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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 

9. ˭ ͔ͣͼ͍ͦ͊ ˹͊ͭ͊͡ΈΎ ˢ͔͍ͫ͊ͤ͒ͪͦͤ͊͟͡ ς ͟ ͙͊ͤ͒͒͊ͭ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭ ͊͟ͺ͔͒ͪ· άˣͯͻ͎͔͙͚͊ͭͪͫ͟͡ ͯ;͔ͭΣ ͙͊ͤ͊͘͡ ͙ 
͙͊ͯ͒ͭέ ό˿͍͙͚͊ͪ͊ͭͦͫ͟ ͎ ͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͎͊ͪ͊ͪͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭ ͙ͣΦ ˹ΦˮΦ ˤ͍͙͍͊ͦ͊͡ύΦ ʕ  ͨͦͤͦͣͦ͡;͙Ύ ͍ͻͦ͒Ύͭ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ 
͙κ͙͙͡ ͍͔͔͙͔ͨͪͦ͒ͤ Ή͔͚ͫͨͪͭͤͦ͟ ͦͼ͔͙ͤ͟ ͔͚ͫͭ͊ͭ ͦ͋΅͔Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͍͔͙ͤ͊ͨͪ͊ͤͤͦͫͭ͡Φ 

10. ˹ ͍͙͍ͦͦ͊͟ ˹͔͊͒͗͒͊ ˢ͔͍ͫ͊ͤ͒ͪͦͤ͊͟͡ ς ͟ ͙͊ͤ͒͒͊ͭ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭΣ ͒ͦͼ͔ͤͭ ͊͟ͺ͔͒ͪ· άˣͯͻ͎͔͙͚͊ͭͪͫ͟͡ ͯ;͔ͭΣ 
͙͊ͤ͊͘͡ ͙ ͙͊ͯ͒ͭέ ό˿͍͙͚͊ͪ͊ͭͦͫ͟ ͎ ͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͎͊ͪ͊ͪͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭ ͙ͣΦ ˹ΦˮΦ ˤ͍͙͍͊ͦ͊͡ύΦ ʕ  ͨͦͤͦͣͦ͡;͙Ύ ͍ͻͦ͒Ύͭ 
͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͙κ͙͙͡ ͍͔͔͙͔ͨͪͦ͒ͤ Ή͔͚ͫͨͪͭͤͦ͟ ͦͼ͔͙ͤ͟ ͔͚ͫͭ͊ͭ ͦ͋΅͔Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͍͔͙ͤ͊ͨͪ͊ͤͤͦͫͭ͡Φ 

11. ˹ ͍͔͍ͦͦͫͦ͊͡ ˿͍͔ͭ͊ͤ͊͡ ˢͤ͊ͭͦ͡Έ͔͍ͤ͊ ς ͟ ͙͊ͤ͒͒͊ͭ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭΣ ͒ͦͼ͔ͤͭ ͊͟ͺ͔͒ͪ· άˣͯͻ͎͔͙͚͊ͭͪͫ͟͡ ͯ;͔ͭΣ 
͙͊ͤ͊͘͡ ͙ ͙͊ͯ͒ͭέ ό˿͍͙͚͊ͪ͊ͭͦͫ͟ ͎ ͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͎͊ͪ͊ͪͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭ ͙ͣΦ ˹ΦˮΦ ˤ͍͙͍͊ͦ͊͡ύΦ ʕ  ͨͦͤͦͣͦ͡;͙Ύ ͍ͻͦ͒Ύͭ 
͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͙κ͙͙͡ ͍͔͔͙͔ͨͪͦ͒ͤ Ή͔͚ͫͨͪͭͤͦ͟ ͦͼ͔͙ͤ͟ ͔͚ͫͭ͊ͭ ͦ͋΅͔Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͍͔͙ͤ͊ͨͪ͊ͤͤͦͫͭ͡Φ 



 

12. ͙͍́ͤ͒ͦ͊ ˸͙͊ͪΎ ˥͔ͤͤ͊͒Έ͔͍ͤ͊ ς ͙͊ͤ͒͒͊ͭ͟ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͤ͊ͯ͟Τ ͒ͦͼ͔ͤͭ ͟ ͊ͺ͔͒ͪ· ͙͚ͨͪ͊͒ͤͦ͟͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͙ 
͙ͤͺ͙͙ͦͪͣ͊ͭ͟ ό˿͍͙͚͊ͪ͊ͭͦͫ͟ ͫͦͼ͙͊͡Έͤͦ-Ή͙ͦͤͦͣ͟;͔͙͚ͫ͟ ͙͙ͤͫͭͭͯͭ όͺ͙͙͊͡͡ύ ̅ˣ˥˻̂ ˤ˽˻ ˾̏̂ ͙ͣΦ ˽͔͡ͻ͍͊ͤͦ͊ύΦ ʕ  ͨͦͤͦͣͦ͡;͙Ύ 
͍ͻͦ͒Ύͭ ͦ ͎͙ͪ͊ͤ͊͘ͼ͙Ύ ͙κ͙͙͡ ͍͔͔͙͔ͨͪͦ͒ͤ Ή͔͚ͫͨͪͭͤͦ͟ ͦͼ͔͙ͤ͟ ͔͚ͫͭ͊ͭ ͨͦ ͔ͨͪͦ͋ͣ͊ͣ͡ Ή͙ͦͤͦͣͦ͟͟-͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ 
͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡ΎΦ 

13. ̊ ͙͍͊ͪͦ͊͟ ˮ͙ͪͤ͊ ˤ͙͍ͭͦͪͦͤ͊͟ ς ͟ ͙͊ͤ͒͒͊ͭ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭΣ ͍͊͘Φ ͊͟ͺ͔͚͒ͪͦ άx ͯͻ͎͔͙͚͊ͭͪͫ͟͡ ͯ;͔ͭΣ ͙͊ͤ͊͘͡ ͙ 
͙͊ͯ͒ͭέ ό˿͍͙͚͊ͪ͊ͭͦͫ͟ ͎ ͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͎͊ͪ͊ͪͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭ ͙ͣΦ ˹ΦˮΦ ˤ͍͙͍͊ͦ͊͡ύΦˤ ͨͦͤͦͣͦ͡;͙Ύ ͍ͻͦ͒Ύͭ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͙κ͙͙͡ 
͍͔͔͙͔ͨͪͦ͒ͤ Ή͔͚ͫͨͪͭͤͦ͟ ͦͼ͔͙ͤ͟ ͔͚ͫͭ͊ͭ ͦ͋΅͔Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͍͔͙ͤ͊ͨͪ͊ͤͤͦͫͭ͡Φ 

14. ̊ ͍͊ͭ͊ͦ͡ ˸͙͊ͫͣ͟ ˢ͔͍͙ͫ͊ͤ͒ͪͦ͟͡; ς ͙͊ͤ͒͒͊ͭ͟ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͤ͊ͯ͟Φ ˹͊;͊͡Έ͙ͤ͟ ͤ͊ͯ;ͤͦ-͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͎ͫͦͦ͟ ͔ͦͭ͒͊͡ 
όˢ˹˻˻ ˤ˽˻ άˤ͔͙͚ͦͪͦͤ͗ͫ͟ Ή͙ͦͤͦͣͦ͟͟-͍͍͚ͨͪ͊ͦͦ ͙͙ͤͫͭͭͯͭέΣ ͎Φ ˤ͔ͦͪͦͤ͗ύΣ ͊ͣ͘Φ ͎͡Φ ͔ͪ͒͊ͭͦͪ͊͟ ͣͯ͡Έ͙ͭ-͙͒ͫͼ͙͙͎ͨͤ͊ͪͤͦͦ͡ 
͗ͯͪͤ͊͊͡ ζ͔͙͙́ͪͪͭͦͪΎ ͙ͤ͊ͯ͟ηΦ ʕ  ͨͦͤͦͣͦ͡;͙Ύ ͍ͻͦ͒Ύͭ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͙κ͙͙͡ ͍͔͔͙͔ͨͪͦ͒ͤ Ή͔͚ͫͨͪͭͤͦ͟ ͦͼ͔͙ͤ͟ ͔͚ͫͭ͊ͭ 
ͦ͋΅͔Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͍͔͙ͤ͊ͨͪ͊ͤͤͦͫͭ͡Φ 

 
 

 

˸͔͙͊ͭͪ͊͡· ͔ͨ;͊ͭ͊ΌͭͫΎ ͫ ͙͎͙͍ͦͪͤ͊ͦ͡Σ ͨͦ͒͊ͤͤ·ͻ ͍ ͎͙͔ͦͪͦͣͭͭ͟Σ ͍͔͍͔ͦͭͭͫͭͤͤͦͫͭΈ ͊͘ ͍͔͒ͦͫͭͦͪͤͦͫͭΈ ͙ͤͺͦͪͣ͊ͼ͙͙ ͔ͤͫͯͭ 

͍͊ͭͦͪ· ͔͚ͫͭ͊ͭ 

É ʅʆʆ ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʥʘʫʢʘ, 2015-2025 

  



 

˻͎͍͔͙͔͊ͤ͡͡ 
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ȱɘɑɗɨɫəɚɎ ȴɏɚɜɨ ȽɑɜɏɑɑɎɔɣ 

ȬəəɚɞɌɢɔɫ. Ȯ ɔɝɝɗɑɐɚɎɌəɔɔ ɛɜɚɎɑɐɑə ɖɚɘɛɗɑɖɝəɧɕ ɌəɌɗɔɓ ɛɜɔɣɔə ɔ ɛɚɝɗɑɐɝɞɎɔɕ ɜɑɓɖɚɏɚ ɜɚɝɞɌ ɝɞɚɔɘɚɝɞɔ 
ɖɚɠɑ Ɏ 2025 ɏɚɐɟ. ɂɑɗɨ ɜɌɍɚɞɧ ɓɌɖɗɪɣɌɑɞɝɫ Ɏ ɜɌɓɜɌɍɚɞɖɑ ɛɜɌɖɞɔɣɑɝɖɔɡ ɜɑɖɚɘɑəɐɌɢɔɕ ɛɚ ɟɛɜɌɎɗɑəɔɪ ɜɔɝɖɌɘɔ ɐɗɫ 
ɛɜɑɐɛɜɔɫɞɔɕ ɛɚ ɚɍɒɌɜɖɑ ɖɚɠɑ əɌ ɚɝəɚɎɑ ɝɚɎɜɑɘɑəəɧɡ ɘɑɞɚɐɚɎ ɛɜɚɏəɚɓɔɜɚɎɌəɔɫ. ȴɝɛɚɗɨɓɚɎɌəɧ ɘɑɞɚɐɧ ARIMA-
ɘɚɐɑɗɔɜɚɎɌəɔɫ, ɘəɚɒɑɝɞɎɑəəɚɕ ɜɑɏɜɑɝɝɔɔ, ɏɔɍɜɔɐəɧɡ ɘɚɐɑɗɑɕ ɛɜɚɏəɚɓɔɜɚɎɌəɔɫ ɔ ɌəɌɗɔɓɌ Ɏɜɑɘɑəəɧɡ ɜɫɐɚɎ ɝ 
ɜɌɝɛɜɑɐɑɗɑəəɧɘ ɗɌɏɚɘ. Ⱥɝɚɍɚɑ ɎəɔɘɌəɔɑ ɟɐɑɗɑəɚ ɠɌɖɞɚɜɌɘ ɌɏɜɌɜəɚɏɚ ɝɑɖɞɚɜɌ, ɎɖɗɪɣɌɫ Ɏɗɔɫəɔɑ ɖɗɔɘɌɞɔɣɑɝɖɔɡ 
ɔəɐɑɖɝɚɎ əɌ ɟɜɚɒɌɕəɚɝɞɨ ɖɚɠɑ ɝ ɟɣɑɞɚɘ Ɏɜɑɘɑəəɧɡ ɗɌɏɚɎ. ȿɝɞɌəɚɎɗɑəɚ, ɣɞɚ ɚɝəɚɎəɧɘɔ ɠɌɖɞɚɜɌɘɔ ɜɚɝɞɌ ɢɑə 
ɝɞɌɗɔ ɖɗɔɘɌɞɔɣɑɝɖɔɑ ɌəɚɘɌɗɔɔ (42%), ɗɚɏɔɝɞɔɣɑɝɖɔɑ ɔɓɐɑɜɒɖɔ (35%), ɏɑɚɛɚɗɔɞɔɣɑɝɖɔɑ ɠɌɖɞɚɜɧ (15%) ɔ 
ɝɛɑɖɟɗɫɞɔɎəɌɫ ɌɖɞɔɎəɚɝɞɨ (8%). Ⱦɚɣəɚɝɞɨ ɏɔɍɜɔɐəɧɡ ɘɚɐɑɗɑɕ ɛɜɚɏəɚɓɔɜɚɎɌəɔɫ ɐɚɝɞɔɏɗɌ 92.8% (MAPE 7.2%), 
ɣɞɚ ɛɚɓɎɚɗɔɗɚ ɝəɔɓɔɞɨ ɚɤɔɍɖɟ ɛɜɑɐɝɖɌɓɌəɔɫ ɐɚ 9.8%. ȼɌɓɜɌɍɚɞɌəəɧɑ ɜɑɖɚɘɑəɐɌɢɔɔ ɎɖɗɪɣɌɪɞ ɐɔɎɑɜɝɔɠɔɖɌɢɔɪ 
ɛɚɝɞɌɎɚɖ, ɡɑɐɒɔɜɚɎɌəɔɑ ɜɔɝɖɚɎ, ɚɛɞɔɘɔɓɌɢɔɪ ɓɌɛɌɝɚɎ ɔ ɔəɎɑɝɞɔɢɔɔ Ɏ ɞɑɡəɚɗɚɏɔɔ. ȼɑɓɟɗɨɞɌɞɧ ɔɝɝɗɑɐɚɎɌəɔɫ 
ɐɑɘɚəɝɞɜɔɜɟɪɞ ɖɜɔɞɔɣɑɝɖɟɪ ɎɌɒəɚɝɞɨ ɖɚɘɛɗɑɖɝəɚɏɚ ɛɚɐɡɚɐɌ ɖ ɟɛɜɌɎɗɑəɔɪ ɜɔɝɖɌɘɔ Ɏ ɟɝɗɚɎɔɫɡ Ɏɧɝɚɖɚɕ 
ɎɚɗɌɞɔɗɨəɚɝɞɔ ɜɧəɖɌ ɖɚɠɑ. 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɝɞɚɔɘɚɝɞɨ ɖɚɠɑ, ɛɜɚɏəɚɓɔɜɚɎɌəɔɑ ɢɑə, ARIMA, ɢɑɛɚɣɖɔ ɛɚɝɞɌɎɚɖ, ɩɗɌɝɞɔɣəɚɝɞɨ ɝɛɜɚɝɌ, 
ɚɍɒɌɜɖɌ ɖɚɠɑ, ɖɗɔɘɌɞɔɣɑɝɖɔɑ ɜɔɝɖɔ, ɗɚɏɔɝɞɔɣɑɝɖɔɑ ɖɜɔɓɔɝɧ, ɏɔɍɜɔɐəɧɑ ɘɚɐɑɗɔ. 

Abstract . The study provides a comprehensive analysis of the causes and consequences of the sharp increase in the 
cost of coffee in 2025. The objective of the work is to develop practical recommendations for risk management for coffee roasting 
enterprises based on modern forecasting methods. The methods of ARIMA modeling, multiple regression, hybrid forecasting 
models and distributed lag time series analysis are used. Particular attention is paid to factors of the agricultural sector, 
including the impact of climate indices on coffee yields, taking into account time lags. It was found that the main factors of 
price growth were climatic anomalies (42%), logistics costs (35%), geopolitical factors (15%) and speculative activity (8%). 
The accuracy of hybrid forecasting models reached 92.8% (MAPE 7.2%), which reduced the forecast error to 9.8%. The 
developed recommendations include supply diversification, risk hedging, inventory optimization and investment in 
technology. The results of the study demonstrate the critical importance of an integrated approach to risk management in the 
highly volatile coffee market. 

Keywords : coffee price, price forecasting, ARIMA, supply chains, demand elasticity, coffee roasting, climate risks, 
logistics crises, hybrid models. 
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Ƚɟɗɔɘɔə ȮɗɌɐɔɘɔɜ ȮɗɌɝɚɎɔɣ,  

ȬəəɚɞɌɢɔɫ. ȽɞɌɞɨɫ ɛɚɝɎɫɥɑəɌ ɖɚɘɛɗɑɖɝəɚɕ ɚɢɑəɖɑ ɜɑɓɟɗɨɞɌɞɚɎ ɛɚɗɔɞɔɖɔ ɔɘɛɚɜɞɚɓɌɘɑɥɑəɔɫ Ɏ 
Ɍɏɜɚɛɜɚɘɧɤɗɑəəɚɘ ɖɚɘɛɗɑɖɝɑ ȼɚɝɝɔɕɝɖɚɕ ɀɑɐɑɜɌɢɔɔ (ȬȻȶ) ɛɚɝɗɑ ɎɎɑɐɑəɔɫ ɒɬɝɞɖɔɡ ɠɔəɌəɝɚɎɚ-ɞɑɡəɚɗɚɏɔɣɑɝɖɔɡ 
ɝɌəɖɢɔɕ 2022-2024 ɏɏ. ɂɑɗɨ ɔɝɝɗɑɐɚɎɌəɔɫ ñ ɎɧɫɎɔɞɨ ɩɠɠɑɖɞɔɎəɚɝɞɨ ɐɑɕɝɞɎɟɪɥɔɡ ɘɑɜ ɏɚɝɛɚɐɐɑɜɒɖɔ ɔ ɚɛɜɑɐɑɗɔɞɨ 
əɌɛɜɌɎɗɑəɔɫ ɐɌɗɨəɑɕɤɑɏɚ ɛɚɎɧɤɑəɔɫ ɟɝɞɚɕɣɔɎɚɝɞɔ ɛɜɚɐɚɎɚɗɨɝɞɎɑəəɚɏɚ ɝɑɖɞɚɜɌ. ȸɑɞɚɐɚɗɚɏɔɫ ɎɖɗɪɣɌɑɞ 
ɝɔɝɞɑɘəɧɕ ɔ ɝɜɌɎəɔɞɑɗɨəɧɕ ɌəɌɗɔɓ, ɩɖɚəɚɘɑɞɜɔɣɑɝɖɚɑ ɘɚɐɑɗɔɜɚɎɌəɔɑ əɌ ɐɌəəɧɡ ȼɚɝɝɞɌɞɌ, ȸɔəɝɑɗɨɡɚɓɌ ɔ ɀȾȽ, Ɍ 
ɞɌɖɒɑ ɩɖɝɛɑɜɞəɧɕ ɚɛɜɚɝ ɜɟɖɚɎɚɐɔɞɑɗɑɕ ɛɫɞɔɐɑɝɫɞɔ ɝɑɗɨɡɚɓɚɜɏɌəɔɓɌɢɔɕ Ɏ ɤɑɝɞɔ ɜɑɏɔɚəɌɡ. ȹɚɎɔɓəɌ ɜɌɍɚɞɧ 
ɝɚɝɞɚɔɞ Ɏ ɔəɞɑɏɜɌɢɔɔ ɛɚɖɌɓɌɞɑɗɑɕ ɗɚɖɌɗɔɓɌɢɔɔ ɛɜɚɔɓɎɚɐɝɞɎɑəəɧɡ ɢɑɛɚɣɑɖ ɝ ɔəɐɑɖɝɚɘ ɝɟɍɝɔɐɔɌɜəɚɕ ɚɞɐɌɣɔ 
ɍɪɐɒɑɞəɧɡ ɜɌɝɡɚɐɚɎ. ȼɑɓɟɗɨɞɌɞɧ ɐɑɘɚəɝɞɜɔɜɟɪɞ, ɣɞɚ ɛɜɔ ɝɜɑɐəɑɘ ɜɚɝɞɑ əɌɢɔɚəɌɗɨəɚɕ ɐɚɗɔ ɝɧɜɨɫ ɐɚ 78 % 
ɎɌɗɚɎɚɕ ɐɚɍɌɎɗɑəəɚɕ ɝɞɚɔɘɚɝɞɔ ɛɚɖɌɓɌɞɑɗɨ ɎɚɓɎɜɌɞəɚɝɞɔ ɝɟɍɝɔɐɔɕ ɝɚɝɞɌɎɔɗ 1,34 ɜɟɍ. əɌ 1 ɜɟɍ. ɓɌɞɜɌɞ, ɚɐəɌɖɚ 
ɎɧɝɚɖɌɫ ɎɌɜɔɌɞɔɎəɚɝɞɨ ɘɑɒɐɟ ɚɞɜɌɝɗɫɘɔ ɟɖɌɓɧɎɌɑɞ əɌ əɑɚɍɡɚɐɔɘɚɝɞɨ ɍɚɗɑɑ ɞɚɣɑɣəɚɕ ɛɚɐɐɑɜɒɖɔ. ȻɜɌɖɞɔɣɑɝɖɌɫ 
ɓəɌɣɔɘɚɝɞɨ ɓɌɖɗɪɣɌɑɞɝɫ Ɏ ɛɜɑɐɗɚɒɑəəɚɕ ɘɌɞɜɔɢɑ ɛɜɔɚɜɔɞɑɓɌɢɔɔ ɘɑɜ, ɛɚɓɎɚɗɫɪɥɑɕ ɛɑɜɑɜɌɝɛɜɑɐɑɗɔɞɨ 20 % 
ɞɑɖɟɥɑɏɚ ɍɪɐɒɑɞɌ Ɏ ɛɚɗɨɓɟ ɎɧɝɚɖɚɘɟɗɨɞɔɛɗɔɖɌɞɔɎəɧɡ ɛɜɚɑɖɞɚɎ. ȹɌɟɣəɌɫ ɓəɌɣɔɘɚɝɞɨ ɝɞɌɞɨɔ ɎɧɜɌɒɌɑɞɝɫ Ɏ 
ɟɞɚɣəɑəɔɔ ɛɚəɫɞɔɕəɚɏɚ ɌɛɛɌɜɌɞɌ ɔɘɛɚɜɞɚɓɌɘɑɥɑəɔɫ Ɏ ɟɝɗɚɎɔɫɡ ɝɌəɖɢɔɕ ɔ ɩɘɛɔɜɔɣɑɝɖɚɕ ɎɑɜɔɠɔɖɌɢɔɔ ɏɔɛɚɞɑɓɧ 
ɚɍ ɩɠɠɑɖɞɔɎəɚɝɞɔ ɏɔɍɜɔɐəɧɡ ɔəɝɞɜɟɘɑəɞɚɎ ñ ɝɚɎɘɑɥɑəɔɫ ɝɟɍɝɔɐɔɕ əɌ ɖɌɛɔɞɌɗɨəɧɑ Ɏɗɚɒɑəɔɫ ɝ ɗɨɏɚɞəɧɘ 
ɖɜɑɐɔɞɚɎɌəɔɑɘ. Ȼɜɑɐɗɚɒɑəəɧɑ ɜɑɖɚɘɑəɐɌɢɔɔ ɘɚɏɟɞ ɍɧɞɨ ɔɝɛɚɗɨɓɚɎɌəɧ ɠɑɐɑɜɌɗɨəɧɘɔ ɔ ɜɑɏɔɚəɌɗɨəɧɘɔ ɚɜɏɌəɌɘɔ 
ɎɗɌɝɞɔ ɛɜɔ ɜɌɓɜɌɍɚɞɖɑ ȽɞɜɌɞɑɏɔɔ ɜɌɓɎɔɞɔɫ ȬȻȶ ɐɚ 2035 ɏɚɐɌ, Ɍ ɞɌɖɒɑ ɔəɎɑɝɞɚɜɌɘɔ, ɚɢɑəɔɎɌɪɥɔɘɔ ɜɔɝɖɔ ɎɡɚɐɌ 
Ɏ ɜɚɝɝɔɕɝɖɔɕ Ɍɏɜɚɍɔɓəɑɝ Ɏ ɟɝɗɚɎɔɫɡ ɓɌɖɜɧɞɧɡ Ɏəɑɤəɔɡ ɜɧəɖɚɎ. Ȱɚɛɚɗəɔɞɑɗɨəɧɘ ɎɖɗɌɐɚɘ ɫɎɗɫɑɞɝɫ ɠɚɜɘɔɜɚɎɌəɔɑ 
ɝɢɑəɌɜɔɑɎ çɝɞɜɑɝɝ-ɞɑɝɞɌè ɐɗɫ ɚɢɑəɖɔ ɟɝɞɚɕɣɔɎɚɝɞɔ ɗɚɏɔɝɞɔɖɔ ɔ ɞɑɡəɚɗɚɏɔɣɑɝɖɔɡ ɛɚɞɚɖɚɎ ɛɜɔ ɟɒɑɝɞɚɣɑəɔɔ 
ɜɑɒɔɘɌ. 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɔɘɛɚɜɞɚɓɌɘɑɥɑəɔɑ, Ɍɏɜɚɛɜɚɘɧɤɗɑəəɧɕ ɖɚɘɛɗɑɖɝ, ɝɌəɖɢɔɔ, ɏɚɝɛɚɐɐɑɜɒɖɌ, 
ɩɠɠɑɖɞɔɎəɚɝɞɨ, ɛɜɚɐɚɎɚɗɨɝɞɎɑəəɌɫ ɍɑɓɚɛɌɝəɚɝɞɨ, ɔəɎɑɝɞɔɢɔɔ 

Abstract . The paper presents a comprehensive assessment of import-substitution policy outcomes in the Russian 
agro-industrial complex (AIC) after the imposition of severe financial and technological sanctions in 2022-2024. The purpose 
of the study is to evaluate the effectiveness of current government support measures and to identify avenues for further 
enhancement of the sectorõs resilience. The methodology combines systems and comparative analysis, econometric modelling 
based on data from Rosstat, the Ministry of Agriculture and the Federal Customs Service, and an expert survey of fifty 
agribusiness managers across six regions. The novelty lies in integrating supply-chain localisation indicators with a subsidy 
pay-back index for budget expenditures. Findings show that while the domestic content share in gross value added increased 
on average to 78 percent, the fiscal return on subsidies reached 1.34 roubles per rouble spent; nevertheless, high inter-branch 
variability signals the need for more targeted support. Practical significance stems from a prioritisation matrix that reallocates 
20 percent of the current budget towards projects with high multipliers. Theoretical value is reflected in clarifying the 
import-substitution concept under sanctions and empirically validating the effectiveness of hybrid tools that combine 
capital-investment grants with concessional lending. The recommendations can inform federal and regional authorities 
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drafting the AIC Development Strategy to 2035 and guide investors assessing risks of entering Russian agribusiness under 
closed external markets. An additional contribution is the formulation of stress-test scenarios for analysing the robustness of 
logistics and technological flows under regime tightening. 

Keywords : import substitution, agro-industrial complex, sanctions, government support, efficiency, food security, 
investments 
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ɄɎɑɐɚɎ ȮɗɌɐɔɝɗɌɎ ȮɔɞɌɗɨɑɎɔɣ,  

ȬəəɚɞɌɢɔɫ. Ȯ ɝɞɌɞɨɑ ɜɌɝɝɘɌɞɜɔɎɌɪɞɝɫ ɔəɝɞɔɞɟɢɔɚəɌɗɨəɧɑ ɔ ɞɑɡəɚɗɚɏɔɣɑɝɖɔɑ ɚɝɚɍɑəəɚɝɞɔ ɢɔɠɜɚɎɚɕ 
ɞɜɌəɝɠɚɜɘɌɢɔɔ ɝɑɗɨɝɖɚɏɚ ɡɚɓɫɕɝɞɎɌ Ɏ ɝɞɜɌəɌɡ ɂɑəɞɜɌɗɨəɚɕ ɔ Ȯɚɝɞɚɣəɚɕ ȱɎɜɚɛɧ (ɂȮȱ) ñ Ȼɚɗɨɤɔ, Ƀɑɡɔɔ, 
Ȯɑəɏɜɔɔ, ȼɟɘɧəɔɔ, ȭɚɗɏɌɜɔɔ ɔ ȽɗɚɎɌɖɔɔ. ɂɑɗɨ ɔɝɝɗɑɐɚɎɌəɔɫ ñ ɎɧɫɎɔɞɨ ɜɌɓɗɔɣɔɫ əɌɢɔɚəɌɗɨəɧɡ ɝɞɜɌɞɑɏɔɕ, 
ɚɢɑəɔɞɨ ɔɡ ɜɑɓɟɗɨɞɌɞɔɎəɚɝɞɨ ɔ ɚɛɜɑɐɑɗɔɞɨ ɠɌɖɞɚɜɧ, ɟɝɖɚɜɫɪɥɔɑ Ɏəɑɐɜɑəɔɑ Ɍɏɜɚɞɑɡəɚɗɚɏɔɕ. ȸɑɞɚɐɚɗɚɏɔɫ 
ɚɝəɚɎɌəɌ əɌ ɝɜɌɎəɔɞɑɗɨəɚɘ ɌəɌɗɔɓɑ əɚɜɘɌɞɔɎəɧɡ ɐɚɖɟɘɑəɞɚɎ ȱȽ, əɌɢɔɚəɌɗɨəɧɡ ɛɜɚɏɜɌɘɘ çɝɘɌɜɞ-ɠɑɜɘè, ɐɌəəɧɡ 
Eurostat, FAO ɔ ɚɛɜɚɝɑ 120 ɛɜɑɐɝɞɌɎɔɞɑɗɑɕ ɌɏɜɚɍɔɓəɑɝɌ. Ȯ ɖɌɣɑɝɞɎɑ ɔəɞɑɏɜɌɗɨəɚɏɚ ɛɚɖɌɓɌɞɑɗɫ ɛɜɑɐɗɚɒɑə ɔəɐɑɖɝ 
ɢɔɠɜɚɎɚɕ ɓɜɑɗɚɝɞɔ (ȴȰȳ), ɎɖɗɪɣɌɪɥɔɕ ɛɫɞɨ ɖɚɘɛɚəɑəɞ: ɝɑɞɑɎɟɪ ɔəɠɜɌɝɞɜɟɖɞɟɜɟ, ɖɌɐɜɚɎɧɕ ɛɚɞɑəɢɔɌɗ, ɐɚɝɞɟɛ 
ɖ ɠɔəɌəɝɔɜɚɎɌəɔɪ, ɟɜɚɎɑəɨ ɛɜɔəɫɞɔɫ ɜɑɤɑəɔɕ əɌ ɚɝəɚɎɑ ɐɌəəɧɡ ɔ ɜɌɝɛɜɚɝɞɜɌəɬəəɚɝɞɨ ɜɚɍɚɞɔɓɔɜɚɎɌəəɚɕ 
ɞɑɡəɔɖɔ. ȼɑɓɟɗɨɞɌɞɧ ɐɑɘɚəɝɞɜɔɜɟɪɞ, ɣɞɚ ȻɚɗɨɤɌ ɔ Ƀɑɡɔɫ ɗɔɐɔɜɟɪɞ ɛɚ ȴȰȳ ɍɗɌɏɚɐɌɜɫ Ɏɧɝɚɖɚɕ ɛɗɚɞəɚɝɞɔ 
ɝɑɗɨɝɖɔɡ ɤɔɜɚɖɚɛɚɗɚɝəɧɡ ɝɑɞɑɕ ɔ ɌɖɞɔɎəɚɘɟ ɜɌɓɎɔɞɔɪ ɌɏɜɚɝɞɌɜɞɌɛɚɎ, ɞɚɏɐɌ ɖɌɖ ȼɟɘɧəɔɫ ɔ ȭɚɗɏɌɜɔɫ ɚɞɝɞɌɪɞ 
ɔɓ-ɓɌ ɠɜɌɏɘɑəɞɌɢɔɔ ɡɚɓɫɕɝɞɎ ɔ ɚɏɜɌəɔɣɑəəɚɏɚ ɐɚɝɞɟɛɌ ɖ ɖɜɑɐɔɞɌɘ. ȻɜɌɖɞɔɣɑɝɖɌɫ ɓəɌɣɔɘɚɝɞɨ ɓɌɖɗɪɣɌɑɞɝɫ Ɏ 
ɠɚɜɘɔɜɚɎɌəɔɔ ɘɌɞɜɔɢɧ ɛɚɗɔɞɔɖ, ɛɚɓɎɚɗɫɪɥɑɕ ɝɞɜɌəɌɘ-ɌɟɞɝɌɕɐɑɜɌɘ ɛɜɔ ɝɚɡɜɌəɑəɔɔ ɍɪɐɒɑɞəɧɡ ɚɏɜɌəɔɣɑəɔɕ 
ɝɖɚəɢɑəɞɜɔɜɚɎɌɞɨɝɫ əɌ ɟɓɖɔɡ çɞɚɣɖɌɡ ɜɚɝɞɌè ñ ɚɍɟɣɑəɔɔ ɠɑɜɘɑɜɚɎ ɔ ɝɟɍɝɔɐɔɜɚɎɌəɔɔ ɝɑəɝɚɜəɧɡ ɛɗɌɞɠɚɜɘ. 
ȹɌɟɣəɌɫ əɚɎɔɓəɌ ɝɚɝɞɚɔɞ Ɏ ɩɘɛɔɜɔɣɑɝɖɚɕ ɎɑɜɔɠɔɖɌɢɔɔ ɓɌɎɔɝɔɘɚɝɞɔ ɘɑɒɐɟ ɔəɞɑəɝɔɎəɚɝɞɨɪ ɔɝɛɚɗɨɓɚɎɌəɔɫ 
ɍɚɗɨɤɔɡ ɐɌəəɧɡ ɔ ɜɚɝɞɚɘ ɛɜɚɐɟɖɞɔɎəɚɝɞɔ ɞɜɟɐɌ ɝɎɧɤɑ 15 % ɓɌ ɞɜɬɡɗɑɞəɔɕ ɛɑɜɔɚɐ əɌɍɗɪɐɑəɔɕ. 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɢɔɠɜɚɎɌɫ ɞɜɌəɝɠɚɜɘɌɢɔɫ, ɝɑɗɨɝɖɚɑ ɡɚɓɫɕɝɞɎɚ, ɂɑəɞɜɌɗɨəɌɫ ȱɎɜɚɛɌ, ȮɚɝɞɚɣəɌɫ ȱɎɜɚɛɌ, 
Ɍɏɜɚɞɑɡəɚɗɚɏɔɔ, ɝɞɜɌɞɑɏɔɫ, ɝɜɌɎəɑəɔɑ 

Abstract . The paper investigates institutional and technological features of agricultural digital transformation in 
Central and Eastern European (CEE) countries ñ Poland, Czechia, Hungary, Romania, Bulgaria and Slovakia. Its purpose 
is to identify differences in national strategies, evaluate their effectiveness and highlight the factors that accelerate agritech 
adoption. The methodology is based on comparative analysis of EU regulations, national òsmart-farmó programmes, Eurostat 
and FAO statistics, and a survey of 120 agribusiness representatives. An original Digital Maturity Index (DMI) comprising 
five components ñ network infrastructure, human capital, access to finance, data-driven decision making and robotisation 
prevalence ñ is introduced. Findings show that Poland and Czechia top the DMI ranking owing to dense rural broadband 
and vibrant agritech start-up ecosystems, whereas Romania and Bulgaria lag behind due to farm fragmentation and limited 
credit access. Practical significance lies in a policy matrix enabling lagging countries to focus scarce resources on narrow 
ògrowth pointsó such as farmer training and subsidies for sensor platforms. Scientific novelty is reflected in empirically 
validating the link between big-data intensity and labour productivity gains of over 15 percent within a three-year observation 
window. 

Keywords : digital transformation, agriculture, Central Europe, Eastern Europe, agritech, strategy, comparison 
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