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Abstract

The capability and the security of the aircraft are increasingly emphasized due to
the development of the acronautic technology. As a result the aircraft system becomes
more and more complicated. So the flight simulation technology becomes an
important instrument in the flight training and the aircraft design. As an important part
of the flight simulation technology, automatic flight simulation has advantages such as
simple, effictent, and automatic. So it’s useful in some fields like the demonstration of
the preliminary scheme, the target in the air-to-air combat simulation, and the
simulation of Unmanned Aerial Vehicle (UAV) etc. In the paper, the normal situation
that pays more attention to the trajectory characters in flight was studied, and a
automatic flight simulation system was designed, using the 6 degree-of-freedom
(6DOF) aircraft model.

First of all, an automatic flight simulation system framework was
introduced which consists of four parts: task commands, maneuvering flight
library, mancuvering command tracker, and 6DOF aircraft model. The basic
element of the maneuvering flight library is the maneuvering command
generator, which based on the 3DOF model and producing 3DOF control
commands. According to the experiential analysis, the control commands were
designed to be subsection linearity of requirement and current parameters.
Then the algorithm of the maneuvering command generators was presented in
the light of several typical maneuvers. In the following section, the 3
channels’ separation of the maneuvering command tracker was discussed
according to the 3DOF control commands, and the control structure was
chosen. Then the command tracker was designed using the classic root-locus
theory. Finally, simulations were conducted in order to demonstrate the
effectiveness of the present system. The results show that the control
commands generated by the maneuvering command generator 1s reasonable,
and the maneuvering command tracker can trail the commands steadily,
rapidly, and exactly.

The automatic flight simulation system studied in the present paper can
accomplish those typical maneuvers well and accurately. So it could be used
for the preliminary analysis of aircraft performance and flying quality, or the
target in air-to-air combat simulation. It’s helpful to not only get rid of the
individual difference, the errors and mistakes of human, but also the flight
simulation of the motion and control system of the UAV.

Key words: automatic flight simulation, maneuvering flight library,
maneuvering command generator, mancuvering command tracker
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B 3-1 fin i 4] 25 1) (o) ic 55 Bl 2 P 4l 25 2 A R £

AUEHETHEAEHEN BN RUKENS S, BESH
OABCDE & s A AL BRI B IRE L, CHlsE CiTh AT EM
s, BRAYFRASBREHBRE A ER#ERA 50, HXER, B:

=k (V.. -V)+b, (3-5)
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APk, ALLERY, b AER, AR AV, BEMNEAR.,
SIS ERMEEAARENsing, ERATVFHE 2. ERFR
HE, HETTHFE:

Mocom = Ko (Voo =V )+ By +5i0 0 (3-6)
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Af 6. BEILR ML B B BRI T s B, R

BAmFRBESHSNERRTEABOBHES n, BT AT
B4 (3-3) WE-KR G4 KE—R

n},l=nymsy,=§+msﬂ (3-7)

9=min[i] (3-8)
v

A, TURBECHAEEH (XPH y) 5AEESERNE
BKH, XA =H, -HBAHEXRfLEMAMG,  , BhHAo=0-0%5F

nrmﬂ

RIEHLROBHRORCERTH, FRAN0M AH HELii %,
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3.1.3 A EPLED

CLURHLK PTG KPES R MEXTEROHE), BRESHR
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Bk, BHAREREXZRNAE Ay A REAR, EFE LR
Heflirs

R, PFEREREE R, BAESLRYERSENEE T T
BmElh, XNE—HSEELAFEHEESEBATREE BT CHISE;
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n,. RAMBAAT A (G-1) m%zmﬁ-yiﬁﬁmﬁm, 7o
BURKE, 7, R0, BFEAERAKEE Y, MEES K. B O G
Fe I BB T R y, M, RSB, GXEREWRI: T EHL 3 B dfEsR O
Bl (3-1)) REFSUFRTHLNKE, BIEEAH, My, Koy,
Fy,. B, ENECHSDEENTRN, WA RMREASAX, W
CLUELLA R v, 2y, W, =W o)

B4t RIS 1S ME R A A BR84Sy, Fn,, 2
Mon, MEXCERABELA (3-3) HEZRAM 3-4) B,

15



PG 3k Ay e X 3 F HARST IR B REA G

4

y, =—arctan — (3-12)
:
¥ Pl (3-13)
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WIEF LR TATKHN y B Ay PR ZEME 3-4.

— ERUTME  C
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HJFJ.I.‘.M

n.__= (3-16)
M cosy,

Hek 5b WENFRN, HRRANAy,, EIERR.
314 Wi RBE RS

EiL P EX 2580 M E 5 R T MsCEA ), MRS FALEI A 64
KI5, FHERE KITRAENXRTH BN R LK.
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o = K (Voom =V )4 b, +5in8

O.m = kg{H .y — H)+5,

N, om =Ky (6 —8)+ b, +c088 (3-17)
. =n},m/msy,

flmm - kr(“’m -WJ)+bf

E{”ﬂ ﬂ%—ﬁﬁi‘rﬁ
Vo = klx_, —x)+5 (3-18)

Hp kR bRIEFRBANEL, ENBESBEARN. R, A
BRAEHRPURESEME LA METUE, REFELBRASMANTERS
REHRLNHME, ERERORLKITHA, BHAAREANHES
BHEE. REVITREBAR S, ENERTCAMSHEHANR, TH
ZREZARPTSRNELMELEEH. CITHRSRURHA="RER
AMMPFTEHERA (3-18) PERTBULESEN, FoLHF THERAMN
ABBA T ENER.

3.2 LM AR iESE R ENRIT

3.2.1 BBk ©THLEhIR A KAE

L AT R ORISR RS, SRR AT TN, &
RIEKR AT L UTRE AR T T TR0, S5 CTRT
RERES, BHTHE. RPN TS 154 B ER LT
LBk B, S B BN AN SR, BR A W H, B
IR A ARV, L BB N R R B R RERT,
kB BE BRI, U T IS S BB AT IR . LT, T
HTEHE. AUEY, B VTR LA SA RN S, R
U L BB R R BRI AMILENIE S L.

WL R s B AR AT 4 DL F 8
X, =1000x(111.133-0.559cos2¢, Jp.... (3-19)
z,,,, =1000x(111.413cos @, — 0.094co0s 3, A, (3200

FERAT MRS AT B, BB RATHLBhiR @ 4 BB X HE BlIR & Mt |
B
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HoE, YIRd#Ena,,, 5B AV RE:

K, +sinf Vo ~V|> K,
_K"ﬂﬂrf —V|-K,,)+K_,+sin8 K, 2. -V|>K,, (3-21)

s KFI _Kr'z o

V)

el

b
It

K

=2 4+sind Vo -V|< K,,

V2

APREK,, >K,,» K,>K, ZEITEREN, ENERT »,,, B2
EARF AV RN RERAMRE L, RIS, K5 BT h B .
HK, ERAdEn,,, HEEHAH . AGR y HE:

Sert AN A A
K. |Hm_, ‘H|3"Km
6, = |0 e (H o —H|- Ky )+ K K, 2|H,,-H>K,, (3-22)
cam KHI ""KHI com fH2 a1 Hl1 = com HI
(H,, ~H) Ko |H o — H| S K g
H2

RFRB K, > K,ys Ky > Ky B GATBRER, BIHART 6, 154
75 5 [ AH 5 P 19 L R A3 e, 0 M00H b, 1040 BB IR G A50 pho
&

K, (0, —0)+cosé  6,,-020
"y Leom -{K,,J,z 6, -8)+cos® 8, -0<0 )
Mocom =Nt om [€OSY, (3-24)

RHK,, > K, WER UTBRAN, SOEKHAT S ERE A0
BN B RRRE L, AEEIE b, M5 BRI RSN,

BE, BEAES . B Ay, RE:

[ 3-5 4 H T CHUIRE WL A B, ' B LSRR T AR RO 2
bR s, B
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(Y eom V)
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Vo =1 “(lim :tafnfﬂ le glwm—wl }sz (3-26)
_(w.mm _w:)‘Kﬁ IWm _Wllﬂxwl

RE K, >K,>K,0 K,>K,BERGTSRER, ERXERY Ay,
AR R Ay, | = K B8, YAy, FAKHRA | = K, 35, T4
Ay, BARA, | = Ay, - K, TR, REBERT 5, HOERRAN Ay,
5 Y 23 ER AR P R B A5

BB AT LB 4R & A AR T B KL A A B B M0 S 0T Tl 2R B
AD=yJAx* +Az* , B AD BB/ IAH ENBIEMBE S, WFHBEECHT—

JL B A9

2% AT HLB 1 4 A R 28 R T DA ST B 1 2 ) BL sl B AF e ELF K
FummENG) . WmENs) (BKFmAiep) &, BT AHNH R E A B8
REAE.,. RENERSERE@T,
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SHRAN T ESRAETEBREA. WBFAR, [ f, 1, [ BEXT
MAR A I BEHERE, HOBARMFELCNEEL A, HPERTE
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W pLa) & —F A RIRERKmEA LS. Wit a2h=00.
HA, B, XF. BB TP ER A UKHE ERETEAM M,
] DA K R A5 SR S NP . BB HE T B\ O b % 32 40 1 oY 5 1) i 4R A
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WHINESFHESTEREHMT AR H,, SEEYV,,, &FET
BAYMWETEDT

PLEFF G, Ko (Ko A—RE, HEBREHO, W

Y oo = 180° (3-27)
HEr, g8 —BElE (HERZESBED):
Ry = K, (3-28)
+HO0<Kg, Mi:
Vscom =0 (3-29)
K, |H ., — H|> K,
Hm =< Kﬂl "'KE;P GH:M _HE'__KHZ)_}_KEI KHI EiHmn —H]Y}KHI (3'30)
Km _Kzrz
(Hon - H) 222 |H.. - B|<K,,
K,

X (0 -0)+cosdé 6. -8>0
ﬂm={ o O =) 08 = (3-31)

K, .0, -0)+cos8 8, -0<0

K_, +sind V. u=¥>K,
n, =iKm Ry _p_ g Vek,+sn8 K, 2 -V|>K,, (3-32)
Krt _Kvi
(P;_—V}%-Him? V.. ~V|<K,,
¥1

ai, WdlshiE S £ maER T TG BEERMLDS, BB
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¥FI
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BTHURLAL, PR YL EAEABLALKESEJNG,,
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h_(wm —W')EKI, Iwm-wlls K{F
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A (AL B.CHD) HEHEUEERE¥XE R=B2, RFKEIHHHEA
REEFREEBIWAMFER, FHRKELOREEHITHF. HZ
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e |Km_i.)*xﬂ le Elwm_y!:’}gwi (3-46)

_(w.m;-,- _wl}*K;ﬂ‘I Iw.m_ _Wllﬂxﬂl
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26



PRAE Ik PR %3 8 HahiRe /@K RN v

K_, +sin@ Vo ~ V]| > K,
M =4 Rea iy ik ek +sing K, 2f-V|>K,, 349
KH _Krz
V.. —V}-Eﬂg—+sin3 V. —V|< Ky,
V2
K, [Hm- —H}::-Km
K, -K
O =" qﬂm*Iﬂ"Km)"'Kaz Kﬁlzlﬂm_m}xﬁi (3-50)
Km 'an P
(H,_—H}K—‘* |H e — H| S K
H2
1, om = Ky X (8, — ) +cos0 (3-51)
Ryom =1, [COSY, (3-52)

I

AFEHET N 3DOF BA, BN FLRMEH AKR KSR, XAT
W EORME 5 EREZ Z 00 B R BN 2Rk E B2 H1E 2, HF EREFEA RN
BRI RREEK, W LFEU SURIHLB) IR Bh T8 @ Ak AR HERETT T P, TER
T olahshiERE.

27



g ik Ak AP - 7 i 3 F 45 Plahfi-e RS BN A Bt

# 4 F HIZhIRQ MRS N REN T

£ 2 B EEN AT IR IRIRE, EREARRRIEILEIES 4 28
TR o s Pycoms ¥ com TE 2 B0K, ERANRBIRMA S, FEREMA S, R
R o, R L& 6, FRAEE, WA CHL 6 B R (DOF)2BHE, BN
RAECHLAES IS, POk, RGeS . L—EXNNEhiE S mEET T i
A, X—ENHILSITES RSN RERN G FIE.

4.1 PLahEE < RERAS BT RE

RATATLAFH, Hl3hiE>E R ™ MR RITE R 1, s By s Vo B IR T
R4 KAL) [RLE IE - 2% ] BB HIRS ) 8 A B2 K B AE UL RAE n,m, p BE
BIRERAE DM o Mo Vicom » WHREBRKHMEBEEER T WA HRAREE
nn,,y FIMNE . AXEERRELWET CHMRFAEN B3 CTHE, X
FEBL T COABIT BRIRHLE), CHLM AR A e . TERNLRE T
S I B RHX = AN 8 8 AT 24

B, ATRVYIREE, FEAREESR: W76, FEE K (AirBrake).
8, AR RSP S M2, TRER RS EmE KD, ZHERE
EWEn, B/ ERANNREABEDIRERLT, 5 8L My BRH
B, RERBHAEHS RS EAOZwBRD. B, KXENSHESRESH
witd, BUEEdEn,,, HEWM T E S, MERRA (AirBrake) B4
o oNiafiabari R

Kk, BTFRWERdEn, HRAREEEA MRS, . 6, BB EWD A
BAECHDAHE, NTTSEBTH I, BETHEREE. 6, KLt My
FIEm R A LERAEAT CHE RS R EwMER D, BRIk
M BIES n,, T BN S, K55

BiE, HTEWEREAyNEAMERRERES,, WHAfS WEEMT
BRI DEREA. 6 HBUF=AEE IE, N EREAEENREA. 61
B n, Fn, M WERD; W05, 5, M NREABLPRERM, E—&
33 FHELRIE, FIGELUARY, 2V Vion = Yome B, EXHSEE
HETRERIEY 7, N T HAT 5, M5, H9EEHL

RIBLL LT, BATATLUE 3 AMBBIES 1o s 17 o 5 B AR (I

28



i b Dok A0+ 747 i 3 i 437 FLahinYRE BRI R

B, HHLEE S BRERR A D PN FEE . B AR B E =AMl
4.2 HFESRESZNEFNRER

ExPLEhIE S R RET I, EEEMIHEERESEHENEH. 3
FSIEEHAEARKEELRETESERTOESR. B 41 SHTH
Matlab/Simulink £ FI 1B 5182 BRER 3% =Ml E R Gl 45 1 -

e — — e o ool Gl 0 S S S B R GBS SR RS e s — i s—

R i ()

T e e, e s S S S S s s el o mmes SSAE aEaR e

BHEY e ~(3,)

o5 s (5, )

B 41 HiksSREFEFREHE

PR B RRAIORY, REEFERENER, ERALE LE
S, HERBHERNER, SHSRMEANEN: B, BRNE
Wntn_ BONBERERRNRARE, FUUMEERA LA RS E)ES.
B K, B K, SR LARES RN SR bl f R B A

29



pb [ sk APIR Arie X 54 E Hlahie G SR BUE N Bt

FR&], wi I B L EERELEWO~1), 0 XM TR MIE, 1 XMNTF A
B MR ERNREIREE, EARSIPRIWNIT R8BI, i
FIEal A e TH AR 52 R VI m S E W EFR RIS % a3)
W TREN R A ike Bob, VIREE A T8 B B i e R4 )

HEEE: X n,, HORRERNT - 8BS EHMRRE",

HFRER n, REOBRERE, B SRR LH — B EDFY: B

EHFHEA—RIATRIIN, SGREEM T —MEERSH NPT, XX
T ZFEMfstE, BB TEAAEENEE (XEERmE—FRY), LR

SINGA I BB 2 (R0 5E % o, RIS AT RTH B, &, k, Mk, 5
PR A%, B RSHERE SR RNN. RASRREY —— (731

w+1

F%E B MEBEESEEN [ EZRERTHNHEMAEREESE, AR
wEIH. REATRNA ERRE SR ERFRRE, AT RREILN
B A

BUAFEE: WEREARSHREATERHORE, B&REEI~22U
P TT AR SZ Y, DA AR 1o o T B2 28 5K FH L — Rk (PDYE . O L T35
ATEERAy RE, 2FBRERSHEERD, HEFEMARKEES (BE
fIdE o B HTHEYEREMR. 55 BT CHESHiEaEs) 5%
HEATI S BE, FRETIERTSRIROARATFTRIERE, BLlEE
AL RRERA T BIR 7 M SUEARDHM R B (RMAEE o, RID.
FOEIER AR BB RSELAYE A FIAT

4.3 HlEhESMEERNEIT

4.3.1 BRI

EHE TP REERNERREHLE, & FREREERSEN BRI
%, ARGIRERSHE . KA RERFKR T RS REHERARN

2 RIE HIE R R T R AR AR AR, e ETH RGN
AR, $IXRERSIFIE, BRAHTRIEMCLRE, BSEW. B
R, Wit AR EM T EBABREHERTLR, BATH KATH RN R A RIS
VI th B A 4 P 20 B W R 12 45 B o

30



gk ok R i 3T Wa4EFE HaigS MR RBH T

BRS M FEFENSHEEERS: 2R REA LR RE
(SIS0), ¥ TRESHASWMAZRAHBMIMO) M HE; BHRLERGHEKET R,
TR M EHTAE; RA Y ERP &I, BdEE, CHMIERNE
Rt L5 A AT AR AP

B TAXEERARGEMEF HSUEFENES YT E, BEAFES
BIHLE CA R CAT 500, WHLEO B R 0] UK AE /D IR sh 2R AL 12 ik
FCRVERRGRIT AL TR, BUTH 4.1 Wi BRSBTS REFR T A= HIE
i, BNRENSHEARER, FEAIAT LRI R A5 H RE(SIS0),
XA XL HERNFERET HE: BE, BTSRRI TE
B AR, T ESHEM, FRAME, WERESRERTEERRAREHT
B, FEARXHH3)IE 4 RS8R AL R HIE R RS,

4.3.2 CHLEE R

AT HHEIESREREREMTRIG, NEARCEGHIERARTNR, B
CH AR RFEE., WAEMHES FELER. BT, e HELKER. &
i, ZEMRAEREMT, CHUEE) AR LS B A H SR ) PR A Lt i A
A FRIHARS, RS HRITEIE RS REROBHE, BLRF
HRH BB RERER.

(1) YmEsfEsh iR

KHA R MRBIE IR, AT AR, EREEERARERAH IEE
Bxts Sl GEH PR B hy? . QY MNEMT) BiEw, PLEANRQ . Y
HY*; BF, ALRELEB CHHITHRANRI, BT KAL)
FLE R4, ElERIELER; mBRsHHEEDSERER RS, AT
fr BB NN TRE LB R, KLERAEEBRYIEYE (BET—
FEMER). Hob, BREEHEELE, EERM, . WA RPN TE
¥ fes AL 7 2 41

X =AX +Bu (4-1)
3,
X - X% +gcosb, 0 -gcosd, |
= - +f—sin 4, 1 -ff—sina,,

A= 0
YL v L) 4 Hf-m(?;-gsinau} M% +M* -M*Lsing,
0 0

0 0 1 0

K|



pdE [l AP A iR 4 4 5 HLENIG 2 R0 BN B

0 > Ba
-Y* - | Ae s,
B = MO —M%.7% _jifé._yo% |’ X = A, |’ = %
z z z C z F

0 0 AG

B PR E =R RE AW 1AL EMA S, 0, B e SO -
X2 = ::; [P?r cos(a + @, )]

Y’ = _h [P"" sin(a + @, )] (4-2)
mV,

p%=§§%ﬁﬂﬁmnmﬁm%ﬁ.wTﬁﬁﬁm,mmﬁﬁﬁﬂmmn

BRI
WMRMETHR CHNEEBES, RSB RAES, WA o BEM
AEE o MEW, WTEREAV =0, BEETITREAIKFERCTRE,

8, =0, REEELIESTE:

ﬁ" _ya v
Flal_ e L ALY RF L (48
Ad, | |MZ-Y M MP+M?|Aw,| | M -Y*M]

(2) mfllEEsEs)h R

CHLRsE MmN R EE AR R TR R, i bR Z™

MZ%, HEEE TREMKFEE VITRET, 6,=0, BUEsIHREN:
-ﬂ- _fﬁ 0 1 -hﬁ' [ 0 2-5’*

o, |=|772 He W7 | 0, || 37 Hf:[

M M Mo, (M W

y JL%y

Ad,
)

¥

b

W ARG 2R AR SRNEE R, il 8RR R e E 2
FRAXN & CTRERNZBRE, WHEENFNAERNEEREG , B

R SRR M Gy 55
THHEMNIESRES S MEE#TR . AT HERG TR, F3XEN

BAPK R AT AR R BLOF A B R AR S BB RE A A g s, 3 BB Yy s Y
I KATIRA: A H=5000m, D##¥ Ma=0.8 GEE V=256m/s) RAEHIT RN,

32



pE 1Dk N5+ v 3 45 YL e 2R E R B

4.3.3 VImEIE neom IS

B, BACIB—T Plahfe < iR as Ul ) i 8 03 6l R4 1 .

Ru%5>(5,)

B 4-2 ¥R REEY) Cif BV E S

REIX n, B 2HRESER, mERB CILIWHRIEEE -, 5iF2
HBATHE . A TEHTRNEE T 5%, BRITFER/RBMIE S, X
CHDI SR, MERRE G . N EXEHARERABTRR (4-1), BATATLL
BRI E S, X CHUEE Y KRR G, -

. _ K,(3+1/T,Isl +2;',m,.f+mf)
2 w510l |5t + 26 0,5 +0))

HEBNBALUR: FERNG, N—XEHELE—EAMESNR
R, B: 20,22, 0,, ol ~o,, TUMNHE. BHITL, XTEEE
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" LS AR E i E 4-17 Bios:

AR IEBEFRHBR: — FARRABMEE LR SR RZER K
WS, WAEEA. T HMEEE AN m, AN LREHEL, RN
R, BREMPELREL2GLE, Bl =, AFEI—XHEeER. HHR
ZohBREIM MRS, MEEERBMEM, REWMEMKR, FEHEEHE. X
THREI B RS, AR AT CLEBUY 23 F REEHT B ma i 1 _E FH B ] FI%E B 5% 3%
RN EIRE A, FEAERRRD. REBRAEHK,, =06, W
B 417, W RAMHEBREELS =070 =5.9. 3RS HAHHEK® N
thZktm & 4-18 B,
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TR REE SR ROBLE M —a . A LE—82UES,
HTHERRG, P—NERF A S =RESIRT2&E, ERERY A
A BRI I B T R 2R AR AR D Bl FARCEAFELE =
FEHEABBBETL, HHX B35 A MRIUBHLE 88 2 2% o5 = R E A S0E M
WM. ERBTFALHESAH, Bl B R HMENE. 55 BB,
FENLR EEIE R %%, WA RENERSETERDE 4-19 Bin:
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-3.96(s + 2.41)(s +0.003s +0.504)
" (5+2.38)(s+0.036)(s” +1.025 +11.6)

LHRERWE 4-20 s, TR, WEEHESEFRARBEG WA=
REENE, THRERASBIERSROZEAK, BLEEFHERK, =1,
IMAFRE 3R 5 RN 75 MACKTEREImI N a1 B 4-21 FroR, a1 DA fRATFLEZE
25, BOIRmAi A ER G WD T . 75, BIRMATAEEERIEEER
WEIKKRGR T, ERBMENENEHENADTRE  ALRNEAEFAEET
I AE R R A BE = AR K AL A, T B b TR S8 e 38 A7, DR
RBRERVIWOEER, SENAERAIERNEASITEHI .
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(3) BIR T MAEATE ARI

A D283, FRENEEREZ —RER SR RATHAREN, Z-EN
TECHERE MR R E AL AL EKG2 REE S MR 18 S Al 287
LEHEEAEY 7., BIFEET MMM RRA, XEXAR R G FERZE
(Aileron-Rudder-Interaction). X ARI f) B & FEBAXNENR, ifEEH XIK,
X B A3 K AR ER AT N4

wRARER G A REEAE SR A E R

(1) R E

BASERPHHIE KR K
¥ .:."r bl
3 (§)=—22 R (4-32)

EPET] LARERIR A IR B =0.

(2) BEALE

B A AERAVARIFIRR R
E(3)=_ LS 4L 5SS _ IS8 (4-33)
5, TS+l T,T,8+1  T,5+1

XS E M R T ROE IR 2R, B0 I RS RER R ARSE (R &5 A WA
i, CCRERTERIER: A o AE D A AL ) R RE A A

ACKR AR R T R E. B0 k EEAR WITRETEK
REN S, /18, BUE, T, NEERER, XBENT, =2,

4.4 R%ES

HTF UL S S Z RS RN WTRE TS/~ E2A, B CHAMEFEE
HMh&FER, RHAAREIIPVTEET KX, I WHERZIESR, SEE
FEERASTABHEERAES. FERE E—-3 (43 %) kb, A
A RATRE (FE HADHE Ma) TRVL3ITESRES M2 S SutiT s,
HiE T EMRITA THSE. BRI VTELAATBREHE®, Nt —F
B RERFZHEAE H AYSHE Ma AT HEE, WEZLRZ (Gain
Scheduling).

FUXA LA REZHE R, BAKRE LR SR EARRE T
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(1) VIRiEiE

REES e = K, /K, TEHRIFRENRERT, foi, FLEEH
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*x 41 RRITRSATHK, E

Okm Skm 10km 15km
0.6 1 1.7
0.8 1 1.5 7.
1 1 1.2 2 3.5
1.2 1 1.5 3
1.3 1.2 2

RPBAEGHAMSZENENAF UTEERREAN. 7T LME K, L
AR EA LA R8N, B SA AT A .

(2) HRiEHE
i%l‘ﬁliﬂiﬁﬁ:i*ﬁﬁfgﬂ K, #K,, Wi —EREATHREDE 4-2
— K 44 7R
% 42 FEUIREETHK, @
Okm Skm 10km 15km
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1.2 0.25 03 0.45
1.5 0.4 0.5
% 43 FRUTHBATH K, &
Okm S5km 10km 15km
0.6 0.4 0.6
0.8 (.45 0.44 0.8
1 0.5 0.55 0.9 0.9
1.2 0.6 0.9 1
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1.2 0.39 0.25 0.16
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