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Ââåäåíèå
Ïðîãíîçèðîâàíèå ïîêàçàòåëåé äèíàìèêè èçìåíåíèÿ îáúåìîâ âàëîâîãî ðåãèîíàëüíî-

ãî ïðîäóêòà (ÂÐÏ) ÿâëÿåòñÿ îäíîé èç àêòóàëüíûõ ïðîáëåì ñîâðåìåííîé ýêîíîìè÷åñêîé
òåîðèè, îò óñïåøíîãî ðåøåíèÿ êîòîðîé çàâèñèò àäåêâàòíûé âûáîð ñöåíàðèåâ ðàçâèòèÿ
èííîâàöèîííîé äåÿòåëüíîñòè ïðåäïðèÿòèé ðåãèîíà äëÿ íåéòðàëèçàöèè ïîñëåäñòâèé ñàíê-
öèîííîãî äàâëåíèÿ íà îòå÷åñòâåííóþ ýêîíîìèêó.

Èíñòðóìåíòû ñàíêöèîííûõ ðåñòðèêöèé, èñïîëüçóåìûå â ýêîíîìè÷åñêèõ è ïîëèòè÷å-
ñêèõ êîíôëèêòàõ ðàçíîãî óðîâíÿ, äîñòàòî÷íî õîðîøî èññëåäîâàíû â ðàáîòàõ çàðóáåæíûõ
àâòîðîâ [1�4].

Ðàçëè÷íûå àñïåêòû è îñîáåííîñòè ñàíêöèîííîãî äàâëåíèÿ íà íàøó ýêîíîìèêó ïîäðîá-
íî èçó÷åíû â ðÿäå ðàáîò îòå÷åñòâåííûõ àâòîðîâ [5�12].

Ïåðñïåêòèâíûì ñïîñîáîì íåéòðàëèçàöèè ïîñëåäñòâèé ñàíêöèîííûõ ðåñòðèêöèé ÿâ-
ëÿåòñÿ ïåðåâîä îòå÷åñòâåííîé ýêîíîìèêè íà ïóòü ïîâûøåíèÿ èííîâàöèîííîé àêòèâíîñòè
ïðîèçâîäñòâåííûõ ïðåäïðèÿòèé ðåãèîíîâ.

Òàêàÿ èííîâàöèîííàÿ àêòèâíîñòü äîëæíà ñîïðîâîæäàòüñÿ ýôôåêòèâíîé îðãàíèçàöèåé
ïðîöåññà èìïîðòîçàìåùåíèÿ, öèôðîâîé òðàíñôîðìàöèåé ðàçëè÷íûõ ïðîèçâîäñòâ è ðàçðà-
áîòêîé ìàñøòàáíûõ ïðîåêòîâ ÍÈÎÊÐ [13�18].

Öåëüþ ïðåäëàãàåìîé ðàáîòû ÿâëÿåòñÿ ðàçðàáîòêà íîâîé ðàñ÷åòíîé ìàòåìàòè÷åñêîé
ìîäåëè äèíàìèêè ðàçâèòèÿ îáúåìîâ (ÂÐÏ), ó÷èòûâàþùåé êàê íåãàòèâíîå âëèÿíèå ñàíê-
öèîííîãî äàâëåíèÿ íà ïðîìûøëåííûé ïîòåíöèàë ðåãèîíà, òàê è ïîëîæèòåëüíîå âëèÿíèå
ýôôåêòà èííîâàöèîííîé àêòèâíîñòè.

1. Ïîñòàíîâêà çàäà÷è
Ïóñòü îáúåì âàëîâîãî ðåãèîíàëüíîãî ïðîäóêòà (ÂÐÏ) V îáåñïå÷èâàåòñÿ îáúåìàìè

îïðåäåëåííûõ ðåñóðñîâ. Ýòè ðåñóðñû âêëþ÷àþò â ñåáÿ îáúåì îñíîâíîãî êàïèòàëà, ïðî-
èçâîäñòâåííûå ôîíäû, òðóäîâûå ðåñóðñû, èñïîëüçóåìûå â ïðîèçâîäñòâå ìàòåðèàëû, ïðè-
ìåíÿåìûå òåõíîëîãèÿìè, èííîâàöèè è ò.ä.

Âñå ýòè ðåñóðñû ìîæíî óñëîâíî îáúåäèíèòü â îäèí èíòåãðàëüíûé ðåãèîíàëüíûé ðå-
ñóðñ â âèäå íåêîòîðîãî îáúåìà ïðîèçâîäñòâåííîãî ôàêòîðà Q.

Îáúåì ÂÐÏ ðåãèîíà V ïîëíîñòüþ îïðåäåëÿåòñÿ ôàêòîðîì ïðîèçâîäñòâà Q ñ ïîìîùüþ
ïðîèçâîäñòâåííîé ôóíêöèè. Â êà÷åñòâå òàêîé ïðîèçâîäñòâåííîé ôóíêöèè îãðàíè÷èìñÿ
êëàññè÷åñêîé ïðîèçâîäñòâåííîé ôóíêöèåé Êîááà�Äóãëàñà

V = P ·Qa. (1)

Çäåñü P � ñòîèìîñòü ïðîäóêöèè, ïðîèçâåäåííîé íà åäèíè÷íûé îáúåì ðåñóðñà, ïîêà-
çàòåëü ñòåïåíè a � ïðåäñòàâëÿåò ñîáîé ýëàñòè÷íîñòü âûïóñêà ïðîäóêöèè ïî ðåñóðñó Q,
(0 ⩽ a ⩽ 1).

Îáúåì ôàêòîðà ïðîèçâîäñòâà Q = Q(t) ïðåäïîëàãàåòñÿ íåïðåðûâíîé, íåïðåðûâíî
äèôôåðåíöèðóåìîé è îãðàíè÷åííîé âåëè÷èíîé íà ÷èñëîâîé ïîëóîñè 0 ⩽ t < ∞ ôóíê-
öèåé íåïðåðûâíîãî àðãóìåíòà âðåìåíè t.
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Åäèíèöåé èçìåðåíèÿ âðåìåíè ñëóæèò ñîîòâåòñòâóþùèé îáñòîÿòåëüñòâàì ðûíî÷íûé
ïåðèîä (ìåñÿö, êâàðòàë, ãîä). Îãðàíè÷åííàÿ ôóíêöèÿ óäîâëåòâîðÿåò íåðàâåíñòâó

Q0 ⩽ Q(t) ⩽ Q∞.

Çäåñü Q0 � èçâåñòíîå íà÷àëüíîå çíà÷åíèå ôàêòîðà ïðîèçâîäñòâà, Q∞ � åãî ïðåäåëüíîå
çíà÷åíèå, êîòîðîå ïîäëåæèò âû÷èñëåíèþ.

Äëÿ íàáëþäåíèÿ çà äèíàìèêîé ðàçâèòèÿ ÂÐÏ ðåãèîíà ñëåäóåò ñîñòàâèòü óðàâíåíèå
áàëàíñà äëÿ îáúåìà ôàêòîðà ïðîèçâîäñòâà Q = Q(t).

Ïðèðàùåíèå îáúåìà ôàêòîðà ïðîèçâîäñòâà ∆Q = Q(t+∆t)−Q(t) çà íåêîòîðûé ìàëûé
ïðîìåæóòîê âðåìåíè ∆t ìîæåò áûòü ïðåäñòàâëåí â âèäå ñóììû äâóõ ñëàãàåìûõ

∆Q(t) = ∆QA(t) + ∆QI(t). (2)

Çäåñü ∆QA(t) � ÷àñòè÷íàÿ àìîðòèçàöèÿ ôàêòîðà ïðîèçâîäñòâà Q = Q(t), ∆QI(t) �
÷àñòè÷íîå âîññòàíîâëåíèå ôàêòîðà ïðîèçâîäñòâà Q = Q(t) çà ñ÷åò âíóòðåííèõ èíâåñòèöèé
â ïðîìûøëåííûé êîìïëåêñ ðåãèîíà.

Ïðèðàùåíèå ÷àñòè÷íîé àìîðòèçàöèè çà ïðîìåæóòîê âðåìåíè ∆t èìååò âèä

∆QA(t) = −A ·Q(t) ·∆t. (3)

Çäåñü A � êîýôôèöèåíò àìîðòèçàöèè, äîëÿ âûáûâøåãî çà åäèíèöó âðåìåíè îáúåìà
ôàêòîðà ïðîèçâîäñòâà.

Ïðèðàùåíèå âíóòðåííèõ èíâåñòèöèé çà ïðîìåæóòîê âðåìåíè ∆t îïðåäåëÿåòñÿ ñîîò-
íîøåíèåì

∆QI(t) = I(t) ·∆t = B · V (t) ·∆t = B · P ·Qa(t) ·∆t. (4)

Çäåñü èñïîëüçîâàíà ôîðìóëà (1) äëÿ ïðîèçâîäñòâåííîé ôóíêöèè, I(t) � èíâåñòèöèè,
ñäåëàííûå â ìîìåíò âðåìåíè t, B � íîðìà íàêîïëåíèÿ âíóòðåííèõ èíâåñòèöèé.

Ïîäñòàíîâêà ôîðìóë (3) è (4) â óðàâíåíèå áàëàíñà (2), äàåò

∆Q(t) =

(
−A ·Q(t) +B · P ·Qa(t)

)
·∆t. (5)

Ïåðåõîäÿ ê ïðåäåëó â ñîîòíîøåíèè (5) ïðè óñëîâèè ∆t → 0, ïîëó÷àåì íåëèíåéíîå
äèôôåðåíöèàëüíîå óðàâíåíèå

dQ(t)

dt
= −A ·Q(t) +B · P ·Qa(t). (6)

ñ íà÷àëüíûì óñëîâèåì

Q

∣∣∣∣
t=0

= Q(0) = Q0. (7)

2. Ìîäåëü äèíàìèêè îáúåìà ÂÐÏ ðåãèîíà, ó÷èòûâàþùàÿ âçàèìîäåéñòâèå
èííîâàöèîííîé àêòèâíîñòè è ñàíêöèîííûõ ðåñòðèêöèé

Ñòðóêòóðà óðàâíåíèÿ áàëàíñà (6) ïîêàçûâàåò, ÷òî ïðîìûøëåííîñòü ðåãèîíà áóäåò ðàç-

âèâàòüñÿ ïðè óñëîâèè
dQ(t)

dt
⩾ 0, êîòîðîå îçíà÷àåò ÷òî, îáúåì âíóòðåííèõ èíâåñòèöèé

IQ = B · P ·Qa ïðåâîñõîäèò îáúåì àìîðòèçàöèîííûõ îò÷èñëåíèé AQ = −A ·Q.
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Ïðåäåëüíîå çíà÷åíèå Q∞ îáúåìà ïðîèçâîäñòâåííîãî ôàêòîðà Q(t) íàõîäèòñÿ èç óðàâ-
íåíèÿ

IQ + AQ = −A ·Q+B · P ·Qa = 0, (8)

è ðàâíî

Q∞ =

(
B · P
A

) 1

1− a
.

(9)

Äèôôåðåíöèàëüíîå óðàâíåíèå ïåðâîãî ïîðÿäêà (6) ÿâëÿåòñÿ óðàâíåíèåì Áåðíóëëè,
îáùåå ðåøåíèå êîòîðîãî èìååò âèä

Q(t) = e−A·t
(
B · P
A

· eA·(1−a)·t + C

) 1

1− a
.

(10)

Ïîäñòàâëÿÿ ôóíêöèþ (10) â íà÷àëüíîå óñëîâèå (7), íàõîäèì

C = Q1−a
0 − B · P

A
.

Ðåøåíèå çàäà÷è Êîøè (6), (7) ïðèíèìàåò âèä

Q(t) =

(
B · P ·

(
eA·(1−a)·t − 1

)
+ A ·Q1−a

0

A · eA·(1−a)·t

) 1

1− a
. (11)

Ñëåäóåò îòìåòèòü, ÷òî
lim
t→0

Q(t) = Q0,

lim
t→∞

Q(t) = Q∞ =

(
B · P
A

) 1

1− a
.

Ïîäñòàâëÿÿ ôîðìóëó (11) â âûðàæåíèå äëÿ ïðîèçâîäñòâåííîé ôóíêöèè (1), íàõîäèì
äèíàìèêó îáúåìà ÂÐÏ ðåãèîíà

V (t) = P ·

(
B · P ·

(
eA·(1−a)·t − 1

)
+ A ·Q1−a

0

A · eA·(1−a)·t

) a

1− a
. (12)

Ïðåäåëüíûé îáúåì ÂÐÏ ðåãèîíà ðàññ÷èòûâàåòñÿ ïî ôîðìóëå:

V∞ = lim
t→∞

V (t) = P ·
(
B · P
A

) a

1− a
. (13)
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Ïðèìåíèì òåïåðü ïîëó÷åííûå ôîðìóëû (11) è (12) äëÿ ðàñ÷åòà ïîêàçàòåëåé äèíàìèêè
ðàçâèòèÿ îáúåìîâ ÂÐÏ Ñàìàðñêîé îáëàñòè. Ñîîòâåòñòâóþùèå íåîáõîäèìûå ñòàòèñòè÷å-
ñêèå äàííûå èçìåíåíèé îáúåìîâ ÂÐÏ çà ïåðèîä ñ 1998 ã. ïî 2023 ã. ïðèâåäåíû â òàáëèöå.

Статистические данные по ВПР Самарской области

Год Время, t
Объем ВРП,

млн. руб.
Год Время, t

Объем ВРП,

млн. руб.

1998 0 67,520 2011 13 834,149

1999 1 105,581 2012 14 937,435

2000 2 140,407 2013 15 1 048,546

2001 3 180,049 2014 16 1 149,148

2002 4 206,320 2015 17 1 264,910

2003 5 256,555 2016 18 1 364,822

2004 6 327,119 2017 19 1 449,006

2005 7 401,812 2018 20 1 625,559

2006 8 487,714 2019 21 1 773,989

2007 9 584,969 2020 22 1 781,909

2008 10 699,296 2021 23 2 157,662

2009 11 584,000 2022 24 2 378,451

2010 12 695,651 2023 25 2 746,426

Íà Ðèñ. 1 ïðåäñòàâëåíà òðàåêòîðèÿ, ïîñòðîåííàÿ ïî òî÷êàì, ïðèâåäåííûì â òàáëèöå.

Ðèñ. 1: Òðàåêòîðèÿ, ïîñòðîåííàÿ ïî òî÷-
êàì, ïðèâåäåííûì â òàáëèöå.

Fig. 1: A trajectory constructed from the
points given in the table.
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Ýòà òðàåêòîðèÿ ïîêàçûâàåò, ÷òî â äèíàìè÷åñêîì ðàçâèòèè îáúåìîâ ÂÐÏ ðåãèîíà ìîæ-
íî âûäåëèòü òðè ïåðèîäà. Ïåðâûé ïåðèîä îõâàòûâàåò 1998 � 2008 ãîäû. Âòîðîé ïåðèîä
ñîîòâåòñòâóåò 2009 � 2019 ãîäàì. Òðåòèé ïåðèîä îáðàçóåò âðåìåííîé èíòåðâàë ñ 2020 ïî
2023 ãîä.

Êàæäîìó èç îòìå÷åííûõ ïðåðèîäîâ ñîîòâåòñòâóåò ñâîè ïàðàìåòðû ïðîèçâîäñòâåííîé
ôóíêöèè (1).
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Â ñîîòâåòñòâèè ñî ñòàòèñòè÷åñêèìè äàííûìè òàáëèöû, ïåðâûé ïåðèîä äèíàìèêè ÂÐÏ
ìîæåò áûòü îïèñàí ïðîèçâîäñòâåííîé ôóíêöèåé

V1(t) = 4, 621 ·Q1(t)
0,9. (14)

Ýêîíîìè÷åñêèé êðèçèñ, íà÷àâøèéñÿ â 2008 ãîäó è ñîîòâåòñòâóþùåå ñàíêöèîííîå äàâ-
ëåíèå íà îòå÷åñòâåííóþ ýêîíîìèêó ñîêðàòèëî ïîêàçàòåëè ðÿäà ïðîèçâîäñòâ, ïîýòîìó äè-
íàìèêà ÂÐÏ âòîðîãî ïåðèîäà îïðåäåëÿåòñÿ ïðîèçâîäñòâåííîé ôóíêöèåé

V2(t) = 6, 905 ·Q2(t)
0,8. (15)

Ïåðåõîä íàöèîíàëüíîé ýêîíîìèêè â òðåòüåì ïåðèîäå íà èííîâàöèîííûå ðåëüñû è,
òåì ñàìûì, îïðåäåëåííàÿ íåéòðàëèçàöèÿ ïîñëåäñòâèé ñàíêöèîííûõ ðåñòðèêöèé ïðèâåëî
ê ïîëîæèòåëüíîé äèíàìèêå òåìïîâ ðîñòà ÂÐÏ ðåãèîíà, ïîýòîìó äèíàìèêà ÂÐÏ òðåòüåãî
ïåðèîäà îïðåäåëÿåòñÿ ïðîèçâîäñòâåííîé ôóíêöèåé

V3(t) = 2, 195 ·Q3(t)
0,99. (16)

Íà Ðèñ. 2 ïðåäñòàâëåíû òðàåêòîðèè äèíàìèêè ðàçâèòèÿ ÂÐÏ, ïîñòðîåííûå ïî ôîð-
ìóëå (12) äëÿ ïðîèçâîäñòâåííûõ ôóíêöèé ðàçíûõ ïåðèîäîâ (14), (15) è (16).

Ðèñ. 2: Òðàåêòîðèè äèíàìèêè ðàçâèòèÿ
ÂÐÏ, ïîñòðîåííûå ïî ôîðìóëå (12) äëÿ
ïðîèçâîäñòâåííûõ ôóíêöèé ðàçíûõ ïåðèî-
äîâ (14), (15) è (16). Òî÷êè ñîîòâåòñòâóþò
ñòàòèñòè÷åñêèì äàííûì òàáëèöû.

Fig. 2: Trajectories of development of GRP
dynamics, constructed using the formula (12)
for production functions of di�erent periods
(14), (15) and (16). The dots correspond to
the statistical data in the table.
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Òðàåêòîðèè äèíàìèêè ðàçâèòèÿ ÂÐÏ, ïðåäñòàâëåííûå íà Ðèñ. 2, ïîêàçûâàþò, ÷òî â
ðåçóëüòàòå ýêîíîìè÷åñêîãî êðèçèñà è ñîïðîâîæäàþùèõ åãî ñàíêöèîííûõ ðåñòðèêöèé â
2008 � 2009 ãã. áûë îñóùåñòâëåí âûíóæäåííûé ïåðåõîä ñ ñàìîé óñïåøíîé òðàåêòîðèè V1

íà ìåíåå óñïåøíóþ òðàåêòîðèþ V2.

Â 2019 � 2020 ãã. îáúåìû äèíàìèêè ðàçâèòèÿ ÂÐÏ â ðåçóëüòàòå ïîâûøåíèÿ èííîâàöè-
îííîé àêòèâíîñòè ïðîìûøëåííîãî ïîòåíöèàëà îáëàñòè îñóùåñòâèëè ïåðåõîä ñ òðàåêòîðèè
V2 íà áîëåå óñïåøíóþ òðàåêòîðèþ V3.

Ïåðåõîä ñ îäíîé òðàåêòîðèè íà äðóãóþ ìîæåò áûòü îïèñàí ñ ïîìîùüþ èíäèêàòîðíûõ
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ëîãèñòè÷åñêèõ ôóíêöèé âðåìåíè
HS(t) =

1

1 + e−λS(t−tS)
,

HA(t) =
1

1 + e−λA(t−tA)
.

(17)

Çäåñü HS(t) � ôóíêöèÿ ïåðåõîäà ñ îäíîé òðàåêòîðèè íà äðóãóþ â ðåçóëüòàòå êðèçèñà è
ñàíêöèé, HA(t) � ôóíêöèÿ ïåðåõîäà ñ îäíîé òðàåêòîðèè íà äðóãóþ â ðåçóëüòàòå âíåäðåíèÿ
èííîâàöèîííûõ òåõíîëîãèé, λS, λA � ïàðàìåòðû, îïèñûâàþùèå âðåìåííóþ ïðîòÿæåííîñòü
ïåðåõîäà, tS, tA � öåíòðû âðåìåííûõ èíòåðâàëîâ ïåðåõîäà.

Òàêèì îáðàçîì, òåîðåòè÷åñêàÿ êðèâàÿ äèíàìèêè ðàçâèòèÿ ÂÐÏ ìîæåò áûòü çàïèñàíà
â âèäå

V (t) = V3(t) ·HA(t) +

(
V2(t) ·HS(t) + V1(t) ·

(
1−HS(t)

))
·
(
1−HA(t)

)
. (18)

Ñ ïîìîùüþ ôîðìóë (11), (12) è (18) ðàññ÷èòûâàåòñÿ òåîðåòè÷åñêàÿ êðèâàÿ äèíàìèêè
ðàçâèòèÿ ïðîèçâîäñòâåííîãî ôàêòîðà ðåãèîíà Q(t)

Q(t) = Q3(t) ·HA(t) +

(
Q2(t) ·HS(t) +Q1(t) ·

(
1−HS(t)

))
·
(
1−HA(t)

)
. (19)

Íà Ðèñ. 3 ïðåäñòàâëåíû òåîðåòè÷åñêèå òðàåêòîðèè äèíàìèêè ðàçâèòèÿ ÂÐÏ V (t) è
ïðîèçâîäñòâåííîãî ôàêòîðà ðåãèîíà Q(t), ïîñòðîåííûå ïî ôîðìóëàì (18) è (19).

Ðèñ. 3: Òåîðåòè÷åñêèå òðàåêòîðèè äèíàìè-
êè ðàçâèòèÿ ÂÐÏ V (t) è ïðîèçâîäñòâåííî-
ãî ôàêòîðà ðåãèîíà Q(t), ïîñòðîåííûå ïî
ôîðìóëàì (18) è (19). Òî÷êè ñîîòâåòñòâó-
þò ñòàòèñòè÷åñêèì äàííûì òàáëèöû.

Fig. 3: Theoretical trajectories of the
dynamics of development of GRP V (t)
and the regional production factor Q(t),
constructed using the formulas (18) and (19).
The dots correspond to the statistical data in
the table.
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Çàêëþ÷åíèå
1. Ðàçðàáîòàíà ýêîíîìèêî-ìàòåìàòè÷åñêàÿ ìîäåëü äèíàìèêè ðàçâèòèÿ âàëîâîãî ðåãè-

îíàëüíîãî ïðîäóêòà, ó÷èòûâàþùàÿ âëèÿíèå ñàíêöèîííûõ ðåñòðèêöèé è ïîâûøåíèå
èííîâàöèîííîé àêòèâíîñòè ïðîìûøëåííîãî ïîòåíöèàëà ðåãèîíà.

2. Ïîêàçàíî, ÷òî ïåðåõîä ñ îäíîé òðàåêòîðèè ðàçâèòèÿ ÂÐÏ íà äðóãóþ îïîèñâàåò-
ñÿ ñïåöèàëüíûìè èíäèêàòîðíûìè ëîãèñòè÷åñêèìè ôóíêöèÿìè. Ïîñòðîåíà îáùàÿ
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òåîðåòè÷åñêàÿ êðèâàÿ äèíàìèêè ðàçâèòèÿ ÂÐÏ è òåîðåòè÷åñêàÿ êðèâàÿ äèíàìèêè
ðàçâèòèÿ îáúåìà èíòåãðàëüíîãî ðåãèîíàëüíîãî ðåñóðñà.

3. Íà îñíîâå èìåþùèõñÿ ñòàòèñòè÷åñêèõ äàííûõ ïîñòðîåíû òðè òðàåêòîðèè ðàçâèòèÿ
ÂÐÏ Ñàìàðñêîé îáëàñòè, ñîîòâåòñòâóþùèå äî ñàíêöèîííîìó ïåðèîäó 1998 � 2008
ã.ã., ñàíêöèîííîìó ïåðèîäó 2009 � 2019 ã.ã., è ïåðèîäó 2020 � 2023 ã.ã. ïåðåõîäà
ýêîíîìèêè íà èííîâàöèîííûå ðåëüñû.

4. ×èñëåííûé àíàëèç ïðåäëîæåííîé ìîäåëè ïîêàçàë õîðîøåå ñîîòâåòñòâèå èìåþùèì-
ñÿ ñòàòèñòè÷åñêèì íàáëþäåíèÿì.

Êîíêóðèðóþùèå èíòåðåñû: Êîíêóðèðóþùèõ èíòåðåñîâ íåò.
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Abstract

The published article proposes an economic and mathematical model of the dynamics
of development of the gross regional product, taking into account the influence of sanctions
restrictions and increasing the innovative activity of the industrial potential of the region.

To describe the dynamics of development of the region’s GRP, a differential balance
equation has been compiled regarding the volume of the integral regional resource.

Based on available statistical data, three trajectories of GRP development of the
Samara region were constructed, corresponding to the pre-sanction period 1998 – 2008,
the sanctions period 2009 – 2019, and the period 2020 – 2023. transition of the economy
to innovation.

It is shown that the transition from one GRP development trajectory to another is
defined by special indicator logistic functions.

A general theoretical curve for the dynamics of GRP development and a theoretical
curve for the dynamics of development of the volume of an integral regional resource have
been constructed.

Numerical analysis of the proposed model showed good agreement with available sta-
tistical observations.

Keywords: sanctions, restrictions, innovation activity, industrial enterprise, investment,
innovation concept, logistics, innovation, public-private partnership, industry.

Mathematical, statistical and instrumental methods of economics (Research Article)

© Authors, 2024
© Samara University, 2024 (Compilation, Design, and Layout)
cb The content is published under the terms of the Creative Commons Attribution 4.0 International License

(http://creativecommons.org/licenses/by/4.0/)

Please cite this article in press as:
Saraev L.A., Yuklasova A.V. Model of the dynamics of development of the gross regional prod-
uct, taking into account the interaction of sanctions restrictions and innovative activity of enter-
prises with industrial potential of the region, Vestnik Samarskogo Universiteta. Ekonomika i Upravle-
nie = Vestnik of Samara University. Economics and Management, 2024, vol. 15, no. 2, pp. 55–66.
doi: http://doi.org/10.18287/2542-0461-2024-15-2-55-66 (In Russian).

Authors’ Details:
Leonid A. Saraev http://orcid.org/0000-0003-3625-5921

Doctor of Physical and Mathematical Sciences; Professor; Professor of the Mathematics and Business Informat-
ics Department; e-mail: saraevleo@mail.ru

Anastasiya V. Yuklasova http://orcid.org/0009-0007-9684-8864

Candidate of Economic Sciences, Associate Professor; Associate Professor of the Department of State and
Municipal Administration; e-mail: yuklasova.anasta@mail.ru

64

http://doi.org/10.18287/2542-0461-2024-15-2-55-66
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://doi.org/10.18287/2542-0461-2024-15-2-55-66
http://orcid.org/0000-0003-3625-5921
mailto:saraev leo@mail.ru
http://orcid.org/0009-0007-9684-8864
mailto:yuklasova.anasta@mail.ru


Model of the dynamics of development of the gross regional product . . .

Received: Tuesday 13th February, 2024 / Revised: Tuesday 16th April, 2024 /
Accepted: Monday 13th May, 2024 / First online: Friday 28th June, 2024

Competing interests: No competing interests.

References

1. Hufbauer G. Economic sanctions. Proceedings of the Annual Meeting (American Society of Inter-
national Law). 1998. Vol. 92. The Challenge of Non-State Actors. pp. 332–335.

2. Hufbauer G. et al. Economic sanctions reconsidered. US: Peterson Institute for International
Economics, 2007. – 233 p.

3. Hart R.F. Democracy and successful use of economic sanctions. Political Research Quarterly. –
2000. – Vol. 53. – No. 2. pp. 267–284.

4. Lektzian D., Souva V. An institutional theory of sanctions onset and success. Journal of Conflict
Resolution. – 2007. – Vol. 51. –No. 6. – pp. 848–871.

5. Dubovik M.V. Spectral analysis of the dynamics of gross regional product and identification
of drivers of socio-economic development // In the collection: Global uncertainty. Develop-
ment or degradation of the world economy?. Collection of articles of the XI International Sci-
entific Conference. In 2 volumes. Edited by S.D. Valenteya. Moscow, 2022. – pp. 346–351. EDN:
https://www.elibrary.ru/kqfyqe (In Russ.)

6. Soldatenkova O.I. Assessing the effectiveness of sanctions impact on the Russian Federation:
methodological aspect // Russian Foreign Economic Bulletin. – 2023. – No. 10. – pp. 39–50. DOI:
10.24412/2072-8042-2023-10-39-50. EDN: https://www.elibrary.ru/gmveys (In Russ.)

7. Vaganova O.V. The influence of economic sanctions on the innovative development of
Russia // Scientific bulletins of BelSU. Series: Economics. Computer science. – 2019. –
Vol. 16. – No. 1. – pp. 21–30. DOI: 10.18413/2411--3808--2019--46--1--21--30. EDN:

https://www.elibrary.ru/xdmxwz (In Russ.)

8. Nureyev R.M., Busygin E.G. Western economic sanctions and Russian anti-sanctions: success
or failure? // Journal of Institutional Research. – 2016. – Vol. 8. – No. 4. – pp. 6–27. DOI:
10.17835/2076-6297.2016.8.4.006-027. EDN: https://www.elibrary.ru/xreoqz (In Russ.)

9. Nureyev R.M., Busygin E.G. Economic sanctions: costs and benefits of confrontation // Terra Eco-
nomicus. – 2017. – Vol. 15. – No. 3. – pp. 56–74. DOI: 10.23683/2073-6606-2017-15-3-56-74.

EDN: https://www.elibrary.ru/zmkzpr (In Russ.)

10. Kuznetsov V.P., Churbanov E.S. On the problems and sources of strategic development of enter-
prises under sanctions // Bulletin of the Nizhny Novgorod University. V.G. Lobachevsky. Series:
Social Sciences. – 2017. – No. 1 (45). – pp. 27–36 EDN: https://www.elibrary.ru/yphtqd (In
Russ.)

11. Morozenkov O.V. Economic consequences of Western sanctions and counter-sanctions of the
Russian Federation // Russian Foreign Policy Bulletin. – 2017. – No. 6. – pp. 58–74. EDN:

https://www.elibrary.ru/yubstr (In Russ.)

12. Galazova S.S., Karaev T.M. Methodological aspects of studying the resource component of the
region taking into account the impact of sanctions // Finance, money, investments. – 2023. – No. 4
(88). – pp.3–8. DOI: 10.36992/2222-0917 2023 4 3. EDN: https://www.elibrary.ru/vodccl

(In Russ.)

13. Sokolova A.P., Sukhareva O.A. Innovative activity of agricultural enterprises of the Russian Fed-
eration: trends and growth opportunities // Natural and humanitarian research. – 2023. – No. 1
(45). – pp. 217–222. EDN: https://www.elibrary.ru/rvicax (In Russ.)

65



Saraev L.A., Yuklasova A.V.

14. Asaturova Yu.M. Innovative activity of enterprises in conditions of capital shortage
// Economics and entrepreneurship. – 2023. – No. 10 (159). – pp. 705-709. DOI:

10.34925/EIP.2023.159.10.143. EDN: https://www.elibrary.ru/bklpmt (In Russ.)

15. Tikhomirov N.D. Innovative activity of Russian enterprises and its role in the economic develop-
ment of the country // International scientific research. – 2022. – No. 1–2 (50–51). – pp. 19–24.
DOI: 10.34925/JISR.2022.50.1.003. EDN: https://www.elibrary.ru/rgonto (In Russ.)

16. Cherednichenko L.G., Nikolayan A.A. Innovative activity of Russian regions: problems
and solutions // Scientific research and development. Economics of the company. – 2023.
– Vol. 12. – No. 1. – pp. 20–25. DOI: 10.12737/2306-627X-2023-12-1-20-25. EDN:

https://www.elibrary.ru/olhlgw (In Russ.)

17. Marushchak I.I. Innovative activity of Russian enterprises: problems, solutions // Economic strate-
gies. – 2023. – Vol. 25. – No. 2 (188). – pp. 56–63. DOI: 10.33917/es-2.188.2023.56-63. EDN:

https://www.elibrary.ru/bhucfg (In Russ.)

18. Latysheva Z.I., Nadzhafova M.N. Innovative activity in Russia under sanctions // Bul-
letin of the Kursk State Agricultural Academy. – 2022. – No. 8. – pp. 207–213. EDN:

https://www.elibrary.ru/zdakqn (In Russ.)

66


