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Abstract

To meet the socio-economic development and space use needs, tall buildings in
close proximity to each other are increasingly designed as connected building systems,
i.e. systems consisting of buildings connected horizontally by links (e.g. sky bridges
and sky gardens). Super tall twin-tower linked structures go through several
construction phases before completion, and the structural behavior of different
construction phases may differ from that of the entire completed structure, and these
effects should be taken into account during the different construction phases to reduce
the structural internal forces caused by any construction deviations. Since continuous
structures and curtain walls have a large influence on the structural forces, accurate
real-time construction phase analysis, including the behavior of the constructed
structure, external loads and environmental parameters, is required to design the
construction progress nodes of the structure and to assess the structural integrity,
availability and reliability. In addition, it is necessary to obtain the dynamic signals of
the high-rise building structure under various loads, by which the dynamic
characteristics of the structure can be obtained through dynamic signal processing and
analysis methods, and then the flexibility matrix of the structure can be obtained to
reflect the performance of the structure more clearly. The main research of this paper
is as follows:

(1) The curtain wall construction progress nodes were obtained by model
verification in combination with the site construction. By establishing the model of the
main tower (A tower), secondary tower (B tower) and the whole structure of the twin
towers, the force and deformation of the structure under wind load and earthquake in
both strong and weak axes are tested to reasonably arrange the curtain wall construction
plan and achieve the interleaved construction of the curtain wall and the main structure.
The test calculation gets the curtain wall construction schedule node of tower A, which
satisfies the construction work space required to ensure the lifting (articulation) of steel
connecting corridor and the construction time node of infill wall and curtain wall of
tower B under the condition of ensuring the construction of tower B structure to the
highest level.

(2) The construction progress nodes of the conjoined structure (steel gallery) were

obtained through model calculations in conjunction with the site construction and its
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influence on the horizontal displacement of the overall structure was analyzed. The
latest construction time nodes for the lifting (articulation) of the steel gallery during
the construction of tower A and tower B under the normal construction of the infill wall
and curtain wall (i.e., in line with the floor construction schedule) are verified. Analyze
the dominant factors affecting the horizontal displacement of A and B towers before
and after the connection of the steel gallery when the X- and Y-directional forces are
applied to the A and B towers respectively.

(3) Flexibility identification of structures based on random vibration tests
combined with finite element models. In order to identify the change of stiffness of the
high-rise structure before and after conjoining, so as to identify the influence of the
steel connecting corridor on the lateral deformation resistance of the structure for the
future, the dynamic characteristics of the structure are extracted by random vibration
test, the basic modal parameters of the high-rise structure are identified by using the
complex modal indicator function method, and the structural flexibility is identified
based on the random vibration test combined with the finite element model. By
establishing the finite element model of the measured high-rise case, the concentrated
mass matrix of the high-rise structure is extracted, and the flexibility matrix of the
high-rise structure is obtained by combining the identified modal parameters, and then
the lateral deformation of the high-rise structure under the static load is obtained.

(4) A method of real-time safety monitoring of the construction process of the
hoisted structure using structural health monitoring methods was investigated. Since
the construction progress of the twin-tower high-rise building has not yet reached the
construction node of the steel linkage connection, two construction methods (bulk
splicing and integral lifting) are currently designed for the steel linkage structure, and
the integral lifting method is determined through preliminary selection. The influence
of redistribution on the structure. Thus, the real strain distribution in the key locations
of the structure during the construction process is analyzed, the safety of the main
structure and the conjoined structure during the construction process is evaluated, and
the model is verified by establishing a refined finite element model. Thus, the
importance of hydraulic lifting technology and structural monitoring means to

guarantee the structural safety of the connecting corridor was confirmed.

Key Words: High-rise building; Construction progress node verification; Structural
health monitoring; Ambient vibration test; Flexibility identification; Lateral deflection

prediction
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2 V7% S SR T A A 38 T Al e D R R I S i B RN BT U B R S R,
A 3R 45 2 350 70 A8 H T 304 FH R B 8 K0 17 3% T8 B A8 A e

HH T 150 J2 2 S0 1) 45 A 8 v — M 2 0 1) WIS Y SCBE, Kyoung Sun Moon Mt 5t
T A F SR T A R R AE SR AR S B e R R . AR SRE S IR THAH OR
PIEAS I N, HEEFAR RN ERYE. Zengshun Chen ZEPSIHEF 5 %2 7 &k
g AR SN R v e s N R R Wl A = 8 O 2 o A o i ) T A D WS S e D A TR A =2
VR o A R BRAT R KA A = G ) A AR R SR DR Al YRR A R VAT BE R Y = R
(A0 ) A2 F%

g8 P 1 0k O AR b & R R 2 B A IS R AR AL, A AR R PR L I S R
AT A SR NI BT, Tt T 7 3 R e T AN [F] 2 3 B M B A R AR AL . K



JEE i J U PR S A it T B 4T s B SRS SR AR I T

Hok THEEMER CIEBREPMNZNERRRELEFEL:N. N T RIES M E T
J5 W A] SR RN 22 A, A 0 BN I AR 5 R B EE A il T 3EAT 4 AT . Kim A
AbdelrazaqB 7B 52 7 7E ita T 5 18] 4565 FH o 4 VS 66 B B AR/ R AR R G 1M AT O I HE
X IX e R G K WIVERE R o 25 R8T it R U R R B R W R R, S
P A W B2 A LG R I AR IAAT A s . [E I, B T 2 AR R A [E]
AP T 2O TR JE AR L R R AR it R R S e R RS . Lu 2B
M FE ML HRAHE T Z S WA as ) on R 7, e 7N 5 TR &L P A
TAER IS . @ Bl KRR GE & Z3 & L) BB T Z %R
ffi i, J£% T Visual c++M1 Object ARX FF & 1 #5051 )2 41 A 45 460 Jiti 1 W2 7 1+ 5
F2J7 . Zhao F1 WangU Vi 58 1 25 18 BBl 4 20 50 A0 AR G 28087 1) B v J2 3 500 88 1) 47 L AT
DN BE B A A o B RSP T 3 R ARE AN L 508 1) 3 T VR [ 4 FE O 1 TR sk
T ARAR B3 AL L A 2 AR R A 2 G 1 R DR A T A AR SO v . JF DAHE S
WOLRE NG, 70 TP vk r Al b, 32T 25 RSN B AR R A RN (Y 3 46 40
T aE AR Ty

13 FHEREMNRZLHEAEBSESHTHINA

1.3.1 RSN ARG EE KX H R

H 20 4t 80 ALY LAY, oK TORE i — B 78 W 50 1 2% 465 1 1) 45 0 {gt R e
M (Structural Health Monitoring, SHM). ¥F% SHM ) | iff 70 fl #2E 2 & Bl T i
I R T G AE Rl SR, R E A, R ) A AR I B I B 2
AR FEAE O B/ o fRHE SHM R St Dy e e 45 AL s g R U1 (1) IS IE 45 1%
T 20 A A S 56 = A R Al I B R B 2 4 (2D AR RHMERT IR i SR R A S
RS HMESEGEE, D EEYE My M BA ARSI (3) i
o X0 45 AL AT 2O e B LR AR s (4) R i TUE 2 tk, MR TR
AT REN A W E SR (5) R RENIISEHE, AT 40 TREMBIETEE, W
&5 g 2 R Re A R R F

— Ok UL, SHM W B AP BRA MK (1) BdaR4E. Ba MR, (2) #
P2 W SR AESEEL: (3) HHl B A IS DL vP Al (4D YRS AT . Y () SHM &
Gt LA 22 R AE S5 B AR R R G AR R MG R G . AR G TR TR
WHEE, R (SMIRE . RIEMHEEsh ). gbm N COiFE. R 5.
MAZAI IR D AR B R R (AR E . BE. KEES . JEMEMH. 852
P EEE A K, EPHIERERATATR. B, B RE ML RS0
PAEL 55 o AT AE S5 4 F B 2 AN JRS7 B0 SR AR 0 (AR sl ), DAWSCAR KA B8 o0 i [
1) A% 3 2 A



Bl =28 ST

BRI 2 Ak, HE 3 AR R 25 R ) R 2 IR S R R G B A R =
AR B ES R G SRR (BRERE) VRS RGN EE & P R GA k. B
Ak P AN 3% 1) Z G0 T4 1 BodE B R SR AR ey . B A AL BEANAE Ak L BE I o .
& M AU T =80 O E RS . SRS RS T LA
FE LR A MRS VR AN A SR/ B8 2k 4 M (R AN 22 PP il R . AT (FEZR) 1 E R
R I B s S THE S 0 BT SR DL R 0 I B AR S AT B, AR BT S5
WO S PP e (D 456 1 & fhdk TR B I sl 1 535, Bl n &k
Aif P A A TR AR R B L 45 05 12 W AN . — 28 SHML & Guid A AT 8 % 30k
MU ARG, AT REMYE LS Bl R o A 28 W 25 12021,

1.3.2 ZWERBVNAGHIENH

HUE 70 A A 4 RS P9 KB A B S RS2 B e J2 0 ) (1 S B A 48, P B AR S B
(PR RE o 45 A4 f B M U R LA ER AR 0 A BB v BN S0 56 = e 56 E BT R
R XS N PR S A o AR SR B v 2 6 R M e, KRS 0 o A A B R g XL b )
JSLATL AR AT W . B4, Brownjohn F1 Panl*CUA s sl — 2 280 K = g 76 2 K A%
FESL T AR I TR, DUER R S5 A 1 R I I 25 A A ik XA Ml R N ) 30 25
Bio SEEMIMN 160 2 MY HA 100 2 @Y GV 40 2 B EF Y HRA
o M AR G, T bR B LI R M 4 R A Y. Li S BHINE T A 70 JR
(370 K)o ARAT K AR P9 O 9 & UL T 0 6 000 P2 i 7, - e 5 X
56 45 SR BEAT LU B, W FT 1 R ELSE #y i B2 FAE . Hua S50 700 2 A% KGR 41
R A S5 SHM R GE%F 610m =1 (1) M1 15 78 Jitd A0 48 F B Bdb AT o7 Sei
AT TG P SCAR A IR TN B £ S I R XU 9 AN 45 A4 T B . Chen SEDOE | i34
ERE Rt 492m =) 15 R IT R T & AR 46 AR IR AR 00 R BE A BRI AR
gio MMZRHE 7.2 F03t 2 i SO B 0 M 1 b il PR ER < il eb o £ R AR TR R I
REW N RFPE, IR R Gese B #E AT TR EE . BB LE . MR LE AR AR .

H T m B @ AR LRI R 2 A TR B, AR T B i) 45 K9 47 J9 vl BE
R R TS AT A T 5 T RS, MR U AR A3 575 1
XS B S S BRI, Xt BOA L Bl B B 32 IR R S A5 A IR EY
B E AP PRl 7 20 R S AT i B B 2 A R, SR A
[7] Jiti LBy B RE S5 M AE AN RDIRZS T S5 947 0 /> A AT it T4 22 SRS I 25 K0 A 7

Ni SEPOVE PN B B AT 7 SR it T AR A P I W SHM, ZRASE S T
16 FRALH 800 2 /MEEEET o 10 3% Fr A7 1 L8 A% J 4 R A7 e 405 4 1 i A5 A 3 &5 5
VE o AR B 7 45 A A5 AN [7] fit B B AT BR 7o 23 #r 45 SR AN A S5 4 52 iR 19 AT IR T
Iy M G R AR S B B 22 R A% IR A o Zhu SEPSLE I il A 22 B 2R T ) A% R AT i
A DA e R E A5 A i S B AR . A, RN R TR R A AR T & AR



JEE i J U PR S A it T B 4T s B SRS SR AR I T

K, W ZEFRIRZIEPE T IELI NS T FENE . Abdelrazaq PN T
fif 828 K= 1) Burj Khalifa 7 jiti T.F0 R A% B Bt () 25 1 F L ik R G047 9, AT 1%
Y7 SHM, 1Z RS T B m AR RAR . FERETURE . U 4s A A . B ) B % .

Su ZE00%F 632m = () Ly AR K E L T — AN 432 MBS LR B A1
SHM Z4t, VA4S 1 ff 75 it 1 3 1) A0 it 1 5 8 52 58 X0 5% 25 36 B A0 H 7S i 22 S
e FvERE . Lin 0PN T 50 UF K8 m R 4 fl 117 K 8 45 # 75 jil T B B 1 M e A
TR, PR TEMERERN RS, £ SHM R fi 1 & Fl% 28 ok W s 45
Ha) 2 A A B ORI () AN [R) 65 40 2 850, WO 380 00 25040 mT DAASE FH 5 T e 0 Sk R kA7
YA, AT T e B TR ) 25 A 1 BE VT AN, I S I I3 e D AR (B AR B 2 [A) Y AR
P A8 4 R0 25 S . Li SEP2ATE N 28 T 2 38 AE 600 K 57 BT 22 4 i o0 1 2 3 1)
LR SHM R 40, Mo I FL 7 it T B B A0 IR AR B B (1) 25 14 1t e A0 A0 S i - ik 4b, &
X SHM RS HIH) 0 45 il AT 1 4 A A g

R1LIFIH T — Al TAREMBECEEE T SHM REMHE & ES M. 7F
Jite TARVRAL B Be#l A — N E R SHM REGEH R L kb, JREE L Py 38\ 30 i
. WHE AR, AR R R AR R AR, HAR AR R 5 i Tl
[F) 20 o XA 430X 6 4% B 2% 1T DUER 25 2 B0 M it T 4R 1 50 B 0 sk AR Ak, AT S TR &
P ) A A i A MR . b Ah, T DASRAS I AAL RS BT AR s A, T AT BT A
Xof L 3 T AS A R R A3 AR AL, X BT R T DAl 45 A 10 2 AR T

*1.1 BEEEASHREWBRELN (SHM) A%

i H HukE R o B B AT ISE W =%
W E R AT K E BE N, ) ‘ \
X A% B Bx 4 Mg BE, L, R
(Fik) B4 370m, 1990
HE KE BE N, ) ‘ \
AR A5 o Bt 4 I, fFe, X
(> (61 384m, 1996
s KE BE SN, ) ‘ \
AR A% B Bt 4 I, s, X
(> (62 391m, 1996
&% KE BE SN, ) ‘ )
AR A% B Bt 3 I, fFs, X
(> (63 421m, 1999
ES et e I BE SN, ) \ ‘
\ R A% B B 7 MEE, %, K
(Frik) (64 420m, 2003
&b 101 KJE BE SN,
‘ MR B B 31 I, K
(G 63 508m, 2004

IR ER S R RA S,
Ly CHp[E ) [66] 492m, 2008

AR A% By Bt 6 o
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(B3R
I H FHukfs B ez 0 B B LR ISE A a0
JN T BE N, ‘
AR A% B B 4 T, K
() 67 432m, 2010
‘ T, JE A, B
I REEM, ‘ ‘
i . BRI B B 843 B, ik, hiE,
(HhE> B 600m, 2010 ‘
B, NAR, |, X
MSRER (B4 AX/TRGE 14 IR, B, A
A& KED ¥y, 828m, i L. ARA B B 624 %, HE, W, M
[59] 2010 A, WE, K
‘ ‘ IR, B, A
Eilgdao KE RE G, ‘ )
i . ARA% B B 432 %, ME, W, M
CrprE ) 160 632m, 2015 ‘
A, WE, K
DR, JE R, B
%ﬁéi\%ﬁqj‘&‘ ‘]Ellj/ﬁ\/l:]:l:*@’ . E, 'fjiFg, ﬂﬁfg, 1@1
i . ARA% B B 553
(> B2 600m, 2017 #, MWENS, BE
1, NAE, |, K
N KL f i i ‘ )
BB &M, ‘ ) IR, B,
ORE CRED Jiti T ARA B B 393 ‘
330m, 2020 %, MA, RE, K

[68]

TR E, JEdh, R
i AR B B 580 B, MR, HhE,
B, MAE, RE, K

FKiEEHReR 117 BEEH,
KE (FE> B 597m, 2020

14 BRRALHESSRIRHTR

SRl MRS (PSR V2R Ak A Kl gt 0 E I S = SR 112 £ b2 1.7 =) N L 1N
I8 R 2 S P B EO HEAT K, FOAS 7 EEAE A5 BN N D B B 0 s R, A
AR LR R IR TARIRES . 5AAEGIEO0 T =5 2 A N IR IR T 45 4 b 0 30 i
(K12 K A5 J2 DA B G5 M 2 A0 LA B0 T R R AS S AR B, B DU R R 0% 700,
(1) BRI, #HRAER S (2) WARE, e (3) A W& # 1 1E # {3 H
(4) ZEMELF; (5) BT & LRGN

AR EE R KM B 5 4 3 v € P 84 T T AR X AR [ A SR AP B L, 45 45
P SR B IR AN 45 44 S0 R ) 5 R A B30l O S AR K. a5 A BRI, G
JRUE S DI ARG R T R S A R R R e R A B IR R E R R .
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Ao R EIE R T E Z a5 h, SR AP i B AR e 71 i ey B AR 721
AL BENLI E LY, Hilbert-Huang 7% #1751 /)N 5 AR 80 760145 22 Fh A5 285 1K )
%, R T RGEW AR, ARG A IS 1) BHJE A A A2

He Z5EU7IFESUISCR G ME 1, 7RI SR F BEALCEVE, #E 7RI 600 K
(1) ~F 22 4= fib o U 1R 45 K 3l 70 e M T A 49 2 R0 BELJE L o SR FH AR (B 908 38 731 Kaiser
T FIR U A U0V Fofr 45 368 Y18 B J7 V2 0 ookt i ol B A3 5 3R A7 b 38, 43 & AN AL 1
Wag 87, AR A0 TR 0l &5 SR UE 1 R O U T v s A

Xiong ZEBULL 632m i _Bilg O RIENBE AN G, IR T REIR 3T &
ANV EAE TR I B AL . R T — A B AR RS R E IR B VT A SR, IR
BT HAEF A A, @I M E T IRIEA S S S REE. AFE G
MRS R P A S BOEAT T A A, s e i e 1 3h 1 28R 8) /)
R 5 R h e B 2 (8] i AR DL ER SR PR T A MME RIS B .

Zhou “FEB@E I P 77 22 R BN W B AL+ 25 AV HF IR TR 98 7 & R T & 2
IR I AR S5 Bl ) S R o B UE 1 U7 VR RS HE R TR ) I AR G R Bl g R e
o 5 KL AT BATE] 420 m & 2 @S I &, $E RS R TOBE R ORBE B I AR
S5 KB R

Cao 5F2I%} B ilg — i 632 m 15 )2 G SUAE & XU ik BLAAG be S 38 o 399 18] 1% X )
FRPE B A YEREREAT T B F0 . D25 A0 i B M U 3% 4 3R A5 1 I 37 DN 100, 68 oot g
MRGE o A T IR B AR, SR BE AL 25 18]V A0 B 5 45038 70 i 5 0 AR 2 2 g
TR e AL, AR DD T R U R R 35 7 AR I A O MR VE AL 5 AN R bR HEEAT TR

Weng S¢S W 7 85 M) J7 ok T EOMBR IS IR A, B R B K AL 45
o 0 A PR e ABE A B A AR A A o SR FH OE M) S5 AR U B T A SR 45 R 1 A A A
O s AR I | DA UL Ry A BT S U NI Nl o R AR TR == o el il B VAR 2
JR A AN A AR ALY SR 5B B tH I T S M BOR B TN 3, T B TR £
NG A R TTER T oy 2 — 84850,

Huang 67408 7 HERR U0 = 2 @ SR AR & R BRJE b, $2 1 — i A0 285 B B 93
#7% (Random decrement technique, RDT) Fl—FuikAC & 5k, B TS H
RDT. #ZUEAH A5 i RDT F132 H I EL4% RDT 78 1A A2 M {45 2e 4 BHLJ8 LE 77 i 1
WA, R RDT M A T A3k 4 fldb O i BEJE Bl o) .

He SFUCIHR W 7 — Plofma B @) 8525 20 B 9 28 204 [R] B 2 413k 47 £ Tl dd 2
(RS ISR, 3 T 0 A 2HAS 5 AT B i D7 v AR AT BEAS RN, o0 SE B = 2
B Leatop Plaza-303m @47 1 £ 1H 5 AR &S 52 .

Zhou “EBTIGEH T — Mol B 77 1% 2K ek 55 A7 28 18] B B30 19 1w )2 22 B0~ Sh A
Z AN #E S g R P 3 I 6t e J2 R A RO B AN R S o 38 o A e A I 3 Oy
fr, WS R @EFAE S RAEH T RIRSI N, Oy 1 BR P03 0T 45 0 B2 R 1 52
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Wi, B T PRk ) AR AR R S T B S R T I 12T R AT RO B R
MG B PR, AT 4 e ey J= S SRR Je Al T IS

Yun FEESR 7 RS B R SOR, TR B R
RS K. 3T HUE 7 AR RS 0 A AN R 2 ST S AN, SR TR
A3 A R e =R O3 A 2% A T SR b S U Dy 88 iR B 4 A TV T B /)
SEAF . ISR 35 2 E B Z5 M i N BEAT BIE, %7 VE S B T AT AR AR 2 g 2
R, G2 A om AU o) R 5 R T T v 2 ST N A S B

Chen Z5FIFE o [/ Byt S ERt 0 i) 792 KiEi) 15 B B2 7 — A 46
AL IR AR A N R BE SHM AR St o 38 I 0 AR R AR 1 7.2 it i 10 S I a2 AT
RSB R A, BE VI RGMARNE. BE)E, B A 7 ki T e Rl
ol fE R AR R B TR, BRI RN, A B T AR G WO B ) AR
BELJE LE i B b A S AR AL AR )

Zhang SEOOEH T —MOFT R M Or ik, ERMH B H E S EEOR LI R %
A5 5 A RO R, AR5 75 8 S B 45 A4 Bl R R Y DU ST 3 R, B DL
Wil s ik, XRS5 5 AT A B SO R . R iE N T 838 m ol A
JZ R BB A A G RS S HOR R . SRR, EE IR EEORTT DU &
b fift 1R Bl SR AR AR LR B S IR A R S S T .

25Ky 2 )3 ke M B S S 8 (BRI A M . B EE AR IR AL ) X - 72 45 4
2 I N B A R . — ORI, X 2 S B 2 U PR NI RR 5 R e T R
M98 BN AN R . SCHRER IR R W], DUAE X & 2 SRS Z 8O it 7t 2 2R A
EH RGP HEAT B, AR, SRR TRl R AT RE s A P AR AT Oy, RIS
B0 705 P AT e M DI AR AR AR, 0% T B BT v R A AR G A I AR Bl 0 R A
T LAEVIPRA IR

1.5 SRSWABRAIARIRK

1o J2 R AE LA A R T R RO X R S AN AT BAE R Sl A RS . kB
SRR ER T AR . I R SE S Ty N, AL A KA
T R A T L, 3 e oF AR 5 A B RO RS B A B R, G R B AR R AR
113 T 0 3 JRE 3o R U 2 5 3 B A OR AN PR SR A2 o R T IX B IR, AT
v J2 S SR IAR 6T 00 1) a7 % AR 7K 1 0 EE ) N R A 4 A D5 VA HEAT T S A AT . A5
TN TE JEE R B F) 10 S AR GF U 55 T R E A DR S, SRRV it/ e AR e 2
BERRNE R E LA SR 2 48 B 4 5 P 0TI FR R R 5 AR A Y o He A A% A% 1K 5 ik
WX AR, BRI E R (B KT AR il
2 k7T A2 Z2 3 A2 [ A% (LVDT) P BOG A7 B8 4% B P4 231 2R 5E i & 48 (GPS)
(698K IR Py /AW RS AR BOARAE AR A 32 figh AL 25 AL 5 I 8 e R O #3231 1 R T

9



JEE i J U PR S A it T B 4T s B SRS SR AR I T

b 5 45 ) v 5 R A B I R X I, vy J2 5 R 1R U 65 A A R RN R A AR 2R BA
PR 7 AL Gefr 7% & 7 v B R, R O AL R N R A T A A A TR B R 4
Fg 3 45 199, 1001

Kijewski-Correa UM Z MA K & Z @EH E@EL 7T M2 EAE

(Global navigation satellite system, GNSS) Wil Z4c, FFiERH T GNSS 7E 4 o I
&2 RS RS R R 77, GNSS AN IE B F HoHE 2 1A A AR I R
1E. BRAME T 5 A a1 2 Sk FE G RE IR U0 B S R IE 4T T — M et i) SHM R
B R4 SmartSync. SmartSync I B H Pk~ AT504 GG $i 1E3F GPS KR4
GRX1200 GG #US AL Jl, LA I 2 I ol 2 42 A 2 500 10 Hz B F%

Wan 85 O3 T 5 oy {g e M Il | e A A2 AR X0 B ik R4 (IBIS-FS),
7E & A Kompasu 3 8] X IR Y — BE 600 K 5 1 BE K KRBT T 226 L3I & . SHM
RGL s 7RI A GG R R, A E s R e 3 10 AN 8 S R i
W R E N R YL (GPS) L EH AR KKV A2 82 . [FII, IBIS-FS [A il &
TEFAMEZAEHERKTPFALE . X2 IBIS-FS TWHIERG HIXKMNH T8 2
WA G XK T RA WM. @it IBIS-FS MEKERYINE SHM R4
DB ) S SR W B AT EE A, BRIE T IBIS-FS A 21

Li Z£00415% B e ss {8 B it 258 ¥ ( Fast Fourier transform, FET) X} 4 51— J# 108m
e A0 3 E 1 7R R R ART B AE FH R (R 0 B HEAT TSR AR A AR AT, T K S 1 E AR
I B 73 % A AL B8 B A AT R EE 2 A

Zhou 5O H 7 — & 3 T i1l 3 fL 42 77 18 (Ground-based real aperture radar,
GB-RAR) M/ 3 A1 1 8 1 )2 2 9 80 &8 e VR R DU 2 B BOR O7 % o I Aol St
A, X 2017 FEAERIUE (R 636 m) [ B A& R EEEAT I o b . a8
it GB-RAR HI/NE A #r, #ERRHE S AL E 551, KRR =K. mHitm
ANZR Y T 4 SR T T foe KK B2 W B 20 ) 9 18.84mm AT 15.94mm.

Zhang FFUCCHRW 7 — Mo BB BEHE AR 5 HOE. CCD AR HAH S & 1 s I
Jiik e IR ARG RS BEE K RT A A M % e ARG A, IR T
— PR B R AR RSV B e B, DAV BR AL RS M W A AT A s e . H OGN PR 2 BE
ASC A B N R S B i ORI Bk =, A AT BUE A T I B A
5.

brutz 4, AR Al . e B & R 2 A A I AR AR A AE S B AR R
IR, ML #S A5 7 B I 2 07 VA I LA 2 TR JE, IFTAE T TARZ
e A AL AR 0 7 1

Feng SEUO7IEE T b SRAE ELAH SC I AN J7 [ 5 U P 79 A 2 ik Y RS A L BiC 2K, B
fil 17— FhoEr B B AR B Ak XA AR R AR o IR AE RIS TRl ok — & BB ML BR B A A K i
febf EGRE N T H AR BRI EE RS I B 2R H s Camig A AR £E), & = JEHESR 454
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PR 2 AL F

Dong SFUO8EE W — Fh R JoAs ic B B9 28 T v LA G 1) 30 25 A7 78 e 00 A
28, K T B AR A P 3 AR 10 B 4 D d S e R O A U RV DA AT ot R E )
JEARIC CREAE KD o 3% 28 B 30UbR 10 3 75 45 1) 11 S0 24 sl G At 0 R5: 1) 2% 1D AR A

Luo &5 UOOTHR 8 i 2 T 4 FE 09 oF AL 5 5 R ( Edge-enhanced-matching,
EEM), PLSEHUARX EEE HAR BRI &N E. /£ OCM ki) EEM Hr, M
FIG R S BB FE MR BEAI 7 1], HFEBR RS BB RERER R HLERFIE. T
ffi BEM BiR 25 5 IR A A G R E, TP R T —FHEF 2 #10E R H AR .

Huang S5O H 7 —Fpdd ToF BN 5 (R 300 & 775, #KA template-
corner 5%, 1% FR 4] CLE B I & XA A A0 B e 5, ot T R ) 45 B 454 1
AR, %077 K3 B CMOS AL AT DA B R 78 T 358 7 T ) 4 AN UK
S R

Choi ZEUHK T —Fh B SALAESL, 30 3 A JC Am 10 00 o A7 B8 % 12 25 4 5 B
) W B SR VE Al R ) I B A8 R v . Rl BUE R AR S G i I A R R, 5
T FFT W HrAH b, BT 32 IR AE 22 B8 % 1 00050 %6 1908 1o A% JB% 2% Nyquist 410K [1) 3l
AR

T 2 R S0 5 40 3 B D R 40 ] BR OF R e 3 A RS AR IR A, DRI b i S
CER BN BE . NLAR L T RE A S AT A% AH OC I I B A A e A B8 EHE 1 T vk s
MAFERRLT ZRESERTLRE LR, EEEsMsEh B BRERE,
Y T R B AT IR RS W LA B S B A R A

Park SEUDIHRH T — MR A T IEE N ELMBINRE RS . Z ARG E
LT —Ff FIR P83 88 B R AL B Al v 5032, ] DLYH B I8 bl 25 S50 38 B 45 5 1 4
EA 5 5 B RIS . BN UE BTt Rk tE M el AT, iRz 6 M =2
BUJE BB R FEAT T E NI, SEIRIUE T TR RS A Rk

Thong ZFUM 3R W 1 — Pl IE okt B8 o1 W 75 7 S VR 22 R SE 30 7 v, B T X R
RRHETIE R B L 2, 120 2 TN e AR AR A DR e e, FLRBE R ok
F& T BUE AR K

Latt SEUT0r I 1) 2 18 5L ik 2 501 O B 8 3 9 VAT T B0, BR T —
Folr 28 1 18 U0t 5 X0 %) 0 LA 256 A B v 2 M 2 2% kel ) PR A 22 A B 2R R A
GRS A BT, DATE BRI B R B AR o B i AL RS IR R, AT SR AT AE T
MR Al TH . JRAH ADXL-203 hiid fEvH 4T 7 SER seas, R R, ok
REf T LA BN B9 J7 32

A G5 K4 1 B A A i S AT DL JE R R A B 0 45 0 2 I B AS AR R kAT &
AR, CHFN GBI S5 b AT B 4 A 2 RS A% B 2% DL d o i I 3R A A5
P BN A LA i) 54, s LA 7 T RS A M R AR B, i 2 T R AR A
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JEE i J U PR S A it T B 4T s B SRS SR AR I T

SR X R BB IR, a2 TR SN R AT B S S S AL

Shin SFEUOIHR T — b M F 56 2T D6 Ml A Jak s 00 45 0 3 3 B2 2% A ] S 22 #E2 A5E
SIRBAE A RIRAN M M. ik, BRI HE 2 IR T 97 i
It F 1) A% S A5 0, DARIS b A8 T SR S A A I M BB BRI A L . VA B N
TSR B2, B0k 1 5k A 2

Tezcan SR MY 1 — b MO B2 204 mh 35 IR A2 IS 18] 3 00 (19 4% [ 09 5 3%
BITIEN B L ZE I OT G, AR RVEROE S R R AR S 18] TP EEAT I R, R
PR 7 i B G R G AR S SN A RS B AT T R

Kang SEU ST 1 R HI A 7 - I AR 5% 28 40 S I 2 A K 408 30 AT 45 4 3 25 11 % A
THITT %, 25 VE A A RS RN A AR 2 R A 2 TR IR O AR, 2 T 0 B AR A SRS
T - AR IR FR R S A AL RS BEAT A T, Al SRR S HOL AL RS A IR A BRI R
MR R W) & B . A2 HATHIBE 7, AESE TAERCAE AR I E R 0L, AT U R
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NEXT 55 — 25 J& 3R B G5 A 76 AN [F) R ) BR 53 380 T i 37 o 48 J5 AR B i s 5k
5 (R S 8] [ 52 8 AH 5% BRUE . AH S eR 808 W T 0 M 2 B U B R 4 - NEXT /2
T HS o N2 AE B TR] P s B A O B AH OC e R, A OC BR # AT BASR R R B R IE
BL U IR o RS I IR IR SRR R — A AT AR FIBE R LG, 5 A B I 5 R B 1
AR A . S5, KB A IR0 7 &, 45 A G bR 204k B2 0 3 0
IE5Z CinE HIRSm D A, it RSS2

LRI B S AR TR N

MX(t) + Cx(t) + Kx(t) = f (t) (4.17)

Hrh, [K]. [M]. [CI A N < N RIEE . FREFMBEERRE; X)) A N<1f
MR TN N<LIER T8 Esh s

76 NEXT o, 76 ikb B T3 A7 £, (t) 78 AL FF k b B0 7 X, () 7T 5 A

%O = b | 1.0, (t-7)dr (4.18)
AP RO IR e A, BT AR
X (t)=h ()= Zn:%—fk)’e‘f“""ft sin o, t (4.19)
r=1 1 Sar

08 F ) o R BEBE ML I, TR, J PR AR SR S A SR s -
R (T) = EDX (t+T)x;, (1] (4.20)
Rf (o —7) =E[f, (o) f,(D)] =, S(c ~ 1) (4.21)
Horb Ry (T) 2 AE T A E I [8] 73 1 I PPk A9 8 A w0 S £ 3fe AR e 300 82 4
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Zih (4.19) - (4.21) FFARME IR ve 75 bR H i P oT vl 45
R =3 o] 0, +T ~2)g,(t-r)dr (4.22)

r=1 s=1

A P B AT K ek o 7 R A RE SC, AT (4.22) RIAE DN
Ri T)= Z:[Gi;kEfWan cos(e, T)+H igkeféw'“T Sin(a)drT):I (4.23)

Rep, G M HL ST X, REESHWER, 0T

{Gijr'k } Z %P DD bis J’ p(Ern —&ons) sin(w,A) {zin(wd,/’t) }dﬂ, (4.24)

r
Hii s1 M, @y My

WA WAL G B Y I
ak @r ¢js ¢ks

S

¥ (4.25) A1 (4.24) N (4.23), FHMFTE K MA NG ERA, ATEFTA
PN S R EP T

Ru(M = >3 1 o = ——— """ sin(e, T +0,) (4.26)

r=1 M Wy, s21 k=21

=20, (o, +E&w,) s I, = (0f —of)+ (& o, +Eo,)° By = (4.25)

FS rs

Ry (T)= Z i e sin(w, T +€Q,) (4.27)

r=1 M @y
XATTRE (4.27) R W, AH I oA B 5 Ik i 152 ey RSO 7] 18 3010 22 98 18 52 35 1)
Ao FEAEH NEXT #EATHRES S HGTE, BiZ25 & 5] OMA A Bdis (1 5 51 /2 B AL
(K1, T NExT J7 3% B A i 52 PEAE ZL 126 1270,

43 E*%IL,\?E 7N PR ?&/ﬁ (CMIF)

SRS TR/ RBGE (CMIF) D24 1280 A 3o 4 3 o R 250000 RO Al 2 S A 70
R Ar S E ML, W JC R I R E A A AR S M S S HUE S, HoaT DA S5/ i
B X AT IR . EAHT FC R 2L 1) @ = S5 AR AR b, i a5 VA R
R AR S H .

Xt AL IR 20 904K P SR AT B A B8 BB R H L () 5 125500 B8 KRR B Y NG x N
B EIFERE, No~ N, %l g i A\ 2% (30 DR f o fF A R E 2
fi#, DLIRAS 0T B FERE 7 FE U2 128,
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V@], [S@],  N@],

(]| | [

r _12Nx2N

[H @],
(4.28)

Ao, R[] sﬁﬁa%@ﬁa{ } wyoEk[] 5
2Nx2N

2NxN;

jo— 2

EARIEH[0@)], A RUER[S@)],  EaRiEs V@] | .

Ngx

|Clsmpetets Bt (L) =0 (fun) s {Fo) EBESMIIRAE R, G, RBLELY

B 1

&8 e 1) ] A AR S A 2 R0 B EH RE A &R B i ECER] 5 R R i B 0 6 ) R R 2

(Enhanced frequency response function, eFRF)>RiH%I, H 5 CMIF & K4 EAH %,
I A S5 A 22 R0 BH JE L .

BESWHI AT Q, 2 RAM, WTHANX (4.29) 1 &m/D = Feflith oA KM

eH (@), | (1/(jo, - 4)

1 eH(w,), | |1/(jo,-A4,)

-~ = C1rC2r

(4.29)
Q

eH (a)k)r 1/(Ja)k _/’Lr)

E/L\\ﬁ EF‘ ’ Clr = {¢r}T {¢r} ’ C2r = {¢r,drv}T {¢r,drv} - eH (a))r = {¢r }T I:H ’ (w)]{¢r,drv}T ’

X TN G5 A 2R 1 B AR N PR AL (eFRF ).

PR 0 5855 1B AR o 5N, U (jo-4)ER TR, Rl
AN A RES(o)BRTRK. FHit, B o VEEE (o)
(i=12,...,N,) B BE AR AR B AEE (CMIF B B, 78 450 & B 00 [ 5 505 4k 2
oA 5 — 3 S LR L (1 oy 7 A S S U AL, A U L Ak B 5 A BT D 5 4 TR A
BB A SR, W AE 130 B BRI Oy A G e R ARV N RS A B, A5
Iz 7 Ik B 2 HOE BAAF T 26 — £ 8 7 A& {0,(e,)) > T T sERAF2 1280,

{G(o)}={d} (r=12..n) (4.30)

4.4 BEREREHIHNNE T

BT RANE @ U O R PU SS R R Gy B IR E R it Kl Lo s 4
AW FETH X 5 J= 45 8 it LB Beik AT BE LR S0k, AR SOk 300 AN 55 vl s R
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HUES I A 5 F AR AT Ak T TR BRI A E5F 2023 4E 1 A 11 BT BENLIR 300
W, HEATIAE A B4 FE TR, R A B T E 133.2m (31F). @i A
Bt T2 31F B g5 /AT BEMLIR sh AR, JFiE Ik 5 SRR v Al CMIF 5 % 45 74
(1) i A S 2 5 B AT R .

BT o ELEN RS BAGRENT . 5 EASIEEEWHER. BEE
TREMEMSERE . ACEFEMESMAMEEAELRN RS, H Lz
el HE AR 5. 100 17, 25, 31 EREBEINE KR, £FERE
—/NREBE CRER). K25 ZWENIEIZE, £ 25 ZREERSES TEN,
WK 4.1, REDGEH 82 AET RS485 MBI, WMidEdl sl 24 K%
R AE BRI, T T AU AR A ], DL S B AE S )
SRR D R, Hd o A L S O T R A 4R M D R G 1 TG £ S R AR )

BT A 3 J2 G580 00 T AT A T R, ] sk AR S 3t S ) T AE 28 e D R
G G FIAE XY FIANIKF 7 1) B EAT T 00K CRARSFESh A %D, A8 [F — P T
ER XS Y BT W B R B AN AR S A K R RS, AR SRR =
MNMVER EREMS E, ABRSAENTNE 4.1 fin. B425H T A LW
(10 5 J2 00 500 T A U A A R R A RSP T AT . 0 TR AR R R A AR A Y
fil P 308 AR KA 2D001, RAEMIR B BN 100Hz, REE N 0.3Vim-s?. iEH
DHS597IN AR fE R I R G izl 48 . RER

—_— R NARRAE)Z

@ m [ | | @ -

1]

Bl41AEMRERERGEHERR (ZEED
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25F

e ] CTEm ]
Ea2A EERNEEESRERETEGE (M 25 R
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DA 55 51 68 1 J2 U I A IR A S5 B LR 20 D00 R A 1 1) s o B, ol
ik SRR A I AR A DG BR BSAG T BE ALR 30 03K A D A R £, 3 i R CMIF
FERGEESWAENREABRES . MRS T A BIX . Y 1A 1 B
Rk (L2, 150 96D W E4.3F 7, Dk BEAE 5 MR AR RS ] 9 2h . 4 ik
FEE7E 28 R £ 2 G K 42 B 10 5 AN W0 5010 Jon okt B2 o) {5 5 dE AT o B3, A B89
B, R BUEUE 0 S ECONT29282; vk, GBI NEXTRBLRL O 0 % N i 15 5 b
WM, X TX. YR, FEFEWANZSFE A, HEHESER2ANN A NSE A
KAEFTA M SGE S 5 525 A5 5 10 TAH G R 8 B, i 0 B AR 4
SRAFX Y 5 1) B A ok £, 3 T SR B CMIFYZE: R 1) 45 74 1) 2 RS S 40

AR 8 T 3 PR e R A, 19 R % 2 A R AR, 45 B0 I B AL LE XY 5 1Al
FRag g, mEAAFTR . XK, WARS S, X7 1A 00 B U {E 2 LRI
FI10F, R J5 MNLOFIE 0 RI31F . Y J7 [a) hiise 2 U S INIF R/ BI17F, 2R J5 A 1TFIY
IEIBLIF. EHAEEMNE, FEREMEKT TEMIEE, & KEHIETE 31F),
XY [ FR 0 R U A 45 1 90.043m/s?. 0.028 m/s?. 45 B F B, R HTH E 5 R
N AR R SRR B A B AR B .

AE T Z BRI EEAE B AR BUE R R N IE A ECOR, (R R R
IR 78 7 2% PR IX — . M4 4T DUE Al 26 200 1. &2 T 2 I B
I 15 v S Y o I R e B A, X R T AR S M LR-6F N N5k X H 12F A
B JE, 1F-6FFI12F F NI i K T35 38 )2
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BRI . BT 2450 IR S IR 2R AN 25 D] g W 7 o &6 M) 1R /N AR AT e A, HL gk
PSR RISt Rk, 45 A SIRA M E IR E B MACH i
0 CRIAHGMEZ) MIRISIREE AL M RS (nE4.50 AR g .
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Py C,\omplex Mode Indicator Function Plot
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1076 [
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(b) Y [8 CMIF
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4.6 FENIREMIK T A BIREE
4.6 ABINEG

A 3E I SR 4R Bl ATL iR B0 1 B0 55 0 UK R B I TR e RS S, SRR A A
PEHEAT S MRS IR o S, AR T A R R I o R D R SR AR B, X
BEGEAT XS Y F RIS EAEESN AR R, EENSS
232 J2 N A N 2 (R ) A DG BR R, 3 T I B AR e SR AR S5 M AR BE AL R B T
Xy Y J5 I B A ek A . b, R AR RS R R EGE (CMIF) RIS
FGEMPEABEESH . AEFENTENRDT:

(1) XEEE A B T BOd 5L 1 Ik B G 4 R 5 3 Gt JF 68 Ik B2 v Jo
BEAT T 0 0r. 2 HIME A IS 5. 10 17, 25, 31 240 & 7 03 5 4% B 2% Al R4
BEHRL S P A 2R SER IS 5 E 26 R4E . T A BB 450 1F-6F NSk X H 12F N
EMEJZ (R TF-6F A1 12F MW RE I K T8 2O, (645 = )2 0 Jd Bt 90 B = B 38
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kN ERN S . EEEENE, FEMBERKT TEMEHE, & RXEHDI
ETZE (31F) , Xo Y [a] B0k B WA 43 3 24 0.043m/s?. 0.028 m/s?,

(2) BETFESIINEE LLRERG, X A BEWBITHEIIRSIM R, 3
1M X SRS B B AR sh i NAS 5 AT RS R . B, WA TRES & ES M
BEAT IR FEAS 5 R R, B &N SR 2 2 5 E AR D¢ B R AR D R A 25
A )R B O Bk R, 3k T 38 I B A O R e R AR A 30 O A R K A
G, RHASEEERRENERNA B EM N EARESHER.

53



JEE i J U PR S A it T B 4T s B SRS SR AR I T

E58 ETHNRSINESEEALSHRE IR

5.1 5|5

H1 A% Gt (A 25 R R RE AT 2 45 4 1) 2 AR 25 2 B0 32 58 0 L 45 ) e N 45
MR RET7, IR A A 41 7 — b4l & BE LR 3h I A A R 7o ok IR ) 45 74 2% 2 4
B 1K) 753 > O 3 3 R i 45 1 10 % B AR I F00I v = 5 0 0 1) AR Y o fE AR E R 2
A BT I P 2 i T 32 0 A0 XSS P S5 il P oA B S A, AR i 0
WS ZHORB ITE RS E MRS S iR, L. IRME) ik
BRI () ) 45 46 1 22 AR S AT WAL . AE L EER B, AREWHEAENA T HAE
Wonhse s CRUA S H D A5 2080 Dy S pg SR eb o o e CIR] AR L 4 e N R A D
ARAT R R K (RS A Z IR SC R . H, R DU 4 el R4S S 15 2
(RO i ek BORA AR RIS . G, IR FEABEESSH, deEdART
o 7R 4 B AT ) 0 5 v o7 R R SR AT 5 M R SR AR R o R e A AT AR SR R AR
I A A T D BT SR

5.2 FENLRENT {0 576 oF 81 5 TR 5 T S M) eR B BY 3k &

LR R ARV R R O RrAp i BURL N TR vl L i rn vl SR ETRN R E = PN
T3 RURH L PR 25 F i 8L, 12 7 3% m] RAAS 25U o8 K CFRFD (KD, SRk —
MRS HIR R A0 45 4 SR LR Pl 75 1), T iE ISR R R R N LR &, &
R 7 AE B 37 G 36 T AR M BE AT, R i) 2 A 1 R 45 R TR B AL IR B AR 7 5 S it
DX D e A P 22 38 AN X e 385 B AR Ja B R B = )= S A SR T IR 0 HE DA
58 w06 s A T g R B CLLR AR 9 D A pR 20 b o 1k e B0 G T 0 4
P AR CLATR FROy LS A e 20 BA R F AR, BRI, 38 G 24 85 il
S RS BB S IR A R R B AR EAC . T iEE B AT, AL
3R 20 A0 ER 1 50 R bR B2 8] 1O R

5.2.1 IEP 50 Mo eF 2
N [ EH B 45 46 75 R0 A5 72 1) v (38 3 7 e g 11290,

' (O+2 0 O+ O = (o'} 1O (5.1
X B N ARG, | AR B AT, S 0 A A B
X=X ddh, [ 10, (t-1)dz (5.2)
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AT RAE R J7, W2 2 = o IR £ L R R pR i -

(1) = X, () = Y Jre " sin o, t (53)
r=1

di, =t g W TR R AT 2 0 R E (.

ra)dr

R 200 (5.2) BEAT (il B AR e RIVRT 3R AG 45 4 1) A0 R 5 -

2

Hy (@)=Y 5[ e sin(a, )t (5.4)
r=1

5.2.2 BEHLIREN T 79 55 fin) 2R 25

R A B Bl LR B0 X B B R S S 5 g AT R B v A e B AT 3R AT Oy A R K
ASCRBCH R BEiE (NExT) FRECAS R 1 B A5 5 o NEXT 2 F- I 8] [y 52
o L S FC) E AR SN AR O PR B IR IECR E S5 T EMA, SR JE 37 B B 28 il
N HIE R E) OMA CNEXT B 56— 25 /& 3R 15 A [ s M B Bl 51 i 25 M e L, 2 )
MAC 35 HCHE R I 1) g S e 5 A O BR 0. — R R 5 B BION B2 M B TR Y &R Gt
AT, HAT DR IR N IR SEME 5 2 M, 3X 5 48 S AL Kk o A B J 46 25 7 T e
PRIEN — . SNBSS ML b, A0 TR IR 5215 5 YA
M —AEARME et . RIE, RIS RR 5, kA 5% ok B 308 3%
I E 5245 5 Z M ELIR B S S 5

BAEgE R Bz NN (m=12,...,n) &, BT i N B R E AR < R Boa]
1 T SRR

n n M@ 1 _ .
Ri(T) = Z o Zz_k Putihe e ™ sin(w, T +6,) (5.5)

= Mo, Tia 2 mg \/lrzs + Jrzs

ﬁ I:Fl ’ ‘]rs = (wgs _a)er) + (éra)r +§sa)s)2 ’ Irs = 2a)dr (gra)r +§sa)s) ’ ers = arctan [\;i} o

rs

¥ (5.5) I E MR ARG 30 (5.3) HpORE A 10 ik e B pR 03 AT BB, AT
LA 5 S AEL, EiE A .
Pk, xbaC (5.5) o 0 B 5% pR HidE AT 10 BL - 22 45 TR AT Dy S50 ek £ -

Hy(@) =Y 5[ e 7 sin(@, T +6,)dT (5.6)
r=1

n

ot i%%%p;u;]z, ©, FHLIN ) 1, (o) IR

mr a)dr s=1 k=1 m

A, H () R BR8P0 53 300 WX 56 3R AT 10D A0 ey £ HL A 5 i A5 5 A 5

S

5.2.3 RiiREn T B SN iR 2
FEph R I RO T N Sy A R N, AR AT DA T A e
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X, (t) ~ (1) B9 B Zh 8% e Kol i F a0 (5.7) A1 (5.8) B

GXpo(a))z_ZN:Xpi(a))X;i(a)) (5.7)

N
GFqu(a))ZZ_lqui(a))Fq?(a)) (5.8)
X, (t) AT, () L Th 3 38 2 2 ok B0 -

GXqu(a))z_ZN:Xpi(a))Fq’;(a)) (5.9)

GFqXp(a))z_ZN:Fqi(a))X;(a)) (5.10)

7E oot 3R s A 56 v oE 5 4 A B AL RS B R B VR 3 AP CH YR, HL R
H, %), 258 A AL B4 H B0 B e s . B N B0 B e s L B N T B 18 g
75 52 B R

(1) H 7%
GX_F. (@)
H (w):#(plqzliz """ n) (511)
b GF,F, ()
(2) H,i%
GX X _ (@)
H — p”p
oq (@) GF X (@) (5.12)
(3) H, %

305 1 28 5 S I O 0 A0 0 40 750 30 9 3028 0 5 0 RO
37

GF,F,(®) GF,X,()
[GFFX (@)] = GX,F.(0) GX,X, () (5.13)

FEAGAN IR 15 00 Jb 5 [GRFX (o) HEALE A 43 2 0 75
[GFFX (0)] = [V (@)][A@)][V (@)]" (5.14)

A, [Alw)] R AEAE X A R R, B AN 7 AR B Ay, (@) X5 N RF AR [

(V(@)}, . %{V(@)}, 7 LI IS AR 0 B K H (o)
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{V(w)}ﬂm={H”_“(w)}(p,q=1,2 ..... n) (5.15)
M IE T
[GX, X, (@) GX,F, (o)
[GFFX(“’)]{Gqup(w) GFqu(w)} (5.16)
5o [GFFX ()] 7645 A B2 21 o A 954745 G 18 23
[GFFX (0)] = [V (@) ][A(@)][V (@)]" (5.17)
% (5.14) A R R b 2 R AT R 49 4500 o6 2 H (@) .
— _1 — 2
V@h, =1 (o (PA=22000) (5.18)

KK FE B b o 1N S q(q=12,...,n) RIAL B 05 p(p=12,...,n) I B, 1f
UL B R R AT 5 R B 7 B A e R B o AR E R — NN R B2 25 ORI BT AT
Sl I E SR QU R 4o cA RN VA2 % | i SO = £ i DS R s P 1 R v AN S
SRR A B KSR AN I TR T S B AR S R BB AT S, AR SR R
i R B oy A R SR AT A A pR K, R T 3 T 2L S BE AL IR Sh IR SRS
Oy A by K 2 18] ) 9% &R

5.2.4 {550k eR ¥ 5 1 12 S9N e B AU & B X &

Mt e e R A5 R R R AR A R R BT R, A et H i
VR G5 A SR A ) — T D75 VR A ST e e el RS 3 1 S A T A 0 2 TR B R AR .
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