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˔̨̃̓̎́ ̨̝̅̏̐̏̃̅ 

̨́̋́̅̆̍̋́-̠̒̆̋̑̆̓́̑ ˏ̨̨̠̅̅̌̆̎̎ 

̨́̋́̅̆̍̋́ ˚ˍ˚ ˠ̩̋̑́̎̉ ˘Ȣ˙Ȣ ˘̏̂́̎̏̃́ 
̈́  ςπρυ-2019 ̑ .̑ 



˟˒˙ˍ˟˕˗ˍ ˚ˍˠ˗˛ˏ˕ˢ ˑ˛˞˘˴ˑ˓˒˚˩ ˜˛ ˏˡ˟˜˙ ˚ˍ˚ ˠ˗˝ˍ˵˚˕ 

˔ˍ υ ˝˛˗˴ˏ (2015 -ςπρω ̑̑.) 

ˤ͙͒ ͔͙͙ͭͣ͊ͭ͟ 
(͍ͫΈ͎ͦͦκ͍͔͊ͪ͘΄͔ͤͦ ͍ 
ͨͦͭͦ;ͤͦͣͯ ͪͦͼ͜ύ 

˾͙ͦ͟ 

2015 2016 2017 2018 2019 

1. ˨ ͔͍ͪ͗͊ͤ͊ ͭ ͔͙ͣ͊ͭ͊͟ 11/9 15/13 18/17 16/15 7/7 

2. ˽ ͎ͪͦͪ͊ͣͤͦ-ͼ͜͡Έ͍ͦ͊ ͭ ͊ 
ͦͤͯͪͫͤ͊͟͟ ͭ ͔͙ͣ͊ͭ͊͟ ˹ˢ˹ 
͙̂ͪ͊ͤ͟͝Σ ͍ ͭΦ;. 

171/122 141/36 157/26 178/63 160/57 

͍ ͔ͣ͗͊ͻ ͋Ό͔͒͗ͭͤͦ͝ 
͎͙ͨͪͦͪ͊ͣ 6541230 

      31/13 27/25 

3. ʕ ͒ͦͣ͜;͊ ͭ ͔͙ͣ͊ͭ͊͟Σ ͍ ͭΦ;. 280/93 284/144 268/66 276/79 265/64 

͍ ͔ͣ͗͊ͻ ͋Ό͔͒͗ͭͤͦ͝ 
͎͙ͨͪͦͪ͊ͣ 6541230 

      27/10 27/27 

4. ˽ ͦ΄͍ͯͦ͊͟ ͭ ͔͙ͣ͊ͭ͊͟ 25/25 23/23 13/13 16/16 12/12 

5. ˨ ͎͍ͦͦͪͤ͊͜ ͭ ͔͙ͣ͊ͭ͊͟Σ ͍ ͭΦ;. 701/515 720/570 720/492 668/505 600/461 

͔͙́ͣ͊ͭ͊͟Σ ΅  ͍ͦ ͙͍ͦͤͯ͊͊ͫ͟͡Έ 
͊͘ ͪ͊ͻͯͤͦ͟ ͎ ͍ͪ͊ͤͭ͜ ˾ ̅̅˨Σ 
˾˥˹̅Σ ̂˹́̇Σ CNRC 

7/1 3/1 3/1 3/1 3/1 



ˉ  ɺʀɼ ʊɽʄɸʊʀʂʀ  
ʂɯʃʔʂɯʉʊʔ 

ʊɽʄ  

1  ɺʽʜʦʤʯʘ ʪʝʤʘʪʠʢʘ:  265 

ʊʝʤʠ ʚʽʜʦʤʯʦʛʦ ʟʘʤʦʚʣʝʥʥʷ  185 

ʇʨʦʝʢʪʠ ʮʽʣʴʦʚʦʾ ʥʘʫʢʦʚʦʾ ʧʨʦʛʨʘʤʠ ñʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʩʪʚʦʨʝʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʤʝʪʦʜʠ ʾʭ ʟô̒ ʜʥʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠò  
80  

2 ʇʨʦʛʨʘʤʥʦ-ʮʽʣʴʦʚʘ ʪʘ ʢʦʥʢʫʨʩʥʘ ʪʝʤʘʪʠʢʘ ʅɸʅ ʋʢʨʘʾʥʠ:  160 

ʇʨʦʛʨʘʤʘ çʈʝʩʫʨʩ-2è  65  

çʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ  ̔
ʥʘʥʦʪʝʭʥʦʣʦʛʽʡè

14 

çʈʦʟʚʠʪʦʢ ʥʘʫʢʦʚʠʭ ʟʘʩʘʜ ʦʪʨʠʤʘʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʶ ʚ 
ʩʠʩʪʝʤʘʭ ʘʚʪʦʥʦʤʥʦʛʦ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷè

7  

çɼʦʩʣʽʜʞʝʥʥʷ  ̔ʨʦʟʨʦʙʢʠ ʟ ʧʨʦʙʣʝʤ ʧʽʜʚʠʱʝʥʥʷ ʦʙʦʨʦʥʦʟʜʘʪʥʦʩʪʽ  ̔ʙʝʟʧʝʢʠ 

ʜʝʨʞʘʚʠè 
14 

çʄʘʪʝʨʽʘʣʠ ʜʣʷ ʤʝʜʠʮʠʥʠ  ̔ʤʝʜʠʯʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʾʭ ʦʪʨʠʤʘʥʥʷ  ̔

ʚʠʢʦʨʠʩʪʘʥʥʷè 
14 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ (ʽʥʥʦʚʘʮʽʡʥʽ) ʧʨʦʝʢʪʠ ʅɸʅ ʋʢʨʘʾʥʠ  6  

ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʽ ʨʦʙʦʪʠ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʅɸʅ ʋʢʨʘʾʥʠ 17 

ʇʨʦʝʢʪʠ ʟʘ ʛʨʘʥʪʘʤʠ ʤʦʣʦʜʽʞʥʠʤ ʣʘʙʦʨʘʪʦʨʽʷʤ/ʛʨʫʧʘʤ 4 

ʇʨʦʝʢʪʠ ʟʘ ʽʥʰʠʤʠ ʧʨʦʛʨʘʤʘʤʠ ʅɸʅ ʋʢʨʘʾʥʠ 19 

3  ʇʦʰʫʢʦʚʘ ʪʝʤʘʪʠʢʘ  12 



ʊɽʍʅʆʃʆɻɯʗ ʂʆʅʊɸʂʊʅʆɻʆ ɿɺɸʈʖɺɸʅʅʗ ɺʀʉʆʂʆʄɯʎʅʀʍ ʈɽʁʆʂ 

N 
˙́̑̋́ 
̨̒̓́̌Ȣ 

ˏ̉̑̏̂̎̉̋ 

ˢ̨̨̘̍̎̉̊ ̒̋̌́̅ȟ Ϸ ˙̨̨̖̘̆́̎̎ ̨̃̌́̒̓̉̃̏̒̓ 

 
C 

 
Si 

 
Mn 

 
Cr 

 
P 

 
S 

˙̆̇́ 
̨̘̓̆̋̔̏̒̓ȟ  

MPa 

˙̆̇́ 
̨̨̗̍̎̏̒̓ȟ 

MPa 

˟̨̝̃̆̑̅̒̓ 
˚  ˏ

1 HE370 ˬ̨̠̐̏̎ πȟψψȣπȟωπ πȟςπȣ πȟσπ πȟυπȣπȟφπ 0,22 0,018 0,008 ψφπȣψωυ ρσππȣρτππ σχπȣτςπ 

2 H E-X ˬ̨̠̐̏̎ πȟωψȣρȟππ πȟτπȣ πȟυπ πȟχπȣπȟχυ 0,22 0,020 0,010 ωψπȣρπππ ρτππȣρτωπ σψπȣτσπ 

3 2συπ(4 ˍ̨̠̃̒̓̑ πȟχςȣπȟψς πȟρυȣπȟφπ πȟφυȣπȟχυ 0,15 0,025 0,030 840 1175  συπȣσωπ 

4 ˗χφˡ ˠ̩̋̑́̎́ πȟχρȣπȟψς πȟρψȣπȟτπ πχυȣ ρȟπυ - 0,035 0,045 600..700 1100  Ѕσψψ 

ɺʠʩʦʢʦʤʽʮʥʽ ʨʝʡʢʠ ʩʫʯʘʩʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 
ʇʝʨʝʨʘʭʦʚʘʥʽ ʚ ʪʘʙʣ. 1 

ʨʝʡʢʠ 1, 2, 3 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʦʶ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ ʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʦʢʘʟʥʠʢʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʚ 2-3 ʨʘʟʠ 

ʚʠʱʝ, ʥʽʞ ʨʝʡʢʠ 

ʧʦʧʝʨʝʜʥʽʭ ʚʠʨʦʙʥʠʮʪʚ. 

1. ɿʦʥʘ ʬʦʨʤʫʚʘʥʥʷ ʦʢʩʠʜʥʠʭ ʚʢʣʶʯʝʥʴ ʧʦ ʣʽʥʽʾ 

ʟʚʘʨʶʚʘʥʥʷ. 

2. ɿʦʥʘ ʧʝʨʝʛʨʽʚʫ (ʚʝʣʠʢʝ ʟʝʨʥʦ ʟ ʚʠʜʽʣʝʥʥʷʤʠ ʬʝʨʠʪʫ 

ʧʦ ʡʦʛʦ ʛʨʘʥʠʮʷʤ). 

3. ʆʧʪʠʤʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ. 
 

ʊʝʭʥʦʣʦʛʽʷ ʩʝʨʪʠʬʽʢʦʚʘʥʘ ʚ ʋʢʨʘʾʥʽ, ʈʌ, ʉʐɸ ʽ ʽʥʰʠʭ 

ʢʨʘʾʥʘʭ 

ʇʘʪʝʥʪ ʋʢʨʘʾʥʠ ˉ 46820                ʇʘʪʝʥʪ ʈʦʩʽʾ ˉ2222415 

ʇʘʪʝʥʪ ʉʐɸ ˉ6.294.752               ʇʘʪʝʥʪ ɸʥʛʣʽʾ ˉ2357259ɸ1 

ʇʘʪʝʥʪ ʂʅʈ ˉ00101672.5 

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʨʝʡʦʢ 

ʙʝʟʧʝʨʝʨʚʥʠʤ (ɹ) ʽ ʧʫʣʴʩʫʶʯʠʤ (ʇ) ʦʧʣʘʚʣʝʥʥʷʤ 
ʈʝʡʢʦʟʚʘʨʶʚʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ ʂ945 

 ˽ x

ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʣʽʥʽʾ ʟʚʘʨʥʦʛʦ ʟô̒ ʜʥʘʥʥʷ 

ʨʝʡʦʢ ʧʽʩʣʷ ʟʚʘʨʶʚʘʥʥʷ ʙʝʟʧʝʨʝʨʚʥʠʤ (ɹ)  

ʽ ʧʫʣʴʩʫʶʯʠʤ (ʇ) ʦʧʣʘʚʣʝʥʥʷʤ 

ʇʦʚʝʨʭʥʷ ʦʧʣʘʚʣʝʥʥʷ 

ʨʝʡʦʢ ʧʽʩʣʷ 

ʟʚʘʨʶʚʘʥʥʷ 

ʙʝʟʧʝʨʝʨʚʥʠʤ (ɹ) ʽ 

ʧʫʣʴʩʫʶʯʠʤ (ʇ) 

ʦʧʣʘʚʣʝʥʥʷʤ.  x  ˽

˴тс̅ ό˽) 

˴тс̅ όˣύ 



ʇʨʦʢʘʪ ʩʧʣʘʚʫ ɺʊ19 

˸͔ͻ͊ͤ͜;ͤ͜ ͍͙͍͊ͫͭͦͫͭ͜͡ ͔͒ͺ͍͎ͦͪͣͦ͊ͤͦͦ ͙͍͎ͭͭ͊ͤͦͦͦ 
͍ͫͨ͊ͯ͡ ˤ́мф ˩˽˽ 

ˤ͙͒ ͔͙ͭͪͣͦͦ͋ͪͦ͋͟ s͍Σ ˸˽͊ sͭΣ ˸˽͊ d, % y,% 

ˤ͒ͨ͊͜͡ 750ϲ˿  ς м ͎ͦ͒ 978 887 12 42 

ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ 

ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʧʣʘʚʫ ɺʊ19 

ʆɼɽʈɾɸʅʅʗ ɺʀʉʆʂʆʄɯʎʅʀʍ ʉʇʃɸɺɯɺ ʊʀʊɸʅʋ 

ʄɽʊʆɼʆʄ ɽʃɽʂʊʈʆʅʅʆ-ʇʈʆʄɽʅɽɺʆɰ ʇʃɸɺʂʀ 

ʇʨʝʩʦʚʘʥʽ ʧʨʫʪʢʠ Å60 ʤʤ  

ʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʫ ɺʊ22 

ɼʽʘʛʨʘʤʘ ʘʥʽʟʦʪʝʨʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʧʨʠ 

ʦʭʦʣʦʜʞʝʥʥʽ ʟʚʘʨʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ  

ʧʩʝʚʜʦ-ɓ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʫ ɺʊ19 

ˤ͙͒ ͎͍͙͊ͦͭͦ͘͟ s͍Σ ˸˽͊ 
sͭ, 
˸˽ ͊

d, % y,% 
KCU, 
˨͗κͫͣ2 ˹ ʕ

˽͔͍͙͚ͪͫͦ͊ͤ 
ͨͪͯͭͦ͟ 

1250 1200 11 36 40 321 

͍̊ͭ͊ͣͨͦ͊͟ 1216 1124 16 43 45 - 

˻˿́ м флнсс-86 >1200 - >6 >14 >18 
300-
340 

˸͔ͻ͊ͤ͜;ͤ͜ ͍͙͍͊ͫͭͦͫͭ͜͡ ͍ͤ͊ͨ͜ͺ͙͍͊͋ͪ͊ͭ͟͜ ͘ 
͙͍͎ͭͭ͊ͤͦͦͦ ͍ͫͨ͊ͯ͡ ˤ́нн ˩˽˽ 

ʇʨʦʮʝʩ ʧʣʘʚʢʠ ʪʘ ʟʣʠʚʦʢ 

Å110 ʤʤ ʩʧʣʘʚʫ ɺʊ19 



ɸɼʀʊʀɺʅɽ ɽʃɽʂʊʈʆʅʅʆ-ʇʈʆʄɽʅɽɺɽ ʆɹʃɸɼʅɸʅʅʗ ɼʃʗ 

ʇʆʐɸʈʆɺʆɻʆ ɺʀɻʆʊʆɺʃɽʅʅʗ ʄɽʊɸʃɽɺʀʍ ɺʀʈʆɹɯɺ  ɯɿ 

ɺɯʊʏɿʅʗʅʀʍ ʇʆʈʆʐʂʆɺʀʍ ʄɸʊɽʈɯɸʃɯɺ 

3D ʧʨʠʥʪʝʨ 
1- ʚʘʢʫʫʤʥʘ ʢʘʤʝʨʘ; 2 ïʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʘ 

ʛʘʨʤʘʪʘ; 3 ï ʰʘʬʘ ʫʧʨʘʚʣʽʥʥʷ; 

4 ï ʚʠʩʦʢʦʚʦʣʴʪʥʝ ʜʞʝʨʝʣʦ 

ʆʩʥʘʱʝʥʥʷ 3D ʧʨʠʥʪʝʨʘ 
1- ʚʘʢʫʫʤʥʘ ʢʘʤʝʨʘ; 2- ʝʣʝʢʪʨʦʥʥʦ-

ʧʨʦʤʝʥʝʚʘ ʛʘʨʤʘʪʘ; 3 ï ʙʫʥʢʝʨʠ; 
4- ʨʝʡʢʘ; 5- ʧʣʘʪʬʦʨʤʘ; 6 - ʰʘʭʪʘ 

ɺʠʪʨʘʪʥʽ ʤʘʪʝʨʽʘʣʠ:            ʤʝʪʘʣʝʚʽ ʧʦʨʦʰʢʠ ʩʬʝʨʠʯʥʦʾ ʪʘ  ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ 

ɺʥʫʪʨʽʰʥʽ ʨʦʟʤʽʨʠ ʚʘʢʫʫʤʥʦʾ ʢʘʤʝʨʠ, mm (W x D x H) 640ʭ640ʭ640 

ʄʘʢʩʠʤʘʣʴʥʘ ʟʦʥʘ ʧʦʙʫʜʦʚʠ ʚʠʨʦʙʫ,  mm (W x D x H) 200 x 200 x 180 

ʊʠʧ ʢʘʪʦʜʘ ɺʦʣʴʬʨʘʤʦʚʠʡ 

ɼʽʘʤʝʪʨ ʧʫʯʢʘ ʝʣʝʢʪʨʦʥʽʚ, mm   ʚʽʜ  0,2 

ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ   ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ, ʜʦ ʤʤ/ʩ 300000 

ʄʘʢʩʠʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ  ʧʫʯʢʘ, ʢɺʪ  60 

1 

2 

3 

4 

5 

6 



˸͙͙ͦͤͦͪͫͭ͊͟͡ ͍ͦ͡Έͺͪ͊ͣͯ ˢͤͦ͒  ʆʙʦʣʦʯʢʠ ʪʝʨʤʦʝʤʽʩʽʡʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

˽͍͊ͣͦͦ͘͡-ͤ͒ͯ͜͟ͼ͚ͤ͊͜ ͯ ͍ͫͭ͊ͤͦ͊͟ ˿ͻ͔ͣ͊ ͍͙ͪͦ΅͍ͯ͊ͤͤΎ ͣ ͙͍ͦͤͦͪͫͭ͊͟͜͡ 

̍̏̎̏̋̑̉̒̓́̌ 

̨̎̅̔̋̓̏̑ 

͍ͦ͡Έͺ͍͙͚ͪ͊ͣͦ 
ͨͪͯͭͦ͟ 

ͨ͊ͣ͊͘͡ 

ͨ͊ͣͦͭͪͦͤ͘͡ 

ʇʃɸɿʄʆɺʆ-ɯʅɼʋʂʎɯʁʅɽ ɺʀʈʆʑʋɺɸʅʅʗ ʂʈʋʇʅʀʍ 

ʄʆʅʆʂʈʀʉʊɸʃɯɺ ʊʋɻʆʇʃɸɺʂʀʍ ʄɽʊɸʃɯɺ  



 

   ˞ ̨̓̎̋́ ̙̌̔̎̋̔ 

               ˒̎̅̏̒̋̏̐ 

 ˑ ̇̆̑̆̌̏ ̨̒̃̓̌́ 

˞̌̉̈̏̃́ ̙̌̔̎̋̔ 

˞̨̓̎̋́ ̙̌̔̎̋̔ 

˒̎̅̏̒̋̏̐ 

ˎ̨̨̨̏̐̒̊̎ ̚ ̨̗̉̐ 

˞̌̉̈̏̃́ ̙̌̔̎̋̔ 

˞̨̃̓̌̏ 
      ˥ ̌̔̎̏̋ 

     ˒ ̎̅̏̒̋̏̐ 

     ˞ ̨̖̓̑́̃̏̅ 

ɹʽʧʦʣʷʨʥʠʡ ɺʏ ʟʦʥʜ Ï 

2,2 ʤʤ ʜʣʷ ʟʫʧʠʥʢʠ 

ʰʣʫʥʢʦʚʠʭ ʢʨʦʚʦʪʝʯ 

ɹʝʟʧʦʩʨʝʜʥʴʦ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʷʟʚʠ,  

ʱʦ ʢʨʦʚʦʪʦʯʠʣʘ (ɸ) ʪʘ ʯʝʨʝʟ 14 ʜʥʽʚ 

ʧʽʩʣʷ ʤʘʥʽʧʫʣʷʮʽʾ (ɹ) 

   ɹ ɸ 

ʈʦʟʨʦʙʣʝʥʽ ʪʘ ʚʠʧʨʦʙʫʚʘʥʽ ʚ ʢʣʽʥʽʯʥʠʭ ʫʤʦʚʘʭ ʥʦʚʠʡ ʩʧʦʩʽʙ ʪʘ ʚʽʜʧʦʚʽʜʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ 

ʜʣ ̫ ʝʥʜʦʩʢʦʧʽʯʥʦʛʦ ʛʝʤʦʩʪʘʟʫ ʧʨʠ ʰʣʫʥʢʦʚʠʭ ʢʨʦʚʦʪʝʯʘʭ -  ʚʠʩʦʢʦʯʘʩʪʦʪʥʘ ʟʚʘʨʶʚʘʣʴʥʘ 
ʙʽʧʦʣʷʨʥʘ ʬʽʙʨʦʛʘʩʪʨʦʩʢʦʧʽʯʥʘ ʝʣʝʢʪʨʦʢʦʘʛʫʣʷʮʽʷ.  

ʉʪʚʦʨʝʥʠʡ ʪʘ ʧʝʨʝʚʽʨʝʥʠʡ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʤʘʢʝʪ  

ʛʝʥʝʨʘʪʦʨʘ ʢʦʨʦʪʢʠʭ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʽʤʧʫʣʴʩʽʚ ʥʘʜʚʠʩʦʢʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʥʘʧʨʫʛʦʶ ʜʦ 3..3,5ʢɺ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʪʦʢʦʤ ʚ 

ʽʤʧʫʣʴʩʽ ʜʦ 50ɸ. ʈʦʟʨʦʙʢʘ ʧʣʘʥʫʻʪʴʩʷ ʷʢ ʙʘʟʦʚʘ ʜʣ ̫ʩʪʚʦʨʝʥʥʷ 

ʤʝʜʠʯʥʦʾ ʘʧʘʨʘʪʫʨʠ ʜʣ ̫ ʥʝʟʚʦʨʦʪʥʦʾ ʝʣʝʢʪʨʦʧʦʨʘʮʽʾ ï 

ʥʦʚʽʪʥʴʦʛʦ ʤʝʪʦʜʫ ʨʫʡʥʫʚʘʥʥʷ ʟʣʦʷʢʽʩʥʠʭ ʧʫʭʣʠʥ.  

ɿɺɸʈʖɺɸʅʅʗ ʊɸ ʆɹʈʆɹʂɸ ɾʀɺʀʍ ʊʂɸʅʀʅ 



˻͍ͫͤͦ͊ ͨ͒͜ ͍͍ͫͭͦ͋ͯͪͦ͜ 

͙͙ͭͤ͟͜͡ 

OPN ςͣ ͔͊ͪͪ͟ ͍ͨͦͤͦͼ͙ͤͤ͜ͻ 

͍͙ͫͭͦ͟͜͟ͻ ͙ͭͤ͟͜͡, ҈ ͙͙͍͙ͨͦͭͤ͘ͻ 

͙ͭͤ͟͜͡ ͯ ͎͊͊͘͡Έ͚ͤ͜ ͨͦͨͯ͡Ύͼ͜͝ 

т ͒ͦ͋͊ мп ͒ͦ͋͊ нм ͒ͦ͋͊ 

˴ͯ͡Έͭͯͪ͊͡Έ͙͚ͤ ͨ ͙͊ͫͭ͟͡ 0,9 1,3 3,6 
˸͙ͦ͒ͺ͍ͦ͊ͤ͊͜͟ ͙͍͋ͦ͊ͭͤ͊͜͟ 

͔ͪ͊ͣ͊͟͜͟ 
2,3 11,2 23,0 

ʉʀʅʊɽʊʀʏʅɯ ɹɯʆʄɸʊɽʈɯɸʃʀ, ʗʂɯ ɯʅɼʋʂʋʖʊʔ 

ɺɯɼʅʆɺʃɽʅʅʗ ʇʆɺʅʆʎɯʅʅʆɰ ʂɯʉʊʂʆɺʆɰ ʊʂɸʅʀʅʀ 

˾ͦ͋ͦͭ͊ ͍͔͔ͨͪͦ͒ͤ͊ ͫͨ͜͡Έͤͦ  ͘ ˨  ˽ ζ˱͙ͤͫͭͭͯͭ ͎͔͔͙ͤͭ;ͤͦ͝ ͭ  ͊ ͔͎͔͔͙͍ͪͤͪ͊ͭͤͦ͝ ͔͙ͣ͒ͼ͙͙ͤ ˹ˢ˸˹ ͙̂ͪ͊ͤ͟͝ηΣ 

ˣͦ͜͡ͼ͔͍ͪͫ͟͜Έ͎ͦͦ͟ ͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͎͎͊ͪ͊ͪͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͭ  ͊  ˱͙ͤͫͭͭͯͭͯ ͔ͣͦͯ͟͡͡Ύͪͤͦ͝ ͎͋ͦͦ͜͜͡͝  ͜

͎͔͔͙͙ͤͭ͟ ˹ ˢ ˹̂ ͙ͪ͊ͤ͟͝  

ɺʧʝʨʰʝ ʩʪʚʦʨʝʥʦ ʙʽʦʩʫʤʽʩʥʠʡ ʦʩʪʝʦʽʥʜʫʢʪʠʚʥʠʡ 

ʪʠʪʘʥʦʚʠʡ ʩʧʣʘʚ (ʘ), ʥʘ  ʤʝʞʽ ʨʦʟʜʽʣʫ ʷʢʦʛʦ ʟ ʢʽʩʪʢʦʶ 

ʧʨʠʩʫʪʥʽ ʞʠʚʽ ʢʽʩʪʢʦʚʽ ʢʣʽʪʠʥʠ, ʫ ʪʦʡ ʯʘʩ, ʷʢ 

ʪʨʘʜʠʮʽʥʠʡ ʤʝʜʠʯʥʠʡ ʩʧʣʘʚ ɺʊ6 (ʙ) ʽʟʦʣʶʻʪʴʩʷ ʚʽʜ 
ʢʽʩʪʢʠ ʬʽʙʨʦʟʥʦʶ ʢʘʧʩʫʣʦʶ (6 ʤʽʩ) 

ʘ ʙ 
ɺʧʝʨʰʝ ʩʪʚʦʨʝʥʦ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʦʧʪʠʤʽʟʦʚʘʥʦʾ ʧʦ ʩʪʨʫʢʪʫʨʽ, ʬʘʟʦʚʦʤʫ ʪʘ 

ʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʫ ʙʽʦʘʢʪʠʚʥʦʾ ʢʝʨʘʤʽʢʠ ʪʘ ʘʫʪʦʢʣʽʪʠʥʘʤʠ, ʧʨʦʚʝʜʝʥʽ ʜʦʢʣʽʥʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ  

͎ͪ͊ͤͯ͊͡ 

ʘ ʙ 
ʂʦʤʧʦʟʠʪ ʟ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʙʽʦʘʢʪʠʚʥʦʾ ʢʝʨʘʤʽʢʠ  ʪʘ 

ʘʫʪʦʧʣʘʟʤʠ (ʘ)  ʟʘʤʽʱʫʻʪʴʩʷ ʧʦʚʥʦʮʽʥʥʦʶ 

ʢʽʩʪʢʦʚʦʶ ʪʢʘʥʠʥʦʶ. ʅʘ ʤʽʩʮʽ ʽʤʧʦʨʪʥʦʾ 

ʙʽʦʘʢʪʠʚʥʦʾ ʢʝʨʘʤʽʢʠ (ʙ) ʟô̫ ʚʣʷʶʪʴʩʷ ʦʩʪʨʽʚʮʽ 

ʥʝʟʨʽʣʦʾ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ (3 ʤʽʩ)  

 ʅʘ ʤʦʜʠʬʽʢʦʚʘʥʽʡ ʙʽʦʘʢʪʠʚʥʽʡ ʢʝʨʘʤʽʮʽ ʙʝʟ ʭʽʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʩʪʦʚʙʫʨʦʚʠʭ ʢʣʽʪʠʥ ʚ ʢʦʨʦʪʢʽ ʪʝʨʤʽʥʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʭ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʚ ʢʽʩʪʢʦʚʽ ʢʣʽʪʠʥʠ ʚ 

ʢʽʣʴʢʦʩʪʷʭ, ʟʥʘʯʥʦ ʧʝʨʝʚʘʞʘʶʯʠʭ ʾʭ ʢʽʣʴʢʽʩʪʴ ʥʘ 

ʩʧʝʮʽʘʣʴʥʦ ʩʪʚʦʨʝʥʦʤʫ ʢʫʣʴʪʫʨʘʣʴʥʦʤʫ ʧʣʘʩʪʠʢʫ.  

ʎʝ ʧʨʘʢʪʠʯʥʦ ʪʨʘʥʩʧʣʘʥʪʘʪ ʚʣʘʩʥʦʾ ʢʽʩʪʢʠ! 



ʋʃʔʊʈɸɺʀʉʆʂʆʊɽʄʇɽʈɸʊʋʈʅɸ ʂɽʈɸʄɯʂɸ (ʋɺʊʂ) ɼʃʗ ʇɽʈʉʇɽʂʊʀɺʅʀʍ 

ɻʊɼ ɿ ʈʆɹʆʏʆʖ ʊɽʄʇɽʈɸʊʋʈʆʖ ɼʆ 1800 Áʉ ɯ ɼʃʗ ɺʋɿʃɯɺ ɺ 

ɻɯʇɽʈɿɺʋʂʆɺʀʍ ʃɯʊɸʃʔʅʀʍ ɸʇɸʈɸʊɯɺ 

ʆʢʠʩʣʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʋɺʊʂ 

(ʚʽʜʤʽʯʝʥʦ ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ) ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʩʥʫʶʯʠʤʠ ʫ ʩʚʽʪʽ 

(ʊ=1500Áʉ) 

ʈʦʟʨʦʙʥʠʢ ʄʽʮʥʽʩʪʴ  

ʧʨʠ 20 ʦʉ, 

ʄʇʘ  

ʄʽʮʥʽʩʪʴ  

ʧʨʠ 1800 oC, 

ʄʇʘ  

ʉʪʽʡʢʽʩʪʴ ʧʨʠ 

ʦʢʠʩʣʝʥʥʽ,  

1500 ʦʉ 

ɯʇʄ ʅɸʅʋ 800  ɼʦ 1500 ɼʦ 1 ʤʛ/ʩʤ2 Țʛ 

ʋʥʽʚʝʨʩʠʪʝʪ 

ʤ.ʉʝʥʪ-ʃʫʽʩ 

(ʉʐɸ) 

700-800 ɼʦ 700 ɼʦ 3 ʤʛ/ʩʤ2 Țʛ 

 

ɯʥʩʪʠʪʫʪ ʢʝʨʘʤʽʢʠ 

(ʤ.ʌʘʻʥʮʘ, ɯʪʘʣʽʷ) 

700-800  

 

ɼʦ 700  ɼʦ 3 ʤʛ/ʩʤ2 Țʛ 

 

ɺ ʫʤʦʚʘʭ ʪʝʨʤʦʝʨʦʟʽʡʥʦʛʦ ʚʧʣʠʚʫ ʥʘʜʟʚʫʢʦʚʦʛʦ ʧʦʪʦʢʫ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʧʦʚʽʪʨʷʥʦ-

ʧʘʣʠʚʥʠʭ ʩʫʤʽʰʝʡ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 2100 Áʉ ʚʠʧʨʦʙʫʚʘʥʽ ʋɺʊʂ-ʧʦʢʨʠʪʪʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʭʠʱʫʚʘʥʠʭ  ʋʋʂʄ ʜʦ ʧʦʯʘʪʢʫ ʨʫʡʥʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʥʝ ʤʝʥʰ, ʥʽʞ ʥʘ 20 ʭʚ. 

ɿʝʨʥʦʛʨʘʥʠʯʥʽ ʦʙʦʣʦʥʢʠ ʽ ʚʠʜʽʣʝʥʥʷ W-ʚʤʽʩʥʠʭ 

ʬʘʟ ʚ ʩʪʨʫʢʪʫʨʽ ʢʝʨʘʤʽʢʠ ZrB2-WC(WSi2) 

ZS  - ZrB2-15% SiC 

ZW - ZrB2-15% WSi2 



ʅʆɺɸ ʂʆʅʎɽʇʎɯʗ ʉʊɺʆʈɽʅʅʗ ʄʋʃʔʊʀʌɽʈʆɰʂɯɺ ɿ ɻɯɻɸʅʊʉʔʂʀʄ 
ʄɸɻʅɯʊʆɽʃɽʂʊʈʀʏʅʀʄ ɽʌɽʂʊʆʄ ʇʈʀ ʂɯʄʅɸʊʅɯʁ ʊɽʄʇɽʈɸʊʋʈɯ ɼʃʗ 

ɿɸʉʊʆʉʋɺɸʅʔ ʋ ʅʆɺɯʊʅɯʁ ɽʃɽʂʊʈʆʅʅɯʁ ʊɽʍʅɯʎɯ 

ɺʧʝʨʰʝ ʫ ʩʚʽʪʽ ʚʩʪʘʥʦʚʣʝʥʦ ʬʘʢʪ 

 ̔ʬʽʟʠʯʥʠʡ ʤʝʭʘʥʽʟʤ ʛʽʛʘʥʪʩʴʢʦʛʦ 

ʄɽ ʝʬʝʢʪʫ, ʧʦʚôʷʟʘʥʦʛʦ ʟ ̔ ʩʧʽʚ-

ʽʩʥʫʚʘʥʥʷʤ ʩʫʧʝʨʧʘʨʘʤʘʛʥʽʪʥʦʾ 

ʪʘ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʦʾ ʬʘʟ. 
 

ʉʠʥʪʝʟʦʚʘʥʦ ʥʦʚʠʡ ʤʫʣʴʪʠʬʝʨʦʾʢ ʥʘ 

ʦʩʥʦʚʽ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʪʠʪʘʥʘʪʽʚ  ̔

ʥʽʦʙʘʪʽʚ ʩʚʠʥʮʶ, ʷʢʠʡ ʤʘ ̒

ʛʽʛʘʥʪʩʴʢʠʡ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʠʡ 

ʟʚôʷʟʦʢ  ï  

ʥʘ ʪʨʠ ʧʦʨʷʜʢʠ ʙʽʣʴʰʠʡ ʥʽʞ ʫ 

ʚʽʜʦʤʠʭ (BiFeO3) ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

ʈʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʮʽʶ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʪʘʢʠʤʠ ʬʘʟʘʤʠ, 

ʱʦ ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʧʝʨʩʧʝʢʪʠʚʠ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʧʽʥʪʨʦʥʠʮʽ  ̔

ʜʘʪʯʠʢʘʭ ʩʣʘʙʢʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ 

ʜʣ ̫ ʜʽʘʛʥʦʩʪʠʢʠ, ʟʦʢʨʝʤʘ ʧʫʭʣʠʥʥʠʭ 

ʫʪʚʦʨʝʥʴ. 
 

ɽʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʤʫʣʴʪʠʬʝʨʦʾʢʫ, ʱʦ ʥʝʚʝʜʝʥʝ 

ʧʦʩʪʽʡʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ ʜʣʷ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ 

(PbFe1/2Ta1/2O3)x[(PbMg1/3Nb2/3O3)0,7(PbTiO3)0,3]1ïx 

[(PFT)0,4(PMN-PT)0,6].  

-50 -25 0 25 50
-1.0

-0.5

0.0

0.5

1.0

 Magnetic field (mT)

M
E

 v
o
lt
a
g
e
 (

m
V

)

0.5PFT-0.4(PMN-PT)

ME coefficient: 5.4³10
-16

 s/A

BiFeO
3
 

ME coefficient: 2.1³10
-19

 s/A

I,U 
ʤʫʣʴʪʠʬʝʨʦʾʢ 

N 

S 



ʂɽʈɸʄɯʂʆ-ʇʆʃɯʄɽʈʅɯ ʂʆʄʇʆɿʀʎɯʁʅɯ ʄɸʊɽʈɯɸʃʀ ɿ ɼʀʉʂʈɽʊʅʀʄ 

ʂɽʈɸʄɯʏʅʀʄ ʐɸʈʆʄ ɼʃʗ ɼʆɼɸʊʂʆɺʆɻʆ ɿɸʍʀʉʊʋ ʊɽʍʅɯʂʀ ɺɯɼ 

ɹʈʆʅɽɹɯʁʅʀʍ ʂʋʃʔ ʂɸʃɯɹʈɯɺ 12,7 ʊɸ 14,5 ʤʤ 

ʈʦʟʨʦʙʣʝʥʽ ʪʘ ʚʠʧʨʦʙʫʚʘʥʽ ʢʝʨʘʤʽʢʦ-ʧʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʜʠʩʢʨʝʪʥʠʤ ʢʝʨʘʤʽʯʥʠʤ 

ʰʘʨʦʤ ʜʣʷ ʜʦʜʘʪʢʦʚʦʛʦ ʟʘʭʠʩʪʫ ʪʝʭʥʽʢʠ ʚʽʜ ʙʨʦʥʝʙʽʡʥʠʭ ʢʫʣʴ ʢʘʣʽʙʨʽʚ 12,7 ʪʘ 14,5 ʤʤ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʩʢʨʝʪʥʠʭ ʢʝʨʘʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʨʝʘʢʮʽʡʥʦʩʧʝʯʝʥʦʛʦ ʢʘʨʙʽʜʫ 

ʢʨʝʤʥʽʶ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ ʽʟ ʩʬʝʨʠʯʥʠʤʠ ʪʦʨʮʝʚʠʤʠ ʯʘʩʪʠʥʘʤʠ.   

ʆʩʦʙʣʠʚʘ ʛʝʦʤʝʪʨʠʯʥʘ ʬʦʨʤʘ ʢʝʨʘʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦʧʦʤʘʛʘʻ ʚʠʨʽʰʫʚʘʪʠ ʨʽʟʥʽ ʟʘʜʘʯʽ: 

Á ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʙʘʣʽʩʪʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʪʘ ʞʠʚʫʯʦʩʪʽ ; 

Á ʋʥʝʤʦʞʣʠʚʣʶʻ ʧʨʦʥʠʢʥʝʥʥʷ ʤʽʞ ʙʨʦʥʝʝʣʝʤʝʥʪʘʤʠ ʢʫʣʽ ʤʝʥʰʦʛʦ ʢʘʣʽʙʨʫ, ʷʢʘ ʟʜʘʪʥʘ ʧʨʦʙʠʪʠ 

ʙʘʟʦʚʫ ʙʨʦʥʶ; 

Á ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʟʤʽʥʠ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʢʫʣʽ. 

Á ʟʥʠʞʝʥʥʷ ʚʘʛʠ ʜʦʜʘʪʢʦʚʦʾ ʙʨʦʥʽ (ʜʦ 59-61 ʢʛ/ʤ2 ʜʣʷ ʢʘʣʽʙʨʫ 12,7 ʤʤ ʪʘ ʜʦ 91-96 ʢʛ/ʤ2 ʜʣʷ 

ʢʘʣʽʙʨʫ 14,5 ʤʤ) ʧʦʨʽʚʥʷʥʦ ʟ ʚʽʜʦʤʠʤʠ ʘʥʘʣʦʛʘʤʠ; 

Á ʤʦʞʣʠʚʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʨʦʥʽ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ; 

Á ʤʦʞʣʠʚʽʩʪʴ ʣʝʛʢʦʛʦ ʜʝʤʦʥʪʘʞʫ ʪʘ ʨʝʤʦʥʪʫ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ.  

ɼʠʩʢʨʝʪʥʽ ʢʝʨʘʤʽʢʦ-ʧʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʪʠ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʢʫʣʝʶ 

ɹ-32 ʢʘʣʽʙʨʫ 12,7 ʤʤ ʢʫʣʝʤʝʪʘ ʅʉɺʊ (ʋʪʝʩ) . 

ʈʝʟʫʣʴʪʘʪ ʚʠʧʨʦʙʫʚʘʥʴ: ʩʪʘʣʝʚʠʡ ʢʦʨʧʫʩ (ʙʨʦʥʴʦʚʘ 

ʧʣʘʩʪʠʥʘ çMillux  ʟʘʚʪʦʚʰʢʠ 8 ʤʤ) ʥʝ ʫʰʢʦʜʞʝʥʠʡ. 



ʄʝʪʘ ʧʨʦʝʢʪʫ ʧʦʣʷʛʘʻ ʫ 

ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʙʪʽʯʥʠʢʽʚ 

ʜʣʷ ʽʥʬʨʘʯʝʨʚʦʥʠʭ 

ʛʦʣʦʚʦʢ ʩʘʤʦʥʘʚʝʜʝʥʥʷ 

ʢʝʨʦʚʘʥʠʭ ʨʘʢʝʪ 

ʉʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʥʷ ʧʨʦʟʦʨʦʾ ʢʝʨʘʤʽʢʠ MgF2 

 3. ʉʧʝʯʝʥʽ ɯʏ-ʚʽʢʥʘ ʜʣʷ ʦʙʪʽʯʥʠʢʽʚ: 

ʱʦʡʥʦ ʩʧʝʯʝʥʽ ʟʘʛʦʪʦʚʢʠ ʽ             

ʧʦʣʽʨʦʚʘʥʽ ʚʽʢʥʘ  

2. ɺʠʛʦʪʦʚʣʝʥʥʷ ʩʠʨʠʭ ʟʘʛʦʪʽʚʦʢ ʚʽʢʦʥ ʤʝʪʦʜʘʤʠ  

3D ʜʨʫʢʫ ʘʙʦ ʰʣʽʢʝʨʥʦʛʦ ʣʠʪʚʘ 

1. ʈʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘʥʦʧʦʨʦʰʢʽʚ MgF2 

ˉ 

ʟʨʘʟʢʫ 

ɻʾʝʦʧʪʦʙ 

ʲʾʤʵʦʾʪʫʵ, 

% 

ʈʩʧʠʧʩʾʪʫʵ, 

% 

ʊʚʝʨʜʽʩʪʴ, 

HV, ɻʇʘ (50 

ʛ) 

4 (67) 99,62 90 4,26Ñ0,35 

5 (74) 99,36 77 5,26Ñ0,56 

7 (84) 99,63 84 4,94Ñ0,56 

8 (86) 99,85 90 4,72Ñ0,7 

ʈʆɿʈʆɹʂɸ ʊɽʍʅʆʃʆɻɯɰ ɺʀɻʆʊʆɺʃɽʅʅʗ ʆɹʊɯʏʅʀʂɯɺ ɯʅʌʈɸʏɽʈɺʆʅʀʍ 
ɻʆʃʆɺʆʂ ʉɸʄʆʅɸɺɽɼɽʅʅʗ ʂɽʈʆɺɸʅʀʍ ʈɸʂɽʊ çʇʆɺɯʊʈʗ-ʇʆɺɯʊʈʗè ʊɸ 

ɿɽʅɯʊʅʀʍ ʈɸʂɽʊ çɿɽʄʃʗ-ʇʆɺɯʊʈʗè 



ɿʨʦʩʪʘʥʥʷ ʤʘʩʠ ʤʦʥʦʢʨʠʩʪʘʣʽʚ 

ʘʣʤʘʟʫ ʨʽʟʥʠʭ ʪʠʧʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʮʠʢʣʫ ʚʠʨʦʱʫʚʘʥʥʷ 

3.31 ct 4.68 ct 6,0 ct 

9.10 ct 11.23 ct 12.62 ct 

ɿʨʘʟʢʠ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʘʣʤʘʟʫ ʪʠʧʫ Ib, ʱʦ ʚʠʨʦʱʝʥʽ 

ʚ ʨʦʟʯʠʥ-ʨʦʟʧʣʘʚʥʽʡ ʩʠʩʪʝʤʽ Fe-Ni-C (ʪʨʠʚʘʣʽʩʪʴ 

ʮʠʢʣʽʚ ʚʠʨʦʱʫʚʘʥʥʷ ʚʽʜ 152 ʜʦ 217 ʛʦʜʠʥ) 

ɿʨʘʟʢʠ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʘʣʤʘʟʫ ʪʠʧʫ IIa ʨʽʟʥʦʾ ʤʘʩʠ, ʱʦ ʚʠʨʦʱʝʥʽ ʚ ʨʦʟʯʠʥ-ʨʦʟʧʣʘʚʥʽʡ 

ʩʠʩʪʝʤʽ Fe-Al-C (ʪʨʠʚʘʣʽʩʪʴ ʮʠʢʣʽʚ ʚʠʨʦʱʫʚʘʥʥʷ ʚʽʜ 154 ʜʦ 203 ʛʦʜʠʥ) 

2.17  ct 2.75 ct 4.28  ct 4.54  ct 

ɿɸʂʆʅʆʄɯʈʅʆʉʊɯ ʂʈʀʉʊɸʃɯɿɸʎɯɰ ʊɸ ʂɯʅɽʊʀʂʀ ʈʆʉʊʋ 

ʄʆʅʆʂʈʀʉʊɸʃɯɺ ɸʃʄɸɿʋ ʄɸʉʆʖ ɼʆ 10 ʂɸʈɸʊ 



-SKF Ceramic Bearing, Sweden; 

-Boca Bearings, USA; 

-Jiaruida Bearing International 

  Co.Ltd; -HOJIAFA , Chine; 

-BSB, Switzerland. 

ɻʘʣʫʟʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ: (ʘʚʽʘʙʫʜʫʚʘʥʥʷ,  ʚʠʨʦʙʥʠʮʪʚʦ ʟʘʧʽʨʥʦʾ ʘʨʤʘʪʫʨʠ 

ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ,  ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚʠʜʦʙʫʪʢʫ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʘʬʪʠ ʡ ʭʽʤʽʯʥʦ-

ʘʛʨʝʩʠʚʥʠʭ ʨʝʯʦʚʠʥ). 

ʆʩʥʦʚʥʽ ʚʠʨʦʙʥʠʢʠ ʢʝʨʘʤʽʯʥʠʭ  

ʧʽʜʰʠʧʥʠʢʽʚ ʫ ʩʚʽʪʽ: 

ʂʣʘʧʘʥʥʽ ʧʘʨʠ ʧʦ API 

ʂɽʈɸʄɯʏʅɯ  ʇɯɼʐʀʇʅʀʂʀ ʊɸ ʂʋʃɯ  ɿ  ɺ4ʉ 



ɺʠʧʨʦʙʫʚʘʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ 

ʧʦʨʦʜʦʨʫʡʥʽʚʥʠʭ ʝʣʝʤʝʥʪʽʚ  ʜʽʘʤʝʪʨʦʤ 9 ʤʤ ʽ 

ʚʠʩʦʪʦʶ 10 ʤʤ ʧʨʠ ʪʦʯʽʥʥʽ ʢʦʨʦʩʪʠʰʽʚʩʴʢʦʛʦ 

ʛʨʘʥʽʪʫ 9 ʢʘʪʝʛʦʨʽʾ ʙʫʨʠʤʦʩʪʽ 

 

ʅʘʥʝʩʝʥʥʷ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ 

ʥʘʧʠʣʝʥʥʷ ʚʦʣʴʬʨʘʤʫ ʥʘ ʧʦʚʝʨʭʥʶ 

ʘʣʤʘʟʥʠʭ ʢʨʠʩʪʘʣʽʚ ʟʤʝʥʰʫʻ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ 

ʥʠʭ ʧʦʨʦʜʦʨʫʡʥʽʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ 2,5 

ʨʘʟʠ, ʘ ʥʘʥʝʩʝʥʥʷ ʪʠʪʘʥʫ ï ʚ 2,75 ʨʘʟʠ.  

                                                                                            

ɿʦʙʨʘʞʝʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʘʣʤʘʟʫ ï ʟʝʨʝʥ 

ʧʦʨʦʰʢʫ ɸʉʊ160 400/315 ʟ ʥʘʥʝʩʝʥʠʤʠ 

ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʠʣʝʥʥʷ 

ʧʦʢʨʠʪʪʷʤʠ Ti (ʘ) ʪʘ W (ʙ)  

                            

ʘ

                                                                   

 

                            

ʙ

                                                                   

 

ɺʇʃʀɺ ʇʆʂʈʀʊʊʗ ʅɸ ɿʅʆʉʆʉʊɯʁʂɯʉʊʔ ʎʀʃɯʅɼʈʀʏʅʀʍ 

ʇʆʈʆɼʆʈʋʁʅɯɺʅʀʍ ɽʃɽʄɽʅʊɯɺ 



ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ ʟʚôʷʟʦʢ ʤʽʞ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ ʫ ʧʨʫʞʥʠʭ ʪʽʣʘʭ ʽʟ ʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʠʤʠ 

ʛʦʩʪʨʠʤʠ ʪʘ ʟʘʢʨʫʛʣʝʥʠʤʠ ʢʫʪʦʚʠʤʠ ʚʠʨʽʟʘʤʠ. 

    ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʨʝʘʣʽʟʦʚʘʥʦ ʻʜʠʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ 

ʥʠʟʢʠ ʟʘʜʘʯ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʪʘ ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ ʦʙʤʝʞʝʥʠʭ 

ʪʽʣ ʜʦʚʽʣʴʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. 

ʂʫʪʦʚʠʡ ʟʘʢʨʫʛʣʝʥʠʡ 

ʚʠʨʽʟ  

ʈʝʟʫʣʴʪʘʪ ʚʘʞʣʠʚʠʡ ʜʣ ̫ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʦʜʞʝʥʥʷ ʪʨʽʱʠʥ ʙʽʣʷ ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ ʥʘʧʨʫʞʝʥʴ. 
 

ɿʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʚʧʣʠʚʫ RI ʟʘʢʨʫʛʣʝʥʥʷ ʚʠʨʽʟʫ ʥʘ ʥʘʧʨʫʞʝʥʥʷ ʫ ʚʝʨʰʠʥʽ ʚʽʜ ʢʫʪʘ 

ʨʦʟʭʠʣʫ ʚʠʨʽʟʫ ʜʣʷ x,y-ʦʨʽʻʥʪʦʚʘʥʠʭ (ʘ, ʚ) ʦʨʪʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ʂʆʅʎɽʅʊʈɸʎɯʗ ʅɸʇʈʋɾɽʅʔ ɹɯʃʗ ɺʀʈɯɿɯɺ 



ʇʽʜʚʠʱʝʥʥʷ ʚʪʦʤʥʦʾ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ ʩʪʘʪʠʯʥʦʾ 

ʤʽʮʥʦʩʪʽ ʪʦʥʢʦʣʠʩʪʦʚʠʭ ʟʚʘʨʥʠʭ ʟôʻʜʥʘʥʴ 

ʇʽʜʚʠʱʝʥʥʷ ʬʨʝʪʠʥʛʦʩʪʽʡʢʦʩʪʽ ʪʘ ʢʦʨʦʟʽʡʥʦʾ 

ʪʨʠʚʢʦʩʪʽ ʦʢʩʠʥʽʪʨʫʚʘʥʥʷʤ 

ɺʠʷʚʣʝʥʥʷ ʽ ʤʦʥʽʪʦʨʠʥʛ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʜʝʛʨʘʜʘʮʽʾ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ 

ɺʠʭʨʦʩʪʨʫʤʦʚʠʡ 

ʚʠʤʽʨʶʚʘʯ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 

ʯʝʨʝʟ ʰʘʨ 

ʣʘʢʦʬʘʨʙʦʚʦʛʦ 

ʧʦʢʨʠʪʪʷ 

 DKth ï ʧʦʨʽʛ ʚʪʦʤʠ; 

   d    ï ʧʣʘʩʪʠʯʥʽʩʪʴ; 

   c   ï ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ 

˿͍ͨ͊͡ 
ˤфр́м 

˿͍ͨ͊͡ 
ˢˤ́-1 

˿͍ͨ͊͡ 
˽́ т-  ˸

˿͍ͨ͊͡ 
ˤ́ нн 

- ʩʪʝʥʜʦʚʽ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ 

ʊɽʍʅʆʃʆɻɯɰ ʇʆɺɽʈʍʅɽɺʆɻʆ ɿʄɯʎʅɽʅʅʗ  ɺʀʈʆɹɯɺ 

ɸɺɯɸʎɯʁʅʆɰ ʊɽʍʅɯʂʀ ɿ ʊʀʊɸʅʆɺʀʍ ʉʇʃɸɺɯɺ  



ɽʂʆʃʆɻɯʏʅʆ-ɹɽɿʇɽʏʅʀʁ ɯʅɻɯɹɯʊʆʈ ʂʆʈʆɿɯɰ ʅɸ ʆʉʅʆɺɯ 
ɹɯʆɻɽʅʅʀʍ ʇʆɺɽʈʍʅɽɺʆ-ɸʂʊʀɺʅʀʍ ʈɽʏʆɺʀʅ 

ʄʝʪʦʜʦʤ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʛʦ 

ʩʠʥʪʝʟʫ ʽʟ ʚʽʜʥʦʚʣʶʚʘʥʦʾ 

ʩʠʨʦʚʠʥʠ ʦʜʝʨʞʘʥʦ ʥʦʚʠʡ 

ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʡ ʽʥʛʽʙʽʪʦʨ 

ʢʦʨʦʟʽʾ ʜʣ ̫ ʥʘʬʪʦʛʘʟʦʚʦʾ, 

ʤʘʰʠʥʦ-ʙʫʜʽʚʥʦʾ ʪʘ ʽʥʰʠʭ 

ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʘʤʦʩʪʽʡʥʦ ʪʘ 

ʫʪʚʦʨʶʻ ʩʠʥʝʨʛʽʯʥʽ ʢʦʤʧʦʟʠʮʽʾ ʟ 

ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʽʥʛʽʙʽʪʦʨʘʤʠ.  

1) ʭʣʦʨʠʜʚʤʽʩʥʝ ʩʝʨʝʜʦʚʠʱʝ;  

2) + 0,06 ʛ/ʣ ʽʥʛʽʙʽʪʦʨʘ; 3) + 0,1 ʛ/ʣ 

ʽʥʛʽʙʽʪʦʨʘ; 4) + 0,5 ʛ/ʣ ʽʥʛʽʙʽʪʦʨʘ  

ɯʥʛʽʙʽʪʦʨ ʝʬʝʢʪʠʚʥʠʡ ʚ ʩʝʨʝʜʦʚʠʱʘʭ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ 

ʭʣʦʨʠʜʽʚ. ɿʘʭʠʱʘʻ ʚʫʛʣʝʮʝʚʽ ʩʪʘʣʽ ʪʘ ʘʣʶʤʽʥʽʻʚʽ ʩʧʣʘʚʠ. 

ʉʪʫʧʽʥʴ ʟʘʭʠʩʪʫ ʜʦʩʷʛʘʻ 90-95% 
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E, ʤɺ

ʉʪʨʫʤʠ ʢʦʨʦʟʽʾ ˿͍ͨ͊͡ ˨мс 
ʇʦʣʷʨʠʟʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʄʝʭʘʥʽʟʤ ʟʘʭʠʩʥʦʾ ʜʽʾ ï ʘʜʩʦʨʙʮʽʷ ʪʘ 

ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʟ ʤʝʪʘʣʦʤ 

ɹʘʟʦʚʘ ʩʢʣʘʜʦʚʘ ʽʥʛʽʙʽʪʦʨʘ 



ʄɻɼ-ʆɹʃɸɼʅɸʅʅʗ ɼʃʗ ʈʆɿʆʉɽʈɽɼɾɽʅʆɰ ʇʆɼɸʏɯ ʈʆɿʇʃɸɺɯɺ 

ʋ ʄɯɾɺɸʃʂʆɺʀʁ ɿɸɿʆʈ ʃʀɺɸʈʅʆ-ʇʈʆʂɸʊʅʀʍ ʂʆʄʇʃɽʂʉɯɺ 

ɺʧʣʠʚ ʜʦʜʘʪʢʦʚʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘ ʰʠʨʠʥʫ 

ʧʣʦʩʢʦʛʦ ʧʦʪʦʢʫ ʨʦʟʧʣʘʚʫ  

ʈʦʟʦʩʝʨʝʜʞʝʥʘ ʚʠʜʘʯʘ ʨʦʟʧʣʘʚʫ ʟ ʄɻɼ-ʤʽʢʩʝʨʘ 

(ʜʦʟʘʪʦʨʘ) ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʩʠʣ  

ˤ͔͒ͦ͜ о ˤ͔͒ͦ͜ м ˤ͔͒ͦ͜ н 

ɺʧʝʨʰʝ ʩʪʚʦʨʝʥʦ ʤʘʛʥʽʪʦʜʠʥʘʤʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʰʠʨʠʥʦʶ, ʤʘʩʦʚʦʶ ʚʠʪʨʘʪʦʶ ʪʘ ʥʘʧʨʷʤʢʦʤ 

ʧʣʦʩʢʦʛʦ ʧʦʪʦʢʫ ʘʣʶʤʽʥʽʻʚʦʛʦ ʨʦʟʧʣʘʚʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʦʚʘʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʩʠʣ, ʄɻɼ-ʝʬʝʢʪʽʚ ʪʘ 

ʤʦʙʽʣʴʥʠʭ ʩʠʩʪʝʤ ʟʙʫʜʞʝʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ  ̒ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʜʣʷ ʪʝʭʥʦʣʦʛʽʡ ʦʜʝʨʞʘʥʥʷ ʣʠʩʪʦʚʦʾ ʤʝʪʘʣʦʧʨʦʜʫʢʮʽʾ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʥʘ ʣʠʚʘʨʥʦ-ʧʨʦʢʘʪʥʠʭ ʤʦʜʫʣʷʭ. 



ʊɽʍʅʆʃʆɻɯʗ ʊɸ ʆɹʃɸɼʅɸʅʅʗ ɼʃʗ ʆɼɽʈɾɸʅʅʗ ɺʆʃʆʂʆʅ 

 ɯ ʅɸʅʆɼʀʉʇɽʈʉʅʀʍ ʃɯɻɸʊʋʈ 

1 - ʧʽʯ ʦʧʦʨʫ, 2 - ʜʠʩʧʝʨʛʘʪʦʨ, 3 - 

ʪʠʛʝʣʴ, 4 - ʢʨʠʰʢʘ ʧʝʯʽ ʦʧʦʨʫ, 5 - 

çʢʠʰʝʥʷè, 6 - ʜʠʩʢ-ʢʨʠʩʪʘʣʽʟʘʪʦʨ, 7 - 

ʧʨʠʚʽʜ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ 

ʜʠʩʢʘ - ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ, 8 - ʧʨʠʚʽʜ 

ʦʙʝʨʪʘʥʥʷ 

1 - ʜʠʩʢ - ʢʨʠʩʪʘʣʽʟʘʪʦʨ,  

2 - ʨʽʜʢʠʡ ʤʝʪʘʣ 

ʘ ʙ 

ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʙʨʠʢʝʪʫ ʟ ʚʦʣʦʢʦʥ 

ʣʽʛʘʪʫʨʠ Al-3%Zr, 

ʘ - ʭ 200, ʙ - ʭ 800 

ɯʥʪʝʨʤʝʪʘʣʽʜʠ  Al3Zr ʚʽʟʫʘʣʴʥʦ ʥʝ 

ʚʠʷʚʣʝʥʽ 
 

ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʫ 

ɺ96ʎ1, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʥʘʥʦʜʠʩʧʝʨʩʥʦʶ 

ʣʽʛʘʪʫʨʦʶ Al-3% Zr, ʭ100 

ůʚ , 

ʄʇʘ 
 

ů0,2 , 

ʄʇʘ 

ŭ, % 

ɺʠʭʽʜʥʠʡ ʩʪʘʥ 632 611 4,5 

ʄʦʜʠʬʽʢʫʚʘʥʥʷ   

Al-3%Zr  

667 640 7,3 

ɹʨʠʢʝʪ ʟ 

ʚʦʣʦʢʦʥ 

ʣʽʛʘʪʫʨʠ  

Al-3%Zr 

ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʩʧʣʘʚʫ ɺ96ʎ1, ʥʝ 

ʦʙʨʦʙʣʝʥʦʛʦ ʪʘ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʥʘʥʦʜʠʩʧʝʨʩʥʦʶ ʣʽʛʘʪʫʨʦʶ 

Al-3%Zr 

ɺʦʣʦʢʥʘ ʣʽʛʘʪʫʨʠ  

Al-3% Zr 



ʇʦʨʠʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʟʨʘʟʢʠ ʟʽ ʩʧʣʘʚʫ ɸʂ7, ʱʦ 

ʦʜʝʨʞʘʥʽ ʧʨʠ ʨʽʟʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ʦʭʦʣʦʜʞʝʥʥʷ 

 

8,25 ʛʨʘʜ/ʩ  2,5 ʛʨʘʜ/ʩ 

ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʨʠʩʪʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ,  

ʷʢʠʡ ʦʜʝʨʞʘʥʠʡ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ, ʛʨʘʜ/ʩ:  

ʘ ï 2.5 ; ʙ ï 8.25. 

ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ 
ɸʂ7, ʷʢʠʡ ʘʨʤʦʚʘʥʠʡ ʯʘʩʪʠʥʢʘʤʠ ʩʪʘʣʽ 
ʈ6ʄ5, ʧʨʠ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʦʙʨʦʙʢʠ 

ɿʘʣʝʞʥʽʩʪʴ ʱʽʣʴʥʦʩʪʽ 

ʟʨʘʟʢʽʚ ʟʽ ʩʧʣʘʚʫ ɸʂ7  

ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʡʦʛʦ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʷʢʽ 

ʦʜʝʨʞʘʥʽ ʟʘ ʣʠʚʘʨʥʦ-

ʣʘʟʝʨʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ 

ʘ ʙ 

ʇʈʆʎɽʉʀ ʆɼɽʈɾɸʅʅʗ ʂʆʄʇʆɿʀʎɯʁʅʀʍ ʊɸ ʇʆʈʀʉʊʀʍ ʄɸʊɽʈɯɸʃɯɺ 

ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ɻɸɿʆʃɸɿɽʈʅʆɰ ʆɹʈʆɹʂʀ ʈʆɿʇʃɸɺʋ    

ʆʙʣʘʜʥʘʥʥʷ ʜʣ ̫ʦʜʝʨʞʘʥʥʷ  

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʪʘ ʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ  

ʣʠʚʘʨʥʦ-ʣʘʟʝʨʥʠʤ ʩʧʦʩʦʙʦʤ 

ʈ = 1500 ɺʪ, w = 160 ʦʙ/ʭʚ   

ʈ = 800 ɺʪ, w = 60 ʦʙ/ʭʚ  ʈ = 1000 ɺʪ, w = 120 ʦʙ/ʭʚ  



ʈʆɿʈʆɹʂɸ ʅʆɺʀʍ ɹɸʈɺʅʀʂɯɺ ɯ ʃʖʄɯʅɽʉʎɽʅʊʅʀʍ 

ʄɸʈʂɽʈɯɺ ɼʃʗ ʄɯʏɽʅʅʗ ʇɸʃʔʅʆɻʆ 

ʏʠʩʪʝ ʧʘʣʠʚʦ ʽ ʟ 

ʧʨʠʭʦʚʘʥʠʤ ʤʘʨʢʝʨʦʤ  

M-640 

ʇʘʣʠʚʦ ʟ  

Solvent Red 24  

  ̔Solvent Red 24 + M-560 

ɼʝʥʥʝ ʩʚʽʪʣʦ 

ʋ ʩʚʽʪʣʽ ʯʝʨʚʦʥʦʛʦ ʣʘʟʝʨʘ 

ɼʝʥʥʝ ʩʚʽʪʣʦ 

ʋ ʩʚʽʪʣʽ ʟʝʣʝʥʦʛʦ ʣʘʟʝʨʘ 
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ʏʘʩ, ʤʽʩʷʮʽʚ

ʉʪʘʙʽʣʴʥʽʩʪʴ ʫ ʯʘʩʽ  

ʈʝʢʦʤʝʥʜʦʚʘʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽ̫ , ʤʛ/ʤ3 

(ʇʦʨʽʛ ʚʠʟʥʘʯʝʥʥʷ,  

ʤʛ/ʤ3) 

40 
(2.5) 

150 
(10) 

6000 
(500) 

M-640 Solvent 
Red 24 

M-560 



ʈʆɿʈʆɹʂɸ ʊɽʍʅʆʃʆɻɯɰ ʆʊʈʀʄɸʅʅʗ ʅɽʃɯʅɯʁʅʆ-ʆʇʊʀʏʅʀʍ 

ʄʆʅʆʂʈʀʉʊɸʃɯɺ GaSe ɺʀʉʆʂʆɰ ʆʇʊʀʏʅʆɰ ʗʂʆʉʊɯ ɼʃʗ 

ʐʀʈʆʂʆʉʄʋɻʆɺʆɰ ʇɸʈɸʄɽʊʈʀʏʅʆɰ ɻɽʅɽʈɸʎɯɰ ɹʃʀɾʅʔʆɻʆ ɯ 

ʉɽʈɽɼʅʔʆɻʆ ɯʅʌʈɸʏɽʈɺʆʅʆɻʆ ʃɸɿɽʈʅʆɻʆ ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ 

ʆʧʪʠʯʥʘ ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʛʝʥʝʨʘʮʽʾ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʉʧʝʢʪʨ ʰʠʨʦʢʦʩʤʫʛʦʚʦʾ 

ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʛʝʥʝʨʘʮʠʠ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ɯʏ ʜʠʘʧʘʟʦʥʽ 

ʦʪʨʠʤʘʥʠʡ ʥʘ ʢʨʠʩʪʘʣʘʭ GaSe 

ɿʨʘʟʢʠ ʩʝʣʝʥʽʜʫ ʛʘʣʽʶ 
ʅʝʣʽʥʽʡʥʦ-ʦʧʪʠʯʥʠʡ 

ʝʣʝʤʝʥʪ GaSe 



ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ ɯʥʪʝʣʶʤ (Intelum) ʦʪʨʠʤʘʥʦ ʜʦʚʛʽ (22 ʩʤ) 

ʩʮʠʥʪʠʣʷʮʽʡʥʽ ʚʦʣʦʢʥʘ ʽʪʨʽʡʘʣʶʤʽʥʽʻʚʦʛʦ ʛʨʘʥʘʪʫ, 

ʜʦʧʦʚʘʥʦʛʦ ʽʦʥʘʤʠ ʮʝʨʽʶ ʪʘ ʤʘʛʥʽʶ (YAG:Ce  ̔YAG:Ce,Mg), ʽʟ 

ʜʦʚʞʠʥʦʶ ʧʨʦʟʦʨʦʩʪʽ ʜʦ 45 ʩʤ  ̔ ʟʤʝʥʰʝʥʠʤ ʯʘʩʦʤ 

ʟʘʛʘʩʘʥʥʷ ʩʮʠʥʪʠʣʷʮʽʡʥʦʛʦ ʚʽʜʢʣʠʢʫ. ɼʘʥʽ ʚʦʣʦʢʥʘ 

ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʣ ̫ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʬʽʟʠʢʠ ʚʠʩʦʢʠʭ ʝʥʝʨʛʽʡ 

ʥʘ ʢʦʣʘʡʜʝʨʘʭ. 

 

 

ʉʋʏɸʉʅɯ ʉʎʀʅʊʀʃʗʎɯʁʅɯ ʊɸ ʏɽʈɽʅʂʆɺʉʔʂɯ ɺʆʃʆʂʅɸ ɼʃʗ 

ʅʆɺʀʍ ɸɼʈʆʅʅʀʍ ʂʆʃʃɸʁɼɽʈɯɺ ʊɸ ʄɸʁɹʋʊʅɯʍ 

ʂɸʃʆʈʀʄɽʊʈɯɺ 

ʉʮʠʥʪʠʣʷʮʽʡʥʽ ʚʦʣʦʢʥʘ ʽʪʨʽʡʘʣʶʤʽʥʽʻʚʦʛʦ 

ʛʨʘʥʘʪʫ, ʜʦʧʦʚʘʥʦʛʦ ʽʦʥʘʤʠ ʮʝʨʽʶ 

 ʪʘ ʤʘʛʥʽʶ (YAG:Ce ʽ YAG:Ce,Mg)  



ɼʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʨʦʟʧʘʜʫ ʘʫʩʪʝʥʽʪʫ ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʩʪʘʣʽ ʂ76 

ʌ ʜʣʷ ʨʝʡʦʢ ʟ 0.80% ʉ, 0.25% Si, 0.97% Mn, 0.055% V 

Vʦʭʦʣ. =0,2 ʦʉ/ʩ   Vʦʭʦʣ. =5 ʦʉ/ʩ   

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ 

ʨʝʘʣʽʟʘʮʽʾ ʩʧʝʮʽʘʣʴʥʠʭ 

ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʩʪʘʣʽ ʤʘʨʢʠ 

ʂ76ʌ ʤʦʞʣʠʚʝ 

ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʚʠʩʦʢʦʤʽʮʥʠʭ ʨʝʡʦʢ 

ʢʘʪʝʛʦʨʽʡ R350HT 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ 

EN 13674-1-2011. 



ʇɯɼɺʀʑɽʅʅʗ ʗʂʆʉʊɯ ʄɽʊɸʃʆʇʈʆɼʋʂʎɯɰ 

ɼʃʗ ɿɸʃɯɿʅʀʏʅʆɻʆ ʊʈɸʅʉʇʆʈʊʋ 
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ˏ̨̙̠̅̎̏̆̎̎ Mn% / Si%  

ʄʘʢʨʦ-  ̔ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʤʘʪʦʯʠʥʠ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʢʦʣʝʩʘ  

Ï 957 ʤʤ, ʩʪʘʣʴ ʤʘʨʢʠ 2 

 ʌʘʢʪʠʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʮʠʭ ʅɼʈ ʚ ʫʤʦʚʘʭ  ʇɸʆ çɯʅʊʈɽʈʇɸʁʇ 

ʅʊɿè ʩʪʘʥʦʚʠʚ ʙʽʣʴʰ 20 ʤʣʥ. ʛʨʥ. 

ɺʽʩʴ ʜʣʷ  ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʟʘʣʽʟʥʠʮʽ  



ɽʃɽʂʊʈʆɻɯɼʈʆɯʄʇʋʃʔʉʅʀʁ (ɽɻ)  ʇʈʆʎɽʉ  ʐʊɸʄʇʋɺɸʅʅʗ  ɯ 

ʂɸʃɯɹʈʋɺɸʅʅʗ  ɼɽʊɸʃɽʁ  ɯɿ  ɺʀʉʆʂʆʄɯʎʅʀʍ  ʄɸʊɽʈɯɸʃɯɺ 

ʊʝʩʪʦʚʽ ʜʝʪʘʣʽ ʟ ʚʠʩʦʢʦʤʽʮʥʦʾ ʩʪʘʣʽ ʉʈ800 ʜʦ ʪʘ 

ʧʽʩʣʷ ɽɻ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʌʨʘʛʤʝʥʪ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʜʝʪʘʣʽ ʽʟ ʩʪʘʣʽ Fortiform 

1050, ʷʢʘ ʢʘʣʽʙʨʫʚʘʣʘʩʴ ʥʘ ɽɻ ʧʨʝʩʽ 

ɼʝʪʘʣʽ ʦʙʰʠʚʢʠ ʢʨʠʣʘ ʣʽʪʘʢʘ, ʚʠʛʦʪʦʚʣʝʥʥʽ ʽʟ ʤʽʮʥʦʛʦ 

ʩʧʣʘʚʫ 2024-ʊ4 ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ɽɻ ʰʪʘʤʧʫʚʘʥʥʷ ʽ 

ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʃʦʢʘʣʴʥʘ ʜʝʬʦʨʤʘʮʽʷ ʟʨʘʟʢʽʚ ʘʣʶʤʽʥʽʻʚʦʛʦ 

ʩʧʣʘʚʫ 2024 ïT4 ʧʨʠ ʽʤʧʫʣʴʩʥʦʤʫ ʪʘ ʩʪʘʪʠʯʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ 

 

 

ʋʤʦʚʘ ɽɻ ʢʘʣʽʙʨʫʚʘʥʥʷ ʰʪʘʤʧʦʚʘʥʠʭ ʜʝʪʘʣʝʡ 

ůʩʪ.- ʥʘʧʨʫʞʝʥʥʷ ʚʽʜ ʩʪʘʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

ů̔ ʤʧ. - ʥʘʧʨʫʞʝʥʥʷ ʚʽʜ ʽʤʧʫʣʴʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

ůʧ - ʤʝʞʘ ʧʣʠʥʥʦʩʪʽ ʤʝʪʘʣʫ. 



ɿɸʉʊʆʉʋɺɸʅʅʗ ʊɽʈʄʆɽʃɽʂʊʈʀʏʅʀʍ ʄʆɼʋʃɯɺ ʆʍʆʃʆɼɾɽʅʅʗ 

ʂʆʉʄɯʏʅʆɻʆ ʇʈʀɿʅɸʏɽʅʅʗ 

250 ʟʘʩʪʦʩʫʚʘʥʴ 



 ʂʆʄʇʃɽʂʉʅʀʁ ʇʈʆɽʂʊ ˉʈ7.2 ñʈʆɿʈʆɹʂɸ ʊɸ ʆʉɺʆɭʅʅʗ ʊɽʍʅʆʃʆɻɯɰ  ɺʀʈʆɹʅʀʎʊɺɸ ɯ 

ɺɯɼʅʆɺʃɽʅʅʗ ɿɸʃɯɿʅʀʏʅʀʍ ʂʆʃɯʉ, ʑʆ ɿɸɹɽɿʇɽʏʋʖʊʔ ʇʆɼʆɺɾɽʅʅʗ ɰʍ ʈɽʉʋʈʉʋ ɺ ʈɯɿʅʀʍ 

ʋʄʆɺɸʍ ɽʂʉʇʃʋɸʊɸʎɯɰò. ʅʆɺɸ ʂʆʃɯʉʅɸ ʉʊɸʃʔ ʂɸʌ ɿ ʂʆʄʇʃɽʂʉʅʀʄ ɼʀʉʇɽʈʉɯʁʅʀʄ 

ʅɯʊʈʀɼʅʀʄ ɯ ʊɺɽʈɼʆʈʆɿʏʀʅʅʀʄ ɿʄɯʎʅɽʅʅʗʄ 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʜʦʩʣʽʜʥʠʭ ʩʪʘʣʝʡ, % 

ʄʘʨʢʘ 

ʩʪʘʣʽ 

C Si Mn V N 

ʉʪ.2 ʟʘ 

ɼʉʊʋ 

ɻʆʉʊ 

10791: 

2006  

0,61 0,17 0,30 0,098 0,006 

ʂɸʌ 0,51 0,67 0,81 0,170 0,0175 

ʄʝʭʘʥʽʯʥʽ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 
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ʉʭʠʣʴʥʽʩʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ 

ʤʘʨʪʝʥʩʠʪʥʠʭ ʟʦʥ 

(ʜʝʬʝʢʪʠ ʪʠʧʫ çʧʦʚʟʫʥè) 

ʭ40

0 

ʄʦʞʣʠʚʦʩʪʽ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʚʧʨʦʚʘʜʞʝʥʥʷ: 

ǒ ʚʠʨʦʙʥʠʮʪʚʦ ʢʦʣʽʩ ʟʽ ʩʪʘʣʽ ʂɸʌ ʤʦʞʣʠʚʝ ʧʨʠ ʟʘʚʦʜʩʴʢʠʭ ʨʝʞʠʤʘʭ ʛʘʨʷʯʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʽ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʢʦʣʽʩ, ʤʘʻ ʧʦʢʨʘʱʝʥʫ ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʽʩʪʴ; 

ǒ ʧʽʜʚʠʱʝʥʥʷ ʥʘ 15-20% ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʽʩʴ ʽ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ; 

ǒ ʧʽʜʚʠʱʝʥʥʷ ʜʦ ʧʣʘʥʫʻʤʠʭ 120-140 ʢʤ/ʛʦʜ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʚʘʥʪʘʞʥʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ; 

ǒ ʧʽʜʚʠʱʝʥʥʷ ʜʦ 2-ʭ ʨʘʟʽʚ ʥʘʜʽʡʥʦʩʪʽ ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʦʣʽʩ ʚ ʨʽʟʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥʘʭ ʽ 

ʛʝʦʤʝʪʨʽʾ ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ.  

ʌʝʨʠʪʦ-ʧʝʨʣ̔ʪʥʘ 

+ʙʝʡʥʽʪʥʘ ʩʪʨʫʢʪʫʨʘ 
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ɺʠʢʦʥʘʚʮʽ: ʌʊɯʄʉ ʅɸʅʋ, ʌʄɯ ʅɸʅʋ, ɯɽɿ ʅɸʅʋ 

ʉ, % 

ʂɸʌ 

ʉʪ. 2 



ʇʈʆɽʂʊ çʉʊɺʆʈɽʅʅʗ ʊɽʍʅɯʏʅʀʍ ɿɸʉʆɹɯɺ ɼʃʗ ɼʀʉʊɸʅʎɯʁʅʆɰ 

ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɰ ɼɯɸɻʅʆʉʊʀʂʀ ʂʆʅʊɸʂʊʅʀʍ ʄɽʈɽɾ ɽʃɽʂʊʈʀʌɯʂʆɺɸʅʀʍ 

ɿɸʃɯɿʅʀʎʔè 

ʈʦʟʨʦʙʢʘ ʽ ʫʟʛʦʜʞʝʥʥʷ ʜʦʢʫʤʝʥʪʘʮʽʾ ʥʘ 

ʧʝʨʝʥʦʩʥʠʡ ʜʽʘʛʥʦʩʪʠʯʥʠʡ  ʢʦʤʧʣʝʢʩ 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʡʤʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʩʽ ʧʦʢʘʟʥʠʢʠ ʧʝʨʝʥʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, 

ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜʚʽʩʢʠ ʢʦʥʪʘʢʪʥʦʾ ʤʝʨʝʞʽ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʊɿ. 

ʂʦʤʧʣʝʢʩ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʦ ʜʦʩʣʽʜʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʫʤʦʚʘʭ ɸʊ ñʋʢʨʟʘʣʽʟʥʠʮʷò ʥʘ ʧʨʦʪʷʟʽ 6-ʪʠ 

ʤʽʩʷʮʽʚ. 

  ʉʪʝʥʜʦʚʽ  

ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʉʭʝʤʘ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ 

ʩʪʝʥʜʘ 
 ʉʪʝʥʜ 

ɺʠʤʽʨʶʚʘʣʴʥʠʡ 
ʙʣʦʢ  

ɺʠʧʨʦʙʫʚʘʥʥʷ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ 
 H, ʤʤ 

L, ʤʤ 

 ɸʢʪ ʧʨʠʡʤʘʣʴʥʠʭ  

ʚʠʧʨʦʙʫʚʘʥʴ 

ʂʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ ï ʢ.ʪ.ʥ. ɭ.ɺ. ʐʘʧʦʚʘʣʦʚ 



ʇʨʦʝʢʪ  çʈʆɿʈʆɹʂɸ ʊɸ ɺʇʈʆɺɸɼɾɽʅʅʗ ʊɽʍʅʆʃʆɻɯɰ ɺʀʈʆɹʅʀʎʊɺɸ 

ʃʀʊʀʍ ɼɽʊɸʃɽʁ ʅɸɺɯʉʅʆɻʆ ʆɹʃɸɼʅɸʅʅʗ ʉɯʃʔʉʔʂʆɻʆʉʇʆɼɸʈʉʔʂʆɰ 

ʊɽʍʅɯʂʀ ɺɿɸʄɯʅ ɼɽʊɸʃɽʁ ɿɸʈʋɹɯɾʅʆɻʆ ɺʀʈʆɹʅʀʎʊɺɸè 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽʤ. ɯ.ʄ. ʌʨʘʥʮʝʚʠʯʘ  ʂʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ ï ʂ. ʆ. ɻʦʛʘʻʚ, 
 ʯʣ.-ʢʦʨ. ʅɸʅ ʋʢʨʘʾʥʠ 

ʄɽʊɸ ʇʈʆɽʂʊʋ - ʈʆɿʈʆɹʂɸ ʊɽʍʅʆʃʆɻɯɰ ʆʊʈʀʄɸʅʅʗ ɿʅʆʉʆʉʊɯʁʂʀʍ ʈʆɹʆʏʀʍ ʆʈɻɸʅɯɺ ˆʈʋʅʊʆʆɹʈʆɹʅʆɰ 

ʉɯʃʔɻʆʉʇʊɽʍʅɯʂʀ ɿ ɹɽʁʅɯʊʅʆɻʆ ɺʀʉʆʂʆʄɯʎʅʆɻʆ ʏɸɺʋʅʋ ʇʈʀ ɺʀʂʆʈʀʉʊɸʅʅɯ ʇʆʈʆʐʂʆɺʀʍ ʇʈʆʂɸʊʅʀʍ 

ʄʆɼʀʌɯʂɸʊʆʈɯɺ. 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʊɽʍʅʆʃʆɻɯɰ ɼɸʉʊʔ ʄʆɾʃʀɺɯʉʊʔ ɿʅɸʏʅʆ ʉʂʆʈʆʊʀʊʀ ɯʄʇʆʈʊ ɿʄɯʅʅʀʍ ɼɽʊɸʃɽʁ ɼʃʗ  

ʇɯɼʇʈʀɭʄʉʊɺ ɸɻʈʆʇʈʆʄʀʉʃʆɺʆɻʆ ʂʆʄʇʃɽʂʉʋ ʋʂʈɸɰʅʀ, ɿɹɯʃʔʐʀʊʀ ɰʍ ɿʅʆʉʆʉʊɯʁʂɯʉʊʔ  ʊɸ ɿʄɽʅʐʀʊʀ ɺɸʈʊɯʉʊʔ. 

ɼʆʉʃɯɼʅʆ - ʇʈʆʄʀʉʃʆɺɸ 

ʇɸʈʊɯʗ ʃʀʊʀʍ ʃɸʇ 

ʂʋʃʔʊʀɺɸʊʆʈɯɺ ɼʃʗ 

ʇʇ  çɸɻʈʆɭʂʆʃʆɻɯʗè 

ʃɽʄɽʍɸ ɿ ʈɯɿʅʆʖ 

ʂʆʅʌɯɻʋʈɸʎɯɭʖ ʈɽɹɽʈ 

ɾʆʈʉʊʂʆʉʊɯ 

ʃɸʇɸ-ʇʃʆʉʂʆʈɯɿ ʈʆɿʇʋʐʋɺɸʏɯ 

ɼʀʅɸʄɯʂɸ ɿʅʆʉʋ ʃɸʇ ʂʋʃʔʊʀɺɸʊʆʈɯɺ 

ʂʆʄʇʃɽʂʊ ɿʄɯʅʅʀʍ 

ɼɽʊɸʃɽʁ ɼʃʗ 

ʂʋʃʔʊʀɺɸʊʆʈɸ çTIGERè 

ɿʄɯʅʅɯ ɼɽʊɸʃɯ ɼʆ 

ʂʋʃʔʊʀɺɸʊʆʈɸ 

çSOIL PROè 

˽˻˾˱ˤ˹̒˶̎˹˱ ˤˮ˽˾˻ˣ˻ˤ̂ˤˢ˹˹̒ ˭˾ˢ˭˴˱ˤ ˭ ˿́ˢ˶˱ ср˥ ́ˢ 
˭ x˩ ˯˹˱́˹˻˥˻ ̉ˢˤ̂˹̂ ˤ ˿̂̆˻˸̂ ˽˱˿˴̂ ό˽˩˾̊˱ ˿́˻ˤ˽̉ˮ˴ˮύ 

́ˢ ˥˶ˮ˹ˮ˿́ˮ˯ ˱ ˽˱˿̉ˢ˹ˮ˯ ˤ˻˶˻˥ˮ˯ ˥˾̂˹́ 


