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Abstract: Appropriate and effective resource scheduling is the key to achieving the best performance for a
space-based radar. Considering the resource scheduling problem of multi-target tracking in a space-based radar
system, we establish a cost function that considers target threat, tracking accuracy, and Low Probability of
Interception (LPI). Considering target uncertainty and constraints of the space-based platform and long-term
expected cost, we establish a resource scheduling model based on the Partially Observable Markov Decision
Process (POMDP) with multiple constraints. To transform and decompose the resource scheduling problem of
multi-target tracking with multiple constraints into multiple unconstrained sub-problems, we use the

Lagrangian relaxation method. To deal with the curse of dimensionality caused by the continuous state space,
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continuous action space and continuous observation space, we use the online POMDP algorithm based on the

Monte Carlo Tree Search (MCTS) and partially observable Monte Carlo planning with observation widening

algorithm. Finally, a non-myopic and fast resource scheduling algorithm with comprehensive performance

indices for multi-target tracking in a space-based radar system is proposed. Simulation results show that the

proposed algorithm, when compared with the existing scheduling algorithms, allocates resources more

appropriately and shows better performance.

Key words: Space-based radar; Resource scheduling; Multi-target tracking; Partially observable Markov

decision process; Monte Carlo Tree Search (MCTS)
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PRIHA T B Z A R g fr kg BT H 7). A5,
PSR RAS B F AR e K T (B, ), B

L I
JY¥(B1,A) = min E™ (biy,ain)
+)\1 1Pav,i,l >\2 175 l/T)

*Z (AL E/84 Agm) | 311
=1
c
‘ Z(C(bi,hai,l)

A1 Dav,ig + A2uTi/T) | bi,1‘|

L
=D B/ Aoy o) (18)
=1

Horb, mALRIGMAEIGEE . Rk B H 05 R 2
JU(By, A) BAWF R

(1) W FAEZEA>0, B, cBY, JYB;,A) <
V*(By) ;

(2) MA >0, JYBy, A)5 BN

Bk, JU(By, A) PR PERE N AR PPl L 4G
AL (17) AT SRS BT . PSS B s B

B BRBUR RE, H 5V (By) B BN . BIK i
T HIRLME BT X ) R
max JY (B, A) (19)

FERE, A% B 1) 8 AR A T

SRR EIHRT N, G610 EHE B
KO FEIS B bR i 25 5 M BB C (b, ain M) =
c(big, @ig) + M Pav,is + Aoy7ig /T WXFFVB, € BE,
JU(By, AV S B

A L
TU(By, A) =Y JF (big, A) =Y (A B/ + A m)
i=1 =1
(20)

Ho, % Hbs i RS A 8 AT (b, A) =

7rIneatl); E™ [Z; (c(bi, @i1) + M, 1Pav,i i+ 22,075,/ T) \bm}

= min E™ [Z C(big,aii, A)|b;, 1} i 7(20)
7 €IT;

E 3, TL_L‘IXﬁﬁFI/\iA H s T Bsh &L ¥ i

R LA B GHE ) 8

3.2 ETFLR-POMCPOWHIIESE M RIE R EFik

ZBmRERFEAEEL

HALLRJE, 5T OB BV SR AR RS B H X
B8 (19). H, JFbig, A) R E R,
2.3 Al 5, & HAR IR ASAY B L (R Y
ROLHRA A0 BhVE2S ). M0 2 1) 7 42 (4 55
{E BN 5 A BRI (] i’ POMDP 1] it /2 PSP A CE-
hard[f], X% 0 B 28R 0 5054 T 1 & R B4R 5L
MR ) 5L, T T MCT S B AE £ 3 UL 4395 e
B AT e P K ABCIR 25 25 M T POMDP ) @i 24, [A]
I, T RRHAMCTSAL T T (b, A), T2
WERFTR. AR, B0 X505 HER T bR
HAR R R .

BRI —IRERRE T, e viinE ek
Ao E AR BRSNS SRR
#%3{Ea, FIFHUCB (Upper Confidence Bound) 2
R & SHET SMUCBIE. EZEICAH bR
oMb RS 2R S &&mmﬁ%¢m&¢
TSI IR A R GRS YR . B EE
@%ﬁﬁfiﬁﬁmmﬁmﬁ,wMiﬁimﬁw
A BE LGB — /N . Tk BB /E T AR 3REL
HBMylERAD I, HRIEESREEHN(NERT
—IZIE SRS A, B ER N S b, 52
HARERER T, AT E BT by 20 TN AF 2 — 18 B2 i
ZIE AR o BRI 53T 5T b A E T 905, M4k 42
BE PR BEAEENNERE R R KIREd &1
Mb Y BRI, MR Hrollout ik, LABKIA
M1 N P . BIEE R, T AU AL A

6@60

& 2 FRR P IR AR TR
Fig. 2 The process of the MCTS algorithm
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HRMRAT R BRI A AR AR ALY
g RE P EAAM A THE . 28 B | KIEAR IR AL
Ja, PR b, NI Sat ME AR IR
FESE R, RIS 3R H 0 R 5 DA R B 1A IR
FERTAR AT S CA R AR fU 7 ST HET . T
RALET KA L, CAA I B s s e T B8 s
SRS SOHARTY A, BEELRIGAWR, ]
AT SR 7o ] AR T U0 A AR R R Ak I ik A
ENEER TR

FETMCTSHIH WAELIEALE R BIR AT 4T, (H
SYBTRIAD,  n SR A )k H R o> A6 R B UR 4
SE, WP CRAEAR B R B R o %, Rt
MCTSH S~ 2 Bl Koz A 2 W G [ — M5
SRS A, HEKEASHESE —EESREST
RCURNEIR . FrbL, ZESIE AR 2 (A 1R K BlodE 4L
FIFEDL R, JEFMCTSH R WA R A AR %1
W, AT R PR RE B 22 . POMCPOW 5% H|
FHSOCHT 12 0 5 P A R pe b e R, SO0 2 o o F 1)
e SR 23 (B AU 2 (8] (P it 5g . 5% A 3)
PE(EW) T MCTSHI W WE LA, POMC-
POW By 18 o 42 1) A PR AE 328 7 38 n 1 ) A (&
TN B DU 2 Mo 5 405, BERE S A A\ b
F] R

AR GHETFMCTSHIPOMCPOW 537,
HEE A IS R . XN A AR B & 24w
EEULZMU\IH jﬂ%ﬂﬁﬁ%‘ﬁ\ E‘J#&%Eiﬂﬁ%(al, Y1, az,
Yo, any), BICEHE A REST. hafl
hay 73 MR RZAEAR BN T ¥ E E afl (a,y) B3
o WEd<S Lo, CRTAMTIEE, ChNES
RETT FWEIE T K8, Clha) NENET RE
W75 g, N2 Ui IREO T EUE, X R
N(h) G SRET B EUE, N(ha) NEHETT ST
A, MREAWRAFREMNFTHEE. 56 8RS
RURECIIRFREENX, WX N T REEIRESE
XRLELE, T Q(ha) /& 1E 7 S hjE U BNE a1 4R
Mrf-E, ¢, N, M, X, WH Q#R¥IUE 1 N0sk 254
Hodr, I TE o AR AR BE LR 14~1747 . 20~
2447 o (EALTRE LA A3 18] ] @A, 733 5 4
1547 FINEXTACTION (h) iz it 1T 4b 3 . Bk N,
FEBIAE 23 6] AT R FH 3550 59 A R 5 1R 1R — N30
B, HEEREIEASC(h) N ERFESNEEL,
HZEBERFEZEC(h) K/INEE]64N (h)*e o M7
[ ATt msE R . G() RN ERREL, fEA
G R FRIAENER DL g AAR
Wk gtk 8, AC) Bds BAR R 2R G A s Eot
B, B0 CHVAZGRARMEC(b,a, ) . HIELEE

BX 1 POMCPOWE%
Alg. 1 POMCPOW algorithm

Input: EE&RAD, HWREREL REPHEFREA, B
WH, FEZERA

Output: FALFNE e

1: for I=1:L do

2:  for n=1:I" do

3: o M b KR

4: SIMULATE(z,h,A} ,d)
5:  end for
6: aj + argmin Q(b;, a;)
: a;
7o TSR] — W R 0 E SRS b,
8: end for

9: return w° = [a{ a$ - a%]

10: procedure SIMULATE (z, i, A, d)
11: if d=0 then

12:  return 0

13: end if

14: if |C(h)] < 6aN(h)*e then

15:  a < NEXTACTION (k)

16:  C(h) < C(h)U{a}

17: end if

. log N (h)
18: a + argmin Q(ha) —
agc(h) (ha) = N(ha)

19: @' y, C + G(z,a,A)
20: if |C(ha)| < 6y N(ha)®v then
21:  M(hay) < M(hay)+1

22: else
M (h
23: ity e C(ha)w‘p.&
Z M (hay)
24: end if Y

25: e’ % X (hay)

26: HEINPr(y|z’, a) EW (hay)

27: if y ¢ C(ha) then

28:  C(ha) < C(ha) U {y}

20:  Ciotal < ROLLOUT(, i, A, d)

30:  else

W (hayli])

31 R € X(hay)wp —e—————
S Wiyl

32: O+ Az, a)
33:  Ciowl — C + vSIMULATE(, hiay, A, d — 1)
34: end if

35: N(h) < N(h) + 1

36: N(ha) < N(ha)+1

37 Q(ha) « Q(ha) + S = @)
N(ha)
38: end procedure

2917 Rollout Yk R/ tn i vkofw, Hreh, 2R
NI SR 7eonious (2, ) 7EHE AN B AE 25 8] A R E AL £
—ANEE, 3B 5 IR B BT AN Cotar -
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&% 2 Rollout®:
Alg. 2 Rollout algorithm

1: procedure ROLLOUT (z, k, A, d)
2:  if d=0 then

3: return 0

4:  end if

5 a <— 7"rollout(hv )

6: x',y,C <« G(xz,a,N)

7:  return C + yROLLOUT(z', hay, \,d — 1)
8

: end procedure

FHRUE3UTH miE RIS R XU S AL, 5
W WMCTSHEIEARK)ZE, UCBA

log N (h)

argmin Q(ha) — u
acc(h) (ha) N(ha)

fEPOMCPOWSHEH, R — IR 36 72 %
FEIRTS o/ #82 Am A BIARRAE SRS BUIMBERAEAR
B X(hay) . H30E T SR 7 8
|C(ha)| i H 0 ST E 08 EBR 6y N (ha)™v f5, Hik
PEME B e T BEAE W (hay) TP 2R 2 1 B0 23 A6
BRE A, IEEIR 3T IR, EER, B8
RAS T AR B IRE A B Y A7 in) R O O],

i, —MESRETAEERIRESE, RRK
W 1) 223 R AT e P SR KT B RS SRR S B
BUTFERE R A E AP, XS RFRIR S E SR E
W AR ZR T s . Bl R R RS o (A W
TN, RFEEREE X (hay) 2 IZWY B, HILSGE
CUA TEZR BRI T RE

T4 EMRIEFIEL BRI, 4eif
J2 16 B8 w5 AT 8 S B U B S IR EUN K = (U] .
Tk (k=1,2,, K)XAERN, 2idLRIHFFH
POMCPOW ) A=k 15 % H AR AR kg ne J, e
HEAT RS B H 361 m) 2 10 S B 2R AREE R .
S H AR a1 AN SRR, R A R
MBI E R R R, = [0}, a5, - a7, HTES
IREWERT, RER T I8 FL LPEKF-VBHE L
FIEA, BHFEE RN E R, RS REATR
&5 . AN FIPEKF-VBE 245 3] % H AR 1)
FRRED w10 EEPTEPRKROAE G, FIRE
% H bR PR I B AR 5508 o+ LA G B AR AR V> (By)
AT Ik T W g A0 S S 1 5 2 ) . P T R R B TA) S
% HArRESE fE . 3 TLR-POMCPOWHIIE
AP R I TR A 2 H b BRI G R R Sk 1 A
WA B EE UL 3 TR

H% 3 ETLR-POMCPOWHIREF A% BArIRERSHRIBERE
Alg. 3 LR-POMCPOW-based resource scheduling algorithm for multi-target tracking of space-based radar

Input: BIEFAA, VHGEZREB), KB e,y VRIS Kyin, BIUET, MEREJ

Output: RMEFEIE x>, RLERE HaRNEV (B))
1: WEXREkK=1
2: while k < K do

3 ERKHe=0, HkBIF T TREMIAE R EH A0 = [AY A - AQ]T

4:  while e <e, do

5: for i=1:Z do

6: BEBRRED; o, WRIRE WEHHEFREAS, BRWKED, SMETEA, BEEZIHTRE, 1593 bRt R0k
w =lag; af, a?,ﬁ]

7: end for

8 ABISBE G = S puii— B/l i =Y mii/T-nYL1<I<L

9 MFVLISIS L, q, e STOsN TSR e, WISREH, IR PIAMST = [nf m5 - 73T, HEHEL3
10:  EFRMHIARTREAS, ST =max{0,A, + ik - s1u}, ASTT = max{0, A, +yir 20}, VL1 < U< L

11: Le=et+1, REZEDIEL
12:  end while

13: MUK UL % HARSEIS I e, MmsiErEr. = [af | a5, - af |7
14:  Hr KT KEHEN, FIHPEKF-VBEEHAT BRIKENH, I ZEHIR0

15:  for i=1:Z do

16: FIFPEKF-VBEVZESATwEEHT, HFIUESREb: wp1
17:  end for

18: Ar=kr-+1

19: end while

20: MRIRHAEIE 7> = [F1 T2 -~ R WHEAT)RIRERRZ B ARNME V(B
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TETHRE AR T TH , SR U B HEA T 00T »
MLR-POMCPOW 5.3 7 B A FERT 1587 72 &+
v A e SR B DL R A B Rt . g St B
UOEACR A H AR S RS I R 44, kb e
FEZFIESUTIRESEDCNEALREE, HEREN
o), W BRI TH RN E AN O(dl?),
M E L3S TAT I HERENOWEILT?) . TLR
IR B TH RIS T i R RN O(L),
AR S kG BE T RN O (Len + dZLewnI™?) o
R FLRG, R TMCTSERKPOMCPH
TEAE SRR B AR I BN O(AZL(| Al + |V])) s
TESIVEAE ] W 2 (AR K sk B T, =
[ KNA|L VAR POMCPE T8 J Bk s T
POMCPOWH %, T ELELUPBVINARE, H
WHERENOZLIAVID), AL,
HAEES A ) in) R 75 B 2 R YRR

4 {HESRIE

A I B AE Fr R R A . H ok,
P % B AR X R (3 e, oA
Hof R T TE B IR AT B A2, 36 AL A Ak pR K
W B A . ARG, AT T BbR S RIETHIA
(RRR X B B IR A TR RE R . e, I
TSRS A . LB E AR, I 2
[EPOMDP [i] @ (1) JLFh V% 5 A SCRE AT XS L,
B8 UE AR ST AT F B2 A I Ak

4.1 BEXEIAFIRECRNG AT

FRIEAT TRBHERREFELE, HE
GARKUELHE: PUBE LK. fmO%. Puddim. 7+
AERIRE S I RE A DL T A . N ORIE AR AR
I 3 1Y M P M R 45 8 A PR @ VR 1E B I A1 (Green-
wich Hour Angle, GHA), ik Kk FETH 1w it
s IS WM E N0 rad, XFR S
BWRLIFR. HIATER—BZIFHRET = 240 Wl
Hbr, RFEERAL s, & CHLHE AR BLSZ R
LA T 20 IERAS, HAESTK (Satellite Tool
Kit) H1iz shHk an B3 s (Bl KU N AGT), B3
T Sk TR N B ARIE 3 77 1 LA R R FE TR I8 IE Bl U7

], EIEN BARRRSLER B UL B A adrid. 5%
HAr A1 32 AR5 KHLEEECEF 2445 & T W) 4A 7 B AN
P, THETE A [ A 8 LLSNR,, (BT 77 R CS,
FEGTEE RS AHZ R B 8] DA KR S AL 358 5 o o
ZHNF 2R, 2% B EELNSNR =15,
T 7 8 % R 58 FEE pg N0.002 rad, AR A I o 5
pes N0.001 rad.

®1 HEEFRSHRE

Tab. 1 Basic parameter settings of simulation

S Hfl
HWRIRE 6
AL RH T 600

AREBLT FN articles 600

P+~ 1
ik v 5 JBE v 1 us
S5 WU IR GG R B E LT D (50, 50]

LRECKIER K H ey, 50

LRAIIAIER D Kyir 20

LRixZ Bt e 0.01

ORI T Ly 0.5
Hdeh [7400 km, 0, 0.61 rad, 0 rad,

0 rad, 0.84 rad]

RSB I 2 I £ (GHA) 4.98 rad
& A A, (UTCG) 4 May 2023 04:14:43.000

& 4RI AL, (UTCG) 4 May 2023 04:19:42.000

Ul AR I S T A, R0 5 R EETRIA PR Z [
B .

3 JB I FEE T T 2 B YR 43 T R 43 BT ST 7 B R
Fig. 3 STK-based demonstration for impact of distinct target

threat levels on radar resource allocation

* 2 HRIVERZIBIREXSH

Tab. 2 Parameters related to target initialization of scenario 1

XA B AR YIGEAL B (km) YIUEIEE (km /) o (m?) r (km) T (s) Pav (W)
Z2% Hin — — 11 1250.00 0.20 1x10*
HAr1 [-3563.04,4533.712,2741.618] (0.008,0.109,-0.168] 14 1570.05 0.20 1x10?

H 452 [ 3728.76,4427.435,2695.038] [0.123,-0.126,0.037] 15 1572.54 0.20 1x10*

I ML [-3560.39,4547.62,2722.091]

[-0.164,-0.110,-0.031] — —
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TR FE IS AR, 4T R T ) AL B &Y
EHOHZ AR R ), HHEUEJE R [0.01, 0.40] s,
HRNDESZHEHBENNAERFF—F. XHLR-
POMCPOW B LT IR AL . 8 A 4G
I 2| FF IR RS, AR Rl FBu=T0 s, %% 1145 dm %)
AIEAT U = 300 R PRER, SEBRIEBEZ R 208 Kou=
280 s, MM, A7 FL 37 50 b iR Gk B2 SRR 4K

fEPEKF-VBREEHE E G, CHLHFRi(i=1,
2)E3N T 1A LRI B T o7, of,, of [ HR I
SEN6x10° km?/s', BB, EHHE T8 =1,
JB AR R Z N 9431me=0-3, distance=0-7, to, to.5,
tBUE N60, 55, 50, dy, dys, dEUEN160, 110, 60,
7 ForP AT 0. 01 21 B FE VT At oR £ 1 0 8 W 2
ab, EERAGHIUE. 55 LRETHSERER
EIE I ZH R IR,

DR VI B R %o T Ak B IR R FE ) s, 445
T RN BE R AP E A 0 b AR . T LUE I,
L E3H Z /3P CHLA 2 X R B AR 1(E 3 77 1A
N FT SR ) B BRI L, TRz A ) H bR 28
FELRFFAEBURIK S o BREF I FE TR 4 BO 2 1 H AR 1A
S B[R] 5 SRR TR) o L (BP 706 Lk ) 45 SR an 115
o FWTLUER], HFRE B S I 7 E T L
BN, RN T AWE L) = 0.5/ T,
T RS T 2 00T 1 H bR LAR 40T 4 FL B3 2 1) A
SRR G, 25 A @A B s s ot A % 8 &
DA AR 2 sh A, 2 SEE AR ¥ £ R
Y BCLA BE B 2 RYP CHLEE I B AR, TZRE 1 B
FE B B bR R B O A B R B S 5, Y

1.0 % 4
—— Hirl
08 I —— Hiz2
i
= 0.6
= 04 t
0.2
0 1 I
1 2 3 4
W i %L

K 4 HAREUEESS

Fig. 4 Target threat level results

—

F A AR PR BB 3 1) 32 O A RLRR B, TR Ik
TR 2 ) T 2K bR . VEE B &5 45 i 3
LA R EIHER IR, X TR IR
W S 5E A, S B AN RIE T X,
R TR T B K 2 H AREREAE AR

4.2 HEXEBENEXFESEZ WS

AT E s d, EEYT AR S EIE AR
R SR /N DA B AR G B Ik TR A B s . BT
WO RILEFRIEL AR b s 5 E s
AT B RFE T IR FIAER PE B R H A &, TEIEA
PRI 0T TR FC ) s AR R, WIAE 6 4 B bR
WRPREIZAT . BAASHIT: ARG ALS s,
PREF M KON = 124 s, ESHEELE AHSHR
ST, HEUEZS A [0.01, 0.40] s, WAL EAN
WEEWMR3R, B MRS E L, tys, (BERN
80, 55, 305 dy, dys5, dEUEN110, 75, 40; & i

0.5 e : .

—HR1 —Hbr2 = s
2040 oo™ T oo i
puY
iy [
B 03t !
2 0 =
fg 0.2 ‘ %
m _‘ " 05
&gl

0 . . . . . -1.0
1 50 100 150 200 250 300

IS 1) (s)

Kl 5 & HARMBELL (r/T) 2 s
Fig. 5 Budget ratio (7/T") allocation results for each target

" TrackSatelite-

I May 2023 04:15:14.585  Time Step:1.00" sec

P 6 ART B 0T i BRI BE SR 23 A STK A1 R

Fig. 6 STK-based demonstration for impact of distinct relative

distances on radar resource allocation

® 3 MR FEX S

Tab. 3 Parameters related to target initialization of scenario 2

ESCSERN YIGHAL B (km) WIGEHE FE (km /s) o (m?) r (km) 7 (s) Doy (W)
Z% Bz — 11 900.00 0.20 1x10*
H sl [-3579.26,4512.89,2754.72] [0.139,0.115,-0.008] 10 750.44 0.25 1x10*
HFr2 [-3596.33,4574.503,2628.813] [-0.055,0.051,-0.164] 15 1413.93 0.25 1x10*
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LA 18] 4 May 2023 04:14:09.500, 7 1145 A [a]
N4 May 2023 04:16:12.000, HAZH[F 15

Hirfe e A B 7~ . nTRLES], B
BRI BT H AR TR TR I, W 5 HIAA
XTEE B ZETR, HARFR RO NG . R AR
PR B0 TR IS SR A IR, s h AR AL B bR
BRI AN R U FE DA K R AR, RARAE S A
H briz 20 A e . JEid 8 4 Bl 45 1 H
PRIIAR 2 AR BRI 8] 5 R AE ARG LL ] LA 2, FFAGRBY
BW B ARTE R B IA T A1I8 3)),  AHN RE 2 #RTE D
AEAR2LL BARIEEZE, X RIS LB 2N T B ARL,

——H#51 ——H#52

1 20 40 60 80 100 120
IR IE] (s)

K 7 HARAE R
Fig. 7 The slant range of targets
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Fig. 8 Budget ratio (7/T') allocation results influenced

by relative distance
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{EBE % HARFE 5580~ 100 s B A 5 3 i A Xt FE
BRNRAREAR S, v LRI A T H AL,
BANFEE RGNS . BT R mE LR, A
SAWIR> B AR 200 IR S, H S A2 R D
WIRZ T HIRPIRES . Bk, wTLU Eir 55
EFIART BEBER R, TRIA LI R IEEZ, HER
5 IA RN B RIS, E Ik TR 2R
T RN =g Y = T
4.3 BIEMRELLR O
NUHLR-POMCPOW SIL R, 755t
FEAFET = 4> KL H Ax DU CSZ ORGP LA 1) 2R 5
Yist, WEYFR. ERFFZHSHRE S50
R, HARSEREWT: WEERR 40 s,
BREF RN = 244 s, RS HIRHIAHSIR
] B JE B~ [0.01, 0.30] s, BFXHEEAN HARKI &
PR T D A BUE T N[5} 10°, 2101 W, 5%
K FELE Anp=1, RAKHEHEEEMENE =
1.5 x 107 J, & H b5 35 %6 5 Tl 26 2 F i B AE A
E/4=6.15x 10" W 1, t5, t,HUE 9180, 140, 1005
dy, dy 5, dEUE N160, 130, 100; GHAN4.97 rad;
T LA A A4 May 2023 04:12:26.000, #1145
FIF ) 94 May 2023 04:16:28.185, HbrHIGAA &
FUE B IR AT R . SRR REH, w =07,

:./,/
2245
r]Zt*ﬂsmell't
e B

=

9 £ HFRIRERISTKA) B R
Fig. 9 STK-based demonstration for multi-target tracking
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Tab. 4 Parameters related to target initialization of scenario 3

XA H b5 YIHE A E (km) WIAEH E (km /s) o (m?) r (km) 7 (s) Doy (W)
2% Hkp — — 11 1300.00 0.20 1.00x10*
Hxr1 [-2924.49,5193.69,2294.53] (0.201,0.111,0.008] 10 1325.83 0.15 1.42x10*

H 72 [3192.74,5100.13,2155.14] [0.173,0.008,0.025] 15 1559.51 0.12 1.60%10*

H 53 [-2947.68,5222.76,2197.083] [0.137,0.102,-0.057] 15 1353.37 0.20 1.10x10*

H 74 [-3109.56,5044.01,2392.48) [0.028,0.081,0.135] 12 1480.35 0.23 1.50% 10"

FT7 A [-2992.27,5162.81,2244.70]

[0.010,0.009,-0.007] — — — —
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wo = 0.3, 8 G TEYR 7 Be ik T 1) B R e &
K.

EI10%5 H 1 20t 7 0k B U5 0 B2 1 &% H bR ERER B
AEXT LG O, Ho, % H AR A AL E LS O [ BR
i, AEgEkE N EREs . aTUUE R, Ah
TS Bl & — B R G R AR A, Sit
PR L S5 R FE TR AR e ORRF R I I PRER AR . AH
SR B[R] (TSR L) R0 1 340 % 5 T %6 40 B &5 R 40 )
wE. F12RR. TTLLER], & EARRTESE
Al VR FFE LR LA, S TE L 7E0.4~0.9, &

R BT ) = 1 SCPREH TR IE2Xx 10" ~
6x10* W, /INT%& HbR-F 2558 5 Dy 2 2 A A
E/f=6.15x 10* W. H T4 BirRELs &5 &
T B, T H & H AR S T O AR R R AR A R
/Ny B IR S — B AR 4 R 2 BB Y
fil, AbTA B BUETE R N .

K LR-POMCPOW R L 5 HA3FI 454 T LRI
FEBAT R SRR P IO 100k, TiE
MRS S WS,

(1) POMCPDPW®™: 5303 5 AR SC B i ARk
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