AHTEHHbI N pacrnpocTpaHeHne pagnoBOJIH

Hanpaenennwvie ceoncmea anmeHHbIX peuiemok
U 8030Y)HCOCHHBIX NOBEPXHOCHEll

Cnaiipgnbl k nekynam npogeccopa KybaHosa B.I1.



NUHEUHAA SKBUAUCTAHTHAA AHTEHHASA PELLIETKA U3 n J1IC3B

X

B nNpou3BO/IbHOM HanpaBAeHUM,

AHTEeHHa, cogepXalwasa COBOKYMHOCTb WM31Yy4aloWMX 3/1eMEHTOB, PACMNONOXEHHbIX B
onpeaeneHHoOM nopagke, OPUEHTUPOBAHHbIX M BO3OYyXKAaeMbIX TaK, YTOObl NONYYUTb
33[laHHYI0 AMarpammy HanpaBAeHHOCTW, Ha3blBaeTcA aHTeHHou peweTKon (AP). B
3aBMCUMOCTM OT PACNOIOXKEHUA 31EMEHTOB PA3/INYAIOT JIMHENHbIE, NMOBEPXHOCTHbIE U
obbeMHble pelleTKn, cpean KoTopbix Hanbosee pacnpoCcTpaHEeHbl NPAMOJIMHENHbIE U
N/IOCKME aHTEHHbIE peLUeTKu.

[pocTenwen ABnAeTCcA NMHENHAA IKBUAMUCTAHTHAA AP. Y TakoM peleTKu nany4vawuime
3N1eMEHTbl PACMNONOXEHbl Ha NPAMON JIMHUN C OAUHAKOBBLIMU PACCTOAHUAMMU MENKAY
COCeaAHUMM N3NYHAOLWMMN INeMeHTaMMN.

PaccmoTpmMM NUHENHYI0 3KBUAMCTaHTHYIO AP 13 n JIC3B , pacnonoKeHHbIX ¢ warom d.
Obuiee m3ny4yeHHOE NoONe, CO3[4aBAaeMOE TAKOM pPeELIeTKOW, PaBHO CyMMme MOnen,
CO34aBaeMbIX KaXablM BUbpaTopom C y4yeTom Pasbl, C KOTOPOM 3TM NOAA NPUXOAAT B
TOYKY HabnoaeHus M.

obpasyowem yrmbl 6 U ¢ C OCAMM CMCTEMbI KOOPAMHAT, HAMPAKEHHOCTb

NEKTPUYECKOro nons E = El + Ez + Eg s oLRCEEE +En, rae El, EZ,E3, E — BEKTOpPbl HANPAXKEHHOCTU 3NEeKTPUYECKNX
noneit, cosgasaembix otgenbHbiMu JICIB. Monaraem, uto dasa Toka nepsoro Bubpatopa pasHa Hymo ([; = ;e 70), a
KOMMAEKCHAA aMNanTyAa TOKa B KaXKA0M BMbpaTope n3BecTHa ¢ yyeTtom adpdeKTa B3auMMHOM CBA3M BCcex BUHBpaTopos
L=Le ¥ [, =1Le %Y, ... [, =I1e /=LY, T.e. TOKM BO BCeX BMOpaTopax paBHbl No amnauTyae, a ¢asa
TOKa B Ka)KJoM U3 BM6paTOpOB oTcTaeT oT pa3bl B NpeablayLlem Ha BeIMYNHY U (NIMHENHbIN 3aKOH n3meHeHunA $asbl).



HAMNPABJ/IEHHbIE CBOMUCTBA AP B H-nnockoctu MPU TIMHEMHOM U3MEHEHUU ®A3bl TOKOB

Y PaccmoTpum npouecc popmMUpoBaHUA HanpaBaeHHbIx cBoncts AP B nnockoctn XOY ana
koTopoit 6@ = 90" . [lna aHanv3a yaobHO npeacTaBuTb AP TaK, KaK MOKasaHO Ha 3TOM
cnange. Ana nobbix AByX coceaHUX nyden, Hanpumep, 1 1 2, pa3HoOCTb Xxoga nyden d, =
d sin @. Mnockoctb XOY saBnaetca obwen H- nnockoctbto ansa Bcex Bubpatopos
peweTkn. B 3TOM nNOCKOCTM  Kaxkaplh  BubpaTtop peweTkn He obnapaer

@ HanpaB/AEeHHOCTbIO, T.e. ero amnamtyaHaa OH B nonApHOW cucteme KOOpPAMHAT eCcTb
OKpPYXHOCTb. HanpaBneHHble cBoncTBa AP onpegensawTca: BeJUYUHaMu d, n un .

| MMeHHO 3T napamMeTpbl U AONXKHbI BXOAUTb B MHOXKUTENb CUCTEMDI.

5 [na NMHEeNHON 3KBMAUCTAHTHOM AP HeHanpaB/eHHbIX U3ny4YaTenen c pacnpeageneHmem

TokoB [, = e /¥, [, = L,e™/?¥, ... [, = LLe 7™ D¥ pesasucumo ot 3HaueHua P,

Jsine HOPMUWPOBAHHbBIN AMNANTYAHbIN MHOXWUTE/Ib CUCTEMbI MUMEET BUA,:

Sin[n(kd sin —Y)
Fc(QO) — [1/fc(§0m)] { Sin[kd sirf qo—l,b] }

3aKN0YEHHOro B GUTYpHble CKOOKM, B HaNpaBAEHUM ITaBHOTO MaKCUMyMa @ = @, k =
2m /A  — KoaddpuumeHT d¢asbl BOAHbI B CcBOBOAHOM MpoOCTpaHCcTBe. BennuumHa
(kd sing — ) - a0 casur a3 mexay nonamu AByx coceaHux BUbpaTopos B Touke M.
Mpu atom kd sin @ y4nTbiBaeT NPOCTPAHCTBEHHbIA caBUr a3, a P - caBur ¢a3 TOKOB
coceaHMX BubpaTopos.

, tae fo(@r,) — 3HaYeHne MHOXKUTENA CUCTEMBI,




HAMNPABJIEHHbIE CBOMUCTBA AP B E-nnockoctv MPU IMHEMHOM U3MEHEHUU ®A3bl TOKOB

PaccmoTtpmm AP 13 n oamnHakosbix JICIB, opueHTUPOBAHHbIX BAONAb OCU Y U pacnosioKeHHbIX C
warom d. Tokn BO Bcex BMbBbpaTopax paBHbl MO amnanTyae, a pasa mMeHsAeTca No JIMHENHOMY
3aKoHy. B E — nnockocT, Hapagy C MHOMKUTENeM CUCTEMbI, HEeOBbXOAMMO Y4YuUTbIBaTb W
cobcTBeHHble HanpaB/ieHHble CBOWCTBA 3/1eMeHTa pelleTkM. XH 3Toi AP pelueTku, umeeT BUA,;
f(©) = (@) f (), rae frcog(@) - HeHopmupoBaHHaA amnauTyaHaa XH ogMHOYHOro
BMbpaTopa; f.(¢) — HeHopMmUpoBaHHaA GYHKUMA MHOXKUTENs cuctembl AP. dopmyna asnseTcs
UANIOCTPaUMEN «TeopemMbl NepemMHOXeHUA»: amnanTyagHaa XH U3 n naeHTUYHbIX BUBpaTopos
npeacrasnfeTca npovsseaeHnem amnantyaHo XH ogHoro Bubpatopa ficag(@) n mHOXKMTENR
cuctembl f.(@), yunTbiBalowWwero MHTepdepeHLMIo Nonei ot n BM6PaTopos.

NU3BectHO, 4TO frcag(@w) = |[cos(klsin @) — coskl]/cos@|. MHoxutenn cuctembl 8 H—
nnockoctu u E - nockoctn oanMHaKoBb!:

f-(@p) = |sin[n(kd sin ¢ — ) /2]/sin[(kd sin ¢ — ) /2]|. HopmuposaHHasa amnanTygHaa XH
nmeet BUA;

[cos(kl sin ¢)—cos kl] sin[n(kd sin -v)
- 2
F(p) = |[1/f(@r)] X o5 0 X o | ge  Flou) )

MaKcMManbHoe 3HadyeHue oyHKuuKM f (@), aBnsaoweinca nponsseseHMem BTOPOro M TpeTbero
MmHoXuTenen. BennumHa (kdsing —yP) 310 casur ¢as mexay nonaMM ABYX COCEAHUX
BubpaTtopos. Mpun atom kd sin ¢ yunTbiBaeT NPOCTPAHCTBEHHbIN caBuUr ¢as, a P - casur ¢as
TOKOB COCeAHMX BMOpaTopoB. B 3aBMCMMOCTM OT 3HAYEHUA 1P U3MEHSETCA MNOJ0XKEHUe
MaKCcuMyma wmsnydyeHusa. COOTBETCTBEHHO Pa3/IMyaloT PeKMMbl HOPMANbHOIO, HAK/IOHHOMO U
0CEBOr0 U3NYyYEeHUA NMHENHbIX AHTEHHbIX PELLETOK.




PEXKUM HOPMA/IbHOIO U3NYHEHUA

Mpn Y =0 Bubpatopbl BO3OYyxKAaOTCA CMHOPaA3HO. U3 Pusnyecknx
coobpaxeHunn cneayet, 4To B H — NNOCKOCTM MaAKCUMyM MU3NYyYEHMUS
OpVEeHTUPOBaH No Hopmanu (@., = 0°) K OCK peLleTKn, TaK Kak B 3TOM
HanpaB/eHUN PA3HOCTb XO4a NYy4Yer paBHA HYAKO W NOAA OTAENbHbIX
BMOPATOPOB CKAaAbIBAlOTCA CUMHGPA3HO. ITO — pPEXMM HOPMAJIbHOrO
(nonepeyHoro) usnyyeHna. HopmupoBaHHaA amnanTtyaHada XH wmmeet
ua: F.(¢) = |sin[n(kd sin¢@)/2]/n sin[(kd sinp)/2]|. B  kauyectse
npumepa npusedeHa [H peweTtkn u3 4yetbipex BMOpaTopoB N =4 u
paccToaHuem mexay subpatopammn d = 0,54,

AnA peweTtkn, n3obparKeHHOM Ha HUXKHEM pUcyHKe, npn P = 0:

sin [n(kdzsin cp)]

|cos(kl sin @) — cos kl] y

F(p) = [[1/f(or)] X

[lepBbil  MHOXUTENb  HOPMUPYIOLWMKA, BTOPOWN  MHOXUTENb —
cobctBeHHaa XH otaenbHoro Bubpatopa pelieTkn, TPETUM MHOXUTENb
— MHOXXUTEeNb cuctembl. CTPyKTypa $opmy/ibl MONHOCTbIO COOTBETCTBYET
«Teopeme NEePEMHOKEHUAY. ans npumepa npuseaeHa
HOPMWUPOBAHHAA  amnautygHaa  [H peLleTKu M3  YyeTblpex
NOJIYBOJIHOBbIX IMHEMHbIX CUMMETPUYHbIX 3IEKTPUYECKUX BMOPATOpPOB
(n =4, = A/4) v pacctoaHnem mexxgy Humm d = 0,5A1.




PEXXUM HAKNTOHHOTIO U3BNNYYEHUNA Ha pucyHKe nsobpakeHa AiMHenHada sksnagmuctaHTHaa AP. Eé

HopmunpoBaHHaA XH B H — nnocKocTu:
n=10: (cin [n(kd sin ¢ — gb)]\

1?10 d =0,254; 2
%

F.(p) = [11/fc(@r)] 3 —— .
0 \ Sin[kdsmzw l/J] |

MycTb 3Ha4yeHMe $a30BOro cagura Y ya0BNETBOPAET YCAOBUIO:
0 <y <kd. 3a4a4MM TaKoe 3HAYEHME yra @, NPU KOTOPOM
byaeT BbINONHATLCA paBeHCTBO kd sin @ = 1. MocnepHee
O3HA4aeT, YTO Pa3HOCTb a3 3a CYET PA3HOCTU X043 AN COCeAHUX
BMOpPaATOPOB KOMMEHCUPYETCA cABUIOM Pa3 n3-3a HECUHPA3HOCTH
nx Bo3byxaeHna. KomneHcauma HacTynaeT, Koraa

4 kd sin ¢ — 1 = 0, oTKyaa MOXHO onpeaennTb 3HaYeHNE
a) 6) sin., =yY/kd, rpe @, —3Ha4yeHUe yrna, Npm KOTOPOM NMeeT
MECTO MaKCUMYM U3NyYeHUA.

Mpu BO3pacTaHuM Y oT Hyna A0 kd HanpaBAeHME MAKCMMyMa OTKNAAHAETCA OT HOPMA/M K OCU PELLETKU U
npmMbamKaeTca K eé ocu, T.e. Yron @, OTKNAHAETCA B Ty XKe CTOPOHY, B KOTOPYIO NPOUCXOAMT OTCTaBaHue ¢asbl
BO3OYKAEHNA 3INeMeHTOB pelleTku. NocnegHee nantoctpupyetca npmsegeHHon [H. M3meHeHue yrna @, 3a
cyeT BapuaumMm $a3oBOro casura TOKOB 1Y  OTKPbIBAeT BO3MOXHOCTb YMNpaB/ieHMA HanpasaeHUem
MAKCMMANIbHOro u3nydyeHna amnantygHon OH. YKa3aHHOM BO3MOMHOCTbIO YacTO MOJIb3YHOTCA Ha MPaKTUKE.
TexHn4eckaa peanusauma obecrneyeHUA HYXKHOro 3HayeHWA napameTpa Y ABNAETCA CAMOCTOATE/IbHOM
NHXXEHEPHOMN 3a4a4en, KOTopasa peLllaeTcs ANA KOHKPETHOro TUMNa aHTEHHOW pPeLLEeTKM.




PEXKUM OCEBOIO USNYHEHUA
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HopmuposaHHas amnanTtyaHasa XH 8 H — nnockoctu: F.(@) = ‘[1/fc(<pm)] {
2
MycTb 3HauYeHMe dpas3oBoro casura Y yaosnetsopseT ycnosuio i = kd. B sTom cayyae, Kak cneayeT 13

sin ., =y/kd, ¢., = 90", To ecTb HabnloaaeTca cMHPa3HOE COKEHME Nonei oTAeNbHbIX 91eMeHTOB. 3To —
PeXMM 0CEBOrO U3ny4yeHUs. Ha BTOPOM pUCyHKe NoKa3zaHa HopmupoBaHHaa AH, dopmunpyemasn npn Y = kd .
Mpn Y > kd ocHOBHOWM nenecTtok aMnNANTYAHOM AnarpaMMbl HANPABAEHHOCTM CyXKaeTcAa (MPU OAHUX U TEX XKe
3HAYeHUAX 1 U d). ITO XOPOLIO BUAHO, ECIN CPABHUTbL ANArpPaMMbl BTOPOTO M TPETbEro pPUCYHKa. MNpouecc
CY>KEHMA OCHOBHOTO /IenecTka ¢ POCTOM ) NPOAO/IKAETCA BMNJIOTb [0 HEKOTOPOrO rPaHUYHONO 3HAYeHWA Y, =
kd + 2w /n, Korga makcMmanbHoe usnydeHue snepes (Boonb ocmn) ocnabeBaeT M BO3pacTaeT YPOBEHb
HOKOBbIX 1ENECTKOB, YTO UNNHOCTPUPYET YETBEPTLIN PUCYHOK.



OBLUE CBEAEHMA O6 AHTEHHAX BEIYLLEN BO/IHbI

Heobxoanmbin caur ¢pas TOKOB B anniemeHTax AP MOXHO co34aTh ¢ nomoulbio pasoBpaliatenen. OaHako npoLle
nocsenoBaTeIbHO BO30OYXK4aTb 3/1EMEHTbI PeLlEeTKM C NOMOLLbIO Beryuen aneKTpomMarHMTHOM BOHbI (Hanpumep,
C NMOMOLLbBI JIMHUM MUTAHUA), PACNPOCTPAHAOWENCA BAO/b OCU PELUETKM OT Hayasna aHTEHHbl K €€ KOHLUY C
onpeaeneHHoON pa3oBOM CKOPOCTbO V. NogobHbIN cnocob BO3OYXKAEHUA INEMEHTOB MOCAYXWU OCHOBAHMEM
Ha3blBaTb TaKYyl0 aHTEHHYIO pelleTKy aHTeHHoW beryuwen BonHbl (ABB). B ABB TOK B mocneaytowem sfieMeHTe
OTCTaeT no ¢gase OT TOKa B nNpeablaylwem Ha BennunHy Y = fd, rae d — pacctosHue mexay anemeHTamu, ff =
k(c/v) — koadduumeHT dasbl, ¢ - ckopocTb ceeTa. B utore Y = kd(c/v). Npu BO36YKAEHUN BUBpPaATOPOB
GeryLeit BONHOM MOXKHO 3anucath: I, = [;e Ik€/Ma [ — [ e=ij2k(c/v)d | = [ e=Jk(n=1)(c/v)d Orciopa
MOKHO CAenaTb BbIBOA, YTO BCe POPMY/bl ANA aHTEHHbIX PELLETOK, NPUBEAEHHbIe Bbile, cnpaBeanunsbl ans AbBB
BOJIHbI, €C/IM B HUX OCYyLLeCcTBUTb noactaHoBKy Y = kd(c/v). B yacTHocTM, XH MHOXuUTena cuctemobl byger:
F.(¢) = |[1/fc(@ea)] sin[nkd(sin o —c/v)/2]/sin|(kd(sin ¢ — c/v))/2]|.

BennuuHa c/v = Y /kd- koapdpuumneHT 3ameaneHuns. Pexxum pabotbl ABB 3aBUCUT OT 3HaYeHUA KoaddULMEHTa
3ameanieHna. TaK, pexMm HopmasabHoro (nomepeyHoro) wusnyyeHua peanmsyetca npu c/v = 0. Pexumy
HaKNOHHOro u3nyyeHua cootseTcTByeT ABB ¢ 6bicTpoit BoaHOM (c/v < 1). Mpwn 3TOM rNaBHbIA NenecTok
amnantygHon [1H HaKNOHEH B CTOPOHY ABUXeEHMA BO3OY)KaaloLWen BONHbI. B pexxmume oceBoro nsnyyenms AbB
[O/I)KHa BO36Yy»KaaTbca measieHHon BonHon (c/v = 1). NoapobHbih aHann3 paboTtbl ABB no3sonfer caenatb
BbIBOJ, O BO3MOXHOCTU onTumMmm3aumm ABB no ycnosuto nonydyeHma makcumanoHoro KH. Ha NPaKTUKe
NCNONb3YIOTCA Pa3HOOOpa3Hble TUMbl aHTEHH, KOTOPble MO NPUHUMUNY AeNcTBUA OTHocATcA K ABB (aHTeHHa
BO/IHOBOW KaHan, CnupajbHaA aHTeHHa, aHTEHHa MOBEPXHOCTHbIX BOAH W Ap.). JnAa KaXKaoro Tuna aHTEeHHbI
CYLLLECTBYIOT CBOM OMnpeaeneHHble TeEXHUYeCKmne cnocobbl AOCTUXKEHMA TPeOYeMbIX ONTUMAJIbHbIX CBOMCTB.



NOHATUE O HENPEPbIBHOM JIMHEMHOM WU3NYYATE/E

L/A =3

270

PaccmoTpum nposod, AnMHON L ¢ beryuieit BosIHOM ToKa. [py opuMeHTaumMn nNpoBoaa BAONb OCU Z TOK MMeeT BUA
I, =1,e7P% rne I, — amnauTyaa Toka B Hayane NpoBoOAa; B = k(c/v) — koaddnumeHT Ppasbl, ¢ — CKOPOCTb
cBeTa, V¥ — ¢a3oBaA CKOpPoOCTb berylien BoAHbI TOKa B nposogde, k = 2m/A — KoadduumeHTt ¢asbl BOAHbI B
cBOOOAHOM NPOCTPaHCTBE; A — AZIMHA BO/IHbI B NpoBoge. AMNanTyaHyto XH Bcero npoBoga MOXKHO onpeaennTb Kak
XH cuctembl u3 n HanpasneHHbix IIU: f(0) = |f554(0)f-(0)]|, rae fyou(8) — XH oauHouHoro 23U; f.(6) -
MHOXUTE/Ib CUCTEMbI N HEHAMNPaB/IHHbIX U3/1y4aTenein, pasHeceHHbIX Ha paccTtoaHne d Apyr oT Aapyra, ¢ TOKamy,

CABUHYTbIMK No dase Ha yron Y = Bd. Npu goctaTouHo 6onbluoM N umeem fo5,(0) = sin 6, a HopmuposaHHas XH
sin[kL(cos 8—c/v)/2]
kL(cos 6—c/v)/2
3TOM C/y4ae MAaKCMMYyM MHOXUTeNA cuctembl cootsetcTayeT ., = 0. OgHako 39U B 3TOM HanpaBaeHUU BoobLe He
W3/ly4aeT - MaKCUMYM ero U3/ly4eHus opueHTUpoBaH nog yriom 8 = 90° K ocu npoBoaa. B pesynbrate MakcUmMym
[IH nonyuyaetcs B HEKOTOPOM HanpasaeHun 8,,,, < 90°, KoTopoe npu 60nbLOM 3HaYeHUn L/A MOXKHO onpeaenunts
U3 BblpaxeHus B,,,, =1 — A/2L. Npumepbl OH npu pasHbix 3HadeHusx L/A B ceyeHuu, napanienbHOM OCU

npoBoAa, NPUBeAEHbl Ha ABYX PUCYHKaX.

nposoaa ¢ berywei BonHoi Toka F(0) = [1/f(6.,)] sinH{ } O6blyHO cumTatoT, yto ¢/v =1. B



BITNMAHWUE HEPABHOMEPHOCTU AMNNUTYOQHOIO PACMNPEAENEHNA HA ®OPMY OH
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PaccmoTpum fABe aHTEHHble pelleTKM OAMHAKOBOM  AJINHbI,
nmerowne no 10 HeHanpaBneHHbIX CMHGA3HbLIX U3Ny4YaTenem u c
OAMHAKOBbLIM paccToAaHnem mexay snemeHtamm d = 0,251 .
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X pacnpeneneHne «KocumHycomaanbHoro» tmna. XH cuHdasHom AP c
«KOCMHYCOMAANbHbIM» pacnpegeneHnem amnanTyg umeet BUA;:

{sin [n(kd sing — ﬁ)/Z]/sin [(kd sing — ﬁ)/Z]} +

{sin [n(kd sin ¢ + %)/ZI/Sin [(kd sin @ + ﬁ)/Z]}
Ha  HMXHEemM  pUCYHKE MOKas3aHbl ABEe  HOPMMPOBAHHbIE
amnauntygHole AH. CnnowHon nnHuen mnsobparkeHa amnauTygHas
AH, cnHdasHoro paBHOAMNAUTYAHOrO pacnpeaeneHus. ToyeyHas
NINHUA — pe3ynbTaT pacyeTa Ana CMHPaA3HOro KKOCMHYCONAANBbHOIMO»
pacnpegeneHna.CpagHeHne npuseaeHHbix [AH nokasbiBaeT, 4TO
YpPOBeHb nepBoro OOKOBOro nenectka Yy pPaBHOAMMNAUTYAHOMU
CMH}A3HOM aHTEHHOW peLLeTKM Bbille YPOBHA nepBoro H6OKOBOro
NnenecTka Npu cnagatowen amnantyge TOKOB BO3OYXKAEHUA K Kpasm
peweTkn. [lepexos K «KOCMHYCOMAANbHOMY» pacnpeaeneHuto
COMNPOBOXKAAETCA PaClUMPEHNUEM OCHOBHOIO NE€MNeCcTKa AMarpammoil.

fe(@) =




HAMPABJ/IEHHbIE CBOMCTBA NAP NPU PABHOAMMN/INTYAHOM
U CUHO®A3SHOM BO3BbYXKAEHUN SNEMEHTOB

Z A
...... M
%/
17
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L/ / ‘-
d, %
X
MMnockaa aHTeHHaa peweTKa (MAP) nmeet napametpsl: dq; d,; nqy , n, . HeHopmupoBaHHasA amnanTyaHas XH
NAP: (6, 9) = fricas(8, @) f.(8, @), rae ficog(60,9) —XH opHoro BubpaTopa, f.(6,9) — MHOXUTENb

cuctemsl.lpu opueHTaummn BnbpaTopa BAoAb ocn Y

frcas(0, @) = |[cos(kl sin ¢ sin @) — cos kl]/y/1 — (sin )2 (sin 0)2|.

B cnyyae cuHOA3HOroO M pPaBHOAMMAMTYAHOrO BO3OYKAEHMA BMOPATOPOB MHOMMUTE/Nb CUCTEMbI ANA
{sin[n,(kd; sin 6 cos ¢)/2]/ sin[(kd, sin 8 cos @) /2] X}
X {sin[n,(kd, sin8 sin¢)/2]/ sin[(kd, sin 8 sin @) /2]}|

Npou3BoAbHOM nnockoctn @ = const: f.(6,¢) =



HAMNPABJ/IEHHbIE CBOMCTBA NAP B [MTABHbIX MN/IOCKOCTAX
MnPU PABHOAMNANTYAHOM U CUH®ASHOM BO3BYXKAEHUU D/IEMEHTOB

Z 0 Z A
4 . M
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T e— —————— - e e
A A 1 2 n,
2
7 1 T
X / ¢=0 X P = P
a) 6)

Ka*KablM U3 COMHOMKUTENEN COOTBETCTBYET MHOXUTENO CUCTEMDBI IMHENHOW AP, OpUeHTUPOBAHHOM BAOb OCEN
XnY.
Ona @ = const =0
fc(6,9) = (1/ny)|sin|n, (kd; sin8)/2]/ sin[(kd, sin8) /2]].
Ana @ = const =m/2
fc(6, ) = (1/ny)|sin[n,(kd; sin8)/2]/ sin|(kd; sin ) /2]|.
dopmy/ibl C TOYHOCTbIO 0 NOCTOAHHOIO MHOXWUTE/IA COOTBETCTBYET MHOMXKUTENAM CUCTEM JIMHENHDbIX AP,
n306paXKeHHbIX Ha puc. a n 6.



HAMNPAB/JIEHHbIE CBOMCTBA NAP B MPOM3BO/IbHOW NJIOCKOCTU
nPn PABHOAMNIUTYAHOM U CUHO®A3SHOM BO3BYXKAEHUU S/JIEMEHTOB

a) 6
B cnyyae npom3BOAbHOM NAOCKOCTU (0 = CONSt MHOXUTENN CV)ICTEMbI, cooTBeTcTBytowme XH AP, byayT umetb
BUA:
ana AP puc. a
f.(6, 9) = sin|n(kd, sin6 cos ¢)/2]/ sin|(kd; sin 8 cos ) /2],
ana AP puc. 6

f.(8, @) = sin[n,(kd, sin 8 sin ¢)/2]/ sin|[(kd, sin 6 sin ¢) /2].



HAMNPAB/JIEHHbIE CBOUCTBA MNAP B MPOM3BO/IbHOU NJIOCKOCTU
MnPU PABHOAMNNINTYOAHOM U HECUH®PASHOM BO3BYXAEHUU S/IEMEHTOB

[MycTb anemeHTbl MAP BO36YKaatoTCs paBHOAMMNIMTYAHO, HO HE CMHG)A3HO, NpUYem caABUT a3 MexKay TOKaMu
cocefHUX BUBpaTopoB B rOpM30HTaIbHOM pAaay (Baonb ocn Y ) paseH Y5, a casur ¢pas mexay Tokamm
COCeAHUX FOPU30HTA/IbHbIX PALOB paBeH Y. B aTom cnyyae MHOXKUTENb CUCTEMDI:

9 0) = {sin[n,(kd;sin6 cos @ —Y,)/2]/ sin[(kd; sin8 cos ¢ — ;) /2] X}
fe(6, ) = X {sin|[n, (kd, sin 8 sin¢ —,)/2]/ sin[(kd, sin8 sin ¢ — ,)/2]} I’

Kaxabi N3 COMHOXUTENEN COOTBETCTBYET MHOXKUTENIO CUCTEMbI IMHENHOMAP, OPpUEHTUPOBAHHOM BAO/b
ocen X nY:

Ona AP puc. a (npeabiaywmim cnama):
f-(8,¢) = |sin[n,(kd, sin 6 cos @ —Y,)/2]/ sin[(kd; sin @ cos @ — ;) /2]|,

ana AP puc. 6 (npeablaywmii cnama):
f-(8, ) = |sin[n,(kd, sin 8 sinp —,)/2]/ sin[(kd, sin 6 sin ¢ — ,)/2]].

[yTem nameHeHma Y, U P, MOXKHO MEHATb HanpaBAeHNe MaKCUMaAbHOIO U3y4YEHUA COOTBETCTBEHHO MO
yrnam 6 u @, T.e. ynpasnatb [1H B npocTpaHcTBe.



KOJ/IbLUEBbIE AHTEHHDbIE PELLUETKH

B cuctemax paamocBaA3M MPUMEHSIOTCA KOJbLEeBble aHTeHHble peweTkn (KAP) -
M CUCTEMbI M3nyYaTenemn, PacnoioKeHHbIX MO OKPYKHOCTH.
Bnharogaps Kpyroson cummetpumn KAP npumeHAoT ana nonyvyeHmna HeHanpaBaEeHHbIX
2] (B nnockoctn pewetkn) AH, a Takxke gna cosganma AH, cnabo meHarowmxca npu
CKaHMpPOBaHWUM B Npeaenax 360" .
| L L B Ha pucyHke UaHTEHHa pacrionoxeHa B naockocth 6 =90, KOT?paﬂ ABnAeTcA
l/.”!/’l R, | J/ | I\l\T\I Y  a3MmyTanbHOM, a ntobaA NJOCKOCTb <p = const — mepuanoHasnbHoun. KoopgnHatol
Mo 1 3N1eMeHTOB peweTkn: ¥ = Ry, 0 = 90, ¢ = @,, (Ry — paanyc Konbua).
I n I B cOOTBETCTBMM C TEOPEMOMN NEPEMHONKEHNA, HEHOPMUpPOBAHHAA XH KAP:
N1 2 £(8,0) = frcon(8, 0)1:(8, ).
Pn Mpwn opneHTauumn BnbpaTtopa BAO/Ib OCK Z ero amnantygHaa XH:
X v frcoe(0, @) = |[cos(klcosB) — coskl]/(1 — coskl)sin@|.

[OnA pelweToKk C PaBHOMEPHO pPa3MELLEHHbIMM MO KO/bUy M BO3OyXA3aeMbIMWU C OAMHAKOBbIMM amnantygamu J1CIB
KOMMNEKCHY0 aMNnUTyay TOKa n — oro subpatopa: [, = Ile_f‘/’n. MHoXuTenb cuctembl Takon KAP nmeet Bua;:

_ N . . .
fc(H; 90) - |Zn=1 exp[]kRO sin 6 COS((,D _ QDn) _]l/)n] |
3peco: Y, — dasa ToKa B n — om BubpaTope, @,, —asumyT n — oro subpartopa, Ry — paguyc konbua, N —uymncno snbpatopos B
pewere.
Ona wunsnydyeHma ¢ makcmumymom [OH B HanpasneHuu 6., , @.; Heobxogumo, obecneuyntb paBeHCTBO Y, =
kR, sin@., cos(¢., — ¢,). B 3TOM cnydyae MHOXKUTENb CUCTEMbI:

f.(8,9) = |EN_; exp{jkR,[sin 8 cos(p — ¢,) — sinb, cos(py, — eI}



KO/IbLUEBbIE AHTEHHbIE PELLUETKU (npoaon:keHue)

Ha npaktuke npumeHAOT KAP, B KOTOPbIX Non0XeHune amnantyaHbix [H 3aBUcUT OT yrna
Q. NMpnumepom moxet cnymntb KAP 13 JIC3B ¢ amnantygHbimun [IH, MaKCMMyMbl KOTOPbIX
Hanpas/ieHbl BAONb paauyca Konbua. Takme KAP  ucnonb3yoTca Agna nonyyeHuA
cnaboHanpaBAeHHbIX B a3MMYyTa/IbHOM naockocTn AH.

OAHMM M3 HeaOoCTAaTKOB OAHOKO/bLEBbIX AP ABnAeTcA OTHOCUTENIbHO BbICOKMM YPOBEHb
boKoBbIX nenectkoB. CHMXeHUe ypoBHA BOKOBbIX nenecTtkoB B KAP BO3MOXHO 3a cyeT O
YCNOXHEHNA CUCTEMbI BO3DYKAEHMA, AN 3@ CYET HapyLeHna Kpyroson cummetpum KAP.
YMmeHbWwUTb ypoBeHb 6OOKoBbix senectkoB [H MOXHO nytem  MCNONb30BaHUA
MHorokonbLeBbix KAP, yTo genaet aHTeHHY 6onee CI0XKHOMN,



.~
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KHA NTMHENHBIX SKBUAUCTAHTHbIX AP

KHZ B HanpaBieHUM MaKCUMaIbHOro n3ny4yeHmna ntobon AP BbluncaseTcs No
oAHOW 13 AByx popmyn:

2 .
D = 4mf? (O, 1)/ fy Jy £2(6,9) sin6dodo,
D = 471/[02” fon F?(8, ) sin0dOde.

dyHruma F(6,9) = f(8,9)/f (61, @) — HOPMUPOBAHHAA AMNANUTYAHASA
XH AP.

[na BepxHen pelueTkn
£(6,0) = {[COS(kl sin ¢ sin §) — cos kl]/4/1 — (sin ¢)2 (sin 8)2} X

{sin[n(kd sin 8 cos @ —)/2]/ sin[(kd sin 6 cos ¢ — ) /2]}
Ona HUXKHEN peLueTKu

£(6,0) = {[cos(kl sin ¢ sin @) — cos kl]/4/1 — (sin )2 (sin 9)2} X
, {sin[n(kd sin 8 sinp — ) /2]/ sin|(kd sin 8 sinp — ) /2]}

Ana sbluncnenns f (6., Qr,;) HYXKHO NPUMEHUTb ANCKPETHbIE NEPEMEHHbIE
6; v @;, 334aTb UCKOMYIO GYHKLIMIO ANCKPETHBIX apryMeHTOB B Buae fj; U
NPUMEHUTb BCTPOEHHYO QYHKLMIO onpegeneHna makcumyma max(f).



PE3Y/1bTATbl PACHETA KHA, l'IVIHEI?;II:IbIX AP

Zt M
p .
d
1 Y
1 2 n
X @
War MonepeyHble BUbpaTopbI MpoponbHbie BUBpaTOpbI
pelueTku n=10,¢¥ = 0,1l =0,254
d = 0,254 Dy = 11,05 -
d = 0,51 Dy = 21,7 Dy, =104
d = 0,81 Dy =329 Dy, = 16,1
d=1,01 Dy = 14,4 Dy, =19,1
d=1,21 Dy = 12,0 Dy = 16,7

MonepeuHble Bubpatopbl n = 10, [ = 0,254, d = 0,254
0 0,4 0,8 1,0 1,1 1,2 1,3 1,4

. D, 11,05 9,8 7,57 12,0 18,15 22,68 11,7 7,3

B HU)KHeM Tabanue npuBeaeHbl pe3yabTaTbl pacyeTa MakcMmanbHoro 3Havyenma KH AP c
nonepe4YyHbIMU HECUHPA3HO BO3OYyXKAEHHbIMM NOyBOIHOBbIMMK JICIB. CocegHue BUbpaTopbl UMEIOT
cagur ¢as Y = kdé. KoaddnumeHt § = ¢ /v npuHMmaet 3HauyeHua B npeaenax ot 0 o 1,4.



KHA NT1OCKUX AP

[MapameTtpbl NAP: Ny pAaOB 3N1€MeHTOB; N, 3/1eMeHTOB B PAAY;
Z 4 d{ — pacCToAHME MeX Ay CoCeaAHUMM paaamu; d, — paccToaHne mexay

cepeanHamu BubpaTtopoBs B oaHom paay. XH MAP £ (0, @) = frcap(6, ) f.(6, @).
%/ Mpu opmneHTauumn Bnbpatopa BAOb OcU Y':

[cos(kl sin ¢ sin 8)—cos kl]
““\nz— fncan(8, ) = JJ1—(sin ¢)2(sin 6)2
I y PpaBHOAMNAWUTYAHOro BO3byXAeHMA BUOPATOPOB MHOXKUTENb CUCTEMBI A/1A
d, ;- A —’ NPOU3BOJIbHOM NNOCKOCTU (p = const:
1 . } £0,0) = {sin[n,(kd; sin 6 cos ¢)/2]/ sin|(kd; sin 0 cos @) /2] X}
L/ A\ P X {sin[n, (kd, sin 8 sin ¢)/2]/ sin[(kd, sin 8 sin @) /2]}|
d B o6wem cnyyae KHA TAP:

D= 47Tf2 (Hmr Qorﬂ)/fozn f:[fJICBB(Qr <p)fc(9: (p)]z sin QdeQD.

d, = 0,54, dy = 0,54,
n, = 10,1 = 0,251

Peo
~..

. B cnyyae cMHdpasHoro um

\
S

d, = 0,251, d, = 0,54,
n, = 10,1 = 0,251

126,2
95,7
65,6
34,6
21,7

=
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OBLLUUE CBEAEHUA Ob ANEPTYPHbIX AHTEHHAX

AnepTypHble aHTEHHbl — aHTEHHbI, U3lyYeHne Yy
KOTOPbIX MPOUCXOANT Yepes3 PacKpbliB, HAa3blBaeMbli
anepTypoi. K anepTypHbIM aHTEHHAM OTHOCATCA:
OTKPbITbIN KOHEL, BONHOBOAA, PYNOPHas U 3epKaibHasA
aHTEHHbI.

a) ) R)

Kaxablh 371eMeHT anepTypbl MOXHO pPacCMaTpuBaTb KaK 3nemeHT [tolreHca, KOTOPbIM CO34aeT HEKOTOPYH
HaNPAXXEeHHOCTb MoNA B TOYKe HabnwogeHusa. dnemeHT [tOWreHca BBOAMTCA B TEOPUKO aHTEHH B CBA3M C
NPUMEHEHNEM MPUHLUMNIMA 3KBUBANEHTHbIX MOBEPXHOCTHbIX TOKOB. [MPUHUMN 3KBMBANEHTHOCTU: Nose B cBOboaHOM
OT WCTOYHWKOB BHelHern 061acTh, OrpaHMYEHHOM 3aMKHYTOM MOBEPXHOCTbIO, MOMXET OblTb C€0343HO
3IEKTPUYECKMMM U MATHUTHBIMW TOKAMW, pacnpeaeneHHbIMM MO 3TOM MOBEPXHOCTU. B 3tom cmbicne
NENCTBUTENIbHbIE  UCTOMHUKKM, Haxoaslmeca BO BHYTPeHHer 061acTM  aHTEeHHbl, MOXXHO 3aMeHUTb
«3KBUBAJIEHTHbIMUY» MOBEPXHOCTHbIMU  SNEKTPUYECKUMU U MATHUTHbBIMM TOKamMW. BeKTopbl NAOTHOCTU
3KBMBANEHTHbIX :—mempmqecxoro N MAarHUTHOTO TOKOB 3/1EMEHTAPHbIX U31ly4aTeNnen onpeaenatoTcs cbop:v\yna:v\m

—

o2 = [no, ], oM = [no, ], rae My — eAMHWYHAA HOPManb K MOBEPXHOCTU PacKpbIBa, ET n H -
TAHreHUWaNbHble COCTaBAAOLWIME INEKTPUYECKOTO M MArHUTHOFO MoJser B MPOW3BOJIbHOM TOYKE MOBEPXHOCTU
pacKkpbiBa. [lonHAs HanNpAXeHHOCTb NoNA OonpeaenseTcd CyYMMWPOBAHMEM MNOJIEW, CO34aBaeMblX B TOYKe
HabnoaeHUA BceMu anemeHTamu (Bo30yKAEHHOM NOBEPXHOCTH).



U3NYYEHUE BO3BYXXAEHHOW NPAMOYIOJIbHOM NOBEPXHOCTU

MMmeem BO3OYKAEHHYIO NPAMOYTrONbHYO MJIOCKY0 MOBEPXHOCTb Sy C pasmepamu a
n b. CoctoAaHMIO BO3OYXKAEHNA NOBEPXHOCTU Sy COOTBETCTBYET Ha/NM4yMe B3aUMHO

neprneHauKyNApHbIX cocTtasnatowmx E. v H;. YKa3aHHaa OpMeHTauMAa BEKTOPOB

a I Hen3mMeHHa B 11060 TOUKE NOBEPXHOCTU S),.
ﬁz[E <[] ] AnepTypy MOXHO pacCMaTpMBaTb, KAK COBOKYMHOCTb 3/1eMeHTOB tonreHca.
T B obwem cnyyae, Kak amnanTyaa, Tak n ¢dasa Bo3byKaatowero nona MoryT ABAATbLCA
p b g OYHKUMAMKU KOOPAMHAT TOUKM U31yYatoLLEN NOBEPXHOCTU:
< » 5 iR

f'rlf / Y Erm=)70Erof(X,y)€j‘/’(x'3’), rae ETm —  KOMMJIEKCHaA  amnauTyaa
a > » BO3bOyxpgatowero nona; E, — amnantyga BO3Oy)XKAatoWero nonsa B UEHTpe
S, E

/ T / NoBEepPXHOCTH,

f(x,y) — dyHKUMA, xapaKTepmsylowaa 3aBUCUMOCTb aMNAUTYabl BO36yXAaoLWEro
NnonsA oT KOOPAMHAT (amnauTygHoe pacnpeneneHume);

Y(x,y) — dyHKUMA, onpeaensaowan 3aBUCMMOCTb $asbl BO3byKAatoWwero noia ot
KOOPAMHAT TOYKM U3NyYatoLLei noBepxHocTh (pa3osoe pacnpeseneHue).
Bo36y»KAEHHYIO MOBEPXHOCTb CAedyeT PacCMaTpuMBaTb KaK HEKYI BUPTYabHYIO
aHTEeHHY, TaK KaK OHa fABnserca yoobHbiM AnA aHanuMsa obpa3om peasibHOM
aHTEHHbI, KOTOPasA MOMKET MMETb CaMYI0 Pa3HYIO0 KOHCTPYKLMIO.



WU3NTYYEHUE BO3BYXXAEHHOW NPAMOYIO/IbHOM NOBEPXHOCTU (npogonieHue 1)

Pa3obbem NOBEPXHOCTb Ha 3/1IeMEHTapHble nNiowaakm dS co ctopoHamu dx m

dy.

HanpaBneHua B TOUKy HabnwogeHna M, xapakrepmusyemyto yrnamum 0 un @, ot
Z4 LueHTpanbHoro anemeHTa (x =0,y = 0) u OT NPOM3BONBLHOIO 3/1EMEHTA C
- — . KoopAMHaTamMM X,y MOXHO CYMTaTb NapanienbHbiMu. PaccTtoanuna r n 7(x,y)
/o f(X, y) He OAMHAKOBbl — WX 3HauyeHus oTamyatoTea Ha Ar(x,y) =r —7(x,y) =

A
\

Q /A ---------------------- " xcos@sinf + ysingsinf . KomnaeKkcHyo amnauTygy HanpaKeHHOCTU

..

/dS/ anekTpuyeckoro nona dE;,, , co3gaBaemoro B TO4YKe HabnwogeHus
Y MPOM3BO/IbHbIM 3/IEMEHTOM dS, MOXHO BbIPa3UTb 4Yepe3 KOMMIEKCHYH

So 4 / ] aMNANTYAY HanpAXeHHOCTU anekTpuyeckoro nona dE,,, CO34aBaeMoro

b/ LEHTPaNbHbIM  3nemeHTOM:  dEj,, = dEg,f(x,y)e/¥&EY)eikir(xy)
X KomnnekcHaa amnanTyaa ot BCeM NOBepPXHOCTU Sy B naockoctn YOZ
(nnockoctb @ =m/2 ). B nnockoctm YOZ  KOMNneKkcHaa amnautyaa

HanpPAXeHHOCTM aneKkTpuyeckoro nona dEy,, nmeeT ogHy COCTaBAALOLLYIO:
dEym = 00j(E;odS/2rA)(1 + cos8) e /" . KomnneKkcHas amnauTyAa HaNpAMKEHHOCTU 31eKTPUYECKOro
—_—
nona dEy,,, C0343aBaemMoro B To4Ke HabaaeHNA NPON3BObHbIM 31eMeHTOM d.S :

dE,,, = Boj[Erof (x,¥)e/YEY) /212](1 + cos 8) e~ TkT e Tk sin b dxqy, rae y sin@ — pasHoCTb XoAa
mexay r nt(x,y), dxdy = dS.



WU3NYYEHUE BO3BYXXAEHHOWU NPAMOYTIO/IbHOM NOBEPXHOCTU (npogonieHue 2)

KomnneKkcHas amnantyaa HanpaXeHHOCTU 3/1EeKTPUYECKOro nons,
CO3/[,aBaeMoro BCeN NOBEPXHOCTbIO B nnockoctn YOZ:

R Elm — §0E0m —
= 0,j(E.o/2r)e %" (1 + cos 0) X

X [ [ I (x, y)e ) eIy sin 6 dxqy.

BbipaxeHne ana KoOMNAeKCHOM aMNAnNTYAbl HaNPSAXKEHHOCTU 3/IEKTPUYECKOTO
nosa B naockoctn X0OZ:

Eym = BoLpm = Boj(SoEro/2r)e ¥ (1 + cos ) x

x f_‘l';l//ZZ blf/zz [f(x y)eﬂp(x y)e]kx sin e]dxdy

KomnaeKkcHas amnanTtyaa noJIHOM HanpAXEeHHOCTU 3/1eKTPUYECKOro Nos,
CO34aBaeMOro B NPOM3BOJIbHOM TOUKe C KoopauHaTtamu 6, scen
N31y4aloLLEeN NOBEPXHOCTbIO:

= 64j(ELo/2r ) (1 + cos 0) sin @ e /¥ x

+a/2 b/2
-a/2 J-b/2

+@0j(Eo/2r2)(1 + cos 8) cos ¢ e T*" x

9 fj;//zz be/ZZ [f(x y)eﬁ/)(x Y) pJk(x cos ¢ sin 6+y sin ¢ sin 9)]dxdy



HAMNPABJ/IEHHbIE CBOUCTBA UAEA/IbHOWU NJTIOCKOU NPAMOYIO/1IbHOU MOBEPXHOCTU

Hanbonee npocToit Ansa aHanusa cnydan Bo3bykaeHua nosepxHoctv f(x,y) = 1,

Z A
_____ M  Yxy)=0. 3TOT C/ly4a COOTBETCTBYET PaBHOAMMINTYAHOMY U CMHA3HOMY
r/ f(x y) BO36Y>KAEHMIO MOBEPXHOCTM. TaKyto NOBEPXHOCTb Ha3bIBAlOT MaeanbHOM. [ns
g /A """""""""""" 2% Heé: Eiy = j(SoEro/2rA)e /¥ (1 + cos 6) X [sin(kbsin8 /2)]/(kbsin 6 /2).

é / HopmupoBaHHaa amnautyaHana XH Bo36yXAeHHOM naeanbHON NPAMOYTroibHOM
a | LJAS /4 Y nosepxHoCTM B nnockoctn YOZ:
S, ¢

/ Fro7(8) = [[1/f(0:)]1{(1 + cos ) [sin(kb sin 8 /2)]/(kb sin 8 /2)}|.
4 b/ > B nnockoctn X0Z: Fxp7(0) = |1/ (6., {(1 +
X

HopmuposaHHaa amnantyaHaa XH coctasnatowen Eg B NpOU3BOIbHOM NIOCKOCTH, COAEPKaLLLEN OCb Z:
[1/f(6:,)] X (1 + cosB) sing X
Fo(0) = | X {|sin(kasin@ cos ¢ /2)]/(kasinb cos¢ /2)} X|.
X {[sin(kbsin @ sin¢ /2)]|/(kbsinfsine /2)}
HopmuposaHHas amnanTyaHaa XH coctasnstoweit E, B Npon3BO/IbHOM NIOCKOCTH, COAEPIKALLEN OCb Z
11/£(0,,)] X (1 + cosB)cos ¢ X
F,(8) = [X {[sin(kasin 6 cos ¢ /2)]/(kasin 8 cos ¢ /2)} X|.B dopmynax: 1/f (6;,) — HopmMpyroLLWii
X {[sin(kb sin 8 sin ¢ /2)]/(kb sin 6 sin ¢ /2)}
MHOXUTeNb, MHOXMUTENDb (1 + cos §) — HeHoOpmMpoBaHHAA amnanTygHaa XH anemeHTa MonreHca. MHoxuTenn,
BUAA Sin U /U — 3TO MHOXUTeNU cuctemsl. Mpu M3sMeHeHnM yrna 6 oHU N3MEHSIOTCA 3HAYUTENIbHO BbicTpee, Yem
MHoXxuTenb (1 + cos 8). NMNoatomy amnantyaHaa XH B OCHOBHOM onpenensaerca MHOXUTENEM CUCTEMBI.




HAMNPABJ/IEHHbIE CBOUCTBA UAEA/IbHOWU NZ1IOCKOU NPAMOYIrOJ/IbHOU

NMOBEPXHOCTU (npoaoniKeHue 1)

Ona npumepa npuBedeHbl ABE HOPMWPOBaHHbIE amnantygHble [H, dopmupyembie BO36OYyKAEHHOMU
naeanbHOM MAOCKOM NPSAMOYro/sibHOWM noBepxHocTbio ¢ pasmepamun a = 54, b = 10A. NpuHUMNKaNbHO
BaXXHO - 6ONbLWINM NINHENHDBIM pPa3mep b NO CPABHEHUIO C Pa3MeEPOM a ABAAETCS NPUYUHOM 3aMETHOrO
CY)KeHWA rNaBHOro sienectka amnantyaHon AH B8 nnockoctn YOZ no cpaBHEHUIO C rMaBHbIM NE€MNeCTKOM B

naockoctn X0Z.

Z A
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o T 1 T
() 08 N\
/A-—-"“l\ """"""""""" 0.7 X0OZ ELA— voz
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HAMNPABNEHHbIE CBOMUCTBA NMPAMOYIO/IbHOU NZ1I0CKOU CUHPA3ZHO
BO3BY}XJAEHHOW NOBEPXHOCTU NPU USMEHEHUU AMNNTYAbl BO3BYXXAEHUSA

f (x) = const

.

»

Z 4

b

Pacnpeaenenve amnautyabl  f(x,y) =1 , wncnonb3oBaHHoe B
npeablaywem pasgene, MNPaKTUYECKM He BCTPeyvyaeTcAa. ITOT  Cayyau
PACCMATPMBA/ICA KaK naeanbHbliK. B peanbHbIX aHTEHHAX aMnanMTyaa nons
B PAacKpbIBe, KaK NpaBu/o, ybbiBaeT K Kpaam niowaakm, MHoraa Ao HynA.
[lyctb mmeem CcUHGA3HO BO3OYKAEHHYIO MNPAMOYIO/IbHYIO MJIOCKYHO
MOBEPXHOCTb Sy, pacrnonoxKeHHyto B nnockoctm XO0Y  pekapTtosoun
cuctembl KoopauHat XYZ. PaccmoTpum cnydan, Korga M3MeHeHue
aMNInUTYyabl BO3OYKAEHMA BOO/Mb OCKM COOTBETCTBYeT 3akoHy f(y) =

cos(my/b).

Boonb ocu X amnauTyaa Bo3byxaatwouwero nons He meHsercs, T.e. f(x) = 1. Otcioga cneadyet, 4To
HOPMUPOBAHHAA amnantyaHaa XH B nnockoctm XOZ paccumtbiBaeTcA no ¢gopmyne, NpuBeAeHHOM Ha

cnange 23.

HopmuposaHHaa amnantyaHasa XH B nnockoctn YOZ Bbipaxaetca dopmynomn:
F(0)=|[1/f(6.,)] X [(1+ cos@)] x [cos(kbsinb /2)]/[(w/2)? — (kbsin8 /2)?]|.



HAMNPABJ/IEHHbIE CBOUCTBA NMPAMOYIO/1IbHOU NTIOCKOU CUHPA3HO BO3BYXAEHHOM
NMOBEPXHOCTU NPU U3SMEHEHUU AMNNUTYAbI BO3BYXAEHUA (npopon:keHue 1)

f (x) = const

0.875
0.75
0.625
F(0) s
0.375
0.25
0.125

Z 4

f = COS
(y) "

\[-

L1

. 4

L XOZ

O
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0 3 6 9 121518212427 303336394245 §°

[nsa npyumepa paccuntaem HoOpmmpoBaHHble XH ana KeagpaTtHoi (a =
b) nnockoi cnHdasHO BO3OYKAEHHOM NOBEPXHOCTM MPU U3MEHEHUM
amnantya Bo30yxKaeHua Baonb ocem X n Y TaK, KaK 3TO NOKa3aHO
PUCYHKe. HopmupoBaHHble aMNANTyaAHblE Anarpammbl
HanpPaB/IEHHOCTM, MOCTPOEHHble MO  pe3ynbTaTaM  PACYETOB,
npuBeaeHbl Ha pUCyHKe. PeanbHaa amnautygHaa AH cMummeTpuyHa
oTHOocuTeNnbHO ocu opauHat ( 8 = 0). ITo CcBOMCTBO MNO3BONAET
OrPaHUYUTLCA PACCMOTPEHUEM YaCTU AMarpammel.

N3 cpaBHeHna amnantyaHbix [AH cnepyet, 4Tto npu nepexoge oOT
PAaBHOMEPHOIro amMnaAnTyaHoro pacnpeaeneHma (nnockoctb X0Z) K
pacnpeaeneHunto, cnagatowemy K Kpaam M3/ydatoller NoOBEepPXHOCTU
MO 3aKOHY KOocuHyca (nnockoctb YOZ), wmnpuHa amnantyaHom OH B
COOTBETCTBYIOLLEM NNOCKOCTH 3aMEeTHO yBeNM4YnBaEeTCA.
OAHOBPEMEHHO C pacliMpeHnem raBHOro nenectka amnantygHon AH
YMEHbLLAeTca ypoBeHb OOKOBbIX 1ENECTKOB.

Yem pe3ye cnagaet amnauTyaa BO3OyXKAaloWero nond K Kpaam
M3Iy4alolWEN MOBEPXHOCTM, TEM LIMPE [/1aBHbIM  N1€NecToK
amnantygHon H n Tem meHble ypoBeHb OOKOBbIX IENECTKOB.

[laHHOEe CBOWMCTBO M3/y4alOWMX MNOBEPXHOCTEN HaXOAWUT LIMPOKOE MNPAKTUYECKOe MpPUMEHEeHMe. ITo XKe
NONIOKEHME cnpaBeasMBO ANA AUCKPETHbIX aHTEHHbIX pPeLeToK



U3NYYEHUE BO3BYXXAEHHOW KPYI/IOM NOBEPXHOCTU
Z Z A
[
E xH,]

>

IT=|E xH
s R , Nmeem cnHpasHO BO3OYKAEHHYIO KPYTAYHO NAOCKYIO
0 > > S, NOBEPXHOCTb Sy € pagmycom R,. Bo3byxaeHne NoBepPXHOCTH
E, ‘ npeanonaraeT Ha/IMume Ha Her B3aMMHO NepneHaNKYNAPHbIX
/ V=R, coctasnaowmx E- n H;. YKazaHHasA OpMeHTauua BEKTOPOB
X X HenameHHa B 1H06OM TOUKE NOBEPXHOCTU Sj. BO3OYKAEHHYIO
a) 6) NMOBEPXHOCTb MOYKHO PACCMaTPMUBATb, KaK COBOKYMHOCTb

3/1eMeHTOB tonreHca.
HanpasneHna B TOuky HabnwogeHuna M, xapaktepusyemyto yrnamm O u @, OT LEHTPAsbHOrO 3/jemMeHTa C

KoopguHatamu p = 0,7 = 0 M OT NPOM3BONLHOIO 31EMEHTA C KOOPAMHATAMU P,y ANA [aNbHEN 30HbI MOMKHO
CYMTATb NapannenbHolMu. PpacctoaHma r u 7(p,Y) He OAMHAKOBbI — UX 3HaYeHUA oTamyatoTca Ha Ar(p,y) =1 —

7(p,v).
Amnantyga un ¢asa Bo3bOyKAaloOWero nona MOryT fBAATbCA PYHKUMAMU KOOPAMHAT TOYKU M3NY4YaloLEMN

NMOBEPXHOCTH, T.e. ETm=)70ETOf(p,y)ej‘/’(p’V), roe E;p — amnauTyga Bo3OyXKAalowero nosaa B LEHTpe
nosepxHoct; f(p,¥) — OYHKUMA, XapaKTepusyollaa 3aBUCUMOCTb aMMAUTYAbl BO3DOY»KAalOWeEro nons oT
KoopauHat (amnautyaHoe pacnpegenenune); Y(p,y) — oyHKUMA, onpeaenawollas 3aBUCUMOCTb  ¢asbl

BO3OYXKAatoLWero nonsa oT KOOPAMHAT TOYKM MU3ydatoLLen noBepxHocTH (ba3oBoe pacnpeaenerHume).



HAMNPABJ/IEHHbIE CBOUCTBA UAEA/IbHOWU KPYI/TIOU NOBEPXHOCTU

. - Hanbonee npoctoir, koraa f(p,y) = 1, Y(p,y) = 0.

I 3TOT C/AyyYyal COOTBETCTBYET  PaBHOAMMAUTYAHOMY WU
] ) % cuHbasHoMy BO3OYXKAEHUIO MOBEPXHOCTH, T.e. NOBEPXHOCTb
! asnsercs naeanbHoOM. KomnneKcHble aMmnanTyabl
HaNPAXXEHHOCTU INEKTPUYECKOro Noas B naockoctn YOZ:
Elm = éoEem = éof(EwSo/T/l)e_jkr
s (1+ cosO)[J;(kRysinf)/kR, sinf],

SR B nnockoct XO0Z:

X X EZm = (ﬁOEcpm = Poj (EzoSo/rA)e 7K
2) 6) (14 cosO)[J;(kR,ysin8)/kR, sin8].
B atux ¢popmynax J;(kR,sin8) — ¢pyHKUMA Beccensa nepsBoro poaa nepsoro nopagka ot aprymeHta kR, sin 6.
AHaNUTUYECKME BbipaxkeHUs Eg,, U E<pm OAMHAKOBbI. ITO CNpPaBeA/IMBO TONbKO A4 [NaBHbIX naockocten (@ = 0

@ = m/2). HopmmnpoBaHHana amnantyaHas XH Bo3byKAeHHOW UaeasibHOM KPYI/IO NOBEPXHOCTU B NIOCKOCTAX
YOZ van X0Z: F(0) = |[1/f(6.)]{(1 + cosO)[J,(kRysinB)/kR,sinf8]}|. HopmuposaHHas amnautygHaa XH
B MPOM3BOJIbHOM MJJIOCKOCTU, COAEPIKALLEN OCb Z, byaeT TakXe onpeaensatbCcs 3Tom Gopmy/sion, T.e. MHOXKUTEND
CUCTEMbI, KakK PyHKUMA yrna B, oT yrna @ He 3aBMUCUT. DTO ABAAETCA CNeACTBMEM OCEBON CUMMETPUN aMNAUTYAbl
Bo3bykaeHuna. Ji(kRysin@)/kRysinf — 3T0 MHOMWTENb CUCTEMbI, KOTOPbIA NpPU U3MeHeHuu yrna 6
M3MEHSAETCA 3HauuTeNbHO ObicTpee, yem MHoxutenb (1 + cos@). MNoatomy amnamtyaHaa XH Bo36y*KaeHHOWM
naeanbHOM KPYrnom noBepxXHOCTM B OCHOBHOM OMNpeaenaeTca MHOXUTE/IEM CUCTEMDI.




HANPAB/IEHHbIE CBOUCTBA UAEAJIbHOW KPYI/IOMN MOBEPXHOCTU (npoaonkeHue 1)
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[narpammbl HanpaB/IEHHOCTU Ha puUC. a
M puc. 6 COOTBETCTBYIOT paguycy
nosepxHoctm Ry = 54 Mpn  3toMm
Aunarpamma Ha puc. @ NOCTPOEHa B
NPAMOYFONbHOM CUCTEME KOOPAMUHAT C
JIMHENHbIM MacwTabom No ocn opAauHar,
a Ha puc 6 3Ta *Ke gmMarpamma nocTpoeHa
C norapudmmyeckMm macwtabom no ocu
opAMHaT. [Ana cpaBHEHMA Ha pUC. 8 U pUC.
2 MOCTPOEHbl aHaJIOTUYHbIe AMarpaMmMmbl
ana  nosepxHoctm Ry = 104 Ha
npuBeaeHHbIX PUCYHKax XOpPOLLO
NPOCMATPMUBAETCA 3aKOHOMEPHOCTb — C
POCTOM 3Ha4yeHUA pagunyca Habnogaetca
Cy)XeHue [MaBHOrO nenecTKa 7
YBENNYMNBAETCH 4ynucno HOKOBbIX
NIeNecTKoB.



HAMNPABNEHHbLIE CBOMCTBA KPYI/TIOM CUH®A3HO BO3BYKAEHHOW NOBEPXHOCTU NPU
EE HEPABHOMEPHOM BO3BYXXAEHUN BAOOJ1b PAOUYCA

. [ycTb amnantyaa Bo3bYKAeHMA YMeHbLUAeTCcA OT LeHTPa K Kpaam
f(%ojzlj(l_A)[R%j BO36Y}KAEHHOM NOBEPXHOCTU NO KBaApPaTUYHOMY 3aKOHY:

1 f(p/Ry) =1—(1—-A)(p/Ry)? roe A — oTHOCUTENbHbIN YpOBEHb
061y4eHMna KPOMKM 3epKana (OTHOLLIEeHMe aMMANTYA TaHreHLMATbHbIX
COCTaBAAOLMX HAMPAKEHHOCTEN 3N1EKTPUYECKOro NoasA Ha KPOMKe U

AP B LLEHTPEe MOBEPXHOCTM).Y KPOMKM NOBEPXHOCTU (p = Ry) amnantyga
Ry 0 Ry paBHa E (1 — A). ®yHKumAa, onpeaenaeman popmynon npuseaeHa
o0 ' Ha  puUcyHKe. HopmwupoBaHHaAa amnanTyaHaa XH  Kpyrnown
08 AN noBepxHocTn B nnockoctn XOZ AnA Takoro 3akoHa BO36OyXAeHuA
F) 38 EAN onpegenaetca no dopmyne:
0.4 “N\ [1/f(6,,)](1 + cos 8) x
0.3 "
0.2 = F(8) = { 2A[J;(kRy sin8)/kR, sin 0] + } :
0o 2 4 6 8 10 1-?14 16 18 200 +4‘(1 _ A) [IZ (kRO Sin 9)/(kRO Sin 0)2]

B dopmyne Ji(kR,sinf) — o¢yHKuma beccena nepsoro poga nepsBoro nopagka oT aprymeHta kR,sinf;

Jo (kR sin 8) — dpyHKuma Beccens nepBoro poaa BTOPOro nopAgKa ot aprymeHTta kR, sin 8. Ha pucyHKe nokasaHbl
HOPMWPOBAHHble amnantygHble XH cuH®a3HO BO3OYXKAEHHOM KPYrOM MOBEPXHOCTUM ANA ABYX CAy4vaeB: AnA
CnajatoWero K Kpaam pacnpegenenmsa n paBHomepHoro. CnaowHasa AMHMA COOTBETCTBYET amnanTtyaHou AH npwu
CMHPA3HOM, HO HEPABHOMEPHOM aMMNAUTYAHOM BO3OYKAEHUM MNOBEPXHOCTU. [lYHKTUPHAA ANMHMA — MpU
CMH}A3HOM N PAaBHOMEPHOM aMN/INTYAHOM BO3OYXAEHMN NOBEPXHOCTM.



B/IMAHUE ®A30BbIX MCKAXKEHUM
HA HAMPAB/IEHHbIE CBOMCTBA BO3BYXAEHHOW NMOBEPXHOCTH

Z A

...... M MpeanonoXmnm, 4To NPUMEHUTENBHO K NPAMOYIO/1bHOM NOCKOM BO3OYKAEHHOM
r NS in . MOBEPXHOCTU PYHKLMM pacnpeseneHma amnanTya n ¢as saonb ocen Y n X

NS r(X, Y) Hesaucumbl: f(x, y)elP®Y) = £(x)f(y)e/¥®e/¥W) 3 necundpasHocTb

4 BO36YKAEHWA Hab/IOAAETCA TONBbKO BAONb 0gHOIM ocu Y. Toraa: f(x, y)e/P&Y) =

Y npeaenax NoBepxHOCTU HensmeHHa, T.e. f(x) = f(y) = 1. B atom cayvae:
f(x,y)el¥®y) = e/¥0) pacnpegenetue dbasbl Nons MO KOOPAYHATE Y MOKHO

a
S ® x

npeacTaBuTb B BUAE CieAyoLWero cCTeneHHoro paaa:

FOOf()el?Y). Bygem cuntath, 4To amnanTya BO36YKAAIOLWErO NOAA B
é dsS

lp()’) = lleaKc[y/(b/z)] + +¢2Maxc[y/(b/2)]2 + +¢3Ma1<c[y/(b/2)]3 +°'°°,

0
A £ K
b/ rae Yivaxer Yomace Wamaxe Y T-4.— MAKCMMaNbHble 3Ha4YeHUA $a30BbIX CABUIOB Ha
X Kpasx BO3by»KaeHHOoW noBepxHocTh (y = + b/2).

MOHOTOHHbIE U3MeHeHUA Ppasbl BO3OYKAaOLLEro MO/, KaK NPaBU/IO, C 40CTAaTOYHON TOYHOCTbIO NPEeACTaBASAIOTCA TPEMA
NepBbIMU YNeHaMU pAaa: IMHENHbBIM, KBaZPaTUUYHbIM U KYOUYHbIM. PACCMOTPUM BINAHUE KaXKA0ro 13 3TUX Y1eHOB
pa3aenbHo. Tak KaK $pasa Bo3byKaatowero nons USMeHseTcs BA0/Ib pasamepa b Bo36yKAeHHOW NOBEepPXHOCTU, TO ANA
OUEHKMU BAUAHMA HECMHPA3HOCTU A0CTAaTOYHO PACCMOTPETb HanpaB/ieHHbIE CBOMCTBA TO/IbKO B nsiockoctn YOZ.



BIMAHUE NMHEWHOTO PACMPEAENEHUA ®A3bl HA
HAMNPABJIEHHbIE CBOUCTBA BO3EYXXAEHHOW NOBEPXHOCTU

MNpu nnHeitHom pacnpegeneHnn ¢asbl Y1 (V) = Yiyaxcl2y/b]. Tpaduk

dyHKUMA P4 (y) npeacTtaBneH Ha pUcyHKke. HopMmmnpoBaHHaa aMmnanTyaHas

v (y) :wlmax(b/izj XH B nnockoctm YOZ :

. F () [1/£(8:)](1 + cos 6) X

I_Wlmax [Sin(kb sin 0/2 o ¢1MaKC)]/(kb sin 9/2 _ lleaKc) ’

rae f(6.,) — HOPMUPYIOLWUI MHOMKUTEND).

HopmupoBaHHble amnantyaHble AH B nnockoctn YOZ npuBeaeHbl Ha

puc. 6. NMyHKTUpHasa nnHua cooteeTcTByeT JH naeanbHomn, T.e. cMHPa3HOM

Xy PaBHOMEPHO BO3DOY)KAEHHOW, MOBEPXHOCTU C pa3mepom b =51 .
6) AVArpaMMbI HaNpABNEHHOCTH CnaowHana MHUA COOTBETCTBYET AMarpaMMe HanpaBAEHHOCTM 3TOMN Ke

1 Ty NOBEPXHOCTU, HO NPU HANUYNU IMHENHON HECUHPA3HOCTM.

_ R //:___ \\ P CpaBHeHMe 3TUX AumarpamMm TMOKa3biBa€T, YTO JIMHEMHbIA 3aKOH

. Lmex ‘ \\‘ Lmg n3mMeHeHna ¢a3bl BO3OYXKAAWOLWEro MNOAs MPUBOAUT K U3MEHEHMUIO

04 : / : Y\ Hal'lpaB:l'IEHI/IFI MaKCUMaNbHOIo mnsnyvyeHua. imarpamma HanpaB/IeHHOCTU

2:0 - A\ / L \ noBopayvYnNBaETCA obAasatenbHO B CTOPOHY OTCTaBaHUA ¢a3b|

01/\\/"\\// ; \V/ o / = \//A 6 M

o e M L L L -'400303 yKKA4arwowero nosA. oBOpOT AUnarpamMmmbl HamMpasieHHOCTU, T.e.
ynpasaneHne e nyrem UameHeHunA 3Ha4YeHuAa CcaBura ¢a3b| lp, Haxo4aunT

LN POKOE NpUuMmeHeEHNE B aHTEHHOM TEXHUKE.

a) nNuHenHoe pacnpegeneHue asbl

+ l//lmax

QD
v




BTIMAHUE KBAOAPATUYHOIO PACNPEAOE/NEHUA ®A3bI HA
HAMNPAB/IEHHbIE CBOUCTBA BO3EYXXAEHHOW NOBEPXHOCTU

a) KBagpaTUyHoe pacnpeneneHve dasbl

()
l/lz(y) - WZmax(b/zj

Wz maxI—

v <

X v

©) amnarpammbl HaNpPaBfEHHOCTU

F(U)O:E’ ¢2 max O

Mpun kBagpaTMuHom pacnpegenenmn dasbl Y, (V) = Woranc[2Y/b]?. Tpaduk
dyHKumMA Y, (y) npeactaBneHa Ha puc. a. HopmnpoBaHHbie aMNIUTyAHbIE

[OH B nnockoctn YOZ npuBeaeHbl Ha puc. 6. B KayectBe aprymeHTa no ocu
abcumcc 3agaH o6obuweHHbIM napametp u = (kb/2)sinf. MNyHKTUPHaA
nuHua cootsetcteyer [IH waeanbHon, T.e. CUMHPA3HOM PaABHOMEPHO
BO3OY)XAEeHHOMN, NOBEPXHOCTM C pa3mepom b = 5A. CnaowHaa ANUHUA
cooTBeTcTByeT [AH 3TOM Ke MOBEPXHOCTU, HO MPU HANNYMWU KBAAPATUYHOM
HeCUHGA3HOCTU NPU Yo yawe = T/ 2. KBagpaTuuHOe pacnpeneneHune ¢asbl He
Bbi3blBaeT nosopoTta [H, 4to ABnsetrca npAmMbIM CneacTBUEM CUMMETPUMN
pacnpeaeneHna OTHOCUTENbHO LEHTPa BO3OYKAEHHOM NOBEPXHOCTH.
BanAaHne KBaapaTMYHOro wmameHeHusa ¢&asbl CBOAATCA K C/eaylowemy:
MCYE3aloT HYINM MexKay nenectkamm amnautygHon [OH; ypoBeHb GOKOBbIX
JIENECTKOB  YBE/IMYMBAETCA;, [NaBHbIM  nenectok amnautyaHon  [H
pacwmpsetca. Npu casurax ¢pas, He npesblwarowmx 7/4 , amnautyaHaa AH
KaK NO LUMPMHE OCHOBHOIO N1enecTka No NOJIOBMHHOW MOLLHOCTU, TakK U MO
YPOBHIO OOKOBbIX NEMEecTKOB MNOYTM He OT/IMYaeTca OT aMNAUTYAHOW
AMarpamMmbl  HanpaB/IEHHOCTU WAEaNIbHOM MNJIOCKOM noBepxHOCTU. [lpwu
3Ha4YeHUAX Pa3 Yoyake = T NPOUCXOAUT PaA3ABOEHME [NTABHOMO NENecTKa, T.e.
KBagpaTuyHoe $a30Boe pacnpedeneHne nNpuUBOAUT K UCKAXKEHMUIO
aMNIUTYAHOM AMarpamMmmbl HanpaBJEHHOCTMW.



BTNMAHUE KYBUYHOIO PACNPEAENEHUA PA3bI HA
HAMNPABJIEHHbIE CBOUCTBA BO3EYXXAEHHOW NOBEPXHOCTU

MNpn  KybuuHom pacnpegeneHnn  dasbl  Y3(Y) = Yayarcl2V/b]3
a) kyuHoe pacnipeaenenie dassl XapaKktepHbiit rpadpmk oyHkummn Y;(y) npeactaBneH pucyHke. dasa
%(y):%max(if pacnpegeneHa HECMMMETPUYHO OTHOCUTE/NIbHO LEHTPa BO3OYyKAEHHOM
b/2 nosepxHoctn. ®opmyna pgna amnaumtyaHonm XH Takom NOBEPXHOCTU
W V5 m 4ype3Bbl4aMHO TrpPOMO34Ka WM 34eCb He npuBoaAuTcA. HopmUpOBaHHbIE
amnautygHole OH B nnockoctn YOZ npuBegeHbl Ha puc. 6. B KauectBe
aprymeHta no ocu abcumcc 3agaH 0006WEHHbIN napameTp U =
S, (kb/2)sin@ . TlyHKTMpHaa AuHuMa  cooTsetcTeyeT [IH  umAaeanbHo
BO3OY)KAEHHON NOBEPXHOCTU € pasmepom b = 5A. [H B BMAE cnAOLWHOM
JIMHUN, COOTBETCTBYET PaBHOMEPHOMY BO3DOYKAEHMIO STOM e NOBEPXHOCTH,
HO NpW HaanumMum KybuyHoro pacnpegeneHna ¢asbl. [pun  KybM4HOM
6) AvarpamMMl HanpPaBNEeHHOCT n3meHeHun $pasbl, Kak U NPU AMHENHOM, amnanTyaHaa H noBopaymBaeTcs
0o /I — Hanpas/iIeHNe MAKCMMaJIbHOrO M3/y4EHUA OTKAOHAETCA OT HOPMasn K
EZ p——" //:‘_-" \\’z‘_: @50 =0 NOBEPXHOCTU B CTOPOHY OTCTaBaHMA ¢a3bl. UI'IpM 3TOM amnautygHaa [AH
F(u) 05—t 1 MCKarKaeTcA, OHa CTAHOBUTCA HECUMMETPUYHOM OTHOCUTE/IbHO HaMpaB/IEHMUS
§§ SN \":._ - MaKCUMaAJIbHOTO MU3NYyYEeHUA, YPOBHU OOKOBbIX NE€MECTKOB NO OAHY CTOPOHY
oﬁéf. VRS \h 5| [N1aBHOMO NienecTka yMeHbLAoTcA, a No Apyrylo — ysenuumsatoTca. Mpw
Jl-9-e-7-e-s-4-s2-10 123 4567890 hnanaig)ieM K KpasM  pacnpefeneHuu BAUAHUE W3MeHeHua asbl Ha

dMNINTYAHYIO AUNarpammy HanpaBa€HHOCTN YMEHbLUAETCA.

V3 max I

v <




KHA, BO3BYXAEHHOM NOBEPXHOCTU

dopmyna ana pacyetaDy = (41/A?)Sv, roe S — reomeTpuyeckasa naowaab anepTtypbl, Vv — KO3GPUUMEHT
ncnonb3oBaHma nosepxHoctn (KUM). 3HaueHne KWUIM 3aBucut OT BMAA amnaumtyaHoro wu  $pasoBOro
pacnpeaeneHna Bosbyaatowero nona f(x, y)eflp(x'y). Obwana d¢opmyna pana pacyetra KUM: v =

_ 2
(1/9) (lfs f(x, y)eJ‘/’(x'y)dSl /fS f(x, y)zdS). BTOpPOU MHOXWTENb MMEET Pa3MepPHOCTb KMeTP B KBaJpaTey,

4YTO MNOCAYXWNO OCHOBaHMEM Ha3BaTb ero aeucteywouen (3dpPpekTuBHoM) naowaabio BO3OYKAEHHOMN

_ 2
NoBepxHOCTU: S, = |fs f(x, y)ef‘p(x'y)d5| /fs f(x,y)*dS. Takum obpasom: S, = vS.MponsseseHune vS — 3To

nencreytowan (apdekTneHan) noBepxHoOCTb. Bca npobnema pacueta KH/ Bo36yKAeHHOM NOBEPXHOCTM CBOAMUTCA
K BblYMcneHuto v. 1na Bo3OyKAEHHOW NPSMOYro/ibHOW NOBEPXHOCTU C pasamepamum a X b:

v = [1/(ab)] ( [ J7 £ Go, )9 dyda

amnantyg, wu $a3  Bpgonb  ocen Y m X HesaBucumbl  TO: Vv = [1/(ab)] X
( b

f_%g J2 F1G0f2(y)e/ V12 gy dx
Y1(x) =¢Y2(y) =0 3HaveHune v = [1/(ab)] X (

2 a b
/fgz J§ f(x, ¥)? dydx). Ecam YHKLMM pacnpeneneHus
2 2

2 a b
/fgz f;(fl(x)fZ(y))zdydx) OnA cMHba3HOM NOBEPXHOCTM, KOraa
2 2

2 4 b
I fE(F100f2 (y)fdydx) .

2 2 F100f2(y) dydx



KHA BO3BYXAEHHOU NOBEPXHOCTU (npogon:keHnue 1)

Ana wnpeanbHoit nosepxHocTn, kKoraa f1(x) = f2(y) =1 , a KoaddMUMEHT WCNONb30BaAHMUSA
NOBEPXHOCTM nAeanbHOM noBepxHocTn v = 1.
B cnyyae Kpyrnon cuHda3HoW BO3OyKAeHHOM noBepxHOCTM dopmyna ans KUTM:

v = [1/(mRg)] (‘fozn [ f . V)pdpdy‘z/ LT 0 f(p,y)? pdpdy).

Echm amnanTtyaHoe pacnpeaeneHme He 3aBUCUT OT KOOPAMHATbI ¥ (CMMMeETPUYHOE pacnpeneneHue), To
dopmyna ansa KUNM ynpowaerca:

v=@/R3) (| Fondo| /1 F0)? pap)

Ana naeanbHol noBepxHocTu, koraa f(p) = 1, KUM naeanbHol Kpyrioi nosepxHoctm v = 1.



