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One of the effective ways to improve the adhesive properties of biocompatible coatings on implants is the 

using of electron-beam melting of the surface, accompanied by a partial or complete mixing area "coating- 

substrate". The surface of the titanium substrate bearing calcium phosphate coating received by RF magnetron 

sputter is processed by a pulsed electron beam having an energy density of 0.8 - 8 J/cm2. After treatment by a 

pulsed electron beam under different regimes the significant changes in the topography of the formed surface 

were observed. Treatment regimes with an energy density of 0.8 J/cm2 and 3 lead to the thermal annealing of the 

coating. The use of a beam having an energy density of the substrate of 8 and 6.5 J/cm2 leads to partial 

vaporization and mixing the coating material with a titanium matrix. 

 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɦɟɞɢɰɢɧɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɤ ɧɚɫɬɨɹɳɟɦɭ ɦɨɦɟɧɬɭ ɢɦɟɸɬ ɛɨɥɶɲɢɟ 

ɩɟɪɫɩɟɤɬɢɜɵ. ɉɨɫɤɨɥɶɤɭ ɦɚɬɟɪɢɚɥ ɧɚ ɨɫɧɨɜɟ ɮɨɫɮɚɬɨɜ ɤɚɥɶɰɢɹ (ɋɚɊΨ ɹɜɥɹɟɬɫɹ ɛɢɨɥɨɝɢɱɟɫɤɢ 

ɫɨɜɦɟɫɬɢɦɵɦ ɫ ɬɤɚɧɶɸ, ɷɬɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɭɧɢɤɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɋɚɊ ɜ ɤɚɱɟɫɬɜɟ 

ɦɚɬɟɪɢɚɥɚ ɩɨɤɪɵɬɢɹ ɞɥɹ ɢɦɩɥɚɧɬɚɬɨɜ. Ɉɞɧɚɤɨ, ɚɤɬɭɚɥɶɧɨɣ ɨɫɬɚɟɬɫɹ ɩɪɨɛɥɟɦɚ ɪɚɡɪɭɲɟɧɢɹ ɩɨɤɪɵɬɢɹ ɩɪɢ 

ɩɨɦɟɳɟɧɢɢ ɜ ɠɢɞɤɭɸ ɛɢɨɥɨɝɢɱɟɫɤɭɸ ɫɪɟɞɭ, ɬ.ɟ. ɨɛɪɚɡɨɜɚɧɢɟ ɬɪɟɳɢɧ, ɤɨɬɨɪɵɟ ɞɨɫɬɢɝɚɸɬ ɝɪɚɧɢɰɵ 

ɪɚɡɞɟɥɚ «ɩɨɤɪɵɬɢɟ-ɩɨɞɥɨɠɤɚ» Д1Ж. Ɉɞɧɢɦ ɢɡ ɷɮɮɟɤɬɢɜɧɵɯ ɫɩɨɫɨɛɨɜ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ, 

ɩɪɟɞɥɚɝɚɟɦɵɦ ɪɹɞɨɦ ɚɜɬɨɪɨɜ, ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɝɨ ɨɩɥɚɜɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ, 

ɫɨɩɪɨɜɨɠɞɚɸɳɟɝɨɫɹ ɱɚɫɬɢɱɧɵɦ ɢɥɢ ɩɨɥɧɵɦ ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ ɨɛɥɚɫɬɢ «ɩɨɤɪɵɬɢɟ-ɩɨɞɥɨɠɤɚ».  

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɨɪɮɨɥɨɝɢɢ ɢ ɷɥɟɦɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɋɚɊ ɫɥɨɹ, 

ɧɚɧɟɫɟɧɧɨɝɨ ɧɚ ɩɨɞɥɨɠɤɭ ɬɢɬɚɧɚ, ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɢɦɩɭɥɶɫɧɵɦ ɷɥɟɤɬɪɨɧɧɵɦ ɩɭɱɤɨɦ (ɂɗɉΨ. 

Ɉɫɚɠɞɟɧɢɟ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɤɪɟɦɧɢɣɫɨɞɟɪɠɚɳɟɝɨ ɋɚɊ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɫ ɩɨɦɨɳɶɸ ɭɫɬɚɧɨɜɤɢ 

COMDEL (13,ηθ ɆȽɰΨ. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɨɞɥɨɠɤɚɦɢ ɢ ɦɚɝɧɟɬɪɨɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ – ζ0 ɦɦ, ȼɑ-

ɦɨɳɧɨɫɬɶ – η00 ȼɬ, ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɝɚɡɚ – 0,1 ɉɚ, ɪɚɛɨɱɢɣ ɝɚɡ – Ar, ɜɪɟɦɹ ɧɚɩɵɥɟɧɢɹ – 8 ɱɚɫɨɜ. 

ɉɨɥɭɱɟɧɢɟ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɪɨɲɤɚ ɢ ɦɢɲɟɧɟɣ ɞɥɹ ɪɚɫɩɵɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɪɚɛɨɬɟ ДβЖ.  

ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɩɨɞɥɨɠɤɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɱɢɫɬɵɣ ɬɢɬɚɧ ɦɚɪɤɢ ȼɌ1-0. Ɉɛɥɭɱɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ 

ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ ɜɚɤɭɭɦɧɨɣ ɢɦɩɭɥɶɫɧɨɣ ɷɥɟɤɬɪɨɧɧɨ-ɩɭɱɤɨɜɨɣ (ɂɗɉΨ ɭɫɬɚɧɨɜɤɟ «ɋɈɅɈ» 

(ɂɧɫɬɢɬɭɬ ɫɢɥɶɧɨɬɨɱɧɨɣ ɷɥɟɤɬɪɨɧɢɤɢ ɋɈ ɊȺɇ, ɝ. Ɍɨɦɫɤ, ɜ ɤɨɥɥɟɤɬɢɜɟ ɩɨɞ ɪɭɤɨɜɨɞɫɬɜɨɦ Ʉɨɜɚɥɹ ɇ.ɇ.Ψ. 

Ɋɟɠɢɦɵ ɨɛɥɭɱɟɧɢɹ ɨɛɪɚɡɰɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 
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Ɍɚɛɥɢɰɚ 1. Ɋɟɠɢɦɵ ɨɛɥɭɱɟɧɢɹ ɨɛɪɚɡɰɨɜ ɢɦɩɭɥɶɫɧɵɦ ɷɥɟɤɬɪɨɧɧɵɦ ɩɭɱɤɨɦ ɞɨ (Rη) ɢ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ 
(R1-R4). 

Ɋɟɠɢɦɵ ɉɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ 
Es, Ⱦɠ/ɫɦβ 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɢɦɩɭɥɶɫɚ Ĳ, ɦɤɫ 

ɑɚɫɬɨɬɚ 
ɫɥɟɞɨɜɚɧɢɹ П, Ƚɰ 

ɑɢɫɥɨ 
ɢɦɩɭɥɶɫɨɜ 

σ 
R1 γ η0 0,γ γ 
Rβ 0,8 η0 η η0 
Rγ θ,η η0 0,γ γ 
Rζ 8 η0 0,γ γ 
Rη – 

Ɇɨɪɮɨɥɨɝɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɋɚɊ ɩɨɤɪɵɬɢɣ ɛɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ ɦɟɬɨɞɨɦ ɪɚɫɬɪɨɜɨɣ ɷɥɟɤɬɪɨɧɧɨɣ 

ɦɢɤɪɨɫɤɨɩɢɢ (ɊɗɆ, ESEM Quanta 400 FEG) ɫɨ ɜɫɬɪɨɟɧɧɵɦ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɵɦ ɪɟɧɬɝɟɧɨɜɫɤɢɦ 

ɫɩɟɤɬɪɨɦɟɬɪɨɦ (EDS analysis system Genesis 4000, S-UTW-Si(Li)detector). Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɷɥɟɦɟɧɬɧɨɝɨ 

ɫɨɫɬɚɜɚ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɨɩɬɢɱɟɫɤɢɣ ɷɦɢɫɫɢɨɧɧɵɣ ɫɩɟɤɬɪɨɦɟɬɪ ɬɥɟɸɳɟɝɨ ɪɚɡɪɹɞɚ (RF GD-OES) – GD 

Profiler 2. ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɨɪɮɨɥɨɝɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɫɢɫɬɟɦɵ «ɩɨɤɪɵɬɢɟ-ɩɨɞɥɨɠɤɚ» ɞɨ ɢ ɩɨɫɥɟ 

ɨɛɪɚɛɨɬɤɢ ɂɗɉ.  

           
ɚ) R5    ɛ) R1   ɜ) R2 

                                  
ɝ) R3                         ɞ) R4 

Ɋɢɫ.1. Ɇɨɪɮɨɥɨɝɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɫɬɢ ɤɨɦɩɨɡɢɬɚ «ɩɨɤɪɵɬɢɟ-ɩɨɞɥɨɠɤɚ» ɞɨ (ɚ) ɢ 
ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɂɗɉ (ɛ - ɞ). 

Ɉɛɪɚɛɨɬɤɚ ɩɥɟɧɨɤ ɢ ɬɢɬɚɧɚ ɜɧɨɫɢɬ ɫɭɳɟɫɬɜɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɪɟɥɶɟɮ ɮɨɪɦɢɪɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. Ⱦɨ 

ɨɛɪɚɛɨɬɤɢ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɤɪɵɬɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɱɟɪɟɞɨɜɚɧɢɟ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ 

ɜɵɫɬɭɩɨɜ, ɩɟɪɟɯɨɞɹɳɢɯ ɜɨ ɜɩɚɞɢɧɵ. ȼ ɩɪɨɰɟɫɫɟ ɨɛɪɚɛɨɬɤɢ ɜ ɪɟɠɢɦɚɯ R1 ɢ Rβ ɩɪɨɢɡɨɲɺɥ 

ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɣ ɬɟɪɦɢɱɟɫɤɢɣ ɨɬɠɢɝ ɩɨɜɟɪɯɧɨɫɬɢ, ɤɨɬɨɪɵɣ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɨɞɧɨɪɨɞɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɦɨɪɮɨɥɨɝɢɢ, 

ɨɞɧɚɤɨ ɩɪɢɫɭɬɫɬɜɭɸɬ ɬɪɟɳɢɧɵ. 

ɋɨɯɪɚɧɹɟɬɫɹ ɱɟɲɭɣɱɚɬɨɟ ɫɬɪɨɟɧɢɟ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɧɨ ɮɨɪɦɚ ɢ ɪɚɡɦɟɪ 

ɡɟɪɟɧ ɩɪɟɬɟɪɩɟɜɚɸɬ ɢɡɦɟɧɟɧɢɟ. ȼ 

ɫɥɭɱɚɟ, ɤɨɝɞɚ ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ 

ɫɨɫɬɚɜɥɹɟɬ θ,η ɢ 8 Ⱦɠ/ɫɦβ, 

ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɦɩɨɡɢɬɚ ɫɨɫɬɨɢɬ ɢɡ 

ɦɧɨɠɟɫɬɜɚ ɦɟɥɤɢɯ, ɫɩɥɚɜɥɟɧɧɵɯ, 

 
                          ɚ)    ɛ) 
Ɋɢɫ. β. EDS-ɫɩɟɤɬɪ (ɚ) ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɚɥɶɰɢɹ ɩɨ ɝɥɭɛɢɧɟ (ɛ) ɞɥɹ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɤɨɦɩɨɡɢɬɚ «ɩɨɤɪɵɬɢɟ-ɩɨɞɥɨɠɤɚ» ɞɨ (Rη) ɢ 

ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɢɦɩɭɥɶɫɧɵɦ ɷɥɟɤɬɪɨɧɧɵɦ ɩɭɱɤɨɦ (R1-R4) 
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ɛɟɫɮɨɪɦɟɧɧɵɯ ɢ ɧɟɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɱɚɫɬɢɰ (ɪɢɫ. 1, ɝ–ɞΨ ɫ ɨɛɥɚɫɬɹɦɢ, ɨɛɥɚɞɚɸɳɢɦɢ ɧɢɡɤɨɣ 

ɪɟɥɶɟɮɧɨɫɬɶɸ.  

ȼ ɫɥɭɱɚɟ ɪɟɠɢɦɨɜ Rγ ɢ Rζ ɞɨɦɢɧɢɪɭɸɳɢɦɢ 

ɷɥɟɦɟɧɬɚɦɢ ɹɜɥɹɸɬɫɹ ɷɥɟɦɟɧɬɵ ɩɨɞɥɨɠɤɢ. ɉɪɢ 

ɷɬɨɦ  

ɨɬɧɨɲɟɧɢɟ ɋɚ/Ɋ ɞɥɹ ɞɚɧɧɵɯ ɪɟɠɢɦɨɜ 

ɭɜɟɥɢɱɢɥɨɫɶ (ɬɚɛɥɢɰɚ βΨ, ɱɬɨ ɝɨɜɨɪɢɬ ɨɛ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨɦ ɢɫɩɚɪɟɧɢɢ ɫ ɩɨɜɟɪɯɧɨɫɬɢ 

ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɮɨɫɮɨɪɫɨɞɟɪɠɚɳɢɯ ɷɥɟɦɟɧɬɨɜ. Ɉɞɧɚɤɨ ɩɪɢ ɞɚɧɧɵɯ ɷɧɟɪɝɢɹɯ ɩɭɱɤɚ ɦɨɝɥɨ ɩɪɨɢɡɨɣɬɢ 

ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɩɨɤɪɵɬɢɹ ɫ ɦɚɬɟɪɢɚɥɨɦ ɩɨɞɥɨɠɤɢ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɧɨɜɵɯ ɮɚɡ.  

ɉɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɩɪɢ ɚɧɚɥɢɡɟ ɫɨɞɟɪɠɚɧɢɹ ɤɚɥɶɰɢɹ ɜ ɩɨɜɟɪɯɧɨɫɬɢ 

ɤɨɦɩɨɡɢɬɚ ɩɨ ɝɥɭɛɢɧɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɧɚ ɪɢɫɭɧɤɟ β ɛ. Ɉɫɶ ɚɛɫɰɢɫɫ ɩɨɤɚɡɵɜɚɟɬ ɜɪɟɦɹ ɪɚɫɩɵɥɟɧɢɹ 

ɩɨɤɪɵɬɢɹ ɜ ɦɨɦɟɧɬ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɱɬɨ ɨɬɪɚɠɚɟɬ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɚɜɚ ɨɛɪɚɡɰɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɥɭɛɢɧɵ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɠɢɦɵ ɨɛɪɚɛɨɬɤɢ ɂɗɉ ɫ ɩɥɨɬɧɨɫɬɶɸ ɷɧɟɪɝɢɣ 0,8 ɢ γ Ⱦɠ/ɫɦ2 ɩɪɢɜɨɞɹɬ ɤ ɬɟɪɦɢɱɟɫɤɨɦɭ 

ɨɬɠɢɝɭ ɩɨɤɪɵɬɢɹ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɭɱɤɚ ɫ ɩɥɨɬɧɨɫɬɶɸ ɷɧɟɪɝɢɣ θ,η ɢ 8 Ⱦɠ/ɫɦ2 ɩɪɢɜɨɞɢɬ ɤ ɱɚɫɬɢɱɧɨɦɭ 

ɢɫɩɚɪɟɧɢɸ ɢ ɩɟɪɟɦɟɲɢɜɚɧɢɸ ɦɚɬɟɪɢɚɥɚ ɩɨɤɪɵɬɢɹ ɫ ɬɢɬɚɧɨɜɨɣ ɦɚɬɪɢɰɟɣ.  

Ⱥɜɬɨɪɵ ɛɥɚɝɨɞɚɪɹɬ Ɍɟɪɟɫɨɜɚ Ⱥ.Ⱦ. ɢ ɤ.ɮ.-ɦ.ɧ. ɉɭɲɢɥɢɧɭ ɇ.ɋ. ɡɚ ɩɨɞɝɨɬɨɜɤɭ ɢ ɩɨɦɨɳɶ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ 

ɨɛɪɚɡɰɨɜ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɫɬɢɩɟɧɞɢɢ ɉɪɟɡɢɞɟɧɬɚ ɋɉ-θθθζ.β01γ.ζ ɢ 

ɊɎɎɂ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ ɩɪɨɟɤɬɚ ʋ 1ζ-08-31027. 
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Ɍɚɛɥɢɰɚ β. Ɂɧɚɱɟɧɢɹ ɨɬɧɨɲɟɧɢɣɋɚ/Ɋ ɢ ɋɚ/(P+Si) 

Ɋɟɠɢɦ ɋɚ/P Ca/(P+Si) 

Rη 1.λζ 1,θθ 
R1 1.80 1.ηθ 
Rβ 1.87 1.θθ 
Rγ 8.β7 η.8β 
Rζ 11.λθ 8.βλ 


