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Ïðåäûñòîðèÿ: ìàëûå ñïóòíèêè ¾Òàòüÿíà¿, ¾Òàòüÿíà-2¿,
¾×èáèñ¿, ¾Ëîìîíîñîâ¿ (ÌÃÓ, 2008�2017ãã)
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Îïòè÷åñêèé äåòåêòîð

• ÔÝÓ: Hamamatsu R1463 ñ
ìóëüòèùåëî÷íûì
ôîòîêàòîäîì;

• UV êàíàë: ôèëüòð ¾UVS2¿
λ = 240− 380 íì,
êâàíòîâàÿ ýôôåêòèâíîñòü
∼20%;

• IR êàíàë: ôèëüòð ¾KS11¿
λ = 610− 800 íì,
êâàíòîâàÿ ýôôåêòèâíîñòü
∼6% ïðè 600 íì,
∼1% ïðè 800 íì;

• àâòîìàòè÷åñêèé êîíòðîëü
ðåæèìà ÔÝÓ.
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Óíèâåðñàëüíàÿ ñèñòåìà ñáîðà äàííûõ

• ARM ìèêðîïðîöåññîð òèïà STM32F407;

• âñòðîåííàÿ ïðîãðàììà íà áàçå áèáëèîòåêè
libopencm3 (http://libopencm3.org/),
ñêîìïèëèðîâàííàÿ â ñèñòåìå gnu-arm-eabi
(https://launchpad.net/gcc-arm-embedded);

• äî 16-òè èíôîðìàöèîííûõ êàíàëîâ;

• ïðèíöèïèàëüíî àñèíõðîííàÿ îðãàíèçàöèÿ
ïðîãðàììû: ñâîé íåçàâèñèìûé ïîòîê
âûïîëíåíèÿ äëÿ êàæäîãî êàíàëà;

• îáìåí ïî ïîñëåäîâàòåëüíîìó èíòåðôåéñó ñ
ïðåîáðàçîâàíèåì UART↔USB;

• äâà ðåæèìà ðàáîòû: îöèôðîâêà àíàëîãîâûõ
ñèãíàëîâ (ïðîãðàììà s03) è ñ÷åò öèôðîâûõ
èìïóëüñîâ (ïðîãðàììà s02).
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Ðåãèñòðàöèÿ ñèãíàëîâ îò îïòè÷åñêîãî äåòåêòîðà

• 12-ðàçðÿäíûé ÀÖÏ (äèàïàçîí
0�4095);

• ïàðàëëåëüíî âåäóòñÿ äâå ñåðèè
èçìåðåíèé â êàíàëàõ UV è IR ñ
ðàçðåøåíèåì 10ìêñ è 100ìêñ
(ñîîòâåòñòâåííî, ïîëíàÿ äëèíà
ñêàíà 0.1ñ è 1ñ);

• ñèíõðîíèçàöèÿ âðåìåíí�ûõ ñåðèé
ïî âíåøíåìó è âíóòðåííåìó
òðèããåðó;

• ìîíèòîðèíã ñðåäíåé
èíòåíñèâíîñòè âõîäíûõ ñèãíàëîâ
ñ ñåêóíäíûì ðàçðåøåíèåì.
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Ýëåêòðè÷åñêèå èçìåðåíèÿ

• Field Mill

∗ âðåìåíí�îå ðàçðåøåíèå îïðåäåëÿåòñÿ
ñêîðîñòüþ ïîäâèæíîãî ýëåêòðîäà
(∼0.1�0.3ñ);

∗ âîçìîæíîñòü àáñîëþòíîé êàëèáðîâêè
ïîêàçàíèé (â êÂ/ì).

• Capacitor
∗ âðåìåíí�îå ðàçðåøåíèå îïðåäåëÿåòñÿ
áûñòðîòîé ÀÖÏ (∼10�100ìêñ);
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Ðàäèî-èçëó÷åíèå îò àòìîñôåðíûõ ðàçðÿäîâ

• ãðóïïà èç òðåõ àíòåíí: äâå
âçàèìíî ïåðïåíäèêóëÿðíûå
ïåòëåâûå (M1, M2), îäíà
øòûðåâàÿ (E);

• äèàïàçîí ÷àñòîò
0.1�30 ÌÃö;

• âðåìåíí�îå ðàçðåøåíèå
20íñ (160íñ â 2017ã),
ïîëíàÿ äëèíà ñåðèè
0.66/4.8ñ;

• ñèãíàë îäíîé èç àíòåíí
èñïîëüçóåòñÿ äëÿ
âûðàáîòêè òðèããåðíîãî
èìïóëüñà.
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Ãàììà-äåòåêòîð

• Âíóòðåííåå óñòðîéñòâî

1 � ÔÝÓ, 2 � êðèñòàëë NaI, 3 � ïëàòà

ýëåêòðîíèêè, 4 � âíåøíèé êîðïóñ èç

1ìì àëþìèíèÿ.

• Ýôôåêòèâíîñòü
ðåãèñòðàöèè γ-êâàíòîâ
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Ðåãèñòðàöèÿ ãàììà-èçëó÷åíèÿ

• èçìåðåíèÿ íà âûñîòå
∼400ì íàä óðîâíåì
ñòàíöèè;

• 12 ýíåðãåòè÷åñêèõ
äèàïàçîíîâ (∼50 keV �
∼4 MeV);

• âðåìåíí�îå ðàçðåøåíèå
ñêàíîâ 20/160ìêñ, ïîëíàÿ
äëèíà 0.11/2 ñ;

• ïàðàëëåëüíûå èçìåðåíèÿ â
ðåæèìå ìîíèòîðèíãà;

• âíóòðåííèé òðèããåð ñ
óñëîâèåì ¾≥12 èìïóëüñîâ
â äèàïàçîíå >100 êýÂ
â òå÷åíèå 480 ìêñ¿.
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Ðåãèñòðàöèÿ ãàììà-èçëó÷åíèÿ
• ITγ vs E

• Ñïåêòð
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Îïòèêà & ðàäèî: òèïû ðàçðÿäîâ
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Îïòèêà & íà÷àëüíàÿ ñòàäèÿ ðàçðÿäà
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Îïòèêà & ãàììà: ñèãíàë ýëåêòðîííûõ ëàâèí?
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Îïòèêà & ñèãíàë îò äàëüíèõ ìîëíèé

• Ñîáûòèÿ ñî âíóòðåííèì
òðèããåðîì îïò. äåòåêòîðà

1500

3000

SI
GN

AL
 A

M
PL

IT
UD

E,
  A

DC
 c

od
e

INFRARED

0 200 400 600 800 1000
TIME RELATIVE TO TRIGGER,   x0.001 s

1500

3000
ULTRAVIOLET

02 Jul 2016  17:59:00

1500

3000

SI
GN

AL
 A

M
PL

IT
UD

E,
  A

DC
 c

od
e

INFRARED

0 200 400 600 800 1000
TIME RELATIVE TO TRIGGER,   x0.001 s

1500

3000
ULTRAVIOLET

02 Jul 2016  18:00:21

• Ñòàòèñòèêà ñîáûòèé çà
ñåçîí 2016ã

îáùåå ÷èñëî
ñîáûòèé ñî
âñïûøêàìè â

IR/UV
äèàïàçîíå

2158
(çà 32

ãðîçîâûå
íî÷è)

èç íèõ ñîáûòèé
¾îïòèêà+ðàäèî¿

164
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Çàêëþ÷åíèå

• êîìïëåêñ ðàçðàáîòàííûõ íà Òÿíü-Øàíüñêîé âûñîêîãîðíîé
ñòàíöèè ìåòîäèê ïîçâîëÿåò ïðîâîäèòü îäíîâðåìåííóþ
ðåãèñòðàöèþ ýëåêòðîìàãíèòíîãî èçëó÷åíèÿ îò
àòìîñôåðíûõ ýëåêòðè÷åñêèõ ðàçðÿäîâ â øèðîêîì
äèàïàçîíå ÷àñòîò;

• íà îñíîâå òàêîãî êîìïëåêñíîãî ïîäõîäà ê íàñòîÿùåìó
âðåìåíè ïîëó÷åíû íîâûå ýêñïåðèìåíòàëüíûå äàííûå î
ðàçâèòèè ýëåêòðè÷åñêèõ ðàçðÿäîâ ðàçëè÷íîãî òèïà;

• ïî ýòîé òåìå ïîäãîòîâëåíà ïóáëèêàöèÿ:
A. V. Gurevich, G. K. Garipov, A. M. Almenova et al.
Simultaneous observation of lightning emission in di�erent
diapasons of electromagnetic spectrum in Tien Shan mountains
Atmospheric Research, 2017, in printing.
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