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Hot spot analysis on FLASH radiotherapy technology
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ABSTRACT FLASH radiotherapy, as a technology of radiation therapy, is mainly characterized by ultra-high dose
rate radiation. Due to the unique characteristic, it has become a hot spot in the field of radiotherapy. This paper
summarized the findings of previous studies, including the challenges of clinical applications, the technical
complexity, and the possible biological mechanisms underlying FLASH radiotherapy, which are important for
clinical decisions.
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BFE AR EA, BHBYT 9 R E K ERF IR
IR A G, P A S e R AR T
DAL I, A A A 200 A0 o] g ) T) e e AL ) J
B IR R 4007, 2 I R RO A SR I H AR s

JUHAER, TR g 2 Sk — B SRV 3E
A2 R0 A 2 7 T AT R A2 =R T R . R E )
¥ W 8 (Precision
imaging) . JE{LJT (Chemoradiotherapy) LA HIiE
AR EOR B, #A B TR T IR IT
TRH. SRTIT, AH 25 o PR AT B RO VR oY
(Conventional radiation therapy, CRT) E. %5 it
Pk, 1M CRT (77 & & DA IE H 2H 2L i 52 55 2 N
AR, Xk 3 B0RG EE — BER TBUR B I I 3
JIER R IR TR T Horr, 75 B S i
SR AEYIT RN EERN R —, HIEKARE
IR E .

FLASH ji{J¥ (FLASH radiotherapy, FLASH-
RT) &4 ) FH 8 v 771 5 20 I 5 e 77 A0 R 0k 1E 8 40
U R R AL AT T8O R YT, X T
FLASH-RT 7RI &3, i Icmvif e, H
AT B A1 7T b it 7 B R KR AE 40 Gy/s BLE, T
SRS A — RN T 1 s ™. B R R &= R T

| (Dose fractionation)

1959 4£, Dewey %5 " & BUA 4 T3 18 71 &2 %
HEUS 4 BR 52 B Kk 7Rt (£49100~200 Gys
2 ms N 5E D TR I ST O FR R, X 2
FLASH RN 1 R 82 5] . 1967 4F, Town %5 1
HRAE T L ik b FEE B A PR K e X 2 R S 3RS
(1) 48 Mo A7 7% i 28 5 75 % LR & %8 1 Gy/min
(1 °Co y 5 28 HE S T SRS A0 40 b A7 3555 fhh 2 2 T ) 22
o 19694, Berry & U [WFFCUEMH, ALY
1] B 2% 52 8 v 771 B 2R G T 2 52 8 R R TR A
HAEMEMELFEE S . 1971 5%, Hornsey %5 ' &
P EFERE TR (60 Gy/min &L ) &5 KA
SUERAR, T B AR AL 2R A S R M . RV 20
2060 70 SRR X FLASH 2B [ 50 1 — s &b
Fo AH AR B8 RR Tk BF 70 45 R a0 I R B FE 4k
2014 4F, FavaudonZs " it — kB, /NEIVIES
ZH ZRURT firh 8 2H ZFO0T R v 7)o 2 R AT 110 22 SR PR S B
FLASH-RT & J& 52 W5 2.

VAR Sk, W% FLASH RGN B RZ 3 70z %
W, % R KT 46 5B R R FLASH-RT (1424
R S LI R B A I = SCRIAN A, HE 2 A WA
\A, FLASH-RT A 8 iy it ARG 5 H 24145
L o PR 97 ) R R WM VR T . (H H TR X

(Conventional dose-rate radiotherapy, CONV-RT) FLASH-RT W& £ U710, 1+ AaIR.
LA AR 1.
%1 FLASH-RT #1CONV-RT HL#
Table1 Comparison between FLASH-RT and CONV-RT

FLASH-RT CONV-RT
VIS BT XS T HLT X Ry S 4o 1 B 146
Ray Electron, X-ray, proton Electron, X andy-ray, proton,heavy ion, etc
W R LA D A% ESRF I Le it 7 e e B2 LRI 2% X- 0 vy- 70 Jot 1 5 B T s 4
Equipment Improved linear accelerator, ESRF, some Medical linear accelerator, X-knife, y-knife, proton heavy

proton accelerators ion accelerator, etc
Pl —f%=2 400 Gy/min 0.1~1.0 Gy/min
Dose rate Generally = 2 400 Gy/min
LS5 P 1) —f<ls Ko i

Radiation time Generally < 1s

IR AR R ik
Damage degree of Low
normal tissue

JievJg £H 4 s AHAEL

Effect of tumor tissue ~ Similarity

control

AL AFERIR UL T R U 4

Biological mechanism  Oxygen depletion hypothesis, immune

hypothesis, etc

T EEMA A R TR Bkt AR S S

Main factors

Dose, pulse rate, tissue oxygen content, etc

Several minutes
=
High

HAAEL

Similarity

JBUSH )5 4R
Radiobiology 4R

7)o I 2H SR UM A5
Dose fractionation, tissue radiosensitivity, etc
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#®2 FLASH-RTKRES
Table 2 Development of FLASH-RT

AR SR FHAE
Year Refs. Event
1959 [10]  FLASH RUS7ESH B A 1 U8 W42 2|
FLASH effect was observed for the first time in bacteria
1967 [11] I FLASH SR A AR R 5 SRAT 10 20 0 A3 1 26 A7 A 72 S
Difference was observed in cell survival curves between FLASH irradiation and conventional irradiation
1969 [12]  {EMHFL P40 1 W52 1 FLASH 2%
FLASH effect was observed in mammalian cells
1971 [13] RIS AEFR TR 5 R A A
High dose rate electron beam may cause tissue hypoxia
2014 [14]  RI/NER I IE 5 ALZIRN s 41235 FLASH B (1 22 4 e B2
There were different responses of normal and tumor tissues to FLASH irradiation
2017 [15] RILMFIEF>100 Gy/s I 1753 H 5 R IR M FLASH U8 , 17 24 718 %6<30 Gy/s I #h 22 (R4 15 FH v 2%
The maximum neuroprotective FLASH effect was induced when the dose rate was greater than or equal to 100 Gy /
s, but it disappeared when the dose rate was less than 30 Gy/s
2018 [16]  fEXSFLLMESS P E] | FLASH 208
The FLASH effect was observed in X-ray irradiation
2019 [17]  KBUR T FLASH [ 5} i % AR I 3 4L R 81k
Proton FLASH irradiation could reduce the toxicity of normal tissues
2019 [18]  FLASH ZUSTE =i S50 FLahd O Fl /N B 45 2156 IF
The FLASH effect was verified in higher mammals (cats and miniature pigs)
2019 [19] BB AAKRFLASHEUTIRG T RIFHIIT AL

The first case of human body FLASH radiotherapy achieved good results

1  FLASH-RT 89l&RATHFZ

JLE FLASH-RT {37 1E % L s C 4 1
VP2 I R BB 70 15 2 T 5040, {2 FLASH &8 1)
HLEAS BB, 75 T i FLASH-RT Il K R BF 70 s
B BLLT .

1.1 FIEXRZ

5% R R BB A (“Coy 14k, 1 Gy/min)
P, FHA FLASH A 76 0 R FH 1) S ik ey ghd
GRI) X SR 2R IR, R I R & e T 7> 10° Gy/s T
SR B T FLASH-RT ()8 78 9 BT £ K 1 551 & %8 K
Z & A WA I R T 3 7R &2 %6 . Montay-Gruel
2809 FEFIEZ I 0.1~500 Gy/s, 4.5 MeV A6 MeV
ML T 10 Gy BURE K  H5RIE =30 Gy/s
I, AP PEFLASHAN I, 27E%>100 Gy/s
W, S 0 ORI FLASH 208, {H 24578 =K T
30 Gy/s i, #HARTERE K. ¥ 55—Diar 7t
i, 5 CONV-RT ML, 37 Gy/s [ FLASH-X 5
2k 4 i R B B ORIz R e . AR Sk
RAF R4 R AE, Venkatesulu 25 ™ [IHF R IR,

7£ 35 Gy/s | i) FLASH-RT Lt 7€ 0.1 Gy/s F
CONV-RT B B =11 . Smyth 55 P 2 IUAH XS
T CRT, FAFEREFER (37~41 Gy/s) [FF
hn i 2% 98 A8 VR 9T (Synchrotron broad-beam
radiation therapy, SBBR) ANHAG IEH HLURE
o L& SRR RS2 2 LAY . 52 592
KT S 52m, (H 3R FLASH-RT X 1E &
MR R E R v BE - AN, JF H% K FLASH
BRSLFIT 5 7 B 2R AT BEAS A 38 FH 1

HH7, FLASH-RT FIsfERIEZRNRLE—R
fift YL IR ) @ . Zhou &5 ) i & £ FLASH-RT ][] ,
A N O o R A S R e e
CONV-RT e H i3 IE W HR, RiG@EidEN
3 A 8 % 5 Kk i FLASH-RT i 75 1 /N 7 B 3
(R,.) M ESH. 455K FLASH-RT A EFM T
PR AT RE AR B IR R AT SE IR I R, (340 Gy/s) o 53
Ab, PR _Fan S A FLASH-RT JA 7 IR & sd, 78
X R A 2 A e v ) B R I R B, AR S R e
EMIERE AR R B BRI E R (KT 5
T FLASH M. s /MR 2D IR, fEa g b
IEH AR HEINEEE.
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1.2 EHIEFMm

H Hi 3 i DA A H - 2RI TR T A A7 /E FLASH
R, CATE—Le/N Wiy 15 8910 5 E ,
ORI AN SIS AR AT R ™ BT 240, X
R IR i 22 3 7 FLASH 28 1%, (BT 75 3
WD ORI . ST ERR M, BT AR
TARGX EHHALNER —ENRPAIEH, i1
FLASH 4R Af L — 35 38 i — AN B4 ) 1 5 2H 218
Ry Dhde, EBNELF AP 1EM . Girdhani 5 M7
H X RN AE /D B AL Af 5T - FLASH 80T B8
FEAR IE 3 2R #PE . {H/Z, Buonanno 25 ™' & 31
FLASH Jii 7 JE 5 76 A4 A AN B3 In 1F 8 N\ il jlc 41 4
40 B A7 95 K . Beyreuther 25 ** ] 5 Gy/min %
B F R TR 5 100 Gy/s [ )5 1 FLASH 8 5 5
e, WARKIEMEEZES, S EFE T
A A2 5 S O Bk i R 5 T FLASH R, e 41 i
T HRAE A K IR R (=10° Gy/s)
HL ¥ FLASH B 75 1 K ikl (=10°Gy/s) IR JLAN 3
=M. Bk, FLASHEA T FI/ERHART
BB, HalofA XHEW® T MK
FLASH 3 ¥6 97 & 40 ) vk« St A4k 56
WE P, B T FLASH 5807 B 045 T 7 55 25 15U
BIT I E B G R P, JFH RS E
7R fe 71 B R O R R T ORI BT

1.3 FIEFIMZFI=E

HET, 6K BT FLASH-RT BT 73 o A () 5 48
AR ER . KZHWFLL10 Gy 80E &
) B 4y 1) 70 B SR I 5 FLASH-RT . Vozenin % 1'*
TEf81 H FLASH-RT ¥4 7 J=) 3505 W S S 350 6 9 (X 486 1)
YT BRI B A 41 Gy oK 1k B i KT 32 7 &
(Maximum tolerated dose, MTD), {EH.{XK25~41 Gy
AR, BAHRAEREESHEME (Dose
limited toxicity, DLT), IE# UKD K 4 i
V. Bourhis 25 " 2 R FK 7> #)3# 3% FLASH,
Hooh FER WK 7> 5 FLASH J7 S 7032 il /I B A7 g
Ji S5 8 5 T 5 CONV-RT J7 & H97 %0 A

N, 7E#) E FLASH-RT %I 75 B % & a/p
B (/B EIRR T 20 A A v 5 o R B A
SRR, LGy NEBAD . a/BEARKIZHZ
BEE. B . OB BRIKE REE) X IR
EHUK, £ CONV-RT H K4 k&, M %
S22 0 o SR 78 R 30 B UK 7R & FLASH-RT

AT DL 25 AR5 15 10 R b 2EL 23 LA R i R vk
HYT 16~30 Gy, 2B IRERSS 10 Gy) ™ 5 a/pfE
mZHEL CmRb R, /0N i 8 6 40 i AN Rz Bk 225 S 41
M55 0PI T B R B RRURR 4 A T R I
MR N2 TE . Venkatesulu 25 ™ [ 52 &
7N, [FIFEERIR 16 Gy RS, FLASH-RT (35 Gy/s)
Lt CONV-RT (0.1 Gy/s) HHE %% R &t B8 miEss:
iE. AUk, FLASH-RT 97 305 H 4% % 1)
FHOG, BAMMME =M.

1.4 SIS AIT RO

HAr, B0 2o 2 Hh 56 F FLASH-RT 1E %
H 21 FF K OGE ME % (Normal tissue complication
probability, NTCP), T %} fifJ8 #2 ] #% % (Tumor
control probability, TCP) [1] #f 5T #H X 4 b .
Favaudon £5 " % ¥ FLASH H& 5 6F 1F 5 41 23 5 jif
AW RMIERZR, MEESSEHANY O
RUNERE ) Hr3 3] T 56E 1Y, DL E 2 {E i FLASH
I REACHI AT I . (H TG EERMZE, Za ™ 2
— I RIS HLBA I K /N, AR B FLASH-RT 4
. B RE 1) 55 — 4% 52 FLASH-RT ) N 25 &
A IE R R R R 23R8 T R AT RIT L
{HX TR FANAE — 48 o kAT, X RIFA PR
#{ FLASH-RT 1 CONV-RT 2 [a] () % S [)e N, AfE
W HAL A ALK FLASH-RT B h % 4k 211 R O AIE 3
KK T AT R FE A BE ML IR, R B
FLASH BT MIGIR 2R . teabh, 24 A1kt 5t
KA A T 505 0 R, I R v A7
TEATE M. PPl NTCP 75 240 4K B[], TCP
(VT AT I [B) B U 1R BAE, XK R T A%
FLASH-RT Ji5 173 A1 22 15 13 & 11 firk 78 1 40 B ko g 80
ORI .

2  FLASH-RT B9

FR KB A TR IR T I FF 82k e v B %5 2
BEMKIERH, FLASH-RT S A%14). 5 5 FLASH-
R I R 5% A4 1) 4 30 AR 45 IS 1 2 FLASH-RT HY
FRFE,  H §T A 2 AN

2.1 TEHE

7 & % j& FLASH-RT ff 78 () e d A5 &2, {H /&
PUR w7 m R gt A f =l e B 2 2%, RN
N T 4MAFRME AR EE % (onization
chambers). fEHFZE K (Radiochromic films) . #
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B &1t (Thermoluminescent Dosimeter, TLD)
AR DUE (Alanine pellets) 2, {HE ¥ 47
Mr B 2= 7.

g4k, 1 FLASH It /5 B0 i 5 4% Ge i
VLHC ) FLASH S 3R, (HALEN 58— & Gl
%) B+ oW . £ Favaudon 2 " HIHT 7
BRI R N BRE R R A Cs T
7E FLASH 40 HH i FH 4.5 MeV BT+, Ja & RO H
REIEEEYE . SR, Cs 675 Mg SME 16 T =y 1Y)
A, 1M 4.5 MeV HLF7E/N BRAR N B A AR R
)R R B R O R, AR AR X R 22 S R
YIIERIEE AR R 5 R

22 FARFR

B4y 2 2 N N FLASH-RT () ¥ A 1€ 7] 7l W, i)
Bk AEAEMNAE . H BT FLASH-RT )1l IR 5T BF 70 K
ZAFFRAE R T, (H2 AW RG R T
FLASH 897 FIT 75 1137 K/ R AIT 75 1R 7 & 5 R 34t
RRE T3, A5 40 1 I IR B 42 0 i 45 ] DL o2 =
AT R 200 Gy/s TR T A, AHEA TSI
S A LA R PEAGE T/ ah s s, HAXAT T
BITIERR M . N THRIT IR, TFEFK
FLASH- & fi¢ #1 T- (VHEE) Y FLASH-X 4} £& 5{
FLASH it 73 & . (A2t FLASH-X S 2814 i 45
() Th 2 8 45 /b 2 77 4 FLASH B 1 JilF 75 Bh 1) 100
B, IF H A 1 e e B N B A HR T B K B I
DR PR M, X S BRI B AR Bk ik Y.
HRT, SF 0V 2 8 19 FLASH 507 I PR R iR 56 H
REfE P a3 AT . (HA R TR TR, &%
XS R AT B B A DA 55 H AR A AN, Bragg 0§
o LET (138 50 506 JR 0 #5454 1T R 2 BRI R) &=
K, HER M FLASH &% 7,

F—J7TH, Huik A 5 CONV-RT AL =
K i B R SR W A% FLASH Y SR 96 97 H A5 5
1, PR 7 25 R 5 R PR R T FLASH-RT AH 5%
(78 76 XU . FLASH-RT F0,3 4% 1% 47 PR 508 1 ik oy
(K10, I E WA - RS, REREIR
ik b S U ik b R, LSRR ik, HAat R A
AN R RE VD EE SE IR = (U EG % SR R R B
B D ERBE TR SR AR A . PREAE SR
B2 R0 A BB A S ) (1 K BB s A%, & AT
FLASH-RT £%t. 74b, Z M6t 7igsd
PR i) 19 TG ¥ A 38 AL ) FLASH 5 B i i, 0K )
VAL 2 ) 5t P R ) 75 BT AT EOR

23 pAHE

PR > AR A R SR O [ R 0 U IR T
ok e B, BLEY BO FLASH-RT A i 5 4 BR 7
RAMA . BoHF AR, BRI g X
Sk (R 160 kV X 5263 H T FLASH-RT
W e B WrH AR K 2 1 Schiiler 258 B filt kAT T
—FRREFE, KR R B 2R N A O R RE 1 1R 1
FLASH-RT 4 IR 2%, =238 200 Gy/s, ¥IP
SERER TN mE MRS ER Y. B EEER
WSR2, 4 F1E 3 FLASH-RT ({4

2.4  EFO)RR

Z45 Rk, A R R g r o,
T/NE IR K Bl A 2 /N B IX 3R AT I PR T FLASH
R TTREN, XS A I e R A4S Varian ELZ N
2% B Elekta B 28 i #% “*'. Oriatron eRT6 J5
B E 2R g A% UL BRI EP AR SRR (ESRE)
ARG T AR B 4

Maxim 5§ “* $& T 2 0] = BR B 4 4 L T
$y71% (PHASER) ME4r. PHASER & —ANEEAT LA
R R =R R LT (VHEE) W9 R ~F A ke 2 v )
B, AT LA AR 6~10 MV FLASH X 52k 5 5 1 °F
G o MR RIS S — R A PR B A 5 S
FiR . KT PHASER WA A v BRiEME. ThE
KR N8 U ) 3 A0 v I 7 B R I SR [N 3%
TR AR A 5 A Gy B 2 I 2% 25 L, X AT g2
¥ FLASH 5] N IIf PR R ¥ A8 7575 . H it Diffenderfer
& P RE R R 2R R T — AN FLASH it 17K
7RG, %R0 LE R G I [a] YRS Bt 42 i
HOM B, I 7E 2 45 R 40 R B Ak I [R] S5 A .
X TG 5T LA SE AR E ) il RS S Ta ], RGEHEIE T
J5 - FLASH T 1] (/)55 58 28 5 A Al 16 1 ]

3  FLASH-RT 443 #150] 8

T A2 W 2 ML) 2 4 FLASH-RT Iifs PR B
3R, (Hig4S A1k, KR sz ik F )20 55
RATEIRES, AV M AR, v eI ALH G HE
FEAERUL e AR A E .

31 EERIR
PRI FE S — ELMA N2 FLASH X 1E % 2H 2 f%

FE BB LENLH] . I FLASH-RT JB 541414 &
FUBUF A 22 R, AT 1 S A0 2 2 8 HE B
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NSV AR, R DR e A T AR S s
AUSIAE 2 8 FLASH 208 i — A = EAr &,
W2 PP FLASH U8 (1) R BEVBE S 40 . O UEHE
KW, T2 IEWHSERERESKF T R4
R /b B G O BE B R BT/ AR M. Pratx & 1
NN FLASH RS (1058 565 B 47 V6 FH AT 82 el 1E 3 41
U T AR CHREMMTEN R Z A8
O RIS R RS RN, BIRRE T R
FLASH HE 5 3ot 2 o O YA FE . B JORTRS 78
PR . SR, B AR AR A fif R AH X T CONV-
RT, FLASH-RT W] 4 45 i 8 [ B o [T R R i
WEIEEHS ML Z EREE S, HRZHH+ET
L ™. FLASH-RT 2 J5, MR ZIN &7~
AU A AR, TR 2 5 B0 R ) e o
Ptk o Adrian 55 M AR 55 AR PR OC IR SRR B
RN 43 JE 7 1.6%~20%) 3E4T T ARAMIE 7T, 457
B FLASH RUB B TS0, 0 TR AT 51
B 40 0 (1.6%), FLASH I 5} 7735 K B % 17
e RGN, BUA T 5K I FLASH-RT fig %
HERF 5 CONV-RT AL BT g S i 2% 1, L3 7
F U5 LN, FLASH-RT [ 3t I8 J B v] ge e+
CONV-RT ", JLyE40 R H il i ANE 48, AT
B

7% [8 2 FLASH-RT 5| i A 07 fife 4 0 46 2 14
B H2 0 5 FLASH FEUH 5 40 23 i AT 0] 78 75 1) S <l
AL ER M H R HE M) . Petersson 25 ¥ [ HF N
FEAEERME T — AT EER e | A DL T f# FLASH
RT3 808, 9 H 5 FLASH 282 (1 —
REILIG W g4 MR AL, HfHE S
LERENEOLT, FUKPA R R 2 LA i
SRR &, T R R R A K R A
ROR . R, R IE 8 200 A I 42 1 B R
PEA# FLASH 2SI JERT, R K FLASH B 7% 1) ¢ B
& B AR IR A DGR T, DL RGE M
BUREAL,  DLFE BB FAH SC I ERAL 22 AL
32 RERR

G 325 1 AT B S FLASH 248 1) — Fhig AE ML
il Girdhani %% "7 KI5 CONV-RT ML, 7EIfR
AT /N GRS 2Y A i i 57 FLASH-RT AJ LA PG IE
TRV, B fE R AT 0 A 2 TR A A R 1 A3 BT B
FLASH-RT Ji5 1)/ R PE R G0 12 0 I RS2
F40H] . Rama %5 “ K I FLASH Jii T8 5 o0 T
I ek g 4% ), X AT BE 2 CD3+T bk B 40 B 17 firk g

WEEMS R . LI H, Rz a)
Yok L% FLASH-RT A1 CONV-RT VA I7 208K, H
) g A P - e = B 1 Y G
G2 AF 5 FLASH 2008 B 58 62 Sk (1) 11E 48 #5 2& AH o
PER, AR B OC R, HWANE 2 DLFLASH |
W 5 2 T A AT AT A [R] (1 9 9% ) B 2 3 B FLASH &4
o TGF-BTERT 1) S B kv Hh e 4 %8 0 5 22
VE . TGF-B 4 & B2 T 4 b3 AR 498 A
T 4 G 32 45 ST s IR DG B DR 25, RS S 11 iR
T 2 B v] A 5 s i) 42 1) 2. Vanpouille-Box %5 B
RI, MPLTGF-B 5 BUTE &R, U7 nIE AR
fIP% 1 . Favaudon 5 " R IBLH MRS 5, TGF-
BN, TifE FLASH-RT 2 J&i% A & B HH0E -
AN, Venkatesulu 252 & B FLASH-RT (35 Gy/s)
ANBEARF /N B Co JUE A0 AT B S ) S A A,
BT R DR o 7 7R 2 AT RE AN Ak, 38 AT RE S o
TS A 1) T 40 /20 25 B9 1012 T 40 B EL A 24 /98k
EL2H 23 T 4t ff S i e 6 G . %5 T A I, FLASH-
RT Ji5 1) 5 B 2 75 521 FLASH 3408, 75 2233t — 20
TRt B,

33 EMEEHE

Montay-Gruel 55 " [0 FE R B, i i ) & %
AR 28 FRAE M (ROS) 7= A SRR 3k %
EH ALY . UL FLASH-RT 8 CONV-RT & &}
AR EE N 4% MK CBELAE 34 <5K 71, FLASH
R 5 A 7K V8 R B H,0, 3K B B IR BRI . Spitz
25 DI YN FLASH RN 5 H HSERBE I 7= 2E DL A IF
‘i 2H LR iR 2H 2 SR AR TR ) E 2R 2 1 [
HERA R A%, SEWHLSHHEE, &
A RE S (RIARES MEERE A,
IEH A5 g H 2 2 T8 AR A 2 5
T 1F & 20 23 rp p 3 S8 A B s B 7= A= A HL AL I 4
AP AT E E RIS R R SR AR TR, DR 6t OE 4
LAGRY1EM .

4 B

iR 3—=]

25 FRrik, R FLASH-RT B A M i A
k77, H AT A B AT 3 FF FLASH-RT Iifi IR
N, AHIEAFAE—2e ] @an: (1) FLASH#F5T 5
DA 3R AR s — s A gk AT, [RII A 1 P Ak
HEA I CALFE R T AT gD, i —
01 8 FLASH 2807 X 5 26 1T 7 1807 H A e v
HuaTEE M () JFAkE A H &SN Y FLASH-
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SRR 55 FLASHBUT S AR R A R4

RTHIAR, BEA XHESN FLASH £ AR TGE H A H
N TGP, (HiE S35 %% (3) HAlFLASH
ROSLIT AP =L AR 2RI, G0 # R U
Fo B, 1 B FLASH 2505 78 22 HL 1) BE % 7
Bl 5 FLASH-RT %2 &=l S R 4 /EH . Ix &
e R ) o ot N R AT 2R G EL

&2, FLASH-RT A 2 BN BUR R B S B
YEH, FERIREE BRI TR E. (HETHHEAR
18 2V 597 A E M, 3 — D IRAIR T I
AEIPL R G R T2 N IR RT3

R P

1 BB FE BT A0 R RO 4k R RS K & T VR[], HE A

W S5 T 254K, 2013, 31(4): 1-6.
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