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Àííîòàöèÿ

Íåñêîëüêî ìèíóâøèõ äåñÿòêîâ ëåò áûëè îçíàìåíîâàíû ïîÿâëåíèåì òàêèõ êðè-
çèñîâ ýêîíîìè÷åñêîé è ñîöèàëüíîé ñôåðû îáùåñòâà, ñëåäñòâèåì êîòîðûõ ÿâèëèñü
ýêîíîìè÷åñêèå øîêè ïðåäëîæåíèÿ. Áóäó÷è ðàíåå êðàéíå ðåäêèìè, îíè ñìåñòèëè íà
ñåáÿ àêöåíò â àêòóàëüíîñòè èññëåäîâàíèé ìàêðîýêîíîìè÷åñêèõ ïðîöåññîâ, ïîäâåð-
æåííûõ âëèÿíèþ øîêîâ òàêîé ïðèðîäû, íå òîëüêî â ýêîíîìè÷åñêîé òåîðèè, íî è
â ìàòåìàòè÷åñêîì ìîäåëèðîâàíèè. Â ðåçóëüòàòå àíàëèçà óæå èçâåñòíûõ ìàêðîýêî-
íîìè÷åñêèõ ìîäåëåé âûÿâëåíî, ÷òî âîçäåéñòâèå âíåøíèõ ýêîíîìè÷åñêèõ øîêîâ íà
îñíîâíûå ïîêàçàòåëè ìàêðîýêîíîìèêè ìîæåò îêàçûâàòü êàê îòðèöàòåëüíîå, òàê è
ïîëîæèòåëüíîå âëèÿíèå íà ýêîíîìè÷åñêèé ðîñò. Öåëü èññëåäîâàíèÿ � ïîñòðîåíèå è
àíàëèç äèíàìè÷åñêîé îïòèìèçàöèîííîé ìîäåëè, à òàêæå ðåêîìåíäàöèè ïî âûðàáîòêå
îïòèìàëüíîé ñòðàòåãèè ýêîíîìè÷åñêîé ïîëèòèêè. Ñòàòüÿ ñîäåðæèò îïèñàíèå ïîñòà-
íîâêè è ìàòåìàòè÷åñêîé ôîðìàëèçàöèè ìàêðîýêîíîìè÷åñêîé çàäà÷è íèâåëèðîâàíèÿ
ñîöèàëüíîãî óùåðáà îò âëèÿíèÿ âíåøíåãî ýêîíîìè÷åñêîãî øîêà ïðåäëîæåíèÿ íà èí-
ôëÿöèîííûé ïðîöåññ è óðîâåíü áåçðàáîòèöû. Ñâÿçü äâóõ ïîñëåäíèõ ïðîöåññîâ óñòà-
íàâëèâàåòñÿ íà îñíîâå óðàâíåíèÿ ìîäèôèöèðîâàííîé êðèâîé Ôèëëèïñà, äîïîëíåííîé
èíôëÿöèîííûìè îæèäàíèÿìè, â ïðåäïîëîæåíèè êðàòêîñðî÷íîé ïåðñïåêòèâû. Ñîîò-
âåòñòâóþùàÿ ýòîé çàäà÷å ýêîíîìèêî-ìàòåìàòè÷åñêàÿ ìîäåëü êëàññèôèöèðóåòñÿ êàê
îïòèìèçàöèîííàÿ è ïðåäñòàâëÿåò ñîáîé çàäà÷ó íàõîæäåíèÿ ìèíèìóìà ôóíêöèîíàëà
ïîòåðü. Â ñòàòüå îïèñàí êà÷åñòâåííûé àíàëèç ýòîé ìîäåëè, ïðîâåäåííûé ñ èñïîëüçî-
âàíèåì ìåòîäîâ âàðèàöèîííîãî èñ÷èñëåíèÿ, ïîëó÷åíû ôîðìóëû, îïèñûâàþùèå äè-
íàìèêó âûøåíàçâàííûõ ìàêðîýêîíîìè÷åñêèõ ïîêàçàòåëåé, âûâåäåíà ôîðìóëà äëÿ
íàõîæäåíèÿ óðîâíÿ èíôëÿöèîííûõ îæèäàíèé â êàæäûé ìîìåíò ðàññìàòðèâàåìîãî
âðåìåííîãî ïðîìåæóòêà. Ïîëó÷åííûå ðåçóëüòàòû èññëåäîâàíèÿ ìàòåìàòè÷åñêîé ìî-
äåëè èíòåðïðåòèðîâàíû ýêîíîìè÷åñêè, ïðè ýòîì îñîáîå âíèìàíèå óäåëåíî àíàëèçó
âëèÿíèÿ âíåøíåãî øîêà ïðåäëîæåíèÿ íà ýòè ïîêàçàòåëè.
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Ââåäåíèå
Êàòåãîðèÿ ¾øîê¿ îòíîñèòñÿ ê îäíîé èç îñíîâíûõ, ðàññìàòðèâàåìûõ â äèíàìèêå ìàê-

ðîýêîíîìè÷åñêèõ ïðîöåññîâ, è ïðåäñòàâëÿåò ñîáîé îäíî èëè íåñêîëüêî ñîáûòèé, êîòîðûå
îïðåäåëÿþòñÿ êàê âíåøíèå ïî îòíîøåíèþ ê ýêîíîìèêå è ìîãóò îêàçûâàòü íà íåå êàê ïî-
ëîæèòåëüíîå, òàê è îòðèöàòåëüíîå âîçäåéñòâèÿ [1]. Øîêè ÿâëÿþòñÿ âàæíûìè ôàêòîðàìè
âëèÿíèÿ íà ýêîíîìèêó: íàïðèìåð, íà öåíû, ïðîèçâîäñòâî, çàíÿòîñòü è ò.ï. Ïðè÷èíàìè èõ
âîçíèêíîâåíèÿ ìîãóò áûòü äåéñòâèÿ ýêîíîìè÷åñêèõ àãåíòîâ (ôèðì, ïðåäïðèÿòèé, äîìî-
õîçÿéñòâ), èçìåíåíèå âêóñîâ è ïðåäïî÷òåíèé ïîòðåáèòåëåé, òåõíîëîãèé ïðîèçâîäñòâà èëè
ïîëèòèêà ãîñóäàðñòâà. Èíôîðìàöèÿ î øîêàõ ïîìîãàåò ëó÷øå ïîíÿòü, êàê ðàáîòàåò ýêîíî-
ìè÷åñêàÿ ñèñòåìà, è êàêèå ôàêòîðû îêàçûâàþò íà íåå âëèÿíèå.

Â ìàêðîýêîíîìèêå ðàçëè÷àþò øîêè ñïðîñà è øîêè ïðåäëîæåíèÿ [1]. Ðûíîê îáû÷íî
ðåàãèðóåò íà ýòè øîêè: êàê ïðàâèëî, øîêè ñïðîñà ñâÿçàíû ñ åãî ïîíèæåíèåì (íàïðèìåð,
ñêà÷êè öåí ïðè âûñîêîì ñïðîñå íà ïðîèçâîäíûå ðûíêà íåôòè) è çàïóñêàþò öèêë, à øîêè
ïðåäëîæåíèÿ ÿâëÿþòñÿ ñëåäñòâèåì ðåçêîãî èçìåíåíèÿ öåí è îêàçûâàþò âëèÿíèå íà ýêî-
íîìè÷åñêèé ðîñò [2, 3]. Øîêè ïðåäëîæåíèÿ òàêæå ñâÿçàíû ñ äèíàìèêîé öåí íà ðåñóðñû è
ôàêòîðû ïðîèçâîäñòâà, ñî ñòèõèéíûìè áåäñòâèÿìè ïðèðîäíîãî èëè òåõíîãåííîãî õàðàê-
òåðà, ñ èçìåíåíèåì â íàëîãîâîé ïîëèòèêå èëè çàêîíîäàòåëüñòâå ãîñóäàðñòâà.

Ñ òî÷êè çðåíèÿ ýêîíîìèñòîâ, ïî õàðàêòåðó âëèÿíèÿ øîêîâ íà ýêîíîìè÷åñêèå ïîêàçà-
òåëè âûäåëÿþò îòðèöàòåëüíûå (ïàäåíèå ñïðîñà, ïîâûøåíèå öåí) è ïîëîæèòåëüíûå øîêè
(ðîñò öåí íà ýêñïîðòèðóåìûå òîâàðû) [1,2]. Ïîëîæèòåëüíûå øîêè ïðåäëîæåíèÿ óâåëè÷è-
âàþò çàòðàòû è ñíèæàþò öåíû, ò.å. ñìåùàþò ðàâíîâåñíûå óðîâíè öåí è âûïóñêà â ïðîòè-
âîïîëîæíûõ íàïðàâëåíèÿõ. Îòðèöàòåëüíûå øîêè ïðåäëîæåíèÿ ìîãóò:

1) êðàòêîâðåìåííî ñïðîâîöèðîâàòü âñïëåñê èíôëÿöèè, çàòåì � äåôëÿöèè è ïðèâåñòè
ýêîíîìè÷åñêóþ ñèñòåìó â èñõîäíîå ñîñòîÿíèå;

2) ïðèâåñòè ê óñòîé÷èâîìó ïîâûøåíèþ öåí è èõ ïîñëåäóþùåìó ñíèæåíèþ;
3) ïîâëå÷ü çà ñîáîé äîëãîâðåìåííîå ïîâûøåíèå öåí.
Â ìàòåìàòè÷åñêîì àñïåêòå âèäû øîêîâ ìîãóò îòëè÷àòüñÿ îò èõ ýêîíîìè÷åñêîãî ñìûñ-

ëà. Íàïðèìåð, ðîñò èçäåðæåê � ýòî ïîëîæèòåëüíûé øîê â ìàòåìàòè÷åñêîì ïîíèìàíèè, íî
îòðèöàòåëüíûé � â ýêîíîìè÷åñêîì.

Øîê ìîæåò áûòü ãèïîòåòè÷åñêèì èëè ðåàëüíûì, íî â ëþáîì ñëó÷àå âëå÷åò âðåìåííîå
íàðóøåíèå ðàâíîâåñíîãî ñîñòîÿíèÿ ýêîíîìè÷åñêîé ñèñòåìû. Ïîñëåäñòâèÿ øîêà âûðàæà-
þòñÿ âîçâðàòîì ê ñòàðîìó èëè ïåðåõîäîì ê íîâîìó ñòàöèîíàðíîìó ñîñòîÿíèþ [1]. Êàê
ñëåäñòâèå, èìåþòñÿ äâà âàðèàíòà âûõîäà èç ýòîé ñèòóàöèè: ëèáî ýêîíîìèêà ñàìîñòàáè-
ëèçèðóåòñÿ, íî ýòî çàíèìàåò äîñòàòî÷íî äëèòåëüíûé âðåìåííîé ïðîìåæóòîê, â òå÷åíèå
êîòîðîãî áóäåò íàáëþäàòüñÿ åå ñïàä (âûñîêèé óðîâåíü áåçðàáîòèöû ïðè îòíîñèòåëüíîì
ðîñòå öåí), ëèáî ïîòðåáóåòñÿ âìåøàòåëüñòâî ãîñóäàðñòâà äëÿ óñêîðåíèÿ ïðîöåññà ñòàáè-
ëèçàöèè (ïðèíÿòèå ìåð ïî ðåãóëèðîâàíèþ è ñìÿã÷åíèþ ïîñëåäñòâèé øîêà) [1, 3].

Åñëè ãîâîðèòü î êðàòêîñðî÷íîé ïåðñïåêòèâå (îò ìåñÿöà äî îäíîãî ãîäà), òî ãëàâíûìè
êðèòåðèÿìè ñòàáèëüíîñòè ìàêðîýêîíîìèêè ÿâëÿþòñÿ íèçêèé óðîâåíü èíôëÿöèè è âûñîêàÿ
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çàíÿòîñòü, êîòîðûå ïîäâåðæåíû ñèëüíîìó âëèÿíèþ èíôëÿöèîííûõ îæèäàíèé è âíåøíå-
ýêîíîìè÷åñêèõ øîêîâ. Îäíàêî, ýôôåêòèâíîñòü ïîëèòèêè ðåãóëèðîâàíèÿ øîêîâ çàâèñèò îò
êîîðäèíàöèè ìåæäó ðàçëè÷íûìè ñóáúåêòàìè ýêîíîìèêè, ïðàâèëüíîãî âûáîðà èíñòðóìåí-
òîâ, à òàêæå îò êðèòåðèÿ, íà îñíîâå êîòîðîãî îñóùåñòâëÿåòñÿ ýòîò âûáîð. Êàê ïðàâèëî,
òàêèì êðèòåðèåì ÿâëÿåòñÿ ìèíèìèçàöèÿ óùåðáà, íàíåñåííîãî îáùåñòâó âîçäåéñòâèåì øî-
êà [4]. È çäåñü íóæíî ïîíèìàòü, ÷òî èíôëÿöèÿ ìîæåò áûòü êàê îæèäàåìîé, òàê è íåïðåä-
âèäåííîé.

Â ïîñëåäíåå âðåìÿ îáùåñòâî ñòîëêíóëîñü ñ êðèçèñàìè, ïîðîäèâøèìè øîê ïðåäëîæå-
íèÿ, à òàêèå êðèçèñû ïðîèñõîäÿò êðàéíå ðåäêî, ðàç â íåñêîëüêî äåñÿòêîâ ëåò. Íàïðèìåð,
ïàíäåìèÿ êîðîíîâèðóñà ïîâëåêëà çà ñîáîé øîê ïðåäëîæåíèÿ, âîçíèêøåãî â ðåçóëüòàòå
çàêðûòèÿ ïðåäïðèÿòèé, ðåãèîíîâ è äàæå ñòðàí [5].

Òàêèì îáðàçîì, íåîáõîäèìîñòü ðåøåíèÿ çàäà÷ îáåñïå÷åíèÿ óñòîé÷èâîñòè ýêîíîìèêè
â óñëîâèÿõ øîêîâ íå òåðÿåò ñâîåé àêòóàëüíîñòè [2, 3, 5�8]. Ñîãëàñíî òåîðèè ðåàëüíîãî äå-
ëîâîãî öèêëà Real Business Cycle, øîêè ÿâëÿþòñÿ íåîòúåìëåìîé êîìïîíåíòîé ìàêðîýêî-
íîìè÷åñêèõ ñèñòåì, îáåñïå÷èâàþùåé èõ ðàçâèòèå. Ñîâðåìåííûå èññëåäîâàíèÿ íà îñíîâå
ñóùåñòâóþùèõ ìîäåëåé ìàêðîýêîíîìèêè íàïðàâëåíû íà àñïåêò âëèÿíèÿ øîêîâ íà ýêî-
íîìè÷åñêèå ïîêàçàòåëè [3]. Øîêè ïðåäñòàâëÿþò ñîáîé ýêçîãåííûå ïåðåìåííûå è ïîýòîìó
áîëåå çíà÷èìû äëÿ àíàëèçà ïî ñðàâíåíèþ ñ ôëóêòóàöèÿìè â ìàêðîýêîíîìèêå. Â ñâÿçè ñ
ýòèì, îíè ÿâëÿþòñÿ âàæíûì àñïåêòîì â ìàêðîýêîíîìèêå [1]. Îäíàêî òîò ôàêò, ÷òî ýêî-
íîìè÷åñêèå òåîðèè íå îáåñïå÷èâàþò íà ñåé ìîìåíò òðåáóåìîé äîñòîâåðíîñòè ìîäåëåé â
óñëîâèÿõ øîêîâ òîé èëè èíîé ïðèðîäû, ïîáóæäàåò ê èñïîëüçîâàíèþ ìàòåìàòè÷åñêîãî
ìîäåëèðîâàíèÿ [8�15]. è èññëåäîâàíèÿ ìàêðîýêîíîìè÷åñêèõ ïðîöåññîâ ñ öåëüþ èçó÷åíèÿ
âëèÿíèÿ íà íåå øîêîâ. Ïëþñîì ðàññìîòðåíèÿ øîêà èìåííî â ðàìêàõ äèíàìè÷åñêèõ ìî-
äåëåé ÿâëÿåòñÿ âîçìîæíîñòü íå òîëüêî ðàññ÷èòàòü íîâîå ñòàöèîíàðíîå ñîñòîÿíèå, íî è
òðàåêòîðèþ äâèæåíèÿ ê íåìó.

Â ñòàòüå ïðåäñòàâëåíà è èññëåäîâàíà äèíàìè÷åñêàÿ ìîäåëü ìàêðîýêîíîìèêè êàê ðå-
çóëüòàò ìàòåìàòè÷åñêîé ôîðìàëèçàöèè çàäà÷è ìèíèìèçàöèè ñîöèàëüíîãî óùåðáà, ïîëó-
÷åííîãî îò ¾øîêîâîãî âîçäåéñòâèÿ¿ íà èíôëÿöèîííûå ïðîöåññû è çàíÿòîñòü. Ïðåäëîæåí-
íàÿ ìîäåëü èññëåäóåòñÿ ñ ïîìîùüþ àïïàðàòà îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíå-
íèé è èññëåäîâàíèÿ îïåðàöèé [10,12,13].

1. Ïîñòàíîâêà çàäà÷è

Àíàëèç äèíàìèêè óðîâíÿ èíôëÿöèè ïðîâåäåì â ðàìêàõ äèíàìè÷åñêîé ìîäåëè [13],
ïîñêîëüêó ýòî ýêîíîìè÷åñêèé ïîêàçàòåëü, èçìåíÿþùèéñÿ ñ òå÷åíèåì âðåìåíè. Öåëüþ ýòîãî
àíàëèçà ÿâëÿåòñÿ èçó÷åíèå âëèÿíèÿ âíåøíèõ ýêîíîìè÷åñêèõ øîêîâ íà èíôëÿöèîííûé
ïðîöåññ è óðîâåíü áåçðàáîòèöû â òå÷åíèå êðàòêîâðåìåííîãî ïåðèîäà [0, T ] ñ àêöåíòîì íà
ìèíèìèçàöèþ ñîïóòñòâóþùèõ èì ñîöèàëüíûõ ïîòåðü.

Ïåðåéäåì ê ïîñòàíîâêå çàäà÷è è åå ìàòåìàòè÷åñêîìó ìîäåëèðîâàíèþ. Ïóñòü Y � åñòå-
ñòâåííûé óðîâåíü áåçðàáîòèöû, à Y � åå ôàêòè÷åñêèé óðîâåíü, π � îæèäàåìûé óðîâåíü
èíôëÿöèè, p � ôàêòè÷åñêèé òåìï åå ðîñòà. ×åðåç ε îáîçíà÷èì ïàðàìåòð, îòðàæàþùèé âëè-
ÿíèå âíåøíèõ ýêîíîìè÷åñêèõ øîêîâ íà èíôëÿöèîííûé ïðîöåññ. Óñëîâèìñÿ, ÷òî â ìîìåíò
âðåìåíè t = 0 èíôëÿöèîííûå îæèäàíèÿ ðàâíû π0.

Äëÿ ïîñòðîåíèÿ êðèòåðèÿ, îòðàæàþùåãî âåëè÷èíó ñîöèàëüíûõ ïîòåðü â êðàòêîñðî÷-
íîé ïåðñïåêòèâå, ó÷òåì, ÷òî îòêëîíåíèÿ óðîâíåé áåçðàáîòèöû Y è Y äðóã îò äðóãà è
ôàêòè÷åñêîãî óðîâíÿ èíôëÿöèè π îò íóëåâîãî ñîîòâåòñòâåííî, äîëæíû áûòü ìèíèìàëü-
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íûìè. Ïîýòîìó óêàçàííûé êðèòåðèé çàïèøåì â ñëåäóþùåì âèäå:

L = (Y − Y )2 + αp2, (1)

ãäå α > 0 � ýòî êîýôôèöèåíò ÷óâñòâèòåëüíîñòè ñîöèàëüíûõ ïîòåðü ê èçìåíåíèþ èíôëÿ-
öèè.

Ñîãëàñíî ñîâðåìåííûì ìàêðîýêîíîìè÷åñêèì ïðåäñòàâëåíèÿì, ôàêòè÷åñêèé óðîâåíü
èíôëÿöèè íàõîäèòñÿ â çàâèñèìîñòè îò òðåõ ôàêòîðîâ: èíôëÿöèîííûõ îæèäàíèé π, îò-
êëîíåíèÿ Y −Y è øîêîâ ïðåäëîæåíèÿ ε (êàê âíåøíèõ, òàê è âíóòðåííèõ), ÷òî îòðàæàåòñÿ
èçâåñòíûì ñîîòíîøåíèåì (òàê íàçûâàåìûì óðàâíåíèåì ¾êðèâîé Ôèëëèïñà, äîïîëíåííîé
îæèäàíèÿìè¿ [7,16�19].

p = π − β(Y − Y ) + ε, (2)

ãäå β � êîýôôèöèåíò ýëàñòè÷íîñòè èíôëÿöèè p ïî öèêëè÷åñêîé áåçðàáîòèöå Y −Y , β > 0,
ε � ïàðàìåòð âëèÿíèÿ âíåøíèõ øîêîâ íà òåìï èíôëÿöèè [17,20].

Ñîîòíîøåíèå (2) îòðàæàåò äâîéñòâåííóþ ïðèðîäó èíôëÿöèè: ñ îäíîé ñòîðîíû, èí-
ôëÿöèîííûé ïðîöåññ ÿâëÿåòñÿ èíåðöèîííûì (÷òî îòðàæàåòñÿ â òåîðèè àäàïòèâíûõ îæè-
äàíèé). Ýòî îçíà÷àåò, ÷òî ïðè îòñóòñòâèè ðåçêèõ èçìåíåíèé öèêëè÷åñêîé áåçðàáîòèöû è
øîêîâ ïðåäëîæåíèÿ òåìï ðîñòà óðîâíÿ öåí áóäåò ïîñòîÿííûì. Ñ äðóãîé ñòîðîíû, íàáëþ-
äàþòñÿ êîëåáàíèÿ ýòîãî óðîâíÿ, îáóñëîâëåííûå ïðîòèâîïîëîæíûì âëèÿíèåì íà íåãî äâóõ
ïîñëåäíèõ ñîñòàâëÿþùèõ óðîâíÿ p â ñîîòíîøåíèè (2). Ïîñêîëüêó ñ ðîñòîì ñîâîêóïíîãî
ñïðîñà ðàçíîñòü Y − Y óìåíüøàåòñÿ, òî ñëàãàåìîå −β(Y − Y ) â óðàâíåíèè (2) áóäåì ñ÷è-
òàòü èíôëÿöèåé ñïðîñà. ×òî êàñàåòñÿ ïàðàìåòðà ε, òî îí îïèñûâàåò èíôëÿöèþ èçäåðæåê.
Îòðèöàòåëüíûì øîêàì ñîîòâåòñòâóåò ε > 0, ÷òî óâåëè÷èâàåò òåìï èíôëÿöèè p, ïîëîæè-
òåëüíûì � ε < 0, ÷òî ñäåðæèâàåò ïîâûøåíèå öåí.

Ðàññìîòðåíèå èíôëÿöèîííûõ ïðîöåññîâ â êðàòêîñðî÷íîé ïåðñïåêòèâå, äàåò ïðàâî ñäå-
ëàòü äîïóùåíèå îá àäàïòèâíîñòè èíôëÿöèîííûõ îæèäàíèé [16, 21, 22], à èõ äèíàìèêó â
ýòîì ñëó÷àå îïèñûâàåò óðàâíåíèå

π
′
= γ(p− π), (3)

ãäå π
′
� ñêîðîñòü îæèäàåìîé èíôëÿöèè, γ � êîýôôèöèåíò èíòåíñèâíîñòè èçìåíåíèÿ óðîâíÿ

π. Îòìåòèì, ÷òî 0 < γ ≤ 1, òàê êàê àäàïòèâíûå îæèäàíèÿ íå ïîäðàçóìåâàþò ðåçêèõ
èçìåíåíèé óðîâíÿ èíôëÿöèè. Ñîîòíîøåíèÿ (2), (3) âëåêóò çà ñîáîé ñëåäóþùåå:

Y − Y = − π
′

βγ
+

ε

β
, (4)

ñ ó÷åòîì êîòîðîãî óðàâíåíèå (2) ïðåîáðàçóåòñÿ ê âèäó

p = π +
π

′

γ
. (5)

Èç (1), (4) è (5) ïîëó÷èì ñëåäóþùèé âèä ôóíêöèè ñîöèàëüíûõ ïîòåðü:

L(π, π
′
) =

(
ε

β
− π

′

βγ

)2

+ α

(
π + π

′

γ

)2

.
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Ìîäèôèöèðóåì ýòîò êðèòåðèé äîïîëíåíèåì åãî äèñêîíòèðîâàííîé îöåíêè:

F (π, π
′
, t) = L(π, π

′
)e−δt =

((
ε

β
− π

′

βγ

)2

+ α

(
π +

π
′

γ

)2
)
e−δt,

ãäå δ � íîðìà äèñêîíòèðîâàíèÿ ñîöèàëüíîãî óùåðáà îáùåñòâà, 0 < δ < 1.
Ñ ó÷åòîì âñåõ èçëîæåííûõ ïðåäïîëîæåíèé è äîïóùåíèé, çàäà÷à ñîñòîèò â íàõîæäåíèè

óðîâíÿ îæèäàíèé èíôëÿöèè π, íà êîòîðîì ñóììàðíûé äèñêîíòèðîâàííûé ñîöèàëüíûé
óùåðá ∫ T

0

F (π, π
′
, t)dt =

∫ T

0

L(π, π
′
)e−δtdt → min (6)

çà ïåðèîä [0, T ] äîñòèãíåò ñâîåãî ìèíèìóìà ïðè âûïîëíåíèè óñëîâèé

π(0) = π0, π(T ) = 0. (7)

Òàêèì îáðàçîì, ìàòåìàòè÷åñêàÿ ìîäåëü ïîñòàâëåííîé çàäà÷è ïðåäñòàâëåíà ñîîòíîøå-
íèÿìè (6), (7).

2. Èññëåäîâàíèå ìàòåìàòè÷åñêîé ìîäåëè
Ñ ìàòåìàòè÷åñêîé òî÷êè çðåíèÿ, ìîäåëü (6), (7) ïðåäñòàâëÿåò ñîáîé çàäà÷ó âàðèàöè-

îííîãî èñ÷èñëåíèÿ, ðåøåíèå êîòîðîé íàõîäèòñÿ èç óðàâíåíèÿ Ýéëåðà [12]

F
′
π − F

′′

π′ t
− F

′′

π′π′π
′′
(t)− F

′′

π′π
π

′
(t) = 0, (8)

ãäå F
′

π′ =
d

dt
F

′

π′ .

Íàéäåì ôèãóðèðóþùèå â ýòîì óðàâíåíèè ÷àñòíûå ïðîèçâîäíûå ôóíêöèè F (π, π
′
, t) :

F
′
π = 2α

(
π +

π
′

γ

)
e−δt, F

′

π′ = 2

[
1 + αβ2

β2γ2
π

′
+

α

γ
π − ε

β2γ

]
e−δt,

F
′′

π′ t
= −2δ

[
1 + αβ2

β2γ2
π

′
+

α

γ
π − ε

β2γ

]
e−δt, F

′′

π′π′ = 2
1 + αβ2

β2γ2
e−δt, F

′′

π
′
π
=

2α

γ
e−δt.

Ïîñëå òðèâèàëüíûõ ïðåîáðàçîâàíèé óðàâíåíèå (8) ìîæåò áûòü çàïèñàíî â âèäå

1 + αβ2

β2γ2
π

′′ − δ
1 + αβ2

β2γ2
π

′ − α(δ + γ)

γ
π =

δε

β2γ
.

Óìíîæàÿ îáå ÷àñòè ïîñëåäíåãî óðàâíåíèÿ íà
β2γ2

1 + αβ2
̸= 0,, íàõîäèì

π
′′ − δπ

′ − αβ2γ(δ + γ)

1 + αβ2
π =

δγ

1 + αβ2
ε. (9)

Ââåäåì îáîçíà÷åíèÿ

ω2 =
αβ2γ(δ + γ)

1 + αβ2
, k =

δγ

1 + αβ2
, (10)
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ïîñëå ïðèìåíåíèÿ êîòîðûõ óðàâíåíèå (9) ïðèíèìàåò âèä

π
′′ − δπ

′ − ω2π = kε. (11)

Ðåøåíèå íåîäíîðîäíîãî äèôôåðåíöèàëüíîãî óðàâíåíèÿ âòîðîãî ïîðÿäêà (11) ïðåä-
ñòàâëÿåò ñîáîé ñóììó îáùåãî ðåøåíèÿ ñîîòâåòñòâóþùåãî îäíîðîäíîãî óðàâíåíèÿ πO(t) è
÷àñòíîãî ðåøåíèÿ πF (t) óðàâíåíèÿ (11).

Äëÿ îòûñêàíèÿ îáùåãî ðåøåíèÿ πO(t) íàõîäèì êîðíè õàðàêòåðèñòè÷åñêîãî óðàâíåíèÿ
[10]

λ2 − δλ− ω2 = 0,

λ1, 2 =
δ ±

√
δ2 + 4ω2

2
.

(12)

Ïîñêîëüêó ïàðàìåòðû èññëåäóåìîé ìîäåëè α, β, γ, δ ïîëîæèòåëüíû, òî êîðíè λ1, 2

óðàâíåíèÿ (12) äåéñòâèòåëüíû è ðàçëè÷íû. Ñëåäóåò îòìåòèòü, ÷òî λ1 > 0, λ2 < 0.

Îáùåå ðåøåíèå îäíîðîäíîãî óðàâíåíèÿ èìååò âèä

πO(t) = C1e
λ1t + C2e

λ2t.

×àñòíîå ðåøåíèå óðàâíåíèÿ (11) ñëåäóåò èñêàòü â âèäå êîíñòàíòû πF (t) = C = const ,

ïîäñòàâëÿÿ êîòîðóþ â óðàâíåíèå, íàõîäèì C = −kε

ω2
.

Îáùåå ðåøåíèå óðàâíåíèÿ (11) çàïèñûâàåòñÿ â âèäå

π(t) = C1e
λ1t + C2e

λ2t − kε

ω2
. (13)

Äëÿ âû÷èñëåíèÿ ïðîèçâîëüíûõ ïîñòîÿííûõ C1 è C2 íåîáõîäèìî èñïîëüçîâàòü óñëîâèÿ
(7), êîòîðûå ïðèâîäÿò ê ñèñòåìå óðàâíåíèé

C1 + C2 −
kε

ω2
= π0,

C1e
λ1T + C2e

λ2T − kε

ω2
= 0.

Ðåøåíèå ýòîé ñèñòåìû èìååò âèä
C1 = − π0e

λ2T

eλ1T − eλ2T
+

k(1− eλ2t)

eλ1T − eλ2T
ε,

C2 =
π0e

λ1T

eλ1T − eλ2T
− k(1− eλ1t)

eλ1T − eλ2T
ε.

(14)

Ïîäñòàíîâêà êîíñòàíò (14) â ðåøåíèå óðàâíåíèÿ (13) ïðèâîäèò ê îïòèìàëüíîìó ðåøå-
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íèþ çàäà÷è (7), (8), íà âðåìåííîì îòðåçêå [0, T ]

π∗(t) =
π0

eλ1T − eλ2T
·
(
eλ1T eλ2t − eλ2T eλ1t

)
+

+
k

ω2(eλ1T − eλ2T )
·
((

eλ1t − eλ2t
)
−
(
eλ1T − eλ2T

)
+
(
eλ1T eλ2t − eλ2T eλ1t

))
ε.

(15)

Ââîäÿ îáîçíà÷åíèÿ

f(t) = eλ1t − eλ2t, g(t) = eλ1T eλ2t − eλ2T eλ1t,

è èñïîëüçóÿ ôîðìóëû (10), ïðåîáðàçóåì ðåøåíèå (15) ê âèäó

π∗(t) =
π0

g(0)
g(t) +

k

ω2g(0)

(
f(t) + g(t)− g(0)

)
ε,

(
∀t ∈ [0, T ]

)
, (16)

Çäåñü g(0) = f(T ) > 0, g(T ) = 0.
Ñ ïîìîùüþ ôîðìóë (12) âûðàæåíèå äëÿ ôóíêöèè g(t) îêîí÷àòåëüíî ïðèíèìàåò âèä

g(t) = e(λ1+λ2)T ·
(
eλ2(t−T ) − eλ1(t−T )

)
= eδT ·

(
eλ2(t−T ) − eλ1(t−T )

)
. (17)

Äëÿ ïîäñ÷åòà ìèíèìàëüíîãî çíà÷åíèÿ ôóíêöèîíàëà (7) íàéäåì ïðîèçâîäíóþ ôóíêöèè
(15)

π∗′(t) =
π0

g(0)
g

′
(t) +

k

ω2g(0)

(
f(t) + g(t)

)′

ε. (18)

Òàêèì îáðàçîì, ìèíèìàëüíûå îáùèå äèñêîíòèðîâàííûå ñîöèàëüíî�ýêîíîìè÷åñêèå ïî-
òåðè â òå÷åíèå ïåðèîäà âðåìåíè [0, T ] äîñòèãàþòñÿ ïðè îïòèìàëüíîì óðîâíå èíôëÿöèîí-
íûõ îæèäàíèé π∗(t) è îïðåäåëÿþòñÿ íåïîñðåäñòâåííî ïóòåì ïîäñòàíîâêè ôóíêöèé (15) è
(17) â ôóíêöèîíàë (7) è ïîñëåäóþùèì èíòåãðèðîâàíèåì ôóíêöèè F .

Îïòèìàëüíûé óðîâåíü áåçðàáîòèöû Y ∗(t) îïðåäåëÿåòñÿ èç ôîðìóë (4) è (18)

Y ∗(t) = Y − π∗′

βγ
+

ε

β
. (19)

Íàïîìíèì, ÷òî λ1 è λ2 îäíîçíà÷íî íàõîäÿòñÿ ïî çàäàííûì çíà÷åíèÿì ïàðàìåòðîâ
ìîäåëè (7), (8) ñ ïîìîùüþ ôîðìóëû (10).

3. Ýêîíîìè÷åñêàÿ èíòåðïðåòàöèÿ ïîëó÷åííûõ ðåçóëüòàòîâ
Îïòèìàëüíûå èíôëÿöèîííûå îæèäàíèÿ (16) ÿâëÿþòñÿ ñóììîé äâóõ ñîñòàâëÿþùèõ:

ïåðâîå ñëàãàåìîå
π0

g(0)
g(t) íå ïîäâåðæåíî âîçäåéñòâèþ âíåøíèõ øîêîâ ε, âòîðîå, íàïðî-

òèâ, � çàâèñèò îò íèõ.
Äèíàìèêó ïåðâîãî ñëàãàåìîãî îïðåäåëÿåò ïîâåäåíèå ôóíêöèè (17). Ëåãêî ïîêàçàòü,

÷òî ôóíêöèÿ g(t) ⩾ 0 è óáûâàåò íà îòðåçêå [0, T ]. Çíà÷èò, ñ òå÷åíèåì âðåìåíè ¾âêëàä¿
ýòîãî ñëàãàåìîãî â èíôëÿöèîííûå îæèäàíèÿ π∗(t) óìåíüøàåòñÿ.

Äëÿ îöåíêè âëèÿíèÿ âíåøíèõ øîêîâûõ âîçäåéñòâèé íà èíôëÿöèîííûå îæèäàíèÿ π∗(t),
ðàññìîòðèì ïîâåäåíèå êîýôôèöèåíòà ïðè ε âî âòîðîì ñëàãàåìîì ðåøåíèÿ (16).
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Ïîñêîëüêó êîðíè λ1,2 õàðàêòåðèñòè÷åñêîãî óðàâíåíèÿ (12) èìåþò ðàçíûå çíàêè, òî

h(t) =

(
f(t) + g(t)− g(0)

)
< 0 ∀t ∈ [0, T ].

Ñëåäîâàòåëüíî, ïðè ε > 0 âòîðîå ñëàãàåìîå óìåíüøàåò óðîâåíü èíôëÿöèîííûõ îæè-
äàíèé π∗(t), à ïðè ε < 0 � óâåëè÷èâàåò åãî. Áîëåå òîãî, ëåãêî ïðîâåðèòü, ÷òî h(t) èìååò
òî÷êó ìèíèìóìà

tmin =
1

λ1 − λ2

ln
λ2(1− eλ1t)

λ1(1− eλ2t)

íà îòðåçêå [0, T ] (ïðèìåðíî â åãî ñåðåäèíå). Ïðèíàäëåæíîñòü òî÷êè tmin ýòîìó îòðåçêó
îáåñïå÷èâàþò ñîîòíîøåíèÿ λ1 > 0, λ2 < 0.

Çàêëþ÷åíèå
1. Ñ òî÷êè çðåíèÿ ìèíèìèçàöèè ñîöèàëüíîãî óùåðáà îáùåñòâà, âëèÿíèå âíåøíèõ øî-

êîâ íà èíôëÿöèîííûå îæèäàíèÿ â êðàòêîñðî÷íîé ïåðñïåêòèâå íåçíà÷èòåëüíî è îáóñëîâ-
ëèâàåò õàðàêòåð àïåðèîäè÷íûõ êîëåáàíèé èíôëÿöèîííûõ îæèäàíèé.

2. Äëÿ äîñòèæåíèÿ ïîñòàâëåííîé öåëè ðåêîìåíäóåòñÿ èñïîëüçîâàòü èíñòðóìåíòû ýêî-
íîìè÷åñêîé ïîëèòèêè ñ íàïðàâëåííîñòüþ íà çàÿêîðèâàíèå (ïîääåðæàíèå) óðîâíÿ èíôëÿ-
öèîííûõ îæèäàíèé è ôàêòè÷åñêîãî óðîâíÿ áåçðàáîòèöû, îïðåäåëÿåìûõ ôîðìóëàìè (12)
è (14) ñîîòâåòñòâåííî.

Êîíêóðèðóþùèå èíòåðåñû: Êîíêóðèðóþùèõ èíòåðåñîâ íåò.
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Analysis of the dynamic model of the impact of external economic
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Abstract

The past few decades by the emergence of such crises in the economic and social sphere
of society, which resulted in economic supply shocks have been marked. Previously ex-
tremely rare, they have shifted the focus to the relevance of research on macroeconomic
processes affected by shocks of this nature, not only in economic theory, but also in math-
ematical modelling. As a result of the analysis of already known macroeconomic models,
it was revealed that the impact of external economic shocks on the main indicators of
macroeconomics can have both negative and positive effects on economic growth. The
purpose of the study is to build and analyze a dynamic optimization model, as well as rec-
ommendations for developing an optimal economic policy strategy. The article contains
a description of the formulation and mathematical formalization of the macroeconomic
task of levelling social damage from the impact of an external economic supply shock on
the inflationary process and the unemployment rate. The connection between the two
latter processes is established on the basis of the equation of the modified Phillips curve,
supplemented by inflationary expectations, assuming a short-term perspective. The cor-
responding to this task economic and mathematical model is classified as an optimization
model and represents the task of finding the conditional minimum of the loss functional.
The article describes the qualitative analysis of this model, carried out using the meth-
ods of calculus of variations, formulas describing the dynamics of the above-mentioned
macroeconomic indicators are obtained, a formula is derived for finding the level of infla-
tion expectations at each moment of the time period under consideration. The obtained
results of the mathematical model study are interpreted economically, while special atten-
tion is paid to the analysis of the impact of the external supply shock on these indicators.

Keywords: macroeconomics; economic shocks; social losses; unemployment; inflation ex-
pectations; mathematical modeling; calculus of variations.
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