5 + �1p8; 0 = �1p3 – (�1 + �2 + 3�1) p6 + 4�1p9 + �2 p10;

0 = �2 p3 + �1p4 – (�1 + �2 + 2�1) p7 + 3�1 p10; 0 = �2 p4 + �1p5 – (2�2 + �1) p8;

0 = �1p6 – (4�1 + �1) p9 + 5�1 p11; 0 = �2 p6 + �1p7 – (�2 + 3�1) p10; 0 = �1p9 – 5�1 p11

ðîòê = ð8 + ð10 + ð11;

ðII = ðîòê + ð7 + ð9

Òàáëèöà 1. Ñèñòåìû àëãåáðàè÷åñêèõ óðàâíåíèé ñîãëàñíî ãðàôàì íà ðèñ. 1–6
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n m Ñèñòåìà óðàâíåíèé Ïðèìå÷àíèÿ

6 15 0 = – (�1 + �2) p0 + �1 p1 + �2 p2; 0 = �1p0 – (�1 + �2 + �1) p1 + 2�1 p3 + �2 p4;

0 = �2 p0 – (�1 + �2 +�2) p2 +�1 p4 + 2�2 p5; 0 = �1 p1 – (�1 + �2 + 2�1) p3 + 3�1 p6 +�2 p7;

0 = �2 p1 + �1p2 – (�1 + �2 + �2 + �1) p4 + 2�1p7 + 2�2 p8;

0 = �2 p2 – (�1 + �2 + 2�2) p5 +�1p8 + 3�2 p9; 0 = �1p3 – (�1 + �2 + 3�1) p6 + 4�1p10 +�2 p11;

0 = �2 p3 + �1 p4 – (�1 + �2 + �2 + 2�1) p7 + 3�1 p11 + 2�2 p12;

0 = �2 p4 + �1 p5 – (�1 + 2�2 + �1) p8 + 2�1 p12; 0 = �2 p5 – 3�2 p9;

0 = �1 p6 – (�1 + �2 + 4�1) p10 + 5�1 p13 + �2 p14;

0 = �2 p6 + �1 p7 – (�1 + �2 + 3�1) p11 + 4�1p14; 0 = �2 p7 + �1 p8 – (��2 + 2�1) p12;

0 = �1 p10 – (�1 + 5�1) p13 + 6�1 p15; 0 = �2 p10 + �1 p11 – (�2 + 4�1) p14;

0 = �1 p13 – 6�1 p15

ðîòê = ð9 + ð12 + ð14 + ð15;
ðII = ðîòê + ð13

7 20 0 = – (�1 + �2) p0 + �1 p1 + �2 p2; 0 = �1 p0 – (�1 + �2 + �1) p1 + 2�1 p3 + �2 p4;

0 = �2 p0 – (�1 + �2 + �2) p2 + �1 p4 + 2�2 p5; 0 = �1p1 – (�1 + �2 + 2�1) p3 + 3�1p6 + �2 p7;

0 = �2 p1 + �1p2 – (�1 + �2 + �2 + �1) p4 + 2�1p7 + 2�2 p8;

0 = �2p2 – (�1 + �2 + 2�2)p5 + �1p8 + 3�2p9; 0 = �1p3 – (�1 + �2 + 3�1)p6 + 4�1p10 + �2p11;

0 = �2 p3 + �1p4 – (�1 + �2 + �2 + 2�1) p7 + 3�1p11 + 2�2 p12;

0 = �2 p4 + �1p5 – (�1 + 2�2 + �1) p8 + 2�1p12; 0 = �2p5 – (�1 + 3�2) p9 + �1p13;

0 = �1p6 – (�1 + �2 + 4�1) p10 + 5�1p14 + �2 p15;

0 = �2 p6 + �1p7 – (�1 + �2 + �2 + 3�1) p11 + 4�1p15 + 2�2 p16;

0 = �2 p7 + �1p8 – (�1 + 2�2 + 2�1) p12 + 3�1p16; 0 = �1p9 – �1p13;

0 = �1p10 – (�1 + �2 + 5�1) p14 + 6�1p17 + �2 p18;

0 = �2 p10 + �1p11 – (�1 + �2 + 4�1) p15 + 5�1p18; 0 = �2 p11 + �1p12 – (2�2 + 3�1) p16;

0 = �1p14 – (�1 + 6�1) p17 + 7�1p19; 0 = �2p14 + �1p15 – (�2 + 5�1) p18;

0 = �1p17 – 7�1p19

ðîòê = ð13 + ð16 + ð18 + ð19;
ðII = ðîòê + ð12 + ð15 + ð17

Ï ð è ì å ÷ à í è å . �1 = �1��1; �2 = �2��2 — ïðèâåäåííûå íàãðóçêè.

Îêîí÷àíèå òàáë. 1

n m Ñèñòåìà óðàâíåíèé Ïðèìå÷àíèÿ

3 7 0 = – (�1 + �2 + �3) p0 + �1p1 + �2 p2 + �3 p3;

0 = �1p0 – (�1 + �2 + �1) p1 + 2�1p4 + �2 p5;

0 = �2 p0 – (�1 + �2) p2 + �1p5; 0 = �3 p0 – �3 p3;

0 = �1p1 – (�1 + 2�1) p4 + 3�1p6;

0 = �2p1 + �1p2 – (�2 + �1)p5; 0 = �1p4 – 3�1p6

Àíàëèòè÷åñêîå ðåøåíèå:
p0

1
1 2 31� � 
 
 
 
� � �


 
 
0 5 61
2

1 2 1
2

3, / ;� � � � �
p1 = �1ð0; ð2 = �2ð0; ð3 = �3 ð0;

p p4 1
2

00 5� , ;� ð5 = �1�2 ð0;

p p6 0 1
2

3 6� � � / ;
ðîòê = ð3 + ð5 + ð6;
ðII = ðîòê + ð2 + ð4; ðIII = ðII + ð1

4 11 0 = – (�1 + �2 + �3) p0 + �1p1 + �2 p2 + �3 p3;

0 = �1p0 – (�1 + �2 + �3 + �1) p1 + 2�1p4 + �2 p5 + �3 p6;

0 = �2 p0 – (�1 + �2 + �2) p2 + �1p5 + 2�2 p7; 0 = �3 p0 – (�1 + �3) p3 + �1p6;

0 = �1p1 – (�1 + �2 + 2�1) p4 + 3�1p8 + �2 p9;

0 = �2p1 + �1p2 – (�1 + �2 + �1)p5 + 2�1p9; 0 = �3 p1 + �1p3 – (�3 + �1) p6

0 = �2 p2 – 2�2 p7; 0 = �1p4 – (�1 + 3�1) p8 + 4�1p10;

0 = �2 p4 + �1p5 – (2�1 + �2) p9; 0 = �1p8 – 4�1p10

ðîòê = ð6 + ð7 + ð9 + ð10;
ðII = ðîòê + ð3 + ð5 + ð8;
ðIII = ðII + ð2 + ð4

5 16 0 = – (�1 + �2 + �3) p0 + �1p1 + �2 p2 + �3 p3;

0 = �1p0 – (�1 + �2 + �3 + �1) p1 + 2�1p4 + �2 p5 + �3 p7;

0 = �2 p0 – (�1 + �2 + �3 + �2) p2 + �1p5 + 2�2 p6 + �3 p8;

0 = �3 p0 – (�1 + �2 + �3) p3 + �1p7 + �2 p8;

0 = �1p1 – (�1 + �2 + �3 + 2�1) p4 + 3�1p9 + �2 p10 + �3 p12;

0 = �2 p1 + �1p2 – (�1 + �2 + �2 + �1) p5 + 2�1p10 + 2�2 p11;

0 = �2 p2 – (�1 + 2�2) p6 + �1p11; 0 = �3 p1 + �1p3 – (�1 + �3 + �1) p7 + 2�1p12;

0 = �3 p2 + �2 p3 – (�3 + �2) p8; 0 = �1p4 – (�1 + �2 + 3�1) p9 + 4�1p13 + �2 p14;

0 = �2 p4 + �1p5 – (�1 + �2 + 2�1) p10 + 3�1p14; 0 = �2 p5 + �1p6 – (2�2 + �1) p11;

0 = �3 p4 + �1p7 – (�3 + 2�1) p12; 0 = �1p9 – (�1 + 4�1) p13 + 5�1p15;

0 = �2 p9 + �1p10 – (�2 + 3�1) p14; 0 = �1p13 – 5�1p15

ðîòê = ð8 + ð11 + ð12 +
+ ð14 + ð15;
ðII = ðîòê + ð6 + ð7 + ð10 + ð13;
ðIII = ðII + ð3 + ð5 + ð9

Ï ð è ì å ÷ à í è å . �1 = �1��1; �2 = �2��2; á3 = �3��3 — ïðèâåäåííûå íàãðóçêè.

Òàáëèöà 2. Ñèñòåìû àëãåáðàè÷åñêèõ óðàâíåíèé ñîãëàñíî ãðàôàì íà ðèñ. 7–9



ëåíèÿ âåðîÿòíîñòåé {p} ñîñòîÿíèé {S}, â îáùåì ñëó-

÷àå âîçìîæíî ÷èñëåííûìè ìåòîäàìè èëè ñ èñïîëü-

çîâàíèåì ñïåöèàëüíûõ êîìïüþòåðíûõ ïðîãðàìì.

Òåì íå ìåíåå â ÷àñòíûõ ñëó÷àÿõ ñóùåñòâóþò è àíàëè-

òè÷åñêèå ðåøåíèÿ, êîòîðûå òàêæå ïðåäñòàâëåíû â

òàáë. 1 è 2.

Íà ïðàêòèêå ñ èñïîëüçîâàíèåì âåðîÿòíîñòåé ñî-

ñòîÿíèé ìîãóò ðåøàòüñÿ çàäà÷è àíàëèçà è ñèíòåçà

ñèñòåìû ëèêâèäàöèè îïàñíûõ ñèòóàöèé ñ ïðèâëå÷å-

íèåì ìîáèëüíûõ ïîäðàçäåëåíèé ýêñòðåííûõ ñëóæá

[4, 5, 12]. Â ïåðâîì ñëó÷àå (çàäà÷à àíàëèçà) ïî èçâåñò-

íûì èíòåíñèâíîñòÿì {�} è {�} è èìåþùåìóñÿ ÷èñ-
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Ðèñ. 8. Ãðàô ïåðåõîäîâ äëÿ ÷åòûðåõêàíàëü-

íîé ñèñòåìû (n = 4), îáñëóæèâàþùåé âû-

çîâû, òðåáóþùèå çàäåéñòâîâàíèÿ ëèáî îäíî-

ãî, ëèáî îäíîâðåìåííî äâóõ êàíàëîâ, ëèáî

òðåõ êàíàëîâ (îáîçíà÷åíèÿ ñì. íà ðèñ. 1 è 7);

SII = Sîòê� S3� S5� S8 — îòêàç â îáñëóæè-

âàíèè “äâîéíîãî” âûçîâà, SIII = SII� S2� S4

— îòêàç â îáñëóæèâàíèè “òðîéíîãî” âûçîâà

Ðèñ. 7. Ãðàô ïåðåõîäîâ äëÿ òðåõêàíàëüíîé ñèñòåìû (n = 3), îáñëóæèâàþùåé âû-

çîâû, òðåáóþùèå çàäåéñòâîâàíèÿ ëèáî îäíîãî, ëèáî îäíîâðåìåííî äâóõ êàíàëîâ,

ëèáî îäíîâðåìåííî òðåõ êàíàëîâ (îáîçíà÷åíèÿ ñì. íà ðèñ. 1): �–�–�— âûçîâ

îáñëóæèâàþò ñðàçó òðè êàíàëà; SII = Sîòê� S2� S4 — îòêàç â îáñëóæèâàíèè

“äâîéíîãî” âûçîâà, SIII = SII� S1 – îòêàç â îáñëóæèâàíèè “òðîéíîãî” âûçîâà

Ðèñ. 6. Ãðàô ïåðåõîäîâ äëÿ ñåìèêàíàëüíîé ñèñòåìû (n = 7), îáñëóæèâàþùåé âû-

çîâû, òðåáóþùèå çàäåéñòâîâàíèÿ ëèáî îäíîãî, ëèáî îäíîâðåìåííî äâóõ êàíàëîâ

(îáîçíà÷åíèÿ ñì. íà ðèñ. 1). SII = Sîòê� S9� S12� S15� S17 — îòêàç â îáñëóæèâà-

íèè “äâîéíîãî” âûçîâà
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ëó ìîáèëüíûõ ïîäðàçäåëåíèé n ìîãóò áûòü íàéäåíû

âåðîÿòíîñòè êðèòè÷åñêèõ ñîñòîÿíèé {ðîòê, ðII, ðIII} è

ñäåëàí âûâîä îá ýôôåêòèâíîñòè ñèñòåìû â öåëîì [12].

Âî âòîðîì ñëó÷àå (çàäà÷à ñèíòåçà), íàïðèìåð, ïî çà-

äàííûì òðåáîâàíèÿì ê äîïóñòèìûì çíà÷åíèÿì âå-

ðîÿòíîñòåé {ðîòê, ðII, ðIII}äîï è èçâåñòíûì èíòåíñèâ-

íîñòÿì {�} è {�} ìîæåò áûòü îïðåäåëåíî íåîáõîäè-

ìîå ÷èñëî n ìîáèëüíûõ ïîäðàçäåëåíèé [12].

Òàêèì îáðàçîì, â äàííîé ðàáîòå ïðèâåäåíû ìà-

òåìàòè÷åñêèå ìîäåëè ðàáîòû ñèñòåìû ëèêâèäàöèè

îïàñíûõ ñèòóàöèé ñ ïðèâëå÷åíèåì ìîáèëüíûõ ïîä-

ðàçäåëåíèé ýêñòðåííûõ ñëóæá. Â äàëüíåéøåì ïëà-

íèðóåòñÿ ïðåäñòàâèòü ðåçóëüòàòû ÷èñëåííîãî ìîäå-

ëèðîâàíèÿ ïðèìåíèòåëüíî ê ðåøåíèþ çàäà÷ àíàëèçà

è ñèíòåçà óêàçàííîé ñèñòåìû ñ ïðèìåíåíèåì êîíê-

ðåòíûõ êîëè÷åñòâåííûõ õàðàêòåðèñòèê.
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ABSTRACT

The system of response on the emergency situations is represented here. This article also represents

complicated cases when involvement of several types of mobile units is required to react on different

emergency situations.

Firemen, rescuers, ambulance or police can be involved as mobile units. Mathematical models

which describe the work of this system with involvement of two or three units of different types are

developed here. These models allow to define necessary amount of mobile units to liquidate dange-

rous situations with guaranteed probability and these models also allow to define the estimate of

probability of the system conditions “dangerous situations — emergency services units”.

This object is solved by using the mathematical apparatus of exploring the operations and theory

of mass service. Solving of this object intends to arrange the list of conditions {S} of the explored

system. The time average {t} of transition from one condition to another is also defined from the ana-

lysis of the system. If we set that the quantities {t} are accidental and they are subordinated by

the exponential laws of arrangements, we can get vectors of intensity of transitions {�} and {�},

which are the characteristics of the exponential law of arrangements.
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ÏÎÆÀÐÍÀß ÎÕÐÀÍÀ

Vector {�} determines the frequency of occurrence of dangerous situations. It consists of: �1 —

frequency of occurrence of situations which demand involving one mobile unit; �2 — two mobile

units; �3 — three mobile units etc. Vector {�} reflects speeds of liquidation of dangerous situations

and it contains quantities: �1 — speed of liquidation of situations which demands involving one

mobile unit; �2 — speed of liquidation of situations which demands involving two mobile units; �3 —

three mobile units etc.

Diagrams of transition for two or three different types of involving units are shown in this article.

The system of equations in the presumption about stationarity of processes is shown in this article.

They are corresponded to the diagrams of transitions and they contain probabilities {p} of conditions

{S}. Critical probabilities of refusals are also shown here: prefusal — probability of condition Srefusal,

when all the units are occupied and no mobile units can be sent to emersed dangerous situations.

The possibility of solving the objects of analysis and synthesis of the given system is also shown in

this article.

Keywords: danger situations; mobile units; emergency services; system state diagram; possibility of

refusal.
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