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Oɛoɡɧaɱeɧɢɹ ɢ coɤɪaɳeɧɢɹ 

PVD -PhysicalVaporDeposition(ɮɢɡɢɱecɤɢe ɦeɬoɞɵ ocaɠɞeɧɢɹ) 

CVD – (chemicalvapordeposition) – ɯɢɦɢɱecɤoeocaɠɞeɧɢeɩaɪoɜ 

ɉɗɆ- ɩɪocɜeɱɢɜaɸɳɢɣ ɷɥeɤɬɪoɧɧɵɣ ɦɢɤɪocɤoɩ 

CɗɆ -cɤaɧɢɪɭɸɳɢɣ ɷɥeɤɬɪoɧɧɵɣ ɦɢɤɪocɤoɩ 

ɊɗɆ - ɪacɬɪoɜɵɣ ɷɥeɤɬɪoɧɧɵɣ ɦɢɤɪocɤoɩ 

XRD- ɞɢɮɪaɤɰɢɹ ɪeɧɬɝeɧoɜcɤɢɯ ɥɭɱeɣ 

RMS- ɪeaɤɬɢɜɧoe ɦaɝɧeɬɪoɧɧoe ɪacɩɵɥeɧɢe 

EDX - ɞɢcɩeɪcɢoɧɧoe ɪeɧɬɝeɧoɜcɤoecɩeɤɬɪocɤoɩɢɹ 

XPS- ɪeɧɬɝeɧoɜcɤaɹ ɮoɬoɷɥeɤɬɪoɧɧaɹ cɩeɤɬɪocɤoɩɢɹ 

FESEM- cɤaɧɢɪɭɸɳaɹ ɷɥeɤɬɪoɧɧaɹ ɷɦɢccɢoɧɧaɹ cɩeɤɬɪocɤoɩɢɹ 
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ȼɜeɞeɧɢe 

Ȼoɪɢɞ ɬɢɬaɧa (TiB2), ɤoɬoɪɵɣ ɢɡɜecɬeɧ ɤaɤ 

ɤeɪaɦɢɱecɤoecoeɞɢɧeɧɢeoɛɥaɞaeɬ ɜɵcoɤɢɦɢ ɦeɯaɧɢɱecɤɢɦɢ, ɮɢɡɢɱecɤɢɦɢ ɢ 

ɯɢɦɢɱecɤɢɦɢ cɜoɣcɬɜaɦɢ, a ɢɦeɧɧo: ɜɵcoɤaɹ ɬɜeɪɞocɬɶ, ɯoɪoɲɢe 

ɢɡɧococɬoɣɤocɬɶ ɢ ɤoɪɪoɡɢoɧɧaɹ cɬoɣɤocɬɶ, ɜɵcoɤɢe ɷɥeɤɬɪɢɱecɤaɹ ɢ 

ɬeɪɦɢɱecɤaɹ ɩɪoɜoɞɢɦocɬɢ ɢ ɯoɪoɲeɣ ɯɢɦɢɱecɤoɣ ɢɧeɪɬɧocɬɶɸ. ɗɬɢ 

cɜoɣcɬɜaTiB2 ɞeɥaɸɬ eɝo ɩeɪcɩeɤɬɢɜɧɵɦ ɞɥɹ ɪaɡɥɢɱɧɵɯ ɩɪɢɦeɧeɧɢɣ ɜ 

ɤaɱecɬɜe ɬɜeɪɞoɝo ɩoɤɪɵɬɢɹ, ɤoɪɪoɡɢoɧɧo-cɬoɣɤɢɯ ɩoɤɪɵɬɢɣ ɢ 

aɧɬɢɞɢɮɮɭɡaɧɬoɜ ɜ ɦɢɤɪoɷɥeɤɬɪoɧɧɵɯ ɭcɬɪoɣcɬɜaɯ. 

Ⱦɢɛoɪɢɞ ɬɢɬaɧa ɦoɠeɬ ɛɵɬɶ ɢcɩoɥɶɡoɜaɧ ɜ ɜɢɞe ɬoɧɤɢɯ ɬɜeɪɞɵɯ 

ɩoɤɪɵɬɢɣ ɞɥɹ ɩoɜɵɲeɧɢɹ ɷɤcɩɥɭaɬaɰɢoɧɧɵɯ ɯaɪaɤɬeɪɢcɬɢɤ ɪaɡɥɢɱɧɵɯ 

ɢɡɞeɥɢɣ.ɉoɤɪɵɬɢɹ TiB2ɦoɝɭɬ ɛɵɬɶ ɩoɥɭɱeɧɵ ɪaɡɥɢɱɧɵɦɢ ɮɢɡɢɱecɤɢɦɢ 

ɦeɬoɞaɦɢ ɪacɩɵɥeɧɢɹ (PVD ɦeɬoɞaɦɢ),cɪeɞɢ ɤoɬoɪɵɯ ɦaɝɧeɬɪoɧɧoe 

ɪacɩɵɥeɧɢecɱɢɬaeɬcɹ ɧaɢɛoɥee ɩɪɢeɦɥeɦɵɦ ɛɥaɝoɞaɪɹ cɪaɜɧɢɬeɥɶɧo 

ɜɵcoɤoɣ cɤoɪocɬɢɢocaɠɞeɧɢɹ ɢ cɪaɜɧɢɬeɥɶɧo ɧɢɡɤoɣ ɬeɦɩeɪaɬɭɪe ɩoɞɥoɠɤɢ. 

Oɞɧaɤo ɢɦeɸɬcɹ ɬɪɭɞɧocɬɢ ɢcɩoɥɶɡoɜaɧɢɹ ɩoɤɪɵɬɢɣ ɧaocɧoɜeTiB2 ɞɥɹ 

ɤoɦɦeɪɱecɤɢɯ ɢ ɢɧɠeɧeɪɧɵɯ ɩɪɢɦeɧeɧɢɣ. Ȼoɥɶɲaɹ ɩɪoɛɥeɦa ɜ ɬoɦ, ɱɬooɧɢ 

ɹɜɥɹɸɬcɹ cɥɢɲɤoɦ ɯɪɭɩɤɢɦɢ ɢ ɢɦeɸɬ ɩɥoɯɭɸ aɞɝeɡɢɸ ɤ ɩoɞɥoɠɤe 

ɜcɥeɞcɬɜɢe ɢɯ ɢɧeɪɬɧocɬɢ ɢ ɜɵcoɤɢɯ ɜɧɭɬɪeɧɧɢɯ ɧaɩɪɹɠeɧɢɣ. 

Oɛɴeɤɬoɦ ɢccɥeɞoɜaɧɢɹ ɹɜɥɹɸɬcɹ ɬoɧɤɢe ɩoɤɪɵɬɢɹ ɧaocɧoɜe ɞɢɛoɪɢɞa 

ɬɢɬaɧacɮoɪɦɢɪoɜaɧɧɵeɧa ɭɧɢɜeɪcaɥɶɧoɣ ɭcɬaɧoɜɤe ɞɥɹ ɧaɧeceɧɢɹ PVD-

ɩoɤɪɵɬɢɣ, ocɧaɳeɧɧoɣ ɢɦɩɭɥɶcɧɵɦ ɢcɬoɱɧɢɤoɦ ɦeɬaɥɥɢɱecɤoɣ ɩɥaɡɦɵ ɢ  

ɦaɝɧeɬɪoɧɧoɣ ɪacɩɵɥɢɬeɥɶɧoɣ cɢcɬeɦoɣ ceɪɢɢ APEL-MRE 95-120. 

ɉɪeɞɦeɬoɦ ɢccɥeɞoɜaɧɢɹ ɹɜɥɹɸɬcɹ cɬɪɭɤɬɭɪa, ɦɢɤɪoɬɜeɪɞocɬɶ, 

ɜɧɭɬɪeɧɧɢe ɧaɩɪɹɠeɧɢɹ ɢ aɞɝeɡɢoɧɧɵecɜoɣcɬɜa ɬoɧɤɢɯ ɩoɤɪɵɬɢɣ ɞɢɛoɪɢɞa 

ɬɢɬaɧa. 

ɐeɥɶɸ ɞaɧɧoɣ ɪaɛoɬɵ ɹɜɥɹeɬcɹ ɩoɢcɤ ɧoɜɵɯ ɩɭɬeɣ ɩoɜɵɲeɧɢɹ aɞɝeɡɢɢ 

ɩoɤɪɵɬɢɣ ɞɢɛoɪɢɞa ɬɢɬaɧa ɤ ɩoɞɥoɠɤe, ɜ ɱacɬɧocɬɢ ɩɪɢɦeɧeɧɢe 

ɦaɝɧeɬɪoɧɧɵɯ ɪacɩɵɥɢɬeɥɶɧɵɯ cɢcɬeɦ, ɪaɛoɬaɸɳɢɯ ɜ ɧecɛaɥaɧcoɪoɜaɧɧoɦ 
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ɪeɠɢɦe, a ɬaɤɠecɢɥɶɧoɬoɱɧɵɯ ɪacɩɵɥɢɬeɥɶɧɵɯ cɢcɬeɦ, ɪaɛoɬaɸɳɢɯɜ 

ɢɦɩɭɥɶcɧoɦ ɪeɠɢɦe. 

 Ⱦɥɹ ɞocɬɢɠeɧɢɹ ɩocɬaɜɥeɧɧoɣ ɰeɥɢ ɛɵɥɢ ɩocɬaɜɥeɧɵ ɢ ɪeɲeɧɵ 

cɥeɞɭɸɳɢe ɡaɞaɱɢ: 

1. Cocɬaɜɥeɧɢeaɧaɥɢɬɢɱecɤoɝooɛɡoɪa ɩo ɬeɦe ɢccɥeɞoɜaɧɢɹ 

2. ɉoɥɭɱeɧɢe ɬecɬoɜɵɯ oɛɪaɡɰoɜ ɞɥɹ ɢccɥeɞoɜaɧɢɣ 

3. Ocɜoeɧɢe ɦeɬoɞɢɤ ɩɪoɜeɞeɧɢɹ ɷɤcɩeɪɢɦeɧɬa 

4. ɂccɥeɞoɜaɧɢecɬɪɭɤɬɭɪɵ ɩoɤɪɵɬɢɣ ɦeɬoɞaɦɢ ɷɥeɤɬɪoɧɧoɣ ɦɢɤɪocɤoɩɢɢ 

5. ɂccɥeɞoɜaɧɢe ɷɥeɦeɧɬɧoɝococɬaɜa ɦeɬoɞaɦɢ ɪeɧɬɝeɧocɬɪɭɤɬɭɪɧoɝo 

ɦɢɤɪoaɧaɥɢɡa 

6. ɂccɥeɞoɜaɧɢeɦɢɤɪoɬɜeɪɞocɬɢ  

7. ɂccɥeɞoɜaɧɢeaɞɝeɡɢoɧɧoɣ ɩɪoɱɧocɬɢ  

8. ɂccɥeɞoɜaɧɢe ɜɧɭɬɪeɧɧɢɯ ɧaɩɪɹɠeɧɢɣ 

9. Aɧaɥɢɡ ɩoɥɭɱeɧɧɵɯ ɪeɡɭɥɶɬaɬoɜ 

 

ɇaɭɱɧaɹ ɧoɜɢɡɧa ɪaɛoɬɵ 

ɍcɬaɧoɜɥeɧo, ɱɬoaɞɝeɡɢoɧɧɵe ɯaɪaɤɬeɪɢcɬɢɤɢ ɩoɤɪɵɬɢɣ ɞɢɛoɪɢɞa 

ɬɢɬaɧa ɧa ɩoɞɥoɠɤe ɢɡ ɬɜeɪɞoɝocɩɥaɜac ɩoɞcɥoeɦ ɬɢɬaɧa ɢ ɛeɡ ɧeɝo, 

ɩoɥɭɱeɧɧɵɯ ɜ ɧecɛaɥaɧcɢɪoɜaɧɧoɦ ɪeɠɢɦe ɪaɛoɬɵ ɦaɝɧeɬɪoɧa, ɩɪaɤɬɢɱecɤɢ 

oɞɢɧaɤoɜɵ ɢ oɩɪeɞeɥɹɸɬcɹ ɤɪɢɬɢɱecɤoɣ ɧaɝɪɭɡɤoɣ 63 – 64 ɇ, 

ɱɬocɭɳecɬɜeɧɧo ɩɪeɜɵɲaɸɬ ɡɧaɱeɧɢɹ, ɩɪɢɜeɞeɧɧɵe ɜ ɩɭɛɥɢɤaɰɢɹɯ. 
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Ƚɥaɜa 1Aɧaɥɢɬɢɱecɤɢɣ oɛɡoɪ  

1.1 Cɜoɣcɬɜa, cɬɪɭɤɬɭɪa ɬoɧɤɢɯ ɩɥeɧoɤ ɧaocɧoɜe ɞɢɛoɪɢɞa ɬɢɬaɧa 

Ȼoɪɢɞ ɬɢɬaɧa, ɤoɬoɪɵɣ ɯoɪoɲo ɢɡɜecɬeɧ ɤaɤ 

ɤeɪaɦɢɱecɤoecoeɞɢɧeɧɢeoɛɥaɞaeɬ oɬɥɢɱɧɵɦɢ ɦeɯaɧɢɱecɤɢɦɢ, ɮɢɡɢɱecɤɢɦɢ 

ɢ ɯɢɦɢɱecɤɢɦɢ cɜoɣcɬɜaɦɢ ɬaɤɢe ɤaɤ ɜɵcoɤaɹ ɬɜeɪɞocɬɶ, ɯoɪoɲaɹ 

ɢɡɧococɬoɣɤocɬɶ ɢ ɤoɪɪoɡɢoɧɧaɹ cɬoɣɤocɬɶ, ɜɵcoɤaɹ ɷɥeɤɬɪɢɱecɤaɹ ɢ 

ɬeɪɦɢɱecɤaɹ ɩɪoɜoɞɢɦocɬɶ ɢ ɯoɪoɲeɣ ɯɢɦɢɱecɤoɣ 

cɬaɛɢɥɶɧocɬɶɸ[1].ɉɪeɜocɯoɞɧɵecɜoɣcɬɜaTiB2ɞeɥaɸɬ eɝo ɲɢɪoɤo 

ɢɡɭɱaɸɳɢɦcɹ ɞɥɹ ɪaɡɥɢɱɧɵɯ ɩɪɢɦeɧeɧɢɣ, ɜ ɱacɬɧocɬɢ, ɞɥɹ ɬɜeɪɞoɝo 

ɩoɤɪɵɬɢɹ, ɤoɪɪoɡɢoɧɧo-cɬoɣɤɢɯ ɩoɤɪɵɬɢɣ,ɢ ɢcɩoɥɶɡoɜaɧɢe ɩɥeɧoɤ ɜ 

ɤaɱecɬɜeɞɭɮɮɭɡɢoɧɧɵɯ ɛaɪɶeɪoɜ ɞɥɹ ɦɢɤɪoɷɥeɤɬɪoɧɧɵɯ ɭcɬɪoɣcɬɜ. 

ɆoɧocɥoɣɧɵeɩɥeɧɤɢTiB2ocaɠɞaɸɬcɹ ɪaɡɥɢɱɧɵɦɢ PVDɦeɬoɞaɦɢ,cɪeɞɢ 

ɤoɬoɪɵɯ ɦaɝɧeɬɪoɧɧoeɪacɩɵɥeɧɢecɱɢɬaeɬcɹ ɥeɝɤɢɦ ɦeɬoɞoɦ ɞɥɹ ɩoɥɭɱeɧɢɹ 

TiB2 ɩoɤɪɵɬɢɣ, ɛɥaɝoɞaɪɹ cɪaɜɧɢɬeɥɶɧo ɜɵcoɤoɣ cɤoɪocɬɢocaɠɞeɧɢɹ ɢ 

ɧɢɡɤoɣ ɬeɦɩeɪaɬɭɪeocaɠɞeɧɢɹ ɤ ɩoɞɥoɠɤe. Oɞɧaɤo ɷɬoɝoɧeɞocɬaɬoɱɧo, ɱɬoɛɵ 

ɩɪoɢɡɜoɞɢɬɶ TiB2cɦeɯaɧɢɱecɤoɣ ɱɢcɬoɬoɣ, ɤoɬoɪaɹ ɧeoɛɯoɞɢɦa ɞɥɹ 

ɤoɦɦeɪɱecɤɢɯ ɢ ɢɧɠeɧeɪɧɵɯ ɩɪɢɦeɧeɧɢɢ. Ȼoɥɶɲaɹ ɩɪoɛɥeɦa ɪacɩɵɥeɧɧɵɯ 

TiB2 ɩɥeɧoɤ-oɧɢ ɹɜɥɹɸɬcɹ cɥɢɲɤoɦ ɯɪɭɩɤɢɦɢ ɢ ɢɦeɸɬ ɩɥoɯɭɸ aɞɝeɡɢɸ ɢɡ-ɡa 

ɜɵcoɤoɝoocɬaɬoɱɧoɝo ɧaɩɪɹɠeɧɢɹ [2-8].Aɞɝeɡɢɹ ɩoɤɪɵɬɢɣ TiB2 ɪacɩɵɥeɧɧɵɯ 

ɧaɛɵcɬɪoɪeɠɭɳɭɸcɬaɥɶ ɧɢɠe ɱeɦ 5ɇ [7,9].ȼɵcoɤoeocɬaɬoɱɧoe ɧaɩɪɹɠeɧɢe 

ɤoɬoɪoe ɝeɧeɪɢɪɭeɬcɹ ɜ ɩɥeɧɤaɯ ɦoɠeɬ ɩoɜɥɢɹɬɶ ɧa ɢɯ cɜoɣcɬɜa ɧaɩɪɹɦɭɸ, 

ɧaɩɪɢɦeɪ, ɧaaɞɝeɡɢɸ, ɩɪoɱɧocɬɶ coeɞɢɧeɧɢɹ, ɬɪɢɛoɥoɝɢɱecɤɢecɜoɣcɬɜa, ɢ 

ɬ.ɞ.[10-11]. Ʉɪoɦe ɬoɝo, ɢɡɛɵɬoɱɧoeocɬaɬoɱɧoe ɧaɩɪɹɠeɧɢe, 

ɤoɬoɪoecɭɳecɬɜɭeɬ ɜ ɩɥeɧɤaɯ ɦoɠeɬ ɜɵɡɜaɬɶ oɛɪaɡoɜaɧɢe ɞeɮeɤɬoɜ ɢ 

ɪaccɥaɢɜaɧɢe ɧa ɝɪaɧɢɰe ɪaɡɞeɥa. Ɏaɤɬɢɱecɤɢ, ɩocɪaɜɧeɧɢɸ c ɞɪɭɝɢɦɢ 

ɦeɯaɧɢɱecɤɢɦɢ cɜoɣcɬɜaɦɢ, aɞɝeɡɢɹ ɧeɩocɪeɞcɬɜeɧɧo ɜɥɢɹeɬ ɧacɪoɤ cɥɭɠɛɵ 

ɩɥeɧoɤ, ocoɛeɧɧo, ɤoɬoɪɵe ɢcɩoɥɶɡɭɸɬcɹ ɜ ɬɪɢɛoɥoɝɢɱecɤɢɯ ɩɪɢɦeɧeɧɢɹɯ. 

ȼ ɩocɥeɞɧee ɜɪeɦɹ ɦɧoɝɢe ɢccɥeɞoɜaɧɢɹ ɛɵɥɢ ɧaɩɪaɜɥeɧɵ, ɞɥɹ 

ɬoɝoɱɬoɛɵ ɭɥɭɱɲɢɬɶ aɞɝeɡɢɸ ɦoɧocɥoɣɧɵɯ ɩɥeɧoɤTiB2. Ȼeɪɝeɪ ɢ ɞɪ. [12] 

oɛɧaɪɭɠɢɥɢ, ɱɬoaɞɝeɡɢɹ ɩoɤɪɵɬɢɣTiB2, ɧaɧeceɧɧɵɯ ɩɭɬeɦ ɩeɪeɤɥɸɱeɧɢɹ 
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ɧaɩɪɹɠeɧɢɹ cɦeɳeɧɢɹ ɩoɞɥoɠɤɢ coɬɪɢɰaɬeɥɶɧoɝo ɧa ɩoɥoɠɢɬeɥɶɧɵɣ ɛɵɥa 

ɭɥɭɱɲeɧa ɩoɱɬɢ ɧa 60% ɩocɪaɜɧeɧɢɸ c ɩɥeɧɤaɦɢ ɛeɡ ɩɪɢɦeɧeɧɢɹ 

ɬaɤoɝocɦeɳeɧɢɹ.ɉaɧɢɱ ɢ Caɧ [13] cooɛɳɢɥɢ, ɱɬo ɩɪɢɦeɧeɧɢecɦeɳeɧɢɹ ɧa 

ɩoɞɥoɠɤe ɩɪɢ ɩoɥɭɱeɧɢɢ ɩoɤɪɵɬɢɣTiB2 ɦoɠeɬ ɩoɜɵcɢɬɶ aɞɝeɡɢɸ. Ʉɪoɦe 

ɬoɝo, Ȼoɝɜaɧ ɞɪ. [14] ɬaɤɠeoɛɧaɪɭɠɢɥɢ, ɱɬocɥoɣ ɧɢɬɪɢɞa ɦoɠeɬ ɡɧaɱɢɬeɥɶɧo 

ɭɥɭɱɲɢɬɶ aɞɝeɡɢɸ ɩɥeɧoɤ TiB2 ɧaɩɵɥeɧɧɵɯ ɧacɬaɥɢ ɇ13.  

Aɞɝeɡɢɹ ɩoɤɪɵɬɢɣ TiN ɢ AlN ɡɧaɱɢɬeɥɶɧo ɭcɢɥɢɜaɥacɶ 

ɩɪɢcɥeɞɭɸɳɢɯɤoɦɛɢɧaɰɢɹɯ: Ti / TiN [16] ɢ Al / AlN [17]. Cɥoɣ ɬɢɬaɧa ɛɵɥ 

ɛoɥee ɦɹɝɤɢɦ cɥoeɦ, ɢ ɛɵɥacɞeɥaɧa ɩoɩɵɬɤa ɭcɢɥɢɬɶ aɞɝeɡɢɸ ɩɥeɧɤɢTiB2 

ɧaocɧoɜe ɷɬoɣ ɭɧɢɤaɥɶɧoɣcɬɪɭɤɬɭɪɵ. Ʉɪoɦe ɬoɝocɥoɣ ɬɢɬaɧa ɦoɠeɬ 

ɭɦeɧɶɲɢɬɶ ɧecooɬɜeɬcɬɜɢe ɦeɠɞɭ TiB2 ɩɥeɧɤoɣ ɢ ɩoɞɥoɠɤoɣ,ɢ ɜ coɱeɬaɧɢɢ c 

ɠecɬɤɢɦ cɥoeɦ TiB2 ɢcɩoɥɶɡoɜaɥcɹ ɞɥɹ ɢɡɝoɬoɜɥeɧɢɹ ɞɜɭɯcɥoɣɧɵɯ ɢɥɢ 

ɦɧoɝocɥoɣɧɵɯ ɩɥeɧoɤ. Ȼɵɥɢ ɢccɥeɞoɜaɧɵ ɦɢɤɪocɬɪɭɤɬɭɪa,ɬɜёɪɞocɬɶ ɢ 

aɞɝeɡɢɹ ɦoɧocɥoɣɧɵɯ ɩɥeɧoɤ TiB2 ɢ ɦɧoɝocɥoɣɧɵɯ ɩɥeɧoɤ [Ti / TiB2]n (n -

ɩeɪɢoɞ ɩɥeɧoɤ). Ʉɪoɦe ɬoɝo, ɷɮɮeɤɬɵ ɤoɥɢɱecɬɜa ɩeɪɢoɞoɜ ɧaaɞɝeɡɢɸ 

ɦɧoɝocɥoɣɧɵɯ ɩɥeɧoɤ c ɪaɡɥɢɱɧɵɦɢ ɩeɪɢoɞaɦɢ ɛɵɥɢ oɛcɭɠɞeɧɵ ɜ ɞeɬaɥɹɯ. 

Ɇoɧocɥoɣɧɵe ɩɥeɧɤɢ TiB2 ɢ ɦɧoɝocɥoɣɧɵe ɩɥeɧɤɢ [Ti / TiB2]n ɩoɥɭɱaɥɢ 

ɦeɬoɞoɦ ɦaɝɧeɬɪoɧɧoɝo ɪacɩɵɥeɧɢɹ. Ⱦɥɹ ɪacɩɵɥeɧɢɹ ɦɢɲeɧɢ, ɛɵɥɢ 

ɢcɩoɥɶɡoɜaɧɵ cɩeɱeɧɧaɹ ɦɢɲeɧɶ TiB2 (99,9%) ɢ ɦeɬaɥɥɢɱecɤaɹ ɦɢɲeɧɶ Ti 

(99,95%) ɞɢaɦeɬɪoɦ 50 ɦɦ. Ɇɢɲeɧɢ Ti ɢ TiB2 ɛɵɥɢ ɩoɦeɳeɧɵ ɜ ɤaɦeɪɭ ɢɡ 

ɧeɪɠaɜeɸɳeɣ cɬaɥɢ ɧa ɪaccɬoɹɧɢɢ 50ɦɦ (cɭɛcɬɪaɬ-ɦaɝɧeɬɪoɧ). ȼ 

ɤaɱecɬɜecɭɛcɬɪaɬa ɢcɩoɥɶɡoɜaɥɢ oɛɪaɡɰɵ ɢɡ ɧeɪɠaɜeɸɳeɣ cɬaɥɢ AISI 316L c 

ɪaɡɦeɪaɦɢ 10 ɦɦ × 10ɦɦ × 1 ɦɦ. Oɛɪaɡɰɵ ɩoɥɢɪoɜaɥɢ ɲɥɢɮoɜaɥɶɧoɣ 

ɛɭɦaɝoɣcaɛɪaɡɢɜoɦ ɢɡ ɤaɪɛɢɞa ɤɪeɦɧɢɹ, ɡaɬeɦ oɛɪaɛaɬɵɜaɥɢ ɩɭɬeɦ 

ɷɥeɤɬɪoɯɢɦɢɱecɤoɣ ɩoɥɢɪoɜɤɢ. Ɂaɬeɦ oɛɪaɡɰɵ ɩoɞɜeɪɝaɥɢ oɱɢcɬɤe ɜ 

ɭɥɶɬɪaɡɜɭɤoɜɵɯ ɜaɧɧaɯ caɰeɬoɧoɦ ɢ ɷɬaɧoɥoɦ. ɇaɤoɧeɰ, ɩɪɢ ɦoɳɧocɬɢ 60 ȼɬ 

cɭɛcɬɪaɬɵ ɛɵɥɢ oɱɢɳeɧɵ Ar + (ɜɵcoɤaɹ ɱɢcɬoɬa 99,9%) ɬɪaɜɥeɧɢeɦ ɩɪɢ 4 ɉa 

ɜ ɬeɱeɧɢe 10 ɦɢɧ ɩeɪeɞ ɩɪoɰeccoɦocaɠɞeɧɢɹ. Ʉaɦeɪaocaɠɞeɧɢɹ 

ɛɵɥaoɬɤaɱaɧa ɞo ɞaɜɥeɧɢɹ 5 × 10-5
 ɉaɩeɪeɞ ocaɠɞeɧɢeɦ. ȼo ɜɪeɦɹ ocaɠɞeɧɢɹ 

ɜceɯ ɩɥeɧoɤ, ɝaɡ Ar ɧaɩɭcɤaɥɢ ɜ ɜaɤɭɭɦɧɭɸ ɤaɦeɪɭ c ɪacɯoɞoɦ 20 ɦɥ / ɦɢɧ. 
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Ɇoɧocɥoɢ ɩɥeɧoɤTiB2 ɛɵɥɢocaɠɞeɧɵ ɩɪɢ ɦoɳɧocɬɢ 120 ȼɬ, c ɪaɛoɱɢɦ 

ɞaɜɥeɧɢeɦ 0,7 ɉa ɢ ɬeɦɩeɪaɬɭɪe ɩoɞɥoɠɤɢ 350° C. Ⱦɥɹ ɦɧoɝocɥoɣɧoɣ ɩɥeɧɤɢ 

[Ti / TiB2]n,cɥoɢ Ti ɢ TiB2 ɛɵɥɢ ɩocɥeɞoɜaɬeɥɶɧo ɩoɥɭɱeɧɵ ɩɪɢ D.C. 

ɦoɳɧocɬɢ 40 ȼɬ ɢ ɬeɦɩeɪaɬɭɪe ɩoɞɥoɠɤɢ 150°. Ɍoɥɳɢɧacɥoɹ Ti - 25 ɧɦ, cɥoɹ 

TiB2 -125 ɧɦ. [Ti / TiB2]n, ɦɧoɝocɥoɣɧɵe ɩɥeɧɤɢ ɛɵɥɢ aɥɶɬeɪɧaɬɢɜɧo 

ɢɡɝoɬoɜɥeɧɵ ɩɭɬeɦ ɦeɯaɧɢɱecɤoɝo ɡaɬɜoɪa, ɢ ɧaɧocɢɥɢcɶ c n = 1, 2, 3. 

ɉɥeɧoɱɧɵecɬɪɭɤɬɭɪɵ ɯaɪaɤɬeɪɢɡoɜaɥɢcɶ c ɢcɩoɥɶɡoɜaɧɢeɦ «Thermo ARL 

X'tra» ɞɢɮɪaɤɰɢeɣ ɪeɧɬɝeɧoɜcɤɢɯ ɥɭɱeɣ (XRD) ɢ ocɧaɳeɧCu K &alpha 

ɢɡɥɭɱeɧɢeɦ, a ɭɝoɥ ɢɡɦeɪeɧɢɹ (2θ) ɛɵɥ ɜ ɞɢaɩaɡoɧeoɬ 20° ɞo 80° c 

ɢɧɬeɪɜaɥoɦ 0,02°. Ɇoɪɮoɥoɝɢɹ ɩɥeɧoɤ ɢccɥeɞoɜaɥacɶ c ɢcɩoɥɶɡoɜaɧɢeɦ 

HitachiLimited S4800ǿǿcɤaɧɢɪɭɸɳeɣ ɷɥeɤɬɪoɧɧoɣ ɷɦɢccɢoɧɧoɣ ɦɢɤɪocɤoɩɢɢ 

(FESEM). ɇaɧoɢɧɞeɧɬɢɪoɜaɧɢe ɛɵɥo ɢcɩoɥɶɡoɜaɧo ɞɥɹ oɩɪeɞeɥeɧɢɹ 

ɬɜeɪɞocɬɢ ɩɥeɧoɤ c ɢcɩoɥɶɡoɜaɧɢeɦ ɤɪɢɜoɣ «ɧaɝɪɭɡɤɢ-ɪaɡɝɪɭɡɤɢ» ɩɪɢɛoɪoɦ 

«HysitronTriblab» c ɢɧɞeɧɬoɪoɦ Ȼeɪɤoɜɢɱa. ɉɪɢɧɰɢɩ ɧaɧoɢɧɞeɧɬɢɪoɜaɧɢɹ 

ɛɵɥ ɩoɞɪoɛɧooɩɢcaɧ ɜ ɪaɛoɬe[18]. Ⱦɥɹ ɧaɞeɠɧocɬɢ ɪeɡɭɥɶɬaɬoɜ, ɛɵɥɢ 

cɞeɥaɧɵ ɬɪɢ ɢɧɞeɧɬɢɪoɜaɧɢɹ ɜ ɤaɠɞoɦ ɷɤcɩeɪɢɦeɧɬe, ɱɬoɛɵ ɧaɣɬɢ cɪeɞɧɢe 

ɪeɡɭɥɶɬaɬɵ ɬɜeɪɞocɬɢ. Ⱦɥɹ oɰeɧɤɢ aɞɝeɡɢɢ  ɛɵɥ ɢcɩoɥɶɡoɜaɧ cɤɪeɬɱ-ɬecɬ. 

Aɞɝeɡɢɸ oɰeɧɢɜaɸɬ ɩo ɬoɦɭ ɡɧaɱeɧɢɸ ɧaɝɪɭɡɤɢ, ɩɪɢ ɤoɬoɪoɣ ɩɪoɮɢɥɶ 

aɤɭcɬɢɱecɤoɣ ɷɦɢccɢɢ ɢ cooɬɜeɬcɬɜɭɸɳɢɣ ɤoɷɮɮɢɰɢeɧɬ ɬɪeɧɢɹ ɢɦeeɬ ɪeɡɤoe 

ɢɡɦeɧeɧɢe ɜo ɜɪeɦɹ ɢcɩɵɬaɧɢɣ ɰaɪaɩɢɧaɦ. 

Ɋeɧɬɝeɧoɝɪaɦɦɵ ɦoɧocɥoɹ ɩɥeɧɤɢTiB2 ɢ ɦɧoɝocɥoɣɧɵɯ ɩɥeɧoɤ [Ti / 

TiB2]nc ɪaɡɥɢɱɧɵɦɢ ɩeɪɢoɞaɦɢ, ɧaɧeceɧɧɵɯ ɧa ɩoɞɥoɠɤɢ AISI 316LSS, 

ɩoɤaɡaɧɵ ɧa ɪɢcɭɧɤe 1. ɉɢɤɢ AISI 316LSS (γ-Fe ɮaɡɵ) ɛɵɥɢ oɱeɜɢɞɧɵ. ȼ 

ɦoɧocɥoɣɧɵɯ ɩɥeɧɤaɯ TiB2 ɛɵɥɢ ɞɢɮɪaɤɰɢoɧɧɵe ɩɢɤɢ (001) ɢ (100), ɧo 

ɢɧɬeɧcɢɜɧocɬɶ (001) ɩɢɤa ɛɵɥa ɜɵɲe, ɱeɦ ɭ (100) ɩɢɤa. ɗɬo ɭɤaɡɵɜaeɬ ɧa ɬo, 

ɱɬo ɦɢɤɪocɬɪɭɤɬɭɪa ɩɥeɧoɤ TiB2 ɢɦeeɬ ɩɪeɢɦɭɳecɬɜeɧɧɭɸ oɪɢeɧɬaɰɢɸ 

(001). ɗɬo ɩɪeɢɦɭɳecɬɜeɧɧaɹ oɪɢeɧɬaɰɢɹ ɬaɤɠe ɛɵɥaoɛɧaɪɭɠeɧa ɧa 

ɩoɞɥoɠɤaɯ Si (100) [19]. əɜɥeɧɢe ɦoɠɧo ɢɧɬeɪɩɪeɬɢɪoɜaɬɶ ɬaɤɢɦ oɛɪaɡoɦ, 

ɱɬo ɩɥeɧɤɢ ɧa ɩoɞɥoɠɤaɯ, ɤaɤ ɩɪaɜɢɥo ɪacɬɭɬ ɧa ɩɥocɤocɬɢ ccaɦoɣ ɧɢɡɤoɣ 

ɩoɜeɪɯɧocɬɧoɣ cɜoɛoɞɧoɣ ɷɧeɪɝɢeɣ, ɩaɪaɥɥeɥɶɧoɦ ɩoɜeɪɯɧocɬɢ ɩɥeɧɤɢ. 
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ɍcɬaɧoɜɥeɧo, ɱɬo ɜ ɦɧoɝocɥoɣɧɵɯ ɩɥeɧɤaɯ [Ti / TiB2]nc ɪaɡɥɢɱɧɵɦɢ 

ɩeɪɢoɞaɦɢ ɱeɬɤo ɜɵcɬaɜɥeɧɵ ɞɢɮɪaɤɰɢoɧɧɵe ɩɢɤɢ, ɢ ɜɡaɢɦɧoecooɬɧoɲeɧɢe 

ɜeɥɢɱɢɧɵ ɢɡɦeɧɢɥocɶ c ɭɜeɥɢɱeɧɢeɦ ɩeɪɢoɞoɜ. Ⱦɥɹ cɥoeɜTi, ɢɧɬeɧcɢɜɧocɬɶ 

(100) ɩɢɤoɜ ɩocɬeɩeɧɧo ɭcɢɥeɧɵ c ɭɜeɥɢɱeɧɢeɦ ɩeɪɢoɞoɜ.ɉɪeɢɦɭɳecɬɜeɧɧoe 

ɧaɩɪaɜɥeɧɢe ɛɵɥo ɬaɤɠe ɧaɣɞeɧo ɜ ɪacɩɵɥeɧɧɵɯ Ti / TiN ɦɧoɝocɥoɣɧɵɯ 

ɩɥeɧɤaɯ [20]. 

 

 

 

Ɋɢcɭɧoɤ 1. Ɋeɧɬɝeɧoɝɪaɦɦɵ ɩɥeɧɤɢTiB2 ɢ ɦɧoɝocɥoɣɧɵɯ ɩɥeɧoɤ[Ti / TiB2]n, 

ɧaɧeceɧɧɵɯ ɧa AISI 316LSS c ɪaɡɥɢɱɧɵɦɢ ɩeɪɢoɞaɦɢ 

 

Ɋɢcɭɧoɤ 2 ɩɪeɞcɬaɜɥɹeɬ ɢɡoɛɪaɠeɧɢɹ ɩoɩeɪeɱɧoɝoceɱeɧɢɹ ɦoɧocɥoɹ 

ɩɥeɧoɤ TiB2 ɢ ɦɧoɝocɥoɣɧɵɯ ɩɥeɧoɤ [Ti / TiB2]n, ɦoɠɧo ɭɜɢɞeɬɶ, ɱɬo 

ɦɧoɝocɥoɣɧɵe ɩɥeɧɤɢ [Ti / TiB2] nɛɵɥɢ cɮoɪɦɢɪoɜaɧɵ ɢɡ cɥoeɜ Ti (25 ɧɦ) ɢ 

TiB2cɥoeɜ (125 ɧɦ), ɤoɬoɪɵe ɛɵɥɢ ocaɠɞeɧɵɜ ɤaɱecɬɜeaɥɶɬeɪɧaɬɢɜɵ. 
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Aɧaɥɢɡɢɪɭɹɢɡoɛɪaɠeɧɢɹ ɩɥeɧoɤ, ɩoɥɭɱeɧɧɵɯc ɩoɦoɳɶɸFESEM, ɦɵ 

ɜɢɞɢɦɱɬoɛɵɥa ɩoɥɭɱeɧaoɱeɧɶ ɯoɪoɲaɹ ɦoɪɮoɥoɝɢɹ, a 

ɩoɩeɪeɱɧoeceɱeɧɢeoɛɥaɞaɥo ɱɪeɡɜɵɱaɣɧoɣ ɩɥoɬɧocɬɶɸ ɢ oɞɧoɪoɞɧocɬɶɸ.  

 

 

Ɋɢcɭɧoɤ 2. ɆoɪɮoɥoɝɢɹɩoɩeɪeɱɧoɝoɢɡɥoɦaɦoɧocɥoɹɩɥeɧɤɢTiB2 (a), 

ɢɦɧoɝocɥoɣɧɵɯɩɥeɧoɤ [Ti / TiB2] 1 (b), [Ti / TiB2] 2 (c) ɢ [Ti / TiB2] 3 (d) 

 

ɇa ɪɢcɭɧɤe 3 (a) ɩɪeɞcɬaɜɥeɧɵ ɤɪɢɜɵe ɧaɝɪɭɡɤɢ-ɪaɡɝɪɭɡɤɢ 

ɧaɧoɢɧɞeɧɬɢɪoɜaɧɢɹ ɦɧoɝocɥoɣɧɵɯ ɩɥeɧoɤ [Ti / TiB2]n ɢ ɩɥeɧoɤTiB2. 

Ȼɵɥooɛɧaɪɭɠeɧo, ɱɬo ɬɜeɪɞocɬɶ ɦɧoɝocɥoɣɧɵɯ ɩɥeɧoɤ cɢɥɶɧo ɡaɜɢcɢɬ oɬ 

ɩeɪɢoɞoɜ. ȼ cɥɭɱae [Ti / TiB2] 1, ɛɵɥa ɩoɥɭɱeɧaoɬɧocɢɬeɥɶɧo ɧɢɡɤaɹ 

ɬɜeɪɞocɬɶ ɪaɜɧaɹ 20 Ƚɉa. C ɭɜeɥɢɱeɧɢeɦ ɩeɪɢoɞoɜ, ɬɜeɪɞocɬɶ ɩoɜɵɲaeɬcɹ ɞo 

ɦaɤcɢɦaɥɶɧoɣ ɜeɥɢɱɢɧɵ 26 Ƚɉa, ɤoɬoɪɵɣ ɛɵɥ ɩoɥɭɱeɧ ɜ [Ti / TiB2] 3 

ɦɧoɝocɥoɣɧɵɯ ɩɥeɧɤaɯ. ɗɬo ɛɵɥo ɩoɯoɠe ɧa ɬɜeɪɞocɬɶ ɩɥeɧoɤ TiB2 

ɧaɩɵɥeɧɧɵɯ ɧaaɡoɬɢɪoɜaɧɧoɝo AISI H13 cɬaɥɹ ɜ ɞɢaɩaɡoɧeoɬ 20 ɞo 30 Ƚɉa 

[14].Ɍɜeɪɞocɬɶ ɦɧoɝocɥoɣɧɵɯ ɩɥeɧoɤ ɛɵɥa ɭɜeɥɢɱeɧac ɭɜeɥɢɱeɧɢeɦ ɩeɪɢoɞa 
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ɢɡ-ɡa ɛoɥɶɲeɝo ɤoɥɢɱecɬɜa ɢɧɬeɪɮeɣcoɜ, ɝeɧeɪɢɪɭeɦɵɯ ɦeɠɞɭ Ti ɢ 

TiB2cɥoeɜ. Ɇɧoɝocɥoɣɧɵe ɩɥeɧɤɢ [Ti / TiB2]nc ɛoɥɶɲɢɦɢ ɩeɪɢoɞaɦɢ ɢɦeɸɬ 

ɧecɤoɥɶɤo ɢɧɬeɪɮeɣcoɜ  ɢ ɩeɪeɦeɳeɧɢe ɞɢcɥoɤaɰɢɣ ɡaɬɪɭɞɧeɧo [21]. 

 

a) 

 

ɛ) 

Ɋɢcɭɧoɤ 3. Ʉɪɢɜɵe ɧaɝɪɭɠeɧɢɹ-ɪaɡɝɪɭɠeɧɢɹ (a) ɢ ɬɜeɪɞocɬɶ (ɛ) ɞɥɹ ɦoɧocɥoɹ 

ɩɥeɧɤɢTiB2 ɢ [Ti /TiB2] n,ɝɞe ɦɧoɝocɥoɣɧɵe ɩɥeɧɤɢ  n = 1, 2, 3 

 

Ʉɪoɦe ɬoɝo, ɪaɡɦeɪ ɡeɪeɧ ɭɦeɧɶɲɢɥcɹ ɜ ɩɥeɧɤaɯTiB2c ɭɜeɥɢɱeɧɢeɦ ɩeɪɢoɞa ɢ 

ɩoɜɵɲeɧa ɬɜeɪɞocɬɶ ɦɧoɝocɥoɣɧɵɯ ɩɥeɧoɤ [22]. Ɍeɦ ɧe ɦeɧee, ɩocɪaɜɧeɧɢɸ 
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c ɬɜeɪɞocɬɶɸ ɦoɧocɥoɣɧoɣ ɩɥeɧɤɢ TiB2(33 Ƚɉa), ɦeɧɶɲaɹ ɬɜeɪɞocɬɶ 

ɦɧoɝocɥoɣɧoɣ ɬɜeɪɞocɬɢ ɩɥeɧoɤ ɦoɠeɬ ɛɵɬɶ cɜɹɡaɧoc ɷɮɮeɤɬoɦ 

ɩɪɢɥeɝaɸɳeɝo ɦɹɝɤoɝocɥoɹ Ti. ȼ ɪeɡɭɥɶɬaɬe ɞɢɮɮɭɡɢɢ aɬoɦoɜ ɦeɠɞɭ cɥoeɦ 

Ti ɢ ɩɪɢɥeɝaɸɳeɣ TiB2cɥoɹ, ɢɧɬeɪɮeɣcɵ ɦɧoɝocɥoɣɧɵɯ ɩɥeɧoɤ oɤaɡaɥɢcɶ 

ɤoɦɩoɡɢɰɢoɧɧo ɝɪaɞɢeɧɬɧoɣ ɡoɧoɣ, ɤoɬoɪaɹ ɩɪɢɜeɥa ɤ ɩoɬeɪe ɩoɜɵɲeɧɢe 

ɬɜeɪɞocɬɢ. ɇaɩɪoɬɢɜ, ɡɧaɱɢɬeɥɶɧoe ɩoɜɵɲeɧɢe ɬɜeɪɞocɬɢ ɧaɛɥɸɞaɥacɶ ɜ Ti / 

TiB2 ɦɧoɝocɥoɣɧɵɯ ɩɥeɧɤaɯ c ɩeɪɢoɞoɦ ɦoɞɭɥɹɰɢɢ ɜ ɞɢaɩaɡoɧeoɬ 1,1 ɞo 9,8 

ɧɦ ɜ cɪaɜɧeɧɢɢ c Ti ɢ TiB2 oɞɧocɥoɣɧɵɯ ɩɥeɧoɤ [23]. 

ȼ ɪaɛoɬe[24] ɩɪeɞcɬaɜɥeɧoɥaɡeɪɧaɹaɜɬoɦaɬɢɡɢɪoɜaɧɧaɹaɞɞɢɬɢɜɧaɹ 

ɬeɯɧoɥoɝɢɹ ɩɪɢɦeɧɹɥacɶ ɞɥɹ ɩoɥɭɱeɧɢɹ ɧaɧoɱacɬɢɰ TiB2, ɤoɬoɪɵe ɛɵɥɢ 

ɭɤɪeɩɥeɧɵ  ɤoɦɩoɡɢɰɢoɧɧɵɦ ɦaɬeɪɢaɥoɦ Inconel 625. ɂɡɭɱɢɥɢ ɜɥɢɹɧɢe 

ɞoɛaɜoɤ ɧaɧoTiB2 ɧa ɦɢɤɪocɬɪɭɤɬɭɪɭ, ɦɢɤɪoɬɜeɪɞocɬɶ, ɢɡɧococɬoɣɤocɬɶ ɢ 

ɦeɯaɧɢɱecɤɢecɜoɣcɬɜa ɤoɦɩoɡɢɬa. Ɋeɡɭɥɶɬaɬɵ ɪeɧɬɝeɧocɬɪɭɤɬɭɪɧoɝoaɧaɥɢɡa 

ɢ cɤaɧɢɪɭɸɳeɝo ɷɥeɤɬɪoɧɧoɝo ɦɢɤɪocɤoɩa ɩoɞɬɜeɪɠɞaɸɬ, 

ɱɬo ɥaɡeɪɧoe aɜɬoɦaɬɢɡɢɪoɜaɧɧoe aɞɞɢɬɢɜɧoe ɩɪoɢɡɜoɞcɬɜooɛɪaɛoɬaɧɧoe 

ɤoɦɩoɡɢɬoɦ Inconel 625/ ɧaɧoTiB2, cocɬoɢɬ ɢɡ oɞɢɧoɱɧɵɯ ɞɥɢɧɧɵɯ 

cɬoɥɛɱaɬɵɯ ɡeɪeɧ ɜɞoɥɶ cɬɪoeɧɢɹ ɜ ɧaɩɪaɜɥeɧɢɢ c ɱacɬɢɰaɦɢ ɤoɧɰeɧɬɪaɰɢɢ 

TiB2 ɧa ɝɪaɧɢɰaɯ ɡeɪeɧ. Ɇeɯaɧɢɱecɤoe ɬecɬɢɪoɜaɧɢe ɩoɤaɡaɥo, 

ɱɬoɥaɡeɪɧaɹaɜɬoɦaɬɢɡɢɪoɜaɧɧaɹ aɞɞɢɬɢɜɧaɹ ɬeɯɧoɥoɝɢɹ, oɛɪaɛoɬaɧɧaɹ 

ɤoɦɩoɡɢɬoɦ Inconel 625/nano- TiB2, oɛɥaɞaɥa ɩɪeɜocɯoɞɧɵɦɢ ɪacɬɹɠɢɦɵɦɢ 

cɜoɣcɬɜaɦɢ (σUTS ≈ 1020 MPa, σ0.2YS ≈ 714 MPa, δ≈ 19%) coɬɧocɢɬeɥɶɧo 

ɜɵcoɤoɣ ɦɢɤɪoɬɜeɪɞocɬɶɸ (HV0.2 = 347) ɢ ɯoɪoɲɢɦ aɛɪaɡɢɜɧɵɦ 

coɩɪoɬɢɜɥeɧɢeɦ (COF ≈ 0.39). 
ȼ ɩɭɛɥɢɤaɰɢɢ [25] ocaɠɞaɥɢ ɩɥeɧɤɢ ɧaocɧoɜecɩɥaɜaTiB2 ɧa 

ɢɧcɬɪɭɦeɧɬaɥɶɧoɣ cɬaɥɢ c ɩoɦoɳɶɸ ɞɢɧaɦɢɱecɤoɝocɦeɳeɧɢя ɢoɧoɜ (DIM)c 

ɢcɩoɥɶɡoɜaɧɢeɦ ɥɢɛo 320 ɤɷȼ ɢoɧoɜ Ar2+ ɢɥɢ ɢoɧoɜ 320 ɤɷȼ Xe2+. ɉoɬoɤ 

aɬoɦoɜ ocaɠɞaɥɢ, ɪacɩɵɥɹɹ ɦɢɲeɧɢ TiB2c ɢɧɬeɧcɢɜɧɵɦ ɢoɧɧɵɦɢ ɩɭɱɤaɦɢ 

Ar+ ɩɪɢ 1,2 ɤɷȼ, ɢcɬoɱɧɢɤoɦ ɢoɧoɜ ɢcɩoɥɶɡoɜaɥɢ ɢcɬoɱɧɢɤ ɢoɧoɜ ɬɢɩa 

Ʉaɭɮɦaɧa. Ɇɢɤɪocɬɪɭɤɬɭɪa ɩɥeɧoɤ ɢccɥeɞoɜaɥɢ ɩɪocɜeɱɢɜaɸɳeɣ 

ɷɥeɤɬɪoɧɧoɣ ɦɢɤɪocɤoɩɢeɣ, ɜ ɪeɠɢɦe ɧa ɩɪocɜeɬ. ɉɪɢɡɧaɧo, 
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ɱɬoɤɪɢcɬaɥɥɢɡaɰɢɹ ɢɧɞɭɰɢɪɭeɬcɹ DIM, ɢ ɱɬocɦeɲɢɜaɧɢe ɢɧɬeɪɮeɣca 

(ɩeɪeɯoɞɧɵɯ cɥoeɜ) oɤaɡɵɜaeɬ ɛɥaɝoɩɪɢɹɬɧoe ɜɥɢɹɧɢe ɧa ɯaɪaɤɬeɪɢcɬɢɤɢ 

aɞɝeɡɢɢ ɩoɤɪɵɬɢɹ. Oɬɧocɢɬeɥɶɧoe ɭɜeɥɢɱeɧɢe ɦɢɤɪoɬɜeɪɞocɬɢ ɩo ȼɢɤɤeɪcɭ 

ɞɥɹ ɩoɞɥoɠɤɢ ɢɡ ɢɧcɬɪɭɦeɧɬaɥɶɧoɣ cɬaɥɢ c ɩoɤɪɵɬɢeɦ cocɬaɜɥɹeɬ ɩoɪɹɞɤa 

23%. ȼɧɭɬɪeɧɧɸɸ ɬɜeɪɞocɬɶ ɞɥɹ 1 µɦ ɩoɤɪɵɬɢɣ TiB2 ɧa ɷɬɢɯ ɩoɞɥoɠɤaɯ 

ɭɜeɥɢɱɢɥɢ ɩɪeɞɩoɥaɝaeɦo ɞo 2200 ɤɝc ɦɦ-2, ɩɭɬeɦ ɩɪɢɦeɧeɧɢɹ ɦoɞeɥɢ 

ɤoɦɩoɡɢɬɧoɣ ɬɜeɪɞocɬɢ. 

 ȼ cɬaɬɶe [26] ɛɵɥɢ ɢccɥeɞoɜaɧɵ ɦɢɤɪocɬɪɭɤɬɭɪa, ɦeɯaɧɢɱecɤɢe ɢ 

ɬɪɢɛoɬeɯɧɢɱecɤɢecɜoɣcɬɜa ɤoɦɩoɡɢɬa WC- TiB2oɬɧocɢɬeɥɶɧo ɧeɪɠaɜeɸɳeɣ 

cɬaɥɢ 201. ɉo ɦeɪe ɭɜeɥɢɱeɧɢɹ coɞeɪɠaɧɢɹ TiB2oɬ 10% ɞo 

30%,oɬɧocɢɬeɥɶɧaɹ ɩɥoɬɧocɬɶ ɢ ɦeɯaɧɢɱecɤɢecɜoɣcɬɜa ɢ ɯaɪaɤɬeɪɢcɬɢɤɢ 

ɭɜeɥɢɱɢɜaɥɢcɶ, a ɬaɤɠe ɭɦeɧɶɲaɥɢcɶ ɞeɮeɤɬɵ ɜ ɦɢɤɪocɬɪɭɤɬɭɪe. 

Ʉoɷɮɮɢɰɢeɧɬ ɬɪeɧɢɹ ɧe ɬoɥɶɤo ɭɦeɧɶɲaeɬcɹ c ɭɜeɥɢɱeɧɢeɦ cɤoɪocɬɢ 

cɤoɥɶɠeɧɢɹ, ɧo ɢ ɭɦeɧɶɲaeɬcɹ c ɭɜeɥɢɱeɧɢeɦ ɩɪɢɥoɠeɧɧoɣ ɧaɝɪɭɡɤɢ. ȼ 

ɮoɪɦɢɪoɜaɧɢɢ ɢ ɪaɡɪɭɲeɧɢɢ ɤoɦɩoɡɢɰɢoɧɧɵɯ ɩoɤɪɵɬɢɣ ɜ ɤoɧɬaɤɬɧoɣ 

ɩoɜeɪɯɧocɬɢ, ɜaɠɧɭɸ ɪoɥɶ ɢɝɪaɸɬ ɦeɯaɧɢɡɦ aɛɪaɡɢɜɧoɝo ɢɡɧoca. ɍɞeɥɶɧaɹ 

cɤoɪocɬɶ ɢɡɧoca WC- TiB2 ɤoɦɩoɡɢɬoɜ ɜoɡɪacɬaɥac ɭɜeɥɢɱeɧɢeɦ ɧoɪɦaɥɶɧoɣ 

ɧaɝɪɭɡɤɢ ɢ cɤoɪocɬɢ cɤoɥɶɠeɧɢɹ, cooɬɜeɬcɬɜeɧɧo. WC-30%, ɤoɦɩoɡɢɬɵ TiB2 

ɩoɤaɡaɥɢ ɥɭɱɲɢe ɬɪɢɛoɥoɝɢɱecɤɢecɜoɣcɬɜa, ɱeɦ ɩɪɢ WC-10% ɤoɦɩoɡɢɬaTiB2 

ɢ WC-20% oɬ ɜeca ɤoɦɩoɡɢɬaTiB2. ɉo ɧaɲeɦɭ ɦɧeɧɢɸ, ɧeoɛɯoɞɢɦo ɛɵɥo ɛɵ 

ɭɜeɥɢɱɢɬɶ coɞeɪɠaɧɢe WC cɜɵɲe 30%, a ɢɧaɱe ɛɵ ɢccɥeɞoɜaɧɢe ɧe ɢɦeɥo ɛɵ 

ɡaɜeɪɲeɧɧoɝo ɯaɪaɤɬeɪa.  

 ȼ ɢccɥeɞoɜaɧɢɢ [27], ɝɪaɞɢeɧɬɧɵe ɤoɦɩoɡɢɰɢoɧɧɵe ɩoɤɪɵɬɢɹ Ti / TiB2 

/ MoS2 ɧaɧocɢɥɢcɶ c ɩoɦoɳɶɸ ɧecɛaɥaɧcɢɪoɜaɧɧoɝo ɦaɝɧeɬɪoɧɧoɝo 

ɪacɩɵɥeɧɢɹ (CFUBMS). Cɬɪɭɤɬɭɪɧɵecɜoɣcɬɜa ɝɪaɞɢeɧɬɧɵɯ ɤoɦɩoɡɢɰɢoɧɧɵɯ 

ɩoɤɪɵɬɢɢ Ti / TiB2 / MoS2aɧaɥɢɡɢɪoɜaɥɢ c ɩoɦoɳɶɸ ɷɧeɪɝo-ɞɢcɩeɪcɢoɧɧoɣ 

cɩeɤɬɪocɤoɩɢɢ (EDS), cɤaɧɢɪɭɸɳeɣ ɷɥeɤɬɪoɧɧoɣ ɦɢɤɪocɤoɩɢɢ (SEM) ɢ 

ɪeɧɬɝeɧoɜcɤoɣ ɞɢɮɪaɤɰɢɢ (XRD), ɢ ɬɜeɪɞocɬɶ ɩoɤɪɵɬɢɣ ɢɡɦeɪɹɥɢ c 

ɩoɦoɳɶɸ ɬecɬeɪa ɦɢɤɪoɬɜeɪɞoɦeɪa, aɞɝeɡɢoɧɧɵe ɢ ɭcɬaɥocɬɧɵecɜoɣcɬɜa 

ɩoɤɪɵɬɢɣ oɰeɧɢɜaɥɢ c ɩoɦoɳɶɸ cɤɪeɬɱ-ɬecɬa ɜ ɞɜɭɯ ɪeɠɢɦaɯ. ȼ 
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ɦɧoɝoɪeɠɢɦɧoɣ ɪaɛoɬecɤoɥɶɠeɧɢe-ɭcɬaɥocɬɶ ɢcɩoɥɶɡoɜaɥacɶ ɜɤɥɸɱeɧɧaɹ 

ɦɧoɝoɩɪoɯoɞɧaɹ ɰaɪaɩɢɧa ɩooɞɧoɦɭ ɢ ɬoɦɭ ɠecɥeɞɭ ɤoɬoɪaɹ ɛɵɥa ɡaɞaɧa 

ɢɡɧaɱaɥɶɧo, ɜ ɪaɡɥɢɱɧoɣ ɱacɬɢ ɤoɬoɪoɝo ɛɵɥa ɪaɡɧaɹ ɧaɝɪɭɡɤa 

(oɞɧoɧaɩɪaɜɥeɧɧoecɤoɥɶɠeɧɢe), a ɬaɤɠe ɛɵɥ ɢcɩoɥɶɡoɜaɧ cɬaɧɞaɪɬɧɵɣ 

cɩocoɛ c ɧaɪacɬaɸɳeɣ ɧaɝɪɭɡɤoɣ. Ɇeɯaɧɢɡɦɵ ɧeɭɞaɱɵɯ ɷɤcɩeɪɢɦeɧɬoɜ ɛɵɥɢ 

oɛcɭɠɞeɧɵ coɝɥacɧo ɦɢɤɪocɤoɩɢɱecɤɢɦ ɷɤcɩeɪɬɢɡaɦ ɢɡoɛɪaɠeɧɢɹ cɤɪeɬɱ 

cɥeɞoɜ. Ƚɪaɞɢeɧɬɧɵe ɤoɦɩoɡɢɰɢoɧɧɵe ɩoɤɪɵɬɢɹ Ti / TiB2 / MoS2 ɢɦeɸɬ 

ɩɥoɬɧɭɸ ɢ ɧecɬoɥɛɱaɬɭɸ cɬɪɭɤɬɭɪɭ. Ɋeɧɬɝeɧoɜcɤɢe ɞɢɮɪaɤɰɢoɧɧɵe ɤaɪɬɢɧɵ 

coɞeɪɠaɥɢ ɩɪeɢɦɭɳecɬɜeɧɧo ɩɢɤɢ MoS2 (002) ɢ TiB2 (100). Ɍoɤɢ ɦɢɲeɧɢ 

ɡɧaɱɢɬeɥɶɧo ɜɥɢɹɥɢ ɧa ɢɡɦeɧeɧɢe ɬoɥɳɢɧɵ ɢ ɬɜeɪɞocɬɢ ɩoɤɪɵɬɢɣ. Aɞɝeɡɢɹ ɢ 

coɩɪoɬɢɜɥeɧɢe ɤ ɭcɬaɥocɬɧɵɦ ɧaɝɪɭɡɤaɦ ɩoɤɪɵɬɢɣ ɭɥɭɱɲɢɥɢcɶ c 

ɭɜeɥɢɱeɧɢeɦ ɬɜeɪɞocɬɢ ɢ ɬoɥɳɢɧɵ, ɢ c ɭɦeɧɶɲeɧɢeɦ cooɬɧoɲeɧɢɹ Ti / Mo ɤ 

S / Ɇo. 

 ȼ ɪaɛoɬe [28] aɩɩaɪaɬɭɪa ɛɵɥacɩeɰɢaɥɶɧo ɪaɡɪaɛoɬaɧa ɞɥɹ ɢɡɦeɪeɧɢɹ 

ɦɢɤɪoɬɪeɧɢɹ ɢ aɞɝeɡɢɢ. ɇaɝɪɭɡɤa ɛɵɥa ɜ ɞɢaɩaɡoɧe 10-2000 μN ɢ ɜ 

ɝoɪɢɡoɧɬaɥɶɧoɦ ɧaɩɪaɜɥeɧɢɢ cocɤoɪocɬɶɸ 10-400 μm/s. Oɛɴeɤɬ ɛɵɥ 

ɩɪoɬecɬɢɪoɜaɧ c ɢcɩoɥɶɡoɜaɧɢeɦ ɲaɪɢɤa ɢɡ cɬaɥɢ ɞɢaɦeɬɪoɦ 0,7 ɦɦ ɤaɤ 

oɛɴeɤɬ ɞɥɹ ɢɡɦeɪeɧɢɹ ɦɢɤɪoɬɪeɧɢɹ ɢ aɞɝeɡɢɢ ɜ cɥoe Si (100) ɢ ɜ ɩɥeɧɤeTiB2. 

Ȼɵɥɢ ɢɡɭɱeɧɵ ɜɥɢɹɧɢe ɜɪeɦeɧɢ ɩaɭɡɵ, cɤoɪocɬɢ ɢ ɧaɝɪɭɡɤɢ. Ɋeɡɭɥɶɬaɬɵ 

ɩoɤaɡɵɜaɸɬ, ɱɬo ɦaɤcɢɦaɥɶɧɵecɬaɬɢɱecɤɢe ɢ cɢɥɵ ɬɪeɧɢɹ cɤoɥɶɠeɧɢɹ ɭ Si 

(100) ɢ ɩɥeɧɤɢ TiB2 ɪacɬɭɬ c ɭɜeɥɢɱeɧɢeɦ ɧaɝɪɭɡɤɢ. ɇa ɧɢɡɤɢɯ cɤoɪocɬɹɯ, 

ɜɥɢɹɧɢecɤoɪocɬɢ ɧacɢɥɭ ɬɪeɧɢɹ ɡɧaɱɢɬeɥɶɧoe (cɤoɪocɬɶ oɤaɡɵɜaeɬ 

ɡɧaɱɢɬeɥɶɧoe ɜɥɢɹɧɢe ɧacɢɥɭ ɬɪeɧɢɹ). Aɞɝeɡɢɹ cɥoeɜ Si(100) ɢ ɩɥeɧoɤ TiB2 

ɭɜeɥɢɱɢɜaɸɬcɹ ɩo ɦeɪe ɭɜeɥɢɱeɧɢɹ ɩaɭɡɵ, ɞocɬɢɝaɹ cɬaɛɢɥɶɧɵɯ ɡɧaɱeɧɢɣ 

ɩɪɢɛɥɢɡɢɬeɥɶɧo ɩocɥe 3000 c. ɍ ɩɥeɧoɤ TiB2 ɡɧaɱɢɬeɥɶɧo ɦeɧɶɲeaɞɝeɡɢɹ ɢ 

cɢɥa ɦɢɤɪoɬɪeɧɢɹ, ɱeɦ ɭ cɥoeɜ Si (100). 

 ȼ ɩɭɛɥɢɤaɰɢɢ [29], ɩoɤɪɵɬɢɹ ɞɢɛoɪɢɞa ɬɢɬaɧa (TiB2) ɛɵɥɢ ɧaɧeceɧɵ ɧa 

ɧeɩoɞɜɢɠɧɵe ɢ ɜɪaɳaɸɳɢecɹ oɛɪaɡɰɵ ɢɡ ɛɵcɬɪoɪeɠɭɳɢɯ cɬaɥeɣ ɦeɬoɞoɦ 

ɦaɝɧeɬɪoɧɧoɝo ɧaɩɵɥeɧɢɹ TiB2. Cɬɪɭɤɬɭɪa ɢ ɬɜeɪɞocɬɶ ɩoɤɪɵɬɢɣ ɢ aɞɝeɡɢɹ 

ocɧoɜaɧɢɹ ɩoɤɪɵɬɢɹ ɛɵɥɢ ɢccɥeɞoɜaɧɵ c ɩoɦoɳɶɸ ɪeɧɬɝeɧoɜcɤoɣ 
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ɞɢɮɪaɤɰɢɢ, cɤaɧɢɪɭɸɳeɣ ɷɥeɤɬɪoɧɧoɣ ɦɢɤɪocɤoɩɢɢ caɜɬoɷɥeɤɬɪoɧɧɵɦ 

ɷɦɢɬɬeɪoɦ, ɧaɧoɢɧɞeɧɬɢɪoɜaɧɢeɦ ɢ ɦɢɤɪocɤɪeɬɱɬecɬoɦ. Ɋeɡɭɥɶɬaɬɵ 

ɩoɤaɡɵɜaɸɬ, ɱɬo ɜɪaɳeɧɢe ɩoɞɥoɠɤɢ oɤaɡɵɜaeɬ ɡɧaɱɢɬeɥɶɧɵɣ ɷɮɮeɤɬ 

ɧacɬɪɭɤɬɭɪɭ ɢ cɜoɣcɬɜa. Ȼɵɥo ɭcɬaɧoɜɥeɧo, ɱɬoc ɜɪaɳeɧɢeɦ ɩoɞɥoɠɤɢ 

ɩoɤɪɵɬɢe TiB2 ɩoɤaɡɵɜaeɬ cɬoɥɛɱaɬɭɸ cɬɪɭɤɬɭɪɭ c ɩɪoɢɡɜoɥɶɧoɣ 

oɪɢeɧɬaɰɢeɣ ɢ oɬɧocɢɬeɥɶɧo ɧɢɡɤɭɸ ɬɜeɪɞocɬɶ, ɢ aɞɝeɡɢɸ ɩoɤɪɵɬɢɹ ɤ 

ɩoɞɥoɠɤe. C ɞɪɭɝoɣ cɬoɪoɧɵ, ɛeɡ ɜɪaɳeɧɢɹ ɩoɞɥoɠɤɢ, ɩoɤɪɵɬɢeTiB2 

ɩoɤaɡɵɜaeɬ ɩɪoɱɧɭɸ (001) ɩɥoɬɧɭɸ ɬeɤcɬɭɪɭ, ɦeɥɤoɡeɪɧɢcɬɭɸ cɬɪɭɤɬɭɪɭ. 

Ɍɜeɪɞocɬɶ ɢ aɞɝeɡɢɹ ɩoɤɪɵɬɢɣ ɩɥeɧɤa–ɩoɞɥoɠɤa, ɧaɧeceɧɧɵɯ ɧa 

ɧeɩoɞɜɢɠɧɵɯ ɩoɞɥoɠɤaɯ ɧaɦɧoɝo ɜɵɲe, ɱeɦ ocaɠɞaeɦɵɯ ɧa ɜɪaɳaɸɳɢɯcɹ 

ɩoɞɥoɠɤaɯ. ɇaɛɥɸɞaeɦɵe ɹɜɥeɧɢɹ ɛɵɥɢ oɛcɭɠɞeɧɵ c ɬoɱɤɢ ɡɪeɧɢɹ ɷɧeɪɝɢɢ 

ɪacɩɵɥeɧɧoɝo ɩoɬoɤa, ɤoɬoɪɵɣ ɦeɧɹeɬcɹ ɜ ɡaɜɢcɢɦocɬɢ oɬ ɪaccɬoɹɧɢɹ 

ɩoɞɥoɠɤa-ɦɢɲeɧɶ ɜo ɜɪeɦɹ cɦeɳeɧɢɹ. 

 

1.2 Ɇeɬoɞɵ ɩoɥɭɱeɧɢɹ ɩoɤɪɵɬɢɣTiB2 

ȼ ɪaɛoɬe [30] oɩɢcaɧɵ ɧeɤoɬoɪɵe ɦeɬoɞɵ, ɤoɬoɪɵe ɦoɝɭɬ ɩɪɢɦeɧɹɬɶcɹ 

ɞɥɹ ɩoɥɭɱeɧɢɹ ɩoɤɪɵɬɢɣ ɞɢɛoɪɢɞa ɬɢɬaɧa. Ɇeɬoɞɵ ɢ oɛoɪɭɞoɜaɧɢe ɞɥɹ 

ɩoɥɭɱeɧɢɹ ɬɜeɪɞɵɯ ɩoɤɪɵɬɢɣTiB2: ɢoɧɧo-ɩɥaɡɦeɧɧɵe  ɦeɬoɞɵ ɪacɩɵɥeɧɢɹ, 

ɦaɝɧeɬɪoɧɧoe ɪacɩɵɥeɧɢe. 

Мaɝɧeɬɪoɧɧoe ɪacɩɵɥeɧɢe 

 ȼ ɧacɬoɹɳee ɜɪeɦɹ ɞɥɹ ɧaɧeceɧɢɹ ɬɜeɪɞɵɯ ɩoɤɪɵɬɢɣ ɲɢɪoɤo 

ɢcɩoɥɶɡɭɸɬ ɦaɝɧeɬɪoɧɧɵɣ ɦeɬoɞ ɪacɩɵɥeɧɢɹ. ɗɬoɬ ɦeɬoɞ ɹɜɥɹeɬcɹ ɧaɢɛoɥee 

ɷɮɮeɤɬɢɜɧɵɦ ɢɡ cɭɳecɬɜɭɸɳɢɯ ɦeɬoɞoɜ ɢoɧɧo-ɩɥaɡɦeɧɧoɝo ɪacɩɵɥeɧɢɹ ɢ 

ɩoɷɬoɦɭ ɢcɩoɥɶɡɭeɬcɹ ɛoɥɶɲɢɧcɬɜoɦ ɤoɦɩaɧɢɣ, ɜɵɩɭcɤaɸɳɢɯ oɛoɪɭɞoɜaɧɢe 

ɞɥɹ ɧaɧeceɧɢɹ ɢɡɧococɬoɣɤɢɯ ɬɜeɪɞɵɯ ɩoɤɪɵɬɢɣ. 
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Ɋɢcɭɧoɤ 4. Cɯeɦa ɦaɝɧeɬɪoɧɧoɝo ɪacɩɵɥɢɬeɥɶɧoɝo ɭcɬɪoɣcɬɜa: 1 – ɤoɪɩɭc 

ɜaɤɭɭɦɧoɣ ɤaɦeɪɵ, 2 – ɪacɩɵɥɹeɦaɹ ɦɢɲeɧɶ, 3 – ɦaɝɧɢɬɧaɹ cɢcɬeɦa, 4 – 

cɢɥoɜɵe ɥɢɧɢɢ ɦaɝɧɢɬɧoɝo ɩoɥɹ aɪoɱɧoɝo ɬɢɩa, 5 – ɩoɬoɤ ɪacɩɵɥɹeɦoɝo 

ɦaɬeɪɢaɥa ɦɢɲeɧɢ, 6 – ɩoɞɥoɠɤa 

 

 Cɯeɦa ɦaɝɧeɬɪoɧɧoɣ cɢcɬeɦɵ ɪacɩɵɥeɧɢɹ ɩɪɢɜeɞeɧa ɧa ɪɢc. 4. 

Ɋacɩɵɥeɧɢe ɦaɬeɪɢaɥa ɦɢɲeɧɢ 2 ocɭɳecɬɜɥɹeɬcɹ ɢoɧaɦɢ ɪaɛoɱeɝo ɝaɡa, ɱaɳe 

ɜceɝoaɪɝoɧa. ɇa ɦɢɲeɧɶ ɩoɞaeɬcɹ oɬɪɢɰaɬeɥɶɧɵɣ ɩoɬeɧɰɢaɥ ɩoɪɹɞɤa 300 – 

1000ȼ oɬɧocɢɬeɥɶɧo ɤoɪɩɭca ɜaɤɭɭɦɧoɣ ɤaɦeɪɵ 1, ɤoɬoɪɵɣ oɛɵɱɧo 

ɡaɡeɦɥɹeɬcɹ. Cɢcɬeɦa ɦaɝɧɢɬoɜ 3 oɛecɩeɱɢɜaeɬ ɩoɥɭɱeɧɢe ɦaɝɧɢɬɧoɝo ɩoɥɹ 

aɪoɱɧoɝo ɬɢɩa 4, ɤoɬoɪoe ɥoɤaɥɢɡɭeɬ aɧoɦaɥɶɧɵɣ ɬɥeɸɳɢɣ ɪaɡɪɹɞ ɭ 

ɩoɜeɪɯɧocɬɢ ɦɢɲeɧɢ. ɗɥeɤɬɪoɧɵ ɩɥaɡɦɵ ɡaɦaɝɧɢɱeɧɵ ɢ ɦoɝɭɬ cɜoɛoɞɧo 

ɩeɪeɞɜɢɝaɬɶcɹ ɬoɥɶɤo ɜɞoɥɶ cɢɥoɜɵɯ ɥɢɧɢɣ ɦaɝɧɢɬɧoɝo ɩoɥɹ, 

ɱɬocɭɳecɬɜeɧɧo ɭɜeɥɢɱɢɜaeɬ cɬeɩeɧɶ ɢoɧɢɡaɰɢɢ ɩɥaɡɦɵ. ȼɵcoɤaɹ cɤoɪocɬɶ 

ɪacɩɵɥeɧɢɹ ɦaɬeɪɢaɥa ɦɢɲeɧɢ oɛɭcɥoɜɥeɧa ɜɵcoɤoɣ ɩɥoɬɧocɬɶɸ ɢoɧɧoɝo 

ɬoɤa, ɩɪɢɯoɞɹɳeɝo ɧa ɦɢɲeɧɶ. Cɬeɩeɧɶ ɢoɧɢɡaɰɢɢ ɦaɬeɪɢaɥa ɦɢɲeɧɢ ɧe 

ɩɪeɜɵɲaeɬ ɧecɤoɥɶɤɢɯ ɩɪoɰeɧɬoɜ, ɱɬo ɹɜɥɹeɬcɹ ɧeɞocɬaɬɤoɦ ɷɬoɝo ɦeɬoɞa 

ɪacɩɵɥeɧɢɹ, ɬaɤ ɤaɤ ɧe ɩoɡɜoɥɹeɬ ɷɮɮeɤɬɢɜɧo ɭcɤoɪɹɬɶ ɪacɩɵɥɹeɦɵɣ 

ɦaɬeɪɢaɥ ɦɢɲeɧɢ. Ʉɪoɦe ɬoɝo, ɤoɷɮɮɢɰɢeɧɬ ɪacɩɵɥeɧɢɹ ɧeɤoɬoɪɵɯ 
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ɦaɬeɪɢaɥoɜ, ɜ ɱacɬɧocɬɢ ɝɪaɮɢɬa, oɱeɧɶ ɧɢɡoɤ, ɱɬooɩɪeɞeɥɹeɬcɹ ɜɵcoɤoɣ 

ɷɧeɪɝɢeɣ cɭɛɥɢɦaɰɢɢ ɝɪaɮɢɬa ɢ, ɤɪoɦe ɬoɝo, ɦaɥɵɦ oɬɧoɲeɧɢeɦ ɦaccɵ 

aɬoɦa ɭɝɥeɪoɞa ɤ ɦacce ɢoɧaaɪɝoɧa (ɛeɡɪaɡɦeɪɧɵɣ ɤoɷɮɮɢɰɢeɧɬ   ɜ 

ɜɵɪaɠeɧɢɢ ɞɥɹ ɤoɷɮɮɢɰɢeɧɬa ɪacɩɵɥeɧɢɹ). 

 Ɋaccɦoɬɪeɧɧɵe ɧaɦɢ ɦeɬoɞɵ ɢoɧɧo-ɩɥaɡɦeɧɧoɝo ɪacɩɵɥeɧɢɹ ɢɦeɸɬ 

ɧecɤoɥɶɤocɭɳecɬɜeɧɧɵɯ ɩɪeɢɦɭɳecɬɜ ɩocɪaɜɧeɧɢɸ c ɬeɪɦɢɱecɤɢɦɢ 

ɦeɬoɞaɦɢ ɪacɩɵɥeɧɢɹ. ȼo-ɩeɪɜɵɯ, ɷɬo ɜoɡɦoɠɧocɬɶ ɪacɩɵɥeɧɢɹ ɬɭɝoɩɥaɜɤɢɯ 

ɦaɬeɪɢaɥoɜ ɢ ɪeaɥɢɡaɰɢɹ ɩɪoɰeccoɜ ɪeaɤɬɢɜɧoɝo ɪacɩɵɥeɧɢɹ ɜ 

cɪeɞeaɤɬɢɜɧɵɯ ɝaɡoɜ, ɱɬo ɧeoɛɯoɞɢɦo ɞɥɹ ɩoɥɭɱeɧɢɹ ɬɜeɪɞɵɯ ɩoɤɪɵɬɢɣ TiN, 

TiAlN ɢ ɬ.ɞ. ȼo-ɜɬoɪɵɯ, ɩoɥɭɱaɬɶ ɩoɤɪɵɬɢɹ ɧa ɛoɥɶɲoɣ ɩoɜeɪɯɧocɬɢ 

ɞocɬaɬoɱɧooɞɧoɪoɞɧɵe ɩo ɬoɥɳɢɧe ɢ, ɤɪoɦe ɬoɝo, cɭɳecɬɜeɧɧo ɭɩɪocɬɢɬɶ 

ɩɪoɰecc ɩoɥɭɱeɧɢɹ ɩoɤɪɵɬɢɣ ɡacɱeɬ ɜoɡɦoɠɧocɬɢ ɦɧoɝoɤɪaɬɧoɝo 

ɢcɩoɥɶɡoɜaɧɢɹ ɦɢɲeɧɢ. Ocɧoɜɧɵɦ ɧeɞocɬaɬɤoɦ ɦeɬoɞa ɹɜɥɹeɬcɹ 

ɧeɞocɬaɬoɱɧaɹ cɬeɩeɧɶ ɢoɧɢɡaɰɢɢ ɪacɩɵɥɹeɦoɝo ɦaɬeɪɢaɥa, ɱɬo ɧe ɩoɡɜoɥɹeɬ 

ɪeɝɭɥɢɪoɜaɬɶ ɜ ɲɢɪoɤɢɯ ɩɪeɞeɥaɯ ɷɧeɪɝɢɸ ɱacɬɢɰ ɩɪɢɯoɞɹɳɢɯɧaɩoɞɥoɠɤɭ. 

 Вaɤɭɭɦɧo-ɞɭɝoɜoe ɪacɩɵɥeɧɢe 

 Ocoɛeɧɧocɬɶɸ ɷɬoɝo ɜɢɞa ɪaɡɪɹɞa ɹɜɥɹeɬcɹ ɬo, ɱɬo ɞɥɹ 

eɝocɭɳecɬɜoɜaɧɢɹ ɧeɬ ɧeoɛɯoɞɢɦocɬɢ ɜ ɪaɛoɱeɦ ɝaɡe. ɗɬoɬ ɪaɡɪɹɞ 

cɭɳecɬɜɭeɬ ɜ ɜaɤɭɭɦe ɢ ɩɪoɞɭɤɬaɯ ɷɪoɡɢɢ oɞɧoɝo ɢɡ ɷɥeɤɬɪoɞoɜ, ɜ ɱacɬɧocɬɢ 

ɤaɬoɞa ɞɥɹ ɤaɬoɞɧoɣ ɮoɪɦɵ ɞɭɝɢ. ȼaɤɭɭɦɧaɹ ɞɭɝa ɯaɪaɤɬeɪɢɡɭeɬcɹ ɧɢɡɤɢɦ 

ɧaɩɪɹɠeɧɢeɦ ɝoɪeɧɢɹ ɪaɡɪɹɞa (10 – 40 ȼ) ɢ ɛoɥɶɲoɣ ɩɥoɬɧocɬɶɸ ɬoɤa 

ɩɥaɡɦɵ ɭ ɩoɜeɪɯɧocɬɢ ɤaɬoɞa. 

 Ƚeɧeɪaɬoɪoɦ ɩɥaɡɦɵ ɜ ɜaɤɭɭɦɧo-ɞɭɝoɜoɦ ɪaɡɪɹɞe ɹɜɥɹeɬcɹ 

ɹɪɤocɜeɬɹɳeecɹ ɤaɬoɞɧoe ɩɹɬɧo ɧa ɩoɜeɪɯɧocɬɢ ɤaɬoɞa, ɜ ɤoɬoɪoɦ 

cɤoɧɰeɧɬɪɢɪoɜaɧa ɩɪaɤɬɢɱecɤɢ ɜcɹ ɷɧeɪɝɢɹ ɪaɡɪɹɞa ɢ ɜ ɤoɬoɪoɦ ɩɪoɢcɯoɞɹɬ 

ocɧoɜɧɵe ɩɪoɰeccɵ: ɢcɩaɪeɧɢe ɦaɬeɪɢaɥa ɤaɬoɞa, ɢoɧɢɡaɰɢɹ, ɩɪeɜɪaɳeɧɢe ɜ 

ɩɥaɡɦɭ ɢ ɭcɤoɪeɧɢe ɢoɧoɜ. ȼɢɡɭaɥɶɧo, ɤaɬoɞɧɵe ɩɹɬɧa ɧaɯoɞɹɬcɹ ɜ 

ɩocɬoɹɧɧoɦ ɞɜɢɠeɧɢɢ, ɧo ɷɬo ɞɜɢɠeɧɢecɜɹɡaɧoc ɩoɝacaɧɢeɦ oɞɧɢɯ ɩɹɬeɧ ɢ 

ɜoɡɧɢɤɧoɜeɧɢeɦ ɧoɜɵɯ ɜ ɧeɩocɪeɞcɬɜeɧɧoɣ ɛɥɢɡocɬɢ oɬ cɬaɪɵɯ. 

 Ʉaɬoɞɧoe ɩɹɬɧooɛɥaɞaeɬ ɜɧɭɬɪeɧɧeɣ cɬɪɭɤɬɭɪoɣ, a ɢɦeɧɧo, oɧococɬoɢɬ 
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ɢɡ oɬɞeɥɶɧɵɯ ɹɱeeɤ. ɇeoɛɯoɞɢɦooɬɦeɬɢɬɶ, ɱɬo ɩɥoɬɧocɬɶ ɬoɤa ɜ ɤaɬoɞɧoɦ 

ɩɹɬɧe ɜaɤɭɭɦɧoɣ ɞɭɝɢ ɩoɪɹɞɤa 10
7
A/cɦ2. Ʉaɠɞoe ɷɥeɦeɧɬaɪɧoe ɤaɬoɞɧoe 

ɩɹɬɧo ɩeɪeɧocɢɬ ɜɩoɥɧeoɩɪeɞeɥeɧɧɵɣ ɬoɤ, ɩo ɦeɪe ɭɜeɥɢɱeɧɢɹ ɬoɤa ɞɭɝɢ 

ɭɜeɥɢɱɢɜaeɬcɹ ɤoɥɢɱecɬɜo ɤaɬoɞɧɵɯ ɩɹɬeɧ. 

 ɗɤcɩeɪɢɦeɧɬaɥɶɧo ɭcɬaɧoɜɥeɧ ɦɢɧɢɦaɥɶɧɵɣ ɩoɪoɝoɜɵɣ ɬoɤ 

cɭɳecɬɜoɜaɧɢɹ ɞɭɝoɜoɝo ɪaɡɪɹɞa 0i , ɤoɬoɪɵɣ cooɬɜeɬcɬɜɭeɬ ɬoɤɭ, 

ɩɪɢɯoɞɹɳeɦɭcɹ ɧaoɞɧo ɤaɬoɞɧoe ɩɹɬɧo. Ⱦɥɹ Bi4A; Zn10A; Pb8A; Al

25A; Cu100A; Ag, Fe60-100A; Cr70A; C200A; Mo150A; W300A. ȼ 

oɛɳeɦ cɥɭɱae 

ɤɢɩTi 0
, (1) 

ɝɞe ɤɢɩT  - ɬeɦɩeɪaɬɭɪa ɤɢɩeɧɢɹ ɦaɬeɪɢaɥa ɤaɬoɞa,  - ɬeɩɥoɩɪoɜoɞɧocɬɶ. 

 ȼaɠɧoɣ ɯaɪaɤɬeɪɢcɬɢɤoɣ ɜaɤɭɭɦɧo-ɞɭɝoɜoɝo ɪaɡɪɹɞa ɹɜɥɹeɬcɹ 

ɤoɷɮɮɢɰɢeɧɬ ɷɪoɡɢɢ ɦaɬeɪɢaɥa ɤaɬoɞa , ɤoɬoɪɵɣ ɢɡɦeɪɹeɬcɹ ɜ ɝ/Ʉɥ 

It

m

Q

m
 , (2) 

ɝɞem  - ɦacca ɢcɩaɪeɧɧoɝo ɦaɬeɪɢaɥa ɤaɬoɞa, Q - ɜeɥɢɱɢɧa ɡaɪɹɞa, I - ɬoɤ 

ɞɭɝoɜoɝo ɪaɡɪɹɞa, t - ɜɪeɦɹ cɭɳecɬɜoɜaɧɢɹ ɞɭɝoɜoɝo ɪaɡɪɹɞa. 

 ȼ ɬaɛɥɢɰe 1 ɩɪɢɜeɞeɧɵ ɡɧaɱeɧɢɹ ɤoɷɮɮɢɰɢeɧɬa ɷɪoɡɢɢ ɞɥɹ ɧeɤoɬoɪɵɯ 

ɦaɬeɪɢaɥoɜ. 
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Ɍaɛɥɢɰa 1. Ɂɧaɱeɧɢɹ ɤoɷɮɮɢɰɢeɧɬaɷɪoɡɢɢ ɞɥɹ ɧeɤoɬoɪɵɯ ɦaɬeɪɢaɥoɜ 

Ɇaɬeɪɢaɥ ɤaɬoɞa ɤɢɩT , Ʉ 
Ʉoɷɮɮɢɰɢeɧɬ ɷɪoɡɢɢ 

, ɝ/Ʉɥ 

Cd 1038 6,55∙10-4 

Zn 1180 6,2∙10-4
 

Mg 1380 0,36∙10-4 

Ag 2483 1,5∙10-4
 

Al 2740 1,2∙10-4
 

Cu 2668 1,15∙10-4
 

Cr 2956 0,4∙10-4
 

Ni 3003 1,0∙10-4
 

Fe 3343 0,73∙10
-4

 

Ti 3558 0,52∙10
-4

 

C 4173 0,17∙10
-4

 

Mo 4923 0,47∙10
-4

 

W 5973 0,62∙10
-4
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Ɋɢcɭɧoɤ5. Cɯeɦa ɜaɤɭɭɦɧo-ɞɭɝoɜoɝo ɪacɩɵɥɢɬeɥɶɧoɝo ɭcɬɪoɣcɬɜa: 1 – 

ɤoɪɩɭc ɜaɤɭɭɦɧoɣ ɤaɦeɪɵ, 2 – ɪacɯoɞɭeɦɵɣ ɤaɬoɞ, 3 – ɢcɬoɱɧɢɤ ɩɢɬaɧɢɹ, 4 

– ɩoɞɠɢɝaɸɳɢɣ ɷɥeɤɬɪoɞ, 5 – ɦaɝɧɢɬɧaɹ cɢcɬeɦa, 6 – ɩoɞɥoɠɤa 

 

 ɇa ɪɢc. 5 ɩɪɢɜeɞeɧacɯeɦa ɜaɤɭɭɦɧo-ɞɭɝoɜoɝo ɪacɩɵɥɢɬeɥɶɧoɝo 

ɭcɬɪoɣcɬɜa. Ɋacɯoɞɭeɦɵɣ ɤaɬoɞ 2 ɩoɞɤɥɸɱeɧ ɤ oɬɪɢɰaɬeɥɶɧoɦɭ ɜɵɜoɞɭ 

ɢcɬoɱɧɢɤa ɩɢɬaɧɢɹ 3, aɧoɞoɦ ɹɜɥɹeɬcɹ ɤoɪɩɭc ɜaɤɭɭɦɧoɣ ɤaɦeɪɵ 1. Ⱦɥɹ 

ɢɧɢɰɢaɰɢɢ ɪaɡɪɹɞa ɧa ɩoɞɠɢɝaɸɳɢɣ ɷɥeɤɬɪoɞ 4 ɩoɞaɸɬ ɦaɥoɦoɳɧɵɣ 

ɢɦɩɭɥɶc ɩoɞɠɢɝa, ɜ ɪeɡɭɥɶɬaɬe ɤoɬoɪoɝo ɧa ɛoɤoɜoɣ (ɧeɪaɛoɱeɣ) ɩoɜeɪɯɧocɬɢ 

ɤaɬoɞa ɜoɡɧɢɤaeɬ ɤaɬoɞɧoe ɩɹɬɧo, ɤoɬoɪoe ɦaɝɧɢɬɧɵɦ ɩoɥeɦ ɦaɝɧɢɬɧoɣ 

cɢcɬeɦɵ 5 ɩeɪeɜoɞɢɬcɹ ɧa ɪaɛoɱɭɸ ɬoɪɰeɜɭɸ ɩoɜeɪɯɧocɬɶ. 

 Ocɧoɜɧɵɦɢ ɩɪeɢɦɭɳecɬɜaɦɢ ɜaɤɭɭɦɧo-ɞɭɝoɜɵɯ cɢcɬeɦ ɩoɥɭɱeɧɢɹ 

ɩoɤɪɵɬɢɣ ɹɜɥɹeɬcɹ ɜɵcoɤaɹ cɬeɩeɧɶ ɢoɧɢɡaɰɢɢ ɩɪoɞɭɤɬoɜ ɷɪoɡɢɢ ɦaɬeɪɢaɥa 

ɤaɬoɞa, ɱɬo ɩoɡɜoɥɹeɬ ocɭɳecɬɜɥɹɬɶ ɷɥeɤɬɪocɬaɬɢɱecɤoe ɭcɤoɪeɧɢe ɢoɧoɜ 

ɩɥaɡɦɵ, a ɬaɤɠe ɭɩɪaɜɥɹɬɶ ɩɥaɡɦeɧɧɵɦ ɩoɬoɤoɦ c ɢcɩoɥɶɡoɜaɧɢeɦ 

ɦaɝɧɢɬɧoɝo ɩoɥɹ. Ʉɪoɦe ɬoɝo, ɬaɤɢecɢcɬeɦɵ ɜ ɧaɢɛoɥɶɲeɣ cɬeɩeɧɢ ɩɪɢɝoɞɧɵ 

ɞɥɹ ɪeaɤɬɢɜɧɵɯ ɦeɬoɞoɜ ɩoɥɭɱeɧɢɹ ɬɜeɪɞɵɯ ɩoɤɪɵɬɢɣ, oɛɥaɞaɸɳɢɯ ɜɵcoɤoɣ 

ɬɜeɪɞocɬɶɸ ɢ cɬoɣɤocɬɶɸ ɤ ɢcɬɢɪaɧɢɸ. 
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 ɇa ɪɢc. 6 ɩɪɢɜeɞeɧacɯeɦa ɜaɤɭɭɦɧo-ɞɭɝoɜoɝo ɪacɩɵɥɢɬeɥɶɧoɝo 

ɭcɬɪoɣcɬɜa, ɪaɛoɬaɸɳeɝo ɜ ɢɦɩɭɥɶcɧoɦ ɪeɠɢɦe, ɢcɩoɥɶɡɭeɦoɝo ɞɥɹ 

ɩoɥɭɱeɧɢɹ ɭɝɥeɪoɞɧɵɯ aɥɦaɡoɩoɞoɛɧɵɯ ɩoɤɪɵɬɢɣ. ɂcɬoɱɧɢɤoɦ ɩɢɬaɧɢɹ 

ɷɬoɝo ɭcɬɪoɣcɬɜa ɹɜɥɹeɬcɹ eɦɤocɬɧoɣ ɧaɤoɩɢɬeɥɶ 5, ɡaɪɹɠaeɦɵɣ oɬ ɢcɬoɱɧɢɤa 

ɩocɬoɹɧɧoɝo ɬoɤa. Ɋacɯoɞɭeɦɵɣ ɤaɬoɞ 4, ɢɡɝoɬoɜɥeɧɧɵɣ ɢɡ ɝɪaɮɢɬa 

ɩoɞɤɥɸɱeɧ ɤ oɬɪɢɰaɬeɥɶɧoɦɭ ɜɵɜoɞɭ eɦɤocɬɧoɝo ɧaɤoɩɢɬeɥɹ 5, aɧoɞ – ɤ 

ɩoɥoɠɢɬeɥɶɧoɦɭ ɜɵɜoɞɭ ɧaɤoɩɢɬeɥɹ. Ⱦɥɹ ɢɧɢɰɢaɰɢɢ ɪaɡɪɹɞa ɜ ɷɬoɣ cɢcɬeɦe 

ɢcɩoɥɶɡɭɸɬ ɤoɥɶɰeɜoɣ ɭɡeɥ ɩoɞɠɢɝa 3, ɤoɬoɪɵɣ ɝeɧeɪɢɪɭeɬ ɢɦɩɭɥɶcɧɵɣ 

ɩoɬoɤ ɩɥaɡɦɵ ɜ ɧaɩɪaɜɥeɧɢɢ ɤaɬoɞa 4, ɱɬo ɜɵɡɵɜaeɬ ɩoɹɜɥeɧɢe ɤaɬoɞɧɵɯ 

ɩɹɬeɧ ɧaeɝo ɬoɪɰeɜoɣ ɩoɜeɪɯɧocɬɢ. Ʉaɬoɞɧɵe ɩɹɬɧa, ɩoɤaɡaɧɧɵe ɧa ɪɢc. 7, 

ɝeɧeɪɢɪɭɸɬ ɭcɤoɪeɧɧɵɣ ɩɭɱoɤ ɭɝɥeɪoɞɧoɣ ɩɥaɡɦɵ ɜ ɧaɩɪaɜɥeɧɢɢ ɩoɞɥoɠɤɢ 

6. 

 

 

Ɋɢcɭɧoɤ6. Cɯeɦa ɜaɤɭɭɦɧo-ɞɭɝoɜoɝo ɪacɩɵɥɢɬeɥɶɧoɝo ɭcɬɪoɣcɬɜa, 

ɪaɛoɬaɸɳeɝo ɜ ɢɦɩɭɥɶcɧoɦ ɪeɠɢɦe: 1 – ɜaɤɭɭɦɧaɹ ɤaɦeɪa, 2 – aɧoɞ 

ocɧoɜɧoɝo ɪaɡɪɹɞa, 3 – ɤoɥɶɰeɜoɣ ɭɡeɥ ɩoɞɠɢɝa, 4 – ɝɪaɮɢɬoɜɵɣ ɤaɬoɞ 

ocɧoɜɧoɝo ɪaɡɪɹɞa, 5 – eɦɤocɬɧoɣ ɧaɤoɩɢɬeɥɶ, 6 – ɩoɞɥoɠɤa 

 



22 

 

 

 

Ɋɢcɭɧoɤ7. Ɏoɬoɝɪaɮɢɹ ɤaɬoɞɧɵɯ ɩɹɬeɧ ɧa ɩoɜeɪɯɧocɬɢ ɝɪaɮɢɬoɜoɝo ɤaɬoɞa 

 

 ɉɪeɢɦɭɳecɬɜoɦ ɢɦɩɭɥɶcɧɵɯ cɢcɬeɦ ɹɜɥɹeɬcɹ ɜoɡɦoɠɧocɬɶ ɩoɥɭɱeɧɢɹ 

ɩɥaɡɦɵ ɛoɥɶɲeɣ ɩɥoɬɧocɬɢ, ɩocɪaɜɧeɧɢɸ c ɭcɬɪoɣcɬɜaɦɢ ɧeɩɪeɪɵɜɧoɝo 

ɞeɣcɬɜɢɹ, a ɬaɤɠe ɜoɡɦoɠɧocɬɶ ɭcɤoɪeɧɢɹ ɩɥaɡɦeɧɧoɝo ɩoɬoɤa ɡacɱeɬ 

ɛoɥɶɲɢɯ ɬoɤoɜ ɪaɡɪɹɞa. Ʉɪoɦe ɬoɝo, ɢɦɩɭɥɶcɧɵɣ ɪeɠɢɦ ɪaɛoɬɵ ɩoɡɜoɥɹeɬ 

ɞoɡɢɪoɜaɬɶ ɬeɩɥoɜɭɸ ɧaɝɪɭɡɤɭ ɧa ɩoɞɥoɠɤe ɞɥɹ ɩoɞɞeɪɠaɧɢɹ 

ɬeɦɩeɪaɬɭɪɧoɝo ɪeɠɢɦa. 

 Oɛɳɢɦ ɧeɞocɬaɬɤoɦ ɜaɤɭɭɦɧo-ɞɭɝoɜɵɯ ɭcɬɪoɣcɬɜ ɹɜɥɹeɬcɹ ɛoɥɶɲoe 

ɤoɥɢɱecɬɜo ɦaɤɪoɱacɬɢɰ ɜ ɩɪoɞɭɤɬaɯ ɷɪoɡɢɢ ɤaɬoɞa, ɱɬo ɭɯɭɞɲaeɬ cɜoɣcɬɜa 

ɩoɥɭɱaeɦɵɯ ɩoɤɪɵɬɢɣ. Ⱦɥɹ ɭcɬɪaɧeɧɢɹ ɷɬoɝo ɧeɞocɬaɬɤa ɢcɩoɥɶɡɭɸɬ 

ɪaɡɥɢɱɧɵe ɭcɬɪoɣcɬɜaoɱɢcɬɤɢ ɩɥaɡɦeɧɧoɝo ɩoɬoɤaoɬ ɦaɤɪoɱacɬɢɰ, 

ocɧoɜaɧɧɵe ɧa ɷɥeɤɬɪoɦaɝɧɢɬɧoɦ ɪaɡɞeɥeɧɢɢ ɡaɪɹɠeɧɧɵɯ ɢ ɧeɡaɪɹɠeɧɧɵɯ 

ɱacɬɢɰ. Oɞɢɧ ɢɡ ɤoɧcɬɪɭɤɬɢɜɧɵɯ ɜaɪɢaɧɬoɜ ɬaɤoɣ cɢcɬeɦɵ ɩɪɢɜeɞeɧ ɧa ɪɢc. 

8. 

 ɉɪɢɧɰɢɩ ɞeɣcɬɜɢɹ ɷɬɢɯ ɭcɬɪoɣcɬɜ ocɧoɜaɧ ɧa ɡaɤoɧaɯ ɩɥaɡɦooɩɬɢɤɢ. 

ɗɥeɤɬɪoɧɵ ɩɥaɡɦɵ, ɝeɧeɪɢɪɭeɦoɣ ɤaɬoɞɧɵɦɢ ɩɹɬɧaɦɢ, cɭɳecɬɜɭɸɳɢɦɢ ɧa 

ɤaɬoɞe 2, ɡaɦaɝɧɢɱɢɜaɸɬcɹ ɦaɝɧɢɬɧɵɦ ɩoɥeɦ ɤaɬɭɲeɤ 3, ɪacɩoɥoɠeɧɧɵɯ ɧa 

ɩɥaɡɦoɜoɞe 4, ɩɪeɞcɬaɜɥɹɸɳeɦ coɛoɣ ɱeɬɜeɪɬɶ ɬoɪa. ɂoɧɵ ɩɥaɡɦɵ, 

ɭɜɥeɤaeɦɵe ɷɥeɤɬɪoɧaɦɢ, ɞɜɢɠɭɬcɹ ɜɧɭɬɪɢ ɩɥaɡɦoɜoɞa ɩo ɧaɩɪaɜɥeɧɢɸ ɤ 

ɩoɞɥoɠɤe 6, ɪacɩoɥoɠeɧɧoɣ ɜ ɜaɤɭɭɦɧoɣ ɤaɦeɪe 1. 
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ɇeɡaɪɹɠeɧɧɵeɦaɤɪoɱacɬɢɰɵ, ɤaɩɥɢ, ɩɪɢcɭɬcɬɜɭɸɳɢe ɜ ɩɪoɞɭɤɬaɯ ɷɪoɡɢɢ 

ɤaɬoɞa, oceɞaɸɬ ɧa ɩoɜeɪɯɧocɬɢ ɩɥaɡɦoɜoɞa 4, ɧe ɩoɩaɞaɹ ɧa ɩoɞɥoɠɤɭ 6. 

ɍcɬɪoɣcɬɜa ɬaɤoɝo ɬɢɩa ɩoɡɜoɥɹɸɬ ɩoɜɵcɢɬɶ ɤaɱecɬɜo ɩoɥɭɱaeɦɵɯ ɩoɤɪɵɬɢɣ, 

oɞɧaɤocɭɳecɬɜeɧɧo ɭɦeɧɶɲaɸɬ cɤoɪocɬɶ ɧaɧeceɧɢɹ ɩoɤɪɵɬɢɣ. 

 

 

 

Ɋɢcɭɧoɤ8. ɍcɬɪoɣcɬɜo ɞɥɹ oɱɢcɬɤɢ ɩɥaɡɦeɧɧoɝo ɩoɬoɤaoɬ ɦaɤɪoɱacɬɢɰ: 1- 

ɜaɤɭɭɦɧaɹ ɤaɦeɪa, 2 – ɤaɬoɞ, 3 – ɷɥeɤɬɪoɦaɝɧɢɬɧɵe ɤaɬɭɲɤɢ, 4 – ɩɥaɡɦoɜoɞ, 

5- ɧaɩɪaɜɥeɧɢe ɞɜɢɠeɧɢɹ ɩɥaɡɦeɧɧoɝo ɩoɬoɤa, 6 – ɩoɞɥoɠɤa 

 

Иɦɩɭɥɶcɧoe ɥaɡeɪɧoe ɪacɩɵɥeɧɢe 

 Ɋacɩɵɥeɧɢec ɩoɦoɳɶɸ ɧeɩɪeɪɵɜɧoɝo ɥaɡeɪa ɦoɠɧooɬɧecɬɢ ɤ 

ɬeɪɦɢɱecɤɢɦ ɦeɬoɞaɦ ɪacɩɵɥeɧɢɹ. Ɇeɬoɞ ɢɦɩɭɥɶcɧoɝo ɥaɡeɪɧoɝo 

ɪacɩɵɥeɧɢɹ (ɂɅɊ) ɜɵɝoɞɧooɬɥɢɱaeɬcɹ oɬ ɧeɩɪeɪɵɜɧoɝo ɦeɬoɞa. ɇaɥɢɱɢe 

ɛoɥɶɲoɣ ɞoɥɢ ɜoɡɛɭɠɞeɧɧɵɯ aɬoɦoɜ ɢ ɢoɧoɜ ɜ ɩɪoɞɭɤɬaɯ aɛɥɹɰɢɢ ɦɢɲeɧɢ 

ɩoɡɜoɥɹeɬ ɩoɧɢɡɢɬɶ ɬeɦɩeɪaɬɭɪɭ ɷɩɢɬaɤcɢaɥɶɧoɝo ɪocɬa, a ɜɵcoɤaɹ ɩɥoɬɧocɬɶ 
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ɩoɬoɤa ɪacɩɵɥeɧɧɵɯ ɱacɬɢɰ oɩɪeɞeɥɹeɬ ɜɵcoɤɭɸ cɤoɪocɬɶ oɛɪaɡoɜaɧɢɹ 

ɡaɪoɞɵɲeɣ ɢ ɩoɡɜoɥɹeɬ ɧaɩɵɥɹɬɶ ɬoɧɤɢecɩɥoɲɧɵe ɩoɤɪɵɬɢɹ (ɦeɧee 10 ɧɦ). 

Ɇeɬoɞ ɂɅɊ oɛecɩeɱɢɜaeɬ coɯɪaɧeɧɢe ɢcɯoɞɧoɝococɬaɜa ɦɢɲeɧɢ ɩɪɢ 

ɧaɩɵɥeɧɢɢ ɦɧoɝoɤoɦɩoɧeɧɬɧɵɯ ɜeɳecɬɜ. 

 ȼ ɧacɬoɹɳee ɜɪeɦɹ ɞɥɹ ɧaɧeceɧɢɹ ɬoɧɤɢɯ ɩoɤɪɵɬɢɣ ɜce ɱaɳecɬaɥɢ 

ɢcɩoɥɶɡoɜaɬɶ ɷɤcɢɦeɪɧɵe ɥaɡeɪɵ. Cɯeɦa ɷɤcɢɦeɪɧoɝo ɥaɡeɪa ɩɪɢɜeɞeɧa ɧa 

ɪɢc. 9. ɗɬoɬ ɬɢɩ ɥaɡeɪoɜ oɬɧocɢɬcɹ ɤ ɯɢɦɢɱecɤɢɦ ɥaɡeɪaɦ, ɜoɡɛɭɠɞaeɦɵɦ 

ɷɥeɤɬɪɢɱecɤɢɦ ɪaɡɪɹɞoɦ, aɤɬɢɜɧoɣ ɝaɡoɜoɣ cɪeɞoɣ ɤoɬoɪɵɯ cɥɭɠaɬ cɦecɢ 

ɢɧeɪɬɧɵɯ ɝaɡoɜ c ɝaɥoɝeɧaɦɢ. ɗɤcɢɦeɪɧɵe ɥaɡeɪɵ ɝeɧeɪɢɪɭɸɬ ɢɡɥɭɱeɧɢe ɜ 

ɭɥɶɬɪaɮɢoɥeɬoɜoɦ ɞɢaɩaɡoɧe, ɞɥɢɧa ɜoɥɧɵ ɤoɬoɪoɝo ɡaɜɢcɢɬ oɬ ɬɢɩa 

ɩɪɢɦeɧɹeɦoɣ ɝaɡoɜoɣ cɪeɞɵ, ɢɥɢ ɬoɱɧee, ɢcɩoɥɶɡɭeɦoɝo ɷɤcɢɦeɪa (cɦ. 

ɬaɛɥɢɰɭ 2). 

 

Ɍaɛɥɢɰa 2. Ⱦɥɢɧɵ ɜoɥɧ ɢɡɥɭɱeɧɢɹ, ɝeɧeɪɢɪɭeɦɵɯ ɷɤcɢɦeɪɧɵɦɢ ɥaɡeɪaɦɢ 

ɂcɩoɥɶɡɭeɦɵɣ ɷɤcɢɦeɪ Ⱦɥɢɧa ɜoɥɧɵ, ɧɦ 

ArF 193 

KrF 248 

XeBr 282 

XeCl 308 

XeF 351 
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Ɋɢcɭɧoɤ9. Cɯeɦa XeCl ɷɤcɢɦeɪɧoɝo ɥaɡeɪa: 1 – aɤɬɢɜɧaɹ ɝaɡoɜaɹ cɪeɞa, 2 – 

ɷɥeɤɬɪoɞɵ, 3 – cɢcɬeɦa ɡeɪɤaɥ, 4 – ɤɜaɪɰeɜoeoɤɧo ɥaɡeɪa, 5 – ɞɢaɮɪaɝɦa ɞɥɹ 

ɜɵɯoɞa ɥaɡeɪɧoɝo ɢɡɥɭɱeɧɢɹ 

 

 ɉɪɢɦeɧeɧɢe ɤoɪoɬɤoɜoɥɧoɜɵɯ ɷɤcɢɦeɪɧɵɯ ɥaɡeɪoɜ ɩoɡɜoɥɹeɬ 

ɩɪoɜoɞɢɬɶ aɛɥɹɰɢɸ ɬoɧɤoɝocɥoɹ ɦaɬeɪɢaɥa, cɭɳecɬɜeɧɧocɧɢɠaɹ ɜɵɛɪoc 

ɤaɩeɥɶ ɛɥaɝoɞaɪɹ ɦaɥoɣ ɝɥɭɛɢɧe ɩoɝɥoɳeɧɢɹ (ɩoɪɹɞɤa 4 ɧɦ). ȼɬoɪaɹ 

ocoɛeɧɧocɬɶ ɩɪoɰecca ɢcɩaɪeɧɢɹ ɡaɤɥɸɱaeɬcɹ ɜ ɬoɦ, ɱɬo ɜoɡɧɢɤɲaɹ ɜ ɩeɪɜɵɣ 

ɦoɦeɧɬ ɞeɣcɬɜɢɹ ɥaɡeɪɧoɝo ɢɦɩɭɥɶca ɩɥaɡɦa ɷɤɪaɧɢɪɭeɬ ɦɢɲeɧɶ ɢ ocɧoɜɧaɹ 

ɞoɥɹ ɥaɡeɪɧoɝo ɢɡɥɭɱeɧɢɹ ɩoɝɥoɳaeɬcɹ ɜ ɩɥaɡɦe. ɗɬo ɩɪɢɜoɞɢɬ ɤ ɬoɦɭ, ɱɬo 

ɷɪoɡɢoɧɧɵɣ ɮaɤeɥ ɡɧaɱɢɬeɥɶɧo ɢoɧɢɡoɜaɧ. 

 ɂɡɜecɬɧo, ɱɬo ɩɪɢ ɢcɩaɪeɧɢɢ ɦɢɲeɧɢ c ɛoɥee ɧɢɡɤɢɦ ɤoɷɮɮɢɰɢeɧɬoɦ 

ɩoɝɥoɳeɧɢɹ ɦeɯaɧɢɡɦ aɛɥɹɰɢɢ ɦeɧɹeɬcɹ. Ȼɥaɝoɞaɪɹ ɢcɩaɪeɧɢɸ ɜeɳecɬɜac 

ɩoɜeɪɯɧocɬɢ ɬeɦɩeɪaɬɭɪa ɬaɦ oɤaɡɵɜaeɬcɹ ɧɢɠe, ɱeɦ ɜɧɭɬɪɢ ɦɢɲeɧɢ, 

ɩoɷɬoɦɭ ɪaɡɪɭɲeɧɢe ɧocɢɬ ɯaɪaɤɬeɪ ɬeɩɥoɜoɝo ɜɡɪɵɜa. ȼ ɪeɡɭɥɶɬaɬe ɜ ɮaɤeɥe 

ɩɪɢcɭɬcɬɜɭeɬ ɛoɥɶɲoe ɤoɥɢɱecɬɜo ɬɜeɪɞɵɯ ɢ ɠɢɞɤɢɯ ɦɢɤɪoɱacɬɢɰ. 

Ʉoɷɮɮɢɰɢeɧɬ ɩoɝɥoɳeɧɢɹ ɡaɜɢcɢɬ oɬ ɞɥɢɧɵ ɜoɥɧɵ ɥaɡeɪɧoɝo ɢɡɥɭɱeɧɢɹ, ɢ, 

ɤaɤ ɩɪaɜɢɥo, oɧ ɪacɬeɬ c ɭɦeɧɶɲeɧɢeɦ ɩocɥeɞɧeɣ. ȼ cɜɹɡɢ c ɷɬɢɦ ɜɵɝoɞɧo 

ɩɪoɜoɞɢɬɶ ɥaɡeɪɧoe ɧaɩɵɥeɧɢec ɩoɦoɳɶɸ ɷɤcɢɦeɪɧɵɯ ɥaɡeɪoɜ. 
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 Ʉ ocɧoɜɧɵɦ ɞocɬoɢɧcɬɜaɦ ɥaɡeɪɧoɝo ɧaɩɵɥeɧɢɹ ɦoɠɧooɬɧecɬɢ 

cɧɢɠeɧɢe ɬeɦɩeɪaɬɭɪɵ ɷɩɢɬaɤcɢaɥɶɧoɝo ɪocɬa ɢ ɬoɱɧɵɣ ɤoɧɬɪoɥɶ ɬoɥɳɢɧɵ 

ɧaɩɵɥɹeɦoɝo ɩoɤɪɵɬɢɹ. 

 ɂɧɬeɪecɧɵe ɧoɜɵe ɜoɡɦoɠɧocɬɢ ɦeɬoɞɢɤɢ ɥaɡeɪɧo-ɩɥaɡɦeɧɧoɝo 

ɧaɩɵɥeɧɢɹ oɬɤɪɵɜaeɬ ɩɪɢɦeɧeɧɢe ɥaɡeɪɧoɣ aɛɥɹɰɢɢ ɭɥɶɬɪaɤoɪoɬɤɢɦɢ 

ɢɦɩɭɥɶcaɦɢ. Ɋaɛoɬɵ ɩo ɪaɡɜɢɬɢɸ ɷɬoɝo ɧaɩɪaɜɥeɧɢɹ ɛɵɥɢ ɧaɱaɬɵ ɩo 

ɢɧɢɰɢaɬɢɜeA.Ɇ.ɉɪoɯoɪoɜa.  

 Cɯeɦa ɭcɬaɧoɜɤɢ ɥaɡeɪɧoɝo ɧaɩɵɥeɧɢɹ ɬoɧɤɢɯ ɩoɤɪɵɬɢɣ ɩɪeɞcɬaɜɥeɧa 

ɧa ɪɢc. 10. ɂɡɥɭɱeɧɢe ɥaɡeɪa 1 c ɩoɦoɳɶɸ ɥɢɧɡɵ ɮoɤɭcɢɪɭeɬcɹ ɧa 

ɩoɜeɪɯɧocɬɢ ɬɜeɪɞoɣ ɦɢɲeɧɢ 4. ɉoɞ ɞeɣcɬɜɢeɦ ɥaɡeɪɧoɝo ɢɡɥɭɱeɧɢɹ 

ɩɪoɢcɯoɞɢɬ ɢcɩaɪeɧɢe ɦaɬeɪɢaɥa ɦɢɲeɧɢ ɢ oɛɪaɡɭeɬcɹ ɩɥaɡɦa. Ⱦɥɹ 

ɞoɩoɥɧɢɬeɥɶɧoɣ ɢoɧɢɡaɰɢɢ ɩɪoɞɭɤɬoɜ aɛɥɹɰɢɢ ɦɢɲeɧɢ ɜ ɧeɤoɬoɪɵɯ cɥɭɱaɹɯ 

ɢcɩoɥɶɡɭɸɬ CO2– ɥaɡeɪ 5. 

 

 

 

Ɋɢcɭɧoɤ 10. Cɯeɦa ɭcɬaɧoɜɤɢ ɞɥɹ ɥaɡeɪɧo-ɩɥaɡɦeɧɧoɝo ɧaɩɵɥeɧɢɹ ɬoɧɤɢɯ 

ɩoɤɪɵɬɢɣ: 1 - ɷɤcɢɦeɪɧɵɣ ɥaɡeɪ, 2- oɤɧa ɞɥɹ ɜɜoɞa ɥaɡeɪɧoɝo ɢɡɥɭɱeɧɢɹ ɢɡ 

ɤɜaɪɰa, 3 – ɥɭɱ ɷɤcɢɦeɪɧoɝo ɥaɡeɪa, 4 – ɦɢɲeɧɶ, 5 – CO2 – ɥaɡeɪ, 6 – ɥɭɱ CO2 

– ɥaɡeɪa 
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ȼaɤɭɭɦɧaɹ ɤaɦeɪaoɬɤaɱɢɜaeɬcɹ ɬɭɪɛoɦoɥeɤɭɥɹɪɧɵɦ ɢɥɢ 

ɞɢɮɮɭɡɢoɧɧɵɦ ɧacocoɦ ɞo ɞaɜɥeɧɢɹ ɩoɪɹɞɤa 10
-4 ɉa. ȼɧɭɬɪɢ ɤaɦeɪɵ 

ɪacɩoɥaɝaɸɬcɹ ɦɢɲeɧɶ, ceɩaɪaɬoɪ ɤaɩeɥɶ ɢ ɧaɝɪeɜaɬeɥɶ ɩoɞɥoɠɤɢ. Aɛɥɹɰɢɹ 

ɦɢɲeɧɢ ɩɪoɜoɞɢɥacɶ ɢɡɥɭɱeɧɢeɦ ɷɤcɢɦeɪɧoɝo ɥaɡeɪa (KrF, E  = 300 ɦȾɠ,   

= 20 ɧc,   = 248 ɧɦ, f = 10 Ƚɰ), ɤoɬoɪoe ɮoɤɭcɢɪoɜaɥocɶ ɥɢɧɡoɣ ɢɡ ɤɜaɪɰa 

Ʉɍ-1 ɧa ɦɢɲeɧɶ ɩoɞ ɭɝɥoɦ oɬ 20° ɞo 50°. ɉɥaɡɦa, ɪacɲɢɪɹɹcɶ ɩɪɢ ɪaɡɥeɬe ɩo 

ɧoɪɦaɥɢ ɤ ɦɢɲeɧɢ, ɞocɬɢɝaeɬ ɩoɞɥoɠɤɢ 7, ɧa ɩoɜeɪɯɧocɬɢ ɤoɬoɪoɣ ɢ 

ɩɪoɢcɯoɞɢɬ ɪocɬ ɩoɤɪɵɬɢɹ. ȼ ɤaɱecɬɜe ɦɢɲeɧɢ ɩɪɢɦeɧɹɸɬcɹ ɞɢcɤɢ ɢɡ 

ɧeoɛɯoɞɢɦɵɯ ɦaɬeɪɢaɥoɜ (ɦeɬaɥɥɵ, cɩɥaɜɵ, ɩoɥɭɩɪoɜoɞɧɢɤoɜɵe ɤɪɢcɬaɥɥɵ, 

ɤeɪaɦɢɤɢ, ɢ cocɬaɜɧɵe ɦɢɲeɧɢ). ɉɥoɬɧocɬɶ ɷɧeɪɝɢɢ ɥaɡeɪɧoɝo ɢɡɥɭɱeɧɢɹ ɧa 

ɩoɜeɪɯɧocɬɢ ɦɢɲeɧɢ ɜ ɪaɡɥɢɱɧɵɯ ɩɪoɰeccaɯ ɢɡɦeɧɹeɬcɹ oɬ 1 ɞo 22 Ⱦɠ/cɦ2
 

ɩɪɢ ɢɡɦeɧeɧɢɢ ɪaccɬoɹɧɢɹ ɦeɠɞɭ ɥɢɧɡoɣ ɢ ɦɢɲeɧɶɸ, ɬ.e. ɩɪɢ ɢɡɦeɧeɧɢɢ 

ɪaɡɦeɪoɜ ɩɹɬɧa ɮoɤɭcɢɪoɜɤɢ. ɉɥocɤocɬɢ ɦɢɲeɧɢ ɢ ɩoɞɥoɠɤɢ, ɤaɤ ɩɪaɜɢɥo, 

ɩaɪaɥɥeɥɶɧɵ ɞɪɭɝ ɞɪɭɝɭ ɢ oɬɤɥoɧeɧɵ ɧa 20° oɬ ɜeɪɬɢɤaɥɢ. Ɋaccɬoɹɧɢe ɦeɠɞɭ 

ɧɢɦɢ ɦoɠeɬ cocɬaɜɥɹɬɶ oɬ 25 ɞo 120 ɦɦ. 

 Ɇeɬoɞɭ ɢɦɩɭɥɶcɧoɝo ɥaɡeɪɧoɝo ɧaɩɵɥeɧɢɹ ɩɪɢcɭɳɢ ɧeɤoɬoɪɵe 

ɧeɞocɬaɬɤɢ, oɞɧɢɦ ɢɡ ɤoɬoɪɵɯ ɹɜɥɹeɬcɹ oɛɪaɡoɜaɧɢe ɤaɩeɥɶ ɩɪɢ aɛɥɹɰɢɢ 

ɦɢɲeɧɢ, ɤoɬoɪɵe, ecɬecɬɜeɧɧo, ɩoɩaɞaɸɬ ɧa ɜɵɪaɳɢɜaeɦoe ɩoɤɪɵɬɢe. Ʉaɤ 

ɩoɤaɡaɥɢ ɢccɥeɞoɜaɧɢɹ, ɢɡɛaɜɢɬɶcɹ oɬ ɤaɩeɥɶ, ɦeɧɹɹ ɪeɠɢɦɵ ɧaɩɵɥeɧɢɹ, ɧe 

ɭɞaeɬcɹ. Cɭɳecɬɜeɧɧoe ɪaɡɥɢɱɢecɤoɪocɬeɣ ɤaɩeɥɶ ɢ aɬoɦɧoɣ cocɬaɜɥɹɸɳeɣ 

ɥaɡeɪɧoɣ ɩɥaɡɦɵ ɩoɡɜoɥɹeɬ ɢcɩoɥɶɡoɜaɬɶ ɦeɯaɧɢɱecɤɢɣ ɮɢɥɶɬɪ ɞɥɹ 

ɩɪeɞoɬɜɪaɳeɧɢɹ ɩoɩaɞaɧɢɹ ɤaɩeɥɶ ɧa ɩoɜeɪɯɧocɬɶ ɜɵɪaɳɢɜaeɦoɝo 

ɩoɤɪɵɬɢɹ. ɉɪɢɦeɧeɧɢe ɬaɤoɝo ɮɢɥɶɬɪa ɡɧaɱɢɬeɥɶɧo ɭɥɭɱɲaeɬ ɦoɪɮoɥoɝɢɸ 

ɩoɤɪɵɬɢɣ. Ⱦɥɹ ɪacɱeɬa ɩaɪaɦeɬɪoɜ ɮɢɥɶɬɪa ɛɵɥɢ oɩɪeɞeɥeɧɵ cɤoɪocɬɧɵe 

ɪacɩɪeɞeɥeɧɢɹ ɤaɩeɥɶ ɢ aɬoɦoɜ ɜ ɩɥaɡɦeɧɧoɦ ɮaɤeɥe. ɍcɬaɧoɜɥeɧo, ɱɬo 

ɤaɩɥɢ ɢɦeɸɬ cɤoɪocɬɢ ɦeɧee 150 ɦ/c ɢ oɛɥaɞaɸɬ ɲɢɪoɤɢɦ ɪaɡɛɪocoɦ ɩo 

ɪaɡɦeɪaɦ (oɬ 0.5 ɞo 3 ɦɤɦ). Ȼɵɥɢ ɢɡɝoɬoɜɥeɧɵ ɢ ɢcɩɵɬaɧɵ ɮɢɥɶɬɪɵ 

cɤoɪocɬeɣ ɞɜɭɯ ɤoɧcɬɪɭɤɰɢɣ. Oɞɢɧ ɮɢɥɶɬɪ ɩɪeɞcɬaɜɥɹeɬ coɛoɣ ɞɢcɤ-

oɛɬɸɪaɬoɪ ɞɢaɦeɬɪoɦ 140 ɦɦ c ɩɪɹɦoɭɝoɥɶɧɵɦ oɬɜeɪcɬɢeɦ ɧa ɤɪaɸ 

ɪaɡɦeɪoɦ 10x10 ɦɦ. ȼɪaɳeɧɢe ɞɢcɤa ɢ ɡaɩɭcɤ ɥaɡeɪa ɛɵɥɢ cɢɧɯɪoɧɢɡoɜaɧɵ 
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ɬaɤ, ɱɬoɛɵ ɜ ɦoɦeɧɬ ɥaɡeɪɧoɝo ɢɦɩɭɥɶcaoɬɜeɪcɬɢe ɪacɩoɥaɝaɥocɶ ɧaɩɪoɬɢɜ 

ɩoɞɥoɠɤɢ. ɉɪɢ cɤoɪocɬɢ ɜɪaɳeɧɢɹ ɞɢcɤa ɛoɥee 6000 oɛ/ɦɢɧ ɩoɜeɪɯɧocɬɶ 

ɧaɩɵɥɹeɦoɝo ɩoɤɪɵɬɢɹ cɬaɧoɜɢɬcɹ cɜoɛoɞɧoɣ oɬ ɤaɩeɥɶ. ȼɪeɦɹ 

oɬɤɪɵɬoɝococɬoɹɧɢɹ oɛɬɸɪaɬoɪa ɩɪɢ ɷɬoɦ ɧe ɩɪeɜɵɲaeɬ 265 ɦɤc. ȼɬoɪoɣ 

ɮɢɥɶɬɪ cɤoɪocɬeɣ ɛɵɥ ɢɡɝoɬoɜɥeɧ ɜ ɜɢɞe ɞɢcɤa ɞɢaɦeɬɪoɦ 120 ɦɦ, ɩo ɤɪaɹɦ 

ɤoɬoɪoɝo ɪacɩoɥaɝaɥocɶ 30 ɥoɩaɬoɤ ɪaɡɦeɪoɦ 20ɯ15 ɦɦ. Ⱦɥɢɧɧaɹ cɬoɪoɧa 

ɥoɩaɬoɤ ɛɵɥa ɩeɪɩeɧɞɢɤɭɥɹɪɧa ɩɥocɤocɬɢ ɞɢcɤa, a ɤoɪoɬɤaɹ ɧaɩɪaɜɥeɧa ɩo 

ɪaɞɢɭcɭ. Ⱦɥɹ ɩoɥɧoɝo ɭɞaɥeɧɢɹ ɤaɩeɥɶ ɧeoɛɯoɞɢɦacɤoɪocɬɶ ɜɪaɳeɧɢɹ ɛoɥee 

15000 oɛ/ɦɢɧ. Ⱦɥɹ ɷɬoɣ ɤoɧcɬɪɭɤɰɢɢ ɜ oɬɥɢɱɢeoɬ ɩeɪɜoɣ ɧe 

ɧɭɠɧacɢɧɯɪoɧɢɡaɰɢɹ ɥaɡeɪɧɵɯ ɢɦɩɭɥɶcoɜ c ɜɪaɳeɧɢeɦ ɞɢcɤac ɥoɩaɬɤaɦɢ. 

 Ʉ ɧeɞocɬaɬɤaɦ ɦeɬoɞa ɦoɠɧooɬɧecɬɢ cɥoɠɧocɬɶ ɢ ɝɪoɦoɡɞɤocɬɶ 

ɩɪɢɦeɧɹeɦoɝo ɜ ɧacɬoɹɳee ɜɪeɦɹ oɛoɪɭɞoɜaɧɢɹ, a ɬaɤɠe ɧɢɡɤɢɣ 

ɤoɷɮɮɢɰɢeɧɬ ɩoɥeɡɧoɝo ɞeɣcɬɜɢɹ ɥaɡeɪoɜ. 

 

1.3Aɞɝeɡɢɹ 

 Oɛɡoɪ [31] ɩocɜɹɳeɧ ɜoɩɪocaɦ aɞɝeɡɢɣ. ɉɪaɝɦaɬɢɱecɤoeoɩɪeɞeɥeɧɢe 

«ɯoɪoɲeɣ aɞɝeɡɢɢ» («ɩɪaɤɬɢɱecɤaɹ aɞɝeɡɢɹ») ɦeɠɞɭ ɬoɧɤoɣ ɩɥeɧɤoɣ / 

ɩoɤɪɵɬɢeɦ ɢ ɩoɞɥoɠɤoɣ cocɬoɢɬ ɜ ɬoɦ, ɱɬo ɝɪaɧɢɰa ɪaɡɞeɥa (ɢɥɢ «coceɞɧɢɣ 

ɦaɬeɪɢaɥ») ɧe ɬeɪɩɢɬ ɪaɡɪɭɲeɧɢe («ɞeɦɩɮɢɪoɜaɧɢe») ɜo ɜɪeɦɹ 

oɛɪaɛoɬɤɢ[32]. ɏoɪoɲeɣ aɞɝeɡɢɢ cɩocoɛcɬɜɭɸɬ: 1) cɢɥɶɧaɹ ɯɢɦɢɱecɤaɹ cɜɹɡɶ 

ɧa ɝɪaɧɢɰe ɪaɡɞeɥa ɮaɡ, 2) ɧɢɡɤoe ɦeɯaɧɢɱecɤoe ɧaɩɪɹɠeɧɢe ɧa ɝɪaɧɢɰe 

ɪaɡɞeɥa, 3) oɬcɭɬcɬɜɢe ɪeɠɢɦoɜ ɥeɝɤoɝo ɪaɡɪɭɲeɧɢɹ / ɪaɡɪɭɲeɧɢɹ ɢ 4) 

oɬcɭɬcɬɜɢe ɞoɥɝoɜɪeɦeɧɧɵɯ ɪeɠɢɦoɜ ɞeɝɪaɞaɰɢɢ. 

Ɋeɠɢɦ ɪaɡɪɭɲeɧɢɹ ɡaɜɢcɢɬ oɬ cɜoɣcɬɜ ɦeɠɮaɡɧoɣ oɛɥacɬɢ ɢ ɦaɬeɪɢaɥa 

«ɪɹɞoɦ» ɢ oɬ oɛɳeɝo ɤoɥɢɱecɬɜa ɧaɩɪɹɠeɧɢɣ, ɤoɬoɪoɣ oɧa ɩoɞɜeɪɝaeɬcɹ. ɗɬɢ 

ɧaɩɪɹɠeɧɢɹ ɦoɝɭɬ ɛɵɬɶ ɮɢɡɢɱecɤɢɦɢ (ɜɧɭɬɪeɧɧɢɦɢ, ɜɧeɲɧɢɦɢ ɢ 

ɩɪɢɥoɠeɧɧɵɦɢ), a ɬaɤɠe ɯɢɦɢɱecɤɢɦɢ, ɷɥeɤɬɪɢɱecɤɢɦɢ ɢ ɬ. Ⱦ. 

Ɇeɯaɧɢɱecɤɢe ɧaɩɪɹɠeɧɢɹ ɦoɝɭɬ ɛɵɬɶ ɪacɬɹɝɢɜaɸɳɢɦɢ, cɞɜɢɝaɸɳɢɦɢ ɢɥɢ 

ɤoɦɛɢɧaɰɢoɧɧɵɦɢ. Oɧɢ ɬaɤɠe ɦoɝɭɬ ɛɵɬɶ ɰɢɤɥɢɱecɤɢɦɢ ɩocɜoeɣ ɩɪɢɪoɞe, 

ɩɪɢɜoɞɹ ɤ ɩoɬeɪe ɭcɬaɥocɬɢ. 
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 Oɞɧɢɦ ɢɡ ɜaɠɧɵɯ acɩeɤɬoɜ ɧeɭɞaɱɧoɣaɞɝeɡɢɢ ɹɜɥɹeɬcɹ ɢɧɢɰɢɢɪoɜaɧɢe 

ɢ ɪacɩɪocɬɪaɧeɧɢe ɪaɡɪɭɲeɧɢɹ ɧa ɝɪaɧɢɰe ɪaɡɞeɥa, ɜ ɝɪaɧɢɱɧoɣ oɛɥacɬɢ ɢ / 

ɢɥɢ ɜ ɛɥɢɡɥeɠaɳeɦ ɦaɬeɪɢaɥe [33]. ȼ ɪaɧɧɢɯ ɪaɛoɬaɯ ɩoaɞɝeɡɢɢ ɩɥeɧoɤ 

ɪaccɦaɬɪɢɜaɥɢcɶ ɬoɥɶɤo ɤoɧɰeɩɰɢɢ ɯɢɦɢɱecɤoɣ cɜɹɡɢ, a ɧe ɪaɡɪɭɲeɧɢɹ [34]. 

Ⱦɥɹ aɞɝeɡɢɢ ɜaɠɧɵ ɩɪɢɪoɞa ɢ cɜoɣcɬɜa ɩoɜeɪɯɧocɬɢ ɪaɡɞeɥa ɦeɠɞɭ 

ɩɥeɧɤoɣ ɢ ɩoɤɪɵɬɢeɦ. Ocɧoɜɧɵɦɢ ɬɢɩaɦɢ ɦeɠɮaɡɧɵɯ oɛɥacɬeɣ ɹɜɥɹɸɬcɹ: 1) 

ɪeɡɤɢɣ ɩeɪeɯoɞ cocɬaɜa ɢ cɜoɣcɬɜ; 2) ɩocɬeɩeɧɧɵɣ ɩeɪeɯoɞ cocɬaɜa ɢ cɜoɣcɬɜ 

(«ɝɪaɞɭɢɪoɜaɧɧɵɣ») ɧa ɧecɤoɥɶɤo-ɦɧoɝɢɯ cɥoeɜ aɬoɦoɜ ɢɥɢ 3) 

ɦɧoɠecɬɜeɧɧɵe ɢɧɬeɪɮeɣcɵ oɬ ɪaccɥoeɧɢɹ ɦeɠɞɭ ɩoɞɥoɠɤoɣ ɢ ɩoɤɪɵɬɢɹ. 

 Cɜoɣcɬɜa ɧaɧeceɧɧoɝo ɩoɤɪɵɬɢɹ / cɥoeɜ ɦoɝɭɬ ɢɦeɬɶ ɜaɠɧoe ɡɧaɱeɧɢe 

ɞɥɹ aɞɝeɡɢɢ. ȼaɠɧɵɦɢ cɪeɞɢ ɷɬɢɯ cɜoɣcɬɜ ɹɜɥɹɸɬcɹ: 1) ɜɧeɲɧee ɢ 

ɜɧɭɬɪeɧɧee ɧaɩɪɹɠeɧɢe ɩɥeɧɤɢ, ɩocɤoɥɶɤɭ oɧɢ ɞoɛaɜɥɹɸɬ ɤ ɩɪɢɥoɠeɧɧoɦɭ 

ɧaɩɪɹɠeɧɢɸ ɢ ɜɥɢɹɸɬ ɧa ɪacɩɪocɬɪaɧeɧɢe ɬɪeɳɢɧ; 2) cɬɪɭɤɬɭɪɭ ɩɥeɧɤɢ / 

ɩoɤɪɵɬɢɹ, ɩɥoɬɧocɬɶ ɢ ɦoɪɮoɥoɝɢɸ, ɩocɤoɥɶɤɭ oɧɢ ɜɥɢɹɸɬ ɧa ɦeɯaɧɢɡɦ 

ɪaɡɪɭɲeɧɢɹ; ɢ 3) ɞeɮeɤɬɵ ɩoɤɪɵɬɢɹ, ɬaɤɢe ɤaɤ ɬoɱeɱɧɵeoɬɜeɪcɬɢɹ ɂ 

ɰaɪaɩɢɧɵ, ɬaɤ ɤaɤ oɧɢ ɦoɝɭɬ cɥɭɠɢɬɶ ɜ ɤaɱecɬɜe ɬoɱeɤ ɢɧɢɰɢɢɪoɜaɧɢɹ ɞɥɹ 

ɪaɡɪɭɲeɧɢɹ ɢɥɢ ɤoɪɪoɡɢɢ. Cɜoɣcɬɜacɭɛcɬɪaɬa ɬaɤɠe ɦoɝɭɬ ɛɵɬɶ ɜaɠɧɵɦ 

ɮaɤɬoɪoɦ ɜ ɤaɠɭɳeɣcɹ aɞɝeɡɢɢ. ɂɡɦeɧeɧɢɹ ɜ ɩoɞɥoɠɤe ɜɛɥɢɡɢ ɝɪaɧɢɰɵ 

ɪaɡɞeɥa («coceɞɧɢɣ» ɦaɬeɪɢaɥ ɩoɞɥoɠɤɢ) ɦoɝɭɬ ɜɥɢɹɬɶ ɧaaɞɝeɡɢɸ (ɧaɩɪɢɦeɪ, 

ɩoɬeɪɸ ɭɝɥeɪoɞa ɢɡ ɤaɪɛɢɞɧoɣ ɩoɞɥoɠɤɢ ɩɪɢ ɧaɧeceɧɢɢ 

ɜɵcoɤoɬeɦɩeɪaɬɭɪɧoɝo ɩoɤɪɵɬɢɹ [35]). 

Aɞɝeɡɢɹ ɦoɠeɬ co ɜɪeɦeɧeɦ ɦeɧɹɬɶcɹ ɢɥɢ ɭɥɭɱɲaɬɶ [36,37], ɢɥɢ 

ɭɯɭɞɲaɬɶ aɞɝeɡɢɸ, ɱɬoɛɵ ɩɪoɝɪaɦɦa ɬecɬɢɪoɜaɧɢɹaɞɝeɡɢɢ oɬɪaɠaɥa ɷɬoɬ 

acɩeɤɬ [38]. ɇaɩɪɢɦeɪ, ɦeɬaɥɥɢɡaɰɢɹ ɯɪoɦoɜoɝo ɡoɥoɬa ɧacɬeɤɥe (Cr ɜ 

ɤaɱecɬɜe «cɥoɹ ɤɥeɹ») ɦoɠeɬ co ɜɪeɦeɧeɦ ɭɥɭɱɲaɬɶcɹ ɩɪɢ ɧɢɡɤoɣ 

ɬeɦɩeɪaɬɭɪe, ɤoɝɞa Cr ɪeaɝɢɪɭeɬ cocɬeɤɥoɦ, ɧoco ɜɪeɦeɧeɦ ɦoɠeɬ 

ɭɯɭɞɲaɬɶcɹ ɩɪɢ ɩoɜɵɲeɧɧoɣ ɬeɦɩeɪaɬɭɪe (> 200 ° C) ɧa ɜoɡɞɭɯe, ɝɞe Cr 

ɞɢɮɮɭɧɞɢɪɭeɬ ɤ ɩoɜeɪɯɧocɬɢ ɡoɥoɬa ɢ ɪeaɝɢɪɭeɬ c ɤɢcɥoɪoɞoɦ 

coɛɪaɡoɜaɧɢeɦ oɤcɢɞa (ɬ.e. ɩoɜeɪɯɧocɬɶ ɞeɣcɬɜɭeɬ ɤaɤ «cɬoɤ» ɞɥɹ Cr) [39]. 
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 ɂcɬoɪɢɹ ɩɥeɧɤɢ, oɛɪaɛoɬɤa / ɯɪaɧeɧɢe ɢ ɩɪeɞɜaɪɢɬeɥɶɧaɹ oɛɪaɛoɬɤa, 

ɬaɤaɹ ɤaɤ oɱɢcɬɤa ɪacɩɵɥeɧɢeɦ, ɦoɝɭɬ ɩoɜɥɢɹɬɶ ɧa ɞoɥɝocɪoɱɧɭɸ 

cɬaɛɢɥɶɧocɬɶ aɞɝeɡɢɢ. ɇaɩɪɢɦeɪ: ɜɥaɝa ɢɡ oɛɴeɦɧoɝo ɩoɥɢɦeɪa ɦoɠeɬ 

ɞɢɮɮɭɧɞɢɪoɜaɬɶ ɧa ɝɪaɧɢɰɭ ɪaɡɞeɥacaɥɸɦɢɧɢeɜoɣ ɩɥeɧɤoɣ, ɜɵɡɵɜaɸɳeɣ 

ɦeɠɮaɡɧɭɸ ɤoɪɪoɡɢɸ ɢ ɩoɬeɪɸ aɞɝeɡɢɢ; ȼɵcoɤoɷɧeɪɝeɬɢɱecɤaɹ 

ɧɢɡɤoɬeɦɩeɪaɬɭɪɧaɹ oɱɢcɬɤa ɪacɩɵɥeɧɢeɦ ɦoɠeɬ «ɩoɞcɬɢɥaɬɶ» 

ɧeɪacɬɜoɪɢɦɵe ɜɢɞɵ ɝaɡa ɧa ɩoɜeɪɯɧocɬɶ cɭɛcɬɪaɬa, ɤoɬoɪɵe ɡaɬeɦ 

ocaɠɞaɸɬcɹ ɜ ɦeɠɮaɡɧoɣ oɛɥacɬɢ coɛɪaɡoɜaɧɢeɦ ɩɭcɬoɬ ɢ ɥeɝɤoɝo 

ɪaɡɪɭɲeɧɢɹ [40]. 

 ɂɧɬeɪɮeɣc ɦeɠɞɭ ɩoɤɪɵɬɢeɦ ɢ ɩoɞɥoɠɤoɣ ɢɦeeɬ ɜaɠɧoe ɡɧaɱeɧɢe ɞɥɹ 

aɞɝeɡɢɢ ɢ «ɞeɦɩɮɢɪoɜaɧɢɹ» ɩɥeɧɤɢ / ɩoɤɪɵɬɢɹ. ɗɬoocoɛeɧɧo ɜaɠɧo, ɬaɤ ɤaɤ 

«ɩoɜeɪɯɧocɬɧaɹ ɢɧɠeɧeɪɢɹ» cɬaɧoɜɢɬcɹ ɛoɥee ɮɭɧɤɰɢoɧaɥɶɧoɣ, ɜɤɥɸɱaɹ 

ɢɡɦeɧeɧɢɹ ɝɥɭɛɢɧɵ ɩoɜeɪɯɧocɬɧoɣ oɛɥacɬɢ. 

 Ɇaɬɬoɤc ɯaɪaɤɬeɪɢɡoɜaɥ ɬɢɩɵ ɢɧɬeɪɮeɣcoɜ ɤaɤ: 1) 

ɦoɧoɥaɣɬeɪoɦoɧocɥoɣ (ɤɪɭɬoɣ), 2) ɦeɯaɧɢɱecɤɢɣ ɛɥoɤɢɪɭɸɳɢɣ (ɤɪɭɬoɣ), 3) 

ɞɢɮɮɭɡɢoɧɧɵɣ (cɩɥaɜɥeɧɢe), 4) coeɞɢɧeɧɢe (ɞɢɮɮɭɡɢɹ c ɪeaɤɰɢeɣ) ɢ 5) 

ɩceɜɞoɞɢɮɮɭɡɢɹ (cɦeɲaɧɧaɹ) [41,42]. 

 ɂɧɬeɪɮeɣc ɦoɧocɥoɹ c ɦoɧocɥoeɦ ɯaɪaɤɬeɪɢɡɭeɬcɹ ɪeɡɤɢɦ ɢɡɦeɧeɧɢeɦ 

oɬ ɦaɬeɪɢaɥa ɩɥeɧɤɢ ɤ ɦaɬeɪɢaɥɭ ɩoɞɥoɠɤɢ ɧa ɪaccɬoɹɧɢɢ, cɪaɜɧɢɦoɦ c 

ɪaccɬoɹɧɢeɦ ɦeɠɞɭ aɬoɦaɦɢ, ɛeɡ ɞɢɮɮɭɡɢɢ ɦeɠɞɭ ɩɥeɧɤoɣ ɢ ɩoɞɥoɠɤoɣ. 

ɇaɩɪɢɦeɪ: «Ɂoɥoɬo ɧa ɭɝɥeɪoɞɧɵɯ ɩɥeɧɤaɯ», ɢcɩoɥɶɡɭeɦoe ɞɥɹ ɪaɧɧɢɯ 

ɢccɥeɞoɜaɧɢɣ ɷɥeɤɬɪoɥɸɦɢɧecɰeɧɬɧoɝo ɦɢɤɪocɤoɩa ɧaocɧoɜe ɉɗɆ. 

 ɗɬoɬ ɬɢɩ ɢɧɬeɪɮeɣca ɯaɪaɤɬeɪɢɡɭeɬcɹ ɜɡaɢɦɧɵɦ ɩɪoɧɢɤɧoɜeɧɢeɦ 

ocaɠɞaɸɳɢɯcɹ aɬoɦoɜ ɜ ɩoɪɵ, ɝɪaɧɢɰaɦɢ ɡeɪeɧ ɢ ɲeɪoɯoɜaɬocɬɶɸ ɩoɞɥoɠɤɢ 

ɞɥɹ oɛecɩeɱeɧɢɹ ɦeɯaɧɢɱecɤoɣ ɜɡaɢɦoɛɥoɤɢɪoɜɤɢ, a ɬaɤɠecɜɹɡɢ 

aɬoɦacaɬoɦoɦ. 

 Ⱦɢɮɮɭɡɢɹ - ɷɬo ɱɢcɬoe ɞɜɢɠeɧɢe ɦoɥeɤɭɥ ɢɥɢ aɬoɦoɜ ɢɡ oɛɥacɬɢ 

ɜɵcoɤoɣ ɤoɧɰeɧɬɪaɰɢɢ ɜ oɛɥacɬɶ c ɛoɥee ɧɢɡɤoɣ ɤoɧɰeɧɬɪaɰɢeɣ. Ⱦɥɹ 

ɞɢɮɮɭɡɢɢ ɧeoɛɯoɞɢɦa ɧeɤoɬoɪaɹ cɬeɩeɧɶ ɪacɬɜoɪɢɦocɬɢ. Ⱦɢɮɮɭɡɢɹ ɦoɠeɬ 

ocɭɳecɬɜɥɹɬɶcɹ ɩɭɬeɦ ɡaɦeɧɵ ɦeɠɞɭ ɭɡɥaɦɢ ɪeɲeɬɤɢ ɢɥɢ ɦeɠɞoɭɡɥɢɹɦɢ 
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ɦeɠɞɭ ɭɡɥaɦɢ ɪeɲeɬɤɢ. ɉɪɢ ɡaɦeɳaɸɳeɣ ɞɢɮɮɭɡɢɢ ɞɢɮɮɭɧɞɢɪɭɸɳɢe 

ɱacɬɢɰɵ ɦoɝɭɬ ɩoɤɢɞaɬɶ ɩɭcɬoɬɵ Ʉɢɪɤeɧɞaɥɥa ɜ ɦeɠɮaɡɧoɣ oɛɥacɬɢ ɢɡ-ɡa 

ɪaɡɧoɣ cɤoɪocɬɢ ɞɢɮɮɭɡɢɢ (ɷɮɮeɤɬ Ʉɢɪɤeɧɞaɥɥa) [43,44]. 

 Coeɞɢɧeɧɢɹ oɛɪaɡɭɸɬcɹ ɩɭɬeɦ coeɞɢɧeɧɢɹ ɞɜɭɯ ɢɥɢ ɛoɥee ɷɥeɦeɧɬoɜ 

ɯɢɦɢɱecɤɢɦɢ cɜɹɡɹɦɢ. ɇaɢɛoɥeecɢɥɶɧɵe ɯɢɦɢɱecɤɢecɜɹɡɢ ɩɪeɞcɬaɜɥɹɸɬ 

coɛoɣ ɢoɧɧɵecɜɹɡɢ, oɛɪaɡɭɸɳɢecɹ, ɤoɝɞaoɞɢɧ aɬoɦ ɬeɪɹeɬ ɷɥeɤɬɪoɧ ɧa 

ɞɪɭɝɢeaɬoɦɵ, ɱɬo ɩɪɢɜoɞɢɬ ɤ ɪaɡɞeɥeɧɢɸ ɡaɪɹɞoɜ (ɧaɩɪɢɦeɪ, oɤcɢɞoɜ, 

ɧɢɬɪɢɞoɜ). Coeɞɢɧeɧɢɹ ɦeɬaɥɥ-ɦeɬaɥɥ ɢɦeɸɬ ɦecɬo ɞɥɹ oɛɪaɡoɜaɧɢɹ 

ɢɧɬeɪɦeɬaɥɥɢɱecɤɢɯ coeɞɢɧeɧɢɣ (ɧaɩɪɢɦeɪ, UAl2 [14], AuAl2 {«ɮɢoɥeɬoɜaɹ 

ɱɭɦa»} [46], Au5Al2 {ɛeɥaɹ ɱɭɦa}). ɍɠe ɞaɜɧooɬɦeɱaɥocɶ, ɱɬoaɞɝeɡɢɹ 

ɤɢcɥoɪoɞcoɞeɪɠaɳɢɯ ɦeɬaɥɥoɜ ɤ oɤcɢɞɧɵɦ ɩoɜeɪɯɧocɬɹɦ ɛɵɥa ɥɭɱɲe, ecɥɢ 

ocaɠɞeɧɢeɛɵɥo ɧaɱaɬoc ɩɥoɯɢɦ ɜaɤɭɭɦoɦ [36, 47], ɬoecɬɶ 

ɩeɪɜɵeocaɠɞaɸɳɢeaɬoɦɵ «ɩoɝɥoɳaɥɢ» ɤɢcɥoɪoɞ ɢɡ cɢcɬeɦɵ. Cɬeɩeɧɶ 

ɩoɜeɪɯɧocɬɢ coeɞɢɧeɧɢɹ ɦoɠeɬ ɛɵɬɶ caɦooɝɪaɧɢɱeɧɧoɣ, ecɥɢ ɦeɠɮaɡɧɵɣ 

cɥoɣ ɧe ɞoɩɭcɤaeɬ ɞɢɮɮɭɡɢɸ. 

 ɂɧɬeɪɮeɣc ɩceɜɞoɞɢɮɮɭɡɢoɧɧoɝo ɬɢɩa ɯaɪaɤɬeɪɢɡɭeɬcɹ ɝɪaɞɢeɧɬoɦ 

cocɬaɜa, ɤoɬoɪɵɣ ɧecɜɹɡaɧ c ɧoɪɦaɥɶɧoɣ ɞɢɮɮɭɡɢeɣ, ɭɩɪaɜɥɹeɦoɣ 

ɤoɧɰeɧɬɪaɰɢeɣ. ɂɧɬeɪɮeɣc ɩceɜɞoɞɢɮɮɭɡɢoɧɧoɝo ɬɢɩa ɦoɠeɬ ɛɵɬɶ 

cɮoɪɦɢɪoɜaɧ ɪaɡɥɢɱɧɵɦɢ ɩɭɬɹɦɢ, ɜɤɥɸɱaɹ: 1) ɢɦɩɥaɧɬaɰɢɸ ɢoɧoɜ ɜɵcoɤoɣ 

ɷɧeɪɝɢɢ (> 5 ɤɷȼ) c ɩocɬeɩeɧɧɵɦ cɧɢɠeɧɢeɦ ɷɧeɪɝɢɢ ɧaɥeɬaɸɳeɝo ɢoɧa [48]; 

2) ɢoɧɧɭɸ ɢɦɩɥaɧɬaɰɢɸ c ɧɢɡɤoɣ ɷɧeɪɝɢeɣ (<5 ɤɷȼ) ɜ ɉeɪɜɵe 

ɧecɤoɥɶɤoaɬoɦɧɵɯ cɥoeɜ ɩɪɢɩoɜeɪɯɧocɬɧoɣ oɛɥacɬɢ («ɩoɞcɥoɣ») [49]; 3) 

ɢɦɩɥaɧɬaɰɢɹ oɬɞaɱɢ ɩoɜeɪɯɧocɬɧɵɯ aɬoɦoɜ ɜ ɩɪɢɩoɜeɪɯɧocɬɧɭɸ oɛɥacɬɶ 

[49]; 4) ɪeaɤɰɢɹ c ɝaɡoɦ ɢɥɢ ɩaɪoɦ c ɩoɥɭɱeɧɢeɦ coeɞɢɧeɧɢɹ, ɤoɦɩoɡɢɬa ɢɥɢ 

ɝɪaɞɭɢɪoɜaɧɧoɝo ɂɧɬeɪɮeɣc, cocɬaɜ ɤoɬoɪoɝo ɦoɠeɬ ɤoɧɬɪoɥɢɪoɜaɬɶcɹ 

ɧaɥɢɱɢeɦ ɩaɪɵ ɝaɡ / ɩaɪ (O, N), ɢɥɢ 5) coɜɦecɬɧoeocaɠɞeɧɢe ɞɜɭɯ ɢɥɢ ɛoɥee 

ɤoɧɞeɧcɢɪɭeɦɵɯ ɱacɬɢɰ coɛɪaɡoɜaɧɢeɦ cɦeɲaɧɧoɣ, cɦeɲaɧɧoɣ, cɦeɲaɧɧoɣ 

ɢɥɢ ɝɪaɞɢeɧɬɧoɣ ɩoɜeɪɯɧocɬɢ ɪaɡɞeɥa, cocɬaɜ ɤoɬoɪoɣ Ɇoɠeɬ 

ɤoɧɬɪoɥɢɪoɜaɬɶcɹ oɬɧocɢɬeɥɶɧɵɦ ɩoɬoɤoɦ ɤoɧɞeɧcɢɪɭɸɳɢɯ ɱacɬɢɰ. 
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 ɂɧɬeɪɮeɣc ɬɢɩa 5 ɧe ɬɪeɛɭeɬ ɧaɥɢɱɢɹ ɪacɬɜoɪɢɦocɬɢ ɤoɧɞeɧcɢɪɭeɦɵɯ 

ɦaɬeɪɢaɥoɜ [50]. Ɍɢɩ 2) ɧaɯoɞɢɬcɹ ɜ ɩɪoɰeccaɯ ocaɠɞeɧɢɹ ɩaɪoɜ ɞɭɝɢ [51] ɢ 

HIPIMS [52-53], ɝɞe ɜ ɩɪoɰecce ɢcɩaɪeɧɢɹ oɛɪaɡɭeɬcɹ oɛɢɥɶɧoe ɤoɥɢɱecɬɜo 

«coɛcɬɜeɧɧɵɯ ɢoɧoɜ». 

 Ȼeɡɭcɥoɜɧo, ɜ ɦeɠɮaɡɧoɣ oɛɥacɬɢ ɦoɠeɬ ɛɵɬɶ ɛoɥeeoɞɧoɝo ɬɢɩa 

ɢɧɬeɪɮeɣca. ɏoɥɥaɪ ɢ ɞɪ. (1970) ɢcɩoɥɶɡoɜaɥɢ ɞɜoɣɧɭɸ ɝɪaɞɢeɧɬɧɭɸ 

ɦeɠɮaɡɧɭɸ oɛɥacɬɶ ɞɥɹ ɦeɬaɥɥɢɡaɰɢɢ ɩoɜeɪɯɧocɬɢ oɤcɢɞa ɩɭɬeɦ ocaɠɞeɧɢɹ 

ɪacɩɵɥeɧɢeɦ [54]. Ʉoɧcɬɪɭɤɰɢɹ ɛɵɥa: oɤcɢɞ → Nb: O → Nb → Nb: Ag → Ag. 

ɉoɥɭɱeɧɧoe ɩoɤɪɵɬɢe ɦoɠɧo ɩɪɢɩaɹɬɶ c ɩoɦoɳɶɸ ɷɜɬeɤɬɢɱecɤoɝo ɩɪɢɩoɹ 

Cu: Ag (780 ° C, 72% Ag: 28% Cu), ɱɬoɛɵ ɩoɥɭɱɢɬɶ ɩɪoɱɧoe, ɝeɪɦeɬɢɱɧoe 

ɭɩɥoɬɧeɧɢe. Ɍa ɠe ɤoɧcɬɪɭɤɰɢɹ ɛɵɥa ɢcɩoɥɶɡoɜaɧac Al: Ag ɞɥɹ ɩoɥɭɱeɧɢɹ 

ɩaɹeɦoɣ ɦeɬaɥɥɢɡaɰɢɢ. ɉaɪɰɢaɥɶɧoe ɞaɜɥeɧɢe ɤɢcɥoɪoɞa ɩɪɢ ocaɠɞeɧɢɢ 

ɝɪaɞɢeɧɬɧoɝooɤcɢɞɧoɝocɥoɹ ɤoɧɬɪoɥɢɪoɜaɥɢ c ɩoɦoɳɶɸ ɦacc-cɩeɤɬɪoɦeɬɪa 

ɞɢɮɮeɪeɧɰɢaɥɶɧoɣ ɧaɤaɱɤɢ ɢ ɜɪɭɱɧɭɸ ɭɩɪaɜɥɹɥɢ ɢɝoɥɶɱaɬɵɦɢ ɤɥaɩaɧaɦɢ ɢɡ 

ɪeɡeɪɜɭaɪoɜ Ar ɢ Ar + O2. 

 Ȼeɡɭcɥoɜɧo, ɤoɧɞeɧcaɰɢɹ ɩɪɢɦecɧɵɯ aɬoɦoɜ ɢ oɛɪaɡoɜaɧɢe ɡaɪoɞɵɲeɣ 

ɧa ɩoɜeɪɯɧocɬɢ ɹɜɥɹɸɬcɹ ɩeɪɜɵɦ ɲaɝoɦ ɜ ɥɸɛoɦ ɬɢɩe ɮoɪɦɢɪoɜaɧɢɹ 

ɩoɜeɪɯɧocɬɢ ɪaɡɞeɥa. Ecɥɢ ɞɢɮɮɭɡɢɹ oɬcɭɬcɬɜɭeɬ, ɬo ɜaɠɧɵɦ ɮaɤɬoɪoɦ ɜ 

ɩoɥɭɱeɧɧoɣ aɞɝeɡɢɢ ɹɜɥɹeɬcɹ «ɩɥoɬɧocɬɶ ɡaɪoɞɵɲeoɛɪaɡoɜaɧɢɹ». Ecɥɢ ɢɦeeɬ 

ɦecɬo ɞɢɮɮɭɡɢɹ, ɬo ɩɥoɬɧocɬɶ ɡaɪoɞɵɲeoɛɪaɡoɜaɧɢɹ ɦeɧee ɜaɠɧa, ɩocɤoɥɶɤɭ 

ɞɢɮɮɭɡɢɹ ɦoɠeɬ ɛɵɬɶ ɤaɤ ɩoɜeɪɯɧocɬɧoɣ, ɬaɤ ɢ ɥaɬeɪaɥɶɧoɣ ɩo ɝɪaɧɢɰe 

ɪaɡɞeɥa [56]. ȼ ɤaɱecɬɜeoɛɳeɝo ɭɬɜeɪɠɞeɧɢɹ ɦoɠɧocɤaɡaɬɶ, ɱɬo ɢɧɬeɪɮeɣcɵ 

c ɪeɡɤɢɦ ɬɢɩoɦ ɹɜɥɹɸɬcɹ ɧaɢɦeɧee ɛɥaɝoɩɪɢɹɬɧɵɦɢ ɞɥɹ ɯoɪoɲeɣ 

«ɩɪaɤɬɢɱecɤoɣ aɞɝeɡɢɢ». Ecɥɢ ɬɪeɛɭeɬcɹ ɧaɥɢɱɢe ɪeɡɤoɝo ɬɢɩa ɢɧɬeɪɮeɣca, 

ɬo ɞɥɹ aɞɝeɡɢɢ ɠeɥaɬeɥɶɧa ɜɵcoɤaɹ ɩɥoɬɧocɬɶ ɡaɪoɞɵɲeoɛɪaɡoɜaɧɢɹ, a 

ɬaɤɠecɢɥɶɧaɹ ɯɢɦɢɱecɤaɹ cɜɹɡɶ. Ʉɥaccɢɱecɤaɹ ɬeoɪɢɹ ɧɭɤɥeaɰɢɢ ɧaɱaɥacɶ ɜ 

1925 ɝ. c ɪaɛoɬɵ Ɏoɥɶɦeɪa ɢ ȼeɛeɪa [57]. ȼ 1938 ɝoɞɭ Cɬɪaɧcɤɢ ɢ Ʉɪacɬaɧoɜ 

oɬɦeɬɢɥɢ ɪocɬ ɩɥeɧoɤ ɡaɪoɠɞeɧɢeɦ ɢ ɤoaɥecɰeɧɰɢeɣ «ocɬɪoɜɤoɜ» ɹɞeɪ ɧa 

ɩoɜeɪɯɧocɬɢ [58,59]. ȼ cɥɭɱaɹɯ, ɤoɝɞa ɞɢɮɮɭɡɢɹ (ɬ.e. «ɤɪɭɬoɣ» ɬɢɩ 

ɢɧɬeɪɮeɣca) ɞɢɮɮɭɡɢɢ ɩɪɢɦecɧɵɯ aɬoɦoɜ ɧa ɩoɜeɪɯɧocɬɶ, ɦoɞeɥɢ 
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ɪocɬaoɛcɭɠɞaɥɢcɶ Ɇaɣeɪoɦ [60] ɜ 1955 ɝ. ɢ cɭɦɦɢɪoɜaɧɵ Ȼaɭɷɪoɦ ɜ 1958 ɝ. 

[61]. Ʉɥaccɢɮɢɤaɰɢɹ Ȼaɭɷɪa ɩoɥɶɡɭeɬcɹ ɩoɩɭɥɹɪɧocɬɶɸ c ɬeɯ ɩoɪ. 

 Cɭɳecɬɜɭeɬ ɦɧoɝocɩocoɛoɜ ɭɜeɥɢɱɢɬɶ ɩɥoɬɧocɬɶ ɡaɪoɞɵɲeɣ 

ɩɪɢɦecɧɵɯ aɬoɦoɜ ɧa ɩoɜeɪɯɧocɬɢ ɩoɞɥoɠɤɢ. ɇaɢɛoɥɶɲaɹ ɩɥoɬɧocɬɶ 

ɡaɪoɞɵɲeoɛɪaɡoɜaɧɢɹ ɞocɬɢɝaeɬcɹ ɩɪɢ cɢɥɶɧoɣ ɯɢɦɢɱecɤoɣ cɜɹɡɢ ɦeɠɞɭ 

ɩɪɢɦecɧɵɯ aɬoɦoɦ ɢ ɩoɜeɪɯɧocɬɧɵɦɢ aɬoɦaɦɢ, ɬaɤ ɱɬo ɤɢɧeɬɢɱecɤaɹ 

ɷɧeɪɝɢɹ ɩɪɢɦecɧoɝoaɬoɦa ɛɵcɬɪo ɬeɪɹeɬcɹ ɩɪɢ oɛɪaɡoɜaɧɢɢ ɢ ɪaɡɪɵɜe 

ɯɢɦɢɱecɤɢɯ cɜɹɡeɣ. Ɍaɤɢɦ oɛɪaɡoɦ, ɤaɠɞɵɣ ɩoɜeɪɯɧocɬɧɵɣ aɬoɦ ɞeɣcɬɜɭeɬ 

ɤaɤ «ɭɱacɬoɤ ɡaɪoɞɵɲeoɛɪaɡoɜaɧɢɹ». ɉɥaɡɦeɧɧɵeoɛɪaɛoɬɤɢ ɩoɥɢɦeɪoɜ ɜ 

aɡoɬɧoɣ ɢɥɢ ɤɢcɥoɪoɞɧoɣ ɩɥaɡɦecoɛɪaɡoɜaɧɢeɦ ɧa ɩoɜeɪɯɧocɬɢ 

ɤaɪɛoɧɢɥɶɧɵɯ (C = O) (ɤɢcɥɵɯ) ɢɥɢ aɦɢɧɧɵɯ (N = R, H) (ocɧoɜɧɵɯ) ɝɪɭɩɩ 

ɹɜɥɹɸɬcɹ ɩɪɢɦeɪaɦɢ Ɇoɞɢɮɢɤaɰɢɢ ɩoɜeɪɯɧocɬɢ, ɤoɬoɪaɹ ɡaɬɪaɝɢɜaeɬ ɬoɥɶɤo 

ɩoɜeɪɯɧocɬɧɵɣ aɬoɦɧɵɣ cɥoɣ, ɧo ɞeɥaeɬ ɩoɜeɪɯɧocɬɧɵe ɱacɬɢɰɵ ɛoɥee 

ɯɢɦɢɱecɤɢ aɤɬɢɜɧɵɦɢ [69]. Ɋaɧɧɢe ɪaɛoɬɵ ɩo ɩɥaɡɦeɧɧoɣ oɛɪaɛoɬɤe ɞɥɹ 

ɦoɞɢɮɢɤaɰɢɢ ɩoɥɢɦeɪɧɵɯ ɩoɜeɪɯɧocɬeɣ ɞɥɹ aɞɝeɡɢoɧɧoɝocɜɹɡɵɜaɧɢɹ 

ɩɪoɜoɞɢɥɢcɶ Ɋoccɦaɧoɦ ɤaɤ ɩɪɢ aɬɦocɮeɪɧɵɯ, ɬaɤ ɢ ɩɪɢ ɩoɧɢɠeɧɧɵɯ 

ɞaɜɥeɧɢɹɯ ɧa ɜoɡɞɭɯe (1956) [70]. Ɋoccɦaɧ ɢɞeɧɬɢɮɢɰɢɪoɜaɥ ɩoɜeɪɯɧocɬɧɭɸ 

ɤaɪɛoɧɢɥɶɧɭɸ ɝɪɭɩɩɭ ɢ oɤɢcɥeɧɢe ɤaɤ ɢcɬoɱɧɢɤ ɭɥɭɱɲeɧɧoɝocɜɹɡɵɜaɧɢɹ. 

ɉoɡɠe ɏaɧceɧ ɢ ɒoɧɯoɪɧ ɩoɤaɡaɥɢ, ɱɬo ɜoɡɞeɣcɬɜɢe ɭɥɶɬɪaɮɢoɥeɬoɜoɝo 

ɢɡɥɭɱeɧɢɹ ɢɡ ɩɥaɡɦɵ ɢɮ- ɪoɜoɝo ɝaɡa ɢɧeɪɬɧoɝo ɝaɡa ɜɵɡɵɜaeɬ cɲɢɜɤɭ, 

ɭcɢɥɢɜaɸɳɭɸ ɦaɬeɪɢaɥ «cɥaɛoɝo ɩoɝɪaɧɢɱɧoɝocɥoɹ», ɤoɬoɪɵɣ 

ɱacɬocɭɳecɬɜɭeɬ ɧa ɩoɥɢɦeɪɧɵɯ ɩoɜeɪɯɧocɬɹɯ [71]. ɏaɧceɧ ɢ ɒoɧɯoɪɧ, 

ɧaɡɜaɥɢ ɩɪoɰecc CASING (Cɲɢɜɤaaɤɬɢɜɢɪoɜaɧɧɵɦɢ ɜɢɞaɦɢ ɢɧeɪɬɧɵɯ 

ɝaɡoɜ). 

 ɉoɬoɤ (cɤoɪocɬɶ ocaɠɞeɧɢɹ) aɞaɬoɦoɜ ɧa ɩoɜeɪɯɧocɬɶ oɩɪeɞeɥɹeɬ 

cɤoɪocɬɶ ɢɯ cɬoɥɤɧoɜeɧɢɹ ɧa ɩoɜeɪɯɧocɬɢ. ȼo ɜɪeɦɹ cɬoɥɤɧoɜeɧɢɹ ɷɧeɪɝɢɹ 

ɩeɪeɞaeɬcɹ ɧa ɩoɜeɪɯɧocɬɶ, ɩoɷɬoɦɭ ɱeɦ ɜɵɲecɤoɪocɬɶ cɬoɥɤɧoɜeɧɢɹ, ɬeɦ 

ɜɵɲe ɩɥoɬɧocɬɶ ɡaɪoɠɞeɧɢɹ. C ɬoɱɤɢ ɡɪeɧɢɹ ɬeɪɦɢɱecɤoɣ oɛɪaɛoɬɤɢ 

ɢcɩaɪeɧɢɹ ɷɬooɡɧaɱaeɬ, ɱɬo ɡaɬɜoɪ ɢcɬoɱɧɢɤa ɧe ɞoɥɠeɧ oɬɤɪɵɜaɬɶcɹ ɞo ɬeɯ 

ɩoɪ, ɩoɤa ɧe ɛɭɞeɬ ɭcɬaɧoɜɥeɧacɤoɪocɬɶ ocaɠɞeɧɢɹ. ȼɭɞ [48a] ɢ Ʌeɧɝɦɸɪ [72] 
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ɢɡɭɱaɥɢ ɩɪoɰeccɵ ɡaɪoɠɞeɧɢɹ ɢ ɤoɧɞeɧcaɰɢɢ ɤaɞɦɢɹ ɧacɬeɤɥe ɢ oɛɧaɪɭɠɢɥɢ, 

ɱɬo «ɩɪeɞɜaɪɢɬeɥɶɧaɹ ɧɭɤɥeaɰɢɹ» ɜaɠɧa ɞɥɹ ɤoɧɞeɧcaɰɢɢ. Ʌɷɧɝɦɸɪ 

ɩɪeɞɜaɪɢɬeɥɶɧo ɡaɪoɠɞaɥ ɩoɜeɪɯɧocɬɶ ɩɪɢ ɧɢɡɤoɣ ɬeɦɩeɪaɬɭɪe, a ɡaɬeɦ 

ocaɠɞaɥ ɩɥeɧɤɭ ɩɪɢ ɛoɥee ɜɵcoɤoɣ ɬeɦɩeɪaɬɭɪe, ɝɞeoɛɵɱɧoaɞaɬoɦɵ 

ɩoɜɬoɪɧo ɢcɩaɪɹɥɢcɶ. 

 Oɩɬɢɱecɤɢe ɢ ɷɥeɤɬɪɢɱecɤɢecɜoɣcɬɜaoɱeɧɶ ɬoɧɤɢɯ cɥoeɜ ɡaɜɢcɹɬ oɬ 

ɩɥoɬɧocɬɢ ɡaɪoɠɞeɧɢɹ ɢ ɬoɥɳɢɧɵ, ɞo ɤoɬoɪoɣ ɩɥeɧɤa ɞoɥɠɧa ɪacɬɢ, ɱɬoɛɵ 

cɬaɬɶ ɧeɩɪeɪɵɜɧoɣ. ɇoɜɵɣ ɩoɜeɪɯɧocɬɧɵɣ cɥoɣ (cɥoɣ ɡaɪoɞɵɲeoɛɪaɡoɜaɧɢɹ 

ɢɥɢ «ɡaɬɪaɜoɱɧɵɣ cɥoɣ» ɦoɠeɬ ɛɵɬɶ ɧaɧeceɧ cɩeɰɢaɥɶɧo ɞɥɹ ɜoɡɞeɣcɬɜɢɹ ɧa 

ɡaɪoɠɞeɧɢe ɮɭɧɤɰɢoɧaɥɶɧoɣ ɩɥeɧɤɢ / ɩoɤɪɵɬɢɹ, ɤoɬoɪɵɣ ɬaɤɠe ɦoɠeɬ 

ɮɭɧɤɰɢoɧɢɪoɜaɬɶ ɤaɤ «cɥoɣ ɤɥeɹ» (cɦ. ɇɢɠe). Ɏɪeɣɡeɪ [73] ɞaeɬ oɬɱeɬ 

ɂcɩoɥɶɡoɜaɧɢɹ cɥoɹ ceɪeɛɪa ɞɥɹ ɜoɡɞeɣcɬɜɢɹ ɧa ɡaɪoɠɞeɧɢe ɰɢɧɤa ɧa 

ɩoɜeɪɯɧocɬɢ ɜ ɢccɥeɞoɜaɧɢɹɯ ɦoɥeɤɭɥɹɪɧɵɯ ɩɭɱɤoɜ (1931 ɝ.), a ɧaɱɢɧaɹ c 

1938 ɝ. ceɪeɛɪo ɢcɩoɥɶɡoɜaɥocɶ ɞɥɹ «ɩɪeɞɜaɪɢɬeɥɶɧoɣ ɧɭɤɥeaɰɢɢ» 

ɩoɜeɪɯɧocɬɢ ɛɭɦaɝɢ ɞɥɹ ɧaɧeceɧɢɹ ɰɢɧɤa ɧa ɥaɤɢɪoɜaɧɧɭɸ ɛɭɦaɝɭ ɞɥɹ 

ɛɭɦaɝɢ Ʉoɧɞeɧcaɬoɪɵ [74, 75]. ɐɢɧɤ c ɧɢɡɤoɣ ɬeɦɩeɪaɬɭɪoɣ ɩɥaɜɥeɧɢɹ 

ɢcɩoɥɶɡoɜaɥcɹ ɩoɬoɦɭ, ɱɬo ɞɭɝa ɱeɪeɡ ɩɥeɧɤɭ ɢɥɢ ɞeɮeɤɬ, ɬaɤaɹ ɤaɤ 

oɬɜeɪcɬɢe, ɜɵɡɵɜaɥa «ɪacɩɥaɜɥeɧɢe» ɢ «caɦoɜoccɬaɧoɜɥeɧɢe» ɤoɪoɬɤɢɯ. 

ɂcɩoɥɶɡoɜaɧɢe ɡaɬɪaɜoɱɧoɝocɥoɹ ɬaɤɠe ɞaɥo ɛoɥee ɝɥaɞɤɭɸ ɩɥeɧɤɭ c ɛoɥee 

ɜɵcoɤoɣ ɷɥeɤɬɪoɩɪoɜoɞɧocɬɶɸ ɩɪɢ ɦeɧɶɲeɣ ɬoɥɳɢɧe [76]. ɉɪeɞɜaɪɢɬeɥɶɧoe 

ɩɪocɜeɱɢɜaɧɢe ɬaɤɠe ɢcɩoɥɶɡɭeɬcɹ ɞɥɹ coɡɞaɧɢɹ oɬɩeɱaɬɤoɜ ɩaɥɶɰeɜ ɧa 

ɝɥaɞɤɢɯ ɩoɜeɪɯɧocɬɹɯ ɜ cɭɞeɛɧoɣ ɦeɞɢɰɢɧe [77-86]. 

 ɇɢɡɤaɹ ɩɥoɬɧocɬɶ ɡaɪoɞɵɲeoɛɪaɡoɜaɧɢɹ ɩɪɢ ɪocɬe ɩɥeɧɤɢ ɦoɠeɬ 

ocɬaɜɥɹɬɶ oɱaɝɢ ɢ ɧaɩɪɹɠeɧɢe ɩɥeɧɤɢ ɜ ɩɪoɰecce ɪocɬa ɩɥeɧɤɢ, ɱɬo ɦoɠeɬ 

ɩɪɢɜecɬɢ ɤ oɛɪaɡoɜaɧɢɸ ɦɢɤɪoɬɪeɳɢɧ ɜ ɩoɤɪɵɬɢɢ. ɗɬa «cɤɜoɡɧaɹ 

ɩoɪɢcɬocɬɶ» ɦoɠeɬ ɜɥɢɹɬɶ ɧaaɞɝeɡɢɸ ɩocɪeɞcɬɜoɦ «ɤoɪɪoɡɢɢ ɩɢɧɯoɥ» ɢ 

ɦeɠɮaɡɧoɣ ɤoɪɪoɡɢɢ. Cɪɵɜ aɞɝeɡɢɢ ɩɪɢ ɦeɠɮaɡɧoɣ ɤoɪɪoɡɢɢ ɭcɭɝɭɛɥɹeɬcɹ 

ɪacɲɢɪeɧɢeɦ ɩɪoɞɭɤɬoɜ ɤoɪɪoɡɢɢ ɢ «ɡaɤɥɢɧɢɜaɧɢeɦ» ɪacɩɪocɬɪaɧɹɸɳeɣcɹ 

ɬɪeɳɢɧɵ ɩɪoɞɭɤɬaɦɢ ɤoɪɪoɡɢɢ. «Cɤɜoɡɧaɹ ɩoɪɢcɬocɬɶ» ɦoɠeɬ ɛɵɬɶ 

ɦɢɧɢɦɢɡɢɪoɜaɧa ɡacɱeɬ ɧaɥɢɱɢɹ ɢɧɬeɪɮeɣca ɞɢɮɮɭɡɢoɧɧoɝo ɬɢɩa [56] ɢɥɢ 
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ɩceɜɞoɞɢɮɮɭɡɢoɧɧo-ɪeaɤɰɢoɧɧo-ocaɠɞeɧɧoɣ ɝɪaɞɭɢɪoɜaɧɧoɣ ɝɪaɧɢɱɧoɣ 

oɛɥacɬɢ (ɧaɩɪɢɦeɪ, CrN → Cr [87,88]). ɉɢɧɯoɥ ɜ ɩɥacɬɢɱɧoɦ ɦaɬeɪɢaɥe 

ɦoɠeɬ ɛɵɬɶ «ɡaɤɪɵɬ» ɩocɥeɞɭɸɳeɣ oɛɪaɛoɬɤoɣ, ɬaɤoɣ ɤaɤ ɩoɥɢɪoɜaɧɢe ɢɥɢ 

ɞɪoɛecɬɪɭɣɧoe ɭɩɪoɱɧeɧɢe ɩoɤɪɵɬɢɹ. 

 Cɭɳecɬɜɭeɬ ɦɧoɠecɬɜocɩocoɛoɜ ɢɡɦeɧeɧɢɹ cocɬaɜa, ɩɪoɬɹɠeɧɧocɬɢ, 

ɦoɪɮoɥoɝɢɢ ɢ cɜoɣcɬɜ ɦeɠɮaɡɧoɣ oɛɥacɬɢ c ɩocɥeɞɭɸɳeɣ oɛɪaɛoɬɤoɣ, 

ɜɪeɦeɧeɦ, ɯɪaɧeɧɢeɦ ɢ / ɢɥɢ ɢcɩoɥɶɡoɜaɧɢeɦ. ɗɬo ɛɵɥo ɜɩeɪɜɵeoɬɦeɱeɧo 

Ȼeɧɞɠaɦɢɧoɦ ɢ ɍɢɜeɪoɦ [36]. ɗɬɢ ɜoɡɦoɠɧocɬɢ cɥeɞɭeɬ ɩɪɢɧɢɦaɬɶ ɜo 

ɜɧɢɦaɧɢe ɩɪɢ ɪaɡɪaɛoɬɤe ɩɪoɝɪaɦɦɵ ɢcɩɵɬaɧɢɣ ɧaaɞɝeɡɢɸ ɢ ɜ ɯɪaɧeɧɢɢ 

aɪɯɢɜɧɵɯ oɛɪaɡɰoɜ. 

 ɇaɩɪɹɠeɧɢe, ɤoɬoɪoe ɩɪɢɤɥaɞɵɜaeɬcɹ ɤ ɦeɠɮaɡɧoɣ oɛɥacɬɢ ɢ ɜɵɡɵɜaeɬ 

ɩoɬeɪɸ aɞɝeɡɢɢ, cocɬoɢɬ ɢɡ ɜɧeɲɧeɝo ɧaɩɪɹɠeɧɢɹ, oɛɭcɥoɜɥeɧɧoɝo 

ɪaɡɥɢɱɢɹɦɢ ɜ ɤoɷɮɮɢɰɢeɧɬaɯ ɪacɲɢɪeɧɢɹ (COF) ɦaɬeɪɢaɥa ɩɥeɧɤɢ ɢ 

ɩoɞɥoɠɤɢ, ɜɧɭɬɪeɧɧeɣ («ɪocɬ» ɢɥɢ «ɜcɬɪoeɧɧoɣ») ɩɥeɧɤɢ Cɬɪecc ɢ 

ɩɪɢɦeɧɹeɦɵɣ (ɮɭɧɤɰɢoɧaɥɶɧɵɣ, cɥɭɠeɛɧɵɣ, ɬecɬoɜɵɣ) cɬɪecc (cɬɪecc). 

 ɇaɩɪɹɠeɧɢɹ (ɪacɬɹɠeɧɢe) ɜ ɩoɤɪɵɬɢɹɯ c ɝaɥɶɜaɧɢɱecɤɢɦ ɩoɤɪɵɬɢeɦ 

ɞaɜɧo ɢɡɭɱaɥɢcɶ, ɢ Cɬoɭɧɢ ɪaɡɪaɛoɬaɥ ɭɪaɜɧeɧɢe ɞɥɹ oɩɪeɞeɥeɧɢɹ 

ɧaɩɪɹɠeɧɢɹ ɷɥeɤɬɪoocaɠɞeɧɢɹ ɩɭɬeɦ oɬɤɥoɧeɧɢɹ ɞɥɢɧɧoɝo ɭɡɤoɝo ɩɭɱɤa ɜ 

1909 ɝoɞɭ (oɞɧoocɧoe ɧaɩɪɹɠeɧɢe) [89-90]. ȼɵcoɤɢe ɧaɩɪɹɠeɧɢɹ ɪacɬɹɠeɧɢɹ 

ɜ ɷɥeɤɬɪoɩɥaɬaɯ ɦoɝɭɬ ɜɵɡɜaɬɶ ɦɢɤɪoɬɪeɳɢɧɭ ɜ ɩoɤɪɵɬɢɢ, ɞaɠe ɧecɦoɬɪɹ ɧa 

ɬo, ɱɬo ɜɢɞɢɦaɹ aɞɝeɡɢɹ ɹɜɥɹeɬcɹ ɯoɪoɲeɣ (ɧaɩɪɢɦeɪ, ɝaɥɶɜaɧɢɱecɤɢɦ 

ɩoɤɪɵɬɢeɦ «ɹɪɤɢɣ ɯɪoɦ»). Coɜceɦ ɧeɞaɜɧo ɛɵɥɢ ɜɧeceɧɵ ɢɡɦeɧeɧɢɹ ɜ 

ɭɪaɜɧeɧɢeCɬoɭɧɢ ɞɥɹ ɭɱeɬa ɞɜɭɯocɧɵɯ ɧaɩɪɹɠeɧɢɣ, ɬaɤɢɯ ɤaɤ oɛɧaɪɭɠeɧɵ ɜ 

ɩoɤɪɵɬɢɹɯ ɧa ɤɪeɦɧɢeɜɵɯ ɩɥacɬɢɧaɯ [91]. 

 ȼ ɧeɤoɬoɪɵɯ cɥɭɱaɹɯ ɧaɩɪɹɠeɧɢe ɜ oɞɧoɦ ɧaɩɪaɜɥeɧɢɢ, cɜɹɡaɧɧoec 

ɢcɬoɱɧɢɤoɦ ɩaɪa, ɦoɠeɬ ɛɵɬɶ ɪaɡɥɢɱɧɵɦ ɢɥɢ ɞaɠe ɩɪoɬɢɜoɩoɥoɠɧɵɦ 

ɧaɩɪɹɠeɧɢɸ ɜ ɩeɪɩeɧɞɢɤɭɥɹɪɧoɣ ocɢ (ɧaɩɪɢɦeɪ, cɠɢɦaɬɶcɹ ɜ oɞɧoɦ 

ɧaɩɪaɜɥeɧɢɢ ɢ ɪacɬɹɝɢɜaɬɶcɹ ɜ ɞɪɭɝoɦ), coɡɞaɜaɹ ɞeɮoɪɦaɰɢɸ 

«ceɞɥooɛɪaɡɧoɣ ɮoɪɦɵ». Aɧɢɡoɬɪoɩɧoe ɧaɩɪɹɠeɧɢe ɦoɠeɬ oɩɪeɞeɥɹɬɶ 

ɤaɪɬɢɧɭ ɞeɦɩɮɢɪoɜaɧɢɹ (ɬɪeɳɢɧɵ ɢɥɢ ɩɭɡɵɪɢ) ɧa ɩoɜeɪɯɧocɬɢ. ȼ ɧeɤoɬoɪɵɯ 
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cɥɭɱaɹɯ, ɧaɩɪɢɦeɪ, aɥɸɦɢɧɢeɜɵe ɩɪoɜoɞɧɢɤɢ coɛoɥoɱɤoɣ ɢɡ PECVD, ɩɥeɧɤa 

ɦoɠeɬ ɛɵɬɶ ɩoɞɜeɪɝɧɭɬa ɬɪeɯocɧɵɦ ɧaɝɪɭɡɤaɦ, ɱɬo ɦoɠeɬ ɩɪɢɜecɬɢ ɤ 

oɛɪaɡoɜaɧɢɸ ɩɭcɬoɬ ɧa ɝɪaɧɢɰaɯ ɡeɪeɧ [92-96]. Ɍoɥɶɤo ɜ ɧaɱaɥe 1950-ɯ ɝoɞoɜ 

cɬɪecc ɜ ɩɥeɧɤaɯ PVD cɬaɥ cɱɢɬaɬɶcɹ ɜaɠɧɵɦ cɜoɣcɬɜoɦ [97]. Ɋaɧɧɢe 

ɢccɥeɞoɜaɧɢɹ ɩoɤaɡaɥɢ, ɱɬo ɛoɥɶɲɢɧcɬɜo ɩɥeɧoɤ, ɧaɧeceɧɧɵɯ ɬeɪɦɢɱecɤɢɦ 

ɢcɩaɪeɧɢeɦ, ɢɦeɸɬ ɪacɬɹɝɢɜaɸɳee ɧaɩɪɹɠeɧɢe ɢ ɢɡɦeɧɹɸɬcɹ ɩo ɬoɥɳɢɧe. 

 ɗɬɢ ɧaɩɪɹɠeɧɢɹ ɜɥɢɹɥɢ ɧe ɬoɥɶɤo ɧaaɞɝeɡɢɸ, ɧo ɢ ɧa 

ɦeɯaɧɢɱecɤɢecɜoɣcɬɜaocaɠɞeɧɧoɝo ɦaɬeɪɢaɥa [98]. Ȼoɥee ɩoɡɞɧɢe 

ɢccɥeɞoɜaɧɢɹ ɩoɤɪɵɬɵɯ ɪacɩɵɥeɧɢeɦ ɩoɤɪɵɬɢɣ ɢɡ ɤɪɢcɬaɥɥɢɱecɤɢɯ ɢ 

aɦoɪɮɧɵɯ ɦaɬeɪɢaɥoɜ ɩoɤaɡaɥɢ ɤaɤ ɪacɬɹɝɢɜaɸɳɢe, ɬaɤ ɢ cɠɢɦaɸɳɢe 

ɧaɩɪɹɠeɧɢɹ ɜ ɡaɜɢcɢɦocɬɢ oɬ ɭcɥoɜɢɣ ɪacɩɵɥeɧɢɹ. ɇaɩɪɹɠeɧɢe ɜ 

ocaɠɞeɧɧɵɯ ɩoɤɪɵɬɢɹɯ ɜɥɢɹeɬ ɧe ɬoɥɶɤo ɧa ɤaɠɭɳɭɸcɹ aɞɝeɡɢɸ, ɧo ɢ ɦoɠeɬ 

ɩɪɢɜoɞɢɬɶ ɤ ɦaccoɜoɦɭ ɩeɪeɦeɳeɧɢɸ ɞo ɬaɤoɣ cɬeɩeɧɢ, ɱɬooɛɪaɡɭɸɬcɹ 

ɩɭcɬoɬɵ [92-96, 99], ɢɥɢ ɦaɬeɪɢaɥ ɪeɤɪɢcɬaɥɥɢɡɭeɬcɹ ɩɪɢ ɤoɦɧaɬɧoɣ 

ɬeɦɩeɪaɬɭɪe [100]. Oɬɠɢɝ ɦoɠeɬ ɬaɤɠe ɩoɡɜoɥɢɬɶ cɧɹɬɢe ɧaɩɪɹɠeɧɢɹ ɤaɤ ɜ 

ɤɪɢcɬaɥɥɢɱecɤɢɯ [97], ɬaɤ ɢ ɜ aɦoɪɮɧɵɯ [101] ɩɥeɧɤaɯ. 

 ɉoɥɧoe (ɤaɠɭɳeecɹ) ɧaɩɪɹɠeɧɢe ɜ ɩɥeɧɤaɯ ɉȼȾ ɦoɠeɬ ɛɵɬɶ 

aɞaɩɬɢɪoɜaɧo ɩɭɬeɦ ɛoɦɛaɪɞɢɪoɜɤɢ ɷɧeɪɝɢɱɧɵɦɢ ɜɢɞaɦɢ (ɢoɧaɦɢ ɢɥɢ 

ɧeɣɬɪaɥɶɧɵɦɢ) ɜo ɜɪeɦɹ ocaɠɞeɧɢɹ ɢɥɢ ɩɭɬeɦ ɩoɞɝoɧɤɢ ɦoɪɮoɥoɝɢɢ 

ocaɠɞaɸɳeɝo ɦaɬeɪɢaɥa ɢɥɢ cɥoeɜ ocaɠɞaeɦoɝo ɦaɬeɪɢaɥa [101]. 

ɇaɩɪɹɠeɧɢe ɜ ocaɠɞeɧɧoɣ ɩɥeɧɤe ɧaɩɵɥeɧɢɹ ɦoɠeɬ ɛɵɬɶ ɢɡɦeɧeɧoc 

ɪacɬɹɠeɧɢɹ ɧacɠaɬɢe ɩɭɬeɦ ɭɜeɥɢɱeɧɢɹ cɦeɳeɧɢɹ ɩoɞɥoɠɤɢ ɜo ɜɪeɦɹ 

ocaɠɞeɧɢɹ ɞɥɹ ɭɜeɥɢɱeɧɢɹ ɤoɥɢɱecɬɜa «aɬoɦɧoɣ ɞɪoɛecɬɪɭɣɧoɣ oɛɪaɛoɬɤɢ» 

[102]. ȼo ɜɪeɦɹ ocaɠɞeɧɢɹ ɧaɩɵɥeɧɢeɦ ɤoɥɢɱecɬɜo «aɬoɦɧoɣ ɞɪoɛecɬɪɭɣɧoɣ 

oɛɪaɛoɬɤɢ» ɦoɠɧo ɜaɪɶɢɪoɜaɬɶ, ɢɡɦeɧɹɹ ɞaɜɥeɧɢe ɢ, cɥeɞoɜaɬeɥɶɧo, 

ɛoɦɛaɪɞɢɪoɜɤɭ oɬɪaɠeɧɧɵɦɢ c ɜɵcoɤoɣ ɷɧeɪɝɢeɣ ɧeɣɬɪaɥoɜ oɬ 

ɪacɩɵɥɹeɦoɝo ɤaɬoɞa [93,104]. Mattox et al. ɂcɩoɥɶɡoɜaɥɢ «ɰɢɤɥɢɪoɜaɧɢe 

ɞaɜɥeɧɢɹ» ɞɥɹ ocaɠɞeɧɢɹ ɬoɥcɬɵɯ ɛeccɬɪeccoɜɵɯ ɦoɥɢɛɞeɧoɜɵɯ ɩoɤɪɵɬɢɣ ɧa 

ɤeɪaɦɢɱecɤoɣ ɩoɜeɪɯɧocɬɢ ɜ cɢcɬeɦe ɩocɬ-ɤaɬoɞɧoɝoocaɠɞeɧɢɹ [105]. 

 Cɭɳecɬɜɭɸɬ coɬɧɢ ɬecɬoɜ ɧaaɞɝeɡɢɸ [106-110]. 
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 ȼaɠɧooɬɦeɬɢɬɶ, ɱɬocɛoɣ ɩɪoɢɡoɲeɥ ɧa ɢɧɬeɪɮeɣce ɢɥɢ ɜ ɦaɬeɪɢaɥe 

«ɪɹɞoɦ», oɩɪeɞeɥɢɜ ɦaɬeɪɢaɥ, ɤoɬoɪɵɣ ɩoɬeɪɩeɥ ɧeɭɞaɱɭ. ɇaɩɪɢɦeɪ, ɜ 

ɩɥeɧɤe ɯɪoɦa ɧacɬeɤɥe ɦoɠeɬ ɛɵɬɶ cɥoɣ cɬeɤɥa ɧa ɧɢɠɧeɣ cɬoɪoɧe ɭɞaɥeɧɧoɣ 

ɯɪoɦoɜoɣ ɩɥeɧɤɢ ɢɥɢ ɞɥɹ ɩoɤɪɵɬɢɹ ɩoɥɢɦeɪa ɩoɥɢɦeɪɧoɣ ɩɥeɧɤoɣ ɧa 

ɩoɜɪeɠɞeɧɧoɣ ɩoɜeɪɯɧocɬɢ, ɩoɤaɡɵɜaɸɳeɣ, ɱɬo ɪaɡɪɭɲeɧɢe ɛɵɥo ɜ 

ɛɥɢɡɥeɠaɳeɦ ɦaɬeɪɢaɥe ɧe ɧa ɮaɤɬɢɱecɤoɦ ɢɧɬeɪɮeɣce. 

 Cɢcɬeɦaɬɢɱecɤɢe ɢccɥeɞoɜaɧɢɹ aɞɝeɡɢɢ ɬoɧɤɢɯ ɩɥeɧoɤ, ɩoɥɭɱeɧɧɵɯ 

ɜaɤɭɭɦɧɵɦ ɧaɩɵɥeɧɢeɦ, ɧaɱaɥɢcɶ ɜ 1930-ɯ ɝoɞaɯ c ɢcɩoɥɶɡoɜaɧɢeɦ ɬecɬa 

ɥeɧɬɵ (oɬcɥaɢɜaɧɢɹ) [111]. Ɇɧoɝɢe ɪaɧɧɢe ɢccɥeɞoɜaɧɢɹ ɤacaɥɢcɶ aɞɝeɡɢɢ 

ɦeɬaɥɥɢɱecɤɢɯ ɩɥeɧoɤ ɤ cɬeɤɥɹɧɧɵɦ ɩoɜeɪɯɧocɬɹɦ c ɢcɩoɥɶɡoɜaɧɢeɦ 

ɥeɧɬoɱɧoɝo ɬecɬa [36, 112]. Ɍecɬ ɥeɧɬɵ ɡaɜɢcɢɬ oɬ ɭɝɥaoɬcɥaɢɜaɧɢɹ ɢ 

cɤoɪocɬɢ, c ɤoɬoɪoɣ ɩɪɢɤɥaɞɵɜaeɬcɹ ɧaɩɪɹɠeɧɢe [113]. Ʌeɧɬa, ɢcɩoɥɶɡɭeɦaɹ 

ɞɥɹ ɬecɬa ɥeɧɬɵ, ɞoɥɠɧacooɬɜeɬcɬɜoɜaɬɶ cɬaɧɞaɪɬɭ ASTM 3359, a ɧe ɤaɤoɣ-

ɥɢɛocɬaɪoɣ ɥeɧɬe. ɉoɰaɪaɩaɜ ɩoɜeɪɯɧocɬɶ ɩɥeɧɤɢ ɩeɪeɞ ɧaɧeceɧɢeɦ ɥeɧɬɵ, 

ɦoɠɧo ɜɜecɬɢ ɭɱacɬɤɢ ɢɧɢɰɢaɰɢɢ ɪaɡɪɭɲeɧɢɹ (ɬecɬ cɤɪecɬa / cɤɪecɬa 

ɲɬɪɢɯoɜɤɢ). Ʌeɧɬoɱɧɵɣ ɬecɬ ɬaɤɠe ɩoɡɜoɥɹeɬ oɛɧaɪɭɠɢɜaɬɶ «ɜɵɬacɤɢɜaɧɢɹ», 

ɤoɬoɪɵe ɹɜɥɹɸɬcɹ ɥoɤaɥɢɡoɜaɧɧoɣ oɛɥacɬɶɸ ɩɥoɯoɣ aɞɝeɡɢɢ. ɗɬɢ 

ɥoɤaɥɢɡoɜaɧɧɵeoɛɥacɬɢ ɩɥoɯoɣ aɞɝeɡɢɢ, ɜeɪoɹɬɧo, ɜ ɤoɧeɱɧoɦ ɢɬoɝe 

ɩoɹɜɹɬcɹ ɜ ɜɢɞe ɩoɪɵ ɜ ɩoɤɪɵɬɢɢ, ɱɬocɤaɠeɬcɹ ɧa ɞoɥɝoɜɪeɦeɧɧɵɯ cɜoɣcɬɜaɯ 

aɞɝeɡɢɢ. 

 ɂcɩɵɬaɧɢe ɧa ɜɵɬaɥɤɢɜaɧɢe: 

 ȼ ɢcɩɵɬaɧɢɢ ɧa ɜɵɬaɥɤɢɜaɧɢec ɩoɦoɳɶɸ ɡaɝɥɭɲɤɢ ɢcɩoɥɶɡɭeɬcɹ 

ɮoɪɦɭeɦɵɣ «ɝoɥɶɮ-ɬɪoɣɧɢɤ», ɤoɬoɪɵɣ cɤɥeɢɜaeɬcɹ c ɩoɜeɪɯɧocɬɶɸ ɩɥeɧɤɢ ɢ 

ɡaɬeɦ ɪacɬɹɝɢɜaeɬcɹ ɞo ɪaɡɪɭɲeɧɢɹ ɧa ɦaɲɢɧe ɞɥɹ ɢcɩɵɬaɧɢɣ ɧa ɪacɬɹɠeɧɢe 

[114, 115]. ȼ oɞɧoɦ ɢcɩɵɬaɧɢɢ ɧa ɪacɬɹɠeɧɢe ɢcɩoɥɶɡɭeɬcɹ oɛɥacɬɶ 

ɩoɞɥoɠɤɢ, ɩoɤɪɵɬaɹ cɥaɛo ɩɪɢɥeɝaɸɳɢɦ cɥoeɦ («ɪaɡɞeɥɢɬeɥɶɧɵɣ cɥoɣ»), 

ɩɪeɠɞe ɱeɦ ɩoɤɪɵɬɢe ɛɭɞeɬ ocaɠɞeɧo, ɱɬoɛɵ ɞeɣcɬɜoɜaɬɶ ɤaɤ ɥɢɧɢɹ 

ɢɧɢɰɢɢɪoɜaɧɢɹ ɪaɡɪɵɜa ɜo ɜɪeɦɹ ɢcɩɵɬaɧɢɹ ɧa ɪacɬɹɠeɧɢe, a ɧe 

ɢcɩoɥɶɡoɜaɬɶ ɰaɪaɩɢɧɭ [116-130]. 
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 Ʉɪaɬɤoɜɪeɦeɧɧaɹ ɢ ɞoɥɝocɪoɱɧaɹ aɞɝeɡɢɹ ocaɠɞeɧɧoɝo ɜ ɜaɤɭɭɦe 

ɩoɤɪɵɬɢɹ ɦoɠeɬ ɡaɜɢceɬɶ ɧe ɬoɥɶɤooɬ ɩɪoɰeccaocaɠɞeɧɢɹ, ɧo ɬaɤɠeoɬ 

ɢcɬoɪɢɢ ɦaɬeɪɢaɥa ɩoɞɥoɠɤɢ ɞo ɩɪoɰeccaocaɠɞeɧɢɹ ɞoocaɠɞeɧɢɹ. ɑɬoɛɵ 

ɢɦeɬɶ ɜocɩɪoɢɡɜoɞɢɦɭɸ aɞɝeɡɢɸ, ɜaɠɧo ɤoɧɬɪoɥɢɪoɜaɬɶ ɩoɬoɤ ɩɪoɰecca ɧa 

ɜceɯ ɷɬaɩaɯ oɛɪaɛoɬɤɢ PVD (cɦ. «Cɯeɦa ɪɵɛɶɹ ɤocɬɶ» svc.org/Education). 

 ɉɪoeɤɬɢɪoɜaɧɢecɢcɬeɦɵ ɩɥeɧɤɢ-ɩoɞɥoɠɤɢ ɞɥɹ aɞɝeɡɢɢ ɦoɠeɬ 

ɜɤɥɸɱaɬɶ ɜ ceɛɹ: ɢɡɦeɧeɧɢe ɩɥoɬɧocɬɢ ɡaɪoɞɵɲeoɛɪaɡoɜaɧɢɹ ɩɭɬeɦ 

ɢɡɦeɧeɧɢɹ ɯɢɦɢɱecɤoɝococɬaɜa ɩoɜeɪɯɧocɬɢ ɢɥɢ ɩɭɬeɦ ɜɜeɞeɧɢɹ ɰeɧɬɪoɜ 

ɡaɪoɞɵɲeoɛɪaɡoɜaɧɢɹ (ɧaɩɪɢɦeɪ, ɩɭɬeɦ ɢoɧɧoɝoocaɠɞeɧɢɹ ɢɥɢ ɩoɞɲɢɜɤɢ 

HIPIMS) c ɢcɩoɥɶɡoɜaɧɢeɦ ɩɪoɦeɠɭɬoɱɧoɝocɥoɹ («ɤɥeeɜoɝocɥoɹ»), ɤoɬoɪɵɣ 

oɛɥaɞaeɬ cɜoɣcɬɜaɦɢ ɩɪoɜoɞɹɳeɣ Ʉ aɞɝeɡɢɢ ɤaɤ ɤ ɩoɞɥoɠɤe, ɬaɤ ɢ ɤ ɜeɪɯɧeɦɭ 

cɥoɸ (ɧaɩɪɢɦeɪ, oɤcɢɞ: Cr: Au-cɥoɢ), ɢcɩoɥɶɡɭɹ ɩɪoɦeɠɭɬoɱɧɵɣ cɥoɣ, 

ɤoɬoɪɵɣ cɦɹɝɱaeɬ ɮɢɡɢɱecɤɢe ɧaɩɪɹɠeɧɢɹ, ɩɪɢɤɥaɞɵɜaeɦɵe ɤ ɝɪaɧɢɰe 

ɪaɡɞeɥa («coɜɦecɬɢɦɵɣ» ɦeɠɮaɡɧɵɣ ɭɱacɬoɤ, ɬaɤoɣ ɤaɤ ɩoɪɢcɬɵɣ cɥoɣ), c 

ɢcɩoɥɶɡoɜaɧɢeɦ (ɇaɩɪɢɦeɪ, cɥoɢ Si: Ti: Pd: Au ɞɥɹ ɷɥeɤɬɪoɯɢɦɢɱecɤoɣ 

cɬaɛɢɥɶɧocɬɢ) c ɢcɩoɥɶɡoɜaɧɢeɦ ɦeɠɮaɡɧoɝocɥoɹ ɞɥɹ ɭɦeɧɶɲeɧɢɹ ɜɡaɢɦɧoɣ 

ɞɢɮɮɭɡɢɢ c ɢcɩoɥɶɡoɜaɧɢeɦ aɥɶɬeɪɧaɬɢɜɧɵɯ ɧaɩɪɹɠeɧɧɵɯ ɧaɩɪɹɠeɧɧɵɯ 

ɧaɩɪɹɠeɧɢɣ / cɠɢɦaɸɳɢɯ ɧaɩɪɹɠeɧɢɣ ɞɥɹ ɭɦeɧɶɲeɧɢɹ oɛɳeɝo ɧaɩɪɹɠeɧɢɹ 

(e, g, ɇaɥoɠeɧɢe ɢɦɩɭɥɶcoɜ ɞaɜɥeɧɢɹ [97]), ɢɥɢ c ɢcɩoɥɶɡoɜaɧɢeɦ 

ɦaɬeɪɢaɥacɩɥaɜa, ɤoɬoɪɵɣ ɛoɥee ɭcɬoɣɱɢɜ ɤ aɧɧɭɥɢɪoɜaɧɢɸ, 

ɷɥeɤɬɪoɦɢɝɪaɰɢɢ ɢ «ɯoɥɦɢɪoɜaɧɢɸ» (e, g, cɩɥaɜ Al: Cu: Si). 

 Cɭɳecɬɜɭɸɬ ɪaɡɥɢɱɧɵecɩocoɛɵ ɭcɢɥeɧɢɹ ɤɪaɬɤocɪoɱɧoɣ ɢ 

ɞoɥɝocɪoɱɧoɣ aɞɝeɡɢɢ ɩocɥe ɩɪoɰeccaocaɠɞeɧɢɹ PVD. Oɧɢ ɜɤɥɸɱaɸɬ oɬɠɢɝ 

ɞɥɹ ɭɦeɧɶɲeɧɢɹ ɧaɩɪɹɠeɧɢɹ ɢ ɭɜeɥɢɱeɧɢɹ ɦeɠɮaɡɧoɣ ɪeaɤɰɢɢ [131], 

«cɲɢɜaɧɢe» ɝɪaɧɢɰɵ ɪaɡɞeɥac ɢcɩoɥɶɡoɜaɧɢeɦ ɜɵcoɤoɷɧeɪɝeɬɢɱecɤoɝo 

ɢoɧɧoɝo ɩɪoɧɢɤɧoɜeɧɢɹ [132] ɢ ɜɵɠɢɝaɧɢe / ɡaɤɭɩoɪɢɜaɧɢe ɩoɪɢcɬocɬɢ ɞɥɹ 

ɭɦeɧɶɲeɧɢɹ ɤoɪɪoɡɢɢ oɬɜeɪcɬɢɹ. ȼaɠɧo, ɱɬoɛɵ ɩocɥeɞɭɸɳaɹ oɛɪaɛoɬɤa ɢ 

ɯɪaɧeɧɢe ɧe ɧaɧocɢɥɢ ɜɪeɞaaɞɝeɡɢɢ. 
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ȼɵɜoɞɵ ɤ ɝɥaɜe 1 

ɇaocɧoɜaɧɢɢaɧaɥɢɡa ɩɭɛɥɢɤaɰɢɣ  ɦoɠɧocɞeɥaɬɶ ɜɵɜoɞ o 

ɧeɞocɬaɬoɱɧocɬɢ ɪaɛoɬ cɜɹɡaɧɧɵɯ c ɩoɜɵɲeɧɢeɦ aɞɝeɡɢɣ ɩoɤɪɵɬɢɣ ɞɢɛoɪɢɞa 

ɬɢɬaɧa. ɉoɷɬoɦɭ ɰeɥɶɸ ɧaɲeɣ ɪaɛoɬɵ ɹɜɥɹeɬcɹ ɩoɢcɤ ɧoɜɵɯ ɩɭɬeɣ 

ɩoɜɵɲeɧɢɹ aɞɝeɡɢɢ ɩoɤɪɵɬɢɣ ɞɢɛoɪɢɞa ɬɢɬaɧa ɤ ɩoɞɥoɠɤe, ɜ ɱacɬɧocɬɢ 

ɩɪɢɦeɧeɧɢe ɦaɝɧeɬɪoɧɧɵɯ ɪacɩɵɥɢɬeɥɶɧɵɯ cɢcɬeɦ, ɪaɛoɬaɸɳɢɯ ɜ 

ɧecɛaɥaɧcoɪoɜaɧɧoɦ ɪeɠɢɦe, a ɬaɤɠecɢɥɶɧoɬoɱɧɵɯ ɪacɩɵɥɢɬeɥɶɧɵɯ cɢcɬeɦ, 

ɪaɛoɬaɸɳɢɯ ɜ ɢɦɩɭɥɶcɧoɦ ɪeɠɢɦe. 

 ɉɪɢ ɷɬoɦ ɧɭɠɧo ɪeɲɢɬɶ cɥeɞɭɸɳɢe ɡaɞaɱɢ:  

1. ɉoɥɭɱeɧɢe ɬecɬoɜɵɯ oɛɪaɡɰoɜ ɞɥɹ ɢccɥeɞoɜaɧɢɣ 

2. Ocɜoeɧɢe ɦeɬoɞɢɤ ɩɪoɜeɞeɧɢɹ ɷɤcɩeɪɢɦeɧɬa 

3. ɂccɥeɞoɜaɧɢecɬɪɭɤɬɭɪɵ ɩoɤɪɵɬɢɣ ɦeɬoɞaɦɢ ɷɥeɤɬɪoɧɧoɣ ɦɢɤɪocɤoɩɢɢ 

4. ɂccɥeɞoɜaɧɢe ɷɥeɦeɧɬɧoɝococɬaɜa ɦeɬoɞaɦɢ ɪeɧɬɝeɧocɬɪɭɤɬɭɪɧoɝo 

ɦɢɤɪoaɧaɥɢɡa 

5. ɂccɥeɞoɜaɧɢeɦɢɤɪoɬɜeɪɞocɬɢ  

6. ɂccɥeɞoɜaɧɢeaɞɝeɡɢoɧɧoɣ ɩɪoɱɧocɬɢ  

7. ɂccɥeɞoɜaɧɢe ɜɧɭɬɪeɧɧɢɯ ɧaɩɪɹɠeɧɢɣ 

8. Aɧaɥɢɡ ɩoɥɭɱeɧɧɵɯ ɪeɡɭɥɶɬaɬoɜ. 
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Ƚɥaɜa 2Ɇeɬoɞɢɤɢ ɩoɥɭɱeɧɢɣ ɢ ɢccɥeɞoɜaɧɢɣcɜoɣcɬɜ ɩoɤɪɵɬɢɣ 

2.1 Ɍeɯɧoɥoɝɢɹ ɩoɥɭɱeɧɢɹ ɬoɧɤɢɯ ɩɥeɧoɤ ɧaocɧoɜecɥoeɜ ɞɢɛoɪɢɞa 

ɬɢɬaɧa 

ɉoɤɪɵɬɢɹ ɞɢɛoɪɢɞa ɬɢɬaɧa ɛɵɥɢ ɩoɥɭɱeɧɵ ɧa ɷɤcɩeɪɢɦeɧɬaɥɶɧoɣ 

ɭcɬaɧoɜɤe(ɪɢc. 11),ocɧaɳeɧɧɵɦ ɢoɧɧɵɦ ɢcɬoɱɧɢɤoɦ, ɦaɝɧeɬɪoɧɧoɣ 

ɪacɩɵɥɢɬeɥɶɧoɣ cɢcɬeɦoɣ ceɪɢɢ APEL-MRE 95-120, ocɧaɳeɧɧoɣ ɤaɬoɞoɦ ɢɡ 

ɞɢɛoɪɢɞa ɬɢɬaɧa ɢ ɢɦɩɭɥɶcɧɵɦ ɜaɤɭɭɦɧo-ɞɭɝoɜɵɦ ɢcɬoɱɧɢɤoɦ c ɬɢɬaɧoɜɵɦ 

ɤaɬoɞoɦ. 

 

a) 
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ɛ) 

Ɋɢcɭɧoɤ 11.ȼɧɭɬɪeɧɧɢɣ ɜɢɞ ɤaɦeɪɵ ɭɧɢɜeɪcaɥɶɧoɣ ɭcɬaɧoɜɤɢ ɞɥɹ ɩoɥɭɱeɧɢɹ 

PVD-ɩoɤɪɵɬɢɣ 

ȼ ɤaɱecɬɜeoɛɪaɡɰoɜ ɢcɩoɥɶɡoɜaɥɢ ɞɢcɤɢ ɢɡ ɬɜeɪɞoɝocɩɥaɜa ɧaocɧoɜe 

ɤaɪɛɢɞa ɜoɥɶɮɪaɦa ɢ ɤoɛaɥɶɬa ɞɢaɦeɬɪoɦ 20 ɦɦ ɢ ɬoɥɳɢɧoɣ 3 ɦɦ. Oɛɪaɡɰɵ 

ɛɵɥɢ oɬɩoɥɢɪoɜaɧɵ c ɢcɩoɥɶɡoɜaɧɢeɦ aɥɦaɡɧɵɯ ɩacɬ, ɡaɬeɦ ɩɪoɲɥɢ 

oɩeɪaɰɢɸ oɱɢcɬɤɢ ɜ ɭɥɶɬɪaɡɜɭɤoɜoɣ ɜaɧɧe ɢ cɭɲɤɭ ɜ ɩeɱɢ ɩɪɢ ɬeɦɩeɪaɬɭɪe 

100 ⁰C. ȼaɤɭɭɦɧaɹ ɤaɦeɪaoɬɤaɱɢɜaɥacɶ c ɢcɩoɥɶɡoɜaɧɢeɦ ɛeɡɦacɥɹɧoɣ 

cɢcɬeɦɵ, cocɬoɹɳeɣ ɢɡ cɭɯoɝo ɧacoca PDV 500 ɢ ɬɭɪɛoɦoɥeɤɭɥɹɪɧoɝo ɧacoca 

TG450FBAB  ɞo ɞaɜɥeɧɢɹ ɧe ɜɵɲe 5*10
-5

 ɦɦ. ɪɬ. cɬ. Ɂaɬeɦ ɩɪoɜoɞɢɥɢ 

ɢoɧɧɭɸ oɱɢcɬɤɭ ɭcɤoɪeɧɧɵɦɢ ɢoɧaɦɢ aɪɝoɧa ɩɪɢ ɞaɜɥeɧɢɢ 5*10-3
 ɦɦ. ɪɬ. cɬ. 

ɧaɩɪɹɠeɧɢɢ ɪaɡɪɹɞa – 2,0 ɤȼ ɢ ɬoɤe ɪaɡɪɹɞa 100 ɦA ɜ ɬeɱeɧɢɢ 10 ɦɢɧ. ɉocɥe 

ɷɬoɝo ɧaɧocɢɥɢ ɩoɤɪɵɬɢe ɞɢɛoɪɢɞa ɬɢɬaɧacoɝɥacɧo ɪeɠɢɦaɦ, ɩɪɢɜeɞeɧɧɵɦ ɜ 

ɬaɛɥɢɰe. 

Ɋeɠɢɦɵ ɧaɧeceɧɢɹ ɩoɤɪɵɬɢɣ c ɢcɩoɥɶɡoɜaɧɢeɦ ɦaɝɧeɬɪoɧɧoɝo 

ɢcɬoɱɧɢɤa ɩɪɢɜeɞeɧɵ ɜ ɬaɛɥɢɰe 3.  
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ɉɪeɞɜaɪɢɬeɥɶɧo ɛɵɥ ɭcɬaɧoɜɥeɧ ɪeɠɢɦ cɬaɛɢɥɢɡaɰɢɢ ɦoɳɧocɬɢ 

ɪaɡɪɹɞa (1,33 ɤȼɬ). ɉoɤɪɵɬɢɹ ɧaɧocɢɥɢ ɜ ɞɜɭɯ ɪeɠɢɦaɯ: cɛaɥaɧcɢɪoɜaɧɧɵɣ ɢ 

ɧecɛaɥaɧcɢɪoɜaɧɧɵɣ. ɇɢɠe ɩɪɢɜeɞeɧooɩɢcaɧɢe ɪaɛoɬɵ ɦaɝɧeɬɪoɧa ɜ ɷɬɢɯ 

ɪeɠɢɦaɯ. ɂcɩoɥɶɡoɜaɧooɩɢcaɧɢe ɦaɝɧeɬɪoɧɧoɣ ɪacɩɵɥɢɬeɥɶɧoɣ cɢcɬeɦɵ 

«Ɇaɝɧeɬɪoɧɧaɹ ɪacɩɵɥɢɬeɥɶɧaɹ cɢcɬeɦac ɮɥaɧɰeɜɵɦ ɤɪeɩɥeɧɢeɦ ɢ ɩɥaɜɧoɣ 

ɪeɝɭɥɢɪoɜɤoɣ cɬeɩeɧɢ ɧecɛaɥaɧcɢɪoɜaɧɧocɬɢ APEL-MRE-95/100». 

Ɇaɝɧeɬɪoɧɧɵe ɪacɩɵɥɢɬeɥɶɧɵecɢcɬeɦɵ ɹɜɥɹɸɬcɹ 

ɜɵcoɤoɷɮɮeɤɬɢɜɧɵɦɢ ɭcɬɪoɣcɬɜaɦɢ ɞɥɹ ɧaɧeceɧɢɹ ɩoɤɪɵɬɢɣ ɢɡ ɦeɬaɥɥoɜ 

(Ti, Zr, Cr, AI, Cu, Au, Ag ɢ ɞɪ.), cɩɥaɜoɜ, oɤcɢɞoɜ ɢ ɧɢɬɪɢɞoɜ ɦeɬoɞoɦ 

ɦaɝɧeɬɪoɧɧoɝo ɪacɩɵɥeɧɢɹ ɧa ɩocɬoɹɧɧoɦ ɢɥɢ ɢɦɩɭɥɶcɧoɦ ɬoɤe. 

ɍɩɪoɳeɧɧaɹ cɯeɦa ɦaɝɧeɬɪoɧɧoɣ ɪacɩɵɥɢɬeɥɶɧoɣ cɢcɬeɦɵ ɩɥaɧaɪɧoɝo ɬɢɩac 

ɤɪɭɝɥɵɦ ɤaɬoɞoɦ ɩɪeɞcɬaɜɥeɧa ɧa ɪɢc.  12. Ɇaɝɧeɬɪoɧɧɵɣ ɪaɡɪɹɞ ɡaɠɢɝaeɬcɹ 

ɦeɠɞɭ ɤaɬoɞoɦ 1 ɢ aɧoɞoɦ 9, ɤoɬoɪɵɦ ɬaɤɠeoɛɵɱɧo ɹɜɥɹɸɬcɹ 

ɡaɡeɦɥeɧɧɵecɬeɧɤɢ ɜaɤɭɭɦɧoɣ ɤaɦeɪɵ. ɉɢɬaɧɢe ɪaɡɪɹɞaocɭɳecɬɜɥɹeɬcɹ oɬ 

ɢcɬoɱɧɢɤa ɩocɬoɹɧɧoɝo ɥɢɛo ɢɦɩɭɥɶcɧoɝo ɧaɩɪɹɠeɧɢɹ ɂɉ. Oɛɪaɡɭɸɳɢecɹ ɜ 

ɪaɡɪɹɞe ɢoɧɵ ɭcɤoɪɹɸɬcɹ ɜ ɤaɬoɞɧoɦ ɩaɞeɧɢɢ ɩoɬeɧɰɢaɥa ɢ ɛoɦɛaɪɞɢɪɭɸɬ 

ɤaɬoɞ ɢɡ ɧaɩɵɥɹeɦoɝo ɦaɬeɪɢaɥa, ɜ ɪeɡɭɥɶɬaɬe ɱeɝo ɩɪoɢcɯoɞɢɬ 

ɪacɩɵɥeɧɢeeɝo ɩoɜeɪɯɧocɬɢ ɢ ɮoɪɦɢɪoɜaɧɢe ɩoɬoɤa ɪacɩɵɥeɧɧɵɯ aɬoɦoɜ ɜ 

cɬoɪoɧɭ ɩoɞɥoɠɤɢ. ɗɥeɤɬɪoɧɵ, ɡaɯɜaɬɵɜaɸɬcɹ ɦaɝɧɢɬɧɵɦ ɩoɥeɦ ɢ 

coɜeɪɲaɸɬ cɥoɠɧoe ɰɢɤɥoɢɞaɥɶɧoe ɞɜɢɠeɧɢe ɩo ɡaɦɤɧɭɬɵɦ ɬɪaeɤɬoɪɢɹɦ ɜ 

cɤɪeɳeɧɧɵɯ ɷɥeɤɬɪɢɱecɤoɦ ɢ ɦaɝɧɢɬɧoɦ ɩoɥɹɯ. Ⱦɜɢɝaɹcɶ ɜ ɦaɝɧɢɬɧoɣ 

ɥoɜɭɲɤe ɭ ɩoɜeɪɯɧocɬɢ ɤaɬoɞa, ɷɥeɤɬɪoɧ ɭcɩeɜaeɬ ɦɧoɝoɤɪaɬɧo ɢoɧɢɡoɜaɬɶ 

aɬoɦɵ ɪaɛoɱeɝo ɝaɡa, ɩɪeɠɞe ɱeɦ ɩoɬeɪɹeɬ ɛoɥɶɲɭɸ ɱacɬɶ ɷɧeɪɝɢɢ ɢ 

ɞocɬɢɝɧeɬ aɧoɞa. 
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Ɋɢcɭɧoɤ 12. ɍɩɪoɳeɧɧaɹ cɯeɦa ɦaɝɧeɬɪoɧɧoɣ ɪacɩɵɥɢɬeɥɶɧoɣ cɢcɬeɦɵ. 1 – 

ɪacɩɵɥɹeɦɵɣ ɤaɬoɞ, 2 –ɩoɞɥoɠɤa, 3 – ɩocɬoɹɧɧɵe ɦaɝɧɢɬɵ, 4 - 

ɷɥeɤɬɪoɦaɝɧɢɬ, 5 – ɦaɝɧɢɬoɩɪoɜoɞ, 6 – ɧecɛaɥaɧcɢɪoɜaɧɧɵe ɥɢɧɢɢ 

ɦaɝɧɢɬɧoɝo ɩoɥɹ, 7 – cɛaɥaɧcɢɪoɜaɧɧɵe ɥɢɧɢɢ ɦaɝɧɢɬɧoɝo ɩoɥɹ, 8 - ɡoɧa 

ɪacɩɵɥeɧɢɹ ɤaɬoɞa, 9 – aɧoɞ (ɤɪeɩeɠɧɵɣ ɮɥaɧeɰ), ɂɉ – ɢcɬoɱɧɢɤ ɩɢɬaɧɢɹ 

ɦaɝɧeɬɪoɧa 

Ɂacɱeɬ ɥoɤaɥɢɡaɰɢɢ ɩɥaɡɦɵ, ɭ ɩoɜeɪɯɧocɬɢ ɤaɬoɞa ɞocɬɢɝaeɬcɹ ɜɵcoɤaɹ 

ɩɥoɬɧocɬɶ ɢoɧɧoɝo ɬoɤa (ɧa ɞɜa ɩoɪɹɞɤa ɜɵɲe, ɱeɦ ɜ oɛɵɱɧɵɯ ɞɢoɞɧɵɯ 

cɢcɬeɦaɯ ɪacɩɵɥeɧɢɹ) ɢ ɛoɥɶɲaɹ ɭɞeɥɶɧaɹ ɦoɳɧocɬɶ, ɪacceɢɜaeɦaɹ ɧa 

ɦɢɲeɧɢ. ɍɜeɥɢɱeɧɢecɤoɪocɬɢ ɪacɩɵɥeɧɢɹ coɞɧoɜɪeɦeɧɧɵɦ cɧɢɠeɧɢeɦ 

ɪaɛoɱeɝo ɞaɜɥeɧɢɹ ɩoɡɜoɥɹeɬ ɡɧaɱɢɬeɥɶɧocɧɢɡɢɬɶ ɡaɝɪɹɡɧeɧɢɹ ɩɥeɧoɤ 

ɩocɬoɪoɧɧɢɦɢ ɜɤɥɸɱeɧɢɹɦɢ. Ʌoɤaɥɢɡaɰɢɹ ɷɥeɤɬɪoɧoɜ ɜɛɥɢɡɢ ɦɢɲeɧɢ 

ɩɪeɞoɬɜɪaɳaeɬ ɛoɦɛaɪɞɢɪoɜɤɭ ɢɦɢ ɩoɞɥoɠeɤ, ɱɬocɧɢɠaeɬ ɬeɦɩeɪaɬɭɪɭ ɢ 

ɪaɞɢaɰɢoɧɧɵe ɞeɮeɤɬɵ ɜ coɡɞaɜaeɦɵɯ cɬɪɭɤɬɭɪaɯ. Ƚɥaɜɧɵɦɢ ɞocɬoɢɧcɬɜaɦɢ 

ɦaɝɧeɬɪoɧɧɵɯ ɪacɩɵɥɢɬeɥɶɧɵɯ cɢcɬeɦ ɹɜɥɹɸɬcɹ oɬɧocɢɬeɥɶɧo 

ɜɵcoɤɢecɤoɪocɬɢ ocaɠɞeɧɢɹ ɢ ɜoɡɦoɠɧocɬɶ ɩoɥɭɱeɧɢɹ ɪaɜɧoɦeɪɧɵɯ ɩo 

ɬoɥɳɢɧe ɩɥeɧoɤ ɧa ɩoɞɥoɠɤaɯ ɛoɥɶɲoɣ ɩɥoɳaɞɢ. 

Oɞɧaɤocɭɳecɬɜɭeɬ ɪɹɞ ɩoɤɪɵɬɢɣ, cɜoɣcɬɜa ɤoɬoɪɵɯ ɦoɝɭɬ ɛɵɬɶ 

ɡɧaɱɢɬeɥɶɧo ɭɥɭɱɲeɧɵ ɜ ɪeɡɭɥɶɬaɬe ɢoɧɧoɝo ɜoɡɞeɣcɬɜɢɹ ɧa ɢɯ ɩoɜeɪɯɧocɬɶ 
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ɜ ɩɪoɰecceocaɠɞeɧɢɹ. ȼ ɪeɡɭɥɶɬaɬe ɥoɤaɥɢɡaɰɢɢ ɩɥaɡɦɵ ɦaɝɧɢɬɧɵɦ ɩoɥeɦ ɭ 

ɩoɜeɪɯɧocɬɢ ɤaɬoɞa ɜ «oɛɵɱɧɵɯ» ɢɥɢ «cɛaɥaɧcɢɪoɜaɧɧɵɯ» ɦaɝɧeɬɪoɧɧɵɯ 

ɪacɩɵɥɢɬeɥɶɧɵɯ cɢcɬeɦaɯ oɛɥacɬɶ ɩɥoɬɧoɣ ɩɥaɡɦɵ ɩɪocɬɢɪaeɬcɹ ɧe ɛoɥee 

ɱeɦ ɧa 50 ɦɦ oɬ ɤaɬoɞa ɢ ɩɥoɬɧocɬɶ ɢoɧɧoɝo ɬoɤa ɧa ɩoɞɥoɠɤɢ ɧaɯoɞɹɳɢecɹ 

ɧa ɛóɥɶɲeɦ ɪaccɬoɹɧɢɢ oɛɵɱɧo ɦɧoɝo ɦeɧɶɲe 1 ɦA/cɦ2. ɉoɷɬoɦɭ 

ɪaɡɪaɛoɬaɧɧaɹ ɤoɧcɬɪɭɤɰɢɹ ɦaɝɧeɬɪoɧaocɧaɳeɧa ɷɥeɤɬɪoɦaɝɧɢɬɧoɣ 

ɤaɬɭɲɤoɣ ɞɥɹ coɡɞaɧɢɹ ɧecɛaɥaɧcɢɪoɜaɧɧoɣ ɤoɧɮɢɝɭɪaɰɢɢ ɦaɝɧɢɬɧoɝo ɩoɥɹ 

ɧaɞ ɩoɜeɪɯɧocɬɶɸ ɤaɬoɞa. ȼ ɧecɛaɥaɧcɢɪoɜaɧɧoɣ ɤoɧɮɢɝɭɪaɰɢɢ ɱacɬɶ ɥɢɧɢɣ 

ɦaɝɧɢɬɧoɝo ɩoɥɹ, coɡɞaɜaeɦɵɯ ɜɧeɲɧɢɦ ɩoɥɸcoɦ ɦaɝɧɢɬɧoɣ cɢcɬeɦɵ, ɧe 

ɡaɦɵɤaeɬcɹ ɧa ɪacɩoɥoɠeɧɧɵɣ ɪɹɞoɦ ɰeɧɬɪaɥɶɧɵɣ ɦaɝɧɢɬ c 

ɩɪoɬɢɜoɩoɥoɠɧoɣ ɩoɥɹɪɧocɬɶɸ, a ɧaɩɪaɜɥɹeɬcɹ ɜ cɬoɪoɧɭ ɩoɞɥoɠɤɢ. ȼ 

ɪeɡɭɥɶɬaɬeocɥaɛɥeɧɢɹ ɦaɝɧɢɬɧoɣ ɥoɜɭɲɤɢ ɭ ɩoɜeɪɯɧocɬɢ ɤaɬoɞa ɢ ɧaɥɢɱɢɸ 

ɧecɛaɥaɧcɢɪoɜaɧɧɵɯ ɥɢɧɢɣ ɦaɝɧɢɬɧoɝo ɩoɥɹ ɱacɬɶ ɜɬoɪɢɱɧɵɯ ɷɥeɤɬɪoɧoɜ 

ɢɦeeɬ ɜoɡɦoɠɧocɬɶ ɭɯoɞɢɬɶ ɩo ɧɢɦ ɜ cɬoɪoɧɭ ɩoɞɥoɠɤɢ ɢ coɜeɪɲaɬɶ ɬaɦ 

ɢoɧɢɡaɰɢɸ ɝaɡa. 

 

Ɍaɛɥɢɰa 3.Ɋeɠɢɦɵ ɧaɧeceɧɢɹ ɩoɤɪɵɬɢɣ c ɢcɩoɥɶɡoɜaɧɢeɦ 
ɦaɝɧeɬɪoɧɧoɝo ɢcɬoɱɧɢɤa 

ɇoɦeɪ 
oɛɪaɡɰa 

Ɋeɠɢɦɵ ɧaɧeceɧɢɹ ɩoɤɪɵɬɢɹ 

 UD, ȼ ID, A PAr, 

ɦɦ.ɪɬ.cɬ 

US, ȼ IS, ɦA T, ɦɢɧ. IR, A ɉɪɢɦeɱaɧɢe 

05.10.16 542 2,45 4,5*10
-3

 300 10 30 0,3 ɉoɞcɥoɣ Ti 

21.10.16 545 2,44 4,5*10
-3

 300 10 30 0,3 Ȼeɡ ɩoɞcɥoɹ 

3.11.16 542 2,46 4,6*10
-3

 300 10 18 - Ȼeɡ ɩoɞcɥoɹ, 
Ɋeɠɢɦ 
cɛaɥaɧcɢɪoɜaɧɧoɝo 

ɦaɝɧeɬɪoɧa 

 

 

2.2 ɂccɥeɞoɜaɧɢe ɷɥeɦeɧɬɧoɝococɬaɜa ɦeɬoɞaɦɢ ɪeɧɬɝeɧocɩeɤɬɪaɥɶɧoɝo 

ɦɢɤɪoaɧaɥɢɡa 

Ⱦɥɹ ɢccɥeɞoɜaɧɢɹ ɷɥeɦeɧɬɧoɝococɬaɜa ɩɪɢɦeɧɹɥcɹ ɪacɬɪoɜɵɣ 

ɷɥeɤɬɪoɧɧɵɣ ɦɢɤɪocɤoɩ Quanta 200 3D №AL40-D8069 (ɪɢc.13) 
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Ɋɢcɭɧoɤ 13.Ɋacɬɪoɜɵɣ ɷɥeɤɬɪoɧɧɵɣ ɦɢɤɪocɤoɩ Quanta 200 3D №AL40-D8069 

 Ɇeɬoɞ ɪeɧɬɝeɧocɩeɤɬɪaɥɶɧoɝo ɦɢɤɪoaɧaɥɢɡa ɢcɩoɥɶɡoɜaɧ ɜ 

cɤaɧɢɪɭɸɳeɦ ɷɥeɤɬɪoɧɧo-ɢoɧɧoɦ ɦɢɤɪocɤoɩeQUANTA 200 3D, ɩoɷɬoɦɭ 

ocɬaɧoɜɢɦcɹ ɩoɞɪoɛɧee ɧa ɪaccɦoɬɪeɧɢɢ ɷɬoɝo ɦeɬoɞa. 

 ɇaɡɜaɧɢɹ “ɦɢɤɪoaɧaɥɢɡaɬoɪ c ɷɥeɤɬɪoɧɧɵɦ ɡoɧɞoɦ”, “ɷɥeɤɬɪoɧɧɵɣ 

ɦɢɤɪoɡoɧɞ” ɢɥɢ “ɷɥeɤɬɪoɧɧɵɣ ɡoɧɞ”, ɜcɬɪeɱaɸɳɢecɹ ɜ ɢɧocɬɪaɧɧoɣ 

ɥɢɬeɪaɬɭɪe, ɢcɩoɥɶɡɭɸɬ ɞɥɹ oɛoɡɧaɱeɧɢɹ ɩɪɢɛoɪoɜ, ɩɪeɞɧaɡɧaɱeɧɧɵɯ ɞɥɹ 

ɩɪoɜeɞeɧɢɹ ɪeɧɬɝeɧocɩeɤɬɪaɥɶɧoɝoaɧaɥɢɡa ɩɹɬeɧ ɧa ɩoɜeɪɯɧocɬɢ 

ɬɜeɪɞoɝooɛɪaɡɰa, ɢɦeɸɳɢɯ ɞɢaɦeɬɪ ~ 0,1– 3,0 ɦɤɦ. 

 ȼ ɷɥeɤɬɪoɧɧo-ɡoɧɞoɜoɦ ɦɢɤɪoaɧaɥɢɡaɬoɪe ɪeɧɬɝeɧoɜcɤoe ɢɡɥɭɱeɧɢe ɜ 

ɢccɥeɞɭeɦoɦ oɛɪaɡɰe ɜoɡɛɭɠɞaɸɬ ɷɥeɤɬɪoɧɧɵɦ ɩɭɱɤoɦ. Ⱦɥɹ ɢɞeɧɬɢɮɢɤaɰɢɢ 

ɷɥeɦeɧɬoɜ, coɞeɪɠaɳɢɯcɹ ɜ oɛɪaɡɰe, ɢ oɩɪeɞeɥeɧɢɹ ɢɯ ɤoɧɰeɧɬɪaɰɢɢ 

ɢɡɦeɪɹɸɬ ɞɥɢɧɭ ɜoɥɧɵ ɢ ɢɧɬeɧcɢɜɧocɬɶ cooɬɜeɬcɬɜɭɸɳɢɯ ɥɢɧɢɣ 

ɪeɧɬɝeɧoɜcɤoɝocɩeɤɬɪa. 

 Ocɧoɜɧoe ɞocɬoɢɧcɬɜo ɦeɬoɞa - ɜoɡɦoɠɧocɬɶ ɥoɤaɥɶɧoɝooɩɪeɞeɥeɧɢɹ 

ɯɢɦɢɱecɤoɝococɬaɜa ɜeɳecɬɜa ɪeaɥɢɡɭeɬcɹ ɛɥaɝoɞaɪɹ ɢcɩoɥɶɡoɜaɧɢɸ 

ɷɥeɤɬɪoɧɧoɝo ɩɭɱɤa, cɮoɤɭcɢɪoɜaɧɧoɝo ɜ ɭɡɤɢɣ ɡoɧɞ. 
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 ɉɪɢ ɩɪoɜeɞeɧɢɢ ɢccɥeɞoɜaɧɢɣ ɜoɡɦoɠɧo ɤaɱecɬɜeɧɧoe ɢ 

ɤoɥɢɱecɬɜeɧɧoeoɩɪeɞeɥeɧɢecocɬaɜaoɛɪaɡɰoɜ. Ⱦɥɹ ɤaɱecɬɜeɧɧoɝoaɧaɥɢɡa (ɬ.e., 

ɢɞeɧɬɢɮɢɤaɰɢɢ ɷɥeɦeɧɬoɜ, ɜɯoɞɹɳɢɯ ɜ cocɬaɜ oɛɪaɡɰa) ɪeɝɢcɬɪɢɪɭɸɬ ɥɢɧɢɢ 

aɧaɥɢɡɢɪɭeɦɵɯ ɷɥeɦeɧɬoɜ. Ⱦɥɹ ɤoɥɢɱecɬɜeɧɧoɝoaɧaɥɢɡa ɧeoɛɯoɞɢɦo 

ɢɡɦeɪeɧɢe ɢ coɩocɬaɜɥeɧɢe ɢɧɬeɧcɢɜɧocɬeɣ ɪeɧɬɝeɧoɜcɤɢɯ ɥɢɧɢɣ, 

ɢcɩɭcɤaeɦɵɯ oɛɪaɡɰoɦ ɢ ɷɬaɥoɧoɦ ɢɡɜecɬɧoɝococɬaɜa. 

 ȼ ɤaɱecɬɜe ɷɥeɤɬɪoɧɧoɝo ɡoɧɞa ɢcɩoɥɶɡɭɸɬ ɷɥeɤɬɪoɧɵ c ɷɧeɪɝɢeɣ oɬ 10 

ɞo 30 ɤɷȼ, ɤoɬoɪɵe ɩɪoɧɢɤaɸɬ ɜ oɛɪaɡeɰ ɧa ɝɥɭɛɢɧɭ ɩoɪɹɞɤa 1 ɦɤɦ ɢ ɦoɝɭɬ 

oɬɤɥoɧɹɬɶcɹ oɬ ɩeɪɜoɧaɱaɥɶɧoɝo ɧaɩɪaɜɥeɧɢɹ ɬaɤɠe ɧa ɪaccɬoɹɧɢɹ ɞo 1 ɦɤɦ. 

ɗɬɢɦ oɩɪeɞeɥɹeɬcɹ ɧaɢɦeɧɶɲɢɣ aɧaɥɢɡɢɪɭeɦɵɣ oɛɴeɦ oɛɪaɡɰa. ɍɥɭɱɲeɧɢe 

ɥoɤaɥɶɧocɬɢ (ɩɪocɬɪaɧcɬɜeɧɧoɝo ɪaɡɪeɲeɧɢɹ) ɩɭɬeɦ ɡɧaɱɢɬeɥɶɧoɝo 

ɭɦeɧɶɲeɧɢɹ ɷɧeɪɝɢɢ ɷɥeɤɬɪoɧoɜ ɧeɰeɥecooɛɪaɡɧo, ɬaɤ ɤaɤ ɤɢɧeɬɢɱecɤaɹ 

ɷɧeɪɝɢɹ ɞoɥɠɧa ɛɵɬɶ ɞocɬaɬoɱɧoɣ ɞɥɹ ɷɮɮeɤɬɢɜɧoɝo ɜoɡɛɭɠɞeɧɢɹ 

ɪeɧɬɝeɧoɜcɤɢɯ ɥɭɱeɣ. Ʉaɤ cɥeɞcɬɜɢe, ɜ ɛoɥɶɲɢɧcɬɜe ɩɪaɤɬɢɱecɤɢ ɜaɠɧɵɯ 

ɩɪɢɥoɠeɧɢɣ ɥoɤaɥɶɧocɬɶ ɦeɬoɞaoɝɪaɧɢɱeɧa ɜeɥɢɱɢɧoɣ ɩoɪɹɞɤa 1 ɦɤɦ. Ɇacca 

ɜeɳecɬɜa ɦɢɤɪooɛɴeɦa ɬaɤɢɯ ɪaɡɦeɪoɜ cocɬaɜɥɹeɬ 10 -14 ɝ. 

  

2.3 ɂccɥeɞoɜaɧɢecɬɪɭɤɬɭɪɵ ɦeɬoɞaɦɢ ɩɪoceɱɢɜaɸɳeɣ ɷɥeɤɬɪoɧɧoɣ 

ɦɢɤɪocɤoɩɢɢ 

ɉɪocɜeɱɢɜaɸɳɢɣ ɷɥeɤɬɪoɧɧɵɣ ɦɢɤɪocɤoɩ ɮaɤɬɢɱecɤɢ ɹɜɥɹeɬcɹ 

ɷɥeɤɬɪoɧɧɵɦ aɧaɥoɝoɦ cɥoɠɧoɝooɩɬɢɱecɤoɝo ɦɢɤɪocɤoɩa. ɉɪɢɧɰɢɩ ɞeɣcɬɜɢɹ 

ɡaɤɥɸɱaeɬcɹ ɜ cɥeɞɭɸɳeɦ: ɬoɧɤɢɣ oɛɪaɡeɰ oɛɥɭɱaeɬcɹ coɞɧoɣ cɬoɪoɧɵ 

oɞɧoɪoɞɧɵɦ ɷɥeɤɬɪoɧɧɵɦ ɩɭɱɤoɦ ɡaɞaɧɧoɣ ɷɧeɪɝɢɢ, cɮoɪɦɢɪoɜaɧɧɵɦ 

ɢɡɥɭɱaɸɳeɣ cɢcɬeɦoɣ. C ɞɪɭɝoɣ cɬoɪoɧɵ oɬ oɛɪaɡɰa ɦoɳɧɵe ɥɢɧɡɵ 

oɛɴeɤɬɢɜacoɡɞaɸɬ ɢɡoɛɪaɠeɧɢe ɩɥocɤocɬɢ oɛɪaɡɰa. Ɂaoɛɴeɤɬɢɜoɦ 

ɪacɩoɥoɠeɧacɢcɬeɦa, ɤoɬoɪaɹ oɬoɛɪaɠaeɬ ɧa ɮɥɭoɪecɰeɧɬɧoɦ ɷɤɪaɧe 

ɭɜeɥɢɱeɧɧoe ɞo ɪaɡɦeɪoɜ, ɩɪɢeɦɥeɦɵɯ ɞɥɹ ɧaɛɥɸɞeɧɢɹ ɝɥaɡoɦ, 

ɢɡoɛɪaɠeɧɢeoɛɪaɡɰa. Ⱦɥɹ ɪeɝɢcɬɪaɰɢɢ ɢɡoɛɪaɠeɧɢɹ cɧaɱaɥa ɩɪɢɦeɧɹɥɢ 

ɮoɬoɱɭɜcɬɜɢɬeɥɶɧɵe ɦaɬeɪɢaɥɵ (ɮoɬoɩɥeɧɤɭ, ɮoɬoɩɥacɬɢɧɤɢ), oɞɧaɤo ɜ 

ɩocɥeɞɧee ɜɪeɦɹ ɢcɩoɥɶɡɭɸɬcɹ ɰɢɮɪoɜɵe ɦaɬɪɢɰɵ. ɗɬo ɩoɡɜoɥɹeɬ cɪaɡɭ ɠe 
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ɩoɥɭɱaɬɶ oɰɢɮɪoɜaɧɧɭɸ ɢɧɮoɪɦaɰɢɸ oɛ oɛɪaɡɰe, oɛɪaɛaɬɵɜaɬɶ ee, 

ɢcɩoɥɶɡɭɹ coɜɪeɦeɧɧɵe ɤoɦɩɶɸɬeɪɧɵe ɩɪoɝɪaɦɦɵ aɧaɥɢɡa ɢɡoɛɪaɠeɧɢɣ ɢ 

coɯɪaɧɹɬɶ ɜ ɞoɥɝoɜɪeɦeɧɧoɣ ɩaɦɹɬɢ. 

Oɛɪaɡɰɵ ɞɥɹ ɉɗɆ ɬɪeɛɭɸɬ ɬɳaɬeɥɶɧoɣ ɩoɞɝoɬoɜɤɢ. Ɍoɥɳɢɧaoɛɪaɡɰa 

ɞoɥɠɧa ɛɵɬɶ ɦeɧɶɲecɪeɞɧeɣ ɞɥɢɧɵ cɜoɛoɞɧoɝo ɩɪoɛeɝa ɩɪɢ ɭɩɪɭɝɢɯ 

cɬoɥɤɧoɜeɧɢɹɯ oɛɥɭɱaɸɳɢɯ eɝo ɷɥeɤɬɪoɧoɜ; ɜ ɥɸɛoɦ cɥɭɱaeoɛɪaɡeɰ ɞoɥɠeɧ 

ɛɵɬɶ ɤaɤ ɦoɠɧo ɛoɥee ɬoɧɤɢɦ, ɬaɤ ɤaɤ ɜ ɩɪoɬɢɜɧoɦ cɥɭɱae ɜcɥeɞcɬɜɢe 

ɜɵcoɤoɣ ɪaɡɪeɲaɸɳeɣ cɩocoɛɧocɬɢ ɢ ɛoɥɶɲoɣ ɝɥɭɛɢɧɵ ɪeɡɤocɬɢ 

ɷɥeɤɬɪoɧɧoɝo ɦɢɤɪocɤoɩa ɜ ɢɡoɛɪaɠeɧɢɢ ɩoɹɜɥɹeɬcɹ ɛoɥɶɲoe ɤoɥɢɱecɬɜo 

ɧaɥoɠeɧɧɵɯ ɞɪɭɝ ɧa ɞɪɭɝa ɷɥeɦeɧɬoɜ. Ʉaɤ ɩɪaɜɢɥo, ɬoɥɳɢɧaoɛɪaɡɰa ɧe 

ɞoɥɠɧa ɩɪeɜɵɲaɬɶ ɛoɥee ɱeɦ ɜ 10 ɪaɡ ɜeɥɢɱɢɧɭ ɪaɡɪeɲaɸɳeɣ cɩocoɛɧocɬɢ. 

Oɛɵɱɧo ɢcɩoɥɶɡɭɸɬ ɞɜaocɧoɜɧɵɯ ɪeɠɢɦa ɪaɛoɬɵ ɉɗɆ, ɤoɬoɪɵe 

ɩoɡɜoɥɹɬ ɩoɥɭɱɢɬɶ: a) ɢɡoɛɪaɠeɧɢeoɛɪaɡɰa ɢɥɢ ɛ) ɞɢɮɪaɤɰɢoɧɧɭɸ ɤaɪɬɢɧɭ 

ɪeɮɥeɤcoɜ. ɂɡoɛɪaɠeɧɢe ɮoɪɦɢɪɭeɬcɹ ɜcɥeɞcɬɜɢe ɬoɝo, ɱɬo ɪaɡɧɵeaɬoɦɵ 

ɪacceɢɜaɸɬ ɢ ɩoɝɥoɳaɸɬ ɛɵcɬɪɵe ɷɥeɤɬɪoɧɵ c ɪaɡɥɢɱɧoɣ ɷɮɮeɤɬɢɜɧocɬɶɸ. 

ɂɡɜecɬɧo, ɱɬo ɪacceɢɜaɧɢe ɦoɠeɬ ɛɵɬɶ ɭɩɪɭɝɢɦ ɢ ɧeɭɩɪɭɝɢɦ. ȼ ɩeɪɜoɦ 

cɥɭɱae ɷɧeɪɝɢɹ ɢ ɞɥɢɧa ɜoɥɧɵ ɩaɞaɸɳeɝo ɢɡɥɭɱeɧɢɹ ɧe ɦeɧɹɸɬcɹ. ɍɩɪɭɝoe 

ɪacceɹɧɢe ɩɪɢɜoɞɢɬ ɤ ɞɢɮɪaɤɰɢɢ ɢ ɢɧɬeɪɮeɪeɧɰɢɢ ɜoɥɧ, coɡɞaɸɳɢɯ 

ɞɢɮɪaɤɰɢoɧɧɭɸ ɤaɪɬɢɧɭ oɬ oɛɴeɤɬa, ɧeɭɩɪɭɝoe ɜɵɡɵɜaeɬ ɪaɡɥɢɱɧɵe 

ɜoɡɛɭɠɞeɧɢɹ ɜ aɬoɦaɯ ɢccɥeɞɭeɦoɝo ɜeɳecɬɜa ɢ ɩeɪeɢɡɥɭɱeɧɢe, ɱɬo 

ɢcɩoɥɶɡɭeɬcɹ ɜ ɪaɡɧooɛɪaɡɧɵɯ ɦeɬoɞaɯ ɦɢɤɪoaɧaɥɢɡa ɯɢɦɢɱecɤoɝococɬaɜa. ȼ 

ɞɢɮɪaɤɰɢoɧɧoɣ ɤaɪɬɢɧeoɬ ɩeɪɢoɞɢɱecɤɢɯ cɬɪɭɤɬɭɪ ɢɦeɸɬcɹ ɦaɤcɢɦɭɦɵ 

(ɪeɮɥeɤcɵ) ɪaɡɥɢɱɧoɝo ɩoɪɹɞɤa: ɧɭɥeɜoɝo, ɩeɪɜoɝo, ɜɬoɪoɝo ɢ ɬ.ɞ. ɜ 

ɡaɜɢcɢɦocɬɢ oɬ ɭɝɥa, oɬcɱɢɬaɧɧoɝooɬ ɧeɪacceɹɜɲeɝocɹ ɩɭɱɤa, ɢ 

ɩeɪɢoɞɢɱɧocɬɢ cɬɪɭɤɬɭɪɵ. ɗɥeɤɬɪoɧɧɵe ɦɢɤɪoɮoɬoɝɪaɮɢɢ ɩoɥɭɱaɸɬ ɜ 

ɭcɥoɜɢɹɯ, ɤoɝɞaaɩeɪɬɭɪɧaɹ ɞɢaɮɪaɝɦa ɜɵɪeɡaeɬ ɢɡ oɛɳeɝo ɩoɬoɤa ɬoɥɶɤo 

ɰeɧɬɪaɥɶɧɵɣ ɩɭɱoɤ (ɞɢɮɪaɤɰɢoɧɧɵɣ ɦaɤcɢɦɭɦ ɧɭɥeɜoɝo ɩoɪɹɞɤa). Oɧɢ 

ɦoɝɭɬ ɞaɬɶ cɜeɞeɧɢɹ o ɪaɡɦeɪaɯ ɢ ɮoɪɦeoɬɞeɥɶɧɵɯ ɡeɪeɧ, ɮaɡ ɢ ɞɪɭɝɢɯ 

cɬɪɭɤɬɭɪɧɵɯ eɞɢɧɢɰ. Ⱦɪɭɝaɹ ɢɧɮoɪɦaɰɢɹ coɞeɪɠɢɬcɹ ɜ ɷɥeɤɬɪoɧoɝɪaɦɦe – 

ɞɢɮɪaɤɰɢoɧɧoɣ ɤaɪɬɢɧe, ɩoɥɭɱaeɦoɣ ɩɪɢ ɩɪoɩɭcɤaɧɢɢ ɦaɤcɢɦɭɦoɜ ɛoɥee 
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ɜɵcoɤoɝo ɩoɪɹɞɤa (ɩɪɢ ɛoɥɶɲeɣ aɩeɪɬɭɪe ɞɢaɮɪaɝɦɵ). 

ɉocɥecooɬɜeɬcɬɜɭɸɳeɣ oɛɪaɛoɬɤɢ ɩo ɧeɣ ɦoɠɧocɭɞɢɬɶ o ɬɢɩe 

ɤɪɢcɬaɥɥɢɱecɤoɣ ɪeɲeɬɤɢ. 

 

 

Ɋɢcɭɧoɤ 14. ɉɗɆ -JEM 2100 

 C ɢcɩoɥɶɡoɜaɧɢeɦ ɩɪocɜeɱɢɜaɸɳeɝo ɷɥeɤɬɪoɧɧoɝo 

ɦɢɤɪocɤoɩaJEM 2100 ɢccɥeɞoɜaɥɢ ɬoɧɤɢe ɩɥeɧɤɢ ɷɬɢɯ ɩoɤɪɵɬɢɣ ɬoɥɳɢɧoɣ 

ɩoɪɹɞɤa 100 ɧɦ. ɇa ɪɢcɭɧɤe14 ɩɪɢɜeɞeɧ ɜɧeɲɧɢɣ ɜɢɞ ɩɪocɜeɱɢɜaɸɳeɝo 

ɪacɬɪoɜoɝo ɦɢɤɪocɤoɩa. 

Oɩɪeɞeɥeɧɢe ɬoɥɳɢɧɵ ɩoɤɪɵɬɢɣ 

Oɩɪeɞeɥeɧɢe ɬoɥɳɢɧɵ ɩoɤɪɵɬɢɣ c ɞocɬaɬoɱɧoɣ ɬoɱɧocɬɶɸ ɢɦeeɬ 
ɛoɥɶɲoe ɡɧaɱeɧɢe, ɬaɤ ɤaɤ ɦɧoɝɢecɜoɣcɬɜa ɩoɤɪɵɬɢɣ ɡaɜɢcɹɬ oɬ ɬoɥɳɢɧɵ: 
ɦɢɤɪoɬɜeɪɞocɬɶ, ɜeɥɢɱɢɧa ɜɧɭɬɪeɧɧɢɯ ɧaɩɪɹɠeɧɢɣ, ɦoɪɮoɥoɝɢɹ ɩoɜeɪɯɧocɬɢ 
ɢ ɬ.ɞ. 

Мeɬoɞ ɲaɪoɜoɝo ɲɥɢɮaocɧoɜaɧ ɧa ɢɡɦeɪeɧɢɢ ɝeoɦeɬɪɢɱecɤɢɯ 
ɪaɡɦeɪoɜ ɥɭɧɤɢ ɢɡɧoca ɧa ɩoɜeɪɯɧocɬɢ ɩoɞɥoɠɤɢ c ɩoɤɪɵɬɢeɦ. 
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Ɋɢcɭɧoɤ15. Oɩɪeɞeɥeɧɢe ɬoɥɳɢɧɵ ɩoɤɪɵɬɢɹ ɦeɬoɞoɦ ɲaɪoɜoɝo ɲɥɢɮa 

 

Ɇeɬoɞ ɲaɪoɜoɝo ɲɥɢɮa, cɯeɦa ɤoɬoɪoɝo ɩɪɢɜeɞeɧa ɧa ɪɢc. 15, 

ɰeɥecooɛɪaɡɧo ɢcɩoɥɶɡoɜaɬɶ ɞɥɹ ɩoɤɪɵɬɢɣ ɬoɥɳɢɧoɣ oɬ 0,5 ɞo ɧecɤoɥɶɤɢɯ 
ɦɢɤɪoɧ. Ʌɭɧɤɭ ɢɡɧoca ɩoɥɭɱaɸɬ c ɩoɦoɳɶɸ ɜɪaɳaɸɳeɝocɹ ɲaɪɢɤa, c 

ɩocɥeɞɭɸɳɢɦ ɢɡɦeɪeɧɢɣ ɝeoɦeɬɪɢɱecɤɢɯ ɩaɪaɦeɬɪoɜ ɥɭɧɤɢ ɢɡɧocac 

ɩoɦoɳɶɸ oɩɬɢɱecɤoɝo ɦɢɤɪocɤoɩa, ɬoɥɳɢɧɭ ɩoɤɪɵɬɢɹ ɪaccɱɢɬɵɜaɸɬ ɩo 

ɮoɪɦɭɥe 

2

1

22

2

2
rRrRh ɲɲ  , (3) 

ɝɞe h - ɬoɥɳɢɧa ɩoɤɪɵɬɢɹ, ɲR - ɪaɞɢɭc ɲaɪɢɤa, 2r - ɪaɞɢɭc ɥɭɧɤɢ ɲɥɢɮa, 

cooɬɜeɬcɬɜɭɸɳɢɣ ɩeɪeɯoɞɭ oɬ ɩoɤɪɵɬɢɹ ɤ ɩoɞɥoɠɤe, 1r - ɧaɢɛoɥɶɲɢɣ ɪaɞɢɭc 

ɥɭɧɤɢ ɢɡɧoca. 

Ɍoɥɳɢɧa ɩoɤɪɵɬɢɹ, ɢɡɦeɪeɧɧaɹ ɩo ɲaɪ-ɲɥɢɮɭ (ɪɢc. 16) cocɬaɜɥɹɥa 1,3 

-1,4 ɦɤɦ. 
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Ɋɢcɭɧoɤ 16. ɒaɪ-ɲɥɢɮ ɧa ɩoɜeɪɯɧocɬɢ ɩoɤɪɵɬɢɹ c ɪaɡɦeɪaɦɢ ɜɧeɲɧɢɯ ɢ 
ɜɧɭɬɪeɧɧɢɯ ɝɪaɧɢɰ 

 

2.4 ɂccɥeɞoɜaɧɢeaɞɝeɡɢoɧɧɵɯ ɯaɪaɤɬeɪɢcɬɢɤ 

ȼ ɞaɧɧoɣ ɪaɛoɬe ɞɥɹ ɢcɩɵɬaɧɢɣ ɩoɤɪɵɬɢɣ c ɰeɥɶɸ oɩɪeɞeɥeɧɢɹ 

aɞɝeɡɢoɧɧoɣ/ɤoɝeɡɢoɧɧoɣ ɩɪoɱɧocɬɢ, cɬoɣɤocɬɢ ɤ ɰaɪaɩaɧɶɸ ɢ oɩɪeɞeɥeɧɢɹ 

ɦeɯaɧɢɡɦa ɪaɡɪɭɲeɧɢɹ ɢcɩoɥɶɡoɜaɥɢ cɤɪeɬɱ-ɬecɬeɪ REVETEST ɤoɦɩaɧɢɢ 

CSM Instruments, cɯeɦa ɤoɬoɪoɝo ɩoɤaɡaɧa ɧa ɪɢcɭɧɤe17. Ⱦɥɹ oɩɪeɞeɥeɧɢɹ 

aɞɝeɡɢoɧɧoɣ ɩɪoɱɧocɬɢ ɩoɤɪɵɬɢɹ ɧa ɩoɜeɪɯɧocɬɶ aɥɦaɡɧɵɦ cɮeɪɢɱecɤɢɦ 

ɢɧɞeɧɬoɪoɦ ɬɢɩa «Ɋoɤɜeɥɥ C» c ɪaɞɢɭcoɦ ɡaɤɪɭɝɥeɧɢɹ 200 ɦɤɦ ɧaɧocɢɥɢ 

ɰaɪaɩɢɧɵ ɩɪɢ ɧeɩɪeɪɵɜɧo ɧaɪacɬaɸɳeɣ ɧaɝɪɭɡɤe ɩocɯeɦe, ɩɪɢɜeɞeɧɧoɣ ɧa 

ɪɢcɭɧɤe18, ɢ ocɭɳecɬɜɥɹɥɢ ɪeɝɢcɬɪaɰɢɸ ɮɢɡɢɱecɤɢɯ ɩaɪaɦeɬɪoɜ: 

aɤɭcɬɢɱecɤoɣ ɷɦɢccɢɢ, cɢɥɵ ɬɪeɧɢɹ, ɤoɷɮɮɢɰɢeɧɬa ɬɪeɧɢɹ, ɝɥɭɛɢɧɵ 

ɩɪoɧɢɤɧoɜeɧɢɹ ɢɧɞeɧɬoɪa ɢ ocɬaɬoɱɧoɣ ɝɥɭɛɢɧɵ ɰaɪaɩɢɧɵ. 
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Ɋɢcɭɧoɤ 17.Cɯeɦacɤɪeɬɱ-ɬecɬeɪa «REVETEST» 

 

 Ɇeɬoɞ ɩoɡɜoɥɹeɬ ɢɡɦeɧɹɬɶ ɧaɝɪɭɡɤɭ ɧa ɢɧɞeɧɬoɪ ɢ ɪeɝɭɥɢɪoɜaɬɶ 

cɤoɪocɬɶ cɤɥeɪoɦeɬɪɢɪoɜaɧɢɹ (ɰaɪaɩaɧɢɹ). ȼ ɯoɞe ɩeɪeɦeɳeɧɢɹ ɢɧɞeɧɬoɪac 

ɡaɞaɧɧoɣ cɤoɪocɬɶɸ ɢ ɩɪɢ ɩocɬoɹɧɧoɣ, cɬɭɩeɧɱaɬo ɢɥɢ ɧeɩɪeɪɵɜɧo 

ɧaɪacɬaɸɳeɣ ɧaɝɪɭɡɤe, ɩɪoɯoɞɢɬ ɡaɩɢcɶ ɧa ɤoɦɩɶɸɬeɪ ɩoɤaɡaɧɢɣ ɧecɤoɥɶɤɢɯ 

ɞaɬɱɢɤoɜ, a ɢɦeɧɧo: cɢɥɵ ɧaɝɪɭɠeɧɢɹ, ɢɧɬeɧcɢɜɧocɬɢ aɤɭcɬɢɱecɤoɣ ɷɦɢccɢɢ, 

cɢɥɵ ɬɪeɧɢɹ, ɤoɷɮɮɢɰɢeɧɬa ɬɪeɧɢɹ, ɝɥɭɛɢɧɵ ɰaɪaɩɢɧɵ. Ɇoɦeɧɬ 

aɞɝeɡɢoɧɧoɝo ɢɥɢ ɤoɝeɡɢoɧɧoɝo ɪaɡɪɭɲeɧɢɹ ɩoɤɪɵɬɢɹ ɮɢɤcɢɪɭeɬcɹ ɩocɥe 

ɢcɩɵɬaɧɢɣ ɜɢɡɭaɥɶɧoc ɩoɦoɳɶɸ oɩɬɢɱecɤoɝo ɦɢɤɪocɤoɩa, oɛoɪɭɞoɜaɧɧoɝo 

ɰɢɮɪoɜoɣ ɤaɦeɪoɣ, a ɬaɤɠe ɩoaɧaɥɢɡɭ ɮoɪɦɵ ɤɪɢɜɵɯ «cɜoɣcɬɜo-ɧaɝɪɭɡɤa», 

ɩo ɢɡɦeɧeɧɢɸ oɞɧoɝo ɢɡ ɩɹɬɢ ɩaɪaɦeɬɪoɜ: aɤɭcɬɢɱecɤaɹ ɷɦɢccɢɹ, cɢɥa 

ɬɪeɧɢɹ, ɤoɷɮɮɢɰɢeɧɬ ɬɪeɧɢɹ, ɝɥɭɛɢɧa ɩɪoɧɢɤɧoɜeɧɢɹ ɢɧɞeɧɬoɪa ɢ 

ocɬaɬoɱɧaɹ ɝɥɭɛɢɧa ɰaɪaɩɢɧɵ. Ɍaɤɢɦ oɛɪaɡoɦ, oɩɪeɞeɥɹɸɬ ɦɢɧɢɦaɥɶɧɭɸ 

(ɤɪɢɬɢɱecɤɭɸ) ɧaɝɪɭɡɤɭ (Lc), ɤoɬoɪaɹ ɩɪɢɜeɥa ɤ ɪaɡɪɭɲeɧɢɸ ɩoɤɪɵɬɢɹ. 
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Ɋɢcɭɧoɤ 18.Cɯeɦa ɢcɩɵɬaɧɢɹ ɧa ɩɪɢɛoɪe 

 

2.5 ɂccɥeɞoɜaɧɢeɦɢɤɪoɬɜeɪɞocɬɢ 

 Ɇeɬoɞoɩɪeɞeɥeɧɢɹɦɢɤɪoɬɜeɪɞocɬɢɩɪeɞɧaɡɧaɱeɧɞɥɹoɰeɧɤɢɬɜeɪɞocɬɢoɱ

eɧɶ ɦaɥɵɯ (ɦɢɤɪocɤoɩɢɱecɤɢɯ) oɛɴeɦoɜ ɦaɬeɪɢaɥoɜ. Eɝo 

ɩɪɢɦeɧɹɸɬɞɥɹɢɡɦeɪeɧɢɹɬɜeɪɞocɬɢ ɦeɥɤɢɯ ɞeɬaɥeɣ, ɬoɧɤɢɯ ɩɪoɜoɥoɤ ɢɥɢ 

ɥeɧɬɵ, ɬoɧɤɢɯ ɩoɜeɪɯɧocɬɧɵɯcɥoeɜ, ɩoɤɪɵɬɢɣ  

 Ⱦɥɹ ɢccɥeɞoɜaɧɢɹ ɬɜeɪɞocɬɢ (ɦɢɤɪoɬɜeɪɞocɬɢ) ɬoɧɤɢɯ ɩoɤɪɵɬɢɣ 

ɢcɩoɥɶɡɭɸɬ ɦeɬoɞɵ ɢɡɦeɪeɧɢя ɬɜeɪɞocɬɢ ɩo Вɢɤɤeɪcɭ 

 Ɇeɬoɞ ɢɡɦeɪeɧɢɹ ɬɜeɪɞocɬɢ ɩo ȼɢɤɤeɪcɭɩɪeɞɥoɠeɧ Cɦɢɬoɦ ɢ 

Ceɧɞɥeɧɞoɦ. ɉɪɢ ɢcɩɵɬaɧɢɢ ɧa ɬɜeɪɞocɬɶ ɩo ɦeɬoɞɭ ȼɢɤɤeɪca ɜ 

ɩoɜeɪɯɧocɬɶ ɦaɬeɪɢaɥa ɜɞaɜɥɢɜaeɬcɹ ɜ ɬeɱeɧɢeoɩɪeɞeɥeɧɧoɝo ɜɪeɦeɧɢ 

aɥɦaɡɧaɹ ɱeɬɵɪeɯɝɪaɧɧaɹ ɩɢɪaɦɢɞac ɭɝɥoɦ ɩɪɢ ɜeɪɲɢɧe       (ɪɢc.19).  
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Ɋɢcɭɧoɤ 19.Cɯeɦa ɦeɬoɞa ɢcɩɵɬaɧɢɹ ɬɜeɪɞocɬɢ ɩo ȼɢɤɤeɪcɭ:    ɢ    - 

ɞɢaɝoɧaɥɢ oɬɩeɱaɬɤaoɬ ɢɧɞeɧɬoɪa 

 

ɉocɥecɧɹɬɢɹ ɧaɝɪɭɡɤɢ ɜɞaɜɥɢɜaɧɢɹ ɢɡɦeɪɹɸɬcɹ ɞɢaɝoɧaɥɢ oɬɩeɱaɬɤa   

ɢ   . ɉo ɞɢaɝoɧaɥɹɦ oɬɩeɱaɬɤa ɩɢɪaɦɢɞɵ    ɢ    ɢ ɭɝɥɭ   ɩɪɢ ɜeɪɲɢɧe 

ɩɢɪaɦɢɞɵ oɩɪeɞeɥɹɸɬ ɩɥoɳaɞɶ ɩoɜeɪɯɧocɬɢ oɬɩeɱaɬɤa. Ɍaɤɢɦ oɛɪaɡoɦ, 

ɱɢcɥo ɬɜeɪɞocɬɢ ɩo ȼɢɤɤeɪcɭ    ɩoɞcɱɢɬɵɜaeɬcɹ ɤaɤ oɬɧoɲeɧɢe ɧaɝɪɭɡɤɢ   

ɤ ɩɥoɳaɞɢ ɩoɜeɪɯɧocɬɢ ɩɢɪaɦɢɞaɥɶɧoɝooɬɩeɱaɬɤa : 

22
858,12

sin2

d

P

d

P

M

P
HV 



, 
(4) 

ɝɞe  - cɪeɞɧeaɪɢɮɦeɬɢɱecɤɢe ɡɧaɱeɧɢɹ ɞɥɹ oɛeɢɯ ɞɢaɝoɧaɥeɣ. 

ɉɪɢ ɢcɩɵɬaɧɢɢ ɬoɧɤɢɯ ɩoɜeɪɯɧocɬɧɵɯ cɥoeɜ ɧaɝɪɭɡɤɭ ɧaɞo ɜɵɛɢɪaɬɶ 

ɬaɤɢɦ oɛɪaɡoɦ, ɱɬoɛɵ ɝɥɭɛɢɧaoɬɩeɱaɬɤa ɧe ɜɵɯoɞɢɥa ɡa ɩɪeɞeɥɵ ɬoɥɳɢɧɵ 

ɩoɜeɪɯɧocɬɧoɝocɥoɹ, acaɦ oɬɩeɱaɬoɤ ɛɵɥ ɛɵ ɞocɬaɬoɱɧo ɱeɬɤɢɦ. Ɍɜeɪɞocɬɶ 

ɩo ȼɢɤɤeɪcɭ oɩɪeɞeɥɹɸɬ ɧaoɛɪaɡɰaɯ c ɬɳaɬeɥɶɧooɬɲɥɢɮoɜaɧɧoɣ ɢɥɢ 

ɞaɠeoɬɩoɥɢɪoɜaɧɧoɣ ɩoɜeɪɯɧocɬɶɸ. Ɍoɥɳɢɧaoɛɪaɡɰa ɞoɥɠɧa ɛɵɬɶ ɧe ɦeɧee 

1,5 ɞɢaɝoɧaɥɢ oɬɩeɱaɬɤa. 
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Oɞɧɢɦ ɢɡ ocɧoɜɧɵɯ ɩɪeɢɦɭɳecɬɜ ɦeɬoɞa ɢɡɦeɪeɧɢɹ ɬɜeɪɞocɬɢ ɩo 

ȼɢɤɤeɪcɭ ɹɜɥɹeɬcɹ ɢcɩoɥɶɡoɜaɧɢe ɢɧɞeɧɬoɪa ɜ ɜɢɞeaɥɦaɡɧoɣ ɩɢɪaɦɢɞɵ c 

ɤɜaɞɪaɬɧɵɦ ocɧoɜaɧɢeɦ ɢ ɞɜɭɝɪaɧɧɵɦ ɭɝɥoɦ ɩɪɢ ɜeɪɲɢɧe 136˚ (ɜ oɬɥɢɱɢeoɬ 

aɥɦaɡɧoɝo ɤoɧɢɱecɤoɝo ɢ ɲaɪɢɤoɜɵɯ ɢɧɞeɧɬoɪoɜ ɜ ɦeɬoɞe ɩo Ɋoɤɜeɥɥɭ), 

ɤoɬoɪɵɣ ɩoɡɜoɥɹeɬ ɭcɬɪaɧɢɬɶ ɧeɞocɬaɬoɤ, cɜɹɡaɧɧɵɣ coɬcɭɬcɬɜɢeɦ ɩoɞoɛɢɹ 

oɬɩeɱaɬɤoɜ, a, cɥeɞoɜaɬeɥɶɧo, ɢcɤɥɸɱɢɬɶ ɩeɪeɜoɞɵ ɬɜeɪɞocɬɢ coɞɧoɣ ɲɤaɥɵ 

ɧa ɞɪɭɝɭɸ. Ʉ ɬoɦɭ ɠe, ɭɝɥɵ ɤɜaɞɪaɬɧoɝooɬɩeɱaɬɤa ɜɢɞɧɵ oɬɱeɬɥɢɜee, ɱeɦ 

ɤɪaɹ ɤɪɭɝɥoɝo, ɩoɷɬoɦɭ ɢɡɦeɪeɧɢe ɞɢaɝoɧaɥeɣ ɤɜaɞɪaɬɧoɝooɬɩeɱaɬɤa ɩɪɢ 

ɪaɡɧɵɯ ɧaɝɪɭɡɤaɯ ɦoɠɧo ɜɵɩoɥɧɢɬɶ ɬoɱɧee, ɩocɪaɜɧeɧɢɸ c ɞɪɭɝɢɦɢ 

ɦeɬoɞaɦɢ. Ɇeɬoɞ ȼɢɤɤeɪca ɞaeɬ ɜɵcoɤɭɸ ɬoɱɧocɬɶ ɩɪɢ ɢɡɦeɪeɧɢɢ ɬɜeɪɞocɬɢ 

ɬoɧɤɢɯ cɥoeɜ, ɩocɤoɥɶɤɭ ɞɢaɝoɧaɥɢ oɬɩeɱaɬɤa ɩɪɢɦeɪɧo ɜ 7 ɪaɡ ɛoɥɶɲeeɝo 

ɝɥɭɛɢɧɵ, ɩoɷɬoɦɭ ɞaɠe ɩɪɢ ɧeɛoɥɶɲoɣ ɝɥɭɛɢɧe ɩɪoɧɢɤɧoɜeɧɢɹ ɩɢɪaɦɢɞɵ 

oɬɩeɱaɬoɤ ɩoɥɭɱaeɬcɹ ɞocɬaɬoɱɧo ɱeɬɤɢɦ. ɉɪɢ ɢcɩɵɬaɧɢɢ ɬɜeɪɞɵɯ ɢ ɯɪɭɩɤɢɯ 

cɥoeɜ oɤoɥo ɭɝɥoɜ oɬɩeɱaɬɤa ɢɧoɝɞaoɛɪaɡɭɸɬcɹ ɬɪeɳɢɧɵ (oɬɤoɥɵ), ɩo ɜɢɞɭ 

ɤoɬoɪɵɯ ɦoɠɧocɭɞɢɬɶ o ɯɪɭɩɤocɬɢ ɢɡɦeɪɹeɦoɝo ɦaɬeɪɢaɥa. 

Ɇɢɤɪoɬɜeɪɞocɬɶ ɩoɤɪɵɬɢɹ oɩɪeɞeɥɹɥɢ ɧa ɬɜeɪɞoɦeɪeDMB8 ɤoɬoɪɵɣ 

ɩoɤaɡaɧ ɧa ɪɢcɭɧɤe20. 
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Ɋɢcɭɧoɤ20. ɌɜeɪɞoɦeɪDMB8 

 

2.6 ɂccɥeɞoɜaɧɢe ɜɧɭɬɪeɧɧɢɯ ɧaɩɪɹɠeɧɢɣ 

ȼ cɥɭɱae ɩoɤɪɵɬɢɣ c ɧeɭɩoɪɹɞoɱeɧɧoɣ aɦoɪɮɧoɣ cɬɪɭɤɬɭɪoɣ 

(ɧaɩɪɢɦeɪ, DLC) ɜeɥɢɱɢɧɭ ɜɧɭɬɪeɧɧɢɯ ɧaɩɪɹɠeɧɢɣ   ɦoɠɧooɩɪeɞeɥɹɬɶ ɩo 

ɜeɥɢɱɢɧe ɩɪoɝɢɛaoɛɪaɡɰoɜ c ɩoɤɪɵɬɢeɦ, ɢcɩoɥɶɡɭɹ ɮoɪɦɭɥɭ Cɬoɭɧɢ, ɬaɤ ɤaɤ 

ɢcɩoɥɶɡoɜaɧɢe ɪeɧɬɝeɧoɜcɤɢɯ ɢɥɢ ɷɥeɤɬɪoɧɧo-ɦɢɤɪocɤoɩɢɱecɤɢɯ ɦeɬoɞoɜ, 

ocɧoɜaɧɧɵɯ ɧaoɩɪeɞeɥeɧɢɢ ɢɡɦeɧeɧɢɣ ɩocɬoɹɧɧɵɯ ɤɪɢcɬaɥɥɢɱecɤoɣ 

ɪeɲeɬɤɢ, ɜɵɡɜaɧɧɵɯ ɧaɩɪɹɠeɧɧɵɦ cocɬoɹɧɢeɦ, ɧe ɩɪeɞcɬaɜɥɹeɬcɹ 

ɜoɡɦoɠɧɵɦ. ɉɪɢ ɷɬoɦ ɢcɩoɥɶɡɭɸɬ ɩɪɢɜeɞeɧɧɭɸ ɮoɪɦɭɥɭ Cɬoɭɧɢ ɞɥɹ cɥɭɱaɹ 

ɞɜɭɯocɧoɝocɢɦɦeɬɪɢɱɧoɝo ɧaɩɪɹɠeɧɧoɝococɬoɹɧɢɹ ɜ ɩoɤɪɵɬɢɢ: 

Rh

Ed

)1(6

2





 , (5) 

ɝɞe E – ɦoɞɭɥɶ ɭɩɪɭɝocɬɢ ɩoɞɥoɠɤɢ; d – ɬoɥɳɢɧa ɩoɞɥoɠɤɢ; h – ɬoɥɳɢɧa 

ɩoɤɪɵɬɢɹ; R – ɪaɞɢɭc ɤɪɢɜɢɡɧɵ ɩoɞɥoɠɤɢ ɜcɥeɞcɬɜɢe ɢɡɝɢɛa;  – 

ɤoɷɮɮɢɰɢeɧɬ ɉɭaccoɧa ɩoɞɥoɠɤɢ. Oɩɪeɞeɥeɧɢecɪeɞɧeɣ ɜeɥɢɱɢɧɵ 
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ɜɧɭɬɪeɧɧɢɯ ɧaɩɪɹɠeɧɢɣ ɜ ɩoɤɪɵɬɢɢ ɩɪoɢɡɜoɞɢɬcɹ ɩɭɬёɦ ɢɡɦeɪeɧɢɹ ɪaɞɢɭca 

ɤɪɢɜɢɡɧɵ ɩoɞɥoɠɤɢ R  ɞo ɢ ɩocɥe ɩɪoɰecca ɧaɧeceɧɢɹ ɩoɤɪɵɬɢɹ. 

ɇeoɛɯoɞɢɦooɬɦeɬɢɬɶ, ɱɬo ɮoɪɦɭɥa (5) ɩɪɢɦeɧɢɦa ɜ ɬoɦ cɥɭɱae, ɤoɝɞa 

ɬoɥɳɢɧa ɩoɤɪɵɬɢɹ h cɭɳecɬɜeɧɧo ɦeɧɶɲe ɬoɥɳɢɧɵ ɩoɞɥoɠɤɢ d . ɇa 

ɪɢcɭɧɤe21 ɩɪɢɜeɞeɧa ɩɪɢɧɰɢɩɢaɥɶɧaɹ cɯeɦa ɢɡɦeɪeɧɢɹ ɪaɞɢɭca ɤɪɢɜɢɡɧɵ R  

ɩoɞɥoɠɤɢ c ɩoɤɪɵɬɢeɦ. 

 

 

 

Ɋɢcɭɧoɤ 21.ɉɪɢɧɰɢɩɢaɥɶɧaɹ cɯeɦa ɢɡɦeɪeɧɢɹ ɪaɞɢɭca ɤɪɢɜɢɡɧɵ R  ɩoɞɥoɠɤɢ 

c ɭɝɥeɪoɞɧɵɦ ɩoɤɪɵɬɢeɦ. 1– ɉoɞɥoɠɤa ɢɡ ɤɪeɦɧɢɹ c ɩoɤɪɵɬɢeɦ; 2 – ɥaɡeɪ; 3 

– ɩoɥɭɩɪoɡɪaɱɧoe ɡeɪɤaɥo; 4 – ɲɤaɥa 

 

 Oɞɢɧ ɤoɧeɰ ɤɪeɦɧɢeɜoɣ ɩoɞɥoɠɤɢ 1 c ɭɝɥeɪoɞɧɵɦ ɩoɤɪɵɬɢeɦ ɠecɬɤo 

ɡaɤɪeɩɥeɧ, ɧa ɞɪɭɝoɣ ɤoɧeɰ c ɩoɥɢɪoɜaɧɧoɣ ɡeɪɤaɥɶɧoɣ ɩoɜeɪɯɧocɬɶɸ 

ɧaɩɪaɜɥɹɥɢ ɥɭɱ ɥaɡeɪa 2, oɬɪaɠeɧɧɵɣ oɬ ɩoɥɭɩɪoɡɪaɱɧoɝo ɡeɪɤaɥa 3. ɇa 

ɲɤaɥe 4 ɮɢɤcɢɪoɜaɥɢ ɩoɥoɠeɧɢe ɥɭɱa ɥaɡeɪaoɬɪaɠeɧɧoɝooɬ ɩoɞɥoɠɤɢ ɛeɡ 

ɩoɤɪɵɬɢɹ ɢ c ɭɝɥeɪoɞɧɵɦ ɩoɤɪɵɬɢeɦ. Ɋaccɬoɹɧɢe ɦeɠɞɭ ɷɬɢɦɢ ɩoɥoɠeɧɢɹɦɢ 
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cooɬɜeɬcɬɜɭeɬ oɬɪeɡɤɭ B . ɍɝoɥ  , ɧeoɛɯoɞɢɦɵɣ ɞɥɹ oɩɪeɞeɥeɧɢɹ ɪaɞɢɭca 

ɤɪɢɜɢɡɧɵ ɩoɞɥoɠɤɢ R , ɪaccɱɢɬɵɜaɥɢ ɩo ɮoɪɦɭɥe: 

2
L

B
arctg , (6) 

ɝɞe L – ɪaccɬoɹɧɢeoɬ ɤɪaɹ ɩoɞɥoɠɤɢ ɞo ɲɤaɥɵ, B – ɪaccɬoɹɧɢe ɧa ɲɤaɥe 

ɦeɠɞɭ ɩoɥoɠeɧɢɹɦɢ ɥɭɱa ɥaɡeɪa, oɬɪaɠeɧɧoɝooɬ ɩoɞɥoɠɤɢ ɛeɡ ɩoɤɪɵɬɢɹ ɢ c 

ɩoɤɪɵɬɢeɦ. ɉoɝɪeɲɧocɬɶ ɢɡɦeɪeɧɢɹ ɪaɞɢɭca ɤɪɢɜɢɡɧɵ ɩoɞɥoɠɤɢ cocɬaɜɢɥa 

2 %. 
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Ƚɥaɜa 3Ɋeɡɭɥɶɬaɬɵ ɷɤcɩeɪɢɦeɧɬaɥɶɧɵɯ ɢccɥeɞoɜaɧɢɣ, aɧaɥɢɡ 

ɩoɥɭɱeɧɧɵɯ ɪeɡɭɥɶɬaɬoɜ 

3.1 Ɋeɡɭɥɶɬaɬɵ ɢccɥeɞoɜaɧɢɣ ɩoɤɪɵɬɢɹ TiB2 

Ⱦɥɹ ɢccɥeɞoɜaɧɢɣ ɷɥeɦeɧɬɧoɝococɬaɜa ɩoɤɪɵɬɢɣ ɬoɥɳɢɧoɣ 2-3 ɦɤɦ 

ɛɵɥ ɢcɩoɥɶɡoɜaɧ ɦeɬoɞ ɪeɧɬɝeɧocɩeɤɬɪaɥɶɧoɝo ɦɢɤɪoaɧaɥɢɡa (ɊCɆA) ɢ 

cɤaɧɢɪɭɸɳɢɣ ɷɥeɤɬɪoɧɧɵɣ ɦɢɤɪocɤoɩ QUANTA 200 3D, ocɧaɳeɧɧɵɣ 

ɢɧɬeɝɪɢɪoɜaɧɧoɣ cɢcɬeɦoɣ Pegasus 2000 ɞɥɹ ɦɢɤɪoaɧaɥɢɡa. ɇa ɪɢc. 

22ɩɪɢɜeɞeɧacɩeɤɬɪoɝɪaɦɦa ɩoɤɪɵɬɢɹ ɞɢɛoɪɢɞa ɬɢɬaɧa, ɩɪoɝɪaɦɦɧaɹ 

oɛɪaɛoɬɤa ɤoɬoɪoɣ, ɩoɡɜoɥɹeɬ ɩoɥɭɱɢɬɶ ɩɪoɰeɧɬɧoecoɞeɪɠaɧɢe ɷɥeɦeɧɬoɜ ɜ 

ɩoɤɪɵɬɢɢ. 

 

Ɋɢcɭɧoɤ 22. ɗɥeɦeɧɬɧɵɣ cocɬaɜ ɩoɤɪɵɬɢɹ ɞɢɛoɪɢɞa ɬɢɬaɧa 



59 

 

C ɩoɦoɳɶɸ ɩɪocɜeɱɢɜaɸɳeɣ ɷɥeɤɬɪoɧɧoɣ ɦɢɤɪocɤoɩɢɢ ɩoɥɭɱeɧɵ 

ɞɢɮɪaɤɰɢoɧɧɵe  ɢɡoɛɪaɠeɧɢɹ cɬɪɭɤɬɭɪɵ  ɩoɤɪɵɬɢɹ ɧaocɧoɜeTi:B. Oɛɪaɡɰɵ 

ɩoɤɪɵɬɢɣ ɬoɥɳɢɧoɣ ɩoɪɹɞɤa 100 ɧɦ ocaɠɞaɥɢ ɧacɜeɠɢɣ cɤoɥ 

ɦoɧoɤɪɢcɬaɥɥaNaCl, ɡaɬeɦ ɩɥeɧɤɭ oɬɞeɥɹɥɢ oɬ ɩoɞɥoɠɤɢ ɜ 

ɞɢcɬɢɥɥɢɪoɜaɧɧoɣ ɜoɞe ɢ ɩoɦeɳaɥɢ ɦeɞɧɭɸ ceɬoɱɤɭ. ɂccɥeɞoɜaɧɢɹ 

ɩɪoɜoɞɢɥɢ ɧa ɷɥeɤɬɪoɧɧoɦ ɩɪocɜeɱɢɜaɸɳeɦ ɦɢɤɪocɤoɩe (ɉɗɆ) JEM 2100 ɜ 

ɪeɠɢɦe ɞɢɮɪaɤɰɢɢ ɩɪɢ ɭcɤoɪɹɸɳeɦ ɧaɩɪɹɠeɧɢɢ 200 ɤȼ. 

ɇa ɪɢcɭɧɤe23 ɩɪɢɜeɞeɧaɷɥeɤɬɪoɧoɝɪaɦɦa ɩoɤɪɵɬɢɹ Ti:B, ɩoɥɭɱeɧɧaɹ ɜ 

ɪeɠɢɦe ɞɢɮɪaɤɰɢɢ, c ɩoɦoɳɶɸ ɉɗɆ JEM 2100. 

 

 

 

Ɋɢcɭɧoɤ 23.ɗɥeɤɬɪoɧoɝɪaɦɦa ɩoɤɪɵɬɢɹ Ti:B, ɩoɥɭɱeɧɧaɹ ɜ ɪeɠɢɦe 

ɞɢɮɪaɤɰɢɢ c ɩoɦoɳɶɸ ɉɗɆ JEM 2100 

 

ɇa ɪɢcɭɧɤe 24 ɩoɤaɡaɧɵ ɢɡoɛɪaɠeɧɢɹ ɩoɜeɪɯɧocɬɢ ɩoɤɪɵɬɢɹ ɢ 

ɩoɩeɪeɱɧoɝo ɢɡɥoɦaɞɢɛoɪɢɞa ɬɢɬaɧa. 
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a) 

 

ɛ) 

Ɋɢcɭɧoɤ 24. ɉoɜeɪɯɧocɬɶ ɩoɤɪɵɬɢɹ ɞɢɛoɪɢɞa ɬɢɬaɧa (a) ɢ ɩoɩeɪeɱɧɵɣ ɢɡɥoɦ 
(ɛ) 

ɇa ɪɢcɭɧɤe25 ɩɪɢɜeɞeɧɵ ɪeɡɭɥɶɬaɬɵ ɢccɥeɞoɜaɧɢɣ aɞɝeɡɢoɧɧɵɯ 
ɯaɪaɤɬeɪɢcɬɢɤ ɞɜɭɯ ɬɢɩoɜ ɩoɤɪɵɬɢɹ ɞɢɛoɪɢɞa ɬɢɬaɧa: ɩeɪɜɵɣ – c ɩoɞcɥoeɦ 
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ɬɢɬaɧa, ɜɬoɪoɣ – ɛeɡ ɩoɞcɥoɹ.ɇa ɪɢcɭɧɤe 26 ɩoɤaɡaɧɵ ɪeɡɭɥɶɬaɬɵ 
ɢccɥeɞoɜaɧɢɣ aɞɝeɡɢoɧɧɵɯ ɯaɪaɤɬeɪɢcɬɢɤ ɩoɤɪɵɬɢɹ ɞɢɛoɪɢɞa ɬɢɬaɧa ɛeɡ 
ɩoɞcɥoɹ ɬɢɬaɧa, ɩoɥɭɱeɧɧoɝo ɜ cɛaɥaɧcɢɪoɜaɧɧoɦ ɪeɠɢɦe ɪaɛoɬɵ 
ɦaɝɧeɬɪoɧa. 

 

C ɩoɞcɥoeɦ ɬɢɬaɧa 

 

 

Ȼeɡ ɩoɞcɥoɹ ɬɢɬaɧa 

 

  

 
63,88 ɇ 

a) 

 

 
63,33 ɇ 

ɛ) 
 

 

Ɋɢcɭɧoɤ 25. Ɋeɡɭɥɶɬaɬɵ ɢccɥeɞoɜaɧɢɣ aɞɝeɡɢoɧɧɵɯ ɯaɪaɤɬeɪɢcɬɢɤ ɩoɤɪɵɬɢɹ 
ɞɢɛoɪɢɞa ɬɢɬaɧac ɩoɞcɥoeɦ ɬɢɬaɧa (a), – ɛeɡ ɩoɞcɥoɹ (ɛ)  
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Ɋɢcɭɧoɤ 26. Ɋeɡɭɥɶɬaɬɵ ɢccɥeɞoɜaɧɢɣ aɞɝeɡɢoɧɧɵɯ ɯaɪaɤɬeɪɢcɬɢɤ ɩoɤɪɵɬɢɹ 
ɞɢɛoɪɢɞa ɬɢɬaɧa ɛeɡ ɩoɞcɥoɹ ɬɢɬaɧa, ɩoɥɭɱeɧɧoɝo ɜ cɛaɥaɧcɢɪoɜaɧɧoɦ 

ɪeɠɢɦe ɪaɛoɬɵ ɦaɝɧeɬɪoɧa 
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Ɋɢcɭɧoɤ 27. Ɋeɡɭɥɶɬaɬɵ ɢɡɦeɪeɧɢɣ ɦɢɤɪoɬɜeɪɞocɬɢ ɩoɤɪɵɬɢɣ ɞɢɛoɪɢɞa 

ɬɢɬaɧa, ɩoɥɭɱeɧɧɵɯ ɜ ɪaɡɥɢɱɧɵɯ ɪeɠɢɦaɯ 

 

 

Ɋɢcɭɧoɤ 28. Ɋeɡɭɥɶɬaɬɵ ɢccɥeɞoɜaɧɢɣ ɜeɥɢɱɢɧɵ ɜɧɭɬɪeɧɧɢɯ ɧaɩɪɹɠeɧɢɣ 
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ȼɧɭɬɪeɧɧɢe ɧaɩɪɹɠeɧɢɹ ɜ ɩoɤɪɵɬɢɢ ɞocɬɢɝaɸɬ ɡɧaɱeɧɢɹ 5,66 Ƚɉa. ɉɪɢ 

oɬɠɢɝe ɩɪoɢcɯoɞɢɬ ɭɦeɧɶɲeɧɢe ɜɧɭɬɪeɧɧɢɯ ɧaɩɪɹɠeɧɢɣ, 

ɱɬocɜɹɡaɧococɬɪɭɤɬɭɪɧɵɦɢ ɢɡɦeɧeɧɢɹɦɢ ɢ ɱacɬɢɱɧɵɦ oɤɢcɥeɧɢeɦ ɩɪɢ 

ɬeɦɩeɪaɬɭɪe ɩoɪɹɞɤa 450 ºC. 

 

 3.2Aɧaɥɢɡ ɩoɥɭɱeɧɧɵɯ ɪeɡɭɥɶɬaɬoɜ 

C ɢcɩoɥɶɡoɜaɧɢeɦ ɊCɆA ɭcɬaɧoɜɥeɧo (cɦ. ɪɢc. 22), ɱɬocoɞeɪɠaɧɢe 

ɛoɪa ɢ ɬɢɬaɧa ɩoɤɪɵɬɢɢ ɜ aɬ.eɞ. cocɬaɜɥɹeɬ 82% ɢ 16% cooɬɜeɬcɬɜeɧɧo. 

Oɛɧaɪɭɠeɧo ɧeɡɧaɱɢɬeɥɶɧoecoɞeɪɠaɧɢeaɥɸɦɢɧɢɹ ɢ aɪɝoɧa. 

ɉɪeɞɜaɪɢɬeɥɶɧɵɣ aɧaɥɢɡ ɷɥeɤɬɪoɧoɝɪaɦɦɵ ɩoɤɪɵɬɢɹ (cɦ. ɪɢc. 23), 

ɩoɥɭɱeɧɧoɣ ɜ ɪeɠɢɦe ɞɢɮɪaɤɰɢɢ, ɩoɤaɡɵɜaeɬ, ɱɬoɩoɤɪɵɬɢe ɧaocɧoɜe ɢɦeeɬ 

ɩoɥɢɤɪɢcɬaɥɥɢɱecɤɭɸ cɬɪɭɤɬɭɪɭ. Ocoɛeɧɧocɬɶɸ ɷɬoɣ ɷɥeɤɬɪoɧoɝɪaɦɦɵ 

ɹɜɥɹɸɬcɹ ɹɜɧo ɜɵɪaɠeɧɧɵe ɪeɮɥeɤcɵ, cɜɢɞeɬeɥɶcɬɜɭɸɳɢeo ɧaɥɢɱɢɢ 

ɬeɤcɬɭɪɵ ɜ ɩoɤɪɵɬɢɢ. 

Aɧaɥɢɡ ɢɡoɛɪaɠeɧɢe ɩoɩeɪeɱɧoɝo ɢɡɥoɦa ɩoɤɪɵɬɢɹ ɢ ɩoɜeɪɯɧocɬɢ, 

ɩoɥɭɱeɧɧɵec ɢcɩoɥɶɡoɜaɧɢeɦ CɗɆ, ɩoɡɜoɥɹɸɬ cɞeɥaɬɶ ɜɵɜoɞ oɛ oɬcɭɬcɬɜɢɢ 

ɜɤɥɸɱeɧɢɣ ɢ ɜɵcoɤoɦ ɤaɱecɬɜe ɩoɜeɪɯɧocɬɢ. 

ɉo ɪeɡɭɥɶɬaɬaɦ ɢccɥeɞoɜaɧɢɣ aɞɝeɡɢoɧɧɵɯ ɯaɪaɤɬeɪɢcɬɢɤ (cɦ. ɪɢc. 25ɢ 

26) ɭcɬaɧoɜɥeɧo, ɱɬoaɞɝeɡɢoɧɧɵe ɯaɪaɤɬeɪɢcɬɢɤɢ ɩoɤɪɵɬɢɣ ɞɢɛoɪɢɞa ɬɢɬaɧa 

ɧa ɩoɞɥoɠɤe ɢɡ ɬɜeɪɞoɝocɩɥaɜac ɩoɞcɥoeɦ ɬɢɬaɧa ɢ ɛeɡ ɧeɝo, ɩoɥɭɱeɧɧɵɯ ɜ 

ɧecɛaɥaɧcɢɪoɜaɧɧoɦ ɪeɠɢɦe ɪaɛoɬɵ ɦaɝɧeɬɪoɧa, ɩɪaɤɬɢɱecɤɢ oɞɢɧaɤoɜɵ ɢ 

oɩɪeɞeɥɹɸɬcɹ ɤɪɢɬɢɱecɤoɣ ɧaɝɪɭɡɤoɣ 63 – 64 ɇ, ɱɬocɭɳecɬɜeɧɧo ɩɪeɜɵɲaɸɬ 

ɡɧaɱeɧɢɹ, ɩɪɢɜeɞeɧɧɵe ɜ ɩɭɛɥɢɤaɰɢɹɯ. 

ɉoɤɪɵɬɢe ɞɢɛoɪɢɞa ɬɢɬaɧa, ɩoɥɭɱeɧɧoe ɜ cɛaɥaɧcɢɪoɜaɧɧoɦ ɪeɠɢɦe 

ɪaɛoɬɵ ɦaɝɧeɬɪoɧa, oɛɥaɞaeɬ ɦeɧɶɲeɣ ɦɢɤɪoɬɜeɪɞocɬɶɸ, ɱɬocɜɹɡaɧoc 

ɦeɧɶɲeɣ ɜeɥɢɱɢɧoɣ ɢoɧɧoɝo ɬoɤa. Ɋeɡɭɥɶɬaɬɵ ɢccɥeɞoɜaɧɢɣ ɦɢɤɪoɬɜeɪɞocɬɢ 

ɢ aɞɝeɡɢoɧɧɵɯ ɯaɪaɤɬeɪɢcɬɢɤ ɩoɤɪɵɬɢɣ ɞɢɛoɪɢɞa ɬɢɬaɧacɜeɞeɧɵ ɜ ɬaɛɥɢɰɭ 

4. 

ȼɧɭɬɪeɧɧɢe ɧaɩɪɹɠeɧɢɹ ɜ ɩoɤɪɵɬɢɢ ɞocɬɢɝaɸɬ ɡɧaɱeɧɢɹ 5,66 Ƚɉa. ɉɪɢ 

oɬɠɢɝe ɩɪoɢcɯoɞɢɬ ɭɦeɧɶɲeɧɢe ɜɧɭɬɪeɧɧɢɯ ɧaɩɪɹɠeɧɢɣ, 
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ɱɬocɜɹɡaɧococɬɪɭɤɬɭɪɧɵɦɢ ɢɡɦeɧeɧɢɹɦɢ ɢ ɱacɬɢɱɧɵɦ oɤɢcɥeɧɢeɦ ɩɪɢ 

ɬeɦɩeɪaɬɭɪe ɩoɪɹɞɤa 450 ºC. 

 

Ɍaɛɥɢɰa 4. Ɋeɡɭɥɶɬaɬɵ ɢccɥeɞoɜaɧɢɣ ɦɢɤɪoɬɜeɪɞocɬɢ ɢ aɞɝeɡɢoɧɧɵɯ 

ɯaɪaɤɬeɪɢcɬɢɤ ɩoɤɪɵɬɢɣ ɞɢɛoɪɢɞa ɬɢɬaɧa 

ɇoɦeɪ 
oɛɪaɡɰa 

ȼɢɞ 
ɩoɤɪɵɬɢɹ 

Ɍoɥɳɢɧa, 

ɦɤɦ 

Hv, Ƚɉa Aɞɝeɡɢɹ, 
ɇ 

ɉɪɢɦeɱaɧɢe 

05.10.16 Ti-TiB2 1,25 28,8 64 C ɩoɞcɥoeɦ ɬɢɬaɧa 

ɢɦɩ. 
ɇecɛaɥaɧcɢɪoɜaɧɧɵɣ 
ɪeɠɢɦ 

21.10.16 TiB2 1,3 33 63 Ȼeɡ ɩoɞcɥoɹ ɬɢɬaɧa. 

ɇecɛaɥaɧcɢɪoɜaɧɧɵɣ 
ɪeɠɢɦ 

3.11.16 TiB2 1,5 26.3 35 Ȼeɡ ɎɄ 
(cɛaɥaɧcɢɪoɜaɧɧɵɣ 
ɪeɠɢɦ) 
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ȼɵɜoɞɵ 

Aɧaɥɢɡɢpɭɹ ɩoɥɭɱeɧɧɵe peɡɭɥɶɬaɬɵ ɢccɥeɞoɜaɧɢɣ, ɦoɠɧo cɞeɥaɬɶ 

cɥeɞɭɸɳɢe ɜɵɜoɞɵ: 

1. Aɞɝeɡɢoɧɧɵe ɯaɪaɤɬeɪɢcɬɢɤɢ ɩoɤɪɵɬɢɣ ɞɢɛoɪɢɞa ɬɢɬaɧa ɧa 

ɩoɞɥoɠɤe ɢɡ ɬɜeɪɞoɝocɩɥaɜac ɩoɞcɥoeɦ ɬɢɬaɧa ɢ ɛeɡ ɧeɝo, ɩoɥɭɱeɧɧɵɯ ɜ 

ɧecɛaɥaɧcɢɪoɜaɧɧoɦ ɪeɠɢɦe ɪaɛoɬɵ ɦaɝɧeɬɪoɧa, ɩɪaɤɬɢɱecɤɢ oɞɢɧaɤoɜɵ ɢ 

oɩɪeɞeɥɹɸɬcɹ ɤɪɢɬɢɱecɤoɣ ɧaɝɪɭɡɤoɣ 63 – 64 ɇ, ɱɬocɭɳecɬɜeɧɧo ɩɪeɜɵɲaɸɬ 

ɡɧaɱeɧɢɹ, ɩɪɢɜeɞeɧɧɵe ɜ ɩɭɛɥɢɤaɰɢɹɯ. 

2. Cɛaɥaɧcɢɪoɜaɧɧɵɣ ɪeɠɢɦ ɪaɛoɬɵ ɦaɝɧeɬɪoɧa ɩoɡɜoɥɹeɬ ɭɜeɥɢɱɢɬɶ 

cɤoɪocɬɶ ɧaɧeceɧɢɹ ɩoɤɪɵɬɢɹ ɞɢɛoɪɢɞa ɬɢɬaɧa, oɞɧaɤo ɩɪɢɜoɞɢɬ ɤ 

ɭɦeɧɶɲeɧɢɸ aɞɝeɡɢoɧɧoɣ ɩɪoɱɧocɬɢ. 

3. Ɇɢɤɪoɬɜeɪɞocɬɶ ɩoɤɪɵɬɢɹ ɞɢɛoɪɢɞa ɬɢɬaɧa, ɩoɥɭɱeɧɧoɝo ɜ 

cɛaɥaɧcɢɪoɜaɧɧoɦ ɪeɠɢɦe ɪaɛoɬɵ ɦaɝɧeɬɪoɧa, oɛɥaɞaeɬ ɦeɧɶɲeɣ 

ɦɢɤɪoɬɜeɪɞocɬɶɸ, ɱɬocɜɹɡaɧoc ɦeɧɶɲeɣ ɜeɥɢɱɢɧoɣ ɢoɧɧoɝo ɬoɤa. 

4. Peɡɭɥɶɬaɬɵ ɢccɥeɞoɜaɧɢɣ ɛɵɥɢ ɩpeɞcɬaɜɥeɧɵ ɧa I Ɇoɥoɞeɠɧoɣ 

ɧaɭɱɧo-ɩɪaɤɬɢɱecɤoɣ ɤoɧɮeɪeɧɰɢɢ c ɦeɠɞɭɧaɪoɞɧɵɦ ɭɱacɬɢeɦ 

"Ecɬecɬɜeɧɧoɧaɭɱɧɵe, ɢɧɠeɧeɪɧɵe ɢ ɷɤoɧoɦɢɱecɤɢe ɢccɥeɞoɜaɧɢɹ ɜ ɬeɯɧɢɤe, 

ɩɪoɦɵɲɥeɧɧocɬɢ, ɦeɞɢɰɢɧe ɢ ceɥɶcɤoɦ ɯoɡɹɣcɬɜe". 

5. ȼɧɭɬɪeɧɧɢe ɧaɩɪɹɠeɧɢɹ ɜ ɩoɤɪɵɬɢɢ ɞocɬɢɝaɸɬ ɡɧaɱeɧɢɹ 5,66 Ƚɉa. 

ɉɪɢ oɬɠɢɝe ɩɪoɢcɯoɞɢɬ ɭɦeɧɶɲeɧɢe ɜɧɭɬɪeɧɧɢɯ ɧaɩɪɹɠeɧɢɣ, 

ɱɬocɜɹɡaɧococɬɪɭɤɬɭɪɧɵɦɢ ɢɡɦeɧeɧɢɹɦɢ ɢ ɱacɬɢɱɧɵɦ oɤɢcɥeɧɢeɦ ɩɪɢ 

ɬeɦɩeɪaɬɭɪe ɩoɪɹɞɤa 450 ºC. 
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