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Ïðîâåäåí àíàëèç ñèñòåìû ïîääåðæêè óïðàâëåíèÿ øòàòíûì ñîñòàâîì ñîòðóäíèêîâ îïåðàòèâíûõ
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îñíîâíîé ïðîôåññèîíàëüíîé äåÿòåëüíîñòè. Èçó÷åíû è ïðîàíàëèçèðîâàíû ñóùåñòâóþùèå ìåòî-
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Ââåäåíèå

Â ñîâðåìåííûõ äîñòàòî÷íî æåñòêèõ óñëîâèÿõ âû-

íóæäåííîå ñîêðàùåíèå ðàñõîäîâ íåïîñðåäñòâåííî

ñâÿçàíî ñ ìàññîâûì ñîêðàùåíèåì äîëæíîñòåé è ñî-

ïóòñòâóþùèìè åìó ïðîáëåìàìè. Äàííîå îáñòîÿòåëü-

ñòâî çà ïîñëåäíèé ïåðèîä âðåìåíè ñóùåñòâåííî

ñêàçàëîñü íà îïåðàòèâíîé ñëóæáå ïîæàðíîé áåç-

îïàñíîñòè, ãäå óðåçàíèå åäèíèö â ñòðóêòóðíûõ ïîä-

ðàçäåëåíèÿõ ìîæåò äîõîäèòü äî 50 %. Ïðè ýòîì ñëå-

äóåò îòìåòèòü, ÷òî äî ñèõ ïîð íåò åäèíîé ìåòîäîëî-

ãèè (ìåõàíèçìîâ) ñîêðàùåíèÿ øòàòíîé ÷èñëåííîñòè

îïåðàòèâíûõ ñëóæá áåç ñóùåñòâåííîãî óùåðáà âå-

äåíèþ ïðîôåññèîíàëüíîé äåÿòåëüíîñòè. Íå ñóùåñò-

âóåò òàêæå ïîäõîäîâ ê àäàïòàöèè âíåøíèõ óñëîâèé

ïîä ïîñòîÿííî èçìåíÿþùèåñÿ òðåáîâàíèÿ ê äåéñòâó-

þùèì îáúåêòàì óïðàâëåíèÿ. Íà òåêóùèé ìîìåíò:

� íåäîñòàòî÷íî òåîðåòè÷åñêè ïðîðàáîòàíû ìåõà-

íèçìû ôîðìèðîâàíèÿ îïåðàòèâíûõ ñëóæá ñ èñ-

ïîëüçîâàíèåì øòàòà êàäðîâîãî ñîñòàâà ñ ó÷åòîì

êîýôôèöèåíòîâ ïðåäïî÷òåíèÿ è ïîëåçíîñòè (îñî-

áåííîñòè ñèñòåìû óïðàâëåíèÿ);

� ïðàêòè÷åñêè îòñóòñòâóþò ìîäåëè ðàöèîíàëèçà-

öèè ïîêàçàòåëåé îöåíêè ïëàíèðîâàíèÿ êîýôôè-

öèåíòîâ âçàèìîäåéñòâèÿ èãðîêîâ (àãåíòîâ) ïðè

ôîðìèðîâàíèè øòàòíîãî êàäðîâîãî ñîñòàâà;

� îòñóòñòâóþò ñïåöèàëèçèðîâàííûå ïðîãðàììíûå

ñðåäñòâà ïîääåðæêè óïðàâëåíèÿ, ïîçâîëÿþùèå

ïðîâîäèòü ãèáêóþ îöåíêó ñîñòîÿíèÿ äåéñòâó-
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þùèõ åäèíèö ñôîðìèðîâàííûõ ñëóæá ïðè ðå-

øåíèè îïåðàòèâíûõ çàäà÷.

Äàííûå àðãóìåíòû óêàçûâàþò íà àêòóàëüíîñòü

èññëåäîâàíèÿ â äàííîé îáëàñòè.

Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ìîäåëèðîâàíèå

ñèñòåìû ïîääåðæêè óïðàâëåíèÿ êàäðîâûì ñîñòà-

âîì îïåðàòèâíûõ ñëóæá ñ ó÷åòîì êðèòåðèåâ âåðî-

ÿòíîñòíîãî âçàèìîäåéñòâèÿ (ïîëåçíîñòü è ïðåäïî÷-

òåíèå).

Ìåòîäû èññëåäîâàíèÿ

Â îñíîâó íàñòîÿùåé ñòàòüè ïîëîæåíû ðåçóëüòà-

òû, ïîëó÷åííûå â õîäå èññëåäîâàíèé, ïðîâîäèìûõ

â ðàìêàõ íàó÷íî-èññëåäîâàòåëüñêèõ ðàáîò Àêàäåìèè

Ãîñóäàðñòâåííîé ïðîòèâîïîæàðíîé ñëóæáû Ì×Ñ

Ðîññèè â ïåðèîä 2010–2017 ãã. [1, 2]. Íà áàçå ïîëó-

÷åííûõ ðåçóëüòàòîâ ðàçðàáîòàíû ìîäåëü è àëãîðèò-

ìû èíôîðìàöèîííî-óïðàâëÿþùåé ñèñòåìû, îáåñïå-

÷èâàþùèå íåîáõîäèìûì íàáîðîì èíôîðìàöèîííûõ

ðåñóðñîâ îðãàí óïðàâëåíèÿ ïîæàðíîé áåçîïàñíîñòüþ

äëÿ ïðèíÿòèÿ ðåøåíèé.

Íîâèçíó ïðåäñòàâëÿþò ïîëó÷åííûå ðåçóëüòàòû,

çàêëþ÷àþùèåñÿ â ðàçðàáîòêå ìîäåëè è àëãîðèòìîâ

ñèñòåìû ïîääåðæêè óïðàâëåíèÿ, ðåàëèçóþùåé ìå-

õàíèçì êîìïëåêòîâàíèÿ âàðèàíòîâ ôîðìèðîâàíèÿ

êàäðîâîãî ñîñòàâà ñ ó÷åòîì ñîêðàùåíèÿ ÷èñëåííûõ

ïîêàçàòåëåé ïðè ôèêñèðîâàííûõ öåëåâûõ çàäà÷àõ ñ

èñïîëüçîâàíèåì ãèáêîé ôîðìû ïîñòðîåíèÿ ïðàâèë

êîýôôèöèåíòîâ ïðåäïî÷òåíèÿ è ïîëåçíîñòè íà ðà-

öèîíàëüíîì ìàðøðóòå äåéñòâóþùèõ àãåíòîâ-èãðî-

êîâ, à òàêæå ìîäåëü ôîðìèðîâàíèÿ àãðåãèðîâàííûõ

êîýôôèöèåíòîâ êðèòåðèåâ ïðåäïî÷òåíèÿ è ïîëåç-

íîñòè íà îñíîâå ìíîãîêðèòåðèàëüíîé èåðàðõè÷å-

ñêîé îöåíêè Ïàïïà – Ïàñêàëÿ íà àïïðîêñèìèðîâàí-

íûõ ïîêàçàòåëÿõ âçàèìîäåéñòâèÿ àãåíòîâ-èãðîêîâ

êàäðîâîãî ñîñòàâà [3].

Ðàçðàáîòàííûå ìåòîäû è ìîäåëè ðåàëèçîâàíû

ïðè ñîçäàíèè èíôîðìàöèîííîé ñèñòåìû ïîääåðæêè

ïðèíÿòèÿ óïðàâëåí÷åñêèõ ðåøåíèé äëÿ êîîðäèíà-

öèè äåéñòâèé êàäðîâîãî ñîñòàâà ïðè îáîñíîâàíèè

âíîñèìûõ â øòàòíûé ñîñòàâ èçìåíåíèé; ïðè ñîçäà-

íèè ìîäóëåé ñèñòåìû îðãàíèçàöèè ó÷åòíîé ñèñòå-

ìû â óñëîâèÿõ ïîñòîÿííûõ èçìåíåíèé êàäðîâîãî

ñîñòàâà, à òàêæå ñèñòåìû äèàãíîñòèêè ñîñòîÿíèÿ

ôîðìèðóåìûõ áðèãàä îïåðàòèâíûõ ñëóæá.

Àíàëèç ìîäåëåé ïîääåðæêè
óïðàâëåíèÿ ñèñòåìàìè êàäðîâûõ ñëóæá

ðàçíîãî ïðîôèëÿ è óðîâíÿ

Íà ïåðâîì ýòàïå èññëåäîâàíèé ïðîâåäåí äåòàëü-

íûé àíàëèç äèíàìèêè èçìåíåíèé øòàòíîãî ñîñòàâà

ñòðóêòóðíûõ ïîäðàçäåëåíèé îïåðàòèâíûõ ñëóæá íà

ïðèìåðå Ì×Ñ Ðîññèè ñ öåëüþ âûÿâèòü óçêèå ìåñòà

ñóùåñòâóþùåé ñèñòåìû óïðàâëåíèÿ. Â ðåçóëüòàòå

óñòàíîâëåíà çàêîíîìåðíîñòü: ïðè íåèçìåííîì ïî-

êàçàòåëå òðåáîâàíèé ê âûïîëíåíèþ ïðîôåññèîíàëü-

íûõ îáÿçàííîñòåé êîëè÷åñòâî äåéñòâóþùèõ åäèíèö

ïåðñîíàëà óìåíüøàåòñÿ. Ïðèìåðîì òèïîâûõ ïîêà-

çàòåëåé óáûâàþùåãî ãðàôèêà øòàòíîé ÷èñëåííîñòè

ÿâëÿåòñÿ äèíàìèêà ñîêðàùåíèÿ ÷èñëåííîñòè ïîä-

ðàçäåëåíèÿ ïîæàðíîé îõðàíû (ðèñ. 1).

Äàëüíåéøèé àíàëèç ñóùåñòâóþùèõ â íàñòîÿùåå

âðåìÿ ñòðóêòóð óïðàâëåíèÿ íà ðàçíûõ ýòàïàõ æèç-

íåííîãî öèêëà ïðîöåññà ôîðìèðîâàíèÿ êàäðîâîãî

ñîñòàâà ñòðóêòóðíûõ ïîäðàçäåëåíèé îïåðàòèâíûõ

ñëóæá ïîçâîëèë âûäåëèòü äâà áîëüøèõ ïîñòîÿííî

âçàèìîäåéñòâóþùèõ îáúåêòà èññëåäîâàíèé —

Ðèñ. 1. Ñòàòèñòèêà ñîêðàùåíèÿ øòàòíîé ÷èñëåííîñòè â ñòðóêòóðíîì ïîäðàçäåëåíèè ïîæàðíîé îõðàíû

Fig. 1. Statistics on the reduction in the number of staff in the structural division of fire protection
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îïåðàòèâíóþ (êàê êîìïîíåíò îñíîâíîãî æèçíåííî-

ãî öèêëà îðãàíèçàöèè) è îáó÷àþùóþ (êîìïîíåíò

êîððåêòèðîâêè óïðàâëåíèÿ íà îñíîâå îáðàáîòêè

âíåøíèõ âîçìóùàþùèõ âîçäåéñòâèé) ñîñòàâëÿþùèå

(ðèñ. 2). Äëÿ êàæäîãî îáúåêòà îïðåäåëåíû îñíîâíûå

âíóòðåííèå ïðîöåññû, íåïîñðåäñòâåííî âëèÿþùèå

íà îáùåå ñîñòîÿíèå ñèñòåìû â öåëîì, à òàêæå ïðî-

öåññû âçàèìîäåéñòâèÿ ñ âíåøíåé ñðåäîé è ñ äðóãè-

ìè îáúåêòàìè óïðàâëåíèÿ [3].

Äëÿ îáåñïå÷åíèÿ öåëîñòíîñòè ìåæäó ïðîöåññà-

ìè â ñóùåñòâóþùóþ ìîäåëü óïðàâëåíèÿ ïðåäëîæåíî

äîáàâèòü äâà èçìåíÿåìûõ êîìïîíåíòà, îáåñïå÷èâà-

þùèõ íåïðåðûâíîñòü â óïðàâëåíèè çà ñ÷åò âàðèà-

öèè êðèòåðèàëüíîãî âûáîðà êîìïîíåíòîâ ñîñòîÿíèÿ,

à òàêæå ñëåäóþùèõ õàðàêòåðèñòèê: S — êîððåêòè-

ðóþùàÿ ñèñòåìà ïîääåðæêè óïðàâëåíèÿ ñîñòîÿíè-

ÿìè êîàëèöèé; B(P):Q, R � Pk — êîððåêòèðóåìûå

óïðàâëÿåìûå ïðîöåññû (ãäå B(P) — ïðîñòðàíñòâî

óïðàâëåíèÿ; k — êîýôôèöèåíò àäàïòàöèè). Ïîëó-

÷åííàÿ ìîäåëü ïîçâîëÿåò òàêæå ìîäèôèöèðîâàòü

öåëåâóþ ôóíêöèþ ïîëåçíîñòè G:v(S) � max{Q, R}

â çàâèñèìîñòè îò òåêóùåãî ñîñòîÿíèÿ ñèñòåìû óïðàâ-

ëåíèÿ.

Òàêèì îáðàçîì, ïîêàçàíî, ÷òî ñóùåñòâóþùàÿ ñè-

ñòåìà óïðàâëåíèÿ êàäðîâûì ñîñòàâîì îïåðàòèâíîé

ñëóæáû íàäåëåíà íåäîñòàòêîì, ñâÿçàííûì ñ ïðàêòè-

÷åñêèì îòñóòñòâèåì ìåõàíèçìîâ ôîðìàëèçàöèè ïðî-

öåññîâ êîððåêòèðóåìîãî âçàèìîäåéñòâèÿ ìåæäó

îáúåêòàìè ïðè âíåäðåíèè íîâûõ (ïðîåêòíûõ) ýëå-

ìåíòîâ â äåéñòâóþùóþ ñèñòåìó. Îñíîâíîé ïðîáëå-

ìîé ÿâëÿåòñÿ îòñóòñòâèå îïðåäåëåííûõ àëãîðèòìîâ

êîððåêöèè äåéñòâóþùåé ñèñòåìû óïðàâëåíèÿ ïðè íå-

ïðåðûâíîì âëèÿíèè âîçìóùàþùèõ âîçäåéñòâèé [4].

Äëÿ óíèôèêàöèè ñóùåñòâóþùåé ñèñòåìû óïðàâ-

ëåíèÿ òðåáóåòñÿ ðàçðàáîòêà áîëåå ñîâåðøåííûõ ìî-

äåëåé è àëãîðèòìîâ, ïîçâîëÿþùèõ ôîðìèðîâàòü îáîñ-

íîâàííûå êîàëèöèè äåéñòâóþùèõ èãðîêîâ-àãåíòîâ

ñ ó÷åòîì âåðîÿòíûõ ôàêòîðîâ ðàöèîíàëèçàöèè ðå-

ñóðñîâ [5, 6].

Ìîäåëèðîâàíèå ñèñòåìû ïîääåðæêè
óïðàâëåíèÿ â ðàìêàõ îáÿçàòåëüíûõ

óñëîâèé öåëåâûõ ôóíêöèé
ïðè ïîäãîòîâêå è îöåíêå êîàëèöèé

Â êà÷åñòâå îñíîâíîãî îãðàíè÷åíèÿ öåëåâîé ôóíê-

öèè ñèñòåìû G ïðåäëîæåíî èñïîëüçîâàòü àäàïòèðî-

âàííîå ïîä èñõîäíûå êðèòåðèè óñëîâèå ñóïåðàääè-

òèâíîñòè êîîïåðàòèâíîé èãðû ñ òðàíñôåðàáåëüíîé

ïîëåçíîñòüþ ôîí Íåéìàíà – Ìîðãåíøòåðíà:

�� � �S s si

i N
j

) ( ) ,� � �



�

	



�

�
� � (1)

ãäå v(S) — ìàêñèìàëüíàÿ ïîëåçíîñòü êàê êðèòåðèé

äèàãíîñòèêè ñîñòîÿíèÿ âðåìåííûõ êîàëèöèé àãåí-

òîâ-èãðîêîâ îïåðàòèâíûõ ñëóæá;

N — êîëè÷åñòâî àãåíòîâ;

si, sj — âðåìåííûå êîàëèöèè àãåíòîâ-èãðîêîâ ïðî-

èçâîëüíîãî ñîñòàâà.

Ïðè ýòîì â ìîäåëü (1) âíåñåíû îãðàíè÷åíèÿ, ñâÿ-

çàííûå ñ îáÿçàòåëüíûì âíåäðåíèåì äîïîëíèòåëü-

íîãî óñëîâèÿ ýôôåêòèâíîñòè, íåïðèìåíèìîãî â èñ-

õîäíîé ïîñòàíîâêå â ñâÿçè ñ òåì, ÷òî âåðîÿòíîñòíûå

âåñîâûå êîýôôèöèåíòû íå ìîãóò áûòü èñïîëüçîâà-

íû â ôóíêöèÿõ, îñíîâàííûõ íà ïîêàçàòåëÿõ ñîñòî-

ÿíèé, ò. å. x Ni
i N

�
�
� �� ) ïðè s si j� � 0 (ãäå xi —

i-é ýëåìåíò ñèñòåìû).

Â ðåçóëüòàòå ïîëó÷åíà öåëåâàÿ ôóíêöèÿ âèäà [4]:

G = (N, v(S)), (2)

ãäå N — êîíå÷íîå ìíîæåñòâî àãåíòîâ-èãðîêîâ;

N = {1, …, n};

v(S):2N � R — õàðàêòåðèñòè÷åñêàÿ ôóíêöèÿ;

v(�) = 0.

Â êà÷åñòâå àíàëèòè÷åñêîé ôóíêöèè ïðèíÿòèÿ

ðåøåíèÿ ïðè âûáîðå àãåíòîâ-èãðîêîâ ni äåéñòâó-

þùåé êîàëèöèè èñïîëüçóåòñÿ ðåçóëüòèðóþùåå ïî-

ëîæåíèå î ðàöèîíàëèçàöèè âûáîðà ñîñòîÿíèé òåî-

ðåìû Ïàïïà – Ïàñêàëÿ.

Êîìïëåêñíûå (ñâîäíûå) ïîêàçàòåëè ñîñòîÿíèé èñ-

ïûòóåìûõ (ïðè äèàãíîñòèêå òåêóùåãî ñîñòîÿíèÿ)

ïåðåíîñÿòñÿ íà êðèâûå (S:{si, sj}k, k S� 1, ), à çàòåì

àïïðîêñèìèðóþòñÿ è ïåðåíîñÿòñÿ â ïîëÿðíóþ ñèñòå-

ìó êîîðäèíàò. Ðåçóëüòàò îòîáðàæàåòñÿ íà àáñòðàêò-

íóþ ïîëÿðíóþ ïëîñêîñòü. Òåîðåìà ïîçâîëÿåò îïðåäå-

ëèòü îòíîñèòåëüíóþ ñèíõðîííîñòü äåéñòâèé àãåíòîâ-

èãðîêîâ, ÷òî îáåñïå÷èâàåò ýôôåêò ðàöèîíàëèçàöèè

âûáîðà (ðèñ. 3).

Ïðåäïîëàãàåòñÿ ñëåäóþùèé ñöåíàðèé ðàöèîíà-

ëèçàöèè âûáîðà ÷ëåíîâ áðèãàä èç øòàòíîãî ñîñòàâà

ñ ó÷åòîì ïîñòîÿííûõ èçìåíåíèé êàäðîâîãî ñîñòàâà

îïåðàòèâíûõ ñëóæá: åñëè ìíîãîóãîëüíèê, ïîñòðî-

åííûé â ðåçóëüòàòå íàëîæåíèÿ íåïåðåñåêàþùèõñÿ

àïïðîêñèìèðîâàííûõ êðèâûõ íà ïîâåðõíîñòü îäíîé

ïîëÿðíîé ïëîñêîñòè, “âïèñàí” â ïàðó ïðÿìûõ, òî òî÷-

êè ïåðåñå÷åíèÿ ïàð ïðîòèâîïîëîæíûõ ñòîðîí ëåæàò

íà îäíîé ïðÿìîé. Êîððåêòíà òàêæå îáðàòíàÿ ïîñòà-

íîâêà çàäà÷è: åñëè ïîëó÷åííûå ïåðåñå÷åíèÿ íå ëå-

æàò íà îäíîé ïðÿìîé, òî ÷ëåíû áðèãàäû íå ñèíõðî-

íèçèðîâàíû ïî òåêóùèì ñîñòîÿíèÿì è íå ñîñòàâÿò

êîàëèöèþ. Äàííàÿ ìåòîäîëîãèÿ èñïîëüçóåòñÿ êàê äëÿ

êîàëèöèé, ñîñòîÿùèõ èç îäíîãî àãåíòà, òàê è äëÿ êî-

àëèöèé èç ïðîèçâîëüíîãî ÷èñëà àãåíòîâ-èãðîêîâ.

Òàêèì îáðàçîì, ïîêàçàíî, ÷òî ïðåäñòàâëåííûå

ìåòîäû ðàöèîíàëèçàöèè ðåñóðñîâ ïðè êîìïëåêñ-

íîì èñïîëüçîâàíèè ñ îáùèìè êðèòåðèÿìè èìåþò

îáùåå ôîðìàëüíîå îñíîâàíèå, ñâîäèìîå ê åäèíîé

öåëåâîé ôóíêöèè G. Ñëåäîâàòåëüíî, ìåõàíèçì îáî-

ñíîâàííîãî ôîðìèðîâàíèÿ âðåìåííûõ êîàëèöèé S

àãåíòîâ-èãðîêîâ âïîëíå ðåàëèçóåì. Ïðè ýòîì òàêæå

íåîáõîäèìî ó÷åñòü, ÷òî ðåøàåòñÿ çàäà÷à, ïðè êîòî-
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ðîé íåèçìåíÿåìîå óñëîâèå ïîñòîÿííîãî ñîêðàùå-

íèÿ ÷èñëåííîãî ñîñòàâà ÿâëÿåòñÿ îáÿçàòåëüíûì.

Ìîäåëèðîâàíèå ýëåìåíòà êîððåêòèðóåìîé
îáðàòíîé ñâÿçè ñèñòåìû ïîääåðæêè

óïðàâëåíèÿ êàäðîâîé ñëóæáîé

Äëÿ ïîëó÷åíèÿ çíà÷åíèé ñîñòîÿíèé èñïûòóåìûõ

ïðè ïîñòðîåíèè êðèâîé S ïðèìåíÿåòñÿ àäàïòèðî-

âàííûé ïîä ïðåäìåòíóþ îáëàñòü îäèí èç âàðèàíòîâ

ìîäèôèöèðîâàííîé îáðàòíîé çàäà÷è ïî Ñ. Â. Åìåëü-

ÿíîâó (ðèñ. 4).

Â ñóùåñòâóþùèé âàðèàíò ôóíêöèè îáðàòíîé çà-

äà÷è âíåñåíû ñëåäóþùèå èçìåíåíèÿ: óñòðàíåí ïà-

ðàìåòð êîîðäèíàòíîãî âîçìóùåíèÿ è îáðàòíûé ïà-

ðàìåòð ëèíåéíîãî îïåðàòîðà êàê çàâèñèìûå îò ïî-

êàçàòåëÿ ïåðèîäè÷íîñòè.

Â ðåçóëüòàòå ôóíêöèÿ îáðàòíîé çàäà÷è ïðèíèìà-

åò âèä:

y P R u v R Q R P P Q y� �� � � � �� �2 1
3 3

2 2 1 2
3( ) ( )

= R Q P y2
31( ) ,�

(3)

ãäå y — ðåãóëèðóåìàÿ êîîðäèíàòà;
��P2 — êîððåêòèðóåìûé êîýôôèöèåíò îáðàòíîé

ñâÿçè;

R — ðåãóëÿòîð;

u — óïðàâëÿþùèé ñèãíàë;

Q — îïåðàòîð êîððåêòèðóþùåé ñâÿçè.

Íåîáõîäèìî ó÷åñòü, ÷òî ïîêàçàòåëü ïðîìåæó-

òî÷íîãî ñîñòîÿíèÿ z òàêæå èçìåíåí íà ñîêðàùåííîå

ïðåäñòàâëåíèå: z P P u� �
2 1

3, à ïîïðàâî÷íûé êîýôôè-

öèåíò r íå çàâèñèò îò ïåðèîäè÷åñêîãî ïîêàçàòåëÿ,

Ðèñ. 3. Ðàöèîíàëèçàöèÿ âçàèìîîòíîøåíèé

Fig. 3. Rationalizing relationships

Ðèñ. 4. Îïèñàíèå ïàðàìåòðîâ îáðàòíîé çàäà÷è: R — ðåãóëÿòîð, ôîðìèðóþùèé èç äîñòóïíîé èíôîðìàöèè òàêîé ñèãíàë óïðàâ-

ëåíèÿ u, ïðè êîòîðîì îøèáêà ðåãóëèðîâàíèÿ å ðàâíà íóëþ èëè ëåæèò â ïðåäåëàõ ãðàíèö

Fig. 4. Description of the parameters of the inverse problem: R — controller that generates, from the available information a control

signal u for which the control error e is zero or lies within the limits of the limits
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ò. å. r Qu P u� � �3 1 3.Äðóãèìè ñëîâàìè, òàê êàê çà-

ðàíåå ñëîæíî ïðåäîïðåäåëèòü âîçìîæíûå ïîêàçà-

òåëè ñîñòîÿíèÿ îòíîøåíèé ìåæäó àãåíòàìè-èãðî-

êàìè êîàëèöèé, çàâèñèìûå ïåðåìåííûå îáðàòíîé

çàäà÷è óñòðàíåíû èç èñõîäíûõ ôóíêöèé. Ïðè ýòîì

äèàïàçîí ðàçáðîñà èòîãîâûõ ðåøåíèé â äàííûõ óñëî-

âèÿõ íå èçìåíÿåòñÿ.

Êàê ñëåäñòâèå, çàäà÷à ñòàáèëèçàöèè íà ïðèíöèïå

äâóõêàíàëüíîñòè ìîäèôèöèðîâàíà â ñîîòâåòñòâèè

ñ èçìåíåíèÿìè, âíåñåííûìè â îáðàòíóþ ôóíêöèþ

y = Pu. Â ðåçóëüòàòå äåòàëüíî (íà âñåõ ïðîìåæóòî÷-

íûõ ýòàïàõ) òàêæå óñòðàíåíà ïðîáëåìà çàâèñèìîñòè

îò ïåðèîäè÷íîñòè óïðàâëÿþùåãî ñèãíàëà. Êîìïëåêñ-

íûé îïåðàòîð êîððåêòèðóþùåé ñâÿçè Q, îñíîâàííûé

íà àíàëèçå ñîñòîÿíèé êîàëèöèé àãåíòîâ-èãðîêîâ S,

ïîçâîëÿåò êîìïåíñèðîâàòü äàííûé ôàêòîð è îáåñ-

ïå÷èòü öåëîñòíîñòü âõîäíîé çàäàííîé íàãðóçêè u3,

÷òî òàêæå ó÷òåíî â ôóíêöèè (3) (ðèñ. 5) [7].

Îáÿçàòåëüíûì àðãóìåíòîì ïîëó÷åííîé îáðàò-

íîé çàäà÷è y ÿâëÿþòñÿ äèàãíîñòèðóåìûå ìíîæåñò-

âà ñîñòîÿíèé ïðè âíåñåíèè âåðîÿòíûõ èçìåíåíèé.

Ôîðìèðîâàíèå êîàëèöèé (1) èç øòàòíûõ àãåíòîâ-

èãðîêîâ íåïîñðåäñòâåííî ñâÿçàíî ñî ñðàâíèòåëüíîé

ôóíêöèåé íà îñíîâå îáîñíîâàíèÿ âûáîðà (àäàïòè-

ðîâàííîé ê èñõîäíûì óñëîâèÿì ïîñòàâëåííîé çàäà÷è

òåîðåìû Ïàïïà – Ïàñêàëÿ) ñ óñòàíîâëåííîé öåëåâîé

ôóíêöèåé (2). Ïðè ýòîì òàêæå ó÷òåíà ïðåäâàðèòåëü-

íî ñôîðìèðîâàííàÿ ïîñëåäîâàòåëüíîñòü óïðàâëÿ-

åìûõ ïðîöåññîâ, îáÿçàòåëüíûõ äëÿ ïðîõîæäåíèÿ êàæ-

äûì àãåíòîì-èãðîêîì êîàëèöèè.

Â ñâÿçè ñ òåì ÷òî â îñíîâíîé ìîäåëè ñâÿçåé ñó-

ùåñòâóåò äâå îòíîñèòåëüíî íåçàâèñèìûå ïîñëåäîâà-

òåëüíîñòè, âûäåëÿþòñÿ äâà íåçàâèñèìûõ ìíîæåñòâà

äàííûõ { }��P i2 è { } .��P j2 Ó÷òåí òîò ôàêòîð, ÷òî çíà÷å-

íèÿ ïîêàçàòåëåé íå ìîãóò ïåðåñåêàòüñÿ (i j� � 0),

íåñìîòðÿ íà òî ÷òî îäíî è òî æå äåéñòâèå ðàçíûõ àë-

ãîðèòìîâ ìîæåò ñîâïàäàòü. Ïîñëåäîâàòåëüíîñòü îï-

ðåäåëÿåò õîä ïðèíÿòèÿ ðåøåíèÿ, âëèÿþùåãî íà èòî-

ãîâûé ðåçóëüòàò, íàïðèìåð ïðèåì íà ñëóæáó èëè

óâîëüíåíèå èç ñòðóêòóðíîãî ïîäðàçäåëåíèÿ îïåðà-

òèâíîé ñëóæáû [8].

Äëÿ èòîãîâîãî ïàðàìåòðà êîððåêòèðîâêè y ïðå-

äóñòàíîâëåíû êðèòåðèè, à òàêæå ìîäåëè îöåíêè àãåí-

òîâ-èãðîêîâ êîàëèöèé, îïðåäåëÿþùèå ïðàâèëà ôîð-

ìèðîâàíèÿ ðåçóëüòàòîâ äèàãíîñòèêè.

Êîððåêòèðóþùèì âîçäåéñòâèåì ÿâëÿåòñÿ îáðàò-

íûé îïåðàòîð Q. Îïðåäåëÿþùèì êîððåêòíîñòè âû-

áîðà âûñòóïàþò ïðàâèëà ôîðìèðîâàíèÿ áðèãàä

îïåðàòèâíîé ñëóæáû äëÿ êàæäîãî ïðåäïîëàãàåìîãî

ñöåíàðèÿ. Ïðèìåðîì ðåçóëüòàòîâ ñîñòàâëåíèÿ áàçû

ïðàâèë ìîæåò ñëóæèòü âàðèàíò ðåàëèçàöèè äëÿ çâå-

íà ãàçîäûìîçàùèòíîé ñëóæáû (ÃÄÇÑ). Â ïðîöåññå

ðàáîòû ìîäåëè ïîëó÷åíû ïðàâèëà ðåãëàìåíòèðî-

âàííûõ è äîïóñòèìûõ ñöåíàðèåâ, à òàêæå ïðàâèëà

ñöåíàðèåâ ñ íàðóøåíèÿìè (ðèñ. 6).

Â öåëÿõ ïðîâåðêè êîððåêòíîñòè ðàçðàáîòàííîé

ìîäåëè ïðîâåäåíà ðàáîòà ïî îïðåäåëåíèþ ýôôåê-

òèâíîñòè âîñïðèÿòèÿ, óñâîåíèÿ è îáìåíà ïðîôåñ-

ñèîíàëüíîé èíôîðìàöèåé ñîòðóäíèêîâ íåñêîëüêèõ

ïîäðàçäåëåíèé ñïåöèàëüíîé ïîæàðíîé îõðàíû,

èìåþùèõ ñòàæ ðàáîòû íå ìåíåå îäíîãî ãîäà. Èññëå-

äîâàíèå ïðîâîäèëîñü â äâà ýòàïà: íà ïåðâîì îñó-

ùåñòâëÿëàñü òèïèçàöèÿ ñîòðóäíèêîâ, íà âòîðîì —

îöåíêà ïðîôåññèîíàëüíîé äåÿòåëüíîñòè ïî òðåì íà-

ïðàâëåíèÿì (ïîæàðîòóøåíèå, ïðîôèëàêòèêà, óïðàâ-

ëåíèå) [9].

Â ðåçóëüòàòå ðàáîòû ìîäåëè äëÿ êàæäîé êîàëè-

öèè àãåíòîâ-èãðîêîâ ìîãóò áûòü ïîëó÷åíû êîìïëåêñ-

íûå ïîêàçàòåëè:

� ôóíêöèîíàëüíàÿ, èíôîðìàöèîííàÿ è ïñèõîëîãè-

÷åñêàÿ ñòðóêòóðû êîëëåêòèâà â ñîîòâåòñòâèè ñ

çàäàííûìè öåëÿìè;

� ðàöèîíàëèçèðîâàííûé ñîñòàâ ïñèõîèíôîðìàöè-

îííûõ òèïîâ;

� áîëüøîé ìàññèâ èíôîðìàöèè î êàäðîâîì ïîòåí-

öèàëå êàê îòäåëüíîãî ñîòðóäíèêà, òàê è êîëëåê-

òèâà â öåëîì;

Ðèñ. 5. Îáðàòíàÿ êîððåêòèðóþùàÿ çàäà÷à

Fig. 5. An inverse corrective problem
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� ïðåäâàðèòåëüíîå ìîäåëèðîâàíèå âîçìîæíûõ

êàäðîâûõ ïåðåñòàíîâîê.

Òàêèì îáðàçîì, äîêàçàíî, ÷òî ñóùåñòâóåò ìåòî-

äîëîãèÿ ôîðìèðîâàíèÿ àäàïòèâíîé îáðàòíîé ñâÿçè

íà îñíîâå ãèáêîé ñèñòåìû äèàãíîñòèêè àãåíòîâ-èã-

ðîêîâ êîàëèöèé. Ïðåäñòàâëåíû îñîáåííîñòè îðãà-

íèçàöèè êîððåêòèðóþùåé ñèñòåìû âûáîðà îöåíîê

è øêàëèðîâàíèÿ [10, 11].

Çàêëþ÷åíèå

Ðàçðàáîòàííàÿ è ôîðìàëèçîâàííàÿ ìîäåëü ôîð-

ìèðîâàíèÿ îáîñíîâàíèé âíåñåíèÿ èçìåíåíèé â

øòàòíóþ ñòðóêòóðó îïåðàòèâíûõ ñëóæá (â óñëîâè-

ÿõ ïîñòîÿííûõ ñîêðàùåíèé) íåïîñðåäñòâåííî âîç-

äåéñòâóåò íà ñóùåñòâóþùèå ñèñòåìû èåðàðõè÷å-

ñêîãî óïðàâëåíèÿ ïðîôèëüíûõ îðãàíèçàöèé â

ôîðìå ïðàêòè÷åñêîé ðàçðàáîòêè (èíôîðìàöèîí-

íî-àíàëèòè÷åñêîé ñèñòåìû ïðèíÿòèÿ ðåøåíèé), ïî-

çâîëÿåò ïðîâîäèòü îöåíêó ñîñòîÿíèÿ âíîâü ñîçäàâà-

åìûõ êîàëèöèé (áðèãàä), ôîðìèðóåò ïðåäëîæåíèÿ

ïî ðàöèîíàëèçàöèè êàê â êîìïëåêñíîì, òàê è â ÷àñò-

íîì âèäå ñ ó÷åòîì òåêóùåãî ñîñòîÿíèÿ îáúåêòà â öå-

ëîì, à òàêæå ïðåäïîëàãàåìûõ âìåøàòåëüñòâ âíåø-

íèõ âîçìóùåíèé. Ïðåäëîæåííàÿ òåõíîëîãèÿ â

òåîðåòè÷åñêîì ïëàíå ïîçâîëÿåò îáîñíîâàòü ïðîöåñ-

ñû ïðèíÿòèÿ ðåøåíèé, â ïðàêòè÷åñêîì — ñôîðìè-

ðîâàòü íåîáõîäèìûå ýëåìåíòû ñîïðîâîæäàþùèõ

ñâîäíûõ îò÷åòîâ ñèñòåìû äîêóìåíòîîáîðîòà ïðî-

ôèëüíûõ îðãàíèçàöèé, à òàêæå çàëîæèòü íåêîòîðûå

îñíîâû äëÿ ñîçäàíèÿ èíòåãðèðîâàííûõ èíôîðìà-

öèîííûõ ñèñòåì ïîääåðæêè óïðàâëåíèÿ êàäðîâûõ

ñëóæá ñèñòåì êîìïëåêñíîé áåçîïàñíîñòè.
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ABSTRACT

Analysis of system for supporting the management of staff operational services in conditions of

constant staff reductions while fixing the target tasks of professional main activity is carried out.

Existing methods for modeling interaction of personnel organizations of different profiles, as well as



33ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2017 ÒÎÌ 26 ¹ 12

ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ, ×ÈÑËÅÍÍÛÅ ÌÅÒÎÄÛ È ÊÎÌÏËÅÊÑÛ ÏÐÎÃÐÀÌÌ

specialized software developments, were studied and analyzed. Classification of methods for

formalizing interaction of elements microsystems to solve operational problems in form of players

agents is carried out.

Model and algorithms of developed management support system that can form variants for

attracting players agents to personnel structure are presented with allowance for reduction of

numerical indicators for fixed target tasks using flexible form rules of preference and utility

coefficients. Practical use theory of multi-agent systems in formation of working groups is de-

monstrated using example of special fire protection units.

The developed and formalized model for the formation of justifications for making changes to

the regular structure of operational services (under conditions of permanent reductions) directly

affects the existing systems of hierarchical management of profile organizations in the form of

practical development (information and analytical decision-making system), allows assessing

the state of newly created coalitions brigades), forms proposals for rationalization, both in a complex

and in a private form, taking into account the current state of the object in general, as well as

the alleged interference of external disturbances. The proposed technology theoretically makes it

possible to justify the decision-making processes, in practical terms — to form the necessary elements

of accompanying consolidated reports of the document management system of profile organizations,

and also to lay some foundations for the creation of integrated information systems supporting

the management of personnel services of integrated security systems.

The developed methods and models were implemented when creating an information system

to support the adoption of managerial decisions to coordinate the actions of the staff in substantiating

the changes introduced to the staff, creating modules of the system of organization of the accounting

system in the conditions of constant personnel changes, as well as a system for diagnosing the status of

the formed brigades of operational services.

Keywords: models; management support system; staffing; operational services; criteria for proba-

bilistic interaction.
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