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ÑÎÄÅÐÆÀÍÈÅ

• Ìîäåðíèçèðîâàííûé êîìïëåêñ äåòåêòîðîâ äëÿ ðåãèñòðàöèè

øèðîêèõ àòìîñôåðíûõ ëèâíåé (ØÀË) íà Òÿíü-Øàíüñêîé

âûñîêîãîðíîé ñòàíöèè.

• Òåêóùèå ðåçóëüòàòû ðåãèñòðàöèè ØÀË:

* ýíåðãåòè÷åñêèé ñïåêòð, âîçðàñò, ÔÏÐ;
* íàïðàâëåíèÿ ïðèõîäà;

* íåéòðîííàÿ êîìïîíåíòà ØÀË;
* íåéòðîííûå ñîáûòèÿ íà ïîäçåìíîì ìîíèòîðå;

* ìîíèòîðèíã èíòåíñèâíîñòè ðàäèàöèîííîãî ôîíà;

* ØÀË & àêóñòèêà (ñåéñìîëîãèÿ);
* ðàäèî ñèãíàë ØÀË;

* ñòâîëû ØÀË â èîíèçàöèîííîì êàëîðèìåòðå.
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Èñõîäíûå òðåáîâàíèÿ ê óñòàíîâêå äëÿ èññëåäîâàíèÿ
öåíòðàëüíîé îáëàñòè ØÀË

• êîìïëåêñ äåòåêòîðîâ äëÿ îäíîâðåìåííîé ðåãèñòðàöèè

ðàçëè÷íûõ êîìïîíåíò ØÀË (e/γ, çàðÿæåííûå è
íåéòðàëüíûå àäðîíû, ìþîíû, ôîòîíû ÷åðåíêîâñêîãî

èçëó÷åíèÿ); ¾êîìïëåêñíàÿ óñòàíîâêà¿;

• ïëîòíîå ðàñïîëîæåíèå äåòåêòîðîâ ÷àñòèö ñ

ïðîñòðàíñòâåííûì øàãîì òîãî æå ïîðÿäêà, ÷òî è

õàðàêòåðíûé ðàçìåð ñòâîëîâ ØÀË ñ ýíåðãèåé

1014 − 1017 ýÂ (≤ 5− 10 ì; ¾óñòàíîâêà ñ öåíòðàëüíîé
÷àñòüþ¿);

• äèíàìè÷åñêèé äèàïàçîí èçìåðÿåìûõ ñèãíàëîâ ∼ 105 − 106;

• âîçìîæíîñòü îïðåäåëåíèÿ íàïðàâëåíèÿ ïðèõîäà ØÀË.

A. P. Chubenko et al New complex EAS installation of the Tien Shan mountain cosmic ray station.
Nucl. Instrum. Methods A, 832:158�178, 2016.

2 / 35



Êîìïëåêñ ëèâíåâûõ äåòåêòîðîâ ÒØÂÍÑ

• CENTER-I:

* ñöèíòèëëÿòîðû;
* íåéòðîíû;
* ïîäçåìåëüå;
* ðàäèî.

• CENTER-II:

* ñöèíòèëëÿòîðû;
* èîíèçàöèîííî-
íåéòðîííûé
êàëîðèìåòð. 3 / 35



Ñõåìà ñöèíòèëëÿöèîííîé óñòàíîâêè CENTER

• îáùàÿ ïëîùàäü
öåíòðàëüíîãî
¾êîâðà¿ 900 ì2;

• 72 äåòåêòîðà ñ
÷óâñòâèòåëüíîé
ïëîùàäüþ
0.25 ì2.

27ì

32ì

3ì×4ì
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Ñöèíòèëëÿöèîííûé äåòåêòîð
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Áëîê-ñõåìà ëèâíåâîé óñòàíîâêè: ñèñòåìà ÀÖÏ

òðè àìïëèòóäíûõ äèàïàçîíà:

• âûñîêîé (HS);

• ñðåäíåé (MS);

• è íèçêîé (LS)
÷óâñòâèòåëüíîñòè
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Äèíàìè÷åñêèé äèàïàçîí èçìåðåíèé ïëîòíîñòè ÷àñòèö

Dmax ∼ 50000− 70000
(ïî äâóì àìïëèòóäíûì äèàïàçîíàì)
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Ñõåìû ãåíåðàöèè òðèããåðíûõ ñèãíàëîâ
¾Ïëîòíîñòíîé òðèããåð¿:

∑
∀D (AD) > T

¾Òîë÷êîâûé òðèããåð¿: ∃D : AD > T
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Àïïðîêñèìàöèÿ ïëîòíîñòè ïîòîêà ÷àñòèö

χ2 =
∑

D (nD/SD−ρNKG (rD(x0,y0),s,Ne)
σ(nD/SD)

)2 → min[x0,y0,s,Ne ]
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Ñèñòåìà CENTER: òðè ñåðèè èçìåðåíèé

• 2014-2015 • 2015-2016 • 2016-2017

10 / 35



Ñïåêòð ØÀË ïî ÷èñëó ÷àñòèö
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Ñïåêòð ØÀË & ñòàòèñòèêà

Îæèäàåìîå êîëè÷åñòâî ñîáûòèé çà 1000 ÷àñîâ èçìåðåíèé

Ïîðîã

CENTER

(çàïóùåííàÿ

÷àñòü)

CENTER +

ïåðèôåðèÿ

R . 100ì

Ne > 105

(E0 & 3 · 1014eV) 2 · 105 8 · 105

Ne > 106

(E0 & 3 · 1015eV) 6 · 103 2 · 104

Ne > 107

(E0 & 3 · 1016eV) 60 200

Ne > 108

(E0 & 3 · 1017eV) � 2
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Âîçðàñò & ïîëîæåíèå îñè ØÀË
• 2014-2015 • 2015-2016
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Ïðîñòðàíñòâåííîå ðàñïðåäåëåíèå ëèâíåâûõ ÷àñòèö
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TIEN SHAN, 2014-2016:

• Ne = 7.3 · 106 (1)
• Ne = 4.1 · 106 (2)
• Ne = 2.3 · 106 (3)
• Ne = 1.3 · 106 (4)
• Ne = 7.3 · 105 (5)

• ARAGATS (lines)
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Íàïðàâëåíèÿ ïðèõîäà ØÀË � I
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Íàïðàâëåíèÿ ïðèõîäà ØÀË � II
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Ìîíèòîðèíã ôîíîâîé èíòåíñèâíîñòè çàðÿæåííûõ ÷àñòèö

• ∼100 äåòåêòîðîâ ñ
ïëîùàäüþ 0.25 ì2

• íåïðåðûâíûé
ìíîãîìåñÿ÷íûé öèêë
ðàáîòû

• èñõîäíàÿ çàïèñü ñ
âðåìåííûì
ðàçðåøåíèåì 10 ñ 17 / 35



ØÀË & íåéòðîíû (1992-2010)

• âðåìåííûå ðàñïðåäåëåíèÿ
ñèãíàëîâ â íåéòðîííîì ìîíèòîðå

• èçìåðåíèÿ ñ âûñîêèì âðåìåííûì
ðàçðåøåíèåì (íåéòðîíî-
÷óâñòâèòåëüíûå ñöèíòèëëÿòîðû)

A.P.Chubenko et al Anomalous time structure of extensive air shower particle �ows in the knee region of
primary cosmic ray spectrum // Journal of Phys.G, 2002, 2, 251.
Í. Ì. Íåñòåðîâà è äð. Ïîòîêè àäðîíîâ ñ ýíåðãèåé 10-2000 ÃýÂ â ØÀË îò ÏÊÈ â îáëàñòè
1-100 ÏýÂ ïî òÿíü-øàíüñêèì äàííûì. Èçâ. ÐÀÍ Ñåð.ôèç., 2005, 69, 337.
A.D.Erlykin The neutron �thunder� accompanying the extensive air shower // Journal of Phys.G, 2006,
34, 565. 18 / 35



ØÀË & íåéòðîíû íèçêîé ýíåðãèè (1996-2006)

A.P.Chubenko et al The in�uence of background radiation on the events registered in a neutron monitor
at mountain heights // Journal of Phys.G, 2008, 35, 085202.
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Íåéòðîííûå äåòåêòîðû
• Íåéòðîííûé ìîíèòîð ÍÌ64
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• Äåòåêòîð íåéòðîíîâ íèçêîé ýíåðãèè

â 2016�2017 ã
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Ñòâîëû ØÀË â íåéòðîííîì ìîíèòîðå: 2016�1017 ãã
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ØÀË & íåéòðîíû

ÑÖ êîâåð

Íåéòðîíû

Íåéòðîíû + Fe
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ØÀË & ãàììà-ôîí

ÑÖ êîâåð

Ãàììà

Ãàììà + Fe
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ØÀË & íà÷àëî ãàììà-ôîíà

ÑÖ êîâåð

Ãàììà

Ãàììà + Fe
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ØÀË & ãàììà-ôîí â 1990-õ ãîäàõ
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A.P.Chubenko et al The in�uence of background radiation on the events registered in a neutron monitor
at mountain heights // Journal of Phys.G, 2008, 35, 085202.
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Ìîíèòîðèíã ôîíîâîé èíòåíñèâíîñòè íåéòðîíîâ

• ýôôåêòèâíàÿ
ðåãèñòðàöèÿ
íåéòðîíîâ
ðàçëè÷íîé ýíåðãèè

• íåïðåðûâíûé
ìíîãîìåñÿ÷íûé öèêë
ðàáîòû

• èñõîäíàÿ çàïèñü ñ
âðåìåííûì
ðàçðåøåíèåì 10 ñ
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Î ïîäçåìíîì íåéòðîííîì ìîíèòîðå
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A.P.Chubenko et al Neutron Events in the Underground Monitor of the Tien Shan High-Altitude Station
// BLPH vol. 38, 2007, 34, 4, 107�113.

A.P.Chubenko et al The underground neutron events at Tien-Shan // Proc. of 30th ICRC, 2008, 4, 3�6. 27 / 35



Íåéòðîííûå ñîáûòèÿ â ïîäçåìíîì ìîíèòîðå
• ñïåêòð ñîáûòèé ñ ëèâíåâûì

òðèããåðîì
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• ñòàòèñòèêà çà 1000 ÷

* M & 100: 31 ñîáûòèå, èç íèõ

1.2 ëèâíåâûõ;

* M & 200: 6 ñîá., 0.4 ëèâ.;

* M & 300: 0.2 ñîá., 0.1 ëèâ.;

• ïðèìåðû íåéòðîííûõ ñîáûòèé ñ
âûñîêîé êðàòíîñòüþ
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Ìîíèòîðèíã íåéòðîíîâ íà ïîäçåìíîì äåòåêòîðå
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ØÀË & ñåéñìîëîãèÿ (2012)

G.A. Gusev et al Cosmic Rays as a New Instrument of Seismological Studies // BLPH vol. 38, 2011, 12,
374.
G.A. Gusev et al The First Results of Observations of Acoustic Signals Generated by Cosmic Ray Muons
in a Seismically Stressed Medium // BLPH vol. 40, 2013, 3, 74.
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Ñåéñìîëîãèÿ â 2016 ã
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ØÀË & ñåéñìîëîãèÿ: ñåçîí 2016�2017
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Ðåãèñòðàöèÿ ðàäèî-ñèãíàëà îò ØÀË � I

• äèàïàçîí ÷àñòîò
25-75 MHz;

• 3 ïóíêòà
ðåãèñòðàöèè âîêðóã
ñöèíòèëëÿöèîííîãî
êîâðà CENTER-I;

• 2 àíòåííû ñ
ãîðèçîíòàëüíîé è
îäíà ñ âåðòèêàëüíîé
ïîëÿðèçàöèåé â
êàæäîì ïóíêòå;

• 12 áèòíûé ÀÖÏ ñ
ðàçðåøåíèåì 4 íñ;
8 èíôîðìàöèîííûõ
êàíàëîâ × 10000
âðåìåííûõ
èíòåðâàëîâ;

• ñèíõðîíèçàöèÿ ïî
òðèããåðó ØÀË.
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Ðåãèñòðàöèÿ ðàäèî-ñèãíàëà îò ØÀË � II
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Ñòâîëû ØÀË â èîíèçàöèîííîì êàëîðèìåòðå
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