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OMBEIMOLEICHF G L B0 DIE, Yz, =7 X,
g7 40y, CIV74 0%, 2VFVY—72Y
R=¥DIHby 2V TH5, ©2

O SOMAIEL ST 4 VI BEDFEETIZ 72\, 62

OYxzy P74 0VYIEMENMEZE -T2
NBHE 7 4 Ly D—FiTh 2, ©D

(3) BIRMERIIARE

(4) IMRFaFEARE

W528 mERE MEHEE

(1) BEEE

<EHRaEOMERIE (QA : quality assurance) >

O kgs s L OB 2 7 A2\ T 6 2 HNBIEE IC&
EFNLHD1E, XME—2DOPHEE, €= fEGOINE
DEMRETH B, ©

O KEEHOIIEIT A F o4 v 2B I T LISk
Z) . (65)

O &= 7 a3 ERE, BEX -2tz
ez, ©0
i) BT EREDSEN 2 L 2RI TT .
i) 74 Ve vy —%2R3T L —F—NOKEE 2 milfER

5.

i) FHEC & ICRET 2=y B (MU#H) oz
AR 21T,

iv) JCHESET & U R Y & O—BUX 7 4 L Az
THER T 5.

V) V=7 7057 402k BAERERISEER & R
Bl D& T17 9 .

O RS E O RSFE L 7' 1 77 o Ol H & R
BRIz \wT, 6463
i) BRI bold, =7 MEioKIE (R
BEZY 2 A7 LDFIE).
i) 6 22HIC—EfT) b3, FERRATROME, X
FRIGSH B OHERE, IGHEG RO & S TR,
i) 14EIc—E79 boix, V77 Ly ARRGOKIE,
HORBOMIE, XMRAEBH R hERIE,
O X KRB o213 0 1 [R5 2, (08
OV 7 7Ly ARG 1 FRKIEZ 2T 5, ©8)
(2) azvyvaz=vy
O AakBa (5] 0 LGt
A=A FHTITSH . ©
O BUR SRR O M EEBICE VT,
:L—’U‘f}‘ﬂ;) (68, 65, 63)
(3) BRGIEFREET - BV AT L
(4) K=V A*A—=I %, EPID, fiRER

L —HiIZwDb L,

a3Iyyaz=vJii

W5.29 ZLEHX
(1) BARER

{ BHTFA b

W5.26 BFGHERRE

JECERARIETEER il & (39 (RHETEERARRE © PTV) 1) U e b ZhFIC TBERR % Bt
TEHLHEEZRETLZILETH S, Z2DODOMEEPIBHEGHEHEE (RTPs :
radiotherapy treatment planning system ° TPS) <, #MlidarEa—¥Ths. 2
Y E 2 — S ARITIIEHEGETE 2T ) 720 DRFEY 7 b 7 REHREEO E— A
T=F NI N, ¥ I 2L —Fh 564017 XHRHEHERS CT lifgZ & o AJI2EE,
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W5.3.1 REARSHRETR OER

(1) MEHROER L5, HEER

OB TLHETO & ) ORI HEBeE, &7
OB 3L EEE, r—uvl, vy Ok, P
YR, 0Coy#) EIETOMAEMEMICZat—L Y Ml
Bl (FHEEELD - 2> 7 b vl G, ki
SMEGELAS D 2. 60

OFER TR EREOHEMBELT7 77 AV T —
vavahsn, ©0

(2) EFFE, EWFT7v T

(3) KRIURERIEER

O] SRR O 227 2 WD B 284§ 21203, KRR
FRIESE S, WERIERIERE, A 4 Ff AR,
T A LE AR AL, W“%@%ﬁ#%ﬁf%é<”

O SHER R AR 1T 35 1) 2 AR IE D AR AR R E 12135
W,ﬁﬁ%@,ﬁgam%&,mWWﬁgﬁmﬁﬁi%
54 2%, IHRRIIIBE L,

(4) RETHRFEY

(5) BEMERE

(6) RESHL TDIRIE, #HIE

OV 7 7Ly ABEE VECEOKRIEZIT)

OV 7 7L v ARG ORIEDFEHERE 13 Co y #TH
5' (65)

OV 7 7Ly AfEEHS

(59, 58)

137 7 — < MDD 5. @)

O 7 7 — < TEHER O X o WG EHNE 5UE A 22
LS 5B, (0967.66)

O B 7oL ¥ — Y R o SLMEflESeE 1%, SAD 100cm, 7K
i 10ecm %, WHE 10cm X 10cm TH D,
TR 2 b ICRE T 5. K ToMlETIE
ELVETy 7¥vy 7I3EF Lz, ©D

O e TR IR R O JI5E 12 3 1 B IRIEZRIE = 3 L ¥ — 12K
53K 10emTH B, ©

O MR OMVEL IR TPR%8“C‘>R&) 5N, ©

O AT M S A 1< & 2 8 TR WD et 1 3 A 22
wimo i clE s s, 70

R GER R T M R T AR R 2 v 2 51,
b#%OﬁM%MT@ET%.W

O BURBIRIE ORI R OIE L S Z2R3ET 2 720123, 5
SHmEEoORMM b FHTH B, T

OMERIEIC & O SEATERR BEER D Py O AMED S 3
w3 n, O

OMERIEL 727 4 — )V F BRI
ko ocross ZIET 5. 7D

(7) BEEDIER & RETER

8 727 b4

O 7 7> b LzHH L 2BRETHTE, ®ESAT7—Y
VIO E I NIV AR =) v P RERT S, 7Y

77—

efi e

T RRE AR AR A

B BHTFAF ]

W5.3.1 amARsHRETHRORR
(1) msHROBALYE, HEEFERA
(1) BEHROES

[IEREE A SRS ¢

iR (8

JECR R

PRI

¢ JEmitE
FEATEERL T

(7] K25 = 2L ¥ — 2 Uk iR E 72 5.
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Tk b EFERT)
a kT, RFEF T
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B liEs

53 | I &R & o F M 233



i@fﬁﬁi—aﬁv—x

W5.3.2 WIVREFHAE iv) FETEO TR ¥ —h3 < e B 1F BRI
(1) X8, yRBRORIVEEDFTHALE INE 5B,

O €= MR ORIEICEEE? 7> b A 2HH$ 5, ©) | DEEREEOLICK T 2 X#E L Oy Mo RIGHE
O o X BUEEFRIL | KROBRFICHEL (A, 62 76

OMEIIZ 7 7 —~JEEBER 2 Hv 5, €76 i) 77 —<ERZ 2
O SEER ISR s L ORUEZIE T 5, O u)TMRﬂEti%M*D(&&&)%mwé

O BRI AR RTATG 12 1, S, MR ES, muEiasiig | (2) BFRORERESTHIE
B, WY A X, KRR EER IR T 2, ©) | OB FROFE 2L —BESIKFET 2, ©
O TPRyg 10 13, X MR S ARRIETOMVE R L L | O SSD % 100 cm i L CllEs 2, ©0)
THwshz, ©0 O WSEFIE 10cm X 10ecm Bl & ¢ %, (6960
O A AR R OME IR L 2 o kb Did, X | ORKRIEREIZ0.6 Rso— 0.1gem 2 TH %, (69,60
@ OPF, KIEHEDOWIRE, 8o, i | O PP E R o L 8E X R 2R N Rim o o &3
HThHsn, ©0 3, (66
O S} f S A 0 K WG B 0 B F I (BMEGH | O Rsp < 4 gem 20856y, AT ISR % F\ > %, (0960 “
12) (HEHLL 72 6 TR OEREIIE D IE L v 53 6769 (3] BEIMRIR y RORIVRESHRE
i) BIEE G VE I MEERIC 10g/ecm? (Kb 10em) @ | DA SBERIEIRAD T 12k 2, 6260
I ThH 5,
i) FUEZHR B D YE T 13 TPRyg 10 D3I TH 5.
ii) K7 7 v b Al EORES TIT).
iv) FIE SRR DI E Tl 7 7 — < T R o 54
I ERIER E 2 — S 5,
v) X#OREAERNEIZ 10cm X 10cm Th 5.,
O A O RT3 O WG BTl D BRI W 2 BB 28 # b
iz oL 64
i) 2,90 k60 yRICHT 2HIZ 1.0 TH .
i) FEHEPEIC 0 2 1 ot RAGVE O K WRAGH R A I
Bl L TEHS NS,
i) HVE AR DO P IE TPRyg 10 DA TH 5,

B& (62)

(4) BFRORIVEESTAE
00 B3 T4 o KR ISR B E 1S 5 o C VTR B2 7 A RO
ResTH B, 7

| BHTFR b ]
W5.3.2 WINREERE

Jis SR iR T OISR R O HIE & 1%, I 1 EREE S N € =7 HEGFOK
EZ#T. V=7v 2712 100MU %z #%E L TN T2 &, WS~y FNOZEEIE
BER (B 2 FEEH) 23100cGyRHIL 2 & 2 AT ZFEILSE 2, E= SR
AtOKRIEDFEY)TH 2 &, MBI HMBISGBARPEL 5. €= FHEGOK
EIIMd TEETH 5, WIREOME I TEHEGHIE 12, Sih-> THEiI NS,
(1) X8, yRORISEDHAE
<STDEIC & 2 X SEDUURRAIE L% T Z 2 FRFAOKREL LTUTITRT >
(1) RIEFRRINKRE D(d., A) DRIE
O 77 —<EFZY) 77 L v AfRERGHE LTHRT 2 (M5.142H),
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BEMT—2N—X

W5.3.3 ANEXIR, yROGEHE

(1) FEEHS2E (PDD)

OPDDZSSDic k> T&Eb 3, 646D

(1 PDD i SSD —%E TOE X 12 X 2 W E T K p 24k
TH 2, ©0

(0 PDD i3S FIc k> TEb 3, ©4

(2) #HEZ=PIREL (TAR)

(] TAR (% SSD {77 L 21>, (61

(3) HAMJRKIFELL (TMR)

O TMR 3 HESHEFIc L > TEDb B, ¢4

OTMRBZZAX -tk > TLEDb S, 64

O TMR (3 SSDic & > TEfL L %>, 69

(4) 887 7 >~ b LERELL (TPR)

O TPR D EHEZR I3 KRR ZE Tl v, (62

O TPR (ZHEEF DR & SITHRAET 243, SR i i P
ITIHRAEL 72\, €D

O TPRIZHE 7 7 ~ b L BLILOMgETH 2. 60

O TPR 1$ SAD —E TOE S IZ & 2 IR DO ZNTH
%" (60)

(5) BRSTEF, FMEESTE, HHiRE

O ML S IR B 4 R ictkfE ¢ 2, 62

O 6 %& SSD Ik #7 L 22 v>, 6D

O BELAR % E SSD I A7 L v, (6

O OPF xR DM ETH 5. 60

00 OAR iZHil S R I DGR T dH %, 00

O AN ¥ —XHBOWMBTOKE S L IHAREE DY
RERLEZZF 7131 (BA) TH25, ©

(6) €E=4#a1=v F (MU)

O DMU (3 € = & Hifi7 2472 h O FENE SRR Cd 5, (60

O XIS CE = Y HOFHRIC, < SOERE, HIRE
TMR, TPR %JH\»2, (8

(7) BEHET7IVI) XL

8) AVIN=-RTS=0YH

<5tERE>0

O4MV X, MHEEF8 cm x 8 cm, SSD i —["lId 4 <,
WS Sem DFHIC 2Gy S L 72 £ & o MU fii 13 220
THo7., SemEDPDD [%] #kd X, 7L, H
J1F%%01% 0.95, DMU I3 1.0cGy/MU & § 2, (€3

FRE : E= M MU) 28T 253152, SSD#ED

=NAN
25 11

252 F5E MHERABEEHF

12 22
1.10 1.10
L~
i 1.05 7 i 1.05
711.00 711.00
&% i
.95 .95
0.90 0.90

70 5 10 15 20 25 30
IEA TR O —UDRE [em]

0 510 15 20 25 30
IETHH S O—ADRE [em]

3¢ 4.
1.10 1.10
" 1.05 : 11.05 ~
] ]
& 1.00 v Y & 1.00
&0.95 &0.95
0.90

0.90
0 5 101520 2530
ESTEIHEF O A0 ES [em]

T70 510 15 20 25 30
IEA TR O DR E [em]

1.10

4105
7
100

.95

0.90

0 5101520 2530
IEA M B O A D RS [em]

& A
MU = D(d, A)+ (DMU x OPF x PDD(d, 4)/100) & 7
%, o, 220[MU] =200[cGy] =+ (1.0[cGy/MU] x
0.95xPDD) X, PDD I, 0957 £7%4bh 96 [%] &
%5,
<FtEME>®
O FR M XA U R IE 2 17 - 72 BRIERIR, A
AUVHMAEMETE L L L, BHFICHI TR E
T—Y%RA RBIRT., KIEAKRIGHE (Gy) %
}k&) J: (62)
%A
PR O RN AL IEE 8, [mGy/nC] 50.0
Kefr 10 em ¢ O EEERT O LB [kPa) 20.0
KH 20 em BT O HEERT O UL E ] [kPa) 12.0
MEREDiRIEE [°C] 22.0

HERF DL [kPa) 101.3
%8B

BVE : TPRyo 0 | 0.5 0.6 0.7 0.8

FVET AR 8L 1.004 | 1.000 | 0.988 | 0.962

FRE © EHERT o KRR RS IE 2 B, 50 [mGy/nC]
T, BRIEHIZAKDEA 10ecmTH %, Kb 10ecm ET
DEMEROIEEM X, 20 [nC] TH2 I EH 5, 50



[mGy/nC] x 20 [nC] X ktp (=1.000) = 1,000 [mGy] =
1.000 [Gy] &4 %, %o TRIEAKEIGRE [Gy] 13
1.000 TdH 5. 8, A IEREE, ktp =
(2732 + 1)+ (2732 + Tp) X (Py)/(P) TH 5, T
HFEH 01, TWE Thy=22.0 [°C], Py=101.33 [kPa]
<THh, BRIEW IR E 7=220 [°C], P=1013
[kPa] TH27-dktp=1.000 &%,

<FtEME>

OSTD ~&D 3MIEHEH Ty —7 v M 2Gy 2 2 &
L7 FMEERCIIRT. 126 30&MICN LRE
TREMUMEIR, 155 30%MIc L#EET<EMU
flEi% ke k. ©2

®C
py | 100MUSZD D74V 2> Y —7 v b~NO
friEc ORI O I [Gy] | Wit 5 O
1 0.70 1.0
2 0.35 0.5
3 0.35 0.5

BRE 1o 30KMORGMRIEY —7 v L OFEHREL
hZNnZF1Gy, 0.5Gy, 0.5Gy L%, &KMoksi
FIME 1 + 0.7 =143, 2205 +0.35=1.43, 311
130.5+0.7=143, ko> TMUf#IZ, 143L%3.

<;tER&E>®

[ SAD —E o HH FLE T afii 2 4 2179 . ICRU A:HE
BADMA R 2Gy/Hl, E—A1EE—L2 DO
¥4 4 X3 8ecm x 8cm, frEMIF1:1THS, €=
fiti (B HME) FeFnor—2ab 204MU T
#-7-. TMR % 0.500, DMU # 1,000CG/MU & ¥ %
L, Corzolhgie ke X, ©)
FRE  2MMSHIC X D 2Gy, fMEKIE 11 TH 70,
1/cix 1 Gy o#%45 £ %%, TMR 0.500, DMU 1,000
¢Gy/MU = (0.01 Gy/MU), € = % fii 204MU X b,
204 = 1[Gy] = 0.5+ 0.01[Gy/MU] + i 1185k, & -
THIFRE =098 L% 5.

<;tERE>O

OXMHLTY =7y 2OHIKIEZIT>7. 1MUY
72 ) OFEHE KRN R (Gy) ZRe k. 272U, M
PEISR, 4 A RS RERL, B TORD B
YOEBOF— 2T D LTS, O
BRI R M OE R S0k, ktp=(2732+T7) +
(273.2 + Ty) X (Po)/(P) TR & %, BEHERIE 1 01 T

Tp=22.0°C, Py=101.33kPaTd» b, KIEK il &
T=22.0°C, P=101.3kPaTd %7 dktp=1.000 & 7%
%, RRIEGEIZAKH 10cm DS TH 5 7= ol KR
Hiz75 750075 %%, k> TIMUY/ D DR
FARIIE R %, 0.15 [nC] x50 [mGy/nC] +0.75=
10mGy 7% b, 001Gy &4 5.

%D

100 MU 72 ) DILIEHTD
AR DR [nC]

T B O KRN RS IEE %L
[mGy/nC]

KRIERE D [°C] 22,0
KIER ORI [kPa] 101.3
B AR 1.000

15.0

50.0

Al AL LG
coocoooooo

o—=iwwhunaaxo~
A

(=)

5 10 15 20 25 30
Kp oS [em]

= B{61-77)

<5tEME>®
O X &S %2 STD #1795, 8cm X 8 cm O HU#f i

D CHRER D S OVEZHI8em D I 2Gy S T 2 DI
WML AZMUEZRD L, 72721, MUEDGHEICH
BhF—yRRELT B, ©

®E

DMU 1cGy/MU
OPF (8 x 8) 0.900
TMR (8, 8 X 8) 0.800

%5 2 Gy WS I 4357 MU f 13 2 Gy = 200cGy £ b,
OPF 0.900, TMR 0.800 X b, 200 + 0.900 < 0.800 =
278 %5,

<FtEME>®
O &V 7 4 M HER2MIS%Z SAD — & TT ) (H

Q). FEEEAM P O W 2 Gy, MEMEIXFE L T
H%, ICEEDICRTF—F I Tvi&MoE=
S (MUE) Zko k., 72720, KHo WF IS
XORETH S, MEEOHHIE 10em X 10 cm D EHE
E RAHRE) T1cGy/MUIKIEENTWwS, &9

53 % IN % 8 o F M 253



HiJi 8 cmx8 cm

75 10 cmx 10 cm

TMR=0.950
WF=0.5
& C
13
12
1.1
1.0
&% 0.9
R 0.8
0.7
0.6
0.5
045678 910111213 14
IES TN 0 o &
®D (59-79)

RE 2L b, 2Gy, MEMBEFRLCCTH 27~
&, Hifi, MAEH1Gy D&KL L5, WiAHIZKD
X O AR EIE 08, TMR=0.900, WF=0.5 k b

A MR O KI5 B3 SOmGy/nC,  HI5E I
DRIE & Sl Z 2 22°C, 1,013hPaTHH, A4
VR APHBER TS b0 T, 9

1.0

23
itz 0.8 NC
%06
~
= 04 ~—
& 02
0

0 5 10 15 20 25 30
KD [em]

B E

fRE == %M (MU) I, MU= D, 4) <+ (DMU x
OPF X TMR(d, A)) £ 7% %, OPF(x1.00 £ 7% 2%. D(d, A)
1310 [nC], TMRIZ, KIEfDKF 10ecmTH B Z &
SEIELD 0753602, KIS IIEHERE, &5
A A VSO RIFEHTE 2 2 L5, MU
FERIC Y T ® 3 E, 100 [MU]= (15 [nC] x50
[mGy/nC]) +0.75 =750 [mGy] + 0.75 £ % 3.

T 512, 750 [mGy] =0.75 [Gy] > &, 100 [MU] =1
[Gy] &#%b, [Gy/MU] 121 +100=0.01 [Gy/MU]
&%,

MU fiilx, 1+ 0.900 %+ 0.5+ 0.8(1/100) =278 & 7 5.
M7, HR%1.0 X b, 1+0.95+0.5+(1/100) =

<FtEM&E>O
O iR 3om DRI X L, 9MeV 1% v s

211 &% 3, ¥ 12em x 12cm THEET 5. A5 #E 2Gy T MU
<HERE>® fliZkod X, 72721, HAEEKIE1.02, DMU i 1.0

OIS 16 cm o STD2 MU TR L #5452 o it 2 : 1 cGy/MU, 7 3cm @ PDD & 82%, W IN# B i K%

T3Gy 253 2554, ICRUBHE S o€ = & Wifrkk
[MU] Zko X, 771, KEHE10cm x 10cm, TMR
(8, 10 X 10) = 0.500, DMU IF 1c¢Gy/MU &%, ©3)
BE =%l MU) 28HT23ERE, MU=
D(d, A)+ (DMU x OPF x TMR(d, 4)) £ 7% 3. & & (2
R3Gy LT, HiF2TH2DTHI A2 S 2Gy
(200¢cGy) #45, #4755 1Gy (100cGy) E7%4 2,
ZnzZzhzitHE I L v, B2 51k, MU=
200[cGy] + (1.0[cGy/MU] x 1.0 X 0.5) = 400 & 7 %
Al B 8 75 2> 5 1%, MU =100 [cGy] + (1.0 [cGy/
MU] x 1.0 X 0.5) =200 & 72 3.

<FTEME>O

O U 10 cm X 10 cm D 45 TR E O MRk AR R b %
ARIETRLE—XH 100 MU olEgHc st L, KIEST
U7 7L v AMEGCE D 15nC 287, ok x
DMU ofi [Gy/MU] %k k. 77#L, Y77L v

BEE MERAREME

1$2.0cm & ¥ 5, ©4

BRE  ETROGE CRWIRERAE (2.0cm) T
AtEZ1T9. 3em O PDD BEFETHA L 2w, ko,
2 [Gy] =200 [cGy], Hi776%%k3 1.02, DMU I 1.0
cGy/MU 2> 5 MU f#ii, 200 +1.02=196 £ % 5,

<FtERE>®
OSAD 2 v F 7 v 7, ¥ Y 4 2 10cm x 10cm

T I00MU %z & L 7 & & o KL e 55 Wk I 4 =2
D(d;, 10cm X 10cm) 1% 101.0cGy TH - 72,

Z O, [HT SAD T 100 MU [HS L 78340 € — Al |-
DIRS d, WHEH A4 X 4 TORGERE [cGy] %k k.
7272 L, TMRW, 4)=0.88, TMR(d, 10cm X 10cm) =
0.90, OPF(d, A)=0.97 £33, ©3

BRE ¢ BRHEVE () TI00MU ZHS L7 L 2ofE
2% 101.0¢Gy 7% @ << DMU & DMU=101/100 =
1.01 [cGy/MU] T 3. 22T, MLty +7v 7



(SAD) THHEF DY A X % HHEIHETEF > & R 412
B 72 L EI12 100MU % 5 T 2 854 O IR &
(D) #3k® 30T, D=DMUXTMR(, 4)x MU x
OPF(d,, A)=1.01 % 0.88 x 100 x 0.97 = 86.213 [cGy]
TH 3. TMR OHIESME L MUGHEROBEAMEZ M 9
1.

<tEME>®
O9zy Y7408 %ML 72ERZ MRS TR

2Gy #MH§ 2 £ &, MY hoE=¥Hifr (MU)
Fe L o, ANBUSBIT YD BV, BEfETEZ K.
771, HEOEAMIT 11, TMR 092, 7= v fF
$0.70, HH%%00.95, €= KiEfE 1.02cGy/MU &
T35, (60

BRE EZ MBS T 2Gy 2T L2 MEL,
BREROEATFIZ1: 1 THZDT, 1M47%) DfEI
IGYMUTH 2%, WAIUTORTRENS,

Dose(cGy) x weight

S, NBUSLD T YD) B CEBETEZSDT,
161 MU 23fiETH 5.
<HEFIREE>
PDD, TAR, TPROEHETIEL LDIZEND, 2 DEN,
772U, DWd, A), D, Ao)) ZES diH\F 3 R 4,
Ao D & EDWINFRERET, D(dy, A), D(dy, Ao) \FH=HEZEWLIN
M, Dam(A) 1322 AR TH 5.

D(d, A)
2. TPR(, 4) = 24
DAm(A)
_ D(d,A)
A TR D =me
B D(d, 4)
4. PDD(d, 4) =100 - D(dy, 4)
B D(d, Ay)
5. PDD(d, 4o) =100 o=

fRE 3, 5
1122w T, TARDEZE TR ES T THD, 212D

LA DMU x OPF x TMR x WF &9 W, TPRIZAHTERD B0, #), 4125w T, PDD
NI 200(cGy) x 0.5 13 SSD —EHETRD B 7DD, ko TRERIESTD
"~ 1.02 x 0.95 x 0.92 x 0.70 3. ZNZNOEBGREREELCHEBL VLI L2
= 160.247 [MU] ﬁ:ﬁz) ﬁﬁ%‘(%% (68)
| TR b

W5.3.3 AEBX#R, yROREHE

(1) FEHEHSE (PDD : percentage depth dose)

(1) E& X#g v BFRICFA]

ERE % (PDD) &, RAOHEHEE 40 & EE— LDl Lick 1) 5%
B K EWR UG B D(dipay, Ao) & FEEDHES dI2B T 2 KRINERE D(d, 40) & DI
DEIETH S (F5.25). Z0EF, HIFLERMER (SSD) & 77~ b LK
TOMBE 4y 13— ETH 2. WEICYZ>TIE7 7~ baE LT BICKHA

I35,

D(d, A
PDD(d, 4y) = 100 - d40)

D(diax, Ao)

< EiH S 10cm DOF S THAE 2310 x 10cm
Eait, bl EoRERADRE, BXZHU
Teks,

D200kV X # CFAfi @ 2.0mmCu, SSD 50cm)
T30~40%

©@%%Co yf# (SSD 80cm) T 50~ 60%

@ 4MV X## (SSD 80cm) T60~ 65%

@22MV X#Ht (SSD 100ecm) T75~80%

- AR (H%) BN 5.30 20,

l

D(dmax. Ao)
ipme A |
D(d, 4p)

B5.25 FEEESE (PDD)

53 M U 4% 2 o F f 255



BERT—FN—2

W5.34 NBEFHROBREAR

O A RO RIERRIIE T, BIEHEE 0.6 X S
i (Rso) — 0.1 gem 2T, K 10em Tld 7\, 69:62)

O FEHEM S EF 13 15em X 15em T% <,
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(4) LET &SR RERKERE ORER
% LET it % i LET RO s & bl L 72 554 I i
WA DS . (0

DS LET U ¢l sz

0 Sl DNA &AfTH LS.

OER

ZPLD [H]

PEDSE R ARk F S . O

(61)
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(5) {E LET ist#e & & LET BUGHR

] % LET ORI LET BRI e Tz R iz
X\, (73)

Oafit, y#, X E78 Brios s, LET2RD
Hooldafttd s, TV

O] % LET M i % 5 LET fiihfit & bk L 72 35 & IR
s, 70

08B 44305 LET o c b 5. ©)

O sk 03 X & D LET 2380, (69

O pRSEM L X BB T & b LET 23, (6862

O o135 LET BUic, X#g, yMepMIzELET#T
Hn, ©

O] 85 75— LET Uiz IE L willae Th 5, 6160

<& LET iREHEDYFE>

O BREREINE o, (6960

00250 MeV DB#EA 4 Vi s EcH s, ©7

O Ml O BN & o, (00

O S ERANE >, ©)

O ERR AN &\, (6760

O BRSO BIE N X o, 60

W8.3.6 REEE U\ N—Y—37)

(1) NAIN—H—ZT DEMFHHR

O pH AHE W 1F KRB ARG, 72

O e C I3 AR, 60

O R o S 1 C RSz Ao, )

Ok & o bR sl T 5, ©

O pH 2HE W 13 E R B AR TH B, 0

OSHl (k) ofilucaEMTds,. ©©

O gt 2 445, 0

(2) HEHREDHATIR

O SRR DI 13 BUR RS2 I T 5, (7

O g s~ X2 a3 5 & &, BRI 42°C I i
T2 L BRI R AN C 22 5. O

O B el & y SRR (2 42°C TR 2 & HRhcd 5.7

O] T A | O A SR A3 & 1 TR RRES o 1l 152 2 1)
W 20T, A L@ <, ©0

| BRTFA

_

W83 EEEMLEEORGHRRERME

OB EIARIC B VT, SN2 (R, o, HREE) L20
FESIIE H AR O O R 2 B L TR S LB HETH 2.

#8.9 EEEROBSRERZE

OIS LR
Fro e | VR W, Y oS B, L CERR OB H
CRIUAIE) ), /M (IS, JEFTeh o, Kbk
v WEVENR, VI, K, BOM, TR R (DRE%E)
i | WG W NP B IR TR bt
51 o, Wi, i
BEOIEV | AL, IR, LR
£8.10 ERMIROMMREE
OS2 #l
i | oS RIER RSN AN, R (707 1)
2 KRR
v RN, /I P AR, | KEBAHIN, T
BN | RIUR, KPR, WS LR, RTT EA
50 I, oA, AT
RO | i, e
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na g e RS

@fﬁ:ﬂ;'_g ~N—2R

Ho.11 fEELE

OXToEME HIFERIZ0THS, 73706362
OXToEZhOREZ—~ETHs, 7370
O&FTOEME —e, LT FLX—120511MeVTH

2 (73, 63, 62)

OBfoEfiE+e, kT 7L X —13938MeV TdH
2 . (73, 62)

OdEFoEMIZO, ik )L¥—1k940MeV TH
2 (73,63,62)

O a B FoEMIZ+2e, EHIEZ AL ¥—133,733MeV TH
5‘ (73, 62)

(1) EBEMSTHR & IFEREMGHR

O EEEMAURR I IE, o, BRL, S, ETH, BET
WOBTRE, BA A VB EDH B, (7271706460

ﬁféfki)’%% (71, 70, 68, 66, 64)
(2) EEERSHR
O Il 7 )L ¥ — L @R Z o, 7368
OXTOZFAVFX—IFZE=hv="hc/A, L12>THEEIZ
A=hc/ETRI NG, (686760
(3) HIFHaHR
OBT & ol FOEET 7L ¥ — 3 K= 1/22mv? CiET
&5, ©2
O ik (Bfifg=ze, z: BME) %2V [V] ThEEL
FLEOEBIIALX—1FK=2zV [eV] Lk3, ©
OFXRTORTRBESHEZRLZOFN - 704 EEIZ
A=h/pcREhz, (069

O#EEEmy, ESvORTORIFINLX—ZE=m = u

mocz/m, B=v/cTdH2%, 7061

O MR, X8, 8 IR, T

aRTFAF

Wo.1.1 EERELME

WEIREFReoFroRaEn, FrhocEEfezRE e, Z0M
h OFFEDBIE Z ) 5 ABM OB 55, BUMOIWHEHICAHT 2L, Z0iE
FTLIB>TEFTOMEB T Ic AV X—%2 52, ECEMEZ5I &I, B
e, BErhoWEE FILENE» S, XD ZRLX —DOECHUEICER T
ik, —F, BEE (A AL Eid, MEEFLEFEO 7 —avElick
2l EMI Y] > C, FTH oL TIEA A Y L HHRETONIEL 28K TH
2. ZOREHE, WRMEICEENTE, FIredke L TUREIR VT —DRALE
ZIhRRIREE & 72 B, B EEEIC KL < 2 R E LTE, SOMER - HEAE
- AGAER 22 ED3% 5. R BUHRROEEEPHELOBIR S, ik EHE R
CBfRL T3,

BB DO FEIIE ST RN F — 2o R, LB Z0HEARTTHS, &
Flk 2z HENTEE 22 0ERTTH L. INSORTFIER (m) LEM
(@) )AL EoOMIC, HH 2L X% ELKD, £/, G RV
¥—DEMIE LR T L L TCOWEEFOFER T, T EFEIN S,

(1) EREMSHRE IEEREMSHR
JBURR & 13D T ROV X — % o BRI & RO TH 5. —fIS, BUH
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W21 [ F
(1) 8 &

OB FRHNOB TR RS2 £, ©

O ki T o WoEE TR 7B L v, ¢

OB OERIEE L2107~ 10 ¥ mTh 2, ©6

OBTFR7y724=7 W) 2Ly 75— (d)
LED s RER S p, (€760

O idu 1 E d 28 S MRS L5, 6760

OGS 20T 7 +—2 ERZ 42— 27 2855
;F%mé{;n% (67, 66)

(2) R—7 DFEFIRE

(3) EFHLEFHE

OBTFoERTEn oWE I3 22 AOBETFBHEEL I
3, (62)

ORTHOBBEFOERTFHEA O ) 2MHIX1, 2,
3, - Ths. (60)

OFERFBnIcH LT, WY D 250 RFE DX O,
1, 2, =, n—1ThHz, ©0

O AR FE ISR L TIDY ) 25 E T Bom DI,
—l, =141, =, =1, 0, 1, =, I—1, ITH 3, O

OF81¥n HVEFEIOZZLX—MEMNICHEETZ

LIEETFORAEIZ2- 21+ 1) T3, ©9

W9.2.2 [FFi%
(1) #iE EHF LEE (Fu% BERH,
R EF)

O TR (R) FEHREEK (4) o 1/3FICHHIT 2,67

OR=ry- A (¥ ry=12%x10""m) DT, R=
10715 ~ 1074 m £ 722, ©0

O 4% 0138% 7RI R 7% 25 U TERT 3 % RiBEEE ) T
Hzn, ©

OB o2k LTotE (E&E, BER
R X hEShs, ©

O BB 750 % 72 13k TR BRI CIR A IS RIS 28 & 7
5. (67)

(2) B—RFEEH(

(3) BEEXBLESIRIVY—

O LAY 7D OfEZ R VX — 2RO REVDITA=
605 TH B, 7268

O1EFY7) DALY =3B L Z8MeV TH
%. (66)

(4) HRAEV EMRE—AV b

-e) X

| PNTEES Y8 |

W21 | F
(1) 8 &

ME ML TV LRTIC A%, FHToYEREEXZ210 ' mTH 5. T
OHLIC D TN R IEOBHZH O CEE =105 ~107%m) 2%
h, ZORY 2ADEMEZR->-EF»7 —a v 1E2Z T CTEBL w5, Ff
Biz& 5, Eo@EfiZFoBTL, Bzl 2vhtErroMlisnTtsn,
Baf & 2R L T v, PR R T 2L H ) J LIS kD
AL BEIICEY, Bro 7 —a Yy KT BB > TRENCRG L Tw 5,

THEIFETHEFICE VNS N2y, FEr&ESIETEhoOBE OBz w). £
7o, BRIICHEOFE TR, FHAESEHUEE FOBICEL v, JuEOANTE
HIZWoEE o, R MIOPEE FORIC L Y IRES IS,

(2) R—7T DREFIER
(3) EFHELEFIHE

N2 —lE, KEZBHALLBEEPOHKEOLNDI DAY L (RO

) IZEEB AR P L DRI ZRT 2 ERZ R L, Va—FRVIZZDR
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W93l E E

(1) & R’

O i RN HAAE L 7 B39 12 72 B R ¢ d
5. (73)

O o 144 f5Tch 3, 7B

O P FMm ISR L 72188 1 /el
%, (73)

(2) reataeE

O iteEid A = AN = Nlog.2/ T\ THZ 6N 5.

3) 2 N
O o BECIERRIZ 4, FT&S 20T 2.

O o BRI by 2V sk gLz, ©D

OaftD 3L ¥ — BRI T4 — 2y 2L
DEflITEEND, O

OB~ HATIHEREBIIAZE, FHr&5: 18T s,

Op #ECEOK=a— Y 2 o5t n s, ©8)

O EEcEBETsRtEns, Y

CHFE L AL X — AT PV ERRT OB, P -
SRR, ENAEROET - BE T, HE XA, o
7L URBET, FrlvazhhEndz, 106560

OMZFVF =AY bLERTDIZ afl, v, PEBiE
T, ECOPEMT, FEXM, A —-C 28T,
BY, L—FhEnbs, (70660

OB e oEERININ DI o, B, y#TH
Z). (71, 61)

O EEME T & A — 2 BT RIEE TS 2L ¥ —%
boo I N2 BKkTHs, ©

O WS T IR 7 H& T IE AL L v, 0D

ORI X D BEREIAML L v, 0D

O8I 2RETON, ISKET2EBMT 20N %2HT
2H0%\Y, O

% % Wi &

(72, 66, 65)

(63, 62)

(63, 62)

(4) RIPRE LG FE

W932 X #%

(1) SEELHE

O Moseley OB:HINEFRHE X U BIT 2 B0ICH 5. ¢

(J Duane-Hunt 3%, fill#) X #toRkfEEE%2 52 32T
d*D E) (64, 61)

OFaxy -~y FoBERA»S
lthmDm]T5K6ﬂa(m

07 7 <— 208 X Bk T 28I ch 5, ©

O AR I E BRI %, (7268,67.65,62)

O HE X O+ )L X — 5516 1%
Z) . (72, 63, 62)

Ol I8 X SROMR T 2N ¥ — 3B HEIEIC L D ikE 3.

O I8 X AR EE 2 1A RE 1255 1 2AliRE & 0 R, ©8)

(64,63,61)

B|HEVy [kV]=

3 A X7 P L TH

(67, 61)

o= Savray

OFA R I3EETED 2T - HHEIR - BB K 7-F5
Bl 2 (73.72.67,65,62)

OFELEZY =7y bORTHESLE 1z Lt 3
7 (73.72,68)

OZMERO XML AL =27 bLiE7 4 V7 %4
M3 22 ETRARY PLOBIRDET 2, 72
O 2WH X B E DR ARHIIN 1% Th 5, 1262
BT O T 2L X —H K E VIF EHITT 5 A Ol 8 X
M%i#%kﬁa(ﬁm
ORE XD L 2L F— 13T EEETH 5.
O LI 3L ¥ — 13 KW & D f€ys, (68
O Ko R X MO BILHERIT Ko 2k h HRE L, ©2)
OKFEXBOI X NLF—IZ KD 2z & h b/

W, (62)

O #EIRIZE 7B SR EVIFERE L, 02

(70, 65, 63, 62)

| BHTFA

W93l & &
(1) & Al
(2] HhatHE

JBHAE & 1&, & 2WEPBERHBRZ TR EZET L L bIC, Z2OWET DR
PR D AL R 72 ) DHZE (HHE) #z v 9. WEh OB D T8N
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W41 X F

(1) FibrEaEL

O X#to Bragg (77 v 7) Katigs@itickEmkyd s, ©
(2) JcEIRUY

(3) aAv7br#E

OKlein-f=BtoRig, 2 v 7 b v BELOBERF 252 5
XTHs, ©

OXF 20X — 1 MeViEfs ik, BERRIGHREBIH L
Tav 7 v BELsRRDOE S 2R, €0

Oavy7 b B CTRARKETOZRLF —DREVIEE
KB T 0= 2L ¥ — bHRIC K E L, ©7)

O511keVDyfihsay 7 b viEl 2 & &, #ELA 90
BEOWANT O T ZNL X — 13K 256keV TH 5. 73
(4) BFHERE=BFEMR

OBFHRERD L EVZRLF—121.022MeV TH 5. ¥

OEFNAERTEL ZET L BETOMEE T 3L X — Dl
XK=hy—1.022MeV & %53, ©

O=dFARBHEETFO 7 —a v L oMAERIC
foTlEs, ©

O=ZRMTAEBRO L EF VI RLX—122.044MeV TH 5, ¥
(5) HRIG

OXMRIGIIEL EVWIRLX =% 5, 70

OBz AX—DNT1E (y,n) RIBICX D Rl 2584
T5, 64

(6) BAMEDTE & iRLSS

OWEICAK L EXTBHEERT 2803 A= 1(1 -
e TH5Ez 505, 6560

O G RN 5 o W A% 3 B C A 2 3 %, 8

OY61 L KDOMAENEAT, HERINE a7t HELE D
Wi R 25 L\ W T 2L ¥ —1320.04MeV TH %, 646D

OXTFHOWMIGE, [=Le ™ TERIND (n IR
&) (70, 62)

CVEAlifE% dijp & T 5L, p=0693/dipThH%. @

Wo4.2 & F

[ Bethe-Bloch ® .13, fid R 1O MEiZEflILAE% 5 2 % X
THB, ©)

OBTOHEEIWEhTONEEZBZ 2 L, FFED T

FrLyvazksiuging., ©0

OF zLra7zhiiz, Er0sWeEhcil &k JiFEEY
fRic k> O SN 2B TH 5, (65660

OBFOMBICEFHHN RS E (RFF7 7V V7)) b
Z). (72)

OFBFOHBHEMEILEEIVEHCLS TIEE—-ETH
Z). (72)

OFzbrvazzRicizl EWfEsd b, KPTIEH
250keV TH %, 7160

(1) EPEEREL

(2) FEsEEEREL

(3) wEhERGt

O B il 4t o 6 B Rz E o i1 % 5 i il 3
Z). (67)

(4) EFxHEA

OBBETFRYEIOBTEMEAL T BFHEZT
5. (67, 60)

O BF RIS EEY, 0.511 MeV DB SRS H 0 IS
180° fiic i s 415, (67:60)

(5) PHIEgEE REE

OEFRWEhc4EEELEI NS D, BEEN TIZEET
%‘ (67, 62)

O S22 P fE X B O ® B el $ 5, 737D

O B e L B B O 5 3 & E v, 7

O R EEHILAE I 1 MeV (= 2m.c?) (HETHR/AMEZ &
5' (73)

O e BB 22 PH - B 1o 3 2 B RO BELIE AR o H 3 BB 7 05
B AX—BAEVIIEARES A, P

OXFA¥—230.1 ~ 10MeV BREQ#IF T, EHERHIL
BOKE S 3ol > BT >ErMens, 00

OBFOHmEHEL EBPFBEPFEL S R 2HRT TV
¥—3E-Z/820=1TEz5hn5, (271,70 686661

O iHER IR T 2L X — 22 2 LHZREA LD B R
{5, Y

OBFOBFERIIFEFHFETOREVYEHIZEKRE
Vs, (73,69, 64)

OBFOMEB) T 7L X —23KE L %25 LEENROFE
K&k, 0D
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OBMDIBAREER [gem™2] IFZ 2 LF¥—E [MeV] I
kD R=0542E—0.133CH5 2 60123, ©5

W9.43 EFENTF

(1) SEEfEREEL

(2) FESETERNEL

OYHOWEER T L OMEMEMABETH B, T

(3) BRI

O BSOS CHES & B i FEsnsg, ©

OBBOGOHESR (W) (FEMERN IR E CETIZN
X\, (62)

OWHDR I L s 2k 2 3, Y

O ZERRR X O Tk -8 A 70 o HUR PERRE 13 SR AT R 1
DO X D BT 5, 60

O MC % BF 2B 1M sz & b “Nip, )''C, '8O(p, n)'SF
Kz chEREh s, ©560

OPET M ''C, N, 50, SFIZpTHEs chm s n
5‘ (65)

(4) BHIERE & FREE

O FE A SR D R R AT 2SR L D B /h &, D

O HAFER O I T Ic R TR E», 62

O B A HR O e B 13 R D R T 2c K L
77y 7E— 0 % 5. (7168,67,63,62)

O HEATER O 2L IERE 1% Sy X 22/v? X 22 - M/E Th5.
2_ % h% (73,72, 71, 70, 68, 66, 63)

O FNX—WE,=E, Dt EMREUIR, = 16R, L7536

OFEN v, =v, DL EMBIIR, =R, 5. ©

O MBI R X E2/22- MTH 2 603, ©9)

W9.44 rhitF

O BT & D FBEE AT 2013250 & 2PuTh
5. (65)

O s 712 0.1 keV DU F 0 = 2L % — 0 4L IR IR I A3k =

5. (62)

O HE PR ERR 102 0T BE L ThTicks
(n _)p +e + —13). (70, 68, 66, 64, 62)

O k713 RO T 2, (68.66,62)

O TR P2ICf O AR AT S, 68,6662

O bk T3 B 2 K72 2 WO TR D 7 — 1 v 8Tkl
ég ?’thb ), (68, 66, 62)

Ottty 23YEh cHEERT2HMTEFRRE T TdH
E), (73)

O th RO WE T OWMES 11 & Rk R B e 7
WagERg, 7

(1) & #

O] Brp 4 7 0 33 43 41 13 Maxwell-Boltzmann 43 75 1< #iE
:) . 61)

O B ET13 B(n, o) KIGIC & b TLi 2428 2. ©

O 3L ¥—230.025eV O vk O 13 2,200 ms™!
"C‘f’) Z). (66)

O bt o R 201 ¥ — 134 0.025¢V T b
23 . (70, 68, 66, 62)

(2) SEEMERNEL

Oy LR (B 1) & kL < k% o
IRV —DRKE RS, ©

(3) FESEMEEREL

4) & &

OLERR L D TR D % O SRR, Pk T
R (n, p) ik AR 2, ©0

O o738 FA% 1l S iR B I 2 2 &, iRk
y B2 L CREREBNEBET 2 (0, y) KIEZIEEZ
T, (72)

CIEEEAVIN S W E E R EOE 34 U, 0370

(4) B 5

O T O EM & L TldkFE2E&TK, <574,
RYZF LU ENEL T3, 73.70.6)

| SRTFZ b

Wo41 X F
(1) FEmEL

AN DETOE S 7 3E R L DM X D EELS N, ASDETE

LG T OB (IREYE) 122D 2 ikl T,

Moy vEGL (HHRET & o

i), LAY —H#iL CRSE T L o) 2%, WEHADZFAF—EBid4un
5, K DM SHELBR DO AL 5, £, XBHMERKFICAH T 3 L
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l951 HBER
B O % OB h 25 h 2 HEW (i
{&) VC&)% (70, 63, 61)
O3z EZeth 2GR L 72, 6D

1) F &

OFWoEH e [m/s] %, MWL [s7'] LHEA [m]
ofcEsns, P

OB ROERRE c ZIEICX>TRAED, ¢c=k/p,
KRB, o BRI T 265,

O#EhoEdIz—ETH 3, 7D
O 85 I DACHR UL 2 GG 5 &4 > A > e >
JFEDE > 7K > e > 225 L 72 %, (69,69

(71, 67, 60)

W DN T O FH R (70, 58)
(2) REE RS

O & W 059 13, MR [dB-em™"MHz '] x Bf
[em] x % [MHz] Thz6n5, (7270,67,63,62)
ﬁ%ﬁ@wiaﬁﬁ¢@ﬁﬁikgw 7

T DIELREDIK E WIFIZIER B &,

> Il > BERG > i > ke w5, 72

(3) BEIVE—4VR

OFEA v E—FY U RZIZZ=pvTHZI 5N 3,

OBRHICB I 258 v E—Y V ADEDBIKREVIZE
IR E », 7D

4) F7>%R

135 1,585 m/sTdH 3.

> il >

(70, 67, 64)

| ERFFR b

W9.5.1 BEH

B E AR O A (20Hz ~ 20kHz) £ D @ RABEBOEFHTH Y, K

W e AT - BELEFEOEE 2R
CHRTH 256, KEICHEE HEK) Tbh,
AR TIHER T H % 23,

k& B 0 FERERE )13 7 < (BUHHR B
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I<zmL),

BB IBE DO E L OB E P2 {mb > Tw
HZERIIERHE L v (BEB
WA TIRMEDOR T 2R > 2 Lhd 3). X
FRETH 5.
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c=A/T=f2

(9.39)

HLWHPOEEIZ—ETHD, ﬁ?&?ﬁﬁ(iﬁ%( BIFEPRIIHL D,

7, BHEBE2EDLLEHR (¢) |
= J&/p,

Z 2T, kITERREMPESR, o 13
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DNSCYHIZ L
(2) REERS

D DI EJHEIR EF 0,

R [dB] =p xIX f

o (25 <K < i < ).

IR,

ETh b, “RpTiE
P ATIZ6,400m/sTH h, WY, B

(9.40)
#J344m/s (20°C),

(9.41)

T2, pldiEERRE [dB-em "MHz '], Ji3MEEE [ecm], f13f¥% [MHz] ©

b5,
B TORMOMS (SKHF 1 R) |
B (R) = (Z2—Z))/(Z2+ Z))

(9.42)

2, ZIEARNOBEOEEA Y E =5 v R, Z I3ERHOBE O E 8 A
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W10.1.1 ERERR

(1) #—L0ER

(43 2.66 X 1078Qm OBHAH 5. Wi AT 2 mm?,
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