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Yeaxaemble untatenu! Bul aepxute B pykax HEOObIYHYIO KHUTY, FAe TOBOPUTCS HE TObKO 06 aHTEHHaX,
HO M 0 MHOTOM APYroM, 4TO, Ha NEPBbIA B3rNSA, C HUMW COBEPLUIEHHO HECOBMECTMMO. HO nx coeamHeHne B
O[IHOVA KHMre SIBNSIETCS 3aKOHOMEPHLIM CNEACTBUEM MEPEXOfa K HOBOMY 3Tany no3HaHus mupa u cebs, Ha
KOTOPOM, KaK MOKa3blBatOT NOCNEAHME HAYYHbIE OTKPbITUS, 663 COBMELLIEHMS, Ka3anoch Obl, HECOBMECTUMOTO
000ITUCD YXE HEBO3MOXHO.

9Ta KHUra COCTOUT U3 TPeX YacTei:

YacTb 1 — «AHTEHHbI PYNOPHBLIE 1 3ePKASIbHBIE» — MOCBSALLEHA, B OCHOBHOM, OMTUMM3ALN PYNOPOB U UX
MCMONb30BaHUIO B KayecTBe 06/yyaTenei 3epkabHbiX aHTeHH PPJT 1 3eMHbIX CTaHLMIA CYTHUKOBBIX CUCTEM.
OHa UMeeT SpKO BbIPAXEHHbII NPAKTUYECKMIA YKIOH W NPefHa3HaYeHa Ans CTYAEHTOB PafMOTEXHUYECKMX Ce-
LMATBHOCTEN 1 CNELMANMCTOB MO AHTEHHON TEXHUKE.

YacTtb 2 — «AHTEHHbI, aHTEHHAMM He Ha3blBaeMble» — MOCBSILLEHA COBEPLLUEHHO HOBO TEMATUKE — UCKYC-
CTBEHHbIM COOPYXEHMSIM M €CTECTBEHHBIM NMPUPOAHLIM 00Pa30BaHNSIM, aHTEHHAMM MOKa He Ha3blBaeMbIM,
KOTOPbIMU (aKTUYECKU SBNISIETCS BCE, CYLLECTBYIOLLEE B HALLEM MUPE, BKIKOYast Hac cammx. A1a YacTb Gasupy-
€TCH, B OCHOBHOM, Ha NPEAMNONOXEHUsX U runoTesax, rpaHnmyaLmx nHorga ¢ daqractukon. Moatomy oHa npeg-
Ha3HayeHa 191 Tex, KTO MLLET HOBbIE U HETPAAMLMOHHBIE HAMPABNEHUs B 0B1ACTM aHTEHHOW Hayku.

Yactb 3 — «HoBblii 3Tan nosHaHus Mupa v cebs» — NocBsLLEHa HOBOMY MOAXOAY K NO3HaHWIO Mupa U cebs
B 3TOM MUpe, a Takke noucky Bceobumx 3akoHoB Mpupopbl, KOTOpblE PacMpOCTPaHsIOTCS Ha BCe Cdepbl
HaLleid Xn3Hu, BKItoyast Niobyto Hayky, Nloboe YenoBeyeckoe COODLLECTBO M KXAOr0 OTAENLHOMO YeNoBeka.
9Ta yacTb, Kak 1 BTOpas, 6a3upyeTcs Ha rMnoTesax 1 NPeanoNoXeHUsX, Kak pasyMHbIX, Tak W «Be3yMHbIX», a
NMPEAHAa3HA4YeHa OHA He TONbKO A1 CNELMANUCTOB MO aHTEHHON TEXHWKE, a /1S BCEX, KTO WLIET HOBLIE MYyTH
pa3BuTHS Hayku, 0OLLECTBA M CaMOro cebs.
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YACTD |
PYMNOPHbLIE U 3EPKAJIbHbIE AHTEHHbI

Beepgenne

AHTEHHbI, UCNONb3yeMbIE AJ19 CBA3M Brepsbie onosbiM 1 MapkoHu, HegaBHO
(BMecTe ¢ Pagno) oTMeTUNM CBOW CTOJIETHUIA toBUnen, a nx pacuseT NPUXoANTCS Ha
BTOPY'O NMOJIOBMHY Npowioro (20-ro) Beka.

OCHOBHble TEHAEHUMM Pa3BUTUS aHTEHH B TEYEHMNE NX NPOLLIIONA BEKOBOW XN3HU
nocTeneHHo MeHsanmcb. C nocnenoBaTenbHbIM OCBOEHMEM BCe Oosiee 1 bonee
BbICOKMX AMana30oHOoB 4acTOoT, KOTOPOE CENYAC YXE KOCHYNOCh BOJIH MUIIMMETPOBO-
ro ananasoHa, MeHsiICb U TUMbl aHTeHH. C pacluMpeHnemM CeTu U BHEOPEHNEM BCe
HOBbIX M HOBbIX CUCTEM CBSI31 YBENMYNBAINCH TPEBOBAHWUS, NPeabABASIEMbIE K X
3NeKTPMYEeCKUM NnapamMeTpam, 0COOEHHO K NomMexo3awmeHHocTn. OgHako cenyac
BCce 6oJiee akTyalbHbIMW CTAHOBATCS TPEOOBaHWS MO YMEHbLUEHUIO CTOMMOCTW
AHTEHH, TaK Kak aHTEHHbI N3 YHUKANIbHbIX COOPYXXEHUI YXE NepeLunv B paspsig nage-
NI NOYTU «NOBCEAHEBHOIO cnpoca». Ho yMeHbLLIEHVE CTOMMOCTM HENOCPEACTBEH-
HO CBS132HO C YNPOLLEHMEM KOHCTPYKLMU N YMEHBLLUEHNEM MaTEPNANOEMKOCTH, a
9TO NOYTY BCErga BXOANUT B MPOTMBOPEUME C YNYHLIEHMEM 3NIEKTPNHECKNX MapamMe-
TpoB. Ml npegnoyteHne Bce Yawe oTaaeTcs 6onee geweBbiM, XOTS U MEHEE «COBEpP-
LWIEHHbIM», aHTEHHaM.

TeHaeHUMs ynydleHns napaMeTpoB aHTEHH He 000LLsIa CTOPOHOM U paccMOo-
TPEHHbIE B JAHHOM YaCTW PYNOPHbIE 1 3epKaibHbIE aHTEHHBI. [pocTenwmne pynop-
Hbl€ @HTEHHbI, YTOObI YNYYLLNTbL CBOU 3NIEKTPUYECKNE NapaMeTpPbl, YCIOXHWUINCH U
pPas3BeTBUINCH HA HECKOJIbKO HaNpPaB/E€HNI, OCHOBHLIMU U3 KOTOPbIX ABASAIOTCSH
KOHWYECKME 1 NnpaMunaanbHble Pynopbl C KAHABKaMU, OU3NEKTPUKOM, NOroTUTE-
JIeM, N3N10MOM 0bpa3sytoLent. 3epkasibHble aHTEHHbI TakKXXe pas3aenminch Ha Hec-
KOJIbKO HanpaBfEeHNM, 8 OCHOBHbIMU N3 HUX ABASIOTCA: OAHO3EpPKabHbIE U ABYX3€Ep-
KanbHble OCECMMMETPUYHbIE aHTEHHbI, PYNOpPHO-napabonnyeckme (NMpammaanbHble
M KOHMYECKWE) N aHTEHHbI C BbIHECEHHBLIM 0BJ1lydaTenem.

PynopHble aHTEHHbI 04EHb YaCTO PacCMaTPUBAIOTCS U UCMONb3YIOTCS B €ANHON
«CBSI3Ke» C 3epKasibHbIMU, Tak kak 0bnydyaTensaMmm 60NbLLMHCTBA 3epKasibHbIX aHTEHH
ABNSIOTCSA Pynopbl pasHbix Moandukauuin. MMeHHO B TakOM acnekTe pacCMOTPEHbI
OHW 1 B 3TOW 4aCTn, B OCHOBY KOTOPO MOJIOXEHbI PE3YNbTaThl HAYYHO-UCCNEa0Ba-
TeNbCKUX N BHEAPEHYECKMX PaboT, NPOBOAMMbIX B TEHEHME HECKOJIbKUX AecaTune-
TUI rPyNnown COTPYAHNKOB Hay4yHO-nccnenoBaTensckoro nHctutyta paguo (HUUP)
noa, PykoBOACTBOM W/U NPU HENOCPEACTBEHHOM Y4aCTMM aBTOpa AaHHOW KHUTW.

Haunbonee nHtepecHasa nidopmaums sowna B MoHorpadum [1] — [3], otoens-
Hble pasaenbl KOTOPbIX HANMMCaHbl aBTOPOM OAHHOW KHUIMW. [1aTeHTbl, aBTOPCKuE
CBUAETENLCTBA U Hay4Hble cTaTbu ([4] — [52] n gp.) No oTaenbHbIM 3Tanam paboTt
NMOCBSLLEHbI, B OCHOBHOM, NpobsieMe onTMMn3aLmmn pyrnopHbIX U 3epKasibHbIX
aHTeHH. MHoroe 13 aTnx matepmanoB 1UcnosibdosaHo O.. dposoBLIM B €r0 KHMrax
no aHTeHHaM, Bktodasa nocnenxioto: O.MN. ponos, B.I1. Banba, «<AHTEHHbI AJ19 3eM-
HbIX CTaHUMI CMYTHUKOBOW CBSI3N», N3OAHHbIX YXXe B 3TOM Beke, HO 6e3 npueneye-
HUSA K paboTe Haa, 3TUMKU KHUramMum camMmmx pa3pabdoT4MKOB.
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B 10 e Bpems kaxaas otaenbHas nybnmkauus, ocBeLlas nilb YacTb 3TOW
BaXHOI NpobniemMbl, He faeT BO3MOXHOCTM OXBaTUTb €€ B LLeSIOM. A Tak Kak OnTUMM-
3auuMs napamMeTpPoB aHTEHH SIBNISIETCH akTyaslbHOWM W NMOHbIHE, TO B JaHHOM paboTte
npeacrtaeneHa Hambosee nosiHas MHGopMauus No yayyLeHWI0 OCHOBHbIX Napame-
TPOB 3epKaJsibHbIX aHTEHH Pa3HbIX TUMOB 3@ CHET ONTUMM3aLMN X obnydaTenen,
npuYeM ¢ NpMBIEYEHNEM HEKOTOPbLIX HE OMYBIMKOBaHHbLIX PaHEE MaTepPUanoB.

B 3TOI KHUre yCTpaHeHbl, MO BO3MOXHOCTU, HETOYHOCTW, ONEYaTKN 1N OMUCKU,
[onyuieHHble B 6onee paHHux nyonukaumsax. OgHako He UCKII0YEHO, YTO HEKOTOpPbIE
M3 HMX OCTAINCb HE 3aMEYEHHbIMU, a TAKXE MO NOSIBUTHCS M HOBbIE, BKJTIOYas
«KOMMbIOTEPHbIE», BOSHMKAIOLLME NPU Nepexone Ha apyrue sepcumn 06a30BbIX NPO-
rpamm. Moatomy ByabTe BHUMATESNbHbI.

OT1a 4YacTb NOCBSILLEHA KOHKPETHLIM BONPOCaM, NO3TOMY B HEl, B OT/INYME OT
OO0NbLUINHCTBA APYIrMX KHUT MO aHTEHHOM TeMaTuke, OTCYTCTBYIOT pa3aesibl No obLen
TEOPUN aHTEHH, @ U3JIOXKEHO, B OCHOBHOM, TOJIbKO TO, YTO MOXET ObITb MCNONb30Ba-
HO NPV AanbHENLEeM PasBUTUM aHTEHHO TEXHUKN 1 OCBOEHUN eLLLe BONiee BbICOKO-
4YaCTOTHbIX AManNa30HOB.

Tak kak camMmbIMU TIOOUMbBIMU MOUMU «AeTULLLAMW>» BCeraa Oblv pynopbl ¢ U3no-
MOM 00pa3sytoLLei N aHTEHHbI C BbIHECEHHBLIM 06/ly4aTenem, TO OCHOBHOE BHUMaHNE
B MEPBOW YAaCTUN KHUTN YOENEHO UMEHHO 3TUM MOUM «JIIOBMMLAM>», KOTOPbIM Jaxe
celyac, Korga rnosiBuioCb MHOXECTBO CaMbIX padHbIX PYNOPHbIX 0bnydaTenen u
TUMOB 3€epKasibHbIX aHTEHH, 9 NPeApeKald JOArYI0 U NAOA0TBOPHYIO XN3Hb.

B nocnenHme roobl MOV MHTEPECHI 3HAYUTENIBHO PACLUVMPUIINCE, 8 NPUOPUTETHI
KapAMHanbHO N3MEHWITUCh, YTO OTPaXXEHO BO BTOPOW N TPETLEN YaCTN STOMN KHUTU.
Ho 1 B 3TuXx, HOBbIX, UCCNEAOBAHMNSX MHE MOMOratoT 3HaHUs B 06/1aCTV aHTEHHOM
TEXHUKMU.
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Mpeaucnosue

AHTEHHbI B TE4EHWNE CBOEIA, 60nee BEKOBOW, XN3HWN NPOLLY CBOM NMyTb CTAHOBJE-
HWUS, OT NPOCTOrO K CIOXXHOMY 1 Bonee coBepLueHHOMY. BmecTe ¢ HUMm npoLuen 1ot
€, HO OY4EHb HENIErKMiA, NyTb CTAHOBNEHWS U KOJIIEKTUB, C KOTOPbIM MHE BbINAso cya-
cTbe paboTathb.

Y10 KacaeTcs Hay4YHON TeMATUKN, KOTOPO NPULLIIOCH 3aHUMATLCS JIMYHO MHE,
TO, Ha4YMHas CBOKO HAYYHYIO AEATENIbHOCTb C KOPOTKOBOTHOBLIX @HTEHH, 51 3aTEM
nepewuna k aHTeHHam CBY, Bknto4as oceCUMMETPUYHbIE 3epKalibHble aHTEHHbI (4715
pagnopeneiHbIxX U CyTHUKOBbLIX cucTeM), PIA 1 aHTEHHbI C BbIHECEHHbBIM 00y4aTe-
nem. MNapannensHo ¢ 3TMM 9 3aHMManach pa3paboTKOW 1 ONTUMMU3ALMEN PYNOPHbIX
obnyyatenen pasHbiX BUOOB 1 MogudurKaumii, npeaHa3HauYeHHbIX O STUX aHTEHH.
JloBenocb MHe yOenMTb HEMHOIO BHUMaHMst 1 GOPTOBLIM @HTEHHAM, 1 CINPasTbHbLIM, U
aHTEHHaM 719 CUCTEM COTOBO CBSA3W.

B yacTu akcnepuMeHTasbHbIX UCCNeA0BaHuMi, Ha4ymHas (B 60-e rogpl) name-
peHve [IH no To4ykam, Bpalast Bpy4Hyt0 MOBOPOTHOE YCTPOMCTBO, NPULLIOCK (Napas-
JIENBHO C HAYYHOW OeATENbHOCTbIO) 3aHMMaTbCS Pa3paboTKON N3MEPUTESbHBIX CTEH-
[0B, 4TOObI aBTOMATU3NPOBAaTbL 3MepeHue [1H, a Takke ycoBepLLUeHCTBOBaHNEM N3Me-
PUTENbHBIX TPACC, NOOHSB, B YACTHOCTUN, MCCNEAYEMbIE aHTEHHbI HA BbICOKYIO OMopy,
YTOObI UCKJIOYUTL BAMSIHUE MOJIEN, OTPAXKEHHbLIX OT COCEACTBYIOLMX OOBEKTOB.

B yacTu paspaboTku AeiCTBYIOLLUX MoAersieli U MaKeTOoB MNPULLIOCh HEMo-
CpencTBEHHO 3aHNMATLCS HE TONTbKO KOHCTPYMPOBAHMEM BCErO, YTO pa3pabaTbiBa-
JI0Cb, HO 1 MHOIO€ U3rOTaBAMBaTb HEMOCPEACTBEHHO CBOMMIM PykaMu, BKIKOYas (nocne
OCBOEHUS CTEKNOMIACTMKOBOM TEXHOMOMMN) N N3rOTOBNEHNE 3epKan A1 AENCTBYIO-
LMX MaKeTOB C pa3MepoM packpbiea go 1,5 — 2 m.

B yacTu BHeApEeHUs aHTEHH B cepuiiHoe NPOU3BOACTBO, NPUXOANIOCh 6paTb
Ha cebs He TOJIbKO COMPOoBOXaAeHMe pa3paboTku K, Bkoyas ocHaCTKY, U COMPOBOX-
[EeHNe N3roToB/IEHMS OMbITHLIX 0OPA3LIOB, HO U NX SNIEKTPUYECKNE UCTbITaHUS.

W Tonbko cenyac, omsapiBasiCb Ha3an C BbICOTbI MPONAEHHbIX JIET, MOHMMAELLb,
Kakasl KosioccasibHas 1 MHOronsiaHoeas paboTa CTOUT 32 BCEM TEM, YTO KOPOTKO U310~
>KEHO B 3TOM 4acTun, Y4YMTbIBast, YTO BCE NEPEUNCIEHHOE Bbille, ObIsI0 CAenaHo COBCEM
HebO0JIbLLMM KOJINEKTUBOM (€ANHOBPEMEHHO HACHUTLIBAIOLLMM BCErO NLb 4 — 7 4Yeno-
BEK), MPUYEM, NMPENMYLLECTBEHHO, XXEHCKMM. Ho 3TOI HebonbLLOK rpynne «crnabbix»
>KEHLLMH yOaBasloCb MHOMOA «CBEPHYTL ropbl», Kak B 4acTW 00beMa aKCrnepuMeHTas b-
HbIX UCCNEeA0BaHNA, Tak 1 B 4HACTW U3rOTOBMIEHNS COOCTBEHHLIMM pyKamMu OENCTBYIO-
LMX Mogenein n MakeToB OyayLLUMX CEPUNHBIX aHTEHH (0bnyyaTenein — n3 donbrun, 3ep-
Kan — rn3 cTexknoniacTmka).

M MHe o4eHb ropbko 6bin10 HabnaaTth, kKak B Nepuo nepecTpoiki 6bino nopylue-
HO BCE TO, 4TO C TakuM 6oNbLUIMM TPYAOM U IOOO0BLIO, CO34aBasIOCh B TEYEHME HEC-
KOJIbKUX AECATKOB JET. [1epBbiM paspyLUmnm UCCNenoBaTenbCKUA NONIOH, 3EMN
KOTOpOro otaanu (?) unu npoganu (?) nog, KOTTeOAXXHOE CTPOUTENBCTBO, MOJIOXUB HaYa-
J10 NMMKBMAALMA HALLEro oTaena, 0AHOro 13 BeAyLUMX B @HTEHHOM oTpacnn. OToT oTaen
BO BPEMEHA CBOEro pacueeTa HacunTbiBan 6onee 250 4enoBek, cpeay KOTOpbIX ObII0
HECKOJbKO JOKTOPOB 1 Bonee Aecatka KaHOuaaToB Hayk, a K HaCTOSILLEMY BPEMEHU OT
HEro OCTanioCb BCEr0 HECKOJIBbKO YeNoBekK. [lepermeHoBancs 1 nepenpodunposBasnca
(C Npon3BoACTBa aHTEHH HA BbINMYCK ra30BOro 060pyA0BaHWSA), OKa3aBLUNCE B BIIMKHEM
«3apybexbe», 1 ObiBLINIA 3aBo, «[TpoMcBa3b» (I AxTbipka Cymckon obnacTtu), a aHTeH-
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Hbl, CAENaHHbIE MO MHOCTPaHHbLIM pa3paboTkam, CTanm NokynaTb B Ja/lbHEM 3apy-
6exbe. TakoBa peaslbHOCTb CeroaHSLUHEro AHS, HO BepHeMcs K npolunomy. CoctaB
HaLLero ManeHbKOro KOekT1Ba He Obli MOCTOSAHHBIM, XOTS B HEM ObINN U «00NroXUTE-
JIN», HO HA CMEHY YLLIEeALINUM NPUXOAnn apyrme, u paboTa NpoaosKanacs.

Aoporue mou konnerun! 9 ot Bceli aywn 6narogapHa BceMm Bam, BHe 3aBMCUMO-
CTV OT BeNM4KHbI Bawwero Bknaga B Hawe obuiee aeno. MHorve 13 Bac BHEC/N B 3Ty
paboTy He TOMbKO YaCTb CBOEro TPYAA, HO W YacTb CBOEN AyLlun. Takmx Nogein o4eHb
MHOr 0, MO3TOMY 3[€Cb 51 HA30BY MMEHAa NNLLIb TeX, KTO NpopaboTan B 00LLEN CBA3KE
[OCTaTO4HO OO0 W/Unn ocTaBun 0 cebe o4eHb J0OpbIe BOCMOMMHAHNS.

B nepeyio ovepenpb, Mol rny6okuin nokiioH 3oe KoHcTaHTUMHOBHE XJ10NKOBOM.
OHa B TeyeHune nocnepHux (noytn 20-Tn) NeT Hecna Ha cebe OCHOBHOW rpy3 3KCnepu-
MEeHTasbHbIX UCCNeaoBaHui, a nocne cmeptn ommyesa ViBaHa AnekcaHaposuya
B351/12 B CBOM PYKU N N3rOTOB/IEHME MAKETOB 3€PKasl U3 CTEKIOMNIACTNKA, KOTOPOE OH
GnecTsiLLEe OCBOWUI 1 3aHMMASICA M OO0 CaMol CBOE CMepTH.

9 noctosiHHO BCnomMuHaio 1 UpuHy AHaTonbeBHy Ko3510BCKyl0, MOIO NOCTOSIH-
HYIO CNYTHMLY B NOe34Kax Ha 3aBOAbI-U3roTOBUTENM, KOTopas Takxke npopaboTana co
MHOI no4Tn 20 NeT 1 noaaepXKmBana MeHst BO BCEX MOMX HAYMHAHUSX.

MHe xo4eTcs ckasdaTb: «bonblioe cnacubo!» n Kasakosoi T. A., 1 Cnueak H. H.,
v ApoHoeoii B. A., n XXynugosoit Upouke, KoTopas, K coxaneHuto, npopadboTtana ¢
HaMn COBCEM MaJio, HO yCrena, 0aHako, caenarb MHOMOE 1, IMaBHOe, OCTaBuia MHE Ha
namsTb CBOIO YyAECHYIO CBET/YIO YIbiOKY, CONMPOBOXAAIOLLYIO MEHS BCIO XM3Hb.

OTaensHO 1 0cobyto 61aro4apHOCTb S XOHY Bbipa3uTb A0KTOPY HayK, npodecco-
py, AiseHOepry MNpuropuio 3axapoBudy. /IMEHHO OH MOMOI MHOMMM U3 HAac, BKIoYast
MEHS1, MOBEPUTbL B COOCTBEHHLIE CUJIbI, MOMOT MOHSATb, YTO B HAayKe, Kak 1 Be3ae, «He
BOI'M ropLukm o6xmraroT», a caMble 06bIKHOBEHHbIE, HO OYEHb YBJIEYEHHbIE CBOVIM
nenom, noan. UMeHHo Takum 6bi1 M OH caM, 3TOT UCKITIOYUTESNIbHO MOPSA0YHbIN, Yan-
BUTENbHO A00pbi 1 YyTkMi HEJTIOBEK

9 Takke 6eckoHe4yHo 6narogapHa moemy Myxy, Tumodeey Banepuio Bukro-
POBUYY, KOTOPbI IBASIETCS HE TONBKO aBTOPOM 1 COABTOPOM HECKOSNBKMX HaYYHbIX
paboT, NCMONb3yeMbIX B JAHHO YacTU KHUMM, HO 1 aBTOPOM pa3saena 3.1 AaHHon
KHUrn: «MexxgyHapogHble TPeGOBaHUS K XapaKTepUCTUKaM HanpaBfieHHOCTHN
3epKaJibHbIX aHTeHH». Kpome Toro, oH, 3a4acTyto, BbICTynan 1 4OOPOBOJIbHLIM peaak-
TOPOM MOMX Hay4HbIX TPYAOB, BKJIOHYAS OAHHYIO KHUIY, @ TakKe caMbiM CTPOMM KX
OMMOHEHTOM.

9 Take xouy BbickasaTb 6s1arogapHocTb EpyxumoBuyy KOpuio AGpamoBuyy, ¢
KOTOPbIM HAac 06beanHsana CTpacTHas yBle4eHHOCTb paboToi. N, HeCMOTpPS Ha HEKOTO-
pble Hay4Hble (M Apyre) pasHornacus, Mol NPOA0Xanu C HUM COTPYOHUYECTBO MO
OTAENbHbLIM BONPOCaM AaXe Noc/e TOro, Kak Hawm nyTy NpUHUMNMaNbLHO PasoLincb
Mo pa3HbIM Hay4YHbIM HarpaBeHUSM.

Mos GnarogapHOCTb OTHOCUTCSH U K TeM, Bktodas Masamana 9.4., k1o wen,
CBOMM «KYPCOM>», HO MapasinefisHO NPUHUMaN y4acTue U B PeLIEHNM HEKOTOPbIX, OOLLIMX
05t Hac, Npobnem.

Joporue Moun cCoaBTOpbI, 51 HAAECh, YTO padoTa, NpoaenaHHast BCeMn HaMu
COBMECTHO, eLle 6yaeT BocTpeboBaHa, a Mo3ToMy 1 B3siia Ha cebs CMeNocTb U TPYA,
onybnnkoBaTb ee pe3ynbTaThl.

91 oT BCen oywuv xenaio sceM BAM, HbiHE 300aBCTBYIOLLMM, €L1e MHOIVX 1 CYacCT-
JIMBbLIX NIET XWN3HWU, @ TEM, KTO yXe ywen ot Hac: puropuio 3axapoBundy An3eHbepry,
Bcesonopny Npuropbesnyy Amnonsckomy, IOpnio ABpamosudy EpyxumMoBuyy n opyrum,
LONron 1 CBETIION NamsaTn.
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naea 1
PynopHble aHTEHHbI
1.1. OcHOBHbIe BUAbI N XapaKTepPUCTUKN PYNOPHbIX aHTEeHH

1.1.1. OCHOBHbIE€ BUAbI PYNOPHbIX AaHTEHH

PynopHas aHTeHHa, B 06LLEeM cnyyae, npeacTaBngeT cobom BOSIHOBOA, C MIaBHO
(nnun ckaukoobpasHO) yBeNMUMBAOLMMCS ceveHmneM. Paamepsbl ceveHns BONHOBOAA
(v pynopa) BblbupatoTcs Takum o6pas3om, 4Tobbl obecnedunTb GopMnpoBaHue
HeobXx04MMOM CTPYKTYpbI Nons. B kpyrnom BonHoBoAEe BO30YXXAaeTcs 0ObIHHO
BOJIHA Hy4, @ B NPIMOYrosbHOM — Hq. ST BONHbI NPUHATO Ha3biBaTb OCHOBHLIMM.

JlBa OCHOBHBbIX TUMa PynopoB: KOHNYECKME N NMPaMNAASIbHbIE OTINYAIOTCS, KaK 1
BOJIHOBO/bI, TUMOM BO30YXAaEMbIX B HNX BOJIH.

Mo KOHCTPYKLMN PYNOPHbIE aHTEHHbI MOXHO NOAPa3nennTb cneayowmnm obpa-
30M:

+  Pynopsl (P) npocTelilimne ¢ NpaMoSIMHEHO 06pa3yoLLEe.

«  Pynopsbl ¢ nanomom (PN), obpasytoLias KOTopbiX UMeeT U3NIOM Unun narmo.

+  Pynopsbl ¢ kaHaskamu (PK).

+  Pynopsbl ¢ guanekTtpukom (P).

+  Pynopsbl ¢ nornotutenem (PM).

+  PynopHble 6ukoHnyeckme aHTeHHbl (PBA).

+  CnoxHble pynopHble aHTEHHbI, COBMELLAIOLLME HECKOJIbKO PEeLUEHWIA.

Hanbonee NpoCcTbiMM (KOHCTPYKTUBHO) ABASIIOTCS KOHMYECKUEe 1 NnpaMnaanb-
Hble pynopsbl (P) ¢ rmagkmmMm CTEHKaMU, MMEKLLME COOTBETCTBEHHO KPYIoe 1 Npsi-
MOYIOJIbHOE CeYeHME 1 MPSMOJIMHENHYIO 06pa3syoLLyio. Pyrnopbl ¢ pe3kmm n3nomMom
(vnu NnaBHbIM N3rMbom) obpasyioLleit 0603HaveHbl kak PA. Pynopbl ¢ kaHaBkamMm
(PK) n pynopbl ¢ aunanektpukom (P1) sensioTcs pynopamMmu ¢ UMNEeAaHCHOM CTPYKTY-
poin. KaHaBKM 1 OU3NEKTPUK, Kak, BNPOYEM, 1 NOMMOTUTENb B pynopax ¢ NoroTuTe-
nem (PI1), MoryT 6bITb pacnonoXeHbl HA BHYTPEHHEN N/UNN HA BHELLHEN CTOPOHE
CTEHOK pyrnopoB, NMbo Ha dnaHue nnu Hacagke. Llenb Taknx yCnoXxXHeHn KOHCTPYK-
LMW PYNOPHbIX aHTEHH — U3MEHEHNE UX OCHOBHbIX XapakTepPCTUK B COOTBETCTBUN
C 3a4aHHbIMN TPeBOBaHUAMN.

1.1.2. OCHOBHbIE XapPaKTepPUCTUKN PYNOPHbIX AaHTEHH

OCHOBHbIMM 3NEKTPUYECKMMU XapakTEPUCTUKAMN PYMOPHBbIX, KaK 1 NobbIX opy-
rMX aHTEHH, ABNSAIOTCS:

+  Pabounii gpnanaszoH.

+ HanpaBneHHble CBOVCTBA.

« CornacoBaHue C NMTalLWmMM TPaKTOM

Pabounii ananasoH onpenenseTcs 3agaHHoM No0CoM YacToT (AJIVH BOJIH), B
npeaenax KoTopoi OCHOBHbIE NapaMeTpbl aHTEHHbI OCTAKTCS NPaKTUYECKN HENS-
MEHHbIMU 1/UNKN YOOBNETBOPSIOT ONPeAesieHHbIM TPeOOBaHUAM.

Pabounin puana3oH 3aBUCUT OT pa3MepPOB 1 KOHCTPYKUMK pynopa. MNpu ycnox-
HEHWM KOHCTPYKLMN pabounii AmanasoH, kak NpaBuio, Cy>xaeTcs.

HanpaBneHHble CBOMCTBA 3epKasibHbIX M PYNOPHbLIX aHTEHH ONpeaensioTcs
pa3mMepoM packpbiBa, a Takxke aMrInTyaHbIM 1 Ga30BbIM pacnpeaesieHnemM nons B
ero npepgenax, KoTopoe MoOXHO GOopPMUPOBaTbL PasHbIMU crnocobamu.
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HanpaBneHHble CBOCTBA aHTEHH 0ObLIYHO XapakTepPU3yTCS:

« Ownarpammoii HanpaBneHHocTu (OH) nnn ee ormbatoLlen.

+  Koadpdpuumentom ycmnenus (KY).

+  LWnpuHoii rmaBHOro fienecTka no ypoBHIO NOSIOBUHHOM MOLLHOCTY (20 5)
n/Vnn no Hynam (20g).

+ YpoBHeM nepeoro 6okosoro nenectka (MBJ1).

«  3awmnTHbiM pgericteueM (3[) — pa3HOCTbIO MexXAay YCUTIEHUEM aHTEHHbI B
rnmaBHOM HanpasfieHn 1 B6N3W HanpaeneHus 3agHero nanyydenms (180° + A, obbiu-
HO A = 45°).

CornacoBaHue aHTEHH C NUTaOLWLMM TPaKTOM (BOJIHOBOOM) OonpeaensieTcs
BEJIMVIHOW MOJIEN, OTPAXEHHbIX HA3ap, (B BOTHOBOA) OT MMEIOLLIMXCS Ha MyTU CUrHa-
na HeogHopogHocTen. OHO MOXET BbITb Yy4LLIEHO YMEHbLLUEHMEM, a Takxe 6naro-
[apsa npotTmBodasHOMY COXEHUIO NONEN, OTPaXEHHbIX OT Pa3HbIX HEOOHOPOOHO-
cTen.

CornacoBaHue NpUHATO xapakTepn3oBaTb koadduumeHTom oTpaxeHms (KO)
nnun koadduuneHToM ctosudei BosnHel (KCB).

1.1.3. O6nacrte NnpuMeHeHns

PynopHble aHTeHHbI, B NPUHLMMAE, MOTYT UCM0JIb30BaTbCA CAMOCTOSATENIbHO, HO
Yalle BCero ux NpMMeHsoT B kKa4ecTBe obnydaTeneii aHTeHH pa3HbIX TUMOB (3ep-
KanbHbIX, JIMH30BbIX, aHTEHH NOBEPXHOCTHbLIX BOJTH 1 Ap.).

Mcnonb3oBaHWe pyrnopoB B Ka4eCTBE OCTPOHAMNpPaB/IeHHbIX aHTEHH HELLeNIeCco-
00pasHo, Tak KakK gaxe npu LWMPUHE rMaBHOMO JienecTka Nopsiaka HECKObKUX rpa-
[yCOB, HE FOBOPS O MUHYTaX, OHW, B OT/INYMNE OT 3epKasibHbIX aHTEHH, UMEIOT BECbMa
6onbLUMe NPoao/ibHble padMepbl. Ho 3aTo OHM MOMYYMIIM O4EHb LUMPOKOE Pacrpo-
CcTpaHeHue B kadecTBe obnyyarteneit, roe Tpedyemas LWmprHa rnmaBHOro aenecTtka
cocTaBnseT 0OblYHO HECKOJbKUX AECATKOB FPadyCcoB, a Npwu Takol LWMPUHE pasmepsbl
PYNOpOB CPaBHUTESIbHO HEOObLUNE.

Lnsa obecnevyeHns BO3MOXHOCTU UCTMONb30BaHUSA OOHUX U TEX XEe 3epKasbHbIX
aHTEHH B pa3HbIX CUCTEMAaX CBA3U LLesiecoobpasHo, YTOObI X OCHOBHbIE NapameTpbl
COOTBETCTBOBaJIM TPEHOBAHMAM HE OOHON KOHKPETHOM CUCTEMBI, @ Cpa3dy HECKOJIb-
KUM, T.€. XenaTenbHO, YTOObl aHTEHHbI ObII LUMPOKOANANA30HHLIMU U YHUBEPCaSb-
HbIMW, 2 3TO BO MHOIOM 3aBMUCUT OT 06y4aTens.

1.2. Tpe6oBaHus kK 06/1y4aTeNIsIM 3epPKasibHbIX aHTE€HH

1.2.1. O6wne n 4acTHblie TPe6GOBaHUS K OOy4aTenam

TpeboBaHus, NpeabsBasieMble K 061y4aTensaMm 3epkasbHblX aHTEHH, MOXHO
noapasnoennTb Ha obLmMe N YacTHbIe.

OG6wume TpebGoBaHUS K 06sTyHaTeNnsiM coBnagaoT ¢ 00WmMMKU TpeboBaHUAMM,
npeabsaBAgIeMbiMU K 60NbLLIMHCTBY MHOMOMYHKLNOHANbHbBIX @HTEHH:

+  MakcumanbHO WNPOoKKUiA pabouunii ananasoH.

+  MakcumanbHO BO3MOXHas NOMEX03aLUMLLLEHHOCTb.

« XopoLllee cornacoBaHme C NMTaoLWMM TPAKTOM.

+  Bo3mMoxHOCTb paboThl Ha NtoOOM NoNSpPU3aLnn.

B0O3MOXHOCTb BbINOJSIHEHUS 3TUX TPeboBaHMin, ncknoyas 3hPeKTUBHOCTb,
3aBUCUT HE TOJTbKO OT CXEMbI @aHTEHHbI 1 OTHOCUTESbHbIX (B AJIMHAX BOJIH) pa3MepoB
MCNOb3yeMbIX 3epKaJl, HO U OT aHaNorM4HbIX NapameTpoB obnyyartenei. YTo kaca-
eTcsl adpDEKTUBHOCTU, TO ee MOXHO 00eCcneyYnTb TONbKO NyTeEM CO34aHUS B PacKpbl-
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BE @aHTEHHbI pacnpeneneHns aMmnamTyabl nons, 6am3koro kK paBHOMepPHoOMY, NMbo
nytem mogndukaumm npoduns aepkana, nmbo nyTemMm UCrnosib30BaHUs obnyyarens
CO crneuyanbHOom (oNTUManbHOM) GOPMOI MAaBHOMO fienecTka. Tak Kak OAHOBPEMEH-
Hoe noBblleHne 3PpHEKTUBHOCTY U MOMEXO3ALLMLLLEHHOCTU TOJIbKO 3a cHeT obny4va-
Tens ABNSOTCS NPOTUBOPEYNBLIMY TPEOOBAHMSIMW, TO MHOTAA OAHOBPEMEHHO NpU-
MeHsieTcs 1 obnyyatesnb ¢ onTumanbHo H, n moandukauma npoduns sepkan. Ho
yalLe BCero (B 3aBMCMMOCTM OT KOHKPETHbLIX TpeBoBaHMiN) A0 3a4aHHON BENNYNHBI
yAyyLwaT Moo apdEKTUBHOCTb @HTEHHbI NPY MakCUMasibHO BO3MOXHOW NOMEX0-
3alUNLEHHOCTU, MO0 NOMEXO03aLUMLLEHHOCTL NPU MaKCMManbHO BO3MOXHOM

3O PEKTUBHOCTN.

YacTHble TpeGoBaHue, NpeabsBisieMble K 00J1yHaTesnio, 3aBUCAT OT OCHOBHOWA
KOHEYHOW LLenn onTMMmn3aumm n Ha3HA4YE€HNS KaXXa0M KOHKPETHOW aHTEHHbI, ECNN
OHa He gBNsieTCcst MHOrOMYHKLMOHANLHOW, a MO3TOMY OHM MOTYT ObiTb Pa3HbIMU:

«  OnTumanbHbIN 06NyYaTeNb, NpeaHa3HAYeHHbIN A1 aHTEHH, paboTaroLwmx
Ha OBYX Nonspusaumnsax OoJKeH (B npeaenax pabovyero cektopa yrioB) MMeTb 0an-
HaKOBYIO Ha 06eunx nonapuaaumsax GopmMy MaBHOro JienecTka.

«  OnTumanbHbIN 06nyyaTenb, NpeaHa3HAYeHHbIN O aHTEHH C BbICOKOWA
3P DEKTUBHOCTLIO, JOMKEH 0OecneynBaTh B packpblBE aHTEHHbI pacrnpeneneHme
amMnauTygpl U ¢pasbl nons, 6a1M3koe K paBHOMEPHOMY.

«  OnTumanbHbIN 0bnyvyaTenb, NpeaHa3HAYeHHbIN O aHTEHH C BbICOKOWA
NOMEX03aLUVLLLEHHOCTbIO, A0/HKEH NPESYCMaTPUBaTbh BO3MOXHOCTb CO34aHNsA B
pacKpbIBE aHTEHHbI aMMNTYOHOIO pacnpeaeneHns, cnagaloLwero no onpeaeneHHo-
My 3aKOHY 1 cam 06/1a4aTb NOBbILLEHHOM MOMEX03aLUNLLEHHOCTbLIO.

« Ob6ny4yatenb, NpeaHa3HAYeHHbIN 01 aHTEHH C Pa3HbIM B Pa3HbIX NMOCKO-
CTAX pasMepoM anepTypbl, 4OKEH GOPMUPOBATHL Pa3HYK MO NMIOCKOCTAM LUMPUHY
rMaBHOro NnenecTka.

1.2.2. OnTumanbHasa ¢popma rnaBHoOro senecrka

OntnmansbHaa dopma rnaBHOro nenecTka obnyyarens B npeaenax paboyero
CeKkTopa, OrpaHMYeHHOoro yrinom obsy4eHmns 3epkana, onpeaensieTca CXeMom aHTeH-
Hbl 1 FEOMETPUEN 3epkana (0CECMMMETPUYHAS UM HEOCECMMMETPUYHAs, OQHO3ep-
KasbHas nnu AByx3epKanbHas, BbIMOJHEHHAS MO KIIACCUYECKOW CXEME UM C MOAN -
dukaumen npodunsa sepkan, n gp.). OcobeHHO TPYAHO cOo3aaTb ONTUMASIbHYIO
dopMy rmaBHOro fienectka obnyyaTtens, npegHasHa4eHHOro 41 UCMnoJib30BaHUs B
CXemMe HEOCECMMMETPUYHOM 0AHO3epPKalbHOM aHTEHHbI C BbIHECEHHbIM 06yyaTe-
nem (ABO), K KOTOPbIM, B HAaCTHOCTU, OTHOCUTCS 1 pyrnopHO-napabonnyeckas
aHTeHHa (PI1A).

Ana ocecMMMeTpPUYHbIX 3epKaJibHbIX aHTEHH ONTUManbHOM GopMOoii
ABNAETCS OCECUMMETPUYHAs B Npeaenax yrna obnydeHus sepkana (-¢q +¢q) popma

rMaBHOroO NiernecTka, nokasaHHas Ha puc. 1.1 CcNIoLWHON NMHUEN: BOPOHKOOOpa3Has
(a) nnn kynonoo6pasHas (6) B 3aBUCUMOCTM OT TPeBOBaHUN, NPEAbABASEMbIX K
AHTEHHE, OT €€ CXEMbl U reOMEeTpUM 3epkasn. PaBHOMEPHOE pacnpeneneHme (Cm.
puc. 1.1, NyHKTMP) MOXHO Nony4mTh (6narogaps COOTBETCTBYIOLLEN CXEME aHTEH-
Hbl) Npu Nto6oI U3 3TUX HOopPM.

Ecnu ueHTpanbHas 4acTb 3epkasa 3ateHeHa obsiydaTesniemM, Kak 3To UMeeT
MECTO Y OCECMMMETPUYHbIX aHTEHH, TO onTuManbHasa JH obnyyaTtens (npu ncnosnb-
30BaHUU KJTACCUYECKNX CXEM) O0JIKHA B LLIEHTPE MMETb «MpoBasl», COOTBETCTBYIO-
wmii 3ateHaemMon 4actu. MckntoveHmne coCTaBnsOT aHTEHHbI C 3epkaniamMu crne-
uManbHOro Npoduns U aHTEHHbI, BbIMOJIHEHHbIE MO cxeMe AL (aHTEHHbI ABYX3ep-
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I 1
-180° —q,

180" g,

6)

Puc. 1.1

KasibHblE CO CMELLLEHHOM HOKaNbHOM OCbIO U SNIMATUYECKMM BCMOMOTraTeIbHbIM
3epkanom), rae B pacnpenenieHnn SHeprm, BKIIloYas co3gaHme «nposana» (CMm.
puc. 1.1), yyacTByloT 3epkana.

Ana HeoceCUMMETPUYHbIX 3epKasbHbIX aHTeHH (ABO v PlA) rnaBHbIl
nenectok JAH B nonepe4Hoi NA0CKOCTUN AOIXEH ObiTb TAKUM Xe, KakK U AJ19 OCECUM-
METPUYHOM aHTEHHBI (CM. puc. 1.1). A B npoa0IbHOWM NAOCKOCTU (MIOCKOCTU CUMME-
TPUM aHTEHHbI) — aCUMMETPUYHbBIM, aHANOrM4YHbIM OOHOM 13 NonoBuHOK AH, npu-
BeOEHHOM Ha puc. 1.1a (ecnn NpuHATb, YTO LEeHTpanbHas YacTb OCBELLAET OnX-
HIOKO KPOMKY 3epKana, a KparnHasa — ganbHiolo). Takas [1H no3Bonsget co3gartb CUM-
MeTpUYHOEe pacnpeneneHme aMmnanTyasl Noas B NPoA0sibHOM nnockoctn n ABO, n
PMNA.

Heobxoanmas BennumHa nogbema (Mnu cnaga) nonas obnyyarens B Hanpaene-
HUM KpaeB 3epkana (OCHOBHOIO U/1Uim BCNOMOraTeibHOro) onpeaensaeTca yriom
pacTBOpa OCHOBHOIO 3epkasa 1 TpeboBaHUSIMM MO NOMEXO3ALLNLLEHHOCTU U
apdekTBHOCTU. C yMeHbLLIEHNEM POKYCHOIO pacCTOSIHUS U yBENIMYEHNEM TNYOUHBI
3epkana BennynHa nogbemMa (npm NpoYmMx paBHbIX YCIOBUSAX) YBENNYNBAETCS.

Peann3oBaTtb yka3aHHble BbilLe NapaMeTpbl B UX NMOJIHOM 06beme 3a cyeT
oNTUMM3aLUNM TONLKO NEPBUYHOIro obnydyatens B 60/bLUMHCTBE CllydaeB He npea-
CTaBnseTCca BO3SMOXHbIM. [103TOMy B cO4ETAHMKM C €r0 ONTUMKU3auMen 3a4acTylo
MCNONB3YIOT 1 Apyrue cpenctea (onTMmMusauuio npoduns 3epkan, pasinyHble
aKpaHbl 1 ap.).

Mogudukaums npoduns sepkan, 0COOEHHO OCHOBHOI0, YCIOXHSAET pa3paboTky
aHTEHH, YBeNMyKMBas, 3a4acTtyio, ux ctoumoctb. Kpome Toro, Takoii cnocob ontum-
MN3aLnK MOXET BbITb MCNONb30BAH TOJILKO NPU pa3paboTke HOBbIX aHTEHH. [oaTo-
My 6onee NpeanoYTUTENbHBIM BapMaHTOM SBASIETCS ONTUMMU3auMs napaMmeTpoB
aHTEHHbI 3a CYET ONTUMM3ALMN NapaMeTPOB ee 0bsyHaTens, YTo AAaeT BO3MOXHOCTb
YNyyLlaTb XapakTePUCTUKM HE TONIbKO BHOBb pa3pabaTtbiBaeMblX @HTEHH, HO U yXe
aKcnayaTupyembix (NyTem nx HebonbLLO MOAEPHNU3ALNN).

Ha cerogHs pa3paboTtaHo 60JbLIOE YMCNO pasinyHbIX 0bnydaTenen 3epkasb-
HbIX @HTEHH, BKJII04as PyrnopHble, J1H KOTOPbIX B TOM MU MHOM CTENEHU OTBEYAIOT
TpeboBaHUAM ONTUMAaNIbHOCTU. BapmaHTbl pyrnopoB, pacCMOTPEHHbIE B 3TOM rnase,
NMO3BOJISAIOT 3HAYUTESbHO YNYHLLUTb MOYTU BCE SN1EKTPUYECKME NapaMeTpbl 3epKasib-
HbIX @HTEHH (OCECUMMETPUYHbBIX U HEOCECUMMETPUYHLIX) OOHOBPEMEHHO. He
VCKJIIOYEHO UCMOIb30BaHME 3TUX PYNMOPOB 1 B KAYECTBE CAMOCTOSTENbHbIX @HTEHH,
ecnu popma nx OH oTBevaeT kKakum-nnmbo 3agaHHbIM cneundunyeckmm TpeboBa-
HUSM. HO Ha4YyHEeM Halw aHann3 BCE Xe C MPOCTENLLINX PYNOPOB (KOHUYECKUX 1 Nnpa-
MUAaNbHbIX C IMagkKMMmM CTEHKAMKU U NPSMOJSIMHEHOM 06pasyioLeit), ABASIOLLMXCS
6a3oii gnsa pa3paboTky BCEX APYIrMX PYNOPHbLIX @aHTEHH, PACCMOTPEHHbIX Aanee.
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1.3. lNpocTeiiwmne pynopHbie aHTeHHbI

1.3.1. PacnpeneneHne ¢pas B packpbise

PynopHbie aHTEHHbI (KOHMYEeCKME 1 Nupa-
MuganbHble), puc. 1.2, 4acTo OTHOCST K KJlaccy
anepTypHbIX @aHTEHH, B KOTOPbIX ONPEAENSIOLLYIO
pOJib UrpaeT pas3mMep anepTypsbl (packpbiBa).
OpHako 3To cnpaBenvBO TONbKO AJ1s1 PYNopoB,
VIMEIOLLMX B packpbiBe CMHGA3HOEe pacnpenene-
HME, KOTOPOE NPaKTUYECKN HUKOrAa HE peannay-
eTcs.

PacnpepneneHune ¢as B packpbiBe (KOPOTKO:
pacdasnpoBka) peanbHbIX KOHUYECKUX U NUpa-
MUAanbHbIX PynopoB MMeeT popMy, 6/IM3KYIO K
chepurnyeckom NOBEPXHOCTU, a CEKTOPUANTbHbIX
— UMNMHOPUNYECKOWN.

TouyHas dpopmyna g1 pacyera Makcu- ¥
ManbHOM pacdasnpoBKM B PaCKpPbIBE NPOCTEN- |
wero pynopa — Ag (ee BbipaxaloT uam B 4au-
Hax BOJIH, U B rpagycax, uim B paguaHax (i)
VIMEET Crenyowmn Bua;:

Ag =B (L-H) =B R tg(a/2), (1.1)

roe p = 2a/h — BONIHOBOE YUCO, A — AJIMHA BOJIHbI; L 1 H — COOTBETCTBEHHO
OnvHa o6pasyloLLeit 1 BbicoTa pyrnopa o ero reoMeTpuieckon BepLUnHbl; 2R —
pasmep anepTypbl pynopa B MNI0CKOCTM pacyeTa; 2o — yroa pacTteopa pynopa B
MJOCKOCTM pacyeTa.

MpuénmxeHHasa dopmyna ons pacyeta Ag, MCNosib3yemasi BO MHOMMX pabo-
Tax, Bkoyas [1], cnpasennmea anga pynopos, roe R<<H:

Ag = R?/2H. (1.2)

Puc. 1.2

1.3.2. NonoxxeHne ¢pa3zoBoOro yeHTpa

3HaHue nonoxeHus $GasoBoro LeHTpa KpaiHe BaXKHO NPW UCMOJIb30BaHUMN
pynopoB B ka4yecTBe obnyyaTtenei, Tak kak TONIbKO Npuv COBMeLLEHUM Ha30BOro LieH-
Tpa obnydaTens ¢ poKycoM 3epkana MOXHO obecneqynTb MakcumanbHyto addekTmB-
HOCTb @HTEHHBbI.

M3BecTHO, 4TO Pas30BkLIN LEHTP CUHDA3HbIX PYNOPOB HaxoaAnTCs BGAN3N
packpbiBa, a C yBenmM4eHnem pacdasmpoBKN OH CMELLAETCS B CTOPOHY reoMeTpuye-
CKOW BEPLUMHBbI pyrnopa (K Ce4EHNI0 BOJIHOBOAA).

K cuH®a3HbIM pynopam, rae OCHOBHYIO POJib UFpaeT pa3amep anepTtypsbl (2R),
MOXHO (YCJ/TOBHO) OTHECTM Takne pynopsbl, y KOTOPbIX HE3Ha4MTENbHAA pachasnpoBs-
Ka HE 0Ka3bIBAET CYLLECTBEHHOIO B/INSHNS HA OCHOBHbIE MapaMeTpPbl HANPaB/IEHHO-
CTun, a $as30BbIN LEHTP PacrnoJsioXeH BONN3K packpbiBa.

K pacdasvpoBaHHbIM pynopam, rge onpeaensaoLwyo posib UrpaeT He pa3mep
anepTypbl, a yron pacteopa (20.), MOXHO (YCJIOBHO) OTHECTM Takme pynopsbl, haso-
BbI LLEHTP KOTOPbIX CMELLLAETCH K X FOpJly, a fanbHenLwee yBennyeHme pacdasu-
POBKWV HE OKa3bIBAET CYLLECTBEHHOIO BANSHUS HA UX NapaMeTpbl HAaNpPaBiEHHOCTN.

Mexay 3HaveHnsamMn pachasmpoBKU, XapakTEPHbIMU 1S cCuHGa3HbIX 1 pacda-
31MPOBaHHbIX PYNOPOB, CYLLLECTBYET NPOMEXYTOYHAs 30Ha, B KOTOPOW CBOMCTBA
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PYNOPOB OT/INHAKOTCA M OT CBOWCTB CUHGA3HbIX, 1 OT CBONCTB pacdas3npoBaHHbIX.
Pynopbl, meioLme Takyto pacdasnpoBKy, YCIIOBUMCS Ha3biBaTb nonypacdasmpo-
BaHHbIMW pyrnopamMu.

MoapaspeneHne pynopos Ha CMH$asHbie, noaypacdasnpoBaHHbie n pacdasmn-
pOBaHHbIE BECbMa YCJ/IOBHO, TaK Kak YeTKOW rpaHuubl Mexay HUMm HeT. OgHako OHU
NPUHUMNAJIBHO OT/IMYAOTCS MO CBOMM HarnpaBieHHbIM CBOMCTBAM U MOJIOXKEHUIO
$as30BOro LeHTpa.

MonoxeHne Ga3oBoOro LeHTpa tobdoro pynopa MoXXHO HarTH SKCNepMeHTalb-
HO, a 011 MPOCTENLLINX KOHMYECKUX PYNOPOB C KPYrbiM PACKPbIBOM 1 NMpaMuaarnb-
HbIX C KBaApaTHbIM PackpbiBOM, MMeloLWMX B . E paBHOMepHoe, a B n. H kocu-
HycouganbHOEe pacnpegesieHne aMmnamTyabl Noas, onpenenuTb no dopmynam n/unm
rpadwmkam, npuBeneHHbim B [1].

Ha puc. 1.3 [1] maHa 3aBUCUMOCTb OTHOLEHMUs x/h oT pacdasmpoBku k, roe x
— paccTosiHMe OT packpbiBa 40 $Ga3oBoro LeHTpa, h — BeicoTa pynopa. Pacdasu-
poBka (k) B 9TOM cnyvae BblpaxeHa B rpagycax 1 paccumTaHa rno npubanxeHHom
dopmyne (1.2).

x/h x/h

1,0 I r T r 1,0 r
- //E .
08 KoHnyeckuin o 0,8 MvpamunaanbHbIi E H A
pynop / pynop /
06 (BonHa Hyy) / H 06 (BonHa Ho) 5 /
0,4 /’ // 0.4 4
02 0,/ ,//{ 02 / A
sl A
-é 0 k / k
0 40 80 120 160° 0 40 80 120 160°
Puc. 1.3

CmelueHne $da3oBoro ueHTpa o60omx TUNOB PYNOpPOB (KOHMYECKOro 1 nnpamMmm-
hanbHoro) B nn. E npumepHo B ABa pasa 6obLue, 4em B ni. H. Mpu aTom nepeme-
weHne $as3oBoro LLEHTPa KOHNYECKOro pyrnopa (Npu ndamMeHeHum pacdasvpoBkin)
NPOUCXOaNT MeAJIEHHEE, YEM NpamMmnaanbHOro. Bece 910 He no3BonsieT (npu
MCNOSb30BaHUM UX B Ka4ecTBe obyyatenein) obecnedntb cuHdasHoe BO30YXaeHne
3epKasna 04HOBPEMEHHO Ha 06eunx Nonsapmn3aumsx.

MepemelueHre $a3oBoro LeHTpa KOHMYECKOro pyrnopa ¢ 0CECUMMETPUYHOMN
OH, nmeiowero ogmHakoBoe (cnagaioLlee) pacrnpeneneHe amnamtyapl nons B
06eux NNocKOoCTAX, NPOUCX0AMT Ha 06eunx NoNApPmM3aLunsax NPUMepPHO oanHaKkoso [1]
1 COOTBETCTBYET 3HAYEHNSIM CMELLLEHNS HA30BOro LeHTpa ans naockoctTn H obbly-
Horo pyrnopa. MoXHO NpeanonoXnTb, YTO TO XEe caMmoe CNpaBeasIMBO 1 Ajg nupa-
MUAanbHbIX PYrNnOpPOB, MMEILLMX OANHAKOBOE (CnaaaloLee) pacnpenenieHe amnam-
Tyabl NONS Ha 06eunx Nonapu3aumsx.

Kctatun, nupammpanbHele pynopel ¢ pasMepom anepTypsbl B 1. H B ~1,5 pasa
6onblle, 4em B NA. E (MX NpUHATO Ha3bIBaTb ONTUMAalbHbIMKW), UMEIOT B 006enx nno-
CKOCTSX HE TOJIbKO OANHAKOBYIO LUMPUHY MaBHOro NeNecTka, HO 1 MPUMEPHO CoBMa-
Jaiouiee Ha 06eunx nonsipmsaumnax nonoxeHune hasoBoro LeHTpa. Ho ncnone3osartb
35TO CBOMCTBO MOXHO TOJIbKO Npu paboTe aHTEHHbI CO CTPOrol NpmBa3Kon BekTopa E
1 H K COOTBETCTBYIOLLMM MIIOCKOCTAM Pyropa (1 aHTEeHHbI, ECNX PYyNOp UCNONb3YyeT-
csl B kayecTBe 0bnydaTtens).
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CkopocTb nepeMeLLeHnst $Ga3oBoro LeHTpa B CUIbHOW CTEMEHU 3aBUCUT OT
BEJIMYNHBI pachasnpoBKn, 1 Npn Ag = k > 4x/3 OH cMellaeTcs B ropsio pyropa.
MoaTtomy o6nacTb «pmucka», COOTBETCTBYOLAA MaKCUMasIbHO CKOPOCTU NnepemMe-
weHns $Ga3oBOro LEHTPA, PAcnoNOXEHA MEXAY PACKPbIBOM U FOPJIOM, 4TO NOA-
TBEPXAAETCS N NpUBeAEHHBIMU Frpadukamu.

Mpn Agp = k < 45° cmeLLeHe $a30BOro LeHTpa 13 packpbiBa 0601x TUMOB pyrno-
poB (0COBEHHO, KOHMYECKOr0) NPOMCXOANT BECbMa MeaJIEHHO. He3Ha4YnTenbHO OHO
1 no BenumymHe. MNoatomy pynopsl ¢ pachasnpoBkom Ag < 11/4 MOXHO YC/TOBHO OTHE-
CTU K CMH(}a3HbIM pynopam.

Mpn Ap =k > 160° B nn. E 1 (npeanonoxmntensHo) npmn Ag =k > 240° B nn. H —
011 KOHWMYECKOro, a Takxe npun Agp = k > 130° B nn. E n (npegnonoxuntensHo) npn Ag
~k 2 210° B nn. H — ang nupammpansHoro pynopa, GasoBbili LEHTP NEPEMELLAETCS
B ropso. NosToMy KoHMYeckue pynopbl ¢ Ag 2> 4r/3 n nupamuganbHble Pynopbl ¢ Ag
2 7T1/6 MOXHO cYMTaTb pacdasnpoBaHHLIMU PYNOpPamMm.

B 3aBMCKMMOCTU OT BENMYUHBI pachas3npoBKn pynopsbl (B rpydbomM npnbamxkeHnm
1 6e3 nogpasgeneHuns nx Ha KOHNYeCckMe U NMpamMmaasnbHble) MOXHO YC/IOBHO pas-
0EenuTb Ha cneayloLwme Tpy rpynnbl:

+ Ap < w/4 (< 45°) — cnHdasHble;

« w/4 < Ag < 4nt/3 — nonypacdasnpoBaHHbIE;

«  Ag 2 4n/3 (> 240°) — pacdasnpoBaHHbIe.

®az0BblIii LEHTP CMHGMA3HLIX PYNOPOB «TOYEYHbIN» N CPAaBHUTENIbHO CTabUNEH
nnwb Npu Ag < /4. NoaToMy TpeboBaHMS K TOHHOCTU €ro COBMeLLEHUS C POKYCOoM
3epkana BecbMa BeSIMKU, a pabounii amanasoH cnHdasHbIX pyrnopos, UCXOAs U3
TpeboBaHU K cTabunbHOCTM Ga30BOro LEHTPa, CPaBHUTESNIbHO Y30K.

dazoBbI LEHTP pachas3npoBaHHbLIX PYNOpPoB NpeacTaBnseT coboi BecbMa
0OLWMpPHYIO 06NacTb, KoTopas Npu Ag > 4n/3 NpakTUYecKkn HUKYOa He CMeLLLaeTcs,
HO B Npegenax aaHHor obnactn dasa (npu yeennyeHnn pacdasnpoBkmn) Bce 60Jb-
we ocumnnunpyet. OgHako BbIBPOCHI 0ObIMHO He NpeBbIWaloT t/4 (45°) 1 HaxoaaTcs B
npegenax AonyckoB HA TOYHOCTb N3rOTOBNEHUS KOHCTPYKTUBHbIX 3IEMEHTOB, BIINSI-
IOLLIMX HA 9NIEKTPUYECKME NapaMeTPbl aHTEHH.

MoaTtomy TpeboBaHMs K TOYHOCTM COBMeELLLEHNS $Ha30BOro LeHTpa ¢ GOoKycoMm
3epkarna yMeHbLlaloTcs, a pabouunii ananas3oH pynopa (C TO4KM 3peHns CTabuibHO-
CTn $a30BOro LeHTpa) Co CTOPOHbI Er0 KOPOTKOBOJIHOBOM YaCTWN NPaKTUYECKU HE
OrpaHuyeH.

da30BbIi LEeHTP Nonypacda3npoBaHHbIX PYNOPOB O4eHb HECTAOWNEH N C
n3mMeHeHnemM pachasnpoBKn (AJIMHbI BOJIHbI) NEPEMELLAETCA 04eHb ObICTPO. Mo3aTo-
My pabounii omManasoH Taknx pyrnoposB BeECbMa y30K.

1.3.3. HanpaBneHHble CBOVWCTBA

CwuHdasHble pynopbl (Ag < /4) MMEIOT: CYLLLECTBEHHO pa3Hble No wupuHe H B
nn. E v H (nx raeHbIn nenecTok B ni. E 3Ha4nTenbHO yXxe, 4em B ni. H); 4eTko Beipa-
XEHHble N rMybokMe MUHMMYMbI MeXAy flenectkamm; 6onee BeICOKMIN YpOBEHb BHOKO-
BOro n3nyyeHus B . E no cpasHeHuio ¢ nn. H. VX 4eTKO BbIPaXEHHbIN («TO4YeY-
Hbl») Pa30BbIN LLEHTP PACMONIOXEH, Kak ye Oblno cka3aHo, B6NM3K pacKpbiBa.
Mpu manbix pacdasmpoBkax, yCIOBHO JOMNYCTUMbIX 4111 9TUX PYNOPOB, OH NpakTuye-
CKM COBMAafaeT Mo MjoCKOCTAM.

Ha puc. 1.4 [1] nokaszaHa 3aBncumocTb D/Dwmakc — K0adpdurumeHTa HanpaBneH-
Horo pgencTteusa (KHA) oT pacdasmposkm (Npu kKBagpaTUHHOM 3aKOHE U3MEHEHWS
dasbl B anepType, 4TO NPUMEHMMO U K pynopam).
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D/Dyacc Mpu Ap = k = t/4 (45°) KHL, ymeHbLLUaeTCca BCero oo
0,93+0,94, Ho Npu BoNbLUNX 3HAYEHUSX K NoTepu ycune-
\ HUS 3HAYUTESbHBI.
\\ Ceogka hopmysl, XapakTepUsyloLmMxX U3nydyeHmne
CUH®A3HbIX MOBEPXHOCTEN, KOTOPbIE MPUMEHUMbI U K
\ CUHdasHbIM pyrnopam, NprueBeaeHa BO MHOMMX MOHOrpa-
dwusnax, Bknodas [1], roe, B HaCTHOCTU, AaHbl GOPMYIbI
ON1S pacyeTa WMPUHBI FNaBHoro nenectka JH no Hynsam

1,0

0,8

0.6

\ || @0
[na KoHMYeckoro pynopa
\I 20p= 2 arcsin (1,22)/d) — npn paBHOMEPHOM
0 36 72 108 144° pacnpeneneHuy, (1.3)
Puc. 1.4 20 =2 arcsin (1,63\/d) — npu KOCNHYCONAANTLHOM
pacnpegeneHun, (1.4)

roe A — OJIMHA BOJIHbI, d — AamMeTp pacKpbiBa.

PacyeTHbIlh ypoBeHb NepBbiX OOKOBbIX J1IENECTKOB CMHMA3HOro KOHMYECKOro
pynopa coctaBnset —17,6 nb v — 24,6 o6 npu paBHOMEPHOM U KOCUMHYCOMOaNbHOM
pacnpegeneHmn, COOTBETCTBEHHO.

Ana nnpammnaanbHOro pynopa

200 = 2\/2a — Npy paBHOMEPHOM pacnpeaeneHnn, (1.5)

209= 1,43 2\/2a — nNpu KOCMHYCOWAANBLHOM pacnpeneneHun, (1.6)

roe 2a — pasmep anepTypbl B MIOCKOCTM pacyeTa.

PacyeTHbIlh ypoBeHb NepBbix OOKOBbIX JIENECTKOB CUMHGMA3HOIo NMpaMuaanbHO-
ro pynopa coctasnsieT -13,2 ab n -20,6 b npn paBHOMEPHOM 1 KOCUHYCOUAASb-
HOM pacnpegeneHmn, COOTBETCTBEHHO.

MonypacdasnpoBaHHble pynopsl (/4 < Ap < 41/3 ) oTnnyaoTcs HambonbLUen
3aBMICMMOCTbBIO NapaMETPOB OT YAaCTOThl, TaK Kak C YBEJIMYEHNEM pacha3npPOBKN HE
TONbKO nepemeLLaeTcs GpasoBbIl LLEHTP pynopa, HO U3MEHSIOTCA U €ro HanpasB/ieH-
Hble CBOWCTBA. bbICTPO 1 cywecTBeHHO ymeHbliaeTcs KHZ, (cm. puc.1.4), meHsaeTcsa
v [1H: 3annbiBaloT NpoBasibl MEXAY NEenecTkamu, a rMasBHbIN JIENECTOK pacLuVpPAeTcs,
«3axBaTblBas» 6MKHME OOKOBbIE NienecTkn. Hanbonee cylecTBeHHbIE MU3MEHEHUS
npoucxoaar B nn. E.

Mpu Agp = maBHbIN Nnenectok J1H ctaHOBUTCA NpakTMY4eCKn OCECUMMETPUY-
HbIM: OANHAKOBbLIM (MO ypPOBHIO -15+20 ab) Ha 06eunx nonapmaaumsx U No WUpKHE, 1
no ¢opme (KyrnosoobpasHoii).

Ha puc. 1.5. nokasaHbl [JH KOHU-
yeckoro pynopa [2] ¢ pacda3npoBkoi

0
MnocKoCTb X TINOCKOCT) A =y = 1t B GyHKLMN 0O0BLLEHHOIO
H ] \ E napameTpa d ( & = B r sing, rae
] 10 B = 21/A, A — OJMHA BOSHbI, I — paau-
y yC packpbliBa pyrnopa).
/ -20 AY B npenenax rmaBHOro fienecTka
2] i {)
I\-m [IH Ha o6eunx nonsipusaumsx (E v H)
S -30 L2y MoOYTN MOEHTUYHbI, HO KH/, npu aToM
] F‘ ,’?‘V" ymeHbliaetcsa oo 0,4 (cm. puc. 1.4).
3 a0l Llnulel s | NloaTOMY MpUMEHEeHne Takux pyrnopos
20 10 10 20 30 40
B KA4ECTBE CaMOCTOATEbHbIX OCTPO-
— — OKCTIBPUMEHT == = —pacier ¥ =1 HanpaBneHHbIX aHTEHH, Kak MPaBuo,

Puc. 1.5 HeuenecoobpasHo.
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Pynop ¢ pacdasuposkomn 0
Ag = 1t MOXHO, O4HAaKO, UCIMOJIb- KHLy)
30BaTb B Ka4ecTBe NpocTeiLle- -5 [[KHKo
ro obny4artensi, UMetoLero \
cpaBHUTENbHO ocecummeTpuy- |—10
HbI FNaBHbIN NENecTOK, HO B N [ AN
BeCbMa y3KOii NOI0CE YaCTOT. -15 g

JanbHenwee yBennyexve 20 ;\\
pac$asnpoBku (Ag > 1) NPUBO- /
ANT K TOMY, 4TO MaBHbI nene- | _og \/ 4 A
CTOK B nJ1. E cTaHOBUTCHA LWIMPE, T -__gn___sn___4n__-575__-6}“2
yem B nJ1. H (kak Obl MEHAACH b 1 | | | 1 LYY
MeCTaMu Mo CPaABHEHUIO C CUH- 0 5 10 15 o

dasHbIM pynopom), uameHsietcs Puc. 1.6
1 ¢dopma ero BEPLUUHLI, eLLe
6onee ymeHbliaetca KH, a GpasoBbIli LEHTP NpnbAnMXkXaeTcs K ropsy pynopa.

PacdasunposaHHbie pynopsbl (Ag > 47t/3) oTnnyaroTcs Hanbonblue cTabunbHO-
CTblO BCEX OCHOBHbIX MapamMeTpoB, Tak Kak npu 605bLIo pacdasnpoBke napamMme-
Tpbl pynopa onpenensitoTcs, B OCHOBHOM, YIJIOM pacTBOpa pynopa, KoTopbli ¢ 4nn-
HOW BOJIHbI HE CBSI3AH.

NameHenune KH/ (B HanpaeneHun ocun) [1] pachasmpoBaHHOIO KOHNYECKOrO
pynopa, Bo30yxaaemMoro BonHon Hy4, (Mo otHowenuio k KHA, cnHdasHo BO36yX-
OEHHOM anepTypsbl) B GYHKUMN 0600LLEHHOIO NapameTpa 6 noka3aHo Ha puc. 1.6.
Tam xe npuseneHbl 3Ha4eHus pacdasnposBkm (y) Ha Kpar packpbiBa, KpaTHOM
LenbiM 3Ha4YeHUsIM 7, KoTopas paccynTana no (1.2)

3aBucumocTtb KH, OT y MMEET ipKO BbIPAXEHHYIO TEHAEHLMIO K MOHMXEHUIO
M OCUMNNINPYIOLWLMA xapakTep. [epBoe CBA3AaHO C pacCLUMPEHNEM NABHOIO Nene-
CTKa, a BTOPOE — C 3MeHeHneM GOpPMbl Er0 BEPLLMHbBI B IMABHOM HarnpaB/iE€HUN.
Mpwn pacdasnpoeBke, KPATHOM YETHbIX LenbiM 3Ha4YeHusax © KH, nmeeTt yacTHbie
MUHVMYMbI, @ NPU HEYETHbIX — MakCUMyMbl. He COBCEM TOYHOE COBNaaeHne
MWUHVMYMOB U MAKCUIMYMOB COOTBETCTBEHHO C YETHLIMU U HEYETHBIMU 3HAYEHNA-
MK 06bACHAETCS TEM, 4TO pacda3npoBka paccuynTbiBanacb No NpubdnmMXeHHon
dopmyne.

U3meneHve J1H pachasznposaHHbix PyNnopoB TakXe CBA3aHO C U3BMEHEHNEM
pacda3npoBku. B otimume oT CnH@a3HbIX 3TU PynoOpbl HE UMEIOT YETKO BbIPaXeH-
HbIX OOKOBbIX NenecTkoB. LLinpmHa ux rmaBHoOro nenecTka, onpegensemasi, B OCHOB-
HOM, YIJIOM pacTBopa pynopa, OT A Hbl BOJIHbI MOYTU HE 3aBucuT. [loaTomy BCe
pacdasnpoBaHHbIE PYNOPbLI UMEKOT OYEHb LUMPOKNIA pabounii AmanasoH (Mx Hanpa-
BJZIEHHbIE CBOMCTBA OCTAIOTCS MOYTU HEMSMEHHBLIMU NPU NSMEHEHMN HYaCTOThbl AaXE B
HECKONbKO pa3). BnnaHune aneptypbl pachasnpoBaHHbIX PynopoOB NpU U3MEHEHNU
[OJIVHBI BOJTHbI MPOSIBASIETCS B TOM, YTO C YBEJIMMEHMEM €€ OTHOCUTENIBHOIO pasmMepa
(Npn pUKCHMPOBaAHHOM yrilie pacTBOpa) yMeHbLUAeTCs YpOBEHb OOKOBOIro NU3y4eHus,
YBENIMYMBAETCS KPYTU3HA CKaTOB MMaBHOIO SIenecTka n n3aMeHaeTca dopma ero sep-
LWNHbI. 9TO MOXHO UCMOJb30BaTb A4S AOMOJHUTENbHOIO YNy4YLLIEHWS AaHHbIX Napa-
MEeTPOB, B YaCTHOCTU, 4151 NOJSTYYEHUS [TaBHOIO JienecTka cTonoobpa3Hom GpopMbl C
3a4aHHON HGOPMOI BEPLUMHLI.

Mpw pachasmpoBke KpaTHOM HEYETHbLIM LIESIbIM 3HA4YEeHMSM T HabngaeTcs
NnOObEM, a YETHBIM — npoBan, puc. 1.7 [1], nprnyem 3T1 NOABEMbI U MPOBabl HAW-
6osee YeTKO BblpaxeHsbl B MJ.E.
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Puc. 1.7

KonunyecTtBo «rop6oB» ¢ yBennyeHmem pachasmpoBKM YBENNYNBAETCS.
MakcumanbHas rmybuHa ocunnnaumin, Habngaemas B6an3n ocu pynopa, 4octura-
et ~6 pb B nn.En ~3 pb — B nn.H. 3aBncnmMmocTb GopMbI BEPLLMHBI FaBHOIO Nene-
CTKa OT BeNNYNHbI pacdasnpoBKM MOXHO MCMOJIb30BaTb NPU BbIBOPE ONTUMAasIbHOIO
BapuaHTa pynopa, Tak kak npu pacdasnpoBke paBHol &t (180°) rnaBHbIlA nenecTok
nMeeT kynonoobpasHyto dopmy, npu 3r/2 (270°) — nnockyto, a npu 2r (360°) —
BOPOHKOOOPAa3Hyo, MPUYEM C O4EHb KPYTbIMW CKaTaMu raBHOro JienecTtka, 0co-
6eHHo B nJ1.H.

1.3.4. OcHOoBHbIe cBoVicTBa cUH@a3HbIX N pacga3npoBaHHbIX PYrOpPOB

OCHOBHbI€ 3/IeKTPUYeckue CBOMCTBa CUH(Pa3HbIX PYrNOpPoB:

1. CpaBHUTENbLHO Yy3KkMih paboymnin ananas3oH U3-3a CUJTbHOM 3aBUCUMOCTH
LMPWHBI INaBHOIO flenecTtka 1 nosoxeHus Gas3oBoro LeHTPa OT HacToThl.

2. OpgmHakoBas ¢dopMma BepLUMHbI, HO pasHas LWMpKUHa raBHOro nenecTka Ha
pPasHbIX NOASpU3aumax, NPUYEM MMaBHbIM nenecTtok B . E yxe, yem B nn. H.

3. BbICOKMIA ypOBEHb NEPBLIX OOKOBLIX IENeCTKOB (0cobeHHO B n. E).

4. Bblcoknii o6WmMit ypoBEHb OOKOBOrO M3ny4eHns (ocobeHHo B ni. E).

5. Kynonoo6pa3sHasi popma BepLUMHbI U Manasi KpyTU3Ha CKaTOB MaBHOMo
fienecTka, He No3BoJSoLLIME peann3oBaTb BbICOKYO 3DdEKTUBHOCTL B 3ePKasibHbIX
aHTEeHHaX, BbIMOJIHEHHbIX MO KJTACCUYECKMM CXEMAM.

6. CpaBHUTENBLHO MJIOX0E (MPY ManblX OTHOCUTENbHBIX pa3Mepax packpbiBa)
€CTECTBEHHOE COrMacoOBaHNE C NUTAIOLLVM TPAKTOM .

Moyt BCE NepeyncneHHbie Bbille CBOMCTBA CMHGA3HbBIX PYNOPOB, EC/N 3TN
pynopbl UCMOJSIb3YIOTCA B Ka4ecTBe obyyatenieil, OTHOCATCS K HegocTaTkam, 0COo-
O€eHHO B CBETE COBPEMEHHbIX TPEOOBaHW.

OCHOBHbI€ 3/IeKTpUYeckue CBoMcTBa pacdasmpoBaHHbIX PyrNnopoB:

1. OuyeHb WNPOKNIA (MHOrOKpaTHbIN) pabounii Ananas3oH U3-3a Masion 3aBUCK-
MOCTW LUMPWHbI [MTaBHOrO JIENECTKa W NON0oXeHUs $a30BOro LeHTpa OT 4acToThl, 4TO
SIBNSIETCSH OCHOBHbLIM AOCTOMHCTBOM BCEX @HTEHH, HanpaB/ieHHble CBONCTBA KOTOPbIX
onpenensitoTcs He NNHEHbIMK, a YINI0BbIMU pa3Mepamu.

2. PasHasa dopma BEPLUNHbLI U pasHas LUMPUHA rMaBHOro SIenecTka Ha pasHbIX
nonspusaumsx, Ho (B oTin4me oT cuHa3HbIX PyrnopoB) MaBHbIN NenecTok B n. E
wupe, 4yem B nJ. H.

3. Huskunii ypoBeHb NepBbix (M 6anXHNX) GOKOBLIX IENECTKOB (0COOEHHO B MJl.
H), KOTOpbl€ YETKO HE BbIPAXEHbI.

4. Hunskuin obwmii ypoBeHb 6OKOBOIo nanyyeHus (ocobeHHo B n. H).
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5. B03MOXHOCTb peanu3auum (B 3aBUCUMOCTM OT TpeboBaHWi) «cTonoobpas-
HOro» (C KPyTbIMM CKaTamMu) rMaBHOro Nenectka 1 ¢ pasHom GopMO BEPLLUNHLI:
Kyrnosioo6pasHoii, NIoCckon, BOPOHKOOOPa3HON.

6. Xopoluee eCTECTBEHHOE COrNacoBaHMe C NUTAOLWMM TPAKTOM, NoJlydaemMoe
3a cyeT 00JIbLIOro OTHOCUTENIBHOIO pa3Mepa packpbIBa.

Bce nepeuncneHHbie Bbilwe CBOMCTBA pacdasrpoBaHHbIX PyNOPOB, UCKIoYas
BTOPOE, MOXHO (NP1 NCNONb30BAHUKM MX B KAYECTBE 00yYaTesniein) OTHECTM K
[OOCTOVHCTBAM.

CpaBHeHMue 3NeKTPU4eCcknx cBoMcTB cuHda3HbIX U pacda3mpoBaHHbIX
PYNOPOB NOKa3bIBAET:

MpeunmyuiectBa pacdasnpoBaHHbIx pynopos (PP), obecneyrBaemsblie 3a cyeT
6onbLIol pacdasnpoBkM MNPy PpaBHOM C CUH(A3HLIM PYNOPOM LUMPUHE FaBHOIo
nenecrka:

+  Hecounamepumo 6onee lMpoknii padbo4ynii ananasoH.

+ bonee HM3kuIh ypoBEHb HOKOBOIO N3NYy4EHUS.

- bBonee kpyTble ckaTbl MaBHOro NenecTka.

+  BO3MOXHOCTb MOSIy4EHUS MMABHOIO NIENecTka C KPYThIMU CKaTaMu 1 pa3Hom
dopMOIi BEPLUNHLI (BKJIOYAS BOPOHKOOOPa3HYIo, KOTOpasi BO MHOIMMX Clydasx
ABNSIETCS ONTUMASIbHOI) 6€3 YCIOXHEHUS KOHCTPYKLUM pyrnopa, a ToJIbKO 3a cHeT
npaBuIbLHOIO BbIGOpa ero reoMeTpUYECKNX pa3mepoB.

+ Jlyywee eCTeCTBEHHOE COMlacoBaHUE C NMTAIOLLMM TPAKTOM.

[narta: 3Ha4uMTENBHOE YBENMYEHME pa3Mepa (N0 CPaBHEHUIO C CUHOA3HbIMU
pynopamMu C TOM Xe LUMPUHON rMaBHOoro nenecrtka jH).

OCHOBHbI€ KOHCTPYKTUBHbIE N TEXHOJIOrM4YeCckne JOCTOUHCTBA BCEX NPO-
CTENLINX PYNOPHbIX aHTEHH (CMH}Aa3HbIX U pachasnpoBaHHbIX, KOHNYECKUX U
nMpamMuganbHbiX): NPOCTOTa KOHCTPYKUUN N M3FOTOBNEHUSA (MX MOXHO M3roTOBUTH
Jaxe B AOMAaLLUHUX YCNIOBUSIX, MO Pa3BepTKe).

3TN JOCTOMHCTBA 1 0OYCNOBUIIN LUMPOKOE NMPUMEHEHNE NPOCTENLLNX PYNOPHbIX
AHTEHH Ha 3ape pa3BUTUS aHTEHHOW TEXHUKM, KOrga NpoCcToTa KOHCTPYKLUMN N N3ro-
TOBJIEHNS UMENU, 3a4acTylo, peLuaioliee 3Ha4yeHne. B HacTosee Bpems Tpebosa-
HUS K 9NEKTPUHECKMM NapaMeTpamM BCEX aHTEHH, BKJIOYas PynopHbIE, 3HAYNTESNTbHO
BO3pPOC/N, a TEXHONIOMMYECKNE BO3MOXHOCTM BECbMA paclumMpunuce. NMostomy
NOSIBUIINCb MHOTOYUCIIEHHbIE, BONee CNoXHble, MoandUKauMm PynopoB, BKoYas v
pynopHble 06nydaTenu ons 3epkasbHbiX aHTEHH ONpPeaeNeHHOro Tmna.

1.4. O6nyyarenun gns 0CECUMMETPUYHbIX aHTEeHH

1.4.1. Pynopsi ¢ nznomom (PU)

Pynopsbi ¢ nuanomom (PU) moryT ObiTb U CUH(a3HbIMU, 1 pacdasnpoBaHHbIMU.
O6pasyowwas PU MoxeT 6bITb MIaBHO U30THYTa N «M3fI0MaHa» CKa4ykoM, Npuyem
He oauH pa3. B MecTe nanoma MoXeT BbITb M CTYNeHbKa, NEPNeHaVKYNSPHAs 0cx
pynopa.

B o6uwem cnyyae PU [6], puc. A
1.8, npeactaBnseTt coboi NnoBepx-
HOCTb BpaLL,EHNs C NIaBHO NCKPUB-
JIEHHOW (MNK «<N3IOMaHHON») obpa- |1
3yowen (A), HanpaBfeHHOW CBOEN
BbIMYKIOCTbIO B CTOPOHY OCU CUM- |2
MeTpumn pynopa. lNMpun aTom Benn4m-
Ha yrna pacTteopa pynopa B obna- pyc. 1.8
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CTu, B5IN3KOM K packpbIiBY, MPEBLILIAET BENIMYMHY yrna B obnactun, 611M3Kon K nuTaio-
LeMy BOJTHOBOAY, 4TO M NMO3BOJISIET NOSTYYNTb HEOOXOAMMbIM MONOXUTENBHbIN
addekT. B pesynsraTe nsnoma obpasyloLLei Nosie B packpbiBe pynopa UMeeT aBe
xapakTepHble obnactn 1 m 2.

O6nacTb 1 9BNSETCSA OCBELLEHHONM W 3aKOH pacrnpeneneHns amnamtynbl nons B
Hel Mano oTn4yaeTcs OT BO36yxaatloLWwero pyrnop nepsmyHoro nons. Oénacts 2 —
TeHeBasi C BecbMa ObICTPbIM CNagaHUeM amMnanTyabl NoNAs No Mepe NpudamKeHus K
Kpalo packpbiBa, T.K. NIEPBUYHOE MOJIe B 3TON 061aCTW 3aTEHSETCS BbIMYyKIOCTbIO
VICKPUBJIEHHOM CTEHKM pynopa. [oaTomy pacnpeneneHne amnautyabl nons B na. Eun
nn. H (npu npaBunbHOM) BbIGOpe pa3mMepoB pyrnopa noy4aeTcs No4TU OANHAKO-
BbIM, a [1H B npeaenax rmaBHOro fenecTtka npakTnieckn ocecuMmmMeTpuyHomn. Kpome
TOro, n3-3a cnajaoLlero pacnpeneneHns yMeHboLlaeTcs U ypoBeHb OOKOBOro n3ny-
YyeHusl, ocobeHHO B NockocTyn E.

MpuHuMn paboTbl PU MOXHO 0O6BbACHUTL MNYTEM aHanM3a BOJIH BbICLUMX TUMOB,
BO3HMKaOLWWMX B 061aCTM U3N10Ma, N OLEHKU UX BK1aga B obLLee U3ny4eHme pynopa.
OpaHako No CpaBHEHUIO C FeOMETPOONTUYECKUM NMOOX0A0M, MCMOJIb3YEMbIM B Aalb-
Henwem, Takom NoAxoa, 3HAYNTENbHO CIOXHEE, MEHEE HAMMSAEH N NPEeanOYTUTENb-
Hee 419 pyrnopoB CO CTYNEHbLKOM.

Ha ocHoBe nanoma obpasytoLei paspaboTaHbl pasHble MoanduKkaumm pyno-
POB, UMEIOLLIX OCECUMMETPUYHBIN (M HEOCECUMMETPUYHBIN) MAaBHbIA IENECTOK.
Hwuxe B kayecTBe npyMepa NpuBeAEH NnLlb OAMH N3 CUHGa3HbIX PyNOpPOB C HEC-
KOJIbKUMW n3ioMamMun obpasytoLleit, a nogpobHO pacCMOTPEHbI pasHble Moandurka-
uMn pachasmpoBaHHbIX PYrNOPOB.

CuHdasHbie PU, Hapsay ¢ KOHNYECKMMU CEKLUMSMU, MMEIOT OObIYHO U LINIINH-
[puyeckune, KOTopble MHOrAa 0O6Pas3yloT HA CTbIKE CTYMEHbKY.

MpeunmyulectBa cMHGAa3HbIX PynopoB, obecneyrBaemMble N3IOMOM U/UN CTY-
NEeHbKOW: 0CECUMMETPUYHbI rMaBHbIM 1enecTok (06bI4HO KynonoobpasHon dopmbl)
M HU3KWNIA ypoBEHb GOKOBOIO N3JyHeHUS.

MnaTa: ycnoxHeHne KOHCTPYKLUUKU, yBENNYeHne TpeboBaHuin K TOYHOCTU U3ro-
TOBJIEHNS U/WUNN YBENNYEHNE NPOAOJIbHOIO pa3mepa, CyXXeHune paboyero amanaso-
Ha.

Pa6ounin guanasoH PU, nmetowmx cTyneHbKy, kak npaBwno, He 6onee = (0,5 +
1,0) %. CpaBHUTENLHO AMana3oHHbIM (£ 6 %) aensaeTca cuHdasHblii PU [55],
COCTOSILLNIA U3 HECKOJIbKMX CEKLIMIA C HEOONbLUNM M3MEHEHUWEM Yra pacTBopa (puc.
1.9). OH meHee TpeboBaTeneH, 4em apyrme cuHdasHble P, K TOHHOCTU U3rOTOBNE-

HWS1, HO UMeeT O4YeHb B0JIbLLON NPO-
T nonbHbIA pazmep (50A).
' ! A =76 MM - E CuHdasHble PU, Hackonbko
/ _5 NL== —H M3BECTHO aBTOPY, LUMPOKOro npume-
N\ HEeHWS He HaLnw.
10 PacdazuposaHHbie PU (PPU)
1 BbIrO4HO OT/INYAOTCS OT APYrnx
\ MoaudUKaLmii PYropoB C OCECUM-
L “\ Mejpquoﬁ [IH He Tonbko MpocTo-
S TOW KOHCTPYKUUMW, HO 1 MasbiMU Tpe-
©0BaHMSIMU K TOHHOCTM U3rOTOBNE-
/ 2506 L HUs. OHX NPeacTaBNNAOT yaaqyHoe
: Y co4yeTaHme OCHOBHOro (pacdasnpo-

=20 -10 0 10 20
BaHHOr0) 1 manoro (cnHdasHoro)
Puc. 1.9
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pynopa, o6begVHEHHbIX B €AMHOE Lieioe TaknmMm 06pa3om, 4YTO ero «CymmapHas»
obpaayoLas UMeeT N3nom (unu narmd).

PacdasurposaHHbIli pynop «nogapwui» PPU wnpokunii pabouunii ananasoH, T.K. OH
Kak Obl «coepXxuBaeT» npucyliee cnHdasHoMy pynopy nepemelleHne hasoBoro
LleHTpa, He NO3BOJISI EMY CMECTUTLCS (C YBENMYEHMEM YACTOThbI) 3a Npeaesbl coo-
CTBEHHOW reoMeTpn4eCckom BePLLUMHbI, a N3510M 06pasyioLeit obecneynn cnagato-
wee pacnpeaeneHme amnanTyapl nons B ni.E, no4ytn oanHakosoe ¢ n.H.

MNpeumyuiectea PPN, o6ecnevnBaemMbie N3110MOM 0Opa3yioLLEin:

«  LWwnpoknin pabounini puanasoH (2+3-KpaTHbliA, NpU4YemM Npmu USMEHEHNN
yacToTbl B ~1,5 pasa wurpuHa maBHOro nenectka no4YTn He MEHSIeTCS).

« OceBasi cCMMMETPMS MaBHOMo nenecTka Npu 60bLLION KPYTU3HE Er0 CKaToB.

+  Bonee HM3KkNMi1, yem y 060mnx «NpapoamTenein», 0bLMin ypoBeHb 6OKOBOIO
n3Ny4eHns Ha 06enx nonspmsaumnsx.

+  Bo3MOXHOCTb peanusauum oanMHaKoBOM Ha 06enx Nonspmaaumsx 3agaHHoN
(dOopMbl BEPLUNHbI IMABHOMO nenecTka (KynonoobpasHom, NI0oCKor, BOPOHKOOOpas-
HOI).

«  Jlydwee, 4em y «npapoamTenein» eCTeCTBEHHOE COrnacoBaHne ¢ NUTaLWMM
TpakToM.

[Mnata — yBenuyeHmne OTHOCUTENbHBIX (B ANMHAX BOJSIH) pa3MepoB.

CoueTaHuns CTOoJb BLICOKMX 3NEKTPMYECKUX NapaMeTpoB Mpu HeobblHanHOM
NPOCTOTE KOHCTPYKLUMN N HN3KNX TPEOOBAHUSAX K TOYHOCTU N3rOTOBIEHUS HE MEET,
HACKOJIbKO M3BECTHO aBTOPY, HX OAMH pynop. A 4To kacaeTcs nNnaTthbl 3a HUX 6ONbLUN-
MW pa3Mmepamu, To 3TOT HEAOCTATOK (MPY OCBOEHMIN BLICOKOYACTOTHLIX Ananaso-
HOB) MOXET NepenT B HEOCNOPMMOE A0CTOMHCTBO (CM. pa3aen 1.9.2).

1.4.2. OnpeneneHne onTUMasbHbIX FEOMETPUYECKNX Pa3MepoB pacga -
3UpPOBaHHbIX PYyNoOpoB ¢ uzsiomom (PPU)

Haunbonbluee npakTnyeckoe npumeHeHne nonysmunm PPU ¢ peaknm nsnomom
npsiMonuHeHon obpasyowei, puc. 1.10. 3To 0OBLACHAETCS HE TOJIbKO TEM, HTO UX
JNler4ye u3roToBUTb, HO M TEM, YTO ONTUMAJIbHBIE FEOMETPUYECKNE PA3MEPBI TAKUX
PPW Becbma nerko n ooctato4yHo TOYHO ONpeaensaTcs No NpocTeiM GopmMynam nnn
paccynTaHHbIM NO HUM rpaduvkam [15].

BbiBOA,
aTnx dopmyn
paccMOTpEH
3[eCb nNpume-
HUTENbHO K
KOHNYECKOMY
PPWU ¢ kpyrnbim
pacKpbIBOM. o
Ho no atum xe |
dopmynam
MOXHO (C
[OCTaTo4HOM
Ons npakTuye-
CKMX Lenemn
TOYHOCTbIO)
onpenenntb

Puc. 1.10
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onTuMasbHbIE pa3Mepbl apyrux moandukaunin PP, xoTa ong HAX aHanornyHbIm
06pa3om MoryT ObITb BbiBEAEHbI 1 CBOU, BOoslee TOUYHbIE, GOPMYIIbI.

KoHwnyeckuin PP (cm. puc. 1.10), kak n BCce gpyrve pynopbl 3TOro Tmna, CocTto-
WT U3 ABYX PYNopoB. To Manblin (CMHda3HkI) pyrnop 1 n ocHOBHOM (pacdasunpo-
BaHHbI) pynop 2. MMeHHO Ha CBOCTBax JaHHbIX PynopoB (CUH$asHoro n pacdasn-
poBaHHOro) 6a3npyeTcs BbIBOA NPUBAVXKEHHbBIX GOPMYI, NO3BONAIOLLMX onpeae-
JINTb BCE OCHOBHbIE FEOMETPMYECKNE PA3MEPLI PyNopa, UMEIOLLLEr0 OCECUMMETPUY-
HbI MaBHbIN N1IenecTok TpebyemMon WNPKHbI C 3aaaHHON POPMOi BEPLLUHLI. [eome-
Tpuyeckne pasmepbl PPU MmoryT BapbrpoBaThCs B LLMPOKMX Npeaenax B 3aBUCMMO-
CTW OT TpebOoBaHW, NpeabsaBASEMbIX K aHTEHHE, U TEOMETPUM ee 3epkana (BCrnomMo-
ratenbHOro n/nnu OCHOBHOTO).

OcHOBHblIe reomeTpuyeckue paamepbl PP, Heobxoaumble ans ero n3roto-
BneHuns (cm. puc. 1.10):

2r — guameTp CevYeHnst BONIHOBOAA;

20, — yron pacTtsopa mManoro, cuHdasHoro, pynopa;

2R, — pnameTp cevyeHns nsnoma («packpbeiBar) Manoro, CMHdasHoro, pynopa;

20, — yros pactesopa OCHOBHOro, pacgasnpoBaHHOro, pynopa;

2R, — puameTp packpbiBa OCHOBHOr0, pacda3npoBaHHOro, pynopa.

UcxopHble napamMmeTpbl, KOTOPbIMM HEOOXOAMMO 3a4aBaTbCs NPU onpenene-
HUM oNTUMarnbHbIX pasamepoB PPU, ecnu oH ncnonb3yeTtcs B KadecTBe obnyyatens
3epKasibHbIX aHTEHH:

N,5 — ypoBeHb 06/1y4eHNs KPOMKM 3epKasia (OCHOBHOMO Ui BCNOMOraTe/bHO-
ro),

20, — yron ob6y4eHns KPOMKM 3epkana (OCHOBHOMO MM BCMIOMOraTenbHOro).

Ecnu aHTeHHa onTumMmunaunpyeTtcs no 3a¢p@PeKTUMBHOCTU, TO, KaK nokasanu pac-
4yeTbl U 3KCNEPUMEHTasIbHbIE NCCNEA0BaHMS, ONTUMasbHBbIM YPOBHEM 00J1y4eHUs
KPOMKW 3epkasa npu ncnosb3osanuv PPU aenaeTca yposeHb Ng ~ -(10+12) b,
4YTO COOTBETCTBYET o, = 0,,. [1pn 3TOM pacyeTHoe 3HaveHue KNI aHTeHHbl cocTa-
BNSIET, Kak Npasuno, nopsaka 0,7+0,8, a skcnepumeHTansHoe — 0,6+0,7, HO MOryT
ObITb AOCTUIHYTHI 1 60Mee BbICOKME 3HAYEHUS.

Ecnun aHTeHHa onTMMN3npyeTCcs Mo NOMEX03aLUNLLLEHHOCTU, TO YPOBEHb
06J1y4eHMS KDOMKM MOXHO YMEHbLNTL A0 N, g ~ -(15+17) aB, uTo cooTBeTCTBYET
a,=(0,8+0,9) 6,5, HO KUIM npn 3TOM MOXeT CHn3nTbCs Ao ~0,5.

Mpu ucnonbsosauuu PPU B aHTeHHax ¢ MmoanduLmMposaHHbiM npodpunem
3epKan ypoBeHb 00/Ty4eHNs1 KPOMKM MOANDULMPOBAHHOIO 3epKasa MOXHO CHU3NUTb
10 Nyg = -(15+17) ab 6e3 ymeHblUeHNs 3PEHEKTUBHOCTM aHTEHHbI, @ MOMEX03aLLm-
LWEHHOCTb MPU 3TOM 3HAYUTENBHO YBENYUTCS.

Mpun ucnonb3oBaHnm PPU B aByx3epKasibHbIX aHTEHHAaX, HA BCNOMOra-
TeNbHOM 3epKaJie KOTOPbIX YCTaHOBNEeH dnaHewy, yposHeM Nyg ~ -(15+17) ob
cnepyet 0bnyyaTb kpas dnaHua, yBennmymB ypoBeHb 061y4eHNs Kpas BCNoMora-
TesibHOro 3epkana ao Nyg =~ -(6+8) ab (o, =~ (1,1+1,2) 6,5), 4TO NO3BOANT AOMOSHN-
TenbHO noBbicuTb KATT.

Yron pacteopa OCHOBHOIO pyrnopa 2o, , ICXOAS N3 NepeYnCleHHbIX BblLLe
TpeboBaHU, NPeabABASEMbIX K aHTEHHE, OOJIXKEH NiexaTb B npeaenax: 20, = 20,,
=20 %.

BHumaHue! B ogHO3epKanbHbIX aHTEHHAX MPY UCMOb30BaHNN HEMOANDULNPO-
BaHHbIX 3epkas Hanbonee oNTMMasbHbIM BapUaHTOM, MO3BONSIOLLMM MOJYYUTb BbICO-
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Kyt0 9D DEKTUBHOCTbL NPU XOPOLLEN MOMEXO-

3aLUMLLEHHOCTU, SBASETCH 20, =~ 20,,. N P T
OrpaHunyeHne yrna pacTBopa OCHOB- . 2;? oS

|

|

|

|

HOro pynopa (2a,) onpepensaeTcs BO3MOX- | 2 [ |

HOCTbIO PeanM3aLMn C ero NOMOLLIbIO OCe- >
L
20(2 2

CYMMETPUYHOIO IMaBHOIrO JIeNecTka onpe-
LOENEHHON LUMPUHBI. Seu

Co CTOpPOHbI MasbixX YrioB orpaHuye- Ha
HVE Bbl3blBAETCS KOHCTPYKTUBHbBIMU U TEX-
HONOrMYECKUMN TPYOHOCTAMMN, CBA3AHHbI- A
MW C U3rOTOBJIEHMEM OYEHb OJIMHHbIX !
pynopog (pa3mepbl PPU, ocobeHHo npo-
[0JIbHblE, 04eHb OLICTPO BO3pacTaloT C
YMEHbLUEHNEM yrna 20, BAeKyLLero 3a
CcoBOW 1 yMEeHbLLEHNE 1 20.;).

Co CTOpOHbI 6OJILLLMX YITIOB OrpaHnye-
HWe CBA3AHO C YMEHbLLEHWNEM BIIUSIHUS CTe-
HOK OCHOBHOIO pyropa Ha ¢popMmnpoBaHmne
rMaBHOrO NenecTka, Tak Kak 2o, (B npegene)
He MOXeT ObITb O0JbLUE LUMPUHBI [MTAaBHOIO
JlenecTka no HynsM NUTatoLLLErO Pyrnop BOJIHOBOAA, Koraa Tpebyemblii pasMep packpbl-
Ba MaJ10ro pyropa «BblpoXaaeTcsi» NpubnmxaeTcs K CeY4EHMIO BOTHOBOAA.

Ha npakTtuke 20, BbibpaeTcs 06bl4HO B npeaenax: 20°<2a,<90°. Mpn Heobxo-
OMMOCTU OH MOXET BbITb yBennyeH Ao 120°+140°, HO ¢ MeHbLUMM None3HbiM addek-
TOM W/WUnun NP YMEHbLUEHHOM CEeYEHUM BOJIHOBOAA, YTO BJleYeT 3a coboi yxyaLie-
HME COornacoBaHus.

Ecnn 2a0,=180°, TO OCHOBHOW Pynop «BbIPOXAAETCHA» BO PpnaHeL, yCTaHOBNEH-
HbIM NEPNEHOVIKYNSIPHO OCU Manioro pynopa, KOTophlii, B CBOIKO O4epenb, «BbIPOXAa-
€TCsl» B BOJIHOBOJ, W NMLLIb HECKOJIbKO CHUXAET YPOBEHb €0 U3Jy4eHNS B 3aHEM
NnosynpoCTPaHCTBE, HE OKa3blBas MPaKTUYECKM HUKAKOrO BAINSIHWS Ha rMaBHbIA
NenecTok.

BbiGpaHHOE 3Ha4YeHune 2a, aBnsaeTcs 6a30BbIM U 3aKk1aabIBAETCHA B OCHOBY pac-
yeTa BCex ocTanbHbix pasdmepos PPU, puc. 1.11.

Pa3mep packpbiBa OCHOBHOro pynopa 2R, 3agaeT (npy BbIGpaHHOM 3Ha4yeHUn
20,) cTeneHb ero pacdasnpoBKkn, KOTOpPasi, B CBOIO o4epeab, onpenenseTr GopmMy
BEPLUNHbLI U KPYTU3HY CKaTOB rnaBHOro fenectka PPU.

PacdasunpoBka pynopa 2 onpeaensieTcs He TONbKO ero pasamepamm, HO 1 pac-
CTOSIHUEM (Sp), Ha KOTopoM dopmMupyeTcs onTumManeHas [1H, ecnu 910 paccrtoaHue
He yo0BNeTBOPSIET YCNOBUIO JasibHel 30Hbl. [10aToMy, Hapsay ¢ COBCTBEHHOW pac-
dasnpoekoit pynopa (Agp), ClefyeT yuntoiBaTh 1 pacdasnpoBKy 13-3a PACCTOAHNSA
(Agg), T. €. NOSIHYIO CyMMapHYto pacdasnpoBsky (Ags).

3HayeHne pacha3mpoBkM B AaHHOM Clly4ae AOJIKHO ObiTb paccyYnTaHo Mo TOoY-
Hon dopmyrne (1.1), koTopas npumeHnTensHo K PPU nmeet cnepyowmin sua;

Ags = Agy + Agy, (1.7)

rae Agp =2m (Lo - Ha)/A; Agg =27 (Sy - S,)/A, Ly — AnvHa o6pasyioLueit OCHOB-
HOro pyrnopa Ao ero reoMeTpn4eckon sepLUnHbl; H, — BbICOTa OCHOBHOIO pyrnopa
[0 ero reoMeTpu4ecKkomr BepLUMHbI; S — pacCTOSHME OT KPOMKM pyrnopa A0 TOHKM

Puc. 1.11
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HabnoaeHus P; Sp — paccTosiHME OT MNJIOCKOCTW packpbiBa pyrnopa Ao To4ku Habo-

noexHunsa P; L — onuvHa BOJIHbI.

Mpwn ncnonb3oBaHnK pynopa B ka4ecTee 00ydaTens 3a To4ky HabnoaeHus P
BblOMpaeTcs 00bIYHO TOYKA, PACMOIOXEHHAS HA PACCTOSAHUM MPUMEPHO PABHOM
pPacCTOSHUIO OT MNJIOCKOCTM packpbiBa pynopa Ao MioCKOCTU, MPOXOAsLLEN YePeS
BEPLUNHY UM KPOMKM 061y4aemMoro 3epkasa (OCHOBHOIO MM BCMOMOraTesibHOro)
WM CPedHen Mexay HUMU BEJSTIMYMHE.

B aHTeHHe, BbINOAHEHHOW N0 ABYX3E€PKANbHOW CXEME, PYrnOp MOXET ObiTb
pacrnonoxeH o4eHb 6IM3KO K BCrioMoraTenbHOMY 3epkany. B atom cnydyae pac-
CTOSIHME OT NJIOCKOCTW pyrnopa A0 MAOCKOCTU, MPOXOASLWEN YEPES BEPLUMHY 3€p-
Kana, n nIoCKOCTU, NPOXOASALLEN YEPES €r0 KPOMKU, MOXET OT/INYATLCH OYEHb
CUNIbHO. B 9TOM cnyyae XXenaTenbHO y4nuTbiBaTb USMEHEHNE HOPMbl BEPLUMHbI
rMaBHOrO NIenecTka B Npeaenax U3MEHEeHNs 3TOro pacCTosHUS U, eCIM 9TO BO3-
MOXHO, dopmMupoBaTb GOPMY BEPLLVHbBI IMTABHOIO JIernecTka C y4eTOM Pa3HOCTMU
9TNX PaACCTOAHMI. BO MHOIrMX cnyyasx ¢ uenblo yBenm4eHus 9pPekTnBHOCTU
LenecoobpasHo peanr3oBaTb BOPOHKOOOPasHyo ¢opmy IH Ha pacctosHun Sy,
pPaBHOM PaCCTOSHUIO OT MJIOCKOCTU pacKpbiBa pynopa 0 NJ0CKOCTU, NPOX0As-
LEN Yyepes3 KPOMKM 3epkana.

B aHTeHHax, roe pynop pacnonaraetcsa B6aM3u 3epkana, BenmdmHa A = gs
MOXET BHOCUTb BECbMa CYLLECTBEHHbIN BKN1a4, B CYMMapHY0 pacda3npoBKy pyno-
pa, 4TO NO3BOJISET MOJYYNTb XeNaembir IPDEKT NPU SHAYUTENBHO MEHbLLNX PasMe-
pax, YeM B Cilydae ero HaxoXaeHusl B ganbHen 3oHe. M aTum He cnegyeT npeHebpe-
raTb NPy BeIBOPE CXEMbI 1 TEOMETPUYECKNX Pa3MEPOB 3ePKasibHOM aHTEHHbI.

dopma rnaesHoro nenectka PPU (B otnnyme ot 0b6biyHoro PP) B nn. En H
npakTMyeckn coBnagaeTt, Nnpnbnmxasch K gopme rmaBHoro nenectka PP B nnocko-
ctn H (cm. puc. 1.7, cnpasa), 1 onpefenseTcs BeIMYNHON Agps.

Papuyc packpbiBa oOCHOBHOro pynopa R, rnpu 3agaHHoM 3Ha4yeHun pacpasu-

pPOBKM, COOTBETCTBYIOLLEN BbIOPaHHOM pOpMe BEPLUMHbI [MTABHOIO JIeNecTka 1 Kpy-
TU3HE ero ckaToB, ONpenenseTcs no cneaywLen gopmyne:

1/2
2
n o n 200 N 2 0y n
S, + A lg—2+||S,+ A 1g” —F+ A |l-tg” 2|25, + A
preasfe o) e foe 3 o)
R2= 1_t2& ’
¥

(1.8)

roen=1;1,5; 2...

Jns nonyvyeHns kynonoobpasHon Gopmbl BEPLLUMHBI FIABHOMO lenectka Ay
[0/KHA ObITb KPAaTHOM HEYETHbIM LenbiM 3HadYeHnsamM &t (n = 1; 3...), ons nony4yeHms
Mi0OCKOM BEPLUMHLI — HeYeTHoMY konudecTtBy 0,5z (n = 1,5; 3,5 ...), T. e. oTmyaTbes
OT uenbix 3Ha4eHnin it Ha 0,5st; ans nonyYyeHns BOPOHKOOOPA3HOM — ObiTb KpaTHOM
YeTHbIM LieSIbiM 3HaYeHnsaM it (N = 2; 4...).

HanomHuMm, 4TO C BO3pacTaHMEM N YBENNYNBAETCS KPYTU3HA CKaTOB MaBHOIo
flenecTka n yMeHbLLIaeTCsl YypOBEHb OOKOBLIX JIENECTKOB, HO YBENIMYMBAIOTCHA reoMe-
TpU4eckne pasmepsl pyrnopa, 4To He Bcerga Jonyctmmo. Nostomy B 60/bLINHCTBE
npakTMYeckux ciy4aes n BbibupaeTcs B Nnpeaenax 1+4.

Ha puc. 1.12 npuBeaeHbl rpadunkm ans 3Ha4eHns n=2, COOTBETCTBYIOLLLErO HaW -
6onee onTuManbHoO (BOPOHKOOOPa3HoI) popMe MaBHOro JIENecTka, No KOTOPbIM
MOXHO onpenenvTb Ry, MCX0AA 13 BbIGPAHHLIX PAHEee 3HaYeHn a, 1 S,
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Ha puc. 1.13, 1.14 n 1.15 npuBeaeHbl rpadunkm ans pasHbix 3Ha4eHnn n: 1 n
1,5; 2,51 3; 3,51 4, cOOTBETCTBEHHO.
Kak cnenyet 13 rpadukoB, C yMeHbLUEHMEM S, 1 YBEJIMYEHNEM O, FEOME-

Tpuyeckmne pasmMmepbl ontumManbHbix PPU pesko ymeHbliatotcs. W gna manbeix

paccTosaHunii (S,) Heo6xoam-

Mas pacdasnpoBka MOXeT R/
ObITb NONy4EHA YXE NPU pas- 11 n=2 a=20" 15" 125" 10° 7,5° §;//
Mepe packpbiBa pynopa pasa \ \ L
B ABa MeHbLUeM, 4eM Ong \ X/( \ |
OanbHen 30Hbl. B HEKOTOPLIX 9 .~ )(
Cnyyasx aTo MOXeT cTaTb gl —
pewawmnm pakTopom npum 7 //,4/ 4)(/
BLIGOPE CXEMbl aHTEHHbI. // /,43(
Opaxako npu S, < R, AaHHas 5 /%,4//
-
MeTOJMKa CTAHOBUTCH MeHee 77—
TOYHO, @ Npy S, 6GAN3KUX K 3 T | \
/
HYJT10, €10 NO0JIb30BaTbCHA BO {/ \\ " .
MHOIUX criy4asx BoobLue ] 25" 35 45
Henb34. 0 20 40 60 80 100 120 Sy/n
Puc. 1.12
Ra/A Ra/h
81 a=5 75 100 125 n=15 =200 15 125 100 75 5, J—
| ml ><
° SR ° KN
4 /4;/ 6 // >r
o '/’ T
=
2 — 4 — 4:/’-—"—
-
45" 35 25 200 15 Y L
0 20 40 60 80 100 120 Sy/A
25" 35" 45
0 20 40 60 80 100 120 S,/A
Puc. 1.13
Ra/A Ra/A
jp 1725 20°15/ 125710° 75" &° LT n=3  @=20" 15" 125" 10° 7,5° 5°__Let"]
[ - = —
INANRE:oe = 5 ST
AR === e
4 I T //j___
A ——
4
0,=25" 35° 45° AN
0 20 40 60 80 100 120 Sy/A | o5 85 45
0 20 40 60 80 100 120 Sy
Puc. 1.14
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Ro/A Ro/A
n=35  @=20' 15 125 10° 7.,5° 5 | ] n=4 0,=20" 15°12,5° 10° 7,5° &'
16 —
e N
T
12 o — A L
e 12 —
8 —— P —T |
— 8 l// —_A_
4 —
-
25° 35° 45° 4
0 20 40 60 80 100 120 Sy/A
I 25 35 45
0 20 40 60 80 100 120 S,/

Puc. 1.15

Ecnn S, — «, 10 (1.8) nprobpeTaeT 04eHb NPOCTON BUA;

R, = (n ctg(a,/2))/2. (1.9)

Papuyc packpbiBa manoro pynopa Ry (pagnyc cedeHns nsnoma) MoxHo
onpenennTb No O4eHb NMPOCTON, HO YNCTO SMMUPUYECKON U BECbMa NPUBNKEHHO
dopmyne, koTopas 34eck npmeeaeHa B 6onee ygobHom Buae, 4em B [12]:

Ry =r+ A sin (aq)/4a4 sin (as-04), (1.10)

roe r — paguyc BOSIHOBOAA, a 3HaYeHmne o4 C KoappuuneHTom 4, NnpuBeaeHHoe
B 3HAMeHaTene, A0JKHO ObiTb 3a4aH0 B paguaHax.

MoxHo onpegenuTb Ry 1 no 6onee TO4HOW, HO TaKKe NPUbAnXKeHHoN dopmyne,
BbIBOZ, KOTOPOI 6a3npyeTcs Ha CNenyloLmx pacCyXaeHusx.

Ecnn manbin cnHgasHbIv pynop paccMaTpmBaTth Kak CaMOCTOSTENbHbIN U3nyya-
Tenb, 410 Npu Ry, > Ry AONYCTMMO, TO WMPKWHY €ro raBHOro nenecTka no Hynsam (6es
y4eTa BIMSHUSA CTEHOK OCHOBHOIO pyrnopa) MoXHo paccumtatb no (1.3) n (1.4), nein-
CTBUTESNbHbBIM AJ15 AanbHEN 30Hbl. B nn. E npuMeHnTensHO K KOHNYECKOMY pyrnopy
dopmyna (1.3) nmeeT cnepyowmii Bua;:

20 =2 arsin (1,220/2R,). (1.11)

Ina nonyyenunsa B nn. E packpeiea PPU cnagatowero pacnpegeneHns amnanTy-
Obl N0t He0OX0AMMO, YTODObI 06/Tly4EeHME Kpasi packpbiBa OCHOBHOIO pyrnopa 13 LeH-
Tpa packpbiBa Manoro pyrnopa OCYLLECTBASNOCH N0 YPOBHIO, B/IN3KOMY K HYJIEBOMY,
T.€. cobNaanoCh yCNoBME:

200 = 20,, (1.12)

roe 6, — yron, nog KOTopbIM BUAHA KPOMKa packpbliBa OCHOBHOIO pyrnopa u3
$a30BOro LueHTpa Maaoro pynopa (nonaraem, 41o ¢pasoBbIl LLEHTP Manoro pynopa
pacnonioXeH B €ro packpbiBe, T. €. B CE4EHUN U3NIOMA), ONPEOENFIETCS UCX0as U3
reomMeTpuu pynopa:

20, = 2 arsin {R, tg(ay) [(Ry -R1)?+ Ro2tg?an] 2. (1.13)
CornacHo ¢opmynam (1.11) — (1.13):
1,220/R¢ = Ry tg(ap) [(Ry -R¢)*+ Ro*tga] 2. (1.14)

Mpn Ry < Ry Ry (B 32aBMCMMOCTM OT BbIOpPaHHbIX paHee 3HaveHui Ry 1 an) onpe-
OENFaeTcs CneayioLmmM BelpaXeHNEM:

Ry =Ry [1-(1-q cos?ay)'?|/q, rae g=1-(1,64\ Rytg?a,)?. (1.15)

Ha puc. 1.16 nokadaHa 3aBUCMMOCTb paguyca packpbiBa Manoro pynopa Ry ot
paguyca packpbisa OCHOBHOro pynopa R,, paccumtanHas no (1.15).
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Mpu NPUBANXEHUN CeYeHUs
1310Ma K CEYEHMIO BONHOBOA
TOYHOCTb (1.15) yMeHbLIaeTcs 1 ®=20" 15" 12,5° 10° 7,5 Y -1
Torga npu onpeaeneHun Ry cne- \ )(

[
p——

Ri/h

AyeT NoNb30BaTbCH TOYHbIMU >§
WU NPUGANXeHHbIMK dopmyna-
MW, UCNONb3YEMbIMU AN1s pacye- | 3
Ta [H BonHoBopa [1].

[OH ona Tpex pasHbix ceve-
HWIA (2r=2a) KpPYyrnoro BOJIHOBOAA
(BonHa Hy¢) [1] nokasaHbl Ha
puc. 1.17. A T

Mpwn 2a=1,5\ (cnesa) rnae- 0 ‘ 55 35 45
HbI nenecTok B ni.E nmeetr
SIPKO BbIPAXEHHbIA MUHUMYM 0 3
npu 6= 55°, 4TO AENAET BO3MOX- puc. 1.16
HbIM peanu3aumio oNTUManbHOro
PPW ¢ yrnom pacteopa 20, = 110°. OgHako npu fanbHENLLEM YMEHbLUEHUN 20,
MWHMMYMbI 3aMJIbIBAIOT, & CKaT IMaBHOro senecTka CTaHOBUTCS Bce 6osee Nonornm,
yTO 3aTpyaHseT peanudauuio PPU ¢ ocecummeTpuyHon JH.

Mpn 2a=\ (B LEHTPE) eLLe NPoC/exXnBaeTcst HeKOTopast BO3MOXHOCTb CUHTE3a
CpaBHUTENBHO onTuManbHoro PPU ¢ 2a, = 120°+140°. Ho npn 2a=0,7A (cnpaga)
Takasi BO3MOXHOCTb NPakTuiyecku nponagaet. B aTom cnyyae rmasHbI 1ENECTOK NO
ypogHio 0,4 B nn. E v nn. H coBnapgaer, a 3atem [JH B nn. E ctaHoBUTCS Wnpe, 4em B
nn. H, 4yto aenaet 6eCCMbICNEHHbLIM UCMOJIb30BaHNE B TaKOM BOJIHOBOAE KOHMYE-
CKOW Hacaaku, Tak Kak ee kpomka byaet obnyyaTtbcs B . E 6onee BbICOKMM ypoOB-
HeM, 4eM B n.H co BCeMU BbITEKAKOLLMMN HEFATUBHBLIMMW MOCNEACTBUSAMNU. DTO U
OrpaHnyYMBaEeT BOSMOXHOCTb CO34aHus onTuManbHbix PPU ¢ yrnamum pacteBopa
20, 2 140°+160°.

Yron pacteopa Mmanoro pynopa 2o, BeibrpaeTtcs Takum 06pas3om, HTo0bl
¢das30Boe pacrnpenenieHre B packpbiBE pyrnopa Mano OTInM4anocb OT CUHMA3HOro.
Mpwn ponyctmon da3oBoii owmnbke B packpbiBe Masnioro pynopa Ag < /8,
nosly4aem:

a4 < 2 arctg (A/16R;). (1.16)

BHumaHme! Mpu peanusaumm winpokoamanasoHHbix PPU 2a4 cnepyeT BoiOMpaThb

KaK MOXHO MeHblle, 4ToObl 06ecneunTsb cTabunmaaunio ¢a3oBoro LeHTpa B 6onee
LUIMPOKOM Aamnana3oHe 4acToT. Ecnn xe pynop npegHasHaydeH gns paboTbl B CPaBHU-

AT\

WA AKX
\d
i

A\
TN

o1
~
©
-

13 Ro/h

1,0 - 1,0 0=\ 1,0 ~
£ 20=1,5) HOA S F) \ 2a=0,7\
0.8 0.8 N 0,8 N
\ \ ' A
0.6\ 0.6 \* 06 N\
\‘ \‘\
0.4 - 04 N~ 04 \s\
. \ N -
0,2 M 0,2 Nk 0.2 S ”
o 2 0 sle 6 “‘ Re 0
0720 40 60 80 100120140160 rpaa 20 40 60 80 100120140160 an 0 50" 40" 60 80 100120140160 rpan
e — [1]IOCKOCTb E = = == —JIOCKOCTb H

Puc. 1.17
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| et n e TeNIbHO Y3KOM
’/, /’I/ 0y \“ \\ < NOCKOCTH AMANasoHe
7 ” I 5 \ \\\— === [nockoctb H 4acToT, TO
y/ y/ il 10l 3 N A\ N gonyctumasa
7 /Al PAR ¢pasosas
7 7 7 7 G \* owwnbka
P y/Avini 20 N\ N MOXeT ObITb
/ 7 J4/ AT W ‘”\m\ YN[ | ysenuena no
A VAV o' AT LSRR W 2N N X Y | wya4.
70 60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 7O DazosbI
Puc. 1.18 ueHtp PP
pacnonoxeH

NPYMEPHO MeXAay Ce4eHMEM N310Ma U FeEOMETPUYECKON BEPLUMHON OCHOBHOIO
pynopa, a pacCTosiHME OT Hero 0 PackpbiBa OCHOBHOIO pynopa (Sg,,) onpeaensaeT-
cano (1.17):

Seu= (R2-0,5R4)/tgos,. (1.17)

JkcnepumMeHTasnbHble UCCNieA0BaHUA NOATBEPANIN BO3MOXHOCTb UCMOJb-
30BaHUS N3NOXEHHOW BblilLe METOANKM AN ONPeAeeHNs reoMeTpUYeCcKnx pasme-
pos PPU, onTuMmun3npoBaHHbIX 055 3a4aHHOIro Anana3oHa 4acToT.

Ha puc. 1.18 npueeneHbl [H pynopoe ¢ pasHbiMu yrnamm pacteopa (14°, 25°,
35°, 40° n 80°), HO 0aMHaKOBOW CyMMapHOM pacdas3npoBKo (~2).

[H Bcex aTux pynopoB, HECMOTPS Ha pasnuyne yriioB OCHOBHOIO pynopa,
VIMEIOT NMOYTU OCECUMMETPUYHBIN IMaBHbIA NenecTok, MOeHTUYHYI0 (BOPOHKOOOpa3-
HYl0) pOpPMY BEPLLMHBI, COOTBETCTBYIOLLLYIO BbiIOpaHHOW pacda3npoBke (HETHLIM
3HAY€HMSM N), N HU3KNIN ypOBEHb BOKOBbIX NENECTKOB, HO OTINYAIOTCS LUMPUHOM
rMaBHOrO JienecTka, onpenensiemMon yrnom 2a,.

Ha puc. 1.19 — 1.22 noka3saHbl N3MEPEHHbIE NOYTU B 3-X KpAaTHOM AManas3oHe
BOJH (4,0+11,0 mm) AH PPU, ontuMmsnpoBaHHOro gns Ay= 8,5 mm.

Paamepsl pynopa: (cm. puc. 1.11): 2r = 0,85X; 2R, = 2,85\; 204 = 10°; 2R, =
8,94\; 20, = 35°. IamepeHua NpoBoANINCL Ha paccToaHun Sy, = 30 Ay Npu Bpalue-
HUM pynopa BOKPYr ¢pa30BOro LeHTpa (Sqm =11,76 ;). Npwn aTOM Ha A, CymMMapHas
pacdas3npoBka OCHOBHOMO pyrnopa Ags = 21, a COOCTBEHHasn pacdasmpoBka Manoro
A, = 0,124

N A <b‘__ A N
@ \_ 11,0 105 3 10,0
MM L\ MM MM
4 \
A N fr
1 B\ /! Y
1 y) \ [ L\
7 /
1 \ ¥ Y
[ N I, M\ v W\
7 N o b M\A I \
A) 7 (N 4 A
L40° 30" -20° —10° 0 10° 20" 30° 40° -40° -30° —20° —10° 0 10° 20° 30° 40° —-40° -30° -20° —10° 0 10° 20° 30" 40°
Puc. 1.19

Ha puc. 1.19 npueenensl AH ang BonH 11,0 mm, 10,5 mm 1 10,0 MM, rae Ags
COOTBETCTBEHHO paBHa 1,57x, 1,64x n 1,72m.
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Y, N
/ 9,0 \ 9,0 85
MM \ MM MM
I
/ /
\ \ \
Ji b \
/ L\\ / Vi \
L] \ \
7 v 2 N \
M
\ Vi |
40" 30" -20° —10° 0 10° 20° 30" 40°-40°—30° -20° ~10° O 10" 20" 30° 40° -40° —30° 20" —10° O 10" 20° 30° 40

Puc. 1.20

Ha puc. 1.20 npusepensl IH ona BonH 9,5 mm, 9,0 mm 1 8,5 mm, rae Ags, COOT-

8,0 75 y \ 70
\ MM \ MM \ i
Ji
| / \
/ I \
|
1] \
A \ B :
; [ L] V4
1 \ 1y KA\ ALY \
-40" -80° -20° -10° 0 10° 20° 30" 40" -40°-30" -20" -10° O 10° 20° 30" 40" 40 _30° —20° —10° O 10° 20° 30° 40

Puc. 1.21

BeTCTBeHHo paBHa 1,82, 1,91z n 2,03m.
Ha puc. 1.21 npueeaensl AH ong BonH 8,0 mm, 7,5 mm 1 7,0 MM, rae Ags COOT-
BETCTBEHHO paBHa 2,15mx, 2,30x 1 2,46m.

/ /
6,0 5,0 40
MM MM MM
I \ |
\ / ]/
4 \ \
~ \ \
v AN
v [ ' A1 VI
7 1\ 1 . ! '
JiN A [ 1] H 3
yAlH ) JAEN
-40° -30° -20° -10° O 10° 200 30° 40° -40° -30° -20° -10° O 100 200 30" 40° -40° -30° -20° -10° O 10° 20° 30° 40

Puc. 1.22

Ha puc. 1.22 npusepensl IH ona BonH 6,0 mm, 5,0 Mm 1 4,0 MM, rae Ags COOT-
BETCTBEHHO paBHa 2,88m, 3,457 n 4,32x.

AHanunsa JH nokasbiBaeT, 4TO NPpu U3MeHeHUn aJiMHbl BOMHbI B 1,36 pasa
(7,0+9,5 mm) popma BEPLUNHbI IMABHOMO SIENECTKa MEHSETCS HE3HAYUTENBHO, a
wupuHa (po ypoeHs ~ -20 ob) ocTtaetcst No4YTU HEM3MEHHOMN. MNpn N3MeHeHnn
OJIMHBI BOJTHBI NOYTK B 3 pasa LWMpUHa MaBHOI O JIeNecTka MeHseTcs ToNbko B 1,5
pasa. [1pu 3ToM B CTOPOHY BO0Jiee ASIMHHBIX BOJIH (3a NpeaenamMmn nokasaHHOro 34echb
avanasona) IH nocteneHHo npubnuxaetcs k [1H o6bl4HOro PP, B pexnme KoToporo
pynop npoaoskaeT paboTaTb 40 TeX NOpP, NOKa ero cymmapHas pacdasmpoBka
[OCTaTo4HO Benvka (Ags 2> 4m/3).
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Taknm 06pa3om, BO3MOXHbI pabounii amanazoH PPU B kadyecTBe obnyyatens
CO CTOPOHbI AJIMHHBIX BOJIH (NMPY COOTBETCTRYIOLWEN pacdas3npoBKe) OrpaHNYMBaET-
CSl KPUTUYECKUM Pa3MepoM NUTaIOLLEro pyrnop BosHoBoAa. Co CTOPOHbI KOPOTKMX
— AONYCTUMbIM CY>XXEHMEM rMaBHOro nenecTka JH, WwmprHa KOTOPOro yMeHbLIaTbCs
C YMEHbLUEHWEM OJIMHbI BOJIHbI N3-3a CY>KEHUS LUMPWHbBI I1aBHOIO JIeNecTka Masoro,
cuHdasHoro, pynopa, pacdasnpoBka KOTOPOro 1 cMmeleHne ¢asoBoro LeHTpa
MOryT, OHAKO, OCTaBaTbCs B AOMNYCTUMbIX Npeaenax npu yMeHblUEHWUN ASINHBI
BOJIHbI B 1,5+2,0 paza. Mpn 3ToM NOMEX03aLLMLLEHHOCTb U CamMoro pynopa, u
aHTEHHbI, B KOTOPOI OH UCMOJb3YEeTCs B ka4yecTBe obnydaTens, yBenymBaeTcs.

O6GnacTb NPUMEHEHNS MeTOANKU pacyeTa reoMeTpuYeckux pasmepos
ONTUMAanbHbIX PYNOPOB BECbMA LUMPOKA, TaK Kak NpUBEAEHHbIE Bbile GopMySibl L
rpadukm MOXHO MCNONb30BaTh OJ19 ONpeaeneHns onTUMasbHbIX Pa3MepoB He TOJb-
KO KOHu4ecknx PPU, HO n nupamuganbHbix, @ TakkKe TEX N OPYrnxX C KAaHaBKaMmu,
OMN3NEKTPUYECKMMM BTYNKAMK, KOCbIM CPE30M packpbiBa U/WUav NOBOPOTOM OCHU.
MoppobHee 06 aTOM ByAEeT cka3aHO B COOTBETCTBYIOLLMX pasaenax.

1.4.3. Pynopsi ¢ kaHaBkamu (PK)

Pynopsbi ¢ kaHaBkamu (PK) pasHbix Mogudukaumin BLINONHAOT Kak Ha 6a3e
cuH®asHbIX, Tak 1 Ha 6a3e pacdasnpoBaHHbIX pynopoB. KaHaeku, puc. 1.23, Bbipe-
3aHHble Ha CTEHKax pynopa, NpeacTaBnsioT coboii MMNeaaHCHY CTPYKTYpY 1 pabo-
TaloT Mo NPUHLMMNY aHTEHH NMOBEPXHOCTHbLIX BOJIH.

OHu, «0TXXKMas» nosne oT CTEHOK, co3aatoT B Ni. E cnagatowee pacnpeneneHme
aMnAnTyObl NOns, aHanorMyHoe nosio B ni. H, obecneymBas 0CEBYO CUMMETPUIO
rnaBHOro nenectka, puc. 1.24 [2], n yMeHbLUEHWE YPOBHS GOKOBOIO U3Jy4EHUS.

MHorouncneHHbie Mmogndurkaumm PK KOHCTPYKTUBHO 3HAYMTENbHO OTINHAKOTCS
apyr ot gpyra. OHM MOryT UMETb (CM. puc. 23) pasHbiii yron pacteopa (2a.), pa3Hyto
ONVHY 06pagytoLLeit (r) u KoHdUrypaumo KaHaBok (Hanpumep, NPSMOYroJibHYHO,
TPEYrofibHyi0, TPaneunmaasnbHylo).

KaHaBku MOryT ObiTb KOJIbLEBbLIMUW UM CNUPAJIbHBIMU, HaPEe3aHHbIMMK NMepPreH-
OVKYNSIPHO OCK pyrnopa Wiy NepneHamnkKynsipHO ero CTeHKaMm.

My6uHa kaHaBok (d) MOXeT OblTb PABHOM UM MNIABHO MeHsoLWencs. PasHom
MOXET ObITb 1 LUMPUHA KaHaBOK, U LUMPUHA BbICTYMOB (1), 3agatowmx ux war (s),
KOTOPbI 06bIYHO OenatoT paBHbIM A/4.

B wimpoknx npenenax MOXeT MEHATLCHA M KONMYECTBO KaHABOK, Onpeaensiouee
YPOBEHb CUMMETPUPOBAHUSA, PA3INYHO U UX
pacnonoxeHune BHyTpu pynopa. PK moryT
OT/INYATLCA N TEXHOJIOMMEN U3rOTOBIEHUS, U
MHOrMMW Opyrummn ToHkocTaMn. OgHako
obwmm ang ecex PK aBnseTtcs 1o, 4To rnyou-
Ha paboymx KaHaBOK A0JIXHA ObITb MPUMEPHO
pPaBHOWM (Unn KpaTHOM) A/4.

OcHoBHas 3agada npu paspaboTke PK
COCTOUT B TOM, 4TOObI NPU HAMMEHbLLEM KO-
YyecTBe KaHaBOK (0ObIMHO He 6onblue 10-Tn)
NoSTY4UTb MAaKCMMasibHO BO3MOXHbIN Xenae-
Mblil 3addekT 6e3 UM ¢ MUHUMaNbHO BO3MOX-
HbIM YXyOLIEHVNEM OCTaJIbHbIX MapamMeTpoB,
0CODOEHHO CcornacoBaHus, KOTOPOe yxyaLlaeT-
Puc. 1.23 CSl N3-3a OTPAXXEHMWS MO OT KAHABOK.
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3Ha4YNTENBHOrO YXYALLEHNS N _
napxnin pynop Pynop ¢ kaHaBskom
cornacoBaHus pynopa c nurato- 10 N
LLIM BOJIHOBOAOM MOXHO n3be- S "N
xatb [1], ecnu coenaTb KaHaBKU /' -10 \
CnMpasnbHO Pa3BepThLIBAIOLLM- / Mo H
MWCS U C NJIAaBHO MEHSIIO- Y 20
Lencs rmy6uHon [19]. S /ITn.E L E
Mpeumyliectsa PK (no A7/ TMn.H 30 \[>.
CpaBHEHMIO C OObI4HbIM rMaj- 4 | b NI
KM pyrnopom), onpegensiemole | 9 60° 40° 20° O 0 20° 400 60" 9
HafM4YMeM KaHaBoOK: oceBasi

CUMMETPUS MaBHoro nenectka Pwuc. 1.24
N YMEHbLUEHNE YPOBHSA GOKOBO-
rO U3Jy4EHs!, HO TONIbKO B AMana3oHe AeNCTBUS KAHABOK.

Mnata: yxyaLeHne cornacoBaHns C NUTAIOLLMM TPAKTOM, 3HAYUTESIbLHOE YCII0X-
HEeHVe KOHCTPYKLMI, NOBbILLEHNE TPeOOoBaHMIi K TOHHOCTU N3rOTOB/IEHMS (pa3Mepsbl
KaHaBOK J0JIXXHbI ObITb BblAEPXaHbl C BbICOKOW TOYHOCTbLIO), OrPaHNYEHNE MO MOLL-
HOCTW.

CuHdasHble PK, kak 1 6a30Bble, COXPaHSAOT CUIbHYIO 3aBUCMMOCTb LUIMPUHBI
rMaBHOrO JIenecTka OT YacTOThl HE TONbKO 3a NPeAEeSioM AeNCTBUS KAHABOK, rae
LUMpPVHA [MAaBHOIO NiernecTka Ha pa3HblX MNOJSPU3aLIMaX BHOBb CTAHOBUTCS Pa3HOM,
HO 1 B Npeaenax ux AeiCTBuUs, 4To BNSIeTCS HELOCTATKOM.

PacdasvpoBaHHbie PK, kak 1 6a30Bble, COXPaHSOT LUMPOKMIA paboymnin gnana-
30H, 4TO ABNSETCS JOCTOMHCTBOM, XOTS 3a NpeaenamMu AencTBrst KaHABOK, MTaBHbII
JIEeNecToK Ha pasHbiX NONAPU3aLKMX, Kak 1 6a30BbIX PYNOpPOB, OTIIMYAETCS MO WMPKU-
He.

KOHCTPYKTMBHBIM HEAOCTATKOM pacdasnpoBaHHbix PK (Mo cpaBHEHMIO C CUH-
dasHbIMM), KaK 1 UX aHAIoroB C MaAKUMK CTEHKaM, SBASIOTCS 60/bLUME OTHOCU-
TeJNlbHble pasmMepsbl.

PacdasupoBaHHble pynopbl ¢ u3niomom n kaHaekamm (PPUK) moryt nmetb
M KPMBOJIMHENHYIO 0Opa3yoLLyiO, MMEIOLLYIO NNaBHbIn n3rnd, puc. 1.25. KaHaBkun
MOryT ObITb PACMOIOXeEHbI Kak BHYTpM pynopa [34], [19], Tak 1 Ha ero BHELUHEM
dnaHue [50], npuyem pnaHel, (BepHee, OOMNONHUTENIbHAsA Hacaaka) MOXEeT UMEeTb
NPSAMONVHENHYIO [45], nnn KpMBONMHENHYIO [52] 06pasyioLuyto.

[nsa poctmxeHns cyweCcTBEHHOro gononHmntTensHoro adpdexta 8 PPU (B otan-
yme oT 0ObI4HOro PP) noctato4yHo Hape3aTb Bcero 5+6 kaHaBOK, a paBHbIN C rna-
kum PPN addekT MOXET ObITb JOCTUMHYT Npun
3HAYUTENBHO MeHbLUMX pa3mepax PPUK.

PPUK ¢ BHYyTpEHHNMU KaHaBKamu, pac-
NOJNIOXEHHBLIMU MeXAY U3TOMOM N packpbl-
BOM (CcM. puc. 1.25 n puc. 1.26), umeet (no
CpPaBHEHUIO C TAKUM Xe no pasmepam PPU
6e3 kaHaBOK) 60NbLUYIO KPYTU3HY CKATOB
rMaBHOrO lenecTka U MEeHbLUNA YPOBEHb
O0OKOBOIro MU3ny4yeHnsl. ATo BbI3BBAHO TEM,
YTO KaHaBKW OOMNOJIHUTENIbHO YMEHbLUAKOT
BEJINYNHY MONS B YXE «3aTEHEHHO» U3N0-
MoM ob6nacTu (Ha puc. 1.26 oHa 3awWwTpu-
XOBaHa).

Puc. 1.25
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P& OkcnepumeHTanbHble IH PP, PPU n
PPUK B nn. E (cnnowHasa nuHmnsa) n e nn. H
(MYHKTUP), N3MEPEHHbIE HA YacToTe

11,2 Tu, nokasaHbl Ha puc. 1.27

Bce Tpm pynopa nmeloT oanHakoBbIn
R, pa3mep packpbiBa 1 yron pacteopa (2R, =
= 5,6\, 2a4=70°). OcTanbHble padmepsbl PPU 1
PPUK Takxe ognHakosbl (2R = 1,9,
204=14°). Ho Ha cteHkax PPUK Hape3aHo 6
KaHaBOK, rNybnHa KOTOPbIX MIaBHO YMEHb-
LiaeTcs no Mepe nNpubnmxeHns K packpbiBy
oT A/2 no A/4. OJH namepeHbl Ha paccToAHUN
Sy, = 0,67\ npw BpaieHun pynopa BOKpyr
dazosoro yeHtpa (gns PPU n PPUK
Sy = 3,41).

AHanuns JH nokasbiBaeT (cm. puc. 1.27),
4yTO rnaeBHbIN nenectok PP (a) He oOnapaet
oceBoii cummeTpuei, a PPU (6) npakTudeckmn
ocecuMMeTpuYeH a0 ypoBHa ~-25 ab. Mmae-
HbI nenectok PPUK (B) nmeeT o4yeHb KpyThie
ckaTbl 1 B nA. E oH gaxe yxe, yem B nn. H
(T. €. BAINSIHME KaHABOK 0Ka3asioCb CNLLKOM
CWUJIbHBIM). JIONONAHUTENBHO YMEHbLLUWUIICS U
ypOBeHb 6OKOBOro n3ny4yeHus B nn. E. (oH
3[EeCb HE NMOKa3aH).

dopma BepLMHbI MaBHoOro nenectka (cm. puc. 1.27) PP n PPUK HeMHoro
OTInYaeTcs. ATO CBA3AHO C YyMeHbLUeHMEM 3DPEKTUBHO N3NYYAIOLLETO packpbiBa
(2R23).

34echk 1 ganee MHOEKC «3» 03HAYAET, YTO 3T 0O603HAYEHUS OTHOCATCS K TMNo-
TETUYECKOMY «IKBMBANEHTHOMY» Pynopy ¢ paamepamu Rog, Hog, Spg 11 Agsa.

Ha puc. 1.28 npueeaeHbl akcnepumenTansHble JH PPU, PPUKP (PPU ¢ kaHa-
BKamMu paBHOM rnmybuHbl) u PPUKI (c kaHaBkaMun NnepeMeHHo rnyounHbl), U3MepPEH-
Hble Ha YacToTe 8,15 Ty B nn. E (BNnsHMe kaHaBok Ha [AH B nn. H He3HauMTensHo,
NO3TOMY OHU 3[4ECH HE NpuBoadaTcs). UamepeHunsa aTux JH npoBoaMANChL Ha KOHEY-
HOM (3af4aHHOM) PaAcCTOSIHUM OT pPackpbIBa, rAe CyMMapHas pacdasmpoBka (ang
PPUKP n PPUKIT — akBMBaneHTHasi) oaMHakosa 1 paBHa ~ 2.

Sd)u
Ho

Puc. 1.26

a) 6) B)
0 0 = 0
LR PP h | PPV ~EI | PPUK
5 < -5 . -5
-10 NG 10 ‘\ -10 NYc
-15 NN 15 \ 15 \Y
20 (A 20 20 \ s
-25 = -25 N 25 +
a5 N -30 3 -30 3
10° 200 30° 40° 50° 60° AN AN
-35 N -35 N\
BB 10" 20° 30" 40° 50° 60" BB 10" 20° 30° 40° 50° 60°

Puc. 1.27
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Pasmepsbl: 20,=48°, 2Ry = 1,9, 204=12" BCEX TPEX [ 4 |
pynopoB pasHbl. Pa3mep packpeiea PPA (2R, = 4,1)) -5 \}\ : A, ~2m
otnuyaetcs ot PPUKP n PPUKI, nmetowmx oguHako-  |-10 X(Ppm
BbIi packpbiB (2R, = 4,4)\). PackpbiB 3TuX pynopos no |-15 MY {
abCoNIOTHOMY pa3Mepy HECKOJIbKO GOJblLE packpbiBa |-20 NI
PPW, a no aKBMBaNEHTHOMY (OECTBYIOLEMY) NPU- -25 N
MePHO paBeH emy. -30 e
PPUKP nmMeeT 2 KOHLIEHTPUYECKNE KaHaBKM C 35 — RN
LIaromM v myobuHoN A/4, Hape3aHHble NepneHankynsap- | AB 100 207 30° 40° 50° 60°
HO ero ocn. PPUKIT — 4-e KOHUEHTPUYECKNE KaHABKMN O

C warom A/4 1 nepemMeHHon rmybuHom NMHenHo yse-  Puc. 1.28
NnYMBaloOLLLEnCs OT A/4 0o A/2 N0 Mepe yaaneHns ot

packpbiBa. CnencrenemM paBeHCTBA 3KBUBAIEHTHbLIX PACKPLIBOB SABISIETCS TO, YTO
BCE TP pyrnopa UMEIT OAMHAKOBYIO GOPMY BEPLUKMHBI IIABHOIO JIENECTKA, NpUMep-
HO COOTBETCTBYIOLLYIO pacha3npoBke, paBHOI 27, a YPOBEHb NOAS B HaNpaBieHUn
yrna a, coctaenser ~ -(11+14) ob.

CpaBHeHue (cM. puc. 1.28) nokasbIBaeT, HTO ABE PaBHOMyOOKME KaHaBKM Mo
cBoeMy gencTtenio Ha JH npMepHO paBHOLEHHBI YHETbIPEM HEpPaBHOY60kuM. Mpn
aTtom PPUKP n PPUKI nmetoT (no cpaBHeHuto ¢ PPU) 6onblLuyio KPYTU3HY CKaTOB
rnMaBHOro fienecTtka 1 6oJiee HU3KUIN YPOBEHb BOKOBOIO MU3My4eHMS (OH He Noka3aH).

KoadduumeHT otpaxenus (I, %) PP, PPN n PPUK, namepeHHbili B anana3oHe
10,5+11,9'Tu, npuBeneH Ha puc. 1.29.

Haunbonee BbiCOKUIA KO3DDULNEHT OTPaKeHUS (NPY PaBHbIX FTEOMETPUYECKNX
pa3mMepax OCHOBHOIo pyrnopa) MMeeT o0bl4HbIn PP, Hanbonee Hu3knin — PPUL.
KoadpdurumeHT otpaxenmnsa PPUK, 3Hauu-
TesNbHO HUXe 06bl4HOro PP 1 BCcero nvwb Ha r.% PP
LONN NPOLLEHTA BbiLEe KOadPUUUEHTa oTpa-
xeHua PPU ¢ rmagkmmm cteHkamm, 4To
[OCTUraeTcsi NepeMeHHon rnyobunHo kaHa-
BOK 1 MX PACMOJIOXXEHVNEM B TEHEBOW 30HE r % PPU

N P

N Vi

O = NW

(cm. puc. 1.26). 2

KaHnaBku (ong yny4lieHus cornacosa- 1 S — -—— N
HWS) MOTYT MO0 YMEHbLLATLCS (N0 Mepe
NPUBNXEHNS K packpbiBY) OT A/2 00 M4, Kak r, % PPUK
3TO caenaHo y paccmarpusaemoro PPUK, 2 i L1 g
nnbo yeenuumeatbcs ot 0 oo A/4. BoamMoxHO (1) ~—
MCNONb30BaHME N CNVPaibHO-Pa3BEPThI- 10,5 11,0 11,5 My
BaIOLLINXCS KaHaBOK. Puc. 1.29

Ha puc. 1.30 nokasaHbl KO3DPUUNEHTDI
otpaxenua PPU, PPUKIT n PPUKP, name- r,% PPU
pEeHHblE B AmanasoHe 7,7+ 10,3 . a —~ =S

3aeck HabnpgaeTcsa NpUMepHo Taxe 0 :

r,% PPPUKI

3aBUCUMOCTb, YTO W B MPeablayLLEM criyyae. [2
KoadduumeHTtol otpaxxenusa PPU n PPUKI O'%I‘H:H%WH
NOYTU OOVHAKOBLI, @ KOIPDUUMEHT OTpaxe- r,% PPPUKP
Huna PPUKP HeckonbKo BbilLE 1 NEepBOro, u oL L |
BTOporo. CnenosarensHo, Gosnbee (0Tpu- |y ~—~ =
LaTeNbHOE) BIMAHNE OKa3blBAIOT PABHOMY- 8,0 85 9,0 9,5 10,0 Ty
OoKKne KaHaBKW. Puc. 1.30
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OnpenenexHve onTMMasbHbIX FeoMeTpuyeckmx pasmepos PPUK 6asnpyeTtcsa Ha
NMPOCTbIX AMANPUYECKNX MPaBUIax:

«  OkBuBaneHTHbIN packpblB PPUKP (PPN ¢ kaHaBkamu paBHOMy60KMMU,
4eTBEPTbLBOJIHOBLIMUW) MPUMEPHO COOTBETCTBYET AMAMETPY, HA KOTOPOM Pacnoo-
XeHa 1-9 unun 2-9 (Co CTOPOHbI ropa pynopa) kaHaBka.

«  OkBuMBaneHTHbIN packpbiB PPUKIT (PPU ¢ kaHaBkaMu nepeMeHHOon rnyou-
Hbl, KOTOpas yMeHbLIAeTCs A0 A/4 No Mepe NPUBIMXEHUs K pacKpbiBY) COOTBETCTBY-
€T AMaMeTpy, Ha KOTOPOM pPacrnoJsfiokeHa KaHaBka C rnmyOuMHONM, OTNnYaloLWencs ot A/4
B 1.3+1,4 pa3za.

Ana npnbnnxeHHOro onpeneneHns onTuMasbHbIX FEOMETPUYECKNX Pa3MeEpPOB
PPUK ¢ 3agaHHOM HOpMON 1 LLMPUHOM MABHOMO IENECTKA MOXHO MOJIb30BaTbCs
MeTOOVKOM, N3NoxXeHHoN B pasaene 1.4.2 ana PPU ¢ rmagkumm cTeHKaMu, 3aMeHunB
COOTBETCTBYIOLLME BENNYNHBI SKBUBANIEHTHbBIMU.

Mpenmyuwiectea PPUK (no cpaBHeHuio ¢ PPU), onpenensemMblie KaHaBkamMu: yBe-
nn4yeHne rmybuHbl 0CEBOI CUMMETPUM MMAaBHOMO NenecTka 1 A0NOSHUTENTIbHOE yMe-
HbLLUEHME YPOBHS GOKOBOIO U3Jy4EHUS, HO TOJIbKO B AMiana3oHe BNSHUSA KaHaBOK.

MnaTa: ycnoxHeHne KOHCTPYKLUK, NOBbILLEHNE TPeOOBAHWI K TOHHOCTM U3roTO-
BJIEHMS, HEKOTOPOE yXyALIEHME COrNacoBaHus C NUTAOLWWM TPAKTOM, €C/IN HE NpU-
HATbI CneumanbHbie Mepbl.

PPWU, cHabXxeHHbI Hacagkoi ¢ kaHaBkamu (PPUHK), puc. 1.31, kak n obbi4-
HbIn PPU, cooepXunT ABe OCHOBHbIE CEKLMN: Masbii, CMHGa3HbIl, pynop 1 aname-
Tpom 2R 1 yrnom pacTeopa 20.;; OCHOBHOW, pacdasnpoBaHHbIv, pynop 2 guame-
TpoMm 2R, 1 yrnom pacteopa 2a,. Kpome Toro, B otnmyne ot PPU, nmeetcs u cek-
ums 3 — Hacaaka C yrioM pacTteopa 203, Ha KOTOPOW Hape3aHbl KaHaBKMU.

Cexuun 1 n 2 npeactasnatoT coboit PPU ¢ rmagkmmm cTeHkamu, oTnnYaoLwmin-
CSl, KaK 1 BCE Apyrme pynopbl 3TOro Tmna, 0CEBOM CUMMETPUEN MMaBHOIo NenecTka,
HWU3KUM YPOBHEM OOKOBOI0 N3JTyHEHUS N XOPOLUMM eCTECTBEHHbLIM COMNacoBaHMEM C
NUTAOLLMM TPaKTOM.

Yron pacteopa Hacagku ( 2c3) 3aBUCUT OT BbIBPAHHOW Llenn, HO B I0OOM cry-
yae JOJDKHO coBNoaaThCs YCIAOBUE: Oz > Oy > 0Ol4.

YcTaHoBKa Hacaaku, ecnu yros ee pacteopa BbibpaH NpaBuibHO, NO3BONSET
[OMNOJIHATENBHO YBENIMYNTL KPYTU3HY CKaTOB IMaBHOMO JIENECTKA U SHAYUTENBHO

2R
0(3 |
i
2R, I 3
I 1
L.
’| g, ! 2
T
|
!
| 1
a, I
/—-) (-\I\
i
Puc. 1.31 Puc. 1.32
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YMEHbLUUTb YPOBEHb BOKOBOIO MU3Ny4eHus B ni.E, npnyem 6e3 yxyauweHus cornaco-
BaHWA. ITO BbirogHo otnndaeT PPUHK oT PPUK, B KOTOPOM KaHaBKW, PacrnofoXeH-
Hbl€ HEMOCPEACTBEHHO HA CTEHKAxX OCHOBHOIO pyrnopa, CornacoBaHne yxyaaoT.
BbiGop onTUMasibHOM BENNYMHLI yIa pacTBOpa Hacaaku (203) B 3aBMCMMOCTM OT
MOCTaBJIEHHOM LLENI MOXHO MOSACHUTb, paccMaTpmBast CEKTOPbI AENCTBUS NPSIMOro
N3ny4eHns pyrnopa n ero oudpakuMoHHbIX Nosien ot Todek andpakumm Py, P,, Pg,
P4, Ps, Pg, puc. 1.32.

Mpsamoe nsny4yeHne Manoro pynopa MMmeeT Hanbosnee BbICOKMIA YPOBEHb, MO3TO-
MYy OHO BCErga 1 O4€Hb akTUBHO y4acTBYET B GOPMUPOBAHUM MABHOMO IENECTKA.
Ecnu Mbl HE XOTUM OKa3aTb CUJTLHOIO BAIMSIHWS HA rMaBHbIA NENecTok 1, K ToMy Xe,
3HAYUTENBHO YXYALNTL COrNacoBaHNE pyrnopa C NMTaloLWmMM TPakTOM, TO Ha NyTn
NPSIMOro U3NYYeHUs He AOJIKHO ObITb HUKAKUX MPENSTCTBUIA.

Mpsimoe nanyyeHme nupammaanbHOro pynopa B na.E, ecnun ero paccmartpmsartb
B BUAE JTy4eit, BbIXOOSLLMX N3 TEOMETPUYECKOWN BEPLLMHBI pynopa, OrpaHnyYMBaeTcs
nydamn 02 n 01, T. e. yrnom 20,4 (CEKTOP AENCTBUS NPSMOrO N3y4eHNs KOHNYECKOro
pynopa, kak 6yaeT noka3aHo B AasibHENLIEM, HECKOMBbKO LUMPE), MO3ITOMY: o3 >> a..

Audpakumontble nong nsnoma (Todkm Py n Py) y4acTByioT B pOPMUPOBaHUN He
TOJNIbKO BMKHEro 6OKOBOIro U3Ty4eHUs, HO W INABHOMO JIENECTKa, ONPeaensist KpyTU3Hy
ero ckatoB. CekTop OeNCTBUSI 3TUX Nosel (BHe pyrnopa) C OAHOM CTOPOHbI OrpaHnNYeH
nydamm 24 n 13, cKonb3saLWMMN BOOSb CTEHOK pynopa 2. C Apyro CTOPOHbI — Jlyd4amu
14 n 23, nagaowmmm 13 Todek Py n P, Ha NpOTMBOMNONOXHBLIE KPOMKM packpbiBa pyrno-
pa 2 n obpasylowmmm yron 28,,. 419 yBenmyeHns KpyTu3Hbl CKaToB [MaBHOMo nerne-
CTKa N CHKEHWNS YPOBHS 6JIMXXHEr0 BOKOBOMO N3Ny4eHNS HEOOXOOMMO BbIMNOSIHUTD
ycnosue: op < 03 < Byo. MNpy a3 HE3HAYUTENBHO BOSbLLIEM Oy HACAAKA MOXET OKa3blBaTb
BECbMa CYLLIECTBEHHOE BNUSIHME KaK HA OinxkHee OOKOBOE U3JTlydeHne pyrnopa, Tak 1 Ha
MMaBHbIN NENECTOK, HE TOJIbKO YBENNYMBAS KPYTUSHY €ro CKaToB, HO U CyXas ero B
paboyeM CEeKTOpe YII0B, 4TO He BCeraa xenartensHo. Ecnm o, = f,, TO HabnogaeTcs
O4Y€Hb CUJTbHOE NOAABMEHME NOJIA B HANpPaB/IeHNSIX, OnpenensieMbiX rpaHUYHbIMU Jyya-
MU 14 1 23, a Take ANGPaKUMOHHBIX NOJIEN OT ToHeK P3 1 Py.

AndpakumnoHHble Noig 0T KPOMKKM packpbiBa (To4ku P; n P,) MOryT y4acTBOBaTh
He ToJIbkO B GOpPMUPOBaHUN BANXKXHErO BOKOBOIO U3My4eHUs, HO (B 3aBUCUMOCTU OT
BENNYUHBI ya 2a,3) 1 ganbHero. CekTop AenCTBMA 3TUX Nofel (BHe pynopa v npum
03> B12), C OAHOM CTOPOHbI, OrPaHNYeH Jiydamu 46 1 35, CKONb3ALWMMN BAOJb CTE-
HOK Hacagkw, a ¢ gpyron — nydamu 36 1 45, nagalowmmm na Tovek P; n P4 Ha npo-
TUBOMOOXHbIE KPOMKM Hacaaku.

OundpakumnoHHbIe Noig OT KPOMKM Hacaaku (Toqku Pg n Pg) B OCHOBHOM yua-
CTBYIOT B POPMMUPOBAHUN JASILHENO M 38AHEr0 N3JyHEHUS, @ MPU MasblX yriax 20 —
n 6nmxHero. CekTop Aenctens nonen ot Todek Ps n Pg (BHE pynopa) orpaHuyeH ¢
OOHOV CTOPOHLI Sly4amm 65 1 56, nagaowmmm na Todek gudpaxkumm Psn Pg Ha npo-
TUBOMONOXHbIE KDOMKM HAacaaku, a ¢ gpyron — nyyamm 50 1 60, koTopbIe 30ECh
(yCnoBHO) NpoxoasaT Yepe3 reoMeTpPUYECKyYo BEPLLMHY Manoro pyrnopa. OgHako
daKTNYEeCKM CEKTOP VX AENCTBUS OrPaHNYMBAETCS KOHCTPYKTUBHLIMU 3/1IEMEHTaMM
pynopa 1 BOJIHOBOOHOIO TpakTa.

BenuunHa amngpakumoHHbIX noner ot Todek Ps 1 Pg B CUbHONM CTENeHn 3aBncuT
OT YPOBHS Ux 00/Ty4eHus1, a OH, B CBOO 04epeapb, 3aBMCUT OT yI/ia pacTBopa Hacag-
kK1 3 N yMeHbLUAEeTCs No Mepe ero yBennyeHus.
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Bbi60p oNTMManbLHOro yrna pacreopa Hacaakm, B KOHEYHOM UTOre, 3aBUCUT OT
MOCTaBJ/IEHHON LieNu 1 onpeaensieTcs UCXoas U3 cekTopa AeCTBMUS U BEJTUYMHBI
BKJIaga Kaxaoro n3 amdbpakumMoHHbIX nonen. Mpun aTom cnenyeT yuntbiBaTtb, 4TO
Hanbonbluee nogaeneHne HabnogaeTcs NPUMEPHO B TOM HanpaeiieHUN, B KOTOPOM
nagaroLmin yd CKONb3UT N0 MMMNEOAHCHOM NOBEPXHOCTMU, HO BONIM3KM STOro Hanpa-
BJIEHNS MOXET MOSIBUTLCS SPKO BblPaXXEHHbIA MakCUMYyM.

Ha ocHoBe NpoBeneHHbIX UCCea0BaHNM O CHUXEHUS YPOBHS JallbHErO
OOKOBOro M3ny4YeHnst B nepesHeM NoaynpocTpaHCTBE MOXHO PEKOMEHO0BATh:

B2 < ag < 90°, @ ANa CHMXEHNS YPOBHSA GOKOBOIO U3Jy4EHNS B 3a4HEM NOJTYNpPO-
cTpaHcTBe: 90° < a3 < (ap + 90°), B 06Lem ciydae: oy < az < (o + 90°%).

YpoBeHb 6OKOBOIro M3y4eHUs1 B 3a4HEM MNONYNPOCTPaHCTBE ONpenenseTcs,
B OCHOBHOM, AN PaKLMOHHLIM NoaeM inbo To4kmn Ps, 1nbo Toukm P, (Mckniove-
HMe cocTaBnsieT cekTop BONM3M HanpasneHnsa 180°, roe «paboTaoT» 06a nong, Ho
TONbKO B TOM CJly4ae, eC/iM OHU He 3aTEeHEeHbl KOHCTPYKTUBHbLIMU 3N1IEMEHTaMu
pynopa n BOHOBOAHOIro TpakTa). lMoatomy ana 6onee rnybokoro nogaBfieHns
N3Ny4yeHns B 3afHEM MNOJYNPOCTPaHCTBE HEOOX0AMMO, YTOObI KPOMKa HacaaKu
He obnyyanacb oMb pPakUMOHHbBIM NONIEM OT TOYKN pacKpbiBa OCHOBHOIO pynopa,
pacnonoXeHHOW 1 No ApYrylo CTOPOHY OT ero ocu. Kak nokasanun aKCrnepuMeH-
TanbHbIE NCCNEA0BAHMA, AeNaTb HAaCaaKy C YoM pacTeopa 6onbLue o, + 90°
HelLenecoobpasHo.

Pa6ouunin ananasoH PPUHK onpenenseTcs kak reoMeTpuyeckumMuy pasmepamm
camMoro pynopa, Tak 1 reOMeTpPMYeCKMMU pasmMepamMm KaHaBoOK, a Takxke X KOH-
cTpykuuen. 3a npegenamm genctems kaHaBok PPUKHK CO CTOPOHbI HUXXHUX HacToT
paboTaeT NPMMEPHO Tak Xe, kak n PPU ¢ rmagknmmn cteHkamm, a co CTOPOHbI BbICO-
KX KAHABKM OKa3bIBAIOT BAIMSIHUE HA Te BOJIHbI, AJIMHA KOTOPbIX ABNSETCH MPUMEPHO
KPaTHOM HEYETHbLIM 3HAYEHUSAM A/4.

OkcnepumMeHTanbHble IH pynopoBs ¢ pa3HbiMy Hacagkamu NoATBEPOVM npa-
BUJ/IbHOCTb BbICKa3aHHbIX BbiLLIE MPEearnonoXeHNA.

Ha puc. 1.33 npueenensl H koHnyeckoro PPUHK, npegHa3HavyeHHOro ans
aHTeHHbl Tuna A9, namepeHHble Ha HMXHeW YyacToTe (7,9 I'Tu) paboyero guanaso-
Ha (7,9 — 8,4 'Tu) Ha paccTosiHUK, COOTBETCTBYIOLLEM peasibHOMY (O4eHb BsIN3KO-
MY) PacrnofioKeHMI0 pynopa OTHOCUTENTbHO Manoro 3epkana.

Ha ctagumn pa3paboTkmn nccneaoBanvcb HaCaaKku € yrnamm: og = o, = 22,5°, ag =
=, =45, ag=a,+ 45" =67,5", az=90°, npnyem Hacanku C oz = o, = 22,5° 1
oz =+ 45 = 67,5 OblIM N3roTOBNEHbI B ABYX BAPUAHTAaX: C KaHaBKaMu 1 6e3 HuX.

Cymmapras pacasuposka pynopa 6e3 Hacafkm Ags = Ag, + Agg, = 1,57, roe
cobcTBeHHas pacdasnpoBka

—80-70-60-80-40-30-20-10 07 1020 30 40 8 60 70 & eg Agp, = 0,527, a pacdasnposka n3-3a pac-
e A \ é =<t 2;?5'3“"’”““ cTosHus Agg = 0,99 .
I/ - \‘ o ;}3:5 [H pynopa 6e3 Hacaaku, rae ypo-
20— — 0 BEHb 6OKOBOrO N3Nny4yeHuns Hanbonee
5 BbICOK, Noka3aHa Ha puc. 1.33 wrpux-
T H#) 30 \\ g NMYHKTUPHON NIVHUEN.
N ‘ﬁ/' i TN Hacapka ¢ ag = 22,5° (kpecTukm),
) 7 5 : | | sBnaowancs npogonxeHmem CTeHoK
—Fn'f 50 Fj'_ . OCHOBHOIO pyrnopa, kak 1 npegnonara-
&l 55 v J10Cb, CYLLLECTBEHHO CHMXAaeT YPOBEHb
Puc. 1.33 OOKOBOr0 M3NYyYEHUS!, HO NPU 3TOM MpPO-
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NCXOONT 3HauuTesbHas AedopmMaumsa GOpMbl MaB- [ o 0 60 6 5
Q
A N =

HOro fienecTka B npeaenax paboyero cekropa A1
YIroB. Y | o 9

Hacapka ¢ o3 = 3, = 45° (To4kM), KOroa Kpaesom 15
nyd, omdparnpoBaHHbIN HA MPOTMBOMOIOXHOM
M3J10M€e, NOYTU CKONb3UT BAOJIb CTEHKN HACAAKM,
NPakTUYeCcKn He BN Ha rMaBHbIA NenecTok B npe-
nenax pabo4yero cektopa yrinos, CUbLHO yBENNYNBA-
€T KPYTU3HY CKaToB 3a ero npegenamu. MNpu aTom /"
ypoBeHb 6OKOBOr0 N3yY4eHUs NogaBnseTcs Npu-
MEPHO B TOM XK€ CEKTOPE YITIOB, 4YTO M NPW HAacaaKe Va
C ag =22,5°, HO, KaK N OXXWAANoChb, NOABIASETCH APKO ANy,
BblpaXXeHHbI BOKOBOM NENECcTOK, YTO B HEKOTOPbIX _'4, /
cny4yasx BeCbMa HexenaTesbHO.

Hacagka ¢ ag= 90" (NyHKTP) CYLLECTBEHHbIX
M3MEHEHNI B Npeaenax BCero rmaBHoOro nenecrka i
He BHOCUT, HO YpOoBeHb BOKOBOIro U3sly4eHunst (OH I
3[EeCb HE NOKa3aH) NOAABNSIETCS B MEHbLUEN CTENe-
HW, YEM NPU UCMOSIb30BaHMM NpeabiayLUMX HacaaokK.

Hannyywuin cymmapHbii a¢pdexT, kak cneayet  Puc. 1.34
M3 CpaBHEHUS, AOCTUIraeTcsa Npu UCMOJIb30BaHUM
Hacagku, UMeIoLEN og = o, + 45° = 67,5 (cnnowwHas nuHng), ob6pasyioLasi KOTopo
JNIEXUT NPUMEPHO NocepeanHe Mexay rpaHnYHbIMN OUPPakUMOHHBIMUY lydamMu OT
TOYEK U31I0Ma, CKOJIb3ALMMM BAOSb CBOEM CTEHKU, 1 NaaloLwLmMMm Ha NPOTUBOMNO-
JIOXHbIE.

Ha puc. 1.34. npuseneHsl [1H pynopa ¢ Hacagkow (ag = 67,5°), uUsmMepeHHbie B
nn. E (cnnowHasa nuHms) n nn. H (MyHKTUP) Ha Tpex YyacToTax (CpenHen n KkpamHux)
avanasona 7,9+8,4 I'Mu 1 Ha 61IM3KOM PacCTOSIHUM, COOTBETCTBYIOLLEM PACCTOSIHUIO
[0 BCOMOraTebHOro 3epkasa To aHTEHHbI, 411 KOTOPOW AaHHbI 0b6nyyaTenb
pa3pabatbiBasncs.

C maHHOW HacaaKkol Ha BCex Tpex YacTtoTax HabnogaeTcs CUMMETPUPOBaHUE
IH no ypoeHsa -(35+40) ab, oa v Ha 60nee HU3KOM YPOBHE passnimyne no nonsipusa-
LUMSIM HE3HAYUTESBHO.

Kpome Toro, ata Hacazka He uckaxaeT Hhopmy MaBHOMO NIENecTka B npeaenax
paboyero cekTopa yrioB, a 3a ero npeaenamm KpyTnaHa ckaToB MTaBHOroO enecTka
3HauMTEeNbHO yBenmyueaetcs. [MNpun aTom none B . E cnagaet 6€3 CyLecTBEeHHbIX
OCUMNNSILNMIA, KaK 3TO XapakTepHO 4J1s Nno-
ckocTtu H. NopasneHune nons oo ypoBHA
-55 pb nponcxoguTt B BGonee LIMPOKOM CeK-
TOpE YrNI0B, YEM CO BCEMM APYrMMM Hacas-
kamu (Ha puc. 1.34 1 cnegylowmx gansbHee
OOKOBOE M3/Ty4YeHME HE MOKA3aHo).

Ha puc. 1.35 nokasanbl JH B nn. E
pynopa 6e3 Hacagku (LUTPUX-NyHKTUP) U
pynopa ¢ Hacaakamu (oz = 60°), nmerowm-
MW pa3HOe KONNYeCTBO kaHaBok (1,4 mn 8
— WITpMXOBasl, TOYeYHas U HenpepbIiBHas
JINHWS, COOTBETCTBEHHO), UBMEPEHHbIE Ha
yactoTe 7,9 I, Puc. 1.35

’,

S}

i -
~
N

hd
5

1

y,

B9 35888BRG3ubRBES o




AHTEHHbI, MUP 1 Mbl. YacTs |
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Puc. 1.36

CpaBHeHue nokasblBaeT, 4TO nNpu
TakoM yr7e gaxe oaHa kaHaBka oka3bl-
BAeT Ha YpOBEHb OOKOBOr0 M3y4YeHns
3aMETHOE BIIUSIHME, a C YBEIMYEHNEM
KOJIMYecTBa KaHaBOK UX BO3OENCTBNE
Ha [JH yBennynsaetcs.

KoadduumeHt otpaxenus (I,%) B
avanasoHe 7,4+9,1 'y, n13MepeHHbIN

Ha BXOAe PYnopoB, MUMEIOLVX pa3Hble Hacaaku, nokasaH Ha puc. 1.36.
Pynop 6e3 Hacaoku — CnioLHas IMHWS; Pynop ¢ Hacaakom (as = 67,5°) 6es

KaHaBOK — LITpmMxoBasd. TOT Xe pynop ¢ Hacagkamu, MMeLWLMMN YHeTBEPTbBOIHOBbLIE
KaHaBkM: Hacagka C yrioM ag = 67,5 — LTPUX-NYHKTUP; Hacagka C yrnom

o3 =22,5° — WTPMXOBAS JIMHNS C KPECTUKAMM.

3ameTHOe BNMNSHUE Ha COorlacoBaHne pynopa okasblBaeT TONMbKO Hacaaka ¢
KaHaBKaMu, UMeloLas ag = o, = 22,5°, T.e. ABNSI0LLAACS NPOAOSIKEHNEM CTEHOK

OCHOBHOIO pynopa.

MpennoxeHHbIN BblLLEe NOAXOA K BbIOOPY yria pacTBopa Hacaaku cnpaBensine
He Tonbko ans PPU ¢ rmagknmm cteHkamu, HO 1 Ans pynopos (6e3 ns3noma u ¢ n3no-
MOM, CUH(}A3HbIX N pachasmpOBaHHbIX), BHYTPEHHUE CTEHKU KOTOPbIX MMEIOT KaHa-
BKW. [pn 3TOM MUHMMaANBHO AONYCTUMBbINA Yron pacTeBopa Hacaaku ans PK Beibupa-
€TCS UCX0As U3 LUMPUHbBI F1aBHOrO NIenecTka.

B 3aBMCUMOCTM OT NOCTaBNEHHOW LLEN BOSMOXHO NCMNOSIb30BAHNE HACAOKU HE
C OOHVM U3JIOMOM, @ C HECKOJIbKUMU, KaXkaas CEKLMSA KOTOPOM MOXET OKa3biBaTb
Hanbonee CUNbLHOE BAUSHME Ha ONpeaeNieHHbI CeKTOp YrnoB. Ecnu Bo3genicTene Ha

(180 —160 —120-100 80 60 —40 20 0 20 40 60 80 100 120 140 160 180
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Puc. 1.37
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rMaBHbIV NenecTok B npeagenax padoye-
ro cekTopa yrfioB HexenaTesnbHOo, TO
Yyrosl pacTBopa Hacaakun JOMKeH OblTb
HE MeHblLLEe LUNPUHbI FNIaBHOrO fienecTka
no yposHio —(10+15) gb.

Mpeunmyuiectea PPUHK (no cpaB-
HeHuto ¢ PPW), onpeoensembie Hacana-
KOV C KaHaBKaMu: yBennyeHne rnyourHbl
0CEeBOIi CUMMETPUU MMAaBHOIO JlenecTka
n/Mnn yMeHbLLIEHNE ypOBHS BOKOBOIro
M3Ny4eHns B 3aJaHHOM CEKTOpE Yr/0B,
HO TOJIbKO B Avana3oHe OenNCcTBUS KaHa-
BOK.

Mnata: ycnoxHeHme (No cpaBHe-
Huo ¢ PPW) koHCTpyKuun pynopa, yBe-
nnyeHne TpeboBaHNn K TOHHOCTU U3ro-
TOBJIEHNS, BO3MOXHOE (HE3HAYNTESb-
HO€) yXyALLIeHNe CornacoBaHns ¢
NUTaoLWMM TPAKTOM, OFrpaHNYeHuns Mo
MOLLHOCTW.

PK, cHabGXeHHble HacagKow ¢
kaHaBkamum (PKHK), moryT gate ewe
6onee rnybokoe CUMMETPUPOBaHME
rnaBHOro nenectka, 4em PK 6e3 Hacag-
KW.
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Puc. 1.38

OkcnepumeHTanbHble IH (puc. 1.37, cnnowHas nmHnsa — nna. E, nyHkTnp —
nn. H) PK, cHabxeHHOro Hacagkom ¢ kaHaBkamu — PKHK, oTnnyatoTcs rnybokum
YPOBHEM CUMMETPUPOBaAHUS, BMIOTb A0 -(45+50)ab noytn BO BCeM nccnenoBaH-
HOM gwanasoHe (8,7+14,0 ['Tu), KpaHWe YacToTbl KOTOPOro oTnmyatoTcs B 1,6 pasa.

B npepenax guanasoHa 8,7+14,0 My cymmapHas pacdasnpoBka NCXOAHOro
(rnagkoro) pynopa, 6e3 yyeTa BInsHWS KaHaBokK, Ags ~ A, =~ 1,2 + 1,9n (n3mepeHus
NMPOBOANINCH B AANlbHEN 30HE).

KaHaBku B aTOM pynope (rnybuHon, paBHOM NPMMEPHO YeTBEPTU OJIMHbLI CaMOo
OJIMHHOW BOJHbI paboyero aguanasoHa) HapesaHbl Ha BHYTPEHHUX CTEHKAX, HaunHas
OT BOJIHOBOAHOrO Bxoaa. lMpu yBennyeHnn yncna Hacagok (mnuv yncna n3fomMoB
Hacagku) yBennumBaeTcs rmybuHa CUMMETPUPOBaHWS, CrNaXXmMBaOTC OCLUNALNN
M YMEHbLUAETCH YPOBEHb JalbHEro 6OKOBOIro N3y4eHus.

Ha puc. 1.38 nokasanbl [JH npeaplayLLero pynopa, U3MepeHHble Ha YacToTe
8,76 ', Npun OTCYTCTBMM HACaAAO0K (LUTPUX-MYHKTUP), NPWU HANNYMM OAHOW HACaaKM C
o3 =44,5° (LUTpMXOBast IMHUS) 1 OBYX HACAOOK C as = 44,5 1 a,= 79° (cnnowwHas
NNHUA).

CornacoBaHue pynopa ¢ BHYTPEHHUMW KaHaBKaMu, eCNin He NPUHATLI cne-
umanbHble Mepbl, 0 KOTOPbIX ObISIO CKa3aHO paHee, eCTECTBEHHO, XyXXe, YeM pyrnopa
C MagknmMu CTEHKaMM, HO KOrga OHO peLlaloLLEN PON HE UrPaeT, a OCHOBHOE Tpe-
6oBaHMe NpenbaBNAETCs K YPOBHIO OOKOBbLIX JIENECTKOB, TO BbIOOP MOXET ObITb
OCTaHOBJIEH UIMEHHO Ha TakOM pynope.

Mpenmyuiectea PKHK (N0 cpaBHEHUIO C
PK): pononHntensHoe yBennyeHmne rnyouvHbl L
OCEBOW CUMMETPUM ITIABHOIO JIENEecTKa,
JOMONHUTENLHOE YMEHBLLIEHNE YPOBHS BOKO- M 2Ry
BOr0 MU3Jy4EHUsl, HO TONbLKO B Auana3oHe Oen- v
CTBUS KaHABOK. 1 /90

Mnata: LONOMHUTENBHOE YCOXHEHNE
KOHCTPYKLUMN. 0 o 2R

PPU c KpBONMHENHOM HacaaKom ¢
kaHaBkamu (PPUkHk), puc. 1.39, [52] 3Hauu- N . N
TeNIbHO CJI0XHEE B M3roToB/IEHUWN, HO Bonee
adbPeKTUBEH.

Huxnssa yactbe PPUKHK (cM. puc. 1.39) — o
ato PPW ¢ rmagkmmm cteHkamm, COCTOALLMNN
13 manoro, cuHdasHoro, pynopa (1) ¢ ana-
MeTpoM packpeiea 2R 1 yrioM pacteopa 20,4
1 OCHOBHOr0, pacdasmpoBaHHOro, pyrnopa (2)
¢ anameTpom 2R, 1 yriom pacteopa 2ap. Puc. 1.39
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O6pasyioLas KpMBOJIMHENHOM Hacaakmy (3) NpeacTaBnseT cobom YacTb OKPYX-
HOCTV gaviHoM L n pagmnycom R, aBnsiowymcs nepneHankynsapom, BOCCTaHOBIEH-
HbIM N3 TOYKM CONPUKOCHOBEHMUS HACAAKU C KPOMKOM pynopa (To4yka M) K nuHum,
NpoxoasLen NoA yrinom y K NI0CKOCTU packpbiBa pyrnopa C Hacaakom, npuyem:

L= (t, +tg) n°, R=L 180°/my,

roe t, — wupmrHa kaHaBsku, tg — LIMPUHA BLICTYMA, N — YMCIO0 KaHaBOK
(152n23), yarctg{(R2-R1)/[(R2-R+) tga41}-

BbinonHeHne obpasyoLein Hacaaku B GopMe Tako OKPYXXHOCTU NO3BONSIET B
LUIMPOKOM CEKTOPE YII0B BO3AENCTBOBATL Ha AUDPAKLUMOHHBIE NOASA OT To4ek M n
M’, BOo36yxaaemble nydyamu, andparmposaHHbeiMu B Todkax N n N’ 1 nagaiowmmm B
HanpasneHun anumin NM' n N'M.

Mpwn ncnonb3oBaHMK HacagokK C NPSIMOSIMHENHOM 00pa3yloLLei, KOTopble Bbln
paccMOTpEHbI Bbille, Hanbonee rnybokoe noaasneHne 60KOBOro U3y4eHUs 4OCTuU-
raeTcs B CPABHUTENIbHO Y3KOM CEKTOPE YINI0B, KOraa HarnpaBieHne pacrnpocTpaHe-
HUA Nagatowen andpakLUMoHHOM BOMHbLI COBNAAaeT C HanpaBiieHneM obpasytoLen
Hacagku. Mpu aToM, Kak yxe 6bI10 Cka3aHO, IHEPIUS MOXET CIOXUTLCS B hase B
OPYrx HanpaeneHusX, yBENUYNB B 3TUX HANpPaBieHUsaX ypoBeHb GOKOBOIo nanyye-
HUS.

Mpu HanNMYMN KPMBONVHENHOWM Hacaokn AMdpPaKLMOHHOE NOJIE HE UMEET HYETKO
BblPaXXEHHO YrNMOBOI OpMeHTauum 1 kak 6bl «pasMasbiBaeTcs» B LUMPOKOM CEKTOpe
yrnoB. NosToMy ero o6Lni YpoOBEHb 3HAYMUTESNTIBHO HUXE, YEM MPU UCMOJIb30BAHUN
Hacagku ¢ NPSMOJIMHENHO 0Opa3yoLLE.

Ha puc. 1.40 nokasaHbl 019 cpaBHeHWs akcrnepumMeHTanbHble H B nn. E Tpex
BUOOB PYNOpPOB C OAMHAKOBbLIM yrniom pacTteopa: PPU (6e3 Hacagku), PPUHK (¢
Hacagkomn, MMEeIOLLLEN KaHaBKM 1 MPSMOSIMHENHYIO 06pasytoLuyio) n PPUKHK (¢ Hac-
a[lKOW, MMEIOLLLEN KaHABKM 1 KPUBOJIMHEVHYIO 0O6pasyioLLyto).

Hacapka ¢ KpMBOAVHENHOM 06pa3yloLLer He TONbKO YMEHbLUAET YPOBEHb BOKO-
BOrO M3ny4yeHnsl B Hanbonee LWNMPOKOM CEKTOPE YII0B (NpakTMyeckn Be3ae 3a npe-
Jenamm rmaBHoro f1IenecTka), HO 1 NOIHOCTBIO YCTPAHAET OCUMANALMN HA CKaTe
rMaBHOro NienecTka, NpucyLlmMe AByM APYrMM Tunam pynopos. [Npu 3ToM coxpaHa-
I0TCSI BCE OCHOBHbIE 0OCTOMHCTBA PPU, Bkntoyas xopoluee eCTECTBEHHOE COrnaco-
BaHMe, a Takxke GopMy 1 LUMPUHY MaBHOrO JienecTka B Npenenax paboyero cekropa
YrnoB, HO, UCKJtoYasl, ECTECTBEHHO LUMPUHY paboyero aManasoHa, Tak Kak 4omnoHu-
TenbHoe ynydweHne JH HabnogaeTcs TONbKO B Ayuana3oHe OenCcTBUS KaHaBoK.
Xopoulee cornacoBaHne 06bsACHAETCS

0 HE, TeM, 4TO OOnbLUas 4acTb KAHABOK PAacMoso-
5 N MnockocTs E XeHa He TOJIbKO BHE 30Hbl MEPBUYHOIO
‘}\ nons pynopa, Ho 1 BHe 30Hbl Hanbosnee

-10 \ CUJIbHBIX ANGPaKLUNOHHbBIX NONEN — nonen

\\ ot To4ek N n N'. lNoatomy BennymHa curHa-

na, OTPaXEHHOro OT KaHaBOK 0OPaTHO B
pynop, mana. Boagencreue Hacagkm Ha
nonsi, GopMUPYIOLLINE MaBHbIN NENECTOK,

|
3
l
/’./
-1

PPV

“ "‘-~.\ B MWHMMANbHO NOTOMY, YTO Yrof Mexay
-30 \‘\\PPMHK ‘.\ KacaTenbHON K 00pa3yoLLe Hacaakn 1
35 A ‘<4 | OCblO pyrnopa paseH uin Gonblue yrna,
PPMKHK/\ \ 00pa30BaHHOIO OCbIO PYNopa v IMHUSMMA
40 0 o5 40 60 80 100° 140 80| NM’ 1 N'M, T. e. Hacaaka NpakTUHeCcKn He
Puc. 1.40 BO34ENCTBYET Ha nons, GopmumpyroLme
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rnaBHbIN nenectok. OgHako, ecny HeobXoAMMO YBENNYNTL BIMSSHUE HA MMaBHbI
nlenecTok (M TpeboBaHMs NO COrNnacoBaHWIO 3TO NO3BOJIAIOT), TO MOXHO U3MEHUTb
conpsiXeHne KPpMBOJIMHENHOM 06pa3syloLLLEN HACAAKN CO CTEHKO OCHOBHOIO Pyro-
pa. Hanpumep, caenatb ee conpsikeHHon ¢ anHuaMm NM u (N'M') nnn K nuHuam,
npoxogswmm mexay NM n N'M (NM' n N'M’).

AHanornyHbiM o6pas3omM MOXET ObITb BbIMOSIHEHA KPUBONIMHENHAS HAacaaka He
TONbKO Ans KoHndeckmnx PPU, HO n nupamunpanbHbix, a Takke ans 06blYHbIX CUH-
da3HbIX 1 pacha3npoBaHHbIX pynopoB. Ho Toraa ee KOHCTPyKUUS BblbupaeTcs,
ncxoas M3 npuHumna paboTbl COOTBETCTBYHIOLLUX PYNOPOB M NOCTAB/IEHHOW 3a4a-
yn.

Mpenmyuwiectea PPUKHK (Mo cpaBHeHuto ¢ PPUHK): yBennyeHue (B amana3oHe
0EeiCcTBUSA KaHaBOK) rMybrHbI OCEBON CUMMETPUN aBHOIO SlenecTka npu yMmeHblule-
HUM aMIANTYOHbBIX U HA30BbIX OCLUISALNN, PABHOMEPHOE AOMOJHUTENBHOE YMEHb-
LeHne ypoBHS 6GOKOBOIro U3Jly4eH1s B LUMPOKOM CEKTOpPE YroB 6e3 yxyaLeHus
COrnacoBaHus.

Mnata: nononHUTENLHOE, MPUYEM SHAYUTENIBHOE, YCTOXHEHNE KOHCTPYKLINN.

OCHOBHbIE NMpeuMyLLecTBa, oOLme oNsa BceX BUAOB PYropoB C KaHaBKa-
MM: yJyyLIEHNE OCEBON CUMMETPUN N YMEHbLUEHWE YPOBHS GOKOBOIro NU3y4eHus,
HO TOJIbKO B Anana3oHe AENCTBUS KaHaBOK.

OcHoBHag nnaTa, ooLwias ans Bcex BUAO0B PyNnoOpoB ¢ KAHaBKaMM: YCIIOX-
HEeHWEe KOHCTPYKLUMM YBENMYEHne TpeboBaHU K TOYHOCTUN N3rOTOBMIEHUS, OrpaHnye-
HME NPOMNYyCKaeMOWM MOLLHOCTU, BO3MOXHOE YXYALLIEHNE COrNacoBaHUs C NUTAIOLLNM
TPaKTOM.

1.4.4. Pynopsi c ananektpukom (PL)

Pynopsl ¢ ananektpukom (P) (cuHdasHbie n pacdasnpoBaHHbIE), KaK NpaBu-
110, KOHCTPYKTMBHO 1 TEXHONOrn4yecku npotte PK, HO MMEIOT N0 CPaBHEHUIO C HAMU
Apyroi BeCbMa CyLLLECTBEHHbI HEAOCTATOK — TEMJIOBLIE MOTEPWU, TaK KaK BAUSHNE
Ha [IH ocywiecTBnsieTcs 3a CHET ANINEKTPUKA, BHECEHHOIO BHYTPb pynopa vu/vuam
YCTaHOBJIEHHOIO B €r0 PackpbIBE.

[Mpu nomMmoLwm cnos AnanekTpuka ¢ ManbiMy TEMIOBbIMU MOTEPSIMU ONPEOENEH-
HOW TOJILLMHbBI, HQHECEHHOIO Ha CTEHKU pyrnopa MOXHO chopMrpoBaTb MMMNeaaH-
CHYIO CTPYKTYpPY, paboTatoLLyto aHanormyHo YeTBePTLBOJIHOBLIM KaHaBkaM. Tpeby-
emMoe aMmnanTygHo-¢Ga30BoOe pacrnpenesieHne MoXHO cChopMmMpPOoBaTh U NP MOMOLLN
ON3NEKTPUYECKON BTYSIKU ONPEeaeneHHon KoHUrypaumm, BCTABNEHHOW BHYTPb
pynopa. NMpu 3ToM cruHda3HbIN Pynop MOXHO caenaTtb pacdasnpoBaHHbIM, a pac-
dasmpoBaHHbIN — CUHOA3HbBIM, YTO A4AET BO3MOXHOCTb CYLLECTBEHHO BaAPbMPOBaTh
NPOAOJIbHBIM PasMepoM pynopa npv OANHAKOBOW LUMPUHE €ro IMaBHOro ienecTka.
Kpome Toro, moxHo copmupoBats B PP ocecummeTpuyHyio [1H ¢ 3apaHHom ¢pop-
MO BEPLUWMHbBI IMABHOrO fienecTka, npmcywyto PPU.

MeToauka pacyeTa AnaneKkTpu4eckomn BTynkm [23], NO3BONSIOLLEN CO34aTb
cuHdasHoe pacnpegeneHne amnanTyabl Noss B NPOM3BOJIbHOM CEYEHUN pynopa,
OCHOBaHa Ha Nly4eBOM NpencTaBfieHNN NONS BHYTPU pynopa. 3a4acTyto MOXHO
OrPaHNYNTLCA YHETOM BAUSHUS HA Ha30BOE pacrnpenesnieHne ToNbKo AP PakUMOH-
HbIX MOJIEN, CO34aBaEMbIX JlydaMu, AndparnpoBaHHbLIMU B MECTE COYSIEHEHUS BOJT-
HOBOOHOW 1 PynopHOM YacTu, puc. 1.41.

B aTom cnyyae ¢pasoBoe pacnpegeneHne B NPOM3BOJIbHOM CEYEHUN, MPOXOas -
Lem yepes To4kn P3P,, onpenenaetcs AndpakumMOoHHbIMU y4amMu, BbIXOOALLMMU U3
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To4ek Py n P,, KOTOpLIE NPKU pacyeTe BTyN-

K BbiBpaHbl 3a Ha4asno koopamHar. Tak Kak
cucTema CUMMETPUYHA, TO PACCMOTPUM
UL Ny4K, BbIXOOALWME M3 ToukK Py.

®dasa ¢(og) B NPON3BONLHON To4ke M
cevenus P3P, paBHa:

@(ag),= P (L(otg)~Lnin):

roe ff =2n/h — BONHOBOE 4MCno; L(ag)
— paccTosiHue oT P4 4O Npon3BobLHON
To4kU M; L, — pacctosiHme o1 To4kun Py oo
Gnvxanwien oT Hee ToHKM ceveHns My; og

— TekyLasa yrnosasi KoopamHara.

Ecnn nomectutb Ha nyTn oudpakumMoH-
Puc. 1.41 HbIX JTy4ein ONdNEeKTPVK, TOLLIMHA KOTOPOro
L siBnsieTca dyHKUMEr yrna ag, TO 3/1eKTpu-

yeckas osivmHa Nyt 4o Npou3BObHOM TOo4kn M paBHa:

L'(ag) = L(ctg)-Lp(op) (1),

roe L'(og) — anexkTpuyeckas anvHa nytm Ao To4ku M; LLL — TONWMHA ON3neK-
TpUKa B HanpasieHU og; € — OUaneKTpmyeckas NPOHNLAEMOCTb.

Mpwn co3paHun B ceveHnmn P3P, cuHdasHoro pacnpeneneHns npn MMHUMarb-
HbIX rabapuTax BHECEHHOro AnanekTpuka L'(og) = Ly A€ Linax — PACCTOSHME A0
Hanbonee yaaneHHoON TOYKN Ce4YEHUS, B JAHHOM cilydae a0 Toykm P4. B aTtom cny-
yae KOHdUrypauus BTyIKU B CEKTOPE YII0B, OrpaHn4eHHoM Jiydsamu PyPsn PP,
paccyunTbiBaeTcs No dopmyne:

La(og) = [ Lmax—L(apg)J/(e"*-1). (1.18)

AHanornyHbIn pesynstaT nosiydaeTcs U ong To4ku Po.

[ns npespatleHns pacdasnpoBaHHOro pynopa B cuHasHbIi ceveHne P3P,

COBMELLLAETCS C packpblBOM pynopa. Ecnum xe TpebyeTtcs B 06b14HOM PP CMHTE3MpPO-
Batb [1H aHanornyHeie JH PPN (ocecnmMmmeTpuyHbie 1 € 3a4aHHOM HGOPMOI BEPLLN-
Hbl IMTABHOIO JienecTka), To cevyeHue P3P, cnenyet coBMecTUTh C cedeHnem cooT-

BETCTBYIOLLNM n3nomy PPI.

BnnsiHne ananekTpuyeckom BTynKun
pacnpoCTpaHseTcs He TONbKO Ha Gpa3oBoe
pacnpegeneHne, HoO U Ha aMMINTYAHOe, HO
1 or - BO MHOIMX NMPaKTUYECKNX Cy4asix UM
MOXHO npeHebpeyb.

dnanektpuyeckas BTynka, puc 1.42,
paccuuTtaHHas no (1.18), npeacraenser
co0boi1 3anoNHEHHOE AN3NIEKTPUKOM TOPOU-
noo6pa3Hoe Teno BpaLleHNs HeKOTOPOW
3aMKHYTOI NOBEPXHOCTU, CEeYEHNE KOTOPO-
ro Ha puc. 1.42 3alWTpuxoBaHo.

\/ -y +y Ocb BpalleHVs 3aMKHYTO NMOBEPXHO-
\L_/'r\k CTM CMeLLleHa OTHOCUTESIbHO OCK pyrnopa Ha
i paccTosiHue I, paBHOe paguycy BONHOBOAA.
MaTepuan BTynku AOJIXEH UMETb Masible
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Tennosble NoTepu. AnanekTpnyieckas NpoOHNLAEMOCTb MaTepmnana BolbnpaeTcs
Taknum 06pasom, 4ToObl pasmepbl BTYSIKU HE MPeBbILIAnn JOnyCTUMbIX NPeaesos.

Kaxxpas cTopoHa BTYNKM AOJ/KHA BAMATE ILLb HA Jy4n, UCXOOsALWmMeE N3 npune-
ralowemn K Her To4kmn. NMoaToMy OHa HE A0sKHA BbIXOAUTb Ha APYryl0 CTOPOHY OCK, a
B obnactu Touek P, Py pomxHa orpaHnymearecs nydsamm PP, n P,P3, cooteeT-
CTBEHHO (cM. puc. 1.41). Kpome TOro, npu 60nbLUNX 3HAYEHUSIX €, AMaMeTP OTBep-
CTUS BTYNKM (2 i) BOMKEH ObITb 60JbLLIE KPUTUHECKOrO pa3mMepa BOJIHOBOAA A1s
camMoW OIMHHOW BOJIHLI paboyero guanasoHa.

OanH N3 nccnepoBaHHbIX BApUaHTOB BTYJIKU (CM. puc. 1.42) h obLiei BLICOTOW
COCTOUT U3 [IBYX YacTen. BepxHas 4acTb BTYSKM (BbICOTON hy) 1 ee HUXHSAS YacTb CO

CTOPOHbI OCK pyrnopa paccunTbiBaeTcs no (1.18), a npuneratowas K cTeHkam pyrnopa
HWXXHSS 4acTb (BbICOTOW hy), UMeeT KOHMYEeCKyo GOpPMY C YINIOM o, PaBHbIM NOJIO-
BMHE yrna pacTtBopa pynopa.

9kcnepumeHTanbHble [1H cuHdasHoro PA v 6a3oBoro nonypacdasvpoBaH-
Horo pynopa (2R = 140 mm, 2a.= 30°, 2r = 30 MM), U3MeEPEHHbIE B JallbHEN 30HE HA
yactoTtax: 10 My, 11 My n 12 I'Mu, nokasaHbl Ha puc 1.43, 1.44 n 1.45, cooTBeT-
CTBEHHO.

CneBa paHbl JH pynopa 6e3 BTynku, a cnpaea — ¢ GTOPONIacToBON BTYJIKOWN
(e=2,2), npodunb KOTOPOM NokasaH Ha puc. 1.42.

[H pynopa ¢ BTynkoi no ceoei ¢popme npudnuxatoTcs kK H 0ObIMHHOro CUH-
das3Horo pynopa, MMeloLLLEr0 PaBHbIN pa3Mep packpbiBa, HO 60/bLUY0 AAvHY. Ho B
OT/IMYME OT HEro rnaBHbIN nene-

ctok Pl Ha 06eunx nonsipusaumsax | 220 oo 2 40 X 20 2 20 A«

MMeeT NPaKTUYECKW OANHAKOBYIO J o / C erynor

LLUMPVHY, YTO CBA3AHO C BJIMAHU- % 10 \\ ==-—nn.H F P i‘

€M BTYJIK/ He TOJIbKO Ha (aso- /', "\ ,l W

BOE, HO U Ha aMMAnTygHOe 7 x _\r\\ r A\

pacnpegesieHne, KOTopoe npu y, Va' | D

pacyeTe BTYNIKM HE YHUTbIBANOCh. | | [Bessrymm] \ C= '\" 3005 “’7 "'
Koc—)d)d)mumerw yCUieHus Puc. 1.43

pyrnopa c BTY/IKO COOTBETCTBYET

ycuneHumio cuHdasHoro pynopa, 40 200 0 200 40" 40 200 0 200 40

MMEIOLLLEro TOT Xe pasmep v e C eryn«oit

packpbiBa, a 6e3 BTY/IKM — Ha l' 10‘\ —=—-—nn.H / o

1,5+2 gb meHbLIe. 3TK noTepu 4 f \

YCUEHMSA NOJIHOCTbIO COOTBET- A \.

, 20— - 20 %y
cTBYIOT (CM. puc. 1.4) dpa3oBsbim [l \T LT \
NCKaXXEHNSIM B €ro packpbiBe, H7"| 5es arynim s N\ LY/ o “\
COCTaBNAIOLINM B UCC/IeA0BaH-

HoM amanasome 108+133 rpagy- Y€ 1-44

ca. 400 200 0 20 400 40 200 0 20 40
9kcnepumeHTanbHbie OH 121y C srynoii

pacdasuposanHoro P, nveto- Y, N | === _mn

Lero ocecuMmeTpuyHyio JH ¢ 10 N X 10 N

3agaHHO pOPMOII BEPLLNHBI, U N AR 1 "\

6a3oBoro PP nokasaHbl Ha / H 2y v N 20 \ /\‘-‘

pMC'1 46. d I;e3 BTYJIKU v f/ \\ \ I \}‘
CneBa npuBegeHbl [IH 06bIy- -30a5 -30a5

Horo PP (6e3 BTynku), acnpaesa Pwuc. 1.45
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40 200 0 20 40 40 20 0O 20 40| — AH PO (c ¢ToponnacToBon
NAQ [[——e | ], o | | BTYNKO#, £=2,2). OTa TOPOMI006-

/,
)
/,_: o\ oz =mH ] o pasHas BTysnka 6blia paccymMtaHa
‘I
;

‘\\\ ) aHanornyHo npegbioyuiein. Ho B

W\ / \ 3TOM ciydae cuHdasHoe

pacnpegeneHme aMmnanTygpl
J 17 I\ v i nons Ob10 CO3[4aHO Ha CEeYEeHUN,
8085 pPaBHOM CEYEHMIO M3/10Ma ONTU-
Puc. 1.46 MU3npoBaHHoro PPU.
OH pacdasuposaHHoro P/,

Ha 06eunx Nonsipmu3aumax NOAHOCTbLIO MOEHTUYHbI [IH COOTBETCTBYIOLWErO ONTUMUN3N-
poBaHHOro PPU, xoTs B aHHOM cxeme Manbii CMHGA3HbIA Pyrnop 3aMeEHEH BTYJIKOWN,
KOTOpasi N03Bonuaa Noay4nTb oanHakosble ¢ PPV IH npu 3Ha4YnTENbHO MEHbLLUEM
NpPoAOSIbHOM pas3Mepe pynopa, PaBHOM pa3Mepy OCHOBHOIO pynopa, MCNosib3yemMo-
ro B cxeme PPU.

leomeTpuyeckune pasmepsl P, nmetowero sagaHHyo WUPUHY 1 GopMy rmaBHO-
ro flenecTka onpenensioTcs rno TOW Xe METOAMKE U TEM Xe dopmMynam 1 rpadukam,
yto n PPU (cm. paspen 1.4.2), HO npu 3TOM pa3mep 2R, JOKEH COOTBETCTBOBATL

He CeYeHUIo n31omMa, a ceveHmnto PP, Ha KOTOPOM HEOBXOAMMO NPU NMOMOLLM BTYKMK
co3paTb CMHdasHoe pacnpeneneHme.

AnanexTpnyeckas BTyJIKa C YNPOLEHHbIM NpoduiiemM Takxe Nno3BoNgeT
NONY4YNTb XenaeMbln apdeKT, Tak Kak Ans ero AOCTUXKEHUS COBCEM HEODA3ATENLHO
CUHTe3npoBaTb Tpebyemoe da3oBoe pacnpenesieHne ¢ o4eHb 60NbLLION TOYHOCTLIO.
OHO MOXET 1 OTKJIOHATLCS OT HEro (OCUMNIMPOBATh), HO BETMYMHA OCUMISLMIA He
[0JKHA MpPeBbILAaTh JOMNYCTUMOW BENNYUHBI (~45°).

B aTom cnyyae npodunb BTY/IKM MOXET 3HAYNTENbHO OT/INYATLCHA OT PACHETHO-
ro, Ho, BbIOpaB Ty KN NHYLO Bosiee NPOCTYyio GOPMY BTYKM, SABASIOLLLYIOCS arnpoKCu-
Maumer pac4eTHOM, He0OBX0OVMMO NPOCYUTATb NOJIyYEHHOE MPU €€ NOMOLLM DaKTUN-
yeckoe ¢a3oBoe pacnpeneneHme.

PesynbTaThl, aHanornyHble npeablaywmnm (M. puc.1.46), 6b1m NonyYeHbl ¢
MOMOLLBIO BTYJIKM U3 NEHUCTOrO NOMNCTUPONA, BbINOJIHEHHON B BUAE UWINHAPA, B
KOTOPOM BbIPE3aHO ABa KOHYyCa C BEPLUMHAMMW, PACMAONOXEHHbBIMU HABCTPEYY ApYr
apyry, puc. 1.47. Takas BTynka sBAgeTcq (B HEKOTOPOM POAE) anpOoKCUMaLnen
TOpOMO0006pa3HON 1 NO3BONSAET 3HAYNTENBHO YNPOCTUTL €€ KOHCTPYKLUMIO U TEXHO-
JNIOrvto N3roToBeHus. MoXHO NCNONbL30BaTh BTYKM 1 APYrnX GopmMm.

Ecnu ¢popma BTYNKM BbIBUpaeTcs B COOTBETCTBUM C puc. 1.47, TO Ans ee naro-
TOBJIEHNSA HEOOXOAMMO MCMOJIb30BaTb MaTepuasn co 3Ha4YUTENIbHO MEHBLLLNM €, YEM B
NEePBOM BapuaHTE, Tak Kak B MPOTUBHOM Cjlydae MOryT CWJIbHO YBENNYNTLCSH OTpa-
>KEHUSI BHYTPb BOJIHOBOAA, MOTOMY 4YTO OTBEPCTME BOSIHOBOAA NEPEKPHLITO BTYJIKON.
[Mpu Manbix 3HAYEHUSIX € Takas BTYJIKA MOXET
HEMHOIO BbIXOOUTb U 32 Npeaenbl Iy4en,
OrpaHNYMBAIOLLINX €€ pa3Mepbl, O KOTOPbIX
roBOPWIIOCh paHee, 6e3 3aMeTHOro yxyauie-
HUA ee BAMAHMA Ha [H.

OO6nacTb NpUMMeHeHUus MeToga pacue-
Ta AN3JIEKTPUYECKNX BTYJIOK, UICXOAA 13
JNIy4EBOro NpeacTaBneHna nons B pynope, He
OrpaHNYnNBaETCs PACCMOTPEHHbLIMW BapUaH-
TaMmu ON3NEKTPUYECKUX BTYSI0K, MO3BONSAIO-

Puc. 1.47
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LWK1X co3aaTtb cMHdasHoe pacrnpeneneHme B 3agaHHOM CedeHnmn pyrnopa. dT1ot
MeTo[, MOXHO MCMOJIb30BaTb U B TOM cllydae, koraa TpebyeTcs He yMEeHbLUUTb, a
YBENMNYUTb pachasmpoBKy pynopa nian co3nath B €ro packpbiBe (v 3a4aHHOM
cevyeHnn) kakoe-nmbo cneunanbHoe ¢pa3oBoe pacnpeneneHme. JaHHblii MeTon,
PacCMOTPEHHbIN 30eCb MPUMEHNTENBHO K KOHMYECKUM pyrnopam, MOXeT OblTb pac-
NMPOCTPaHEH N Ha NMpaMunaasnbHbiE PYNopbl.

[Mpu noMoLmM BTYIKM MOXHO BO34ENCTBOBATb HE TOJIbKO HA ANDPaAKLMOHHBbIE
nons, HO 1 Ha NPSIMOE n3ny4eHne pynopa. o aTomy xe MeToay MOXHO paccymTaTb
KOHpUrypaunio BHYTPEHHEN (M BHELUHEN) FPaHULLbl ANINEKTPUKA, 3aMOJHSAIOLLENO
BHYTPEHHMIN 06beM pyrnopa, 4ToObl CAeNaTb ero BANSHNE NO3UTUBHBLIM (CM. FaBy
3). Bonee ToYHbLIN pacyeT OOMKEH YYNTbIBATb BO3AENCTBME ONINEKTPMKA HE TONBKO
Ha ¢pa3oBOEe pacnpeneneHmne, Ho N Ha aMnanTygHoe.

Mpeunmyuwectea P (No cpaBHEHMIO C 00ObIYHLEIMK pyriopamu 1 ¢ PPU), obecne-
YMBaEMbIE 33 CHET MPUMEHEHNS OANINEKTPUKA: BINSHVE HA HaNpaBfieHHbIE CBOMCTBA
6e3 n3ameHeHns pasamepoB 6a30BOro pynopa.

OT0 No3BONSET U3MEHUTbL ONpeaeneHHsbIM o6pa3om [IH yxe cylecTBylowmx
pynopHbIx obnyyaTenen u/unm cuHTeanpoBaTth Tpebyemyto JH ¢ 3agaHHOW wmpu-
HOW MMaBHOro fIenecTka Npu MeHbLUIEN AJIMHE Pyrnopa, eC/IM HA HEE MMEETCS OrpaHm-
yeHue, a Takxke nonyuntb [JH, aHanornyHele PPU, npu 3Ha4YMTE€NbHO MEHbLUNX MPO-
[OJIbHBIX pasMmepax.

Mnarta: ycnoxHeHne KOHCTPYKLUMN, MOSIBJIEHNE TEMJOBbIX MOTEPbL, OrPaHNYEHNS
MO MOLLHOCTU, yXyALIEHNE COMrNMacoBaHns C NUTAKOLWMWM TPAKTOM, YMEHbLUEHME (MO
cpaBHeHuo ¢ PPU) nonockl 4acToT, B KOTOPOWM COXpPaHATCA onTuMasbHble OH.

1.4.5. Pynopsi ¢ nornoturenem (PI)

M3 pasHbIX NCTOYHMKOB M3BECTHO, YTO YMEHbLLUEHWE YPOBHS GOKOBOIO MU3y4e-
HUS PYMOPHbIX @aHTEHH MPY MOMOLLM MOMOLWALWEro Mmarepmana, HaHECEHHOroO Ha
CTEHKU pynopa nnuv Ha ¢pnaHew, pacnosioKEeHHbIN NEPAEHANKYNIAPHO K €r0 OCU, He
ABNAETCH ONTMMasIbHbIM.

B nepBoM cnyyae, Hapsay ¢ yMeHbLLIEHNEM YPOBHSA OOKOBOIO U3Ny4YeHus,
HabnoaaeTcs yMeHblUeHVe KoapdULIMEHTA YCUIEHNS, @ UHOTAA U U3BMEHEHUE
¢dopMbl IMaBHOro NIENecTka, 4TO He BCerga Jonyctumo. Bo BTopom crnyvae cektop
noaasneHns 6OKOBOIo U3Ny4eHMst OrPaHNYMBAETCS TOJIbKO 3aAHUM MOJTYNPOCTPaH-
CTBOM.

Mcnonb3oBaHue xe B PN nornowato-

LWMX HacaaoK C ONTUMasibHbIM YIJIOM ;
pacteopa [36], [32], [29], koTopblin Ans o, |
pasHbIX PynopoB pas3finyeH, No3BonseT !

YMEHbLLUWTbL YPOBEHb OOKOBOIO N3JyYEHMS B o R
H ;

LUIMPOKOM CEKTOPE YIOB NPU COXPaHEHUN

ycunenus u Gopmel rmasHoro nenectka JH. / Hacanka
OnTMM3npoBaHHbIl Pl (KOHWMYeCKnin | Mornomtens

WM NnpamMmnaanbHbiid, CUHGA3HbIN Nn

pacdas3npoBaHHbIN) oTM4aeTcs oT 6a30- a

BOr0O pynopa Tem, 4TO K KpOMKE ero 2r |
packpbiBa NpUCTbIKOBaHa Hacaaka c onTu-
MaJibHbIM YIIOM PacTBOpa, Ha CTEHKN KOTO-
pOW HaHeCeH NornoTuTenb, puc. 1.48.

1
l
|
!
I Pyriop
|
|
|
]

Puc. 1.48
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O603Ha4YeHne OCHOBHbIX FEOMETPUYECKNX pa3MepoB KOHuYeckoro PI1 (cMm. puc.
1.48): 2Ry n 204 — pasmMep packpbiBa 1 yron pacTBopa Hacagku, COOTBETCTBEHHO;
2R 1 20. — pa3mMep packpbiBa 1 yron pacteopa 6a3oBoro pyrnopa, COOTBETCTBEHHO;
2r — guameTp BOJSIHOBOAA.

OnTuUManbHbIA Yron pacTBopa Hacagkm pynopoB ¢ 0CeECUMMMETPUYHbIM
MaBHbIM J1IENecTKOM U SIPKO BblPaXXE€HHbIMU MUHUMYMaMU MeXAyY MaBHbIM 1 nep-
BbIMY GOKOBbLIMW JiIENeCTKamMm B 06LEM Ciydae A0J1KeH ObiTb MPUMEPHO PaBeH
LWMPpWHE rNaBHOrO nernecTka no Hynsam 6a3oBoro pynopa 6e3 Hacaaku:

2ay = 20,

roe 26, — WuprHa rMaBHOro fenecTtka no Hyasm 6a30Boro pynopa, kotopas
MOXET ObITb HanaeHa NMO0 PacYeTHLIM MyTeEM, MO0 3KCNEPUMEHTASBHO.

OnTuUManbHbIiA yron pacTteopa Hacagkm cuH@asHbix P (nnuv gpyrmux pyno-
POB C pa3HO Ha pa3HbIX NONAPM3aLNAX LUMPUHOW MMaBHOIO NernecTtka) BbibupaeTcs
NCXOAS U3 3a4aHHOro pexuma ero paboThbl.

Mpu paGoTe pynopa Ha oAHOI NnonaApu3aLmumn 20y LOMKEH ObiTb Pa3HbIM U
COOTBETCTBOBATb 20, KAXO0WN N3 NIOCKOCTEN:

204 = 200, — AN MN.E, 2044 = 20py — anda nn.H.

MNpu paboTe pynopa Ha ABYX NOASPU3aUMNAX Yron pacTBopa Hacaakn 20,y MOXeT
ObITb PaBHBIM CPEAHEMY 3HAYEHMIO: 20y = (20 + 204y )/2 AW cneumanbHO
BbIOPAHHOMY 3HAYEHUIO, HO B npegenax: 204 < 2ay < 2ay.

C yMeHbLUeHVeM 20, YBENNHMBAETCS HE TONIbKO NoAaBsieHne YPOBHS GOKOBOrO

n3nyd4eHnda, Ho n BangHMe Hacagkm Ha rMaBHbIN NENECTOK, YTO MOXET npmnBecCTn K
AOMOJIHUTENIbHbIM TEMJIOBbIM MOTEPAM. C yBeJindyeHnem 20LH BNdaAHME Hacaakn Ha

rMaBHbIN IENECTOK YMEHbLLIAETCSH (MM UCKIOYAETCS), HO YMEHbLUAETCS N CEKTOP
noaasneHns 60KoBOro nanyydeHus. NMoatomy cneayet BbIGUpaTb KOMMPOMUCCHbIA
BapMaHT.

LLinpviHa rnaBHOro nenecTka 0Obl4HbIX CUHGA3HbIX PYNOPOB MOXET ObITh Onpe-
nenenano (1.3)+(1.6).

[ns 06bI4HOro KOHMYECKOro pPyrnopa, KOTopbIi NoYTK Bcerga paboTaeT Ha ABYX
nongpusauusx: 26, = 2arcsin(1,22/2R\) — B nn. E, 26,4 = 2arcsin(2R) — B nn. H,
roe A — AJinHa BOJHbI, 2R — amMameTp packpbiBa KOHNYECKOro pynopa.

[na 06b14HOro NupaMmaanbHoro pynopa: 20 = A20g — B 1. E, 20,5 = 3020y
— B nn. H, rae 2ag n 20y — pasmMep packpbiBa nMpaMmmnaansHoro pynopa s ni. En
nn. H, COOTBETCTBEHHO.

Cxema cuHdasHOro nupaMmuaanbHo -
ro Pl ¢ npsamMoyronbHbIM BOSTHOBOAOM
nokasaHa Ha puc 1.49.

PI1, npegHa3HayYeHHbI ons He3aBun-
CUMOV paboTbl HA ABYX MNOASPU3ALUSIX,
OO/KEH MMETb KBaApaTHOE CevyeHme BOJI-
HOBOAHOIO BbIXO4A.

Mornowaowasn Hacagka nMpamm-
nanbHoro Pl MoxeT ObITb pacnonoxeHa
B 0OHOW Unun B 06eunx nnockoctax. OHa
MOXET UMETb B Pa3HbIX MSIOCKOCTAX OAM-
HaKOBYIO UM PA3HYIO BbICOTY, a TaKXe
OOVHAKOBbIV UM Pa3HbIN Yrof Hak/IoHa

23HH|

Puc. 1.49
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Bes Hacanku
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Puc. 1.50

OTHOCUTENBHO Ocu. Bece 3aBUCUT OT HadHaveHnsa Pl n npeabsaBnsembix K HEMY Tpe-
6oBaHuI.

AuvarpamMmbl HaNpPaBJIEHHOCTU CMHGA3HOro NupammaansHoro Pl Ha BOSHE
26,8 MM, U3MepeHHbIe B AanbHen 30He, npuBeaeHsl Ha puc. 1.50.

Paamepsl pynopa: 2oy = 1,8\, 2ag = 1,40, h=1,1A, oy =48°, oyg =41°, 1= 2,5,

Mornowaowasn Hacagka ¢ yrnoMm pacteopa, HAMAEHHbIM N0 N3JIOXKEHHOW BbiLLE
MeToAMKe, 3Ha4YMUTENIbHO YMEHbLUAEeT YPOBEHb OOKOBOIO U3/y4eHnNsl, 0COOEHHO B
nn.E, npakTuyeckn He BNUSS Ha MaBHbIM 1enecTok. 3aMeTHOro yMeHbLLIEeHNS KO3d-
dUUMeHTa YyCUNeHns npm aTom He Habnoganoch.

OnTumManbHbIiA yron pacteopa Hacaaku PPI (PP c nornowatowei Hacaa-
KOW), LUMPWUHA MaBHOro NenecTka KOTOPbIX MO HY/ISIM YETKO HE BblpaXeHa, onpeae-
NFeTCHA NCXoas N3 TOro, YTO MMaBHbIM NENECTOK TakmMx pynopoB dopMunpyeTcs, B
OCHOBHOM, HE pa3MepoM anepTypsbl, a YrI0M ero pacTesopa.

LLlnpwvHa rmaBHOro nenectka pacdasmpoBaHHOro pynopa s na. H npyumepHo
paBHa yrny ero pacteopa, a B ni. E (npu pacdasumposke 1,5+2,0 &t n 6onee) — yrny
pacTBOpa COOTBETCTBYET YPOBEHb, PaBHbIl npumepHo —(10+15) ab.

B o6uwem cnyyvae gna PPN Heobxoaumo cobnioaath creayiolee yeinoBue:

20y > 20, rge 2oy — Yros pacteopa Hacanku, 2o, — yroJ pacTtsopa pyropa.

OnTuManbHbIiA yron pacteopa Hacagku PPUIN (PPU c nornowatowen Hacaa-
KOW), Kak 1 Hacagkm PPUHK, BbiIOMpaeTcs ncxoas n3 Toro, 41o B opMmnpoBaHnum
rMaBHOrO SIenecTka 3TOro pynopa y4acTBYIOT M Jy4un, AndparnpoBaHHbIE HA N3JIOME
(cm. puc. 1.32), a 3a npegenaMmun nx oeicTBna Ha4nMHaeTcs 30Ha OOKOBOro nany4ye-
Hus. [o3TOMYy ONTUMasbHbIA Yroa pacTBOpa HACaaKy 3TOr0 pyrnopa MOXHO OrpaHu-
4MTb C ABYX CTOPOH: 2345 2 204 > 20y, A€ P15 — Yron, 06pasoBaHHbIfi OCbIO pynopa
M MPAMOW, COEAMNHSIIOLLEN NMPOTUBOMOJIOXHbIE

OT OCM TOYKM packpblBa pyrnopa v cevyeHus 2Ry
n3noma, B4, = arctg [Rs tgan/(Rs-Rq)]. 2R2|

Jna noNHOro UCKIOYEeHNS BANSHUA s ;
NorfOTUTENSA Ha rMaBsHbIn nenectok [H (1 Ha GH/p4 i2R1 Ps

KO3 PULMEHT yCuieHms) 2oy MOXHO caenatb
HEeCKOJIbKO 6onbLue 23 15.

Pasmepsl 6azosoro pynopa (PPW): 2R, =
1,6M, 204 = 14°, 2R, = 4,61, 20, =707, 2345 =
110°. Pasmepsbl Hacapok: 2oy = 2a, = 70° 1 20
= 120° ¢ oanHakoBbIM pasmepom 2Ry = 7,3A\.

Onarpammbl HanpaeneHHocTn PPN (6e3
Hacazku) u PPUIM (¢ nornowaowmmmn Hacaa-
KamMn), UMetoLMMU pasHble yribl pacTBopa,
npuBeaeHsbl Ha puc 1.52.

P4

Puc. 1.51
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Puc. 1.52

Mpu 20y = 2a, = 70° (WTPUX-NYHKTMP), Kak 1 0Xunganoce, HabnogaeTcs BeCb-
Ma 3Ha4YMTENbHOE BAUSIHME HA MMaBHbI/ nenectok gaxe B nia. H. Mpu 2ay = 120°,
HecKosbko 6onblem yrna 2f4,= 110° (NyHKTUP), wWnpmHa 1 popma rnaBHoOro
fienecTka NpakTUYeckn He MeHsIeTcs, a NogaBneHne ypoBHS 6OKOBOIro U3y4eHns
BO BCEM, KOTOPOE B KPYroBOM CEKTOpPE Yr0B 34eCb He NokasaHo, BecbMa rnybo-
Koe.

Mornowalowme Hacagku o151 pynopoBs, yXXe MMEOLNX HU3KNIA ypoBeHb 6OKO-
BbIX JIENECTKOB (Hanpumep, oas pynopoB C MMMNeOAHCHbIMU CTPYKTYpamMmu), N03BO-
NS0T AONONHUTENBHO NOAAaBUTL YPOBEHb OOKOBOro M3nydeHust. B aTux cnyyasx yron
pacTBOpa HacaZku, Kak 1 BO BCEX PACCMOTPEHHbIX BbILLE Pynopax, A0/PKeH NpuMep-
HO COOTBETCTBOBATb LLUMPUHE MMaBHOMO SenecTka no HyNsam (Unv No YPOBHIO HMUXE
-20 nb) pynopa 6e3 Hacaaku.

JAByckaTHas nornoujaiowas Hacagka MoxXeT OblTb UCMOJIb30BaHa B TEX CIy-
yasx, korga Heo6xoAMMO YMEHbLLINTL YPOBEHb BOKOBOI0 N3JTyHEeHUS TOSIbKO B OOHOM
MIOCKOCTU, e ypOoBeHb OOKOBbLIX ENECTKOB Hanbonee BbICOK Ui rae TpebyeTcs
06ecneynTb NOBbILLEHHYIO MOMEXO3aLLMLLLEHHOCTb.

Ha puc 1.53 (cnea) nokasaH pynop ¢ ABYyCKaTHOWM NornowaioLei Hacaakomn
(oHa MeeT 4YepHbI LBET), a B LLIEHTPE 1 cnpasa npusegeHsl [1H atoro pynopa,
M3MEpPEHHbIE B MJIOCKOCTM, NPOXOASLLE COOTBETCTBEHHO Yepes3 KOPOTKUE U AJINH-
Hble oOpa3syoLmne Hacaaky Npy pasHoOM pacnosioxkeHnn eekTopa E.

Mcnonb3oBaHme Takom Hacaakm B ogHon n3 ABO [29] no3BOMIO CHU3UTbL YPO-
BEHb 3a[HEr0 U3Jly4eHUs aHTeHHbl Ha ~5 gb B nn. EmHa ~3 ob B H. Ho anga nony-
yeHns1 TpebyemMoro NosoXxmnTenbHoro adpdekTa Heo6xoaAMMo 06ecneynTb NIOTHOE
(6e3 3a30p0OB) NpuieraHne NOrnoLwaloLLEro MaTepmana kK CTeHkam pynopa, npuyiem
C «HaX/1IeCTOM».

Mpw pByCKaTHOWM Hacaake KpblLKa, 3aKpbiBaOLLAsA pacKpbIiB pyrnopa, Takke
nosy4aeTcs ABYCKATHOM, YTO (NP COOTBETCTBYIOLLEM PACMOSIOXEHMN pyropa)
[OMONIHNTENBHO YMEHbLLAET BEPOSITHOCTb CKOMJIEHUS HA HEli 0CaaKOB.

O6Lume npenmMylLIlecTBa ONTUMU3UPOBaHHbLIX PN (Mo cpaBHEHWIO C HEOMTUMU3NPO-
BaHHbIMK PI1), 06ycnoBneHHbIe ONTUMasbHbIMU YITlaMy pacTBOPAa NOMIOLLAILLMX
HacafokK: YMeHbLUEHME YPOBHS BOKOBOIO U3/y4eHUS B LUMPOKOM CEKTOPE YrTioB 6e3
BNMSIHS HA IMaBHbIN NENECTOK N 6€3 YMeHbLUEHNS] KO3PDULMEHTA YCUNTEHNS.

Mnarta (No cpaBHEHUIO C HEONTUMU3NPOBaHHLIMMK PI1): dpakTnyeckn «6ecnnaTHo».
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1.4.6. MHorony4eBo# n MHOorocrtyneH4artsivi PPU

MHoronyyesoin PPU, no3eonsiowmin chbopmMmpoBaTb MHO- 2
ronydesyto 1H, MmoxeT OblTb M3roTOBJIEH HA 6a3e NoYTn Ntobon “‘
Moandukaumm PPU. na 9T0ro B 3aTeHeHHo 06nacTy OCHOB- 34
HOro pyrnopa pacnosaraiTCs PacKpbIiBbl LOMOMHUTENbHbIX 4 4
CUH}a3HbIX PYNOPOB, YMC/I0 KOTOPbIX ONPEeaENaeTca nx uene- 1

BbIM Ha3HA4YEHNEM U BO3MOXHOCTbIO PACMOJIOXKEHUS B JAHHOW
(TeHeBown) 30He.

Ha puc. 1.54 nokasaH naTupynopHbIA BApUaHT KOHMYECKOrO
PPW [7]. OH cocTouT n3 manoro cuHdasHoro pynopa (1) n pac-
¢das3mpoBaHHOro pynopa (2), B TEHEBOI 30HE KOTOPOro (BbiLLE
nanoma 3) pacnonoxeHbl 4-e cuHdasHbIX pynopa (4).

Pynopbl 4 npyucoeanHeHbl K pynopy 2 Takum 06pasom, 4To
MX packpbiBbl 06pa3oBaHbl NepecevyeHnemM NnoBepxHOCTEN
3TUX pynopoB. PaccTosiHme oceli pynopoB 4 oT ocu pynopa 2
onpepnensieTcs HeobxoAMMbIM MOBOPOTOM MX [MaBHbIX ene- Puc. 1.54
CTKOB OTHOCUTENIbHO OCU OCHOBHOIO pyrnopa 1 BO3MOXHOCTbIO
pacnonoXeHns packpbIBOB 3TUX PYNOPOB B Npeaenax TeHeBon obnactn. Ocu
[OMOJIHNTENBbHbIX PYNOPOB MOTyT ObITb KaK napasniesbHbl OCY OCHOBHOIO pyrnopa,
Tak 1 HaKJTOHEHblI OTHOCUTENBHO HEE HA HEKOTOPLIN YroJl, 4TO NPMBEAET K AOMOHN-
TENbHOMY MOBOPOTY HANPAB/IEHUS UX TNIABHOIO U3JTYYEHUS.

Mpwn ncnonb3oBaHMK 4aHHOIro pyrnopa B kayecTse 0b6ydaTens 3epkanibHON
aHTEHHbI pPynop 2 SBNSieTCS OCHOBHbIM 00y4aTenem 1 obecneynBaeT NPakTU4eckm
CTOJb X€E BbICOKME NapaMeTpbl, kKak 1 00bl4HbIN PPU, Tak Kak ycTaHOBKa OOMOJIHU-
TENbHbIX PYNOPOB HE MPUBOAUT K 3aMETHBIM M3MEHEHUSM E€ro HanpPaB/IEHHbIX
CBOMCTB 1 COMMacoOBaHUs C NMUTAIOLLMM TPAKTOM, MOTOMY HYTO OHU HaXOAATCS B
TeHeBown 30He. Kpome Toro, ncxogHole IH oonoOAHUTENbHBIX PYNOPOB TaKXe HEC-
KOJIbKO YNy4LLAKOTCS 3a CYET BANSHUS HA HUX CTEHOK OCHOBHOTIO pyrnopa. 3amMeTum,
YTO NPY TAKOM PaCMOJIOXXEHUN Pa3BA3ka Mexay OCHOBHbIM U AOMOJIHUTENbHBIMY
pynopamu mana un coctaenset 6onee 20 gb.

JononHuTtenbHble pynopbl MOTYT CIYXWUTb AJ1s
dOpPMNPOBaAHMS MHOIOJTYH4EBOM MM BOPOHKOOBPas3- |
Hol [IH, ncnonb3yemoi s nefeHrauum unu apyrux || |
uenem. I

MuoroctyneHnuyatbii PPU, puc. 1.55, coctont I
13 HECKOJIbKMX NOCNEA0BaTENIbHO PACMONOXEHHbIX |

|
|
|

cekumii (B gaHHOM cnydae u3 Tpex: 1, 2 n 3) ¢ yMeHb-
walLwmmcs (ckadkamm) yrnom pacteopa. Pynop B
uenom npeacTtaBnseT cobom Heckonbko PPU (B paH- ol '
Hom cnyyae aga: PPU,_, n PPU,_3), kaxxpas cekuus 28— PPU,_5
KOTOPbIX (KPOME KPamHUX) BbINOHAET OO4HOBPEMEHHO 20, ! 2

poJsib Manoro (cuHdasHOro) pynopa n OCHOBHOIO i
(pacdaszmpoBaHHOr0), UMEKLLMX ONTUMalbHbIE pa3- Pl L PPU,
Mepbl. [1py 3TOM Kaxapii O4HEPEAHON N3NTIOM SBNSIETCS 205

packpbIBOM Masioro pynopa s npeabiayuiero (6onb- oR. [k 1

LIero) n3noma, BbICTYyMNaloLero Ass HEero B KA4eCTBe !

packpbiBa OCHOBHOIO pyrnopa, ecnm age cocegHne
CeKuum paccmMmaTpmBaTth kak ontumansHbii PPU (cm.
pasgen 1.4.1). Puc. 1.55

(l1|
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2R (204) n 2R, (2015) iBNSIIOTCA Ans PPU 5, anameTpom packpbisa (yrnom
pacTeBOpa) Masioro 1 OCHOBHOIO pyrnopa COOTBETCTBEHHO, a anst PPU,_3 nmn 6yayT:
2R2 (20(.2) n 2R3 (20.3).

MHorocTyneHuartbii pynop nmeeT ontumarsnbHble JH B HECKONbKMX (B 4aHHOM
cnyyae — B ABYX) pa3HECEeHHbIX Mexay coboli AnanasoHax 4acToT (ONTUMasbHbIe
YyacToThl ABYX coceaHux PPN MmoryT otnnyaTtbes B 3 — 4 pasa).

WwnpuHa rnasHoro nenectka JAH kaxporo PPN, onpepnensemas yrnom
pacTBOpa pynopa, BbICTynalowero s HEro B KA4eCTBE OCHOBHOIO, YMEHbLUA-
eTCs N0 Mepe yMeHbLUeHNs 3Toro yma (204 < 2a, b < 203). Mpn onTuManbHbIx

pasmMepax pynopa yribl pacTBopa COCeaHUX CEKLUM OTIMYaOTCA NPUMEPHO B
[Ba pasa, No3TOMYy NPUMEPHO B ABa pa3a OT/IMYaEeTCa U WUpUHa rmaBHOro
nenectka cocegHux PPU. N3-3a 60nbLlLO pa3HOCTM YINOB KaXaas Cekumns
60NbLWMM YrIOM pacTBOpa Ha MaBHbIi nenecTtok PPN ¢ MEHbLUIUM yriiom
pacTBOpa OCHOBHOIO pynopa BAUSHUSA HE OKa3bIBAET, a JINLLb YMEHbLUAET ypO-
BEHb ero 60KOBOro nsny4eHus. Pasosbie LeHTPbl (PL ;5 n DL, 3) pasHeceHbl
BOOJIb OCW Ha 3HAYUTENbHbIE PACCTOSAHUSA. OTO AaeT BO3MOXHOCTb CKOHLEHTPU-
poBaTb B KaXA0M N3 HUX SHEPIUIO0 COOTBETCTBYIOLWEro UM paboyero gmanaso-
Ha. PacyeTr reomMeTpmnyeckmnx pasmepoB Kaxaoro mHoroctyneH4datoro PPU ocy-
LeCTBNAETCA N0 MEeTOAVKE, N3NTOXEHHON B pa3aene 1.4.2, a onTumManbHas
OJIMHA BOJIHbLI onpeaenseTcs, ucxonn ns obecrnedeHns pacpasmpoBku, HEOOXO-
OVMOW Ons peanmsaynm rnaBHOro nenecTtka ¢ 3agaHHon GopMon BEPLLVHBI.

O6nacTb NnpuMeHeHns MHorocTyneHyatoro PPU noka He onpeaeneHa. He pac-
CMOTPEH 1 BOMPOC BBOAA-BbIBOAA SHEPIMN KAXO0r0 N3 Anana3oHOB BOJIH, XOTS
BO3MOXHOCTb PacrosIoXXeHNS COOTBETCTBYIOLLMX YCTPOMCTB B TEHEBOW 06nacTu
Kaxaoro n3 PP MoxeT oka3aTbCsl BECbMa NEPCMNEKTMBHOM, Tak Kak B 3TOM Clly4ae
OHU (KaK v AOMOSHUTENbHbIE PYNOPbl B PACCMOTPEHHOM BbILLE MHOFOPYNOPHOM
obnyyaTene) He AOJIKHbI OKa3blBaTb 0COO0Oro BANSHUS.

1.5. O6nyyatenn ans aHTE€HH C Pa3HbIM B r/1aBHbIX MJIOCKOCTSAX Ppa3MepoM
aneprtypsbi

1.5.1. lNocTaHOBKa 3aga4Yn n BO3MOXHbIE Crioco0bl ee peLueHns

na npyxnonsipm3aumoHHbIX aHTEHH C pa3HbiM BO B3aMMHO NepPneHAnKYNSapHbIX
MOCKOCTSX pa3MepomM anepTypbl HEOOX0AUMbI 00NyHaTenun, UMeloLwme OANHAKOBYIO
Ha 06eux nonsipm3aumsax, HoO pasHylo BO B3aMMHO-NEPNeHaNKYISIPHbLIX MIIOCKOCTSAX
LUMPUHY raBHOro nenectka. K Takum obnydatensiM OTHOCATCS: KOHNYECKMIA Pyrnop C
SNNUNTUYHECKUM N NPaMnAasnbHblii Pynop C NPSIMOYroJibHbIM PAcKPbIBOM, CHAGXeH-
Hbl€ UMMEOAHCHOW CTPYKTYPOW, HANpUMEpP, B BUAE KaHABOK U amanekTpuka. Ho
KOHCTPYKLMS 1 TEXHONOMNSA N3roTOBIEHNSA 3TUX PYNOPOB (0COBEHHO KOHMYECKOr0)
BecbMa cnoxHa. Kpome Toro, atm pynopsl, Kak 1 opyrme pynopbl C KaHaBkamu,
MMEIOT OrpaHnyeHne No MOLLHOCTHU.

3HaunTenbHO 6051ee NPOCTLIMU MO KOHCTPYKLMK N TEXHONOMMW N3rOTOBNEHNS
ABMAOTCS KOHM4Yeckme u nupamuaaneHele PPU ¢ rnagkummn cteHkamm, nMmetrowme
pasHble yribl pacTBOPA BO B3AMMHO-NEPNEHANKYNAPHBIX MIOCKOCTAX U SAAMATUYe-
CKNI UM NPSIMOYTrOJIbHbIA PACKPbIB, COOTBETCTBEHHO. [1pOBEAEHHbBIE NCCNEN0BaHNS
nokasasnm BO3MOXHOCTb CMHTE3MPOBATb y Takux PP guarpammy HanpaeieHHOCTU C
rMaBHbIM IENECTKOM, OOMHAKOBbLIM HAa ABYX NMOASPU3aLMax, HO Pa3HbiM BO B3aMHO
nepneHanKyNsPHbIX MIOCKOCTSAX, YTO AOCTUraeTCs TOIbKO 32 CHET NPaBuIbHOro
BblOOpa reoMeTpMUyecKnx pasmepoB pynopa.
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1.5.2. PPU ¢ anmmntnyeckum packpbisom (PPU3p)

PPWap, puc. 1.56, kak n gpyrne PPU, coctouT, puc.
1.57, n3 manoro cuHdasHoro pynopa 1 n OCHOBHOroO pac-
dasunpoBaHHOro pynopa 2. Ho ocHoBHOI pynop nmeeTt
ANIMNTUYECKNI PACKPbIB U CYLLLIECTBEHHO Pa3HbI€ B MJ10-
ckocTax AA' v BB’ yrnbl pacteopa (20" = 2ai,""). MNpu aTom
Masbili pynop MOXEeT OblTb BbIMOJSIHEH B BUAE 3IMATUYE-
CKOrO M KPYroBoro KOHyca.

PPWNap no ceomnm ceorcTBam aHanormdeH KoHndeckomy PPU ¢ kpyrnbim
pPacKpbIBOM, HO LUMPWHA E€ro MaBHOrro IenecTka OTIMYaeTCd No NIOCKOCTAM B
COOTBETCTBUE C Pa3HbIMUY yrilaMmun pacTBOpa OCHOBHOIO pynopa.

OcCHOBHble reomeTpuyeckue paamepsbl PPNap ¢ 3agaHHON LWWMPUHON 1 hop-
MOW IMaBHOro nenecTka onpenensioTcs B 3aBUCMMOCTY OT YIoB 20, U 2a,” Mo
MeToaMKe, N3NOoXeHHOoN B pasaene (1.4.2), otaenbHo onsa nnockoctn AA' n BB'.

Pasmep manon nonyocu snnmntn4eckoro packpeisa PPNap — Ry’ onpenenser-
CH B 3aBUCMMOCTU OT YINa ol,', COOTBETCTBYIOLLLEro MiockocTn AA' (an'< an'').

Mpw 3apaHHOM 3Ha4YeHUn pacdasnpoBKM, COOTBETCTBYIOLLEN BbIOPAHHOM Ans
3TOW NIOCKOCTN POPME BEPLLUHbI MAaBHOMO SIenecTka 1 KPyTU3He ero ckatos, Ry’
paccuuTbIBAETCS, Kak 1 paguyc packpbiBa 06bi4HOro PPU, no (1.8) nam (1.9) nnn
onpepensieTca no rpadukam, npuBedeHHbIM Ha puc 1.12 +1.15 ¢ yueTom TOro, 4TO
Ry =Ry, oy =ay'.

Pasmep 60nbLLoM N0AYyOCH SIMNTUYECKOro packpeisa PPUap — R, onpepe-
JI9eTCs B 3aBMCMMOCTHN OT yr1a oy’ 1 yXe HaiAeHHOro 3Ha4yeHnsa pasmepa Masom
nosiyocu no cnepytowen dopmyne: Ry” = Ry'tg a''/tg a'.

Pa3amepbl nonyocei cevenuns nanoma PPNap onpegenatotcs no (1.10) nnum
(1.15) nnm no rpadukam puc. 1.16, ncxopsa ns Toro, 4to npu pacyete Ry': R, =Ry,
ao= oy, anpu pacydete Ry": Ro=Ry", ao=ay".

Yrnbl pacTBopa Manoro pynopa 204’ 1 2a4"’ onpegensioTcs B 3aBUCMMOCTHN OT
Ry n Ry" n3 ycnosus (1.16), nonaras (B cny4ae anamnTM4eCcKoro Manoro KoHyca),
4yTo Npwu pacyete a4": Ry = Ry’, a npu pacyete a4": Ry, = Ry’ (Npun ncnons3osaHum
KPYroBOro KOHyca BblOMPAETCH MEHbLLEE 3HAYEHNE O.4).

®azoBblI LeHTp PPUap (kak n PPU)
pacnonoXeH NPUMEPHO MEXAY CEHEHNEM -
M3710Ma U BEPLLUMHOWM OCHOBHOIO pynopa
(1.17). Ho Tak kak ce4yeHne nsnoma aToro w
pynopa B KaXAoW 13 nNi0CKOCTEN HAaX0aNTCS ‘y B

2y

Puc. 1.56

NN

Ha pPa3HOM PaCCTOSHMM OT PacKpbIBA, TO 'Sy
cnenyeT NMPUHATb YCPeOHEHHYIO BENNYNHY. "
Pacda3vpoBka 0CHOBHOro pynopa npwu LN
onpegnenexnn R, no (1.7) otnmnyaetcs no :
nnockocTaMm. NoaTomy ByaeT oTanyaTbCs 1
KPYTU3Ha CKaToB MMaBHOMO nenecTka, u
¢dopma ero sBepLlunHbl. Ecnmn ay'< a,'’, TO B
nn. BB’ kpyTn3Ha ckaToB rMaBHOro fienecTtka
Oonblle, a BepLlurHa — 6onee n3pesaHHas,
yem B nn. AA'. YTo6bl NoNy4nTh B N106OM

iA’
Puc. 1.57
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7. 58) - / AR AN CI'I)J;Cb)CKCI)_I(;TI/I, ﬂpOXO,EI,ﬂVU.LeVI yepes
A—- —— \ py pau, rMaBHbIM NenecTok

4 20 ‘.“ E ‘IYI' 20 ,\\\ WMAOEHTUYHOMN HOPMBbI, HEOBX0aN-

- ,,' ® :A‘_V [+ » \\\\ Mo obecneunTb paBHYylO pacda-
L o HT™ A 1H 5 h.\ || 3MPOBKY OCHOBHOIO pyrnopa BO
-80" -40° 0 400 80°-80" -40° 0 400 80°| pcex NMiOCKOCTAX. OTO gocTura-

Puc. 1.58 €TCS NSMEHEHUEM [JINHbI Er0
obpaayoLlei.

Mpw paBHo pacdasnposke (n = const) annHa obpasyioLleli OCHOBHOIO pyrnopa
paccuuTbiBaeTCcsa no ¢popmyne: Ly’ = Ry/sinay, roe Ly, ay', Ry’ — cOOTBETCTBEHHO
OnvHa obpasyloLLeit, MoNoBUHA yra pacTBopa U paguyc packpbiBa pynopa B no-
CKOCTU, NPOXoAsLLel 4epes3 OCb pynopa nog, yrfiioM ¢; OTHOCUTESIbHO MIOCKOCTU AA',
rae yron pacteopa OCHOBHOIO pynopa paBeH 2a.,'.

B aTom cny4vae ceveHune pynopa B na. BB’ nonydaetcs apyckatHeiM. 3TO faeT
BO3MOXHOCTb 3aKpbITb PACKpbIB TAKOro pyrnopa, kak 1 pynopa ¢ ABYCKaTHOM Norno-
wiatower Hacagkon (cm. puc. 1.53), ABYyCKaTHOM KPbILLKOW, NPeACTaBNSAOLLEN
coboi aBe NIOCKOCTW, pacnosioXXeHHbIe No4 YoM ApYr K Apyry U npoxoaswme
yepes TOYKU, COOTBETCTBYIOLLME PABHOM pacha3npoBKe B ABYX B3AMMHO NepneHan-
KYNSIPHBIX MJIOCKOCTSIX.

Ounarpammel HanpaeneHHocTn PPUap (2R, = 6\, 2R, = 8,1, 2R," = 1,61, 2R,”
=1,2\, 2a,'=70°, 2a,"'= 100°) B nnockoctax AA' n BB', namepeHHsie B ganbHer
30He, NokasaHbl Ha puc. 1.58.

CpaBHeHMe NokasbiBaeT, 4TO Ha 0beunx nongpusaumsx (E n H) JH B npepenax
rMaBHOro flenecTka A0CTaTOYHO XOPOLLO coBnagatoT Ao yposHs —(10+12) ob, a nx
wnpuHa no ypoeHto -10 b otnnyaetcs npumepHo B 1,4. pasa, T. € B COOTBETCTBUMN C
OTHOLLUEHUEM o' /oy’ = 1,4.

Mpeunmyuiectea (No cpaBHeHuio ¢ PPUN), o6ycnoBneHHble pa3HbiMy B pa3HbIX
MJOCKOCTSAX yrnamMu pacTBopa: pa3dHas B PasdHbiX MIOCKOCTSX LUMPUHA IMaBHOMO
fienecTka rnpu CoXpaHeHnn ero 0aMHaKkoBOW LUMPUHBLI HA 06eunx nonspmusaumsx.

Mnata: HEKOTOpPOE YCNOXHEHNE KOHCTPYKLMKN NO cpaBHeHUIO ¢ PPU, HO 3Haum-
TENbHO MEHBbLLEE, YEM PYNOPOB C MMNEAAHCHBIMU CTPYKTYPaMU, MO3BOMSIOWVMMI
NOJY4UTb aHANOMNYHbIA 3D PEKT.

1.5.3. PPU c npsamoyronbHbiM packpbiBom (PPUnNp)

PPWURp, kak n nupamunagansHeii PPU ¢ kBagpaTHbIM packpbiBOM, COCTOUT N3
Manoro, CMH$asHoro, 1 OCHOBHOIO, pac¢a3mpoBaHHOro, pynopa, Ho OCHOBHOM
pynop MMEET HE KBaApaTHbIN, a MPAMOYIrOJibHbIM PACKPbIB 1 Pa3HbIE B ABYX B3aIMHO
nepneHauKynspHbIX MIOCKOCTAX Ykl pacTeopa. o ceomnm ceoncteam PPUnp aHa-
norvyen PPUap.

OcHoBHble reomeTpuyeckmne pasmepbl PPUNp, puc. 1.59, npn 3agaHHon wnpu-
He 1 dopMe rMaBHOro sienecTtka MOXHO NPUBMXKEHHO ONPEOENUTb MO aHaNornu ¢
PPPap, 3ameHus Ry, Ry, Ry, Ry" Had)', d,", d¢', dy”, cooTBeTCTBEHHO. [1pn 3TOM
Nydlime pesynbrathl, Kak 1 ans 06bl4HOro NnnpamunaansHoro PPU, nonyyatoTtes, ecnm
BennyiuHy d;' n d;"" ymenbwntb B 1,2+1,3 pasa.

Ana nonydyeHuns B 06emnx nnockoctax PPUNp paBHo pacdasnpoBkn pasmep
packpbiBa pynopa B na. BB’ npu ay'< a,'” onpegensetca n3 ycnosusi, HTO N paBHO
BeNMYnHe, 3a4aHHOoM npu onpeneneHnn d,'. B 3ToM criydae cTeHku pyrnopa B rno-
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ckocTn AA' BbICTYNalOT OTHOCUTENBHO CTe-
Hok BB'. OgHako ceveHune pynopa B ni. BB’
(1 ero KpbILKY) MOXHO cOenaTb AByCKaT-
HbIM, Kak 1 onga PPUap. v/ W
AvarpamMmmbl HaNpPaBJIEHHOCTU "

PPUNp, nmetowiero B rMaBHbIX MOCKOCTSX — ‘\mw /)<\20z'
HE TOJbKO pasHbI€ Yrbl PacTBOpa, HO U (A
pasHbIin pasmep packpbisa (2d,’ = 8,51, i
2d," =6,1A, 2d{ = 1,8A, 2d{" = 1,4\, 20,'= o ;_,_}‘5* . ,
50°, 20.,"'= 70°), u3MepeHHbIe B AanbHel o
30He, NokasaHbl Ha puc. 1.60. Pasmep
packpbiBa B nnockocTax AA' n BB’ aToro .
pynopa 6bln BbiOpaH, NCX0As U3 CoO3aaHns 2A, |
NpPYIMEPHO paBHOW PacdasvpoBKuN B 06EVX puc 1.59
naockocTsax. [ony4yeHHoe cooT-
HOLLIEHME LLIMPWHbI INaBHOTO Mn. BB' /T\ ‘4/—\ Mn. AN

20

-30

iy

0

o]

"
20,

nenecTka no yposHio —(10+12) 4 \”t“
Ab 30eck Takke NPMMEPHO f Ny
HA

pPaBHO OTHOLUEHUIO o'’ /aty'. v

Mpeumylilectea nnara 3a |-go° -40° 40  80-80° -40° 0 40 80"
Hux ana PPUNp Te xe, 4To v ona pyc. 1.60
PPUap.

1.6. O6nyyatenn ans aHTEeHH ¢ BbIHECEeHHbIM obs1yq4arenem (ABO)

1.6.1. TpeboBaHus, npeavsBAsIeMbie K 06ny4yaTtenam ABO

HeocecMMMEeTpUYHbIE aHTEHHbI C BbIHECEHHbIM 00yqatenem (ABO un PI1A),
MMeIoT BeCbMa cneumduyeckyio 0CO6eHHOCTb — X OCHOBHOE 3epKasio ABSETCS
JINLWb YacTblo ocecuMMeTpuYHoro napabonounga. Mpun atom pokyc napabononga (1
HaxoAsLWMNCS B HEM 06ydaTesb) pacnosioxeH NMbo 3a npegenamMmm packpbiBa 3ep-
kana, nMbo Ha ero nepudepun, T. €. BbIHECEH U3 LIEHTpa packpbiBa, puc. 1.61. Moa-
TOMY X 0ObIYHO W HA3bIBAIOT @aHTEHHAMM C BbIHECEHHbIM 00JTyHaTeNneMm.

Knaccuyeckas cxema ogHo3epkanbHoli ABO ¢ KpyribiM packpbiBOM (CM.
puc. 1.61) npeacrasnseT coboii Bbipe3Kky 13 napabononaa BpaweHus UIMHOPOM
nnameTpom D. Ocb aToro uunuHgpa napannensHa dokanbHon ocu (0Z) ncxogHoro
napabononga ¢ pokycom 0’ n cmelleHa OTHOCUTENBLHO HEE HA HEKOTOPOE PaccTos -
HUE (Xg), a BAnXHAS K PpoKanb-
HOWM OCU KpOMKa 3epkana ygane- X
Ha OT Hee Ha pacCTosHME X1, 1
npuy4em —xg < Xq < Xg (NPK X4 = Xq
OovnameTp umnmHppa, T. e.
packpbiB 3epkana ABO, BbIPOX-
naetca B 0, a npu x4 = -xg ABO -
BbIPOXAAETCS B OCECUMMETPUY-
HYIO aHTEHHY).

[aHHasa aHTeHHa umeeT 7|
BCEro NNLWb OAHY MNJIOCKOCTb
cummeTpum (X0Z), koTopyto no 0
aHanorum ¢ PINA 6ynem Hasbl- Puc. 1.61
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BaTb MPOAOJIbHOM MIOCKOCThIO.
lMnockocTb, MPOXoasLLyo Hepes
Toukm O'AA’ («nonepek» NJI0CKOCTH
CYMMETPUN), — MONEPEYHON NO-
CKOCTbIO aHTEHHBI. [1N0CKOCTb,
NPOXoasiLLyto Hepes Toukn AA’
napannenbHo GokKanbHOW OCU, —
Puc. 1.62 nonepeyYHOM NJI0OCKOCTbIO PaCKpbl-

Ba. Ecnu n3 tekcta 9cHO, 00 aHTEH-
HE WM packpbiBe UAET Peydb, TO YTOYHEHUSI MOXET U He ObiTb. Takoe 0603Ha4YeHne
MiOCKOCTEN pacnpoCTPaHMM U Ha HEOCECMMMETPUYHbIE 0byHaTenn, npeaHasHa-
YeHHble AN aHTeHH 3Toro Tmna. Yron pacteopa ABO B NpogosibHOM NIOCKOCTU 24,
=1 — 1, @ B MOMNEPEYHON MNIOCKOCTUN aHTEHHbI — 2.

OcHoBHas TpygHOCTL NMpu pa3pabotke ABO (1 PIA) 3aknoyaeTcs B CO30aHUM
0CEeCUMMETPUYHOro 1 (NP HeOBXOANMOCTN) PABHOMEPHOIO pacnpeaeneHuns
aMnAnTyObl NOAs B PaCKpPbiBE HEOCECMMMETPUYHOIO 3epkana.

Mpwn ncnons3osaHnn B ABO ob6yyatens C 0CECUMMETPUYHBIM MaBHbIM fiene-
CTKOM OCEeCUMMETPUYHOE pacnpeaesieHne B ee packpbiBe MOXET ObITb JOCTUTHYTO
TONIbKO C MOMOLLIBIO OAHOMO NN HECKOJIBKUX 3epKas CO crneymanbHbiM npodunem
NOBEPXHOCTU, YTO MOXET CYLLLECTBEHHO YCJIOXHUTb Pa3paboTKy 1 NPou3BOACTBO
TakuX aHTEHH. HeKOTOPOro BeipaBHMBAHUS aMMUTYAHOrO pacrnpeneneHns B Npo-
[0NbHOW NNOCKOCTN ogHo3epKanbHol ABO, o6yyaTesib KOTOPOM MMEEeT 0CECUMME-
TPWYHbI raBHbIA NenecTok, AOCTUraloT NyTeM NOBOPOTa ONTUYECKOW ocn 0by4a-
Tensi B CTOPOHY €ro ganbHen Kpomku. MNMpu 3ToM, 0gHaKo, yBENINYMBAETCH MEPEens-
Jly4eHMe 1 ypoBEHb BOKOBOIO MU3My4EHUS B HAMPaBAEHUN 3TON KPOMKMU, a BbINTPbILL
no KWUIM nony4yaetca HE3HAYUTENbHBIM.

Hanbonee pagukanbHbiM cnocobom yBennyeHns abPekTMBHOCTN OQHO3EpP-
kanbHbiXx ABO npu coxpaHeHnn (Mnuv gaxe yMeHbLLIEHNN) YPOBHS GOKOBOIo N3nyye-
HWA ABNSIETCS UCNONb30BaHWe obnydyaTesniein Co cneumanbHom (onTuManbHon) op-
MOW rMaBHOro nenectka, puc. 1.62, 0 KOTOPOW yXe YyNOMUHaNoChb.

OntunmansHaa H obnyyatensa ABO (npu npo4mx paBHbIX TpebOBaHUNAX, NPeabsi-
BNISIEMbIX K onTuManbHoi JH nioboro obnyyarens) 0omkHa UMeTb CUMMETPUYHbIN
(cMm. puc. 1.62a) rmaBHbIl 1enecToK B NONepeyYHo NA0CKOCTN N aCUMMETPUYHbBIMM
(cMm. pnc.1626) — B NpoA0SbHOM (B NIOCKOCTU cMMMeTpun). MNpn aToM nepenag
YPOBHS CUrHana onpeaensieTcs pa3HOCTbIO PACCTOSIHUN OT LIEHTpa 3epkana ao ero
KPOMOK B COOTBETCTBYIOLLMX MJIOCKOCTSX.

AcMMETPUYHYI0 GOPMY rMaBHOIO IENEeCTKa MMEIOT CUHGMa3HbIE PYynopbl C
KOCbIM CPe30M packpbiBa, KOTOPbIE MOrYT ObITb BbIMOJIHEHbI C TMAaAKUMMN CTEHKAMU W
C MNenaHCHO BHYTPEHHEN nNoBepxHoCTbIo [37], a Takke PPU ¢ rnagkmumm cTeHka-
MW 1 KOCbIM CPe30M packpbiBa [16] n/mnm ¢ noBOpOTOM OCKM OCHOBHOIO pyrnopa
OTHOCUTENIbHO OCW BOJIHOBOAA 1/Man Manoro pynopa [35].

%) o +¢q

1.6.2. CuHgpasHble pynopbl ¢ aCUMMETPUYHbIM I/1aBHbIM J1I€NeCTKOM

B cuHdasHom pynope (1 BONHOBOAE) acuMMETPUYHasa dopma rnaBHoro nene-
ctka [H pocTturaertcs 3a cHeT KOCOro cpesa packpbiBa — Ce4dyeHus pynopa (Bon-
HOBOJA) NJIOCKOCTbI, HAKOHEHHOW NOA4 HEKOTOPLIM YIIOM K €ro NepBOHAa4YaibHOMY
packpsbiBy [37], puc. 1.63.

Pynop cuHda3sHbiii ¢ KocbiM cpe3om — PCKC (C ragkumm CTeHKaMn) MMeeT
OAHY NJIOCKOCTb CUMMETPUU. DTa MSIOCKOCTL MPOXOAUT Yepes OCb pyrnopa 1 JINHUIO
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BB', coeamHsoLLyio GAMXHIO 1 JaNbHIOK TOYKM Cpesa, ee Mo aHanormm ¢ aHTEHHOM
(cm. puc. 1.63) Ha3oBEM NPOAOSILHOM MOCKOCTbIO, @ NEPNEeHANKYNSAPHYIO K Hel
MIOCKOCTb, MPOXOASLLYIO YEPE3 OCb pyrnopa v NnHuio AA’, COEOVHSAIOLLYI0 CUMME -
TPUYHbIE TOYKN KPOMKM pyrnopa, — NnonepeyHomn.

JaHHbI pynop xapakTepusyeTtcs

(cm. puc 1.63) pazamepom packpbiBa B

(2R), yrnom pacTtBopa (20.) 1 yrnom

cpesa (B;)- N/ e
AvarpaMmmbl HanpaBneHHOCTH Jou Po

PCkc B nonepeyHoi (AA') n npogonbHod | _| . _ _ . _ . _ Ay 2R

(BB') nnockocTtu cuHdasHoro pynopa,
MMeroLEero pasHole ymol: = 10°, . =

30°, B = 50°, paHbl Ha puc. 1.64+1.66.
M3meHeHune yrna B, nossonset B
noNAy4nTb B NPOA0SbHOM nnockocTu (BB')

9 Puc. 1.63
pas3HbIil MOBOPOT U CTEMNeHb
acUMMETPUN [MaBHOro nene- 0 0
CTKa, KOTOPbIE C YBENNYEHNEM |7 _1\\\‘ [p,=10] 7T NS
B yBENN4MBAIOTCH. J / 20, Nl g 0 \\\
HoctounHctea PCke (no 1Y 50 N ”/ %0 <
CpaBHEHMIO C 00bl4HbIM PC), 0 a0 oM a0 0 -0 40 oM ar o
onpeaenaemMble KOCbiM CPe30M: —FME  ee=nnH
aCMMMETPUYHBIV MaBHbI Puc. 1.64
NEenecTok; yy4lleHne cornaco- 5 5
BaHWS C NMUTAIOLLMM TPAKTOM. TR — ; :
[nata: HEKOTOPOE YCOX- AA /L 10N, [ Bo=30 L ONJ BB
HEHMe N3roToBneHns, pasHas ,.‘/ -20 \\ Pt -20 \\“
Ha pasHbIX NONAPU3ALMSX 3aBU- N 50| YN N/ REAY
CMMOCTb NOBOPOTA MABHOMO -0° 400 0AB 40" O 00 400 08B 40 O
nenecTka oT yrna cpesa. — g ---mH
PasHylo 3aBUCMMOCTb Puc. 1.65
MOBOPOTA [MIaBHOO JienecTka 0 0
OT NONSPU3aLIMN MOXHO YCTpa- 1 - N =50 7 :
HUTb nyfeM VIMI‘IeJJ.aHCHOYZ ° AA ,7 -10\§ | Bo =50 | L/ -1‘“\\ BB
CTPYKTYPbI, BbIMOJHMB €€, _7,;‘\1, 'ig \ S _/‘\‘ 'ig ‘}
HaNp1Mep, B BU/E KaHaBOK. o L T o o —0"\' o 400‘ >
Pynop cuHdasHbI C M E  eeenH

KOCbIM CPE30M U KaHaBKamMu
— PCkc-K, B KOTOPOM Npu
NMOMOLLIM YETBEPTbLBOJIHOBbLIX KAHABOK
yOanochb BbIPOBHATb LUNPUHY [TABHOMO
nenecTka v cb6M3nTb yros ero noBopoTa
Ha 06eunx nonsapuaauusx, nokasaH Ha
puc. 1.67.

Paamepsbl pynopa: 2R =51 mm,
a =25 B, =30°, wWwnpmnHa kaHaBKN —
3,5 MM, mybuHa — 6,5 MM, WwnpurHa
BbicTyna — 3 MM. KaHaBKuM, B IpuHUMNE,
MOTYT 6bITb Pa3Hoi GopMbl U HapesaHsl Puc. 1.67

Puc. 1.66
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HE NePNeHaVKYNSIPHO OCU pyrnopa, a no cnupanu, 4To Ass pynopa ¢ KOCbIM CPE30M
npeanoYTUTENbLHEE.

Anarpammbl HanpaBAeHHOCTN 3TOoro PCKe-K, UBMEPEHHbIE Ha TPEX YacToTax
(10,0; 11,2; 12,1 I'Ty), otnnyatowmxcs B ~1,2 pasa nokaldaHbl Ha puc. 1.68+1.70,
COOTBETCTBEHHO.

B nonepeyHon nnockocTtu (AA’) IH CMMMETPUYHbI, @ B MPOA0JIbHON MN0CKOCTH
(BB') — acMMMeTpUYHbI 32 CHET KOCOro cpesa, NpuyeM ¢ paBHbIM a1 obenx nons-
pr3auunii NOBOPOTOM [aBHOroO fenecTtka. Hannyme kaHaBok NMO3BONWIO (BO BCEM
nccnenoBaHHOM guanasoHe 4acToT) CUHTe3MpoBaTh Ha 06enx Nonapusaunsax rnae-
HbI NENECTOK NOYTU OOVHAKOBOW LUMPUHBI 1 GOPMBbI, @ TaKKE CYLLLECTBEHHO CHU-
3UTb YPOBEHb HOKOBOIO M3y4eHUs (OH 34ECh HE MOKa3aH).

Onpepnenenvie reomeTpudeckmnx paamepoB PCKeC-K, UMeIoLEero 3agaHHyio
LUVMPVIHY M1aBHOrO JIeNecTka B NONEPEYHOM NN0CKOCTH, rae ero JH cummeTtpuyHa,
OCYLLECTBASIETCH (NPY BBEAEHUN NOHATUSA 9KBMBAJIEHTHOIO PACKpPbIBA) TaK Xe, Kak
npu pacdete PPU ¢ kaHaBkamu (cMm. pasgen 1.4.2 n 1.43).

OKBUBAJNIEHTHbI packpbiB B CMHMA3HOM pyrnope C paBHOMyO60KMMM KaHaBKamMm
NPMMEpPHO COOTBETCTBYET CEYEHUNIO pyrnopa B 06/1aCTy NepBbIX ABYX (Ha4YMHas oT
ropna) kaHaBok. [ToaTomy, 3agaBasicb HE0OOXOANMOW LUNPUHONM rMaBHOIo fienectka B
noMNepeyYHON NNOCKOCTU, MOXHO ONPEAENUTb Pa3Mep pyrnopa B 3TOW NOCKOCTU Ha
CEYEeHMn, COOTBETCTBYIOLLLEM BTOPOI KaHABKe, a 3aTEM YBEMNYNTb Pa3MeEpPbl pyrnopa
B 3@aBMCMMOCTM OT BbIOPAHHOI0 KOIMYeCcTBa AOMNONHUTENbHbLIX KaHABOK. B npoaonb-
HOW MNOCKOCTU pa3Mepbl pyrnopa 3aBncAT OT BbIOPAHHOro yria cpesa . A aToT
yros, B CBOIO 04epefb, onpeaensercs, HeobxXxoaMmMon acCMMMETPUEN rMaBHOro nene-
CTKa, 3aBUCSALLEN OT reOMEeTPUN 3epkana, ajis KOToOporo pynop NnpegHasHa4yaeTcs B
KayecTBe 0bnydaTens.

Mpeunmyuiectea PCke-k, (no cpaBHeHuto ¢ PCkc), onpepensiemMble Hann4mem
KaHaBOK: NPaKTU4YECKU OauHa-

0 0 KOBbI1 Ha 06eunx nonaApmM3aLmsax
AA'J/' ol [0 | O\ | BB | | maBHbIA NENecTok ¢ paBHbIM
/// 20 \‘\\ ,/ 20 \\ ona o6eunx NnonspusaLmin yriom
-/~ r 30 ﬂ/ 30 N\ | €ro NoBOPOTa 1 CHMXEeHne

0 —40° 08B 40 O -0 —40° 0 4b 400  or| YPOBHS GOKOBOIO U3/y4eHns.

——1.E === H MnaTta: yxyalieHuve corna-
Puc. 1.68 COBaHMS C MUTAIOLLMM TPAKTOM,
5 5 [OMNONHUTENBHOE YCIIOXHEHME
— | KOHCTPYKUMW, YBENIMYEHVE TPe-
AN 0N, [11,277u] }\\ BB GOBaHI/ISI;I K TOYHOCTM U3roTo-
4 -20 X A 200 ™\ B/IEHVS, YBENIUHEHNE raGapuTos
P4 s, | Nd £ 30 | NN | npu pasHoii (¢ PCkc) wmpuHe
-0° 400 0°AB 40 O 00 400 045 40° 0| ragHOro nenecTka.
— 1. E - 1 H
Puc. 1.69

1.6.3. PacgpazupoBaH -

0 0
— HbI€e PYNopbl C aCUMMETPNY -
A |/ -10\‘ [12,1 T / -1OM_BB'| | HbIM rnaBHbIM nenectkom

,’/ -20 \t. r\/ -20 \\ | Pynop pacdasnposaH-
'/ -30 \r //" -30 K HbIN C KOCbIM cpe3om — PPkc

-0 -400 0°AB 400 0 -0 -40° 0°AB 40" 0" nossosseT (Npu NpPasuUiIbHOM
——m.E ===mH noabope pacgasnpoBKn) nony-
Puc. 1.70 YUTb ACMMMETPUYHBIN [NaBHbIN
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JIenecTok B 04HOM 13 nnockocTen. OaHako
PPkc BbInosHeHHbI Ha 6a3e 0ObiyHOro PP
VIMEET Ha Pa3HbIX MOASPU3aLMAX PASHYIO LLUMPU- :
HY MIABHOrO NIENEeCcTKa 1 pa3Hblli yrof ero | 2R, .
noBopoTa.

[na nony4yeHms aCUMMETPUYHOIO M1aBHOMo |g
JflenecTka 0AMHaKOBOro Ha o6enx nonspuaa- ) Be
LMSX 1 C OOMHAKOBBLIM YIIOM MOBOPOTA B Ka4e- - .
cTBe 6a30BOro pynopa cnenyet ncnonbL3oBaTtb 0 /S !2R1 B

4—‘—}
PPWU (cm. pasgen 1.4.1). -

ACMMETPUSA rNaBHOro IENECTKa B 3TOM
pynope MoXeT BbITb 4OCTUrHyTa 6narogaps kak
KOcoMy cpesy, puc. 1.71, Tak n NOBOPOTY OCWU |
OCHOBHOIO pynopa OTHOCUTENIbHO OCU BOJTHO- 1 — :
BOAA 1/1Nn Manoro pynopa, uim xe 3a c4eT
COBMECTHOr0 AeNCTBUS KOCOro cpesa packpbl- Puc. 1.71
Ba 1 NOBOPOTA OCMU.

Pynop pacdasupoBaHHbI C N3I0MOM 1 KOCbiM cpe3omMm — PPUkc, kak n
Apyrve pynopbl 3TOro Tmna, CocTouT (cMm. puc. 1.71) n3 manoro cuHdasHoro pynopa
(1) c amameTpom packpbiBa 2R 1 OCHOBHOrO pacdasnpoBaHHOro pynopa (2) ¢ gua-
MeTpOM packpbiBa 2R,’, KOTOPLIN Cpe3aH NI0CKOCTbIO BB', HAKNOHEHHOW OTHOCU-
TenbHO 6a30BOro packpbiBa Ha yron B, 40 ceYeHuns pynopa, pasHoro 2R,

OnpeneneHve reoMmeTpryeckmx paamepos PPUKC OCyLLecTBNSETCS NO TOW Xe
MeToaMKe, 4TO 1 06bIMHOr0 PPU, ncxons ns BbibpaHHbIx 3Ha4YeHui 20, 2R, 1 2R,
(cm. paspen 1.4.2).

B atom cnyyae Ry = Ry’ BbiGupaeTcs (A5 3aAaHHOro Sy') M3 ycnosmsa nosy4e-
HUA pacda3npoBku (CM. pasgen 1.4.2), kpaTHO YETHOMY 3HAYEHUIO N, HaNnpuMep,
n=n’'=2,aR; =Ry’ KpatHoN (Npy 3a4aHHOM S,"’) HEYETHOMY 1 MEHbLLEMY 3HaYe-
HWIO N, Hanpumep, N =n" = 1. 3HadeHnsa N’ U n” MOryT ObITb U APYTMMU, HANpUMep,
4,0 n 3,0, COOTBETCTBEHHO.

CooTBeTcTBYIOLWMIA BEIOOP pacdas3npoBOK 1 BENNYMHbI Yrila cpe3a Nno3BosseT
Nnony4YnThb B NPOAOSIBHOM NAIOCKOCTM aCUMMMETPUYHbIN MMaBHbIA NenecTok. B nonepey-
HOW NJIOCKOCTM MaBHbIM IENECTOK OCTAETCH CUMMETPUYHBIM, a HGOpMa €ro BEPLUMHBI
COOTBETCTBYET pacdasnpoBke, KOTOPYIO

Pp

mmeeT PPUKC B gaHHO NnockocTu.

Mpn=n'=2un=n"=1pacdasu- | |MPoAonsHas _ 20,=35"
POBKa B MOMepeyHol NnockocTn Gyaet MI0CKOCTE 1 1s n=2
paBHa ~1,5, a popma BepLUNHbI MaBHO- A =1 £
ro nenecTka — MiIoCKOM. y 1ol |\ .oh

AuarpamMmma HanpasIeHHOCTH { \

PPUKC B Npoao0sibHOM NAOCKOCTU, NPO- 5

XOAsLLer 4epes oCb pyrnopa u JVHNIO R IR

BB', coeamHsIoLLYyi0 BAVXHIO 1 fanb- = YN

HIOKO TOYKM KPOMKM pyropa, nokasaHa Ha /1Y o N

puc 1.72 (NONOXUTENBHbBIE 3HAYEHNS ] i N[

YINIOB COOTBETCTBYIOT OKPECTHOCTH A \

Touku B). 11, b \
Hanwnune kocoro cpesa n npasusb- —40 -80 -20 -10 0 10 20 30 40

HbIli BbIGOP pachas3nposku nossonsior  Puc. 1.72
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NoNy4YnTb «NepeKoc» rMaBHOro fenectka Ao 2+3 b npu oanHakoBoO Ha 06eunx
nonsipmaaumsx WnpuHe n Gopme MaBHOro enecTka.

Mpenmyuwiectea PPUkc, (no cpaBHeHuio ¢ PPU) onpegensieMble KOCbIM CPE3OM:
ACMMMETPUSA IMAaBHOIO JIENECTKa, HO B CPABHUTEJIbHO Y3KOM MNOJI0CE 4aCTOoT, TakK Kak
OHa onpepenseTcsa pachasmpoBKOM, KOTOPas 3aBUCUT OT YaCTOThI; Yy4HLLIEHNE
COrnacoBaHus; yBeMYEHNEe KPYTU3HbI CKaTa KpPbILLKM, 3aKpbIBAOLLLEN pacKpbiB 005y-
yarens.

Mnata: He3HaYNTENbHOE YCIOXHEHWNE KOHCTPYKLUMN.

Pynop pacdasupoBaHHbI C U3I0MOM 1 noBopoTom ocu — PPUNo, puc.
1.73, no npuHuuny ceoero gencTensa aHanorndeH PPU v HacnenyeT Bce ero 0OCHOB-
Hble JOCTOUHCTBA.

Heobxoanmasi acCMMMETPUS rNaBHOMO JIENeCTKa, eCi B Ka4eCTBE OCHOBHOMO
NCMNONb3yeTcs CUMMETPUYHBIN pynop (Ly' = Ly"") (cM. puc. 1.73) gocturaercst TOnbko

6narogapsi NOBOPOTY ocn pacdasnpoBaHHOro pyrnopa 2 0THOCUTESIbHO OCU CUH-
dasHoro pynopa 1 Ha HeKOTOPBIN yron y,, (M 730237), BenMymnHa kKOToporo onpeae-
NIeTCsa reoMeTpureint aHTeHHbI. [eoMeTpuyeckas BepLUMHaA pyrnopa 2 CMeLLeHa OTHO-
cuTeNbHO ocu pynopa 1 (B npeaenax ero BHyTPEHHErO NPOCTPAHCTBA) Ha HEKOTO-
pylo BENUYUHY A.

LLlnpuvHa rmaBHOro nenectka n K0 OUUMEHT yCUNEHNSA Takoro pyrnopa cnesa
OT Oocu pyropa 1 onpegenseTcs yriiom a,', a cnpasa — YrJioM a,'’. Tak Kak ay'< a,”’,
TO B OKPECTHOCTAX yra o' WWnpuHa masHoro nenectka PPUNo meHbLe, a ycune-
Hue 60JbLUEe, YEM B OKPECTHOCTAX YIa a,'’, YTO M BbI3bIBAET aCMMMETPUIO MMaBHOIO

nenecrka.

Mpenmyuwiectea PPUNo (no cpasHeHuio ¢ PPU), onpeanensemMbie NOBOPOTOM
OCM1: aCUMMeTPUS MMaBHOrO JIENeCcTKa, COXpaHsiemMas B LLMPOKOM AMana3oHe 4acToT,
Tak Kak OHa 3a4aeTCs YrNoBbIMW COOTHOLUEHUSIMW; YIYYLLIEHNE COrTaCOBaHUS C
NUTaOLWMM TPaAKTOM; YBEJIMYEHNE KPYTU3HbI CKaTa KPbILWKM, 3aKPbIBAIOLLLEN PACKPbLIB
obnyyatens.

MnaTa: HekoTopoe YyCNOXHEHNE KOHCTPYKLMN.

Mpwn Hen3meHHOM annHe 06pasyioLleli OCHOBHOIO pynopa pacdasnpoBka B
TOYKax packpblBa, PAcrnofIoXXeHHbIX B Pa3HbIX MIIOCKOCTSAX, NPOXOASLLINX YepPe3 OCb
pynopa, pasfimyHa. 3To NPUBOAMT K 3aMETHOI U3PEe3aHHOCTM BEPLLMHbI FaBHOIo
nienecTtka npoctpaHcTBeHHoM [JH, ocobeHHo B
LY, obnacTtu, COOTBETCTBYIOLLEN YNy o', roe pac-
das3npoBka MakcMmasibHa. OTOT HEOOCTaToK
MOXHO yCTpaHuTb, BBeas B PPUNo n kocon
cpes, puc. 1.74.

Pynop pacdasupoBaHHbIii C U3IOMOM,
NMOBOPOTOM OCU U KOCbIM CPE30M OCHOBHO-
ro pynopa — PPUno-kc (L, = Ly, cm. puc.
1.74) nossongeT (aHanoOrnM4HO ONUCaHHbIM
BblLLE pyrnopam C pa3HbiMU B pasdHbIX MJI0CKO-
CTSIX yrnamu pacTtBopa, cMm. pasgen 1.5.2)
obecneunTb AN BCeX TOYEK KPOMKN OCHOBHO-
ro pynopa 2 noCTOSIHCTBO pasHOCTM ¢a3 B
No6ON N3 NIOCKOCTEN, NPOXOAALLNX Yepes
ocb pynopa 1. 3T1o gocturaetcsa 6narogaps
TOMY, 4TO Pa3HOCTb MexXay ANMHOM 06pasyio-

A

—

Puc. 1.73
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e L," OCHOBHOrO pyrnopa u ee rnpoekx- R
o , R2 . "\no R"

uveii Hy' Ha ocb Manoro pynopa (cm. I ot} 2

puc. 1.74) NOCTOSHHA: 3 %ZRM

Lo —Hy =Ly - Hy=L5'(6) - Hy'(6) = A- id
const, roe 6 — yron nosopoTa niockKo-
CTW HabNAEHNS, NPOXOASLLEN B faH- , :

HOM cnyyae 4yepes ocb pynopa 1. MNpu H, L 2R — 2

9TOM YC/I0BUM BENNYMHA pacdasvpoBKn P~ e
Ons ntoboi TOYKN packpbiBa OCHOBHOMO / 2 1 " :
pynopa nonyyaeTrcsi O4MHaKOBOW, YTO ;
NO3BOJISET YMEHbLUNTb KOJIMYECTBO U
rny6uHy $a30BbIX OCLMANALNIA B Npe-
[enax rmaBHOro nenecTka.

Ha puc. 1.75 nokasaHa ¢oTorpa-
¢duna PPUNo-kc (cnesa — BuAa cOOKY,
crpaBa — CO CTOPOHbI packpbiea). B
3TOM pynope, kak n B PPMno, nuHna Puc. 1.74
nepecevyeHnss Manoro pynopa ¢ OCHOB-

HbIM (IMHUS U3NTIOMA) HE NEXUT B O4HOW MJI0CKO-
CT1 1 nMeeT popmy cepaua.

Mpenmyuwiectea PPPRo-kc (no cpaBHeHMIO C
PPPno), nony4eHHble 3a CHET KOCOro cpesa:
YBEJIMYEHNE ACUMMETPUN; YMEHbLLEHUE YnCna n
rnMybuHbl Gas3oBbIX M aMMANTYAHbIX OCUMNNSUNn - Puc. 1.75
rMaBHOr O NIENECTKA; AOMONMHUTENBHOE YiyyLle-

HWEe COrnacoBaHus C NMTaKOLLNM TPAKTOM; YMEHbLLEHNE rabapUTHbIX Pa3MepOB;
LOMNOSTHANTENBHOE YBENMMYEHNE KPYTU3HbI CKaTa KPbILIKMW, 3aKPbIBAKOLWEN PACKPbLIB
obnyyatenst. ATOT pynop NpakTUYeCKN CyMMUPOBan npemmyLiectsa PPYNo n
PPUKkc.

Mnata: LONOMHNTENBHOE (HE3HAYNTENTbHOE) YCIOXHEHNE KOHCTPYKLNN.

Pynop pacdasupoBaHHbI C U3/IOMOM, MOBOPOTOM OCU U KOCbIM CPEe30M
OCHOBHOI0 U Mmasnoro pynopa — PPUNo-kc-KC nMMeET KOCOWM CPe3 He TOJbKO
OCHOBHOr0, HO U Manoro pynopa, puc. 1.76.

B onncaHHbIx Bbilwe cxemax PPUno n PPUNo-kc (cm.
puc. 1.73 n 1.74) pacnpegeneHne amnanTyapl nons B
CEeYEeHMM N3N10Ma NPAKTUYECKN CUHPA3HO 1 CUMMETPUY-
HO, NOSTOMY HanpPaBfIEHME MMABHOI0 U3NTYYEHNSA MAIOro
pynopa COBMafaeT C ero ocblo. Ho ecnu manbin pynop 1
BbIMOJIHEH C KOCbIM CPE30M, TO 3TO NO3BOJIIET AOMOSHU-
TENbHO YBENNYNTL aCUMMETPUIO MABHOrO JIenecTka.

[Mpn aTOM CeveHne nanoma cnenyeT HakKNIoOHUTb B CTOPO-
HY NPOTUBOMOOXHYIO HAKITOHY OCY OCHOBHOIO pyrnopa
(c™m. puc. 1.76), NOTOMY 4TO MMEHHO B 3Ty CTOPOHY Mpo-
ncxoauT (Mpy KOCoM cpese CuHGasHoro pynopa) noso-
POT HaNpaBNEHUS €ro MaBHOIO U3JYYEHUS, @ Takxke
YBENMYMBAETCH KPYTU3HA CKATOB [MIaBHOMO NIENECTKa U
0onee YETKO BbIpaXXeH NePBbLIA MUHUMYM.

Mpur 60abLLINX 3HAYEHNSIX 31 ONTUMASBHBIA Yron

noBOpOTa OCY OCHOBHOrO pynopa (y,,) cnenyert onpe-  puc. 1.76
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0EensdTb, y4UTbIBas HOBOE HaMpaBieHME N3NTy4EHNS U HOBYIO HOPMY MaBHOro nene-
ctka JH manoro pynopa. Ho npu manbix 3Ha4eHusIx 34, korga 4 = 10+20°, ero Bavs-
HMe Ha [IH MOXHO He y4nTbiBaTbh, TakK K&K OHO CKaXeTCs, B OCHOBHOM, TOJIbKO Ha
cornacoBaHmm pyrnopa ¢ NnuTatoLWwyM TPakoM, KOTOPOE HECKOJIbKO YNydlnTcs 6naro-
Japs pacdasmpoBke Nond, OTPaKEHHOro OT U3noma, Tak kak Ly = L¢".

Mpenmyuwiectea PPUNo-kc-kc (no cpasHeHumio ¢ PPUMNo-KC), nonyyYeHHbIE 3a
CYET KOCOro cpe3a Masioro pynopa: AOMNOSIHATENbHbIM NOBOPOT M1AaBHOMO IENECTKA;
[OMONHNTENBHOE YIyYLIEHNE COrnacoBaHUS C NMUTAOWWM TPAKTOM, YTO 0COOEHHO
BaXXHO, ECJIN K COMNaCoBaHWNIO NPEAbABSIOTCS MNOBbILLEHHbIE TPEOOBaHMS.

Mnata: LONOMHUTENBHOE YCITOXHEHNE KOHCTPYKLUMN.

OnpepeneHne onTuMasibHbIX reoMmeTpuiyeckux paamepos PPUno, PPUNo-
K¢ n PPUNo-Kc-Kc B 3aBMCMMOCTM OT TPeOYEMOW LLUMPUHBLI 1 GOPMbI IMaBHOMO
nenectka JH Huyem, B NpuHUMNE, HE OTIMYAETCs OT METOANKM ONPEeneneHns onTm-
MaJibHbIX pa3aMmepoB 06bl4HOro PPU (cMm. pasgen 1.4.2).

Ba3oBbiM napameTpoMm, Kak v Npu onpeaeneHnn onTuMasbHbix pazmepos PPA,
SIBNSIETCA Yros pacTBopa OCHOBHOMO pynopa 2o.,, ONPeaensowni LUIMPUHY MaBHOro
nenectka no yposHto —(10+12) gb. 3TOT yron BuibupaeTcs B 3aBUCUMOCTU OT yrna
061y4eHMs KPOMOK 3epKasna B MonepeyHon niaoCKOCTU aHTEHHbI (21,) 1 NPOAONIbHOM
(cm. puc. 1.61), koTtopble ans ABO ¢ KpyrbiM packpbiBOM MPUMEPHO paBHbl, T.€.
202 =Y + @o.

Ecnn k aHTeHHE NpeabsaBASOTCS NOBLILLEHHbIE TPeOoBaHMS MO MOMEXO3aLLMLLEH-
HOCTU, TO 201, BEIBUPAETCA HECKOMBKO MEHBLLIE ), + (g, @ €Cnv N0 3DDEKTUBHOCTH, TO
HECKOJbKO 60JbLLE, O YEM YXKE ObII0 CKa3aHO MPUMEHUTENBHO K 00blMHBIM PPUL.

CooTHoLeHMe yINoB a,'/o,” PPUNo, oBecneymBaiowee Tpedyemblin ypOBEHb
nepenaga amrnamTyabl Noag MEXAy HanpPaBAEHNUSIMN HA BEPXHIOKD Y H/XKHIOKO KPOM-
Ky (BENIMYMHY aCUMMETPUM IMaBHOIO NIENEeCTKa B NPOA0SbHOWM NOCKOCTN) Npuban-
XEHHO MOXET ObITb HANAEHO N3 YCIIOBUS:

tgay' < tga,” = S,/Sg, roe Sy n Sg — paccTosHue OT PpOoKyca aHTEHHbI 40
HUXXHERN (6NnxHeN) 1 BepxHen (ganbHen) KPOMKKN 3epkana, CoOOTBETCTBEHHO, Koraa
oy + o = 205.

Pasmepbl PUNNo, nmetowero Ly’ =Ly, 3apaiotcsa yriiom pactesopa pyrnopa
(205) M pasmepom packpbiBa OCHOBHOrO pynopa (2R5), BeibupaemMslM UCXonsa 3
HeobxoaMmon pacdasnpoBkn pyrnopa (Tpedyemon hdopMbl BEPLUMHBI FTaBHOMO
nenecTka) B NPOAOJIbHOM MIOCKOCTM B 061aCTU yrna o' (B HanpaBneHun ganbHemn
KPOMKM 3epkana).

C T0o4kM 3peHnst apdEKTUBHOCTU, ECNIN 3TO BO3MOXHO MCX0O5 N3 MaKCUMabHO
[OMYCTUMBIX FEOMETPUYECKMX Pa3MEPOB PYNopa, XenatesibHo BbibpaTb B 3TOM
HanpaBfieHnn pacdasnpoBKY KpPaTHYK YeTHbIM 3Ha4YeHnam n (n = 2; 4...), COOTBET-
CTBYIOLLMM BOPOHKOOBpa3Hoi bopme raBHOro fienectka, WM KpaTtHON HEYETHbLIM
3HayveHnam 0,5n (n =1,5; 2,5...), COOTBETCTBYIOLWMM NJIOCKOM POPME BEPLLUMHBI.

Pasmep packpbiBa 2R, B aTOM cny4dae onpegensietcs no (1.8) nanm (1.9), nnbo
no rpadukam puc. 1.12+1.15, ncxoas u3 BbiOpaHHOro 3Ha4eHUs N 4519 PaCCTOAHUS
Sy, PAaBHOTO PACCTOSHUIO OT LIEHTPaA PaCKpPbiBa pyrnopa Ao AajbHeN KPOMKY 3epkana
npu o, = ap'. Mo aHanornm ¢ 06b14HEIM PPU onpepenseTcsa n pasmep ceveHuns
13110Ma, 1 Yyroa pacTeopa Masoro pyrnopa.

Pasmepbl PPUNo-ke, nmetowero Ly’ = Ly, 3apatoTces yrmom pacTteopa (20.,) v
MCXOOHBIM Pa3MEPOM PacKpbiBa OCHOBHOMO pynopa (2R,,,), KOTOPLIA OnpeaenseTcs
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Tak Xe, Kak 1 Npu paBHOWM aiMHe obpasyowmx. Ho gninHa obpasyioLleit B Kakaon na
MIOCKOCTEN, MPOXOAALLMX HEPE3 OCb OCHOBHOIO pynopa, pacCHMTbIBAETCA UCXOAA U3
BbIOPaHHONM CyMMapHoOit pacha3npoBku, ONpeaensieMon yrinoMm pacteopa pynopa o' B
paccmaTpruBaeMom MNI0CKOCTU M PACCTOSIHMEM 0 COOTBETCTBYIOLLMX TOYEK 3epKarna,
KOTOpOe Hanbosnee OTINYaeTCs B HANpPaBneHUn JanbHen n 65MxXHER ero KPOMKM.

Hanpumep, npu a,' = a,' 1 ay’' = oy’ pagnycbl packpbiBa pyrnopa, COOTBETCTBYIO-
wue (Npu AaHHbIX yrnax) 3agaHHor obweli cymmapHoi pacdasnpoBke (COOCTBEH-
HOI pynopa n n3-3a pacctosiHus, cM. pasgen 1.4.2) coOOTBETCTBEHHO PaBHbI:
2Ry (an') = 2R5' 1 2Ry (an'") = 2Ry, Ly = Ry'/sinay’ n Ly = Ry /sina,”’, (CM. puc.
1.74). AHanornyHeiM 06pa3oM paccumTbiBatoTCA 06pasyoLme 1 B Apyrmx naocko-
cTax. Ho MOXHO OrpaHny4nTbLCH pacyeToM nLb CaMoln ANHHONM — Ly’ n camonm
KOpoTkol — L," oBpasyloLen, a mnockOCTb Cpe3a COBMECTUTb C UX KOHuamu. Toraa
CeKyLLasi NI0CKOCTb COCTABUT C UCXOAHBIM PacKpbiBOM (2Roax) YIoN o BO BCEX
Touykax. PacyeT, KOHCTPYKLNS 1 M3rOTOBIEHME TakOro pyrnopa 3Ha4YUTENbHO YNpo-
waloTcsd. YnpouwaeTcs v 3awmTa pynopa ot atTMochEpPHbIX 0CaaKkoB, MOTOMY HTO AJ1s
€ro YKPbITUS MOXHO UCMOJIb30BaTb MJOCKYIO OAHOCKATHYIO KPbILLIKY.

Bbibop pacdasnpoBKM B HaNpaBieHnn ganbHen n 6anmxKHen KPOMKKU 3epkana
onpepensieTcsa He0bXoAMMOM CTENeHbI0 ONTUMN3aLNKM FaBHOro fenectka. Anga
YMEHbLUEHNSA N3PE3AHHOCTM BEPLUMHBI IIABHOrO fienecTtka pacdasnpoBka B Hanpa-
BNIEHUN JaNbHel KPOMKM 3epKarna BelbpaeTcs 6onblue, Y4eM B HaNpaBaeHnm 6amx-
HEel KPOMKW 1 6osblLLe, YeM B NOMNEPEeYHON.

Bo MHOrMx cnyyasax onTuMasnbHbIM BApUaHTOM (Mpy MUHMMKU3ALMN Pa3sMepPOB
pynopa) sBnsieTcsa Bbloop NpUMepHO Crlieaylowmx 3Ha4eHnin n: N = 2 — B Hanpaene-
HUX OanbHEN KPOMKK 3epkana, n = 1,5 — B HanpaB/eHUN KPOMOK B MONepeyHoOm
MIOCKOCTU, N = 1 — B HanpaBneHnn 6nxKHen KpoMKN. ECnm MOXKHO UCNONb30BaTb
pynop 60nbLWnX pa3MepoB, TO AOMNYCTUMbI U cliegylowme 3Had4eHna n: n=4 —B
HanpaBfieHUU fanbHeNn KPOMKMK, N = 2 — B NOMNepevyHon NIockocTn nn =1 B Hanpa-
BNEHNN BAVXKHEN KPOMKM.

Pasmepbl PPU-no-kCc-KC paccumnTbiBaloTCcs aHanorndiHo PPUno n PPUno-ke, Ho
HE OTHOCUTENbHO OCM MaJsioro pyrnopa, a OTHOCUTENbHO HanpaB/ieHNS €ro rMmaBHOro
nanyyseHns. OgHako npu Hebonblmx yrax cpesa (f1= 10+20° ) oTknoHeHune Hanpa-
BJIEHMS [MIABHOIO U3JTy4EHNS MaNIOro pyrnopa OT ero 0CM BECbMa HE3HAYUTESIBHO U
MM NpU pacyeTe MOXHO NpeHebpeyb.

dazoBbil LIeHTP Bcex Mmoandukaumin PPNo MOXHO cHMTaTb PacrofIOXEHHbIM,
NMPUMEPHO B CEPEANHE MEXOY CEYEHMEM N3NIOMA U FTEOMETPUYECKOWN BEPLUMHOMN
OCHOBHOrO pyrnopa. 9To NOATBEPANNIOCH NPU n3MepeHnn Gas3oBbIX AnarpamMmm
pynopoB aToro tuna. [nsa onpeneneHvs TO4HOro nofoXKeHus pas3oBoro LeHTpa
[AaHHbIX PYyNnopoB HEOOX0AMMbI AOMNONHUTENbHBIE NCCIEQ0BAHUS, HO 1S MPaKTUYe-
CKMX LieNien, kak NpaBusio, BNOJIHE AOCTATOYHO ONPEnENUTb ero NpubINXKEHHO.

9kcnepumMeHTanbHbie nccnepgoBaHnsa PPYno, PPNno-kc n PPUNNo-ke-ke
NOATBEPOWN CNPaBea/IMBOCTb U3JTIOXKEHHbIX BbiLLE PEKOMEHZALMIA Mo BbIOOPY
ONTUMaJbHbIX Pa3MEPOB.

Amnnutyasbie n dasosble anarpammbl PPUNO-ke (2Roa = 14,3570 =115 mm;
2R =2,0n= 16 MM; 205, = 70°; 201 = 20°; Yo = 10%; Bo=29°; B = 0) B nonepeyHor (a)
M NPOAOJSIbHOM (6) NNOCKOCTU NokasaHbl Ha puc. 1.77.

Onarpammbl gaHHoro PPUNo-Kc Obinn n3aMmepeHbl Ha BONIHE 8 MM, OTNMYatoLLein -
cs1 oT onTuMansHol B 1,14 pasa, n Ha paccTosiHun 180 MM OT pa30BOro LeHTpa
pynopa.
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[naBHbIN nenecTok, Kak n
oXunaanoch, B npepenax paboye-
ro cektTopa yrnoBs Ha 06eunx nons-
pusauunsax naeHTudeH. B none-
PEeYHOW MIOCKOCTU OH CUMMETPU-
4YeH, B MPOAOJIbHON — acuMMe-
Tpu4yeH. ®a30oBble NCKAXEHUS B
npenenax pabo4yero cekropa
YrnoB BECbMa HE3HAYUTENbHbI U
CYLLLECTBEHHOTIO BIUSIHUS Ha
HanpaBfieHHble CBOWCTBA aHTEH-
Hbl OKa3aTb HE MOTVYT.

Aunarpammbl HaNPaBNEHHOCTH
PPUNo-kC (2Romax = 210 MM; 2R, =
42 mm; 200 = 70%; 2011 = 22°; Ypo

7°; Bo = 18" B4 = 0) B nONepeyHon NnockocTn (a) n NPoAonbHON (6) NpuBEAEHb! HA

puc. 1.78+1.80.

Ha puc. 1.78+1.80 (B) nokasaHbl Takke [H B npogonbHon nnockoctn PPYNo,
MMEIOLLLEro Te xe pasmepsl, 4To u PPUNo-kc, Ho ¢ B, = 0°, T. €. 6e3 Kocoro cpesa
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