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Application of variable boundary tracking differentiator optimized by
SA-PSO in photovoltaic power smoothing

Zhao Haicheng Li Hui
(College of Automation Engineering, Shanghai University of Electric Power,Shanghai 200090, China)

Abstract: In order to [urther reduce the power [luctuation ol grid-connected photovoltaic arrays. this paper proposes a
power smoothing method that used in photovoltaic array connecting to the grid based on variable-boundary tracking
dilferentiator. Besides simulated annealing particle swarm optimization is used to optimize the boundary parameters.
Firstly, a generalized [orm ol variable-boundary tracking dillerentiator is constructed according to variable-boundary
theory. Then, [or the boundary parameter optimization problem, this paper proposes a [itness [unction based on short-
time-scale volatility [or real-time optimization, which improves the smooth ability ol the algorithm. Taking a
photovoltaic array in East China as an example, the experiment proves that this strategy has a better smoothing elfect
than the traditional strategy. The maximum [luctuation and average [luctuation ol power are reduced by 64% and 16 %

respectively, And the charge and discharge energy ol energy storage is reduced by 5%.

Keywords: tracking dillerentiator;varying boundary theory; SA-PSQ; photovoltaic power smoothing

0 5 B

AR & AR TG TS G R IR A ) A B RIS R
WA A RE 2 BEAR RS M 22 BORIR S B . BEE Bk
R AUBEHE A L IR B A 2l X L B 2 e RS E
P LA B e RE T B 3 R AN AR . PO R B AR 2 B A
WA BRE XL BT TIARIE M IR SR/DEE T
HARESR R IF P D3 W 3 A 43 8 A 1L 1020 BB AL A
B AR TR M 5 Ik R LR B S 2 R R I
A BT R R R A . Uk 2 B T I SR

W RS H . 2022-01-24

Bk R HARMUGEIE . TR HER S MRS, m
HA ARG IET B 857 FHABRNEEIEL 558
WXREARGE. X3 A T —MEF 06 M&HE
M TTRI I L AR TR S IR TR AR
sk [A] RUBE 8998 #n BRI T 22 3 30, ik S 7 FIT R & R B 4

HHMARNREREREBRRLR. X4 IRARN R
BN AR B RS AT YR RN RS
T B0 AR G BRI R BRI 30k . SCER[S )@
SR R E AR 2 R s B AT A B RO IR I, R
FIR G fiE 6 &2 45 (hybrid energy storage system, HESS) X}

* HEWH ., iEHRER ST H (20421206100) , EEHE RS & B LR (2019-imrh1-ki10) % B

¢ 36 o



RER FSAPSORLARZERBEHRSBEARSEF R FHER

H R DRI AR H TR HEER AT
NSRRI P REIR B, SCRRL6 MR Ot R T 3R
BARL T A B ECT 5% E T ER 3T
97k e ROV 18 50 v HLBE o R B (EL O R O I
IR ICREI K I, CERL7 )R P — Bk
TR AR AT RO M A A AR AR T TR
¥ (improved particle swarm optimization, IPSO) 3145 &£
BRORAS X IR 25 I 1] 5 B AT . SCaR(8 1R ARG I
AR AT 1, FAETE JEAT R FS (state of charge, SOC)
BRBITHFEER LRSS, A, A BRI
SE/MASERIF M Al 4. LR W 30 T 1 B AR E i
PEET Re 5] AR AL S .

WA 478 B AR TR AR e i 5 B st i B AR
TR N ) o AR R PR R O T — R R IR R Ty AR
(tracking dillerentiator, TD), TD H G L IH, LEiIk%
N T HLH TR 2 M S5 A R R A S R U AR A TR AT Y
BRERMEAE. XH91B 2% TD i Z ek R it
RS T 8B g R AR B BRI E S50 BIF R 2
RS ETERE AT R s, SCERC10JR B T —
AR AR i A AR B R B A E T W B L R SRS
AP R R RS T ML R RS R
IR N T —Fh AT AR 0 R e A R T IRER R
SCARCIT 4R a8 7 7 b 300 S 8 48 oy e it R 23 4 20 4% (fast
tracking differentiator, Fast-TD) f1 F % F % By 44 5 1% o
RN R R Ao B0 O (s O Qi I 1= IR DA
SCRRLI0-TT] R 45 i T2 4 540 OF R R IF X ) SUHR BR 3 4%
YT ELRES & 6 IR D) 3 3 A2 42 M AH B 59 2 80R
B,

ET ERIFEMAR,CHE T #— S BT M
ROACRIBAFER R TAZHA TD I HEZRAE
HRIPFTHE G, HAGIATERARSE AHRE,
B AT T A )RR 35 R B R R O AR ALLR KoK B
¥ ¥ (simulated annealing particle swarm optimization,
SA-PSOY X RSB B i fh . P w7 i, ¥ i —
H BEARSEAR B 5 I 9 B (9 T 223 3 .

1 SRRThREH S

SR D FAF 5 2 — B E] g R L g M R RS, B
KABULT TR B BB LA W o A STET 4 B H BB KA
TOUR IR B AT AT, I 1 BTR .

BLEAR T E 7 kW LR B 51 72 B KA 5. 00~
2000 MYEAR T, RAERTE] 1 min, B BIR 7% H 208
AR s, ATLUE N eR R STEFIRIE L T BT
H. Sn g, Al Rl B AR s PR S I 579 k.
G GETHI R 1106 . PR, 38 S B A AR T SR T, S
DGR B I R AT M RN Z R EsfT A5 E

%14 49
6000
& 4000
= 2000,
0 . . "
06:00 05:00 12:00 15.00 18:00
ENES]

[}

<

<

=3
T

LU L LR T
L L e A |

TEREEW
IS

)

fe)

< i=

06:00 09:00 12:00 15:00
B %4

1 FHBKRILERIERNED
2 TD K Fast-TD & 4t

BREUR R 7 A DX AR e P A5 4, LU SR e A A
Y B MRS R AR A AT AP T2 R A R B
Wi SF O BRUE TD M0 B R T 255 PR fhan)
Shan Fo AR 53 A 1G5 K 2R P IX 45 2 AN B B0 AT
(9 IR A R ) » fhan W03KCDBR .

d = rh,
dy, = h,d
y=x Thx,
a, = m
(ag—d) |
X, 5 sign(y), |y |>d, D
a =
szrh%, | v 1< d,
Jrsign(a)y lal|l>d
fhan:*\r%, lal<d

Az, B fhan il SRIEE S22, 2. K fhan X R
G5 RAATT, r b ABIRREERFMIRKEE T L
BROILIIXHAG G Fhan AT T B0HE, 2R H 8 (R 3 A9 351 3
T 2% 1, 4 Y T — Pl B B O B TR 4 4 o U (discrete time
optimal control law, DTOC Law) .

DR E R Mz, ,2,), Y M EH— 2 RA
WRLM vz, >0 H M(z,,2,) € Q. AL v = —
rsignx, +hx,)

28 Mz, ,x,) TEHEZ HWERE, WRE M 54
HAERBEANLERR | o) [Zepu= —rsign(z); [ x, [<
x4 su = rsign(z,).,

3)%1 M(Tl ’172) Tﬁ?%ﬂlzﬂp

. J'c+7| L1 ‘
u = —rosign(x,),a = 7’JCA+<‘ T ‘<1C+
Lo Tat
. ‘ Ty ‘*-17(;\
u = rfsign{x,) . = yxo <<z <Kz
Tpr— T

(2)

o 37 o



545 B W F o

F R K

DY Mz, x,) P FALHGERH, B M(x,,x,) € Q,
2z

u = T (3

R DTOC Law #1 2, HHAIAX 3R A (D .

Q, = {(x,2,):2, = a2, FAha, <F+h'r Nz, =2, +
hx, <+ h'r} (4)

DTOC Law 1t 2, 2, 5 fhan 2L, 43 ) 2R i i
HWAMEEZ 2R REIGEES S, DTOC Law
WERBMERN x4 20 xey BT Z4M &R X Fior: B L
EERFBR DD PALIRAME 2, > 0 FHM x4 .
Ty Tl Hﬁﬁé'ﬂiﬁ Tz paxe R (G)

Xy = +

h|l2‘

Xp *f‘# —h |z, | A (5)

1

2

5

2
z; 3

Xe = Z‘F?h | ) ‘

DTOC Law RS fhan [R5 A0 F 1@ BRI E A8 50
SR S R AR T AN A 2 R

5F

3]
w L

Kl 2 DTOC Law A ifi ]

R DTOC Law ¥ 8t T Fast-TD, Fast-TD f1 i #% %

B = 0.5, Fast-TD # EiR (5 ek 25 R (6)
L
T = 2r
2y = 22k |, Ry 6
2r
z;
T = ;+/l | z, |
2% 30 SR AR 3k ot SR W AR A A i R HE AT 43 A, R

Fast-TD 5 TD X AR A9 3 Z ] 5 » =2 000 S E i H 1
h, = 0.02,

A 3 0T LUR IR » B3 R BB A0 bR i e 2
RAE, HEMBSHZ T AT REAFFS Fast-TD
A Z T A E AR B,

3 HE;XAEHBR TD

Wt DTOC Law By A L & 9, DTOC Law B3 7
S L R 0] 38 R R B T I AR B 2 1Y, B A SCRRL 1L 40

¢ 38

« ——r=2000
¥ty —e—r:Z 000F ast

/dB
S B

10! 10°
Fa A% (rad-s™)

—r=2 000
—e— =2 000Fast

)
2

10! 10?
FIAR S (rad 5

K3 Fast-TD 5 TD g 4548 45 il 1
TR —F T B R (7 . AR SCFE 1 Ll o i &
Bl ESEAT T LW AR T M A R TD,

Ty + 0.5 X (4 ORI+ 8r | y | — Phr)sign(y) = Ohr
2, 0.5 X (& S hEE 8 | y | — @hr)sign(y) =

y =z, +ihx,

— Qhr

)

HhARSE A Mo, Ba=1Ho = 18,531

K Shan BB FFEEIN S . S50 47 3007 LA F 2028 ) 5K

XA W 2, Bl 5 ) 98 HAE YO MR BA P iR X

B mE—HEnENENES Qe [0,1D, A M EREK

B9, G 4 FiaR . T KOR I 4 T K8, T LG
H 20/ A BT LR /NET IR X il I B T

X, +2hx, =y

X,
\z//

X +(A+Dhx, = v

X, +hx, =h*r

X, +2hx, = —

X, +(A+Dhx, =—Hr —

B4 ZH A XA XA

Qhr RRKMEX K TTE, KU EL K Tz, +

— Oh
Lrsign(y) =

ey 0 5%, I
z, ' I §Tax, Wi L2058 Ohr -1 —0hr. B3
@ W LA T ERMEIX 2, 7 R BT R RN AR R X I TE R
MEASHiR, ASHBTHO=0.5/&=1WMFERT
LR WAREER R O O FFERER, ' - AP
LR IR MR 2 9 2, BHERT.




RER FSAPSORLARZERBEHRSBEARSEF R FHER

514 81

w5

Ho
[V

B 5 B8 o XLt A

MR A E TD BRERE 5 W SR M0 5Ok 2 i
PR R B R LR T RS S 5 AR 2 MRS T/
1 5 B AR P ] BE 0 s L (B TT BERE 2 S EURS TR R
BEE gl B AR T IRER S B P R GE W R A A E

T3 B 5 AR 1 BB A A R TR RE ) R R B Y P T
JEARAR T R — BB E B R I (5 =, — L4 RE 11 2 BT
S kA Al IR B S BT DL HEAT P IS S
KA ABL F LR TD, FT ERMIE, A SCHR I —F )™
XA AR A TD, " LAl AR5 TD el IRR

7, . 2Rt — s
J<xz%s§%f-—s@hr>-91——52——133, Ly = Ay
7, 2200 — Srvs )
1u2+s?§+s@wfg—lj—izﬁ |y =R
(8)

;H\:EF" y = Il‘i’/\h.’[z ’ H*ﬁﬁﬁﬂUﬁ%?ﬂ»ﬂ%iﬁﬁ
TD MR PLL W LIRIR A

2
— T 1

JIA:IL = TJF(?@*/I)}LT,Z

2

— S 3 i i

113 cry, = M (—®+ D he, —O*hrsign(z,)
2r 2

9

HOHF s =sign(x,+hax,), WA BN IZFERRK N

B A AR X G (2) ¥ B Py 2 1 2 1Y 08 B3 Al i s .
GALLFRIR N

2, = {(x,x) v, =z, FAe, <Ehr Ny, =y, +

hx, <+ h'r} (10
Bréaam & FE W R T .
x, (1) = x,(0) +hx, ()
ng(l) = x,(0) + hu(O)
an

x,(2) = 2, (1) +ha, (1)
112(2) a2, (1) +hu(D
HHRGOWEW L ZNEGEFE L, B x,(2) = 0,

,(2) =0, Ia SR E A
_a A+ Dhx,
h’

(12>

u =

S R AT LAAR G AN TR 89 2% 1 0 B i L B BOoR B
HE B RE S SR ERBE T .

4 SA-PSO R AREREMS ==

4.1 SA-PSO &%

PSO $ 7238 i B e 28 30 FORL F 19 R 22 B0 AR W s 4R
W AR R E. ARfE# PSO BxiE A9 T
AU B AT 24 TR O AR To) B d e ML BB A
i e, ] [X o) o oz R AR S SR R, R
BEA 7 Bl 2 D #ATEA

v (t + 1) = v,; () + cyry(pbest; (1) — x,()) +
cory(ghest; (1) —x, (1))

x; 0+ =2,0) +v, ¢+ D (13

XADP ¢y e, WEIWT, v, B ADRTTES 455
M EE, v, B8 MRFAE] =Py E,
phest, i MR THA ] EZA PN ERREMNE,
pbest; Hj AP R B E .

SA-PSO LG PSO B3k ABHEER Aong B, L
— MR EM M RIEA T R AR, SA-
PSO i i L35 fe 5 IAfg 2 1) & R 0 20 AL EFEE
SEFMR L AE <O W2 2 AE > 0, H 352 1 2

MR AO M ER,
e T > rand (0,1) (14
IR, W LR B A, TR RRIR, A b g Wl ok

BARM K THRER, RS TR FHRAEEDBA
SRR A AL fR R IR R
4.2 EEtEREERNE &

TE R B R AR R TR E L B AR, TR — &
S BB A B HT R e 2 L A0 SRR A3 R Y U B A O O
SR8 SR 2 sF IR ROBE R Dy e e gl . A SOkt TR 1 ik g
FEM FEAR AT T oiath , 32 T — b 45 uef o) R B9 U B0 S
WREEBR R FH A 8] BT 14 ME 2K o0 b R U 3 A A AR
10 s BB sh iR EM IR X AD PR,

max (P, .G — k) —Puy (i), Pp @) — P, (i —1) <0
re[0.5]

[Pre@ = min (P G100 Poy() = Py i = 1) >0
ke 0.5

(15)

A HBRBEARMTZIH @0 P (0 — kD 5 SR
PR, Py () g AT ZDERIELG & 5. R A
10 s PR P A 15 45 X AR 7] A9 DG AR 2 28 B0 2F 1 9 3l 22
ZERNE 6 BN,

R B PO HE AR T B R 3 R IR HC 57 KL T
R 10 s i a] ROBE VR 69 9k 3 5 BR B 299 U, Wl 1A
4 1) RO R R B A A AN AR DG AR T A B 1
B o AR SCHE T M A b S R ) Rk 7 R R

5 XS
AIARA A TD H O e iR B b T A S A
¢« 30 o«



545 B W F o

F R K

P Lokl
g - - - DIEWEFIRH10%
2000
=
#1000
E S N 1{1 |
0 . e, . )
0 30 100 150 200 250 300 350 400 450
KA 19 R /min
4000
—— 10 s IhRIEEY
23000 - - -TDhEEANRE10%
22 000
oo U Te gl . W0 1
on | u Al A
0 500 1 000 1 500 2 000 2500
SREERIFR/10 s
B 6 SFWRIsmoari

e REINRE EARAAFLBFESRERE. AT 8
VET A5 5 TD A8 6K g i 72 P 9 B AR, A Sl 4
R LA A 2GR e R ) BB S B R 7 kW, R BB 4
HR 10 kWh, B EFE - REZ BB BRI ML,
TR R SRS TD Bk Akl ekt s LAt
il Matlab P& RAIEHAG R S6R D 34008 B 1H) Bt
A 9:00~ 1500, B R AWM R 10 s, £ 2 160 4~
a0,

A FAE L B T 28 7 1 3 B R 35 R SOC By R i1
WSRO, 76 I IC B SOC 1G5 i % A9 8 10 i SR s ol
2(16) :

JPPUM{” =0, Pﬁrs.(hr = Pprs > s50C < 10%
Ppr.m,dx‘; - P/m,d,; . Pj)rs,rln - Pj)rs,r]w » 10% = S0C < 90%
IPM.\.W =05 Ppcass = L peccaisr S0OC > 90%

(16)

HAODH P RASEEER R IR, P oo RANiEEE

FERL A R 12 76 R e AT LUAR % B AR i A

SOC WAL B0 R & T A FE A RE B, e B 25 A
7R,

6000

— BRI
-~ SA-PSOfRALTDE 3
5 000 L. — 2&’5{5”[%&&
4000 1 ! ]
= : i
$:3 000} | |. h i !
R ~t, ]
20007 m Y

3500

1000+
3000

. 13:00
11:00  12:00
tef 2

0 ) ; 4
09:00 10:00 13:00 14:00 15:00

B 7 BREE RSO

R Y G R AR i B B R TR B IA R R
T SA-PSO 47 Z, Al 2R TD W S HCORIREE T

o 4O o

ho R ZH L@, Wit TD R EER T 2. TD
BESTMAHR TD BEBEFEHFRAOHEERT » =
2000, K A = 0.01, SA-PSO BB ik RE
M =100, B FHH N =200, I AT ¢, = ¢, = 2, B K
RE A, = 0.8, AJHAR TD RIS H LT N 3,484 TD
S BAEE R 1, WA WAL ASHTEEE 2
PRI, AR S R AT Bk Bl F o € [0.001,0.5],
Ae o1, € [0.1,5], ZHMEMAN LTS LR
W .

mE 7 TTUE S, EF e ZeRIEFE R Z. ™
9:00~10:00 FI 1400 ~15.00 B4/ 56 £k T 22 3% 3l A
BRI, BEFE 1300 IR B R I R AT WS, R IR AR ST
RFR IS TD Bk A B P IR, iR h
P&, XEHFEFESEBTHRHET RGN TD ELR, 1
T F AR SEAE ORI RSB S TD Bk
EMRE R EFESRALD N TRE NS R, A X
BT SA-PSO XS8R 7347 T4k, Hik, 830
SERAH R E E S WE T R IR A S

FE 84 T WA & g6 SOC SF e, H 900~
10:00 1 14:00~15:00 P BT Re R D ERe I I R &
EHEPTIE. BINB PR LE SRR R
fE4: TD B g Re SOC 28 4b 77 Wi 8h /b, BT LIAE K B
TR i AR TR AR KT R B R E N, HE A
I F A e TR AR T R

65
—— SA-PSOMALTDSS: ¢ \

- - RCRRSE !N

. oy

60 A ~ ! || NV
1

SOC/%

12:00 13:00

]
B8 WA SOC ZEAL 3T E

10:00 11:00

50
09:00

14:00 15:00

B3 5 9 BB 2 BT > AR SOR L — 23 Bl AR HE 2 A
i B RPN AR . i A P,

LY Z
o= \/N 7 20 P () =P

K N =6,P 4 1 min PRFIHE, mE 9 ATLEN, A
SCRTHR SRR TD S35 M LU A B 47 09 R, 18 175 AR
FRORTR I 20 45 2R L RS TD 3 sk B T R sh b, L
12:30 ZEAT ALl R B S . TR e, 2R A P 3 BB R AT O AR
Ty BV BE S T — P RE RO AR BB 3 B 2 & 3

A SCRHAL 3 B AR PR3 SA-PSO flifl TD B ik LI K

17



RER FSAPSORLARZERBEHRSBEARSEF R FHER

514 81

La0or — AR
- - -SA-PSORALTDHE ¥
---------- A FHRE

1200

1000,

3
<
<

hER /W

400

200

15:00

A 9

PRI IR T AR B g Xt

A SCHTHRB TG R AT X I iR 1 iR, R 1Al
VA L AR E SA-PSO fitfb TD 553k , A SCHT 4R 57 16 47 Ty
e ) 1 308 3B 3 B KA LA T2 ik B 3T % v WL BE U THT I R
PIRA . DAL R A ST 38 5 3 I 7R 0B AR 2 328 1 B3
A o HLA# B8 AL b 7 AR PR BB AR BTIRE AR

£1 WWEEMELESRTE
N SA-PSO AR
PR ik TD Bk
PG B EE/W 23.7 19.8
DR s i KA/ W 198.1 71.1
i E FE b 7L B B L BB /kWh 4.01 3.79

ARSCHFET AN AR Y —Fp 7 LA AR 3 5 &
IR OB IR T SA-PSO B ik /7 T b R %
B, I SEE A RIS RS E TR OB IR B s A I
Bies TD B B i P 208 e R R s 2 T
HH 1 B, T I s 1 e (B R 2 1 A 00 5 4 3319
INT 64 H 1604, HAE— @ BB bR T A% 4 s e

FREAS SCUSR TR A — B AN R Z 4b 1 B R SCJR P48
B A SRR SCROE AR AR R 09 TAEW L fe R A5
B R, e Ah , SCEE AR R R Y PR AT R R AT LA
TR 7347 53 7
&% 30k
C1] k&, T, &7, 55, Dot M S0 42 0 7Y i I 42

KBS AL MO R A s b MR A LT]. R,
2019, 43(5):1543-1549,
[2] KANEHIRA T, TAKAHASHI A, IMAI J, et al. A
clectric smoothing control

comparison ol power

methods for distributed generation systems[ C]. 2013

IEEE 10th International Conference on Power
Electronics and Drive Systems(PEDS), Japan: IEEE,
311-316.

[3]

[4]

[6]

[7]

L8]

L9]

[10]

[11]

(12]

[13]

[14]

JANNATI M, HOSSEINIAN S H, VAHIDI B, et al.
Adaptive linear neuron based coordinated control for
wind power fluctuations smoothing with reduced BESS
(battery energy storage system) capacity[ J]. Energy,
2016, 101(15):1-8.

GAVRILUTA C, CANDELA 1, ROCABERT ],
et al. Storage system requirements for grid supporting
PV-power plants[ C]. 2014 IEEE Energy Conversion
Congress and Exposition ( ECCE), USA. IEEE,
5323-5330.

R, HE, RALRL ISR RIS R G 6

MR R TR B A, 2016, 40(2):397-
399,472,

SUKUMAR S, MOKHLIS H, MEKHILEF S, ct al.
Ramp-rate control approach based on dynamic
smoothing parameter to mitigate solar PV output
fluctuations [ J ]. International Journal of Electrical
Power & Energy Systems, 2018, 96.:296-305.

WU T, YUW, GUO L. A study on use of hybrid energy
storage system along with variable filter time constant to
smooth DC power fluctuation in microgrid [J]. TEEE
Access, 2019, 7.175377-175385.

Z&, (I, B, % AT29% Bt A&k
stk s (0], FH TR, 2019, 26(7).1270-1275.

A, AN, BRAW) . . ST G & TD Al DOBC
MoGfE I Mz 2P| R ()] &3, 2019,
49(11):39-44.,

XIEY, LIY G, LONG Z Q. ct al. Discrctc sccond-
order based on

nonlinear  tracking-differentiator

boundary  characteristic curves and  variable
characteristic points and its application to velocity and
position detection system[J]. Acta Automatica Sinica,
2014, 40(5):952-964,

ZHANG H, XIE Y.

differentiator via

High-precision tracking
generalized discrete-time optimal
control[ ] ]. ISA Transactions, 2019(95) :144-151.

ZHANG H, XIE Y, XIAO G,

discrete-time tracking dillcrentiator and its application

et al. A simple
to speed and position detection system for a maglev
train [ ] ].
Technology, 2018, 27(4):1728-1734.

ZHANG H, XIAO G, YU X, ct al. On convergence

performance of discrete-time optimal control based

IEEE Transactions on Control Systems

tracking differentiator [ J ]. IEEE Transactions on
Industrial Electronics, 2020, 68(4): 3359-3369.

X G, A, B, 4. BT KELM-SAPSO K JF
KRG B AT ] Bl & 5% 24, 2019,
33(2):118-153.

o 41



%

45 % v F o

¥ o K

[15]

[16]

[17]

[18]

Ea, T, B E. B TREE K MR TR
FOBLE B X A R B e [ ). B & 3 K,
2019, 12¢23); 169-172,

NIEIR, GER. T AGC i R a1 M 4% 55 2 1A
BRI B FmER AR, 2019, 12(5); 11-17

AT, THE, T, 4. 3T BP H 2™ 4 i K
Ao m TR ER ] BT ERER,
2019, 42(16); 62-65.

PR, B SCRR, WML S, IR T A B A R 0 R A

o 42

BRERSBRMBEHITI] B FUE SIS FR,
2021, 35(9):27-33.

EEE N
P83 A i e e e R T D M Lo 10 8 R
e

E-mail: zhcshdl@mail. edu. cn

ZE GEGER) ML BB, R W B B FE
oA 45 ) BT AR IR P R
E-mail ; lihui@ shiep. edu. cn



