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Challenges of control science in near space hypersonic aircrafts
HUANG Lin, DUAN Zhi-sheng, YANG Jian-ying

(State Key Lab for Turbulence and Complex Systems, Department of Mechanics and Aerospace Engineering,
College of Engineering, Peking University, Beijing 100871, China)

Abstract: This paper discusses challenges faced by control science for hypersonic aircrafts in six aspects: 1) coupling
characteristics of hypersonic aircrafts, differences and connections between decoupled and coupled control; 2) Coordinated
control of heterogeneous actuators for hypersonic aircrafts, and scientific problems in multiple control inputs and unified
design; 3) combination between fluid dynamics and control, and control-oriented modeling method; 4) canonical nonlinear,
time-varying and optimizing problems for hypersonic aircrafts; 5) flight section and problem decomposition for hypersonic
aircraft control; 6) relying on numerical simulation more than ever to solve engineering problems in hypersonic aircraft
control. The investigation of these problems from practical engineering perspective is not only important for aircraft design

in particular but also beneficial for the development of control science.

Key words: hypersonic aircrafts; coupling; heterogeneous actuators; control-oriented modeling; nonlinear

1 5|3 (Introduction)

FE GE L S AR KAT 2 32 AR TP AE I HB20 km DL
IR B KA PN T A A0 R 100 km BA L
SN B A S S TR NN % N O S ) o
H120~100 km /¥ 15 3z 2% 8] 1E B% A % &8 1 586 AT
PRSI, A 2 ) v R AT AR R AR R 2 1
2O TR B B i e, 22 [E20044E 11 H ik K
BRI X — 43 A 75 3 AT (B D& i s s 4k
R S B 2 AT S B A3 Rl AR L
FEAGL. H A e P AT A O AR B e 45
I SN s N eyl [ M [ rp i i =i
kAT AR, BT I RS EG NS SR AT A
JIr AN HL £ B B AR DA R R ol B T A A, B
B 5% B OV, A H AT G <E s R G A
(TR A, LR RRCOA 2 T 20t 3 2 T R Ak — A A
R T U100 S W R AN R T
X —37B, X—51A(KI2)FHTV —2/2&3F0 A [H] 2 1Y

ok H 30): 2011—03—14.

ANTF) P 3k f e R A I 3 S 1) AT %, Ll Rk
Ty BB o3 AR FAE I A T s e 7. 48 5E ]
G, R BRI B P E A 4R OT e T
PO RAT AU S5, I AR e R A D
PAVE DN SN U Rt 1PN IR R E LS
J& T i P KR A TR — A REHLIA, 1
I ) K 3K, SRR o G rh ) A R, TR AE
BRI N B, #CRAT H R, S HES AT R
M ERAJE.

RATPE R ol A AT AR ST A, SR
4 VAT SRR S i IO ORAIE,  RAT IR I EOR B
PR P A AT SR IER R R LA SC B R — i
) e AT R eI AT I R R
1 RATHEE, WA PRI I AR g8 AT 4% P AR 1 0
B 0 A% T ) R 3 2 1) K8 TR S s
T3 5 3 BAT AL Gl 2 iR A B 58 4 AN 1]
(2 A B I, R R PR AT KL



10 3

SORARE: I 0] v P AT A P R R R 1497

IRARAT AN (KB T g i LAHRAE ;i KB T 1Y
FERUE AL A BB T BUE ©A7 T 2 Tk
TEPRIE I BB DAL, REVS I I T g1 2 ) is
AT RAT A Al AR R AT R, X AT EE R 2SR T
WY XS RAT I AT S AT LR S kAT A
A ZRBSERE £ SRARZENE L SR IN A2 1 Bl ) A HFAL,
HLRAT SN ) AR GO L35 3 BUA U A AT A ™
B2 PEEESR, Al AT AL i 52 27 4% R AL kAT
D} T N N2 N oo e AN I VR R RNE 2 AN 2
St AR ) 2 PRGN | A% AR K A E
P 25 DA 3% A8 55, AR A I 2 1) B0y ) 2 A g 4 o
ARG ST BT T A T B AR AT (10 PR XE Ak il
Forp - SeRL S )T HAT (KT 1Ry o B A A
AR TE IR ST

1 X—43Am A (T3
Fig. 1 Hypersonic aircraft X—43A

2 X-SIAR A CITd
Fig. 2 Hypersonic aircraft X—51A
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SE PEANAR IS B8 A ) i AN AZ A P Jel) ZURE E

4) )RR AR AT WA IRAS 2T
ZeAT, QR i A P S A I AR A%, LU & R
LYARGAT:, W f RS 5 BR 51

5) T RS R R (R AN, S A I A i
WA RE SRR O, o T e T AT A B ) R
GRS PRI BRI Z50H AL  L T 2 A £

DAL, SRS FR) IR A A6 00 2% FE B 3 T A A —
A BT R 3K EAh, i R Fy vl /AT
A eI, AR IR R B (BN ) 1Y,
JEIIRE A S ANREUE (1, JL i A R E 1 5 B S 4
RIS AR, I H A PR S MR ALAFAERY. i<
e P AT BRHEE R GO T BUR RN AR AR A
P B P. R AP AT, AT S T RE
R DR A A 1 G908 (115 DL, A& e o) U Rt
LR H 23 BEAT 0400 F AR 5200, 2 3 BB
SRR S AU L. DAL, i 5% RE e Gy R IR 7
N BURFIR K1 8h 75 2 AL ) L, A7 R RE T B 18
R JH WU TG 3R B (R 7 VR S8l g S A,

DRI, el Al R AT 28 Bl 0 2 A o B R 1 I
R AL g WT ds Bk, Xl SR & 7% SR LE K]
BTG B R0 58 i i B AR VR 1, AR

X IXRE IR AL e vt P il A, R AfE LLSE B, R
Ui, BIAE RESEBL, 42 a8 A 5 0 5 e R 2R mifi i), K
FATHR E X, AR5 Bn BN oJcik s Bl Rk, ey
Xt B ) B 50 T AR, R e 1) 2R
A7 g P AR B, A5 320 T i) 78 1 PR 75 BRI AR Br 30 ) 2 A
T PR p v R T AT R G B R 2
L MHLBR S e £ Ay 5 18 2% g 1 [ 3%,
PR A 0, 3 BUR PR AL A5 2 1 30 ) 2 5 FEad
TR, HBr AR i, DLBE VRS E WA R 4
DR SR 52 I 1 47 T (8 2R i A 5 R S 210 AT i
RE AT L 42 1l 5 DAL RIS ) R Xl 7 2% B8 R
AR IURFAIE, P R AR R PR PRI, &5 6 P27l
FEBR KRR, R R P (0 AT 4 R ALY, e
AR 7 A 7 VR T 9, SEI AT 4 T 1) 428 o R Y
a4k, PO fag A (it BRI VA, X5 1 2 2
FURI A FRAT: 1) 2 18 R AR RFAIE, Sl X ©AT 48 10
ORI I3 A, R EBCRFE BRI N AEIR R, 45 1%
TFEAR I ZEOR AT RF AL SR L. 2) AT KA LR 1
AR, RS R P KA T A A p AR Y. 3) X faj fk
A R REAT R 22 A VAN S B 23 B, AT DA R
AR gt . S A EE T T AT S B f] 4
B R R, FESL AT SR AL I 7 A B 4) BERY
i A AR B 2 ST VAT 9, g A i mT R 2 1 I
ARG T AR RE? A5 AN BEMRAR, 7 25 BRI R
WFFORIE M R Tk, 5) BRLBAIE I i 5T, 102
AN RIEACRIRE RS, HLBIAS 2 BE NS i AL R
AR E IR b 20 70 B MG &5, 45t e P
AT AR ] A 1) B P U RN FE .

5 kAT B L iA) A @ RS (Flight section and

problem decomposition)

e AT e TR B (ALK
BT AR AL E N AL bk
FI 5 380 BA S AT R R 3 s AR AR B S U
AR H K, Xt 2 2 T S AE UG W
) 53 K Bl bR i) 2 AR A B B AR I, RAT 4%
FEAUAHLBN A [FIE ZIRSH 2 B WA R
BENREAS. P, R e AT S A AT
TR o SR P B PR AR 2 ) b A% 2 PR A LA DL 2 2
(K. fep e RAT S AE LR N I Ve ) RATREAT 70 B
TR P, o — A IR FE 50 7% & RNR N 23 HT 1) 1)
.

XL A I ST (A A 1) BB R 4%
FE55 2K, 52 1 DLE YR GAT (5 FE SEBLTT RE),
SEVLALHUIE S oy B 2) PUBSEIL: ARPE KT HLIE
(K1l 745 %, 2 IS ZIR AR RE T S AR,
T BRI 55 A S AL AR DASEBLNGE. 3) 2845
il PRUEZSAS FRORE I, 1K — RO b B A ShTL IR
APIL N 5, 3G NN E PERIGLIESD, W LA 5y
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P AN FE AR b PR 4. 4) AR B AL 42 RAT 41
51 B AR AR A, HPT IR,
FARE] QAT 70 BUR B [, HOGBEAE TRfE —

LN AR S R B T e M4 ¥ Tk 2% 58 /AT
ANTFIBT BRI B AR, IXAN VA A i A AT
T, 5 ARE —AT UR S L. AR, A48 AT
FERIAE AR IE RO b, S AR 1 e TR R
20 M AR M HORE S A8, AR 22 i, RAT S0 kAT
LAY DA A B G T B, TETHBL, I BORIAL S
Be. W0 R JE RIS RN W A L A A B
AAGIERE, Aoy B RE L HLBh o R 3 s f KB
IR/ BUSA B R B /NS5 I 2, KA B A i o A
A RAT R B AR L AN E PEVE L SRR H R
— BRI PR g R S B AN AT R A, e
TAEGE VAT SR AEAESS VAT RN, L = AR AL
T HIANK, A AT 3R B S MRHIE ASHE AT S
HOIRZS EARAIEAN R, HRA — 8 1 5 ki
W2, SChs RATIRE TR — AN a2 it
SRR, X, 0 BUH B R E AR, R
HEOUR, e E ARt WA R e T LU
NSRRI 8T, A, ARS8 EUL B AL AT
MBEELER 200 T I 8 .
e A AT ) L SR A 2, Tl TS A
L ASE AR A K, B s A AT ik J L 4%, T H.
T AN BE ) AR A I AR 1] 7 170 HL 2 BLAR 2.
DR 0 5 s P 22 A0t A vy 38 AR 58 ) B2 % I 2 1
W, AEALGE VAT HAZ 5 AT BUIAS R 2 DL H
PATERIAZ L. BEAN, th Tl A AT /e Wiz ahil
T8 2 () A7 75 0 2 IR R 5 R I, B R R
T deg RS, SEC TR 'rRs
AL AT d8 e BEAE E (AL 58, IE M #is
S (12 25 A0 BEAN S L (AR AR G, SO A
RAT A R 2 AR e ME AR 1, A Sk h IR 2
I LU0 (/N A e A AT R AN A AL X
FE, a7 S M EL A A BEOREAT RAT A8 AT 20 B, At
ToVE I S b RATIRGS I I s A2, REFER %
HGOUT, BT A RAT RSB S R ML e
Th, T Hs, RS B By @ JT R HEAT A AT AL B, B4R
e I AT, B e R EAN R AT RN s
PRI, B 25000 PR RT3 P 9 TR A AR ) 2
HT TSI B ) e B A RAT RS AE W N I F AN
ANTE]RAT I Bt ARk, DAL, e T e kAT R
BEAT 70 BUR EDMABR AN R B B, A% e A
JERKT RATREAT 43 B Ak BEAR G T SR 7 vy e
AT, AT RLERUR T ANRFAE ORI ASRALE. 3K

ANBEAE D SN 1% 02 R E, RE, A, DU £, VR A
DL S 3K 6 £y B 1R AR A 25 1R R ACHI R (1 ) BT
BB S5 Ry 8k R 2 AT RS A ) D3, X R4 il 2%
T THT ) [P AS A2 187 5 AN [R) QAT B B, T A2 18 1)
AH ) B ARAE ) AT I FE. Ak A2 U, T ) KAT
A 1 AT 23 B AR RAT RS IR E 1A
AT IXFP AT 53 B ARG B ARG T 0] R0 AR M BE, A4
FEAE— B GAT IX 38k P AR AT 45 0K, AU ) 8t 3=
SERFAE R0, LRI BL AN H 38 25 1 (1) 5 7 28
D7 THT, FE8 I T A Y. PR A i AR R OB TR AT ) AL
o an, 7 a8Mi T By 32 2575 OO A AR EE, Rl a2
KT R S R SRR A R AR T 42 A £ A
FALEAR /N B 22 Y, T SN 28 25 1) e kG P 1. Tf
10T He B B, A4 300 o B ) 5 SR v TR R
I IR A AN A PR AR Ak, 71 SR IR R [l AN o
PR IR M4 ol ) . Pl 13X 23 B ) V2 AR i A
T RATIREAF S, R 75 S 5t 0 200 B SRR ES
IR PR A IR 55 R A, IR AR o HE L

KT R M ) 250 R AT A 30 A Ak L — Ay 238 5K
R BIREFE T, ©AT 20 Be L H 20 2t 4 Ja [ 1)
R P A A AR s 4 ) ) A R 4, H I
Wk H A %A B ol R H g 1K
P, T LR A NS, A FAE ST BAR1) 55
BT 2, A% G0Ks S R0 T 0 43 8 TR AT v R
W, T AR SRR AR B (A A 22 R AROK, e A
AT, BN R T AT, PR 2 () AR T
TAE KPR, He AR AR ASORY, 2 75 475 8K BEKS: ) e ST
FFoR, ATk 75 ZE M ERAE B A X IX AN i) A A2 98 11
TR, ARV E W o BRI A — AR T

e A 75 AR A o T A (1) Ao Ak B ) 4 I
W R B IA Z AN T TH, W RAT S (1) R b B
W B RAT I TE AZ B ) 43 A A B ) T Re 1, 43Rk
GLIRYA o) R B A Y O I N P A T RN
briz AR e sl iE i & PR & BL X
BENE R G R, R AR 454 T mT LUK )
B Al R AN TE W) AR BR? AT NS B IS )
TEAT ZFESAT T BB 23 B8 B ST [P 2 25 il 5 ST
A BN ) 2 SR 2 LS RN PR, 1) v R AT A
M2 REI S AE R BE 2 At I T (1 o 4 g 4 R )
PARIE BN IXLEHR At 75 B R AW S ) .
6 dJE £k ¥k . B) A% ) @ (Nonlinear and time-

varying problems)
6.1 JEZ{E (Nonlinearity)

FEART QAT % 1 28 242 I AE 25 RS i 22 S K I At —
SE SR ARLME ) A, 10 WA R L P e S Bk
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JUEERT LU, P 52 (R K 5| 0 37K A BE R U2
HOTAT 7135, SEI PRGE 2 ) 2% 5 4 48 2k
LM . TR 3 ] veRE A R AT AR B 2719) B
oK, ) 5O B 2%, JLARLR AR AR R i ok A 34
JTHL 1) AT AR A By BATAR S ) A F e, sl
oA TR AR T AT RS T S
B ARG NPRSAAAE AR &, B HLII R
i~ AE DR B AR LR PE MO RAT AR A X
Toft A £ PR S 2R T AN e T 5 2 B AR 28 ) i
B eR 2, i 22 T ACAESE, Tt LB B IR e 4
e E AR EROBUC &R, 2) Rk A T AT K
IR RATE SR AR IXARE AT 4% (1 3 AU 2R
BEAE RATARDLAR ATy BEAT A2 ke, BRIV A6 200 P A 2 i
KRB R GE. T2 17 1 4 L mT RE L iy D)) 2 1 5%
W5, AR B R Gu i il s A Ut — e 2 A i
F AR R 3) R AT WATARIINLED (AT, ik
FENCT R FEIE S ML RAT, BB G280N  JE
LR MRS R AR — R AT AE (1. R IR A 42
o) ) AL g B0 M R AR A 20 J LA 7535 7T AN 2114
PSSR, T AU K 157 WL R % il R
FIVER  TIRER G AR AT H S, RIFHIRT
THEHLATSEIL, T X A I 25 AR Ze k478 o B 18 AR /il
2.

NATRE R G A ek RN BE R A il E B
HR 68 N R AR Gt A7 LA IR I s B, R R i i
BRI A R N RA — YO, e B R
RZ R K ARIFANG R, — L2 B I F A RERG i 3t
InChZ i, 1 an B REE. PR RS P AR

F) TR, BN R TR 2T B AR A A S
br B O AFAE; R RR AR AR A OC R
G511, B SR A T AT RS O AR
A BTSSR ATE LR MO
AN B8 R 0 1) 02 08 T V2l v ok, DR T s ST AT
KRR 2 b i AR P4 B B A8 N FH R AR v S B
) A8 I gl 0 200 28 ok s DTG 8 SR, 3K P o0 ) 3k
12— WU R B e A Ry BB S

UbAh, W AR S R G b I AR LM R R,
F TR FH R G T 5 A 1) (R 2R 8B, A 3l 2% 1) s A
DA SRR 1) 52 PR AR 2R 1 1n) I AE R AT B il AR 2
HEAL.

XTI A (A ) RAT Bk, H AT AR Tk
HARZ 1) B0 R TS 28, I B AT Ry
AT ST 20, 2B 9 EL AT AR KA o T 1)
RGAE—Le LU wF ) (1 LSRR 4 ). 31X 0 B8 6t
GBI — AN BT Bk, AT R AR A —

AN I s A BT IR DR E e T B A R M BR AR 47,
RS AN XA, st = A ¥ AT 20 5, 75 R
W N BIHLINT, AT B 1) 7 M g a2 5 —
RL, X ey ATE SR T — R B AN R 56 B
(R PR BE S B 1R 3K, 103X 7 1 1 B 5038 W % B A
NI R TFANTE RE ).

6.2 HJ7% ] @i (Time-varying problem)

TR R G R R K RGN B S Stk
U, 78 WATER R R g vt T, Lie e A IR T
WLCAT ) AL I 2 0 AR o N ) 7 g 1 3 i, X
T A TR 0 i A ABL HL 5 B, RS T IS AR ) R A
F—Bh R 45 R A 7 AT TR B Ab 3, HIFAS
MBEH IEFPE. (HBEE KL 2518 3 K 1K 224k,
MATITF 4 A28 R AT Sl 1) 2 A bR 221

) —M &%z = p(t)r, » € R, #pt) < —a,
a0>0, )ﬂUﬂZ‘ﬁtlij?o z(t)=0. ET—FHLIFARFE—
W FEGe = A(t)x, zeR"™, n>2; # Re{\(A(t))} <
-, > Oﬁﬁﬁtlijglo z(t) = 045k, HrPA(A(L)) =2
A(t) R AEAE. 1R 75 5 2% H X J7 1100 B A9, 3% 36 B
G5 RN AE P e BT R HC AR

2) X TSEbrIs R R G, — MR BRI TR Y
PR fa) ﬁﬁtllrilozn(t)ﬁ?i% e 78 7 G s SR,
B 2 NATIIF G i v A7 PR TR RS P R S (R A ot

3) RRES RECE ST AR ZN R RIS
Wt — 4o [110) B, ALt 58 4 VA A B SRk ) iy
ft € REARe{NA®R)} < —a.

TEINRBIRES REGE R — DN D ZEW AT
15152 JG, N4 52 68 MLyapunov J5 v 53K Hi i,
RFCE R P g M S5 2k T &R SO R e
5 )58 1X 2 F8 e P Lyapunov bR B 2P AE ] B %
PER AT R, T 3X A7 1 1) Lyapunov iR 45 1) #4) i
HUZM T RGEFEANR R ) RAT, XM Al 57 %
IR P 35 RO T A S SR Ak gl BB S DR ) A 28 8 1 552
B KL 2 B SR I

T IAR R GBIk, A WA AT U T
DA, T AR v o AT & T R o I
(K33, W 2% S R PE, LAt BAT— Pk
TR RIRR 5, B AR A M 52 5 3k S 4 mT e AR K, T S B
7 SR ASGE R IS TR) 3 T JI0 55 1) i) 7, T ot e 22
RFEAEAT BR &5 € I TR . R GE 480 BliaR 22 9T 5%
SR BB A FEPE, WHAr s H X RoRE BE A o J7 %
DR ef vk 4 i 2 R R E R AT 2R R 3 25 78 R vF
FOREIE LA, XA 10 A8 28 3 i 56 e O 28 i AsUE
PR BV e 1 <3 SKFT IR B 5 vk DL R SR LR 5
SNIESZ N
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6.3 P4k (Optimizing control)

X1z B A s Bl B R S PR AR PR e e
b, IXECHR BRI 2 AR . S5 AN 2 I 4 v
ST CONCEE L, NE LA AT IR A
HIXIE H AN JE B SR, A X R ) LAFELE,
Ja RANATH R I 5 ) LU T WA w] 4 1) 8
SJ5, A CANIZ L O “/DIZ R AT R AL K
BB A FLAR I 2 3 R g — A, S8 HI H A
ST — R BRI 2 il B S .

AL RAT 45 B AR TEAE A 2 ) 4 48], 3 b il <%
T b 52 e 230 ) S Ra 5, SMEXT T B & 58
JI R 53 AT B 5% W0 A 5T b AR A o AT S5 R S 4
] . — AN e FE T HLE I A% #k [ Maxwell-Bolzman /7
T2, MBS L 1A L, M B IE U FR O S5 bR 5, 45
FRa G H FTAH LA R R B AR R 2 R R 5 Fk
YEH S FHALR). 53— NS B B AR 13 )
W A2 [Navier-Stokes i 1 73 77 B2, 18R 1 €
HE O R & BRI A E AT LA 21 B = <30 g 53 A
W H b e A B S SR 5330 A B A
Z AV A — YA, BITPR J7 1 340 AN SR g A T A
SEVEREFR AR EESK. X PR AN B AN B R FE bR
FREEHE RS LA AR IR A k2 —Fh] o
BT 2 HAR )8, X 2K A2 Be B
ANT] e R AR ME— ISR T it e R 45 51, 5K
Prifd ZEH R, WX 2 M RS S54abs, F-K—b
Wi R 48 5 Fahe o] Re PR AL 045 S I SV AE g s At
BURIF BN AL X Fh 2 A BATME—PE, 12—k
PR R, 28 SRR AN A2 e ME R 1) 4 =) S AT
SEHT R AT AR
7 T E L AE H (Paying more attention

to numerical simulation)

TR LR AR LA AN A AU AT B
PAE ©ATEE I — AN S TR TR A M TR
B R EATEHLER.

19884F, Fleming%s 7F ¢ T #4 #ill 1) K >k & & T
] (R T it B R B DL A TR O T R
PLECEE 5 0T 5L AT BE AT W 900 Murray 2%
TE20034F 1 ¢ T7 B A thE F w4 1l 149 A J 7 1) 1 5
P A PriE R g vk A E R T L
e SRR

PR i AEEE AT DLIE BH 1) RS ) 42 ol B X
TR A BN S 2, X E R A
e AR PIVER, o TRESR AL T v S LB AR . (1
PR A A L By DL Ry B, T A AT B e
HAT Wb 1 B P ER R HERL, LR A G SOHE 2211 n) 8
AT LA, Tn) @ ) 8 V2 AN R A U AE Bt ol AT 8.
H HT IR E2 b (42 i BE R 02 5 0 e 1 2L
SHUSAHER R T, EPr R D ER IR Z, N T &
AT AR U, X R E U S, IS AR B it B JF

ANREARUE 356, KAV ALK B ™A% 1) 54
SR, AU AR HLE SEALE g SR
RYTHEZ 04 B, N B Sl e 4 e
5 BRI e L 45 18

FRLT LAV FE AR BLAE TS L A7 EAE H
e VEELT EIEAS R P Al A, i R G B
TH 47 B FRATT 06 200 RE 56 VIE BT U8 T 11 v R A A
B, AR SCBR KAT AT ISR A AR BLAT (i
AR A TR _E TR RO A 2 1) v 7E R AT A A
W FLAAE, A nT DAt AT S 28 A v R R Ge
BEVPAN, BF90 H — NS BRI AR R 45, (RAIE SE i
P, B S HT RS E BE R BB I A, X
7N F R AT IS HEAT ST 07 B, DLARTH % 8245 1
BEAEFEA AT IR P b A, AT SIS VPAY L Bk
P R G RERE . B 07 B2 1 S BB 5
A, I R T R B T LT A AR T
ST 5 B BUARE, 5 00475 B AT REAR R O
8 45 iE(Conclusion)

NRASTE A SRR R, BRI AT 2 /E
FH 25 W1, BHE I & R B s — L LT A A
T REMEN 1 2 R Bk, A RIFEA LGB, 78
KA RAT A NI BT O BRAR, PR S 2 i T
ML, B S RALLAE sy S T AT, AT
0 e, 2 R — AN RIS B4 T e ok A4
TRATHFE AR R, SR T R RE TSI T
AT, SRR BT K S AR IS T s R
AT, AHIX P9 KM DA G — ikl >k, R G Je v SEERAE 1
T8 AT H MU 2 P AR V. ST F 0] AT A
PRI 5 I A2 A S0 3K — 7 SR T PR A

DUAR AT BRI R 2% ®AT — 8 SR T R G4
RS A S R 3% 1 ST R S R, X BT R
Xof P HRF A TR PR, R T e H R A
Y ) @, A X — ML, TF AT 55 A,
A e P B RL 245 208 K R e 5 ).
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