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Ïðåäûñòîðèÿ òåîðèè âåðîÿòíîñòåé - àçàðòíûå èãðû

Al-zar (àðàá.) � èãðàëüíàÿ êîñòü.

Õðèñòèàí Ãþéãåíñ

�ß ïîëàãàþ, ÷òî ïðè âíèìàòåëüíîì èçó÷åíèè ïðåäìåòà ÷èòàòåëü
çàìåòèò, ÷òî èìååò äåëî íå òîëüêî ñ èãðîé, íî ÷òî çäåñü
çàêëàäûâàþòñÿ îñíîâû î÷åíü èíòåðåñíîé è ãëóáîêîé òåîðèè.�

Ïüåð Ñèìîí Ëàïëàñ

�Çàìå÷àòåëüíî, ÷òî íàóêå, íà÷èíàâøåéñÿ ñ ðàññìîòðåíèÿ
àçàðòíûõ èãð, ñóæäåíî áûëî ñòàòü âàæíåéøèì îáúåêòîì
÷åëîâå÷åñêîãî çíàíèÿ.�
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Ïðåäûñòîðèÿ òåîðèè âåðîÿòíîñòåé - àçàðòíûå èãðû

Åïèñêîï Âèáîëä, �Ludus Regularis�, 960 ã.

×èñëî ðàçëè÷íûõ èñõîäîâ ïðè áðîñàíèè òðåõ èãðàëüíûõ êîñòåé
ðàâíî 56 (ïðàâèëüíûé îòâåò 216).

Îøèáêà Äàëàìáåðà

Âåðîÿòíîñòü òîãî, ÷òî äâå áðîøåííûå ìîíåòû âûïàäóò îðëîì,
ðàâíà 1/3 (ïðàâèëüíûé îòâåò 1/4).
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Ïåðåïèñêà Ïàñêàëÿ è Ôåðìà: ðîæäåíèå íàóêè

Ì. Â. Îñòðîãðàäñêèé

�Ïàñêàëü, à çà íèì Ôåðìà, ãåîìåòðû XVII ñòîëåòèÿ, ïî
ñïðàâåäëèâîñòè ñ÷èòàþòñÿ îñíîâàòåëÿìè íàóêè î
âåðîÿòíîñòÿõ�.

Çàäà÷è øåâàëüå äå Ìåðå (1607-1648)

Ñêîëüêî ðàç íóæíî ïîäáðîñèòü äâå êîñòè, ÷òîáû ÷èñëî
ñëó÷àåâ, áëàãîïðèÿòñòâóþùèõ âûïàäåíèþ äâóõ øåñòåðîê
õîòÿ áû ðàç, áûëî áîëüøå ÷èñëà ñëó÷àåâ, êîãäà íè ïðè
îäíîì áðîñêå íå âûïàäàåò äâóõ øåñòåðîê?

Êàê íóæíî ðàçäåëèòü ñòàâêó ìåæäó èãðîêàìè, êîãäà îíè
ïðåêðàòèëè èãðó, íå íàáðàâ íåîáõîäèìîãî äëÿ âûèãðûøà
÷èñëà î÷êîâ?
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Êëàññè÷åñêàÿ âåðîÿòíîñòü

ßêîá Áåðíóëëè, �Èñêóññòâî ïðåäïîëîæåíèé�, 1713

Âåðîÿòíîñòü ñîáûòèÿ � ýòî îòíîøåíèå ÷èñëà
áëàãîïðèÿòñòâóþùèõ ýòîìó ñîáûòèþ èñõîäîâ ê ÷èñëó âñåõ
âîçìîæíûõ ðàâíîâåðîÿòíûõ èñõîäîâ.

Ïðèìåð

Êàêîâà âåðîÿòíîñòü òîãî, ÷òî ïðè áðîñàíèè äâóõ êîñòåé ñóììà
âûïàâøèõ î÷êîâ íå áóäåò ïðåâîñõîäèòü ÷åòûðåõ?
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Ãåîìåòðè÷åñêàÿ âåðîÿòíîñòü

P[X ∈ B] =
S(B)

S(A)
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Ãåîìåòðè÷åñêàÿ âåðîÿòíîñòü

Æîðæ Áþôôîí, çàäà÷à îá èãëå, 1733

�Ãåîìåòðèÿ ìîæåò áûòü èñïîëüçîâàíà â êà÷åñòâå
àíàëèòè÷åñêîãî èíñòðóìåíòà â îáëàñòè òåîðèè âåðîÿòíîñòåé�.

Ïðèìåð: çàäà÷à î âñòðå÷å

Êàêîâà âåðîÿòíîñòü Âàøåé âñòðå÷è ñ äðóãîì, åñëè âû
äîãîâîðèëèñü âñòðåòèòüñÿ â îïðåäåëåííîì ìåñòå, ñ 12.00 äî
13.00 ÷àñîâ è æäåòå äðóã äðóãà â òå÷åíèå 5 ìèíóò?
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Äâóìåðíûé ïóàññîíîâñêèé ïðîöåññ
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Äâóìåðíûé ïóàññîíîâñêèé ïðîöåññ

P[µ(A) = k] =
(λS(A))k

k!
e−λS(A), P[µ(A) = 0] = e−λS(A).
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Äâóìåðíûé ïóàññîíîâñêèé ïðîöåññ

µ(A) è µ(B) íåçàâèñèìû.
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Ïóàññîíîâñêèé ïðîöåññ ïðÿìûõ

Èñòî÷íèê: C. Gloaguen, F. Fleischer, H. Schmidt, V. Schmidt,
Simulation of typical Cox�Voronoi cells with a special regard to
implementation tests.
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Ìîçàèêà Ïóàññîíà�Âîðîíîãî

Èñòî÷íèê: H. J. Hilhorst, Asymptotic statistics of the n-sided
planar Poisson�Voronoi cell.
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Òðåóãîëüíàÿ ðåøåòêà
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Ìîçàèêà Âîðîíîãî äëÿ òðåóãîëüíîé ðåøåòêè
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Òðàäèöèîííàÿ ìîäåëü äëÿ ñåòåé ñîòîâîé ñâÿçè

Èñòî÷íèê: http://www.rfwireless-world.com/Terminology/Cellular-
network-vs-Ad-Hoc-network.html
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Ñòîõàñòè÷åñêàÿ ìîäåëü

J. Andrews, F. Baccelli, and R. Ganti. "A tractable approach to
coverage and rate in cellular networks."IEEE Transactions on
Communications 59(11) (2011): 3122-3134.

Èñòî÷íèê: J. Andrews, H. Claussen, M. Dohler, Femtocells: Past,
present, and future.
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Ñðàâíåíèå ìîäåëåé

Òðàäèöèîííûå ðåøåòî÷íûå ñåòè âñå åùå íàèáîëåå ïîïóëÿðíû,
íî ñèñòåìû ñâÿçè 4G èìåþò áîëåå ìàëåíüêèå è íåïðàâèëüíûå
ÿ÷åéêè è ëó÷øå ìîäåëèðóþòñÿ òî÷å÷íûì ïóàññîíîâñêèì
ïðîöåññîì.
Èñòî÷íèê: J. Andrews, H. Claussen, M. Dohler, Femtocells: Past,
present, and future.
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Ðàññòîÿíèå äî áëèæàéøåé áàçîâîé ñòàíöèè

P[ξ > R] = e−λπR2
.

Âåðîÿòíîñòü ïîêðûòèÿ. Signal-to-inference-plus-noise ratio (SINR)

SINR =
hξ−α

σ2 +
∑
ξ−α
i

, α > 2.

P[SINR > T ] =?
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ÑÏÀÑÈÁÎ!
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