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Қорытынды. Бұл жұмыста интегралдық роботты жасау үшін  ARDUINO 

программалау жүйесінде l2930 драйвері  және  ARDUINO UNO, Ultrasonic sensor 

(Ультрадыбыстық датчик), POT-HG 1 айнымалы резистор, батарейка, 3 х қосып-сӛндіргіш, 

әртүрлі ӛткізгіш-сымдар қолдандым. Жұмыс нәтижесінде біз моторды қосу арқылы 

роботтың  қозғалысын (алға, артқа) бақылап отыруға мүмкіндік алдық. Ол бұйрықтарды тек 

қашықтан басқаратын құрылғының сигналын алғаннан кейін ғана орындайды. Жалпы 

айтқанда, адам сол құрылғы арқылы бір қашықтықта орналасқан роботты басқарады. 

Жасанды интеллект қолданылатын роботтар қоршаған ортаға байланысты шешімдерді ӛздері 

қабылдайды. Роботтың жүйесіне қоршаған ортаның факторларына, нысандарына әртүрлі 

реакция жазылған. Жасанды интеллект сол реакцияларды ескере тұрып, қоршаған ортаға ӛзі 

де әсер береді. 
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В статье на основе обзора низкоорбитальных систем спутниковой связи была 

детально анализирована система спутниковых группировок компании LeoSat Enterprises, 

дана полная характеристика технологии и был определен целый ряд новых возможностей, 

которые могут предложить спутниковые группировки на низкой околоземной орбите (LEO) 

в будущем. В статье также описана возможность использования ресурсов LeoSat в интересах 

развития наземных сетей мобильной связи стандарта 5G. 
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Ƚɟɨɫɬɚɰɢɨɧɚɪɧɵɟ (GEO) ɫɩɭɬɧɢɤɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɭɠɟ ɦɧɨɝɢɟ ɞɟɫɹɬɢɥɟɬɢɹ, 
ɨɛɟɫɩɟɱɢɜɚɹ ɛɟɫɩɪɟɰɟɞɟɧɬɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɞɤɥɸɱɟɧɢɹ ɤ ɨɬɞɚɥɟɧɧɵɦ ɢ ɫɟɥɶɫɤɢɦ 
ɪɟɝɢɨɧɚɦ, ɩɪɟɞɨɫɬɚɜɥɹɹ ɪɚɞɢɨɫɜɹɡɶ ɦɟɠɞɭ ɧɚɡɟɦɧɵɦɢ ɫɬɚɧɰɢɹɦɢ ɡɚ ɩɪɟɞɟɥɚɦɢ ɩɪɹɦɨɣ 
ɜɢɞɢɦɨɫɬɢ. 

ɇɨɜɵɟ ɢɧɧɨɜɚɰɢɢ, ɬɚɤɢɟ ɤɚɤ ɫɩɭɬɧɢɤɨɜɵɟ ɝɪɭɩɩɢɪɨɜɤɢ ɧɚ ɫɪɟɞɧɟɣ ɨɤɨɥɨɡɟɦɧɨɣ 
ɨɪɛɢɬɟ (MEO) ɢ (LEO), ɩɪɢɡɜɚɧɵ ɜɫɬɪɹɯɧɭɬɶ ɫɭɳɟɫɬɜɭɸɳɭɸ ɨɬɪɚɫɥɶ GEO ɫɩɭɬɧɢɤɨɜ, 
ɛɥɚɝɨɞɚɪɹ ɬɚɤɨɦɭ ɩɪɟɢɦɭɳɟɫɬɜɭ, ɤɚɤ ɧɢɡɤɚɹ ɡɚɞɟɪɠɤɚ. ɉɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɤɥɚɫɫɢɱɟɫɤɢɟ 
ɫɩɭɬɧɢɤɨɜɵɟ ɨɩɟɪɚɬɨɪɵ ɡɚɹɜɢɥɢ ɨ ɫɜɨɟɦ ɠɟɥɚɧɢɢ ɬɟɦ ɢɥɢ ɢɧɵɦ ɫɩɨɫɨɛɨɦ ɪɚɛɨɬɚɬɶ ɜ ɷɬɨɦ 
ɫɟɤɬɨɪɟ ɪɵɧɤɚ. 

Ʉɚɤ ɩɪɚɜɢɥɨ, ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɤɚɧɚɥɚ ɫɜɹɡɢ ɜ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɫɟɬɹɯ ɦɨɛɢɥɶɧɵɟ 
ɨɩɟɪɚɬɨɪɵ ɢɫɩɨɥɶɡɭɸɬ ɧɚɡɟɦɧɵɟ (ɩɪɨɜɨɞɧɵɟ, ɤɚɛɟɥɶɧɵɟ) ɢ ɛɟɫɩɪɨɜɨɞɧɵɟ (ɫɩɭɬɧɢɤɨɜɵɟ) 
ɥɢɧɢɢ ɫɜɹɡɢ. Ɋɚɧɟɟ, ɤɨɝɞɚ ɨɩɟɪɚɬɨɪɵ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ ɢɫɤɚɥɢ ɩɭɬɢ ɪɚɫɲɢɪɟɧɢɹ ɫɜɨɢɯ ɭɫɥɭɝ ɜ 
ɛɨɥɟɟ ɨɬɞɚɥɟɧɧɵɯ ɪɚɣɨɧɚɯ, ɨɧɢ ɧɚɯɨɞɢɥɢ ɪɟɲɟɧɢɹ, ɞɨɩɨɥɧɹɹ ɧɚɡɟɦɧɭɸ ɫɟɬɶ ɜ ɝɨɪɨɞɫɤɢɯ 
ɪɚɣɨɧɚɯ ɫɩɭɬɧɢɤɨɜɨɣ ɫɥɭɠɛɨɣ ɞɥɹ ɫɟɥɶɫɤɢɯ ɪɚɣɨɧɨɜ [1].  

Ɋɨɫɬ ɱɢɫɥɚ ɦɨɛɢɥɶɧɵɯ ɨɩɟɪɚɬɨɪɨɜ ɜ ɡɨɧɚɯ ɩɨɤɪɵɬɢɹ ɢ ɭɫɥɭɝɚɯ ɩɪɢɜɟɥ ɤ ɭɜɟɥɢɱɟɧɢɸ 
ɫɩɪɨɫɚ ɧɚ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ. ɗɬɨ ɩɪɢɜɟɥɨ ɤ ɬɨɦɭ, ɱɬɨ ɫɩɭɬɧɢɤ ɧɟ ɫɦɨɝ ɩɪɟɞɨɫɬɚɜɢɬɶ 
ɪɟɲɟɧɢɹ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɩɨɥɨɠɟɧɢɹ. Ⱥɥɶɬɟɪɧɚɬɢɜɵ ɛɵɥɢ ɧɚɣɞɟɧɵ ɜ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɩɬɨɜɨɥɨɤɧɚ ɜ ɤɚɱɟɫɬɜɟ ɬɪɚɧɡɢɬɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɜ ɝɨɪɨɞɫɤɢɯ ɪɚɣɨɧɚɯ. ɏɨɬɹ 
ɷɬɨ ɚɥɶɬɟɪɧɚɬɢɜɧɨɟ ɪɟɲɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨ ɪɟɲɚɥɨ ɩɪɨɛɥɟɦɭ ɟɦɤɨɫɬɢ, ɨɧɨ ɬɚɤɠɟ ɫɨɡɞɚɜɚɥɨ 
ɧɨɜɵɟ ɩɪɟɩɹɬɫɬɜɢɹ: ɞɥɢɬɟɥɶɧɵɟ ɫɪɨɤɢ ɭɫɬɚɧɨɜɤɢ, ɡɧɚɱɢɬɟɥɶɧɚɹ ɩɪɨɛɥɟɦɚ ɫ ɜɧɟɞɪɟɧɢɟɦ 
ɤɥɢɟɧɬɨɜ ɢ ɜɵɫɨɤɢɟ ɩɟɪɜɨɧɚɱɚɥɶɧɵɟ ɡɚɬɪɚɬɵ. Ɍɟɩɟɪɶ, ɫ ɫɨɡɞɚɧɢɟɦ ɧɨɜɵɯ ɪɚɡɪɚɛɨɬɨɤ ɜ 
ɫɩɭɬɧɢɤɨɜɵɯ ɝɪɭɩɩɢɪɨɜɤɚɯ, ɞɥɹ (ɦɨɛɢɥɶɧɵɯ) ɨɩɟɪɚɬɨɪɨɜ ɫɜɹɡɢ ɩɨɹɜɢɥɚɫɶ ɥɭɱɲɚɹ 
ɚɥɶɬɟɪɧɚɬɢɜɚ ɜ ɩɨɢɫɤɚɯ ɪɨɫɬɚ ɢ ɪɟɚɥɢɡɚɰɢɢ ɫɟɬɟɣ ɤɥɢɟɧɬɨɜ. ɉɪɟɢɦɭɳɟɫɬɜɚ ɜɵɫɨɤɨɣ 
ɫɤɨɪɨɫɬɢ, ɧɢɡɤɨɣ ɡɚɞɟɪɠɤɢ ɢ ɛɵɫɬɪɨɝɨ ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɬɟɩɟɪɶ ɞɨɫɬɭɩɧɵ ɱɟɪɟɡ ɫɩɭɬɧɢɤɨɜɭɸ 
ɫɜɹɡɶ LEO [2]. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɟɝɨɞɧɹ ɦɢɪɨɦ ɭɩɪɚɜɥɹɟɬ ɢɧɬɟɪɧɟɬ, ɞɚɧɧɵɟ, ɨɛɥɚɱɧɵɟ ɬɟɯɧɨɥɨɝɢɢ, ɱɬɨ 
ɫɨɡɞɚɟɬ ɩɨɫɬɨɹɧɧɨ ɪɚɫɬɭɳɢɣ ɫɩɪɨɫ ɧɚ ɛɵɫɬɪɨɟ ɢ ɛɟɡɨɩɚɫɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɛɨɥɶɲɢɯ ɨɛɴɟɦɨɜ 
ɞɚɧɧɵɯ ɩɨ ɜɫɟɦɭ ɦɢɪɭ. Ɂɚ ɩɨɫɥɟɞɧɢɟ 10 ɥɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɵɯ ɪɟɡɤɨ ɜɨɡɪɨɫɥɨ, ɢ ɡɚ 
ɩɨɫɥɟɞɧɢɟ ɬɪɢ ɝɨɞɚ ɛɵɥɨ ɫɨɡɞɚɧɨ ɛɨɥɶɲɟ ɞɚɧɧɵɯ, ɱɟɦ ɡɚ ɜɫɸ ɩɪɟɞɵɞɭɳɭɸ ɢɫɬɨɪɢɸ 
ɱɟɥɨɜɟɱɟɫɬɜɚ. ɂ ɤ 2020 ɝɨɞɭ ɨɤɨɥɨ 1,7 ɦɟɝɚɛɚɣɬɚ ɧɨɜɨɣ ɢɧɮɨɪɦɚɰɢɢ ɛɭɞɟɬ ɫɨɡɞɚɜɚɬɶɫɹ 
ɤɚɠɞɭɸ ɫɟɤɭɧɞɭ ɞɥɹ ɤɚɠɞɨɝɨ ɱɟɥɨɜɟɤɚ ɧɚ ɩɥɚɧɟɬɟ. ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ ɷɬɢ ɫɨɛɵɬɢɹ, ɜ 
ɫɩɭɬɧɢɤɨɜɨɦ ɫɟɤɬɨɪɟ ɞɟɥɚɟɬɫɹ ɱɟɬɤɢɣ ɚɤɰɟɧɬ ɧɚ ɩɪɟɞɨɫɬɚɜɥɟɧɢɢ ɛɨɥɟɟ ɤɚɱɟɫɬɜɟɧɧɵɯ ɭɫɥɭɝ 
ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ [3].  

Ɍɪɚɞɢɰɢɨɧɧɵɟ ɫɩɭɬɧɢɤɨɜɵɟ ɨɩɟɪɚɬɨɪɵ GEO ɞɨɛɚɜɥɹɸɬ ɦɨɳɧɨɫɬɶ ɤ ɫɜɨɢɦ 
ɤɨɫɦɢɱɟɫɤɢɦ ɤɨɪɚɛɥɹɦ, ɱɬɨɛɵ ɭɩɪɨɫɬɢɬɶ ɜɨɡɦɨɠɧɨɫɬɢ ɫɩɭɬɧɢɤɨɜ ɫ ɜɵɫɨɤɨɣ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɶɸ (HTS). Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɭɥɭɱɲɟɧɢɹ ɭɫɥɭɝ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɧɟɨɛɯɨɞɢɦɨ 
ɬɚɤɠɟ ɭɦɟɧɶɲɢɬɶ ɡɚɞɟɪɠɤɭ, ɱɬɨ ɩɪɢɜɟɞɟɬ ɤ ɪɚɡɜɟɪɬɵɜɚɧɢɸ ɫɩɭɬɧɢɤɨɜɵɯ ɝɪɭɩɩɢɪɨɜɨɤ ɧɚ 
ɛɨɥɟɟ ɧɢɡɤɢɯ ɨɪɛɢɬɚɯ: MEO (12 ɤɦ – ɡɚɞɟɪɠɤɚ ɜ ɥɭɱɟ 135 ɦɫ) ɢ ɧɨɜɨɟ ɩɨɤɨɥɟɧɢɟ 
ɝɪɭɩɩɢɪɨɜɨɤ, ɬɚɤɢɟ ɤɚɤ LEO (1,2 - 1,5 ɤɦ). ɇɢɠɧɹɹ ɨɪɛɢɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ 
ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɡɚɞɟɪɠɤɭ ɦɟɧɶɲɟ 20 ɦɫ. ɇɨɜɟɣɲɚɹ ɢɧɧɨɜɚɰɢɹ – ɞɨɛɚɜɥɟɧɢɟ 
ɦɟɠɫɩɭɬɧɢɤɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɧɢɡɤɭɸ ɡɚɞɟɪɠɤɭ ɧɚ ɛɨɥɶɲɢɯ 
ɪɚɫɫɬɨɹɧɢɹɯ (> 6 ɤɦ) [2].  

ɋɢɫɬɟɦɚ LeoSat ɢɫɩɨɥɶɡɭɟɬ ɫɭɳɟɫɬɜɭɸɳɢɟ ɢ ɩɪɨɜɟɪɟɧɧɵɟ ɫɩɭɬɧɢɤɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ, 
ɧɨ ɢɫɩɨɥɶɡɭɟɬ ɢɯ ɧɨɜɵɦ ɢ ɭɧɢɤɚɥɶɧɵɦ ɫɩɨɫɨɛɨɦ ɞɥɹ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɩɨɬɪɟɛɧɨɫɬɟɣ 
ɤɥɢɟɧɬɨɜ. Ʉɥɸɱɟɜɵɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɞɨɫɬɢɠɟɧɢɹɦɢ, ɤɨɬɨɪɵɟ ɭɥɭɱɲɚɸɬ ɫɢɫɬɟɦɭ LeoSat, 
ɹɜɥɹɸɬɫɹ ɨɩɬɢɱɟɫɤɢɟ ɦɟɠɫɩɭɬɧɢɤɨɜɵɟ ɥɢɧɢɢ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɬ ɨɛɟɫɩɟɱɢɬɶ ɫɤɨɪɨɫɬɶ 
ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɧɚ ɭɪɨɜɧɟ ɛɨɥɟɟ 1 Ƚɛɢɬ/ɫ, ɚ ɬɚɤɠɟ ɩɥɨɫɤɢɟ ɚɧɬɟɧɧɵ ɢ 
ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɚɹ ɫɜɹɡɶ ɜ Ka-ɞɢɚɩɚɡɨɧɟ [4].  

Ʉ ɤɨɧɰɭ 2019 ɝɨɞɚ LeoSat Enterprises ɝɨɬɨɜɢɬɫɹ ɤ ɡɚɩɭɫɤɭ ɩɟɪɜɵɯ ɞɜɭɯ ɫɩɭɬɧɢɤɨɜ 
ɫɜɹɡɢ ɩɨ ɧɢɡɤɨɣ ɨɤɨɥɨɡɟɦɧɨɣ ɨɪɛɢɬɟ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɩɟɪɜɵɟ ɤɨɦɦɟɪɱɟɫɤɢ ɞɨɫɬɭɩɧɵɟ 
ɤɨɪɩɨɪɚɬɢɜɧɵɟ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɟ ɫɢɫɬɟɦɵ ɢ ɛɟɡɨɩɚɫɧɵɣ ɫɟɪɜɢɫ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɩɨ ɜɫɟɦɭ 
ɦɢɪɭ. ɂɫɩɨɥɶɡɭɹ ɨɩɬɢɱɟɫɤɢɟ ɦɟɠɫɩɭɬɧɢɤɨɜɵɟ ɥɢɧɢɢ ɢ ɪɚɛɨɬɚɹ ɧɚ ɩɨɥɹɪɧɵɯ ɨɪɛɢɬɚɯ ɧɚ 
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ɜɵɫɨɬɟ ɜ 5 ɪɚɡ ɛɥɢɠɟ ɤ ɡɟɦɥɟ, ɱɟɦ MEO, ɢ ɜ 25 ɪɚɡ ɛɥɢɠɟ, ɱɟɦ ɤ GEO, LeoSat ɢɦɟɟɬ ɦɧɨɝɨ 
ɩɪɟɢɦɭɳɟɫɬɜ, ɤɨɝɞɚ ɪɟɱɶ ɢɞɟɬ ɨ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ, ɡɚɞɟɪɠɤɟ ɢ ɪɟɚɥɶɧɨɦ ɝɥɨɛɚɥɶɧɨɦ 
ɨɯɜɚɬɟ [2]. 

ɗɬɚ ɫɢɫɬɟɦɚ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɫɨɫɬɨɹɬɶ ɢɡ 108 ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɯ ɫɩɭɬɧɢɤɨɜ, 
ɜɪɚɳɚɸɳɢɯɫɹ ɧɚ ɨɪɛɢɬɟ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 1400 ɤɦ, ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɫɨɜɦɟɫɬɧɨ ɫ ɤɨɦɩɚɧɢɟɣ 
Thales Alenia, ɜɟɞɭɳɢɦ ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ ɫɩɭɬɧɢɤɨɜ ɫ ɧɟɩɪɟɜɡɨɣɞɟɧɧɵɦ ɨɩɵɬɨɦ ɜ ɪɚɡɪɚɛɨɬɤɟ 
ɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɫɩɭɬɧɢɤɨɜɵɯ ɝɪɭɩɩɢɪɨɜɨɤ. Ʉɚɠɞɵɣ ɫɩɭɬɧɢɤ ɜ ɝɪɭɩɩɢɪɨɜɤɟ LeoSat 
ɢɫɩɨɥɶɡɭɟɬ 4 ɨɩɬɢɱɟɫɤɢɟ ɦɟɠɫɩɭɬɧɢɤɨɜɵɟ ɥɚɡɟɪɧɵɟ ɥɢɧɢɢ (ISL) ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɤ ɞɪɭɝɢɦ 
ɫɨɫɟɞɧɢɦ ɫɩɭɬɧɢɤɚɦ, 10 ɚɧɬɟɧɧ ɞɥɹ ɤɨɦɦɭɧɢɤɚɰɢɢ ɫ ɧɚɡɟɦɧɵɦɢ ɬɟɪɦɢɧɚɥɚɦɢ. Ʉɥɢɟɧɬɵ 
ɞɨɥɠɧɵ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɜɨɣ ɬɟɪɦɢɧɚɥ LeoSat ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɤ ɛɥɢɠɚɣɲɟɦɭ 
ɫɩɭɬɧɢɤɭ, ɨɬɤɭɞɚ ɞɚɧɧɵɟ ɧɚɩɪɚɜɥɹɸɬɫɹ ɧɚ ɛɨɪɬɨɜɵɟ ɩɪɨɰɟɫɫɨɪɵ (OBP) ɱɟɪɟɡ ɤɨɫɦɢɱɟɫɤɭɸ 
ɨɩɬɢɱɟɫɤɭɸ ɦɚɝɢɫɬɪɚɥɶ LeoSat. ȼ ɨɬɥɢɱɢɟ ɨɬ ɪɟɲɟɧɢɣ HTS 
ɫɩɭɬɧɢɤɨɜ ɫ ɪɟɬɪɚɧɫɥɹɬɨɪɨɦ ɬɢɩɚ «ɩɪɹɦɚɹ ɞɵɪɚ», ɲɥɸɡɵ ɧɟ ɹɜɥɹɸɬɫɹ ɨɛɹɡɚɬɟɥɶɧɵɦ 
ɭɫɥɨɜɢɟɦ ɞɥɹ ɪɚɛɨɬɵ LeoSat ɜ ɫɜɨɟɣ ɫɟɬɢ. Ⱦɥɹ ɤɥɢɟɧɬɨɜ ɷɬɨ ɭɧɢɤɚɥɶɧɨɟ ɬɟɯɧɨɥɨɝɢɹ, 
ɩɨɡɜɨɥɹɸɳɚɹ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɫɨɟɞɢɧɟɧɢɹ ɦɟɠɞɭ ɨɛɴɟɤɬɚɦɢ ɛɟɡ ɧɚɡɟɦɧɵɯ ɬɨɱɟɤ 
ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ [5]. 

Ʉ ɩɪɟɢɦɭɳɟɫɬɜɚɦ ɪɚɛɨɬɵ ɫ LeoSat ɨɬɧɨɫɹɬɫɹ ɫɥɟɞɭɸɳɢɟ ɜɨɡɦɨɠɧɨɫɬɢ: 
1. ɉɨɥɧɵɣ ɝɥɨɛɚɥɶɧɵɣ ɨɯɜɚɬ. ȼ ɝɪɭɩɩɢɪɨɜɤɟ LeoSat ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɨɥɹɪɧɵɟ 

ɨɪɛɢɬɵ, ɱɬɨ ɨɛɟɫɩɟɱɢɬ ɩɨɥɧɵɣ ɝɥɨɛɚɥɶɧɵɣ ɨɯɜɚɬ ɨɬ ɫɟɜɟɪɧɨɝɨ ɞɨ ɸɠɧɨɝɨ ɩɨɥɸɫɚ. 
2. Ƚɥɨɛɚɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɬɨɱɤɚ-ɬɨɱɤɚ ɛɟɡ ɧɚɡɟɦɧɵɯ ɬɨɱɟɤ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ. 

ɋɩɭɬɧɢɤɢ LeoSat ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɱɟɪɟɡ ɨɩɬɢɱɟɫɤɢɟ ɤɚɧɚɥɵ. ɉɨɫɥɟ ɫɨɟɞɢɧɟɧɢɹ ɫ 
ɝɪɭɩɩɢɪɨɜɤɨɣ ɞɚɧɧɵɟ ɛɭɞɭɬ ɩɟɪɟɞɚɜɚɬɶɫɹ ɫɨ ɫɩɭɬɧɢɤɚ ɧɚ ɫɩɭɬɧɢɤ, ɩɨɤɚ ɧɟ ɞɨɫɬɢɝɧɟɬ ɩɭɧɤɬɚ 
ɧɚɡɧɚɱɟɧɢɹ ɧɢɫɯɨɞɹɳɟɣ ɥɢɧɢɢ. 

3. ȼɵɫɨɤɚɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ. LeoSat ɛɭɞɟɬ ɩɪɟɞɥɚɝɚɬɶ ɞɨ 1,6 Ƚɛɢɬ/ɫ 
ɩɨɥɧɨɞɭɩɥɟɤɫɧɨɝɨ ɩɨɞɤɥɸɱɟɧɢɹ ɧɚ ɤɚɧɚɥ ɢ ɞɨ 5,2 Ƚɛɢɬ/ɫ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ. 

4. Ƚɢɛɤɚɹ ɤɨɧɮɢɝɭɪɚɰɢɹ ɫɟɬɢ. Ʌɢɧɢɢ ɫɜɹɡɢ ɦɨɝɭɬ ɛɵɬɶ ɨɛɴɟɞɢɧɟɧɵ ɜ ɡɜɟɡɞɨɨɛɪɚɡɧɭɸ 
ɢɥɢ ɹɱɟɢɫɬɭɸ ɫɟɬɶ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɢɹ ɪɚɡɥɢɱɧɵɦ ɫɰɟɧɚɪɢɹɦ ɩɨɞɤɥɸɱɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ. 

5. ɇɢɡɤɚɹ ɡɚɞɟɪɠɤɚ. Ȼɥɚɝɨɞɚɪɹ ɧɢɡɤɨɣ ɨɤɨɥɨɡɟɦɧɨɣ ɨɪɛɢɬɟ ɡɚɞɟɪɠɤɚ ɜ LeoSat ɨɬ 
Ɂɟɦɥɢ ɞɨ ɤɨɫɦɨɫɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɞ ɤɚɠɞɵɦ ɫɩɭɬɧɢɤɨɦ ɛɭɞɟɬ ɦɟɧɟɟ 20 ɦɫ. ȼ ɫɨɱɟɬɚɧɢɢ ɫ 
ɨɩɬɢɱɟɫɤɨɣ ɦɚɝɢɫɬɪɚɥɶɸ LeoSat ɜ ɤɨɫɦɨɫɟ ɷɬɨ ɩɪɢɜɟɞɟɬ ɤ ɫɨɟɞɢɧɟɧɢɹɦ ɫ ɨɱɟɧɶ ɧɢɡɤɨɣ 
ɡɚɞɟɪɠɤɨɣ, ɤɨɬɨɪɵɟ ɧɚ ɛɨɥɶɲɢɯ ɪɚɫɫɬɨɹɧɢɹɯ ɛɭɞɭɬ ɛɵɫɬɪɟɟ. ɇɚɩɪɢɦɟɪ, ɬɟɤɭɳɚɹ ɡɚɞɟɪɠɤɚ 
ɨɩɬɨɜɨɥɨɤɧɚ ɧɚ ɦɚɪɲɪɭɬɟ Ʌɨɧɞɨɧ - ɋɢɧɝɚɩɭɪ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɟɬ 180 ɦɫ, ɚ ɜ ɫɟɬɢ LeoSat 
ɨɧɚ ɛɭɞɟɬ ɫɧɢɠɟɧɚ ɢ ɜ ɫɪɟɞɧɟɦ ɛɭɞɟɬ ɧɢɠɟ 120 ɦɫ. 

Ⱦɪɭɝɨɣ ɜɚɠɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɚɤɢɯ ɝɪɭɩɩɢɪɨɜɨɤ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɜɪɟɦɹ ɨɠɢɞɚɧɢɹ 
ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɨ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɦɢɥɥɢɫɟɤɭɧɞɵ ɞɥɹ ɥɸɛɨɝɨ ɡɚɞɚɧɧɨɝɨ ɩɟɪɢɨɞɚ. ɗɬɚ 
ɞɟɬɟɪɦɢɧɢɫɬɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɡɚɞɟɪɠɤɢ LeoSat ɹɜɥɹɟɬɫɹ ɭɧɢɤɚɥɶɧɨɣ ɜ ɫɩɭɬɧɢɤɨɜɨɣ 
ɨɬɪɚɫɥɢ ɢ ɢɝɪɚɟɬ ɰɟɧɬɪɚɥɶɧɭɸ ɪɨɥɶ ɜ ɛɢɡɧɟɫ- ɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦ ɫɟɤɬɨɪɟ. 

6. ɉɨɥɧɨɫɬɶɸ ɡɚɳɢɳɟɧɧɚɹ ɫɟɬɶ. LeoSat ɦɨɠɟɬ ɩɟɪɟɞɚɜɚɬɶ ɜɚɲɢ ɞɚɧɧɵɟ ɜ ɫɟɬɢ, 
ɤɨɬɨɪɚɹ ɮɢɡɢɱɟɫɤɢ ɨɬɞɟɥɟɧɚ ɨɬ ɥɸɛɨɣ ɞɪɭɝɨɣ ɫɟɬɢ. ɇɚɦ ɧɟ ɧɭɠɧɨ ɫɨɟɞɢɧɹɬɶɫɹ ɫ ɤɚɤɨɣ-ɥɢɛɨ 
ɫɬɨɪɨɧɧɟɣ ɫɟɬɶɸ ɢɥɢ ɥɸɛɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɨɣ ɫɩɭɬɧɢɤɨɜɨɝɨ ɲɥɸɡɚ, ɱɬɨɛɵ ɞɨɫɬɚɜɢɬɶ ɜɚɲɢ 
ɞɚɧɧɵɟ ɜ ɤɨɧɟɱɧɵɣ ɩɭɧɤɬ ɧɚɡɧɚɱɟɧɢɹ - ɝɞɟ ɛɵ ɨɧ ɧɢ ɧɚɯɨɞɢɥɫɹ. ɋɢɫɬɟɦɚ ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɬ 
ɫɜɟɪɯɛɟɡɨɩɚɫɧɨɟ ɫɤɜɨɡɧɨɟ ɲɢɮɪɨɜɚɧɢɟ ɩɨɜɟɪɯ ɲɢɮɪɨɜɚɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜɚɦɢ ɤɚɤ 
ɧɚɲɢɦɢ ɤɥɢɟɧɬɚɦɢ [4].  

ɂɡɧɚɱɚɥɶɧɨ ɜ ɤɨɦɩɚɧɢɢ ɨɪɢɟɧɬɢɪɨɜɚɥɢɫɶ ɧɚ ɩɪɟɞɨɫɬɚɜɥɟɧɢɢ ɭɫɥɭɝ ɫɜɹɡɢ ɩɪɟɦɢɭɦ-

ɤɥɚɫɫɚ ɞɥɹ ɫɨɫɬɨɹɬɟɥɶɧɵɯ ɤɥɢɟɧɬɨɜ – ɬɚɤɢɯ, ɤɚɤ ɛɚɧɤɢ, ɩɪɚɜɢɬɟɥɶɫɬɜɚ, ɛɢɪɠɢ ɢ 
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɟ ɰɟɧɬɪɵ, ɤɨɬɨɪɵɦ ɬɪɟɛɭɟɬɫɹ ɫɜɹɡɶ ɫ ɦɚɥɨɣ ɡɚɞɟɪɠɤɨɣ. Ɍɚɤɢɟ ɤɥɢɟɧɬɵ 
ɫɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɫɩɭɬɧɢɤɨɜɨɣ ɫɜɹɡɢ, ɩɪɟɞɨɫɬɚɜɥɟɧɧɨɟ ɤɨɦɩɚɧɢɟɣ 
LeoSat. Ɉɞɧɚɤɨ ɜ LeoSat ɫɱɢɬɚɸɬ, ɱɬɨ ɢɯ ɫɩɭɬɧɢɤɚɦɢ ɫɦɨɝɭɬ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɬɚɤɠɟ 
ɨɩɟɪɚɬɨɪɵ ɫɩɭɬɧɢɤɨɜɨɣ ɫɜɹɡɢ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɤɚɧɚɥɨɜ – ɞɥɹ ɡɚɤɭɥɢɫɧɨɣ 
ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɦ ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɩɪɢɲɥɨɫɶ ɛɵ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɨɩɬɢɱɟɫɤɢɦɢ 
ɜɨɥɨɤɨɧɧɵɦɢ ɤɚɛɟɥɹɦɢ ɥɢɛɨ ɪɟɥɟɣɧɵɦɢ ɥɢɧɢɹɦɢ [6].  
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Ʉɥɢɟɧɬɚɦɢ LeoSat ɫɬɚɧɭɬ ɨɩɟɪɚɬɨɪɵ 5G-ɫɜɹɡɢ. ɉɨ ɫɥɨɜɚɦ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɬɟɥɟɤɨɦ-

ɢɧɞɭɫɬɪɢɢ, ɞɥɹ ɫɟɬɟɣ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɧɚɡɟɦɧɵɯ ɤɨɦɦɭɧɢɤɚɰɢɣ ɛɭɞɟɬ ɧɟɞɨɫɬɚɬɨɱɧɨ – 

ɬɪɟɛɭɟɦɚɹ ɫɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɚ ɜ 5G ɜ 15 ɪɚɡ ɩɪɟɜɵɲɚɟɬ ɫɪɟɞɧɸɸ ɫɤɨɪɨɫɬɶ ɢɧɬɟɪɧɟɬ-

ɫɨɟɞɢɧɟɧɢɹ ɜ ɦɢɪɟ. ɋɩɭɬɧɢɤɢ ɦɨɝɭɬ ɞɨɩɨɥɧɢɬɶ ɫɢɫɬɟɦɭ ɫɜɹɡɢ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɤɨɪɢɬɶ 
ɩɟɪɟɞɚɱɭ ɞɚɧɧɵɯ [5]. Ɉɛɥɚɞɚɹ ɧɢɡɤɨɣ ɡɚɞɟɪɠɤɨɣ, ɫɟɬɶ LeoSat ɫɦɨɠɟɬ ɤɨɧɤɭɪɢɪɨɜɚɬɶ ɫ 5G, 
ɫɬɚɜ ɩɪɟɦɢɚɥɶɧɨɣ ɚɥɶɬɟɪɧɚɬɢɜɨɣ, ɥɢɛɨ ɫɥɭɠɢɬɶ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɤɚɧɚɥɨɜ ɞɥɹ 
ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɤɨɦɦɟɪɱɟɫɤɢɯ ɫɥɭɠɛ 5G. Ɍɨɝɞɚ, ɩɨɥɶɡɨɜɚɬɟɥɢ ɫɦɨɝɭɬ ɩɨɞɤɥɸɱɚɬɶɫɹ ɤ ɫɟɬɹɦ 
ɨɩɟɪɚɬɨɪɨɜ ɱɟɪɟɡ ɫɬɚɧɞɚɪɬɧɵɟ 5G ɫɨɜɦɟɫɬɢɦɵɟ ɫɦɚɪɬɮɨɧɵ ɢ ɭɫɬɪɨɣɫɬɜɚ, ɚ ɨɩɟɪɚɬɨɪɵ ɛɭɞɭɬ 
ɩɟɪɟɫɵɥɚɬɶ ɫɜɨɢ ɞɚɧɧɵɟ ɱɟɪɟɡ ɫɩɭɬɧɢɤɢ, ɚ ɧɟ ɱɟɪɟɡ ɫɟɬɶ ɤɚɛɟɥɟɣ [6]. 

ɇɨɜɵɟ ɪɚɡɪɚɛɨɬɤɢ ɜ ɫɩɭɬɧɢɤɨɜɵɯ ɝɪɭɩɩɢɪɨɜɤɚɯ ɩɪɢɜɨɞɹɬ ɤ ɫɨɡɞɚɧɢɸ ɢɧɧɨɜɚɰɢɨɧɧɵɯ 
ɭɫɥɭɝ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɢɧɟɫɬɢ ɛɨɥɶɲɭɸ ɩɪɢɛɵɥɶ ɨɩɟɪɚɬɨɪɚɦ ɫɜɹɡɢ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ 
ɭɫɥɭɝɢ ɫɩɭɬɧɢɤɨɜ ɧɚ GEO ɢ MEO ɛɵɥɢ ɭɥɭɱɲɟɧɵ, ɫɩɭɬɧɢɤ ɜɫɟ ɟɳɟ ɱɚɫɬɨ ɜɨɫɩɪɢɧɢɦɚɟɬɫɹ 
ɤɚɤ ɩɨɫɥɟɞɧɢɣ ɜɵɛɨɪ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɤ ɫɟɬɢ, ɤɨɝɞɚ ɧɚɡɟɦɧɚɹ ɢɧɮɪɚɫɬɪɭɤɬɭɪɚ ɧɟɞɨɫɬɭɩɧɚ.  

Ɋɚɡɜɢɬɢɟ ɧɟɝɟɨɫɬɚɰɢɨɧɚɪɧɵɯ ɫɩɭɬɧɢɤɨɜɵɯ ɫɢɫɬɟɦ – ɭɫɬɨɣɱɢɜɵɣ ɬɪɟɧɞ ɩɨɫɥɟɞɧɢɯ 4-5 

ɥɟɬ. Ɍɟɩɟɪɶ, ɫ ɧɨɜɵɦɢ ɫɩɭɬɧɢɤɨɜɵɦɢ ɝɪɭɩɩɢɪɨɜɤɚɦɢ ɧɚ ɧɢɡɤɢɯ ɨɪɛɢɬɚɯ, ɨɩɟɪɚɬɨɪɵ ɫɜɹɡɢ 
ɩɨɥɭɱɚɬ ɜɨɡɦɨɠɧɨɫɬɶ, ɩɪɟɞɨɫɬɚɜɥɹɸɳɚɹ ɢɦ ɞɨɫɬɭɩ ɤ ɪɚɧɟɟ ɧɟɞɨɫɬɭɩɧɵɦ ɭɪɨɜɧɹɦ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫɟɬɢ. 

ɇɢɡɤɨɨɪɛɢɬɚɥɶɧɚɹ ɫɟɬɶ LeoSat ɞɨɩɨɥɧɢɥɚ ɤɥɚɫɫɢɱɟɫɤɭɸ ɝɟɨɫɬɚɰɢɨɧɚɪɧɭɸ ɫɟɬɶ 
ɨɩɟɪɚɬɨɪɚ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɞɚɧɧɚɹ ɫɟɬɶ ɞɨɥɠɧɚ ɜɵɣɬɢ ɧɚ ɧɨɜɵɟ ɪɵɧɤɢ: ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ, 

ɭɫɥɭɝ ɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦ ɫɟɤɬɨɪɟ, ɫɨɡɞɚɧɢɹ ɛɚɧɤɨɜɫɤɢɯ ɫɟɬɟɣ. 
Ʉɨɧɤɭɪɟɧɰɢɹ ɜ ɫɮɟɪɟ ɫɩɭɬɧɢɤɨɜɨɝɨ ɢɧɬɟɪɧɟɬɚ ɩɪɨɞɨɥɠɢɬ ɪɚɫɬɢ. ɍɠɟ ɫɟɣɱɚɫ 

ɧɟɤɨɬɨɪɵɟ ɤɨɦɩɚɧɢɢ ɧɚɫɬɨɥɶɤɨ ɬɨɪɨɩɹɬɫɹ ɨɛɨɝɧɚɬɶ ɫɨɩɟɪɧɢɤɨɜ, ɱɬɨ ɡɚɩɭɫɤɚɸɬ ɤɨɫɦɢɱɟɫɤɢɟ 
ɚɩɩɚɪɚɬɵ ɛɟɡ ɨɞɨɛɪɟɧɢɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɨɪɝɚɧɨɜ. ɉɪɢ ɷɬɨɦ ɩɨɬɟɧɰɢɚɥ ɬɟɯɧɨɥɨɝɢɢ ɩɨ-

ɩɪɟɠɧɟɦɭ ɧɟɹɫɟɧ. ɗɤɫɩɟɪɬɵ ɨɰɟɧɢɜɚɸɬ, ɱɬɨ ɫɩɭɬɧɢɤɨɜɵɣ ɢɧɬɟɪɧɟɬ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɩɪɨɹɜɢɬ 
ɫɟɛɹ ɜ ɛɥɢɠɚɣɲɢɟ 4–8 ɥɟɬ. Ɍɨɥɶɤɨ ɬɨɝɞɚ ɫɬɚɧɟɬ ɩɨɧɹɬɧɨ, ɭɞɚɥɨɫɶ ɥɢ ɤɨɦɩɚɧɢɹɦ ɧɚɣɬɢ ɡɚɦɟɧɭ 
ɨɩɬɨɜɨɥɨɤɨɧɧɨɦɭ ɫɨɟɞɢɧɟɧɢɸ ɢɥɢ ɧɚ ɫɩɭɬɧɢɤɢ ɜɨɡɥɨɠɢɥɢ ɫɥɢɲɤɨɦ ɛɨɥɶɲɢɟ ɧɚɞɟɠɞɵ. 
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