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Íîâàÿ êîðîíàâèðóñíàÿ ïíåâìîíèÿ áûñòðî ðàñïðîñòðàíèëàñü ïî âñåìó ìèðó. Âñåìèðíàÿ îðãàíèçàöèÿ 

çäðàâîîõðàíåíèÿ ïîä÷åðêèâàëà, ÷òî êîðîíàâèðóñ SARS-CoV-2 ïåðåäàåòñÿ â îñíîâíîì ìåæäó ëþäüìè, íàõî-
äÿùèìèñÿ â òåñíîì êîíòàêòå äðóã ñ äðóãîì, à òàêæå â ñëó÷àå ïðèêîñíîâåíèÿ ê çàðàæåííûì ïîâåðõíîñòÿì  
ñ ïîñëåäóþùèì êàñàíèåì ãëàç, íîñà èëè ðòà áåç ïðåäâàðèòåëüíîé î÷èñòêè ðóê. 

Âîçìîæíûìè ïîñòîÿííûìè èñòî÷íèêàìè ðàñïðîñòðàíåíèÿ âèðóñà ìîãóò áûòü áîëüøèå ñêîïëåíèÿ áîëü-
íûõ â ãîñïèòàëÿõ ïðè íåñîáëþäåíèè òðåáîâàíèé îðãàíèçàöèè ôóíêöèîíèðîâàíèÿ ëå÷åáíîãî ó÷ðåæäåíèÿ.  
Â ñëó÷àå àâàðèéíîãî âûáðîñà âèðóññîäåðæàùåãî àýðîçîëÿ èç òàêîãî ó÷ðåæäåíèÿ ìåòåîðîëîãè÷åñêèå óñëîâèÿ 
ìîãóò ñòàòü êëþ÷åâûì ôàêòîðîì, âëèÿþùèì íà ðàñïðîñòðàíåíèå âèðóñà. Íàìè áûëà ðàçðàáîòàíà ïðîãðàììà 
ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ âîçìîæíîãî ðàñïðîñòðàíåíèÿ ïàòîãåííûõ ïðèìåñåé â àòìîñôåðå âîêðóã êî-
âèäíûõ ãîñïèòàëåé ñ ó÷åòîì ðàçëè÷íûõ ìåòåîðîëîãè÷åñêèõ óñëîâèé. Ïðîâåäåíû ðàñ÷åòû, îñíîâàííûå íà èñ-
ïîëüçîâàíèè ñîâðåìåííûõ ìåòîäîâ ðåøåíèÿ ñèñòåìû äèôôåðåíöèàëüíûõ óðàâíåíèé ïîãðàíè÷íîãî ñëîÿ àò-
ìîñôåðû, êîòîðûå àäàïòèðîâàíû äëÿ îïèñàíèÿ ðàñïðîñòðàíåíèÿ âðåäíûõ àòìîñôåðíûõ ïðèìåñåé íàä ðåàëü-
íûì ñëîæíûì ðåëüåôîì ìåñòíîñòè ñ ó÷åòîì ãîðîäñêîé çàñòðîéêè ðàçëè÷íîé ýòàæíîñòè, ëåñíûõ ìàññèâîâ, 
âîäîåìîâ, èçìåíÿþùèõñÿ ìåòåîðîëîãè÷åñêèõ óñëîâèé è ìíîæåñòâà äðóãèõ ôàêòîðîâ. 

Ïðîãðàììà ìîæåò áûòü èñïîëüçîâàíà äëÿ îöåíêè ðèñêà è óãðîçû ðàñïðîñòðàíåíèÿ âèðóñà ïðè ïåðå-
ïðîôèëèðîâàíèè òåðàïåâòè÷åñêîãî ëå÷åáíîãî ó÷ðåæäåíèÿ â êîâèäíûé ãîñïèòàëü. 

 

Êëþ÷åâûå ñëîâà: SARS-CoV-2, ðàñïðîñòðàíåíèå âèðóñà â àòìîñôåðå, ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå; 
SARS-CoV-2, viruses, propagation in the atmosphere, mathematical simulation. 

 
 

Ââåäåíèå 
 

Â íàñòîÿùåå âðåìÿ ïðåäïîëàãàåòñÿ, ÷òî ïåðå-
äà÷à âèðóñà ñ àòìîñôåðíûì àýðîçîëåì ïðè îïðåäå-
ëåííûõ óñëîâèÿõ èãðàåò âàæíóþ ðîëü â åãî ðàñïðî-
ñòðàíåíèè [1–3]. ÂÎÇ ïðèçíàëà, ÷òî «íåëüçÿ èñêëþ-
÷èòü âîçìîæíîñòü òàêîé ïåðåäà÷è âèðóñà» [4–6]. 
  Ïåðåäà÷à âèðóñà âîçäóøíî-êàïåëüíûì ïóòåì 
òðàäèöèîííî îïðåäåëÿåòñÿ êàê âäûõàíèå èíôåêöè-
îííûõ àýðîçîëåé, èëè «êàïåëüíûõ ÿäåð», ðàçìåðîì 
ìåíåå 5 ìêì â îñíîâíîì íà ðàññòîÿíèè íå áîëåå 1–
2 ì îò èíôèöèðîâàííîãî ÷åëîâåêà. Òåì íå ìåíåå  
ñóùåñòâóþò óáåäèòåëüíûå äîêàçàòåëüñòâà, ïîäòâåð-
æäàþùèå ïåðåäà÷ó ïî âîçäóõó íà áîëüøèå ðàññòîÿ-
íèÿ ìíîãèõ ðåñïèðàòîðíûõ âèðóñîâ, âêëþ÷àÿ êîðî-
íàâèðóñ òÿæåëîãî îñòðîãî ðåñïèðàòîðíîãî ñèíäðîìà 
(SARS-CoV-2) [7]. Äàííûå ëàáîðàòîðíûõ èññëåäî-
âàíèé ïîêàçàëè, ÷òî âèðóñ SARS-CoV-2 ìîæåò îñòà-
âàòüñÿ àêòèâíûì, íàõîäÿñü â âîçäóõå â òå÷åíèå  
 

____________ 

* Íàòàëüÿ Àëåêñàíäðîâíà Ëàïòåâà (lapteva@vector. 
nsc.ru); Àëåêñàíäð Ñåðãååâè÷ Ñàôàòîâ (safatov@vector. 
nsc.ru); Àëåêñàíäð Ïåòðîâè÷ Àãàôîíîâ (agafonov@vector. 
nsc.ru). 

äëèòåëüíîãî âðåìåíè [8]. Ïåðèîä ñíèæåíèÿ êîíöåí-
òðàöèè êîðîíàâèðóñà SARS-CoV-2 â äâà ðàçà â àýðî-
çîëå ñîñòàâëÿåò 2,7 ÷ [9]. Îñíîâíûå ñïîñîáû ïåðå-
äà÷è ðåñïèðàòîðíûõ âèðóñîâ – ïðÿìîé, ïðè ôèçè-
÷åñêîì êîíòàêòå ìåæäó ëþäüìè, è íåïðÿìîé, ïðè 
êîíòàêòå ñ çàãðÿçíåííûìè ïîâåðõíîñòÿìè èëè ïðåä-
ìåòàìè (ôîìèòû) èëè ïî âîçäóõó ÷åðåç çàãðÿçíåííûå 
àýðîçîëè, êîòîðûå ìîãóò íàõîäèòüñÿ âî âçâåøåííîì 
ñîñòîÿíèè [10, 11]. Äëÿ SARS-CoV-2 â ïåðâûé ãîä 
ïàíäåìèè áîëüøîå âíèìàíèå óäåëÿëîñü ôîìèòíîìó 
ïóòè ïåðåäà÷è è ïðîáëåìå î÷èñòêè ïîâåðõíîñòåé. 
Îäíàêî, ñêîðåå âñåãî, COVID-19 ðåæå ðàñïðîñòðà-
íÿåòñÿ êîíòàêòíûì [12], ÷åì âîçäóøíî-êàïåëüíûì 
ïóòåì [13]. Îïóáëèêîâàíî ìíîãî ñòàòåé, ïîñâÿùåí-
íûõ òàêîé ïåðåäà÷å SARS-CoV-2 â ïëîõî âåíòè- 
ëèðóåìûõ ïîìåùåíèÿõ [8, 14, 15], ãäå ëþäè ìîãóò 

ïðîâîäèòü äëèòåëüíîå âðåìÿ [16]. Èññëåäîâàíèé, 
äîêàçûâàþùèõ, ÷òî ÷åëîâåê ìîæåò çàðàçèòüñÿ âíå 

ïîìåùåíèÿ, íåò. Îäíàêî åñòü èññëåäîâàíèÿ, îñíî-
âàííûå íà îòñëåæèâàíèè êîíòàêòîâ ñ çàáîëåâøèìè, 
ïîêàçûâàþùèå, ÷òî âåðîÿòíîñòü ïåðåäà÷è COVID-
19 â çàêðûòîì ïîìåùåíèè â 18,7 ðàçà âûøå, ÷åì  
íà îòêðûòîì âîçäóõå [17, 18]. 

Ñ ó÷åòîì òîãî, ÷òî âèðóñ SARS-CoV-2 ìîæåò äîë-
ãîå âðåìÿ (4–5 ñóò) ñîõðàíÿòü æèçíåñïîñîáíîñòü  
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â âîçäóõå, ïðåäïîëàãàåòñÿ, ÷òî àýðîçîëüíàÿ ïåðåäà-
÷à ïðè îïðåäåëåííûõ óñëîâèÿõ èãðàåò âàæíóþ ðîëü 
â åãî ðàñïðîñòðàíåíèè. Â ñîîòâåòñòâèè ñ ýòèì ñöå-
íàðèåì ÂÌÎ ñîâìåñòíî ñ ó÷åíûìè àêòèâíî îáñóæ-
äàþò âçàèìîñâÿçü ìåòåîðîëîãè÷åñêèõ ôàêòîðîâ îê-
ðóæàþùåé ñðåäû ñ çàáîëåâàåìîñòüþ COVID-19 [19]. 
Ïîñëå îïóáëèêîâàííûõ ðåçóëüòàòîâ èññëåäîâàíèé,  
â êîòîðûõ ó÷àñòâîâàëî áîëåå 200 ó÷åíûõ [1], ÂÎÇ 

èçìåíèëà îòíîøåíèå ê ïðîáëåìå âîçäóøíîé ïåðåäà÷è 

êîðîíàâèðóñîâ íà îòêðûòîì âîçäóõå â ãîðîäàõ ñ âû-
ñîêîé ïëîòíîñòüþ íàñåëåíèÿ [20, 21]. Áûëî ïîêà- 
çàíî, ÷òî â ðàéîíàõ ñ îäèíàêîâîé ÷èñëåííîñòüþ 
íàñåëåíèÿ è ïîõîæåé çàñòðîéêîé, íî íàõîäÿùèõñÿ 
â ðàçíûõ êëèìàòè÷åñêèõ óñëîâèÿõ, âèðóñ ðàñïðî-
ñòðàíÿåòñÿ ðàçíûìè ïóòÿìè, êîòîðûå, êàê ïðåäïî-
ëàãàåòñÿ, ìîãóò áûòü ñâÿçàíû ñ ìåòåîðîëîãè÷åñêèìè 
óñëîâèÿìè [22]. 

Ïî ðàñïîðÿæåíèþ ðåãèîíàëüíîãî Ìèíèñòåðñòâà 
çäðàâîîõðàíåíèÿ ÐÔ äëÿ áîëüíûõ COVID-19 áûë 
îòêðûò ðÿä ãîñïèòàëåé â ã. Íîâîñèáèðñêå â ñâÿçè 
ñî ñëîæèâøåéñÿ íà òåððèòîðèè ðåãèîíà ýïèäåìè÷å-
ñêîé ñèòóàöèåé. Âî âñåõ ãîñïèòàëÿõ ñòðîãî ñîáëþ-
äàþòñÿ òðåáîâàíèÿ íîðìàòèâíûõ äîêóìåíòîâ, ïðè-
íÿòûõ íà íàöèîíàëüíîì óðîâíå è îïðåäåëÿþùèõ 
áåçîïàñíîå ôóíêöèîíèðîâàíèå ó÷ðåæäåíèÿ. Îäíàêî 
â ñòðàíàõ ñ íåäîñòàòî÷íûì ôèíàíñèðîâàíèåì ñèñ-
òåìû çäðàâîîõðàíåíèÿ êîâèäíûå ãîñïèòàëè ìîãóò 
áûòü îáîðóäîâàíû íå âñåìè íåîáõîäèìûìè èíæå-
íåðíî-ñòðîèòåëüíûìè ñèñòåìàìè îáåñïå÷åíèÿ áèî-
ëîãè÷åñêîé áåçîïàñíîñòè. Òàêæå íå èñêëþ÷åíû àâà-
ðèéíûå âûáðîñû èç òàêèõ ó÷ðåæäåíèé. 

Öåëü ðàáîòû – îöåíêà âîçìîæíûõ çîí çàãðÿç-
íåíèÿ ïðè ñëó÷àéíîì âûáðîñå èíôåêöèîííîãî àýðî-
çîëÿ èç êîâèäíîãî ãîñïèòàëÿ, íàõîäÿùåãîñÿ íà òåð-
ðèòîðèè ãîðîäà. 

 

Ìåòîäû èññëåäîâàíèÿ 
 

Òåìïåðàòóðà è çàãðÿçíåíèå âîçäóõà ÿâëÿþòñÿ 
îäíèìè èç îïðåäåëÿþùèõ ôàêòîðîâ ðàñïðîñòðàíå-
íèz COVID-19, òàê æå êàê âëàæíîñòü, ñêîðîñòü 

âåòðà, îñàäêè è ò.ä. [19]. Ïî äàííûì ÂÎÇ, çàãðÿç-
íåíèå âîçäóõà – îäèí èç êðóïíåéøèõ ýêîëîãè÷å-
ñêèõ ôàêòîðîâ, ñïîñîáñòâóþùèõ çàáîëåâàåìîñòè  
è ïðåæäåâðåìåííîé ñìåðòè â ìèðå. Íàó÷íûå äàí-
íûå [23] ïîêàçûâàþò, ÷òî êðàòêîñðî÷íîå è äîëãî-
ñðî÷íîå âîçäåéñòâèÿ çàãðÿçíèòåëåé àòìîñôåðíîãî 
âîçäóõà âûçûâàþò øèðîêèé ñïåêòð íåáëàãîïðèÿò-
íûõ ïîñëåäñòâèé äëÿ çäîðîâüÿ, âêëþ÷àÿ ñîïóòñò-
âóþùèå çàáîëåâàíèÿ. Îäíàêî ïîòåíöèàëüíîå âîç-
äåéñòâèå çàãðÿçíåíèÿ âîçäóõà íà óðîâåíü çàáîëå-
âàåìîñòè COVID-19 ìîæåò ïðîÿâëÿòüñÿ íå òîëüêî  
â ñíèæåíèè èììóíèòåòà ó ÷åëîâåêà, íî, âîçìîæíî, 
è â ïðÿìîì ïåðåíîñå âèðóñà SARS-CoV-2 íà òâåð-
äûõ ÷àñòèöàõ ðàçìåðîì 100–200 íì, ïîïàäàþùèõ  
â ëåãêèå ïðè äûõàíèè. 

Ðàçðàáîòàííûå â ÃÍÖ ÂÁ «Âåêòîð» ñîâðåìåí-
íûå ìàòåìàòè÷åñêèå ìåòîäû îïèñàíèÿ ðàññåÿíèÿ ïðè- 
ìåñåé â àòìîñôåðå ïîçâîëÿþò äîñòèãíóòü öåëè íà-
øåé ðàáîòû. Ýòè ìåòîäû îñíîâàíû íà ðåøåíèè ïîëó-
ýìïèðè÷åñêîãî óðàâíåíèÿ òóðáóëåíòíîé äèôôóçèè, 
êîòîðîå øèðîêî èñïîëüçóåòñÿ äëÿ îïèñàíèÿ ïðîöåñ-
ñà ðàñïðîñòðàíåíèÿ àòìîñôåðíûõ ïðèìåñåé [24]. 

Êîìïîíåíòû òåíçîðà êîýôôèöèåíòîâ òóðáóëåíòíîé 

äèôôóçèè çàäàþòñÿ ñ ïîìîùüþ ýêñïåðèìåíòàëüíî 

îáîñíîâàííîé â íàòóðíûõ óñëîâèÿõ ãèïîòåçû î ïðî-
ïîðöèîíàëüíîñòè èõ ñîîòâåòñòâóþùèì êîìïîíåíòàì 

òåíçîðà òóðáóëåíòíûõ íàïðÿæåíèé Ðåéíîëüäñà [25]. 
Ïîñëåäíèå îïðåäåëÿþòñÿ ñ ïðèâëå÷åíèåì àëãåáðàè-
÷åñêîé ìîäåëè òèïà [26]. Ðàçðàáîòàíà îðèãèíàëüíàÿ 
÷èñëåííî-àíàëèòè÷åñêàÿ ìîäåëü äëÿ îïðåäåëåíèÿ 
ïîëåé ñêîðîñòè âåòðà, òåìïåðàòóðû è âëàæíîñòè 
âîçäóõà [27]. Äëÿ ðàñ÷åòîâ ðàñïðîñòðàíåíèÿ àòìî-
ñôåðíûõ ïðèìåñåé ñ ðàçðåøåíèåì îòäåëüíûõ çäà-
íèé è ñîîðóæåíèé ïðèìåíÿþòñÿ ìåòîäû îïðåäåëå-
íèÿ ïîëåé ñêîðîñòè âåòðà è òåìïåðàòóðû, îñíîâàí-
íûå íà ðåøåíèè óðàâíåíèé Íàâüå–Ñòîêñà [28]. 
Ìîäåëü ïîçâîëÿåò âû÷èñëÿòü èíòåãðàëüíóþ ïî âðå-
ìåíè êîíöåíòðàöèþ ÷àñòèö (äîçó) â ëþáîé òî÷êå 
çàäàííîãî ïðîñòðàíñòâà ñ ïîìîùüþ ôóíêöèé ïëîò-
íîñòè âåðîÿòíîñòè êîíöåíòðàöèé [29]. 

Äëÿ òîãî ÷òîáû îïðåäåëèòü ïîëÿ êîíöåíòðàöèè 
ïðèìåñåé, íåîáõîäèìî çàäàòü âõîäíûå ïàðàìåòðû. 
Äëÿ âûáðàííîé ïëîùàäêè çàäàþòñÿ ðåëüåô è õàðàê-
òåðèñòèêè ïîäñòèëàþùåé ïîâåðõíîñòè (ðàñòèòåëü-
íûé ïîêðîâ, íàëè÷èå çäàíèé è ñîîðóæåíèé, èõ âû-
ñîòà, íàëè÷èå ëåñà è âîäîåìîâ). Äëÿ îïðåäåëåíèÿ 
ïîëåé ñêîðîñòè âåòðà íåîáõîäèìû ñëåäóþùèå äàí-
íûå: äàòà, âðåìÿ ñóòîê, ìåòåîðîëîãè÷åñêèå óñëîâèÿ 
íà ìåòåîïîñòå, âêëþ÷àþùèå íàïðàâëåíèå è ñêîðîñòü 
âåòðà, òåìïåðàòóðó, âëàæíîñòü âîçäóõà, áàëë îá-
ëà÷íîñòè è äð. [29]. Äëÿ èñòî÷íèêà âûáðîñîâ çàäà-
þòñÿ åãî êîîðäèíàòû, ìîùíîñòü, òèï, ïëîòíîñòü 
ìàòåðèàëà ÷àñòèö àýðîçîëÿ, ñêîðîñòü èíàêòèâàöèè, 
ñðåäíåìàññîâûé äèàìåòð ÷àñòèö. C ïîìîùüþ ìàòå-
ìàòè÷åñêîé ïðîãðàììû áûëè ñìîäåëèðîâàíû âàðèàí-
òû ðàñïðîñòðàíåíèÿ ïàòîãåííûõ ïðèìåñåé â àòìî-
ñôåðå âîêðóã îäíîãî èç çäàíèé, â êîòîðîì ðàçìåùåí 
êîâèäíûé ãîñïèòàëü. Âûáðàíû ñëåäóþùèå ïàðàìåò-
ðû: âðåìÿ ãîäà – çèìà, âåñíà, ëåòî è îñåíü, âðåìÿ 
ñóòîê – äåíü è íî÷ü, ðîçà âåòðîâ – îñíîâíûå âîñåìü 
íàïðàâëåíèé, ñêîðîñòü âåòðà – îò ìèíèìàëüíîãî 
çíà÷åíèÿ 2 ì/ñ äî ìàêñèìàëüíîãî 15 ì/ñ. Ïðåäïî-
ëàãàåòñÿ, ÷òî èñòî÷íèê âûáðîñà ïðèìåñåé – âåíòè-
ëÿöèîííàÿ òðóáà çäàíèÿ ãîñïèòàëÿ íà âûñîòå 10 ì. 
Ðàéîí âîêðóã èíôåêöèîííîé áîëüíèöû ïðåäñòàâëåí 
â âèäå êâàäðàòà ïëîùàäüþ 16 êì2. Áîëüíèöà ðàñïî-
ëîæåíà â öåíòðå ýòîãî êâàäðàòà. Âûáðàíà ðàçíîñò-
íàÿ ñåòêà ñ øàãîì 50 ì ïî ãîðèçîíòàëè è 2 ì ïî âåð-
òèêàëè. Äëÿ ýòîé ïëîùàäêè ó÷èòûâàþòñÿ ðåëüåô  
è ïîäñòèëàþùàÿ ïîâåðõíîñòü ñ ðåàëüíîé çàñòðîé-
êîé. Ìîäåëüíûå ðàñ÷åòû áûëè ïðîâåäåíû ñ ó÷åòîì 
è áåç ó÷åòà êîýôôèöèåíòà ñêîðîñòè èíàêòèâàöèè 
âèðóñà â ñîñòàâå àýðîçîëüíûõ ÷àñòèö, êîòîðûé ìîæ-
íî ðàññ÷èòàòü ïî ôîðìóëå [30] â çàâèñèìîñòè îò 
òåìïåðàòóðû, âëàæíîñòè è îñâåùåííîñòè. Äëÿ äàí-
íîãî ìîäåëüíîãî ðàñ÷åòà êîýôôèöèåíò ñêîðîñòè 
èíàêòèâàöèè áðàëñÿ â ïðîìåæóòêå îò 0,0 äî 0,05 ñ−1. 

 

Ðåçóëüòàòû è îáñóæäåíèå 
 

Ïðåäâàðèòåëüíî ïðîâåäåíà îöèôðîâêà ïîäñòè-
ëàþùåé ïîâåðõíîñòè ìåñòíîñòè, âêëþ÷àþùåé êîâèä-
íûé ãîñïèòàëü, ïðèëåãàþùèå ãîðîäñêèå çàñòðîéêè  
ñ ìíîãîýòàæíûìè äîìàìè è ôðàãìåíòû ìåñòíîñòè  



 

 
 

 

 

 

 

 

Ðèñ. 1. Ïðèìåðû ìîäåëèðîâàíèÿ ðàñïðîñòðàíåíèÿ àýðîçîëÿ (èçîëèíèè êîíöåíòðàöèè âèðóñà, óñë. åä.) áåç ó÷åòà ñêîðîñòè 
èíàêòèâàöèè âèðóñà: à – âåòåð ñåâåðî-âîñòî÷íûé, 2 ì/ñ (äåíü, ÿíâàðü); á – âåòåð ñåâåðî-çàïàäíûé, 5 ì/ñ (íî÷ü, îêòÿáðü) 
 

 

 

Ðèñ. 2. Èçîëèíèè êîíöåíòðàöèè âèðóñà 10−3 óñë. åä. äëÿ êîýôôèöèåíòîâ ñêîðîñòè èíàêòèâàöèè: 0,000; 0,001; 0,005; 0,010  
 è 0,05 ñ−1, þæíîå íàïðàâëåíèå âåòðà (äåíü): à – ñêîðîñòü âåòðà 2 ì/ñ (ÿíâàðü); á – 5 ì/ñ (èþëü) 

 

 

 

 



 

 
 

 

 

 

 

 

Ðèñ. 3. Èçîëèíèè êîíöåíòðàöèè âèðóñà (óñë. åä.) äëÿ êîýôôèöèåíòà ñêîðîñòè èíàêòèâàöèè 0,05 ñ−1 (ÿíâàðü, äåíü): à – 
  ñêîðîñòü âåòðà 2 ì/ñ; á – 15 ì/ñ 

 

 

 

Ðèñ. 4. Òî æå, ÷òî è íà ðèñ. 3, äëÿ èþëÿ 
 

 

 

 



 

 Ìîäåëèðîâàíèå ðàñïðîñòðàíåíèÿ àýðîçîëüíûõ ÷àñòèö, ñîäåðæàùèõ âèðóñ SARS-COV-2, âîêðóã ãîñïèòàëÿ 445 
 

ñ èçìåíåííûì ðåëüåôîì. Äëÿ ìîäåëèðîâàíèÿ ðàñ- 
ïðîñòðàíåíèÿ âèðóñà áûëè ðàññìîòðåíû âàðèàíòû 
âîçíèêíîâåíèÿ äåôåêòîâ íà ôèëüòðàõ âåíòèëÿöè-
îííîé ñèñòåìû êîâèäíîãî ãîñïèòàëÿ. Äëÿ ðàñ÷åòà 
âîçìîæíûõ òðàåêòîðèé ðàñïðîñòðàíåíèÿ âèðóñà 
ìîùíîñòü âûáðîñà èç âåíòèëÿöèîííîé ñèñòåìû î÷è-
ñòêè ïðèíÿòà çà 1 óñë. åä. Ðåçóëüòàòû ðàññ÷èòàíû 
äëÿ ñëîÿ âîçäóõà íà óðîâíå ãîëîâû ÷åëîâåêà, ïðè-
ìåðíî 2 ì îò çåìëè. 

Íà ïåðâîì ýòàïå ìîäåëèðîâàíèå ðàñïðîñòðà- 
íåíèÿ âèðóñà ïðîâåäåíî áåç ó÷åòà êîýôôèöèåíòà 
ñêîðîñòè èíàêòèâàöèè âèðóñà ïîä äåéñòâèåì ôèçè-
÷åñêèõ ôàêòîðîâ. Íà ðèñ. 1 (öâ. âêëàäêà) ïðåäñòàâ-
ëåíû ïðèìåðû ðàñïðîñòðàíåíèÿ ïûëåâûõ ìèêðî-
÷àñòèö, íà êîòîðûõ ïîòåíöèàëüíî ìîæåò îñåäàòü 
âèðóñ, â âèäå èçîëèíèé êîíöåíòðàöèé âèðóñà îò 10−1 
äî 10−7 óñë. åä. Â îáîèõ ïðèìåðàõ âèäíî âëèÿíèå 
ãîðîäñêîé çàñòðîéêè, ðåêè, ïîäñòèëàþùåé ïîâåðõ-
íîñòè è ðåëüåôà íà âåðîÿòíîñòü ïîÿâëåíèÿ âèðóñíûõ 
÷àñòèö â âîçäóõå ðÿäîì ñ êîâèäíûì ãîñïèòàëåì. 

Âòîðîé âàðèàíò ðàñ÷åòà ïðåäóñìàòðèâàåò ðàñ-
ïðîñòðàíåíèå âèðóñà â ñîñòàâå àýðîçîëüíûõ ÷àñòèö, 
ïðè êîòîðîì ïðîèñõîäèò ÷àñòè÷íàÿ ïîòåðÿ åãî àê-
òèâíîñòè ïîä äåéñòâèåì òåìïåðàòóðû, âëàæíîñòè, 
óëüòðàôèîëåòîâîãî èçëó÷åíèÿ è ò.ä. Ìîäåëèðîâà-
íèå ïðîèçâåäåíî äëÿ ðàçíûõ êîýôôèöèåíòîâ ñêîðî-
ñòè èíàêòèâàöèè: îò ìèíèìàëüíîãî – 0,001 ñ−1  
äî ìàêñèìàëüíîãî äëÿ äàííîé ìåñòíîñòè – 0,05 ñ−1. 
Íà ðèñ. 2 (öâ. âêëàäêà) ïðåäñòàâëåíû ïðèìåðû 
èçîëèíèé êîíöåíòðàöèè âèðóñà, ðàâíîé 10−3 óñë. åä. 
Ïðèîðèòåòíûì âûáðàíî þæíîå íàïðàâëåíèå âåòðà. 
Èçîëèíèè ðàññ÷èòàíû äëÿ êîýôôèöèåíòîâ ñêîðîñòè 
èíàêòèâàöèè: 0,000; 0,001; 0,005; 0,010 è 0,050 ñ−1. 
  Ïëîùàäü çàãðÿçíåíèÿ â çèìíåå âðåìÿ áåç ó÷åòà 
èíàêòèâàöèè (âûñîêàÿ îáëà÷íîñòü, îòðèöàòåëüíàÿ 
òåìïåðàòóðà) ïðè ñêîðîñòè âåòðà 2 ì/ñ ìîæåò ðàñ-
ïðîñòðàíÿòüñÿ íà 2 êì îò êîâèäíîãî ãîñïèòàëÿ,  
à äëÿ êîýôôèöèåíòà ñêîðîñòè èíàêòèâàöèè 0,050 – 
íà 500 ì. Ëåòîì ïëîùàäü çàãðÿçíåíèÿ óâåëè÷èâàåò-
ñÿ â øèðèíó ïî ñðàâíåíèþ ñ çèìîé. 

Îæèäàåìî ñèëüíî âëèÿåò íà ðàñïðîñòðàíåíèå 
âèðóñà ñêîðîñòü âåòðà. Â ñâÿçè ñ ýòèì áûëî ïðî- 
âåäåíî ñðàâíåíèå çàâèñèìîñòè îáëàñòè ðàñïðîñòðà-
íåíèÿ âèðóñà îò ñêîðîñòè âåòðà äëÿ âñåõ ÷åòûðåõ 
âðåìåí ãîäà. Íà ðèñ. 3 (öâ. âêëàäêà) ïðåäñòàâëåíû 
èçîëèíèè êîíöåíòðàöèè âèðóñà ïðè ìèíèìàëüíîé  
è ìàêñèìàëüíîé ñêîðîñòÿõ âåòðà äëÿ ÿíâàðÿ â äíåâ-
íîå âðåìÿ. Ïëîùàäü çàãðÿçíåíèÿ ïðè ñêîðîñòè  
âåòðà 2 ì/ñ ïðè êîíöåíòðàöèè âèðóñà, íàïðèìåð, 
10−3 óñë. åä. ñîñòàâëÿåò â äëèíó äî 600 ì îò êîâèä-
íîãî ãîñïèòàëÿ ïî íàïðàâëåíèþ âåòðà, à â øèðèíó 
äîñòèãàåò 300 ì. Ñ óâåëè÷åíèåì ñêîðîñòè âåòðà äî 
15 ì/ñ äëèíà óâåëè÷èâàåòñÿ äî 1,5 êì ïî íàïðàâ-
ëåíèþ âåòðà, øèðèíà – äî 400 ì, ïëîùàäü çàãðÿç-
íåíèÿ – ïðèáëèçèòåëüíî â 3 ðàçà. 

Íà ðèñ. 4 (öâ. âêëàäêà) ïðåäñòàâëåíû èçîëèíèè 

ïðè ìèíèìàëüíîé è ìàêñèìàëüíîé ñêîðîñòÿõ âåòðà 
äëÿ èþëÿ â äíåâíîå âðåìÿ. Ïëîùàäü çàãðÿçíåíèÿ îò 
êîâèäíîãî ãîñïèòàëÿ äëÿ ëåòà ïðè òåõ æå çíà÷åíè-
ÿõ èçîëèíèé êîíöåíòðàöèè âèðóñà ñîñòàâëÿåò ïðè 
ñêîðîñòè âåòðà 2 ì/ñ 150 ì â øèðèíó è äî 250 ì  
ïî íàïðàâëåíèþ âåòðà, ñ óâåëè÷åíèåì ñêîðîñòè  

âåòðà äî 15 ì/ñ – äî 1 êì, à â øèðèíó – äî 550 ì, 
ò.å. óâåëè÷èâàåòñÿ ïðèáëèçèòåëüíî â 4 ðàçà. 

Âåñíîé ïðè óâåëè÷åíèè ñêîðîñòè âåòðà çàãðÿç-
íåíèå èç êðóãà ðàäèóñîì 150 ì îò èñòî÷íèêà ðàñ-
ïðîñòðàíÿåòñÿ ïî íàïðàâëåíèþ âåòðà äî 1 êì, à øè-
ðèíà øëåéôà ñîñòàâëÿåò äî 400 ì. Ïëîùàäü çà-
ãðÿçíåíèÿ óâåëè÷èâàåòñÿ ïðèáëèçèòåëüíî â 5 ðàç. 
Îñåíüþ ïëîùàäü çàãðÿçíåíèÿ óâåëè÷èâàåòñÿ îò 1 êì 
äî 1300 ì ïî íàïðàâëåíèþ âåòðà, à ïî øèðèíå íå 
èçìåíÿåòñÿ è ñîñòàâëÿåò 400 ì, ò.å. óâåëè÷èâàåòñÿ 
íåçíà÷èòåëüíî. 

Ïåðåäà÷à SARS-CoV-2 âîçäóøíî-êàïåëüíûì 
ïóòåì áûëà ïðåäìåòîì äèñêóññèé â íàó÷íîì ñîîá-
ùåñòâå [1, 4, 7, 13, 15, 18, 20, 21]. Áûëî îòìå÷åíî, 
÷òî âàæíóþ ðîëü èãðàþò êîíöåíòðàöèÿ è ðàçìåð 
÷àñòèö, ñîäåðæàùèõ âèðóñ. Çíàíèå î ïåðåíîñå àý-
ðîçîëåé óâåëè÷èâàåòñÿ ïî ìåðå ñáîðà íîâûõ äàííûõ 
î çàáîëåâøèõ ëþäÿõ âî âðåìÿ ðàçëè÷íûõ ìàññîâûõ 
ìåðîïðèÿòèé [20]. Â ðàáîòå [31] èçó÷àëîñü âëèÿíèå 
ñêîðîñòè îêðóæàþùåãî âåòðà, îòíîñèòåëüíîé âëàæ-
íîñòè, ðàçìåðà êàïåëü àýðîçîëÿ è ñîöèàëüíîé  
äèñòàíöèè ïóòåì ìîäåëèðîâàíèÿ ñ ïðèìåíåíèåì ìå- 
òîäîâ âû÷èñëèòåëüíîé ãèäðîäèíàìèêè CFD (Com-
putational Fluid Dynamics). Àâòîðû ïðèøëè ê âû-
âîäó, ÷òî íèçêèå ñêîðîñòè âåòðà ñíèæàþò ìåæëè÷-
íîñòíóþ êàïåëüíóþ ïåðåäà÷ó è, íàîáîðîò, âûñîêàÿ 
ñêîðîñòü âåòðà óñóãóáëÿåò ðèñê çàðàæåíèÿ èç-çà 

àäâåêöèè. Âûñîêàÿ âëàæíîñòü ñíèæàåò ðèñê çàðà-
æåíèÿ íà ãîðîäñêèõ óëèöàõ. Èç èññëåäîâàíèé, 
îáîáùåííûõ â îáçîðå [32, 33], ñäåëàí âûâîä, ÷òî 
âåíòèëÿöèÿ ÿâëÿåòñÿ îäíèì èç íàèáîëåå ýôôåêòèâ-
íûõ ñïîñîáîâ êîíòðîëÿ ïåðåäà÷è ïàòîãåíîâ ïî âîç-
äóõó âíóòðè ïîìåùåíèÿ áîëüíèö, ó÷åáíûõ êîðïó-
ñîâ è ò.ä. Èññëåäîâàíèé, íàïðàâëåííûõ íà ìîäåëè-
ðîâàíèå ðàñïðîñòðàíåíèÿ âèðóñà COVID-19 âíå 
ïîìåùåíèé, íå ïðîâîäèëîñü. Â îñíîâíîì ñîáðàíû 
ñòàòèñòè÷åñêèå äàííûå ïðè âñïûøêàõ çàáîëåâàíèé 
â ðàçíûõ ãîðîäàõ, ïðîâåäåí àíàëèç êîëè÷åñòâà çà-
áîëåâøèõ è ðàñïðîñòðàíåíèÿ çàáîëåâàíèÿ â çàâèñè-
ìîñòè îò ðàçëè÷íûõ ìåòåîïàðàìåòðîâ [19]. Ïî ýòîé 
ïðè÷èíå ïðîâåñòè ñðàâíåíèå ñ äðóãèìè ðàáîòàìè ïî 
ìîäåëèðîâàíèþ ðàñïðîñòðàíåíèÿ âèðóñà íà îòêðû-
òîì ïðîñòðàíñòâå íå ïðåäñòàâëÿåòñÿ âîçìîæíûì. 

 

Çàêëþ÷åíèå 
 

Ïðîâåäåííûå ìîäåëüíûå ðàñ÷åòû àýðîçîëüíîãî 
ðàñïðîñòðàíåíèÿ âèðóñà äëÿ ðàçëè÷íûõ çíà÷åíèé 
ñêîðîñòè åãî èíàêòèâàöèè ïîçâîëèëè ñîîòíåñòè ïî-
êàçàòåëè óâåëè÷åíèÿ ïëîùàäè çàãðÿçíåíèÿ âèðóñî-
ñîäåðæàùèì àýðîçîëåì â ãîðîäñêîì ëàíäøàôòå ïðè 
óìåíüøåíèè ýòîãî ïàðàìåòðà. Ìîäåëüíûå ðàñ÷åòû, 
ó÷èòûâàþùèå íàïðàâëåíèå è ñêîðîñòü âåòðà, ïîêà-
çàëè, ÷òî ñ óâåëè÷åíèåì ñêîðîñòè âåòðà ïëîùàäü 
çàãðÿçíåíèÿ ìîæåò ïîòåíöèàëüíî óâåëè÷èâàòüñÿ  
â 3–4 ðàçà. Òåì íå ìåíåå ðåçóëüòàòû ðàñ÷åòîâ ïî-
êàçûâàþò, ÷òî âûáðîñû îò êîâèäíîãî ãîñïèòàëÿ  
íå ìîãóò ñóùåñòâåííî ïîâëèÿòü íà ðàñïðîñòðàíåíèå 

âèðóñà â ãîðîäñêîì ëàíäøàôòå, ïîñêîëüêó äàæå  
â íåáëàãîïðèÿòíûõ ìåòåîóñëîâèÿõ âèðóñîñîäåðæà-
ùèé àýðîçîëü ðàñïðåäåëÿåòñÿ ïî äîâîëüíî çíà÷è-
òåëüíîé ïëîùàäè, ñíèæàÿ âîçìîæíûå êîíöåíòðàöèè 
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âèðóñà, êîòîðûå ìîãóò ïîïàñòü â îðãàíèçì ÷åëîâåêà, 
è, ñëåäîâàòåëüíî, óìåíüøàÿ âåðîÿòíîñòü åãî èíôè-
öèðîâàíèÿ. 

Ðàçðàáîòàííàÿ ïðîãðàììà ìîæåò áûòü èñïîëü-
çîâàíà äëÿ îöåíêè ðèñêà è óãðîçû ðàñïðîñòðàíåíèÿ 
âèðóñà ïðè ïåðåïðîôèëèðîâàíèè òåðàïåâòè÷åñêîãî 

ëå÷åáíîãî ó÷ðåæäåíèÿ â êîâèäíûé ãîñïèòàëü. 
 

Ôèíàíñèðîâàíèå. Èññëåäîâàíèå âûïîëíåíî ïðè 
ôèíàíñîâîé ïîääåðæêå Ìèíèñòåðñòâà íàóêè è âûñ-
øåãî îáðàçîâàíèÿ ÐÔ (ñîãëàøåíèå ¹ 075-15-2019-
1665). 

 

Ñïèñîê ëèòåðàòóðû 
 

1. Morawska L., Milton D.K. It is time to address airborne 
transmission of coronavirus disease 2019 (COVID-19) // 
Clin. Infect. Dis. 2020. V. 71. P. 2311–2313. 

2. Frieden T., Lee C. Identifying and interrupting super-
spreading events–implications for control of severe 
acute respiratory syndrome coronavirus 2 // Emerg. In-
fect. Dis. 2020. V. 26. P. 1061–1066. 

3. Miller S., Nazaroff W.W., Jimenez J.L., Boerstra A., 
Buonanno G., Dancer S.J., Kurnitski J., Marr L.C., 
Morawska L., Noakes C. Transmission of SARS-CoV-2 
by inhalation of respiratory aerosol in the Skagit Valley 
Chorale superspreading event // Indoor Air. 2021. 
V. 31, N 2. P. 314–323. 

4. Heneghan C., Spencer E., Brassey J., Plüddemann A., 
Onakpoya I.J., Evans D.H., Conly J.M., Jefferson T. 
SARS-CoV-2 and the role of airborne transmission:  
A systematic review // F1000Research. 2021. V. 10:232. 
P. 1–72. 

5. Pan M., Lednicky J.A., Wu C.Y. Collection, particle 
sizing and detection of airborne viruses // J. Appl. Mi-
crobiol. 2019. V. 127, N 6. P. 1596–1611. 

6. Prather K.A., Wang C.C., Schooley R.T. Reducing 
transmission of SARS-CoV-2 // Science. 2020. V. 368, 
N 6498. P. 1422–1424. 

7. Wang C.C., Prather K.A., Sznitman J., Jimenez J.L., 
Lakdawala S.S., Tufekci Z., Marr L.C. Airborne 
transmission of respiratory viruses // Science. 2021. 
V. 373, N 6558. 

8. Lewis D. Superspreading drives the COVID pandemic – 
and could help to tame it // Nature. 2021. V. 590. 
P. 544–546. 

9. Doremalen N., Bushmaker T., Morris D.H., Hol-
brook M.G., Gamble A., Williamson B.N., Tamin A., 
Harcourt J.L., Thornburg N.J., Gerber S.I., Lloyd-
Smith J.O., Wit E., Munster V.J. Aerosol and surface 
stability of HCoV-19 (SARS-CoV-6 2) compared to 
SARS-CoV-1 // N. Engl. J. Med. 2020. V. 382. 
P. 1564–1567. 

10. Leung N.H.L. Transmissibility and transmission of res-
piratory viruses // Nat. Rev. Microbiol. 2021. V. 19, 
N 8. P. 528–545. 

11. Setti L., Passarini F., De Gennaro G., Barbieri P., 
Pallavicini A., Ruscio M., Piscitelli P., Colao A., Mia- 
ni A. Searching for SARS-COV-2 on particulate matter: 
A possible early indicator of COVID-19 epidemic recur-
rence // Int. J. Environ. Res. Public Health. 2020. 
V. 17, N 9. P. 2986. 

12. Dyani L. COVID-19 rarely spreads through surfaces. So 
why are we still deep cleaning? // Nature. 2021. 
V. 590(7844). P. 26–28. 

13. Greenhalgh T., Jimenez J.L., Prather K.A., Tufekci Z., 
Fisman D., Schooley R. Ten scientific reasons in sup-
port of airborne transmission of SARS-CoV-2 // Lan-
cet. 2021. V. 397. P. 1603–1605. 

14. Lewis D. The challenges of making indoors safe // 
Nature. 2021. V. 592. P. 22–25. 

15. Tang J.W., Bahnfleth W.P., Bluyssen P.M., Buonan- 
no G., Jimenez J.L., Kurnitski J., Li Y., Miller S., 
Sekhar C., Morawska L., Marr L.C., Melikov A.K., 
Nazaroff W.W., Nielsen P.V., Tellier R., Wargocki P., 
Dancer S.J. Dismantling myths on the airborne trans-
mission of severe acute respiratory syndrome coronavi-
rus-2 (SARS-CoV-2) // J. Hosp. Infect. 2021. V. 110. 
P. 89–96. 

16. Gomes da Silva P., Gonçalves J., Nascimento M.S.J., 
Sousa S.I.V., Mesquita J.R. Detection of SARS-CoV-2 
in the indoor and outdoor areas of urban public trans-
port systems of three major cities of Portugal in 2021 
// Int. J. Environ. Res. Public Health. 2022. V. 19, 
N 10. P. 5955. 

17. Nishiura H., Oshitani H., Kobayashi T., Saito T., Su-
nagawa T., Matsui T., Wakita T., MHLW COVID-19 
Response Team, Suzuki M. Closed environments facili-
tate secondary transmission of coronavirus disease 2019 
(COVID-19) // The preprint server for Health Sci-
ences: medRxiv. 2020. DOI: 10.1101/2020.02.28. 
20029272. 

18. Tsang T.-W., Mui K.-W., Wong L.-T. Computational 
Fluid Dynamics (CFD) studies on airborne transmission 
in hospitals: A review on the research approaches and 
the challenges // J. Build. Eng. 2022. V. 63(A). 
P. 105533. 

19. Lijun M., Guoqing Hu, Meng Y., Cui Z., Chunliang Z., 
Xinli Li. Research progress on the impact of environ-
mental meteorological factors on the spread of novel 
coronavirus pneumonia // J. Occup. Environ. Med. 
2022. V. 39, N 3. P. 348–352. 

20. Dinoi A., Feltracco M., Chirizzi D., Trabucco S., Con- 
te M., Gregoris E., Barbaro E., La Bella G., Ciccare- 
se G., Belosi F., La Salandra G., Gambaro A., Con-
tini D. A review on measurements of SARS-CoV-2 ge-
netic material in air in outdoor and indoor environ-
ments: Implication for airborne transmission // Sci. To-
tal Environ. 2022. V. 809, 151137. P. 1–15. 

21. Huang J., Jones P., Zhang A., Hou S.S., Hang J., 
Spengler J.D. Outdoor airborne transmission of corona- 
virus among apartments in high-density cities // Front. 
Built Environ. 2021. V. 7:666923. P. 1–19. 

22. Piazzola J., Bruch W., Desnues C., Parent P., Yo-
hia C., Canepa E. Influence of meteorological condi-
tions and aerosol properties on the COVID-19 contami-
nation of the population in coastal and continental areas 
in France: Study of offshore and onshore winds // At-
mosphere. 2021. V. 12, N 4. P. 523. 

23. Ãîëèêîâ Ð.À., Ñóðæèêîâ Ä.Â., Êèñëèöûíà Â.Â., Øòàé- 
ãåð Â.À. Âëèÿíèå çàãðÿçíåíèÿ îêðóæàþùåé ñðåäû  
íà çäîðîâüå íàñåëåíèÿ (îáçîð ëèòåðàòóðû) // Íàó÷-
íîå îáîçðåíèå. Ìåäèöèíñêèå íàóêè. 2017. ¹ 5. 
Ñ. 20–31. 

24. Ìîíèí À.Ñ., ßãëîì À.Ì. Ñòàòèñòè÷åñêàÿ ãèäðîìåõà-
íèêà. ×. 1. Ìåõàíèêà òóðáóëåíòíîñòè. Ì.: Íàóêà, 
1965. 639 ñ. 

25. Áîðîäóëèí À.È. Èçìåðåíèå òåíçîðà êîýôôèöèåíòîâ 
òóðáóëåíòíîé äèôôóçèè â àòìîñôåðå è åãî íåêîòîðûå 
ñâîéñòâà // Îïòèêà àòìîñô. è îêåàíà. 1996. Ò. 9, 
¹ 6. Ñ. 832–836. 

26. Òåâåðîâñêèé Å.Í., Äìèòðèåâ Å.Ñ. Ïåðåíîñ àýðîçîëü-
íûõ ÷àñòèö òóðáóëåíòíûìè ïîòîêàìè. Ì.: Ýíåðãîàòîì-
èçäàò. 1988. 160 ñ. 

27. Áîðîäóëèí À.È., Äåñÿòêîâ Á.Ì. Ìîäåëèðîâàíèå ðàñ-
ïðîñòðàíåíèÿ ïðèìåñåé â ïîãðàíè÷íîì ñëîå àòìîñôå-
ðû. Íîâîñèáèðñê: Íîâîñèá. ãîñ. óí-ò, 2007. 376 ñ. 

28. Øëû÷êîâ Â.À., Áîðîäóëèí À.È., Äåñÿòêîâ Á.Ì. ×èñ-
ëåííîå ìîäåëèðîâàíèå öèðêóëÿöèè âîçäóõà è ïåðåíîñà 



 

 Ìîäåëèðîâàíèå ðàñïðîñòðàíåíèÿ àýðîçîëüíûõ ÷àñòèö, ñîäåðæàùèõ âèðóñ SARS-COV-2, âîêðóã ãîñïèòàëÿ 447 
 

ïðèìåñè â ãîðîäñêèõ óñëîâèÿõ ñ ÿâíûì ó÷åòîì ëàíä-
øàôòà // Îïòèêà àòìîñô. è îêåàíà. 2006. Ò. 19, ¹ 6. 
Ñ. 552–556. 

29. Áîðîäóëèí À.È., Äåñÿòêîâ Á.Ì., ßðûãèí À.À. Ìîäåëü 
ðàñïðîñòðàíåíèÿ àòìîñôåðíûõ ïðèìåñåé â ïîãðàíè÷íîì 
ñëîå àòìîñôåðû. Ïðîãðàììà äëÿ  ÝÂÌ. 2006. Çàðåãè-
ñòðèðîâàíà Ôåäåðàëüíûì Èíñòèòóòîì ïðîìûøëåííîé 

ñîáñòâåííîñòè ÐÎÑÏÀÒÅÍÒà. Ðåã. íîìåð 2007610293. 
16 ÿíâàðÿ 2007 ã. 

30. Dabisch P., Schuit M., Herzog A., Beck K., Wood S., 
Krause M., Miller D., Weaver W., Freeburger D., 
Hooper I., Green B., Williams G., Holland B., Bohan- 
non J., Wahl V., Yolitz J., Hevey M., Ratnesar-
Shumate S. The influence of temperature, humidity, and 
simulated sunlight on the infectivity of SARS-CoV-2  
in aerosols // Aerosol Sci. Technol. 2020. V. 55, N 2. 
P. 142–153. 

31. Fan X., Zhang X., Weerasuriya A.U., Hang J., Zeng L., 
Luo Q., Li C.Y., Chen Z. Numerical investigation of 
the effects of environmental conditions, droplet size, and 
social distancing on droplet transmission in a street can-
yon // Build. Environ. 2022. V. 221. Article 04059. 

32. Peng S., Chen Q., Liu E. The role of computational 
fluid dynamics tools on investigation of pathogen trans-
mission: Prevention and control // Sci. Total Environ. 
2020. V. 746. P. 142862. 

33. Oksanen L., Auvinen M., Kuula J., Malmgren R., Ro- 
mantschuk M., Hyvärinen A., Laitinen S., Maunu- 
la L., Sanmark E., Geneid A., Sofieva S., Salokas J., 
Veskiväli H., Sironen T., Grönholm T., Hellsten A., 
Atanasova N. Combining Phi6 as a surrogate virus and 
computational large-eddy simulations to study airborne 
transmission of SARS-CoV-2 in a restaurant // Int. J. 
Indoor Environ. Health. 2022. V. 32, N 11. P. e13165. 
 

 

N.A. Lapteva, A.S. Safatov, A.P. Agafonov. Simulation of the SARS-CoV-2 virus containing aerosol 
particles spread around a hospital. 

The new coronavirus pneumonia has rapidly spread around the world. The World Health Organization 
emphasized that the SARS-CoV-2 coronavirus spreads mainly between people who are in close contact with 
each other, as well as in the case of touching contaminated surfaces followed by touching the eyes, nose, or 
mouth without first cleaning the hands. Possible permanent sources of the spread of the virus can be gathering 
of patients in hospitals in the case of non-compliance with the requirements for organizing the functioning  
of a hospital. Meteorological conditions can be a key factor influencing the spread of the virus in the case of an 
accidental release of virus-containing aerosol from such a hospital. Simulations are carried out with modern 
methods for solving a system of differential equations of the atmospheric boundary layer, which are adapted to 
describe the distribution of harmful atmospheric impurities over a real complex terrain considering urban build-
ings of various heights, forests, reservoirs, changing meteorological conditions, and many other factors. 

 
 


