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URAGAN muon hodoscope (MH) observations and hardware 

function (HF) for MH

Example of 3D MH-observations

MH-observations 𝒀 𝒊, 𝒋, 𝑻𝒌 , 𝒊 = 𝟏,… ,𝑵𝟏, 𝒋 = 𝟏,… ,𝑵𝟐, 𝒌 = 𝟏, 𝟐,…

Input MH-function 𝒀𝟎 𝒊, 𝒋, 𝑻𝒌

𝒀 𝒊, 𝒋, 𝑻𝒌 = 𝑨(𝒊, 𝒋)𝒀𝟎 𝒊, 𝒋, 𝑻𝒌 , 𝑨(𝒊, 𝒋) – hardware function (HF)

𝒀° 𝒊, 𝒋, 𝑻𝒌 =
𝒀𝟎
° 𝒊,𝒋,𝑻𝒌

𝑨° 𝒊,𝒋
, 𝒀𝟎

° 𝒊, 𝒋, 𝑻𝒌 ⇒? , 𝑨° 𝒊, 𝒋 ⇒?

Problem definition for HF study of MH URAGAN
HF ⇒ 𝒂𝟎,𝒊𝒋, input MH-function hypothesis ⇒ с𝟎 + 𝜹𝒀𝟎 𝒊, 𝒋, 𝑻𝒌 , 𝒀𝟎 𝒊, 𝒋, 𝑻𝒌 , 𝒌 = 𝟏, 𝟐,… , 𝒌𝒇

𝑺𝟎 𝒂, 𝒄𝟎, 𝒀 = σ
𝒌=𝟏

𝒌𝒇𝟏 σ𝒊=𝟏
𝑵𝟏 σ𝒋=𝟏

𝑵𝟐 (𝒀 𝒊, 𝒋, 𝑻𝒌 − 𝒂𝟎,𝒊𝒋с𝟎)
𝟐, 𝒂𝟎,𝒊𝒋с𝟎 = 𝒂𝒊𝒋, 𝑺𝟎 𝒂,𝒀 = σ

𝒌=𝟏

𝒌𝒇𝟏 σ𝒊=𝟏
𝑵𝟏 σ𝒋=𝟏

𝑵𝟐 (𝒀 𝒊, 𝒋, 𝑻𝒌 − 𝒂𝒊𝒋)
𝟐 ⇒ 𝒂𝑵,𝒊𝒋

°

𝑨𝑵
° (𝒊, 𝒋) – normalized HF evaluation, 

𝝏𝑺𝟎(𝒂,𝒀)

𝝏𝒂𝒊𝒋
= 𝟎 ⇒ 𝒂𝑵,𝒊𝒋

° =
𝟏

𝒌𝒇
σ
𝒌=𝟏

𝒌𝒇 𝒀(𝒊, 𝒋, 𝑻𝒌)

𝜹𝒀𝑵
° 𝒊, 𝒋, 𝑻𝒌 =

𝒀 𝒊,𝒋,𝑻𝒌 −𝑨𝑵
° (𝒊,𝒋)

𝑨𝑵
° (𝒊,𝒋)

– evaluation of normalized input MH-function variation

𝝁 𝒊, 𝒋 = 𝟏 − 𝜹𝝁 – model Forbush decrease, 𝜹𝒀𝑵
° 𝒊, 𝒋, 𝑻𝒌, 𝜹𝝁 – variation with decrease

𝑨𝑴 𝒊, 𝒋, 𝜶 – parametric HF model, 𝒀𝑴 𝒊, 𝒋, 𝑻𝒌, 𝜹𝝁 = 𝑨𝑴 𝒊, 𝒋 𝒀𝟎 𝒊, 𝒋, 𝑻𝒌 𝝁(𝒊, 𝒋) – model observations

HF study on model MH observations

3D HF-model 𝑨𝑴(𝒊, 𝒋, 𝜶)

HF study on experimental MH observations

Diagram 𝜺 𝒓 , 𝜺𝟎 = 𝟎.𝟗

𝜹𝝁𝒓 = 𝟎. 𝟎𝟎𝟐𝟓𝒓, 𝒓 = 𝟏,… , 𝟏𝟐

𝜹𝝁 = 𝟎. 𝟎𝟐 ÷ 𝟎. 𝟎𝟑

Recognition coefficient

𝜺 𝒓, 𝒔 = 𝟏,𝒎𝟎
° − 𝝈𝟎

° > 𝒎𝒓,𝒔
° + 𝝈𝒓,𝒔

°

𝜺 𝒓, 𝒔 =
𝒎𝒓,𝒔

° + 𝝈𝒓,𝒔
° − (𝒎𝟎

° − 𝝈𝟎
° )

𝒎𝟎
° + 𝝈𝟎

° − 𝒎𝒓,𝒔
° + 𝝈𝒓,𝒔

°
,𝒎𝟎

° − 𝝈𝟎
° ≤ 𝒎𝒓,𝒔

° + 𝝈𝒓,𝒔
°

𝜺 𝒓 =
𝟏

𝑴


𝒔=𝟏

𝑴

𝜺(𝒓, 𝒔)

3D-evaluation of normalized model HF 𝑨𝑴,𝑵
° (𝒊, 𝒋) 3D-evaluation of 𝜹𝒀𝑵

° 𝒊, 𝒋, 𝑻𝒌, 𝜹𝝁 with 

model Forbush decrease 𝜹𝝁 = 𝟎. 𝟎𝟑

2D-evaluation of experimental 

𝜹𝒀𝑵
° 𝒊, 𝒋, 𝑻𝒌, 𝜹𝝁 with model 

Forbush decrease 𝜹𝝁 = 𝟎. 𝟎𝟑


