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ʃɳʄɹɽɶʌɶ 
 

ȳůɞɜ ŬűɞɟɎ ůŰɖɜ ɘůŰɞɛɖɢŬɜɘəɐ ˊɟɧɞŭɞ, ɖ ɢɟɐůɖ ˊɟɞɖɔɛɏɜɤɜ ɓɘɞŭɘŬůˊɩɛŮɜɤɜ 

ɓɘɞɦɚɘəɩɜ ɜŬɜɞŭɘŬůŰɎůŮɤɜ ŬˊɞŰŮɚŮɑ ɛɘŬ ˊɞɚɚɎ ɡˊɞůɢɧɛŮɜɖ ŰŮɢɜɘəɐ ŬɜŬɔɏɜɜɖůɖɠ 

ɞůŰɩɜ. ɆŰɧɢɞɠ Űɖɠ ˊŬɟɞɨůŬɠ ɏɟŮɡɜŬɠ ŮɑɜŬɘ ɖ ŬɜɎˊŰɡɝɖ ŰɟɘůŭɘɎůŰŬŰɤɜ ɘəɟɘɤɛɎŰɤɜ 

ɔɘŬ ɞɟɗɞˊŮŭɘəɏɠ ŮűŬɟɛɞɔɏɠ, ŰŬ ɞˊɞɑŬ ɜŬ ˊɟɞɎɔɞɡɜ Űɖɜ əŬɚɚɘɏɟɔŮɘŬ əŬɘ ˊɞɚɚŬ-

ˊɚŬůɘŬůɛɧ əɡŰŰɎɟɤɜ əŬɘ ɜŬ űɏɟɞɡɜ Űɖɜ əŬŰɎɚɚɖɚɖ ɛɖɢŬɜɘəɐ ŬɜŰɞɢɐ. ȼ ůɡɔəŮ-

əɟɘɛɏɜɖ ɛɏɗɞŭɞɠ  ŬˊŬɘŰŮɑ Űɖɜ ɨˊŬɟɝɖ ŭɘŬůɡɜŭŮŭŮɛɏɜɞɡ ˊɞɟɩŭɞɡɠ, ɛɑəɟɞ-, ɛɎəɟɞ- 

ɛɞɟűɞɚɞɔɑŬɠ əŬɘ Űɖɜ ŮɝŬůűɎɚɘůɖ ŮˊŬɟəɞɨɠ ɛŮɔɏɗɞɡɠ ˊɧɟɤɜ (>100 ɛm). ɇŬ 

ɘəɟɘɩɛŬŰŬ ŬˊɞəŰɞɨɜ ˊŮɟŬɘŰɏɟɤ ɛɖɢŬɜɘəɐ ŬɜŰɞɢɐ əŬɘ ŭɘŬůɨɜŭŮůɖ ˊɞɟɩŭɞɡɠ, ɛɏůɤ 

ɡɓɟɘŭɞˊɞɑɖůɐɠ Űɞɡɠ ŭɘŬ Űɖɠ ˊɟɞůɗɐəɖɠ ɓɘɞůɡɛɓŬŰɩɜ ɜŬɜɞůɤɚɐɜɤɜ ɎɜɗɟŬəŬ 

(CNTs). ɇŬ ůɨɜɗŮŰŬ ɘəɟɘɩɛŬŰŬ ɢɘŰɞɕɎɜɖɠ/ɡŭɟɞɝɡŬˊŬŰɑŰɖ/ˊɞɚɡŬɘɗɡɚŮɜɘəɞɨ ɞɝɏɞɠ 

(Chit/ HAp/PEO) ˊŬɟŬůəŮɡɎůŰɖəŬɜ ɛɏůɤ ɓɘɞɛɘɛɖŰɘəɐɠ ɛŮɗɧŭɞɡ ůŮ ˊŮɟɘɓɎɚɚɞɜ 

ɓɘɞˊɞɚɡɛŮɟɩɜ əŬɘ ɛŮ Űɖɜ ŰŮɢɜɘəɐ Űɖɠ ɚɡɞűɘɚɑɤůɖɠ. ȼ ˊŬɟŬɢɗŮɑůŬ ůəɧɜɖ Chit/HAp 

ŭɖɛɘɞɨɟɔɖůŮ ůŰŬɡɟɞŭŮůɛɞɨɠ ɛŮ Űɞ ɅȺɃ ůŮ ɛɞɟɘŬəɐ ŬɜŬɚɞɔɑŬ ɅȺɃ/Chit 1/2,5. 

ȷəɞɚɞɨɗɖůŬɜ ˊŬɟŬůəŮɡɏɠ ɘəɟɘɤɛɎŰɤɜ Chit/ HAp/PEO ɑŭɘŬɠ ɛɞɟɘŬəɐɠ ŬɜŬɚɞɔɑŬɠ ɛŮ 

Ůˊɘˊɚɏɞɜ ˊɟɞůɗɐəɖ ~1% CNTs, ˊɞɡ ˊɟɞůŰɏɗɖəŬɜ ŮɑŰŮ ůŰɞ ŬɘɩɟɖɛŬ Chit ůŮ Ŭɟɢɘəɧ 

ůŰɎŭɘɞ ˊŬɟŬɔɤɔɐɠ ŮɑŰŮ ůŰɞ ŰŮɚɘəɧ ɡɓɟɘŭɘəɧ ŬɘɩɟɖɛŬ ɡŭɟɞɝɡŬˊŬŰɑŰɖ. Ƀɘ ɘŭɘɧŰɖŰŮɠ 

Űɞɡ PEO ŮɑɜŬɘ ŮɝŬɟŰɩɛŮɜŮɠ Ŭˊɧ Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ Űɞɡ əŬɘ Űɞ ɢɟɧɜɞ ˊɞɚɡɛŮɟɘůɛɞɨ 

Űɞɡ, ůɡɜɗɐəŮɠ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ ɛŮ ŬɚɚŬɔɐ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖɠ. ɇŬ ůɨɜɗŮŰŬ ɘəɟɘɩ-

ɛŬŰŬ ŬɜŬɚɨɗɖəŬɜ ɛŮ SEM, XRD, CT-Scan, ɏəɗŮůɖ ůŮ ŭɘɎɚɡɛŬ SBF əŬɘ ɛɞɜɞŬɝɞɜɘəɐ 

ůɡɛˊɑŮůɖ. ȼ ɛŮɚɏŰɖ əŬɘ ŬɜɎɚɡůɖ Űɤɜ ŰŮɚɘəɩɜ ɘəɟɘɤÕɎŰɤɜ əŬŰɏŭŮɘɝŬɜ ɧŰɘ ɖ 

ŭɘŬůɨɜŭŮůɐ Űɞɡɠ ɛŮ ɅȺɃ ɓŮɚŰɘɩɜŮɘ ɟŬɔŭŬɑŬ Űɖɜ ɛɖɢŬɜɘəɐ Űɞɡɠ Ŭˊɧəɟɘůɖ, ůɡɔəɟɘŰɘəɎ 

ɛŮ ŰŬ ɘəɟɘɩɛŬŰŬ ŬˊɞɡůɑŬɠ ɅȺɃ, Ůɜɩ Űɞ ˊɚɖɟɤŰɘəɧ ɛɏůɞ CNTs Űɞɡɠ ˊɟɞůŭɑŭŮɘ Ůˊɘ-

ˊɟɧůɗŮŰɖ ůɡɜŮəŰɘəɧŰɖŰŬ əŬɘ ŬɜŰɞɢɐ. 

   ȷɡŰɐ ɖ  in vitro ɛŮɚɏŰɖ ˊŬɟɞɡůɘɎůŰɖəŮ ůŮ poster ůŰɞ ůɡɜɏŭɟɘɞ 6th Intôl Conference 

on Tissue Engineering in conjuction with the 3rd Intôl Conference on Regenerative 

Biomedical Materials ɛŮ ŰɑŰɚɞ óDevelopment of 3D Bone Scaffolds of Chitosan/ 

Hydroxyapatite/ Polyethylene Oxide Through Freeze Drying Processô. Ⱥˊɑůɖɠ, ɖ 

ɛŮɚɏŰɖ ˊɎɜɤ ůŮ ɘəɟɘɩɛŬŰŬ ŮɜɘůɢɡɛɏɜŬ ɛŮ CNTs ŮɔəɟɑɗɖəŮ ůŰɞ ůɡɜɏŭɟɘɞ ESB 2017, 

ɧˊɞɡ ŮɑɛŬɘ ɞɛɘɚɐŰɟɘŬ, ɛŮ ŰɑŰɚɞ óDevelopment of 3D Scaffolds of Hydroxyapatite-

Carbon Nanotubes-Biopolymers for Bone Regenerationô. ɆŰɞ ȺSB 2017 Conference 

ůŰɎɚɗɖəŮ Ůˊɘˊɚɏɞɜ ɏɜŬ poster, ůŰɞ ɞˊɞɑɞ ŰŬ ɘəɟɘɩɛŬŰŬ ɢɤɟɑɠ CNTs ɛŮɚŮŰɩɜŰŬɘ ɤɠ 

ˊɟɞɠ Űɖɜ ɓɘɞɚɞɔɘəɐ Űɞɡɠ Ŭ́ ɧəɟɘůɖ, ɛŮ ŰɑŰɚɞ óSynthesis and evaluation of hydroxy-

apatite/chitosan/polyethylene oxide scaffolds by freeze dryingô.  

 

 

 

 

 



 
 

ABSTRACT 

Marianna Panou, School of Chemical Engineering, National Technical University of Athens 

The vital need for bone implants, which are able of regeneration, set biodegradable 

nanomaterials of utmost importance. In this work 3D scaffolds for bone rebirth to 

promote cell growth, proliferation and mechanical endurance, were produced. It is 

essential that the porosity is interconnected, micro- and macro-structured and 

adequate for bone ingrowth, with pore size (>100 ɛm). It is noticed a significant 

improvement of scaffoldôs both mechanical strength and interconnectivity of porous 

network, through the addition of CNTs. Hybrid chitosan/hydroxyapatite/PEO 

scaffolds were prepared by a bioinspired method and the freeze-drying process. The 

Chit/HA powder was crosslinked with Polyethylene oxide (PEO) in molar ratio of 

PEO/Chit 1/2,5. Furthermore, crosslinkable polyethylene oxide/hydroxyapatite /chito-

san nanocomposites with nearly 1% CNTs and in molar ratio of PEO/Chit 1/2,5, were 

prepared. The CNTs were added in the Chitosan solution during the first experimental 

stage or into the final HA suspension.  The properties of PEO are strongly dependent 

on the polymer molecular weight, thus different cases were investigated by altering 

the molecular weight of PEO and its duration of polymerization. Artificial scaffolds 

were soaked into simulated body þuid (SBF), characterized with SEM, XRD, uniaxial 

compression test and CT-Scan. Concerning the findings, scaffolds crosslinked with 

PEO showed a significant improvement in both mechanical strength and porosity, in 

contrast with no crosslinked ones and CNTs offer additional cohesion and strength. 

  This in vitro study was presented in a poster at the 6th Int'l Conference on Tissue 

Engineering in conjunction with the 3rd Int'l Conference on Regenerative Biomedical 

Materials entitled 'Development of 3D Bone Scaffolds of Chitosan/Hydroxyapatite/ 

Polyethylene Oxide Through Freeze Drying Process'. Moreover, the study on CNT-

reinforced scaffolds was approved at the ESB 2017 conference, where I am the 

speaker, entitled 'Development of 3D Scaffolds of Hydroxyapatite-Carbon 

Nanotubes-Biopolymers for Bone Regeneration'. The ESB 2017 Conference also sent 

a poster in which CNTs-free scaffolds are studied for their biological response, 

entitled óSynthesis and evaluation of hydroxyapatite/chitosan/polyethylene oxide scaf-

folds by freeze dryingô. 
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ɄɑɜŬəŬɠ ɆɡɜŰɞɛɞɔɟŬűɘɩɜ 

 

HAp: Hydroxyapatite, ɈŭɟɞɝɡŬˊŬŰɑŰɖɠ  

CNTs: Carbon Nanotubes, ɜŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ 

Chit : Chitosan, ɢɘŰɞɕɎɜɖ 

L-Arg:  L-Arginine, L-ȷɟɔɘɜɑɜɖ 

SBF: Simulated body fluid, ɄɟɞůɞɛɞɘɤɛɏɜŬ ůɤɛŬŰɘəɎ ɡɔɟɎ 

Ɂ: Neat Hydroxyapatite Scaffold/( or powder), ȽəɟɑɤɛŬ/ (ɐ ůəɧɜɖ) ɈŭɟɞɝɡŬˊŬŰɑŰɖ 

ɁC: Carbon Nanotubes-Hydroxyapatite  Scaffold, ȽəɟɑɤɛŬ ɈŭɟɞɝɡŬˊŬŰɑŰɖ 

Ůɜɘůɢɡɛɏɜɞɡ ɛŮ ɜŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ (ůŰɞ ŰŮɚɘəɧ ŬɘɩɟɖɛŬ) 

CC: Carbon Nanotubes-in Chitosan Hydroxyapatite Scaffold, ȽəɟɑɤɛŬ 

ɈŭɟɞɝɡŬˊŬŰɑŰɖ Ůɜɘůɢɡɛɏɜɞɡ ɛŮ ɜŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ (ůŰɞ ŬɘɩɟɖɛŬ ɢɘŰɞɕɎɜɖɠ) 

PEO: Poly(ethylene) Oxide, OɝŮɑŭɘɞ ɄɞɚɡŬɘɗɡɚŮɜɑɞɡ 

XRD:  ɉ-Ray Diffraction, ɄŮɟɘɗɚŬůɞɛŮŰɟɑŬ ŬəŰɑɜɤɜ ɉ  

SEM: Scanning Electron Microscopy, ȼɚŮəŰɟɞɜɘəɐ ɛɘəɟɞůəɞˊɑŬ ůɎɟɤůɖɠ 

CT-Scan: Computer Tomography, ȷɝɞɜɘəɐ ɇɞɛɞɔɟŬűɑŬ 

MIP: Mercury Intrusion Porosimetry, ɄɞɟɞůɞɛŮŰɟɑŬ ɈŭɟŬɟɔɨɟɞɡ 
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ȾȺūȷȿȷȽɃ 1ɞ: ŪȺɋɅȼɇȽȾȳ ɀȺɅɃɆ 

 

1.1 ȺɘůŬɔɤɔɐ 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ˊŬɟŬŰɖɟŮɑŰŬɘ ɟŬɔŭŬɑŬ Ůɝɏɚɘɝɖ ůŰɞɜ əɚɎŭɞ ɛɖɢŬɜɘəɐɠ Űɞɡ 

ůəŮɚŮŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ. ȷɟɢɘəɎ, ŰŬ ɛŮŰŬɚɚɘəɎ ɞůŰɘəɎ ŮɛűɡŰŮɨɛŬŰŬ ŬɜŰɘəŬɗɘ-

ůŰɞɨůŬɜ Űɞɜ əŬŰŮůŰɟŬɛɛɏɜɞ ɘůŰɧ, ɏˊŮɘŰŬ ŬɜŰɘəŬŰŬůŰɎɗɖəŬɜ Ŭˊɧ ŰŬ ůɨɜɗŮŰŬ 

ɓɘɞɦɚɘəɎ, ŬɟɔɧŰŮɟŬ ŬəɞɚɞɨɗɖůŬɜ ŰŬ ɓɘɞŬˊɞɟɟɞűɐůɘɛŬ əŬɘ ɓɘɞŮɜŮɟɔɎ ɘəɟɘɩɛŬŰŬ, ɏɤɠ 

Űɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ŬɡŰɩɜ, əŬɗɘůŰɩɜŰŬɠ ŰŬ əŬŰɎɚɚɖɚŬ ɔɘŬ Űɖɜ ˊɚɐɟɖ ŬɜŬɔɏɜɜɖůɖ 

Űɞɡ ɞůŰɞɨ, ɛɏůɤ əɡŰŰŬɟɞəŬɚɚɘŮɟɔɘɩɜ əŬɘ ŬɔɔŮɑɤůɖɠ. ȼ ŭɘŮɟŮɨɜɖůɖ əŬɘ ˊɟɞůɞ-

ɛɞɑɤůɖ Űɤɜ ɢɖɛɘəɩɜ ůɡůŰŬŰɘəɩɜ əŬɘ Űɖɠ ɘŮɟŬɟɢɘəɐɠ ɛɘəɟɞŭɞɛɐɠ Űɞɡ űɡůɘəɞɨ ɞůŰɞɨ, 

ˊɟɞůűɏɟɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ůɨɜɗŮůɖɠ ɓɘɞɦɚɘəɩɜ ɛŮ ɓɘɞɛɘɛɖŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ. 

ɇɞ űɡůɘəɧ ɞůŰɧ ŮɑɜŬɘ ɏɜŬ ůɨɜɗŮŰɞ ɡɚɘəɧ, ŬˊɞŰŮɚɞɨɛŮɜɞ Ŭˊɧ ˊŮɟɑˊɞɡ 25 wt% ɜŬɜɞ-

ɑɜŮɠ əɞɚɚŬɔɧɜɞɡ Űɨˊɞɡ I, 65wt% əɟɡůŰŬɚɚɘəɧ ŬˊŬŰɑŰɖ əŬɘ 10wt% ɜŮɟɧ. ũɘŬ Űɞ ɚɧɔɞ 

ŬɡŰɧ, ŬɜŬˊŰɨůůɞɜŰŬɘ ŰɟɘůŭɘɎůŰŬŰŮɠ ŭɞɛɏɠ, ŰŬ ɘəɟɘɩɛŬŰŬ, ŰŬ ɞˊɞɑŬ ɜŬ ɏɢɞɡɜ ˊɞɟɩŭɖ 

ŭɞɛɐ, əɟɡůŰŬɚɚɘəɧŰɖŰŬ əŬɘ ůɨůŰŬůɖ ɧɛɞɘŬ ɛŮ Űɞɡ ůˊɞɔɔɩŭŮɠ ɞůŰɞɨ, ˊɟɞɤɗɩɜŰŬɠ  

ɏŰůɘ Űɖɜ ŮůɤŰŮɟɘəɐ ŬɜɎˊŰɡɝɖ Űɤɜ əɡŰŰɎɟɤɜ, ˊɞɚɡəɡŰŰŬɟɘəɩɜ ůűŬɘɟɞŮɘŭɩɜ, ɜŮɨɟɤɜ 

əŬɘ ŰɟɘɢɞŮɘŭɩɜ ŬɔɔŮɑɤɜ ŮɜŰɧɠ Űɖɠ ŭɞɛɐɠ Űɞɡɠ, ɞŭɖɔɩɜŰŬɠ ůŰɖɜ ŰŬɢŮɑŬ ŬɜŬɔɏɜɜɖůɖ 

Űɤɜ ɘůŰɩɜ. ɄɟɞɦˊɧɗŮůɖ Űɖɠ ɎɟŰɘŬɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ŰŮɢɜɖŰɩɜ ŬɡŰɩɜ ŭɞɛɩɜ, ŬˊɞŰŮɚŮɑ 

ɖ ŮɝŬůűɎɚɘůɖ Űɖɠ ɓɘɞɚɞɔɘəɐɠ Űɞɡɠ Ŭˊɧəɟɘůɖɠ, Űɖɠ ɓɘɞůɡɛɓŬŰɧŰɖŰŬɠ, ɛɖɢŬɜɘəɐɠ 

ŬɜŰɞɢɐɠ, əŬɗɩɠ əŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ŭɘŬŰɐɟɖůɖɠ Űɞɡ ˊɞɟɩŭɞɡɠ ŭɘəŰɨɞɡ Űɞɡɠ. ɆŰɖɜ 

ˊŬɟɞɨůŬ ˊŮɘɟŬɛŬŰɘəɐ ɏɟŮɡɜŬ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůɨɜɗŮůɖ ŰɟɘůŭɘɎůŰŬŰɤɜ ɘəɟɘɤ-

ɛɎŰɤɜ ɜŬɜɞɡŭɟɞɝɡŬˊŬŰɑŰɖ ůŮ ɛɐŰɟŬ ɓɘɞůɡÕɓŬŰɩɜ ˊɞɚɡÕŮɟɩɜ ɢɘŰɞɕɎɜɖɠ əŬɘ ˊɞɚɨ-

ŬɘɗɡɚŮɜɘəɞɨ ɞɝɏɞɠ, ɛɏůŬ ůŮ ɓɘɞɛɘɛɖŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ L-ȷɟɔɘɜɑɜɖɠ, əŬɗɩɠ əŬɘ 

ŮɘůŬɔɤɔɐ ɜŬɜɞůɤɚɐɜɤɜ ɎɜɗɟŬəŬ ˊɞɡ ɏŭɟŬůŮ ɤɠ ŮɜɘůɢɡŰɘəɧ ɛɏůɞ. Ƀ ůɢɖɛŬŰɘůɛɧɠ 

ŰɟɘůŭɘɎůŰŬŰɞɡ ˊɞɟɩŭɞɡɠ ɘəɟɘɩɛŬŰɞɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛɏůɤ Űɖɠ ŰŮɢɜɘəɐɠ ɚɡɞűɘ-

ɚɑɤůɖɠ, əŬŰɎ Űɖɜ ɞˊɞɑŬ Űɞ ˊɟɞɠ ɝɐɟŬɜůɖ ŭŮɑɔɛŬ əŬŰŬɣɨɢŮŰŬɘ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ 

ŰɞˊɞɗŮŰŮɑŰŬɘ ɛɏůŬ ůŮ ɗɎɚŬɛɞ ɡɣɖɚɞɨ əŮɜɞɨ, ɧˊɞɡ ɔɑɜŮŰŬɘ ŮɝɎɢɜɤůɖ ˊɟɞɠ ůɢɖɛŬ-

Űɘůɛɧ ˊɞɟɩŭɞɡɠ ŭɘəŰɨɞɡ.  

 

 1.2. ȸɘɞɦɚɘəɎ 

Ƀ Ŭɟɢɘəɧɠ ɞɟɘůɛɧɠ Űɞɡ ɧɟɞɡ ɓɘɞɦɚɘəɧ ŬɜŬűɏɟŮŰŬɘ əɎɗŮ ɞɡůɑŬ, ɛɖ űŬɟɛŬəŮɡŰɘəɐ ɐ ɞ 

ůɡɜŭɡŬůɛɧɠ ɞɡůɘɩɜ ůɡɜɗŮŰɘəɐɠ ɐ űɡůɘəɐɠ ˊɟɞɏɚŮɡůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ 

ɞˊɞɘŬŭɐˊɞŰŮ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ ŬɡŰɧɜɞɛɞ ɐ ɤɠ ɛɏɟɞɠ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ɛŮ ůəɞˊɧ Űɖ 

ɗŮɟŬˊŮɑŬ, ɡˊɞɓɞɐɗɖůɖ ůŰɖɜ Ŭɨɝɖůɖ ɐ ŬɜŰɘəŬŰɎůŰŬůɖ ɘůŰɞɨ, ɞɟɔɎɜɞɡ ɐ ɚŮɘŰɞɡɟɔɑŬɠ 

Űɞɡ ůɩɛŬŰɞɠ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ ɛɖ ɓɘɩůɘɛɞ ɡɚɘəɧ ˊɞɡ ŬɚɚɖɚɞŮˊɘŭɟɎ ɛŮ ŰŬ ɓɘɞɚɞɔɘəɎ 

ůɡůŰɐɛŬŰŬ. (i) 

     Ʉɟɘɜ ˊŬɟŬɢɗŮɑ ɏɜŬ ɓɘɞɦɚɘəɧ ˊŮɟɜɎŮɘ Ŭˊɧ ÕɑŬ ŭɘŬŭɞɢɘəɐ ŬɚɚɖɚɞɡɢɑŬ ůŰŬŭɑɤɜ, ˊɞɡ 

ˊŮɟɘɚŬɛɓɎɜŮɘ Ŭ) Űɞɜ əŬɗɞɟɘůɛɧ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ Űɞ ɞˊɞɑɞ ɗŬ əɚɖɗŮɑ Űɞ ɡɚɘəɧ ɜŬ 

ɚɨůŮɘ (ɗŮɟŬˊŮɑŬ, ŬɜŰɘəŬŰɎůŰŬůɖ ɞɟɔɎɜɞɡ, ŬɘůɗɖŰɘəɞɑ ɚɧɔɞɘ), ůŰɖɜ ůɡɜɏɢŮɘŬ ɓ) Űɞɜ 

ůɢŮŭɘŬůɛɧ Űɖɠ ůɡůəŮɡɐɠ, Űɖ ůɨɜɗŮůɖ əŬɘ Űɞɜ ɏɚŮɔɢɞ Űɤɜ ɡɚɘəɩɜ (ɛɖɢŬɜɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ, ŰɞɝɘəɧŰɖŰŬ, ɓɘɞɚɞɔɘəɐ Ŭˊɧəɟɘůɖ, ŬɜŰɞɢɐ ůŮ ŭɘɎɓɟɤůɖ, ŬɚɚɖɚŮˊɑŭɟŬůɖ ÕŮ 

https://www.google.gr/search?client=firefox-b-ab&q=%CF%80%CF%81%CE%BF%CF%8B%CF%80%CF%8C%CE%B8%CE%B5%CF%83%CE%B7&spell=1&sa=X&ved=0ahUKEwjuuNCs5sTSAhXDuhQKHR1VBWIQvwUIFygA&biw=1116&bih=538
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ˊɟɤŰŮȶɜŮɠ, ÕŮ əɨŰŰŬɟŬ əŬɘ ɘůŰɞɨɠ), Űɖɜ əŬŰŬůəŮɡɐ ɡɚɘəɞɨ, ŬˊɞůŰŮɑɟɤůɖ Űɞɡ əŬɘ 

Űɡˊɞˊɞɑɖůɐ Űɞɡ, ɔ) Űɞɜ ɏɚŮɔɢɞ Űɖɠ ůɡůəŮɡɐɠ (ůŮ ˊŮɘɟŬɛŬŰɧɕɤŬ, in vitro) əɚɘɜɘəɏɠ 

ɛŮɚɏŰŮɠ, əɚɘɜɘəɏɠ ŭɞəɘɛɏɠ əŬɘ ŭ) Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ ɢɟɐůɖɠ Űɞɡ ɔɘŬ ɛŮɔɎɚɞ 

ɢɟɞɜɘəɧ ŭɘɎůŰɖÕŬ in vivɞ, in vitro əŬɘ ůŮ ŬůɗŮɜŮɑɠ.  

      ɆɡɜɞˊŰɘəɎ ɞɘ ˊɘɞ ůɖɛŬɜŰɘəɞɑ ůŰŬɗɛɞɑ ůŰɖɜ ɘůŰɞɟɑŬ Űɤɜ ɓɘɞɦɚɘəɩɜ ˊŮɟɘɚŬɛɓɎɜɞɡɜ 

Űɖɜ ŬɜɎˊŰɡɝɖ ɎůɖˊŰɤɜ ɢŮɘɟɞɡɟɔɘəɩɜ ŮˊŮɛɓɎůŮɤɜ (1860-1870), ́ ŬɟŬɔɤɔɐ əŬɘ ɢɟɐůɖ 

ˊɟɞůɗɏŰɤɜ Ŭˊɧ ŬɜɞɝŮɑŭɤŰɞ ɢɎɚɡɓŬ ɔɘŬ Űɖɜ ˊɩɟɤůɖ əŬŰŬɔɛɎŰɤɜ (1893-1912), 

əɟŬɛɎŰɤɜ ɓŬɜŬŭɑɞɡ ɔɘŬ ɞɟɗɞˊŮŭɘəɏɠ ŮűŬɟɛɞɔɏɠ (1912), Űɖ ůɡůəŮɡɐ ŬɘɛɞŭɘɎɚɡůɖɠ 

(1944), ɖ əŬŰŬůəŮɡɐ əŬɟŭɘŬəɩɜ ɓŬɚɓɑŭɤɜ (1960), ɖ ɢɟɐůɖ ɓɘɞəŮɟŬɛɘəɩɜ (1960), ɖ 

əŬŰŬůəŮɡɐ ŰŮɢɜɖŰɐɠ əŬɟŭɘɎɠ (1980) əŬɘ ŰŬ ŰɟɘůŭɘɎůŰŬŰŬ ɘəɟɘɩɛŬŰŬ ɔɘŬ Űɖ ɛɖɢŬɜɘəɐ 

ɘůŰɩɜ (1990).(i) ɆŰɞɜ ŰɞɛɏŬ Űɖɠ ɘůŰɞɛɖɢŬɜɘəɐɠ, ɐŭɖ Ŭˊɧ Űɖ ŭŮəŬŮŰɑŬ Űɞɡ 1960, ŰŬ 

ɛɏŰŬɚɚŬ əŬɘ ŰŬ əɟɎɛŬŰɎ Űɞɡɠ ŬˊɞŰɏɚŮůŬɜ ŰŬ ˊɟɩŰŬ ŬŭɟŬɜɐ ɞůŰɘəɎ ŮɛűɡŰŮɨɛŬŰŬ. 

ȾŬŰɧˊɘɜ Űɞ 1970, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŬ ɓɘɞəŮɟŬɛɘəɎ əŬɘ ɓɘɞˊɞɚɡɛŮɟɐ (űɡůɘəɎ ɐ 

ůɡɜɗŮŰɘəɎ) ɤɠ ɓɘɞŮɜŮɟɔɎ ɐ ɓɘɞŬˊɞɟɟɞűɐůɘɛŬ ɞůŰɘəɎ ɛɞůɢŮɨɛŬŰŬ, Ůɜɩ ůŰɖ ůɨɔɢɟɞɜɖ 

ɘůŰɞɛɖɢŬɜɘəɐ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŰɟɑŰɖ ɔŮɜɘɎ ɓɘɞɦɚɘəɩɜ, ˊɞɡ ůɡɛˊŮɟɘɚŬɛɓɎɜŮɘ ŰŬ 

ůɨɜɗŮŰŬ ɐ ɜŬɜɞůɨɜɗŮŰŬ ɛŮ ɓɘɞŮɜŮɟɔɏɠ əŬɘ ɓɘɞŬˊɞɟɟɞűɐůɘɛŮɠ ɘŭɘɧŰɖŰŮɠ (Ⱥɘə. 

1.2.1.).(ii ) 

 

Ⱥɘə. 1.2.1. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ əŬŰɖɔɞɟɘɞˊɞɑɖůɖɠ ɓɘɞɦɚɘəɩɜ Űɤɜ ɞůŰɘəɩɜ ɛɞůɢŮɡɛɎŰɤɜ 

(iii) 

 

    ɇŬ ɜŬɜɞůɨɜɗŮŰŬ ɓɘɞɦɚɘəɎ, ˊɚŮɞɜŮəŰɞɨɜ ɏɜŬɜŰɘ Űɤɜ ɡɚɘəɩɜ ɛŮɔŬɚɨŰŮɟɖɠ əɚɑɛŬəŬɠ 

ŮˊɘŭŮɘəɜɨɞɜŰŬɠ ŬɜɩŰŮɟɖ ŬɜŰɞɢɐ əŬɘ ůəɚɖɟɧŰɖŰŬ, əŬɗɩɠ ɞɘ űɡůŬɚɑŭŮɠ əŬɘ ɞɘ Űɡɢɧɜ 

ŬŰɏɚŮɘɏɠ ɛŮɘɩɜɞɜŰŬɘ ɛŮ Űɞ ɛɏɔŮɗɞɠ Űɞɡ əɟɡůŰŬɚɚɘəɞɨ əɧəəɞɡ. Ⱥˊɘˊɚɏɞɜ, ɛŮ Űɖ 

ɛŮɑɤůɖ Űɞɡ ɛŮɔɏɗɞɡɠ əɧəəɞɡ, ŮˊɏɟɢŮŰŬɘ ɛŮɑɤůɖ Űɖɠ ŭɡůɗɟŬɡůŰɧŰɖŰŬɠ əŬɘ ɓŮɚŰɘɤ-

ɛɏɜɖ ŬɜŰɞɢɐ ůŮ ɗɟŬɨůɖ ɚɧɔɤ Űɞɡ Ŭɡɝɖɛɏɜɞɡ ɞɟɑɞɡ əɧəəɤɜ ɞɚɑůɗɖůɖɠ. ɇŬ 

ɜŬɜɞɦɚɘəɎ ɏɢɞɡɜ Ŭɡɝɖɛɏɜɞ ůɡɜŰŮɚŮůŰɐ ůŰɟɏɣɖɠ əŬɘ ɛɏŰɟɞ ŮűŮɚəɡůɛɞɨ, űŬɘɜɧɛŮɜɞ 
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Űɞ ɞˊɞɑɞ ɞűŮɑɚŮŰŬɘ ůŰɞ ɛɘəɟɧ ɛɏɔŮɗɞɠ əɧəəɞɡ, Űɖɜ ɛŮɔɎɚɖ Ůɘŭɘəɐ ŮˊɘűɎɜŮɘŬ əŬɘ Űɖɜ 

ɘůɢɡɟɐ ŭɘŮˊɘűŬɜŮɘŬəɐ ŬɚɚɖɚŮˊɑŭɟŬůɖ. ȳůɞɜ ŬűɞɟɎ Űɖɜ ɘůŰɞɛɖɢŬɜɘəɐ, Űɞ ɞůŰɧ 

ɗŮɤɟŮɑŰŬɘ ɏɜŬ ɜŬɜɞŭɞɛɖɛɏɜɞ ůɨɜɗŮŰɞ, Ůˊɞɛɏɜɤɠ ɖ Ůˊɘɚɞɔɐ ɜŬɜɞůɡɜɗɏŰɤɜ ɘəɟɘɤ-

ɛɎŰɤɜ ɛŮ ůəɞˊɧ Űɖɜ ŬɜŬɔɏɜɜɖůɐ Űɞɡ, ŬˊɞŰŮɚŮɑ ɓɏɚŰɘůŰɖ ɚɨůɖ ˊɟɞůŭɑŭɞɜŰŬɠ 

ŮɝŬɘɟŮŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ, ɧˊɤɠ əŬɗɞɟɘůɛɏɜɞ ɟɡɗɛɧ Ŭˊɞɘəɞŭɧɛɖůɖɠ ɑůɞ ɛŮ Űɞɜ ɟɡɗɛɧ 

ŬɜɎˊŰɡɝɖɠ Űɞɡ ɜŮɞůɡɜŰŮɗŮɘɛɏɜɞɡ ɞůŰɞɨ, ɓɏɚŰɘůŰɖ Ůˊɞɨɚɤůɖ ɞůŰɘəɩɜ ŮɛűɡŰŮɡɛɎŰɤɜ 

əŬɘ ɛŮɑɤůɖ Ůˊɘˊɚɞəɩɜ. ȺˊɘˊɟɧůɗŮŰŬ, ɞ ɜŬɜɞɦŭɟɞɝɡŬˊŬŰɑŰɖɠ əŬŰŬůŰɏɚɚŮɘ ůɖɛŬɜŰɘəɎ 

Űɖɜ ŬɜɎˊŰɡɝɖ əŬɟəɘɜɘəɩɜ əɡŰŰɎɟɤɜ, Ůɜɩ ŭŮɜ ŮˊɘŭɟɎ ůŰŬ ɡɔɘɐ əɨŰŰŬɟŬ. ɇɞ ˊɞɟɩŭŮɠ 

ŭɑəŰɡɞ ŰɏŰɞɘɤɜ ɘəɟɘɤɛɎŰɤɜ ŮɑɜŬɘ ɜŬɜɞəɚɑɛŬəŬɠ, ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɞɘ ɡˊɞŭɞɢŮɑɠ 

əɡŰŰɎɟɤɜ əŬɘ ɞɘ ɡˊɧɚɞɘˊŮɠ ŭɘŬɟɗɟɤŰɘəɏɠ-ɚŮɘŰɞɡɟɔɘəɏɠ ˊŮɟɘɞɢɏɠ. Ƀɘ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ 

ɛŮŰŬɝɨ ɓɘɞɛɞɟɑɤɜ, əɡŰŰɎɟɤɜ, ůɡůŰŬŰɘəɩɜ ŮɝɤəɡŰŰɎɟɘŬɠ ɛɐŰɟŬɠ Ŭəɞɚɞɡɗɞɨɜ ɜɧɛɞɡɠ 

ɜŬɜɞəɚɑɛŬəŬɠ, Ůˊɞɛɏɜɤɠ ŰŬ ɜŬɜɞɘəɟɘɩɛŬŰŬ ŭɨɜŬŰŬɘ ɜŬ ɛɘɛɖɗɞɨɜ Űɖɜ ŭɞɛɐ əŬɘ 

ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ɛɐŰɟŬɠ Űɞɡ űɡůɘəɞɨ ɞůŰɞɨ (Ⱥɘə. 1.2.2.). Ⱥˊɘˊɚɏɞɜ, ɖ ŮɘůŬɔɤɔɐ 

əŬŰɎɚɚɖɚɤɜ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ ůŰɞ ɘəɟɑɤɛŬ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŭɩůŮɘ ŭɘŬűɞɟŮŰɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ ůŰɞ ɓɘɞɦɚɘəɧ, ɧˊɤɠ ɓŮɚŰɘɤɛɏɜɖ əɡŰŰŬɟɘəɐ ˊɟɞůəɧɚɚɖůɖ əŬɘ ɛɖɢŬɜɘəɐ 

ŬɜŰɞɢɐ ɛɏůɤ Ůɜɑůɢɡůɖɠ ɛŮ ɜŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ. (iv) (v)  

 

 

Ⱥɘə. 1.2.2. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ɜŬɜɞŭɞɛɖɛɏɜɤɜ ɡɚɘəɩɜ ɔɘŬ ɞůŰɘəɐ ŬɜŬɔɏɜɜɖůɖ, a) 

Ŭˊɞɛɧɜɤůɖ əɡŰŰɎɟɤɜ Ŭˊɧ ŬůɗŮɜɐ əŬɘ əŬɚɚɘɏɟɔŮɘŬ ŬɡŰɩɜ, b) in vivo 2D ŮˊɘűɎɜŮɘŮɠ 

ŬˊɞŭɞŰɘəɐɠ ŮˊɏəŰŬůɖɠ əɡŰŰɎɟɤɜ, c) ŭɘɎɢɡůɖ əɡŰŰɎɟɤɜ ůŮ ˊɞɟɩŭɖ ɘəɟɘɩɛŬŰŬ ɛŬɕɑ ɛŮ 

ŬɡɝɖŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ, ɛɘəɟɞɛɧɟɘŬ, ɜŬɜɞůɤɛŬŰɑŭɘŬ, d)ˊŮɟŬɘŰɏɟɤ əŬɚɚɘɏɟɔɘŬ əɡŰŰɎɟɤɜ ůŮ 

ɓɘɞŬɜŰɘŭɟŬůŰɐɟŮɠ, e) ɛŮŰŬɛɧůɢŮɡůɖ Űɞɡ ɓɘɞɦɚɘəɞɨ ůŰɞɜ ɞɟɔŬɜɘůɛɧ (v) 
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1.3. ȽůŰɞɛɖɢŬɜɘəɐ 

ȼ ɛɖɢŬɜɘəɐ ɘůŰɩɜ ŮɑɜŬɘ ɞ ůɡɜŭɡŬůɛɧɠ ŮˊɘůŰɐɛɖɠ əŬɘ ɛɖɢŬɜɘəɐɠ ɔɘŬ Űɖɜ ŬˊɞəŬ-

ŰɎůŰŬůɖ Űɞɡ Ŭɜɗɟɩˊɘɜɞɡ ɛɡɞůəŮɚŮŰɘəɞɨ ɘůŰɞɨ. ɆɡɜŭɡɎɕŮɘ ɛɑŬ ˊɚɖɗɩɟŬ ɓɘɞɚɞɔɘəɩɜ 

əŬɘ ɛɖɢŬɜɘəɩɜ Ŭɟɢɩɜ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɚŮɘŰɞɡɟɔɘəɩɜ ɘůŰɩɜ əŬɘ ɞɟɔɎɜɤɜ ɔɘŬ 

ɛŮŰŬűɨŰŮɡůɖ, ɞɘ ɞˊɞɑŮɠ ŬˊɞəŬɗɘůŰɞɨɜ, ɡˊɞůŰɖɟɑɕɞɡɜ ɐ ɓŮɚŰɘɩɜɞɡɜ Űɖ ɚŮɘŰɞɡɟɔɑŬ 

Űɤɜ ɘůŰɩɜ. ȼ Ŭɟɢɐ Űɖɠ ɓŬůɑɕŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ ɘůŰɞɑ ɛˊɞɟɞɨɜ ɜŬ Ŭˊɞɛɞɜɤɗɞɨɜ 

Ŭˊɧ ɏɜŬɜ ŬůɗŮɜɐ, ɜŬ ŮˊŮəŰŬɗɞɨɜ ɛŮ ɛɑŬ əŬɚɚɘɏɟɔŮɘŬ əŬɘ ɜŬ ŮɛűɡŰŮɡŰɞɨɜ ɛɏůŬ ůŮ ɛɘŬ 

ŮɝɤəɡŰŰɎɟɘŬ ɛɐŰɟŬ ˊɞɡ əŬɚŮɑŰŬɘ ɘəɟɑɤɛŬ (scaffold). ɇŬ ɘəɟɘɩɛŬŰŬ ˊŬɟŬɔɧɛŮɜŬ Ŭˊɧ 

ŭɞɛɘəɎ ɡɚɘəɎ ůɢɖɛŬŰɑɕɞɡɜ Űɞ ɜɏɞ ɘůŰɧ ůɨɛűɤɜŬ ɛŮ Űɞ ŰɟɘůŭɘɎůŰŬŰɞ ůɢɐɛŬ Űɞɡɠ. ȼ 

ŰɟɘůŭɘɎůŰŬŰɖ ŬɡŰɐ əŬŰŬůəŮɡɐ ɛˊɞɟŮɑ ɜŬ ɛŮŰŬűɡŰŮɡɗŮɑ ůŰɞɜ ɑŭɘɞ ŬůɗŮɜɐ ɤɠ ɡˊɞəŬ-

ŰɎůŰŬŰɞ ɘůŰɞɨ. ȷəɞɚɞɨɗɤɠ, ŬɜŬˊŰɨůůɞɜŰŬɘ ŬɘɛɞűɧɟŬ ŬɔɔŮɑŬ ŮɜŰɧɠ Űɞɡ ɜɏɞɡ ɘůŰɞɨ, 

Űɞ ɘəɟɑɤɛŬ ŬˊɞɘəɞŭɞɛŮɑŰŬɘ əŬɘ ɞ ɜɏɞɠ ɞɚɞəɚɖɟɤɛɏɜɞɠ ɘůŰɧɠ ůɡɜŭɏŮŰŬɘ ɛŮ ŬɡŰɞɨɠ ˊɞɡ 

Űɞɜ ˊŮɟɘɓɎɚɚɞɡɜ. ȼ ŰŮɢɜɞɚɞɔɑŬ ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ůŰɖ ɀɖɢŬɜɘəɐ ȽůŰɩɜ ɡˊɞůŰɖɟɑɕŮɘ 

Űɖ ŭɖɛɘɞɡɟɔɑŬ ˊɞɘəɑɚɤɜ ɘůŰɩɜ ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɞɡ ŭɏɟɛŬŰɞɠ, ɢɧɜŭɟɞɡ, ɞůŰɞɨ, 

ɐˊŬŰɞɠ, Űɤɜ ɜŮɨɟɤɜ əŬɘ ŬɔɔŮɑɤɜ. ȼ ŮˊɘŰɡɢɑŬ Űɖɠ ŬɜŬŭɖɛɘɞɡɟɔɑŬɠ ɘůŰɩɜ ŬˊɞŭɑŭŮŰŬɘ ůŮ 

ɛŮɔɎɚɞ ɓŬɗɛɧ ůŰɖɜ ɘəŬɜɧŰɖŰŬ Űɞɡ ɘəɟɘɩɛŬŰɞɠ ɔɘŬ ŭɞɛɘəɐ ɛɞɟűɞˊɞɑɖůɖ əŬɘ ůŰɖɜ 

ɓɘɞŭɟŬůŰɘəɧŰɖŰɎ Űɞɡ ɛŮ ŰŬ ŮɛűɡŰŮɡɛɏɜŬ əɨŰŰŬɟŬ. Ƀɘ ɓɏɚŰɘůŰŮɠ ŭɞɛɘəɏɠ əŬɘ 

ɗɟŮˊŰɘəɏɠ ůɡɜɗɐəŮɠ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Ůɜɧɠ ɘůŰɞɨ ŭɘŬůűŬɚɑɕɞɜŰŬɘ ɧŰŬɜ ɢɟɖůɘ-

ɛɞˊɞɘŮɑŰŬɘ ɏɜŬɠ ɐŭɖ ɡˊɎɟɢɤɜ ɓɘɞɚɞɔɘəɧɠ ŭɞɛɖɛɏɜɞɠ ŰɟɘůŭɘɎůŰŬŰɞɠ ɘůŰɧɠ ɤɠ ˊɟɧŰɡˊɞ 

ůɨɛűɤɜŬ ɛŮ Űɞɜ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ůɢŮŭɘŬůŰŮɑ ɖ ŭɞɛɐ Űɞɡ ɘəɟɘɩɛŬŰɞɠ. ũɘŬ ŬɡŰɧ Űɞ 

ůəɞˊɧ ɏɢɞɡɜ ɔɑɜŮɘ ˊɞɚɚɏɠ ˊɟɧɞŭɞɘ ůŰɖ ɀɖɢŬɜɘəɐ ȽůŰɩɜ, ůŰɖɜ ŮˊɘůŰɐɛɖ Űɤɜ 

ɓɘɞɦɚɘəɩɜ, ůŰɖ ɓɘɞɛɖɢŬɜɘəɐ, ɓŮɚŰɘůŰɞˊɞɘɐůŮɘɠ ůŰɖɜ ŮɜůɤɛɎŰɤůɖ əŬɘ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ 

ɘůŰɩɜ əŬɘ Ů́ ɑůɖɠ ůŰɞ ůɢŮŭɘŬůɛɧ, Űɖ ůɨɜɗŮůɖ əŬɘ Űɖɜ əŬŰŬůəŮɡɐ ˊɟɞɖɔɛɏɜɤɜ 

ɘəɟɘɤɛɎŰɤɜ (tissue scaffold).(vi)(vii )(viii )(ix)(x) 

 

1.4. ȸɘɞɚɞɔɑŬ əŬɘ əɨŰŰŬɟŬ ɞůŰɞɨ 

ɇɞ ůəŮɚŮŰɘəɧ ůɨůŰɖɛŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊŮɟɑˊɞɡ 205 ɞůŰɎ, ŰŬ ɞˊɞɑŬ ůɡɜŭɏɞɜŰŬɘ ɛŮ 

ŬɟɗɟɩůŮɘɠ əŬɘ ɢɧɜŭɟɞɡɠ. ɇɞ ɞůŰɧ ŬˊɞŰŮɚŮɑ ɓŬůɘəɧ ůɡůŰŬŰɘəɧ Űɞɡ ɛɡɞůəŮɚŮŰɘəɞɨ 

ůɡůŰɐɛŬŰɞɠ əŬɘ ɖ ɓŬůɘəɐ Űɞɡ ɚŮɘŰɞɡɟɔɑŬ ŮɑɜŬɘ ɖ ˊɟɞůŰŬůɑŬ əŬɘ ɡˊɞůŰɐɟɘɝɖ Űɞɡ 

ůɩɛŬŰɞɠ. ɆɢŮŰɘəɎ ɛŮ Űɖɜ ɘůŰɞɛɖɢŬɜɘəɐ ˊɟɞůɏɔɔɘůɖ, Űɞ əɧəəŬɚɞ ɗŮɤɟŮɑŰŬɘ ɏɜŬ Ŭɜɘůɧ-

Űɟɞˊɞ ůɨɜɗŮŰɞ ɡɚɘəɧ ɘŮɟŬɟɢɘəɐɠ ŭɞɛɐɠ əŬɘ ˊɞɟɩŭɞɡɠ, ˊɞɡ ŮɛˊŮɟɘɏɢŮɘ ɞůŰɘəɎ 

əɨŰŰŬɟŬ, ŬɘɛɞűɧɟŬ ŬɔɔŮɑŬ ɛɏůŬ ůŮ ɛɘŬ ŭɘűŬůɘəɐ ɛɐŰɟŬ ɞɟɔŬɜɘəɐɠ əŬɘ ŬɜɧɟɔŬɜɖɠ 

űɨůŮɤɠ (Ⱥɘə. 1.4.1.). ȼ ɞɟɔŬɜɘəɐ űɎůɖ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɑɜŮɠ əɞɚɚŬɔɧɜɞɡ, ɚɘˊɑŭɘŬ, 

ˊŮˊŰɑŭɘŬ, ˊɟɤŰŮȶɜŮɠ, ɔɚɡəɞˊɟɤŰŮȶɜŮɠ, ˊɞɚɡůŬəɢŬɟɑŰŮɠ əŬɘ əɘŰɟɘəɎ ɎɚŬŰŬ, Ůɜɩ ɖ 

ŬɜɧɟɔŬɜɖ űɎůɖ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŬůɓŮůŰɞűɤůűɞɟɘəɎ, ŬɜɗɟŬəɘəɎ, űɗɞɟɘɞɨɢŬ ɎɚŬŰŬ, 

ɜɎŰɟɘɞ əŬɘ ɛŬɔɜɐůɘɞ. ɇɞ əɨɟɘɞ ůŰɞɘɢŮɑɞ Űɞɡ ɞɟɔŬɜɘəɞɨ ɛɏɟɞɡɠ Űɖɠ ŭɘűŬůɘəɐɠ ɛɐŰɟŬɠ 

Űɞɡ ɞůŰɞɨ ŮɑɜŬɘ Űɞ əɞɚɚŬɔɧɜɞ, ɛɘŬ ŮɚŬůŰɘəɐ ˊɟɤŰŮȶɜɖ, Ůɜɩ Űɞ ɓŬůɘəɧ ŬɜɧɟɔŬɜɞ 

ɛɏɟɞɠ Űɖɠ ɛɐŰɟŬɠ ŮɑɜŬɘ ɛɘŬ ůŰŮɟŮɎ ɞůŰɘəɐ ŬɜɧɟɔŬɜɖ ɞɡůɑŬ űɡůɘəɐɠ ˊɟɞɏɚŮɡůɖɠ, Űɞ 

ɞˊɞɑɞ əŬɚŮɑŰŬɘ ŬɜɗɟŬəɘəɧɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖɠ ɡˊɞəŬŰɎůŰŬůɖɠ. ɇŬ ɞůŰɘəɎ əɨŰŰŬɟŬ 

ŬˊɞŰŮɚɞɨɜ Űɞ 2-5% Űɖɠ ɞɟɔŬɜɘəɐɠ űɎůɖɠ, Ůə Űɤɜ ɞˊɞɑɤɜ Űɞ 95% ŮɑɜŬɘ ɞɘ ɞůŰŮɞ-
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ɓɚɎůŰŮɠ əŬɘ ŰŬ ɞůŰŮɞəɨŰŰŬɟŬ. ȼ əɡŰŰŬɟɘəɐ ůɡɛˊŮɟɘűɞɟɎ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ ɢɖɛɘəɏɠ 

ˊŬɟŬɛɏŰɟɞɡɠ, ɧˊɤɠ ɖ ɚŮɘŰɞɡɟɔɑŬ ŬɡɝɖŰɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ, ˊɟɤŰŮɞɚɡŰɘəɩɜ Ůɜɕɨɛɤɜ 

əŬɘ ŬɜŬůŰɞɚɏɤɜ. (i) (xi) 

    ɇɞ əɞɚɚŬɔɧɜɞ ɡˊɧ ɛɞɟűɐ ɘɜɩɜ (əɡɟɑɤɠ Űɨˊɞɡ I), ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɘŬ ɓŬůɘəɐ ɡˊɞ-

ɛɞɜɎŭŬ ɛŮŰŬɚɚɘəɩɜ ɘɜɘŭɑɤɜ əɞɚɚŬɔɧɜɞɡ, ŰŬ ɞˊɞɑŬ ŬɡŰɧůɡɜŬɟɛɞɚɞɔɞɨɜŰŬɘ ůŮ Űɟɘˊɚɏɠ 

ɏɚɘəŮɠ ɛɞɟɑɤɜ əɞɚɚŬɔɧɜɞɡ. ȼ Űɟɘˊɚɐ əɡɚɘɜŭɟɘəɐ ɏɚɘəŬ ɏɢŮɘ ɛɏůɖ ŭɘɎɛŮŰɟɞ 1,5 nm 

əŬɘ ɛɐəɞɠ 300 nm, Ůɜɩ əɎɗŮ ɘɜɑŭɘɞ ˊŮɟɘɏɢŮɘ ŰɟŮɘɠ ˊɞɚɡˊŮˊŰɘŭɘəɏɠ ŬɚɡůɑŭŮɠ ɛŮ 1000 

ŬɛɘɜɞɝɏŬ ɏəŬůŰɖɜ. Ƀɘ ɜŬɜɞəɟɡůŰŬɚɚɑŰŮɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ŬɜŬˊŰɨůůɞɜŰŬɘ ˊɎɜɤ ůŰŬ 

ɘɜɑŭɘŬ, ɛŮ Űɞɜ ɎɝɞɜŬ yyô Űɤɜ ɜŬɜɞəɟɡůŰɎɚɚɤɜ ŮɡɗɡɔɟŬɛɛɘůɛɏɜɞ ɛŮ Űɞ ɛŮɔɎɚɞ ɎɝɞɜŬ 

Űɤɜ ɘɜɘŭɑɤɜ. ȼ ŭɘŬůɨɜŭŮůɖ Űɤɜ əɟɡůŰɎɚɚɤɜ ɜŬɜɞɡŭɟɞɝɡŬˊŬŰɑŰɖ ɛŮ ŰŬ ɘɜɑŭɘŬ 

əɞɚɚŬɔɧɜɞɡ ŭɨɜŬŰŬɘ ɜŬ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ŬˊŮɡɗŮɑŬɠ Ůˊɑ Űɤɜ ɘɜɘŭɑɤɜ, ŮɑŰŮ ɛɏůɤ ŮɜŭɘɎ-

ɛŮůɤɜ ɛŬəɟɞɛɞɟɑɤɜ-əŬɗɞŭɖɔɖŰɩɜ, ŰŬ ɞˊɞɑŬ ůɡɜŭɏɞɜŰŬɘ ɛŮ ŰŬ ɘɜɑŭɘŬ əɞɚɚŬɔɧɜɞɡ. Ƀɘ 

ɛɖ əɞɚɚŬɔɞɜɞɨɢŮɠ ɧɝɘɜŮɠ ˊɟɤŰŮȶɜŮɠ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɞ ɞůŰɧ ˊɘɗŬɜɧɜ ŮɡɗɨɜɞɜŰŬɘ 

ɔɘŬ Űɖɜ ŬɜŬůŰɞɚɐ ɐ ˊɟɞɩɗɖůɖ Űɖɠ ˊɡɟɖɜɞˊɞɑɖůɖɠ əŬɘ Űɖɠ ŬɜɎˊŰɡɝɖɠ Űɤɜ 

ɜŬɜɞəɟɡůŰɎɚɚɤɜ ɡŭɟɞɝɡŬˊŬŰɑŰɖ. ɆɢŮŰɘəɎ ɛŮ Űɖɜ ɛɞɟűɞɚɞɔɑŬ ɜŬɜɞəɟɡůŰɎɚɚɤɜ ɡŭɟɞ-

ɝɡŬˊŬŰɑŰɖ, ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜ Űɞ 70% Űɞɡ ɞůŰɘəɞɨ ɓɎɟɞɡɠ, ɏɢɞɡɜ ɗŮɛŮɚɘɩŭɖ 

ɛɞɜɎŭŬ ɏɜŬ əɟɨůŰŬɚɚɞ ůɢɐɛŬŰɞɠ ˊɚɎəŬɠ ɛɐəɞɡɠ ˊŮɟɑˊɞɡ 100 ¡ əŬɘ ˊɚɎŰɞɡɠ 20-30 

¡. Ƀɘ əɟɨůŰŬɚɚɞɘ ŮɑɜŬɘ ŭɘŬŰŮŰŬɔɛɏɜɞɘ ůŮ ˊŬɟɎɚɚɖɚŬ ůŰɟɩɛŬŰŬ ŮɜŰɧɠ Űɞɡ əɞɚɚŬɔɞ-

ɜɩŭɞɡɠ ˊɚŬɘůɑɞɡ. ɆŮ ˊɞɚɚɎ ɞůŰɎ ŰŬ ůŰɟɩɛŬŰŬ ŬɡŰɎ ɞɟɔŬɜɩɜɞɜŰŬɘ ůŮ ɛŮɔŬɚɨŰŮɟŮɠ 

ŭɞɛɏɠ ɡɣɖɚɐɠ ŭɘɎŰŬɝɖɠ, Ŭˊɧ ɛɞɟɘŬəɧ  ůŮ ɛŬəɟɞůəɞˊɘəɧ ŮˊɑˊŮŭɞ. ɇɏɚɞɠ,  ɓŬůɘəɧ 

ůɡůŰŬŰɘəɧ Űɞɡ ɞůŰɞɨ ŬˊɞŰŮɚŮɑ Űɞ ɜŮɟɧ, ɖ ˊɞůɧŰɖŰŬ Űɞɡ ɞˊɞɑɞɡ ŬˊɞŰŮɚŮɑ ɓŬůɘəɐ 

ˊŬɟɎɛŮŰɟɞ əŬɗɞɟɘůɛɞɨ ɛɖɢŬɜɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ.  

 

Ⱥɘə. 1.4.1. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɖɠ ɞůŰɘəɐɠ ŭɞɛɐɠ, ɖ ɞˊɞɑŬ ˊŮɟɘɏɢŮɘ əɟɡůŰɎɚɚɞɡɠ 

ŬɜɗɟŬəɘəɞɨ ɡŭɟɞɝɡŬˊŬŰɑŰɖ əŬɘ ɑɜŮɠ əɞɚɚŬɔɧɜɞɡ xii  

  Ƀ ůɡɜŭɡŬůɛɧɠ ɘɜɩɜ əɞɚɚŬɔɧɜɞɡ, ɜŬɜɞəɟɡůŰɎɚɚɤɜ ŬɜɗɟŬəɘəɞɨ ɡŭɟɞɝɡŬˊŬŰɑŰɖ əŬɘ 

əɡŰŰɎɟɤɜ ˊɟɞůŭɑŭŮɘ ůŰɞ ɞůŰɧ Űɖɜ ŬɜŰɞɢɐ, ůəɚɖɟɧŰɖŰŬ əŬɘ ɘəŬɜɧŰɖŰŬ ŬɡŰɞɥŬůɐɠ Űɞɡ. 
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ȼ ŬɜŬɚɞɔɑŬ ɞůŰɘəɩɜ ůɡůŰŬŰɘəɩɜ əŬɘ ɖ ŭɞɛɐ Űɞɡ ˊɞɘəɑɚŮɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɖɚɘəɑŬ Űɞɡ 

ɞůŰɞɨ, Űɖɜ ɗɏůɖ Űɞɡ ůŰɞɜ ɞɟɔŬɜɘůɛɧ əŬɘ Űɖɜ ɘŬŰɟɘəɐ ˊɟɞɥůŰɞɟɑŬ Űɞɡ, ůŬɜ 

ŮˊŬəɧɚɞɡɗɖ Űɖɜ ŭɘŬűɞɟŮŰɘəɐ əŬŰɎŰŬɝɐ Űɞɡ ŬɜɎɚɞɔɖ ɛŮ ŰŬ ɛɖɢŬɜɘəɎ əŬɘ ɚŮɘŰɞɡɟɔɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ. ȼ ɓŬůɘəɐ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ Űɞɡ ɞůŰɞɨ ŬɜŬűɏɟŮŰŬɘ ɤɠ ůˊɞɔɔɩŭɖɠ 

(ŭɞəɘŭɩŭɖɠ) ɐ űɚɞɘɩŭɖɠ (ůɡɛˊŬɔɐɠ) ŭɞɛɐ. Ƀɘ ůˊɧɜŭɡɚɞɘ əŬɘ ŰŬ ˊɚŬŰɘɎ ɞůŰɎ Űɖɠ 

ˊɡŮɚɘəɐɠ ɕɩɜɖɠ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ůˊɞɔɔɩŭɖ ɘůŰɧ, ŬɚɚɎ ŮˊɘűŬɜŮɘŬəɎ əŬɚɨˊŰɞɜŰŬɘ 

Ŭˊɧ űɚɞɘɩŭɖ ɘůŰɧ. ɇŬ ɛɘəɟɧŰŮɟŬ ɞůŰɎ ŬˊɞŰŮɚɞɨɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ űɚɞɘɩŭɖ ɘůŰɧ, Ůɜɩ 

ůŰɞ əŮɜŰɟɘəɧ Űɤɜ ŮˊɘűɨůŮɩɜ Űɞɡɠ ɡˊɎɟɢŮɘ ɛɘəɟɧ ˊɞůɞůŰɧ ŭɞəɘŭɩŭɞɡɠ ɘůŰɞɨ. ɇɞ 

ˊɞɟɩŭŮɠ Űɞɡ űɚɞɘɩŭɞɡɠ ɛɏɟɞɡɠ Űɞɡ ɞůŰɞɨ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 5-10% Ůɜɩ Űɞ ůˊɞɔɔɩŭŮɠ 

ɛɏɟɞɠ Ŭˊɧ 75-95%. ȼ ŮɝɤŰŮɟɘəɐ ˊɚŮɡɟɎ Űɞɡ ɞůŰɞɨ ˊŮɟɘɓɎɚɚŮŰŬɘ Ŭˊɧ Űɞ ˊŮɟɘɧůŰŮɞ 

əŬɘ ɖ ŮˊɘűɎɜŮɘŬ ˊɞɡ Űɞ ɢɤɟɑɕŮɘ Ŭˊɧ ŰŬ ŮɝɤŰŮɟɘəɎ ɧɟɔŬɜŬ əŬɚŮɑŰŬɘ ˊŮɟɘɞůŰŮɥəɐ 

ɛŮɛɓɟɎɜɖ. ɆŮ ɛŮɔŬɚɨŰŮɟɞ ɓɎɗɞɠ ůŰɞ ɞůŰɧ ɓɟɑůəŮŰŬɘ Űɞ ůɡɛˊŬɔɏɠ ɞůŰɞɨɜ, Űɞ ɞˊɞɑɞ 

ůɢɖɛŬŰɑɕŮŰŬɘ Ŭˊɧ ˊŮŰɎɚɘŬ əŬɘ ŰŬ ůɡůŰɐɛŬŰŬ Havers. ɇɏɚɞɠ, ˊɟɞɠ Űɞ ŮůɤŰŮɟɘəɧ Űɞɡ 

ɞůŰɞɨ ɡˊɎɟɢŮɘ ɏɜŬ ˊɚɏɔɛŬ, ˊɞɡ əŬɚŮɑŰŬɘ ŭɞəɑŭŮɠ, ůŰɞ ɞˊɞɑɞ ˊɟɞɏɟɢŮŰŬɘ ɞ ɛɡŮɚɧɠ Űɤɜ 

ɞůŰɩɜ (Ⱥɘə. 1.4.2.). (i) (xi) 

 

Ⱥɘə. 1.4.2. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɖɠ ŭɞɛɐɠ Űɞɡ ɞůŰɞɨ xiii  

 
      ȺəŰɧɠ Ŭˊɧ ŰŬ ɓŬůɘəɎ ŭɞɛɘəɎ ůɡůŰŬŰɘəɎ Űɞɡ ɞůŰɞɨ (ɓɘɞŬˊŬŰɑŰɖɠ-əɞɚɚŬɔɧɜɞ) 

ɡˊɎɟɢŮɘ ɏɜŬɠ ůɖɛŬɜŰɘəɧɠ Ŭɟɘɗɛɧɠ əɡŰŰɎɟɤɜ, ŰŬ ɞˊɞɑŬ ɟɡɗɛɑɕɞɡɜ Űɞ ɞůŰɘəɧ ɛŮŰŬ-

ɓɞɚɘůɛɧ. ɇŬ əɨŰŰŬɟŬ ŬɡŰɎ ŮɑɜŬɘ Űɟɘɩɜ Ůɘŭɩɜ, ɞɘ ɞůŰŮɞɓɚɎůŰŮɠ, ɞɘ ɞůŰŮɞəɚɎůŰŮɠ əŬɘ 

ŰŬ ɞůŰŮɞəɨŰŰŬɟŬ (Ⱥɘə. 1.4.3.). ȷɡŰɞɑ ɞɘ ŰɟŮɘɠ Űɨˊɞɘ əɡŰŰɎɟɤɜ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŭɡɞ 

ŭɘŬűɞɟŮŰɘəɏɠ ɔŮɜŮŬɚɞɔɑŮɠ ɓɚŬůŰɘəɩɜ əɡŰŰɎɟɤɜ, ŰŬ ɛŮůɞŭŮɟɛŬŰɘəɎ əŬɘ ŰŬ Ŭɘɛɞ-

ˊɞɘɖŰɘəɎ, ɡˊɞɔɟŬɛɛɑɕɞɜŰŬɠ Űɖ ɛɞɜŬŭɘəɧŰɖŰŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɞɛɞɘɧůŰŬůɖɠ Űɞɡ ɞůŰɞɨ 

əŬɘ Űɖɠ ůŰŮɜɐɠ ůɢɏůɖɠ ˊɞɡ Űɞ ůɡɜŭɏŮɘ ɛŮ Űɞ ŬɜɞůɞˊɞɘɖŰɘəɧ ůɨůŰɖɛŬ.  
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Ⱥɘə. 1.4.3. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɨˊɤɜ əɡŰŰɎɟɤɜ Űɞɡ ɞůŰɞɨ xxxv 

 

    ɆɢŮŰɘəɎ ɛŮ Űɞɡɠ ɞůŰŮɞɓɚɎůŰŮɠ, ŬˊɞŰŮɚɞɨɜ əɨŰŰŬɟŬ ɛŮɔɏɗɞɡɠ 20-30 ɛm, ŰŬ ɞˊɞɑŬ 

ŮɑɜŬɘ ɡˊŮɨɗɡɜŬ ɔɘŬ Űɖɜ ŬˊɧɗŮůɖ Űɖɠ ɞɟɔŬɜɘəɐɠ ŮɝɤəɡŰŰɎɟɘŬɠ ɛɐŰɟŬɠ əŬɘ Űɖɠ 

ŬůɓŮůŰɞˊɞɑɖůɐɠ Űɖɠ, əŬɗɩɠ əŬɘ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůɡɜɐɗɤɠ ůŮ ˊŮɟɘɞɢɏɠ ˊɞɡ ůɡɛɓŬɑɜŮɘ 

ɖ ŬůɓŮůŰɞˊɞɑɖůɖ. ɉŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ŭɞɛɐ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ ŮəŰŮŰŬɛɏɜɞ Ůɜŭɞ-

ˊɚŬůɛŬŰɘəɧ ŭɑəŰɡɞ əŬɘ əɡŰŰŬɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ůɡɛɓɎɚɚɞɡɜ ůŰɖɜ ˊɟɤŰŮɥɜɘəɐ 

ůɨɜɗŮůɖ əŬɘ ůŰɖɜ ɏəəɟɘůɖ ˊɟɤŰŮɥɜɩɜ.  

     Ƀɘ ɞůŰŮɞəɚɎůŰŮɠ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŬɘɛɞˊɞɘɖŰɘəɎ ɓɚŬůŰɘəɎ əɨŰŰŬɟŬ əŬɘ ŭɖɛɘɞɡ-

ɟɔɞɨɜŰŬɘ Ŭˊɧ Űɖ ŭɘŬɑɟŮůɖ Ůɜɧɠ ɛɞɜɞˊɡɟɖɜɘəɞɨ ˊɟɧɔɞɜɞɡ əɡŰŰɎɟɞɡ. ɇŬ ɛɞɟűɞɚɞɔɘəɎ 

Űɞɡɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ Űɤɜ Ɏɚɚɤɜ űŬɔɤŰɘəɩɜ əɡŰŰɎɟɤɜ əŬɘ Űɞ ɛɏɔŮɗɧɠ 

Űɞɡɠ Ŭɡɝɖɛɏɜɞ ɛŮ ɧɔəɞ ˊɞɡ ɝŮˊŮɟɜɎ ŰŬ 2Ĭ105ɛm3, Ůɜɩ ŭɘŬɗɏŰɞɡɜ ˊɎɜɤ Ŭˊɧ 100 

ˊɡɟɐɜŮɠ. ɇŬ əɨŰŰŬɟŬ ŬɡŰɎ Ŭˊɞɟɟɞűɞɨɜ əŬɘ Ŭˊɞɘəɞŭɞɛɞɨɜ Űɞ ɐŭɖ ůɢɖɛŬŰɘůɛɏɜɞ 

ɞůŰɧ, əŬɗɩɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɏəəɟɘůɖ ɘɜɤŭɩɜ ˊɟɤŰŮɥɜɩɜ ˊɞɡ ˊɟɞəŬɚɞɨɜ Űɖɜ 

Ŭˊɞɘəɞŭɧɛɖůɖ.  

     ɇɞ ŰɟɑŰɞ ɓŬůɘəɧ Ůɑŭɞɠ ɞůŰɘəɩɜ əɡŰŰɎɟɤɜ, ŰŬ ɚŮɔɧɛŮɜŬ ɞůŰŮɞəɨŰŰŬɟŬ ŮɑɜŬɘ 

ɞɡůɘŬůŰɘəɎ ˊŬɟɎɔɤɔŬ Űɤɜ ɞůŰŮɞɓɚŬůŰɩɜ, ɞɘ ɞˊɞɑɞɘ ɛŮŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ ůɢɖɛŬŰɘůɛɞɨ 

Űɞɡ ɞůŰɞɨ ˊŬɟɏɛŮɘɜŬɜ ůŮ əɞɘɚɧŰɖŰŮɠ Űɞɡ ɜŮɞůɢɖɛŬŰɘůɗɏɜŰɞɠ ɞůŰɞɨ. Ⱥˊɞɛɏɜɤɠ, 

ˊɟɧəŮɘŰŬɘ ɔɘŬ ŬˊɞŰɏɚŮůɛŬ ɛɘŬɠ ŭɘŬŭɘəŬůɑŬɠ çŬɡŰɧ-ŮɜŰŬűɘŬůɛɞɨè Űɤɜ ɞůŰŮɞɓɚŬůŰɩɜ 

ŮɝŬɘŰɑŬɠ Űɖɠ ɑŭɘŬɠ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ, Űɖɠ ɏəəɟɘůɖɠ ɞɟɔŬɜɘəɐɠ ɛɐŰɟŬɠ, ˊɞɡ ŮˊɘŰŮɚɞɨɜ.  Ƀ 

əɨɟɘɞɠ ɟɧɚɞɠ Űɞɡɠ ŮɑɜŬɘ ɜŬ ůɡɜŰŮɚɞɨɜ ůŰɖ ɛŮŰŬűɞɟɎ ɡɚɘəɩɜ Ŭˊɧ Űɞ ɡɔɟɧ ˊŮɟɘɓɎɚɚɞɜ 

Űɞɡ ɘůŰɞɨ ůŰɞ ɞůŰɧ əŬɘ ŬɜŰɘůŰɟɧűɤɠ. 

     ȳ́ ɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ, ɞɘ ɞůŰŮɞɓɚɎůŰŮɠ ŮɑɜŬɘ ůɡɜŰŮɚɞɨɜ ɎɛŮůŬ ůŰɞ ůɢɖɛŬŰɘůɛɧ 

Űɤɜ ɞůŰɩɜ, Ůɜɩ ɞɘ ɞůŰŮɞəɚɎůŰŮɠ Űɞɜ Ŭˊɞŭɞɛɞɨɜ. ȷɡŰɐ ŮɑɜŬɘ ɛɘŬ ŭɘŬŭɘəŬůɑŬ 

ɛɞɜŬŭɘəɐ ɔɘŬ Űɞɜ ɞɟɔŬɜɘůɛɧ, əŬɗɩɠ ɞ ɞůŰɘəɧɠ ɘůŰɧɠ ŭɨɜŬŰŬɘ ɜŬ ůɢɖɛŬŰɘůŰŮɑ əŬɘ 

ŬˊɞɘəɞŭɞɛɖɗŮɑ ŬəɞɚɞɡɗɩɜŰŬɠ ɛɘŬ əɡəɚɘəɐ ŭɘŬŭɘəŬůɑŬ ŬɜɎɚɞɔɖ Űɞɡ əɨəɚɞɡ ɕɤɐɠ 

Űɞɡ. ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ, ɖ ɞˊɞɑŬ ŭŮɜ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŮ Ɏɚɚɞɡɠ ŬůɓŮůŰɞˊɞɘɖɛɏɜɞɡɠ  

ɘůŰɞɨɠ (ŰɏɜɞɜŰŮɠ, ŭɧɜŰɘŬ) əŬɚŮɑŰŬɘ ɞůŰɘəɐ ŬɜŬəŬŰŬůəŮɡɐ (bone remodeling). ȼ 

ɞůŰɘəɐ ŬɜŬəŬŰŬůəŮɡɐ (Ⱥɘə. 1.4.4.) ŮɑɜŬɘ ɏɜŬ ˊŮɟɘɞŭɘəɧ űŬɘɜɧɛŮɜɞ, Űɞ ɞˊɞɑɞ ɓŬůɑɕŮŰŬɘ 

ůŰɖ ůɡɜŭɡŬůɛɏɜɖ ɚŮɘŰɞɡɟɔɑŬ ɞůŰŮɞɓɚŬůŰɩɜ əŬɘ ɞůŰŮɞəɚŬůŰɩɜ ŮɜŰɧɠ ɢɟɞɜɘəɞɨ 

ŭɘŬůŰɐɛŬŰɞɠ Űɤɜ 3-6 ɛɖɜɩɜ. ɆŮ ŬɡŰɧ Űɞ ɢɟɧɜɞ ɞɘ ɞůŰŮɞəɚɎůŰŮɠ ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ 

ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ Ŭˊɞɘəɞŭɧɛɖůɖɠ, ŮəəɟɑɜɞɜŰŬɠ H+ ˊɘɗŬɜɧŰŬŰŬ ɡˊɧ Űɖ ɛɞɟűɐ ɔŬɚŬ-
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əŰɘəɞɨ ɞɝɏɞɠ, ɏŰůɘ ɩůŰŮ ɜŬ ŭɖɛɘɞɡɟɔɐůɞɡɜ ɧɝɘɜɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ ˊɟɤŰŮɎůŮɠ ɧˊɤɠ ŮɑɜŬɘ 

ɖ ˊɟɤŰŮɞɔɚɡəŬɜɎůɖ əŬɘ ɖ əɞɚɚŬɔŮɜɎůɖ. ȷɡŰɧ Űɞ ɧɝɘɜɞ ˊŮɟɘɓɎɚɚɞɜ ɛŬɕɑ ɛŮ Űɖɜ 
ˊŬɟɞɡůɑŬ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ Ůɜɕɨɛɤɜ ˊɟɞəŬɚɞɨɜ Űɧůɞ Űɖ ŭɘɎɚɡůɖ Űɞɡ ɓɘɞŬˊŬŰɑŰɖ 

ɧůɞ əŬɘ Űɖɜ ŬˊɞůɨɜɗŮůɖ Űɤɜ ˊɟɤŰŮɥɜɩɜ Űɞɡ ɞůŰɞɨ. ɀŮŰɎ Űɖɜ Ŭˊɞɘəɞŭɧɛɖůɖ Űɖɠ 

ůɡɔəŮəɟɘɛɏɜɖɠ ˊŮɟɘɞɢɐɠ ɞɘ ɞůŰŮɞəɚɎůŰŮɠ ŮɝŬűŬɜɑɕɞɜŰŬɘ əŬɘ ůô ŬɡŰɐ Űɖɜ ˊŮɟɘɞɢɐ 

ŮɛűŬɜɑɕɞɜŰŬɘ ɞɘ ɞůŰŮɞɓɚɎůŰŮɠ, ɞɘ ɞˊɞɑɞɘ ŭɟɞɡɜ ůŬɜ ŮəəɘɜɖŰɏɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ 

ůɨɜɗŮůɖɠ Űɞɡ ɜɏɞɡ ɞůŰɞɨ. ɆɡɔəŮəɟɘɛɏɜŬ, ŬˊɞɗɏŰɞɡɜ Űɖɜ ŮɝɤəɡŰŰŬɟɘəɐ ɛɐŰɟŬ (əɞɚ-

ɚŬɔɧɜɞ Ƚ) əŬɘ Ůɚɏɔɢɞɡɜ Űɖɜ ŬůɓŮůŰɞˊɞɑɖůɐ Űɖɠ ŮəəɟɑɜɞɜŰŬɠ ŬɡɝɖŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ. 

(xiv)(xv) 

 

 

Ⱥɘə.1.4.4. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ɞůŰɘəɐɠ ŬɜŬəŬŰŬůəŮɡɐɠ xvi 

 

    ɀɘŬ əɟɑůɘɛɖ ˊŬɟɎɛŮŰɟɞɠ Űɖɠ ɞůŰɘəɐɠ ŬɜŬəŬŰŬůəŮɡɐɠ ŬˊɞŰŮɚŮɑ ɖ ůɨɕŮɡɝɖ 

(coupling) Űɤɜ ɞůŰŮɞɓɚŬůŰɩɜ əŬɘ ɞůŰŮɞəɚŬůŰɩɜ. ȷˊŬɟŬɑŰɖŰɖ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖɜ 

Ůɨɟɡɗɛɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŮɑɜŬɘ ɖ ɘůɧˊɞůɖ Ŭˊɞɘəɞŭɧɛɖůɖ ɛɎɕŬɠ Űɞɡ ɞůŰɞɨ 

ɛŮ Űɖɜ ɛɎɕŬ ŬɜŬůɢɖɛŬŰɘůɛɞɨ Űɞɡ ɞůŰɞɨ. ɆŮ ŭɘŬűɞɟŮŰɘəɐ ˊŮɟɑˊŰɤůɖ, ŮɛűŬɜɑɕɞɜŰŬɘ 

ŬɜɤɛŬɚɑŮɠ əŬɘ ŬůɗɏɜŮɘŮɠ ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɖ ɞůŰŮɞˊɧɟɤůɖ əŬɘ ɖ ɞůŰŮɞˊɏŰɟɤůɖ. 

Ƀ Űɟɧˊɞɠ ɛŮ Űɞɜ ɞˊɞɑɞ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ɎɟŰɘŬ ůɡɜŮɟɔŬůɑŬ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ əɡŰŰɎɟɤɜ 

ŮɑɜŬɘ ɛɏůɤ Űɖɠ ɏəűɟŬůɖɠ Ŭˊɧ Űɞɡɠ ɞůŰŮɞɓɚɎůŰŮɠ Űɤɜ əɡŰŰŬɟɞəɘɜɩɜ ˊɞɡ ɟɡɗɛɑɕɞɡɜ 

Űɖɜ əɡŰŰŬɟɘəɐ ŭɘŬɑɟŮůɖ Űɤɜ ɞůŰŮɞəɚŬůŰɩɜ, ɧˊɤɠ ŮɑɜŬɘ ɞɘ əɡŰŰŬɟɞəɑɜŮɠ M-CSF, 

RANKL əŬɘ OPG. (xvii ) 

    ȼ ŭɘŬŭɘəŬůɑŬ Űɖɠ  ɞůŰɘəɐɠ ŬɜŬəŬŰŬůəŮɡɐɠ ɢɤɟɑɕŮŰŬɘ ůŮ 5 űɎůŮɘɠ. ɇɞ ˊɟɩŰɞ ůŰɎŭɘɞ 

ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ (activation) Űɖɠ ŭɘŬŭɘəŬůɑŬɠ. ɆŰɞ ůŰɎŭɘɞ ŬɡŰɧ ŭɑɜŮŰŬɘ 

ůɐɛŬ ůŰɞɡɠ ɞůŰŮɞəɚɎůŰŮɠ ɜŬ ɛŮŰŬɓɞɨɜ ůŰɞ ůɖɛŮɑɞ Űɞ ɞˊɞɑɞ ˊɟɧəŮɘŰŬɘ ɜŬ ɡˊɞůŰŮɑ 

ŬɜŬəŬŰŬůəŮɡɐ. ɆŰɖ ůɡɜɏɢŮɘŬ ŬəɞɚɞɡɗŮɑ Űɞ ůŰɎŭɘɞ Űɖɠ Ŭˊɞɟɟɧűɖůɖɠ, ɧˊɞɡ ɚŬɛɓɎɜŮɘ 

ɢɩɟŬ ɖ Ŭˊɞɘəɞŭɧɛɖůɖ Űɖɠ ɞɟɔŬɜɘəɐɠ əŬɘ Űɖɠ ŬɜɧɟɔŬɜɖɠ űɎůɖɠ Ŭˊɧ Űɞɡɠ ɞůŰŮɞ-

əɚɎůŰŮɠ. ɀŮŰɎ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ Ŭˊɞɘəɞŭɧɛɖůɖɠ ɖ ŭɘŬŭɘəŬůɑŬ ŬɜŰɘůŰɟɏűŮŰŬɘ, 

ůɡɜɘůŰɩɜŰŬɠ Űɞ ůŰɎŭɘɞ Űɖɠ ŬɜŰɘůŰɟɞűɐɠ (reversal), əŬŰɎ Űɞ ɞˊɞɑɞ Űɞ əɞɚɚŬɔɧɜɞ 

ŮɜŬˊɞŰɑɗŮŰŬɘ ůŰɖɜ Ŭˊɞɘəɞŭɞɛɖɛɏɜɖ Ŭˊɧ Űɞɡɠ ɞůŰŮɞɓɚɎůŰŮɠ ˊŮɟɘɞɢɐ. ȷəɞɚɞɨɗɤɠ, 

ůŰɞ ůŰɎŭɘɞ Űɞɡ ůɢɖɛŬŰɘůɛɞɨ (formation) ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ŬůɓŮůŰɞˊɞɑɖůɖ Űɞɡ 

əɞɚɚŬɔɧɜɞɡ əŬɘ ɖ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ůɢɖɛŬŰɘůɛɞɨ ɜɏɞɡ ɞůŰɞɨ. ȷəɞɚɞɡɗŮɑ 
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Űɏɚɞɠ, Űɞ ůŰɎŭɘɞ Űɖɠ ɖɟŮɛɑŬɠ (quiescence), ɧˊɞɡ Űɞ ɞůŰɧ ˊŬɟŬɛɏɜŮɘ ůŮ ŬɜŮɜŮɟɔɐ 

űɎůɖ.(xviii ) 

    ȺəŰɧɠ Ŭˊɧ ŰŬ ɓŬůɘəɎ Ůɑŭɖ əɡŰŰɎɟɤɜ Űɞɡ ɞůŰɞɨ, ɡˊɎɟɢɞɡɜ əŬɘ ɎɚɚŬ əɨŰŰŬɟŬ ŰŬ 

ɞˊɞɑŬ ůɡɜŭɟɎɛɞɡɜ ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ ɞůŰɘəɞɨ ɘůŰɞɨ, ɧˊɤɠ ŰŬ ɛŮůŮɔɢɡɛŬŰɘəɎ ɓɚŬůŰɘəɎ 

əɨŰŰŬɟŬ (MSCs), ɞɘ ɘɜɞɓɚɎůŰŮɠ əŬɘ ŰŬ ɘɜɞəɨŰŰŬɟŬ. ɇŬ MSCs ŮɑɜŬɘ ˊɞɚɡŭɨɜŬɛŬ 

ůŰɟɤɛŬŰɘəɎ əɨŰŰŬɟŬ, ŰŬ ɞˊɞɑŬ ɛˊɞɟɞɨɜ ɜŬ ŰŬɝɘɜɞɛɖɗɞɨɜ ůŮ ɎɚɚŮɠ ɡˊɞəŬŰɖɔɞɟɑŮɠ, 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ɞůŰŮɞɓɚŬůŰɩɜ, ɢɞɜŭɟɞəɡŰŰɎɟɤɜ, ɚɘˊɞəɡŰŰɎɟɤɜ əŬɘ Űɞɡɠ 

ɜŮɡɟɩɜŮɠ. ȼ ŭɘŬűɞɟɞˊɞɑɖůɖ ŬɡŰɐ Űɤɜ  ɛŮůŮɔɢɡɛŬŰɘəɩɜ əɡŰŰɎɟɤɜ ŬˊɞŰŮɚŮɑ ɛɘŬ ŭɘŬ-

ŭɘəŬůɑŬ ˊɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ əɡŰŰŬɟɘəɧ ɛɏɔŮɗɞɠ, Űɞ ůɢɐɛŬ əŬɘ Űɖ ŭɘŬűɞɟŮŰɘəɐ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ, ˊɞɡ ɏɔəŮɘŰŬɘ ůŰɖɜ ŰɞˊɞɔɟŬűɑŬ Űɞɡɠ əŬɘ ůŰɘɠ ŮˊŬəɧɚɞɡɗŮɠ Űɟɞˊɞ-

ˊɞɘɐůŮɘɠ ɔɞɜɘŭɘŬəɐɠ ɏəűɟŬůɖɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɓɚŬůŰɘəɩɜ əɡŰŰɎɟɤɜ, ŬˊŬɘŰŮɑŰŬɘ 

ɏɜŬ ůɐɛŬ ŮɜŮɟɔɞˊɞɑɖůɐɠ Űɞɡɠ, ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞ ŮɝɤəɡŰŰŬɟɘəɧ ɛɘəɟɞ-

ˊŮɟɘɓɎɚɚɞɜ, ɧˊɤɠ ŬɡɝɖŰɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ ɐ űɡůɘəɞɢɖɛɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ŮɟŮɗɑ-

ůɛŬŰŬ. ɋůŰɧůɞ, ɞ ɏɚŮɔɢɞɠ əŬɘ əŬɗɞɟɘůɛɧɠ Űɖɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ Űɤɜ ɓɚŬůŰɘəɩɜ 

əɡŰŰɎɟɤɜ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŮˊɘɗɡɛɖŰɐ ɔŮɜŮŬɚɞɔɑŬ, ŬˊɞŰŮɚŮɑ ˊɟɧəɚɖůɖ ɔɘŬ Űɖɜ əɚɎŭɞ 

Űɖɠ ɘůŰɞɛɖɢŬɜɘəɐɠ. ɆɢŮŰɘəɎ ɛŮ Űɞɡɠ ɘɜɞɓɚɎůŰŮɠ, ŮɑɜŬɘ ŰŬ əɨŰŰŬɟŬ ˊɞɡ ˊŬɟɎɔɞɡɜ Űɖɜ 

ŮɝɤəɡŰŰŬɟɘəɐ ɛɐŰɟŬ əŬɘ Űɞ əɞɚɚŬɔɧɜɞ əŬɘ ŰŬ ɘɜɞəɨŰŰŬɟŬ ŬˊɞŰŮɚɞɨɜ ŰŬ ŬɜŮɜŮɟɔɎ 

ɓɚŬůŰɘəɎ əɨŰŰŬɟŬ. ȺˊɘˊɟɧůɗŮŰŬ, ŰŬ əɨŰŰŬɟŬ ůŬɟəɩɛŬŰɞɠ ŬˊɞŰŮɚɞɨɜ ɛɘŬ Ɏɚɚɖ əŬŰɖ-

ɔɞɟɑŬ ŭŮɡŰŮɟɞɔŮɜɩɜ əŬɟəɘɜɘəɩɜ əɡŰŰɎɟɤɜ, ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ɛŮůŮɔɢɡɛŬŰɘəɐ ˊɟɞɏ-

ɚŮɡůɖ əŬɘ ŭɨɜŬŰŬɘ ɜŬ ŮɜŰɞˊɘůŰɞɨɜ  ůŰɞ ɞůŰɧ, ɢɧɜŭɟɞ, ɚɑˊɞɠ əŬɘ ůŰɞɡɠ ɛɡŮɑɠ. (xix) 

   ȸŬůɘəɏɠ ˊɟɞɦˊɞɗɏůŮɘɠ, ˊɞɡ ˊɟɏˊŮɘ ɜŬ ˊɚɖɟɞɨɜŰŬɘ ɔɘŬ Űɖɜ ůɤůŰɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ 

ɞůŰɘəɞɨ ɘůŰɞɨ, ŮɑɜŬɘ ɖ ŮˊŬɟəɐɠ ůŰɐɟɘɝɖ Űɖɠ ŭɞɛɐɠ Űɞɡ, ɖ ˊɟɞůŰŬůɑŬ Űɞɡ Ŭˊɧ ŰŬ 

ɡˊɧɚɞɘˊŬ ɧɟɔŬɜŬ, ɖ ŭɘŬŰɐɟɖůɖ Űɖɠ ɞɛɞɘɧůŰŬůɖɠ Űɞɡ ŬɜɧɟɔŬɜɞɡ ŰɛɐɛŬŰɧɠ Űɞɡ əŬɘ ɖ 

ˊŬɟɞɢɐ ŬɘɛɞˊɞɘɖŰɘəɩɜ Ŭɟɢɏɔɞɜɤɜ əɡŰŰɎɟɤɜ ůŰɞɜ ɘůŰɧ, ŮɜŮɟɔɩɜŰŬɠ ɤɠ ɞɟɡəŰɧ ɎɚŬɠ 

ŬůɓŮůŰɑɞɡ əŬɘ ŰɟɞűɞŭɞŰɩɜŰŬɠ ɛŮ əɨŰŰŬɟŬ Űɞ ɞůŰɧ əŬɘ Űɞɡɠ Ɏɚɚɞɡɠ ɘůŰɞɨɠ. ɆɡɜŮˊɩɠ, 

Űɞ ɞůŰɧ ŬəɞɚɞɡɗŮɑ ɏɜŬɜ ůɡɜŮɢɐ əɨəɚɞ ɚŮɘŰɞɡɟɔɘɩɜ, ůɡɔəŮəɟɘɛɏɜŬ Űɖɠ Ŭˊɞɟɟɧűɖůɖɠ 

əŬɘ ŬɜŬɜɏɤůɐɠ Űɞɡ, ɛŮ ůɡɜŮˊŬɔɧɛŮɜɖ Űɖɜ ůŰŬŭɘŬəɐ ŭɘŬɟɗɟɤŰɘəɐ ŬɜŬŭɘŬɛɧɟűɤůɐ 

Űɞɡ əŬɘ Űɖ ɛŮŰŬɓɞɚɐ Űɖɠ ɢɖɛɘəɐɠ ůɨůŰŬůɐɠ Űɞɡ, ɚɧɔɤ ɛɖɢŬɜɘəɩɜ əŬɘ ɞɟɛɞɜɘəɩɜ 

ŬˊŬɘŰɐůŮɤɜ. ɆŮ ˊŮɟɑˊŰɤůɖ ŭɘŬűɞɟŮŰɘəɐɠ ŬɜŬɚɞɔɑŬɠ, ɧˊɞɡ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ɞůŰɘəɩɜ 

ŬɚɎŰɤɜ ɡˊŮɟɓŬɑɜŮɘ Űɖɜ ŭɞɛɘəɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɞůŰɞɨ, ŮˊɏɟɢŮŰŬɘ ŬˊɩɚŮɘŬ Űɖɠ ŭɞɛɘəɐɠ 

ɞůŰɘəɐɠ ŬəŮɟŬɘɧŰɖŰŬɠ. ɃˊɞɘŬŭɐˊɞŰŮ ŭɘŬŰɎɟŬɝɖ Űɞɡ ɞɟɛɞɜɘəɞɨ ɟɡɗɛɘůŰɘəɞɨ ɞůŰɘəɞɨ 

ůɡůŰɐɛŬŰɞɠ ɞŭɖɔŮɑ ůŮ ŬůɗɏɜŮɘŮɠ, ɧˊɤɠ ɖ ɞůŰŮɞˊɧɟɤůɖ (ɞůŰɘəɐ ŬɜŮˊɎɟəŮɘŬ) əŬɘ ɖ 

ɜɧůɞɠ Paget (ɡˊŮɟˊŬɟŬɔɤɔɐ ɞůŰɞɨ). Ⱥˊɘˊɚɏɞɜ, əɨɟɘŬ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖɜ ɎɟŰɘŬ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůəŮɚŮŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ ŬˊɞŰŮɚŮɑ ɖ ŭɘŬɟəɐɠ ˊŬɟɞɢɐ Űɞɡ ɛŮ ɞɝɡɔɧɜɞ 

əŬɘ ɗɟŮˊŰɘəɎ ůɡůŰŬŰɘəɎ, Ůɜɩ ɧˊɞɘŬ Ůəűɨɚɘůɖ Űɖɠ ˊŬɟɞɢɐɠ ůɡɜŮˊɎɔŮŰŬɘ ˊŬɗɞɚɞɔɘəɐ 

ɜɧůɞ (ɧˊɤɠ ɞ əŬɟəɑɜɞɠ). ɋůŰɧůɞ, Űɞ ɞůŰɧ ŬɜŬˊŰɨůůŮɘ əɎˊɞɘŮɠ ɚŮɘŰɞɡɟɔɑŮɠ ɗŮɟŬˊŮɑŬɠ 

Űɞɡ. 

   ɇɞ ɞůŰɧ ɏɢŮɘ ɘəŬɜɧŰɖŰŮɠ ŬɡŰɞɥŬůɖɠ ɛɏɢɟɘ ɏɜŬ əŬɗɞɟɘůɛɏɜɞ ɧɟɘɞ ŭɘŬŰŬɟŬɢɐɠ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ ɕɖɛɑɤɜ ɛɘəɟɞɨ ɓŬɗɛɞɨ, ɞ ɘůŰɧɠ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ŬɡŰɞɗŮɟŬˊŮɡŰŮɑ ɛɏůɤ 

ŭɡɜŬɛɘəɐɠ ŬɜŬŭɘŬɛɧɟűɤůɐɠ Űɞɡ, ɧɛɤɠ ůŮ ˊŮɟɑˊŰɤůɖ ɛŮɔɎɚɖɠ əŬŰŬůŰɟɞűɐɠ Űɞɡ 

ɘůŰɞɨ, ˊɎɜɤ Ŭˊɧ Űɞ ɧɟɘɞ ŬɡŰɞɑŬůɖɠ, ŬˊŬɘŰɞɨɜŰŬɘ ɛɏɗɞŭɞɘ ɗŮɟŬˊŮɑŬɠ, ŮˊŬɜŬ-

əŬɗɞɟɘůɛɧɠ ˊŬɟŬɛɏŰɟɤɜ ˊɞɘɧŰɖŰŬɠ, ŰŬ ɞˊɞɑŬ Ŭəɞɚɞɡɗɞɨɜ ˊɚŬɑůɘŬ ɘůŰɞɛɖɢŬɜɘəɐɠ 

ˊɟɞůɏɔɔɘůɖɠ əŬɘ ɜŬɜɞŰŮɢɜɞɚɞɔɑŬɠ. ȼ ɢɟɐůɖ ɜŬɜɞɦɚɘəɩɜ ɛŮ ůəɞˊɧ Űɖɜ ɘůŰɞɛɖɢŬɜɘəɐ 

https://www.google.gr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwiWxL-q1bjSAhVJuBQKHdi9A_EQFggpMAI&url=http%3A%2F%2Fwww.agronews.gr%2Fbusiness%2Fprogrammata%2Farthro%2F106386%2Foi-proupotheseis-gia-tin-aitisi-sto-programma-ton-neon-agroton-%2F&usg=AFQjCNHiSUHUPuPNpstPqRedpPeAKD05Dg&sig2=1xIwMHiyhBqSQMyHKjAjKA&bvm=bv.148441817,bs.1,d.d24&cad=rja
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ŭɘɧɟɗɤůɖ, ˊɟɞůűɏɟŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ Ůɚɏɔɢɞɡ ŭɞɛɐɠ əŬɘ ɘŭɘɞŰɐŰɤɜ Űɤɜ ůɡůŰŬŰɘəɩɜ 

Ŭˊɧ ɜɎɜɞ ůŮ ɛɎəɟɞ əɚɑɛŬəŬ. Ƀ əŬɗɞɟɘůɛɧɠ Űɤɜ ɡɚɘəɩɜ ůŮ ɛɞɟɘŬəɧ ŮˊɑˊŮŭɞ 

ˊɟɞůŭɑŭŮɘ ŮɚŮɔɢɧɛŮɜɖ ɛɘəɟɞŭɞɛɐ, ˊɞɡ ɛɘɛŮɑŰŬɘ Űɖɜ űɡůɘəɐ ŭɞɛɐ Űɞɡ ɞůŰɞɨ əŬɘ 

əŬɗɞŭɐɔɖůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ɞůŰɘəɩɜ əɡŰŰɎɟɤɜ. (i) 

 

1.5. ȽəɟɘɩɛŬŰŬ 

ȳůɞɜ ŬűɞɟɎ ůŰɘɠ ɞɟɗɞˊŮŭɘəɏɠ ŮűŬɟɛɞɔɏɠ, ɖ ɘůŰɞɛɖɢŬɜɘəɐ ŬˊɞŰŮɚŮɑ ɘŭŬɜɘəɧ Űɟɧˊɞ 

ŬɜŰɘɛŮŰɩˊɘůɖɠ ŬŰŮɚŮɘɩɜ əŬɘ ŮɚŬŰŰɤɛɎŰɤɜ Űɤɜ ɞůŰɩɜ, ůɡɜŭɡɎɕɞɜŰŬɠ Űɖɜ ŬɜɎˊŰɡɝɖ 

ɞůŰŮɞəɡŰŰɎɟɤɜ əŬɘ ɏɜŬ ɓɘɞŭɘŬůˊɩɛŮɜɞ ŰɟɘůŭɘɎůŰŬŰɞ ɘəɟɑɤɛŬ, ˊɟɞɎɔɞɜŰŬɠ Űɖɜ ŬɜŬ-

ɔɏɜɜɖůɖ Űɞɡ ɞůŰɩɜ əŬɘ Űɖɜ Ůˊɘŭɘɧɟɗɤůɖ əŬŰŮůŰɟŬɛɛɏɜɤɜ ɐ ŬůɗŮɜɘəɩɜ ɞůŰɩɜ. ȼ 

ŮˊɘŰɡɢɑŬ ŬɡŰɐɠ Űɖɠ ˊɟɞůɏɔɔɘůɖɠ ŮɝŬɟŰɎŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ Űɞɡ ŮɚŬŰŰɩɛŬŰɞɠ 

Űɞ ɞˊɞɑɞ ɢɟŮɘɎɕŮŰŬɘ ŮˊɘůəŮɡɐ, ŮɝŬɟŰɩɛŮɜɞ Ŭˊɧ Űɖɜ əŬŰŬůəŮɡɐ ɞɚɞəɚɖɟɤɛɏɜɞɡ 

ŮůɤŰŮɟɘəɞɨ əŬɜŬɚɘɞɨ ŮɚŮɔɢɧɛŮɜɞɡ ŭɘŬůɡɜŭŮŭŮɛɏɜɞɡ ˊɞɟɩŭɞɡɠ, Űɞ ɞˊɞɑɞ ˊɟɞůŭɑŭŮɘ 

ŬəŬɛɣɑŬ ůŰɖɜ ˊŮɟɘɓɎɚɚɞɡůŬ Űɞɡ ɜŮɞůɢɖɛŬŰɘůɛɏɜɞɡ ɞůŰɞɨ, ɛŮ ůəɞˊɧ Űɖɠ Ŭˊɞűɡɔɐ 

ɛŮɑɤůɖɠ ɞůŰɘəɐɠ ˊɡəɜɧŰɖŰŬɠ (ɞůŰŮɞˊŮɜɑŬ), ɚɧɔɤ Űɖɠ ŬűŬɑɟŮůɖɠ Űɤɜ Űɡˊɘəɩɜ ŰɎůŮɤɜ 

Ŭˊɧ Űɞ ɞůŰɧ ɛɏůɤ Ůɜɧɠ ŮɛűɡŰŮɨɛŬŰɞɠ. (xx) 

     ȰɜŬ ŰɟɘůŭɘɎůŰŬŰɞ (3D) ɘəɟɑɤɛŬ ŬˊɞŰŮɚŮɑ Űɞ ɛɏůɞ ˊɎɜɤ ůŰɞ ɞˊɞɑɞ ɗŬ ŬɜŬˊŰɡɢɗŮɑ 

Űɞ ɞůŰɧ, əŬɗɩɠ ŬˊɞŰŮɚŮɑ űɞɟɏŬ əɡŰŰɎɟɤɜ, ŮɜŮɟɔɞˊɞɘɩɜŰŬɠ Űɖɜ ŰŮɢɜɖŰɐ ŮɝɤəɡŰ-

ŰŬɟɘəɐ ɛɐŰɟŬ ɔɘŬ əɡŰŰŬɟɘəɐ ˊɟɞůəɧɚɚɖůɖ əŬɘ ˊɞɚɚŬˊɚŬůɘŬůɛɧ, ɛɏůɤ Űɖɠ 

ŮˊɘűɎɜŮɘŬɠ əŬɘ Űɞɡ ˊɞɟɩŭɞɡɠ ŭɘəŰɨɞɡ Űɞɡɠ. ɇŬ ɓŬůɘəɎ əɟɘŰɐɟɘŬ ˊɞɡ ˊɟɏˊŮɘ ɜŬ 

ˊɚɖɟɞɑ ɏɜŬ ɘəɟɑɤɛŬ ŮɑɜŬɘ ŰŬ Ůɝɐɠ(xxi):  

1. ȸɘɞůɡɛɓŬŰɧŰɖŰŬ: ɖ ɘəŬɜɧŰɖŰŬ Űɞɡ ɘəɟɘɩɛŬŰɞɠ ɜŬ ɡˊɞůŰɖɟɑɝŮɘ ɛɘŬ əɡŰŰŬɟɘəɐ 

ŭɟŬůŰɖɟɘɧŰɖŰŬ ŭɑɢɤɠ ɜŬ ŮˊɘűɏɟŮɘ ɛɧɜɘɛŮɠ ɐ əŬɘ ˊŬɟɞŭɘəɏɠ Űɞɝɘəɏɠ ŮˊɘŭɟɎůŮɘɠ 

ůŰɞɜ ɘůŰɧ. Ⱥˊɘˊɚɏɞɜ, ŬˊŬɘŰŮɑŰŬɘ ɖ ŬɜɎˊŰɡɝɖ ɛɘŬɠ ɞůŰŮɞŬɔɩɔɘɛɖɠ ŮˊɘűɎɜŮɘŬɠ 

əŬɘ ˊɞɟɩŭɞɡɠ ŭɘəŰɨɞɡ, ɩůŰŮ ɜŬ ˊɟɞɤɗŮɑŰŬɘ ɖ ˊɟɞůəɧɚɚɖůɖ, ˊɞɚɚŬˊɚŬ-

ůɘŬůɛɧɠ əŬɘ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ Űɤɜ əɡŰŰɎɟɤɜ. ȼ ɞůŰŮɞŮˊŬɔɤɔɐ Űɞɡ 

ɘəɟɘɩɛŬŰɞɠ ŬˊɞŰŮɚŮɑ ɓŬůɘəɐ ˊŬɟɎɛŮŰɟɞ, ɧˊɞɡ ŮˊɎɔŮŰŬɘ ɞ ůɢɖɛŬŰɘůɛɧɠ ɜɏɞɡ 

ɞůŰɞɨ ɛɏůɤ ɓɘɞɛɞɟɘŬəɐɠ ůɖɛŬŰɞŭɧŰɖůɖɠ əŬɘ ˊɟɧůɚɖɣɖɠ ˊɟɞɔɞɜɘəɩɜ əɡŰ-

ŰɎɟɤɜ. ɇɏɚɞɠ, ɖ ɛɘəɟɞŭɞɛɐ Űɞɡ ɘəɟɘɩɛŬŰɞɠ ˊɟɏˊŮɘ ɜŬ ˊɟɞɎɔŮɘ Űɖɜ ɛŮŰŬűɞɟɎ 

Ŭɘɛɞűɧɟɤɜ ŬɔɔŮɑɤɜ əŬɘ ɗɟŮˊŰɘəɩɜ ůɡůŰŬŰɘəɩɜ ŭɘŬ ɛɏůɞɡ Űɤɜ ˊɧɟɤɜ, ŮɜŰɧɠ 

ɚɑɔɤɜ ŮɓŭɞɛɎŭɤɜ ɛŮŰɎ Űɖɜ ŮɛűɨŰŮɡůɐ Űɞɡ. 

2. ɀɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ: Ƀɘ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Ůɜɧɠ ɘŭŬɜɘəɞɨ ɞůŰɘəɞɨ 

ɘəɟɘɩɛŬŰɞɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ůɡɜɎŭɞɡɜ ɛŮ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɞůŰɩɜ ɡˊɞŭɞɢɐɠ əŬɘ 

ˊɞɘəɑɚɚɞɡɜ Ůɡɟɏɤɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ Ůɑŭɞɠ ɞůŰɞɨ (űɚɞɘɩŭŮɠ, ůˊɞɔɔɩŭŮɠ). ɇɞ 

ɛɏŰɟɞ Young Űɞɡ űɚɞɘɩŭɞɡɠ ɞůŰɞɨ əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 15 əŬɘ 20 GPa əŬɘ Űɞɡ 

ůˊɞɔɔɩŭɞɡɠ ɞůŰɞɨ ɛŮŰŬɝɨ 0,1 əŬɘ 2 GPa. ȼ ŬɜŰɞɢɐ ůŮ ɗɚɑɣɖ əɡɛŬɑɜŮŰŬɘ 

ɛŮŰŬɝɨ 100 əŬɘ 200 MPa ɔɘŬ Űɞɜ űɚɞɘɩŭɖ ɘůŰɧ, əŬɘ ɛŮŰŬɝɨ 2 əŬɘ 20 MPa ɔɘŬ 

Űɞ ůˊɞɔɔɩŭɖ ŬɜŰɑůŰɞɘɢŬ. ȼ ɛŮɔɎɚɖ ŭɘŬəɨɛŬɜůɖ Űɤɜ ɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡ 

əŬɘ ɖ ɔŮɤɛŮŰɟɑŬ Űɞɡ, əŬɗɘůŰɎ ˊɟɧəɚɖůɖ Űɞɜ ůɢŮŭɘŬůɛɧ çɘŭŬɜɘəɞɨ ɞůŰɘəɞɨ 

ɘəɟɘɩɛŬŰɞɠè. 
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3. ɀɏɔŮɗɞɠ ˊɧɟɤɜ: ɖ ŭɘŬůɡɜŭŮůɘɛɧŰɖŰŬ ˊɞɟɩŭɞɡɠ ŭɘəŰɨɞɡ ɛŮ ɛŬəɟɞˊɞɟɩŭŮɠ 

ɛŮɔɏɗɞɡɠ 100 ɛm ůŮ ŭɘɎɛŮŰɟɞ ŬˊɞŰŮɚŮɑ əɨɟɘŬ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖɜ ŮˊɘŰɡɢɐ 

ŭɘɎɢɡůɖ Űɤɜ ŬˊŬɟŬɑŰɖŰɤɜ ɗɟŮˊŰɘəɩɜ ůɡůŰŬŰɘəɩɜ əŬɘ Űɞɡ ɞɝɡɔɧɜɞɡ, ɩůŰŮ ɜŬ 

ŮɝŬůűŬɚɘůŰŮɑ ɖ əɡŰŰŬɟɘəɐ ŮˊɘɓɘɤůɘɛɧŰɖŰŬ. Ⱥˊɘˊɚɏɞɜ, ɖ ɨˊŬɟɝɖ ˊɞɟɩŭɞɡɠ 

200-350ɛm ŭɟŬ ůɡɜŮɟɔɘůŰɘəɎ ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ ɜɏɞɡ ɞůŰɞɨ, ŮɘŭɘəɧŰŮɟŬ ɖ 

ɨˊŬɟɝɖ ɛɑəɟɞ-ɛɎəɟɞ ˊɞɟɩŭɞɡɠ. ɋůŰɧůɞ, Űɞ ˊɞɟɩŭŮɠ ŮɑɜŬɘ ɏɜŬ ɛɏɔŮɗɞɠ 

ŬɜŰɘůŰɟɧűɤɠ ŬɜɎɚɞɔɞ Űɖɠ ɛɖɢŬɜɘəɐɠ ŬɜŰɞɢɐɠ Űɤɜ ɘəɟɘɤɛɎŰɤɜ. Ⱥˊɞɛɏɜɤɠ, ɞ 

ůɡɜŭɡŬůɛɧɠ ɛɖɢŬɜɘəɐɠ ŬɜŰɞɢɐɠ əŬɘ ɓɘɞɚɞɔɘəɐɠ Ŭˊɧəɟɘůɖɠ ɛɏůɤ ŮˊŬɟəɞɨɠ 

ˊɞɟɩŭɞɡɠ ŭɘəŰɨɞɡ ŮɑɜŬɘ ɏɜŬɠ ŭɨůəɞɚɞɠ ŮɟŮɡɜɖŰɘəɧɠ ůŰɧɢɞɠ. 

4. ȸɘɞŬˊɞɟɟɞűɖůɘɛɧŰɖŰŬ: ŬˊɞŰŮɚŮɑ ɓŬůɘəɧ əɟɘŰɐɟɘɞ ɔɘŬ Űɖɜ ɞůŰɘəɐ ŬɜŬɔɏɜɜɖůɖ, 

əŬŰɎ Űɞ ɞˊɞɑɞ Űɞ ɘəɟɑɤɛŬ ɗŬ ˊɟɏˊŮɘ ɜŬ ŬɜŬˊŰɨůůŮɘ ˊŬɟɧɛɞɘŮɠ ɛɖɢŬɜɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ ɛŮ ŬɡŰɏɠ Űɞɡ ɝŮɜɘůŰɐ ɘůŰɞɨ əŬɘ Ůˊɑůɖɠ ɜŬ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ 

ŬˊɞɘəɞŭɞɛŮɑŰŬɘ  in ɜiɜɞ, əŬŰɎ ˊɟɞŰɑɛɖůɖ ɛŮ ŮɚŮɔɢɧɛŮɜɞ ɟɡɗɛɧ ŬɜŬɟɟɧűɖůɖɠ, 

ɛɏɢɟɘ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ  ɢɩɟɞɠ ɔɘŬ ɞůŰɘəɐ ŬɜɎˊŰɡɝɖ. ȼ Ŭˊɞɘəɞŭɧɛɖůɖ Űɤɜ 

ɘəɟɘɤɛɎŰɤɜ ŭɘŬűɏɟŮɘ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ əɚɘɜɘəɏɠ ŮűŬɟɛɞɔɏɠ, əŬɗɩɠ ɢɟŮɘɎɕɞɜŰŬɘ 

ŰɞɡɚɎɢɘůŰɞɜ 9 ɛɐɜŮɠ ɔɘŬ Űɖɜ ŬɜŬɔɏɜɜɖůɖ ůˊɞɜŭɡɚɘəɐɠ ůŰɐɚɖɠ əŬɘ 3-6 ɛɐɜŮɠ 

ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ əɟŬɜɘɞ-ɔɜŬɗɞˊɟɞůɤˊɘəɐɠ. 

 

Ⱥɘə. 1.5.1. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ɘəɟɘɤɛɎŰɤɜ (xxii) 

   ɆɖɛŬɜŰɘəɐ ˊɟɧɞŭɞɠ ůŰɖɜ ɘůŰɞɛɖɢŬɜɘəɐ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ ɘəɟɘɩɛŬŰŬ ŰɟɑŰɖɠ ɔŮɜɘɎɠ, 

ŰŬ ɞˊɞɑŬ ŭɟɞɡɜ ůŬɜ űɞɟŮɑɠ ɛɞɟɑɤɜ, ŬɡɝɖŰɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ, ɔɞɜɘŭɑɤɜ əŬɘ űŬɟɛɎəɤɜ. 

ɇŬ ɓŬůɘəɎ ɓɘɞɛɧɟɘŬ ŮɑɜŬɘ ˊɟɤŰŮȶɜŮɠ, ŬɡɝɖŰɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ, ɧˊɤɠ Űɞ TGFb (Trans-

forming growth factor-b), BMP (Bone morphogenetic protein), IGF (Insulin-like 

growth factor), FGF (Fibroblast growth factor) əŬɘVEGF (Vascular endothelial 

growth factor), ŰŬ ɞˊɞɑŬ Ůɚɏɔɢɞɡɜ Űɖɜ ɞůŰŮɞɔɏɜŮůɖ əŬɘ Űɞɜ ůɢɖɛŬŰɘůɛɧ 

ŮɝɤəɡŰŰɎɟɘŬɠ ɛɐŰɟŬɠ (ECM) ŮəŰŮɚɩɜŰŬɠ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ŬɟɛɞŭɘɧŰɖŰɏɠ Űɞɡɠ. 

Ⱥˊɘˊɚɏɞɜ, ɖ ŮɜůɤɛɎŰɤůɖ əŬŰɎɚɚɖɚɤɜ ɓɘɞɛɞɟɑɤɜ ůŰŬ ɘəɟɘɩɛŬŰŬ ɛŮɘɩɜŮɘ Űɞ ɢɟɧɜɞ 

ŬɜɎɟɟɤůɖɠ Űɞɡ ŬůɗŮɜɐ ůɡɜŰŮɚɩɜŰŬɠ ůŰɖɜ ŬɛŮůɧŰŮɟɖ ɗŮɟŬˊŮɑŬ. ɆɢŮŰɘəɎ ɛŮ ŰŬ 

űɎɟɛŬəŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ɘəɟɘɩɛŬŰŬ ɘůŰɞɛɖɢŬɜɘəɐɠ, ŰŬ ˊɘɞ ůɡɜɖɗɘůɛɏɜŬ 
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ŮɑɜŬɘ ɖ ɔŮɜŰŬɛɘəɑɜɖ, ɖ ɓŬɜəɞɛɡəɑɜɖ, ŬɚŮɜŭɟɞɜɎŰɖ, ɛŮɗɞŰɟŮɝɎŰɖ, əŬɘ Űɞ ɘɛˊɞɡˊɟɞűɏɜ. 

ɇŬ ɔɞɜɑŭɘŬ ˊɞɡ ɛŮŰŬűɏɟɞɜŰŬɘ ŮɜŰɧɠ Űɞɜ ɘəɟɘɤɛɎŰɤɜ ŭɘŮɡəɞɚɨɜɞɡɜ Űɖɜ ɞůŰŮɞŮˊŬɔɤ-

ɔɘɛɧŰɖŰŬ, əŬɗɩɠ əɤŭɘəɞˊɞɘɞɨɜ Űɖɜ ɛŮŰŬűɞɟɎ Űɤɜ ŬɡɝɖŰɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ ůŮ 

ůɡɔəŮəɟɘɛɏɜŬ əɨŰŰŬɟŬ əŬɘ əɞɘɜɞˊɞɘɞɨɜ Űɖɜ ŮɝɤɔŮɜɐ ɔɞɜɘŭɘŬəɐ əŬɘ ˊɟɤŰŮɥɜɘəɐ 

ɏəűɟŬůɖ ůŰɞɡɠ ˊŮɟɘɓɎɚɚɞɜŰŮɠ ɘůŰɞɨɠ. ȳůɞɜ ŬűɞɟɎ ůŰɖɜ ŬɘɛɎŰɤůɖ Űɞɡ ˊɟɞɖɔɛɏɜɞɡ 

ɘəɟɘɩɛŬŰɞɠ, ůŮ əŬŰɎůŰŬůɖ in vivo Űɞ ůɨůŰɖɛŬ ŮűɞŭɘɎɕŮŰŬɘ ɛŮ ŰŬ ŬˊŬɟŬɑŰɖŰŬ 

ɗɟŮˊŰɘəɎ ůɡůŰŬŰɘəɎ əŬɘ Űɞ ɞɝɡɔɧɜɞ, ɩůŰŮ ɜŬ ɛɖɜ ŮˊɏɚɗŮɘ ɜɏəɟɤůɖ Űɞɡ ɜɏɞ-

ůɡɜŰŮɗŮɘɛɏɜɞɡ ɘůŰɞɨ. ȼ ŬɔɔŮɑɤůɖ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ŬɡɗɧɟɛɖŰŬ ůŮ ɚɑɔŮɠ ŮɓŭɞɛɎŭŮɠ 

ɛŮŰɎ Űɖɜ ŮɛűɨŰŮɡůɖ Űɞɡ ɘəɟɘɩɛŬŰɞɠ.  

     ɀŮ ɓɎůɖ Űɞ ɟɡɗɛɧ Ŭˊɞŭɧɛɖůɖɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ůŮ ˊɟɞůɤɟɘɜɎ əŬɘ ɛɧɜɘɛŬ 

ɘəɟɘɩɛŬŰŬ, ɧˊɞɡ ŰŬ ŭŮɨŰŮɟŬ ŭɘŬŰɖɟɞɨɜ Űɞ ůɢɐɛŬ əŬɘ Űɖɜ ŬɜŰɞɢɐ Űɞɡɠ əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ ŬɜŬɔɏɜɜɖůɖɠ ɘůŰɞɨ ůŮ ŬɜŰɑɗŮůɖ ɛŮ ŰŬ ˊɟɞůɤɟɘɜɎ ˊɞɡ ŭɘŬůˊɩɜŰŬɘ ůŮ 

ŬˊɚɞɨůŰŮɟŮɠ ŭɞɛɏɠ ɐ ŬˊɞɟɟɞűɩɜŰŬɘ. ɆŮ ůɢɏůɖ ɛŮ Űɞ əɟɘŰɐɟɘɞ ůɨɜɗŮůɖɠ, 

ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ůɡɜɗŮŰɘəɎ, űɡůɘəɐɠ ˊɟɞɏɚŮɡůɖɠ əŬɘ ůŮ ůɡɜŭɡŬůɛɧ ŬɡŰɩɜ. ɇŬ 

ŮɡɟɨŰŮɟɖɠ ɢɟɐůŮɤɠ ůɡɜɗŮŰɘəɎ ɘəɟɘɩɛŬŰŬ ŮɑɜŬɘ ŰŬ ˊŬɟɎɔɤɔŬ ˊɞɚɡɚŬəŰɘəɞɨ, 

ˊɞɚɡɔŬɚŬəŰɘəɞɨ ɞɝɏɞɠ, ŰŬ ɞˊɞɑŬ ɤůŰɧůɞ ˊɟɞəŬɚɞɨɜ űɚŮɔɛɞɜɏɠ. ɇŬ űɡůɘəɎ 

ɘəɟɘɩɛŬŰŬ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ əɞɚɚŬɔɧɜɞ, ɢɘŰɞɕɎɜɖ, ɢɘŰɑɜɖ, ɕŮɚŬŰɑɜɖ, ɡŬɚɞɡɟɞɜɘəɧ ɞɝɨ 

əŬɘ ˊŬɟɞɡůɘɎɕɞɡɜ ˊɚŮɞɜŮəŰɐɛŬŰŬ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŬ ůŰɖɜ ɘůŰɞɛɖɢŬɜɘəɐ. ɇŬ 

ůɡůŰŬŰɘəɎ Űɤɜ űɡůɘəɩɜ ŰɟɘůŭɘɎůŰŬŰɖɠ ŭɞɛɐɠ ɘəɟɘɤɛɎŰɤɜ ˊɚɖɟɞɨɜ ŬˊŬɘŰɐůŮɘɠ 

ŬəŮɟŬɘɧŰɖŰŬɠ ŭɞɛɐɠ, ɛɖ űɚŮɔɛɞɜɩŭɞɡɠ, ŬɜɞůɞˊɞɘɖŰɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ, ɤůŰɧůɞ 

ɏɢɞɡɜ ɛɘəɟɏɠ ɛɖɢŬɜɘəɏɠ ŬɜŰɞɢɏɠ, ɛŮŰŬɓɚɖŰɧŰɖŰŬ ůɨɜɗŮůɖɠ əŬɘ ɛɖ əŬɗɞɟɘůɛɏɜɞ 

ɟɡɗɛɧ Ŭˊɞŭɧɛɖůɖɠ. ɀŮ ɓɎůɖ Űɖ ŭɞɛɐ, ůŮ ŮűŬɟɛɞɔɏɠ ŬɜɎˊɚŬůɖɠ ɞůŰɑŰɖ ɘůŰɞɨ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊɞɟɩŭɖ ɘəɟɘɩɛŬŰŬ. (Ⱥɘə. 1.5.2.)  Ⱥɜ ůɡɜŮɢŮɑŬ, ŰŬ ɡŭɟɞˊɖəŰɩɛŬŰŬ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ŮűŬɟɛɞɔɏɠ ɘůŰɞɛɖɢŬɜɘəɐɠ əŬɘ ŬˊɞŰŮɚɞɨɜ əɞɚɚɞŮɘŭŮɑɠ ŭɘŬůˊɞɟɏɠ 

ˊɞɚɡɛŮɟɩɜ ůŮ ɜŮɟɧ. ȷəɞɚɞɨɗɤɠ, ŰŬ űɡůɘəɎ ɘəɟɘɩɛŬŰŬ ŮɛűŬɜɑɕɞɡɜ ŬɜɎɚɞɔɖ ŭɞɛɐ ɛŮ 

Űɖɜ ŮɝɤəɡŰŰɎɟɘŬ ɞɡůɑŬ ůŰɞɜ ɞɟɔŬɜɘůɛɧ əŬɘ ůɡɜɐɗɤɠ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ əɞɚɚŬɔɧɜɞ Ƚ, 

ɐ ȽȽ ɐ ŰŬ ˊŬɟɎɔɤɔɎ Űɞɡɠ əŬɘ ɔɚɡəɞɕɞŬɛɘɜɞɔɚɡəɎɜŮɠ. ȺɛűŬɜɑɕɞɡɜ ɡɣɖɚɧ ˊɞɟɩŭŮɠ 

(ɛŮɔŬɚɨŰŮɟɞ Űɞɡ 90%) əŬɘ ŰŬ ɛŮɔɏɗɖ ˊɧɟɤɜ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 5-500ɛm. ȯɚɚɞ Ůɡɟɏɤɠ 

ŮűŬɟɛɞůɛɏɜɞ ɘəɟɑɤɛŬ űɡůɘəɐɠ ˊɟɞɏɚŮɡůɖɠ ŬˊɞŰŮɚŮɑ Űɞ ɘəɟɑɤɛŬ Űɞɡ ˊɞɚɡůŬəɢŬɟɑŰɖ 

ɢɘŰɑɜɖɠ, əŬɗɩɠ əŬɘ Űɞɡ ˊŬɟŬɔɩɔɞɡ Űɞɡ ɢɘŰɞɕɎɜɖɠ. ɇŬ ɘəɟɘɩɛŬŰŬ ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ ɐ 

ˊŮɟɘɏɢɞɡɜ ɢɘŰɞɕɎɜɖ, ŮɛűŬɜɑɕɞɡɜ ŬɜŰɘəŬɟəɘɜɘəɏɠ, ŬɜŰɘɓŬəŰɖɟɘŬəɏɠ, ŬɜŰɘɛɡəɖŰɘŬəɏɠ, 

ŬɜŰɘɘəɏɠ ɘŭɘɧŰɖŰŮɠ, ɓɘɞůɡɛɓŬŰɧŰɖŰŬ, ɓɘɞŬˊɞŭɧɛɖůɖ əŬɘ ŬɜŰɘˊɖəŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ. ȰɜŬ 

ˊɞɚɚɎ ɡˊɞůɢɧɛŮɜɞ ůɨɜɗŮŰɞ ɘəɟɑɤɛŬ ɔɘŬ Ůˊɘŭɘɧɟɗɤůɖ ɞůŰɩɜ, ŬˊɞŰŮɚŮɑ ɞ ůɡɜŭɡŬůɛɧɠ 

űɡůɘəɞɨ ˊɞɚɡɛŮɟɞɨɠ (ɢɘŰɞɕɎɜɖɠ ɐ əɞɚɚŬɔɧɜɞɡ) ɛŮ ɡŭɟɞɝɡŬˊŬŰɑŰɖŰɖ, ɞ ɞˊɞɑɞɠ ŬɜɐəŮɘ 

ůŰɖɜ ȷô əŬŰɖɔɞɟɑŬ ɓɘɞŮɜŮɟɔɧŰɖŰŬɠ, ɚɧɔɤ Űɖɠ ɘəŬɜɧŰɖŰɎɠ Űɞɡ ɜŬ ůɡɜŭɏŮŰŬɘ ɛŮ 

ůəɚɖɟɞɨɠ əŬɘ ɛŬɚŬəɞɨɠ ɘůŰɞɨɠ. (xxiii ) (xxiv) (xxv) (xxvi) 
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Ⱥɘə. 1.5.2. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ˊɞɟɩŭɤɜ əŬɘ ɘɜɩŭɤɜ ɘəɟɘɤɛɎŰɤɜ xxv 

   ɈˊɎɟɢɞɡɜ ˊɞɚɚɏɠ ŰŮɢɜɘəɏɠ əŬŰŬůəŮɡɐɠ ɘəɟɘɤɛɎŰɤɜ, ůŰɘɠ ɞˊɞɑŮɠ ŭɨɜŬŰŬɘ ɜŬ 

ɓŮɚŰɘɤɗŮɑ ɖ ŮˊɘűɎɜŮɘɎ Űɞɡɠ, Ŭˊɧ Űɖɜ Ɏˊɞɣɖ Űɖɠ ŰɞˊɞɔɟŬűɑŬɠ əŬɘ Űɖɠ ɢɖɛɘəɐɠ Űɞɡɠ 

ŭɞɛɐɠ, əŬɗɘůŰɩɜŰŬɠ ŰŬ ɘəɟɘɩɛŬŰŬ ɘŭŬɜɘəɎ ɔɘŬ ˊɞɑəɘɚŮɠ ŮűŬɟɛɞɔɏɠ əŬɘ ɔɘŬ əŬɗɞɟɘ-

ůɛɏɜŮɠ ɘŭɘɧŰɖŰŮɠ Űɧůɞ ůŮ in vitro ɧůɞ əŬɘ ůŮ vivo ůɡůŰɐɛŬŰŬ. ȼ Ůɜ ɚɧɔɞ ůɨɜɗŮůɖ 

ŰɟɘůŭɘɎůŰŬŰɤɜ ɘəɟɘɤɛɎŰɤɜ ɔɘŬ ɘůŰɞɛɖɢŬɜɘəɏɠ ŮűŬɟɛɞɔɏɠ ŬˊɞŰŮɚŮɑ ɛɘŬ ůɨɜɗŮŰɖ 

ŰŮɢɜɘəɐ, əŬɗɘůŰɩɜŰŬɠ ŬˊŬɟŬɑŰɖŰɞ Űɞɜ ɏɚŮɔɢɞ ůŮ əɎɗŮ ůŰɎŭɘɞ Űɖɠ ɛŮɗɧŭɞɡ ˊŬɟŬɔɤɔɐɠ 

əŬɘ əɟɑůɘɛŮɠ Űɘɠ ŰŮɢɜɘəɏɠ ŬɜɎɚɡůɖɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. ȳůɞɜ ŬűɞɟɎ ůŰɘɠ ŰŮɢɜɘəɏɠ 

ɛŮŰŬŰɟɞˊɐɠ ůŰŮɟŮɩɜ ɡɚɘəɩɜ ůŮ ɘəɟɑɤɛŬ, əŬŰɖɔɞɟɘɞˊɞɘɞɨɜŰŬɘ ůŮ ůɡɛɓŬŰɘəɏɠ ɐ 

ˊɟɞɖɔɛɏɜŮɠ ɛŮɗɧŭɞɡɠ. ɆŰɘɠ ůɡɛɓŬŰɘəɏɠ ŰŮɢɜɘəɏɠ ŬɜɐəŮɘ ɖ Ŭűɟɞˊɞɑɖůɖ, ɚɡɞűɘɚɑɤůɖ, 

ŭɘŬɢɤɟɘůɛɧɠ űɎůŮɤɠ, ŬˊɞɛɎəɟɡɜůɖ ŭɘŬɚɨŰɖ əŬɘ ůɤɛŬŰɘŭɑɤɜ ɏəˊɚɡůɖɠ, ɟŮɡůŰɐ 

ɢɨŰŮɡůɖ əŬɘ ůŰɘɠ ˊɟɞɖɔɛɏɜŮɠ ɖ ŰɟɘůŭɘɎůŰŬŰɖ ŮəŰɨˊɤůɖ (3D printing), ůŰŮɟŮɞ-

ɚɘɗɞɔɟŬűɑŬ (SLA), electrospinning, ŬɜŬůŰɟɞűɐ űɎůɖɠ, ŮˊɘɚŮəŰɘəɐ ˊɡɟɞůɡů-

ůɤɛɎŰɤůɖ ɛŮ laser (SLS) əŬɘ ŮɜŬˊɧɗŮůɖ ɡɔɟɐɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ (FDM). (xxvii )  

  

1.6. ȾŮɟŬɛɘəɎ ɓɘɞɦɚɘəɎ   

ȷɟɢɘəɎ, ɛŮ Űɞɜ ɧɟɞ əŮɟŬɛɘəɎ ɡɚɘəɎ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ŰŬ ŬɜɧɟɔŬɜŬ ɡɚɘəɎ 

ŬˊɞŰŮɚɞɨɛŮɜŬ Ŭˊɧ ɛŮŰŬɚɚɘəɎ əŬɘ ɛɖ ɛŮŰŬɚɚɘəɎ ůɡůŰŬŰɘəɎ ɢɖɛɘəɎ ůɡɜŭŮŭŮɛɏɜŬ 

ɛŮŰŬɝɨ Űɞɡɠ. ɀˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ əɟɡůŰŬɚɚɘəɎ, ŮɑŰŮ ɛɖ əɟɡůŰŬɚɚɘəɎ, Ůɜɩ ˊɞɚɨ 

ůɡɢɜɐ ŮɑɜŬɘ ɖ ŭɞɛɐ ůŰɖɜ ɞˊɞɑŬ ɛɘŬ əɟɡůŰŬɚɚɘəɐ űɎůɖ ŮɑɜŬɘ ŭɘŮůˊŬɟɛɏɜɖ ůŮ ɛɘŬ ɛɖ 

əɟɡůŰŬɚɚɘəɐ. ɇɞ əɨɟɘɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡɠ ŮɑɜŬɘ ɖ ɛŮɔɎɚɖ ŬɜŰɞɢɐ Űɞɡɠ ůŮ ɡɣɖɚɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ, ŬɚɚɎ əŬɘ ɖ ɣŬɗɡɟɧŰɖŰɎ Űɞɡɠ. ȸŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ ŮɑɜŬɘ Űɞ 

ɢŬɛɖɚɧ ɓɎɟɞɠ Űɞɡɠ, ɖ ɡɣɖɚɐ ůəɚɖɟɧŰɖŰɎ Űɞɡɠ, ɖ ɛŮɔɎɚɖ ŬɜŰɞɢɐ Űɞɡɠ ůŰɖ ɗŮɟɛɧ-

ŰɖŰŬ, ůŰɖ űɗɞɟɎ əŬɘ ůŰɖ ŭɘɎɓɟɤůɖ əŬɗɩɠ əŬɘ ɖ ůɡɜɖɗɐɠ ɛɞɜɤŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ 

Űɞɡɠ.  ȷɜŬűɞɟɘəɎ ůŰɖɜ ŮɡɟŮɑŬ ˊŮɟɘɞɢɐ Űɤɜ əŮɟŬɛɘəɩɜ, ŰŬ əŬɟɓɑŭɘŬ, ɜɘŰɟɑŭɘŬ ɐ əŬɘ 

ɞɝŮɑŭɘŬ, ɓɟɑůəɞɡɜ ɛɘŬ ˊɚɖɗɩɟŬ ŮűŬɟɛɞɔɩɜ ɘŭɘŬɑŰŮɟŬ ůŰɞɜ ŰɞɛɏŬ Űɤɜ ɡɣɖɚɩɜ 

ɗŮɟɛɞəɟŬůɘɩɜ əŬɘ Űɤɜ ɖɚŮəŰɟɞɜɘəɩɜ ŬˊŬɘŰɐůŮɤɜ. Ƀɘ ŰŮɢɜɘəɏɠ ˊŬɟŬɔɤɔɐɠ əŮɟŬɛɘəɩɜ 

əɧɜŮɤɜ əŬɘ ŰŮɚɘəɩɜ ˊɟɞɥɧɜŰɤɜ ůɡɜŮɢɩɠ ŮɝŮɚɑůůɞɜŰŬɘ ɛŮ ůəɞˊɧ ɜŬ ɛŮɘɩůɞɡɜ əɎˊɞɘŬ 

ŮɔɔŮɜɐ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɤɜ əŮɟŬɛɘəɩɜ, ɧˊɤɠ ɖ ŮɡɗɟŬɡůŰɧŰɖŰɎ Űɞɡɠ.( xxviii )(xxix) 
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   ɇŬ əŮɟŬɛɘəɎ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŮˊɘůəŮɡɐ əŬɘ ŬɜŬəŬŰŬůəŮɡɐ ŬůɗŮɜɘəɩɜ 

ɐ əŬŰŮůŰɟŬɛɛɏɜɤɜ ŰɛɖɛɎŰɤɜ Űɞɡ ɛɡɞ-ůəŮɚŮŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ, ɞɜɞɛɎɕɞɜŰŬɘ ɓɘɞ-

əŮɟŬɛɘəɎ. ɇŬ ɓɘɞəŮɟŬɛɘəɎ ŭɨɜŬŰŬɘ ɜŬ ŮɑɜŬɘ əɟɡůŰŬɚɚɘəɎ (ɕŬűŮɑɟɘ), ˊɞɚɡəɟɡůŰŬɚɚɘəɎ 

(ŬɚɞɡɛɑɜŬ, ɡŭɟɞɝɡŬˊŬŰɑŰɖɠ (ȼȷ)), ɨŬɚɞɘ (Bioglass), ɡŬɚɞəŮɟŬɛɘəɎ (Ceravital, A/W), 

ɐ əŬɘ ůɨɜɗŮŰŬ (ŬɜɞɝŮɑŭɤŰɞɠ ɢɎɚɡɓŬɠ Ůɜɘůɢɡɛɏɜɞɠ ɛŮ ɑɜŮɠ Bioglass, ˊɞɚɡŬɘɗɡɚŮɜɞ-

ɡŭɟɞɝɡŬˊŬŰɑŰɖɠ (ɅȺ-ȼȷ)). ȼ ɢɟɐůɖ  Űɞɡɠ ůŰɞɜ əɚɎŭɞ ɘŬŰɟɘəɐɠ ˊɞɘəɑɚŮɘ Ŭˊɧ ɔɡŬɚɘɎ, 

ŭɘŬɔɜɤůŰɘəɎ ɧɟɔŬɜŬ, ɢɖɛɘəɎ ˊɟɞɥɧɜŰŬ, ɗŮɟɛɧɛŮŰɟŬ, űɘɎɚŮɠ ɘůŰɞəŬɚɚɘɏɟɔŮɘŬɠ, 

ɞˊŰɘəɏɠ ɑɜŮɠ Ůɜŭɞůəɧˊɖůɖɠ ə.Ŭ. Ⱥˊɑůɖɠ, ŰŬ ŬŭɘɎɚɡŰŬ ˊɞɟɩŭɖ ɔɡŬɚɘɎ ɓɟɑůəɞɡɜ ɢɟɐůɖ 

ɤɠ űɞɟŮɑɠ Ůɜɕɨɛɤɜ, ŬɜŰɘɔɧɜɤɜ ŭŮŭɞɛɏɜɞɡ ɧŰɘ ˊŬɟɞɡůɘɎɕɞɡɜ Ŭɡɝɖɛɏɜɖ ŬɜŰɑůŰŬůɖ ůŮ 

ɛɘəɟɞɓɘŬəɐ ˊɟɞůɓɞɚɐ, ɛŮŰŬɓɞɚɐ Űɞɡ pȼ, Űɤɜ ůɡɜɗɖəɩɜ ŭɘɎɚɡůɖɠ, Űɖɠ ɗŮɟɛɞ-

əɟŬůɑŬɠ, əŬɘ ˊŬɟɏɢɞɡɜ ŭɡɜŬŰɧŰɖŰŬ ůɡůəŮɡŬůɑŬɠ Űɞɡɠ ɡˊɧ ɡɣɖɚɐ ˊɑŮůɖ. 

   ȳůɞɜ ŬűɞɟɎ ůŰɞɜ əɚɎŭɞ ɞɟɗɞˊŮŭɘəɐɠ, ŰŬ ˊɟɞɖɔɛɏɜŬ ɓɘɞəŮɟŬɛɘəɎ ŮɑɜŬɘ ŰŬ əŬŰɎɚ-

ɚɖɚŬ ɡɚɘəɎ ŬɜŰɘəŬŰɎůŰŬůɖɠ ɘůɢɨɞɡ, ɔɞűɩɜ, ɔɞɜɎŰɤɜ, ŭɞɜŰɘɩɜ, ŰŮɜɧɜŰɤɜ, 

ůɡɜŭɏůɛɤɜ, ŮˊɘůəŮɡɐɠ ˊŮɟɘɞŭɞɜŰɘəɐɠ ɜɧůɞɡ, ŬɜŬəŬŰŬůəŮɡɐɠ ɔɜɎɗɞɡ, Ŭɨɝɖůɖɠ əŬɘ 

ůŰŬɗŮɟɞˊɞɑɖůɖɠ ɞůŰɩɜ Űɖɠ ɔɜɎɗɞɡ, ůˊɞɜŭɡɚɞŭŮůɑŬɠ, əŬɘ ˊɚɖɟɤŰɘəɎ ɞůŰɞɨ ɛŮŰɎ ɛɘŬ 

ŮˊɏɛɓŬůɖ ɧɔəɞɡ. ɆŰɖɜ ɞŭɞɜŰɘŬŰɟɘəɐ, ŰŬ əŮɟŬɛɘəɎ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ɡɚɘəɎ Ŭˊɞ-

əŬŰɎůŰŬůɖɠ, ůŬɜ ˊɞɟůŮɚɎɜɘɜŮɠ əɞɟɩɜŮɠ, ɨŬɚɞɘ ɘɞɜɞɛŮɟɩɜ ŰůɘɛɏɜŰɤɜ, ůŮ ɞŭɞ-

ɜŰɞůŰɞɘɢɑŮɠ, əɚˊ.  

  Ƀɘ ɛɖɢŬɜɘůɛɞɑ Űɖɠ ŭɘŬůɨɜŭŮůɖɠ ɓɘɞəŮɟŬɛɘəɩɜ ɛŮ Űɞɜ ɘůŰɧ ŭɨɜŬŰŬɘ ɜŬ əŬɗɞɟɘůŰɞɨɜ  

ɛŮ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ, ŮˊɘŰɟɏˊɞɜŰŬɠ Űɞɜ ɏɚŮɔɢɧ Űɞɡɠ ůŮ ɛɞɟɘŬəɐ əɚɑɛŬəŬ, Ůˊɞɛɏɜɤɠ 

ŮɑɜŬɘ ŮűɘəŰɐ ɖ ŭɘŮˊɘűŬɜŮɘŬəɐ ŭɘŬůɨɜŭŮůɐ Űɞɡɠ ɛŮ Űɞɡɠ ůəɚɖɟɞɨɠ əŬɘ ɛŬɚŬəɞɨɠ 

ɘůŰɞɨɠ.  Ⱥˊɘˊɚɏɞɜ, ŭɨɜŬŰŬɘ ɜŬ ŬɜŬˊŰɡɢɗɞɨɜ ůɨɜɗŮŰŬ ɓɘɞəŮɟŬɛɘəɎ ɛŮɔɎɚɖɠ ůəɚɖɟɧ-

ŰɖŰŬɠ əŬɘ ɛɏŰɟɞɡ ŮɚŬůŰɘəɧŰɖŰŬɠ, ůɡɜŭŮɧɛŮɜŬ ɛŮ Űɞ ɞůŰɧ. H əɚɘɜɘəɐ ŮˊɘŰɡɢɑŬ ŬˊŬɘŰŮɑ 

Űɖɜ ŮˊɑŰŮɡɝɖ ɛɘŬɠ ůŰŬɗŮɟɐɠ ŭɘŬůɨɜŭŮůɖɠ ɛŮ Űɞɜ ůɡɜŭŮŰɘəɧ ɘůŰɧ, əŬɗɩɠ əŬɘ Űɖɜ 

əŬŰɎɚɚɖɚɖ ɛɖɢŬɜɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ŮɛűɡŰŮɨɛŬŰɞɠ. 

Ʉɞɟɩŭɖ ɓɘɞəŮɟŬɛɘəɎ 

 ɇŬ ˊɞɟɩŭɖ ɓɘɞəŮɟŬɛɘəɎ ŮɑɜŬɘ ŬŭɟŬɜɐ Ŭɡɝɖɛɏɜɖɠ ɛɖɢŬɜɘəɐɠ ŬɜŰɞɢɐɠ, ŰŬ ɞˊɞɑŬ 

ŮɜŭŮɘəɜɨɞɜŰŬɘ ůŬɜ ɘəɟɘɩɛŬŰŬ ŮɑŰŮ ŭɞɛɘəɏɠ ɔɏűɡɟŮɠ ɛɖɢŬɜɘəɐɠ ɞůŰɩɜ, əŬɗɩɠ ɡˊɞ-

ɓɞɖɗɞɨɜ Űɞ ɞůŰɧ ɜŬ ŬɜŬˊŰɡɢɗŮɑ ŭɘŬɛɏůɞɡ Űɞɡ ˊɞɟɩŭŮɠ ŭɘəŰɨɞɡ Űɞɡɠ. ɄŬɟɏɢŮŰŬɘ ɖ 

ŭɡɜŬŰɧŰɖŰŬ ŬɜɎˊŰɡɝɖɠ ɡɚɘəɩɜ ɛŮ ɛɘəɟɞŭɞɛɐ ˊŬɟŬˊɚɐůɘŬ ɛŮ ŬɡŰɐ Űɤɜ əɞɟŬɚɚɘɩɜ, 

ˊɞɡ ɜŬ ɏɢɞɡɜ ŮɚŮɔɢɧɛŮɜɞ ɛɏɔŮɗɞɠ ˊɧɟɤɜ. ũɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ˊɞɟɩŭɤɜ əŮɟŬɛɘəɩɜ 

ˊɞɡ ɜŬ ɏɢɞɡɜ əɞɟŬɚɚɞŮɘŭɐ ɛɘəɟɞŭɞɛɐ ɞɛɞɘɧɛɞɟűɞɡ ˊɞɟɩŭɞɡɠ əŬɘ əŬŰɎɚɚɖɚɖɠ 

ŭɘŬůɡɜŭŮůɘɛɧŰɖŰŬɠ, ŬɜŬɔəŬɑŬ Ŭɟɢɘəɐ ůɡɜɗɐəɖ ŬˊɞŰŮɚŮɑ ɞ əŬɗɞɟɘůɛɧɠ Űɞɡ ůɢɐɛŬŰɞɠ/ 

ɛɞɟűɞɚɞɔɑŬɠ Űɞɡ ɡɚɘəɞɨ ůŮ ɛɘəɟɞůəɞˊɘəɐ əɚɑɛŬəŬ. ɄŬɟŬŭŮɑɔɛŬŰŬ ɛɑɛɖůɖɠ 

ŬˊɞŰŮɚɞɨɜ ŰŬ əɞɟɎɚɚɘŬ Porites ɛŮ ɛɏɔŮɗɞɠ ˊɧɟɤɜ Ŭˊɧ 140- 160 ɛm əŬɘ ŰŬ əɞɟɎɚɚɘŬ 

Goniopora ɛŮ ŬɜŰɑůŰɞɘɢɞ ɛɏɔŮɗɞɠ 200-1000 ɛm, ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜ ɛɞŰɑɓɞ 

ůɨɜɗŮůɖɠ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ ˊɞɟɩŭɤɜ ɡɚɘəɩɜ ɧˊɤɠ ɖ Ŭ-ŬɚɞɡɛɑɜŬ, űɤůűɞɟɘəɧ 

ŬůɓɏůŰɘɞ, ŰɘŰɎɜɘŬ, ůɘɚɘəɧɜɖ ˊɞɚɡɞɡɟŮɗɎɜɖɠ, PMMA əŬɘ əɟɎɛŬŰŬ Co-Cr. Ⱥˊɘˊɚɏɞɜ, 

ŮɑɜŬɘ ŮűɘəŰɐ ɖ ůɨɜɗŮůɖ əŮɟŬɛɘəɩɜ ˊɞɟɩŭɤɜ ŮˊɘűŬɜŮɘɩɜ ɛɏůɤ ˊɟɧůɛŮɘɝɖɠ ŭɘŬɚɡŰɞɨ 

ɛŮŰɎɚɚɞɡ ŮɑŰŮ ůɤɛŬŰɘŭɑɤɜ ŬɚɎŰɤɜ ˊɎɜɤ ůŮ ɛɘŬ ŮˊɘűɎɜŮɘŬ, ɧˊɞɡ Űɞ ɛɏɔŮɗɞɠ Űɤɜ 

ˊɧɟɤɜ əŬɘ ɖ  ɛɘəɟɞŭɞɛɐ ˊɞɟɩŭɞɡɠ Űɞɡɠ ŮɑɜŬɘ ŬɜɎɚɞɔɖ Űɞɡ ɛŮɔɏɗɞɡɠ əŬɘ ůɢɐɛŬŰɞɠ 

Űɤɜ ůɤɛŬŰɘŭɑɤɜ ˊɟɧůɛŮɘɝɖɠ, ŰŬ ɞˊɞɑŬ Ůɜ ůɡɜŮɢŮɑŬ ŬˊɞɛŬəɟɨɜɞɜŰŬɘ Ŭˊɧ Űɖɜ ŮˊɘűɎ-
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ɜŮɘŬ ɛŮ ɢɟɐůɖ əŬŰɎɚɚɖɚɞɡ ŭɘŬɓɟɤŰɘəɞɨ. ɇɞ ˊɞɟɩŭŮɠ ůŰɟɩɛŬ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ɛɏůɤ 

ŬɡŰɐɠ Űɖɠ ŰŮɢɜɘəɐɠ ŬˊɞŰŮɚŮɑ ŬɜŬˊɧůˊŬůŰɞ ɛɏɟɞɠ Űɖɠ ˊɡəɜɐɠ əŮɟŬɛɘəɐɠ űɎůɖɠ Űɞɡ 

ɡɚɘəɞɨ. ȯɚɚɖ ɛɏɗɞŭɞɠ ˊŬɟŬůəŮɡɐɠ ˊɞɟɩŭɤɜ ɡɚɘəɩɜ, ɧˊɤɠ ŬɚɞɡɛɑɜŬɠ, ŬˊɞŰŮɚŮɑ ɖ 

Ŭűɟɞˊɞɑɖůɖ, ůɨɛűɤɜŬ ɛŮ Űɖɜ ɞˊɞɑŬ ɏɜŬɠ ˊŬɟɎɔɞɜŰŬɠ Ŭűɟɘůɛɞɨ ŭɖɛɘɞɡɟɔŮɑ ŬɏɟɘŬ 

əŬŰɎ Űɖɜ ɗɏɟɛŬɜůɖ. ȳůɞɜ ŬűɞɟɎ ůŰɖɜ ˊŬɟŬɔɤɔɐ ˊɞɟɩŭɤɜ Ŭɟɔɘɚɘəɩɜ ŬɚɞɡɛɑɜŬɠ əŬɘ 

ŬůɓŮůŰɑɞɡ, ɔɑɜŮŰŬɘ ŬɜɎɛɘɝɖ Űɞ əɞɜɘɞˊɞɘɖɛɏɜɞɡ ŬɜɗɟŬəɘəɞɨ ŬůɓŮůŰɑɞɡ ɛŮ ɚŮˊŰɐ 

ůəɧɜɖ ŬɚɞɡɛɑɜŬɠ, ɏɢɞɜŰŬɠ ɛɏɔŮɗɞɠ ˊɧɟɞɡ əŬɘ əɚɎůɛŬ ɧɔəɞɡ ŬɜɎɚɞɔɞ Űɞɡ ɛŮɔɏɗɞɡɠ 

əŬɘ Űɖɠ ůɡɔəŮɜŰɟɩůŮɤɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ Űɞɡ Ŭɟɢɘəɞɨ ŬɜɗɟŬəɘəɘɞɨ ŬůɓŮůŰɑɞɡ. 

Ⱥˊɞɛɏɜɤɠ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ůɡɜɗɏůŮɤɠ ˊɞɟɩŭɤɜ əŮɟŬɛɘəɩɜ, ɞɘ Ŭɟɢɘəɏɠ ůɡɜɗɐəŮɠ 

əŬɘ ɡɚɘəɎ ŮɑɜŬɘ ŬɚɚɖɚɏɜŭŮŰŬ Űɤɜ ˊɟɞɘɧɜŰɤɜ, əŬɗɘůŰɩɜŰŬɠ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ˊŬɟŬ-

ɔɤɔɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ ŬɜŬɔəŬɑɞ əŬɘ Űɖɜ Ůˊɘɚɞɔɐ ɡɚɘəɩɜ ˊɟɞɦˊɧɗŮůɖ ŮˊɑŰŮɡɝɖɠ 

əŬŰɎɚɚɖɚɞɡ ˊɞɟɩŭŮɠ ŭɘəŰɨɞɡ. 

    ɇŬ ˊɞɟɩŭɖ ɡɚɘəɎ ɏɢɞɡɜ ɛɘəɟɧŰŮɟɖ ŬɜŰɞɢɐ Ŭˊɧ ŰŬ ŬɜŰɑůŰɞɘɢŬ ůɡɛˊŬɔɐ, əŬɗɩɠ Űɞ 

ˊɞɟɩŭŮɠ əŬɘ ɖ ɛɖɢŬɜɘəɐ ŬɜŰɞɢɐ ŮɑɜŬɘ ɛŮɔɏɗɖ ŬɜŰɘůŰɟɧűɤɠ ŬɜɎɚɞɔŬ ůɨɛűɤɜŬ ɛŮ Űɖɜ 

Ůɝɑůɤůɖ Űɞɡ Ryshkewitch: 

 

ɧ́ ɞɡ ů ŮɑɜŬɘ ɖ ŬɜŰɞɢɐ ůŮ ɗɚɑɣɖ, ů0 ŬɜŰɞɢɐ ůŮ ɗɚɑɣɖ ůŮ ɛɖŭŮɜɘəɧ ˊɞɟɩŭŮɠ, c ůŰŬɗŮɟɎ 

əŬɘ p Űɞ ˊɞɟɩŭŮɠ. Ⱥˊɘˊɚɏɞɜ, ůŰŬ ˊɞɟɩŭɖ ɡɚɘəɎ ɖ ŮˊɘűŬɜŮɘŬəɐ ɏəɗŮůɖ ŮɑɜŬɘ 

ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ ŬɡŰɐ Űɤɜ ůɡɛˊŬɔɩɜ ɡɚɘəɩɜ əŬɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ ɞɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ 

ŮˊɘŭɟɎůŮɘɠ ˊɞɡ ŮɡɗɨɜɞɜŰŬɘ ɔɘŬ Űɖɜ ɛŮɑɤůɖ Űɖɠ ŬɜŰɞɢɐɠ Űɞɡ ɡɚɘəɞɨ Ŭůəɞɨɜ ˊɘɞ 

ůɖɛŬɜŰɘəɐ Ůˊɘɟɟɞɐ, ůɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ ŭɡůɢŮɟŮɑɠ ůɡɜɗɐəŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ 

ŬɜŰɞɢɐ ɛɖ ˊɞɟɤŭɩɜ ɡɚɘəɩɜ. (xxii)  

ȾŮɟŬɛɘəɎ űɤůűɞɟɘəɞɨ ŬůɓŮůŰɑɞɡ    

ɇŬ ɓɘɞəŮɟŬɛɘəɎ űɤůűɞɟɘəɞɨ ŬůɓŮůŰɑɞɡ ˊɟɞəŬɚɞɨɜ ŮɛűŬɜɑɕɞɡɜ ůɖɛŬɜŰɘəɐ ˊɟɧɞŭɞ  

ůŰɞɜ ɘŬŰɟɘəɧ əŬɘ ɞŭɞɜŰɘŬŰɟɘəɧ əɚɎŭɞ ŰŬ ŰŮɚŮɡŰŬɑŬ 20 ɢɟɧɜɘŬ. ɃɟɘůɛɏɜŮɠ ŮűŬɟɛɞɔɏɠ 

ŬɡŰɩɜ ŮɑɜŬɘ ůŮ ɞŭɞɜŰɘŬŰɟɘəɎ ŮɛűɡŰŮɨɛŬŰŬ, ŭɘŬŭŮɟɛɘəɏɠ ůɡůəŮɡɏɠ, ˊŮɟɘɞŭɞɜŰɘəɐ 

ɗŮɟŬˊŮɑŬ, Ŭɨɝɖůɖ Űɖɠ űŬŰɜɘŬəɐɠ ůŮɘɟɎɠ, ɞɟɗɞˊŮŭɘəɐ, ɔɜŬɗɞˊɟɞůɤˊɘəɐ ɢŮɘɟɞɡɟɔɘəɐ, 

ɤŰɞɟɘɜɞɚŬɟɡɔɔɞɚɞɔɑŬ, əŬɘ ɢŮɘɟɞɡɟɔɘəɐ ŮˊɏɛɓŬůɖ ɜɤŰɘŬɑɞɡ ɛɡŮɚɞɨ. ȼ əɎɗŮ 

ŮűŬɟɛɞɔɐ ŬˊŬɘŰŮɑ Űɖɜ ɢɟɐůɖ ŮɑŰŮ ɓɘɞŮɜŮɟɔɞɨ ŮɑŰŮ ɓɘɞŬˊɞɟɟɞűɐůɘɛɞɡ űɤůűɞɟɘəɞɨ 

ŬůɓŮůŰɑɞɡ, Űɞ ɞˊɞɑɞ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ůɡɔəŮəɟɘɛɏɜɖ űɎůɖ Űɞɡ əŮɟŬɛɘəɞɨ (ɄɑɜŬəŬɠ 

1.6.1.).  

ɄɑɜŬəŬɠ 1.6.1. ȺűŬɟɛɞɔɏɠ ɓɘɞəŮɟŬɛɘəɩɜ (xxii ) 

ɃɟɗɞˊŮŭɘəɐ ȷɚɞɨɛɘɜŬ, PE-HAp, ůŰŬɗŮɟɞˊɞɘɖɛɏɜɖ 

ɕɘɟəɞɜɑŬ 

ȺˊɘůŰɟɩůŮɘɠ ŮˊɘəŬɚɨɣŮɤɜ (ɞɟɗɞˊŮŭɘəɎ, 

ɞŭɞɜŰɘŬŰɟɘəɎ əŬɘ ɔɜŬɗɞˊɟɞůɤˊɘəɎ Ůɛűɡ-

ŰŮɨɛŬŰŬ) 

ȼȷp, ɓɘɞŮɜŮɟɔɎ ɔɡŬɚɘɎ, ɓɘɞŮɜŮɟɔɎ ɡŬɚɞ-

əŮɟŬɛɘəɎ 

ɃŭɞɜŰɘŬŰɟɘəɎ ŮɛűɡŰŮɨɛŬŰŬ ȷɚɞɨɛɘɜŬ, ȼȷp, ɓɘɞŮɜŮɟɔɎ ɔɡŬɚɘɎ 

ȷɨɝɖůɖ Űɖɠ űŬŰɜɘŬəɐɠ ůŮɘɟɎɠ ȷɚɞɨɛɘɜŬ, ȼȷp, ȼȷp-PLA, HAp-ŬɡŰɞɔŮɜɏɠ 

ɞůŰɘəɧ ůɨɜɗŮŰɞ, ɓɘɞŮɜŮɟɔɎ ɔɡŬɚɘɎ 

ɋŰɞɚŬɟɡɔɔɞɚɞɔɑŬ ȼȷp, ɓɘɞŮɜŮɟɔɎ ɔɡŬɚɘɎ, ɓɘɞŮɜŮɟɔɎ ɡŬɚɞəŮ-

https://www.google.gr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjHz83u-bnSAhWGcRQKHS2EBgIQFggaMAA&url=https%3A%2F%2Fel.wiktionary.org%2Fwiki%2F%25CF%2580%25CF%2581%25CE%25BF%25CF%258B%25CF%2580%25CF%258C%25CE%25B8%25CE%25B5%25CF%2583%25CE%25B7&usg=AFQjCNExfxTAUquenQMlKLYjZ_sefZL5DA&sig2=BXlTqV_humBJYv1RthZprg
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ɟŬɛɘəɎ, ŬɚɞɨɛɘɜŬ 

ɇŮɢɜɖŰɧɠ ŰɏɜɞɜŰŬɠ, ůɡɜŭɏůɛɞɘ ɆɨɜɗŮŰŬ PLA-ŬɜɗɟŬəɞɜɐɛŬŰŬ 

ɇŮɢɜɖŰɏɠ ŬɟŰɖɟɘŬəɏɠ ɓŬɚɓɑŭŮɠ ɄɡɟɞɚɡŰɘəɎ ŮˊɘɢɟɑůɛŬŰŬ ɎɜɗɟŬəŬ 

ȺˊɘůŰɟɩůŮɘɠ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ ɘůŰɞɨ 

(əŬɟŭɘŬɔɔŮɘŬəɎ, ɞɟɗɞˊŮŭɘəɎ, ɞŭɞɜŰɘŬŰɟɘəɎ 

əŬɘ ɔɜŬɗɞˊɟɞůɤˊɘəɎ ˊɟɧůɗŮŰŬ ) 

ȷɚɞɨɛɘɜŬ 

ɄɟɞůɤɟɘɜɎ ˊɚɖɟɤŰɘəɎ ɞůŰɞɨ ɇCP, ɎɚŬŰŬ ŬůɓŮůŰɑɞɡ əŬɘ űɤůűɧɟɞɡ 

ɄŮɟɘɞŭɞɜŰɘəɐ ŮˊɏɛɓŬůɖ ȼȷp-PLA, ȼȷp, ɎɚŬŰŬ ŬůɓŮůŰɑɞɡ əŬɘ 

űɤůűɧɟɞɡ, ɇCP, ɓɘɞŮɜŮɟɔɎ ɔɡŬɚɘɎ 

ũɜŬɗɞˊɟɞůɤˊɘəɐ ŬɜŬəŬŰŬůəŮɡɐ ȼȷp-PLA, ȼȷp, ŬɚɞɨɛɘɜŬ, ɓɘɞŮɜŮɟɔɎ ɔɡŬɚɘɎ 

ȹɘŬŭŮɟɛɘəɐ ůɡůəŮɡɏɠ ȼȷp, ɓɘɞŮɜŮɟɔɎ ɔɡŬɚɘɎ, ɓɘɞŮɜŮɟɔɎ ɡŬɚɞəŮ-

ɟŬɛɘəɎ 

ɃɟɗɞˊŮŭɘəɎ ˊɟɧůɗŮŰŬ Ůˊɘŭɘɧɟɗɤůɖɠ ɆɨɜɗŮŰŬ PLA- ɑɜŮɠ ɎɜɗɟŬəŬ, PLA-ɑɜŮɠ ɡɎɚɞɡ 

űɤůűɞɟɘəɞɨ ŬůɓŮůŰɑɞɡ 

ɉŮɘɟɞɡɟɔɘəɐ ůˊɞɜŭɡɚɘəɐɠ ůŰɐɚɖɠ ȼȷp, ɓɘɞŮɜŮɟɔɎ ɡŬɚɞəŮɟŬɛɘəɎ 

   

    Ƀɘ ůŰŬɗŮɟɏɠ űɎůŮɘɠ əŮɟŬɛɘəɩɜ űɤůűɞɟɘəɞɨ ŬůɓŮůŰɑɞɡ ŮɝŬɟŰɩɜŰŬɘ ůɖɛŬɜŰɘəɎ Ŭˊɧ 

Űɖ ɗŮɟɛɞəɟŬůɑŬ əŬɘ Űɖɜ ˊŬɟɞɡůɑŬ ɨŭŬŰɞɠ, ŮɑŰŮ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɐ 

ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ɢɟɐůɖɠ Űɞɡ. ɆŮ ɗŮɟɛɞəɟŬůɑŬ ůɩɛŬŰɞɠ ŮɑɜŬɘ ůŰŬɗŮɟɎ ɛɧɜɞ ŭɨɞ 

űɤůűɞɟɘəɎ ɎɚŬŰŬ ŬůɓŮůŰɑɞɡ ŮɟɢɧɛŮɜŬ ůŮ ŮˊŬűɐ ɛŮ ɡŭŬŰɘəɎ ɛɏůŬ (ůɤɛŬŰɘəɎ ɡɔɟɎ): 

ůŮ pH <4.2 ɖ ůŰŬɗŮɟɐ űɎůɖ ŮɑɜŬɘ Űɞ ɧɝɘɜɞ űɤůűɞɟɘəɧ ŭɘŬůɓɏůŰɘɞ ɐ ɛˊɟɞɡůɑŰɖɠ C2P 

(CaHPO4 2H2Ƀ), Ůɜɩ ůŮ pH >= 4,2 ɖ ůŰŬɗŮɟɐ űɎůɖ ŮɑɜŬɘ ɞ ɡŭɟɞɝɡŬˊŬŰɑŰɖɠ ȼȷ 

(Ca10(P04)6(OH)2). ɆŮ ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ, ɞɘ űɎůŮɘɠ ˊɞɡ ŮɡɜɞɞɨɜŰŬɘ ŮɑɜŬɘ Űɞ 

ɓ-űɤůűɞɟɘəɧ ŰɟɘŬůɓɏůŰɘɞ C3P ɐ TCP (Ca3(PO4)2) əŬɘ Űɞ űɤůűɞɟɘəɧ ŰŮŰɟŬůɓɏůŰɘɞ 

(C4P Ca4P2O9).  

   Ƀɘ ɛɖ ŮɜɡŭŬŰɤɛɏɜŮɠ űɎůŮɘɠ űɤůűɞɟɘəɞɨ ŬůɓŮůŰɑɞɡ ůŮ ˊŮɟɘɓɎɚɚɞɜ ɡɣɖɚɐɠ 

ɗŮɟɛɞəɟŬůɑŬɠ ŬɚɚɖɚɞŮˊɘŭɟɞɨɜ ɛŮ Űɞ ɜŮɟɧ ɐ ŰŬ ɡɔɟɎ Űɞɡ ůɩɛŬŰɞɠ, ůŰɞɡɠ 37ÁC əŬɘ 

ůɢɖɛŬŰɑɕɞɡɜ ɡŭɟɞɝɡŬˊŬŰɑŰɖ. Ƀɘ ɛɞɟűɏɠ Űɞɡ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ůŮ ŮəŰŮɗŮɘɛɏɜŮɠ ŮˊɘűɎ-

ɜŮɘŮɠ Űɞɡ Űɞ ɓ-űɤůűɞɟɘəɞɨ ŰɟɘŬůɓŮůŰɑɞɡ Ŭəɞɚɞɡɗɞɨɜ Űɖɜ ˊŬɟŬəɎŰɤ ŬɜŰɑŭɟŬůɖ: 

 

 

   Ⱥ́ ɞɛɏɜɤɠ, ɖ ŭɘŬɚɡŰɧŰɖŰŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ɓ-űɤůűɞɟɘəɞɨ ŰɟɘŬůɓŮůŰɑɞɡ 

ˊɟɞůŮɔɔɑɕŮɘ Űɖ ŭɘŬɚɡŰɧŰɖŰŬ Űɞɡ ɡŭɟɞɝɡŬˊŬŰɑŰɖ əŬɘ ɛŮɘɩɜŮɘ Űɞ pȼ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ, Űɞ 

ɞˊɞɑɞ ŬɡɝɎɜŮɘ ˊŮɟŬɘŰɏɟɤ Űɖ ŭɘŬɚɡŰɧŰɖŰŬ Űɞɡ ɓ-űɤůűɞɟɘəɞɨ ŰɟɘŬůɓŮůŰɑɞɡ əŬɘ 

ŮɜɘůɢɨŮɘ Űɖɜ Ŭˊɞɟɟɧűɖůɖ. O ɚɧɔɞɠ ŬůɓŮůŰɑɞɡ/ űɤůűɧɟɞɡ Ca/ P ŮɑɜŬɘ əɟɑůɘɛɞɠ ɔɘŬ 

Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ŭɘŬɚɡŰɧŰɖŰŬɠ əŬɘ Űɖɠ ŰɎůŮɤɠ Ŭˊɞɟɟɧűɖůɖɠ ůŰɞ ůɩɛŬ. ȼ 

ˊŬɟɞɡůɑŬ ɛɘəɟɞˊɞɟɩŭɞɡɠ ůŰɞ ˊɡɟɞůɡůůɤɛŬŰɤɛɏɜɞ əŮɟŬɛɘəɧ ɡɚɘəɧ ŭɨɜŬŰŬɘ ɜŬ 

ŬɡɝɐůŮɘ Űɖɜ ŭɘŬɚɡŰɧŰɖŰŬ ŬɡŰɩɜ Űɤɜ űɎůŮɤɜ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɡɟɞůɡů-

ůɤɛŬŰɤɛɏɜɞɡ űɤůűɞɟɘəɞɨ ŬůɓŮůŰɑɞɡ ɖ ŬɜŰɑŭɟŬůɖ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůŰɞ ɗŮɟɛɞ-

əɟŬůɘŬəɧ Ůɨɟɞɠ (1000-1500)ɞC,  ɧˊɞɡ ůɡɛˊɘŮůɛɏɜɖ əɞɜɑŬ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ɏɜŬ 

ůɡɛˊɘŮůɛɏɜɞ əŮɟŬɛɘəɧ əŬɗɞɟɘůɛɏɜɞɡ ůɢɐɛŬŰɞɠ. Ƀɘ űɎůŮɘɠ ˊɞɡ ůɢɖɛŬŰɑɕɞɜŰŬɘ ůŮ 
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ɡɣɖɚɐ ɗŮɟɛɞəɟŬůɑŬ ŭŮɜ ŮɝŬɟŰɩɜŰŬɘ ɛɧɜɞ Ŭˊɧ Űɖ ɗŮɟɛɞəɟŬůɑŬ, ŬɚɚɎ əŬɘ Ŭˊɧ Űɖɜ 

ɛŮɟɘəɐ ˊɑŮůɖ Űɞɡ ɜŮɟɞɨ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ ůɡɜŰɐɝŮɤɠ. ɆŮ ɡŭŬŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ 

ŮɡɜɞŮɑŰŬɘ ɞ ůɢɖɛŬŰɘůɛɧɠ Űɞɡ ɡŭɟɞɝɡŬˊŬŰɑŰɖ, ɞ ɞˊɞɑɞɠ ŬˊɞŰŮɚŮɑ ůŰŬɗŮɟɐ űɎůɖ ɏɤɠ 

Űɞɡɠ 1360ɞC, Ůɜɩ ůŮ ɛɖ ɡŭŬŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ůŰŬɗŮɟɏɠ űɎůŮɘɠ ŮɑɜŬɘ 

ŬɡŰɏɠ Űɞɡ űɤůűɞɟɘəɞɨ ŰŮŰɟŬůɓŮůŰɑɞɡ əŬɘ Űɞɡ ɓ-űɤůűɞɟɘəɞɨ ŰɟɘŬůɓŮůŰɑɞɡ (ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ŭɘɎɔɟŬɛɛŬ Űɞɡ CaO, P2O5  ɛŮ ɛŮɟɘəɐ ˊɑŮůɖ ɜŮɟɞɨ 66kPa): 

 

Ⱥɘə. 1.6.1. ȹɘŬɔɟŬɛɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ɘůɞɟɟɞˊɑŬɠ űɎůŮɤɜ űɤůűɞɟɘəɞɨ ŬůɓŮůŰɑɞɡ ɛŮ 

500 mmHg (-66-kPa) ɛŮɟɘəɐ ˊɑŮůɖ Űɞɡ ɜŮɟɞɨ, ɧˊɞɡ ɞɘ ůəɘɎůŮɘɠ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ 

ŰŬ Ůɑŭɖ ɡŭɟɞɝɡŬˊŬŰɑŰɖ (ȼȷ) ˊɞɡ ˊŮɟɘɏɢɞɡɜ ŰŬ ŮɛűɡŰŮɨɛŬŰŬ (xxii) 

   ɇɞ ɗŮɟɛɞəɟŬůɘŬəɧ Ůɨɟɞɠ ɔɘŬ Űɖ ůŰŬɗŮɟɐ űɎůɖ Űɞɡ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ŬɡɝɎɜŮŰŬɘ ɛŮ Űɖ 

ɛŮɟɘəɐ ˊɑŮůɖ Űɞɡ ɜŮɟɞɨ, əŬɗɩɠ əŬɘ Űɞ ˊɞůɞůŰɧ Űɤɜ ɛŮŰŬɓɎůŮɤɜ űɎůɖɠ Űɞɡ 

űɤůűɞɟɘəɞɨ ŰŮŰɟŬůɓŮůŰɑɞɡ əŬɘ Űɞɡ ɓ-űɤůűɞɟɘəɞɨ ŰɟɘŬůɓŮůŰɑɞɡ ůŮ ɡŭɟɞɝɡŬˊŬŰɑŰɖ. 

ȿɧɔɤ Ůɛˊɞŭɑɤɜ ůŰɖɜ əɘɜɖŰɘəɐ ˊɟɞůɏɔɔɘůɖ, ŮˊɖɟŮɎɕŮŰŬɘ Űɞ ˊɞůɞůŰɧ ůɢɖɛŬŰɘůɛɞɨ 

ůŰŬɗŮɟɐɠ űɎůŮɤɠ űɤůűɞɟɘəɞɨ ŬůɓŮůŰɑɞɡ əŬɘ əŬɗɑůŰŬŰŬɘ ŬůŬűɐɠ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ 

Űɞɡ Ŭəɟɘɓɞɨɠ əɚɎůɛŬŰɞɠ ɧɔəɞɡ Űɤɜ űɎůŮɤɜ ɡɣɖɚɞɨ ɗŮɟɛɞəɟŬůɘŬəɞɨ Ůɨɟɞɡɠ əŬŰɎ 

Űɖɜ ŭɘɎɟəŮɘŬ ˊɡɟɞůɡůůɤɛɎŰɤůɖɠ əŬɘ ɖ ŮɨɟŮůɖ Űɖɠ ůɢŮŰɘəɐɠ ůŰŬɗŮɟɧŰɖŰŬɠ Űɤɜ 

űɎůŮɤɜ ɧŰŬɜ ɣɨɢɞɜŰŬɘ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ. ɇŬ əŮɟŬɛɘəɎ űɤůűɞɟɘəɞɨ 

ŬůɓŮůŰɑɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ŮɛűɡŰŮɨɛŬŰŬ ɛɧɜɞ Ůűɧůɞɜ ɏɢɞɡɜ ŮˊŬɟəɐ ɛɖɢŬɜɘəɐ 

ŬɜŰɞɢɐ, ɧˊɤɠ ŬɜŰɞɢɐ ůŮ ŮűŮɚəɡůɛɧ, əɧˊɤůɖ əŬɘ ůɡɛˊɑŮůɖ, ɛŮɔɏɗɖ ˊɞɡ ŮɝŬɟŰɩɜŰŬɘ 

ɏɜŰɞɜŬ Ŭˊɧ Űɞ ůɡɜɞɚɘəɧ ɧɔəɞ ˊɞɟɩŭɞɡɠ. ɇɞ ˊɞɟɩŭŮɠ ŭɨɜŬŰŬɘ ɜŬ ŮɑɜŬɘ ůŮ ɛɞɟűɐ 

ɛɘəɟɞˊɞɟɩŭɞɡɠ (<1 ɛm ůŮ ŭɘɎɛŮŰɟɞ, ɚɧɔɤ ŬŰŮɚɞɨɠ ˊɡɟɞůɡůůɤɛɎŰɤůɖɠ) ɐ 
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ɛŬəɟɞˊɞɟɩŭɞɡɠ (>100 ɛm ůŮ ŭɘɎɛŮŰɟɞ, ŮɜŭŮɑəɜɡŰŬɘ ɔɘŬ ŬɜɎˊŰɡɝɖ ɞůŰɞɨ). ȼ 

ŮɝɎɟŰɖůɖ Űɖɠ ŬɜŰɞɢɐɠ ůŮ ɗɚɑɣɖ (ůc) Ŭˊɧ Űɞɜ ůɡɜɞɚɘəɧ ɧɔəɞ ˊɞɟɩŭɞɡɠ (Vp) 

ŬəɞɚɞɡɗŮɑ Űɖɜ ˊŬɟŬəɎŰɤ ůɢɏůɖ: 

 

ɧˊɞɡ Űɞ Ůɨɟɞɠ Űɞɡ ůɡɜɞɚɘəɞɨ ɧɔəɞɡ ˊɞɟɩŭɞɡɠ Vp ŮəŰŮɑɜŮŰŬɘ Ŭˊɧ 0 ɛɏɢɟɘ 0.5. 

Ƀɛɞɑɤɠ, ŬɜŰɞɢɐ ůŮ ŮűŮɚəɡůɛɧ ůt ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ əɚɎůɛŬ ɧɔəɞɡ Űɞɡ 

ɛɘəɟɞˊɞɟɩŭɞɡɠ Vm  ůɨɛűɤɜŬ ɛŮ Űɖɜ Ŭəɧɚɞɡɗɖ ůɢɏůɖ: 

 

    ȳůɞɜ ŬűɞɟɎ ůŰɞɜ ůɡɜŰŮɚŮůŰɐ Weibull (n), ˊɟɧəŮɘŰŬɘ ɔɘŬ ɛɘŬ ůŰŬŰɘůŰɘəɐ ɗŮɤɟɑŬ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ  ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ, ɔɘŬ ɜŬ ŮəŰɘɛɖɗŮɑ ɞ 

əɑɜŭɡɜɞɠ ɗɟŬɨůɖɠ Ůɜɧɠ əŮɟŬɛɘəɞɨ. O ůɡɜŰŮɚŮůŰɐɠ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ əɚɑůɖ Űɖɠ 

əŬɛˊɨɚɖɠ Weibull əŬɘ ŮəűɟɎɕŮɘ Űɞ Ůɨɟɞɠ ŭɘŬůˊɞɟɎɠ Űɤɜ Űɘɛɩɜ ŬɜŰɞɢɐɠ. ȯɟŬ, Űɞ 

ɛɏɔŮɗɞɠ ŬɡŰɧ ŬˊɞŰŮɚŮɑ ɏɜŬ ɛɏŰɟɞ ŭɘŬəɨɛŬɜůɖɠ Űɖɠ ŬɜŰɞɢɐɠ Ůɜɧɠ ɡɚɘəɞɨ. Ƀɘ ɡɣɖɚɏɠ 

Űɘɛɏɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŬˊɞŰŮɚɞɨɜ ɏɜŭŮɘɝɖ ˊŮɟɘɞɟɘůɛɏɜɖɠ ŭɘŬəɨɛŬɜůɖɠ Űɖɠ ŬɜŰɞɢɐɠ əŬɘ 

Ůˊɞɛɏɜɤɠ ˊɟɞůŭɑŭɞɡɜ ɛŮɔŬɚɨŰŮɟɖ ŬɝɘɞˊɘůŰɑŬ ˊɞɘɧŰɖŰŬɠ Űɞɡ ɡɚɘəɞɨ. Ƀ ůɡɜŰŮɚŮůŰɐɠ 

Weibull (n) Űɤɜ ŮɛűɡŰŮɡɛɎŰɤɜ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɢŬɛɖɚɧɠ ůŮ 

űɡůɘɞɚɞɔɘəɎ ŭɘŬɚɨɛŬŰŬ (n=12), Ůˊɞɛɏɜɤɠ ɡˊɞŭŮɘəɜɨŮɘ ɢŬɛɖɚɐ ŬɝɘɞˊɘůŰɑŬ ɡˊɧ űɞɟŰɑŬ 

ŮűŮɚəɡůɛɞɨ. ȾŬŰɎ ůɡɜɏˊŮɘŬ, ůŮ əɚɘɜɘəɏɠ ŮűŬɟɛɞɔɏɠ ŰŬ ɓɘɞəŮɟŬɛɘəɎ űɤůűɞɟɘəɞɨ 

ŬůɓŮůŰɑɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ (1) ůəɧɜŮɠ, (2) ɛɘəɟɎ ŮɛűɡŰŮɨɛŬŰŬ, (3), ɞŭɞɜŰɘəɎ 

ŮɛűɡŰŮɨɛŬŰŬ  ŮɜɘůɢɡɛɏɜŬ ɛŮ ɛŮŰŬɚɚɘəɎ ůŰɖɟɑɔɛŬŰŬ (4) ŮˊɘɢɟɑůɛŬŰŬ ůŮ ɛŮŰŬɚɚɘəɎ 

ŮɛűɡŰŮɨɛŬŰŬ, (5) ɢŬɛɖɚɐɠ- űɧɟŰɘůɖɠ ˊɞɟɩŭɖ ŮɛűɡŰŮɨɛŬŰŬ, ɧˊɞɡ ɖ ŬɜɎˊŰɡɝɖ Űɤɜ 

ɞůŰɩɜ ŭɟŬ ɤɠ ŮɜɘůɢɡŰɘəɧ űɎůɖɠ,  (6),  ɓɘɞŭɟŬůŰɘəɎ űɎůŮɤɠ ůŮ ůɨɜɗŮŰŬ ˊɞɚɡɛŮɟɞɨɠ-

ɓɘɞŮɜŮɟɔɞɨ əŮɟŬɛɘəɞɨ. 

   ɆɢŮŰɘəɎ ɛŮ Űɖɜ ŭɘŬůɨɜŭŮůɖ ŮɛűɡŰŮɡɛɎŰɤɜ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ɛŮ Űɞ ɞůŰɧ, ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ Űɞɡ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ŮɛűŬɜɑɕŮŰŬɘ ɛɘŬ əɡŰŰŬɟɘəɐ ɞůŰɘəɐ ɛɐŰɟŬ Ŭˊɧ ŭɘŬűɞɟɞ-

ˊɞɘɖɛɏɜɞɡɠ ɞůŰŮɞɓɚɎůŰŮɠ, ˊŬɟɎɔɞɜŰŬɠ ɛɘŬ ůŰŮɜɐ Ɏɛɞɟűɖ ˊɡəɜɐ ɖɚŮəŰɟɞɜɘŬəɐ ɕɩɜɖ 

Ůɨɟɞɡɠ 3 ɏɤɠ 5 ɛm, ɧˊɞɡ əŬɘ ŬɜŬˊŰɨůůɞɜŰŬɘ Ůɜ ůɡɜŮɢŮɑŬ ɞɘ ɞůŰɘəɞɑ əɟɡůŰŬɚɚɑŰŮɠ. 

ɆŰɖɜ ˊŮɟɘɞɢɐ ɛŮŰŬɝɨ Űɖɠ ɖɚŮəŰɟɞɜɘŬəɐɠ ɕɩɜɖɠ əŬɘ Űɤɜ əɡŰŰɎɟɤɜ ˊŬɟŬŰɖɟŮɑŰŬɘ 

ŮɛűɎɜɘůɖ ɘɜɩɜ əɞɚɚŬɔɧɜɞɡ (ůɨɛˊɚŮɔɛŬ ˊɞɚɚɩɜ ɚŮˊŰɧŰŮɟɤɜ ɘɜɩɜ əɞɚɚŬɔɧɜɞɡ). 

ȾŬɗɩɠ ɖ ˊŮɟɘɞɢɐ ɤɟɘɛɎɕŮɘ, ɖ ɕɩɜɖ ůɡɜŭɏůŮɤɠ ůɡɟɟɘəɜɩɜŮŰŬɘ Ŭˊɧ 0,05 ɏɤɠ 0,2 ɛm 

ůŮ ɓɎɗɞɠ əŬɘ ůŬɜ ŮˊŬəɧɚɞɡɗɞ Űɞ ɞůŰɧ Űɞɡ ɞɟɔŬɜɘůɛɞɨ ůɡɜŭɏŮŰŬɘ ŮˊɘŰŬɝɘŬəɎ ɛɏůɤ 

Űɞɡ ɚŮˊŰɞɨ ůŰɟɩɛŬŰɞɠ ŭɘŬůɨɜŭŮůɖɠ ɛŮ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɞɡ ŮɛűɡŰŮɨɛŬŰɞɠ 

ɡŭɟɞɝɡŬˊŬŰɑŰɖ. ȼ ůɖɛŬůɑŬ Űɞɡ ɚŮˊŰɧŰŬŰɞɡ ˊɎɢɞɡɠ ůŰɟɩɛŬŰɞɠ ŭɘŬůɡɜŭɏůŮɤɠ ɞůŰɞɨ 

ɛŮ ŰŬ ŮɛűɡŰŮɨɛŬŰŬ ɡŭɟɞɝɡŬˊŬŰɑŰɖ, ɏɔəŮɘŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ 

ŬɡŰɐɠ ˊŮɟɑˊŰɤůɖɠ ŮɑɜŬɘ ˊɞɚɨ Ŭɡɝɖɛɏɜɞ ůɡɔəɟɘŰɘəɎ ɛŮ Űɞ ŬɜŰɑůŰɞɘɢɞ ˊɞɡ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ůŮ ŮɛűɡŰŮɨɛŬŰŬ ɓɘɞŮɜŮɟɔɩɜ ɡŬɚɞəŮɟŬɛɘəɩɜ əŬɘ ɓɘɞŮɜŮɟɔɩɜ ɔɡŬɚɘɩɜ. 

 ɆɨɜɗŮŰŬ ɓɘɞəŮɟŬɛɘəɎ 

ɀŮ Űɞɜ ɧɟɞ ůɨɜɗŮŰŬ ɡɚɘəɎ ŬɜŬűŮɟɧɛŬůŰŮ ůŮ ŮəŮɑɜŬ ŰŬ ɡɚɘəɎ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ 

ŮŰŮɟɞɔŮɜɐ ůŮ ɛŬəɟɞəɚɑɛŬəŬ əŬɘ əŬŰŬůəŮɡɎɕɞɜŰŬɘ Ŭˊɧ ŭɨɞ ɐ ˊŮɟɘůůɧŰŮɟŬ ɡɚɘəɎ, 
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ɢɤɟɑɠ ɜŬ ŬɜŬˊŰɨůůɞɡɜ ɛŮŰŬɝɨ Űɞɡɠ ɢɖɛɘəɧ ŭŮůɛɧ. ɇŬ ůɨɜɗŮŰŬ əŮɟŬɛɘəɎ ɡɚɘəɎ, ŰŬ 

ɞˊɞɑŬ ɢɟɖůɘɛɞ́ɞɘɞɨɜŰŬɘ ůŮ əɚɘɜɘəɏɠ ŮűŬɟɛɞɔɏɠ, ˊɏɟŬɜ ɓɘɞůɡɛɓŬŰɧŰɖŰŬɠ ˊɟɏˊŮɘ ɜŬ 

ŮˊɘŭŮɘəɜɨɞɡɜ əŬŰɎɚɚɖɚŮɠ ɛɖɢŬɜɘəɏɠ ŬɜŰɞɢɏɠ, ɤůŰɧůɞ ɖ ɛɖɢŬɜɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɞɡɠ 

ŬˊɞŰŮɚŮɑ ˊɟɞɓɚɖɛŬŰɘəɐ ˊŮɟɘɞɢɐ əɎŰɤ Ŭˊɧ ůɡɜɗɐəŮɠ ɏɜŰɞɜɤɜ ŰɎůŮɤɜ. ɇŬ 

ɓɘɞəŮɟŬɛɘəɎ ˊŬɟɞɡůɘɎɕɞɡɜ ɣŬɗɡɟɧŰɖŰŬ, ŮɛűŬɜɑɕɞɡɜ ɟɤɔɛɏɠ ɐ/əŬɘ əɡəɚɘəɐ əɧˊɤůɖ, 

űŬɘɜɧɛŮɜŬ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɞɟɘůŰɞɨɜ.  ȼ ɢɟɐůɖ ɓɘɞəŮɟŬɛɘəɩɜ ŮˊɘəŬɚɨɣŮɤɜ əŬɘ ɖ 

ŬɜɎˊŰɡɝɖ ůɡɜɗɏŰɤɜ əŮɟŬɛɘəɩɜ ŬˊɞŰŮɚɞɨɜ əŬŰɎɚɚɖɚŮɠ ˊɟɞůŮɔɔɑůŮɘɠ Ůˊɑɚɡůɖɠ Űɤɜ 

ˊɟɞŬɜŬűŮɟɗɏɜŰɤɜ ˊŮɟɘɞɟɘůɛɩɜ. ɇɞ Ůɑŭɞɠ əŮɟŬɛɘəɞɨ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ, ɧˊɤɠ 

ŬŭɟŬɜɏɠ, Ŭˊɞɟɟɞűɐůɘɛɞ, ɓɘɞŮɜŮɟɔɧ, ˊɞɘəɑɚŮɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŮˊɘɗɡɛɖŰɐ ůɡɛˊŮɟɘűɞɟɎ 

ˊɞɡ ŬˊŬɘŰŮɑ əɎɗŮ ŮűŬɟɛɞɔɐ. ɆŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŬɜŬɔəŬɘɧŰɖŰŬ ŬˊɞŰŮɚŮɑ ɖ 

Ŭɨɝɖůɖ ŬɜŰɞɢɐɠ ůŮ əɎɛɣɖ, ɖ ɛŮɑɤůɖ Űɞɡ ɛɏŰɟɞɡ ŮɚŬůŰɘəɧŰɖŰŬɠ əŬɘ ɖ Ŭˊɞűɡɔɐ 

ŬůŰɞɢɑŬɠ ɡɚɘəɞɨ. 

    ɆɢŮŰɘəɎ ɛŮ Űɖɜ ɛɖɢŬɜɘəɐ ŬɜŬŭɧɛɖůɖ ɞůŰɞɨ, Űɞ ůɡɛˊŬɔɏɠ ɛɏɟɞɠ Űɞɡ ɞůŰɞɨ 

ˊŬɟɞɡůɘɎɕŮɘ ŬɜɘůɧŰɟɞˊɖ ˊŬɟŬɛɧɟűɤůɖ əŬɘ ůɡɔəŮəɟɘɛɏɜɖ ŬɜŰɞɢɐ ůŮ ɗɟŬɨůɖ, ŰŬ 

ɞˊɞɑŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ůɨɜɗŮŰɖ ůɨůŰŬůɐ Űɞɡ (ɘɜɑŭɘŬ əɞɚɚŬɔɧɜɞɡ 

əŬɘ ŮɨɗɟŬɡůŰŬ əɟɨůŰŬɚɚŬ ŬɜɗɟŬəɘəɞɨ ɡŭɟɞɝɡŬˊŬŰɑŰɖ). ɆɡɔəŮəɟɘɛɏɜŬ,  Űɞ ɛɏŰɟɞ 

ŮɚŬůŰɘəɧŰɖŰŬɠ Űɞɡ űɚɞɘɩŭŮɠ ɛɏɟɞɡɠ Űɞɡ ɞůŰɞɨ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 7 ɏɤɠ 25 Gpa, Űɞ 

əɟɑůɘɛɞ ɧɟɘɞ ŬɜŰɞɢɐɠ ůŮ ŮűŮɚəɡůɛɧ ŬɡɝɎɜŮŰŬɘ ɛŮ Ůɨɟɞɠ Ŭˊɧ 600 Jm-2 ɛɏɢɟɘ 5000 Jm-

2, ɛŮɔɏɗɖ ŬɜɎɚɞɔŬ Űɖɠ ɖɚɘəɑŬɠ, Űɞɡ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ Űɞɡ ɞůŰɞɨ əŬɘ Űɤɜ ůɡɜɗɖəɩɜ 

ŰɎůŮɤɜ. ɀɘŬ ˊɚɖɗɩɟŬ ɓɘɞəŮɟŬɛɘəɩɜ əŬŰɏɢɞɡɜ ɛŮɔŬɚɨŰŮɟɖ ůəɚɖɟɧŰɖŰŬ Ŭˊɧ ŰŬ ɞůŰɎ, 

ɤůŰɧůɞ ŬɟəŮŰɎ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɘəɟɐ ŬɜŰɞɢɐ ůŮ ɗɟŬɨůɖ. 

   ɆɡɜŮˊɩɠ, ɛɘŬ ɛɏɗɞŭɞɠ ŮɝŬůűɎɚɘůɖɠ ɓɘɞɛɘɛɖŰɘəɩɜ ɘŭɘɞŰɐŰɤɜ ŮˊɏɟɢŮŰŬɘ ɛŮ Űɖɜ 

ŬɜɎˊŰɡɝɖ  ɓɘɞůɡɛɓŬŰɩɜ ůɨɜɗŮŰɤɜ ˊɞɚɡɛŮɟɩɜ, ɧˊɤɠ ˊɞɚɡŬɘɗɡɚŮɜɑɞɡ, ɛŮ ŭŮɨŰŮɟɖ 

űɎůɖ ɏɜŬ əŮɟŬɛɘəɧ ɡɣɖɚɧŰŮɟɞɡ ůɡɜŰŮɚŮůŰɐ ɛɖɢŬɜɘəɐɠ ŬɜŰɞɢɐɠ, ɧˊɤɠ ůəɧɜɖ ɡŭɟɞ-

ɝɡŬˊŬŰɑŰɖ. ɇɞ ůɨɜɗŮŰɞ ɡɚɘəɧ ɡŭɟɞɝɡŬˊŬŰɑŰɖ-ˊɞɚɡŬɘɗɡɚŮɜɑɞɡ ˊŬɟɞɡůɘɎɕŮɘ ɘŭɘɧŰɖŰŮɠ 

ˊŬɟŬˊɚɐůɘŮɠ ɛŮ ŬɡŰɏɠ Űɞɡ ɞůŰɞɨ əŬɘ ůŮ ůɡɜɗɐəŮɠ Ŭɨɝɖůɖɠ əɚɎůɛŬŰɞɠ ɧɔəɞɡ Űɞɡ 

ɡŭɟɞɝɡŬˊŬŰɑŰɖ ůŮ 0,5 ŬˊɞəŰɎ Ŭɡɝɖɛɏɜɞ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ (1-8) Gpa əŬɘ ˊɞɚɨ 

ɛŮɘɤɛɏɜɖ ˊɘɗŬɜɧŰɖŰŬ ŬůŰɞɢɑŬɠ Ŭˊɧ >90% ůŮ 3%. ȼ ɛŮŰɎɓŬůɖ Ŭˊɧ ɧɚəɘɛɖ ůŮ 

ɣŬɗɡɟɐ ůɡɛˊŮɟɘűɞɟɎ ˊɟɞəɨˊŰŮɘ ɔɘŬ əɚɎůɛŬ ɧɔəɞɡ Űɞɡ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ˊɞɡ 

əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 0,4 əŬɘ 0,45. Ⱥˊɘˊɚɏɞɜ, Űɞ ůɨɜɗŮŰɞ ɓɘɞəŮɟŬɛɘəɧ ŬˊɞəŰɎ ŬɜŰɞɢɐ ůŮ 

ŮűŮɚəɡůɛɧ (22-26) Mpa əŬɘ Ŭɡɝɖɛɏɜɖ ŬɜŰɞɢɐ ůŮ ɗɟŬɨůɖ, ɔɘŬ əɚɎůɛŬ ɧɔəɞɡ 

ɡŭɟɞɝɡŬˊŬŰɑŰɖ <0.4, ɚɧɔɤ Űɖɠ ˊŬɟŬɛɧɟűɤůɖɠ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖ ŭɘɎŭɞůɖ ɟɤɔɛɩɜ. 

(xxii)  

 

1.7.  ȹɘŮˊɘűŬɜŮɘŬəɞɑ ŭŮůɛɞɑ ɛŮŰŬɝɨ ɞůŰɞɨ əŬɘ ˊɟɧůɗŮŰɞɡ ɛɏɚɞɡɠ 

Ƀɘ ŰɟŮɘɠ ɓŬůɘəɞɑ Űɨˊɞɘ ŭɘŮˊɘűŬɜŮɘŬəɞɨ ŭŮůɛɞɨ (Ⱥɘə. 1.7.1) ŮɑɜŬɘ: 1) ɞɘ ɛɖɢŬɜɘəɞɑ 

ŭŮůɛɞɑ, 2) ŭŮůɛɞɑ ɛɏůɤ űɡůɘəɩɜ ŭɡɜɎɛŮɤɜ əŬɘ 3) ɞɘ ɢɖɛɘəɞɑ ŭŮůɛɞɑ. Ƀɘ ɛɖɢŬɜɘəɞɑ 

ŭŮůɛɞɑ ŮɑɜŬɘ űŬɘɜɧɛŮɜɞ ˊɞɡ ɏɔəŮɘŰŬɘ ůŰɖɜ ŰɎůɖɠ ŬɜŰɑůŰŬůɖɠ ůŰɖɜ ŬŭɟɎɜŮɘŬ ɛŮ 

ŮˊŬəɧɚɞɡɗɖ Űɖɜ ŬɜɎˊŰɡɝɖ ůɡɔəŮəɟɘɛɏɜɖɠ ŭɘŮˊɘűŬɜŮɘŬəɐɠ ŭɞɛɐɠ. ȷɡŰɐ ɖ ŭɘŬůɨɜŭŮůɖ 

ŬˊɞŰŮɚŮɑ ɓɎůɖ ɔɘŬ ˊɞɟɩŭɖ ˊɟɧůɗŮŰŬ ɛɏɚɖ əŬɘ ɔɘŬ ˊŬɟŬŭɞůɘŬəɏɠ ɛŮɗɧŭɞɡɠ 

ŮˊŬɜɧɟɗɤůɖɠ ɞůŰɩɜ ɛɏůɤ ˊɟɞůɗɏŰɤɜ ɧˊɤɠ ɓɑŭŮɠ, ɚɎɛŮɠ əŬɘ əŬɟűɘɎ. (xxx)  
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Ⱥɘə. 1.7.1. ɆɢɖɛŬŰɘəɐ Ŭ́ Ůɘəɧɜɘůɖ Űɤɜ Űɟɘɩɜ ŭɘŬűɞɟŮŰɘəɩɜ ŭɘŮˊɘűŬɜŮɘŬəɩɜ ŭŮůɛɩɜ xxx 

   ȼ ŮůɤŰŮɟɘəɐ ŬɜɎˊŰɡɝɖ ɞůŰɞɨ ɛɏůŬ ůŰɞɡɠ ˊɧɟɞɡɠ Ůɜɧɠ ɓɘɞɦɚɘəɞɨ ŭɨɜŬŰŬɘ ɜŬ 

ˊŬɟɏɢŮɘ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ əŬɘ ɛɧɜɘɛɖ ůŰɐɟɘɝɖ. ɋůŰɧůɞ, ɞɘ ɛɖɢŬɜɘəɏɠ ŬɜŰɞɢɏɠ, ɞɘ 

ɞˊɞɑŮɠ əŬɗɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɞɜ ɛɖɢŬɜɘəɧ ŭŮůɛɧ ɛŮ Űɞ ɞůŰɧ, ŬˊɞŰŮɚɞɨɜ ɛɘŬ ˊɟɞɓɚɖ-

ɛŬŰɘəɐ ˊŮɟɘɞɢɐ. Ƀ Ůˊɑ Űɞɘɠ ŮəŬŰɧ ɧɔəɞɠ Űɤɜ ˊɧɟɤɜ ˊɞɡ əŬŰŬɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ Űɖɜ 

ŮůɤŰŮɟɘəɐ ɞůŰɘəɐ ŬɜɎˊŰɡɝɖ ŭŮɜ ŮɑɜŬɘ ůɢŮŭɧɜ ˊɞŰɏ 100% əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ ɖ ŬɜŰɞɢɐ 

ɛŮɘɩɜŮŰŬɘ Ŭˊɧ Űɞ ɛɖ əŬŰŮɘɚɖɛɛɏɜɞ əɚɎůɛŬ ɧɔəɞɡ. ȼ ɞůŰŮɞˊɞɑɖůɖ  ɚŬɛɓɎɜŮɘ ɢɩɟŬ 

ɛɏůŬ ůŰɞɡɠ ˊɧɟɞɡɠ ɛɧɜɞ ŮɎɜ ɞɘ ˊɧɟɞɘ ŮɑɜŬɘ Űɖɠ ŰɎɝŮɤɠ Űɤɜ ˊŮɟɑˊɞɡ 150ɛm, 

Ůˊɞɛɏɜɤɠ ɛɧɜɞ Ŭɜ Űɞ əɚɎůɛŬ ɛŮɔɏɗɞɡɠ Űɤɜ ˊɧɟɤɜ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ Ŭˊɧ Űɞ əɟɑůɘɛɞ 

ɛɏɔŮɗɞɠ. ȾŬŰɎ ůɡɜɏˊŮɘŬ, ɖ ŭɘŮˊɘűŬɜŮɘŬəɐ ŬɜŰɞɢɐ ɛŮɘɩɜŮŰŬɘ ˊŮɟŬɘŰɏɟɤ Ŭˊɧ Űɞ 

ˊɞůɞůŰɧ Űɤɜ ɛɖ ɞůŰŮɞˊɞɘɖɛɏɜɤɜ ˊɧɟɤɜ. ɀɘŬ ŮˊɘˊɟɧůɗŮŰɖ ˊŬɟɎɛŮŰɟɞɠ, ɖ ɞˊɞɑŬ 

ɛŮɘɩɜŮɘ Űɘɠ ŬɜŰɞɢɏɠ ɛɖɢŬɜɘəɐɠ ŭɘŮˊɘűŬɜŮɘŬəɐɠ ŭɘŬůɨɜŭŮůɖɠ ɛŮŰŬɝɨ ˊɞɟɩŭɤɜ 

ɓɘɞɦɚɘəɩɜ əŬɘ ɞůŰɞɨ, ŬˊɞŰŮɚŮɑ ɖ ɛŮɑɤůɖ Űɖɠ ŬɜŰɞɢɐɠ Űɞɡ ˊɞɟɩŭŮɠ ɡɚɘəɞɨ, Űɞ ɞˊɞɑɞ 

ŮɑɜŬɘ ŬɜɎɚɞɔɞ Űɞɡ ɛŮɔɏɗɞɡɠ ˊɧɟɤɜ əŬɘ Űɞɡ ɧɔəɞɡ əɚɎůɛŬŰɞɠ ˊɧɟɤɜ. ɆɨɛűɤɜŬ ɛŮ Űɞ 

ˊɟɞŬɜŬűŮɟɗɏɜ, ůɡɛˊŮɟŬɑɜŮŰŬɘ ɧŰɘ ɞ ɛɖɢŬɜɘəɧɠ ŭɘŮˊɘűŬɜŮɘŬəɧɠ ŭŮůɛɧɠ ɛɏůŬ ůŮ ɛɘŬ 

ˊɞɟɩŭɖ ŭɞɛɐ ɗŬ ˊɟɞəɨˊŰŮɘ 0.1-0.3 űɞɟɏɠ Űɖɠ ŬɜŰɞɢɐɠ ŭŮůɛɞɨ Ůɜɧɠ ůŰŮɟŮɞɨ ɡɚɘəɞɨ, 

Ůűɧůɞɜ ɖ ɞůŰŮɞˊɞɑɖůɖ ɝŮəɘɜɎ ˊɎɜɤ əŬɘ ŮɜŭɘŬɛɏůɞɡ Űɤɜ ˊɧɟɤɜ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ 

ˊɟɞəɨˊŰŮɘ ɛŮɟɘəɐ ɐ ˊɚɐɟɖɠ ŬɜŬůŰɞɚɐ ŭɖɛɘɞɡɟɔɑŬɠ ɞůŰɞɨ ůŮ ˊŮɟɘɞɢɏɠ Űɖɠ ˊɞɟɩŭɞɡɠ 

ŭɘŮˊɘűɎɜŮɘŬɠ ɛŮ Űɞɜ ŰŬɡŰɧɢɟɞɜɞ ůɢɖɛŬŰɘůɛɧ ɘɜɩŭɞɡɠ ůŰɟɩɛŬŰɞɠ, ŰɧŰŮ ɖ ŬɜŰɞɢɐ Űɞɡ 

ɞůŰɞɨ ůŰɖɜ ŭɘŮˊɘűɎɜŮɘŬ ŰŮɑɜŮɘ ɜŬ ɛŮɘɤɗŮɑ ůŮ 0.1-0.5 Űɖɠ ŬɜŰɞɢɐɠ Űɞɡ əŬɜɞɜɘəɞɨ 

ɞůŰɞɨ. Ƀɘ ůɡɛɓŬŰɘəɏɠ ɛɏɗɞŭɞɘ ŮˊŬɜɎəŰɖůɖɠ ůəŮɚŮŰɘəɞɨ ɘůŰɞɨ, ɞɘ ɞˊɞɑŮɠ ůɡɛˊŮ-

ɟɘɚŬɛɓɎɜɞɡɜ ɓɑŭŮɠ, ůɨɟɛŬŰŬ ə.Ŭ. ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮɘɞɜŮəŰɐɛŬŰŬ ɚɧɔɤ Űɤɜ ˊŮɟɘɞɢɩɜ 

ɢŬɛɖɚɐɠ ŭɘŬŰɞɛɐɠ ˊɞɡ űɏɟɞɡɜ ɘůɢɡɟɧ űɞɟŰɑɞ əŬɘ Űɖɠ ɨˊŬɟɝɖɠ ɘɜɩŭɤɜ ɛŮɛɓɟŬɜɩɜ 

ˊɞɡ ɛŮɘɩɜɞɡɜ Űɖɜ ůŰŬɗŮɟɧŰɖŰŬ Űɞɡ ŭɘŮˊɘűŬɜŮɘŬəɞɨ ŭŮůɛɞɨ. ɆŮ ɞɟɘůɛɏɜŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ, ɖ ŬˊɞəŬŰɎůŰŬůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɏůɤ ˊŮɟɘůůɧŰŮɟɤɜ Ŭˊɧ ɛɘŬ ˊɚŬəɩɜ 

əŬɘ ɖ ŭɘŬůɨɜŭŮůɐ Űɞɡɠ ɛŮ Űɞ ɞůŰɧ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ɗɏůɖ Űɖɠ ˊɚɎəŬɠ əŬɘ Űɖɜ 

ˊɞɘɧŰɖŰŬ Űɖɠ ůɨɜŭŮůɖɠ. ũɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ ɓɏɚŰɘůŰɖɠ ŬɜŰɞɢɐɠ əŬɘ ŬəŬɛɣɑŬɠ, ɞɘ 

ɞɟɗɞˊŮŭɘəɏɠ ˊɚɎəŮɠ ˊɟɏˊŮɘ ɜŬ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ, ɩůŰŮ Űɞ əŬɜɞɜɘəɧ 

ɛɞŰɑɓɞ űɧɟŰɘůɖɠ ɜŬ űɏɟŮɘ ŮűŮɚəɡůŰɘəɧ űɞɟŰɑɞ Ůˊɑ Űɖɠ əɎɗŮ ˊɚɎəŬɠ. Ⱥˊɑůɖɠ ɖ 

ŬəŬɛɣɑŬ Űɖɠ ɞůŰŮɞůɨɜɗŮůɖɠ ŬˊɞŰŮɚŮɑ ɏɜŬ ˊŬɟɞŭɘəɧ űŬɘɜɧɛŮɜɞ ŬɜɎɚɞɔɞ Űɖɠ 

Ŭˊɞɟɟɧűɖůɖɠ Űɞɡ ɞůŰɞɨ ɔɨɟɤ Ŭˊɧ ŰŬ ůˊŮɘɟɩɛŬŰŬ. ɆɡɔəŮəɟɘɛɏɜŬ, ɖ ŬɜɘůɞŰɟɞˊɑŬ Űɖɠ 
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ɞůŰŮɞůɨɜŭŮůɖɠ ɛŮɘɩɜŮŰŬɘ ɛŮ Űɖɜ ˊŬɟɏɛɓŬůɖ Űɤɜ ŭɨɞ ˊɚŬəɩɜ ŬˊɞəŬɗɘůŰɩɜŰŬɠ 

ɡɣɖɚɎ ŮˊɑˊŮŭŬ ŬɜŰɞɢɐɠ əŬɘ ŬəŬɛɣɑŬɠ Űɖɠ ůŰŮɟɏɤůɖɠ, ɤůŰɧůɞ ŭŮɜ ŮɝŬɚŮɑűŮŰŬɘ 

ˊɚɐɟɤɠ ɞ ůɢɖɛŬŰɘůɛɧɠ ɛŮɛɓɟɎɜɖɠ əŬɘ Űɞ ˊɟɧɓɚɖɛŬ Ŭˊɞɟɟɧűɖůɖɠ. ɆɡɜŮˊɩɠ, ɞ 

ɛɖɢŬɜɘəɧɠ ŭŮůɛɧɠ ˊŬɟɞɡůɘɎɕŮɘ ůɖɛŬɜŰɘəɞɨɠ ˊŮɟɘɞɟɘůɛɞɨɠ ɛŮ ůɡɜŮˊŬəɧɚɞɡɗɖ Űɖɜ 

ɛɖ-ɛɧɜɘɛɖ ŬˊɞəŬŰɎůŰŬůɖ Űɞɡ ůəŮɚŮŰɘəɞɨ ɘůŰɞɨ.     

    ȳůɞɜ ŬűɞɟɎ ůŰɞɡɠ űɡůɘəɞɨɠ ŭŮůɛɞɨɠ,  ɞɘ ɞˊɞɑɞɘ  ŮɜŮɟɔɞˊɞɘɞɨɜŰŬɘ ɛɏůɤ űɡůɘəɩɜ 

ŮɟŮɗɘůɛɎŰɤɜ ɧˊɤɠ ɛŬɔɜɖŰɘəɏɠ ɐ ɓŬɟɡŰɘəɏɠ ŭɡɜɎɛŮɘɠ, ŭŮɜ ŮɜŭŮɘəɜɨŰŬɘ ɤɠ ŬˊɞŰŮ-

ɚŮůɛŬŰɘəɐ ŰŮɢɜɘəɐ ŬˊɞəŬŰɎůŰŬůɖɠ ɞůŰɞɨ əŬɘ ɛɏůɤ Ůɘɠ ɎŰɞˊɞ ŮˊŬɔɤɔɐɠ ɞɘ ɢɖɛɘəɞɑ 

ŭŮůɛɞɑ  ŬˊɞŰŮɚɞɨɜ Űɞɜ ˊɘɞ ɚɡůɘŰŮɚɐ Űɟɧˊɞ ŭɘŬůɨɜŭŮůɖɠ.  ɆŰɖɜ ˊŬɟŬəɎŰɤ ůɢɖɛŬŰɘəɐ 

ŬˊŮɘəɧɜɘůɖ ŬɜŬˊŬɟɑůŰŬɜŰŬɘ ɞɘ Űɨˊɞɘ ɢɖɛɘəɩɜ ŭɘŮˊɘűŬɜŮɘŬəɩɜ ŭŮůɛɩɜ ɛŮŰŬɝɨ 

ɓɘɞɡɚɘəɞɨ əŬɘ ɘůŰɞɨ (Ⱥɘə. 1.7.2.). ɆŰɖɜ ŬɜŬˊŬɟɎůŰŬůɖ 1.7.2.a. ŬɜŬˊŬɟɑůŰŬŰŬɘ ɞ 

ɎɛŮůɞɠ ɞɛɞɘɞˊɞɚɘəɧɠ-ɘɞɜŰɘəɧɠ ŭŮůɛɧɠ Űɖɠ ɞɛɎŭŬɠ P04
3- ůɡɜŭŮŭŮɛɏɜɖɠ ŰŬɡŰɧɢɟɞɜŬ ɛŮ 

ɏɜŬ ɞɟɔŬɜɘəɧ ůɡůŰŬŰɘəɧ Űɞɡ ɞůŰɞɨ əŬɘ ɏɜŬ əŬŰɘɧɜ ɐ ɘɧɜ ɞɝɡɔɧɜɞɡ ɛɘŬɠ əŮɟŬɛɘəɐɠ 

ŮˊɘűɎɜŮɘŬɠ. ɆŰɞ 1.7.2.b. ˊŬɟɞɡůɘɎɕŮŰŬɘ ɞ ɖɚŮəŰɟɞůŰŬŰɘəɧɠ ɢɖɛɘəɧɠ ŭŮůɛɧɠ ɛŮŰŬɝɨ 

ɛɘŬɠ ɗŮŰɘəɎ űɞɟŰɘůɛɏɜɖɠ ŬɛɘɜɞɛɎŭŬɠ (ɧˊɤɠ ɞɟɔŬɜɘəɐɠ ɚɡůɑɜɖɠ, Ŭɟɔɘɜɑɜɖɠ, 

ɡŭɟɞɝɡɚɡůɑɜɖɠ) ɛŮ ɛɘŬ ŬɟɜɖŰɘəɎ űɞɟŰɘůɛɏɜɖ ɞɝɡɔɞɜɞɨɢŬ ɞɛɎŭŬ Űɖɠ ŮˊɘűŬɜŮɑŬɠ 

əŮɟŬɛɘəɞɨ. ɆɢŮŰɘəɎ ɛŮ Űɞɡɠ ˊɘɞ ŬůɗŮɜŮɑɠ ŭŮɡŰŮɟŮɨɞɜŰŮɠ ɢɖɛɘəɞɨɠ ŭŮůɛɞɨɠ, ůŰɞ !c 

ŮɘəɞɜɑɕɞɜŰŬɘ ɞɘ ŭŮůɛɞɑ ɡŭɟɞɔɧɜɞɡ ɛŮŰŬɝɨ ɛɘŬɠ ɡŭɟɞɝɡɚɘɤɛɏɜɖɠ ŮˊɘűŬɜŮɑŬɠ əŬɘ ɛɘŬɠ 

əŬɟɓɞɝɡɚɘəɐɠ ɞɛɎŭŬɠ Ůɜɧɠ Ŭɛɘɜɞɝɏɞɠ. ɆŰŬ 1.7.2.d., 1.7.2.e. ŬɜŬˊŬɟɑůŰŬɜŰŬɘ ɞɘ ŭŮůɛɞɑ 

Van der Waals ɛɘŬɠ ŬɟɜɖŰɘəɎ űɞɟŰɘůɛɏɜɖɠ ŮˊɘűɎɜŮɘŬɠ ɛŮ ɛɘŬ ɎəŬɛˊŰɖ ɡŭɟɧůűŬɘɟŬ, ɖ 

ɞˊɞɑŬ ŭɨɜŬŰŬɘ ɜŬ ŭɘŬůɡɜŭɏůŮɘ ŭɘɎűɞɟŮɠ ɞɛɎŭŮɠ ɞɟɔŬɜɘəɩɜ ůɡůŰŬŰɘəɩɜ. ȷəɞɚɞɡɗŮɑ 

ɏɜŬɠ ˊɘɞ ˊɞɚɨˊɚɞəɞɠ Űɟɧˊɞɠ ŭɘŬůɨɜŭŮůɖɠ Ůɜɧɠ ůɡɜɗɏŰɞɡ ɘɞɜŰɘəɞɨ ŭŮůɛɞɨ/ŭŮůɛɞɨ 

van der Waals /ŭŮůɛɞɨ ɡŭɟɞɔɧɜɞɡ ɛŮŰŬɝɨ ɛɘŬɠ ŮˊɘűŬɜŮɑŬɠ əŬɘ ɞɘ ɖɚŮəŰɟɞůŰŬŰɘəɏɠ 

űɞɟŰɑůŮɘɠ ůŮ ŭŮɡŰŮɟŮɨɞɡůŮɠ ɗɏůŮɘɠ ˊɟɧůŭŮůɖɠ Űɞɡ əɞɚɚŬɔɧɜɞɡ (1.7.2.f). ȰɜŬɠ Ɏɚɚɞɠ 

ˊɘɗŬɜɧɠ Űɟɧˊɞɠ ŭɘŬůɨɜŭŮůɖɠ ŬˊɞŰŮɚŮɑ ɞ ɘɞɜŰɘəɧɠ-ɞɛɞɘɞˊɞɚɘəɧɠ ŭŮůɛɧɠ ɛɘŬɠ ŭɘŮˊɘűŬ-

ɜŮɘŬəɐɠ ŮˊɘŰŬɝɘŬəɐɠ əɟɡůŰŬɚɚɘəɐɠ ŬɜɎˊŰɡɝɖɠ ɛŮŰŬɝɨ ŮˊɘűŬɜŮɑŬɠ ɓɘɞɦɚɘəɞɨ əŬɘ 

əɟɡůŰɎɚɚɤɜ ɡŭɟɞɝɡŬˊŬŰɑŰɖ, ɞɘ ɞˊɞɑɞɘ ˊŮɟɘɏɢɞɜŰŬɘ ůŰɖɜ ɞůŰɘəɐ ɛɎɕŬ. ȷɜŬűɞɟɘəɎ, 

ɛɑŬ ŮˊɘŰŬɝɘŬəɐ ŭɘŮˊɘűɎɜŮɘŬ ˊŬɟɏɢŮɘ ɏɜŬɜ ɘɞɜŰɘəɧ-ɞɛɞɘɞˊɞɚɘəɧ ŭŮůɛɧ ŬɜŰɞɢɐɠ ɘůɞŭɨ-

ɜŬɛɞ ɛŮ ŮəŮɑɜɞ Űɞɡ ɛɏůɞɡ ɧɟɞɡ Űɤɜ ŭɨɞ ɡɚɘəɩɜ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖ ŭɘŮˊŬűɐ. 
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Ⱥɘə. 1.7.2:  ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɤɜ Űɨˊɤɜ ɢɖɛɘəɩɜ ŭɘŮˊɘűŬɜŮɘŬəɩɜ ŭŮůɛɩɜ ɛŮŰŬɝɨ ɞůŰɞɨ-

əŮɟŬɛɘəɞɨ ɓɘɞɡɚɘəɞɨ-a) ɎɛŮůɞɠ ɘɞɜŰɘəɧɠ-ɞɛɞɘɞˊɞɚɘəɧɠ ŭŮůɛɧɠ, b) ɖɚŮəŰɟɞůŰŬŰɘəɧɠ ɘɞɜŰɘəɧɠ 

ŭŮůɛɧɠ, c) ŭŮůɛɧɠ ɡŭɟɞɔɧɜɞɡ, d, e) ŭŮůɛɧɠ Van der Waals, f) ůɨɜɗŮŰɞɠ ŭŮůɛɧɠ ɛɏůɤ 

űɞɟŰɑůŮɤɜ ůŮ ɕɩɜŮɠ əɞɚɚŬɔɧɜɞɡ, g) ŮˊɘŰŬɝɘŬəɐ əɟɡůŰŬɚɚɘəɐ ŬɜɎˊŰɡɝɖ əɟɡůŰɎɚɚɤɜ 

ɡŭɟɞɝɡŬˊŬŰɑŰɖ ˊɎɜɤ ůŮ ɡˊɧůŰɟɤɛŬ xxx 

    O ɛɖɢŬɜɘůɛɧɠ ŭɘŬůɨɜŭŮůɖɠ ɛŮŰŬɝɨ ɓɘɞəŮɟŬɛɘəɞɨ əŬɘ ɘůŰɞɨ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ Ůɑŭɞɠ 

Űɞɡ ɡɚɘəɞɨ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ ɞůŰɘəɐ ŬˊɞəŬŰɎůŰŬůɖ: 1) ɔɘŬ Űɞɝɘəɧ 

ŮɛűɨŰŮɡɛŬ ɖ ˊŮɟɘɓɎɚɚɞɡůŬ Űɞɡ ɘůŰɞɨ ɜŮəɟɩɜŮɘ, 2) Űɞ ɛɖ Űɞɝɘəɧ, ɓɘɞŬŭɟŬɜɏɠ ɡɚɘəɧ 

ɞŭɖɔŮɑ ůŰɞ ůɢɖɛŬŰɘůɛɧ ɛɘŬɠ ɘɜɩŭɞɡɠ ɛŮɛɓɟɎɜɖɠ ˊɎɜɤ ůŰɞɜ ɘůŰɧ, 3) Űɞ ɛɖ Űɞɝɘəɧ, 

ɓɘɞŮɜŮɟɔɧ ɡɚɘəɧ ŬɜŬˊŰɨůůŮɘ ŭɘŮˊɘűŬɜŮɘŬəɞɨɠ ŭŮůɛɞɨɠ ɛŮ Űɞɜ ɘůŰɧ əŬɘ 4) Űɞ ɛɖ 

Űɞɝɘəɧ əŬɘ ŭɘŬɚɡŰɧ ɡɚɘəɧ ŬɜŰɘəŬŰŬůŰɎŰŬɘ Ŭˊɧ Űɞɜ ɘůŰɧ. ɆŰɞɜ ɄɑɜŬəŬ 1.7.1. 

əŬŰŬɔɟɎűɞɜŰŬɘ ŰŬ Ůɑŭɖ ŭɘŮˊɘűŬɜŮɘŬəɐɠ ŭɘŬůɨɜŭŮůɖɠ ůɡɜŬɟŰɐůŮɘ Űɞɡ Ůɑŭɞɡɠ Űɤɜ 

ɓɘɞəŮɟŬɛɘəɩɜ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŬŭɟŬɜɩɜ, ɛɘəɟɞˊɞɟɩŭɤɜ ɓɘɞəŮɟŬɛɘəɩɜ, ɧˊɤɠ 

ŮɑɜŬɘ ŰŬ ŮˊɘɢɟɑůɛŬŰŬ ɡŭɟɞɝɡŬˊŬŰɑŰɖ əŬɘ ŬɚɞɨɛɘɜŬɠ, ɖ ŬɜɎˊŰɡɝɖ ɘůŰɞɨ ɚŬɛɓɎɜŮɘ ɢɩɟŬ 

ɛɏůɤ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ˊɧɟɤɜ ɐ ŭɘŬɛɏůɞɡ Űɞɡ ŮɛűɡŰŮɨɛŬŰɞɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ 

əɘɜɖŰɘəɧŰɖŰŬ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ Ůɜɧɠ ˊɞɟɩŭɞɡɠ ŮɛűɡŰŮɨɛŬŰɞɠ ŭŮɜ ŮɑɜŬɘ ɘəŬɜɞ́ɞɘɖŰɘəɐ, 

ɞ  ɘůŰɧɠ ŰŮɑɜŮɘ ɜŬ əŬŰŬůŰɟŬűŮɑ, ɖ ˊŬɟɞɢɐ ŬɑɛŬŰɞɠ ůŰŬɛŬŰɎ ɞŭɖɔɩɜŰŬɠ ůŰɖɜ ɜɏəɟɤůɖ 

Űɞɡ ɘůŰɞɨ ŮɑŰŮ ůŮ űɚŮɔɛɞɜɐ əŬɘ ŮˊɏɟɢŮŰŬɘ əŬŰɎɟɟŮɡůɖ Űɖɠ ŭɘŮˊɘűŬɜŮɘŬəɐɠ 

ůŰŬɗŮɟɧŰɖŰŬɠ ɛŮŰŬɝɨ ɘůŰɞɨ əŬɘ ŮɛűɡŰŮɨɛŬŰɞɠ. ɆɡɜŮˊɩɠ, ɖ ˊɟɞůɏɔɔɘůɖ ŬɜɞɘɢŰɞɨ 

ˊɞɟɩŭɞɡɠ ɛŮ əŬɗɞɟɘůɛɏɜɞ ɛɏɔŮɗɞɠ ˊɧɟɤɜ ŮˊɘɚɨŮɘ ˊɟɞɓɚɖɛŬŰɘəɏɠ ˊŮɟɘɞɢɏɠ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ ˊɚɖɟɤŰɘəɩɜ /ˊɟɞůɗŮŰɘəɩɜ ŮɛűɡŰŮɡɛɎŰɤɜ, ŬɚɚɎ əŬɘ ůŮ ɓɘɞəŮɟŬɛɘəɏɠ 
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ŮˊɘəŬɚɨɣŮɘɠ ɛŮŰɎɚɚɤɜ (ůŰɟɩɛŬ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ˊɎɜɤ ůŮ ˊɞɟɩŭɖ ɛŮŰŬɚɚɘəɐ 

ŮˊɘűɎɜŮɘŬ ŰɘŰŬɜɑɞɡ).  

   ȳůɞɜ ŬűɞɟɎ Űɖɜ əŬŰɖɔɞɟɑŬ Ŭˊɞɟɟɞűɐůɘɛɤɜ ɓɘɞəŮɟŬɛɘəɩɜ (ˊŮɟɑˊŰɤůɖ 4), ŰŬ ɡɚɘəɎ 

ŬˊɞɟɟɞűɧɜŰŬɘ ůŰŬŭɘŬəɎ ŮɜŰɧɠ ůɡɔəŮəɟɘɛɏɜɞɡ ɢɟɞɜɘəɞɨ ŭɘŬůŰɐɛŬŰɞɠ əŬɘ ŬɜŰɘəŬɗɑ-

ůŰŬɜŰŬɘ Ŭˊɧ Űɞɜ űɡůɘəɧ ɘůŰɧ. ɇɞ ˊɎɢɞɠ Űɖɠ ŭɘŮˊɘűŬɜŮɘŬəɐɠ ŭɘŬůɨɜŭŮůɖɠ Űɤɜ Ůɜ ɚɧɔɤ 

ɓɘɞəŮɟŬɛɘəɩɜ ɛŮ Űɞɜ Ŭɜɗɟɩˊɘɜɞ ɘůŰɧ ŮɑɜŬɘ ˊɞɚɨ ɚŮˊŰɧ ɐ ɛɖŭŬɛɘɜɧ. ɇŬ Ŭˊɞɟ-

ɟɞűɐůɘɛŬ ɓɘɞəŮɟŬɛɘəɎ ŬˊɞŰŮɚɞɨɜ ɘŭŬɜɘəɐ ɓɘɞůɡɛɓŬŰɐ ɛɏɗɞŭɞ ůŮ ɗɏɛŬŰŬ ɘůŰɞɛɖ-

ɢŬɜɘəɐɠ, ɤůŰɧůɞ ˊŬɟɞɡůɘɎɕɞɡɜ əɎˊɞɘŮɠ ˊɟɞɓɚɖɛŬŰɘəɏɠ ˊŮɟɘɞɢɏɠ. Ƀɘ Ůˊɘˊɚɞəɏɠ ůŰɖɜ 

ŬɜɎˊŰɡɝɖ ŮˊŬɜŬɟɟɞűɐůɘɛɤɜ ɓɘɞəŮɟŬɛɘəɩɜ ˊɟɞɝŮɜɞɨɜŰŬɘ Ŭˊɧ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ (1) ɖ 

ŭɘŬŰɐɟɖůɖ Űɖɠ ŬɜŰɞɢɐɠ əŬɘ ɖ ůŰŬɗŮɟɧŰɖŰŬ Űɖɠ ŭɘŬůɨɜŭŮůɖɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

ˊŮɟɘɧŭɞɡ Ŭˊɞŭɧɛɖůɖɠ əŬɘ ŬɜŰɘəŬŰɎůŰŬůɖɠ ŭŮɜ ŮɑɜŬɘ ŭŮŭɞɛɏɜɖ əŬɘ (2) ŰŬ ˊɞůɞůŰɎ 

Ŭˊɞɟɟɧűɖůɖɠ ŭɘŬűɏɟɞɡɜ ůɖɛŬɜŰɘəɎ  Ŭˊɧ ŰŬ ˊɞůɞůŰɎ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɖɜ 

ŮˊɘůəŮɡɐ Űɤɜ ɘůŰɩɜ Űɞɡ ůɩɛŬŰɞɠ, 3) ɛŮɟɘəɎ ɓɘɞɡɚɘəɎ ŭɘŬɚɨɞɜŰŬɘ ˊɞɚɨ ɔɟɐɔɞɟŬ ŮɑŰŮ  

ˊɎɟŬ ˊɞɚɨ ŬɟɔɎ. Ⱥˊɘˊɚɏɞɜ, ŮˊŮɘŭɐ ɛŮɔɎɚɖ ˊɞůɧŰɖŰŬ ɓɘɞɦɚɘəɞɨ ŭɨɜŬŰŬɘ ɜŬ 

ŬɜŰɘəŬŰŬůŰŬɗŮɑ, əɟɑɜŮŰŬɘ ŬˊŬɟŬɑŰɖŰɞ ɧŰɘ Űɞ ɓɘɞŬˊɞɟɟɞűɐůɘɛɞ ŮɛűɨŰŮɡɛŬ ŬˊɞŰŮ-

ɚŮɑŰŬɘ ɛɧɜɞ Ŭˊɧ ɛŮŰŬɓɞɚɘəɎ ŬˊɞŭŮəŰɏɠ, ɛɖ Űɞɝɘəɏɠ ɞɡůɑŮɠ. ɇɞ əɟɘŰɐɟɘɞ ŬɡŰɧ ɗɏŰŮɘ 

ůɖɛŬɜŰɘəɞɨɠ ˊŮɟɘɞɟɘůɛɞɨɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ ůɨɜɗŮůɖ  Ŭˊɞɟɟɞűɐůɘɛɤɜ ɓɘɞɦɚɘəɩɜ.   

    ȳůɞɜ ŬűɞɟɎ ůŰŬ ɓɘɞŮɜŮɟɔɎ ɡɚɘəɎ (ˊŮɟɑˊŰɤůɖ 3), ŮɑɜŬɘ ɓɘɞŭɟŬůŰɘəɎ əŬɘ Ŭˊɞɟɟɞűɐ-

ůɘɛŬ ˊɞɡ ˊɟɞəŬɚɞɨɜ ɓɘɞɚɞɔɘəɐ Ŭˊɧəɟɘůɖ ůŰɖɜ ŭɘŮˊɘűɎɜŮɘŬ Űɞɡ ɡɚɘəɞɨ ůɢɖɛŬŰɑ-

ɕɞɜŰŬɠ ŭɘŮˊɘűŬɜŮɘŬəɧ ŭŮůɛɧ ɛŮ Űɞɜ ɘůŰɧ. ȼ ɢɟɞɜɘəɐ ŮɝɎɟŰɖůɖ Űɖɠ ůɡɔəɧɚɚɖůɖɠ, ɖ 

ŬɜŰɞɢɐ Űɞɡ ŭŮůɛɞɨ, ɞ ɛɖɢŬɜɘůɛɧɠ Űɖɠ ůɡɔəɧɚɚɖůɖɠ, əŬɘ Űɞ ˊɎɢɞɠ Űɖɠ ɕɩɜɖɠ ŭɘŬůɡɜ-

ŭɏůŮɤɠ ŭɘŬűɏɟɞɡɜ ŬɜɎɚɞɔŬ ɛŮ Űɞ ɓɘɞŮɜŮɟɔɧ ɡɚɘəɧ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ.  

ɄɑɜŬəŬɠ 1.7.1. Ⱥɑŭɖ ȾŮɟŬɛɘəɩɜ, ɆɨɜŭŮůɖ ɛŮ Űɞɜ ȽůŰɧ, ȸɘɞəŮɟŬɛɘəɐ ɇŬɝɘɜɧɛɖůɖxxxi 

ɇɨˊɞɠ ŭɘŬůɨɜŭŮůɖɠ ȾŮɟŬɛɘəɧ (ˊŬɟɎŭŮɘɔɛŬ) 

1) ɀɞɟűɞɚɞɔɘəɐ ŭɘŬůɨɜŭŮůɖ (ɞůŰɘəɐ 
ŬɜɎˊŰɡɝɖ ɛɏůɤ ŮˊɘűŬɜŮɘŬəɩɜ 

ŬŰŮɚŮɘɩɜ) 

ɄɡəɜɎ, ɛɖ ˊɞɟɩŭɖ, ɛŮɟɘəɩɠ ŬŭɟŬɜɐ 

əŮɟŬɛɘəɎ (ɛɞɜɞəɟɡůŰŬɚɚɘəɐ, ˊɞɚɡəɟɡ-

ůŰŬɚɚɘəɐ Al2O3) 

2) ȸɘɞɚɞɔɘəɐ ŭɘŬůɨɜŭŮůɖ (ɞůŰɘəɐ 

ŬɜɎ́Űɡɝɖ ɛɏůɤ ɛɖɢŬɜɘəɩɜ ŭŮůɛɩɜ 

ɛŮ Űɞ ŮɛűɨŰŮɡɛŬ) 

Ʉɞɟɩŭɖ ŬŭɟŬɜɐ ŮɛűɡŰŮɨɛŬŰŬ (ˊɞɚɡəɟɡ-

ůŰŬɚɚɘəɧ ˊɞɟɩŭŮɠ Al2O3, ŮˊɘəŬɚɨɣŮɘɠ 

ɡŭɟɞɝɡŬˊŬŰɑŰɖ ůŮ ˊɞɟɩŭɖ ɛɏŰŬɚɚŬ ) 

3) ȸɘɞŮɜŮɟɔɐ ŭɘŬůɨɜŭŮůɖ (ɎɛŮůɖ 

ɞůŰɘəɐ ůɨɜŭŮůɖ ɛɏůɤ ɢɖɛɘəɩɜ 

ŭŮůɛɩɜ) 

ɄɡəɜɎ, ŮˊɘűŬɜŮɘɞŮɜŮɟɔɎ, ɛɖ ˊɞɟɩŭɖ əŮɟŬ-

ɛɘəɎ, ɨŬɚɞɘ, ɡŬɚɞəŮɟŬɛɘəɎ (ɓɘɞŮɜŮɟɔɎ 

ɔɡŬɚɘɎ, ɡŭɟɞɝɡŬˊŬŰɑŰɖɠ, ɓɘɞŮɜŮɟɔɎ ɡŬɚɞ-

əŮɟŬɛɘəɎ) 

4) ɆŰŬŭɘŬəɐ ɞůŰɘəɐ ŬɜŰɘəŬŰɎůŰŬůɖ 

ŮɛűɡŰŮɨɛŬŰɞɠ 

ɄɡəɜɎ, ˊɞɟɩŭɖ/ ɛɖ ˊɞɟɩŭɖ, Ŭˊɞɟɟɞ-

űɐůɘɛŬ əŮɟŬɛɘəɎ (ɗŮɘɘəɧ ŬůɓɏůŰɘɞ, űɤů-

űɞɟɘəɧ ŰɟɘŬůɓɏůŰɘɞ, ɎɚŬŰŬ űɤůűɞɟɘəɞɨ 

ŬůɓŮůŰɑɞɡ) 
 

    Ƀ ɓŬɗɛɧɠ ŭɟŬůŰɘəɧŰɖŰŬɠ Ůɜɧɠ ŮɛűɡŰŮɨɛŬŰɞɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ˊɎɢɞɠ Űɖɠ ŭɘŮˊɘ-

űŬɜŮɘŬəɐɠ ɕɩɜɖɠ /ůŰɟɩɛŬŰɞɠ ɛŮŰŬɝɨ ɡɚɘəɞɨ əŬɘ ɘůŰɞɨ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɏɜŬ 

ɓɘɞɦɚɘəɧ ŮɑɜŬɘ ůɢŮŭɧɜ ŬŭɟŬɜɏɠ əŬɘ ɖ ŭɘŮˊɘűɎɜŮɘŬ ŭŮɜ ŮɑɜŬɘ ɢɖɛɘəɎ ɐ ɓɘɞɚɞɔɘəɎ 

ůɡɜŭŮŭŮɛɏɜɖ, ŰɧŰŮ ɡˊɎɟɢŮɘ ůɢŮŰɘəɐ əɑɜɖůɖ əŬɘ ˊɟɞɞŭŮɡŰɘəɐ ŬɜɎˊŰɡɝɖ ɛɘŬɠ ɛɖ 
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ˊɟɞůəɞɚɚɖɛɏɜɖɠ ɘɜɩŭɞɡɠ ɛŮɛɓɟɎɜɖɠ ˊɎɜɤ ůŰɞɜ ɛŬɚŬəɧ ɐ ůəɚɖɟɧ ɘůŰɧ. ȼ ˊɟɞŬɜŬ-

űŮɟɗŮɑůŬ əɑɜɖůɖ ůŰɖɜ ŭɘŬůɨɜŭŮůɖ Űɞɡ ɓɘɞɦɚɘəɞɨ-ɘůŰɞɨ ŰŮɚɘəɎ ɞŭɖɔŮɑ ůŮ ŮˊɘŭŮɑɜɤůɖ 

Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ŮɛűɡŰŮɨɛŬŰɞɠ, ůŰɖɜ Ŭɚɚɞɑɤůɖ Űɞɡ ɘůŰɞɨ ɐ ůŰɖɜ əŬŰŬůŰɟɞűɐ Űɖɠ 

ɛŮŰŬɝɨ Űɞɡɠ ŭɘŮˊŬűɐɠ. ɇɞ ˊɎɢɞɠ Űɖɠ ŬɜŬˊŰɡůůɧɛŮɜɖɠ ɘɜɩŭɞɡɠ ɛŮɛɓɟɎɜɖɠ, ɖ ɞˊɞɑŬ 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ Ŭˊɧ Űɖɜ ŬɜŰɑŭɟŬůɖ Űɞɡ ɞɟɔŬɜɘůɛɞɨ ůŰɞ ŮɛűɨŰŮɡɛŬ, ˊɞɘəɑɚɚŮɘ ůŮ 

ɛŮɔɎɚɞ ɓŬɗɛɧ ŬɜɎɚɞɔŬ ɛŮ Űɞ ɡɚɘəɧ əŬɘ Űɖɜ ɏəŰŬůɖ Űɖɠ ůɢŮŰɘəɐɠ əɑɜɖůɖɠ (Ⱥɘə. 1.7.3). 

 

Ⱥɘə. 1.7.3: ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ůɨɔəɟɘůɖɠ ˊɎɢɞɡɠ ŭɘŮˊɘűɎɜŮɘŬɠ ůŰɟɩɛŬŰɞɠ ŬɜŰɘŭɟɎůŮɤɠ ɛŮ 

Űɞ ɓɘɞŭɟŬůŰɘəɧ ŮɛűɨŰŮɡɛŬ ɐ Űɞɡ ɘɜɩŭɞɡɠ ɘůŰɞɨ Űɤɜ ŬɜŮɜŮɟɔɩɜ ɓɘɞəŮɟŬɛɘəɩɜ ˊɎɜɤ ůŰɞ ɞůŰɧ 
xxxi 

 

1.8. ɈŭɟɞɝɡŬˊŬŰɑŰɖɠ 

Ƀɘ ŬˊŬŰɑŰŮɠ ŬˊɞŰŮɚɞɨɜ ŬɜɧɟɔŬɜŮɠ ŮɜɩůŮɘɠ ɛŮ ɔŮɜɘəɧ Űɨˊɞ Ca5(PO4)3X2, ɧˊɞɡ X 

ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɘɧɜŰŬ űɗɞɟɑɞɡ (űɗɞɟɞŬˊŬŰɑŰŮɠ, FAp), ɘɧɜŰŬ ɢɚɤɟɑɞɡ (ɢɚɤɟɞŬˊŬŰɑŰŮɠ, 

ClAp) ɐ  ɘɧɜŰŬ ɡŭɟɞɝɡɚɑɞɡ (ɡŭɟɞɝɡŬˊŬŰɑŰŮɠ, OHAp). Ƀ ɡŭɟɞɝɡŬˊŬŰɑŰɖɠ Ca10(PO4) 

6(OH)2 ŮɑɜŬɘ Űɞ ɓŬůɘəɧ ŭɞɛɘəɧ ŬɜɧɟɔŬɜɞ ůɡůŰŬŰɘəɧ Űɤɜ ɞůŰɩɜ əŬɘ ŭɞɜŰɘɩɜ əŬɘ ŮɑɜŬɘ 

əŬŰɎ əŬɜɧɜŬ ɛɘəɟɐɠ əɟɡůŰŬɚɚɘəɧŰɖŰŬɠ ɐ ůŰɞɘɢŮɘɞɛŮŰɟɘəɧɠ, ɞ ɞˊɞɑɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 

39,68% Ca,18,45% Ʌ, Ca/P 2,152 wt əŬɘ Ca/P 1,667 molar. Ƀ ɚɧɔɞɠ Ca/P Űɞɡ 

űɡůɘəɞɨ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ŮɑɜŬɘ 1,5 molar əŬɘ 1,67 molar Űɞɡ ůɡɜɗŮŰɘəɞɨ ŬɜŰɑůŰɞɘɢŬ. 

ȷˊɞŰŮɚŮɑ Űɞ ɚɘɔɧŰŮɟɞ ŭɘŬɚɡŰɧ əŬɘ ˊɘɞ ůŰŬɗŮɟɧ ɎɚŬɠ Űɞɡ ŬůɓŮůŰɑɞɡ. ȼ ɞůŰɘəɐ ɞɡůɑŬ 

Ŭɜ əŬɘ ˊŬɟɧɛɞɘŬ Űɞɡ ɡŭɟɞɝɡŬˊŬŰɑŰɖ, ˊŮɟɘɏɢŮɘ Ůˊɘˊɚɏɞɜ ɢɚɩɟɘɞ, ɛŬɔɜɐůɘɞ, ɜɎŰɟɘɞ əŬɘ 

ɎɚɚŮɠ ɘɞɜŰɘəɏɠ ˊɟɞůɛɑɝŮɘɠ. Ƀ ɓɘɞɚɞɔɘəɧɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖɠ ˊŮɟɘɏɢŮɘ 4% əŬŰɎ ɓɎɟɞɠ 

ŬɜɗɟŬəɘəɎ ɎɚŬŰŬ əŬɘ ŮɑɜŬɘ ůŰŬɗŮɟɧɠ ůŮ pH 9-12. (xxxii)  
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ȹɞɛɐ ɈŭɟɞɝɡŬˊŬŰɑŰɖ 

 

Ⱥɘə. 1.8.1. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ŮɝŬɔɤɜɘəɐɠ ɛɞɟűɐɠ əɟɡůŰɎɚɚɞɡ ɡŭɟɞɝɡŬˊŬŰɑŰɖ xxxii 

 ɆɢŮŰɘəɎ ɛŮ Űɖɜ ŭɞɛɐ Űɞɡ ɡŭɟɞɝɡŬˊŬŰɑŰɖ (Ⱥɘə. 1.8.1.), ɞɘ əɟɡůŰŬɚɚɑŰŮɠ Űɞɡ ɏɢɞɡɜ Űɖ 

ɛɞɟűɐ ɚŮˊŰɩɜ ˊɚŬəɩɜ ɐ ɓŮɚɧɜɤɜ ɛŮ ŭɘŬůŰɎůŮɘɠ 10-100 nm. ȿŬɛɓɎɜɞɜŰŬɠ ɡˊô ɧɣɖ 

Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ ˊɚɏɔɛŬŰɞɠ Űɞɡ ɡŭɟɞɝɡŬˊŬŰɑŰɖ (Ŭ = 0.942 nm, c = 0.687 nm) əŬɘ Űɖɜ 

ůɡÕÕŮŰɟɑŬ Űɞɡ (ŮɝŬɔɤɜɘəɐ, S.G. P63/m) ˊɘɗŬɜɧŰŮɟɞɠ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ ŬɜɎˊŰɡɝɖɠ 

Űɤɜ ÕɞɜŬŭɘŬɑɤɜ əɟɡůŰŬɚɚɘŰɩɜ ŮɑɜŬɘ əŬŰɎ ɛɐəɞɠ Űɞɡ ɎɝɞɜŬ c. TŬ ɎŰɞɛŬ ŬůɓŮůŰɑɞɡ 

Űɞɡ ŭɘŬɛɏɜɞɜŰŬɘ ůŮ ŭɨɞ ɗɏůŮɘɠ: ɏɝɘ ɎŰɞɛŬ ŬɜɎ ɛɞɜŬŭɘŬɑŬ əɡɣŮɚɑŭŬ ŮɑɜŬɘ ůŰɖ ɗɏůɖ Ca 

(II) əŬɘ ŰɏůůŮɟŬ ɎŰɞɛŬ ŬɜɎ ɛɞɜŬŭɘŬɑŬ əɡɣŮɚɑŭŬ ŮɑɜŬɘ ůŮ ɗɏůɖ Ca (Ƚ). ɇŬ ɎŰɞɛŬ ůŰɖ 

ɗɏůɖ Ca (Ƚ) ɓɟɑůəɞɜŰŬɘ ˊɎɜɤ ůŰɞɜ Űɟɘˊɚɧ ɎɝɞɜŬ əŬɘ ˊŮɟɘɓɎɚɚɞɜŰŬɘ Ŭˊɧ ŮɜɜɏŬ ɎŰɞɛŬ 

ɞɝɡɔɧɜɞɡ Űɤɜ űɤůűɞɟɘəɩɜ ɞɛɎŭɤɜ. ɇŬ ɎŰɞɛŬ ŬůɓŮůŰɑɞɡ Űɖɠ ɗɏůɖɠ Ca (II) ůɢɖɛŬ-

Űɑɕɞɡɜ ɘůɧˊɚŮɡɟŬ ŰɟɑɔɤɜŬ, ɧˊɞɡ ůŰɞ əɏɜŰɟɞ Űɞɡ ŮɝŬɔɤɜɘəɞɨ Űɞɡɠ ɎɝɞɜŬ ɓɟɑůəŮŰŬɘ 

ɏɜŬ ɎŰɞɛɞ űɗɞɟɑɞɡ, əŬɘ ůŰɘɠ ɏəəŮɜŰɟŮɠ ɗɏůŮɘɠ ɡˊɎɟɢɞɡɜ ɡŭɟɞɝɡɚɞɛɎŭŮɠ. ȷɡŰɧɠ ɞ 

ˊɟɞŰɘɛɖŰɏɞɠ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ ŮɑɜŬɘ əŬŰɎ ˊɎůŬɜ ˊɘɗŬɜɧŰɖŰŬ ɡˊŮɨɗɡɜɞɠ ɔɘŬ Űɖɜ 

ɓŮɚɞɜɞŮɘŭɐ Űɞɡ ÕɞɟűɞɚɞɔɑŬ, ɖ ɞˊɞɑŬ əŬɗɞɟɑɕŮɘ Űɘɠ ŰŮɚɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɞůŰɞɨ. Ƀ 

ůŰɞɘɢŮɘɞɛŮŰɟɘəɧɠ ɐ ɓɘɞɚɞɔɘəɧɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖɠ ˊŬɟɞɡůɘɎɕŮɘ ŮɑŰŮ ŭɞɛɘəɏɠ ŬŰɏɚŮɘŮɠ 

(ˊ.ɢ. əɟɡůŰŬɚɚɘəɎ əŮɜɎ) ŮɑŰŮ ŬɜŰɘəŬŰŬůŰɎůŮɘɠ Űɤɜ ɘɧɜŰɤɜ Ca2+, PO4
3- əŬɘ Ƀȼ- Ŭˊɧ 

ɝɏɜŬ ɘɧɜŰŬ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ŬɜŰɘəŬŰɎůŰŬůɖ ɡŭɟɞɝɡɚɘɧɜŰɤɜ Ŭˊɧ ŬɜɗɟŬəɘəɎ ɘɧɜŰŬ. Ƀɘ 

ɡˊɞəŬŰŬůŰɎůŮɘɠ ɘɧɜŰɤɜ ůɡɜŰŮɚɞɨɜ ůŰɖɜ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɖɠ ŮɝŬɔɤɜɘəɐɠ ŭɞɛɐɠ, Ůɜɩ ɖ 

ˊɟɞůəɧɚɚɖůɖ ɞɟɔŬɜɘəɩɜ ůɤɛŬŰɘŭɑɤɜ ůŮ əɟɡůŰŬɚɚɘəɏɠ űɎůŮɘɠ (ˊ.ɢ. ŬɛɘɜɞɝɏŬ) 

ŭɨɜŬŰŬɘ ɜŬ ŬɜŬůŰɏɚɚŮɘ ɐ ŮɛˊɞŭɑůŮɘ Űɞɜ ůɢɖɛŬŰɘůɛɧ ŮɝŬɔɤɜɘəɐɠ ŭɞɛɐɠ. 

 

Ⱥɘə.1.8.2.ȹŮɝɘɎ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ŬŰɞɛɘəɐ ŭɞɛɐ ȼȷp əŬɘ ŬɟɘůŰŮɟɎ ɖ ˊɟɞɓɞɚɐ Űɞɡ ůŰɞɜ ɎɝɞɜŬ 

c xxxiii 
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      Ƀɘ ɓŮɚɞɜɞŮɘŭŮɑɠ ɜŬɜɞəɟɨůŰŬɚɚɞɘ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ŮɡɗɡɔɟŬɛɛɑɕɞɜŰŬɘ əŬŰɎ ɛɐəɞɠ 

Űɤɜ ɘɜɩɜ əɞɚɚŬɔɧɜɞɡ Űɞɡ ɞůŰɞɨ ˊɟɞůŭɑŭɞɜŰŬɠ ůŰɞ ůɨɜɗŮŰɞ ŬɡɝɖɛɏɜŮɠ ɛɖɢŬɜɘəɏɠ 

ŬɜŰɞɢɏɠ. ɋůŰɧůɞ, ɖ ́ɚŮɘɞɜɧŰɖŰŬ Űɤɜ əɟɡůŰŬɚɚɘŰɩɜ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ˊŮɟɘɏɢɞɡɜ ŭɘŭɡ-

ɛɑŮɠ əŬɘ ůűɎɚɛŬŰŬ ŮˊɘůŰɞɑɓŬɝɖɠ, ɛŮ ůɡɜɏˊŮɘŬ ɞɘ ɡˊɞəɟɡůŰŬɚɚɑŰŮɠ ɜŬ ɏɢɞɡɜ Űɖɜ 

ɛɞɟűɐ əɡɚɑɜŭɟɤɜ ɐ ɓŮɚɞɜɩɜ. Ⱥˊɘˊɚɏɞɜ, ŰŬ ůɤɛŬŰɑŭɘŬ Ůˊɘɛɖəɩɜ ɜŬɜɞəɟɡůŰŬɚɚɘŰɩɜ 

ɡŭɟɞɝɡŬˊŬŰɑŰɖ ŭŮɜ ŮɛűŬɜɑɕɞɡɜ ˊɧɟɞɡɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɠ ŬɜɘůɞŰɟɞˊɘəɐ əɟɡůŰŬɚɚɘəɐ 

ŬɜɎ́Űɡɝɖ ɛŮ ɛɏůɞ ɛɐəɞɠ əɟɡůŰŬɚɚɑŰɖ 40-60 nm, 20nm ˊɚɎŰɞɠ əŬɘ 1,5-5nm ˊɎɢɞɠ. 

ȵɠ ɜŬɜɞůɤɛŬŰɑŭɘŬ, ŭɘŬɗɏŰɞɡɜ ɡɣɖɚɧ ɚɧɔɞ ŮˊɘűɎɜŮɘŬɠ ˊɟɞɠ ɧɔəɞɡ, Űɞ ɞˊɞɑɞ ˊɟɞůűɏ-

ɟŮŰŬɘ ɔɘŬ ɏɚŮɔɢɞ ˊɟɤŰŮɥɜɘəɐɠ ŬɜŰɑŭɟŬůɖɠ, ɧˊɤɠ Ŭˊɞɟɟɧűɖůɖɠ, ŭɘŬɛɧɟűɤůɖɠ əŬɘ ɓɘɞ-

ŮɜŮɟɔɧŰɖŰŬɠ ŬɡŰɩɜ ɛŮ ůəɞˊɧ Űɖɜ ŮˊŬəɧɚɞɡɗɖ ɞůŰŮɞɓɚŬůŰɘəɐ ˊɟɞůəɧɚɚɖůɖ. (xxxii) 

(xxxiii)  

ȽŭɘɧŰɖŰŮɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖ 

ȷˊɧ Ɏˊɞɣɖ ŬɜŰɞɢɐɠ, ɞ əŬɗŬɟɧɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖɠ ŮɑɜŬɘ ɏɜŬ ůəɚɖɟɧ əŬɘ ŮɨɗɟŬɡůŰɞ 

əŮɟŬÕɘəɧ ÕŮ ÕɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ 130 GPa, ŰɘÕɐ ÕɏɔɘůŰɖɠ ˊŬɟŬÕɧɟűɤůɖɠ 0.001 əŬɘ 

ÕɏɔɘůŰɖ ŬɜŰɞɢɐ 100 MPa. ɇŬ ůŰɞɘɢŮɑŬ ŬɡŰɎ ɛŮŰŬɓɎɚɚɞɜŰŬɘ ɧŰŬɜ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɓɘɞəŮ-

ɟŬÕɘəɧ, Űɞ ɞˊɞɑɞ ůɡɜŭɡɎɕŮŰŬɘ ÕŮ ɎɚɚŬ ɡɚɘəɎ (əɟɎÕŬŰŬ, ˊɞɚɡÕŮɟɐ ə.Ŭ.). ȷˊɞŰŮɚŮɑ 

ɛɘŬ ɗŮɟɛɘəɎ ŬůŰŬɗɐɠ ɏɜɤůɖ, əŬɗɩɠ ŬˊɞůɡɜŰɑɗŮŰŬɘ ůŮ ɗŮɟɛɞəɟŬůɑŬ 800-1200ÁC 

ŬɜɎɚɞɔŬ ɛŮ Űɖ ůŰɞɘɢŮɘɞɛŮŰɟɑŬ Űɞɡ, Ůɜɩ ɖ ˊɡəɜɐ ɛɞɟűɐ Űɞɡ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ŭŮɜ 

ŭɘŬŰɖɟŮɑŰŬɘ ɔɘŬ ÕŮɔɎɚɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ůŮ ˊŮɟɘɓɎɚɚɞɜŰŬ ɧˊɞɡ ŬůəɞɨɜŰŬɘ ɛŮɔɎɚŮɠ 

ˊɘɏůŮɘɠ əŬɘ Űɟɘɓɏɠ, ŭɘŬŰɖɟɩɜŰŬɠ ɤůŰɧůɞ Űɖɜ ɓɘɞůɡÕɓŬŰɧŰɖŰɎ Űɞɡ. Ƀ ůɡɜɗŮŰɘəɧɠ 

ɡŭɟɞɝɡŬˊŬŰɑŰɖɠ ˊŬɟɞɡůɘɎɕŮɘ ɎɟɘůŰɖ ɓɘɞůɡɛɓŬŰɧŰɖŰŬ ɛŮ Űɞɜ Ŭɜɗɟɩˊɘɜɞ ɞɟɔŬɜɘůɛɧ, 

űŬɘɜɞɛŮɜɘəɎ ůɢɖɛŬŰɑɕɞɜŰŬɠ ɎɛŮůɞ ɢɖɛɘəɧ ŭŮůɛɧ ɛŮ Űɞɡɠ ɘůŰɞɨɠ, ŮɑɜŬɘ ɓɘɞŬˊɞɟ-

ɟɞűɐůɘɛɞɠ, ɞůŰŮɞŬɔɩɔɘɛɞɠ əŬɘ ˊŬɟɞɡůɘɎɕŮɘ ɛɖ Űɞɝɘəɐ/űɚŮɔɛɞɜɩŭɖ /ŬɜɞůɞɔɧɜŬ 

ůɡɛˊŮɟɘűɞɟɎ. ɇŬ ɜŬɜɞůɤɛŬŰɑŭɘŬ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ɐ Űɞ ˊɞɟɩŭŮɠ ŭɑəŰɡɞ ɡŭɟɞɝɡŬˊŬŰɑŰɖ 

əŬŰɎ Űɖɜ ŮɜůɤɛɎŰɤůɖ ůŰɞ ůəŮɚŮŰɘəɧ ůɨůŰɖɛŬ, ůɢɖɛŬŰɑɕɞɡɜ ɜɏŬ ŭɘəŰɡɤŰɎ ɞůŰɘəɎ 

ˊɞɚɡůŰɟɩɛŬŰŬ ŮɜŰɧɠ ɢɟɞɜɘəɞɨ ŭɘŬůŰɐɛŬŰɞɠ 4 ɏɤɠ 8 ŮɓŭɞɛɎŭɤɜ. (xxxiii ) (xxxiv) 

(xxxv) 

ɇɟɧˊɞɘ ůɨɜɗŮůɖɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖ 

ȼ ůəɧɜɖ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ŭɨɜŬŰŬɘ ɜŬ ˊŬɟŬůəŮɡŬůŰŮɑ ɛŮ ɡɔɟɏɠ ɢɖɛɘəɏɠ ɛŮɗɧŭɞɡɠ, ɧˊɤɠ 

ɛŮ ŬɜŰɘŭɟɎůŮɘɠ ůŰŮɟŮɎɠ əŬŰɎůŰŬůɖɠ əŬɘ ɡŭɟɞɗŮɟɛɘəɏɠ əŬŰŮɟɔŬůɑŮɠ. ȼ əŬŰɎɚɚɖɚɖ 

ˊɟɞŮŰɞɘɛŬůɑŬ ůɨɜɗŮůɖɠ ŮˊɖɟŮɎɕŮɘ ůɖɛŬɜŰɘəɎ Űɖɜ ɛɞɟűɞɚɞɔɑŬ, Űɖɜ Ůɘŭɘəɐ ŮˊɘűɎɜŮɘŬ, 

Űɖ ůŰɞɘɢŮɘɞɛŮŰɟɑŬ əŬɘ Űɖɜ əɟɡůŰŬɚɚɘəɧŰɖŰŬ Űɞɡ ˊɟɞɥɧɜŰɞɠ. ȾŬŰɎ Űɘɠ ɡɔɟɏɠ ɢɖɛɘəɏɠ 

ŭɘŬŭɘəŬůɑŮɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əŬŰŬɓɨɗɘůɖ Űɞɡ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ɛɏůɤ ŬɜɎɛŮɘɝɖɠ 

ɡŭŬŰɘəɩɜ ŭɘŬɚɡɛɎŰɤɜ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Ca2+ əŬɘ ɘɧɜŰŬ ůŮ pȼ> 7, əŬɘ Ůɜ ůɡɜŮɢŮɑŬ 

ˊŬɟŬɚŬɛɓɎɜŮŰŬɘ Űɞ ɑɕɖɛŬ ɡˊɧ əŬŰɎɚɚɖɚŮɠ ůɡɜɗɐəŮɠ. Ƀɘ ˊɘɞ ůɡɢɜɎ ɢɟɖůɘɛɞˊɞɘ-

ɞɨɛŮɜŮɠ ˊɖɔɏɠ əŬŰɘɧɜŰɤɜ ŬůɓŮůŰɑɞɡ (Ca2+) ŮɑɜŬɘ Űɞ CaCl2, Ca(NO3)2, Ca(OH)2, 

(CH3COO)2Ca, CaCO3 əŬɘ CaSO4Ŀ2H2O. Ƀɘ ŬɜŰɑůŰɞɘɢŮɠ ˊɖɔɏɠ ɘɧɜŰɤɜ űɤůűɧɟɞɡ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɞ  H3PO4, NH4H2PO4, (NH4)2 HPO4, Na3PO4 əŬɘ K3PO4. ȼ ɟɨɗɛɘůɖ 

Űɞɡ pH ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Ŭɏɟɘɞ ŬɕɩŰɞɡ, ŮɑŰŮ ɛŮ ˊɟɞůɗɐəɖ ɓɎůŮɤɜ, ɧˊɤɠ Űɞ NaOH əŬɘ 

NH4OH. ɆŰɞ Ŭɟɢɘəɧ ůŰɎŭɘɞ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ, Űɞ ɑɕɖɛŬ ˊɞɡ ˊŬɟŬɚŬɛɓɎɜŮŰŬɘ ŭɘŬűɏɟŮɘ 

Ŭˊɧ Űɞɜ ɡŭɟɞɝɡŬˊŬŰɑŰɖ, əŬɗɩɠ ɡˊɧ ůɡɜɗɐəŮɠ ŭɘŬűɨɚŬɝɖɠ Űɞɡ ɘɕɐɛŬŰɞɠ űɤůűɞɟɘəɞɨ 

ŬůɓŮůŰɑɞɡ ŬɜŬɛɏɜŮŰŬɘ Ŭɨɝɖůɖ Űɖɠ ŬɜŬɚɞɔɑŬɠ Ca:P, ɛŮ ŮˊŬəɧɚɞɡɗɖ Űɖɜ əɟɡůŰɎɚɚɤůɖ 
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Űɞɡ ɡŭɟɞɝɡŬˊŬŰɑŰɖ. H ˊɟɞŬɜŬűŮɟɗŮɑůŬ ŭɘŬŭɘəŬůɑŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ˊɞɚɚɞɨɠ 

ˊŬɟɎɔɞɜŰŮɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ Űɤɜ Ŭɟɢɘəɩɜ ŬɚɎŰɤɜ, Űɖɠ 

ŬɚɚɖɚɞɡɢɑŬɠ əŬɘ Űɞɡ ɟɡɗɛɞɨ ŬɜɎɛŮɘɝɖɠ, Űɞɡ pȼ əŬɘ Űɏɚɞɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬ əŬɘ Űɞɡ 

ɢɟɧɜɞɡ ŬɜŰɑŭɟŬůɖɠ. ɀŮ Űɞɜ ɏɚŮɔɢɞ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɖɠ ůɨɜɗŮůɖɠ əŬɗɞɟɑɕɞɜŰŬɘ ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŰŮɚɘəɞɨ ɡŭɟɞɝɡŬˊŬŰɑŰɖ. ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ ŭɘŬŭɘəŬůɑŬɠ ɡɔɟɐɠ 

ɢɖɛɘəɐɠ ɛŮɗɧŭɞɡ ɛŮ ˊɖɔɐ ŬůɓŮůŰɑɞɡ Űɞ Ca(NO3)2 ŮɑɜŬɘ ɖ Ŭəɧɚɞɡɗɖ(xxxvi): 

 

ɀɘŬ ˊŬɟŬɚɚŬɔɐ Űɖɠ ˊŬɟŬˊɎɜɤ ŬɜŰɑŭɟŬůɖɠ ŬəɞɚɞɡɗŮɑ(xxxvii ): 

 

  ɀŮŰɎ Űɖɜ ůŰŬŭɘŬəɐ ŬɜɎˊŰɡɝɖ Űɤɜ əɟɡůŰɎɚɚɤɜ ɡŭɟɞɝɡŬˊŬŰŬŰɑŰɖ ůɡɚɚɏɔŮŰŬɘ Űɞ 

ɑɕɖɛɎ Űɞɡ, Ŭəɞɚɞɡɗɞɨɜ ˊɚɨůŮɘɠ ɛŮ ɜŮɟɧ əŬɘ ŬɘɗŬɜɧɚɖ, əŬɘ ɝɐɟŬɜůɖ ůŰɞɡɠ 40-50Á C. 

ȯɚɚɖ ɛɘŬ əɚŬůɘəɐ ůɨɜɗŮůɖ ɡɔɟɐɠ ɢɖɛɘəɐɠ ɛŮɗɧŭɞɡ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ŬɜŰɑŭɟŬůɖ 

(xxxviii ): 

 

    ȼ ˊŬɟŬˊɎɜɤ ůɨɜɗŮůɖ ůɡɜŬɜŰɎŰŬɘ ɛŮ ˊŬɟŬɚɚŬɔɏɠ ŬɜŰɘŭɟŬůŰɖɟɑɤɜ, ɧˊɤɠ ɖ 

ůŰɞɘɢŮɘɞɛŮŰɟɘəɐ ŬɜɎɛŮɘɝɖ Ca(OH)2, Ca3(PO4)2, (NH4)3ɅɃ4, ȼ3ɅɃ4 əŬɘ ŬɜɎŭŮɡůɖ 

ŬɡŰɩɜ ůŮ ɚɞɡŰɟɧ ɡˊŮɟɐɢɤɜ(xxxix). Ⱥˊɘˊɚɏɞɜ, ŭɨɜŬŰŬɘ ɜŬ ˊŬɟŬɢɗŮɑ ůəɧɜɖ 

ɡŭɟɞɝɡŬˊŬŰŬŰɑŰɖ(xl) ɛŮ Űɖɜ ˊɟɞůɗɐəɖ Ca(OH)2 ůŮ ɡŭŬŰɘəɧ ŮɜŬɘɩɟɖɛŬ ˊɞɡ ˊŮɟɘɏɢŮɘ 

Ca3(PO4)2, ůŮ ůɡɜɗɐəŮɠ ŬŭɟŬɜɞɨɠ ŬŰɛɧůűŬɘɟŬɠ əŬɘ Ůɨɟɞɡɠ ɗŮɟɛɞəɟŬůɘɩɜ 5-100ÁC. 

ɆŰɖɜ ůɡɜɏɢŮɘŬ Űɞ pH ɟɡɗɛɑɕŮŰŬɘ ůŰɖɜ Űɘɛɐ 10 ɛɏůɤ ˊɟɞůɗɐəɖɠ Ca(OH)2, ɛɏɢɟɘɠ ɧŰɞɡ 

ɖ ŬɜŬɚɞɔɑŬ Ca:P ɜŬ űŰɎůŮɘ Űɖɜ Űɘɛɐ 1,6 əŬɘ ɖ ŬɜŰɑŭɟŬůɖ ŭɘŮɝɎɔŮŰŬɘ ɏɤɠ ɧŰɞɡ ɞ ɚɧɔɞɠ 

Ca:P ɜŬ űŰɎůŮɘ Űɞ 1,67 ɛɏůɤ ɟɨɗɛɘůɖɠ Űɞɡ pȼ ůŰɞ 7-11. ɀɘŬ ˊŮɟŬɘŰɏɟɤ ɛŮɚɏŰɖ (xli ) 

ˊɎɜɤ ůŰɖ ůɨɜɗŮůɖ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ˊŬɟŬɔɧɛŮɜɞɡ Ŭˊɧ CaCl2, (NH4)2HPO4 əŬɘ ɡɔɟɐɠ 

ŬɛɛɤɜɑŬɠ əŬŰɏŭŮɘɝŮ ɧŰɘ Űɞ ˊɟɞɥɧɜ ŮɝŬɟŰɎŰŬɘ ůɖɛŬɜŰɘəɎ Ŭˊɧ Űɘɠ ůɡɜɗɐəŮɠ əŬŰŬɓɡ-

ɗɑůŮɤɠ, ɧˊɤɠ ɖ Ŭɟɢɘəɐ ůɨɜɗŮůɖ əŬɘ Űɞ pH Űɞɡ ŭɘŬɚɨɛŬŰɞɠ. ȾɚŬůɘəɐ ŰŮɢɜɘəɐ ɡɔɟɐɠ-

ɢɖɛɘəɏɠ ˊŬɟŬůəŮɡɐɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ŬˊɞŰŮɚŮɑ ɖ ŬɜŰɑŭɟŬůɖ (xlii) ɛŮŰŬɝɨ CaCO3 əŬɘ 

ɡŭŬŰɘəɞɨ ȼ3ɅɃ4 ɛŮ Ŭəɧɚɞɡɗɖ ˊɨɟɤůɖ ůŮ 800-1300ÁC ɔɘŬ 0,5-10 ɩɟŮɠ, Ŭəɞɚɞɡ-

ɗɞɨɛŮɜɖ Ŭˊɧ ɣɨɝɖ Űɞɡ CaO ůŮ ɗŮɟɛɞəɟŬůɑŬ ɢŬɛɖɚɧŰŮɟɖ Ŭˊɧ 500ÁC əŬɘ ůŮ ůɡɜɗɐəŮɠ 

ŬŭɟŬɜɞɨɠ ŬŰɛɧůűŬɘɟŬɠ. Ƀɘ Turova əŬɘ Yanovskaya (xliii ) ŬɜɏűŮɟŬɜ Űɖ ůɨɜɗŮůɖ 

ɡŭɟɞɝɡŬˊŬŰɑŰɖ ɛɏůɤ ůɢɖɛŬŰɘůɛɞɨ Ůɜɧɠ ŭɘŬɚɨɛŬŰɞɠ ŬɘɗɞɝŮɘŭɑɞɡ Űɞɡ ŬůɓŮůŰɑɞɡ, 

Ca(EtO)2, ŬəɞɚɞɡɗɞɨɛŮɜɖ Ŭˊɧ ŬɜŰɑŭɟŬůɖ ŬɡŰɞɨ ɛŮ űɤůűɞɟɘəɧ ɞɝɨ əŬɘ ŬɜɧˊŰɖůɖ 

Űɞɡ ˊɟɞɥɧɜŰɞɠ ůŰɞɜ ŬɏɟŬ: 
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   ɆɡɛˊŮɟŬɑɜŮŰŬɘ Ŭˊɧ ŰŬ ŬɜɤŰɏɟɤ ˊŬɟŬŭŮɑɔɛŬŰŬ ɧŰɘ ɞɘ ɡɔɟɏɠ ɢɖɛɘəɏɠ ŰŮɢɜɘəɏɠ 

ůɨɜɗŮůɖɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖ Ůɛˊɚɏəɞɡɜ ˊɞɚɚɏɠ ɛŮŰŬɓɚɖŰɏɠ (pH, ɗŮɟɛɞəɟŬůɑŬ, ɢɟɧɜɞ 

ŬɜŰɑŭɟŬůɖɠ), ɔŮɔɞɜɧɠ ˊɞɡ əŬɗɘůŰɎ ŭɨůəɞɚɖ Űɖ ŭɘŬŰɐɟɖůɖ Űɖɠ ůŰɞɘɢŮɘɞɛŮŰɟɘəɐɠ 

ŬɜŬɚɞɔɑŬɠ Ca:P əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ůɨɜɗŮůɖɠ əŬɘ Űɞɜ ɏɚŮɔɢɞ Űɤɜ ɢɖɛɘəɩɜ əŬɘ 

űɡůɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ ɡɚɘəɞɨ.  

   ȼ ůɨɜɗŮůɖ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ŮˊɘŰɡɔɢɎɜŮŰŬɘ Ůˊɘˊɚɏɞɜ ɛŮ ɝɖɟɏɠ ɛŮɗɧŭɞɡɠ, ɞɘ ɞˊɞɑŮɠ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŭɘɎɢɡůɖ ůŰŮɟŮɎɠ əŬŰɎůŰŬůɖɠ əŬŰɎ Űɖɜ ˊɨɟɤůɖ Űɤɜ ɛŮɘɔɛɎŰɤɜ, ŰŬ 

ɞˊɞɑŬ ˊŮɟɘɏɢɞɡɜ əŬŰɎɚɚɖɚŮɠ ˊɞůɧŰɖŰŮɠ Ca2+ əŬɘ ɘɧɜŰŬ, ůŮ ɗŮɟɛɞəɟŬůɘŬəɏɠ ůɡɜɗɐəŮɠ 

1000-1300ÁC. Ƀɘ ɡŭɟŬŰɛɞɑ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɤɠ ˊɖɔɐ 

ɡŭɟɞɝɡɚɘəɩɜ ɞɛɎŭɤɜ. ɄŬɟɎŭŮɘɔɛŬ(xliv) ɝɖɟɐɠ ɛŮɗɧŭɞɡ ŬˊɞŰŮɚŮɑ ɖ ˊŬɟŬůəŮɡɐ ɛɏůɤ 

ŬůɓŮůŰɞˊɞɑɖůɖɠ Űɤɜ ɛɘɔɛɎŰɤɜ Ca3(ɅɃ4)2 əŬɘ CaCO3, CaP2O7 əŬɘ CaCO3, ɐ CaHPO4 

Ŀ2H2O əŬɘ CaO ůŮ 900 əŬɘ 1300ÁC ˊŬɟɞɡůɑŬɠ ɡŭɟŬŰɛɩɜ. Ƀɘ ŭɘŬŭɘəŬůɑŮɠ ŬɡŰɏɠ 

ŮɝŬůűŬɚɑɕɞɡɜ Űɞɜ ůɢɖɛŬŰɘůɛɧ ůŰɞɘɢŮɘɞɛŮŰɟɘəɞɨ ɡŭɟɞɝɡŬˊŬŰɑŰɖ (Ca:P= 1,67), 

ɤůŰɧůɞ ŬˊŬɘŰɞɨɜ ɡɣɖɚɐ əŬŰŬɜɎɚɤůɖ ŮɜɏɟɔŮɘŬɠ, ůŰŮɟɞɨɜŰŬɘ ɞɛɞɘɞɔɏɜŮɘŬɠ əŬɘ ŮɑɜŬɘ 

ɢɟɞɜɞɓɧɟŮɠ ŭɘŬŭɘəŬůɑŮɠ.  

    ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɡŭɟɞɗŮɟɛɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ (xlv), ŬɜŰɘŭɟŬůŰɐɟɘŬ Ůəəɑɜɖůɖɠ 

ŬˊɞŰŮɚɞɨɜ Űɞ űɤůűɞɟɘəɧ Ŭɛɛɩɜɘɞ, CaCO3, Ca(NO3)2, (NH4)2HPO4 ůŮ ɡɔɟɐ 

ŬɛɛɤɜɑŬ. ȸŬůɘəɐ ˊɟɞɦˊɧɗŮůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŬɡŰɐɠ ŬˊɞŰŮɚŮɑ ɖ ůɡɜɗɐəɖ ɡɣɖɚɩɜ 

ɗŮɟɛɞəɟŬůɘɩɜ əŬɘ ɖ ɢɟɐůɖ Ŭəɟɘɓɞɨ Ůɝɞˊɚɘůɛɞɨ. ɇŬ ŬɟɢɘəɎ ŬɜŰɘŭɟŬůŰɐɟɘŬ əŬɘ Űɞ 

ɜŮɟɧ ˊɟɏˊŮɘ ɜŬ əŬŰŬɚŬɛɓɎɜɞɡɜ Űɞ 50-60% Űɞɡ ůɡɜɞɚɘəɞɨ ɧɔəɞɡ, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ 

ŬɜɎɚɞɔɞɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ. ɆɨɛűɤɜŬ ɛŮ ɛɘŬ Ɏɚɚɖ ɏɟŮɡɜŬ (xlvi), ɞ ɡŭɟɞɝɡŬˊŬŰɑŰɖɠ 

ŭɨɜŬŰŬɘ ɜŬ ˊŬɟŬůəŮɡŬůŰŮɑ ɤɠ Ŭəɞɚɞɨɗɤɠ: 

 

    ȺəŰɧɠ Ŭˊɧ Űɘɠ ŰɟŮɑɠ ɓŬůɘəɏɠ ɛŮɗɧŭɞɡɠ ůɨɜɗŮůɖɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖ, ˊɘɞ ŮɜŬɚɚŬəŰɘəɐ 

ŭɘŬŭɘəŬůɑŬ ŬˊɞŰŮɚŮɑ ɖ ɡŭɟɧɚɡůɖ, ɖɚŮəŰɟɞŬˊɧɗŮůɖ, ɓɘɞɛɘɛɖŰɘəɐ ŬˊɧɗŮůɖ əŬɘ ŰŬ 

ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɖ ˊɞɚɚɎ ɡˊɞůɢɧɛŮɜɖ ŰŮɢɜɘəɐ ɛɏůɤ ɚɡɞűɘɚɑɤůɖɠ. ȼ ůɨɜɗŮůɖ 

ɡŭɟɞɝɡŬˊŬŰɑŰɖ ɛɏůɤ ɚɡɞűɘɚɑɤůɖɠ ˊɟɞůűɏɟŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ˊŬɟŬůəŮɡɐɠ ɚŮˊŰɧ-

əɞəəɞɡ ɡŭɟɞɝɡŬˊŬŰɑŰɖ, ɛŮɔɏɗɞɡɠ ɜŬɜɞəɚɑɛŬəŬɠ əŬɘ ŰŬɡŰɧɢɟɞɜɖ ɨˊŬɟɝɖ ˊɞɟɩŭɞɡɠ 

ɛɘəɟɞŭɞɛɐɠ. 

 

ɀɞɟűɏɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖ 

ȾŮɟŬɛɘəɎ əŬɗŬɟɞɨ ˊɡəɜɞɨ ɡŭɟɞɝɡŬˊŬŰɑŰɖ 

ȼ ˊŬɟŬůəŮɡɐ əŮɟŬɛɘəɩɜ əŬɗŬɟɞɨ ˊɡəɜɞɨ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ɛŮ ŬɜɩŰŮɟŮɠ ɛɖɢŬɜɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ ŮɑɜŬɘ ŭɡɜŬŰɐ ɛɧɜɞ Ůűɧůɞɜ ɖ Ŭɟɢɘəɐ ůəɧɜɖ Űɞɡ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ŮɑɜŬɘ 

ůŰɞɘɢŮɘɞɛŮŰɟɘəɐ. ȷɜ ɖ Űɘɛɐ Űɖɠ ɛɞɟɘŬəɐɠ ŬɜŬɚɞɔɑŬɠ Ca/P ɡˊŮɟɓŬɑɜŮɘ Űɞ 1,67, ŰɧŰŮ 

əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ˊɡɟɞůɡůůɤɛɎŰɤůɖɠ ůɢɖɛŬŰɑɕŮŰŬɘ ɞɝŮɑŭɘɞ Űɞɡ ŬůɓŮůŰɑɞɡ 

(CaO), Űɞ ɞˊɞɑɞ űŬɑɜŮŰŬɘ ɧŰɘ ɛŮɘɩɜŮɘ Űɖɜ ŬɜŰɞɢɐ Űɞɡ ɡɚɘəɞɨ əŬɘ ŭɘŬŰŬɟɎůůŮɘ Űɖ 

ůɡɜɞɢɐ Űɞɡ, ŮɝŬɘŰɑŬɠ ɛɘŬɠ ůŮɘɟɎɠ ŬɜŰɘŭɟɎůŮɤɜ. ȾɎˊɞɘŮɠ ˊɞɨŭɟŮɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖ 

ɛˊɞɟŮɑ ɜŬ ɡˊɞůŰɞɨɜ ˊɡɟɞůɡůůɤɛɎŰɤůɖ ɢɤɟɑɠ ˊɑŮůɖ ɛɏɢɟɘ əɎˊɞɘŬ ɗŮɤɟɖŰɘəɐ 
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ˊɡəɜɧŰɖŰŬ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ 1.000-1.200 ÁC. MŮ ɗŮɟɛɐ ˊɑŮůɖ (hot pressing (HP)) ɐ 

ɗŮɟɛɐ ɘůɞůŰŬŰɘəɐ ˊɑŮůɖ (hot isostatic pressing (HIP)) ɛˊɞɟŮɑ ɜŬ ɛŮɘɤɗŮɑ ɖ 

ɗŮɟɛɞəɟŬůɑŬ ůɡɛˊɨəɜɤůɖɠ, Űɞ ɛɏɔŮɗɞɠ Űɤɜ əɧəəɤɜ əŬɘ ɜŬ ŮˊɘŰŮɡɢɗɞɨɜ ɡɣɖɚɧŰŮɟŮɠ 

ˊɡəɜɧŰɖŰŮɠ. ȾŬŰô ŮˊɏəŰŬůɖ, ŬˊɞəŰɩɜŰŬɘ əŮɟŬɛɘəɎ ɛŮ ɚŮˊŰɧŰŮɟŮɠ ɛɘəɟɞŭɞɛɏɠ, 

ɡɣɖɚɧŰŮɟɖ ɗŮɟɛɘəɐ ůŰŬɗŮɟɧŰɖŰŬ əŬɘ əŬɚɨŰŮɟŮɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ. ȷɡɝŬɜɞɛɏɜɞɡ 

Űɞɡ ɚɧɔɞɡ Ca/P, ɖ ŬɜŰɞɢɐ ŬɡɝɎɜŮŰŬɘ űŰɎɜɞɜŰŬɠ Űɖ ɛɏɔɘůŰɖ Űɘɛɐ ɔɘŬ Űɘɛɐ Űɞɡ ɚɧɔɞɡ 

~1,67, Ůɜɩ ɛŮŰɎ Ŭˊɧ ŬɡŰɐ Űɖɜ Űɘɛɐ ɛŮɘɩɜŮŰŬɘ. ȼ ŬɜŰɞɢɐ ɛŮɘɩɜŮŰŬɘ ŮəɗŮŰɘəɎ ɛŮ Űɖɜ 

Ŭɨɝɖůɖ Űɞɡ ˊɞɟɩŭɞɡɠ. To ɛɏŰɟɞ Weibull ŬɜɐəŮɘ ůŰɞ Ůɨɟɞɠ Űɘɛɩɜ 5-18, Űɞ ɞˊɞɑɞ 

ɡˊɞŭɖɚɩɜŮɘ ɧŰɘ ɞ ɡŭɟɞɝɡŬˊŬŰɑŰɖɠ ůɡɛˊŮɟɘűɏɟŮŰŬɘ ůŬɜ Űɡˊɘəɧ ɣŬɗɡɟɧ əŮɟŬɛɘəɧ, Ůɜɩ 

ɛɏŰɟɞ Young əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 35 əŬɘ 120 MPa. Ƀɘ ɢŬɛɖɚɏɠ ŬɜŰɞɢɏɠ ůŮ ůɡɜŭɡŬůɛɧ 

ɛŮ Űɖɜ ŮɡŬɘůɗɖůɑŬ ůŮ Ŭɟɔɐ ŬɜɎˊŰɡɝɖ ɟɤɔɛɩɜ (ŮɘŭɘəɎ ɡˊɧ ɡɔɟɏɠ ůɡɜɗɐəŮɠ) 

ŰŮəɛɖɟɘɩɜɞɡɜ Űɖ ɢŬɛɖɚɐ ŬɝɘɞˊɘůŰɑŬ Űɤɜ ŮɛűɡŰŮɡɛɎŰɤɜ ˊɡəɜɞɨ ɡŭɟɞɝɡŬˊŬŰɑŰɖ, ɧůɞɜ 

ŬűɞɟɎ ŰŬ űɞɟŰɑŬ. ɋɠ Ůə ŰɞɨŰɞɡ, ɞɘ ŮűŬɟɛɞɔɏɠ Űɞɡɠ ˊŮɟɘɞɟɑɕɞɜŰŬɘ ůŰɖɜ ɞŭɞɜŰɘŬŰɟɘəɐ, 

ɔɘŬ ŬűɧɟŰɘůŰŬ ɡˊɞəŬŰɎůŰŬŰŬ ɟɘɕɩɜ ŭɞɜŰɘɩɜ.  

 

ȺˊɘůŰɟɩůŮɘɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖ 

ɀɑŬ Ŭˊɧ Űɘɠ ˊɚɏɞɜ ŭɘŬŭŮŭɞɛɏɜŮɠ əɚɘɜɘəɏɠ ŮűŬɟɛɞɔɏɠ ŬˊɞŰŮɚŮɑ ɖ ɢɟɐůɖ Űɞɡ 

ɡŭɟɞɝɡŬˊŬŰɑŰɖ ɤɠ ŮˊɑůŰɟɤůɖ ůŮ ɛŮŰŬɚɚɘəɎ ɞɟɗɞˊŮŭɘəɎ əŬɘ ɞŭɞɜŰɘŬŰɟɘəɎ Ůɛűɡ-

ŰŮɨɛŬŰŬ, ůɡɜŭɡɎɕɞɜŰŬɠ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɤɜ ɛŮŰŬɚɚɘəɩɜ ɡɚɘəɩɜ ůŮ ɛɖɢŬɜɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ, ɛŮ Űɖɜ ɎɟɘůŰɖ ɓɘɞůɡɛɓŬŰɧŰɖŰŬ əŬɘ ɓɘɞŭɟŬůŰɘəɧŰɖŰŬ Űɞɡ ɡŭɟɞɝɡŬˊŬŰɑŰɖ. 

ɇŬ ŬəɎɚɡˊŰŬ ɛŮŰŬɚɚɘəɎ ŮɛűɡŰŮɨɛŬŰŬ ŭŮɜ ŮɜɞˊɞɘɞɨɜŰŬɘ ɛŮ Űɞ ɞůŰɧ əŬɘ, ɧˊɤɠ ɧɚŬ ŰŬ 

ɓɘɞŬŭɟŬɜɐ ɡɚɘəɎ, ˊŮɟɘɓɎɚɚɞɜŰŬɘ Ŭˊɧ ˊɡəɜɧ ɘɜɩŭɖ ɘůŰɧ ˊɞɡ ŬˊɞŰɟɏˊŮɘ Űɖɜ ŮˊɘɗɡɛɖŰɐ 

ŭɘŬɜɞɛɐ Űɤɜ ŰɎůŮɤɜ ɛŮ ˊɘɗŬɜɧ ŬˊɞŰɏɚŮůɛŬ ɢŬɚɎɟɤůɖ Űɞɡ ŮɛűɡŰŮɨɛŬŰɞɠ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ, ɧɛɤɠ, Űɤɜ ŮˊɘəŬɚɡɛɛɏɜɤɜ ŮɛűɡŰŮɡɛɎŰɤɜ Űɞ ɞůŰɧ ŮɜɞˊɞɘŮɑŰŬɘ Ůɝô 

ɞɚɞəɚɐɟɞɡ ɛŮ Űɞ ŮɛűɨŰŮɡɛŬ Ŭəɧɛɖ əŬɘ əŬŰɎ Űɘɠ ˊɟɩŰŮɠ ɚŮɘŰɞɡɟɔɘəɏɠ űɞɟŰɑůŮɘɠ.  

    Ƀɘ ŮˊɘůŰɟɩůŮɘɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ŮˊɘŰŮɚɞɨɜ ŬɟəŮŰɏɠ ɚŮɘŰɞɡɟɔɑŮɠ. ȾŬŰô Ŭɟɢɐɜ, 

ŭɘŬůűŬɚɑɕɞɡɜ Űɖ ŭɖɛɘɞɡɟɔɑŬ ůŰŬɗŮɟɐɠ ůɡɜɏɜɤůɖɠ Űɞɡ ŮɛűɡŰŮɨɛŬŰɞɠ ɛŮ Űɞ ɞůŰɧ əŬɘ 

ŮɚŬɢɘůŰɞˊɞɘɞɨɜ ŬɜŮˊɘɗɨɛɖŰŮɠ ŬɜŰɘŭɟɎůŮɘɠ Űɞɡ ŬɜɞůɞˊɞɘɖŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ. 

Ⱥˊɘˊɚɏɞɜ, ɛŮɘɩɜɞɡɜ Űɖɜ ŬˊɞŭɏůɛŮɡůɖ ɛŮŰŬɚɚɘəɩɜ ɘɧɜŰɤɜ ˊɟɞɠ Űɞɜ ɞɟɔŬɜɘůɛɧ əŬɘ 

ˊɟɞůŰŬŰŮɨɞɡɜ Űɖ ɛŮŰŬɚɚɘəɐ ŮˊɘűɎɜŮɘŬ Ŭˊɧ Űɞ ɓɘɞɚɞɔɘəɧ ˊŮɟɘɓɎɚɚɞɜ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ 

Űɤɜ ˊɞɟɤŭɩɜ ɛŮŰŬɚɚɘəɩɜ ŮɛűɡŰŮɡɛɎŰɤɜ, ŮɜɗŬɟɟɨɜɞɡɜ Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ ɞůŰɞɨ 

ŮɜŰɧɠ Űɤɜ ˊɧɟɤɜ. ɇɏɚɞɠ, ɖ ŮˊɘəɎɚɡɣɖ Ůɜɧɠ ŮɛűɡŰŮɨɛŬŰɞɠ ɛŮ ɡŭɟɞɝɡŬˊŬŰɑŰɖ 

ɓŮɚŰɘɩɜŮɘ əŬɘ Űɖɜ ŬɘɛɞůɡɛɓŬŰɧŰɖŰŬ Űɞɡ. ȾŬŰɎ Űɖɜ ŮɛűɨŰŮɡůɖ Ůɜɧɠ ŮɛűɡŰŮɨɛŬŰɞɠ 

ŮɛűŬɜɑɕŮŰŬɘ ɖ ŰɎůɖ ɜŬ ˊɟɞůəɞɚɚɎŰŬɘ ˊɎɜɤ ůŰŬ ŬɘɛɞˊŮŰɎɚɘŬ əŬɘ əŬŰɎ Űɖɜ ŮɜŬˊɧɗŮůɖ 

Űɤɜ ŬɘɛɞˊŮŰŬɚɑɤɜ ůɢɖɛŬŰɑɕŮŰŬɘ ɏɜŬ ɚŮˊŰɧ ůŰɟɩɛŬ ˊɟɤŰŮɥɜɩɜ (űɘɚɛ), Űɞ ɞˊɞɑɞ 

ŰɟɞˊɞˊɞɘŮɑ Űɘɠ ŮˊɘűŬɜŮɘŬəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɓɘɞɦɚɘəɞɨ. ɉɤɟɑɠ Űɖɜ ˊɟɞůɗɐəɖ Űɞɡ 

ɡŭɟɞɝɡŬˊŬŰɑŰɖ, Űɞ ɚŮˊŰɧ ŬɡŰɧ űɘɚɛ ˊɞɚɚɏɠ űɞɟɏɠ ŮɑɜŬɘ ŬŰŮɚɏɠ əŬɘ ŮˊŮɘŭɐ ɏɟɢŮŰŬɘ ůŮ 

ŮˊŬűɐ ɛŮ Űɞ ŬɑɛŬ əŬɘ ŰŬ ɡɔɟɎ Űɞɡ ůɩɛŬŰɞɠ ɞŭɖɔŮɑ ůŰɖ ɔɏɜŮůɖ ɗɟɧɛɓɤɜ. ȼ ˊɘɞ 

ŭɖɛɞűɘɚɐɠ ɛɏɗɞŭɞɠ ˊŬɟŬůəŮɡɐɠ ŮˊɘůŰɟɩůŮɤɜ ȼȷp ŮɑɜŬɘ ɖ ŰŮɢɜɘəɐ ɣŮəŬůɛɞɨ 

ˊɚɎůɛŬŰɞɠ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (APS) əŬɘ ɡˊɧ əŮɜɧ (VPS), ɧɛɤɠ ŮűŬɟɛɧɕɞɜŰŬɘ 

əŬɘ ɎɚɚŮɠ ɧˊɤɠ ŮɜŭŮɘəŰɘəɎ ŮɑɜŬɘ: ɖ ɗŮɟɛɐ ɘůɞůŰŬŰɘəɐ ˊɑŮůɖ, ɞ ɣŮəŬůɛɧɠ ɢɟɩɛŬŰɞɠ 

əŬɘ ɖ ɖɚŮəŰɟɞɢɖɛɘəɐ ŬˊɧɗŮůɖ. Ƀɘ ŮˊɘůŰɟɩůŮɘɠ ŭŮɜ ŮűŬɟɛɧɕɞɜŰŬɘ ɛɧɜɞ ůŮ ɛɏŰŬɚɚŬ 

(əɟɎɛŬŰŬ Ti əŬɘ Ca-Cr-Mo), ŬɚɚɎ əŬɘ ůŮ ɡˊɞəŬŰɎůŰŬŰŬ ůɨɜɗŮŰŬ ɡɚɘəɎ ɘɜɩɜ ɔɟŬűɑŰɖ, 
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ůŮ ˊɡɟɞůɡůůɤɛŬŰɤɛɏɜŬ əŮɟŬɛɘəɎ (ZrO
2 
əŬɘ Al

2
O

3 
) ɐ Ŭəɧɛɖ əŬɘ ůŮ ˊɞɚɡɛŮɟɐ 

(PMMA).  

    ɆɖɛŬɜŰɘəɐ ˊŬɟɎɛŮŰɟɞɠ ŮɑɜŬɘ ɜŬ ɛɖɜ ɡˊɎɟɢɞɡɜ ɎɚɚŮɠ ɛɞɟűɏɠ űɤůűɞɟɘəɞɨ 

ŬůɓŮůŰɑɞɡ ůŰɘɠ ŮˊɘůŰɟɩůŮɘɠ, əŬɗɩɠ ɛˊɞɟŮɑ ɜŬ ɛŮɘɩůɞɡɜ Űɖ ɢɖɛɘəɐ ůŰŬɗŮɟɧŰɖŰŬ Űɤɜ 

ŮɛűɡŰŮɡɛɎŰɤɜ əŬɘ ɜŬ ˊɟɞəŬɚɏůɞɡɜ Űɖɜ Ŭˊɞɘəɞŭɧɛɖůɐ Űɞɡɠ. Ƀ űɡůɘəɧɠ ɡŭɟɞ-

ɝɡŬˊŬŰɑŰɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɘɠ ŮˊɘəŬɚɨɣŮɘɠ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ŰŬ ɞůŰɎ əɎˊɞɘɞɡ 

ɕɩɞɡ, ůɡɜɐɗɤɠ ɓɞɞŮɘŭɞɨɠ, ɐ ŮɑɜŬɘ ˊŰɤɛŬŰɘəɧɠ, Ůɜɩ ˊɚɏɞɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ 

ůɡɜɗŮŰɘəɧɠ. 

 

Ʉɞɟɩŭɖ əŮɟŬɛɘəɎ ɡŭɟɞɝɡŬˊŬŰɑŰɖ 

ɇŬ əŮɟŬɛɘəɎ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ůŮ ˊɞɟɩŭɖ ɛɞɟűɐ ɏɢɞɡɜ Ůɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ 

ɞůŰɘəɎ ɡˊɞəŬŰɎůŰŬŰŬ, əŬɗɩɠ ɞ ˊɞɟɩŭɖɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŮˊŬűɐ ɛŮ Űɞ 

ɞůŰɧ əŬɘ ɞɘ ˊɧɟɞɘ ˊŬɟɏɢɞɡɜ ɛɑŬ ůŰŬɗŮɟɐ ɛɐŰɟŬ ɔɘŬ Űɖɜ ˊɟɞůəɧɚɚɖůɖ əɡŰŰɎɟɤɜ əŬɘ 

ɞůŰŮɞɔŮɜŮŰɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ. Ƀ ɞůŰɑŰɖɠ ɘůŰɧɠ ŬɜŬˊŰɨůůŮŰŬɘ ŮɜŰɧɠ Űɤɜ ˊɧɟɤɜ 

ŬɡɝɎɜɞɜŰŬɠ Űɖɜ ŬɜŰɞɢɐ Űɞɡ ŮɛűɡŰŮɨɛŬŰɞɠ. Ƀ ůɡɜɐɗɖɠ Űɟɧˊɞɠ ɔɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ 

ˊɞɟɤŭɩɜ əŮɟŬɛɘəɩɜ ɡŭɟɞɝɡŬˊŬŰɑŰɖ (ɛŮɔɏɗɞɡɠ ˊɧɟɤɜ 100-600 ɛm) ŮɑɜŬɘ ɛɏůɤ Űɖɠ 

ŭɘŬŭɘəŬůɑŬɠ ˊɡɟɞůɡůůɤɛɎŰɤůɖɠ ůəɧɜɖɠ ɛŮ əŬŰɎɚɚɖɚŬ ˊɟɞůɗŮŰɘəɎ, ɧˊɤɠ ˊŬɟŬűɑɜɖ, 

ɜŬűɗŬɚɑɜɖ əŬɘ ɡˊŮɟɞɝŮɑŭɘɞ Űɞɡ ɡŭɟɞɔɧɜɞɡ, ˊɞɡ ŮˊɘŰɟɏˊɞɡɜ Űɖ ŭɖɛɘɞɡɟɔɑŬ ˊɧɟɤɜ 

ɛɏůɤ Űɤɜ ŬŮɟɑɤɜ ˊɞɡ ŮɚŮɡɗŮɟɩɜɞɡɜ ůŮ ŬɜɡɣɤɛɏɜŮɠ ɗŮɟɛɞəɟŬůɑŮɠ.  

    ȷɡɝŬɜɞɛɏɜɞɡ Űɞɡ ˊɞɟɩŭɞɡɠ, ɖ ŬɜŰɞɢɐ əŬɘ ɖ ŬɜŰɞɢɐ ůŮ ɗɟŬɨůɖ ɛŮɘɩɜɞɜŰŬɘ 

ŭɟŬɛŬŰɘəɎ. ȷɝɘɞůɖɛŮɑɤŰɞ ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ŰŬ ˊɞɟɩŭɖ əŮɟŬɛɘəɎ ɡŭɟɞɝɡŬˊŬŰɑŰɖ 

ŮɑɜŬɘ ɚɘɔɧŰŮɟɞ ŬɜɗŮəŰɘəɎ ůŰɖɜ əɧˊɤůɖ Ŭˊɧ ŰŬ əŮɟŬɛɘəɎ ˊɡəɜɞɨ ɡŭɟɞɝɡŬˊŬŰɑŰɖ. ɇŬ 

ŮɛűɡŰŮɨɛŬŰŬ ˊɞɟɤŭɩɜ əŮɟŬɛɘəɩɜ ɡűɑůŰŬɜŰŬɘ ɓɘɞŬˊɞɘəɞŭɧɛɖůɖ, ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ 

ůŰŬŭɘŬəɎ ŬɜŰɘəŬɗɑůŰŬɜŰŬɘ Ŭˊɧ Űɞ ɞůŰɧ, ɛŮ ɟɡɗɛɧ ɚɑɔɤɜ ŮəŬŰɞůŰɘŬɑɤɜ ɛɞɜɎŭɤɜ 

ŮŰɖůɑɤɠ. Ʉɞɟɩŭɖ əŮɟŬɛɘəɎ ɛŮ ɓŮɚŰɘɤɛɏɜŮɠ ɘŭɘɧŰɖŰŮɠ ɛˊɞɟɞɨɜ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ɛŮ 

Űɖ ɢɟɐůɖ ɘɜɩɜ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ɐ ɛɞɜɞəɟɡůŰŬɚɚɘəɩɜ ɘɜɩɜ. ɆŰɘɠ ŮűŬɟɛɞɔɏɠ Űɞɡɠ 

ůɡɔəŬŰŬɚɏɔɞɜŰŬɘ ˊɚɐɟɤůɖ ŬŰŮɚŮɘɩɜ ůŮ ɞůŰɎ, ůɡůŰɐɛŬŰŬ ŬˊŮɚŮɡɗɏɟɤůɖɠ űŬɟɛɎəɤɜ, 

Ŭɨɝɖůɖ Űɖɠ űŬŰɜɘŬəɐɠ ɕɩɜɖɠ əŬɘ ɞɟɗɞɔɜŬɗɘəɐ ŬɜŬŭɧɛɖůɖ.  

 

ɃůŰɘəɎ ŰůɘɛɏɜŰŬ űɤůűɞɟɘəɞɨ ŬůɓŮůŰɑɞɡ 

ɇŬ ɞůŰɘəɎ ŰůɘɛɏɜŰŬ űɤůűɞɟɘəɞɨ ŬůɓŮůŰɑɞɡ ˊɟɞŰɎɗɖəŬɜ ɔɘŬ ˊɟɩŰɖ űɧɟŬ Űɖ ŭŮəŬŮŰɑŬ 

Űɞɡ 80. ɇɏůůŮɟŮɘɠ ŭŮəŬŮŰɑŮɠ ŬɟɔɧŰŮɟŬ, Űɞ ŮɜŭɘŬűɏɟɞɜ ɔɘŬ ŬɡŰɎ ŰŬ ɓɘɞɦɚɘəɎ 

ˊŬɟŬɛɏɜŮɘ ŬəɧɛŬ Ŭɡɝɖɛɏɜɞ. ɀŮ Űɞɜ ɧɟɞ ɞůŰɘəɧ ŰůɘɛɏɜŰɞ űɤůűɞɟɘəɞɨ ŬůɓŮůŰɑɞɡ 

ˊŮɟɘɔɟɎűŮŰŬɘ ɛɘŬ əŬŰɖɔɞɟɑŬ ɓɘɞɦɚɘəɩɜ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ůɡɔɔŮɜɐ ɡɚɘəɎ ɤɠ ˊɟɞɠ 

Űɖ ŭɞɛɐ, Űɖ ɢɟɐůɖ əŬɘ Űɘɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ɏɢɞɡɜ ŰŮɚɘəɐ ŭɞɛɐ ŬˊŬŰɑŰɖ ɐ ɛˊɟɞɡůɑŰɖ. 

ȸŬůɘəɧ ůɡůŰŬŰɘəɧ ŮɑɜŬɘ Űɞ űɤůűɞɟɘəɧ ŬůɓɏůŰɘɞ, ŬɚɚɎ ůŮ əɎɗŮ ɡɚɘəɧ ɞɘ Ůˊɘɛɏɟɞɡɠ 

ˊŮɟɘŮəŰɘəɧŰɖŰŮɠ Űɞɡ űɤůűɞɟɘəɞɨ ŭɘŬűɏɟɞɡɜ. ȼ ůɡɛɓŬŰɧŰɖŰŬ Űɤɜ ŬɚɎŰɤɜ Űɞɡ 

űɤůűɞɟɘəɞɨ ŬůɓŮůŰɑɞɡ ɛŮ Űɞɡɠ ɓɘɞɚɞɔɘəɞɨɠ ŬˊŬŰɑŰŮɠ ŰŬ əŬɗɘůŰɞɨɜ ɘŭŬɜɘəɎ ɡɚɘəɎ ɔɘŬ 

Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ ɞůŰɘəɞɨ ŰůɘɛɏɜŰɞɡ. ɄɟɞəɨˊŰɞɡɜ ɛŮ Űɖɜ ŬɜɎɛŮɘɝɖ ɞɟɗɞűɤůűɞɟɘəɞɨ 

ŬůɓŮůŰɑɞɡ ɛŮ ɡɔɟɧ ɛɞɜɞɛŮɟɏɠ. ȷˊɧ Űɖɜ ŬɜŰɑŭɟŬůɖ ˊɟɞəɨˊŰŮɘ ɡɚɘəɧ ɛŮ ˊŬɟɧɛɞɘŬ 

ɢɖɛɘəɐ ůɨůŰŬůɖ ɛŮ ŬɡŰɐ Űɞɡ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ɛŮ ɢŬɛɖɚɐ əɟɡůŰŬɚɚɘəɧŰɖŰŬ, ɡɣɖɚɐ 

(30-50%) ˊɞɟɩŭɖ ůɨůŰŬůɖ (ɛŮ ɛŮɔɏɗɖ ˊɧɟɤɜ ůŰɖ ɛɑəɟɞ ɐ ɜɎɜɞ-əɚɑɛŬəŬ). Ɇɡɜɐɗɤɠ 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ Ŭˊɧ ůəɧɜŮɠ, ɧˊɤɠ CaHPO4Ŀ2H2O, Ca4(PO4)2O, CaHPO4, 
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Ca8H2(PO4)6Ŀ5H2O, Ca(H2PO4)2ĿH2O ɐ TCP əŬɘ ɜŮɟɧ ɐ Ɏɚɚɞ ɡɔɟɧ, ɧˊɤɠ űɤůűɞɟɘəɧ 

ɞɝɨ (H3PO4) ɐ ɏɜɡŭɟɞ űɤůűɞɟɘəɧ ɎɚŬɠ Űɞɡ ɜŬŰɟɑɞɡ (Na2HPO4). ɇɞ ɛɑɔɛŬ 

ɛŮŰŬůɢɖɛŬŰɑɕŮŰŬɘ ůŮ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ɛŮ ˊɐɝɖ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏɜŬ ˊɞɟɩŭŮɠ ůɩɛŬ 

Ŭəɧɛɖ əŬɘ ůŰɞɡɠ 37 ÁC əŬɘ ɞ ɢɟɧɜɞɠ ˊɐɝɖɠ ˊŮɟɘɞɟɑɕŮŰŬɘ ůŮ ɛŮɟɘəɎ ɚŮˊŰɎ. ɀŮ 

ˊɟɞůɗɐəɖ Ŭɚɔɘɜɘəɞɨ ɜŬŰɟɑɞɡ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰɟŬˊŮɑ ɖ Ŭɚɚɞɑɤůɖ Űɞɡ ɡɚɘəɞɨ ˊɞɡ 

ůɡɜɐɗɤɠ ˊɟɞəŬɚŮɑŰŬɘ ɛŮŰɎ Űɖɜ ŮˊŬűɐ Űɞɡ ɛŮ ŰŬ ɡɔɟɎ Űɞɡ ůɩɛŬŰɞɠ. ȹɡɜŬŰɐ, Ůˊɑůɖɠ, 

ŮɑɜŬɘ ɖ ˊɟɞůɗɐəɖ ŮɜɘůɢɡŰɘəɩɜ əŬɘ ɓɘɞŭɟŬůŰɘəɩɜ ɛɏůɤɜ (ɓɘɞŭɟŬůŰɘəɞɑ ɨŬɚɞɘ, 

ˊɞɚɡɛŮɟɐ əŬɘ ɎɚɚŬ). Ƀɘ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ɞɘ ɘŭɘɧŰɖŰŮɠ ɟɞɐɠ ɛˊɞɟɞɨɜ ɜŬ 

Űɟɞˊɞˊɞɘɖɗɞɨɜ ɛŮ Űɖɜ ɛŮŰŬɓɞɚɐ Űɖɠ Ůˊɑ Űɘɠ ŮəŬŰɧ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɤɜ ůɡůŰŬŰɘəɩɜ ɐ 

Űɖɜ ɛŮŰŬɓɞɚɐ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ əɧəəɤɜ Űɖɠ ůŰŮɟŮɎɠ űɎůɖɠ. ɄɚŮɞɜɏəŰɖɛŬ Űɤɜ 

ɡɚɘəɩɜ ŬɡŰɩɜ ŮɑɜŬɘ ɖ ɘəŬɜɧŰɖŰŬ Űɞɡɠ ɜŬ ŮɜůɤɛŬŰɩɜɞɡɜ ŭɘŬűɞɟŮŰɘəɏɠ ɢɖɛɘəɏɠ ɞɡůɑŮɠ 

əŬɘ ɜŬ Űɘɠ Ŭˊɞŭɑŭɞɡɜ ůŰŬŭɘŬəɎ ůŰɞ ɛɘəɟɞˊŮɟɘɓɎɚɚɞɜ Űɞɡɠ. Ⱥˊɘˊɚɏɞɜ, ŮɛűŬɜɑɕɞɡɜ 

ɡɣɖɚɐ ɓɘɞůɡɛɓŬŰɧŰɖŰŬ, ɓɘɞŭɟŬůŰɘəɧŰɖŰŬ əŬɘ ŮˊŬɔɤɔɐ Űɖɠ ɞůŰŮɞůɨɜɗŮůɖɠ əŬɘ 

ˊɟɞɎɔɞɡɜ Űɖɜ ŬɜŬɔɏɜɜɖůɖ Űɞɡ ɞůŰɑŰɖ ɘůŰɞɨ, Ůɜɩ Űɞ ůɖɛŬɜŰɘəɧŰŮɟɞ ɛŮɘɞɜɏəŰɖɛɎ Űɞɡɠ 

ŮɑɜŬɘ ɖ ůɢŮŰɘəɎ ɛɘəɟɐ ɛɖɢŬɜɘəɐ ŬɜŰɞɢɐ. ȼ Ůɨəɞɚɖ ɛɞɟűɞˊɞɑɖůɐ Űɞɡɠ ŰŬ əŬɗɘůŰɎ 

ɘəŬɜɎ ɜŬ ˊɚɖɟɞɨɜ Űɘɠ ŬŰɏɚŮɘŮɠ ůŰŬ ɞůŰɎ əŬɚɨŰŮɟŬ Ŭˊɧ ŰŬ ůɡɛˊŬɔɐ ůŰŮɟŮɎ ɛˊɚɞə 

ɡŭɟɞɝɡŬˊŬŰɑŰɖ əŬɘ Ŭˊɧ Űɞɡɠ əɧəəɞɡɠ/ůəɧɜŮɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖ. ɇŬ ɡɚɘəɎ ŬɡŰɎ ɛŮŰɎ 

Ŭˊɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ 6 ɛɖɜɩɜ ɐ əŬɘ ˊŮɟɘůůɧŰŮɟɞ ŮɜůɤɛŬŰɩɜɞɜŰŬɘ ˊɚɐɟɤɠ ůŰɞɜ 

ůˊɞɔɔɩŭɖ ɞůŰɑŰɖ ɘůŰɧ. ɋůŰɧůɞ, ŰŬ ŰůɘɛɏɜŰŬ űɤůűɞɟɘəɞɨ ŬůɓŮůŰɑɞɡ ɏɢɞɡɜ Ůˊɑůɖɠ 

ɞɟɘůɛɏɜŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ, ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ əɡɟɑɤɠ ɛŮ Űɖɜ əŬəɐ ɛɖɢŬɜɘəɐ Ŭˊɧŭɞůɖ 

Űɞɡɠ, ɖ ɞˊɞɑŬ ɏɢŮɘ ˊŮɟɘɞɟɘůɛɏɜɖ ɏɤɠ əŬɘ əŬɗɧɚɞɡ ŮűŬɟɛɞɔɐ ůŮ ůɢɏůɖ ɛŮ ŰŬ Ŭɛɘɔɩɠ 

əŮɟŬɛɘəɎ ɡɚɘəɎ.  (xlvii ) 

 

ɀɖɢŬɜɘůÕɧɠ əɟɡůŰɎɚɚɤůɖɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖ  

ȼ əɟɡůŰɎɚɚɤůɖ Űɞɡ ɡŭɟɞɝɡŬˊŬŰɑŰɖ űɡůɘɞɚɞɔɘəɎ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɏůɤ Űɖɠ 

əŬɗɑɕɖůɖɠ Ůɜɧɠ Ŭɟɘɗɛɞɨ ŮɜŭɘɎɛŮůɤɜ űɎůŮɤɜ, ˊɞɡ ŭɘŬɚɨɞɜŰŬɘ əŬɘ ŮˊŬɜŬəŬɗɘɕɎɜɞɡɜ 

ɛɏɢɟɘ Űɞɜ ůɢɖɛŬŰɘůɛɧ Űɖɠ ˊɘɞ ɗŮɟɛɞŭɡɜŬɛɘəɎ ůŰŬɗŮɟɐɠ űɎůɖɠ Űɞɡ. ũŮɜɘəɧŰŮɟŬ, ůŮ 

ɡɣɖɚɏɠ Űɘɛɏɠ pH ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɑŬ Ŭɟɢɘəɐ əŬɗɑɕɖůɖ Ŭˊɧ Ɏɛɞɟűɞ űɤůűɞɟɘəɧ 

ŬůɓɏůŰɘɞ (ACP) əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ űɤůűɞɟɘəɧ ɞəŰŬůɓɏůŰɘɞ (OCP) ɛŮ Űɞɜ 

ŮˊŬəɧɚɞɡɗɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Űɞɡɠ ůŮ ɡŭɟɞɝɡŬˊŬŰɑŰɖ. ɆŮ ɢŬɛɖɚɧŰŮɟŮɠ Űɘɛɏɠ pH ŮɑɜŬɘ 

ˊɘɗŬɜɧ ɜŬ ŮɛűŬɜɘůŰɞɨɜ ɎɚɚŮɠ űɎůŮɘɠ ɧˊɤɠ Űɞ ɏɜɡŭɟɞ űɤůűɞɟɘəɧ ŭɘŬůɓɏůŰɘɞ 

(DCPD). ȼ əŬɗɑɕɖůɖ ŬɡŰɩɜ Űɤɜ ŮɜŭɘɎɛŮůɤɜ űɎůŮɤɜ ŬəɞɚɞɡɗŮɑ Űɞɜ ɜɧɛɞ Űɞɡ 

Ostwald ɔɘŬ Űɖɜ əŬɗɑɕɖůɖ ŮɚŬűɟɩɠ ŭɘŬɚɡŰɩɜ ɘɞɜŰɘəɩɜ ŬɚɎŰɤɜ, ɞ ɞˊɞɑɞɠ ˊɟɞɓɚɏˊŮɘ 

ɧŰɘ ɖ űɎůɖ ˊɞɡ ŰŮɑɜŮɘ ɜŬ ůɢɖɛŬŰɘůŰŮɑ ŮɑɜŬɘ ɖ ɚɘɔɧŰŮɟɞ ůŰŬɗŮɟɐ űɎůɖ, ɖ ɞˊɞɑŬ ɏɢŮɘ Űɖ 

ɛŮɔŬɚɨŰŮɟɖ ŭɘŬɚɡŰɧŰɖŰŬ. ɋůŰɧůɞ, ɞɟɘůɛɏɜɞɘ əɘɜɖŰɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ ˊŬɑɕɞɡɜ 

ůɖɛŬɜŰɘəɧŰŮɟɞ ɟɧɚɞ ůŰɞɜ əŬɗɞɟɘůɛɧ Űɖɠ űɎůɖɠ Űɞɡ űɤůűɞɟɘəɞɨ ŬůɓŮůŰɑɞɡ ˊɞɡ ɗŬ 

ůɢɖɛŬŰɘůŰŮɑ. ȯɚɚɞɘ ˊŬɟɎɔɞɜŰŮɠ, ɧˊɤɠ ɖ ɨˊŬɟɝɖ əŬɘ ɖ ŮˊɑŭɟŬůɖ ˊɟɞůɗɏŰɤɜ ɐ ɘɧɜŰɤɜ, 

ɐ ɖ ɨˊŬɟɝɖ Ɏɚɚɤɜ əɟɡůŰɎɚɚɤɜ ɛɏůŬ ůŰɞɡɠ ɞˊɞɑɞɡɠ ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ 

ŮˊɘŰŬɝɘŬəɐ ŬɜɎˊŰɡɝɖ, ɏɢɞɡɜ ůɖɛŬɜŰɘəɐ ŮˊɑŭɟŬůɖ ůŰɞɜ ůɢɖɛŬŰɘůɛɧ Űɤɜ űɎůŮɤɜ Űɞɡ 

űɤůűɞɟɘəɞɨ ŬůɓŮůŰɑɞɡ.  

     ȼ ŭɘŬŭɘəŬůɑŬ Űɖɠ əɟɡůŰŬɚɚɞˊɞɑɖůɖɠ ɝŮəɘɜɎŮɘ ɧŰŬɜ ɖ ůɡɔəɏɜŰɟɤůɖ Űɤɜ ɘɧɜŰɤɜ 

ůŰɞ ŭɘɎɚɡɛŬ ɝŮˊŮɟɜɎ Űɖ ůŰŬɗŮɟɎ ŭɘŬɚɡŰɧŰɖŰŬɠ Űɞɡ ˊɟɞɥɧɜŰɞɠ ɔɘŬ Űɞɜ ůɡɔəŮəɟɘɛɏɜɞ 

əɟɨůŰŬɚɚɞ. ȼ ŭɘŬɚɡŰɧŰɖŰŬ Űɞɡ ˊɟɞɥɧɜŰɞɠ əŬɗɞɟɑɕŮɘ Űɘɠ ɗŮɟɛɞŭɡɜŬɛɘəɏɠ ůɡɜɗɐəŮɠ 
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ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŬɜɧɟɔŬɜɖ əŬɗɑɕɖůɖ əŬɘ ůɡɜŭɏŮŰŬɘ ɛŮ Űɖɜ ŭɟŬůŰɘəɧŰɖŰŬ 

(ŭɟŬůŰɘəɐ ůɡɔəɏɜŰɟɤůɖ) Űɤɜ ɘɧɜŰɤɜ ůɡůŰŬŰɘəɩɜ ůŰɞ ŭɘɎɚɡɛŬ ůŮ ɘůɞɟɟɞˊɑŬ ɛŮ Űɖ 

ůŰŮɟŮɐ űɎůɖ. Ƀɘ ɗŮɟɛɞŭɡɜŬɛɘəɞɑ ɡˊɞɚɞɔɘůɛɞɑ Űɖɠ əɟɡůŰŬɚɚɞˊɞɑɖůɖɠ ˊɟɏˊŮɘ ɜŬ 

ůɡɛˊŮɟɘɚɎɓɞɡɜ əŬɘ Űɞɡɠ əɘɜɖŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ Ŭűɞɟɞɨɜ Űɞ ůɢɖɛŬŰɘůɛɧ 

ˊɡɟɐɜɤɜ, ɛɑŬ ŭɘŬŭɘəŬůɑŬ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖɜ əɟɡůŰŬɚɚɞˊɞɑɖůɖ əŬɗɩɠ ɞ 

ůɢɖɛŬŰɘůɛɧɠ ŬɡŰɧɠ ŬˊɞŰŮɚŮɑ Űɖ ɓɎůɖ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɤɜ əɟɡůŰɎɚɚɤɜ. ȼ 

ŭɘŬŭɘəŬůɑŬ ůɢɖɛŬŰɘůɛɞɨ ˊɡɟɐɜɤɜ ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ŮɑŰŮ ŬɡɗɧɟɛɖŰŬ 

(ɞɛɞɔŮɜɐɠ) ɐ ɜŬ ɢɟŮɘɎɕŮŰŬɘ ŮɜŮɟɔɞˊɞɑɖůɖ ɛŮ Űɖɜ ˊŬɟɞɡůɑŬ ɝɏɜɤɜ ɞɡůɘɩɜ ɐ Ɏɚɚɤɜ 

əɟɡůŰɎɚɚɤɜ (ŮŰŮɟɞɔŮɜɐɠ). H ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ɏˊŮŰŬɘ Ŭˊɧ ɛɘŬ ɚŮˊŰɐ ɘůɞɟɟɞˊɑŬ 

ŬɜɎɛŮůŬ ůŰɖɜ ŮɚŮɨɗŮɟɖ ŮɜɏɟɔŮɘŬ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɞɜ ůɢɖɛŬŰɘůɛɧ ɛɘŬɠ 

ŭɘŮˊɘűɎɜŮɘŬɠ ůŰŮɟŮɞɨ-ɡɔɟɞɨ əŬɘ ůŰɖɜ ŮɜɏɟɔŮɘŬ Űɤɜ ɘɧɜŰɤɜ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ (əɨɟɘɞɠ 

ɧɔəɞɠ). O ŮŰŮɟɞɔŮɜɐɠ ůɢɖɛŬŰɘůɛɧɠ ˊɡɟɐɜɤɜ ŮɑɜŬɘ ɗŮɟɛɞŭɡɜŬɛɘəɎ ˊɘɞ ŮűɘəŰɧɠ, əŬɗɩɠ 

ˊŬɟɏɢŮŰŬɘ ŮˊɘűɎɜŮɘŬ ˊɎɜɤ ůŰɖɜ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ əɟɡůŰŬɚɚɘəɐ 

ŬɜɎˊŰɡɝɖ əŬɘ ɏŰůɘ ŬˊŬɘŰŮɑŰŬɘ ɛɘəɟɧŰŮɟɞɠ ɡˊŮɟəɞɟŮůɛɧɠ əŬɘ əŬŰô ŮˊɏəŰŬůɖ ɛŮɘɩɜŮŰŬɘ 

əŬɘ ɖ ŬˊŬɑŰɖůɖ ɔɘŬ ɡˊɏɟɓŬůɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ ŮɜŮɟɔɞˊɞɑɖůɖɠ Űɞɡ ůɢɖɛŬŰɘůɛɞɨ 

ˊɡɟɐɜɤɜ. ȼ ŮɜɏɟɔŮɘŬ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ əɟɡůŰŬɚɚɞˊɞɑɖůɖ ɛŮɘɩɜŮŰŬɘ ˊŮɟŬɘŰɏɟɤ 

ŮɎɜ ɡˊɎɟɢŮɘ əŬɚɐ ɢɖɛɘəɐ əŬɘ ŭɞɛɘəɐ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮŰŬɝɨ Űɤɜ ɜɏɤɜ əŬɘ Űɤɜ ɐŭɖ 

ɡˊŬɟɢɧɜŰɤɜ űɎůŮɤɜ. ȼ ɨˊŬɟɝɖ ˊɟɞůɗɏŰɤɜ, ˊɞɡ ŭɟɞɡɜ ůŬɜ ůɖɛŮɑŬ Ůəəɑɜɖůɖɠ Űɞɡ 

ůɢɖɛŬŰɘůɛɞɨ ˊɡɟɐɜɤɜ, ɛŮɘɩɜŮɘ Ůˊɑůɖɠ Űɖɜ ŮɜɏɟɔŮɘŬ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ 

əɟɡůŰŬɚɚɞˊɞɑɖůɖ, ŭɘŮɡəɞɚɨɜɞɜŰŬɠ ɏŰůɘ Űɖɜ ŬɜɎˊŰɡɝɖ əɟɡůŰɎɚɚɤɜ ˊɟɞɠ ůɡɔəŮəɟɘ-

ɛɏɜŮɠ əŬŰŮɡɗɨɜůŮɘɠ.  

      ȼ ŬɜɎˊŰɡɝɖ Űɤɜ əɟɡůŰɎɚɚɤɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɤɜ ɘɧɜŰɤɜ ůŰɞ 

ŭɘɎɚɡɛŬ. ȾŬɗɩɠ ɞ ɡˊŮɟəɞɟŮůɛɧɠ ŮɑɜŬɘ ŮɜŰɞɜɧŰŮɟɞɠ Ŭˊɧ Űɖ ŭɟŬůŰɘəɧŰɖŰŬ Űɞɡ ˊɟɞɥɧ-

ɜŰɞɠ, ɖ ŬɜɎˊŰɡɝɖ Űɤɜ əɟɡůŰɎɚɚɤɜ ɗŬ ůɡɜŮɢɘůŰŮɑ əŬɘ ɗŬ ůŰŬɛŬŰɐůŮɘ ɧŰŬɜ ŮˊɘŰŮɡɢɗŮɑ 

ɘůɞɟɟɞˊɑŬ. ɋůŰɧůɞ, ůŮ ɏɜŬ ŭɘɎɚɡɛŬ ɛŮ ůɡɔəŮəɟɘɛɏɜɖ ůɡɔəɏɜŰɟɤůɖ ɘɧɜŰɤɜ, ɧůɞ 

ɛŮɔŬɚɨŰŮɟɞɠ ŮɑɜŬɘ ɞ Ŭɟɘɗɛɧɠ ŭɘŬɗɏůɘɛɤɜ ůɖɛŮɑɤɜ ɔɘŬ Űɞɜ ůɢɖɛŬŰɘůɛɧ ˊɡɟɐɜɤɜ, Űɧůɞ 

ɛɘəɟɧŰŮɟɞɘ ɗŬ ŮɑɜŬɘ ɞɘ ˊŬɟŬɔɧɛŮɜɞɘ əɟɨůŰŬɚɚɞɘ. ȼ əɟɡůŰŬɚɚɘəɐ ŬɜɎˊŰɡɝɖ ŮɝŬɟŰɎŰŬɘ 

Ůˊɑůɖɠ Ŭˊɧ Űɖ ŭɞɛɐ Űɤɜ ŬɜŬˊŰɡůůɧɛŮɜɤɜ əɟɡůŰɎɚɚɤɜ əŬɘ Ŭˊɧ Űɖ űɎůɖ ˊɞɡ 

əŬɗɘɕɎɜŮɘ. ȺɎɜ ɖ ŭɞɛɐ ˊŮɟɘɏɢŮɘ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ŮˊɘűŬɜŮɘŬəɩɜ ŬŰŮɚŮɘɩɜ, ůŰɘɠ ɞˊɞɑŮɠ ɖ 

əɟɡůŰŬɚɚɞˊɞɑɖůɖ ŭŮɜ ŮɑɜŬɘ ˊɚɏɞɜ ɗŮɟɛɞŭɡɜŬɛɘəɎ ŮűɘəŰɐ, ɖ ŬɜɎˊŰɡɝɖ ɗŬ 

ůŰŬɛŬŰɐůŮɘ. Ƀɛɞɑɤɠ, ŮɎɜ ɛɑŬ ŭŮɨŰŮɟɖ ˊɘɞ ŭɘŬɚɡŰɐ űɎůɖ ŮˊɘəŬɗɐůŮɘ ˊɎɜɤ Ŭˊɧ Űɖɜ 

ˊɟɤŰŬɟɢɘəɐ űɎůɖ, ɚɧɔɤ ŭɘŬəɡɛɎɜůŮɤɜ ůŰɘɠ ůɡɜɗɐəŮɠ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ, ɖ 

əɟɡůŰŬɚɚɘəɐ ŬɜɎˊŰɡɝɖ ɗŬ ůŰŬɛŬŰɐůŮɘ ŬəɧɛŬ əŬɘ Ŭɜ Űɞ ŭɘɎɚɡɛŬ ŮɑɜŬɘ ŬəɧɛŬ 

ɡˊɏɟəɞɟɞ ůŮ ůɢɏůɖ ɛŮ Űɖɜ Ŭɟɢɘəɐ űɎůɖ. ɄŬɟŮɛˊɧŭɘůɖ Űɖɠ əɟɡůŰŬɚɚɘəɐɠ ŬɜɎˊŰɡɝɖɠ 

Ŭˊɧ ˊɟɧůɗŮŰŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ ˊɟɞůɟɧűɖůɖ Űɞɡɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŬɜŬˊŰɡů-

ůɧɛŮɜɞɡ əɟɨůŰŬɚɚɞɡ, ɛˊɚɞəɎɟɞɜŰŬɠ ɏŰůɘ Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ. ȺɎɜ ŰŬ ˊɟɧůɗŮŰŬ 

ˊɟɞůɟɞűɞɨɜŰŬɘ ŮˊɘɚŮəŰɘəɎ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ əɟɡůŰŬɚɚɘəɏɠ ŮˊɘűɎɜŮɘŮɠ, ŰɧŰŮ ɖ 

ŬɜɎˊŰɡɝɖ ɗŬ ˊŬɟŮɛˊɞŭɘůŰŮɑ əŬŰɎ Űɖ ůɡɔəŮəɟɘɛɏɜɖ ɛɧɜɞ əŬŰŮɨɗɡɜůɖ, ŰɟɞˊɞˊɞɘɩɜŰŬɠ 

ɛŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ Űɖ ɛɞɟűɞɚɞɔɑŬ Űɞɡ əɟɡůŰɎɚɚɞɡ. (xlvii) 

ȺűŬɟɛɞɔɏɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖ 

     Ƀ ůɡɜɗŮŰɘəɧɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖɠ ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ŭɘɎűɞɟŮɠ əɚɘɜɘəɏɠ 

ŮűŬɟɛɞɔɏɠ: ůŬɜ ˊɚɖɟɤŰɘəɧ ŮɚŬŰŰɩɛŬŰɞɠ Ůɜɧɠ ɞůŰɞɨ, ůŬɜ ŬˊɞůŰɎŰɖɠ ɞůŰɩɜ, ůŬɜ 

ɡˊɞəŬŰɎůŰŬŰɞ ɞůŰɘəɞɨ ɛɞůɢŮɨɛŬŰɞɠ əŬɗɩɠ əŬɘ ůŬɜ ŮˊɘəɎɚɡɣɖ Űɞɡ ɛŮŰɎɚɚɞɡ 
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ɛɖɟɘŬɑɞɡ ůŰŮɚɏɢɞɡɠ ůŮ ɞɚɘəɐ ŬɟɗɟɞˊɚŬůŰɘəɐ ɘůɢɨɞɡ. Ƀ ůŰɧɢɞɠ Űɖɠ ŮˊɘəɎɚɡɣɖɠ 

ɡŭɟɞɝɡŬˊŬŰɑŰɖ ŮɑɜŬɘ ɖ ɓŮɚŰɑɤůɖ Űɖɠ ŭɘŮˊŬűɐɠ Űɞɡ ɛŮŰɎɚɚɞɡ ɛŮ Űɞ ɞůŰɧ. Ⱥˊɘˊɚɏɞɜ, ɖ 

ɓɘɞŮɜŮɟɔɧŰɖŰŬ Űɞɡ ɡŭɟɞɝɡŬˊŬŰɑŰɖ Űɞɜ əŬɗɘůŰɎ ɘəŬɜɧ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ 

ɛŮŰŬűɞɟɏŬɠ űŬɟɛɎəɤɜ ůŰɞɜ ɞɟɔŬɜɘůɛɧ əŬɘ Ůˊɞɛɏɜɤɠ ŮɜŭŮɑəɜɡŰŬɘ ɔɘŬ Űɖɜ 

ŬˊŮɚŮɡɗɏɟɤůɖ əŬɟəɘɜɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ ɐ ŬɜŰɘɓɘɞŰɘəɩɜ. ȺɝŬɘŰɑŬɠ Űɖɠ ŮɝŬɘɟŮŰɘəɐɠ 

ɓɘɞůɡɛɓŬŰɧŰɖŰŬɠ əŬɘ ɓɘɞŭɟŬůŰɘəɧŰɖŰɎɠ Űɞɡ, ɞ ɡŭɟɞɝɡŬˊŬŰɑŰɖɠ ɏɢŮɘ ˊɟɞůŮɚəɨůŮɘ Űɞ 

ŮɜŭɘŬűɏɟɞɜ Űɤɜ ŮɟŮɡɜɖŰɘəɩɜ ˊɟɞůˊŬɗŮɘɩɜ ŰŬ ŰŮɚŮɡŰŬɑŬ 20 ɢɟɧɜɘŬ əŬɘ ɢɟɖůɘɛɞ-

ˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ˊɞɟɤŭɩɜ ŭɞɛɩɜ ůŰɖɜ ɛɖɢŬɜɘəɐ Űɤɜ ɘůŰɩɜ (tissue 

engineering). ɇɞ əɨɟɘɞ ɛŮɘɞɜɏəŰɖɛŬ Űɞɡ ɜŬɜɞɡŭɟɞɝɡŬˊŬŰɑŰɖ ůŰɖ ɛɖɢŬɜɘəɐ Űɤɜ ɘůŰɩɜ 

ŮɑɜŬɘ ɖ ŬɜŮˊŬɟəɐɠ ɛɖɢŬɜɘəɐ ŬɜŰɞɢɐ Űɞɡ əŬɘ ŮɡɗɟŬɡůŰɧŰɖŰŬ Űɞɡ, ˊɞɡ əŬɗɘůŰɞɨɜ 

ŬɜŬɔəŬɑŬ Űɖɜ ɢɟɐůɖ Űɞɡ ɤɠ ŰɛɐɛŬ ůɡɜɗɏŰɞɡ ɓɘɞɡɚɘəɞɨ. ɆɡɔəŮəɟɘɛɏɜŬ, ɖ 

ɡɓɟɘŭɞˊɞɑɖůɐ Űɞɡ ɛŮ ŮɜɘůɢɡŰɘəɎ ɡɚɘəɎ ɞŭɖɔɞɨɜ ůŰɖɜ Ŭɨɝɖůɖ Űɖɠ ɛɖɢŬɜɘəɐɠ ŬɜŰɞɢɐɠ 

əŬɘ ɔɘŬ ůŰɖ ɓŮɚŰɑɤůɖ Űɖɠ űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ Űɞɡ.(xlviii )(xlix )(l)(li ) 

 

1.9. ɉɘŰɞɕɎɜɖ  

ȼ ɢɘŰɞɕɎɜɖ ŬˊɞŰŮɚŮɑ ɏɜŬ ɔɟŬÕÕɘəɧ ˊɞɚɡůŬəɢŬɟɑŰɖ ˊɞɡ ˊɟɞəɨˊŰŮɘ ÕŮŰɎ Űɖ ÕŮɟɘəɐ 

ŬˊɞŬəŮŰɡɚɑɤůɖ Űɖɠ ɢɘŰɑɜɖɠ (Ⱥɘə. 1.9.1.). ȰɜŬɠ ˊɞɚɡůŬəɢŬɟɑŰɖɠ (polysaccharide) (lii ), 

ŬˊɞŰŮɚŮɑ ɏɜŬ ɛŮɔɎɚɞ ɛɧɟɘɞ ɡŭŬŰɎɜɗɟŬəŬ, ŭɖɚŬŭɐ ɏɜŬ ˊɞɚɚŬˊɚɧ ůɎəɢŬɟɞ ɛŮ ŭɞɛɐ 

ůŬɜ ŬɚɡůɑŭŬ ɐ ŭɘŬəɚŬŭɤɛɏɜɖ Ŭˊɧ ˊɞɚɚɏɠ ɛɞɜɎŭŮɠ ɛɞɜɞůŬəɢŬɟɘŰɩɜ əŬɘ ˊɞɡ 

ŮɜɩɜɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ ŬɜŰɘŭɟɎůŮɘɠ ůɡɛˊɨəɜɤůɖɠ. ȷɜ əŬɘ ɞɘ ˊŮɟɘůůɧŰŮɟɞɘ 

ˊɞɚɡůŬəɢŬɟɑŰŮɠ ɏɢɞɡɜ ɏɜŬ ŰŮɟɛŬŰɘəɧ ɛɞɜɞɛŮɟɏɠ ɤɠ ůɎəɢŬɟɞ ŬɜŬɔɤɔɐɠ, ŬɡŰɧ 

ůɢɖɛŬŰɑɕŮɘ ɏɜŬ ɛɘəɟɧ ɛɧɜɞ ŰɛɐɛŬ Űɞɡ ɧɚɞɡ ɛɞɟɑɞɡ, ɛŮ ůɡɜɏˊŮɘŬ, ɞɘ ˊŮɟɘůůɧŰŮɟɞɘ Ůɝ 

ŬɡŰɩɜ ɜŬ ɛɖɜ ŮɜŮɟɔɞɨɜ ɤɠ ɕɎɢŬɟɖ ŬɜŬɔɤɔɐɠ. Ƀɘ űɡůɘəɞɑ ůŬəɢŬɟɑŰŮɠ ŬˊɞŰŮɚɞɨɜŰŬɘ 

Ŭˊɧ Ŭˊɚɞɨɠ ɡŭŬŰɎɜɗɟŬəŮɠ əŬɘ ɞɜɞɛɎɕɞɜŰŬɘ ɛɞɜɞůŬəɢŬɟɑŰŮɠ ɛŮ ɔŮɜɘəɧ Űɨˊɞ (CH2O)n, 

ɧˊɞɡ Űɞ n>=3. ɄŬɟŬŭŮɑɔɛŬŰŬ ɛɞɜɞůŬəɢŬɟɘŰɩɜ ŮɑɜŬɘ ɖ ɔɚɡəɧɕɖ, űɟɞɡəŰɧɕɖ, əŬɘ 

ɔɚɡəŮɟŬɚŭŮɦŭɖ. Ƀɘ ́ɞɚɡůŬəɢŬɟɑŰŮɠ, ɏɢɞɡɜ ɔŮɜɘəɧ Űɨˊɞ  Cx (H2O) y ɧˊɞɡ Űɞ x E[200, 

2500], ŮɑɜŬɘ ŬŭɘɎɚɡŰɞɘ əŬɘ Ɏɔɚɡəɞɘ əŬɘ ɗŮɤɟɞɨɜŰŬɘ ůɖɛŬɜŰɘəɞɑ ŮɑŰŮ ɤɠ ɛɧɟɘŬ 

ŬˊɞɗɐəŮɡůɖɠ, ŮɑŰŮ ɤɠ ɡɚɘəɎ Ůɜɑůɢɡůɖɠ. ɆɖɛŬɜŰɘəɧŰŮɟɞɘ ˊɞɚɡůŬəɢŬɟɑŰŮɠ ŮɑɜŬɘ Űɞ 

Ɏɛɡɚɞ, ɖ ɘɜŬɚɑɜɖ əŬɘ Űɞ ɔɚɡəɞɔɧɜɞ, əŬɘ ɖ əɡŰŰŬɟɑɜɖ (ůŰŬ űɡŰɎ), əŬɘ ɖ ɢɘŰɑɜɖ (ůŰŬ 

əŮɚɨűɖ Űɤɜ əŬɟəɘɜɤŭɩɜ). ȺɘŭɘəɧŰŮɟŬ ˊŬɟɎ Űɞ ɧŰɘ əŬɘ ɞɘ ŰɟŮɘɠ əɨɟɘɞɘ ˊɞɚɡůŬə-

ɢŬɟɑŰŮɠ: Ɏɛɡɚɞ, ɔɚɡəɞɔɧɜɞ əŬɘ əɡŰŰŬɟɑɜɖ ŭɞɛɞɨɜŰŬɘ Ŭˊɧ Űɞ ɑŭɘɞ ɛɞɜɞɛŮɟɏɠ Űɖ 

ɔɚɡəɧɕɖ, ŭɘŬűɏɟɞɡɜ ɤɠ ˊɟɞɠ Űɞ ɛɏɔŮɗɞɠ, Űɖ ɛɞɟűɐ Űɞɡɠ ůŰɞ ɢɩɟɞ, əŬɘ Űɞ ɓɘɞɚɞɔɘəɧ 

Űɞɡɠ ɟɧɚɞ. ȼ ȾɡŰŰŬɟɑɜɖ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ůɢɖɛŬŰɑɕŮɘ ŮɡɗŮɑŬ ŬɚɡůɑŭŬ, Űɞ Ɏɛɡɚɞ ɛɘŬ 

ůˊŮɘɟɞŮɘŭɐ ŬɚɡůɑŭŬ, əŬɘ Űɞ ɔɚɡəɞɔɧɜɞ ɛɘŬ ŭɘŬəɚŬŭɤɛɏɜɖ ŬɚɡůɑŭŬ. ȼ əɡŰŰŬɟɑɜɖ əŬɘ 

Űɞ Ɏɛɡɚɞ ŬˊŬɜŰɩɜŰŬɘ ɛɧɜɞ ůŰŬ űɡŰɘəɎ əɨŰŰŬɟŬ, Űɞ ˊɟɩŰɞ ɤɠ ŭɞɛɘəɧ ɡɚɘəɧ əŬɘ Űɞ 

ŭŮɨŰŮɟɞ ɤɠ ŬˊɞŰŬɛɘŮɡŰɘəɐ ɞɡůɑŬ. ȷɜŰɑɗŮŰŬ Űɞ ɔɚɡəɞɔɧɜɞ ŬˊŬɜŰɎŰŬɘ ůŰŬ ɕɤɥəɎ 

əɨŰŰŬɟŬ əŬɘ ůŰŬ əɨŰŰŬɟŬ Űɤɜ ɛɡəɐŰɤɜ, ɞɛɞɑɤɠ ɤɠ ŬˊɞŰŬɛɘŮɡŰɘəɐ ɞɡůɑŬ. 

      ȼ ɢɘŰɑɜɖ, ˊɞɚɡ(ɓ-(1Ÿ4)-Ɂ-ŬəŮŰɡɚɞ-D-ɔɚɡəɞɕŬÕɑɜɖ, ŬˊɞŰŮɚŮɑ ɏɜŬ űɡůɘəɧ ɓɘɞˊɞ-

ɚɡÕŮɟɐ ˊɞɚɡůŬəɢŬɟɑŰɖ, ɞ ɞˊɞɑɞɠ ŬˊŬɜŰɎŰŬɘ ůŮ ˊɞɚɨ ÕŮɔɎɚɞ ŬɟɘɗÕɧ ɞɟɔŬɜɘůɛɩɜ əŬɘ 

ŬˊɞŰŮɚŮɑ Űɞ ŭŮɨŰŮɟɞ ɛŮɔŬɚɨŰŮɟɞ ůŮ ŮŰɐůɘŬ ˊɞůɧŰɖŰŬ ˊŬɟŬɔɤɔɐɠ ˊɞɚɡɛŮɟɏɠ, ÕŮŰɎ 

Űɖɜ ůŮɚɞɡɚɧɕɖ. ɆŰɖ űɨůɖ ɖ ɢɘŰɑɜɖ ŮɛűŬɜɑɕŮŰŬɘ ÕŮ Űɖ Õɞɟűɐ ŭɘŬŰŮŰŬɔÕɏɜɤɜ əɟɡůŰŬɚ-

https://el.wikipedia.org/wiki/%CE%9C%CF%8C%CF%81%CE%B9%CE%BF
https://el.wikipedia.org/wiki/%CE%A5%CE%B4%CE%B1%CF%84%CE%AC%CE%BD%CE%B8%CF%81%CE%B1%CE%BA%CE%B1%CF%82
https://el.wikipedia.org/wiki/%CE%9C%CE%BF%CE%BD%CE%BF%CF%83%CE%B1%CE%BA%CF%87%CE%B1%CF%81%CE%AF%CF%84%CE%B5%CF%82
https://el.wikipedia.org/wiki/%CE%91%CE%BD%CF%84%CE%AF%CE%B4%CF%81%CE%B1%CF%83%CE%B7_%CF%83%CF%85%CE%BC%CF%80%CF%8D%CE%BA%CE%BD%CF%89%CF%83%CE%B7%CF%82
https://el.wikipedia.org/w/index.php?title=%CE%A3%CE%AC%CE%BA%CF%87%CE%B1%CF%81%CE%BF_%CE%B1%CE%BD%CE%B1%CE%B3%CF%89%CE%B3%CE%AE%CF%82&action=edit&redlink=1
https://el.wikipedia.org/wiki/%CE%86%CE%BC%CF%85%CE%BB%CE%BF
https://el.wikipedia.org/w/index.php?title=%CE%99%CE%BD%CE%B1%CE%BB%CE%AF%CE%BD%CE%B7&action=edit&redlink=1
https://el.wikipedia.org/wiki/%CE%93%CE%BB%CF%85%CE%BA%CE%BF%CE%B3%CF%8C%CE%BD%CE%BF
https://el.wikipedia.org/wiki/%CE%9A%CF%85%CF%84%CF%84%CE%B1%CF%81%CE%AF%CE%BD%CE%B7
https://el.wikipedia.org/wiki/%CE%A7%CE%B9%CF%84%CE%AF%CE%BD%CE%B7
https://el.wikipedia.org/wiki/%CE%93%CE%BB%CF%85%CE%BA%CF%8C%CE%B6%CE%B7
https://el.wikipedia.org/wiki/%CE%9A%CF%85%CF%84%CF%84%CE%B1%CF%81%CE%AF%CE%BD%CE%B7
https://el.wikipedia.org/wiki/%CE%86%CE%BC%CF%85%CE%BB%CE%BF
https://el.wikipedia.org/wiki/%CE%93%CE%BB%CF%85%CE%BA%CE%BF%CE%B3%CF%8C%CE%BD%CE%BF
https://el.wikipedia.org/wiki/%CE%9C%CF%8D%CE%BA%CE%B7%CF%84%CE%B5%CF%82
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ɚɘəɩɜ Õɘəɟɞɥɜɩɜ, ŬˊɞŰŮɚɩɜŰŬɠ ŭɞÕɘəɧ ůɡůŰŬŰɘəɧ Űɤɜ əŮɚɡűɩɜ Űɤɜ Ŭɟɗɟɧˊɞŭɤɜ əŬɘ 

Űɤɜ ɞůŰɟŬəɞŮɘŭɩɜ, əŬɗɩɠ əŬɘ Űɤɜ əɡŰŰŬɟɘəɩɜ ŰɞɘɢɤÕɎŰɤɜ ÕɡəɐŰɤɜ əŬɘ ɕɡÕɩɜ. 

ȳŰŬɜ ɞ ɓŬɗɛɧɠ ŬˊɞŬəŮŰɡɚɑɤůɖɠ Űɖɠ ɢɘŰɑɜɖɠ ŮɑɜŬɘ ÕŮɔŬɚɨŰŮɟɞɠ ˊŮɟɑˊɞɡ Űɞɡ 50%, ŰɧŰŮ 

ɔɑɜŮŰŬɘ ŭɘŬɚɡŰɐ ůŮ ɧɝɘɜɞ ɡŭɎŰɘɜɞ Õɏůɞ əŬɘ ɞɜɞÕɎɕŮŰŬɘ ɢɘŰɞɕɎɜɖ. ȾŬŰɎ Űɖ ŭɘɎɚɡůɖ Űɖɠ 

ɢɘŰɞɕɎɜɖɠ ůŮ ɧɝɘɜɞ ɡŭŬŰɘəɧ Õɏůɞ, Õɏůɤ Űɞɡ əŬŰɘɞɜɘůÕɞɨ Űɤɜ ŬÕɘɜɘəɩɜ ɞÕɎŭɤɜ Űɖɠ 

ɔɚɡəɞɕŬÕɑɜɖɠ, ɞ ˊɞɚɡůŬəɢŬɟɑŰɖɠ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ˊɞɚɡɖɚŮəŰɟɞɚɨŰɖ.  (liii )  

 

 Ⱥɘə. 1.9.1. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ŬˊɞŬəŮŰɡɚɑɤůɖɠ Űɖɠ ɢɘŰɑɜɖɠ ˊɟɞɠ Űɞ ůɢɖɛŬŰɘůɛɧ 

ɢɘŰɞɕɎɜɖɠ lii  

    ɆŰɖ ůŰŮɟŮɐ Űɖɠ ɛɞɟűɐ ɖ ɢɘŰɞɕɎɜɖ ŮɑɜŬɘ ɏɜŬ ɖÕɘəɟɡůŰŬɚɚɘəɧ ˊɞɚɡÕŮɟɏɠ Űɞ ɞˊɞɑɞ 

əɟɡůŰŬɚɚɩɜŮŰŬɘ ůŰɞ ɞɟɗɞɟɞÕɓɘəɧ ůɨůŰɖÕŬ ÕŮ ˊŬɟŬÕɏŰɟɞɡɠ ˊɚɏɔɛŬŰɞɠ Ŭ = 8,07 ȷ, 

b = 8,44 A əŬɘ c = 10,34 A. ȼ ÕɞɜŬŭɘŬɑŬ əɡɣŮɚɑŭŬ Űɖɠ ˊŮɟɘɏɢŮɘ ŭɨɞ ŬɜŰɘˊŬɟɎɚɚɖɚŮɠ 

ŬɚɡůɑŭŮɠ ɢɘŰɞɕɎɜɖɠ, ŬˊɞɡůɑŬ Õɞɟɑɤɜ ɜŮɟɞɨ. Ƀ ˊŬɟɎɔɞɜŰŬɠ əɟɡůŰɎɚɚɤůɖɠ Űɖɠ 

ɢɘŰɞɕɎɜɖɠ ŮɝŬɟŰɎŰŬɘ Űɧůɞ Ŭˊɧ Űɞ ɓŬɗɛɧ ŬˊɞŬəŮŰɡɚɑɤůɖɠ Űɖɠ, ɧůɞ əŬɘ Ŭˊɧ Űɞ 

ÕɞɟɘŬəɧ Űɖɠ ɓɎɟɞɠ. ɆɨɛűɤɜŬ ɛŮ ŭɘŬŭɘəŬůɑŬ ˊŬɟŬɔɤɔɐɠ Űɖɠ Űɞ ÕɞɟɘŬəɧ Űɖɠ ɓɎɟɞɠ 

ɛˊɞɟŮɑ ɜŬ ŮəŰŮɑɜŮŰŬɘ ůŮ Ůɨɟɞɠ Ŭˊɧ 300 Õɏɢɟɘ 1000kD əŬɘ ˊɞůɞůŰɧ ŬˊŬəɡɚɑɤůɖɠ Ŭˊɧ 

30% Õɏɢɟɘ 95%. ɆŰɖɜ əɟɡůŰŬɚɚɘəɐ Űɖɠ Õɞɟűɐ ɖ ɢɘŰɞɕɎɜɖ ŮɑɜŬɘ ŬŭɘɎɚɡŰɖ ůŮ ɡŭŬŰɘəɎ 

ŭɘŬɚɨÕŬŰɞɠ pH>7, Ůɜɩ ůŮ ŭɘŬɚɡÕɏɜɖ ůŮ ɞɝɏŬ (ɡŭŬŰɘəɎ ŭɘŬɚɨɛŬŰŬ ÕŮ pH<6) ɞɘ 

ŮɚŮɨɗŮɟŮɠ ŬÕɘɜɘəɏɠ ɞÕɎŭŮɠ ůŰɖɜ ɔɚɡəɞɕŬÕɑɜɖ ŭɘŮɡəɞɚɨɜɞɡɜ Űɖɜ ŭɘɎɚɡůɖ Űɞɡ 

Õɞɟɑɞɡ.(liv )(xlvii) ȼ ŮˊɑŭɟŬůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ Űɞɡ ɞɝɏɞɠ ůŰɖɜ ŭɞɛɐ Űɖɠ 

ɢɘŰɞɕɎɜɖɠ ŮɑɜŬɘ ˊɞɡ ɞŭɖɔŮɑ ůŮ ŬɜɘɢɜŮɨůɘÕɖ ɛŮŰŬɓɞɚɐ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɖɠ ɢɘŰɞɕɎɜɖɠ. Ƀɘ 

ˊŬɟɎɛŮŰɟɞɘ Ůˊɘɚɞɔɐɠ ɞɝɏɞɠ əŬɘ ɗŮɟɛɞəɟŬůɑŬɠ Õˊɞɟɞɨɜ ɜŬ Ŭɝɘɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖɜ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɤɜ ůɡɜɗɖəɩɜ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ŭɖɛɘɞɡɟɔɑŬɠ ůŰŬɡɟɞŭŮůÕɩɜ ůŰɖɜ 

ɢɘŰɞɕɎɜɖ. Ƀ ůɢɖÕŬŰɘůÕɧɠ ˊɞɚɡÕŮɟɘəɩɜ ůŰŬɡɟɞŭŮůÕɩɜ ɢɘŰɞɕɎɜɖɠ ɞŭɖɔŮɑ ůŰɞɜ 

ůɢɖɛŬŰɘůɛɧ ÕɧɜɘÕɞɡ ɞÕɞɘɞˊɞɚɘəɞɨ ŭɘəŰɨɞɡ Űɞ ɞˊɞɑɞ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŭɘɎɢɡůɖ ɜŮɟɞɨ ɐ 

ɓɘɞŮɜŮɟɔɩɜ ɡɚɘəɩɜ, ŰŬɡŰɧɢɟɞɜŬ ŮɜɘůɢɨɞɜŰŬɠ Űɘɠ ÕɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ 

ˊɞɚɡÕŮɟɞɡɠ.(lv). ɆɢŮŰɘəɎ ɛŮ Űɖ ˊŬɟɞɨůŬ ˊŮɘɟŬɛŬŰɘəɐ ˊɞɟŮɑŬ əŬɘ ɛŮ ˊɟɞɖɔɞɨɛŮɜŮɠ 

ɛŮɚɏŰŮɠ, ůɡɛˊŮɟŬɑɜŮŰŬɘ ɧŰɘ ɖ ɡŭɟɧɚɡůɖ Űɖɠ ɢɘŰɞɕɎɜɖɠ ůŮ űɤůűɞɟɘəɧ ɞɝɨ 85% 

ˊŬɟɎɔŮɘ ɢɘŰɞɕɎɜɖ ɢŬÕɖɚɞɨ ÕɞɟɘŬəɞɨ ɓɎɟɞɡɠ əŬɘ ɖ ɗŮɟÕɞəɟŬůɑŬ ɛŮ Űɞ ɛɞɟɘŬəɧ 
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ɓɎɟɞɠ, ɔɘŬ ɑůɞɡɠ ɢɟɧɜɞɡɠ ɡŭɟɧɚɡůɖɠ, ˊɟɞɏəɡɣŬɜ ŬɜŰɘůŰɟɧűɤɠ ŬɜɎɚɞɔŬ ɛŮɔɏɗɖ. 

(xlvii) 

 

Ⱥɘə.1.9.2. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ůəɧɜɖɠ ɢɘŰɞɕɎɜɖɠ 

      Ƀ ɓɘɞůɡÕɓŬŰɧɠ əŬɘ ɓɘɞŬˊɞɘəɞŭɞÕɐůɘÕɞɠ űɡůɘəɞɢɖÕɘəɧɠ ɢŬɟŬəŰɐɟŬɠ Űɖɠ 

ɢɘŰɞɕɎɜɖɠ, ůŮ ůɡɜŭɡŬůÕɧ ÕŮ Űɖɜ əŬŰɘɞɜɘəɐ Űɖɠ ůɡɛˊŮɟɘűɞɟɎ, ɖ ɞˊɞɑŬ Űɖɠ ˊɟɞůŭɑŭŮɘ 

ŬɜŰɘÕɘəɟɞɓɘŬəɏɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ɘəŬɜɧŰɖŰŬ ůɨɜŭŮůɖɠ ÕŮ ˊɟɤŰŮȶɜŮɠ, ɚɘˊɑŭɘŬ, ɢɞɚɘəɎ 

ɞɝɏŬ əŬɘ ˊŬɟɎɔɞɜŰŮɠ ŬɜɎˊŰɡɝɖɠ, əŬɗɩɠ əŬɘ ɖ ŭɘŬɚɡŰɧŰɖŰŬ Űɖɠ ůŮ ɡŭŬŰɘəɧ Õɏůɞ Űɖɜ 

əŬɗɘůŰɞɨɜ ɏɜŬ ˊɞɚɨ əŬɚɧ ɓɘɞɦɚɘəɧ ÕŮ ˊɞɘəɑɚŮɠ ŮűŬɟɛɞɔɏɠ ůŰɞɡɠ ŰɞɛŮɑɠ Űɖɠ 

ɓɘɞɥŬŰɟɘəɐɠ, ɘůŰɘəɞɛɖɢŬɜɘəɐɠ, űŬɟÕŬəŮɡŰɘəɐɠ əŬɘ Űɖɠ ˊɟɞůɤˊɘəɐɠ ɡɔŮɑŬɠ əŬɘ 

űɟɞɜŰɑŭŬɠ. ɆŰɞɡɠ Ŭəɧɚɞɡɗɞɡɠ ɄɑɜŬəŮɠ 1.9.1, 1.9.2. ůɡɜɞɣɑɕɞɜŰŬɘ ɞɘ ɘŭɘɧŰɖŰŮɠ Űɖɠ 

ɢɘŰɞɕɎɜɖɠ ůŮ ŬɜŰɘůŰɞɘɢɑŬ ɛŮ ˊɘɗŬɜɏɠ ɓɘɞɥŬŰɟɘəɏɠ əŬɘ ɡˊɧɚɞɘˊŮɠ ŮűŬɟɛɞɔɏɠ Űɖɠ. 

ɄɑɜŬəŬɠ 1.9.1. ũŮɜɘəɏɠ ŮűŬɟɛɞɔɏɠ Űɖɠ ɢɘŰɞɕɎɜɖɠ liii  

ɇɞɛɏŬɠ ȺűŬɟɛɞɔɏɠ  

   

 

ũŮɤɟɔɑŬ 

ŬɛɡɜŰɘəɧɠ ɛɖɢŬɜɘůɛɧɠ űɡŰɩɜ, ŮɟɏɗɘůɛŬ 

ŬɜɎˊŰɡɝɖɠ űɡŰɩɜ, ŮˊɘəɎɚɡɣɖ ůˊɧɟɤɜ, 

ŬɜŰɘˊŬɔŮŰɘəɐ ˊɟɞůŰŬůɑŬ ɛɏůɤ ɢɟɞɜɘəɐɠ 

ŬˊɞŭɏůɛŮɡůɖɠ ɚɘˊŬůɛɎŰɤɜ, ɗɟŮˊŰɘəɎ 

ůɡůŰŬŰɘəɎ ɢɩɛŬŰɞɠ 

 

ȺˊŮɝŮɟɔŬůɑŬ ɨŭŬŰɞɠ əŬɘ ŬˊɞɓɚɐŰɤɜ 

əɟɞəɘŭɤŰɘəɧ əŬɗŬɟɘůɛɞɨ ɨŭŬŰɞɠ, 

ŬˊɞɛɎəɟɡɜůɖ ɛŮŰŬɚɚɘəɩɜ ɘɧɜŰɤɜ, 

ɞɘəɞɚɞɔɘəɧ ˊɞɚɡɛŮɟɏɠ, ɛŮɑɤůɖ ɞůɛɩɜ 

    

 

ɇɟɧűɘɛŬ əŬɘ ˊɞŰɎ 

ɘɻŬɘŰɖŰɘəɏɠ ɑɜŮɠ, ůɨɜŭŮůɖ ɚɘˊɘŭɑɤɜ (ɛŮɑɤůɖ 

ɢɞɚɖůŰŮɟɧɚɖɠ), ůɡɜŰɖɟɖŰɘəɧ, ɛɏůɞ ˊɨəɜɤ-

ůɖɠ əŬɘ ůŰŬɗŮɟɞˊɞɑɖůɖɠ ɔɘŬ ůɎɚŰůŮɠ, 

ˊɟɞůŰŬŰŮɡŰɘəɐ, ɛɡəɖŰɞůŰŬŰɘəɐ əŬɘ ŬɜŰɘɓŬ-

əŰɖɟɘŬəɐ ŮˊɘəɎɚɡɣɖ ɔɘŬ űɟɞɨŰŬ 

 

ȾŬɚɚɡɜŰɘəɎ & ˊɟɞɥɧɜŰŬ ˊŮɟɘˊɞɑɖůɖɠ 

ŮɜɡŭŬŰɘəɏɠ əɟɏɛŮɠ, ˊɟɞɘɧɜŰŬ əŬŰɎ Űɖɠ 

Ŭəɛɐɠ, ɗŮɟŬˊŮɡŰɘəɎ ůŬɛˊɞɡɎɜ, ˊɟɞɥɧɜ əŬŰɎ 

Űɞɡ űɟɘɕŬɟɑůɛŬŰɞɠ, ɛŬɡɟɘůŰɘəɧ, ɞŭɞɜŰɧ-

əɟŮɛŮɠ, ŰůɑɢɚŮɠ 

 ȸɘɞűŬɟɛŬəŮɡŰɘəɐ ŬɜɞůɞɚɞɔɘəɎ, ŬɜŰɘəŬɟəɘɜɘəɎ, ŬɘɛɞůŰŬŰɘəɚŬ, 

ŬɜŰɘˊɖəŰɘəɎ, ɓŬəŰɖɟɘɞůŰŬŰɘəɎ 
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ɄɑɜŬəŬɠ 1.9.2. ȸŬůɘəɏɠ ɓɘɞŮűŬɟɛɞɔɏɠ Űɖɠ ɢɘŰɞɕɎɜɖɠ ŬɜɎɚɞɔŮɠ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɖɠ liii  

ȸɘɞɘŬŰɟɘəɏɠ ȺűŬɟɛɞɔɏɠ ȽŭɘɧŰɖŰŮɠ 

ɉŮɘɟɞɡɟɔɘəɎ ɟɎɛɛŬŰŬ ɓɘɞůɡɛɓŬŰɧŰɖŰŬ 

ɃŭɞɜŰɘəɎ ŮɛűɡŰŮɨɛŬŰŬ ɓɘɞŭɘɎůˊŬůɖ 

ɇŮɢɜɖŰɧ ŭɏɟɛŬ ŭɡɜŬŰɧŰɖŰŬ ŬɜŬɔɏɜɜɖůɖɠ 

ȷɜŬəŬŰŬůəŮɡɐ ɞůŰɞɨ ŭɘŬɛɧɟűɤůɖ ɡɛŮɜɑɞɡ 

ȾŮɟŬŰɞŮɘŭŮɑɠ űŬəɞɑ ŮˊŬűɐɠ ɛɏůɞ ŮɜɡŭɎŰɤůɖɠ 

ɉɟɞɜɘəɐ ŬˊɞŭɏůɛŮɡůɖ űŬɟɛɎəɞɡ ɛɖ ŰɞɝɘəɧŰɖŰŬ, ɓɘɞɚɞɔɘəɐ Ŭɜɞɢɐ 

  

Ɉɚɘəɧ ŮɜɗɡɚɎəɤůɖɠ 

ɡŭɟɧɚɡůɖ ɛŮ ɚɡůɑɜɖ, ɗŮɟŬˊŮɡŰɘəɏɠ 

ɘəŬɜɧŰɖŰŮɠ, əŬŰŬˊɞɚɏɛɖůɖ ɓŬəŰɖɟɑɤɜ, ɘɩɜ, 

ɛɡəɐŰɤɜ 

 

     ȳůɞɜ ŬűɞɟɎ Űɖɜ ɘůŰɞɛɖɢŬɜɘəɐ ůəŮɚŮŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ, ˊŬɟŬŰɖɟŮɑŰŬɘ ˊɩɠ ɖ 

ɢɟɐůɖ Űɖɠ ɢɘŰɞɕɎɜɖɠ ˊɟɞɎɔŮɘ Űɖɜ ŬɜɎˊŰɡɝɖ ɛɐŰɟŬɠ ŮɜŬˊɞŰɘɗɏɛŮɜɤɜ ŬɚɎŰɤɜ ůŮ 

əɡŰŰŬɟɞəŬɚɚɘɏɟɔŮɘŮɠ, ˊɟɞůŭɑŭɞɜŰŬɠ ůŰɞ ŰŮɚɘəɧ ůɨɜɗŮŰɞ ɓɘɞɡɚɘəɧ Űɖɜ ůəɚɖɟɧŰɖŰŬ 

əŬɘ ŬɜŰɞɢɐ Űɞɡ ɎɚŬŰɞɠ əŬɘ Űɖɜ ŭɡůɗɟŬɡůŰɧŰɖŰŬ əŬɘ ŮɚŬůŰɘəɧŰɖŰŬ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ 

(ŭɖɚŬŭɐ Űɖɠ ɢɘŰɞɕɎɜɖɠ, ɖ ɞˊɞɑŬ ŬɜŰɘəŬɗɘůŰɎ Űɞ űɡůɘəɧ ˊɞɚɡɛŮɟɏɠ əɞɚɚŬɔɧɜɞ). 

Ⱥˊɘˊɚɏɞɜ, ɖ ɢɘŰɑɜɖ əŬɘ ŰŬ ˊŬɟɎɔɤɔɎ Űɖɠ, ɚɧɔɤ ɓɘɞůɡɛɓŬŰɧŰɖŰŬɠ əŬɘ ŭɡɜŬŰɧŰɖŰŬ 

ɓɘɞŬˊɞŭɧɛɖůɖɠ, əŬɗɘůŰɞɨɜ əŬŰɎɚɚɖɚŬ ɓɘɞˊɞɚɡɛŮɟɐ ɔɘŬ Űɖɜ ɞůŰɘəɐ ŬɜŬɔɏɜɜɖůɖ. 

ɋůŰɧůɞ, ɖ ɢɘŰɞɕɎɜɖ ŬˊɞəŰɎ Űɖɜ ŬˊŬɟŬɑŰɖŰɖ ɞůŰŮɞŬɔɤɔɘɛɧŰɖŰŬ ɛɧɜɞ ůŮ ůɡɜŭɡŬůɛɧ 

ɛŮ əŮɟŬɛɘəɎ ɡɚɘəɎ, ɧˊɤɠ ɞ ɡŭɟɞɝɡŬˊŬŰɑŰɖɠ. ɆɢŮŰɘəɎ ɛŮ Űɖɜ ɛɖɢŬɜɘəɐ ŬɜŰɞɢɐ ˊɞɡ 

ůɡɜŮˊɎɔŮŰŬɘ ɛɏůɤ ůɡɜɗɏŰɤɜ ɢɘŰɞɕɎɜɖɠ, ɖ ˊŬɟɎɚɚɖɚŬ ŭɘŬŰŮŰŬɔɛɏɜŮɠ ˊɞɚɡɛŮɟɘəɏɠ 

ŬɚɡůɑŭŮɠ Űɖɠ ɢɘŰɞɕɎɜɖɠ ɛɏůɤ ŭŮůɛɩɜ ɡŭɟɞɔɧɜɞɡ ŮɡɗɨɜɞɜŰŬɘ ɔɘŬ Űɖɜ ůŰŬɗŮɟɧŰɖŰŬ əŬɘ 

ŬɜŰɞɢɐ Űɞɡ ůɨɜɗŮŰɞɡ ɡɚɘəɞɨ (lv). ɆɨɛűɤɜŬ ɛŮ ɏɟŮɡɜŬ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ˊɎɜɤ 

ůŰɖɜ ɓɘɞɛɘɛɖŰɘəɐ ŬɜɎˊŰɡɝɖ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ˊŬɟɞɡůɑŬɠ ɓɘɞÕɞɟɑɤɜ, ŬˊɞŭŮɑɢŰɖəŮ ɧŰɘ ɖ 

ɢɘŰɞɕɎɜɖ ŮˊɘŭɟɎ ůɡɜŮɟɔɘůŰɘəɎ ůŰɖɜ əɟɡůŰɎɚɚɤůɖ ɡŭɟɞɝɡŬˊŬŰɑŰɖ  ŭɘŮɡəɞɚɨɜɞɜŰŬɠ 

Űɖɜ ˊɡɟɐɜɤůɐ Űɞɡ.(xlvii) 

1.10. L-ȷɟɔɘɜɑɜɖ 

ȼ L-ȷɟɔɘɜɑɜɖ ŬˊɞŰŮɚŮɑ ɏɜŬ Ŭˊɧ ŰŬ 20 ŬˊŬɟŬɑŰɖŰŬ Ŭˊɧ Űɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ ŬÕɘɜɞɝɏŬ 

ɔɘŬ Űɖ űɡůɘɞɚɞɔɘəɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ. Ƀ ɧɟɞɠ ŬɛɘɜɞɝɏŬ ŬɜŬűɏɟŮŰŬɘ ůŮ ɛɘŬ ɞɛɎŭŬ 

ɛɞɟɑɤɜ ɛŮ ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ, Űɖɠ ɞˊɞɑŬɠ ŰŬ ɛɏɚɖ ɏɢɞɡɜ ɛɘŬ əŬɗɞɟɘůŰɘəɐ ɘŭɘɧŰɖŰŬ: 

ůɡɔəŮəɟɘɛɏɜŬ, ɧɚŬ ŰŬ ŬɛɘɜɞɝɏŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɛɘŬ ɧɝɘɜɖ əŬɟɓɞɝɡɚɘəɐ ɞɛɎŭŬ əŬɘ 

ɛɘŬ ŬɛɘɜɞɛɎŭŬ, ɞɘ ɞˊɞɑŮɠ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɞ ɑŭɘɞ ɎŰɞɛɞ ɎɜɗɟŬəŬ (Ŭ-ɎɜɗɟŬəŬɠ). ȼ 

ŭɘŬűɞɟɞˊɞɑɖůɖ Űɤɜ Ŭɛɘɜɞɝɏɤɜ ɏɔəŮɘŰŬɘ ůŰɖɜ ˊɚŮɡɟɘəɐ ɞɛɎŭŬ, ˊɞɡ Ůˊɑůɖɠ ůɡɜŭɏŮŰŬɘ 

ɛŮ Űɞɜ Ŭ-ɎɜɗɟŬəŬ, əŬɘ ɖ əɨɟɘŬ ŬɟɛɞŭɘɧŰɖŰɎ Űɞɡɠ ŮɑɜŬɘ ɖ ůɨɜɗŮůɖ ˊɟɤŰŮɥɜɩɜ, 

ˊŮŰ́ɘŭɑɤɜ əŬɘ ɚɘˊɘŭɑɤɜ, ɖ ÕŮŰŬűɞɟɎ ɜŮɡɟɘəɩɜ ůɖɛɎŰɤɜ əŬɘ ɖ ůɡɛɓɞɚɐ Űɞɡɠ ůŮ 

ŭɘŬŭɘəŬůɑŮɠ ɓɘɞůɨɜɗŮůɖɠ. Ƀɘ ́ɟɤŰŮȶɜŮɠ ŮɑɜŬɘ ůɡɜɞˊŰɘəɩɠ ˊɞɚɡɛŮɟɐ Ŭɛɘɜɞɝɏɤɜ, ŰŬ 

ɞˊɞɑŬ ůɡɜŭɏɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ ɛɘŬ ŬɚɡůɑŭŬ, ɖ ɞˊɞɑŬ ŬɜŬŭɘˊɚɩɜŮŰŬɘ ůŮ ɛɘŬ 

ɛɞɜŬŭɘəɐ ŰɟɘůŭɘɎůŰŬŰɖ ŭɞɛɐ. Ƀ ɞɛɞɘɞˊɞɚɘəɧɠ ŭŮůɛɧɠ ŬɜɎɛŮůŬ ůŮ ŭɡɞ ɔŮɘŰɞɜɘəɎ 

ŬɛɘɜɞɝɏŬ ɛɘŬɠ ˊɟɤŰŮɥɜɘəɐɠ ŬɚɡůɑŭŬɠ ŬˊɞəŬɚŮɑŰŬɘ ˊŮˊŰɘŭɘəɧɠ ŭŮůɛɧɠ əŬɘ ɖ ŬɚɡůɑŭŬ 

Ŭɛɘɜɞɝɏɤɜ ˊɞɚɡˊŮˊŰɑŭɘɞ. Ƀɘ ˊŮˊŰɘŭɘəɞɑ ŭŮůɛɞɑ ůɢɖɛŬŰɑɕɞɜŰŬɘ ɛŮ ŬɜŰɘŭɟɎůŮɘɠ 

ůɡɛˊɨəɜɤůɖɠ ˊɞɡ ůɡɜŭɏɞɡɜ Űɞ ɏɜŬ Ŭɛɘɜɞɝɨ ɛŮ Űɞ ŮˊɧɛŮɜɞ Űɞɡ ˊɞɚɡˊŮˊŰɘŭɑɞɡ. 
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ȷɜŮɝɎɟŰɖŰŬ Ŭˊɧ ŰŬ ŮɘŭɘəɎ ŬɛɘɜɞɝɏŬ Ŭˊɧ ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑŰŬɘ, Űɞ ˊɞɚɡˊŮˊŰɑŭɘɞ ɏɢŮɘ 

ůŰɞ ɏɜŬ Ɏəɟɞ Űɞɡ ɛɘŬ ŬɛɘɜɞɛɎŭŬ (ŬɛɘɜɞŰŮɚɘəɧ Ɏəɟɞ -Ɂȼ2) əŬɘ ůŰɞ Ɏɚɚɞ ɛɘŬ 

əŬɟɓɞɝɡɚɞɛɎŭŬ (əŬɟɓɞɝɡŰŮɚɘəɧ Ɏəɟɞ -RCOOH), ɖ ɞˊɞɑŬ ŭɘɎŰŬɝɖ ˊɟɞůŭɑŭŮɘ ůŰɞ 

ɛɧɟɘɞ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ˊɟɞůŬɜŬŰɞɚɘůɛɧ əŬɘ ɛɘŬ ŭɞɛɘəɐ ˊɞɚɘəɧŰɖŰŬ. (lvi ) 

 

Ⱥɘə.1.10.1. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ɛɞɟɑɞɡ Ŭɛɘɜɞɝɏɞɠ 

     ɆŰɘɠ ˊɟɤŰŮȶɜŮɠ ůɡɜɐɗɤɠ ɡˊɎɟɢɞɡɜ 20 Ůɑŭɖ Ŭɛɘɜɞɝɏɤɜ (ɞɛɎŭŬ ˊɞɡ əŬŰɏɚɖɝŮ ɜŬ 

ŮˊɘɚŮɔŮɑ əŬɘ ɞɟɘůŰɘəɞˊɞɘɐɗɖəŮ), Űɞ ɏəŬůŰɞ ɛŮ ŭɘŬűɞɟŮŰɘəɐ ˊɚŮɡɟɘəɐ ŬɚɡůɑŭŬ 

ůɡɜŭŮŭŮɛɏɜɖ ɛŮ Űɞɜ Ŭ-ɎɜɗɟŬəŬ. ɇŬ ɑŭɘŬ 20 ŬɛɘɜɞɝɏŬ ɡˊɎɟɢɞɡɜ əŬɗô ŮˊŬɜɎɚɖɣɖ ůŮ 

ɧɚŮɠ Űɘɠ ˊɟɤŰŮȶɜŮɠ, ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɞ Ŭɜ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ɓŬəŰɐɟɘŬ, űɡŰɎ ɐ ɕɩŬ. 

ȳˊɤɠ əŬɘ ŰŬ ůɎəɢŬɟŬ, ŰŬ ŬɛɘɜɞɝɏŬ ŮəŰɧɠ ɔɚɡəɑɜɖɠ ɡˊɎɟɢɞɡɜ ɤɠ ɞˊŰɘəɎ ɘůɞɛŮɟɐ ůŮ 

D- əŬɘ L- ɛɞɟűɐ, Ŭˊɧ ŰŬ ɞˊɞɑŬ ɛɧɜɞ ŰŬ L- ɓɟɑůəɞɜŰŬɘ ůŰɘɠ ˊɟɤŰŮȶɜŮɠ Ůɜɩ ŰŬ D- ůŰɞ 

əɡŰŰŬɟɘəɧ ŰɞɑɢɤɛŬ ɓŬəŰɖɟɑɤɜ əŬɘ ɞɟɘůɛɏɜɤɜ ŬɜŰɘɓɘɞŰɘəɩɜ. ȷˊɧ ŰŬ 20 ŬɛɘɜɞɝɏŬ ŰŬ 5 

ɏɢɞɡɜ ˊɚŮɡɟɘəɏɠ ŬɚɡůɑŭŮɠ ɘəŬɜɏɠ ˊɟɞɠ ůɢɖɛŬŰɘůɛɧ ɘɧɜŰɤɜ, ɧŰŬɜ ŮəŰŮɗɞɨɜ ůŮ ɏɜŬ 

ŭɘɎɚɡɛŬ, Ůˊɞɛɏɜɤɠ űɏɟɞɡɜ űɞɟŰɑɞ. ɇɏɚɞɠ, ɞɟɘůɛɏɜŬ ŬɛɘɜɞɝɏŬ ŮɑɜŬɘ ɡŭɟɧűɘɚŬ əŬɘ 

ˊɞɚɘəɎ ŮɑŰŮ ɛɖ ˊɞɚɘəɎ əŬɘ ɡŭɟɧűɞɓŬ.  ȼ L-Ŭɟɔɘɜɑɜɖ, ɖ ɚɡůɑɜɖ əŬɘ ɘůŰɘŭɑɜɖ ŬˊɞŰŮɚɞɨɜ 

ŰŬ 3 Ŭˊɧ ŰŬ 20 ˊɟɤŰŮɥɜɞɔŮɜŮŰɘəɎ ŬÕɘɜɞɝɏŬ ŰŬ ɞˊɞɑŬ ŮɛűŬɜɑɕɞɡɜ ɓŬůɘəɧ pH ůŮ 

ɡŭŬŰɘəɧ ŭɘɎɚɡɛŬ əŬɘ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ɓŬůɘəɎ, ɛŮ Űɖɜ L-Ŭɟɔɘɜɑɜɖ ɜŬ ŮɛűŬɜɑɕŮɘ 

ɗŮŰɘəɧ űɞɟŰɑɞ ůŮ pH ~7 ɚɧɔɤ ɞɛɎŭŬɠ PKa= 12,48 (lvii ). 

     ȼ ȷɟɔɘɜɑɜɖ (Arg ɐ S-2-Amino-5-guanidinopentanoic acid IUPAC) ɏɢŮɘ ɛɞɟɘŬəɧ 

Űɨˊɞ C6H14N4O2 əŬɘ ɛɞɟɘŬəɐ ɛɎɕŬ 174,2 g/mol. ȼ L ɛɞɟűɐ Űɖɠ ŬˊɞŰŮɚŮɑ űɡůɘəɧ 

Ŭɛɘɜɞɝɨ əŬɘ ɖ ŭɞɛɐ Űɖɠ ɢŰɑɕŮŰŬɘ Ŭˊɧ ɛɘŬ ŬɚŮɘűŬŰɘəɐ ŮɡɗŮɑŬ ŬɚɡůɑŭŬ 4 ŬɜɗɟɎəɤɜ ɛŮ 

ŰŮɚɘəɧ Ɏəɟɞ ɛɘŬ ůɨɜɗŮŰɖ ɔɞɡŬɜɘŭɘɞɛɎŭŬ. ȿɧɔɤ əɚɑůɖɠ ŭɘˊɚɞɨ ŭŮůɛɞɨ əŬɘ ɛŮɛɞ-

ɜɤɛɏɜɤɜ ŭŮůɛɩɜ ŬɕɩŰɞɡ (Ɂ), Űɞ ɗŮŰɘəɧ űɞɟŰɑɞ ŮɑɜŬɘ ŬˊŮɜŰɞˊɘůɛɏɜɞ əŬɘ ůŬɜ ŮˊŬəɧ-

ɚɞɡɗɞ ŭɨɜŬŰŬɘ ɜŬ ůɢɖɛŬŰɑůŮɘ ŭŮůɛɞɨɠ ɡŭɟɞɔɧɜɞɡ, Ůˊɞɛɏɜɤɠ ɜŬ ůɡɜŭŮɗŮɑ ɛŮ ŬɟɜɖŰɘəɎ 

űɞɟŰɘůɛɏɜŮɠ ɞɛɎŭŮɠ (Ⱥɘə. 1.10.2.). ȼ ɔɞɡŬɜɘŭɘɞɛɎŭŬ ŮɑɜŬɘ ɗŮŰɘəɎ űɞɟŰɘůɛɏɜɖ ɚɧɔɤ 

Pka ůŮ ɞɡŭɏŰŮɟŬ, ɧɝɘɜŬ əŬɘ ɓŬůɘəɎ ˊŮɟɘɓɎɚɚɞɜŰŬ əŬɗɘůŰɩɜŰŬɠ Űɞ Ŭɛɘɜɞɝɨ ɓŬůɘəɧ əŬɘ 

ɘůɢɡɟɎ ˊɞɚɘəɧ, əŬɗɩɠ ɞɘ ˊɞɚɘəɏɠ ˊɚŮɡɟɘəɏɠ ɞɛɎŭŮɠ Űɖɠ ɔɞɡŬɜɘŭɑɜɖɠ ŮɑɜŬɘ ˊɚɐɟɤɠ 

ɘɞɜŰɘůɛɏɜŮɠ. (lviii ) 
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Ⱥɘə. 1.10.2. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Ŭɟɔɘɜɑɜɖɠ əŬɘ ŭɡɜŬŰɧŰɖŰŬ ɛŮŰŬűɞɟɎɠ ɗŮŰɘəɞɨ űɞɟŰɑɞɡ 

əŬŰɎ ɛɐəɞɠ Űɖɠ ŬɚɡůɑŭŬɠ Űɖɠ lviii 

     Ƀ ɓŬůɘəɧɠ ɟɧɚɞɠ Űɖɠ L-Ŭɟɔɘɜɑɜɖɠ ůŰɞɜ Ŭɜɗɟɩˊɘɜɞ ɞɟɔŬɜɘůÕɧ ŮɑɜŬɘ ɖ ˊŬɟŬɔɤɔɐ 

ɜɘŰɟɘəɩɜ ɞɝŮɘŭɑɤɜ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŬ əŬɘ ůɢŮŰɑɕɞɜŰŬɘ ÕŮ Űɖ ɟɨɗɛɘůɖ Űɞɡ 

Ŭɜɞůɞɚɞɔɘəɞɨ ůɡůŰɐɛŬŰɧɠ Űɞɡ əŬɘ Űɖɜ ɏəəɟɘůɖ ɘɜůɞɡɚɑɜɖɠ, ůŰɖɜ əŬɚɐ ŬɔɔŮɘŬəɐ 

ɚŮɘŰɞɡɟɔɑŬ əŬɘ Űɖɜ ŬˊɞəŬŰɎůŰŬůɖ Õɡɥəɩɜ əŬɘ ɘŭɘŬɑŰŮɟŬ ɞůŰɘəɩɜ ɘůŰɩɜ. ȰɟŮɡɜŮɠ 

ɏɢɞɡɜ ŭŮɑɝŮɘ ɧŰɘ ŭɘŬɓɖŰɘəɞɑ ŬůɗŮɜŮɑɠ ŮɛűŬɜɑɕɞɡɜ ÕŮɘɤÕɏɜɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ L-

Ŭɟɔɘɜɑɜɖɠ ůŰɞɜ ɞɟɔŬɜɘůɛɧ Űɞɡɠ, ɔŮɔɞɜɧɠ ˊɞɡ ɓŬůɑɕŮŰŬɘ ɧŰɘ ůɢŮŰɑɕŮŰŬɘ ɎɛŮůŬ ÕŮ 

ŭɘɎűɞɟŬ ůɡɛˊŰɩɛŬŰŬ Űɖɠ ŬůɗɏɜŮɘŬɠ ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɖ ɞůŰŮɞˊɧɟɤůɖ. (lix )  

       ũŮɜɘəɏɠ ŬɟɛɞŭɘɧŰɖŰŮɠ Űɖɠ L-Aɟɔɘɜɑɜɖɠ ŮɑɜŬɘ ɖ ůɨɜɗŮůɖ ˊɟɤŰŮɥɜɩɜ əŬɘ ɖ ŮɜŮɟɔɞ-

ˊɞɑɖůɖ əɡŰŰŬɟɘəɐɠ ŬɜɎˊŰɡɝɖɠ, ɛɏůɤ ˊŬɟŬɔɤɔɐɠ ɛɞɜɞɝŮɘŭɑɞɡ Űɞɡ ŬɕɩŰɞɡ əŬɘ 

ɛŮŰŬɓɞɚɑɕɞɜŰŬɠ Űɖɜ ɞɟɜɘɗɑɜɖ əŬɘ ɎɚɚŮɠ ˊɞɚɡŬɛɑɜŮɠ. ȿɧɔɤ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɖɠ 

ŬˊɞŰŮɚŮɑ ɛɏůɤ Ůˊɞɨɚɤůɖɠ ŰɟŬɡɛɎŰɤɜ, ɓŮɚŰɑɤůɖɠ ŬɜɞůɞˊɞɘɖŰɘəɐɠ ŬɜŰɑŭɟŬůɖɠ, ůŬɜ 

ůɡɛˊɚɐɟɤɛŬ ŭɘŬŰɟɞűɐɠ əŬɘ ůŰɖɜ əŬŰŬˊɞɚɏɛɖůɖ Űɖɠ ɞůŰŮɞˊɧɟɤůɖɠ.(lx).  

      ȳůɞɜ ŬűɞɟɎ ůŰɖɜ ůɨɜɗŮůɖ ŰɟɘůŭɘɎůŰŬŰɤɜ ɘəɟɘɤɛɎŰɤɜ ɜŬɜɞɡŭɟɞɝɡŬˊŬŰɑŰɖ ɔɘŬ 

ɞɟɗɞˊŮŭɘəɏɠ ŮűŬɟɛɞɔɏɠ, ůŮ ɏɟŮɡɜŬ ˊɞɡ ɏɢŮɘ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ŬˊɞŭŮɑɢŰɖəŮ ɧŰɘ ɖ L-

Aɟɔɘɜɑɜɖ ŭɘŮɡɟɨɜŮɘ Űɖ ɓɘɞŭɟŬůŰɘəɧŰɖŰŬ Űɤɜ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ ɛŮ ŮˊɘűŬɜŮɘŬəɐ Űɟɞˊɞ-

ɞ́ɑɖůɖ əŬɘ əŬɗɞɟɑɕŮɘ Űɞ ůɢɐɛŬ əŬɘ ɛɏɔŮɗɞɠ əɟɡůŰɎɚɚɤɜ ɡŭɟɞɝɡŬˊŬŰɑŰɖ, əŬɗɩɠ ɛŮ 

Űɖɜ Ŭˊɞɟɟɧűɖůɖ Űɞɡ Ŭɛɘɜɞɝɏɞɠ ˊŬɟŮɛˊɞŭɑɕŮŰŬɘ ɖ ŬɜɎˊŰɡɝɖ Űɤɜ ɜŬɜɞəɟɡůŰɎɚɚɤɜ ůŮ 

Ŭɟɢɘəɧ ůŰɎŭɘɞ, əɡɟɑɤɠ ˊɎɜɤ ůŰɘɠ ŮˊɘűɎɜŮɘŮɠ ˊɚɞɨůɘŮɠ ůŮ ŬůɓɏůŰɘɞ. ūɎɜɖəŮ Ůˊɑůɖɠ, 

ɧŰɘ ɖ Ŭɨɝɖůɖ ˊɞůɧŰɖŰŬɠ Ŭɟɔɘɜɑɜɖɠ əŬŰɎ Űɖɜ ůɨɜɗŮůɖ ɞŭɐɔɖůŮ ůŮ ŬɜɎˊŰɡɝɖ Ɏɛɞɟűɞɡ 

ˊɟɞɥɧɜŰɞɠ.(lxi ) Ⱥɜ ɔɏɜɖ, ɞɘ ŮˊɘɚŮəŰɘəɏɠ ɖɚŮəŰɟɞůŰŬŰɘəɏɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ŮɨəŬɛˊŰɤɜ, 

ɘůɢɡɟɎ űɞɟŰɘůɛɏɜɤɜ ɞɟɔŬɜɘəɩɜ ŮɜɩůŮɤɜ ɛɘəɟɞɨ ɐ ɛŮɔɎɚɞɡ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ ɐ 

ŮˊɘűŬɜŮɘɞŭɟŬůŰɘəɩɜ ɞɡůɘɩɜ ɢŬɛɖɚɩɜ ůɡɔəŮɜŰɟɩůŮɤɜ Ůˊɘŭɟɞɨɜ ůŰɖɜ ŬɜɎˊŰɡɝɖ 

əɟɡůŰɎɚɚɤɜ ɎɚŬŰɞɠ. ɆŮ ŭɘŬɚɨɛŬŰŬ ɡɣɖɚɩɜ ůɡɔəŮɜŰɟɩůŮɤɜ ŮˊɘűŬɜŮɘɞŭɟŬůŰɘəɩɜ 

ɞɡůɘɩɜ ɖ ŬɡŰɞɞɟɔɎɜɤůɖ Űɤɜ ɞɟɔŬɜɘəɩɜ ɛɞɟɑɤɜ (ŬɛɘɜɞɝɏŬ) ɝŮəɘɜɎ Ŭˊɧ ɖɚŮəŰɟɞ-

ůŰŬŰɘəɏɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɛŮŰŬɝɨ ŮˊɘűŬɜŮɘɞŭɟŬůŰɘəɩɜ-əɟɡůŰɎɚɚɤɜ əŬɘ Ůˊɘŭɟɞɨɜ 

ɏɜŰɞɜŬ ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ ŰŮɚɘəɞɨ ɡɚɘəɞɨ ůŮ ɛɘŬ ůɨɜɗŮůɖ. (xlvii) Ⱥˊɞɛɏɜɤɠ, ůŰŬ 

ˊɚŬɑůɘŬ ŬɡŰɐɠ Űɖɠ ɏɟŮɡɜŬɠ, Űɞ Ŭɛɘɜɞɝɨ ŬɡŰɧ ŮɝŬůűŬɚɑɕŮɘ Űɖɜ əɞɚɚɞŮɘŭɐ ůŰŬɗŮɟɞ-
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ˊɞɑɖůɖ ɛɏůɤ ɖɚŮəŰɟɞůŰŬŰɘəɐɠ ŬˊɩůŮɤɠ ɛŮŰŬɝɨ ŮˊɘűŬɜŮɘŬəɩɜ Ŭɛɘɜɞɝɏɤɜ, ɛŮ 

ŮˊŬəɧɚɞɡɗɖ Űɖ ŭɖɛɘɞɡɟɔɑŬ sol ɛɞɜɞŭɘŮůˊŬɟɛɏɜɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ 

ɡŭɟɞɝɡŬˊŬŰɑŰɖ. ȺˊɘˊɟɧůɗŮŰŬ ůɡɛˊŮɟɎůɛŬŰŬ, əŬɗɘůŰɞɨɜ Űɖɜ Ŭɟɔɘɜɑɜɖ ɡˊŮɨɗɡɜɖ ŭɘŬ-

ɛɧɟűɤůɖɠ əŬɘ ɘɝɩŭɞɡɠ Űɤɜ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ əŬɘ ˊɖəŰɤɛɎŰɤɜ. 

 

 

1.11. ɄɞɚɡŬɘɗɡɚŮɜɞɔɚɡəɧɚɖ/ ɃɝŮɑŭɘɞ Űɞɡ ɄɞɚɡŬɘɗɡɚŮɜɑɞɡ 

ɇɞ ɞɝŮɑŭɘɞ Űɞɡ ˊɞɚɡŬɘɗɡɚŮɜɑɞɡ (poly(ethylene oxide) (PEO)) ɐ ˊɞɚɡŬɘɗɡɚŮɜɞɔɚɡəɧɚɖ 

(poly(ethylene glycol) (PEG)) ɐ ˊɞɚɡɞɝɡŬɘɗɡɚɏɜɘɞ (poly(oxyethylene)) ŬˊɞŰŮɚŮɑ ɏɜŬ 

ɗŮɟɛɞˊɚŬůŰɘəɧ, ɛɖ ɘɞɜɘəɧ ˊɞɚɡɛŮɟɏɠ ɔɟŬɛɛɘəɐɠ ˊɞɚɡɛŮɟɘəɐɠ ŬɚɡůɑŭŬɠ, Űɞ ɞˊɞɑɞ 

ŮɜŭŮɑəɜɡŰŬɘ ɔɘŬ ˊɞɚɚɏɠ ɓɘɞɘŬŰɟɘəɏɠ əŬɘ űŬɟɛŬəŮɡŰɘəɏɠ ŮűŬɟɛɞɔɏɠ, ɚɧɔɤ Űɖɠ Ŭˊɚɧ-

ŰɖŰŬɠ Űɞɡ ɛɞɜɞɛŮɟɞɨɠ Űɞɡ -(CH2CH2O)- əŬɘ ŮɝŬɘɟŮŰɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡ. ɄɟɧəŮɘŰŬɘ 

ɔɘŬ ɏɜŬ ɛɖ űɞɟŰɘůɛɏɜɞ ˊɞɚɡŬɘɗɏɟŬ ɛŮ ɢɖɛɘəɧ Űɨˊɞ ȼ-(ɃCH2CH2)n -OH, ɞ ɞˊɞɑɞɠ 

ŬˊɞŰŮɚŮɑ Űɖɜ ˊɘɞ Ŭˊɚɐ ɡŭŬŰɞŭɘŬɚɡŰɐ ɛɞɟűɐ ˊɞɚɡɛŮɟɞɨɠ. ȼ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ 

ˊɞɚɡɛŮɟɞɨɠ ŮɑɜŬɘ ŬɜɎɚɞɔɖ Űɖɠ Ŭɛűɑűɘɚɖɠ ŭɞɛɐɠ əŬɘ Űɞɡ ˊɞɚɡɛŮɟɘəɞɨ ɓɎɟɞɡɠ Űɞɡ 

(ɄɑɜŬəŬɠ 1.11.Ŭ), Űɞ ɞˊɞɑɞ ˊɞɘəɑɚŮɘ Ŭˊɧ 200 ɏɤɠ 8000000. Ƀ ˊŬɟɎɔɞɜŰŬɠ Űɞɡ 

ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ ɏɢŮɘ əŬɗɞɟɑůŮɘ ˊɚɏɞɜ Űɖɜ ɞɜɞɛŬůɑŬ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ, ůɡɔəŮəɟɘɛɏɜŬ 

ɔɘŬ ɛɘəɟɎ ɛɞɟɘŬəɎ ɓɎɟɖ əŬɘ ɛɐəɞɠ ŬɚɡůɑŭŬɠ  ˊŮɟɑˊɞɡ 150 əŬɚŮɑŰŬɘ PEG, Ůɜɩ ɅȺɃ 

ɔɘŬ ɛŮɔɎɚŬ ɛɞɟɘŬəɎ ɓɎɟɖ (Ŭˊɧ 10000 ɏɤɠ 8000000). (lxii )(iii)  

ɄɑɜŬəŬɠ 1.11. Ŭ. ȽŭɘɧŰɖŰŮɠ ɅȺɃ ŭɘŬűɞɟŮŰɘəɞɨ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ lxi i 

 

     ɇɞ ɅȺɃ əɟɡůŰŬɚɚɩɜŮŰŬɘ ůŰɞ ɜŮɟɧ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ əŬŰɩŰŮɟŮɠ Űɤɜ 66Á C əŬɘ ůŮ 

ůɡɔəŮɜŰɟɩůŮɘɠ ɛɘəɟɧŰŮɟŮɠ Űɞɡ 50% (iii ), ŬˊɞəŰɩɜŰŬɠ ɛɘŬ ŮɚɘəɞŮɘŭɐ ŭɘŬɛɧɟűɤůɖ. ȼ 

ɛɞɜŬŭɘŬɑŬ əɡɣŮɚɑŭŬ Űɞɡ əɟɡůŰɎɚɚɞɡ Űɞɡ ˊŮɟɘɏɢŮɘ ŰɏůůŮɟŮɘɠ ɛɞɟɘŬəɏɠ ŬɚɡůɑŭŮɠ əŬɘ 

ɛɞɜɞəɚɘɜɏɠ əɟɡůŰŬɚɚɘəɧ ˊɚɏɔɛŬ ɛŮ a= 8,16 ȷɞ, b= 12,99 ȷɞ, c= 19,3 ȷɞ əŬɘ bȭ= 

126o5ô. ɋůŰɧůɞ, ɖ ɚŮˊŰɞɛŮɟɐɠ ŭɞɛɐ Űɞɡ ŭŮɜ ŭɨɜŬŰŬɘ ɜŬ əŬɗɞɟɘůŰŮɑ ɛɧɜɞ Ŭˊɧ 

ŬɜɎɚɡůɖ ˊŮɟɑɗɚŬůɖɠ ŬəŰɑɜɤɜ ɉ (XRD), əŬɗɘůŰɩɜŰŬɠ ŬɜŬɔəŬɑŬ Űɖɜ ˊŮɟŬɘŰɏɟɤ 

ɢɖɛɘəɐ Űɞɡ ŬɜɎɚɡůɖ ɛɏůɤ űŬůɛŬŰɞůəɞˊɑŬɠ (Raman), ɡˊŮɟɨɗɟɞɡ (IR) əŬɘ ˊɡɟɖɜɘəɞɨ 

ɛŬɔɜɖŰɘəɞɨ ůɡɜŰɞɜɘůɛɞɨ (NMR). 
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Ⱥɘə. 1.11.1. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ŭɞɛɐɠ ˊɞɚɡŬɘɗɡɚŮɜɑɞɡ ˃ ʶ ˃ˇˊʽʰˁˈ ʲʱˊˇˌ 100,000lxiii 

       ɆɢŮŰɘəɎ ɛŮ Űɖɜ ŭɞɛɐ Űɞɡ ɅȺɃ (Ⱥɘə. 11.1), Űɞ ɞɝɡɔɧɜɞ ɛŮŰŬɓɎɚɚŮɘ ɟɡɕɘəɎ Űɘɠ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ əŬɘ Űɘɠ ɗŮɟÕɞŭɡɜŬÕɘəɏɠ ɘŭɘɧŰɖŰɏɠ Űɞɡ. ɇɞ ɛɞɜɞɛŮɟɏɠ Űɞɡ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬɜ ŮˊɞɝŮɘŭɘəɧ ŭŬəŰɨɚɘɞ, ůŰɞɜ ɞˊɞɑɞ ŰŬ ŭɨɞ ɎəɟŬ Űɞɡ ɛɞɟɑɞɡ 

ůɡɜŭɏɞɜŰŬɘ ɛŮ CH2 əŬɘ Űɞ ŰɟɑŰɞ Ɏəɟɞ Űɞɡ ɛŮ ɞɝɡɔɧɜɞ. ɀŮ Űɖɜ ˊŬɟɞɡůɑŬ əŬŰɎɚɚɖɚɞɡ 

əŬŰŬɚɨŰɖ Űɞ ɛɞɜɞɛŮɟɏɠ ůɢɖɛŬŰɑɕŮɘ ɛɘŬ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɖ ŬɚɡůɑŭŬ -CH2-CH2-O- 

(xl). Ƀɘ ɞÕɎŭŮɠ CH2CH2 Űɤɜ ÕɞɜɞÕŮɟɩɜ ŮɑɜŬɘ ɡŭɟɧűɞɓŮɠ ŭɖɛɘɞɡɟɔɩɜŰŬɠ ŮˊɎɚɚɖɚŬ 

ɡŭɟɧűɞɓŬ ůŰɟɤɛɎŰɤɜ Ŭˊɧ ÕɧɟɘŬ ɜŮɟɞɨ ɔɨɟɤ Ŭˊɧ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ɞɛɎŭŬ əɎɗŮ Õɞɜɞ-

ÕŮɟɞɨɠ. ɇɞ ˊɟɩŰɞ ůŰɟɩɛŬ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Ŭˊɧ 2-3 ÕɧɟɘŬ ɜŮɟɞɨ ɔɨɟɤ Ŭˊɧ Űɖɜ 

ɛɞɜɞɛŮɟɘəɐ ŮˊɘűɎɜŮɘŬ.  

 

Ⱥɘə. 1.11.2: ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ˊɘɗŬɜɐɠ ŭɞɛɐɠ ȼ2Ƀ-ɅȺɃlix  

        ȷɝɘɞůɖɛŮɑɤŰɖ ŮɑɜŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ ɜŬ ŭɘŬɚɨŮŰŬɘ ůŰɞ ɜŮɟɧ ůŮ ɏɜŬ 

ɛŮɔɎɚɞ Ůɨɟɞɠ ůɡɔəŮɜŰɟɩůŮɤɜ əŬɘ ɗŮɟɛɞəɟŬůɘɩɜ (ŮɚŬűɟɩɠ əɎŰɤ Űɤɜ 100ɞC). ɇɞ 

űŬɘɜɧɛŮɜɞ ɡŭŬŰɘəɐɠ ŭɘŬɚɡŰɧŰɖŰɎɠ Űɞɡ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ɡŭɟɧűɞɓŬ 

ˊɞɚɡɛŮɟɐ, ɏɔəŮɘŰŬɘ ůŰɖɜ ŭɞɛɐ Űɞɡ ɛɞɜɞɛŮɟɞɨɠ Űɞɡ. ɆŰɖ ŭɞɛɐ ŬɡŰɐ ɞɘ ŭɘŬŰɞÕɘəɏɠ 

ŬˊɞůŰɎůŮɘɠ Űɤɜ ŬŰɧɛɤɜ ɞɝɡɔɧɜɞɡ ŮɑɜŬɘ ˊŬɟŬˊɚɐůɘŮɠ ÕŮ ŬɡŰɏɠ Űɤɜ ŬŰɧɛɤɜ ɞɝɡɔɧɜɞɡ 

Űɖɠ ŭɞɛɐɠ Űɞɡ əŬɗŬɟɞɨ ɜŮɟɞɨ, ŭɑɜɞɜŰŬɠ ůŰɞ ɅȺɃ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŮɘůɢɤɟɐůŮɘ ɛɏůŬ 

ůŰɞ ŰŮŰɟŬɔɤɜɘəɧ əɟɡůŰŬɚɚɘəɧ ˊɚɏɔɛŬ Űɞɡ ɜŮɟɞɨ, ɏŰůɘ ɩůŰŮ ɧɚŬ ŰŬ ůɖɛŮɑɤɜ 

ˊɚɏɔɛŬŰɞɠ ɜŬ əŬŰŬɚŬɛɓɎɜɞɜŰŬɘ, ŮɑŰŮ ɛŮ ɜŮɟɧ ɐ ɛŮ ɏɜŬ ŬɘɗɏɟŬ ɞɝɡɔɧɜɞɡ (Ⱥɘə. 

1.11.2.). Ⱥˊɞɛɏɜɤɠ, ŰŬ ɎəɟŬ ɞɝɡɔɧɜɞɡ Űɤɜ ÕɞɜɞÕŮɟɩɜ Űɞɡ ɅȺɃ ɏɢɞɡɜ ɡŭɟɧűɘɚɖ 

űɨůɖ əŬɘ ŭŮůɛŮɨɞɡɜ ŰŬ ÕɧɟɘŬ Űɞɡ ɜŮɟɞɨ. (lxiv ) Ⱥɜ ůɡɜŮɢŮɑŬ, əŬŰŬɔɟɎűɞɜŰŬɘ ɞɘ 

ɘŭɘɧŰɖŰŮɠ Űɞɡ ɅȺɃ ůŮ ŬɜŰɑɗŮůɖ ɛŮ ŬɡŰɏɠ ŭɞɛɘəɎ ˊŬɟɧɛɞɘɤɜ ˊɞɚɡŬɘɗɏɟɤɜ(lxv): 
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ɄɑɜŬəŬ 1.11.ɓ. ȹɘŬɚɡŰɧŰɖŰŬ ɞɟɘůɛɏɜɤɜ ˊɞɚɡɛŮɟɩɜ ůŰɞ ɜŮɟɧ xl 

 

     ɆɢŮŰɘəɎ ɛŮ Űɖ ɗŮɟɛɞəɟŬůɘŬəɎ ŮɝŬɟŰɩɛŮɜɖ ŭɘŬɚɡŰɧŰɖŰŬ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ, əŬŰɎ Űɖɜ 

Ŭɨɝɖůɖ Űɖ ɗŮɟɛɞəɟŬůɑŬɠ, ŮˊɏɟɢŮŰŬɘ ŭɘɎɚɡůɖ Űɞɡ əŮɚɨűɞɡɠ ŮɜɡŭɎŰɤůɖɠ Űɞɡ ɅȺɃ 

ɚɧɔɤ ɗŮɟɛɘəɩɜ əɘɜɐůŮɤɜ. ɇɞ Ůɜ ɚɧɔɞ əɏɚɡűɞɠ ŮɜɡŭɎŰɤůɖɠ ŮɑɜŬɘ ɏɜŬ ɡŭŬŰɘəɧ ůŰɟɩɛŬ 

ɡɣɖɚɞɨ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ ˊɞɡ ˊŮɟɘɓɎɚɚŮɘ Űɞ ˊɞɚɡɛŮɟɏɠ ůŮ ůɡɜɗɐəŮɠ ɢŬɛɖɚɩɜ 

ɗŮɟɛɞəɟŬůɘŬəɩɜ Ůɡɟɩɜ, ɧŰŬɜ ŬɡŰɧ ɓɟɑůəŮŰŬɘ ɛɏůŬ ůŮ ɡŭŬŰɘəɧ ŭɘɎɚɡɛŬ. ɇɞ əɏɚɡűɞɠ 

ŮɜɡŭɎŰɤůɖɠ ɏɢŮɘ ɛɘəɟɧŰŮɟɖ ŮɜŰɟɞˊɑŬ əŬɘ ŮɜɗŬɚˊɑŬ Ŭˊɧ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɞɡ 

ɜŮɟɞɨ. ȰŰůɘ, ɞ ůɢɖɛŬŰɘůɛɧɠ ɛɘŬɠ ŰɏŰɞɘŬɠ ŭɞɛɐɠ ŮɑɜŬɘ ŮɜŰɟɞˊɘəɎ ŭɡůɛŮɜɐɠ, ŬɚɚɎ ɖ 

ŭɡůɛŮɜɐɠ ŬɡŰɐ ůɡɛɓɞɚɐ ůŰɖɜ ŮɚŮɨɗŮɟɖ ŮɜɏɟɔŮɘŬ ɡˊŮɟɜɘəɎŰŮ Ŭˊɧ Űɖ ɛŮɑɤůɖ Űɖɠ 

ŮɜɗŬɚˊɑŬɠ əŬŰɎ Űɖɜ ůɨɜŭŮůɖ Űɞɡ ɨŭŬŰɞɠ əŬɘ ɛŮ Űɞ ˊɞɚɡɞɝɡŬɘɗɡɚɏɜɘɞ. Ƀ ŭɘŬɢɤɟɘůɛɧɠ 

Űɖɠ ŭɞɛɐɠ ɡŭŬŰɘəɞɨ əŮɚɨűɞɡɠ-ˊɞɚɡɛŮɟɞɨɠ ŭŮɜ ŮɑɜŬɘ ɟŬɔŭŬɑɞɠ əŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ 

ŭɘŬɢɤɟɘůɛɞɨ űɎůɖɠ ɐ əŬɗɑɕɖůɖɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ. 

ɆɡɔəŮəɟɘɛɏɜŬ, ɔɘŬ ˊɞɚɨ ŬɟŬɘɎ ˊɞɚɡɛŮɟɘəɎ ŭɘŬɚɨɛŬŰŬ (<0,2%) ɖ əŬɗɑɕɖůɖ ɏɢŮɘ Űɖ 

ɛɞɟűɐ ɜŮűŮɚɩɛŬŰɞɠ, ɔɘŬ ɛŮɔŬɚɨŰŮɟŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ ˊɞɚɡɛŮɟɞɨɠ (>=0,5%) Űɞ 

ˊɞɚɡɛŮɟɏɠ əŬɗɘɕɎɜŮɘ ɡˊɧ ɛɞɟűɐ gel. ɆŮ ŬəɧɛŬ ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ, ɧŰŬɜ ɖ 

ŭɞɛɐ ɏɢŮɘ ŭɘŬɚɡɗŮɑ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ, ɖ ŭɡůɛŮɜɐɠ ůɡɛɓɞɚɐ ŮɜŰɟɞˊɑŬɠ ɛŮɘɩɜŮŰŬɘ. ɇɞ 

ůɨůŰɖɛŬ ɔɑɜŮŰŬɘ ˊɚɐɟɤɠ ŬɜŬɛŮɑɝɘɛɞ, ŬɟəŮɑ ɖ ɗŮɟɛɞəɟŬůɑŬ ɜŬ ɝŮˊŮɟɜɎ ɏɜŬ əɟɑůɘɛɞ 

ɧɟɘɞ ɛɖ-ŭɘŬɚɡŰɧŰɖŰŬɠ əŬɘ ɛɖɜ ŮɑɜŬɘ ŬɟəŮŰɎ ɡɣɖɚɐ, ɩůŰŮ ɜŬ ɛɖɜ ˊɟɞəŬɚɏůŮɘ 

əŬŰŬůŰɟɞűɐ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ. (lxii) 

     ȷˊɧ əɘɜɖŰɘəɐ ůəɞˊɘɎ, ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɞɘ ŭɡɜŬɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ Ůɜɧɠ ˊɞɚɡɛŮɟɞɨɠ 

ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɘɠ ˊɘɗŬɜɏɠ ŭɘŬɛɞɟűɩůŮɘɠ Űɞɡ əŬɘ Ŭˊɧ Űɘɠ ˊɘɗŬɜɧŰɖŰŮɠ ɛŮŰɎɓŬůɐɠ 

Űɞɡ. ȼ ˊŬɟɞɡůɑŬ ɞɔəɤŭɩɜ ɞɛɎŭɤɜ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɞɜ ˊɞɚɡɛŮɟɘəɧ ůəŮɚŮŰɧ 

ŬˊɞŰŮɚɞɨɜ ůŰŮɟŮɞɢɖɛɘəɎ ŮɛˊɧŭɘŬ əŬɘ ɞŭɖɔɞɨɜ ůŰɖ ɛŮɑɤůɖ Űɖɠ əɘɜɖŰɘəɧŰɖŰŬɠ Űɤɜ 

ˊɞɚɡɛŮɟɘəɩɜ ŰɛɖɛɎŰɤɜ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ɅȺɃ, ɖ ŬˊɞɡůɑŬ ɞɔəɩŭɤɜ ˊɚŮɡɟɘəɩɜ 

ɞɛɎŭɤɜ Űɞ əŬɗɘůŰɎ ˊɞɚɨ ŮɡɏɚɘəŰɞ ůɡɔəɟɘŰɘəɎ ɛŮ ɎɚɚŬ ˊɞɚɡɛŮɟɐ əŬɘ ˊɞɚɡɖ-

ɚŮəŰɟɞɚɨŰŮɠ. ȷˊɧ ɛŮɚɏŰŮɠ ŭɘɖɚŮəŰɟɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ ɅȺɃ, ɓɟɏɗɖəŮ ɧŰɘ Űɞ 

ˊɞɚɡɛŮɟɏɠ ɏɢŮɘ ɛŮɔɎɚɞ ɓŬɗɛɧ ŮɚŮɡɗŮɟɑŬɠ, ɞ ɞˊɞɑɞɠ ˊɘɗŬɜɧŰɖŰŬ ɞűŮɑɚŮŰŬɘ ůŰɞɡɠ 

ŭŮůɛɞɨɠ  ɞɝɡɔɧɜɞɡ-ɎɜɗɟŬəŬ.  ũɘŬ Űɞɜ əŬɗɞɟɘůɛɧ ɛɞɟɘŬəɩɜ əɘɜɐůŮɤɜ ůɡɜŬɟŰɐůŮɘ 

Űɞɡ ɢɟɧɜɞɡ (10-12-10-6 sec) ɛɏůɤ NMR, ˊŬɟŬŰɖɟɐɗɖəŮ ɖ ŮɝɎɟŰɖůɖ Űɞɡ ɟɡɗɛɞɨ 

ɢŬɚɎɟɤůɖɠ Űɞɡ ɅȺɃ Ŭˊɧ Űɞ ɛɐəɞɠ Űɖɠ ˊɞɚɡɛŮɟɘəɐɠ ŬɚɡůɑŭŬɠ əŬɘ Ŭˊɧ Űɞ ɛɞɟɘŬəɧ 
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ɓɎɟɞɠ. Ƀɘ ŬɜŬɚɨůŮɘɠ əŬŰɏŭŮɘɝŬɜ ɧŰɘ ŭŮɜ ɡˊɎɟɢŮɘ ŮɝɎɟŰɖůɖ Űɖɠ ɢŬɚɎɟɤůɖɠ Ŭˊɧ Űɞ 

ɛɞɟɘŬəɧ ɓɎɟɞɠ, ɧŰŬɜ Űɞ ɛɐəɞɠ Űɖɠ ŬɚɡůɑŭŬɠ Űɞɡ ɅȺɃ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ ˊŮɟɑˊɞɡ 

100. Ⱥˊɘˊɚɏɞɜ, ɖ ŮɝɎɟŰɖůɖ Űɤɜ ŭɡɜŬɛɘəɩɜ ɘŭɘɞŰɐŰɤɜ Ŭˊɧ Űɖɜ ůɡɔəɏɜŰɟɤůɖ 

ˊɞɚɡɛŮɟɞɨɠ ˊɟɞəŬɚŮɑŰŬɘ ɚɧɔɤ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ˊɞɚɡɛŮɟɞɨɠ-ˊɞɚɡɛŮɟɞɨɠ, Ůɜɩ ůŮ 

ˊŮɟɑˊŰɤůɖ ŬɜŮɝŬɟŰɖůɑŬɠ Ŭˊɧ Űɖ ůɡɔəɏɜŰɟɤůɖ əŬɗɞɟɑɕɞɜŰŬɘ əɡɟɑɤɠ ŮɜŭɞɛɞɟɘŬəɩɠ 

əŬɘ ɛɏůɤ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ŭɘŬɚɨŰɖ-ˊɞɚɡɛŮɟɞɨɠ. (lxi i) 

      ȳůɞɜ ŬűɞɟɎ ůŰɖɜ ˊŬɟŬůəŮɡɐ ɡɣɖɚɞɨ ÕɞɟɘŬəɞɨ ɓɎɟɞɡɠ ˊɞɚɡŬɘɗɡɚŮɜɞɔɚɡəɧɚɖɠ 

(ɅȺɃ), ɖ ůɨɜɗŮůɖ ɔɑɜŮŰŬɘ Õɏůɤ ŭɘŬŭɘəŬůɑŬɠ ˊɞɚɡÕŮɟɘůÕɞɨ ŬɘɤɟɐɛŬŰɞɠ. ȾŬŰɎ Űɖ 

ŭɘŬŭɘəŬůɑŬ ˊɞɚɡůɡÕˊɡəɜɩůŮɤɠ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ŭɘŬŰɐɟɖůɖ Űɖɜ ŬɡɝŬɜɧɛŮɜɖɠ 

ˊɞɚɡŮŭɟɘəɐɠ ŬɚɡůɑŭŬɠ ŮɜŰɧɠ ŭɘŬɚɨɛŬŰɞɠ. ȼ ŬɜŰɑŭɟŬůɖ əŬŰŬɚɨŮŰŬɘ Ŭˊɧ ŮɜɩůŮɘɠ 

ɛŬɔɜɖůɑɞɡ, Ŭɟɔɘɚɑɞɡ, ɐ ŬůɓŮůŰɑɞɡ ÕŮ ɞɟɔŬɜɘəɎ ůŰɞɘɢŮɑŬ. ũɘŬ ɜŬ ŬˊɞűŮɡɢɗŮɑ ɖ ˊɐɝɖ 

Űɤɜ ˊɞɚɡÕŮɟɘəɩɜ Ŭɚɡůɑŭɤɜ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɢɖɛɘəɎ ˊɟɧůɗŮŰŬ ɧˊɤɠ ŭɘÕŮɗɡɚɞ-

ɔɚɡɞɝɑÕɖ (ɆɢɐɛŬ 1.11.3.). (lxvi ) 

 

ɆɢɐɛŬ 1.11.3: ɆɨɜɗŮůɖ ɅȺɃ ɛɏůɤ əŬŰŬɚɨŰɖ lxvi 

     ȼ ˊɞɚɡŬɘɗɡɚŮɜɞɔɚɡəɧɚɖ (PEG) ˊŬɟɎɔŮŰŬɘ Ŭˊɧ Űɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɞɡ ɞɝŮɘŭɑɞɡ 

Űɞɡ ŬɘɗɡɚŮɜɑɞɡ ŮɑŰŮ ɜŮɟɧ, ŮɑŰŮ ÕŮ ŬɘɗɡɚŮɜɞɔɚɡəɧɚɖ, ŮɑŰŮ ÕŮ ɞɚɘɔɞÕŮɟɐ ŬɘɗɡɚŮ-

ɜɞɔɚɡəɧɚɖɠ əŬɘ əŬŰŬɚɨŮŰŬɘ Ŭˊɧ ɧɝɘɜɞɡɠ ɐ ɓŬůɘəɞɨɠ əŬŰŬɚɨŰŮɠ. ȼ ŬɘɗɡɚŮɜɞɔɚɡəɧɚɖ 

əŬɘ ŰŬ ɞɚɘɔɞÕŮɟɐ Űɖɠ ˊɟɞůűɏɟɞɜŰŬɘ ɤɠ ɡɚɘəɎ ɏɜŬɟɝɖɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ˊŬɟŬɔɤɔɐɠ 

Űɞɡ PEG,  ŭɘɧŰɘ ŮˊɘŰɟɏˊɞɡɜ Űɖ ŭɖɛɘɞɡɟɔɑŬ ˊɞɚɡɛŮɟɩɜ ÕŮ ɢŬɛɖɚɐ ˊɞɚɡŭɘŬůˊɞɟɎ 

(ůŰŮɜɐ əŬŰŬɜɞɛɐ ÕɞɟɘŬəɞɨ ɓɎɟɞɡɠ). ɇɞ ɛɐəɞɠ Űɖɠ ŬɚɡůɑŭŬɠ Űɞɡ ˊɞɚɡÕŮɟɞɨɠ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ŬɜŬɚɞɔɑŬ Űɤɜ ŬɜŰɘŭɟɩɜŰɤɜ. ȷɜɎɚɞɔŬ ÕŮ Űɞɜ Űɨˊɞ Űɞɡ əŬŰŬɚɨŰɖ, ɞ 

ÕɖɢŬɜɘůɛɧɠ Űɞɡ ˊɞɚɡÕŮɟɘůÕɞɨ ŭɨɜŬŰŬɘ ɜŬ ŮɑɜŬɘ əŬŰɘɞɜɘəɧɠ ɐ Ŭɜɘɞɜɘəɧɠ (ŮɝɩɗŮɟɛɖ 

ŬɜŰɑŭɟŬůɖ). Ƀ Ŭɜɘɞɜɘəɧɠ ÕɖɢŬɜɘůÕɧɠ ŮɑɜŬɘ ˊɟɞŰɘɛɧŰŮɟɞɠ, ŮˊŮɘŭɐ ŮˊɘŰɟɏˊŮɘ Űɖɜ 

ˊŬɟŬɔɤɔɐ PEG ÕŮ ɢŬɛɖɚɐ ˊɞɚɡŭɘŬůəɞɟˊɘůɘÕɧŰɖŰŬ. ɄɟɏˊŮɘ ɜŬ ŬɜŬűŮɟɗŮɑ ɧŰɘ ůŮ 

ˊŮɟɑˊŰɤůɖ ɡˊŮɟɗɏɟɛŬɜůɖɠ ɐ ɛɧɚɡɜůɖɠ Űɞɡ ɞɝŮɘŭɑɞɡ Űɞɡ ŬɘɗɡɚŮɜɑɞɡ ÕŮ ŬɚəɎɚɘŬ ɐ 

ɞɝŮɑŭɘŬ ÕŮŰɎɚɚɤɜ ŭɨɜŬŰŬɘ ɜŬ ́ɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ŬɜŮɝɏɚŮɔəŰɞɠ ˊɞɚɡÕŮɟɘůÕɧɠ, 

ɞŭɖɔɞɨɛŮɜɞɠ ŬəɧɛŬ əŬɘ ůŮ ɏəɟɖɝɖ. 

       ɆŰɖɜ Ůɛˊɞɟɘəɐ Űɞɡ ɛɞɟűɐ Űɞ ́ɞɚɡɛŮɟɏɠ ɅȺɃ ɏɢŮɘ Űɖ ɛɞɟűɐ ɚŮɡəɐɠ 

əɟɡůŰŬɚɚɘəɐɠ ůəɧɜɖɠ ÕŮ ɛɏůɞ ɛɏɔŮɗɞɠ ůɤɛŬŰɘŭɑɤɜ 150 mm əŬɘ ŰŬ ŭɘŬɚɨɛŬŰɎ Űɞɡ 

ŮɛűŬɜɑɕɞɡɜ ŮɚŬűɟɎ ɓŬůɘəɧ pH. ɇɞ ́ɟɞɥɧɜ ŭŮɜ ŮɑɜŬɘ Űɞɝɘəɧ ɔɘŬ Űɞɜ Ŭɜɗɟɩˊɘɜɞ 

ɞɟɔŬɜɘůɛɧ əŬɘ ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɞɡɠ ŰɞɛŮɑɠ Űɖɠ űŬɟɛŬəŮɡŰɘəɐɠ əŬɘ 

ɓɘɞɥŬŰɟɘəɐɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ űŬɟɛŬəŮɡŰɘəɩɜ ŭɘůəɑɤɜ ɤɠ ůɡɜŭɏŰɖɠ ŮɑŰŮ ɤɠ ɡɚɘəɧ 
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ŮˊɘəɎɚɡɣɖɠ, ˊɡəɜɤŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ, ɓɘɞůɡɔəɞɚɚɖŰɘəɧ ɡɚɘəɧ ɔɘŬ ɓɚŮɜɜɞɔɧɜɞɡɠ 

ŬŭɏɜŮɠ, ɤɠ ɡˊɞůŰɖɟɘəŰɐɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ, ɤɠ əŬɗŮŰɐɟŬɠ, ɛɏůɞ ˊŬɟŬɔɤɔɐɠ 

ɡŭɟɞɔŮɚɩɜ ɔɘŬ ɓɘɞɚɞɔɘəɏɠ ŮűŬɟɛɞɔɏɠ, ɢɟɐůɖ ůŮ ůɨɜɗŮŰŬ ɓɘɞɦɚɘəɎ ɔɘŬ ˊɚɐɟɤůɖ ɐ 

ŬɜŰɘəŬŰɎůŰŬůɖ ɞůŰɘəɩɜ ɢɧɜŭɟɤɜ, əŬɘ ɤɠ ůɡɜŭɏŰɖɠ ɐ ɡɚɘəɧ ÕɐŰɟŬɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ 

ɓɘɞůɡÕɓŬŰɩɜ ɘəɟɘɤÕɎŰɤɜ ɔɘŬ ůəɚɖɟɞɨɠ əŬɘ ɛŬɚŬəɞɨɠ ɘůŰɞɨɠ.(lxvii )  

    Ⱥɜ ɔɏɜŮɘ, ůɡɜŭɏŰŮɠ(xxiii ) ůŬɜ Űɞ ɅȺɃ, ˊɟɞůŰɑɗŮɜŰŬɘ ůŰɞɡɠ ˊɞɚűɞɨɠ ɔɘŬ ɜŬ ˊɟɞůŭɩ-

ůɞɡɜ ŬɜŰɞɢɐ ůŰŬ ɤɛɎ ŭɞəɑɛɘŬ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ ɛŮ Űɘɠ ɡɔɟɏɠ ɛŮɗɧŭɞɡɠ ɛɞɟűɞˊɞɑɖůɖɠ, 

ɏŰůɘ ɩůŰŮ ɜŬ ŮɑɜŬɘ Ůɨəɞɚɞ ɜŬ ŰŬ ɢŮɘɟɘůŰɞɨɛŮ ŮɨəɞɚŬ əŬɘ ɜŬ ŰŬ ŬˊɞɗɖəŮɨůɞɡɛŮ. 

ȷəɧɛɖ ˊɟɞůŭɑŭɞɡɜ ůŰɖɜ ˊɟɞɠ ɛɞɟűɞˊɞɑɖůɖ ɛɎɕŬ Űɘɠ ŬˊŬɘŰɞɨɛŮɜŮɠ ŮɚŬůŰɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ ɩůŰŮ ɜŬ ɡˊɞɓɞɖɗɖɗŮɑ ɖ ůɢɖɛŬŰɞˊɞɑɖůɖ. ȾŬŰɎ Űɖɜ ɝɐɟŬɜůɖ Ůɜɧɠ ɡɚɘəɞɨ, ɞ 

ůɡɜŭɏŰɖɠ ˊŬɟŬɛɏɜŮɘ ůŰɞ ŭɞəɑɛɘɞ ŬəɧɛŬ əŬɘ ɧŰŬɜ ɞ ŭɘŬɚɨŰɖɠ ɏɢŮɘ ŮɝŬŰɛɘůŰŮɑ. ȼ 

ˊɟɞůɗɐəɖ Űɞɡ ůŰɞ ˊɞɚűɧ ůɡɜɞŭŮɨŮŰŬɘ Ŭˊɧ ɛɘŬ ůŮɘɟɎ ŬɚɚŬɔɩɜ ůŰɖɜ ɛɞɟűɐ Űɞɡ 

ˊɞɚűɞɨ. ȰŰůɘ ɛŮ Űɖɜ ˊɟɞůɗɐəɖ Űɞɡ ŬɡɝɎɜŮŰŬɘ ɖ ɘəŬɜɧŰɖŰŬ ŭɘŬɓɟɞɢɐɠ Űɤɜ 

ůɤɛŬŰɘŭɑɤɜ, əŬɗɡůŰŮɟŮɑ ɖ əŬŰŬɓɨɗɘůɖ Űɞɡɠ əŬɘ ŬɡɝɎɜŮŰŬɘ Űɞ ɘɝɩŭŮɠ Űɞɡ ˊɞɚűɞɨ. Ƀɘ 

ˊɟɞɦˊɞɗɏůŮɘɠ ɔɘŬ Űɖɜ ůɤůŰɐ Ůˊɘɚɞɔɐ Űɞɡ ůɡɜŭɏŰɖ ɓŬůɑɕɞɜŰŬɘ ůŰɘɠ ˊŬɟŬəɎŰɤ 

ˊŬɟŬŰɖɟɐůŮɘɠ:  

¶ ɄɟɏˊŮɘ Űɞ əɧůŰɞɠ Űɞɡ ɜŬ ŮɑɜŬɘ ŰɏŰɞɘɞ ɩůŰŮ ɜŬ ůɡɛűɏɟŮɘ ɖ ˊɟɞůɗɐəɖ Űɞɡ ɔɘŬ 

Űɖɜ ˊŬɟŬɔɤɔɐ əɎˊɞɘɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ˊɟɞɥɧɜŰɞɠ.   

¶  Ⱥˊɑůɖɠ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɔɜɤůŰɏɠ ɞɘ ɘɝɤŭɞŮɚŬůŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ ˊɞɡ ˊɟɞůŭɑŭŮɘ ɞ 

ůɡɔəŮəɟɘɛɏɜɞɠ ůɡɜŭɏŰɖɠ ɔɘŬ ɜŬ əɟɘɗŮɑ Ŭɜ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŰɖɜ 

ŭŮŭɞɛɏɜɖ ɛɏɗɞŭɞ ɛɞɟűɞˊɞɑɖůɖɠ.   

¶  ȷəɧɛɖ ŮɑɜŬɘ ŬɜŬɔəŬɑŬ ɖ ɔɜɩůɖ Űɖɠ ˊŮɟɘɞɢɐɠ ɗŮɟɛɞəɟŬůɘɩɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

ŭɞɡɚɏɣŮɘ ɞ ůɡɔəŮəɟɘɛɏɜɞɠ ůɡɜŭɏŰɖɠ.   

¶  ɇɏɚɞɠ ˊɟɏˊŮɘ ɜŬ ŮɟŮɡɜɖɗŮɑ ɖ ůɡɛɓŬŰɧŰɖŰŬ Űɞɡ ɛŮ Űɖɜ ůɡɔəŮəɟɘɛɏɜɖ ůəɧɜɖ 

ˊɞɡ ɗŬ ŬɜŬɛɘɢɗŮɑ ɩůŰŮ ɜŬ ɚɖűɗɞɨɜ ŰŬ ɓɏɚŰɘůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŰɞ ŰŮɚɘəɧ 

ˊɟɞɥɧɜ. 

     ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɛɞůɢŮɡɛɎŰɤɜ, ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɅȺɃ ŮɑŰŮ ůŰɞ ŮůɤŰŮɟɘəɧ ŮɑŰŮ ůŰɖɜ 

ŮˊɘűɎɜŮɘɎ Űɞɡɠ, ŮɛűŬɜɑɕŮŰŬɘ əŬɚɐ ɓɘɞůɡɛɓŬŰɧŰɖŰŬ, ɖ ɞˊɞɑŬ ŭɘŬŰɖɟŮɑŰŬɘ ŬəɧɛŬ əŬɘ 

əɎŰɤ Ŭˊɧ ůɡɜɗɐəŮɠ ɏɜŰɞɜɖɠ Űɟɘɓɐɠ əŬɘ ŭɘɎɓɟɤůɖɠ. ɋůŰɧůɞ, ɛɘŬ ˊɟɞɓɚɖɛŬŰɘəɐ 

ˊŮɟɘɞɢɐ Űɞɡ ɅȺɃ ŮɑɜŬɘ ɖ ŬɜŮˊŬɟəɐɠ ɛɖɢŬɜɘəɐ ŬɜŰɞɢɐ Űɞɡ ˊɞɚɡɛŮɟɘəɞɨ ŭɘəŰɨɞɡ Űɞɡ, 

ɖ ɞˊɞɑŬ ŮɜŭɏɢŮŰŬɘ ɜŬ ŬɡɝɖɗŮɑ ůɖɛŬɜŰɘəɎ Ŭɜ ŬəɘɜɖŰɞˊɞɘɖɗŮɑ ůŮ əɎˊɞɘɞ ˊɞɚɡɛŮɟɘəɧ 

ɡˊɧůŰɟɤɛŬ ɛŮɔŬɚɨŰŮɟɖɠ ŬɜŰɞɢɐɠ, ɛŮ ɛŮɗɧŭɞɡɠ ɧˊɤɠ ɖ űɡůɘəɐ ˊɟɞůɟɧűɖůɖ, ɖ 

ɞɛɞɘɞˊɞɚɘəɐ ɛŮŰŬɛɧůɢŮɡůɖ, əŬɘ ɞ ůɡɛˊɞɚɡɛŮɟɘůɛɧɠ. (lxi i)  

     ȼ ɓŬůɘəɧŰŮɟɖ ŮűŬɟɛɞɔɐ Űɞɡ ɅȺɃ ŮɑɜŬɘ ɖ ɢɟɐůɖ Űɞɡ ůŮ ŮɚŮɔɢɧɛŮɜɖ ŬˊɞŭɏůɛŮɡůɖ 

űŬɟɛɎəɤɜ, əŬɗɩɠ ŬɡŰɧ ŬˊɞɘəɞŭɞɛŮɑŰŬɘ ůɡɜŬɟŰɐůŮɘ Űɞɡ ÕɞɟɘŬəɞɨ Űɞɡ ɓɎɟɞɡɠ. ũɘŬ Űɞ 

ɚɧɔɞ ŬɡŰɧ ŭɨɜŬŰŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŰɖɜ ˊŬɟŬůəŮɡɐ ŬɡŰɞɘɎůɘɛɤɜ ɘəɟɘɤɛɎŰɤɜ. ɇŬ 

ɞ́ɚɡÕŮɟɐ ÕŮ ɛɘəɟɧŰŮɟɞ ůɢŮŰɘəɎ ÕɞɟɘŬəɧ ɓɎɟɞɠ (PEG) ŬˊɞɓɎɚɚɞɜŰŬɘ ŬɟəŮŰɎ 

ɔɟɐɔɞɟŬ Ŭˊɧ Űɞɜ ɞɟɔŬɜɘůɛɧ ɢɤɟɑɠ ɜŬ ɏɢɞɡɜ ɡˊɞůŰŮɑ əŬɛɑŬ ɛŮŰŬɓɞɚɐ ůŰɖ ŭɞÕɐ Űɞɡɠ 

əŬɘ ɢɤɟɑɠ ɜŬ ŮˊɘɓŬɟɨɜɞɡɜ əŬɗɧɚɞɡ Űɖ ɚŮɘŰɞɡɟɔɑŬ əŬɘ Űɖɜ ɡɔŮɑŬ Űɞɡ ɞɟɔŬɜɘůÕɞɨ. 

ȷɜŰɑɗŮŰŬ ɧůɞ ŬɡɝɎɜŮŰŬɘ Űɞ ÕɞɟɘŬəɧ ɓɎɟɞɠ Űɞɡ ˊɞɚɡÕŮɟɞɨɠ, Űɧůɞ ŬɡɝɎɜŮŰŬɘ əŬɘ ɞ 

ɢɟɧɜɞɠ ŬˊɞɘəɞŭɧÕɖůɐɠ Űɞɡ Ŭˊɧ Űɞɜ ɞɟɔŬɜɘůɛɧ. ɇɏɚɞɠ, Űɞ ɡŭɟɧűɘɚɞ ɅȺɃ ŮˊɘŭɟɎ 
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ŭɟŬůŰɘəɎ ɧɜŰŬɠ ůŮ ɏɜŬ ɓɘɞůɨůŰɖɛŬ, əŬɗɩɠ ŭɨɜŬŰŬɘ ɜŬ ˊŬɔɘŭŮɨŮɘ ˊɟɤŰŮȶɜŮɠ əŬɘ ɜŬ Űɘɠ 

ŬˊɞŭŮůɛŮɨůŮɘ ŮˊɘɚŮəŰɘəɎ, ɚŮɘŰɞɡɟɔɩɜŰŬɠ ůŬɜ űɞɟɏŬɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ɖ əɘɜɖŰɘəɧŰɖŰŬ 

Űɤɜ ŮɜɡŭŬŰɤɛɏɜɤɜ Ŭɚɡůɑŭɤɜ Űɞɡ ŬɡɝɎɜŮɘ ɛŮ Űɞ ɛɐəɞɠ Űɖɠ ŬɚɡůɑŭŬɠ, Ůˊɞɛɏɜɤɠ Űɞ 

ɅȺɃ ɛŮɔŬɚɨŰŮɟɞɡ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ əŬŰŬůŰɏɚɚŮɘ Űɖɜ ˊɟɞůɟɧűɖůɖ ˊɟɤŰŮɥɜɩɜ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟŬ Ŭˊɧ Űɞ ɅȺɃ ɛɘəɟɧŰŮɟɖɠ ˊɞɚɡɛŮɟɘəɐɠ ŬɚɡůɑŭŬɠ.( lxii) (lxviii ) 

 

1.12. ɁŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ (CNTs) 

ɇɞ 1991 ɞ Iijima(lxix ) ŬɜŬəɎɚɡɣŮ ɧŰɘ ɖ ŮɜŬˊɧɗŮůɖ ɎɜɗɟŬəŬ ůŰɖɜ əɎɗɞŭɞ əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ əŬŰŬůəŮɡɐɠ űɞɡɚŮɟɏɜɘɤɜ Ŭˊɧ Űɖɜ ŬɘɗɎɚɖ, ůŮ ɏɜŬ Űɧɝɞ 

ůɡɜŮɢɞɨɠ ɟŮɨɛŬŰɞɠ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ůɤɚɐɜɤɜ, ɞɘ ɞˊɞɑɞɘ ɏɢɞɡɜ 

ŭɞɛɐ ɧˊɤɠ ŬɡŰɐ Űɞɡ ɔɟŬűɑŰɖ. ȼ ŬɜŬəɎɚɡɣɖ ŬɡŰɐ ɏɢŮɘ ŭɩůŮɘ ɛŮɔɎɚɖ ɩɗɖůɖ ůŰɞɜ 

ŰɞɛɏŬ Űɖɠ ɏɟŮɡɜŬɠ Űɤɜ űɞɡɚŮɟŮɜɑɤɜ. Ƀɘ ɜŬɜɞůɤɚɐɜŮɠ, ɤɠ ŬɚɚɞŰɟɞˊɘəɐ ɛɞɟűɐ 

ɎɜɗɟŬəŬ, ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɞɛɧəŮɜŰɟŬ űɨɚɚŬ Űɞɡ ɔɟŬűɑŰɖ ůŮ ɛɞɟűɐ əɡɚɘɜŭɟɘəɞɨ 

ůɤɚɐɜŬ ÕŮ ŭɘɎɛŮŰɟɞ ÕŮɟɘəɩɜ ɜŬɜɞÕɏŰɟɤɜ əŬɘ Õɐəɞɠ ɚɑɔɤɜ ÕɘəɟɞÕɏŰɟɤɜ. ɋɠ 

ɜŬɜɞɦɚɘəɎ ˊɟɞůűɏɟɞɡɜ ɛŮɔɎɚɖ ŮɜŮɟɔɐ ŮˊɘűɎɜŮɘŬ, ŭɡɜŬŰɧŰɖŰŮɠ ɢɖɛɘəɐɠ ŮˊɘűŬɜŮɘŬəɐɠ 

Űɟɞˊɞˊɞɑɖůɐɠ Űɞɡɠ əŬɘ ŮɚŮɔɢɧɛŮɜɖ ŭɞɛɐ. 

       ɈˊɎɟɢɞɡɜ ŭɨɞ əɨɟɘɞɘ Űɨˊɞɘ ɜŬɜɞůɤɚɐɜɤɜ: ɞɘ ɜŬɜɞůɤɚɐɜŮɠ Õɞɜɞɨ ŰɞɘɢɩÕŬŰɞɠ 

(Single-Walled Carbon Nanotubes, SWCNTs), ɞ ɞˊɞɑɞɘ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɏɜŬ Õɧɜɞ 

ŰɡɚɘɔÕɏɜɞ ůŰɟɩɛŬ ɔɟŬűŮɜɑɞɡ əŬɘ ɞɘ ɜŬɜɞůɤɚɐɜŮɠ ˊɞɚɚŬˊɚɩɜ ŰɞɘɢɤɛɎŰɤɜ (Multi  

Walled Carbon Nanotubes, MWCNTs), ɞɘ ɞˊɞɑɞɘ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ˊɞɚɚɎ ɞÕɧəŮɜŰɟŬ 

ůŰɟɩÕŬŰŬ ɔɟŬűŮɜɑɞɡ ÕŮ ŬɨɝɞɡůŮɠ ŭɘŬÕɏŰɟɞɡɠ, ÕŮ ŬˊɧůŰŬůɖ ÕŮŰŬɝɨ Űɤɜ ůŰɟɤÕɎŰɤɜ 

0,34nm (Ⱥɘə. 1.12.1). ȳůɞɜ ŬűɞɟɎ ůŰŬ ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ, ɖ ŭɘɎɛŮŰɟɞɠ 

Űɤɜ SWCNTs ŮɑɜŬɘ ˊŮɟɑˊɞɡ 1 nm əŬɘ Űɞ ˊɎɢɞɠ Űɞɡɠ Űɖɠ ŰɎɝɖɠ Űɤɜ ŰɞɡɚɎɢɘůŰɞɜ 10 

nm, Ůɜɩ Űɤɜ MWCNTs ɛˊɞɟŮɑ ɜŬ ɛŮŰŬɓɎɚɚŮŰŬɘ Ŭˊɧ 1 ɏɤɠ ˊɎɜɤ Ŭˊɧ 100 nm. ɇɞ 

ɛɐəɞɠ Űɤɜ CNTs ɏɢŮɘ ɏɜŬ Ůɡɟɨ űɎůɛŬ ɛŮɔɏɗɞɡɠ, Űɞ ɞˊɞɑɞ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ ɛŮɟɘəɎ nm 

ɏɤɠ ˊɎɜɤ Ŭˊɧ 1 mm əŬɘ ɞ ɚɧɔɞɠ ɛɐəɞɡɠ ɤɠ ˊɟɞɠ Űɖ ŭɘɎɛŮŰɟɞ ŭɨɜŬŰŬɘ ɜŬ ɝŮˊŮɟɜɎ Űɖɜ 

ŰɎɝɖ Űɤɜ 10-6 (xix).  

 
Ⱥɘə. 1.12.1. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɨˊɤɜ ɜŬɜɞůɤɚɐɜɤɜ ɎɜɗɟŬəŬlxx 

 

      Ƀɘ əɡəɚɘɜŭɟɘəɞɑ ŭŬəŰɨɚɘɞɘ Űɤɜ CNTs ŮɑɜŬɘ ŮɝŬɔɤɜɘəɞɑ, Ůɜɩ ŰŬ ɎəɟŬ Űɞɡɠ 

əɚŮɑɜɞɡɜ ɛŮ Űɖ ůɡɛɛŮŰɞɢɐ ˊŮɜŰŬɔɩɜɤɜ. ɆŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ, ŰŬ ɎəɟŬ ɏɢɞɡɜ 

ɖɛɘůűŬɘɟɘəɧ ůɢɐɛŬ, ůŬɜ Űɞ ɛɘůɧ ɛɧɟɘɞ űɞɡɚŮɟŮɜɑɞɡ. Ɇɡɜɐɗɤɠ ɞɘ ɜŬɜɞůɤɚɐɜŮɠ 

ɎɜɗɟŬəŬ ɏɢɞɡɜ ŮˊɑˊŮŭɖ ɛɞɟűɐ, ɛŮ ɏɜŬ ŭŬəŰɨɚɘɞ Ŭˊɧ ˊŮɜŰɎɔɤɜŬ ůŰɞ ɧɟɘɞ ɛŮŰɎɓŬůɖɠ 
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ˊɟɞɠ Űɞ əɡɚɘɜŭɟɘəɧ ŰɛɐɛŬ Űɞɡ ɛɞɟɑɞɡ. Ƀɘ ˊɞɚɚŬˊɚɞɑ Űɟɧˊɞɘ ŬɜŬŭɑˊɚɤůɖɠ Űɞɡ 

ɔɟŬűɘŰɘəɞɨ űɨɚɚɞɡ ˊɟɞɠ Űɞ ůɢɖɛŬŰɘůɛɧ əɡɚɘɜŭɟɘəɞɨ ŰɛɐɛŬŰɞɠ Űɞɡ ůɤɚɐɜŬ 

ˊɟɞůŭɑŭɞɡɜ ůŰɞɜ ŮəɎůŰɞŰŮ ɜŬɜɞůɤɚɐɜŬ ŭɘŬűɞɟŮŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ (Ⱥɘə. 1.12.2). 

 

 

Ⱥɘə. 1.12.2.  ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɟɘɩɜ ŭɡɜŬŰɩɜ ŭɞɛɩɜ ɜŬɜɞůɤɚɐɜɤɜ ɎɜɗɟŬəŬ Ŭˊɚɞɨ 

ŰɞɘɢɩɛŬŰɞɠ 

       ȼ ŭɞɛɐ Ůɜɧɠ ɜŬɜɞůɤɚɐɜŬ Ŭˊɚɞɨ ŰɞɘɢɩɛŬŰɞɠ (SWCNTs) ɛˊɞɟŮɑ ɜŬ ŮɝɖɔɖɗŮɑ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ɢŮɘɟɘəɧ ŭɘɎɜɡůɛŬ Ch, Űɞ ɞˊɞɑɞ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ 

Ch=na1+ma2, əŬɘ ɞɟɑɕŮŰŬɘ ɤɠ Űɞ ŭɘɎɜɡůɛŬ ˊɎɜɤ ůŮ ɏɜŬ ɔɟŬűɘŰɘəɧ űɨɚɚɞ ɔɘŬ Űɞ 

ůɢɖɛŬŰɘůɛɧ əɡɚɑɜŭɟɞɡ (ɧˊɞɡ n, m ɞɘ ŭŮɑəŰŮɠ Űɞɡ ɜŬɜɞůɤɚɐɜŬ əŬɘ a1, a2 ŰŬ 

ŭɘŬɜɨůɛŬŰŬ Űɞɡ ŮɝŬɔɤɜɘəɞɨ ˊɚɏɔɛŬŰɞɠ Űɞɡ ɔɟŬűɘŰɘəɞɨ űɨɚɚɞɡ). ȳŰŬɜ ɖ ɔɤɜɑŬ 

ɛŮŰŬɝɨ ɢŮɘɟɘəɞɨ ŭɘŬɜɨůɛŬŰɞɠ Ch əŬɘ Űɞɡ zig zag ɎɝɞɜŬ Űɞɡ ɔɟŬűɘŰɘəɞɨ űɨɚɚɞɡ ŮɑɜŬɘ 

0ɞ [(m, n) = (p, 0), ɧˊɞɡ ɞ p ŬəɏɟŬɘɞɠ], ŰɧŰŮ ɞɘ ɜŬɜɞůɤɚɐɜŮɠ ɏɢɞɡɜ zig zag ŭɞɛɐ (Ⱥɘə. 

1.12.4). ȳŰŬɜ ɖ ɔɤɜɑŬ ɛŮŰŬɝɨ ɢŮɘɟɘəɞɨ ŭɘŬɜɨůɛŬŰɞɠ Ch əŬɘ Űɞɡ zig zag ɎɝɞɜŬ Űɞɡ 

ɔɟŬűɘŰɘəɞɨ űɨɚɚɞɡ ŮɑɜŬɘ Ñ 30ɞ [(m, n) = (p, p), ɧˊɞɡ ɞ p ŬəɏɟŬɘɞɠ], ŰɧŰŮ ɞɘ 

ɜŬɜɞůɤɚɐɜŮɠ ɏɢɞɡɜ armchair ŭɞɛɐ (Ⱥɘə. 1.12.5.). ɆŮ əɎɗŮ Ɏɚɚɖ ˊŮɟɑˊŰɤůɖ, 0ɞ<ɗ<30ɞ 

[(m,n)=(p,i), ɧˊɞɡ p,i ŬəɏɟŬɘɞɘ], ŰɧŰŮ ɞɘ ɜŬɜɞůɤɚɐɜŮɠ ɏɢɞɡɜ chiral ŭɞɛɐ (Ⱥɘə. 

1.12.6.). 
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Ⱥɘə. 1.12..4. ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ ɜŬɜɞůɤɚɐɜŬ zig zag (5,0), ɖ ɞˊɞɑŬ ŭŮɑɢɜŮɘ ŰŬ ŭɡɞ 

ůɖɛŮɑŬ ɏɜɤůɖɠ əŬŰɎ Űɖɜ ŬɜŬŭɑˊɚɤůɖ Űɞɡ ɔɟŬűɘŰɘəɞɨ űɨɚɚɞɡ lxix 

 

Ⱥɘə. 1.12.5.ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ ɜŬɜɞůɤɚɐɜŬ armchair (4,4), ɖ ɞˊɞɑŬ ŭŮɑɢɜŮɘ ŰŬ ŭɡɞ 

ůɖɛŮɑŬ ɏɜɤůɖɠ əŬŰɎ Űɖɜ ŬɜŬŭɑˊɚɤůɖ Űɞɡ ɔɟŬűɘŰɘəɞɨ űɨɚɚɞɡ lxix  
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Ⱥɘə. 1.12.6. ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ ɜŬɜɞůɤɚɐɜŬ chiral (5,2), ɖ ɞˊɞɑŬ ŭŮɑɢɜŮɘ ŰŬ ŭɡɞ 

ůɖɛŮɑŬ ɏɜɤůɖɠ əŬŰɎ Űɖɜ ŬɜŬŭɑˊɚɤůɖ Űɞɡ ɔɟŬűɘŰɘəɞɨ űɨɚɚɞɡ lxix  

 

       ȳˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ, ɞɘ ɘŭɘɧŰɖŰŮɠ Űɤɜ CNTs ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖ ŭɞɛɐ Űɞɡɠ 

(ɢŮɘɟɘəɧ ŭɘɎɜɡůɛŬ, ŭɘɎɛŮŰɟɞ). ɀŮɚɏŰŮɠ əŬŰɏŭŮɘɝŬɜ ɧŰɘ ɞɘ ɧɚɞɘ ɞɘ armchair SWCNTs 

ŮɑɜŬɘ ɛŮŰŬɚɚɘəɞɑ, ɞɘ zig zag, chiral ŮɑɜŬɘ ɛŮŰŬɚɚɘəɞɑ Ŭɜ (n-m)/3 ŮɑɜŬɘ ŬəɏɟŬɘɞɠ, Ŭɚɚɘɩɠ 

ŮɑɜŬɘ ɖɛɘŬɔɤɔɞɑ. Ⱥˊɞɛɏɜɤɠ, ŮɚɏɔɢɞɜŰŬɠ əŬɘ əŬɗɞɟɑɕɞɜŰŬɠ Űɖ ŭɞɛɐ Űɞɡɠ, ɞɘ CNTs  

ŬˊɞəŰɞɨɜ ůɡɔəŮəɟɘɛɏɜŮɠ ɖɚŮəŰɟɞɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ. Ⱥˊɘˊɚɏɞɜ, ɞɘ CNTs ˊŬɟɞɡůɘɎɕɞɡɜ 

əŬɚɏɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ, ɧˊɤɠ ɛŮɔɎɚɖ ŬɜŰɞɢɐ ůŮ əɎɛɣɖ, əɧˊɤůɖ, ŮűŮɚəɡůɛɧ, 

ɢŬɛɖɚɧ ɓɎɟɞɠ, ůŰŬɗŮɟɧŰɖŰŬ, ɛŮɔɎɚɞ ŮɛɓŬŭɞɜ ŮˊɘűɎɜŮɘŬɠ, ɡɣɖɚɐ ɗŮɟɛɘəɐ Ŭɔɤɔɘ-

ɛɧŰɖŰŬ əŬɘ ŮɛűŬɜɑɕɞɡɜ ŮɚŬůŰɘəɧŰɖŰŬ. ɇɞ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ Űɧůɞ ɔɘŬ Űɞɡɠ 

MWCTNs ɧůɞ əŬɘ Űɞɡɠ SWCNTs ůɤɚɐɜŮɠ ŮɑɜŬɘ Ɏɜɤ Űɞɡ 1 TPa əŬɘ ɛŮɘɩɜŮŰŬɘ, əŬɗɩɠ 

ɖ ŭɘɎɛŮŰɟɞɠ ŬɡɝɎɜŮɘ. Ƀɘ űɞɟŰɑůŮɘɠ ɛɏɢɟɘ əŬɘ 30 GPa ŭŮ əŬŰŬůŰɟɏűɞɡɜ Űɖ ɓŬůɘəɐ 

ŭɞɛɐ Űɞɡ ɜŬɜɞůɤɚɐɜŬ əŬɘ ɖ ˊɡəɜɧŰɖŰŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ Ŭəɟɘɓɐ ŭɞɛɐ Űɞɡ. 

ȺɜŭŮɘəŰɘəɎ, ɖ ˊɡəɜɧŰɖŰŬ Ůɜɧɠ zig-zag (17,0) ɜŬɜɞůɤɚɐɜŬ ɡˊɞɚɞɔɑɕŮŰŬɘ 1,34 gr/cm3. 

(lxix) ȷəɞɚɞɡɗŮɑ ɄɑɜŬəŬɠ 1.12.1. ɛŮ ɘŭɘɧŰɖŰŮɠ ɜŬɜɞůɤɚɐɜɤɜ ɎɜɗɟŬəŬ ŬɜɎɚɞɔɤɜ Űɖɠ 

ŭɞɛɐɠ Űɞɡɠ.(lxxi )  

 

ɄɑɜŬəŬɠ 1.12.1. ȽŭɘɧŰɖŰŮɠ CNTs ŬɜɎɚɞɔŮɠ ŭɞɛɐɠ Űɞɡɠlxxi: 

 

     Ƀɘ CNTs ˊŬɟɞɡůɘɎɕɞɡɜ ŮɝŬɘɟŮŰɘəɎ ɢɟɐůɘɛŮɠ ŭɞÕɘəɏɠ, ɖɚŮəŰɟɘəɏɠ, ɗŮɟɛɘəɏɠ (ˊ.ɢ. 

ɗŮɟɛɘəɐ ůŰŬɗŮɟɧŰɖŰŬ), əŬɘ ɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ŰŬ ˊɞɘəɑɚŬ ˊɟɞɥɧɜŰŬ Űɞɡɠ ŮɑɜŬɘ 

ŮɚŬűɟɨŰŮɟŬ, ɘůɢɡɟɧŰŮɟŬ, űŰɖɜɧŰŮɟŬ, əŬɗŬɟɧŰŮɟŬ əŬɘ ŬˊɞŭɞŰɘəɧŰŮɟŬ. 

    ɆɢŮŰɘəɎ ɛŮ Űɞɜ əɚɎŭɞ Űɖɠ ɘůŰɞɛɖɢŬɜɘəɐɠ, ɞɘ ɓɘɞůɡɛɓŬŰɞɑ ɜŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ 

ŬˊɞŰŮɚɞɨɜ ɏɜŬ əŬŰɎɚɚɖɚɞ ɡˊɧůŰɟɤɛŬ ɞůŰɘəɐɠ ŬɜŬɔɏɜɜɖůɖɠ, ůŰɞ ɞˊɞɑɞ ˊɟɞɎɔŮŰŬɘ ɖ 

ŬɜɎˊŰɡɝɖ əŬɘ ɞ ˊɞɚɚŬˊɚŬůɘŬůɛɧɠ ɞůŰɘəɩɜ əɡŰŰɎɟɤɜ, ɛŮ ŰŬɡŰɧɢɟɞɜɖ ˊŬɟɞɢɐ 

ŮˊɘˊɟɧůɗŮŰɖɠ ɛɖɢŬɜɘəɐɠ ŬɜŰɞɢɐɠ. ȼ ɛɞɜɞŭɘɎůŰŬŰɖ ŭɞɛɐ Űɞɡɠ ŰŬ əŬɗɘůŰɎ əŬŰɎɚɚɖɚŬ 

ɡɚɘəɎ ůɡɜɗɏŰɤɜ. Ⱥˊɑůɖɠ, ŭɨɜŬŰŬɘ ɜŬ ŬˊɞŰŮɚɏůɞɡɜ ŮɜɘůɢɡŰɘəɧ ɛɏůɞ ɞůŰɘəɩɜ 

ŰůɘɛɏɜŰɤɜ (ˊ.ɢ. PMMA) ˊŬɟɏɢɞɜŰŬɠ ŬɡɝɖɛɏɜŮɠ ŬɜŰɞɢɏɠ ůŮ əɧˊɤůɖ, ŮűŮɚəɡůɛɧ əŬɘ 

ŭɡůɗɟŬɡůŰɧŰɖŰŬ əŬɘ ɡɚɘəɎ ůɨɜɗŮŰɤɜ ŮˊɘəŬɚɨɣŮɤɜ ɛŮ ŮɜɘůɢɡɛɏɜŮɠ ŬɜŰɞɢɏɠ. ɆŮ 
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ɏɟŮɡɜŮɠ ˊɞɡ ɏɢɞɡɜ ŭɘŮɝŬɢɗŮɑ ˊɎɜɤ ůŮ ɛɞůɢŮɨɛŬŰŬ ɛŮ ŮˊɘəŬɚɨɣŮɘɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖ, ɖ 

Ůɜɑůɢɡůɐ Űɞɡɠ ɛŮ CNTs Űɞɡɠ ˊɟɞůɏŭɤůŮ Ŭɡɝɖɛɏɜɖ ŰɟŬɢɨŰɖŰŬ, ɖ ɞˊɞɑŬ ɚŮɘŰɞɡɟɔŮɑ 

ůɡɜŮɟɔɘůŰɘəɎ ůŰɖɜ ˊɟɞůəɧɚɚɖůɖ əɡŰŰɎɟɤɜ, ɛɏůɤ Ůɡɜɞɖɛɏɜɤɜ ŮˊɘűŬɜŮɘŬəɩɜ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ɛŮ ˊɟɤŰŮȶɜŮɠ.(lxxii ) ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɘəɟɘɤɛɎŰɤɜ ɜŬɜɞɡŭɟɞɝɡ-

ŬˊŬŰɑŰɖ, ɞ ɞˊɞɑɞɠ ɏɢŮɘ ɧɛɞɘŬ ŭɞɛɐ ɛŮ Űɞ űɡůɘəɧ ɞůŰɧ ɧɜŰŬɠ ɧɛɤɠ ɣŬɗɡɟɧɠ, 

ˊŬɟŬŰɖɟŮɑŰŬɘ ɓŮɚŰɑɤůɖ Űɖɠ ɛɖɢŬɜɘəɐɠ əŬɘ ɓɘɞɚɞɔɘəɐɠ Ŭˊɧəɟɘůɐɠ Űɞɡ, ɛɏůɤ 

ˊɟɞůɗɐəɖɠ CNTs. ɆɡɔəŮəɟɘɛɏɜŬ, ůɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ ɘŭɘɧŰɖŰŮɠ ɘəɟɘɤɛɎŰɤɜ ɢɤɟɑɠ 

ɜŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ, ŰŬ ůɨɜɗŮŰŬ CNTs-HAp ɘəɟɘɩɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮɔɎɚɖ 

ŬɜŰɞɢɐ ůŮ əɎɛɣɖ, Ŭɡɝɖɛɏɜɖ ůəɚɖɟɧŰɖŰŬ, ˊɟɞɎɔɞɡůŬ əɟɡůŰŬɚɚɘəɧŰɖŰŬ əŬɘ 

ɞůŰŮɞŬɔɩɔɘɛŮɠ, ɞůŰŮɞŮˊŬɔɤɔɘəɏɠ, ɞůŰŮɞɔɞɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ əɞɜŰɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɤɜ 

CNTs, əŬɗɩɠ əŬɘ ɘəŬɜɧŰɖŰŬ ɛŮŰŬűɞɟɎɠ űŬɟɛɎəɤɜ. ȸɏɚŰɘůŰŮɠ ɘŭɘɧŰɖŰŮɠ ůɡɜɗɏŰɞɡ 

ɘəɟɘɩɛŬŰɞɠ CNTs-HAp ŮˊɘŰŮɨɢɗɖəŬɜ ɛŮ ɢɟɐůɖ ɢɖɛɘəɎ Űɟɞˊɞˊɞɘɖɛɏɜɤɜ ɜŬɜɞ-

ůɤɚɐɜɤɜ ɎɜɗɟŬəŬ, ɚɧɔɞ ɘůɢɡɟɧŰŮɟɖɠ ŭɘŬůɨɜŭŮůɐɠ Űɞɡɠ ɛŮ Űɖ ɛɐŰɟŬ ɘəɟɘɩɛŬŰɞɠ. 

(lxviii ) 

       ɋůŰɧůɞ, ˊɟɞɦˊɧɗŮůɖ ůɨɜɗŮůɖɠ ůɨɜɗŮŰɤɜ ɞůŰɘəɩɜ ɘəɟɘɤɛɎŰɤɜ ɛŮ CNTs, ŮɑɜŬɘ ɖ 

ŭɖɛɘɞɡɟɔɑŬ əŬɚɐɠ ŭɘŮˊɘűɎɜŮɘŬɠ ÕŮŰŬɝɨ Űɤɜ ɜŬɜɞůɤɚɐɜɤɜ əŬɘ Űɖɠ ˊɞɚɡÕŮɟɘəɐɠ 

ÕɐŰɟŬɠ, əŬɗɩɠ əŬɘ ɖ ɛɖ ŰɞɝɘəɧŰɖŰŬ Űɤɜ CNTs. ȷɜŬɔəŬɑɞ ɓɐɛŬ Űɖɠ ɎɟŰɘŬɠ ˊŬɟŬ-

ɔɤɔɐɠ Űɞɡ ɓɘɞɦɚɘəɞɨ ŬˊɞŰŮɚŮɑ ɖ əŬɚɐ ŭɘŬůˊɞɟɎ Űɤɜ CNTs, ɩůŰŮ ɜŬ ůˊɎůɞɡɜ ŰŬ 

Űɡɢɧɜ ůɡůůɤÕŬŰɩÕŬŰŬ, ɜŬ ŬɜŬŭŮɡŰɞɨɜ ɐ ɜŬ ůɢɖɛŬŰɑůɞɡɜ ůŰŬɡɟɞŭŮůɛɞɨɠ ɛŮ ŰŬ 

ɓɘɞˊɞɚɡɛŮɟɐ Űɞɡ ɘəɟɘɩɛŬŰɞɠ (cross-linking), ɛŮ ůəɞˊɧ ɜŬ ŬˊɞűŮɡɢɗŮɑ ɖ ɞɚɑůɗɖůɐ 

Űɞɡɠ.  

   ȺˊɘˊɟɧůɗŮŰɞɘ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ ůŰɖɜ ůɨɜɗŮŰɖ ŭɞɛɐ Űɞɡ 

ɓɘɞ-ɘəɟɘɩɛŬŰɞɠ ŮɑɜŬɘ Űɞ ɛɐəɞɠ, ˊɎɢɞɠ, ŰɟŬɢɨŰɖŰŬ, ŭɘɎɛŮŰɟɞɠ, ɖɚŮəŰɟɞůŰŬŰɘəɧ űɞɟŰɑɞ, 

ɖ ŮˊɘűŬɜŮɘŬəɐ ŮɜɏɟɔŮɘŬ Űɤɜ CNTs, ɖ ɨˊŬɟɝɖ ɚŮɘŰɞɡɟɔɘəɩɜ ɞɛɎŭɤɜ, əŬɗɩɠ Ůˊɘŭɟɞɨɜ 

ɎɛŮůŬ ůŰɖ ɛɞɟűɞɚɞɔɑŬ, ˊɟɧůűɡůɖ, ɞůŰŮɞŮˊŬɔɤɔɐ, ɞůŰŮɞŮɜůɤɛɎŰɤůɖ Űɤɜ Ůɜ ɚɧɔɤ 

ɘəɟɘɤɛɎŰɤɜ. (lxxiii )(lxviii ) 

      ȼ ůɨɜɗŮůɖ Űɤɜ ɜŬɜɞůɤɚɐɜɤɜ ɔɑɜŮŰŬɘ ÕŮ ŭɘɎűɞɟŮɠ ɛŮɗɧŭɞɡɠ, ɞɘ əɡɟɘɧŰŮɟŮɠ Űɤɜ 

ɞˊɞɑɤɜ ŮɑɜŬɘ ÕŮ əŬŰŬɚɡŰɘəɐ ɢɖɛɘəɐ ŮɝɎɢɜɤůɖ əŬɘ ŮɜŬˊɧɗŮůɖ, ÕŮ Ůəəɏɜɤůɖ Űɧɝɞɡ, 

ˊɡɟɧɚɡůɖ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ (CVD) əŬɘ ÕŮ ŮəŰɞÕɐ ÕŮ ɚɏɘɕŮɟ. ȼ ŰŮɢɜɘəɐ Ůəəɏɜɤůɖɠ 

Űɧɝɞɡ ŬˊɞŰŮɚŮɑ Űɖɜ ˊɘɞ əɞɘɜɐ ɛɏɗɞŭɞ ůɨɜɗŮůɖɠ ɜŬɜɞůɤɚɐɜɤɜ ɎɜɗɟŬəŬ, ɧÕɤɠ ŭŮɜ 

ŮˊɘŰɟɏˊŮɘ ŮɨəɞɚŬ Űɞɜ ɏɚŮɔɢɞ Űɤɜ ŭɘŬůŰɎůŮɤɜ əŬɘ Űɤɜ ŬɟɘɗÕɩɜ Űɤɜ ůŰɟɤÕɎŰɤɜ Űɞɡɠ. 

ɆŮ ůɨɔəɟɘůɖ ÕŮ Űɘɠ ɎɚɚŮɠ ŭɨɞ ɛŮɗɧŭɞɡɠ, ɖ Õɏɗɞŭɞɠ ɢɖÕɘəɐɠ ŮɜŬˊɧɗŮůɖɠ əŬɘ 

ŮɝɎɢɜɤůɖɠ ŬˊɞŰŮɚŮɑ Űɖɜ ŮɡɟɨŰŮɟŬ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɐ ŰŮɢɜɘəɐ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ 

ɜŬɜɞůɤɚɐɜɤɜ, ŮɝŬɘŰɑŬɠ Űɞɡ ɢŬÕɖɚɞɨ Űɖɠ əɧůŰɞɡɠ, Űɖɠ ɡɣɖɚɐɠ ˊŬɟŬɔɤɔɘəɧŰɖŰŬɠ əŬɘ 

Űɖɠ ŮɡəɞɚɑŬɠ Ŭɨɝɖůɖɠ Űɞɡ ɧɔəɞɡ ˊŬɟŬɔɤɔɐɠ Űɖɠ.( lxix ) 

         Ƀɘ CNTs ɏɢɞɡɜ ˊɞɑəɘɚŮɠ ŮűŬɟɛɞɔɏɠ ůŰɖ ůɨɔɢɟɞɜɖ ŰŮɢɜɞɚɞɔɑŬ, ɛŮɟɘəɏɠ Ŭˊô Űɘɠ 

ɞˊɞɑŮɠ ŮɑɜŬɘ ɖ ɢɟɐůɖ Űɞɡɠ ůŬɜ ɛŮɛɓɟɎɜŮɠ ŬɜɎˊŰɡɝɖɠ ɞůŰŮɘəɩɜ əɡŰŰɎɟɤɜ əŬɘ 

ɛɞɟɘŬəɩɜ ŭɘŬɢɤɟɘůɛɩɜ, ůŰŬ ɞůŰɘəɎ ɘəɟɘɩɛŬŰŬ, ůŬɜ ŬəɑŭŮɠ ɛɘəɟɞůəɞˊɑɤɜ AFM, 

STM, ůŬɜ ɖɚŮəŰɟɞɢɖɛɘəɞɑ ɡˊŮɟˊɡəɜɤŰɏɠ, ŰɟŬɜɕɑůŰɞɟ, ŬɘůɗɖŰɐɟŮɠ, ɖɚŮəŰɟɞɢɖɛɘəɞɑ 

ŮɜŮɟɔɞˊɞɘɖŰɏɠ, ɛɘəɟɞůəɞˊɘəɞɑ ɢɖɛɘəɞɑ ŬɜɘɢɜŮɡŰɏɠ, ůŬɜ ɛɏůɞ ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ 

əŬɘ ɡŭɟɞɔɧɜɞɡ, ůŰɖɜ Ůɛɓɞɚɐ ɚɘɗɑɞɡ, ůŮ ɛɞɟɘŬəɎ ɖɚŮəŰɟɞɜɘəɎ, ůŮ ůɡůəŮɡɏɠ Ůəˊɞɛˊɐɠ 

ˊŮŭɑɞɡ (FEDs) əŬɘ ɔŮɜɘəɎ ůŮ ŭɘŬůŰɖɛɘəɧ, ɓɘɞŬŰɟɘəɧ, ůŰɟŬŰɘɤŰɘəɧ, ɖɚŮəŰɟɞɜɘəɧ 
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ŰɞɛɏŬ. Ⱥˊɑůɖɠ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŬɜ ɡɚɘəɎ Ůɜɑůɢɡůɖɠ əŬɘ ˊɚɐɟɤůɖɠ ůŮ ůɨɜɗŮŰŬ 

ɡɚɘəɎ ˊɟɞůűɏɟɞɜŰŬɠ ˊŮɟŬɘŰɏɟɤ ɛɖɢŬɜɘəɏɠ, ɗŮɟɛɘəɏɠ, ɡŭɟɞűɞɓɘəɏɠ, ɖɚŮəŰɟɞɢɖɛɘəɏɠ, 

ɖɚŮəŰɟɘəɏɠ, ɞˊŰɘəɏɠ, ŬəɧɛŬ əŬɘ űɤŰɞɓɞɚŰŬɘəɏɠ ɘŭɘɧŰɖŰŮɠ.(lxxiv ) Ƀɘ ɢɟɐůɖ Űɤɜ 

ɢɖɛɘəɎ Űɟɞˊɞˊɞɘɖɛɏɜɤɜ CNTs ůŰɞɜ ɘŬŰɟɘəɧ əɚɎŭɞ ŬɜŬˊŬɟɑůŰŬɜŰŬɘ ůŰɖɜ Ŭəɧɚɞɡɗɖ 

ůɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ (Ⱥɘə. 12.7.). 

 

 

Ⱥɘə. 1.12.7. Ƀɘ ŮűŬɟɛɞɔɏɠ Űɟɞˊɞˊɞɘɖɛɏɜɤɜ CNTs ůŰɖɜ ɗŮɟŬˊŮɑŬ əŬɘ ŭɘɎɔɜɤůɖ lxxv 

 

1.13. ɄɞɟɩŭŮɠ ɘəɟɘɤɛɎŰɤɜ 

ɇɞ ˊɞɟɩŭŮɠ ŭɑəŰɡɞ Űɤɜ ɞůŰɘəɩɜ ɘəɟɘɤɛɎŰɤɜ ŬˊɞŰŮɚŮɑ ɓŬůɘəɧ əɟɘŰɐɟɘɞ ŮˊɑŰŮɡɝɖɠ Űɖɠ 

ɞůŰɘəɐɠ ŬɜŬɔɏɜɜɖůɖɠ, əŬɗɩɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ ɛŮŰŬəɑɜɖůɖ əɡŰŰɎɟɤɜ əŬɘ Űɖɜ ˊŬɟɞɢɐ 

ŬɑɛŬŰɞɠ əŬɘ ɗɟŮˊŰɘəɩɜ ůɡůŰŬŰɘəɩɜ ŭɘŬɛɏůɞɡ Űɤɜ ˊɧɟɤɜ Űɞɡ. ȼ ŬˊŬɟŬɑŰɖŰɖ ɨˊŬɟɝɖ 

ŬɜɞɘɢŰɞɨ ˊɞɟɩŭɞɡɠ, Űɧůɞ ŮˊɘűŬɜŮɘŬəɎ ɧůɞ əŬɘ ŮůɤŰŮɟɘəɎ Űɖɠ ŭɞɛɐɠ Űɞɡ ɘəɟɘɩɛŬŰɞɠ, 

ˊɟɞɎɔŮɘ Űɖɜ əɡŰŰŬɟɘəɐ ˊɟɞůəɧɚɚɖůɖ. (lxxvi ) ɆŮ ɏɟŮɡɜŮɠ ˊɞɨ ɏɢɞɡɜ ŭɘŮɝŬɢɗŮɑ, ɞ 

ůɡɜŭɡŬůɛɧɠ əŬŰɎɚɚɖɚɖɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ əŬɘ ɛŮɔɏɗɞɡɠ Űɤɜ ˊɧɟɤɜ ɞŭɖɔŮɑ ůŮ 

ɓɏɚŰɘůŰɖ ɞůŰŮɞŬɔɤɔɘɛɧŰɖŰŬ, əŬɗɘůŰɩɜŰŬɠ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ˊɟɞůŬɟɛɞɔɐɠ Űɞɡɠ 

ŬɜŬɔəŬɑɞ ŰɛɐɛŬ ɘůŰɞɛɖɢŬɜɘəɐɠ. Ⱥˊɘˊɚɏɞɜ, ŮɚɏɔɢɞɜŰŬɠ Űɞ ˊɞɟɩŭŮɠ Űɞɡ ɘəɟɘɩɛŬŰɞɠ 

ɟɡɗɛɑɕɞɜŰŬɘ ŰŬɡŰɧɢɟɞɜŬ əŬɘ ɞɘ ɛɖɢŬɜɘəɏɠ ŬɜŰɞɢɏɠ Űɞɡ. (lxxvii ) Ⱥˊɞɛɏɜɤɠ, ɖ 

ŬɜɎˊŰɡɝɖ əŬɘ ŭɘŬŰɐɟɖůɖ Űɞɡ ɘŭŬɜɘəɞɨ ˊɞɟɩŭɞɡɠ ŭɘəŰɨɞɡ əɟɑɜŮŰŬɘ ŬɜŬɔəŬɑŬ.  



50 
 

    ɆɢŮŰɘəɎ ɛŮ Űɞ ɛɏɔŮɗɞɠ ˊɧɟɤɜ, Űɞ ɛŬəɟɞˊɞɟɩŭŮɠ (>50ɛm) ŮˊɘŭɟɎ ůɡɜŮɟɔɘůŰɘəɎ 

ůŰɖɜ ɞůŰŮɞɔɏɜɜŮůɖ ŭɘŮɡəɞɚɨɜɞɜŰŬɠ Űɖɜ ɘɞɜŰɘəɐ əŬɘ əɡŰŰŬɟɘəɐ əɑɜɖůɖ, Ůɜɩ Űɞ ɛɘəɟɞ-

ˊɞɟɩŭŮɠ (<20ɛm) ɡˊɞɓɞɖɗɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ ŬɜŬɔɏɜɜɖůɖɠ ŬɡɝɎɜɞɜŰŬɠ Űɖɜ Ůɘŭɘəɐ 

ŮˊɘűɎɜŮɘŬ, ˊɎɜɤ ůŰɖɜ ɞˊɞɑŬ ˊɟɞůɟɞűɩɜŰŬɘ ˊɟɤŰŮȶɜŮɠ, ˊɟɞɎɔɞɜŰŬɠ Űɖɜ ɘɞɜŰɘəɐ 

ŭɘŬɚɡŰɧŰɖŰŬ əŬɘ ˊŬɟɏɢɞɜŰŬɠ ůɖɛŮɑŬ ˊɟɞůɎɟŰɖůɖɠ ɔɘŬ Űɞɡɠ ɞůŰŮɞɓɚɎůŰŮɠ. Ⱥˊɘˊɟɧ-

ůɗŮŰŬ, Űɞ ɛɘəɟɞˊɞɟɩŭŮɠ ůɡɜŭɟɎɛŮɘ ůŰɖɜ ŮˊŬɟəɐ əŬŰŬəɟɎŰɖůɖ ŬɡɝɖŰɘəɩɜ ˊŬɟŬɔɧ-

ɜŰɤɜ əŬɘ ŭŮɜ ŮˊɖɟŮɎɕŮɘ Űɧůɞ ɎɛŮůŬ Űɘɠ ɛɖɢŬɜɘəɏɠ ŬɜŰɞɢɏɠ Űɞɡ ɘəɟɘɩɛŬŰɞɠ. ɆɨɛűɤɜŬ 

ɛŮ ́ɟɞɖɔɞɨɛŮɜŮɠ ɛŮɚɏŰŮɠ ɞůŰɘəɩɜ ɘəɟɘɤɛɎŰɤɜ (lxxviii ), ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɘŬ ŬɜŰɘəɟɞɡ-

ɧɛŮɜɖ ůɢɏůɖ ŮɝɎɟŰɖůɖɠ Űɤɜ ɘəɟɘɤɛɎŰɤɜ ɛŮ Űɞ ˊɞɟɩŭŮɠ ůŮ əŬŰɎůŰŬůɖ in vitro əŬɘ in 

vivo. ɆɢŮŰɘəɎ ɛŮ Űɖɜ in vitro ˊɟɞůɏɔɔɘůɖ, Űɞ ɢŬɛɖɚɧŰŮɟɞ ˊɞɟɩŭŮɠ ˊɟɞɤɗŮɑ Űɖɜ 

ɞůŰŮɞɔɏɜŮůɖ, əŬɗɩɠ əŬŰŬůŰɏɚɚŮɘ Űɞɜ ˊɞɚɚŬˊɚŬůɘŬůɛɧ Űɤɜ əɡŰŰɎɟɤɜ əŬɘ ŮˊɘɓɎɚɚŮɘ 

Űɖɜ ůɡůůɤɛɎŰɤůɖ ŬɡŰɩɜ. ūŬɑɜŮŰŬɘ ɧŰɘ ɖ in vitro ɞůŰŮɞɔɏɜŮůɖ ŭŮɜ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ 

Űɞ ɛɏɔŮɗɞɠ Űɤɜ ˊɧɟɤɜ əŬɘ ŮɜɘůɢɨŮŰŬɘ Ŭˊɧ Űɞ ɢŬɛɖɚɧŰŮɟɞ ˊɞɟɩŭŮɠ, ɤůŰɧůɞ, ɧŰɘ ɞɘ 

ŭɘŬůŰɎůŮɘɠ Űɤɜ ˊɧɟɤɜ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɛɑŬ ŰɎɝɖ ɛŮɔɏɗɞɡɠ ɢŬɛɖɚɧŰŮɟŮɠ Ŭˊɧ Űɖɜ 

ŮɚɎɢɘůŰɖ ŬˊŬɑŰɖůɖ ɔɘŬ ɞůŰŮɞɔɏɜŮůɖ in vivo. ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞ in vitro ˊŮɟɘɓɎɚɚɞɜ, 

in vivo ɖ Ŭɨɝɖůɖ Űɞɡ ˊɞɟɩŭɞɡɠ əŬɘ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ ˊɧɟɤɜ ɞŭɖɔŮɑ ůŮ ɛŮɔŬɚɨŰŮɟɖ 

ŬɜɎˊŰɡɝɖ ɞůŰɞɨ ŮůɤŰŮɟɘəɎ Űɖɠ ɛɘəɟɞŭɞɛɐɠ, űŬɘɜɧɛŮɜɞ Űɞ ɞˊɞɑɞ ˊŬɟŬŰɖɟɐɗɖəŮ 

əŬŰɧˊɘɜ ŮɛűɨŰŮɡůɖɠ Űɞɡ ɘəɟɘɩɛŬŰɞɠ. ȷəɞɚɞɨɗɤɠ, ɖ ˊŬɟɎɛŮŰɟɞɠ Űɖɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ 

ɏɢŮɘ ŭŮɘɢɗŮɑ ɧŰɘ ŮˊɖɟŮɎɕŮɘ ɗŮŰɘəɎ Űɞɜ ɟɡɗɛɧ ɞůŰɘəɐɠ ŬˊɧɗŮůɖɠ əŬɘ Űɞ ɓɎɗɞɠ Űɖɠ 

ŭɘŮɑůŭɡůɖɠ in vitro əŬɘ in vivo. Ƀɘ ŭɘŬůɡɜŭŮŭŮɛɏɜɞɘ ˊɧɟɞɘ ŭɖɛɘɞɡɟɔɞɨɜ ɏɜŬ ŭɟɧɛɞ ɔɘŬ 

Űɞ ŬɔɔŮɘŬəɧ ůɨůŰɖɛŬ, ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ ɜŬ ɗɟɏɣŮɘ Űɞ ɜŮɞůɡɜŰŮɗŮɘɛɏɜɞ ɞůŰɧ əŬɘ ɜŬ 

ŬˊɞɓɎɚɚŮɘ Űɡɢɧɜ ŬˊɧɓɚɖŰŬ. (lxxvii)  ɄɏɟŬɜ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡ ɛɎəɟɞ-, ɛɑəɟɞ-

ˊɞɟɩŭɞɡɠ əŬɘ Űɖɠ ŭɘŬůɡɜŭŮůɘɛɧŰɖŰŬɠ ˊɞɟɩŭɞɡɠ ŭɘəŰɨɞɡ, ɡˊɎɟɢɞɡɜ Ůˊɘˊɚɏɞɜ 

ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ əŬɗɞɟɑɕɞɡɜ Űɞ ɟɡɗɛɧ əŬɘ Űɖɜ ˊɞɘɧŰɖŰŬ ɞůŰŮɞŮɜůɤɛɎŰɤůɖɠ, ɧˊɤɠ Űɞ 

əɚɎůɛŬ ɧɔəɞɡ Űɞɡ ˊɞɟɩŭɞɡɠ, ɖ ˊɡəɜɧŰɖŰŬ ŭɘŬůɨɜŭŮůɖɠ, ɖ ɔŮɤɛŮŰɟɑŬ Űɤɜ ˊɧɟɤɜ, ɖ 

ŰɟŬɢɨŰɖŰŬ Űɖɠ ˊɞɟɩŭɞɡɠ ŭɞɛɐɠ əŬɘ ɖ ɛɘəɟɞŭɞɛɐ Űɤɜ ɟɎɓŭɤɜ/əŬɜŬɚɘɩɜ Űɞɡ 

ˊɞɟɩŭɞɡɠ ŭɘəŰɨɞɡ. Ƀɘ ˊŬɟɎɔɞɜŰŮɠ ŬɡŰɞɑ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖ ɢɖɛɘəɐ ůɨůŰŬůɖ Űɞɡ 

ɘəɟɘɩɛŬŰɞɠ, ɤůŰɧůɞ ɡˊɎɟɢŮɘ ɛɘŬ əŬŰŮɡɗɡɜŰɐɟɘŬ ɔɟŬɛɛɐ, əŬŰɎ Űɖɜ ɞˊɞɑŬ Űɞ ˊɞůɞůŰɧ 

Űɞɡ ůɡɜɞɚɘəɞɨ ˊɞɟɩŭɞɡɠ ŮɑɜŬɘ ŰɞɡɚɎɢɘůŰɞɜ 50-60%, Űɞ ŮɚɎɢɘůŰɞ ɛɏɔŮɗɞɠ əŬɜŬɚɘɩɜ 

ŭɘŬůɨɜŭŮůɖɠ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 50ɛm ɏɤɠ 100 ɛm əŬɘ Űɞ ɛɘəɟɞˊɞɟɩŭŮɠ ŬˊɞŰŮɚŮɑ 

ŰɞɡɚɎɢɘůŰɞɜ Űɞ 20% Űɖɠ ɛɘəɟɞŭɞɛɐɠ.(lxxix ) ȺˊɘˊɟɧůɗŮŰŬ, ůŮ ˊɟɞɖɔɞɨɛŮɜŮɠ ɏɟŮɡɜŮɠ 

(lxxviii) ɏɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ˊɤɠ ɖ Ŭɨɝɖůɖ ŰɟŬɢɨŰɖŰŬɠ Űɖɠ ˊɞɟɩŭɞɡɠ ŮˊɘűɎɜŮɘŬɠ ɞŭɖɔŮɑ 

ůŮ ɡɣɖɚɧŰŮɟɖ ůɡɜɞɚɘəɐ ɞůŰŮɞŮɜůɤɛɎŰɤůɖ, əŬɗɩɠ ŮɜɘůɢɨŮŰŬɘ ɖ ˊɟɞůəɧɚɚɖůɖ, 

ŭɘŬűɞɟɞˊɞɑɖůɖ əŬɘ ɞ ́ɞɚɚŬˊɚŬůɘŬůɛɧɠ Űɤɜ əɡŰŰɎɟɤɜ.  

    ɇɞ ɛɏɔŮɗɞɠ Űɤɜ ˊɧɟɤɜ əŬɘ Űɞ ˊɞɟɩŭŮɠ ŮˊɖɟŮɎɕɞɡɜ ɎɛŮůŬ Űɘɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ 

Űɞɡ ɓɘɞɡɚɘəɞɨ. ȼ ɞůŰɘəɐ ŬɜŬɔɏɜɜɖůɖ ŭɨɜŬŰŬɘ ɜŬ ˊɟɞŬɢɗŮɑ ɛŮ Űɖɜ Ŭɨɝɖůɖ ˊɞɟɩŭɞɡɠ, 

ɤůŰɧůɞ ɖ ɛɖɢŬɜɘəɐ ŬɜŰɞɢɐ ˊɟɞɓɚɏˊŮŰŬɘ ɜŬ ɛŮɘɤɗŮɑ ůɖɛŬɜŰɘəɎ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ 

Ŭɨɝɖůɖɠ Űɖɠ ŬɜŬɚɞɔɑŬɠ ɓɎɟɞɡɠ ˊɞɚɡɛŮɟɞɨɠ/əŮɟŬɛɘəɞɨ, ůɖɛŮɘɩɜŮŰŬɘ Ůɜɑůɢɡůɖ ˊɞɟɩ-

ŭɞɡɠ ɛŮ ŮˊŬəɧɚɞɡɗɖ Ŭɨɝɖůɖ ɛŮůŬɑɞɡ ɛŮɔɏɗɞɡɠ ˊɧɟɤɜ, ŬɜŬůŰɞɚɐ Űɞɡ ˊɞůɞůŰɞɨ 

ɜŬɜɞ-ˊɧɟɤɜ əŬɘ ŰŬɡŰɧɢɟɞɜɖ ɛŮɑɤůɖ Űɖɠ ŬɜŰɞɢɐɠ ůŮ ɗɚɑɣɖ əŬɘ Űɞɡ ůɡɜŰŮɚŮůŰɐ 

Weibull. ȳůɞɜ ŬűɞɟɎ ůŰɞ ˊɞɟɩŭŮɠ, ɡˊɎɟɢŮɘ ɏɜŬ əɟɑůɘɛɞ ůɖɛŮɑɞ, ɧˊɞɡ ɔɘŬ Űɘɛɏɠ 

ɛɘəɟɞɨ ˊɞůɞůŰɞɨ ˊɞɟɩŭɞɡɠ ůɡɜŮˊɎɔŮŰŬɘ ŬɜŮˊŬɟəɐɠ ŭɘŬůɡɜŭŮůɘɛɧŰɖŰŬ, Ůɜɩ ɔɘŬ 

ɛŮɔɎɚŬ ˊɞůɞůŰɎ ŮˊɏɟɢŮŰŬɘ ɛŮɑɤůɖ ɛɖɢŬɜɘəɐɠ ŬɜŰɞɢɐɠ. ɇɞ ɧɟɘɞ ůɡůɢɏŰɘůɖɠ 
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ɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ əŬɘ ˊɞɟɩŭɞɡɠ ɛɘəɟɞŭɞɛɐɠ ɡˊŬəɞɨŮɘ ůŰɖɜ Ŭəɧɚɞɡɗɖ ůɢɏůɖ 

(lxxvii ): 

 

ɧˊɞɡ E0 ŮɑɜŬɘ Űɞ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ Űɞɡ ůŰŮɟŮɞɨ ůɡɜɗɏŰɞɡ, Ʌ ɞ ɚɧɔɞɠ ɞ́ɟɩŭɞɡɠ, 

VGP ɞ ɚɧɔɞɠ ˊɟɞůɛɑɝŮɤɜ ɨŬɚɞɡ ůŰɞ ˊɞɟɩŭŮɠ əŬɘ n ɛɘŬ ůŰŬɗŮɟɎ ˊɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ 

ɛɘəɟɞŭɞɛɐ. Ƀɟɘůɛɏɜɞɘ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ Ůˊɘŭɟɞɨɜ ůŰɖɜ ŬɚɚŬɔɐ Űɖɠ ˊŬɟŬˊɎɜɤ ůɡůɢɏ-

Űɘůɖɠ ŮɑɜŬɘ Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ Űɞɡ ˊɞɚɡɛŮɟɘəɞɨ ůɡɜŭɏŰɖ əŬɘ ɖ ɨˊŬɟɝɖ ˊɞɟɞɔɧɜɤɜ ɐ 

Ɏɚɚɤɜ ɞɡůɘɩɜ, əŬɗɘůŰɩɜŰŬɠ ŭɡɜŬŰɧ Űɞɜ ɏɚŮɔɢɞ Űɤɜ ɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ ɛɏůɤ Űɖɠ 

ŭɘŬŭɘəŬůɑŬɠ ůɨɜɗŮůɖɠ. 

    ũɘŬ Űɞɜ əŬɗɞɟɘůɛɧ Űɞɡ ˊɞɟɩŭɞɡɠ ɡˊɎɟɢɞɡɜ ŬɟəŮŰɏɠ ŰŮɢɜɘəɏɠ ŬɜɎɚɡůɖɠ, ɧˊɤɠ ɖ 

ɖɚŮəŰɟɞɜɘəɐ ɛɘəɟɞůəɞˊɑŬ ůɎɟɤůɖɠ (SȺɀ),  ɖ ˊɞɟɞůɘɛŮŰɟɑŬ ɡŭɟŬɟɔɨɟɞɡ, ɖ ůŰŬɗɛɘəɐ 

əŬɘ ůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ, ɖ ɛɏɗɞŭɞɠ ɡɔɟɐɠ ɛŮŰŬŰɧˊɘůɖɠ əŬɘ ɖ ɛɘəɟɞŰɞɛɞɔɟŬűɑŬ ɛɏůɤ 

ɡˊɞɚɞɔɘůŰɐ (CT-scan). ɀɏůɤ ɖɚŮəŰɟɞɜɘəɐɠ ɛɘəɟɞůəɞˊɑŬɠ ůɎɟɤůɖɠ əŬɘ ˊɞɟɞ-

ůɘɛŮŰɟɑŬɠ ɡŭɟŬɟɔɨɟɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ Űɞ ɛɏɔŮɗɞɠ ˊɧɟɤɜ əŬɘ ɖ ˊɞɟɩŭɖɠ ɛɘəɟɞŭɞɛɐ, ɖ 

ůŰŬɗɛɘəɐ ŬɜɎɚɡůɖ ŭŮɑɢɜŮɘ Űɞ ůɡɜɞɚɘəɧ ˊɞɟɩŭŮɠ, ɖ ůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ ˊŬɟɞɡůɘɎɕŮɘ 

Űɖɜ əŬŰŬɜɞɛɐ ɛŮɔŮɗɩɜ Űɤɜ ˊɧɟɤɜ Űɖɠ ɛɘəɟɞŭɞɛɐɠ, ɖ ɛɏɗɞŭɞɠ ɡɔɟɐɠ ɛŮŰŬŰɧˊɘůɖɠ 

ˊɟɞůŭɘɞɟɑɕŮɘ Űɞ ŬɜɞɘɢŰɧ ˊɞɟɩŭŮɠ əŬɘ ɖ ŰɞɛɞɔɟŬűɑŬ ůɎɟɤůɖɠ ŮɛűŬɜɑɕŮɘ Űɖɜ ŰɟɘůŭɘɎ-

ůŰŬŰɖ ˊɞɟɩŭɖ ɛɘəɟɞŭɞɛɐ əŬɘ Űɞ ɛɏɔŮɗɞɠ ˊɧɟɤɜ ŬɡŰɐɠ. (lxxviii)  

     ȼ ůɨɜɗŮůɖ ˊɞɟɩŭɤɜ ŭɞɛɩɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ ɛɘŬ ˊɚɖɗɩɟŬ ŰŮɢɜɘəɩɜ, ɧˊɤɠ ɖ 

ɚɡɞűɘɚɑɤůɖ, ɖ ɢɨŰŮɡůɖ ɞɚɑůɗɖůɖɠ əŬɘ ɔɏɚɖɠ, ɖ ůɡɛˊɑŮůɖ ɘɜɩɜ, ɞ Ŭűɟɘůɛɧɠ ŬŮɟɑɤɜ, ɖ 

ɏə́ɚɡůɖ ɎɚŬŰɞɠ əŬɘ ɞ ŭɘŬɢɤɟɘůɛɧɠ űɎůŮɤɜ. ɆŰɞ ˊŬɟɎŭŮɘɔɛŬ Űɖɠ ɚɡɞűɘɚɑɤůɖɠ (ɐ 

əɟɡɞɝɐɟŬɜůɖɠ) ɚŬɛɓɎɜŮɘ ɢɩɟŬ ŰŬɢŮɑŬ ɣɨɝɖ Ůɜɧɠ ůŰŬɗŮɟɞɨ əɞɚɚɞŮɘŭɞɨɠ ŬɘɤɟɐɛŬŰɞɠ 

(ɜŬɜɞɡŭɟŬɝɡŬˊŬŰɑŰɖ), Űɞ ɞˊɞɑɞ ɢɡŰŮɨŮŰŬɘ ɛɏůŬ ůŮ ɏɜŬ ɛɖ ˊɞɟɩŭŮɠ əŬɚɞɨˊɘ əŬɘ 

ŬəɞɚɞɡɗŮɑ ɖ ŮɝɎɢɜɤůɖ Űɞɡ ˊŬɔɤɛɏɜɞɡ ŭɘŬɚɨŰɖ ɡˊɧ ɢŬɛɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ůŮ əŮɜɧ. 

(lxxvi )( lxxviii)  

1.14. ɀɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ 

ɇŬ əŮɟŬɛɘəɎ ɡɚɘəɎ, ŮɑɜŬɘ ɣŬɗɡɟɎ ɡɚɘəɎ ɛŮ ɛŮɔɎɚɞ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ, Űɞ ɞˊɞɑɞ 

ŬˊɞŰŮɚŮɑ ɛɏŰɟɞ Űɖɠ ŭɡůəŬɛɣɑŬɠ Űɞɡ ɡɚɘəɞɨ. ȰɜŬ ŭɨůəŬɛˊŰɞ ɡɚɘəɧ ŭɘŬŰɖɟŮɑ Űɞ 

ɛɏɔŮɗɞɠ əŬɘ Űɞ ůɢɐɛŬ Űɞɡ ŬəɧɛŬ əŬɘ ɡˊɧ Űɖɜ Ůˊɘɓɞɚɐ ɘůɢɡɟɞɨ űɞɟŰɑɞɡ. ɆŮ ŬɜŰɑɗŮůɖ 

ɛŮ Űɞ ŭɘɎɔɟŬɛɛŬ ŰɎůɖɠḯ ŬɟŬɛɧɟűɤůɖɠ Űɤɜ ɛŮŰŬɚɚɘəɩɜ ɡɚɘəɩɜ, ŰŬ əŮɟŬɛɘəɎ ŭŮɜ 

ˊŬɟɞɡůɘɎɕɞɡɜ Űɖɜ ˊŮɟɘɞɢɐ Űɖɠ ˊɚŬůŰɘəɐɠ ˊŬɟŬɛɧɟűɤůɖɠ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ŬɜŰɞɢɐ 

ůŮ ŮűŮɚəɡůɛɧ Űɤɜ əŮɟŬɛɘəɩɜ ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɐ, ɖ ŭɞəɘɛɐ ŮűŮɚəɡůɛɞɨ ɢɟɖůɘɛɞ-

ˊɞɘŮɑŰŬɘ ŮɚɎɢɘůŰŬ ɔɘŬ Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ Űɤɜ əŮɟŬɛɘəɩɜ əŬɘ ŬɜŰɘəŬɗɑůŰŬŰŬɘ Ŭˊɧ Űɖ 

ŭɞəɘɛɐ ɗɚɑɣɖɠ əŬɘ Űɖ ŭɞəɘɛɐ əɎɛɣɖɠ. (xxix) 

    ɆɢŮŰɘəɎ ɛŮ Űɖɜ ɗɚɑɣɖ, ŰŬ əŮɟŬɛɘəɎ ɛŮ ɛɘəɟɞɟɤɔɛɏɠ Ŭɜ əŬɘ ŬůŰɞɢɞɨɜ ůŮ 

ŮűŮɚəɡůŰɘəɎ űɞɟŰɑŬ, ŮˊɘŭŮɘəɜɨɞɡɜ ɛŮɔɎɚɖ ŬɜŰɞɢɐ ůŮ ɗɚɘˊŰɘəɎ űɞɟŰɑŬ, əŬɗɩɠ ɞɘ 

əɎɗŮŰŮɠ ůŰɖɜ ŭɘŮɨɗɡɜůɖ ɗɚɑɣɖɠ ɟɤɔɛɏɠ əɚŮɑɜɞɡɜ. ȼ ŮɜŭŮɢɧɛŮɜɖ ɗɟŬɨůɖ ŭŮɜ 

ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ Űɖɜ ɔɟɐɔɞɟɖ ŭɘɎŭɞůɖ ɛɘŬ ɟɤɔɛɐɠ, ŬɚɚɎ Ŭˊɧ Űɖɜ Ŭɟɔɐ ůɡɜɏɜɤůɖ 

ˊɞɚɚɩɜ ɟɤɔɛɩɜ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜ ɛɘŬ ɕɩɜɖ ɗɟŬɨůɖɠ. ȼ ɣŬɗɡɟɧŰɖŰŬ Űɤɜ əŮɟŬɛɘəɩɜ 



52 
 

ůŮ ɗŮɟɛɞəɟŬůɑŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ŮɑɜŬɘ ůɡɜɏˊŮɘŬ Űɤɜ ɘůɢɡɟɩɜ ɞɛɞɘɞˊɞɚɘəɩɜ ŭŮůɛɩɜ 

ˊɞɡ ɡˊɎɟɢɞɡɜ ůŮ ˊɞɚɚɎ əŮɟŬɛɘəɎ ɐ Űɖɠ ɏɚɚŮɘɣɖɠ Ůɜɧɠ ɘəŬɜɞˊɞɘɖŰɘəɞɨ Ŭɟɘɗɛɞɨ 

ŬɜŮɝɎɟŰɖŰɤɜ ůɡůŰɖɛɎŰɤɜ ɞɚɑůɗɖůɖɠ ɔɘŬ Űɖɜ əɑɜɖůɖ Űɤɜ ŭɘŬŰŬɟŬɢɩɜ, ɏŰůɘ ɩůŰŮ ɜŬ 

ˊŬɟɏɢŮŰŬɘ ˊɚŬůŰɘəɧŰɖŰŬ. ɆŮ ɛɏůŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ɛŮɟɘəɎ ɞɝŮɑŭɘŬ ɛˊɞɟŮɑ ɜŬ ɏɢɞɡɜ 

əɎˊɞɘŬ ɞɚəɘɛɧŰɖŰŬ, ɧɛɤɠ əŮɟŬɛɘəɎ ɞɛɞɘɞˊɞɚɘəɞɨ ŭŮůɛɞɨ (ˊ.ɢ. əŬɟɓɑŭɘɞ Űɞɡ 

ˊɡɟɘŰɑɞɡ, Űɞ ɜɘŰɟɑŭɘɞ Űɞɡ ˊɡɟɘŰɑɞɡ) ɏɢɞɡɜ ŬůɐɛŬɜŰɖ əɘɜɖŰɘəɧŰɖŰŬ Űɤɜ ŭɘŬŰŬɟŬɢɩɜ 

ɛɏɢɟɘ əŬɘ ůŮ ˊɞɚɨ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ.(xxix) 

       ȼ ŮɡəɞɚɑŬ əɑɜɖůɖɠ Űɤɜ ŭɘŬŰŬɟŬɢɩɜ ůŰɞ əɟɡůŰŬɚɚɘəɧ ˊɚɏɔɛŬ ŮɑɜŬɘ ɗŮɛŮɚɘɩŭɞɡɠ 

ůɖɛŬůɑŬɠ ɔɘŬ Űɞɜ əŬɗɞɟɘůɛɧ Űɤɜ ɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ɡɚɘəɩɜ - Ŭˊɧ ŬɡŰɐɜ 

ŮɝŬɟŰɩɜŰŬɘ Űɧůɞ ɖ ŬɜŰɞɢɐ ůŮ ŮűŮɚəɡůɛɧ ɧůɞ əŬɘ ɖ ůəɚɖɟɧŰɖŰŬ. ɆŰŬ əŮɟŬɛɘəɎ ɞɘ 

ɘůɢɡɟɞɑ ɘɞɜŰɘəɞɑ əŬɘ ɞɛɞɘɞˊɞɚɘəɞɑ ŭŮůɛɞɑ ˊɟɞůŭɑŭɞɡɜ ůŰɞ ˊɚɏɔɛŬ ɛŮɔɎɚɖ ŬɜŰɑůŰŬůɖ 

ɏɜŬɜŰɘ Űɖɠ əɑɜɖůɖɠ Űɤɜ ŭɘŬŰŬɟŬɢɩɜ. ɀɎɚɘůŰŬ ůŰŬ əŮɟŬɛɘəɎ ɛŮ ɞɛɞɘɞˊɞɚɘəɞɨɠ 

ŭŮůɛɞɨɠ ŰŬ ɖɚŮəŰɟɧɜɘŬ ˊɞɡ ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮŰŬɝɨ Űɤɜ ŬŰɧɛɤɜ 

ˊŬɟŮɛˊɞŭɑɕɞɡɜ Űɖɜ əɑɜɖůɖ Űɤɜ ŭɘŬŰŬɟŬɢɩɜ. ɀɘŬ ŭɘŬŰŬɟŬɢɐ ɔɘŬ ɜŬ ɛŮŰŬəɘɜɖɗŮɑ ɛɏůŬ 

ůŮ ɛɘŬ ŰɏŰɞɘŬ ŭɞɛɐ ˊɟɏˊŮɘ ɜŬ ůˊɎůŮɘ ˊɞɚɨ ɘůɢɡɟɞɨɠ ŭŮůɛɞɨɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ 

ɘɞɜŰɘəɩɜ ŭŮůɛɩɜ, ɖ əɑɜɖůɖ Űɤɜ ŭɘŬŰŬɟŬɢɩɜ ŭŮɜ ůɡɜŬɜŰɎ Űɖɜ ɑŭɘŬ ŭɡůəɞɚɑŬ ůŮ ɧɚŮɠ 

Űɘɠ ŭɘŮɡɗɨɜůŮɘɠ. Ƀɘ ŭɘŬŰŬɟŬɢɏɠ ˊɞɡ ɞŭɖɔɞɨɜ ůŮ ˊɟɞůɏɔɔɘůɖ ɞɛɩɜɡɛɤɜ ɘɧɜŰɤɜ 

ůɡɜŬɜŰɞɨɜ ŮɛˊɧŭɘŬ ɚɧɔɤ ŬˊɤůŰɘəɩɜ ŭɡɜɎɛŮɤɜ ɛŮŰŬɝɨ Űɤɜ űɞɟŰɑɤɜ, Ůɜɩ ɞɘ 

ŭɘŬŰŬɟŬɢɏɠ ˊɞɡ əɘɜɞɨɜŰŬɘ ůŮ ɔɤɜɑŬ 45ɞ, Ŭəɞɚɞɡɗɞɨɜ ˊɟɞůɏɔɔɘůɖ ŮŰŮɟɩɜɡɛɤɜ ɘɧɜŰɤɜ, 

əŬŰɎ Űɖɜ ɞˊɞɑŬ ŬɜŬˊŰɨůůɞɜŰŬɘ ŮɚəŰɘəɏɠ ŭɡɜɎɛŮɘɠ ŭɘŮɡəɞɚɨɜɞɜŰŬɠ Űɖɜ əɑɜɖůɐ Űɞɡɠ. 

(xxix) 

     ȼ ɣŬɗɡɟɐ ɗɟŬɨůɖ Űɤɜ əŮɟŬɛɘəɩɜ ůɡɜɑůŰŬŰŬɘ ůŰɞ ůɢɖɛŬŰɘůɛɧ əŬɘ ŭɘɎŭɞůɖ 

ɟɤɔɛɩɜ ɛɏůŬ ůŰɞ ɡɚɘəɧ əɎɗŮŰŬ ˊɟɞɠ Űɖɜ ŭɘŮɨɗɡɜůɖ Űɞɡ ŮűŬɟɛɞɕɧɛŮɜɞɡ űɞɟŰɑɞɡ. ȼ 

ŭɘɎŭɞůɖ Űɖɠ ɟɤɔɛɐɠ ůŰŬ ˊɞɚɡəɟɡůŰŬɚɚɘəɎ ɡɚɘəɎ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɏůŬ Ŭˊɧ Űɞɡɠ 

əɧəəɞɡɠ (ŭɘŬəɟɡůŰŬɚɚɘəɐ) əŬɘ əŬŰɎ ɛɐəɞɠ Ůɘŭɘəɩɜ əɟɡůŰŬɚɚɞɔɟŬűɘəɩɜ Ůˊɘˊɏŭɤɜ ɛŮ 

ɡɣɖɚɐ ˊɡəɜɧŰɖŰŬ ŬŰɧɛɤɜ (ŮˊɑˊŮŭŬ ůɢɘůɛɞɨ). Ⱥˊɘˊɚɏɞɜ, ɞɘ ŬɜŰɞɢɏɠ ɗɟŬɨůɖɠ Űɤɜ 

əŮɟŬɛɘəɩɜ ɡɚɘəɩɜ ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ ɢŬɛɖɚɧŰŮɟŮɠ Ŭˊɧ ŬɡŰɏɠ ˊɞɡ ɗŮɤɟɖŰɘəɎ 

ˊɟɞɓɚɏˊɞɜŰŬɘ Ŭˊɧ Űɞɡɠ ŭŮůɛɞɨɠ ɛŮŰŬɝɨ Űɤɜ ŬŰɧɛɤɜ. ɇɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ ɞűŮɑɚŮŰŬɘ 

ůŰɖɜ ɨˊŬɟɝɖ ˊɞɚɨ ɛɘəɟɩɜ ŬŰŮɚŮɘɩɜ ɛɏůŬ ůŰɞ ɡɚɘəɧ, ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ ŮɜɘůɢɡŰɏɠ 

ŰɎůŮɤɜ, ŭɖɚŬŭɐ ůɖɛŮɑŬ ɧˊɞɡ Űɞ ɛɏɔŮɗɞɠ ɛɘŬɠ ŮűŬɟɛɞɕɧɛŮɜɖɠ ŮűŮɚəɡůŰɘəɐɠ ŰɎůɖɠ 

ŮɜɘůɢɨŮŰŬɘ ůɖɛŬɜŰɘəɎ. ȺɜɘůɢɡŰɏɠ ŰɎůŮɤɜ ɛˊɞɟɞɨɜ ɜŬ ŮɑɜŬɘ ŮˊɘűŬɜŮɘŬəɏɠ ɐ 

ŮůɤŰŮɟɘəɏɠ ɟɤɔɛɏɠ (ɛɘəɟɞɟɤɔɛɏɠ), ŮůɤŰŮɟɘəɞɑ ˊɧɟɞɘ əŬɘ ɔɤɜɑŮɠ əɧəəɤɜ, ŰŬ ɞˊɞɑŬ 

ŬˊɞŰŮɚɞɨɜ ŬɜŬˊɧůˊŬůŰŬ əŬɘ ŬɜŮɝɏɚŮəŰŬ ůɖɛŮɑŬ ŭɞɛɐɠ. Ƀ ɓŬɗɛɧɠ Ůɜɑůɢɡůɖɠ Űɤɜ 

ŰɎůŮɤɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɛɐəɞɠ Űɖɠ ŬŰɏɚŮɘŬɠ əŬɘ Űɖɜ ŬəŰɑɜŬ əŬɛˊɡɚɧŰɖŰŬɠ Űɞɡ 

Ɏəɟɞɡ Űɖɠ əŬɘ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞɠ ɔɘŬ ŮˊɘɛɐəŮɘɠ əŬɘ ɛŮ ɞɝɏŬ ɎəɟŬ ɛɘəɟɞɟɤɔɛɏɠ. ȼ 

ůɡɔəɏɜŰɟɤůɖ ŰɎůŮɤɜ ůŰɞ Ɏəɟɞ ɛɘŬɠ ŬŰɏɚŮɘŬɠ ŭɨɜŬŰŬɘ ɜŬ ˊɟɞəŬɚɏůŮɘ Űɞ ůɢɖɛŬŰɘůɛɧ 

ɟɤɔɛɐɠ ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ŭɘŬŭɞɗŮɑ əŬɘ ɜŬ ɛŮɔŬɚɩůŮɘ ɛɏɢɟɘ Űɖɜ ŬůŰɞɢɑŬ Űɞɡ ɡɚɘəɞɨ. 

ȷəɧɛɖ, ˊɞɚɚɎ ˊɞɚɡəɟɡůŰŬɚɚɘəɎ əŮɟŬɛɘəɎ ɏɢɞɡɜ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡɠ ˊŬɟŬɛɏɜɞɜ 

ˊɞɟɩŭŮɠ, Űɞ ɞˊɞɑɞ ŮɝŬɟŰɎŰŬɘ ˊɚɐɟɤɠ Ŭˊɧ Űɖɜ ɛɏɗɞŭɞ ůɨɜɗŮůɐɠ Űɞɡɠ əŬɘ ɏɢŮɘ Űɖ 

ɛɞɟűɐ ɛɘəɟɩɜ ůɢŮŭɧɜ ůűŬɘɟɘəɩɜ Ŭˊɞɛɞɜɤɛɏɜɤɜ ˊɧɟɤɜ. (xxix)  

      ȳůɞɜ ŬűɞɟɎ ůŰɖɜ ŬɜŰɞɢɐ ůŮ əɎɛɣɖ Űɤɜ əŮɟŬɛɘəɩɜ, ŬˊɞŰŮɚŮɑ ɛɏŰɟɖůɖ Űɞɡ ɞɟɑɞɡ 

ɗɟŬɨůɖɠ əŬɘ Űɞɡ ɛɏŰɟɞɡ ŮɚŬůŰɘəɧŰɖŰŬɠ əŬɘ əŬŰɖɔɞɟɘɞˊɞɘŮɑŰŬɘ ůŮ əɎɛɣɖ 3 ɐ 4 
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ůɖɛŮɑɤɜ. ɇɞ ůɖɛŬɜŰɘəɧŰŮɟɞ ɛŮɘɞɜɏəŰɖɛŬ Űɖɠ ŭɞəɘɛɐɠ ůŮ əɎɛɣɖ ŮɑɜŬɘ ɖ Ŭɜɞɛɞɘɞ-

ɛɞɟűɑŬ Űɤɜ ŰɎůŮɤɜ əŬɗɩɠ ɧˊɤɠ ŮɑŭŬɛŮ ɖ ɛɑŬ ˊɚŮɡɟɎ Űɞɡ ŭɞəɘɛɑɞɡ ɡˊɧəŮɘŰŬɘ ůŮ 

ŮűŮɚəɡůŰɘəɏɠ ŰɎůŮɘɠ əŬɘ ɖ Ɏɚɚɖ ůŮ ɗɚɘˊŰɘəɏɠ. Ⱥˊɘˊɚɏɞɜ, ɡˊɎɟɢŮɘ ŭɘŬɓɎɗɛɘůɖ Űɤɜ 

ŰɎůŮɤɜ, əŬɗɩɠ ɛɧɜɞ ɏɜŬ ɛɘəɟɧ ŰɛɐɛŬ Űɞɡ ŭɞəɘɛɑɞɡ ŮəŰɑɗŮŰŬɘ ůŮ ɡɣɖɚɏɠ ŮűŮɚəɡ-

ůŰɘəɏɠ ŰɎůŮɘɠ. ɋůŰɧůɞ, ɖ ŰŮɢɜɘəɐ ŬɡŰɐ ˊŬɟɞɡůɘɎɕŮɘ ˊɞɚɚɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ, ɧˊɤɠ ɖ 

ŭɡɜŬŰɧŰɖŰŬ ɛɏŰɟɖůɖɠ ɛɘəɟɩɜ ŭɞəɘɛɑɤɜ ɛŮ Ŭˊɚɐ ɔŮɤɛŮŰɟɑŬ, ɞ Ŭˊɚɧɠ ůɢŮŭɘŬůɛɧɠ Űɤɜ 

ŬˊŬɟŬɑŰɖŰɤɜ ŮɝŬɟŰɖɛɎŰɤɜ, ɖ ŭɡɜŬŰɧŰɖŰŬ ŮəŰɏɚŮůɖɠ Űɖɠ ŭɞəɘɛɐɠ ůŮ ŮɡɟŮɑŬ ɔəɎɛŬ 

ɛɖɢŬɜɩɜ, ɖ ŮɡəɞɚɑŬ ˊɟɞůŬɟɛɞɔɐɠ ɔɘŬ ŭɞəɘɛɏɠ ůŮ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ,  ɖ ŬˊŮɡɗŮɑŬɠ 

ɛɏŰɟɖůɖ Űɞɡ ɓɏɚɞɡɠ əɎɛɣɖɠ əŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɛŮɚɏŰɖɠ ɧɢɘ ɛɧɜɞ Űɖɠ ŬɜŰɞɢɐɠ ůŰɖ 

ɗɟŬɨůɖ, ŬɚɚɎ Ůˊɘˊɚɏɞɜ əŬɘ Űɤɜ ɘŭɘɞŰɐŰɤɜ Ůɟˊɡůɛɞɨ əŬɘ əɡəɚɘəɐɠ əɧˊɤůɖɠ. (xxix) Ƀ 

ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ŬɜŰɞɢɐɠ ůŮ əɎɛɣɖ ɔɑɜŮŰŬɘ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ ɔɜɤůŰɞɨ Űɨˊɞɡ Ŭˊɧ Űɖ 

ɓŬůɘəɐ ɗŮɤɟɑŬ Űɤɜ ɡɚɘəɩɜ ůŮ əɎɛɣɖ: 

 

Pf ŮɑɜŬɘ Űɞ űɞɟŰɑɞ ɗɟŬɨůɖɠ ȹs ɖ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɤɜ ůɖɛŮɑɤɜ ŮűŬɟɛɞɔɐɠ Űɞɡ 

űɞɟŰɑɞɡ əŬɘ ɓ əŬɘ d ŮɑɜŬɘ ɞɘ ŭɘŬůŰɎůŮɘɠ Űɞɡ ŭɞəɘɛɑɞɡ.  ũɘŬ Űɖ ɛɏŰɟɖůɖ, ŰŬ ŭɞəɑɛɘŬ 

ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɖ ůɡůəŮɡɐ əɎɛɣɖɠ ŰŮůůɎɟɤɜ ůɖɛŮɑɤɜ ɖ ɞˊɞɑŬ Űɞɡɠ ŮˊɘɓɎɚɚŮɘ 

űɞɟŰɑɞ ɛŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ɟɡɗɛɧ (mm/min) ɛɏɢɟɘ ɗɟŬɨůɖɠ, ɛŮŰɎ Űɖɜ ɞˊɞɑŬ 

ŮɛűŬɜɑɕŮŰŬɘ ůŰɖ ůɡůəŮɡɐ ɖ Űɘɛɐ Űɞɡ űɞɟŰɑɞɡ ɔɘŬ Űɞ ɞˊɞɑɞ ŮˊɐɚɗŮ ɖ ɗɟŬɨůɖ.  

ȾŬŰɧˊɘɜ, ɔɑɜŮŰŬɘ ɛɏŰɟɖůɖ Űɖɠ ŭɘŬɛɏŰɟɞɡ Űɞɡ ŭɞəɘɛɑɞɡ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɗɟŬɨůɖɠ Űɞɡ 

əŬɘ ɖ Űɘɛɐ ŬɡŰɐ ŮɘůɎɔŮŰŬɘ ůŰɞɜ ɖɚŮəŰɟɞɜɘəɧ ɡˊɞɚɞɔɘůŰɐ Űɞɡ ɞɟɔɎɜɞɡ, ɧˊɞɡ ɛŮ Űɖ 

ɓɞɐɗŮɘŬ Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ ɚɞɔɘůɛɘəɞɨ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰŮɠ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ůɡɜɗɖəɩɜ Űɖɠ ɗɟŬɨůɖɠ.  ũɘŬ Űɖ ůɤůŰɐ ɛɏŰɟɖůɖ 

ŬˊŬɘŰŮɑŰŬɘ ɖ ɗɟŬɨůɖ 5-6 ŭɞəɘɛɑɤɜ ɔɘŬ Űɖɜ əɎɗŮ ŮɝŮŰŬɕɧɛŮɜɖ ˊŮɟɑˊŰɤůɖ. Ⱥˊɘˊɟɧ-

ůɗŮŰŬ, ŰŬ ŮɝŮŰŬɕɧɛŮɜŬ ŭɞəɑɛɘŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŬˊɞɚɨŰɤɠ ŮɡɗɨɔɟŬɛɛŬ, əŬɘ ɜŬ ɛɖɜ 

ˊŬɟɞɡůɘɎɕɞɡɜ ŮˊɘűŬɜŮɘŬəɏɠ ŬɜɤɛŬɚɑŮɠ. ȼ ˊŬɟŬŰɐɟɖůɖ ŬɡŰɐ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ 

ůɖɛŬɜŰɘəɐ əŬɗɩɠ ůŮ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ ŮɡɜɞŮɑŰŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ ŰɎůŮɤɜ əŬɘ 

ŭɘŬŰŬɟŬɢɩɜ ɛŮ ŬˊɞŰɏɚŮůɛŬ ŰŬ ŬɜŬəɟɘɓɐ əŬɘ ŬɜŬɚɖɗɐ ŮɝŬɔɧɛŮɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ əŬɘ 

ůɡɛˊŮɟɎůɛŬŰŬ.(xxix) 

    ɆɨɛűɤɜŬ ɛŮ Űɞ ˊɟɧŰɡˊɞ Űɞɡ ɞůŰɞɨ, ɞɘ ɓɘɞɚɞɔɘəɏɠ əŬɘ ɛɖɢŬɜɘəɏɠ Űɞɡ ɘŭɘɧŰɖŰŮɠ 

ŮɝŬɟŰɩɜŰŬɘ ˊɚɐɟɤɠ Ŭˊɧ Űɖ ůɨůŰŬůɖ əŬɘ Űɖ ŭɞɛɐ Űɞɡ, Ůˊɞɛɏɜɤɠ ŰŬ ˊɞɟɩŭɖ ɞůŰɘəɎ 

ɘəɟɘɩɛŬŰŬ ˊɟɏˊŮɘ ɜŬ ŬˊɞŰŮɚɞɨɜ ŬɜŰɑɔɟŬűŬ Űɞɡ ɞůŰɞɨ, ˊŬɟɞɡůɘɎɕɞɜŰŬɠ ˊŬɟɧɛɞɘŬ 

əɟɡůŰŬɚɚɘəɧŰɖŰŬ, ɢɖɛɘəɐ ůɨůŰŬůɖ, əɟɡůŰŬɚɚɞɔɟŬűɘəɐ ɡűɐ əŬɘ ɛɘəɟɞŭɞɛɐ. ɄŬɟŬŰɖ-

ɟɩɜŰŬɠ Űɘɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ űɡůɘəɞɨ ɞůŰɞɨ, ŬɟɢɘəɎ ŭŮɑɢɜŮɘ ɛɘŬ ɓɘůəɞŮɚŬůŰɘəɐ 

ůɡɛˊŮɟɘűɞɟɎ əŬɘ ŬɟɔɧŰŮɟŬ ɔɑɜŮŰŬɘ ŮɨɗɟŬɡůŰɞ ɛŮ ŮɚɎɢɘůŰŮɠ ŮɜŭŮɑɝŮɘɠ ˊɚŬůŰɘəɧŰɖŰŬɠ 

(ɛɧɜɘɛɖ ɟɞɐ). ȼ ŮɜɡŭɎŰɤůɖ Űɞɡ ɞůŰɞɨ ŭɟŬ ůɡɜŮɟɔɘůŰɘəɎ, ɡˊɞɓɞɖɗɩɜŰŬɠ Űɖɜ ɞɚəɘɛɧ-

ŰɖŰŬ Űɖɠ ɘɜɘŭɘəɐɠ Űɞɡ ɛɐŰɟŬɠ, ɛɏůɤ Űɖɠ ɞˊɞɑŬɠ ŬɡɝɎɜŮŰŬɘ ɖ ůəɚɖɟɧŰɖŰŬ. Ⱥˊɘˊɚɏɞɜ, ɞɘ 

ɞůŰɘəɞɑ əɟɡůŰŬɚɚɑŰŮɠ ŬˊŬŰɑŰɖ ŮɡɗɡɔɟŬɛɛɑɕɞɜŰŬɘ ɛŮ Űɞɜ c-ɎɝɞɜŬ Űɖɠ ɞůŰɘəɐɠ ŭɞəɑŭŬɠ 

ɞŭɖɔɩɜŰŬɠ ůŮ ŬɜɘůɞŰɟɞˊɑŬ. ȿɧɔɤ ůɨɜɗŮŰɖɠ ɢɖɛɘəɐɠ Űɞɡ ůɨůŰŬůɖɠ, Űɞ əɞɚɚŬɔɧɜɞ Űɞɡ 

ˊɟɞůŭɑŭŮɘ ŭɡůɗɟŬɡůŰɧŰɖŰŬ əŬɘ ɞɘ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɞɘ əɟɡůŰŬɚɚɑŰŮɠ ŬˊŬŰɑŰɖ əŬŰɎ 

ɛɐəɞɠ ɘɜɩɜ əɞɚɚŬɔɧɜɞɡ Űɞ əŬɗɘůŰɞɨɜ ɎəŬɛˊŰɞ. (lxxx)(lxxxi ) ɇŬ ɓɘɞəŮɟŬɛɘəɎ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɜɐɗɤɠ ůŬɜ ɞůŰɘəɎ ŮɛűɡŰŮɨɛŬŰŬ ˊŬɟŬɗɏŰɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ 
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ɄɑɜŬəŬ, ɛŮ ŰŬɡŰɧɢɟɞɜɖ əŬŰŬɔɟŬűɐ Űɤɜ ɛɏůɤɜ ɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡɠ, ůɡɔəɟɑůŮɘ 

ɛŮ ŮəŮɑɜɤɜ Űɞɡ űɡůɘəɞɨ ɞůŰɞɨ(lxxxii ): 

 

 

 

ɄɑɜŬəŬɠ 1.14.1. ɀɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ ɓɘɞəŮɟŬɛɘəɩɜ əŬɘ ɞůŰɞɨ 

 

    ȳˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ŭŮŭɞɛɏɜŬ, Űɞ ŭɘŬůɡɜŭŮŭŮɛɏɜɞ ɡɣɖɚɧ 

ˊɞɟɩŭŮɠ ɛˊɞɟŮɑ ɜŬ ŬˊɞŭɡɜŬɛɩůŮɘ ůɖɛŬɜŰɘəɎ Űɘɠ ɛɖɢŬɜɘəɏɠ ŬɜŰɞɢɏɠ, ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ 

ɖ ˊɟɞŮŰɞɘɛŬůɑŬ ŭɘŬůɡɜŭŮŭŮɛɏɜɤɜ ˊɞɟɩŭɤɜ ɘəɟɘɩɛŬŰɤɜ ɛŮ əŬɚɏɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ 

ˊŬɟŬɛɏɜŮɘ ɛɘŬ ˊɟɧəɚɖůɖ ůŰɖɜ ɘůŰɞɛɖɢŬɜɘəɐ. Ƀ ɡŭɟɞɝɡŬˊŬŰɑŰɖɠ ŬˊɞŰŮɚŮɑ Űɖɜ ˊɘɞ 

ůŰŬɗŮɟɐ ɛɞɟűɐ űɤůűɞɟɘəɩɜ ŬɚɎŰɤɜ ŬůɓŮůŰɑɞɡ əŬɘ ůɡɜɐɗɤɠ ˊɟɞŰɘɛɎŰŬɘ ɏɜŬɜŰɘ Űɤɜ 

Ɏɚɚɤɜ ŬɚɎŰɤɜ ŬůɓŮůŰɑɞɡ, ɧˊɤɠ əŬɘ Űɞ ɓɘɞŮɜŮɟɔɧ ɔɡŬɚɑ, ˊɞɡ ɛŬɕɑ ŬˊɞŰŮɚɞɨɜ Űɖɜ ˊɘɞ 

ŮɚˊɘŭɞűɧɟŬ ŮɜŬɚɚŬəŰɘəɐ ɓɘɞəŮɟŬɛɘəɩɜ ŮɛűɡŰŮɡɛɎŰɤɜ. ɆɢŮŰɘəɎ ɛŮ ŰŬ ůɡɜɗŮŰɘəɎ 

űɤůűɞɟɘəɎ ɎɚŬŰŬ ŬůɓŮůŰɑɞɡ, ˊŬɟŬŰɖɟŮɑŰŬɘ ɛŮɑɤůɖ Űɖɠ ɛɖɢŬɜɘəɐɠ ŬɜŰɞɢɐɠ Űɞɡɠ ɧŰŬɜ  

ŬɡɝɎɜŮŰŬɘ ɖ Ɏɛɞɟűɖ űɎůɖ, Űɞ ɛɘəɟɞˊɞɟɩŭŮɠ əŬɘ Űɞ ɛɏɔŮɗɞɠ Űɤɜ əɧəəɤɜ. ȷɜŰɘɗɏŰɤɠ, 

ɖ ɡɣɖɚɐ əɟɡůŰŬɚɚɘəɧŰɖŰŬ, Űɞ ɢŬɛɖɚɧ ˊɞɟɩŭŮɠ əŬɘ Űɞ ɛɘəɟɧ ɛɏɔŮɗɞɠ əɧəəɤɜ ɞŭɖɔŮɑ 

ůŮ ɡɣɖɚɧŰŮɟɖ ŬəŬɛɣɑŬ, ŬɜŰɞɢɐ ůŮ ɗɚɑɣɖ əŬɘ ŮűŮɚəɡůɛɧ, əŬɘ ɛŮɔŬɚɨŰŮɟɖ ŬɜŰɞɢɐ ůŮ 

ɗɟŬɨůɖ. ȰɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ɧŰɘ ɖ ŬɜŰɞɢɐ ůŮ əɎɛɣɖ əŬɘ ɖ ůəɚɖɟɧŰɖŰŬ Űɞɡ ůɡɛˊŬɔɞɨɠ 

ɡŭɟɞɝɡŬˊŬŰɑŰɖ ŮɑɜŬɘ  ɢŬɛɖɚɧŰŮɟŮɠ Űɘɛɏɠ ůŰɖɜ ɝɖɟɐ Űɞɡ əŬŰɎůŰŬůɖ Ŭˊɧ ɧ, Űɘ ůŰɖɜ 

ɡɔɟɐ əŬŰɎůŰŬůɖ. Ⱥɜ ɔɏɜŮɘ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ˊɞɟɩŭɞɡɠ ɐ ůɡɛˊŬɔɞɨɠ ɡŭɟɞɝɡ-

ŬˊŬŰɑŰɖ (lxxxiii ), ɞɘ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɘɠ ɛɖɢŬɜɘəɏɠ Űɞɡ ŬɜŰɞɢɏɠ ŮɑɜŬɘ Űɞ 

ɛɏɔŮɗɞɠ ˊɧɟɤɜ, ɞ ɚɧɔɞɠ ˊɞɟɩŭɞɡɠ Űɞɡ, əŬɗɩɠ əŬɘ ɖ əŬɗŬɟɧŰɖŰŬ Űɞɡ Ŭɟɢɘəɞɨ ɡɚɘəɞɨ, 

ɖ ɗŮɟɛɞəɟŬůɑŬ- ɢɟɧɜɞɠ ˊɡɟɞůɡůůɤɛɎŰɤůɖɠ, ɞɘ ɡˊɎɟɢɞɡůŮɠ űɎůŮɘɠ əŬɘ Űɏɚɞɠ ɞ 

ůɡɜɞɚɘəɧɠ ɧɔəɞɠ Űɞɡ.  

     ɆɨɛűɤɜŬ ɛŮ əɎˊɞɘŮɠ ˊŮɘɟŬɛŬŰɘəɏɠ ɛŮɚɏŰŮɠ ɡɓɟɘŭɘəɩɜ ɘəɟɘɤɛɎŰɤɜ ɡŭɟɞɝɡŬˊŬŰɑŰɖ 

(lxxxiii), ɚŬɛɓɎɜɞɜŰŬɘ ŭɡɞ ůɖɛŬɜŰɘəɏɠ Ŭɟɢɏɠ. ȾŬŰɎ Űɖɜ ˊɟɩŰɖ ɗŮɩɟɖůɖ, ŰŬ 

ɘəɟɘɩɛŬŰŬ ŭɘŬůˊɩɜŰŬɘ ŮɜŰɧɠ Ůɜɧɠ ůɡɔəŮəɟɘɛɏɜɞɡ ɢɟɞɜɘəɞɨ ŭɘŬůŰɐɛŬŰɞɠ ɛŮŰɎ Űɖɜ 

ŮɛűɨŰŮɡůɐ Űɞɡɠ, ɧˊɞɡ əŬɘ ŬɜŬˊŰɨůůɞɡɜ ůŰŬŭɘŬəɎ ɛŮɔŬɚɨŰŮɟɖ ŬɜŰɞɢɐ əŬɘ ŬəŬɛɣɑŬ 

ůɡɜŭŮɧɛŮɜŬ ɛŮ Űɞ űɡůɘəɧ ɘůŰɧ. ȹŮɨŰŮɟɞɜ, ɖ ɛɏɗɞŭɞɠ ůɨɜɗŮůɐɠ Űɞɡɠ ŭɨɜŬŰŬɘ ɜŬ 

əŬɗɞɟɑůŮɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Űɘɠ ɛɖɢŬɜɘəɏɠ Űɞɡɠ ɘŭɘɧŰɖŰŮɠ, ŬˊɞəŰɩɜŰŬɠ ɓɏɚŰɘůŰŮɠ 
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ŬɜŰɞɢɏɠ əŬŰɎ Űɖɜ ɡɓɟɘŭɞˊɞɑɖůɐ Űɞɡɠ ɛŮ ˊɞɚɡɛŮɟɘəɎ ɡɚɘəɎ ɐ ˊɚɖɟɤŰɘəɎ ɛɏůŬ, 

əŬɗɞɟɑɕɞɜŰŬɠ əŬŰɎɚɚɖɚŬ Űɖɜ ɛɘəɟɞŭɞɛɐ əŬɘ ɔŮɤɛŮŰɟɑŬ ˊɞɟɩŭɞɡɠ əŬɘ ɛŮɘɩɜɞɜŰŬɠ Űɞ 

ɛɘəɟɞˊɞɟɩŭŮɠ, ůɨɛűɤɜŬ ɛŮ ɏɟŮɡɜŮɠ (U.S., 2009).  

     ȳůɞɜ ŬűɞɟɎ ůŰɞ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ əŬɘ Űɖ ŬɜŰɞɢɐ ůŮ ɗɚɑɣɖ ŭɘŬűɞɟŮŰɘəɩɜ 

ɞůŰɘəɩɜ ŮɛűɡŰŮɡɛɎŰɤɜ, ˊŬɟŬŰɖɟŮɑŰŬɘ ɛŮɔŬɚɨŰŮɟɖ ŬɜŰɞɢɐ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ůɡɛˊŬɔɩɜ 

ɡɚɘəɩɜ, ɧˊɤɠ ŬɜŬɛɏɜŮŰŬɘ. ɆŰɞ ˊŬɟŬəɎŰɤ ɔɟɎűɖɛŬ əŬŰŬɔɟɎűŮŰŬɘ ɖ ɛɖɢŬɜɘəɐ 

Ŭˊɧəɟɘůɖ ˊɡəɜɩɜ əŬɘ ˊɞɟɩŭɤɜ ɓɘɞŭɟŬůŰɘəɩɜ əŮɟŬɛɘəɩɜ əŬɘ ɓɘɞŬˊɞɘəɞŭɞɛɐůɘɛɤɜ 

ˊɞɚɡɛŮɟɩɜ, ŰŬ ɞˊɞɑŬ ůɡɔəɟɑɜɞɜŰŬɘ ɛŮ Űɞ ůˊɞɔɔɩŭŮɠ əŬɘ űɚɞɘɩŭŮɠ ɞůŰɧ. ɆɨɛűɤɜŬ ɛŮ 

Űɞ ɔɟɎűɖɛŬ, ŰŬ ˊɡəɜɎ ˊɞɚɡɛŮɟɐ ŮɛűŬɜɑɕɞɡɜ ˊŬɟŬˊɚɐůɘŬ ŬɜŰɞɢɐ ɛŮ Űɞ ůˊɞɔɔɩŭŮɠ 

ɞůŰɧ, Ůɜɩ ˊɚɖůɘɎɕɞɡɜ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ űɚɞɘɩŭŮɠ ɞůŰɞɨ, ɧˊɤɠ əŬɘ ŰŬ ɓɘɞŭɟŬůŰɘəɎ 

əŮɟŬɛɘəɎ. ɇŬ ˊɞɟɩŭɖ ɘəɟɘɩɛŬŰŬ ɤůŰɧůɞ ˊŬɟɞɡůɘɎɕɞɡɜ ŰɞɡɚɎɢɘůŰɞɜ ɛɑŬ ŰɎɝɖ 

ɛŮɔɏɗɞɡɠ ŬůɗŮɜɏůŰŮɟŮɠ ŬɜŰɞɢɏɠ Ŭˊɧ ŬɡŰɏɠ Űɞɡ ůˊɞɔɔɩŭɞɡɠ ɞůŰɞɨ əŬɘ ˊɞɚɚɏɠ ŰɎɝŮɘɠ 

ɛŮɔɏɗɞɡɠ ŬůɗŮɜɏůŰŮɟŮɠ Ŭˊɧ Űɞɡ űɚɞɘɩŭŮɠ ɞůŰɞɨ. ũɘŬ Űɖɜ ɓŮɚŰɑɤůɖ Űɤɜ ŬɜŰɞɢɩɜ 

Űɞɡɠ, ŰŬ ˊɞɟɩŭɖ ɘəɟɘɩɛŬŰŬ ɡɓɟɘŭɞˊɞɘɞɨɜŰŬɘ ůŮ ůɨɜɗŮŰŬ ˊɞɟɩŭɖ, ɖ ŭɘŮˊɘűŬɜŮɘŬəɐ 

ˊɟɧůŭŮůɖ Űɤɜ ɞˊɞɑɤɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůɡɢɜɎ ɛŮ ɢɟɐůɖ ŮˊɘűŬɜŮɘɞŭɟŬůŰɘəɩɜ 

ɜŬɜɞůɤɛŬŰɘŭɑɤɜ, ŬˊɞəŰɩɜŰŬɠ əŬɚɨŰŮɟŮɠ ůɡɜɞɚɘəɏɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ.  

 

 

Ⱥɘə. 1.14.1. ȹɘŬɔɟŬɛɛŬŰɘəɐ ŬˊŮɘəɧɜɖůɖ Űɞɡ ɛɏŰɟɞɡ ŮɚŬůŰɘəɧŰɖŰŬɠ ɏɜŬɜŰɘ ŬɜŰɞɢɐɠ ůŮ ɗɚɑɣɖ  

ɓɘɞŬˊɞɘəɞŭɞɛɐůɘɛɤɜ ˊɞɚɡɛŮɟɩɜ, ɓɘɞŭɟŬůŰɘəɩɜ əŮɟŬɛɘəɩɜ əŬɘ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ lxxxii  

 

1.15. ɀɏɗɞŭɞɠ ˊɟɞůɞɛɞɑɤůɖɠ ůɤɛŬŰɘəɩɜ ɡɔɟɩɜ (SBF) 

 

ɆŰɖɜ ŰŮɢɜɘəɐ ŬɡŰɐ ˊŬɟŬůəŮɡɎɕɞɜŰŬɘ ɛŮŰŬůŰŬɗɐ ůɡɜɗŮŰɘəɎ ůɤÕŬŰɘəɎ ɡɔɟɎ 

(simulated body fluid, SBF) ˊɟɞůɞɛɞɘɩɜɞɜŰŬɠ Űɖɜ ɢɖɛɘəɐ ůɨůŰŬůɖ Űɤɜ Ŭɜɗɟɩˊɘɜɤɜ 

ůɤɛŬŰɘəɩɜ ɡɔɟɩɜ, ɧˊɞɡ ɞɘ ɘɞɜŰɘəɏɠ Űɞɡɠ ůɡɔəŮɜŰɟɩůŮɘɠ ŮɑɜŬɘ ůɢŮŭɧɜ ɧɛɞɘŮɠ ÕŮ ŬɡŰɏɠ 

Űɤɜ ŬɜɧɟɔŬɜɤɜ ůɡůŰŬŰɘəɩɜ Űɞɡ ˊɚɎůɛŬŰɞɠ ŬɑɛŬŰɞɠ. ȾŬɗɩɠ ŮɜŮɟɔɞˊɞɘɞɨɜ Űɖɜ 

ŬɜɎˊŰɡɝɖ əŬɘ ˊɡɟɐɜɤůɖ ŬɜɗɟŬəɞɨɢɞɡ ɓɘɞÕɘÕɖŰɘəɞɨ ɜŬɜɞɡŭɟɞɝɡŬˊŬŰɑŰɖ, ɢɟɖůɘɛɞ-
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ˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ ůŮ ɞɟɗɞˊŮŭɘəɎ əŬɘ ɞŭɞɜŰɘŬŰɟɘəɎ ɓɘɞɦɚɘəɎ, ɡˊɧ ůɡɜɗɐəŮɠ 

ɞɡŭɏŰŮɟɞɡ pH əŬɘ ɐˊɘɤɜ ɗŮɟÕɞəɟŬůɘɩɜ. Ƀ ůɢɖɛŬŰɘůɛɧɠ Űɞɡ ůŰɟɩɛŬŰɞɠ Űɞɡ ŬˊŬŰɑŰɖ 

Õɏůɤ ɓɘɞÕɘÕɖŰɘəɐɠ ŬˊɧɗŮůɖɠ, ɏɢŮɘ ŬˊɞŭŮɘɢŰŮɑ ɧŰɘ ˊɟɞɤɗŮɑ Űɖɜ in vitro əɡŰŰŬɟɘəɐ 

ŭɘŬűɞɟɞˊɞɑɖůɖ ÕŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ɘůɢɡɟɐɠ ůɨɜŭŮůɖɠ ɞůŰɞɨ əŬɘ 

ůɨɜɗŮŰɖɠ ÕɐŰɟŬɠ. Ⱥˊɞɛɏɜɤɠ, ɞ ůɢɖɛŬŰɘůɛɧɠ ŮˊɘəɎɚɡɣɖɠ ŬˊŬŰɑŰɖ ˊɎɜɤ ůŮ ɡˊɞ-

ůŰɟɩɛŬŰŬ ɓɘɞɡɚɘəɩɜ ɞůŰɘəɐɠ ŬˊɞəŬŰɎůŰŬůɖɠ ˊɟɞɓɚɏˊŮɘ Űɖɜ in vivo ɓɘɞŮɜŮɟɔɧŰɖŰŬ 

əŬɘ ɓɘɞůɡɛɓŬŰɧŰɖŰŬ Űɞɡ ɡɚɘəɞɨ, ɛŮɘɩɜɞɜŰŬɠ Űɖɜ ɢɟɐůɖ ˊŮɘɟŬɛɎŰɤɜ ůŮ ɕɩŬ. ɀŮ Űɖɜ 

ɓɘɞÕɘÕɖŰɘəɐ ŬɡŰɐ ɛɏɗɞŭɞ, ŭɨɜŬŰŬɘ ɜŬ ŮˊɘəŬɚɡűɗɞɨɜ ˊɞɟɩŭɖ ŮɛűɡŰŮɨɛŬŰŬ, ŰŬ ɞˊɞɑŬ 

ˊɟɞɎɔɞɡɜ Űɖɜ ŭɘŬŭɘəŬůɑŬ ŮˊŬɜŬůɢɖÕŬŰɘůÕɞɨ Űɞɡ ɞůŰɞɨ ɛɏůɤ əŬŰɎɚɚɖɚɖɠ ɛɘəɟɞ-

ŭɞɛɐɠ, ɟɡɗÕɞɨ ŭɘɎɚɡůɖɠ əŬɘ ˊŮɟŬɘŰɏɟɤ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ÕŮ ŰŬ ůɤɛŬŰɘəɎ ɡɔɟɎ. 

ȷəɞɚɞɨɗɤɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŭɘŬɚɨɛŬŰŬ SBF ŭɘŬűɞɟŮŰɘəɩɜ ɘɞɜŰɘəɩɜ ůɡɔəŮɜŰɟɩ-

ůŮɤɜ, ůɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ ɘɞɜŰɘəɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ ˊɚɎůɛŬŰɞɠ ŬɑɛŬŰɞɠ. (lxxxiv ) 

(lxxxv)  

 

ɄɑɜŬəŬɠ 1.15. ȹɘŬɚɨɛŬŰŬ SBF ŭɘŬűɞɟŮŰɘəɩɜ ůɡɔəŮɜŰɟɩůŮɤɜ 

         

  Ƀ ůɢɖɛŬŰɘůɛɧɠ ŮˊɘůŰɟɩɛŬŰɞɠ ŬɜɗɟŬəɘəɞɨ ŬˊŬŰɑŰɖ ůŰɞ ɡˊɧůŰɟɤɛŬ ɡŭɟɞɝɡŬˊŬŰɑŰɖ 

ɚŬɛɓɎɜŮɘ ɢɩɟŬ əŬŰɎ Űɖɜ ɓɨɗɘůɖ əŬɘ ŭɘŬɓɟɞɢɐ Űɞɡ ɡŭɟɞɝɡŬˊŬŰɑŰɖ (ȼȷ) ůŰɞ ŭɘɎɚɡɛŬ 

SBF (Ⱥɘə. 1.16.1). ɆŰɖɜ Ŭɟɢɘəɐ ŭɘŬɓɟɞɢɐ Űɞɡ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛŮŰŬɓɞɚɐ 

Űɞɡ ɚɧɔɞɡ Ca/P ůɡɜŬɟŰɐůŮɘ Űɞɡ ɢɟɧɜɞɡ ŮɛˊɞŰɘůɛɞɨ. ɆɨɛűɤɜŬ ɛŮ ŬɡŰɐ Űɖ ɛŮŰŬɓɞɚɐ, 

ɞ ůɢɖɛŬŰɘůɛɧɠ Űɤɜ Ɏɛɞɟűɞ űɤůűɞɟɘəɧ ŬůɓɏůŰɘɞ (ACP) ɛŮ ˊŮɟɑůůŮɘŬ  ŬůɓŮůŰɑɞɡ 

(Ca-poor) ɗŮɤɟŮɑŰŬɘ ŮˊŬəɧɚɞɡɗɞ Űɖɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ɡŭɟɞɝɡŬ-

ˊŬŰɑŰɖ ɛŮ ŰŬ ɘɧɜŰŬ ŬůɓŮůŰɑɞɡ ůŰɞ SBF əŬɘ ɞ ůɢɖɛŬŰɘůɛɧɠ Űɤɜ Ɏɛɞɟűɞ űɤůűɞɟɘəɧ 

ŬůɓɏůŰɘɞ (ACP) ɛŮ ɏɚɚŮɘɛŬ ŬůɓŮůŰɑɞɡ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ ɘɧɜŰŬ űɤůűɧɟɞɡ.  ȷɟɢɘəɎ, 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ Ɏɛɞɟűɞ űɤůűɞɟɘəɧ ŬůɓɏůŰɘɞ (ACP) ˊɚɞɨůɘɞ ůŮ ŬůɓɏůŰɘɞ (Ca-rich) 

əŬɘ ůŰɞ ŰŮɚɘəɧ ůŰɎŭɘɞ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Ɏɛɞɟűɞ űɤůűɞɟɘəɧ ŬůɓɏůŰɘɞ 

(ACP) ɛŮ ɏɚɚŮɘɛŬ ŬůɓŮůŰɑɞɡ (Ca-poor). Ƀ ůɢɖɛŬŰɘůɛɧɠ Űɤɜ ˊɟɧŭɟɞɛɤɜ ŮɜɩůŮɤɜ 

Ɏɛɞɟűɞɡ űɤůűɞɟɘəɞɨ ŬůɓŮůŰɑɞɡ ɛŮ ˊŮɟɑůůŮɘŬ əŬɘ ɏɚɚŮɘɛŬ ŬůɓŮůŰɑɞɡ ŬˊɞŰŮɚŮɑ 

ŮˊŬəɧɚɞɡɗɞ Űɤɜ ɖɚŮəŰɟɞůŰŬŰɘəɩɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ɡŭɟɞɝɡ-

ŬˊŬŰɑŰɖ ɛŮ ŰŬ ɘɧɜŰŬ ŬůɓŮůŰɑɞɡ əŬɘ űɤůűɧɟɞɡ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ SBF. ɆɡɔəŮəɟɘɛɏɜŬ, 

əŬŰɎ Űɖɜ ɏəɗŮůɖ Űɞɡ ɡˊɞůŰɟɩɛŬŰɞɠ ůŰɞ ŭɘɎɚɡɛŬ SBF ɖ ŮˊɘűɎɜŮɘɎ Űɞɡ űɏɟŮɘ 

ŬɟɜɖŰɘəɧ űɞɟŰɑɞ, Ůˊɞɛɏɜɤɠ ŬɚɚɖɚŮˊɘŭɟɎ ɛŮ ŰŬ ɗŮŰɘəɎ űɞɟŰɘůɛɏɜŬ ɘɧɜŰŬ ŬůɓŮůŰɑɞɡ 

Űɞɡ ɡɔɟɞɨ SBF ɛŮ  ŮˊŬəɧɚɞɡɗɖ Űɖɜ ŬɜɎˊŰɡɝɖ Ɏɛɞɟűɞɡ űɤůűɞɟɘəɞɨ ŬůɓŮůŰɑɞɡ 

ˊɚɞɨůɘɞɡ ůŮ ŬůɓɏůŰɘɞ. Ⱥɜ ůɡɜŮɢŮɑŬ, Űɞ ˊɚɏɞɜ ɗŮŰɘəɎ űɞɟŰɘůɛɏɜɞ Ɏɛɞɟűɞ űɤůűɞɟɘəɧ 

ŬůɓɏůŰɘɞ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ŬɚɚɖɚŮˊɘŭɟɎ ɛŮ ŰŬ ɘɧɜŰŬ űɤůűɧɟɞɡ, ŰŬ 

ɞˊɞɑŬ ŬɘɤɟɞɨɜŰŬɘ ůŰɞ SBF ɡɔɟɧ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏɜŬ ŬɟɜɖŰɘəɎ űɞɟŰɘůɛɏɜɞ Ɏɛɞɟűɞ 



57 
 

űɤůűɞɟɘəɧ ŬůɓɏůŰɘɞ űŰɤɢɧ ůŮ ŬůɓɏůŰɘɞ. ɇɞ Ɏɛɞɟűɞ űɤůűɞɟɘəɧ ŬůɓɏůŰɘɞ ɛŮ 

ɏɚɚŮɘɛŬ ŬůɓŮůŰɑɞɡ ˊɞɡ ˊɟɞəɨˊŰŮɘ əɟɡůŰŬɚɚɩɜŮŰŬɘ ůŮ ɞůŰɘəɧ-ŬˊŬŰɑŰɖ. (lxxxvi) 

 

Ⱥɘə. 1.16.1. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɖɠ ˊɟɞɏɚŮɡůɖɠ ŬɟɜɖŰɘəɞɨ űɞɟŰɑɞɡ Ůˊɑ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ 

ȼȷ (ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ (100) əɟɡůŰŬɚɚɘəɐɠ ŭɞɛɐɠ), əŬɘ ŭɘŬŭɘəŬůɑŬ ůɢɖɛŬŰɘůɛɞɨ ŬˊŬŰɑŰɖ 

ůŮ ŮˊɘűɎɜŮɘŬ ɞůŰɞɨlxxxvi 

 

1.16. ɇŮɢɜɘəɐ ɚɡɞűɘɚɑɤůɖɠ 

ȼ ŰŮɢɜɘəɐ ɚɡɞűɘɚɑɤůɖɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ ůŰɞɜ əɚɎŭɞ Űɖɠ ɘůŰɞɛɖɢŬɜɘəɐɠ, 

űŬɟɛŬəŮɡŰɘəɐɠ, ɓɘɞɚɞɔɑŬɠ əŬɘ ɓɘɞɛɖɢŬɜɑŬɠ Űɟɞűɐɛɤɜ, əŬɗɩɠ ŬˊɞŰŮɚŮɑ ɛɘŬ Ůɨəɞɚɖ 

ŭɘŬŭɘəŬůɑŬ ˊŬɟŬɔɤɔɐɠ ˊɞɟɩŭɤɜ ɡɚɘəɩɜ. ȼ ɚɡɞűɘɚɑɤůɖ (ɐ əɟɡɞɝɐɟŬɜůɖ ɐ freeze 

drying) ůɡɔəɟɘŰɘəɎ ɛŮ ɎɚɚŮɠ ŰŮɢɜɘəɏɠ ůɨɜɗŮůɖɠ ˊɞɟɩŭɤɜ ɡɚɘəɩɜ, ɧˊɤɠ ɖ ŰɟɘůŭɘɎ-

ůŰŬŰɖ ŮəŰɨˊɤůɖ, ɖɚŮəŰɟɞɢɖɛŮɑŬ, ŭɘŬɢɤɟɘůɛɧɠ űɎůŮɤɠ, ɏəˊɚɡůɖ ůɤɛŬŰɘŭɑɤɜ ə.Ŭ., 

ŮɛűŬɜɑɕŮɘ ŬɟəŮŰɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ, əŬɗɩɠ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ɢɟɐůɖ ɡŭŬŰɘəɞɨ ŭɘŬɚɨŰɖ, ɞɘ 

ˊɘɗŬɜɧŰɖŰŮɠ ɛɧɚɡɜůɖɠ ŮɑɜŬɘ ɛŮɘɤɛɏɜŮɠ əŬɘ ˊŬɟɎɔɞɜŰŬɘ ɡɚɘəɎ ˊɞɘəɑɚɖɠ ɛɞɟűɞɚɞɔɑŬɠ 

əŬɘ ɛɘəɟɞŭɞɛɐɠ. ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ɖ ŰŮɢɜɘəɐ ŬɡŰɐ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖ ůɨɜɗŮůɖ 

ˊɟɞɖɔɛɏɜɤɜ ˊɟɞɥɧɜŰɤɜ ɛɏůɤ ŮɚŮɔɢɧɛŮɜɖɠ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖɠ, ɧˊɤɠ ɞɟɔŬɜɘəɎ 

ŭɘŬɚɨɛŬŰŬ ɔɘŬ ɓɘɞůɡɛɓŬŰɎ ɘəɟɘɩɛŬŰŬ, ɔŬɚŬəŰɩɛŬŰŬ ɔɘŬ ˊɞɟɩŭɖ ɡɚɘəɎ, ŬɘɤɟɐɛŬŰŬ 

əŬɘ ŬɟŬɘɎ ˊɞɚɡɛŮɟɘəɎ ŭɘŬɚɨɛŬŰŬ ɔɘŬ ɜŬɜɞůɤɛŬŰɑŭɘŬ əŬɘ ɜŬɜɞɑɜŮɠ. (lxxxvii ) 

     ȾŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɚɡɞűɘɚɑɤůɖɠ, ɏɜŬ ŭɘɎɚɡɛŬ əŬŰŬɣɨɢŮŰŬɘ ůŮ ɏɜŬ ɣɡɢɟɧ 

ɚɞɡŰɟɧ əŬɘ, ůŰɖ ůɡɜɏɢŮɘŬ, ɖ əŬŰŮɣɡɔɛɏɜɖ űɎůɖ Űɞɡ ŬˊɞɛŬəɟɨɜŮŰŬɘ ɛɏůɤ ŮɝɎɢɜɤůɖɠ 

ɡˊɧ əŮɜɧ, ɞŭɖɔɩɜŰŬɠ ůŰɞ ůɢɖɛŬŰɘůɛɧ ˊɞɟɤŭɩɜ ŭɞɛɩɜ. ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

ŰŮɢɜɘəɐɠ, Űɞ ˊŬɔɤɛɏɜɞ ŭɞəɑɛɘɞ ŭɘŬŰɖɟŮɑŰŬɘ ůŮ ɗŮɟɛɞəɟŬůɑŬ ɛɘəɟɧŰŮɟɖ Űɖɠ ɗŮɟɛɞ-

əɟŬůɑŬɠ ɡŬɚɩŭɞɡɠ ɛŮŰɎˊŰɤůɖɠ ɐ Ŭɚɚɘɩɠ əɎŰɤ Ŭˊɧ Űɞ ůɖɛŮɑɞ ŰɐɝŮɤɠ (Ⱥɘə. 1.16.1) 

əŬɘ Ůɜ ůɡɜŮɢŮɑŬ ɞ ˊŬɔɤɛɏɜɞɠ  ŭɘŬɚɨŰɖɠ ŬˊɞɛŬəɟɨɜŮŰŬɘ ɡˊɧ əŮɜɧ. Ƀɘ ˊɞɟɩŭŮɘɠ ŭɞɛɏɠ 

ůɢɖɛŬŰɑɕɞɜŰŬɘ Ŭˊɧ ŰŬ əŮɜɎ ˊɞɡ ɎűɖůŮ ɖ ŬˊɞɛɎəɟɡɜůɖ Űɞɡ ŭɘŬɚɨŰɖ, ɞ ɞˊɞɑɞɠ ŭɟŬ ɩɠ 

ˊɞɟɞɔɧɜɞɠ ˊŬɟɎɔɞɜŰŬɠ. Ⱥɜ ɔɏɜŮɘ, ɞɘ ˊŬɔɤɛɏɜɞɘ əɟɨůŰŬɚɚɞɘ Űɞɡ ɡŭŬŰɘəɞɨ ŭɘŬɚɨŰɖ 

ɛŮŰŬɓŬɑɜɞɡɜ əŬŰŮɡɗŮɑŬɜ Ŭˊɧ Űɖɜ ůŰŮɟŮɎ ůŰɖɜ ŬɏɟɘŬ űɎůɖ, ŭɖɚŬŭɐ ŮɝŬɢɜɩɜɞɜŰŬɘ. ȼ 

ŮɝɎɢɜɤůɖ ɝŮəɘɜɎ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŭɞəɘɛɑɞɡ əŬɘ űŰɎɜŮɘ ůŰɞ ŮůɤŰŮɟɘəɧ Űɖɠ 

ŭɞɛɐɠ Űɞɡ. ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ˊɟɩŰɞɡ ůŰŬŭɑɞɡ Űɖɠ ɝɐɟŬɜůɖɠ, ˊŮɟɑˊɞɡ Űɞ 95% Űɞɡ 

ɜŮɟɞɨ ŬˊɞɛŬəɟɨɜŮŰŬɘ Ŭˊɧ Űɞ ˊɟɞɥɧɜ. Ⱥˊɞɛɏɜɤɠ, ɖ əɟɡɞɝɐɟŬɜůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ 

ŭɨɞ ůŰɎŭɘŬ, Ůə Űɤɜ ɞˊɞɑɤɜ ůŰɖ ˊɟɩŰɖ űɎůɖ Űɞ çŮɚŮɨɗŮɟɞè ɜŮɟɧ ˊŬɔɩɜŮɘ əŬɘ 

ŬˊɞɛŬəɟɨɜŮŰŬɘ (űɎůɖ ɣɨɝɖɠ), Ůɜɩ ůŮ ŭŮɨŰŮɟɖ űɎůɖ ɔɑɜŮŰŬɘ ŮɚŬűɟɘɎ ɗɏɟɛŬɜůɖ ɡˊɧ 
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ɡɣɖɚɐ ɡˊɞˊɑŮůɖ əŬɘ ŬˊɞɛŬəɟɨɜŮŰŬɘ Űɞ çŭŮůɛŮɡɛɏɜɞè ɐ əɟɡůŰŬɚɚɘəɧ ɜŮɟɧ (űɎůɖ 

ŮɝɎɢɜɤůɖɠ). 

 

Ⱥɘə. 1.16.1.  ȹɘŬɔɟŬɛɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɟɘˊɚɞɨ ůɖɛŮɑɞɡ Űɞɡ  ɜŮɟɞɨ lxxxix 

     ɆɢŮŰɘəɎ ɛŮ Űɞ ˊɟɩŰɞ ůŰɎŭɘɞ, ɖ ɗŮɟɛɞəɟŬůɑŬ ɣɨɝɖɠ, ɖ ůɡɔəɏɜŰɟɤůɖ əŬɘ Űɨˊɞɠ 

ŭɘŬɚɨɛŬŰɞɠ əŬɘ ɖ əŬŰŮɨɗɡɜůɖ ɣɨɝɖɠ Ůˊɘŭɟɞɨɜ ɏɜŰɞɜŬ ˊɎɜɤ ůŰɖ ɛɘəɟɞŭɞɛɐ Űɞɡ 

ɡɚɘəɞɨ. ɄŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɖ ɛɏůɖ ŭɘɎɛŮŰɟɞɠ ˊɧɟɤɜ ŬɡɝɎɜŮŰŬɘ ɔɘŬ ɛŮɔɎɚŮɠ ɗŮɟɛɞə-

ɟŬůɑŮɠ ɣɨɝɖɠ əŬɘ ɔɘŬ Ŭɟɔɧ ɟɡɗɛɧ əŬŰɎɣɡɝɖɠ, əŬɗɩɠ ůɢɖɛŬŰɑɕɞɜŰŬɘ ɛŮɔɎɚɞɘ 

əɟɨůŰŬɚɚɞɘ ˊɎɔɞɡ. ȷɜŰɘɗɏŰɤɠ, ɔɘŬ ɔɟɐɔɞɟɞ ɟɡɗɛɧ əŬŰɎɣɡɝɖɠ, ůɢɖɛŬŰɑɕɞɜŰŬɘ ɛɘəɟɧ-

ŰŮɟɞɘ əɟɨůŰŬɚɚɞɘ ˊɎɔɞɡ, ɞɘ ɞˊɞɑɞɘ ŮɑɜŬɘ ˊɟɞŰɘɛɖŰɏɞɘ, ŮˊŮɘŭɐ ŭŮɜ əŬŰŬůŰɟɏűɞɡɜ Űɖɜ 

ɞɛɞɘɞɔɏɜŮɘŬ əŬɘ ŭɞɛɐ ɡɚɘəɞɨ. ȺəŰɧɠ Ŭˊɧ Űɞɜ ˊŬɟɎɔɞɜŰŬ ɟɡɗɛɞɨ ɣɨɝɖɠ, ɞ ɞˊɞɑɞɠ 

ɞŭɖɔŮɑ ůŮ ůɡɔəŮəɟɘɛɏɜɖ ɛɘəɟɞŭɞɛɐ ɎɟŬ əŬɘ ůŮ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ, ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ 

ŬɜŰɘůŰɟɧűɤɠ ŬɜɎɚɞɔŮɠ Űɞɡ ˊɞɟɩŭɞɡɠ, ɞ ˊŬɟɎɔɞɜŰŬɠ ůɡɔəɏɜŰɟɤůɖɠ Űɞɡ ŭɘŬɚɨŰɖ 

ŬˊɞŰŮɚŮɑ əɨɟɘŬ ˊŬɟɎɛŮŰɟɞ əŬɗɞɟɘůɛɞɨ ɛŮɔɏɗɞɡɠ, ɛɞɟűɞɚɞɔɑŬɠ ˊɞɟɩŭɞɡɠ əŬɘ ɛɖɢŬ-

ɜɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ ɡɚɘəɞɨ. ɇɞ ˊɞůɞůŰɧ Űɞɡ ˊɞɟɩŭɞɡɠ, Űɞ ɞˊɞɑɞ ůɡɜŭɏŮŰŬɘ ɛŮ 

Űɖ ɛɞɟűɞɚɞɔɑŬ ˊɞɟɩŭɞɡɠ əŬɘ Űɘɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ, ŬɡɝɎɜŮŰŬɘ ɔɘŬ ɛɘəɟɏɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ ŭɘŬɚɨɛŬŰɞɠ (Ⱥɘə. 1.16.2.). ɆŮ ɛŮɔɎɚɞ ˊɞůɞůŰɧ ˊɞɟɩŭɞɡɠ ŮɛűŬɜɑɕŮŰŬɘ 

əɡŰŰŬɟɘəɐ (cellular) ɛɘəɟɞŭɞɛɐ Ŭɡɝɖɛɏɜɖɠ ɞɛɞɘɞɔɏɜŮɘŬɠ ˊɎɢɞɡɠ, Ůɜɩ ɔɘŬ ɛɘəɟɧŰŮɟŬ 

ˊɞůɞůŰɎ ˊɞɟɩŭɞɡɠ (47%) ŮɛűŬɜɑɕŮŰŬɘ ŬɜɞɛɞɘɞɔɏɜŮɘŬ ˊɎɢɞɡɠ Űɞɡ ŭɞəɘɛɑɞɡ əŬɘ 

ŭɡůəɞɚɑŬ ŮɝɎɢɜɤůɖɠ əɟɡůŰŬɚɚɘŰɩɜ ˊɎɔɞɡ. ɆɢŮŰɘəɎ ɛŮ Űɞ ˊɞůɞůŰɧ ˊɞɟɩŭɞɡɠ əŬɘ Űɖɜ 

ŮˊɑŭɟŬůɐ Űɞɡ ůŮ ɛɖɢŬɜɘəɏɠ ŬɜŰɞɢɏɠ, Űɞ Ŭɡɝɖɛɏɜɞ ˊɞůɞůŰɧ ˊɞɟɩŭɞɡɠ (60%) ɞŭɖɔŮɑ 

ůŮ ɛŮɑɤůɖ Űɖɠ ɛɖɢŬɜɘəɐɠ ŬɜŰɞɢɐɠ Űɞɡ ŭɞəɘɛɑɞɡ. (lxxxviii )  
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Ⱥɘə. 1.16.2. ȹɘŬɔɟŬɛɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɖɠ ŮɝɎɟŰɖůɖɠ Űɞɡ ˊɞɟɩŭɞɡɠ Ŭˊɧ Űɖ ůɡɔəɏɜŰɟɤůɖ 

ŭɘŬɚɨɛŬŰɞɠ lxxxviii  

       ɆɢŮŰɘəɎ ɛŮ Űɞ ŭŮɨŰŮɟɞ əŬɘ ˊɘɞ ɢɟɞɜɞɓɧɟɞ ůŰɎŭɘɞ ɚɡɞűɘɚɑɤůɖɠ, ŬɡŰɧ Űɖɠ 

ŮɝɎɢɜɤůɖɠ, ɖ Űɘɛɐ Űɖɠ ˊɑŮůɖɠ əŬɗɞɟɑɕŮɘ Űɖ ɛɘəɟɞŭɞɛɐ Űɞɡ ɡɚɘəɞɨ əŬɘ Űɞ ˊɞůɞůŰɧ 

ůɢɖɛŬŰɘůɛɏɜɞɡ ˊɞɟɩŭɞɡɠ, ˊɞɡ ɏɢŮɘ ˊɟɞŬɜŬűŮɟɗŮɑ. Ƀ ɟɡɗɛɧɠ ŮɝɎɢɜɤůɖɠ Űɞɡ ˊɎɔɞɡ 

əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ ˊŬɟɎɔɞɜŰŮɠ ɧˊɤɠ Űɞ ŮˊɑˊŮŭɞ əŮɜɞɨ, ɖ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ ɟŬűɘɩɜ, ɞ 

ɧɔəɞ Űɞɡ əŬɘ ɖ ŮəŰŮɗŮɘɛɏɜɖ ˊŮɟɘɞɢɐ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ, əŬɘ ɖ ŬɜŰɑůŰŬůɖ Űɞɡ 

ˊɟɞɥɧɜŰɞɠ ůŮ ŮɝɎɢɜɤůɖ. ɇɞ ˊɞůɞůŰɧ ŮɝɎɢɜɤůɖɠ, ůɡɜŬɟŰɐůŮɘ ůɡɔəŮɜŰɟɩůŮɤɠ Űɞɡ 

ŭɘŬɚɨɛŬŰɞɠ, ɞŭɖɔŮɑ ůŮ ŮɚŮɔɢɧɛŮɜɖ ɛɘəɟɞŭɞɛɐ. ɆŮ ɡɣɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ, ˊŬɟŮɛˊɞŭɑ-

ɕŮŰŬɘ ɖ ŮɝɎɢɜɤůɖ ɛŮɔɎɚɞɡ ˊɞůɞůŰɞɨ əɟɡůŰŬɚɚɘŰɩɜ ˊɎɔɞɡ ůŬɜ ŮˊŬəɧɚɞɡɗɞ Űɖɜ 

ɛŮɘɤɛɏɜɖ ŭɘŬůɡɜŭŮůɘɛɧŰɖŰŬ ˊɞɟɩŭɞɡɠ ŭɘəŰɨɞɡ əŬɘ ŬɜɞɘɢŰɞɨ ˊɞɟɩŭɞɡɠ Ůɜ ɔɏɜŮɘ. ȼ 

əɟɑůɘɛɖ Űɘɛɐ ŮˊɘŰɟŮˊŰɐɠ ůɡɔəŮɜŰɟɩůŮɤɠ ŮɑɜŬɘ ŬɚɚɖɚɏɜŭŮŰɖ Űɞɡ ɛŮɔɏɗɞɡɠ 

ůɤɛŬŰɘŭɑɤɜ Űɞɡ ɡɚɘəɞɨ. ɄŬɟŬŰɖɟɞɨɜŰŬɘ ɓɏɚŰɘůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɚɡɞűɘɚɑɤůɖɠ ɔɘŬ 

ɜŬɜɞůɤɛŬŰɘŭɘŬəɐɠ űɨůŮɤɠ ɡɚɘəɎ, əŬɗɩɠ ŰŬ ɜŬɜɞůɤɛŬŰɑŭɘŬ ŭɨɜŬŰŬɘ ɜŬ əɘɜɖɗɞɨɜ ɛŮ 

ɛŮɔŬɚɨŰŮɟɞ ɓŬɗɛɧ ŮɚŮɡɗŮɟɑŬɠ, ŬűɐɜɞɜŰŬɠ ˊɑůɤ Űɞɡɠ əŮɜɎ ˊɟɞɠ ůɢɖɛŬŰɘůɛɧ ˊɧɟɤɜ. 

ɆŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ, ŭŮɡŰŮɟɞɔŮɜɐɠ ɝɐɟŬɜůɖ ɔɘŬ Űɖɜ 

Ůəɟɧűɖůɖ Űɞɡ ɛɖ əŬŰŮɣɡɔɛɏɜɞɡ ŭɘŬɚɨŰɖ, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ  ůɡɜŭŮŭŮɛɏɜɞɠ ɛŮ ˊɞɚɡɛŮ-

ɟɘəɧ ůɡɜŭɏŰɖ (binder).  

     ũɘŬ Űɖɜ əŬŰŬɜɧɖůɖ Űɖɠ Ŭɟɢɐɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ əɟɡɞɝɐɟŬɜůɖɠ (freeze-drying) 

ŬˊŬɘŰŮɑŰŬɘ ɖ ŮɘůŬɔɤɔɐ ůŮ űɡůɘəɞɨɠ ɜɧɛɞɡɠ (lxxxvii).  ȳˊɤɠ ɏɢŮɘ ˊɟɞŬɜŬűŮɟɗŮɑ, Űɞ 

ɡɚɘəɧ ɛŮŰŬɓŬɑɜŮɘ ɎɛŮůŬ Ŭˊɧ ůŰŮɟŮɐ ůŮ ŬɏɟɘŬ űɎůɖ əɎŰɤ Ŭˊɧ Űɞ Űɟɘˊɚɧ ůɖɛŮɑɞ (ɇ,Ʌ) 

ɜŮɟɞɨ əŬɘ ůŮ ɡɣɖɚɐ ɡˊɞˊɑŮůɖ, ɧˊɞɡ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɟɘˊɚɞɨ ůɖɛŮɑɞɡ ɜŮɟɞɨ ŮɑɜŬɘ 0ɞC 

əŬɘ ɖ ˊɑŮůɖ 610,5Pa (4,58mm Hg). ɆɡɔəŮəɟɘɛɏɜŬ, əŬŰɎ Űɖɜ ɣɨɝɖ Ůɜɧɠ ɡŭŬŰɘəɞɨ 

ŭɘŬɚɨɛŬŰɞɠ, ˊŬɟɞɡůɘɎɕŮŰŬɘ Ŭɨɝɖůɖ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ əɟɡůŰŬɚɚɘŰɩɜ ˊɎɔɞɡ ɛŮ 

ŰŬɡŰɧɢɟɞɜɖ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ɛɞɟɑɤɜ ŭɘŬɚɡɛɏɜɖɠ ɞɡůɑŬɠ Ŭˊɧ Űɞɡɠ Ůɜ ɚɧɔɤ 

əɟɡůŰŬɚɚɘŰŮɠ. Ƀɘ ŬəŬɗŬɟůɑŮɠ ˊɞɡ ˊɘɗŬɜɧŰŬŰŬ ɓɟɑůəɞɜŰŬɘ ůŰɞ ŭɘɎɚɡɛŬ ɏɢɞɡɜ ɛɘəɟɧ-

ŰŮɟɖ ŭɘŬɚɡŰɧŰɖŰŬ ůŰɞɜ ˊɎɔɞ, ɛŮ ŮˊŬəɧɚɞɡɗɞ Űɞɜ ůɢɖɛŬŰɘůɛɧ ɛɘŬɠ ŭɘŬɓŬɗɛɘůɛɏɜɖɠ 

ůɡɔəɏɜŰɟɤůɖɠ Űɖɠ ŭɘŬɚɡɛɏɜɖɠ ɞɡůɑŬɠ ɛŮ ŰŬɡŰɧɢɟɞɜɖ Ŭɨɝɖůɖ Űɖɠ ůɡɔəɏɜŰɟɤůɐɠ Űɖɠ, 

ɖ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ ŮɛˊɟɧůɗɘŬ Űɞɡ ˊɎɔɞɡ. ȷɡŰɐ ɖ Ŭɨɝɖůɖ ůɡɔəɏɜŰɟɤůɖɠ ůɡɜŮˊɎɔŮŰŬɘ 

Űɖɜ ɛŮɑɤůɖ Űɞɡ ůɖɛŮɑɞɡ ŰɐɝŮɤɠ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ əŬɘ ɞŭɖɔŮɑ ůŰɞ ůɢɖɛŬŰɘůɛɧ ɛɘŬɠ 
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ɕɩɜɖɠ ɡˊɏɟɣɡɝɖɠ, ůŰɖɜ ɞˊɞɑŬ Űɞ ŮˊɑˊŮŭɞ ŭɘŬůɨɜŭŮůɖɠ ůˊɎŮɘ əŬɘ ŬɜŬˊŰɨůůɞɜŰŬɘ ɞɘ 

ˊɡɟɐɜŮɠ ˊɎɔɞɡ. ɇɞ ˊɟɞŬɜŬűŮɟɗɏɜ űŬɘɜɧɛŮɜɞ əŬɚŮɑŰŬɘ ŬůŰɎɗŮɘŬ Mullins-Sekerka, 

əŬŰɎ Űɞ ɞˊɞɑɞ ɖ ˊɟɤŰɞŰŬɔɐɠ ˊɟɧŰɡˊɖ ŭɞɛɐ ˊɎɔɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ɓŬɗɛɑŭŬ 

ŭɘŮˊɘűŬɜŮɘŬəɐɠ ůɡɔəɏɜŰɟɤůɖɠ Űɖɠ ŬˊɞůŰŬɗŮɟɞˊɞɘɖɛɏɜɖɠ ŭɘŬɚɡɛɏɜɖɠ ɞɡůɑŬɠ əŬɘ Ŭˊɧ 

Űɖɜ ŮˊɘűŬɜŮɘŬəɐ ŮɜɏɟɔŮɘŬ ůɢɖɛŬŰɘůɛɞɨ ˊɡɟɐɜɤɜ ˊɎɔɞɡ. ɆŰɖɜ Ŭəɧɚɞɡɗɖ Ůɝɑůɤůɖ 

ɚŬɛɓɎɜŮŰŬɘ ɖ ɔɟŬɛɛɘəɐ ůɢɏůɖ ŮɡůŰɎɗŮɘŬɠ ɔɘŬ Űɞ ɟɡɗɛɧ ŬɜɎˊŰɡɝɖɠ ŭɘŬŰŬɟŬɢɐɠ Űɞɡ 

Ůˊɘˊɏŭɞɡ ŭɘŮˊɘűɎɜŮɘŬɠ ŭ ɤɠ ˊɟɞɠ Űɞ ŭô, ůɡɜŬɟŰɐůŮɘ Űɖɠ ŬůŰɎɗŮɘŬɠ: 

 

ɧˊɞɡ Űɞ ɤ* ŮɑɜŬɘ ɖ ůɡɢɜɧŰɖŰŬ, m ɖ əɚɑůɖ Űɖɠ ɔɟŬɛɛɐɠ ɡɔɟɞˊɞɑɖůɖɠ Űɞɡ 

ŭɘŬɔɟɎɛɛŬŰɞɠ űɎůŮɤɠ, V ɖ ŰŬɢɨŰɖŰŬ ůɢɖɛŬŰɘůɛɞɨ, ɇm Űɞ ůɖɛŮɑɞ ɘůɞɟɟɞˊɑŬɠ ŰɐɝŮɤɠ, 

ũ ɞ ɚɧɔɞɠ ŮˊɘűŬɜŮɘŬəɐɠ ŮɜɏɟɔŮɘŬɠ ˊɟɞɠ ɚŬɜɗɎɜɞɡůŬ ɗŮɟɛɞəɟŬůɑŬ Űɐɝɖɠ, D ɞ 

ůɡɜŰŮɚŮůŰɐɠ ŭɘɎɢɡůɖɠ, k ɞ ůɡɜŰŮɚŮůŰɐɠ əŬŰŬɜɞɛɐɠ, G ɖ ɗŮɟɛɞəɟŬůɘŬəɐ əɚɑůɖ, GC ɖ 

ɓŬɗɛɘŬɑŬ ůɡɔəɏɜŰɟɤůɖ ŭɘŬɚɡɛɏɜɖɠ ɞɡůɑŬɠ ůŰɖ ŭɘŬɢɤɟɘůŰɘəɐ ŮˊɘűɎɜŮɘŬ, KS əŬɘ KL ɞɘ 

ɗŮɟɛɘəɏɠ ŬɔɤɔɘɛɧŰɖŰŮɠ Űɤɜ űɎůŮɤɜ Űɞɡ ˊɎɔɞɡ əŬɘ ŭɘŬɚɨɛŬŰɞɠ ŬɜŰɘůŰɞɑɢɤɠ. ȼ 

ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ ŭɨɜŬŰŬɘ ɜŬ ˊɟɞɓɚɏɣŮɘ Űɘɠ ŬˊɞůŰɎůŮɘɠ ɛŮŰŬɝɨ ˊɧɟɤɜ ɛɘŬɠ 

ˊɞɚɡɛŮɟɘəɐɠ ŭɞɛɐɠ.          

      ũɘŬ ɏɜŬ ůɨůŰɖɛŬ ˊɞɚɚŬˊɚɩɜ ůɡůŰŬŰɘəɩɜ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ ɛɞɟɑɤɜ əŬɘ 

əɞɚɚɞŮɘŭɩɜ, ɖ ˊŬɟŬˊɎɜɤ ŬɜɎɚɡůɖ ŮɑɜŬɘ ˊɞɚɨ ˊɘɞ ˊŮɟɑˊɚɞəɖ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ 

ɛɞɜŰɏɚɞ ɚɡɞűɘɚɑɤůɖɠ ŮɜŬɘɤɟɐɛŬŰɞɠ ůəɚɖɟɩɜ ůűŬɘɟɩɜ. ȷɟɢɘəɎ əŬɗɞɟɑɕɞɜŰŬɘ ɞɘ 

əɟɑůɘɛŮɠ ŰŬɢɨŰɖŰŮɠ ŭɘŬůɨɜŭŮůɖɠ, ůɖɛŬŰɞŭɞŰɩɜŰŬɠ Űɖɜ ɛŮŰɎɓŬůɖ ɛŮŰŬɝɨ Ɏˊɤůɖɠ əŬɘ 

ˊŬɔɑŭŮɡůɖɠ ůűŬɘɟɘəɩɜ ůɤɛŬŰɘŭɑɤɜ ůŮ ɛɘŬ ŭɘŮˊɘűɎɜŮɘŬ ˊɎɔɞɡ-ɡɔɟɞɨ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ 

ˊɞɡ ɏɜŬ ůɤɛŬŰɑŭɘɞ əɘɜŮɑŰŬɘ ˊɞɚɨ əɞɜŰɎ ůŰɞ ɛɏŰɤˊɞ əŬŰɎɣɡɝɖɠ, ɖ ŭɨɜŬɛɖ Ŭˊɩɗɖůɖɠ 

(Fů ) ɛŮŰŬɝɨ ůɤɛŬŰɘŭɑɞɡ əŬɘ ˊŬɔɤɛɏɜɖɠ űɎůɖɠ ˊɟɞəɨˊŰŮɘ ɤɠ: 

 

ɧˊɞɡ R ŮɑɜŬɘ ɖ ŬəŰɑɜŬ ůɤɛŬŰɘŭɑɞɡ, Ŭ0 ɖ ɛɏůɖ ŭɘŬɛɞɟɘŬəɐ ŬˊɧůŰŬůɖ, d ɖ ŬˊɧůŰŬůɖ 

ɛŮŰŬɝɨ ůɤɛŬŰɘŭɑɞɡ əŬɘ Ůˊɘˊɟɧůɗɘɞɡ ˊɎɔɞɡ, n ɛɘŬ ˊŬɟɎɛŮŰɟɞɠ ˊɞɡ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 1 

ɏɤɠ 4, ȹɠ ɘůɞɟɟɞˊɑŬ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ŭɡɜɎɛŮɤɜ ůŰɞ ɧɟɘɞ ˊɎɔɞɡ / ŭɘŬɚɨɛŬŰɞɠ / 

ůɤɛŬŰɘŭɑɞɡ. Ƀ ɚɧɔɞɠ (Ŭ0/d)n ŮɑɜŬɘ ɏɜŬɠ ŭɘɞɟɗɤŰɘəɧɠ ɧɟɞɠ Űɖɠ ŭɡɜɎɛŮɤɠ ŬˊɞůɨɜŭŮůɖɠ 

ˊɞɡ ŬůəŮɑŰŬɘ ˊɎɜɤ ůŰɞ ůɤɛŬŰɑŭɘɞ. ȼ ŮɚəŰɘəɐ ŭɨɜŬɛɖ (Fn) ɛŮŰŬɝɨ ůɤɛŬŰɘŭɑɞɡ əŬɘ 

Ůˊɟɧůɗɘɞɡ ˊɎɔɞɡ ɚŬɛɓɎɜŮŰŬɘ ɛɏůɤ Űɖɠ ˊŬɟŬəɎŰɤ ŮɝɘůɩůŮɤɠ: 
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ɧˊɞɡ n ŮɑɜŬɘ Űɞ ɘɝɩŭŮɠ Űɞɡ ɡɔɟɞɨ ŮɜŬɘɤɟɐɛŬŰɞɠ əŬɘ ɜ ɖ ŰŬɢɨŰɖŰŬ ŬɜɎˊŰɡɝɖɠ ˊɎɔɞɡ. 

ɆŮ ůɡɜɗɐəŮɠ ɘůɞɟɟɞˊɑŬɠ ŭɡɜɎɛŮɤɜ ɏɚɝɖɠ əŬɘ Ɏˊɤůɖɠ, ɖ əɟɑůɘɛɖ ŰŬɢɨŰɖŰŬ ŬɜɎˊŰɡɝɖɠ 

ˊɡɟɐɜɤɜ ˊɎɔɞɡ (vc), əŬŰɎ Űɖɜ ɞˊɞɑŬ ŰŬ ůɤɛŬŰɑŭɘŬ ɗŮɤɟɖŰɘəɎ ŬˊɞɟɟɑˊŰɞɜŰŬɘ ɐ 

ŮɔəɚŮɑɞɜŰŬɘ ɛɏůŬ ůŰɞɜ ˊɎɔɞ, ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ ůɢɏůɖ: 

 

    ɆɢŮŰɘəɏɠ ɏɟŮɡɜŮɠ ˊɞɡ ɏɢɞɡɜ ŭɘŮɝŬɢɗŮɑ ˊɎɜɤ ůŮ əɞɚɚɞŮɘŭɐ ŮɜŬɘɤɟɐɛŬŰŬ, 

əŬŰɏŭŮɘɝŬɜ ɧŰɘ ɞɘ əɟɑůɘɛŮɠ ŰŬɢɨŰɖŰŮɠ ůɢɖɛŬŰɘůɛɞɨ ˊɡɟɐɜɤɜ ˊɎɔɞɡ əɡɛŬɑɜɞɜŰŬɘ 

ɛŮŰŬɝɨ (0.1-1) ɛm/s əŬɘ ɘůɞɟɟɞˊɞɨɜ ɛɏůɤ ŭɘɎɢɡůɖɠ Brown.  

     ȳůɞɜ ŬűɞɟɎ ůŰɞɜ ůɢɖɛŬŰɘůɛɧ ɞɟɔŬɜɘəɩɜ ˊɞɟɩŭɤɜ ɡɚɘəɩɜ, ŰŬ ˊɞɚɡɛŮɟɐ ɗŬ 

ɏɢɞɡɜ ɡŭɟɧűɘɚɞ ɢŬɟŬəŰɐɟŬ (ˊ.ɢ. PEO) ɐ əŬɘ űɡůɘəɐ ˊɟɞɏɚŮɡůɖ (ˊ.ɢ. əɞɚɚŬɔɧɜɞ, 

chitosan) ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɛɘəɟɞŭɞɛɏɠ ɡɣɖɚɞɨ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ. ȷɡŰɏɠ ɞɘ 

ˊɞɚɡɛŮɟɘəɏɠ ɞɡůɑŮɠ ŮɑɜŬɘ ɡŭŬŰɞŭɘŬɚɡŰɏɠ ůŮ ůɡɜɗɐəŮɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ŮɑŰŮ ůŮ 

ŭɘŬűɞɟŮŰɘəɏɠ ɗŮɟɛɞəɟŬůɑŮɠ əŬɘ Űɘɛɏɠ pH. ȹɨɜŬŰŬɘ ɜŬ ůɢɖɛŬŰɘůŰɞɨɜ ˊɞɟɩŭɖ 

ŬɜɧɟɔŬɜŬ ɐ ůɨɜɗŮŰŬ ɡɚɘəɎ ɛɏůɤ ɚɡɞűɘɚɑɤůɖɠ ŬɜɧɟɔŬɜɤɜ əŬɘ ˊɞɚɡɛŮɟɘəɩɜ 

əɞɚɚɞŮɘŭɩɜ ŮɜŬɘɤɟɖɛɎŰɤɜ, ŰŬ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ŭɞɛɘəɎ ůŰɞɘɢŮɑŬ. ɆŮ ɏɜŬ 

ŰɏŰɞɘɞ ůɨůŰɖɛŬ, ɞ ˊɞɚɡɛŮɟɘəɧɠ ŭɘŬůˊɞɟɏŬɠ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɤɜ 

əɞɚɚɞŮɘŭɩɜ ŬɘɤɟɖɛɎŰɤɜ əŬɘ ŭɨɜŬŰŬɘ ɜŬ ŭɟɎůŮɘ Ůˊɘˊɚɏɞɜ ůŬɜ əŬŰŮɡɗɡɜŰɐɟɘɞɠ 

ˊŬɟɎɔɞɜŰŬɠ ɚɡɞűɘɚɑɤůɖɠ, ˊɟɞůŬɜŬŰɞɚɑɕɞɜŰŬɠ Űɖɜ ŬɜɎˊŰɡɝɖ əɟɡůŰɎɚɚɤɜ ˊɎɔɞɡ. 

ȯɚɚɖ ɛɘŬ ˊŮɟɑˊŰɤůɖ ˊɞɟɩŭɤɜ ŭɞɛɩɜ ɛɏůɤ freeze drying ŬˊɞŰŮɚŮɑ ɖ ůɨɜɗŮůɖ 

əŮɟŬɛɘəɩɜ əɧɜŮɤɜ ɛɏůɤ ɡŭŬŰɘəɩɜ əŮɟŬɛɘəɩɜ ŬɘɤɟɖɛɎŰɤɜ. ȼ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ 

ŬɜɧɟɔŬɜɖ ɨɚɖ əŬɗɞɟɑɕŮɘ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ŰŮɚɘəɞɨ ˊɟɞɥɧɜŰɞɠ, əŬɗɩɠ əŬɘ ɖ ˊɞůɧŰɖŰŬ 

ɜŮɟɞɨ əŬɘ ɞɘ ůɡɜɗɐəŮɠ ɚɡɞűɘɚɑɤůɖɠ. ȷˊŬɟŬɑŰɖŰɖ ˊɟɞɦˊɧɗŮůɖ ůŰɖɜ ˊŬɟŬůəŮɡɐ 

əŮɟŬɛɘəɩɜ ɡɚɘəɩɜ ŬˊɞŰŮɚŮɑ ɖ ɢɟɐůɖ ˊɞɚɡɛŮɟɘəɞɨ ŭɘŬůˊɞɟɏŬ, ɩůŰŮ ɜŬ ůŰŬɗŮɟɞ-

ˊɞɘɖɗɞɨɜ ŰŬ əŮɟŬɛɘəɎ ůɤɛŬŰɑŭɘŬ əŬɘ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ŮˊŬɟəɐɠ ůɤɛŬŰɘŭɘŬəɐ ŭɘŬůɨɜŭŮůɖ 

Űɞɡ ɡɚɘəɞɨ.(lxxxvii ) 

     ɇŬ ɓŬůɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɖɠ ɚɡɞűɘɚɑɤůɖɠ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɡɜ: 1) ŭɘŬŰɐɟɖůɖ Űɤɜ 

ɛɞɟűɞɚɞɔɘəɩɜ, ɓɘɞɢɖɛɘəɩɜ əŬɘ ɔŮɜŮŰɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ əɡŰŰɎɟɤɜ, 2) 

ŭɡɜŬŰɧŰɖŰŬ ɝɐɟŬɜůɖɠ ɛŮɔɎɚɤɜ ˊɞůɞŰɐŰɤɜ, 3) ůɡɜŰɐɟɖůɖ Űɖɠ ɓɘɤůɘɛɧŰɖŰŬɠ Űɤɜ 

ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ əŬɘ Űɖɠ ŭɟŬůŰɘəɧŰɖŰŬɠ Űɤɜ ˊɟɤŰŮɥɜɩɜ, Űɤɜ ˊŮˊŰɘŭɑɤɜ əŬɘ Űɤɜ 

űŬɟɛŬəŮɡŰɘəɩɜ ŮɜŮɟɔɩɜ ɞɡůɘɩɜ, 4) ɖˊɘɧŰŮɟŮɠ ůɡɜɗɐəŮɠ ɝɐɟŬɜůɖɠ ůŮ ůɢɏůɖ ɛŮ ɎɚɚŮɠ 

ɛŮɗɧŭɞɡɠ, 5) ɛɘəɟɏɠ ˊɘɗŬɜɧŰɖŰŮɠ ɛɧɚɡɜůɖɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɚɧɔɤ Űɖɠ ŬˊɞɛɎəɟɡɜůɖɠ 

ɏɤɠ əŬɘ 98% Űɖɠ ɡɔɟŬůɑŬɠ, 6) ŭɡɜŬŰɧŰɖŰŬ ɔɟɐɔɞɟɖɠ əŬɘ ŰɏɚŮɘŬɠ ŮˊŬɜɡŭɎŰɤůɖɠ Űɞɡ 

ŭŮɑɔɛŬŰɞɠ. ɋůŰɧůɞ, ɖ ɛɏɗɞŭɞɠ ɚɡɞűɘɚɑɤůɖɠ ˊŬɟɞɡůɘɎɕŮɘ ɛŮɘɞɜŮəŰɐɛŬŰŬ, ɧˊɤɠ Űɞ 

ɡɣɖɚɧ əɧůŰɞɠ ŮɔəŬŰɎůŰŬůɖɠ əŬɘ Ůɝɞˊɚɘůɛɞɨ, ɖ əŬŰŬɜɎɚɤůɖ ɛŮɔɎɚɤɜ ˊɞůɩɜ 

ŮɜɏɟɔŮɘŬɠ, ɖ ˊɞɚɡˊɚɞəɧŰɖŰŬ əŬɘ ɞ ůɢŮŰɘəɎ ɛŮɔɎɚɞɠ ɢɟɧɜɞɠ Űɖɠ ŭɘŮɟɔŬůɑŬɠ. ɇŬ ɢŬɟŬ-

əŰɖɟɘůŰɘəɎ Űɞɡ freeze drying Űɞ əŬɗɘůŰɞɨɜ əŬŰɎɚɚɖɚɞ ůŮ ɛɑŬ ˊɚɖɗɩɟŬ ŮűŬɟɛɞɔɩɜ, 

ɧˊɤɠ ůŰɖɜ əŬŰŬůəŮɡɐ ˊɞɟɩŭɤɜ ɡɚɘəɩɜ, ɧˊɤɠ ɘəɟɘɤɛɎŰɤɜ ɔɘŬ ɓɘɞɘŬŰɟɘəɏɠ 

ŮűŬɟɛɞɔɏɠ, ůŬɜ űŬɟɛŬəŮɡŰɘəɎ ˊŬɟŬůəŮɡɎůɛŬŰŬ, ůŰɖɜ ŰŮɢɜɞɚɞɔɑŬ Űɟɞűɑɛɤɜ ɤɠ ɛɏůɞ 

ůɡɜŰɐɟɖůɖɠ Űɟɞűɑɛɤɜ, ůŰɞ ɓɘɞɚɞɔɘəɧ ŰɞɛɏŬ ɤɠ ɛɏůɞ ŭɘŬŰɐɟɖůɖɠ ɞɟɔŬɜɘůɛɩɜ, ůŮ 

ŬɟɢŮɘŬəɧ əŬɘ ŬɟɢŬɘɞɚɞɔɘəɧ ŰɞɛɏŬ ɔɘŬ Űɖ ŭɘŬŰɐɟɖůɖ ŬɟɢŮɑɤɜ əŬɘ əŮɘɛɖɚɑɤɜ. (lxxxix )  
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ȾȺūȷȿȷȽɃ 2ɞ: ȸȷɆȽȾȺɆ ɇȺɉɁȽȾȺɆ ɉȷɅȷȾɇȼɅȽɆɀɃɈ 

 

2.1. ɄŮɟɘɗɚŬůɞɛŮŰɟɑŬ ȷəŰɑɜɤɜ ɉ (ɉRD) 

ȼ ůɡɔəŮəɟɘɛɏɜɖ ŰŮɢɜɘəɐ ŬɜɎɚɡůɖɠ ŬˊɞŰŮɚŮɑ ɛɘŬ Ŭˊɧ Űɘɠ əɡɟɘɧŰŮɟŮɠ ɛŮɗɧŭɞɡɠ 

ŭɞɛɘəɞɨ ɢŬɟŬəŰɖɟɘůɛɞɨ Űɤɜ ɡɚɘəɩɜ əŬɘ ɓŬůɑɕŮŰŬɘ ůŰɞ űŬɘɜɧɛŮɜɞ Űɖɠ ˊŮɟɑɗɚŬůɖɠ. 

ȹɨɜŬŰŬɘ ɜŬ ˊɟɞůŭɘɞɟɑůŮɘ ɛŮ ŬəɟɑɓŮɘŬ Űɧůɞ ˊɞɘɞŰɘəɎ ɧůɞ əŬɘ ˊɞůɞŰɘəɎ Űɖɜ əɟɡůŰŬɚ-

ɚɘəɐ ŭɞɛɐ Űɤɜ ůŰŮɟŮɩɜ, əŬɗɩɠ əŬɘ Űɘɠ űɎůŮɘɠ-ɛɘəɟɞɔɟŬűɘəɎ ůɡůŰŬŰɘəɎ ˊɞɡ 

ůŰɞɘɢŮɘɞɗŮŰɞɨɜ Űɤɜ ɛɘəɟɞɔɟŬűɘəɧ ɘůŰɧ. ɆŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ůŰɞɘɢŮɘŬəɐ ŬɜɎɚɡůɖ 

əŬɘ Űɖɜ ɖɚŮəŰɟɞɜɘəɐ ɛɘəɟɞůəɞˊɑŬ ůɎɟɤůɖɠ, ɛˊɞɟŮɑ ɜŬ ŬˊɞŭɩůŮɘ ɞɚɞəɚɖɟɤɛɏɜŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɢŬɟŬəŰɖɟɘůɛɞɨ Űɧůɞ ůŮ ŮɟŮɡɜɖŰɘəɧ ɧůɞ əŬɘ ůŮ ɓɘɞɛɖɢŬɜɘəɧ ŮˊɑˊŮŭɞ. 

ɇɞ ˊŮŭɑɞ ŮűŬɟɛɞɔɐɠ Űɖɠ ɛŮɗɧŭɞɡ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɛŮɔɎɚɖ ŮɛɓɏɚŮɘŬ əŬɗɩɠ ŬɡŰɐ 

ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɨˊŬɟɝɖɠ ɐ ɛɖ əŬɘ Űɞɡ ɓŬɗɛɞɨ 

əɟɡůŰŬɚɚɘəɧŰɖŰŬɠ ˊɞɚɡɛŮɟɘəɩɜ, əŮɟŬɛɘəɩɜ, ɛŮŰŬɚɚɘəɩɜ ɡɚɘəɩɜ, əŬɗɩɠ əŬɘ ŰŬɢɏɤɠ 

ůŰŮɟŮɞˊɞɘɞɨɛŮɜɤɜ ɛŮŰɎɚɚɤɜ (ɛŮŰŬɚɚɘəɎ ɔɡŬɚɘɎ), ɧˊɤɠ əŬɘ ɔɘŬ Űɖ ɛŮɚɏŰɖ əɟɡůŰŬɚ-

ɚɞɔɟŬűɘəɩɜ ˊŬɟŬɛɞɟűɩůŮɤɜ ɚɧɔɤ ɛɘəɟɞŮɜŰŬŰɘəɩɜ ˊŮŭɑɤɜ.  

      ȼ Ŭɟɢɐ Űɖɠ ɛŮɗɧŭɞɡ  ɉRD ɓŬůɑɕŮŰŬɘ ůŰɖ ˊŮɟɑɗɚŬůɖ ɛɞɜɞɢɟɤɛŬŰɘəɐɠ ŭɏůɛɖɠ 

ŬəŰɑɜɤɜ ɉ ŭŮŭɞɛɏɜɞɡ ɛɐəɞɡɠ əɨɛŬŰɞɠ, ˊɎɜɤ ůŰŬ ŮˊɑˊŮŭŬ Űɞɡ əɟɡůŰŬɚɚɘəɞɨ 

ˊɚɏɔɛŬŰɞɠ Űɞɡ ŮəɎůŰɞŰŮ ɡɚɘəɞɨ. ȾŬŰɎ Űɖɜ ˊɟɧůˊŰɤůɖ ŬəŰɑɜɤɜ ɉ ůɡɔəŮəɟɘɛɏɜɞɡ 

ɛɐəɞɡɠ əɨɛŬŰɞɠ ɔɘŬ ɏɜŬ əɟɡůŰŬɚɚɘəɧ ůŰŮɟŮɧ ˊŬɟɎɚɚɖɚɤɜ Ůˊɘˊɏŭɤɜ ŬɜɎˊŰɡɝɖɠ, ɖ 

ˊɟɤŰɞɔŮɜɐɠ ŭɏůɛɖ ůəŮŭɎɕŮŰŬɘ Ŭˊɧ ŰŬ ɎŰɞɛŬ Űɞɡ əɟɡůŰɎɚɚɞɡ, Ůɜɩ ɞɘ ˊŬɟŬɢɗŮɑůŮɠ 

ŭŮɡŰŮɟɞɔŮɜŮɑɠ ŭɏůɛŮɠ ɔɘŬ əɎˊɞɘŮɠ ŭŮŭɞɛɏɜŮɠ ŭɘŮɡɗɨɜůŮɘɠ ɛɏůŬ ůŰɞɜ ɧɔəɞ Űɞɡ 

ůŰŮɟŮɞɨ, ɛˊɞɟɞɨɜ ɜŬ ůɡɛɓɎɚɚɞɡɜ əŬɘ ɜŬ ɡˊŮɟŰɑɗŮɜŰŬɘ ŮɜɘůɢɡŰɘəɎ. ɄɟɞɦˊɧɗŮůɖ ɔɘŬ 

ɜŬ ůɡɛɓɞɨɜ ŰŬ ŬɜɤŰɏɟɤ ŬˊɞŰŮɚŮɑ ɖ ŬɜŬɔəŬɘɧŰɖŰŬ ɔɘŬ ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɖɠ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɛŮ ŰŬ ɎŰɞɛŬ Űɞɡ ůŰŮɟŮɞɨ, ˊɞɡ ŭɘŬŰɎůůɞɜŰŬɘ 

ˊŮɟɘɞŭɘəɎ, əŬɗɩɠ əŬɘ ɖ ˊɟɞůɏɔɔɘůɖ Űɞɡ ɛɐəɞɡɠ əɨɛŬŰɞɠ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɤɠ ˊɟɞɠ 

Űɖɜ ŰɎɝɖ ɛŮɔɏɗɞɡɠ ɛŮ Űɘɠ ŬˊɞůŰɎůŮɘɠ ɛŮŰŬɝɨ ŬŰɞɛɘəɩɜ Ůˊɘˊɏŭɤɜ. ɀŮ ɓɎůɖ Űɞ ɜɧɛɞ 

Űɞɡ Bragg, ŬˊɞŭŮɑɢŰɖəŮ ɧŰɘ ɖ ˊŮɟɘɔɟŬűɐ ŬɡŰɞɨ Űɞɡ űŬɘɜɞɛɏɜɞɡ ŮɑɜŬɘ ŭɡɜŬŰɐ ɛŮ Űɖ 

ɓɞɐɗŮɘŬ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ Űɖɠ ŬɜɎəɚŬůɖɠ, ˊŬɟɎ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ŭŮɜ ůɡɛɓŬɑɜŮɘ 

ˊɟŬɔɛŬŰɘəɐ ŬɜɎəɚŬůɖ ŬəŰɘɜɞɓɞɚɑŬɠ ůŰɞɡɠ əɟɡůŰɎɚɚɞɡɠ. ȼ Ŭˊɚɞˊɞɘɖɛɏɜɖ ŬɡŰɐ 

ɗŮɩɟɖůɖ Űɞɡ űŬɘɜɞɛɏɜɞɡ ɡˊɞɗɏŰŮɘ ɧŰɘ ŰŬ əɟɡůŰŬɚɚɞɔɟŬűɘəɎ ŮˊɑˊŮŭŬ ůɡɛˊŮɟɘ-

űɏɟɞɜŰŬɘ ɤɠ ɖɛɘŭɘŬűŬɜɐ əɎŰɞˊŰɟŬ əŬŰɎ Űɖɜ ˊɟɧůˊŰɤůɖ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ. ȼ 

ˊŬɟŬˊɎɜɤ ɗŮɩɟɖůɖ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬɜɎəɚŬůɖ Ůɜɧɠ ɛɏɟɞɡɠ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ 

Ŭˊɧ ɏɜŬ əɟɡůŰŬɚɚɘəɧ ŮˊɑˊŮŭɞ, Ůɜɩ ɖ ɡˊɧɚɞɘˊɖ ŭɘɏɟɢŮŰŬɘ ɛɏůɤ ŬɡŰɞɨ Űɞɡ Ůˊɘˊɏŭɞɡ 

əŬɘ ŬɜŬəɚɎŰŬɘ Ŭˊɧ ŰŬ ŮˊɧɛŮɜŬ ŭɘŬŭɞɢɘəɎ ŮˊɑˊŮŭŬ. ɆɨɛűɤɜŬ ɛŮ Űɞ ɜɧɛɞ Űɞɡ Bragg, 

ɛɘŬ ɛɞɜɞɢɟɤɛŬŰɘəɐ ŬəŰɘɜɞɓɞɚɑŬ ˊɞɡ ˊɟɞůˊɑˊŰŮɘ ůŮ ɛɘŬ ɞɘəɞɔɏɜŮɘŬ Ůˊɘˊɏŭɤɜ, ŰŬ 

ɞˊɞɑŬ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ Űɖɜ ˊɚŮɔɛŬŰɘəɐ ŬˊɧůŰŬůɖ d, ˊŬɟɞɡůɘɎɕŮɘ ůɡɛɓɞɚɐ ɧŰŬɜ 

ɘəŬɜɞˊɞɘŮɑŰŬɘ ɖ ˊŬɟŬəɎŰɤ ůɡɜɗɐəɖ: 
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ɧˊɞɡ n: ɖ ŰɎɝɖ ˊŮɟɑɗɚŬůɖɠ, ɚ: Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ, ɗ: ɖ ɔɤɜɑŬ 

ŬɜɎəɚŬůɖɠ əŬɘ d: ɖ ˊɚŮɔɛŬŰɘəɐ ŬˊɧůŰŬůɖ Űɤɜ Ůˊɘˊɏŭɤɜ ŬɜɎəɚŬůɖɠ Űɞɡ əɟɡůŰɎɚɚɞɡ. 

 

Ⱥɘə. 2.1.1. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ˊŮɟɑɗɚŬůɖɠ ɛɘŬɠ ɛɞɜɞɢɟɤɛŬŰɘəɐɠ ŭɏůɛɖɠ ŬəŰɑɜɤɜ ɉ Ŭˊɧ 

ˊŬɟɎɚɚɖɚŬ ŮˊɑˊŮŭŬ ŬŰɧɛɤɜ ɘůŬˊɏɢɞɜŰŬ əŬŰɎ d   xc 

    ɀɘŬ ɛɞɜɞɢɟɤɛŬŰɘəɐ ŭɏůɛɖ ůɡɛűŬůɘəɩɜ ŬəŰɑɜɤɜ ɉ əŬɘ ɛɐəɞɡɠ əɨɛŬŰɞɠ ɚ, 

ˊŮɟɘɗɚɎŰŬɘ Ŭˊɧ ɛɘŬ ɞɟɘůɛɏɜɖ ɞɘəɞɔɏɜŮɘŬ Ůˊɘˊɏŭɤɜ ɧŰŬɜ ɖ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ ɗ 

ɘəŬɜɞˊɞɘŮɑ Űɞ ɜɧɛɞ Űɞɡ Bragg ɔɘŬ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ɚ (Ⱥɘə. 2.1.1.) ȰŰůɘ əŬɗɑůŰŬŰŬɘ 

ŭɡɜŬŰɧɠ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ŬˊɧůŰŬůɖɠ d, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɐ Ŭɘ 

ɛɞɜɞůɐɛŬɜŰɖ ɔɘŬ Űɞ əɎɗŮ əɟɡůŰŬɚɚɘəɧ ˊɚɏɔɛŬ. ȼ ŬˊɧůŰŬůɖ d ɛŮŰŬɝɨ ŭɨɞ 

ˊŬɟɎɚɚɖɚɤɜ əŬɘ ŭɘŬŭɞɢɘəɩɜ Ůˊɘˊɏŭɤɜ, ɛŮ əɞɘɜɞɨɠ ŭŮɑəŰŮɠ Miller (h,k,l) ɔɘŬ 

Űɟɘůɞɟɗɞɔɩɜɘɞ ůɨůŰɖɛŬ Ŭɝɧɜɤɜ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ŭəɧɚɞɡɗɖ ůɢɏůɖ: 

dhkl= 1/(h2/a2 +k2/b2 +l2/c2)1/2 

ɧˊɞɡ h, k, l: ŭŮɑəŰŮɠ Miller əŬɘ a, b, c: ɞɘ əɟɡůŰŬɚɚɞɔɟŬűɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ. Ƀɘ ŭŮɑəŰŮɠ 

Miller ŬɜŬˊŬɟɘůŰɞɨɜ Űɖɜ ɗɏůɖ ɛɘŬɠ ɏŭɟŬɠ Űɞɡ əɟɡůŰɎɚɚɞɡ ɤɠ ˊɟɞɠ Űɞɡɠ ŰɟŮɑɠ ɎɝɞɜŮɠ 

ůɡɛɛŮŰɟɑŬɠ əŬɘ ŬˊɞŰŮɚɞɨɜ ɏɜŬ ůɨůŰɖɛŬ ůɡɛɓɞɚɘůɛɞɨ Űɤɜ Ůˊɘˊɏŭɤɜ ůŰɞɜ əɟɨůŰŬɚɚɞ, 

ɛŮ ɘŭɘŬɑŰŮɟɞ ɟɧɚɞ ɤɠ ˊɟɞɠ Űɖɜ ɛŬɗɖɛŬŰɘəɐ ˊɟɞůɏɔɔɘůɖ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ Űɖɠ ŰŮɢɜɘəɐɠ 

ŬɡŰɐɠ. ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ ŭɑɜɞɜŰŬɘ ŮəűɟɎůŮɘɠ Űɤɜ ŭɘŬˊɚŮɔɛŬŰəɩɜ ůŰŬɗŮɟɩɜ ɔɘŬ 

ŰŬ əɟɡůŰŬɚɚɞɔɟŬűɘəɎ ůɡůŰɐɛŬŰŬ Bravais. ȼ ˊɚŮɔɛŬŰɘəɐ ŬˊɧůŰŬůɖ d ˊɞɡ ˊɟɞůŭɘɞ-

ɟɑɕŮŰŬɘ ŬˊɞŰŮɚŮɑ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɛɏɔŮɗɞɠ ɔɘŬ əɎɗŮ ɡɚɘəɧ, əŬɗɩɠ ɖ ɔɤɜɑŬ ŬɜɎəɚŬůɖɠ 

ɗ ŮɝŬɟŰɎŰŬɘ Ůɝɞɚɞəɚɐɟɞɡ Ŭˊɧ Űɞ ůɢɐɛŬ əŬɘ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ɛɞɜŬŭɘŬɑŬɠ əɡɣŮɚɑŭŬɠ Űɞɡ 

ɡɚɘəɞɨ. ɀɏůɤ Űɞɡ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ ŬˊɧůŰŬůɖɠ d Űɤɜ əɟɡůŰŬɚɚɞɔɟŬűɘəɩɜ 

Ůˊɘˊɏŭɤɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ˊɞɘɞŰɘəɐ ŬɜɎɚɡůɖ, ɖ ŰŬɡŰɞˊɞɑɖůɖ űɎůŮɤɜ əŬɘ ɞ ŭɞɛɘ-

əɧɠ ɢŬɟŬəŰɖɟɘůɛɧɠ. ɆŮ ɧŰɘ ŬűɞɟɎ ůŰɖ ɛɏŰɟɖůɖ Űɖɠ ɏɜŰŬůɖɠ Űɖɠ ˊŮɟɘɗɚɧɛŮɜɖɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ ɔɘŬ ɛɘŬ ŮˊɘɚŮɔɛɏɜɖ ɔɤɜɑŬ ɗ, ŬɡŰɐ ůɡɛɓɎɚɚŮɘ ůŰɖɜ ˊɞůɞŰɘəɐ ŬɜɎɚɡůɖ 

Űɖɠ ŮəɎůŰɞŰŮ əɟɡůŰŬɚɚɘəɐɠ ɏɜɤůɖɠ. ȼ ɏɜŰŬůɖ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ŮɑɜŬɘ ɛɏɔŮɗɞɠ 

Ůɡɗɏɤɠ ŬɜɎɚɞɔɞ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ ŬŰɧɛɤɜ ˊɞɡ ŭɘŮɔŮɑɟɞɜŰŬɘ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ Űɖɠ 

ˊɞůɧŰɖŰŬɠ Űɖɠ ɡˊɧ ŮɝɏŰŬůɖɠ ɞɡůɑŬɠ.   

      ȷɟɢɘəɐ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖɜ ŬɜŬɚɡŰɘəɐ  ɛŮɚɏŰɖ ˊŮɟɑɗɚŬůɖɠ ɛɘŬɠ əɟɡůŰŬɚɚɘəɐɠ 

ɏɜɤůɖɠ, ŮɑɜŬɘ ɖ ˊɟɞŮŰɞɘɛŬůɑŬ Űɞɡ ŭŮɑɔɛŬŰɞɠ (əɞɜɘɞˊɞɘɖɛɏɜɞ ɐ ˊɞɚɡəɟɡůŰŬɚɚɘəɧ 

ɡɚɘəɧ ŰɡɢŬɑɞɡ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ), Űɞ ɞˊɞɑɞ ɗŬ ŮəŰŮɗŮɑ ůŰɖ ɛɞɜɞɢɟɤɛŬŰɘəɐ ŬəŰɘ-

ɜɞɓɞɚɑŬ ɉ. ɇɞ ŮəɎůŰɞŰŮ ŭŮɑɔɛŬ ɚŮɘɞŰɟɘɓŮɑŰŬɘ ɛɏɢɟɘ ɜŬ ŬˊɞəŰɐůŮɘ ɛɞɟűɐ ɚŮˊŰɐɠ 

ůəɧɜɖɠ, ɛɞɟűɐ ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊɞɚɚɞɨɠ ɛɘəɟɞəɟɡůŰŬɚɚɑŰŮɠ ˊɟɞůŬɜŬ-
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Űɞɚɘůɛɞɨ əɎɗŮ ŭɡɜŬŰɐɠ əŬŰŮɨɗɡɜůɖɠ. ɆɡɜŮˊŬɔɧɛŮɜŬ, ɧŰŬɜ ɛɘŬ ŭɏůɛɖ ŬəŰɑɜɤɜ ɉ 

ŭɘŬˊŮɟɎůŮɘ Űɞ ŭŮɑɔɛŬ ůəɧɜɖɠ ŬɜŬɛɏɜŮŰŬɘ ɧŰɘ ɏɜŬ ůɖɛŬɜŰɘəɧ ˊɚɐɗɞɠ ůɤɛŬŰɘŭɑɤɜ ɗŬ 

ɏɢŮɘ ˊɟɞůŬɜŬŰɞɚɘůɗŮɑ ɏŰůɘ ɩůŰŮ ɜŬ ɘəŬɜɞˊɞɘŮɑŰŬɘ ɖ ůɡɜɗɐəɖ Űɞɡ Bragg, ɔɘŬ əɎɗŮ 

ˊŮɟɑˊŰɤůɖ ŬɜɎəɚŬůɖɠ Ŭˊɧ əɎɗŮ ŭɡɜŬŰɐ ŭɘŬˊɚŮɔɛŬŰɘəɐ ŬˊɧůŰŬůɖ d. ɇŬ ŭŮɑɔɛŬŰŬ, 

Ŭəɞɚɞɨɗɤɠ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŮ ɚŮˊŰɧŰɞɘɢŮɠ ɓɎůŮɘɠ (Ŭˊɧ ɨŬɚɞ). ɆŮ ɧŰɘ ŬűɞɟɎ ůŰŬ 

ˊɞɚɡəɟɡůŰŬɚɚɘəɎ ŭŮɑɔɛŬŰŬ ˊɞɡ ŭŮɜ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɡˊɧ Űɖ ɛɞɟűɐ ůəɧɜɖɠ, ɖ 

ŭɘŬŭɘəŬůɑŬ ˊɟɞŮŰɞɘɛŬůɑŬɠ ŬˊɞŰŮɚŮɑŰŬɘ əŬɗȭɞɚɞəɚɖɟɑŬ Ŭˊɧ ŰŬ ŭɘŬŭɞɢɘəɎ ůŰɎŭɘŬ Űɖɠ 

ɚŮɑŬɜůɖɠ ɛŮ ůəɞˊɧ Űɖɜ ŮˊɑŰŮɡɝɖ ˊɚɐɟɞɡɠ ŮˊɘˊŮŭɧŰɖŰŬɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ. ɆŰɖ 

ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ŰɞˊɞɗɏŰɖůɖ ŮɜŰɧɠ Űɞɡ ɞɟɔɎɜɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ Ůɘŭɘəɐ ˊɞɚɡɛŮ-

ɟɘəɐ Ɏɛɞɟűɖ ɓɎůɖ (Ⱥɘə. 2.1.2.). (xc) 

 

Ⱥɘə. 2.1.2. ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ ŭɘŬɗɚŬůɧɛŮŰɟɞɡ 4 əɨəɚɤɜ xci 

    ɆɢŮŰɘəɎ ɛŮ Űɖɜ ɞɟɔŬɜɞɚɞɔɑŬ, ɖ ˊɖɔɐ Űɤɜ ŬəŰɑɜɤɜ ɉ ŮɑɜŬɘ ɛɑŬ əŬɗɞŭɘəɐ ɚɡɢɜɑŬ 

(ůɡɜɐɗɤɠ ɚɡɢɜɑŬ Cu) ůɡɜɞŭŮɡɧɛŮɜɖ Ŭˊɧ űɑɚŰɟɞ (ůɡɜɐɗɤɠ Ŭˊɧ əɟɡůŰŬɚɚɘəɧ 

ɔɟŬűɑŰɖ), ɩůŰŮ ɖ ŬəŰɘɜɞɓɞɚɑŬ ɜŬ ŮɑɜŬɘ ŬɡůŰɖɟɎ ɛɞɜɞɢɟɤɛŬŰɘəɐ (CuKa), ɖ  ɞˊɞɑŬ 

ŭɘɏɟɢŮŰŬɘ Ŭˊɧ ŭɘɎűɞɟŮɠ ŭɘŬŰɎɝŮɘɠ ŮůŰɘŬůɛɞɨ əŬɘ ŮɡɗɡɔɟɎɛɛɘůɖɠ Űɖɠ ŭɏůɛɖɠ ˊɟɘɜ 

ˊɏůŮɘ ůŰɞ ŭŮɑɔɛŬ. ȼ Ůˊɘɚɞɔɐ Űɞɡ ɛɐəɞɡɠ əɨɛŬŰɞɠ ɔɑɜŮŰŬɘ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ɜŬ 

ŬˊɞűŮɡɢɗŮɑ Űɞ űŬɘɜɧɛŮɜɞ Űɞɡ űɗɞɟɘůɛɞɨ. ɇɞ ŭŮɑɔɛŬ ŮɑɜŬɘ əɞɜɘɞˊɞɘɖɛɏɜɞ ůŮ ɚŮˊŰɐ 

əŬɘ ɞɛɞɘɞɔŮɜɐ ůəɧɜɖ (əɞəəɞɛŮŰɟɑŬ əɎŰɤ Ŭˊɧ 25 ɛm) əŬɘ ɞ ɡˊɞŭɞɢɏŬɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ 

ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊŮɟɘůŰɟɏűŮŰŬɘ ɛŮ ůəɞˊɧ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŰɡɢŬɑɤɜ ˊɟɞůŬɜŬ-

Űɞɚɘůɛɩɜ Űɤɜ əɟɡůŰɎɚɚɤɜ.  ȰŰůɘ, ɧŰŬɜ ɖ ŭɏůɛɖ ŬəŰɑɜɤɜ ɉ ŭɘɏɚɗŮɘ ɛɏůɤ Űɞɡ 

ŭŮɑɔɛŬŰɞɠ, ŬɜŬɛɏɜŮŰŬɘ ɧŰɘ ɏɜŬɠ ůɖɛŬɜŰɘəɧɠ Ŭɟɘɗɛɧɠ Űɤɜ əɟɡůŰŬɚɚɘŰɩɜ ɗŬ ŮɑɜŬɘ 

ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɞɠ, ɏŰůɘ ɩůŰŮ ɜŬ ɘəŬɜɞˊɞɘɞɨɜ Űɖ ůɡɜɗɐəɖ Űɞɡ Bragg, ɔɘŬ ŬɜɎəɚŬůɖ 

Ŭˊɧ əɎɗŮ ŭɡɜŬŰɐ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ əɟɡůŰŬɚɚɘəɩɜ Ůˊɘˊɏŭɤɜ. ȼ ˊŮɟɘɗɚɩɛŮɜɖ 

ŬəŰɘɜɞɓɞɚɑŬ ɛŮŰɎ Űɖɜ ŮɡɗɡɔɟɎɛɛɘůɖ Űɖɠ ˊɏűŰŮɘ ˊɎɜɤ ůŰɞɜ ŬɜɘɢɜŮɡŰɐ, ɞ ɞˊɞɑɞɠ 

ˊŮɟɘůŰɟɏűŮŰŬɘ ůŮ ůɢɏůɖ ɛŮ Űɞ ŭŮɑɔɛŬ ɛŮ Űɖ ŭɘˊɚɐ ɔɤɜɘŬəɐ ŰŬɢɨŰɖŰŬ 2ɗ. Ƀ ŬɜɘɢɜŮɡŰɐɠ 

ŮɑɜŬɘ ůɡɜɐɗɤɠ ɏɜŬɠ ŬˊŬɟɘɗɛɖŰɐɠ ůˊɘɜɗɖɟɘůɛɞɨ ɐ ŬɜɘɢɜŮɡŰɐɠ ůŰŮɟŮɎɠ əŬŰɎůŰŬůɖɠ. 

ɇŬ ŬəŰɘɜɞɔɟŬűɐɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖ ɛɏɗɞŭɞ ŬɡŰɐ ɏɢɞɡɜ ɤɠ ŰŮŰŬɔɛɏɜɖ Űɖɜ 

ɏɜŰŬůɖ Űɤɜ əɞɟɡűɩɜ ůŮ ˊŬɚɛɞɨɠ ŬɜɎ ŭŮɡŰŮɟɧɚŮˊŰɞ (cps) əŬɘ ɤɠ ŰŮŰɛɖɛɏɜɖ Űɖ ɔɤɜɑŬ 
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2ɗ Űɞɡ ɔɤɜɘɞɛɏŰɟɞɡ, Ůɜɩ ůŮ əɎɗŮ əɞɟɡűɐ ŬɜŬɔɟɎűŮŰŬɘ əŬɘ ɖ əɟɡůŰŬɚɚɘəɐ ŬˊɧůŰŬůɖ 

d. ȼ ɏɜŰŬůɖ Űɤɜ əɞɟɡűɩɜ əŬɜɞɜɘəɞˊɞɘŮɑŰŬɘ ɤɠ ˊɟɞɠ Űɖɜ ɏɜŰŬůɖ Űɖɠ ɛŮɔŬɚɨŰŮɟɖɠ 

əɞɟɡűɐɠ ůŰɞ űɎůɛŬ.( xlvii ) 

  ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɡŭɟɞɝɡŬˊŬŰɑŰɖ, ɛɏůɤ ˊŮɟɘɗɚŬůɘɛŮŰɟɑŬɠ ŬəŰɑɜɤɜ ɉ ˊɟɞůŭɘɞ-

ɟɑůŰɖəŬɜ ɞɘ ˊŬɟɞɨůŮɠ űɎůŮɘɠ əŬɘ Űɞ ɛɏɔŮɗɞɠ Űɤɜ əɟɡůŰŬɚɚɘŰɩɜ Űɞɡ, əŬɗɩɠ əŬɘ ɖ 

ŭɘŬŰɐɟɖůɖ Űɖɠ əɟɡůŰŬɚɚɘəɐɠ űɎůɖɠ Űɤɜ ɘəɟɘɤɛɎŰɤɜ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ˊŬɟɞɡůɑŬɠ 

ɜŬɜɞůɤɚɐɜɤɜ ɎɜɗɟŬəŬ (CNTs).  

     ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ ˊŮɟɘɗɚŬůɑɛŮŰɟɞ ŬəŰɑɜɤɜ ɉ Bruker D8 Focus, Űɞ ɞˊɞɑɞ 

ɢɟɖůɘɛɞˊɞɘŮɑ əŬɗɞŭɘəɐ ɚɡɢɜɑŬ ɢŬɚəɞɨ ɛŮ űɑɚŰɟɞ ɜɘəŮɚɑɞɡ ɩůŰŮ ɜŬ ˊɟɞəɨˊŰŮɘ 

ɛɞɜɞɢɟɤɛŬŰɘəɐ ŬəŰɘɜɞɓɞɚɑŬ CuKa1. ȼ ˊŮɟɘůŰɟŮűɧɛŮɜɖ Ɏɜɞŭɞɠ ŮɑɜŬɘ Űɨˊɞɡ Rigaku 

əŬɘ ɚŮɘŰɞɡɟɔŮɑ ɛŮ ŰɎůɖ 40 kV əŬɘ 40 mA ůɡɜŮɢɏɠ ɟŮɨɛŬ, ˊŬɟɎɔɞɜŰŬɠ ŬəŰɑɜŮɠ ɉ ɛŮ 

ɛɐəɞɠ əɨɛŬŰɞɠ 1,54056 ¡. 

2.2. ȼɚŮəŰɟɞɜɘəɐ ɛɘəɟɞůəɞˊɑŬ ůɎɟɤůɖɠ (SEM) 

ɆŮ ˊɞɚɚɞɨɠ ŰɞɛŮɑɠ Űɖɠ ŮˊɘůŰɐɛɖɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɔɜɩůɖ Űɖɠ űɡůɘəɐɠ əŬŰɎůŰŬůɖɠ 

Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɤɜ ůŰŮɟŮɩɜ. ũɘŬ Űɖɜ ɛŮɚɏŰɖ ŬɡŰɐ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŬɟɢɘəɎ ɖ ɞˊŰɘəɐ 

ɛɘəɟɞůəɞˊɑŬ, ɧˊɞɡ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ůŬɜ ŰŮɢɜɘəɐ ɢŬɛɖɚɐɠ ŭɘŬəɟɘůɘɛɧŰɖŰŬɠ, ɧˊɞɡ 

űŬɘɜɧɛŮɜŬ ˊŮɟɑɗɚŬůɖɠ ůɡɜŰŮɚɞɨɜŰŬɘ ůŮ ŭɘŬůŰɎůŮɘɠ ˊŬɟŬˊɚɐůɘŮɠ ɛŮ ŬɡŰɏɠ Űɞɡ 

ɛɐəɞɡɠ əɨɛŬŰɞɠ Űɞɡ űɤŰɧɠ. ɆɡɜŮˊɩɠ, ůŮ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɛŮɔɎɚɖ 

ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ, ɖ ɞˊŰɘəɐ ɛɘəɟɞůəɞˊɑŬ ɏɢŮɘ ŬɜŰɘəŬŰŬůŰŬɗŮɑ Ŭˊɧ ŰŮɢɜɘəɏɠ ɧˊɤɠ 

ɖ ɖɚŮəŰɟɞɜɘəɐ ɛɘəɟɞůəɞˊɑŬ ůɎɟɤůɖɠ (Scanning Electron Microscopy, SEM). 

ɆɨɛűɤɜŬ ɛŮ Űɖ ɗŮɤɟɑŬ De Broglie, Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ ɚ Űɤɜ ɖɚŮəŰɟɞɜɑɤɜ 

ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ: 

 

ɧˊɞɡ V ŮɑɜŬɘ ɖ ŰɎůɖ ŮˊɘŰɎɢɡɜůɖɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ůŮ Volts əŬɘ ɚ Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ 

Űɤɜ ŮˊɘŰŬɢɡɜɧɛŮɜɤɜ ɖɚŮəŰɟɞɜɑɤɜ. ȼ ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ, d, ɞɟɑɕŮŰŬɘ ɤɠ: 

 

ɧˊɞɡ ȷ ŮɑɜŬɘ Űɞ ŬɟɘɗɛɖŰɘəɧ ɎɜɞɘɔɛŬ Űɞɡ űŬəɞɨ. Ⱥˊɞɛɏɜɤɠ, ɔɘŬ ɛɘŬ ŰɎůɖ ŮˊɘŰɎɢɡɜůɖɠ 

80 kV Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ ɚ ɔɑɜŮŰŬɘ ɚ=0.004 nm əŬɘ ɖ ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ ɔɑɜŮŰŬɘ 

ˊŮɟɑˊɞɡ 0.15 nm.  

 

     ȼ ɓŬůɘəɐ Ŭɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Ůɜɧɠ ɛɘəɟɞůəɞˊɑɞɡ SEM ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ 

ŬəŰɘɜɞɓɧɚɖůɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɛŮ ɛɘŬ əŬɚɎ ŮůŰɘŬůɛɏɜɖ ŭɏůɛɖ ŮˊɘŰŬɢɡɜɧɛŮɜɤɜ 

ɖɚŮəŰɟɞɜɑɤɜ. ɇŬ ŮɜŮɟɔɖŰɘəɎ ɖɚŮəŰɟɧɜɘŬ Űɖɠ ŭɏůɛɖɠ ŬɚɚɖɚŮˊɘŭɟɞɨɜ ɛŮ ŰŬ 

ŮˊɘűŬɜŮɘŬəɎ ůŰɟɩɛŬŰŬ Űɞɡ ůŰŮɟŮɞɨ ŮɜŬˊɞɗɏŰɞɜŰŬɠ ŮɜɏɟɔŮɘŬ. ȷɡŰɏɠ ɞɘ ˊŮɟɘɞɢɏɠ 

ŮɜŬˊɧɗŮůɖɠ ŮɜɏɟɔŮɘŬɠ ɞɜɞɛɎɕɞɜŰŬɘ ɧɔəɞɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ əŬɘ ˊŬɟɎɔɞɡɜ Űɘɠ 

ˊŬɟŬŰɖɟɞɨɛŮɜŮɠ ɛɞɟűɏɠ ŭŮɡŰŮɟŮɨɞɡůŬɠ ŬəŰɘɜɞɓɞɚɑŬɠ. ȼ ɘəŬɜɧŰɖŰŬ ŭɘŮɑůŭɡůɖɠ Űɖɠ 
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ŭɏůɛɖɠ ůŰɞ ŭŮɑɔɛŬ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Ůˊɘɛɏɟɞɡɠ ˊŬɟɎɔɞɜŰŮɠ, ɧˊɤɠ Űɞ ɟŮɨɛŬ Ůəˊɞɛˊɐɠ 

(əŬɗɞɟɑɕŮɘ ˊɧůŬ ɖɚŮəŰɟɧɜɘŬ ɏɢɞɡɛŮ ůŰɖɜ ŭɏůɛɖ), Űɖɜ ŭɘɎɛŮŰɟɞ ůɖɛŮɑɞɡ, Űɞ ŭɡɜŬɛɘəɧ 

ŮˊɘŰɎɢɡɜůɖɠ (əŬɗɞɟɑɕŮɘ Űɖɜ ŰŬɢɨŰɖŰŬ / ŮɜɏɟɔŮɘŬ Űɤɜ ɖɚŮəŰɟɞɜɑɤɜ) əŬɘ  Űɞ Ůɑŭɞɠ Űɞɡ 

ŭŮɑɔɛŬŰɞɠ (ɞ ɛɏůɞɠ ŬŰɞɛɘəɧɠ Ŭɟɘɗɛɧɠ Űɤɜ ŬŰɧɛɤɜ Űɞɡ). ȾŬŰɎ Űɖɜ ŭɘŮɑůŭɡůɖ Űɖɠ 

ŭɏůɛɖɠ ůŰɞ ŭŮɑɔɛŬ, ɞɘ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ˊɞɡ ůɡɜŰŮɚɞɨɜŰŬɘ ŬɜɎɛŮůŬ ůŰɞ ŭŮɑɔɛŬ əŬɘ ŰŬ 

ɖɚŮəŰɟɧɜɘŬ Űɖɠ ŭɏůɛɖɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ:  

V ūɧɟŰɘůɖ (Charging) - ˊŮɟɘɔɟɎűŮɘ Űɖɜ ůɡůůɩɟŮɡůɖ űɞɟŰɑɞɡ ɖɚŮəŰɟɞɜɑɤɜ ůŰɞ 

ŭŮɑɔɛŬ. ũɘŬ ɜŬ ɛɖɜ ˊŬɟŬŰɖɟŮɑŰŬɘ ŬɡŰɧ Űɞ űŬɘɜɧɛŮɜɞ Űɞ ŭŮɑɔɛŬ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ŮɑɜŬɘ Ŭɔɩɔɘɛɞ əŬɘ ůɡɜŭŮŭŮɛɏɜɞ ɛŮ ɔŮɑɤůɖ ɐ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɢŬɛɖɚɧ 

ŭɡɜŬɛɘəɧ ŮˊɘŰɎɢɡɜůɖɠ.  

V ȺɚŬůŰɘəɐ ůəɏŭŬůɖ ɖɚŮəŰɟɞɜɑɤɜ (ɀŮɔŬɚɨŰŮɟɖ ɔɤɜɑŬ, ɛɘəɟɧŰŮɟɖ ŬˊɩɚŮɘŬ 

ŮɜɏɟɔŮɘŬɠ) - ˊŮɟɘɚŬɛɓɎɜŮɘ ŰŬ ŮɚŬůŰɘəɎ ůəŮŭŬɕɧɛŮɜŬ ɖɚŮəŰɟɧɜɘŬ ŭɏůɛɖɠ 

(Elastically scattered primary electrons), ŰŬ ɞˊɞɑŬ ŭŮɜ ŬɜɘɢɜŮɨɞɜŰŬɘ Ŭˊɧ Űɞ 

ůɨůŰɖɛŬ əŬɘ ŰŬ ɞˊɘůɗɞůəŮŭŬɕɧɛŮɜŬ ɖɚŮəŰɟɧɜɘŬ (Backscattered electrons, 

BSE). ɇŬ ɖɚŮəŰɟɧɜɘŬ Űɖɠ ŭɏůɛɖɠ, ŰŬ ɞˊɞɑŬ űɏɟɞɡɜ ŮɜɏɟɔŮɘŬ ůɡɔəŮəɟɘɛɏɜɞɡ 

ˊɞůɞɨ ɏůŰɤ 30 keV, ɧŰŬɜ űɗɎůɞɡɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŭŮɑɔɛŬŰɞɠ ŭɘŮɘůŭɨɞɡɜ 

ůŮ ɓɎɗɞɠ ˊɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ ŬŰɞɛɘəɧ Ŭɟɘɗɛɧ. ɀɏůŬ ůŰɞ ŭŮɑɔɛŬ ŰŬ 

ɖɚŮəŰɟɧɜɘŬ ŰŬɝɘŭŮɨɞɡɜ ˊɟɞɠ ŰɡɢŬɑŮɠ əŬŰŮɡɗɨɜůŮɘɠ əŬɘ ůɡɔəɟɞɨɞɜŰŬɘ ɛŮ ŰŬ 

ɎŰɞɛŬ Űɞɡ ŭŮɑɔɛŬŰɞɠ ˊɞɡ ůɡɜŬɜŰɞɨɜ ůŰɖɜ ŭɘŬŭɟɞɛɐ Űɞɡɠ. ȷɡŰɐ ɖ ůɨɔəɟɞɡůɖ 

ůɡɜŰŮɚŮɑŰŬɘ ŮɚŬůŰɘəɎ ɛŮ Űɞɜ ˊɡɟɐɜŬ Űɞɡ ŬŰɧɛɞɡ, ŮɘŭɘəɎ ůŮ ɛŮɔɎɚŬ ɎŰɞɛŬ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ŰŬ ɖɚŮəŰɟɧɜɘŬ ɜŬ ůəŮŭɎɕɞɜŰŬɘ ˊɟɞɠ ɞˊɞɘŬŭɐˊɞŰŮ əŬŰŮɨɗɡɜůɖ 

ɢɤɟɑɠ ůɖɛŬɜŰɘəɐ ŬˊɩɚŮɘŬ Űɖɠ ŮɜɏɟɔŮɘɎɠ Űɞɡɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ůɡɔəɟŬŰɞɨɜ 

ˊŮɟɑˊɞɡ Űɞ 50ï80 % Űɖɠ Ŭɟɢɘəɐɠ Űɞɡɠ ŮɜɏɟɔŮɘŬɠ. ȺəŮɑɜŬ ŰŬ ɖɚŮəŰɟɧɜɘŬ ˊɞɡ 

ůəŮŭɎɕɞɜŰŬɘ ˊɟɞɠ ŰŬ ˊɑůɤ ɛŮ ɔɤɜɑŬ 180ɞ ɚɏɔɞɜŰŬɘ ɞˊɘůɗɞůəŮŭŬɕɧɛŮɜŬ, ɏɢɞɡɜ 

ɛŮɔŬɚɨŰŮɟɖ ŮɜɏɟɔŮɘŬ əŬɘ ŮəˊɏɛˊɞɜŰŬɘ Ŭˊɧ ɛŮɔŬɚɨŰŮɟɞ ɓɎɗɞɠ ŭɘŮɑůŭɡůɖɠ. ɇɞ 

ˊɞůɞůŰɧ Űɤɜ ɞˊɘůɗɞůəŮŭŬɕɧɛŮɜɤɜ ɖɚŮəŰɟɞɜɑɤɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ ŬŰɞɛɘəɧ 

Ŭɟɘɗɛɧ Űɞɡ ŬŰɧɛɞɡ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɛŮ Űɞ ɞˊɞɑɞ ůɡɜŰŮɚŮɑŰŬɘ ɖ ůɨɔəɟɞɡůɖ. ɇɞ 

ˊɞůɞůŰɧ ŬɡŰɧ, ɔɘŬ ŰŬ ŮɚŬűɟɎ ůŰɞɘɢŮɑŬ ŮɑɜŬɘ ~6% Ůɜɩ ɔɘŬ ŰŬ ɓŬɟɨŰŮɟŬ űŰɎɜŮɘ 

ˊŮɟɑˊɞɡ Űɞ 50%. ɆɡɜŮˊɩɠ, ɖ ɛŮŰŬɓɞɚɐ ůŰɞ ˊɞůɞůŰɧ Űɤɜ ȸSȺ ŬɜɎɚɞɔŬ ɛŮ Űɞɜ 

ŬŰɞɛɘəɧ Ŭɟɘɗɛɧ, ɛˊɞɟŮɑ ɜŬ ŭɘŬűɞɟɞˊɞɘɐůŮɘ Űɖɜ ɞˊŰɘəɐ ŮɘəɧɜŬ ɛŮ ŬˊɞŰɏɚŮůɛŬ 

ɓŬɟɨŰŮɟŮɠ űɎůŮɘɠ ɜŬ ˊŬɟɏɢɞɡɜ ˊɘɞ űɤŰŮɘɜɎ ŮɑŭɤɚŬ Ŭˊɧ ɧŰɘ ŮɚŬűɟɨŰŮɟŮɠ. 

ȾŬŰɎ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, ˊŬɟɏɢɞɜŰŬɘ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ ůɨůŰŬůɖ Ůɜɧɠ 

ŭŮɑɔɛŬŰɞɠ. 

 

V ȼ ɛɖ ŮɚŬůŰɘəɐ ůəɏŭŬůɖ ɖɚŮəŰɟɞɜɑɤɜ (ɀɘəɟɧŰŮɟɖ ɔɤɜɑŬ, ɛŮɔŬɚɨŰŮɟɖ 

ŬˊɩɚŮɘŬ ŮɜɏɟɔŮɘŬɠ) - ˊŮɟɘɚŬɛɓɎɜŮɘ ŰŬ ɛɖ ŮɚŬůŰɘəɎ ůəŮŭŬɕɧɛŮɜŬ ɖɚŮəŰɟɧɜɘŬ 

(Inelastically scattered electrons), ŰŬ ɞˊɞɑŬ ŭŮɜ ŬɜɘɢɜŮɨɞɜŰŬɘ Ŭˊɧ Űɞ ůɨůŰɖɛŬ 

əŬɘ ŰŬ ŭŮɡŰŮɟɞɔŮɜɐ ɖɚŮəŰɟɧɜɘŬ (Secondary electrons, SE). ȾŬŰɎ Űɖɜ 

ůɨɔəɟɞɡůɖ Űɤɜ ɖɚŮəŰɟɞɜɑɤɜ Űɖɠ ŭɏůɛɖɠ ɛŮ ŰŬ ɖɚŮəŰɟɧɜɘŬ Űɞɡ ŬŰɧɛɞɡ 

ɛŮɟɘəɎ Ŭˊɧ ŰŬ ɢŬɚŬɟɎ ůɡɔəɟŬŰɞɨɛŮɜŬ ɖɚŮəŰɟɧɜɘŬ ɛˊɞɟŮɑ ɜŬ ŭɘŬűɨɔɞɡɜ Ŭˊɧ 

Űɞ ɎŰɞɛɞ. ɇŬ ɖɚŮəŰɟɧɜɘŬ ŬɡŰɎ, ɞɜɞɛɎɕɞɜŰŬɘ ŭŮɡŰŮɟɞɔŮɜɐ. ɃɡůɘŬůŰɘəɎ, əɎɗŮ 

ɖɚŮəŰɟɧɜɘɞ ˊɞɡ ŭɘŬűŮɨɔŮɘ Ŭˊɧ Űɞ ɎŰɞɛɞ ɛŮŰɎ Ŭˊɧ ɛɘŬ ůɨɔəɟɞɡůɖ ɛŮ Ɏɚɚɞ 

ɡɣɖɚɐɠ ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ ɗŮɤɟɖŰɘəɎ ɏɜŬ ŭŮɡŰŮɟɞɔŮɜɏɠ ɖɚŮəŰɟɧɜɘɞ. ɆɡɜŮˊɩɠ, 
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əɎɗŮ ˊɟɞůˊɑˊŰɞɜ ɖɚŮəŰɟɧɜɘɞ ŮɑɜŬɘ ɘəŬɜɧ ɜŬ ˊŬɟɎɔŮɘ ŬɟəŮŰɎ ŭŮɡŰŮɟɞɔŮɜɐ. ɇŬ 

ŭŮɡŰŮɟɞɔŮɜɐ ɖɚŮəŰɟɧɜɘŬ ŬˊɞŰŮɚɞɨɜ ɢŬɛɖɚɐɠ ŮɜɏɟɔŮɘŬɠ ɖɚŮəŰɟɧɜɘŬ (ˊŮɟɑˊɞɡ 

50eV) əŬɘ ŮəˊɏɛˊɞɜŰŬɘ Ŭˊɧ ŮˊɘűŬɜŮɘŬəɎ ůŰɟɩɛŬŰŬ Űɞɡ ŭŮɑɔɛŬŰɞɠ, Ŭűɞɨ ŰŬ 

SE ˊɞɡ ŮəˊɏɛˊɞɜŰŬɘ Ŭˊɧ ɛŮɔŬɚɨŰŮɟɞ ɓɎɗɞɠ ŬˊɞɟɟɞűɞɨɜŰŬɘ ŮɨəɞɚŬ Ŭˊɧ Űɖɜ 

ɛɎɕŬ Űɞɡ ŭŮɑɔɛŬŰɞɠ. ɇŬ SE ˊŬɟɎɔɞɜŰŬɘ ŮɑŰŮ əŬɗɩɠ ɖ ŭɏůɛɖ ŮɘůɏɟɢŮŰŬɘ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ ŮɑŰŮ əŬɗɩɠ ɖ ɞˊɘůɗɞůəŮŭŬɕɧɛŮɜɖ ŭɏůɛɖ ŮɝɏɟɢŮŰŬɘ Ŭˊɧ ŬɡŰɐɜ, 

ɛɖɢŬɜɘůɛɧɠ ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ˊŮɟɑˊɞɡ ŭɏəŬ űɞɟɏɠ ˊɘɞ ˊɘɗŬɜɧɠ Ŭˊɧ Űɞɜ ˊɟɩŰɞ. 

Ⱥˊɞɛɏɜɤɠ, ŮɑɜŬɘ ŬɜŬɛŮɜɧɛŮɜɞ ɜŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛŮɔŬɚɨŰŮɟɖ Ůəˊɞɛˊɐ 

ŭŮɡŰŮɟɞɔŮɜɩɜ ɖɚŮəŰɟɞɜɑɤɜ ŮəŮɑ ˊɞɡ ŮɑɜŬɘ ɛŮɔɎɚɖ əŬɘ ɖ Ůəˊɞɛˊɐ 

ɞˊɘůɗɞůəŮŭŬɕɧɛŮɜɤɜ. ɆɡɛˊŮɟŬɑɜɞɡɛŮ ɧŰɘ, ŰŬ ŭŮɡŰŮɟɞɔŮɜɐ ɖɚŮəŰɟɧɜɘŬ ŮɑɜŬɘ 

ɢɟɐůɘɛŬ ɔɘŬ Űɖɜ ŬˊŮɘəɧɜɘůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ ŬɚɚɎ ɞɘ ŮɘəɧɜŮɠ 

Űɤɜ SE əŬɘ Űɤɜ BSE ŭŮɜ ŭɘŬűɏɟɞɡɜ ůɖɛŬɜŰɘəɎ.  

V ȷəŰɑɜŮɠ-ɉ- Ƀɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ŬəŰɑɜŮɠ-ɉ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɛŮ ɏɜŬɜ ŰŮɚŮɑɤɠ 

ŭɘŬűɞɟŮŰɘəɧ ɛɖɢŬɜɘůɛɧ. ȳŰŬɜ űŮɨɔŮɘ ɏɜŬ ɖɚŮəŰɟɧɜɘɞ Ŭˊɧ ŮůɤŰŮɟɘəɐ 

ůŰɞɘɓɎŭŬ, ŰɧŰŮ ɏɜŬ ɖɚŮəŰɟɧɜɘɞ Ŭˊɧ ɡɣɖɚɧŰŮɟɖ ŮɜŮɟɔŮɘŬəɐ ůŰɞɘɓɎŭŬ 

əŬɚɨˊŰŮɘ Űɞ əŮɜɧ. ȼ ɛŮŰɎˊŰɤůɖ ůŰɖɜ ɢŬɛɖɚɧŰŮɟɖ ůŰɞɘɓɎŭŬ ůɡɜɞŭŮɨŮŰŬɘ ɛŮ 

Ůəˊɞɛˊɐ ŭɘŬűɞɟɎɠ ŮɜŮɟɔŮɑŬɠ (ŬəŰɑɜŮɠ-ɉ). ȼ ŮɜɏɟɔŮɘŬ ŬɡŰɩɜ Űɤɜ ŬəŰɘɜɩɜ 

ŮɑɜŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɖɠ ɛŮŰɎˊŰɤůɖɠ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ Űɞɡ ŬŰɧɛɞɡ.  

V ȼɚŮəŰɟɧɜɘŬ Auger - ˊŬɟɎɔɞɜŰŬɘ ɧŰŬɜ ɞɘ ŮəˊŮɛˊɧɛŮɜŮɠ Ŭˊɧ Űɞ ŭŮɑɔɛŬ 

ŬəŰɑɜŮɠ-ɉ Ůəŭɘɩɝɞɡɜ ɖɚŮəŰɟɧɜɘŬ Ŭˊɧ Ɏɚɚɖ ůŰɞɘɓɎŭŬ əŬŰɎ Űɖɜ ɏɝɞŭɧ Űɞɡɠ 

Ŭˊɧ Űɞ ŭŮɑɔɛŬ.  

V ŪɏɟɛŬɜůɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ.  

 

 
Ⱥɘə. 2.2.1. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɖɠ ŭɘɎŰŬɝɖɠ Ůɜɧɠ ɖɚŮəŰɟɞɜɘəɞɨ ɛɘəɟɞůəɞˊɑɞɡ 

ůɎɟɤůɖɠ xcii 
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   ɆŰɖɜ ˊŬɟŬˊɎɜɤ ůɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ (Ⱥɘə. 2.2.1.) ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ 

Ůɜɧɠ ɖɚŮəŰɟɞɜɘəɞɨ ɛɘəɟɞůəɞˊɑɞɡ ůɎɟɤůɖɠ əŬɗɩɠ əŬɘ ŰŬ Ůˊɘɛɏɟɞɡɠ ŰɛɐɛŬŰŬ Ŭˊɧ ŰŬ 

ɞˊɞɑŬ ŬˊɞŰŮɚŮɑŰŬɘ. ɇɞ ɛŬɔɜɖŰɘəɧ ůɨůŰɖɛŬ ŮůŰɑŬůɖɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɞɜ 

ůɡɔəŮɜŰɟɤŰɘəɧ əŬɘ Űɞɜ ŬɜŰɘəŮɘɛŮɜɘəɧ űŬəɧ əŬɘ ɢɟɖůɘɛŮɨŮɘ ůŰɖɜ ůɛɑəɟɡɜůɖ Űɞɡ 

Ůɘŭɩɚɞɡ ůŮ ŰŮɚɘəɧ ɛɏɔŮɗɞɠ əɞɡəəɑŭŬɠ ɛŮ ŭɘŬůŰɎůŮɘɠ ˊɞɡ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 5 - 200 nm 

Ɏ́ɜɤ ůŰɞ ŭŮɑɔɛŬ. ȾɎɗŮ űŬəɧɠ ɏɢŮɘ əɡɚɘɜŭɟɘəɧ ůɢɐɛŬ ɨɣɞɡɠ 10 - 15 cm. Ƀ 

ůɡɔəŮɜŰɟɤŰɘəɧɠ űŬəɧɠ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬɜ ɐ ˊŮɟɘůůɧŰŮɟɞɡɠ űŬəɞɨɠ əŬɘ 

ɞ ɟɧɚɞɠ Űɞɡ ŮɑɜŬɘ ɜŬ ɟɡɗɛɑɕŮɘ Űɖ ŭɘɎŭɞůɖ Űɖɠ ɖɚŮəŰɟɞɜɘəɐɠ ŭɏůɛɖɠ ˊɞɡ űŰɎɜŮɘ ůŰɞɜ 

ŬɜŰɘəŮɘɛŮɜɘəɧ űŬəɧ. ɆŰɖɜ ůɡɜɏɢŮɘŬ, ůŰɞɜ ŬɜŰɘəŮɘɛŮɜɘəɧ űŬəɧ ɟɡɗɛɑɕŮŰŬɘ Űɞ Ůɨɟɞɠ Űɖɠ 

ɖɚŮəŰɟɞɜɘəɐɠ ŭɏůɛɖɠ ˊɞɡ ˊɟɞůˊɑˊŰŮɘ ůŰɞ ŭŮɑɔɛŬ. ɇŬ ŭɨɞ ɕŮɨɔɖ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ 

ˊɖɜɑɤɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɞɜ ŬɜŰɘəŮɘɛŮɜɘəɧ űŬəɧ ɢɟɖůɘɛŮɨɞɡɜ ůŰɖ ůɎɟɤůɖ Űɖɠ 

ŮˊɘűɎɜŮɘŬɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ. ɆɡɔəŮəɟɘɛɏɜŬ, Űɞ ɏɜŬ ɕŮɨɔɞɠ ŮəŰɟɏˊŮɘ Űɖɜ ŬəŰɑɜŬ əŬŰɎ 

ɛɐəɞɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ əŬɘ Űɞ Ɏɚɚɞ əɎɗŮŰŬ ůŮ ŬɡŰɧ. ũɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ůɎɟɤůɖ ɗŬ 

ˊɟɏˊŮɘ ɜŬ ŮűŬɟɛɞůŰŮɑ ɖɚŮəŰɟɘəɧ ůɐɛŬ ůŰɞ ɏɜŬ Ŭˊɧ ŰŬ ŭɨɞ ɕŮɨɔɖ ˊɖɜɑɤɜ. ɆŰɖɜ 

ůɡɜɏɢŮɘŬ, ɖ ɖɚŮəŰɟɞɜɘəɐ ŭɏůɛɖ ɢŰɡˊɎŮɘ Űɞ ŭŮɑɔɛŬ ůŰɞ ɏɜŬ Ɏəɟɞ Űɞɡ əŮɜŰɟɘəɞɨ ɎɝɞɜŬ 

Űɞɡ ůɡůŰɐɛŬŰɞɠ Űɤɜ űŬəɩɜ əŬɘ ŬəɞɚɞɡɗŮɑ ɖ əɑɜɖůɖ Űɖɠ ŭɏůɛɖɠ ůŮ ŮɡɗŮɑŬ ɔɟŬɛɛɐ 

əŬŰɎ ɛɐəɞɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ. ɇŮɚɘəɎ, ɖ ŭɏůɛɖ ŮˊɘůŰɟɏűŮɘ ůŰɖɜ Ŭɟɢɘəɐ Űɖɠ ɗɏůɖ. ȾŬŰɎ 

Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ əɑɜɖůɖɠ Űɖɠ ɖɚŮəŰɟɞɜɘəɐɠ ŭɏůɛɖɠ, Űɞ ɖɚŮəŰɟɘəɧ ůɐɛŬ ˊɞɡ 

ŮűŬɟɛɧɕŮŰŬɘ ůŰɞ ɏɜŬ ɕŮɨɔɞɠ ˊɖɜɑɤɜ ɛŮŰŬɓɎɚɚŮŰŬɘ ɢɟɞɜɘəɎ. ɀŮŰɎ Ŭˊɧ Űɖ 

ůɡɛˊɚɐɟɤůɖ ŬɡŰɐɠ Űɖɠ ɔɟŬɛɛɐɠ ůɎɟɤůɖɠ Űɞ ŭŮɨŰŮɟɞ ɕŮɨɔɞɠ ˊɖɜɑɤɜ ŮəŰɟɏˊŮɘ 

ŮɚŬűɟɎ Űɖ ŭɏůɛɖ əŬɘ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɖ əɑɜɖůɐ Űɖɠ. ȾŬŰɎ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ŬəŰɘɜɞɓɧɚɖůɖ ɧɚɖɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɛŮ Űɖ ŭɏůɛɖ 

ɖɚŮəŰɟɞɜɑɤɜ. ȼ ŭɘŬŭɟɞɛɐ Űɞɡ ɖɚŮəŰɟɞɜɘəɐɠ ŭɏůɛɖɠ ˊɞɡ ˊŮɟɘŮɔɟɎűɖəŮ ˊŬɟŬˊɎɜɤ, 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ɞŭɖɔɖɗɞɨɜ ɞɘ ɞɟɘɕɧɜŰɘŮɠ əŬɘ əɎɗŮŰŮɠ ůŬɟɩůŮɘɠ Ůɜɧɠ ůɤɚɐɜŬ 

əŬɗɞŭɘəɩɜ ŬəŰɘɜɩɜ. ȼ ŬˊŮɘəɧɜɘůɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 

Űɖɜ ɏɝɞŭɞ Ůɜɧɠ ŬɜɘɢɜŮɡŰɐ ɔɘŬ Űɖɜ ɟɨɗɛɘůɖ Űɖɠ ɏɜŰŬůɖɠ űɤŰɘůɛɞɨ Űɖɠ əɞɡəəɑŭŬɠ ůŰɞ 

ůɤɚɐɜŬ əŬɗɞŭɘəɩɜ ŬəŰɘɜɩɜ. Ⱥˊɞɛɏɜɤɠ, ɖ ůɎɟɤůɖ ˊŬɟɎɔŮɘ ɏɜŬ ɢɎɟŰɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ 

ůŰɞɜ ɞˊɞɑɞ ɡˊɎɟɢŮɘ Ŭəɟɘɓɐɠ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɞɡ ůɐɛŬŰɞɠ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ůŮ ɛɘŬ 

ůɡɔəŮəɟɘɛɏɜɖ ɗɏůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ əŬɘ Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ ůɖɛŮɑɞɡ Űɖɠ 

ɞɗɧɜɖɠ Űɞɡ ůɤɚɐɜŬ əŬɗɞŭɘəɩɜ ŬəŰɘɜɩɜ. Ƀɘ ɗɎɚŬɛɞɘ Űɞɡ ŭŮɑɔɛŬŰɞɠ ŮɑɜŬɘ 

ůɢŮŭɘŬůɛɏɜɞɘ əŬŰɎ Űɟɧˊɞ ɩůŰŮ ɜŬ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ŰŬɢŮɑŬ ŬɚɚŬɔɐ Űɤɜ ŭŮɘɔɛɎŰɤɜ. 

ȺˊŮɘŭɐ ŰŬ ɖɚŮəŰɟɧɜɘŬ ŭŮɜ əɘɜɞɨɜŰŬɘ ůŰɞɜ ŬɏɟŬ, Űɞ ɛɘəɟɞůəɧˊɘɞ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ɓɟɑůəŮŰŬɘ ůŮ ɡɣɖɚɧ əŮɜɧ Űɖɠ ŰɎɝɖɠ Űɤɜ 10-4 Torr, ŰɞɡɚɎɢɘůŰɞɜ. ȼ ɡˊɞŭɞɢɐ Űɞɡ 

ŭŮɑɔɛŬŰɞɠ ɞɜɞɛɎɕŮŰŬɘ ɏŭɟŬɜɞ əŬɘ ůŰŬ ˊŮɟɘůůɧŰŮɟŬ ɧɟɔŬɜŬ ɛˊɞɟŮɑ ɜŬ ůɡɔəɟŬŰɐůŮɘ 

ŭŮɑɔɛŬŰŬ ŬɟəŮŰɩɜ ŮəŬŰɞůŰɩɜ.  

      ȰɜŬ ŭŮɑɔɛŬ ɔɘŬ ɜŬ ˊŬɟŬŰɖɟɖɗŮɑ ɛŮ Űɞ əɚŬůůɘəɧ ɖɚŮəŰɟɞɜɘəɧ ɛɘəɟɞůəɧˊɘɞ 

ůɎɟɤůɖɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ɏɢŮɘ əɎˊɞɘŮɠ ɘŭɘɧŰɖŰŮɠ ɧˊɤɠ (Ŭ) ɜŬ ŬɜŰɏɢŮɘ ůŰɞ ɡɣɖɚɧ əŮɜɧ, 

(ɓ) ɜŬ ŬɜŰɏɢŮɘ ůŰɞ ɓɞɛɓŬɟŭɘůɛɧ ɖɚŮəŰɟɞɜɑɤɜ əŬɘ (ɔ) ɜŬ ŮɑɜŬɘ Ŭɔɩɔɘɛɞ. ɆɡɜŮˊɩɠ, Űɞ 

ˊɟɞɠ ŮɝɏŰŬůɖ ŭŮɑɔɛŬ ɗŬ ŮˊɘəŬɚɡűɗŮɑ ɛŮ ɏɜŬ ɚŮˊŰɧ ůŰɟɩɛŬ ɢɟɡůɞɨ (Ůˊɘɢɟɨůɤůɖ) 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ əŬŰŬůŰŮɑ Ŭɔɩɔɘɛɖ ɖ ŮˊɘűɎɜŮɘɎ Űɞɡ əŬɘ ɏˊŮɘŰŬ ŰɞˊɞɗŮŰŮɑŰŬɘ  ůŰɞ 

ɗɎɚŬɛɞ ɧˊɞɡ ɡˊɎɟɢŮɘ ɡɣɖɚɧ əŮɜɧ, ɓɞɛɓŬɟŭɑɕŮŰŬɘ ɛŮ ɛɘŬ ŭɏůɛɖ ɖɚŮəŰɟɞɜɑɤɜ əŬɘ 

ɚŬɛɓɎɜŮŰŬɘ ɖ ŮɘəɧɜŬ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɖɠ ɞˊɞɑŬɠ ɔɑɜɞɜŰŬɘ ɞɘ ɞˊŰɘəɏɠ ˊŬɟŬŰɖɟɐůŮɘɠ Űɞɡ 

ŭŮɑɔɛŬŰɞɠ.    
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     ũɘŬ Űɖ ɢɖɛɘəɐ ŬɜɎɚɡůɖ Űɞ ɖɚŮəŰɟɞɜɘəɧ ɛɘəɟɞůəɧˊɘɞ ůɎɟɤůɖɠ ůɡɜɐɗɤɠ 

ůɡɛˊɚɖɟɩɜŮŰŬɘ ɛŮ ůɨůŰɖɛŬ ůŰɞɘɢŮɘŬəɐɠ ɛɘəɟɞŬɜɎɚɡůɖɠ ŭɘŬɢŮɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ 

(EDS) ŬəŰɑɜɤɜ-ɉ ˊɞɡ ŮɑɜŬɘ ŮűɞŭɘŬůɛɏɜɞ ɛŮ ŬɜɘɢɜŮɡŰɐ Űɤɜ ŮəˊŮɛˊɧɛŮɜɤɜ ŬəŰɑɜɤɜ ɉ, 

əŬɘ Űɞ ɞˊɞɑɞ əŬŰɎ əŬɜɧɜŬ ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŬɜɎɚɡůɖɠ ŮɚŬűɟɩɜ ůŰɞɘɢŮɑɤɜ ɛɏɢɟɘ əŬɘ 

ȸɧɟɘɞ, Űɖ ŭɡɜŬŰɧŰɖŰŬ ŰŬɢɨŰŬŰɖɠ ŭɖɛɘɞɡɟɔɑŬɠ ɢŬɟŰɩɜ ŮɘəɧɜŬɠ ŬəŰɑɜɤɜ-ɉ əŬɘ ˊɞůɞ-

Űɘəɐɠ ɢŬɟŰɞɔɟɎűɖůɖɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɔɘŬ ˊɞɚɚɎ ůŰɞɘɢŮɑŬ ŰŬɡŰɧɢɟɞɜŬ.  ȺəŰɧɠ Ŭˊɧ Űɞ 

ůɨůŰɖɛŬ ůŰɞɘɢŮɘŬəɐɠ ɛɘəɟɞŬɜɎɚɡůɖɠ ŭɘŬɢŮɧɛŮɜɖɠ ŮɜɏɟɔŮɘŬɠ ŬəŰɑɜɤɜ-ɉ, Űɞ 

ɖɚŮəŰɟɞɜɘəɧ ɛɘəɟɞůəɧˊɘɞ ůɎɟɤůɖɠ ůɡɛˊɚɖɟɩɜŮŰŬɘ əŬɘ Ŭˊɧ Űɞ ůɨůŰɖɛŬ ŮɝɎɢɜɤůɖɠ 

/ŮˊɘɛŮŰɎɚɚɤůɖɠ. 

   ɆɢŮŰɘəɎ ɛŮ ŰŬ ɘůŰɞɛɖɢŬɜɘəɐ, ɞɘ ɛɘəɟɞůəɞˊɘəɏɠ ɛɏɗɞŭɞɘ ŬɜɎɚɡůɖɠ ˊŬɟɞɡůɘɎɕɞɡɜ 

Űɖɜ ɛɘəɟɞŭɞɛɐ ɞůŰɘəɩɜ ɛɞůɢŮɡɛɎŰɤɜ, əŬɗɩɠ əŬɘ Űɞɡ ɑŭɘɞɡ Űɞɡ ɞůŰɞɨ əŬɘ 

ˊɟɞůŭɘɞɟɑɕɞɡɜ Űɡɢɧɜ ŮˊɘůŰɟɩůŮɘɠ əŬɘ ŭɘŮˊɘűŬɜŮɘŬəɏɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ůŮ ɛɞɟɘŬəɧ 

ŮˊɑˊŮŭɞ. ɀɏůɤ ɖɚŮəŰɟɞɜɘŬəɐɠ ɛɘəɟɞůəɞˊɑŬɠ ůɎɟɤůɖɠ ˊŬɟɏɢŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ 

ɛŮɚɏŰɖɠ ɛɑəɟɞ əŬɘ ɜɎɜɞ əɚɑɛŬəŬɠ ɓɘɞɚɞɔɘəɩɜ ɘůŰɩɜ əŬɘ ŭŮɘɔɛɎŰɤɜ, ŰŬ ɞˊɞɑŬ 

ɓɟɑůəɞɜŰŬɘ ůŮ ůɡɜɗɐəŮɠ ˊŬɟŬˊɚɐůɘŮɠ Űɤɜ ɓɘɞɚɞɔɘəɩɜ, ɛŮ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɧŰɘ ɏɢɞɡɜ 

ɡˊɞůŰŮɑ əɎˊɞɘŬ əŬŰŮɟɔŬůɑŬ. (xciii ) 

      ɇŬ ɞůŰɘəɎ ŰɟɘůŭɘɎůŰŬŰŬ ɘəɟɘɩɛŬŰŬ ŮɝŮŰɎɕɞɜŰŬɘ ɛɏůɤ SEM ɔɘŬ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ 

ɖ ɓɘɞůɡɛɓŬŰɧŰɖŰŬ, ɓɘɞŬˊɞɘəɞŭɧɛɖůɖ, ŮˊŬɜŬɚɖɣɘɛɧŰɖŰɎ əŬɘ ɖ ŮˊɘűŬɜŮɘŬəɐ ɛɘəɟɞ-

ŭɞɛɐ, ɧˊɤɠ Űɞ ˊɞɟɩŭŮɠ əŬɘ ɖ ɞɛɞɘɞɔɏɜŮɘɎ Űɞɡɠ. ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɖɚŮəŰɟɞɜɘəɧ 

ɛɘəɟɞůəɧˊɘɞ Űɨˊɞɡ JEOL JSM 6380LV (JEOL, USA). 

 

2.3. ȹɘɎŰŬɝɖ ɚɡɞűɘɚɑɤůɖɠ (Freeze drying) 

ɆŰɖɜ ˊŬɟŬəɎŰɤ ůɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ (Ⱥɘə.2.3.1.) ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɢŬɟŬəŰɖɟɘůŰɘəɐ 

ůɢɖɛŬŰɘəɐ ŭɘɎŰŬɝɖ Űɖɠ əɟɡɞɝɐɟŬɜůɖɠ (freeze-drying) (xciv), ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞɜ 

əɨɟɘɞ ɗɎɚŬɛɞ, Űɖɜ ɣɡɢɧɛŮɜɖ ŬŰɛɞˊŬɔɑŭŬ ɛŮ Űɖɜ ɣɡəŰɘəɐ ɛɞɜɎŭŬ əŬɘ Űɖɜ ŬɜŰɚɑŬ 

əŮɜɞɨ.  

 

 

Ⱥɘə. 2.3.1. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ŭɘɎŰŬɝɖɠ ɚɡɞűɘɚɑɤůɖɠ 
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ɊɡɢɩɛŮɜɞɠ ɗɎɚŬɛɞɠ: Ƀ ɣɡɢɧɛŮɜɞɠ ɗɎɚŬɛɞɠ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŬŮɟɞůŰŮɔɐɠ, ɜŬ ŭɘŬɗɏŰŮɘ 

əŬŰɎɚɚɖɚɞ ɎɜɞɘɔɛŬ ɔɘŬ Űɖɜ Ůɨəɞɚɖ ˊɟɧůɓŬůɖ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ əŬɘ ůŰɞ ɡɚɘəɧ, əŬɘ 

ɜŬ ŬɜŰɏɢŮɘ ůŰɖɜ ŮɝɤŰŮɟɘəɐ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (101.3 kPa = 1 atm).   

Ɇɡɛɡ́əɜɤŰɐɠ: Ƀ ɣɡɢɧɛŮɜɞɠ ůɡɛˊɡəɜɤŰɐɠ ˊɟɏˊŮɘ ŬűŮɜɧɠ ɜŬ ɓɟɑůəŮŰŬɘ ůŮ 

əŬŰɎɚɚɖɚɖ ɗɏůɖ, ɩůŰŮ ɜŬ ŭɘɏɟɢɞɜŰŬɘ Ŭˊɧ ŬɡŰɧɜ ɞɘ ɡŭɟŬŰɛɞɑ, əŬɘ ŬűŮŰɏɟɞɡ ɜŬ ɏɢŮɘ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ çŬˊɧɣɡɝɖɠè, ɩůŰŮ ɜŬ ŬˊɞɛŬəɟɨɜŮŰŬɘ ɞ ůɢɖɛŬŰɘɕɧɛŮɜɞɠ ˊɎɔɞɠ, 

ŮɜŭŮɢɞɛɏɜɤɠ ɢɤɟɑɠ ŭɘŬəɞˊɐ Űɖɠ ŭɘŮɟɔŬůɑŬɠ.  ɆŰɘɠ ůɡůəŮɡɏɠ ɛɘəɟɐɠ əɚɑɛŬəŬɠ ɞɘ 

ɗɎɚŬɛɞɘ ŮɑɜŬɘ ɝŮɢɤɟɘůŰɞɑ əŬɘ ˊɟɞůŬɟŰɩɜŰŬɘ ůŰɞɜ ɣɡəŰɘəɧ ɗɎɚŬɛɞ ɛŮ Ůɘŭɘəɏɠ 

ɓŬɚɓɑŭŮɠ, ˊɞɡ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ Ŭˊɞɛɧɜɤůɖ Űɤɜ ɗŬɚɎɛɤɜ, ɏŰůɘ ɩůŰŮ ɜŬ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ 

ŬˊɞɛɎəɟɡɜůɖ Űɞɡ ůɢɖɛŬŰɘɕɧɛŮɜɞɡ ˊɎɔɞɡ, ɢɤɟɑɠ ɜŬ ŭɘŬəɧˊŰŮŰŬɘ Űɞ əŮɜɧ ůŰɞɡɠ 

ɗŬɚɎɛɞɡɠ.   

ȷɜŰɚɑŬ əŮɜɞɨ: ȼ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ɡŭɟŬŰɛɩɜ Ŭˊɧ Űɞɜ ɢɩɟɞ Űɖɠ əɟɡɞɝɐɟŬɜůɖɠ 

ŮˊɘŰŬɢɨɜŮɘ Űɞɜ ɟɡɗɛɧ Űɖɠ ŭɘŮɟɔŬůɑŬɠ. ȼ ŬˊɞɛɎəɟɡɜůɖ ŬɡŰɐ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ ɛɘŬ 

ŬɜŰɚɑŬ əŮɜɞɨ. ȼ ŬɜŰɚɑŬ əŮɜɞɨ ˊɟɏˊŮɘ ɜŬ ɛˊɞɟŮɑ ɜŬ ŭɘŬŰɖɟŮɑ Űɖɜ ˊɑŮůɖ ɛɏůŬ ůŰɞɜ 

ɗɎɚŬɛɞ əɎŰɤ Ŭˊɧ ŰŬ 533.2 Pa (= 4 mm Hg). Ɇɡɜɐɗɤɠ, ůɡɜɘůŰɎŰŬɘ ɖ ˊɑŮůɖ ůŰɞɜ 

ɗɎɚŬɛɞ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ ɛŮŰŬɝɨ 4 Pa əŬɘ 40 Pa (0.03 < Ʌ < 0.3 mm ȼg).   

ɊɡəŰɘəɧ ůɨůŰɖɛŬ: To ɣɡəŰɘəɧ ůɨůŰɖɛŬ ůɡɜɐɗɤɠ ˊŬɟɏɢŮɘ ŭɨɞ ŮˊɑˊŮŭŬ ɣɨɝɖɠ (ɛŮ 

ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ əɡəɚɩɛŬŰŬ): ɏɜŬ ůŮ ɗŮɟɛɞəɟŬůɑŬ əɎŰɤ Űɤɜ -5 ÁC (ɔɘŬ Űɞ ɡɚɘəɧ) əŬɘ 

Űɞ Ɏɚɚɞ ůŮ ˊɞɚɨ ɢŬɛɖɚɧŰŮɟɖ ɗŮɟɛɞəɟŬůɑŬ (Ŭˊɧ -40 ÁC ɏɤɠ ï60 ÁC) ɔɘŬ Űɖɜ 

ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ɡŭɟŬŰɛɩɜ.  ɆɖɛŮɘɩɜŮŰŬɘ Ůˊɑůɖɠ ɧŰɘ ůŰɖɜ Ŭɟɢɐ Űɖɠ ŭɘŮɟɔŬůɑŬɠ 

ˊɞɚɚɎ ɡɚɘəɎ ɏɢɞɡɜ Űɖɜ ŰɎůɖ ɜŬ ůɢɖɛŬŰɑɕɞɡɜ Ŭűɟɧ ɐ ɜŬ űŰɎɜɞɡɜ ůŮ ůɖɛŮɑɞ ɓɟŬůɛɞɨ. 

Ⱥˊɞɛɏɜɤɠ, ŮɑɜŬɘ ˊɟɞŰɘɛɖŰɏŬ ɖ ˊɟɧɣɡɝɖ Űɞɡ ɡɚɘəɞɨ ˊɟɘɜ ŰɞˊɞɗŮŰɖɗŮɑ ůŰɞɜ ɗɎɚŬɛɞ 

Űɖɠ ůɡůəŮɡɐɠ əɟɡɞɝɐɟŬɜůɖɠ.   

ŪŮɟɛŬɘɜɧɛŮɜŬ ɟɎűɘŬ: ũɘŬ ɜŬ ŮɝŬɢɜɤɗŮɑ ɛɘŬ ˊɞůɧŰɖŰŬ ɜŮɟɞɨ, ˊɟɏˊŮɘ ɜŬ 

ŬˊɞɟɟɞűɐůŮɘ ɞɟɘůɛɏɜɖ ŮɜɏɟɔŮɘŬ, ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖ ɚŬɜɗɎɜɞɡůŬ ɗŮɟɛɧŰɖŰŬ 

ŮɝɎɢɜɤůɖɠ. ũɘŬ ɛɘəɟɏɠ ˊɞůɧŰɖŰŮɠ ɡɚɘəɞɨ, ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊŬɟŬˊɎɜɤ, ɖ 

ŬˊŬɘŰɞɨɛŮɜɖ ŮɜɏɟɔŮɘŬ ˊŬɟŬɚŬɛɓɎɜŮŰŬɘ ŮɑŰŮ Ŭˊɧ Űɞ ɑŭɘɞ Űɞ ɡɚɘəɧ, Űɞ ɞˊɞɑɞ ɏŰůɘ 

ɣɨɢŮŰŬɘ, ŮɑŰŮ Ŭˊɧ Űɞ ˊŮɟɘɓɎɚɚɞɜ ɛɏůŬ Ŭˊɧ ŰŬ ŰɞɘɢɩɛŬŰŬ Űɖɠ ůɡůəŮɡɐɠ.  ũɘŬ ɛŮɔɎɚŮɠ 

ˊɞůɧŰɖŰŮɠ ɡɚɘəɞɨ ŮɑɜŬɘ ŬɜŬɔəŬɑŬ ɖ ɗɏɟɛŬɜůɐ Űɞɡ ɛŮ ɎɚɚŬ ɛɏůŬ, Ŭɚɚɘɩɠ ɛŮɘɩɜŮŰŬɘ 

ůŰŬŭɘŬəɎ ɞ ɟɡɗɛɧɠ Űɖɠ əɟɡɞɝɐɟŬɜůɖɠ. Ɇɡɜɐɗɤɠ, ɖ ˊŬɟɞɢɐ Űɖɠ ŬˊŬɘŰɞɨɛŮɜɖɠ 

ŮɜɏɟɔŮɘŬɠ ŮɝŬůűŬɚɑɕŮŰŬɘ ɛŮ ɗɏɟɛŬɜůɖ Űɞɡ ɢɩɟɞɡ ɛŮ ɖɚŮəŰɟɘəɏɠ ŬɜŰɘůŰɎůŮɘɠ, ˊɞɡ 

ŮɑɜŬɘ ůɡɢɜɎ ŮɜůɤɛŬŰɤɛɏɜŮɠ ůŰŬ ɟɎűɘŬ.  ɇŬ ˊŮɟɘůůɧŰŮɟŬ ŭɞɢŮɑŬ, ɛɏůŬ ůŰŬ ɞˊɞɑŬ 

ŰɞˊɞɗŮŰŮɑŰŬɘ Űɞ ɡɚɘəɧ ɛɏůŬ ůŰɞɜ ɗɎɚŬɛɞ, ŮɑɜŬɘ ɔɡɎɚɘɜŬ, əɘ ŮˊŮɘŭɐ Űɞ ɔɡŬɚɑ ɏɢŮɘ 

ɢŬɛɖɚɧ ůɡɜŰŮɚŮůŰɐ ɗŮɟɛɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ, ɖ ɗɏɟɛŬɜůɖ Űɞɡ ɡɚɘəɞɨ əŬɘ ɖ ŮɝɎɢɜɤůɖ 

ˊɟɞɢɤɟɞɨɜ ŬɟɔɎ. ũɘŬ ɜŬ ŮˊɘŰŬɢɡɜɗŮɑ ɖ ŭɘŬŭɘəŬůɑŬ, ůŮ ɞɟɘůɛɏɜŮɠ ůɡůəŮɡɏɠ əɡəɚɞ-

űɞɟŮɑ ŮůɤŰŮɟɘəɎ ɗŮɟɛɧ ŬŭɟŬɜɏɠ Ŭɏɟɘɞ (ˊ.ɢ. ɎɕɤŰɞ) ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŬɡɝɖɗŮɑ ɞ 

ɟɡɗɛɧɠ ɛŮŰɎŭɞůɖɠ ɗŮɟɛɧŰɖŰŬɠ əŬɘ ůɡɜŮˊɩɠ əŬɘ Űɖɠ ŭɘŮɟɔŬůɑŬɠ. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ůŮ 

ŰɏŰɞɘŬ ˊŮɟɑˊŰɤůɖ ˊɟɏˊŮɘ ɜŬ ŮɚɏɔɢŮŰŬɘ ɖ ˊɑŮůɖ ɛɏůŬ ůŰɞɜ ɗɎɚŬɛɞ, ɩůŰŮ ɜŬ ˊŬɟŬɛɏɜŮɘ 

əɎŰɤ Ŭˊɧ Űɖɜ ŰɎůɖ ŬŰɛɩɜ Űɞɡ ˊɎɔɞɡ. 

   ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮŰŬˊŰɡɢɘŬəɐ ŮɟɔŬůɑŬ ŬɜɎˊŰɡɝɖɠ 3D ɘəɟɘɤɛɎŰɤɜ ɜŬɜɞɡŭɟɞɝɡ-

ŬˊŬŰɑŰɖ-ɓɘɞˊɞɚɡɛŮɟɩɜ ˊŬɟɞɡůɑŬɠ ɐ ɛɖ ɜŬɜɞůɤɚɐɜɤɜ ɎɜɗɟŬəŬ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ  
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freeze dryer Űɖɠ ŮŰŬɘɟŮɑŬɠ Telstar, Űɨˊɞɡ LyoQuest, ɛŮ ˊŬɟŬɛɏŰɟɞɡɠ ɚŮɘŰɞɡɟɔɑŬɠ -

55ÁC (ɗŮɟÕɞəɟŬůɑŬ əŬŰɎɣɡɝɖɠ) əŬɘ 0,350 mbar (ůɡɜɗɐəŮɠ əŮɜɞɨ). 

 

2.4. ɄɞɟɞůɘɛŮŰɟɑŬ ɡŭɟŬɟɔɨɟɞɡ (ɀȽɅ) 

ȼ ˊɞɟɞůɘɛŮŰɟɑŬ ɡŭɟŬɟɔɨɟɞɡ Mercury Intrusion Porosimetry (MIP) ŬˊɞŰŮɚŮɑ ɛɘŬ 

ŰŮɢɜɘəɐ ɢŬɟŬəŰɖɟɘůɛɞɨ ˊɞɟɩŭɞɡɠ, Űɞ ɞˊɞɑɞ ˊŮɟɘɏɢŮɘ ˊɧɟɞɡɠ ɛŮɔɏɗɞɡɠ 

ɛɘəɟɞəɚɑɛŬəŬɠ. ȾŬŰɎ Űɖɜ ŰŮɢɜɘəɐ ŬɡŰɐ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ˊŮɟɘɞɢɐ ɛŮɔŬɚɨŰŮɟɞɡ 

ɛŮɔɏɗɞɡɠ ˊɧɟɤɜ ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ ˊɞɟɞůɘɛŮŰɟɑŬ ŬɕɩŰɞɡ əŬɘ ŮűŬɟɛɧɕŮŰŬɘ ˊŮɟɘů-

ůɧŰŮɟɞ ɔɘŬ Űɞ ɢŬɟŬəŰɖɟɘůɛɧ Űɤɜ əŮɟŬɛɘəɩɜ ŬɜŰɘəŮɘɛɏɜɤɜ ɛŮŰɎ Űɖɜ ɏɣɖůɐ Űɞɡɠ ˊŬɟɎ 

ɔɘŬ Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ əɧɜŮɤɜ, əŬɗɩɠ ŬɡŰɏɠ ɏɢɞɡɜ ˊɞɚɨ ɛɘəɟɧ ɛɏůɞ ɛɏɔŮɗɞɠ ˊɧɟɤɜ. 

Ⱥˊɘˊɚɏɞɜ, ɖ ˊɞɟɞůɘɛŮŰɟɑŬ ˊɟɞůŭɑŭŮɘ ˊɚɖɟɞűɞɟɑŮɠ Űɧůɞ ɔɘŬ Űɖɜ əŬŰŬɜɞɛɐ ɛŮɔɏɗɞɡɠ 

ˊɧɟɤɜ ɧůɞ əŬɘ ɔɘŬ Űɞ ůɡɜɞɚɘəɧ % ˊɞɟɩŭŮɠ əŬɘ Űɖɜ ˊɡəɜɧŰɖŰŬ Űɞɡ ɡɚɘəɞɨ. ɇɞ ɛɏůɞ 

ˊɞɡ ŮɘůɢɤɟŮɑ ůŰɞɡɠ ˊɧɟɞɡɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ ŮɑɜŬɘ ɞ ɡŭɟɎɟɔɡɟɞɠ (xxix). ɋůŰɧůɞ, ɞ 

ɡŭɟɎɟɔɡɟɞɠ ŭŮɜ ŭɘŬɓɟɏɢŮɘ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ůŰŮɟŮɎ əŬɘ ŬˊŬɘŰŮɑŰŬɘ ŮűŬɟɛɞɔɐ ɡɣɖɚɐɠ 

ˊɑŮůɖɠ, ŬɜɎɚɞɔɖɠ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ ˊɧɟɤɜ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɘůɢɤɟɐůŮɘ ɛɏůŬ ůŰɞɡɠ 

ˊɧɟɞɡɠ Űɞɡ ůŰŮɟŮɞɨ. ȼ Ůɝɑůɤůɖ ˊɞɡ ůɡůɢŮŰɑɕŮɘ Űɖɜ ŮűŬɟɛɞɕɧɛŮɜɖ ˊɑŮůɖ ȹP ɛŮ Űɖɜ 

ŬəŰɑɜŬ r Űɤɜ ˊɧɟɤɜ, ɗŮɤɟɩɜŰŬɠ ɧŰɘ ɞɘ ˊɧɟɞɘ ŮɑɜŬɘ əɡɚɘɜŭɟɘəɞɑ, ŮɑɜŬɘ ɖ Ůɝɑůɤůɖ 

Washburn:  

 

ɧˊɞɡ ɔ ɖ ŮˊɘűŬɜŮɘŬəɐ ŰɎůɖ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ, əŬɘ ɗ ɖ ɔɤɜɑŬ ŭɘŬɓɟɞɢɐɠ Űɞɡ 

ɡŭɟŬɟɔɨɟɞɡ ɛŮ Űɞ ŭŮɑɔɛŬ, ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ ɑůɖ ɛŮ 140o ɔɘŬ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ůŰŮɟŮɎ 

ɡɚɘəɎ.    

 

Ⱥɘə. 2.4.1. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Ŭůəɖůɖɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ ɔɘŬ Űɖɜ Ůɘůɢɩɟɖůɖ Űɞɡ 

ɡŭɟŬɟɔɨɟɞɡ ůŰɞ ɡɚɘəɧ xcv 

https://www.google.gr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwj2mMKK_ZnTAhWHlxoKHQmOBHUQFggpMAE&url=http%3A%2F%2Fwww.micromeritics.com%2FRepository%2FFiles%2FMercury_Porosemitry_Theory_poster_.pdf&usg=AFQjCNE8mp_vTkrhFmTnVBpLoY4mWA0jyA&sig2=u1a7E3XEN7isRjGAOd8hjA&bvm=bv.152180690,d.d2s
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    ȼ ŭɘŬŭɘəŬůɑŬ ɛɏŰɟɖůɖɠ Űɖɠ ˊɞɟɩŭɞɡɠ ŭɞɛɐɠ ɛŮ Űɖ ɛɏɗɞŭɞ ŬɡŰɐ ŬˊŬɘŰŮɑ ŬɟɢɘəɎ Űɖɜ 

ŭɖɛɘɞɡɟɔɑŬ əŮɜɞɨ, ɩůŰŮ ɜŬ ŬˊɞɛŬəɟɡɜɗŮɑ ɞ ŬɏɟŬɠ Ŭˊɧ Űɞɡɠ ˊɧɟɞɡɠ əŬɘ əŬŰɧˊɘɜ Űɖɜ 

ŮűŬɟɛɞɔɐ ˊɑŮůɖɠ ɩůŰŮ ɜŬ ŮɘůɏɚɗŮɘ ɞ ɡŭɟɎɟɔɡɟɞɠ ůŰɞɡɠ ˊɧɟɞɡɠ. ɇɞ ɧɟɔŬɜɞ 

əŬŰŬɔɟɎűŮɘ ůɡɜŮɢɩɠ Űɞɜ ɧɔəɞ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ ˊɞɡ ŭɘŮɘůŭɨŮɘ ůŰɞɡɠ ˊɧɟɞɡɠ, 

ůɡɜŬɟŰɐůŮɘ Űɖɠ ŮűŬɟɛɞɕɧɛŮɜɖɠ ˊɑŮůɖɠ. Ƀ ɧɔəɞ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ ˊɞɡ ŮɘůɢɤɟŮɑ ůŰɞ 

ɡɚɘəɧ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞɜ ɧɔəɞ Űɤɜ ˊɧɟɤɜ. ɀŮ ɓɎůɖ Űɖɜ ŬɜŰɘůŰɞɘɢɑŬ ˊɑŮůɖɠ ï ɛŮɔɏɗɞɡɠ 

ˊɧɟɤɜ (Ůɝɑůɤůɖ Washburn) ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ Űɘɛɐ ˊɑŮůɖɠ, əŬŰŬůəŮɡɎɕŮŰŬɘ Űɞ 

ŭɘɎɔɟŬɛɛŬ ɧɔəɞɡ ɤɠ ˊɟɞɠ ˊɑŮůɖ ɐ ŬəŰɑɜŬ ˊɧɟɤɜ, Ŭˊɧ Űɞ ɞˊɞɑɞ ɚŬɛɓɎɜŮŰŬɘ ɖ əŬŰɎ-

ɜɞɛɐ ɛŮɔɏɗɞɡɠ ˊɧɟɤɜ Űɞɡ ŭŮɑɔɛŬŰɞɠ (Ⱥɘə. 2.4.2.). 

 

 Ⱥɘə. 2.4.2.: ȹɘŬɔɟŬɛɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ˊɟɤŰɞɔŮɜɞɨɠ ŬˊɞŰŮɚɏůɛŬŰɞɠ ˊɞɟɞůɘɛŮŰɟɑŬɠ 

ɡŭɟŬɟɔɨɟɞɡ. ˊɞɡ əŬŰŬɔɟɎűŮɘ Űɞɜ ɧɔəɞ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ ˊɞɡ ŮɘůɏɟɢŮŰŬɘ ůŰɞɡɠ ˊɧɟɞɡɠ ɤɠ 

ůɡɜɎɟŰɖůɖ Űɖɠ ŮűŬɟɛɞɕɧɛŮɜɖɠ ˊɑŮůɖɠ xxix 

     ȷˊɧ Űɖɜ ˊŬɟŬˊɎɜɤ ŭɘŬɔɟŬɛɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ, ˊŬɟŬŰɖɟŮɑŰŬɘ ɡůŰɏɟɖůɖ əŬŰɎ Űɖɜ 

ŬˊɞůɡɛˊɑŮůɖ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ, ɖ ɞˊɞɑŬ ɞűŮɑɚŮŰŬɘ ůŰɘɠ ŭɘŬůɡɜŭɏůŮɘɠ Űɤɜ ˊɧɟɤɜ. ȾŬŰɎ 

Űɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ, ɞ ɡŭɟɎɟɔɡɟɞɠ ŬˊɞůɨɟŮŰŬɘ ˊɟɩŰŬ Ŭˊɧ Űɞɡɠ ɛɘəɟɞɨɠ ˊɧɟɞɡɠ əŬŰɎ 

Űɖɜ ŬˊɞůɡɛˊɑŮůɖ, ŬɚɚɎ Ŭɜ ůŰɖɜ ˊɞɟŮɑŬ Űɞɡ ůɡɜŬɜŰɐůŮɘ ɏɜŬ ɛŮɔŬɚɨŰŮɟɞ ˊɧɟɞ ŰɧŰŮ ɗŬ 

əŬɗɡůŰŮɟɐůŮɘ ɖ ɏɝɞŭɧɠ Űɞɡ ɛŮ ŮˊŬəɧɚɞɡɗɞ Űɖɜ ŮˊɘˊɟɧůɗŮŰɖ ɛŮɑɤůɖ Űɖɠ ˊɑŮůɖɠ, ɩůŰŮ 

ɜŬ ŮəəŮɜɤɗŮɑ ɞ ˊɧɟɞɠ ɛŮɔɎɚɞɡ ɛŮɔɏɗɞɡɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, ŮˊɏɟɢŮŰŬɘ ɚɨůɖ Űɖɠ 

ůɡɜɏɢŮɘŬɠ Űɞɡ ɡŭɟɎɟɔɡɟɞɡ əŬŰɎ Űɖɜ Ŭˊɧůɡɟůɐ Űɞɡ əŬɘ ˊŬɔɑŭŮɡůɐ Űɞɡ ɛɏůŬ ůŮ 

əɎˊɞɘɞɡɠ ˊɧɟɞɡɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮɜɘůɢɨŮŰŬɘ ɖ ɡůŰɏɟɖůɖ. Ⱥˊɞɛɏɜɤɠ, ɖ Űɘɛɐ Űɞɡ 

ɧɔəɞɡ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ ɏɢŮɘ ŬˊɞůɡɟɗŮɑ əŬŰɎ Űɞ Űɏɚɞɠ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ ŬˊɞůɡɛˊɑŮůɖɠ,  

ɔŮɔɞɜɧɠ ˊɞɡ ɡˊɞŭŮɘəɜɨŮɘ Űɞɜ Ůɔəɚɤɓɘůɛɧ Űɞɡ ɛɏůŬ ůŰɖ ŭɞɛɐ. 
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     ɄɏɟŬɜ Űɞɡ ˊɞɟɩŭɞɡɠ əŬɘ Űɖɠ əŬŰŬɜɞɛɐɠ ɛŮɔɏɗɞɡɠ Űɤɜ ˊɧɟɤɜ, ɖ ˊɞɟɞůɘɛŮŰɟɑŬ 

ɡŭɟŬɟɔɨɟɞɡ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůŰŮɑ ɔɘŬ Űɖ ɛɏŰɟɖůɖ Űɖɠ űŬɘɜɧɛŮɜɖɠ ˊɡəɜɧŰɖŰŬɠ Űɞɡ 

ɡɚɘəɞɨ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɞůŰɘəɩɜ ɘəɟɘɤɛɎŰɤɜ, ɞ əŬɗɞɟɘůɛɧɠ Űɞɡ ˊɞɟɩŭɞɡɠ ŬˊɞŰŮɚŮɑ 

ˊɟɞŬˊŬɑŰɖůɖ, əŬɗɩɠ ŮˊɘŭɟɎ ůŰɖɜ ˊɟɞůɟɧűɖůɖ, ŭɘŬˊŮɟŬŰɧŰɖŰŬ, ŬɜŰɞɢɐ əŬɘ ˊɡəɜɧ-

ŰɖŰŬ Űɞɡ ɓɘɞɦɚɘəɞɨ.(xcv) ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ ɞ ŬɡŰɧɛŬŰɞɠ ŬɜŬɚɡŰɐɠ ˊɞɟɞůɘɛŮŰɟɑŬɠ 

Pore Master Űɖɠ ŮŰŬɘɟŮɑŬɠ Quantachrome. 

 

Ⱥɘə. 2.4.3. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɞɡ ɞɟɔɎɜɞɡ ˊɞɟɞůɘɛŮŰɟɑŬɠ ɡŭɟŬɟɔɨɟɞɡ 

 

2.5. ɈˊɞɚɞɔɘůŰɘəɐ ɛɘəɟɞŰɞɛɞɔɟŬűɑŬ ŬəŰɑɜɤɜ ɉ (micro-CT) 

ȼ ɈˊɞɚɞɔɘůŰɘəɐ ɇɞɛɞɔɟŬűɑŬ (computed tomography, CT) ŮɑɜŬɘ ɏɜŬ Ůɑŭɞɠ ɛɖ 

əŬŰŬůŰɟŮˊŰɘəɐɠ ŬˊŮɘəɞɜɘůŰɘəɐɠ ɛŮɗɧŭɞɡ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ ŬəŰɑɜŮɠ ɉ ɔɘŬ Űɖɜ 

ŮůɤŰŮɟɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ. ȼ ŮůɤŰŮɟɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ ɐ Ŭɚɚɘɩɠ 

ŬɜŬəŬŰŬůəŮɡɐ Űɖɠ ŮůɤŰŮɟɘəɐɠ ɛɞɟűɞɚɞɔɑŬɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɢɤɟɑɠ ɜŬ ŮɑɜŬɘ 

ŬɜŬɔəŬɑɞɠ ɞ Ůˊɘɛɏɟɞɡɠ ŰŮɛŬɢɘůɛɧɠ Űɞɡ ŭɞəɘɛɑɞɡ, ɛɏůɤ ůɨɜɗŮůɖɠ ˊɞɚɚŬˊɚɩɜ 

ˊɟɞɓɞɚɩɜ Űɤɜ ŮɔəɎɟůɘɤɜ Űɞɛɩɜ Űɞɡ. ȼ ɢɟɐůɖ Űɖɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ ůŮ 

ŭɘɎűɞɟɞɡɠ ŮˊɘůŰɖɛɞɜɘəɞɨɠ ɢɩɟɞɡɠ, Űɖɜ əŬɗɘůŰɞɨɜ ɏɜŬ ɔŮɜɘəŮɡɛɏɜɞ ŮɟɔŬɚŮɑɞ ŰɟɘůŭɘɎ-

ůŰŬŰɖɠ (3D) ŬˊŮɘəɧɜɘůɖɠ, ɛɖ-ŮˊŮɛɓŬŰɘəɐɠ əŬɘ ɛɖ-əŬŰŬůŰɟŮˊŰɘəɐɠ ɛŮɗɧŭɞɡ, ɘŬŰɟɘəɐɠ 

ŭɘɎɔɜɤůɖɠ əŬɘ Ůɚɏɔɢɞɡ Űɖɠ ŮůɤŰŮɟɘəɐɠ ŭɞɛɐɠ ɡɚɘəɩɜ. ȼ ɛɘəɟɞŰɞɛɞɔɟŬűɑŬ (computed 

microtomography, micro-CT) ŬˊɞŰŮɚŮɑ ˊŬɟŬɚɚŬɔɐ Űɖɠ əɚŬůůɘəɐɠ ɡˊɞɚɞɔɘůŰɘəɐɠ 

ŰɞɛɞɔɟŬűɑŬɠ ůŰɖ ɛɘəɟɞəɚɑɛŬəŬ, ɧˊɞɡ ɏɜŬɠ ɛɘəɟɞŰɞɛɞɔɟɎűɞɠ ˊɟɞůŭɑŭŮɘ ŮɘəɧɜŮɠ 

əŬɚɨŰŮɟɖɠ ˊɞɘɧŰɖŰŬɠ əŬɘ ŬɜɎɚɡůɖɠ Ŭˊɧ ɏɜŬɜ ŬɜŰɑůŰɞɘɢɞ ɡˊɞɚɞɔɘůŰɘəɧ Ŭɝɞɜɘəɧ 

ŰɞɛɞɔɟɎűɞ. ɆɡɔəŮəɟɘɛɏɜŬ, ɖ ŬɜɎɚɡůɖ Ůɘəɧɜɤɜ ɛɘəɟɞŰɟɞɛɞɔɟŬűɑŬɠ ŮɑɜŬɘ Űɖɠ ŰɎɝŮɤɠ 

Űɤɜ 5 ɛm ɐ/əŬɘ ɛɘəɟɧŰŮɟɖ, əɡɟɑɤɠ ɚɧɔɤ Űɞɡ ɛɘəɟɞɨ ɛŮɔɏɗɞɡɠ ŮůŰɑŬůɖɠ Űɖɠ ˊɖɔɐɠ (5-
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10 ɛm). ȼ ŰŮɢɜɘəɐ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ˊɞɚɨ ŮɡɟŮɑŬ əɚɑɛŬəŬ ɔɘŬ 

ŭɘŬűɞɟŮŰɘəɏɠ ŬɜŬɚɨůŮɘɠ, Ůɜɩ ˊɎɜŰŬ ŬəɞɚɞɡɗŮɑ Űɘɠ ɑŭɘŮɠ űɡůɘəɏɠ Ŭɟɢɏɠ (Ⱥɘə. 2.5.1.). 

 

Ⱥɘə. 2.5.1. ɆɢɖɛŬŰɘəɐ ɘŮɟŬɟɢɘəɐ ŬˊŮɘəɧɜɘůɖ ɛɏůɤ ɡˊɞɚɞɔɘůŰɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ (CT) xcvi 

 

     ȼ Ŭɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ɡˊɞɚɞɔɘůŰɘəɐɠ (ɛɘəɟɞ)ŰɞɛɞɔɟŬűɑŬɠ ɓŬůɑɕŮŰŬɘ ůŰɖɜ 

ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɖɠ ɘɞɜɑɕɞɡůŬɠ ŬəŰɘɜɞɓɞɚɑŬɠ (ŬəŰɑɜŮɠ ɉ ɐ ŬəŰɘɜɞɓɞɚɑŬ synchrotron) 

ɛŮ Űɖɜ ɨɚɖ, ɧˊɞɡ, ůŰɞ ŮɜŮɟɔŮɘŬəɧ űɎůɛŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ, ɖ űɤŰɞɔɟŬűɑŬ əŬŰŬ-

ůəŮɡɎɕŮɘ Űɞɜ əɨɟɘɞ ɛɖɢŬɜɘůɛɧ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬˊŮɘəɧɜɘůɖɠ 

ŮɝŬůɗŮɜŮɑ ŰŬ űɤŰɧɜɘŬ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŬɜɎɚɞɔŬ ˊɟɞɠ Űɖɜ ŰɟɑŰɖ ŭɨɜŬɛɖ Űɞɡ Ŭɟɘɗɛɞɨ 

ŰɎɝɖ Űɤɜ ůŰɞɘɢŮɑɤɜ əŬɘ ŬɜŰɘůŰɟɧűɤɠ ŬɜɎɚɞɔŬ ˊɟɞɠ Űɖɜ ŰɟɑŰɖ ŭɨɜŬɛɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ 

űɤŰɞɜɑɤɜ. ȰŰůɘ, ɖ ˊɟŬɔɛŬŰɘəɐ ŮɝŬůɗɏɜɖůɖ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɡɚɘəɧ, ŬɚɚɎ əŬɘ Ŭˊɧ Űɞ 

ŮɜŮɟɔŮɘŬəɧ űɎůɛŬ Űɖɠ ˊɖɔɐɠ ŬəŰɘɜɩɜ ɉ. ȾŬɗɩɠ ɖ ŭɏůɛɖ ŬəŰɘɜɩɜ ɉ ŭɘŬˊŮɟɜɎ ɏɜŬ 

ŬɜŰɘəŮɑɛŮɜɞ ŮɝŬůɗŮɜŮɑ ŮəɗŮŰɘəɎ ůɨɛűɤɜŬ ɛŮ Űɞ ɛɐəɞɠ ŭɘŬŭɟɞɛɐɠ Űɞɡ. ȼ ŮɜŮɟɔŮɘŬəɎ 

ŮɝŬɟŰɩɛŮɜɖ ůŰŬɗŮɟɎ ɡɚɘəɞɨ əŬɚŮɑŰŬɘ ɔɟŬɛɛɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ŮɝŬůɗɏɜɖůɖɠ əŬɘ 

ŮəűɟɎɕŮɘ Űɞ ˊɞůɧ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ˊɞɡ ɛŮɘɩɜŮŰŬɘ ŮɜŰɧɠ ɛɘŬɠ ŬˊŮɑɟɤɠ ɛɘəɟɐɠ 

ŬˊɧůŰŬůɖɠ, ůŰɖɜ ɞˊɞɑŬ ɖ ŰŮɚɘəɐ ŮɝŬůɗɏɜɖůɖ ŬɜŰɘəŬŰɞˊŰɟɑɕŮɘ Űɞ ɎɗɟɞɘůɛŬ ɧɚɤɜ Űɤɜ 

Űɞˊɘəɩɜ ɔɟŬɛɛɘəɩɜ ůɡɜŰŮɚŮůŰɩɜ ŮɝŬůɗɏɜɖůɖɠ əŬŰɎ ɛɐəɞɠ Űɖɠ ŭɏůɛɖɠ ŬəŰɘɜɩɜ ɉ. 

ũɘŬ ɜŬ ˊŬɟŬɢɗŮɑ ɛɘŬ ŰɟɘůŭɘɎůŰŬŰɖ ŮɘəɧɜŬ CT ŬˊŬɘŰŮɑŰŬɘ ɏɜŬ ɞɚɧəɚɖɟɞ ůɨɜɞɚɞ 

ŭɡůŭɘɎůŰŬŰɤɜ ˊɟɞɓɞɚɩɜ. 
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Ⱥɘə. 2.5.2. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Ůɜɧɠ ůŬɟɤŰɐ ɛCT xcvi 

     Ƀɘ ɛCT ˊɟɞɓɞɚɏɠ  ɚŬɛɓɎɜɞɜŰŬɘ ɛɏůɤ ɛɘŬɠ ŮɔəŬŰɎůŰŬůɖɠ, ůŰɖɜ ɞˊɞɑŬ ɖ ˊɖɔɐ əŬɘ 

ɞ ŬɜɘɢɜŮɡŰɐɠ ɓɟɑůəɞɜŰŬɘ ůŮ ɛɘŬ ůŰŬɗŮɟɐ ɗɏůɖ əŬɘ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ˊŮɟɘůŰɟɏűŮŰŬɘ ɔɨɟɤ 

Ŭˊɧ Űɞɜ Ůˊɘɛɐəɖ ɎɝɞɜɎ Űɞɡ. Ƀɘ ˊɟɞɓɞɚɘəɏɠ ŬɡŰɏɠ Ŭ́ ŮɘəɞɜɑůŮɘɠ ůɡɚɚɏɔɞɜŰŬɘ ˊŮɟɘůŰɟɏ-

űɞɜŰŬɠ Űɞ ɕŮɨɔɞɠ ˊɖɔɐɠ ŬəŰɘɜɩɜ ɉ-ŬɜɘɢɜŮɡŰɐ ɔɨɟɤ Ŭˊɧ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ˊɞɡ 

ŮɝŮŰɎɕŮŰŬɘ, Űɞ ɞˊɞɑɞ ˊɟɞəŬɚŮɑ ɛɖɢŬɜɘəɏɠ ŭɞɜɐůŮɘɠ ɚɧɔɤ ɓɎɟɞɡɠ əŬɘ ɧɔəɞɡ Űɞɡ. ɇɞ 

ŬɜŰɘəŮɑɛŮɜɞ ˊɟɞɠ ŮɝɏŰŬůɖ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŮ ɛɘəɟɐ ˊŮɟɘůŰɟŮűɧɛŮɜɖ ˊɚŬŰűɧɟɛŬ, ɖ 

ɞˊɞɑŬ ɞŭɖɔŮɑŰŬɘ Ŭˊɧ ɓɖɛŬŰɘəɧ əɘɜɖŰɐɟŬ, ŮɝŬɚŮɑűɞɜŰŬɠ ɏŰůɘ Űɘɠ ɛɖɢŬɜɘəɏɠ ŭɞɜɐůŮɘɠ 

əŬɘ ŮɜɘůɢɨɞɜŰŬɠ Űɖɜ ˊɞɘɧŰɖŰŬ əŬɘ Űɖɜ ŬɜɎɚɡůɖ Űɖɠ ŮɘəɧɜŬɠ. ɇɞ ˊŮŭɑɞ ɛŮŰɟɐůŮɤɜ ůŰɖ 

ɛɘəɟɞŰɞɛɞɔɟŬűɑŬ əɤɜɘəɐɠ ŭɏůɛɖɠ ŮɑɜŬɘ Űɖɠ ŰɎɝŮɤɠ Űɤɜ ɛŮɟɘəɩɜ əɡɓɘəɩɜ ŮəŬŰɞůŰɩɜ 

( 2-10 cm3).  ɆɡɔəŮəɟɘɛɏɜŬ, əŬŰɎ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Ůɜɧɠ ůŬɟɤŰɐ ɛɘəɟɞŰɞɛɞɔɟŬűɑŬɠ, 

ɏɜŬɠ ůɤɚɐɜŬɠ ɛɘəɟɞŮůŰɑŬůɖɠ ŬəŰɑɜɤɜ ɉ ŮəˊɏɛˊŮɘ ŬəŰɑɜŮɠ ɉ ˊŬɟŬɚɚɖɚɘůɛɏɜŮɠ əŬɘ 

űɘɚŰɟŬɟɘůɛɏɜŮɠ ůŮ ɏɜŬ əŬɗɞɟɘůɛɏɜɞ űɎůɛŬ ŮɜɏɟɔŮɘŬɠ. Ƀɘ ŬəŰɑɜŮɠ ɉ ŭɘɏɟɢɞɜŰŬɘ ɛɏůɤ 

Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ əŬɘ əŬŰŬɔɟɎűɞɜŰŬɘ Ŭˊɧ ɛɘŬ əɎɛŮɟŬ ůɡɕŮɡɔɛɏɜɞɡ űɞɟŰɑɞɡ (CCD). 

ɀɘŬ ˊɚɐɟɖɠ ůɎɟɤůɖ ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɘŬ ůŮɘɟɎ Ŭˊɧ ˊɟɞɓɞɚɏɠ, ɞɘ ɞˊɞɑŮɠ ŬɜŰɘůŰɞɘɢɞɨɜ 

ůŰɘɠ  ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘůŰɟɞűɏɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ. ɇɞ ŬɜŰɘəŮɑɛŮɜɞ ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ 

Ŭűɞɨ ˊɟɞŮŰɞɘɛɎɕŮŰŬɘ ůŮ əŬɗɞɟɘůɛɏɜɞ ɛɏɔŮɗɞɠ əŬɘ əŬŰɎůŰŬůɖ, ŰɞˊɞɗŮŰŮɑŰŬɘ əŬŰɎɚ-

ɚɖɚŬ ůŰɞ ɧɟɔŬɜɞ ůɎɟɤůɖɠ əŬɘ ůəŬɜɎɟŮŰŬɘ ɡˊɧ ůɡɔəŮəɟɘɛɏɜŮɠ ŭɘŮɡɗɨɜůŮɘɠ.(xcvi) 

      ȼ ɛɘəɟɞŰɞɛɞɔɟŬűɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ůŰɖɜ ŬɜɎɚɡůɖ əŬɘ Űɞɜ ɏɚŮɔɢɞ 

ŬůŰɞɢɑŬɠ ˊɞɑəɘɚɤɜ ɡɚɘəɩɜ, ˊɟɞůŭɑŭɞɜŰŬɠ ŮəŰɘɛɐůŮɘɠ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ ˊɡəɜɧŰɖŰŬɠ, 

ɔŮɤɛŮŰɟɑŬɠ əŬɘ 3D ɛɘəɟɞ-ɛɞɟűɞɚɞɔɑŬɠ Űɞɡɠ, Űɧůɞ in vitro ɧůɞ əŬɘ in vivo. ɆŰɞɜ 

əɚɎŭɞ ɘůŰɞɛɖɢŬɜɘəɐɠ, ŭɨɜŬŰŬɘ ɜŬ ŬɜŬɚɡɗɞɨɜ ŬɜɞɟɔŬɜɞˊɞɘɖɛɏɜɞɘ ɘůŰɞɑ, ɧˊɤɠ ɞůŰɎ 

əŬɘ ŭɧɜŰɘŬ, ɛŬɚŬəɞɑ ɘůŰɞɑ əŬɘ Ůɜ ɔɏɜŮɘ ɓɘɞɦɚɘəɎ. ȾɎˊɞɘŮɠ ˊɟɞɖɔɛɏɜŮɠ ŮűŬɟɛɞɔɏɠ Űɖɠ 

ɛɘəɟɞŰɞɛɞɔɟŬűɑŬɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖɜ ŮəŰɑɛɖůɖ ˊɞɘɧŰɖŰŬɠ ɜŮɞůɨůŰŬŰɤɜ ɞůŰɩɜ əŬɘ 

ůəŮɚŮŰɘəɩɜ űŬɘɜɞŰɨˊɤɜ, Űɖɜ ŰɛɖɛŬŰɘəɐ ŮˊɘůəŮɡɐ ŮɚŬŰŰɤɛŬŰɘəɩɜ ɞůŰɩɜ əŬɘ Űɖɜ 

Ůˊɞɨɚɤůɖ əŬŰŬɔɛɎŰɤɜ, əŬɗɩɠ əŬɘ ŮˊɘŭɟɎůŮɘɠ ůɢŮŰɘɕɧɛŮɜŮɠ ɛŮ Űɖɜ ɖɚɘəɑŬ Űɞɡ ɞůŰɞɨ, 

Űɞɜ Ůəűɡɚɘůɛɧ ŬɟɗɟɩůŮɤɜ, Űɖɜ ŬɔɔŮɘŬəɐ ŬɜŬŭɘŬɛɧɟűɤůɖ, ŬɜŬˊŰɡɝɘŬəɐ ɓɘɞɚɞɔɑŬ, 

əŬɘ ɛɘəɟɞŭɞɛɐ ɞůŰɘəɩɜ ɘəɟɘɤɛɎŰɤɜ. ȷɜŬɚɨɞɜŰŬɠ Űɖɜ ɛɘəɟɞŭɞɛɐ ɞůŰɩɜ, ɖ ŰŮɢɜɘəɐ 

ˊɚŮɞɜŮəŰŮɑ əŬɗɩɠ ɖ ɛɞɟűɞɚɞɔɑŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛŮ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬ əŬɘ ŬəɟɑɓŮɘŬ, 

ŭɑɜŮŰŬɘ ɎɛŮůɖ ŰɟɘůŭɘɎůŰŬŰɖ ɛɏŰɟɖůɖ Űɞɡ ˊɎɢɞɡɠ əŬɘ Űɞɡ ˊɞɟɩŭɞɡɠ ŭɘəŰɨɞɡ Űɞɡ, 

ŮəŰɘɛɎŰŬɘ ɖ ŬɜɞɟɔŬɜɞˊɞɑɖůɖ Űɞɡ ɞůŰɘəɞɨ ɘůŰɞɨ ůɡɔəɟɑůŮɘ ˊɟɞŰɨˊɤɜ ɡŭɟɞɝɡŬˊŬŰɑŰɖ 
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əŬɘ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɛɘŬ ɛɖ əŬŰŬůŰɟɞűɘəɐ ɛɏɗɞŭɞ ɢŬɟŬəŰɖɟɘůɛɞɨ. ɋůŰɧůɞ, ɡˊɎɟɢɞɡɜ 

ˊŮɟɘɞɟɘůɛɞɑ ůŰɖɜ ŬɜɎɚɡůɖ Űɖɠ ɞůŰɘəɐɠ ɛɘəɟɞŭɞɛɐɠ, ɞɘ əɡɟɘɧŰŮɟɞɘ Űɤɜ ɞˊɞɑɤɜ 

ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ ɏɚɚŮɘɣɖ ůŰŮɟŮɞɚɞɔɘəɩɜ ɛɞɜŰɏɚɤɜ əŬɘ ůŰɖɜ ŬɜŮˊŬɟəɐ ŬɜɎɚɡůɖ Űɞɡ 

ɛŮɔɏɗɞɡɠ ɞůŰɘəɩɜ ŭɞəɑŭɤɜ. Ⱥˊɞɛɏɜɤɠ, ŮɝɎɔɞɜŰŬɘ ˊɞůɞŰɘəɎ ŭŮŭɞɛɏɜŬ ɛɞɟűɞɚɞɔɑŬɠ 

əŬɘ ˊɡəɜɧŰɖŰŬɠ ůŮ ůɡɜŭɡŬůɛɧ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŰɟɘůŭɘɎůŰŬŰɖɠ ŬˊŮɘəɧɜɘůɖɠ Űɤɜ 

ɡɚɘəɩɜ. (xcvii) (xcviii) ũɘŬ Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ ɘəɟɘɤɛɎŰɤɜ ůŰɖɜ ˊŬɟɞɨůŬ ˊŮɘɟŬ-

ɛŬŰɘəɐ ɏɟŮɡɜŬ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŬɟɤŰɐɠ ɛCT ɛɞɜŰɏɚɞɡ 1172. 

 

 

Ⱥɘə. 2.5.3. CT-scan 1172, Űɖɠ ŮŰŬɘɟŮɑŬɠ Brucker 

 

  2.6. ɀɖɢŬɜɘəɏɠ ŭɞəɘɛɏɠ 

ɇŬ ɓɘɞŬˊɞɟɟɞűɐůɘɛŬ ɘəɟɘɩɛŬŰŬ ˊɟɏˊŮɘ ɜŬ ŮˊɘŭŮɘəɜɨɞɡɜ ɛɖɢŬɜɘəɐ ŬɜŰɞɢɐ, ɖ ɞˊɞɑŬ 

ɗŬ ŰŬ ˊɟɞůŰŬŰŮɨŮɘ Ŭˊɧ ˊŬɟŬɛɧɟűɤůɖ Űɖɠ (ɛɘəɟɞ)ŭɞɛɐɠ Űɞɡɠ əŬŰɎ Űɖɜ in vivo 

ŮɛűɨŰŮɡůɖ, ɏɤɠ ɧŰɞɡ Űɞ ɜŮɞůɡɜŰŮɗɖɛɏɜɞ ɞůŰɧ ɜŬ ŰŬ ŬɜŰɘəŬŰŬůŰɐůŮɘ. Ⱥɜ ɔɏɜŮɘ, ŰŬ  

ůɨɜɗŮŰŬ ɓɘɞəŮɟŬɛɘəɎ ɘəɟɘɩɛŬŰŬ (xcix) ŮɑɜŬɘ ˊɞɚɨ ŮɨɗɟŬɡůŰŬ əŬɘ əŬɗɑůŰŬŰŬɘ 

ŭɨůəɞɚɖ ɖ əŬŰŬůəŮɡɐ ŮˊɘɗɡɛɖŰɐɠ ɔŮɤɛŮŰɟɑŬɠ, ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɞ ɛɖɢŬɜɘəɧ 

ɢŬɟŬəŰɖɟɘůɛɧ Űɞɡɠ. ɆɡɛɓŬŰɘəɏɠ ɛɏɗɞŭɞɘ ɛɖɢŬɜɘəɞɨ ɢŬɟŬəŰɖɟɘůɛɞɨ, ɧˊɤɠ ŭɘŬɝɞɜɘəɐ, 

ŮűŮɚəɡůŰɘəɐ əŬɘ əɟɞɡůŰɘəɐ ŭɞəɘɛɐ, ŭŮɜ ŮűŬɟɛɧɕŮŰŬɘ ɔɘŬ ˊɞɟɩŭɖ ɘəɟɘɩɛŬŰŬ. ȷɜŰɑ 

ŬɡŰɞɨ, ŮɝŮŰɎɕɞɜŰŬɘ ɤɠ ˊɟɞɠ Űɖɜ ɛɖɢŬɜɘəɐ ŬɜŰɞɢɐ Űɞɡɠ ɛɏůɤ əɎɛɣɖɠ Űɟɘɩɜ ɐ ŰŮů-

ůɎɟɤɜ ůɖɛŮɑɤɜ əŬɘ ɛɏůɤ ŭɞəɘɛɐɠ ůŮ ɗɚɑɣɖ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟŮɡɜɖŰɘəɐ ˊɞɟŮɑŬ, ŰŬ 

ůɨɜɗŮŰŬ ɘəɟɘɩɛŬŰŬ ɡŭɟɞɝɡŬˊŬŰɑŰɖ-ɓɘɞˊɞɚɡɛŮɟɩɜ ɛŮ ɐ ɢɤɟɑɠ ɜŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ 

ɡˊɞɓɎɚɚɞɜŰŬɘ ůŮ ŭɞəɘɛɐ ɗɚɑɣɖɠ, ŮɘŭɘəɧŰŮɟŬ ɛɞɜɞŬɝɞɜɘəɐɠ ůɡɛˊɑŮůɖɠ. 

   ȳˊɤɠ əŬɘ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ Ŭɝɞɜɘəɐɠ əŬŰŬˊɧɜɖůɖɠ Ůɜɧɠ ɡɚɘəɞɨ, ɧŰŬɜ ɖ ŮˊɘɓŬɚ-

ɚɧɛŮɜɖ ŰɎůɖ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖɜ ŰɎůɖ ŮɚŬůŰɘəɧŰɖŰŬɠ (young stress) ˊɞɡ ŬɜŰɘ-

ůŰɞɘɢŮɑ ůŰɞ ɧɟɘɞ ŮɚŬůŰɘəɧŰɖŰŬɠ Űɞɡ ɡɚɘəɞɨ, Űɞ ɡɚɘəɧ ˊŬɟŬɛɞɟűɩɜŮŰŬɘ ŮɚŬůŰɘəɎ, ɡˊɧ 

ɗŮɟɛɞəɟŬůɑŮɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ŮɚŬůŰɘəɐɠ ˊŬɟŬɛɧɟűɤůɖɠ (ɓɟɎ-

ɢɡɜůɖɠ) əŬɘ ɛɏɢɟɘ Űɞ ɧɟɘɞ ŬɜŬɚɞɔɑŬɠ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ů-Ů, ɘůɢɨŮɘ ɞ ɜɧɛɞɠ Űɞɡ 
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Hooke (ů=ȺzŮ) ɔɘŬ Űɘɠ ɞɟɗɏɠ ɛɖɢŬɜɘəɏɠ ŰɎůŮɘɠ. Ƀɘ ˊŬɟŬŭɞɢɏɠ ɘůɢɨɞɠ Űɞɡ Ɂɧɛɞɡ Űɞɡ 

Hooke ɔɘŬ Űɘɠ ɞɟɗɏɠ ɛɖɢŬɜɘəɏɠ ŰɎůŮɘɠ ɛˊɞɟɞɨɜ ɜŬ ůɡɛˊŰɘɢɗɞɨɜ ůŰɘɠ ŬəɧɚɞɡɗŮɠ:  

Å ȼ ŮˊɘɓŬɚɚɧɛŮɜɖ ŭɨɜŬɛɖ ŭɟŬ ůŰɖ ŭɘŮɨɗɡɜůɖ Űɞɡ əɨɟɘɞɡ ɎɝɞɜŬ Űɖɠ ɟɎɓŭɞɡ əŬɘ Űɞ 

ůɖɛŮɑɞ ŮűŬɟɛɞɔɐɠ Űɖɠ ŮɑɜŬɘ Űɞ əɏɜŰɟɞ ɓɎɟɞɡɠ Űɖɠ ŭɘŬŰɞɛɐɠ. 

Å Ƀ əɨɟɘɞɠ ɎɝɞɜŬɠ Űɖɠ ɟɎɓŭɞɡ ŮɑɜŬɘ ŬˊɞɚɨŰɤɠ ŮɡɗɨɔɟŬɛɛɞɠ. 

Å Ƀɘ ŬɜŬˊŰɡůůɧɛŮɜŮɠ ɞɟɗɏɠ ŰɎůŮɘɠ əŬŰŬɜɏɛɞɜŰŬɘ ɞɛɞɘɧɛɞɟűŬ ůŰɖ ŭɘŬŰɞɛɐ.  

Å ɆŰŬ ɗɚɘɓɧɛŮɜŬ ɛɏɟɖ ŭŮɜ ɡˊɎɟɢŮɘ əɑɜŭɡɜɞɠ ɚɡɔɘůɛɞɨ. 

Å ȳɚŮɠ ɞɘ əŬŰɎ ɛɐəɞɠ ɑɜŮɠ Űɖɠ ɟɎɓŭɞɡ ŮˊɘɛɖəɨɜɞɜŰŬɘ ɐ ůɡɛˊɘɏɕɞɜŰŬɘ Ŭəɟɘɓɩɠ Űɞ ɑŭɘɞ. 

ÅɃɘ ŭɘŬŰɞɛɏɠ ˊɞɡ ŬɟɢɘəɎ ŮɑɜŬɘ ŮˊɑˊŮŭŮɠ əŬɘ əɎɗŮŰŮɠ ůŰɞɜ ɎɝɞɜŬ Űɖɠ ɟɎɓŭɞɡ, 

ˊŬɟŬɛɏɜɞɡɜ ɏŰůɘ əŬɘ ɛŮŰɎ Űɖɜ ˊŬɟŬɛɧɟűɤůɖ.  

Å Ƀɘ ŬɜŬˊŰɡůůɧɛŮɜŮɠ ɞɟɗɏɠ ŰɎůŮɘɠ ŮɑɜŬɘ ˊɎɜŰŬ ɛɘəɟɧŰŮɟŮɠ Ŭˊɧ Űɖɜ ŰɎůɖ ŬɜŬɚɞɔɑŬɠ 

ůȷ Űɞɡ ɡɚɘəɞɨ. 

   ɆɖɛŬɜŰɘəɐ ˊŬɟŬŰɐɟɖůɖ ɔɘŬ Űɘɠ ŭɞəɘɛɏɠ ɗɚɑɣŮɤɠ ŬˊɞŰŮɚŮɑ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɔŮɜɘəɎ 

ŬˊɞűŮɨɔŮŰŬɘ ɖ ɢɟɐůɖ ŭɞəɘɛɑɤɜ ɛŮ ɛŮɔɎɚɖ ŬɜŬɚɞɔɑŬ ɛɐəɞɡɠ/ ŭɘŬɛɏŰɟɞɡ (L/D), ˊɟɞɠ 

Ŭˊɞűɡɔɐ űŬɘɜɞɛɏɜɤɜ ɚɡɔɘůɛɞɨ. ũŮɜɘəɎ, ɔɘŬ ŰŬ ŭɞəɑɛɘŬ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ɡˊɞɓɚɖɗɞɨɜ 

ůŮ ŭɞəɘɛɐ ɗɚɑɣŮɤɠ ɘůɢɨɞɡɜ ɞɘ Ůɝɐɠ ˊŮɟɘɞɟɘůɛɞɑ ůŰɞ ɚɧɔɞ L/D: 

¶ 2<=L/D<=4, ɔɘŬ ɧɚəɘɛŬ ɡɚɘəɎ 

¶ 2<=L/D<=10, ɔɘŬ ɣŬɗɡɟɎ ɡɚɘəɎ 

¶  

 

Ⱥɘə. 2.6.1. ɆɢɖɛŬŰɘəɐ ŬɜŬ́ŬɟɎůŰŬůɖ Űɨˊɤɜ ˊŬɟŬɛɧɟűɤůɖɠ ɡˊɧ ɗɚɘˊŰɘəɏɠ ŰɎůŮɘɠ əŬɗɩɠ əŬɘ 

ůɡɔəɟɘŰɘəɞɨ ŭɘŬɔɟɎɛɛŬŰɞɠ ů-Ů ɔɘŬ ŭɘɎűɞɟɞɡɠ Űɨˊɞɡɠ L/D. (a) Buckling, when L/D > 5. (b) 

Shearing, when L/D > 2.5. (c) Double barreling, when L/D > 2.0 and friction is present at the 

contact surfaces. (d) Barreling, when L/D < 2.0 and friction is present at the contact surfaces. 

(e) Homogenous compression, when L/D< 2.0 and no friction is present at the contact 

surfaces. (f) Compressive instability due to worksoftening material.xcix 
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  ɆŰɖɖ ˊŬɟŬəɎŰɤ ŭɘŬɔɟŬɛɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ (Ⱥɘə. 2.6.2.) ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɛɖɢŬɜɘəɐ 

ůɡɛˊŮɟɘűɞɟɎ Ůɜɧɠ ɣŬɗɡɟɞɨ ɡɚɘəɞɨ (ůŮ əŬɜɞɜɘəɐ ɗŮɟɛɞəɟŬůɑŬ) əŬŰɎ Űɖɜ ŭɞəɘɛɐ Űɞɡ 

ɛɞɜɞŬɝɞɜɘəɞɨ ŮűŮɚəɡůɛɞɨ əŬɘ Űɖɠ ɛɞɜɞŬɝɞɜɘəɐɠ ɗɚɑɣŮɤɠ. ȳˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ, Űɞ 

ɛɏŰɟɞ Űɞɡ Young ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧ (ɤɠ űɡůɘəɐ ɘŭɘɧŰɖŰŬ) Ůɜɩ Űɞ ŬɝɘɞůɖɛŮɑɤŰɞ 

ŮɑɜŬɘ ɧŰɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɗɚɘˊŰɘəɐɠ əŬŰŬˊɧɜɖůɖɠ Űɞ ɣŬɗɡɟɧ ɡɚɘəɧ ŮɛűŬɜɑɕŮɘ ɛɑŬ 

ˊŬɟŬɛɧɟűɤůɖ, ɖ ɞˊɞɑŬ əŬɘ ˊɟɞɖɔŮɑŰŬɘ Űɖɠ ɗɟŬɨůŮɤɠ Űɞɡ, ˊɟɎɔɛŬ ˊɞɡ ůŮ əŬɛɑŬ 

ˊŮɟɑˊŰɤůɖ ŭŮɜ ŮɛűŬɜɑɕŮŰŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ŮűŮɚəɡůŰɘəɐɠ ŭɞəɘɛɐɠ. 

 

Ⱥɘə. 2.6.2. ȹɘŬɔɟŬɛɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ŰɎůɖɠ- Ŭɜɖɔɛɏɜɖɠ ˊŬɟŬɛɧɟűɤůɖɠ ɔɘŬ ɣŬɗɡɟɧ ɡɚɘəɧ, 

(ɡˊɧ ɗŮɟɛɞəɟŬůɑŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ), ɡˊɞɓŬɚɚɧɛŮɜɞ ůŮ ŭɞəɘɛɐ ŮűŮɚəɡůɛɞɨ (tension) əŬɘ 

ɗɚɑɣŮɤɠ (compression) xcix 

ɀɘŬ Ůˊɑůɖɠ ˊɞɚɨ ůɖɛŬɜŰɘəɐ ˊŬɟŬŰɐɟɖůɖ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ŬɜɤŰɏɟɤ ŭɘɎɔɟŬɛɛŬ 

ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ ɣŬɗɡɟɧ ɡɚɘəɧ ŮɛűŬɜɑɕŮɘ ɛŮɔŬɚɨŰŮɟɖ ɛɏɔɘůŰɖ ŬɜŰɞɢɐ ůŮ ɗɚɑɣɖ 

Ŭˊɧ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ůŮ ŮűŮɚəɡůɛɧ. ũŮɜɘəɎ, ŰŬ ɣŬɗɡɟɎ ɡɚɘəɎ, ɧˊɤɠ ŰŬ əŮɟŬɛɘəɎ, 

ɏɢɞɡɜ ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ ŬɜŰɞɢɐɠ ůŮ ɗɚɘˊŰɘəɎ űɞɟŰɑŬ ůŮ ůɢɏůɖ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ 

ŮűŮɚəɡůŰɘəɎ, ɡˊɧ Űɘɠ ɑŭɘŮɠ ůɡɜɗɐəŮɠ űɧɟŰɘůɖɠ.  

 

 

Ⱥɘə. 2.6.3. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ɛɖɢŬɜɘəɞɨ ůɡůŰɐɛŬŰɞɠ ůŰŬŰɘəɐɠ ŬɜŰɞɢɐɠ ůŮ ɗɚɑɣɖ əŬɘ ůŮ 

ŭɡɜŬɛɘəɐ ŬɜŰɞɢɐ ůŮ əɧˊɤůɖ 
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   ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɛɖɢŬɜɘəɐɠ ŬɜɎɚɡůɖɠ, ɛŮɟŰɎŰŬɘ ɖ ŭɘŬɛɖəɐɠ əŬŰŬˊɧɜɖůɖ ɛɏůɤ 

ŭŮɑəŰɖ ŬˊŮɡɗŮɑŬɠ ˊɟɞůŬɟŰɖɛɏɜɞɡ ůŰɞ ŭɞəɑɛɘɞ. ũɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ ŬůŰɞɢɑŬɠ Űɤɜ 

ɡɚɘəɩɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡůŰɐɛŬŰŬ ȷəɞɡůŰɘəɐɠ Ⱥəˊɞɛˊɐɠ (AE). ȰɜŬɠ ŬɘůɗɖŰɐɟŬɠ 

ȷȺ ŮɡɟŮɑŬɠ ɕɩɜɖɠ (NF, AE-900M) ˊɟɞůŬɟŰɐɗɖəŮ ůŰɞ ŭŮɑɔɛŬ. ɇŬ ŬɜɘɢɜŮɡɗɏɜŰŬ 

ůɐɛŬŰŬ ȷȺ ŮɜɘůɢɨɞɜŰŬɘ Ŭˊɧ ɏɜŬɜ ˊɟɞŮɜɘůɢɡŰɐ (əɏɟŭɞɠ 60 dB) ɛɏůɤ űɑɚŰɟɞɡ 

ŭɘɏɚŮɡůɖɠ ɕɩɜɖɠ əŬɘ ɏɜɞɠ ŰŮɟɛŬŰɘəɞɨ ˊɟɞŮɜɘůɢɡŰɐ. ɇŬ ŮɜɘůɢɡɛɏɜŬ ůɐɛŬŰŬ ȷȺ, Űɞ 

űɞɟŰɑɞ əŬɘ ɖ əŬŰŬˊɧɜɖůɖ əŬŰŬɔɟɎűɞɜŰŬɘ ůŰɖ ůɡɜɏɢŮɘŬ Ŭˊɧ ɏɜŬɜ ŬɜŬɚɡŰɐ ȷȺ 

(AMSY-5ĿVallen). Ƀ ɛɖɢŬɜɘəɧɠ ɗɧɟɡɓɞɠ ɛŮŰŬɝɨ Űɞɡ ŭŮɑɔɛŬŰɞɠ əŬɘ Űɖɠ ˊɚɎəŬɠ 

űɧɟŰɤůɖɠ ˊŮɟɘɞɟɑɕŮŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ űɨɚɚŬ ŰŮűɚɧɜ ůŰɘɠ ˊɚɎəŮɠ. ɉɟɖůɘɛɞ-

ˊɞɘɐɗɖəŮ Űɞ Instron 8832, ɛɞɜŰɏɚɞ Űɖɠ Universal Testing Machine. 

 

 

ȾȺūȷȿȷȽɃ 3ɞ: ɄȺȽɅȷɀȷɇȽȾɃ ɀȺɅɃɆ 

   3.1. ȷɜŰɘŭɟŬůŰɐɟɘŬ əŬɘ ŮɟŮɡɜɖŰɘəɎ ɧɟɔŬɜŬ  

ũɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ ɡɓɟɘŭɘəɩɜ ŰɟɘůŭɘɎůŰŬŰɤɜ ɘəɟɘɤɛɎŰɤɜ ɜŬɜɞɦŭɟɞɝɡŬˊŬŰɑŰɖ (ȼAp)- 

ɓɘɞˊɞɚɡɛŮɟɩɜ ɢɘŰɞɕɎɜɖɠ (Chit), ˊɞɚɡŬɘɗɡɚŮɜɘəɞɨ ɞɝɏɞɠ (ɅȺɃ) ůŮ ɓɘɞɛɘɛɖŰɘəɧ 

ˊŮɟɘɓɎɚɚɞɜ Ŭɛɘɜɞɝɏɞɠ L-ȷɟɔɘɜɑɜɖɠ, ɛŮ ɐ ɢɤɟɑɠ Űɖɜ ˊɟɞůɗɐəɖ əŬɘ ɜŬɜɞůɤɚɐɜɤɜ 

ɎɜɗɟŬəŬ (CNTs), ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŬ ŬəɧɚɞɡɗŬ ŬɜŰɘŭɟŬůŰɐɟɘŬ: 

¶ ɞɝɘəɧ ɞɝɨ (glacial CH3COOH) 

¶ ɢɘŰɞɕɎɜɖ ÕŮɔɎɚɞɡ ÕɞɟɘŬəɞɨ ɓɎɟɞɡɠ (C12H24N2O9) 

¶ L-ȷɟɔɘɜɑɜɖ (C6H14N4O2) Ŭˊɧ Űɖɜ ŮŰŬɘɟŮɑŬ AppliChem GmbH 

¶ Poly(ethylene oxide) (ɅȺɃ) ɛŮ ɛɞɟɘŬəɎ ɓɎɟɖ Mw= 600000, 900000, 2000000 

Ŭˊɧ Űɖɜ ŮŰŬɘɟŮɑŬ Sigma-Aldrich. 

¶ ɡŭɟɞɝŮɑŭɘɞ Űɞɡ ŬůɓŮůŰɑɞɡ (Ca(OH)2) Ŭˊɧ Űɖɜ Neolab Migge Laborbedarf-

Vertribs GmbH  

¶ ɓɘɞůɡɛɓŬŰɞɑ ɜŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ (NTX3) Ŭˊɧ Űɖɜ ŮŰŬɘɟŮɑŬ NanothinX 

¶ ɔɘŬ Űɞ ŭɘɎɚɡɛŬ SBF: NaCl,  NaHCO3,  KCl, Na2HPO4 əŬɘ Na2SO4 Űɖɠ 

ŮŰŬɘɟŮɑŬɠ Merck KGaA, MgCl2Ā6H2O Ŭˊɧ Űɖɜ ŮŰŬɘɟŮɑŬ neoLab Migge 

LaborbedarfVertriebs GmbH, CaCl2Ā2H2O Ŭˊɧ Űɖɜ SigmaAldrich, 35% HCl 

Ŭˊɧ Űɖɜ Fisher Chemical əŬɘ ɟɡɗɛɘůŰɘəɧ ŭɘɎɚɡɛŬ (PATris(tris(hydroxyme-

thyl)aminomethane) ɡɣɖɚɞɨ ɓŬɗɛɞɨ əŬɗŬɟɧŰɖŰŬɠ Ŭˊɧ Űɖɜ ŮŰŬɘɟŮɑŬ MP Bio-

medicals LLC 

ɇŬ ŮɟɔŬůŰɖɟɘŬəɎ ɧɟɔŬɜŬ əŬɘ ŮɟɔŬɚŮɑŬ, ɛɏůɤ Űɤɜ ɞˊɞɑɤɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ 

ůɨɜɗŮůɖ, ŮɑɜŬɘ : 

¶ ÕɖɢŬɜɘəɧɠ ŭɘŬůˊɞɟɏŬɠ Űɨˊɞɡ ɇ25 digital ULTRA-TURRAX Űɖɠ ŮŰŬɘɟŮɑŬɠ 

ȽȾȷ  

¶ ɛŬɔɜɖŰɘəɧɠ ɗŮɟɛŬɘɜɧɛŮɜɞɠ ŬɜŬŭŮɡŰɐɟŬɠ ɛŮ ɗŮɟɛɞůŰɞɘɢŮɑɞ WiseStir MSH-

55D əŬɘ WiseStir MSH-20D Űɖɠ ŮŰŬɘɟŮɑŬɠ Witeg 
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¶ ɛŬɔɜɖŰɘəɧɠ ɗŮɟɛŬɘɜɧɛŮɜɞɠ ŬɜŬŭŮɡŰɐɟŬɠ Bibby Stuart RET Basic IKAMAG 

 Űɖɠ ŮŰŬɘɟŮɑŬɠ ȽȾȷ  

¶ ɗŮɟɛɧɛŮŰɟɞ  

¶ ɖɚŮəŰɟɞɜɘəɧ ˊŮɢɎɛŮŰɟɞ PH300 Extech instruments (USA) ɛŮ ɖɚŮəŰɟɧŭɘɞ 

əŬɚɞɛɏɚŬɜŬ 

¶ űɡɔɧəŮɜŰɟɞɠ Űɨˊɞɡ Ȼ326 Űɖɠ ŮŰŬɘɟŮɑŬɠ HERMLE 

¶ ɕɡɔɧɠ ŬəɟɘɓŮɑŬɠ ALS 220-4N (KERN & Sohn GmbH) 

¶ ˊɡɟɘŬɜŰɐɟɘɞ Vaciotem-T Űɖɠ ŮŰŬɘɟŮɑŬɠ Selecta (Spain) ɛŮ Ůɨɟɞɠ 

ɗŮɟɛɞəɟŬůɘɩɜ 35 - 200 oC. 

¶ ŪŮɟɛŬɘɜɧɛŮɜɞ ɚɞɡŰɟɧ memmert WNB / WNE / WPE  

¶ əŬɚɞɨˊɘŬ ŭɘŬůŰɎůŮɤɜ 5x5x20 mm, 1x5x20 mm əŬɘ 15x20x5 mm   

¶ ˊɘˊɏŰŮɠ Pasteur Űɖɠ ŮŰŬɘɟŮɑŬɠ Brand 

¶ ˊɘˊɏŰŬ DE-M 15(Germany) Űɤɜ 10-100ɛl Űɖɠ ŮŰŬɘɟŮɑŬɠ Witeg 

 

 

 

 

3.2. ɆɨɜɗŮůɖ ɘəɟɘɤɛɎŰɤɜ ɜŬɜɞɦŭɟɞɝɡŬˊŬŰɑŰɖ-ɓɘɞˊɞɚɡɛŮɟɩɜ 

ũɘŬ Űɖɜ ɓɘɞɛɘɛɖŰɘəɐ ůɨɜɗŮůɖ ŰɟɘůŭɘɎůŰŬŰɤɜ ɘəɟɘɤɛɎŰɤɜ ɜŬɜɞɡŭɟɞɝɡŬˊŬŰɑŰɖ-

ɓɘɞˊɞɚɡɛŮɟɩɜ ɢɘŰɞɕɎɜɖɠ əŬɘ ˊɞɚɡŬɘɗɡɚŮɜɘəɞɨ ɞɝɏɞɠ ˊŬɟɞɡůɑŬɠ Ŭɛɘɜɞɝɏɞɠ L-ȷɟɔɘ-

ɜɑɜɖɠ, ŬəɞɚɞɡɗŮɑ ɖ ˊŬɟŬəɎŰɤ ˊŮɘɟŬɛŬŰɘəɐ ˊɞɟŮɑŬ: 

1. ɆŮ 29ml ȼ2O ˊɟɞůŰɑɗŮɜŰŬɘ 0,3ml ȼ3ɅɃ4 əŬɘ ɡˊɞɓɎɚɚɞɜŰŬɘ ůŮ ɛŬɔɜɖŰɘəɐ 

ŬɜɎŭŮɡůɖ. ɆŰɞ ŭɘɎɚɡɛŬ ˊɟɞůŰɑɗŮɜŰŬɘ 0,316g ɢɘŰɞɕɎɜɖɠ əŬɘ ŬəɞɚɞɡɗŮɑ 

ɛɖɢŬɜɘəɐ ŬɜɎŭŮɡůɖ ůŰɘɠ ~7000rpm ɔɘŬ 30ȭ.  

2. ɆŮ 29ml H2O ˊɟɞůŰɑɗŮɜŰŬɘ 0,5439ml Ca(OH)2 əŬɘ Űɞ ŬɘɩɟɖɛŬ ŬɜŬŭŮɨŮŰŬɘ 

ůŰɘɠ ~ 5000rpm 

3. ɆŮ ˊɞŰɐɟɘ ɕɏůŮɤɠ Űɤɜ 150ml, 1,2786g L-Arginine ˊɟɞůŰɑɗŮɜŰŬɘ ůŮ 14,65 ml 

ȼ2Ƀ əŬɘ ŬɜŬŭŮɨɞɜŰŬɘ ɛŬɔɜɖŰɘəɎ ɛɏůŬ ůŮ ɡŭŬŰɧɚɞɡŰɟɞ, Űɞ ɞˊɞɑɞ ŰɞˊɞɗŮŰŮɑŰŬɘ 

ůŮ ɗŮɟɛŬɘɜɧɛŮɜɞ ɛŬɔɜɖŰɘəɧ ŬɜŬŭŮɡŰɐɟŬ. ȼ Ŭɟɢɘəɐ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŬɜŰɘŭɟŬ-

ůŰɖɟɑɞɡ ɟɡɗɛɑɕŮŰŬɘ ůŰɞɡɠ 35,5ɞC, ɏɤɠ ɧŰɞɡ ɖ  ɗŮɟɛɞəɟŬůɑŬ ŬɔɔɑɝŮɘ Űɞɡɠ 

40ɞC. 

4. ȼ ŬɜŰɑŭɟŬůɖ ɝŮəɘɜɎ Űɖ ůŰɘɔɛɐ ˊɞɡ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ɡŭŬŰɧɚɞɡŰɟɞɡ ŬɔɔɑɕŮɘ 

Űɞɡɠ 40ɞC, ɧˊɞɡ Űɞ ŬɘɩɟɖɛŬ ɡŭɟɞɝŮɘŭɑɞɡ Űɞɡ ŬůɓŮůŰɑɞɡ əŬɘ Űɞ ŭɘɎɚɡɛŬ 

ɢɘŰɞɕɎɜɖɠ, Űɞ ɞˊɞɑɞ ŬɜŬŭŮɡɧŰŬɜ ɛŬɔɜɖŰɘəɎ əŬŰɎ Űɖɜ ˊŮɘɟŬɛŬŰɘəɐ ŭɘŬŭɘəŬůɑŬ, 

ˊɟɞůŰɑɗŮɜŰŬɘ ůŰɎɔŭɖɜ ůŰɞ ŭɘɎɚɡɛŬ Ŭɟɔɘɜɑɜɖɠ. Ʉɟɞůɞɢɐ ŭɧɗɖəŮ ɩůŰŮ ɖ 

ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ɡŭŬŰɧɚɞɡŰɟɞɡ ɜŬ ɛɖɜ ɝŮˊŮɟɎůŮɘ Űɞɡɠ 42ɞC. ȼ ɗŮɟɛɞəɟŬůɑŬ 

Űɞɡ ɡŭŬŰɧɚɞɡŰɟɞɡ ŮɝŮŰŬɕɧŰŬɜ ɛŮ ŮˊɘˊɟɧůɗŮŰɞ ɗŮɟɛɧɛŮŰɟɞ, ŮəŰɧɠ Űɞɡ ɗŮɟɛɞ-

ůŰɞɘɢŮɑɞɡ. 

5. ȷəɞɚɞɡɗŮɑ ɞɛɞɔŮɜɞˊɞɑɖůɖ Űɞɡ ŬɘɤɟɐɛŬŰɞɠ ɔɘŬ ŰɞɡɚɎɢɘůŰɞɜ 30ô. 

6. ɇɞ ŬɘɩɟɖɛŬ űɡɔɞəŮɜŰɟŮɑŰŬɘ (15ô, 11.000 rpm). 
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7. ɇɞ ɑɕɖɛŬ ɝɖɟŬɑɜŮŰŬɘ ɛŮ ɚɡɞűɘɚɑɤůɖ, ɧˊɞɡ əŬŰŬɣɨɢŮŰŬɘ ůŰɞɡɠ -55ɞC ɔɘŬ 

3ɩɟŮɠ əŬɘ ɏˊŮɘŰŬ ŮɝŬɢɜɩɜŮŰŬɘ ŮɜŰɧɠ 24 ɤɟɩɜ ɛŮ ůŰŬɗŮɟɐ ɡˊɞˊɑŮůɖ Űɤɜ 0,350 

mbar. 

8. ɇɞ ˊɟɞŮŰɞɘɛŬůɛɏɜɞ ŭŮɑɔɛŬ ŬˊɞəŰɎ Űɖ ɛɞɟűɐ əɧɜŮɤɠ, əŬɗɩɠ əɞɜɘɞɟŰɞˊɞɘŮɑŰŬɘ 

ůŮ ɔɞɡŭɑ Ŭˊɧ ŬɢɎŰɘ əŬɘ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɢɖɛɘəɐ ŭɘŬůɨɜŭŮůɐ Űɞɡ (cross 

linking) ɛŮ Űɞ ˊɞɚɡɛŮɟɏɠ ɞɝŮɘŭɑɞɡ Űɞɡ ˊɞɚɡŬɘɗɡɚŮɜɑɞɡ (ɅȺɃ). 

9. To ŭŮɑɔɛŬ ɡˊɞ ɛɞɟűɐ ˊɎůŰŬɠ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŮ əŬɚɞɨˊɘŬ ŭɘŬůŰɎůŮɤɜ 5x5x20 

mm əŬɘ ɝɖɟŬɑɜŮŰŬɘ ɛŮ ɚɡɞűɘɚɑɤůɖ (ůŰɘɠ ůɡɜɗɐəŮɠ -55ɞC, 0,350 mbar) 

əŬŰŬɚɐɔɞɜŰŬɠ ůŮ ɘəɟɑɤɛŬ. 

   Ƀɘ ŬɜŬɚɞɔɑŮɠ ůɨɜɗŮůɖɠ Űɤɜ ŬɘɤɟɖÕɎŰɤɜ ɓŬůɑɕɞɜŰŬɘ ůŮ ˊɟɞɖɔɞɨɛŮɜŮɠ ɏɟŮɡɜŮɠ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɞ ŮɟɔŬůŰɐɟɘɞ ɀŮŰŬɚɚɞɔɜɤůɑŬɠ Űɖɠ Ɇɢɞɚɐɠ ɀɖɢŬɜɘəɩɜ 

ɀŮŰŬɚɚŮɑɤɜ ɀŮŰŬɚɚɞɡɟɔɩɜ (xlvii), ɧˊɞɡ ɖ ɛɞɟɘŬəɐ ŬɜŬɚɞɔɑŬ Ca/P=10:6, ɖ əŬŰɎ 

ɓɎɟɞɠ ŬɜŬɚɞɔɑŬ Hap/Chit=70:30, ɖ ůŰɞɘɢŮɘɞÕŮŰɟɘəɐ ŬɜŬɚɞɔɑŬ Ca2+/L-Ŭɟɔɘɜɑɜɖ=1:2 

əŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ ŭɘŬɚɨÕŬŰɞɠ ɞɟɗɞűɤůűɞɟɘəɞɨ ɞɝɏɞɠ H3PO4 = 0,06 ɀ. 

   ɆɢŮŰɘəɎ ɛŮ Űɖɜ ůɨɜɗŮůɖ Űɞɡ ˊɞɚɡɛŮɟɘəɞɨ ůɡɜŭɏŰɖ ɅȺɃ (ɀw: 600000, 900000 ɐ 

2000000), ɏɔɘɜŮ ůŰŬŭɘŬəɐ ˊɟɞůɗɐəɖ ůəɧɜɖɠ 0,316g ɅȺɃ ůŮ 10mL ɞɝɘəɞɨ ɞɝɏɞɠ 

0,5ɀ (CH3COOH). ȼ ɛŬɔɜɖŰɘəɐ ŬɜɎŭŮɡůɖ ŭɘŬɟəŮɑ ɔɘŬ 24h ůŮ ɐˊɘŮɠ ůɡɜɗɐəŮɠ 

(300rpm, 40ɞC), ɩůŰŮ ɜŬ ɛɖɜ ůˊɎůɞɡɜ ɞɘ ˊɞɚɡɛŮɟɘəɏɠ ŬɚɡůɑŭŮɠ Űɞɡ ɅȺɃ. 

    ȷɜŬɚɡŰɘəɧŰŮɟŬ, ɛŮŰɎ Űɖɜ ˊŬɟŬɔɤɔɐ ůəɧɜɖɠ ɜŬɜɞɡŭɟɞɝɡŬˊŬŰɑŰɖ ɝŮəɘɜɎ ɖ ŭɘŬŭɘ-

əŬůɑŬ ŭɘŬůɨɜŭŮůɐɠ Űɖɠ (cross-linking), ɔɘŬ Űɖ ɓŮɚŰɑɤůɖ Űɖɠ ɛɖɢŬɜɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ 

Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ ɘəɟɘɤɛɎŰɤɜ əŬɘ ŬɜŰɞɢɐɠ Űɞɡɠ ůŮ ɡŭŬŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ. ȺɝŮŰɎůŰɖəŮ 

ɖ ůŰŬɡɟɞŭɘŬůɨɜŭŮůɖ ůəɧɜɖɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ɛŮ Űɞ ˊɞɚɡŬɘɗɡɚŮɜɘəɧ ɞɝɨ, ůŮ ŭɘŬűɞ-

ɟŮŰɘəɏɠ ŬɜŬɚɞɔɑŮɠ ˊɞɚɡŬɘɗɡɚŮɜɘəɞɨ ɞɝɏɞɠ:ɢɘŰɞɕɎɜɖɠ (ɅȺɃ:Chit). Ƀɘ ŬɜŬɚɞɔɑŮɠ 

ɅȺɃ:Chit ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ ŮɑɜŬɘ 1:2,5 (0,316 g PEO 0,5M) əŬɘ 1:5 (0,158 g PEO 

0,5M).  ȺˊɘɚɏɔɞɜŰŬɠ Űɖɜ ɓɏɚŰɘůŰɖ ŬɜŬɚɞɔɑŬ, ŬəɞɚɞɨɗɖůŮ ŬɚɚŬɔɐ ˊŬɟŬɛɏŰɟɞɡ, ɧˊɞɡ 

ŮɝŮŰɎůŰɖəŬɜ ɘəɟɘɩɛŬŰŬ ɛŮ ůɡɜŭɏŰɖ ɅȺɃ ŭɘŬűɞɟŮŰɘəɩɜ ɛɞɟɘŬəɩɜ ɓŬɟɩɜ 600000, 

900000 əŬɘ 2000000, ɩůŰŮ ɜŬ ɛŮɚŮŰɖɗŮɑ ɖ ɛɖɢŬɜɘəɐ ŬɜŰɞɢɐ əŬɘ Űɞ ˊɞɟɩŭŮɠ Űɞɡɠ. 

ȰˊŮɘŰŬ, əɟŬŰɩɜŰŬɠ ůŰŬɗŮɟɐ Űɖɜ ˊŬɟɎɛŮŰɟɞ Űɞɡ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ əŬɘ Űɖɠ ŬɜŬɚɞɔɑŬɠ 

PEO:Chit, ŮɝŮŰɎůŰɖəŬɜ ɘəɟɘɩɛŬŰŬ ŭɘŬůɡɜŭŮŭŮɛɏɜŬ ɛŮ ɅȺɃ ŭɘŬűɞɟŮŰɘəɐɠ ŭɘɎɟəŮɘŬɠ 

ˊɞɚɡɛŮɟɘůɛɞɨ, ůɡɔəŮəɟɘɛɏɜŬ ɛŮ ɅȺɃ ˊɞɡ ˊɞɚɡɛŮɟɑůŰɖəŮ ɛɘŬ, ŭɨɞ əŬɘ ŰɟŮɑɠ ɛɏɟŮɠ. 

    ȾŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ crosslinking, ˊɟɞůŰɑɗŮɜŰŬɘ ůŰɖɜ əɞɜɘɞɟŰɞˊɞɘɖɛɏɜɖ ůəɧɜɖ 

ȼȷp 4ml Ŭˊɧ ŰŬ 10ml Űɞɡ ˊɞɚɡɛŮɟɘəɞɨ ŭɘŬɚɨɛŬŰɞɠ (ŭɖɚŬŭɐ ůŮ ŬɜŬɚɞɔɑŬ 1:2,5 

PEO:Chit) əŬɘ Ŭűɞɨ ɞɛɞɔŮɜɞˊɞɘɖɗŮɑ Űɞ ɛŮɑɔɛŬ, ŰɞˊɞɗŮŰŮɑŰŬɘ ɛɏůŬ ůŮ ŮɘŭɘəɎ ůɢŮŭɘŬ-

ůɛɏɜɞ əŬɚɞɨˊɘ 5x5x20 mm (ŮɑŰŮ ůŮ əŬɚɞɨˊɘ 15x5x20mm ɔɘŬ ŬɜɎɚɡůɖ ɗɚɑɣŮɤɠ əŬɘ 

1x520mm ɔɘŬ ɏəɗŮůɖ ůŮ əɡŰŰŬɟɞəŬɚɚɘɏɟɔŮɘŬ). ɇɞ əŬɚɞɨˊɘ ɝɖɟŬɑɜŮŰŬɘ ɛɏůɤ ɚɡɞűɘ-

ɚɑɤůɖɠ əŬɘ ůɡɜŰɑɗŮŰŬɘ Űɞ ɘəɟɑɤɛŬ ɡŭɟɞɝɡŬˊŬŰɑŰɖ-ɓɘɞˊɞɚɡɛŮɟɩɜ. 

    ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ůˊɘˊɚɏɞɜ ɛɘŬ ůɨɜɗŮůɖ ɘəɟɘɤɛɎŰɤɜ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ŬˊɞɡůɑŬɠ 

ůɡɜŭɏŰɖ ɅȺɃ. Ⱥˊɑůɖɠ, ˊɟɞůŭɘɞɟɑůŰɖəŬɜ ɞɘ ɘŭɘɧŰɖŰŮɠ ɘəɟɘɤɛɎŰɤɜ, ŰŬ ɞˊɞɑŬ ŰɞˊɞɗŮ-

ŰɐɗɖəŬɜ ůŮ əŬŰɎɣɡɝɖ ůŰɞɡɠ -4oC ˊɟɘɜ Űɖɜ ɚɡɞűɘɚɑɤůɖ, Ůˊɞɛɏɜɤɠ ŮɑɢŬɜ ŭɘŬűɞɟŮŰɘəɐ 

ůɡɜɗɐəɖ ɣɨɝɖɠ. 
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Ⱥɘə. 3.2.1. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ əŬɚɞɡˊɩɛŬŰɞɠ (5x5x20mm)  

 

3.3. ɆɨɜɗŮůɖ ɘəɟɘɤɛɎŰɤɜ ɜŬɜɞɦŭɟɞɝɡŬˊŬŰɑŰɖ-ɓɘɞˊɞɚɡɛŮɟɩɜ Ůɜɘůɢɡ-

ɛɏɜɤɜ ɛŮ ɜŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ůɨɜɗŮŰɤɜ ɘəɟɘɤɛɎŰɤɜ ɜŬɜɞɡŭɟɞɝɡŬˊŬŰɑŰɖ Ůɜɘůɢɡɛɏɜɤɜ ɛŮ ɜŬɜɞůɤ-

ɚɐɜŮɠ ɎɜɗɟŬəŬ ˊɞɚɚŬˊɚɩɜ ŰɞɘɢɤɛɎŰɤɜ MWCNTs, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůɢŮŭɧɜ ɖ ɑŭɘŬ 

ˊŮɘɟŬɛŬŰɘəɐ ŭɘŬŭɘəŬůɑŬ. Ƀɘ ɓɘɞůɡɛɓŬŰɞɑ CNTs ɏɢɞɡɜ ŮɝɤŰŮɟɘəɐ ŭɘɎÕŮŰɟɞ 20-40 nm, 

Õɐəɞɠ Ó 10 Õm əŬɘ əŬɗŬɟɧŰɖŰŬ 98,5%. ȼ ŭɘŬűɞɟɎ ůŰɖɜ ˊŮɘɟŬɛŬŰɘəɐ ˊɞɟŮɑŬ 

ˊŬɟŬɔɤɔɐɠ ɘəɟɘɤɛɎŰɤɜ ɡŭɟɞɝɡŬˊŬŰɑŰɖ-ɜŬɜɞůɤɚɐɜɤɜ ɎɜɗɟŬəŬ ɏɔəŮɘŰŬɘ ůŰɖɜ ˊɟɞů-

ɗɐəɖ CNTs ~1% w/w Űɞɡ ůɡɜɞɚɘəɞɨ ŬɘɤɟɐɛŬŰɞɠ.  

  

Ⱥɘə. 3.3.2. ȹŮɝɘɎ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ůɨɜɗŮůɖ ŬɘɤɟɐɛŬŰɞɠ ɛŮ CNTs əŬɘ ŬɟɘůŰŮɟɎ ɖ 

ɞɛɞɔŮɜɞˊɞɑɖůɐ Űɞɡ ɛɏůɤ disperser 
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     ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ŰŮɢɜɘəɏɠ ˊɟɞůɗɐəɖɠ. ȾŬŰɎ Űɖɜ ˊɟɩŰɖ 

ɛɏɗɞŭɞ, 0,025g CNTs ŭɘŬůˊŮɑɟɞɜŰŬɘ ůŰɞ Ŭɟɢɘəɧ ŬɘɩɟɖɛŬ ɢɘŰɞɕɎɜɖɠ (Chit-CNTs), Űɞ 

ɞˊɞɑɞ ŬɜŬŭŮɨŮŰŬɘ ɛɖɢŬɜɘəɎ ɔɘŬ 30ô əŬɘ ŬəɞɚɞɡɗŮɑ ɖ ɑŭɘŬ ˊŮɘɟŬɛŬŰɘəɐ ˊɞɟŮɑŬ ɛŮ ŰŬ 

ůŰɎŭɘŬ ˊŬɟŬůəŮɡɐɠ ŬɘɤɟɖɛɎŰɤɜ ɡŭɟɞɝɡŬˊŬŰɑŰɖ-ɓɘɞˊɞɚɡɛŮɟɩɜ (ȾŮűɎɚŬɘɞ 3.2.). 

ɆŰɖɜ ŭŮɨŰŮɟɖ ɛɏɗɞŭɞ, 0,025g CNTs ˊɟɞůŰɑɗŮɜŰŬɘ ůŰɞ ŰŮɚɘəɧ ŬɘɩɟɖɛŬ ɡŭɟɞɝɡŬˊŬŰɑŰɖ 

(CNTs-Hap) ɛŮ ŰŮɚɘəɐ ɞɛɞɔŮɜɞˊɞɑɖůɖ ůŰɘɠ 4000 rpm ɔɘŬ 1.30 ɩɟŬ. ɇɞ ůɨɜɗŮŰɞ 

ŬɘɩɟɖɛŬ ˊɞɡ ˊŬɟŬɚŬɛɓɎɜŮŰŬɘ ɝɖɟŬɑɜŮŰŬɘ ɛŮ ɚɡɞűɘɚɑɤůɖ əŬɘ ŬˊɞəŰɎ ɛɞɟűɐ ɚŮˊŰɧ-

əɞəəɖɠ əɧɜŮɞɠ, ɛŮ Űɖ ɓɞɐɗŮɘŬ ɔɞɡŭɘɞɨ Ŭˊɧ ŬɢɎŰɘ. ȰˊŮɘŰŬ ɖ əɞɜɘɞɟŰɞˊɞɘɖɛɏɜɖ ůəɧɜɖ 

ŬɜŬɛŮɘɔɜɨŮŰŬɘ ɛŮ 4 ml ˊɞɚɡɛŮɟɘəɞɨ ůɡɜŭɏŰɖ (ɅȺɃ), əŬɚɞɡˊɩɜŮŰŬɘ əŬɘ ɝɖɟŬɑɜŮŰŬɘ ɛŮ 

ɚɡɞűɘɚɑɤůɖ ůŮ ůɡɜɗɐəŮɠ -55oC əŬɘ 0,350 mbar. 

 

Ⱥɘə. 3.3.1. ȾɞɜɘɞɟŰɞˊɞɘɖɛɏɜɖ ůəɧɜɖ ɜŬɜɞɦŭɟɞɝɡŬˊŬŰɑŰɖ-CNTs  

        ɆŮ ɛɘŬ Ɏɚɚɖ ˊŮɘɟŬɛŬŰɘəɐ ůɨɜɗŮůɖ, ɏɔɘɜŮ ˊɟɞůˊɎɗŮɘŬ ŬɜɎɛŮɘɝɖɠ 0,025g ɜŬɜɞůɤ-

ɚɐɜɤɜ ɎɜɗɟŬəŬ ůŰɞ ˊɞɚɡɛŮɟɘəɧ ŭɘɎɚɡɛŬ ɅȺɃ, ŭɑɢɤɠ ɤůŰɧůɞ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ŭɘŬůˊɞɟɎ 

Űɤɜ ɜŬɜɞůɤɚɐɜɤɜ. ɀŮɚŮŰɐɗɖəŮ ɖ ŭɞɛɐ əŬɘ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɡɓɟɘŭɘəɩɜ ɘəɟɘɤɛɎŰɤɜ 

ɡŭɟɞɝɡŬˊŬŰɑŰɖ Ůɜɘůɢɡɛɏɜɤɜ ɛŮ ɜŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ, ŬɚɚɎɕɞɜŰŬɠ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ 

ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ ɅȺɃ əŬɘ ɢɟɧɜɞɡ ˊɞɚɡɛŮɟɘůɛɞɨ Űɞɡ ɅȺɃ əŬɘ Ůɜ ůɡɜŮɢŮɑŬ 

ůɡɔəɟɑɗɖəŬɜ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ  ɛŮ ŰŬ ɘəɟɘɩɛŬŰŬ ŬˊɞɡůɑŬɠ ɜŬɜɞůɤɚɐɜɤɜ ɎɜɗɟŬəŬ 

ɑŭɘŬɠ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖɠ.  

       ȼ ůŮɘɟɎ ˊŮɘɟŬɛɎŰɤɜ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ, əŬŰŬɔɟɎűŮŰŬɘ əɤŭɘəɞˊɞɘɖɛɏɜŬ 

ůŰɞɜ ˊŬɟŬəɎŰɤ ɄɑɜŬəŬ 3.2.1, ɧˊɞɡ: 

¶ Nė Neat ŭɞəɑɛɘŬ (ɢɤɟɑɠ ɜŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ). 

¶ ɁC ė ŭɞəɑɛɘŬ ɛŮ ɜŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ, ɞɘ ɞˊɞɑɞɘ ˊɟɞůŰɏɗɖəŬɜ ůŰɞ ŰŮɚɘəɧ 

ůŰɎŭɘɞ ůɨɜɗŮůɖɠ, ŭɖɚŬŭɐ ůŰɞ ŬɘɩɟɖɛŬ ɡŭɟɞɝɡŬˊŬŰɑŰɖ. 

¶ CC ė ŭɞəɑɛɘŬ ɛŮ ɜŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ, ɞɘ ɞˊɞɑɞɘ ˊɟɞůŰɏɗɖəŬɜ ůŰɞ Ŭɟɢɘəɧ 

ůŰɎŭɘɞ ůɨɜɗŮůɖɠ, ŭɖɚŬŭɐ ůŰɞ ŬɘɩɟɖɛŬ ɢɘŰɞɕɎɜɖɠ. 

¶ ɇɞ ɅȺɃ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ 600000, 900000, 2000000 əɤŭɘəɞˊɞɘŮɑŰŬɘ ůŮ  Ʌ6, 

Ʌ9, Ʌ2ɀ ŬɜŰɘůŰɞɑɢɤɠ. 
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¶ Ƀ ɢɟɧɜɞɠ ˊɞɚɡɛŮɟɘůɛɞɨ Űɞɡ ˊɞɚɡɛŮɟɘəɞɨ ůɡɜŭɏŰɖ ɅȺɃ 1ɖɛɏɟŬɠ, 2 ɖɛɏɟŬɠ 

əŬɘ 3 ɖɛɏɟŬɠ əɤŭɘəɞˊɞɘŮɑŰŬɘ ůŮ 1D, 2D, 3D ŬɜŰɘůŰɞɑɢɤɠ. 

¶ ȼ ŬɜŬɚɞɔɑŬ ɅȺɃ:Chit 1:5, əɤŭɘəɞˊɞɘŮɑŰŬɘ ůŮ -S. 

 

       ɄɑɜŬəŬɠ 3.2.1. ɆŮɘɟɎ ˊŮɘɟŬɛɎŰɤɜ: 

ɼʍɲɹɼʁʅ CNTs PEO 
DAYS OF 

POLYMERIZATION PEO:CHIT  

NP61D x 600000 1 day  1:2.5 

NP62D x 600000 2 days 1:2.5 

NP63D x 600000 3 days 1:2.5 

NP61D-S x 600000 1 day  1: 5 

NP62D-S x 600000 2 days 1: 5 

NP91D x 900000 1 day  1:2.5 

NP92D x 900000 2 days 1:2.5 

NP93D x 900000 3 days 1:2.5 

NP2M1D x 2000000 1 day  1:2.5 

NP2M1D-S x 2000000 1 day  1: 5 

NP2M2D x 2000000 2 days 1:2.5 

NP2M3D x 2000000 3 days 1:2.5 

CCP61D CNTs-Chit 600000 1 day  1:2.5 

CCP62D CNTs-Chit 600000 2 days 1:2.5 

CCP63D CNTs-Chit 600000 3 days 1:2.5 

CCP91D CNTs-Chit 900000 1 day  1:2.5 

CCP92D CNTs-Chit 900000 2 days 1:2.5 

CCP93D CNTs-Chit 900000 3 days 1:2.5 

CCP2M1D CNTs-Chit 2000000 1 day  1:2.5 

CCP2M2D CNTs-Chit 2000000 2 days 1:2.5 

CCP2M3D CNTs-Chit 2000000 3 days 1:2.5 

NCP61D-S CNTs-Hap 600000 1 day  1: 5 

NCP61D CNTs-Hap 600000 1 day  1:2.5 

NCP62D CNTs-Hap 600000 2 days 1:2.5 

NCP63D CNTs-Hap 600000 3 days 1:2.5 

NCP91D CNTs-Hap 900000 1 day  1:2.5 

NCP92D CNTs-Hap 900000 2 days 1:2.5 

NCP93D CNTs-Hap 900000 3 days 1:2.5 

NCP2M1D CNTs-Hap 2000000 1 day  1:2.5 

NCP2M2D CNTs-Hap 2000000 2 days 1:2.5 

NCP2M3D CNTs-Hap 2000000 3 days 1:2.5 

    

  ɇŬ ˊŬɟŬˊɎɜɤ ŭɞəɑɛɘŬ ŬɜŬɚɨɗɖəŬɜ ɤɠ ˊɟɞɠ Űɞ ˊɞɟɩŭŮɠ, Űɖ ŭɘŬůɡɜŭŮůɘɛɧŰɖŰŬ Űɞɡ 

ˊɞɟɩŭɞɡɠ ŭɘəŰɨɞɡ Űɞɡɠ, Űɖɜ Ŭˊɧəɟɘůɐ Űɞɡɠ ůŮ ɡŭŬŰɘəɎ ɛɏůŬ (ɜŮɟɧ, ŬɘɗŬɜɧɚɖ, SBF), 

Ůɜɩ ŰŬ ɓɏɚŰɘůŰŬ Ůɝô ŬɡŰɩɜ ɛŮɚŮŰɐɗɖəŬɜ ɤɠ ˊɟɞɠ Űɖɜ ɛɖɢŬɜɘəɐ Űɞɡɠ ŬɜŰɞɢɐ (ɗɚɑɣɖ). 
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3.4. ɆɨɜɗŮůɖ ˊɟɞůɞɛɞɘɤɛɏɜɤɜ ůɤɛŬŰɘəɩɜ ɡɔɟɩɜ (SBF)  

   ȼ ůɨɜɗŮůɖ ˊɟɞůɞɛɞɘɤɛɏɜɤɜ ůɤɛŬŰɘəɩɜ Ɉɔɟɩɜ (SBF) ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ in vitro 

əŬɘ ŮűŬɟɛɧɕŮŰŬɘ ůŰŬ ŮˊɘɚŮɔɛɏɜŬ ɜŬɜɞŭɞɛɖɛɏɜŬ ˊɞɚɡəɟɡůŰŬɚɚɘəɎ ɘəɟɘɩɛŬŰŬ ɡŭɟɞɝɡ-

ŬˊŬŰɑŰɖ-ɓɘɞˊɞɚɡɛŮɟɩɜ Ůɜɘůɢɡɛɏɜɤɜ ɐ ɛɖ ɛŮ ɜŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ. To in vitro 

ŭɘɎɚɡɛŬ Űɞɡ SBF ɟɡɗɛɑɕŮŰŬɘ ůŮ Pɖ 7,4 əŬɘ ŬˊɞəŰɎ ɘɞɜŰɘəɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ůɢŮŭɧɜ 

ɑůŮɠ ˊɟɞɠ ɛŮ ŮəŮɑɜŮɠ Űɞɡ Ŭɜɗɟɤˊɑɜɞɡ ˊɚɎůɛŬŰɞɠ ŬɑɛŬŰɞɠ (Na+ 142,0, Ⱦ+ 5.0, Mg2+ 

1,5, Ca2 + 2.5, CI- 147.8, HCO- 3 4.2, HPO2-
4 1.0, SO2-

4 0.5 mM).  

  ȾŬŰɎ Űɖɜ Ŭ́ɟŬůəŮɡɐ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ, ŭɘŬɚɨɞɜŰŬɘ ůŮ ŬˊɞůŰŬɔɛɏɜɞ ɜŮɟɧ əŬɘ buffer 

əŬɗɞɟɘůɛɏɜŮɠ ˊɞůɧŰɖŰŮɠ ŬɜŰɘŭɟŬůŰɖɟɑɤɜ NaCl, NaHCO3, KCl, Ɂa2ȼɅɃ4 , MgCl2 Ŀ 

6H2O, HCl(1M), CaCl2Ŀ2H2O, Na2SO4, ŰŬ ɞˊɞɑŬ ˊɟɞůŰɑɗŮɜŰŬɘ ŬɜɎ 10 min ɛŮ Űɖ 

ůŮɘɟɎ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞɜ Ŭəɧɚɞɡɗɞ ɄɑɜŬəŬ 3.4. Ƀɘ Űɘɛɏɠ Űɞɡ pȼ əŬŰŬɔɟɎűɞɜŰŬɘ 

əŬɗô ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ ˊɟɞɠ ŬɜŰɑŭɟŬůɖɠ ɛɏůɤ pȼ-ɛŮŰɟɞɡ əŬɘ ɟɡɗɛɑɕɞɜŰŬɘ ɛɏůɤ 

ˊɟɞůɗɐəɖɠ Űɟɘɠ(ɡŭɟɞɝɡɛŮɗɡɚ)ŬɛɘɜɞɛŮɗŬɜɑɞɡ ((CH2OH)3CNH2) əŬɘ 1.0 ɀ ɡŭɟɞɢɚɤ-

ɟɘəɞɨ ɞɝɏɞɠ (ȼCl), ɧˊɞɡ ɞɘ Űɘɛɏɠ ŬɡɝɎɜɞɜŰŬɘ ɛŮ Űɖɜ ˊɟɞůɗɐəɖ ɇris (~8,7,9) əŬɘ 

ŰŮɚɘəɎ ɛŮɘɩɜɞɜŰŬɘ ůŰɖɜ ŮˊɘɗɡɛɖŰɐ Űɘɛɐ 7,4 ɛŮ Űɖɜ ɨůŰŮɟɖ ˊɟɞůɗɐəɖ HCl (1M). ȼ 

əŬɗŬɟɧŰɖŰŬ Űɞɡ ŮɟɔŬůŰɖɟɘŬəɞɨ Ůɝɞˊɚɘůɛɞɨ əɟɑɗɖəŮ ŬˊŬɟŬɑŰɖŰɖ, əŬɗɩɠ ɞˊɞɘŬ-

ŭɐˊɞŰŮ ŬəŬɗŬɟůɑŬ ŮˊɘűɏɟŮɘ ɛŮŰŬɓɞɚɏɠ ůŰɖ ůɨůŰŬůɖ Űɞɡ SBF. 

                        ɄɑɜŬəŬɠ 3.4. ɄɞůɧŰɖŰŮɠ ŬɜŰɘŭɟɩɜŰɤɜ SBF 

 

  

 

 

 

 

 

 

   

 

    ɀŮŰɎ Űɖɜ ůɨɜɗŮůɖ SBF, ŰŬ ŮˊɘɚŮɔɛɏɜŬ ŭɞəɑɛɘŬ [NP2M1D, NCP62D, CCP92D, 

NCP91D] ɓɡɗɑɕɞɜŰŬɘ ůŮ ŭɞɢŮɑŬ ɕɏůŮɤɠ Űɤɜ 100ml ůɡɛˊɚɖɟɤɛɏɜɤɜ ɛŮ SBF əŬɘ 

ŭɘŬŰɖɟɞɨɜŰŬɘ ůŮ ɗŮɟɛŬɘɜɧɛŮɜɞ ɡŭŬŰɧɚɞɡŰɟɞ ůŰɞɡɠ ˊŮɟɑˊɞɡ 40oC ɔɘŬ Űɞ ɢɟɞɜɘəɧ 

ŭɘɎůŰɖɛŬ 1, 3, 5 əŬɘ 7 ɖɛŮɟɩɜ. ȾɎɗŮ 48 ɩɟŮɠ ůɡɛˊɚɖɟɩɜŮŰŬɘ Ůˊɘˊɚɏɞɜ ŭɘɎɚɡɛŬ SBF 

ůŮ əɎɗŮ ŭɞɢŮɑɞ, əŬɗɩɠ əŬɘ ɜŮɟɧ, ɩůŰŮ ɜŬ ŭɘŬŰɖɟɞɨɜŰŬɘ ŬɜŬɚɚɞɑɤŰŮɠ ɞɘ ɘŭɘɧŰɖŰŮɠ Űɞɡ 

ŭɘŬɚɨɛŬŰɞɠ. ɀŮŰɎ Űɞ ˊɏɟŬɠ Űɞɡ ɢɟɧɜɞɡ ˊŬɟŬɛɞɜɐɠ 1, 3, 5, 7 ɖɛŮɟɩɜ, ŰŬ ŭɞəɑɛɘŬ 

ŬűŬɘɟɞɨɜŰŬɘ Ŭˊɧ Űɞ SBF əŬɘ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŮ ˊɡɟɘŬɜŰɐɟɘɞ ůŰɖɜ ɑŭɘŬ ɗŮɟɛɞəɟŬůɑŬ 

(40oC), ɩůŰŮ ɜŬ ŬˊɞɓɎɚɚɞɡɜ Űɖɜ ˊŮɟɘŰŰɐ ɡɔɟŬůɑŬ.  

1. NaCl 9,8184 g 

2. NaHCO3 3,4023 g 

3. KCl  0,5591 g 

4. Ɂa2ȼɅɃ4 0,2129 g 

5. MgCl2 Ŀ 6H2O 0,4574 g 

6. HCl (1M)  15 ml 

7. CaCl2 Ŀ 2H2O 0,5531 g 

8. Na 2SO4 0,1065 g 

9. Tris  9,0855 g 

10. HCl (1M)  50 ml 
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Ⱥɘə. 3.4.ȹŮɝɘɎ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɞ ůŰŬŭɘŬəɧɠ ɏɚŮɔɢɞɠ Űɞɡ pH əŬɘ ŬɟɘůŰŮɟɎ ɖ  ɓɨɗɘůɖ Űɤɜ 

ŭɞəɘɛɑɤɜ ůŰɞ ŭɘɎɚɡɛŬ SBF 

  ȼ ɛɞɟűɞɚɞɔɑŬ əŬɘ ɛɘəɟɞŭɞɛɐ Űɤɜ ŰŮɚɘəɩɜ ŭɞəɘɛɑɤɜ ŮəŰŮɗŮɘɛɏɜɤɜ ůŮ SBF, ɛŮɚŮŰɐ-

ɗɖəŮ ɛɏůɤ ɖɚŮəŰɟɞɜɘəɐɠ ɛɘəɟɞůəɞˊɑŬɠ ůɎɟɤůɖɠ (SEM) ůŮ ůɡɜŭɡŬůɛɧ ɛŮ űŬůɛŬŰɞ-

ɛŮŰɟɑŬ ŮɜŮɟɔŮɘŬəɐɠ ŭɘŬůˊɞɟɎɠ ŬəŰɑɜɤɜ ɉ (EDS). 

 

3.5. ɀŮɚɏŰɖ ɡŭŬŰɘəɐɠ ˊɟɞůɟɧűɖůɖɠ əŬɘ ŬɜŰɞɢɐɠ ůŮ ɡŭŬŰɘəɧ ˊŮɟɘɓɎɚ-

ɚɞɜ 

ɇŬ ɘəɟɘɩɛŬŰŬ ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ ɤɠ ˊɟɞɠ Űɖɜ ɡŭŬŰɘəɐ Űɞɡɠ ŬɜŰɞɢɐ, əɧˊɖəŬɜ ůŮ ˊɎɢɞɠ 

~2mm ŬɜɎ ŮɝɎŭŮɠ əŬɘ ɓɡɗɑůŰɖəŬɜ ůŮ eppendorf ɛŮ Ŭˊɘɞɜɘůɛɏɜɞ ɜŮɟɧ, ŰŬ ɞˊɞɑŬ Űɞˊɞ-

ɗŮŰɐɗɖəŬɜ ůŮ ˊɡɟŬɜŰɐɟɘɞ ůŰɞɡɠ 35oC ɔɘŬ 10 ɖɛɏɟŮɠ. ȳůŬ ŭɞəɑɛɘŬ ɏŭŮɘɝŬɜ Ŭɡɝɖɛɏɜɖ 

ŬɜŰɞɢɐ ůŮ ɜŮɟɧ, ůŰɟŬɔɔɑůŰɖəŬɜ ɛŮ ŭɘɖɗɖŰɘəɧ ɢŬɟŰɑ, ɩůŰŮ ɜŬ ŬˊɞɓɎɚɚɞɡɜ Űɖɜ ˊŮɟɑů-

ůŮɘŬ ɜŮɟɞɨ əŬɘ ɓɡɗɑůŰɖəŬɜ ůŮ ŬɘɗŬɜɧɚɖ 70% ůŰɞɡɠ 35 oC (ˊɡɟɘŬɜŰɐɟɘɞ). ȾɎɗŮ 1-2 

ɖɛɏɟŮɠ ŰŬ űɘŬɚɑŭɘŬ ůɡɛˊɚɖɟɩɜɞɜŰŬɘ ɛŮ ŬɘɗŬɜɧɚɖ, ɚɧɔɤ ŮɝɎŰɛɘůɖɠ. ɇɏɚɞɠ, ˊɟŬɔɛŬ-

ŰɞˊɞɘɐɗɖəŮ ŬɜɎŭŮɡůɖ ŭɘŬ ɢŮɘɟɧɠ Űɤɜ ŭɞəɘɛɑɤɜ ůŰɖɜ ŬɘɗŬɜɧɚɖ əŬɘ ˊŬɟŬŰɖɟɐɗɖəŮ ɖ 

ůɡɛˊŮɟɘűɞɟɎ Űɞɡɠ. 
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Ⱥɘə. 3.5.1. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ɘəɟɘɤɛɎŰɤɜ ɓɡɗɘůɛɏɜɤɜ ůŮ Ŭˊɘɞɜɘůɛɏɜɞ ɜŮɟɧ 

 

    ɆɢŮŰɘəɎ ɛŮ Űɖɜ ɡŭŬŰɘəɐ ˊɟɞůɟɧűɖůɖ Űɤɜ ŮˊɘɚŮɔɛɏɜɤɜ ŭɞəɘɛɑɤɜ, ŮɝɎŭŮɠ Ŭˊɧ Űɞ 

ɏəŬůŰɞ ɘəɟɑɤɛŬ əɧˊɖəŬɜ ůŮ ˊɎɢɞɠ ~2mm əŬɘ ɕɡɔɑůŰɖəŬɜ (Wdry). ȰˊŮɘŰŬ ɓɡɗɑůŰɖəŬɜ 

ůŮ űɘŬɚɑŭɘŬ ɛŮ Ŭˊɘɞɜɘůɛɏɜɞ ɜŮɟɧ ɔɘŬ 2-3 ɖɛɏɟŮɠ. ɀŮŰɎ Űɞ ˊɏɟŬɠ Űɞɡ ɢɟɞɜɘəɞɨ 

ŭɘŬůŰɐɛŬŰɞɠ ˊŬɟŬɛɞɜɐɠ Űɞɡɠ, ůŰɟŬɔɔɑůŰɖəŬɜ ɩůŰŮ ɜŬ ŬˊɞɛŬəɟɡɜɗŮɑ ɖ ˊŮɟɑůůŮɘŬ 

ɡɔɟŬůɑŬɠ əŬɘ ɕɡɔɑůŰɖəŮ Űɞ ɜɏɞ ɓɎɟɞɠ Űɞɡɠ (Wwet). ȼ ɛɏůɖ ɡŭŬŰɘəɐ Űɞɡɠ ˊɟɞůɟɧűɖůɖ 

ɡˊɞɚɞɔɑůŰɖəŮ Ŭˊɧ Űɖ ŭɘŬűɞɟɎ ɓɎɟɞɡɠ ŮəɎůŰɞɡ ŭɞəɘɛɑɞɡ ˊɟɘɜ əŬɘ ɛŮŰɎ Űɖɜ 

əŬŰŬɓɨɗɘůɐ Űɞɡ ůŰɞ ɜŮɟɧ.  

 

    3.6. ɀŮɚɏŰɖ Ʉɞɟɩŭɞɡɠ ȹɞɛɐɠ  

ɇŬ ɡɓɟɘŭɘəɎ ɘəɟɘɩɛŬŰŬ ɡŭɟɞɝɡŬˊŬŰŬŰɑŰɖ əŬɘ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ŮɜɘůɢɡɛɏɜŬ ɛŮ ɜŬɜɞůɤ-

ɚɐɜŮɠ ɎɜɗɟŬəŬ ŮɝŮŰɎɕɞɜŰŬɘ ɤɠ ˊɟɞɠ Űɖɜ ɛɘəɟɞŭɞɛɐ əŬɘ ɛɞɟűɞɚɞɔɑŬ Űɞɡɠ, ɛɏůɤ 

ɖɚŮəŰɟɞɜɘəɐɠ ɛɘəɟɞůəɞˊɑŬɠ ůɎɟɤůɖɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ɛŮ ŬɜŬɚɨůŮɘɠ ɖɚŮəŰɟɞɜɘəɐɠ 

ɛɘəɟɞůəɞˊɑŬɠ ůɎɟɤůɖɠ (SEM) ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Űɞ ɛɏɔŮɗɞɠ əŬɘ ɖ əŬŰŬɜɞɛɐ ˊɧɟɤɜ, 

əŬɗɩɠ əŬɘ ɖ ɢɖɛɘəɐ ůɨůŰŬůɖ Űɞɡ ɘəɟɘɩɛŬŰɞɠ ɛŮ ŰŬɡŰɧɢɟɞɜɖ ŬɜɎɚɡůɖ EDS. ɋůŰɧůɞ, 

ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɘəɟɘɤɛɎŰɤɜ ɛŮ ŮɜɘůɢɡŰɘəɧ ɛɏůɞ ɜŬɜɞůɤɚɐɜɤɜ ɎɜɗɟŬəŬ (CNTs), ɖ 

ȺDS ŬɜɎɚɡůɖ ŬˊɞŭŮɘəɜɨŮɘ ɛɧɜɞ Űɖɜ ɨˊŬɟɝɖ ɡŭɟɞɝɡŬˊŬŰɑŰɖ. ɆŮ ˊŮɟŬɘŰɏɟɤ ŬɜɎɚɡůɖ 

ɖɚŮəŰɟɞɜɘəɐɠ ɛɘəɟɞůəɞˊɑŬɠ, ɛŮɚŮŰɎŰŬɘ ɖ ŭɘŬŰɐɟɖůɖ Űɖɠ ɛɘəɟɞŭɞɛɐɠ Űɤɜ ɘəɟɘɤ-

ɛɎŰɤɜ, ɧˊɞɡ ŰŬ ŭɞəɑɛɘŬ ɓɡɗɑɕɞɜŰŬɘ ůŮ ŭɘɎɚɡɛŬ ˊɟɞůɞɛɞɑɤůɖɠ ůɤɛŬŰɘəɩɜ ɡɔɟɩɜ 

(SBF) ɔɘŬ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ 1, 3, 5 əŬɘ 7 ɖɛŮɟɩɜ əŬɘ ˊŬɟŬəɞɚɞɡɗŮɑŰŬɘ ɖ ŬɜŰɞɢɐ 

Űɞɡɠ.  Ʉɟɘɜ Ŭˊɧ Űɖɜ ˊŬɟŬŰɐɟɖůɖ Űɤɜ ŭŮɘɔɛɎŰɤɜ ůŰɞ ɖɚŮəŰɟɞɜɘəɧ ɛɘəɟɞůəɧˊɘɞ 

ůɎɟɤůɖɠ, ŬˊŬɘŰŮɑŰŬɘ ˊɟɞŮŰɞɘɛŬůɑŬ Űɤɜ ŭɞəɘɛɑɤɜ. ɇŬ ŭŮɑɔɛŬŰŬ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŮ 

ůɡůəŮɡɐ Ůˊɘɢɟɨůɤůɖɠ, ɧˊɞɡ əŬɚɨˊŰɞɜŰŬɘ ɛŮ ɚŮˊŰɐ ŮˊɑůŰɟɤůɖ ɢɟɡůɞɨ, ɩůŰŮ ɜŬ 

əŬŰŬůŰŮɑ ɖ ŮˊɘűɎɜŮɘŬ Űɞɡɠ Ŭɔɩɔɘɛɖ əŬɘ ɜŬ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ˊŬɟŬŰɐɟɖůɖ Űɞɡɠ ůŰɞ 

ɖɚŮəŰɟɞɜɘəɧ ɛɘəɟɞůəɧˊɘɞ ůɎɟɤůɖɠ. ɆɢŮŰɘəɎ ɛŮ Űɖ ŭɘŬůɡɜŭŮůɘɛɧŰɖŰŬ ˊɞɟɩŭɞɡɠ 

ŭɘəŰɨɞɡ, Űɖɜ əŬŰŬɜɞɛɐ ɛŮɔɏɗɞɡɠ ˊɧɟɤɜ, Űɖ ɔŮɤɛŮŰɟɑŬ əŬɘ ɞɛɞɘɞɔɏɜŮɘŬ ˊɞɟɩŭɞɡɠ, 
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ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɛŮŰɟɐůŮɘɠ ˊɞɟɞůɘɛŮŰɟɑŬɠ ɡŭɟŬɟɔɨɟɞɡ (ɀȽɅ) əŬɘ ɡˊɞɚɞɔɘůŰɘəɐɠ 

ɛɘəɟɞŰɞɛɞɔɟŬűɑŬɠ ůɎɟɤůɖɠ ŬəŰɑɜɤɜ ɉ (Ct-scan). 

 

3.7. ɀŮɚɏŰɖ ɛɖɢŬɜɘəɐɠ ŬɜŰɞɢɐɠ  

ɇŬ ŮˊɘɚŮɔɛɏɜŬ ůɨɜɗŮŰŬ ɘəɟɘɩɛŬŰŬ ɡˊɞɓɎɚɚɞɜŰŬɘ ůŮ ŭɞəɘɛɐ ɛɞɜɞŬɝɞɜɘəɐɠ ɗɚɑɣŮɤɠ 

(Uniaxial compression  test), ɧˊɞɡ űɞɟŰɑɕɞɜŰŬɘ ɡˊɧ Űɖɜ ŮˊɑŭɟŬůɖ ŭɡɞ ŭɡɜɎɛŮɤɜ, ɑůɞɡ 

ɛɏŰɟɞɡ, ɑŭɘŬɠ ŭɘŮɡɗɨɜůŮɤɠ əŬɘ ŬɜŰɑɗŮŰɖɠ űɞɟɎɠ, ɩůŰŮ ɜŬ ˊɟɞəŬɚŮɑŰŬɘ ůɡɛˊɑŮůɐ Űɞɡɠ. 

ɇŬ ŭɞəɑɛɘŬ ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ ŮɑɜŬɘ əɡɚɘɜŭɟɘəɎ ɛŮ ŭɘŬůŰɎůŮɘɠ ˊɎɢɞɡɠ 10 mm əŬɘ 

ŭɘŬɛɏŰɟɞɡ 15 mm. ȼ ŬɜŰɞɢɐ ůŮ ɗɚɑɣɖ ɡˊɞɚɞɔɑůŰɖəŮ Ŭˊɧ Űɞ ɛɏɔɘůŰɞ ůɖɛŮɑɞ Űɞɡ 

ɔɟŬűɐɛŬŰɞɠ ŰɎůɖɠ /ˊŬɟŬɛɧɟűɤůɖɠ, Űɞ ɞˊɞɑɞ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ ůŰɘɔɛɐ ˊɞɡ 

ŮɛűŬɜɑůŰɖəŮ ɖ ˊɟɩŰɖ ɟɤɔɛɐ ůŰŬ ɘəɟɘɩɛŬŰŬ. ȼ ŬɜŰɞɢɐ ůŮ ɗɚɑɣɖ Űɤɜ ɜŬɜɞůɨɜɗŮŰɤɜ 

ɘəɟɘɤɛɎŰɤɜ ŭɘŮɝɐɢɗɖ ɛɏůɤ ɛɖɢŬɜɐɛŬŰɞɠ INSTRON 8832. Ƀɘ ůɡɜɗɐəŮɠ Űɞɡ 

ˊŮɘɟɎɛŬŰɞɠ ɐŰŬɜ ŰŬɢɨŰɖŰŬ əŮűŬɚɐɠ 1 mm / ɚŮˊŰɧ ɛɏɢɟɘ Űɞ ůɖɛŮɑɞ ɗɟŬɨůɖɠ Űɞɡ ŭɞəɘ-

ɛɑɞɡ əŬɘ ɗŮɟɛɞəɟŬůɑŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ. ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ˊɏɜŰŮ ɛŮŰɟɐůŮɘɠ (5 

ŭŮɑɔɛŬŰŬ) ɔɘŬ Űɞ ɏəŬůŰɞ ŭɞəɑɛɘɞ. 

 

  

ȾȺūȷȿȷȽɃ 4o: ȷɄɃɇȺȿȺɆɀȷɇȷ- ɆɈȻȼɇȼɆȼ 

  

4.1. ɆɨůŰŬůɖ ɘəɟɘɤɛɎŰɤɜ 

ȼ ŬɜɎɚɡůɖ Űɤɜ əɟɡůŰŬɚɚɘəɩɜ űɎůŮɤɜ əŬɘ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ 

əɞɟɡűɩɜ Űɤɜ ŭɞəɘɛɑɤɜ, ɛŮɚŮŰɩɜŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ˊŮɟɘɗɚŬůɘɛŮŰɟɑŬ ŬəŰɑɜɤɜ ɉ 

(XRD). ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŮɜŭŮɘəŰɘəɏɠ ɛŮŰɟɐůŮɘɠ ɔɘŬ ůəɧɜɖ ɡŭɟɞɝɡŬˊŬŰɑŰɖ əŬɘ 

ůəɧɜɖ ɡŭɟɞɝɡŬˊŬŰɑŰɖ-ɜŬɜɞůɤɚɐɜɤɜ ɎɜɗɟŬəŬ, ɧˊɞɡ ɞɘ ɜŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ ɏɢɞɡɜ 

ˊɟɞůŰŮɗŮɑ ůŮ ŬɘɩɟɖɛŬ ɢɘŰɞɕɎɜɖɠ (CC) əŬɘ ůŮ ŬɘɩɟɖɛŬ ɡŭɟɞɝɡŬˊŬŰɑŰɖ (NC). ȼ 

ŬɜɎɚɡůɖ ůəɧɜɖɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖ, əŬɗɩɠ əŬɘ ɞɘ ŬɜŬɚɨůŮɘɠ Űɤɜ əɧɜŮɤɜ CC, NC 

ŬˊɏŭŮɘɝŬɜ Űɖɜ ɨˊŬɟɝɖ əɟɡůŰŬɚɚɘəɐɠ űɎůɖɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ŮɝŬɔɤɜɘəɐɠ ŭɞɛɐɠ. 

       ɄŬɟŬŰɖɟɩɜŰŬɠ ŬɜŬɚɡŰɘəɎ ŰŬ ˊŬɟŬəɎŰɤ űɎůÕŬŰŬ, ŮɑɜŬɘ ŮÕűŬɜŮɑɠ ɞɘ ɢŬɟŬəŰɖ-

ɟɘůŰɘəɏɠ əɞɟɡűɏɠ Űɞɡ ŮɝŬɔɤɜɘəɞɨ ɡŭɟɞɝɡŬˊŬŰɑŰɖ, ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ɧÕɞɘŮɠ ÕŮ ŬɡŰɏɠ Űɞɡ 

ɡŭɟɞɝɡŬˊŬŰɑŰɖ ˊɞɡ ŬˊŬɜŰɎŰŬɘ ůŰɞɜ űɡůɘəɧ ɞůŰɘəɧ ɘůŰɧ (Ⱥɘə.4.1.).  
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Ⱥɘə. 4.1. ȹɘŬɔɟŬɛɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɞɡ űɎůɛŬŰɞɠ XRD ɔɘŬ ŬɘɤɟɐɛŬŰŬ HAp ɛŮ HAp/Chit = 

70/30, Ca2+:Arg = 1:1 əŬɘ Ca/P = 10/6. 

      ɆŰɞ Ŭəɧɚɞɡɗɞ űŬůɛŬŰɞɔɟɎűɖɛŬ (Ⱥɘə. 4.2.), ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɞɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ 

əɞɟɡűɏɠ ɔɘŬ ɡɓɟɘŭɘəɧ ɘəɟɑɤɛŬ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ŭɘŬůɡɜŭŮŭŮɛɏɜɞɡ ɛŮ 4mL ˊɞɚɡŬɘɗɡ-

ɚŮɜɘəɞɨ ɞɝɏɞɠ, Űɞ ɞˊɞɑɞ ŭɘŬɚɨɗɖəŮ ůŮ ɞɝɘəɧ ɞɝɨ 0,5 ɀ. ȳˊɤɠ əŬŰŬɔɟɎűŮŰŬɘ ůŰɞ 

Ŭəɧɚɞɡɗɞ ůɢɐɛŬ, ɞɘ əɞɟɡűɏɠ ůŰɘɠ ɔɤɜɑŮɠ 2ɗ= 26Á, 32Á, 33,8Á, 39,8Á, 46,8Á əŬɘ 49,5Á 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŰŬ əɟɡůŰŬɚɚɘəɎ ŮˊɑˊŮŭŬ  (002), (211), (112), (310), (222) əŬɘ (213) 

Űɞɡ űɡůɘəɞɨ ŮɝŬɔɤɜɘəɞɨ ɡŭɟɞɝɡŬˊŬŰɑŰɖ. Ⱥˊɑůɖɠ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɞɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ 

əɞɟɡűɏɠ Űɞɡ ɅȺɃ ůŰɘɠ ɔɤɜɑŮɠ 2ɗ=19,3Á əŬɘ 23,4Á. ɇɞ ˊɞɚɡŬɘɗɡɚŮɜɘəɧ ɞɝɨ űɎɜɖəŮ ɜŬ 

ůɡɜŭɟɎɛŮɘ ůɡɜŮɟɔɘůŰɘəɎ ůŰɖ əɟɡůŰɎɚɚɤůɖ Űɞɡ ɡŭɟɞɝɡŬˊŬŰɑŰɖ, əŬɗɩɠ ůɡɜŬɜŰɩɜŰŬɘ 

ŮɜŰɞɜɧŰŮɟŮɠ əɞɟɡűɏɠ. 

 

Ⱥɘə.4.2. ȹɘŬɔɟŬɛɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ űɎůɛŬŰɞɠ XRD ɔɘŬ Űɞ ŬɘɤɟɐɛŬ HAp/Chit/ɅȺɃ 

      ȷəɞɚɞɡɗŮɑ ɖ ŬˊŮɘəɧɜɘůɖ  (Ⱥɘə. 4.3.) Űɤɜ əɟɡůŰŬɚɚɘəɩɜ əɞɟɡűɩɜ Űɞɡ ůɨɜɗŮŰɞɡ 

ɘəɟɘɩɛŬŰɞɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖ Ůɜɘůɢɡɛɏɜɞɡ ɛŮ ɜŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ, ɞɘ ɞˊɞɑɞɘ ɏɢɞɡɜ 



90 
 

ˊɟɞůŰŮɗŮɑ ůŰɞ ŬɘɩɟɖɛŬ Űɖɠ ɢɘŰɞɕɎɜɖɠ (CC). ȳˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭˊɧ Űɞ űŬůɛŬŰɞ-

ɔɟɎűɖɛŬ, ɞɘ ɜŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ ŭŮɜ Ŭɚɚɞɘɩɜɞɡɜ Űɖɜ ůɨůŰŬůɖ Űɞɡ ɡɚɘəɞɨ, ɧˊɤɠ 

ŬˊɞŭŮɘəɜɨŮŰŬɘ Ŭˊɧ Űɘɠ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ əɞɟɡűɏɠ. ȳˊɤɠ əŬŰŬɔɟɎűŮŰŬɘ ůŰɞ Ŭəɧɚɞɡɗɞ 

ůɢɐɛŬ, ɞɘ əɞɟɡűɏɠ ůŰɘɠ ɔɤɜɑŮɠ 2ɗ= 26,7ɞ, 32,17ɞ, 33,4ɞ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰŬ əɟɡůŰŬɚ-

ɚɘəɎ ŮˊɑˊŮŭŬ  (002), (211), (300) Űɞɡ ŬɜɗɟŬəɘəɞɨ ŮɝŬɔɤɜɘəɞɨ ɡŭɟɞɝɡŬˊŬŰɑŰɖ. Ⱥˊɑůɖɠ 

ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɞɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ əɞɟɡűɏɠ Űɞɡ ɔɟŬűɑŰɖ ůŰɘɠ ɔɤɜɑŮɠ 2ɗ=26ɞ ,22ɞ, 

44,3Á əŬɘ 50ɞ. 

 

Ⱥɘə. 4.3. ȹɘŬɔɟŬɛɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ űɎůɛŬŰɞɠ XRD ɔɘŬ ůəɧɜɖ HAp/Chit/ɅȺɃ/CNTs, ɛŮ 1% 

CNTs ůŮ ŬɘɩɟɖɛŬ ɢɘŰɞɕɎɜɖɠ. 

 

ȷəɞɚɞɡɗŮɑ ɖ ŬˊŮɘəɧɜɘůɖ (Ⱥɘə. 4.4.) Űɤɜ əɟɡůŰŬɚɚɘəɩɜ əɞɟɡűɩɜ Űɞɡ ůɨɜɗŮŰɞɡ ɘəɟɘɩ-

ɛŬŰɞɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖ Ůɜɘůɢɡɛɏɜɞɡ ɛŮ ɜŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ, ɞɘ ɞˊɞɑɞɘ ɏɢɞɡɜ 

ˊɟɞůŰŮɗŮɑ ůŰɞ ŬɘɩɟɖɛŬ Űɖɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖ (ɁC). ȳˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭˊɧ Űɞ 

űŬůɛŬŰɞɔɟɎűɖɛŬ, ɞɘ ɜŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ ŭŮɜ ɞŭɖɔɞɨɜ ůŰɖɜ ŮɛűɎɜɘůɖ Ůˊɘˊɚɏɞɜ 

űɎůŮɤɜ ɡŭɟɞɝɡŬˊŬŰɑŰɖ, ɧˊɤɠ ŬˊɞŭŮɘəɜɨŮŰŬɘ Ŭˊɧ Űɖɜ ɨˊŬɟɝɖ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ 

əɞɟɡűɩɜ Űɞɡ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ŮɝŬɔɤɜɘəɐɠ ŭɞɛɐɠ. ȳˊɤɠ əŬŰŬɔɟɎűŮŰŬɘ ůŰɞ Ŭəɧɚɞɡɗɞ 

ůɢɐɛŬ, ɞɘ əɞɟɡűɏɠ ůŰɘɠ ɔɤɜɑŮɠ 2ɗ=26,7ɞ, 32,17ɞ, 33,4ɞ, 39,8ɞ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰŬ 

əɟɡůŰŬɚɚɘəɎ ŮˊɑˊŮŭŬ  (002), (211), (220), (300), (310) Űɞɡ ŬɜɗɟŬəɘəɞɨ ŮɝŬɔɤɜɘəɞɨ 

ɡŭɟɞɝɡŬˊŬŰɑŰɖ. 
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Ⱥɘə.4.4. ȹɘŬɔɟŬɛɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ űɎůɛŬŰɞɠ XRD ɔɘŬ ůəɧɜɖ HAp/Chit/ɅȺɃ/CNTs, ɛŮ 1% 

CNTs ůŮ ŬɘɩɟɖɛŬ ɡŭɟɞɝɡŬˊŬŰɑŰɖ. 

 

   ȼ ůɨɔəɟɘůɖ Űɤɜ ˊŬɟŬˊɎɜɤ ŭŮɘɔÕɎŰɤɜ ɏɔɘɜŮ ůŮ ŬɜŰɘˊŬɟŬɓɞɚɐ ÕŮ ɞůŰɘəɧ əŬɘ 

ɞŭɞɜŰɘəɧ ɡŭɟɞɝɡŬˊŬŰɑŰɖ Űɖɠ ɓɎůɖɠ ŭŮŭɞÕɏɜɤɜ Crystal Diffraction Open Database 

2011 (COD 2011). 

 

4.2.ɄɞɟɩŭŮɠ ɘəɟɘɤɛɎŰɤɜ  

ɀɏůɤ ŬɜŬɚɨůŮɤɜ  ɖɚŮəŰɟɞɜɘəɐɠ ɛɘəɟɞůəɞˊɑŬɠ ůɎɟɤůɖɠ (SEM) Űɤɜ ŮɝŮŰŬůɗɏɜŰɤɜ 

ŭŮɘɔɛɎŰɤɜ ŬˊɞŭŮɘəɜɨŮŰŬɘ ɧŰɘ ɞ ɧɔəɞɠ Űɤɜ ɘəɟɘɤɛɎŰɤɜ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɛɘŬ 

ŮɝŬɘɟŮŰɘəɎ ˊɞɟɩŭɖ ɛɘəɟɞŭɞɛɐ, ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɘŬůɡɜŭŮŭŮɛɏɜŬ ŬɜɞɘəŰɎ 

ŭɑəŰɡŬ. ɀɏůɤ ŬɜŬɚɨůŮɤɜ űŬůɛŬŰɞůəɞˊɑŬɠ ŬəŰɑɜɤɜ ɉ ŮɜŮɟɔŮɘŬəɐɠ ŭɘŬůˊɞɟɎɠ 

(EDS), ˊŬɟŬŰɖɟŮɑŰŬɘ ɖ ɢɖɛɘəɐ ůɨůŰŬůɖ Űɤɜ ɘəɟɘɤɛɎŰɤɜ ɡŭɟɞɝɡŬˊŬŰɑŰɖ, ɖ ɞˊɞɑŬ 

ŬɜŰɘˊɟɞůɤˊŮɨŮŰŬɘ Ŭˊɧ ŬůɓɏůŰɘɞ, űɩůűɞɟɞ, ɎɜɗɟŬəŬ əŬɘ ɞɝɡɔɧɜɞ. 

   Ƀɘ Űɟɧˊɞɘ əŬɘ ɛɖɢŬɜɘůɛɞɑ ˊɟɞůɗɐəɖɠ ɜŬɜɞůɤɚɐɜɤɜ ɎɜɗɟŬəŬ, əŬɗɩɠ əŬɘ ɞɘ 

ŭɘŬəɡɛŬɘɜɧɛŮɜŮɠ ˊŬɟɎɛŮŰɟɞɘ Ůˊɘɚɞɔɐɠ ˊɞɚɡɛŮɟɘůɛɞɨ Űɞɡ ůɡɜŭɏŰɖ ˊɞɚɡŬɘɗɡɚŮɜɘəɞɨ 

ɞɝɏɞɠ (ɅȺɃ), ˊɞɡ Ŭűɞɟɞɨɜ ůŰɞ ŭɘŬűɞɟŮŰɘəɧ Űɞɡ ɛɞɟɘŬəɧ ɓɎɟɞɠ ůɡɜŬɟŰɐůŮɘ Űɞɡ 

ɢɟɧɜɞɡ ˊɞɚɡɛŮɟɘůɛɞɨ Űɞɡ, ɞŭɐɔɖůŬɜ ůŮ ˊɞəɑɚŮɠ ɛɘəɟɞŭɞɛɏɠ, ɞɘ ɞˊɞɑŮɠ ŬɜŬˊŬɟɘ-

ůŰɩɜŰŬɘ ɛɏůɤ SEM Ŭəɞɚɞɨɗɤɠ. 
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ȽəɟɘɩɛŬŰŬ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ɢɤɟɑɠ ɜŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ: 

                                          

                     NP61D                                                                    NP62D   

       

          NP62D-S (PEO: Chit  -1:5)                                              NP63D 

     

                  NP91D                                                               NP92D 
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                                                                NP93D 

     

                NP2M1D                                                                  NP2M2D 

 

                                                             NP2M3D 

Ⱥɘə..4.5. ɆɢɖɛŬŰɘəɏɠ ŬˊŮɘəɞɜɑůŮɘɠ ɛɘəɟɞŭɞɛɐɠ ɘəɟɘɤɛɎŰɤɜ ɜŬɜɞɡŭɟɞɝɡŬˊŬŰɑŰɖ-ɓɘɞˊɞɚɡ-

ɛŮɟɩɜ (N), ŬɜɎɚɞɔŬ ɛŮ Űɞ ˊɞɚɡɛŮɟɘəɧ ɓɎɟɞɠ Űɞɡ ůɡɜŭɏŰɖ əŬɘ Űɞɜ ɢɟɧɜɞ ˊɞɚɡɛŮɟɘůɛɞɨ Űɞɡ 

  ɄŬɟŬŰɖɟŮɑŰŬɘ Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ ŬˊŮɘəɞɜɑůŮɘɠ ɛɘəɟɞŭɞɛɐɠ, ɧŰɘ ŰŬ ŭɞəɑɛɘŬ ˊɞɡ ɏɢɞɡɜ 

ŭɘŬůɡɜŭŮɗŮɑ ɛŮ ɅȺɃ 600000 (Ʌ6) ˊɟɞůŭɑŭɞɡɜ ɛɞɟűɞɚɞɔɑŮɠ ɛŮɔŬɚɨŰŮɟɞɡ ˊɞɟɩŭɞɡɠ, 

ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ Ůˊɘɚɞɔɐ ɅȺɃ 900000 (Ʌ9) əŬɘ 2000000 (Ʌ2ɀ), ɛŮ ŮɝŬɑɟŮůɖ Űɞ 

ŭɞəɑɛɘɞ ɁɅ2ɀ1D, Űɞ ɞˊɞɑɞ ŮˊɘŭŮɘəɜɨŮɘ ˊɘɗŬɜɐ ŭɘŬůɡɜŭŮůɘɛɧŰɖŰŬ əŬɘ ŮˊŬɟəɏɠ ˊɞ-

ɟɩŭŮɠ ŭɑəŰɡɞ. ȹɘŬůŬűɖɜɑɕŮŰŬɘ ɧŰɘ ɞ ɢɟɧɜɞɠ ˊɞɚɡɛŮɟɘůɛɞɨ 2 ɖɛŮɟɩɜ (2D) ɞŭɖɔŮɑ ůŮ 

ɛŮɔŬɚɨŰŮɟɞ ˊɞɟɩŭŮɠ, əŬɗɩɠ Űɞ ɅȺɃ ɏɢŮɘ ˊɞɚɡɛŮɟɘůŰŮɑ ŮˊŬɟəɩɠ, ŬˊɞəŰɩɜŰŬɠ əŬŰɎɚ-

ɚɖɚɞ ɘɝɩŭŮɠ ɔɘŬ Űɞ ůɢɖɛŬŰɘůɛɧ ɘəɟɘɤɛɎŰɤɜ, Ůɜɩ ɔɘŬ ɛŮɔŬɚɨŰŮɟɞ ɢɟɧɜɞ ˊɞɚɨ-
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ɛŮɟɘůɛɞɨ (3D) űŬɑɜŮŰŬɘ ɜŬ ɚŮɘŰɞɡɟɔŮɑ ŬɜŬůŰŬɚŰɘəɎ ůŰɞɜ ůɢɖɛŬŰɘůɛɧ ŬɜɞɘɢŰɞɨ 

ˊɞɟɩŭŮɠ ŭɘəŰɨɞɡ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɅȺɃ ɛŮɔɎɚɞɡ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ (Ʌ2ɀ), ɞ əŬŰŬɚ-

ɚɖɚɧŰŮɟɞɠ ɢɟɧɜɞɠ ˊɞɚɡɛŮɟɘůɛɞɨ əɟɑɜŮŰŬɘ ɛɘŬɠ ɖɛɏɟŬɠ (1D) ɏɢɞɜŰŬɠ ɐŭɖ ˊɞɚɡɛŮ-

ɟɘůŰŮɑ ŮˊŬɟəɩɠ, əŬɗɩɠ ůŮ ɛŮɔŬɚɨŰŮɟɞ ɢɟɧɜɞ ˊɞɚɡɛŮɟɘůɛɞɨ Űɞ ˊɞɟɩŭŮɠ əɚŮɑɜŮɘ əŬɘ 

ŮɛűŬɜɑɕŮŰŬɘ Ŭɡɝɖɛɏɜɖ ŬɜɞɛɞɘɞɔɏɜŮɘŬ. ȳůɞɜ ŬűɞɟɎ ůŰɖɜ ˊŬɟɎɛŮŰɟɞ ŭɘŬűɞɟŮŰɘəɐɠ 

ŬɜŬɚɞɔɑŬɠ ɅȺɃ:Chit (1:5), ɖ ɞˊɞɑŬ ŮűŬɟɛɧůŰɖəŮ ůŰŬ ŭɞəɑɛɘŬ ŮˊŬɟəɞɨɠ ˊɞɟɩŭɞɡɠ 

~100 ɛm (NP62D əŬɘ ɁɅ2ɀ1D), ůɡɜŮˊɎɔŮŰŬɘ ɛŮɔɎɚɖ ŬɜɞɛɞɘɞɔɏɜŮɘŬ ˊɞɟɩŭɞɡɠ 

(ŭɞəɑɛɘɞ NP62D-S), ɚɧɔɤ ɛŮɔɎɚɖɠ ɟŮɡůŰɧŰɖŰŬɠ Űɞɡ ˊɞɚɡɛŮɟɘəɞɨ ůɡɜŭɏŰɖ əŬɘ ɏɜŰɞɜɖ 

ɣŬɗɡɟɧŰɖŰŬ (ŭɞəɑɛɘɞ NP2M1D-S), ɚɧɔɤ ˊŮɟɘɞɟɘůɛɏɜɞɡ əɚɎůɛŬŰɞɠ ɧɔəɞɡ ůɡɛ-

ɛŮŰɞɢɐɠ ˊɞɚɡɛŮɟɞɨɠ. ɇɞ ɘɝɩŭŮɠ Űɞɡ ˊɞɚɡɛŮɟɘəɞɨ ůɡɜŭɏŰɖ, ɛɏɔŮɗɞɠ ŮɝŬɟŰɩɛŮɜɞ Ŭˊɧ 

Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ əŬɘ Űɞ ɢɟɧɜɞ ˊɞɚɡɛŮɟɘůɛɞɨ, űɎɜɖəŮ ɜŬ ŬɚɚɖɚŮˊɘŭɟɎ űɡůɘəɞ-

ɢɖɛɘəɎ ɛŮ Űɞ ɛɖɢŬɜɘůɛɧ ůɢɖɛŬŰɘůɛɞɨ ˊɞɟɩŭɞɡɠ ŭɞɛɐɠ Űɤɜ ɘəɟɘɤɛɎŰɤɜ. ɇŬ ɓɏɚŰɘůŰŬ 

ŭɞəɑɛɘŬ ɢɤɟɑɠ Űɖɜ ˊŬɟɏɜɗŮůɖ ɜŬɜɞůɤɚɐɜɤɜ ɎɜɗɟŬəŬ ŮɑɜŬɘ Űɞ NP2M1D ɛŮ ɛɏɔŮɗɞɠ 

ˊɧɟɤɜ ˊɞɡ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 14-80 ɛm əŬɘ Űɞ ɁɅ62D ɛŮ ɛɏɔŮɗɞɠ ˊɧɟɤɜ 18-90 ɛm. 

 

ȽəɟɘɩɛŬŰŬ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ŮɜɘůɢɡɛɏɜŬ ɛŮ ɜŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ: 

ɄɟɏˊŮɘ ɜŬ ŰɞɜɘůŰŮɑ, ɧŰɘ ɖ ŮɘůŬɔɤɔɐ ŮɜɘůɢɡŰɘəɞɨ ɛɏůɞɡ (ɜŬɜɞůɤɚɐɜɤɜ ɎɜɗɟŬəŬ) ůŰŬ 

ɘəɟɘɩɛŬŰŬ ɡŭɟɞɝɡŬˊŬŰɑŰɖ ɏɚŬɓŮ ɢɩɟŬ əŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ ůɨɜɗŮůɖɠ Űɞɡ 

ŬɘɤɟɐɛŬŰɞɠ ɡŭɟɞɝɡŬˊŬŰɑŰɖ əŬɘ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ ŭɨɞ Űɟɧˊɞɡɠ. ɆŰɖɜ ůɨɜɗŮůɖ 

ŬˊɞəŬɚɞɨɛŮɜɖ ɤɠ NC, ɞɘ ɜŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ ˊɟɞůŰɑɗŮɜŰŬɘ ůŰɞ ŰŮɚɘəɧ ŬɘɩɟɖɛŬ 

ɡŭɟɞɝɡŬˊŬŰɑŰɖ, Ůɜɩ ůŰɘɠ ůɡɜɗɏůŮɘɠ CC, ɞɘ CNTs  ŮɜůɤɛŬŰɩɗɖəŬɜ ůŰɞ ŬɘɩɟɖɛŬ 

ɢɘŰɞɕɎɜɖɠ (Chit).  

ȹɞəɑɛɘŬ NC: 

     

                     ɁCP61D                                          NCP61D-S (PEO:Chit -1:5) 
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                        NCP62D                                              NCP62D- ˊɡɟɘŬɜŰɖɟɑɞɡ 

 

                                                             ɁCP63D 

     

                       NCP91D                                                           NCP92D 

     

                       NCP2M1D                                                      NCP2M2D 
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                                                           NCP2M3D 

Ⱥɘə 4.6. ɆɢɖɛŬŰɘəɏɠ ŬˊŮɘəɞɜɑůŮɘɠ ɛɘəɟɞŭɞɛɐɠ ɘəɟɘɤɛɎŰɤɜ ɜŬɜɞɡŭɟɞɝɡŬˊŬŰɑŰɖ-ɓɘɞˊɞɚɡ-

ɛŮɟɩɜ-ɜŬɜɞůɤɚɐɜɤɜ ɎɜɗɟŬəŬ (NC), ŬɜɎɚɞɔŬ ɛŮ Űɞ ́ɞɚɡɛŮɟɘəɧ ɓɎɟɞɠ Űɞɡ ůɡɜŭɏŰɖ əŬɘ Űɞɜ 

ɢɟɧɜɞ ˊɞɚɡɛŮɟɘůɛɞɨ Űɞɡ 

ȷˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ ŬˊŮɘəɞɜɑůŮɘɠ ˊɞɟɩŭɞɡɠ, ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɞ ɢɟɧɜɞɠ ˊɞɚɡɛŮɟɘůɛɞɨ 

ɛɘŬɠ ɖɛɏɟŬɠ (1D) ˊɟɞůɏŭɤůŮ ůɡɛˊŬɔŮɑɠ ɛɘəɟɞŭɞɛɏɠ, ɛŮ ŮɝŬɑɟŮůɖ Űɞ ŭɞəɑɛɘɞ 

ŮˊŬɟəɞɨɠ ˊɞɟɩŭɞɡɠ ɁCP91D. Ⱥˊɑůɖɠ, ɞ ɢɟɧɜɞɠ ˊɞɚɡɛŮɟɘůɛɞɨ Űɟɘɩɜ ɖɛŮɟɩɜ ɏŭɤůŮ 

ŬɜɞɛɞɘɞɔŮɜɐ ŭŮɑɔɛŬŰŬ (ɁCɅ63D) ɐ ŭɞəɑɛɘŬ əɚŮɘůŰɞɨ ˊɞɟɩŭɞɡɠ (NCP2M3D), 

űŬɘɜɧɛŮɜɞ Űɞ ɞˊɞɑɞ ŮˊŬɚɖɗŮɨŮŰŬɘ ůŰɖ ůŮɘɟɎ ˊŮɘɟŬɛɎŰɤɜ ɢɤɟɑɠ ŮɜɘůɢɡŰɘəɧ ɛɏůɞ 

CNTs. ũɘŬ ɢɟɧɜɞ ˊɞɚɡɛŮɟɘůɛɞɨ ŭɨɞ ɖɛŮɟɩɜ, ɞ ɞˊɞɑɞɠ ŭɑɜŮɘ ůɡɢɜɎ ŬɜɞɘɢŰɧ ˊɞɟɩŭŮɠ 

ŭɑəŰɡɞ ɛŮɔɎɚɞɡ ɛŮɔɏɗɞɡɠ ˊɧɟɤɜ, ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭɡɝɖɛɏɜɞ ˊɞɟɩŭŮɠ (ŭɞəɑɛɘŬ 

NCP62D, NCP2M2D) ɛŮ ɛɏɔŮɗɞɠ ˊɧɟɤɜ ˊɞɡ ˊɟɞůŮɔɔɑɕŮɘ ŰŬ 100 ɛm. ɇɞ ŭɞəɑɛɘɞ 

NCP62D ɏɢŮɘ ɛɘəɟɞŭɞɛɐ ˊŬɟŬˊɚɐůɘŬ ɛŮ ŬɡŰɐɜ Űɞɡ ɞůŰɞɨ əŬɘ ɛŮɚŮŰɎŰŬɘ ˊŮɟŬɘŰɏɟɤ! 

ɆɢŮŰɘəɎ ɛŮ Űɖɜ ŬɚɚŬɔɐ Ůˊɘˊɚɏɞɜ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ ɓɏɚŰɘůŰɞɡ ŭɞəɘɛɑɞɡ NCP62D, ɧˊɤɠ 

ŭɘŬűɞɟŮŰɘəɐ ŬɜŬɚɞɔɑŬ ɅȺɃ:Chit (1:5) əŬɘ ˊŬɟŬɛɞɜɐ Űɖɠ ůəɧɜɖɠ NC ůŮ ˊɡɟɘŬɜŰɐɟɘɞ 

ˊɟɘɜ Űɞ ůŰɎŭɘɞ ɚɡɞűɘɚɑɤůɖɠ, ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭɡɝɖɛɏɜɖ ŬɜɞɛɞɘɞɔɏɜŮɘŬ ˊɞɟɩŭɞɡɠ, ɞˊɧŰŮ 

əŬɘ ˊɟɞŰŮɑɜŮŰŬɘ ŬɜŬɚɞɔɑŬ 1:2,5 əŬɘ ůɡɜɗɐəŮɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ˊɟɘɜ Űɞ ůŰɎŭɘɞ 

ɚɡɞűɘɚɑɤůɖɠ. 

    ɆɡɔəɟɑɜɞɜŰŬɠ ŰŬ ŭɞəɑɛɘŬ NC ɛŮ ŰŬ ŭɞəɑɛɘŬ ŬˊɞɡůɑŬɠ ɜŬɜɞůɤɚɐɜɤɜ ɎɜɗɟŬəŬ (N), 

ŬˊɞŭŮɘəɜɨŮŰŬɘ ɧŰɘ ɖ ˊɟɞůɗɐəɖ ɜŬɜɞůɤɚɐɜɤɜ ɎɜɗɟŬəŬ ůŰŬ ɘəɟɘɩɛŬŰŬ ɞŭɖɔɞɨɜ Ůɜ 

ɔɏɜŮɘ ůŮ Ŭɨɝɖůɖ ˊɞɟɩŭɞɡɠ. Ⱥˊɑůɖɠ, ŰŬ ŮɜɘůɢɡɛɏɜŬ ŭɞəɑɛɘŬ ŮɛűŬɜɑɕɞɡɜ ɛɘəɟɞŭɞɛɐ 

ŭɘŬűɞɟŮŰɘəɐɠ ɔŮɤɛŮŰɟɑŬɠ ˊɧɟɤɜ (ɧˊɤɠ Űɞ NCP62D ůɡɔəɟɑůŮɘ ɛŮ Űɞ ɁɅ62D). ɇŬ 

ɓɏɚŰɘůŰŬ ŭɞəɑɛɘŬ Űɖɠ ůŮɘɟɎɠ ŮɑɜŬɘ Űɞ NCP62D, NCP91D əŬɘ NCP2M2D ɛŮ ɛɏɔŮɗɞɠ 

ˊɧɟɤɜ 14-70 ɛm, 15-60 ɛm əŬɘ 12- 60 ɛm ŬɜŰɘůŰɞɑɢɤɠ. 
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ȹɞəɑɛɘŬ CC: 

    

                             CCP61D                                                 CCP62D 

  

                                                              CCP63D 

     

                         CCP91D                                                          CCP92D 
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            CCP92D- ˊɡɟɘŬɜŰɖɟɑɞɡ                                              CCP93D 

    

                        CCP2M1D                                                        CCP2M2D 

     

                                                                 CCP2M2D  

 

 


