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îáúåêòû, ïðåäïîëàãàþùàÿ ñîçäàíèå ïðîìåæóòî÷íîé ãðóçîâîé ïëîùàäêè, íà êîòîðóþ íàçåìíûì
ïóòåì äîñòàâëÿþòñÿ êîíòåéíåðû ñî ñòàöèîíàðíûõ ñêëàäîâ, à óæå ñ ýòîé ïëîùàäêè – âåðòîëå-
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Êëþ÷åâûå ñëîâà: Àðêòè÷åñêàÿ çîíà; àâàðèéíûå îáúåêòû; ïîæàðíàÿ áåçîïàñíîñòü; ñèñòåìà äî-
ñòàâêè ãðóçîâ: óäàëåííûå îáúåêòû; ìîäåëü äâóõýòàïíîé äîñòàâêè ãðóçîâ.

DOI: 10.18322/PVB.2017.26.04.41-49

Àêòóàëüíîñòü äîñòàâêè ãðóçîâ
íà óäàëåííûå îáúåêòû

Ñîâðåìåííûé èñòîðè÷åñêèé ýòàï ðàçâèòèÿ Ðîññèé-

ñêîé Ôåäåðàöèè õàðàêòåðèçóåòñÿ èíòåíñèâíîé ðå-

àëèçàöèåé ïëàíîâ îñâîåíèÿ Àðêòè÷åñêîé çîíû (ÀÇ),

Ñèáèðè è Äàëüíåãî Âîñòîêà [1–5] — ðåãèîíîâ ñ

îãðîìíûìè çàïàñàìè ïðèðîäíûõ ðåñóðñîâ, èìåþùèõ

ñòðàòåãè÷åñêîå çíà÷åíèå. Â íàøåé ñòðàíå è çà ðóáå-

æîì âåäåòñÿ ìàñøòàáíàÿ äåÿòåëüíîñòü ïî ñîçäàíèþ

è ìîäåðíèçàöèè â ÀÇ îáúåêòîâ ñ âûñîêîé ñòåïåíüþ

àâòîíîìíîñòè — ãåîëîãî-ðàçâåäî÷íûõ áàç, äîáûâà-

þùèõ ïëàòôîðì, ìåòåîñòàíöèé, îáúåêòîâ âîåííîé

èíôðàñòðóêòóðû è äð., à òàêæå îáúåêòîâ, îáåñïå÷è-

âàþùèõ ðàáîòó Ñåâåðíîãî ìîðñêîãî ïóòè.

Ôóíêöèîíèðîâàíèå òàêèõ îáúåêòîâ ïðåäïîëàãà-

åò èõ ìàòåðèàëüíîå îáåñïå÷åíèå (äîñòàâêó ýíåðãî-

íîñèòåëåé, îáîðóäîâàíèÿ, ïðîäîâîëüñòâèÿ, ìåäèêà-

ìåíòîâ è ò. ï.), à òàêæå ñâîåâðåìåííóþ ëèêâèäàöèþ

íåøòàòíûõ ñèòóàöèé, â òîì ÷èñëå ïîæàðîâ è àâàðèé

[6–11]. Óäàëåííîñòü îáúåêòîâ, èõ àâòîíîìíîñòü, ñëîæ-

íûå êëèìàòè÷åñêèå è ìåòåîðîëîãè÷åñêèå óñëîâèÿ

îáóñëàâëèâàþò àêòóàëüíîñòü ðåøåíèÿ âîïðîñîâ,

ñâÿçàííûõ ñ ðàçðàáîòêîé ñïåöèàëüíûõ òåõíîëîãèé

äîñòàâêè íåîáõîäèìûõ ãðóçîâ íà ýòè îáúåêòû.

Îäíèì èç òàêèõ âîïðîñîâ ÿâëÿåòñÿ ñâîåâðåìåí-

íàÿ äîñòàâêà ñðåäñòâ ëîêàëèçàöèè è ëèêâèäàöèè ÷ðåç-

âû÷àéíûõ ñèòóàöèé (×Ñ), òàê êàê îïîçäàíèå ìîæåò

ïîâëå÷ü çà ñîáîé òÿæåëûå ïîñëåäñòâèÿ. Ê òàêèì ÷ðåç-

âû÷àéíûì ñèòóàöèÿì, â ïåðâóþ î÷åðåäü, ñëåäóåò îò-

íåñòè: àâàðèéíóþ îáñòàíîâêó ñ òåïëîñíàáæåíèåì

îáúåêòîâ è íàñåëåííûõ ïóíêòîâ; ïîæàðû è àâàðèè,

ñâÿçàííûå ñ âûáðîñîì (ðîçëèâîì) õèìè÷åñêè îïàñ-

íûõ âåùåñòâ è íåôòåïðîäóêòîâ; ýïèäåìèè è äð. Òàêèå

ïîòðåáíîñòè ìîãóò âîçíèêíóòü òàêæå ïðè ïîääåð-

æàíèè ôóíêöèîíèðîâàíèÿ âîåííîé èíôðàñòðóêòóðû.

Äëÿ òîãî ÷òîáû ìèíèìèçèðîâàòü âðåìÿ äîñòàâ-

êè â öåëîì, ðàçðàáàòûâàþòñÿ ïðèåìû è òåõíè÷åñêèå

ñðåäñòâà, èñïîëüçîâàíèå êîòîðûõ â ðàçëè÷íûõ ñî-
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÷åòàíèÿõ ïîçâîëÿåò ñîêðàòèòü âðåìÿ ëîãèñòè÷åñêèõ

è òðàíñïîðòíûõ îïåðàöèé. Ñîâîêóïíîñòü ýòèõ ôàê-

òîðîâ ñîçäàåò ïðåäïîñûëêè ê âûäåëåíèþ ðåøåíèÿ

ýòîé çàäà÷è â îòäåëüíîå ïîíÿòèå — àâàðèéíàÿ ëî-

ãèñòèêà. Â îáùåì, åå ìîæíî îõàðàêòåðèçîâàòü êàê

íàáîð òåõíîëîãèé è ñîâîêóïíîñòü òåõíè÷åñêèõ

ñðåäñòâ, ïîçâîëÿþùèõ îáåñïå÷èòü ñâîåâðåìåííîå

ñîñðåäîòî÷åíèå ñèë è ñðåäñòâ äëÿ ëîêàëèçàöèè è

ëèêâèäàöèè àâàðèé è ×Ñ, â ñëó÷àå åñëè îíè íå ìî-

ãóò áûòü äîñòàâëåíû çàðàíåå ëèáî èõ äîñòàâêà ýêî-

íîìè÷åñêè íåöåëåñîîáðàçíà.

Â äàííîé ñòàòüå áóäåò ðàññìîòðåíî ìîäåëèðîâà-

íèå ïðîöåññà äîñòàâêè íåîáõîäèìûõ ãðóçîâ ïðèìå-

íèòåëüíî ê òðóäíîäîñòóïíûì ðàéîíàì, íàïðèìåð,

Àðêòè÷åñêîé çîíû Ðîññèéñêîé Ôåäåðàöèè, Ñèáèðè

è Äàëüíåãî Âîñòîêà.

Â íàñòîÿùåå âðåìÿ èñïîëüçóþòñÿ íåñêîëüêî

òåõíîëîãèé äîñòàâêè — êàðàâàííàÿ, àâèàòðàíñïîð-

òîì, ìîðñêèì ïóòåì (ñïåöèàëüíûìè ñóäàìè è ëåäî-

êîëàìè). Îäíàêî íàèáîëåå ïåðñïåêòèâíîé ïðåäñòàâ-

ëÿåòñÿ òåõíîëîãèÿ äâóõýòàïíîé äîñòàâêè ãðóçîâ [12],

õîðîøî çàðåêîìåíäîâàâøàÿ ñåáÿ â Àðõàíãåëüñêîé

îáëàñòè. Ñóùíîñòü åå çàêëþ÷àåòñÿ â òîì, ÷òî îáîðó-

äóåòñÿ ñïåöèàëüíàÿ ïðîìåæóòî÷íàÿ ãðóçîâàÿ ïëî-

ùàäêà (ÏÃÏ), íà êîòîðóþ ñ áàç è îñíîâíûõ ñêëàäîâ

íàçåìíûì òðàíñïîðòîì ïåðåìåùàþòñÿ êîíòåéíåðû

ñ íåîáõîäèìûìè ãðóçàìè, à çàòåì èç ÏÃÏ àâèàòðàíñ-

ïîðòîì (êàê ïðàâèëî, âåðòîëåòàìè) ãðóçû äîñòàâëÿ-

þòñÿ íà óäàëåííûå îáúåêòû ÀÇ (ðèñ. 1). Ïðè ýòîì

ïðîòÿæåííîñòü äîðîãîñòîÿùèõ è ìåòåîçàâèñèìûõ

÷åëíî÷íûõ âåðòîëåòíûõ ìàðøðóòîâ ñâîäèòñÿ ê ìè-

íèìóìó.

Òàêèì îáðàçîì, ïðåäñòàâëÿåòñÿ öåëåñîîáðàçíûì

ðàçðàáîòàòü ìàòåìàòè÷åñêóþ ìîäåëü äâóõýòàïíîé

äîñòàâêè äëÿ ðåøåíèÿ çàäà÷ àíàëèçà è ñèíòåçà ñèñ-

òåìû äîñòàâêè ãðóçîâ íà àâàðèéíûå óäàëåííûå îáú-

åêòû.

Ïîñòàíîâêà çàäà÷è ìîäåëèðîâàíèÿ
äâóõýòàïíîé äîñòàâêè ãðóçîâ

Â êà÷åñòâå ìàòåìàòè÷åñêîãî àïïàðàòà äëÿ ðàç-

ðàáîòêè òàêîé ìîäåëè, ïî ìíåíèþ àâòîðîâ, ìîæåò

áûòü èñïîëüçîâàíà òåîðèÿ ìàññîâîãî îáñëóæèâàíèÿ

(ÒÌÎ) [13], àäàïòèðîâàíèå ìåòîäîâ êîòîðîé [14]

ïîçâîëèò ñ äîñòàòî÷íîé àäåêâàòíîñòüþ îïèñàòü ïðî-

öåññ äâóõýòàïíîé äîñòàâêè ãðóçîâ.

Äëÿ áàçîâîé ìîäåëè ïðîöåññà äîñòàâêè èñïîëü-

çóåì ñëåäóþùèå îáùåïðèíÿòûå â ÒÌÎ äîïóùåíèÿ:

à) îäíà ÏÃÏ âìåñòèìîñòüþ Å (ò. å. ðàññ÷èòàííàÿ

íà ìàêñèìàëüíîå êîëè÷åñòâî åäèíèö ãðóçîâ Å) îáåñ-

ïå÷èâàåò ñíàáæåíèå N óäàëåííûõ îáúåêòîâ;

á) ñî ñòàöèîíàðíîãî ñêëàäà íà ÏÃÏ ñ èíòåíñèâ-

íîñòüþ µ äîñòàâëÿþòñÿ êîíòåéíåðû ñî ñðåäíåé

ïåðèîäè÷íîñòüþ tñð = �–1, à îò êàæäîãî i-ãî èç N

îáúåêòîâ ñ èíòåíñèâíîñòüþ �i ïîñòóïàþò çàÿâêè íà

êîíòåéíåðû ñî ñðåäíåé ïåðèîäè÷íîñòüþ ti i� �� 1

(i = 1, …, N);

â) ñðåäíåå âðåìÿ ïîñòóïëåíèÿ êîíòåéíåðîâ íà

ÏÃÏ ââèäó ïîãîäíûõ óñëîâèé è äðóãèõ ôàêòîðîâ ìî-

æåò íîñèòü ñëó÷àéíûé õàðàêòåð è ïîä÷èíåíî ýêñïî-

íåíöèàëüíîìó çàêîíó [15] ñ ïàðàìåòðîì �; ïåðèî-

äè÷íîñòü çàÿâîê ñ îáúåêòîâ òàêæå ñëó÷àéíà (ïîìèìî

ïëàíîâûõ ïîòðåáíîñòåé, ìîæåò âîçíèêàòü ýêñòðåí-

íàÿ íåîáõîäèìîñòü â ãðóçàõ èç-çà íåøòàòíûõ ñèòóà-

öèé) è ïîä÷èíåíà ýêñïîíåíöèàëüíîìó çàêîíó ñ ïà-

ðàìåòðàìè {�i}. Ðÿä èññëåäîâàíèé ïîêàçûâàåò, ÷òî

ìîæåò áûòü èñïîëüçîâàíî ïîêàçàòåëüíîå ðàñïðåäå-

ëåíèå, ò. å. ðàñïðåäåëåíèå Ýðëàíãà íóëåâîãî ïîðÿä-

êà [16, 17];

ã) ïðîöåññ ïðèåìà-îáñëóæèâàíèÿ çàÿâîê ñ îáú-

åêòîâ (äîñòàâêè âåðòîëåòàìè êîíòåéíåðîâ íà óäà-

ëåííûå îáúåêòû) óñòàíîâèâøèéñÿ.

Òîãäà äâóõýòàïíàÿ äîñòàâêà ãðóçîâ ìîæåò áûòü

ïðåäñòàâëåíà â âèäå ñèñòåìû ìàññîâîãî îáñëóæèâà-

íèÿ (ÑÌÎ), ïðåáûâàþùåé â {S} ñîñòîÿíèÿõ ñ ñîîò-

âåòñòâóþùèìè âåðîÿòíîñòÿìè {p}. Èç âåðîÿòíîñòåé

Ðèñ. 1. Òåõíîëîãèÿ äâóõýòàïíîé äîñòàâêè ãðóçîâ: 1 —

îñíîâíîé ñêëàä; 2 — òðàíñïîðòèðîâêà ãðóçîâ íàçåìíû-

ìè ñðåäñòâàìè; 3 — ÏÃÏ; 4 — äîñòàâêà àâèàòðàíñïîð-

òîì; 5 — óäàëåííûå îáúåêòû
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{p} ìîãóò áûòü ñôîðìèðîâàíû îáîáùåííûå âåðî-

ÿòíîñòè ñîñòîÿíèé ÑÌÎ: ðø — íà îáúåêòàõ øòàò-

íûé ðåæèì ðàáîòû, íèêàêèõ çàÿâîê îò íèõ íå ïîñòó-

ïàåò; ðï — õîòÿ áû íà îäíîì îáúåêòå âîçíèêëà ïî-

òðåáíîñòü â ïîëó÷åíèè ãðóçà, íî ÏÃÏ ïóñòà; ðê —

âîçíèêëà êðèçèñíàÿ ñèòóàöèÿ: ñî âñåõ N îáúåêòîâ

ïîñòóïèëè çàÿâêè íà ãðóçû, íî ÏÃÏ ïóñòà, ïîýòîìó

âîçìîæåí ïîëíûé îñòàíîâ ôóíêöèîíèðîâàíèÿ âñå-

ãî êîìïëåêñà óäàëåííûõ îáúåêòîâ.

Çàäà÷à àíàëèçà ÑÌÎ ôîðìóëèðóåòñÿ ñëåäóþùèì

îáðàçîì: èçâåñòíû âåëè÷èíû N, E,�è {�i}. Òðåáóåò-

ñÿ îöåíèòü âåðîÿòíîñòè ðø, ðï è ðê. Çàäà÷à ñèíòåçà â

îäíîì âàðèàíòå ìîæåò ôîðìóëèðîâàòüñÿ òàê: èçâåñò-

íû âåëè÷èíû N, E, {�i} è çàäàíû îãðàíè÷åíèÿ íà

äîïóñòèìûå çíà÷åíèÿ âåðîÿòíîñòåé {ðø, ðï, ðê}
äîï.

Òðåáóåòñÿ îïðåäåëèòü òàêóþ èíòåíñèâíîñòü � ïîä-

âîçà ãðóçîâ (íà ÏÃÏ), ïðè êîòîðîé áóäóò ñîáëþäàòü-

ñÿ óñëîâèÿ:

ð pø ø
äîï ; ð pï ï

äîï! ; ð pê ê
äîï! . (1)

Â äðóãîì âàðèàíòå çàäà÷à ñèíòåçà ìîæåò ôîðìó-

ëèðîâàòüñÿ ñëåäóþùèì îáðàçîì: èçâåñòíû âåëè÷è-

íû N, �, {�i} è çàäàíû îãðàíè÷åíèÿ (1). Òðåáóåòñÿ

îïðåäåëèòü íåîáõîäèìóþ åìêîñòü ÏÃÏ Å. Âîçìîæ-

íû è äðóãèå ôîðìóëèðîâêè çàäà÷è ñèíòåçà.

Ìàòåìàòè÷åñêèå ìîäåëè äâóõýòàïíîé
äîñòàâêè ãðóçîâ äëÿ äâóõ è òðåõ îáúåêòîâ

Ñëó÷àé 1 (îáùèé)

Ðàññìîòðèì ìîäåëè äâóõýòàïíîãî ïîäâîçà ãðó-

çîâ íà äâà (N = 2) è òðè (N = 3) îáúåêòà. Ãðàôû ïåðå-

õîäîâ äëÿ ñîîòâåòñòâóþùèõ èì ÑÌÎ ïðèâåäåíû íà

ðèñ. 2,à è 2,á, îïèñàíèÿ ñîñòîÿíèé äàííûõ ÑÌÎ —

â òàáë. 1, âûðàæåíèÿ äëÿ îöåíêè âåðîÿòíîñòåé {p}

— â òàáë. 2.

Â ÷àñòíîñòè, äëÿ äâóõîáúåêòíîé ÑÌÎ (N = 2)

îáîáùåííûå âåðîÿòíîñòè ðø, ðï è ðê ìîãóò áûòü

îïðåäåëåíû ïî âûðàæåíèÿì:

p ð ð ð ðø � � � � �0 1 2 3

� �
� �

� � � � � �

�
"

1
2

1 2

1 2 1 2

1 2 1 2 1 2

1

� � � �

� � � � � �( )

;
i

i

E

(2)

ðï = 1 – ðø =

�
� �

� � � � � �

�
"

� � � �

� � � � � �

1 2 1 2

1 2 1 2 1 2

1

2

1 2 ( )

;
i

i

E

(3)

pê = p3 =

�

� � � � � �

�
"

2

1 2

1 2

1 2 1 2 1 2

1

� �

� � � � � �( )

,
i

i

E

(4)

ãäå �1, �2 — ïðèâåäåííûå íàãðóçêè äëÿ 1-ãî è 2-ãî

îáúåêòîâ; �1 = �1/�, �2 = �2/�.

Äëÿ òðåõîáúåêòíîé ÑÌÎ (N = 3) îáîáùåííûå âå-

ðîÿòíîñòè ðø, ðï è ðê ìîãóò áûòü îïðåäåëåíû ïî âû-

ðàæåíèÿì:

Ðèñ. 2. Ãðàôû ïåðåõîäîâ äëÿ

äâóõîáúåêòíîé (N = 2) (à)

è òðåõîáúåêòíîé (N = 3) (á)

ÑÌÎ
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Ãðàô {S} Ñîñòîÿíèå

Ðèñ. 2,a
N = 2

S0 Çàÿâîê îò îáúåêòîâ íå ïîñòóïèëî íà ÏÃÏ êîí-
òåéíåðîâ íåò

S1 Ïîñòóïèëà çàÿâêà îò 1-ãî îáúåêòà Sï

S2 Ïîñòóïèëà çàÿâêà îò 2-ãî îáúåêòà

S3 Ïîñòóïèëè çàÿâêè îò îáîèõ îáúåêòîâ Sê

S4 Çàÿâîê îò îáúåêòîâ íå ïîñòóïèëî, íà ÏÃÏ 1 êîíòåéíåð

S5 Çàÿâîê îò îáúåêòîâ íå ïîñòóïèëî, íà ÏÃÏ 2 êîíòåéíåðà

… …

S3+Å Çàÿâîê îò îáúåêòîâ íå ïîñòóïèëî, íà ÏÃÏ Å êîíòåéíåðîâ

Ðèñ. 2,á
N = 3

S0 Çàÿâîê îò îáúåêòîâ íå ïîñòóïèëî íà ÏÃÏ êîí-
òåéíåðîâ íåò

S1 Ïîñòóïèëà çàÿâêà îò 1-ãî îáúåêòà Sï

S2 Ïîñòóïèëà çàÿâêà îò 2-ãî îáúåêòà

S3 Ïîñòóïèëà çàÿâêà îò 3-ãî îáúåêòà

S4 Ïîñòóïèëè çàÿâêè îò 1-ãî è 2-ãî îáúåêòîâ

S5 Ïîñòóïèëè çàÿâêè îò 1-ãî è 3-ãî îáúåêòîâ

S6 Ïîñòóïèëè çàÿâêè îò 2-ãî è 3-ãî îáúåêòîâ

S7 Ïîñòóïèëè çàÿâêè îò âñåõ òðåõ îáúåêòîâ Sê

S8 Çàÿâîê îò îáúåêòîâ íå ïîñòóïèëî, íà ÏÃÏ 1 êîíòåéíåð

S9 Çàÿâîê îò îáúåêòîâ íå ïîñòóïèëî, íà ÏÃÏ 2 êîíòåéíåðà

… …

S7+Å Çàÿâîê îò îáúåêòîâ íå ïîñòóïèëî, íà ÏÃÏ Å êîíòåéíåðîâ

Òàáëèöà 1. Ñîñòîÿíèÿ ñèñòåìû äâóõýòàïíîãî îáñëóæèâàíèÿ çàÿâîê îò äâóõ è òðåõ îáúåêòîâ

N Èñõîäíûå óðàâíåíèÿ ßâíûå âûðàæåíèÿ

2 0 = – ð0 (�1 + �2 + �) + � (ð1 + ð2) + (�1 + �2) ð4;

0 = �1 ð0 – (�2 + �) ð1 + 0,5� ð3;

0 = �2 ð0 – (�1 + �) ð2 + 0,5� ð3;

0 = �2 ð1 + �1 ð2 – � ð3;

0 = � ð0 – (�1 + �2 + �) ð4 + (�1 + �2) ð5;

0 = � ð4 – (�1 + �2 + �) ð5 + (�1 + �2) ð6;

…

0 = � ðN+E – (�1 + �2) ðN+1+E

ð i

i

E

0
1

1 2 1 2 1 2

1

1 2� �

�

� � � � � �"� � � � � �( ) ;

ð1 = �1 ð0; ð2 = �2 ð0; ð3 = 2�1�2 ð0;

ði
i

i

E

�
�

�

� �"3 1 2

1

( ) ;� � i = 1, …, E

3 0 = – ð0 (�1 + �2 + �3 + �) +

+ � (ð1 + ð2 + ð3) + (�1 + �2 + �3) ð8;

0 = �1ð0 – (�2 + �3 + �) ð1 + 0,5� (ð4 + ð5);

0 = �2 ð0 – (�1 + �3 + �) ð2 + 0,5� (ð4 + ð6);

0 = �3 ð0 – (�1 + �2 + �) ð3 + 0,5� (ð5 + ð6);

0 = �2 ð1 + �1 ð2 – (�3 + �) ð4 + �ð7�3;

0 = �3 ð1 + �1 ð3 – (�2 + �) ð5 + �ð7�3;

0 = �3 ð2 + �2 ð3 – (�1 + �) ð6 + �ð7�3;

0 = �3 ð4 + �2 ð5 + �1 ð6 – � ð7;

0 = � ð0 – (�1 + �2 + �3 + �) ð8 + (�1 + �2 + �3) ð9;

0 = � ð8 – (�1 + �2 + �3 + �) ð9 + (�1 + �2 + �3) ð10;

…

0 = � ðN+3+E – (�1 + �2 + �3) ðN+4+E

ð0
1

1 2 3 1 2 1 31 2 2� � � � � � � �� � � � � � �

� � � � � �

�
"2 62 3 1 2 3 1 2 3

1

� � � � � � � �( ) ;i

i

E

ð1 = �1 ð0; ð2 = �2 ð0; ð3 = �3 ð0; ð4 = 2�1�2 ð0;

ð5 = 2�1�3 ð0; ð6 = 2�2�3 ð0; ð7 = 6�1�2�3 ð0;

ði
i

i

E

�
�

�

� � �"7 1 2 3

1

( ) ;� � � i = 1, …, E

Ï ð è ì å ÷ à í è å . �i = �i /�, i = 1, …, N; ð0 + ð1 + ð2 + ð3 + … = 1.

Òàáëèöà 2. Âûðàæåíèÿ äëÿ îïðåäåëåíèÿ âåðîÿòíîñòåé ñîñòîÿíèé ÑÌÎ
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p p pi

i

E

i

i

E

ø � � �

� � �

� � � ��

�
�

�"
"

0

8

7 1 2 3

1

1 2 3 1

1

1 2

( )

(

� � �

� � � � � � � � � � � � � � �2 1 3 2 3 1 2 3 1 2 3

1

6� � � � � � �

�
") ( )

;
i

i

E
(5)

ðï = 1 – ðø; (6)

p pê � �

� � � � � � � �
7

1 2 3

1 2 3 1 2 1 3 2 3 1 2 3

6

1 2 6

� � �

� � � � � � � � � � � �( ) ( )

,

� � �1 2 3

1

� � �

�
" i

i

E
(7)

ãäå �3 — ïðèâåäåííàÿ íàãðóçêà äëÿ 3-ãî îáúåêòà;

�3 = �3/�.

Çàäà÷à àíàëèçà äëÿ äàííûõ ÑÌÎ ðåøàåòñÿ ïðÿ-

ìûì âû÷èñëåíèåì îáîáùåííûõ âåðîÿòíîñòåé ðø,

ðï è ðê ïî âûðàæåíèÿì (2)–(7). Çàäà÷à ñèíòåçà íå-

ñêîëüêî ñëîæíåå è ðåøàåòñÿ ïóòåì ïîäáîðà ïàðàìåò-

ðîâ � èëè Å, èñõîäÿ èç óñëîâèé (1).

Àíàëîãè÷íûì îáðàçîì ìîãóò áûòü ïîñòðîåíû

ãðàôû ïåðåõîäîâ è ðåøàòüñÿ çàäà÷è àíàëèçà è ñèí-

òåçà äëÿ áîëüøåãî ÷èñëà N îáúåêòîâ.

Ñëó÷àé 2 (÷àñòíûé)

Åñëè æå âñå N îáúåêòîâ îäèíàêîâû è ãåíåðè-

ðóþò çàÿâêè ñ îäèíàêîâîé èíòåíñèâíîñòüþ �, çàäà-

÷à ïîñòðîåíèÿ ìîäåëåé ÑÌÎ íåñêîëüêî óïðîùàåò-

ñÿ. Â òàáë. 3 ïðèâåäåíû ïåðå÷íè ñîñòîÿíèé {S} äëÿ

N-îáúåêòíîé ÑÌÎ ñ âìåñòèìîñòüþ ÏÃÏ Å, ãðàô êî-

òîðîé ïðåäñòàâëåí íà ðèñ. 3,à, à ñîîòâåòñòâóþùèå

èì âåðîÿòíîñòè {p} — â òàáë. 4. Îáîáùåííûå âåðî-

ÿòíîñòè ðø, ðï è ðê äëÿ ýòîãî óíèâåðñàëüíîãî ãðàôà,

Ðèñ. 3. Ãðàôû ïåðåõîäîâ äëÿ ÑÌÎ ñ îäíîðîäíûìè îáúåêòàìè: à — îáùèé ñëó÷àé; á — N = 1, E = 3; â — N = 2, E = 2; ã —

N = 3, E = 1

Ãðàô {S} Ñîñòîÿíèå

Ðèñ. 3,à S0 Çàÿâîê îò îáúåêòîâ íå ïîñòóïàëî íà ÏÃÏ
êîíòåéíåðîâ
íåò

S1 Ïîñòóïèëà çàÿâêà îò îäíîãî îáúåêòà Sï

… …

SN Ïîñòóïèëè çàÿâêè îò âñåõ N îáúåêòîâ Sê

SN+1 Çàÿâîê îò îáúåêòîâ íå ïîñòóïàëî, íà ÏÃÏ 1 êîíòåéíåð

SN+2 Çàÿâîê îò îáúåêòîâ íå ïîñòóïàëî, íà ÏÃÏ 2 êîíòåéíåðà

… …

SN+E Çàÿâîê îò îáúåêòîâ íå ïîñòóïàëî, íà ÏÃÏ Å êîíòåéíåðîâ

Òàáëèöà 3. Ñîñòîÿíèÿ ñèñòåìû äâóõýòàïíîãî îáñëóæèâàíèÿ çàÿâîê îò N îäíîðîäíûõ îáúåêòîâ
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ïðèãîäíûå äëÿ ðåøåíèÿ çàäà÷ àíàëèçà è ñèíòåçà,

ìîãóò áûòü îïðåäåëåíû ïî âûðàæåíèÿì:

p ð p p Ni
j

j

E

i N

N E

ø � � � �
�

�
�

�

�
�

�

�� �

�

""0 0

11

1 ( ) ;� (8)

ðê = ð0 N!�N, (9)

ãäå � — ïðèâåäåííàÿ íàãðóçêà, ãåíåðèðóåìàÿ êàæ-

äûì èç N îáúåêòîâ; � = �/�;

ð0 — âåðîÿòíîñòü òîãî, ÷òî íè îäèí èç N îáúåê-

òîâ çàÿâîê íå ïîäàë, à íà ÏÃÏ êîíòåéíåðîâ íåò.

Âåðîÿòíîñòü ðï ìîæåò áûòü íàéäåíà èç âûðàæå-

íèÿ (6), à âåðîÿòíîñòü ð0 — èç âûðàæåíèÿ

ð
N

N i
N

i
j

j

E

i

N

0
1

11

1� �

��

� �
�

� ""
!

( ) !
( ) .

�
� (10)

Äëÿ ÷àñòíûõ ñëó÷àåâ (ðèñ. 3,á–3,ã) âåðîÿòíîñòè,

ðàññ÷èòàííûå ïî âûðàæåíèÿì (8)–(10), ïðèâåäåíû

â òàáë. 5. Íàïðèìåð, ïðè�� 0,1 ñîãëàñíî ðèñ. #$á–3,ã

è òàáë. 5 ïîëó÷àåì:

N = 1, E = 3: ð0 = 1,902 %, ðø = 99,82 %, ðê = 0,190 %;

N = 2, E = 2: ð0 = 3,203 %, ðø = 99,29 %, ðê = 0,064 %;

N = 3, E = 1: ð0 = 8,798 %, ðø = 96,78 %, ðê = 0,053 %.

Ïîëó÷åííûå îöåíêè âïîëíå ñîãëàñóþòñÿ ñ ëîãè-

êîé: äåéñòâèòåëüíî, ÷åì áîëüøå îáúåêòîâ, òåì ìåíü-

øå âåðîÿòíîñòü, ÷òî âñå îíè ïîäàäóò çàÿâêè è áóäóò

îæèäàòü äîñòàâêè ãðóçîâ.

Âûâîäû

1. Ïîëó÷åííûå âûðàæåíèÿ äëÿ áàçîâûõ ÑÌÎ

çàÿâîê ñ îáúåêòîâ ìîãóò áûòü èñïîëüçîâàíû â ïðè-

êëàäíûõ çàäà÷àõ àâàðèéíîé ëîãèñòèêè äëÿ ðåøåíèÿ

çàäà÷ àíàëèçà è ñèíòåçà êàê äëÿ øòàòíîãî ðåæèìà

ðàáîòû, òàê è ïðè âîçíèêíîâåíèè íà îáúåêòàõ íå-

øòàòíûõ ñèòóàöèé — ïîæàðîâ, îòêàçîâ îáîðóäîâà-

íèÿ íà òðóäíîäîñòóïíûõ îáúåêòàõ è â íàñåëåííûõ

ïóíêòàõ, äîñòàâêó â êîòîðûå íàçåìíûì òðàíñïîð-

òîì íåâîçìîæíî îñóùåñòâèòü âîîáùå èëè ñâîåâðå-

ìåííî.

2. Â äàëüíåéøåì ïðåäñòàâëÿåòñÿ öåëåñîîáðàç-

íûì ó÷åñòü ðàçíîîáðàçèå ãðóçîâ (àâàðèéíûé èíñòðó-

ìåíò, ïðîäîâîëüñòâèå, òîïëèâî è äð.) è çàÿâîê ïî íèì

ïðè äâóõýòàïíîé äîñòàâêå äëÿ îáåñïå÷åíèÿ ôóíê-

öèîíèðîâàíèÿ òðóäíîäîñòóïíûõ îáúåêòîâ.
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Èñõîäíûå óðàâíåíèÿ ßâíûå âûðàæåíèÿ

0 = – p0 (N� + 1) + p1 + N� pN+1;

0 = (N – i + 1) � pi–1 – [(N – i)� + 1] pi + pi+1; i = 1, …, N – 1;

0 = � pN–1 – pN;

0 = p0 – (N� + 1) pN+1 + N� pN+2;

0 = pN+1 – (N� + 1) pN+2 + N� pN+3;
…
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ABSTRACT

The problem of timely delivery of needed goods to remote objects in the Arctic region and Siberia

is shown here. Distance of objects, their autonomy functioning, complex climate and weather

conditions determine the relevance of solving problems related to the development of special techno-

logies in the delivery of needed goods to these objects. Atwo-stage technology for delivering goods is

proposed in order to minimize delivery time of the goods which are required to extinguish a fire or

emergency response. It involves the creation of intermediate goods platforms (IGP). The containers

from the stationary stores move there, and from these platforms they move to the objects by

helicopters.

The queuing theory is used as a mathematical apparatus. Common assumptions are used for

the development of the model: goods area has a capacity E, the number of the supplied objects N,

container shipping from warehouses to the goods platform is carried out with intensity µ, requests for

containers of objects N comes with an intensity �, the values � and µ are the parameters of the

exponential distribution laws. The average time of the receipt of the containers to platforms and

requests from objects N is random. The process of receiving applications and sending containers to

distant objects is steady. The model of the two-stage delivery of goods is presented in the form of a

queuing system (QS), abiding in {S} states with the corresponding probabilities {p}.

QS analysis problem is formulated as follows: the values N, E,� and {� i} are known. It is required

to assess the probabilities pstaff, pdemand and pcrisis. The problem of synthesis in one variant may be

formulated as follows: the values N, E, {�i} are known, the limits on the allowable values of

probabilities are set {pstaff, pdemand, pcrisis}
add. It is required to determine the intensity � of the trans-

portation of goods, to observe the conditions:

p p p p p pstaff staff
add

demand demand
add

crisis crisi ! !; ; s
add , (1)

In another variant, the synthesis problem can be formulated as follows: the values N, �, {�i} are

known and the limits are set (1). It is required to determine the necessary capacity IGP E. There are

other possible formulations of the synthesis problem.

Models of delivery of goods for two or three distant objects are shown. Expressions to determine

the probabilities of conditions of two-stage goods delivery system are presented for these cases.

A special case when all N of the objects are the same and can generate applications with the same

intensity � is also shown here. These expressions can be used to deliver goods to distant objects

to solve the problems of analysis and synthesis, both for normal operation and also for the appearance

of abnormal situations — fires, accidents, equipment failures, inaccessible objects, where it is im-

possible or untimely to deliver the goods.

Keywords: Arctic zone; emergency facilities; fire safety; goods delivery system; distant objects;

two-stage model of delivery.
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