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ɄȺȽɅȷɀȷɇȽȾȼ ūɈɆȽȾȼ,                                                          

ɇȷ ȷɉȷɅɇɃũɅȷūȼɇȷ ɀɃɁɃɄȷɇȽȷ ɇɃɈ ɀȺȿȿɃɁɇɃɆ, 

ȷɄɃ ɇȼ ūɈɆȽȾȼ ɇɋɁ ɆɇɃȽɉȺȽɋȹɋɁ ɆɋɀȷɇȽȹȽɋɁ      

ɆɇȼɁ ȽȷɇɅȽȾȼ ūɈɆȽȾȼ ȾȷȽ ɇȼɁ ɁȷɁɃɇȺɉɁɃȿɃũȽȷò

Ⱦ. ɄȷɄȷũȺɋɅũȽɃɈ
ɄȷɁȺɄȽɆɇȼɀȽɃ ȷȽũȷȽɃɈ

ȺˊɘůŰɐɛɖ əŬɘ ɇŮɢɜɞɚɞɔɑŬ ůŰɞ C.E.R.N Ⱦ. ɄŬˊŬɔŮɤɟɔɑɞɡ, ɄŬɜŮˊɘůŰɐɛɘɞ ȷɘɔŬɑɞɡ
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ɄȺɅȽȿȼɊȼ

ÇȷɄɃ ɇȼɁ ūɈɆȽȾȼ ɆɇɃȽɉȺȽɋȹɋɁ ɆɋɀȷɇȽȹȽɋɁ ɆɇȼɁ ɈũȺȽȷ  

ÇɇɃɀɃũɅȷūɃɆ ȺȾɄɃɀɄȼɆ ɄɃȻȽɇɅɃɁȽɋɁ (PET)

ÇɈɄɃȿɃũȽɆɇȽȾȼ ɇɃɀɃũɅȷūȽȷ (CT  X-ray scan)

ÇŪȺɅȷɄȺȽȷ ɄɅɋɇɃɁȽɋɁ (proton therapy) 

ÇɇɃɀɃũɅȷūɃɆ ɀȷũɁȼɇȽȾɃɈ ɆɈɁɇɃɁȽɆɀɃɈ (MRI) 

ÇɁȷɁɃɇȺɉɁɃȿɃũȽȷ 

ÇɆɈɀɄȺɅȷɆɀȷɇȷ

ȺˊɘůŰɐɛɖ əŬɘ ɇŮɢɜɞɚɞɔɑŬ ůŰɞ C.E.R.N Ⱦ. ɄŬˊŬɔŮɤɟɔɑɞɡ, ɄŬɜŮˊɘůŰɐɛɘɞ ȷɘɔŬɑɞɡ
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ȷɄɃ ɇȼɁ ūɈɆȽȾȼ ɆɇɃȽɉȺȽɋȹɋɁ ɆɋɀȷɇȽȹȽɋɁ 

ɆɇȼɁ ɈũȺȽȷ

üȾȷȽɁɃɇɃɀȺɆȽȹȺȺɆȾȷȽɇȺɉɁɃȿɃũȽȺɆɄɅɃȺɅɉɃɀȺɁȺɆȷɄɃɇȼɁūɈɆȽȾȼɆɇɃȽɉȺȽɋȹɋɁ

ɆɋɀȷɇȽȹȽɋɁȺɉɃɈɁɄȷȽɂȺȽɆȼɀȷɁɇȽȾɃɅɃȿɃɆɇȼɁȽȷɇɅȽȾȼɀȺɇȼɁȷɁȷɄɇɈɂȼ

ɇȺɉɁɃȿɃũȽɋɁȷȽɉɀȼɆȾȷȽɇȺɉɁȽȾɋɁȹȽȷũɁɋɆȼɆȾȷȽŪȺɅȷɄȺȽȷɆɄɃɈȸȷɆȽȻɃɁɇȷȽɆɇȽɆ

ȷȾɇȽɁɃȸɃȿȽȺɆ,ȹȽȷɀɃɅūɋɁɃɁɇȷɆɇȼɁȽȷɇɅȽȾȼɇɃɈɀȺȿȿɃɁɇɃɆ.

üȼȸȷɆȽȾȼȺɅȺɈɁȷɆɇɃɄȺȹȽɃɇȼɆɆɋɀȷɇȽȹȽȷȾȼɆūɈɆȽȾȼɆ

Ç ȸȺȿɇȽɋɁȺȽɆɈɁȺɉɋɆɇȷɆɈɁɃɅȷɇȼɆũɁɋɆȼɆɀȷɆũȽȷɇɃɆɈɀɄȷɁ

Ç ȹɅȷɆȷɁȾȷɇȷȿɈɇȼɆɆɇȼɁȷɁȷɄɇɈɂȼȾȷȽɁɃɇɃɀȷɆɇȺɉɁɃȿɃũȽȷɆ

ɄɞɚɨˊɚɞəŮɠŮˊɘŰŬɢɡɜŰɘəɏɠŭɘŬŰɎɝŮɘɠɧˊɤɠɞçɀŮɔɎɚɞɠȷŭɟɞɜɘəɧɠȺˊɘŰŬɢɡɜŰɐɠè,

( Large Hadron Collider,LHC) əŬɗɩɠəŬɘɞɘŬɜɘɢɜŮɡŰɏɠŰɤɜɛŮɔɎɚɤɜˊŮɘɟŬɛɎŰɤɜŰɞɡCERN

ŬˊŬɘŰɞɨɜŮˊɘŭɧůŮɘɠəŬɘŰŮɢɜɞɚɞɔɑŬˊɞɡɡˊŮɟɓŬɑɜŮɘŰɖɜɓɘɞɛɖɢŬɜɘəɐŰŮɢɜɞɔɜɤůɑŬ
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ɃȽ ɇȺɉɁɃȿɃũȽȾɃȽ ɄɈȿɋɁȺɆ ɇȼɆ ɆɋɀȷɇȽȹȽȷȾȼɆ ūɈɆȽȾȼɆ

üȺɄȽɇȷɉɈɁɇȺɆ: ŪȺɅȷɄȺȽȷɇɃɈȾȷɅȾȽɁɃɈɀȺȷȾɇȽɁɃȸɃȿȽȷ

üȷɁȽɉɁȺɈɇȺɆ: ɇɃɀɃũɅȷūɃɆȺȾɄɃɀɄȼɆɄɃȻȽɇɅɃɁȽɋɁ(PET)

ȷˊŮɡɗŮɑŬɠŮűŬɟɛɞɔɐŰŮɢɜɘəɩɜŬɜɑɢɜŮɡůɖɠűɤŰɧɠŬˊɧŰŬ

ˊŮɘɟɎɛŬŰŬŰɞɡCERN

üɈɄɃȿɃũȽɆɇȺɆ:ȷɁȷɄɇɈɂȼȿɃũȽɆɀȽȾɋɁɄɅɃɆɃɀɃȽɋɆȼɆȾȷȽȺɄȺɂȺɅũȷɆȽȷɆ

ȹȺȹɃɀȺɁɋɁȾȷȽȺȽȾɃɁȷɆ
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ȽɆɇɃɅȽȷ
üɃ Ʉɞɚɨ-ůɡɟɛŬŰɘəɧɠŬɜŬɚɞɔɘəɧɠɗɎɚŬɛɞɠ(Multi-wire propotional Chamber) ˊɞɡ́ ɟɞŰɎɗɖəŮŰɞ

1968 ŬˊɧŰɞɜGeorge Charpak ( Nobel Prize in Physics, 1992) ɎɜɞɘɝŮɜɏŬŮˊɞɢɐůŰɖɏɟŮɡɜŬůŰɞ

ˊŮŭɑɞŰɖɠůɤɛŬŰɘŭɘŬəɐɠűɡůɘəɐɠ,ŬɚɚŬŮˊɑůɖɠɓɟɐəŮůɖɛŬɜŰɘəɏɠŮűŬɟɛɞɔɏɠůŰɖɓɘɞɚɞɔɑŬ,

ɟŬŭɘɞɚɞɔɑŬəŬɘŰɖɜ́ɡɟɖɜɘəɐȽŬŰɟɘəɐ

ü ɇɞ1975 ɞűɡůɘəɧɠŰɞɡCERN, David Townsend ůŮůɡɜŮɟɔŬůɑŬɛŮŰɞɄŬɜŮˊɘůŰɐɛɘɞŰɖɠũŮɜŮɨɖɠ

əŬɘŰɞɜɞůɞəɞɛŮɑɞCantonal ŰɖɠũŮɜŮɨɖɠŮɑɢŮůɖɛŬɜŰɘəɐůɡɜŮɘůűɞɟɎůŰɖɜŬɜŬəŬŰŬůəŮɡɐŮɘəɧɜɤɜ

ŬˊɧŰɞɛɞɔɟɎűɞPET, əŬɘůŰɖɜŬɜɎˊŰɡɝɖŰɞɡ3-D PET ŰɞɛɞɔɟɎűɞɡ.

ü90ôs: Proton Ion Medical Machine Study (PIMMS)

ü2000: ȲŭɟɡůɖŰɞɡŭɘəŰɨɞɡůɡɜŮɟɔŬůɑŬɠENLIGHT ɔɘŬŰɖɜɗŮɟŬˊŮɑŬɛŮŬŭɟɧɜɘŬ

ü2000: Crystal Clear ɔɘŬŰɖɜŭɖɛɘɞɡɟɔɑŬŰɞɛɞɔɟɎűɞɡPET ɔɘŬɕɩŬ.
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üɄŬɟŬɔɤɔɐɘůɞŰɧˊɤɜɔɘŬ́ɎɜɤŬˊɧ50 ɢɟɧɜɘŬŬˊɧŰɖɜɡˊɞŭɞɛɐISOLDE ůŰɞCERN , ˊɚɐɟɤɠ

ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɖůŰɖɜ́ŬɟŬɔɤɔɐɛŮɔɎɚɖɠˊɞɘəɘɚɑŬɠɟŬŭɘŮɜŮɟɔɩɜŭŮůɛɩɜɘɧɜŰɤɜɔɘŬɓŬůɘəɐəŬɘ

ŮűŬɟɛɞůɛɏɜɖɏɟŮɡɜŬ(ˊɎɜɤŬˊɧ1200 ŭɏůɛŮɠɟŬŭɘɞɥůɞŰɧˊɤɜɛŮ́ ŮɟɘůůɧŰŮɟŬŬˊɧ70 ɢɖɛɘəɎ

ůŰɞɘɢŮɑŬ)ůŮŭɘŬűɞɟŮŰɘəɎˊŮɘɟɎɛŬŰŬůŰŬ́ŮŭɑŬŰɖɠŬŰɞɛɘəɐɠəŬɘ́ɡɟɖɜɘəɐɠűɡůɘəɐɠ,Űɖɠűɡůɘəɐɠ

ůŰŮɟŮɎɠəŬŰɎůŰŬůɖɠəŬɗɩɠəŬɘɘŬŰɟɘəɐɠűɡůɘəɐɠ. ɆɖɛŬɜŰɘəɧəŬŰɧɟɗɤɛŬɖŬˊɞŭɞŰɘəɐˊŬɟŬɔɤɔɐ

ŰɞɡůŰɞɘɢŮɑɞɡ149Terbium , ˊɞɡŮɑɜŬɘɏɜŬɠŬˊɧŰɞɡɠŮɚŬűɟɨŰŮɟɞɡɠŮəˊɞɛˊɞɨɠůɤɛŬŰɘŭɑɤɜŬɔɘŬŰɖɜ

ɗŮɟŬˊŮɑŬůŮŮˊɑˊŮŭɞŮɜɧɠəŬɟəɘɜɘəɞɨəɡŰŰɎɟɞɡ.

ȽɆɇɃɅȽȷ
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ɇɃɀɃũɅȷūɃɆ ȺȾɄɃɀɄȼɆ ɄɃȻȽɇɅɃɁȽɋɁ (PET)
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ɇɃɀɃũɅȷūɃɆ ȺȾɄɃɀɄȼɆ ɄɃȻȽɇɅɃɁȽɋɁ (PET) 
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ɇɃɀɃũɅȷūɃɆ ȺȾɄɃɀɄȼɆ ɄɃȻȽɇɅɃɁȽɋɁ (PET) 
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ɈɄɃȿɃũȽɆɇȽȾȼ ɇɃɀɃũɅȷūȽȷ (CT  X-ray scan)
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CT  X-RAY scan

ȼɡˊɞɚɞɔɘůŰɘəɐŰɞɛɞɔɟŬűɑŬ(CT scan) ůŰɖɟɑɕŮŰŬɘůŰɖɜɡˊɞɚɞɔɘůŰɘəɐůɨɜɗŮůɖ

ˊɞɚɚɩɜŮɘəɧɜɤɜŮɜɧɠŬɜŰɘəŮɘɛɏɜɞɡˊɞɡɏɢɞɡɜŰɟŬɓɖɢŰŮɑɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ

ŬəŰɑɜŮɠïɉəŬɘŬˊɧŭɘŬűɞɟŮŰɘəɏɠɔɤɜɑŮɠ,ɩůŰŮɜŬ́ ŬɟŬɢɗŮɑɛɑŬŰɞɛɞɔɟŬűɘəɐ

ŮɘəɧɜŬŰɞɡɡˊɧɛŮɚɏŰɖŬɜŰɘəŮɘɛɏɜɞɡˊɞɡɗŬŮˊɘŰɟɏɣŮɘůŰɞɜɢɟɐůŰɖɜŬŭŮɘɛɏůŬ

ůŰɞŬɜŰɘəŮɑɛŮɜɞɢɤɟɑɠɜŬŰɞəɧɣŮɘ
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ɃɘŬəŰɑɜŮɠ ɉɐŬəŰɑɜŮɠ ɅɏɜŰɔəŮɜ (Rºntgen)ŬˊɞŰŮɚɞɨɜ ɛɑŬ ɛɞɟűɐ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ  ɛŮ ˊŮɟɘɞɢɐ ɛɐəɞɡɠ əɨɛŬŰɞɠ ɛŮŰŬɝɨ (0,01ï10) ɖm ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŮ 

ˊŮɟɘɞɢɐŮɜɏɟɔŮɘŬɠ Ŭˊɧ 120eV ï120keV

Ƀɘ ŬəŰɑɜŮɠ - ɉ ˊɟɤŰŬɟɢɘəɎ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ Ŭˊɧ ŰɖɜȽŬŰɟɘəɐɤɠ ŭɘŬɔɜɤůŰɘəɧ ŮɟɔŬɚŮɑɞ 

Ƀɘ ŬəŰɑɜŮɠ - ɉ Ŭɜɐəɞɡɜ ůŰɘɠɘɞɜɑɕɞɡůŮɠ ŬəŰɘɜɞɓɞɚɑŮɠ, Ŭűɞɨ ɖ ŮɜɏɟɔŮɘɎ Űɞɡɠ ŮɑɜŬɘ ɘəŬɜɐ ɜŬ 

ˊɟɞəŬɚɏůŮɘ Űɞɜ ɘɞɜɘůɛɧ ŬŰɧɛɤɜ əŬɘ ɛɞɟɑɤɜ. Ⱥˊɞɛɏɜɤɠ ˊŬɟɞɡůɘɎɕŮɘ əɘɜŭɨɜɞɡɠ ɓɚŬɓɩɜ ůŮ 

ɕɤɜŰŬɜɞɨɠ ɞɟɔŬɜɘůɛɞɨɠ

ɅŬŭɘɞəɨɛŬŰŬ ĿɀɘəɟɞəɨɛŬŰŬĿɈˊɏɟɡɗɟŮɠĿɃɟŬŰɧ űɤɠĿɈˊŮɟɘɩŭŮɘɠĿȷəŰɑɜŮɠ ɉĿȷəŰɑɜŮɠ ɔ

ȷȾɇȽɁȺɆ -ɉ

https://el.wikipedia.org/wiki/%CE%99%CE%B1%CF%84%CF%81%CE%B9%CE%BA%CE%AE
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ɄȷɅȷũɋũȼ ȷȾɇȽɁɋɁ  -ɉ

Ƀ ˊɘɞ ůɡɜɖɗɘůɛɏɜɞɠ Űɟɧˊɞɠ ˊŬɟŬɔɤɔɐɠ ŬəŰɑɜɤɜɉ ŮɑɜŬɘ: 

ü ɛɏůɤ Űɖɠ ŮˊɘŰɎɢɡɜůɖɠ e-Ŭˊɧ ŭɡɜŬɛɘəɧ ŰɎɝɖɠ ɛŮɔɏɗɞɡɠ Űɤɜ ŭŮəɎŭɤɜ ɢɘɚɘɎŭɤɜ ɓɞɚŰ əŬɘ 

üˊɟɧůˊŰɤůɐ Űɞɡɠ ůŮ ůŰɧɢɞ ɞ ɞˊɞɑɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛŮŰŬɚɚɘəɧ ɡɚɘəɧ ɛŮɔɎɚɞɡ ŬŰɞɛɘəɞɨ 

Ŭɟɘɗɛɞɨ, ůɡɜɐɗɤɠ ɓɞɚűɟɎɛɘɞ ɐ ɛɞɚɡɓŭŬɑɜɘɞ ɔɘŬ Űɘɠ ŬəŰɘɜɞɔɟŬűɑŮɠ.

ü ɢɎɜɞɡɜ ůŰŬŭɘŬəɎ Űɖɜ ŮɜɏɟɔŮɘɎ Űɞɡɠ Ŭˊɧ Űɘɠ ŮˊɘɓɟŬŭɨɜůŮɘɠ ɛŮ ŰŬ ɎŰɞɛŬ Űɞɡ ůŰɧɢɞɡ

ü ɖ ŮɜɏɟɔŮɘŬ ˊɞɡ Ŭˊɞŭɑŭɞɡɜ ůŰŬ ɎŰɞɛŬ Űɞɡ ůŰɧɢɞɡ ŮɑɜŬɘ ŬɟəŮŰɐ ɔɘŬ ɜŬ ŭɘŮɔŮɑɟŮɘ əŬɘ e-

ŮůɤŰŮɟɘəɩɜ ůŰɞɘɓɎŭɤɜ 

ü ɞɘ ůŰɞɘɓɎŭŮɠ ŬɡŰɏɠ ůɡɛˊɚɖɟɩɜɞɜŰŬɘ Ŭˊɧ e-ɡɣɖɚɧŰŮɟɤɜ ŮɜŮɟɔŮɘŬəɎ ůŰɞɘɓɎŭɤɜ əŬɘ ɏŰůɘ 

ˊŬɟɎɔɞɜŰŬɘ ŰŬ űɤŰɧɜɘŬ Űɤɜ ŬəŰɑɜɤɜ-ɉ 
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ŪȺɅȷɄȺȽȷ ɄɅɋɇɃɁȽɋɁ (proton therapy)
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ŪȺɅȷɄȺȽȷ ɀȺ ȷȹɅɃɁȽȷ (HADRON THERAPY)

üȼɉɅȼɆȼɄɅɋɇɃɁȽɋɁȱȽɃɁɇɋɁũȽȷɇȼɁŪȺɅȷɄȺȽȷɇɃɈȾȷɅȾȽɁɃɈȷɄȷȽɇȺȽɇȼɁɉɅȼɆȼ

ɀȺũȷȿɋɁȺɄȽɇȷɉɈɁɇɋɁ

Ç ɇɃũȺũɃɁɃɆȷɈɇɃɆɈɁȹȺȺȽɇȼɁŪȺɅȷɄȺȽȷɀȺȷȾɇȽɁɃȸɃȿȽȺɆɀȺɇȼɁȷɁȷɄɇɈɂȼ

ȽɆɉɈɅɋɁȺɄȽɇȷɉɈɁɇȽȾɋɁȹȽȷɇȷɂȺɋɁũȽȷɇȽɆȷɁȷũȾȺɆɇȼɆȺɅȺɈɁȷɆɆɇȼɆɋɀȷɇȽȹȽȷȾȼ

ūɈɆȽȾȼ

üȼɘŭɏŬŰɞɡɜŬɢɟɖůɘɛɞˊɞɘɖɗɞɨɜȺɄȽɇȷɉɈɁɃɀȺɁȺɆȹȺɆɀȺɆɄɅɋɇɃɁȽɋɁɔɘŬŰɖɜɗŮɟŬˊŮɑŬŰɞɡ

əŬɟəɑɜɞɡ,ŬɜɐəŮɘůŰɞɜɞɟŬɛŬŰɘůŰɐűɡůɘəɧəŬɘɘŭɟɡŰɐŰɞɡFermilab Robert Wilson Űɞ1946:
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ŪȺɅȷɄȺȽȷ ɀȺ ȷȹɅɃɁȽȷ (HADRON THERAPY)

Ç ɇŬˊɟɤŰɧɜɘŬəŬɘŰŬŮɚŬűɟɎɘɧɜŰŬɛˊɞɟɞɨɜɜŬŭɘŬˊŮɟɎůɞɡɜŰɞŬɜɗɟɩˊɘɜɞůɩɛŬɛŮ

ŮɚɎɢɘůŰɖŮɔəɎɟůɘŬŭɘɎɢɡůɖ,ŮɜŬˊɞɗɏŰɞɜŰŬɠůɢŮŭɧɜɞɚɧəɚɖɟɖŰɖɜŮɜɏɟɔŮɘɎŰɞɡɠ́ɟɞɠŰɞ

ŰɏɚɞɠŰɖɠŭɘŬŭɟɞɛɐɠˊɞɡɛˊɞɟɞɨɜɜŬŭɘŬɜɨůɞɡɜŬɜɎɚɞɔŬɛŮŰɖɜŮɜɏɟɔŮɘŬŰɖɜɞˊɞɑŬɏɢɞɡɜ

(Bragg peak).

Ç ɀŮŰɞɜŰɟɧˊɞŬɡŰɧ́ɟɞəŬɚɞɨɜŮɚɎɢɘůŰɖɕɖɛɘɎůŰɞɡɠɡɔɘŮɑɠɘůŰɞɨɠˊɞɡůɡɜŬɜŰɞɨɜəŬŰɎŰɞ

ˊɏɟŬůɛɎŰɞɡɠ́ɟɞɠŰɖɜəŬɟəɘɜɘəɐˊŮɟɘɞɢɐ

Ç ȺˊɘˊɟɧůɗŮŰŬɛˊɞɟɞɨɜɜŬŮůŰɘŬůɗɞɨɜůŮɚŮˊŰɏɠŭɏůɛŮɠ,ŮˊɘŰɟɏˊɞɜŰŬɠŰɖɜɢɞɟɐɔɖůɖŰɖɠ

əŬŰɎɚɚɖɚɖɠŭɧůɖɠŬəŰɘɜɞɓɞɚɑŬɠɛŮ́ ɞɚɨɛŮɔɎɚɖŬəɟɑɓŮɘŬ
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ŪȺɅȷɄȺȽȷ ɀȺ ȷȹɅɃɁȽȷ 



18

ŪȺɅȷɄȺȽȷ ɀȺ ȷȹɅɃɁȽȷ (ȾɈȾȿɃɇɅɃ)
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ŪȺɅȷɄȺȽȷ ɀȺ ȷȹɅɃɁȽȷ (ɆɋȿȼɁȷɆ ȹȺɆɀȼɆ)
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Proton Beam Line Photo taken at Proton Therapy Center in Oklahoma City.
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The beam transport system distributes a beam of proton energy to each of the four treatment 

rooms quickly and efficiently. 


