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Аннотация

Â ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ âîçðàñòàíèé ãàììà-èçëó÷åíèÿ, ïàäàþùå-
ãî èç àòìîñôåðû íà ïîâåðõíîñòü çåìëè. Ýòè âîçðàñòàíèÿ ïðàêòè÷åñêè âñåãäà ñîïðîâîæäà-
þòñÿ îñàäêàìè, îäíàêî, êàêèå-ëèáî ðàäèîíóêëèäû â îñàäêàõ íå îáíàðóæåíû. Âûäâèíóòî
îáîñíîâàííîå ïðåäïîëîæåíèå, ÷òî âîçðàñòàíèÿ ãàììà-ôîíà îáóñëîâëåíû ýëåêòðè÷åñêèìè
ïîëÿìè â äîæäåâûõ îáëàêàõ. Âûïîëíåíà îöåíêà âåëè÷èíû íàïðÿæåííîñòè ýëåêòðè÷åñêîãî
ïîëÿ äëÿ ïðåäëîæåííîé ìîäåëè.

Введение

Ýôôåêò âëèÿíèÿ ãðîçîâîé àêòèâíîñòè íà ïîòîê ìþîíîâ îòìå÷àëñÿ íà ìíîãèõ ñòàíöèÿõ
êîñìè÷åñêèõ ëó÷åé, íàïðèìåð, [1] è ññûëêè òàì. Îäíàêî, âàðèàöèè ãàììà-ôîíà â ïðèçåì-
íîì ñëîå àòìîñôåðû, ñâÿçàííûå ñ îñàäêàìè è íàáëþäàåìûå âî âñå ñåçîíû â àðêòè÷åñêîé
çîíå, âïåðâûå îáíàðóæåíû íàìè. Âî âðåìÿ îñàäêîâ (êàê çèìîé â ñíåãîïàä, òàê è ëåòîì ïðè
äîæäå) íàáëþäàþòñÿ âîçðàñòàíèÿ ãàììà-èçëó÷åíèÿ (ÃÈ) äî 50 % îò óðîâíÿ ÿñíîé ïîãîäû.
Ê íàñòîÿùåìó âðåìåíè íàáëþäåíèå âåäóòñÿ óæå ñâûøå 4 ëåò, íàêîïëåíà áîëüøàÿ áàçà äàí-
íûõ � áîëåå 500 ñîáûòèé âîçðàñòàíèé, ïðîâåäåíû ðàçëè÷íûå ýêñïåðèìåíòû, íàïðàâëåííûå
íà óòî÷íåíèå ïðèðîäû ýòèõ ñîáûòèé [2, 3]. Â äàííîé ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû ðÿ-
äà íîâûõ ýêñïåðèìåíòîâ, ïðîâåäåííûõ íà óñîâåðøåíñòâîâàííîé ñèñòåìå ðåãèñòðàöèè ÃÈ
â Àïàòèòàõ. Îñíîâîé ñèñòåìû ÿâëÿåòñÿ íàáîð èç òðåõ ïðèáîðîâ äëÿ èçìåðåíèÿ ðàäèà-
öèè, ïàäàþùåé èç àòìîñôåðû: ìàëîãî è áîëüøîãî ñöèíòèëëÿöèîííûõ äåòåêòîðîâ (ÌÑÄ
è ÁÑÄ) ñ êðèñòàëëàìè NaI(Tl) à òàêæå äåòåêòîðà çàðÿæåííûõ ÷àñòèö (ÄÇ×) íà îñíîâå
ãàçîðàçðÿäíûõ òðóáîê. Ïàðàëëåëüíî ñ ïîìîùüþ ÁÑÄ è ìíîãîêàíàëüíîãî àìïëèòóäíîãî
àíàëèçàòîðà íåïðåðûâíî âåäóòñÿ èçìåðåíèÿ äèôôåðåíöèàëüíîãî ñïåêòðà ÃÈ â äèàïàçîíå
0.2-5 ÌýÂ. Ôîðìà ñïåêòðà ñîîòâåòñòâóåò òîðìîçíîìó èçëó÷åíèþ, êîòîðîå ïðîèçâîäèòñÿ
ëåãêèìè ýíåðãè÷íûìè ÷àñòèöàìè (äàëåå äëÿ êðàòêîñòè � ýëåêòðîíàìè), âîçíèêàþùèìè â
òîëùå àòìîñôåðû [4, 5].

Измерение спектров гамма-излучения

Ñîçäàííûé â ëàáîðàòîðèè ÏÃÈ èçìåðèòåëü äèôôåðåíöèàëüíîãî ñïåêòðà ìÿãêîãî ÃÈ çíà-
÷èòåëüíî ðàñøèðèë âîçìîæíîñòè èññëåäîâàíèÿ. Îí ñîáðàí íà îñíîâå ÁÑÄ è öèôðîâîãî
àíàëèçàòîðà èìïóëüñîâ. Êðèñòàëëà ÁÑÄ èìååò ðàçìåð ∅150×100 ìì. Âðåìÿ íàêîïëåíèÿ
îäíîãî ñïåêòðà ñîñòàâëÿåò 30 ìèíóò, ýíåðãåòè÷åñêèé äèàïàçîí 0.2-5 ÌýÂ. Èçìåðåíèÿ ñïåê-
òðà ïðîâîäÿòñÿ íåïðåðûâíî; ïàðàëëåëüíî âåäóòñÿ èçìåðåíèÿ èíòåãðàëüíîãî ïîòîêà >20
êýÂ, >100 êýÂ, >200 êýÂ è >1000 êýÂ. Âåëè÷èíà 30 ìèí âûáðàíà êàê êîìïðîìèññ: ñ óâå-
ëè÷åíèåì âðåìåíè íàêîïëåíèÿ òî÷íîñòü èçìåðåíèÿ ñïåêòðà ðàñòåò, îäíàêî, äëèòåëüíîñòü
ñàìûõ êîðîòêèõ âîçðàñòàíèé ñîñòàâëÿåò ∼3 ÷.

Äèôôåðåíöèàëüíûé ñïåêòð ÃÈ â ÿñíóþ ïîãîäó (ñïåêòð ôîíà) èìååò ñòåïåííóþ ôîðìó
ñ ïîêàçàòåëåì γ ≈ 1.8, ÷òî áëèçêî ê çíà÷åíèþ äëÿ òîðìîçíîãî èçëó÷åíèÿ [4]. Äèôôåðåí-
öèàëüíûé ñïåêòð âî âðåìÿ âîçðàñòàíèé ÿâëÿåòñÿ ñóììîé ñïåêòðîâ ôîíà è äîïîëíèòåëüíî-
ãî èçëó÷åíèÿ, è ñîîòâåòñòâåííî, ìîæíî ïîëó÷èòü ñîáñòâåííî äèôôåðåíöèàëüíûé ñïåêòð
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äîïîëíèòåëüíîãî èçëó÷åíèÿ (ÄÑÄÈ). Íà ðèñ.1 ïîêàçàíû ïðîôèëè ïîòîêà ÃÈ è ìþîíîâ âî
âðåìÿ îñàäêîâ è äèôôåðåíöèàëüíûå ñïåêòðû ÃÈ ïåðåä âîçðàñòàíèåì (ôîí) è â ìàêñèìóìå
âîçðàñòàíèÿ. Ñòîèò îòìåòèòü, ÷òî èç ðèñ.1à ÿñíî: âîçðàñòàíèå ïðîèñõîäèò â ýëåêòðîìàã-
íèòíîé êîìïîíåíòå: íà ÄÇ× âîçðàñòàíèå ñðàâíèìî ñ ôëóêòóàöèÿìè, ò.å. íè÷òîæíî ìàëîå.
ÄÑÄÈ ïîëó÷àåòñÿ êàê ðàçíîñòü ìåæäó ñïåêòðàìè 2 è 1 íà ðèñ.1á. Äëÿ äàííîãî ñîáûòèÿ
ÄÑÄÈ ïîêàçàí íà âðåçêå ðèñ.1á. Ôîðìà ÄÑÄÈ èìååò ýêñïîíåíöèàëüíóþ ôîðìó è âåðõíèé
ïðåäåë ∼2.5-3 ÌýÂ. Çàïèøåì ýòè çàâèñèìîñòè:{

Ib(E) ∼ J0E
−γ

Iin(E) ∼ J1exp (−E/E0)
(1)

ãäå Ib(E) � àïïðîêñèìèðóþùàÿ ôóíêöèÿ äèôôåðåíöèàëüíîãî ñïåêòðà ôîíà, E � ýíåðãèÿ
ãàììà-êâàíòà, γ � ïîêàçàòåëü ñïåêòðà, Iin(E) � àïïðîêñèìèðóþùàÿ ôóíêöèÿ ÄÑÄÈ, J0 è
J1 � èíòåíñèâíîñòè ïîòîêîâ, E0 � õàðàêòåðèñòè÷åñêàÿ ýíåðãèÿ.

Ðèñ. 1. à � òèïè÷íûå ïðîôèëè ÃÈ (êðàñíàÿ ëèíèÿ) è ÄÇ× (ñèíÿÿ ëèíèÿ) âî âðåìÿ îñàä-
êîâ. ÄÇ× ñäâèíóò âíèç íà 5 % äëÿ óäîáñòâà âîñïðèÿòèÿ. Ñòðåëêàìè ñ öèôðàìè îòìå÷åíû
ìîìåíòû èçìåðåíèÿ ñïåêòðîâ. á � äèôôåðåíöèàëüíûå ñïåêòðû ÃÈ ïåðåä âîçðàñòàíèåì
(ôîí) è â åãî ìàêñèìóìå. Êðàñíîé ëèíèåé ïîêàçàíà àïïðîêñèìàöèÿ ñòåïåííîé çàâèñèìî-
ñòüþ ôîíîâîãî ñïåêòðà. Íà âðåçêå ïîêàçàí ñïåêòð ÄÑÄÈ â ìîìåíò 2; êðàñíàÿ ëèíèÿ �
äàííûå èçìåðåíèé, ÷åðíàÿ � åãî àïïðîêñèìàöèÿ ýêñïîíåíòîé.

Çà âðåìÿ ðàáîòû èçìåðèòåëÿ äèôôåðåíöèàëüíîãî ñïåêòðà ÃÈ çàðåãèñòðèðîâàíî áî-
ëåå ñîòíè âîçðàñòàíèé àìïëèòóäîé áîëåå 10 %. Äëÿ êàæäîãî èç íèõ îêîëî ìàêñèìóìà
îïðåäåëÿëñÿ ÄÑÄÈ è âû÷èñëÿëàñü àïïðîêñèìèðóþùàÿ ôóíêöèÿ âèäà ïî (1). Íà îñíî-
âå ïîëó÷åííûõ ðåçóëüòàòîâ ïðîâåäåíî èññëåäîâàíèå ñâÿçè ïàðàìåòðîâ ýêñïîíåíöèàëüíîãî
ñïåêòðà ÄÑÄÈ ñ àìïëèòóäîé âîçðàñòàíèÿ, ïîêàçàííîå íà ðèñ.2. Ïðîñëåæèâàåòñÿ ëèíåéíàÿ
çàâèñèìîñòü ïàðàìåòðà J1 îò àìïëèòóäû, òîãäà êàê çíà÷åíèå E0 ðàñïðåäåëÿåòñÿ ïðèìåðíî
ðàâíîìåðíûì îáëàêîì. Èç ýòîãî ìîæíî ñäåëàòü âàæíûé âûâîä: îñàäêè âëèÿþò íà àê-
òèâíîñòü ïðîöåññà, ãåíåðèðóþùåãî ÄÑÄÈ, íî íå íà åãî ôèçè÷åñêèé ìåõàíèçì, òàê êàê
êëþ÷åâàÿ ñïåêòðàëüíàÿ õàðàêòåðèñòèêà E0 ñîõðàíÿåòñÿ ïîñòîÿííîé.

Возможная модель генерации дополнительного излучения при осад-
ках

Â ïðåæíèõ íàøèõ ðàáîòàõ [2, 3] ñäåëàí âûâîä, ÷òî âîçðàñòàíèÿ ÃÈ ïðè îñàäêàõ íå ñâÿ-
çàíû ñ êàêèìè-ëèáî ðàäèîíóêëèäàìè åñòåñòâåííîãî èëè èñêóññòâåííîãî ïðîèñõîæäåíèÿ.
Ýòî áûëî âûÿñíåíî â õîäå ïðîâåäåíèÿ íàãëÿäíûõ ýêñïåðèìåíòîâ. Èçìåðåíèå äèôôåðåíöè-
àëüíûõ ñïåêòðîâ ïîêàçûâàåò, ÷òî âîçðàñòàíèÿ îáóñëîâëåíû íàëîæåíèåì íà ôîí äîïîëíè-
òåëüíîãî ÃÈ â øèðîêîì äèàïàçîíå ýíåðãèé îò 20 êýÂ äî 3 ÌýÂ. Ôîíîâîå ÃÈ ïðîèçâîäèòñÿ
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âòîðè÷íûìè êîñìè÷åñêèìè ëó÷àìè â ðåçóëüòàòå èõ âçàèìîäåéñòâèÿ ñ àòìîñôåðîé [4, 5].
Åñòåñòâåííî ïðåäïîëîæèòü, ÷òî ïîÿâëåíèå äîïîëíèòåëüíîãî èçó÷åíèÿ ïðè îñàäêàõ òàêæå
îáóñëîâëåíî ýòîé ïðè÷èíîé. Îñàäêè èçìåíÿþò óñëîâèÿ âçàèìîäåéñòâèÿ âòîðè÷íûõ êîñìè-
÷åñêèõ ëó÷åé ñ àòìîñôåðîé.

Èçâåñòíî, ÷òî âíóòðè äîæäåâûõ îáëàêîâ ñóùåñòâóþò ýëåêòðè÷åñêèå ïîëÿ [6, 7] íà-
ïðÿæåííîñòüþ äî 10 êÂ/ì. Ïîÿâëåíèÿ äîïîëíèòåëüíîãî èçëó÷åíèÿ ïðè îñàäêàõ ñâÿçàíî
ñ íàáîðîì äîïîëíèòåëüíîé ýíåðãèè çàðÿæåííûìè ÷àñòèöàìè â ýëåêòðè÷åñêèõ ïîëÿõ îá-
ëàêîâ. Ïîäîáíûé ýôôåêò äàâíî è óâåðåííî íàáëþäàåòñÿ íà ìþîííûõ äåòåêòîðàõ [1, 8]
ïðè ãðîçîâîé àêòèâíîñòè, êîãäà íàïðÿæåííîñòü ýëåêòðè÷åñêèõ ïîëåé â îáëàêå äîñòèãàåò
ñîòåí êÂ/ì. Òàêîé ñèëû ýëåêòðè÷åñêèå ïîëÿ î÷åíü ìàëîâåðîÿòíû â àðêòè÷åñêîì ðåãèîíå,
îñîáåííî â çèìíèé ïåðèîä, â òî âðåìÿ êàê âîçðàñòàíèÿ íàáëþäàþòñÿ êðóãëûé ãîä ïðè
îñàäêàõ â âèäå äîæäÿ èëè ñíåãà. Çàêîíû âçàèìîäåéñòâèÿ ýíåðãè÷íûõ ÷àñòèö ñ âåùåñòâîì
[4] òàêîâû, ÷òî òîðìîçíîå èçëó÷åíèå ìîãóò ïðîèçâîäèòü òîëüêî ëåãêèå ÷àñòèöû: ýëåêòðî-
íû è ïîçèòðîíû. Äëèíà ðàäèàöèîííûõ ïîòåðü t0 íå çàâèñèò îò ýíåðãèè ÷àñòèöû (ïîòåðè
ïðîïîðöèîíàëüíû ýíåðãèè). Â ñèëó ýòîãî óñêîðåíèå ýëåêòðîíîâ â òàêîé ïëîòíîé ñðåäå,
êàê íèæíÿÿ àòìîñôåðà, íåâîçìîæíî, çà èñêëþ÷åíèåì ýêñòðåìàëüíî ñèëüíûõ ïîëåé (íà-
ïðèìåð, ýôôåêò óáåãàþùèõ ýëåêòðîíîâ [9]). Íàìè ïðåäëîæåí íåñêîëüêî èíîé ìåõàíèçì
íàáîðà äîïîëíèòåëüíîé ýíåðãèè â ýëåêòðè÷åñêîì ïîëå â ïëîòíîé àòìîñôåðå.

Ðèñ. 2. Çàâèñèìîñòè E0 (à) è J1 (á) ÄÑÄÈ îò àìïëèòóäû âîçðàñòàíèÿ

Ìþîíû ðîæäàþòñÿ âî âñåé òîëùå àòìîñôåðû [5]. Âî âðåìÿ äâèæåíèÿ â àòìîñôåðå
èç-çà ñâîåé áîëüøîé ìàññû ìþîí òåðÿåò ýíåðãèþ òîëüêî íà èîíèçàöèþ, ðàäèàöèîííûå ïî-
òåðè íè÷òîæíû. Âåëè÷èíà ýòèõ ïîòåðü çàâèñèò ëèøü îò ïëîòíîñòè ñðåäû. Âðåìÿ æèçíè
ìþîíà 2.2 ìêñ, îí ðàñïàäàåòñÿ íà òðè ÷àñòèöû, îäíîé èç êîòîðûõ ÿâëÿåòñÿ ýëåêòðîí (ïî-
çèòðîí). Ïðè ðàñïàäå ïîëíàÿ ýíåðãèÿ ìþîíà ïåðåäàåòñÿ ýòèì ÷àñòèöàì. Â èòîãå ýëåêòðîíó
äîñòàåòñÿ â ñðåäíåì 1/3 îò ïîëíîé ýíåðãèè ðàñïàâøåãîñÿ ìþîíà. Ýëåêòðîí, äâèãàÿñü â àò-
ìîñôåðå, áûñòðî (íà äèñòàíöèè t0) òðàòèò ñâîþ ýíåðãèþ íà èçëó÷åíèå òîðìîçíûõ êâàíòîâ.
Ïóñòü ìþîí ñ ïîëíîé ýíåðãèåé E1 ðîæäàåòñÿ â ãëóáèíå àòìîñôåðû, ñêîðîñòü åãî íàïðàâ-
ëåíà ê çåìëå. ×åðåç íåêîòîðîå âðåìÿ îí ðàñïàäàåòñÿ íà ðàññòîÿíèè X îò òî÷êè ðîæäåíèÿ.
Ðàññòîÿíèå X îïðåäåëÿåòñÿ ïëîòíîñòüþ ñðåäû, âðåìåíåì æèçíè ìþîíà è åãî ñêîðîñòüþ
(ýíåðãèåé). Â ìîìåíò ðàñïàäà ýíåðãèÿ áóäåò ðàâíà E2 (âåëè÷èíó Ei = E1 � E2ñîñòàâÿò
èîíèçàöèîííûå ïîòåðè, êîòîðûå íå çàâèñÿò îò ýíåðãèè ìþîíà), è â ñðåäíåì 1/3·E2 äîñòà-
íåòñÿ ýëåêòðîíó. Åñëè æå íà ñâîåì ïóòè ìþîí ïðîéäåò îáëà÷íûé ñëîé ñ ýëåêòðè÷åñêèì
ïîëåì, îí ïðèîáðåòåò äîïîëíèòåëüíóþ ýíåðãèþ ∆ E:

∆E = e · χ · L (2)

ãäå e � çàðÿä ýëåêòðîíà, χ � íàïðÿæåííîñòü ýëåêòðè÷åñêîãî ïîëÿ â îáëàêå, L � òîëùè-
íà îáëà÷íîãî ñëîÿ. Âåëè÷èíà ∆E ïðè óêàçàííûõ â ðàáîòå [6] ïîëÿõ è ðàçóìíûõ çíà÷åíèÿõ
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òîëùèíû îáëàêîâ ñîñòàâëÿåò ìåíåå 0.01·E2, òàê ÷òî ∆E ìàëî èçìåíèò äëèíó ïðîáåãà ìþ-
îíà, îí ðàñïàäåòñÿ îêîëî òîé æå òî÷êè X. (Îïóùåííûå çà íåäîñòàòêîì ìåñòà ðàñ÷åòû íà
îñíîâå ðåëÿòèâèñòñêèõ óðàâíåíèé äâèæåíèÿ ïîêàçûâàþò, ÷òî ìþîí ñ êèíåòè÷åñêîé ýíåð-
ãèåé 200 ÌýÂ ïðè âîçðàñòàíèè ýíåðãèè íà dE óâåëè÷èâàåò ñêîðîñòü êàê ∼0.035•dE.) Ïðè
ðàñïàäå òàêîãî ìþîíà äîñòàíåòñÿ ýëåêòðîíó òàêæå è òðåòü äîïîëíèòåëüíîé ýíåðãèè ∆E,
êîòîðàÿ áóäåò çàòåì èçëó÷åíà â âèäå òîðìîçíûõ êâàíòîâ. Îòìåòèì, ÷òî óæå ìÿãêèå ìþî-
íû ñ êèíåòè÷åñêîé ýíåðãèåé ∼200 ÌýÂ ïðîèçâîäÿò ýëåêòðîíû âûøå õàðàêòåðèñòè÷åñêîé
ýíåðãèè äëÿ âîçäóõà, ïîýòîìó èîíèçàöèîííûå ïîòåðè ýëåêòðîíîâ ìîæíî íå ó÷èòûâàòü
[4]. Ýòîò ìåõàíèçì ïåðåíîñà è ïðåîáðàçîâàíèÿ ýíåðãèè ýëåêòðè÷åñêîãî ïîëÿ â èçëó÷åíèå
ñíèìàåò ïðîáëåìó íàáîðà ýíåðãèè ýëåêòðîíàìè â òàêîé ïëîòíîé ñðåäå, êàê ïðèçåìíîé
ñëîé âîçäóõà. Òåïåðü îöåíèì íàïðÿæåííîñòü ýëåêòðè÷åñêîãî ïîëÿ â îáëàêàõ, íåîáõîäè-
ìóþ äëÿ ñîçäàíèÿ ñðåäíåãî âîçðàñòàíèÿ ÃÈ, èñõîäÿ èç áàëàíñà ýíåðãèè. Çíàÿ ðàçìåðû
ÄÇ×, èñïîëüçóåìîãî â ñîñòàâå óñòàíîâêè, è åãî ñêîðîñòü ñ÷åòà, âû÷èñëèì àáñîëþòíûé ïî-
òîê çàðÿæåííûõ ÷àñòèö n â íèæíåì ñëîå àòìîñôåðû â äàííîì ìåñòå. Îñíîâíóþ ÷àñòü åãî
ñîñòàâëÿþò ìþîíû [4, 5]. Ýêñïåðèìåíòàëüíî èçìåðåííûå àáñîëþòíûå çíà÷åíèÿ ÄÑÄÈ ïîç-
âîëÿþò âû÷èñëèòü ïîëíûé ïîòîê ýíåðãèè, âûçûâàþùåé âîçðàñòàíèå. Ýòîò ïîòîê ïðè 15 %
âîçðàñòàíèÿ ñîñòàâëÿåò σ = 23 êýÂ/(ñì2·ñ). Ñðåäíþþ òîëùèíó îáëà÷íîãî ñëîÿ äîæäåâûõ
îáëàêîâ âîçüìåì L = 600 ì [7]. Ïîñêîëüêó âûøå ìû ïðèíÿëè, ÷òî äîïîëíèòåëüíûé ïîòîê
ýíåðãèè ïîÿâëÿåòñÿ â ïðîöåññå íàáîðà ìþîíàìè ýíåðãèè â ýëåêòðè÷åñêîì ïîëå îáëàêà, òî
âåðíî:

σ

n
=

1

3
e · χ · L (3)

îòêóäà ëåãêî ïîëó÷àåòñÿ

χ =
3 · σ

n · e · L
(4)

Âñå âåëè÷èíû â ïðàâîé ÷àñòè (4) îïðåäåëåíû, ïîëó÷àåì χ ≈ 2 êÂ/ì. Ìíîæèòåëü 1/3 â (3)
ó÷èòûâàåò, ÷òî â ñðåäíåì ýëåêòðîíó äîñòàåòñÿ òðåòü îò ïðèîáðåòåííîé ìþîíîì ýíåðãèè.
Ýòà îöåíêà ñäåëàíà äëÿ èäåàëüíûõ óñëîâèé, â ðåàëüíûõ îáëàêàõ è àòìîñôåðå âîçìîæíî
áîëüøåå çíà÷åíèå χ. Ïîêàçàòåëüíî, ÷òî ýòà îöåíêà íàïðÿæåííîñòè ýëåêòðè÷åñêîãî ïîëÿ
â äîæäåâûõ îáëàêàõ áëèçêà ê çíà÷åíèÿì, ïîëó÷åííûì ïðÿìûìè èçìåðåíèÿìè (òèïè÷íîå
çíà÷åíèå 2÷5, ïîðîé äî 10 êÂ/ì [6]), ïðè ýòîì íå ïðåâîñõîäèò èõ!

Заключение

Ïðåäëîæåí ðåàëüíûé ôèçè÷åñêèé ìåõàíèçì, îáúÿñíÿþùèé âîçðàñòàíèÿ ÃÈ ïðè îñàäêàõ.
Íà åãî îñíîâå ñäåëàíû îöåíêè íàïðÿæåííîñòè ýëåêòðè÷åñêîãî ïîëÿ â îáëàêå, íåîáõîäè-
ìûå äëÿ ãåíåðàöèè âîçðàñòàíèé ñ íàáëþäàåìûìè àìïëèòóäàìè. Ýòè îöåíêè íàõîäÿòñÿ â
õîðîøåì ñîãëàñèè ñ ýêñïåðèìåíòàëüíûìè èçìåðåíèÿìè ýëåêòðè÷åñêèõ ïîëåé â äîæäåâûõ
îáëàêàõ.
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Gamma background increase during precipitation: its origin and
energy balance

Balabin Yu.V., Germanenko A.V.

Polar Geophysical Institute of RAS, Apatity, Russia

Thunderstorm e�ect on a muon �ux is a well known phenomenon and was observed at many
stations. Nevertheless, we were the �rst to �nd gamma background increase in the near ground
layer of the atmosphere associated with precipitation and observed during all seasons in the
Arctic region. This paper presents the results of new experiments on the improved detection
system for gamma radiation in Apatity. The system consists of three units measuring radiation
coming from the atmosphere: a small and a large scintillation detectors with NaI(Tl)crystals
and a charged particle detector on the basis of Geiger-Muller counter. Measurements of gamma
radiation di�erential spectrum in the range of 0.2-5 MeV are continuously carried out by
the large scintillation detector and a multichannel pulse-height analyzer. During precipitation
(during snowfall in winter or rain in summer) the increase of gamma radiation up to 50% is
observed. The increases correspond to di�erential spectrum change of gamma radiation in the
range up to 3 MeV. There is no increase in the charged component at the same time. The results
of a series of experiments show, that in the observed gamma background variations, their initial
source is muons, generated in the atmosphere from cosmic rays and having high penetrability.
Here the muons themselves do not participate in Bremsstrahlung due to their big mass. During
precipitation muons get additional energy when passing through cloud electric �elds. Via muon
decay additional energy is partially transferred to electrons, than via Bremsstrahlung it is
converted to electromagnetic form. Energy balance was calculated from the measured additional
radiation �ux: during gamma background increase the �ux increases by 23 keV.cm.squ.s. Such
energy �ux will be provided when �eld intensity in a cloud is about 3.6 kV/m. This estimation
is in a good agreement with the numerous measurements of the electric �eld in clouds: 2-5
kV/m.

243


