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Öåëü ðàáîòû

Ìîíèòîðèíã ñîñòîÿíèÿ ðàçëè÷íûõ ãåîôèçè÷åñêèõ ïîëåé â
ñåéñìè÷åñêè àêòèâíûõ ãåîãðàôè÷åñêèõ ðåãèîíàõ è ïîèñê
õàðàêòåðíûõ àíîìàëèé èõ ïîâåäåíèÿ, êîòîðûå èìåþò ìåñòî
äî è âî âðåìÿ ñèëüíûõ çåìëåòðÿñåíèé

Ìåñòî ïðîâåäåíèÿ

Òÿíü-Øàíüñêàÿ âûñîêîãîðíàÿ íàó÷íàÿ ñòàíöèÿ ÔÈÀÍ
è åå îêðåñòíîñòè
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Íàïðàâëåíèÿ èññëåäîâàíèé

I ìîíèòîðèíã ðàäèàöèîííîãî ôîíà íà ÒØÂÍÑ

I ðåãèñòðàöèÿ ñåéñìè÷åñêèõ êîëåáàíèé â àêóñòè÷åñêîì
äèàïàçîíå ÷àñòîò

I ðåãèñòðàöèÿ íèçêî÷àñòîòíûõ ýëåêòðîìàãíèòíûõ êîëåáàíèé
â äèàïàçîíàõ ÎÍ× (1.5�12 êÃö) è ÑÍ× (6100 Ãö)

I èçìåðåíèÿ äîïïëåðîâñêîãî ñäâèãà ÷àñòîòû ðàäèîñèãíàëîâ,
îòðàæåííûõ îò èîíîñôåðû

I ïîèñê êîððåëÿöèé ìåæäó êîñìè÷åñêèìè ëó÷àìè âûñîêîé
ýíåðãèè (1014 − 1017 ýÂ) è ñåéñìè÷åñêèìè ñèãíàëàìè
ëèòîñôåðíîãî ïðîèñõîæäåíèÿ
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Êîìïëåêñ äåòåêòîðîâ Òÿíü-Øàíüñêîé ñòàíöèè

I CENTER-I:

* ñöèíòèëëÿòîðû ØÀË
* àäðîíû ØÀË
* íàïðàâëåíèÿ ØÀË (θ, φ)
* ïîäçåìåëüå (ìþîíû)
* íåéòðîíû & ãàììà

I CENTER-II:

* ñöèíòèëëÿòîðû ØÀË
* èîíèçàöèîííî-
íåéòðîííûé êàëîðèìåòð
INCA

hñêâàæèíà jøàë-ðàäèî

�
�
�
�ãðîçà-ðàäèî,

ýë.ïîëå,
ìåòåî

Nothern Tien Shan
43◦N, 75◦E
3340m a.s.l.
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Ìîíèòîðèíã ðàäèàöèîííîãî ôîíà: γ-äåòåêòîð

� âíóòðåííåå óñòðîéñòâî

(1) � ÔÝÓ, (2) � êðèñòàëë NaI,

(3) � ïëàòà ýëåêòðîíèêè, (4) �êîðïóñ èç
àëþìèíèÿ òîëùèíîé 1 ìì.

� ýôôåêòèâíîñòü γ-äåòåêòîðà
& ýíåðãåòè÷åñêèå äèàïàçîíû
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Íåéòðîííûé äåòåêòîð

� âíóòðåííåå óñòðîéñòâî

(1) � àëþìèíèé òîëùèíîé 1 ìì,

(2) � ãàçîðàçðÿäíûé ñ÷åò÷èê

ñ íàïîëíåíèåì 3He,

(3) � çàìåäëèòåëü íåéòðîíîâ

� îñíîâíàÿ ðåàêöèÿ

n+3He→3H+p
� ïðîöåäóðà ðåãèñòðàöèè �

ïîäñ÷åò ñóììàðíîãî ÷èñëà
èìïóëüñîâ, ïîñòóïèâøèõ îò
ñ÷åò÷èêîâ â òå÷åíèå íåêîòîðîãî
ôèêñèðîâàííîãî âðåìåíè (âîðîò)

� ýôôåêòèâíîñòü ðåãèñòðàöèè
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ïàðàôèíà òîëùèíîé 2 ñì

Geant4
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Òèïè÷íûå ðåçóëüòàòû ðàäèàöèîííîãî ìîíèòîðèíãà

� ãàììà-èçëó÷åíèå � òåïëîâûå íåéòðîíû

Eγ ' 500 keV

Eγ > 2.5 MeV neutron detector #2

neutron detector #1

• time resolution 100s 6 / 22



Ïîäçåìíàÿ ñêâàæèíà ÒØÂÍÑ

• ïîëíàÿ ãëóáèíà ∼300 ì
• àâòîíîìíîå ýíåðãîïèòàíèå

� óñòàíîâëåííàÿ àïïàðàòóðà:

• òåìïåðàòóðíûå äàò÷èêè

• ìèêðîôîíû íà ãëóáèíå
50 ì è 100 ì

• ãàììà-äåòåêòîð

• íåéòðîííûé ñ÷åò÷èê
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Ìîíèòîðèíã â ïåðèîäû ñåéñìè÷åñêîé àêòèâíîñòè

� 30 Dec 2017

ìîùíîñòü äèíàìè÷åñêîãî ñïåêòðà

äëÿ ïåðèîäîâ 0.5�1 ñóòîê

� 26 Nov 2016

� 16 Nov 2017

� 14 Sep 2018

àêóñòèêà

àêóñòèêà ôèëüòð.

ãàììà
¾äî¿

ãàììà
¾ïîñëå¿

ãàììà ñïåêòð. ìîùí.
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30 Aug 2018

14 Aug 2018

15 Mar 2015

1 May 2011

ãàììà

ãàììà

ãàììà

ãàììà

íåéòðîíû

9 / 22



Äåòåêòîðû íèçêî÷àñòîòíûõ ýëåêòðîìàãíèòíûõ êîëåáàíèé

� ðàñïîëîæåíèå � òèïè÷íûé ñèãíàë VLF

(¾àòìîñôåðèêè¿)

� ñèãíàëû SLF
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Òèïè÷íûå äàííûå ïî ýëåêòðîìàãíèòíûì èçëó÷åíèÿì

� ñóòî÷íàÿ âàðèàöèÿ èíòåíñèâíîñòè àòìîñôåðèêîâ

� âàðèàöèè àìïëèòóäû ñèãíàëà â SLF äèàïàçîíå

Jul 2018 Dec 2018 Jan 2019

(20. . . 27 Mar 2019)
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Ýôôåêòû ñåéñìè÷åñêîé àêòèâíîñòè
� 27 Jul 2018

� 14 Sep 2018

àòìîñôåðèêè

ãàììà
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Äîïïëåðîâñêèé ñäâèã îòðàæåííûõ ðàäèîñèãíàëîâ
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Ýôôåêòû ñåéñìè÷åñêîé àêòèâíîñòè

� 30 Dec 2017
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Àêóñòè÷åñêèé ñèãíàë

îò ïðîõîæäåíèÿ ìþîíîâ

÷åðåç ñåéñìè÷åñêè

íàïðÿæåííóþ ñðåäó

Chavroshkin, O. B. et al "Methods,
results and perspectives of the high
frequency seismic noise and
vibrosignals"//6th Rep IASPEL

Comm. Microseismol. 18 IUGG,

Hamburg, Germany, 1983

Öàðåâ, Â. À. "Î ãåîôèçè÷åñêèõ
ïðèëîæåíèÿõ íåéòðèííûõ
ïó÷êîâ"// ÓÔÍ, 1985, 147, 426.

Öàðåâ, Â. À., ×å÷èí, Â. À.
"Àòìîñôåðíûå ìþîíû è
âûñîêî÷àñòîòíûå ñåéñìè÷åñêèå
øóìû"//Ïðåïðèíò ÔÈÀÍ � 179,

1988

Gusev, G. A. et al "Cosmic rays as a

new instrument of seismological

studies"//Bull. Lebedev Phys. Inst.,

2011, 38, 374
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Óñòàíîâêà äëÿ ðåãèñòðàöèè ØÀË

• îáùàÿ ïëîùàäü öåíòðàëüíîãî
¾êîâðà¿ 900 ì2

• 72 äåòåêòîðà ñ ÷óâñòâèòåëüíîé
ïëîùàäüþ 0.25 ì2

• 16 ïåðèôåðèéíûõ äåòåêòîðîâ íà
ðàññòîÿíèÿõ 40− 70 ì îò öåíòðà

• äèàïàçîí èçìåðåíèÿ ïëîòíîñòè
ïîòîêà ÷àñòèö 1− 105 ì2

• 2D àïïðî-
êñèìàöèÿ
ôóíêöèåé
ÍÊÃ
→ (x , y , s,Ne)
Ne → Nµ
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Àêóñòè÷åñêèé äåòåêòîð â ïîäçåìíîé ñêâàæèíå

• ãëóáèíà óñòàíîâêè
ìèêðîôîíà ∼50 ì

• ÷óâñòâèòåëüíîñòü
20 ìÂ/Ïà â äèàïàçîíå
÷àñòîò 500�10000 Ãö

• ÀÖÏ: 12 áèò, 500 èçì/ñ.

� ñõåìà ôîðìèðîâàíèÿ ñèãíàëà

� ïðèìåð àêóñòè÷åñêîé çàïèñè

ñèãíàë
ìèêðîô.

îãèáàþùàÿ
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Èìïóëüñíûå ñèãíàëû

îò àêóñòè÷åñêîãî

äåòåêòîðà

� ¾àêóñòè÷åñêèå ñîáûòèÿ¿
� êðàòêîâðåìåííûå
(∼ 10−2 − 10−1 ñ)
âîçðàñòàíèÿ
èíòåíñèâíîñòè
ìèêðîôîííîãî ñèãíàëà

� 2 ñåçîíà èçìåðåíèé
¾àêóñòèêà + ØÀË¿:

06.11.2017 � 23.04.2018
02.11.2018 � 28.03.2019

(358 äíåé)
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Àíàëèç äàííûõ àêóñòè÷åñêîãî äåòåêòîðà

� ðàñïðåäåëåíèå âðåìåíí�ûõ
çàäåðæåê ìåæäó ØÀË è
ïîñëåäóþùèìè àêóñòè÷åñêèìè
ñîáûòèÿìè

� ðàñïðåäåëåíèå çàäåðæåê ìåæäó
ñëó÷àéíûìè ìîìåíòàìè
âðåìåíè è ïîñëåäóþùèìè
àêóñòè÷åñêèìè ñîáûòèÿìè
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Ðàñïðåäåëåíèå

âðåìåíí�ûõ çàäåðæåê

¾ØÀË-ÀÊÓÑÒÈÊÀ¿

� ØÀË ñ ðàçìåðîì
Ne & 5 · 105
(ïåðâè÷íàÿ ýíåðãèÿ
E0 & 1015 ýÂ)

� ðàññòîÿíèå îò ñêâàæèíû
äî îñè ØÀË
REAS . 150 ì
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ÇÀÊËÞ×ÅÍÈÅ

� íà Òÿíü-Øàíüñêîé ñòàíöèè ÔÈÀÍ ðàçðàáàòûâàåòñÿ
ïðàêòè÷åñêàÿ ìåòîäèêà äëÿ íåïðåðûâíîé ðåãèñòðàöèè
ðàçëè÷íûõ ãåîôèçè÷åñêèõ õàðàêòåðèñòèê, ïîçâîëÿþùèõ äàâàòü
îöåíêó òåêóùåãî óðîâíÿ ñåéñìè÷åñêîé àêòèâíîñòè â
îêðóæàþùåì ñòàíöèþ ðåãèîíå.

� ðÿä óæå ïîëó÷åííûõ ðåçóëüòàòîâ, êîòîðûå ñâÿçàíû ñ
íàáëþäåíèåì ýôôåêòîâ, ñóùåñòâåííî îïåðåæàþùèõ
ïîñëåäóþùèå çà íèìè ñåéñìè÷åñêèå ñîáûòèÿ, ìîãëè áû
ïðåäñòàâëÿòü èíòåðåñ ñ òî÷êè çðåíèÿ ïðîáëåìû
ïðîãíîçèðîâàíèÿ çåìëåòðÿñåíèé.

� äëÿ ïîäòâåðæäåíèÿ îáíàðóæåííûõ ýôôåêòîâ òðåáóåòñÿ
ïðîäîëæåíèå ñèñòåìàòè÷åñêèõ èçìåðåíèé è ñóùåñòâåííîå
óâåëè÷åíèå ñòàòèñòèêè èññëåäîâàííûõ ñåéñìè÷åñêèõ ñîáûòèé.
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