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Abstract; The aperture and structural configuration extremely determine the technical difficulty and economic
cost of a spaceborne telescope. In order to realize higher spatial resolution and capacity of acquisition of infor-
mation, the aperture of primary mirror of space telescope abroad is getting larger and larger. From the 2.4 m
aperture of the Hubble Space Telescope (HST) , to the 4 m aperture of the New World Observer(NWO) , u

until to the 8-m aperture of the Advanced Technology Large Aperture Space Telescope (ATLAST) , all without
exception embodies pursuing the high capacity of ultra-large aperture observation. Monolithic primary mirror is
becoming the first choice of ultra-large aperture space telescope by right of its technical reliability and econom-
ical efficiency. Through analysis and discussion on developing ultra-large aperture space telescopes abroad,
the key techniques and trend of development of ultra-large aperture primary mirror are investigated. Then we

proposed the assumption to build a 3. 5 m aperture space telescope with a monolithic primary mirror based on
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the state-of-art capacity of lunching and optical fabrication in China.

Key words: space telescope ; primary mirror;ultra large aperture ;monolithic ;mirror support
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Fig. 1  Monolithic primary mirror of HST
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Fig.2 1.5 m diameter aspheric mirror fabricated and

tested as a subscale experimental model of the

PM for the HST
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Fig.4  Schematic diagram of one axial support for the

HST PM

BREC S MR R S B Sy e, IR a2
iy B 5 e B T TR A R TR 11 B = Ak Al
li S

RGN G R E T 24 A2 Zhan ik
HES2E DR A ZE B B HST /Y =4 B 45 i
FEAR BT E A AUR N T EEASUG
FEe i TE ROV A R R AR 8L
X — A IR

HST () 23 SR D B2 72 40 i B T 32 s S 4
Xof 25 [ B 370 5 S B e O AR ) G BEAEFH , HEER
ek 3 B 0 AL s S TR
it ST BB A AR B %
3.2 SOFIA 2.7 m ORFE KR5S

[ 21426 K SC 5 (SOFIA) S i NASA |
T8 [ 23 K28 ol ( DLR ) FR 2 K 238 B 58 h 23
(URSA) & [F] A4 B 21 A0 2k R 302 L) 28 37 45 131
H'™ . SOFIA I 4B Hide KR A KR
Z LR AT, BRAE 7T 43 WL DU 31 T () £L A
BHFE B HAEE 17 I 2 [ I R 32 A 3 K38 5 ol
JEAR BG4 5 ) TR A B A A 72 b S 3
FVE AW AE 4k, &l 5 s, SOFIA [
2.7 m HARF R G5 5 E SAGEM /A F] 1 57 1%
ST, Bl —H Zerodur % BK G A 3%
BRSPS S A A AL B, B
WAL R IK 80% , AR B B — B A 2R R ik
240 Hz, TG0 32 L PEE5H 5 158 R H iR 4F 4 1
SRR} TR TR PR A B AR & i 1,
WE 6 froR, T4 S0 T = 4b Bipod 714 A0

HHR 18 A5 Y Whiffletree 37 # 14: [R] 55 3 5 7% Sy —

K5 SOFTA HUFTIFAR T TibAT ©AT 0L
Fig.5 SOFIA during its first open door flight

(a) 5%

(a) Primary mirror

(b) B

(b) Back view of primary mirror

K6 SOFIA 5558 5 HH M 1
Fig.6  Primary mirror of SOFIA & back view

. . ﬁ Tertiary mirror pedestal
Primary mirror = — With second load path

A-frame

K7 SOFIA EHEHFFERKER]
Fig.7 SOFIA primary mirror mount assembly



536 Hr DG

%

i, Gt etk Bt i) BB (PMA) B Sl
2 000 kg, —Fr B R A3k 70 Hz, B 7 Fimhy
SOFIA FHSAL R KERLIE 2 B e 55
BRI AL A R B OR R T 8 1 LRI, 9 %o 4%
HEAT T ARG 0932 302 29 3, B2l 1 v 2 T 00 Bt
P 75K
3.3 HERSCHEL 3.5 m AR £ K518

Wi 23 T Jy ( ESA ) 3 1Y) bk /R 25 ] 5K SC
£12) (Herschel Space Observatory ) 7 2009 4F- i i
IR ST 898 5 K A S s (LI 8 ), ik A B 5
BR1.5x10° km 1Y 12 FIAS B H 5, 2013 424 J,
BRI A% H R FER, 45 1k 20 SR T4k,
Herschel B4 3 7&K 62 7 ASTRIUM 38 15 X 45 #4) %
F4 SiC ERE > ol b 2R e 5 R pIL &k ) i
H1 500 kel % 315 kg, miH el 5 A
3.5 m HAERSE, FER 6 i 12 e sic
FBE PRI Y, Wi 9 FroR, Horp 345 )
3 T B HA ML EE 4300 [R] 3 Ab Bipod S 4%

I8 4 SiC bR & 1) HERSCHEL %% [A] 2141
EESune)
Fig. 8 HERSCHEL all-in-SiC infrared space telescope

M2 and barrel Hexapod

N\
M1 baftle
\\ :
- e~
12 brazed
ﬁ ; segments
3 IUF fittings

and bipods ~ M93 crvo invar

9 Herschel B S5 14549 1#]
Fig.9  Schematic diagram of HERSCHEL PMA structure

ZER I BT A4S WIR 10 Fr7n . Herschel 3
B REAAE G K&/ N,

i T EOE R E B = R R R AL TE R
AN AL TR AT 3 25/ N3, LA SRR BN L

510  Herschel T FF ALK A
Fig. 10 Detailed view of the rear face of HERSCHEL

primary mirror including an interface

3.4 NWO4 m AOREREE

R T R R F AR 2 F] (Ball) 384+ NASA
)N —CR AT BRI EH NWO (WK 11) %
oA 2 5 TN ] ( Lockheed Martin ) 5 — 1 T2 47
Br & Rl T 1 AR SRR 2, AR GE A H
BBk R £R ( Borosilicate ) Y27 B ES £ AR il i 4 m
AR et 35T, 06 5 e 32 58 1 25 ] e 49 8
RHFHEA 500 kg =T HIBLIE , TR R IS HLAT
B A

. WFC system
Amfi2
mf1. demaonstrated
and fielded

simplicity by flying a downsazed,
light-weighted version of a UASO

nnnnnnn

Wide FOV
simultaneous
MWIR and visible

BI1E SERZARREA A 4 m HEE NOW
Fig. 11 Overview of the 4 m monolithic mirror and
NOW space telescope structure proposed by

University of Arizona

AR KA 7 A BRI 7 H AT ELA 19

K EELV K18 #0877 -5 #ofr i 4 4% R



%4

ZERHT 55035 m HARAS (A B By R X R iR i 22 537

T4 m D4R A B 3 32 45 2 ) SR 8 % %
T M A AT AT, AR A S B e
FARG YA FEEH AT, HIRE NN
PR ARAE 23 A BRI 0 F bt TR 4, A
B 5 T ) SR 2 7 W P e 3 6 o) 4 e T
G L K 1 A S DA B AR 0 2 I i
HHC & EA ML, 7E6 nm RMS ()& HiE
FEEEBLRR, WA 0 2 42 R A AT B Y
A R R D2 B 3 o 45 55 I TR il i 75 3Rk
HH AR LSS 4 m AR A 3 R S,
FHIABURTZ U B S A BUE = s 3 2e 3
FERHR T 5 IR 580 IR E R ER G~ 3
TR I ZR B, 0 3 A R A AL e A R
RSN R B ) 3= S S v A5 DA T S BLAE
T AN 12 FR, Bt e R B S FEHTARAT
AR 9 A 2 TR B R I A T R A

The University of Arizona applies 25 years of technology
development to flight-quality a structured monolith

Efficient 4 m Monolithic Space Mirror

Light-weighted to ~2600 Ibs(1.18 mT)
5 x lower areal density than Magellan

Controlled heated
/- surface - noulator

6.5 m telescope y
E8 CTE is used to maintain [E——
primary figure .
Radiative make-up heat corrects S (.
primary shape with no mechani
_ Controlled
heated surface

P12 SRR R A S5 5 R A i AR S A
Fig. 12 Perspectives of the lightweight mirror and ther-
mal radiator placed into each cell for control-

ling mirror shape

WEVRZE , 7E 40 S 11 2% 1D 48 6 A0 WA R 2 I AR
WA, S SE A RS S SR B 4 ) 55 15, FH T
FEHER B, 2 A B T R &
T HUI F /9 6.5 m 42 LOTIS [ #E &AL, fn
K13 frs
3.5 ATLAST 8 m AR ER5HE

1E Ares V iz K& H LS , NASA {H
LR ZERIFHFE 10 m A2 A9 28 A7 i P9 A48 IR SH I
HA 8 m FA s R S5 14 4 [R) BRI 5 i B ik
AH—H 12 FiA% B3 H A, g 14 fros>,
ATLAST 5 H (& A=, i F e 3%
S B 5 AR B B L R RE 1 SR
BeHTEHIRE ST, 5 0 PP RO R H R 7 5
FHEL R 8 m F AR A 32 S S5 4 R K0y
5 BRHA GHOR GRS . 78 O 2 1 n b T B 5
H 8 m AR A e s S B A i A e R+

Hubble

8 m Telescope

P14 8 m AR e 3 3 B s ] B 3 [] HST A9
L
8 m aperture monolithic PM telescope com-

pared with HST

Fig. 14

K13 AR sha il R e nT B kg h E AR
FHEmE
Fig. 13 Non-moving supplementary wavefront systems

measure alignment and mirror figure changes

(b) IBf PR
(a) Launch configuration (b) Operational configuration

(a) LGRS

F 15 8 m OfRzs Al B meEs 1 Bc & 5 %

Fig. 15 Configuration of 8 m aperture telescope



538 DA

N

I3 B PRI PR b RO B A T TR RS BE RMS
HEREWIAF] 8 nm, I FLIF] JWST HREE Y 7T J& FF
I HR PR AR M s AR X 8 m
Fe oo T B A 66 A5 il 1) St 5 45 # 1E A7 3
F1ZE5HT  IRIX FhRE TR A% 7K 57 K S B 1 R
ST, HETC IR PR S e 15 fr
JNo TE ATLAST (9 3 Fh O R v i %
AR A B i) B X 3 T S 23 T e 2 T A
KR

4 BRKOZIRGHEENFERR

4.1 FEEBEESHRFMIHAR

R R T A2 e 2 S A 1 A o 8 I A
AR T B HA AL A3 FUE 1 6 2% b L e
S5 AR RS, AT RETT AR I R A A
5[5 2 [A] B2 3 5% v 3l K T JH Y Corning ULE #4
B, Schott A () Zerodur 135 BE S A4 R0 T
F| AR K2~ 19 Borosilicate # R EA il £ 8 m LA
EEERIEE T, Hirp Corning 28 A LHEAAXT 8 m L)
RSN T EE S, EE L3 AR
Brashear #3[] .15 [E Sagem /A 7] #) REOSC #1715
W SEARAK A ELAE ST 8 m 1 AR B 7 S i 00 47
DG S AN B BE 7, YA N S A AR DG 28
59 . Gemini A ] B2 HATH F M —IC —)8.4 m
FAR A RSB B RS n T,
T EAERIER I AL T D62t Darr g
SRR BA AR R AR5
4.2 WESEHEFENEAR

e DT 627 SR B (4 0 L5 S e A B A
MEA I ARIE, 4 m DL AR I sl i 5%,
F B S5 g B 2 B B 2 42 1 Sy T s B Sz S5
CASE= U WAKS AR SN N (2 WA RE &)
BE ARG TN 6 S AN P, T B4 K
WG, SN AG I 373 e B el SR Bt i 1 1
2R ELSR ] I i A A 1 At S E0RG T AS
S PR FRIE | 7T A8 75 2 ] S AR A 25 A 28
i RIH R SR sh s
4.3 EHEFXZRKAR

B 2 () 32 S SR 11 A B AN W 48 K, L7

AT T 54000 2o 8 b %) ) 8 T A ke e A
il R T SRR A S, AR AR O R S
PRI TR AR, 13X SRR T B AR B 4 %5 W12
UNaT A B S B AR N T A T TR B & B A B
TAESG B TETEAE B, S X T4 s A — Kk
fif . HST FEHLIATIN T-BF IR FH Y 134 5 122 S o
XA R AR R A S RS T SR T
X B AT GRS F R SR TGN TR 2R )
RSB, 7E 2.4 m DARMEGH ESEH T
6.4 nm RMS WIHTEHRGEE . 78 SNAP YITHITEL,
TR o S PSS A S SRR T T 2
A, Jext R B AR R T I B S i T
SEER R PR T RAT SO e R S R 1
12 BRI TSR B S 2SR e
4.4 XITXESEFBESRA

FE S B B b T o TR B, B R SR BT
ff PR e ead WAT PR Bk B &
S TR RN R AR EEAE S RO
BTG BE XS 2 & AR AL, T & S A 4
F12E R S I 0 S R = S A 4t R i
T HE SRR, fE HST 4 m 48 NWO DL
8 mIIf% ATLAST Wy # it b AR EL T 7E8h 3
SIEEEHR T8 1E 55 5 1 BEHOR & S ik
YIFTE N GERARIE . 7E 4 m HA2 NWO %5 [H] 2
LB R T AR IS R R SRR = s
Bl LIS 22 S B S8 DURIE = 0 S
FVGAR IS5 R 5 B, 76 & 58 AU 5l B S AEHL
PR R S Hz Aokt 3 B 5455 1) I e 22 fi , DA AR IE
F R BAEEN TAER AR S e 4

5 33.5m 2RISR RKFTEMLA

H v 2 B K BRI SE B A AL 5 5
IBHECKHHV R RN EARA R 5.2 m, NELZSH
FRIREN 4.5 m, B ) R A] BEARA TR BUE . R
HKARAE 5 s HCK T SR SCR TR RS L H
R RATE  TTHA R 20 © PR s ) B B i
NLHBIERIBE ST . TORE 3R sk AT KA A B
(O RE TR B R Se K F | A58 K AR 25 ]
Ve B B i1 UE ALK -5 T S A S B8



%54 181 ZRRT 55035 m AR A B B e R B R R 539
=i, SR Iy AL B R SR B Ns Bl = i sl 0%

AENIN TR MRS C A=
(] 2 18 SRS il £ 0%, phar B E T R T
3.5 m HARFRDE sk X 32 5 9455 0 25 (] R i 55 2R
SRR TR, BT EREE R RO
FEEALK S Py B 5T (R AR B BE S B B AL
) FFEARPOCLEER T 4 m HEMTEH
B B2 5 B S i e SiC ARk s B Ak il 45 5
THARD A 4 m OARLLF B %O62E bt
BRI S 2RI A g s AE 0 poRL
B KBTI 4 EA 55 I ER 2] 2.2 2 %5 ]
L2 R o AL L A RSB ey ST
TEEG2E RG] R R ZEAS MR S5 4, [R) B H 2%
AL UG LA T SR B B, TR
AR B B 254, b T G 0055 T SR T 22 45
HIfar S P DAAUAE LR 5 1, 38 i 5 A S INE SR
FE 8l2E = S S IN 22 w5 50 Bl S 7% DAKE i B
ZE RIFERE T Dhiz 8l 2 = 05 308 RN A TE
BB BN AR eI F B, — B E5
R ABG TG R M 22 B R U B AR it

6 % RiE

SRR 2 me FAR AR 828 18] S A 10 i

SENW:

TP R TR, T 2 m DL B AR O
5%, AR LB E G FE R B L TF IR E A SE
FHB B L Z5 0 S50 R E 4%, i &, 2R
MGk rE K, BEE L EELV 1 Ares V 28 {03
()RR AIE 3 K B 1Y e, 2 R SR e R
SV BRI OV ST R 0 2 A IR, RO BE
VS5 B P8 KT SR A S X 2 () R B 4 AR R Ak
LR FIRAS B FEAR , 4R SE7E 2 m LA E AR D428
23 ] 3 S R T R O AR T A TR 32
Sl IR B B AR B 2 SUER B A [ S (R 2E 25 4
TREBAE BE, % RICEF T RS2 [8]
EIE B RO R R R, — B K
72 25 (1) B R 8 B AS 1) 138 A 7T B sy [ SRR
AP RG24, TWST 1 i B 1 A RS W7 338 in 7
PGA C 22 30 NASA HIs 1 200 H AR 058 1
Rl A ) R A AR K 11 A% 2 ] B A AR
Rl Bof WA 20U 1 AR R SR R AR 3 B 4
B AN 2 A he — B sf ) 2 [] B 5% 40U 1) £ Sl i
B, B BEEAEARFM, FRET3.5mH
e F e A A e e A B e A B
B0 ORI A 2 1] R F ' 2 0 0 451 35,
R — 5 2 b, IR AR R Hb AT Bl R S 40 S R i
K,

[1] STAHL H P. Optic needs for future space telescopes[J]. SPIE,2003,5180.1-5.

[2] STAHL H P. Development of lightweight mirror technology for the next generation space telescope[ J|. SPIE,2001,4451 .

14.

[3] EGERMAN R,MATTHEWS G,WYNN J. The current and future state-of-the-art glass optics for space-based astronomical

observatories| R]. US; ITT Corporation.

[4] KENDRICK S,STAHL H P. Large aperture space telescope mirror fabrication trades[ J]. SPIE,2008,7010:70102G.
[5] STAHL H P. JWST mirror technology development results[ J]. SPIE,2007 ,6671:667102.

[6] KENDRICK S. Monolithic versus segmented primary mirror concepts for space telescopes[ J]. SPIE,2009,7426.742600.
[7] NEIN M E,LAWRENCE J F. Monolithic vs. deployable primary mirror trade considerations for the next generation space

telescope[ R]. US:NASA ,2002.

[8] CASTEL D,SEIN E,LOPEZ S,et al.. The 3.2 m all SiC telescope for SPICA[J]. SPIE,2012,8450.84502P.
[9] KANEDA H,NAKAGAWA T,ENYA K,et al.. Optical testing activities for the SPICA telescope[ J]. SPIE,2010,7731 ;

77310V.

[10] BORUCKI W J,KOCH D G,LISSAUERA J,et al.. The kepler mission:a wide field of view photometer designed to deter-
mine the frequency of earth-size planets around solar-like stars[ J]. SPIE,2003,4854 .129-140.
[11] KOCH D,BORUCKI W,DUNHAM E. Overview and status of the Kepler Mission[ J]. SPIE,2004,5487 ;1491-1500.



540

D 97 %

[12]
[13]

[14]
[15]

[16]
[17]

[18]

[19]
[20]

[21]

[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]

[32]

[33]

[34]

[35]

[36]

LAMPTON M ,SHOLL M,KRIM M. SNAP telescope: an update[ J]. SPIE,2004,5166:113-123.

BESUNER R W,CHOW K P,KENDRICK S E. Selective reinforcement of a 2m-class lightweight mirror for horizontal
beam optical testing[ J]. SPIE,2008,7018:701816.

STAHL H P. JWST primary mirror technology development lessons learned[ J]. SPIE,2010,7796 :779604.

ALLEN L,ANGEL R,MANGUS J D, et al.. The hubble space telescope optical systems failure report| R]. US:NASA,
1990.

FEINBERG L D,GEITHNER P H. Applying HST lessons learned to JWST[J]. SPIE,2008,7010:70100N.

YODER J P R. Opto-Mechanical Systems Design[ M. 3rd ed. US:SPIE Press,2006.

BITTNER H,ERDMANN M,HABERLER P. SOFIA primary mirror assembly: structural properties and optical perform-
ance[ J]. SPIE 2003 ,4857 :266-273.

CASEY S C. The SOFIA program ; astronomers return to the stratosphere[ J]. SPIE 2006 ,6267 :62670Q.

KEAS P,BREWSTER R,GUERRA J. SOFIA Telescope modal survey test and test-model correlation[ J]. SPIE 2010,
7738 :77380K.

KAERCHER J, EISENTRAEGER P, S M. Mechanical principles of large mirror supports [ J]. SPIE, 2010, 7733
773320.

BOUGOIN M, LAVENAC J. From HERSCHEL to GAIA ,3-meter class SiC space optics| J]. SPIE 2011 ,8126:81260V.
TOULEMONT Y, PASSVOGEL T, PILLBRAT G. The 3,5m all SiC telescope for HERSCHEL[ J]. SPIE,2004 5487
1119-1128.

WEST S C,BAILEY S H,BAUMAN S. A space imaging concept based on a 4 m structured spun-cast borosilicate mono-
lithic primary mirror[ J]. SPIE,2010,7731:773110.

MARC P. Science with an 8-meter to 16-meter optical/UV space telescope[ J]. SPIE,2008,7010:701021.

STAHL H P. Design study of 8 meter monolithic mirror UV/optical space telescope[ J]. SPIE,2008,7010:701022.
WILLIAM R O,FEINBERG L D,PURVES L R. ATLAST-9.2 m:a large-aperture deployable space telescope[ J]. SPIE,
2010,7731:77312M.

ARGABRIGHT V,ARNOLD B, ARONSTEIN D. Advanced Technology Large-Aperture Space Telescope ( ATLAST) ;: a
technology roadmap for the next decade[ R]. US:NASA,2009.

HYDE T,POSTMAN M. Technology development project plan for the Advanced Technology Large Aperture Space Tele-
scope( ATLAST) , a roadmap for UVIOR Technology , 2010-2020[ R]. US:NASA,2009.

THORSTEN D,PETER H,RALF J. Status of Zerodur mirror blank production at Schott[ J]. SPIE,2005,5869 :586902.
HULL T,HARTMANN P,R CLARKSON A. Lightweight high-performance 1-4 meter class spaceborne mirrors ; emerging
technology for demanding spaceborne requirements[J]. SPIE,2010,7739 :77390C.

HULL T, WESTERHOFF T,PEPI ] W. Game-changing approaches to affordable advanced lightweight mirrors II :new ca-
ses analyzed for extreme ZERODUR lightweighting and relief from the classical polishing parameter constraint[ J]. SPIE
2012,8450:845050.

SCOTT S W,STAHL H P. Overview of mirror technology development for large lightweight space-based optical systems
[J]. SPIE,2001,4198:1-5.

RAT. 1.5 m 2 SiC PR RIBERGERNA T2 [J]. o5 4% T42,2013,21(12) :2989-2993.

ZHANG G. Gelcasting process of 1.5 m SiC ceramic green body[ J]. Opt. Precision Eng. ,2013,21(12) ;2989-2993.
(in Chinese)

R RIS ERAENL ] m DRI )], % % T42,2013,21(6) :1488-1495.

XU H,GUAN Y J. Structural design of 1 m diameter space mirror component of space camera[ J]. Opt. Precision Eng.
2013,21(6) :1488-1495. (in Chinese)

X E,E/L,F R RO B RS N[ )]. 5 #% T42,2013,21(12) :3169-3175.

LIU J,DONG D Y,XIN H W. Temperature adaptation of large aperture mirror assembly[ J]. Opt. Precision Eng. 2013,



554 ) ZERHT 55035 m HARAS (A B By R X R iR i 22 541

21(12) :3169-3175. (in Chinese)

EEE T

ik TH(1982—), W ILAR A BIBF
FE 51,2008 A F o E R E B K B LA
FHLA Wy PR 5T BT AR AT T2 7,
FRNF G2 A B 5 40 O T A

3%, E-mail. zhangleisong@ tom. com

FORFT(1986—) , 55 ALK Tt
BYBRBIESE 51,2009 4F T R R K
ARG F AT, 2014 4 F A E B2 B
KFC KRS Wy B FE B A 1
e, E NSRS ) A B S 4y
e 1 B9 A 5%, E-mail ; lizongx @ 126.

com

1L bR(1986—) , T3 ZREF N, 1,
2009 4T B EOR K2R E o
i, B EIR AR A4 i 7 T A 5

E-mail ; konglin@ mail. uste. edu. c¢n

& Je(1958—) B, HAMK AN 5T
B A W, R AR R
W W BESE, E-mail: jing @ ci-

omp. ac. cn

(FE BEIREYAT)

o WEDGFIF ¥ Z — F RHTBE 158 H BT v [ F7 50 e S A G271 )
o AT T2 0 [ G A 5% DTRR B9 75 4F 2 58 bk i
® Benjamin J Eggleton, John Love 45 [E BR& 440625 % AT [ bR 22
Ot K% TR F2R2 HA BRI AD G (S RDG L4000 5 Boy DG DEH R
Fegitt D65 2 M5 s DG BRER 5 BOCEOR %) ; A HOR S5 B AU (98K O62 R AL
M) 5 15 B Rk (RSB THRHLN S5 8 TR ) %5
* FETARRG] ELZOH T
* DR SRR T
* SOOI
* AR EIAS H 22 R T
FAE RN P ERAEB
FIREAL  rh E R B TSN B LS Wy BT 5T

AR A2
Mk« KA T A ] K 3888 5 Hil 24 - 130033
175 :0431-86176855 £ H..0431-84613409
F HIR : gxjmgce@ sina. com PIHIE : http ;. //www. eope. net

SEM.50. 00 JT/ Mt



