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ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ: 
 

ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ ï ʂʨʘʩʥʦʚʘ ʅʘʪʘʣʴʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ, ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

 

ʈʝʜʘʢʮʠʦʥʥʳʡ ʩʦʚʝʪ: 
1. ˽ ͔͔͔͍ͫͭͪ͊ ˹͙ͤ͊ ˸͙ͻ͚͍͊ͦͤ͊͡ ς ;͔ͤ͡-ͦͪͪ͟Φ ˾͙͚͚ͦͫͫͫͦ͟ ͔͙͙͊͊͒ͣ͟ ͔͔͍͔ͫͭͫͭͤͤ·ͻ ͤ͊ͯ͟Τ ˨͔͚͍͙͔ͫͭͭ͡Έͤ·͚ ;͔ͤ͡ ˢ͔͙͙͊͒ͣ͟ 
͙͙ͨͦͭ͡;͔͙ͫ͟ͻ ͤ͊ͯ͟Τ ˨͔͚͍͙͔ͫͭͭ͡Έͤ·͚ ;͔ͤ͡ ˸͔͚͗͒ͯͤ͊ͪͦ͒ͤͦ ͔͙͙͊͊͒ͣ͟ ͙ͤͺ͙ͦͪͣ͊ͭ͊͘ͼ͙͙ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΤ ˨ͦͭͦͪ͟ 
͎͔͎ͦͪ͊ͺ͙;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ˽ͪͦͺ͔ͫͫͦͪ ͔͔͎͙͙ͣͭͦͪͦͦ͡Σ ͨͪͦͺ͔ͫͫͦͪ ͊͟ͺ͔͒ͪ· ͍͔͙ͯͨͪ͊ͤ͡Ύ ͔ͨͪͫͦͤ͊ͦͣ͡ ͙ Ή͙͙ͦͤͦͣ͟͟ ͭͪͯ͒͊ 
˨͊͡Έ͔͍ͤͦͫͭͦ;͎ͤͦͦ ͺ͔͔͒ͪ͊͡Έ͎ͤͦͦ ͙͍͔͙͔ͯͤͪͫͭͭ͊Σ ̊ͦ͟͡· Ή͙͙ͦͤͦͣ͟͟ ͙ ͔͔͔ͣͤ͒͗ͣͤͭ͊ ͎Φ ˤ͙͍͊͒ͦͫͭͦ͟͡Φ ˽͔͔͔͍ͫͭͪ͊ ˹Φ˸Φ 
͎͔ͤ͊ͪ͊͗͒ͤ͊ ˸͔͒͊͡ΈΌ ˻͔ͪ͒ͤ͊ ͊͘ ͎͙ͯͫͯ͡ ͔͔ͨͪ͒ ˻͔ͭ;͔͍ͫͭͦͣ LL ͔͔͙ͫͭͨͤ ό͊͘ ͍·͙͔ͫͦ͟ ͙͔͙͒ͦͫͭ͗ͤΎ ͍ ͫͺ͔͔ͪ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͙ 
͙ͤ͊ͯ͟ύΦ ͍̒͡Ύ͔ͭͫΎ ͨ ͦ;͔ͭͤ·ͣ ͙ͪ͊͋ͦͭͤͦͣ͟ ͍·ͫ΄͔͎ͦ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͎ͤͦͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ˾̅Φ ˤ ͨͦͤͦͣͦ͡;͙Ύ ͍ͻͦ͒Ύͭ ͦ ͎͙ͪ͊ͤ͊͘ͼ͙Ύ 
͙κ͙͙͡ ͍͔͔͙͔ͨͪͦ͒ͤ Ή͔͚ͫͨͪͭͤͦ͟ ͦͼ͔͙ͤ͟ ͔͚ͫͭ͊ͭ ͨͦ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ό ά͙̏ͦͤͦͣ͊͟͟ ͭͪͯ͒͊ ͍ ˢ˽˴έΣ ά͎̏ͦͦͦ͟͡-Ή͙ͦͤͦͣ͟;͔ͫ͊͟Ύ 
Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘έΦ 
2. x ͯͻ͙ͭΎ͍ͪͦ͊ ́͊ͭΈΎͤ͊ ˮ͍͍͊ͤͦͤ͊ ς ͒ ͦͭͦͪ͟ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪΦ ˽ͪͦͺ͔ͫͫͦͪ ͊͟ͺ͔͒ͪ· ά͙̏ͦͤͦͣ͊͟͟ ͙ ͺ͙ͤ͊ͤͫ·έΦ 
ό͙͍̅ͤ͊ͤͫͦ·͚ ͙͍͔͙͔ͯͤͪͫͭͭ ͙ͨͪ ˽͍͙͔ͪ͊ͭ͡Έ͍͔ͫͭ ˾̅Σ ͔̉͡Ύ͙͙͚͋ͤͫ͟ ͺ͙͙͊͡͡ύΦ ˤ ͨͦͤͦͣͦ͡;͙Ύ ͍ͻͦ͒Ύͭ ͦ ͎͙ͪ͊ͤ͊͘ͼ͙Ύ ͙κ͙͙͡ 
͍͔͔͙͔ͨͪͦ͒ͤ Ή͔͚ͫͨͪͭͤͦ͟ ͦͼ͔͙ͤ͟ ͔͚ͫͭ͊ͭ ͦ͋΅͔Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͍͔͙ͤ͊ͨͪ͊ͤͤͦͫͭ͡Φ 

3. ˥ ͍ͦͤͦ͊ ˻͡Έ͎͊ ˤ͙͙͍͊͒ͣͪͦͤ͊͡ ς ͒ ͦͭͦͪ͟ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪΦ ˭͍͊Φ ͊͟ͺ͔͚͒ͪͦ ͔͔͔ͣͤ͒͗ͣͤͭ͊ ͙ Ή͙ͦͤͦͣ͟;͔͎ͫͦͦ͟ 
͙͊ͤ͊͊͘͡ ͍ ˢ˽˴ ό̅˥ˣ˻̂ ˤ˽˻ άˮ͍͍͊ͤͦͫ͊͟Ύ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ͊Ύ ͫ ͔͡Έͫͦ͟ͻͦ͘Ύ͚͍͔ͫͭͤͤ͊Ύ ͊ ͔͙͊͒ͣ͟Ύ ͙ ͣΦ ͔͙͊͊͒ͣ͊͟͟ ˨Φ˴Φ ˣ͔͡Ύ͔͍͊έΣ 
͎Φ ˮ͍͍͊ͤͦͦύΦ ʕ  ͨͦͤͦͣͦ͡;͙Ύ ͍ͻͦ͒Ύͭ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͙κ͙͙͡ ͍͔͔͙͔ͨͪͦ͒ͤ Ή͔͚ͫͨͪͭͤͦ͟ ͦͼ͔͙ͤ͟ ͔͚ͫͭ͊ͭ ͦ͋΅͔Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ 
͍͔͙ͤ͊ͨͪ͊ͤͤͦͫͭ͡Φ 

4. ˹ ͍ͦͫͦ ˤ͙͙͊͒ͣͪ͡ ˤ͙͙͍͙͊͒ͣͪͦ͡; ς ͒ ͦͭͦͪ͟ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪ ͊͟ͺ͔͒ͪ· ͋ͯͻ͎͔͎͊ͭͪͫͦͦ͟͡ ͯ;͔ͭ͊ ͙ ͙͙͙ͫͭ͊ͭͫͭ͟ 
̅˥ˣ˻̂ ˤ˽˻ ά˾͙͚͙͚ͦͫͫͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͫͦͼ͙͊͡Έͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭέΦ ʕ  ͨͦͤͦͣͦ͡;͙Ύ ͍ͻͦ͒Ύͭ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͙κ͙͙͡ 
͍͔͔͙͔ͨͪͦ͒ͤ Ή͔͚ͫͨͪͭͤͦ͟ ͦͼ͔͙ͤ͟ ͔͚ͫͭ͊ͭ ͦ͋΅͔Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͍͔͙ͤ͊ͨͪ͊ͤͤͦͫͭ͡Φ 

5. ˿ ͔͍͊ͣͦͭ͊ ˢ͔ͫ͊ͤ͒ͪ͟͡ ˢ͔͍͙ͫ͊ͤ͒ͪͦ͟͡; ς ͒ͦͭͦͪ͟ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ  ͨ ͪͦͺ͔ͫͫͦͪΦ ˭͍͊Φ ͊͟ͺΦ ͙͙̏ͦͤͦͣ͟͟ ͙ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ 
ˢ˽˴ ό̅˥ˣ˻̂ ˤ˽˻ ά̂ͪ͊͡Έͫ͊͟Ύ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ͊Ύ ͔͙͊͊͒ͣ͟Ύ ͍͔͔͙͚ͭͪͤ͊ͪͤͦ ͔͙ͣ͒ͼ͙ͤ·έΣ ͎Φ ͙́ͪͦͼ͟ύΦ ʕ  ͨͦͤͦͣͦ͡;͙Ύ ͍ͻͦ͒Ύͭ 
͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͙κ͙͙͡ ͍͔͔͙͔ͨͪͦ͒ͤ Ή͔͚ͫͨͪͭͤͦ͟ ͦͼ͔͙ͤ͟ ͔͚ͫͭ͊ͭ ͦ͋΅͔Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͍͔͙ͤ͊ͨͪ͊ͤͤͦͫͭ͡Φ 

6.  ̅ ͙͍ͪͫͦ͊ ˢͤͤ͊ ˢ͔͍ͫ͊ͤ͒ͪͦͤ͊͟͡ ς ͒ͦͭͦͪ͟ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭΣ ͨͪͦͺ͔ͫͫͦͪ ͟ ͊ͺ͔͒ͪ· ͅ ͙͍ͤ͊ͤͫͦ ͙ 
͔͙ͪ͒ͭ͊͟  ό̅˥ˣ˻̂ ˤ˽˻ ά˿͍͙͚͊ͪ͊ͭͦͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͙ͣΦ ˹Φ˥Φ ͔̉ͪͤ·΄͔͍͎ͫͦͦ͟έύΦ ʕ  ͨͦͤͦͣͦ͡;͙Ύ ͍ͻͦ͒Ύͭ 
͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͙κ͙͙͡ ͍͔͔͙͔ͨͪͦ͒ͤ Ή͔͚ͫͨͪͭͤͦ͟ ͦͼ͔͙ͤ͟ ͔͚ͫͭ͊ͭ ͦ͋΅͔Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͍͔͙ͤ͊ͨͪ͊ͤͤͦͫͭ͡Φ 

7. ˢ͔͔͍ͤ͒ͪ ˢ͔͚ͤ͒ͪ ˤ͙͙͍͙͊͒ͣͪͦ͡; ς ͟ ͙͊ͤ͒͒͊ͭ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭΣ ͒ͦͼ͔ͤͭ ͊͟ͺ͔͒ͪ· ͺ͙͍ͤ͊ͤͫͦΣ ͔͙ͪ͒ͭ͊͟ ͙ 
͎͔͙ͤ͊ͦͦͦ͋ͦ͗ͤ͡͡Ύ ό˽͍͙͚ͦͦ͗ͫ͟͡ ͙͙ͤͫͭͭͯͭ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙͔͙ͣͤ ˽ΦˢΦ ˿ͭͦ͡·͙ͨͤ͊ ς ͺ͙͙͊͡͡ ˾͙͚͚ͦͫͫͫͦ͟ ͔͙͙͊͊͒ͣ͟ ͎ͤ͊ͪͦ͒ͤͦͦ 
ͻͦ͘Ύ͚͍ͫͭ͊ ͙ ͎͍͔͚ͦͫͯ͒͊ͪͫͭͤͤͦ ͫͯ͗͋͡· ͙ͨͪ ˽͔͙͔͔ͪ͒ͤͭ͘ ˾͙͚͚ͦͫͫͫͦ͟ ͔͔̅͒ͪ͊ͼ͙͙ύΦ ʕ  ͨͦͤͦͣͦ͡;͙Ύ ͍ͻͦ͒Ύͭ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͙κ͙͙͡ 
͍͔͔͙͔ͨͪͦ͒ͤ Ή͔͚ͫͨͪͭͤͦ͟ ͦͼ͔͙ͤ͟ ͔͚ͫͭ͊ͭ ͍ ͙ͪͯ͋ͪ͊͟ͻΥ ̂ ͍͔͙͔ͨͪ͊ͤ͡ ͙ ͔͔͔ͣͤ͒͗ͣͤͭΣ ͙̏ͦͤͦͣ͊͟͟ ͻ͔͙ͪ͊ͤͤΎ ͙ ͔͔͙ͨͪͪ͊͋ͦͭ͟ 
͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔͚ͫͭͤͤͦ ͨͪͦ͒ͯ͟ͼ͙͙Φ 

8. ˭ ͊ͻ͍͊ͪͦ͊ ˿͍͔ͭ͊ͤ͊͡ ˥͔͍ͪͣ͊ͤͦͤ͊ ς ͟ ͙͊ͤ͒͒͊ͭ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭΣ ͒ͦͼ͔ͤͭ ͊͟ͺ͔͒ͪ· ͔͔͔ͣͤ͒͗ͣͤͭ͊ ͙ ͍͔͙ͯͨͪ͊ͤ͡Ύ 
͔ͨͪͫͦͤ͊ͦͣ͡ ˹˻̂ ˤ˽˻ ˹ˮ˸ˣΦ ʕ  ͨͦͤͦͣͦ͡;͙Ύ ͍ͻͦ͒Ύͭ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͙κ͙͙͡ ͍͔͔͙͔ͨͪͦ͒ͤ Ή͔͚ͫͨͪͭͤͦ͟ ͦͼ͔͙ͤ͟ ͔͚ͫͭ͊ͭ ͍ 
͙ͪͯ͋ͪ͊͟ͻΥ ̂ ͍͔͙͔ͨͪ͊ͤ͡ ͙ ͔͔͔ͣͤ͒͗ͣͤͭΦ 
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ȬɖɝɑəɚɎ Ƚɑɜɏɑɕ ȯɑəəɌɐɨɑɎɔɣ 

ȬɍɜɌɘɑəɖɚ Ȭɜɞɑɘ ȮɗɌɐɔɘɔɜɚɎɔɣ 

ȬəəɚɞɌɢɔɫ. ȼɌəəɑɑ ɚɍəɌɜɟɒɑəɔɑ ɎɚɓɏɚɜɌəɔɫ ɛɚɓɎɚɗɫɑɞ ɟɎɑɗɔɣɔɞɨ ɜɑɓɑɜɎ Ɏɜɑɘɑəɔ ɐɗɫ ɩɎɌɖɟɌɢɔɔ ɗɪɐɑɕ, 
ɛɑɜɑɐɌɣɔ ɝɚɚɍɥɑəɔɫ ɛɚɒɌɜəɚ-ɝɛɌɝɌɞɑɗɨəɧɘ ɛɚɐɜɌɓɐɑɗɑəɔɫɘ ɔ ɓɌɛɟɝɖɌ ɌɎɞɚɘɌɞɔɣɑɝɖɔɡ ɝɔɝɞɑɘ ɛɚɒɌɜɚɞɟɤɑəɔɫ. Ȯ 
ɝɞɌɞɨɑ ɜɌɝɝɘɚɞɜɑəɧ ɞɚɣɑɣəɧɑ ɐɧɘɚɎɧɑ, ɞɑɛɗɚɎɧɑ, ɏɌɓɚɎɧɑ, ɌɝɛɔɜɌɢɔɚəəɧɑ ɔ ɘɟɗɨɞɔɖɜɔɞɑɜɔɌɗɨəɧɑ ɛɚɒɌɜəɧɑ 
ɔɓɎɑɥɌɞɑɗɔ, Ɍ ɞɌɖɒɑ ɝɔɝɞɑɘɧ ɔɝɖɟɝɝɞɎɑəəɚɏɚ ɔəɞɑɗɗɑɖɞɌ ɐɗɫ ɎɔɐɑɚɌəɌɗɔɞɔɖɔ, ɜɌɝɛɚɓəɌɪɥɔɑ ɛɜɔɓəɌɖɔ ɛɚɒɌɜɌ. 
ȻɜɚɌəɌɗɔɓɔɜɚɎɌəɧ ɜɑɓɟɗɨɞɌɞɧ ɚɛɟɍɗɔɖɚɎɌəəɧɡ ɩɖɝɛɑɜɔɘɑəɞɚɎ. ȻɚɖɌɓɌəɚ, ɣɞɚ ɌɝɛɔɜɌɢɔɚəəɌɫ ɝɔɝɞɑɘɌ Ɏ ɚɐəɚɘ ɔɓ 
ɝɖɗɌɐɝɖɔɡ ɔɝɛɧɞɌəɔɕ ɝɚɚɍɥɌɗɌ ɚ ɎɚɓɏɚɜɌəɔɔ Ɏ ɝɜɑɐəɑɘ əɌ 52,2 ɝ. ȼɌəɨɤɑ, ɣɑɘ ɚɍɧɣəɧɑ ɞɚɣɑɣəɧɑ ɔɓɎɑɥɌɞɑɗɔ. 
ȸɟɗɨɞɔɘɚɐɌɗɨəɌɫ ɝɔɝɞɑɘɌ ɝɖɗɌɐɝɖɚɏɚ ɘɚəɔɞɚɜɔəɏɌ ɚɍɑɝɛɑɣɔɎɌɑɞ ɝɚɖɜɌɥɑəɔɑ Ɏɜɑɘɑəɔ ɜɑɌɏɔɜɚɎɌəɔɫ əɌ 35% ɔ 
ɝəɔɒɌɑɞ ɣɌɝɞɚɞɟ ɗɚɒəɧɡ ɞɜɑɎɚɏ əɌ 42% ɚɞəɚɝɔɞɑɗɨəɚ ɛɜɑɐɧɐɟɥɔɡ ɝɔɝɞɑɘ. ȼɌɝɝɘɚɞɜɑəəɧɑ ɘɚɐɑɗɔ 
ɖɚɘɛɨɪɞɑɜəɚɏɚ ɓɜɑəɔɫ ɝɛɚɝɚɍəɧ ɚɍɜɌɍɌɞɧɎɌɞɨ ɔɓɚɍɜɌɒɑəɔɫ Ɏ ɜɑɌɗɨəɚɘ Ɏɜɑɘɑəɔ, ɚɐəɌɖɚ ɎɧɝɚɖɌɫ ɣɌɝɞɚɞɌ ɚɍɜɌɍɚɞɖɔ 
ɖɌɐɜɚɎ əɑ ɎɝɑɏɐɌ ɚɍɑɝɛɑɣɔɎɌɑɞ əɔɓɖɚɑ Ɏɜɑɘɑəɫ ɚɍəɌɜɟɒɑəɔɫ ɛɚɒɌɜɌ. ȻɜɑɐɗɚɒɑəɌ ɏɔɍɜɔɐəɌɫ ɌɜɡɔɞɑɖɞɟɜɌ, 
ɚɍɦɑɐɔəɫɪɥɌɫ ɐɧɘɚɎɧɑ, ɞɑɘɛɑɜɌɞɟɜəɧɑ ɔ ɏɌɓɚɎɧɑ ɐɌɞɣɔɖɔ ɝ ȴȴ-ɌəɌɗɔɓɚɘ ɎɔɐɑɚɛɚɞɚɖɌ ɔ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɕ 
ɎɑɜɔɠɔɖɌɢɔɑɕ ɞɜɑɎɚɏɔ. ȽɠɚɜɘɟɗɔɜɚɎɌəɧ ɛɜɑɐɗɚɒɑəɫ ɛɚ Ɏɧɍɚɜɟ ɚɍɚɜɟɐɚɎɌəɔɫ ɔ ɛɜɚɎɑɐɑəɔɪ ɜɑɌɗɨəɚɏɚ ɩɖɝɛɑɜɔɘɑəɞɌ 
əɌ ɓɌɥɔɥɌɑɘɚɘ ɚɍɦɑɖɞɑ. 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɔɝɖɟɝɝɞɎɑəəɧɕ ɔəɞɑɗɗɑɖɞ, ɜɌəəɑɑ ɚɍəɌɜɟɒɑəɔɑ ɛɚɒɌɜɌ, ɛɚɒɌɜəɧɕ ɔɓɎɑɥɌɞɑɗɨ, 
ɌɝɛɔɜɌɢɔɚəəɌɫ ɝɔɝɞɑɘɌ, ɘɟɗɨɞɔɖɜɔɞɑɜɔɌɗɨəɧɕ ɔɓɎɑɥɌɞɑɗɨ, ɎɔɐɑɚɌəɌɗɔɞɔɖɌ, ɖɚɘɛɨɪɞɑɜəɚɑ ɓɜɑəɔɑ, ɐɧɘ, ɗɚɒəɚɑ 
ɝɜɌɍɌɞɧɎɌəɔɑ. 

Abstract . Early fire detection increases the time available for evacuation, alarm transmission and activation of 
automatic fire protection systems. This article examines point smoke, heat, gas, aspirating and multi-criteria fire detectors, as 
well as computer vision systems for smoke and flame recognition. Published physical and computational experiments are 
analysed. In one warehouse test, an aspirating smoke detection system responded on average 52.2 s earlier than conventional 
point detectors. A warehouse multi-sensor system reduced response time by 35% and false alarms by 42% compared with 
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single-sensor detection. Computer vision models can process video in real time, but high frame-processing speed does not 
necessarily mean short event-detection time under actual fire conditions. A hybrid architecture combining smoke, temperature 
and gas sensors with AI video analytics and sequential alarm verification is proposed. 

Keywords: artificial intelligence, early fire detection, fire detector, aspirating system, multi-criteria detector, video 
analytics, computer vision, smoke,  false alarm. 
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ȬɖɝɑəɚɎ Ƚɑɜɏɑɕ ȯɑəəɌɐɨɑɎɔɣ 

ȬɍɜɌɘɑəɖɚ Ȭɜɞɑɘ ȮɗɌɐɔɘɔɜɚɎɔɣ 

ȬəəɚɞɌɢɔɫ. ȽɖɗɌɐɝɖɔɑ ɛɚɘɑɥɑəɔɫ Ɍɏɜɚɛɜɚɘɧɤɗɑəəɚɏɚ ɖɚɘɛɗɑɖɝɌ ɜɌɓɗɔɣɌɪɞɝɫ ɛɚ Ɏɔɐɟ ɛɚɒɌɜəɚɕ əɌɏɜɟɓɖɔ 
ɔ ɡɌɜɌɖɞɑɜɟ ɚɛɌɝəɧɡ ɠɌɖɞɚɜɚɎ. ȳɑɜəɚ, ɘɟɖɌ ɔ ɖɚɘɍɔɖɚɜɘɌ ɘɚɏɟɞ ɚɍɜɌɓɚɎɧɎɌɞɨ ɏɚɜɪɣɔɑ ɛɧɗɑɎɚɓɐɟɤəɧɑ ɝɘɑɝɔ; ɝɑəɚ 
ɔ ɝɚɗɚɘɌ ɝɖɗɚəəɧ ɖ ɏɗɟɍɚɖɚɘɟ ɞɗɑəɔɪ ɔ ɛɚɎɞɚɜəɚɘɟ ɎɚɓɏɚɜɌəɔɪ; ɜɌɝɞɔɞɑɗɨəɧɑ ɘɌɝɗɌ ɔ ɞɚɛɗɔɎɚ ɞɜɑɍɟɪɞ ɔəɧɡ 
ɚɏəɑɞɟɤɌɥɔɡ ɎɑɥɑɝɞɎ, ɣɑɘ ɞɎɑɜɐɌɫ ɝɑɗɨɝɖɚɡɚɓɫɕɝɞɎɑəəɌɫ ɛɜɚɐɟɖɢɔɫ. ɂɑɗɨ ɜɌɍɚɞɧ ñ ɝɔɝɞɑɘɌɞɔɓɔɜɚɎɌɞɨ 
ɚɝɚɍɑəəɚɝɞɔ ɜɌɓɎɔɞɔɫ ɔ ɞɟɤɑəɔɫ ɛɚɒɌɜɚɎ əɌ ɝɖɗɌɐɌɡ ɌɏɜɌɜəɚɕ ɛɜɚɐɟɖɢɔɔ ɔ ɜɌɓɜɌɍɚɞɌɞɨ Ɍɗɏɚɜɔɞɘ ɎɧɍɚɜɌ 
ɛɑɜɎɚɚɣɑɜɑɐəɧɡ ɐɑɕɝɞɎɔɕ Ɏ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɎɔɐɌ ɡɜɌəɔɘɚɏɚ ɘɌɞɑɜɔɌɗɌ. ȴɝɛɚɗɨɓɚɎɌəɧ ɘɑɞɚɐɧ ɌəɌɗɔɓɌ 
əɚɜɘɌɞɔɎəɧɡ ɐɚɖɟɘɑəɞɚɎ, ɝɚɛɚɝɞɌɎɗɑəɔɫ ɜɑɖɚɘɑəɐɌɢɔɕ ɛɚ ɛɚɒɌɜəɚɕ ɞɌɖɞɔɖɑ ɔ ɖɗɌɝɝɔɠɔɖɌɢɔɔ ɞɔɛɚɎɧɡ 
ɝɢɑəɌɜɔɑɎ. ȻɜɑɐɗɚɒɑəɌ ɘɌɞɜɔɢɌ ɞɌɖɞɔɣɑɝɖɔɡ ɜɑɤɑəɔɕ, ɟɣɔɞɧɎɌɪɥɌɫ ɚɛɌɝəɚɝɞɨ ɛɧɗɑɎɚɏɚ ɎɓɜɧɎɌ, ɝɌɘɚɝɚɏɜɑɎɌəɔɫ, 
Ɏɚɐɚɛɚɏɗɚɥɑəɔɫ ɔ ɝɖɜɧɞɚɏɚ ɞɗɑəɔɫ. ȻɚɖɌɓɌəɚ, ɣɞɚ əɌɔɍɚɗɑɑ ɍɑɓɚɛɌɝəɌɫ ɞɌɖɞɔɖɌ ɚɝəɚɎɧɎɌɑɞɝɫ əɑ əɌ ɟəɔɎɑɜɝɌɗɨəɚɘ 
ɛɜɔɘɑəɑəɔɔ Ɏɚɐɧ, Ɍ əɌ ɛɜɑɐɎɌɜɔɞɑɗɨəɚɘ ɜɌɝɛɚɓəɌɎɌəɔɔ ɝɢɑəɌɜɔɫ, ɚɝɞɌəɚɎɖɑ ɞɑɡəɚɗɚɏɔɣɑɝɖɔɡ ɛɜɚɢɑɝɝɚɎ, ɖɚəɞɜɚɗɑ 
ɛɧɗɑɚɍɜɌɓɚɎɌəɔɫ, ɓɌɥɔɞɑ ɝɘɑɒəɧɡ ɛɚɘɑɥɑəɔɕ ɔ ɚɜɏɌəɔɓɚɎɌəəɚɘ ɟɐɌɗɑəɔɔ ɛɜɚɏɜɑɞɚɏɚ ɛɜɚɐɟɖɞɌ. 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɛɚɒɌɜəɌɫ ɍɑɓɚɛɌɝəɚɝɞɨ, ɌɏɜɌɜəɌɫ ɛɜɚɐɟɖɢɔɫ, ɓɑɜəɚɝɖɗɌɐ, ɩɗɑɎɌɞɚɜ, ɓɑɜəɚɎɌɫ ɛɧɗɨ, ɝɑəɚ, 
ɝɚɗɚɘɌ, ɌɎɞɚɘɌɞɔɣɑɝɖɌɫ ɟɝɞɌəɚɎɖɌ ɛɚɒɌɜɚɞɟɤɑəɔɫ, ɜɌɝɛɧɗɑəəɌɫ ɎɚɐɌ, ɛɚɒɌɜəɌɫ ɞɌɖɞɔɖɌ. 

Abstract. Agricultural warehouses differ in fire load and hazardous fire factors. Grain, flour and compound feed can 
form combustible dust-air mixtures; hay and straw are susceptible to deep-seated smouldering and re-ignition; vegetable oils 
and fuels require extinguishing agents different from those used for solid agricultural products. This study aims to systematize 
the development and suppression features of fires in agricultural warehouses and to propose an initial-response algorithm 
based on the stored commodity. Regulatory analysis, comparison of firefighting recommendations and classification of typical 
scenarios were applied. A tactical decision matrix is proposed that accounts for dust explosion, self-heating, water absorption 
and hidden-smouldering hazards. The analysis indicates that safe suppression should begin with scenario identification, 
shutdown of processing equipment, dust control, protection of adjacent areas and controlled removal of heated material rather 
than indiscriminate water application. 

Keywords: fire safety, agricultural products, grain warehouse, grain elevator, grain dust, hay, straw, automatic fire 
suppression, water spray, firefighting tactics. 
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ȬɖɝɑəɚɎ Ƚɑɜɏɑɕ ȯɑəəɌɐɨɑɎɔɣ 

ȬɍɜɌɘɑəɖɚ Ȭɜɞɑɘ ȮɗɌɐɔɘɔɜɚɎɔɣ 

ȬəəɚɞɌɢɔɫ. ȽɖɗɌɐɝɖɔɑ ɛɚɘɑɥɑəɔɫ Ɍɏɜɚɛɜɚɘɧɤɗɑəəɚɏɚ ɖɚɘɛɗɑɖɝɌ ɜɌɓɗɔɣɌɪɞɝɫ ɛɚ Ɏɔɐɟ ɛɚɒɌɜəɚɕ əɌɏɜɟɓɖɔ 
ɔ ɡɌɜɌɖɞɑɜɟ ɚɛɌɝəɧɡ ɠɌɖɞɚɜɚɎ. ȳɑɜəɚ, ɘɟɖɌ ɔ ɖɚɘɍɔɖɚɜɘɌ ɘɚɏɟɞ ɚɍɜɌɓɚɎɧɎɌɞɨ ɏɚɜɪɣɔɑ ɛɧɗɑɎɚɓɐɟɤəɧɑ ɝɘɑɝɔ; ɝɑəɚ 
ɔ ɝɚɗɚɘɌ ɝɖɗɚəəɧ ɖ ɏɗɟɍɚɖɚɘɟ ɞɗɑəɔɪ ɔ ɛɚɎɞɚɜəɚɘɟ ɎɚɓɏɚɜɌəɔɪ; ɜɌɝɞɔɞɑɗɨəɧɑ ɘɌɝɗɌ ɔ ɞɚɛɗɔɎɚ ɞɜɑɍɟɪɞ ɔəɧɡ 
ɚɏəɑɞɟɤɌɥɔɡ ɎɑɥɑɝɞɎ, ɣɑɘ ɞɎɑɜɐɌɫ ɝɑɗɨɝɖɚɡɚɓɫɕɝɞɎɑəəɌɫ ɛɜɚɐɟɖɢɔɫ. ɂɑɗɨ ɜɌɍɚɞɧ ñ ɝɔɝɞɑɘɌɞɔɓɔɜɚɎɌɞɨ 
ɚɝɚɍɑəəɚɝɞɔ ɜɌɓɎɔɞɔɫ ɔ ɞɟɤɑəɔɫ ɛɚɒɌɜɚɎ əɌ ɝɖɗɌɐɌɡ ɌɏɜɌɜəɚɕ ɛɜɚɐɟɖɢɔɔ ɔ ɜɌɓɜɌɍɚɞɌɞɨ Ɍɗɏɚɜɔɞɘ ɎɧɍɚɜɌ 
ɛɑɜɎɚɚɣɑɜɑɐəɧɡ ɐɑɕɝɞɎɔɕ Ɏ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɎɔɐɌ ɡɜɌəɔɘɚɏɚ ɘɌɞɑɜɔɌɗɌ. ȴɝɛɚɗɨɓɚɎɌəɧ ɘɑɞɚɐɧ ɌəɌɗɔɓɌ 
əɚɜɘɌɞɔɎəɧɡ ɐɚɖɟɘɑəɞɚɎ, ɝɚɛɚɝɞɌɎɗɑəɔɫ ɜɑɖɚɘɑəɐɌɢɔɕ ɛɚ ɛɚɒɌɜəɚɕ ɞɌɖɞɔɖɑ ɔ ɖɗɌɝɝɔɠɔɖɌɢɔɔ ɞɔɛɚɎɧɡ 
ɝɢɑəɌɜɔɑɎ. ȻɜɑɐɗɚɒɑəɌ ɘɌɞɜɔɢɌ ɞɌɖɞɔɣɑɝɖɔɡ ɜɑɤɑəɔɕ, ɟɣɔɞɧɎɌɪɥɌɫ ɚɛɌɝəɚɝɞɨ ɛɧɗɑɎɚɏɚ ɎɓɜɧɎɌ, ɝɌɘɚɝɚɏɜɑɎɌəɔɫ, 
Ɏɚɐɚɛɚɏɗɚɥɑəɔɫ ɔ ɝɖɜɧɞɚɏɚ ɞɗɑəɔɫ. ȻɚɖɌɓɌəɚ, ɣɞɚ əɌɔɍɚɗɑɑ ɍɑɓɚɛɌɝəɌɫ ɞɌɖɞɔɖɌ ɚɝəɚɎɧɎɌɑɞɝɫ əɑ əɌ ɟəɔɎɑɜɝɌɗɨəɚɘ 
ɛɜɔɘɑəɑəɔɔ Ɏɚɐɧ, Ɍ əɌ ɛɜɑɐɎɌɜɔɞɑɗɨəɚɘ ɜɌɝɛɚɓəɌɎɌəɔɔ ɝɢɑəɌɜɔɫ, ɚɝɞɌəɚɎɖɑ ɞɑɡəɚɗɚɏɔɣɑɝɖɔɡ ɛɜɚɢɑɝɝɚɎ, ɖɚəɞɜɚɗɑ 
ɛɧɗɑɚɍɜɌɓɚɎɌəɔɫ, ɓɌɥɔɞɑ ɝɘɑɒəɧɡ ɛɚɘɑɥɑəɔɕ ɔ ɚɜɏɌəɔɓɚɎɌəəɚɘ ɟɐɌɗɑəɔɔ ɛɜɚɏɜɑɞɚɏɚ ɛɜɚɐɟɖɞɌ. 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɛɚɒɌɜəɌɫ ɍɑɓɚɛɌɝəɚɝɞɨ, ɌɏɜɌɜəɌɫ ɛɜɚɐɟɖɢɔɫ, ɓɑɜəɚɝɖɗɌɐ, ɩɗɑɎɌɞɚɜ, ɓɑɜəɚɎɌɫ ɛɧɗɨ, ɝɑəɚ, 
ɝɚɗɚɘɌ, ɌɎɞɚɘɌɞɔɣɑɝɖɌɫ ɟɝɞɌəɚɎɖɌ ɛɚɒɌɜɚɞɟɤɑəɔɫ, ɜɌɝɛɧɗɑəəɌɫ ɎɚɐɌ, ɛɚɒɌɜəɌɫ ɞɌɖɞɔɖɌ. 

Abstract. Agricultural warehouses differ in fire load and hazardous fire factors. Grain, flour and compound feed can 
form combustible dust-air mixtures; hay and straw are susceptible to deep-seated smouldering and re-ignition; vegetable oils 
and fuels require extinguishing agents different from those used for solid agricultural products. This study aims to systematize 
the development and suppression features of fires in agricultural warehouses and to propose an initial-response algorithm 
based on the stored commodity. Regulatory analysis, comparison of firefighting recommendations and classification of typical 
scenarios were applied. A tactical decision matrix is proposed that accounts for dust explosion, self-heating, water absorption 
and hidden-smouldering hazards. The analysis indicates that safe suppression should begin with scenario identification, 
shutdown of processing equipment, dust control, protection of adjacent areas and controlled removal of heated material rather 
than indiscriminate water application. 

Keywords: fire safety, agricultural products, grain warehouse, grain elevator, grain dust, hay, straw, automatic fire 
suppression, water spray, firefighting tactics. 
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