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Ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèÿ âçàèìîñâÿçè ïîñòóïëåíèÿ â âîçäóõ ðàäîíà è îáðàçîâàíèÿ èîíîâ 

ïî äàííûì íàáëþäåíèé, ïðîâîäèìûõ â îáñåðâàòîðèè «Ôîíîâàÿ» ÈÎÀ ÑÎ ÐÀÍ. Ïîêàçàíî, ÷òî òàêàÿ ñâÿçü 
ÿâëÿåòñÿ óñòîé÷èâîé â ïåðèîä ñ îêòÿáðÿ ïî ÿíâàðü. Â îñòàëüíûå ìåñÿöû îíà íàðóøàåòñÿ. Åñëè æå èç ìàññè-
âà äàííûõ óáðàòü ñîáûòèÿ íóêëåàöèè è ãðîçîâûõ ðàçðÿäîâ, òî òàêàÿ ñâÿçü ïðîÿâëÿåòñÿ â òå÷åíèå âñåãî ãîäà. 
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Ââåäåíèå 

 

Ñîãëàñíî ïðåäâàðèòåëüíîé âåðñèè øåñòîãî äîê-
ëàäà ÌÃÝÈÊ [1], àòìîñôåðíûé àýðîçîëü ïî-ïðåæ-
íåìó âíîñèò íàèáîëüøóþ íåîïðåäåëåííîñòü â ðà-
äèàöèîííûé áëîê ïðè îöåíêå âêëàäà îòäåëüíûõ 
ïðèìåñåé âîçäóõà â ãëîáàëüíîå ïîòåïëåíèå êëè-
ìàòà. Åùå â XX â. áûëî óñòàíîâëåíî [2], ÷òî àýðî-
çîëüíûé ïðîöåññ â àòìîñôåðå íà÷èíàåòñÿ ñ îáðàçî-
âàíèÿ (íóêëåàöèè) íàíîðàçìåðíûõ ÷àñòèö èç ìîëå-
êóë ìàëûõ ãàçîâûõ ïðèìåñåé. Çàòåì â ðåçóëüòàòå 
äåéñòâèÿ ìåõàíèçìîâ êîíäåíñàöèîííîãî ðîñòà è êîà-
ãóëÿöèè òàêèå ÷àñòèöû äîñòèãàþò ðàçìåðîâ ðàäèà-
öèîííî çíà÷èìîé àêêóìóëÿöèîííîé ôðàêöèè [3–5]. 

Âàæíûì ýôôåêòîì, ñîïóòñòâóþùèì îáðàçîâà-
íèþ íîâûõ ÷àñòèö, ÿâëÿåòñÿ ïðèñóòñòâèå çàðÿæåí-
íûõ ÷àñòèö – èîíîâ – â àòìîñôåðå [6]. Òàê, íàïðè-
ìåð, ïîÿâëåíèå íåéòðàëüíûõ ÷àñòèö ðàçìåðîì 2 íì 
ïðîèñõîäèò íà 20–30 ìèí ïîçæå ðåãèñòðàöèè èîíîâ 
ðàçìåðîì 2 íì [7]. Èññëåäîâàíèå [8] ïîêàçàëî, ÷òî 
îáðàçîâàíèå èîíîâ â íî÷íîå âðåìÿ íàáëþäàåòñÿ,  
íî íå ñîïðîâîæäàåòñÿ îáðàçîâàíèåì íåéòðàëüíûõ 
÷àñòèö. Àâòîðû [9] óòî÷íÿþò, ÷òî êîíöåíòðàöèÿ   
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èîíîâ ðàçìåðîì 2–4 íì êàê ïðåäøåñòâåííèêîâ îá-
ðàçîâàíèÿ íîâûõ ÷àñòèö äîëæíà áûòü íå íèæå 
20 ñì−3. Îäíàêî èìåþùèåñÿ ñâåäåíèÿ î ðîëè èîíîâ 
â îáðàçîâàíèè àýðîçîëüíûõ ÷àñòèö ïðîòèâîðå÷èâû. 
Òàê, â [10] ïîëó÷åíî, ÷òî çàðÿæåííûå ÷àñòèöû óâå-
ëè÷èâàþò íóêëåàöèþ íà 1–2 ïîðÿäêà âåëè÷èíû.  
Â [11, 12], íàîáîðîò, ñóùåñòâåííûõ èçìåíåíèé ïî-
ëó÷èòü íå óäàëîñü. Àâòîðû [13] íà îñíîâàíèè ÷èñ-
ëåííîãî è ëàáîðàòîðíîãî ìîäåëèðîâàíèÿ ïîêàçàëè, 
÷òî çàðÿæåííûå ÷àñòèöû ìîãóò îáåñïå÷èòü íóêëåà-
öèþ äàæå ïðè ìèíèìàëüíûõ êîíöåíòðàöèÿõ ïàðîâ 
ñåðíîé êèñëîòû. Ñëåäîâàòåëüíî, èññëåäîâàíèå ðîëè 
èîíîâ â àýðîçîëüíûõ ïðîöåññàõ äîëæíî áûòü ïðî-
äîëæåíî. 

Îñíîâíûìè èñòî÷íèêàìè îáðàçîâàíèÿ èîíîâ ÿâ-
ëÿþòñÿ êîñìè÷åñêîå ãàììà-èçëó÷åíèå è ãàììà-èç-
ëó÷åíèå, âîçíèêàþùåå â ðåçóëüòàòå ðàäèîàêòèâíî-
ãî ðàñïàäà òàêèõ ñîåäèíåíèé, êàê ðàäîí [14–16]. 
Èîíèçàöèÿ êîñìè÷åñêèì èçëó÷åíèåì ïðîèñõîäèò 
âî âñåé òðîïîñôåðå è ïðåîáëàäàåò íàä ìîðÿìè  
è îêåàíàìè, â òî âðåìÿ êàê ýìàíàöèÿ ðàäîíà îïðå-
äåëÿåò ðåæèì èîíîâ (êîíöåíòðàöèþ è åå âðåìåííóþ 
äèíàìèêó – ñóòî÷íûé, ñåçîííûé, ãîäîâîé õîä)  
â ïðèçåìíîì ñëîå âîçäóõà íàä ñóøåé [17]. Â [18] 
äîïîëíèòåëüíî íàéäåíî, ÷òî èîíû ìîãóò îáðàçîâû-
âàòüñÿ çà ñ÷åò òðåíèÿ ïðè ñèëüíîì âåòðå, õîòÿ ýòîò 
ìåõàíèçì íå ìîæåò áûòü îòíåñåí ê îñíîâíûì.  
Ñ ó÷åòîì òîãî, ÷òî ïîñòóïëåíèå ðàäîíà â àòìîñôåðó 
ñóùåñòâåííî çàâèñèò îò ìåñòîïîëîæåíèÿ ðàéîíà èñ-
ñëåäîâàíèé [19–21], îò ìåòåîðîëîãè÷åñêèõ è ãåîôè-
çè÷åñêèõ ïàðàìåòðîâ [22, 23], âêëþ÷àÿ îñàäêè [24], 
âåñüìà èíòåðåñíî èçó÷èòü, êàê ýòè ïðîöåññû ïðî-
ÿâëÿþòñÿ â êîíêðåòíîì ãåîãðàôè÷åñêîì ðàéîíå,  
â êîòîðîì ïîäîáíûå èññëåäîâàíèÿ íå ïðîâîäèëèñü. 
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Â íàñòîÿùåé ðàáîòå ðàññìàòðèâàåòñÿ âðåìåí-
íàÿ äèíàìèêà êîíöåíòðàöèè èîíîâ â çàâèñèìîñòè  
îò ñîäåðæàíèÿ ðàäîíà â ôîíîâîì ðàéîíå Òîìñêîé 
îáëàñòè. 

 

1. Ðàéîí èçìåðåíèé è îáîðóäîâàíèå 
 

Êîíöåíòðàöèÿ èîíîâ è ðàäîíà èçìåðÿëàñü â îá-
ñåðâàòîðèè «Ôîíîâàÿ». Ñòàíöèÿ íàõîäèòñÿ â Çà-
ïàäíîé Ñèáèðè (êîîðäèíàòû 56°25′ ñ.ø., 84°04′ â.ä.), 
íà ïðàâîì áåðåãó ð. Îáè, è îêðóæåíà áîðåàëüíûì 
ëåñîì. Áëèæàéøèé ïðîìûøëåííûé öåíòð, ã. Òîìñê, 
ðàñïîëîæåí â 60 êì ê âîñòîêó. 

Äëÿ èçìåðåíèÿ èîíîâ èñïîëüçîâàëñÿ ñïåêòðî-
ìåòð íåéòðàëüíûõ êëàñòåðîâ è èîíîâ NAIS, ïîç-
âîëÿþùèé ðåãèñòðèðîâàòü ðàñïðåäåëåíèå ïî ðàç-
ìåðàì êëàñòåðîâ (àýðîçîëüíûõ ÷àñòèö) è àýðîèîíîâ 
â äèàïàçîíå 0,8 … 40 íì ïðè êîíöåíòðàöèÿõ îò 10  
äî 100000 ñì−3 ñ ïîãðåøíîñòüþ 10%. Äëÿ èçìåðåíèÿ 
îáúåìíîé àêòèâíîñòè ðàäîíà (Rn 222) è òîðîíà 
(Rn 220) ïðèìåíÿëñÿ ðàäèîìåòð SARAD RTM 2200, 
ðàáîòàþùèé â äèàïàçîíå 0 … 107

 Áê/ì�, ñ ïîãðåø-
íîñòüþ ± 1 Áê/ì�. Âîçäóõ äëÿ ïðèáîðà îòáèðàëñÿ  
ñ âûñîòû 2 ì íàä ïîâåðõíîñòüþ çåìëè. Íàáëþäåíèÿ 
çà àýðîèîíàìè íà÷àëèñü â èþëå, à çà ðàäîíîì –  
â äåêàáðå 2019 ã. Èçìåðåíèÿ ïðîâîäèëèñü åæå÷àñ-
íî. Ñ ïîìîùüþ êîìïëåêñà îáñåðâàòîðèè [25] ñèí-
õðîííî ðåãèñòðèðîâàëèñü ìåòåîðîëîãè÷åñêèå âåëè-
÷èíû, ãàçîâûé è àýðîçîëüíûé ñîñòàâû. 

 

2. Ðåçóëüòàòû è èõ îáñóæäåíèå 
 

Ïîñêîëüêó àýðîèîíû è ðàäîí ðàíåå â îáñåðâà-
òîðèè «Ôîíîâàÿ» íå èçìåðÿëèñü, âíà÷àëå ðàññìîò-
ðèì èõ âðåìåííóþ äèíàìèêó. Íà ðèñ. 1 ïðåäñ-
òàâëåíû ñðåäíåãîäîâîé ñóòî÷íûé õîä ñóììàðíîé  
(ïî âñåì ðàçìåðàì) êîíöåíòðàöèè èîíîâ (N− –  
îòðèöàòåëüíûå, N+

 – ïîëîæèòåëüíûå) è ðàäîíà,  
à òàêæå ãîäîâîé õîä, ïîñòðîåííûé ïî ñðåäíåìåñÿ÷-
íûì çíà÷åíèÿì. 

Èç ðèñ. 1, à âèäíî, ÷òî â òå÷åíèå ñóòîê ñîäåð-
æàíèå ïîëîæèòåëüíûõ èîíîâ íåñêîëüêî áîëüøå, 
÷åì îòðèöàòåëüíûõ. Õîä êðèâûõ êîíöåíòðàöèé èî-
íîâ ïðàêòè÷åñêè ñèíõðîííûé. Ñóòî÷íûå õîäû èî-
íîâ è ðàäîíà îêàçàëèñü ïðÿìî ïðîòèâîïîëîæíûìè 
ïî ôàçå. Ìàêñèìóì êîíöåíòðàöèè ðàäîíà íàáëþ-
äàåòñÿ â íî÷íîå âðåìÿ, à ìèíèìóì – âî âòîðîé ïî-
ëîâèíå äíÿ. Ñ ó÷åòîì òîãî, ÷òî èñòî÷íèê ðàäîíà – 

ïîäñòèëàþùàÿ ïîâåðõíîñòü, òàêîé õîä âïîëíå åñòå-
ñòâåíåí. Íî÷üþ ôîðìèðóåòñÿ çàäåðæèâàþùèé ñëîé 
è ãàç íàêàïëèâàåòñÿ â ïðèçåìíîì âîçäóõå. Äíåì îí 
èñ÷åçàåò è ðàäîí íà÷èíàåò ðàññåèâàòüñÿ âî âñåì 
ïîãðàíè÷íîì ñëîå àòìîñôåðû [26]. Èîíû, êîòîðûå 
îáðàçóþòñÿ â ñàìîì âîçäóõå, âåäóò ñåáÿ èíà÷å. 
Ìàêñèìóì èõ êîíöåíòðàöèé íàáëþäàåòñÿ â ïîñëå-
ïîëóäåííîå âðåìÿ, à ìèíèìóì – â óòðåííèå ÷àñû. 
Òàêîé ñóòî÷íûé õîä õàðàêòåðåí äëÿ ôîòîõèìè÷å-
ñêèõ ïðîöåññîâ â àòìîñôåðå, íàïðèìåð, òàêèõ êàê 
îáðàçîâàíèå îçîíà è äðóãèõ ðåàêöèîííîñïîñîáíûõ 
÷àñòèö [27]. 

 
Ðèñ. 1. Ñóòî÷íûé (à) è ãîäîâîé (á) õîä êîíöåíòðàöèè 
  àýðîèîíîâ è ðàäîíà 

 
Êîíöåíòðàöèÿ ðàäîíà, íàáëþäàåìàÿ â îáñåðâà-

òîðèè «Ôîíîâàÿ», ñîèçìåðèìà ñ äàííûìè, ïîëó÷åí-
íûìè äðóãèìè àâòîðàìè â ïîäîáíûõ óñëîâèÿõ [19, 
20, 28]. Òàêæå õîðîøî ñîâïàäàþò è ðåçóëüòàòû  
ïî åãî ñóòî÷íîìó õîäó [29–32]. Êîëè÷åñòâî ðåãèñò-
ðèðóåìûõ èîíîâ, êàê ïîëîæèòåëüíûõ, òàê è îòðèöà-
òåëüíûõ, ëåæèò â ïðåäåëàõ äèàïàçîíîâ, íàéäåííûõ 
äðóãèìè àâòîðàìè [17, 33, 34]. Ïîäîáíûìè îêàçà-
ëèñü è ñóòî÷íûå âàðèàöèè, ïðèâåäåííûå íà ðèñ. 1, à 
è â [35–37]. Ñëåäîâàòåëüíî, ïîëó÷åííûå íàìè äàí-
íûå íàõîäÿòñÿ â ïðåäåëàõ åñòåñòâåííîé èçìåí÷èâî-
ñòè èññëåäóåìûõ âåëè÷èí. 

Ñåçîííûå âàðèàöèè êîíöåíòðàöèè èîíîâ è ðàäî-
íà çàìåòíî ðàçëè÷àþòñÿ, êàê ýòî ñëåäóåò èç ðèñ. 1, á. 
Ìàêñèìóì ñîäåðæàíèÿ èîíîâ îáîèõ çíàêîâ ïðèõî-
äèòñÿ íà ðàííþþ âåñíó, à ìèíèìóì – íà ñðåäíþþ 
èëè ïîçäíþþ îñåíü. Ýòî, íà íàø âçãëÿä, òàêæå îò-
ðàæàåò ðîëü ôîòîõèìè÷åñêèõ ïðîöåññîâ â îáðàçî-
âàíèè èîíîâ. Â õîäå òàêèõ ïðîöåññîâ, íàïðèìåð 
ïðè ãåíåðàöèè îçîíà, íàðÿäó ñ íåéòðàëüíûìè àýðî-
çîëüíûìè ÷àñòèöàìè â ïðîìåæóòî÷íûõ öèêëàõ âîç-
íèêàþò ðàäèêàëû. Èõ êîëè÷åñòâî è âèä áóäóò çà-
âèñåòü îò ãàçîâ-ïðåäøåñòâåííèêîâ. Åñòåñòâåííî, ÷òî 
ïðèáîð â õîäå èçìåðåíèé çàôèêñèðóåò ýòè ðàäèêà-
ëû êàê èîíû. 

Åñëè íå ó÷èòûâàòü ìåæìåñÿ÷íûå êîëåáàíèÿ,  
òî ó ðàäîíà íàáëþäàåòñÿ ñîâåðøåííî äðóãîé ãîäî-
âîé õîä. Ìîæíî âûäåëèòü äâà ïî÷òè îäèíàêîâûõ 
ãîäîâûõ ìàêñèìóìà íà ðèñ. 1, á: çèìîé (ÿíâàðü)  
è ïîçäíèì ëåòîì – â íà÷àëå îñåíè, à òàêæå äâà 
ìèíèìóìà: âåñíîé è â ñåðåäèíå îñåíè. 

Ïîïûòêà ñîïîñòàâëåíèÿ ãîäîâîãî õîäà ðàäîíà 
è àýðîèîíîâ ñ äàííûìè äëÿ äðóãèõ ðåãèîíîâ îêàçà-
ëàñü íåóäà÷íîé. Â êàæäîì èç ðàéîíîâ íàáëþäàåò- 
ñÿ ñâîé, îòëè÷íûé îò äðóãèõ [31, 32, 38–41], ãî-
äîâîé õîä ýòèõ âåëè÷èí. Ïîñêîëüêó íàøè äàííûå 



 

14 Àðøèíîâ Ì.Þ., Áåëàí Á.Ä., Ãàðìàø Î.Â. è äð. 
 

ïðèâåäåíû äëÿ 2020 ã., âîçìîæíî, ýòî ñëåäñòâèå 
ëîêäàóíà, ñâÿçàííîãî ñ ïàíäåìèåé êîðîíàâèðó- 
ñà. Èìååòñÿ äîñòàòî÷íî ìíîãî ðàáîò, îòðàæàþ-
ùèõ èçìåíåíèå ñîñòàâà âîçäóõà èç-çà óìåíüøåíèÿ  
âûáðîñîâ [42–45]. Îäíàêî ïðîöåññû, ñâÿçàííûå  
ñ ëîêäàóíîì, ìîãëè ïîâëèÿòü òîëüêî íà ãîäîâîé 
õîä êîíöåíòðàöèè èîíîâ, â òî âðåìÿ êàê îñîáåí-
íîñòè ãîäîâîãî õîäà ðàäîíà, ïî-âèäèìîìó, îáúÿñ-
íÿþòñÿ èíûìè ìåõàíèçìàìè, âåäü îí èìååò ïî÷âåí-
íîå ïðîèñõîæäåíèå. 

Ïåðåéäåì ê àíàëèçó âçàèìîñâÿçè êîíöåíòðàöèé 
èîíîâ è ðàäîíà. Âíà÷àëå ðàññìîòðèì, êàê îíà èç-
ìåíÿåòñÿ â òå÷åíèå ãîäà ïî äàííûì åæå÷àñíûõ èç-
ìåðåíèé (òàáë. 1). 

Íåñìîòðÿ íà òî, ÷òî ñóòî÷íûé õîä èîíîâ íà-
õîäèòñÿ â ïðîòèâîôàçå ñ ðàäîíîì, èçìåí÷èâîñòü 
êîíöåíòðàöèé â ðàçëè÷íûå äíè äîñòàòî÷íî âåëèêà, 
÷òîáû ñêîìïåíñèðîâàòü ýòó îñîáåííîñòü. Òàêèì îá-
ðàçîì, êîýôôèöèåíòû êîððåëÿöèè ìåæäó êîíöåíò-
ðàöèÿìè èîíîâ è ðàäîíà â îñíîâíîì ïîëîæèòåëü-
íûå. 

Èç äàííûõ òàáë. 1 ñëåäóåò, ÷òî åñòü ñâÿçü ìå-
æäó êîíöåíòðàöèÿìè èîíîâ è ðàäîíà ñ ðàçíûì 
óðîâíåì çíà÷èìîñòè ñ îêòÿáðÿ ïî ÿíâàðü. Íåñìîòðÿ 
íà áëèçîñòü ïîëîæèòåëüíûõ è îòðèöàòåëüíûõ èî-
íîâ êàê â òå÷åíèå ñóòîê, òàê è â ñðåäíåì çà ãîä (ñì. 
ðèñ. 1), ñòåïåíü ñâÿçè ñ ðàäîíîì çàìåòíî çàâèñèò  
îò çíàêà èîíîâ. Õîòÿ â îòäåëüíûå ìåñÿöû êîýôôè-
öèåíòû êîððåëÿöèè ìåæäó ðàçíîïîëÿðíûìè èîíà-
ìè è ðàäîíîì áëèçêè. Âîçìîæíî, ýòî çàâèñèò îò ìå-
õàíèçìà îáðàçîâàíèÿ èîíîâ òîãî èëè äðóãîãî çíàêà. 

Ïîñêîëüêó åæå÷àñíûå çíà÷åíèÿ êîíöåíòðàöèè 
ðàäîíà î÷åíü ñèëüíî ìåíÿþòñÿ â òå÷åíèå ñóòîê, 
áûëà ïðîâåðåíà òåñíîòà ñâÿçè ñðåäíåñóòî÷íûõ çíà-
÷åíèé, ÷òîáû ñãëàäèòü èìåþùóþñÿ èçìåí÷èâîñòü 
(òàáë. 2). 

 

Ñîïîñòàâëåíèå äàííûõ òàáë. 1 è 2 ïîêàçûâàåò, 
÷òî ïðîöåäóðà ñãëàæèâàíèÿ íå âûÿâèëà óñèëåíèÿ 
ñâÿçè ìåæäó èîíàìè è ðàäîíîì, íî ýòà ñâÿçü ñòàíî-
âèòñÿ çíà÷èìîé íà÷èíàÿ ñ ñåíòÿáðÿ. Ýòî íåñêîëü-
êî ñòðàííî, òàê êàê ñðàâíåíèå ñðåäíåñóòî÷íûõ 
çíà÷åíèé, ïðèâåäåííîå íà ðèñ. 2, ïîêàçûâàåò, ÷òî 
èõ õîä äîñòàòî÷íî ñèíõðîíåí. 

Èç ïðîâåäåííîãî âûøå àíàëèçà ñëåäóåò, ÷òî  
â òå÷åíèå ãîäà èìåþòñÿ ïåðèîäû ñ óñòîé÷èâîé, èíî-
ãäà çíà÷èìîé ïî âûñøåìó óðîâíþ, ñâÿçüþ ìåæäó 
ïîñòóïëåíèåì ðàäîíà è îáðàçîâàíèåì èîíîâ. Áû-
âàþò ïåðèîäû, êîãäà òàêîé ñâÿçè íåò.  

×òîáû ðàçîáðàòüñÿ â âîçìîæíûõ ïðè÷èíàõ òà-
êîãî ðàñõîæäåíèÿ â ïîâåäåíèè èîíîâ è ýìèññèè 
ðàäîíà, íóæíî âñïîìíèòü, ÷òî â ïðèçåìíîì ñëîå 
âîçäóõà èîíû âîçíèêàþò ïðè ãðîçàõ è, êàê óæå 
îòìå÷àëîñü, ïðè îáðàçîâàíèè íàíî÷àñòèö. Â ðÿäå 
ðàáîò [47–50] ïîêàçàíî, ÷òî â ñëó÷àå îáðàçîâàíèÿ 
íîâûõ ÷àñòèö ïàðàëëåëüíî ìîãóò ïîÿâëÿòüñÿ èîíû 
îáîèõ çíàêîâ. Ïðîöåññû îáðàçîâàíèÿ íîâûõ íà-
íî÷àñòèö óñèëèâàþòñÿ çà ñ÷åò óëüòðàôèîëåòîâîãî 
èçëó÷åíèÿ, ÷òî îòðàæàåò ôîòîõèìè÷åñêèé ìåõàíèçì 
èõ ïîÿâëåíèÿ [51, 52]. Ïîÿñíèì ýòî íà ïðèìåðå 
ðèñ. 3, ãäå ïîêàçàíî îáðàçîâàíèå íîâûõ ÷àñòèö 
äëÿ êîíêðåòíîãî äíÿ (21 ñåíòÿáðÿ 2020 ã.), à òàêæå 
ïðèâåäåíû äàííûå î êîíöåíòðàöèè íóêëåàöèîííîé 
ìîäû (N3–25 íì) è ñóììàðíîé êîíöåíòðàöèè íàíî÷à-
ñòèö (N3–200 íì). 

Âèäíî, ÷òî ñ 11:00 äî 17:00 ïî ìåñòíîìó âðå-
ìåíè îáðàçîâàëèñü íîâûå íåéòðàëüíûå àýðîçîëüíûå 
÷àñòèöû, î ÷åì ìîæíî ñóäèòü ïî ñóììàðíîé êîí-
öåíòðàöèè ÷àñòèö è àýðîçîëåé íóêëåàöèîííîé ìî-
äû. Ýòîò ïðîöåññ ñîïðîâîæäàëñÿ ðîñòîì êîíöåí-
òðàöèè êàê ïîëîæèòåëüíûõ, òàê è îòðèöàòåëüíûõ 
èîíîâ. Ïðè ýòîì ðîñòà èëè áîëüøîãî ðàñõîäîâàíèÿ 
ðàäîíà íå íàáëþäàëîñü. Ñëåäîâàòåëüíî, ïðè ÷àñòûõ  
 

 
 

Ò à á ë è ö à  1  

Êîýôôèöèåíòû êîððåëÿöèè ìåæäó åæå÷àñíûìè êîíöåíòðàöèÿìè ðàäîíà è îòðèöàòåëüíûõ (N−)  
è ïîëîæèòåëüíûõ (N+) èîíîâ â îáñåðâàòîðèè «Ôîíîâàÿ» â 2020 ã. 

Ìåñÿö 
Êîíöåíòðàöèÿ 

I II III IV V VI VII VIII IX X XI XII 
N− 0,25*** −0,03 0,13* −0,10* 0,01 −0,07 0,08* 0,08* 0,05 0,28*** 0,43*** 0,16***
N+ 0,60*** 0,09* 0,14* −0,03 0,03 −0,03 0,07 −0,01 0,12** 0,29*** 0,51*** 0,19***

×èñëî ñëó÷àåâ 727 528 367 714 743 670 744 744 720 560 720 401 
 

* Óðîâåíü çíà÷èìîñòè ñ âåðîÿòíîñòüþ 0,05, ** ñ âåðîÿòíîñòüþ 0,01, *** ñ âåðîÿòíîñòüþ 0,001 [46]. 
 

 
 
 

Ò à á ë è ö à  2  

Êîýôôèöèåíòû êîððåëÿöèè ìåæäó ñðåäíåñóòî÷íûìè êîíöåíòðàöèÿìè ðàäîíà è îòðèöàòåëüíûõ  
è ïîëîæèòåëüíûõ èîíîâ â îáñåðâàòîðèè «Ôîíîâàÿ» â 2020 ã. (ñì. îáîçíà÷åíèÿ â òàáë. 1) 

Ìåñÿö 
Êîíöåíòðàöèÿ 

I II III IV V VI VII VIII IX X XI XII 
N− 0,58** −0,07 0,35 −0,08 0,14 0,03 0,35* −0,14 0,66*** 0,59** 0,54** 0,43 
N+ 0,71*** 0,06 0,36 0,09 0,24 0,08 0,44* −0,03 0,46** 0,59** 0,70*** 0,48*

×èñëî ñëó÷àåâ 24 22 29 30 31 28 31 31 30 23 30 19 
 

 



 

 Âçàèìîñâÿçü êîíöåíòðàöèè àòìîñôåðíûõ èîíîâ è ðàäîíà ïî äàííûì èçìåðåíèé â îáñåðâàòîðèè «Ôîíîâàÿ» 15 
 

 

 
Ðèñ. 2. Ñðåäíåñóòî÷íûå çíà÷åíèÿ êîíöåíòðàöèè ðàäîíà, 
ïîëîæèòåëüíûõ è îòðèöàòåëüíûõ èîíîâ â ÿíâàðå 2020 ã. 
 
 

 
Ðèñ. 3. Âðåìåííàÿ äèíàìèêà êîíöåíòðàöèè ðàäîíà, ïîëî-
æèòåëüíûõ è îòðèöàòåëüíûõ èîíîâ, ÷àñòèö íóêëåàöèîííî-
ãî äèàïàçîíà (N3–25 íì) è ñóììàðíîé êîíöåíòðàöèè íàíî-
÷àñòèö (N3–200 íì) â îáñåðâàòîðèè «Ôîíîâàÿ» 21 ñåíòÿáðÿ 
  2020 ã. 
 
ñîáûòèÿõ îáðàçîâàíèÿ íîâûõ ÷àñòèö òàêèå ïðîöåñ-
ñû áóäóò íàðóøàòü ñâÿçü ìåæäó âàðèàöèÿìè êîí-
öåíòðàöèé èîíîâ è ðàäîíà. È ÷åì ÷àùå îíè áóäóò 
ïðîèñõîäèòü, òåì áîëüøå äîëæíû áûòü ðàñõîæ-
äåíèÿ. 

Îáðàçîâàíèå èîíîâ ïðè ãðîçàõ ìîæíî ðàññìîò-
ðåòü íà ïðèìåðå ðèñ. 4. 

Â îòëè÷èå îò ïðîèñõîäÿùåãî ïðè îáðàçîâàíèè 
íîâûõ ÷àñòèö, ïðè ãðîçàõ ãåíåðèðóåòñÿ çíà÷èòåëüíî 
áîëüøå èîíîâ, ÷åì íåéòðàëüíûõ ÷àñòèö. Èç ðèñ. 4 
âèäíî, ÷òî ïðè ïðîõîæäåíèè íàä îáñåðâàòîðèåé 
ãðîçû â ∼ 18:00 ïî ìåñòíîìó âðåìåíè êîíöåíòðàöèÿ 
èîíîâ âîçðîñëà ïî÷òè íà ïîðÿäîê, à ñîäåðæàíèå 
íåéòðàëüíûõ ÷àñòèö óâåëè÷èëîñü âñåãî â íåñêîëüêî 
ðàç. Êîíöåíòðàöèÿ ðàäîíà ïðè ýòîì îñòàâàëàñü  
â ïðåäåëàõ åñòåñòâåííîé ñóòî÷íîé èçìåí÷èâîñòè. 
 È íàêîíåö, íà ðèñ. 5 ïðåäñòàâëåíû èçìåíåíèÿ 
êîíöåíòðàöèé ðàäîíà, èîíîâ è íåéòðàëüíûõ ÷àñòèö, 
êîãäà íóêëåàöèè èëè ãðîç íå íàáëþäàëîñü. 

 
Ðèñ. 4. Òî æå, ÷òî è íà ðèñ. 3, 26 èþíÿ 2020 ã. 

 

 

 
Ðèñ. 5. Òî æå, ÷òî è íà ðèñ. 3, 16 ÿíâàðÿ 2021 ã. 

 
Âèäíî, ÷òî â «ñïîêîéíûõ» óñëîâèÿõ èçìåí÷è-

âîñòü âñåõ õàðàêòåðèñòèê îñòàåòñÿ â ïðåäåëàõ îäíî-
ãî ïîðÿäêà, à õîä ðàäîíà ñ ó÷åòîì ìåæ÷àñîâûõ 
ôëóêòóàöèé ñîîòâåòñòâóåò âðåìåííîé äèíàìèêå èî-
íîâ. Çíà÷åíèÿ N3–25 íì è N3–200 íì ñëåäóþò çà èç-
ìåíåíèåì êîíöåíòðàöèè èîíîâ. 

Ìû èñêëþ÷èëè èç îáùåãî ìàññèâà äàííûõ, êî-
òîðûé èñïîëüçîâàëñÿ ïðè ñîñòàâëåíèè òàáë. 1, äíè 
ñ ãðîçàìè è ñîáûòèÿìè íóêëåàöèè 1-ãî è 2-ãî òè-
ïîâ [53] (â àíãëîÿçû÷íîé ëèòåðàòóðå “banana” and 
“half-banana” types [54, 55]) è ïîâòîðíî ïåðåñ÷èòà-
ëè êîýôôèöèåíòû êîððåëÿöèè ìåæäó êîíöåíòðà-
öèÿìè èîíîâ è ðàäîíîâ (òàáë. 3). 

Èç äàííûõ òàáë. 3 ñëåäóåò, ÷òî âçàèìîñâÿçü 
ìåæäó èîíàìè è ðàäîíîì íàáëþäàåòñÿ äëÿ ïîëîæè-
òåëüíûõ èîíîâ ïî÷òè â òå÷åíèå âñåãî ãîäà, èñê-
ëþ÷åíèå ñîñòàâëÿåò ëèøü àâãóñò. Äëÿ îòðèöàòåëü- 
íûõ èîíîâ ñâÿçü íå óñòàíîâëåíà â ôåâðàëå, àïðåëå 
è èþíå. Ïî ñðàâíåíèþ ñ òàáë. 1 ðåçóëüòàòû òàáë. 3 
ïîêàçûâàþò, ÷òî ëèáî ñâÿçü ïîÿâèëàñü, ëèáî ó íåå  

 

Ò à á ë è ö à  3  

Êîýôôèöèåíòû êîððåëÿöèè ìåæäó åæå÷àñíûìè êîíöåíòðàöèÿìè ðàäîíà è îòðèöàòåëüíûõ  
è ïîëîæèòåëüíûõ èîíîâ â îáñåðâàòîðèè «Ôîíîâàÿ» â 2020 ã. áåç ñîáûòèé íóêëåàöèè è ãðîç 

Ìåñÿö 
Êîíöåíòðàöèÿ 

I II III IV V VI VII VIII IX X XI XII 
N− 0,36*** −0,03 0,16** −0,01 0,08* 0,05 0,09* 0,13** 0,14** 0,28*** 0,43*** 0,16***
N+ 0,50*** 0,11* 0,20** 0,14** 0,16** 0,10* 0,11** 0,05 0,27** 0,29*** 0,51*** 0,19***

×èñëî ñëó÷àåâ 543 510 278 638 687 623 728 674 681 560 720 401 



 

16 Àðøèíîâ Ì.Þ., Áåëàí Á.Ä., Ãàðìàø Î.Â. è äð. 
 

 
ïîâûñèëñÿ óðîâåíü çíà÷èìîñòè. Òàêèì îáðàçîì, 
åñëè óáðàòü èç âûáîðêè ñîáûòèÿ, êîòîðûå ìîãóò 
ïðèâîäèòü ê îáðàçîâàíèþ èîíîâ â àòìîñôåðå, ïî-
ìèìî çàðÿäêè ÷àñòèö ïðîäóêòàìè ðàñïàäà ðàäîíà, 
òî âçàèìîñâÿçü ìåæäó íèìè ñóùåñòâóåò â òå÷åíèå 
âñåãî ãîäà. Îòñóòñòâèå âçàèìîñâÿçè â îòäåëüíûå 
ìåñÿöû, ñêîðåå âñåãî, îáóñëîâëåíî òåì, ÷òî èç âû-
áîðêè íå áûëè óáðàíû ñîáûòèÿ íóêëåàöèè äðóãèõ 
òèïîâ ïîìèìî 1-ãî. 

×òîáû ïðîèëëþñòðèðîâàòü ñâÿçü ìåæäó êîí-
öåíòðàöèÿìè ðàäîíà è ïîëîæèòåëüíûõ è îòðèöà-
òåëüíûõ èîíîâ, ïî ÷àñîâûì äàííûì áûëè ïîñòðîå-
íû ñîîòâåòñòâóþùèå äèàãðàììû ðàññåÿíèÿ (ðèñ. 6, 
öâ. âêëàäêà). Íà ðèñ. 6, à, á ïîêàçàíû âñå èìåþ-
ùèåñÿ äàííûå çà 2020 ã., à íà ðèñ. 6, â, ã – äàí-
íûå, äëÿ êîòîðûõ êîíöåíòðàöèÿ íåéòðàëüíûõ ÷àñ-
òèö íå ïðåâûøàåò 2000 ñì−3. Âûáðàííûé ïîðîã 
ñîîòâåòñòâóåò õàðàêòåðíîìó ñîäåðæàíèþ íåéòðàëü-
íûõ ÷àñòèö â àòìîñôåðå â áîðåàëüíîì ëåñó. 

Èç ðèñ. 6, à, á âèäíî, ÷òî âûñîêèå êîíöåíòðà-
öèè èîíîâ ñîâïàäàþò ñ âûñîêèì ñîäåðæàíèåì íåé-
òðàëüíûõ ÷àñòèö, ñîîòâåòñòâóþùèì íóêëåàöèîííûì 
âñïëåñêàì. Áîëüøèíñòâî ýòèõ òî÷åê, îòìå÷åííûõ 
òåìíî-êðàñíûì öâåòîì, ðàñïîëàãàåòñÿ â âåðõíåé 
÷àñòè äèàãðàìì ïðè äîñòàòî÷íî íèçêèõ êîíöåíò-
ðàöèÿõ ðàäîíà (< 20 Áê/ì−3), ñëåäîâàòåëüíî, ðàäîí  
íå îêàçûâàåò ñóùåñòâåííîãî âëèÿíèÿ íà îáðàçîâàíèå 
èîíîâ ïðè íóêëåàöèîííûõ âñïëåñêàõ. Â îáû÷íûå 
äíè äëÿ íèçêèõ êîíöåíòðàöèé íåéòðàëüíûõ ÷àñòèö 
âèäíî óâåëè÷åíèå íèæíåé ãðàíèöû êîíöåíòðàöèè 
èîíîâ ñ ðîñòîì êîíöåíòðàöèè ðàäîíà. Äëÿ íà-
ãëÿäíîñòè äèàãðàììû ðàññåÿíèÿ, ñîîòâåòñòâóþùèå 
íèçêèì êîíöåíòðàöèÿì íåéòðàëüíûõ ÷àñòèö, îò-
äåëüíî ïîêàçàíû íà ðèñ. 6, â, ã. Âèäíî, ÷òî ñ ðîñ-
òîì êîíöåíòðàöèè ðàäîíà êîíöåíòðàöèè èîíîâ óâå-
ëè÷èâàþòñÿ îò 60–80 ñì−3 äî 350–400 ñì−3. Òàêèì 
îáðàçîì, â îáû÷íûå äíè ñîäåðæàíèå ðàäîíà â àòìî-
ñôåðå îïðåäåëÿåò íèæíþþ ãðàíèöó êîíöåíòðàöèè 
èîíîâ.  

 

Çàêëþ÷åíèå 
 

Ïðîâåäåííîå èññëåäîâàíèå ïîêàçûâàåò, ÷òî îá-
ðàçîâàíèå èîíîâ ïóòåì çàðÿäêè ÷àñòèö ïðîäóêòàìè 
ðàñïàäà ðàäîíà íàáëþäàåòñÿ â òå÷åíèå âñåãî ãîäà. 
Ýòîò ïðîöåññ ìîæåò ìàñêèðîâàòüñÿ ïðè ïîÿâëåíèè 
áîëåå ìîùíûõ ïðîöåññîâ ãåíåðàöèè èîíîâ â àòìî-
ñôåðå, íàïðèìåð òåõ, êîòîðûå ñîïóòñòâóþò âñïëå-
ñêàì ïîÿâëåíèÿ íîâûõ íåéòðàëüíûõ ÷àñòèö, èëè 
ãðîçîâûõ ðàçðÿäîâ. Ïðè óäàëåíèè òàêèõ ñîáûòèé 
èç âûáîðêè ïðîÿâëÿåòñÿ âçàèìîñâÿçü êîíöåíòðàöèé 
ðàäîíà è èîíîâ. Òàêèì îáðàçîì, ñòàòèñòè÷åñêè 
çíà÷èìûå, õîòÿ ÷àñòî ñëàáûå, êîððåëÿöèè êîíöåí-
òðàöèé ðàäîíà è èîíîâ óêàçûâàþò íà òî, ÷òî ðàäîí 
èãðàåò îïðåäåëåííóþ ðîëü â ôîðìèðîâàíèè èîíîâ  
â òå÷åíèå âñåãî ãîäà, çà èñêëþ÷åíèåì ÿâëåíèé íóê-
ëåàöèè è ãðîç. 
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«Ðàçâèòèå èçìåðèòåëüíîãî êîìïëåêñà îáñåðâàòîðèè 
«Ôîíîâàÿ» äëÿ ïðîâåäåíèÿ èññëåäîâàíèé ïî ìåæäó-

íàðîäíîé ïðîãðàììå PEEX (Ïàí-Åâðàçèéñêèé ýêñ-
ïåðèìåíò) (ñîãëàøåíèå ¹ 075-15-2021-977). 

 
1.�Climate Change 2021: The Physical Science Basis. Con-

tribution of Working Group I to the Sixth Assessment 
Report of the Intergovernmental Panel on Climate 
Change. Cambridge University Press, 2021. P. 1–41. 

2.�Ôóêñ Í.À. Ìåõàíèêà àýðîçîëåé. ÀÍ ÑÑÑÐ, 1955. 352 ñ. 
3.�Ðîçåíáåðã Ã.Â., Ëþáîâöåâà Þ.Ñ., Ãîð÷àêîâ Ã.È. Ôî-

íîâûé àýðîçîëü Àáàñòóìàíè // Èçâ. ÀÍ ÑÑÑÐ. Ôèç. 
àòìîñô. è îêåàíà. 1982. Ò. 18, ¹ 8. Ñ. 822–839. 

4.�Ðîçåíáåðã Ã.Â. Âîçíèêíîâåíèå è ðàçâèòèå àòìîñôåð-
íîãî àýðîçîëÿ – êèíåòè÷åñêè îáóñëîâëåííûå ïàðàìåò-
ðû // Èçâ. ÀÍ ÑÑÑÐ. Ôèç. àòìîñô. è îêåàíà. 1983. 
Ò. 19, ¹ 1. Ñ. 21–35. 

5.�Ðîçåíáåðã Ã.Â. Êèíåòè÷åñêàÿ ìîäåëü îáåçâîæåííîãî 

òîíêîäèñïåðñíîãî àýðîçîëÿ òðîïîñôåðû // Èçâ. ÀÍ 
ÑÑÑÐ. Ôèç. àòìîñô. è îêåàíà. 1983. Ò. 19, ¹ 3. 
Ñ. 241–254. 

6.�Hirsikko A., Nieminen T., Gagne S., Lehtipalo K., 
Manninen H.E., Ehn M., Horrak U., Kerminen V.-
M., Laakso L., McMurry P.H., Mirme A., Mirme S., 
Petaja T., Tammet H., Vakkari V., Vana M., Kul-
mala M. Atmospheric ions and nucleation: A review of 
observations // Atmos. Chem. Phys. 2011. V. 11, N 2. 
P. 767–798. 

7.�Gonser S.G., Klein F., Birmili W., Gr�� J., Kulmala M., 
Manninen H.E., Wiedensohler A., Held A. Ion–parti-
cle interactions during particle formation and growth at 
a coniferous forest site in central Europe // Atmos. 
Chem. Phys. 2014. V. 14, N 19. P. 10547–10563. 

8.�Mazon S.B., Kontkanen J., Manninen H.E., Niemi-
nen T., Kerminen V.-M., Kulmala M. A long-term com-
parison of nighttime cluster events and daytime ion for-
mation in a boreal forest // Boreal Environ. Res. 2016. 
V. 21, N 3–4. P. 242–261. 

9.�Leino K., Nieminen T., Manninen H.E., Pet�j� T., 
Kerminen V.-M., Kulmala M. Intermediate ions as  
a strong indicator of new particle formation bursts in 
boreal forest // Boreal Environ. Res. 2016. V. 21, 
N 3–4. P. 274–286. 

10.�Yu F., Turco R.P. The size-dependent charge fraction 
of sub-3-nm particles as a key diagnostic of competitive 
nucleation mechanisms under atmospheric conditions // 
Atmos. Chem. Phys. 2011. V. 11, N 18. P. 9451–9463. 

11.�Merikanto J., Duplissy J., M��tt�nen A., Henschel H., 
Donahue N.M., Brus D., Schobesberger S., Kulma-
la M., Vehkam�ki H. Effect of ions on sulfuric acid-
water binary particle formation: 1. Theory for kinetic- 
and nucleation-type particle formation and atmospheric 
implications // J. Geophys. Res.: Atmos. 2016. V. 121, 
N 4. P. 1736–1751. DOI: 10.1002/2015JD023538. 

12.�Dunne E.M., Lee L.A., Reddington C.L., Carslaw K.S. 
No statistically significant effect of a short-term de-
crease in the nucleation rate on atmospheric aerosols // 
Atmos. Chem. Phys. 2012. V. 12, N 23. P. 11573–
11587. 

13.�Kirkby J., Duplissy J., Sengupta K., Frege C., 
Gordon H., Williamson C., Heinritzi M., Simon M., 
Yan C., Almeida J., Tr�stl J., Nieminen T., Ortega I.K., 
Wagner R., Adamov A., Amorim A., Bernhammer A.-K., 
Bianchi F., Breitenlechner M., Brilke S., Chen X., 
Craven J., Dias A., Ehrhart S., Flagan R.C., Fran-
chin A., Fuchs C., Guida R., Hakala J.,  Hoyle C.R., 
Jokinen T., Junninen H., Kangasluoma J., Kim J., 
Krapf M., K�rten A., Laaksonen A., Lehtipalo K., 
Makhmutov V., Mathot S., Molteni U., Onnela A., 



 

 Âçàèìîñâÿçü êîíöåíòðàöèè àòìîñôåðíûõ èîíîâ è ðàäîíà ïî äàííûì èçìåðåíèé â îáñåðâàòîðèè «Ôîíîâàÿ» 17 
 

Per�kyl� O., Piel F., Pet�j� T., Praplan A.P., Pring-
le K., Rap A., Richards N.A.D., Riipinen I., Rissa-
nen M.P., Rondo L., Sarnela N., Schobesberger S., 
Scott C.E., Seinfeld J.H., Sipil� M., Steiner G., Sto-
zhkov Y., Stratmann F., Tom� A., Virtanen A., Vo-
gel A.L., Wagner A.C., Wagner P.E., Weingartner E., 
Wimmer D., Winkler P.M., Ye P., Zhang X., Han-
sel A., Dommen J., Donahue N.M., Worsnop D.R., 
Baltensperger U., Kulmala M., Carslaw K.S., Cur-
tius J. Ion-induced nucleation of pure biogenic particles 
// Nature. 2016. V. 533, N 7604. P. 521–526. 

14.�Serrano C., Reis A.H., Rosa R., Lucio P.A. Influences 
of cosmic radiation, artificial radioactivity and aerosol 
concentration upon the fair-weather atmospheric electric 
field in Lisbon (1955–1991) // Atmos. Res. 2006. V. 81, 
N 2. P. 236–249. 

15.�Manohar S.N., Meijer H.A.J., Herber M.A. Radon 
flux maps for the Netherlands and Europe using terres-
trial gamma radiation derived from soil radionuclides 
// Atmos. Environ. 2013. V. 81. P. 399–412. 

16.�Àíèñèìîâ Ñ.Â., Ãàëè÷åíêî Ñ.Â., Àôèíîãåíîâ Ê.Â., 
Ìàêðóøèí À.Ï., Øèõîâà Í.Ì. Îáúåìíàÿ àêòèâíîñòü 
ðàäîíà è èîíîîáðàçîâàíèå â íåâîçìóùåííîé íèæíåé 
àòìîñôåðå: íàçåìíûå íàáëþäåíèÿ è ÷èñëåííîå ìîäå-
ëèðîâàíèå // Ôèçèêà Çåìëè. 2017. ¹ 1. Ñ. 155–170. 

17.�Komppula M., Vana M., Kerminen V.-M., Liha-
vainen H., Viisanen Y., H�rrak U., Komsaare K., 
Tamm E., Hirsikko A., Laakso L. Kulmala M. Size dis-
tributions of atmospheric ions in the Baltic Sea region 
// Boreal Environ. Res. 2007. V. 12, N 3. P. 323–336. 

18.�Chen X., Virkkula A., Kerminen V.-M., Manninen H.E., 
Busetto M., Lanconelli C., Lupi A., Vitale V., del Gua-
sta M., Grigioni P., V��nänen R., Duplissy E.-M., 
Pet�j� T., Kulmala M. Features in air ions measured by 
an air ion spectrometer (AIS) at Dome C // Atmos. 
Chem. Phys. 2017. V. 17, N 22. P. 13783–13800. 

19.�Zhang K., Feichter J., Kazil J., Wan H., Zhuo W., 
Griffiths A.D., Sartorius H., Zahorowski W., Ramo-
net M., Schmidt M., Yver C., Neubert R.E.M., Brun-
ke E.-G. Radon activity in the lower troposphere and 
its impact on ionization rate: a global estimate using dif-
ferent radon emissions // Atmos. Chem. Phys. 2011. 
V. 11, N 15. P. 7817–7838. 

20.�López-Coto I., Mas J.L., Bolivar J.P. A 40-year retro-
spective European radon flux inventory including clima-
tological variability // Atmos. Environ. 2013. V. 73. 
P. 22–33. 

21.�Berezina E.V., Elansky N.F., Moiseenko K.B., Beli-
kov I.B., Shumsky R.A., Safronov A.N., Brenninkmei-
jer C.A.M. Estimation of nocturnal 222Rn soil fluxes 
over Russia from TROICA measurements // Atmos. 
Chem. Phys. 2013. V. 23, N 15. P. 11695–11708. 

22.�Sahoo S.K., Katlamudi M., Shaji J.P., Krishna K.S.M., 
Lakshmi G.U. Influence of meteorological parameters 
on the soil radon (Rn222) emanation in Kutch, Gujarat, 
India // Environ. Monit. Assess. 2018. V. 190, N 111. 

23.�Podstawczynska A. Differences of near-ground atmos-
pheric Rn-222 concentration between urban and rural 
area with reference to microclimate diversity // Atmos. 
Environ. 2016. V. 126. P. 225–234. 

24.�Bottardi C., Alberi M., Baldoncini M., Chiarelli E., 
Montuschi M., Raptis K.G.C., Serafini A., Strati V., 
Mantovani F. Rain rate and radon daughters’ activity 
// Atmos. Environ. 2020. V. 238. P. 117728. 

25.�Antonovich V.V., Antokhin P.N., Arshinov M.Yu., 
Belan B.D., Balin Y.S., Davydov D.K., Ivlev G.A., 
Kozlov A.V., Kozlov V.S., Kokhanenko G.P., Novo-
selov M.M. Station for the comprehensive monitoring  
of the atmosphere at Fonovaya Observatory, West Si-

beria: Current status and future needs // Phys. Proc. 
SPIE. 2018. V. 10833. P. 108337Z.  

26.�Áåëàí Á.Ä. Äèíàìèêà ñëîÿ ïåðåìåøèâàíèÿ ïî àýðî-
çîëüíûì äàííûì // Îïòèêà àòìîñô. è îêåàíà. 1994. 
Ò. 7, ¹ 8. Ñ. 1045–1054. 

27.�Áåëàí Á.Ä. Îçîí â òðîïîñôåðå. Òîìñê: ÈÎÀ ÑÎ 
ÐÀÍ, 2010. 488 ñ. 

28.�Porstendorfer J. Ñâîéñòâà è ïîâåäåíèå ðàäîíà è òîðî-
íà è èõ äî÷åðíèõ ïðîäóêòîâ â âîçäóõå // Ïðîáëåìû 
îêðóæàþùåé ñðåäû è ïðèðîäíûõ ðåñóðñîâ. 2001. 
Âûï. 9. Ñ. 59–98. 

29.�Chambers S.D., Williams A.G., Crawford J., Grif-
fiths A.D. On the use of radon for quantifying the ef-
fects of atmospheric stability on urban emissions // 
Atmos. Chem. Phys. 2015. V. 15, N 3. P. 1175–1190. 

30.�Chen X., Paatero J., Kerminen V.-M., Riuttanen L., 
Hatakka J., Hiltunen V., Paasonen P., Hirsikko A., 
Franchin A., Manninen H.E., Pet�j� T., Viisanen Y., 
Kulmala M. Responses of the atmospheric concentration 
of radon-222 to the vertical mixing and spatial transpor-
tation // Boreal Environ. Res. 2016. V. 21, N 3–4. 
P. 299–318. 

31.�Victor N.J., Siingh D., Singh R.P., Singh R., Kamra A.K. 
Diurnal and seasonal variations of radon (222Rn) and 
their dependence on soil moisture and vertical stability 
of the lower atmosphere at Pune, India // J. Atmos. 
Sol.-Terr. Phys. 2019. V. 195. P. 105118. 

32.�Chambers S., Williams A.G., Zahorowski W., Grif-
fiths A., Crawford J. Separating remote fetch and local 
mixing influences on vertical radon measurements in the 
lower atmosphere // Tellus B. 2011. V. 63, N 5. P. 843–
859. 

33.�Wang Y., Wang Ya., Duan J., Cheng T., Zhu H., 
Xie X., Liu Y., Ling Y., Li X., Wang H., Li M., 
Zhang R. Temporal variation of atmospheric static elec-
tric field and air ions and their relationships to pollu-
tion in Shanghai // Aerosol Air Qual. Res. 2018. 
V. 18, N 7. P. 1631–1641. 

34.�Li Y., Guo X., Wang T., Zhao Y., Zhang H., Wang W. 
Characteristics of atmospheric small ions and their ap-
plication to assessment of air quality in a typical semi-
arid city of Northwest China // Aerosol Air Qual. Res. 
2015. V. 15, N 3. P. 865–874. 

35.�Kamsali N., Pawar S.D., Murugavel P., Gopalakrish-
nan V. Estimation of small ion concentration near the 
Earth’s surface // J. Atmos. Sol.-Terr. Phys. 2011. 
V. 73, N 16. P. 2345–2351.  

36.�Ling X., Jayaratne R., Morawska L. The relationship 
between airborne small ions and particles in urban envi-
ronments // Atmos. Environ. 2013. V. 79. P. 1–6. 

37.�Dos Santos V.N., Herrmann E., Manninen H.E., Hus-
sein T., Hakala J., Nieminen T., Aalto P.P., Mer-
kel M., Wiedensohler A., Kulmala M., Pet�j� T., H��

meri K. Variability of air ion concentrations in ur- 
ban Paris // Atmos. Chem. Phys. 2015. V. 15, N 23. 
P. 13717–13737. 

38.�Chambers S.D., Hong S.-B., Williams A.G., Craw-
ford J., Griffiths A.D., Park S.-J. Characterising ter-
restrial influences on Antarctic air masses using Radon-
222 measurements at King George Island // Atmos. 
Chem. Phys. 2014. V. 14, N 18. P. 9903–9916. 

39.�Bothaa R., Labuschagne C., Williams A.G., Bosmane G., 
Brunke E.-G., Rossouw A., Lindsaya R. Characterising 
fifteen years of continuous atmospheric radon activity 
observations at Cape Point (South Africa) // Atmos. 
Environ. 2018. V. 176. P. 30–39. 

40.�Kalivitis N., Stavroulas I., Bougiatioti A., Kouvara-
kis G., Gagne S., Manninen H.E., Kulmala M., Mi-
halopoulos N. Night-time enhanced atmospheric ion  



 

18 Àðøèíîâ Ì.Þ., Áåëàí Á.Ä., Ãàðìàø Î.Â. è äð. 
 

concentrations in the marine boundary layer // Atmos. 
Chem. Phys. 2012. V. 12, N 8. P. 3627–3638. 

41.�Miao S., Zhang X., Han Y., Sun W., Liu C. Yin S. 
Random forest algorithm for the relationship between 
negative air ions and environmental factors in an urban 
park // Atmosphere. 2018. V. 9, N 12. P. 463. 

42.�Salma I., V�r�smarty M., Gy�ngy�si A.Z., Th�n W., 
Weidinger T. What can we learn about urban air  
quality with regard to the first outbreak of the 
COVID-19 pandemic? A case study from central Europe 
// Atmos. Chem. Phys. 2020. V. 20, N 24. P. 15725–
15742. 

43.�Johnson T.F., Hordley L.A., Greenwell M.P., Evans L.C. 
Associations between COVID-19 transmission rates, 
park use, and landscape structure // Sci. Total Envi-
ron. 2021. V. 789. P. 148123. 

44.�Mertens M., J�ckel P., Matthes S., N�tzel M., Gre-
we V., Sausen R. COVID-19 induced lower-troposphe-
ric ozone changes // Environ. Res. Lett. 2021. V. 16, 
N 6. P. 064005. 

45.�Bouarar I., Gaubert B., Brasseur G.P., Steinbrecht W., 
Doumbia T., Tilmes S., Liu Y., Stavrakou T., Derou-
baix A., Darras S., Granier C., Lacey F., Muller J.-
F., Shi X., Elguindi N., Wang T. Ozone anomalies in 
the free troposphere during the COVID-19 pandemic // 
Geophys. Res. Lett. 2021. V. 46, N 16. P. 094204. 

46.�Áîëøåâ Ë.Í. Òàáëèöû ìàòåìàòè÷åñêîé ñòàòèñòèêè. 
Ì.: Íàóêà, 1983. 416 ñ. 

47.�Tammet H., Komsaare K., H�rrak U. Intermediate ions 
in the atmosphere // Atmos. Res. 2014. V. 135–136. 
P. 263–273. 

48.�Jayaratne E.R., Ling X., Morawska L. Suppression of 
cluster ions during rapidly increasing particle number 
concentration events in the environment // Aerosol Air 
Qual. Res. 2015. V. 15, N 1. P. 28–37. 

49.�Salma I., Th�n W., Aalto P., Kerminen V.-M., Kern A., 
Barcza Z., Pet�j� T., Kulmala M. Influence of vegeta- 
 

tion on occurrence and time distributions of regional 
new aerosol particle formation and growth // Atmos. 
Chem. Phys. 2021. V. 21, N 4. P. 2861–2880. 

50.�Li H., Canagaratna M.R., Riva M., Rantala P., 
Zhang Y., Thomas S., Heikkinen L., Flaud P.-M., 
Villenave E., Perraudin E., Worsnop D., Kulmala M., 
Ehn M., Bianchi F. Atmospheric organic vapors in two 
European pine forests measured by a Vocus PTR-TOF: 
insights into monoterpene and sesquiterpene oxidation 
processes // Atmos. Chem. Phys. 2021. V. 21, N 5. 
P. 4123–4147. 

51.�Rose C., Sellegri K., Freney E., Dupuy R., Colomb A., 
Pichon J.-M., Ribeiro M., Bourianne T., Burnet F., 
Schwarzenboeck A. Airborne measurements of new par-
ticle formation in the free troposphere above the Medi-
terranean Sea during the HYMEX campaign // Atmos. 
Chem. Phys. 2015. V. 15, N 17. P. 10203–10218. 

52.�Wehner B., Werner F., Ditas F., Shaw R.A., Kul-
mala M., Siebert H. Observations of new particle for-
mation in enhanced UV irradiance zones near cumulus 
clouds // Atmos. Chem. Phys. 2015. V. 15, N 17. 
P. 10203–10218. 

53.�Àðøèíîâ Ì.Þ., Áåëàí Á.Ä., Äàâûäîâ Ä.Ê., Èâëåâ Ã.À., 
Êîçëîâ À.Â., Êîçëîâ À.Ñ., Ìàëûøêèí Ñ.Á., Ñèìî-
íåíêîâ Ä.Â., Àíòîõèí Ï.Í. Íóêëåàöèîííûå âñïëåñêè 
â àòìîñôåðå áîðåàëüíîé çîíû Çàïàäíîé Ñèáèðè. 
×àñòü I. Êëàññèôèêàöèÿ è ïîâòîðÿåìîñòü // Îïòèêà 
àòìîñô. è îêåàíà. 2014. Ò. 27, ¹ 9. Ñ. 766–774. 

54.�Kulmala M., Laakso L., Lehtinen K.E.J., Riipinen I., 
Dal Maso M., Anttila T., Kerminen V.-M., H�rrak U., 
Vana M., Tammet H. Initial steps of aerosol growth // 
Atmos. Chem. Phys. 2004. V. 4. P. 2553–2560.  

55.�Heintzenberg J., Wehner B., Birmili W. How to find 
bananas in the atmospheric aerosol: New approach for 
analyzing atmospheric nucleation and growth events // 
Tellus B. 2007. V. 59, N 2. P. 273–282.  
 

 

M.Yu. Arshinov, B.D. Belan, O.V. Garmash, D.K. Davydov, A.A. Demakova, E.V. Ezhova, A.V. Kozlov, 
M. Kulmala, H. Lappalainen, T. Pet�j�. Correlation between the concentrations of atmospheric ions and  
radon as judged from measurements at the Fonovaya Observatory. 

The correlation between the radon influx into the atmosphere and the formation of ions has been studied 
based on observations at the Fonovaya Observatory of Institute of Atmospheric Optics, Siberian Branch, Rus-
sian Academy of Sciences. This correlation is shown to be stable in the period from October to January. In the 
other months, the correlation is disturbed. However, if the events of nucleation and lightning discharges are 
removed from the data set, then the correlation is kept throughout the year. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

Ðèñ. 6. Äèàãðàììû ðàññåÿíèÿ: ðàäîí – ïîëîæèòåëüíî çàðÿæåííûå èîíû, âñå äàííûå (à); ðàäîí – îòðèöàòåëüíî çàðÿæåí-
íûå èîíû, âñå äàííûå (á); ðàäîí – ïîëîæèòåëüíî çàðÿæåííûå èîíû, N3–200 íì < 2000 ñì−3 (â); ðàäîí – îòðèöàòåëüíî  
  çàðÿæåííûå èîíû, N3–200 íì < 2000 ñì−3 (ã) 
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