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ÑÎÄÅÐÆÀÍÈÅ
• Èñòîðèÿ èññëåäîâàíèÿ ñèãíàëîâ, ïîñòóïàþùèõ îò

íåéòðîííûõ äåòåêòîðîâ ÒØÂÍÑ âî âðåìÿ ãðîçû
(÷òî ñäåëàíî? � 2010-2013ãã).

- èíòåíñèâíîñòü âàðèàöèîííûõ ñèãíàëîâ â íåéòðîííîì ìîíèòîðå ÍÌ64;
- èçìåðåíèÿ ñ âûñîêèì âðåìåííûì ðàçðåøåíèåì è òðèããåðîì îò
ìîëíèåâîãî ðàçðÿäà;

- íåéòðîííûå äåòåêòîðû ÒØÂÍÑ è ðàñ÷åò èõ ýôôåêòèâíîñòè;
- îöåíêè ýôôåêòèâíîé ýíåðãèè íåéòðîííîãî èçëó÷åíèÿ è âåëè÷èíû åãî
ïîòîêà;

- ìîäåëèðîâàíèå ïðîöåññîâ ðàçâèòèÿ ýëåêòðîííî-ôîòîííîé ëàâèíû â
àòìîñôåðå;

- ñóììàðíûé ñïåêòð èçëó÷åíèé, íàáëþäàåìûõ âî âðåìÿ ãðîçû

(òåêóùàÿ ïóáëèêàöèÿ 2016ã).

• Ñîâðåìåííàÿ ñõåìà ïîñòàíîâêè ýêñïåðèìåíòà:
- ðåãèñòðàöèÿ ìîëíèåâûõ ðàçðÿäîâ;
- òèïû íåéòðîííûõ äåòåêòîðîâ;

- ïðîöåäóðà ðåãèñòðàöèè è îáðàáîòêè íåéòðîííûõ äàííûõ.

• Ðåçóëüòàòû ðàáîò ïî ïîèñêó íåéòðîííûõ ñèãíàëîâ,

ïðîâîäèâøèõñÿ íà ÒØÂÍÑ â 2014-2015ãã.

• Ýêñïåðèìåíòû ¾ÝÐÃ¿ (ÔÈÀÍ) è ¾×èáèñ¿ (ÌÃÓ).
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2010ã: âîçðàñòàíèå èíòåíñèâíîñòè ñèãíàëîâ îò
íåéòðîííûõ äåòåêòîðîâ ÒØÂÍÑ âî âðåìÿ ãðîçû
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Íåéòðîííûå ñèãíàëû âî âðåìÿ ãðîç...

• Àðàãàö
Chilingarian, A. et al Ground-based observations of
thunderstorm-correlated �uxes of high-energy electrons,
gamma rays, and neutrons // Phys. Rev. D, 82, 043009
(2010).

Chilingarian, A. et al Neutron bursts associated with

thunderstorms // Phys. Rev. D, 85, 085017 (2012).

• Òèáåò
Tsuchiya, H. et al Observation of thundercloud-related gamma
rays and neutrons in Tibet // Phys. Rev. D, 092006 (2012).

3 / 38



Íåéòðîííûå ñèãíàëû âî âðåìÿ ãðîç...
• ÌÃÓ

Êóæåâñêèé, Á. Ì. Ãåíåðàöèÿ íåéòðîíîâ â ìîëíèÿõ //
Âåñòíèê ÌÃÓ Ñåð.3 Ôèçèêà Àñòðîíîìèÿ, 5, 14-16
(2004).

• Èíäèÿ
Shyam, A. and Kaushik, T. C. Observation of neutron
bursts associated with atmospheric lightning discharge //
J. Geophys. Res., 104, 6867�6870 (1999).

• Space Satellits
Carson, B. E. et al Neutron production in terrestrial gamma
ray �ashes // J. Geophys. Res., 115, A00E19 (2010).

• ßêóòñê
Kozlov, V. I. et al Recording neutrons with 10-µs resolution
during a thunderstorm in Yakutsk // Bull. Russ. Acad. Sci.
Phys., 79, 685-687 (2015).
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2011-2012ã: èçìåðåíèÿ ñ âûñîêèì
âðåìåííûì ðàçðåøåíèåì
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Íåéòðîííûå äåòåêòîðû ÒØÂÍÑ

Íåéòðîííûå äåòåêòîðû:

• âíåøíèé (External);

• âíóòðåííèé (Internal);

• ýêðàíèðîâàííûé (Under�oor);

• íåéòðîííûé ñóïåðìîíèòîð ÍÌ64
(A, B, C);

• äåòåêòîðû â ïóíêòå 160M(PUP).
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ÝÔÔÅÊÒÈÂÍÎÑÒÜ ÍÅÉÒÐÎÍÍÛÕ ÄÅÒÅÊÒÎÐÎÂ
(GEANT4)
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ÝÔÔÅÊÒÈÂÍÎÑÒÜ ÍÅÉÒÐÎÍÍÎÃÎ ÌÎÍÈÒÎÐÀ
(GEANT4)
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ÍÅÉÒÐÎÍÍÛÅ ÄÅÒÅÊÒÎÐÛ & ÂÍÅØÍßß ÑÐÅÄÀ
(GEANT4)
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ÐÀÇÂÈÒÈÅ ÝËÅÊÒÐÎÍÍÎ-ÔÎÒÎÍÍÎÉ ËÀÂÈÍÛ
Â ÏÎËÅ ÃÐÎÇÎÂÎÃÎ ÎÁËÀÊÀ (GEANT4)
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Ýôôåêòèâíàÿ ýíåðãèÿ è âåëè÷èíà íåéòðîííîãî ïîòîêà

F = Np/(S · ε(E ))
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GEANT4 îá ýíåðãèè íåéòðîíîâ
(â ïðåäïîëîæåíèè ôîòîÿäåðíîãî ìåõàíèçìà ãåíåðàöèè)
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ÏÓÁËÈÊÀÖÈß 2016ã
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Energy spectra of gamma-radiation (circles) and accelerated
electrons (triangles). 1 and 2 � two spectra for the transient
bursts around lightning; 3 � average spectra calculated over
monitoring type measurements at Tien Shan in thunderstorm
days; 4 and 5 � the gamma-ray and electron spectra obtained
in Geant4; 6 and 7 � the levels of neutron intensity at a quite
time and just in the moment of transient bursts; 8 and 9 �
electron spectra registered in two thunderstorm events at
Mt Aragats. 17 / 38



Ðåãèñòðàöèÿ ìîëíèåâûõ ðàçðÿäîâ ïî èõ
ðàäèî-èçëó÷åíèþ

Ñõåìà îáðàáîòêè ðàäèî-ñèãíàëîâ è

ãåíåðàöèè òðèããåðíîãî èìïóëüñà.

• k16007

• k15007
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Ýêðàíèðîâàííûé (SHIELDED) íåéòðîííûé äåòåêòîð

1 � êîðîáêà èç àëþìèíèÿ
òîëùèíîé 1 ìì;

2 � íåéòðîííûé ñ÷åò÷èê
¾Ãåëèé-2¿,

3 � ïàðàôèíîâûé
öèëèíäð-çàìåäëèòåëü ñ
òîëùèíîé ñòåíêè 10 ìì;

4 � ñïëîøíîé
ýëåêòðîìàãíèòíûé ýêðàí èç

2 ñì æåëåçà. 10-2 10-1 100 101 102 103 104 105 106
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Ñõåìà èçìåðåíèÿ èíòåíñèâíîñòè ñèãíàëîâ

• íåïðåðûâíûå èçìåðåíèÿ
èíòåíñèâíîñòè èìïóëüñîâ
ñ íèçêèì âðåìåííûì
ðàçðåøåíèåì (1-10 ñ);

• èçìåðåíèÿ ñ âûñîêèì
ðàçðåøåíèåì ïîðÿäêà
160-200 ìêñ,
ñèíõðîíèçîâàííûå ñ
òðèããåðíûì ñèãíàëîì îò
ýëåêòðè÷åñêîãî ðàçðÿäà
(êàê ïðàâèëî, ±1-3 ñ
îòíîñèòåëüíî ìîìåíòà
òðèããåðà).
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Ýëåêòðè÷åñêàÿ ñõåìà ýêðàíèðîâàííîãî äåòåêòîðà
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Ïðîãðàììíûé êîìïëåêñ K15

22 / 38



Íåéòðîííûé äåòåêòîð ñ ãëóáîêèì (DEEP) ïîãëîòèòåëåì

1 � êîðîáêà èç àëþìèíèÿ òîëùèíîé 1 ìì;
2 � íåéòðîííûé ñ÷åò÷èê ¾Ãåëèé-2¿,
3 � íåéòðîííûé ñ÷åò÷èê ¾CHM-18¿,

4 � ïîãëîòèòåëü/îòðàæàòåëü íåéòðîíîâ èç ðåçèíû (C2H2)n;
5 � áåòîííîå ïåðåêðûòèå.

• UPPER • UPPER(SNM18)

• MIDDLE

• LOWER
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Ïðèìåðû ñîáûòèé: SHIELDED äåòåêòîð
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Îïðåäåëåíèå èíòåíñèâíîñòåé ¾before¿&¾after¿
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Ðåçóëüòàòû-2015: SHIELDED äåòåêòîð
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Ðåçóëüòàòû-2015: UPPER äåòåêòîðû
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Ðåçóëüòàòû-2015: MIDDLE è LOWER äåòåêòîðû
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Ðàñïðåäåëåíèå îòêëîíåíèé (±2.6s)

σ = (Nafter − Nbefore)/
√

max(Nafter ,Nbefore)
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Ðàñïðåäåëåíèå îòêëîíåíèé (±1s)

σ = (Nafter − Nbefore)/
√
max(Nafter ,Nbefore)
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Êîððåëÿöèÿ îòêëîíåíèé (±2.6s)
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25 JULY 2015 // 06:55:28
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7 JUNE 2015 // 13:39:45
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5 JULY 2015 // 08:46:59
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Ïëàíû íà ñåçîí 2016 ãîäà: SHIELDED äåòåêòîð
• ñöèíòèëëÿöèîííûé äåòåêòîð

áîëüøîé ïëîùàäè

• èíòåíñèâíîñòü
íåéòðîíîâ
(íåéòðîííûå
ñ÷åò÷èêè)

• èíòåíñèâíîñòü
ñöèíòèëëÿöèé

• ñöèíòèëëÿòîð áîëüøîé ïëîùàäè
êàê ñðåäñòâî óâåëè÷èòü
ýôôåêòèâíóþ ïëîùàäü
ðåãèñòðàöèè íåéòðîíîâ â
ýêðàíèðîâàííîì äåòåêòîðå
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Ïëàíû íà ñåçîí 2016 ãîäà: íîâàÿ ñèñòåìà ñáîðà äàííûõ
äëÿ íåéòðîííîãî ìîíèòîðà
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