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Abstract

The successful operation of High-speed Maglev frain indicates inevitability of universal
commercial application. The super high speed of Maglev train brings heavy demands of safe
assurance and reliable control system. Whenever the Maglev train starts, the levitation of the
whole train is necessary and the Levitation Control System (LCS) should maintain the statbility
of the vertical force to assure the security of the operation. Furthermore, the quality of LCS has
much to do with the security and comfortability of passengers. Thus the performance and
personality of levitation electromagnet and ECS are the problems that need to be researched on.
Studying on the LCS technology is on the way of theory research and experiment stage in China,
and accomplishment comes out usually. Once a breakthrough appears in this key technology, it
will provide safe assurance for credible operation of Maglev technology nationalization, as well
as be fundamental but crucial insurance.

The thesis proceeds from a point of stability and security of LCS of TR08 Maglev train, and
introduces the operational principle, especially the levitation principle, with specific analysis. On
the basis of this, the thesis gives analysis and simplification of the levitation control
electromagnetic field from both magnetic and kinetic angle. Then a model of single levitational
electromagnet is established by MATLAB, and two methods of linearization are applied on such
nonlinear model.

Secondly, by using the LCS model, the thesis gives detailed analysis on the main factors
which influence the levitational vertical and attraction force. And the control plant is obtained.
Then, based on the analysis of model, the thesis takes attempts of different control strategies on
the Maglev model, and shows the simulation results. The fourth chapter introduces the two
nonlinear control strategies, and the sliding mode controller based on the feedback linearization
is realized by MATLAB simulation. The left part states and analyzes the minor factors of the
levitation control, which have been ignored in the process of modeling.

The last but no the least, a conclusion is presented. The author makes a prospect of Maglev.

Keywords: Maglev train, LCS, Electromagnet, Feedback Linearization, Sliding Mode Control
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A3x3 B3><]

Ttr, B R H IR, Y ranki:c -

}=3+1=4W#e, FILAE RA

W, W TEERETRE, BREMBIER, B REEBRERAEN, MERFA
B, RN, KA AR, DRFERRIS R ST RN N ERESE
R B4l XL RETER T AR IS A R AR MR E R ST, BN R R A A

§=-15,~-11+110,-200.

§4.1.1.2 PIRERBEHBET

EXREMEBEe=y-y,,. MENERN#HI LB A 20, & z=_|;e(r)dr y W
) =elt) = Cx(t)—y, (4-17). WS RERTFFHFEEN:

He T e o] o
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HITT AR L RS BNE BIFEHE RS

BB =[K &]H:ﬁ‘?‘fh{% b kLK =[k] BEBERGERETREY:

S S e o] o

HRNEEEER (x,=10mm), WREESIR f()H: f(D)=det[4]-(4+ BK)],
MERFIEZIA () = (A+15(A+110+ jH10YA+110— j110)(A+200), 4 F(A) 5 (D)
WX AU TRAESE, KV MATLAB 8548 £, =13267.5,k =158.2,k, = 0.6703,k, =1.542x10° .

Rtk RRMEE RS K =[13267.5 1582 0.6703],K, =[1.542x10° |,

A Simulink M RKFTHR, BEHEBEWE R

B 44 BESEE s ANTLHE
HBERSA R IFBEAMAETIEZ N 0. 35s, BEBE, BEHREN 0, 5&K
#ERERREREEE, T RERSBHSIA, WmUAEGRRENS eE, SeBAIT
BREXFABEIRERIRE, DEEETTRREGHE: BRESKEEREZ 3]
AR, MEFABRUELEREOMEESSS—BEN, Bk, ARGFSMEIMES2
B &= RS, MAHRRNEHERERE.
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WL AR i BIE BFERINE IR PT

§4.1.2 RIREMUBRERESE

§4.1.2.1 HEFHRLRBEMA A

BB R LA N
X, x, 0 0
i | =|rx) [+]0 |ju+|g (4-200
X1 ex)] [B)] [0
. _nn _Rux SE e
He, a(x) . TR B(x) T 7(x) fo o
KRG
& =0 o [k
N dt g =g Mg
EL%_MQZO (4-21), TUBRIRGRIFEEA: {1, =0
Y
dy _xxn Rex o ox =g
e x 2% 2k

B x=foinin [ =[50 SREEE, x RESHEHBRUR (BALED) ,
i AR, g REDNEL, M RN RR T A R R E T A
BEE, R ABERA, u SEGIRE B L.k ESE oSS RTNEE, 5 R

£,
AT H R AR AR A L, RATFIA T L —F 2 B B 7 e S B AL AL 1,
mr:

&= [fﬁ'fﬁé%]r = [-:"'1;-7‘2;"':2];r °
EREIEPERY, >0,x,>0, ANRIERRSEER . Kbhe, 2REB#ETERN

SERELHIERE . 4 0=, WuTAUERN: u=(a@)+o) f(x). EHLLFH

RAREHEMT:
&1 o1 0][&] [o
E1=10 0 1||& [+|0]e (4-22), —AMEHIFERAMAERENRLE, BN
gl looofle] 1

ESMTAIAEE, B RO TR SRR & = x0.80 =& =0. FENRLREE,
UL LURAIRAS B 0 7 A R e, RS R T LS B F T
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G A L v R HIE SRR SR

o =k (x, —x,)+k,x, + kyx, (4-23)

& REFRE Kk BATLUMEIZ M RENR AN T E TR L L FE, MR
i T RERIRE . RAMBREHA LR T.

et
L})M
| =

46 RAELEHER

§4.1.2.2 BARE

FOABEE R RS A= RE, RRAREHT RS T EN NEERLRETH
ERINERE, HABSH. KEXARANESRAN— A EESREARTANRENEE
%, MRANBRRATRE, HENR, BREBIRFHEHEE. XETUE A=K
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EEEAI i w4 FIFE BIFEHEH AR

B RGBS B — A T RS
HERH —MEADRN MR, REMTREEREY: G()=g—r
§°+20s+200
AR RSN L DA R: 5 =—10+10/, s, =—10-10; ,
RERH A EHESRAENBE=AEA: 5, =-100.
SO, AT LUK BT = I R E S

(5=5)(s—5,)5—5;) =5 +220s" +2200s +20000  (4-25)

§4.1.2.3 EHIBEI

0
HiniR e IR 23 E R RAEHE A A= 1|, mogeid ks E r

==
R IR

K3
HRREMIFETER: &K -Ks-K =0,
ATHERGETBIHTERE, RIBRBCH K. K,.K,, HRARETA:

K, =-20000, K,=-2200, K,=-220.

LRIy = (—a(x)+ @)/ B(x), TTLLEEH]

P
u=Aj—j[—K,(x, _xlo)_szz—Ks(g"Ab;;)]*'R% (4-26).
WEAGERMT:
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LAY B EReY HEE BFEHNEHRERT

M 4-7 BARERGER

§4.1.2.4 {HE. &R

WARFRLENHLSE: k=0.000756, M=750kg, R=1Q), g=0.8N/kg , T LI EI AL
55 RRIE R

2
u =% 1 20000(x, - x,,) - 2200x, 420(9.8-«%)}“3 (427>
X 750x,

] LR Em T BRI

B 4-8 BEFSEE 1s AN M
TREPREUBRGERE (0.3s) BTSN HEE 0.0ln, BFEH, WERE
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WAL AZE W20 10 FUFE BT R Ao

R HER. EHSEERRLEETR, LPREES.
BIFBRAE R I T -

AURRERZUFFERE, RENAERSRESZE, BFH HIEEN AL
ME. TLARD B MR R E T AR R R ER,

BRZHFERE B &R RFME.

OEEKBEERASHAENRR, RAMELTBERSTPRESHEHEN,
e, BEFEE, ONTIREHIS O P ERR MR, mERPMSEGH
WA, HEEWEGER, EESRERE.

@aEteEE, ERAELTRHRTREENZE, EAYEERASRES&Mm
—AMRBRIERZAE SRS, SREEIBARLRKE, ARZHENREBRRMAMNE,
[ESEL Y )ik & i b= S

§4. 2 EBMEEF A F

EMS HEBFIIFERFERGEL - MAEMFELERS. FENBFEHIRMNRITKE
RAF T L B RR R, (AR 38 R v 5 P R 2 H3Rshid kT
SHERZME T A AN, WTFREFFENEEEEREGEMME T SRESH
RN BMARGNRE WX — 0T EE XA SIS E, iR
AR R, BERTENEREAERAANARHERE. KkFL. BRERAEET
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I i o RS SEVNE B 0 5 ) A 5T

TEZBEFIGEPSAATROER, 50, MEREAATER. £ EE840E
FHREZ RN EREF LA RE BT LT

§4.2.1 ET RGBS RIRER

§4.2.1.1 MRFEERREELLER

BRI RGO LR A -
% X, 0 0
L=y 410 u+lg (4-28)
x, a{x) B(x) 0

_ %X Rux, 42
a(x) X n (4-29)

=0 4-30
B(x) ok (4-30)

2

y(x) = _:th (4-31)

1

Hoh x=[oirx | =[5:60] ARETR, < REFHENEFAN (BEAE
i R, ¢ RENEE, M REMAERE TR A SRR R &
MER R REMEE, v BEHEE T4 L L ENhEEE S RENEY, X, £

BEME.
AT HEGEMEEEEREL, RIFIATEIEALR, Be-x, &=x,,

gzg-ﬁg,ﬁ*ﬁﬁﬁia>o,%>0Mﬁﬁﬁﬁﬁﬁﬂﬂﬁoﬁmﬁﬁﬁﬁﬁﬁﬁ

RAIR A, A, M. EFRAT, TLAHRENRATRNT:
§=lignd] =lixss
Johe, RS ERRELRIEE. $0=", W u TURFAL
u=(-a(x)+o)/ f(x)  (4-32). HEHLBENRESREFEDT:
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WL |43 3 SHUNEE B S oY

&1 To 1 0}[&] [o
E1=10 0 1[|&[+|0]lo  (433), —AGHFEERBMHERENES.
El Lo o olig] [

R BRI R MR MATLAB B80T

L‘E:-t. ] Ci:)mu
K410 BEREREEHNZEE
o ' )

T xpp—y d 3 Tz
’ Eugsystem [ IS

411 AREEEREEF SRR

§4.2.1.2 BHEEHHZET

BT SHKAHEN, REREEEFREROFELEZRAESRE, Rl
EHBHeEHRESERER. AXNIERRHIEERSREEERE.

WA R — M (VSO). MRS, — A EAEIRHSAs LSS
BBk R G ATE S, FIE BRI RE b L MEE R B B YR FFRR

44



HITL R 2 ENE BRI

B ERANRFRE . S BTN T MIRRZ R T AR s
BESTWF A ESTF A RMEy, UAER—B. 0. =B 3Hy,, j,,and 7,
RELN), R—URHERWLLREY. RERE:

G=Y,—X, &=V, ~X,, &=} —X, (4-34),

WEUBRERE: s=ce +ce,+ce, (4-35); K¢ 0,0, AZAEFEHK, Mg =14

REATRERISETHE.
AR FT AR R AR SRR A S=—a-sgn(s)—b-s (4-36). Hosgn(s) 2
-1 if s<0
—MEFSEH, EXOTF: sgn(x)=4{0  if 5=0 (4-37). BRs-5<0, FHEBEL
1 if 5>0

fro B a Ml b RPN EFE, b RIERGAERERME s BUZIER I AR E KM
HE, a MLLRGESERE RSN R R —ERaEEE, XHMEHEREH
AAZE, WRURERTFRERATET . BRI R:

B 4-12 mEEH ST
BEBEHAZNLEMT:
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L NS id BT BRI s

Femd MATUAB Fon'l S .
Scaptemt : L _
: —.l fu) I - —
; Fon :
: Foopal

:

. . [
- e s
=ik . i
] Spattch In¥ - Scapyd
= T
Outt y ; Conslani2
yr' p { ﬂ!'_',rl
b (—l Congtanit
! ‘ controfser. Gonstintd
© '
- i
Ehotk ; 3
) Cotstants

Kl 4-13 AGERI2HE

§4.21.3 BEEJNRSHHE
RARBWESEN S M TEMR, NFESEMAEMT:
¢, =40,c, =200,c, =10, BEHH: MWEBRERE ¢, o AHEHTK, FRIE—EHH
VEEKFER, N#RrmEANHESRE: o NMENGIRAREY, RIBSRE; B
ARZH RS, FHibc, MEUEMAHEM D, FTREEIEREE, ITEKFEHR R SHL

#xt A i L.
N FEERNERE, RS E R sen(s), WERBMRIEERRE s DHER TN

KRE-EMEEBERER, BEXBERRSEEFUERALENAFRMERE, &
BERNAREE, HREEETRK “BHR”. REERTUSRTHE.
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IR X ENT BFEHIREE R

.- ¥ B e e B [n S [n S [ S TR SR G o e s e mm e

Bl 4-14  OEME S AR REIE SR RS EHE

RAFBRES I, HR s ERFELTFOER T ORAERE, BEMmEHES
RAFER, TP RBEIEE R BHR, BHR R B i s A b2 R A
FEEN, XEFESIAERIESHES. MBEEIRE, EIMARLMEHLHR
FIFE B AR SRS S S BHMA MRS, MAREFRE, BEHEEEsEEN
R E - ZEEA RS AR S ERE. X SRR SRS R L R
=3

FIAREN, BRENESAERE LIRSS, RN SIEERE R
il LTRSS, ETUEELRE BT HMERKER RS, BATLLR
REARTEREROEERSRBEWRE. ERSIEESRHELE LAz, £
EARA ERBRERS T #H%, MTELEFEPRIZNA.

EAHESRGT, W AMERSIESIENE U PR &

(1) PR E sat(s U ABUR BB TP OAT S5 BB, IXFPITERTE T Ch 4R 3,

(2) kRIS, mimm&e(mm%gﬁﬁﬁ%@ﬁ, o AR

DRIEER.
ATHRPEEANRE, RXHNERT WAHUEERES, 2B RIERAMMEHEERH
SEH, WAEETER, HENEHE, XEREMETRE. XREEEE, BERag
mE:
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HHT KPS HBNE BIFHEHI S KB

1 if 0.0
§=-a-sai(s)-b-s, HPsar(s)=1 100s if -0.01<5<0.01 (4-38).
-1 if $<0.01

EAERACH T s BRI AEW MR AR E MBI, ST s xRN IRS
MRORFE —EHEEE, H H% T 7if P A 455 B8 sen(s) 06 W BETE SRR L At

HIBIFIER, BMASKZSISME. ERAMNREE, SHREIHERE A4z
THE:

4-15 DI BRH S 7518 FVAT B8 Hi I i ki
LRSS, RERENPHRE THERA, SiAMEEER0EENRE.
R EET . B A S5%FERE RAH AR R BRE g #EE. ROIFUITM
SRR RSO T SRR, B Hi R g, Rtk R A e
HOEE, BEGRE|UNERTHRT, EHAERASAENER, WTFERR:
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T L R A BT SFEH0E R

Bl 4-16 FHIBE Is WL R
u RERIEAL T MARAMT-30V ML B, EMEFHE S AR Bt iER, BEX
AHEER P RERSMASUERYS, RESSIREMNESHEL ™EN2SBIF
MBI IRE . AT BB EL, EEAEHS0HER, T - MREER
u limit. ZEHPTIERBFWARENEHE M TEAEIES, BRLESRE. BN
s hl 2k B T

B 4-17 =HE 1s AR

ME ERTUER], FEANREN—BR O TELRE o limit FERA, AFES, TEK
BALWMBATER, BBRERE 24V h, WERSEN BEEHIESMER.

EH-ANEENRERR x, x, BYHERE. B x BYERREEER, BE51E
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T A WA SIUE BRI R R

FER A ST Rk SHERNER, BERETRRME. o T x BEE RARET—
A58, RO RIREF IR x, A AFFHIRME, RERERNT %, BEFREE 25A £H,
AT AN DMBNETFE, Wx, _ini=154, AUBERISBRRMLI I T Hk:

Bl 4-18 SBR x4 x, M4 15A BHAERIL s

A EVERSEY EAR — IR S0%ME N, XMELRTRERNF TN, BARK
T EREHHEE, IR R TER0ER R 5 F o g L P dmn—45%
RWES, EHNRARTELEN, EEAFNINEZRERSE. LTI, BITTLE
WHEH — K, E30A, SBBIEWT:

Bl 4-19 A8, 78 x, W{E N 30A MAIZEIE ek
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PN TR A ' FEWT BRI R R

REYERAADSBERSE, BTUFISEORTEHNE, NRAHETERME
TR, AL CEXKNHE, HEES— SRR, HE S0A, AR EIm FURER:

B 4-20 AUt £ x, AV S0A W RO 4
WLLER, REREERE, BIEEE, RSTLHERIER,

§4.2.1.3 {iHBITER

RANLE I BHE, RYEx,=0013, %My =0.008,5, =y, =5 =0, FBRBH
IEEE G, =504, WX MEMIEE E—-WaH#Ea DERT. BTERMT SR
£k
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ML AZER - SR i BT BEEREE RETITT

B 4-21  BESIE50s 5L ihek i

REAHNRSREDNT U, ZBRDATRATHERN 5K MRER. TLUEE, &
HAE 20s FRLHEATREREFRE, AT REEMEWNOER TSR, 30K 20s 8
HERCK, AR T:

A 4-22 BIF AR 20s B REE
ALER, REEREHIBIAMNEGSAESE, BARERIAFH 8~10m 18
FRBEEZA, RARBURRNERBAESEME s, HHAE 10s AEAZRBTE
B, fFeEkitEX.
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HUT KRR SHNE BRI ERE

AT RESEE I MECM AT AR HT B R IOR, UH R RGN TR RS L,
BATH B 20 B R R GRS (8] P R IROR, 45 i B R SBRER R T 2s WL
HH£2:

&l 4-23 BES 2s BOREE
M EETTLLEE], REMEEREN, EER, URIREREN 10%MRERHU
BIRMEFRATHON, BREFHEE,
AT EHEREAMRE, TLUSFEBRREETI .

| B 4-24 BESEECESL ML
m EERNAHESRY, SEERENEFGEHRE 1T, mERE—MENNE
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HL KRR 3 FIE BN

E, XRSBRARFHSRENFE, HFHTRERE s ZARBERER T RS, X0
THFIESFEEHIELEMREERNSGS, EEXREEN.

ATHERENEEN, TUIBRESREPTMA—DIEZNKEES sine, FWIBH
0.001m CHEZTBEERT 12.5%), 4HHEN 1Hz, BilERRANENERE S ER =4
R Eh R RIERE R T, AT A B BRI SR A -

M 4-25 SEREUWHESHLE CEASBR. TAhilsD

ATUE SR B THRRN RS —E R, ERESEHHIBEHETRESEEN
10%. B RETIRETHRME AT, TR R — &K, £ 1000Hz, &
AR RS BRREE S 2 M 2R

B 4-26 SES5HNESHE
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HATL AR 2 R SBIE BFE IR B 9T

ATEHENRBERG W S G5 LMBRER, EOS S —RIBRRBE.

B 4-27 RENSENIMES P
MR T LR, ERRKSBHERLY, NRMNIEIES HAEE, PR
REAFIFEENEEN. SR, £TRBEKRECHREHE—FREHEE. §
AW TGS, SHEELT, JTRESRANEEH) .

§ 4.3 BRI FRRGR AL

£ 44 PID SRR VEROR, EESHEE LBURGL, RAERBE AL, PTRA
RS RS, RBSPORERE, ERARCHESERFENLNEER, RIREIELHK
REERE, R—MAENTE, EELFHERT, IMRERERER N BN
2ok, MUBAREES.

SeHRLEENTE, MEERBIUERY, RS TIHAEERKAER MHE
B, WEFCATIEL, WEHEN—RITE.
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T 3T e VA HNE BT RRITR

§4.4 NG

AEEF=FRIBREA L, AR REER BT X M kR, M
MEEERERSREATT 20, BT &M0ENR S8, ST U T hik:

OPT RAR R

O RARLME R FE B 75

@& T R AR RIS

DLEA TS BIF S RS T ERBITERAREE, NS TS8R, T
LUK F2 S 5 AR i — 0 TR E A
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AT AR 4 B EmBITEsin LR E SR

EFhE EWERFEHNMEGCERIH

£ E—%H, AIOHEEFRETEAT T304, FANRA - BERAZERY, 2/
EREETE, WERERTTE, PR, BEREHSE, SHTHASRMERS
Hro ML AW bR B AT

DRMBAREE; QARMTDMIPUTHOUME, BHHMBH LR L,

s, EREFNAREERE, AR HiESE 25N, BERNES, Bi
AT MR EA M.

§5. 1 M B FIIEBROTFR
§5.2.1 fEgiTrke

BEEBRESTFNEF N EEENRSE, TEEEHNENRT, HHaRS
HEXRFFFEMRY. BRHRBNRERLERFSMEETN, i hiiskh
FRIEBURAN R, AMSCERERE MR, ERESREARRET. RIFHE
BIF RG(EMS)ER IR . Wrhar iR s, BBFNE—BXA H MES R, &
BEAT LA iR a8, T LUREH A B RIEARIE, MRMEEREE.

RS- R A HE AR 2 0 Bk 45, XR— A2k, Has kit oy
IGBT (T,,T, ) A RHZEHI 7T (D,, D) AR, SEBREEK)EEABZ ], HHLoNRoA MK

) EBEXERBE RS, ENIEEARE, R.R,R.RMC,C,.C,,C,.D, D, ARRKIEIRE, FE
HooH B i ek e i -
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HIVT K2 iR FRFT BRI RN S

AR T SRR S o
Crpe uaERas: SR
HH b e
LSS ol e
B 5-1 HITXPriseds i
S T AR R A IR TR .
I
B T4 T3
AN

tr itz Diteils teifr

' Fi =\ In

fo tita fate I tc 7
SFMER TN ORE

B 5-2 I RTrss TN PR E
§5.23 ZHFREHHER

MRUMSFNENPREARELE, WREESNEREER, RHEEHRRW
3 SRR AR . 5 TR BB iR B R R M R B, R IR W AR IR LR B
il an R R 52 R8T R B TR A 240VIR R B440V, EIRFSEAERERE
Prigds b Bl A L BE WA, TRIRBINARFBME T3, LORMES), (B8
AREMAR AR R

EEMBFHAP R PIFR MRS, )Rhil = R ERER e, MEARY
BeARIRAR LA, BRI AT BAE— 20 T o 5 7 e I W PR B 2 R R e P R M R
AR =R F Ykt v DU BRI RS IT XEHE, hF IR R ERERE
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HIT A 20w FLE PwBEFEisrRRR

BRPER—E, HH TR XHEE.
ZHFRERHES T HBRNELNIFTEETE R, HERGIRETR. L5

T BT

| R — . GI, G3 MR IGBT MR R5h 15

S, LHREEES Ur KTEH,. #

G s imEmi
1_”_”—[_ . ” n HRIKFMES GI, 63 AT SOX, GI,

P pr— e B = pry p— -

” AREN [, osmzme, am s,
+U,

B T T DI SHRERES U ATER,
u “ I 61 63 ST sov, TEsRxH

SUREEVRBRMNS FIRf T B, ZRRBESE D2, D4 42,
SERM IR, B0 FTFER, &
B 5-3 ZH PR EF kA s ST 50%0F, T1, V3 AR
RE—A5H, H—AX%K.
MNF=BTEFHWE, HPAUr=08, PHAETHERL BERAT, HilhR
AHER, BhFHEARBMEE, WHRNESTE,
ZUETCBTAN 4R 4 3 8 i AR F R B0

Zexp(—z)+zexp(—z)-—2+Z
T T T

v 7 L1 -1 Rer=L
1 2P [exp(~ ) ~1] R
T

B ERTT W, =W PEERSR N EERERN, BRSNS BN AEEEE
Ko BT HHWMBLGERdL/dt=Ud/L, BTEAUGEER, Fmgsk it Rk, BFdb o] DUBR 1R 5
FRL A L PR {6 SR8 7 i, 1 e 2 T A 8 I R SR 503

T T AR AR EAR T, SMARNBRERNGESAZE, LR FRIEE BRE,
LA .

e Us (5-2)

1 4pLT
L&A
i(t) ——tEFZ) 28 B T i B LA iw(t) ——HRSIHEE
I—1i(t) FPE Tw—iw (t) RIES{E
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T X 24 e 30 BAE EnERERnERER

L—— kB ARE T——H AN
f-——J PN

B ETTR, ERNSFHRSY, 3L, f, HEEN, MRLEKARRTU, Fi
7 B T SRR PR R v R v T ) 7 SROR B R PR AR R T

KRR TRIFHESE, W RREp S HERERETLX, ik BT LURAXEE
5 IR R BT AR 3R e FR B SR N e N

T HAE S B EN, BB BRR B MEH BHRS), EEA LR
BIRGFE. REITRMB LA THEMRR -, IRE LN FRBFEENT — ¥,
VR TR, BRI BLRS.

§5.2 &S hath

PFI AT = W A R TR L S 40 76 [ 5 VR0 0 28 A i 1 £
B b XA AR R MBI [F] B4R B 25 I 1 0% 1) 4R IE A 5 B3 T 2 [B] M AR AL 88,
W2 AR B ZE U Y 1 T 2R B o R BRI GE AT 3R BT AR B ) 2 8] (¥ A A 8 T 43 1
{1 LigaZRRET - R SNEE RR/DMHEERZA 8000m B KEEAN 10°,
LR AT Ly o ARYEX S ARG TE IR TR OB E R SR T .08k, s
TTHEEEIE 500 k m/h BAABRRBES T HE B S —BOX LR B m s
et Rk,

B ER 2B RRMHAETSE AR R RESFRRE PN EERRZ — B,
FFIZELL 1000 k m/h FAHSSE A 2B . EEHREREEARBRE R PR KR
KM EFHET AL AR RFIXKARITERIMER.

Bl B RIS £ 3 LI TR BE A RS R R IR 2R R L L LRI BE R R T IR %
KB F R FERE WS FL R BTN, 2 AR RS R 30, B P=A H E
EMINER ) It FIZEFEL R 54 I 54,

AWHIE T BIREE 55 AR B 7T UE RS, 2 AHE B FIZERY “ BHEFIZE” 1 “ Ml m
", FHERZE 00 Hs ) 2040 XA 1) 51 22 86 R WA TR R T I 9 22 2 Tel Ok 1) i) BE (B 3 T BE)
165 10 (] BN JE A RO M K S 2 b . SRR E RA LR R
BARZ 2R FPMEE . %7 B E T R R T2 17 R X [ 7 (8 52 & A,
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HITL AW S ig e BhE ERETFEN LR

FRMER R Do B RMAR/D . B AR TR RS FER AT AR PP e B AR 2R R
HomEWMPIRR. FORBUGESHIEMELE Smil b, AFFHEH 6 RENE B 5 R 7
FUZE(HELL 500 k m/ h WAL =iBAT) 28 =il i B IR 2 A, S WU B T 4R 54
(A— R IR AT A A B B = AL TR D A KB 2 . 8 2] R A E R 2, TO IR )
[BIBEE A 5 8m, IX R e F IR Lk B 5T BB AR bR

PRI R N A TR AR S ) PR Sl Y BB A I
HEERREHTEROSN A EBEHTEARANTSENF=ER. ARFIx%s S
RIS 2R, 38 P B A0 11 o SR SN LA Rk B FEh 4. T B ANBISE PR
BEEPIS AT I A (e PR AL 76 R TR A B OB g B R DRI )
.

, mANE .
B Ay
~— e v,

BRETSERN FHFER EHSSENN®
B 5-4 ZERERTEANTSES 540 E
BNTE T B IR B He 20 A, AT TIE S5 1K 0 43 A i TR Uk CLIE UL T PR B ZE AR A (24
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