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Heab padoTbl

[TpuBKTHE YMEHUH M HABBIKOB BBIYHUCIICHUS KO3()(HUIIMEHTOB B3aUMHON CBSI3U
B DJIEMEHTAX aHTCHHOH PELIETKU U3JIydaTellell Ha OCHOBE CaMOCTOSATENBHO paspa-
060TaHHOH NMPOrpaMMBbl, ONTUMH3UPOBAHHOMN 110 KPUTEPHIO MUHHUMHU3AIUY BBIUHUC-
JIUTEIIbHBIX 3aTpar.

1 TeopeTnueckas 4acThb
1.1 O0mue Bonpochl BBIYUCICHUS MATPHIBI CONPOTUBJICHUI

3agavya HaXOXKICHUSI KOO(D(GHUIIMEHTOB MATPHLBI COTPOTUBIICHNH BO3HUKAET
IIPU HAXO0XKJCHUU TOKOB B aHTEHHOM CHCTeMe U3 HECKOJIbKUX U3llydaTeseit, Hanpu-
Mep, NEeKTPUIEeCKUX BUOpaTopoB. B 3aBucuMoOcTH OT crtoco0a BO30YKIECHUS TAaKUX
CHCTEM pa3INYaloT aKTHBHBIE BUOPATOPHI, BXOJBI KOTOPHIX MOJCOSIUHEHE] K T'eHe-
patopaM, U IAcCCHBHBIE BHOPAaTOPHI, BO30YXKJaeMble AIEKTPOMArHUTHBIM IOJIEM
JIpyrux BUOpaTopoB. Bxo/s! macCUBHBIX BUOPATOPOB OOBIYHO MOACOSTUHAIOT K pe-
aKTHBHBIM Harpy304HBIM COIPOTUBIIEHHAM, He BbI3bIBaromMM cHukeHus KIIJ[ an-
TEHHBI.

Cxema 3aMelleHus] MpocTeiiieii aHTeHHON CUCTEMBI U3 IBYX OJMHAKOBBIX
napajjieabHbIX BUOPATOPOB, MOKa3aHHOM Ha pHCYHKE 1, 3KBUBaJICHTHBIM YeThIpEX-
MOJIIOCHUKOM ITPECTaBIeHa Ha pUCYHKeE 2. J[MaroHaibHbIe 3JIEMEHTBI MATPHLIBI CO-
MIPOTHUBJICHUH MPEICTABISIOT OO0 COOCTBEHHBIE CONIPOTUBIICHUSI BHOPATOPOB, He-
JUaroHaJIbHBIE - B3aHMHBIE CONPOTUBICHUS, YIUTBHIBAIOLINE 3IEKTPOMArHUTHYIO
CBSI3b MEXAY BUOpATOpaMH.
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PucyHok 2 — DKBUBaJICHTHAsI CXEMa 3aMEleHUs] aHTEHHOW CHCTEMBbI
U3 ABYX KOJUIMHEAPHBIX 3IEKTPUUECKUX BUOPATOPOB

ITpu He CIUIIKOM MaJIBIX PACCTOSHUAX MEXy TOHKUMH BUOpPaTOpaMH MOXKHO
CYUTATh CIPaBEIIMBLIM B IEPBOM MPUOIIKEHUN CHHYCOUJANbHBIN 3aK0H pacIpe-
JIeJIeHHs TOKa BJIOJIb BUOPATOPOB!

|sin(k(lly2 -|z|)|
sin(kl, ,)

I7ie KOOpJUHATa Z OTCUMTHIBAaeTCA OT CepeJUHbI KakJoro BuOpaTopa. BxosmHsle
Toku |, u |, ompenensroTcs W3 pEIIEHUs CUCTEMBbl JMHEWHBIX YpaBHEHHH

Kupxroda:

: )

1,1,(2) =1y,

Ul = IO].Z].]. + IOZZZLZ = el - IOlzyl’

2 = IOJ.ZZ]. + IOZZZZ 262 - IOZZHZ’
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rae el, ez - 9J1C BO36Y)KI[3IOHII/IX reHepaTopOB;
ZH].’
CJICAYET nmoJjiaraTtb el =0 u cunrark an CONMPOTUBJICHUEM Hany3KI/I).

Z , - BHYTPEHHHE CONPOTUBIICHUS T'€HEPaTOPOB (B IACCUBHOM BHOpaTope

JIns HaXOXKIEeHUsl B3aUMHBIX CONPOTHBIECHUH BHOPAaTOpOB OBbLI NpENJIOKEH
OPHOIKEHHBIIT Memoo Hagooumpix 30c [1-3]. B cOOTBETCTBHU C HUM B Ka4ecTBE
OCHOBHBIX PacYETHBIX COOTHOLICHHH AJIsI ONpeeeHHs B3aUMHBIX U COOCTBEHHBIX
COIPOTHUBJIECHHI HCIONB3YIOTCS BBIPAKEHUS BHJIA:

1 1.
_ . x _ \ .
Z,=-—3 OEanzlev (32) Z, __I*I Eladz. (36)
||01| -1 01'02 -1
Boipaskenus anst Z,, u Z,, = Z,, IOJIy4alOTCs O4EBUAHON 3aMEHOM MHIEKCOB.

Kacarenensle cocrabmsiomue E,, u E,, npeacrasnsaior coboit sac, npuxoasamy-

z11
ecsl Ha eJUHUITY JUIMHBI BJOJb OOKOBOI IMOBEPXHOCTH BUOPATOpa U MOPOXKIACMbIe
TOKaMHu Ju00 IepBOro, 1IN0 BTOPOro BUOPATOpa, UYTO U OOBACHIET Ha3BaHHUE «Me-
TOJI HABOIUMBIX 3JIC».

OcCo0eHHOCTBIO METO HAaBOAUMBIX 3/C ABISIETCS TO, YTO HEOOBIINE OMHUOKH
B 3aJaHHH 3aKOHA paclpeaecHus Toka (IIepBOro MOpsiIKa MalOCTH) TIPUBOAAT K
3HAQUUTENIFHO MEHBIINM OIIMOKaM BO B3aUMHBIX H COOCTBEHHBIX COMPOTUBICHUSIX
(BTOpOrO MOpsiAKa MANOCTH). IMEHHO 3THM U OOBSACHICTCS MIMPOKOES IPHMECHEHHUE
JTAHHOT'O METO/la B MH)KEHEPHBIX pacueTax BUOPATOPHBIX AaHTCHH.

Haumyumme pe3yabTaTbl METOJ JaeT s B3aUMHBIX COITPOTHBICHUI ONTYBOI-
HOBBIX PE30HAHCHBIX BUOPATOPOB, KOTJa paclpeieIeHUe TOKa He 3aBUCUT OT MeCTa
BKJIFOUCHHS TEHEpaTOpa U XapakTepa pacmpeaencHus Bo36yxaaromuieit anc [1]. [pu
YUCIICHHON peaymm3aunu Gopmynbl (3a) BO3HUKAIOT CIOKHOCTH, 00YCIOBICHHBIC
ocobeHHoCThIO QyHKIMK ["priHa. OHU UMEIOT MECTO MPH MOJACTAHOBKE B YKa3aHHbBIE
BBIPA)KEHUSI COOTHOIIEHHS, OIPEeIAIONUe KacaTeIbHble COCTABIAIONINE MIECKTPHU-
YeCKOTO IOJIS Ha IOBEPXHOCTU BUOpaTopa 1 OMHUChIBaEMbIE €lle OJHUM UHTETPaIoM
BJ0JIb BUOpaTopa. B MoMeHT HaOmoqeHns TOuKa HaOIIOIEHHs COBIIAaeT ¢ TOUKOH
UCTOYHUKA (yHKIMS ['prHA 3a CUeT CBOEro HCTOKOOOPa3HOro XapakTepa obparia-
ercsi B OECKOHEUHOCTb. B CBsI3W C 3TUM TNpU UYUCIEHHOW peaju3alMy JaHHBIH



MOMEHT CTaparoTCs BBIICTUTH M MPEICTABUTh B 3aMKHYTOH (hopMme, Hampumep, ¢
nomotisio Metona Ctperrona-Uy [3].

1.2 Meroas! BbIYHCIeHUsT KOI()(PHUIMEHTOB B3aHMHON CBSA3U

PaccmoTpum 1Ba HanboJIee 4acTO UCIONB3YEeMbIX CIOCO0a MOydeHHs Olle-
HOK K03((HUINEHTOB B3aMHOI CBSA3H MOIYBOTHOBBIX BUOPATOPOB:

- C HCIOIb30BaHMEM aNNpOKCUMAIMOHHBIX MOJIMHOMOB, IPEAIOKEHHBIX B
pabore [1];

- C UCHOJb30BaHUEM AHATUTHYCCKHX BBIPAXXCHUH, MPHUBEICHHBIX B paboTe
[3].

Bb160p MeTO/1a 3aBUCHUT OT T€OMETPUH peliaeMoi 3a/1aui ¥ HeoOX0IMMOCTH
nony4eHus pu3nIecKoi TPaKTOBKH MOMy9aeMbIM pe3yabTaTaM. Tak, opu mosyde-
HHUHM TPYOOii OLICHKH, KOT' /1A [10JIATaeTCsl, YTO U3JIy4aTeIn pa3MeLIaloTcsi B CBOOOI-
HOM IPOCTpaHCTBe JIUOO0 BOIM3U OECKOHEUHOT0 METAUINYECKOr0 3KpaHa, ieJIeco-
00pa3Ho KCIIONIB30BaTh IEPBHIN METO/1, ONMCAaHHBIN B u3BeCTHOH padote I'.A. JlaB-
posa [1]. Ilpu pasmerueHuu Hu3nydaTencii BOIM3W Tea APYrod KaHOHHYECKOM
(G opMBI, HarpuMep, KPYroBOro LUIMHAPA, cepbl, IpUMEHsIeTCS BTOPOil METOJ,
nony4uBIINiA Ha3BaHue Metoga Ctpertona-Uy [3].

Ipy KCIIONB30BAHUH ANIPOKCHMAIIMOHHBIX OJIHHOMOB BeIHYHHA K03 -
[MEHTa COOCTBEHHOTO COIPOTHBICHHS A BUOPAaTOpa C COOTHOLUICHHEM JTHHBI
Bubparopa k ero paauycy |, u gnunoit mneda | coGcTBeHHOE COMPOTUBICHUE BBI-
YUCIETCS C UCMOIb30BanueM Gpopmyisi [1]:

Z,, =30(R1+R2+R3)+ j30(X1+ X2), 4)
rae R1L=2(g+In(2kl) - Ci(2kl));
R2 =sin(2kl)(Si(4kl) - 2Si(2kl));
R3= COS(2kI)(g +In(kl) + Ci(4kl) - 2Ci(2kl));
X1=2Si(2kl) +sin(2kl)(g + In(kl) + Ci(4kl) - 2In(l,)) ;
X2= —COS(2kI)(Si(4kI) - 28i(2k|)),
g =0.5772157 - uucno Diinepa,
k=2p/1=2p f/c - BonmHOBOE YKCIIO CBOGOAHOTO MIPOCTPAHCTBA,
f - gacrtora mepenarumka [I'1],
I - 1uiMHa BOJIHBI B CBOOOTHOM IPOCTPAHCTBE,
=3x10° - ckopocTh cBeTa B cBOOOHOM TIpocTpancTse [M/c).

Bxomsiuue B coornourenust (4) oyakimu Si(¥) u Ci(¥) sBistFOTCS CHHYC- U KO-
CHHYC-MHTErpajaMi ¥ MOTYT OBITh HAl/ICHBI C HCTIOIH30BAHHEM AMPOKCHMAIHOH-
HBIX BBIpakeHuit [4]:

- IpU |X|<4
1°0 X2n+l
Si(x) = -y, 5a
9 ff}( ) 2n+1)(2n+1)! (a)
- mpu 4£|x|<5

Si(x) = éSi”uﬂdu , (56)
- pu [X|>5
sig) = 8- 20 4y GRS oy BD! (s
- npn [x| <107
Ci(x) = -100, (62)
- ipu 107 £[X <45
Ci(x) = 100‘K’S(”)ol (66)
- pu [x{3 45 X
Cif) =210 § (- G0 4 (4 COED! - ey

n=0 n=0
IIpu ucnonb3oBanuu MeToa Ctperrona-Uy K03 GUIMEHT B3aMMHOTO COMIPO-
THBJICHHS OMpPEIeIsIeTCs 110 cpopMyne [31:
Az p
Z,=30jic(1- —_E kz,,kz,,a,b,d) +
11 J,:\g( (2k|) 21( 01 o2 )

Ezz(kzo,kzz,a,b,d)g}, %

Kkl+kd
rie E, Osm(kl [kzo) ¢ sin(kl - |kz, - kd|)G (kz,,kz,,a,b)dz,dz, ,
-ki —kl+kd
kl+kd

E,=  sin(kl -|kz, - kd) (G(KI, kz,,a,b) + G(-Kl kz,,a,b)) dz,

~kl+kd

exp(- |\/(kz—kzz) +b*+a’ )
J(kz - kz,)? +b% + a2

a=(1..5)*10™ - panuyc BuGpaTopa [AMMH BOJH] B MPEAMONOKEHHH MOETH

G(Kl,kz,,a,b) =

TOHKOTO BUOparopa..

1.3 TIpumep BorunciaeHUs K03(pPHUINEHTOB B3aHMHOM CBSI3H
3JIEMEHTOB AHTEHHOIl p eLIeTKH

1.3.1 PaccMOTpUM YacTHBII ciydail BBIYUCIEHHS KOO((GUIMEHTOB B3anM-
HO#t cBs3U B mpenenax miockoit (2D) antenHoit pemetkn metogom Ctperrona-Uy.
Hcnonp3oBaHue anmpOKCUMAIIOHHOTO [TOJIMHOMA JJIS IIOCTaBIEHHOHN 3a1adu He-
BO3MOKHO, ITOCKONBKY, KaK CIeAYyeT U3 aHaIu3a TeKCTOB MpPOIeaAyp, IPUBEICHHBIX
B [IPUJIOXKEHUAX A u b coorBeTcTBeHHO, MeTOoA JIaBpoBa mpeaHa3zHaueH A
HaXOXXICHUS TOJIBKO COOCTBEHHOT'O COMPOTUBIICHUS aHTCHHBI.



Jlis KoHTposs modydaeMbIx pe3ynsratoB B IIPUJIOKEHWUN B npusoastces
Ppe3yabTaThl BEIYUCIICHUS KO (UIIMEHTOB B3aNMHOM CBSI3H, ITOJIy4E€HHBIX SKCIIEPH-
MEHTaJIBHBIM CIIOCOOOM IS TIOTYBOIHOBOTO BuOparopa [5, 6]. B IIPUJIOKEHNU
B ncnonb3yroTest 0003HaueHus, lT0Ka3aHHbIe Ha pucyHke 1. CuMBoJIOM «@» 0003Ha-
YeH CABHUI LIEHTPOB M3JIydaTeseil B TOPH30HTAILHOM HalpaBJICHUH.

1.3.2 PaccMOTpHM IIpUMeEpBl BEIYHUCIICHUS] KOO (UIIMEHTOB B3aUMHON CBSI3H
AN nIocKoi antennoi pemetkyu pasmeproctd N =N, ” N, =3” 3 nomyBonHoBbIx

BUOparopos, pasmemtaembix ¢ marom d, =d, =0.51 mo kaxn0My U3 HanpaseHui.

I'eomeTpus 3aa4u OKa3aHa HA PUCYHKE 3.

'3 6 5
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PI/ICyHOK 3- FeOMC’I’pI/II/I HCCJICAYEMBIX BaApUAHTOB aHTCHHBIX PEHICTOK

s BeruuciieHuss K03 QHUIMECHTOB B3aUMHOM CBSI3U (HOPMHUPYETCS MaTpHIla
pa3mepHOCThIO 97 9. O603HAUECHHUS DIIEMEHTOB TOKa3aHbl HA PUCYHKE 3, @ BUJI MaT-
PHIIBI TOKa3aHA COOTHOIICHHEM:
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B naHHOM COOTHOIIEHHMHU MEPBBIM CUMBOJ MHAEKCAa 0003HAYAET AIIEMEHT, AJIS
KOTOPOT'O PacCUUTHIBAETCS KOA(P(UIMEHT B3aHMHON CBSI3H, BTOPO CHMBOJ — HO-
MEp IEMEHTA, ¢ KOTOPBIM BBIUUCIISIETCS CBA3b.

Amnanu3 Buga MaTpuipl (8) MOKa3bIBAET, YTO Pa3MEPHOCTh PACCUMTHIBAEMBIX
matpur coctaBiser N2. Bpems BbIUMCIIEHHMIl 3IeMEHTOB MaTpHUIbl Pa3IHuHOE.
HauGonpinie BeMUCIMTEBHBIC 3aTpaThl, Kak IOKa3aHO B [7], mpuxomsTcs Ha
HaXOX/eHHe COOCTBEHHBIX CONPOTUBICHUH, pacloiaraeMbIX Ha JAUaroHaid

7

MaTpulpl. B CBsI3M ¢ 3THM BO3HHKAET BOINPOC UX COKPALICHHS C YUETOM UX (H3HUe-
CKOT'O CMBICJIA M Pa3MELICHUS B COCTaBE PEIICTKU.

Beiienum BO3MOXKHOCTH COKpAIeHUs] BpeMeHH BeluucieHus. K HuM, B gact-
HOCTHU, MOYKHO OTHECTH TPH:

- IPENOoNIoXKeHNEe 00 UISHTUUHOCTH U3ITydaTenell B COCTaBe PElIeTKH M03BO-
JISIeT COKPATUTh HauboJsiee IIUTENBHBIN Mpolece BEIYUCICHUS COOCTBEHHBIX 3JIe-
MEHTOB (JHarOHaJIbHBIX JIEMEHTOB) 0 OJHOTO, IOJIaras, 4To

Z,=27, (i=0,1,...,N);

- y4ecTb OCOOEHHOCTH 3alOJHEHMs MaTpHIbl, 00YCIOBICHHBIE TeOMeTpUeH
pasmelerus. [IpuMep cuMMeTpuM 3Ha4Y€HUI CIBUIOB MEKAY U3JIy4aTelIsIMU B Io-
PU30HTAINBHOM M BEPTUKAIBHOW ILIOCKOCTAX Ui PacCMarpuBacMOU IeOMETPUH
IIPUBEICH Ha PUCYHKE 4.

s g ol S 0SS Gk el L - Ol - R LR R LB
0 0 0 050505 1 1 1 05 0 0505 0 0505 0 05
0. 0 "0l 05 035 05 1 1 A 1 08 0 M 68 00 A oS o
050505 0 0 0 035035 05 0 05 1 0 05 1 0 05 1
%= 050505 0 0 0 05035 05 Z:2= 05 0 0505 0 0505 0 05
050505 0 0 0 0505 05 I° 05 :0° 1 05 #¢ 1 05 0
1 {15 G 03 03 035 O i b 0 0% 8 0% 0% i1 W 63 A
fi i Hi 05 0% 05 0 i G 05 0 0505 0 0305 0 05
Vool L 05 05 05 40 0 D) i\_ LI 05 0 1: 05 200 1 05 0
a 0

Pucynok 4 — CaBuru Mexy 3J1eMEHTaMH aHTEHHON PEIIeTKH:
@ — B TOPH30HTAIBHOM IJIOCKOCTH; 6 — B BEPTHKAIBbHOM IJIOCKOCTU

- BO3MOXXHOCTb 3aIIOJIHEHUs MaTPHUIIBI 110 M1a0JI0HY, YIUTHIBAIOIIEMY BCE BO3-
MOXHBIE BAPUAHTHI PACHIOJIOKEHUS U3TydaTeNell Ipyr OTHOCUTENBHO ApYra.

Jlns mosicHeHus: JaHHOTO (hakTa oOpaTUMCs K pe3yabTHPYIOIIe MaTpuIie, mo-
Ka3aHHOU Ha pUCYHKE 5.

( 7313+ 423545 —11891 - 78451 4059 - 4205 -12332-20000i 26414 + 20162 0703 + 40331 4012+ 17744 -11891 - 78451 —4119- 0722 \
—11891 — 7845 7313 + 425451 —11.891 — 7845 26414 + 201621 —12532 - 209261 26414 + 201621 11891 - 78451 4012+ 177421 —11.891 — 78450
4059 - 42051 11891 - 7845 7313+ 42345 0703 + 4033 26414 + 20.1621 1253220928 411907228 11891 - 7845 4012+ 177424
—12532 - 299291 26414+ 201621 —0.703 + 40531 7313 + 42545 11891 - 78451 4059 - 42051 12353229929 26414+ 20162 —0.703 + 4053
26414 + 201621 —12532 - 299201 26414 + 201621 —11891 - 7845 7313 + 425451 11891 — 7845 26414 + 201621 —12332 - 209201 26414 + 20.162i
—0.703 + 40531 26414 + 20,1621 -12.532 - 20.02% 4039 - 4205 11891 - 7845 7313+ 423545 0703+ 40331 26414 + 201621 12532 - 29.9201
4012+ 17742 11891 - 7845 —4.119- 07221 -12.532- 299281 26414 + 201621 —0.703 + 4033 7313 + 42.545 -11.801 - 78451  4.059 - 42051
—11891 — 7845 4012+ 17.742i -11.891 — 7845 26414 + 201621 -12532 - 209201 26414 + 20162 11891 - 784351 7313 + 425451 11891 — 78450
L—4119-0722i —11891 - 78451 4012+ 17742 0703 + 40331 26414 + 201621 —12532-20920i 4059 -4205  -11891— 7845 73.153 + 425450 ,l

Pucynok 5 - [lonnas marpuna ko3pUIreHTOB B3aUMHOIT CBSI3H

AHanu3 TaHHOM MaTpUIbl MOKA3bIBAET, YTO

- 3JIEMEHTBl MaTPULbl CUMMETPUYHBI OTHOCUTEIBHO AUArOHAIH;

- JJIEMEHTHI CTPOK MATPUIIBI C HOMepaMH OOoJIbIlIe IEPBOI0 MOT'YT OBITH MOJTY-
YeHBI U3 NIEePBOI CTPOKHU IIyTeM YCTAaHOBKU IIEPBOTO 3JIEMEHTAa Ha JUaroHalb U 00-
pEe3aHus ee 10 Pa3MEPHOCTH MATPHLBI (3TIEMEHTHI BEPXHEH TPEYrOJIbHON MaTPHIIBL).



OneMeHThI HUKHEH TPpeyroiabHOI MaTpHUIlb! MOTYyIar0TCsl CHMMETPUUHBIM OTpaXe-
HHUEM 3JIEMEHTOB OTHOCUTENBHO AUArOHAaIH.
®parmeHT JmcTuHra nporpammsl npuseneH B [IPUJIOXKEHUN T
B pe3ynbTaTe mpeyioKeHHOM ONTUMH3AlMU alrOpUTMa BpeMs BBIUMCIICHUS
MaTpuubl cokpamaerca B N pa3, MOCKOJIBKY pacueT OCYLIECTBISIETCS TOJIBKO IS
MEepBOH CTPOKH, a OCTaJIbHbIE ONEpalUy IPEACTaBIAIOT CO00H MPOCThIE ONepaIiuu
nepechLIa.
Bun matpuiisl (8) ¢ ydeToM caenaHHbIX 3aMeYaHHi PHUHUMAET BH, OMHCHI-
BaEMbIi COOTHOLICHUEM
e[B1] [B2] [B3]u
d82] [B1] [B2];, ©)

flea] [e2] (e

ézu le Zlaq ézu le Zleq
rne [Bl] = ngZ Zu leg ' [BZ] = ngS Zl4 leg '
6213 Z].Z leg ezle Z].S Zl4g
ézu g Zy U
[B3]=52,, Z, Zyy. (10)

8219 Z].8 Zl7 H

Awnanus coorromennit (9) u (10) mokassiBaeT, 4TO YHCIO GIOKOB 3aBHCHT OT
YHCcla CTPOK, 00pa3yIoIINX aHTEHHYIO PEIIeTKY, a pa3MepHOCTh BHYTPEHHUX 0J10-
KOB OIIPEAEISIeTCS. YUCIIOM JJIEMEHTOB B cTpoke. Kax bl u3 GJIOKOB ONUCHIBAET
B3aUMHYIO CBSI3b MEPBOrO 3JEMEHTA C 3JIEMEHTAMU BO3MOXKHBIX CTPOK PELIETKH.
Tak, B paccmarpuBaeMoM npumMepe 610k Bl ompenenser B3auMHYIO CBA3b IEPBOTO
9JIEMEHTA C 3JIEMEHTaMH NepBOH CTPOKH, 010k B2 — ¢ aiemMeHTaMu BTOpOH CTPOKH,
650k B3 — ¢ asieMeHTamMM TpeThel CTPOKH.

3 Onucanue padoTsl

Hesab padoTsl

Ilenvio IPaKTUYECKOTO 3aHATUS SIBJISETCS NMPUOOpPETEHHE HAaBBIKOB pacdera
MaTeMaTH4eCKUX Mofesel CIeKTPOB U3IydeHUH pa3IMYHbBIX TUIIOB IIepeJaTIHKOB
IIPU U3MEHEHHUHU 3HAYCHUH UX apaMeTpoB.

IoaroroBka k JiabopaTopHoii padoTe

1. V3y4nTh TEOpETUYECKUE OCHOBBI BHIYUCICHUS KO PUIIMEHTOB B3aUMHOM
CBSI3U U3J1y4aTelleil B COCTaBe aHTEHHOU PEILETKU.
2. TloaroroButk Gi1aHK OTYETA IO JAOOPATOPHOIT paboTe ¢ KPaTKUMH CBeJe-

HUAMU U3 TCOPUU.

AJITOpPUTM BBINOJTHEHUS JIa00paTOPHOI padoThl

Pa6oTa BBIIONHAETCS B HECKOJIBKO 3TAIOB.

1. UccnenoBaHue BIUSHUSA 3alaHUs paanyca BuOpaTopa B Mmojenu CTpeTToHa-
Yy Ha TOYHOCTH MOJTy4aeMbIX PE3yIbTaTOB. B KauecTBe cpaBHEHHS HCIONB30BAThH
Pe3yIIBTAaThI, TIOMydaeMblie 0 Moenu JIaBpoBa B MPEANON0KEHUH TOHKOTO BUOpa-
Topa. Bubparop cuurars nomyBonHoBbIM (miuHa mieda | = 0.251 ). Paguyc Bubpa-
Topa BEIOMpaTh U3 MHTepBaia 3Hauenuit {107;107*;107°}.

Pe3ynbTarsl BBIYHCIICHHUIT 3aHECTH B TaGMUNy 1 M BBIMIOJHUTH UX CPaBHEHHE,
obpaiiasi BHUMaHHE Ha PEaKTHBHYIO COCTABIIAIOIIYIO.

Tabnuma 1 — BimsiHue paguyca BuOpaTopa Ha TOYHOCTH ITOJTy4aeMbIX PE3ylIbTaTOB

Paguyc Bubpatopa AnmnpokcuManoHHas Merton CtperToHa-Uy
¢dopmyna
R, Om X, Om R, Om X, Om
107
10™
10°

2. C uCronb30BaHUEM METO/Ia 3epKaJIbHBIX W300paKeHUH BBIYMCINTH CO0-
CTBEHHOE CONPOTHBIIEHHE T'OPH3OHTATIBHOrO MOITYBOIHOBOI'O BUOpaTOpa MpH yAa-
neHnd h ero OT uaeanbHO MPOBOSIIETr0 IKPaHa Ha PACCTOSIHHE:

- 0.1251;

- 0.251;

- 0.51.

HapucoBars reoMeTpHIo 3aaul ¥ CPaBHUTH IOTy4EHHbIE 3HAUEHUs C Ta0au4-

HeiMH, puBeaeHHbME B [IPUJIOXKEHNUA B.

MeTtoandeckue yka3aHus MO BHIYUCICHUIO !

- BBIYUCIUTH COOCTBEHHOE COMPOTUBIEHHE M3JIydaTellss B CBOOOIHOM MpO-
ctpanctBe. Jomyctum R u X;

- C HCIIOJNIb30BaHMEM METO/a 3€pKAIbHBIX M300paKeHUH BIMSHHUE DKpaHa 3a-
MeHseTCsl Ha (DPUKTUBHBIN M3IydaTellb, PACIONOKEHHbIH Ha yrnanenun 2h ot ucrun-
HOT'0 M3JIy4daTes, KaK I0Ka3aHo Ha pUCYHKE 6.

PI/ICyHOK 6 - reOMCTpI/ISI 3aaa4d HaXO0XKICHU COOCTBEHHOTO COIPOTUBJICHUS N3ITy4aTeJIs
BOJIM31 METAJLIMYECKOTO 9KpaHa METOIOM 3CpPKAJIbHBIX I/I306pa)KCHI/H71

10



Brmsiaue rpanuiisl paszena cpes (METasIMYeCKuil SKPaH) YIUTHIBAETCS KOM-
TUIEKCHON aMILTUTY/I0# ToKa (M0 BBIYUCICHHOMY 3HAUEHHIO KOd(hHUIlHEeHTa OTpa-
xenns Openens) [3].

Beruucnsiercst wnu Haxoautcsa u3 tabauisl, npusenaennoit 8 [IPUIIOXKEHNN
A, BenuYKHA B3aUMHOTO COMPOTHBIICHHS MPH CMCIICHUU U3JTydaTells B HalpaBlie-
Hun b/ 1 =2h, T.e. 3HaueHns R u X,;

- IOCKOJIBKY KO3 (DUIMEHT OTpaskeHust ISl TOPU30HTAIBHOTO DJIEKTPUYECKOTO
BUOpaTOpa BOJIM3U METAJNIMUECKOro 9kpaHa paBeH R; = -1, To BenuynHa coOCTBEH-

HOT'0 COIPOTUBIIEHHsI BUOpaTOpa OyAeT ONpeeNnaThCs Kak CyNepHo3HIus IBYX CO-
CTaBISIOIIUX 110 (popmMyIe:
Z=(R-R)+j(X-X)). (11)

3. [TocTpouTh OJI0YHYIO MAaTPUILY JUISl BEIYUCIICHUS KOI)(OUIIMEHTOB B3aUMHON
CBSI3U aHTeHHO# peuretku 4~ 4 snementa. [lapameTpsl KOOPIHHATHOM CETKU B3SITh
Te e, 9TO U B PaCCMOTPEHHOM B 1.1 pumepe.

3amucars GopMyTy I BEIUUCICHUS MHAEKCOB 3JIEMEHTOB IIPU 3alOIHEHHU
OJIOUHBIX MATPHII.

4. AHanu3 NOIy4eHHBIX pe3yIbTaTOB, 0(OPMICHHE BBIBOIOB U OTUETA IO IIPO-
BeJIeHHOH paborTe.

Conepixanue oTyera

1. PucyHku, NOSCHSIOIINE TEOMETPUIO 33a1a4H.
2. Vcnonb3yeMble pacueTHbIE COOTHOIICHHS.
3. I'padukn, 3anaHHbIe B ONMUCAHUN PabOTHI.
4.Kparkue BBIBOJIBI 110 paboTe.

KOHTpO.]'I])H])Ie BOIIPOCHI

1. JIns yero He0OX0AUMO 3HAUEHUE COOCTBEHHOT O M B3aUMHBIX COMTPOTHUBIIEHUI
n3jy4arenen?

2. YeM OTJIMYAIOTCSI BBIYUCIICHUS IPH HAXOXKJICHUU COOCTBEHHOTO U B3aUMHOT'0
COIPOTHUBIICHU BUOPAaTOpOB?

3. Kakne Meronsl NPUMEHSIOTCS JUIS HaXOXKICHUSI COOCTBEHHOIO M B3aMMHBIX
COIPOTHUBIICHUH U3Ty4aTenen?

4. Kak BnusieT UCHOIb3yeMbIil METOJ BBIYUCIEHHSI COOCTBEHHBIX CONpPOTHUBIIE-

HUH HA TOYHOCTH MTOJIY4aeMbIX PE3YJIbTaToOB?

B uem 3akimoyvaercst METOJ] 3epKalIbHBIX M300paKeHHH ?

6. Kak mpuMeHsieTcsi METO/ 3€PKaJbHBIX U300paKCHHUN ISl HAXOXKICHHS COO-
CTBEHHBIX CONPOTHBIICHUH BUOPaTOPOB BOJIM3M IPaHULIBI pa3zesa cpes?

7. Kakum obOpazom Qopmupyercst MaTpuna KoI(QQPUIMEHTOB B3aUMHOH CBSI3U
n3Jy4arelsiei B cocTaBe aHTeHHOH pereTkn?

8. Kakum 00pa3oM MOKHO COKPATHUTh BHIYMCIUTEIIBHBIE 3aTPATHI IIPU HAXOXKE-
HHUH MaTpULbl K03 QUIIMEHTOB B3aUMHOI1 CBSI3H?

9. KakoB ¢u3udeckuii cMbICI OJI0YHBIX MaTPHIL?

10.B kakux ciiydasx BO3MOXKHO 3allOJHEHHWE AMArOHAIBHBIX JJIEMEHTOB Mart-
pu1LBl KO3 (HUIMEHTOB B3aMMHOI CBSI3H OAMHAKOBBIMH DJIEMEHTaMHU ?

o
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IMPUJIOKEHHUE A

JIMCTHHT mpoueayp AJs BbIYHCIeHUS KO3 (PHIHEHTOB B3aUMHOM CBA3H
H3JIy4aTesiell aNNpOKCUMALIMOHHBIM METOA0M

BuuMcNeHMe BSaMMHOM CBRSM OBYX BubpaTopoB
ne MoHorpadmm JlaBpor A.I'. "BsamMHoe BIMSHME
NMHeNHHX BHUOpaTOopHEX aHTeHH". M.: Paguo u

cesse, 1975. 128 c.

1. 3Baganme QYHKLMI MHTEIPaNBHOIC CHHYCa M HMHTEIPANBHOIC

KOCHHYCa

X 100

SI(x) = J' s, Cli) = _J cos(w) o
s u

0

X

10 . x2n+1 1o 2n
S01(x) = Zo &) m COl(x) =~ + In(x) + Z - ) (20)-(2n)!
n=

. cos(x)_ 3 | nA(ln)! I sh(x)_ - | (2n+ 1)!
S0 = 7 - — o {( ) _Zn] —= Zo {( ) }
n=

i g x‘n+l

. » 3
cng) = sn;(x)» Z I:(_l)n'%:' _ cos(x) Z I:( 1):1 (2n+ l):'

a=0 x
Si(x) = |S01(x) if |x| <4 Ci(x) = [-100 # [x] < 1w
SII(x) if 4< |x] <5 otherwise

Col(x) if |x| <435
C0X(x) otherwise

S02(x) otherwise

2 33,&'51{7{9 IIOCTOAHHEX LOJIA pacdeTOoB

~ = 05772157 oo 3inepa

F=2m BoJIHOBOE® YMCJIO CEOBOLHOI'O HNPOCTPAHCTEBO LA

PacySTOBR B SJISKTPHYSCKMX IUIMHAX BOJH

3. Hpouenyps Onsd BEUMCISHUA COOCTBEHHOIO CONPOTHMBIISHMA
AKTHMBHAA COCTABJIADMAA CONPOTHBISHUA

Rs1(B.1.1a) = 2-(y + In(2-B1) — Ci(2-31))

Rs2(3.1.1) = sin(2-31)-(Si(4-B1) - 2-8i(2-B1)

Rs3(3.1.1a) = cos(2-31)-[(y + In(B1)) + Ci(4-B1) - 2.Ci(2-B1)]
RI(P.1.1a) == (Rs1{P.1.1a) + Rs2(P.1.12) + Rs3(P.1.12))-30

13

PeaxTHMBHAA COCTABAADIAA CONPOTHUEIISHMI
Xs1(B.1.18) = 2-8i(2-31) + sin(2-B1)-(y + In(B1) + Ci(d-B1) — 2-Ci(2-B-1) — 2in(la))
Xs2(3.1.1a) = cos(2-B3-1)-(-5i(4-B-1) + 2-51(2-3-1))

X1(B.1.1a) = (Xs1(.1.1a) + Xs2(3.1.1a))-30

4. KOHTpOJNEBHEE IPHMMEPH pacdeTa

- PacueT CHHYC—- M KOCHMHYC-MHTEIDAJIOB

x= 001 Si(x) = 000999994 Ci(x) = —4.02797952
IpoBepka
=N 5=01 Si(x) = 0.09994446 Ci(x) = —1.72786839
5= 65 Si(x) = 1.57924996 Ci(x) = 001284737

- PacueT COOCTESHHOIO CONPOTHBIISHMA
HONYEBOJNHOEOI'O BHEpaTopa

1=025 AdmHa BMEpaTopa B OJIMHAX BOJIH

a = 0.0003 Pagmyc BHMOpaTopa B OAMHAX BOJH

la = . OTHOmeHMs OMHE BHMEpaTopa K pagMycy la= 833333
a

Z = RI1(B.1,1a) + +X1(j3.1.1) Z=73093+ 42573

14



INPAJIOXKEHUE b

JIMCTHHT mpoueayp AJs BhIYHCIeHUS KO3 (PHIHEHTOB B3aUMHOM CBA3H
u3nyuarenei meronom Ctperrona-Uy

BrIYHCJIEHHE BBaMMHOI'O CONPOTHBIISHMS
MeTonoM CrpeTToHa-Yy

1. Bagaume ¢Qyuxumun I'puHa cBO6OOHOI'O NPOCTPAHCTEA

G(z.21,8.6.9) = EX]J[—iW (z-zl)"+ (y-b)" + a‘}

2 2.2
(z-zl) " +(y-b) +a

2. 3apmaHMe BHpPaXeHMs CONPOTHMBISHMN MBIydeHuss BubparTopa
(no Merony CrperrTorHa-Uy)
1

+d
E21(l,z.z1.a,d.b.y) = sin(l — |’°|)‘J- sin(l — |22 - d)-G(20.22.a.b.y) dz2 dz0
—l+d
-1
Hd
E2(l.z.zl.a.d.b.y) = j (G(1.22.2.b.y) + G(-1.22.2.b.¥))-sin((l - |22 - d|)) d=2
—kd
2
EX(l.z.21.a.d.b.y) = |1~ —— AEH(I.z.zl.a.d.b.y)-r%—BE(l.z.zl.a.d.b._v)
eV -

3. BmuYMcIeHMe BEBaMMHOT'O CONPOTHMEIeHMs BHEpaTopa
R¥(l.z.z1,a.d.b.y) = 30-t+E2(l.z,21,a.4.b.¥)

15

4. KOHTPOJBHEI NpPHUMep BEYMCJIeHHNs BSAMMHOI'C CONPOTHBJEHHS Bubparopa

¥

L i

i

d b
I
o
PucyHox 1 — I'eoMeTpma 3ajadm

4.1. 3agaHme MCXOQOHEIX NAHHBIX
BOJHOBOE YMCIIO k=2wn
AnmuHa nnewva BubparTopa (B ONMHAX BOJH) 1=025
Paguyc BubpaTopa (OTHOCHTEJNIEHC IJIMHE o
BubpaTopa)
HomoxeHMe HavaJlbHOM Touku 1-ro BubGpaTopa —
(B mmMHax BOJIH) '
COBMI B OCSBOM HANPABJICHMM MEXIY LSHTPaMA! d=0
BM6paTopcB
COBMI B NEPNSHOMKYJIAPHOM HAaIpaBJISHMM b=0
MexXny LeHTpaMy BuOpaTopoOB
HosroxeHMe HaYaJBHOM TOUKM Z2-I'0 BHMOpaTopa 21 =10

(B gumHax BOJIH)
4.2. BHYHMCNeHMe BBaMMHOI'O CONPOTHBIIEHMS Buﬁpamopa
4=dk 1=1k a=ak Z=zlk b=bk

Z=RX¥(l,z,z1,a,d.b.y) Z = 7313 + 425451

=0

yl=0
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IMPWJIOXEHUE B

Ko3¢dpunueHTHI B3aUMHOI CBS3H NOJYBOJTHOBBIX BHOpaTOpoB [5]

a/l=0 a/l=05 a/ll=1 a/l=15

b/l R,OM [ X,0OM |[R,Om | X,OM [R,OmMm | X, OMm | R, OM | X, OM

0 73,1 42,5 26,4 20,2 -4.,1 -0,7 1,7 0,2
0,1 67,3 7,5 235 3,1 -4.1 -0,4 1,7 0,1
0,2 51,4 | -19,2 | 15,7 -8,9 -4,0 0,5 1,7 -0,1
0,3 29,3 | -344 5,2 -145 | -35 1,8 1,6 -0,5
0,4 6,2 -375 | 49 | -137 | -24 3,1 1,4 -0,9
0,5 -125 | =299 | -119 | -79 -0,8 4,1 1,1 -14
0,6 -233 | 159 | -14.1 0,4 15 4,2 0,5 -1,8
0,7 -249 | 02 | -11,3 8,1 3,6 3,2 -0,4 -2,0
0,8 -185 | 12,2 -4.9 12,6 51 1,2 -1,3 -19
0,9 -7,5 18,5 2,8 12,8 53 -1,6 -2,1 -1,3
1,0 4,0 17,7 9,0 8,9 4,1 -4,2 -2,7 -0,3
1,1 12,4 11,3 12, 2,4 1,5 -5,9 -2,8 1,0
1,2 15,2 1,9 10,8 -4.5 -1,6 -6,0 -2,2 2,2
1,3 12,6 -6,7 6,3 -9,3 -4.5 -4,5 -1,1 3,2
14 6,0 -119 | -01 | -108 | -6,3 -1,6 0,4 3,5
1,5 -1,8 | -123 | -58 -8,5 -6,2 1,9 2,1 3,1
1,6 -8,1 -8,4 -9,2 -3,6 -4,3 4.8 3,4 1,8
1,7 -109 | -2,0 -9,3 2,2 -1,2 6,4 4,0 0
1,8 -9,4 4.4 -6,1 6,7 2,4 6,0 3,6 -19
1,9 -4,8 8,7 -1,2 8,7 51 3,8 2,2 -3,5
2,0 1,1 9,4 3,9 7,5 6,3 0,4 -0,1 -4,2
2,1 6,1 6,7 7,2 3,8 5,4 -3,0 -1,9 -3,8
2,2 8,4 1,8 7,8 -1,0 2,9 -5,3 -3,6 -2,4
2,3 7,6 -3,3 5,6 -5,1 -0,5 -5,9 4,3 -0,2
2,4 4,0 -6,8 1,6 -7,1 -3,6 -4,6 -3,8 2,0
2,5 -0,7 -7,5 -2,1 -6,5 -54 -1,8 -2,2 3,7
2,6 -4,8 -5,5 -5,7 -3,7 -54 1,5 0 4,3
2,7 -6,9 -1,6 -6,6 0,3 -3,6 4,2 2,3 3,6
2,8 -6,3 2,6 -5,0 3,9 -0,7 5,4 3,8 1,9
2,9 -3,4 5,6 -1,8 5,9 2,4 4,7 4,1 -0,4
3,0 -0,3 6,4 1,9 5,7 45 2,5 3,3 -2,6

MNPUJIOKEHHUE I'

(I)pal"MeHT JUCTHHT A Ol'lTI/lMI/BI/lpOBaHHOﬁ npoueaypbl BbIMUCICHUSA
MaTpulbl B3BAUMHBIX CBsi3el 2J1EMEHTOB AaHTEHHOM peuieTKu

1. Baganue KOOPOMMHAT BJIEMEHTOB aHTeHHOH peweTkn

Nx=3 Ny =3

KOOR(Nx.Ny.dx.dy) =

KR = KOOR(Nx, Ny, dx, dy) X=KR

ind = 0..NN

dx =03

ind « 0

for ie 0.Nx -1
x & idx
for je0.Ny-1
y«j-dy

KKmdoi—X

KK

ind
00
ol

2. BuYMcleHKe Ko®)PMUMEeHTOB BIaMMHON

BoslHOBOE WMCIIO

InauHa nneva BuGpaTopa (B OAMHAX BOJH)

Pagmyc BmubpaTopa (OTHOCHMTENIBEHO IOJTMHE

BHuGpaTopa)

dx = dxk a2=ak

17

dy =05

NN = last(X)

I‘E‘OI‘JG‘T_ZJMH PacIIoIOXReHNA MQJIYTJETEJIE‘A’;[ B cCcocTase

aHTEeHHOM pemeTKHn

ceasu Ges ONTHMHMBALNK AJIOPHTMA
E=2m

1= 025

18
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3. BuyucneHue Xo5PPHMUMEHTOB BBAMMHON CBABM C ONTHMMHBALMEN AJTDOPHTMA 3.2.3 IOpumep manonHexue 6moxa B3

3.1 BanonHeHMe MACCHBA BaroTOBOK (BOSMOXHEIX BapHMAHTOB)

B3= |fories0.Nx-1 v ) . .
T G EEI ST (4012 + 17.7421 -11.891 - 78451 —4.119-0.722
) = or 1€ 0. NND 2 € 0.Nx -
: - 7313 + 42545 :i: ; . B3 = -11.891 - 7.845 4012+ 17.742 -11.891 - 7.845i
- N " A . -1
" i,0 —11.891 — 7.8451 1] SR \—4119-0.722i 11891 — 7.845i 4.012 + 17.742i
ye K'Ri.l 4.059 — 42051 for ie0.Nx-1
A KRy, -12.532 - 29.926i for jei.Nx-1
: Mz=| 26414 + 20.1621 MM .Mz ., ifi<l1
yl « KR ' i] j+Nx-2
2 0.1 —0.703 + 4.053i i
MM. . « .\-{zl. | N2 otherwise
4 |y1-yl 4012 + 177428 L i
b |2z ~11891 - 7.845i for j e d
ZM, « R¥(1,2,21,2.d,b,4) | —4.119 - 0.722i MMMy g 5 Kk
™ '\L\{i.] Mz|i—_||+Nx.2 otherwise
MM
3.2 BanonHenue NOJNHOI'O MACCHEA C yY9eTOM 6JIOYHON CTDYXKTYPEH 3.2.4 IpuMep BSaNONHEHMe MATPHUE B IIOJHOM MaccuBe u53 6J0KOB
3.2. 7 uMep BanonHenue 6moxa Bl
ST 3.2.4.1 NepBas cTpoka
e [ aed B (7303 + 425451 -11.891 - 7.845i 4.059 - 4205i
13. - 1 =1l - I 1 L - n il = y) Ml = N 3
for j = 0. Nx—1 { : i , M1 = augment(B1.B2) M1 = augment(M1.B3)
Bl =] -11891 - 7.845 73.13 + 425451 -11.891 — 7.845
MM. .« 0+ 04 | . i )
i] | 40594205 -11.891— 7845 73.13 + 42.545i 3.2.4.2 Bropas cTpoka
for ie0.Nx-1
for jei.Nx -1 M2 := augment(B2.B1) M2 := augment(M2.B2)
MZMiJ ¢—MzJ i<l
g 3.2.4.3 eTbA CTPOKAa
MMLJ - lei‘_l| otherwise » -
for j £ 0.i M3 = augment(B3.B2) M3 = augment(M3 Bl)
MMi_] <—sz if i<l
MM, | Mz, othenvise 3.2.4.4 Tonnas mMaTpuua
MM MP = stack(M1.M2) MP = stack(MP,M3)

3.2.2 NOpumep sanonuexme 6moxa B2
(7303442545 11891 7845 4059 - 4205 -12532- 29920 26.414+20.162i 0703+ 4053 4012+ 17742 11891 - 7.845i —4.119- 0.1

B for i 0. N 1 —11.891 — 7.8451 73.13 + 425451 11891 — 7.845i 26414 + 20.162i -12532-29.929i 26.414 + 20.162i -11.891 - 7845 4012+ 17.742i —11.891 — 7.845
= or 1€ 0. Nx -
- (=12532-29929i 26.414+20.162i -0.703 + 4.033i 4059 - 42051 -11891- 7845 7313+ 425451 0703 + 4.053i 26.414 +20.162i —12.532-29.920i —4.119-0.722i -11.891 - 7.845i 4012+ 17.7428

for j 0. Nx~1 B2=| 26414+ 20162 —12532—29.929i 26414 + 20.16% —-12532 - 29929 26414 +20.162i -0.703 +4.053i  73.13 + 42545 -11.891-7845i 4059 - 4205 —-12.532- 29920 26414 +20.162i —0.703+ 4.053i

MM. . « 0+ 0i { - . - MP=| 26414 + 20.162i -12532-29920i 26414 + 20.162i —11.891 — 78451 73.13 + 425451 —11.891 — 7.845i 26414 + 20.162i -12.532 — 29.920i 26.414 + 20.162i
ij | —0.703 + 4053 26414+ 20.162i —12532 - 20020 P e o A oo I i
foi T 0 Ne=1 —0.703 + 40531 26.414 + 20.162i -12.532 - 299291 4059 - 42051 -11.891 - 7.845i 73.13 + 425451 —0.703 + 4.053i 26.414 + 20.1621 -12.532 — 29.929%
P - -_ N 1 4012+ 17.7421  -11.891- 7.8451 —4.119-0.722i -12.532 - 299291 26.414 + 20.162i —0.703 + 4.053i  73.13 + 425451 -11.891 - 7.8451  4.059 - 4.205i
e L= —11.891 - 78451 4012+ 17.742i -11.891 - 7.845i 26414 + 20.162i -12.532 - 29.929 26414 + 20.162i —11.891 - 7.845i 73.13 + 425451 —11.891 - 7.845i
MAILJ - Nﬁ]q—.\'x i<l ‘K =4.119-0722i -11891- 78451 4012+ 17.742i =0.703 + 40531 26414 +20.162i -12.532-29.929% 4.059-4205 -11.891 - 78451 73.13 + 42.545i
MML] «~ Mz|1—_||+.\'x otherwise
for j = 0.1
MM, . Mz ., fi<l
ij j+Nx

M‘\{i,] « MZ|i—J|+Nx otherwise

MM

19 20



