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Àíîòàö³ÿ. Ó ðîáîò³ ðîçãëÿäàºòüñÿ ñòîõàñòè÷íà ìîäåëü åï³äåì³¿ SIR ç âèêîðèñòàííÿì
âàêöèíàö³¿ òà îáìåæåíèì ë³êóâàííÿì. Çàïðîïîíîâàíî ìåòîä ïîøóêó îïòèìàëüíî¿ ñòðàòåã³¿
âàêöèíàö³¿ äëÿ ì³í³ì³çàö³¿ ôóíêö³îíàëà ö³íè.

Êëþ÷îâ³ ñëîâà: ñòîõàñòè÷íà ìîäåëü, åï³äåì³ÿ, îïòèìàëüíà ñòðàòåã³ÿ.

Óíàñ³äîê ïàíäåì³¿ COVID-19 ïîñòàº ïðîáëåìà ìîäåëþâàííÿ ðîçâèòêó åï³äåì³é,

à òàêîæ ïîøóêó îïòèìàëüíèõ ñòðàòåã³é âàêöèíàö³¿ òà ë³êóâàííÿ íàñåëåííÿ.

Îäí³ºþ ç íàéïîøèðåí³øèõ ìîäåëåé åï³äåì³é º ìîäåëü SIR [1]. Ó ö³é ðîáîò³

ðîçãëÿíóòî ñòîõàñòè÷íó âåðñ³þ ìîäåë³ SIR ç âèêîðèñòàííÿì âàêöèíàö³¿ òà

îáìåæåíèì ë³êóâàííÿì [2]. Çàäà÷à ïîëÿãàº â ïîøóêó îïòèìàëüíî¿ ñòðàòåã³¿

âàêöèíàö³¿ äëÿ ì³í³ì³çàö³¿ ôóíêö³îíàëà ö³íè, ùî çàëåæèòü â³ä ïåðåäáà÷åíî¿

ê³ëüêîñò³ õâîðèõ òà âèòðàò, ïîâ'ÿçàíèõ ç âàêöèíàö³ºþ.

Ðîçãëÿíåìî ñòîõàñòè÷íó ìîäåëü SIR ç îáìåæåíèì ë³êóâàííÿì [2]. Íåõàé

S — ê³ëüê³ñòü âðàçëèâèõ äî õâîðîáè, I — ê³ëüê³ñòü ³íô³êîâàíèõ. Îïèøåìî

äèíàì³êó öèõ âåëè÷èí ð³âíÿííÿìè
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Òóò K — ºìí³ñòü ñåðåäîâèùà, � — ïàðàìåòð øâèäêîñò³ ïåðåäà÷³ ³íôåêö³¿,

Y t( ) — øâèäê³ñòü âàêöèíàö³¿, ÿêà º êåðóâàííÿì çàäà÷³, � — ïàðàìåòð äèôóç³¿,

� — ïàðàìåòð ñìåðòíîñò³/çàõâîðþâàííÿ, r ³ a — ïàðàìåòðè, ïîâ’ÿçàí³ ç³

øâèäê³ñòþ ë³êóâàííÿ (r îïèñóº øâèäê³ñòü ë³êóâàííÿ, a — îáìåæåííÿ, ïîâ’ÿ-

çàí³ ç ì³ñòê³ñòþ ë³êóâàëüíèõ çàêëàä³â).

Îñê³ëüêè ê³ëüê³ñòü îñ³á, ùî îäóæàëè, íå íàëåæèòü äî ôóíêö³îíàëà ö³íè òà

íå âïëèâàº íà äèíàì³êó ³íøèõ âåëè÷èí çàâäÿêè íàáóòîìó ³ìóí³òåòó, ð³âíÿííÿ,

ùî îïèñóþòü öþ âåëè÷èíó, íå ðîçãëÿäàþòüñÿ.

Ð³âíÿííÿ (1) ³ (2) ôîðìóþòü âåêòîðíå ñòîõàñòè÷íå ð³âíÿííÿ ó âèãëÿä³
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Åï³äåì³ÿ ïðîäîâæóºòüñÿ, äîêè º õî÷à á îäíà ³íô³êîâàíà ëþäèíà. Îòæå, ìè

ðîçãëÿäàºìî ïðîöåñ x íà ìíîæèí³

V x x K ii� � � � �{ }�
2 1 1 2: ; , .

Òàêîæ ìàºìî ôóíêö³îíàë ö³íè [2]
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äå m1 ³ m2 — äåÿê³ ñòàë³ ïàðàìåòðè, � — ìîìåíò çàâåðøåííÿ åï³äåì³¿ àáî

âèõîäó ïðîöåñó x ³ç îáëàñò³ V .

Çàäà÷à ïîëÿãàº ó ïîøóêó ôóíêö³¿ êåðóâàííÿ Y x( ) , ùî ì³í³ì³çóº ôóíêö³îíàë

ö³íè Y x( ) . Õàðàêòåðèñòè÷íèé îïåðàòîð ïðîöåñó, âèçíà÷åíîãî â (3), ìàº

âèãëÿä [3]
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Çàçíà÷èìî äåÿê³ âëàñòèâîñò³ ð³âíÿííÿ (3).

Âëàñòèâ³ñòü 1. Ôóíêö³¿ a xij ( ) îáìåæåí³ íà V .

Âëàñòèâ³ñòü 2. Ôóíêö³¿ a xij ( ) ë³ïøèöåâî íåïåðåðâí³ íà V . Ä³éñíî,
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Âëàñòèâ³ñòü 3. Äëÿ áóäü-ÿêèõ x , � i R� ìàòèìåìî
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Íåõàé äîïóñòèì³ ñòðàòåã³¿ Y x( ) íàëåæàòü äåÿêîìó â³äð³çêó [ , ]0 c (îñê³ëüêè

ìàêñèìàëüíà ê³ëüê³ñòü âàêöèí îáìåæåíà). Íåõàé A — êëàñ äîïóñòèìèõ ñòðà-

òåã³é. Òîä³ ð³âíÿííÿ (3) ìàº òàêó âëàñòèâ³ñòü.

Âëàñòèâ³ñòü 4. Ôóíêö³¿ b x Yi ( , ) îáìåæåí³ òà íåïåðåðâí³ íà V C� .

Äëÿ ð³âíÿíü ³ç âëàñòèâîñòÿìè 1–4 ó ðîáîò³ [4] çàïðîïîíîâàíî òàêó òåîðåìó.
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Ïîøóê ðîçâ'ÿçê³â çàçíà÷åíîãî ð³âíÿííÿ ìîæå áóòè çä³ñíåíî çà äîïîìîãîþ

÷èñåëüíèõ ìåòîä³â.

Îòæå, ìàºìî ìåòîä ïîøóêó îïòèìàëüíî¿ ñòðàòåã³¿ âàêöèíàö³¿, çàâäÿêè

ÿêîìó ìîæëèâà ì³í³ì³çàö³ÿ âèòðàò âíàñë³äîê åï³äåì³¿ â óìîâàõ îáìåæåíîãî

ë³êóâàííÿ.
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OPTIMAL VACCINATION STRATEGY IN THE STOCHASTIC
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Abstract. The author analyzes the stochastic SIR epidemic model with vaccination and limited
treatment. A method to obtain the optimal vaccination strategy minimizing the cost functional
is proposed.
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