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Àííîòàöèÿ. Â ñòàòüå èçó÷àþòñÿ ôóíêöèè, çàâèñÿùèå îò ðåàëèçàöèè ñëó-
÷àéíîé âåëè÷èíû ñ ëîãàðèôìè÷åñêè íîðìàëüíûì ðàñïðåäåëåíèåì è äâóõ òè-
ïîâ ìàòåìàòè÷åñêèõ îæèäàíèé. Äàþòñÿ èíòåðïðåòàöèè ýòèõ ôóíêöèé è ìà-
òåìàòè÷åñêèõ îæèäàíèé â òåðìèíàõ àêòóàðíîé ìàòåìàòèêè. Ïðîâåäåí ñðàâ-
íèòåëüíûé àíàëèç äâóõ òèïîâ ìàòåìàòè÷åñêèõ îæèäàíèé ñ èñïîëüçîâàíèåì
ôîðìóë Áëýêà-Øîóëçà. Âûðàáîòàíû êðèòåðèè ïîä÷èíåíèÿ ñëó÷àéíîé âåëè-
÷èíû ñòîõàñòè÷åñêîìó óðàâíåíèþ äèôôóçèè. Ïîëó÷åííûå êðèòåðèè ïðîâå-
ðåíû íà ÷èñëåííîì ïðèìåðå èçìåíåíèÿ öåíû íà íåôòü è ìîãóò áûòü èñïîëü-
çîâàíû äëÿ ïðîãíîçèðîâàíèÿ ôèíàíñîâûõ êðèçèñîâ.

MSC2010 number: 60G51

Êëþ÷åâûå ñëîâà: ñòîõàñòè÷åñêîå óðàâíåíèå äèôôóçèè; ôîðìóëà Áëýêà-Øîóëçà;
ëîã-íîðìàëüíîå ðàñïðåäåëåíèå.

1. Ââåäåíèå

Ïóñòü çàôèêñèðîâàíà ðåàëèçàöèÿ f(t) ñëó÷àéíîé âåëè÷èíû S(t) íà êîíå÷-

íîì äèñêðåòíîì ìíîæåñòâå òî÷åê t0 = 0 < t1 < ... < tn, ò.å. èìååì âûáîð-

êó f(t0), f(t1),..., f(tn). Èññëåäóåòñÿ ñëåäóþùàÿ çàäà÷à: ïî çíà÷åíèÿì âûáîðêè

f(t0), f(t1),..., f(tn) îïðåäåëèòü ïîä÷èíÿåòñÿ ëè S(t) ñòîõàñòè÷åñêîìó óðàâíåíèþ

äèôôóçèè. Òàê êàê ñòîõàñòè÷åñêîå óðàâíåíèå äèôôóçèè ñëóæèò ìîäåëüþ ìíî-

ãèõ ñëó÷àéíûõ ïðîöåññîâ èçó÷àåìûõ â ôèíàíñîâîé ìàòåìàòèêå, òî ñòàíîâèòñÿ

ÿñíûì àêòóàëüíîñòü è âàæíîñòü äàííîé çàäà÷è.

Â ñòàòüå èçó÷àþòñÿ ôóíêöèè, çàâèñÿùèå îò âûáîðêè f(t0), f(t1),..., f(tn) è

äâóõ òèïîâ ìàòåìàòè÷åñêèõ îæèäàíèé. Íàéäåíû ñîîòíîøåíèÿ ìåæäó ýòèìè ôóíê-

öèÿìè, âûïîëíÿåìûå ïðè óñëîâèè, ÷òî âûáîðêà f(t0), f(t1),..., f(tn) âçÿòà èç ðå-

àëèçàöèè ñëó÷àéíîé âåëè÷èíû S(t) ïîä÷èíÿþùåéñÿ ñòîõàñòè÷åñêîìó óðàâíåíèþ

äèôôóçèè.
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Òåîðåòè÷åñêèå ðåçóëüòàòû ïðîâåðåíû íà ïðèìåðå èçìåíåíèÿ öåíû íà íåôòü çà

ïåðèîä ñ 1.12.2006 ïî 28.2.2009. Ïðîâåäåííîå ÷èñëåííîå ñðàâíåíèå ïîäòâåðäèëî

ñïðàâåäëèâîñòü ïîëó÷åííûõ ñâîéñòâ èçó÷åííûõ ôóíêöèé îò ðåàëèçàöèé.

2. Ïðåäâàðèòåëüíûå ñâåäåíèÿ èç òåîðèè ñòîõàñòè÷åñêèõ óðàâíåíèé

Ìîäåëüþ ìíîãèõ ñëó÷àéíûõ ïðîöåññîâ èçó÷àåìûõ â àêòóàðíîé ìàòåìàòèêå

ñëóæèò ñòîõàñòè÷åñêîå óðàâíåíèå äèôôóçèè

(2.1) dS(t) = r(t)S(t) dt+ σ(t)S(t) dW (t),

ãäå ñëó÷àéíàÿ âåëè÷èíà S(t) ñ íåïðåðûâíûì àðãóìåíòîì t ìîäåëèðóåò ïîâåäåíèå

öåíû êàêîãî-ëèáî òîâàðà â ìîìåíò âðåìåíè t, ôóíêöèÿ r(t) ïîêàçûâàåò ñêîðîñòü

èçìåíåíèÿ áàíêîâñêîé ñòàâêè (èíôëÿöèÿ), W (t) � áðîóíîâñêîå äâèæåíèå (ñëó-

÷àéíûé ãàóññîâñêèé ïðîöåññ ñ íåçàâèñèìûìè ïðèðàùåíèÿìè). Ðîëü äèñïåðñèè

èãðàåò ôóíêöèÿ σ(t), íàçûâàåìàÿ âîëàòèëüíîñòüþ ïðîöåññà.

Èçâåñòíàÿ ëåììà Èòî [1] óñòàíàâëèâàåò ïðàâèëî äèôôåðåíöèðîâàíèÿ ôóíê-

öèé îò ñëó÷àéíûõ âåëè÷èí, óäîâëåòâîðÿþùèõ ñòîõàñòè÷åñêîìó óðàâíåíèþ (2.1):

äëÿ ëþáîé äâàæäû äèôôåðåíöèðóåìîé ôóíêöèè F (S, t) èìååì

dF (S, t) =
∂F

∂t
dt+

∂F

∂S
dS +

1

2
σ2(t)S2(t)

∂2F

∂S2
dt.

Åñëè ïðèíÿòü F (S, t) = lnS, òî ïîëó÷èì ∂F
∂t = 0, ∂F

∂S = 1
S ,

∂2F
∂S2 = − 1

S2 è óðàâíåíèå

(2.1) ñâîäèòñÿ ê ñëåäóþùåìó ñòîõàñòè÷åñêîìó óðàâíåíèþ

(2.2) d lnS(t) =

(
r(t)− σ2(t)

2

)
dt+ σ(t) dW (t).

Òåîðåìà 2.1. [1] Â ñëó÷àå îòñóòñòâèÿ èíôëÿöèè r(t) = 0 è ïîñòîÿííîé âîëà-

òèëüíîñòè σ ðåøåíèåì ñòîõàñòè÷åñêîãî óðàâíåíèÿ (2.2) ñ íà÷àëüíûì óñëîâè-

åì S(0) = S0 ÿâëÿåòñÿ ñëó÷àéíàÿ âåëè÷èíà S(t), ó êîòîðîé lnS(t) èìååò íîð-

ìàëüíîå ðàñïðåäåëåíèå N(a(t), σ(t)) ñî ñðåäíèì a(t) = lnS0 − σ2t/2 è äèñïåðñèåé

σ(t) = σ2t.

Òåîðåìà 2.1 ñëóæèò ìîòèâàöèåé äëÿ ðàññìîòðåíèÿ â íàñòîÿùåé ñòàòüå ñëó-

÷àéíîé âåëè÷èíû S(t), ðàñïðåäåëåíèå êîòîðîé ïðåäïîëàãàåòñÿ ëîãàðèôìè÷åñêè

íîðìàëüíûì, ò.å. ñëó÷àéíàÿ âåëè÷èíà lnS(t) äëÿ êàæäîãî t èìååò íîðìàëüíîå

ðàñïðåäåëåíèå N(a(t), σ(t)) ñî ñðåäíèì a(t) è äèñïåðñèåé σ2(t).
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3. Äâà òèïà ìàòåìàòè÷åñêèõ îæèäàíèé è ôîðìóëû Áëýêà-Øîóëçà

Ìû èññëåäóåì ìàòåìàòè÷åñêoe îæèäàíèe ñëåäóþùåé ôóíêöèè îò S(t):

Me(t,K) = E[S(t)−K]+,

ãäå K � ïðîèçâîëüíàÿ ïîëîæèòåëüíàÿ êîíñòàíòà è

X+ =

{
X, åñëè X ≥ 0,

0 åñëè 0 ≥ X.

Ïóñòü ~t = (t1, t2, ..., tm) - ïîñëåäîâàòåëüíîñòü ìîìåíòîâ âðåìåíè t1 < t2 < ... < tm.

Ïîâåäåíèå âåëè÷èíû Me ìû áóäåì ñðàâíèâàòü ïðè òåõ æå çíà÷åíèÿõ ïàðàìåòðîâ

K è t ñ ìàòåìàòè÷åñêèì îæèäàíèeì ïîõîæåé ôóíêöèè îò òîé æå ñëó÷àéíîé

âåëè÷èíû S(t):

Ma

(
~t,K

)
= E[G

(
m,~t

)
−K]+,

ãäåG
(
m,~t

)
åñòü ñðåäíåå ãåîìåòðè÷åñêîåm ñëó÷àéíûõ âåëè÷èí S(ti), i = 1, 2, ...,m,

ò.å.

G
(
m,~t

)
= [S(t1) · S(t2) · · ·S(tm)]

1/m
, ~t = (t1, t2, ..., tm)

Ýòè ìàòåìàòè÷åñêèå îæèäàíèÿ ïðåäñòàâëÿþò èíòåðåñ â ôèíàíñîâîé ìàòåìàòè-

êå, òàê êàê åñëè ïðèíÿòü, ÷òî ñëó÷àéíàÿ âåëè÷èíà S(t) ìîäåëèðóåò ïîâåäåíèå

öåíû êàêîãî-ëèáî òîâàðà â ìîìåíò âðåìåíè t, òî Me ìîæíî èíòåðïðåòèðîâàòü

êàê îæèäàåìóþ öåíó åâðîïåéñêîãî îïöèîíà, à Ma ìîæíî èíòåðïðåòèðîâàòü êàê

îæèäàåìóþ öåíó àçèàòñêîãî îïöèîíà (ñì. [1]).

Îáîçíà÷èì ÷åðåç Φ(.) ôóíêöèþ ðàñïðåäåëåíèÿ ñòàíäàðòíîé íîðìàëüíîé ñëó-

÷àéíîé âåëè÷èíû N(0, 1).

Òåîðåìà 3.1. (Ôîðìóëà Áëýêà-Øîóëçà äëÿ åâðîïåéñêîãî îïöèîíà) Ïóñòü S(t) �

ñëó÷àéíàÿ âåëè÷èíà, ó êîòîðîé lnS(t) èìååò íîðìàëüíîå ðàñïðåäåëåíèå N(a, σ)

ñî ñðåäíèì a(t) = lnS0 − σ2t/2 è äèñïåðñèåé σ(t) = σ2t. Òîãäà

(3.1) Me(t,K) = E[S(t)−K]+ = S0Φ(d1)−KΦ(d2),

ãäå

d1 =
1

σ
√
t

(
lnS0 − lnK +

σ2t

2

)
,

d2 =
1

σ
√
t

(
lnS0 − lnK − σ2t

2

)
.

Çàìåòèì, ÷òî åñëè ñëó÷àéíàÿ âåëè÷èíà S(t), ìîäåëèðóåò ïîâåäåíèå öåíû êàêîãî-

ëèáî òîâàðà â ìîìåíò âðåìåíè t, òî (íå ñëó÷àéíóþ) âåëè÷èíó S0 ìîæíî èíòåð-

ïðåòèðîâàòü êàê öåíó òîâàðà â ìîìåíò âðåìåíè t = 0.
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Òåîðåìà 3.2. (Ôîðìóëà Áëýêà-Øîóëçà äëÿ àçèàòñêîãî îïöèîíà) Ïóñòü S(t) �

ñëó÷àéíàÿ âåëè÷èíà, ó êîòîðîé lnS(t) èìååò íîðìàëüíîå ðàñïðåäåëåíèå N(a, σ)

ñî ñðåäíèì a(t) = lnS0 − σ2t/2 è äèñïåðñèåé σ(t) = σ2t. Òîãäà

(3.2)

Ma

(
~t,K

)
= E[G

(
m,~t

)
−K]+ = exp

(
−m− 1

2m2
Tσ2

)
S0Φ(d1(m))−KΦ(d2(m)),

ãäå

d1(m) =
m

σ
√
T

(
lnS0 − lnK +

Tσ2

2m2
(2−m)

)
,

d2(m) =
m

σ
√
T

(
lnS0 − lnK − Tσ2

2m

)
, T = t1 + t2 + ...+ tm.

Ôîðìóëà (3.1) õîðîøî èçâåñòíà, ñì. íàïðèìåð, [1], [2]. Ôîðìóëà æå (3.2) ìåíåå

èçâåñòíà, â [1] îíà ïðèâåäåíà áåç äîêàçàòåëüñòâà. Äîêàçàòåëüñòâî ôîðìóëû (3.2)

ïðèâåäåíî â [3] è [4].

4. Îñíîâíûå ðåçóëüòàòû

Ñðàâíèâàÿ ôîðìóëû (3.1) è (3.2), íåòðóäíî âèäåòü, ÷òî ïðè m = 1, T = t1 = t

ïîëó÷àåì

Me(t,K) = Ma(t,K), äëÿ âñåõ t,K > 0,

÷òî ñîãëàñóåòñÿ ñ ðàâåíñòâîì ñëó÷àéíûõ âåëè÷èí S(t) è G(1, t).

Ðàññìîòðèì òåïåðü ñðåäíåå ãåîìåòðè÷åñêîå G(2, t1, t2) äâóõ ñëó÷àéíûõ âåëè-

÷èí S(t1) è S(t2). Îáîçíà÷èì dt = t2 − t1.
Òåîðåìà 4.1.Ïóñòü ñëó÷àéíàÿ âåëè÷èíà S(t) ïîä÷èíÿåòñÿ ñòîõàñòè÷åñêîìó óðàâ-

íåíèþ äèôôóçèè. Òîãäà äëÿ âñåõ t,K > 0 ïðè dt→ 0 èìååò ìåñòî

Ma(t,K) = E[G(2, t− dt, t)−K]+ = Me(t,K) +O(dt),

Äîêàçàòåëüñòâî. È ìååì

G(2, t− dt, t) =
√
S(t− dt) · S(t) =

√
[S(t− dt)− S(t) + S(t)] · S(t).

Ðàçëàãàÿ ïî ñòåïåíÿì dS = |S(t− dt)− S(t)|, ïîëó÷èì

(4.1) G(2, t, t+ dt) = S(t)

√
1 +

dS

S(t)
= S(t)

(
1 +

dS

2S(t)

)
+ o(dS).

Òàê êàê ñëó÷àéíàÿ âåëè÷èíà S(t) èìååò ëîãàðèôìè÷åñêè íîðìàëüíîå ðàñïðåäå-

ëåíèå ñ êîíå÷íîé äèñïåðñèåé, òî ìîæåì ïîìåíÿòü ìåñòàìè îïåðàöèè ïðåäåëüíîãî

ïåðåõîäà è óñðåäíåíèÿ è ïðè dt→ 0 èìååì

lim
dt→0

E|S(t− dt)− S(t)| = 0.
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Îòñþäà â ñèëó (4.1) ïîëó÷àåì

E|G(2, t, t+ dt)− S(t)| = O(dt).

Ñëåäîâàòåëüíî,

Ma(t,K) = E[G(2, t− dt, t)−K]+ = E[S(t)−K]+ +O(dt) = Me(t,K) +O(dt).

Òåîðåìà 4.1 äîêàçàíà.

Ïóñòü çàôèêñèðîâàíà ðåàëèçàöèÿ f(t) ñëó÷àéíîé âåëè÷èíû S(t) íà êîíå÷íîì

äèñêðåòíîì ìíîæåñòâå òî÷åê t0 = 0 < t1 < ... < tn = t, ò.å. èìååì âûáîðêó

f(t0) = S0, f(t1),...,f(tn). ×èñëà t0, t1, ..., tn ïîëàãàåì öåëûìè, à ÷èñëà f(ti) ïîëà-

ãàåì ïîëîæèòåëüíûìè. Äëÿ ôèêñèðîâàííîé ðåàëèçàöèè f(t) ðàññìîòðèì (íåñëó-

÷àéíóþ) ôóíêöèþ îò K è t

Le(t,K) = Me(t,K)− [f(t)−K]+.

Îòìåòèì, ÷òî Le(t,K) ìîæíî èíòåðïðåòèðîâàòü êàê âåëè÷èíó ïðèáûëè (èëè

óáûòêîâ) îò åâðîïåéñêîãî îïöèîíà, êóïëåííîãî êîãäà öåíà òîâàðà áûëà S0, ïðè

óñëîâèè, ÷òî â ìîìåíò âðåìåíè t öåíà òîâàðà ñòàëà f(t).

Äëÿ ôèêñèðîâàííîé ðåàëèçàöèè f(t) ïîâåäåíèå ôóíêöèè Le(t,K) ìû áóäåì

ñðàâíèâàòü ïðè òåõ æå çíà÷åíèÿõ àðãóìåíòîâ K è t ñ àíàëîãè÷íîé ôóíêöèåé

La(t,K) = Ma(t,K)−
[
G(m, f(~t))−K

]
+
,

ãäå G
(
m, f(~t)

)
åñòü ñðåäíåå ãåîìåòðè÷åñêîå m çíà÷åíèé f(ti), i = 1, 2, ...,m, ò.å.

G
(
m, f(~t)

)
= [f(t1) · f(t2) · · · f(tm)]

1/m
, ~t = (t1, t2, ..., tm)

Îòìåòèì, ÷òî La(t,K) ìîæíî èíòåðïðåòèðîâàòü êàê âåëè÷èíó ïðèáûëè (èëè

óáûòêîâ) îò àçèàòñêîãî îïöèîíà, êóïëåííîãî êîãäà öåíà òîâàðà áûëà S0, ïðè

óñëîâèè, ÷òî â ìîìåíòû âðåìåíè ti öåíà òîâàðà ñòàíîâèëàñü f(ti), i = 1, 2, ...,m.

Ðàññìîòðèì ñëó÷àé m = 2. Íàçîâåì ñêà÷êîì â òî÷êå t ðàçíîñòü

dJ(t) = f(t+ dt)− f(t).

Òåîðåìà 4.2.Ïóñòü ñëó÷àéíàÿ âåëè÷èíà S(t) ïîä÷èíÿåòñÿ ñòîõàñòè÷åñêîìó óðàâ-

íåíèþ äèôôóçèè. Òîãäà äëÿ âñåõ t,K > 0 ðàçíîñòü Le(t,K)− La(t,K) ïðåäñòà-

âèìà â âèäå ñóììû äâóõ ñëàãàåìûõ, ïðè÷åì ïðè dt → 0 îäíî ñëàãàåìîå èìååò

ïîðÿäîê O(dt), à âòîðîå èìååò ïîðÿäîê O(dJ):

Le(t,K)− La(t,K) = O(dt) +O(dJ).
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Äîêàçàòåëüñòâî. Èìååì

G(2, t, t+ dt) =
√
f(t+ dt) · f(t) =

√
dJ(t)f(t) + (f(t))2.

Ðàçëàãàÿ ïî ñòåïåíÿì dJ , ïîëó÷èì

G(2, t, t+ dt) = f(t)

√
1 +

dJ

f(t)
= f(t)

(
1 +

dJ

2f(t)

)
+ o(dJ).

Ñëåäîâàòåëüíî,

(4.2) |G(2, t, t+ dt)− f(t)| = O(dJ).

Ó÷èòûâàÿ ïîëîæèòåëüíîñòü ÷èñåë f(t), èìååì

Le(t,K)− La(t,K) = Me(t,K)−Ma(t,K)− [f(t)−K]+ + [G(2, t, t+ dt)−K]+

= Me(t,K)−Ma(t,K) +G(2, t, t+ dt)− f(t).

Îòñþäà â ñèëó ñîîòíîøåíèÿ (4.2) è Òåîðåìû 4.1, ñëåäóåò óòâåðæäåíèå Òåîðåìû

4.2.

Ñêà÷îê dJ íàçîâåì ìàëûì, åñëè îí èìååò ïîðÿäîê O(dt), ò.å. dJ ≈ dt. Ñêà÷îê
dJ íàçîâåì áîëüøèì, åñëè dt = o(dJ). Èç Òåîðåìû 4.2 ñðàçó ñëåäóåò:

Ïðåäëîæåíèå 4.1. Ìàëûé ñêà÷îê dJ ≈ dt âëå÷åò ìàëîñòü ðàçíîñòè

|Le(t,K)− La(t,K)| = O(dt).

Ïðåäëîæåíèå 4.2. Áîëüøîé ñêà÷îê dJ >> dt âëå÷åò áîëüøóþ ðàçíîñòü

|Le(t,K)− La(t,K)| = O(dJ) >> dt.

Îòìåòèì, ÷òî Ïðåäëîæåíèÿ 4.1, 4.2 ñïðàâåäëèâû ïðè óñëîâèè, ÷òî âûáîðêà f(t0),

f(t1),..., f(tn) âçÿòà èç ðåàëèçàöèè ñëó÷àéíîé âåëè÷èíû S(t) ïîä÷èíÿþùåéñÿ ñòî-

õàñòè÷åñêîìó óðàâíåíèþ äèôôóçèè (2.2).

Â ñèëó òîãî, ÷òî ïðè óâåëè÷åíèè ÷èñëà m ñëó÷àéíûõ âåëè÷èí S(ti), i =

1, 2, ...,m óâåëè÷èâàåòñÿ èõ ðàçáðîñ îò ñðåäíåãî ãåîìåòðè÷åñêîãî G
(
m,~t

)
ïîëó-

÷àåì ñëåäóþùåå óòâåðæäåíèå.

Ïðåäëîæåíèå 4.3. Óâåëè÷åíèå âåëè÷èíû m > 1 âëå÷åò óâåëè÷åíèå ðàçíîñòè

|Me(t,K)−Ma(t,K)|.

5. ×èñëåííûé ïðèìåð

Ïðåäëîæåíèÿ 4.1 � 4.3 ïðîâåðåíû íà ïðèìåðå èçìåíåíèÿ öåíû íà íåôòü çà

ïåðèîä ñ 1.12.2006 ïî 28.2.2009 äëÿ K = 65, t = 20 (ñì. [5]). Íà ðèñ. 1 äàòå
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1.12.2006 ñîîòâåòñòâóåò òî÷êà 0 íà îñè àáñöèññ, à äàòå 28.2.2009 ñîîòâåòñòâóåò

òî÷êà 609.

Ðèñ. 1

Ïðîâåäåííîå ÷èñëåííîå ñðàâíåíèå (ñì. Òàáëèöû 1 è 2) ïîäòâåðäèëî â îñíîâíîì

ñïðàâåäëèâîñòü Ïðåäëîæåíèé 4.1 � 4.3.

T t0 S0 Jumps |Le − La|
2007/02/07 53 62.97 1.00 0.36
2007/08/03 176 72.49 0.29 0.18
2007/12/31 279 88.87 0.04 0.05
2008/03/03 321 99.15 0.62 0.15
2008/03/04 322 96.09 3.06 1.75
2008/03/14 330 101.75 0.79 0.88
2008/03/17 331 97.83 3.92 2.45
2008/03/18 332 102.18 4.35 6.32
2008/04/01 341 96.03 0.51 0.39
2008/05/01 363 107.04 0.59 0.68
2008/05/02 364 110.98 3.94 1.54
2008/05/20 376 130.16 3.97 1.71
2008/05/21 377 134.42 4.26 1.81
2008/06/05 387 127.40 4.79 1.09
2008/06/10 390 131.12 1.91 2.30
2008/07/29 424 124.06 2.50 1.54
2008/08/21 441 123.71 6.16 2.06
2008/08/29 447 117.38 0.32 0.74
2008/09/12 456 103.36 0.44 0.03
2008/09/18 460 98.57 0.96 0.33
2008/10/13 477 83.63 3.41 1.01
2008/10/31 491 71.18 1.95 4.25

Òàáëèöà 1.
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T Jumps |Me −Ma| |Me −Ma| |Me −Ma| |Me −Ma|
for : m = 10 for : m = 6 for : m = 4 for : m = 2

2008/10/31 1.95 9.6 9.2 8.2 5.2
2008/11/10 1.18 9.5 8.6 7.5 4.8
2008/11/14 1.64 7.5 7.0 6.2 3.9

Òàáëèöà 2.

Çàêëþ÷åíèå. Â îáû÷íûõ óñëîâèÿõ ñòîõàñòè÷åñêîå óðàâíåíèå (2.1) õîðîøî îïè-

ñûâàåò ïîâåäåíèå öåíû íà íåôòü. Â óñëîâèÿõ ôèíàíñîâîãî êðèçèñà öåíà íà íåôòü

íå ïîä÷èíÿåòñÿ ñòîõàñòè÷åñêîìó óðàâíåíèþ (2.1).

Îòêóäà ìîæíî ñäåëàòü âàæíûé ïðàêòè÷åñêèé âûâîä: Ñèòóàöèÿ �áîëüøîé ñêà-

÷îê J(t) â ñî÷åòàíèè ñ ìàëîé ðàçíîñòüþ |Le(t,K)−La(t,K)|� ÿâëÿåòñÿ ïðåäâåñò-
íèêîì îñòðîãî ôèíàíñîâîãî êðèçèñà.

Abstract. The paper considers some functions depending on the realizations of

a random process with log-normal distribution and two types of expectations. The

interpretations of these functions and expectations are given in terms of actuarial

mathematics. The comparison of the behavior of these two types of expectations

is given using the Black-Scholes formulas. Criteria for a random process to obey a

stochastic equation of di�usion are elaborated. The obtained criteria are veri�ed on

a numerical example on the change in the price of oil, and can be used to predict

�nancial crises.
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