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HERY BHWZEEZREESOER, YRERRE, EEENRTERFREH
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Fi, X HLEBEHREUMNETRERRSHERFAT A EZNMA. HTRE
GOES-M SXI #f5hizf7, NOAA By EELLE A MHERFAISHETR DR EREL
SXI. T ZER AL, X FREOREBEARE —KBRARENEL. AR
T X SHERERBHERFE, HENRTERRINZTRE X SRR E R G
X HERBERGFOEA R, BRI RRS .

2 WAG X HERBEEIH AR

1895 4 Roentgen XHL T X ML, X—HFHAIASI A TYEEFHREXNE. &
XZJE, MEAEARS. FIRSESmrAx X SaRE, BYRERD. REET X
SHERBBOL FHRERRS, EFRAME LRI REEET 1 Jlt, mEA—INTR
AREMFEGRRE X HEL, ETHREE DM AVILRIIRER (> 10m) FEEHE K&
W OLTH3ReK). R, R -RELEREEX X GBI R, REAREIERD. X
BEREE G ETHERER T X STERATRERE.

1923 4 Compton HIESX X FEAERAG K ERUT AT AN ERHFRR.
YIEEFATAABNREX AR IRM T H i m s HE X SR RBtF ot M et
{BARRBE A PLXF fh I B AE SR A B AEE ™ E R, TIRIREE A RS T2k ABEIR A
AR, REmESH AR TR REs €. EHt, HEXANRANRSE REREX
ARAEFA L LT AL ARG E. & X SRR R T R A R Wolter
Foe U, i 1 PoR. CERARY/ S ARS, B, EIX X HRNREA
AR, Wolter R&EA 3 FRR (LA 1), 2+ HIFIH ¥ it P9 Sh i B9 285 SRS X G4
REE, K 2 HE Wolter T & ¥ 5 HKAAEUN, B IZER—HRAR L3E1T
WY R SE T, WAL T AR AR

W E

~ - s ! s - y
BatHE ) TR
(a) Wolter 1 (b) Wolter I (c) Wolter Il

B 1 Wolter BTG L IR E
Fig.1 The schematic diagram of Wolter telescope
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AR 7.

1963 £, NASA ffj Goddard K474 Lindsay® FFES KEHKEB T AHKE—
% X SRR, BT AUeMERERNREXKE R 2R KA.

1973 £ 5 A 14 H, RELWZ Skylab KH T, 7 Skylab ERIETHE X HHLHE
Mg $-054 1 S-056, EAIRBRENAETERMAZITH X FE s Hnss.

"Skylab | X SRS TAEBKR 6—49 A, i 6 M S8 H RN E S BN, 28
EHEMEGE R R IERTX, B Skylab kB FHRCRHE A B #1740 2.
fEME 9 MAMFWHRA, HIKET 35000 XK AKHEHERE, BUETIFEERNH
FRM, WRETER., XFHEZAFRKAFENRR. HRATERN 27 RAHRE.

S-054 #1 S-056 BB Skylab WRIHZETT, 1% X HEBEBEHNHRBE—1NE
RS B, ERNUNEREEET MR, KXRHETREDEHRHL
B,

ATHREEZHEAMENGR, FEREYESFIE X SRR NHB LB F
HRE, XX, BABTFEHFREY X SHELUNES, HEGFERENNNTE
RKEAZR. BEELNSFHBARFENE, FOFHNEmETE AL RS mifE
T AR DERNRE, HERENFREE T —HKKE.

3.1 Einstein I:R35

% E /) Einstein WM 5T 1978 £ 11 A K S FiTHPE, =175 1981 4£.  Einstein
M5 X S EmE kA Wolter 1 B, 85H 4 BikE, BANMYEER 58cm, §
MY E A AR Slem K, HESKE 345cm, REEE SIE N 2 REPEEE
FANMARKENERE, TLUE T BEGASBERNT - MHEARER. REENEH—4
B F A (HRI) fI— M EBERNE RS R, B2 HETARD 37 i
Ah, BFH—NES M-S HRI 4, AEEERAEATNIINTERZET -/ ELTH%
#%.  Einstein WI%5 o7 LAZE I m 48 45 R ERM T W),  Einstein WL 35 76 $1380 18] LT W
BT HUTF R A B
3.2 Salyut 7 RT-4M SiT{E

B JRERA Salyut 7 PUEBHEER T R5 X HERCWMLEE.  RT-4M LR —ME
ASHEnE, AHEEFPELBE - MRS SAE LS. EngR Wolter
BRBRERIT, BAAHERA 24cm, BRNEEKE 48cm, BHEKE 66cm. JMFERE
KRS Au, WETE KRS EESE Ni, MDA 44—100 A, BIHAN 0.75° x 3°.
HRF NS A4 1% 3 M RITBEE, 450 N T AR
3.3 SMM I8

SMM BET 1980 /£ 2 A 14 H &R GH# KRS HE, PESE 574km, HifH 28.5°,
B HURE 90 min, A1 30 min 4bFHBERBA .

SMM T E FERHFTRHATESINR, LHEX BB, XHPEF - EERUE
X S Ris, MBEEEFS 30keV, {USHZEALZHILE 2. {244 7500 mm,
SR 8" (0.1—10keV), B 1475em? (1.5keV), EEH K 58 2, &H K/ 600 mm,
BLHEEIFE S 1 mm, SMETH 2 700 mm, HNEE HZ 300mm, F& 425ke.
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PR S TR X Sehiigis(s
Fig.2 'The hard X-ray imaging specirosecpr aboard the SMM atollice

3.4 Exosat Ig#iL

B i) Exosat TR F 1983 /F 5 A48, PUBR A MR ME, AT 200000km, ¥
AT AT TSR, SEYT LT S0h FUE A RS ST ERERENE RS
Bog, SAEPIME RTINS HRNRA S E L.

i S B — T B Wolter [ IS, A DB 25om, &L 1090m. #
PE R ET 200, KA SO A ERENESEL&TEHENRNE, a8
MR FSRELEN. ERNROETWE— e, H DEENETREs,
BN ENE StREARES EMSE, BT H R &— 1
3.5 Rosat 1§

EEN X MR U Rosat BET 1987 L0 T LR ST, SUERIEMHA MIEH
i DEN&HRAH X SR T ARt (WEC). X S8 s R &
e dr 6—100 A, WEC RImBINUE K& 60— 300 &, PR ORE X P @ a et
HAFTEHEN SR ENT R L EE R RS R

X FTERILE R Wolter | LT (W 3), 6 4 BRRE, ARTETE 88 on, BAHLE
240 cm. 4R COANR BT MR AU Y S00m. FUREE A Zeroduwr %, RIS A
MR 5" - PuliE RERE 3 T EAERRENE BT HREERREEL F

Thermat plumllamx oF

.l Surgn,nr Woltey Lypesmirnor SYSIEM  Faeql plne

Telescape |.1|::l|.ll Otical bench assembly
| i i

Star seriser

3 ROSAT IE X S5
Fig.3 The X-rav imaging teleacope on board the Aosat

PSPC
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AFANRHAE R BE I ES— R 2B E A (5 Einstein Y% _ERHRE).

WFC E—1~ 3 #E#) Wolter-Scharschild I B, ASHYE 58cm, SPEEHKE
20cm, RAEKM 53cm. HymS¥ V. BE Al L4 Av REATPEREREFRAHRAK
XUV SURHNIEE, £AHENUBOITRAEGTAEIER, ETLRYE 3 M REMBEE.
3.6 EUV Explorer

£ E ) Explorer TEIFRIGHE—MREIKLERHIAK (EUVE). DEEHR 4 M
AStEmg, 3AMEEBEEET LR BEMEZE, B TEEREIHEZEWR. 5—
WM S TR ERER—3, #HITEBEGUN. HIWEE4 Wolter-Schwarzschild I &)
it EIEEMASTER 40cm, BAEKA 50om, BEHKE 28cm, 4HK U, B¥lHMH 5°,
itz 100—1000 A.

3.7 X BT HRInE

1999 4£ 8 § 7 B, XENFR X HEREmEPEATUE KT AN 10000km, 7%
Mk 140000km EIE. X FTERBEGIRED 15.5 /2% 5T, AR B PRSI N
(ACIS) , B4 ¥l 0B ST OMAREEE S el (. ERSENBI LEAE AR
THRTRER X SEEs K, BRSHERBRMER S & EXER, BEAHNE
BTN, HEBENFE, FRERPHEYR, WHETHFEE, RREAHENEH
BRIERIL. EmBH 4 SKER Wolter | B4R, FHER L.2m, BAEKE 10m, B
K 13m, B2 4.5m, HE45rHE 0.5", WEEE Y 0.1—10keV, HAST M4 0.45°—0.85°,
SHIZA R 1°.

RIXFRCAREH R X HLEZEHRERR. TR X HEEEHNE R
FEF, AEERHMER X FRAENBIARE. ZAREHES 4+ BRANIE, T
EEAMELERE. DERBHEZTIEN TR, S LEYRETR G, IEENERE
BEELIAT T R A M E RN E. ZRENWERPYN 3m?, RFEH X &S
WS 10 £, XM, WHERUEFEE RS T M X HEEst
FEHATHR, BBTREZEXTRRE, HEMEROER, LEYEEFESH PRBEHRT LR
£ 2 ¥R

4 KK X 52 g

20 t4g 70, 80 4R, AT EHBABRAERBTHER, SRRV ERHEANT
—MER. BE, EERHSEMBROESFELEHRX, AMIFKRNTFLZIE KA
REAEAKE, —EARERSBENOMERE, NAHNERHR -EXFFHHET, thigl
THEHNYERN, XA LEIER, MXaEIEELHRONMBEKEIE. B
5h, ARZRESSEMBEA, TEERRERERE, XSRS KEESIFETIBR.
FREAR I FRR, (REAFHMMBRAE 20 tHad 90 FERBRIEANGE.

4.1 Yohkoh DB X & iRsE

1991 46 8 [ 30 H, Yohkoh PR Pl k828, XBIE TR TXAMBTEN L

B, He, —SEENABEHRARER X HEREEEE (SXT), BERH Lockheed
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Palo Alto BF5L . HABRRKXE, SEELAARERE. FHEEKRYE. ARMENE
BRI K FFEBRA¥EEL K BN I FFFHITT R K.

SXT R— M RASNMBEERE, FTEHIH4-HR X HEERHE ENEH
KB LRSS B EFRAMHEN X M IREAEUN, e AgTaeiiil. Eix
AR, WRGHTE B ER, BN AMRRMEEASHES, HEEER.
AT LAY 30 ket AR 2R B i AL R

X BRGNS Y /&, SmBRKE 45cm. GEREENEE
T B R AR A IR AK R 319 Zerodur BETERE, RATEEIMA Au L4¥ Cr, BN 420A.

SXT A#/MNEIES, 5 MEA L TETRE L, ATFERERY, MnMEEeshE
MEEEAEBEEREEMRIE.  8.05% BHAFHHMNA FIL®EE £, TUE5ER
EWEA—A B AT E TR, AR REhATE .

ENERER-ESEAY¥ERE, BFEHR S0mm, REKE 1538 mm, FEILR
KFHBF. BXEBE, CCD HiZIEFRM CCD BRA. AT AKX /NRE X SHEEBEK
MHEE. ZHEBEIKAR—BE L, ERNEEELI SRR, BiEERu%M X &
£ HEBE M ESRFIA.

SXT i CCD #HHl 2 1024 x 1024 §§ VPCCD, %% 18.3 um, H Texas ({23 AT &[]
Bl ZEFEITR CCD B #1F) —18°C. TEiXEE T FHRBRERAE 9 BT /6% - ¥
SXT ZEHEfTHIR], L CCD Mk BFiitek. WAWH T, KB X HLKEFNER,
AR, XA BRI R IZ AR R B RS TEERERKIRESY, &
ARG B ASE 1s, BT DA BE BB 7 TR ARG B IR 3—5 BRI ;, PSR H ™
EHREM. AR, X HEE CCD BHMELEZABE, MMTRENKER, FEEH
HENETHR. CLEENEE CCD wLIZE Si-Si0; WAL= ERF, B LI FIH
BIZ5C, FRExHRGBEATIB k. SXT MR L&A MMM AEEERE, BWHER
3300—4700 A Ye4E 4~ CCD.

HAFE SXT AHULIhE AT 10 F, BB TEARSRI), KAE#ETAERTIK
FH BN IR PR B AR R B IR I KRB,

4.2 GOES-M MK X SRR

ATHEEESRRSFMATE, NOAA ®E#H GOES BEKJ (GOES-M) E
BB AR X FAERGR (SXDM, 3RS HITE LRGN,  SXI ERETER
LU TR (1) BB HHABERTENME, MR ERRN SN K AN EIF
FEMIT I RAE  (2) fe A% P BAFME, RHRFESIXMERKE S, (3) BN
HE2MFEMS  (4) B WAE B BREATHE SN X B R

SXI i ASTHIBE ., 12 ArEMEAIREMEE CCD HNKERATA R (LHE
4). SXI R~} 76.4cm x23.0cm, BF¥ IO MEmEHI L ERNY 32kg, 15.7kg WEE
REGEHEN. BN 42W, LR 100kbps, Bl —KEBEZIMRTE 32s.

SXI R 51551 2 B34 m A X i E 41 RL (Wolter T B, BN 580 ERAE IR Ze-
rodur B HEIE T, FFHEE 8.0cm, MmBHEAE 4.75 cm, T FH A FEKEE
B 65.0 cm, EETRIAE Ni, HimgE JLATEH 7.3 cm?.

ST T 0 SRR R RO T, BT BAZE 50° RIRETER N, defrfE AN
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BA 0.002cm FITEEN.
Shutier g, - Radiator
: Baffing 1
Melering tube & ol fller whesls
20 electmnics

Mimor e
e

B4 5al BASWHTER

Fiz 4 Tha schematic diagram of the SXI

SXI e R R —Fg AR OCD, HMEEE MCP, 2B 8Ff1ar Lt
CCD {512 512) #im,. MCP 3 X HEsEHan T, K0 MCP s SR FRsiMmEN
F A F o, BENXERERE CCD MMEHERE. CCD 2 Thomson THTSI5A
(Hy &, 512 =512 $FEEH, il EVHE e elr-4 150 B/ % F, EfsTRMAE,
ScRRoE A E A LUAE] 3000 B iEntEf MODP B &k e) LU 30R i  m E) s 4

SXI REEFRBULZRESERS - SARSBERNE, HE NOAA 2R R
FIREERFS 58 SARRHNAMAZEMNY, F 1000412 )] 15 B
ht, FFFEZHNENMRZE, EXBAET, TS T HEFOMMME.

4.3 Solar-B DE XM X SHEMA KRBT

Solar-B T & (1 R4k Solar-A (HL#AERRZ X Yohkoh TE) ¥ /5, EAEHRIPHFHIS—
B HREUNTE, FTERAFREAMHA RHORERNUBE. ZEDEHERAEFER,
TESNMERRA, £EMER, ZHTERT 2004 ££5.

Solar-B BE FHHK X HEREBIE (XRT) K1F SXT/Yohkoh, it {X 8815 H
FIBREWMNEERUTARBERNRER: BFERTH 246" #£EF 1”7; CCD HLIRTH
1K x 1K ##&%] 2K x 2K, BT EEmpLIsh, SREmRN 0.5—2MK KEEHEE. 8
R—MEREW, B 2719mm, LER 418mm, B ER 330mm, EEH%E CFRP,
HREE 1.omm. SEE 30.0kg, HPEMSNFAEH 119ks. BEUBEEER 3 oA
e X SR Eme. AXEREE CCD BB AReE. .

ATETHNAR X HEAREREOHREHITERA LR, £1PFIHT -
BT AR

5 EAILK

RE X HERGARMERABIERETH, 20 HE 70 F£4, PEMZRKENLN
HREMBERER LRI ERFATFROEAR X BBREREE, ZIETNEEER
X—5ILEL, BRATIEFEAERREEHNRIGERLERT PEEL. 20 #4290
FR, FHAFY-2 DEMEBNES, RIHBHHTRMHE X HERBENE, £5 23 XER
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RS BB BUMR T HOBXIF OB 55 5.

F1 KM X FERRGDEROBAEFILE

Table 1 Comparison of the solar X-ray imaging telescopes

Skylab AS & E Yohkoh/SXT GOES/SXI Solar-B/XRT
% o l=Fx] 1973-05-14 1991-08-30 1999-12-15 2004
i LEO LEO HuER[F) 7 LEO
ThiE /W 7—12 + heaters 42 20
B /kg 23.7 22.7 30
£JE /m L7 0.76 2.72
% /m 0.23(&F) 0.30 ~0.20 (0.16 &F) 0.418
HEEH Wolter 1 $y/3Uh Xl /X Wolter I #¥1/30il Wolter I $i¥/3%
ARE /m 2.13 1.54 0.657 2.7
BABHER /mm? 78 50
Bz BA X gk CCD #E™ CCD CCD
WAE /A 2—60 3—60 6—60 2—60
B ER 6 FitdE A 5 #t sk A 9 Fdkh 5 A
uEm /() 438 42 x 42 42 x 42 30
aE /(") 1 2.5 5 (19 pm) 1
B e it ) 15.6 ms—265s 0.077 ms—242s 1ms—65s 2ms—10s
RIS /s 2.5 60 2

PFEEBREXM TSR SKENR, RZEFMAEZRAENBRESE, BRFEATEFRE
BRAXTEEE, BRdEA 8 ERSERABREIERA RS, &0 3704 w5
4, NHERBDEERSTWIHE-KH ARG EREEE. FH KR X HRRREE N
HIRE 2 HE KR, PP ERERZERESNARR SO EABRAE X 5H2RL
e (SXIT) IEAE R KSEAT, BitT 2005 FERm TAEMREAN. Z S ERE
FY-4 58 PE L. FY-4 DEMFPHIRESHE, tHEn, 3 HiaE, ErbakRE,
SR YRR HES), RSN RBRGESE.  SXIT B FREFRERRXSH
B, BIVEREAFMIREEREAFERLEENEAR.

SXIT ENERB RS HANEZFEMEASERE FASELREREEREAS
BP0, REASIEH—1 CCD. g E &R T ¢ 240mm x 800mm, HEZ) 35kg,
IHEE 4OW. EASTAIIE A ST RSN AEA 45, BE 1.5 M RA¥RE. IEAS JLATRE
TR 8.8 cm?, A LA 7.1 cm?. IS TAEBAKTE 4—1004, FX 4 7 MR R
B, B 6 ARk 4—60A, 4—52A, 4388, 4—22A, 4—18A, 4—14A F
ANEF THEZE 195 AR 84k EL.  CCOD [&%1 544 x 544, {§ FE R~ 16 um x 16 pm, B HE ST
] 533 5.

SXIT fF E R B AR IK TS 3hR & K58 kM6 B L RIS KR PSR (I
HX, B, #B. CME %) XHEBHIEE, SBEHRSFSERSHEAMR. SXIT B
HATEE LIRS FEERSARPR R ORRGEME. BV BT R X 4R
SRR R, BN T AR RR LR K BUR, G0 UL 2 KPR RSB IR R B
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EHEERS.
6 &k

X HEEBR#ITREFRO—IEELR, MENTERNRBUNBEAAARS
WA R, AXHEHT X HERERNA, EXHEEFERRNGTRETEENEA, #
BT ABKEFARENIR. 25 10R E RS EFR T HOBTRATTR, R
Ha Rt U S E R ALA B S R TR

RS, MARMEZTRENSREHHNEE, SOERRE, HARAMENE
1, SRR, EFRAKHYERRXZRRIFHRLATOOMMALE. KE X 5
BRENA T AR BEHLENREEAR, HYTARRSRNEZFEOH. TiH
XFPU R R R RS EE, YUREW R RSN E, BiTEARE THEX Y
BEEAZE. ETEZHEPTR, KB X HLRREZFEEARERERI, B8
BrEIRL), B ERENZEAXIHRKFRED —MFORE, A TINRERENS
R E AR BB R, 43 ERRIF R KR RSO T2 38 5 e R A, B LABH
KPR X SRS R G R L HE.
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THE DEVELOPMENT AND STATUS OF SPACE
X-RAY IMAGING TELESCOPE

LI Baoquan!? ZHU Guangwu! LIN Huaan' WANG Shijin! PENG lJilong!

Y(Center for Space Science and Applied Research, The Chinese Academy of Sciences, Beijing 100080)
2( Graduate School, The Chinese Academy of Sciences)

Abstract

With the development of space technique, the space systems are becoming more
and more complicated, but they are more and more susceptible to space weather.
Consequently, space weather forecast is being widely researched in the world. The
great impacts on the normal life of human made by space weather are presented in
this paper. The importance about solar X-ray imaging in space weather forecast is
expatiated on. The fundamental principle, the principal design and the instrument
characteristics of celestial and solar X-ray grazing imager operating successfully
in space are introduced. The principal technical indices of solar X-ray imaging
telescope (SXIT) which is being developed in China are presented. The SXIT
integrates the gracing incident telescope and the normal incident telescope and
operates in the 0.4—10nm X-ray band interval and the 19.5 nm EUV band. It can
provide the high resolution solar disk imaging for its 45 arcmin field of view and 5
arcsec spatial resolutions. The SXIT is the newest solar storm monitor at present.
The SXIT extends the temperature response to the coronal plasma and enhances
the sensitivity to the coronal plasma with lower temperature, so more signatures
and precursors of the solar eruption can be observed by the SXIT. The SXIT is
dedicated to domestic space weather forecast. It will firstly fly on the FY-4 serial
meteorological satellites that operates on a geostationary orbit, so real-time data
for space weather forecast can be obtained 24 hours per day. The SXIT will greatly
enhance the ability of the domestic space weather forecast and the research of solar
physics if it operates successfully on orbit.

Key words Space weather forecast, X-ray imaging telescope, Solar activity
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