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Abstract

Tissues and organs which show various radiosensitivity are in the specific depths of human body, so
they suffer different levels of damage caused by the complex space radiation. Proton with wide
spectrum is the main particle type in space and it is necessary to acquire the relationship between
the energy of proton and the absorbed dose of tissues and organs for radiation-risk evaluation be-
fore space missions. The tissue-equivalent model recommended by International Commission on
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Radiation Units and Measurements (ICRU) is light and regular compared to the phantoms so that it is
more suitable in practice for space radiation monitoring and evaluation. The ICRU model was estab-
lished through simulation in this work. The mechanism of the interaction between ICRU model and
protons/gamma-rays with different energies was analyzed and the absorbed dose of tissues and or-
gans in the different depths of human body was calculated. The calibration system for dose moni-
toring based on ICRU model and the calculation system for dose evaluation was established.
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1. 3]

LR AR TR S R 2R AR THI i A5 2 (PO S R By, T8 LR T AT 25 W I T 5 T F 52 % P 2 IR i S A S5 i3k 4T
S PPAl, A REEEXT Ve B AR B4 3 i, BT OR 03 AT I R o BT 52 2 (R S IRV o 4% BESRVRAS ]
% [V S AT 43 g BT 5 B A 2k (GCR)FRBH T F- S 41 (SPE),  PA S AE I U TE H (1) M 46 SR 45 5 (TPR)
GCR @R FRER R &, (HHEAE RIS A fa e Bk B R EK; SPE ZFHLEM, BEAR—FAUH I
JUIR, {5 SPE {E &2 &, #5708 RS TR, MR 51 (g FREKs T 1 7™ 5 b« JC i 2 il 2 R 2 AT,
TR B2 20 E B4R SR T, fEAS AR A E 80% L b, HiR, GCR JRFHIREEAIN /8L, REE
PL 10~1000 MeV A%, T1fi SPE i T & EEEFLE 10~100 MeV [1].

R TFREEA A%, ANABEENRTENMEAL ST PSP E ARG E. A, AR
BE AL T NAR (R A B LR S B AN ), DR e 2 (AR S ) S L B B I e E R[] . RIS R A B
BIRTEHSSRE P RRGHE, BFFEAFREE R0 NRHLIER, RN ERS 4 SRk 1 i 2
AR, KT AT BT S AU PRAl - A

FH T BR800 B i PR A A T 2R A6t P R Bk S B A7 5 05 2% 01 23 (ICRU) B R4 2455
RERMR[2] NARARETY3] (412507 BT 2 B R AT N 7L . NIRRT RIS IR R 2%, AEfR N
A —E R, 1M ICRU BR/AR S50 258 A A @ MM A R[S] [6]5 NBEBAE LN BRI,
2 72 [ M 0 B 2 A R AT HE (R Bl TR, AT 5% SI2Bm th R B 3 % (R S B I PP A o AR S B /E ICRU
BRAR T2 RS E R R WA 2R, ARENA RS0NL Rl geFEmz, Bk, T ICRU K
IBCEAT RS R BT, IRA R FR S A ARG E,  E S7. ICRU BR/AR -5 BRI 25 4 B P s 4k 21
MIRTHE, T ICRU BR/AGEA T4 S 05 SR A7) & e A S5 R0 A HE . RS A 25 2= Filf $2 it
BHEMGIARR . ATAEHT Geantd FLFEL T ICRU B8, SEITF H TR 1 28 10 L EAL R 1 it
T FHARSHIR y S126 5 ICRU BRSPS BAE T, RS0, T AN R R FBE SR AL 2Ry R B i ml &,
ICRU BR/AR-S5H% 25%5E A F4 5 00 2R P A 280 PR 30 R 25 [ S AU PPAS B2 4L T S5 1kl

2. ARG
2.1. ICRU =&
| 4 B B 55 ) B 2% D 23 (ICRU) W8 O BRBE BY AT P A A B 4 9] 1 BTz o ICRU BRAEAY B 424 30 cm,
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SRR R SF N 30 em x 30 em x 15 cm, —FH MRS H 71.39%H7 O, 14.89%1 C, 10.00%[1 H, 3.47%
1N, 0.15%M) Na F1 0.10%0) C1 41k, PN 1 glem’s FET ICRU B, w i+ HA A5&E dp(F)F T
ARSI . @ E BUATE N 10 mm B E, E NIRRT A G E R ME ;s BUARE N 3 mm (I E, 1E

NIRRT 52 24 RS B OME s BUREE N 0.07 mm FIF &, AF N Rk 32 24 8575 & 1 UE
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BRI s PG R
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R

Figure 1. Sphere (a) and slab (b) model recommended by ICRU
1. ICRU 1% ZE RIBRAREY () FIFARAREL (b)

2.2. WEHHE

1) ¥

NG 75 A R FAE AR A AR e B R . SRR AR AR b T v e,
AN TR EE R, R FRREMRMREZERA . Wi, SRR, [Er&ERE
BRI KA R P A R ARG, R ReER A S e —, MRT5E AR, 5
A% A B 1D B G i ) B B N T RS AN T 7]

JR 5 NP 568 sk e v R R R R I 5K R R, 8 A BE B L P R e B R
(—dE/d)NZd BT R R . BT RE R AR B Oy B RE AR, 381G Bethe-Block A T[8]:

dE 4nz’e*ZN 2m0V2 2 2
)P s

Bethe-Block A3t mo & HLT#F LR, v R ASPRLT R, z 2 ik T, Z R FIEA PR
T, p=vlc, ¢RI, TRNFETIHITHHEE A,

JO T AE A R NS T T e R R R BE R A T SRR . 15 2 2RI SRIM B, THEL AN g
B FIE NGB RN SRR o 550 03 K B A B 8 5 R A il T2 B A 4% (Bragg) Ve, B iR
FHENN IR, AW~ m s, sl SRR mgEm R X aslZE2n
FLESH]) Bragg U%, Bragg W5 ki 7 REEAEAR SR, HERE RN 0.

2) y %k

y SHERA G A, DR R A ELAE AR . R B AN e RS ) L3 SRR HAE ) B AT e y
St 2 5 R ELAE Y B R B 0 7 O B AR R WARE . LT AN B, p G 2R R R B IR
PR, B TR R T Re R TR T 45 3 p Sk Re BT
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2.3. HERERF

Thickness (mm)

Figure 2. The range of protons in the tissue-equivalent materials
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SRR 2 07 52 P BE AL O BE AL EOR A D KR RE LR A T 23— SR R AR I TR 9 ] FESR Y
PG T I, 2 5AZ RN ISR SR T AE D) T rh iz B RE B — R I gE T A, & I SRR 2 TR .
BB RP IS, ST ERENLREUR T Ris s R, IR BRI T IEEE e, A&

HX LR FIE B GETH AU, TR A4 5 R A I 1) A

ZITE RO R BN AR & H R SRR
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Figure 3. Main module structure diagram of GEANT4
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GEANT4 2 K%+ 110 (CERN) K B — Fh SR RIS FEIT, EARBRSCIOBEAL  AAR G . Ik a4
BLAUL TR R SR I G T B o AR TR PRI, RAIFXR ) CHHEERE, A&
MR F 5V A BAE RS AR ORI, B LA BRER , PRS0 5, RGN A 5T S5 A R e 1R,
SR TP EL S B SR I A B AP I LR 2 — o A TTARIEH] GEANT4 272 T ICRU A5 0 Wi i 771 ik
AT 5. GEANT4 FERBIE W] 3 fros. Hr Global BUVEL S TR F I d& 2R 4. A, HuE
BE VL BENLE 4, Particle Al Material BEHg AR AR BERF M, Tracking F Track fH5
K Bz g A 9%, Process BHUR K+ S5 BAHEAER, WTRERN FHIRE. shE LMK, X3
S5l BErYIE A, Run & X EANFHA 326 F5 4, Visualization B AT DU ERIIAS . ki TR S5 860 A K
oo TERURS, ERERMR T2 502 K AR B R . SRR 595 1 AH BAE R
HFEH, Geantd W FEAH 7 R BRI R SWAH EAEH . B 2 A EAEHE R, Er e sl
. RSB EMAEAERSRE. St FERE. WESHOERE LR s i .

24. MINFNG

AHEAEH Geant4.9.6 JRAS, 285 ICRU T A A5 R FOERAR AL ) JUAR K 3 RN 0 20 4 R vr. 1 ) BRABE AR,
KA FA y S LR S IR AT 0 5, I B A 5 AE BLAEH G4QGSM AR, S HLUR
BB . LT RN . EM iz S BREAY, RT A#ERIE N 1 mm [10].

1) FET 73 8] 5T 1 e v S BT I # e se BUIG L BT REEE I 10 MeV. 20 MeV. 40 MeV.
50 MeV. 60 MeV. 80 MeV. 100 MeV. 120 MeV. 150 MeV J% 200 MeV; FT- 25 [A14g A BE #c i (1) p g i
I3 HUTHIEG 60 F y “FHIRER 1250 keV, y HT2RAEEIEHL 1000 keV. 1173 keV. 1320 keV. 1500 keV.
2000 keV. 2500 keV. 3000 keV & 3500 keV;

2) AT y SRS MR cos /3 FEEL 0~90 Ji 2 [H] RS

3) R TIE R SPE MALE LT R 107 em ? oA H 5, y SHEEE SR T2

4) ICRU BEAIZR 3R 0.07 mm. 3 mm. 10 mm. 30 mm A2 100 mm, FRIMZEZIRE T IR U5
3. RS
3.1. ICRU BkiRB P iEGIFHIR 7

T B T BRI E R 107 em ME— IR SR T AR ASHRBEIXT R OC R R 1
HFYRFEN 0.07. 3+ 10 mm J3— 0I5 SERR b Tk R AR, S s e fe B TR T, &
Jk ERRAR 2 2 B AR IR T T2 ARG &, AR A SR AR 2B R .

Table 1. The normalized absorbed dose (Gy-cm?) in sphere model of different detecting depths caused by protons of differ-
ent energies

1. AEHRMRE T T E 68 B &M A EkE R s 3 — L IR 2 (Gy-em?)

e
(mm)

0.07 212x10" 191 x10" 1.54x107" 124x10" 1.13x 107" 8.09%x1072 6.84x 107 596x 1072 5.09 x 10 4.28 x 107>

10 MeV 20 MeV 40 MeV 50 MeV 60 MeV 80 MeV 100 MeV  120MeV 150 MeV 200 MeV

3 1.64x10°% 1.79x 107" 129x10" 1.15x 10" 927x1072 824 x102 7.62x107% 6.42x1072 6.16x107% 591 x 1072
10 146 x10°% 275107 2.69x10" 1.66x10™" 1.32x10" 129x10" 1.09x 10" 9.79x 102 844 x10* 841 x 1072
30 127x10°% 2.17x107 8.58x10° 447 x10° 892x 10" 7.81 x 107" 589x 107" 5.07x10" 421 x10" 3.48x 10"

100 1.08x10° 1.38x107 589x107 9.18x 107 1.07x10° 849x10° 1.01 x 107 747x10" 726x10" 7.18 x 10"
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4 NERBEA S — ARSI R 5T 5 RE R () A AT RHE FE (D) ARt . I 4(a) T I, BEER TREE
BN, RSO S M RS SR B N B, AESEANRE R ARG, HBEERIR RGN, e (B X N 5
TAGREEIZHIE K. X 5K 2 R TEAIERR RN REA 5K, T 5 8B RALZUE BAE AN
PAERE TR R R, RERVIREREYI B T . BRIIREEE &, BT RE R/ NEFR /N, SRR K T )5
TR, BIIZEER B RBGI R TTIRDN ;BB T REESG N, PRI S5 57 SR ok, WG
SIEPIEAR, )5 REE BT T RERE ARSI, SRR PRI R, WSO AR, ELBEE RS
FEXEIN, X BIRHGR R R B TS RE RIS K. 455K 1 B, i 4TI, T RERAE 0~50
MeV It} Bl TR LG IR SGRI RN, 4 S RO NI, A P9 328 B AR T B2 K 52 2106 5 1) 711
BEU/N. BT REEKT 60 MeV, 30 mm PRINA L FRGR B 0.07, 3, 10 mm SRR AIE, R
TR 2 B AR B P 52 2 A S 7R B R K

0= - 10" g = S ——— =
10" () N: A;;zéz : (b)
10" ‘ 10°F %" h
NA 3 i i i 2 E i‘l \\ \\\
F Pl ‘IRT i X
S10°F ] g 0E A N
54 i i o 3F 1 \J\‘.\ . —--m-- 10MeV
CILUN 5 o 5 100 F R AN --@-- 20MeV
B’ 4 F P O 4F b \, — A~ 40MeV
10" F P T 10F i Y N e S0MeV
Q P i @ Eoid k) \, v-- 50Me
20k - = 0.07mm S 10°F i1 B W ¢ 60Mev
o, i - & 3.0mm 5 F i TeSSell o T 8Mev
B0 i N S 10°F i} === -~ b 100MeV
§ 107 k i$ 4 10mm 2 i (Ol o ~® 120MeV
2z : i - v-- 30mm 2 10 F | --%-- 150MeV
< 10* F 100mm 2 10° E o o~ 200MeV
10° L : L L L L 10*‘9 F ] L
0 0100 150 200 250 0 20 40 60 80 100 120 140
Energy (MeV) Thickness(mm)
Figure 4. The proton energy (a) and material thickness (b) dependence of the normalized absorbed dose (Gy-cm?) in sphere
model

4. TRIRBY R — (L IRUTF BRER T REE (TR EE (D)

2 HIH T A FFRNREE T AR BER y

U 2 RERAS R T 3 107 om (KU — PRI ISR . p 2R

DML HE RS IR 2 A — ARG R SRR T R SRARS B E VR R T IO, W]
YE24 ICRU BRI IR 38 SR 255

Table 2. The normalized absorbed dose (Gy-cm?) in sphere model of different detecting depths caused by y ray of different

energies

2. FRIRMARETARE

Be

ob 5

£ y FEIERIRRE TR §0 YT — L IRBGT 2 (Gy-cm’)

J&FE (mm)

1 MeV

1.17 MeV

1.32 MeV 1.5 MeV 2 MeV 2.5 MeV 3 MeV 3.5 MeV
0.07 285x10°  278x10°  264x10° 248x10° 211x10° 179x10° 158x10° 147x10°
3 414x 107  467x10°  499x10°  537x10°  536x10°  5.17x10°  465x10°  441x107
10 416x10°  466x10°  498x10° 549x10°  656x10° 749x10° 835x10° 882x10°
30 3.89x10°  435x10°  476x10° 521x10° 639x10° 732x10° 827x10° 899x10°
100 287 x107°  331x10°  3.72x10°  415x10° 519x10° 6.11x10° 688x10°  7.76x107°

5 ONERBIAL P TER 107 om (A IRISGRIREBE p 522 Rk 5 () FIERII S BE (D) AR 1K, 5151 4 X EE
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WL,y ST RCRARE . B 5@, HERIAE AN T 3 mm BT RERBORN, o ERE
RER ETHI R R, XM T y SRV B ARG TR ARIB BT SR RT 3 mm I, k%
LT IZ TP ILH:BJJ\%T y STERRERIN N, AGIERATR RSO AR [ 5(b)H i 2 AT Bk

WA R B B TE, 3K IE TR 8 = A R R R R T AR R AE R A, JE BB VRGN, BT R
FEIZHT/N, TR R %
0.00010
0.00010F - m-- 0.07mm (a) | (b)
R - @ 3.0mm _-X Jan T
= ~ A~ 10mm P £ 0.00008 |-
3 0.00008F o gpn o S
S v > ~p —E-1000keV
<) 100mm =~ .=~ <) - @~ 1173keV
2 0.00006 - /;;,;/4 3 0.00006 - o vy
< A e QO --w-- 1500keV
-% L " 47 e . = 2000keV
A7 e - -4~ 2500k
2 0.000041- 77 ¢ £ 0.00004 - I
2 _% - @ 3500keV
> “-m
< 0.00002 W " —_— < 000002 -
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Figure 5. The y-ray energy (a) and material thickness (b) dependence of the normalized absorbed dose (Gy-cm?) in sphere
model

B 5. TRIRBURYI— L IRUTTI R y STEREE () IR EE (b))

3.2. ICRU FHRIZB HIEGIFHIR S

SRS A b A SO R S SE G AT M S, R A AT A RHRIGIAE A S % . IR 3 A TA
EJER IR B R AN [F] A B R 13 i AR AL g B 107 em 2 (9 IH— LRI &, ATHE A ICRU ~FAR 247
HiTH] HR ST AR R, AN R IR FE RS R R PP RIS AR . 59 1 BdExT bl W, AHRRRR AR R, BR
BREAIG S B K TP AR Y, X RO ERASE R S 4 RS, YRR 1 B 31 ) — 3R IR B MR e K. 3
i 3 BRI R, BRI 6 P HE R R E R 107 em i UH b RIS B BE IR T g B (a) R AL R B
(b)IIAE Ak, RIS AT L, SRR RSO R AR AR S ] 4 BRI R — B, R, A
Bl 52 BH 5 BB -

Table 3. The normalized absorbed dose (Gy-cm?) in slab model of different detecting depths caused by protons of different
energies

3. FEHRMRE T T E 42 B FEm a FARIE R A #0 )3 — L IR 2 (Gy-em?)

0

(mm) 10 MeV 20 MeV 40 MeV 50 MeV 60 MeV 80MeV  100MeV 120 MeV 150 MeV 200 MeV

0.07 588x102 392x102 2.03x1072 1.68x107% 1.45%x102 1.16 X102 9.79x 10 8.59x 107 7.35x10° 6.11x 10>

3 8.38x10°®

10 3.73x107"°

30 242x10°%

100 121x10°

6.65x 1072 224x107% 1.79%x 1072
7.00 x 107 328 x 1072 2.15%x 1072
428x107 6.13x10° 4.09x10°°

3.19x 107 4.74x 107 9.08 x 1077

1.52x107% 1.19%x102 1.00x 1072 8.77x 10 7.50 x 107 6.24 x10°*

1.70 x 1072 1.27x1072 1.05x 107 9.08x 107 7.74x 107 643 x 107

480x107% 1.16x102 1.19x 1072 991 x10° 822x10° 6.70x 10

779 x 107 435x10° 9.65x10° 1.95x1072% 1.45%x102 1.04x 1072

DOI: 10.12677/jast.2020.84016

131

(R BATLASA R 2


https://doi.org/10.12677/jast.2020.84016

TRE 5

10-] E .' 10-1
; :Q‘ . - 5“ ________ = b
— 10° :' i ‘!-x“"=l==u R - (@) 10° 3 ﬁi\éé;é%ﬁsgzsszzzszzzszz:::::;:::’ (b)
i i NA E o “\\;\ )
g 10° E [ i g 10° E :‘\ Y N —-m- 10MeV
F Pl © IR i - @ 20MeV
Qi i Gtk Y S A d0Mev
[ i E t A\ NN
2 10°f i/,? PRI A 3 Co somev
H N E i . N, e
—Do ¥ LY - #= 0.07mm S o | i """‘“-\,::‘_‘_ 4 soMev
o 107 F & -- @ 3.0mm 10°F e _ T - 100MeV
O ,,,V e E ®._
:5 ]0_7 - g — A 10mm 8 10_7 E e R - ®- 120MeV
,_8 ’ . 30mm § %’ [ ] _— . Sl o ::: 150MeV
< i0*k 100mm 2 T -u 200Mev
e e .. 10-9E [ R R R R R B |
0 5?3 IO?BA ‘;;0 200 250 0 20 40 60 80 100 120 140
nergy (Me .
Thickness (mm)

Figure 6. The proton energy (a) and material thickness (b) dependence of the normalized absorbed dose (Gy-cm?) in slab
model

& 6. FARRELRYI— (LIRS I ERER T REE ()RR R B (b) R ZE 1L

P4 B T TSR R 107 om A — RIS 5 o SRR . ANSHRTEIOR RLG R oy B4R
DT AR SR, SRR ARG R S oL R SRR B E R RN MG R, AT
N ICRU PRV IR IG I UE I Z % . 54 2 M, MRERRIRAEE T, PO R R R B2 AR A7) &
SRR AR — B, FERAE S%LLA, BRI, PRSI W AR B S 2 e B R BE AR LR
P 4 BRAE A ) — B

Table 4. The normalized absorbed dose (Gy-cm?) in slab model of different detecting depths caused by y-rays of different
energies

4. TERRWARE TTERER ) STEIERMNFARREY)I— L IRIGTE(Gy-om®)

JELJEE (mm) 1 MeV 1.17MeV 132 MeV 1.5 MeV 2 MeV 2.5 MeV 3 MeV 3.5 MeV
0.07 280x107°  271x10°  259x10° 243x10° 203x10° 1.77x10° 156x10° 1.41x107°
3 404x 107  459%x10°  497x10°  527x10°  537x10°  S5.11x10°  461x10° 432x107
10 405x 107  458x107°  495x10°  541x10°  652x10°  746x10° 829x10° 872x107
30 386x107°  429x10°  468x10° 512x10°  629x10° 726x10° 8.18x10° 8.97x107°
100 282x107°  325x10°  3.68x10° 4.06x10° 511x10°  6.02x10° 684x10° 7.73x107°
4. 4ig

ARTAEHESL | ICRU BREAPAE AL, JET Geantd BAFRTF 1 ICRU BEAYAS [F) 1R FE ORI & 5

JRT vy SR BE B A0S R R 2R, N T ) O A R R B AL 07 T AR R b A R T L,
SRR R R TR AR v 21 2R S RO R A MR AR R B A 5T T RE AR IR EE AR RO — 2, BB R T
RER G, WUGRIE AR, KB —ERME/G R T T 4n J7 NG, AR 2 0F T BRI g
WAET B BT AR RS v o X LT P SRR ARy ST 7O S, AR RUIARGER » & A
[RIERIUERE Ty S A~ AR R MTERASE R e (41 P R AR S (77 R R A — B

B
ARSTIAERR R Gk 35 B0 9 2 R R R 1 LR 300 R

DOI: 10.12677/jast.2020.84016

132 B Rt N


https://doi.org/10.12677/jast.2020.84016

TRE 55

E&WE

ATH B PR BRI ZR Ao H IR, SEIGHE R 7T AR 4T H 2017SY54C0401 2 HF.

SE

(1]

(2]

[9]
[10]

Dietze, G., Bartlett, D.T., Cool, D.A., ef al. (2013) ICRP Publication 123: Assessment of Radiation Exposure of As-
tronauts in Space. Annals of the ICRP, 42, 1-339. https://doi.org/10.1016/j.icrp.2013.05.004

Arefev, .M., Krivokhizha, S.V., Kyzylasov, Y.I., et al. (1985) Determination of Dose Equivalents Resulting from Ex-
ternal Radiation Sources. The Commission, Bethesda, MD.

Dettmann, J., Reitz, G. and Gianfiglio, G. (2007) Matroshka—The First ESA External Payload on the International
Space Station. Acta Astronautica, 60, 17-23. https://doi.org/10.1016/j.actaastro.2006.04.018

Beck, P., Berger, T., Hajek, M., ef al. (2009) MATSIM: Development of a Voxel Model of the MATROSHKA Astro-
naut Dosimetric Phantom Exposed Onboard ISS. 2009 European Conference on Radiation and Its Effects on Compo-
nents and Systems, Bruges, 352-355. https://doi.org/10.1109/RADECS.2009.5994675

Park, S.H., Kim, J.K. and Kim, J.O. (2001) Simultaneous Calibration of TLDs Using the ICRU Slab and Photon
Beams. Radiation Physics & Chemistry, 61, 473-474. https://doi.org/10.1016/S0969-806X(01)00304-8

Wilson, J.W., Slaba, T.C., Badavi, F.F., et al. (2014) 3D Space Radiation Transport in a Shielded ICRU Tissue Sphere.
NASA/TP-2014-218530 NASA Langley Research Center, Hampton, VA.

WER. HZERSHRIM]. Jb5: JRFRE R, 1992.

Marmier, P. and Sheldon, E. (1969) Physics of Nuclei and Particles. American Journal of Physics, 39, 851.
https://doi.org/10.1119/1.1986310

VR, SRR P TR SEIR B R R AT M. dbst: TR RE Hi AR, 2006.

KA, B, Wor, BRIE. A AR O PR R ARG B SR R DRLL]. RO S RLT R, 2012, 24(12):
3028-3032.

DOI: 10.12677/jast.2020.84016 133 B Rt N


https://doi.org/10.12677/jast.2020.84016
https://doi.org/10.1016/j.icrp.2013.05.004
https://doi.org/10.1016/j.actaastro.2006.04.018
https://doi.org/10.1109/RADECS.2009.5994675
https://doi.org/10.1016/S0969-806X(01)00304-8
https://doi.org/10.1119/1.1986310

	基于ICRU模型的辐射剂量计算
	摘  要
	关键词
	Radiation Dose Calculation Based on ICRU Model
	Abstract
	Keywords
	1. 引言
	2. 研究方法
	2.1. ICRU模型
	2.2. 辐射源
	2.3. 方法程序
	2.4. 输入条件

	3. 结果与讨论
	3.1. ICRU球模型中辐射剂量分布
	3.2. ICRU平板模型中辐射剂量分布

	4. 结论
	致  谢
	基金项目
	参考文献

