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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 

ɋɏɌɠɌɜɚɎɌ ȬɓɌɗɔɫ ȼɟɝɞɌɘɚɎəɌ 

ȬəəɚɞɌɢɔɫ. ȽɞɌɞɨɫ ɔɝɝɗɑɐɟɑɞ ɔəəɚɎɌɢɔɚəəɧɕ ɛɚɐɡɚɐ ɖ ɚɍɑɝɛɑɣɑəɔɪ ɛɚɒɌɜəɚɕ ɍɑɓɚɛɌɝəɚɝɞɔ Ɏ 
Ɍɏɜɚɛɜɚɘɧɤɗɑəəɚɘ ɖɚɘɛɗɑɖɝɑ (ȬȻȶ) ɝ ɛɜɔɘɑəɑəɔɑɘ ɞɑɡəɚɗɚɏɔɔ ɢɔɠɜɚɎɧɡ ɐɎɚɕəɔɖɚɎ. ȹɌ ɛɜɔɘɑɜɑ ɖɗɪɣɑɎɧɡ 
ɚɍɦɑɖɞɚɎ ð ɩɗɑɎɌɞɚɜɌ, ɖɚɜɚɎəɔɖɌ, ɜɑɘɚəɞəɚɕ ɘɌɝɞɑɜɝɖɚɕ ð ɜɌɝɝɘɌɞɜɔɎɌɑɞɝɫ ɖɚɘɛɗɑɖɝəɌɫ ɘɑɞɚɐɔɖɌ ɝɚɓɐɌəɔɫ 
ɐɔəɌɘɔɣɑɝɖɔɡ ɎɔɜɞɟɌɗɨəɧɡ ɖɚɛɔɕ ɐɗɫ ɛɜɚɏəɚɓɔɜɚɎɌəɔɫ ɜɌɝɛɜɚɝɞɜɌəɑəɔɫ ɛɚɒɌɜɌ, ɌəɌɗɔɓɌ ɛɟɞɑɕ ɩɎɌɖɟɌɢɔɔ ɔ 
ɘɚɐɑɗɔɜɚɎɌəɔɫ ɐɑɕɝɞɎɔɕ ɛɚɒɌɜəɧɡ ɜɌɝɣɑɞɚɎ. ȺɛɔɝɌəɧ ɛɜɌɖɞɔɣɑɝɖɔɑ Ɍɝɛɑɖɞɧ ɔəɞɑɏɜɌɢɔɔ ɏɑɚɛɜɚɝɞɜɌəɝɞɎɑəəɧɡ 
ɐɌəəɧɡ, ɛɌɜɌɘɑɞɜɚɎ ɘɌɞɑɜɔɌɗɚɎ ɔ ɞɑɡəɚɗɚɏɔɣɑɝɖɔɡ ɛɜɚɢɑɝɝɚɎ Ɏ ɑɐɔəɟɪ ɘɚɐɑɗɨ. ȻɜɔɎɑɐɑəɧ ɜɑɓɟɗɨɞɌɞɧ 
ɔɘɔɞɌɢɔɚəəɚɏɚ ɘɚɐɑɗɔɜɚɎɌəɔɫ ɜɌɓɗɔɣəɧɡ ɝɢɑəɌɜɔɑɎ ɎɚɓɏɚɜɌəɔɫ, ɐɑɘɚəɝɞɜɔɜɟɪɥɔɑ Ɏɚɓɘɚɒəɚɝɞɔ ɝɔɝɞɑɘɧ ɐɗɫ 
ɚɛɞɔɘɔɓɌɢɔɔ ɛɜɚɞɔɎɚɛɚɒɌɜəɧɡ ɘɑɜɚɛɜɔɫɞɔɕ əɌ ɩɞɌɛɑ ɛɜɚɑɖɞɔɜɚɎɌəɔɫ ɔ ɩɖɝɛɗɟɌɞɌɢɔɔ ɚɍɦɑɖɞɚɎ ȬȻȶ. 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɢɔɠɜɚɎɚɕ ɐɎɚɕəɔɖ, ɘɚɐɑɗɔɜɚɎɌəɔɑ ɛɚɒɌɜɌ, ɩɎɌɖɟɌɢɔɫ, ȬȻȶ. 
Abstract . The article examines an innovative approach to fire safety management in the agricultural sector using 

digital twin technology. Using grain elevators, livestock barns and repair workshops as case studies, it presents a 
comprehensive methodology for creating dynamic virtual replicas to simulate fire propagation, evacuation route analysis and 
firefighting strategy optimization. The paper details practical aspects of integrating geospatial data, material properties and 
operational parameters into unified models. Simulation results for various fire scenarios demonstrate the system's capabilities 
for enhancing preventive measures at both design and operational stages of agricultural facilities. 

Keywords : digital twin, fire simulation, evacuation, agricultural facilities. 
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ȭɟɜɌɖ ȷɑɚəɔɐ ɃɑɝɗɌɎɚɎɔɣ 

ȬəəɚɞɌɢɔɫ. ȶɚəɞɌɘɔəɌɢɔɫ əɔɓɖɚɎɗɌɒəɚɕ ɝɑɗɨɝɖɚɡɚɓɫɕɝɞɎɑəəɚɕ ɛɜɚɐɟɖɢɔɔ ɛɗɑɝəɑɎɧɘɔ ɏɜɔɍɌɘɔ ɔ 
ɘɔɖɚɞɚɖɝɔəɌɘɔ (ɓɑɜəɚ, ɚɜɑɡɔ, ɝɛɑɢɔɔ, ɝɟɡɔɑ ɖɚɜɘɌ) ɚɝɞɌɑɞɝɫ ɓəɌɣɔɘɚɕ ɛɜɚɍɗɑɘɚɕ, ɛɚɝɖɚɗɨɖɟ ɘɚɒɑɞ ɎɚɓəɔɖɌɞɨ ɖɌɖ 
ɛɜɔ ɛɚɝɗɑɟɍɚɜɚɣəɚɕ ɚɍɜɌɍɚɞɖɑ, ɞɌɖ ɔ ɛɜɔ ɞɜɌəɝɛɚɜɞɔɜɚɎɖɑ ɔ ɡɜɌəɑəɔɔ. ɉɞɚ ɛɜɔɎɚɐɔɞ ɖ ɝəɔɒɑəɔɪ ɖɌɣɑɝɞɎɌ ɔ 
ɝɜɚɖɚɎ ɏɚɐəɚɝɞɔ, Ɍ ɞɌɖɒɑ ɠɚɜɘɔɜɟɑɞ ɝɌəɔɞɌɜəɚ-ɏɔɏɔɑəɔɣɑɝɖɔɑ, ɩɖɚəɚɘɔɣɑɝɖɔɑ ɔ ɞɚɜɏɚɎɧɑ ɜɔɝɖɔ. ɂɑɗɨ əɌɝɞɚɫɥɑɏɚ 
ɚɍɓɚɜɌ ñ ɚɍɚɍɥɔɞɨ ɐɌəəɧɑ ɚ ɛɜɔɘɑəɑəɔɔ ɡɚɗɚɐəɚɕ ɛɗɌɓɘɧ ɖɌɖ əɑɞɑɜɘɔɣɑɝɖɚɏɚ ɘɑɞɚɐɌ ɛɚɐɌɎɗɑəɔɫ ɛɗɑɝəɑɎɧɡ ɏɜɔɍɚɎ 
ɔ ɝəɔɒɑəɔɫ ɝɚɐɑɜɒɌəɔɫ ɘɔɖɚɞɚɖɝɔəɚɎ Ɏ əɔɓɖɚɎɗɌɒəɧɡ ɌɏɜɚɘɌɞɜɔɢɌɡ ɔ Ɏɧɐɑɗɔɞɨ ɠɌɖɞɚɜɧ, ɚɛɜɑɐɑɗɫɪɥɔɑ 
ɩɠɠɑɖɞɔɎəɚɝɞɨ ɚɍɜɌɍɚɞɖɔ ɍɑɓ ɟɡɟɐɤɑəɔɫ ɛɚɞɜɑɍɔɞɑɗɨɝɖɔɡ ɝɎɚɕɝɞɎ. ȸɌɞɑɜɔɌɗɚɘ ɛɚɝɗɟɒɔɗɔ ɛɟɍɗɔɖɌɢɔɔ 2015ð
2026 ɏɏ., ɚɞɚɍɜɌəəɧɑ Ɏ Scopus, PubMed ɔ Google Scholar; ɜɑɓɟɗɨɞɌɞɧ ɝɚɛɚɝɞɌɎɗɫɗɔɝɨ ɝ ɟɣɑɞɚɘ ɞɔɛɌ ɛɗɌɓɘɑəəɚɏɚ 
ɔɝɞɚɣəɔɖɌ, ɝɚɝɞɌɎɌ ɏɌɓɌ ɔ ɜɑɒɔɘɚɎ ɎɚɓɐɑɕɝɞɎɔɫ. ȻɚɖɌɓɌəɚ, ɣɞɚ ɔɞɚɏɚɎɧɕ ɩɠɠɑɖɞ ɚɛɜɑɐɑɗɫɑɞɝɫ ɝɚɣɑɞɌəɔɑɘ 
ɛɌɜɌɘɑɞɜɚɎ ɛɜɚɢɑɝɝɌ (ɘɚɥəɚɝɞɨ, ɐɗɔɞɑɗɨəɚɝɞɨ ɩɖɝɛɚɓɔɢɔɔ, ɜɌɝɝɞɚɫəɔɑ ɐɚ ɛɚɎɑɜɡəɚɝɞɔ) ɔ ɝɎɚɕɝɞɎ ɘɌɞɜɔɢɧ 
(ɌɖɞɔɎəɚɝɞɨ Ɏɚɐɧ, ɛɚɜɔɝɞɚɝɞɨ, ɤɑɜɚɡɚɎɌɞɚɝɞɨ), Ɏɗɔɫɪɥɔɡ əɌ ɐɚɝɞɌɎɖɟ ɌɖɞɔɎəɧɡ ɣɌɝɞɔɢ ɖ ɘɔɤɑəɫɘ ɔ 
əɑɚɐəɚɜɚɐəɚɝɞɨ ɚɍɜɌɍɚɞɖɔ. ȶɗɪɣɑɎɧɑ ɘɑɡɌəɔɓɘɧ ɝɎɫɓɧɎɌɪɞɝɫ ɝ ɐɑɕɝɞɎɔɑɘ ɜɑɌɖɢɔɚəəɚɝɛɚɝɚɍəɧɡ ɠɚɜɘ ɖɔɝɗɚɜɚɐɌ ɔ 
ɌɓɚɞɌ, ȿɀ-ɔɓɗɟɣɑəɔɫ ɔ ɩɗɑɖɞɜɔɣɑɝɖɔɡ ɩɠɠɑɖɞɚɎ, ɎɧɓɧɎɌɪɥɔɡ ɛɚɎɜɑɒɐɑəɔɑ ɖɗɑɞɚɣəɧɡ ɝɞɜɟɖɞɟɜ ɔ ɚɖɔɝɗɔɞɑɗɨəɧɑ 
ɘɚɐɔɠɔɖɌɢɔɔ ɘɔɖɚɞɚɖɝɔəɚɎ. Ȯɘɑɝɞɑ ɝ ɞɑɘ ɘɌɞɜɔɣəɚɑ ɩɖɜɌəɔɜɚɎɌəɔɑ, ɜɌɓɗɔɣɔɫ Ɏ ɝɚɝɞɌɎɑ ɝɧɜɨɫ ɔ ɎɌɜɔɌɍɑɗɨəɚɝɞɨ 
ɟɝɗɚɎɔɕ ɚɍɜɌɍɚɞɖɔ ɚɏɜɌəɔɣɔɎɌɪɞ ɝɚɛɚɝɞɌɎɔɘɚɝɞɨ ɜɑɓɟɗɨɞɌɞɚɎ, ɣɞɚ ɛɚɐɣɑɜɖɔɎɌɑɞ əɑɚɍɡɚɐɔɘɚɝɞɨ ɛɜɚɐɟɖɞ-
ɝɛɑɢɔɠɔɣɑɝɖɚɕ ɚɛɞɔɘɔɓɌɢɔɔ ɔ ɟəɔɠɔɖɌɢɔɔ ɛɚɐɡɚɐɚɎ ɖ ɚɢɑəɖɑ ɩɠɠɑɖɞɔɎəɚɝɞɔ. ȻɜɚɌəɌɗɔɓɔɜɚɎɌəɧ ɐɌəəɧɑ ɚ 
Ɏɗɔɫəɔɔ ɡɚɗɚɐəɚɕ ɛɗɌɓɘɧ əɌ ɛɚɖɌɓɌɞɑɗɔ ɖɌɣɑɝɞɎɌ ɔ ɜɌɝɝɘɚɞɜɑəɧ ɖɚɘɍɔəɔɜɚɎɌəəɧɑ ɞɑɡəɚɗɚɏɔɔ, ɛɚɓɎɚɗɫɪɥɔɑ 
ɟɝɔɗɔɞɨ ɐɑɓɌɖɞɔɎɌɢɔɪ ɛɜɔ ɍɚɗɑɑ ɘɫɏɖɔɡ ɜɑɒɔɘɌɡ. ȽɐɑɗɌə ɎɧɎɚɐ ɚ Ɏɧɝɚɖɚɕ ɛɜɔɖɗɌɐəɚɕ ɛɑɜɝɛɑɖɞɔɎəɚɝɞɔ ɘɑɞɚɐɌ 
ɛɜɔ ɟɝɗɚɎɔɔ əɚɜɘɌɞɔɎəɚ-ɘɑɞɚɐɔɣɑɝɖɚɏɚ ɜɑɏɟɗɔɜɚɎɌəɔɫ Ɏ ȱȬɉȽ, ɎɖɗɪɣɌɪɥɑɏɚ ɝɞɌəɐɌɜɞɔɓɚɎɌəəɧɑ ɘɑɞɚɐɔɖɔ 
ɖɚəɞɜɚɗɫ, ɚɢɑəɖɟ ɍɑɓɚɛɌɝəɚɝɞɔ ɛɜɚɐɟɖɞɚɎ ɞɜɌəɝɠɚɜɘɌɢɔɔ ɘɔɖɚɞɚɖɝɔəɚɎ ɔ ɛɜɚɘɧɤɗɑəəɟɪ ɎɌɗɔɐɌɢɔɪ ɞɑɡəɚɗɚɏɔɔ  

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɡɚɗɚɐəɌɫ ɛɗɌɓɘɌ, ɝɑɗɨɝɖɚɡɚɓɫɕɝɞɎɑəəɌɫ ɛɜɚɐɟɖɢɔɫ, ɓɑɜəɚ,ɛɜɚɐɟɖɞɧ ɛɑɜɑɜɌɍɚɞɖɔ, 
ɎɗɌɒəɚɝɞɨ, ɛɗɑɝəɑɎɧɑ ɏɜɔɍɧ, ɘɔɖɚɞɚɖɝɔəɧ, ɚɍɑɓɓɌɜɌɒɔɎɌəɔɑ, ɡɜɌəɑəɔɑ ɔ ɍɑɓɚɛɌɝəɚɝɞɨ  

Abstract . Contamination of low-moisture agricultural products (grain, nuts, spices, dry feed) with molds and 
mycotoxins remains a significant problem, as it can occur both during postharvest processing and during transportation and 
storage. This leads to a reduction in quality and shelf life, and also creates sanitary, hygienic, economic, and trade risks. The 
aim of this review is to summarize data on the use of cold plasma as a non-thermal method for mold suppression and mycotoxin 
reduction in low-moisture agricultural matrices and to identify factors determining the effectiveness of treatment without 
degrading consumer properties. Publications from 2015ð2026, selected from Scopus, PubMed, and Google Scholar, were used 
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for this review; the results were compared considering the type of plasma source, gas composition, and exposure modes. It is 
shown that the final effect is determined by a combination of process parameters (power, exposure time, distance to the surface) 
and matrix properties (water activity, porosity, roughness), which affect the delivery of active particles to targets and the 
heterogeneity of processing. Key mechanisms are associated with the action of reactive oxygen and nitrogen species, UV 
radiation, and electrical effects, causing damage to cellular structures and oxidative modifications of mycotoxins. However, 
matrix shielding, differences in raw material composition, and variability in processing conditions limit the comparability of 
results, emphasizing the need for product-specific optimization and unified approaches to evaluating effectiveness. Data on 
the effect of cold plasma on quality indicators are analyzed, and combined technologies that enhance decontamination under 
milder conditions are discussed. A conclusion is drawn regarding the high potential for practical application, provided that 
regulatory and methodological regulation in the EAEU includes standardized control methods, safety assessment of 
mycotoxin transformation products, and industrial validation of the technology. 

Keywords: poultry breeding, broiler cross, whole genome sequencing, selection pressure, inbreeding, genetic 
differentiation 
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