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×òî òàêîå îïöèîí?

Îïöèîíû

ýòî êëàññ ïðîèçâîäíûõ ôèíàíñîâûõ èíñòðóìåíòîâ.
Òåðìèí "ïðîèçâîäíûé" (derivative) îçíà÷àåò, ÷òî âûïëàòà ïî
òàêîìó êîíòðàêòó çàâèñèò îò öåíû íà íåêîòîðûé áàçîâûé àêòèâ
(underlying).

Îñíîâíîé òèï îïöèîíà ýòî åâðîïåéñêèé îïöèîí.
European option / vanilla option



×òî òàêîå îïöèîí?

Åâðîïåéñêèé îïöèîí
ýòî êîíòðàêò, ïî êîòîðîìó ïîêóïàòåëü ïîëó÷àåò ïðàâî, íî íå
îáÿçàòåëüñòâî, ñîâåðøèòü ïîêóïêó èëè ïðîäàæó êàêîãî-òî
áàçîâîãî àêòèâà ïî çàðàíåå îãîâîð¼ííîé öåíå â îïðåäåë¼ííûé
äîãîâîðîì ìîìåíò â áóäóùåì.

Ïîêóïàòåëü îïöèîíà ïîëó÷àåò ïî êîíòðàêòó ïðàâî ñîâåðøèòü
ïîêóïêó èëè ïðîäàæó áàçîâîãî àêòèâà. Ýòî long ñòîðîíà
êîíòðàêòà. Ïðè ýòîì ïðîäàâåö (short position) îïöèîíà íåñåò
îáÿçàòåëüñòâî ïðîäàæè/ïîêóïêè àêòèâà íà îãîâîðåííûõ â
êîíòðàêòå óñëîâèÿõ.



Îñíîâíûå ïàðàìåòðû îïöèîíîâ

òèï îïöèîíà: Åâðîïåéñêèé, ...

ñòîðîíà îïöèîííîãî êîíòðàêòà : long / buy / holder èëè
short / sell / writer

ïðàâî íà ïîêóïêó èëè ïðîäàæó : call èëè put

strike

expiry date (maturity date)



Çà÷åì íóæåí îïöèîí?

FX îïöèîí ýòî êàê ÊÀÑÊÎ, òîëüêî îïöèîí

FX îïöèîí ìîæåò èñïîëüçîâàòüñÿ êàê ñòðàõîâêà äëÿ
ôèíàíñîâîãî ïëàíèðîâàíèÿ â êîìïàíèè ãäå ðàñõîäû è ïðèáûëü
â ðàçíûõ âàëþòàõ. Ò.å. ïðîèçâîäñòâî è ïðîäàæè â ðàçíûõ
ñòðàíàõ.



Çà÷åì íóæåí îïöèîí?

Buy side: Êàê èíñòðóìåíò äëÿ ïîñòðîåíèÿ ñïåêóëÿòèâíûõ
ñòðàòåãèé

ñïåêóëÿöèÿ íà êóðñå underlying

ïîÿâëÿþòñÿ íîâûå íîâûå âàðèàíòû äëÿ ñòðàòåãèé -
òîðãîâëÿ âîëàòèëüíîñòüþ

Sell side: Market maker



European option payo� at expiration : long call

Payoff = max(0,ST − K )



European option payo� at expiration : long put

Payoff = max(0,K − ST )



Long Put + Short Call + Spot at expiration date



Put-Call parity

P − C + S = D · K

Ãäå D - êîýôôèöèåíò äèñêîíòèðîâàíèÿ.
Äðóãàÿ ôîðìà, èñïîëüçóÿ öåíó ôîðâàðäà F = D−1 · S

C − P = D(F − K )

Ìû áóäåì èñïîëüçîâàòü äèñêîíòèðîâàíèå â íåïðåðûâíîì
âðåìåíè.

C − P = S − e−r(T−t) · K

ãäå 0 ≤ t ≤ T



Put-Call parity

Âàæíûå ñâîéñòâà

Íèêàêèõ ïðåäïîëîæåíèé äëÿ ìîäåëèðîâàíèÿ ïîâåäåíèÿ
öåíû underlying.

Âîçìîæíîñòü èñêëþ÷èòü ðèñê (íåîïðåäåëåííîñòü) ïóòåì
ñîñòàâëåíèÿ êîìáèíàöèè íåòðèâèàëüíûõ èíñòðóìåíòîâ.
Perfect static hedge.

Ýòî ñîîòíîøåíèå ìîæíî ðàññìàòðèâàòü êàê ðåïëèêàöèþ
îäíîãî èñòðóìåíòà (íàïðèìåð ïóò îïöèîíà) ÷åðåç äðóãèå.



Êàê ïîñòðîèòü ìàò ìîäåëü äëÿ ïðàéñèíãà îïöèîíà?

Öåíà underlying

Ãëàâíûé ôàêòîð ýòî ðèñê, ñâÿçàííûé ñ íåîïðåäåëåííîñòüþ
áóäóùåé öåíû íà underlying.

Èçìåíåíèå öåíû underlying ìîäåëèðóåòñÿ êàê ñòîõàñòè÷åñêèé
ïðîöåññ.



Rate Of Return
Â íåïðåðûâíîì âðåìåíè ∆S

S = µ∆t â ïðåäåëå äàåò

dS

S
= µdt =⇒ S = exp(µt)

Áåçðèñêîâàÿ ñòàâêà r çàäàåò áàçîâûé óðîâåíü.



Èäåÿ äèôôåðåíöèàëüíîãî óðàâíåíèÿ

Áåç ñëó÷àéíîñòè

∆S

S
= µ∆t −−−−→

∆t→0

dS

S
= µdt

Õîòèì äîáàâèòü ñëó÷àéíîñòü:

∆S

S
= µ∆t + øóì



Ïðîöåññ äëÿ ìîäåëèðîâàíèÿ öåíû underlying

Íåêîòîðûå ñ÷èòàþò, ÷òî áðîóíîâñêîå äâèæåíèå íàçâàííî â
÷åñòü àíãëèéñêîãî ôèçèêà ïî ôàìèëèè Áðîóí.



Ïðîöåññ äëÿ ìîäåëèðîâàíèÿ öåíû underlying

Íåêîòîðûå ñ÷èòàþò, ÷òî áðîóíîâñêîå äâèæåíèå íàçâàííî â
÷åñòü àíãëèéñêîãî ôèçèêà ïî ôàìèëèè Áðîóí.

Íà ñàìîì äåëå îíî íàçàâàíî â ÷åñòü øîòëàíäñêîãî áîòàíèêà ïî
èìåíè Robert Brown.



Áðîóíîâñêîå äâèæåíèå: íàáëþäåíèå ÷àñòèöû â
ìèêðîñêîï

wikimedia.org : Brownian
motion

Robert Brown (1828). "A brief account
of microscopical observations made in
the months of June, July and August,
1827, on the particles contained in the
pollen of plants; and on the general
existence of active molecules in organic
and inorganic bodies"
"Êðàòêèé îò÷åò î íàáëþäåíèÿõ â

ìèêðîñêîï, ïðîäåëàííûõ â èþíå,
èþëå è àâãóñòå 1827 ãîäà íàä
÷àñòèöàìè, ñîäåðæàùèìèñÿ â

ïûëüöå ðàñòåíèé; è î
ñóùåñòâîâàíèè àêòèâíûõ ìîëåêóë â
îðãàíè÷åñêèõ è íåîðãàíè÷åñêèõ òåëàõ"

https://commons.wikimedia.org/wiki/File:Brownian_motion_large.gif
https://commons.wikimedia.org/wiki/File:Brownian_motion_large.gif


Áðîóíîâñêîå äâèæåíèå: èäåÿ ìîäåëè

Êàæäîå ∆W ýòî ñóììà áîëüøîãî êîë-âà i.i.d. ñëó÷àéíûõ
ôàêòîðîâ ⇒ (ïî öåíòðàëüíîé ïðåäåëüíîé òåîðåìå)
∆W ∼ N (µ, σ2)

Ò.ê. íåò âûäåëåííîãî íàïðàâëåíèÿ, òî E (W (t)) = 0.
⇒ µ = 0.

σ2 = Var(Wt+s −Wt) = s



Áðîóíîâñêîå äâèæåíèå / Âèíåðîâñêèé ïðîöåññ

Íåïðåðûâíîå âðåìÿ (t)

W (t) íåïðåðûâíà, W (0) = 0

Èçìåíèÿ íà íåïåðåñåêàþùèõñÿ ïðîìåæóòêàõ âðåìåíè -
íåçàâèñèìû

Wt+s −Wt ∼ N (0, s)



Áðîóíîâñêîå äâèæåíèå / Ãåíåðàöèÿ íà êîìïüþòåðå

Ñóììà íåçàâèñèìûõ ñëó÷àéíûõ âåëè÷èí.



Áðîóíîâñêîå äâèæåíèå / Âèíåðîâñêèé ïðîöåññ

W0 = 50; σ = 10; n = 50



Áðîóíîâñêîå äâèæåíèå / Íîðìàëüíîå ðàñïðåäåëåíèå



Ïîïûòêà ïîñòðîèòü äèôôåðåíöèàëüíîå óðàâíåíèå

Áåç ñëó÷àéíîñòè

∆S

S
= µ∆t −−−−→

∆t→0

dS

S
= µdt

Õîòèì äîáàâèòü ñëó÷àéíîñòü:

∆S

S
= µ∆t + σ∆W −−−−→

∆t→0

dS

S
= µdt + σdW

Ïðîáëåìà ñ dW .



Áðîóíîâñêîå äâèæåíèå / Âèíåðîâñêèé ïðîöåññ

Ðåàëèçàöèÿ âèíåðîâñêîãî ïðîöåññà âî âñåõ òî÷êàõ íåïðåâûâíàÿ
è íå äèôôåðåíöèðóåìàÿ.

ru.wikipedia.org/wiki/Ôàéë:Wiener_process_animated.gif

https://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Wiener_process_animated.gif


Ôîðìóëà Èòî

Åñëè x(t) òàêàÿ, ÷òî:

dx = a(x , t)dt + b(x , t)dWt

Òî äëÿ f (x , t)

df =
∂f

∂t
dt +

∂f

∂x
dx +

1

2

∂2f

∂x2
dx2

dt2 = 0; dt dWt = 0; dW 2

t = dt

df =
(
∂f
∂t + a(x , t)∂f∂x + b2(x ,t)

2

∂2f
∂x2

)
dt + b(x , t)∂f∂x dWt



Ãåîìåòðè÷åñêîå áðîóíîâñêîå äâèæåíèå

dS

S
= µdt + σdWt

µ � drift, σ � volatility

dS(t) = µS(t)dt + σS(t)dWt

d ln S = (µ− σ2

2
)dt + σdWt

S(t) = S0eµt exp(σWt −
1

2
σ2t)

E [S(t)] = S0eµt



Ãåîìåòðè÷åñêîå áðîóíîâñêîå äâèæåíèå

n = 50



Ãåîìåòðè÷åñêîå áðîóíîâñêîå äâèæåíèå



Áðîóíîâñêîå äâèæåíèå / Âèíåðîâñêèé ïðîöåññ

1828 Robert Brown

1900 Louis Bachelier

1905 Albert Einstein / Marian Smoluchowski

1920s Norbert Wiener

1940s - 50s Kiyosi It�o

1973 Fischer Black, Myron Scholes; Robert C. Merton



Îäíîøàãîâàÿ áèíîìèíàëüíàÿ ìîäåëü: Ïðèìåð ñ
öèôðàìè



Îäíîøàãîâàÿ áèíîìèíàëüíàÿ ìîäåëü: Ïðèìåð ñ
öèôðàìè

Ðàññìîòðèì â òàêîì ìèðå îïöèîí C . Åñëè áû ìû èìåëè
ãàðàíòèðîâàííóþ âûïëàòó â ìîìåíò âðåìåíè t1, òî äëÿ ìû áû
ïðîñòî äèñêîíòèðîâàëè ýòîò ïëàòåæ íà âðåìÿ t0 è ïîëó÷èëè áû
ñïðàâåäëèâóþ öåíó òàêîãî êîíòðàêòà.
Ïðåäïîëîæåíèå: (?) C0 = EP [D1C1]

C0 = EP [D1C1] =
n∑

i=1

D1(C1)ipi = D1Cup + D1Cd(1− p)

äëÿ ñëó÷àÿ ñòðàéêà K = 70

C0 =
1

1.2
30

1

2
+

1

1.2
0
1

2
= 12.5



Îäíîøàãîâàÿ áèíîìèíàëüíàÿ ìîäåëü: Ïðèìåð ñ
öèôðàìè

=⇒ C0 = 6∗50−125
15

≈ 11.66



Îäíîøàãîâàÿ áèíîìèíàëüíàÿ ìîäåëü: Ïðèìåð ñ
öèôðàìè

Ñàìîôèíàíñèðåìàÿ ñòðàòåãèÿ

Ìû ïðèíåáðåãàåì íàêëàäíûìè ðàñõîäàìè è òàêîé
"ìåëî÷üþ" êàê íàëè÷èå ñïðåäà

Ïðèíöèïèàëüíî âàæíî óñëîâèå îòñóòñòâèÿ àðáèòðàæà

Çàìå÷àíèå î äðîáíûõ íîìåíàëàõ

Â íàøåé ñòðàòåãèè òîëüêî äâà íåçàâèñèìûõ ïàðàìåòðà



Îäíîøàãîâàÿ áèíîìèíàëüíàÿ ìîäåëü: Ïðèìåð ñ
ôîðìóëàìè



Îäíîøàãîâàÿ áèíîìèíàëüíàÿ ìîäåëü: Ïðèìåð ñ
ôîðìóëàìè



Îäíîøàãîâàÿ áèíîìèíàëüíàÿ ìîäåëü: Ðèñê íåéòðàëüíàÿ
ìåðà

{
x = Cu−Cd

S0(u−d)

y = dCu−uCd
u−d

Çíà÷èò ìû ìîæåì íàïèñàòü äëÿ íà÷àëüíîãî ìîìåíòà âðåìåíè:

C0 − xS0 + D1y = 0

C0 = D1Cu
D−1
1
− d

u − d
+ D1Cd

u − D−1
1

u − d
= D1Cuq + D1Cd(1− q)

Ãäå q =
D−1

1
−d

u−d . Åñëè ìû ââåäåì åùå D0 = 1, òî ìû ìîæåì
çàïèñàòü ñëåäóþùåå:

D0C0 = EQ [D1C1]



Îäíîøàãîâàÿ áèíîìèíàëüíàÿ ìîäåëü: Ðèñê íåéòðàëüíàÿ
ìåðà

Äàâàéòå åùå ïîïðîáóåì ïîñ÷èòàòü ñëåäóþùåå:

EQ [D1S1] =

= D1Suq + D1Sd(1− q) = SD1u
D−1
1
− d

u − d
+ SD1d

u − D−1
1

u − d

= S
u − D1ud + D1ud − d

u − d
= S = D0S0

Ò.å.
D0S0 = EQ [D1S1]



Àïïàðàò òåîðèè âåðîÿòíîñòè

(Ω,F ,P)

Ω � ìíîæåñòâî ýëëåìåíòàðíûõ ñîáûòèé

F � σ-àëãåáðà ïîäìíîæåñòâ Ω

P � âåðîÿòíîñòíàÿ ìåðà.



Àðáèòðàæ

Ñàìîôèíàíñèðóåìàÿ ñòðàòåãèÿ π ðåàëèçóåò àðáèòðàæíóþ
âîçìîæíîñòü (â ìîìåíò âðåìåíè N), åñëè ïðè íóëåâîì
íà÷àëüíîì êàïèòàëå X π

0
= 0 åå êàïèòàë â ìîìåíò âðåìåíè N:

X π
N ≥ 0 (P- ï.í.) è P(X π

N > 0) > 0



Àðáèòðàæ. Ýêâèâàëåíòíàÿ ìåðà

P ∼ P̃ : P(A) = 0 ⇐⇒ P̃(A) = 0



Àðáèòðàæ. Ðèñê-íåéòðàëüíàÿ ìåðà

Ïåðâàÿ ôóíäàìåíòàëüíàÿ òåîðåìà òåîðèè ðàñ÷åòîâ ôèíàíñîâûõ
àêòèâîâ / The First Fundemental Asset Pricing Theorem

Åñëè ðûíîê áåçàðáèòðàæíûé, òî ñóùåñòâóåò (õîòÿ áû îäíà)
ìåðà Q, ýêâèâàëåíòíàÿ ìåðå P, ò.÷.:

EQ [Dr
t St ] = Dr

0S0

( Dr
0

= 1 )

Q íàçûâàåòñÿ ðèñê-íåéòðàëüíîé (risk-neutral) èëè
ìàðòèíãàëüíîé ìåðîé.



Ïðîöåññ äëÿ öåíû underlying

Â 'real-world' ìåðå P:

dSt = µStdt + σStdW P
t

Dt = e−rt

Îòñþäà äëÿ äèñêîíòèðîâàííîé öåíû DtSt :

d (DtSt) = (µ− r)DtStdt + σDtStdW P
t



Ïðîöåññ äëÿ öåíû underlying. Ðèñê-íåéòðàëüíàÿ ìåðà

Ìîæíî ïîêàçàòü (èñïîëüçóÿ òåîðåìó Ãèðñàíîâà), ÷òî â
ðèñê-íåéòðàëüíîé ìåðå Q:

d (DtSt) = σDtStdW Q
t

Ò.å.
dSt = rSdt + σSdW Q

t

S(t) = S(0) exp(rt − 1

2
σ2t + σW Q

t )



Öåíà îïöèîíà. Ðèñê-íåéòðàëüíàÿ ìåðà

Åñëè ðûíîê ÿâëÿåòñÿ áåçàðáèòðàæíûì è ïîëíûì òî
ñóùåñòâóåò òîëüêî îäíà ìàðòèíãàëüíàÿ ìåðà. (Âòîðàÿ
ôóíäàìåíòàëüíàÿ òåîðåìà)

EQ [DTCT ] = D0C0



Öåíà îïöèîíà. Ìåòîä Ìîíòå-Êàðëî

Ìåòîä Ìîíòå-Êàðëî - ÷èñëåííîå èíòåãðèðîâàíèå.

C0 = EQ [DTCT ] = EQ
[
e−rTmax(0,ST − K )

]
Ãäå Ct - öåíà call îïöèîíà íà àêòèâ St .

S(t) = S(t −∆t) exp(rt − 1

2
σ2t + σW Q

t )

S(0) = S0



Ñëó÷àé àêòèâà, êîòîðûé âûïëà÷èâàåò äèâèäåíòû

äîõîä îò âëàäåíèÿ àêòèâîì S:

Seqt

Õàðàêòåðíûé ïðèìåð: îïöèîí íà êóðñ âàëþò (FX option).

Êàê íóæíî ìîäèôèöèðîâàòü?

Put-Call parity

óðàâíåíèå GBM äëÿ àêòèâà



Put-Call parity with q 6= 0

C − P = Se−qτ − Ke−rτ



Monte Carlo with q 6= 0

C0 = EQ [DTCT ] = EQ
[
e−rTmax(0,ST − K )

]
S(t) = S(t −∆t) exp((rt − qt − 1

2
σ2t + σW Q

t )



"The Greeks". Èíäèêàòîðû ðèñêà

V : òåêóùàÿ öåíà îïöèîíà

Íàçâàíèå Îïðåäåëåíèå

Delta ∆ = ∂V
∂S

Gamma Γ = ∂∆
∂S = ∂2V

∂S2

Theta Θ = ∂V
∂t

Vega ν = ∂V
∂σ

Rho ρ = ∂V
∂r



Îáðàòíàÿ ñâÿçü ïî ëåêöèè
https://anketolog.ru/s/343716/N4nk4hbO

https://anketolog.ru/s/343716/N4nk4hbO


Äàííûé ìàòåðèàë íå ÿâëÿåòñÿ ïðåäëîæåíèåì èëè ïðåäîñòàâëåíèåì

êàêîé-ëèáî óñëóãè. Äàííûé ìàòåðèàë ïðåäíàçíà÷åí èñêëþ÷èòåëüíî

äëÿ èíôîðìàöèîííûõ è èëëþñòðàòèâíûõ öåëåé è íå ïðåäíàçíà÷åí

äëÿ ðàñïðîñòðàíåíèÿ â ðåêëàìíûõ öåëÿõ. Ëþáîé àíàëèç òðåòüèõ

ñòîðîí íå ïðåäïîëàãàåò êàêîãî-ëèáî îäîáðåíèÿ èëè ðåêîìåíäàöèè.

Ìíåíèÿ, âûðàæåííûå â äàííîì ìàòåðèàëå, ÿâëÿþòñÿ àêòóàëüíûìè

íà òåêóùèé ìîìåíò, ïîÿâëÿþòñÿ òîëüêî â ýòîì ìàòåðèàëå è ìîãóò

áûòü èçìåíåíû áåç ïðåäâàðèòåëüíîãî óâåäîìëåíèÿ. Ýòà èíôîðìàöèÿ

ïðåäîñòàâëÿåòñÿ ñ ïîíèìàíèåì òîãî, ÷òî â îòíîøåíèè ìàòåðèàëà,

ïðåäîñòàâëåííîãî çäåñü, âû áóäåòå ïðèíèìàòü ñàìîñòîÿòåëüíîå

ðåøåíèå â îòíîøåíèè ëþáûõ äåéñòâèé â ñâÿçè ñ íàñòîÿùèì

ìàòåðèàëîì, è ýòî ðåøåíèå ÿâëÿåòñÿ îñíîâàííûì íà âàøåì

ñîáñòâåííîì ñóæäåíèè, è ÷òî âû ñïîñîáíû ïîíÿòü è îöåíèòü

ïîñëåäñòâèÿ ýòèõ äåéñòâèé. ÎÎÎ "Äîé÷å Áàíê ÒåõÖåíòð" íå íåñåò

íèêàêîé îòâåòñòâåííîñòè çà ëþáûå óáûòêè ëþáîãî ðîäà,

îòíîñÿùèõñÿ ê ýòîìó ìàòåðèàëó.


