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Îïòèìàëüíîå óïðàâëåíèå â ìàòåìàòè÷åñêîé ìîäåëè

ãîñóäàðñòâà

c⃝ Â. Ê. Çàõàðîâ1, Î. À. Êóçåíêîâ2

Àííîòàöèÿ. Â ñòàòüå íà îñíîâå îáùåé àãðåãèðîâàííîé ìîäåëè ãîñóäàðñòâà â øèðîêîì ñìûñ-
ëå (áëèçêîì ê ñëîâó ¾ñòðàíà¿), ïîíÿòèÿ ðåàëüíîé ñòîèìîñòè äîñòîÿíèé è òåîðèè äåíåã êàê
ñðåäñòâà ãîñóäàðñòâåííîãî óïðàâëåíèÿ ñîçäà¼òñÿ ìàòåìàòè÷åñêàÿ ìîäåëü ãîñóäàðñòâà ñ áàçèñ-
íûì èñïîëüçîâàíèåì ññóäíîãî äîõîäà â âèäå ñèñòåìû èç ñåìè äèôôåðåíöèàëüíûõ óðàâíåíèé
ñ âîñåìüþ óïðàâëÿþùèìè ïàðàìåòðàìè. Äëÿ íå¼ ñòàâèòñÿ îïòèìèçàöèîííàÿ çàäà÷à íàõîæäå-
íèÿ îïòèìàëüíûõ óïðàâëåíèé ïðè ðàçëè÷íûõ ôóíêöèîíàëàõ êà÷åñòâà. Â êà÷åñòâå êîíêðåòíî-
ãî ñëó÷àÿ ðàññìàòðèâàåòñÿ çàäà÷à îáåñïå÷åíèÿ ìàêñèìóìà ñîâîêóïíîãî êîíå÷íîãî äîñòîÿíèÿ
ãîñóäàðñòâà. Ïðèâîäèòñÿ ÿâíîå àíàëèòè÷åñêîå ðåøåíèå ïîëó÷åííîé îïòèìèçàöèîííîé çàäà÷è.

Êëþ÷åâûå ñëîâà: Ãîñóäàðñòâî â øèðîêîì ñìûñëå, îáùàÿ ìîäåëü ãîñóäàðñòâà, ðåàëüíàÿ
ñòîèìîñòü äîñòîÿíèé, äåíüãè êàê ñðåäñòâî ãîñóäàðñòâåííîãî óïðàâëåíèÿ, ìàòåìàòè÷åñêàÿ ìî-
äåëü ãîñóäàðñòâà, ñèñòåìà ýêîíîìè÷åñêèõ óðàâíåíèé ãîñóäàðñòâà ñ áàçèñíûì èñïîëüçîâàíèåì
ññóäíîãî äîõîäà, îïòèìèçàöèîííàÿ çàäà÷à, îïòèìàëüíîå óïðàâëåíèå, àíàëèòè÷åñêîå ðåøåíèå.

Ââåäåíèå

Ñòàòüÿ ñîñòîèò èç òð¼õ ÷àñòåé. Â ïåðâîé è âòîðîé ÷àñòÿõ, ïðèíàäëåæàùèõ ïåðâîìó
àâòîðó, èçëàãàåòñÿ îáùàÿ àãðåãèðîâàííàÿ ìîäåëü ãîñóäàðñòâà â øèðîêîì ñìûñëå (áëèç-
êîì ê ñëîâó ¾ñòðàíà¿), âîñõîäÿùàÿ ê [3], è íà å¼ îñíîâå ñîçäà¼òñÿ ìàòåìàòè÷åñêàÿ ìîäåëü
ãîñóäàðñòâà ñ áàçèñíûì èñïîëüçîâàíèåì ññóäíîãî äîõîäà â âèäå ñèñòåìû èç ñåìè äèôôå-
ðåíöèàëüíûõ óðàâíåíèé ñ âîñåìüþ óïðàâëÿþùèìè ïàðàìåòðàìè. Äëÿ íå¼ ñòàâèòñÿ îïòè-
ìèçàöèîííàÿ çàäà÷à íàõîæäåíèÿ îïòèìàëüíûõ óïðàâëåíèé äëÿ îáåñïå÷åíèÿ ìàêñèìóìà
ñîâîêóïíîãî êîíå÷íîãî äîñòîÿíèÿ ãîñóäàðñòâà. Â òðåòüåé ÷àñòè, ïðèíàäëåæàùåé âòîðî-
ìó àâòîðó, ïðèâîäèòñÿ ÿâíîå àíàëèòè÷åñêîå ðåøåíèå óêàçàííîé âûøå îïòèìèçàöèîííîé
çàäà÷è, êîòîðîå ïîçâîëÿåò äàòü ýôôåêòèâíûé ÷èñëåííûé àëãîðèòì ïîèñêà îïòèìàëüíîãî
óïðàâëåíèÿ. Ðåøåíèå äà¼òñÿ íà îñíîâå èñïîëüçîâàíèÿ êëàññè÷åñêèõ ìåòîäîâ îïòèìàëüíîãî
óïðàâëåíèÿ è ïðèåìîâ ðåøåíèÿ îïòèìèçàöèîííûõ çàäà÷, ðàçðàáîòàííûõ äëÿ ñèñòåì àâ-
òîðåïðîäóêöèè [5]. Â çàêëþ÷åíèå íàõîäèòñÿ ÷èñëåííîå ðåøåíèå çàäà÷è ïðè îäíîì íàáîðå
çíà÷åíèé ïàðàìåòðîâ è íà÷àëüíûõ äàííûõ.

Ñòàòüÿ ÿâëÿåòñÿ ðàçâèòèåì ñòàòüè [3], â êîòîðîé ðåøàëàñü îïòèìèçàöèîííàÿ çàäà÷à
äëÿ áîëåå ïðîñòîé áàçèñíî-íàäñòðîå÷íîé ìîäåëè ãîñóäàðñòâà ñ áàçèñíûì èñïîëüçîâàíèåì
ññóäíîãî äîõîäà â âèäå ñèñòåìû èç äâóõ äèôôåðåíöèàëüíûõ óðàâíåíèé ñ òðåìÿ óïðàâëÿ-
þùèìè ïàðàìåòðàìè.

1. Îáùàÿ àãðåãèðîâàííàÿ ìîäåëü ãîñóäàðñòâà

Êàæäîå ãîñóäàðñòâî â øèðîêîì ñìûñëå, áëèçêîì ê ñëîâó ¾ñòðàíà¿, ÿâëÿåòñÿ ñëîæ-
íîé òð¼õóðîâíåâîé æèçíåäåÿòåëüíîé ñèñòåìîé îáùåñòâà, óñòðîåííîé â âèäå ñîâîêóïíîñòè
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îñíîâíûõ ñèñòåì: ñîäåðæàòåëüíîé C , ó÷¼òíîé D , îáåñïå÷èòåëüíîé E , ñîâîêóïíîé ðàñ-
ïîðÿäèòåëüíîé F è âëàñòíîé P [2]. Ñîäåðæàòåëüíàÿ, ó÷¼òíàÿ è îáåñïå÷èòåëüíàÿ ñèñòå-
ìû ñâÿçàíû ñ ïðèðîäíîé ñðåäîé A1 , âíåøíåé îðãàíèçîâàííîé ñðåäîé A2 , ñîñòîÿùåé èç
çàðóáåæíûõ æèçíåäåÿòåëüíûõ åäèíèö è ãîñóäàðñòâ, è âíóòðåííåé îðãàíèçîâàííîé ñðå-
äîé A3 , ñîñòîÿùåé èç òåíåâûõ åäèíèö. Âëàñòíàÿ ñèñòåìà âûäåëÿåò â ó÷¼òíîé ñèñòåìå
êàçíà÷åéñêóþ ñèñòåìó, îñóùåñòâëÿþùóþ âûäà÷ó áþäæåòíûõ äåíåã. Äëÿ èñïîëüçîâà-
íèÿ äåíåã ñàìîé ñîäåðæàòåëüíîé ñèñòåìîé âëàñòíàÿ ñèñòåìà òàêæå âûäåëÿåò â ó÷¼òíîé
ñèñòåìå áàíêîâñêóþ ñèñòåìó, îñóùåñòâëÿþùóþ âûäà÷ó ññóäíûõ äåíåã ñ óñëîâèåì âîç-
âðàòà ñ îòíîñèòåëüíîé ïðèáàâî÷íîé äîëåé r .

Èñïîëüçóåìûå ãîñóäàðñòâîì è ïðîèçâîäèìûå èì äîñòîÿíèÿ ðàñïîëàãàþòñÿ â åäèíèöàõ
ãîñóäàðñòâà è âî âíåøíèõ ñðåäàõ. Âñå ýòè äîñòîÿíèÿ ïîäðàçäåëÿþòñÿ íà ñëåäóþùèå âèäû:
ñîäåðæàòåëüíîå (êîä 1), ðàñïîðÿäèòåëüíîå (êîä 2), âëàñòíîå (êîä 3), îáåñïå÷èòåëüíîå
(êîä 4), ó÷¼òíîå (êîä 5). Êàæäàÿ îñíîâíàÿ ñèñòåìà ïðîèçâîäèò äîñòîÿíèå ñâîåãî âèäà.
Ïðè ïðîèçâîäñòâå ñîîòâåòñòâóþùåãî äîñòîÿíèÿ êàæäàÿ ñèñòåìà èñïîëüçóåò íåêîòîðûå èç
èìåþùèõñÿ â íåé äîñòîÿíèé. Âñå îñíîâíûå ñèñòåìû ñâÿçàíû ìåæäó ñîáîé ïîòîêàìè ïðî-
èçâîäèìûõ äîñòîÿíèé. Ñîäåðæàòåëüíàÿ, ó÷¼òíàÿ è îáåñïå÷èòåëüíàÿ ñèñòåìû ïîëó÷àþò èç
âíåøíèõ ñðåä è îòäàþò â ýòè ñðåäû ñîîòâåòñòâóþùèå äîñòîÿíèÿ. Â ñèëüíî àãðåãèðîâàí-
íîé ôîðìå óñòðîéñòâî è ôóíêöèîíèðîâàíèå ãîñóäàðñòâà, à òàêæå îïèñàíèå èìåþùèõñÿ â
í¼ì äîñòîÿíèé è ïîòîêîâ äàíî íà ðèñóíêå 1.1. Íà íåì ïðîèçâîäèìûå äîñòîÿíèÿ âûäåëåíû
êâàäðàòèêîì ñ æèðíûì êîíòóðîì. Äóãàìè óêàçàíû ïðåîáðàçîâàòåëüíûå ïîòîêè. Ïåðåäà-
òî÷íûå ïîòîêè ïîêàçàíû ñòðåëêàìè ñ óêàçàíèåì êîäîâ íà êîíöàõ ñòðåëîê. Ïðîèçâåä¼í-
íûå ïîòîêè îáîçíà÷åíû ïðÿìûìè âõîäÿùèìè ñòðåëî÷êàìè, à èçâåä¼ííûå � âûõîäÿùèìè.

Ð è ñ ó í î ê 1.1

Ñõåìà ñèñòåì, äîñòîÿíèé è ïîòîêîâ ãîñóäàðñòâà

Æóðíàë ÑÂÌÎ. 2015. Ò. 17, � 2



36 Â. Ê. Çàõàðîâ, Î. À. Êóçåíêîâ

2. Ìàòåìàòè÷åñêàÿ ìîäåëü ãîñóäàðñòâà è îïòèìàëüíîå óïðàâëå-
íèå â íåé

Ìàòåìàòè÷åñêàÿ ìîäåëü ãîñóäàðñòâà ñîçäà¼òñÿ íà îñíîâå îáùåé àãðåãèðîâàííîé ìîäå-
ëè ïîñðåäñòâîì èñïîëüçîâàíèÿ ðåàëüíîé äåíåæíîé ñòîèìîñòè äîñòîÿíèé âñåõ âèäîâ [2].
Äîñòîÿíèå âèäà m â ñèñòåìå M â ìîìåíò âðåìåíè t áóäåì îáîçíà÷àòü ÷åðåç Wm

M (t) .
Ñèñòåìà ýâîëþöèîííûõ óðàâíåíèé ãîñóäàðñòâà ñîñòàâëÿåòñÿ ïî ñëåäóþùåìó ïðèíöèïó
ñîõðàíåíèÿ: ñêîðîñòü èçìåíåíèÿ ðåàëüíîé ñòîèìîñòè äîñòîÿíèÿ êàêîãî-ëèáî âèäà â êàêîé-
ëèáî îñíîâíîé ñèñòåìå ðàâíî ñóììå ðåàëüíûõ ñòîèìîñòåé âñåõ âõîäÿùèõ ïîòîêîâ ýòîãî
äîñòîÿíèÿ â ýòó ñèñòåìó ìèíóñ ñóììà ðåàëüíûõ ñòîèìîñòåé âñåõ âûõîäÿùèõ ïîòîêîâ ýòîãî
äîñòîÿíèÿ èç ýòîé ñèñòåìû. Ñèñòåìà ýâîëþöèîííûõ óðàâíåíèé óïðîùàåòñÿ ïóò¼ì íàëîæå-
íèÿ äîïóùåíèé äëÿ ïîòîêîâ äîñòîÿíèé. ×àñòü äîïóùåíèé îñíîâàíà íà ïðåäïîëîæåíèè î
ñîõðàíåíèè ðåàëüíîé ñòîèìîñòè äîñòîÿíèé, äðóãàÿ ÷àñòü äîïóùåíèé îñíîâàíà íà íîâîé
òåîðèè äåíåã êàê ñðåäñòâà ãîñóäàðñòâåííîãî óïðàâëåíèÿ [1]. Âñå ïðåîáðàçîâàíèÿ è óïðî-
ùåíèÿ áûëè ïðîäåëàíû â [3]. Â ÷àñòíîñòè, òàì áûëî ïîëîæåíî, ÷òî ññóäíûé ïîòîê L55

DC

èìååò âèä

L55
DC = aW 1

C(K −W 1
C)/(c+ dr + (B55

DC +B55
DD +B55

DE +B55
DF +B55

DG +B55
DH +B55

DP )),

ãäå B55
DM îáîçíà÷àåò áþäæåòíûé ïîòîê èç ñèñòåìû D â ñèñòåìó M (M ïðèíèìàåò çíà÷å-

íèÿ èç ìíîæåñòâà {C,D,E, F,G,H, P} ), ÷èñëî K > 0 îáîçíà÷àåò íàèáîëüøóþ ïðåäåëüíî
âîçìîæíóþ âåëè÷èíó ñîäåðæàòåëüíîãî äîñòîÿíèÿ ñîäåðæàòåëüíîé ñèñòåìû, ïîëîæè-
òåëüíûå ÷èñëà a , c , d ïðåäñòàâëÿþò ñîáîé ðàçìåðíîñòíûå êîýôôèöèåíòû. Â [3] áûëà ïî-
ëó÷åíà ñèñòåìà ýêîíîìè÷åñêèõ óðàâíåíèé ãîñóäàðñòâà ïðè áàçèñíîì èñïîëüçîâàíèè ññóä-
íîãî äîõîäà

Ẇ 1
C = L55

DC − (p1B
55
DD + p2B

55
DE + p3B

55
DF + p4B

55
DG + p5B

55
DH + p6B

55
DP )− e0W

1
C ,

Ẇ 5
D = B55

DD − e1W
5
D, Ẇ

4
E = B55

DE − e2W
4
E, Ẇ

2
F = B55

DF − e3W
2
F ,

Ẇ 2
G = B55

DG − e4W
2
G, Ẇ

2
H = B55

DH − e5W
2
H , Ẇ

3
P = B55

DP − e6W
3
P ,

ãäå 0 < ei < 1 , 0 < pi < 1 . Â ýòîé ñèñòåìå ïàðàìåòðû B55
DM , r ÿâëÿþòñÿ óïðàâëåíèÿìè.

Íà óïðàâëåíèÿ íàêëàäûâàþòñÿ îãðàíè÷åíèÿ r0 6 r 6 r1 , (B55
DM)0 6 B55

DM 6 (B55
DM)1 äëÿ

M ∈ {C,D,E, F,G,H, P} .
Âëàñòíàÿ ñèñòåìà ãîñóäàðñòâà äîëæíà ðåøàòü îïòèìèçàöèîííóþ çàäà÷ó íà âûáîð îï-

òèìàëüíûõ óïðàâëåíèé â ñîîòâåòñòâèè ñ ïîñòàâëåííûìè öåëÿìè íà âðåìåííîì ïðîìåæóò-
êå [0, T ] . Íàïðèìåð, âîçìîæíîé öåëüþ ìîæåò áûòü îáåñïå÷åíèå ìàêñèìóìà ñîâîêóïíîãî
êîíå÷íîãî äîñòîÿíèÿ ãîñóäàðñòâà, ò. å.

(W 1
C +W 5

D +W 4
E +W 2

F +W 2
G +W 2

H +W 3
P )(T ) → max .

Äàëåå â ñòàòüå ðàññìàòðèâàåòñÿ íàõîæäåíèå îïòèìàëüíîãî ðåøåíèÿ óêàçàííîé ñèñòåìû
ïðè ñëåäóþùèõ ÷èñëîâûõ äàííûõ: T = 100 , K = 300 , d = 20 , a = 0.0005 , c = 1 ,
p1 = 0.3 , p2 = 0.6 , p3 = p4 = p5 = 0.2 , p6 = 0.7 , e0 = 0.015 , e1 = 0.005 , e2 = 0.02 ,
e3 = e4 = e5 = 0.005 , e6 = 0.01 , W 1

C(0) = 100 , W 5
D(0) = 20 , W 4

E(0) = 20 , W 2
F (0) = 10 ,

W 2
G(0) = 10 , W 2

H(0) = 10 , W 3
P (0) = 30 , r0 = 0.001 , r1 = 1 , (B55

DC)0 = 0 , (B55
DC)1 = 0.5 ,

(B55
DM)0 = 0.1 , (B55

DM)1 = 0.2 äëÿ M ∈ {D,E, F,G,H, P} .
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3. Ðåøåíèå îïòèìèçàöèîííîé çàäà÷è
äëÿ ìîäåëè ãîñóäàðñòâà

Äàëåå äëÿ óäîáñòâà ïîëàãàåòñÿ W 1
C = x , WM = yi äëÿ M ∈ {C,D,E, F,G,H, P} ,

ñîîòâåòñòâåííî, r = u , B55
DC = v , B55

DM = wi .
Â íîâûõ îáîçíà÷åíèÿõ óïðàâëÿåìàÿ ñèñòåìà èìååò âèä

dx

dt
=

a(K − x)x

c+ qu+ v +
6∑
j=1

wj

−
6∑
j=1

pjwj − e0x,
dyi
dt

= wi − eiyi, i = 1, 6, (3.1)

ñ íà÷àëüíûìè óñëîâèÿìè x(0) = x0 , yi(0) = yi0 , i = 1, 6 . Çäåñü K, a, d, pi, c, ei, eo � íåêî-
òîðûå ïîëîæèòåëüíûå êîíñòàíòû, u, v, wi � óïðàâëÿþùèå ôóíêöèè âðåìåíè ( i = 1, 6 ),
óäîâëåòâîðÿþùèå â êàæäûé ìîìåíò âðåìåíè 0 6 t 6 T îãðàíè÷åíèÿì u0 ≤ u ≤ u1 ,
v0 ≤ v ≤ v1 , wi0 ≤ w ≤ wi1 , i = 1, 6 . Êðîìå òîãî, ñ÷èòàåòñÿ, ÷òî 0 < x0 < K .

Çàäà÷à ñîñòîèò â òîì, ÷òîáû íàéòè óïðàâëÿþùèå ôóíêöèè u , v è wi , i = 1, 6 , ïðè
êîòîðûõ âûðàæåíèå x(T )+

∑6
i=1 yi(T ) äîñòèãàåò íàèáîëüøåãî çíà÷åíèÿ, ãäå T � çàäàííîå

âðåìÿ óïðàâëåíèÿ. Äëÿ ðåøåíèÿ ïîñòàâëåííîé îïòèìèçàöèîííîé çàäà÷è áóäåì èñïîëüçî-
âàòü ïðèíöèï ìàêñèìóìà Ë.Ñ. Ïîíòðÿãèíà. Â ýòîì ñëó÷àå ñîïðÿæåííàÿ ñèñòåìà èìååò
âèä

dψ1

dt
=

− a(K − 2x∗)

c+ qu∗ + v∗ +
6∑
j=1

w∗
j

+ e0

ψ1,
dψi
dt

= eiψi, i = 2, 6.

Óñëîâèÿ òðàíñâåðñàëüíîñòè âûãëÿäÿò ñëåäóþùèì îáðàçîì ψ1(T ) = −1 , ψi(T ) = −1 ,
i = 2, 6 . Çäåñü u∗ , v∗ , wi∗ � îïòèìàëüíûå óïðàâëåíèÿ, i = 1, 6 , x∗ � ñîîòâåòñòâóþùåå
èì ðåøåíèå ïåðâîãî óðàâíåíèÿ ñèñòåìû (3.1). Î÷åâèäíî, ÷òî ïðè ýòîì âñå êîìïîíåíòû
ðåøåíèÿ ñîïðÿæåííîé ñèñòåìû îòðèöàòåëüíû.

Ôóíêöèÿ Ãàìèëüòîíà H(u, v, w) ïðèíèìàåò âèä

H = ψ1(
a(K − x∗)x∗

c+ qu+ v +
6∑
i=1

wi

−
6∑
i=1

piwi − e0x
∗) +

6∑
i=2

ψi+1(wi − eiy
∗
i ).

Çäåñü x∗ , yi
∗ � ðåøåíèÿ ñèñòåìû (3.1), ñîîòâåòñòâóþùèå îïòèìàëüíîìó óïðàâëåíèþ,

i = 1, 6 . Â ñîîòâåòñòâèè ñ ïðèíöèïîì Ë. Ñ. Ïîíòðÿãèíà ìèíèìóì ôóíêöèè Ãàìèëüòî-
íà ðåàëèçóåòñÿ íà îïòèìàëüíîì óïðàâëåíèè. Äàëüíåéøèå óñèëèÿ áûëè ñîñðåäîòî÷åíû íà
èññëåäîâàíèè ôóíêöèè Ãàìèëüòîíà è ïîèñêå åå ìèíèìóìà.

Ïðè óñëîâèè, ÷òî îïòèìàëüíîå ðåøåíèå óäîâëåòâîðÿåò íåðàâåíñòâó 0 < x∗(t) < K , î÷å-
âèäíî, ÷òî ìèíèìóì ôóíêöèè Ãàìèëüòîíà áóäåò äîñòèãàòüñÿ ïðè ìèíèìàëüíîì âîçìîæíîì
çíà÷åíèè óïðàâëÿþùèõ ïàðàìåòðîâ u è v . Òàêèì îáðàçîì, îïòèìàëüíûå óïðàâëåíèÿ u∗

è v∗ ïîñòîÿííû: u∗ = u0 , v∗ = v0 . Äàëåå íà îñíîâå àíàëèçà ðåøåíèÿ ñîïðÿæåííîé ñèñòå-
ìû è ïîâåäåíèÿ ôóíêöèè Ãàìèëüòîíà áûëî äîêàçàíî, ÷òî âñå îïòèìàëüíûå óïðàâëåíèÿ wi
èìåþò ðåëåéíûé õàðàêòåð, îíè êóñî÷íî-ïîñòîÿííû è ïðèíèìàþò çíà÷åíèÿ ëèáî wi0 , ëè-
áî wi1 , i = 1, 6 . Òàêèì îáðàçîì, çàäà÷à ïîñòðîåíèÿ îïòèìàëüíîãî óïðàâëåíèÿ ñâîäèòñÿ ê
çàäà÷å íàõîæäåíèÿ åãî òî÷åê ïåðåêëþ÷åíèÿ ñ îäíîãî ïîñòîÿííîãî ðåæèìà íà äðóãîé. Äëÿ
îïðåäåëåíèÿ çíà÷åíèé ìîìåíòîâ ïåðåêëþ÷åíèÿ èñïîëüçîâàëñÿ ÷èñëåííûé ìåòîä ïåðåáî-
ðà. ×èñëåííîå ðåøåíèå ïîñòàâëåííîé çàäà÷è îïòèìàëüíîãî óïðàâëåíèÿ ïðîâîäèëîñü ïðè
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ïðèâåäåííûõ âûøå ÷èñëîâûõ çíà÷åíèÿõ ïàðàìåòðîâ è íà÷àëüíûõ äàííûõ. Ïðîâåäåííûå
ðàñ÷åòû ïîêàçûâàþò, ÷òî îïòèìàëüíûì áóäåò ïîñòîÿííîå óïðàâëåíèå (áåç ïåðåêëþ÷åíèé):
u∗ = u1 , v∗ = v1 , w∗ = wi1 , i = 1, 6 .

Áëàãîäàðíîñòè. Èññëåäîâàíèå âûïîëíåíî ïðè ôèíàíñîâîé ïîääåðæêå ÐÔÔÈ â ðàìêàõ
íàó÷íîãî ïðîåêòà � 13-01-12452 îôè_ì2.
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Optimal control in mathematical state model

c⃝ V.K. Zakharov3, O. A. Kuzenkov4

Abstract. Some mathematical model of a state is constructed in the form of a system of seven
di�erential equations with eight controlling parameters. It is based on some general aggregated
model of a state in broad meaning (close to the word ¾country¿), on some notion of a real cost
of wealth, and on some theory of money as a weapon of state administration. The optimization
problem of �nding the optimal controls under varies quality functionals is considered for this
system. In the capacity of a concrete case the problem of guaranteeing the maximum of the joint
�nal wealth of a state is considered. The explicit analytical solution of the obtained optimization
problem is presented

Key Words: The state in broad meaning, the general model of the state, a real cost of wealth,
money as a weapon of state administration, the mathematical model of the state, the economic
system of the state with the basic use of the loan income, optimization problem, optimal control,
analytical solution
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