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Аннотация

Ñ ïîìîùüþ êîìïëåêñíîé ñèñòåìû ìîíèòîðèíãà âòîðè÷íûõ êîñìè÷åñêèõ ëó÷åé ïðîâåäåíî
èññëåäîâàíèå ðåãóëÿðíûõ (ñåçîííûõ) è ñòîõàñòè÷åñêèõ (ñâÿçàííûõ ñ îñàäêàìè) âàðèàöèé
â íåéòðîííîé è ýëåêòðîìàãíèòíîé êîìïîíåíòàõ. Îáíàðóæåíî, ÷òî ïðè÷èíû, âûçûâàþùèå
âàðèàöèè ýëåêòðîìàãíèòíîé êîìïîíåíòû, íèêàê íå ïðîÿâëÿþòñÿ â íåéòðîííîé.

Введение

Â ëàáîðàòîðèè êîñìè÷åñêèõ ëó÷åé â òå÷åíèå íåñêîëüêèõ ëåò âåäåòñÿ íåïðåðûâíûé ìî-
íèòîðèíã ðàçëè÷íûõ êîìïîíåíòîâ âòîðè÷íûõ êîñìè÷åñêèõ ëó÷åé (ÂÊË). Ê íàñòîÿùåìó
âðåìåíè ïîìèìî ñòàíäàðòíîãî 18-ÍÌ-64 íåéòðîííîãî ìîíèòîðà (ÍÌ) â ñèñòåìó âõîäèò
äåòåêòîð ãàììà-êâàíòîâ íà ñöèíòèëëÿöèîííîì êðèñòàëëå (ÄÑÊ), áåññâèíöîâàÿ ñåêöèÿ
íåéòðîííîãî ìîíèòîðà (ÁÑÍÌ), äåòåêòîðû çàðÿæåííîé êîìïîíåíòû (ÄÇÊ) è òåïëîâûõ
íåéòðîíîâ (ÄÒÍ). Ñöèíòèëëÿöèîííûé äåòåêòîð ðåãèñòðèðóåò êâàíòû ñ ýíåðãèÿìè îò 20
êýÂ äî 5 ÌýÂ, âûõîäíûå êàíàëû >20 êýÂ, >100 êýÂ, >200 êýÂ, >1 ÌýÂ. ÍÌ ÷óâñòâèòåëåí
ê íåéòðîíàì ñ ýíåðãèÿìè áîëåå 50 ÌýÂ, ÁÑÍÌ � ê íåéòðîíàì ñ ýíåðãèÿìè îò ñîòåí êýÂ äî
åäèíèö ÌýÂ [1], ÄÒÍ � òåïëîâûå íåéòðîíû (∼0.03 ýÂ), ÄÇÊ ðåãèñòðèðóåò âñå çàðÿæåííûå
÷àñòèöû (ìþîíû, ýëåêòðîíû, ïîçèòðîíû) ñ ýíåðãèÿìè áîëåå 2 ÌýÂ. ïîäðîáíîå îïèñàíèå
ñèñòåìû ìîíèòîðèíãà ïðèâåäåíî â [2]. Äàííûå ñî âñåõ ïðèáîðîâ ïîñòóïàþò â îáùóþ ñèñòå-
ìó ðåãèñòðàöèè. Èõ îáùèé àíàëèç çà ïîñëåäíèå íåñêîëüêî ëåò ïîêàçàë íàëè÷èå ñåçîííûõ
âàðèàöèé â íåêîòîðûõ êîìïîíåíòàõ êîñìè÷åñêèõ ëó÷åé. Íàèáîëüøàÿ ïî àìïëèòóäå è ÷åò-
êî âûðàæåííàÿ âàðèàöèÿ íàáëþäàåòñÿ â êàíàëå ÄÑÊ: áîëåå 20 %. Ãàììà-èçëó÷åíèå (ÃÈ)
â ïðèçåìíîì ñëîå àòìîñôåðû â îñíîâíîì âîçíèêàåò êàê òîðìîçíîå èçëó÷åíèÿ ýíåðãè÷íûõ
ýëåêòðîíîâ, ïîÿâëÿþùèõñÿ ïðè ðàñïàäå ìþîíîâ. Êðîìå òîãî, âî âðåìÿ îñàäêîâ íàáëþ-
äàþòñÿ âîçðàñòàíèÿ ÃÈ, ñîñòàâëÿþùèå äî 50 % è äëÿùèåñÿ ìíîãèå ÷àñû. Ïðåäûäóùèå
èññëåäîâàíèÿ ïîêàçàëè, ÷òî çàãðÿçíåíèå îñàäêîâ êàêèìè-ëèáî ðàäèîíóêëèäàìè åñòåñòâåí-
íîãî èëè èñêóññòâåííîãî ïðîèñõîæäåíèÿ îòñóòñòâóåò [3 è 4].

Сезонные вариации

Â Àïàòèòàõ ñèñòåìà ìîíèòîðèíãà ñîçäàíà â çàâåðøåííîì âèäå, íà ñòàíöèè Áàðåíöáóðã
(àðõ. Øïèöáåðãåí) îíà ðàáîòàåò â ñîêðàùåííîì âèäå: òàì óñòàíîâëåíû ÍÌ è ÄÑÊ ñ
âûõîäíûìè êàíàëàìè >20 êýÂ, >60 êýÂ. >100 êýÂ, >200 êýÂ. Íåéòðîííàÿ, ýëåêòðîííî-
ìþîííàÿ è ýëåêòðîìàãíèòíàÿ êîìïîíåíòû (ñ ýíåðãèÿìè â äåñÿòêè ÌýÂ è âûøå) âòîðè÷-
íûõ êîñìè÷åñêèõ ëó÷åé èçó÷àëàñü óæå ìíîãî ëåò [1]. Ãîðàçäî ìåíåå èçó÷åíî ìÿãêîå ÃÈ
(äî íåñêîëüêèõ ÌýÂ) â ïðèçåìíîì ñëîå àòìîñôåðû. Íàëè÷èå äàííûõ çà 4 ãîäà, ñîáðàííûõ
íà ñòàíöèè Àïàòèòû è Áàðåíöáóðã, ïîçâîëÿþò ïðîâåñòè èçó÷åíèå è ñðàâíåíèå. Íà ðèñ.1.
ïðèâåäåíû îòíîñèòåëüíûå èçìåíåíèÿ èíòåíñèâíîñòè ïîòîêîâ ðàçíûõ êîìïîíåíò ÂÊË íà
îáåèõ ñòàíöèÿõ. Êàê âèäèì, ñåçîííûå âàðèàöèè íà ÍÌ îòñóòñòâóþò, íî íàáëþäàåòñÿ ìîíî-
òîííîå ïàäåíèå èíòåíñèâíîñòè íà îáåèõ ñòàíöèÿõ. Ïîñêîëüêó â àíàëèç âêëþ÷åíû äàííûå
ñ 2009 ã, êîãäà Ñîëíöå ïðîøëî ìèíèìóì àêòèâíîñòè, ýòîò òðåíä ÿâëÿåòñÿ ñëåäñòâèåì 11-
ëåòíåé ìîäóëÿöèè êîñìè÷åñêèõ ëó÷åé â ãåëèîñôåðå [5]. Íà ÁÑÍÌ íàáëþäàåòñÿ òàêîé æå
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òðåíä, îäíàêî, â òåïëûé ñåçîí ïðîèñõîäèò óâåëè÷åíèå ïîòîêà íåéòðîíîâ ñðåäíèõ ýíåðãèé.
Ñ íà÷àëîì õîëîäíîãî ñåçîíà ïîòîê âîçâðàùàåòñÿ ê ïðåæíåìó çíà÷åíèþ. Íàèáîëåå ïðè-
ìå÷àòåëüíàÿ âàðèàöèÿ íà äåòåêòîðå ÄÑÊ. Àìïëèòóäà âàðèàöèè ñîñòàâëÿåò áîëåå 20 %.
Áîëüøîé ðàçáðîñ òî÷åê � ýòî ïðîÿâëåíèå ñòîõàñòè÷åñêèõ âàðèàöèé, ñâÿçàííûõ ñ îñàäêà-
ìè. Åùå ïîêàçàòåëüíåé ñåçîííàÿ âàðèàöèÿ ÃÈ â Áàðåíöáóðãå.

Äëÿ óìåíüøåíèÿ ôëóêòóàöèé è âûäåëåíèÿ ãîäîâûõ âàðèàöèé ïðèìåíåí ìåòîä íàëî-
æåíèÿ ýïîõ. Îïèñàíèå ìåòîäà åñòü â [6] Ãîäîâûå ïðîôèëè âàðèàöèé â ðàçíûõ êîìïîíåíòàõ
ÂÊË íà ñò. Àïàòèòû ïðèâåäåíû íà ðèñ.2.

Ðèñ. 1. а) � âàðèàöèè èíòåíñèâíîñòåé ïîòîêîâ ÂÊË íà ñò. Àïàòèòû. ×åðíàÿ ëèíèÿ � ÍÌ,
êðàñíàÿ � ÁÑÍÌ, ñèíÿÿ � ÄÑÊ, çåëåíàÿ � ÄÒÍ. б) � òî æå ñàìîå äëÿ ñòàíöèè Áàðåíöáóðã.

Ðèñ. 2. а) � Ãîäîâàÿ âàðèàöèÿ íà ñò. Àïàòèòû. ×åðíîé ëèíèåé ïîêàçàí ÍÌ, êðàñíîé �
ÁÑÍÌ, ñèíåé � ÄÑÊ, êîðè÷íåâîé äàíà òîëùèíà ñíåæíîãî ïîêðîâà â ì. б) � ñðàâíåíèå
âàðèàöèé ÄÑÊ â Àïàòèòàõ è Áàðåíöáóðãå.

Ïðèìåíåíèå ìåòîäà íàëîæåíèÿ ýïîõ ïîçâîëèëî ÷åòêî âûäåëèòü ñåçîííûå èçìåíåíèÿ
èíòåíñèâíîñòè â èññëåäóåìûõ êîìïîíåíòàõ ÂÊË. Êàê óêàçûâàëîñü âûøå, îáùèé óáûâà-
þùèé òðåíä íà ÍÌ è ÁÑÍÌ îáúÿñíÿåòñÿ ôàçîé ðîñòà ñîëíå÷íîãî öèêëà. Îäíàêî, ñ íà-
ñòóïëåíèåì òåïëîãî ñåçîíà íà ÁÑÍÌ ïðîèñõîäèò óâåëè÷åíèå ïîòîêà ∼5 %. Îñåíüþ ïîñëå
ïðèõîäà õîëîäîâ, ïðîìåðçàíèÿ ïî÷âû è âûïàäåíèÿ ñíåãà óðîâåíü ÁÑÍÌ âîçâðàùàåòñÿ ê
ÍÌ. Íà ðèñ.2à äîïîëíèòåëüíî ê âàðèàöèÿì ÂÊË ïðèâåäåíà òîëùèíà ñíåæíîãî ïîêðîâà
ïî äàííûì [7]. Õîðîøî âèäíî, ÷òî âåñíîé ïðè òàÿíèè ñíåæíîãî ïîêðîâà ê êîíöó àïðåëÿ
(∼120-é äåíü ãîäà) íà÷èíàåò ðàñòè ñ÷åò ÁÑÍÌ. À îñåíüþ ñ ïîÿâëåíèåì ñíåæíîãî ïîêðîâà
(∼300-é äåíü ãîäà) îí âîçâðàùàåòñÿ ê îáû÷íîìó óðîâíþ. Åñòåñòâåííîå è ïðîñòîå îáúÿñíå-
íèå � ïðîÿâëåíèå ýôôåêòà îò ðàäîíà, ïîñòóïàþùåãî â àòìîñôåðó èç ãðóíòà. Íà ÍÌ ðàäîí
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íå îêàçûâàåò âëèÿíèÿ, ïîñêîëüêó â åãî êîíñòðóêöèè èìååòñÿ çàùèòà îò íåéòðîíîâ ëîêàëü-
íîãî ïðîèñõîæäåíèÿ [1]. Ñëîæíåå ïîâåäåíèå ïðîôèëÿ ÄÑÊ. Íåñîìíåííî, ñîñòîÿíèå ïî÷âû
èãðàåò îïðåäåëåííóþ ðîëü è îáåñïå÷èâàåò ÷àñòü âîçðàñòàíèÿ â òåïëûé ñåçîí (ðàäîííàÿ
ñîñòàâëÿþùàÿ). Íî ïîëíîñòüþ îáúÿñíèòü ãîäîâóþ âàðèàöèþ ýòèì ïóòåì íå ïîëó÷àåòñÿ.
Â òå÷åíèå âñåé çèìû ïîòîê ÃÈ ïàäàåò, à ïîñëå ðåçêîãî "âçëåòà"âåñíîé, ñîâïàäàþùåãî ñî
ñõîäîì ñíåæíîãî ïîêðîâà, ïðîäîëæàåò ðàñòè äî ñåðåäèíû ëåòà. Íàäî îòìåòèòü, ÷òî ïî
äàííûì [7], ìèíèìóì òåìïåðàòóðû â Àïàòèòàõ ïðèõîäèòñÿ íà ôåâðàëü-ìàðò, à â Áàðåíö-
áóðãå äàæå íà àïðåëü. Åùå ïîêàçàòåëüíåé ñðàâíåíèå ïðîôèëåé ãîäîâîé âàðèàöèè ÄÑÊ
â Àïàòèòàõ è Áàðåíöáóðãå (ðèñ.2á). Áàðåíöáóðã íàõîäèòñÿ â çîíå âå÷íîé ìåðçëîòû íà
øèðîòå 780 N, è âûäåëåíèå ðàäîíà èç ïî÷âû äàæå â òåïëûé ïåðèîä âåñüìà çàòðóäíåíî.
Íî àìïëèòóäà âàðèàöèè òàì ïî÷òè â 2 ðàçà áîëüøå. Ïî-âèäèìîìó, îïðåäåëÿþùèé ôàêòîð
ñåçîííûõ âàðèàöèé ÄÑÊ èíîé.

Вариации, связанные с осадками, в других компонентах ВКЛ

Ñ ïåðâûõ äíåé ðàáîòû ñèñòåìû ìîíèòîðèíãà áûëè îáíàðóæåíû âîçðàñòàíèÿ ãàììà-ôîíà.
Â äàëüíåéøåì âûÿñíèëîñü ñëåäóþùåå [3, 8]:

• âîçðàñòàíèÿ ñîïðîâîæäàþòñÿ â 95 % ñëó÷àåâ îñàäêàìè è ïðîèñõîäÿò êðóãëûé ãîä;

• àìïëèòóäà âîçðàñòàíèé ìîæåò äîñòèãàòü 50 % ïî êàíàëàì > 20 êýÂ, > 100 êýÂ, >
200 êýÂ è â ïðåäåëàõ îøèáêè èçìåðåíèé îäíà è òà æå, â êàíàëå > 1 ÌýÂ îíà ìåíüøå;

• äëèòåëüíîñòü âîçðàñòàíèé âàðüèðóåòñÿ îò 2 ÷àñîâ äî ñóòîê è îïðåäåëÿåòñÿ ïðîäîë-
æèòåëüíîñòüþ âûïàäåíèÿ îñàäêîâ;

• âîçðàñòàíèÿ не связаны ñ çàãðÿçíåíèåì îñàäêîâ êàêèìè-ëèáî ðàäèîíóêëèäàìè;

• âîçðàñòàíèÿ ïðîèñõîäÿò â îñíîâíîì â ýëåêòðîìàãíèòíîé êîìïîíåíòå, ïîòîêè ðàäèà-
öèè â íåéòðîííîé è çàðÿæåííîé êîìïîíåíòàõ îñòàþòñÿ áåç èçìåíåíèé.

Äëÿ ïðîÿñíåíèå êàðòèíû è îêîí÷àòåëüíîãî çàêëþ÷åíèÿ îá îòñóòñòâèè âëèÿíèÿ îñàäêîâ
� òî÷íåå, òîé ïðè÷èíû, êîòîðàÿ âûçûâàåò âîçðàñòàíèÿ ÃÈ � íà äðóãèå êîìïîíåíòû ÂÊË,
áûëî ïðîâåäåíî íàñòîÿùåå èññëåäîâàíèå. Äëÿ ýòîãî èç ïÿòè ñîòåí ñîáûòèé âîçðàñòàíèÿ
ÃÈ, çàðåãèñòðèðîâàííûõ ñ íà÷àëà ðàáîòû ñèñòåìû â 2009 ã, áûëè îòîáðàíû 93 êîðîòêèõ
(íå áîëåå 3-4 ÷àñîâ) ñîáûòèÿ. Îòáîð òîëüêî êîðîòêèõ ñîáûòèé ñâÿçàí ñ òåì, ÷òî â äëèòåëü-
íûõ ñîáûòèÿõ ïðèñóòñòâóåò íåñêîëüêî ñëó÷àéíûì îáðàçîì ðàñïîëîæåííûõ ìàêñèìóìîâ,
ñîîòâåòñòâóþùèõ óñèëåíèþ äîæäÿ/ñíåãà, èõ òðóäíî èñïîëüçîâàòü. Ìåòîäîì íàëîæåíèÿ
ýïîõ ïîëó÷åí ñðåäíèé ïðîôèëü âîçðàñòàíèÿ è ñîïðîâîæäàþùèõ åãî îñàäêîâ. Ìàêñèìóì
îñàäêîâ ïðèíèìàëñÿ â êà÷åñòâå ðåïåðíîé òî÷êè. Ðåçóëüòàò ïîêàçàí íà ðèñ.3à. Âî-ïåðâûõ,
óâåðåííî îïðåäåëÿåòñÿ âðåìåííîé ïðîìåæóòîê ìåæäó ìàêñèìóìàìè îñàäêîâ è ïîòîêà ÃÈ,
ñîñòàâëÿþùèé 30-40 ìèí. Âî-âòîðûõ, ñðåäíèé ïðîôèëü îñàäêîâ ñèììåòðè÷åí îòíîñèòåëü-
íî ñâîåãî ìàêñèìóìà, â òî âðåìÿ êàê ïðîôèëü ÃÈ ïîêàçûâàåò ñóùåñòâåííóþ àñèììåòðèþ:
êðóòîé ïåðåäíèé ôðîíò è ìåäëåííûé ñïàä ñ õàðàêòåðíûì âðåìåíåì ∼100 ìèí. Â-òðåòüèõ,
ìàêñèìóì îñàäêîâ ïðèõîäèòñÿ íà ìàêñèìàëüíûé ðîñò ÃÈ. Â îáùåì, êàðòèíà ïðåäñòàåò
ñëåäóþùàÿ: îñàäêè ÿâëÿþòñÿ âîçäåéñòâóþùèì àêòèâíûì ôàêòîðîì, à ñèñòåìà, ïðîèçâî-
äÿùàÿ ôîíîâûé ïîòîê ÃÈ, �ðåàãèðóåò� íà ýòî âîçäåéñòâèå. Ïðè÷åì, âîçäåéñòâèå ÿâëÿåòñÿ
�óäàðíûì�, ò.å. êîðîòêèì ïî ñðàâíåíèþ ñ ðåëàêñàöèîííûì ïðîöåññîì â ñèñòåìå.

Â äðóãîì èññëåäîâàíèè îòîáðàíû ñîáûòèÿ äëèòåëüíîñòüþ íå áîëåå 6 ÷àñîâ è àìïëè-
òóäîé âîçðàñòàíèÿ íå ìåíåå 15 %. Ïîñëåäíåå óñëîâèå ââåäåíî, ÷òîáû èñêëþ÷èòü ìàëûå
âîçðàñòàíèÿ, êîòîðûå ìîãóò íå ïðîÿâèòü ýôôåêòà â äðóãèõ êîìïîíåíòàõ. Òàêèõ ñîáûòèé
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Ðèñ. 3. à) � ñðåäíèå ïðîôèëè îñàäêîâ è âîçðàñòàíèÿ ÃÈ. á) � âàðèàöèè â äðóãèõ êîìïî-
íåíòàõ ÂÊË, ñîâïàäàþùèå ñ âîçðàñòàíèåì ÃÈ. Ðàñøèôðîâêà îáîçíà÷åíèé ïðèâåäåíà íà
ðèñóíêàõ. Ìíîæèòåëè ïîêàçûâàþò, âî ñêîëüêî ðàç óâåëè÷åí ìàñøòàá.

îêàçàëîñü îêîëî ñîòíè. Ïðèìåíåíà îðèãèíàëüíàÿ ìåòîäèêà, ñîçäàííàÿ àâòîðàìè, íà îñ-
íîâå ìåòîäà íàëîæåíèÿ ýïîõ. Ìàêñèìóì âîçðàñòàíèÿ ãàììà-ôîíà ïðèíèìàëñÿ â êà÷åñòâå
ðåïåðíîé òî÷êè. Ðåçóëüòàò ïîêàçàí íà ðèñ.3á. Êàê âèäèì, âàðèàöèè, ñèíõðîííûå ñ âîç-
ðàñòàíèÿìè ÃÈ, äåéñòâèòåëüíî ïðèñóòñòâóþò â äðóãèõ êîìïîíåíòàõ ÂÊË. Îíè ìàëû, è
òîëüêî áëàãîäàðÿ ýòîé ìåòîäèêå èõ óäàëîñü âûÿâèòü. Âàðèàöèÿ â íåéòðîííîé êîìïîíåíòå
íà ÍÌ ñîñòàâëÿåò 0.3 %. Ñîãëàñíî [9], ñðåäíåé èíòåíñèâíîñòè äîæäü ñîäåðæèò â àòìîñôå-
ðå (â âèäå êàïåëü) îêîëî 0.4 ã/ñì2. Èçâåñòíî [6], ÷òî áàðîìåòðè÷åñêèé êîýôôèöèåíò íà
ÍÌ ñîñòàâëÿåò 0.72 %/ìá, â ýòîì ñëó÷àå êàê ðàç ïîëó÷àåòñÿ îñëàáëåíèå ∼0.3 %. Òàêèì
îáðàçîì, âàðèàöèÿ íà ÍÌ, ñîïóòñòâóþùàÿ âîçðàñòàíèÿì ÃÈ, âïîëíå èñ÷åðïûâàåòñÿ ïîÿâ-
ëåíèåì íàä ÍÌ äîïîëíèòåëüíîãî âåùåñòâà, ïðèâíîñèìîãî îñàäêàìè. Îáû÷íî ýòà âàðèàöèÿ
íå íàáëþäàåìà íà ÍÌ, îíà òîíåò âî ôëóêòóàöèÿõ, îáóñëîâëåííûõ óñëîâèÿìè â êîñìè÷å-
ñêîì ïðîñòðàíñòâå è ìàãíèòîñôåðå Çåìëè. Íîâàÿ ìåòîäèêà, êàê âèäèì, ïîçâîëèëà âûÿâèòü
ýòî ìàëîå âîçäåéñòâèå. Âàðèàöèÿ â íåéòðîííîé êîìïîíåíòå íà ÁÑÍÌ áîëüøå. Ýòî îáú-
ÿñíÿåòñÿ òåì, ÷òî îí ÷óâñòâèòåëåí ê íåéòðîíàì ìåíüøèõ ýíåðãèé. Â ñâÿçè ñ îñàäêàìè â
îêðóæàþùåé ñðåäå ïîÿâëÿåòñÿ áîëüøå àòîìîâ âîäîðîäà, êîòîðûå ýôôåêòèâíî òîðìîçÿò
è ðàññåèâàþò íåéòðîíû. Âàðèàöèè ÄÇÊ î÷åíü âàæíû. Âàðèàöèÿ â êàíàëå âåðõíåãî ñëîÿ
(ÄÇÊ1) ñ÷åò÷èêîâ îò÷åòëèâà è íå âûçûâàåò ñîìíåíèé. Â òî æå âðåìÿ âàðèàöèÿ â êàíàëå
ñîâïàäåíèé âåðõíåãî è íèæíåãî ñëîåâ (ÄÇÊ2) ïðàêòè÷åñêè îòñóòñòâóåò. Ýòî ÷åòêî óêàçû-
âàåò íà òî, ÷òî âàðèàöèÿ â âåðõíåì ñëîå îáóñëîâëåíà ãàììà-êâàíòàìè. Äåëî â òîì, ÷òî
ñ÷åò÷èêè Ãåéãåðà-Ìþëëåðà èìåþò íåáîëüøóþ ÷óâñòâèòåëüíîñòü ê ÃÈ [10], îáóñëîâëåííîé
îáðàçîâàíèåì δ-ýëåêòðîíîâ â ìàòåðèàëå òðóáîê èëè îêðóæàþùèõ ïðåäìåòàõ. Íî òàêèå
ýëåêòðîíû íå ìîãóò âûçâàòü ñðàáàòûâàíèå òðóáîê â äâóõ ñëîÿõ.

Заключение

Ìîæíî óòâåðæäàòü ñî âñåé îïðåäåëåííîñòüþ, ÷òî ñîïóòñòâóþùèå îñàäêàì ìàëûå âàðèà-
öèè â äðóãèõ êîìïîíåíòàõ èçëó÷åíèÿ äåéñòâèòåëüíî ïðèñóòñòâóþò. Îäíàêî, âàðèàöèè â
íåéòðîííîé êîìïîíåíòå âûçâàíû èçìåíåíèåì êîëè÷åñòâà âåùåñòâà, ïðîõîäèìîãî êîñìè÷å-
ñêèìè ëó÷àìè. Ñîîòíîøåíèå âàðèàöèé íà äåòåêòîðå çàðÿæåííîé êîìïîíåíòû óêàçûâàåò
íà òî, ÷òî âî âðåìÿ âîçðàñòàíèé ÃÈ äîïîëíèòåëüíûõ çàðÿæåííûõ ÷àñòèö ñ ýíåðãèÿìè
áîëåå 5 ÌýÂ íå âîçíèêàåò. Ñëîâîì, ìàëûå âàðèàöèè â äðóãèõ êîìïîíåíòàõ, ñâÿçàííûå
ñ âîçðàñòàíèåì ÃÈ, âïîëíå îáúÿñíÿþòñÿ èçâåñòíûìè ïðè÷èíàìè. Ãëàâíûé âûâîä: ïðè-
÷èíà, âûçûâàþùàÿ âîçðàñòàíèÿ ÃÈ, äåéñòâóåò òîëüêî íà ýòó êîìïîíåíòó ÂÊË è íèêàê
íå çàòðàãèâàåò äðóãèå. Äëÿ ïîíèìàíèÿ ïðîèñõîäÿùèõ ïðîöåññîâ íåîáõîäèìû äàëüíåéøèå
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ýêñïåðèìåíòû.
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Regular and stochastic variations in different components of
secondary cosmic rays

Balabin Yu.V., Germanenko A.V.

Polar Geophysical Institute of RAS, Apatity, Russia

In the Laboratory of Cosmic Rays continuous monitoring of the di�erent components of
secondary cosmic rays has been carried out for several years. At the present time, besides the
standard neutron monitor (NM), a gamma-ray photon detector on the scintillation crystal,
lead-free section of neutron monitor (BNM), charged particle detectors (CPD) and a detector
for thermal neutrons (DTN) are in operation. Scintillation detector registers photons with
energies from 20 keV up to 5 MeV, NM is sensitive to neutrons with energies more then 50
MeV, BNM is to neutrons with energies from hundreds keV to a few MeV, DTN is for thermal
neutrons (about 0.03 eV). CPD detects all charged particles (muons, electrons, positrons) with
energies >2 MeV. Data from all the instruments are gathered to the general registration system.
Analysis of the data over the past few years has shown the presence of seasonal variations in
some components of cosmic rays. The HM has a zero variation, the DTN it is about 10%. The
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largest in amplitude and the more clearly de�ned is the variation observed in the channel of the
scintillation detector, it is more than 20%. Gamma radiation in the near ground layer of the
atmosphere appears as Bremsstrahlung of energetic electrons generating during muon decay.
Moreover during precipitation the increase of gamma background up to 50% are observed; they
last for many hours. Experiments have shown, that precipitation is free from any radionuclide
of natural or arti�cial origin, and additional radiation is of Bremsstrahlung origin. On the basis
of epoch superposition method, small variations in other components, synchronous with gamma
background increase, were determined.
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