EEMFEIRENEE

S5 i R Ze PR
Bz I CADRR 74

Theories and Practical CAD Programs
for Reflector Antennas

fThér #

A H §1110001001¢ )\ 001
* 3 | ‘:‘.Fi .I._

o | e S Gy e iz o "
B ol s [ 22ELes

e g

—=== http://www.phei.com.cn



sENESTIRASLE

& 5 E X &%IB1e X2
CAD & &

Theories and Practical CAD Programs
for Reflector Antennas

fTher

T F I ¥ & AR AL
Publishing House of Electronics Industry

b5 * BEIJING



AAS AN S S TR R FE R AN TR R FH ARG & IR % 3 o F5Hh 0 4 K 2 BRI S S Tl R 4R TR it
JFH R T BT T RGNS, WS TR A R RS T TR Ssl. b
AR KRR PP KA LIRSS R .

APE T EH AR, BEXAREB 7B RGN b FEx R B, it R Bk
A rh B ANIX L “ SO AE " RORRFPARGE &, T RMR RS 2] . BT EE Bt SO R R, ik
R B SR AR PR

AN AT N FR LGB AR BT BIBOARN 52 K i S5 BEARAR R T UM . B FUE AR E R 2%

EHEM%mE (CIP) #iE

SRR LR LS S S CAD R4 /i, —Jbat: BF T H AR, 2016.5
ERRESTREANEZ)

ISBN 978-7-121-28789-3
[. ORI Off- II. ORFERE—HiE V. DTNS2

oh [ R A B 5 0E CIP $idE %7 (2016) %5 098784 5

TR SkoREE (zhangls@phei.com.cn)  $FZ%4E: TibF
B me AERCR R A RR A F

AT AL ERETRIABR A =
HHRURAT: M Tl AR A

R e X %5 173 {545 W% 100036
JFo A: 787x1092 1/16 ENdK: 385 FH: 985.6 TF
W R: 2016 4E 5 A 1 MR
Bl ke 2016 4F 5 A5 1 IRENK
BP % 2000 M @ 128.00 7T

FUPITIG S L7 oMl S Rk 5 (Rt o R, 8 [ 0 S5 5 e . 5 BB B0, W S A R T IR, B
MBS (010) 88254888, 88258888

BRI KM % Zits@phei.com.cn, ¥SRRIZALZSHRIE K 1% dbgq@phei.com.cn.

APEMER TR (010) 88254467; zhangls@phei.com.cn.



it

Al

RETERLZ M TG, BiE. SO B BN, RN AR SRS
BEEIABERRE, RESEEARRS 7N, WMl TS HEAR L. Bk
W R LM LR Bt fas it SR 2%, X RS R i B8 2R, b
KAz, WBONMRE, REREBHTHKSE B TRESABEE: M TNk
HERETEMARMS, A -SBARGEH. B ELREFLEGNSHE L “FXK
AL ” MR, TCEERTCASRME ). HEAECE B RN T R RCE, 4k I ER e 3] 5
BRIEE S . A5x4 K2 BP0 S TR R AR BT R B ARSI i SEie (R d i
KO, ST HMEH 25 @17 7 RENHES, ARSI R AR 7
EETHEBER AT SRR HME TR Bt EARR, JRal T
TS,

AL 12 T, XE 20 M RS R LT TIRARBH ARG TR KRG
#i U H AT RS BRI R R, BAGFEMERL. REKRERE (EhrdEid K
TR PRI | B B I R IR RS S S TR 2k G R iy . Ay
KT =FPRAY) | BIEAREE R (AR BOR R EAL) |« XU B R
FeRATHIRZ (SR E MM FERRRMEED | BIEIUWE SR (& RERKRS
ARG R A PR TRY )L A% T vt AV [0 08 R S S T R A% B A A A R B R S S T R 4k (L
TG T A2 I I PR O 2 BRI B TE 5% R ORI R B0 R B = AR 200 L AR R A TR 28R 16
MR AR R (BRI RS E R BN Z TR 1E 5% R B8 5 eR F = A 20 |
= I AR BR T R 2R A0 e 25 e R T R 2K

B 1 TR E R EMAC R A SR RS, REFI I T ROE MR S
fES T IPTE R EAR AT 5 BT R, X SRAR S 77 [ B R AR ARROSAR . AR
ST NG BRSNS, WS TARESE ST R A T .

2 BRI B BORRREHE, TEWURERS 7 ) BRI R R, A T IRAE S
AL BB AR B 5 B R AR ST i R, RS R IRA N T
SEil: 4 SR BT R LR B B A B R, AR T S K2R, DRIHIX 2 A4 R
WS R thiE T R 2.

3 BRI T IR OS5 TR 2R 0 h ARk A VL JRUBE, 45 & R R 44

i1



TH AN MR AT R RS i SO TR R R T A SRR 7 1 P A
SRR, FIFHE T RAERRS RIS, S T IR AR TS R, S T SO T
FAR BT R ARt im vk SRR, 4 TS

8 4 AL E R O H AT, 45 SRR Th 307 ] B4 T 80 E
FEACRERARAETE . 7EIEER 7 o) BRSO RIS ST, S T A S R A T
BEIE S, FH O, S RORERBE. WSS R I AR T
FEESRRET, TR, xR AHAT T 2B E, S T AR LR BRI B
TH] B IRV T LA . IR RS I R, eSS T RSN TR BT AR A im it HAR T
e T RS

5 5 BAELEE RS TH DR ARSI T, a5 S BERES TR Ty 1 B4 T s El
It B RT3 BB R ERTEAR I BB o A SRURRR S8 07 1) PR ROR AR I L R, R SUSS ThT g AT 1
LA E: HES T HH SRR ER R AN G A VA T AL . IR S I SR B, G
5T REEAR T KRS EAR T, A TR

56 TN 7 F A HIHES T XU B R L A T M R 2R R ZEAR AR R OB AR I b
FRIE o FEBHEAR I 7 17 B AR RO BRI LT, S 7 0 S S BR R VR R 5 1T R VA VR 1 B
et ERRESH T B, WS T RS AR BT SR St AR, A TR
K

5 8 BAELSE RS DTSR IITEE T, 456 s th& 75 m BT 7 st g
XU B ZERAC R A B AR TR S R . RS AR S 7 1) B AR R BRI 1 00
HET TR P SN 2 BR ERIE AN B T PR AR AL . BRI R I, RS T RS
W KBS it BT, Al 7R sEs).

B9 WAL T XARFEHAIATHR T, Beit 1 RAEHS B m KA SO AAM [ 38 R IR 1)
Tk TEGHRERS T 15 B AERO ARG BL R, HES 7 ) S 2R BR R R T e vk B A
. ERARSTEH IR, &5 TR IR SR i 5T, Al iR sl

10 FIRIR T RAFALFEEEIREEME IR BOR R LR AR IR AR - ZE ARG IR BT R R 22
REVILRE . FEBHRAR ST 7 @ E AR AR IS e T, S T ) FH S 2 PR vk RN B T e v 5
BARAC . BB SESA R, 'S T RO TR Bt SRS i R IR 7 s
Bls G R AR BB 1, WUAR R T AP, B AR [ R R 2 28 Bl T il A
B bR AR 2 W ZERAC I IR 5 AROR 2R AR AR T W & R AB X AR R R 26 [H
I — B A ER S SRR A T R T v B AR R R U T R ZER A R R R 4R I TR i
Wit

oIV .



811 AL E X DE I EM AR T, SETRIIRTTAE, Bt 7R 1 KA
82 K= REMARERE R EFARI i 4 T RIRABEBR RS (FBEASE — £
BT BB RN, S0 S MRIE RS AL POV, X —E SRS 7 A B AE
G FRETESR T, #ES TR SR IR ER A G R IRVE T S AL . AR AR S R,
Xt Ee AT T SRR AR S 7 v R R T T Th R B A RS O T BV RE, RS T SO TR B
TR RS EARF, JRaE T RS

512 EAQ T B EZHERTE BN 2 BORMYIE R L MBS, 24 TR Z AR
BRSEIZ BORMPLEE; 7EBRR YT R LR EIEshd 2 b, 4 1 3R R EK T X B i
YO R EHRH A IR FEBHRER S 77 A AR AR 0L T, IR T R KA SR
ARERTHT HILARA (B AR A 8 S A2 7 ) S L e ok o R B 0 T 31 7 A O Sz 3t
ITREBM, THEH T taFe SRR A S A R TR S SR RS, S TR
w1 T S S,

HEBEEZKEAETEAPRATNEREIATAELE, RANFBARBHT T, A
PREEZFRENFRFNHREICH . TR BSR4 CE TIEREE
RRKIBRR, FRHBSETENIR. KB T —SHBi AR rHES, T
MAoEWZAERMAE; BEEENRERETHERMOARSGN, BRAER. BPEEMER
FI BT, AR B B AL, DMEE N A T TR,

AHPTA 2K A Digital Visual Fortran 5.0 48’5, RA2FRIG. ST SLHIHKHA
It B8 S S R I A — A SO b, IF BT TV RS B,
B TG SRAZM G 2t T . BARKE P 7RSS AT I 50F 5115 At 7 b 31
AT, (BRI SAE— B BA RSN . e R AR EIR % B
R P74 5 & & SR B RR Fr Bl X 45 o (AR P 04T B8k

BRFZFHAT, $HRMEB SR, BOE KEEHIFEE.

E H
2016 £ 1 A TR T K2

Email: antennaeng@163.com



1.1

1.2

1.3

1.4

$28
2.1
2.2

23

2.4
$3IE
3.1

3:2

H X

FREE BTGRP TLE +ovoeerereereeresmsess s 1
1‘%?&‘?%1‘%1@%?&3‘]%’7&#@%@& ................................................................................ 1
111 ARHE R ZERRAS T LR IR J LA BRI o eeerererereseere e 1
112 BT 5 -+ v eeeeeeeeeeeeemesmemesme e 2
Eﬂ:%{ﬁ{iﬂqm%ﬁi%%%ﬁti’mﬁ*ﬁ .................................................................... 3
121 ZEARETEdE AR JEUTHL «-evevesesensms oo 3
122 T 2R i S ST T R G ST I B - eereeeererememsmes s 6
123 AR RG0SR T AR LI - everereererememesess s 8
1.2.4 AT (T RS TE I [ BAST ZR B -eeeeemseremme e 9
1.2.5 W T LR (IR ITEAG) o veveeeerereesememsemse s s 10
TR U ST «eveeeeneeee e 15
131 FRAE R ZEREAR T LR EL S -eeveeeermrememeeests s 15
132 I TS LR TF B S +vevveeeremmeemmeesesne st 20
R TR L+ vvee et 23
1.4.1  GRUEARST 7 1) B H X FR R S 3 T B R 7 B HAA FQR voveereeresresenssseenssinnienneienss 24
142 RIRARA T 1 PR FR N AR i AP 2 HABLFOR -voreossvoesoessooss oo 32
*ﬁﬁ#@%@i?x— .......................................................................................................... 41
ﬁﬁﬁmmﬁigﬁﬁqn{q%m ...................................................................................... 41
FIF E BB EHE T S 2 BT LR ARG TIG) -vvevreerereessesesssssnsssssesisae 4
291  ZBABALBBEITIF -ooveroreorsresorsessosimnestasisionsstsseisssstsncsnssttsnisursessssesssesssasssssssssnsassassess 42
222 [BUABALEEETITELG -+oveeoerereresrersessesessmsuistististististsstostsstsstsnensnsssestsntsstsstastsncensssansssesanas 47
TR AT BB «veveeereeneee e 51
] 2.1 RARALIT AR BT LR (I THEL o veeveeeereereemrernereee sttt 51
o] 2.2 FIARALET AR BT LR [ TE L - eovererrerremrersemesneent sttt 53
S 2.3 PUIET TR BT veoveovorersternmstsststentinieistestetits st s ssae st asstssn st san st s sessessssneanans 35
Hm MY KRR ST T E R FIE B HOF.FOR veeeemreemremiriiine 56
MR RN R R GTIEITRLE -+-ovveeeveerererresrnes s 73
TR T 35 T A 25 ) IR BT TR 28 JLART TR AR 1t vevevenveersmssmsnssssssssnsssssssssssssscsssnsssasnssssans 73
311 BETFEARLE cooeeeeerrernere sttt sttt sae e 73
312 BRHBIIFE covercocesiossussstossseariuesaissnsesnansentassesssaianssosussarisnnssantiihaiiessasannsrasassenasesntsasasssss 76
VTR TR LS () 52 B T T BB AR IR ST TR v esswesuss s ssenmsunsosisussiness s mmionn shssssspsehassnsnsnsnss 78
32.1 FIARAIEH B R R RAB AT LI eroveeerorerrresrrsssssessaassansusssessesssessesnsssesssssnsesesns 78



33

3.4
F4E

4.1
4.2

43

4.4

4.5

4.6

B5F

5:1

* VIII «

3.2.2 ,ﬁdﬁﬁﬁ%ﬂ‘?ﬂ‘]}i%‘fﬁ%ﬁﬁi% .................................................................................... 79

323  JREFTH TR B -oveveeeererrresorsesssssse sttt 81
304 FBEFIEIG) oeveeeerereeereesmrn e 82
f%ﬁﬁ‘ﬁ%fﬂ ................................................................................................................. 86
Se] 3.0 TS T B YA BT T (AL woveeseereeseommsmsins e 86
Sefl 3.2 SR TN T [ BT AN AT BT B eeveeemseresseesse s 93
}iﬁfﬁ}fﬁﬂ(lﬁﬁ'*ﬂ%%:@iﬁlfﬁf%?/%$ HDR.FQR :eereeerrensneseeneneaaenisiieiiiiiiiniene. 95
ﬂﬁtﬁg-ﬁgﬁ{eiﬁj ........................................................................................................ 122
ogEe Dﬁiﬁﬁ‘fﬁ@ﬁﬁﬂ‘ﬁ ............................................................................................ 122
F2 S THT 25 R TR T +oeeveeeeesesses e 122
A1 JRUFFTET TR «oeveeevesesnesmsmse e st ms oo 122
4272 FIFH VUB I0AG — T SR AP o3 T FRLEL - eeevvermeemme s 127
*Uﬁﬁ%@ %/ﬁ/ﬁj{ﬁﬁ:¢5%iﬁ ........................................................................................ 128
431 BITEBIURT G -oeevereorereeemeesesee et 128
432 IS TLRIBE IR c-voveeeeeerermsermsesest s 132
B33 FERAUTE wovevereesemsene e 137
Ry g I AT R R o T —— 141
441  JRETT AL BRI A BT o verereereree et 141
442 SRS L B VE I B Ge B ceveverreeresems e s 142
443 ERETEITIRLIT coeeerrerereerersorereersststiie it st st e s 144
444 FETE I -eeeeeerremereseressesee s 145
845 EBEHEIG -wovevreeereeremeee ettt s 148
f%ﬁﬂ—ﬁi@” ............................................................................................................... 151
S 4.1 THEIRTE R ZEARAE LB THAR - ovveereeeserne sttt e 151
Sl 4.2 AEVEEE T 1) B R R R S TE A T L e evereeeerrreremsm s st 154
S 43 TRIG A RERTEAR T L L ARRRIU G -oveeereresmressmsmsmsesis e 158
S 4.4 EUEAE ST 1A B AR BRI R T I L B e evereeeseeresenen et 160
;‘lﬁﬁﬁgﬁ ....................................................................................................................... 163
4.6.1 TR ZEHA R TRTEFETE B HOCFOR et 163
4.6.2 ﬁ%ﬁ%ﬁlﬁjE%Xﬂ-*;ﬁﬁ$§%iﬁi«+ﬁf2}$%$ HCD.FQOR :eerrereerereecernnccianiitiiiieiinencnn 168
463 HHEBRIG RS TR TER RIS L RIS B HCE.FOR «+evereereeeresersasensaenieinsenenenes 185
4.6.4 TEVEAE ST A B AR FRE SR S T AR B0 HOEFOR ++eeeeesersereeseseemsseansenssens 192
ML IREE R GTTEI TCLE --oovveevveeeerseeeme e 208
IR BT AR I wseoeswovessserssssrevnassssrssasenssvosses pareetersmorssenesssssesssmabenfsassssaats shies Kossn sun ssoss 208
5.1.1 T FNE T RELE (LI FTFR --veeeerernreeerrrnes st 208
512 REFTIBBUTIHEET eoveorrersossssessssessnsssssrvesassassssassanssntinsanssssonessastssasssbanasssssaressassesioss 212
513 JUMr et -Be iR iR R A Fr TR -ovoveeveersesasrssssnseonssssrinsassassessosoassassrantoransassssssassavis 214



52
5.3

5.4
F6E
6.1
6.2

6.3

6.4

6.5

6.6
B7E

7.1
72

73
7.4
73

fﬁﬁﬂ“ﬁiﬁﬂ ............................................................................................................... 215
S 5.0 HHERRTEIRAE R R TAR B LR -oveveeeeesersemmrmmsmsssnsm sttt s 215
Sl 5.2 R UEAE A 1) B R R AR AR G TR I - oeeeemmsesesmsme e 218
S 5.3 UEAE T 77 1 R R R B AR AR ST IR T <o ooveeeererem s 291
frﬁ%ﬁ%%ﬂ%ﬁ&ﬂéﬁf?ﬁ%i HRA FQR - eeeeererrereereemmmmmminniiiiiiessiiin 299
U B S RREE AR TS FUTTLE -+-vvvvvoevvssseeossserossssss s 230
FEAS JUARTGE R ZRHR ooveveeeeermeeeme s 230

Eljﬁgéﬁit ............................................................................................................... 233
6.2.1 BTV [F] BV R oveeemeeeee e 233
6.2.2  FITHI SZET 28 BT e B eeveerseeree st 234
6.2.3  FIITHI AR «+evveveeeeesesesemsmnm e 236
GIll  SETTMIGG v s esassinn s s s G5 5 S S S ST P AR 237
6.2.5 Eifi (i F Gt R SR ERARKR R T BRI R o 238
TR TTTH] I vveeveereeenmernmeneess e 246
6.3.1  TETHI [T AEL TG e veeereererseemeeme s e ettt 246
6.3.2  TETH FTH R -oververeereereeresssmesese st 248
BB IR ITEZ) -veeveeneenee et 251
6.4.1  ZRAGAVER IR ITEAG) «--evevereremsemseremses e 251
6.4.2  [RGALERET LI «voveevereerereesemsemsems e 252
e = P R R 254
S 6.1 ARUEARET I SRR I TE L <o eeeemeeee e 254
S 6.2 G EER ST LI A BRI [T -vveeeeemmere s 257
R ST AR ARSI i AL FETE B OFFA FQR -oeveeerereessesenesininenesises s 259
TR B AT FREE TR R TRARILTLE v rvereereremer e 276
A JUART GE R B RL -oveeveeemee e 276
EBTIFETETL, coeeeeeoreseenssssssestosessisissisissesissestssssissessssisssssssssssisnsssssssssssssestsssstssessssessssess 279
721 BTV ) AT G o vveeeeemmnee e 279
722 EITH S ET L BT et veeeernneee s 280
7.2.3  BITHABER o-veorerereoreeseosseostisuessssutisiosssistessestontsstsssssstantsssesstsssesstsssesstoseesstssnsennssnentss 281
T2.4 ETHABER cooeceeeersrerssesesiassstosstossranstenactssorosnsasassssosasusasssssssssostssnsasatsssrasanssassesarescessnes 282
7.2.5 EH RS ERPIT SIREERALFR R T BB IEZR e 283
T LI THIIG coevveeeerreernremene e 201
ﬁgﬂ-@jﬁ, ....................................................................................................................... 294
ey 3 = 1 P 295
S 7.1 R B S LR A AL IR T eeeee e 295



7.6
B8E
8.1

8.2
8.3
8.4

8.5

$9E
9.1

9.2
9.3
9.4

S 7.2 RIEER ST LI A AR A AT L +ooeveeersessesssesee s 299

}iﬁﬂ'ﬁﬁﬁﬁ(%ﬂﬁ%’@iﬁl‘i’ﬁjﬁﬁﬁﬁ OFFB . FOR :eeeeeeerrrreesssuntesssunnenmieiiein 300
MRS AR B SR BT TR L -+ vevererereesesesese s e 312
j‘?ﬁ@]ﬁ%ﬂ'ﬁ%ﬂ( ........................................................................................................... 312
1.1 BEER S H SE R wereeerereress s e s e s 312
81,2 HTZS ARSI veeeeeeverses e e s e 313
8.1.3  SRARSZ ST T AR FKI AT cooererereeee et 316
TETHT TG cveevvereeermerneeeesm e 317
%%@iﬁ, ....................................................................................................................... 321
FRIF VT B SIZAGI <veevveeneeneenee e 329
S 8.1 BRI U BAG T T R T LR IITEAR -oeeevveemmremmome s 393
] 8.2 BRI AU B AR FERGAE T LR TR woerereeeerermrmssmssess st 325
Sl 8.3 ERARAK I IR TS AU B AR T T ) R R B ST I R B o veeeeee e 326
S 8.4 [FIARAY I T TS A4 B A T T ) R R B ST I A o eeveee oo 328
Sef6] 8.5 ZRABALIN R TE SR B ZERG AR R LR AR ST I [T B oo oveeveremrersmesnesee e, 329
S5 8.6 [FUARALET IR T XU B SEMG A TR AR B ST I [T +ooeeveeeeemmeme e 330
o o T B e 331
85.1 JRETERLTER I EFLFETEH DOFAFOR -+ weeeeeemrsrmiiii s 339
852 XU RLAIEEHZ LIS B DOFB.FOR - veeseesesrsmsssmieniiiiiiie s 339
e B B F U ISR TR TTER: -eereoonmsssonsamsussnssssssssnsssmsusssmssosnsnosussavassnsassadsasasasssasss isssusssusss 346
J BT T AR SR AR +oveereeemmem e 346
0.1.1 XIFR BT TLAT YL -ovooveerereneressnsssessensieitiitisicsutistesatstsse st ssnessbesesas s esnessesassnees 346
0.1.2  ZETHREME coeeeererrmrrrmernentisucetiitistet sttt sttt st s st s sttt e 348
9.1.3 BRI TLATAEME «ooeeeeeereesrememnesiiti ittt ettt 348
9.1.4 ETHABKFHIBIEARETIITEZR ooevererrnererneeenne et 350
90.1.5 RIBEFIEAAKRHTEARIIRR «ooerereerrrertrinit et 352
9.1.6 BIEEEIETLIRIEIFLE B +verrreeesrsrersesstnitenttitincstnstesatstssne st st st se e st nees 355
_:Eﬁuﬁj;ij ................................................................................................................... 356
L e R P PRSP ORURP RN 361
FRIF T LSRG wooveerreereete e 361
S 9.1 SRIBAFEIALKE B FHI T AL HIRTRETE ZR verevereneeruemmsrentenitnitenit st 362
SE] 9.2 SRABARAE BB I BB +vervveverreermemremrmemsentente st sttt 363
S 9.3 K FIAREE BRETTT B ST TR oo eeerreereermmmmmmmm e 364
B 9.4 ERAZALI R ERARANTHI AT 37) 77 [A) BRI R T AL woeeeeeeemmmmmmnennee e 367
S 9.5 LRARALIS TLR T LTI J5 T BRI AT veeeeremeee e 369
S 9.6 A HERIARALET R LRARAN I35 35 77 1) BRI AL +ovveeeeemmnmeeeesmnee e 370
52 9.7 A FEBIARALES R LR T A THIITT 37 77 [F) B A T < eeemmmmmmmeee e 372



0.5  FERTE AL ovoveeernemeinnntsts et s 373

9.5.1 SRIARFEIMARR T KO A IR K RFEFIE B HERAFOR roveeereeseenessssnsnsssesseneees 373
952 (R ) RBCRARFLFFIE B HERBFOR -+evesesessesssssssssssssssssisiss s 376
953 SR T EARFE I B HERC.FOR wroeeeesessssssssssssssststitiiitittititsis it 383
0.5.4 U F L ARG 545 T B R B HERD.FQR «-reveeesrsessssssnsnsnsstsssssssnintsss 390

£ 10 E Nﬁﬂ&ﬁj—ﬁﬁ;&;ﬁig& ...................................................................................... 399
10.1 *%ﬁﬁﬂﬁ%%ﬂﬁ@&%i?ﬁﬁﬁ% .......................................................................... 399
1011 KB PRI EITH] LRI BB weveeereeemeerme s 400
10.1.2 50 5 T T P FET T LT B2 overeememsmmseme s 402
10.1.3  HAb T P OB T J LRI ZREL v eeveeeeereemese et 403
10.1.4 BT b 5 f0 75 1] BARE Rk +oveeeermrerereee st 406
10.1.5  SRABTETAAAR +evreerererrmsememsse ettt 410

102 SRARASHE ST AR TE R ZERRACHAIR P TR LR TR - veveeerereme s 411
1021 SRARK B FIAT 3T I B B TTLAR -+ vveeeerrrresmremsesenm st 412
1022 SRERHEABTE P IR TR +veoverererreresesesersemsesentsintsststss s 413
1023 SREBEADTFEPIEIETTLR woveeeeeorerrsersressessesssssesmsuessessesussnestesissasstssisssssssscsssncss 414

10.3  FETHIITHIET) oerevvrerenreerneresne e 417
104 BEEFITEEG coervverereerme e 421
10.5  FEFF TSI ceeeeeereeeeeee e 422
10.5.1 ASAERE AR T R T LR AT ELILAG -+ovevverereseeresesnesemeneniiiiitctns sttt 422
10.5.2 ARG S AR T & SERS A BT TR AR TEELSL] eoveeereeermeremesmssniienst e 434

10.6 R T B oo 446
10.6.1 FEMGEIT R R B TR T EFRFTE B HEEA.FOR +ooveereeresreresmnrentenneteteestnesienneas 446
10.6.2 FEEMERI PR R LIRS 11T B AR TS B HEEB.FOR -++vereereereessersersssnessentnntssaenenneas 456
10.63 EERAHEIREEREIARIT EAZFEIE B HFFAFOR - roresesreesesrssestsasssssssssaassassses 463
10.6.4 FERACHAR TR KL IEST I T AL F 1S B HFFB.FOR rreereerreeeerrnnreesnaminnnnn, 486
FNMNE ZSRGHMEBZEREIRLE oo 490
111 B R TR IR DRI, o wcossumsnsmisuiemsasniosssisesse s S BV 490
11.2 SR E BRI TRTE R coonossrenmnevorsvmmamesspsusonstosssssassnsasssaniaioss s esmtsonssanssstssns svisos cos s ssmsamsssmivin 491
11.2.1  SRIESTHR T PRI B ooveoveeeerreresseosssstonconssuesuentantantestastastssnsssssssssassnsonssnsssassassesees 491
1122 ZERETHEARFRE THEEBITTLR «oovereererereeremresmscssmsenstisiensessssstasaesssessassessasases 496
1123 FEMRIEALFRE FH E X EETBR voverevreeserersromessssnesressssessanssuasaesassasssasssassassanasns 498
1124 BBUEEBIEITEIR UL TIGE BL -socessussivssns sassensonssssssussnsassonsnsasenbnesissans ieasarssnivnssasnssasassons 500

| I T 1T T /7 R P PP 502
U B -3 vy - O S 509
B BT 1 = 57 i 1 1 U 510
SR 111 AEEIDABT R 1 FERERTLAR T EL covvvrrrrreeemmmm 510



Sefpl 112 AESI At e 1 e WARATIE T v 710k - A e L LRI 514
2

Bl 113 AR | KRB AHN TR I TE G - overereeermmsessesessss sy 516

S 114 BISIAATITEE 1 K FEBTUARI T EL oveervessessmsmsmmsmsss e 518

S| 115 S95I5 AT 2 1 KRR I HITE e coeeeseeseesomsessmsm s 519

S 11.6 BISIAATITES 2 FFERTUARIITEEL evvereremseessmssmssmssss e 321

S 117 BISIAM AT S 2 TR I IR I T B eereeseesesosssemsses e 533

11,6 B T B e ereee et 524
11.6.1 = /REHABRTT R B TR T AR5 B HMMALFQR -+ eveeresesssssessssesnsssssssssnssns 524

1162 = R BHABRT K LR85 11 B AR 5 B HMMB.FOR e seeesssesesensnmsesssnsnens 539

F12E N A UL (11 N 5 A 547
12.1  BBET B P ST T LRI -+ veverresesreesssesssssessssssanssessmssssssssisssssssasssssnsssssssssassssssassns 547
12,11 BRI M JCRAE I v eeeeeermeremeeme et 547

12,12 A RAE BB T R 20 T R L EE - creeereereesese e 548

122 [EET 22 I R A T e R R B 37 e eveeeeeeeee e 549
1221 FENERT S BRI P 5 ZR cveeeevereressesmse s 549

1222 BT RAIERI T R ERTER ST TR G S0 HT -+ oveverereereremsemmreme s 551

1223 AYEHRET T ORI 4 BRI ARG SIE G v eveeereereeseeremreesemsemse s 552

12.2.4 T4 BRI T AR TT R TE ] BART R «ovverereeseeseesneses s sttt 553

1225  Fo A BRI BIMEET LI v eveerereeeereereremese et 556

12.3  FRIF T B SR cooeveeeemmemee e 560

S 12,1 ARy DR A I R I S T T 2R R S ITE 7 [T v 561

S 12,2 Ry E R A I 3 4 R T VRS S S T S S e S B T oo 563

ST 12,3 PR IER A IR R I I A TR T 28 5 B AT 37 T v vmmmeee e e 565

S 12.4 TR A I T A BRI R R2 SR S T (R e TR L -+ eeeererereememmsesmsneenmnnsneces 566

12,4 FR T B coeeeees e 567
12.4.1 BP0 R ST 371 AR 75 B HYRIFOR woorrereerrersrersestmtimiiiiniiiiiii 567

1242 FABREHIES RS B8R T AR I B HYR2.FOR ++ereeeererersssersnsssssesanans 579

B A AT RR R B oo 592
BISR B FBREZR G| overeeeereerrermee et 597
MR C FREEBUIE AT oo e 599
v gl (PP PP 600

* XIl -



1 bR RAERAR R SN K 2k

PO R B A SIS T o B R RN R, AR R T
PR . ERYSREOEMAT—EREE, BTRRCRT ML E L, £RE
MINLE, XK EEABIREE TR, SBUS SHEMRELRER. 3 MRURKHRE ST 77 i B A FRAE
Rl it B R R R, T AT R — RAME IR DR R . KORERE K
KRR SRR LI . FEEEREMENOU ST TR LK —F, i T3]  E RA 29
BB, BT RS R R AR R D, RN SR L2 SR T R EEA /b o SR AT A AR BRI A T
A 3 S S T AT DA SE BRI AR PRI THT R 2R [ RE PR fE, DRI E AT DA R R 1 RS o XU
W R R 4a 5 T BRIRAIOUR 36 B 2 (R BB, TR T RGEMR 75 o ol TR (O
RE 2L T BTN TR s, ELE TR AR S 07 1) B AR B AR, AR X S T R 2 i
B, HFEEOEHHMAREE —ElE, REMFELRE. FILRERRREFE DMK
A2 TR AR E) 1) Z KR H

AT SRR R R SRR, AR T ROZEREN SRS
Yy R &R SR TSR, SRS B X R S 7 A O AR (R T SR TR — 4k
WREE. MACEEST T D AR AR (R SRR R YRR . HAARS T D PR
B, 4359 S WIRAR S H3 KT AR B e/ A T AR A B R P R SR i g v B
R, e it sesl.

1.1 FEFERECRENOFNENIE E
1.1.1 REFEBBREZNAS%K
bdE R ZEBAS KRR LA REWE 1.1 Frac. R A h 2 i) J U 45 tE, g

BT XHERD,  BlIEERRD, . & AUERE o, MEMELE £, WA L
SRR FZXTTLUORE FHGEEH M6, - BIHKH M ERZBIREER £ . FEEE

6, =2tan"' (D, /(1)) (1.1
f.=(D./2)(1/tang, +1/tan8,) (1.2)
S, =(D, /2)* [(4f) (1.3)
LV=£(l—sin9m_¢“’/sin9"‘+¢m) (1.4)
2 2 2
_.f; : em_¢m s 0m+¢m 2
5= smT/smT (,/1+[Ds/(2b)] —1) (1.5

J_:QEP’

A . 6. -0, . 0. +o, 1
b—E 1—| sin 5 /sm 5 (1.6)



4;

'
- ———

Bl bR R R R LR R
A SR AT B TR AU SL AR R (X, Vs 2, )+ DU T AR AL B A R AR A5 /2 -
z, =y. I(4f) (1.7
an S CAR T B TR AR R (x,, p,,2,) » U TET RO AR AR AR AN AR ARG A2 -

2 =%(sin6"‘ ;(p"‘ /Sinam ;Q"] (\/1‘*’(}’5 / b)? _1) (1.8)

1.1.2 SRy EE

bR ERE REH — AN D 2HENSXMERERE, XSy,
Wl 1.2 BoR, FrigEdmmm, 2EMASRIKARC SO Fe (BIEIHALERD K K& 5
S54RI ORI, ESREER) MER WED BRG] RIFAT TR &M%
HIFE RIS R R R BT . SR E AR — LAk, MRAT it S Em AN .
B 1.2 A%, BT N R Q REIE A, FAE

r'sing=r,siné' (1.9
MPRUOMPRHER ARG R EE O PmE, HEAREA
r'= 2f (1.10)
l+cosg

Ak (1.100 AAARK (1.9), 755
. ST,
l+cosgp

¢1.11
sin@' b

o
Il

R =R EBR AR

e (1.12)
1+cosx 2

A (111D BN

2f tanp/2) __2f . 2F

r,= = =
¢ 1+cos@'tan(0/2) 1+cosd' 1+cos@'

(1.13)



K12 i on S A

Heh, M =tan(p/2)/tan(072), F,=Mf K50 FIEEFE .

R (1L13) Wl bR ERSRE T LSRN F T OEAL, EEER K M 65158
WA R L. Wik 1.2 froR, #5KAH A0 IS a B0 BIE A TR EE, NS5E
ik N do ST LR b #0821 iR FERS T DA EAH S . Rk, SR T R 46 A1 52 Bk
PR R ZEREAC R DRI IRE A A ] . XA, o] DO ARdE R ZEAR A0 RZR AL 3 2 D42 AH [R)
A R 2R, d i T S R 2R (AR S I 3 ok A3 BUARE R e AR R MRS s, M
AR R ZEMAS R R AR S I B R . 1.2 1A B e v P S i K 28 114
W .

1.2 ETFTRACERMYIE XZ&L RS mIAr 54T
1.2.1 KfuEELRERE

B E, A H, 7353052 3R b 0 s J, 7 AL ) I s FE NG SR L, E, I HL, 53 il B
WS, AR I R R AR R, A SR F I R E FOREA S H 43 N

E=E, +E, (1.14)
H=H +H, (1.15)
e 1 R PR o v, 3 A2 22 s 6 7 S
Vlech+£—a£'—, VixH, = aE
ot : &
OH, oH
VxE, =— L VXE, =-J_ - 2 (1.16)
H * m = H o
V-H, =0, V-E,=0

HAV-H =0, HikH NEFES, WeLNEIE, 807 LR B — A 15 AL
A, =Ae +Ae +Ae , 15

m-y

H =VxA_ =e, [6A %]+ [aA“‘ aA"‘J e(%—a—/ﬁ'j (1.17)
oy 0Oz 0z Ox ox Oy

Rebt, &, &, Mle, HHLLLR.
[

VxE =-u =—u = (1.18)




s (1.18) ArLAB 3|

Vx(E,+yaA“‘J=O (1.19)
ot
=& (1.19) [EEEN
E,+yaA'“ =-VF (1.200
ot
hal (1.20) 153
0A
E =-uy—=-VF €1.21)
ot

A F RS, FRObRERAL
hRX (1.16) BEV-E, (B E, WEE) AE, FHib@n ke —MRERE, BIEX

LA =Ale +Aé, + A, E17

E —Vxd =5 |0% A (04 24} (04 04 (1.22)
b ¢ oz oy \ox oz lox oz
m (1.2 fIR (1.22) BRIAKHEHE N

0A
E=E, +E,=—u%m
A

~VF-VxA, (1.23)

KUET A« AR F AR E . BT F AERIRRES, mseust, me
oF

V-A, =—e—- (1.24)
ERF g EN T, X (1.24) Rk
%’;:ij , 6;‘;" — jod, (1.25)

FHR (124) f1 (1.25), K (1.23) LG
Ez_jawAm-v(-#v-Am]—Ver:-jwyAm+.—1—V(v-Am)—vac (1.26)
Jwe joe

FIH A, -4, Feo —puPFHEXR, LG

sz—ngAeJr_LV(V-Ae) (1.27)
jou
(Al it
H=H,+H2=—ja)gAt+—.l—V(V-Ae)+VxAm (1.28)
jou
ERABAEIER T, B (1.16) AL
OF a(— QgJL_VF)
VxH =J +e L= Vx(VxA)=J, +& :
ot ot (1.29)
A oF A4 V-4
=>Vx(VxA4 )=J, -¢ L+ V—[=J, —¢g| 41—~ -V =
( ) (ﬂ or* 8t] ’ ['u or* € ]



FAVxVxA =V(V-A4,)-V’4,, A TiiEsE o’ 4, /o =-o’ 4, , BN (1.29)
A LAE p

V(V-A,)-VA,=J, —g,uaaA'“+V(V AV VA, +o'eud, =—J, (130

A BEARER T, Bl (1.16) d&rLAGH|

8(—ja)gAc +,—] V(V'Ac)]
Jou (1.31)

ot

=>V2A -V(V-A)=-J, —~&'cud, -V(V-A) >V’ A + 0’ sud, =—J

® (1.30) FR (1.31) BRNAEF R AR, AFFriEy, R e Rin, 4K
lal A7, A nlh

H
VxE2=—-’m—”aa

L5 Vx(-VxA)=-J, —u

Am_— Jue_—dS
‘I“HS " (1.32)
H
AQ:EHSJ,“ —ds

A, K 1.3 F TR CLBR IR AR AL O A AR BR T T R 37 AR bR 2R R YR AT O(x ',y ") Bl
XMEE S M (x,y,2z) FIFEE, k=wue=2n/1.

¥R (1.32) AR (1 26) %ufﬁ (1.28) 45153

EZ_J“’/‘H _st+J — [ ” —JdS]—ﬁVx”sthmdS (1.33)
' 4

He— Ja)é‘”se; dS+ 1 [V_HS%deSj+ZI7;VXIS$JL_dS (1.34)

HArnou
X (1.33) f1k (1.34) EPB‘J%%%?V=&X§+§V%+&:§, BNV 0 it [X W 8¢ i A
X ' zZ
B (x,y,2) IERI . dS RXUE AR (x', y", 2") BT & LAV RoR K T8 RARFR (x', y',2)

KRBT, muv'%?ve , B r=JG-xP+ -y Y+ -2) -

P WV
Q 0 P M
@\ | R
<D ; 9 Z
0
S

y
K13 amipiehs &

T J, T PR R E, MRBHE TV AER T e, HaRE% 1%,
HAEV-J(J,)=0. VxJ,(J,)=0HVJ (J, )=0. Kk



