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Äàííàÿ ñòàòüÿ çàâåðøàåò ñåðèþ ñòàòåé [1—5]. Â íåé ïðèâîäèòñÿ âûâîä ñòî-
õàñòè÷åñêèõ äèôôåðåíöèàëüíûõ óðàâíåíèé äèíàìèêè ýêîíîìè÷åñêîé ñèñòå-
ìû, ïðåäíàçíà÷åííîé äëÿ èññëåäîâàíèÿ âëèÿíèÿ ýêîíîìè÷åñêîé ïîëèòèêè
ïðàâèòåëüñòâà íà äèíàìèêó ìàêðîýêîíîìè÷åñêèõ ïîêàçàòåëåé (ñì. [1]).

1. Çàâèñèìîñòü ðàâíîâåñíîãî âåêòîðà ðåàëüíîãî ñîñòîÿíèÿ ýêîíîìèêè îò
ðåàëüíîãî áîãàòñòâà ñóáúåêòîâ ýêîíîìèêè è óðîâíÿ òåõíîëîãèè ïðîèçâîä-
ñòâà. Îáîçíà÷èì ÷åðåç Z(t) ñëåäóþùèé âåêòîð:

Z(t) = [E(t), H(t), F(t), G(t), g(t)], (1)

ãäå E(t) — ñîáñòâåííûé êàïèòàë ôèðì-ðåçèäåíòîâ â ìîìåíò âðåìåíè t (ñì. ï. 1
ñò. [2]); H(t) — ñîâîêóïíîå áîãàòñòâî äîìàøíèõ õîçÿéñòâ (ñì. ï. 1.1 ñò. [3]);
F(t) — èíîñòðàííûé êàïèòàë â íàöèîíàëüíîé ýêîíîìèêå (ñì. ï. 2.1 ñò. [3]);
G(t) — ñóììàðíûå ÷èñòûå àêòèâû ïðàâèòåëüñòâà (ñì. ï. 2.1 ñò. [4]); g(t) —
óðîâåíü òåõíîëîãèè ïðîèçâîäñòâà â ìîìåíò âðåìåíè t (ñì. ï. 2 ñò. [2]).

Çàìåòèì, ÷òî ïðè çàäàííûõ çíà÷åíèÿõ E(t), H(t), F(t), G(t) è g(t) óðàâíå-
íèÿ (35)—(38) ñò. [4] (âìåñòå ñ ôîðìóëîé (33) ýòîé æå ñòàòüè) îäíîçíà÷íî îï-
ðåäåëÿþò ðàâíîâåñíûå çíà÷åíèÿ r t

B
d ( ) è r t

B
f ( ) ïðîöåíòíûõ ñòàâîê çàåìíîãî êà-

ïèòàëà, rE(t) — îæèäàåìîé äîõîäíîñòè ñîáñòâåííîãî êàïèòàëà, w(t) — óðîâíÿ
çàðàáîòíîé ïëàòû, à òàêæå âåêòîð S\G(t) — ðåàëüíîãî ñîñòîÿíèÿ ýêîíîìèêè áåç
àêòèâîâ ïðàâèòåëüñòâà (çàäàí â ñîîòâåòñòâèè ñ ôîðìóëîé (8) ñò. [4]). Ñëåäîâà-
òåëüíî, ýòè çíà÷åíèÿ ìîæíî ðàññìàòðèâàòü êàê ôóíêöèè îò âåêòîðà Z(t):

r t r Z t r t r Z tB
d

B
d

B
f

B
f( ) [ ( )], ( ) [ ( )]= = , rE(t) = rE[Z(t)], w(t) = w[Z(t)]; (2)

S\G(t) = S\G[Z(t)]. (3)

Çàäàííîå çíà÷åíèå G(t) è âåêòîð S\G(t) = S\G[Z(t)] îïðåäåëÿþò ñòðóêòóðó
ïðàâèòåëüñòâåííûõ àêòèâîâ â ñîîòâåòñòâèè ñ ýêîíîìè÷åñêîé ïîëèòèêîé ïðàâè-
òåëüñòâà (ôîðìóëû (7)—(12) ñò. [4]).

Ýðíåñò Ìàâðèöèåâè÷ ÀÊÑÅÍÜ, êàíäèäàò ôèçèêî-ìàòåìàòè÷åñêèõ íàóê, äîêòîðàíò êà-
ôåäðû ïðèêëàäíîé ìàòåìàòèêè è ýêîíîìè÷åñêîé êèáåðíåòèêè Áåëîðóññêîãî ãîñóäàðñòâåííî-
ãî ýêîíîìè÷åñêîãî óíèâåðñèòåòà.



Ñëåäîâàòåëüíî, çíà÷åíèÿ E(t), H(t), F(t), G(t) è g(t) â êîíå÷íîì ñ÷åòå îï-
ðåäåëÿåò ðàâíîâåñíûé âåêòîð S(t) ðåàëüíîãî ñîñòîÿíèÿ ýêîíîìèêè (çàäàí â
ñîîòâåòñòâèè ñ ôîðìóëîé (7) ñò. [4]):

S(t) = S[Z(t)]. (4)

2. Çàâèñèìîñòü íåêîòîðûõ èíòåíñèâíîñòåé îò ðåàëüíîãî áîãàòñòâà
ñóáúåêòîâ ýêîíîìèêè è óðîâíÿ òåõíîëîãèè ïðîèçâîäñòâà. Çíàÿ âåêòîð (1), à
ñëåäîâàòåëüíî, è ðàâíîâåñíûå çíà÷åíèÿ (2) è (4), ìîæíî îïðåäåëèòü ðàâíîâåñ-
íûå èíòåíñèâíîñòè:

l CFE(t) — ñâîáîäíîãî äåíåæíîãî ïîòîêà ñîáñòâåííîãî êàïèòàëà ôèðì-ðå-
çèäåíòîâ — ïî ôîðìóëå (14) ñò. [2];

l C(t) — êîíå÷íîãî ïîòðåáëåíèÿ äîìàøíèõ õîçÿéñòâ — ïî ôîðìóëå (13)
ñò. [3];

l CFF(t) — äåíåæíîãî ïîòîêà èíîñòðàííûõ èíâåñòîðîâ — ïî ôîðìóëå
(24) ñò. [3];

l Y(t) — ïðîèçâîäñòâà ÂÂÏ — ïî ôîðìóëå (18) ñò. [5];
l TC(t) — íàëîãîâ, âûïëà÷èâàåìûõ ôèðìàìè-ðåçèäåíòàìè — ïî ôîðìóëå

(17) ñò. [4];
l TH(t) — íàëîãîâ, âûïëà÷èâàåìûõ äîìàøíèìè õîçÿéñòâàìè — ïî ôîðìó-

ëå (19) ñò. [4];
l GS(t) — ãîñóäàðñòâåííûõ ðàñõîäîâ — ïî ôîðìóëå (21) ñò. [4];
l MP(t) — ðåàëüíîé èíòåíñèâíîñòè èçìåíåíèÿ íîìèíàëüíîé äåíåæíîé

ìàññû íàöèîíàëüíîé âàëþòû — ïî ôîðìóëå (27) ñò. [4].
Ñëåäîâàòåëüíî, ïåðå÷èñëåííûå âûøå èíòåíñèâíîñòè ìîæíî ðàññìàòðèâàòü

êàê ôóíêöèè îò âåêòîðà (1):

CFE(t) = CFE[Z(t)], C(t) = C[Z(t)], CFF(t) = CFF[Z(t)], Y(t) = Y[Z(t)]; (5)

TC(t) = TC[Z(t)], TH(t) = TH[Z(t)], GS(t) = GS[Z(t)], MP(t) = MP[Z(t)]. (6)

3. Âçàèìîñâÿçü ïàðàìåòðîâ óðàâíåíèé äèíàìèêè óðîâíÿ öåí è ðåàëüíîé
äåíåæíîé ìàññû. Ïîñêîëüêó (â ñîîòâåòñòâèè ñ ôîðìóëîé (1) ñò. [3]) ðåàëüíàÿ
äåíåæíàÿ ìàññà Md(t) íàöèîíàëüíîé âàëþòû ðàâíà îòíîøåíèþ íîìèíàëüíîé
äåíåæíîé ìàññû M td ( )è óðîâíÿ öåí Pd(t), èìååò ìåñòî ñëåäóþùåå ðàâåíñòâî:

P t
M t

M t
d

d

d

( )
( )

( )
= .

(7)

Â ñèëó ðàâåíñòâ (23) è (24) ñò. [4] äèíàìèêà M td ( ) îïèñûâàåòñÿ óðàâíåíèåì

dM t P t MP t dtd d( ) ( ) ( )= . (8)

Íàïîìíèì, ÷òî äëÿ îïèñàíèÿ îáúåêòèâíîé äèíàìèêè ýêîíîìè÷åñêîé ñèñòå-
ìû ìû èñïîëüçóåì âåêòîðíûé ñòàíäàðòíûé âèíåðîâñêèé ïðîöåññ (áðîóíîâñêîå
äâèæåíèå) W(t) = [W1(t), …,Wm(t)]T ñ íåçàâèñèìûìè êîìïîíåíòàìè è ïóàññî-
íîâñêóþ ìåðó n(dx, dt), ãäå x = (x1, …, xn) (ñì. ï. 1 ñò. [5]).

Çàìåòèì, ÷òî äëÿ äèíàìèêè ðåàëüíîé äåíåæíîé ìàññû Md(t) íàöèîíàëüíîé
âàëþòû ñïðàâåäëèâî ñëåäóþùåå ðàâåíñòâî:

dM t t dt t dW t Y x t dx dtd M
d

M
d

M
d( ) ( ) ( ) ( ) ( , ) ( , )= + + òm s n , (9)

ãäå m s s s
M
d

M
d

M
d

M
dmt t t, ( ) [ ( ), ..., ( )]= 1 è Y x t

M
d ( , ) — ýíäîãåííî îïðåäåëÿåìûå

ñëó÷àéíûå ôóíêöèè.
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Èç ñîîòíîøåíèé (7)—(9) ñ ïîìîùüþ ôîðìóëû Èòî [6, 502] ìîæíî ïîëó-
÷èòü ñëåäóþùåå ðàâåíñòâî:

dP t P t
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M t

t

M t

t t
d d

d
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d

M
d T

( ) ( )
( )
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( )
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( )[ ( )]
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( , ).nò

(10)

Ñðàâíèâ ïîëó÷åííîå ðàâåíñòâî ñ óðàâíåíèåì (2) ñò. [5], íåñëîæíî çàìåòèòü, ÷òî
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-
+

=
Y x t

M t Y x t
Y x tM

d

d M
d P

d( , )

( ) ( , )
( , ). (13)

4. Âçàèìîñâÿçü ïàðàìåòðîâ óðàâíåíèé äèíàìèêè ðåàëüíîé äåíåæíîé ìàñ-
ñû è âåêòîðà Z(t). Çàìåòèì, ÷òî çíà÷åíèÿ M t

C
d ( ) è M t

H
d ( ) ðåàëüíûõ çàïàñîâ

íàöèîíàëüíîé âàëþòû ôèðì-ðåçèäåíòîâ è äîìàøíèõ õîçÿéñòâ ñîîòâåòñòâåííî
âõîäÿò â ñîñòàâ âåêòîðà S(t) ðåàëüíîãî ñîñòîÿíèÿ ýêîíîìèêè (ôîðìóëà (7) ñò.
[4]). Ñëåäîâàòåëüíî, â ñîîòâåòñòâèè ñ ôîðìóëîé (4) íàñòîÿùåé ñòàòüè èõ ìîæ-
íî ðàññìàòðèâàòü êàê ôóíêöèè îò âåêòîðà (1), ò.å. M t M Z t

C
d

C
d( ) [ ( )]= è

M t M Z t
H
d

H
d( ) [ ( )]= .

Íàïîìíèì, ÷òî â óñëîâèÿõ ìîäåëè çàïàñû íàöèîíàëüíîé âàëþòû íàõîäÿòñÿ
òîëüêî ó ôèðì-ðåçèäåíòîâ è äîìàøíèõ õîçÿéñòâ (ï.1 ñò. [4]). Ñëåäîâàòåëüíî,
â ñèëó ñäåëàííîãî âûøå âûâîäà, ðåàëüíàÿ äåíåæíàÿ ìàññà Md(t) íàöèîíàëü-
íîé âàëþòû îäíîçíà÷íûì îáðàçîì îïðåäåëÿåòñÿ âåêòîðîì (1):

Md(t) = Md[Z(t)], (14)

ïðè÷åì M Z M Z M Zd C
d

H
d( ) ( ) ( )= + .

Îáîçíà÷èì ÷åðåç
¶

¶

M

Z
Zd ( ) âåêòîð-ñòðîêó ïåðâûõ ïðîèçâîäíûõ ôóíêöèè

Md(Z), ò.å.
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¶
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Z
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Z
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F
Z
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G
Z

Md d d d d d( ) ( ), ( ), ( ), ( ),= ( )Z
æ

è
ç

ö

ø
÷, à ÷å-

ðåç
¶

¶

2

2

M

Z
Zd ( ) — ìàòðèöó âòîðûõ ïðîèçâîäíûõ ýòîé æå ôóíêöèè.

Òàêæå ââåäåì ñëåäóþùèå îáîçíà÷åíèÿ:

m m m m m m ggZ E H F G
Tt t t t t t( ) [ ( ), ( ), ( ), ( ), ( ( ))]= ; (15)

s s s s s s ggZ E
T

H
T

F
T

G
Tt t t t t t( ) [ ( )] , [ ( )] , [ ( )] , [ ( )] , [ ( ( )= ( ))]T

T
; (16)

Y t x Y t x Y t x Y t x Y t x Y x tZ E H F G( , ) [ ( , ), ( , ), ( , ), ( , ), ( , ( )= g g )]T. (17)

(Êîìïîíåíòû ïðàâûõ ÷àñòåé ðàâåíñòâ (15)—(17) îïèñàíû â ñò. [5], ñì. ôîðìó-
ëû (20), (27), (34), (41) è (1) ñò. [5].)
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Îòìåòèì, ÷òî ñ èñïîëüçîâàíèåì ââåäåííûõ îáîçíà÷åíèé ñòîõàñòè÷åñêèå
äèôôåðåíöèàëüíûå óðàâíåíèÿ (19), (26), (33), (40) è (1) ñò. [5] ìîæíî çàïè-
ñàòü â ìàòðè÷íîì âèäå:

dZ t t dt t dW t Y x t dx dtZ Z Z( ) ( ) ( ) ( ) ( , ) ( , )= + + òm s n . (18)

Çàìåòèì, ÷òî ôîðìóëà Èòî [6, 502] äëÿ ôóíêöèè Md(t) = Md[Z(t)] èìååò
ñëåäóþùèé âèä:
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¶
sZ { }[ ( ) ( , )] [ ( )] ( , )Z t Y x t M Z t dx dtd+ -ò Z n

; (19)

Ñðàâíèâ ôîðìóëó (19) ñ ðàâåíñòâîì (9), íåñëîæíî çàìåòèòü, ÷òî
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¶
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Z
Z t t
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Z
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Z Z
T[ ( )] ( ) [ ( )] ( )[ ( )]Z +

æ

è
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2
trç
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ø
÷
÷ = mM

d t( ); (20)

¶

¶
s s

M

Z
Z t t td

M
d[ ( )] ( ) ( )Z = ; (21)

M Z t Y x t M Z t Y x td Z d M
d[ ( ) ( , )] [ ( )] ( , )+ - = . (22)

5. Âûâîä ñòîõàñòè÷åñêèõ äèôôåðåíöèàëüíûõ óðàâíåíèé, îïèñûâàþùèõ
îáúåêòèâíóþ äèíàìèêó ýêîíîìè÷åñêîé ñèñòåìû. Ïðè çàäàííîì âåêòîðå (1) è
îïðåäåëÿåìûõ èì ðàâíîâåñíûõ çíà÷åíèÿõ êîìïîíåíò âåêòîðà (4) è èíòåíñèâ-
íîñòÿõ (5)—(6), à òàêæå ïðè ýêçîãåííî çàäàííûõ êîíñòàíòàõ è ôóíêöèÿõ, óêà-
çàííûõ â ï.1 ñò. [5] , ìîæíî ðåøèòü:

l ñèñòåìó óðàâíåíèé (21), (28), (35), (42) ñò. [5] è (12), (21) íàñòîÿùåé
ñòàòüè îòíîñèòåëüíî ïåðåìåííûõ sE(t), sH(t), sF(t), sG(t), s

P
d ( )t , s

M
d ( )t ;

l ñèñòåìó óðàâíåíèé (20), (27), (34), (41) ñò. [5] è (11), (20) íàñòîÿùåé
ñòàòüè îòíîñèòåëüíî ïåðåìåííûõ mE(t), mH(t), mF(t), mG(t), id(t), m

M
d (ïðè óæå

íàéäåííûõ çíà÷åíèÿõ sE(t), sH(t), sF(t), sG(t), s
P
d ( )t , s

M
d ( )t ;

l ñèñòåìó óðàâíåíèé (22), (29), (36), (43) ñò. [5] è (13), (22) îòíîñèòåëüíî
ïåðåìåííûõ YE(x,t), YH(x, t), YF(x, t), YG(x, t), Y x t

P
d ( , ), Y x t

M
d ( , ).

Ñëåäîâàòåëüíî, óêàçàííûå âûøå ïåðåìåííûå, à òàêæå âåêòîðû mZ(t),
YZ(x,t) è ìàòðèöó sZ(t) (îáîçíà÷åíèÿ (15)—(17)) ìîæíî ðàññìàòðèâàòü êàê
(óæå èçâåñòíûå) ôóíêöèè îò âåêòîðà (1):

mZ(t)= mZ[Z (t)], sZ(t)= sZ[Z (t)], YZ(x,t) = YZ[x, Z (t)]. (23)

Ïîäñòàâèâ (23) â (18) ïîëó÷èì:

dZ t Z t dt Z t dW t Y x Z t dx dtZ Z Z( ) [ ( )] [ ( )] ( ) [ , ( )] ( , )= + + òm s n . (24)

Âåêòîðíîå ñòîõàñòè÷åñêîå äèôôåðåíöèàëüíîå óðàâíåíèå (24) îïðåäåëÿåò
îáúåêòèâíóþ äèíàìèêó ìîäåëè.

Â ñèëó âàæíîñòè âåêòîðíîãî óðàâíåíèÿ (24) çàïèøåì åãî òàêæå (äëÿ íàãëÿä-
íîñòè) â âèäå ñèñòåìû ñêàëÿðíûõ óðàâíåíèé:
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dE t E t H t F t G t t dt E t H tE E( ) [ ( ), ( ), ( ), ( ), ( )] [ ( ), ( ),= +m g s F t G t t
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dW t Y x E t H t F t G tH

( ), ( ), ( )]

( ) [ , ( ), ( ), ( ), ( ), (

g

g

´

´ + t dx dt)] ( , );ò n
(26)

dF t E t H t F t G t t dt E t H tF F( ) [ ( ), ( ), ( ), ( ), ( )] [ ( ), ( ),= +m g s F t G t t

dW t Y x E t H t F t G tF

( ), ( ), ( )]

( ) [ , ( ), ( ), ( ), ( ), (

g

g

´

´ + t dx dt)] ( , );ò n
(27)

dG t E t H t F t G t t dt E t H tG G( ) [ ( ), ( ), ( ), ( ), ( )] [ ( ), ( ),= +m g s F t G t t

dW t Y x E t H t F t G tG

( ), ( ), ( )]

( ) [ , ( ), ( ), ( ), ( ), (

g

g

´

´ + t dx dt)] ( , );ò n
(28)

d t t dt t dW t Y x dx dtg m g s g g( ) ng g g( ) [ ( )] [ ( ) ( )] [ , ] ( , )= + + ò t . (29)

Èòàê, â íàñòîÿùåé ñòàòüå èçëîæåí âûâîä ñòîõàñòè÷åñêèõ äèôôåðåíöèàëü-
íûõ óðàâíåíèé, îïèñûâàþùèõ îáúåêòèâíóþ äèíàìèêó ýêîíîìè÷åñêîé ñèñòåìû
â öåëîì äëÿ ñòîõàñòè÷åñêîé äèíàìè÷åñêîé ìîäåëè, ïðåäíàçíà÷åííîé äëÿ èñ-
ñëåäîâàíèÿ âëèÿíèÿ ýêîíîìè÷åñêîé ïîëèòèêè ïðàâèòåëüñòâà íà äèíàìèêó íå-
êîòîðûõ ìàêðîýêîíîìè÷åñêèõ ïîêàçàòåëåé (ñì. ñò. [1]). Ñ ïîìîùüþ ýòèõ óðàâ-
íåíèé ìîæíî ïîëó÷èòü (ïðîñ÷èòàòü) ñëó÷àéíûå òðàåêòîðèè âñåõ ïåðåìåííûõ
ìîäåëè è îöåíèòü ñîîòâåòñòâóþùèå âåðîÿòíîñòíûå ðàñïðåäåëåíèÿ.
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Ðàññìîòðåíû èíâåñòèöèîííàÿ äåÿòåëüíîñòü è îñîáåííîñòè åå ðåàëèçàöèè íà ìåæ-
äóíàðîäíûõ ðûíêàõ, çàêîíû è çàêîíîìåðíîñòè, óïðàâëÿþùèå èíâåñòèöèîííîé äåÿ-
òåëüíîñòüþ, èíñòðóìåíòû ïðèâëå÷åíèÿ èíâåñòèöèé â áèçíåñ-ïðîåêò, ìåòîäû îáîñíî-
âàíèÿ èíâåñòèöèîííûõ ðåøåíèé, ìåõàíèçì îïåðàòèâíîãî è ñòðàòåãè÷åñêîãî óïðàâëå-
íèÿ èíâåñòèöèîííûì ïðîåêòîì.
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