
М ѝоЄ 115 ⇔ד
ׄԓṮ Ṏ

01:16:49 1

Xԏ
ׄԓ Ṯ

І צᶾדּ еҨ

ꞌ
ֿ 59 , Ṯ ֿ 0484
qrt.service@msa.hinet.net

alvin.chen@radiation.com.tw
ѡ :2026.06.16

mailto:qrt.service@msa.hinet.net
mailto:alvin.chen@radiation.com.tw


Ю

01:16:49 2

Â :

Â ṂӴМ Є Џ Ђ(1991)

Â Ӵ Ὑӻ Є Џ Ђ(1993)

Â Ӵ Є Џ Ṇ דּ ṅἬשׁ Ђ Ϣ(2002-2011)

Â Ӵ╜ᾙЄ ЂEMBA(2020-2023)

Â :

Â х‒ᴩеҨ: ӣ᾿ Ғ Џ (SIEMENSȳPhilips)

Â :Ὅ ᾙ ₇(Lantis/RTPS) ӣ ȳᶾ ѻԉ(1995-2005)

Â :ᶾеҨדּ Ṯ ȳ (2005-2011)

Â ứ :М Єȳ ἆȳМүּדᶾЄ ȳа ᶾЄדּ ԉ

Â Microsoft MCSE / PMI-PMP / PMI-PBA( Ṇ Џ / / иέ )

Â ׄ ҠМ (1997)ȳ Ṯ Ϣ (2002)ȳ Ṯ (2003- )

Â Ϯ ȳ ṯ ֥ ȳὭЀ ἆ (2)ȳү רּ֛ (2)ȳ
ӢᶾеҨ Ғ Ṯ

Â ὭЀ ἆ/  ἆ/үЄ /М Є/үМ Іᾙ МїȳҖ
Іᾙ Мї Ṯ ȳϮ Іᾙ Мї



ׄԓỗ
Ṯ ὢ Ҡ

Ὅ ἤᾬ Ҡ Ӣ ὢ Ҡ

Ṯ Ҡ Ṯ Ҡ
01:16:49 3



ӭ

Â 1.X -

Â 2. Xԏ Ю ӣ

Â 3. Xԏ ׄԓ ⅜

Â 4.ᾎ Xԏ ᵂׄԓП ứ
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1.  X -

c = nl, E=hn
wavelength from 107 (radio waves) to 10-13 m (ultrahigh energy x-rays)

Visual light : 4 x 10-7 m (blue light) ~ 7 x 10-7 m (red light) 01:16:49 5

‍

NSCNCC ȳDEP
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ׄԓỗ



2. Xԏ Ю ӣ

01:16:49 7

Ẋ ὑ1895ד
X (Xԏ)

1895-11-08

ѷꜜ Ϛ Xԏ ѱ
(Ẋ ъϢXԏ )

̢

Roentgen

1895 11 8

X-

Ray ̢
̢1895-12-22

ד1887

ד1901 ẞ Ϛự ṙ ᾬ

Xԏᾼ



Ḉ Xԏ

01:16:49 8

ɷ ɶɶϴᴪὢȳᴨᴚȳѤӰ Ȳ о
ȷἬ ׀ М῏Ȳ Х  ц ԓ ᴖБɷȴ

Ȳד1897 ɞ Ӱ ɟꜙᴟѿɞ ốɟⱢ
ϠX Ȳ Ẕɶ Ϣῐ Ȳї ╢ ɷȴ

http://www.qulishi.com/news/201410/19435.html

http://b63.photo.store.qq.com/http_imgload.cgi?/rurl4_b=0aaeb9924f7b0bc7b2d85b3a9a0f4137837720b40110615972ee819413f7e5d88bb327aae99e0d55613db3549b62e71ce834e661b282c0cb709e22f76aa27077b7739a3ac4f0a5fde226c46dd5a533e31b77d4f8&a=64&b=63


ϡϫѷּנῴ ᾼXԏ ⅍
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ȶ1895דἉȲẊ XԏȲ
X̔ ῶӑ῀ȲϚЃП Ɫ֤כ
Ϣ
ȶ1896Є Ӿ ҃ᾼ ȲX

ἬЛ֯ȲɦX ᴞ
ɧֽ​∟╡ ҏ ֯

ᴍ еҨȳ ἇӱ X



₤Xԏ

ṵἪCT

Ѳּד₤Xԏ

Ἠ ᾬӣXԏ

1:16:49 



CT-3D ᴯXԏ ∂
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SBES Advanced Multi-scale CT 
(SAM-CT)

01:16:49 12http://www.imaging.sbes.vt.edu/research/sam -ct/



Ϛ Ὅ ᾙ

Hammersmith , 1905 

ᾙד1899 Ἁ



Ὅ ᾙ - Ғ

ӣ᾿ Ғ

Tomotherapy( ϧ)

Cyberknife( ϧ)
1:16:49 

Xray

І
Ғ

ᾌ RF



₤xԏ

1:16:49 
15

ԏиέ
Џ ἨׁשṅӣXԏ

ᴩḈ ▲xԏ

Xԏ
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ᾼЏ ӣ-‍

X-ray ‍



▲XԏṞ
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Xԏ - Ӣ ц

І

Ὲ

Xԏ ӱ

Ӣ

01:16:49 18

☼ȳ ᾌ
110Vac- 15kVdc



Xԏ (X-ray Tube)ӱ

⁴ (thick target)

ᵂⱢ Ḋ ᾼ ֪Ȼ
  Іᶧ Ȳ ӢX ᾼ ế Ӣ X ȷ
Ɫ צ ᾼ  ȷ
ẓצ− ᾼ QRON˘

01:16:49 19

Xԏ Ệứה Xԏ



Xԏ ӱ -
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X-Ray Tube Housing & Collimator

1  Rotor with anode disc

2  Cathode

3  Filament supply leads

4  High tension outlet anode side

5  High tension outlet cathode side

6  Stator winding

7  Radiation window

8  Protective casing of the tube  assembly

9  Expansion bellows

10 X-ray beam collimator

11+12  Lead plates to limit the radiation 

field

13  Useful x-ray beam

01:16:49 21



Xԏ - ӣ

A / B / C / DиᵑⱢȸ ˍԏ▒ˍ ᾿ ˍXԏ

01:16:49 22



X-Ray Tube

Â ϱ ╥ᶺ ֯Ἤӣᾼ͒ԏ ȲһӇứצϚ Ɏ
cathode ɏӣẃ Ӣ ІȲϭᵓӣ ᾼᵂӣȲṿ І
Ғ Ȳ І ѿ− ᾼ ֣ɦ ɧɎtargetɏ ҟȲắ
ẞ   ᴖ ȲὍҏ Ȳὑ╥ ӢϠ͒ԏȴ ͒
ԏȲӦ╥ạѦ І ᴖ ӢᾼȲἬѿ ạ Ɏ
bremsstrahlungɏȲֽ Ἤӱȴ

Â ẔМ99%П כ ȲҬ1%צ Ӣ͒ԏȴ
01:16:49 23



XԏᾼṔ⇔иӁ

ֵᵅ ю

Ṝ (heel effect)

ӣᵅ ԏІ
(₣᾿֣)

ᾙ ӣ ԏІ
(›֣)

01:16:49 24



xïray Ӣ ạ
1. ạ Bremsstrahlung x-rays (braking radiation)

ҷ : ѻ І ϩᵂӣ

01:16:49 25

Â Ȳ ֽ ІȲ֪Ғ
⇔Ḃ ᴖṿһᾼ Њ Ȳ ֵ ᾼ
Ȳ ѿ ᾌᾼᶮה ҏẃȴẊ
ᵓӣᵌ ᵌὍ ɎCrookes tubeɏ ᾼ
͒ԏȲ ╥ Ὅ Ὅҏẃ Ɏ
֯῀ ╥ ᾼ І☼ɏ ẞ ѿ∟
Ȳ֪ ⇔ Њ ᵅᴖὍҏẃᾼ ȴ



X-ray (bremsstrahlungạ )

ȳ (ionization, excitation)

ạ (bremsstrahlung)

(anode)
(cathode)

01:16:49 26



ạ

Â Efficiency is defined as the ratio of output  

energy emitted as x-rays to the input 

energy  deposited by electrons.

Efficiency = 9 x 10-10 ZV

             ZȻatomic number of target( Ḋ Іᶧ)

             VȻ tube voltage( )

01:16:49 27



X-ray 

Xԏ Ἤ Ӣ ἤ ПԏІ ᴶ῏צ ȹ
(A) ᾼḊ

    (B) ᾼḊ
    (C) ᾼ ☼
    (D)Xԏ ᾼ

1.0

0.5

0.01
0 1020 304050 6070 8090100110

ԏІ (keV)

01:16:49 28

ἤ

ạ

ӑ ѱᾼạ

ѱᾼạ

Ɫᴶ ѱ?



ѱ ҙ

Â ѱɎfilter ɏᾼғ ȸ

юᵅ ᾼXԏ ( ю ᾼ ῶ )

Ϣ ⁴⇔ᾼ

01:16:49 29
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X П

ҙ ȸ ḇ ⇔ юᴟ ẃϚҙἬ ᾼ⁴⇔ȴ

X-ray ȸ
Âҙ ѿ ᴏ ⁴⇔ῶӱПȴ
Â ȲἬ ПHVLП⁴⇔ ҒȲἬӣПḊ Іᶧ
Ӽ Ғȴ

01:16:49 30



xïray Ӣ ạ

Â  2. ἤCharacteristic x-rays

а а Іᶧ K ἤX

W

Mo

Rh 

74

42

45

59.0keV

17.4keV

19.7keV

3410ʐ C

2600ʐ C

3200ʐ C

ԏ (Fluorescence)

ѻ І ҵ Іᵂӣ

01:16:49 31

Іᾼ╓



ԏX ɎXRFɏ

Â █ᾬ ᴩX Ӣа ᾼ ἤX ȴ ԏX

╥ᵓӣ ἤX ᴖ ẞа ‒ ȴ

Â ἤX ᾼ Ӣ :ֽϯ ἬӱȲӣѩK Іᾼḇ
ḆЄᾼX ᾬ ᴩ ȲK І ֣ҵ

ҏᴖҏ Ὲ♂ȴ

Â ҏ Ὲ♂∟K ᾼ−Л ứȲױ L ἨM ᾼ І
Ὲ♂ȴᵀ͆ ἨM Іᾼ ѩK ᾼЄȲἬ

ѿ L ἨM ᾼ І K Ὲ♂ Ȳ Ӣ ֝ὑ
ᾼX ⇔ȴ

Â ӢᾼX а йד ( ἤX )ȲἬѿ
⇔ѩҠѿ ẞа ‒ ȴ

1:16:49 32



ἤxԏ( ἤ )ᾼ Ӣ

1:16:49 33



а ᾼứἤ ứ иέ

1:16:49 34

Ḋ Іᶧ K Іḇ L Іḇ

(Al)

(Cu)

(MO)

(W)

(Pb)

13

29

42

74 

82

1.56

8.89

17.4

59.0

88.0 

0.09

0.95

2.87

12.09

15.86

Л֝а ҏ ἤx ֢Л֝דȲ֪ױ
ἤx Ἠᾌ ᾼ ᵛҠ῀ һ╥ ᴶ а
ҏᾼȲ ᴖҠѿ ᴩа ᾼứἤиέȴ
֝ ₇ắ ∟ █Ϛа ᾼ ἤx ⇔
а ֯ ₇Мᾼᵶ צ Ȳ֪ױ ҏһᾼ ⇔
ᴩа ᾼứ иέ( ᴥиέכ  )ȴ



Â X ԏиέᾎἬṿӣ
ᾼ ц ⇔
Є ֽϯȸ

Â Њ₤xԏ цẁ Ȳ
40kVȲ50ɛAȴ

ᵓӣ ⅔₤֝ᴯ ᾼ ԏиέ

Â 241(241Am)Ȳ740MBq(20mCi)

Ȳ1110 MBq(30mCi)ȴ

Â 109(109Cd)Ȳ1480 MBq

(40mCi)ȴ

Â 55(55Fe)Ȳ740 MBq(20mCi)ȴ

1:16:49 35

Â ᵓӣа ҏᾼ ἤx (characteristic x-ray)ϭ
ԏẃ ₇Ма цẔᵶ ᾼ ȴ

Â ɦ ἤɧϭ Ɫɦ ɧȲx ‟ xԏȴ

Â ѻ Ӧ (x ἨὍ ἤ֝ᴯ )ȳ ế І
ȴכ

X ԏиέ
(X -ray  Fluorescent Spectrograph Analyzer)  



X ԏиέ

01:16:49 36

  ᴥиέכ

https://www.youtube.com/watch?v=kCbc3MTppAU


37

₇/PCB/₇כ  



њ Xה ԏиέ
ÂṼ Л֝ᾼиέ Ȳ Ҡ ẁכ ҵ

ӣᾼњ иέה Ȳѿцẁ ⅍ӣ
ᾼȲ צ и ц І ᾼ
ֵа ֝ ᶶ иέ ȴ

Â X ԏиέ ᾛ ӣὑ֮ ȳ Ѝȳ
ᵏ ȳ ’ȳᴕҡ Мȴ

01:16:49 38



њ Xה ԏиέ

1. ȳ ế֙ẚ ὰМᾼ   ᵶ ̢
2. Л֝Ḋ ᾼиέȸ ȳPCBȳ Ԉȳ ҵ ȳ
ȳ ỆԈ ȴ

3.Ҡиέа 17Clᴟ92U ̢

01:16:49 39



ạ ᴩᾼ ╓҆

ד Ẃ еӁѡ ӣ ⇔ϱ ╟ѡ

Council 

Directive91/338/EC 

1991.6.18 Ἤצ ₇ Cdʤ100ppm 1992.12.31 

EC 

Directive94/62/EC 

1994.12.20 ἬצҔ Ḋ Cr(VI)ȳHgȳPbȳ
Cd ʤ100ppm 

1996.6.30 

Council 

Directive2002/95/E

C-ROHS 

2003.2.13 Ἤצ І
₇

Crʤ100ppmȳHgȳ
PbȳPBBȳPBDEʤ
1000ppm 

2006.7.1 

Council 

Directive2002/96/E

C-WEEE 

2003.2.22 Ἤצ І
₇

ᴞᴩ֫ןế
ᵶצ ᾬ ᾼ
І ₇

2004.8.13 

Cr(VI) ȸ (6 )
PBBȸֵ (polybrominated biphenyls)
PBDEȸֵ ϡ (polybrominated diphenyl ethers)01:16:49 40



І ế   ᵶ

Â ֵ ІҒЏ ᴖṕȲӢ М
ᾼ ╥Ӈ ᾼḔ ȴ (Ẃֽ

)Мᾼ ᵶ Ϛ Ӈ Њὑ100ppmȴ
Â ₇ֽ ϛ (polyethyleneȲ

PE)ȳ ϛ (polyvinyl chlorideȲPVC)ȳ
ѿц (alkyl benzene sulfonateȲ
ABS) ἤ Ȳ Ἇ ☺ Ṽ ╓҆
ᾼ ứ ȳ ѿцẔ҃צ   ȴ
І ₇Мᶁᵶצ ȴ

01:16:49 41



X ԏиέ ᾼ ἤ xԏ

01:16:49 42



а ᾼứἤ ứ иέ ӣ

1:16:49 43

ѳ דּ 82 2014 Aug.
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X ɎXRDɏ

Â X ɎXRDɏế ԏX (XRF)צᴶЛ֝?

֮ Ȳ ԏ͒ (XRF) ẞ█ᾬ Мᾼа ‒
Ɏᾬ ȳכ ếכ ⁴⇔ɏȲX (XRD)

ẞ█ᾬ Мᾼ ‒ ȴ

Â ẓ ֮ ȲѩֽӣЛ֝ᾼ ứ ( о =NaCl) Ȳ
ԏX ẞᾼ‒ Ɫױᾬ Ӧ (Na)ế (Cl) Ȳכ

ᴖ X ẞᾼ‒ Ɫױᾬ Ӧ о (NaCl)ᾼ
ȴכ

Â Ϸכ֮ Ɫ ῀ ᾭ ᾼX (XRD

ⱢֻȲᵀ ứᵶֵ о֥ᾬᾼᾬ Ҭӣ (XRD)

− ᵒứȲӇ Ԓӣ ԏX (XRF) ẞа ‒ ∟
И ᴩứἤȴ

1:16:49 45
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Xԏ иέ
Â Ӧד1912 ф(Von Laue) ҏ ( ד1914 ṙ ᾬ )

Â ӁἮ ѯІѿ ц иέ ד1915) ṙ ᾬ )

Â ӣὑᵒứἬצ П צ) а ֥ )ȳо иέȳ
ϩ ȳ ЄЊ ȳḟứ ᾼ ц вẓצᾼ֢

PANalytical  XôPERT PRO

ӣ:
1. Ԉȳ  Ԉȳ І ԈМ ȳ
ḗȳ ȳ ȳ ᾼ ȴ

2. ⁴⇔ȳ֥ כԌиέȴ
3.Ӂ ҒЏ ᶧ Ẕ╬ᴥἤếᾬἤ о

…ᾼиέȴ
4.ӢᾬӢ›ếײ∟П ȳᴨ ȳ ȳѪ
ȳ ᾬ ц Ϣ ᵑПиέȴ

5. Ӫ DNAᾼ ṅשׁ
6.♃ Мᾼ῁ᾒᵮ ἤиέȴ

https://www.scimonth.com.tw/archives/6184

https://www.scimonth.com.tw/archives/6184
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ᾼЏ ӣ- Іᵉ
File:Ion implantation machine at LAAS 0521.jpg

http://en.wikipedia.org/wiki/File:Ion_implantation_machine_at_LAAS_0521.jpg

Ϛứ ᾼ І ϤỆ ῶ ᾼѠᾎȴ
Ӧ Іі Ệ ῶ ἨẔМᾼ
ứᴯ Ȳ ѿ Ḋ ῶ ᾼᾬ ȳо
ȳ ἤ Ȳṿ Ḋ ᾼῶ ếӐ ἤ
ẞḂ ȴ

ӣ:
1.ҙ Ȳ І Ϥ ѱϱȲḂ
ѱῶ ᾼ ἤȴ

2. ẓ ⇔ȳ / ѬἤḂ ȴ
3.ԏ ѱⱶ Ṯ ҵ ȴ
4. э Ḋ ⇔Ḃ ȴ
5. Ḋ ȴ
6.Ӣᾬἤד Ḋ וֹ ȼ ȴ

http://upload.wikimedia.org/wikipedia/commons/2/28/Ion_implantation_machine_at_LAAS_0521.jpg


3.Xԏ ׄԓ ⅜
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Ṯ ӭᾼ

Â ṮѦ ứ ᾼ Ӣ(ӫ מּ ,Ӫв )

Â ᵅ ᾼ Ӣᴟ֥ Ҡ ắПᵅѬ

⇔

Ӣ

ứ

ᵅ

1:16:49 

,



Ӣᾬ

ɎϚɏ ứ (deterministic effect) ȸ╓ Ἠ ỪПғ ᴖ
Пכ ȲẔ ⇔ ЄЊכѩẂ ҒȲױ Ҡ צ ᵅ
ȴ
Ɏϡɏ (stochastic effect)  ȸ╓ ц ȲẔ Ӣ
П ЄЊכӔѩȲᴖ ⇔ Ȳױ П Ӣ ᵅ
ȴ

П в ắ … ᵅ ₤

ứ
( )

╓ Ἠ
ỪПғ
ᴖ Пכ

Ẕ ⇔
ЄЊכѩẂ

Ғ

ױ Ҡ
צ ᵅ
ȴ

ӫ ȳ
Ӫв ȳ
֟ȳӫ מּ
ȳЛҺ

צ) )
Ẕ ӢП

ЄЊכӔѩ
ױ П
Ӣ

ᵅ ȴ

ɎӪᴨ ȳ
ӧᾭ ɏȳ
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ҵ ᾼ Ṯ Ӑ ⁄

Â ҵ Ṯ ᾼ Ӑ ⁄╥╓TSD ⁄

Â T: Time( )

Â S: Shielding(⅜ )

Â D: Distance( )

Â D: Decay ( )

Â TSD ⁄╥ ю ҵ , ṿӣ
⅜ Ғ

01:16:49



Xԏ Ϣ ẃ

Ā Xԏ П
Āצӣ ḇП
Ā ϢἨ∕ ᾬ₇
П

1:16:49 52



Ṯ

ѻ
⅜

⅜ ⅜

⅜

⅜

ҵ (Xԏ )П⅜
Â Ӈ Ϯ ╟⅜ ȸ

Â 1. Ở (primary radiation)

Â 2. (scatter radiation)

Â 3. (leakage radiation)

01:16:49 53

Ā ӣצ ḇ

Ā Xԏ П
Ā ϢἨ∕ ᾬ₇

П

Xԏ Ϣ ẃ



Ṯ Ɏ ⅜ ɏ

₤ȸṿӣМП ₤Xԏ ȲẔ
(Ὲ ᵌ )֯ Ϛеѐ ȲḕЊ

Л 0.87 mGy (100 Ẋ )(25.8 m 
C/kg)ȴ

01:16:49 54



֤ ứ

Џᵂ (workload, W)ȸḕ╦ ᵂX
ԏ ᾼ (t)ц ☼(I)ᾼ Ȳ
ᴯⱢ ׄ и(mAm)ȴ

ṿӣ֪ (use factor, U)ȸ֯ ᵂ X
ԏ ֣█Ϛ ⅜ ᾼ ȴẂֽȲỆ
ứהXԏ Ȳ Ѡ֣ᾼṿӣ֪ ⱢU=1ȴ
ᴖ Xԏה Ȳ⁄┬ḕ ắX
ԏᾼ и Ȳḟứṿӣ֪ U<1Ȳ
ᵀ֢ ᾼU ếⱢ1ȴ

01:16:49 55



֤ ứ Ɏ ɏ

ᴾӣ֪ (occupancy factor, T)ȸ֯ ⅜
ҵᾼ ἬȲ Ϣᴾӣᾼ и ȴ 

г ҏϚṷ ᴕẂІȲױ Xԏ ḕщ
ᵂ Л 8Њ ȴ

Є Ҡ (weekly permissible 
exposure, P)ȸϢ ⇔ȴ ֽЏᵂϢ
И Ϥᾼ ạ Ɫ 0.4 mSv/week (0.1

Ẋ / )(25.8mC/kg)ȲϚ Ϣ Ҡ ҏ
ᾼ‍ ạ Ɫ0.02 mSv/week (0.01Ẋ / ) 
(2.58mC/kg)ȴ
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Occupancy Factor (ᴾӣ֪ )

01:16:49 57



⅜ ᾼṮ

ԛ▲ῶḖ⅜ ⁴⇔

Ԓ ȱ
TUW

dP
K

³³

³
=

2

d

( )

( )

î
î

í

î
î

ì

ë

=

Ö
==

-gö
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õ
æ
ç

å
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ö

÷

õ

æ
æ
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-
G

ö
÷

õ
æ
ç
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Öö
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õ
æ
ç

å -

rayfor   
wk

h

m 1

Bq

hBq

mmSv

ray-xfor   m 1at  
min-mA

mSv
k

wk

minmA1

1

2

d

2

2

ion)(transmiss

t
A

W

H

H

dP

H

P
K

#

##
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ԏІ⅜ ᾼḊ

ÂԏІ(X Ἠɔ )ᾼּז ϩ− Ȳԉᴶ⅜
ᾎᶙԓ ԏІȴ

Â ⇔ ᾼ⅜ (ḕ ᴯ вᾼ І
ֵ)Ȳ ᾼԏІ ֵȴ
ÂẂȸ ᾼ ⇔ѩѬЄȲἬѿ ᾼ⅜ ὨѩѬֻȴ

Âᵅ X П⅜ ( ὔ Ӣԏ )Ȳѿ
Іᶧ (Z)ᾼᾬ ⱢṾȴ

01:16:50 62



ӣ⅜ Ḋ ᾼҙ (HVL) ⁴⇔
ҙ (HVL)  

                                  

 

(kVp)  

ᾬ    

(cm) Ё(cm) (cm) 

HVL  HVL  HVL  

50 0.006 0.43  

70 0.017 0.84  

100 0.027 1.6  

125 0.028 2.0  

150 0.030 2.24  

200 0.052 2.5  

250 0.088 2.8  

300 0147 3.1  

400 0.25 3.3  

500 0.36 3.6  

1000 0.79 4.4  

2000 1.25 6.4  

3000 1.45 7.4  

4000 1.6 8.8 2.7 

6000 1.69 10.4 3.0 

8000 1.69 11.4 3.1 

10000 1.66 11.9 3.2 

137 0.65 4.8 1.6 

60 1.2 6.2 2.1 

 1.66 6.9 2.2 
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50-150keV Xԏ֯ М פ
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Ϣӣ Ṯ ц ẓ Ю

Half Back Aprons

Classic Double Sided Apron

ᾼ ⅜ ה ⅜ ⅜ ϢᾼṮ ⅜

њ
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ᴪᾼ Ὠ

(193-2.88)/193=98.5%
ד Ԉ

ᴪҔ צ ᴪҔ
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ᴪᶙ ἤ
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⅜ XԏᴩḈ ▲
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ԏІ⅜ Ḋ
(Lead Equivalent)

Â…╓֯֝ד ԈϯȲẓצ Ṯ Ḋ
֝ ⅜ ϩᾼ ⁴⇔ȴ

ÂṮ Ԉ ᾭᾓᴖứȲ⅜ ȳ ȳ
╥ ҵṮ Ϯ ⁄Ȳ Ғᵓӣȴ

Â Ṯ ѠᾎȲ ц ᴖứȲ
ṳ‍Ҭᴕ Ғ⁴ ᴪϚ Ѡ Ȳᵡ⁄ −Л
й ( − )Ȳ ϢϷ ЛϠȴ

Â ᴪ 0.25ȳ0.35ȳ0.5mmPb
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‍ ЛҠ?

ᾃ
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ԉᴶ∂ Ḋ ֽ ȳ Ёȳ ȲꞋҠᵂⱢԏІᾼ⅜ ȴ
ᴕ ⅜ Ὠȳ ἤȳ ӣἤП∟Ȳ ӣᾼ⅜ Ḋ Ɫ

Ёȴ

ʆ ԏІ⅜ Ḋ ᾼẔ֪҃ ȸ
1.Ἤ Ḋ ᾼ⁴⇔ ȴ
2.ֵ ӣ ɎẂֽḊ ╥ᵡҠ ᵂ⅜ ӣ ɏȴ
3.⅜ ᾼᶁлἤȴ
4.⅜ ᾼֹוϵἤȴ
5.Ḋ ῧ ȷҔ╗ ӣȴ
רּ.6 ȴ

ԏІ⅜ Ḋ ᾼẔ҃ᴕ
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X ԏиέ ᾼ Ṯ

Â Ἤӣᵅ ԏІ╥ד ὔὑ⅜ ȲᵀӇ Њїѿ
ṮѦ᾿ ὑѻ ḇȲ ᵑ╥ Ὼ ȴ

Â ṏֻ ═ᾼ Ὼ (proximity device)Ȳ
ṮѦׄԓ♄ ᾼ Ȳ ‍ ╥ ▲Мᾼ ₇

ȴӇ ї ӣȲ ᵍ ᾼӔ ắ ȴ
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Ẉ Ϣ

73

ÂTLDẈ ῶ ҏᾬטּ ҵẈ ȴ

Âּז ᴪ Ẉ Ẉ ὑ ᴪвȴ

ÂẈ ắẞЛ Ȳ Ӵᵛᵫ῀ ṮϢ ȴ

ÂЏᵂᶙ Ẉ Ὅ֫Ẉ ▐ȴ

ÂḕѣṼ ứứ ȴ

Â ֣ ṮϢ ậЏᵂ ῶȴ
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4.ᾎ Xԏ ᵂׄԓП ứ

Â Ṯ ᾎцẔ╟ᴩ ⁄

Â Ṯ ׄԓ

ÂὍ ἤᾬ Ҡ Ӣ цẔ
ᵂ ᾎ

ÂὍ ἤᾬ ἨҠ Ӣ ᵂ
Ϣ ᾎ

01:16:50
74
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Ὅ ἤᾬ Ҡ Ӣ ᾎ

⇔ ╟
> 30 MeV/MV

>1000TBq

Ὅ ἤᾬ Ӣ ╟

Ҡ Ӣ

‍ ⅔Ὅ ἤᾬ
ᵂ Ἤ

⅔Ὅ ἤᾬ
ᵂ Ἤ

▲

Ҡ

ҠҠ

Ҡ

▲

Linear Accelerator

· Ǌŀȅ ƳŀŎƘƛƴŜΣ /¢Χ

Co-60, Cs-137, Ir-192
ϚȳϡȳϮ

Activity under 
100* exemption level 

ӔІ Ғ (ϫϚү)
Є ч

І
I131ᾙ Ἢ
Ὅ ⅍ 

֝Ḕ Мї(ү ԏ )
(М ӢоеҨȳ (Ἤשׁ

⅍(МҶЄ ⅍)
Іᾙ Ғ (үЄȳ ἆ..)

Ҡ

Җ мрл ƪŜ± 

> 150 keV 

ᵍ ạ Җ ол ƪŜ± exemption level 

ׄԓ

ѿ ậ҅

ד

ҳȳХ

Х Ϯ



36 é77

ᵂϢ

ѿ ҅

ׄԓ 36h

18 h 

Ϣ

3 h 



ᾎ ֤ ӭ ᾎ в

Ṯ ᾎ

31 

 

ᵂὍ ἤᾬ цҠ Ӣ ПϢ Ȳ ắѻ ╓ứП Ȳ

ṳ צ ׄԓ Ἠ ȴᵀ צ ד ѻ Ҡ῏

Ἠ ὑ ֥֯ Ϣ ╓ ϯ Ṷ ῏ȲЛ֯ױ ȴɧ

ɦ› Ἠ Ȳὑ ᵂϚứ♄⇔ѿϯПὍ ἤᾬ ἨϚứ ѿϯП

Ҡ Ӣ ῏Ȳ ѿ ҅ПȷẔϚứ♄⇔ἨϚứ П Ȳ

Ӧѻ ứПȴ

ὑ ֥֯ Ϣ ╓ ϯ Ṷ ᵂ ῏Ȳ…╓ϯԝϢ ȸ

М ȳЄ ц ṅשׁ П ȳׁשṅϢ ц Ӣȴ

ѻ ҠП Ṯ П ȴ

ắ ᶩ П ȳѲ Ἠὑ П Ӣȳ Ӣȴ

ắ › П Ϣ ȴ

Ṽ



Ὅ ἤᾬ ἨҠ Ӣ ᵂϢ ᾎ

Ὅ ἤᾬ Ἠ

Ҡ Ӣ

ᵂϢ ᾎ

05 

Ӑᾎ ϮϫϚ ϡ ứПϚứ♄⇔ἨϚứ П ֽϯȸ

1.◖ МԉϚ ԈἬᵶ ϡҳϚП♄⇔Ɫϫᴍ ṙᵌɎMBqɏȲѹҠ Ὼῶ Х

еи ⱢḕЊ Х ᴫӆȴ

2.Ὅ ἤᾬ ֯ Ἠ ₇вἨᶮכϚ ԈȲẔ♄⇔Ɫ ᵍ ạ ϚϾ ѿϯȲѹҠ

Ὼῶ Хеи ⱢḕЊ Х ᴫӆȴ

3. ד έ Ἠ ᾬ Ἤᵶ гϮП♄⇔Ɫϝᴍҳϫᴍ ṙᵌȴ

4. МἬᵶ ϡҳϚП♄⇔ⱢϮᴍϝϫᴍ ṙᵌȴ

5.›ҳ ѿҵПὍ ἤᾬ ♄⇔Ɫ ᵍ ạ Ϛᴍ ȴ

6.Ҡ Ӣ Ẕе ⱢϫХ ԆἨ І ⱢϫХ ІԆȴ

7. ₤ἨᴩḈ ▲ͬԏ ȳ Іᵉ ȳ Іḇ Ἠ ȲẔҠ Ὼῶ Хе

и ⱢḕЊ Х ᴫӆȴ

8.Ẕ҃ ѻ ╓ứ῏ȴ

07 

ׄԓ צ ⱢгדȲ ự ›Ϯ ѣᴟг ѣвȲӨ Ϣ ẓӨ Ȳ

ṳ   צ в ắѻ ҠП Ṯ ῏ П Ṯ Ȳ

Ἠ ắӐᾎ ϫҳ ҳ Пứ Ṏ Ȳ֥ ϮϫгЊ ѿϱ ὙѝԈȲ֣ѻ

Ө ȴ

ׄԓ צ ῏ȲЛ Ṽ› ứӨ ȴ

Ὅ ἤ֝ᴯ

Ҡ Ӣ



ᵂ ד
Â Ӑ ɦ ὑ ֥֯ Ϣ ╓ ϯ Ṷ ᵂ ῏ɧ
Ȳ ҒӐ 3Њ ѿϱП Ṯ Ȳṳậ Ӑ

ᵂ Ҡ Ὑ ȲἨắ Ẕ҃ ҠП Ṯ
῏ П3Њ ѿϱ Ṯ Ṏ ȴӐ Ὑ3ד

צ Ȳ ắԛ ỞҠἋ ȴד3

Â ц ṅשׁ П ȳׁשṅϢ ц Ӣὑ ắ3Њ
ѿϱП Ṯ ∟ȲҠ֯› ɦ֥ Ϣ ɧ╓ ϯ
ᵂ ▲ ПὍ ἤᾬ ἨҠ Ӣ ȴֽ
ᵂ Ҡ ПὍ ἤᾬ ἨҠ Ӣ Ȳ⁄
֯› ɦ֥ Ϣ ɧ᾿ ϯⱢПȴ

Â ὑ ֯ Ἠ ṅשׁ ắ3Њ ᵂ ПϢȲ
֪ẔЛẓɦ֥ Ϣ ɧ Ȳ╝Л ᵂ ᶧц
Ṯ ȲӼЛ ╓ ҃Ϣ ᵂȴ



Ṯ ὢ ד ᾎ

М Ӗ 6ѣ28ѡד100 ֿ 1000009888

Ӕɦ Ṯ ὢ ד ᾎɧ Х ПϚȳ ϥ ȳ ϡϫϡ ц
ϫϡ  ῶϚȳ ῶϡȴ

  Ӕɦ Ṯ ὢ ד ᾎɧ Х ПϚȳ ϥ ȳ ϡϫϡ ц
ϫϡ  ῶϚȳ ῶϡ

Ϛȳ ц ứȸ
ׄԓ ắП ц

ɎӐ ╟  Л Ϛ ѣȲẔϱ Л юὑϮϫгЊ ɏ

гЊ ѿϱ
⇔ ц гЊ ѿϱ
Ṯ ϝЊ ѿϱ
ӣцṮ гЊ ѿϱ
Ṯ ᾎ ϥЊ ѿϱ

Ṯ Ἠṓ ϮЊ ѿϱ
ѿ Ṯ ậ҅ ׄԓ ắП ц
ɎӐ ╟  Л Ϛ ѣȲẔϱ Л юὑϫϥЊ ɏ

ҳЊ ѿϱ
Ṯ ϮЊ ѿϱ
ӣцṮ ϮЊ ѿϱ
Ṯ ᾎ ХЊ ѿϱ

Ṯ Ἠṓ ϮЊ ѿϱ

http://law.moj.gov.tw/LawClass/LawContent.aspx?PCODE=J0160020
http://law.moj.gov.tw/LawClass/LawContent.aspx?PCODE=J0160020


Ṯ Ϣ ᾎ Ϯ
Ṯ ד Ϛ ῶ

ᵑ ד דּ
ї ׄԓȳ’ ᾬ ȴ

ד
Ὅ ᾬ ȳ Ӣᾬȳ ⇔ ȳ ȳ
⅜ ȳ ᾬ ȳὍ ἤ ᾬ ȳὍ
о ȳ ȳ֝Ḕ ȳ Џ ȴ

Ϛȸ Ṯ ד Ӧ веӴἨӴ ПṂӴ ѿϱדּ Ἠ ֥ Ṏ
ứП вҵ ѿϱדּ П ȴ

ϡȸӨ Ṯ Ҡ῏Ȳ ứ и Ҕᵶɦ ї ɧϡ иѿ
ϱцɦד ɧҳ иѿϱȴ(֥ г иѿϱ)
ϮȸӨ Ṯ Ҡ῏Ȳ ứ и Ҕᵶɦ ї ɧцɦד
ɧ֢ϡ иѿϱȴ (֥ ҳ иѿϱ)
ҳȸɦ ї ɧП ứȲ ѿ ắ Ṯ Ϣ ϮϫгЊ
ѿϱȲṳ═צ ҅Пȴ

М Ӗ 8ѣ31ѡד100
ֿ 1000013863



ᾬ Ἠ ╟ ᵑ Ἠ♄⇔ ᵂϢ ậ ד Іᾎ֤

1. ⇔ ╟ 1.ṿӣҒ ЄὑϮϾ
Ԇ П ╟ȴ

2.ṿӣ І ЄὑϮϾ
ІԆ П ╟ȴ

3.ṿӣ♄⇔ЄὑϚϾԑṙ
ᵌ ⅔ᾬ П ╟ȴ

Ϣ 1. צ ׄԓ Ἠד
Ȳṳ

2.ᶙכ ╟ (30h)

ц ᵂ
(160h)Ȳѹ
3. ֥ ȴ

⇔ ╟ ц
Ϣ ᾎȴ

2.Ὅ ἤᾬ Ӣ ╟ ѿ ȳ І ч
ѠᾎӢ Ὅ ἤᾬ П
╟ȴ

Ϣ 1. צ ׄԓ Ἠד
Ȳṳ

2.ᶙכӢ ╟
(30h)ц ᵂ
(160h)Ȳѹ
3. ֥ ȴ

Ὅ ἤᾬ Ӣ ╟
Ϣ ᾎȴ

3. Ҡ ᾬ Ἠ 1. ⅔ᾬ ♄⇔ ᵍ
ạ 100 ȴ

2.‍ ⅔ᾬ ♄⇔
ᵍ ạ 100 ȴ
3. е 150Ҙ
ԆἨ І 150Ҙ
ІԆȴ

1. ׄԓ ȲἨ
2. Ẕ҃ ѻ ҠП
ד ȴ

1. ắ36Њ ѿϱ ׄ
ԓ Ȳậ ὙȲ ѻ

֥ ȴ
2. ὑ ПϢ Ȳ
ắϮЊ ѿϱ Ṯ Ȳ
֯ вἨ вȲѹ֥֯
Ϣ ᾿ ϯ ᵂȴ

1.Ὅ ἤᾬ Ҡ Ӣ
цẔ ᵂ

ᾎȴ
2.Ὅ ἤᾬ Ҡ Ӣ

ᵂϢ
ᾎȴ

4. ▲ ᾬ Ἠ 1. ⅔ᾬ ♄⇔Њὑ ᵍ
ạ 100 ȴ

2.‍ ⅔ᾬ ♄⇔Њὑ
ᵍ ạ 100 ȴ
3. е Њὑ150Ҙ
ԆἨ І Њὑ150Ҙ
ІԆȴ

4.Ẕ҃ ѻ ╓ứ῏ȴ

1.ѿ ҅ ׄԓ
Ȳѹ

2. ᵂϚứ♄⇔ѿϯП
Ὅ ἤᾬ ἨϚứ ѿ
ϯПҠ Ӣ ȴ

1. ắ18Њ ѿϱ ׄ
ԓ Ȳậ Ὑ῏ȴ
2. ὑ ПϢ Ȳ
ắϮЊ ѿϱ Ṯ Ȳ
֯ вἨ в ᵂȴ

1.Ὅ ἤᾬ Ҡ Ӣ
цẔ ᵂ

ᾎȴ
2.Ὅ ἤᾬ Ҡ Ӣ

ᵂϢ
ᾎȴ

ᾬ ȳ ȳ ╟П ạ ᵂϢ П …



Ṯד



₤xԏ ׄԓ

Â ₤xԏ Ӑṝ ╥ ạ ȴ

Â ₤xԏ Ӑṝѿҵ ╥ ạ ѿҵȲϚ
Ϣ ԉᴶҠѿ Ὼ ₤xԏ ҵῶ

5cm П Л 0.5ȉSv/hȴ

Â ӑ Ϛױ Ȳ⁄ Л
0.5ȉSv/hᾼ ȲѿⱢϚ ϢҠѿ♄
ᾼ ȴ

Â ₤xԏ ҠѿὍ ֯Ϛ Ϣ ᵂᾼἪ ȴ
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ạ ҵḶ0.5ȉSv/hr

ÂϚ ϢПד ⇔ⱢḶ1mSv/yȴ

ÂϚדЏᵂ Ɫ2000hrȴ

Â1mSv/2000hr=0.5ȉSv/hrȴ

Â ạ ҵḶ0.5ȉSv/hrȴ
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ạ вϢ Ựᴾᴯ Ḷ10ȉSv/hr

Â ЏᵂϢ ḕ Пד5 ⇔ⱢḶ100mSv
ӂᶁϚדⱢḶ20mSv ȴ

Â ϚדЏᵂ Ɫ

2000hr(=8hr/dȖ5d/weekȖ50week/yr)ȴ

Â 20mSv/2000hr= 20000ȉSv/2000hr =10ȉSv/hrȴ

Â ạ вϢ Ựᴾᴯ Ḷ10ȉSv/hr ȴ
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ứ
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