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Abstract; With the continuous expansion of AC/DC distribution network, low-voltage distribution technology has received
widespread attention and development. However, harmonic components account for a higher percentage and harmonic amplitudes
and frequencies exhibit time-varying characteristics, the problem of power quality has become increasingly prominent. So, the
fast Fourier transform ( FFT) windowed interpolation method with longer sequences is slow in responding to harmonic
measurements, making it unsuitable for applications that require rapid response such as protective relaying. Aiming at this
problem, a harmonic parameter estimation method based on binary interpolation is proposed. Firstly, a dynamic signal model is
established using Taylor series. Secondly, FFT is used to sweep the frequency of a waveform to obtain a roughly estimated
frequency. And then, a binary iteration interpolation method is employed, along with coefficient correction, to obtain the
estimated frequency. Based on the estimated frequency and dynamic signal model, a least squares fitting method is used to
solve the signal parameters. Finally, the algorithm’s performance is verified under different operating conditions. Simulation
results show that the proposed method achieves precise measurement of dynamic signal parameters using only one cycle of
data, with total vector error (TVE) consistently below 0.1% , which provides an effective approach for data analysis in
fast-response applications.

Key words : harmonic wave; dynamic; AC/DC distribution network; binary interpolation; parameter estimation

EETH . E M4 8 A AR5 H (5219997230011)



0 51 7

BEA v BT B H ) R G B R HEE L L T
FAR PR A A A3 A 2 IR T R A 22 B
B L X P — kB 1R T AT iz Sk (A
FL X7 (19 R RE o [ ARl BN 25 20 o
W TR R R 20 SPmFLE Tz, 2 e
I ) 32 B R B A M R —  FR T AR
RETEFN AL ) PR SO E S R R
PG FEABE LR K, B s w38 hn o iRAE
5505 % 0% B L R e ALt 34 T, R] B VR B0 i A 2
W BRSPS b o] off B DR 2t ) R 43
N A5 IR BRI A B 2R

H AT, H IR & 5 ok F A RSB
MSEA BRI D . S8y 0 56 R A E 5
W B R RE | A AR R G Ak XA AR
TR, AESBUE T ARG R AR | A N
TEVERSS WA AT N AR 4% /NI AR A
P85 H A U S AT R S 8T G, Bk 1A
i SRR/, A B S A R DL Sy Bl
M-7A5 4% ( discrete Fourier transform, DFT ) A1t i3 fi B
M-7Z5 4 (fast Fourier transform, FFT) . FFT & A
B8 2 RETERL 1 I [R] P 5 I3 I 2 B0 A
T, FELATI AR 53 A4A0R LB SR (] 25 SR 1 R R 0] 01
Wi, X AR R I A R A Bl R s R L
TESEBR LRERN T 5 5 S 4R N AR R TR 25
RAARRE TR RAE | A T T M A R0 2 A 4
IS R 22 PR I G e 7 5 ot s ] Py 2 L s
PSRIBAR T TR I S R U A F T L B 5T
UNINES

Xof AR SRR A ] 20 SR A 5 | 7S A A5 i
#EIn) @, H g2 M H FET N g 4 (A 530k g o, Bl
ShF e inis v A BRE " R
TRE SRR PR S SR T AR T, 0 R R
% . EARAE T T, SCHK[ 14 ] 32 1 —Fh 2 1 LA
FET J7 3k, rTSesonn 4 | J 3 Rl Js 25007 ) 488 1, 15
HUiE TR AN 038 e I & (m) 8, Sk [ 15 ] A H
— PR T Rk AR (AN A A R AR Ak B9 25 S A
DR RSO IR MERME . DL AR AR TEAR K
FERE B4R IS TR B (RS A 25 B P 8
I AR REME . SCHR [ 15 ] BOAR 25 I8 T 00 5 3 1]

WA B, S B T Sl A5 P I B, (LTS R gkt
FET X Fe 81 BEAT BT R i B4 1)

MR, R R T — T M Y U
SR IR, W5E, A T — R sl BE s 5ok
FRASEAY - B A HL I B AR IE i 5 AR 25 D L
LA 56 o3 AT e T TSR A U] 1 A TR0 ) et ot
ST SRR T SR e I

1 ZhEE IR S

L1 BhFERESEER

F TR {5 5 1 AL 35 SRR 2 B UG £
TR BT — Rl Sl A PR SR AL s (1)
M Ao s, () R, B Rk

M M
s(t) = 2 s (1) = EAMCOS(z"ITfmt +@, )=
m=1 m=1

E;Amcos[2w<f;-+Av;>z+-¢mJ (1)
Krss, (1) WA WBAEE P m BB TF S
A, f 0, S350 m U R R S FIAR £ 1/,
S m P AE BT B WU AT R 2 4
TR = A0 A A0 1 SR A5 5 AF, W U R 9 A O 2%
Af=f S e
HE— B (1) AT AR, 1R R (S
R Sy

s(t) = z‘Amcos[an(ﬂn + AL+, ] =

M

z [A, cos(2mf 1) + cos(2mAf,t + ¢, ) —
m=1
A,sin(2af,1) + sin(2mwAf,t +@,) ] =

M

N [E,(t)cos(2mfit) + F, (1)sin(2mf,t) ]

(2)
Horpr
E (1) =A, cos(2wAf,t + ¢,)
F (1) =—A, sin(2mAf,t + ¢,,) (3)
3 (2) T, M A TR £ R A,
RN HIEE, () F1F, (1) #BIELL AF, WM
it AR TR K B LB DA (35
s e, 1D,

1 51
E()=Y ——EV +AE, ~ Y —EP
" izo k! oo kT
L1 L1
F ()= —FPl +AF, ~ Y —F0#
izo k! ookl T



L K BB S R EGED (FU 4303
RE, () FF, () TE ¢ BEZIW) kY BUE A, AF,
HZEHE PR A R, 2 KRS R B8 433 1B
R A ARSI

PLRAEEAIA £ %20 (5 S TR A 4
ﬁﬁiuﬁsj%%jﬂsvﬂﬁ(s)}ﬁm

s(n) = 2 z (ml”) kcos(w n) +]dFk> k.

mel ks ok'

Ea(D)

smwmwl=2§axm-Em+axm-FA

(5)
Hor
7 InG P

n=foc e, =2 e =) =

(6)
:—EEEP:EM %ﬂFm 7 K+1 mij‘%ﬁﬂ?ﬁé&éﬂﬁiﬂﬁmiﬁm(n)
MG (n) WEREIER, Tk (T7)
E =[e® ol v oKD 0]

F,o=[fu) gt )]

G, (n)= [cos(w,n),ncos(w,n), - ,—n"cos(w,n)]

K

G (n)= [sin(w,n),nsin(w,n),

1
,Hn’(sin(wmn) ]
(7)
1.2 #HBSHKEE
HHERR SIS UGS B AR 5 IR B, R /)y
AR A S A AT TR & I R T
B2 1.1 by (5) S = (8) AR EIE X

M
X=I[G,-E,+G, -F,] (8)
m=0

X=H [x(-L),--
G, = H[G,L),-
= H [b,,tx(—L),---

2w (=1),2(0) ,x(1)=x(L) ]

-6, €1),6,(0),6,(1) -

G, €D,6,(0),Gx(1) G (D]

(9)
AP H i 5T o828 O A Xt A R G B A
B/ T P T R ABCRA L O BT R X N

fF5MAREG, (G, N RBUERE (L) NIE S W

LS SIS ; G, (L) .G (L) ¥ {55 W L
BRI RAE S E, F, N EA R E, (1) F, (1)1
AR AR,

haR(8) AT AEM, mEE, M F, % A0

~,G(D)]"

T M(K+1) ANREsR 048 88 5 8, e = /0 20 7
M(K+1) ANJF A R g, Mgt — 24, /] LIS
BRI

X=G-® (10)
G=[6,G6,G,G},,G, G ,-.G,,G.]
&=[E F EF,, - E F - E,F,1"

(11)

%U}ﬂbnﬂ%/]\:ﬁﬂ%ﬁ’ﬁ%ﬂ
=(G'G)'G"X (12)
ﬂi@ln_kf(( 12) 1318 15 5 & iU 1 45 B 28
B FRH, T (13) TR IS 45 R 1 E A
VIR TR (I

A = <0) JA0>
S
¢, ., = arctan o
RO (13)
f et
g :f _ s-m
r=n n {0)
V‘ mn mn 2,“1_‘](':""

XA, e I, 35 B T A5 H A m IR
DA R EL AR A R THE

2 T TMEE R

2.1 SRERBFAME

HEBE G FET I 6 (8 53005 75 Za K
B T A R S A I 2, PRI L Ay PR e o o )
FH LA S 09 5508 78 64T FET $53055 DL AR U 4k
Th #EME T kAR A S8 ok il
EAUEIE 5 AR T N3 SEPRfE, 76 =ik A 4R
ZHI, SR H] FET B2 B B0t AT 0 UL
M 17 P 8 5 1 5 T 4% 4 1Y) e R R (L 3 2 B Xt
MR f,  BAALBRUNT

1) FE T RAEHOR R B i ds L) £ Sk
R L X ) L/ B DRAR  EA T BS BORAE 15
N HUT Y, RN

s(n) = ZA cos(2mnf, /f. +¢,) (14)
2) XHeE ﬁﬂfﬁ@iﬂf S, o BT e A AT R

A, _
Sp(k) = ?‘)[ewow,?(k —ky) e W, (k + k)]

Hef: b=—"sk =— (15)



A NV SRR IRE W () M PR AR
W 7 eR R B A R 5

H-1

w(q) = Y, (= 1)"b,cos(2mhg/Q)  (16)

b H N B ITUR b, A T PR b A BB
q HIEE B BUE R, =0, 1,2, «,0-1;0 Hik
KBS,

M =18, 50(16) B A % A it e ik 5K
ot LA T FEL A 4, D A8 3 bR KT R

e VDN G (ks
Wilk) = Nsin(wk/z(V) ) (17)

BitiJ5 X555 s (n) BT ALFR, B s(w) , =s(n) -
w(n), Wt R R AT 000 53R ) RS 2 A T
U B Ak 3 ) 22 M A 52 1, AANON TG BR A e 97 /e 24
SRR RCR

XN FFE s (w) , P47 2 HE B A e, e &
CIRURESHIR

A ieo fo -ieo fo
S(k)=?[e W(k—ZN) -e W(k+ZN>]
(18)

A, W) B sRE AR PR AL

H1 T ] 25 SR A L8 IR HA 80 1 B e, g O
Tk L BB AR D (R WA T 6T L AR, SRk, S TA
T AR A ) AR HE A TR UK At A R R A
R R S AT ARG AR, (A5 107 WAL A 157 A7
THHE A ER

W X5 5 P FIE FET $40 45 2] 45 U i AL
W FAREAE f, I HL AR 03 B3R A 32 ) B Af F
TTAEAE , BY Af=f./N 452 55 5P 25154 X0 i A % R
SHAS R =AF IR (19) 15 £+ AF VLR f-Af
SR I ) WL

(N-1)/2

X(H= Y s

n=-(N-1)/2

3590 FUHE =3 B WRAEL , e 45 B MR (B35 2 %
AR 1 U A QAT 1) B A 3 AH L 32 Q00 (i S 4 i
WA AR ELSAFL (LI P 0 3 I e REATR A, T2
FAER T —UGEA U R PR RUAG (B, dRSeE AT X0

SEA | S ST 1 S0 B A :%Aﬂ ¢

BT AR L) |, I 52 A0 BE AR R BOA 215 2
{8, Bt B 8B A HER B ATR £ FIUTCR BB AS

cw(n)e™™  (19)

2.2 SREKEIE

S B Ry FH Hh SR A5 380 T ARG B 1 B DU R 2
XF A Ad AR B R £ AT IEIE . AR R
FERHE 5 7RV (B X Ny 19 LSS A &, 2848 FFT 49
AU A5 B RLAR TR 3SR A ke, FETEE 2.1 10
(1432 AR 0 A R BB KR R I 2k &, &, , ELAT
TE by =k, +1, W& 1 FiR,

RELft7 U6 1 15 252, LS Lk
AR k,
3 1 A&
E Y
Mg '1' |
k. 7
b= i VAN
! |
|
|
. | | .
____________ bl
VAN A
A% /Hz

B 1 —oHmEEERE
AERE I M, 7T ) 308 ok 22 AR L I A 31 5
Yk, k, PIMEE, B A, = | S(k,) | A= |S(ky) |
T 0<k—k, <1,M5| AZEHE n, BUETE I -0.5<n<
0.5, 5 FE X R n=k-k,-0.5, FFHHEE S AL
EA L, AT ARS8 A 5k

A, — A,
:A2 + A, (20)
XFE(20) BEATHREE, AT AT 3
W P wo P

Cwe) [P+ W) P
Horfr,

P_21T(—n+0.5) _2m(-mn-0.5)

N ’ N
ZH n A AR Z ARG R, Bk, 78
XE][ -0.5,0.5 ] N H—4H n 1, ARAZIX (20) D
AT BN B —2H A {E, 98 FH PR 2K polyfit (A, m,p)
PTG p MG 8T Z R Y B p =7 WAl
PIAFH p=F" () BARSEEE, B
n = 0.751 508 09A + 0.188 233 391° +
0.087 438 08A° + 0.090 056 3247 (22)
AT 5 SR Rz A 6 A A 1E A 2y
foe =k, - Af, + A8 (23)
L A G A RS P AR 2 [R] 1 a]
B s AS AL Al THIR2E, A8 = (n+0.5) - Af..




3 BRI SOE IR

PR 5 T FFT — 704 {19 3 508 I 2 50
fti11 777 ( FFT binary interpolation, FFT-BI) [ 5% 81
AP BRI 2 Fras, EEALHE LU M5 I

—Ji N R R A — B S S
s(o) X AT B HCR KR IR AT L=96 #9804k i
BT IEAT FET $9550, AR U 5 90 1 5], 0 s ML 43
R HUR SR AR A Wk AR, A5 503 f,
TN SEBRAA 5 S5 Je , ) IR (E A S A T A0 4 R
TE, AR R B WA TR )

07 W, HE TR PECE N s (1) A )
{55 RAEBAL . FIFEIERIUR £, B 5
E, F, Sl /N3G 7 doR g aERr @, JEim s
PR R A AURR R 14 98, R OCSR A5 L 155 19 i
{H AE A LA B A3

SR S5 S s(0)

v v
LAAFA I R EAT T REPH, HWE
B L A fE HA(E SR
v v
-1 X =254k 5 HIDFT, .
Af 2 &f ‘ ?%WE{EEE‘X‘jCigg)%kI —» m@%—gﬁ%ﬁﬁEm@\ FE
A
v
RATIE BB E TR E
e RSB 0
FIH 2 RGEIES
KIFSH JRST 2R B R A
AT BB IE,
G TR,

2 HikimiE

4 i EAR Ko

FESCPRA 5 S A R I A A, R T
HE— LIS UEFIR L T $ 07 1 MR, 54T T sh A5
AL DIZEA S 1R 2 (total vector error, TVE) N
W R RO EiR T P ERE . B K L=96 (1 1
) ;£.=4800 Hz;K=2, fiESEIXE LK1,

1) BEPH A E i 7% Ik

M AL ) 5 RIS AR AP i RS
YA | ZRGEA 3] RE Ml 25 AR PR AT 48 (50 Hz) o
WM N H, g F A 2 D F TR T R PR 3 I8 5 )

x1 BESSHIRERERRY

B UCEL m A,/ (pu) 6./(°)
1 220.0 0.05
2 4.4 39.00
3 10.0 60.50
4 3.0 123.00
5 6.0 -52.70
6 2.1 146.00
7 3.2 97.00

W, BRI RS

s(t) =cos[2w(fy +f)] + EEAMCOS(ZﬂTfmt) (24)

m=0

K £y AR R WS i, X B+ 1 Hz,

P FET-BI 595 53CHR[ 17 1 /9 FET N 4
B B3 2R A 7 35 gl 081 4 1 i B8 X EL I 3K, 45 SR
K3 FE 4 o, B ar s 1~7 iR S
WG, ATLVE S AT, PR S
SGERITERRARYE Bl 78 B0 1 8 e B HL1E i/ 1]
P AR , FFT-BI B3k AR bR T 40
AL = BAE I EE  TVE 76 107 % 8% LT 4
TR (frequency error, FE) 7E 107" Hz & 2% LA
T o MRS SR A TR B TR S0 FET Jinid
TRIEFRE 3~5 MR Y, (R T IEEE FR#EZ 1Y
TVE /NF 1% FE /T 0.01 Hz iR 2ZFRAE,

= FFT-BI
FETIN & 4di {5

B KTVE/%
5

| [ [
wlad W wl Al Al ) A
2 3

1 4 5 6 7
E5neE

B3 ESMEERBEHK TVE &KXE

m FFT-BI
FFT N &4 {8

% KFE/Hz

102l =
1

N Al d d al m
2 3 4 5 6 7
EEHE

B4 ESMIEERBHN FERXE
2) BE i S A 3k
1 % HE R R R T AR AR 4R 3 B DAE 5 AT LA
LN



s(t) = ZAmcos(ZﬂTfmt) +
[1+ kXCOS(Zwﬂt) leos[2mfit + k,cos(2mf.t) ]
(25)
Aok k, 530 A R BT 2R BORURE AR R R B
k =0.1.k, =0.1;f, HIHHIHHE,

PR FE ThAE S B MR A AR A AR A AR
P, W 45 R B ORI sh, i 5 & 6 BT,
WRLE 5 FIE 6 AT, Urd FET-BI 5k ()0 2 45
W /N T LU AR A A5 5 43 i 19 TVE 4%
FETE 0.1% LAY, FE ¥ LR FFLE 0.03 Hz DAY, i /2
IEEE C37.118.1™ -2011 {4 & 45 #E # TVE X T
3% E ARG

10?
= FFT-BI
FFT il %4 fE
10
o AT TATATATATATATATATATATATATATATATATATATATATATATATATATATATAVATAYAY
Z | | (| (| [| (1
=
b
10
10?
0 0.2 0.4 0.6 0.8 1.0
FF1E] /s
10° T
= FFT-BI
ol FFTIN & {8
c\o 1
B 10' p
>
2 IR . T R
K w0t ‘
=S {
10" { | }
Z 3 | i
102l @l Al =@l A
1 2 3 4 5 6 ]
EENE
B 5 @EHtENSE TVE E
0.8
= — FFT-BI
FETIN & 4di {5
0.6
N
=
H o4 H
=
w
0.2
0 /\
0 0.2 0.4 0.6 0.8 1.0
FF1E] /s
10t T T
= — FFT-BI
FFT N &4 fE
1000 E
N
=
2
Bt
iz
10’2: U TTY T B B N
0
1 4 5 6 1

3
CEZE

6 EHRMNXENDEFEE

5 45 &

TR T AT FFT S S S
RO 2, S BT AR A 7 o0 R AR A A
MRS B E S P, AR R,
AR S AR S T i A R A
HL IS 5 ARG B2, Ho TVE 2 107 % it 9 78
HIESIENL T BT A B B 1Y B A R R,
BAEWAES TVE HMET 0.1% ,FE ¥{#457E 0.03 Hez
DAPY, SEBE T X A5 5 v i I 2, Sk BT T L T
Hh PR I 7 28 R FH AR A T A R R

S 30k

[1] BARROS J, DE APRAIZ M, DIEGO R L. Definition and
measurement of power quality indices in low voltage DC
networks[ C]//2018 IEEE 9th International Workshop on
Applied Measurements for Power Systems ( AMPS)
September 26282018, Bologna , Italy. IEEE,20181-5.

[2] EBRAHIM A F, YOUSSEF T A, MOHAMMED O A.
Power quality improvements for integration of hybrid AC/
DC nanogrids to power systems[ C]//2017 Ninth Annual
IEEE Green Technologies Conference ( GreenTech ),
March 29-31,2017, Denver, CO, USA. IEEE, 2017.
171-176.

[3] TEWE, dgenh, &EWM, & BSdeEmEIshsIk
AR Sl ARG I B 52 [ D). fB 1 RGP 545
i, 2022,50(6) : 91-99.

[4] LIHC, LIB, LUO Z G, et al. Power supply reliability
enhancement for low-voltage distribution area with power
guality improvement function[J]. IEEE Access, 2022, 10:
130619-130631.

[5] ZR4TF. FEFUE VMD 5 ATEO i I i 19 53 4
FELD]. M R R, 2022.

[6] YALCIN N A, VATANSEVER F. A new hybrid method
for signal estimation based on Haar transform and Prony
analysis[ J |. IEEE Transactions on Instrumentation and
Measurement, 2020, 70:6501409.

[7] WANG K, LIUS, WANG L L, et al. Novel interpolation
method of multi-DFT bins for frequency estimation of
signal with parameter step change[J]. IEEE Transactions
on Instrumentation and Measurement,2021,71:6500914.

(F4#% 97 W)



(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

H[J]. B THA,2023(13) : 115-119.

H R N I = Ny N T = S G =
T LA AR AR AT [ T ]k R 0y, 2022,
46(4) :75-81.

TATR I, A 5T AT bR, . 800 kV ZR M i 1 1
MEH S AR [T ] f o TR, 2022,56 (11)
30-32

RN, R DRI, S Rk LR S e T
Pl B A [ 719140 77 ,2022,46(3) :66-72.

R, Tk T B VG T SRR FE M L G ) T SR AR
i BRI AT ST T ] B TR, 2019(24) :96-98.
TR, B, SO, A R o A B 32 B
Yo 52 )], TR 2023,57(2) 1133-136
REENE AR, v SO, A5 R R R R ELR MMC s
T = PSR S5 B ik [T ] L TR, 2022(8)
119-124.

WA AEIRLT FEIF MMC 455 He 7T 4 S B il e
BLRE R H B R AR 3 SR [ )] A T R 22 4, 2015,
30(3):21-27

BEE HMETR RS, S BT 22 o T O 1R A
Hesg ey T[]l TRH AR, 2020,39(4) .
207-213.

[17] SHAO S, WHEELER P W, CLARE J C, et al. Fault
detection for modular multilevel converters based on
sliding mode observer[ J ].IEEE Transactions on Power
Electronics,2013,28( 11) :4867-4872.
TR, FRMEN | 22 AL 20 T R A TR R I
B o A K 5 E A DT[] M T R AR, 2019,
13(3).73-78.
Wi/, AT R B e 45 5 1 T I R 4 O I T
R B 7 I B BT[] T TR, 2022,
56(3):27-29.
XUEEL SR, e HE 7 o 2 I A5 I R T 4
PRFCHFARM RS TR T]. MBI, 2020,
44(9) :3604-3613.
EEEAN:
REL(1979), 5 ,HE SR IRET ANFLAKH I
ARBEI 5
X AR(1992) , B b, DA, AF FM AR L
KBTI
= F(1987), %, 5 A TN AFHZELAKE
FARATR
U3 (1987), B Mt , TRIFNFHZHELRME
BRI, (W#s H H#5:2023-10-27)

(18]

[19]

[20]

n
n
n
n
1

[

n
n

(L% 64 W)

(8]

(9]

[10]

[11]

[12]

[13]

[14]

CASTELLO P, LAURANO C, MUSCAS C, et al.
Harmonic synchrophasors measurement algorithms with
embedded compensation of voltage transformer frequency
response[ J |. IEEE Transactions on Instrumentation and
Measurement, 2020, 70.9001310.
TAE, W, I, %, B F Rife-Vincent B
e - LR —IELARIE A & SR ] 155
K2R (A RPHERR) | 2022, 43(5) :547-553.
WA, OO, WA, 5. ST A FFT =38
LR TE Y HL RIS (A A I B [ ) ] . AR P e
K2 ER (B ARBLARR) , 2021, 55(6) :1044-1050.
BXBEAR. SETF N AR (E apFFT [ HL 7 38 I 0 ] 3
R LT[ D] AL VLR R, 2020.
JIN T, ZHANG W F. A novel interpolated DFT
synchrophasor estimation algorithm with an optimized
combined cosine self-convolution window [ J ]. IEEE
Transactions on Instrumentation and Measurement,
2020, 70:9000610.
CHEN Q M, YANG X, WANG X M, et al. Complex
harmonic detection based on MSLD self-multiplication-
convolution window [ C ]//2023 8th Asia Conference on
Power and Electrical Engineering (ACPEE) , April 14-16,
2023, Tianjin, China. IEEE ,2023.1453-1457.
i, B R T R ) 2 L A R

n

n

0], P EEBEPLTRE2EH, 2006, 26(8) :55-60.
RO, R, R, 4F BT 2L A A
PRI A AL B L T R GV AT (1], I SR,
2019, 56(18):10-15.
MRHE . SRR A SRR T AT FET 9 i 38 Dk D o
WFFE[D]. AU WK, 2017.
PRZEZE, Earfl, Fob, 55 A FAHAG RIS
TELARE FFT B IR ik [T ], MR,
2020, 44(3): 1105-1113.
EEE T

WA (1982), 8 At SR IR AR T @ AR
W55 0 AR F;

5 A(1986), 5 Mt , SR TAN AT @A)
WBIE5 8 it

HRAGB(1975), B , R TR AEFL il g 5w A
1‘]'33:3%9?,

B v8(1979) % At HA AT AFE HEES
B AT ERR;

E $5(1982),% , A LA, NFRERAK Akt
TR E AR,

EHA(1990), B, ML, TAIF, AE B LAEF B4
it F R HARM BRI ;

ZMR(1991) , %, Al TR R E & A @R AR
A 75 & e AR,

[15]

[16]

[17]

(YzF5 HHA.2023-10-23)



