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1 ȺȽɆȷũɋũȼ 

1.1 ɃɟɔɎɜɤůɖ Űɖɠ ɞɛɎŭŬɠ əŬɘ ɟɧɚɞɘ Űɤɜ ɛŮɚɩɜ 
 

 
 

ɈˊŮɨɗɡɜɞɠ əŬɗɖɔɖŰɐɠ: ȹɟ. ɆɤŰɐɟɖɠ ɇůŬɜŰɑɚŬɠ, ɀŬɗɖɛŬŰɘəɧɠ ï ȷůŰɟɞűɡůɘəɧɠ 

 

ɀɏɚɖ: 

 

ȹɖɛɐŰɟɖɠ ȾŬűŮŰɕɐɠ: ȷɟɢɖɔɧɠ, ɈˊŮɨɗɡɜɞɠ ȼɚŮəŰɟɞɜɘəɩɜ. 

ȺɜŭɘŬűɏɟɞɜŰŬ: ȼɚŮəŰɟɞɜɘəɎ, ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ, ɀŬɗɖɛŬŰɘəɎ, ūɡůɘəɐ. 

 

ɆŰŬɛɎŰɖɠ ɆɏŰŰŬɠ: ɈˊŮɨɗɡɜɞɠ ɄɟɞɔɟŬɛɛŬŰɘɛɞɨ. 

ȺɜŭɘŬűɏɟɞɜŰŬ: ȼɚŮəŰɟɞɜɘəɎ, ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ, ɀŬɗɖɛŬŰɘəɎ, ūɡůɘəɐ. 

 

ȷˊɞůŰɧɚɖɠ ɀɏɝŬɠ: ɈˊŮɨɗɡɜɞɠ ȷɜɎɚɡůɖɠ ȹŮŭɞɛɏɜɤɜ. 

ȺɜŭɘŬűɏɟɞɜŰŬ: ɀŬɗɖɛŬŰɘəɎ, ūɡůɘəɐ. 

 

ȿɞɡəɑŬ ɄɟŬɛŬŰŮɡŰɎəɖ: ɈˊŮɨɗɡɜɖ ŰɖɚŮɛŮŰɟɑŬɠ 

ȺɜŭɘŬűɏɟɞɜŰŬ: ɆəɎəɘ, ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ, ɀŬɗɖɛŬŰɘəɎ, ūɡůɘəɐ. 

 

Ʌɘɔəɏɚɠ ɅɎˊŬɥ: ɈˊŮɨɗɡɜɞɠ ŬɚŮɝɘˊŰɩŰɞɡ 

ȺɜŭɘŬűɏɟɞɜŰŬ: ɀŬɗɖɛŬŰɘəɎ, ūɡůɘəɐ, ȼ/Ɉ 

 

ȷɜŬůŰɎůɖɠ ȸŬŰɑůŰŬɠ: ɈˊŮɨɗɡɜɞɠ ȹɞɛɐɠ əŬɘ ȾŬŰŬůəŮɡɐɠ 

ȺɜŭɘŬűɏɟɞɜŰŬ: ɀŬɗɖɛŬŰɘəɎ, ūɡůɘəɐ, ȼ/Ɉ 
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Ⱥɚɏɜɖ ɄŬˊŬŭɎəɖ: ɈˊŮɨɗɡɜɖ Ʉɟɞɩɗɖůɖɠ 

ȺɜŭɘŬűɏɟɞɜŰŬ: ɀŬɗɖɛŬŰɘəɎ, ūɡůɘəɐ, ȼ/Ɉ 

 

ŪŬɜɎůɖɠ ȸŬůɑɚŬɘɜŬɠ: ɈˊɞůŰɐɟɘɝɖ, ȹɞɛɐ, ȷɚŮɝɑˊŰɤŰɞ  

ȺɜŭɘŬűɏɟɞɜŰŬ: ɀŬɗɖɛŬŰɘəɎ, ūɡůɘəɐ, Ⱦɞɚɨɛɓɖůɖ. 

 

 

Ƀɘ ŮɟɔŬůɑŮɠ ɔɘŬ Űɞ CanSat ɛŬɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŮ ˊɟɞɔɟŬɛɛŬŰɘůɛɏɜŮɠ ŮɓŭɞɛŬŭɘŬɑŮɠ 

ůɡɜŬɜŰɐůŮɘɠ, ůŰŬ ˊɚŬɑůɘŬ Űɞɡ Ƀɛɑɚɞɡ ȷɟɘůŰŮɑŬɠ ɄɟɞɔɟŬɛɛŬŰɘůɛɞɨ əŬɘ ȹɘŬůŰɖɛɘəɐɠ əɎɗŮ ɇŮŰɎɟŰɖ 

2-4 ɛ.ɛ. 

ȷˊɧ 20-2-2018 ˊɟɞůŰɏɗɖəŮ əŬɘ Ɏɚɚɖ ɛɑŬ ɩɟŬ ůŮ ŮɓŭɞɛŬŭɘŬɑŬ ɓɎůɖ, əɎɗŮ ɇɟɑŰɖ 3-4 ɛ.ɛ. 

ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ əŬɘ ŬɟəŮŰɏɠ ɏəŰŬəŰŮɠ ůɡɜŬɜŰɐůŮɘɠ. ɆɡɜɞɚɘəɎ ŭɘŬŰɏɗɖəŬɜ ˊŮɟɑˊɞɡ 70 ɩɟŮɠ.  

 

 

1.2 ɆŰɧɢɞɘ Űɖɠ ŬˊɞůŰɞɚɐɠ 
 

1.2.1 ɄŮɟɘɔɟŬűɐ ŭŮɡŰŮɟŮɨɞɡůŬɠ ŬˊɞůŰɞɚɐɠ 
 

    ȼ ŬˊɞůŰɞɚɐ Űɞɡ ŭɞɟɡűɧɟɞɡ ɛŬɠ ŬűɞɟɎ Űɖɜ ŬɜɑɢɜŮɡůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Űɖɠ űɤŰɞůɨɜɗŮůɖɠ ɛɏůɤ 

Űɞɡ űŬɘɜɞɛɏɜɞɡ photosynthetic fluorescence. Ⱥˊɑůɖɠ, ŬɜɘɢɜŮɨɞɜŰŬɘ əŬɘ ŰŬ ŬɏɟɘŬ O3 (ȳɕɞɜ) əŬɘ CO2 

Ůɜɩ ˊŬɟɎɚɚɖɚŬ ɛŮɚŮŰɎŰŬɘ əŬɘ Űɞ ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ. ȸɏɓŬɘŬ, ɤɠ ˊɟɞŬˊŬɘŰɞɨɛŮɜŬ, ɛŮŰɟɩɜŰŬɘ ɖ 

ɗŮɟɛɞəɟŬůɑŬ, ɖ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ Ůɜɩ əŬɗɞɟɑɕŮŰŬɘ əŬɘ ɖ ɗɏůɖ Űɞɡ ŭɞɟɡűɧɟɞɡ ɛɏůɤ GPS. 

    ȼ ŬɜɑɢɜŮɡůɖ əŬɘ əŬŰŬɔɟŬűɐ Űɞɡ photosynthetic fluorescence ɛˊɞɟŮɑ ɜŬ ŬɝɘɞˊɞɘɖɗŮɑ ɔɘŬ Űɖ 

ɛŮɚɏŰɖ Űɖɠ ɢɚɤɟɑŭŬɠ ůŰɞɜ ˊɚŬɜɐŰɖ ɛŬɠ. ȽŭɘŬɑŰŮɟŬ, ɞ ŭɘŬűɞɟŮŰɘəɧɠ Űɟɧˊɞɠ űɗɞɟɘůɛɞɨ Űɤɜ űɡŰɩɜ 

əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ űɤŰɞůɨɜɗŮůɖɠ ɛˊɞɟŮɑ ɜŬ ŬˊɞəŬɚɨɣŮɘ Űɖɜ ˊɞɘɧŰɖŰŬ Űɤɜ űɡŰɩɜ əŬɘ ɘŭɘŬɑŰŮɟŬ 

ŬɡŰɧ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ vegetation under stress ˊɞɡ ŭŮɜ ŮɑɜŬɘ ˊɎɜŰɞŰŮ ɞɟŬŰɧ ɛŮ ɔɡɛɜɧ ɛɎŰɘ. Ⱥˊɘˊɚɏɞɜ, 

ɖ ɨˊŬɟɝɖ ȳɕɞɜŰɞɠ əŬɘ ɘůɢɡɟɞɨ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ, ŮɑɜŬɘ ŭɨɞ ˊɞɚɨ ůɖɛŬɜŰɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ 

ŮɝŬůűŬɚɑɕɞɡɜ Űɖ ŭɘŬŰɐɟɖůɖ Űɖɠ ɕɤɐɠ, Ŭűɞɨ Űɖɜ ˊɟɞůŰŬŰŮɨɞɡɜ Ŭˊɧ ŮˊɘɓɚŬɓŮɑɠ ŬəŰɘɜɞɓɞɚɑŮɠ əŬɘ 

Ŭˊɧ Űɞɜ ŬůŰɟɘəɧ ɎɜŮɛɞ. Ƀ ɑŭɘɞɠ ɚɞɘˊɧɜ ŭɞɟɡűɧɟɞɠ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŬɜɘɢɜŮɨůŮɘ ŮɜŭŮɢɧɛŮɜɖ 

ŭɘŬŭɘəŬůɑŬ űɤŰɞůɨɜɗŮůɖɠ ůŮ Ɏɚɚɞɡɠ ˊɚŬɜɐŰŮɠ, ŬɚɚɎ əŬɘ Űɘɠ ˊɘɗŬɜɧŰɖŰŮɠ ɨˊŬɟɝɖɠ Ůɡɜɞɥəɞɨ əŬɘ 

ˊɟɞůŰŬŰŮɡɛɏɜɞɡ Ŭˊɧ ŬəŰɘɜɞɓɞɚɑŮɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ. 

    ȼ ŭɞɟɡűɞɟɘəɐ ɛŮɚɏŰɖ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ɘůɞɕɡɔɑɞɡ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ űɤŰɞůɨɜɗŮůɖɠ Űɤɜ 

űɡŰɩɜ, ŬˊɞŰŮɚŮɑ əŬɘɜɞŰɞɛɑŬ, ŬəɧɛŬ əŬɘ ɔɘŬ Űɘɠ ŬˊɞůŰɞɚɏɠ Űɖɠ ESA Ŭűɞɨ ɖ ˊɟɩŰɖ ŬˊɞůŰɞɚɐ 

(FLEX) ůɢŮŰɘəɐ ɛŮ Űɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ ɗŬ ŮəŰɞɝŮɡɗŮɑ Űɞ 2022. 

Ⱥˊɑůɖɠ, əŬɘɜɞŰɞɛɑŬ ŬˊɞŰŮɚŮɑ əŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ŬˊɞůŰɞɚɐ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ŬɝɘɞˊɞɘɖɗŮɑ ɛŮ ŭɨɞ 

Űɟɧˊɞɡɠ:  

Ŭ) ɆŰɖ ũɖ, ɔɘŬ Űɖ ŭɞɟɡűɞɟɘəɐ ɛŮɚɏŰɖ Űɖɠ ɢɚɤɟɑŭŬɠ 

ɓ) ɆŮ Ɏɚɚɞɡɠ ˊɚŬɜɐŰŮɠ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ ɢɚɤɟɑŭŬɠ, ŬɚɚɎ əŬɘ Űɖɠ ɓɘɤůɘɛɧŰɖŰŬɠ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ. 
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ȺɘəɧɜŬ 3. ȼ ɑŭɘŬ ˊŮɟɘɞɢɐ űɤŰɞɔɟŬűɖɛɏɜɖ ůŰɞ ɞɟŬŰɧ (ŬɟɘůŰŮɟɎ) əŬɘ ůŰɞ ɡˊɏɟɡɗɟɞ (ɛɏůɞɜ). ȼ 

ŬɟɘůŰŮɟɐ űɤŰɞɔɟŬűɑŬ ŬˊŮɘəɞɜɑɕŮɘ Űɖɜ NDVI ŮˊŮɝŮɟɔŬůɑŬ ˊɞɡ ɏɔɘɜŮ Ŭˊɧ Űɖɜ ɞɛɎŭŬ ɛŬɠ ɔɘŬ Űɖ ɛŮɚɏŰɖ 

Űɞɡ vegetation stress. ɄŬɟŬŰɖɟɐůŰŮ ɧŰɘ Űɞ ɔɐˊŮŭɞ rugby ˊɞɡ űŬɑɜŮŰŬɘ ůŰɞ ɛɏůɞɜ Űɤɜ Ůɘəɧɜɤɜ ɏɢŮɘ 

ˊɟɎůɘɜɞ ɢɞɟŰɎɟɘ ˊɞɡ ŮɑɜŬɘ ɧɛɤɠ ˊɚŬůŰɘəɧ. ȰŰůɘ, ůŰɖɜ ŬɟɘůŰŮɟɐ (NDVI) ŮɘəɧɜŬ űŬɑɜŮŰŬɘ ɛˊɚŮ (ɧˊɤɠ 

əŬɘ Űɞ ŰůɘɛɏɜŰɞ ɐ ɖ ɎůűŬɚŰɞɠ)  əŬɘ ɧɢɘ ˊɟɎůɘɜɞ. ȹŮɜ ůɡɛɓŬɑɜŮɘ ɧɛɤɠ Űɞ ɑŭɘɞ ɛŮ ŰŬ ɔɐˊŮŭŬ baseball 

(ˊɎɜɤ ŬɟɘůŰŮɟɎ ůŰɘɠ ŮɘəɧɜŮɠ) ˊɞɡ ɏɢɞɡɜ űɡůɘəɧ ɢɞɟŰɎɟɘ, ŬɚɚɎ ŬɟəŮŰɎ ŰŬɚŬɘˊɤɟɖɛɏɜɞ ɛŮ ŬˊɞŰɏɚŮůɛŬ 

ɜŬ űŬɑɜŮŰŬɘ ůəɞɨɟɞ ˊɟɎůɘɜɞ əŬɘ ɧɢɘ Űɧůɞ ŬɜɞɘɢŰɧɢɟɤɛɞ ɧůɞ ɖ ɡɔɘɐɠ ɓɚɎůŰɖůɖ.    

 

Ƀ űɗɞɟɘůɛɧɠ Űɖɠ ɢɚɤɟɞűɨɚɚɖɠ, ŮɑɜŬɘ ɖ ŬəŰɘɜɞɓɞɚɑŬ ˊɞɡ ŮˊŬɜŮəˊɏɛˊŮŰŬɘ Ŭˊɧ ɛɧɟɘŬ ɢɚɤɟɞűɨɚɚɖɠ 

əŬŰɎ Űɖɜ ŮˊɘůŰɟɞűɐ Űɞɡɠ Ŭˊɧ Űɖ ŭɘŮɔŮɟɛɏɜɖ ůŰɖ ɛɖ-ŭɘŮɔŮɟɛɏɜɖ əŬŰɎůŰŬůɖ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ 

ŭŮɑəŰɖɠ ɔɘŬ Űɖ űɤŰɞůɡɜɗŮŰɘəɐ ɛŮŰŬŰɟɞˊɐ Űɖɠ ŮɜɏɟɔŮɘŬɠ ůŰŬ űɡŰɎ. ȼ ŬɜɑɢɜŮɡůɐ Űɞɡ (ůŮ Ɏɚɚɞɡɠ 

ˊɚŬɜɐŰŮɠ) ɛŬɠ ŬˊɞəŬɚɨˊŰŮɘ Űɖɜ ɨˊŬɟɝɖ ŭɘŬŭɘəŬůɑŬɠ űɤŰɞůɨɜɗŮůɖɠ, Ůɜɩ ɞɘ Űɘɛɏɠ Űɞɡ (ůŰɖ ũɖ), Űɖɜ 

ˊɞɘɧŰɖŰŬ ŬɡŰɐɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ əŬɘ ɎɟŬ Űɖɜ ɡɔŮɑŬ Űɤɜ űɡŰɩɜ. Ⱥˊɑůɖɠ, Űɞ ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ əŬɘ Űɞ 

ɧɕɞɜ ŬˊɞŰŮɚɞɨɜ Űɘɠ ŭɨɞ ůɖɛŬɜŰɘəɧŰŮɟŮɠ ɞɛˊɟɏɚŮɠ ˊɟɞůŰŬůɑŬɠ ɔɘŬ Űɖ ɕɤɐ ůŮ ɞˊɞɘɞŭɐˊɞŰŮ ˊɚŬɜɐŰɖ. 

 

ũɘŬ ɜŬ ɛˊɞɟɏůɞɡɛŮ ɜŬ ɛŮɚŮŰɐůɞɡɛŮ Űɞ vegetation stress ɢɟŮɘɎůŰɖəŮ ɜŬ ɛŮŰŬŰɟɏɣɞɡɛŮ əŬŰɎɚɚɖɚŬ 

ɛɘŬ ɛɘəɟɐ ɣɖűɘŬəɐ əɎɛŮɟŬ: 

Ŭ) ȷűŬɘɟɏɗɖəŮ Űɞ űɑɚŰɟɞ ɡˊŮɟɨɗɟɞɡ. 

ɓ) ɆŰɖ ɗɏůɖ Űɞɡ ŰɞˊɞɗŮŰɐɗɖəŮ Űɞ Roscolux Cinegel #2007 (Superblue), Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɏɜŬ űɑɚŰɟɞ 

ˊɞɡ ɏɢŮɘ ɢŬɟŬəŰɖɟɘůŰɘəɐ ŭɘŬˊŮɟŬŰɧŰɖŰŬ ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘɞɢɏɠ Űɞɡ űɎůɛŬŰɞɠ, əŬɘ ůɡɔəŮəɟɘɛɏɜŬ 

ůŰɞ NI (Near Infrared) əŬɘ ůŰɞ B (Blue) ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 1. ȷɡŰɧ Űɞ əɎɜŮɘ ɘŭŬɜɘəɧ ɔɘŬ Űɞ 

ůəɞˊɧ Űɖɠ ŬˊɞůŰɞɚɐɠ ɛŬɠ Ůɜɩ ˊŬɟɎɚɚɖɚŬ ɏɢŮɘ ŮɝŬɘɟŮŰɘəɎ ɢŬɛɖɚɐ Űɘɛɐ ůɡɔəɟɘɜɧɛŮɜɞ ɛŮ ɎɚɚŬ. 

ɆŰɖ ůɡɜɏɢŮɘŬ ŮɜŰɞˊɑůŬɛŮ Űɞ əŬŰɎɚɚɖɚɞ ɚɞɔɘůɛɘəɧ ˊɞɡ ɛŮŰŬŰɟɏˊŮɘ Űɘɠ ŬˊɞəŰɖɗŮɑůŮɠ ŮɘəɧɜŮɠ ůŮ 

NDVI (Normalized Difference Vegetation Index) Űɞ ɞˊɞɑɞ ɛŬɠ ŭɑɜŮɘ Ŭˊô ŮɡɗŮɑŬɠ Űɖɜ ŮɘəɧɜŬ Űɖɠ 

ɡɔŮɑŬɠ Űɤɜ űɡŰɩɜ əŬɘ Űɞɡ ɚŮɔɧɛŮɜɞɡ vegetation stress ɛŮ Űɞɜ ˊɘɞ ˊŬɟŬůŰŬŰɘəɧ Űɟɧˊɞ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ 

əŬɘ ɏɜŬɠ Ŭˊɧ Űɞɡɠ ůɖɛŬɜŰɘəɧŰŮɟɞɡɠ ůŰɧɢɞɡɠ Űɖɠ ŭŮɡŰŮɟŮɨɞɡůŬɠ ŬˊɞůŰɞɚɐɠ. ɇɞ ɚɞɔɘůɛɘəɧ ŬɡŰɧ 

ɚɏɔŮŰŬɘ Infragram əŬɘ ŮɑɜŬɘ ɏɜŬ online tool ɛŮ Űɞ ɞˊɞɑɞ ɛˊɞɟɞɨɛŮ ɜŬ ŬɜŬɚɨůɞɡɛŮ ɡˊɏɟɡɗɟŮɠ 

ŮɘəɧɜŮɠ əŬɘ ɜŬ əŬŰŬůəŮɡɎůɞɡɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ NDVI.  
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ȺɘəɧɜŬ 1. ūɎůɛŬ Űɞɡ Roscolux Cinegel #2007 vs Blue 

 

 
 

ȺɘəɧɜŬ 2. ɇɞ Superblue űɑɚŰɟɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ əŬɘ ɛŮ Űɞ ɞˊɞɑɞ ŬɜŰɘəŬŰŬůŰɐůŬɛŮ Űɞ əɚŬůɘəɧ 

űɑɚŰɟɞ ɡˊŮɟɨɗɟɞɡ ˊɞɡ ɡˊɎɟɢŮɘ ůŮ ɧɚŮɠ Űɘɠ əɎɛŮɟŮɠ. 
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ȺɘəɧɜŬ 4. MAG3110 test output. 

    ũɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ ŭŮɡŰŮɟŮɨɞɡůŬɠ ŬˊɞůŰɞɚɐɠ ɗŬ ŰɞˊɞɗŮŰɖɗŮɑ ůŰɞɜ ŭɞɟɡűɧɟɞ ɛŬɠ ɛɑŬ 

(ŰɞɡɚɎɢɘůŰɞɜ) ɣɖűɘŬəɐ əɎɛŮɟŬ, ɏɜŬɠ ŬɘůɗɖŰɐɟŬɠ ɧɕɞɜŰɞɠ, ɏɜŬɠ ŬɘůɗɖŰɐɟŬɠ CO2 əŬɘ ɏɜŬ 

ɀŬɔɜɖŰɧɛŮŰɟɞ Űɟɘˊɚɞɨ ɎɝɞɜŬ. ȺəŰɧɠ Ŭˊɧ Űɖɜ ɏɜŰŬůɖ Űɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ, ɞ Űɨˊɞɠ Űɞɡ 

ɛŬɔɜɖŰɧɛŮŰɟɞɡ ɛŬɠ ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɓɟɞɨɛŮ əŬɘ Űɖ ŭɘŮɨɗɡɜůɖ Űɤɜ ɛŬɔɜɖŰɘəɩɜ ŭɡɜŬɛɘəɩɜ 

ɔɟŬɛɛɩɜ. ȰŰůɘ, ɖ Űɡɢɧɜ ɞɟɔŬɜɤɛɏɜɖ ŭɞɛɐ Űɤɜ ɛŬɔɜɖŰɘəɩɜ ɔɟŬɛɛɩɜ ŭŮɑɢɜŮɘ Űɖɜ ɨˊŬɟɝɖ ˊɧɚɤɜ 

ůŰɞɜ ˊɚŬɜɐŰɖ əŬɘ ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɐ ɔɘŬ Űɖ ɓɘɤůɘɛɧŰɖŰŬ Űɖɠ ɕɤɐɠ. 

ȷˊɧ Űɞ ˊŮɑɟŬɛɎ ɛŬɠ ŬɜŬɛɏɜɞɡɛŮ ɛɘŬ əŬɗô ɨɣɞɠ əŬŰŬɔɟŬűɐ Űɞɡ 

ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ, ɐ ɞˊɞɑŬ ˊɏɟŬɜ Űɖɠ ɏɜŰŬůɖɠ Űɞɡ ɛŬɔɜɖŰɘəɞɨ 

ˊŮŭɑɞɡ, ɗŬ ŬˊɞəŬɚɨɣŮɘ Ŭɜ ɞɘ ŭɡɜŬɛɘəɏɠ Űɞɡ ɔɟŬɛɛɏɠ ɏɢɞɡɜ ŰɡɢŬɑɞ 

ˊɟɞůŬɜŬŰɞɚɘůɛɧ ɐ Ŭɜ ŮɑɜŬɘ ɞɟɔŬɜɤɛɏɜŮɠ. ȳˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ 

ˊŬɟɎŭŮɘɔɛŬ Űɖɠ ȺɘəɧɜŬɠ 2, ɖ əŬŰŬɔɟŬűɐ Űɞɡ MAG3110 ɔɑɜŮŰŬɘ 

əŬɘ ůŰɘɠ ŰɟŮɘɠ ůɡɜɘůŰɩůŮɠ Űɞɡ ˊŮŭɑɞɡ, ɞˊɧŰŮ ɏɢɞɡɛŮ Űɞ ˊɚɐɟŮɠ 

ŭɘɎɜɡůɛŬ. 

ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůŰɞɜ ȯɟɖ ɡˊɎɟɢɞɡɜ ŬůɗŮɜɐ ŰɞˊɘəɎ ɛŬɔɜɖŰɘəɎ 

ˊŮŭɑŬ, ŬɚɚɎ ɧɢɘ ˊɚŬɜɖŰɘəɧ ŭɑˊɞɚɞ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛɖɜ 

ˊŬɟɏɢŮŰŬɘ ɘəŬɜɞˊɞɘɖŰɘəɐ ˊɟɞůŰŬůɑŬ Ŭˊɧ Űɞɜ ɖɚɘŬəɧ ɎɜŮɛɞ. ȰŰůɘ, 

ɞ Űɡɢɧɜ ŮɜŰɞˊɘůɛɧɠ ɛŬɔɜɖŰɘəɩɜ ɔɟŬɛɛɩɜ ɞɟɔŬɜɤɛɏɜɤɜ ůŮ 

ɛŬɔɜɖŰɘəɧ ŭɑˊɞɚɞ ŭŮɑɢɜŮɘ Űɖɜ ˊŬɟɞɡůɑŬ ɛŬɔɜɖŰɘəɐɠ çɞɛˊɟɏɚŬɠè 

ˊɞɡ ŬˊɞŰŮɚŮɑ Űɖ ůɖɛŬɜŰɘəɧŰŮɟɖ ˊɟɞůŰŬůɑŬ Ůɜɧɠ ˊɚŬɜɐŰɖ Ŭˊɧ Űɞɜ 

ŬůŰɟɘəɧ ɎɜŮɛɞ. ȼ ŬˊɞɡůɑŬ ŰɏŰɞɘŬɠ ˊɟɞůŰŬůɑŬɠ ɗŬ əŬɗɘůŰɞɨůŮ ŬŭɨɜŬŰɖ Űɖɜ 

ɨˊŬɟɝɖ Űɖɠ ɕɤɐɠ ɧˊɤɠ Űɖ ɔɜɤɟɑɕɞɡɛŮ. 

 

 
ȺɘəɧɜŬ 5. ɀŬɔɜɖŰɘəɧ ˊŮŭɑɞ Űɖɠ ũɖɠ. 
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ȺɘəɧɜŬ 6. ɄɟɞůŰŬůɑŬ Űɖɠ ũɖɠ Ŭˊɧ Űɞɜ ɖɚɘŬəɧ ɎɜŮɛɞ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ ɛŬɔɜɖŰɘəɞɨ Űɖɠ ˊŮŭɑɞɡ 

 

 

 
 

ȺɘəɧɜŬ 7. ɀŬɔɜɖŰɘəɧ ˊŮŭɑɞ Űɞɡ ȯɟɖ. 

 

 

    ȼ (ŬɜŬɛŮɜɧɛŮɜɖ ɔɘŬ Űɖ ũɖ) ŰŬɡŰɧɢɟɞɜɖ ŬɜɑɢɜŮɡůɖ űɤŰɞůɡɜɗŮŰɘəɞɨ űɗɞɟɘůɛɞɨ, ɧɕɞɜŰɞɠ, 

ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ əŬɘ ɘůɢɡɟɞɨ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ ɗŬ ůɐɛŬɘɜŮ Űɖɜ ɨˊŬɟɝɖ (ŰɞɡɚɎɢɘůŰɞɜ) 

ɢɚɤɟɑŭŬɠ, ŬɚɚɎ əŬɘ ˊɟɞůŰŬŰŮɡɛɏɜɤɜ ůɡɜɗɖəɩɜ ůŮ Ɏɚɚɞ ˊɚŬɜɐŰɖ, əɎɜɞɜŰɎɠ Űɞɜ ůɢŮŰɘəɎ əŬŰɎɚɚɖɚɞ 

ɔɘŬ Ŭˊɞɑəɘůɖ. ȿɧɔɤ Űɞɡ ɛɘəɟɞɨ ɛŮɔɏɗɞɡɠ Űɞɡ ŭɞɟɡűɧɟɞɡ, əŬɘ ɛŮ ŭŮŭɞɛɏɜɞ ɧŰɘ ůŰɞ ɎɛŮůɞ ɛɏɚɚɞɜ 

(Ŭɜ ɧɢɘ ɐŭɖ)  ɧɚŬ ŰŬ ůɡɔəŮəɟɘɛɏɜŬ əɡəɚɩɛŬŰŬ əŬɘ ɞɘ ŬɜŰɑůŰɞɘɢɞɘ ŬɜɘɢɜŮɡŰɏɠ ɗŬ ɛˊɞɟɞɨɜ ɜŬ 
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ɢɤɟɏůɞɡɜ ůŮ ɏɜŬ ɞɚɞəɚɖɟɤɛɏɜɞ əɨəɚɤɛŬ ɚɑɔɤɜ ɢɘɚɘɞůŰɩɜ, ɞ ŭɞɟɡűɧɟɞɠ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŬˊɞŰŮɚŮɑ 

ɏɜŬ nanocraft əŬŰɎɚɚɖɚɞ ŬəɧɛŬ əŬɘ ɔɘŬ ŭɘŬůŰɟɘəɎ ŰŬɝɑŭɘŬ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ȼɚɘŬəɎ ȽůŰɑŬ. ũɘŬ 

ˊŬɟɎŭŮɘɔɛŬ, ɗŬ ɛˊɞɟɞɨůŮ əɘɜɞɨɛŮɜɞ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɖɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ əŬɘ ɛɧɜɞ, ɜŬ űŰɎůŮɘ 

ůŰɞɜ ȯɚűŬ ȾŮɜŰŬɨɟɞɡ ůŮ ɛɑŬ ɔŮɜɘɎ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ŰɖɚŮˊɘůəɧˊɘůɖɠ Űɖɠ ũɖɠ ɧɛɤɠ, ɖ ŬɝɑŬ 

ŮɑɜŬɘ ŬəɧɛŬ ˊɘɞ ɢŮɘɟɞˊɘŬůŰɐ əŬɘ ɎɛŮůɖ Ŭűɞɨ ɗŬ ɛŬɠ ŭɩůŮɘ əŬɘ Űɖɜ Ůˊɘˊɚɏɞɜ ˊɚɖɟɞűɞɟɑŬ Űɖɠ 

ˊɞɘɧŰɖŰŬɠ Űɖɠ ɓɚɎůŰɖůɖɠ, ŬɚɚɎ əŬɘ Űɞɡ vegetation stress ˊɞɡ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŬɜɘɢɜŮɡɗŮɑ ɛŮ Ɏɚɚɞ 

Űɟɧˊɞ, ˊɟɘɜ ŬɡŰɧ ɔɑɜŮɘ əŬŰŬůŰɟɞűɘəɎ ŮɛűŬɜɏɠ. 

 

 

1.2.2 ɆŰɧɢɞɘ ŭŮɡŰŮɟŮɨɞɡůŬɠ ŬˊɞůŰɞɚɐɠ 
ȷ. ȼ ɣɖűɘŬəɐ əŬŰŬɔɟŬűɐ Űɤɜ Ůɘəɧɜɤɜ NDVI (Normalized Difference Vegetation Index) Űɖɠ 

ɢɚɤɟɑŭŬɠ Űɞɡ ŮŭɎűɞɡɠ. 

ȸ. ȼ əŬŰŬɔɟŬűɐ Űɞɡ Űɞˊɘəɞɨ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ. 

ũ. ȼ ȾŬŰŬɔɟŬűɐ Űɞɡ Ůˊɘˊɏŭɞɡ Űɞɡ ɧɕɞɜŰɞɠ. 

ȹ. ȼ əŬŰŬɔɟŬűɐ Űɞɡ CO2 

 

ȼ ŬˊɞůŰɞɚɐ ɗŬ ɗŮɤɟɖɗŮɑ ŮˊɘŰɡɢɐɠ Ůűɧůɞɜ 

Ŭ) əŬŰŬɔɟŬűɞɨɜ ŮɘəɧɜŮɠ Űɖɠ Űɞˊɘəɐɠ ɓɚɎůŰɖůɖɠ ůŰɞ ɡˊɏɟɡɗɟɞ əŬɘ ɛŮŰŬŰɟŬˊɞɨɜ ŮˊɘŰɡɢɩɠ ůŮ NDVI 

ɓ) ŮɜŰɞˊɘůŰŮɑ ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ əŬɘ əŬŰŬɔɟŬűŮɑ ɞ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ Űɤɜ ɛŬɔɜɖŰɘəɩɜ Űɞɡ ɔɟŬɛɛɩɜ. 

ɔ) əŬŰŬɔɟŬűŮɑ ɖ ˊɞůɧŰɖŰŬ ɧɕɞɜŰɞɠ ůŮ ŭɘɎűɞɟŬ ɨɣɖ 

ŭ) əŬŰŬɔɟŬűŮɑ ɖ ˊɞůɧŰɖŰŬ CO2 ůŮ ŭɘɎűɞɟŬ ɨɣɖ 

 

1.2.3 ȷɜŬɛŮɜɧɛŮɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŭŮɡŰŮɟŮɨɞɡůŬɠ ŬˊɞůŰɞɚɐɠ 
ȷ. ȷɝɘɞɚɧɔɖůɖ Űɖɠ ɡɔŮɑŬɠ Űɤɜ űɡŰɩɜ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ 

ȸ. ȷɝɘɞɚɧɔɖůɖ Űɞɡ Űɞˊɘəɞɨ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ. ȺɑɜŬɘ ɘůɢɡɟɧ; ȺɑɜŬɘ ɞɟɔŬɜɤɛɏɜɞ; ɃűŮɑɚŮŰŬɘ ůŮ 

ɔŮɜɘəɧŰŮɟɞ ˊɚŬɜɖŰɘəɧ ŭɑˊɞɚɞ ɐ ůŮ ŰɞˊɘəɎ ɛŬɔɜɖŰɘəɎ ˊŮŰɟɩɛŬŰŬ; 

ũ. ȷɝɘɞɚɧɔɖůɖ Űɖɠ ˊɞůɧŰɖŰŬɠ ɧɕɞɜŰɞɠ əŬɘ Űɖɠ ˊɟɞůŰŬůɑŬɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞůűɏɟŮɘ. 

ȹ. ȷɝɘɞɚɧɔɖůɖ Űɖɠ ˊɞůɧŰɖŰŬɠ CO2. 

 

1.2.4 ȷɜŬɛŮɜɧɛŮɜŮɠ ɛŮŰɟɐůŮɘɠ ï ŭŮŭɞɛɏɜŬ ŭŮɡŰŮɟŮɨɞɡůŬɠ ŬˊɞůŰɞɚɐɠ 
ȷ. ɇɞɡɚɎɢɘůŰɞɜ 15 ɣɖűɘŬəɏɠ űɤŰɞɔɟŬűɑŮɠ ɘəŬɜɞˊɞɘɖŰɘəɐɠ ˊɞɘɧŰɖŰŬɠ Űɖɠ ɢɚɤɟɑŭŬɠ. 

ȸ. ɀɏŰɟɖůɖ Űɖɠ ɏɜŰŬůɖɠ Űɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ. ȾŬŰŬɔɟŬűɐ Űɞɡ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ Űɞɡ. 

ũ. ȾŬɗô ɨɣɞɠ (ɐ ɛŮŰɎ Űɖɜ ˊɟɞůɔŮɑɤůɖ) ɛɏŰɟɖůɖ Űɞɡ O3. 

ȹ. ȾŬɗô ɨɣɞɠ (ɐ ɛŮŰɎ Űɖɜ ˊɟɞůɔŮɑɤůɖ) ɛɏŰɟɖůɖ Űɞɡ CO2. 
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2 ɄȺɅȽũɅȷūȼ ɇɃɈ CANSAT 

2.1 Ⱥˊɘůəɧˊɖůɖ ŬˊɞůŰɞɚɐɠ 
 

ŪŬ ůɢŮŭɘŬůŰŮɑ əŬɘ ɗŬ əŬŰŬůəŮɡŬůŰŮɑ ɏɜŬ CanSat Űɞ ɞˊɞɑɞ ɗŬ ŮəŰɞɝŮɡɗŮɑ ɛŮ Űɖ ɓɞɐɗŮɘŬ ˊɡɟŬɨɚɞɡ 

ůŮ ɡɣɧɛŮŰɟɞ 1000 ɛɏŰɟɤɜ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɗŬ ŭɘŬɢɤɟɘůŰŮɑ Ŭˊɧ ŬɡŰɧɜ. ŪŬ ˊɟɞůɔŮɘɤɗŮɑ ɛŮ Űɖ 

ɓɞɐɗŮɘŬ ŬɚŮɝɘˊŰɩŰɞɡ ŰɏŰɞɘɞɡ ɩůŰŮ ɜŬ ɏɢŮɘ ŰŬɢɨŰɖŰŬ əŬɗɧŭɞɡ ɛŮŰŬɝɨ 8 əŬɘ 11 ɛɏŰɟɤɜ ŬɜɎ sec. 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ əŬɗɧŭɞɡ, ɗŬ əŬŰŬɔɟɎűŮɘ Űɖ ɗɏůɖ Űɞɡ, Űɖ ɗŮɟɛɞəɟŬůɑŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ, Űɖɜ 

ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ əŬɘ ŰŬ ůŰɞɘɢŮɑŬ Űɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ ŬɜɎ 1 sec. Ⱥˊɑůɖɠ ɗŬ ɚŬɛɓɎɜŮɘ 

űɤŰɞɔɟŬűɑŮɠ NDVI Űɞɡ ŮŭɎűɞɡɠ ɛɏůɤ ŮɘŭɘəɎ Űɟɞˊɞˊɞɘɖɛɏɜɖɠ ɣɖűɘŬəɐɠ űɤŰɞɔɟŬűɘəɐɠ ɛɖɢŬɜɐɠ 

əŬɘ Ůɘŭɘəɩɜ űɑɚŰɟɤɜ ɩůŰŮ ɜŬ əŬŰŬɔɟŬűŮɑ ɖ ɡɔŮɑŬ Űɖɠ Űɞˊɘəɐɠ ɢɚɤɟɑŭŬɠ.  

Ƀɘ ŬɘůɗɖŰɐɟŮɠ CO2 əŬɘ Ƀ3 ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɗŬ ɚŬɛɓɎɜɞɡɜ ɛŮŰɟɐůŮɘɠ ŬɜɎ 1 sec. 

 

ɇŬ ɡɚɘəɎ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ: 

 

ɄɑɜŬəŬɠ 1. 

ȷɘůɗɖŰɐɟŬɠ ȹɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ (MG811) 

ȷɘůɗɖŰɐɟŬɠ ȳɕɞɜŰɞɠ (MQ131) 

ȷɘůɗɖŰɐɟŬɠ ɀŬɔɜɖŰɘəɞɨ ɄŮŭɑɞɡ (MAG3110) 

ȷɘůɗɖŰɐɟŬɠ GPS (NEO-6M) 

ȷɘůɗɖŰɐɟŬɠ ŪŮɟɛɞəɟŬůɑŬɠ (LM35) 

ȷɘůɗɖŰɐɟŬɠ ȷŰɛɞůűŬɘɟɘəɐɠ ɄɑŮůɖɠ (BMP180) 

Mini Mobius Actioncam 

MicroSD card module for Arduino (DFR0229) 

2 ɛˊŬŰŬɟɑŮɠ ȽɧɜŰɤɜ ȿɘɗɑɞɡ 3.500mAh 3.7V (L18650) 

2x ȾɡəɚɩɛŬŰŬ ŮˊɘəɞɘɜɤɜɑŬɠ sparkfun-rfm69-breakout-434mhz 

Arduino micro 

Arduino UNO 

2 ŭɘŬəɧˊŰŮɠ 

2 led 

űɞɟŰɘůŰɐɠ ɛˊŬŰŬɟɘɩɜ L18650 

2 micro SD card 8GB 

case holder for Li-Ion batteries 

ɄŮɟɑɓɚɖɛŬ Ŭˊɧ Carbon Fiber 

ȾŮɟŬɑŬ YAGI 433MHz 

3x ȹɘŬɢɤɟɘůŰɘəɎ 3D printed  

Nylon Ripstop ɔɘŬ Űɞ ŬɚŮɝɑˊŰɤŰɞ (2m) 
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ȺɜŭŮɘəŰɘəɧ ůɢɖɛŬŰɘəɧ ŭɘɎɔɟŬɛɛŬ: 
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2.2 ɀɖɢŬɜɞɚɞɔɘəɧ/əŬŰŬůəŮɡŬůŰɘəɧ ůɢɏŭɘɞ 

 

1. ɄŮɟɑɓɚɖɛŬ Ŭˊɧ carbon fiber. Ⱦɨɚɘɜŭɟɞɠ ŭɘŬɛɏŰɟɞɡ 6.5 mm əŬɘ ɨɣɞɡɠ 11.5 mm 

ɇɞ ˊɎɢɞɠ Űɞɡ əɡɚɘɜŭɟɘəɞɨ ˊŮɟɘɓɚɐɛŬŰɞɠ ŮɑɜŬɘ 1.5 mm. 

2. ɇɟɑŬ 3D printed ŭɘŬɢɤɟɘůŰɘəɎ. ɇɞ ɏɜŬ ɏɢŮɘ əɞɚɚɖɗŮɑ 5 mm ɣɖɚɧŰŮɟŬ Ŭˊɧ Űɞ əɎŰɤ ɛɏɟɞɠ Űɞɡ 

ˊŮɟɘɓɚɐɛŬŰɞɠ əŬɘ ŬˊɞŰŮɚŮɑ Űɖ ɓɎůɖ Űɞɡ. ɇŬ ɎɚɚŬ ŭɨɞ ŬˊɞŰŮɚɞɨɜ Űɖ ŭɞɛɐ ɛɏůŬ ůŰɖɜ ɞˊɞɑŬ ɏɢɞɡɜ 

ŰɞˊɞɗŮŰɖɗŮɑ ɧɚŬ ŰŬ ŮɝŬɟŰɐɛŬŰŬ Űɞɡ ŭɞɟɡűɧɟɞɡ ɛŬɠ. ȺɜɩɜɞɜŰŬɘ ɛŮ 3 əŬŰŬəɧɟɡűŮɠ ɜŰɑɕŮɠ 

ŭɘŬɛɏŰɟɞɡ 4 mm, əŬɘ ůŰŬɗŮɟɞˊɞɘɞɨɜŰŬɘ ɛŮ ɛŮŰŬɚɚɘəɎ ˊŬɝɘɛɎŭɘŬ əŬɘ ɟɞŭɏɚŮɠ. 
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2.3 ȼɚŮəŰɟɞɚɞɔɘəɧ ůɢɏŭɘɞ 

 

 

 

 
 

ȹɘɎɔɟŬɛɛŬ 1Ŭ. ȼɚŮəŰɟɞɚɞɔɘəɧ ůɢɏŭɘɞ ŭɞɟɡűɧɟɞɡ Cansat. 

 






































