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1 Ââåäåíèå

Â ðàáîòå ðàññìàòðèâàåòñÿ ðûíîê, äâèæèìûé çàÿâêàìè, êîòîðûé ïðåäñòàâëÿåòñÿ â

âèäå êíèãè ëèìèòèðîâàííûõ çàÿâîê� ìíîæåñòâî çàÿâîê íà ïîêóïêó è ïðîäàæó, äî-

ñòóïíûõ â äàííûé ìîìåíò. Êàæäàÿ çàÿâêà â êíèãå ñîäåðæèò èí�îðìàöèþ î ñâîåé

öåíå è ñîîòâåòñòâóþùåì îáúåìå. Ïðè ñäåëêå îáúåìà V ïðîèñõîäèò èñïîëíåíèå ëó÷-

øèõ(ïî öåíå) çàÿâîê ñóììàðíûì îáúåìîì V, ò.å äàííûå çàÿâêè èçûìàþòñÿ èç êíèãè.

Â ëþáîé ìîìåíò èãðîêè ìîãóò âûñòàâëÿòü è ñíèìàòü ñâîè çàÿâêè ïî óñìîòðåíèþ.

Èçó÷àåòñÿ äèíàìèêà ñòðàòåãèè, êîòîðàÿ îáåñïå÷èâàåò ìèíèìèçàöèþ âåëè÷èíû äèñ-

ïåðñèè çàòðàò ðûíêà, ïðè óñëîâèè îãðàíè÷åííûõ ñðåäíèõ çàòðàò. Êðóïíàÿ çàêóïêà íà

ðûíêå íåêîòîðîãî àêòèâà ïðèâîäèò ê óâåëè÷åíèþ åãî öåíû èñïîëíåíèÿ, ïîñêîëüêó èç

êíèãè èçûìàþòñÿ çàÿâêè ñ íèçêèìè öåíàìè è ÷èñëî òàêèõ çàÿâîê îãðàíè÷åíî. Äëÿ

îïòèìèçàöèè òàêèõ ïîêóïîê ñëåäóåò ó÷èòûâàòü äèíàìèêó èçìåíåíèÿ öåíû.

Ìîäåëü Áåðòñèìàñà-Ëî [1℄ ïðåäïîëàãàåò íàëè÷èå îäíîãî èíâåñòîðà, êîòîðûé ìî-

æåò ñîâåðøàòü ïîêóïêè äîñòàòî÷íî áîëüøîãî ðàçìåðà, äëÿ êîòîðûõ íåîáõîäèìî ó÷è-

òûâàòü âëèÿíèå íà öåíó. Òàê æå îòìåòèì, ÷òî ýòî äèñêðåòíàÿ ìîäåëü ñ ðàâíîìåðíûì

ðàçáèåíèåì ïî âðåìåíè è îíà íå ó÷èòûâàåò âðåìåííîå âëèÿíèå íà öåíó. Ïîñòîÿííîå

âëèÿíèå â ýòîé ìîäåëè çàâèñèò îò îáúåìà ñäåëêè.

2 Ïîñòàíîâêà çàäà÷è

Â ðàññìàòðèâàåìîé ìîäåëè èíâåñòîð ñòðåìèòñÿ ïðèîáðåñòè àêòèâ â áîëüøîì êîëè-

÷åñòâå â òå÷åíèè �èêñèðîâàííîãî îòðåçêà âðåìåíè [0, T ]. Êàê áûëî ñêàçàíî âûøå,

îòðåçîê ðàçáèâàåòñÿ íà ðàâíûå ÷àñòè ∆t = T
N
:

0 = t0 < t1 < . . . < tN = T.

A � îáúåì ñîâåðøàåìîé ïîêóïêè.

Ïîêóïêè ñîâåðøàþòñÿ â ìîìåíòû âðåìåíè ti, i = 0, . . . , N .

x = (x0, x1, . . . , xN) � ñòðàòåãèÿ èíâåñòîðà.

xi > 0 � îáúåì ïîêóïêè â ìîìåíò âðåìåíè ti.
N∑
i=0

xi = A

Pi � ñòîèìîñòü àêòèâà â ìîìåíò âðåìåíè ti.

P
−1 � ñòîèìîñòü àêòèâà, ñëîæèâøàÿñÿ íà ðûíêå äî íà÷àëà òîðãîâ Äèíàìèêà öåí ïîä-

÷èíÿåòñÿ çàêîíó ãåîìåòðè÷åñêîãî áðîóíîâñêîãî äâèæåíèÿ:

Pi = Pi−1 + αxi + ui, i = 1, . . . , N
ui � íåçàâèñèìûå îäèíàêîâî ðàñïðåäåëåííûå ñëó÷àéíûå âåëè÷èíû.

Eui = 0, V ar ui = σ2∆t;

α > 0 � êîý��èöèåíò âëèÿíèÿ ïîêóïêè íà öåíó

P0 = P
−1 + αx0, îòñþäà

Pi = P
−1 + α

i∑
j=0

xj +
i∑

j=1

uj.
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EPi = P
−1 + α

i∑
j=0

xj ,

V arPi = iσ2∆t.

E

[
N∑
i=0

Pixi

]
� ñðåäíèå çàòðàòû.

E

[
N∑
i=0

Pixi

]
=

N∑
i=0

xi

(
P
−1 + α

i∑
j=0

xj

)
=

N∑
i=0

xiP−1+α
N∑
i=0

(
i∑

j=0

xj

)
xi = AP

−1+α
N∑
i=0

(
i∑

j=0

xj

)
xi

E

[
N∑
i=0

Pixi

]
→ min ⇐⇒

N∑
i=0

(
i∑

j=0

xj

)
xi → min

3 Ìèíèìèçàöèÿ ñðåäíèõ çàòðàò

�àññìîòðèì çàäà÷ó ìèíèìèçàöèè ñðåäíèõ çàòðàò â äàííîé ìîäåëè:






f(x) =
N∑
i=0

(
i∑

j=0

xj

)
xi → min,

N∑
i=0

xi = A, xi > 0.

Èçâåñòíî, ÷òî îïòèìàëüíîé ñòðàòåãèåé ÿâëÿåòñÿ:

x0 = x1 = . . . xN =
A

N + 1
.

Ò.å. Çàòðàòû ìèíèìàëüíû ïðè ðàâíîìåðíûõ çàêóïêàõ.

Ïðè A = 10000;N = 9;

0 2 4 6 8 10

0

500

1,000
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4 Ìèíèìèçàöèÿ äèñïåðñèè çàòðàò ñ îãðàíè÷åíèåì íà

ìàêñèìàëüíîå çíà÷åíèå ñðåäíèõ çàòðàò

Ââåäåì íîâûå îáîçíà÷åíèÿ:

N∑
i=j

xj = Xj � ñêîëüêî îñòàëîñü êóïèòü â ìîìåíò âðåìåíè j,

X0 = A,

Â íîâûõ îáîçíà÷åíèÿõ:

c(x) = E

[
N∑
i=0

Pixi

]
=

N∑
i=0

xi

(
P
−1 + α

i∑
j=0

xj

)
= AP

−1 + α
N∑
i=0

Xi(Xi −Xi+1).

V ar

[
N∑
i=0

Pixi

]
= σ2∆t

N∑
i=1

X2
i .

V ar

[
N∑
i=0

Pixi

]
→ min ⇐⇒

N∑
i=1

X2
i → min.

Ñ�îðìóëèðóåì çàäà÷ó:





N∑
i=1

X2
i → min,

E

[
N∑
i=0

Pixi

]
= AP

−1 + α
N∑
i=0

Xi(Xi −Xi+1) 6 C0,

A = X0 > X1 > . . . > XN > XN+1 = 0.

4.1 �åøåíèå çàäà÷è

Öåëåâàÿ �óíêöèÿ ÿâëÿåòñÿ êâàäðàòè÷íîé, êàê è îãðàíè÷åíèå. Äëÿ ðåøåíèÿ èñïîëü-

çóåòñÿ ìåòîä ìíîæåòåëåé Ëàãðàíæà.

Âûïèøåì �óíêöèþ Ëàãðàíæà

L(X̃, λ0, λ1) = λ0

N∑

i=1

X2
i + λ1

(
AP

−1 + α

N∑

i=0

Xi(Xi −Xi+1)− C0

)
.

X̃ = (X0, X1, . . . , XN)
λ0, λ1 > 0 è îäíîâðåìåííî íå ðàâíû íóëþ.

Â îáùåì ñëó÷àå çàäà÷à íåðåãóëÿðíàÿ, ïîýòîìó ðàññìîòðèì äâà ñëó÷àÿ:

Ïåðâûé � λ0 = 0, òîãäà λ1 > 0, âòîðîé � λ0 6= 0.

�àññìîòðèì ïåðâûé ñëó÷àé:

Íåîáõîäèìîå óñëîâèå ìèíèìóìà:

L
′

X̃
= αλ1(−Xi−1 + 2Xi −Xi+1) = 0, i = 1, . . . , N.
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Èç óñëîâèÿ äîïîëíÿþùåé íåæåñòêîñòè:

AP
−1 + α

N∑

i=0

Xi(Xi −Xi+1)− C0 = 0,

è äîëæíî âûïîëíÿòüñÿ:

Xi −Xi+1 > 0, i = 1, . . . , N.

�åøàåì ðàçíîñòíîå óðàâíåíèå





−Xi−1 + 2Xi −Xi+1 = 0,

X0 = A,

XN+1 = 0.

Èùåì ðåøåíèå â âèäå:

Xt = ξt.

Õàðàêòåðèñèòè÷åñêîå óðàâíåíèå:

ξ2 − 2ξ + 1 = 0

(ξ − 1)2 = 0

ξ = 1 � êîðåíü êðàòíîñòè 2.

Xt = ξt(C1 + C2t).

X0 = C1 = A,

XN+1 = (C1 + C2(N + 1)) = 0,
A+ C2(N + 1) = 0 ⇒ C2 = − A

N+1
.

Òàêèì îáðàçîì, ðåøåíèå äëÿ Xt èìååò âèä:

Xt = A− A

N + 1
t.

Ïðîâåðèì óñëîâèå Xi −Xi+1 > 0:

Xi −Xi+1 = A− A

N + 1
i− A+

A

N + 1
(i+ 1) =

A

N + 1
> 0.

�àññìîòðèì âòîðîé ñëó÷àé, êîãäà λ0 6= 0:
Òîãäà: λ = λ1

λ0

> 0.
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Ïîñòðîèì �óíêöèþ Ëàãðàíæà:

L(X̃, λ) =

N∑

i=1

X2
i + λ(AP

−1 + α

N∑

i=0

Xi(Xi −Xi+1)).

Íåîáõîäèìîå óñëîâèå ìèíèìóìà â ýòîì ñëó÷àå:

L
′

X̃
= 0 :





2X1 + λα(−X0 + 2X1 −X2) = 0,

2X2 + λα(−X1 + 2X2 −X3) = 0,

. . .

2XN + λα(−XN−1 + 2XN −XN+1) = 0.

�åøàåì ðàçíîñòíîå óðàâíåíèå:






2(1 + λα)Xi = λα(Xi−1 +Xi+1), i = 1, . . . , N,

X0 = A,

XN+1 = 0.

Çäåñü âîçìîæíû 2 ñëó÷àÿ: λ = 0 è λ 6= 0.
�àññìîòðèì ñíà÷àëà ñëó÷àé ñ λ = 0. Òîãäà ðàçíîñòíîå óðàâíåíèå ïðèìåò âèä:





2Xi = 0,

X0 = A,

XN+1 = 0.

Îòêóäà, î÷åâèäíî, ïîëó÷àåòñÿ, ÷òî ïðè λ = 0 îïòèìàëüíîå ðåøåíèå èìååò âèä

X0 = A,Xi = 0, i = 1, . . . , N + 1.

�àññìîòðèì òåïåðü âòîðîé ñëó÷àé ñ ïîëîæèòåëüíîé λ. Òàê êàê λ > 0, α > 0, òî ìîæíî
ñäåëàòü çàìåíó:

ω =
1

λα
+ 1, ω > 1.

Òîãäà óðàâíåíèÿ ïðåîáðàçóþòñÿ ê âèäó:

2ωXi = Xi−1 +Xi+1.

Áóäåì, êàê è â ïðåäûäóùåì ñëó÷àå, èñêàòü ðåøåíèå â âèäå Xt = ξt:

Õàðàêòåðèñòè÷åñêîå óðàâíåèå:

ξ2 − 2ωξ + 1 = 0,
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ξ1,2 = ω ±
√
ω2 − 1.

ξ1ξ2 = 1, ξ1 > 1, 0 < ξ2 < 1.

�åøåíèå èìååò âèä:

Xt = C1ξ
t
1 + C2ξ

t
2 = C1ξ

−t
2 + C2ξ

t
2.

Èç íà÷àëüíûé óñëîâèé íàéäåì C1 è C2:

X0 = C1 + C2 = A,

XN+1 = C1ξ
−(N+1)
2 + C2ξ

N+1
2 = 0.

Òàêèì îáðàçîì, ðåøåíèå èìååò âèä:

Xt = A

(
−ξ

2(N+1)
2 ξ−t

2 + ξt2

1− ξ
2(N+1)
2

)
.

Ëåãêî ïðîâåðÿåòñÿ, ÷òî Xi −Xi+1 > 0.
Ñîáåðåì âîåäèíî ïîëó÷åííûå ðåçóëüòàòû:

Xt =





A

N + 1
, λ0 = 0, λ1 > 0;

Xt = A

(
−ξ

2(N+1)
2 ξ−t

2 + ξt2

1− ξ
2(N+1)
2

)
, λ0 = 1, λ 6= 0;

X0 = A,Xi = 0, i = 1, . . . , N + 1, λ0 = 1, λ = 0.

4.2 ×èñëåííûå ïðèìåðû è ðåçóëüòàòû ðàáîòû ïðîðàììû

�àññìîòðèì çàäà÷ó îïòèìèçàöèè ñ íà÷àëüíûìè äàííûìè:

A = 10000;
P
−1 = 2;

α = 0.001;
C0 = 90000;
N = 9;
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�èñ. 1: |E(c(x))− C0|
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�èñ. 2: Îïòèìàëüíàÿ ñòðàòåãèÿ

Ýòà çàäà÷à ñîîòâåòñòâóåò ñëó÷àþ, êîãäà äîñòèãàåòñÿ îãðàíè÷åíèå-ðàâåíñòâî, ýòî

âèäíî íà ðèñ.1. Â ýòîì ñëó÷àå λ = 2625

�àññìîòðèì äðóãóþ çàäà÷ó îïòèìèçàöèè ñ íà÷àëüíûìè äàííûìè:

A = 10000;
P
−1 = 2;
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α = 0.00001;
C0 = 90000;
N = 9;

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
6.9

6.905

6.91

6.915

6.92
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6.93

6.935

6.94

6.945
x 10

4

Ksi

|E
[c

(x
)]

−
C

0|

The equality constraint
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0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

t
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Straregy of investor

Ýòà çàäà÷à ñîîòâåòñòâóåò ñëó÷àþ, êîãäà ðàâåíñòâî íèãäå íå äîñòèãàåòñÿ. Ïðè÷åì C0

ñèëüíî áîëüøå ñðåäíèõ çàòðàò.

Åñëè C0 âñåãäà ìåíüøå çàòðàò, ðåøåíèÿ îïòèìèçàöèîííîé çàäà÷è íå ñóùåñòâóåò.
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5 Äèíàìèêà èçìåíåíèÿ öåíû ñ ó÷åòîì äîïîëíèòåëü-

íîé èí�îðìàöèè

Â ýòîì ðàñøèðåíèè ìîäåëè öåíà ïî-ïðåæäåìó ëèíåéíî çàâèñèò îò îáúåìà ïîêóïêè.

Äîïîëíèòåëüíî ââîäèòñÿ ïåðåìåííàÿ yt, öåíà òàê æå ëèíåéíî çàâèñèò îò yt. Íàëè÷èå

ýòîé ñåðèéíî-êîððåëèðóþùåé ïåðåìåííîé â çàêîíå äèíàìèêè öåíû îòðàæàåò ïîòåí-

öèàëüíîå âîçäåéñòâèå èçìåíåíèé óñëîâèé ðûíêà èëè äîñòóïà ê êîí�èäåíöèàëüíîé

èí�îðìàöèè î íàäåæíîñòè àêòèâà. Íàïðèìåð, yt ìîæåò áûòü äîõîäíîñòüþ èíäåêñà

S&P500, îáùåé ñîñòàâëÿþùåé öåíû íà áîëüøèíñòâî àêöèé.

Pi = Pi−1 + αxi + βyt + ui, i = 1, . . . , N, α > 0,

yt = ρyt−1 + zt, ρ ∈ (−1, 1).

β ÿâëÿåòñÿ ìåðîé ÷óâñòâèòåëüíîñòè âëèÿíèÿ äàííîé îñîáîé èí�îðìàöèè íà èçìåíå-

íèå áóäóùåé öåíû.

ui, zi � íåçàâèñèìûå îäèíàêîâî ðàñïðåäåëåííûå ñëó÷àéíûå âåëè÷èíû.

Eui = 0, V ar ui = σ2
u∆t;

Ezi = 0, V ar ui = σ2
z∆t;

Åñëè ρ = 0 ýòî çíà÷èò, ÷òî yi èìååò íåïðîãíîçèðóåìûå çíà÷åíèÿ, yi ïî-ïðåæíåìó

âëèÿåò íà öåíó, íî îêàçûâàåò íåïîñòîÿííîå âëèÿíèå.

Åñëè ρ > 0 ìîæíî áåç îãðàíè÷åíèÿ îáùíîñòè ñ÷èòàòü β > 0, ýòî îçíà÷àåò, ÷òî

òàê êàê yi ïîëîæèòåëüíàÿ êîððåëèðóþùàÿ ñåðèéíàÿ ïåðåìåííàÿ â ìîìåíò âðåìåíè ti
ïîêóïêà äîëæíà áûòü áîëüøå ïðè ïðî÷èõ ðàâíûõ.

Åñëè ρ < 0 ñèòóàöèÿ îáðàòíàÿ, ñòîèò ïîäîæäàòü, òàê êàê îæèäàåòñÿ ñíèæåíèå öåí.
Áóäåì ðàññìàòðèâàòü ìîäåëü ñ îãðàíè÷åíèÿìè 0 < ρ < 1, β > 0

Ýòè ïðåäïîëîæåíèÿ ÿâëÿþòñÿ ýìïèðè÷åñêè ïðàâäîïîäîáíûìè. Òàê êàê yt îáû÷íî óâå-

ëè÷èâàåòñÿ è ïðèâîäèò ê óâåëè÷åíèþ öåíû.

Âûïèøåì â ýòîì ñëó÷àå �óíêöèþ çàòðàò:

c(X) = X0P−1 + α
N∑
i=0

Xi(Xi − Xi+1) +
N∑
i=1

Xiui + β
N∑
i=0

(
i∑

j=0

(
i−j∑
k=0

ρj
)
zj

)
(Xi −Xi+1) +

N∑
i=0

(
i∑

j=0

βy
−1ρ

j+1

)
(Xi −Xi+1).

Ñðåäíèå çàòðàòû:

E [c(X)] = X0P−1 + α
N∑
i=0

Xi(Xi −Xi+1) +
N∑
i=0

(
i∑

j=0

βy
−1ρ

j+1

)
(Xi −Xi+1),
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Äèñïåðñèÿ çàòðàò:

V ar [c(X)] = σ2
u∆t

N∑
i=1

X2
i + σ2

z∆tβ
N∑
i=0

(
i∑

j=0

ρj

)
(Xi −Xi+1).

5.1 �åøåíèå çàäà÷è

Áóäåì ðåøàòü àíàëîãè÷íóþ çàäà÷ó ìèíèìèçàöèè äèñïåðñèè çàòðàò ñ îãðàíè÷åíèåì

íà ìàêñèìàëüíîå çíà÷åíèå ñðåäíèõ çàòðàò.

Ïðåäïîëîæèì, ÷òî σ2
u∆t = σ2

z∆t = 1.






N∑
i=1

X2
i +

N∑
i=0

(
i∑

j=0

ρj

)
(Xi −Xi+1) → min,

E [c(X)] = C0,

A = X0 > X1 > . . . > XN > XN+1 = 0.

X̃ = (X1, . . . , XN)

L(X̃, λ0, λ1) = λ0

(
N∑

i=1

X2
i +

N∑

i=0

(
i∑

j=0

ρj

)
(Xi −Xi+1)

)
+

λ1

(
X0P−1 + α

N∑

i=0

Xi(Xi −Xi+1) +

N∑

i=0

(
i∑

j=0

βy
−1ρ

j+1

)
(Xi −Xi+1)− C0

)

Âîçìîæíû äâà ñëó÷àÿ: ïåðâûé � λ0 = 0, λ1 > 0 è âòîðîé � λ0 6= 0, λ = λ1

λ0

> 0
�àññìîòðèì ïåðâûé ñëó÷àé λ0 = 0, λ1 > 0.

Íåîáõîäèìîå óñëîâèå ìèíèìóìà:

L
′

X̃
= 0 :

∂L

∂Xi

= αλ1 (−Xi−1 + 2Xi −Xi+1) + λ1βy−1ρ
j+1 = 0,

(−Xi−1 + 2Xi −Xi+1) +
β

α
y
−1ρ

j+1 = 0,

Èç óñëîâèÿ äîïîëíÿþùåé íåæåñòêîñòè:

(X0P−1 + α

N∑

i=0

Xi(Xi −Xi+1) +

N∑

i=0

(
i∑

j=0

βy
−1ρ

j+1

)
(Xi −Xi+1)− C0 = 0
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è äîëæíî âûïîëíÿòüñÿ:

Xi −Xi+1 > 0, i = 1, . . . , N.

�åøåíèå îäíîðîäíîãî óðàâíåíèÿ èçâåñòíî:

Xt = A− A

N + 1
t.

Íàéäåì ÷àñòíîå ðåøåíèå â âèäå:

Y (t) = aρt,

−aρt−1 + 2aρt − aρt+1 +
β

α
y
−1ρ

t+1 = 0,

a
(
2− (ρ−1 + ρ)

)
= −β

α
y
−1ρ,

a =
βy

−1ρ

α((ρ−1 + ρ)− 2)
.

Xt = A

(
1− t

N + 1

)
+

βy
−1ρ

α((ρ−1 + ρ)− 2)
ρt.

×òîáû Xt áûëî ðåøåíèåì íåîáõîäèìî òàêæå ïðîâåðèòü óñëîâèå:

Xi −Xi+1 > 0, i = 1, . . . , N..

�àññìîòðèì âòîðîé ñëó÷àé: λ0 6= 0, λ = λ1

λ0

Çäåñü âîçìîæíû åù¼ 2 ñèòóàöèè: λ = 0 è λ 6= 0.
�àññìîòðèì ñíà÷àëà ñëó÷àé λ = 0.
Òîãäà ðàçíîñòíîå óðàâíåíèå ïðèìåò âèä:

∂L

∂Xi

= 2Xi + βρi = 0.

�åøåíèå îäíîðîäíîãî óðàâíåíèÿ:

X0 = A,Xi = 0, i = 1, . . . , N + 1.

×àñòíîå ðåøåíèå:

Xt = −β

2
ρt

Îñòàëîñü ðàññìîòðåòü ñèòóàöèþ λ 6= 0:

∂L

∂Xi

= 2Xi + αλ(−Xi−1 + 2Xi −Xi+1) + λβy1ρ
i+1 + βρi =

2(1 + λα)Xi − αλ(Xi−1 +Xi+1) + βρi(1 + λy
−1ρ) = 0
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�åøåíèå îäíîðîäíîãî óðàâíåíèÿ:

Xt = A

(
−ξ

2(N+1)
2 ξ−t

2 + ξt2

1− ξ
2(N+1)
2

)
.

×àñòíîå ðåøåíèå èùåì â âèäå:

Y (t) = aρt,

2aρt(1 + λα) = λαa(ρi−1 + ρi+1)− βρi(1 + λy
−1ρ)

a = − β(1 + λy
−1ρ)

2(1 + λα)− λα(ρ−1 + ρ)

Îêîí÷àòåëüíûé âèä Xt:

Xt = A
−ξ

2(N+1)
2 ξ−t

2 + ξt2

1− ξ
2(N+1)
2

− β(1 + λy
−1ρ)

2(1 + λα)− λα(ρ−1 + ρ)
ρt

Äëÿ òîãî, ÷òîáû Xt ÿâëÿëîñü ðåøåíèåì, äîëæíî âûïîëíÿòüñÿ óñëîâèå:

Xi −Xi+1 > 0, i = 1, . . . , N.

5.2 Äàëüíåéøåå èññëåäîâàíèå ìîäåëè

Áûëà ðàññìîòðåíà ìîäåëü äèíàìèêè èçìåíåíèÿ öåíû ñ ó÷åòîì äîïîëíåòåëüíîé èí-

�îðìàöèè. Áûëî ïîëó÷åíî ðåøåíèå ïîñòàâëåííîé îïòèìèçàöèîííîé çàäà÷è. Â äàëü-

íåéøåì ïëàíèðóåòñÿ ðàññìîòåòü ÷èñëåííûå ïðèìåðû äëÿ èññëåäîâàíèÿ ìîíîòîííîñòè

íàéäåííûõ, âîîáùå ãîâîðÿ, ñòàöèîíàðíûõ òî÷åê.
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