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OCHOBHOrO pyrnopa. MIamepeHnuns npoBo-  [1,0 — 1,0 v
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M3 cpaBHEHUS MOJTYYEHHbIX 3KCMne- 0.4 04
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OCTalOTCS NPAKTUYECKV HEU3MEHHbIMU. B / . H . H

MPOAOJSILHOM NNOCKOCTW MMaBHbIN nene- 0 10° 20° 30° 40° 0 10° 20° 30° 407

CTOK UMeeT Tpebyemyto popMmy, NpUYem Puc. 1.81

PPUno-kc (6), kKak 1 0Xnaanocb, UMeeT

MEHbLLYIO U3PEe3aHHOCTb BEPLLUMHbI FaB- r % a)

Horo nenectka, 4em PPUno, (B). 2 =

KosdbduumeHT ncnonb3osanus RNEPZAVA ML NN,

nosepxHoctn (KNIM) B 3aBncumocTn ot 0

yrna obnyyeHus 3epkana, PpacCHMTaHHbIN 10 10,5 11,0 1.5 T

no AH ogHoro ns PPUNo-Kkc, nokasaH Ha r,% 6)

puc. 1.81. 3ToT pynop obecneynBaeT B 2

npononbHon nnockoctn ABO npu yrne “ N~ LA

o0ny4yeHus 3epkana @ = 28° no4ytu cumme- |0 T NATY
10 10,5 11,0 11,5 TITy

TPUYHOE N 0OVHAKOBOE Ha 06eunx nonspm-

3auunsx pacnpegeneHue amnauTyasl nons Puc. 1.82

(¢ = 28° cooTBETCTBYET 06/YYEHUNIO KPO-

MOK 3epkana yposHeM —(10+12) ab). Pac4eTHbili 06wmin KUM (Ky) aHTEHHBI C 9TUM
obnyyarenem 6onee 0,8, aneptypHbii (K,) n nepexsata (K,)npumepHo 0,9, a skc-
nepuMeHTasbHbIl aHTeHHbI paBeH ~0, 7.

KoadduumeHTt otpaxenus (%), namepeHHbIn Ha BXoAe pynopa, nokasaH (B
3aBMCMMOCTU OT 4acToThbl) Ha puc. 1.82 ona PPUno-kc (a) n PPUno-kc-kc (6).

Hanuyne kocoro cpesa B mecte nsnoma (f1=20°) yny4yaeT cornacosaHue
pynopa npumMmepHo Ha 1% BO BCEM UCCNEAOBAHHOM gMana3oHe, KOTOPbIA HECKOJIb-
KO LUMpE Npeaplayuwiero.

OKcnepuMeHTanbHble PedysibTaTbl BECbMa XOPOLLO CornacyloTcs ¢ GU3n4eckom
TpakToBKOM npuHumna pabota PPno, PPUNo-kc n PPNo-kc-Kke, a ncnonb3oBaHme
MeToAuKN, pa3paboTaHHOM AN onpeaeneHns onTUMalsbHbIX FEOMETPUYECKUX pas-
MepPOB NpocTbiXx PPN, no3BonsgeTr ¢ A0CTaTOYHOW AN NPAKTUYECKUX Lienen TOYHO-
CTblO ONpeaennTb ONTUMallbHblIE FEOMETPMYECKNE pasMepbl BCeX ero Mmoamdmka-
LM, paCCMOTPEHHbIX B IAHHOM pa3aene.

1.7. Yny4yweHune cornacoBaHusi pyriopos C MATaIOLNM TPAKTOM

1.7.1. OcHOBHbIe pakTOPbI, onpesensoue coriacosaHne pyrnopos ¢
NUTaloLWNM TPaKTOM

OcHoBHbIMU dakTopamu, BASIOLLMMN HA COrNacoBaHMe PynopoB C NUTAOLWNM
TPaKTOM, SABASIIOTCA MOJIS, OTPAXEHHbIE OT CThiKa C BOJIHOBOAOM, OT HEOAHOPOAHO-
CTEelN BHYTpW pynopa (eCcnv OHM eCTb) 1 OT packpbiBa. BansHue nepeoro ¢paktopa B
CWJIbHOW CTEMNEHN 3aBUCUT OT OTHOCUTESNIBHOIO (B ASIHAX BOMH) Ce4YeHWS BOJIHOBO-
0a, BTOPOro — OT BEINYNHbI HEOAHOPOOHOCTEN, TPETbero — OT OTHOCUTESIbHOIO
pa3mepa packpbiBa. Camoe xyalee eCTeCTBEHHOE COrnacoBaHme Cpeam pyropos C
rMagKuMun cTeHkamm (Npuv paBHOM Ce4EeHMN BOJTHOBOAA Y PABHOM LUMPWUHE MaBHOMO
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- d o | ienectka 1H) nmeeT cnHdasHbin pyrnop, HECKObLKO
2 Jly4LlMM cornacoBaHneMm obnagaet pacdasnpoBaH-

HbI, @ CaMbIM Iy4LUVM €CTECTBEHHbLIM COINaCOBaHU-

em otnmyaetcsa PPU, xoTa oH 1 cocTtomT ns agyx nep-

BbIX.

2 OCHOBHbI€ UCTOYHNKU OTPAXXEHHbIX CUTHAJNOB

B PPU — 370 packpbiB OCHOBHOrO pynopa v n3nomsbl

B MECTE coeanHeHns pynopa 1 ¢ BOIHOBOOOM U C

pPyrnopoM 2, eC/ii ero CONnpsi>keHNe ¢ HAMU He

MLl SBNISIETCS MAeanbHbIM JaXe B TOM cilyyae, Koraa

Puc. 1.83 Masbili pynop MMeEeT MNaBHYIO KPUBOJIMHERHYIO 06pa-

3ytoLyto, puc. 1.83.

d EctectBeHHOe cornacoBaHne PPU ¢ nutaowmm

TPaKTOM ONPEOENSETCS ero CXeMom n pasmMepamMmu.

CoBokynHocTb B cxeme PPU cuHdasHoro n pacasu-

d d1 POBaAHHOIO pynopa AaeT BO3MOXHOCTb Yy4LUNTb ero

- COrnacoBaHne Mo CPaBHEHMUIO C KaXAbIM U3 HUX,

2 \ paboTaloLLMM CaMOCTOATENbHO.

2 h Cxema PPUnNo-kc , korga manoblii pynop nmeet

1 L L. nnaBHO M3OrHYTYIO 06pa3yoLLYyIO, NoKa3aHa Ha puC.

\ \ds 1.84.

XopoLluee cornacoBaHue C NUTAOLWMM TPAKTOM
Bcex moandukaunii PPN obbscHaeTcs, B NepByio
Puc. 1.84 oyepenb, TEM, YTO Nepexos, OT BOJIHOBOAA K LLUNPO-

KOYrosibHoMy pacda3mpoBaHHOMY Pyrnopy 2 1 B
cxeme PPU (cm. puc. 1.83), n B cxeme PPUNo-kc (cMm. puc. 1.84) npoucxoamt 4yepe3
NPOMEXYTOUHYIO cekuuto 1 (Manblii CMHdasHbI pynop). 3Ta cekums He TOJbKO NMpu
nnaBHoM n3rnbe obpasytoueii B cedeHnssx MM’ n NN', HO 1 npu pe3kom ee U3nome,
CNY>XUT €CTECTBEHHBIM COMMacCyloLLMM NEPEXOAOM, XOTS U3HAYANIbHO OHA NpeaHas-
HavyeHa onsa opyrom uenu.

Bknag manoro pynopa 1 B 00Lnii KO3PDUUMEHT OTPAKEHNSA HEBENUK NOTO-
My, YTO ero nepexopn kK cB060AHOMY NPOCTPAHCTBY NMPOUCXOANT YePEe3 OCHOBHOM
pynop, T. . MEHee pe3Ko, YeM MNpu CamMoCToATeNbHOW paboTe Manoro pynopa.
Bknapg ocHoBHOro, pacdasnpoBaHHOro, pynopa 2 B 06wwunin KoadbPuumMeHT oTpa-
XEHUS 3HAYUTENbHO MeHbLUE (MO CpaBHEHUIO C 06bIYHBIM PP Takoro xe kak
OCHOBHOI pyrnop pasmepa) NoToMy, 4TO B €ro packpbiBe cnajatouiee pacnpene-
JNleHne amnnuTyabl nonsa obecneuynBaeTcs B 06enx nnockoctax. Kpome Toro, B
PPWno n PPNno-kc (cm. puc. 1.84) oTpaxeHns oT KPOMKN OCHOBHOIO pyrnopa
elle n «<pasmasaHbl» 6narogaps pachdasnmpoBke cMrHana, OTpaxeHHOoro Hasag B
pynop. B peaynbtate Bce moamndukaunm PPU no cpaBHEHWUIO C OObIYHBIMU CUH-
dasHbIMU 1 pacha3npPOBaAHHLIMUK PYNOpPaMu, MMEIOLLLUMU NPUMEPHO PaBHYIO C
HVMU LWWPUHY FaBHOIO flenecTka, oTanyaiTcs 60nee XOpoLWnM eCTECTBEHHbLIM
COrnacoBaHMeM C NUTAIOLLNM TPaKTOM.

OTpaxeHunst OT packpbiBa (Mpu 6oMbLLMX pa3Mepax OCHOBHOMO pyrnopa), kak rnpa-
BUJI0, 3HAYUTENBHO MEHbLLE, YeM OT U3/IOMOB. ITO Hambonee xapakTepHo ans PPUno,
PPVkc n, Tem 6onee, ans PPVNo-kc, Kpomka packpbiBa KOTOPbIX CULHO pacda3npo-
BaHa 1 ee BKiag, B obLLee oTpaxeHHoe rnose (0co6eHHO B NPOA0JIbHOM MIOCKOCTU —
MJ0CKOCTN CUMMETPUN PYNopa) CTOJIb HE3HAYUTESNEH, HYTO MM B OOJLLLMHCTBE Cly4aeB
MOXHO BOOGLLIE NpeHebpeyb. NoaToMy Hanbonee CyLeCTBEHHbIMU NCTOYHMUKAMM
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YacTb |. AHTEHHbI, MUP U Mbl

OTPaXEHHOW BOJHbI ABASOTCA 13710Mbl MM 11 NN’ (HANOMHWMM, Y4TO OTPaXeHUs OT N3N0-
Ma NN’, ecnim OH BbIMOMTHEH C KOCbIM CPE30M, TAKXKE YMEHBLLAIOTCH, MPUYEM 3TO YyME-
HblLEHMEe HanboJsiee CyLLLECTBEHHO NPW NPOAOJILHON Nonsapusauun).

KoadduumeHT oTpaxeHuns, U3MepEeHHbI Ha BXode pa3Hbix Mmogudukaumm PPA,
B 3aBMCMMOCTM OT BblOpaHHOM cxeMbl U pa3dmepoB coctasnseT 1+3%. Ho npu
HEOOX0OMMOCTU €ro MOXHO YMEHbLUNTb JOMOJIHUTENBHO.

1.7.2. Cnoco06bi 4OMNO/IHUTEJIbHOIO YTy4YLLIEeHUsI COriacoBaHus

JononHuTtensHoe ynyylleHne cornacoBaHms 6asnpyeTtcs 1Mbo Ha yCTpaHeHUN
(VN yMEHbLUEHMN) BENVNYNHBI HEOAHOPOOHOCTEN, BbI3bIBAIOLMX OTPaXEeHUs1, NTnbo
Ha NPOTUBOMA3HOM CIOXEHUM NOJS, OTPAXKEHHOIO OT OCHOBHbIX HEOAHOPOOHO-
ctein. NepBoe NO3BOMSET yy4HLLIUTb COrMacoBaHNE pynopa B LWMPOKOM Avana3oHe
4acToT, @ BTOPOE — B BECbMa OrPaHNYEHHOM.

YnydweHune cornacoBaHus 3a CHeT YMEHbLUEHUS HEOAHOPOAHOCTEN MOXET
ObITb OCTUIHYTO Pa3HbIMU NyTMU. Hanpumep, nyTemMm 3amMeHbl U3510Ma MNIaBHOM KpU-
BOM (cMm. puc. 1.83 n 1.84), koTopasi 4OCTAaTOHHO XOPOLLO arnmnpoKCUMUPYET IOMAaHYIO
JINHMIO BOIM3W M3/I0OMOB. OTO NO3BOJSISIET Y/YHLINTL COMMTacOBaHME pyrnopa Bo BCEN
noJsioce 4acTorT, rae obecneymBaeTcsa oceBasi CMMMETPUS INaBHOMO lenecTtka. Ynydwa-
€TCS NMPY 9TOM 1 NOMEXO3ALLMLLIEHHOCTb PYNnopa, HO 3HAYNTESIbHO YMEHBLLLIAETCS U KPY-
TM3Ha CKATOB €ro [MIaBHOMO JIENECTKa, YTO HE BCEeraa xenaTenbHo. MOXHO BbINONHUTD
PPU ¢ ob6pa3yioLlein B BUAE NIaBHOM KPUBOW LIENIMKOM, a He TOJIbKO ero OTAESbHYI0
cekumio. Ho B 9TOM criyyae npakTMYeCcKn HE yOaeTcs (Mpuy COXpaHeHUY ONTUMASTbHbIX
HanpaefeHHbIX cBONCTB PPU) o6ecneunTtb conpsixeHne pynopa 1 1 c pynopom 2, u c
BOJIHOBOAOM 6€e3 pe3kumx n3rmbos. MNoatomy B ceveHnsax MM’ n NN’ HeogHOpOHOCTH
(KpyTble n3rbbl 00pasytoLLEe) BCe paBHO COXPaHAIOTCS.

YnydweHue cornacoBaHus 3a c4eT NPOTUBO(a3HOIr0o CJI0XKEHUN nonem ot
OBYX (NN HECKONbKNX) HEOAHOPOOHOCTEN OCHOBAHO HA TOM, HYTO OTPaXEHHbIE OT
HUX BHYTPb pyrnopa nofsg MCKyCCTBEHHO CKaablBalOTCS B NpOTMBOdA3e Ha cpeaHen
BOJIHe paboyero gmanasoHa unn Ha Tol, rae TpebyeTcsa obecneynTb Hanbonee
xopoLuee cornacosaHue. Ecnu curHanel, cknagpiBaemble B NpoTnsodase, consme-
PUMbI MO BEIMYMHE TO OHW HA 3TOWM 4aCTOTE NOJSIHOCTBIO «YHUYTOXAKOT» APYr Apyra, a
Ha Npuexalyx K HEM 4acToTax — 4aCTMYHO. Hnxe 3ToT MeTon pacCMOTPEH NMpu-
MEHNTENBLHO K 00LLLEMY Clydalo, Korga pynop 1 uMeeT KPpUBOIMHENHYIO 00pa3syto-
Lyto, KoTopasi, ogHako, B cedeHnsax MM'v NN’ nnaBHOW CTbIKOBKM HE 06ecnevynBaeT.

[nsa Toro, 4ToObLI 06ECNEYNTL NPOTMBOGMA3HOE CIOXEHME CUIHAIOB Ha 3afaH-
HOI BOJIHE, NYTb OTPaXeHHOoro curHana (2h) gonxkeH 6biTb KpaTHbIM HEYETHOMY
KOJINYECTBY NOJTYBOJIH, PACNPOCTPAHSIOLLMXCS HA 4aHHOM yyacTke, a anvHa h pon-
>KHa OblTb COOTBETCTBEHHO KPATHO HEYETHOMY YNCITY YHETBEPTEN STUX BOJIH.

OnTumanbHas (Mo cornacoBaHuiIO) BbiICOTa pynopa, B JaHHOM criyyae,
manoro (h) BbiBupaeTcs, B nepBylo o4epenb, He No cornacoeaHmio. OHa, ncxoas ns
€ro onTuMusaumu rno ApyrumM napameTpam, JO/KHA YOA0BNETBOPATbL ONPeaesieH-
HbIM, MPUYEM NPOTMBOPEUMBLIM, TPeboBaHMAM (cM. pasgen 1.4.2). C ogHo cTopo-
Hbl, 019 o6ecneyeHns He0bX0ANMBbIX HanpPaBeHHbIX CBOMCTB, OHA A0JKHA ObITb He
MeHee onpeneneHHon nNpeaenbHO 0NyCTUMOWM BEIMYNHDL, @ C APYrO CTOPOHLI, ee
XenaTenbHO MUHUMU3VPOBATb, YTOObLI HE YBENMYMBATL NPOAOSIbHbLIE Ppa3Mepbl PyMno-
pa. [oaTomy, onpeaenss onTruMasbHyto (MO CornacoBaHMo) BeNMYnHY h, aTn Tpebo-
BaHWNSA TakxkKe HeoOX0OMMO yYnTbiBaTb.

Ha npakTuke (Npu yyeTe ykasaHHbIX TpeboBaHuin) anmHa pynopa 1, kak npasu-
1o, 6nr3ska K cBoeMy NpenesibHO A0MYCTUMOMY (MUHMUMaIbHOMY) 3HadYeHuio. Mpu
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9TOM CUrHasbl, OTPaXeEHHbIE OT HeogHopoaHocTen MM’ NN’ onTMMn3npoBaHHbIX
pPYynopoB COM3MEPUMBI B TOM Cly4ae, Korga pasmMep CeyYeHus BOJIHOBOA4A PaBEH
npumMepHo 0,85), rae Ay A4/1MHa BOJIHbI B CBOGOAHOM NPOCTPAHCTBE.

Y7100l 06ECNEYMTL B paboyeM anana3oHe CII0XEHNE CUIHANOB, OTPaXXEHHbIX OT
OCHOBHbIX HEOQHOPOHOCTEN, 6/1M3K0e K NpoTMBOda3HOMY, HEOOXOANMO TOHHO
onpenennTb ONHY BOJTHbI, PACAPOCTPaHSIOLWENCA Ha y4acTke h.

JANVHa BOJIHbI B pynope ¢ NjaBHO MEHAIOWUMCA Ce4eHNneM He MOXET BblTb
BblYMCNIEHA OQHO3HAYHO, TaK Kak ee BENNYMHA 4S5 KaXA0ro NornepevyHoro ce4eHuns
Oynet pas3Hoi. lNpoBeaeHHbIE UCCNenoBaHUs Nokasanu, 0gHako, 4TO C OCTaTO4HOM
ON19 NPAKTUYECKMX Lenei TOHHOCTBIO MOXHO paccymMTaTb ONTUMalbHbIE 3HA4YEeHUs h |
€Cnn JonyCcTUTb, 4TO OJIMHA BOJIHbI B pynope (1nv BOIHOBOLHOM NepeExoae) nepe-
MEHHOr0 Ce4eHus paBHa cpeaHein NHTerpasbHON ANVHE BOMHbI As OCHOBHOMO TUNa
Ha 9TOM y4yacTKe:

1h

Ay = Zf}"B(x)dx;
0

roe Ag(X) — AnvHa BOJSIHbI OCHOBHOIO TMNa ans ceveHus d(x), COOTBETCTBYIOLLE-
ro TeKyLen NpoaoibHOM KoopanHaTe (X) pynopa 2.

Ap(x) = Ao{1=[Ag ! My (X)]* 1'%,

JnnHa BonHbI B BOIHOBOAE ONpeaenseTcs no obuen3BecTHom popmyne:
roe hgp — KpUTUYECKas AfNHA BOJIHbI OCHOBHOMO TUNa, Npuyem
hp = 3,41d(x)/2 — ang KPyrnoro BOJIHOBOAA, Ap = 2d(X) — AJ19 NPSMOYrONbHOIO
BOJIHOBOAA.

Ay = Aof(ai = 4b*)? — (dp - 4b*)? /d, - dp),

Ecnu cuHdasHbi pynop 1 umeeT NpAMOSIMHENHYIO 06pasyoLLyio, TO

roe b =Ag/3,41 — onga KoHnyeckoro pynopa, b = Ay/4 — ona nupammnganbHOro
pynopa.

KomneHcaumst oTpaxeHHbIX CUrHanoB, B 00LLEM c/lydae A0CTUraeTcs npu
BbIOOpE O/IMHbLI COrnacyoLwen CeKLMN N3 COOTHOLLEHUS:

h=(2n+1)As/4, Toen=1,2,... (1.19)

Mpw BeINONHEHMM 3TOro ycnoeus (1.19) To4HO NpoTMBOGA3HOE CIIOXEHME CUT -
HaNOB, OTPAXEHHbIX OT YKa3aHHbIX BbILLE HEOAHOPOAHOCTEN, [OCTUIAETCH Ha
3aaHHON BONHe paboyero ananasoHa, KOTopyio BblOMpatoT 0O6bIMHO paBHOM cpes-
Hewn onrHe BOJHbI.

LLinpnHa paboyeii Nonockl yBeNMYMBaETCs C YMEHbLLIEHNEM h (T.e. C yMeHbLUe-
HWEM N), 0QHAKO NPW 3TOM OQHOBPEMEHHO BO3pacTaeT u ¢asoBas owmnbka B
packpbiBe CMHGA3HOro pynopa 1, 4To MOXET NPMBECTU K YXYALUIEHWNIO HAMNPaB/ieH-
HbIx cBoricTB PPU. Ecnn He06X0AMMO MX COXPaHUTb, TO CNEeAyeT, Kak yXe oTMeya-
nocb, cobnoaaTb COOTHOLLEHME:

(L-h) < Ay/16, (1.20)
roe L — nnvna obpasyowert pynopa 1, Ag — AAnHA BOMAHbI B CBOOOAHOM Mpo-
CTpaHCTBe.

OcTtanbHble reomeTpuydeckune paamepbl PPU onpegensioTcs B COOTBETCTBUM C
MeTOOVKOW, MU3NoXeHHOoM B pasnene 1.4.2.
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AHaNOrM4yHbIM 06PA30M MOXHO OOMONHUTENBHO YAYYLLIUTL cornacosaHme PPU
M C KOCbIM Cpe30M Manoro pyrnopa. Ho B aTom cnyyae no JaHHOMY NPUHLUNUIY BbIOU-
paeTcs paccTosHue oT cedeHma MM’ 0o Todek nsanoma, pacnosioXXeHHbIX B norne-
PEYHOM NNIOCKOCTU pynopa, T. €. paBHOYAANIEHHbIX OT ceveHnss MM', oTpaxeHusa ot
KOTOPbIX, HECMOTPS Ha KOCOW CPEe3, MOryT CNOXUTbCS B ¢pase.

1.7.3. Pe3ynbratbel 3KCNEepUMeHTasIbHOro Nccje40oBaHnNs

KoadbduumneHT oTpaxkeHns konmyeckoro PPU (d; = 200 mm, dy = 62,2 MM,
ap =40°, dg = 32 MM), ONTUMU3MPOBAHHOIO NO COrNacOBaHWIO 418 AManasoHa
7,9+8,6 Ty, (Ay = 36,36 MM, Ay = 41,6 MM) B 3aBUCMMOCTU OT 4aCTOTbI MOKa3aH Ha
puc. 1.85.

C uenbio nonyyeHns Hambonee XOpPOLLIEro COrfacoBaHUs NP BbIMOIHEHUN
ycnosusa (1.19) n (1.20) Beicota h manoro pynopa 6bina BeiopaHa pasHom 1,25y
(n=2), 1. . 52 MMm.

Crtpenkamu Ha puc. 1.85 ykasaHbl 4acToThl, rae h pasHo: 1,25), 1,255,
1,25\5, 1,25M (Mg 1 Ay — AnviHA BONHBI Hyy Ana cedeHns dg 1 dq, COOTBETCTBEHHO).
Makcun-manbHoe ynydleHme cornacoBaHus (TOYHO NPOTUBOMA3HOE CNOXEHUE CUT-
HaJsIoB OT ABYX CEYEHMIN) HabnogaeTcsa UIMEHHO ANa cryyas, Kkoraa
h =1,25\5, T. €. MeTOAMKA ONPEAEneHns ONTUMaJIbHOrO MO COrNacoBaHMIO 3HaYe-
HMa h, ncxoas U3 «<MHTErpanbHOW» ANIMHBI BOJIHbI, CNpaBeasinBa.

KoadbduumeHT otpaxenmns konmyeckoro PPUno-ke (d, = 291,5 mm, dy = 52,5 mm
— B MONEPEYHON MNOCKOCTH, ap = 45 dg = 32 MM), ONTUMM3NPOBAHHOIO 4151 YacTOThl
8,51y, (A =235,29 Mm), noka3aH (B 3aBMCMMOCTU OT 4acTOThl) Ha puc. 1.86. Cnnoww-
Hasa NMHWS COOTBETCTBYET Cly4alo, Koraa BekTop E nepnenankynspeH npoaonsHom
MIOCKOCTM Pyrnopa, a WTPUxoBas, Koraa BeKTop E nexunt B 4aHHOM NiocKOoCTy.

H abntogaemoe Ha pasHbIX Nonsipmsaumsax HebonbLIOoe CMeLLEHNE MUHUMYMA
KO3 DULIMEHTA OTPAXKEHNS OOBACHAETCS TEM, YTO As B MPOAOIILHOM 1 MONEPEYHON
MIOCKOCTWN HECKOJbKO pasnmyaeTtcs, Tak kak inHna NN’ B aTOM pynope He siBngeTca
NPSIMON, a MO3TOMY BenuymMHa h ans pasHbix NI0CKOCTEN pasnuyHa. Ho xxenaemebliii
3dPEKT HA paCYETHOW YaCcTOTE U B
9TOM PYMOpPE BbIPaXEH A0CTATOYHO
ueTko. Kpome Toro, appekt oT Kocoro h=125%, h=1252,
Cpesa, Kak 1 crnegosano OXuaaTb T\\ | i
CUSIbHEE NPOSIBSIETCSA B TOM CJlydae, 2 h125%
kormoa BekTop E coBnapaeT ¢ npo- h=125% = / ~
[OOJIbHOW MNOCKOCTBIO (MYHKTUP). . ,

[MpoBeaeHHbIE MHOIOYNCTIEHHbIE 0 7,0 7.5 8,0 8,5 9,0 My
3KCMEepPUMEHTbI Noka3anu, 4To Hau-
6onee CUnbHbIN Xenaembli apdekT Puc. 1.85
JoCTuraeTcs B TOM ciy4yae, korga 4 1%
CeyeHure BOJTHOBOAA NEXUT B Npene-
nax (0,8+0,9) A, koTOpOe HaLe
BCEro v 1CMOJIb3YeTCA Ha NPaKTuKe. |,

Mpwn ymeHbLeHun ceverna MM’
OTpaXeHne OT HEero CTaHOBUTCS
O0NbLLUNM N HECON3MEPUMbIM C 0
OTPaXXeHMEeM OT CeYEeHUst u3nioma
NN', a npu yBenuyeHun NN’ ysenu-  Puc. 1.86

4 1%

>’

-

7,0 8,0 9,0 10,0 11,0 Ty
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YMBAETCS KOJIMYECTBO BbICLLUNX TUMOB BOJIH, BIUSIHNE KOTOPbIX MPUBEAEHHbIE BbILLE
GOpPMYIbl HE YHUTBIBAIOT, XOTH 3TO BO3MOXHO.

Mpenmyuwiectea PPU Bcex mogudurkaumin, onTMMU3UPOBaHHBIX MO COrMacoBa-
HMIO 32 CHET NPOTMBOPA3HOIO CNOXEHUSA OTPAXKEHHbIX MNOJIEN (MO CPABHEHMIO C
00bl4HbIMU PPU): nononHUTENBHOE yiyyLllEeHVe COrnacoBaHns C NMTAIOLWMM TPAKTOM
B 3a1JaHHOM AMana30oHe 4acToT.

Mnata: pakTnyeckn «becnnatHo», Tak Kak >enaemblii apdekT nonydaeTcs
TOJIbKO 32 CHET COOTBETCTBYIOLLIErO BbiOOpa reOMeTpMYeCcKnX pa3amMepoB pynopa.

JaHHaga meTogmka, OCHOBaHHas Ha NPOTUBOMA3HOM CIIOXEHUN OTPAXEH-
HbIX MOJIEN C y4EeTOM UHTErpanbHON AJIMHbI BOJIHbI, MOXET OblTb NCMOJSIb30BaHa
HE TONIbKO A9 ynyyleHns cornacosanma PP (KkoHUYeCKUx u nupamMmmnaanbHbIX)
pas3Hbix MOgndUKaLnuii, HO U BO BCEX APYrux Cny4asx, Korga mMexay Comsmepu-
MbIMW MO OTPAXEHHOMY MOJII0 HEOAHOPOAHOCTAMN MMEETCH pynopHas nim
BOJIHOBOZHAS CEKUUS C MJABHO MEHAIOLMMCS CE4EHUNEM.

1.8. PynopHasi 6GukoHnyeckass aHteHHa (PBA) c perynmpyemovi H

1.8.1. O6nactb NnpumMeHeHns

B cucTemax, NOCTPOEHHbIX MO LIMPKYISPHOMY MPUHLWNY, HANPUMEpP, B CUCTE-
Max COTOBOW CBSI3U1, PaANOCBSA3b C aDOHEHTAMUM OCYLLECTBASIETCSA 0ObIYHO NOCPen -
CTBOM MpuemMo-nepenaTymka Haxoasawerocs Ha 6a3oBoii CTaHUWK, PACMONIOXKEH-
HOIA, KaK NPaBuIo, B LEHTPE 30HbI 0OCNYXUBAHUS, 1 NPU 3TOM UCMOJb3YOTCS
aHTEeHHbI C KpyroBon [JH B ropn30oHTasIbHOM NAOCKOCTU, a 30Ha 00CyXNBaHUS
Takxke 6am3ka K KpyroBo. Ho BO MHOMMX NpakTU4eckmx cnydasx (Hanpumep, n3-3a
CNOXHOro penbeda MECTHOCTU, HANMYNS BOOHbLIX MPENSaTCTBUNM U Ap.) 30Ha 06cny-
XMBaHUA MOXET ObITb Nto60M Npon3eonbHOM dopmbl. B aToM cnyydae uenecoobpas-
HO MCMNONb30BaTb AHTEHHY, C ONTUManbHOM IH, rnaBHbIA N1ENEeCTOK KOTOPOM Mo
cBoel popmMe COOTBETCTBYET 30HE 0OCNYXMBaHMS. OTO AAaeT BO3MOXHOCTb 6e3 yBe-
JNINYEHUS MOLLLHOCTU Nnepeaarymka yBennyinTb (MO CPaBHEHMIO C aHTEHHOW, UMEIOLLEN
kpyrosyto [1H) ypoBeHb curHana B npeaenax 30Hbl 00CyXX1UBaHUSA N YMEHbLUNTb €ro
3a npegenamMmu 3Tom 30HbI.

3agaHHyto GopMy raBHOMO NenecTka MOXHO CUHTE3MPOBATL 3/IEKTPOHHbIM
nyTeMm, 4To ceiyac obbli4HO 1 aenatoT. Og4HaKo eCTb U APYror o4eHb NPOCTON U
HaOexXHbI (MexaHn4yeckumin) cnocob peannsdaummn JH 3agaHHON GOpMbl, KOTOPbLIA B
HEKOTOPbIX C/y4asx MOXET oka3aTbCs NPeaAnoYTUTENbHEE 3NEKTPOHHOro [46] ,[48].

1.8.2. Cxema PBA n ¢popmuposanne H

Cxema pynopHoit GUKOHM4YECKOI aHTeHHbI (PBA), No3BonsoLas CUHTE3NPO-
BaTb [JH 3apaHHoO GopMbl MEXQHNYECKMM CNOCOOOM, MOXET OblTb MOCTPOEHA Ha
6ase knaccuyeckonn PBA, puc. 1.87, copepxallel ABa yCe4eHHbIX KOHYCa, C OCHO-
BaHnsaMK 2R,' 1 2R," yrnammn o’ n o'’

B ueHTpanbHom yactmn PBA
MMeeTCH «BOJIHOBOAHAsA» CEKLNSA

\_ij , o FI, BbICOTOI 2r, orpaHu4yeHHas amame-
“ | | TpoMm 2R;. BbicOTa «LMAMHAPNYECKO-
o 1 RT” ro» packpbiBa aHTEHHbI paBHa: R’ +
/ \ l R”. Bo30yauTesnb MOXET OblTb
\ \ BbIMNOJIHEH B BUE LLITbIPEBOrO

Bnbpartopa, a BHyTPeHHEe NPOCTPaH-
Puc. 1.87 cTBO PBA (ons ynpO4YHEHNS KOH-
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CTPYKLMM) 3aN0SIHEHO Paanonpo-
3payHbIM AN3NEKTPMKOM (NeHonna-
CTOM WU NOSINYPETAHOM Masion
NAOTHOCTU). BO3MOXHbI pasHbie
COOTHOLLEHWNSI FEOMETPUYECKNX Pa3-
MEPOB aHTEHHbI. B yacTtHOCTH,

2R, = 2R," nnn 2Ry’ = 2R,", o' = o’
i o' = o'’ , 4T0 AaeT BO3MOXHOCTb
(aHanorv4Ho pynopy c NoBOpoTOM  p,.~"71.88

OCU N/ KOCbIM CPE30M) CUHTE3N-

poBaTb B BepTMKaNbHOM nnockoctTn IH onpeneneHHon (3a4aHHON) LUMPUHLI U
dopmbl. Cxema PBEA B BEPTUKaIbHOM MIOCKOCTU MOXET ObITb MOCTPOEHA 1 MO NPUH-
umny PPU, HO npu 9TOM pa3mep aHTEHHbI YBENUYNTCS, YTO HE BCErga 4OnyCTUMO.

Knaccuyeckas PBA B ropn3oHTanbHOM MNI0CKOCTU MMEET Kpyroeyto [JH, koTo-
pas aBNseTcs onTUMasibHOM TONbKO s KPYroBbiX 30H 06cnyxuBanus. OH opyrmnx
dopM, NpryemM cambix pa3HO0BPa3HbIX, MOXHO CUHTE3MPOBATL MPW NOMOLLW 3Kpa-
HOB BbICOTOW h,, yCTaHOBNEHHbIX BOM3M OCY @HTEHHbI NapaiensHo e unv nog,
YITI0M ¥, U 3aKPbIBAKOLLMX YITIOBOWM CEKTOP LUMPUHOW A8, puc. 1.88.

CxemaTnyHoe nsobpaxeHne ogHoro (3) n Asyx (34 1 3,) aKpaHoB (BUA, CBEPXY),
nokasaHo Ha puc. 1.89 a u 6, COOTBETCTBEHHO, HO X MOXET ObITb 1 BoNbLUE. IKPaH
(9KpaHbl) ycTaHaBIMBaETCH B «BOSTHOBOAHOW» YaCTU MU MEXAY KOHWUYECKMMU
NOBEPXHOCTAMMU Ha PacCTOAHUM AR OT OCU aHTeHHbI B HarpasneHun 6, (a) v B¢ 1
050, (0). OHM 3aKPbLIBAIOT ONPEAENEHHbIV YIIIOBOM CEKTOP (A8, v AB4; n ABy, ) 1
MOryT OblTb CMIOLWHBLIMU, CETYATLIMU NN PELLUETHATBLIMU.

PelueTyatble akpaHbl Npy paboTe aHTEHHbI HAa BEPTUKANIbHOW NONSApU3aummn MOXHO
BbINOJIHUTL B BUAE LUTbIPEN, 3aKpersiIEHHbIX B Pe3b00BbIX OTBEPCTUSAX. DTO 3HAYUTESb-
HO YNpPOLLAEeT KOHCTPYKLIMIO U NMO3BOJSIET, EC/IN B 3TOM €CTb HEOOXOANMOCTb, BECbMa
onepaTmBHO MeHsTb dopmy [1H. MNpr 3TOM pacCTosiHME MEXAY OTAEbHBIMU LIThIPSIMUA
(B Npenoenax co3gaBaemMoro M1 aKkpaHa) XenaresibHo 06ecneynTb MMHUMaNIbHO BO3-
MOXHbIM, 4TOObI 32 CHET NPOCAYNBAHUS HE Cy3UTb Pabouyto MNOOCY YacTOT NO CPaBHe-
HWUIO ¢ paboyelt N0N0COoN aHTeHHbI, 060PYA0BAaHHOW CMOLLHLIMU 3KpaHamu. Ho npu
y3Kori paboyeii nonoce NogbopoM onpeneseHHoro PacCToAHUS MeXay LUTbIpsiMM
MOXHO BMSTb Ha JH gononHnTeneHO 3a c4eT addekTa «npocadynBaHuns ».

Mcnonb3oBaHMe 3KPaHOB B BUAE LUTbIPEN, YKPENeHHbIX B Pe3bO0BbIX COeANHE -
HVAX, MO3BOJIIET BECbMA OMNEPaTUBHO MEHSATb HE TOJIbKO YMCJI0 9KPAHOB U X pabo-
YUIA CEKTOP, HO U BBICOTY, T. €., B KOHEYHOM UTOre, n3mMeHaTs popmy 1H naxe B
YCIIOBUSIX SKCMyaTaumm.
[ns aToro pe3bboBble
OTBEPCTUS BMECTE C yXe
BBMHYEHHbLIMU B HUX C
Hepaboyel CTOPOHbI LUThbI-
pPSAMK JOMKHBI BbITh pacno-
JIOXXEHbI MO BCEN OKPYXHO-
CTW BOKPYI OCWY @HTEHHDbI.
3artem (no mepe HagobHo-
CcTu) B pabouyto obnacTb
aHTEeHHbl BBUHYNBAIOTCS TE
LUTbIPU, KOTOPbIE HEOOXO-
OVMbl gns dopmuposanus  Puc. 1.89
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[H 3apaHHoM dopMmbl. OcTanbHbIe Xe WThIpK ¢ paboyein CTOPOHbI A0JIKHbI OblTb
BBUHYEHbI 3anognmuo. LLTeipn, KOTOpbIE HE HY>XXHbI A1 GOPMMPOBAHNSA NEPBOHA-
yanbHom J1H MOXHO NPOCTO NPUNOXNTbL B KAYECTBE 3anacHOro komnnekra. B nac-
NOpPT aHTEeHHbl HEOOXOAMMO BKJIIOUYNTL CXEMbI PACMOJIOXEHUS LUTLIPEN, COOTBET-
cTeyowme dopmuposanuio H onpegeneHHom Gopmbl.

dopmupoBanHne [1H 3apaHHON PpOpPMbI MNPV MOMOLLN 3KPAHOB OCYLLLECTBISA-
eTcs NyTEM U3MEHEHUS KX Yncna (n), yrnoBom WNPuUHbl AB,, HanpaBneHus nen-
CcTBUSA 0,4, BbICOTHI (h) , yrna HaksioHa (y,) U pacctoaHuns ot ocu (AR). Mpu aTom,
ncxoas U3 NPOBEAEHHbIX UCCNeaoBaHMin, MOXHO AaTk cneayouwme obuime peko-
MeHOaunm:

1. PaccTtosiHne OT akpaHa [0 ocu aHTeHHbI (AR) BbiOMpaeTcs U3 yCnoBus
obecneyeHuns CMHMA3HOIO CNOXEHNS MPSIMOIo N OTPaKEHHOI0 CUrHAJIOB B 3a4aH-
HOM HanpasneHun. B obem cnyyae AR gonXHO ObITb paBHbIM (U KPaTHBLIM)
NMONOBVHE ANIMHbI BOJHbI, HA KOTOPOW TpebyeTcs cuHTe3nposaTb JH onpeneneHHomn
dopmbl. C ymeHbLIeHNEM AR pasmepbl 3KpaHOB (MPY TOM Xe 3aTEHIEMOM UMM
YII0BOM CEKTOPE), ECTECTBEHHO, YMEHBLLAIOTCS, a paboynii Auanas3oH 1 BAUSHUE
9KpPaHOB yBEINYMBAETCS, N HAOOOPOT.

2. CyBsenuyeHveMm yrma HakjioHa 3KpaHa ( y,) OTHOCUTESIbHO OCU YJTy4LIaeTCs
COrMmacoBaHMe aHTEHHbI C MUTAIOLLVM TPAKTOM, HO YBENNYMBAETCSH BIIMAHNE SKPAHOB
Ha [1H B BepTuKanbHOM NMJIOCKOCTU, 4TO, OOHAKO, MOXHO MCMNOJIb30BaTb AJ19 KOPpPEeK-
TUPOBKM €€ HOPMbI B 3TOW MSIOCKOCTU.

3. M3meHeHueM BbICOTbl 3KPaHOB (hy) MOXHO BAMATL HE TONbKO Ha [IH B ropu-
30HTANIbHOW NAOCKOCTU, HO N B BEPTUKAJIbHON.

4. LwvpurHa yrnoBoro cekropa aKpaHoB (AB,) 1 NX KONMYECTBO (N) BbIOMPAaOTCS
B 3aBMCMMOCTM OT Tpebyemoin dopmel JH, HOo npakTuieckn n<10. Mpwn aTom cneny-
eT y4uTbIBaTb, 4TO Npu AB,<<A «3KkpaH» paboTaeT kak BubpaTop, a CBOMNCTBA 3KpaHa,
cnocobHoro paboTaTb B COOTBETCTBUE C JIy4EBOWN ONTUKON, OH OBHapyX1BaeT npu
pasmMmepax, COu3MePUMBbIX C AJIMHOW BOJIHbI.

5. CyMMapHbIii CeKTop YroB, 3aKpbiBAaeMbI 3KpaHaMu (BHE 3aBUCUMOCTU OT
nx yncna), He gomxeH npesblwaTe 180°, T.e. (AByq + Ay + ABy3 ...+ AB,,)< 180"

6. Pasmep NpocBeTOB MexAay akpaHamu, eCciin He ncnosb3yeTcs aPPeKT «Mpo-
cauymBaHusa», OOMKEH (B npeaenax pabo4yero guanasoHa) ObiTb 6OMbLLE KPUTUYE-
CKOro pasmepa BOJIHOBOAA.

dopmurpoBaHme cuMMeTpUYHbIX [IH He Bbi3biBa€T 0COOLIX TPYAHOCTEN, TaK Kak
B 3TOM CJly4ae 9KpaHbl pacnonaraiTcs CUMMETPUYHO, HO ¢ dopmmpoBaHnem JH
NPON3BOJILHON HGOPMbI 4EN0 06CTOUT HECKOBLKO C/IOXHEe, XOTSA 1 3Ta 3agadva Bros-
HEe paspeLunma.

1.8.3. SkcnepumeHTansHbie H

JnarpamMmmbl HANPaBNEHHOCTU B FOPU30OHTaNbHOW NNockocTu PBA ¢ pa3HbiMu
BapMaHTaMy 9KpaHoOB NokasaHbl Ha puc. 1.90+1.95.

Pasamepbl aHTeHHbl: 2R, = 2R," = 6,64MA; ap' = o, =20°; R'=R"” =1,18);
2R =1,1)g; 2r = 0,35); AR = 0,5),. BbicoTa 60onblwumHCTBa 3KpaHoB — h, =2, T. e.
OHU MOJIHOCThIO NepeKkpbiBaOT BEPTMKaSbHbIN NPOCBET. Ho 6blnn nccnefoBaHbl 1
9KpaHbl, NepeKpbIBaloLME €ro NMLlb YaCTUYHO, YTO OTMEYEHO AO0MNONHUTENBHO.
PacdasnpoBka aTol aHTEHHbI B BEPTUKANBHON MAOCKOCTU Ha BONHE Ay = 36 MM

octasngaet ~1,2x.
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AH aHTeHHbI, popMa KOTOPbIX NpeacTaBnseT HanGonbLUKMIi UHTEpecC, Npu-
BedeHbl Ha puc. 1.90+193 (cnnowHon nuHmnen nokasaHsl JH aHTEHHbI C aKpaHamu,
a NyYHKTUPOM AaHbl [IH Tolh )Xe aHTeHHbl 6e3 9KpPaHOB, K YPOBHIO MOJIsi KOTOPOWA
npuBsa3aHbl BCe ocTanbHble [1H).

AH aHTeHHbl C 0AHUM U ABYMS 3KpaHamm npueeaeHsl Ha puc 1.90.

Puc. 1.90

BapuaHTtbl 1 n 2 MMeloT No OAHOMY 3KpPaHy, YCTaHOBIEHHOMY B HanpaB/ieHUN
A6, = 180°, yrnosas wmpuHa koTopbix A8, =100° 1 A8, = 190°, COOTBETCTBEHHO.

BapuaHTtbl 3 1 4 MeIoT Mo ABa 3KpaHa. dKpaHbl BapuaHTa 3, uMmeiolime
ABy1 = AB,, = 25°, pacnonoxeHol B HanpasfeHusax Abyq = 127,5° n Af,, = 232,5°.

OKpaHbl BapmaHTa 4, umetowme Ab,; = Ay, = 40°, pacnonoxXeHbl B HANPaBAeHNUSIX
ABy1 =105 1 AB,,= 255",
JAH aHTeHHbI C 4eTbipbMS 3KpaHaMM NpuBeAeHbl Ha puc 1.91.

Puc. 1.91

BapuaHT 1: 4eTbipe akpaHa, umeowme Ay = AByp = ABy3= AB,y, = 25°, pacno-
JIOXEHbI B HANpasneHusix Afy, = 22,5°, A8,,= 157,5°, AB,5=202,5°, AB,, = 337,5°,

T. €. NPOMEXYTKN MeXAY HMMW NONapHO PaBHbI.

BapuaHT 2: 4eTbipe 3kpaHa, umeowme Abyy = A8 = ABy3= A8y, = 40", pacno-
JIOXEHbI Yepes3 PaBHbIE YITIOBbIE MPOMEXYTKM.

BapuaHT 3: 4eTbipe akpaHa, umerowme Aby = ABgo= ABy3= ABy, = 25°, pacno-
JIOXEHbI B HanpasneHusix Ay, = 37,5°, A0,, = 142,5°, A0,5=217,5°, AB,, = 322,5°, T.e.
MMEIOT MO ABa PaBHbIX YITIOBbIX MPOMEXYTKA.

BapuaHT 4: 4eTbipe 3kpaHa , umetowme A, = ABy = ABy3= A8y, = 10°, pacno-

JIOXXEHbI YHEPES PaBHbIE MPOMEXYTKN.
AH aHTeHHbI C TpeMSA U NATbIO 3KpaHaMu NpueeaeHbl Ha puc 1.92.

Puc. 1.92
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BapuaHT 1: Tpu akpaHa (hy =r), umetowme A8, ;= ABy = ABy3= A8y, =107,
pacnosioXeHbl YePe3 PABHbLIE YITIOBbIE MPOMEXYTKMU.

BapuanT 2: Tpu skpaHa (h, =r), umetowme Abyq = AByp = AO,3= AByy =707,
pacnosioXeHbl Yepes paBHbIe YINOBbIE MPOMEXYTKU. B 9TOM cryyae cekTop, 3akpbl-
Tl 3kpaHamu, 6onblle 180 rpaaycos.

BapuaHT 3: Tpu akpaHa , umetowme Ay = A, = AB 3= A0y, = 10°, pacnono-
XEHbl B HanpasneHnsx 04 = 0°, 055 = 45°, AB,5 = 225",

BapuaHT 4: naTb SKPaHOB, UMEIOLNX ABy; = AB o= ABy3= Afy,= 10°, pacno-
JIOXEeHbI B HAanpaeneHusx 0, = 0°, 8,5 = 60°, AB 3= 75", ABy, = 240° 1 AB, 5 = 225"

OkpaHbl BapnaHToB 3 1 4, pacrnonoXeHHbIE aCMMMETPUYHO, GOPMUPYIOT aCUM-
MeTpuyHble [1H.

AH aHTeHHbI ¢ pa3HbIMU BapyuaHTaMm 3KPaHOB NPVBEAEHbI HA PUC.
1.93+1.95 (TONCTOM CNNOLWHOM NMHNEN Noka3aHbl Kpyroeble J1H aHTeHHbI 6e3 akpa-
HOB, K YPOBHIO MOt KOTOPbIX NpMBeaeHbl ocTanbHble H). Cpean Hux ectb n JH,
npvBegeHHble Ha puc. 1.90+1.92,

JAH aHTeHHbl C 0OAHMM M ABYMS 3KpaHaMM rnokasaHbl Ha puc. 1.93.

Puc. 1.93

BapuaHTbl 1 1 2: UMetoT N0 0QHOMY 3KpaHy, yCTaHOB/IEHHOMY B HanpaB/ieHnn
6, = 180°". Yrnosas wupwnHa skpaHos (A6,) sapnanta 1 pasHa 40, 70 n 100 rpaaycos,
a BapunaHTa 2 — 130, 160 n 190 rpaaycos. MNpu yBenMyeHnumn yrnoBom wmpuHsl OH
13 KPYroBow CTaHOBUTCS Bce 6onee ogHOHaNpaB/eHHOW, @ YCUIEHNE aHTEHHbI (Npy
M UX OCTaTOYHO BONbLUON LUMPUHE) YBENNYMBAETCS.

BapuaHTbl 3 1 4 MeoT Mo ABa 3KpaHa, PacrnoioXeHHbIe CUMMETPUYHO, HO NMog,
pasHbiMu yrnamu. MNpu aTom A8, 060ux 3kpaHOB 3-ro BapuaHTa paBHa 25, a 4-ro —
45 rpagycos.

AH aHTeHHbI C TPEeMSA U YeTbipbMS 3KpaHaMu npueeneHsl Ha puc. 1.94.

=
R
WO
A\

Puc. 1.94

BapuaHT 1: Tpn akpaHa, pacnosioxeHHble 4yepe3 120 rpagycoB, yrnosas LUMPU-
Ha KoTopbIX (A8,) pasHa 10, 40 1 70 rpagycos.

BapuaHTtbl 2, 3 1 4 MEIOT NO YeTbIpe 3KpaHa, YCTaHOBJIEHHbLIX CAMMETPUYHO
OTHOCUTENIBHO OAHOW U3 MIIOCKOCTEN, KOTOPbIE UMEIOT 1 PA3HYIO YITIOBYIO LUMPUHY
(AB,), 1 pa3Hoe yrioBoe pacnosioxeHue (0,).
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AH aHTeHHbI ¢ 3KpaHaMu, pacrnosiIOXXEeHHbIMU aCUMMe-
TPUYHO NMpuBeaeHsbl Ha puc. 1.95.

OTn 3KpaHa OTINYAIOTCA U HanpaB/ieHNEM PaCroNOXEHNS 1
YII0BOW LUMPUHOM.

Pa6ounii guana3zoH PBA 10CTaTo4HO LWMPOK (Mpy n3mepe-
HUM [IH aHTEHHbI C HEKOTOPbIMU, N3 NPUBEOEHHbIX BbILLE, BAPUaH-
TamMu 9KPaHOB B Anana3oHe, KpanHWe 4acToTbl KOTOPOro Ominya-
nmcb NpumMepHo B 1,2 pasa, CyLecTBEHHOro n3mMeHeHnst GopMbl
JH o6HapyeHo He 6bisio). Puc. 1.95

dopmmpoarme IH cnoxHoin popmbl TpebyeT onpeneneHHoro onbiTa, Tak Kak
B/INSHME HA HEE 0Ka3bIBAET HECKOJIbKO (HaKTOPOB: KOJIMHECTBO SKPAHOB, MX YIIiOBas
LIMPMHA U LUMPUHA NPOCBETOB MEXAY HAMU, onpeaensemMasi KoJIM4eCTBOM 3KPAHOB U
VX YII0OBOW LUMPUHOM, a Talkoke HanpaBneHue pacnonoxeHus. Kpome Toro, Ha popmy
[H BnvseT n BbiIcOTa 3KkpaHa, eC/iv OHa HE paBHA BEPTUKAIbHOMY pa3Mepy NpocBeTa
MexXay KoHycamu. PasHbie coyeTaHms aTux ¢GakTopoB, OTINYHAIOLLMXCS, B CBOIO O4e-
penb, N0 BENNYMHE, BbUIMBAIOTCS BO MHOXECTBO BapPMaHTOB, KaXXAOMY U3 KOTOPbIX
COOTBETCTBYET BroJiHe onpeneneHHas H. Ho ecnu Heobxoaumas dopma AH ogHax-
Obl chopMMpPoBaHa, pasMep 3KPAHOB U CXEMA X PACTMONOXEHNS 3aPUKCMPOBAHbBI, TO
nocnenylowas peanmsauus aton [1H B npouecce nporMs3BoacTBa i UBMEHEHNE €€
dOopMbl B MpoLecce akcrnayaTaumm ocobbix TPYOHOCTEN HE BbI3bIBAET.

CnenyeT OTMETUTb, 4TO LieSb AAHHON paboThl 3ak/oHanach HE B MOMCKE Hanbonee
ONTMMAaJIbHOM KOHCTPYKLMWN 3KpaHa, NO3BONSIOLLEro CUHTE3MpoBaTh JJH 3agaHHom
LWIMPWHBI 1 HGOPMbI, @ B BbISCHEHVM BCErO NNLLb NPUHLMANANIBHOM BO3MOXHOCTU NX
CUHTE3a JaHHbIM, MEXaHMYecKM, cnocobom. MoaTomy ons BeiiBNeHUs Hanbonee
ONMTMMAaJIbHbIX BAPUAHTOB 3KPAHOB Kak Mo HANPaBJIEHHOCTU, TaK U MO COrMacoOBaHUIO,
TpebyoTCsa AOMONHNTENBHBIE UCCNEea0BaHNS.

[MpenmyuLecTBa,NONYYEHHBIE 32 CHET 3KPAHOB: BO3MOXHOCTb (POPMMPOBAHMUS
MexaHmn4ecknm crnocodbom [IH cneumanbHoi GopMbl (ONTUMaNbHOM AN 3aa4aHHON
30HbI 06CNYXMBAHWSA), MPOCTOTA; 3KOHOMUYHOCTb, HAAEXHOCTb.

Mnata: HekoTOpoEe (MEXaHMYECKOE) YCITOXHEHNE KOHCTPYKLUUW QHTEHHbI.

1.9. Hegoctarok PPU, nepexoaswnii B JOCTOUHCTBO

1.9.1. OCHOBHbIe TEHAEHLUNN OCBOEHUSI YaCTOTHbIX [Nana3o0HOB v pa3pa -
OOTKM aHTEeHH

McTopuryeckn ocBoeHME paboumx AmMana3oHoB UOeT oT 6onee HU3KMX K BCe Bonee
BbICOKMM YacToTaM B HacTosuee Bpems (cM pasnen 2.1) coctaeneHa «Tabnuua
pacnpeneneHns NoJsioc 4acToT», BKoYaloLwasa amanasoHsl Ao 1000 My, a aetansHoe
pacnpefeneHne 4acToT Ha CeroaHsALWHMIA MOMEHT caenaHo yxe go 275 Nu,. 9T1o noa-
TBEPXAAETCS U Ha NpakTuke. Hanpumep, B cMctemax CryTHUKOBOM CBSI3U B HACTOSALLNMA
MOMEHT YK€ LUMPOKO ncnonbaytotcs nonockl 20/30 M, a 4ns HOBbIX CMYTHUKOB,
3anaHMpPOBaHHbIX K peannsaumm B TeHeHne BAVpKanlmMx CeEMU NET, 3asIBNISIOTCA NOJIO-
cbl yacTtoT Ao 100+120 MMy, AHanorMyHbIM NPOLECC NPOCNEXNBAETCS U B HA3EMHbIX
cucTemMax CBsi3u, B YaCTHOCTU, B CETSIX COTOBOW CBA3M YXKe UCMonb3yioT nonockl 20, 30
[Ty, n BbiLwe.

B cBS13u C yBENMYEHMEM MNIOTHOCTU PA3NINYHBLIX CUCTEM CBA3U BCe Bonee OCTPoOW
CTaHOBUTCA U Npobiema a1eKkTPoMarHUTHOM COBMECTUMOCTH, YTO Aenaet Heobxoau-
MbIM UCMNOJIb30BaHMe Bce 60s1ee MOMEXO3ALLMLLEHHbLIX 1 OCTPOHANPaB/IEHHbIX aHTEHH,
KOTOpbI€ MOryT ObITb BbIMOMHEHbI B BUAE 3ePKasibHbIX aHTEHH C PYNOPHbLIMK 0bny4daTe-
namMu.
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Mpr NOCTOSIHHO COBEPLLEHCTBYIOLLMXCHA BbICOKOTOYHbBIX TEXHOIOMUSIX USFOTOBJIE-
HWe ¢ TpebyeMol TOHYHOCTbIO 3epkasl, CNOCOOHLIX paboTaTb Aaxe B MUITTMMETPOBOM
[QmnanasoHe BOJIH, He Bbl3blBaeT 0COBbLIX TPYOHOCTEN Aaxe B TOM Cllydae, Koraa peyb
VOET 0 3epkanax, UMeLLMX O4eHb 6onbLuve abCcontoTHbIe pa3mepbl. Ho narotosneHve
0151 3TUX 3epKarl B 3TKX Xe AmanasoHax BOJIH CNOXHbIX PynopHbIx obnydaTteneii ¢ H,
ONU3KMMK K ONTUMaJIbHbIM (B HACTHOCTM, PYNOPOB C KaHaBkamm) BecbMa npobsiema-
TUYHO Jaxe Npuv UCMoNb30BaHUM COBPEMEHHbIX TexHONorin. OgHako ata npobnemsi
NIerko paspeLurma npm ncnonb3osaHum PP ¢ rmagkuMmy CTeHKamu, Tak Kak aaxe Ha
CcaMblX KOPOTKWX BOJIHAX MiaHMPyEMbIX K OCBOEHMIO AMana3oHoB ero abCcosoTHbIE pas-
MEpbI OCTAIOTCA ELLE B NPEeAenax «BUOUMOCTU» HEBOOPYXXEHHbIM [T1a30M.

1.9.2. OcHoBHoV HegocTarok PPU, nepexoasawmii B JOCTOUHCTBO

B pnaHHoI rmaBe 6binn pacCMOTPEHbI, B OCHOBHOM, pa3Hble Mogudurkaumn pacda-
31POBAHHbIX PYNOPOB, Tak KaK UMEHHO OHU NMPW HAIMYMA BCEMO JLLb OAHOMO CyLLe-
CTBEHHOro HegocTaTka (6onblume pa3mepsbl B 4JIMHax BOJH) 06/1a4atoT MHOMOYMCEH-
HbIMW 0CTOMHCTBaMM. OOHaKO 1 3TOT HEAOCTATOK B CBA3M C OCBOEHMEM YerNoBeYe-
CTBOM Bce 60J1ee BbICOKOYACTOTHbIX AMana3oHOB MOXET B cCaMoM bavpkaniuem Oyay-
LEM MEPENTN B HEOCMOPUMOE NPENMYLLECTBO MO CPABHEHUIO C APYrMMM pyrnopamMm
MEHbLLUVX Pa3mMepoB, HO 3HAYUTENBHO 601ee CNOXHBLIMN KOHCTPYKTUBHO Y TEXHOJOIN-
4YEeCKN, UMEIOLLIMMN MPUMEPHO PaBHbIE (MK Xyawwve) no cpasHeHmto ¢ PPU anekTpu-
yeckue napameTpbl. B Tabnuue npreeaeHsbl NPUMEpPHbIE pa3Mepbl AnamMeTpa packpbia
(2R, ) ocecummeTpuyHoro PPU ¢ Hanbonee ontumanbHol pachasmpoBKO, PaBHOM
~271, 1 yrnamu pacTteopa 2a., = 40, 50, 70 n 90 rpagycos nn11 omana3oHoB HacToT (f)
30, 100 1 275 I'Tu. PPU ¢ yrnamum pacteopa 2o, = 40+50 rpagycos Hanbosee ueneco-
06pa3HO NCMNob30BaTb B CXEMAXxX ABYX3EPKa/IbHbIX aHTEHH, a € 20, = 70+90 rpagycos

— B OIHO3epKaJIbHbIX.
Tabnuua
20, =40° 20, =50’ 20, =70° 20, =90°

T=301TL
(A=10,0 mm) 2R, =100 mm 2R,=84 mm 2R, =60 mm 2R, =44 mm
f=100TTy
(A =3,0 mm) 2R, =30 Mm 2R, =26 Mm 2R, =18,0mMm  2R,=13,2 Mm
f=275TTL
(A =1,09 mm) 2R, =10,9 Mm 2R, =9,2 MM 2R, =6,5Mm 2R, =4,8 Mm
lpumedaHve: 3Ha4eHus, npuBeLeHHbIe B Tab/uLe, COOTBETCTBYIOT 3Ha4eHUsIM 2Ro, korda 00y -
yareJib 10 OTHOLLEHUIO K 3epKasly HaxoanTcs B ﬂaﬂbHelZ 30He, T. e. ero makcmmalslibHbIM pa3mepam rpu
3aaHHOV pacpasvpoBKe Y LUMPUHE [T1aBHOIO JliernecTka.
AHanM3 AaHHbIX MOKa3bIBAET, YTO C YMEHbLLEHMEM paboyel OJIMHbI BOTHbI OTHOCU-

TenbHo 6onblMe pa3mepbl PPU 13 HepocTaTka nepexoasT B SBHOE JOCTOMHCTBO.
Pynop Taknx paamepoB C magkumu CTEHKaMU, y4nTbiBast COBPEMEHHbBIE TEXHOIOMMN U
Masble TpeboBaHMs K TOYHOCTU Ero N3roTOBNEHNS, peann3oBaTb AOCTATO4YHO NPOCTO
[axe Nnpu o4eHb Masbix abCOMOTHBLIX pasmepax, KOTOpble MOXHO U YBENNHYNTb, YIy4-
LUMB 3a0HO BCE ero OCHOBHbIEe NapamMeTpbl. K ToMy xe, kak 6blsio cka3aHo paHee, PPU
MMEET «pa3MblITblli» Ha30BbIN LIEHTP, 2 N03TOMY HETpeboBaTeneH K TOYHOCTWN ero CoB-
MeLLeHus ¢ pOoKYyCOM aHTEHHbI. Bce aTo aenaet BecbMa LienecoobpasHbiM UCMNOSb30-
BaHWE TakMx PyrnopoB B ka4ecTBe obyHaTens 3epkasibHblX aHTEHH, paboTaloLWMX Ha
OY€EHb BbICOKMX YAaCTOTax.

B cnenytoweit mase npmBeneHsbl pesysbTarhbl pa3paboTky 3epKasibHbIX @HTEHH
pa3HbIX TUMNOB, IAe B kKa4ecTBe 06y4aTenst UCMonb3ytoTCcsd B OCHOBHOM PPU pa3Hbix
MoanpUKaunii.
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FnaBa 2
PacyeTt auarpamm pynopHbIX aHTE€HH

2.1. O6Lwyee onucaHne MeToauKN pacyerta

2.1.1. O6wne coobpaxkeHus

M3BECTHbI 1 yCNeLwHO NPUMEHSIIOTCS pasfiniyHblie MEeTOAbl pacyeTa HanpaBseH-
HbIX CBOWCTB PYNOPHbIX @HTEHH, BKJlOHasa anepTypHble 1 ANdpPakUNOHHbIE.

AnepTypHble MeToabl 06ecnevYnBaoT XopoLlee CoBMNageHne pesysibTaToB pac-
yeTa C 3KCMNepPUMEHTOM TOJIbKO B NMpeaenax rMmaBHOro n 61mxHMx 60KoBbIX nerne-
CTKOB, HO [aioT 60/bLUME MOrPELLUHOCTM B 061acTh AanbHUX. DTO ABASETCS UX CyLLe-
CTBEHHbIM HEQOCTATKOM, TaK Kak He NO3BOJISIET OCTATOYHO TOYHO ONPeaennTb
KO3dDDUUMEHT paccesHNs BO BCEM NPOCTPAHCTBEHHOM CEKTOpPE YITOB.

AndpakunoHHble MeTOAbI, B MPUHLMNE, MO3BOJISIIOT PACCYMTaTb C OCTATOYHOMN
ON9 NPaKTUYECKUX Lenem TOYHOCTbIO JIH aHTEeHHbI BO BCEM MPOCTPAHCTBEHHOM CEK-
TOpe Yrnos.

BonbLWMHCTBO anepTypHbIX U AMdPaKUMOHHbLIX METOA0B paspaboTaHo nNpumMe-
HUTENbLHO K AanbHen 30He. Ho pyrnopHble aHTEHHbI, UICNOJIb3yeMble B Ka4ecTBe 06/y-
yartenen, pacnonaraiTcsl, 06bI4HO, BONM3KN 3epkasna, MO3TOMY B AaHHOM ciyvae
HeobX04MMO paccUHMTLIBaTb AnarpamMmbl Ha KOHEYHOM PacCTOSHUW, COOTBETCTBYHO-
LEeM YCTaHOBKE 00syHaTenss B CXeMe aHTEHHbI. Takyto BO3MOXHOCTb AaeT MeToamka
[11], [183], [14], [15], 6asumpyloLiascsa Ha MeToae reoMeTpmuyeckor Teopun gudpak-
UMM 1 NpencTaBieHnn NePBUYHONO Nosis pyrnopa B Gopme reoMeTpoonTUIeCKnX
nydeii. Takoe npeacTaBneHne ons cekTopuanbHoro pynopa npeanoxun b.E. Knunéep
[56], a ans koHmnyeckoro — M.A.K. Hamid [57].

JaHHaa meToguka nanoxeHa 34ecb NPUMEHUTENBHO K MPOCThIM (MMpamMmnaanb-
HbIM N KOHNYECKUM, CUH()A3HbIM 1 pacdasrpoBaHHbIM) pynopam, a Takxke K pyno-
pam ¢ o4HUM M310MOM 0bpagdytoLler. Ho npu cooTBeTCTBYOLLEN MOANdUKaLMM OHa
MOXET UCMNOb30BaTbCS A1 pacyeTa gmarpaMmm 1 60J1ee CNOXHbIX PyrnopoB, Hanpu-
Mep, PYNOpPOB C HECKOJIbKUMU N3JIOMamMm, PynopoB C KOCbIM CPE30M pacKpbiBa
1/Wnm NOBOPOTOM OCU 1 Ap.

2.1.2. CocTaBnswoume cyMMapHOro rnoJsis pyrnopa

CornacHo reomeTpuyeckor Teopun gudpakumn nosne BHe pynopa npeacra-
BNSIEeT cOBOI Cynepno3numio rnosiei, COOTBETCTBYIOLLMX MPSMbIM, AN PaKUNOHHBLIM
M OTPAXEHHbLIM NONSM, NPUXOASLMM B pacCMaTpMBaEMYyIO TOUKY NPUEMA, a CyM-
MapHoe rnose pyrnopa, B o6Lwem ciyyae, MMeeT ClieyoLmii Bua;

E=E_nep+ZEm+ZE0i, _ _ (2.1)

roe E o, — nepsuyHoe none pynopa; XE ; 1 XE ;; — cooTBETCTBEHHO CyMMa
AN PaKLMOHHBIX M OTPAXEHHbIX MONIEN, YYUTbIBAEMbIX NPY pacyeTe.

YacTb NepBUYHbIX NIy4en, andparMpoBaHHbIX BNEPBbIE HA OOAHOMN CTEHKE Pyno-
pa, andparnpyeTt 3aTemM Ha NPOTUBOMOJIOXHOM ero cTeHke, 06pasys nosns cneayio-
LLEro nopsigka ManocTu, a 4aCTb NonagaeT BHYTPb pynopa. HekoTopble n3 audpak-
LIMOHHbIX JTy4ei, NnonagaloLLmx BHYTPb pyrnopa, nocae 0gHOKPaTHOro UM MHOro-
KPaTHOro OTPaKEHNs1 BHOBb M3J1y4alOTCS BO BHELLUHEE MPOCTPaHCTBO. TOYHOCTb
pe3ynbraToB pacyeTa 3aBUCUT OT KONIMYecTBa ANMPaKLUVMOHHBIX N OTPAKEHHbIX
NOJIEN, YHUTBIBAEMbIX MPW PACYETE, YTO NPU COBPEMEHHOW BbIYUCITUTENIBHOW TEXHW -
Ke 0CObObIX TPYAHOCTEN HE BbI3bIBAET.
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OpHako, kak mokasanu pacyeTbl, BenMynHa AMdpakLMOHHbIX MOJIEN KaXOoro
CNneayloLwero nopsaaka MHOrO MeHbLUIE BENNYUHBI AN PAKLMOHHBIX MOEN UX Bbi3bl-
BalOLLMX, & OTPAKEHHbIE MOJIS, KaK MPaBuio, Masbl MO CPABHEHUIO C CYMMApPHbIM
nonem (NpsiMbIM 1 ANPPaAKUVOHHBIM) B TOM X€E CEKTOpPE YrnoB. [MosTomMy npakTunye-
CKM MOXHO OFpPaHMNYnTbCS TOJNIbKO YYETOM NOJMEN, COOTBETCTBYIOLLMX MPSAMBIM Jly4aMm,
1 AndpakLMOHHbIX NOMEN NEePBOro Nopsiaka ManocTu.

2.1.3. MNepBu4yHOe nosie pynopa

CornacHo [56], [57] v [11], nepBuYHOE Noe B Nt0OOI TOUYKE pacKpbiBa NPOCTO-
ro pynopa (CekTopuanbHOro, IMpaMuaanbHOro 1 KOHNYECKOro) MOXHO npeacTta-
BUTb, pUc. 2.1, B BUAE CUCTEMbI TEOMETPOONTUHYECKMX JTy4YEN, BIXOAALLMX MO Kaca-
TENbHBIM K KQYCTUYECKOW OKPYXXHOCTU paanyca Ry, ueHTp koTtopoli (0) coenagaeT ¢
reoMeTpu4eckon BepLLMHon pynopa. MHUMbIMY 3KBUBaNEHTHBLIMW NCTOYHUKAMM
nyyen Buga e n e gnaioTca Tekywme To4km 04 n 0, , COOTBETCTBEHHO.

Ry — paonyc kaycTU4eckom OKpY>XHOCTH; v —
BENMYMHA, onpeaensaioLwas pagnyc KaycTu4eckom
! P OKPYXXHOCTW.

Paawnyc kayctnyeckom okpyxHoctn — Ry
onpenensieTcs v, 3aBMcsLLen OT pacnpeneneHns
aMnAnTyObl NEPBMYHOIO NOJIS B packpbiBe pynopa,
[11]:

Ry = v/Kk, (2.2)

roe k = 2w/A — BONHOBOE YMCJO, @ Be/NYMHA v
OT/INYAETCH MO MNOCKOCTAM: V = Vg — AN SNEKTPU-
#y | 4eckKoit, v = vy, — AN MarHUTHOW NJIOCKOCTK.

Lns npocToro cekTopnanbHOro U NMpamm-
AanbHoro pynopa (sonxa Hqg) [56], [11]:

ve =0, v, = /20, (2.3)

roe o — rnoJIoBMHA yrna pacteopa pynopa.
Ecim v = v, =0, 10 E e, = Eo F(p) exp(ikp), uTo
COOTBETCTBYET NEPBMYHOMY MOJIIO B BUAE Jy4Hen,
BbIXOOSILLMX N3 FTEOMETPUYECKOWN BEPLLMHBLI pyrnopa.
Puc. 2.1 [ns npocToro KOHMYECKoro pynopa (BosaHa

Hq1), cornacHo [57] v C y4eTOM YTOUHEHUIA, Cae-

£l W E_::.--:'vl}

naHHbix B [11]:

ve = 0,268 (1 +4bg)'2, v, = 1,102 (1 + 0,709b)"2, (2.4)

roe by =1g [(1 - 20/m)/4]/Ig(cosa).

MpubnmxeHHasa dopmyna aas nioboro pynopa, eciv N3BeCTHO OTHOLLEHNE
BENIMYVIHBI aMNAUTYAbl NEPBUYHOIO NOJIS HA KPako packpbiBa pynopa K BENNYNHE
amnAnTyApl NOJIA B €ro LeHTPe — Ny, a XapakTep N3MeHeH1s NepBUYHOro Nnoss
MOXHO annpokcumMmnpoBaTb GyHKUMEN COS(va), MeeT cneayowmi sug, [11]:

v =arccos( n,)/a. (2.5)

CnpaBepMBOCTb 3TOM GOPMYJibl NOATBEPXKAAETCS PACHETOM MO HEWN BENNYUH
Ve W 'V, OJ191 TPOCTBIX PYNOPOB NPW YCII0BUK, HTO pacrnpenesieHne rnoas B packpbise

pynopa v B NMTaloLLEM €ro BOJIHOBOAE MMEET OAUH U TOT Xe xapaktep. [1ns BoOMHbI
H1o B CEKTOpPMAsbHOM 1 NMpamMuaansHoM pynope, rae n,, = 1e8nn. Eung, =08

nna.H, no (2.5) nonyyaem v, = 0 n v, = n/2a, 4TO COOTBETCTBYET 3Ha4YeHNAM v B (2.3).
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MpubnmxeHHas dopmyna Ans KOHU- Ver Vin
4eckoro pyropa (BonHa Hy), rae 14
N, = 0,623 B nn. Enng, =08 nn. H, 12
VIMEET Crneayowun Bna;: 10
ve = 0,284n/a, v, = n/20. (2.6) | 8 N« Vin(00)

KpvBble 3aBUCMMOCTU BEIMYUH Ve U | g N
\ \\
Vm OT Y@ PacTBOPA KOHUYECKOro Pyno- | 4 Asq
\
2
0

pa, puc. 2.2, paccyuTaHHble no (2.6) — \‘74-___
CMJIOLWHAsA NMNHWSA 1 NO (2.4) — NYyHKTUP, 2 o

XOPOLLIO COBMNaaaoT. 10 20 30 20 50 60
[epBr4HOE None NPOCTbIX PYNOPOB
Puc. 2.2
(cexkTopuasnbHbIX, MMPaMUAATBHBIX U o
KOHUYECKnX) — Eqe, NpU p>Ry MOXHO 3anucaTtb B BUAE CyMMbl ABYX nonei: By nk,,

06pasyemMbix TekyLLMMM NCTo4HUKamMmm 04 1 05, COOTBETCTBEHHO.

Enep = E1 + E2 = Aexp(jv0) + A exp(-jve),

rae A =Eq F(p) exp {iklpo — Roarccos(Ry/p)1},

roe EO — KO3dDUUMEHT, onpeaensiemMblii UHTEHCUBHOCTbLIO MCTOYHMKA BO30YX-
OeHuns pyrnopa, He3aBNCKMBbIA OT KOOPAMHAT TOYKM HabnaeHns; F(p) — dyHkuus,
XxapakTepu3ayloLas U3MeHeHNE aMmINTY bl HANPSXXEHHOCTW MO OT PACCTOSAHUS:
F(p) = 1/p"? — onga uMnUHAPNHECKOW BOJHBI CEKTOPUansLHOro pynopa, F(p) = 1/pg—
0519 cpepmnHeckor BoHbI NMpamMmaanbHOro U KOHUHECKOro pyrnopa; pg = (p? — Rg?)"?
— paccTosiHne oT McTo4HUKoB 04 1 0o Ao Toukn HaboaeHns P; p, 6 — KoopamHaThl

TOYKM HAbNOOeHWS.

MepBuyHoe none PPU (mnpamMmnaanbHOrO n KOHMYECKOr0) ONpenensieTcs Ncxo-
[0S U3 TOro, 4TO MCTOYHUKOM NEPBMYHOIO NONS ABASETCS Masbli, CUHMA3HbIN,
pynop, a ero «packpbiBOM» CIIYXUT Ce4eHue nanoma. Npun aTom reomeTpmndeckmne
pasmepbl PPU BbiGpaHbl Taknm 06pa3om, 4TO SyHn NepPBUYHOMO NMons (NpsiMble K
OTPaXeHHbIE) HE NEPECEKAIOT BHYTPEHHNX CTEHOK OCHOBHOIO pyrnopa.

2.1.4. AndpakymnoHHbie nons

MeTopg reomeTpumyeckoii Teopun gudpakummn B obiem ciyydae 6a3mpyeTcs Ha
npeanonoXeHnn, 4To SHEPIrmsa pacnpoCcTpaHaeTcs BoOMb ay4ei. [one, cooTBeT-
CTByIOLLEE KaXA0oMYy AndparmpoBaHHOMY Jydy, CBA3AHO C MNOJIEM KaXA0ro npsMoro
nyya (B ero ka4eCTBE MOXET BbICTyNaTb 1 AudparMpoBaHHbIi Jyd NPeabIayLero
nopsaka Masioctu), NagatoLlero B To4Ky andpakumm P;, KoNnM4ecTBeHHbIM COOTHO-
LIEHMEM NOCPEACTBOM OMTUYECKUX 3aKOHOB N3MEHEHUS (pasbl M COXPAHEHUS SHEP-
rmn. 3Ta CBS3b OCYLLECTBNSETCH Yeped KOaddULMEHT, onpeaensiemMblii N3 ycnosus
NOCTOSIHCTBA MOTOKA 3HEPTNKW BAOJIb COOTBETCTBYIOLLEN Ny4EBON TPYOKN, N PyHKLMN
andpakumm, y4nTbiBaOLWEN 3aKOH N3MEHEHUS AN PAKLMOHHOIO MO HA MOBEPXHO-
CTV OAHHON KOHbUrypaumu.

AndpakumoHHoe nosne, BO3HUKaloOLLee Ha pebpe Npou3BoJibHON ¢GopMbl
[58], B 06uieM ciyyae MOXHO 3anucaThb B CriedyioleM Brae:

E i =E nag, (P [pkpi/(pkpi + ;)12 Dy, (2.7)

roe E ai — AndpakuroHHoe none B Touke HabnoaeHns P, coznasaemoe Jiydom,
AndparnposaHHbIM B TOYKe andpakummn Pj; E nan (Pi) — none npamoro nyya, nagato-
LLero B TO4KY audpakumm Pj; p; — paccTosHue oT To4KM anudpakumm P; 00 To4Kn
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HabnoaeHns P; Pkpi — PAAMYC KPUBK3HBI BOSIHOBOTO hpoHTa; D) — koadduumeHT
andpakumn, onpenensiowmnin 3aKkoH N3MEHEHVS NONS nyya, AndparmnpoBaHHOro B
Touke andpakunm P;.

KoadbduumenTol andpakimm ans 3neKTprUHecKon n MarHMTHOM nnockocten (D
n D;y), COOTBETCTBEHHO, BbIPAXEHHbIE eOUHON POPMYSION C «APOOHBIM» MHAEKCOM
(Dig/h ), KOTOPOMY COOTBETCTBYIOT «4POGHbIE» 3HAKM (+) , ONpeaesieHb! 13 Npeano-
JIOXEHUS, 4TO NPY OANHAKOBbLIX HaNpPaBNeHNaxX NagaloLero ayvya KoapduumeHt
andpakumn Ha pebpe naeanbHOro NPOBOASLLEro Tena (B ciyyae, Korga pagmyc Kpu-
BU3HbI pebpa 3HaYNTENbHO MPEBLILAET ANIMHY BOJIHbI) HE OTINYaeTcs OT Koapduum-
eHTa gudpakumn Ha naeanbHO NPOBOASLLEM KIMHE, pebpo KOTOPOro CoBnagaeT Cc
KacaTenbHOM K pebpy paccmMaTpuBaeMoro Tena B Touke andpaxumm P;.

D-E = [sin(:r/N)/N-.\'inﬁ,-(2nk)”2]-exp(—jzr/4)-{[cos(:r/N)—cosI’U[_Tl'uo’]'1 ¥
" (2.8)
?[cos(n/N)—cas%JrTW]'l},

rOe Yo U §; — Yrbl MeXAY MPOoeKUuUAMN COOTBETCTBEHHO najaloLlero u andpa-
rMPOBAHHOIO Jly4el Ha NI0CKOCTb, NePneHauKyNsSpHYIo K pebpy Tena B TOYKe
ongpakumn P;, 1 NnHWen nepecevyeHmns 3Tom NiIoCKOCTU C NII0CKOCTbLIO, KacaTeslb-
HO K OCBELLLEHHOV YaCcTu NOBEPXHOCTU Tena B Touke andpakumm Pi; N = 2 — n/x, roe
1 — Yroj KnavHa.

BbipaxkeHus (2.7) v (2.8) nocTtaTo4yHO NpoCThbl U yA0OHbLI, HO UMEIOT ABa CyLLe-
CTBEHHbIX HEOQOCTaTKA:

+ KO3 DUUMEHT B (2.7), CBA3bLIBAIOLLNI NOSE Nyya, NaaaloLULEero B TOHKY
andpakumn P;, ¢ nonem gudparnpoBaHHOro nyya B Touke HabnoaeHus P, B cnyyae
nageHus Kak naockon Unu UMIMHOPUYECcKon, Tak U cpeprnyeckoi BoHbl Ha pedpo
Tena KpMBONIMHENHOW pOPMbI HE JAET CMbIKaHUS ANGPaKLNOHHOIO MO C NOSIEM
reoMeTpU4eCcKom ONTUKN;

+ BONM3KM rpaHnupl TeHn (YP; = Tt +14;) 1 BOIM3KM HAaNpaBaeHNs 3ePKanbHO
OTPaKXEHHbIX Ny4en (P; = 1t — ;) BoipaxeHune (2.8) Hecnpaseanso 1 gaet 6eCKoHeu-
HYIO BEIMYUNHY NONS.

Panuvyc KprBU3HbI BONHOBOIr0 GPOHTA (Pypi):

Pkpi = —(Rypi SIN? B;)/(COSS; + Ry i sin? ), (2.9)

roe f; — yron mexzay nagatoLumm JIy4oM 1 KacaTenbHOM K pebpy B TOUKE
andpakuumn Pj; B; — nponsesoaHas yrna p; no AivHe oyrvi BOONbL pebpa B To4Ke
anopakumn P;; §; — yron mexay paccMmatpueaemMbiM AndparnpoBaHHbIM JTyHOM U
BHYTPEHHEeN HopMarnblo K pebpy B Touke andpakumm P;; Rypi — Pasnmnyc KpUBK3HbI
pebpa B To4ke gndpakumn P;;

Mpwn napgeHun chepnyeckon BOJIHbI HA KPYIIbIA Kpan packpbiBa (puc. 2.3), 4To
XapakTepHO AJ1si KOHMYeCKOro pyrnopa, B To4ke P; yron mexay nagatowym y4oM m
kacartenbHom Kk pedpy B = x/2, a paauyc KpuBK3Hb! pebpa B aTow Touke Ry, = R. Yron
Mexay paccMaTpuBaemMbiM AUPAKLMOHHBIM JIy4OM 1 BHYTPEHHEN HOPMaIbIo K
pebpy B TouKe P;, 1Cxoast N3 reomeTpum pynopa, paseH: 6 = —(a — ; + x/2). dopmy-
na ons pacyerta Nnpou3BoaHON B Npu nageHun chepryeckol BOSTHbI Ha KPYbIi
packpeIB MMeeT cnenylowun Bna;:

B =a/{RI(R + a)?+ b?]"?, (2.10)
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roe a — paccTosiHMe OT TOYKU U3NYyHeHUs 0 OCK pyrnopa; b — paccTosiHue oT
TOYKW N3NY4EHMA 00 MIOCKOCTU packpbiBa pynopa. YTobbl BbipasnTb f Hepes cooT-

BETCTBYIOLLME reoMeTpMyeckne pasmepsl pyrnopa, paccmarpusaemM nageHue nyya
n3 To4km 04 B TOUKY P4, T. €. nageHne cpepudeckor BOMHbI HA BOTHYTLIV Kpai. B
3TOM ciyyae a = Sy; Sin( Y, + o) — R, a b = Sg; cos( i + o), rae Spi — paccTosiHue
OT UCTO4YHMKA A0 To4kM andpakummn. Noactaenas 3HadeHus a v b B (2.10) 1 npeob-
pa30BbiBasl, NoONy4aeM s KOHMYECKOro pynopa:

Bpor = [SoisSin( yei + @) — RI/R Sy (2.11)

AHanornyHeiM 06pa3oM HaxoAuM, 4TO NPY NadeHUn siyya n3 To4km O, B TOUKY
P4, T. €. npy nageHn chepuryeckomr BOSHbI Ha BbIMYKbIA Kpaii:

Bewn = ~[Soi sin(w — @) = RI/R Sy;. (2.12)

B cuny cummeTpum pynopa 3HavyeHus 3 4514 Jiydein, nagatoLwmx B ToUKy Py n
BbIxoasLwmx n3 Todek 0, n 04 onpenensoTcs Takke no (2.11) n (2.12).

Mpwn nageHnn cdhepmn4eckor BOAHbI HA MIOCKMIM Kpa PacKpbiBa, YTO XapakTep-
HO O/191 CEKTOPUanbHOro U NupamMmuaanbHoro pynopa f = n/2; Rypi = 5 8 = [(7/2) — (y;
+a)]; B =-1/Sgi.

MoacTaensas HaiaeHHble 3HadYeHns B, Ry, d 1 B B (2.9), nonyvaem:

Pagnycbl KpBM3HbBI BOTHOBOrO GPOHTA 419 KOHMYECKOro pynopa:

Pip.eon = —R/[SIN(a = Wg)] = Rypi/Sei + sin(y; + ), (2.13)

Prp.oor = —R/[sin(a + Yg)] = Rypi/Soi + sin(y; + o). (2.14)

Pagnyc kprBU3HbI BONHOBOro GpoHTa Ans NMpaMmnaansHoOro pynopa:

pr.I‘II/Ip = Soi' (2-15)

KoHeyHas Benn4mHa nosag Ha rpaHuLLe TeHU MPAMbIX N OTPAXEHHbIX nvqe|7| npu
pacyete andpakUMOHHOIo NMoas, BO3HMKAIOLEro Npu NnagaeHnn naoCKom BOHbI HA
nonyrnyiockocTk [60] onpeaenseTca no cneayowen gpopmyne:

En = Eni(Wi—vo) £ E g (h; + ). (2.16)
. exp(—jml4 ‘cos[(wl— 11,001-)/2:” _ B w .
Epitnspo) = (n]/2 ) ) cos[(% . po,-)/Z] ~exp] jkp; - cos(y; WOi)]‘){exP(sz) “dx, (2.17)

roe x; = {kp;[1 + cos(y; F Pyi)]}"7? ; BEPXHUIA 1 HUXHWUI 3HaK B (2.16) COOTBETCTBY-
eT nnockocTaMm En H, a B (2.17) — nepBoMy 1 BTOPOMY cnaraemomy B (2.16).

Kaxnoe cnaraemoe B (2.16) onpenensieTcs NponsBeneHNeM NioCcKor BOSHbI
«CBOEro» (MPAMOro/0TpaxxeHHOoro) Noas FEOMETPUHECKOM ONTUKN N MHTErpasom
®peHenst, apryMeHT KOTOPOro BbibpaH 13 ycnoBust, 4Tobbl pasa KpaeBoi BOSHbI
acUMMTOTMYECKW YAOBNETBOPSNa NpuHumnny depma.

MpunbnmxeHHoe pelleHre ansa cnyyas andpakumm LMINHOPUYECKO BOMHbI Ha
NosynIOCKOCTU CKOHCTPYMPOBAHHOE Mo aHanormm ¢ (2.16) obecnedynBaeT Henpe-
PbIBHOE CMbIKaHME C BOJITHAMW FEOMETPUHECKOM ONTUKN HA FPaHnLLE NpsIMbIX/OTpa-
>KEHHBbIX Ty4€EN, Kak OKOJI0 KPOMKU, TaK 1 B AanbHen 30He. [Mpu aToM amnnntyaa
COCTaBSOLLMNX ANPPAKLNOHHOIO MO, NMPUMbIKAIOLWWX K MPAMOMY/OTPaKEHHOMY
NOJII0 FEOMETPUYECKOM ONTUKN HA FPAHULLE NPSIMbIX/OTPaXEHHbIX JTy4el, paBHa
NMOSIOBUHE aMMINTYAbl «CBOEr0» Mo reOMEeTPUYECKOWM OMTUKMU.

Ecnu BBECTU COOTBETCTBYIOLLME KOIDDULMEHTDI, YHUTLIBAIOLLME BUL BOJHbI U
KPUBU3HY KPOMKU, TO AEACTBME aHANIOMMYHOM aCMMATOTUHECKON HOPMYITbl MOXHO
pacnpoCcTpPaHnTb 1 Ha AP PaKUMIO MNIOCKOW, UMINHOPNYECKON 1 cHEPUHECKON BOJHbI,
nagaroLiein Ha pebpo nnu KIMH Tena NPSMOSTIMHENHON 1 KPUBOJIMHEIAHO (DOpPMbI.
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Lna NpOCTbIX CeKTOpUanbHbIX M NMpaMuaanbHbiX PYNOPOB KPOMKa, MpU OTCYT-
cTBuK dnaHua, ABASETCS NPSAMOSIMHENHBIM PeBpoM, a Mpu ero Hann4YMm — NPSIMo-
JIMHEMNHBIM KJTMHOM.

LN npoCTbiX KOHUYECKUX PYNOPOB KPOMKA, MPW OTCYTCTBUM dnaHua, ABISEeTCs
KPMBOJINHENHLIM PEBPOM, a NP ero HaANNYNN — KPUBOJIMHENHBIM KIIMHOM.

Ona PPU kpomka ceyveHuns n3noma Bcerga aBasieTcs KIMHOM, a KpoMKa
packpblBa (kak 1 oas NpoCTbIX PynopoB) — pebpom unu KMHOM (B 3aBUCUMOCTU OT
OTCYTCTBUS NN Hannuusa dnaHua) NpuyeM 4ns KOHMYECKUX U MMpaMUaanbHbIX
PYNOPOB KPUBOSIMHENHBLIMUW WU MPSIMOSIMHENHBIMU, COOTBETCTBEHHO.

Ana nupamuaansHeix PPU pebpa 1 KNnHbs NPSIMONVHENHbIE, @ O KOHNYECKMX
— KPVBOJIHENHBIE.

Hanee paccmMoTpeHbl andpakUUoHHbIE NONA, BO3HMKawme B PPU, Tak kak OH
BKJ1IOHAET BCE BO3MOXHbIE Clly4au.

AndpakunoHHbIe MO, BO3HMKAIOLWMEe Ha CeYEeHUU n3nioma, Co3aatTcs
npsambiMu nydamm 11 1 22 (purc. 2.3) NepBMYHO BOJIHbI, MICXOOALWMMM COOTBET-
CTBEHHO N3 MHUMbIX UICTOYHUKOB 04 1 05 1 MPOXOAALLMMUN, COOTBETCTBEHHO, Hepes
To4kM gudpakumm Py n Py, Jlyan 11 1 22 genaaioTcs nagaowyMm o OTHOLLEHWUIO K
cTeHkaM A n B, cooTBETCTBEHHO, a NIyun 21 1 12 — oTpaXeHHbIMM MO OTHOLLEHMIO K
TEM XE CTEHKaM.

AcnmnToTudeckme Gopmynbl A8 pacyeTa 3TUX NONEN, HE galoLme Kayc-
TUK B HANpaBneHUN rpaHn, MoryT 6biTb NOCTPOEHbLI aHanornyHo [59], roe pac-
CMaTpuBaETCs CAy4Yyan nageHuns uManHOPUYECKON BOJTHbI HA NONYMJIOCKOCTb.
Ona aToro cocrtaengawwue gndppak-
LLMOHHbIX Nonen, exogawume B (2.16),
OOJKHbI Y4UTbIBaTb cneundunyeckme
0COBEHHOCTM NagaloLWwero nons n
KPOMKMU, ABNSAOLWENCAS UCTOYHUKOM
COOTBETCTBYOLWEro ANdpPaKkyNOHHO-
ro nons.

3a ncxogHyto popmyny ons
obuero cnyyas — nageHus nno-
CKOW, unnmHgpuyeckon nnu cohepu-
4YeCcKoW BOMHbI HA pebpo Npouns-
BOJIbHOW pOPMbI B3SATO aCUMMTOTU-
YecKoe BblpaxeHue Ans pacyera
ANdpPakuMOHHOIOo NMons, BO3HUKA-
IOWero npu nageHunm naockomn
BOJIHbI HA KJIMH.

3T0 BblpaxeHue, ecnv orpaHn-
YUTbCH MEPBbLIM YJIEHOM pafa, YTo
cnpaeennmeo ansa 6onblimx kp,
oTnunyawouieecs ot (2.17) Tem, 41O
YYUTBIBAET Yron KnMHa, UMeeT cne-
ayowmnin sug, [60]:

Puc. 2.3
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2sin(7w/ N)-exp(- jm!4) ‘ |"0s[(’/’i + 1/’01‘)/2]‘ )
N2 cos(n/N)—cos[(lpﬁwol-)/N] (2.18)

Eﬂi(% Fpoi) =

-expl - jkp; - cos(w; ¢w0i)].°f°exp(jx2) s

roe x; = {kpi[1 + cos(y; ¥ yg)1}"% N =2 - n/m.

MpunbnuxeHHoe pelleHne ansa cayyasa andpakuym naockon, UMIMHOPUYECKON 1
cdepunyeckon BOsHbI, NagatoLleli Ha pebpo Tena NPoM3BoJIbHOM GOpPMbI, pa3Mmephbl
KOTOPOro AOCTaTO4YHO BENMMKM MO CPABHEHMIO C AJIMHOW BOJTHbI, KOHCTPYUPYETCS No
aHanorum c (2.18). MNMpw aTom nonaraem, 4To ANdpPaKkUNOHHOE nose nydyen, audpa-
rMPOBaHHbIX HA MasioM 3/ieMeHTe pebpa, KOTOPLI MOXHO paccMaTpmuBaTh Kak
NPSIMONIMHENHbI, NPONOPUMOHANbLHO BbipaxkeHuto (2.18) npu ycnosuu, 4to ¢aszo-
Bbl€ MHOXUTENU MPAMOro/0TPaXeHHOro Nos N0CKOW BOSIHbI COOTBETCTBYIOT
$a30BbIM MHOXUTENSM NPSAMOr0/OTPaXXEHHOr0 NMofasa NA0OCKON, LMANHAPUYECKOM
nnu cpepunydeckomn BosHbl. B aTom cnydae nHterpansl @peHens [onxHbl 6bITb 3anu-
caHbl TakuMm 06pa3om, 4ToObl haza nydei yoosnetTsopsana npuHuuny depma, T. e.
cooTBeTCTBOBaNa pasHocTn pas oudparmpoBaHHOro M NPSIMOro/OTPaXeHHOro
Jlyda B To4ke HabnoaeHus.

Mpw paccmoTpeHnn pebpa NpPon3BoJibHOM GOPMbl HEOOXOOMMO BBECTU KO-
GULNEHTBI, YH4MTBIBAIOLLME BUA, BOJIHbI Y KDUBU3HY KPOMKU, KOTOPbIE HA30BEM KOI(-
duumeHTamMum pacxoanMocTn. ITn KO3POULNEHTLI BEIYUCASIOTCS aHanormyHo [58],
[61] n3 ycnoeusi 3akoHa COXpaHeHWs1 3BHEPTUK, HO B OTNn4me oT [58], [61], oHuM
VIMEIOT KOPPEKTUPYIOLLIME MHOXUTENN, KOTOPLIE ONPEAENAnTCa OTAENbHO ONS KaX-
[0ro B1Aa BOJIHbI N3 YC0BUS CMbIKaHUSI COCTaBNAOLWMX AP PAKLMOHHOIO Nos
(MpUMBIKAIOLLIMX COOTBETCTBEHHO K MPSIMOMY/OTPaXEeHHOMY NOJI0) C MNOJIEM reome-
TPMYECKOWM ONTUKM HA FPaHUNLLE CBET-TEHb.

Ha ocHoBaHUM M3n10>XeHHOro Bbilwe dopmysbl (2.16) n (2.18) npuobpeTatoT
Cﬂe.D.YIOU.LI{IVI BUA!

E,u,i =E01 (E,u,ianx.in + E,u,ioRpx.io)'
2sin(sw/ N) ) ‘COS[(WFU’O[)/Z]‘ ) o 2
_2sin(aiN) ). cexn( ko ) a,  (2.19)
Aig N-x'2 exp( o ) cos(n/N)—cos[(wi¢w0i)/N] ep(J pig) an exp(‘;x )

rme X, =[k(S -5 )I’, n=2-nix,
iB uia ia

roe Em — roJie NEPBMYHOI0 NCTOYHMKA Nyda, MPOXOASLLEro Yepes TOUKY
anopakunn P;; Em n/0 — COCTaBnsowme AndPaKUMOHHOrO Noss NPAMOJIMHEAHOro
aneMeHTa KPOMKM, NPUMbIKAIOLLETO K MPSIMOMY/OTPaXeHHOMY MOS0, COOTBETCTBEH-
HO; Sjp/0 — BENMNYUHBI, ONpeaensatoume dasy NPAMOro/0TPaKEeHHOrO ly4a B TOHKe
Andpakummn Pj; Sy o — BENMYMHBI, onpeaenstoume dasy ampparpoBaHHOro nps-
MOro/OTpPaXeHHOoro Jiyda B Touke HabnogeHus P ¢ yueTom HavanbHoW dhasbl Npsi-
MOro/OTpaxeHHOro Jiyda B Touke andpakumm Py; Ry, /o — KO3IDOUUMEHTBI, y4nTbI-
BalOLLME BMA, BOJIHbI Y KDUBU3HY KPOMKM [U151 MPSIMOI0/OTPaXEHHOr o J1y4a.

«[Apo6HbIM» nHaekcam (Npu Epip o, Sinjos Spinjos Rpxino) COOTBETCTBYIOT
«[AP00OHbIE» 3HAKW (+), OTHOCSALLMECS K pacHeTy NPsIMOro/oTpaxeHHoro nons. B
dopmyne (2.19), B otnnume ot (2.16), MeeTcs TONbKO 3HaK «+». OTO 0ObACHAETCS
TEM, YTO M3MEHEeHeEe 3HaKa nepemn cocTasngoLen ondpakuMOHHOro Nons, NPUMbl-

79



AHTEHHbI, MUP 1 Mbl. YacTs |

KaloLLEer K OTPaXXEHHOMY MOJII0, XapakTepHOe ans nnockoctn H, yunteiBaetcs ¢paszo-
BbIM MHOXUTENEM, onpeaensiowmm dasy OTPaKEHHOro nyya.

Mpw pacyeTte andpakUMOHHbIX Nonen oT Todek audpakummn Py n Py, BO30YXAa-
€MbIX COOTBETCTBEHHO Jiydamm 11 n 22 (cm. puc. 2.3), ICXoOHOE NEPBUYHOE Nose
NCTOYHNKOB STUX JTy4ei PaBHO MOS0 Ha aTux Jiydax B Todkax 04 1 0y, T €. Ejg = Egq = Eqpo.

AndpakunoHHbIe NOoNS, BO3HUKAIOLWME Ha PpacKpbiB€ OCHOBHOIO pynopa
(puc. 2.4) B Toukax oudpaxkumm P, n Py (Eﬂs 7] En4 ), CO30aI0TCS rPaHNYHBIMU JTyHamMu
13, 23 1 24, 14 andpakUMOHHbBIX MONEWN (Em " Eﬂz ) OT To4ek nsnoma Py n P,. Ecnn
pynop nmeet ¢paaHew, TO 3T N0 MOXHO PaCCYUTbIBATb HEMOCPEACTBEHHO MO
dopmyne (2.19), a npu oTcyTCcTBMMN dDnaHua cneayeT npuHaTb N=2.

JdndpakuyoHHbie nons, nagalowme Ha
KPOMKY packpbiBa B TOHKU Pz 1 Py, npeacra-
BNSOT cOOOM (ANs NnMpamMmaansHoro u
KOHNYECKOro pynopa) chepuyeckyto BOJIHY.
OKBUBANIEHTHBIMWN UCTOYHMKAMM 3TUX Nonen
ABNSIOTCS TOYKU, NIEXALLME HA COOTBET-
CTBYIOLLMX FPAHUYHbIX ydax. [na Toro,
4yTOObI HAMTK HaYasbHYIO BENIMYMHY MOJIS
9TUX NCTOYHUKOB, HYXXHO HANTU BENNHUHY
AN PaKLMOHHOIO NOJIS Ha KaXXO0M rpaHny-
HOM Jly4e B ABYX TOYKAX: HA KPOMKE
packpbiBa OCHOBHOIO pyrnopa v Ha paccTosi-
! HUW p. 3HAs BENUNYMHY MONS B 3TUX ABYX
J ToYKax, iexalimx Ha OQHOM 1 TOM XE Ny4e,
MOXHO ONpeaennTb PacCTosHME OT TOYEK
anepakumm Pz n P4 0 NCKOMBIX MHUMBIX
9KBMBANIEHTHbLIX UCTOYHMKOB CHEPUYHECKON BOJIHbI, @ TAKXKE MCXOOHYI0 BENUNHUHY
NOAs K&XA0r0 3KBUBANIEHTHOIO MCTOYHUKA.

JndpakumoHHoe none Ha rpaHnYHbIX Jiydax B Todkax Pz u Py, nexatumx Ha
KPOMKE packpblBa OCHOBHOIO pyrnopa, 0603Ha41Mm Kak Em (P;), a B TOukax, nexawimx
Ha OKPYXHOCTW pagmyca p (Ha HanpasieHUW rPaHUYHbIX JydYein) Kak Em (p, 6;)-

Mone Ha rpaHUYHbLIX Ny4yax B To4Ke andpakumm P; paBHO:

24 13

Puc. 2.4

. (2.20)
‘Em(Pi) =|Eoi|/ Soi-

Mone Ha rpaHnYHbIX lydax B Touke HabnogeHus P pasHo:
‘Em(P;@i) = |Eol /[ pi(p,6,)+ S0 ],
rae Sp, — PacCTosiHME OT COOTBETCTBYIOLLErO 3KBMBAIEHTHOrO NCTOYHMKA A0

Toukun gudppakumm P;; pi(p, 6;) — paccTtosHue oT To4ku audpakumm P; 00 TOCKK

HabnoaeHns P, pacnofioXXeHHOM Ha OKPY>KHOCTM paanyca p Ha HanpasneHun rpa-
HWUYHOrO Ny4a, NPOXOASALLEro Yepes To4Ky Andpakumm P;.

Nexonsa ns (2.20) u (2.21), MOXHO 3anucarthb:
£, (P)|-So:= £, (p1,0)|- [0+ pi(p,0)], Torma
Soi =|Eni(pi,00)- 00,0 |Ei ()|~ [Eni(p,6,)| . (2.22)

(2.21)

3Hasa BenmumHy Sy MOXHO onpefenuTs Eg;:
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Eoi=|Eni(0,00)] [S0:+ pi(0,0,)] - exph= jic - [ So; + pi(p, 6,01 (2.23)

KoadPurumneHTbl, yunTbiBatoLwmne Bna, BOJHbI U KDUBU3HY KPOMKMW, ONPeaenstoTcs
OTOENbHO 4SS KaXXA0ro BUAA BOJHbI, MICXOAS U3 3aBMCMMOCTM MOS B TOYKe Habo-
nenuns P [58], [61], [62], BO3HUKaAIOWErO B pe3ynbTate agndpakumm ny4ven,
nagamowmx Ha pebpo Tena NpomM3BosIbHON GOPMbI, OT BENIMYNHLI MOJIS HA Nyye,
nagaroLwiemM B Touky andpakumm P;. 3Ta 3aBUCMMOCTb MOXET ObITb 3anvcaHa cnegy-

oMM obpasom:
Eni = EOi “F(Spi)-(1 +pi/pkp.i)_1/2 F(y; F90;), (2.24)

roe Em — AndpakunoHHOE NnoJsie B Touke HabnoaeHns P; EOi — rnone nepBuy-
HOro UCTOYHMKA Jydel, NafaoLmx B TOHKy andpakuum P;; F(Sg) — dyHKkums, onpe-
[enawas 3aKkOH NUSMEHEHUS aMMINTYAbl MOAA NEPBUYHOIO UCTOYHMKA B 3aBUCMMO-
CTV OT PACCTOSIHNS OT STOr0 MCTOYHMKA A0 TOoYKM andpakumm P;; Sg;— paccTosiHue
OT NEPBUYHOIO NCTOYHMKA A0 TOYKN gndpakumn P;; p; — pacCTosiHME OT TOUKM
andpakumm P; 0o To4kmn HabnogeHns P; Pyp.i — PAANYC KPMBU3HBI BOSIHOBOIO POH-
Ta; F(y; T i) — PyHKUMSA KpaeBOW BOJIHBI MPSIMOSIMHENHOIO 371IEMEHTA KPOMKMU.

MuoxuTens F(Sy) (1 + pi/pypi)'? B (2.24) oGecneumBaeT CMbikaHve nosis reome-
TPUYECKOM ONTUKN C ANPPAKLMOHHBIM MOJIEM HA FPaHNLLE CBET-TEHb TOJIbKO B CJly-
yae nageHns MIOCKOW BOHbI HA NOMYMI0CKOCTb. Ecnu xxe GpoHT BONHLI nnu ¢popma
KPOMKM OT/INHAETCS OT MJIOCKOM, TO HA FPAHULLE CBET-TEHb UMEETCS PaspbiB, 4TO
NPUBOANT K HETOYHOCTM pacyeTa.

[ns obecneyeHns CMbIKaHUS MOJsi FeOMETPUYECKON ONTUKU C ANPPAKLUMOHHBLIM
nosiemM Npu nNageHnn nNioCKom, UMINHAPUYEeckon n cpepruyHeckon BoHbl Ha pebpo
KPUBOJIMHENHOM HOPMbl BBOOUTCS KOPPEKTUPYIOWUN KOIPDULMEHT M, KOTOPbIN
cripaBensivB AJ1s KKA0ro BUAa BOJHbI U3 YCIOBUSA CMbIKaHUA COCTaBJISIOLLNX
AN PakLMOHHOIO NOMs, MPUMbIKAIOLLMX COOTBETCTBEHHO K MPSIMOMY/OTPaXEHHOMY
NnoJo, Ha rPaHnLE CBET-TEHb. [1pn 3TOM CHMTAETCS, YTO UCTOYHNKOM OTPaXEHHbIX
Jly4en ABNseTCs BepTMKanbHOE OTOOpaXeHne NCTOYHNKA NPSMbIX JIy4eln, a aMnanTy-
[a Nnofs OTPAXEHHOrO Slyya Ha FPaHNLLE CBET-TEHb MEHSIETCS TaK Xe, Kak amnanTyna
npsiMoro nyya. Torga (2.24) npyHUMaEeT cnenyoLwmin BUa;:

Epi=M-Eo;F(Sy;) [(1+ pi/pkp.iO)_l/z F(p;— o) +(1+ Pi/Pkp.io)_l/2 F(yi+yo)l. (2.25)

B maHHOM cnydae koaddurumeHT M noay4eH Npm ycnoBum, 4TO COCTaBSIOWNE
AndpakumoHHoro nons F(y; ¥ ¢;), NpUMbIKaloLLne COOTBETCTBEHHO K NPAMO-
My/OTpa>KeHHOMY MOS0, Ha FPaHMLE CBET-TEHb MEHSIOT 3HaK U paBHbl 0,5, NoaTomMy
nns obecnevyeHnss HenpPepbIBHOCTU NOJst HEOOX0AUMO, YTOObI Ha rpaHuLLEe NPAMO-
ro/OoTpaxeHHOoro siyda cobt04anoch clenyloLllee paBeHCTBO:

M-F(So) [(+pilp, WP=F(p),

roe F(p) — dyHkums, onpegensowas M3MeHeHns amnanTyapl nNonas B40b NPsi-
MOro/OTPaXKEHHOTrO Jly4a Ha rPaHnNLLE CBET-TEHb.
Ons chepuryeckom BOMHbI, NCTOYHUK KOTOPOWM HaxoamMTCs Ha PacCTOSAHUN Sg; OT

TOuKM andpakumm P; n Ha paccTosHUM p OT Touku HabnoaeHns P, F(Sy) = Sy,
F(p) =P, Prp.ino = Sois P = Sgi + pi— A1 NPAMOrO/OTPAXEHHOT O Jly4a Ha rpaHnLe
CBET-TEHb, TOrOA

M5! (L+p;1 So1) ™ = (Soi +pi) 7
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otcioga M = [Sq/(Sq; + pi)] 2. (2.26)
Moactasnas 3HaveHne M B (2.25) v yuntbiBas, 4To F(y, F ¢y) = Eni n/0s MONyHaEM:

£, = Eor LS (Sor+p) (4 pil o ) E 4 S0 (Soitpi) (14pil o) By 1 9 o7
3anuwem (2.27) B BUAE:

E =Ey (R E ) (2.28)

+R
i px

-E
an .0i noi

rae Royin/o — aMnanTyaHbIn KO3 PUUMEHT, yunTbIBAOLLNI BUA, BOJHBI U HOPMY
KPOMKM, PaBHbIN:

R =[S0 (Soi+pi) (1+p;ilp . (2.29)

X— Kli
Py Py

Ang umnmHppuyeckoi BoNHbI NOA0OHbLIE pacCyXaeHns OatoT:

= [Se:- (14 p 12
gl A (2.30)

[ns nnocKow BONHbI:

- -1/2
R,; ., _(1+pi/pkpll)] . (2.31)
il G

2.1.5. @a30Bblii LEHTP

[ns npaBunbHOW YCTAHOBKM Pyrnopa B CXeMe 3epKasibHOM aHTeHHbI Heobxoam-
MO 3HaTb NONOXeHWe ero ¢Ga3oBoro LeHTpa. MNpn aTom TpeboBaHUS K TOHHOCTU TEO-
peTnyeckoro onpeaeneHns GasoBoro LeHTpa MoryT 6biTb HE O4EHb BbICOKMMM, TaK
Kak Ha NpakTuke No4Tu Bcerga MMeeTcst BO3MOXHOCTb HEBOJbLLOIro NepeMeLLeHNs
obnyyaTenss OTHOCUTENbHO 3epkasna N 3KCNePUMEHTANIbHOro COBMeLLeHUs $Ha3oBo-
ro ueHTpa obnydatens ¢ ero Gokycom.

MonoxeHne $a3oBoro ueHTpa CUHMA3HBIX CEKTOPUASIbHBIX, MMPaMUOabHbIX U
KOHMYECKMX PYNOpOB JOCTAaTOYHO XOPOLLIO N3BECTHO (CM. pasgen 1.3.2). Kpome
TOro, OHO JIErKO ONpPeaensaeTcs N0 Ppac4ETHbIM UM SKCNEPUMEHTAsNTbHLIM (HGa30BbIM
anarpammam. CnoxHee 06CTOUT Aeno ¢ pachasrpoBaHHbIMIU PyrnopamMm pasHblx
Moandukauuii, Bknoyasa pasnndHole moguduvkauum PPU, dasosbie gunarpammbl
KOTOPbIX UMEIOT OCLMIININPYIOLLNIA XapakTep.

Mpwn ncnonb3oBaHNK PynopoB B ka4yecTee 0bydaTeneit NnpakTMieckuin MHTepec
npencTaBnsieT NONOXeHE Ga3oBOro LEHTPa, paccynTaHHOro no $GasoBbIM Ana-
rpaMmmam TOJIbKO B NMpegenax paboyero cekropa yrios, B HaCTHOCTW, B Npeaenax
cekTopa yrna obnydyeHus 3epkana. B Tom cnyyae, ecnm B npeaenax A4aHHOro CekTo-
pa paBHOda3HbIe NOBEPXHOCTU NPeACTaBASOT COO0M KOHLEHTPUYECKNE chepbl, Kak
9TO XxapakTepHO, Hanpumep, oas 06bl4HbIX CUHGA3HbIX PYNopoB, TO 0bnyyaTesb
MMEEeT TOYEYHbIN (a30BbLIN LLEHTP, NOJIOXEHME KOTOPOro COBMNagaeT C LEHTPOM paB-
HO®a3HbIX cohep.

®az0BbI LEHTP CMMMETPUYHbIX PYNOPOB HAXOAUTCS Ha ocu pynopa. Moatomy
[0CTaTO4YHO 3HATb JINLLb Er0 CMELLLEHNE BAOJIb OCU. KCNEPUMEHTANIbHO 3TO CMe-
wexue (Sy,,) onpenensercs 1Mbo OTHOCUTENBHO Ga30BOM TOUKM HA OCKM PyMopa,
yepes KOTOPYI0 NPOXOAMT OCb BpaLleHUs Npu naMmepennmn ¢pasoBbix gmarpamm, 1mbo
OTHOCUTESNIbHO Havana KoopAMHaT, BbIOpaHHOro npu pacyeTe Ga3oBbIX AnarpamMm.

BenunuunHa cmelleHmns $©as3oBoro ueHTpa (Sg,,) MoxeT ObiTb onpeaeneHa [63]:

Seu = 0,5 AS (2p + AS)/[2p sin¥(6/2) + AS], (2.32)
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roe AS =; Moy — ©g)/27; @y — Pasa noa NPon3BOSbHLIM YIIOM 0; ¢y — Havasib-
Hasa ¢asa npu 6 = 0°.

Ecnn pynop nmeeT To4eyHbIli $a30BbIi LLEHTP, TO AJ19 ONpeaesieHns ero noao-
XXEHUS OCTAaTOYHO BbIMUCAUTL N N3MepuTb dasy B ABYX JIOObIX TOYKax B Nnpeae-
nax 3agaHHoro cektopa yrnoB. OfHaKko peasnbHble PynopHble aHTEHHbLI (0COBGEHHO
pacda3npoBaHHbIE), Kak MPaBuo, He UMEIOT TO4Ye4YHOro Ga3oBOro LEHTPa, a UMeloT
MECTO AOCTaTOYHO CUJIbHbIE OTK/IOHEHUS a3kl OT HEKOTOPOro CPeaHEro 3Ha4YeHns
He TOJIbKO B Npeaenax rnaBHoro fenectka, Ho 1 6oee y3koro, paboyero, cektopa
yrnoB. [loaTomy nonoxeHne $pas3oBoro LEHTPa, BbIYUCIEHHOE N0 TOYKaM, B3STbIM Ha
pasnnyHbIX yHacTkax ¢a3oBoi anarpammel, OyoeT pasinyHbIM.

Mon das3oBbIM LEHTPOM PYNOPOB, UMEIKOLWMX OCUMANNPYIOLLYIO ¢pa30Byio Ana-
rpammy (Hanpumep, pacdasmpoBaHHbIX), creayeT NoOHMMaTb HeKyto obnacTb, B Nnpe-
[enax KOToOpoW CKOHUEHTPMPOBAHO Hambosbluee KONMYECTBO HaCTHbIX pa30BbIX
LLEHTPOB, COOTBETCTBYIOLLMX PA3/INYHbLIM y4acTkam ¢a30Bow anarpaMmmel.

YcTaHoBKa 06/1y4aTenst B COOTBETCTBME C HAMAEHHBLIM «MHTErpasbHbiM» ha3o-
BbIM LLEHTPOM MO CYLLECTBY ONpeaensieT NosioXeHne pynopa, npy KOTOpoM AocTtura-
I0TCS MUHMMAsbHbIE (PA30BbIE MOrPELLHOCTM M NO3TOMY pPeann3yeTcss MakCUMasnbHO
BO3MOXHbI KNI aHTEHHbI.

Hanbonee To4HbIM ObIN1I0 6bl ONpegeneHne cpeaHeEB3BELLEHHOIO NOTOXEHNUS
obuiero ¢a3oBoro LLEHTPa, T.€. C Y4ETOM Beca KaxAoro 4acTHOro ¢a3oBoro LeHTpa
B 3aBMCMMOCTM OT BEINYMHbI aMMINTYAbl B TEX TO4Ykax ha3oBon gnarpamMmmbl, No
KOTOPbIM JAHHbIA YaCTHbIN (a30BbIf LLEHTP pacCyYnNTbIBaICS.

Ha npakTunke MOXHO OrpaHNynNTLCS BbIYMCIEHUEM HECKOJIbKUX 3HaYeHWNI Sy, , B
npegenax pabo4yero cekTopa yrioB, a 3aTeM BbIHUCIUTL €ro cpegHee apudmeTnye-
CKO€, a He CPEOHEB3BELLEHHOE, T.€.:

Sou = (Z Sgy)/n, (2.33)

roe N — YMUCNO PaCHETHbIX TOYEK, KOTOPOE AOMKHO ObiTb MHOIro 60sbLUE Yucna
$as0BbIX OCLUMIISLVNA.

Ecnu nonoxeHnne ¢asoBoro ueHTpa, paccumtaHHoe gas nnockocten Em H
OTAEJIbHO, He COBMaaaeT Mexay CoBoii, To ONpeaenaeTcs cpefHee 3HaveHne Sy,;:

S = Sen = (Sg+ Sp)/2, (2.34)

roe Sgy — paccTosiHMe OT BbIBPAHHOM TOYKM OoTcHeTa A0 $a3oBoro LieHTpa
pynopa, 3a KOTOpbIA MPUHATO cpeaHee Ass 06emnx NI0CKOCTEN nofoxeHne ¢as3oBo-
ro UeHTpa; Sg — pacCcTosiHMe OT BbIOPaHHON TO4KM OTcHeTa A0 $a30BoOro LeHTpa
pynopa B nnockoctun E; Sy — paccrosiHme oT BbIOpaHHOM To4Ykm oTcyeTa A0 $as3oBo-
ro ueHTpa pynopa B naockocTtu H.

PacyeTbl 1 MHOrOYNCNEHHbBIE 3KCMEPMMEHTaNIbHBIE NCCNEN0BaHNS NoKa3anu,
4YTO NPMBELEHHAS BbILLE YNPOLLEHHAsA METoAMKa onpeneneHns pasoBoro LeHTpa
[AeT BECbMa XOPOLLYIO TOYHOCTb 1 BNOJIHE NMPUrogHa AJis NPakTUYeCcKmx Lenen.

2.1.6. Obnactb NnpuMeHeHNs JTy4eBo MeToaNKN

JaHHas, nyyeBasi, METOOMKA MOXET ObITb MCNOMb30BaHA HE TObKO A1 pacye-
Ta gnarpamMmm NpocTbiX PYNOPHbIX @HTEHH U CUMMeTPUYHbIX PPU, HO 1 ana 6onee
CNOXHbIX PYNOPOB, @ UMEHHO:

« Ona PPU c annnntnyecknm (PPN3) 1 npsimoyronsHeiMm (PPUMM) packpbiBOM.
Ho B aToM cny4ae B kayecTBe 6a30BbiX BEIMYMH CNeayeT NCMOb30BaTb reoMeTpu-
yeckue pas3mepbl pyrnopa, COOTBETCTBYIOLLME TOW MIOCKOCTU, B KOTOPOW MPOBOANT-
CSl pacyer.
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+ J1na npocTbIX pynopoB ¢ ¢GpraHueM, YCTaHOBIEHHLIM MO NEPUMETPY PaACKPbI-
Ba, Tak kak npu 2a. = 180° OCHOBHOW pyrnop BbIPOXAAeTCs B MJIOCKNIA dnaHel,.

«  Ina PPU ¢ kocbiM cpe3om mn/nnm noBOPOTOM OCU B TOWM NAIOCKOCTK (none-
peYHon), rae pyrnop CUMMETPUYEH. B NpoaonbHOM NIOCKOCTY pacHeT MOXHO Mpo-
BOAMNTb MO aHANOrnyHbIM hopmMynam, HO C y4ETOM TOro, YTO B 3TOWM NIIOCKOCTU (13-
3a acMMMeTpUM pynopa) Bknag, B obLiee nosne ero npaBomn 1 NeBoM NosoBUHbI 6yaeT
pasHbIM, pa3HbiMW BYAYT 1 30HbI AENCTBUS MOJEN, ONpeaensieMblX NpPaBbIMA U

NeBbIMU ToYKamMu amdpakumnn.

+ J1na pynopoBs, UMEIOLVX HE OOMH, a HECKOJIbKO N3510MOB. [Mpu 3TOM BKag,
AndpPakUMOHHOI0 Nons ny4yen, andparnpoBaHHbIX Ha KaXX40M AOMNOSTHATENbHOM
nsnome wnm dnaHue, onpeaensaeTcs no aHanorum ¢ nNosaemM nyden, andparnpoBaH-
HOM Ha KPOMKE OCHOBHOIO pyrnopa, C y4eTOM yrfia «pacTeopa», 06pasyemMoro HoBbIM

M3/I0MOM N GnaHueM.

2.2. PacyeTt guarpamMm npocTbiX Pyrnopos

2.2.1. CocraBnsiiowme CyMMapHOro roJisi U OCHOBHbIE 3Tarlbl pacyeTa

CymMmapHoe none pynopa (KOHU4eCKOro U NnpamMmaanbHOro), eCAn orpaHu-
4ynUTBLCH, pUc. 2.6, BKNaaom nepsuyHbix noner 04 n 0, 0T TEKYLLMX IKBUBASIEHTHbIX
NCTOYHUKOB E1 7] Ez, COOTBETCTBEHHO 1 ONPPAKLMOHHLIX MONEN (TONbKO MEPBOro

2

Puc. 2.5

2.2.2. Pacyer 6a30Bbix BEJINYNH

nopsigka manoct) E 44 u E ;50T Touek Py
n P,, nmeeT cnegyowmin Bua;:

E= Eq+Ey+E ; +E (2.35)
rpe
E; — nepsu4HOoe nose oT 3KBMBA-

neHTHoro uctoydHuka 1 (04),

E, — nepBu4HOE Mosne OT 3KBMBA-
JIEHTHOro ncto4vHuka 2 (05),

E 4,y — none nyyeit, andparnposa-
HbIX B TOo4Yke andpakumm Py,

E g2 — nosne ny4ei, AndparmpoBaHHbIx
B TO4Ke audpakumm P,.

OcCHOBHbIe 3Tanbl pacyeTa:

+  PacuyeTt 6a30BbIX BE/INYMH.

+  PacyeTt nepBuYHOro nons.

+  PacueTt gudpakuymoHHbIX NONEN.

+  Pacuet obwiero (cymmapHoro)
nons.

+  OnpepneneHue nonoxeHune $paso-
BOrO LIEHTpA.

« [lepecueT gnarpaMmm OTHOCUTESb-
HO $a30BOro LeHTpa.

Bas3oBbIMM ABNAOTCA: UICXOOHbIE AaHHbIE (PACCTOAHME OT FEOMETPUYECKON BEP-
LLUMHbI pyropa A0 To4kU HabJIIoAeHNS Y ero OCHOBHbIE FEOMETPUYECKME Pa3MepbI),
paanyc KayCTUHECKOM OKPY>KHOCTU U HEKOTOPbIE AeACTBUTESbHbIE BENIMYMHDI, UCTOJb-
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3yeMble Npu pacHeTe MHOrokpaTHo, puc. 2.6.

McxooHble gaHHble:

P — PaccTosiHMe 0T reOMeTPNHECKON BEPLUNHDI
pyrnopa 4o To4kun HabnoaeHus P,

2R — gmnameTp packpbiBa KOHMYECKOrO pyrnopa
(pasmep packpbiBa B MIOCKOCTU pacyeTa nupamu-
OanbHoro),

20, — yron pacrteopa pynopa.

Paawnyc kayctunyeckoi okpyxxHoctu Ry onpeae-
nsetcsa no dopmynam pasgena 2.1.3, ucxoas ns
Tuna pynopa (nupamMmnaanbHblii NN KOHUYECKUI) 1
nonspusaumn.

JencTeutenbHble BENMYYHBI, MICNOJIb3YEMbIE
npw pacyeTe MHOrOKPaTHO: g, L, Ly, pg, W1, Yo, P1s
P2, PUC. 2.6, oNpenensaTcsa U3 NPOCTbIX FEEOMETPU-
YEeCKNX COOTHOLLEHUIA.

L = R/sina — annHa obpaaytoLler pynopa,
cynTasi OT reOMETPUYECKOM BEPLLNHDI,

Yq = arcsin(Ry/L) — yron mexay ny4om,
nagaroLmM B TOYKY Andpakumnm, n OCBELLEHHON
CTEHKOI pynopa,

Lo = (L>~-Rg%) "> — paccTosiHue OT TeKyLmx
9KBMBANEHTHbIX UCTOYHNKOB 04 1 0, A0 TOHEK
onegpakumm Py u Py,

po = (p°—Rp?)"» — paccTosHMe OT 3KBUBAJIEHT-
HbIX UCTOYHMKOB 04 1 0, A0 To4kM HabnoaeHns P,

Y¢ =n — o —arcsin[L sin(a — 0)/p;] + 6 — yron
Mexay Jly4oM, AnpparmposaHHbIiM B Touke P4, n
OCBELLLEHHOW CTEHKOW pynopa,

Y, =1 — o — arcsin[L sin(a + 0)/p,] — 6 — yron
Mexay Jly4oM, AnpparmposaHHbIiM B Touke Py, 1
OCBeLLLEeHHOM cTeHkowm (B) pynopa,

p; = [L2+ p*-2L p cos(o — 0)]”*— paccToaHne
oT Touku andpakumm Py oo To4kn HabmopeHus P,

P, = [L? + p*-2L p cos(a + 6)]2— paccTosHue
OT To4ku agndpakumm P, 00 To4kn HabmoaeHus P.

2.2.3. Pac4eT nepBUYHOro nosas

MepBnyHOE None pynopa (CornacHoO N3I0XKeH-
HOW BbllLEe MeToauKe pac4yeTta, cM. pasnen 2.1.3)
npeacTaBieHO B BUAE y4en € n e ncxoaaimx
N3 TEKYLLMX 3KBUBANEHTHbLIX MICTOYHMKOB 04 1 05,
puc. 2.7. 30Ha [encTema Nepeoro nctoyHmka (04)
orpaHuyeHa nydamn 11 n 12, a BToporo (0,) —
nydamm 22 n 21, 3TMM KpaeBbIM JlydaM COOTBET-
CTBYIOT rpaHNYHbIE YIbl: 044, 045 1 055, Oo5.

]
—B(P—H +0
12
22

|
012 | 024

Puc. 2.7
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[NepBuyHOE NoNe OT NepBoro UcTo4Huka (E4):

E;=0 npr 0, > 60> 0,;. (2.36)

Ey =Eo p' exp(jkS;) npu 812 < 6 < B4y,

exp(jkS{) — da3zoBbIi MHOXMTEND, ONpeaensoLwmi pasy nydya nctoyHmka 04,
roe S; = py — Rg [arccos(Ry/p) — 6].

[lepBryHOE NONE OT BTOPOro UCTOYHMKA (Ez):

Ep=0 npu 625 > 6 > By, (2.37)

E, =E, p' exp(jkSs) npu B, < 0 < 0,1,

exp(jkSy) — da3zoBbIi MHOXUTEND, ONpeaensoLwmi pasy nyda nctoyHmka 0,,
rae S, = py — Rg [arccos(Ry/p) + 6].

[paHu4yHble yiibl: 814 = a + Yo — arcsin(Ry/p); 60 = —041;
051 = o —Pg + arcsin(Ry/p); 015 = —0;.

2.2.4. Pac4eTt an¢pakunoHHbIX nosei

AndpakumonHsle nonsa E v E g2 OT Touek andpakuun Py n Py, cOOTBETCTBEH-
HO, MOXHO onpeaenuTb No (2.19), npn aTom gnsa pynopa 6e3 dnaHua cnegyet npu-
HATL N = 2. _ _

MepBuyHbie nona, audparupyoLlime B Toukax packpbisa Py n P, (Egq ME 5),

paBHbI MEPBUYHOMY MOS0, NAAAIOLWEMY B 3TN TOYKMN U3 NCTOYHMKOB 04 1 05 (CM. puc.
2.7). Ana cummeTpumyHoro pynopa Egq =E o, = E,.
30HbI AeNCTBUA ANDPAKUMOHHBIX Nonein, puc. 2.8:

E,EH =0 npu 6,12 >0 > 610, (238)
E,m =EO1 (E,mn Rpx1n + E,mo Rpx10 ) npn 6'12 <6< e1O=
Eﬂ2 =0 npu 620 >0> 6,21, (239)
E,u.2 =EOZ (E,u.2r| Rpx2n + E,u20 Rpx20 ) npn e20 <6< 6'21.

[paHu4yHble yibl: 0"y, = =0'5¢; 819 =t + a; 8’51 = arccos(R/p tga); 050 = —04¢.

|
-0 €«——F——>+0

Puc. 2.8
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BenuunHa andpakumnoHHOro nons oaut (E, ;) ot Toukn Py:

. cos| Fapy)/2 ®
- exp( 1;;[/4) ‘ [(IPI_ wO) :” exp(ij n)_ fexp(sz)-dx, (240)
ml T cos[(wl +1/J01)/2] ' *n
roe
o= [KS =S IS =S.; S =Lo-Ro[arccos(Ry/L)Fa]+pi.
0 AlS i 0 2 a0

BepxHune/HxH1Me nHOEeKCbl U 3HakM COOTBETCTBYIOT MPAMOMY/OTPaXEHHOMY
nosio. _
BenuunHa audpakumnoHHoro nons aea (E,,) ot To4km Py:

. exp(- jm14) ‘005[(% 1IIJo)/Z]‘ ‘ o 5
E =- %S -dx,
uz% ”1/2 cos[(zpz 11/}0)/2] exp(jk 2% )x{nexp('/x ) (2.41)
‘0
roe
Xon=[k(S =S n)]1/2; S =5 ; S =L0—R0[arccos(R0/L)$a]+p2.

T2
1

n
12— —_ 12—
A5 0 “o0 A5

BepxHue/HxHMe nHOEeKCbl U 3HakM COOTBETCTBYIOT MPAMOMY/OTPaXEHHOMY
nosio.

KoadPpuumeHTtbl pacxogmmocTu:

419 nMpaMmnaanbHoro pynopa

Rpx1n = I:{px10 = (LO + p1)-1= Rpx2n = I:{px20 = (LO + p2).1=

ON9 KOHNY4EeCKOro pynopa

R n =t~ (Lo+pi)-{1=py - Isina+ yy)=1gyo + cos(azyo)l 1R,

R w=VlLo*(Lo+pa)- (1= py- lsin(as ) igun + costa yo)I R

BepxHWin/HNXHNIN NHAEKC 1 3HAK COOTBETCTBYIOT MPSIMOMY/OTPaXXEHHOMY
nosto.

2.2.5. PacyeTt guarpamMm npocTbiX Pyrnopos

PacueT amnnuTyaHbix 1 ¢pa3oBbIX AMarpamMmm o6bI4HOro PPU npoeoautcs
no (2.35). Mpwn aTom nepBuyHbie nons (E; E,) paccunTeiBatotcs no (2.36) u (2.37),
a audpakumonHbie (Ey UE 45) — no (2.38) — (2.41) C y4€TOM COOTBETCTBYIOLLMX
KO9PPNLUMNEHTOB PACXOANMOCTHU.

OnpepenexHne GasoBOro LieHTpa pynopa OCYLLECTBASETCS N0 METOOVKE,
M3N0XeHHOW B pasgene 2.1.5.

MepecuyeT gnarpamMmm OoTHOCUTENbHO (pa30BOro LLeHTpa NPoBOaUTCS Mo
00bl4YHO MeTOOVKE NnepecyeTa KOOPAMHAT.
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2. 3. Pacyet aunarpamm PPU

2.3.1. CocTaBngouie cyMmMapHOIro rnoJiss U OCHOBHbIe 3Tarbl pac4yeTa

CymmapHoe none PPU (KOHUYECKOrO U NMPaMuaanbHOro), eciiv orpaHnynUTbLCS
(puc. 2.9 n puc. 2.10) BKNaAOM NEPBUYHbLIX NOSIEN E1 nE 5 OT TEKYLLUNX SKBUBAJIEHT-
HbIX UCTOYHMKOB 04 1 05, a TaKke AUdPaKUMOHHBIX NOSIEeN (TOMBKO NEePBOro Nopsaka
MasiocTn) I'Em n Eﬂ2 , CO30aBaeMblx ANPPaKUMOHHBIMU ToHKaMu nsnoma Py n Py, a
Takxe Eﬂs nE p4, CO3MaBaeMbIxX ANGPAKLNOHHBIMY TOYKaMUN PACKPbIBa P 1 Py,
nveet cne_,u,y10|._|.|,|/||7| BUO: ] ]

E= Ey+Ep+E  +E o+t E 3 +E gy, (2.42)

roe E; — nepeu4yHOEe none pynopa, onpegensemMoe y4yamMmm 3KkBUBaSIEHTHOr O
nctoyHmka 0y; E2 — MNepBMYHOE NONE pynopa, onpeaensaemMoe ydyaMmm 9KBUBASIEHT-
HOro UCcTo4HMKa Oy; I'Em — oudpakumoHHoe none nyya 11, andparnposBaHHOro B
Touke Py, pacrnonoxeHHon Ha KOHType n3noma; E,, — andpakumoHHoe none nyya
22, pandparnpoBaHHOro B To4ke andpakummn Py, pacnonoXeHHON Ha KOHType U3no-
Ma; Eﬂs — andpakumoHHoe none ny4den 13 n 23 (nons Ems n Eﬂ23, COOTBET-
CTBEHHO), AndparnpoBaHHbIX B TOHKe Andpakummn Pz, pacnosioxxeHHOn Ha KpoMKe
PacKpbIBa OCHOBHOTO pynopa: E ;3 = E 145 + E po3; E 14 — AndpakumoHHoe none
nydeit 24 n 14 (nons Eﬂ24 7] Em4= COOTBETCTBEHHO), AMdParMpoBaHHbIX B TOYKE
anopakummn P, pacnonoxeHHON Ha KPOMKE packpbiBa OCHOBHOMO pynopa:

Epa = Epog +E g

-0 €«—> +90
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OcHOBHbIe 3Tarbl pacyeTa:

+  Pacuyet 6a30BbIX BENNYNH.

+ PacueTt nepBuyHOro nons.

«  Pacuet gudpakumoHHbIX NOaen nanoma.

+ Pacyet andpakumoHHbIX NONEN pacKkpbiBa.

« Pacuet obwiero (cymmapHoro) nons.

+  OnpepneneHne $a3oBOro LEHTPa.

«  MepecyeT anarpamm oTHOCUTENBHO (PaA30BOro
LueHTpa.

2.3.2. Pacyet 6a30BbiXx BEJINYUH

Ba3oBbIMY ABNFIOTCA: NCXOOHbIE AAHHbIE (PACCTOSs -
HME OT FEOMETPMHECKOWM BEPLUMHBI Pyrnopa 40 TOYKN
HabNIOAEHNS N €r0 OCHOBHbIE FEOMETPUYECKME pa3Me-
pbl), pPaguyc KayCTUYECKOW OKPYXXHOCTU N HEKOTOPLIE
OENCTBUTENbHbIE BEMYMHbI, UCMOJIb3YEMBIE NMPU pacye-
Te MHOrokpartHo, puc. 2.11 n puc. 2.12.

VicxogHble paHHbIE:

p — PacCTosHMe OT reOMeTPUHECKOM BEPLUNHBI PYMOo-
pa ao To4ku HabnoaeHus P;

2R{ — omameTp packpbiBa (Ce4eHne ns3noma)
Masioro KoHm4eckoro pynopa 1 (ceyeHme nsnoma B nso-
CKOCTW pacyeTa nnpamMmaanbHOro pynopa);

20,4 — yros pacTtsopa Manoro pynopa;

[.% ]

P

Puc. 2.11

2R, — anameTp packpbiBa OCHOBHO-

rO KOHMYEeCKOoro pynopa 2 (pasmep R —— 2R2 _

packpbIBa B NOCKOCTW pacyeTa nupamm-
JanbHOro pynopay;
20, — Yron pacTBOpa OCHOBHOIO

pynopa.
OnTtnmanbHble pa3mepbl PPU onpe- m

[ensaTca No MeToamke, N3NTOXEHHO! B P

pasgene 1.4.2.
Papnunyc kayctmn4eckon okpyxHoctu Ry

onpenenaeTcsa no ¢popmysiam pasaena L

v S
Buumanue! Mpu pacuete Ry no ‘_‘.“\‘ 5 P){/!
(2.2)...(2.6) pna PPU cnepyeT NpuHATbL \\\ng
o= 0y. LO al
JencTBuUTENbHbIE BENINYUHBDI, \

NCNoNb3yeMbl€ NPU pac4eTe MHOroKpaT-
HO: Ly, Lo, L, @, L3, o, M, Po, P1, P2, W1s W2 200
(cMm. puc. 2.12) onpegensaTcs U3 npo-
CTbIX FEOMETPUYECKNX COOTHOLLIEHUIA:

L{ = R;/sin oy — AnuHa obpasyoLLen
Manoro pynopa, cymMTas oT ero reome-

2.1.3, ncxopsa w3 Tuna pynopa (nupamm- B “m i
JanbHbIV U KOHUYECKNIA) 1 NOASpU3aumin. n \V*

i
—3

TPMYECKOW BEPLLUUHBI. Puc. 2.12

89



AHTEHHbI, MUP 1 Mbl. YacTs |

L, = (R, — Ry)/sin o, — panvHa o6pasyloLlert OCHOBHOIO pyrnopa, cunTas ot
ce4vyeHns nsnoma.

L3 = (L,* + 4R4* + 4R, Ly sin a,)"? — paccTosiHne mexay TodkamMu amppakumm
Py, - P3Py -P,.

H, = (R, = Ry)/tga, — BbiCOTa OCHOBHOrO pyrnopa (paccTtosiHne OT MJI0CKOCTU
packpbiBa OCHOBHOIO pyrnopa Ao NJ0CKOCTN CEYEHUS n3nomay).

M =7 - 0, + 0 — Yron KJvHa.

L=(L?+ Ly* - 2L4L, cos 1 )'* — paccTosiHNEe OT reOMETPUYECKOWN BEPLUNHBI
MaJsioro pyrnopa oo Todek andpakumnmn P; n P4, pacnosioxXeHHbIX Ha KPOMKE packpbiBa

OCHOBHOrO pynopa.
a = arcsin(Ry/L) — yron mexay OCbto pyrnopa v HanpasieHUEM Ha TOYKU

andpakumn P; 1 P, 13 reoMeTpur4eckon BepLunHbl pyrnopa.

Lo = (L4® = Ry?)"* — paccTosHme oT ncto4Hunkos 04 n 0, 0o Touek andpakumm Py
n Ps.

Yg = arcsin(Rg/L{) — yron mexay niy4om, nagaionm B To4Kn anppakumm Py n
P5, 1 ocBeLLeHHOM CTEHKOM Manoro pynopa.

po = (p® — Rg?)"® — paccTtosiHue oT ucto4Hmkos 04 1 0, [0 To4kM HabnoaeHus P.

py=[L4% + p? - 2L, cos (a4 — 0)]"2 — paccTosiHme OT To4kn andpakuun Py oo
TOYkM P,

po=[L4% + p? - 2L, cos (a4 + 0)]"2 — paccTosiHmMe OT To4kM andpakuumn P, 0o
TOYkM P,

Yy = 1 - oy— arcsin[L, sin(a4 — 0)/p4] + 6 — yron mexay ny4om, gudbparnposaH-
HbIM B TO4Ke P4, 1 OCBELLEHHOW CTEHKOW Manoro pynopa.

Yy = 1 - ay— arcsin[L, sin(a4 + 6)/ps] - 6 — yron mexay ny4yom, audpparnposaH-
HbIM B TO4Ke P,, 1 OCBELLLEHHOM CTEHKOM Masnoro pynopa.

p3=[L?+ p?-2Lp cos (a - 0)]7* — paccTosiHue OT To4kn gudpakumm P3 oo
TOukM P.

pa=[L?+p?-2Lp cos (a + 0)]72 — paccTosiHue oT Toukn gudpakumm P, oo
ToukM P,

Y3 =M - a;— arcsin[L sin(a — 8)/p3] + 8 — yron mexay niy4om, anparnposaH-
HbIM B TOYKe P3, 1 OCBELLEHHOM CTEHKOM OCHOBHOIO pyrnopa.

Y4 =1 — a;— arcsin[L sin(a + 0)/p4] — 6 — yron mexay ny4om, andparnposaH-
HbIM B TOYKe P4, 1 OCBELLEHHOM CTEHKOM OCHOBHOIO pyrnopa.

Y34 = arcsin[2R; cos(a,)Ls] — yron mexay ny4amu, oncdparmpoBaHHbIMM B TOM-
kax Py u P, n nagatowmmMm cOOTBETCTBEHHO B TOYKM andpakumm P, n Ps, 1 ocseLleH-
HbIMW CTEHKaMM OCHOBHOIO pyrnopa.

A=arcsin{L, -cosca I[ 15 +4R? + 4R, L, -sina2]l/2}.

2.3.3. Pacy4eTt nepBu4yHoro nons PPU

MepBuyHoe none PPU npenctaBneHo B Buae nyyven e n e, ncxoaawmx n3
MHUMBbIX 9KBUBANIEHTHbIX UCTOYHUKOB 04 1 05 (CM. pa3pen 2.1.3).

30HbI OeCTBUA NEPBUYHBIX MICTOYHUKOB (nepsoro — 04 n BToporo — 0,) orpa-
Hu4eHbl nydamn 11, 12 22, 21, puc. 2.9, KOTOpPbIM COOTBETCTBYIOT FPaHNYHbIE
yribl: 011, 015 1 B2, 851, PaCcHUTLIBAEMbIE MO HOPMYaM:

90



YacTb |. AHTEHHbI, MUP U Mbl

011 = a + g — arcsin(Rp/p); 005 = =044; 051 = o + g + arcsin(Ry/p); 815 = —05;.
Cne,u.yeT OTMETUTb, YTO YKa3aHHble rpaHunLbl 30H ,EI,eVICTBl/IFl BEpPHbI TNLb B TOM

cnyyae, Korga kpaesble ny4u 11 1 22 He nepecekalT CTEHOK OCHOBHOIO pynopa,

T. €. cobnopaeTcs ycnosue: (a,+ ) < a,, KOTOPOE ABASETCS TakKe 06593aTesbHbIM

ons PPU, nmetowmyx H, 6nm3skne K onTuManbHbIM.

[NepBuryHOE NoNE OT NepBOro UcTo4vHuka (E4):

E;=0 npu By >0 > 04y, (2.43)

Ei=Egpo' exp(ikS;)  npnBi,< 0 < 04y,

exp(jkS{) — da3zoBbIi MHOXMTEND, ONpeaensaoLwmi pasy nydya nctoyHmka 04,
roe S; = py — Rg [arccos(Ry/p) — 6].

[NepBrYHOE NOAE OT BTOPOro UCTOYHUKA (Ez):

E>;=0 npu Bop > 6 > Bo1, (2.44)

E, =Eq po ' exp(ikSp)  Mpu By5 < 6 < By,

exp(jkSs) — dasoBbI MHOXUTESb, ONpeaensaoLwmin Gasy nydya ctodHmka 0o,
rae S, = py — Rg [arccos(Ry/p) + 6].

2.3.4. Pac4yeTt andpakunoHHbIX Noseii ot nasioma

AndpakumoHHoe none ot nssnoma, puc. 2.10, npeacTasnseT co6oin Cymmy ABYX
AMdPaKUMOHHBIX Nosnel: AN PakUMOHHOIo Nosid 0anH — E ;1 1 andpakumoHHOro
nons asa —E ,,, co3naBaeMbIX COOTBETCTBYIOLMMM MPaHNYHLIMM JTy4amu, BbIXOAA -
LMW N3 3KBMBANEHTHbIX NCTO4HUKOB 04 1 0, 1 AndparnpyowmmMmm B TOHKax
anopakumm Py n P,.

MepBryHbIE nong, andparvpyoLwme B To4kax nsnoma Py n Py (Em 7] E02 )s
paBHbl MEPBUYHOMY MOS0, NaAAoWEMy B 3TU TOHKM 13 UCTOYHUKOB 04 1 0,. [na
cuMMeTpuuHOro pynopa Eqq = Eg,= Eg.

30HbI AencTBNa AP pPakUMOHHbIX Nonel ot Todek Py n P, nanoma (Em " EHQ)
orpaHuyeHsl nydamu 13, 14 n 23, 24, KOTOPbIM COOTBETCTBYIOT FPaHUYHbIE YTkl 013,
0141 B53, 054 (cM. pyc. 2.10), paccumTbiBaEMbIE MO HOPMYSIAM:

813 = m-m + a—arcsin[L; sin (n/p)]; 624 = —6043;

053 = m/2 - A — arcsin[L; cos (a — A)/p]; 814 = —0o3.

BenununHa andpakumMoHHbIX nonen ot Tovek audpakumm Py n P, nanoma pac-
CYUTLIBAETCA MO METOAVIKE, M3NIOXEHHON B pasaene 2.1.4 Ana KivHa n ¢ y4eTom
kKoaddurumerTa pacxoammoctu Ry, . Mone ot Touek andpakuun (Eyy v Eyp ) npea-
cTaBnseT coboii CyMMy Nonei — NPAMOro n OTPaxeHHOro (Eyin, Eq1o Y Egony En2o)-

Ludpakumortoe none oann — Egy :

Ey=0 npr 6,4 <0< 0,3, (2.45)
E,m =E01 (E,mn Rpx1n + E,mo Rpx1(_)) npu e14 <6< e13

AvdpakumnonHoe none aga — E;»:

Ep=0 npu 654 > 0 > O3, (2.46)
E,u.2 =E02 (E,u.2r| Rpx2n + E,u.20 Rpx20) npu e24 <6< e23'

Cocraensiowume AMbPaKUMOHHOro Nons oanH (E,;, 1 E,qo) PACCHMTLIBAIOTCS MO
eaviHom popmyne, rae BEPXHUN/HMKHUIA NoKa3aTenb MHOEKCA Y BEPXHUN/HUXXHUIN
3HaK B pOpmMyne COOTBETCTBYIOT NPSIMOMY/OTPaXEHHOMY MOJIIO:
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dsin(xIN) cos[ (w1 Fwor)12] S
=———Lexp(-jrl4 kS dx, (2.47)
atl N-7'? exp( '/ﬂ )cos(n/N)—cos[(lplilpm)/N]exp( Iﬁ)xfnexp(jx )
o ni—
roe:
Xo=[k-(S -5 )]
o s

Sin S101 Spin Sp10 ONMPEAENAOTCS C YHETOM TOFO, YTO MO OTHOLLEHMIO K CTEHKE
«A» (CM. puc. 2.3), Ha KOTOPOW NEXNT To4ka gudpakumm Py, NpsMbIM SBASETCS Nyd
€', a oTpaxXeHHbIM — e,

e, onpepensieT pasy NPaMoro (s CTEHKM A) NEPBUYHOIO Jiy4a B TOYKE
HabnoaeHus P, noatomy:

S1n =51 =py — Rg [arccos(Ry/p) - 6].

€S, onpegensieT pasy OTPaAXKEHHOro (AN CTEHKM A) MEPBUYHOIO Jlyda B TOYKE
P, noatomy:

S10 =S5 = py — Ry [arccos(Ry/p) + 6].

Sp1n = S1n (P1) + p; onpeaenaet ¢asy B To4ke P Ha nyye, AndparnposaHHOM B
Touke Py, C yyeToM asbl NpAMOro (419 cTeHku A) nyya B Touke audpakumm Py, roe
Sy, (P4) onpepenseT pasdy npamMoro (A5 CTeHKM A) MEPBUYHOIO Ny4a B TOHKE
ongpakumm Py, cneposaTesibHO:

Sin (P1) =S;(Py) =L -Rg[arccos(Rg/L1) — 4],

Torga:

Sp1n = Lo — Rg [arccos(Ry/Ly) — aq] + py.

Sp10 = S1o (P1) + p; OnpenenseT ¢asy B Touke P Ha niyde, ampparposaHHOM B
Touke P ¢ y4eTOM pasbl OTPAKEHHOro (OJ159 CTEHKM A) NEPBUYHOIO Jy4a B TOYKE
andpakumm Py, roe S, (P¢) onpenensiet dasy oTpakeHHOro (419 cTeHkn A) iyya B
Touke P4, cnegoBaTesibHO:

S0 (P1) =S5 (Py) =L - Rg[arccos(Rg/Lq) + a4],

Torga:

Spio = Lo = Ro [arccos(Ry/Ly) + a4] + py.

Mcnonb3ys HalOeHHble 3HaveHnsa Sy, Sy, Sp1n, Sp10 NONYHaEM:

1/2
x ={k-[LO—RO~(arccos(R0/p)$al)+p1—p0+RO~(arccos(R0/p)-T—6)]} .

Cocraenstiowume ambpakumoHHoro nons aga (Egy, v Ep, ) Takke paccuutbisa-

I0TCS NO eauHOM popmyne, rae BEPXHUN/HUXKHUI NoKa3aTenb MHOEKCA N BEPX-
HUN/HWUXHUI 3HaK B GOPMYsie COOTBETCTBYIOT MPAMOMY/OTPaKEHHOMY MOJIIO:

_ 2sin(x/N)
pn o N2
o

: lcos[ (w2 Fw) /2] (S ) Fexp( 1K

k ix” )dx,
cos(n/N)—cos[(wziwoz)/N] P 2 x 7 (2.48)
o 2=

exp(—jn / 4)

roe:

. _ 12
Yo = [k S5 =S, '

o
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Sons S20s Spons Spoe ONPEAENAOTCA C Y4ETOM TOMO, YTO MO OTHOLLEHUIO K CTEHKE
«B» pynopa, Ha KOTOPO IEXNT To4ka audpaxkumm Py, NpsaMbIM JIy4OM SBNSETCS nep-
BUYHbIN NIy4 €xp(—jvO), a OTPaXEHHbIM — NEPBUYHbIN Jy4 exp(jve).

exp(-jkS4,) onpenenset dasdy npsamoro (st CTeHkn B) nepBmMyHOro nyya B
Touke P, nostomy:

Son = Sz = pg — R [arccos(Ry/p) + 6].

exp(jkS;,) onpenensieT ¢pasy oTpakeHHOro (4Js1s cTeHku B) nepsryHoro nyya s
Touke P, nostomy:

Sz = S1 = pg — R [arccos(Ry/p) - 6].

Spon = Son (P2) + p, onpenenset dpasy B Touke P Ha nyye, AndparnposaHHOM B
Touke P,, ¢ yyeToM ¢asbl NpsaMoro (419 cteHku B) nyya B Touke audppakumn Py, roe
Sy, (Po) onpepensieT pasdy NpamMoro (A5 CTeHkr B) nepBMYHOro iyya B TOHKe
anopakumn P,, cnepoBaTtenbHO:

Son (P2) =S5 (Py) =L - Rg [arccos(Rg/L1) — 4],

Torpa:

Spen = Lo = Ro [arccos(Ro/L¢) — a4] + ps.

Sp20 = Sop (P2) + p, onpenenset ¢pasy B Touke P Ha nyye, AndparnposaHHOM B
Touke P, ¢ y4eToM pasbl OTPaXeHHOro (4J15 CTeHku B) nepBuyHoOro nyya B Touke
andpakumm Py, rae Sy, (Po) onpepensaeTt dasy oTpaxeHHOoro (a1 cteHku B) nep-
BMYHOIO Ny4a B TOYKe Py, CnenoBaTesnbHO:

Sy, (P5) =S4 (Ps) =L - Ry [arccos(Rgy/Ly) + a4],

Torpa:

Sp2o = Lo — Ro [arccos(Ro/Ly) + aq] + py.

Mcnonb3ys HanaeHHble 3HaYeHuns Sop, Soo, Spopn, Sy, NONyYaeM:

1/2
x = {k[LO—RO -(arccos(RO/L1)$a1)+p2—po+R0 -(arccos(RO/p):B)]} .

2
o

KoadPpuumeHTbl pacxogumocTu 4519 N3/I0Ma PacCyYUTbIBaOTCS 4ns chepum-
4eCKOM BOJIHbI, YTO CNpaBeAVMBO 4SS MMPaMUAanbHOro M KOHMYECKOro pynopa.
KoadbduumeHTsl pacxoammoctv ans AndpakumMoHHOro nons oavt (Ryyqn 1

Rpxio) PV Sjg = L, 1 p; = p; UMEIOT CrieaytoLwmii BUA:

R, =[Ly(Ly+p)-(+plp IV,
pxl— kp1=

o o

(2.49)

L€ Ppxin Y Pkp1o — PAAMYCHI KPMBM3HBLI BOJIHOBOrO GPOHTA MPSIMOI 1 OTPAXKEH-
HOW BOMHbI B To4ke audpaxkumm Py. Tpun Si; = Ly, pi = p1, Yip = W10 = Yo!

Ppxin = Pkpio = Lo — 018 NUpaMrUAanbHOro pynopa,

Prpinso = —R1/[sin (a4 £) — Ry/L + sin (o + ¢,) — AN KOHAHECKOrO pynopa.

MopcTaBnas nofydyeHHble 3HA4YEeHUST PaguycoB KPUBU3HLI B (2.49), nonyyaem:

Roxin = Rpx1o = (Lot pi)' — ONs nupamyaansHoro pynopa,

Roxino = 1/1Lo (Lo + pi) {1+ pylsin (oq £1p,) = Ry/Lo + sin (ay +q)1/Re} |2 —
019 KOHWMYECKOro pyrnopa.

KoadburumeHTsl pacxoanmocTv ang AnbpakumoHHoro nons Aga (Ryyon U Rpyoo)
npu S;, = L, 1 p; = p, UMEIOT CrneayoLwnin BUA:

93



AHTEHHbI, MUP 1 Mbl. YacTs |

- . -1/2
Rp.XZg - [LO(LO +P2) (1+p2/pkp2%)] g (250)

A€ Ppxan U Pp2o — PAANYCHI KDMBU3HBLI BONIHOBOrO GPOHTA NPSIMOI 1 OTPaXKeH-
HOI BOJMHbI B TO4ke audpakumm Py, Tlpn Sig = Lo, Yip = Yoo = Yo

Ppx2n = Pkp2o = Lo — AN NpamMunianbHoro pynopa,

Prpzn/o = —R1/[sin (ay £,) = Ry/Ly + sin (o + o) — 01 KOHUHECKOr O pynopa.

MopcTaBnas COOTBETCTBYIOLWME 3HAYEHNS PaANyCcoB KpUBU3HBLI B (2.50), nony-
yaem:

Rpxen = Rpxoo = (Lo + p2)" — 418 NupammaansHoro pynopa:

Roxan/o = 1/1Lo (Lo * p2) {1+ pslsin (ay £ 1,) = Ry/Ly + sin (o +1p)1/Re}| 2 —
[0J19 KOHMYECKOoro pyrnopa.

2.3.5. PacyeT andpakymnoHHbIX Nosieii OT pacKpbiBa

AndpakunoHHoe none ot packpbiBa (cM. puc. 2.10) npeactaBnset cobom
CYMMY OBYX ANDPAKLVOHHbBIX Nosen: AndpakumoHHOro nons Tpy — E a3 W andpak-
LIMOHHOI O NONg YeTbipe — E a4 CO3AaBAEMbIX rpaHnYHbIMK iydamu 13, 23 1 24, 14,
BbIXOOALLMMM N3 MHUMbIX SKBUBANEHTHbIX NCTOYHUKOB 043, 053, 054, 044 pacnono-
>KEHHbIX Ha HanpaBneHun aTux nyyen, puc. 2.13.

MepBuyHbie nong, audparupyouime B ToYkax packpoisa P; 1 Py (E013,
E023, E024, Eo14) onpeaensaTca AndpPakLUMOHHLIMU NONSAMU OT TOYeK ndnoma Py v Ps.
Benuuuna aTux noneit (Eqgys, Egogs Egoas Egra) M PACCTOSIHUE OT VX 9KBUBANEHTHBIX
NCTOYHUKOB (043, Oo3, 004, 014) AO TOUEK andpakumm Pz 1 P4, onpepensioTcs B COOT-
BETCTBME C METOAUNKOWM, N3NTOXEHHOW B pa3gene.

MNepBuyHoe none sny4ya 13:

Eoq3 = Em(P:, 913) . [5013 + P3(P:, 913)]'“1”{—//6[5013 +P3(P;, 913)]}; (2.51)

rae Egi3 — BenudmHa nonst uctodnmka 045; Eqq (p, 013) — AndpakumoHHoe
none ot To4km andpakuumn Py B Touke HabnogeHus P ¢ koopanHatamum p 1 043;
pa(p,, B13) — paccToaHue oT Toukn andpakumm P 8o To4km HaboaeHus P ¢ koop-
AuHatamu p v 643; Em (P3) — ondppakumoHHoe nose oT ToYKu audpakumm Py B ToUke
andpakumm Py, Sp13 — paccTosHmne ot nctovxuka 043 40 To4kn audpakumm P,

So13 = ‘E,ql(P;,els)‘/P3(P;,913) "EAI(P3)‘_‘En](pz, 913)‘-

MepBuryHOE none nyya 23:

Eops = Enz(P’, 923) '[3023 + P3(P;, 923)] : exP{—.//C[Soz3 + P3(P;, 923)]}, (2.52)

rae Egps — BEnMUMHa nonst cTo4HmKa Opg; Epp (p, 023) — ANdPaKLMOHHOE
nosne ot To4km andpakuumn P, B Touke HabnogeHus P ¢ koopanHaTtamm p 1 03;
pa(p,, Bo3) — paccToaHue oT Toukn andpakumm P; 10 To4kmn HaboaeHus P ¢ koop-
AnHatamu p n 0,3; Eﬂ2 (P3) — ondpakumnoHHoe none oT To4kn andpakumm P, B To4ke
andpakumm Ps, Sgoz — paccTosiHne oT UCToYHMKA O3 A0 TOHkM andpakumm Pa,

So23 = ‘E,qz(P;, 923)‘/P3(P;, 923) "En2(P3)‘_ ‘Egz(P;, 923)‘-
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MepBunyHoe none ny4a 24 (ons
CYMMETPUYHOro pynopay):

E024 = E013 , roe E024 — BeNnYnHa
NoJsa 9KBMBANEHTHOIO NCTO4YHMKA Opy.

Spo4 = Sg13 » TAE Sppg — PACCTOSA-
HUe OT UCTOYHMKA 0o, 4O TOYKM
ongpakumm Py.

MepBuryHOe none nyya 14 (anga
CYMMETPUYHOro pynopay):

EO14 = E023 , roe EO14 — BeNnYnHa
NoJa 9KBMBANEHTHOIrO NCTOYHMKA O44.

So14 = So23 , TA€ Sg14 — paccTos-
HUe OT UCTOYHMKA 044 4O TOYKM
andpakummn Py.

3a UCTOYHMKN OTPaXKEHHbIX JIy4ei
NPUHNMaeMm 3epkasibHoe 0TobpaxeHne
WMCTOYHNKOB NPSAMbIX Jly4eii, Mpoxoas-
LLMX Yeped ToYkN P5 1 Py, KOTOPLIE
0603Ha4nm kak 0’43, 0'53, 0'54, 0’44

COOTBETCTBEHHO.
30HbI aencTeua audpaKkLumoH-
HbIX nonen ot To4ek P; n P, packpbia

(Eﬂs MEM) OrpaHnyeHbl COOTBETCTBEH-

Ho nydyamu 13, 23 1 14 n 24, KOTOpPbLIM
COOTBETCTBYIOT rpaHUYHbIE Ykl O35, O34

N 049, 843, pUC. 2.14, paccunTbiBaeMble
no ¢popmynam: Ozg=m+ o ;
034 = —arccos[L cos(a/p)]; 049= —0630;

043 = =034
BennuuHa gudppakuMOHHbIX
nonem ot Todek audpaxkumm Pz n P,

packpbiBa (E,g E,,) onpeaensiercs

(Egos)

(Eg14) (Eo1a)

Puc. 2.13

Puc. 2.14

CYMMOW ANGPAKLUNOHHbIX NONENn (Em@,, Eﬂ23, " Eﬂ24, Em4), BO30yXAaeMbIX yd4amu

13,23 1 14 n 24 (cm. puc. 2.10).

LudpakumorHoe none oant — Egg:

Eia=0

E,El.3 =Ep13 + E,u.23 .
AvdpakumnonHoe none aga — Ey4:
=0

Ena =Epoa + Epig

npu B4 > 6 > 65, (2.53)
npu 624 <0< 623.

npu 49 > 0 > 043, (2.54)
npu 640 <0< 643.

JndpakumoHHbIe NoNs OT packpbiBa PACCUYNTLIBAIOTCH NO METOAMKE, N3STOXKEH-
Holi B pa3pene 2.1.4 pns pebpa (N =2) n ¢ y4eTom KoadpdDULMEHTOB PACXOOMMOCTU
Rpx- CocTaensiowme andpakumnoHHbix nonem (Eyqg, Epog U Eppas Eppa), BO3OYXAA-
emoe nydyamun 13, 23 n 14, 24, npencrtaBnsget cob60i CymMy ABYX NONEN: MPSIMOro 1
OTPAXEHHOr0 (MHMMbIMU NCTOYHMKAMU OTPAXKEHHOIO MO SBNSIOTCH 3€PKabHbIe

95



AHTEHHbI, MUP 1 Mbl. YacTs |

OTPaXEHUsI MHUMbIX UICTOYHMKOB MPAMOro nons). Mpsimble n oTpaxeHHble Nons pac-
CYMTbIBAOTCSA MO 00LLen dopmyne, rae BEPXHUIN/HUXHUIA NokasaTenb «4p0oOHOro»
VHOEKCA U BEPXHUN/HUXHUI 3HAK B GOPMYNe COOTBETCTBYIOT NPSIMOMY/OTPaXeH-
HOMY MOJIIO.

Ludpakumontoe none nyya 13 — E, 4

E,EHS = I.5013 (E,u13r| Rpx13n + E,u.130 Rpx130)’ (2-55)
rge:
. i cos| F /2 B
P =_exp( l;;r/4) ’ [(1/)3_11’013) ]‘ exp(jtS ) Texp( in i,
a13g T COS[(I/)3 +1p013)/2] 135 C

< n
o
X13n/0 = [K (Sm3n/o - S13n/0)]‘/2; Sm@,n/o = Sp13+ p3 — PaCCTOAHME OT UCTOYHMKOB

043 n 0’43 oo To4kM HabmogeHus P no nytu nyya, ondparmpoBaHHOro B To4ke Py ;

S13n/0 = [82013 + p23 - 28013 COSs (w3 iw013 )]1/2 — paccTodHMne OT MCTOYHNKOB 013

n 0’4340 TO4KM HabnwogeHus Pj.

LudpakumonHoe none nyya 23 — E,pq:

En2s = Eo2s (Ea13n Roxosn + En2ao Rpxaso): (2.56)
roe:
. —j cos| (3 FPp3)/2 ®
P =_exp( l;;r/4) ‘ [( 3_ 023) :” exp(jkS ) Texp( i i,
J3l236 T Cos[( 'lp3 + '(/)023) / 2] 236 X

Xo3n/0 = [K (Sﬂ23n/o -S5)1% Sﬂ23n/o = Spp3 + P3 — PACCTOAHME OT UCTOYHMKOB On3

n 0’53 00 To4kM P no nytu nyya, amdparnposaHHoOro B To4ke Pg;

SZSH/O = [82023 + p23 - 28023 COSs (w3 i1,1)023 )]1/2 — paccTodHMne OT MCTOYHNKOB 023

n 0’5380 TOYKM P.

LudpakumorHoe none nyya 24 — E, oy

E,u24 = IL:024 (E,u24n Rpx24n + E,u.240 Rpx24o)’ (2'57)
roe:
. —j cos|( Py FYPopa)!2 ®
P =_exp( 1;3/4)‘ [( 4_ 024) ]’-exp(ij y T exp( jx ),
n24g 1 cos[(1p4 F 1/)024) / 2] 245 %,n

0
X2an/0 = [K (Sp2an/0 = S24n/0)1"% Sp2anjo = So24 + P4 — PACCTOSHME OT MCTOYHMKOB

054 1 0’54 0O TOYKM P no nyTn Nyya, AncdparmpoBaHHOro B TOYKE Py;

Soanjo = [S024 + %4 — 28024 COS (P4 FPp4)]'* — pACCTOAHNE OT MCTOHHNKOB Oy

n 0’54 80 TOYKM P.

AundpakunonHoe none nyya 14 — E 4

Enta = Eota (Eg1an Roxtan * Eata0 Roxtao)s (2.58)
roe:
. exp\- jml4) |€OS (1/’4 11/)014)/2 7
E == ul iiz ) ‘ [ — ]’ -exp(jkS ) S exp( jx* )dx,
atag g COS[(UM T Y014 /2] SRR

142
0

X1an/0 = [K (Sp1an/0 = S14n/0)1"% Sp1anjo = So14+ P4 — PACCTOSHME OT MCTOYHMKOB

044 n 0’44 0o TO4KM P no nytv nyya, ancdparmpoBaHHOro B TOYKE Py;
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S1an/o = [S%014 * P%4 — 28014 COS (W4 FP(14)]"> — PaACCTOAHME OT UCTOYHUKOB 044
n0'y, 80 TO4KM P.

dopmynbl N5 onpeaeneHns ps, pa, W3, Wa, W34 AaHbl B pasgene 2.3.2. 3Have-
HUS YIIOB Yg13: Yo23: Yo24: Yo14 OMPEOENSAIOTCH C YHETOM TOr0, YTO AJ15 JIy4€EN, BbIXO-
OaWwmMx n3 To4ek Py n P, 1 pacnpocTpaHsoLmMxcs BA0JIb CTEHKM OCHOBHOMO pynopa,
Yo13 = Yoou = 0, @ B CNiy4ae cumMmMeTpumn pynopa, Kpome Toro,Po14 = Poo3 = Y34, OAHA-
KO B pynopax ¢ KOCbIM CPE30M 1 (U1) MOBOPOTOM OCU 3TW Ybl OyayT PasHbIMU.

KoadPpuumeHTbl pacxoammMocTu 4519 packpbiBa ONPEenensioTcs OTAENbHO s
KOHWYECKOro 1 NMpamMmnaanbHOro pynopa rno aHanornm ¢ koadduumeHTaMmm pacxo-
OUMOCTU ons u3noma.

[lna KkoHmnyeckoro pynopa:

Roxi3n/o = 1/1S013 (So13+ p3) {1 — p3[sin (ay +3) — Ro/Sp13 + sin az]/Ra}| 2,
Rox23n/o = 1/1S023 (So23 + p3) {1 — p3[sin (ap + y3) — Ro/Spaz £ sin (ap + yo3)1/Ra}| 2,
Rox2an/o = 1/1S024 (So2a + pa) {1 = palsin (o +g) — Ry/Spaq + sin ap]/Ro}| 2,
Roxtan/o = 1/1S014 (So1a+ pa) {1 = palsin (o + ) = Ro/Sp1a SN (0 % g14)1/Ro} 2.

Ina nnpammpaneHOro pynopa:
Rpx13n = I:{px130 = (8013 + p3).1= Rpx23n = I:{px230 = (8023 + p3)'1’

Rpx24n = I:{px24o = (8024 + p4).1= Rpx14n = I:{px14o = (8014 + p4).1-

2.3.6. Pacuet gnarpamm PPU

Pacuet amnautyaHbix u pasosbix guarpamm PPU nposoauTca no (2.42).
Mpwn aTOM nepeuyHbIe Nons (Eq n E,) paccunteiBalotes no (2.51) n (2.52), a
AUPaAKLMOHHBIE NONs OT u3noma (E,; n Egp) v packpbisa (Egzu Eyy) — no (2.53)
— (2.58) ¢ y4eTOM COOTBETCTBYIOLLUMX KOIDPULMEHTOB PACXOANMOCTN.

OnpepneneHue pa3oBOro LeHTpa pynopa OCyLLECTBASETCS MO METOAMKE,
M3N10XeHHOW B pasgene 2.1.5.

MepecuyeT gnarpamMmm OoTHOCUTENbHO (pa30BOro LLeHTpa NPoBOUTCS Mo
00bl4YHOI MeToOVKE nepecyeTa KOOPAMHAT.

2.4. O6bnactb NpUMeHeHNs1 PacyeTHbIX popmy

O6nacTb NPUMEHEHUs pacyHeTHbIX GOPMYN OrpaHNYMBalOT HECKOJIbKO dak-
TOPOB.

CooOTHOLIEeHME YII0B pacTBOpa OCHOBHOIO U Manoro pynopa (2o, 1
201) BOMKHO BbITb TaKUM, 4TOObLI NepBUYHbIE Nyun 11 n 22 (cm. puc. 2.9) He
KacanMcb CTEHOK OCHOBHOIO pyrnopa v He CKONb3unn BAONb HUX. Bo30yxaeHne
KPOMKW OCHOBHOIO pyrnopa AOJ/IKHO ObiTb Nyd4amMu, andparmpoBaHHbIMU B TOY-
Kax Py n Py, @ He nepBu4HbIMA, T.€. Py < (T - 1), HO TAK KAK N = Tt — o, + aq, TO
Yo < (0 - 0y).

Ecnu BbIpasuTb Yy 4epes reomeTpuyeckme pasmepbl pynopa v BENNHUHY v,
COOTBETCTBYIOLLYIO pacnpeneneHunio aMnanTya nons B NIOCKOCTU pacyeTa, To:

019 KOHWYECKOro pynopa

(a, - a4) > arcsin [(0,1412A sin a4)/R¢ o4] — B 91€KTPUHECKON NIOCKOCTH,

(a, - a4) > arcsin [(0,25A sin a4)/R4 04] — B MarHUTHOM NNOCKOCTY;

Ong nupamMmaanbHoOro pynopa

(ot - aq) > 0 — B aNEKTPNYECKONM MNOCKOCTH,

(a, - 04) > arcsin [(0,25A sin a4)/R4 aqy] — B MarHUTHOW NAIOCKOCTM.
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JonycTuMble 3Ha4eHUA YrNoB Yo U g;, ONPESENAOTCH, NCXOAA U3 PeLLeHNs
HeonpeneneHHoCTV B MHOXUTeNe, BXxogswem B GopmMynbl 41 pacyeTta gubpak-
LLMOHHbIX MONIEN, KOTOPbLIN UMEET CNEeAYIOWVA BUA,:

|cos[(wo + wo)/2|/{cos (/N) - cos [(yg + o;)/INI}-

B aTOM MHOXUTENE Npu Yq + Pg; = T Nony4aeTcs HeonpepeneHHocTs 0/0, koTo-
pasi, 04HaKO, Nerko PackpbIBAETCS, U TOrAA MOXHO OMPEeAeNnTb, YTO HEOBX0AMMO
cobnopaTb ycnosue: (Yo + Vo) < [t + 2(a, - aq)].

MNMoacTaBvB B NPUBEAEHHDIN BbILLE MHOXMUTENb MAaKCUManbHO BO3MOXHOE 3Ha-
YeHue y;, Korgay; = T + o, - o4, NoJydaeM: Y < (a, - a4), T.e. TO Xe caMmoe yco-
BME, YTO 1 ANg npeaena npMMeHNMOCTU pacyeTHbIX GOPMys BOOOLLE.

Ecnu 1y n0AX0OMNT K rPaHUYHOMY 3HAYEHMIO O4eHb BIM3KO, TO AJ1S MOSTyYEHNS
KOHEYHOI BEIMYNHBI paCCMaTPUBAEMOr0 MHOXUTENS B 06nacTn (g; + yg;)/N >t ero
MOXHO anpoKCMMMpPOBaTb CreayoLer acCuMnToOTU4YeCKOn GOPMYIon:

cos[(y; +g;)/2]/[cos (xt/N) — cos n].

CpaBHeHMe pacHeTHbIX 1 9KCNEPUMEHTASIbHbIX JAaHHbIX MOKa3ano, 4To Takas
anpokcumaumsa No3BosseT Noy4mMTb JOCTAaTO4HO XOpPOoLLUee COBNageHme B CEKTOpe
yrnoB, 6M3KOM K rpaHuLLEe, HO He Ha camMom rpaHuue. NoaToMy rpaHuYHbIE TOYKM
NPUXOANTCS N3 pacyeTa UCKoYaTb UM UCKATb AN HUX OPYroe peLleHne unmv gpy-
ryto annpoKCMMAaLLMIO 3TOF0 MHOXUTENS.

2.5. CpaBHeHue pacyeTHbIX N 3KCNEePUMEHTasIbHbIX Pe3y/IbTaTOB

Mo n3noxeHHOW BbilLe MeToamke BbiIn paccuynTaHbl pasoBble U/ MNn amnanTyn-
Hble gMarpamMmbl PasHbiX PynopoB (pacdas3mpoBaHHbIX 1 CUH(a3HbIX, KOHUYECKUX U
nupamMugansHbix), Bkitodaa PPU, v npoBeaeHO Ux CpaBHEHUE C 9KCMEPUMEHTASb-
HbIMM AaHHbIMWU. HYacTb NOJIy4EHHbIX Pe3y/bTaToB NpuBeaeHa Ha puc. 2.15+2.21, rae
pes3ynbratbl pacyeTa NokasaHbl

-nb B
0 & 0 TOYKaAMM UKW KPECTUKAMM.
5 : © " . » 1 N3mepeHnsa npoBoanInCh
o ey f X NI 7L, Ha MoOeNsx B MUNJIMMETPOBOM
TN o m|E. AVanasoHe BOSH Ha 06emx
-15 \ | \
—| -1 nonsgpusaumax (nn. Ewv nn. H)
20 N TTTT] @ % T Ha paccTosHum p' oT $as3oBoro
5 \ \I'lfotlxoloﬂzlE - ¥ THookocToH LLleHTpa pyrnopa, COOTBETCTBYIO-
) N1, e, | LM YCTaHOBKE Kaxaoro 13
0 10 20 ® 4 ® 0 Y5 10 20 @ 4 5 6 | PYNOPOB B CXEME KOHKPETHOM

aHTEHHbI, 419 KOTOPOW OH Obln

Puc. 2.15
npefHa3Ha4YeH B Ka4ecTse
i s A% obnyyarens.
0 ‘f,/- 10 Mn.H Ha puc. 2.15 npreengeHsl
SRR MockoeTE |10 > aMnAnTyaHble 1 Gpas3osbie Ana-
® * 1k 18 \/ rpammbl OObIYHOTO KOHMYECKO-
B K ! S/ o // - ro PP (2a, = 40", 2R, = 14,544,
- - -1 p' =223\, A = 8,25 Mm).
715 as =N 2 fn & Ha puc 2.16 — nupamu-
.| Mnockocts H KN \ jg ~N g nansbHoro PP (20Lp =50°,
A ) - 2R, =5,77, p' = 48,51,
0 10 20 30 40 5 0 -Ag
Puc. 2.16 A =13,0 mm).
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0 0
L A0 Moocen & oo A Moo
-5 20 -5 20
\ ok

o 10

10 0&3@3& 0 40 A, fio
N 5
1 Po

0 N[ YA 0 : -Ag
| A\
25 o 25
-0 At -0 \
) ¥ 5
0 10 20 30 40 S0mm O 10 20 30 40 S0ma
Puc. 2.17
-nb
// 0 ~
MnockocTsE d '\ MnockoctsH
/ -5
4 \
-10 N
A
-15
\
y. & . N
/ ® \
. N\
0° > N 6°

mn 60 50 40 30 20 10 0 0 10 20 30 40 50 mm

Ha puc. 2.17 nokasaHbl
aMnanTygHble 1 pas3oBble gua-
rpamMmmbl KOHM4Yeckoro PPA
(204 = 10°, 2R, = 9,2,
2R{=2,91), p’ = 43,63A,

A =8,25 MM, Agy = 2,1m).

Ha puc 2.18 — amnnuntya-
Hble JH koHn4yeckoro PPU ¢
60/bLINM YIIOM pacTBopa
(20, = 80°, 204 = 25°,
2R, = 6,06\, 2R = 1,45),

p' = 124,42\, ). = 8,25 mm).

Ha puc. 2.19 npuBeaeHbl
OH nupammnagansHoro PPU
(20, = 35°, 204 = 14°,
2R, = 8,52\, 2R = 2,844,
p'=102,3\, A= 8,8 MMm).

Ha puc 2.20 — amnnutya-
Hble 1 ¢pa30Bble AMarpaMmmel
06bI4HOr0 CMHpa3HOro nupa-
MnAanbLHOro pynopa (2o, = 147,

Puc. 2.18 2R, = 2,22\, p' = 89,14,
A=11,25 mm).
= Ha puc. 2.21 — amnnuntya-
—— 0 — Hble [1H cuHdasHoro KoHnye-
/ 5 CKOro pynopa (2ap =10,
/ . N 2R, = 3,64, p' = 223,
/ \ A= 8,25 mm).
- —15
0 \
X ] _
AN ® \ ]
VALY B 30 \ o
wn 40 30 20 10 0 0O 10 20 30 40 wm -5
Puc. 2.19 ORS
0‘41 - . E
,5 \\
5 e==Tn.H
N MrookaonsH | oA _10 \ tl\
-5 N /// H  MnockoctsH pme—— “
-10 \ ‘: MnockocTb E 0 i i l t?
5 o -20H  MnockocTsE 15 \
9 5 10 15 20 6 \
-0 A -Ag° 0 “. A\
> ‘\ - i N IVH \ o) “
AT -2
,w e’ 3
~ /;‘) o
0O 10 20 30 40 5 60 70 8 9O 100 110 120 pm 30 \ :' N
Puc. 2.20 0 10 0 30 40 v
Puc. 2.21
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AHanM3 Nosly4eHHbIX pesdyfibTaToB nokasbiBaeT (CM. puc. 2.15 — puc. 2.21):

+ [lpu cpaBHEHUN paACHETHbIX N 3KCNEPUMEHTaNbHbIX anarpamm PPU (koHn-
YecKnx N NnpaMmnaanbHblx) HabaaeTCsa XopoLlee COBMNaAeHNe pacyeTa ¢ aKcne-
PVMEHTOM, & HECKOJIbKO MEHbLLUMI YPOBEHb OOKOBLIX JIENECTKOB B MOCKOCTU E aKc-
nepvMeHTaNbHON auarpaMmbl HanpPaBEHHOCTM 0OBbACHAETCS, BO3MOXHO, TEM, HYTO
M3MEPEHVS NPOBOANIVNCE B MUIIMMETPOBOM AMana3oHe, rae ToNWwmHa CTEHOK
pynopa 6bln1a con3amMepuma ¢ oIMHOM BOJHbI, @ MO3TOMY BbICTyNana B Ka4yecTBe
dnaHua, ycTaHOBIEHHOI0 NO NEPUMETPY Pynopa, HECKOJIbKO CHUXas YPOBEHb OOKO-
BOIr0 U3Ny4eHMUS.

+  Hebonblwoii BIBPOC pacyeTHbIX TOYEK BOAM3K OCK pyrnopa 0ObsCHAETCS
TeM, YTO B NpOrpaMMy pacyeTa He OblIo 3a/I0KEHO PELUEeHME A1t OCEBOW KayCTUKU,
KOTOPYIO Aa0T KO PULMEHTI PACXOANMOCTHU, XOTH MPUHLMNNANBHO Takoe peLue-
HUE CYLLECTBYET.

+  [lpn cpaBHEHUN PACHETHBIX 1 3KCNEPUMEHTASbHBIX AMarpamMm MPOCTbIX
pPynopoB XOpoLLEee COBMNageHNe pacyeTa ¢ 3KCNepuMeHTOM HabnogaeTcs s pac-
da3mpoBaHHbIX PYNOpPOB 1 A CMHGa3HbIX NnupaMmugansHbix. 4nsa cuHdasHoro
KOHWYECKOro pynopa Mexay pacyeTHbIMU 1N SKCMEPUMEHTANIbHbIMU AAHHBIMU UME-
IOTCS 3HAYUTESIbHbIE PACXOXOEHUS. DTO MOXHO 0ObACHUTL TEM, YTO NPU BbIBOAE
dopmyn gnsa pacyeta [H koHMYeckux pynopoB Bbi caenaH psg AONYLWEHUA 1 yrpo-
LEHNI (B 4aCTHOCTU, Npu pacyeTe KOIPDUUMEHTA, YINTLIBAIOLLENO KPUBN3HY KPOM-
K1), HECNPaBELMBbIX MPU OYEHb MaJbIX YIIIax PACTBOPA U O4EHb MaJibiX pasMepax
packpbiBa pyrnopa B 4JIMHax BOJH.

B uenom, naHHas metoauka (ocobeHHo B 4actn PPN v PP) BnonHe npurogHa
Ons npakTudeckmx uenen. OHa no3eonsieT (aaxe Npu yyete AnMdpPakUMOHHbLIX Noewn
TONIbKO MEPBOro NopsaKa ManoCcTm) paccumTaTtb, HanpaBieHHbIE CBOMCTBA pynop-
HbIX @aHTEHH He TOJIbKO B AafibHel 30He, HO 1 Ha KOHEYHOM A0CTaTOYHO 6M3KOM,
pPacCTOsHUU, YTO SABNSIETCH BECbMA BaXXHbIM €€ NMPEVMYLLECTBOM NPU ONpeaeneHnm
HanpaBJIEHHbIX CBONCTB PYNOPOB, UCMOJIb3YEMbIX B KQ4eCTBe 0bsiyqaTene.
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naea 3
3epkanbHble aHTEHHbI

3. 1. MexagyHapoAaHble TpebOoBaHNS K XapaKTepucTuKkam 3epKasibHbIX
aHTeHH

3.1.1. O6wme coobpaxeHns

OO6bI4YHO, rOBOPSI O MEXAYHaPOAHO-NPU3HAHHbLIX TPeEBOBaHUSAX K MapameTpam
pPaAnoOTEXHUYECKUX YCTPOMCTB, NPMMEHMMBIX HA INMobanbHON OCHOBE, Npexae
Bcero, obpaluatoTcsa k gokymeHtam MexayHapogHoro Coto3a 9nektpocesaadm (MC3I)
— cTapelilen cneunanmuanpoBaHHon opraHndauum OOH, oTBETCTBEHHOW 3a MEeX-
[yHapoaHOEe COTPYOHNYECTBO B 06/1aCTU 3/1EKTPOCBA3N.

B cBoei gearensHocTu, cpeam npoyvero, MC3 yoensiet 605blloe BHAMaHNE
MeXAyHapOoAHOMY PEryIMPOBAHNIO NCMOJb30BaHUS PaanoyYacTOTHOMO cnekTpa
HA3E€MHbIMU 1 CNYTHMKOBbLIMW pagmocyk6amm. OCHOBHbIM OKYMEHTOM, onpeae-
JISIIOLLMM YCNTOBUS MCMNONb30BaHNS PaanmoYacToT, aenseTcsa MexayHapoaHblin Perna-
MeHT Pagnocsasu (PP), npuHumMaemMbll  KOPPEKTUPYEMbIN HA BCeMmpHbIX KOHDe-
peHumax pagmoceasun (BKP), nmeowmi ctatyc mexayHapogHoro orosopa v nog-
nexawui patubunkaumm ctpaHamm-4neHamm MC3.

Mpexae Yyem nepenTn K COBCTBEHHO aHaNN3y KOHKPETHbIX A0KyMeHToB MC3,
CoAepXaLlMx CBeAEHMs NO HanpaBfiEHHbIM CBOCTBaAM 3epKasibHbIX aHTEHH, HAYHEM
C onpeaeneHns anana3oHoB HYacToT, B KOTOPbIX JIMOO NMPUMEHSIIOTCS, MO0 MOryT B
OyayLiem NpMMeHaTbCS aHTEHHbI 3TOrO Knacca.

Hanbonee obuime cBegeHns o0 pacnpeneneHmm noaoc 4YacToT Mexay pas3nuy-
HbIMK pagnocnyxbamm cogepxarcs B Ctatbe 5 PP «Tabnuua pacnpeneneHmsi nonoc
4yacToT», KoTopas GopMasibHO BKJIOYAET AnanasoHbl YacToT oT 9 kM, go 1000 My,
XOTS1 AeTaNnbHOe pacnpeaefieHne Ha CerogHsILWHNIN MOMEHT cAeNaHo TObKO A0
275 I'Tu, a yyactok go 1000 'L} noka Boobuie He pacnpeneneH. OgHako yxe B 2007
rony BKP BHecna B NOBeCTKY AHS cnefyoLen KoHpepeHumn, HamedeHHol Ha 2012
ron, aHann3 UCnoJsib3oBaHus nonoc Yactot ot 275 po 3000 M. Cama nocTtaHoBKa
3TOl 3aaa4un, 6e3yCnoBHO, OTPaXaeT TEHAEHLUMIO OCBOEHMS Bce Bonee BbiICoko4va-
CTOTHbIX AMana3oHOB B CBSA3M C H0NbLLIOM 3arpy3Kon NoJ10C YacTOT B HUXHEN (XOpo-
LLO OCBOEHHOW) YacTm cnekTpa.

3amMeTnM, 4TO He TOJIbKO MiaHbl OyayLMX NCCNeaoBaHNN, HO N CErOAHSLLHAS
npakTmka yXxe AEeMOHCTPUPYET SIBHO BblPaXXEHHYIO TEHAEHLUMIO OCBOEHUS BCe 6onee
BbICOKOYACTOTHbIX AMana3oHoB. Hanpumep, ecnu ewle HeiaBHO CUCTEMbI CMYTHUKO-
BOW CBA3M cO34aBafnNCb B OCHOBHOM B nosiocax yactot 4/6, 7/8 n11/141Tuy, ToB
HACTOSALLMIA MOMEHT YXe A0CTaTO4YHO LWMPOKO ncnonbaytoTca nonaockl 20/30 Mu. A
[O1S1 HOBbIX CMYTHUKOB, 3amnjaHMPOBaHHbIX K peannsaunv B Te4eHne 6nmxkanimx
ceMu NneT, yxe 3aaBnsioTcs nonockl 4actot go 100 -120 M.

OTOT Xe NPOLLECC NPOCNEXNBAETCS N B HA3EMHOI PUKCUPOBAHHOM cnyxbe, rae
paHee 6b111 Hanbonee BOCTpeboBaHbI MarncTpasnbHble paguopenenHbie IMHUN
60/1bLIOVM NPOTSAXEHHOCTN, UCNONb3YIOLLME NPENMYLLECTBEHHO MNOIOCHI HUXE —

10 I'Mu. Torga kak B HAacTosILEE BPeEMS peannayeTcs 60/bLIOE YNCIIO KOPOTKUX
JINHWIA, HaNpUMep, B CETAX COTOBOW CBA3M UM CUCTEMAX CBSA3M C MHOXECTBEHHbIMMU
aboHeHTaMu, KoTopble ye ncnonbaytoT nonockl 20, 30 [Ty, 1 Bbiwe.

JencTeyowmin B HACTOALWMIA MOMEHT PernameHT Pagmnoceasm cooepxmr B
OCHOBHOM TEKCTE WUJIM B CCblJIKax Ha cooTBeTCcTByoWme PekomeHgaumm MCO-P
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0OLWMPHYIO MHDOPMaLMIO N0 NapamMeTpam HanpaB/IEHHOCTU PA3INYHbIX @HTEHH. JTa
nHdopMaumsa NnpefHasHayvyeHa rmaBHbIM 06pa3oM 41 UCMOb30BaHUs B Npouenypax
MeXAYHapOOHOM KOOPANHALMU UM MOoanPUKaLMKU MIAaHOB, KOraa OTCYTCTBYIOT
[OCTOBEPHbIE AAHHbIE O PeasibHbIX AarpamMmax HanpaBieHHOCTU aHTEHH, NaHn-
PYEMBbIX K IPUMEHEHMIO.

3ameTuM cpasy, 4To NpUBEAEHHbIE HUXE AMarpaMMbl HANPaBeHHOCTN aHTEHH,
3aMMCTBOBaHHbIE U3 PernameHTa Pagmoceasmn nnm ns COOTBETCTBYIOLMX PEKOMEH-
naumn MC3-P, He MoryT paccMaTpmuBaTtbCs Kak MeXayHapoaAHO-MPU3HaHHbIE
HOPMBbI, K KOTOPbLIM CllefyeT CTPEMUTLCSA NpU pa3paboTke aHTeHH. HanpoTue, OHK
apnaTca TpedoBaHUAMM, KOTOPbIE OOMKHbI BLINOAHATLCS B IIOOOM HaNXyALLEM
cny4yae, 1 MOTyT paccMaTpuBaTbCs TOJIbKO Kak cBoeobpasHas nporpaMmma MUHUMYM
WM KaK MHCTPYMEHT AJ19 CPaBHUTENbHOM OLEHKN Ka4€CTBEHHbIX NoKasaTenemn pas-
pabaTbiBaEMbIX aHTEHH.

MHTepecHO Takke OTMETUTb, YTO 3T MUHUMasbHblEe TPeOOBaHNS CYLLLECTBEHHO
MEHSNICb BO BPEMEHM, OTPaxast, XOTa 1 AOBOJIbHO KOHCEPBATUBHO, AOCTUXEHUS B
AHTEHHOW TEXHMKE Ha OMpeaeNieHHbIX 3Tanax PasBuTmga, NO3TOMY X CPABHEHNE
MOXET 0Ka3aTbCs MHTEPECHBLIM N C 3TOW TOYKU 3PEHUS.

OcHoBHble 0603Ha4YeHUs:

G(p) — KO3PDULMEHT YyCUNIEHNSA OTHOCUTENIbHO N30TPOMHOM aHTEHHLI B Hanpa-
BneHun ¢ (obn);

@ — yron (B rpagycax), OTCYUTLIBAEMbIN OT 3IEKTPUYECKO OCY aHTEHHbI;

D n A — pnameTp packpbiBa aHTEHHbI U AJINHA BOJIHbI, COOTBETCTBEHHO, Bbipa-
XXEHHble B OOHOM 1N TON Xe CUCTEME eANHULL;

Ginax — YCWIEHME aHTEHHbI B HANpPaBieHnn MakCMMyMa [MaBHOro JienecTtka
(nbn);

G, — ycuneHve nepsoro 60koBoro nenectka (abu).

3.1.2. Anarpammsbi HanpasneHHocTy ([JH) aHTeHH 3eMHbIx cTaHuwnii (3C)
CIYTHUKOBOW CBSI3U
PekomeHpauma MCI-P S.465-5 «CnpaBoyHble gyarpaMmmbl HarnpaeieHHO-
CTW @HTEHH 3eMHbIX CTaHUWI AN UCNOMb30BaHNSA NPU KOOPAVHALMKN N OLEHKE
rnomex B rnoJsiocax 4acTtoT oT 2 oo npumepHo 30 Mu» asnseTca Hanbonee obLlen,
NOSTOMY MMEHHO C HEE N HAYHEM Halle pacCcMOTpeHune. B aToi pekomeHaaunm
npeacTtaenedsl JH ons npoBefeHUs KOOPOVHALMOHHbBIX PACYETOB NMPU OTCYTCTBUMK
3HaHWIA 0 peanbHbIX guarpaMmmax.
Lnga aHTteHH 6onblworo anametpa (D/A > 100):
32 - 25log ¢ PN G < ¢ < 48,
G(o) = (3.1)
-10 npu 48° < ¢ < 180°.
Pmin ONPEOENSETCA Kak HanbonbLuas sennynHa mexay 1°mn (100A/D)".
Lna aHTeHH MeHbliero amameTpa (D/A < 100) pekoMmeHayeTcs NPUMEHSITb OpY-
roe BblpaXeHue:
52 -10log (D/\) — 25logg npu (100A/D)° < ¢ < 48°,
G(o) = (3.2)
10 -101log (D/A) npu 48° < ¢ < 180°.
3ameTuMm, 4To AaHHasa PekomeHgauvs 6bina pasdpaboTaHa A0BOJIbHO AABHO U
6asnpyeTcs Ha BeCbMa KOHCEPBaTMBHLIX MapamMeTpax HanpaBneHHOCTU, COOTBET-
CTBYIOLLMX YPOBHIO Pa3BUTUS @HTEHHOW TEXHUKM MPUMEPHO CEMUOECAThLIX FOA0B
NPOLLSIOro Beka.
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MpunoxeHue 8 k PernamenTty Pagnoceasu «<MeTtoza onpeneneHns Heo6xo-
OVMMOCTU KOOpAMHaUNN MeXAY reocTauyoHapHbIMU CIYTHUKOBLIMWU CETAMW, COBME-
CTHO MCMNONb3YIOLMMM O4HU U TE Xe NOJIOChl HACTOT», COAEPXMUT HECKOILKO Bonee
NOJIHblE AAHHbIE N PEKOMEHAYET, €C/IV CBEAEHMUS O peasibHbIX AuarpaMmmax OTCyT-
CTBYIOT, MICNOMIb30BaTh CcneayloLlme pacyeTHole JH:

Ona antend 6onblioro avamerpa (D/A > 100, Gia 2 = 48 0B):

Gmax— 2,5 10°%(p D/A)? npr 0 < @ < @,

G(cp) = G1 npun @, < % < Prs (33)
32-25log ¢ npu @, < @ < 48°,
-10 npu 48° < ¢ < 180°.

Onsa antend menbliero anamerpa (D/A < 100, G,y < =48 aBb):
Gmax— 2,5 10°%(p D/A)? npr 0 < @ < @,

G(g) = Gy npv @, < @ < 1000/D, (3.4)
52 -101log (D/\) — 25 log @ npu 1000/D < ¢ < 48°,
10 - 10 log (D/M\) npu 48° < ¢ < 180".

Gy=2+15l0og (D/N); m =20 (Gmax— G1)"*\/D; @, = 15,85 (D/\)°°.

9T puarpamMmmel, 6yay4m HECKOJIbKO 6onee AeTanbHbIMW, OCHOBaAHbI HA TEX Xe
KOHCEepBaTUBHbIX MPeAnochIIKax 1, No-BUANMOMY, TakKe He OTpaXaloT COBPEMEH-
HOr0 YPOBHS! Pa3BUTUS aHTEHHOW TEXHUKMU.

MpunoxeHue 7 k PernameHty Papgnoceaaun «<Metoabl onpegeneHms kKoopau-
HaLMOHHOM 30HbI BOKPYI 3€MHOI CTaHuuM B nonocax 4yactot mexay 100 MI'LL n
105 Mu» B NocnepHen Bepcumn conepXxunT 6onee NosHyo U HECKObLKO 6onee Npo-
rpeccuBHyto MHGopMaumio. B Hem ons onpeneneHns yCuneHus aHTeHHbl B Ciy4yasx,
korga D/A > 35, pekomeHayeTCs UCNONb30BaTh CeayloLe ypaBHEHVS:

Gnax — 2,5 10°%(q D/AN)? npm 0 < @ < @y,
G(g) = Gy npn @, < ¢ < @y, (3.5)
29-25log ¢ npu ¢, < ¢ < 36°,
-10 npu 36° < ¢ < 180°.
-1+ 15log (D/M\) onsa D/ 2> 100,
G =
-21+251log (D/\) ons 35 < D/A < 100.
15,85 (D/A) ¢ onsa D/ > 100,
O =
100)/D ons 35 < D/A < 100.

Pm = 20 (Gpax— G1)?A/D.

OpaHako 1 38€ecb, Kak U B ApYrix JOKYMEHTaXx, YKa3blBaeTCs, YTO eC/in U3BECTHA
peanbHas [1H aHTeHHbI, TO OHa 1 O0/MKHA ObITbh MCMO/Ib30BaHa A9 PACHETOB, T.€. CHOBA
9T AaHHbIE HE MOTYT PacCMaTpMBaTLCS Kak MeXayHapoaHO-MPUHATbIA HOPMATUB.

PekomeHpauna MC3I-P S.580-6 cTomT HECKO/IbKO OCODOHAKOM OT OCTasIbHbIX
nokymeHToB MC3 1 3acnyxunBaeTt oTAebHOr0 YNOMMHAHNSA MOTOMY, YTO TOJIbKO B
Hel npeacTaBneHbl [H, pekoMeHayemble Kak Liefb o pa3paboTkm aHTEHH 3EMHbIX
CTaHUMI, NpeAHasHaYeHHbIX 15 paboThbl C reoCTauMoHapHbIMU CMYTHUKaMMN.

CornacHo aToMy JOKYMEHTY Liefiblo pa3paboTkm HOBbIX aHTEHH 3EMHbIX CTaHLMIA
[OJKHA ObITb rapaHTUs TOro, 4Tobbl KOaddUUMeHT yeunenus, G(g), No KpanHen
mepe 90 % OOoKOBbIX NEnecTkoB, He NPEeBOCX0aM:
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G(p) =29 - 25 log ¢. (3.6)

9710 TpeboBaHWe OeNCTBYET TOJIbKO B OFrPaHNYEHHOM CEKTOPE YI/IOB ¢ OT Hau-
6onbliero 3HadeHus yrna mexay 1° nnm (100A/D)° 1 20° ans nioboro HanpasieHus B
npegenax 3° oT HanNpaB/IEHUNS HA FreOCTaLUMOHAPHYIO CNYTHUKOBYIO OPOUTY.

YkazaHo Takxe, 4To AaHHas PekomeHpaums npMMeHnMa TONbKO AJ11 aHTEHH, Y
KOTOpPbIX COOTHOLWEeHMe D/A 2 50, a ons MeHbLUMX pa3MepoB TPebyoTcs AanbHEN -
Line nccnenoBaHnsl, 0gHako ynoMuHarTcs pa3paboTku MasbiX aHTEHH C Yy4LUeH-
HbIMM XapaKTeEPUCTUKAMKN N yKa3bIBAETCS HA NEPCMNEKTUBY YXXKECTOYEHUS npeacTa-
BJIEHHbIX B JaHHOW PekomeHpaunm TpeboBaHuii. loBopuTcs Takxe, 4To TpeboBaHus
[aHHOM PekoMeHaaunm yxe BbIMOJIHAOTCS A5 MEHbLLNX Pa3MePOB @HTEHH C BblHE-
CeHHbIM 00nyyaTenem, pabotatwowmx B nonoce 10 — 14 'y, ¢ D/A 2 35 n gna npu-
€MHbIX aHTeHH, pabdoTatoLux B nonoce 10,7 — 11,7 My, c D/A 2 22.

Kak BugHo, PekomeHpaums MC3-P S.580-6 copepXuT BeCcbma OrpaHnU4eHHbIN
Habop TpeboBaHM, NPUMEHNMbI TONBLKO AJ1 ONPEenENeHHbIX Pa3MeEPOB aHTEHH U,
rnaBHOE, TOJIbKO B OrPaHMYEHHOM CekTope yrnoB. Takum 06pa3om, HECMOTPS Ha
Ha3BaHWe, 3Ta PekomMeHaaumus No CyLecTBY Takke He SBNSETCA MOJIHOUEHHbIM HOP-
MaTuBOM A4 oueHKM JJH aHTeHH 3eMHbIX CTaHLWNA.

3.1.3. Anarpammbl HanpaBs1eHHOCTN aHTE€HH 3€eMHbIX CTaHLUWIA, UCMOJIb -
30BaHHblIe B [11aHax cnyTHUKOBOW BeLaTeIbHOM N PUKCUPOBAHHOW CIYXObl

Bonblion nHtepec onsa Hawero aHannsa, eCTECTBEHHO, NPEeAcTaBndalOT CBeae-
HWSA, kacatowmecs JH aHTeHH 3eMHbIX CTaHUMIA, UCNONb30BaHHbLIX B MiaHax CryTHU-
KOBOI BelaTeNbHOM 1 GUKCUPOBAHHOM CNyX6.

Mpunoxenne 30 k PernameHTy Pagnoceaaun cogepxunT MNnaxbl ana pagmo-
BeLLLATEIbHOM CNYTHMKOBOW CNyX0bl B nonocax yactot 11,7 — 12,2 [Ty, (B PaioHe
3), 11,7 —12,5TTy (B PanoHe 1) n 12,2 — 12,7 I'Ty, (B PaioHe 2).

MocnepHwnii nepecmoTp MnaHa ana PaiioHos 1 1 3 B 2000 roay 6bin1 0OCHOBaH Ha
MCMNOJIb30BaHWM COBPEMEHHO NPMEMHOW aHTEHHbI AuamMeTpom 60 CM C yecuieHnem
35,5 ab n ynydweHHon [H, npnBeneHHol B PekomeHgauym MC3-P BO.1213-1u
pPaccUYMTLIBAEMON MO CeYOLWNM BbIPAXKEHUAM:

OcHoBHag (coBnagawoLLas) NoNApU3aLma:

Gmax— 2,5 10%(¢p D/N)? npr 0 < @ < Qs
G;=29-25log ¢, npn @, < ¢ < @y,
G(p) = 29-25log @ npu @, < ¢ < @y, (3.7)
-5 npu g, < @ < 707,
0 npu 70° < ¢ < 180°.
Kpoccnonapusaums:
" G — 25 npu 0 < ¢ < 0,25¢,,
Gnax — 25 +8(p — 25¢0)/0,19¢y  npmn 0,25¢ < @ < 0,44q,,
Gmax— 17 npwu 0,449y < ¢ < ¢g,
G(cp)='< Gmax— 17 +C| (9 = 9o)/(@1 = ®o)| NP1 g < ¢ < 1, (3.8)
21 -25log ¢ v ¢4 < @ < @y,
-5 npm @, < @ < 707,
\. 0 npu 70° < ¢ < 180°.

Om = 20 (Gmax— G1)”2\/D; Gy =2 + 15 log (D/A); ¢, = 950/D; @, = 10%/%;
o =2 (3/0,0025)"?A/D — wmpuHa ny4a no yposHio 3 b, A =~ 0,0248 — anuHa
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BOJIHBI (M), cooTBeTcTBYIOWan 12,1 MMuy; C=21 - 25109 ¢; — (Gphax— 17);
@1 =g (10,1875)"%/2; @, = 1072,

OrpaHnynm paccMoTpeHMe nNapameTpOoB MIaHOBbLIX @HTEHH NPUBEAEHHLIMU
Bbllle JaHHbIMK ans PaiioHoB 1 1 3, NOCKONbKY AENCTBYIOLWASA 00 HACTOSILLLErO
MoMeHTa Bepcus MNnaHa ang PaioHa 2 6bina pa3pabdoTaHa ewe B 1983 roay, ¢ Tex
nop He NnepecmarpuBanacb M OCHOBaHa Ha 60Jiee KOHCEPBATUBHbLIX NapamMeTpax
@HTEHH.

MpunoxeHne 30B k PernameHTy Pagnoceasu CoaepXxumT BeCbMa MHTEPEC-
Hble AaHHble N0 NapaMeTpam aHTEHH 3eMHbIX CTaHLWNIA CNYTHUKOBOW CBSA3M, NPUHS-
Tble Ha BKP B 2007 roay ans lNnaHa GUKCMPOBaHHOM CNYTHUKOBOW CNY>Obl B NOM0-
cax yactoTt 4500 — 4800 Ml'uy, 6725 — 7025 MI'y, 10,70 — 10,95 Ty, 11,20 —
11,451 12,75 — 13,25 Tu. 3107 NNaH ocHOoBaH Ha NMPUMEHEHUN aHTEHH 3eMHbIX
cTaHuuin ¢ amameTpom 5,5 m B nonoce 4yactot 6/4 My n gnametpom 2,7 M — B
nonoce yactot 13/10 — 11 I'w,

KoadduumneHt ycunenms anterH Gp,,, = 10 log[n(xD/A)?] npy npuHsaTom s
pacyeToB KO3 PULMEHTE UCMOJIb30BAHUS MOBEPXHOCTU aHTEHHBI (1 = 70 %) cocTa-
BN cooTBeTcTBeHHO: 50,4 nb Ha yacTtoTe 6,875 Tw; 47,0 nbHa 4,651Tu; 49,8 ob
Ha 13,0 My n 48,4 pb Ha 11,075 T,

Ha ocHoBHoOW nonapw3saumm [IH aHTEHHbLI 3eMHOW CTaHLUMK Onpeaensiach rno
cnenyoLwmnM BblpaXXeHUsIM:

Gnax — 2,5 10°%(q D/N)? npn 0 < @ < @y,
min (G4, 29 - 25 log @) npuv o, € @ < 19,95°, (3.9)
max(min(-3,5,32 - 25log ¢),-10 npun g > 19,95°.

G(p) =

G;=-1+15log (D/N); ¢ =20 (Gynax — G1)'?A/D.

Ha kpoccnonapusaumm gaHHble, K COXaNneHuo, OTCYTCTBYIOT, T.K. B 3TOM [1naHe
KpOCC-Nonsipru3aunoHHas pa3esaska He MCMNoJib30Banach.

3ameTnMm, 4TO BCE NPMBEAEHHbIE Bbille AyarpaMmMbl, UCNOSb30BaHHbIE NP
paspaboTke nnaHoB, CTPOro roBopsi, NPMMEHMMbI TOJIbKO A1 KOHKPETHbLIX pasme-
POB @HTEHH B MNJIaHOBLIX NOJSI0OCAX YacToT, T.e. AN X UCNONb30BaHUS B KA4ECTBE
00006LLEHHbIX TPEBYETCS A0NONHUTENbHbLIA aHann3. OgHako, 04EBUOHO, YTO 3TN
[AaHHbIE MOTYT CYLLLIECTBEHHO NMOMOYb B OLLEHKAX AOCTMXKMMbIX MEPCNEKTUBHbIX Kaye-
CTBEHHbIX NoKa3arenen.

3.1.4. 3ranoHHbIe gnarpamMmbl HaNPaBJAeHHOCTN aHTeHH paanopeieiHbIX
cucTem rnpsiMor BUGUMOCTU

Mpunoxenune 7 PernameHta Pagnoceasm cogepXxXnt sTanoHHble [IH aHTeHH
pagviopenenHbIX CUCTEM NPSIMON BUAMMOCTU, PEKOMEHAOBAHHbIE /151 UCMOb30Ba-
HUS B pacyeTtax, korga ¢pakrtuyeckas [1H HemaBecTHa:

Lnga aHTteHH 6onbworo anametpa (D/A > 100):

Gmax— 2,5 10°%(p D/A)? npn 0 < @ < @,

G(g) = Gy npn @, < ¢ < @y, (3.10)
32-25log ¢ npu @, < ¢ < 48°,
-10 npmn 48° < ¢ < 180°.
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Lna aHTeHH MeHbluero amameTpa (D/A < 100):

Gmax — 2,5 10°%(p D/A)? npm 0 < @ < @y,

G(g) = Gy npuv ¢, < @ < 1000/D, (3.11)
52 -101log (D/A) - 25109 ¢ npu 1000/D < ¢ < 48°,
-10-101log (D/M\) npu 48° < ¢ < 180°.

Gnax = 10 log[n(nD/A)%]; n — KO3DDULMEHT NCNOSIL3OBAHNS MOBEPXHOCTY
pacKpblBa, KOTOPbIV 4S9 COBPEMEHHbIX aHTEHH MOXET OblTb MPUHAT paBHbiM 0,6 —
0,7; G;=2+ 151og (D/A); @ = 20 (Gnax — G1)?A/D; @, = 15,85)\/D°5.

PekomeHpauma MC3I-P F.699-7 «3TanoHHble AnarpamMmmbl HanpaBieHHOCTH
aHTeHH PUKCUPOBaHHbIX 6ECNPOBOAHLIX CUCTEM A1 MICNONIb30BAHUS NMPU N3YHEeHUN
BOMPOCOB KOOPAVHALMN N OLLEHKEe NoMex B ananasoHe 4actoT oT 100 MIu, oo npu-
MepHo 70 IMu» (2006 r.) npakTUYeckmn CoaepPXnNT Takme Xe aTanoHHble H.

He ocTtaHaBnmBasachb Ha geTtangax aTon PekomeHgaumn, OTMETUM TONbLKO, YTO B
MpunoxeHnn K Hel PeKoOMeHa0BaHO BPEMEHHO MCMO0J1b30BaTb A1 OTAENIbHOIO
BUAA aHTEHH 3TAJIOHHYIO AMarpaMmmy ¢ 6osnee BbICOKMMM HanpaBieHHbIMW CBON-
cTBaMMU.

nsa pynopHo-napabonnyeckmx aHTEHH U aHTEHH C BbIHECEHHbIM 001y4aTesnemM B
NonepeyHon (ropM3oHTaNbHOM) MNIOCKOCTM CO cnabbiM 061ydeHneM kpas pediekTo-
pa:

G(p) =88 — 30 log (D/\) — 40 logg. (3.12)

OT1a [H pencTBuTENbHA BHE MABHOMO flenectka npu yrnax ¢ npumepHo o 90°.
OpHako , ecnu 0b6nydeHmne kpas pediekTopa He 04eHb cnaboe, TO YpoBEeHb OOKOBbIX
JIENECTKOB MOXET MPEBbLILLATL YPOBHMU, ykasaHHble B (3.12).

3.1.5. Anarpammbl HanpPaB/I€HHOCTN aHTEHH HA3eMHOro o6opynoBaHNs B
CcUCTeMax CoO CTaHUMSIMN Ha BbICOTHbIX naargpopmax (HAPS)

Pe3onouuma 122 «/cnonb3oBaHue nosnoc 4actot 47,2 —47,5Mun 47,9 —
48,2 My, cTaHUMAMM Ha BbICOTHOM nnaTtdopme (HAPS) dunkcrnpoBaHHOM 1 apyrumun
cnyx6amu», npuHaTas Ha BcemupHoi koHdepeHumn paguocesaam 2007 roaa,
AIBNSIETCSH BECbMa MHTEPECHOW A1 HAaLWKWX nccnenoBaHnii. B Hel cpopmynnposaHo
npsimoe TpeboBaHue, 4To [JH aHTEHH Ha3eMHOro okoHe4YHoro o6opygosaHus HAPS
[OJKHbI COOTBETCTBOBATL C/IEAYIOLLMM BblPaXEHUSAM:

Gmax — 2,5 10°%(p D/A)? npur 0 < ¢ < @p,,
G(g) = 39 - 5 log (D/2)- 25 logg npy @, < ¢ < 48°, (3.13)
-3 - 5log (D/A) npn 48° < ¢ < 180°.

Pm =20 (Gpax— G1)°A/D, Gy =2+ 15 log (D/A).

3ameTum, 4TOo, Noxanyi, 3T0 eOUHCTBEHHbIN AOKYMEHT, UCMOJb3YIOLLMIA MMNepa-
TMBHYIO GopMynMpoBKy. OgHaKo 1 B 3TOM Cllydae Henb3s paccMaTtpueaTth 3T0 TpeboBa-
HWe Kak OAHO3HAYHbIN HOPMATKB, T.K. MPaKTUYECKM OHO Takke GOPMYMPYET MUHU-
MasibHoe TpeboBaHWe, a aHTEHHbI C NyHLWMMK auarpaMmmamm 6yayT, 6e3ycnoBHo,
npUemMneMsbl 1 B KOOPAMHALUMOHHbIX pacyeTax 1 npu permctpaumm cuctem B MC3.

3.1.6. HekoTopbie koMMeHTapuu k cnpaBo4YHbim JH MC3

CnpaBoyHblie JH MC3 BbipaxeHbl aMnmpuieckumm dopmynammn n encTen-
TeNbHbI TOIBKO AJ15 ONPEAENIEHHbIX OTHOCUTENbHbBIX pa3MepoB anepTypbl (D/A) n
COOTBETCTBYIOLLMX UM KOIDDULIMEHTOB YCUIEHMNS.
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YcuneHne aHTeHHbI B 1t060M YrnOBOM HanpaefeHn NpuBeaeHO K YPOBHIO N30-
TPOMNHOro uanyyeHua. Ona nepecyetra JH OTHOCUTENBHO MakCUMManbHOro koaddu-
LMEHTa YCUNIEHNS aHTEHHbI CieayeT Nonb3oBaTbCs GOPMYON:

G,((P) = G(CP) - Gmaxa (3.14)

G'(p) n G(p) — ycuneHne aHTEeHHbI B HaNpaB/iEHUN ¢ OTHOCUTESNIbHO MaKCU-
MaJIbHOr 0 YCUJIEHUSI aHTEHHbLI U OTHOCUTESTIbHO M30TPOMHOI0 N3/Ty4eHUs, COOTBET-
CTBEHHO; Gjax — KOIPPULMEHT YCUNIEHNS @aHTEHHbI B MaBHOM HarnpasneHun; ¢ —
TEKYLLMIN Yyron.

PacuyeTHble popmynbl gna OH aHteHH ¢ D/A > 100 n D/A < 100 pasdnunyHbl. Ho
061acTb UX MPUMEHEHNS CO CTOPOHbI BEPXHUX U HUXXHUX 3Ha4YeHnn D/A He Bcerga
OroBOpEHa.

OT0 0O6BACHAETCSA TEM, YTO A0 HEJABHErO BPEMEHU pa3bpoc aHTEHH no D/A Obin
HebOoNbLWNM, a aHTeHH ¢ D/A < 40 — 50 noyTun He BCcTpeyvanock. C yennyeHnem
KOJIMYeCcTBa MaJsiblX aHTEHH MOSIBUMIUCL U HOBbIE GOopMYIbl as pacyeTta ux [H, n
OorpaHuyeHust, HaknagbiBaeMble Ha 061acTb NX NPUMEHEHUS, HO NpK 3ToM 6onee
paHHMe GopMyIbl OCTANINCh 6E€3 NBMEHEHUS N HE YYNUTLIBAIOT YXXE CYLLLECTBYIOLLEN
peanbHOCTU.

dopmynbl ans pacyeTta ogHom 1 Ton xe JH, HO B pasHbIX YrioBbIX CEKTOPax,
roe ypoBeHb M3Ny4YeHUs1 onpeaenseTcs pasHoiMu pakTtopamMm, MOryT ObiTb pasnmy-
Hbl.

B HekoTOpbIX cnydasx [JH oTpaxeHbl BCEro nuilub 0gHOoM HGOpPMYIon, CripaBe -
JNINBOW BOOBLLE-TO TOJNbKO Ans BAMKHMX (anepTypHbIX) NenecTkoB, Hanpumep, (3.6)
1 (3.12). Horpa orpaHuymBatoTcsa nogpasneneHmem [AH Ha aBe 30HbI: 30HY 6aMX-
HUX (anepTypHbIX) U AaNbHUX (NEPENNBHbLIX N AN PAKLNOHHBIX) TENECTKOB, HAaNpu-
mep (3.1), (3.2). Ho B nocnepHee BpemMs BCe Yalle UCnosib3ytoT 6onee geTtanbHoe
noapasaenieHne no yrioBbIM CEKTOPAM U AaloT pasHble GopMysibl As pacyeTa ycu-
JIEHUS aHTEHHbI B 00/12aCTU MABHOIO IeNecTka, NepBoro 60KOBOro, 6MXKXHUX 1 Aasb-
HWX NeNecTKOoB, yka3blBas Npu 3TOM 1 cekTop ux aericteuns (3.3), (3.4) n gp.

YcuneHne B obnacTtu nepeoro nenectka B page AH MC3 paccunteiBaeTcs ¢
yyeTom D/A. Ho 9T0 HE coBCEM cnpaBeavBo, 1 Takas aMmnnpuyeckas dopmyna
[AET CYLLLECTBEHHYIO MOrPELLIHOCTb.

dakTnyeckm ypoBeHb nepBbix OOKOBbLIX 1ENECTKOB (NPW OTCYTCTBUM Ype3mep-
HOrO 3aTeHEHNS anepTypbl) ONPenenseTcsa He oTHoweHuem D/A, a pacnpegenenm-
€M aMnnTyObl NoJst B packpblBe aHTEHHbI. [1Ns1 aHTEHH C KPYr/ibiM PACKPbIBOM €ro
MakcumMmarnbHble konebaHua nexat B npegenax —20 + 4 ob.

YcuneHme ganbHux (M 3aH1X) NenecTkoB, HAYMHas C ONpPeaeneHHOro ypoBHS
n/vnu yrma, B cnpaeBoyHbix IH MC3 orpaHnynBaloT 0ObIYHO MOCTOSIHHOW BENIMHNHOWA.

B kayecTBe NOCTOSIHHOM BENMNYNHBI MOXET BbICTYNaTb YPOBEHb N30TPOMHOIO
n3ny4eHns unm 6onee HM3Koe (No CpaBHEHMIO C HUM) 3Ha4YeHne. B HacToswee
BpeMs fasibHee 1 3agHee U3Nly4eHnst orpaHnyYmMBaloT oObI4HO ypoBHEM OT 0 10
—10 ob oTHOCUTENBHO M30TPOMHOr0. ATO CBA3AHO C TEM, YTO HosbLUAs YacTb COBpE-
MeHHbIX JH MC3 Ha aHTeHHbI C yNy4LLEeHHOW NOMEXO3ALUMULLEHHOCTBIO B CEKTOPE
OanbHUX N 3aJHWX NENECTKOB HE OPUEHTUPOBaHA (yNy4ylleHMe NOMEXo3alLLEHHO-
CTW peanbHbIX @aHTEHH KOCHYJIOCb B HMX MOKa TONbKO BIMXKXHUX, anepTypHbIX, nene-
CTKOB), HO OTAE/IbHblE BKaAbl MO TakMM aHTEHHAM YXe MOsIBUITUCH.

Ob6unne pekoMeHaaUNn, OTHOCALLMXCS K pa3HbIM CUCTEMaM HAa3eMHOM 1 CyT-
HMKOBOW CBSI3M1, @ TakXXe NonpaBoK K HUM, HeGoMbLUAs YacTb KOTOPLIX NpuBeaeHa
BblLLE, BECbMa 3aTPYAHSAET BbiIACHEHME 00LLEN KapTUHbLI COCTOSIHUS (Ha cerogHs)
@HTEHHOWN TEXHUKM MPUMEHUTENBHO K HyXzaam MC3.
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3.1.7. YHuBepcanbHaa cnpaBovyHas gunarpaMmma HanpasieHHOCTHN

Kak BUAHO 13 N310XEHHOro, NpUBEAEHHbIE Bbilwe [1H CyLeCTBEHHO OTNMYaloT-
Cs opyr oT gpyra n pekoOMeHA0BaHbl AJ19 Ppa3nnyHbiX NPUMEHEHU. B To e Bpems
Ha NPaKTUKE Mbl HACTO MMEEM [EJ10 C OOHVM U TEM XE KJIaCCOM aHTEHH, KOTOpPbIE
MOTYT MPUMEHSTLCH B PA3/INYHbIX CETAX. B CBA3M C 9TVMM MONbITAEMCHA CUHTE3NPO-
BaTb YHMBepcasnbHyto JH, koTopas yooeneTsopsina Obl Hanbonee XxecTkum TpeboBa-
HUAM Nt0OON U3 NPUBEAEHHbIX BbILLE CMPaBOYHbIX AMarpamm, 1 Morna 6ol OblTb YHU-
BepCasibHbIM N3MEPUTENbHLIM MHCTPYMEHTOM 151 OLLEHKM KadecTBa pa3pabartbiBae-
MbIX aQHTEHH B noJsiocax 4acToT Bbiwe 1 [Tw,

Mpwn aToM pacwmnpmm o6nacTb NPUMEHEHUS YKa3aHHOW «Maeanm3npoBaHHOM»
cnpaBo4yHo [IH 1 Ha aHTEHHbI MEHbLLVX AMaMeTPOB, NPUHMUMAast, OOHAKO, BO BHUMA-
HME, YTO Ha NMPaKkTMKe MasoBEPOATHO UCMOIb30BAaHME 3E€PKasIbHbIX aHTEHH C Aame-
TPOM 3epkana MeHbLnM, 4em 10 — 15 gnmH BONH.

Ha ocHoBHOI nonsipu3dauum (CoBnagaioLLen) BCeM CHOPMYNMPOBAHHbLIM BbiLLE
TpeboBaHVAM yO0BNETBOPSIOT creayowme 0006LWeHHbIE YpaBHEHUS A4S onpeaene-
HUS YCUIEHNSA aHTEHHbI B Pa3HbIX YITIOBbIX CEKTOPAaXx:

Gmax— 2,5 10%(q D/A)? npn 0 < @ < @,

G(g) = Gy npn @, < ¢ < @y, (3.15)
29 - 251log ¢ npu ¢, < ¢ < 36°,
-10 npu 36° < ¢ < 180°.

Gmax= 10 log [n(nD/\)?] — kO3 DUUMEHT yCUNeHns aHTeHHBI, 1| — Ko3ddurum-
€HT NCNONb30BaHNS NOBEPXHOCTU PacKpbIBa, KOTOPbLIN )19 COBPEMEHHbIX aHTEHH
MOXeT ObITb NPUHAT paBHbiM 0,6-0,7; ¢, = 20 (G, — G4)"?A/D.

-1+ 15log (D/A) ans D/ 2100,
G =

-21+251log (D/A) ons D/A <100.
Nnn nHave G| = Gy, — (20 £ 2).

15,85 (D/N)°® ans D/ 2100,
=

100 A/D ons D/A <100.

PesynbraThl pac4yeToB N0 NPMBEAEHHBLIM Bbille GOpMyam AN aHTEHH C ycune-
Huewm 50, 40 n 30 pb npeacTaBneHsbl Ha puc. 3.1.

OTMeTUM, 4TO gaxe 3Ta «maeanmampoBaHHas» JH He nosnkHa OblTb KOHEYHOMN
Lenblo pa3paboTynkoB, T.K. YXXe peann3oBaHbl ydllimve napamMmeTpbl, Hanpumep, yno-
MsHyTble Bblwe JH

< z NE L Gpo=50 aBu PIA v aHTeHH ¢
T % ——— BbIHECEHHbIM 00y-
: e < yaTenem. A Takxe
ERCEE bl nliy B ol T Gimasc = 40 ABM MnoTOMY, 4TO B
§ i & - | OTOENbHbIX CEKTOPax
S 15 "\\ NI YIrNOB MOryT Hakna-
S N ObiBatbcs bonee
¢ N XecTkue Tpe6osa-
g 0 \\ HUSI MO CUCTEMHbIM
g 5 BN COOBPaxKEeHUAM,

_10104 2 5 1 2 5 10 2 ~ 5 102 HaanMepa Tpe60_

BaHVe OONbLLEro
¢ (rpanycei)

Puc. 3.1
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nogaBneHns 3aQHNX NENECTKOB A1 aHTEHH HEKOTOPbIX PPJT 4yemM NpUHATHLIN B HALLEN
dopmyne yposeHb MuHyc 10 ab.

3HaunTenbHO 60s1ee TPYAHO CKOHCTPYMPOBATh aHANOMMYHY 000OLLEHHYIO OrK-
6aloLLyo 4 KPOCC-NonsipmM3auMOHHbIX COCTaBNSIOWMX, T.K. B HALLEM pacrnopsixe-
HUM UMEIOTCS TOJIbKO HOPMMpPOBaHHble [IH, npMeHeHHbIe B NnaHax oast CryTHUKO-
BOW BeLLaTeNnbHON cnyX0Obl, a TpeboBaHUS K aHTEHHAM 4S5 APYTMX NPUMEHEHUI
(nanpumep, B PPJ1) orpaHn4mneaoTCcs HOPMMPOBAHWEM NONSIPU3aLMOHHON Pa3BA3KMN
B [MaBHOM HarnpaBieHun.

Tem He MeHee, B pedysibTaTe 0006LEHNS MMEIOLLMXCS B HALLIEM PACMOPSXKEHNN
[AHHbIX MO aHTEHHAaM 3eMHbIX CTaHUWIA, NPUHATLIM B MJaHax, YBA3bIBas UX C NpuBe-
OEHHbIMU BbilLe 0606LWEHHBIMU AaHHBIMW MO OCHOBHOW NONsSiprU3auunmn, a Takke ydm-
TbiBas yXe A0BOJIbHO AABHO peanin30BaHHbIE 3KCNePUMEHTasIbHbIE NapaMeTpbl
aHTEHH, ONMcaHHble B APYrnx pasaenax AaHHom KHUImM, MOXHO 3anmcaTtb U CrpaBoy-
HYIO KPOCC-MONSPU3aLMOHHYIO AnarpamMmmy.

Ha kpoccnonapusaumm chopMynmpoBaHHbIM Bbillie TpeboBaHMSM yo0BNEeTBO-
psiloT cneayowme 0606 EeHHbIE YPaBHEHUS A1 ONPenENeHns YCUNEeHUs aHTEHHbI B
pPasHbIX YrNOBbIX CEKTOPaxX:

<(Gpax — 25) npn 0 < ¢ < 0,25¢y,
Gmax — 25 +8(¢p — 25¢0)/0,19¢q npu 0,25¢q < ¢ < 0,44q,
Gax— 17 npu 0,44¢q < ¢ < o,
G(®)= N Grax— 17 +C1(@ - 90)/(01 — 90)| MPU G0 < @< g1, (3.16)
21-25log ¢ npr ¢4 < ¢ < @y,
-10 npm g, < @ < 180°.

C=21-25l0og9; — (Gax— 17); ©9=700/D; 91 =g (10,1875)"2; ¢, =~ 17,4".

Kpocc-nonspusaumoHHbie anarpaMmmbl NpeacTaBieHbl Ha pyuc. 3.2 Ans aHTeHH ¢
ycunenunem 50, 40 n 30 pb.

B 3ak/toyeHne oTMETUM TakxXe BeCbMa BaXXHYO 0COBEHHOCTb aHTEHH C BblHE-
CEHHbIM 00/1y4aTeneM, y KOTOpbIX Npu paboTe Ha KPyroBon Nonspusaumnm Kpoce-
nonsipM3aunoHHas gmarpaMmmMa OTCYTCTBYET U peanmayemasi pa3ssska B JI060M
HanpaBfeHU oNpenenseTcs ToNbKO KPOCC-NONAPU3aLOHHON Pa3Ba3KoM NuTato-
LEero Tpakta 1 NosaToMy A1 3TOro c/iydast Kpocc-nonspm3aumoHHas amarpamma
TepsieT CMbIC.

MpuBeneHHble Bbilwe AH MC3, Bkitoyas yHmBepcanbHyio [IH, oTpaxatoT Bcero
NULLb peann3oBaH-

50
Hble 415 BOJbLUNH- - Goracm 50 25
CTBa COBPEMEHHbIX |4
aHTEeHH napameTpbl I 3
B 4aCTV ux nomexo- | £ /’ S Guna= 40 36U
3alUMLLLEHHOCTH, a 5 B PN

: 2 v N
Takxe yXe HameTus- | & P Y

s 15 - - | Ginax= 30 ABM
LInecs OCHOBHbIE 2 1 A==+l H

L, N
TEHOEeHUMM fanb- g8 . =T 1
~ IS ‘-

HENLLEro ee ynyy- 2 o ™
LUEeHMSI. 8 5 q

< 0 || N\

OTn TeHaeHUMN
104 2 5 1 2 5 10 2 5 1072
OTpaxxeHbl B OTAOE/Ib-
¢ (rpaayce!)

HbIX BKNagax, BKJO-

Puc. 3.2
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yasa PekomeHpaumio MC3-R F.699-7, roe npuBeneHbl 1H aHTEHH C BbIHECEHHbIM
obnyyaTenem, OTNNYAKLWNXCS OYEHb BbICOKOM MOMEX03aLULLEHHOCTbIO. Mo3ToMY,
BO3MOXHO, HeJanek ToT AeHb, KOraa BbicoKas NOMEX03aLUNLLEHHOCTb aHTEHH cTa-
HET He PedKMM UCKITIOYEHNEM, peanin3dyeMbliM Ceiivac TOJIbKO B OTAE/bHbIX aHTEH-
Hax, @ HOPMOW N5l 6ONBLUMHCTBA 3KCMyaTUPYEMbIX aHTEHH.

3.2. Bbi6Op TNa aHTeHHbI N 061y4aTens

3.2.1. O6wne ceegeHns 0 3epKasibHbIX aHTEHHax

3epKasibHble @aHTEHHbl — 3TO CPaBHUTENbHO 60MbLUME (OTHOCUTENBHO OJINHbI
BOJIHbI) NOBEPXHOCTMK, 06nagatoLme XopoLnMin oTpaxaTebHbIMU CBOACTBaMU B
paboyem amana3oHe BOJH.

3epkanbHasg aHTeHHa COCTOUT U3 0A4HOIr0, ABYX (UM HECKOJbKWX) 3epkan u
obnyyaTtenst (04HOro NN HECKOJbKMX), MPU 3TOM camMoe 60oJblloe 3epKkasio Ha3blBa-
IOT OCHOBHbIM, @ OCTaslbHbl€, ECJIN OHW €CTb, BCMOMOraTebHbIMW UNn ManbiMn. B
KayecTBe OCHOBHOIO Yalle BCEro MCNonb3yloT napabonmyeckoe 3epkasno, a B kaye-
CTBe BCNoMoraresibHbiXx — runepbonunyeckme, napabonmyeckne n annamntmieckme
3epkana. B 3aBucrMMOCTM OT paboyeit OJIMHbI BOMHbI 1 MOASpu3aumn 3epkana MoryT
ObITb CMIOWHbBIMUW, CETYATLIMU U PELLETYATbIMKU, a N0 GOpPME — OCECUMMETPUYHbI-
MW N HEOCECUMMETPUYHBLIMU.

O6nyyaTens (M3nyyatenb) SBNSETCS OA4HMM U3 OCHOBHbLIX 3/IEMEHTOB 3epKalib-
HbIX @aHTEHH. OH MOXET BbITb OQHO3NEMEHTHbLIM UK NPeACTaBNATb COO0M 0byyato-
LLYIO CUCTEMY, COCTOSILLLYIO N3 MEPBMYHOIo 0byyaTens n BCromoraTtefnbHoro (Mano-
ro) sepkana.

CTtporo roeops, cnoea «0bsyyaTesb», «<M3filydaTesb» cripaBeniMBbl MULb Npr
PacCMOTPEHUM @aHTEHHbI B PEXMME Nepeaayu, Koraa OH CNyXXnT OJ1s BbiIBOAA SHep-
rmn. B pexnme npnema obnydaTensb CNyXnUT a1 BBOgA 3HEPTMN 1 MO3TOMY BbICTY-
naeT He B KQYECTBE MU3JlydaTesns, a B KA4eCTBE Y/IOBUTENS N KOHLEHTpaTopa anek-
TPOMarHUTHbIX BOJIH.

O6nyyaTenb MOXET pacnonaraTbCs B LLEHTPE PacKpbiBa NN BbIHECEH N3 LiEH-
Tpa K Kpat packpbliBa U gaxe 3a ero npeaernbl. AHTEHHbI, 001y4aTeNlb KOTOPbIX
BbIHECEH N3 LLEHTPA packpblBa, Ha3blBaIOT @aHTEHHAMM C BbIHECEHHbBIM 061y4YaTenem
(ABO).

Bbibop cxeMbl 3epkasibHOM aHTEHHbI M 06y4aTenst 3aBUCUT OT TpeboBaHuiA,
NnpPeabsABASEMbIX K 9NIEKTPUYECKUM, KOHCTPYKTUBHBLIM 1 9KOHOMUYECKMM NapamMe-
Tpam aHTeHHbl. TpeboBaHMS K SNEKTPUYECKUM NapamMeTpam SBnsoTCs, 0ObIYHO,
onpepensiowmmm. OaHako Npuv paBHbIX UK BIM3KUX SNEKTPUYECKUX NapameTpax
npeano4vTeHne otgaloT 6onee NPOCTOMY KOHCTPYKTUBHO M MEHEE AOPOroMy BapuaH-
Ty @HTEHHBbI.

B aToi1 rnaBe npmBeaeHbl pesynbratbl pa3paboTku 1 yny4dlleHns napaMmeTpoB
Lenioro psaa 3epkasibHbIX aHTEHH, B O0JIbLUMHCTBE KOTOPLIX B Ka4yecTee 0b6ydaTens
1CNONb30BaHbl pasHble moamdukaumm PPU, paccMmoTpeHHbIE B NEPBOI MaBe, a
Takxe OCBELLEeHbl 1 HEKOTOPbIE APYrMe BOMNPOCH!, CBA3aHHbIE C 3ePKaJibHbIMU aHTEH-
HaMu.

OcecuMMEeTPUYHbIE aHTEHHbI NPeACTaB/EHbl 306Ch BCErO JINLLb OBYMS aHTEH-
HaMW: OBYX3epKasbHOW aHTEHHOW, BbINMOJIHEHHOW MO Klaccuyeckon cxeme Kacce-
rpeHa, n aHTEHHOW OBYX3epKaslbHOM C 3IIMNTUYECKMM BCMOMOraTeslbHbIM 3epKanom
(ALD).

HeocecMMMeTpuYHblie aHTEHHbI (K HUM, B MPUHLUMIMNE, MOXHO OTHECTU BCE
aHTeHHbl, He obnagatroLme 0CeBoii CMMMETPUEN, HO UMeloLLIMe OOHY UK OBe
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MIOCKOCTU CUMMETPUIN) NpeacTaBneHbl aHTEHHAMU C BbIHECEHHbIM 0bnyyaTenem
(ABO), Bkntovasi nepuckonmyeckme, pynopHo-napadonmnyeckme aHteHHbl (PIMA) n
aHTEHHbI C padHon anepTtypoin (APA) BO B3aMHO NepreHanKynspHbIX NA0CKO-
CTSX.

3.2.2. Bbibop TNa n cxemMbl aHTEHHbI

BbI6op TMNa 1 CXeMbl @HTEHHbI (OCECMMMETPUYHASA UM HEOCECUMMETPUYHAS,
OofHO3epkKanbHasa nnu AByx3epKanbHas 1 Ap.) 3aBUCUT OT MHOMMX pakTopos. Mas-
HbIMM U3 HUX ABASIIOTCS:

+  MakcumanbHO fonycTuMble abCoNOTHBIE U MUHUMASIBHO HEOBX0AMMbIE
OTHOCUTENbHBIE (B OJIHAX BOJIH) pa3Mepbl 3epkana

+  MakcumanbHO 4oNYyCTUMBI YPOBEHb NepPBbIX OOKOBbLIX JIENECTKOB, a TakXe
JanbHEro 1 3agHEero U3nyy4yeHus.

+  TpeboBaHus K 9pPHEKTUBHOCTM, COrNMACOBaAHMIO C MUTAIOLLMM TPAKTOM U
LWwnpuHe paboyero guanasoHa

+  TpeboBaHWs K YPOBHIO KPOCC-NONSAPU3ALMOHHOIO U3y4EeHUS, BKITIOYAs Mak-
CYMYMbI KPOCCMOASpu3aumn.

+  KOHCTPYKTUBHbIE OrpaHUYEHUs.

Tak Kak BbINMOJIHEHME OOHUX TPeOOoBaHMIN AenaeT, 3a4acTyo, HEBO3MOXHbLIM
BbIMOJIHEHMNE APYIrUX, TO 0OLIYHO MPUXOANTCS BbIOMPaTb KOMNPOMMCCHbIN BapUaHT.

MakcumasnbHO A0NYyCTUMBINA pa3Mep OCHOBHOIO 3epKaJsa Onpenensercs
yalle BCEro TEXHONOrMY4ECKMMU pakTopamMm 1 B CUIIbHOM CTEMEHN 3aBMCUT OT Tuna
AHTEHHbI.

Hanpumep, n3rotoBneHne He0CeCUMMETPUYHbBIX @aHTEHH BOJbLLOro AnameTpa
(B yacTHoCTU, ABO 1 PI1A) 3HaYnTENbHO CIOXHEE U LOPOXE, YHEM OCECUMMETPUNY-
HbIX. [109TOMY, HECMOTPS Ha BICOKME 3IEKTPUYECKME NapaMeTpbl, HEOCECUMME-
TPWYHbIE @HTEHHbI HANDOJIbLLEE PACMPOCTPAHEHWE HALLIM MPY MAaCCOBOM MPOn3-
BOACTBE M TOJIbKO NpK HEOObLINX aDCONOTHBIX pasMepax 3epkana (MeHbLue
1,5+2 M), Tak Kak OCHOBHble TPYAHOCTU U PMHAHCOBLIE 3aTpaThl CBA3aHbl C U3roTO-
BJIEHMEM OCHACTKU, a NPU KPYNHOCEPUINHOM NPON3BOACTBE BKIaA 3TUX 3aTpaT B
CTOMMOCTb KaX0 aHTEHHbI YMEHbLLAETCS.

MuHUManbHO HeOGX0AMMbIE OTHOCUTENbHbIE pa3Mepbl 3epKana onpeae-
naTca TpedbyemMbiM KO3DDOUUMEHTOM YCUEHUS 1 3aBUCAT OT KoaddurumeHTa
ncnonb3oBaHusa nosepxHocTn (KNIM). KUIM cepuiiHbix aHTEHH KonebneTcs B npene-
nax 0.5+0,7, xoT4, B npuHUMne, oH MoXxeT gocturaTsb 1 0,8.

YpoBeHb NepBbiX 60KOBbIX JIENECTKOB U GJIMKHUX (anepTypHbIX) 3aBUCUT OT
YPOBHS1 061y4eEHNST KDOMKW 3epKana, xapaktepa pacnpeneneHns amnamtynbl nons B
€ro packpbIBe 1 3aTeHeHus 3epkana obayyaTenemM 1 aleMeHTaMm ero KpenneHus,
KOTOPOE He TOIbKO YMEHbLUAET 3P DEKTUBHOCTb AHTEHHbI, HO U YBENNYNBAET YPO-
BEHb NepBbIX 1 BNIMXHMX OOKOBLIX JIENECTKOB. B ocecMMMETPUYHbIX aHTEHHax 3aTe-
HEeHVe MeeTCH BCceraa, HO OHO NOJIHOCTLIO OTCyTCTBYET B PIA 1 NOAHOCTBLIO nnn
yacTnyHo — B ABO. [lnameTp 3aTeHeHHOoW 06/1acTn, N0 BO3MOXHOCTU, HE A0JIKEH
npesbiwaTb 0,1D (D — anameTp packpbiBa OCHOBHOIO 3epkana). Ecnm 3ateHeHne
yKnaablBaeTcs B yka3aHHble Npeaenbl, a YpoBeHb 00/ly4eHUs KPOMKIM 3epkana (npwu
cnagatollem pacnpegeneHnn) coctaensaet nopsaka -(10+12) b, To ypoBeHb nep-
BbIX BOKOBbIX IENECTKOB MOXET OblTb NoNy4eH MeHbLue -20 ob. Ho Ha npakTuke
3aTeHeHne nHorga gocturaetT 0,2D, 4To NPMBOANT K 3HAYUTENTbHOMY POCTY BAMXKHNX
OOKOBbIX 1ENECTKOB, BKJOYas NepBble, U CHUXKEHNIO 3DPEKTUBHOCTU. ITO TakKxKe
cnenyeT y4nTbiBaTb NPy BbIBOPE CXEMbl @HTEHHBI.
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YpoBeHb panbHero u 3agHero n3Nny4yeHus (3awmnTHoe AencTBue) 3aB1UCnT
OT MHOrmMx hakTopOoB, BKJIOYAsi FTEOMETPUYECKYIO CXEMY aHTEHHbI M YPOBEHb HOKOBO-
ro N3ny4yeHuns NCnosib3yemMoro obnyyarens.

3awmnTHOE OENCTBME @aHTEHHbI MNJTABHO BO3pacTaeT C yBeIMYEHNEM yrna
pacTteopa 3epkana (ymeHbweHneM GOKYCHOrO pacCTOAHNS), HO NPU 9TOM YBENNYN-
BaeTCH YPOBEHb KPOCC-MOAAPU3ALMOHHOIO N3ny4yeHus. [NoaTomMmy Npm BbICOKUX Tpe-
OOBaHMSX K 3aLLMTHOMY OENCTBUIO €ro YBENNYMBAIOT HE TONLKO (M HE CTOJIbKO) 3a
CYET YBENIMYEHMS YI1a pacTBOpPa, HO 1 3a CHET MCMNOIb30BAHUS CrneumanbHbIX
3aLMTHbIX 3KPAHOB, BKJ1I0YAA 3KPaHbl C MOMIOLAIOLWVIM NOKPLITUEM.

9P PeKTUBHOCTb aHTEHHbI, COrlacoBaHUe C NUTAIOLLMUM TPaKTOM U
LIMpUHa pabo4yero aManasoHa Hepas3pblBHO CBSA3aHbl HE TOJIbKO C reoMeTpuye-
CKOW CXEMOW aHTEHHbI, HO 1 C NapaMeTpaMm NCMNOJIb3yeMoro obnyyatens.

ODPEKTUBHOCTb @aHTEHHBLI 3aBUCUT OT JH obnyyatensa n Hanmuus (Mnm oTcyT-
cTBUS) Moandukaunm npodunsa 3epkana (3epkan); cornacoBaHMe — OT KOHCTPYK-
TUBHOW CXeMbl 061y4aTensi U aHTEHHbI B LIESIOM; LUMPUHA pabo4vero guanasoHa, B
nepBylo odepeb, ONpeaenseTcs WMpuHom paboyero guanasoHa obayyaTens, HO
[OMOJIHNTESIbHbIE OrPaHMYEHUs Ha LUMPUHY paboyero amanasoHa MOXeT HaloXUTb U
Moandukauvs npoduns sepkana (3epkan).

YpoBeHb KPOCC-NONSPU3aLMOHHOIO N3NTy4eHUS (B YaCTHOCTU, YPOBEHb Mak-
CYIMYMOB KPOCCMNOoAsipr3auum) npm Ncrnosib30BaHMMN PYyNnopHbIX obyyaTenein B
OCHOBHOM 3aBUCUT OT TMMNA aHTeHHbI (0ocecummeTpudHas unu ABO), Buga nonspu-
3aunu (NMHenHas unm Kpyroeasi) 1 OT yria pacTeopa 3epkana.

Ha nuHeriHon nongapusaumnm 0CeCUMMETPUYHbBIE aHTEHHbBI UMEIOT 4-€ MakCMy-
mMa kpoccnonsipusauum, a ABO n PIMA — Tonbko ABa, pacrosloXeHHbIX B NONepeYvyHomn
MIOCKOCTU C ABYX CTOPOH OT MJIOCKOCTU CUMMETPUM aHTEHHBI.

Ha kpyroeow nongapmsaumm Kpocc-nonsipmdaunoHHas 1H ocecumMmmeTpuyHom
AHTEHHbI TAKXE MMEET 4-& MakCMMymMa KpOCCnonspusaumm, a no CBOEMY YPOBHIO
M3Ny4eHns oHa aBnsieTcs kak bl ycpegHeHHo! no ni. E n H anarpamMmori aHTeHHbI
Ha NMHenHo nonapusaumn. Kpocc-nonsapmsaumoHHble MakCMMyMbl Npu paboTe Ha
kpyrosoi nonspmndaummn ABO n PINA He TONbKO TEOPETUYECKU, HO MPAKTUYECKN,
OTCYTCTBYIOT. HO NpOnCX0anNT HEKOTOPIV MOBOPOT M1AaBHOMO JIENECTKA B Pa3HbIE
(4N pasHbIX HaNpaBAeHWIn BpaLLeHWS Mosist) CTOPOHbI. OTO Npu 0A4HOBPEMEHHOW
paboTe Ha 06eunx nonapmaaumsx (M NP OTCYTCTBUN NOACTPONKM HA MaKCUMYM,
COOTBETCTBYIOLLNI KXA0W NOAgpusaumn) NnpuBOANT K HEKOTOPbLIM NOTEPSIM yCcune-
Hua (nopsiaka 0,1 — 0,3 ab).

C yBennyeHneM yrna pacTeopa 3epkana ypoBeHb MakCMMYMOB KDOCCNONspm3a-
unun yeenmnumnsaetca. Mpn atom ansg ABO oH onpenensieTcs He TONbKO yrinom obiy-
YyeHus 3epkana, HO U YrJIOM pacTBopa MCXOAHOro napabosonaa, T. €. YPOBEHb Mak-
cuMmyMoM kpoccnonsipmsauum ABO un PT1A 6ypeT 6onblue, 4eM OCECUMMETPUYHOWN
aHTEHHbI C TeM Xe yriomM 0b6/1ly4eHns 3epkana, Tak kak yron pacTeopa ee UCXOAHOro
napabononga 6yaeT B ABa pas3a 60sbLue.

KOHCTpYKTUBHbBIE OrpaHN4YeHUs 3aBUNCAT OT MHOTMX NPUYKH, KOTOPbIE AN1F
OOHO3EepPKaNbHbIX N OBYX3EpPKabHbIX (MHOMO3€pPKasibHbIX) aHTEHH HECKOJIbKO OT/IN-
yatoTcs.

MakcumanbHO 4ONYCTUMBIN Yroa pacTBOpa 3epkana B 0OHO3EPKaNbHOM aHTEH-
HE OrpaHNYMBaAETCSH MaKCUMasIbHO OOCTUXMMOW LUMPUMHOW rMaBHOro nenectka AH
obnyyatens.

Ecnu ncnonb3dyeTtcs pynopHbli 061ydaTenb C ocecMmMmeTpuyHoini JH, To yron
pacTBOpa 3epKasa Co CTOPOHbI BOMbLLNX YINIOB OrPaHUYNBAETCS BETMYMHOM NPU-
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MepHo 120° + 140°, nOTOMY 4TO NOSY4YNUTb OCeECUMMETPUYHYI0 [IH, koTopas nmvena
Obl N0 ypoBHIO -(10 +12) ab wnpuHy 6onbwe 120° + 140° npm ncnonb3oBaHUN
pynopHbIx obnydaTenei, kak yxe 6bis10 ckadaHO paHee, He NPeacTaBseTCcs BO3-
MOXHbIM.

MuHMManbHO BO3MOXHbIN Yroa pacTeopa 3epkasa OrpaH1YnBaeTCs He TOJIbKO
cnaboli ecTECTBEHHOM NOMEXO3aLUMNLLEHHOCTbLIO TakOW aHTEHHbI, BKJIOYas HN3KOEe
3alUNTHOE OENCTBUE U BbICOKMIA YPOBEHDb AasibHErO OOKOBOIrO M3Y4YEHUS, HO U KOH-
CTPYKTUBHbIMU pakTopamm.

C ymMeHbLUeHneM yrna pacTteopa (yBenmyeHmem (OoKYyCHOro paccTosiHus) 06y-
yartenb yoanseTcs oT 3epkana, 4TO O4eHb CUJIbHO 3aTPyAHSAET ero kpenneHmne. OpgHa-
ko B cxeme ABO 3TO MeHee KpUTUYHO, Tak Kak ee obsiy4aTesib BMEeCTe C ero cucre-
MOV KpenneHns BbIHECEH 3a NPeaesibl packpbiBa U 3aKpennTb HE3aBMCKMMO OT 3ep-
Kana, 4To No3BOJIIET NCMNONb30BaTh 3epkasna ¢ 60/bLWNM GOKYCHbIM PACCTOSIHUEM
(ManbiM yrnom pacteopa). Takue 3epkana npUMeHsOT 00bIYHO B MEPUCKOMNYECKMNX
aHTEHHbIX CUCTEMAX.

Ha npakTrke ocecMMMeTpUYHbIE OAHO3EPKaNIbHbIE @aHTEHHbI MMEIOT Yro
pacTBOpa OCHOBHOIro 3epkana nopsigka 100°+ 120°, a yron pactesopa ABO 00bI4HHO
paBeH nnn meHblue 100°. OcecMMMETPUYHbBIE @HTEHHbI C YINIOM pacTBopa
120° + 210° yawle BCero BbIMOHAIOT NO ABYX3epKanibHOW (M MHOrO3epKasbHOW)
cxeme.

3aTeHeHune packpbiBa 3epkana obnydyaTenem 1 afieMeHTaMn ero KpenaeHns
Hanbosiee CUbLHO CKa3blBaeTCs B OCECUMMETPUYHBLIX @HTEHHAX, TaK Kak B 9TUX
aHTEHHaX OHM PaCIOJIOXKEHbI B LLIEHTPE packpbiBa.

Mpw BLINONHEHMN @aHTEHHbI MO ABYX3€pKaslbHOM CXeMe 3aTeHeHne, Kak NpaBu-
110, onpeaenseTcs pa3aMmepomM BCNoMoraTesibHOro 3epkasna, KoTopoe He MOXET ObITb
MEHbLLE HECKOJIbKMX OJIMH BOJIH (~ 5-Tn). MoaToMy npu manbix KOadpuumneHTax ycu-
JNleHunst (Npy Manbix B AJMHaxX BOJIH pa3aMepax OCHOBHOIO 3epkasa) UCrnoJib30BaHne
[BYX3€pPKaJibHOM CXEMbl B OCECUMMETPUYHOMN aHTEHHE HE BCEraa BO3SMOXHO. U
Torga (B 3aBUCUMOCTU OT TPeBOBAHWI K 3/IEKTPUYECKNM NMapameTpam) NpuxoanTcs
NPUMEHATb NIMOO0 0CECMMMETPUYHbIE OAHO3€EpPKaSIbHbIE @aHTEHHbI C ManorabapuTHLIM
obnyyatenem, nn6o ABO.

B cxeme ABO o6ny4aTtenb 00bI4HO MOSIHOCTLIO (MM YaCTUYHO) BbIHECEH 3a
npenenbl PackpbiBa, HTO MCKIIOYAET (UM YMEHbLLAET) ero BavsaHue. Ho gaxe toraa,
korga obnyyartesnb pacrnofioXeH NOSHOCTLIO B Npeaeniax packpbiBa ero BMsiHUe Bce
pPaBHO HE3HAYMTENBHO, Tak Kak OH HaxoauTcs Ha nepudepun 3epkana, ypoBeHb
006/1y4eHNst KOTOPOW, KaK NPaBuo, 3HAYNTESNIBHO HMXE LEeHTpa.

Mpwu BLIGOPE TMNA U CXEMbI @HTEHHBLI MOXHO PYKOBOACTBOBATLCA CAeAyWNMHN
0BLWMMN PEKOMEHAALINAMMU:

+  AHTeHHbl 6onblioro avameTpa (6onbe 1,5+2 M) Npy OTCYTCTBUN KaKNX-
nmMbo cneumnanbHbiX TPeOOBaHWI LLEeNeco0bpasHO BbIMNOHATL MO 0CECUMMETPUYHOW
cxeme, BblOMpas yron ux pactesopa B npegenax ~(100° + 210°), ucnonb3ys npu yrnax
pacTBopa MeHbLlunx 120° 0gHO3epKanbHbIE CXEMbI, @ O0/IbLUNX — OBYX3epKasibHbIE.

«  AHTeHHbl Manoro auameTpa (MeHbLie 1,5+2 M), ecnu TpebyeTcs peannso-
BaTb BbICOKNE 3/IEKTPUYECKME NAapaMETPbI, LienecoobpasHee BbIMOJIHATL MO CXeMe
ABO, ncknto4das Te cny4au, Korga aHTeHHa npegHasHavyeHa ans paboTbl Ha INHEN-
HO NonapM3aumm 1 Npu 3ToM NPeabABASIOTCS O4EHb BbICOKME TPEOOBAHUS K MUHU-
MN3aLNN YPOBHS MakCUMYMOB KPOCCMNONSpU3auunm.

Mpw BbIBOPE CXEMbI @aHTEHHbI CNeAyeT Y4MTbIBaTb AOCTOMHCTBA U HEAOCTAaTKM
aHTEHH pPa3HbIX TUMOB:
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OcHoBHble gocTtonHcTea ABO No CpaBHEHUIO C OCECUMMETPUYHLIMU aHTEHHA-
MW:

+ OrtcyTCcTBME B €e packpbiBe 006JyqaloLell CUCTEMbI U SNIEMEHTOB ee Kpe-
NAeHNS, yXyALlaLWwen NnpakTU4eCKn BCE OCHOBHbIE NAapaMeTPbl aHTEHHbI.

+  BoamoxHocTb popmMnpoBaHus B packpeiee ABO npakTuyeckn noboro
pacnpeneneHnsa aMnanTyapl Nofg, Tak Kak HET NPENATCTBYIOLLMX STOMY HakTOpPOB
(Hannumsa B packpbiBe 061y4aloLLLEN CUCTEMbI M 3NIEMEHTOB €€ KPENJIeHns ).

OcHoBHble HegocTaTkm ABO (N0 cpaBHEHMIO C 0CECUMMETPUYHbBIMUW @HTEHHA-
MU):

+  HeckonbKO NOBbILWEHHAS (MO CPABHEHMIO C OCECUMMETPUYHBIMWN aHTEHHA-
MW) CNIOXHOCTb N3rOTOBJIEHMS 1 BbITEKAIOLLASA N3 3TOrO MOBbILLIEHHAA CTOMMOCTb,
0COOEHHO aHTEHH C 60MbLUMMM aBCOMOTHLIMKU pa3MepamMm 3epkana.

Mpeunmyuiectea APA (Mo CpaBHEHUIO C aHTEHHOMN, UMEIOLLEN OAVNHAKOBLIN B
rMaBHbIX NJIOCKOCTSAX pa3Mep anepTypbl 1 paBHyto ¢ APA nnowaab packpbiBa):

+  BO3MOXHOCTb MOIy4EHUS Pa3HOM (B MaBHbIX MIOCKOCTAX) LUMPUHbI FaBHO-
ro nenectka JH, 4to nossonseT (Npu pasHomM KY) ynyywinte nOMexo3aLmueHHOCTb
B rOPM30HTaIbHOW NN0CKOCTN unun yeennuntb KY 6e3 cyxeHuns rnaBHOro fnenectka B
BEPTUKaNbHOWM NnockocTu. NMocnegHee ocobeHHO BaXHO ans aHTeHH PPJ1 n3-3a
pedpakumm curHana.

OcHoBHoOI 0cobeHHocThio ABO 1 APA (Npuy onTUMmM3aumm napameTpoB)
ABNseTCs He0OXOANMOCTb MCMONb30BaHNSA 0BydaTeNns, UMEIOLL,Ero pasHyio B pas-
HbIX MIOCKOCTAX GOPMY U/UAn WNPUHY MaBHOro nenecrka H.

3.2.3. Bbibop Tuna obny4arens

Mpwu BbIGOPE Hanbonee NOAXoOsLEro TUNa obnyyaTtens ans Toin N NHon
CXEMbl U TUMa aHTEHHbI CleayeT PYKOBOACTBOBATLCS KOHKPETHLIMW TPEOOBAHUAMN,
K Hel npeabaABNgeMbIMU.

Ang aHTeHH, NponyckKawLwWwmx 60/bLMe MOLWHOCTU, NMOAXOOAT PYNOpPHbIE
obnyyaTenu ¢ rmagknMm CTeHKamu, BkoYast 00bl4HbIE Pynopbl (CUHMa3Hble 1 pac-
dasunpoBaHHbie) n PPU, a pynopHble o6ydaTeny ¢ ANSNEKTPUYECKUM 3aMN0SIHEHNEM
(BKJIOYAS ANanNeKTpmuyYeckue BTYSKK), a Takke C KaHaBkamm npu nepegade 60abLINX
MOLLHOCTEN NPUroaHbl faneko He Bceraa, Tak Kak BO3MOXHbI 3N1eKTpUYeckme npo-
oou.

Ans wmpokoananasoHHbIX aHTEHH (Npu paboTe B MHOrokpaTHOM Auanaso-
He) Hamnbornee XopoLlo NoAxXoasaT 0bbl4Hble PP ¢ rmagkumm cTeHkamu, uMetoLme Ha
camoli HU3KOM YacToTe paboyero ananasoHa Ags 2> (1,3 + 1,5)x. OgHako npu pabo-
Te aHTeHHbI B 1,5+2-x kpaTHOM (1Mnu gaxe 3-x kpaTHOM) paboyemM ananasoHe npen-
noyTeHne cnenyet otaats PPUL.

HanomHum (cMm. pasgen 1.4.2), yto rnaBHbin nenectok PPU (ogvHakoBbi, B
otnn4dme ot PP, Ha 0B6eunx nonsapusauusax) npn M3MeHeHun 4acTtoTel B 1,5 pasza
OCTaeTCs MOYTU HEM3MEHHbIM U No dopmMe, 1 No WUpUHe. B 2-kpaTHOM ananaso-
He ero W1pnHa MeHseTCsl He3HA4YUTENbHO, a B 3-KpaTHOM aHTEHHa COXpaHsaeT
p aboTOCNOCOOHOCTb, XOTH ee 3P PEKTUBHOCTb HA BbICOKMX YACTOTax 3HAYNTESILHO
CHUXaeTcs.

CwuHdasHble pynopbl (Bcex Mmoandukauunin) ans padboTsl B LULMPOKOM Ananas3oHe
HEeNpPUrogHbl, Tak Kak UX HanpaefieHHbIE CBOMCTBA U NonoxeHne $ha3oBoro LeHTpa
CWJTbHO 3aBUCST OT YacTOThl.

NS aHTeHH, yNy4leHHbIX MO cornacoBaHuio, 60sbLle Bcero noaxoamnt PPU
(co ckaykoobpaszHbIM UMK MaaBHbIM N3MeHeHneM obpasytoLlein). ATo oObACHAETCS
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TEM, 4TO €ro Manblii Pynop CAY>XUT €CTECTBEHHbLIM COMMAacyloLUM NeEPEXOJOM, a
nyTem cneunanbHoro noabopa ero paamepos (CM. pasgen 1.7) cornacoBaHue
MOXHO YNy4LUINTb AONOMHUTENBHO, CHU3UB (B BECbMA LUMPOKOW MOJSI0CE 4acToT)
KO3pDULMEHT OTpaKeHMs 00 A0NeN npoueHTa. Hukakoii Apyroi pynop, HaCcKObKo
M3BECTHO aBTOPY, HE MO3BOJIAET NONYYUTb CTOJb XE Masbll KOIPDUUMEHT OTpaxe-
HUS B CTOJIb Xe LUMPOKOM ANanas3oHe 4acToT, NPUYEM OYEHb NPOCTbIM U HAAEXHbBIM
Cnocobom.

ANa aHTeHH, yny4lleHHbIX No 3P PpekTnBHOCTM, Takke noaxoant PPU, Tak
KakK OH (1 ero mogmndurkaumn) naetT BO3MOXHOCTb peanm3oBaTtb GOpMy rMaBHOro
nienecTtka BecbMa 6/11M3Kyt0 K ONTUMAaJIbHOM, MPUYEM Kak 1 0CECUMMETPUYHbIX
aHTeHH, Tak 1 gns ABO, a ypoBeHb ero 60K0OBOIro U3ny4eHms BECbMa HM30K (CM. pas-
nenol 1.4 — 1.6). 310 NO3BONSET OOCTUNHYTbL BbICOKOW 3 dEKTUBHOCTM BE3 MOaU-
durkauum npoduna 3epkan.

[H, ananornynyto PPU, nmetoT n HekoTopble Apyrne pyrnopHble obnyyaTtenu, Ho
HW OAMH N3 HNX, HACKOJTbKO N3BECTHO aBTOpPY, He 0bnagaeT ero ApYyrmMmn BaxHbIMK
[OCTOMHCTBaMU, BKJIOYas LUMPUHY paboyero ananasoHa, XOpoLlee eCTECTBEHHOE
COrmacoBaHMe C NUTAIOLLVM TPaKTOM, MPOCTOTY N3FrOTOBIEHUS U HAOEXHOCTb.

Mcnonb3oBaHne B PPU kaHaBok (cM. pa3gen 1.4.3) no3BonsieT A0NONHUTENbHO
YAYYLINTb OCEBYIO CUMMETPMIO IMTAaBHOMO SIENECTKa U CHU3UTb YPOBEHb OOKOBOIO
M3Ny4eHMs B MOJIOCE BINSIHNS KaHABOK, COXPaHSsi B OCTaslbHOM YacTu ero paboyero
[uanasoHa npucylme gaHHomy pynopy, 6amnskue K ontumanbHbiM, JH.

JAng aHTeHH, yNy4lleHHbIX N0 BCeM (M O0NbLUMHCTBY) YKa3aHHbIX Bbilue
napameTpoB, PPV (n ero mogndurkaumn) aBngetca, noxanym, ayywinMm m3 BCex
M3BECTHbIX 0bnyyaTenei, cnocobHbIM JOCTAaTOYHO XOPOLUO YAOBNETBOPUTL BCEM
TpeboBaHUAM.

EpnuHCTBEHHbIN CyLeCTBEeHHbIN HepgocTtaTtok PPU — ero oTHocuTENBHO
6onbline (B ASIMHAX BOJIH) rEOMETPMYECKME pas3Mepbl, OrpaHUYNBaET ero NpuMeHe-
HME TOJIbKO B OCECUMMETPUYHbBIX aHTEHHAX C MasibiM (B AJIMHAxX BOJIH) pa3Mepom
OCHOBHOrO 3epkana. Bo Bcex oCTanbHbIX Cly4asix, BKOYasa AByX3epKasibHble Oce-
CYIMMETPUYHbIE aHTEHHbI C 60JIbLUVMM OTHOCUTENbHLIM Pa3MePOM OCHOBHOIO 3epka-
J1a M aHTEHHbI C BbIHECEHHbBIM 061y4aTesiem (BHe 3aBUCMMOCTM OT UX pa3mepa), ero
MO>XHO MCMOJIb30BaTb NoYTN 6€3 orpaHnyeHnii. NMpr aTomM B ABYX3epPKasibHbIX aHTEH-
Hax (6narogapsi HaNMYKMIO AOMNONHUTENBHOM pacdasnpoBKU U3-3a 6IM30CTN pacro-
JIOXEHUS pynopa K BCnoMoraTtenibHOMY 3epkasy) ONnTMMasnbHblE NapaMeTpbl pyrnopa
MO>XHO 06eCcneynTb NP 3HAYUTENIbHO MEHBLUKVX €ro pa3mepax.

HepnocTtatok PPU MmoXxeT nepelitn B AOCTOUHCTBO MNpn 0OCBOEHUn bornee
BbICOKOYACTOTHbIX AMana3oHoB (CcM. pasgen 1.9.2).

Taknm obpazom, PPU (n ero moamdurkaumm) MOXeT CNyXuUTb B kKa4ecTBe 00.1y-
yaTtens ois aHTeHH, YAYyYLWEHHbIX Kak N0 OAHOMY U3 MEPEYNCIIEHHbIX Bbile (OCHOB-
HbIX) MapamMeTpoB, Tak M BO BCEN MX COBOKYMNHOCTW. [TO3TOMY OH MOXET ObITb
MCNOJIb30BaH BO BCEX Cy4vasx, Koraa ero 6onblumMe 0THOCUTESIbHbIE Pa3Mepbl He
ABNAIOTCSA NPEnATCTBMEM WKW JaXe CNOCOOCTBYIOT €ro NPMMEHEHNIO.

3.2.4. Bbibop ob6nyqyarTens Asiss KOHKPETHOro 3epkana

Mocne BbiBopa TMNa aHTEHHbI 1 061y4aTENs MOXHO NPUCTYNUTL K BbIGOPY reo-
MEeTPUYECKNX Pa3MEPOB KOHKPETHOIO 3epkasa 1 ONTUManbHOro ANs Hero obnyya-
Tens. 9T0 MOXHO OCYLECTBUTb PadHbIMN NYTAMM:

MepBbIli NYyTb — Npw 3a4aHHOM (MKW BbIOpPaHHOM) yrne pacTesopa n dopme
packpbiBa 3epkana nogompatoT aas Hero obnyyartesnb, UCXoas n3 TpeboBaHui,
npeabsBASEMbIM K JaHHOM aHTEHHe, BKJIl0Yas ee NoMexo3alUnLeHHOCTb U addek-
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TUBHOCTb. OTOT NyTb N5 pa3Hbix Moandmkaunii PPU nogpobHo paccMoTpeH B pas-
nenax 1.4+1.6.

BTopoii nyTb (OH MOXET BbITb 1 BTOPLIM 3TanoM NepBoro) — npuv 3agaHHoM
(vnun BbIOpaHHOM) 0BnyHaTene, onpeaenstoT Hanboiee oNTUMalbHbIA Yron pacTBO-
pa (06ny4yeHust) n GopMy packpbiBa 3epkana (B 3aBMCMMOCTM OT Tpebyemoi addek-
TUBHOCTU 1 NOMEXO03ALLMLLEHHOCTM) nyTeM pacyeta KUT.

OnpepeneHve onTMManbHOro yrna obnyyeHns sepkana npu BelopaHHoM 06.1y-
yartesie ocyulecTsnseTcs nyrem pacyeta obwero KM (Ky) no AH obnyyatens:

Ko = KaKp, (3.17)

roe K, — anepTypHblil KO3dPULIMEHT, onpeaensieMblii peanusyembliM pacnpe-
[eneHnemM aMmnanTyabl Nofs B packpbiBe aHTEHHbI, KOTOPOEe 3aBUCUT OT GOpPMbI
rnaBHoro nenectka 1H obnyyarena n yrna obnyyeHus 3epkana. Mpun 3aganHon AH
obnyyarens ¢ ysenndeHnem yrma obaydeHuns sepkana K, ymeHbluaercs;

K, — koadbduumeHT nepexsarta, onpegensemslin 1H obnyyatens, Bkioyas
dopMy MaBHOro JienecTka, 1 yriom obnyyeHus 3epkana. OH BO3pacTaeT C YMEHb-
LeHNneM ypOBHSI BOKOBOI0 N3JTyYEeHUS N YBENTMHEHMEM KPYTU3HbI CKATOB MaBHOIo
nenectka obny4yatens. lMpwu 3agaHHol H obnyyarens ¢ ygenundeHvem yrna obny4ye-
Hus 3epkana K, ygenninsaetcs.

OnTManbHbI yron obny4yeHns KPOMKKN 3epkasnia CooTBETCTBYET (CM. puc. 1.81)
MakcumMasnbHOMY 3HadeHnio Kq. Ho Tak kak BennynHa Ko CoXpaHaeTcs no4Tu
NMOCTOSIHHOW B LUMPOKOM CEKTOPE YIOoB, TO YIIOM pacTBopa 3epkasia MOXHO Bapbu-
poBaTb.

C uenbio NOBbILLEHMS MOMEXO3ALLMLLEHHOCTU Y LIeIecoobpasHo BbibmpaTthb
6osblUe ONTUMAJIbHOIO 3HAYEHMS, HO B Npeaenax nonycTMMbIX NoTepb KOadduum-
eHTa ycuneHus.

Mpw 6onbLUMX yrnax pacTBopa paccTosiHMe OT GpokKyca 3epkasna o ero LeHTpa u
[0 KDOMKM MOXET CYLLLECTBEHHO OT/IMYATLCS. ITO CO3AAET AOMNONHUTENbHbLIE TPYA-
HOCTW peann3aunmn BbICOKOI(PDEKTUBHbBIX aHTEHH, BbIMOJIHEHHbLIX Ha 6a3e rMyboKmnx
3epkarn.

Ha puc. 3.3 (cnesa) nokazaHo n3mMeHeHne amMnanTyAbl NONS B PacKpbIiBE B
3aBMCMMOCTM OT U3MEHEHNS yIa pacTBopa 3epkana — 2 Y, a cnpasa — pacrpe-
[eneHve aMnanTyabl Nons B packpbiBe 3epkas ¢ pasHbiM YrJIOM pacTeopa, rae X —
Tekywas koopamHata, R — paguyc packpbiBa 3epkana.

M3 rpadmkos (cm. puc. 3.3) BUOHO, 4TO YMEHbLLIEHNE aMMUTYObl MOJS HA Kpato
3epkana, BO3HMKatoLlee n3-3a pa3HOCTM Xo04a A0 LEeHTPaNbHON N KpaeBblX TOYEK Ero

MOBEPXHOCTK,
15 15 npw MasbIx
0 N 0 '$§\ - yrnax pacrtsopa:
. \\ Y %\\\\ ot 2y < 80° He
\ \ npesbiwaeT 1
-4 \\ -4 & nb, npu 60nb-
-6 -6 90 LLnX:
\ 20 > 110°
8 8 N MOXET OblTb
o o Wo=1o5 6onee 10 o6
0 20 40 60 80 100, g 0 02 04 06 08 10, xR | (OAHHBLIA pacyeT
He yuuTbIBaeT
Puc. 3.3 bOpMbI rMaBHO-
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Al

Puc. 3.4

-
>
2

ro nenectka JH obnyyatens, T. e. nogpasyMeBaeTCcs MCNOJIb30BaHME TMMNOTETUYE-
cKOoro obnyyartens ¢ raBHbIM JIENECTKOM MAEaANIbHO CTOJ1006pa3HoN GOopMbl).

B onmHHOMOKYCHBIX 3epkanax, B OTin4Me OT KOPOTKOPOKYCHbIX (CM. puc. 3.3,
crpasa), pacrnpeneneHve rnoss B packpbiBE Maso 3aBUCUT OT reOMETPpUM 3epkana.
OHo noyTK NonHocToeio onpepensietca H obnyyarens. 31o Hanbonee xapakTepHO
onst ABO, B KOTOPbIX 3aTEHEHME pacKkpbiBa 00sy4aTenieM OTCYTCTBYET.

Mpwn ncnonb3oBaHnn obyYaTens ¢ rmaBHbIM JIENECTKOM CTON00Opa3HOM
dopMbl B AJIMHHOPOKYCHbIX OQHO3ePKasIbHbIX aHTEHHAX C 0ObIYHBbIM Napabonnye-
CKMM 3epKasioM MOXHO MOJly4uUTb pacnpeneneHmne nosns B packpbiBe BecbMa 6113-
KM K paBHOMEpPHOMY. HO npu ncnonb3oBaHnn KOPOTKOPOKYCHbIX 3epKas st Co3-
[aHVA B packpbiBe aHTEHHbI TAKOrO Xe pacrnpenenenns npu aHanorndHon OH obny-
yartensl, ICNoJsb3yT 0ObIYHO AOMNONHUTENbHBIE CNOCOOLI MOBLILLEHUS 3D dEKTUBHO-
CTK, BKJo4Yaa moguduvkaumio npodunsa sepkan n ycTaHOBKY Ha BCIOMOraTesibHOM
3epkane cneuyanbHoro dnaHua.

Ha puc. 3.4 nokasaHbl [JH pacda3npoBaHHbIX PyrnopoB C rnagkmumMm CTeHKaMn —
PPU n PP, a Takke cuHdasHoro pynopa ¢ kaHaekamm — PK, onTuMnanpoBaHHbIX NO
9P DEKTUBHOCTW A1 OQHOM U TOM Xe aHTeHHbI. U faxe 6e3 npoBeaeHns pacyeToB
BUAHO, YTO (MPW NCNONb30BAHUN HEMOANDULIMPOBAHHbLIX 3epKast) Hanay4YLwmnm obny-
yatenem asnsetcsa PPU, npnyem He ToNbKOo No 9pHEKTUBHOCTM, HO U MO NOMEXO3a-
LWMLLLEHHOCTW.

C yyeToM Bcex npenmyLLecTB (6osiee LWmpokoro paboyero ananasoHa u aydule-
ro cornacoBaHusl ¢ NuTaowmm TpakToM) PPU, B kauecTBe obnyyaTens, 3Ha4MTeIbHO
NPEeBOCXOANT N 0BbIYHbIN pacda3npoBaHHbIM pynop, U CUH@a3HbI Pynop C KaHa-
Bkamu. Noatomy nmeHHo PPU 6bin BbiBpaH B ka4ecTBe 0bnydaTens psaa aHTeHH
pPasHbIX TUMOB, PACCMOTPEHHbIX B NOCNEAYIOLLMX pasaenax.

3.3. OcecummMmeTpu4Hbie ABYX3€pPKasibHbl€ aHTE€HHbI

3.3.1. AHTeHHa KaccerpeHa

OcecuMMETpUYHbIE OBYX3epKabHble aHTEHHbI C INMYOOKNUM 3epKasioM (KOPOTKO-
dokycHbIe), nMeroLLme yron pacteopa 2y = 180°+210°, oTHOCATCA K paspsaay
AHTEHH C ECTECTBEHHOM MOBbILLEHHOM NOMEX03aLLNLLEHHOCTLIO. B kKayecTse nep-
BUYHOIrO 00y4aTens B 3TUX aHTEHHAX UCMOMb3YIOT, 00bIYHO, PYNOpPbl PadHbIX MOAM-
durkauunn.

Ha puc. 3.5 nokasa gsyx3epkasnbHas ocecMMmMmeTpuyHasa aHTeHHa KaccerpeHa
(BBMOY CUMMETPUKN NPUBEAEHA NNLLL BEPXHAS €€ MOJIOBMHA), IAe B KayecTBe obpa-
3YIOLLMX OCHOBHOIMO 1 BCOMOraTeibHOro 3epkasa Ucrnosib3oBaHa napadona u
runepbona, COOTBETCTBEHHO.
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BosHukatowee B rnyb6okom 3epkane (rno
Mepe NpubnnxeHus K ero nepndepunn) cyue-
CTBEHHOE crnagaHne amnanTyabl Noas MOXHO
KOMMNeHcupoBaTb Mogudukaumen npodpuns
3epkaJ, a npy NCNoJIb30BAHVM NEPBUYHOIO
obnyyatensi ¢ AH, 6113K0 K ONTUMaNbHOW,
onst obecneyeHmnst BbiICOKOM apHEKTUBHOCTU
VMHOrAa A0CTaTO4YHO YCTAHOBUTL HA MasioM
3epkane KOHN4eckuin pnaHeL, ¢ onpeaeneH-
HbIM YIJIOM HaknoHa obpa3sytoueinn. UMeHHO
3TOT cnNocob JOMOIHATENBHOIO NOBbILLEHWS
3dOPEKTUBHOCTM NCMNOMb30BaH [5] B paccmo-
TPEHHOWM HUXE aHTeHHe (2 = 180°) ona 3C
CMYTHMKOBBLIX CUCTEM, paboTatoLlel B ABYX
JuanasoHax 4acTorT.

CxeMa 1 OCHOBHble reoMeTpu4Yeckme
pa3mepbl 06y4aloLLeil CUCTEMbI MoKa3a-
Hbl Ha puc. 3.6 [8], [53].

O6nyyalowas cmctema Bk/toyaTt B cebs
BCNoMoraTenbHoe, runepbonnyeckoe, 3epka-
J10 C KOHMYECKNM DNaHLEM Y NEPBUYHbIN
PYynoOpHbIN 06/1y4aTeNb, BbINOHEHHbIN MO
cxeme PPU (cm. pasgen 1.4.2). OHa npegHas-
HayeHa gns UCNoJIb30BaHUS B ABYX aHTEHHAX
C paBHbIM yrniom pacTteopa (180°), Ho pa3HbiM anameTpoM (D =25mMun D =12 m).

Pynop B aHHOWM aHTEHHE (C Lenblo A0MOJIHUTENBHOMO YBENNYEHUS ero pacda-
3MPOBKK) PacnosioxeH B6A1M3n Manoro 3epkana. B atom cnyvae cnenyet o6patuTb
0Cc060€ BHMMaHME Ha 3aTEHEeHNEe MM OCHOBHOIO 3epKana, Tak kak OHO 3aBUCUT He
TONIbKO OT pa3mepa packpbiBa pynopa, HO 1 OT yrma, No4 KOTOPbIM BUAHA Ero KPOM-
ka 13 ¢pokyca OCHOBHOro 3epkana. lNoatomy ogHa n Ta xe obny4yaioLias cuctema,
YCTaHOBJIEHHAs B 3epkanax C OgHUM U TEM Xe YoM pacTBopa, HO pa3HbiM Aname-
TPOM pacKpbIBa, A3aeT pasHblil pasMmep 3aTEHAEMOro «MATHa» — d, 46, B ONTUMaNb-
HOM cny4ae d; o6, < dg.

MccnepoBaHms NpoBOAVANCH HA MOOENM pynopa 1 Moaenn obny4yatoLein
cuctemsl (1:10) Ha BonHE Ay = 8,25 MM , BbIOpaHHON B kayecTBe 6a30BOW.

Paamepbl pynopa: 204=17,5°, 20,=40°, 2R; = 24 MM (~2, 91),), 2R, = 64 Mm
(~7,76)).

Pasmepbl BcnomorarensHoro 3epkana: d, = 106,25 mm (~12,88%,),
d, =193,2 mm (~23,42)), 2¢,=30°,
2q=46".

Lpyrue pasmepsi:
Sy =73 MM (~8,85)) ,
Sp =125,4 mm (~15,2)),
p' =198,4 mm (~24,05)).

Mpn ncnonb3oBaHNM OAHHON

obnyyalouein CUCTEMbI B aHTEHHE
cD=25md,; 6,~d,=0,08D.B

Puc. 3.5

Puc. 3.6
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aHTeHHe c ¢ D =12 m d, o, < di , @ 3aTeHe-

HME OCHOBHOIO 3epkasna CoOCTaBnseT
~0,16D.

Awunarpammel pynopa B ni. E (cnnow-
Has NuHWA) 1 Nn. H (MyHKTUP), N3MEpeH-
Hble Ha OJHOW 13 BOJIH AJIMHHOBOJIHOBOIO
[uanasoHa npueeneHsl Ha puc 3.7 (amnnn-
TyOHblE — BBEPXY, pa30Bble — BHU3Y).
MamepeHnsa npoBoauInCh Ha PacCTOSHUN
p', PAaBHOM pPacCTOSHMIO OT $Ha30BOro LEeH-
Tpa pynopa Ao njioCKOCTU, MPOXOAALLEN
yepes KPOMKM rnepbonmyeckon 4acTu
BCNOMOraTenbHOro 3epkana, rge cymmap-
Has pacdasnpoBka pynopa 6amska K 2.

BbiGOp ONTUMasbHbIX Yr/IOB 001y~
YyeHms rmnepboIN4ecKor U KOHNYECKOMN
yacTu 3epkasna OCyLLECTBASANICA NyTEM pac-
yeta KM no AH pynopa.

3asucumocTsb K, (anepTtypHoro), K,
(nepexsaTta) u K (06Lero) kospduumeHTa

OT yrna o6y4eHns BCNoMoraTebHOro
3epkana nokasaHa Ha puc. 3.8.

Kak cnenyet ns rpaduka, ecnu
MCMNOob30BasioCk Masnoe 3epkano 6e3
dnaHua, To ONTUMasbHbIN Yron paBeH
~19°, yto cooTBeTCTBYET Ko = 0,78 1 (UCX0-
ns n3 1H pynopa, cm. puc. 3.7) obny4e-
HUIO KPOMKUW Manoro 3epkasna ypoBHEM -
(10 — 12) gb. MNpu Hannunn dnaHua yron

- - - .
memma WM TEE === (IR TR R

-

-

0bnyyeHuns rmnepboIN4ecKon 4YacTu 3ep-
kana OblN1 yMEeHbLUEH, a8 KOHUYECKON — yBe-

15 T,

el

Puc. 3.8

JINYEH MO CPABHEHMIO C ONTUMAIbHBbIM Ha OOVHAKOBYIO BENNYUHY (¢,=15°, ¢, =23°), HO
B npegenax HeaHauymTeslbHoro nameHeHuns K.
9dkcnepumeHTanbHble [JH oGny4aloweit cucteMbl pynop-mMasnoe 3epkano
nokasaHbl Ha puc. 3.9. 3a cyeT UCNONbL30BAHUSA KOHMYECKOro ¢ iaHua noayyeH
pes3knii nogbemM ypoBHS NONSA NoA4 yrnamm, COOTBETCTBYOLWMMIN nepudepun
OCHOBHOIO 3epkana, 4TO 1 NO3BOJINN0 AO0MNONIHUTENbHO YBENNYNTb 3P DEKTUB-

HOCTb JAaHHOM

KOPOTKODOKYC-

. ab

HOW @HTEHHHBI,
KOTOpas onpeae-
nanacb cHavana

»=825mm

— nn. E
—— nn.H

OPUEHTUPOBOYHO 1
— nyTem pacue-

i
e A
|

Ta KN no AH

o
o

e

obnyyarens u i AR

o bl o
obnyyaioulen Ry :
CUCTEMBI.

Puc. 3.9
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Mpw BoIOpaHHOM yrne ¢,=15° anepTyp-
HbIl KO3 duumeHT K, = 0,91 (cm. puc. 3.8),
a ypoBeHb 061y4eHnst kpas runepbonunye-

. CKOW 4acTu 3epkana COCTaBNSET MPUMEPHO
30| —(5-7) ob (oM. puc. 3.7). Mpu BbIBPaHHOM
yrne ¢,=23° k0adpPpurLmMeHT nepexsara
K, = 0,98, a ypoBeHb 06/1y4eHNS KPast KOHU-
yeckom YyacTtu coctaensieT —(17-23) ob.
50 OpwenTupoBouHoe 3HaueHue Ky ~ 0,89
(ecnu ero paccunTbiBaTh Kak NPOM3BeAEHNE
70| Ky K. Mpn pacyete KNIM no skcnepnmen-
TanbHbIM JH o6ny4yatowein cnctemsl (6e3
yyeTa $pa30BbIx uCkaxeHnin) Ky =0,875.
PacyeTHble 3HaveHns Kq xopoLuo cornacy-
my| eTca mexay coboit. Tak Kak notepu (13-3a
3aTeHeHns packpbliBa, pa30BbiX OLLNOOK,
andpakumm Ha KpoMKax v Ap.) COCTaBNSIOT
B ABYX3€epKaJibHbIX aHTeHHax nopsiaka 10 —
15%, 10 oxkupgaembin peanbHbin KUI (c yde-
TOM BO3MOXHbIX MOTEPbL) OOMXKEH nexartb B npegenax 0,72 — 0,79.

AH mopenun aHTeHHbI C 3epkasioM gnameTpom 1,1 M, UBMEPEHHbLIE HA BOJIHE
8,22 MM, nokasaHbl Ha puc. 3.10.

AHanu3 JH nokasbIBaEeT, 4TO B 3TOM aHTEeHHe, 6narogaps ontuMusauum obny-
YaloLLEen CMCTEMBI B LLESIOM 1 Ucnonb3oBaHuio PPU, ynanock obecneunts BeCbMa
HW3KWIA ypoBEHb BOKOBOIo N3JTy4eHUs, ONpenensieMoro nepenasnyyeHrnem pynopa 3a
Kpas Manoro 3epkana n gudpakumen Ha ero KpoMke.

dnameTpbl Mogeneii 3epkan (npu mogenupoaHmn 1:10) fonxHbl 6bITb PaBHbI:
2,5M 11,2 M. Ho (3a HeMMeHneM Takmx 3epkasn) UCCNeaoBaHNsa aHTEHHbI B LIeJIOM
NPOBOAVNNCH NLLbL C OAHMM 3epKasioM, MPUYEM MEHBLLEr0, YeM HYXHO, AnamMeTpa
(1,1 m). 31O NpMBENO K yBENNYEHMIO 3aTeHeHUs Ao ~0,18D 1 K 4ONONHUTENBHOMY
NMOBbLILLUEHMIO YPOBHS NepBbIX BOKOBLIX JIEMNECTKOB.

FnaBHbIV ¥ NepBble 60KOBbIe ienecTku B nJi. E, nn. H n B 45-Tn rpagycHom
MOCKOCTU NpMBEAEHbI Ha puc. 3.11 B yBennYeHHOM macluTabe (B MUHYTax).

[MaBHbI NenecToK aHTeHHbI, 6narogapst 0CeBO CUMMETPUM MTAaBHOMO fienecTka
PPU, nmeet noytn naeanbHyo OCEBYIO CUMMETPUIO, @ YPOBEHb NepBbix OOKOBLIX ene-
CTKOB, nopsaka
—(17+19)nb,
NpPUMepPHO
COOTBETCTBYET
_ PaBHOMEPHOMY
y ‘ pacrnpezene-
HWIO NONs B
\ = Y packpbIBE, HO,

: NS BO3MOXHO, OH
| b N HECKOJIbKO
_ ] % 7| 3aBblLLeH U 13-
‘ - Ll 3a MNOBbILLEHHO-

-0 40 0 o 20 40 o s e TeHeHS
Puc. 3.11 '
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