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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 ͨͪͦͺ͔ͫͫͦ ͪ͟ ͊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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ȷɟɖɔɑəɖɚ ȷɑɚəɔɐ ȮɔɖɞɚɜɚɎɔɣ 

ȬəəɚɞɌɢɔɫ. Ȯ ɝɞɌɞɨɑ ɜɌɝɝɘɚɞɜɑəɧ ɚɝɚɍɑəəɚɝɞɔ ɛɚɝɞɜɚɑəɔɫ ɔ ɠɟəɖɢɔɚəɔɜɚɎɌəɔɫ ɏɔɐɜɚɛɜɔɎɚɐɌ 
ɓɑɜəɚɟɍɚɜɚɣəɚɏɚ ɖɚɘɍɌɕəɌ, ɚɛɜɑɐɑɗɫɪɥɔɑ əɌɐɑɒəɚɝɞɨ, ɟɛɜɌɎɗɫɑɘɚɝɞɨ ɔ ɩəɑɜɏɑɞɔɣɑɝɖɟɪ ɩɠɠɑɖɞɔɎəɚɝɞɨ ɘɌɤɔəɧ 
Ɏ ɟɝɗɚɎɔɫɡ ɛɑɜɑɘɑəəɚɕ əɌɏɜɟɓɖɔ. Ȯ ɝɞɌɞɨɑ ɛɚɖɌɓɌəɚ, ɣɞɚ ɐɗɫ ɖɚɘɍɌɕəɚɎ ɡɌɜɌɖɞɑɜəɧ Ɏɧɝɚɖɔɑ ɛɑɜɑɘɑəəɧɑ əɌɏɜɟɓɖɔ, 
ɓəɌɣɔɞɑɗɨəɧɑ ɞɜɑɍɚɎɌəɔɫ ɖ ɘɌəɑɎɜɑəəɚɝɞɔ ɔ ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨ ɖ ɚɞɖɌɓɌɘ ɏɔɐɜɚɌɛɛɌɜɌɞɟɜɧ, ɣɞɚ ɐɑɗɌɑɞ 
ɌɖɞɟɌɗɨəɧɘɔ ɜɌɝɣɑɞ, ɐɔɌɏəɚɝɞɔɖɟ ɔ ɝɚɎɑɜɤɑəɝɞɎɚɎɌəɔɑ ɏɔɐɜɚɝɔɝɞɑɘɧ. ȿɝɞɌəɚɎɗɑəɚ, ɣɞɚ əɌɔɍɚɗɑɑ ɟɫɓɎɔɘɧɘɔ 
ɩɗɑɘɑəɞɌɘɔ ɫɎɗɫɪɞɝɫ əɌɝɚɝəɚ-ɜɌɝɛɜɑɐɑɗɔɞɑɗɨəɧɑ ɟɓɗɧ, ɛɜɑɐɚɡɜɌəɔɞɑɗɨəɧɑ ɖɗɌɛɌəɧ, ɞɜɟɍɚɛɜɚɎɚɐɧ ɔ 
ɔɝɛɚɗəɔɞɑɗɨəɧɑ ɏɔɐɜɚɢɔɗɔəɐɜɧ, Ɍ ɚɞɖɌɓ ɚɞɐɑɗɨəɧɡ ɖɚɘɛɚəɑəɞɚɎ ɝɛɚɝɚɍɑə ɎɧɓɎɌɞɨ ɝɟɥɑɝɞɎɑəəɚɑ ɝəɔɒɑəɔɑ 
ɞɑɡəɔɣɑɝɖɚɕ ɏɚɞɚɎəɚɝɞɔ ɖɚɘɍɌɕəɌ. Ⱥɞɘɑɣɑəɚ, ɣɞɚ ɔɝɛɚɗɨɓɚɎɌəɔɑ ɠɔɗɨɞɜɚɎ ɏɜɟɍɚɕ ɚɣɔɝɞɖɔ Ɏɘɑɝɞɚ ɤɞɌɞəɧɡ 
ɓəɌɣɔɞɑɗɨəɚ ɛɚɎɧɤɌɑɞ ɔɓəɌɤɔɎɌəɔɑ ɛɜɑɢɔɓɔɚəəɧɡ ɏɔɐɜɌɎɗɔɣɑɝɖɔɡ ɖɚəɞɌɖɞəɧɡ ɛɌɜ ɔ ɝɛɚɝɚɍɝɞɎɟɑɞ ɔɡ 
ɛɜɑɒɐɑɎɜɑɘɑəəɚɘɟ Ɏɧɡɚɐɟ ɔɓ ɝɞɜɚɫ. ȺɍɚɝəɚɎɌəɌ ɢɑɗɑɝɚɚɍɜɌɓəɚɝɞɨ ɛɑɜɑɡɚɐɌ ɖ ɌɐɌɛɞɔɎəɧɘ ɏɔɐɜɌɎɗɔɣɑɝɖɔɘ 
ɝɔɝɞɑɘɌɘ ɝ ɜɑɏɟɗɔɜɟɑɘɧɘɔ ɜɑɒɔɘɌɘɔ ɛɚɐɌɣɔ ɜɌɍɚɣɑɕ ɒɔɐɖɚɝɞɔ ɔ ɐɔɌɏəɚɝɞɔɣɑɝɖɔɘ ɖɚəɞɜɚɗɑɘ ɛɌɜɌɘɑɞɜɚɎ 
ɐɌɎɗɑəɔɫ ɔ ɜɌɝɡɚɐɌ, ɛɚɝɖɚɗɨɖɟ ɞɌɖɔɑ ɜɑɤɑəɔɫ ɚɍɑɝɛɑɣɔɎɌɪɞ ɍɚɗɑɑ ɟɝɞɚɕɣɔɎɟɪ ɜɌɍɚɞɟ ɚɜɏɌəɚɎ ɟɛɜɌɎɗɑəɔɫ ɔ ɡɚɐɚɎɚɕ 
ɣɌɝɞɔ, Ɍ ɞɌɖɒɑ ɝəɔɒɑəɔɑ ɟɐɑɗɨəɧɡ ɛɚɞɑɜɨ ɩəɑɜɏɔɔ. ȹɌ ɚɝəɚɎɑ ɌəɌɗɔɓɌ ɞɑɡəɔɣɑɝɖɚɕ ɗɔɞɑɜɌɞɟɜɧ ɝɠɚɜɘɟɗɔɜɚɎɌəɧ 
əɌɟɣəɌɫ əɚɎɔɓəɌ, ɛɜɌɖɞɔɣɑɝɖɌɫ ɓəɌɣɔɘɚɝɞɨ, ɛɚɝɞɌəɚɎɖɌ ɓɌɐɌɣɔ, ɘɑɞɚɐɔɣɑɝɖɔɕ ɌɛɛɌɜɌɞ ɔ əɌɛɜɌɎɗɑəɔɫ ɐɌɗɨəɑɕɤɑɏɚ 
ɝɚɎɑɜɤɑəɝɞɎɚɎɌəɔɫ ɏɔɐɜɚɛɜɔɎɚɐɌ ɓɑɜəɚɟɍɚɜɚɣəɧɡ ɘɌɤɔə. 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ. ɓɑɜəɚɟɍɚɜɚɣəɧɕ ɖɚɘɍɌɕə, ɏɔɐɜɚɛɜɔɎɚɐ, ɏɔɐɜɚɝɔɝɞɑɘɌ, ɏɔɐɜɚɝɞɌɞɔɣɑɝɖɌɫ ɞɜɌəɝɘɔɝɝɔɫ, 
əɌɐɑɒəɚɝɞɨ, ɩəɑɜɏɚɩɠɠɑɖɞɔɎəɚɝɞɨ, ɐɔɌɏəɚɝɞɔɖɌ, ɌɐɌɛɞɔɎəɚɑ ɟɛɜɌɎɗɑəɔɑ, ɏɔɐɜɚɢɔɗɔəɐɜ, ɛɜɑɐɚɡɜɌəɔɞɑɗɨəɧɕ 
ɖɗɌɛɌə. 

Abstract. The article examines the features of the design and operation of the hydraulic drive of a grain combine 
harvester, which determine the reliability, controllability, and energy efficiency of the machine under variable load conditions. 
The article shows that combines are characterized by high variable loads, significant requirements for maneuverability, and 
sensitivity to hydraulic equipment failures, which makes the calculation, diagnostics, and improvement of the hydraulic 
system relevant. It has been established that the most vulnerable components are the pump and distribution units, safety 
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valves, pipelines, and actuating hydraulic cylinders, and the failure of individual components can cause a significant 
reduction in the technical readiness of the combine. It has been noted that the use of coarse filters instead of standard ones 
significantly increases the wear of precision hydraulic contact pairs and contributes to their premature failure. The feasibility 
of transitioning to adaptive hydraulic systems with adjustable modes of working fluid supply and diagnostic monitoring of 
pressure and flow parameters has been substantiated, since such solutions ensure more stable operation of the control elements 
and the running gear, as well as a reduction in specific energy losses. Based on the analysis of technical literature, the scientific 
novelty, practical significance, problem statement, methodological framework, and directions for further improvement of the 
hydraulic drive of grain harvesting machines have been formulated. 

Keywords. grain combine harvester, hydraulic drive, hydraulic system, hydrostatic transmission, reliability, energy 
efficiency, diagnostics, adaptive control, hydraulic cylinder, safety valve 
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ȶɟɗɔɖɚɎɌ ȱɗɑəɌ ȽɑɜɏɑɑɎəɌ,  

ȬəəɚɞɌɢɔɫ. Ȯ ɝɞɌɞɨɑ ɔɝɝɗɑɐɟɑɞɝɫ ɞɜɌəɝɠɚɜɘɌɢɔɫ Ɍɏɜɚɛɜɚɘɧɤɗɑəəɚɏɚ ɖɚɘɛɗɑɖɝɌ ȼɚɝɝɔɔ ɔ ɑɎɜɚɛɑɕɝɖɔɡ 
ɝɞɜɌə ɛɚɐ ɎɚɓɐɑɕɝɞɎɔɑɘ ɝɌəɖɢɔɚəəɧɡ ɚɏɜɌəɔɣɑəɔɕ, ɔɓɘɑəɑəɔɫ ɎəɑɤəɑɞɚɜɏɚɎɧɡ ɛɚɞɚɖɚɎ, ɟɝɗɚɒəɑəɔɫ 
ɞɜɌəɝɏɜɌəɔɣəɧɡ ɜɌɝɣɑɞɚɎ ɔ ɟɝɔɗɑəɔɫ ɞɜɑɍɚɎɌəɔɕ ɖ ɩɖɚɗɚɏɔɣɑɝɖɚɕ ɟɝɞɚɕɣɔɎɚɝɞɔ ɛɜɚɔɓɎɚɐɝɞɎɌ. ɂɑɗɨ ɜɌɍɚɞɧ 
ɝɚɝɞɚɔɞ Ɏ ɎɧɫɎɗɑəɔɔ ɜɌɓɗɔɣɔɕ ɔ ɞɚɣɑɖ ɝɍɗɔɒɑəɔɫ ɜɚɝɝɔɕɝɖɚɕ ɔ ɑɎɜɚɛɑɕɝɖɚɕ ɘɚɐɑɗɑɕ ɌɐɌɛɞɌɢɔɔ ɌɏɜɌɜəɚɏɚ ɝɑɖɞɚɜɌ, 
Ɍ ɞɌɖɒɑ Ɏ ɚɍɚɝəɚɎɌəɔɔ əɌɛɜɌɎɗɑəɔɕ ɜɌɓɎɔɞɔɫ ɜɌɝɣɑɞəɚɕ ɔəɠɜɌɝɞɜɟɖɞɟɜɧ ɔ ɟɝɞɚɕɣɔɎɧɡ ɝɑɗɨɝɖɚɡɚɓɫɕɝɞɎɑəəɧɡ 
ɛɜɌɖɞɔɖ. ȸɑɞɚɐɚɗɚɏɔɣɑɝɖɟɪ ɚɝəɚɎɟ ɝɚɝɞɌɎɔɗɔ ɝɜɌɎəɔɞɑɗɨəɧɕ, ɝɔɝɞɑɘəɧɕ ɔ ɔəɝɞɔɞɟɢɔɚəɌɗɨəɧɕ ɛɚɐɡɚɐɧ, 
ɘɑɞɚɐɧ ɝɞɜɟɖɞɟɜəɚ-ɗɚɏɔɣɑɝɖɚɏɚ ɌəɌɗɔɓɌ ɔ ɖɌɣɑɝɞɎɑəəɚɕ ɚɢɑəɖɔ ɜɑɏɟɗɫɞɚɜəɧɡ ɜɑɤɑəɔɕ. ȿɝɞɌəɚɎɗɑəɚ, ɣɞɚ 
ɜɚɝɝɔɕɝɖɌɫ ɘɚɐɑɗɨ ɞɜɌəɝɠɚɜɘɌɢɔɔ ɚɜɔɑəɞɔɜɚɎɌəɌ ɛɜɑɔɘɟɥɑɝɞɎɑəəɚ əɌ ɞɑɡəɚɗɚɏɔɣɑɝɖɔɕ ɝɟɎɑɜɑəɔɞɑɞ, 
ɔɘɛɚɜɞɚɓɌɘɑɥɑəɔɑ, ɛɑɜɑəɌɛɜɌɎɗɑəɔɑ ɩɖɝɛɚɜɞəɧɡ ɛɚɞɚɖɚɎ ɔ ɜɌɝɤɔɜɑəɔɑ ɜɌɝɣɑɞɚɎ Ɏ əɌɢɔɚəɌɗɨəɧɡ ɎɌɗɪɞɌɡ. 
ȱɎɜɚɛɑɕɝɖɌɫ ɘɚɐɑɗɨ Ɏ ɍɚɗɨɤɑɕ ɝɞɑɛɑəɔ ɝɚɣɑɞɌɑɞ ɐɔɎɑɜɝɔɠɔɖɌɢɔɪ ɛɚɝɞɌɎɚɖ, ɖɚɘɛɑəɝɌɢɔɚəəɟɪ ɛɚɐɐɑɜɒɖɟ 
ɛɜɚɔɓɎɚɐɔɞɑɗɑɕ, ɩɖɚɗɚɏɔɣɑɝɖɟɪ ɚɍɟɝɗɚɎɗɑəəɚɝɞɨ ɝɟɍɝɔɐɔɕ ɔ ɟɝɖɚɜɑəəɚɑ Ɏəɑɐɜɑəɔɑ ɜɑɝɟɜɝɚɝɍɑɜɑɏɌɪɥɔɡ ɞɑɡəɚɗɚɏɔɕ. 
ȻɚɖɌɓɌəɚ, ɣɞɚ ɟɝɞɚɕɣɔɎɚɝɞɨ Ɍɏɜɚɛɜɚɘɧɤɗɑəəɚɏɚ ɖɚɘɛɗɑɖɝɌ ɚɛɜɑɐɑɗɫɑɞɝɫ əɑ ɞɚɗɨɖɚ ɚɍɦɑɘɚɘ ɏɚɝɟɐɌɜɝɞɎɑəəɚɕ 
ɛɚɐɐɑɜɒɖɔ, əɚ ɔ ɝɚɏɗɌɝɚɎɌəəɚɝɞɨɪ ɠɔəɌəɝɚɎɧɡ, ɗɚɏɔɝɞɔɣɑɝɖɔɡ, ɞɑɡəɚɗɚɏɔɣɑɝɖɔɡ ɔ ɛɜɔɜɚɐɚɚɡɜɌəəɧɡ ɘɑɡɌəɔɓɘɚɎ. 
ȻɜɑɐɗɚɒɑəɌ ɞɜɑɡɖɚəɞɟɜəɌɫ ɘɚɐɑɗɨ ɞɜɌəɝɠɚɜɘɌɢɔɔ, ɎɖɗɪɣɌɪɥɌɫ ɌɐɌɛɞɌɢɔɪ ɢɑɛɚɣɑɖ ɛɚɝɞɌɎɚɖ, ɜɌɓɎɔɞɔɑ 
ɓɌɥɔɥɑəəɧɡ ɜɌɝɣɑɞəɧɡ ɖɌəɌɗɚɎ ɔ Ɏəɑɐɜɑəɔɑ ɛɜɌɖɞɔɖ ɞɚɣəɚɏɚ ɓɑɘɗɑɐɑɗɔɫ, ɓɌɘɖəɟɞɚɏɚ ɔɝɛɚɗɨɓɚɎɌəɔɫ ɜɑɝɟɜɝɚɎ ɔ 
ɝəɔɒɑəɔɫ ɟɏɗɑɜɚɐəɚɕ ɔəɞɑəɝɔɎəɚɝɞɔ. ȹɌɟɣəɌɫ əɚɎɔɓəɌ ɓɌɖɗɪɣɌɑɞɝɫ Ɏ ɝɚɎɘɑɝɞəɚɘ ɜɌɝɝɘɚɞɜɑəɔɔ ɝɌəɖɢɔɚəəɚɏɚ, 
ɛɗɌɞɑɒəɚɏɚ ɔ ɩɖɚɗɚɏɔɣɑɝɖɚɏɚ ɠɌɖɞɚɜɚɎ ɖɌɖ ɎɓɌɔɘɚɝɎɫɓɌəəɧɡ ɩɗɑɘɑəɞɚɎ ɝɞɜɟɖɞɟɜəɚɕ ɛɑɜɑɝɞɜɚɕɖɔ 
ɌɏɜɚɛɜɚɐɚɎɚɗɨɝɞɎɑəəɧɡ ɝɔɝɞɑɘ. ȻɜɌɖɞɔɣɑɝɖɌɫ ɓəɌɣɔɘɚɝɞɨ ɜɑɓɟɗɨɞɌɞɚɎ ɝɚɝɞɚɔɞ Ɏ Ɏɚɓɘɚɒəɚɝɞɔ ɔɡ ɔɝɛɚɗɨɓɚɎɌəɔɫ 
ɛɜɔ ɜɌɓɜɌɍɚɞɖɑ ɘɑɜ ɌɏɜɌɜəɚɕ ɛɚɗɔɞɔɖɔ, ɛɜɚɏɜɌɘɘ ɛɚɐɐɑɜɒɖɔ ɩɖɝɛɚɜɞɌ, ɜɑɏɔɚəɌɗɨəɧɡ ɝɞɜɌɞɑɏɔɕ 
ɛɜɚɐɚɎɚɗɨɝɞɎɑəəɚɕ ɍɑɓɚɛɌɝəɚɝɞɔ ɔ ɖɚɜɛɚɜɌɞɔɎəɧɡ ɛɗɌəɚɎ ɘɚɐɑɜəɔɓɌɢɔɔ ɝɑɗɨɝɖɚɡɚɓɫɕɝɞɎɑəəɚɏɚ ɛɜɚɔɓɎɚɐɝɞɎɌ. 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: Ɍɏɜɚɛɜɚɘɧɤɗɑəəɧɕ ɖɚɘɛɗɑɖɝ, ɝɌəɖɢɔɔ, ɜɌɝɣɑɞəɧɑ ɘɑɡɌəɔɓɘɧ, ɞɑɡəɚɗɚɏɔɣɑɝɖɔɕ 
ɝɟɎɑɜɑəɔɞɑɞ, ɟɝɞɚɕɣɔɎɚɑ ɝɑɗɨɝɖɚɑ ɡɚɓɫɕɝɞɎɚ, ɔɘɛɚɜɞɚɓɌɘɑɥɑəɔɑ, ɌɏɜɌɜəɌɫ ɛɚɗɔɞɔɖɌ. 

Abstract . The article examines the transformation of the agro-industrial complex in Russia and European countries 
under the influence of sanctions, redirected trade flows, complicated cross-border settlements, and growing environmental 
requirements. The purpose of the study is to identify differences and convergence points between Russian and European 
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models of agricultural adaptation and to substantiate priorities for payment infrastructure and sustainable farming practices. 
The methodology combines systemic and institutional approaches with structural-logical analysis and qualitative assessment 
of regulatory measures. The findings show that the Russian transformation model is mainly focused on technological 
sovereignty, import substitution, diversification of export destinations, and wider use of national currencies. The European 
model combines supply diversification, compensatory support for producers, environmental conditionality of subsidies, and 
adoption of resource-efficient technologies. The stability of the agro-industrial complex depends not only on public support 
but also on the coordination of financial, logistical, technological, and environmental mechanisms. A three-contour 
transformation model is proposed, covering supply-chain adaptation, protected settlement channels, and implementation of 
precision farming, circular resource use, and lower-carbon production. The scientific novelty lies in considering sanctions, 
payment systems, and sustainability requirements as interconnected drivers of structural change in agri-food systems. The 
results may support agricultural policy, export programs, regional food-security strategies and modernization planning. 

Keywords:  agro-industrial complex, sanctions, settlement mechanisms, technological sovereignty, sustainable 
agriculture, import substitution, agricultural policy. 
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ȭɟɜɌɖ ȷɑɚəɔɐ ɃɑɝɗɌɎɚɎɔɣ 

ȽɌɘɌəɖɚɎɌ ȹɌɞɌɗɨɫ ȮɔɖɞɚɜɚɎəɌ 

ȱɏɚɜɚɎɌ ȳɔəɌɔɐɌ ȱɎɏɑəɨɑɎəɌ

 
ȬəəɚɞɌɢɔɫ. ȮɎɑɐɑəɔɑ. Ȱɔɚɖɝɔɐ ɝɑɜɧ (SO) ɚɝɞɌɬɞɝɫ ɎɚɝɞɜɑɍɚɎɌəəɧɘ ɖɚəɝɑɜɎɌəɞɚɘ ɍɗɌɏɚɐɌɜɫ 

ɘəɚɏɚɠɟəɖɢɔɚəɌɗɨəɧɘ ɝɎɚɕɝɞɎɌɘ: ɝɚɡɜɌəɑəɔɑ ɌɜɚɘɌɞɌ, Ɍəɞɔɘɔɖɜɚɍəɚɑ, Ɍəɞɔɛɚɞɑɘəɫɪɥɑɑ ɔ ɌəɞɔɚɖɝɔɐɌəɞəɚɑ 
ɐɑɕɝɞɎɔɑ. ȺɐəɌɖɚ ɑɏɚ ɛɜɔɘɑəɑəɔɑ ɞɜɑɍɟɑɞ ɝɞɜɚɏɚɏɚ ɍɌɗɌəɝɌ ɘɑɒɐɟ ɞɑɡəɚɗɚɏɔɣɑɝɖɚɕ ɩɠɠɑɖɞɔɎəɚɝɞɨɪ ɔ 
ɍɑɓɚɛɌɝəɚɝɞɨɪ ɚɝɞɌɞɚɣəɧɡ ɎɑɥɑɝɞɎ, ɣɞɚ ɚɍɟɝɗɚɎɗɑəɚ ɓɌɎɔɝɔɘɚɝɞɨɪ ɠɚɜɘ SO ɚɞ pH, ɞɑɘɛɑɜɌɞɟɜɧ, ɌɖɞɔɎəɚɝɞɔ 
Ɏɚɐɧ ɔ ɝɚɝɞɌɎɌ ɛɔɥɑɎɚɕ ɘɌɞɜɔɢɧ. 

ɂɑɗɨ ɔɝɝɗɑɐɚɎɌəɔɫ. Ⱥɍɚɍɥɔɞɨ ɝɚɎɜɑɘɑəəɧɑ ɐɌəəɧɑ ɚ ɠɔɓɔɖɚ-ɡɔɘɔɣɑɝɖɔɡ ɝɎɚɕɝɞɎɌɡ SO, ɘɑɡɌəɔɓɘɌɡ ɑɏɚ 
ɖɚəɝɑɜɎɔɜɟɪɥɑɏɚ ɐɑɕɝɞɎɔɫ, ɠɚɜɘɌɡ ɛɜɔɘɑəɑəɔɫ Ɏ ɛɔɥɑɎɧɡ ɝɔɝɞɑɘɌɡ, Ɍ ɞɌɖɒɑ ɝɔɝɞɑɘɌɞɔɓɔɜɚɎɌɞɨ ɝɎɑɐɑəɔɫ ɚ 
ɞɚɖɝɔɖɚɖɔəɑɞɔɖɑ, ɍɔɚɗɚɏɔɣɑɝɖɔɡ ɩɠɠɑɖɞɌɡ ɔ əɚɜɘɌɞɔɎəɧɡ ɛɚɐɡɚɐɌɡ ɖ ɜɑɏɟɗɔɜɚɎɌəɔɪ ɚɝɞɌɞɚɣəɧɡ ɟɜɚɎəɑɕ Ɏ 
ɛɜɚɐɟɖɞɌɡ ɛɔɞɌəɔɫ. 

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ. ȸɌɞɑɜɔɌɗɚɘ ɐɗɫ ɔɝɝɗɑɐɚɎɌəɔɫ ɛɚɝɗɟɒɔɗɔ əɌɟɣəɧɑ ɛɟɍɗɔɖɌɢɔɔ, ɔəɐɑɖɝɔɜɟɑɘɧɑ Ɏ 
ɍɌɓɌɡ ɐɌəəɧɡ Scopus, Web of Science, PubMed, Ɍ ɞɌɖɒɑ ɚɠɔɢɔɌɗɨəɧɑ ɐɚɖɟɘɑəɞɧ ɘɑɒɐɟəɌɜɚɐəɧɡ ɔ əɌɢɔɚəɌɗɨəɧɡ 
ɜɑɏɟɗɔɜɟɪɥɔɡ ɚɜɏɌəɚɎ (ɀȬȺ/ȮȺȳ, EFSA, FDA, ȱɎɜɚɛɑɕɝɖɔɕ ɝɚɪɓ, ȱȬɉȽ,ȶɔɞɌɕ) ɓɌ ɛɑɜɔɚɐ 2010ð2026 ɏɏ. Ȼɚɔɝɖ 
ɛɜɚɎɚɐɔɗɝɫ ɛɚ ɖɗɪɣɑɎɧɘ ɝɗɚɎɌɘ: çɐɔɚɖɝɔɐ ɝɑɜɧè, çɝɟɗɨɠɔɞɧè, çɘɑɡɌəɔɓɘ ɖɚəɝɑɜɎɌɢɔɔè, çɍɑɓɚɛɌɝəɚɝɞɨ ɛɔɥɑɎɧɡ 
ɛɜɚɐɟɖɞɚɎè, çɞɚɖɝɔɣəɚɝɞɨè, çəɚɜɘɌɞɔɎəɚɑ ɜɑɏɟɗɔɜɚɎɌəɔɑè, çɚɝɞɌɞɚɣəɧɑ ɟɜɚɎəɔè. Ȯ ɚɍɓɚɜ Ɏɖɗɪɣɑəɧ ɚɜɔɏɔəɌɗɨəɧɑ 
ɔɝɝɗɑɐɚɎɌəɔɫ, ɘɑɞɌ-ɌəɌɗɔɓɧ ɔ ɝɔɝɞɑɘɌɞɔɣɑɝɖɔɑ ɚɍɓɚɜɧ, Ɏɧɛɚɗəɑəəɧɑ əɌ Ɍəɏɗɔɕɝɖɚɘ ɔ ɜɟɝɝɖɚɘ ɫɓɧɖɌɡ. 
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ȼɑɓɟɗɨɞɌɞɧ ɔ ɔɡ ɚɍɝɟɒɐɑəɔɑ. Ȯ ɝɞɌɞɨɑ ɜɌɝɝɘɚɞɜɑəɧ ɠɔɓɔɖɚ-ɡɔɘɔɣɑɝɖɔɑ ɝɎɚɕɝɞɎɌ SO, ɎɖɗɪɣɌɫ ɑɏɚ 
ɜɌɝɞɎɚɜɔɘɚɝɞɨ, ɗɑɞɟɣɑɝɞɨ ɔ ɓɌɎɔɝɔɘɚɝɞɨ ɠɚɜɘ (SO , HSO , SOİ, SO İ) ɚɞ pH ɔ ɞɑɘɛɑɜɌɞɟɜɧ. ȺɛɔɝɌəɧ 
ɣɑɞɧɜɑ ɖɗɪɣɑɎɧɡ ɘɑɡɌəɔɓɘɌ ɖɚəɝɑɜɎɔɜɟɪɥɑɏɚ ɐɑɕɝɞɎɔɫ: (1) ɝɚɡɜɌəɑəɔɑ ɌɜɚɘɌɞɌ ɓɌ ɝɣɬɞ ɓɌɥɔɞɧ ɗɑɞɟɣɔɡ 
ɝɚɑɐɔəɑəɔɕ ɔ ɜɑɏɟɗɫɢɔɔ ɘɑɞɌɍɚɗɔɣɑɝɖɔɡ ɛɟɞɑɕ; (2) ɌəɞɔɍɌɖɞɑɜɔɌɗɨəɧɕ ɔ ɛɜɚɞɔɎɚɏɜɔɍɖɚɎɧɕ ɩɠɠɑɖɞ, 
ɜɑɌɗɔɓɟɑɘɧɕ ɣɑɜɑɓ ɚɖɔɝɗɔɞɑɗɨəɧɕ ɝɞɜɑɝɝ, ɛɚɎɜɑɒɐɑəɔɑ ɖɗɑɞɚɣəɧɡ ɘɑɘɍɜɌə ɔ əɌɜɟɤɑəɔɑ ɘɑɞɌɍɚɗɔɓɘɌ 
ɘɔɖɜɚɚɜɏɌəɔɓɘɚɎ; (3) ɔəɏɔɍɔɜɚɎɌəɔɑ ɠɑɜɘɑəɞɌɞɔɎəɚɏɚ (ɛɚɗɔɠɑəɚɗɚɖɝɔɐɌɓɌ) ɔ əɑɠɑɜɘɑəɞɌɞɔɎəɚɏɚ (ɜɑɌɖɢɔɫ 
ȸɌɕɫɜɌ) ɛɚɞɑɘəɑəɔɫ; (4) ɌəɞɔɚɖɝɔɐɌəɞəɌɫ ɌɖɞɔɎəɚɝɞɨ, ɝɎɫɓɌəəɌɫ ɝ ɟɐɌɗɑəɔɑɘ ɌɖɞɔɎəɧɡ ɠɚɜɘ ɖɔɝɗɚɜɚɐɌ ɔ 
ɌɖɞɔɎɌɢɔɑɕ ɩəɐɚɏɑəəɧɡ ɓɌɥɔɞəɧɡ ɝɔɝɞɑɘ. ȻɜɚɌəɌɗɔɓɔɜɚɎɌəɧ ɚɝəɚɎəɧɑ ɠɚɜɘɧ ɛɜɔɘɑəɑəɔɫ SO: ɛɜɫɘɌɫ 
ɠɟɘɔɏɌɢɔɫ, ɝɔɝɞɑɘɧ ɘɑɐɗɑəəɚɏɚ ɎɧɝɎɚɍɚɒɐɑəɔɫ (ɛɜɚɖɗɌɐɖɔ, ɞɌɍɗɑɞɖɔ əɌ ɚɝəɚɎɑ ɘɑɞɌɍɔɝɟɗɨɠɔɞɌ əɌɞɜɔɫ) ɔ 
ɔɝɛɚɗɨɓɚɎɌəɔɑ ɝɟɗɨɠɔɞəɧɡ ɝɚɗɑɕ Ɏ Ɏɚɐəɧɡ ɜɌɝɞɎɚɜɌɡ. ȻɚɖɌɓɌəɚ, ɣɞɚ ɩɠɠɑɖɞɔɎəɚɝɞɨ ɔ ɍɑɓɚɛɌɝəɚɝɞɨ ɓɌɎɔɝɫɞ ɚɞ 
ɟɝɗɚɎɔɕ ɡɜɌəɑəɔɫ, ɚɝɚɍɑəəɚ Ɏ ɡɚɗɚɐɚɎɚɕ ɢɑɛɔ, ɏɐɑ ɖɚɗɑɍɌəɔɫ ɞɑɘɛɑɜɌɞɟɜɧ ɔ ɎɗɌɒəɚɝɞɔ ɘɚɏɟɞ ɎɧɓɧɎɌɞɨ 
əɑɜɌɎəɚɘɑɜəɚɑ ɎɧɝɎɚɍɚɒɐɑəɔɑ ɔ ɗɚɖɌɗɨəɚɑ əɌɖɚɛɗɑəɔɑ SO. ȻɜɑɐɝɞɌɎɗɑəɧ ɐɌəəɧɑ ɚɍ ɩəɐɚɏɑəəɚɘ ɘɑɞɌɍɚɗɔɓɘɑ SO  Ɏ 
ɚɜɏɌəɔɓɘɑ ɣɑɗɚɎɑɖɌ: ɛɜɔ ɠɔɓɔɚɗɚɏɔɣɑɝɖɔɡ ɖɚəɢɑəɞɜɌɢɔɫɡ ɚə Ɏɧɛɚɗəɫɑɞ ɜɚɗɨ ɏɌɓɚɞɜɌəɝɘɔɞɞɑɜɌ, ɜɑɏɟɗɔɜɟɫ 
ɝɚɝɟɐɔɝɞɧɕ ɞɚəɟɝ, ɚɐəɌɖɚ ɔɓɍɧɞɚɣəɚɑ ɩɖɓɚɏɑəəɚɑ ɛɚɝɞɟɛɗɑəɔɑ (ɚɝɚɍɑəəɚ ɟ ɗɔɢ ɝɚ ɝəɔɒɑəəɚɕ ɌɖɞɔɎəɚɝɞɨɪ 
ɝɟɗɨɠɔɞɚɖɝɔɐɌɓɧ ɔɗɔ ɝ ɏɔɛɑɜɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨɪ) ɎɧɓɧɎɌɑɞ ɚɖɔɝɗɔɞɑɗɨəɧɕ ɝɞɜɑɝɝ, ɛɚɎɜɑɒɐɑəɔɑ Ȱȹȶ, 
Ɍɗɗɑɜɏɔɣɑɝɖɔɑ ɜɑɌɖɢɔɔ ɔ ɚɍɚɝɞɜɑəɔɑ Ɍɝɞɘɧ. ȽɔɝɞɑɘɌɞɔɓɔɜɚɎɌəɧ ɝɚɎɜɑɘɑəəɧɑ əɚɜɘɌɞɔɎəɧɑ ɞɜɑɍɚɎɌəɔɫ: 
ɐɚɛɟɝɞɔɘɌɫ ɝɟɞɚɣəɌɫ əɚɜɘɌ ɛɚɞɜɑɍɗɑəɔɫ 0ð0,7 ɘɏ/ɖɏ ɘɌɝɝɧ ɞɑɗɌ, ɘɌɖɝɔɘɌɗɨəɧɑ ɚɝɞɌɞɚɣəɧɑ ɟɜɚɎəɔ ɐɗɫ ɜɌɓəɧɡ 
ɛɜɚɐɟɖɞɚɎ (ɚɞ 10 ɐɚ 350 ɘɏ/ɖɏ), ɚɍɫɓɌɞɑɗɨəɌɫ ɘɌɜɖɔɜɚɎɖɌ ɛɜɔ ɝɚɐɑɜɒɌəɔɔ SO Ɏɧɤɑ 10 ɘɏ/ɖɏ. ȺɞɘɑɣɑəɌ 
ɎɌɜɔɌɍɑɗɨəɚɝɞɨ ɛɜɑɐɑɗɚɎ Ɏ ɜɌɓəɧɡ ɝɞɜɌəɌɡ, Ɍ ɞɌɖɒɑ ɖɟɘɟɗɫɞɔɎəɚɑ ɎɚɓɐɑɕɝɞɎɔɑ ɔɓ əɑɝɖɚɗɨɖɔɡ ɔɝɞɚɣəɔɖɚɎ. 

ȮɧɎɚɐɧ. SO  ɚɝɞɌɬɞɝɫ əɑɓɌɘɑəɔɘɧɘ ɖɚəɝɑɜɎɌəɞɚɘ, ɚɐəɌɖɚ ɑɏɚ ɛɜɔɘɑəɑəɔɑ ɞɜɑɍɟɑɞ ɐɔɠɠɑɜɑəɢɔɜɚɎɌəəɚɏɚ 
ɛɚɐɡɚɐɌ ɝ ɟɣɬɞɚɘ ɞɔɛɌ ɛɜɚɐɟɖɞɌ, ɟɝɗɚɎɔɕ ɡɜɌəɑəɔɫ ɔ ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɔ ɛɚɞɜɑɍɔɞɑɗɑɕ. Ȼɜɔɚɜɔɞɑɞəɧɘɔ 
əɌɛɜɌɎɗɑəɔɫɘɔ ɐɌɗɨəɑɕɤɔɡ ɔɝɝɗɑɐɚɎɌəɔɕ ɫɎɗɫɪɞɝɫ: (1) ɜɌɓɜɌɍɚɞɖɌ ɌɗɨɞɑɜəɌɞɔɎəɧɡ ɖɚəɝɑɜɎɔɜɟɪɥɔɡ ɝɞɜɌɞɑɏɔɕ 
(ɏɗɟɞɌɞɔɚə, ɩɠɔɜəɧɑ ɘɌɝɗɌ, əɑɞɑɜɘɔɣɑɝɖɔɑ ɞɑɡəɚɗɚɏɔɔ) ɐɗɫ ɝəɔɒɑəɔɫ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ SO; (2) ɝɚɓɐɌəɔɑ ɝɔɝɞɑɘ 
ɖɚəɞɜɚɗɔɜɟɑɘɚɏɚ ɎɧɝɎɚɍɚɒɐɑəɔɫ, ɌɐɌɛɞɔɜɚɎɌəəɧɡ ɖ ɟɝɗɚɎɔɫɘ ɡɚɗɚɐɚɎɚɕ ɢɑɛɔ, ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɝɑəɝɚɜəɚɕ 
ɚɍɜɌɞəɚɕ ɝɎɫɓɔ; (3) ɟɏɗɟɍɗɬəəɚɑ ɔɓɟɣɑəɔɑ ɘɑɡɌəɔɓɘɚɎ əɑɛɑɜɑəɚɝɔɘɚɝɞɔ ɝɟɗɨɠɔɞɚɎ ɟ ɜɌɓɗɔɣəɧɡ ɏɜɟɛɛ əɌɝɑɗɑəɔɫ; 
(4) ɏɌɜɘɚəɔɓɌɢɔɫ əɚɜɘɌɞɔɎɚɎ əɌ ɘɑɒɐɟəɌɜɚɐəɚɘ ɟɜɚɎəɑ ɝ ɟɣɬɞɚɘ ɖɟɘɟɗɫɞɔɎəɚɏɚ ɎɚɓɐɑɕɝɞɎɔɫ ɔɓ ɜɌɓəɧɡ ɛɔɥɑɎɧɡ 
ɖɌɞɑɏɚɜɔɕ. 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɐɔɚɖɝɔɐ ɝɑɜɧ, ɝɟɗɨɠɔɞɧ, ɖɚəɝɑɜɎɌɢɔɫ ɛɔɥɑɎɧɡ ɛɜɚɐɟɖɞɚɎ, ɌəɞɔɘɔɖɜɚɍəɌɫ ɌɖɞɔɎəɚɝɞɨ, 
ɌəɞɔɚɖɝɔɐɌəɞ, ɛɚɐɌɎɗɑəɔɑ ɛɚɞɑɘəɑəɔɫ, ɞɚɖɝɔɣəɚɝɞɨ, əɚɜɘɌɞɔɎəɚ-ɛɜɌɎɚɎɌɫ ɍɌɓɌ, ɘɌɖɝɔɘɌɗɨəɚ ɐɚɛɟɝɞɔɘɧɑ 
ɚɝɞɌɞɚɣəɧɑ ɖɚɗɔɣɑɝɞɎɌ, ɍɑɓɚɛɌɝəɚɝɞɨ ɛɔɥɑɎɧɡ ɛɜɚɐɟɖɞɚɎ. 

Abstract . Introduction . Sulfur dioxide (SO) remains a widely used preservative in the food industry due to its 
multifunctional properties: aroma preservation, antimicrobial, anti-browning and antioxidant effects. However, its 
application requires a strict balance between technological efficiency and residue safety, which is determined by the dependence 
of SO forms on pH, temperature, water activity and food matrix composition. 

Objective of the study . To summarize current data on the physicochemical properties of SO, its preservation 
mechanisms, application forms in food systems, as well as to systematize information on toxicokinetics, biological effects and 
regulatory approaches to controlling residue levels in food products. 

Materials and methods . The material for the study was scientific publications indexed in Scopus, Web of Science, 
PubMed databases, as well as official documents of international and national regulatory bodies (FAO/WHO, EFSA, FDA, 
European Union, China) for the period 2010ð2026. The search was carried out using the keywords: "sulfur dioxide", 
"sulfites", "preservation mechanism", "food safety", "toxicity", "regulatory framework", "residual levels". The review 
includes original studies, meta-analyses and systematic reviews in English and Russian. 

Results and discussion. The article examines the physicochemical properties of SO, including its solubility, 
volatility and the dependence of its forms (SO, HSO , SOİ, SO İ) on pH and temperature. Four key preservation 
mechanisms are described: (1) aroma preservation through protection of volatile compounds and regulation of metabolic 
pathways; (2) antimicrobial and antifungal effects realized through oxidative stress, cell membrane damage and disruption of 
microbial metabolism; (3) inhibition of enzymatic (polyphenoloxidase) and non-enzymatic (Maillard reaction) browning; (4) 
antioxidant activity associated with scavenging reactive oxygen species and activation of endogenous defense systems. The 
main application forms of SO are analyzed: direct fumigation, slow-release systems (pads, tablets based on sodium 
metabisulfite) and the use of sulfite salts in aqueous solutions. It is shown that effectiveness and safety depend on storage 
conditions, especially in the cold chain, where temperature and humidity fluctuations can cause uneven release and local 
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accumulation of SO. Data on endogenous SO metabolism in the human body are presented: at physiological concentrations 
it acts as a gasotransmitter regulating vascular tone, but excessive exogenous intake (especially in individuals with reduced 
sulfite oxidase activity or with hypersensitivity) causes oxidative stress, DNA damage, allergic reactions and asthma 
exacerbation. Modern regulatory requirements are systematized: acceptable daily intake of 0ð0.7 mg/kg body weight, 
maximum residue levels for different products (from 10 to 350 mg/kg), mandatory labeling when SO content exceeds 10 
mg/kg. Variability of limits in different countries, as well as cumulative exposure from multiple sources, are noted. 

Conclusions. SO  remains an indispensable preservative, but its application requires a differentiated approach taking 
into account product type, storage conditions and consumer sensitivity. Priority areas for further research are: (1) 
development of alternative preservation strategies (glutathione, essential oils, non-thermal technologies) to reduce dependence 
on SO; (2) creation of controlled release systems adapted to cold chain conditions using sensor feedback; (3) in-depth study 
of sulfite intolerance mechanisms in different population groups; (4) harmonization of regulations at the international level 
taking into account cumulative exposure from different food categories. 

Keywords:  sulfur dioxide, sulfites, food preservation, antimicrobial activity, antioxidant, browning inhibition, 
toxicity, regulatory framework, maximum residue limits, food safety 
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