PES.  TM73 FHLE9:10363
® R AFF ¥ 5:2210320115
Z ) o
25 2%F
Anhui Polytechnic University

3 a9
MITFEAILX
B T oA R B Ta) — 3508 B4Rk

FH, o 28 B AA L 5 SR IS BT 0

X & ey
i 2 % I sk (HER)

sl (El) ‘iR S TR
R A5 E & EAS S TR

LI LM, 2024 F 5 F 31 R




g SN e e Y A7

4K TMT3 FALARAS: 10363
=g, AT X . 2210320115
2l H Z= T ot A R B[] — S50 B 3

Fe o) 22 B A A0 1 5 3 B T 5T
0 H RESEARCH ON ECONOMIC

OPTIMIZATION DISPATCH STRATEGY FOR

MICROGRIDS BASED ON IMPROVED

FINITE TIME CONSISTENCY

SN Y Edlien

& = ¥ . 5K F

3 A RS TR
Wt 7t U7 1Al il BR e 4% il TR

B H B 2024 4 5 H 24 H




g SN e e Y A7

ZHIERFFAIR IR L4 AR

ARNAEFER: RIRTFHAREME, FEPEF R FREZRFARI, A
NEZIMIHE ST, Jrg AT ot 7 CAERTEUR ISR o Bk 2 B A A 51
I ZEAN, AR SONEL B AR AT Hof AN N BRER AR O 28 SR B 5 3 R 4R ity S J SR 1
NZY. WICHARNERIERS, BRYFTSMNAERTT, H5e el A7 B 1k
Ja R A A&

S e T P 3%

HHE: 20244 5 A 28 H



i N 4 e R VAT

ZEHTIEXRFZ MR XAMAER R

AR SRR 584 1 AR RARE L A A A0 SCHIRUE , (Al R A R R B
I 1) [ A7 S 1 T M UATIE RS SO R BN AT L TR, F0 VR SRR 2 18] BIAE )
A NFEBUL R TRE R A W] DR AS S 18 SR A B 0 A28 i A\ A R B30 e ik
ITHRER, ATLICRAREED . 48 B el 1 55 S A 2 BUORAF AT G A 22 A28 0

R O, 1 AR Ja il A RO o
ENE AT G
AR M.

N

ph st 45T mesEs: Y

H#g: 20244 5 H 28 H HHEF: 20244 5 H 28 H



i N 4 e R VAT

BT Xt A IR AT 18— Bri B0 B e L2 5 A VB R S A 5

w2

AR, TR R H 25 R A BRI A RE R =5 SR 3G
4347 Ak HiL(Distributed Generation, DG)$ A5 3] 7 I & J& . fHL
(Micro-Grid, MGEN#T AL L ) R G0 I B B2 B 53, BBk &
T RES ARSI, Hf HAEM AT S s R AR .
FRAKEME . PEdREE A 2R . N T BRI AR A % DG,
FU L X 22 GEOCAL T B S, A 2 B AR P2 45 B R e R At
o BRI R R BN E B, B, NSEEUR R S5 AL
R GRS E LR DR LA L DR &3 Be5E B, A3
BT AR5 2 B e AR BRI 18] — SO R R s M o A 200 JZ 280, 12
H 7 2 40 - BR B A BRI TR — S0 B R 9 o A U B DAL 1
J&E SR 5 T St~ 24 BRI T] — S50ME () 4 fi 9 2047 20 IR LAk
il SR, G IS B S 7 FIAIE 1 BT IR P AR SO B DA S AT A B
PR S 5 AT 2 R A ) S A e SO0 . FENR
anr:

(1) Sr&3F 0 M 7 4dcre O i B2 SR . 2 ) 792 AR 70 A X LR
T AR R AR B JFU R R (DI o) B o ) e A SR DA R 2 2 v R
fae R T VEAAN A, WEE, TH9E T 28 ek RS (Multi-Agent

System, MAS) YL A1, FFIr4 7 AR SCE RS R



i N 4 e R VAT

(2) Xt ol oL W4 22 B D0 TR EE A% AT BRI ] — S50 Sl sl
NS L DR R R LR TR TSR R, SR TR T 2 R R AT
- BRBE SO A BRI () — SR SRk . 1 e, ARG IRIN Ta] — S 5k
FLhti B OINIE 2 AR A TR 22 T BRI, DN PRSI SGE Y R
el P o 7 D 2B BB, BEJS, AT EIE E PN A U
RASRE VER IR 12 O R S S R e EREAT IR, 45 AR 1%
DU SR B 2 B e A R GUAE G BRI 1] ik BWesh— 8. #5655, Xt
%% DG T RBAT A e Y R, S A R v ) 5 - PR
CSCHEAT BRI 1] — PR SRR 0 1 — P il e W0 A N2 B A TR T 5
e, 1% IS A R Gerh BRI B REAR -5 4T B REAR 145 B A HORBE B B
2 S DI D (i BUB VIR U RS i Sl o o R G K AR S
B, MRYE S B AR — Sk AR B RSB AT H X L R e DE i . T 44 AH
i RGBT GTRIEO T

(3) BFxat il o W4 23 A1 2000 J= 2 ) o A S 254 RIS [R] — Bk 5T
VRIS SIGH AR S 1), E T 1 BT 2 R e A Y et ST a8 A R B ] — 3
VESE o B 5G, AR G0 T 24 BRI [a) — BME SR Al b 5N o R
IR 7 SRS B, IR A 2 M Vi R AR PR X SR AR e Pk
e . BEJA, ARHESE N ] 2R AR W ZE . RGN
RBAGEEE A W [ 2 R Gk e sty Bk i L5 1) L,
BT 2 BRI O 2 A BRI 18] — Bt Sk, EIT 1 AR AT
o A ] S, R X 28 BT A 18 152 85 SR FH T4l s T 2 A
KBS T 2RI E e/ T — A== B R AR i 5



i N 4 e R VAT

ot 7R SR O S AT R A T UL DG BT R
FEPEHI R DR AR5, B0 RS G KA RAR I AR 5 L
ANKGIE T, T S0P 2 BRI Ta) — S SEWT 7T 1 — Rl N —
Ve E SN VIR il i R O R SNV e S LY A e
Ptz RIE T RER. BIERREN. &a, =HEHETxK
JH 26 S0 - R i A2 A IR A T — S50 ) Ak oL DX 20 A U2 B A 1 B2
SRS, P = A5 2 P o B B REAR e e LA SO S
RIBLG—RIERR, LB RERILIR G JsAT, R MisiT&£

2GR o

K. P, ZRAE, oA IR R, adriiie, oA
o = 2



i N 4 e R VAT

RESEARCH ON ECONOMIC OPTIMIZATION DISPATCH

STRATEGY FOR MICROGRIDS BASED ON IMPROVED
FINITE TIME CONSISTENCY

ABSTRACT

In recent years, due to increasingly prominent environmental issues,
depletion of fossil fuels, and increased energy demand, distributed
generation (DG) technology has experienced rapid development. Micro-
grid (MQG), as an important component of the new power system, integrates
a large number of distributed generation units internally, and each type of
distributed generation unit has diverse generation characteristics,
generation cost characteristics, and control characteristics. In order to
better coordinate and utilize various DGs, it is particularly important to
study economic optimization scheduling strategies for microgrids and
apply the results of economic optimization scheduling to distributed
hierarchical optimization control of microgrids. Therefore, in order to
achieve the goals of optimal economic efficiency, stable frequency and

voltage, dynamic balance of supply and demand power, and reasonable
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power allocation of microgrids, this paper proposes a distributed economic
optimization scheduling strategy for microgrids based on leader follower
improvement finite time consistency and a distributed hierarchical
optimization control strategy for microgrids based on improved average
finite time consistency, based on the traditional multi-agent finite time
consistency algorithm and the distributed hierarchical architecture of
microgrids. The effectiveness and superiority of the proposed two
improved algorithms, as well as the distributed economic optimization
scheduling strategy and the distributed hierarchical optimization control
strategy, are verified through examples and simulations. The main content
is as follows:

(1) Introduced and analyzed the scheduling strategy and control
methods of microgrids, as well as the principles and characteristics of
distributed power inverter technology. At the same time, detailed
introductions were made to the basic knowledge of graph theory and
Lyapunov stability theory. Subsequently, the consistency problem of multi-
agent system (MAS) was studied, and the characteristics of different
consistency protocols were introduced.

(2) A multi-agent based leader follower improved finite time
consistency algorithm is proposed to address issues such as slow
convergence speed of traditional finite time consistency algorithms and

imbalanced supply and demand power in microgrids for economic



i N 4 e R VAT

optimization scheduling. Firstly, based on the traditional finite time
consistency algorithm, the gain coefficient and power deviation
elimination term are introduced to accelerate the convergence speed of the
algorithm and achieve dynamic balance of supply and demand power in
the microgrid. Subsequently, the convergence and stability of the improved
algorithm were proved using graph theory and Lyapunov stability theory.
The results showed that the improved algorithm can achieve convergence
consistency in a finite time for multi-agent systems. Subsequently, to
address the 1ssue of high operating costs in microgrids with multiple DGs,
a distributed economic optimization scheduling strategy for microgrids
was studied based on the equal incremental rate criterion and the leader
follower improved finite time consistency algorithm. This strategy utilizes
the information interaction between each agent in the system and
neighboring agents to update its own consistency variables, and controls
the changes in global consistency variables by selecting the leader agent.
Finally, based on the convergence values of the consensus variables of each
intelligent agent, the corresponding optimal response power value is
determined to ensure that the system operates under the economically
optimal conditions.

(3) Aiming at the problems of slow convergence speed of traditional
mean finite time consensus algorithm in distributed hierarchical control of

microgrids, an improved mean finite time consensus algorithm based on

VI
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multi-agent was studied. Firstly, based on the traditional mean finite time
consistency algorithm, a gain coefficient is introduced to accelerate the
convergence speed of the algorithm, and the stability of the algorithm is
proved using Lyapunov stability theory. Subsequently, in response to the
problems of voltage and frequency deviation caused by traditional droop
control, unreasonable power allocation within the system, and how to
simultaneously meet the stable operation and optimal economy of the
system, a distributed hierarchical optimization control strategy for
microgrids was studied based on the multi-agent improved average finite
time consistency algorithm. The economic optimization scheduling results
of microgrids were applied to the distributed hierarchical optimization
control of microgrids. This strategy first introduces the overall control
architecture of the first level control layer, analyzes the principle of droop
control, the model design of each link in the first control, and the output
power allocation of DG based on droop control. Then, in response to the
problem of frequency and voltage instability when the system load
undergoes sudden changes, a microgrid secondary frequency and voltage
control strategy was studied based on the improved mean finite time
consistency algorithm. By calculating the frequency and voltage
compensation and feeding them back to the primary control layer, the
stability of the system frequency and voltage was ensured. Finally, in the

three-level control layer, a distributed economic optimization scheduling

VII
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strategy for microgrids based on leader follower improved finite time

consistency is adopted. The optimal response information of each

intelligent agent calculated in the three-level control layer is sent as

scheduling instructions to the first level control layer, allowing each

intelligent agent to operate according to the optimal output, so that the
microgrid operates under the optimal economic situation.

Haoyu Li(Control Science and Engineering)

Supervised by Prof.Chun Zhang

KEY WORDS: microgrid, multi-agent, improved finite time consistency,

economic optimization, distributed hierarchical control
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(1) PQ {EINZITHI
PQ {HI)Z 4% (PQ Constant Power Control, LA T faifk A PQ i) Th =4k
W5 HR N, ThEe /bR gitathaedat, A ) SR 3 e R 1Y), DG
WiAEgs PQ B AN 1-8 Fro. Ml 1-8 AI %1, DG KIMIERIEAT MA B K,
Py 1 Qo 73 M ZRINEIE IS AT FUALHI A THM LD B % AEORIE D) 246 E 1Y [F] I

P DG AR 25 oyt 00 (10 oy 1503 AN L P s A e AEUE (L

P 0 Qref
P/ 2] it 2k Q/UTT T 4% 1| i £&

1-8 DG ¥i74: 25 PQ il J £

(2) ViflEE BT

DG WAL Vif Ehl R B A B 1-9 B DG BIWIARIZAT 50N B /L A D)
SRR LSRR S B, 4 e 5 iR e ESUEE . £ mURH
N, RH VIFERIEORE) DG GEAETFPISATIN, AR FL X ) S m 75 SR 3 A 1
BY S R A, DUk 35 B FEREEAT 0 H 1. 2 o e oA
KRG H DU B BRI B, 1% DG Aelm N, it g5 v Eflshaeie
PN EL M, AT A5 B A Hh X PR 0 R b P A 0 A0 (i, 3865 P PO ) A R
VERIATEEPE, SN RGN A R AUSAT IR T S AREEETL,

o!

fref

0 P1  Pret P, =P 0 Q1 Qrr Q Q
P 242 i) fh £& Q/UT ZE4z il il 28

1-9 DG 4828 V/f 4 3

9



i N 4 e R VAT

(3) TEEH

Hif, EASEHEKESEN FREHIEATH . SCERIS01E X YR H /738
BT AZAE N T RETRI I, BT R s et — P sk s e ) R mes, e
R M AU TAE AP AR, Jf el 1 REEH R R DA R T FR A
FERE o SCHRLS LEE X BV AR o I Ty e i AR RN AR AR I, B P AT R I A i)
AR, B — PR T AT R R AR T R AR A AR B AR AR 52, DASE T S R AR A e
DRAF LR AR E o SCHBRIS 204 0T et b 0 A0 3% T 2 428 1) SR W A7 E TE D o AT AN
(RO e, Bt — e T IR P A 2] (R e T ) S, ol IR T AL
T ) FERRAG R AT SRR, A BB AR TR STIR[S3 1B X B M A
WS TABI G AERRSE A, 32 H— PR AR B &R T 0] 5k, 1%
SR TT DAY Ak F P [B] PR D 2R 0 DA R AMEE RS B BFER U AR 22« SCRHR[S414T
XA G T[] 542 o) SR S T P A0 T v e PR B T R DA R mT 7 J . R TSR IR 1
[, B2 PR (0 TR AR S, DA ARG RS B B[R] F s 2K, ek Ak
FEL D) 5 ) S IG5 A T o P B s R ) DA S A 0 Je FE AR . SCRR[SST8 T 48 A
AT L, E 22 RSO LR AR IO e R — P TSR SR 1) R T
A%, DIHRRZ . HEAR T KRB RSN, BEIBIEEN T ER
Bo SCHR[S61A T e R G i FB IR 0 ARG B, SR T — P cScadh FRLR T 428 11 SR s
T2 SR T AE RIS ) 5 2 2% B2 A L il _E 400 h1) R G e 5

DG Az & T B | R B AN 1-10 Fros . WM E R P O/U T ZE 42|
JiAR, A AT R R SRR S Wk, I HHE RS DG« R4 Ep
H” ThRe.

OY

P/ET 45 il il 2% QIU T 41| th £k
1-10 DG ¥ 45 88 T~ 2 45 i) 5
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(4) VSG &5l

VSG ¥ il 7715 8 B #9 [F 2P ML (Virtual Synchronous Generator, VSG)#% ], 1L
R RS FUL R P LIS AT R 20 DA AN AR A X o . L R 34T R 1 . AR T R R
T4 5 PQ 51, VSG & Hil 0 S AE T I B [F] 20 Kk ML 3 7 A bRe i, A 9T
WX A 28 B R JE ARG &, AMWantt, 78 VSG #=# T, HMiidEisies 5

F X EEL R L AR, RIETEE D7), DG A8 gs VSG 5 H FEF A 1-11 s,
= L
i VSG%‘%%'J%&—’@I

-
o 5 R L

1-11 DG #4528 VSG 51| 7 3

[ N 022200 VSG #2713 T 1 R EAITE  SCER[S81ET R i FL I K H VSG
BRI 3R 1] AT HAR 7 iy, 3R T — 2 VSG W [E #7772« SCER[S914T
S LI R PR IS R I, SR T — R 24 VSG IS
R 0 T 1% 22 AR U Y 20 IS 11 SR o SCHR[601 5 BAJ A :UKR FB AL S I 8
T B 0 AT R B SR AT R R, B T R N IR S VSG AR 4G
G PER SRS, T AT T T IR SO Y R R R E
1.3 AXEFEMRILIE

AR AR BT o Bl L I 8 55 O A VR P R o SRS AT AL, BT AN IR B AT St
AN 2 B R, HA AT HUF T SN T R S A A A AT
SR, TG SR T 2R BRI I — SO Sk, JRRAEEE . ) B bR
BN AT e, AR ENEIR SR MR, T B AR L0 A I P R IE AT R
B, R 2 v R AR e MR 5 e e B AT 1 BB SOl B U st 5 AR
T Ja, BT 2 R R SO R 1] — S5O SE B A R4 R Y oy A1 R
DA TR B S P s, i B0 5 0 BRI, PR SRS A L OB M R T
ENATT . ThEe & B Ie . SR AR 8 DA KIS AT 2 G s R A R . ATt
5C A MR AE B ] 1-12 B
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oA RGO 2 S T 5 H 2% 8 B A e DL i 82 Th 246
AL FETFTHNEN:

(1) B, ARSI EE . SOGHT TR, TE4ira 1 E N AR
oA )i B2 SRS | 1) U vk DA B AT 2R YU AR 25 HOR BRI SRR« AR SO 5 At sk
m FFUCHT TR AR T L IR 5 2 R R AR — B R A 45 A B
DA FE i L M 2 Br LA TR B 5 Dh 2 b iR di M. SR, PRI 4R T R
A S S AR R AR e B, X 2 v AR e PP 18 DL e 22 B AR R 4 PR
Wy —EUERS . ARE—EE P GEAT T VR R

(2) P A FLWESREEA R . GBANRERL . AR RGN &
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RE Bt 1A AR o Al SR P A Gt — BUME SRS B 18 L ANRE A2 RGL IR T
SPETSEIRE, AETT T R T 2 R B A 1 A - R B SO AT BRI [R) - BMESR
TR FH 2R M Vi R A 58 1k BR AR 15 IR g B SO B0k I AR e 1k S5 S Sk AT
TAEW . BB, S0 AT EAE IR B E R AW, AL Guae b NP R s i
JEHRT MGCC 25 7]l , J 1% et FEWT T 1 —Fh oA SR R0 AG T 52 g
RIS A Y AR g8 RS R BE R S A0 B B AR 1A B A EOR B8 B S 1 — SRR
B, JREE RO B Rk S e R - SRR AR . A, IEEE ]S 05
FUGUE 1O SR RN TR R G S 15 5 SEBL R G N S e h R s 3514, g
o3 A A TR L SRS B SEBLARA HL I (1) B DL 22 5 384T

(3) BFX ARG T A BRI 8] — S SR SR i S R, WE T 1 — il
T2 BRI SO T 2AG BRI Ta) — B 50, AR SRR R BEA | 5]\ 38 a5 R4
IR T SR IWCSIGE IR P 2 A Vi RS PE B 2% ot SR RS e st
ATUER . B, B R MGCC 2R B m, ZE T RS i DG I
S M2 R RA . AFT DG 37 LA L X e [R] i SE LD R 5 E
Mo PR 5 B AR A T A DL I R, 3 oSt 244 PRI [)— Bk Sk it
T T — R oA 2o S PR S, IR Gl W0 22 G D0 A TR 5 405 SR B T Ak i IR
AT BRI, oA B N =R E e, = RAEHE R
- BRI A BRI B] — S SR TR R i U N DR, SRR R A D
RO T RE Gz, — R 2 IO - DU N, fRIE R GHis T 405F
VEfE. SRIG, BERE— AR Z A R AR R 22 1), — A% 2 R e
BEP 2 A7 BRI (8] — SO SRR SR . AN B, PR AR S e — S
/=, MIMRIERGIR . IR EADUEE. &, WEEEE 50 HRIUE 7 A
SR B AR X A 70 R IO A 128 1) SR RELE DRAIE AR 8 D 0 & PR T L AU AT R I
FsE MR, A Ak i X Ak T 22 F e AR R IB AT IRAS

(4) ), XECHTTENEIATEEE, SR SCHIA L LR KB TE 7 7 A
B TAR N E AT R
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F2E MR

2.1 Eig

2.1.1 EAHER

P2 Fh B 5T 1) IR T TR s A F RIBI R € KR, FH RARRIE AN R,
PR 9 R 7R PSR N FE 0 BRIBFAE R &R, S B AR, AR
B o SIS B AT A R AR, g A T4l B . N Re S Ao,

B, FIHER BRI Z ek R MRS 5EE R R XT3
TR AR IR R AR ) 2 B RE R R G, SR DR R — AT R
Rk M E RN IE G = (V, E, A) FoR. 2, V ={v,,v,,...,.v MK EI G T
BISHES, 2—MERMIETES, FATLLE. ERBV HRIGEMRT
T LA, BN, UEE=VxV . Eile =, v)eE, FRH
REARi PR Refh j 2 B DMERIE B . fEAC, ke, =(v,v)eE, EIEFA
FAEB . IRAFEST-IREER R, W8 AEAR S PREE R A 44 2 18] 8 A5
PR A =diag(ay, ay,.. ., a,,) Fane WA SR GEAR 5 BRIE R Ae AR 2 (R A7AE
BEERE, Wa,=1: &N, a,=0, i=12..,n,

2.12 BIEHINE

F, 315 9 5% £ 5 A6 P A5 0 B R A 2o, LA B IR 2% Tt ] 1 4
KARMAW KSR R, ERNEGEELRNRE MBEERLR, F—ATAR
F—AEHl s, Al G I EONE R B, A 77 Te A B, xR
SRR T H A B E RN E . T IRDEE AN 2-1 BoR, A RS
Kt 2-2 AR
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K 2-1 T Ein i e

K 2-2 A s E

2.1.3 RiERiETFERE

X TGl B G KU, B A LSRR AT LB AR MR R . Hodr, Al
R &) 2 e S A B, Ho2 2 T B B PR AN AR BT A HH R Y,
SEARFERE, 7 — R, N IX PR AT R e I HAR . B
T, X LA S AT U .

PHEHE P (Adjacency Matrix) e Bl g H ) — N R BEHE [, LR IR 7 H) Rk &l G
PR A IER R, € XARIER AT TR a, (REAN:

1 jeN,
%:{o jeN; (2-1)
P, ay BRI, | Z AR SAAAEIER, IR eI B AE . N &R
A 5T EERAER BT RS

SASAPR Sl Eﬁé&ﬁz%ﬂﬁd,, PRI ) . JEHE R (Degree Matrix) &
Xy D=diag(d,,d,,...,d,), HAEXnt—TRprERN L ETRAEE. HEG
A NATA, A4 DRRN:
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INJ] 0 0 0 0 O
0 NJ O 0 0 0
O A 22)
0 0 IN| 0 O
0 0 0 0 - 0
0 0 0 0 0 |N|

b, %

it B3 0741 9 (Laplacian Matrix) & [ i oh— 28 6 BB ARG, FLARTR T I
(4 B A 5 . BB L AT TS0 L = D— AfShih, UL e
T ST

N i=j
Ly=1-1 jeN, (2-3)
0 HE

)

22 FREEXRREMIER

T PRI U2 B R L, BRI RARE R IEWISAT, &R R AT
VB ZR AR, TR RGBSR, . L WA VA B 2 U R R
. FHEE A

WRGHRIEX N x=f(xt), HX=02HAPEHEIRE: FhrmEv (x)
TR AR — AR A A L — I w2, AR s RO

SE 211020 R TR

D #HV (X ) IEE, V(xt)fsE, WE ke
2) BV (X IEE, V(xt) fkE 0&&%»ﬁmmﬁmeaﬁ£,
I S AT R «

i
=
M

(ﬁ
=
il
[y
=
il
>
[ayay
iy
=
3

OO R B RV (X) FERAE IO R 5
AT I SECH SRR . ZESBRR T, KRR MY (x) .
SRR, B G RAE P o R TR A
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D RIBRASZE X HIEV (X)), HERRY (X) EE.

2) SR £ 1 FHV (X) =0V (x)/ ot .

3) EV(x)EIEE, WRGRE.

IR LA D BREI AT R SR B RE, (S SE IV (X) 2 RGURE 1
Wi ) — KRR, AEHEAT RGN, B BOEREIEMIV (), SR L R L
AHTILFE
23 ZEREA—HM
2.3.1 ZEREMEIR

B R PR IE 4 A RS (0 T L R 6, BRI FREE I R 2 5] 2 06 by ) 5 B 4
FEALSSIO), T, B AR EARBL TR [ B ATRE T R AN R R
B IS 4 R B AT AR R 5 T R R AR AR 2 LB R ) 1 TR A

BN R AR RS2 IR T3 VA IS, M LURE X 5 2 KRR 28 B« Rk
M MAS, I RE ORI R A S SE R AT 5, AL R G b i

HRT, MAS HR OS2 R, G g B2 (6460, s
PibllO768 | g 2 BRI 7OV T SEF . MAS WF 90 B . DRl R G5 9e il
AR RIGT EIIRE: @ MAS BURR stk 0 8. PRI AS R AT I R e 2 A5
G778 111 A P Ao G EN I W2y o A B B T W = A et e
A
232 —EU4EIEIR

£ MAS w1, — SR 3 BRI 2 A REAR AR T i i) B SO U 3
18, WA AL BUR AL RIS B A H, (155 B ARESE BAE S A RE 3z B
BT XM SRR IR A KT MGCC R R, 12k 18 fefk
Z I B ESVEAE B ZHH A ROR M R gt b, b T H A& 2R oA X aek
fili REBL AL s BLC, EATT R BEEAT Rk R HLSIEI R Th A 8 5 M 22 G4 il
PAORE BEAN Gl HEL WY (8 22 AR 3 AT o e, —BUhE v SOt A4 7 e E A, it
VO S IE A — SRS, AT RN REARLE N 2 B B 2RI RN, bip ] 1 2 %
HIZAPIRAS, R R4 RRES (Bl Bk, DIFRPEEE) AT
S BRI PUE S5, AT SEBL R 2% (R B 5 1) B b
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2.3.3 —EMEHY
(1) BFRESE—E MY
Y 2.2: 5 Lk Hsign™ (r) =|r|" sign(r), HhreR, M >0 . 5 B sign
E
Lr>0

sign(r)=4 0,r=0 (2-4)
-1r<0

A, M e R IR EL
ARG -BRFEAT PRI 18] — PR SE, SCRR[7115E 1 — R — e, Bl
wr PR:
u, (t) = Z a; sign® (x; (t) — x; (t)) —ay,sign” (x; (t) — X, (1)) (2-5)
Ak, ey & ATPEBEIR T SRAEIA | ZIMFDERBUE: a0 2 A PRTREIAI
5T IR FERRUE; X (1) NERBER GER T BALEIRES: X () AT RRER
WAL ERA: a s REh RS, O<a<l.

HIMR A GG, SCIR[621#E K (2-5) YRR b 51 N A BR Hbh 2
BRI, fE
Ui (t) = z a‘ijSigna (Xj (t) -X (t)) + aioSigna (Xo (t) -X (t))
JeN;

+m z i (Xj (t) =% (1)) + 17,85, (% (1) — %, (1))

ieN;
A, -~ ﬂzﬁiﬁgﬁi%ﬁ, 771>O, 772>Oo
(2) AR E]—BUME Y
AT AT PRI Ta) — SRS, SCER[72]9@ H SR AT BRI [a) — S O -

(2-6)

U; :zn:aijSign(Xj_Xi)‘Xj_Xi‘a (2-7)
1

IR AR GECSIGE L, SCHRITTTR S — e ot P 24 BRI 8] — 2k . it
NHR:

:Zn:aij(xj—xi)+zn:aijsign(xj—xi)‘xj—xi‘a (2-8)
1

i-1
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A, amiEhl T, HEUEEE Y 0<a<l,
(3) BEFE—E MY
75 R8BI e AR 18] 1A JE A5 B3R LA R ) B (IR 520, 1N T RS I A 1
—HEL, HEEEREAN:
Xi(t)zzaij |:Xj (t_z'ij)_xi (t_Tii):| (2-9)
jeN;
A, o NI RIS J AT R IR S RE s 7 SR AT A

Ik

2.4 KENGE

AT ¥ St BB AT T B A, SRJE A T R B S 4R A B S
U7 LR AT S 1 3 0T R0 e o 41543 5 4 B D 3 2
SERERIMIRCHEAT T W) BB T M E KR L. 5, EHXT S H R
B 2 B B IR B A LA R — SO R HEAT B, AT BRI
B, IR L AT A
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£ 35 ETOF-IRMESUA A PREE—BUE R R B R 2255 0
AR

R 5 o 5 U, 0 P 420 8 R P32 e S A 4y T 2 2 o AR e g R A
SR B, R, A SO R, e T N 25
JET3T4 R 7 0576, B KSR FEHEATRT S . SCHR[731%H % 44 3%
o O R R R B R R T R B R T R R 2 A R
VAL S, L AR B AT IRA I I, A 250b 1 2 el sk s . S
TR [74) B0 S RO A 2 I L, R T 6T 2 8 R Ak — B (R i R 4 A R
VLSS, RS DL AR SR /N L BR, R T B SO S A 5
PESEVELEM A R R SR B, ISR A R LR A 77 28, AT 4
A GE, IEBIZTEER,

T UL ERFTS, AL Ak — B SIS T M R A R
KA DG 5 AR N R, B iEmiNe, wEsA DG 5T
PR — B R, T 2 A E BB A T — Fh 455 - R s PR A
) — Bk S, S EVETEIR T R GSICE R (K RN, GBS R At TR DRk 3
DA T S, TS R oA BRI ) — B AR T b4 3
ZERC A BT SIS, (BRI F I AT 2 M AR
3.1 GS-IRMECUH B IR E— B M H A
3.1.1 BEiEfd

L BRI R G, EEUREOEE S ORI RN B AR, AR NER
SR Bk . BN RE TR N A A B AT AR BRI RO IRERE B, A ST A -
B £ 5 Rk RGBSR

xt)=u(t), i1eVv
{Xh ) =u,(t), heV,

and

(3-1)

A, X (8) Ao, () 23 0 A BRI RS 8 Ak § 22T ] I B EDRZS RN X, (t)
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AU () 2350 A 4505 B A n AE I T] I PR L EBDIRS AN sV A0S B BE AR T
INESSEg

5T X 3.1, R TAEEAIEIRE X, (0), heVy#x(0), iev, 1
wEHlE AU ) F—AEE T €[0,40) , MRS (3-1D IR E -

lim[x (t) -, t)] =0 (3-2)

A FHAERT . hFVE2T ML, T ARG SIS E, MRS
X (3-1) 1EA PRI [R] I8 2141 5 - FRBE— 3K

A AT PR BE A PRI [A] — SO Sk, SCER[713R T —Fh— S, $hil
Nzl (2-5) fiose Jyut— B IR RGNS, SCRR[62]7EZ (2-5) HYE:Al F 5

NI AR bR R B SR, Pl st (2-6) Fo
(B _ESR P ISAAAE— L A, B an SClk[62] P 5 5 m R PIRAS [ E A, A

e 2 B BE AR “ BRI 2R, O 1 KA BRI TA] — St Sk Is Y 2o 42
PALR L, A SO0 SCHR[62] 4% G FR IR 8] — B SR8t 47 2o, AL ARt
FINIE 2 R BN D20 22 VH BRI, DAESRAN PR SR G SR L« i ik RGE =G Th &
AP 5 A

AR B g A B rh B e AL BEOIRES X (1) S 38N U, (1) 1A 56 2 DL R 45Tk
ISV, A LR B A O BE T U EDIRES X, (8) AT 45 R A B
i — A R A (), HAN U () AT RO — B R AR R A (), SOl E
50N:

A®) =D aysign® (4; (1) = 4 (1)) + asign® (4 (1) — 4 (1))

jeN;

11> (A, (€)= 4 () + 13,80 (Ao (8) — 4 (1)) + oAP

jeN;

K, A () FA (1) 9 B R GE AT S5 SORBR B ) — B & 1
N REL >0 o NSRS, o>0, BamERIERIESERE 1 &
GiHIRaEE: AP 9 R SR AR R T SR 3 5 4 A 2 FL BT R A 2 )
H AL Th 2 22
3.1.2 BIEWSE iR

P2 e R e MR R0 5 PR R s R IE I 2 B Bk R gk (3-1) 7R

(3-3)
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U HIEI (3-3) IR T RERS A R GUAEA IRIN 8] Y SEDURCE, T ifge th— 1k
S1H.
51 3102 XF REPAENLAHINEGG , FAEFAN R @R >R

WS 0(6, X)) =—p(X;, %) s Vi, jeV,i= |, MFE—HH5{y,}, b=12..B,
B AR BEARER . e AT

B 1 B
223 yp04:%) ==5 2 33 (¥, = %)l %) (34)
1I=1 &N, i=1 jeN;
SIEE 32197 XTI {y,} >0, FHR% piLo<p<l, Ml
B B
Zyip Z(Zyi)p"
i=1 i=1

I8 330 RGGE D LRAINE G, L=[I;]e R™ RIS IR fHE i
WaE R, FERERAT T AIE -

D) cTLc=%Zn:Zn:a” (c;—c)” .

EE
A, COvBRE—MIRRET A 5T R 2 B EREARZE, N n4EF A &
C AN R SO R B ERER R 22 ¢ N T i ARJE T A j SO 1Y s 1)
RIERERIRZE o
2) MPRGHIT A ANE G JyHEE ], ] S8 i B 10 5 — A (e

T
0T 0. FHAC0,, To=0nt, HINAMREERE AN, i

c'Le=0,cTc. 1=[L..., 10" Ayt i 3rAE B AE AR X I P A R 1)
3) WERRGM L RAHE G Eim K], HAT 5 R A8k 2 7] (5 2
PR A =diag(ay, 8y, .. a) Faxo W L+diag(ay,,ay,.--a,,) /& 1EE
Sl 3.4, JERIMA ROES AL R x=f(x), f(0)=0. #IF/EmEL

I (x) & LAEF S XIRC >0, ae(0,), A I(X)+CI*(X)<0, M A PR
RO, FF HAT PRI T (x(0)) HUg THIAGIRS x(0) » i /2 2% 1

1(0)"*
TOO)< g

(3-5)
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R—kr 2R etk 2R rnaE w4 e m Higd, H AR5 A9 S/ ae A
ERFER ReAA, W ARG (3-1) fESGHESE N (3-3) BIMEH T REMSLEA PRI 8]
SEPIS— 8. FEIUFHEFE R

EB: A BT ZIEREE T A 50T S R ERER R 2 ¢ M-

ct)=4)-4®) (3-6)

B -1, & 3-3). K 3-6) 5.

G(t)= E(Z aysign® (c; (t) —¢; (1)) +a,,sign” (¢, (t) — ¢, (1))

+1 Z aj (Cj (t) —c; () + 1,3, (C, (1) — ¢ (1)) + 0AP

N (3-7)
= GZ a'ijSigna (Cj () —c () +m, Z a; (Cj ) -c ()
— 1,8, (C, (1)) + AP

Ko, o, (8) Jti ZIBRBAYS i ADE SEOBREAR 2 € (8) U BB
AR A IR BRI o () AR BRI 2
¥ Lyapunov l%liwﬂl(t):icf(t), st (3-7) IBITE 3.1
i(t) = 22_“(;(;i (06, (t) = 22_”(;(;i (t)(rlle;ausigna(cj () -c.(1)
+n1j"ZOaij (€, ()~ (1) ~7,2(6, (1)) + 0AP)

=2, )3 ay (09sign° (¢, (0 -6, (0) + 27,3 8,600, (0 ¢ (1)

- 277;__zgljc_io(t)aioci (t) + 202 ¢ (AP

—- ZZ& (60— )i (O ) (3-8
—nlggea,- (© (066,06 (0) 27, 2,60+ 20D 6 08P

—- ZZa 6,0 (t)‘m_mgga” (¢, ()¢ Q)

2,y a6 2(1) + 203 6 (H)AP
i=0 i=0

< _rlznlzn:aij ‘Cj (t) -G (t)‘

i=0 j=0

+ ZGZ c (t)AP
i—0
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IAE, iﬁ/ezazn:ci(t)APE@Eﬁ‘r%, m (3-1) 15 ﬂo(t)zjﬁo(t)dt+cl,

A4 = [A®dt+C,
% FO)=40-A41) . # FO=4O-40) : 2% AlM)=alt)+cAP ,
A)=b®)+0,AP , a(t) =1 Y ag;sign* (4;(t) = A, (1) +77, X 39;(4; (1) — A (1))

jeNy jeNy

b(t) =r,( > aysign (4, (t) - 4 (1)) +a,sign” (4, (t) - 4 (1))

i#0, jeN;

+1 z a; (/Ij (1) = A1) + 7,8, (4, (1) — 4 (1))

i#0, jeN;

R, Co C 8 A()+ A (6) 2 I %I4T S5 1 BB b
ARG A (8) Dt ZIBRBE A A A SO AR N, FoR S
FHAR T AR

R BEWI G ZI R ReAR PR AR H . BT -
1D B[ AM)-A)>0m, F@)>0, FrLlFEt)>F0)=0, A®)>At). M

6> ay,sign’ (40 - M) <6 > asign (4, () -4 (1) » Kb ay AH A | S

TR T BB s Y ag, (4 - M) <m D a4, ) -A41)
jeN, i20, jeN;

haesign’ (M -A4M)>0 »  7mA(AHO-4®)>0 . W al<blt) .

A, ) —A () =a(t)-b(t) + (o, -5,)AP>0 ap> 2030 , X N

6 () =40 -41)<0, #20Y ¢ 1AP<0.

2) [ AM-At)<0m, F()<0, FrElF)<F0)=0, A ) <A®). M
LY. agsign® (4, () =) > 1 D a;sign®(4;(t) - A (1))

Y a0 (L O-A0)>n Y ahO-41) »  KasSign (O -41)<0

8040 -4 1) <0, Mat)>b(t), At)-4®)=at)-b(t)+(c,~0,)AP <0,

AP<b(t)_a(t)<0’ VHEAC ) =A)-4t) >0, E&ZJici(t)AP<Oo

0,-0,
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3) % 40-AM =01, 20Y¢®AP=0.

SRR AIE <

1a

i< >80 0-00] - ii{aﬁamia)—cﬁ (t))ﬂ BENEE

i=0 j=0 i=0 j=0

53 3.2 15

1

(1) S—G{i{iaﬁz"(% (t)-c (t))zﬂ 2 (3-10)
4 B=L+diag(ay,, ay,..-,ay), H5IH 3.3 15
;{;% “a(c; (1) —¢ (1)) L 257 (BB () o) (1D

I(t) ¢' (t)Bc,(t)
A, Ly A B IR R R, 6, v B (7 b TR R 1 2 R EAE
H (3-10) Ff5t (3-11) BRAZf:

1+a 1+a
() +n[26,(L)] 2 1(t) 2 <0 (3-12)
g5 (3-12) F51HE 3.4 15
1-a
21(0) 2

T(x(0)) < (3-13)

l+a

r1 [2020-3)]7 (1_3)

B e AT, Et2T(XO) b, R#&a0 G- s fEsu %R (3-3)

FRA PR LEAT BRI TR) Py S B sl — Stk
3.2 WFEBEN SKE
32.1 AL, fifRE. AIERARTRAEER

S AT LR IG il BN ] 428 B Anf ) RRAS AR Y 38R ) IR R BB A
a3 A R FLER G 1 R HR R A B R LT,

E(PFi):ai"‘ﬂiPFi"'?/iPin ieSe (3-14)
it BE R0 FRL A AR 2R U 7],
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Ci(Ry)=r; +WRy+9R; jeS (3-15)
A AT I B AS R D,
X (Py)=C,+0,P, +5,P,  geS, (3-16)
Kb g B yos ks Ws 9 (s Gy s AR LT i
e~ AIIE AT AR BRI — RO IR H Py o A sUk FE LT
TR TR Ry D RE J IUTRHII R R WIS g Bl TIA;  Se
N RTCER S S NRER G Sy AT
322 HiREH

ARSI FC IR 5 f EE Iv) R A S A R HEL BTG Al BE R A 28 B ar i A2 —
VRIS, AR RGIEAT A N AL iR L, B

min[zsl xg(ng)+ZS: F(P)+ ;cj(Pq)J (3-17)
g5y i =
> (R +P,-Py)-D>.P.-> P, =0 (3-18)
geSy Sy jese
Primin SPs <Pime  1€S¢ (3-19)
Foimin <Py SFymac  1€5¢ (3-20)
Pgmin <P <Pgm 95k (3-21)

N Py i M Py o 7099 3 AT O BT R/ OB DI Py
T Py 73 RTRERE | B/ BRI I Py i AT Ry e 73 IR TR W ZE A7
17 g IR/ B OKHIERE R PSR € timr iy B R DU W46 D

3.2.3 W AEFAE KR
M2 R B H e LR, EAFBAEXRLARMIGO T, LA
B (3-17) Fs (3-18) ATLARLAL A :
W= X, (Bg)+ X F(R)+ Y. C(Ry)

geSy ieSg jeSe

+§(Z (PL+PLL_PXg)_Z PFi - Z PCJ)

geSy ieSg jeSc

(3-22)
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A, & 58N Z AR B A B H 3 1
I 75 e LD R G DR AT, 2 AP N

AP=Y" (P +P,~Py) -2 P~ 2 Py (3-23)

geSy ieSg jeSe

KY R P, Py Py SORIRMS, BIASRAEAEA N

]

a_\P :ﬁ—g :O | c SF
Py Py
oC,
OV _F_eog jes,
e oy (3-24)
0¥  OX,
= —é: =0 ge SX
P, 0P,
¥ _AP=0
¢
T (3-24) FATRET 4 ) v 1S
OF _OF, _ _OF aC, oC,
oP., OP., ' oPy 0P, 0P, (3-25)
_oC, X, X, _5Xk_§
ok, OoP, 0P, 0Py
2 (P+P —=Pg)=> P+ D P, (3-26)
geSx ieSr jeSe

0 (3-25). 3 (3260 W15, Hp AR BATT. ARBEAT AT 2 54T ) — 5
A5 B = IS, W1 R G AR, RN RGE TR DR MAsA 2P . b £
I\ K 55k A UK R TG iR i Gui Bot: F L Co o X A8 f o
rv KA EHRTT. R AGRIRARE: P . Py P2l
B r KA UK BT Al BE AT A4 AT I W L T 2

TEDhR LRI, BB AR oA UK ST A RERT AT 2 S #8 IE 12
AT o AEAS B 5UE AT PRUIE 8] — SO SRk oy, W DK A 2% R BRI I R AR I
il BE I B A 1C L AT YR G ey R s X E SO

oF.(P,) ,
IF=—1Fl-1 ieS -
i 5F’Fi i € F (3 27)
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oC. (P. .
'Cj=—a’é°’)=&- jese (3-28)
Cj
X (P
IX, = ;F() Xg):zg ges, (3-29)
Xg

A (3-25) WY, URGEIS BN, 4=4=2=¢, WK RELHT
weffe A, A A AR RUR L REREAT AT 4% G4 I — B AR

SR FHAS SO0 - R B AT BR AN ] — B SR AT IR B, Wl A5

A R B AR B A AN

2,t+1) =24, +4,(1) (3-30)
A, ®) =10 a,,sign* (4, (t) - 4, (1))
17D A (A (1) = 4, (1) + 5, AP (3-31)

meN,

2€(Sezn Sezn Syz)
A, N RS A ZABETRNES: &, & AP HamE5UST A

Z ZIRIHPEBRUE; o MO RIIAREL 0,>05 Sgn Sepn Sy 0l N oA
A HLLTE i REAT AT 5 AU RIS B A, (0) AT R RLLT  ff e
R P AT P A R Z B R A, () ST R B R AR
Ao (€) FURBETT 5 o BT A8 Z ABJEAT i m i — Bk AL &
EREE T B — B AR B A 0N
2. (t+D) =A.(t)+A.(t) (3-32)

A ) =1( D a,sign’ (4, (t) -4 (1)) +a,sign* (4, (t) - 4 (1))

meNg

+1, EN; a, (A, () -4 ) + 7,8, (4, () - 4. (1)) + 0,AP (3-33)
ge(SF: Ser Sy )i 2(Seyn Sers Syp)iZ€(Sepn Sepn Syp)
A, N, ORI A o ADE T AR G a, & A P M S EREE Y o
Z A ERAUE: o, NERBETT SISUR L 0<0, <oys A.(8) i R BT

il RE Bl AT 2 Ay FPER B Y 0 ¢ I — SRR, A (1) VERBE Y A — B AR R AR
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th& .
Bzt (3-14) -3 (3-16) A= (3-27) - (3-29) A[fH:

p=Ah s, (334)
27/i
Ai-wp

PCj: 2:91- Jese (3-35)
A,—q

Py = 923 £ geS, (3-36)

g

YU A R BTG i B AT AT 2 A7 AT Bl R ) D R ) SRR 8

M I:)Fi min < M S I:)Fi max
2y, ’ 2y, ’
PFi (t) = PFi,min ﬂiz;f < PFi,min (3'37)
A=5
PFi,max 27/ 2 PFi,max
A —wW A —-wW
J J PCj min — J : - PCj max
29, | 29, |
P, (t)=1 P AW p
Cj( ) - Cj,min 29 = ' Cj,min (3‘38)
i
P A Misp
Cj,max 23] = ' Cj,max
ﬂg _qg PXg min < ﬂg _qg = PXg max
2s, ' 2s, '
Ay =9
PXg (t) = I:)Xg,min gZS ? — 7 Xg,min (3‘39)
g
Ay =9
I:)Xg,max gZSg ? = I:)Xg,max

B LA M AT AR G SRS AT S IR R : O, VI R G SR S B
FIWHZ A GeiA 2 SOV B R, OV E R IER A5 (3-30). 30 (3-31)
WE—FEAENE. B0, RAHR (3-32) R (3-33) HE AR IE.
RIG, FIWNZE R R Th R 2 S ERR, MRIEAFEIR A, XRERAIE (3-
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37, X (3-38), (339 WHHEZ AN IIE. &5, RAX (3-23) i
HAGHTNRMZE AP, & AP E RGBT &M, W T, AL
RAS BN, AT HE RN SRR SR AT« SO PR (] — B0 SRR R AR
E i 3-1 A

CILGEE RS i

A 4

S (3-300. 20 (3- T (3-32). & (3-
KR - Sk 14 s 33 HE T E

A=
(=]

A 4

PH = P."f.mm ’E"!z PI!.max P’" = (A" - ﬂ’)/ 2}"
E.‘! = E_',l.min Eﬁ* Rf'{_mn\ P(_'j = (/1, - 1‘1’{.)/ 2;9]
Ft\g = PX;{,mm ’E"Q [{(Q,lnax PXg = (AL’ - C]x ) t" 2.5;,
| & |
\ A
KA (3-23) 1t
BThAA 2 AP

] 3-1 St A RIS 1] — Behe SRR

3.3 I AREFMBAEREE
P DO 2V R B LA A P B AT 2 R B« SR T 2 A R
FRY AT - R S A PR 1) — BOME B, IR L IC . IX A SIME R A Rk e B
To. fERE. TSR AR B . EZ AR RS T, S E R
o 540 R B AT B R T I B i — S AR, IR B Rtk
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RAZ I 47— Bk AR B A o X0 A 2O BT A RE R UL, 0 U
PTG RE A KT B e SR IDR I, RG A AP <0, Hou i) — ik
RN AC N, AR B E T A ERE R A0, 2B 2R
i 7 RN R T 70 A 2K LB T A BE S I, RGHHIAP >0, AT AT
IX BGK, AR AR DT IR HIRESE K, RGte gD RZERER/DN, &
GUESMEIE K. ERXNERES, RESBETLI RN T, LB
oA B R LR AE B A0 B 3-2 B

!

BMASH

IF. IC. IX IF . IC. IX
ER LN BTN
v v
ISEPAEES PPN bS¥E s ARE S TE R
S AT ST ) SSRCBES:IBLPN
AP Z#HH AP ZHIE K

Kl 3-2 A AR

3.4 HHISMHE

N B8 AIE S ST 403 - R B SO A BRI T — B SR g OB, AR S0l i
BT /3 CEL 9 1 i i) AN 45 i CBA 39 5 oA AR Gt AT A EEPE RERTE 7T -
3.4.1 ETXHBEENO TR RS MERERR
3.4.1.1 RGNS MERERT S

NS UEAR S 73 A1 228 B DA VRS2 S A0 4013 B B 5 it A PRI ) — Bk
FLARIZNA N AERE, AR 9 W (DR KRG T i J 0, REEK
PP RKIEN 0.01s. RETEHEDAMAABHTT ] G NERESE T RE1A,
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NTTAEAT HIGAUE, RN RRARAIL — AT i, AR B e Ak [a) i i AH Bz 1)
T BGATIE G . A 1L 20 4 AR KEBEHIG, HH3. 5. 7. 98
A ARG, TR 6. 8 KRBT, Horh, d&EFENT A 2. A3 AT AL 8 41
BN ST . RGININEWE 3-3 iR, RSEST HSHWE 3-1 Fir.

K 3-39 T R Gh N
*3-1 RAXT RSB

IR T %%
W BEOREM —UoiRE —yonzy R EER

kW kW
1 0.81 1.30650 0.09600 0 300
2 0.92 1.29500 0.01334 0 300
3 0.79 1.62750 0.08100 0 50
4 0.80 1.13700 0.36453 0 300
5 0.71 2.05900 0.18420 0 50
6 0.85 5.27950 0.01040 0 300
7 0.74 2.76300 0.15100 0 50
8 0.88 3.36000 0.00950 0 300
9 0.65 2.83650 0.21210 0 50

K 3-3 iR KRGS HEENG=095, 6,=030, =20, 1,=2, 0,=028,
r=11. RGP ERA SR ERSIE A 3-4 Frs.

HI1& 3-3 M mr i, R EeR 1 RARECEE i), 2 RGP RS il
RSB R, R B 1 WSO TRV E N A R G B B RS RIS TR .
fET b B AE T X LT, BRI 3-4 () LA G SR 3-6 (d). K] 3-9 FE 3-
10 X EFZE Y (XY) EEATRR IS, HRERS TR (XY) EHHER
ANETREAAR 1R AR AR AR FI AL BR AR, X ARSI ], Y AR — A 2k
SHE .
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10 10
o X 0.37 o X 0.37
=h Y 7.651 fgr\ Y 7.651
B R "
~ 6 o~
i) __IF ...TF, & 1X, i ©
‘}:M 1 2 3 7L<P<
Y IF, -o-1X, 2 IC, =
KR KA
1 o TX - 1C, en X 1
2 2
0 05 1 15 2 0 05 1 15 2
I ) /s NIV
(a) —BMEA S U SUE L (b) K () PR 1 I —FEA R
S
= O K oss
—— A4 AT R (1 S Bk 67 7 299 e
= 8001 | A5t oy 7 F0 8 24 11 o gla v 7 65T S, 4
=700 =
R 7000 5 X 0.24 PR
=2 600 [I* S 6] v 7651 Fe
oA i
%500, =
sz 400 it 1 —IF, - —TF, =X,
& 300 = o e L L
1 200 D
.....IX7 _x-IC8 _.._.IXQ
100 0
0 0.5 1 1.5 2 0 0.5 1 1.5 2
I 1E] /s i E] /s
(c) M5 1 L (d) FHREM 3. 4. 6 — A RSB

B 3-4 34E AR — SR R SE L
HE 3-4 (a) AIE 3-4 (b) AITAL, REAE 037 FPIERISL—3, W3 i
PRSI —BE AR B IE A 7.651 TO/KW, RS 5 & ek Rl s A e
WAIE T AR 25 B BRI AT e . 1 3-4 (o) AT AL, ARG LT shE T LA BT
7 B 3-4 (d) gl TR 3. 4. 6 MR (X,Y) . Hb X AR
SUIIA], Y ARF— S RIS, HE 34 () A, B 3. 4. 6 HIIHE
0.33 0. 0.33 #. 0.24 FIEFIHRAMIRSCIRES -
Shr b, RGUE RS SEN AR, (15 RGIREIE S M AL, NERIE
BOEMSERE, WAL =1 B0, REEFATIGI 40kW: WAL =2 B, R
ORI 80kW s BLAE (=3 FPIN, RSy 40kW; BAE =4 PP, RGEE
FRTIREZ BIRTARAE - 22 YR BE i 4 i 2 R — Bk AR Sl S i an 61 3-5 B
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13 - . : : .
o }f —IFI --_IF2+IX3 .......... IF4
=< ]
§ 10 —.—IX5+IC6 .IX7 _*_ICS
‘\./ 9 —~.-—IX9
=~ 8
# 6
= 5

4

3

0 1 2 3 4 5
1] /s

(a) —HEARRYSIE UL

8.4r T ‘ ‘ ‘ 1000 ;tﬁ g“ﬁ E’ [S{‘-ﬁ
—~ ___JF ___IF _«_IX — ] % IR 1 92 B £
= 1 2 3 = 900 gty sy B 11
@8.3— .......... IFd,.,IX5+IC6 = 800
— D [ = 700
~8.2 H 600
I Iy
) ;2 500
3.1 & 400
JNTH( W H 300

PN 200
2.05 2.1 2.15 2.2 2.25 2.3 0 1 2 3 4 5
I 6] /s IR /s
(b) (a) H—FHAr & 5 5Ok A (c) St 5t it

&l 3-5 2 VU FESE 4 v i B A — B AR B

M (3-23). & 3-20 B3-5 (a) A, SR AER SRR RAHSER KR
Ny RGBT TR ZE DL T AR KR AR N, (B R REAR i A e DL
WS B B UIRES s RGURIRBEIE RIS —2; 18 3-5 (b) 9 R RE ARSI (1 &
SRR RO, B W A H R RE R SO R A F), £ 225 — Beifal e,
TG i 3-5 (o) Ak, FERES AR, RGBSR 2 16
ANBET, MU TR S AR DG 51 RER 50U B S HIE T B, RS
S AT B G ORI, T % A7 AT R T S S T B RN T A AT R R
DG 5 #fEMRYE RGP SLha i &R/, BB H 71, ARG sibr iy &1
Kitf, DG SfiffRE 71K, sebrtimr &b, DG Sifea i, |
BIRGEPHEFR Th R EPE R

NSSUESGE SRR, A SORs Pl R Ot 53 5 SR (621 S AL Se A RIS
] — BRI SCHR[77] P St 32— Sk 53 AR SCHR [ 781 P B2 A R ik 1] —
BESEERHT R . Hodr, AESGR77R N, B 3-3 R 4 oAUk
I 5 AT, Ha A 20 8 WIS A, KA SO R ek SR 5 SR

34



g WY N L T e 2 VA 7098
[7TIFT S SVEREAT LU AEASCI 50N, AR SO sk 5000 5 5Tk [62] . 7817
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T, —BMAR R RS R R 3-6 iR, 5ICER62]H 45T Th R mZEXT T
A 3-6 () Frn. FRTSC, BUSRER 1RSSOt B4Ry R st ). 14
3-6 () 1, XFoRETE, Y RNBETR IR M2

8.5

R SUNCAEIEE 5
3 N
< g X 0.38 2 g o oh —ACEHE
R Y 7.651 2 g >
~7.5/|Y7 X 0.26 = 7{ ! Lo
E’Eﬂ I R e 2 i 6| ! 8'|°89
S Sl morns
& I — AR = 4 — R
1 . s ! - —SChik [62] ok | g /! - =Sk [77]
0 0.5 1 1.5 0 0.5 1 .5 2
(] /s INEIS
(a) 5CER[621 P Sk — B A BTt (b) 5 CHR[77]FTHE vk — S A St L
ghiR g
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(c) 5 CHR[78I T 5k — B A2 X)L (d) 53CHR[62] AT # LA 75 D 26 ff 22 X)
g3 B

8] 3-6 AR SCECHE B S L SR L R

H1E 3-6 (a). (b). (c) AR, ASCHHRBUHEELLSTHR62]. [77]. [78]F7
PEEIRICSMERETE AR, R GEIE B FCSICIR A5 16 I 43 510980 0.12 #5 0.62 5
1.78 %, 435180 T 31.6%- 78.5% 87.3% o H HICHR[62]7H 40 F 45 a5 KRS —
B EAAE, ARei 2 aek < RIFEEIH” 2R . IR 3-6 (d) TN, SCHR[62]
B R LT T Z BN 37.24W, IF BRI S0l 255
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3.4.1.2DG “BM$GEENA” #MHR

AASHRE S 3.4.1.1 HHFE. [HE Mg EAET A 3. 5. 7. 94,
A E ) 75kW, A8 5T )G g = B N 100kW . B ik (E 2 FP Y
3B RS, & 4 I EBFHAN

WS L an i 3-7 Fiw s

RYi.

A4
HE A

“RIFHENH” 16 MR A Bk &
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= 8
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i W 500
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s 4z 400
§ & 300
; 900
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K3-7 “RIERIA” 52 MR
HIFE 3-7 (a) AR, RGTE 2 Bhil ik BIER A,
B E DN 2GR, s (3-23) WIS, fit
TRE AT IS 10— B A B A R D AR, T TR

gt UL RGN,
T FRZE AP <0, (134 %
FGE RPN A RGN RS . 12 4 B0, %
Gt RS IKE B Z AR - 1B 3-7 (b) %3
—BUNTEE, #ET8s il 3-7 (o "R,

H LA H %

TREMRE LT

4.2 4.3 4.4

i 1E) /s

3 UL, sehrfifg 2 S B T E S,

Baelk 3 U ARG )E, il (3-23) mlH, R

73 DG 5 7] 2 A X LR — B AL ),
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WEW/DN, BIRGEHHRFIIREFEIPFERSE:; EERRE 3 EHRARSR
G, RSEREBVIMEIRE, RSEMTEFRWKE BIWIE-FEPIRE . 25 Bk, AT
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HXF RG], SR E r =1/ =15, KRG H & RA — S E IR SE i
Wik 3-8 s .
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