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npeAUCNOBHUE

Kusra sBASeTcss BTOPOil 4acThio yueGHHKA MR TeXHHKyMoB «OCHOBH
paIHOTEXHHKH H AHTCHHb> U JIOCBSIEHA TEOPHH H TEXHHKe aHTeﬂoﬂo-(bﬂ-
JepHbIX YCTDOHCTB. O6e gactd 3TOro yueGHHKa NOAuMHeHsl obmel ujee
oOyueHHs [0 CMIEUHaNbHOCTY «PajliOTeXHHYeCKRe yCTpoficTBar. Jta Haes
pa3pafoTaHa Ha OCHOBE aHAH32 COBPEMEHHOIO COCTOSHWS H Gauxafl-
[UMX MEPCEKTHB Pa3BHTHS PAMMOTEXHHKH M PAjMOJOKAUMH H BO3POC-
unix TpeGoBaHH#i K MOArOTOBKE PAaAHOTEXHHKOB.

YueGHUK 3HAUMTENLHO AONOJHEH H nepepaGoraH. ITO BHI3BAHO AH-
HAMHUHOCTBIO PA3BUTHA TEXHHKH AHTEHHO-DHAEPHBIX YCTPOACTB, BO3pOC-
uleit poabIo UX B QYHKIOHHPOBAHHH DaJHOTEXHHYECKHX CHCTEM H TeM, UTO
B COBpeMEHHbIX YCJHOBHAX mpeaMerT «OCHOBbI PaJMOTEXHHKH H aAHTEHHbI»
asisiercst 6a30BEIM B NOACOTOBKE PAjMOTEXHHKOB,

B cBere 5TUX 3afiay CcHavajka paccMaTpPHBAlOTCS oflye NMPHHIMNE II0-
C¢TpOCHUs aBTeHH i dupepos (ra. 1, 2, 3, 6, npuNOKeHHs), 3aTeM peasH-
3auMsl AAHHBIX MPHHLHMIOB HAa NPHMepax coBpeMeHHBIX aHTeHHO-¢uAep-
HbIX YCTPOHCTB Da3AHYHOrO HA3HAYEHHR M PasfUUHBIX AHANa30HO0B BOMH
(ra. 4, 5, 7—12). Taasa 10 NOAHOCTBIO MOCBSIUIEHA AHTEHHHLIM pelieTKaM
C 3NeKTPUYECKHM CKaHHDOBaHHeM, MHOIO BHHMaHHS yJAeldseTcs y3laM H
YETPOICTBAM, BbLIUTOJIHEHHLIM HA OCHOBE MOMOCKOBLIX H MHKPOMOIOCKOBLIX
anuuil {ra. 4, 5, 9, 10), coppemeniubiM antennam CBUY (ra. 7, 9). Tak kak
B DARHOTEXHHKE AOMHHHPYIOMHM CTAHOBHUTCS CBEPXBHICOKOUACTOTHBIN AN a-
nasoit BO/H, To Gosee noApoGHO paccMaTpHBawTcd autennst CBY, a au-
TEHHAM HH3KHUX PanMoyacToT IOCBSILIEHB! JHINL ABE HEGONbLIUHE [JABH
(ra. 11, 12). ,

B meTomiyeckoM nocTpoennu yueGHUKA YUTEHB! COAHOCTb H GONALIION
obveM npeameta. Tak, colep:kaHue Kax/AON HOBOI TeMbl Npecyefyer uesn
He TOJILKO YCBOEH¥SI HOBOTO yyeGHOIO Matepuana, Ho u yisydieuns U 3a-
KPenJjeHus paHee NpoiAeHHOro Mateprana, MHOro BHHMAHKA YAGAEHO CH-
CTEMATH3aUMY NPeAMeTa 1 KOOPAHHAUMU €r0 CO CMEXHBIMI PaiiOTeXHH-
YECKHMH  JUCUHIJIHHAMH,

Euwe oasa meroxuueckas ocobeHHOCTs: yueOHHK pasfiesel Ha GoMbiioe
HHCA0 maparpaoB U MYHKTOB C TeM, Y4TOOBI MOXHO Gbli0 BECTH ofyuenie
Kak TpajMUMOHHBIMH METOAaMH, TaK H C WHPOKKUM MPUMEHEeHHEM TexHHye-
CKHX CpeAcTB  IPOrPaMMHPOBAHHOFC KOHTPOJSt 3HAHAN yualmHxes, Kak
B 1toHOM ofbeme, TaK M B COKpameHHoM. BuiGop Metoaa npenogasanus
o0beMa H3yuaeMoro MaTepuana ONpeANIAeTCs clentain3anyel yaauyx-
CA U 09X MOArOTOBKON MO APYrUM JHCHUMAHHAM.

B sakmouenite asrop Bupaxaer 612aronapHoCcT Kaud. TexXH. HayK

(;- t\é MirxeeBy 3a peuensnposanue u HayuHoe pefakTHPOBaHUe DY KOnHCH
ueGlinKa.



Cnaea 1

OBLUME CBEAEHUA OB AHTEHHAX

1. HASHAYEHUE U KNACCUDUKALIMA AHTEHH

1.1. Hasnauenne anTennw. AnTenna sBnsercs HeoOXoIMMOH YacTbe
Moo pajyOTEXHUYECKOH CHCTEMBI. AHTEHHBI COSAMHSIIOTCH ¢ pajHonep
JlaTUMKOM yepes (pujeps! (JHHHH nepefaud), a B HEKOTOPbIX CAydasx —
nerocpeacTBeHHO. COBOKYNHOCIIb QHIMEHHBL 1L BCEX BBeHbEB hUlepa HUSHIEAe
€A QHMEHHO-PUOEPHbIM YCNIPOUCMBOM UAU QHMEHHO-UOEPHbIM M PAKIMO.
& eCliH OHH OYeHb CJCXKHBl NO BHINOANAEMBIM GYHKLMAM U CTPYKTYD
TO HX TIO NIPABY HA3LIBAIOT QHMEHHO-PUOCPHBIMU CUCITEMOMU.

Tepeparoniast ¥acTh PAAUONM UMY COCTOUT U3 PAZMONEpeAaTuiKa, nep
Jatoniero duiepa U nepeiarcinesi awtenun:. IlepejaTunx npeinassaded il
NOAYYEHUS ROCTAaTOUHO MOIHOFO Paguocuriiaja B BHAE TOKA BLICOKO)
(Hecymeil) 4acTOTBl, MOAYJIHPOBAHHOrO YIPABJSIIOIMM CHTHaaoM. Pajn
CHTHAJ NOCTYTNAeT B UACP ¥ PaCHpOoCTpanserTcs 10 wemy B gopMe panpa
JIeMbIX 3MeKTPOMArHUTHLIX BOJH. Ileperaiomas anTenHa npecOpasyer H
B cBOBOMIBIE BOMNBI, T. €. H3/y4aeT B CBOGOAHOE NPOCTPAHCTBO.

Ha npuemHOM KoHle PaiMOIMHHH MPOHCXOAMT oOpaTHbI npouec
¢BOGOAHO pacnpocTpalsieMbie BOAHbLL TONAAAI0T B 30HY ACHCTBH St IPHEMHO)
aHTeHHbI, H NPHHSTHI PaAMOCHTHAN neperaercs No npHeMHOMY (QHIepY
¢opMe HanpapJasSeMbIX PaflkiOBO/H; HA BXONe NPHEMHHKA 5TH BOJb! BhbI3bl
BAIOT MOAYAHPOBAHHEIfl TOK, KOTOpPR# He OTIHYaeTed Mo uactote u dopM
OT TOKa Ha BHIXOLE NepelaTunKa, NPHEMHHK YCHJIWBAET H JNEeMOAVJHpPYE
(eTeKTUpYeT) NOCTYNMBILKT PAIROCKHTHAN, B PE3YALTATE BHIAENNETCS Yy
paBASIOIIAH CHIHAN; COAeP#Kallasics B yNpaBisolueM cHruane undopm
H¥% BOCTPOM3BOAUTCR OKOHEUBbIM IPuGOpoM (TesedolioM, IpPOMKOrOBOPH
Tej1eM, 3JEKTPOHHO-Ny4eBoi TpyOKoH u T. 1. ).

Wrak, nepedarowuti anmenno-udeprsiii mpaxm npedrosHauen O
npeobpasoeanus dHepeull MOOYAUPOBAHHBIX MOKO8 6bICOKOL HacHionbol
IHEp2uto CBODOOHBIX 2AEKMPOMASHUMHAHBIX B80AH, & npuesHbli — 0 obpan
H020 npeobpa30sanI sHEpeul, L NPU IMOM BANCHO U3DENAMb UCKANEHUS
nepedasaemoli ungopmayuL.,

1.2, Knaccudukauua auTeHd. AHTeHHb! KAacCUbUUupyioT MO MIOMK
npusHakam u napamerpaM. HasoseM OCHOBHble W3 HHX.

\. Hanpagaennocmo usaydenus u npueme. T1o 310My nNpH3RHEKy pa
JUINEIOT: CAAGOHANPUSACHHOIE AHMEHHbL, TV HEHHbE pasMepsl KOTOPbIX U0
MHOFO MEHbIIE ANHUHL BOJHEI H3JY4aeMblX (IPUHYMAEMbIX) BOJAH, JHO
COH3MEPHMBI ¢ Hell; yuepeHHO HanpasaerHble AHMEHHbL, Pa3Mephl KOTOPH
NOPsAAKA eAHHHIL JUIMH BOJH, OCMPOHANDOBAeHHbIE AHMEHHbL, PASMEPD] K
TOPHIX MOPANKA HECHTKOB AJHH BOJH,

2. [lpunyun Oedcmeus U KOHCMPYKMUBHOE BbINOAHEHUE QHNMEHHB
Jlio6asi aHTeHHA COZEPIKUT BHOJHE ONEAC/ICHHBIE KOHCTPYKTHBHDIE /1€
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penTel (IPOBOILILIKIL, OTBEPCTH S, T, 3aMRITMCIUIC CTPYKTYPL 11 AP )
KOTOPHIE H3/YUAiOT HICKTPOMAlHETHLIE BOTHb AN YCAOBIH, UTO 5TH »C-
MEHTH OBTEKAIOTCS TOKAMH MPOBOAHMOCTH [/ CMCHEHH S AOCTATOULIO Dul-
COKOH uacToThi, B cBf3d c 9TiM pasinyvaior:

[TpososoHHble 1 tmbipesyie GHIMERALL, TIPUMENSEVbe B OCHOBHOM 112
KHAOMETPOBBIX, [EKTOMETPOBSIX H JAEKAMETPOBLIX BOMHAX. B minefiHof
IPOBOJIOYHOH aHTeHHe, MOKa3arHOi Ha puc. 1.1, @, H3MyHaONIHM SnEMEH-
TOM CAYXKHT BEPTHKaNbHEI npeBoA (1) ¢ MpHCOCAHHEHHBIM K HEMY FOpH-
30HTANbHBLIM NPOBOZOM (2), KOTOPLIH Yepe3 130a5TOphl (3) NOABEIIHBAETCA
K MauTaM (4). ToK, BLI3bIBa€MBI BLICOKOU4CTOTHLM I€HepaTopoM Mepeaar-
unKa (5), 3amblkaerca No neny: nposoia (/, 2), Bo3ayuinas cpena (ToK cMme-
WeHH s, MOKAa3aulpi MTPUXOBBIMI JHHUAMH), NO4Ba 1 3asemaenue (),
BLIMOJTHEHHOE B BHjJe CHCTeML MPOBOIOB, 3apbLIThIX A YPOBHE I'PYHTOBbIX
BOA. 3azem/iende yMeHbIIAET JEKTPHUECKOEe CONPOTHB/JEHHE NN U 3THM
CoCOGCTBYET yBEAWUCHHIO TOKA aHTEHHB H MOUHOCTH H3JydYaeMbiX BOJIH.

Ulenresme anmennot {(puc. 7.16) cocToHT u3 wienefi, npopesaHHblX B
MeTa/VIHUeCKHX 3KpaHax WA B CTeHKaX BOJHOBOAOB, H MCNOMb3YIOTCS Ha
JACUMMETPOBBIX W CaHTUMETPOBLIX BoaHaX. [Llenn nsayuaior npu nepeceye-
HHH HX TOKaMH CMEilleHHs.

Anmennbl nosepxHocmubix (LAY BUMEKAIOWUX) B0AR, THAE U3j1yueHHe
BO BHejlIHee MPOCTPAHCTBO NPOKHCXOAMT B pe3ynbTaTe 3aMeAAeHBOro Wil
YCKOPEBHOrO pacnpocTpaHenus BOJIHbI MO HOBEPXHOCTH aHTeHHBl. [Ipume-
PON MOXKET CAYXKHTDL AH3JIeKTpUUecKUil cTepxens (/ ua puc. 1.1, 6), ofre-
Kaembiit Geryuie# BoAHOR BLICOKOUACTOTHOrO TOXKA, KOTOpH#l noctynaer
OT rnepefarTynka uepes JuHHUI0 nepepaun (2).

Anepmyprole anmenHs: — 37O aHTEHUb, B KOTOPHIX W3AYUeHHe Npo-
MCXORMT ¢ GONbLIOH, IO CPABHEHUIO C KBAAPATOM AJIMHBl BOJIHBE, MJOLULAAN
(anepTyper). D10 MOKET GbiTh GTKPLITOE OTBEPCTHE METANAMYECKOFO BOMNO-
BoAa (puc, 8.1), packpbiB mMeTasaMueckux pynopos (puc. 8.5), napaboai-
ueckoro sepkasa (puc, 8.8) nan anunse (puc. 8.19). Bonxosoaubie u pynop-
HbI€ aHTEeHHBl SBJISIOTCS aHaAOraMH u3Jjyudatesneil akycTHUECKOTo THMa,
@ 3epKalbHble Y JIMH30BHIC — ONTHUECKOrO.

Mrnozosnemermusie anmennsr — anmennsie pewemxy. Manyuaompmu
BJAEMEHTaMH 3Jech CAYXKAT caabonanpabnedHbie aHTeHH. [IpocTefiias
aHTCHHAs pelleTKa U3 AUNEKTPHUECKUX CTeprkHell I0Kasana Ha puc, 1.1, 6,

3. Xapakmep ckanuposanus, m. e. nepeMewenus ayua e npocmpancmee.
B neckanupyouwix auTeHsax ayu sanumaer (PUKCHPOBaHHOR MOJOKEHHE,

Puc. 1.1, Ayrenuy:

8 — Niheltwan 1p
0Bo-
#OUHAR, 6 — nopepy.

EASNN
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8 B CKalPYOWHY MOKHO yApaBRafiTh Cro NpOCTPANCTBCHHBIM [0 3Ke
HieM. CKaHMpyWIHMe aHTeHHbl, KaK iIPaBRJO, ocTponanpasaexnse. Ou
DPHMENSIOTCS B PAAHONCKAIMN, KOCMHYECKOHR PaaHocBi3y # paanoacTp
HomMiK. [1o Mepe pazBHTHA 3TBX 0 APYIHX ACPCOEKTHBHLIX HANPaBACHH
COBPEMEHHON PaIHOTEXHHKRE 0ONACTH MPUMENCHUS CKAHIPYIOMHX anrten
Bce Oofee PacINpsIOTCs, CXCMB! H KOHCTPYKIHH HX HCHDEPLIBHO COBC
INEHCTBYIOTCA i CTanOBATCS Bce Oonee pasHoobpasztisiMil.

BosMOKHO MexaHHueckoe, 3JEeKTPOMeXaninueckoe H  JeKTPHUeCK
(ba3oBoe M uaCTOTHOE) CKaHnMpoBaHHE,

Mexantiteckoe ckanuposartie OCYILECTBSIETCS BpallleHHeM Beef auTe
Wbl DAEKMpPOMEXaHUHECKOe CKAHUPOBAHUe TPOU3BOAKTCS NEPeMeIientie
KaKOH-TO YacTH aHTeHHbl, a ocTajbias (6ojjee MAacCHBHAsl) UacTb ee OCTa
€TCsl HEeNnoRABHXHOH. [IpH azexmpuueckosm CKOHUPOBAHUL BCA AHTEHHA N
NOUBHIKHA, a JIyY MepeMellaeTcss B pe3yabTaTe HW3MEeHeHHS aMIUIHTYAH
($asoBoro pacnpepeneHuss TOKOB WM Tofeii BO3GYKAEHMS H3nyuyaTese
AHTEHHH,

Dasosoe CRAHUPOSAKLE YCrielno PEANB3YETC IPH TIOMOLHE (hasuposa
Hbtx aumentbix pewenox (PAP)Y ¢ daszoBpamate/isiMi B Ka4ecTBC 3JeMe
TOB ynpasienws. Yacmomnoe ckaniposaniie OCIIOBaHO HA IUCTIEPCHH B
B cHucTeMe BO3OY:KAEGHHA 3JeMEHTOB aHTeHHpl, OHO TpefyeT MpHMetCil
nepecTpaWBaeMpIX 110 9acTOTe NepefaTulKka H NPHEMHHKA W Takoh duie
HO# CHCTeMbi, N0 KOTOPO! BOAiIbLI 11€PEAIOTCA C 3aMeAlNeHHEeM, Pe3ko 34
BHCAIIXM OT YacToOTHI. .

K yneny nociefnux JOCTHIKEHH#E AHTEHHOH TEXHMKN OTHOCHTCS @
musHsie (asuposantsie anmennsie peutemkuy (APAP). Dnesentamn AQA
ABNSIIOTCS He OAUHOYHBLIE W3NYuYaTesH, 4 MONYJH, B COCTaB KOTOPLIX KP
M€ H3J1yyaTesis BXOAAT [eHepaTop, NPHEMHMK U YCTPOHCTBO PasmBsi3ki p
KAMOB NpHCM—nepenava. Bce TH YCTpoRCTBa CBSI3allbl HE TOJABKO KO
CTPYKTHBHO, HO i (yHKIHMOHaNbLO, GAaronaps yemy BosmoxkuocTy ADA
3HAYHTEILHO LIHpe BO3MOXKHOCTEH ITACCHBHBIX PELIETOK.

YraoBasg CKOPOCTb JIyYa MNpPH MEXAHHYECKOM, 3JMEKTPOMEXaHHUCCKO
H JIEKTPHYECKOM CKaHMDOBaHHY COCTABJISIET COOTBETCTBEHHO JOJH, I
CATKH — COTHH H JeCATKH ThICSIU pajnan B CEKYHAY.

4. Bmopocmenexusie RPUSHAKU KKACCUGDUKAUNUL QHMEHH:

— 00nacTh NMpHMEHeHHS — 110 3TOMY NPH3HAKY aHTEHHBl pa3lessio
Cfl Ha CBA3HDLIC, PAAUOBRLIATENABIILIC, TEVIEBHAHOHIBIE, PAHONOK AL OHHbE
pafHOHABUI'ALHOHHLE, A/ PaAAOTENeCKONoB H T. 1.;

— MECTO pa3MenieRNs alTeHHbl — Ha 3emie (HasemHbie), ua Gop
MOpPCKOro Kopabns (cyAoBble), neTaTCALHOIO annaparta (CaMoneTnbe, K
MYgeckie) u T, JL.;

— [Mafa3oH BOJH, B KOTOPOM HCHOJAbL3YETCH aHTEHHA (3T AHAna30H
nepeuncaens B 4, I, ¢. 12). Beifop paGoueh BOAHLI CBsI3dl, B YACTHOCT
¢ TpeGyemoit nonocolt nponyckauia Afuy = fyane — [y OObiGHO OA
Cy nponycKaHusl BbIPAXKAIOT B MPOHEHTaX OT ee CpPeAHel YacTorh fo. A
TeHila CUMTaeTCsl Y3KONOMOCHOH (pe3oHanchnoil), ecmn  Afyp/fo << 109
upoxononocuoi, ecnn 10% <7 Afyp/f, << 100%, 1 CBEPXWKPOKONONQ
HO{l, €cay T0J0Ca NOPAAKA OKTaBbl M 0OJbINeE; '

— pexiM paboTsl anTenHbl. 31ech UMeercsl B BUAY pa3fleicHUE aHTe
Ha nepejanine, npuesibie 1 COBMeLleHHhbie, T. €. pa60‘ra}0mue nouepeMe
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Ho: TO KaK HepefaloHine, TO Kak NPUCMILIE. ITO BOBNMOKHO HOTOMY, 4TO
Qs aHTElH CPaBeAHB MPHLLIL B3a4MHOCTH (npn'ncpenaqe OHH TpakC-
dopMupyloT HANIPABASEMBIE 3/ICKTPOMAINHTHbIE BOJNBI B ¢BOGOAHDBIE, a
npu npieme — #aoGopOT, MpHYEM NapaMeTpsl H XapAKTEPHCTHKH aHTEH-
Hbl B OOOMX PeKHMaX OHHAKOBbl). B COOTBETCTBUH C 3THM MPHHILIIOM AC-
CTATOUHO H3yuaTh TOMBLKO Nepelawoiie antentisl, a npu HeoBXOAUMOCTH
orMesaTb OcoDeHHOCTH HPHEMHBIX aHTeHH.

MoxHO M Ha APYIHX NIpliMepax MOKa3aTh, UTO NEPEUHCIeHHbe NPU3Ha-
ki — BropocTencipie. CKkazkeM, NPOBOJOUHBIE JIHHCHHbIE AHTCHHBI HC-
[10/1b3YIOTCA NPEIMYLECTBEHHO HA HH3KHX DAajiouacToTax, Ho oM mpume-
HSIOTCS ¥ Ha 0ojice BBICOKMX 4aCTOTaX, BIJIOTb A0 CAUTHMETPOBBIX BOJH.
Wan, K caMOJeTHbHIM aHTelHAM OTHOCATCHA H JIMHEHHbIE, # NPOBOAOYHbLIE,
{ UlefeBbie, H AHTEHHbI MOBEPXHOCTHLIX BOJH, W aMepTypiibie, 1 aHTEHHbIE
peuetku. B nanbueiiem OyjeM TpUACPKHBATECA B OCHOBHOM Ha§6onee
XapakTepPHOro MPH3HAKa KAacCHDHKAUUH alTeHH — MPHHLMIA AeHCTBUS
H TeOMeTPHH M3JIYYaloUeHd CTPYKTYPLL.

. 2. MEPBUYHbBIE NAPAMETPbl M XAPAKTEPMCTUKH
MEPEAAKOLLMX AHTEHH

XapaKTepHCTHKH ¥ MapaMeTpsl aHTEHH MOKiO JICJHTh HA TEPBHYHBIE
u BTOpPHUYHBIC, 3aBHCHMOCTb TeX W APYTHX OT 4acTOTH ONpeAenfeT uacTor-
Hblfl Ananason aHnTeHHsl, PaccMoTpuM Bce 3TH BONMPOCH!, OMMpadch Ha NpH-
BeJeHHbIE B u. I, ti1. 13 cBesieHn s O TeOpHUHM 3/EKTPOMArHHTHOTO MO, M-
none 'epua 4 NPOBONOYHOM CHMMETPHUHOM BHOpaTOpe.

Haunem ¢ nepBuunbix napamerpoB anTennsl. M3 uux, sameTdm, conpo-
TUBJEHHS H3JYYEHHsl ¥ NOTepb M Bblpa)keHHbIH uepe3 unx KIT npume-
HAIOTCA TOJNLKO NPH HCCEL0BAKKH cliafoHanpaBAeHHbIX aHTEHH: IPOBOAOY-
HbIX, HITBIPEBBHIX H LIEJEBHIX.

2.1. ConpoTusnenue H3ayYeHHs. DTOT DapaMmeTp CBs3AN MO CMLICAY
C MOUWIHOCTBIO H3/1YYEHUN aHTeHHbl Py, T. €. CO CPeHHM 3HAUEHHCM NOTOKA
S/CKTPOMArHWTHOA SHEPrHH, NPOXOASLIEr0 B €AHHUUY BPEMEHH CKBO3b
cdepy, okpyxaiomyio antensy. Tak Kak MOUIHOCTb H3/7YUeHUs! aKTHBHAS
(ona He BosBpallaeTcsl B NepeAAoLLYI0 AHTEHNY U ePefaTuK), TO €6 MOX-
HO BEIDA3NTH uepe3 aKTHBHOE CONPOTUBJEHHE, HA3LIBAEMOE CONpousle-
Hiem usayuenus,

‘ Ry = P/, (1.1
rRe / — neficTByiomee 3RAauEHHe TOKA B aHTelHe,

2.2, Moan wnanyuenns nunoas Fepua. [TpumennM roustue «CONpPOTHB-
JeHue nanyuens» Kk annomo Fepua, Hanomuum [u. 1, § 921, uro aunods
lepua UMEeT AnHHY {, 3HaUHTEeNbHO MEHBbIIYIO AAKXHBI BOJHB A, W HO3TOMV
TIO BCEH AMMHE OGTEKAETCsS TOKOM ¢ OAMHAKOBON aMIBTYROH /. ITpoci-
PaHCTBO, OKpy»Kaloliee AKNOAL, MBICJACHHO ACAUTCH Ha TPW 30HBL: OAMM-
HIOIO pafnycom r < A, HPOMEXKYTOUHYIO U JaNbHIOK paguycoM r > A
{puc. 1.2), DNeKTPOMArHUTHOC Nojie GJHKHelt 30Hb HMeeT nperMylLiecTsen-
HO DeaKTuBHmﬁ“xapaKTep, T. €. B HeM noas £ u H casupyTw 1o (dase i
Ho pacnllan?u’en 3one nons E v H cuudasibie, 0 OHK COBMECTHO CBOGO-

POCTpansiorest or gunoas. [1pun s1om pekTop E HaXQAWTCS B MepH-
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JUTOHAJIBHON, T. €, B npoxoasulcli yepes och AHIOASM, NAOCKOCTH, a BOKT
H — 8 3xBaTOpUaNbhOl, T. €. B NEPTICUARKYJSPHOI Oci AMOONA, 1t
ckocTH. [locTpoenHsle 1o yike 13BecTHLM BekTopam E i H sextopm [0
tuHra Il yxassiBawor, 910 dunoss Nepya usrywaem bezyryyro cheputeck
COAHY, KOMOpYIo 680G 0m QunoAs MONCHO paccmampuéams KAk na
CKYIO,

Matematuuecky il avanis NPUBOAHT K CReAywWHM GopiyaaM amnn

TYX Hal‘lpﬂ}KeHHOCTefi MartHTHOI'O W 3ACKTPUYECKOro nosed  JAunos
Fepua:

!

H, =-2-sing, 1.
" 2rd (
‘i l
.

E, =Z,H, =601 22 sino, (.

tie Zy == 1207 = 377 Om — 801HOBOE (XapaKTEpHCTIINCCKOE) CONPOTH
JieHne CBOGOAHOTO POCTPAHCTBA; ) — 3eHUTHbIA yroq, o0pa3oBatiHbtii ¢Cb
BCPTHKaAbHOIrC BHOpaTops M paiuycom 7 cgepsl, NPONOARIIHM Uepe3 TO
Ky Habmofenus.

2.3. CeoiictBa Aunoas {subpartopa) Fepua, Buiteraomyie U3 Popm
(1.2) u (1.3).

1. AMIIMTYRB! HanpsexelnnocTeidl nojedl BabpaTopa npsMo NMpomnopi
OHAJAbHBL AMIANTY A TOKA B HEM; 5TO OODBICHSRTCS TeM, YTO TOK BHGPATO
ornpeessieT NOABOAUMYIO K lieMy MOWHOCTh, a CeA0BATETbHO, H MOIIHOC
HATYyUeHu s,

2. HanpsixeHHOCTH DOJMEH NIPSIMO MPOMOPUHMOHANBHEI OTHOMEWHIO [/
YTO COOTBETCTBYET H3BECTHOMY NOJOKEHHIO 00 YCHJAEHHH H3AYUEHHs e
TPOMArHMTHHIX BOJAN C YBCAWYRHHEM OTHOCHTENbHOW AJMHLI H3Nyuates]
{/h (370 crpaBeaNHBO B 13BECTHBIX MNpejenax).

Puc. 1.2. [Tona uanyyess
aunoas 'epua




Pue. 1.3. K pacuery conpOTHBARINE HINYIL-

pus aanoas [epuna

3. HanpsixeruocTd mnoaeit ofipatio
MpOIOPLUAOHANBHE PacCTORHHIO 7 or
pHOpaTOpa; TaKas 3aKOHOMEPHOCTL Xa-
pakTepHa, Kak H3BECTHO, LA cepu-
4ECKOW BOJIHBI.

4. AMIIMTYRb! HanpsiKeHHocTel Mo-
Nefi H3MEHATCH 110 3aKOHY sin O u, cie-
KOBaTeJIbHO, BO3pacTaloT OT Hy’As A0
MakcHMyMa ¢ npuOaKKeHHeM HaiflpaBie-
HHA HM3JYVYEHHA K 5KBATOpH albHOH
niaockocTd BuGparopa. B cBA3H ¢ 3THM
ryCTOT@ CHAIOBBIX JIMHHM#l U JUlMHA BEK-
topos E, H, TI (puc. 1.2) mMunamanbtst npu 8 =90, 270° u cnanawor a0
Hyas K ocH BuOparopa.

2.4. ConporusreHue M3ayvenus Ry junons Tepua. Onpemenum Rz
Hcxoad u3 Bektopa [Josintuhra. Ero MraoeenHoe sHadenuve [1,., ==
= EpruHyen. Tak Kak HanpsukeHHOCTH monedt Eycy , Hyen H3MEHAIOTCH
BO BPEMEHH MO CUHYCOHAAJIBHOMY 3aKOHY, TO VISl ONPEJeneHus cpeaHero
3HayedHs BekTopa Il AOCTATOUHO 3aMEHHUTL MIHOBEHHbIE 3HAuCHHS Eypy
u H,, JeficTByouwmy sxaueunsma £, H, umes 8 suny, uro £ = E, /)2

4 H = H,/¥2. Toraa cornacHo dopmynam (1.2), (1.3)

I—EH— Em Hpy —60n/% sinz 0
2 4rz A2
Ecan 6u BenvunHa /7 He 3aBucena or yria 0, TO MOLIHOCTb H3ay4eHun
Py 6bina Gbl paBHa nponssefeHHo MOLYs Bektopa [loiintuura I1 Ha no-
BEPXHOCTbL chepbl 4n7%, B naHHOM ke cjiydae HY:KHO NIPOHHTErpHpPOBATH
sJieMedTapHble MOMIHOCTH u3syuendsn (puc. 1.3). Jlas uHTerpupoBanus
BHENACM HA MOBEPXHOCTH cepsl 3/1eMEHTAPHOE KOABLO, OrpannuyeHtioe
ABYMS Mapa/fie/fbHbIMA TUIOCKOCTSIMH, KOTOPbiE PACMONOMKEHb NepeHin-
KyansapHO ocu Bufpatopa Oz Ha GECKOHEUHO MANOM PAcCTOSIHHK ApYyr OF
Apyra. Panuyc okpy»HOCTH KO/MbUA paBeH r sin O, a miununa ee 2nr sin 0.
Tak kaKk 5TOMy Ko/buUy COOTBETCTBYeT yroa do, To IUKPUHA KoJbla rdb,
3 HOBEPXHOCTb KOMbUA

dA = 2nr sin 0 rd® = 2nr? sin 8d0.

. Ymrokas 1 Ha dA, noayuaem CPe/HIOD MOMHOCTb S1€KTPOMALHUT-
Hgo MOTOKa, TIPOXOASAUIEro TOMNBKO Yepe3 AaHHYIO 3/M1eMEHTAPHYI0 OBEPX-

" To. 3atem unterpupyem /7dA no yray 6 or 0 go n aas onpeneneHud
OIHOCTH u3/MyueHHs uyepes BCio chepy:

1%, 13sin2 6

vy 27r? sin 040 =

12002 /2 2 2
——z"'—— S sin® 640,

x ]
Px=5nd,4=§60n
o 0

0



rie
h3 d

n
Ssin3 £do :Ssin2 0sin0d0 =\ (1 —cos? 6) sin 0d0 =
) .

S A

o n T a
= { sin 040 -+ cos® 0 (—sin 06) == [ sin 040 + fcos‘a Bd (cos 0) =
b § b b
s30 |n 2 4
=~—cos()l:—5—c°q3 0=‘2-?=—3~,-
CnepoBaTensHo, .
Py = 40m2] 2202 = 80m2[2¥)2, (1.4);

rae [ = [,/ 2 — AEHCTBYIOHICE 3HadyeHke ToKa B Bubpatope.
Kosthuunent nponopuiosanbocTit aexay Py i [ sipigercs conpo-
THBACHHEM H3AYUCHH S

Ry = Py/I* = 80n® ({/r)* ~ 800 ({/A)%, (1.5)

npuueM R » BEIDaKeNO B OMax, a [ 11 . —B OAMHAKOBBIX €AIHMHAX ATHHBL
Kak BUAHO, conpoiusaeriue usayvenus gaesenmaprozo eubpamopa Npo-
NOPYUOHAALHO KBUAPQMY OMHOWEHUR OAtiHbl sUGpamopa K Oauxe B0.H6L.;
IDTO NOKasLIBaeT TaKiKe, YTO CONMPOTHBJAECHHE H3AYUCHHA HABAAECTCH napa-
METPOM 2HTEHHDI, Yero Heldb3s CKa3aTh O MOWHOCTH H3JAYUCHUS, KOTOpasd
3aBUCHT Ile TOJIbKO OT KAueCcTBa AHTEHHLl, HO H OT TOKa B Hefl.

2.5, Conporusienne notvepp R, Hapsay ¢ mnoaesnofl MOHHOCTHIO
Pz yivieetcs HeKOTOpad MOLLHOCTb, KOTOPas TepAeTCH 11a Harpes 0pOBOJOB,
B 1307TOPAX, B 3CMJIe H B [1pe/MeTax, PacrnofoKeribix BOAN3YH anTeHHbL.
D10ii MOWHOCTH NOTepb P, COOTBCTCTBYET aKTHBHOE CONpOTHBIAEIHE, Ha-
3bIBACMOE CONMPOTHBIEHHEM MOTeph:

Ruy= Pl (1.6)

3ameTHM™, 970 mapaMeTpsl Ry ¢ R, XapaKTepHsl A8 MPOBOIOUHBIX aHTEHH,

2.6. ConpoTHBIeHNA H3/y4eHHs K I0TEPb PeatbHBIX AHTEHH KAK (PyHKs
UMY ceveHna anTenHbl. B GosblUWHCTBE aHTeHH ToK / pacnpefensercs He-
paBHOMepHO. [IpuMEpPOM MOKET CAYKHTH CHMMETPHUHBLLA BHGPATOpP, KOTO-
phiit MpeACTaBAseTCs KaK CNPSIMACHHAS PA3OMKLYTas ABYXIPOBOAHAS JIH-
wga [u. I, §911. 4

FpencTaBum 3T0T BUGPaTOP B BHfIE 3/EMEHTAPHLIX HHAYKTUBHOCTEH
1-17, 22", 3-3', ..., pacnpeneneHnplx Bi0oAL npoBoia, W emkoctedl CM),
C®, C™, ..., pacnpeiesenHblx MeKAY CHMMETPHUHBIMA y4aCTKaMU TPO-
Bota (puc. 1.4, a). |

[Tepementioe HanpsKesne, NPUAOKEHHOE K BXOAHKIM K/IEGMMAM aHTeH-
Hbl, BbI3bIBAET B HHAYKTUBHOCTAX TOKH NPOBOAMMOCTH, @ B EMKOCTAX TOKH
cveulenns. Ilpn anuue BuGparopa [ < A2 TokH, BO3HMKAKOUME HA JIO-
GoM 37eVeHTApHOM y4acTKe aHTeHHbI, 00A3aTeJbHO NMPOXOAAT yepe3 3a-
MHMEI reseparopa M UHAyKTHBHOCTH 1-1'; uepe3 uHAyKTHBHOCTH 2-2°
y/Ke NPOXOAMT MEHbUIHH TOK, TaK KaK B 3Ty Ueilb HE MONajAaeT eMKOCTHbI
TOK yyacTka 1-1"; uepes unaykTMBHOCTH 3-3' He 3aMBLIKAIOTCH TOKH cMmetne- §
HHA le ToMbKO yuactka |-1°, Howu ywacrtka 2-2' w 7. a. Taxkum oGpasom,.
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_ Pre. 1.4. Pacnpegzenesiie TOKa B CiAl- Puc. 1.5. Pacnpeneachue Toxka B eciiu-
MmeTprunomM BHOpaTOpe MeTpHuHOM BHOpaTOpe

aMnJIXTYJla TOKa JIPOBOAMMOCTH /., yMmeHbHIaercs OT CepPelyHbl K KOHLAM
pubpatopa OT MakchMyMa RO HYyas (puc. 1.4, 6).

Tok pachpefeseH HepaBHOMEPHO H B HECHMMETpHUHOM BiGpartope
(puc. 1.5). B HeM 3eMas KaK Obl 3aMEHSIET HHIKHIOW TIOJIOBUHY CHMMETDHY-
Horo BUGpaTOpa, HO 5TO MOJHOCTHIO CIPABEAIHBO TONLKO TPH HAealbHOR
npoBogMMocTH 3emi. CyMMHDYS S/1eMEHTapHbIe TOKM CMeuieHHsl, yOex-
AaeMCs, YTO NPY AAMHe (Buicote) BuGparopa i < M4 aMnmiTy Aa TOKa Npo-
BOAKMOCTH [, MaKCHMalbHAa Y 3a3eM/IeHHsl H PaBHA BYMO Ha OTKPHITOM
KOHIle aHTEHHEL

Bce 9To rOBOPHT © TOM, 4TO, gbittcaas no gopmyaan (1.1), (1.6) conpo-
muerenun usaywerus Ry u nomepe Ry, credyem yuumsieamo, Kk KaKOMy ce-
YeHUI0 aHmenHbt oHU omsecers,. OOLIUHO OTCUT NPOU3BOAMTCA NO TOKY
B NYYHOCTH WJH Ha BXORHHX KJAEMMax aHTEHHHI.

2.7. KNI} anteHRm — 3TO OTHOLIEHJE MOLLHOCTH H3JIYUEHHA KO BCeH
aKTHBHOH MOIMHOCTH, NOABOAMMOH K 8&HTeHHE;

e PEo Pe MR R o
Py  PytPu  DRg+PR;  Rg+Rn

3aMeTHM, 4TO R y Ha3BaHO CONPOTHBJACHHEM JIKIUbL NO CBOEH pasMepHo-
cTH (oMul), aKTHUSCKU Ke 3TO KOIPPHUIMEHT NPONOPIHOHANLHOCTH MEIKAY
NOJIE3HOA MONIHOCTHIO H3WYUeHHs Py U KBajpaTOM ToKa / B alITCHIE, TOr-
A2 Kax .CONPOTHBJIEHHE NOTEPL SKBHBANEHTHO PE3NCTOPY, KOTOPLIT MpH
Toke / noraomaer MomHocTs Pg. Bor nouemy K/1JI anmentnt meat sviuie,
“em 0OblLe CORPOMUBAERNE USAYHERUR U MEHOLIE COMPOMUBIEHUE NOIMepb.

2.8. Bxoanoe cONPOTHBACHME -AHTEHHLI — 3TO CONPOTHBACHHE Ha-
;Igl:::c Tﬂn:a cre:epampa, nuTalomero anteHny. lenepatop pacxoayer
b 031laHHE 3JIEKTPOMArHUTHOrO Noss HaayueHus (P ;) n KoM-

HCalHIo NOTEph B atTeRHe (Pg). Kpome Toro, Korpa uer pesonanca 8 ake
::—l'ﬂe. B ee GnH)KHed 30He 3HEPrUs IMEKTPUUECKOro NONA MPeBLILIEET

SPrHi0 Mar{HUTHOrO WAK Ha0OGOPOT, W WIOLITOUHOE NONe COOTBETCTBYEP
PeaTuBHofi MournocTH remepatopa P,.

HAYHT, B oflleM cayvae BXOJHOE CONPOTHBACHHE aHTEHHDL KOMILIEKC

R .
o€ Zux 4. Ono Onpene/aercs xax oTHomenne Hanpaxeuns U, na samu-

8HTCHHR! K NpOTEKAIOWEMY uepes HMX TOKY J, HAH KaK 4aCcTHOE OF

n



zenems na /% momnocry P,, noapoaumofl k autenwe. Tax Kax 3Ta MO
UOCTh CKNAAbIBAETCH K3 aKTUBHBIX MOLIHOCTEH Manyuenns Py noiepb Py
U MOILHOCTH peakTHBHLIX noaedt antednw P, [u. 1, § 911, 1o

2 a=Pplii=Ps/I}+Py/13+ jPeilh =R+ Ry
+IXBxA =R3x.’\ + "szA’

THe Ryx s = Ryg -+ Rug — aKTHBHARA COCTABARICULAA BXOAHOIO CONPOTHE-
JIEHHS, paBHasi CyMMe@ COHNPOTHBJEHHH HW3N1Y4€HUS U NOTEpPb, OTHECEHHBIX
K BXOAHBIM KJIEMMaM aHTeHHbI; Xy o — peaKTHBHAA COCTABAAOMWAA BXOA-
HOTO COMpOTHBJEHNS, COOTBETCTBYIOILAA MOLIHOCTH DEaKTUBHBIX TNONER
BOKpYr anteHHm P,. [Ipu pesonasce P, = 0, a c1eloBaTeNbHO, Xpxa ==
= P/I3 =0 u BXO{HOE COMPOTUBACHUE AHTEHHbl AKTHBHOE: Zuyx, =
= Ruxa - jXBxA = Ryxa-

2.9. XapaKTepHCTHKA HANPABJAEHHOCTH aHTeHHBl, ToueuHbll K30TpOMN-
HBIH H3ayuaTeNnsb ABJAseTcs abcoNOTHO HeHanpasiennbM. Ho 370 abeTpak-
uus: ao6asi peaabHas aHTeHHA XOTHA Obl HEMHOTO HanpaBneHHAs.

Xapaxmepucmurod KANPOAGICHHOCHIL GHMEHHSL HAZKEREMLA  B0BUCH-

MOCHID KOMNACKCHOU amnaumydel HanpamenHocmyu noas usayierus L,
0iil yeaogelx Koopdunam mouky Habaolenust ¢, B npu ycaoeut uameperus
3mMo20 1n04S HA 00UHAK0BOM paccmosnuy r om armentsl, Komnuekcnas am-
IJHTYRA £, UMeeT MOAYJb E,, 1 apryMenT P; KpOMe TOro, BOJIia XapaKre-
pusyercs mnoadpusanvedi. COOTBETCTBEHHO XapaKTepUCTAKY HanpasJieH-
HOCTH DA3leNBIOTCS Ha aMIAUTYAHbe, (asoBele U nonapusaunounse. Ya-
€ BCEro HCIOVB3YIOTCH aMIVIMTYJHBEIE {B TAKUX CJyyasX CJIOBO aMIljiM-
TYAULIH ONYCKaeTcs).

OyHKIMSA, ONUCHIBAOLIAA XapaKTePUCTHKY HanpaBJeHHOCTH, Haskl-
BaeTCA (UyHKYUed Hanpasienrocmy, & ee rpapuueckoe n3obpamenue —
Jduaepamsold Hanpasrennocmu (JH).

Hcenenyst HanpapieHHEle CBOMCTBA aHTEHHB!, NOMAraloT, YTo aHTEHHa
HaxomiTcs B uenTpe O coepsl, a Touka nabmopenns M pacrmonoxena Ha
nosepxuceTd 370l cepsl (puc. 1.6). Cheprueckyie KOOPARHATE TOYCK Ha-
6moNeHH: AaNbHOCTH (pajguyc chepwi)
r, a3WMyT ¢, 3eHUTHRIH yron O wuau
yroa mecta & = 90° — 0.

Kpome penedus Ha aMIJIMTYAHble, daso-
BhIe M mojdsipu3auvonkse, 1H kaaccu-
GUuuMpyoT [0 CAEAYIOWMM NPH3HAKaM.

1. [To noao u mowpnocmu. JH mno

~ [OJIO BbIpAKAET 3aBHCUMOCTb aMmijii-
& yymsoro E,, unu nelicteyomero E 3na-
YEHHS HanpsHKeHHOCTH TOoJA OT Hanpas-
nAenns (yrnos ¢, 0), a JIH no mouwno-

Puc. 1.6. Cepuueckie KOOPANHATH TOYKA Hay
OmoAeHN

2.10. Kaaccuduxauua AH anreHust, -



¢TH — OT MJOTHOCTI 10TOKa  MOIHOCTH 71, Tax xar I0OTHOCTL NOTOKA
F{OUEHOCTH TIPONOPUHONANbHA  KBAAPaTy HANPAKENHOCTH —mofsd (/] =
— F2/190n = 120mA?), To ecou JH no nomo Bmpaxaercsa ¢yHKuue#
f (¢, 8), To JXH no mowsocTn yHKUHeEl 2 (o, 9).

Cornacto (1.3) aMmIHTya HalpsiKEHHOCTH 3JIEKTPHYECKOro Moas Ju-
ponsi I'epua B HanpabjeHuy 3esHTHOro yria 9

Ep = (6050 ol sin 8)/rh = E . sin 0, (1.8)

rae Epm = 60nl ,l/rh — MakcuManbHas aMIVIHTYAa [OJs, COOTBETCT-
pylomast & = 90, 270°. Mis (1.8) HaxonuM QYHKNMM HANPABIEHHOCTA AH-
noaa [epua Mo nomo K MOWHOCTH

F(8) =sin®, (1.9) 2 (p, 6) = sin® 6. (1.10)

2. [1pocmparncmeennsie (06vemnbie) u naockocmuoe J1H . TIpocrpatictsen-
nast JIH — QyuxuMs AByx yraoB ¢, 0 u npeacTasisier COBOH MoOBEPXHOCTh
f (9, 6), KoTOpas oxpaThiBaeT onpeleneHHbd o6bem (puc. 1.7). Tlnockoct-
Haa [1H sipasetcsa gpynruuedt oguoro yisia [f (p) wan f (8)] u npencrasaser
cobofi muockyo ¢urypy (puc. 1.8).

O6piuno Ans noctpoenns [ BhiGupaoT MI0CKOCTH, NPOXOASIIKE ye-
pe3 HanpaBJeHHA MAaKCHMaJbLHOTO H3AYUEHUS ~— 2AQ6HbIe NAOCKOCHUL.
Onua u3 HEX coBnagaeT ¢ BekTopoM E u HasbiBaercda E-naocrocmsero, a
Apyras — ¢ BekTopoM H u HasuiBaetca H-naockocmoo.

3. ITo eoibpannod 0as nocmpoenus JH cucmene koopduram — no-
AAPROG uau npamoyeosvrold. B nonsipHolt cMcTeMe KOOPAHHAT 1ia paauyce,
PacToIOKeHHOM IO YIVIOM O HIM ¢ K HCXOJHOMY HampaBieHnio, OTKAalbl-
BalOT OTPE30K, AJHHA KOTOPOro GPONOpLHOHaNbHA a6CoMIOTHOMY 31HAYEHHIO
f (8) (puc. 1.8, a) nau f (¢) (puc. 1.8, 6), a 3aTeM KONLHI OTPE3KOB, OTJO-
JKEHHBIX I pasauuRsiX yraos 8 unm ¢, coepuusiior. B npamoyronbuoi
CHCTEME KOOPAMHAT yroa 0 usiu ¢ oTKAagsiBajoT no ock abeuuce, a f (0)
(puc. 1.8, 6) uan f (¢) (puc. 1.8, ) — mo ocH OPAMHAT U MOMYUCHHBIE TOY=
KU TaKXe COCAUHSIOT. :

Dyukuuu Hanpaenedsoctn aunons Lepua f (p, 8) = sin 0 coorserct-
BYET npocTpancTBeHHas JIH B Buae Topa — Tesla BpallleHHsT OKpYKHOCTH
suameTpom fm (@, 0) = sin 90° = 1 Bokpyr ocu minons (puc. 1.7). Ce-
HEHHS TOpA NIABHBIMH IVIOCKOCTAMU — ammauTyaubie AH mo nomo, npu-
uem ITH B E-mnockoctn f (6) = sin 8 uMmeer B nosspHbIx KoopIuHaTax
dopmy Bochbmepkn (puc. 1.8, a), a B NpAMOYrONLHBIX — NOAVCUITYCORR
nonoxuTenpHOro 3Haka (puc. 1.8, 6); IH B H-maockoctn mueet dopmy
OKPYKHOCTH B noaspHuIX (puc. 1.8, 6) u npamofl, mapananensuoit och abs
CUHACC, B mpsIMOYroMbHBIX KOOpAKHATax (puc. 1.8, d). OteyTetnie nanpas-
JICHHOCTH B ff-miockoctH (f () = const) corjlacyercs ¢ TeM, 4TO B BbIpa-
Meuue Ans QyHKUMM BaNpPaBAeHHOCTH YroJd ¢ He BXONUT.
noﬂ‘fﬁ"’:ﬁgﬁg (puc. 1.8, 2) OTpaKaeT cKauKoobpasiioe uamMeHenne (paa(r;l
& ._Kor.,na SCHATHBIH Yros NpoxoauT 3Hauetns 8 = 180, 360°,

YHKUMs f (0) = sin O u3MeHseT 3HaK.

Ha f no mownocmu f* (8) = sin® 0, nokasauuan WTPHXOROH AWHMeR
puc. 1.8, a, 6, cosnanaer ¢ IH no nomo |f (8)| = Isin 0} b Toukax,

rae 8 = 0, 90, 1 ° ,
Sint 8 < [din . 80, 270, 360°, a npu ocranbHEIX 3Hauennsx O (yHKIWA
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M3 pacnonomenust sextopos E, H u 11 ua puc. 1.8, a, 6 puano, 4T
E-NI0CKOCTb  a3uMyTadbHast, a H-ILIOCKOCTb — 3KBATOpHANbHAA, IT
XapaKkTepHO IS anTen ¢ ocepoll cumverpneit. [lnockoetnpe J1H kak Go-
Jlee [POCTLIE TIPUMEHSAIOICS Halle, HeM MPOCTPaHCTBeHHLIE,

4, [To setbpannsis macumabem omewema JJH., 1H mHorux awresu, oco-
Geuto  ocrpouanpasieddbiX, HMEOT  MHOTOJeNECTKOBYIO CTPYRTYPY
(puc. 1.9): kpose rnapuoro semectka (nyua) (/) omnn comepxar GoxoBbIe
(2, 3) v sapunit () nenectku, B TakuX CAyuasx npeanouTHTe/ibiee H3o6pa-
wenwe JIH B mpsmoyronuupix koopauuarax (puc. 1.9, 6), na KOTOpOM
MOXHO BHIOPaTh M0GOH MaciTab mo OCSAM W 3THM TpeneTaBuTs cabuie 6o-
KOBbIe ¥ 3AJHHI JenecTku Oonee oTyernuBo, ueM Ha nomsipHo#t JIH
{prc. 1.9, a).

Paznuualor nenopsuposarHoe . HOpmuposanusie JTH. Hopmuposainu
o3nguaet, uto seauunlinl E, u I1 B Banpasnenuy @, 0 orHeceHs! K HX MaKs

Pug. 1.7, Ilpocrpancrsennan (oOveMHaa)
AH aunoan Iepua

Pue, 1.8. Aunantynnse (a, 6, 6, 3) u da-
sosast (2) JH manoas Tepua, nocrpoen+
Hble B MOAAPHHX (@, 6} H HPAMOYTONLHLIX
{8 — ) koopauHnarax

’ . ”‘”‘Ff; FO=\F@) )
4 Fip
a7~
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| \ g
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f< 180°
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pPuc. 1.9, Hopwiuporasnuse 5k \ , } 4 T\g b
N1l no souuincTy 8 fHHefi- \In \I
noM (a2, 6) u norapuduiiye- P =20 =i f | A
ckowm (8) wacutranax D -5

8°

CHMANBHBIM 3HAueHAM £, 1t [1,. ®yuxuns xopmiposanusix JH mo
10110 H MOWHOCTH 0003HAUAIOTCS yepes

F (‘P, 6) = i ('T"y O)Um <(P’ 0) = Emlﬁmrm (111)
F2 (g, 8) = 2 (¢, 8)[h (g, 8) = 1] .. (1.12)

Hopmuposannuee JH yjio0io npeictaBasib B J0rapipMiHueckoM Macs
wrale, NpH KOTOPoM (YHKLIH BANDaBJEHHOCTH BHIp@XKATCS B Aemite:
aax [u. 1, n. 18.3). HMeuuBes - 310 gecsivas Aoas Hena, Koropwil onpeie
JIFETCA ACCATHUNLIM JOFapi(MON OTHOLICHI S MOIHOCTCH, T. €.

N 11Bl = 10 lg F? (ip, 8) = 20 lg F (¢, O). (1.13)

Io nannoit popmyse cocrasaena Tada. 1.1, HANOCTPHPYOIAn NEpPeCuer
B neiuGeast N [aB} HopMuposanHoft gyuxius HanpaBAeHIOCTH O MOLLKO-
ctu F2 (¢, 6) u no noaw F (@, 0).

Hanpuwmep, no IH, nokasanuoii #a puc. 1.9, yposeits nepBoro GOKCBO-
o yenectka (2) vuxe yposusi ayua (/) na 6 B, 1. e. Menblie B ABa pasa
N0 HanpsiMEHHOCTH MOASl M B YeThIpe pasa 1O MOULHOCTH.

3ameTum eme, uTo ecan Gyrkuua f (v, 0) nmeer Makcumym f,, (g, 8) =
= 1, To wenopMuposaHsas ¥ nopmuposanuas JIH coenanawrt: f (p, 8) =
= F (¢, 0), Kak, nanpumep, Ans aunons I'epua (puc. 1.8).

Ta6nuua 1.1

B@0)=mnm |1{1.2601,58{ 2 lal 10 100! 000 | to000{ t 000 000

F@, 0 =E,/En ]t [1,02]{1,26]1.4t{ 2] 316 10| 31.6] 100 | 1000

N, B of 1 2 [ 3 16| 10 |20] 30 40 60
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2.11. Tipefenbro nponyckaemas mowmuoctTb P ;.o ECAH  MOUWHOCTH
P, noasojumas K autense, GOnblue ZONYCTUMOR P ,,.n TO Hanpsken-
HOCTh 3/ICKTPHYeckoro noias B duiepe uid BONM3M dHTEHHBI MPeBHIIAET
KPHTHUCCKOR 3Hauenne, ['a30Boifl paspsai, NPOMCXOAAILKI NPH TAKOM Nepe«
HaMpPSDKEHRH, CBS3aH ¢ HENPEPHIBHONA 3aTPATON SHEPIIN Ha WOHH3ALMIO H
PEKOMOHHAUKIO (BOCCTAHOB/JCHHE) MOJMRKYJ BO3AyXa. DTO CnocoGeTBYET
npofoio JAM3JIEKTPHEKOB M NPOBOAOB aHTElWbl W ymenbwaer ee KIIJL

3. BTOPUUYHBIE MAPAMETPbI M XAPAKTEPUCTHKM
NEPEDAIOWMX AHTEHH

K BTOpruibiM mnapameTpaM anTeHHH ordocsitest mmpuna JAH, Kosd-
(UUUEHT HaNpPaBJEHHOTO AeHCTBHS, KOIQPUUUEHT yCHaeHus, ypoBeHs 60-
KOBBIX JIE[IECTKOB H TIOASIPHU3ALMOHHBE NapaMeTpPHI.

3.1. MapameTpsl HANPABAEHHOro REHCTBUSA AHTEHHL!.

I. Wupuna JH anmenno: — 3TO yIA0BOil CEKTOP, OXBATHIBAIOMIAIL
Ty yacTb ayua (rviasHoro jenectka J1H), Ha rpadunax KOToporo mioTHOCTb
[IOTOKA MOLIHOCTH MEHBIIE MAKCHMAaTbHOH B ONpeieneHHoe HHCIO pas,
obsiuno B 0,5 (— 3 ab); 0,1 (— 10 aAB) uan 0 (— o), OSo3BaunM wHMpUNy
JIH 1o «nosiosuiEoil MOIHOCTH», T. €. Ha yposhe 1}/2 = 0,707 no na-
NPSKCHHOCTH noasd, wepes 20, 5, Ha yposne 0,1 — uepes 20, , v Ha uyse-
BOM ypoBre uepe3 20, 3uauenus 20, npocTabiedst Ha puc. 1.8, a, 6
u 0y, — na puc. 1.9, 6.

2. Kospghuuuentin nanpasaernozo Geticmeus (KHIA) — 370 oTiowenie
IMIOTHOCTH noToxa MoullocTH 1, nanyuaemoil anTeHHoli B AalHOM Hanpas-
nendl ¢, 0, K mIOTHOCTH NMOTOKa MOWIOCTH [7p, KOTOpas U3Ayuanach 6wl
B TOM 7K€ HalpaBNeHHH M3OTPOMHLIM H3JYUaTeNeM WU APYFod 3TalOHIO
aNTEeHNOI MPH VCJIOBHY PABEHCTBA NOJHLIX MOIHOCTEH H3J1YyUeHH s CpaBHy-
BaeMbIX aHTEHH:

D = M. (1.14)

3. Kosfxpuyuenm ycurenus aumenror — 570 npoussefenne KHJ na
KII aurteHHbl .

G = D) ,. (1.15)

Kosdduunent ycuaesus Gonee MOJHO XapaxkTepu3yeT anTeHHY, uem
KHA, Tak Kak MHOxHTeNeM D yuuThiBAETCH KOHHEHTPAUUs U3JNYUEHHs B
]'[pOCTpaHCTBe, a MHOXHUTEIEM 1), — €lle U ocnaénelme u3nydeHusd, Bhl-
3BaHHOEe TOTepsiMH B anTeHHe. Quesuano, yro G << D. Ecau yraw ¢,
0 He OroBapHBaOTCs, TO UMEETCH B BHJAY HanpaBjeHHe MakCHMaJbHOIO
usnyucnus, rae [ =11, D=D,= /Ml 1 G=G, =D,

4. Vposerno Goxosoix aenecmxog. OOLIMHO MOME3HOE H3AYYEHHE aHTeil-
Hbi cocpegotoueno B ayue JIH, a Goxoswie n 3aaunit nenectku JH xena-
TEJBHO CBECTH K MHHHMyMY. YPOBeHb OOKOBLIX JIENECTKOB ONpenelIsercs
OTHOLIEHHEM Maxcumyma Haubonsiero HOKOBOro NenecTka K Maxcumymy
ayua, Ha puc. 1.9 yposenb GoroBhix jenectkoB (2) cocrasaser 0,25
(— 6 nb).

3.2 KHA aunoas TIepua. OGo3naunM ASHCTBYIOIKE 3HAUCHUA Hanps-
JKEHHOCTH TIO/S HA PACCTOAHME 7 OT aHTeHHb: AAA aunons [epua B na-
NPaBACHUH MakCUMYMa €ro H3jyuenus uepes Ey,c, U A H30TPONHOrO
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panyuatenst — uepes £y Tak kax 1, = Ll/120m, a [l = E3/120:,
10
DG'-:Hm’]Icp::EEch/EB' (1.16)

MouocTs u3ayuenns aumoas Iepua Py = PRy mupeanonaraercs
TaKOi 288, KAK M 3T4J0HHOro (B JalHOM CJlydae H30TPOIMHOro) H3Ayyarens.
[TosroMy, pasnenis I*R s na moBepxHOCTh cepsl paggyca r, T. €. Ha
4%, TIONYUHM IUIOTHOCTH NOTOKA MOUIHOCTH H3OTPOMHOrO H3JAYuATeNs

op. Bueccre © em [T, = E}/120n w, Taxem obpasom, [PRy/dns® =
= [£3/120m, orkyna
£} = IPR3120n/4ms* = 30/°R ¢/1%,

Jro cootuomeniie # Bupaxenue (1.3), cornacuo KoTopoMy Eyawe =
= Em/V'2 = 60allird, nossonser npexcrasits popmyay (1.16) 8 cae-
LYIOWEM  BiJie:

Do:Er:';amcllE2 =

602 n2 12 2 r2120mE (1/A)2
2 )2 3002 Ry Ry

3iast conportiBieHde H3AyueHus aunoas [epua Ry = 80x2 (//A),
Haxoahm Dy = 1,5,

Gopumyaa (1.17) apuobpetaer Gonee ofiuit BuA, ecnd B Hell pasmep {
3aMeHNTL dedomayrowel daunold (seicomotl) subpamopa hy — IMMBOH BO-
~ ofpakacMoro BruGparopa ¢ paBHOMEPIBIM paclpegeeHieM TOKa, KOTOpblil
* BKBHBANEHTEH JAHWOMY peanbUoMy BHOPATOPY B TOM CMBICJIE, YTO OHIi
H3TyyaloT OAHHAKOBYIO MOLIHOCTL B Hampasjenun Makcumyma JH. Ta-
kM obpasoM, KH/L peanvuoro suGparopa

Dy = 1207 (h,/A)/Rs. (1.18)

(1.17)

YpoBenb GOKOBLIX JIEMECTKOB AHofst ['epiia paBeH HyJ0, TOCKOIBKY
ero J1H He umecer GOKOBHIX JENeCTKOB.

3.3. Tonspusaunounble napameTpyl aHTesHut, [loAspU3aLMst  paawo-
BOTIi ofucana B 4. I, n. 88.2. I1pocneaum nonoxenue rektopa E Bonupl,
KoTOpasi pacnpoctpanserca B nanpasaesny ocl Ox, T. €. NeDNeHAUKY/Isp-
HO njockoctu weptexa 20y (puc. 1.10).

Eg7
722
11,
wlf°

74
3 H

&

pﬂc -
B0 L10. Danuntuseckasn (a), kpyrosas (6) u auueiinas {6) MOJAPH3ALMS PaiHO-
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B oGuiem caiyuar Koueil BexTopa E ONHCBIBAET 3@ HEPHOSL BHICOKOI ua- |
CTOTHL 3aaune (nonowennis 1, 2, 3, ..., 12 na pue. 1.10, o). Takas ponna
BASBIBACTCA gaaUnmMuUteCKUu-noaapuaoean o, TlapaMeTpasi ¢, a Caeiona-
TeJAbHO, H ddTenHbl, H3ayvawlleli 5Ty BOTHY, SIBASIOICH: '

V. Kosappuyuenm saaunmuunocmy  niy, paciuill OTHOUICHHIO  MANON
noayocu anaunca OB x Gonwwoll OA: m, = CB/0A.

Yacmmuste cayvau noaspusayuu: kpyeosas {puc. 1.10, 6), xoraa n, = 1
(OA = OB) u, crepoBatensho, Kouell Bekropa E onuckiBaer kpyv;, aAnuei-
nast {puc. 1.10, 6), koraa m, = 0 (OB = 0), T. . 3ANHIC BLIPOKAACTCA B
npsMyio anEBIo H BekTop E, KaK W nepnenaukyanpubil emy sextop H, |
coXpanser HeH3MEHHOe HampaB/eHye.

2. Yeonnaxaonay, uauy, (puc. 1.10, a) — 3710 yros naxnona 6oabioi
OCH T1018pH34lLHOHHONO 3MAMNICA OTHOCHTEALHO ockH Oz nau Oy COUTBETCT-
BEHHO,

3. Hanpasaenue spawenus sexmopa E. Pasnuualor noas npasveo
266020 epayerus, KOTOPbIM COOTBETCTBYET ABsKeune pexktopa E mo n npo-
THB YacoBOl CTpejki € no3uunu HabagaTess, CMOTPSLIErOo BAOAL Ha- |
npaBaenna pacnpocTpaneny s oaupl Ox. Hanpnmep, ecay ock Ox nanpas-
JIeHa Ha unTaTeNls, TO NpeACcTaBaeHie Ha pyc. 1.10, a, 6 nons Aesoro spa- |
LIEHM ST, ]

#

HanowHiM, 4T0 BOAHBI ¢ KPYFOBOH H 3JJAHNTHUECKOH TOsspusauyed !
CKJAAJBIBAIOTCA H3 ABYX JMHEHO-NONAPH30BAHHLIX BOJH, KOTOpble CABH-
HYTH 1o ¢pase na 90° ¥ UMEOT B3aUMHO NepnesAHKyAApubie BekTopul E.

4. XAPAKTEPUCTUKU M TIAPAMETPLI NPUEMHBIX AHTEHH !

4.1, JupuBajenTHas cxema npHeMHo aHTeHHbl. XapaKkTepHCTHRN H :
NapamMeTphl MPUEMHLIX AHTCHH TC ke, UTO I NepefaiolX, HO QU3HHeckHi
CMDBICT X IIMeEer HeKOTopb!e 0COOEHNIOCTH,

Ilycts naockas soana T, sektopul kotopolt E, H, Il wanpasnenn co-
raacHo puc. 1.11, @, nepecekaer ipuemunfi puGparop A. Kax pugHo,
SAEKTPUUECKHE CHJIOBbe JHHHH (OTMEUEHHLIE TOMKAMM 1 KPECTHKaMu)
napajsefbHsl BUOpATOpy, a JMHHK MArHUTIONO NOASt NEPTEHARKYAFPHDI
eMy. DaekTpoMaruuTiioe noge Bodatbl HaBoprTHC B Bubparope n 1en ca-

Ly
E : r,__m__—\
xx}xpu:]'\ y" IoHL belee ! Ro=Rg*t R, )
x| xIxdni | / Il‘[ \.“-I‘ . Whx|
lx X xlx K’Jx, 7/ \-\\‘0l|a. il
x‘h X X% 1%/ \ \-\\\1_ v xl ﬁnpl
w2\ |
x| x {xu |x{ }{ 1 DA ISP AR axp= .
%) i) 7
Xony % L xoetx \:*-'.—./ 4 /"r.' ' L4
x| | xExi x\\ / I.l’.ll. . xIE X
xbx fabulx oy f,'pll'l" \ np
Xlllxx ‘ \ \, f'i°| . x|
bl <l 4V oo :
) g)

Puc. 1.11, DiexTpoMarta1Roe Noie NpHeMuOR anTeHHb (@) W ee IKDUBAJEHTHan cXxed
ma (6)
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puit yv1I01004€eT ero reneparopy ¢ D/IC &, v BHYTPEHHUM KOMIJICKCHBIM
conporupaeineM  Z, = R, -+ jX, = (Ry+ Ry) -+ jX,; wuarpyskoit
5TOCO MEHEPATOPa CAYMKHT KOMAJIEKCHOE BXORIOE COMPOTHBACHHC NPUEM-
pina Zap = Rap + jXup (pue. L1L, 6).

3paueHHe H XapakTep CONPOTHRAeHUS Z, ONpefeNdloTcs TeM, YTo
9/1C &, BHI3bIBAET B NMPHEMHOi uenu Tok / ,, KOTOPKl, NPOXORs Mo BHO-
patopy, BR3BIBAET H3NyueHne Oeryuieft BOTRBI ¢ CHH}A3ZHBIMH 3J€KTPHUE-
ey U1 MATHUTHLIM TIOMAMH, UTQ COOTBETCTBYET CONPOTURAEHHIO H3yue-
s Ry NOTepH 3HEPrHH B caMoM BHODATOpE, YTO COOTBETCTBYET CQUPO-
THAACHHIO TTOTEPDh Ry CTOAYYIO BOAHY, OrpaHiyeHHYi0 painycoM A/4 Bo-
kpye BHOPATOpa, CO CABHHYTHIMU Ha 90° 3/IeKTPHUECKU!4 H MATHUTIBIM 1O
AR, YTO CODTBLTCTBYET PeaKTHBHOMY conpotusieHuo X ,.

31 BOJIHBLI ETOPHUUBIE, OHU (UTCREPUPYIOT B 30He ACHCTBHA MpHeM-
HOIT atiTeHlibl ¢ TICPBUUHBIME BoJgHAMH. [109TOMY pe3yJbsTHpYloUiee 3/1eKTPo-
MariiiTiioe 1nosie npHeMno# anteussr (cM. puc. 1.11, @) otHyaercest Mo CBO-
ell CTPYKType or noneis BOAN3H Nepefaiolesl aHTECHMHEL,

llexoms u3 nonyuennofi sxeuBasenTiofi cxems {em, pre. 1.11, 6) on-
peacifieM ReHCTBYIOLCE 3HAUCHHE TOKA B MPUEMHOR aHTeHde

&
Ip=- A
V (Ra-FRup)?-F (X p -+ Xup)?
H MOWHOCT, TNOCTYNAIOULYIO OT aHTeHHsl B NDHEMHHK,

Si
n — 2 —
up ].*\ Rup (RA - Rnp)z - (XA+Xﬂ1v)2 Rup.

Tak Kaxk npuemuast auwTenta urpaeT poab ucrounuka JJIC no  oTHO-
WeHHIO K NPHeMHIIKY, TO 3Ta MOIHOCTh AOCTHIaeT MAaKCHMYMa P, waxs
TpH [OAHOM COIIACOBAHHM COIPOTHBAEHHI Z , H Z,.p. T. e npu X, +
+ Xop =08 R, = Ryplu 1, n 421}

o &3 Rup &3 &3
up Mave 1R: =7 = - (119
;’i" - R” n 4R;: )

4.2, Xapaktepucruxa HANPAaBJASHAOCTH UPHEMHOH AHTEHHBI — 3TO 33-
BucumocT, DHC B anteHite &, oT Hanpas/ieHHs NPUXOASILEH BOJIHbI.
Y6eaumcst Ha npumepe punons ['epua, 4To HaNpabBAeHHbie CBOACTBA ARTEH-
Hbl OHNAKOBL! Npy pabore ee Ha repefauy ¥ Ha TPUeM.

uinons aauwoii NepeceKaeTCst MEKTPOMArHHTHON BOMHOH C MAOTHO-
€TI0 NI0TOKA MoutitocTn /7 noa yraom § K ocu adnoas {puc. 1.12). [Tpu ta-
KoM uanpapaenny Bonusl Bektop anexTphueckoro noas E ofpasyer yron
9° — 6 ¢ ocuo IMUONA, 3 TaHreulnaibHad COCTABASIOLLAR NAeKTpUue-

CKOro nons £, = E cos (90° — 0) = £ sin 0. Caeposateasto, I/IC, ut-
Ayuupyemas p nunone,

&, = E = Elsin 0. (1.20)
Wz dopuyan

prem: (1.20) BUHAHO, UuTO XapakTePUCTHKA HANPABICHHOCTH
MHoro munoas Uepua F (8) = f (0) = sin 0 7axas ke, KaK U nepe-
mel‘o. p ( ) f( ) ] p
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Prc. 112, Tlpuemumii aninoas Puc. 1.13. Yeeauuesie oTHONIeHHR cHFRaa/mo-
Tepua Mexa Npy NoMmowWHM nanpapieniofl npuevuoll ad-
TEHRL i

Hanpaeaentoe pefictBie npuemyoH aHTeHHbl npucOpeTaer ocoboe
3H&YCHRE B CBSI3W C TEM, YTO OCHOBHOM 3ajauel ee ABJASCTCHA NOAVYEHHE HA
BXOJe NpPHeMHHKa MaKCUManbHOH MOUIHOCTY CHFHAJ2 10 CPAaBHEHHIO ¢ Moul-
HOCThiO oMeX, [Ipeanonoxym, YTO TOMEXH NOCTYNAIOT B aHTEHHY €O BCeX
Hanpasaendil. Ecnu auTeHHa ocTpoHanpaBieHHast, TO ORI MPHHHMAIOT NO-
MCXH B TpefieiaX Maloro TenecHoro yria. B pesvabraTe oTHOLjeHHE CHI-
nan/moMexa Ha BXOJE TPHEMHKMKA BO3PacTaer.

Ecix ke noMexy HMeloT Kakoe-HUGY b NpenMyLIECTBCHHOC Hanpasae-
HUe, OTAMUHOE OT HaNpaBJeHUs None3Horo curuana (puc. 1.13), 1o orno-
eHHe CHrHal/moMexa MoxHo ele Gosee noBbicuTh. [Ias storo AH an-
TEHHEI JO/KHA MMETh SiPKO BLIPAKEHHOE HanpasJieHue HYNeBoro npuema,
KOTOpOe COBMELIAIOT ¢ HAllpaBJeHHEM MOMEXH; NpaBia, Teneph Hanpasie-
HHe CHTHAala MOXET He COBNacTh ¢ MakcumyMoMm ayua JAH, Tem ne meHee
OTHOWICHME CHTHAJ/TIOMeXa OKaxkeTcsl BLICOKHM fAame npi wupoxoid AH
AHTElHbI.

4.3. NMapameTpul npreMHON AHTEHHDI,

1. KI1[] npuemnoli animesrot v, — OTHOLIERHE MOWUOCTH, TOCTY=
nALEl B HAarpysKy aHTeHHbl, K MOLIHOCTH, KOTOpas oTAaBaaacs Oul TIT Ke
narpyske, eciy Gbl B 3TOfl anTeuse ue 6puio norepb. 3Haunt, KI1 npnem-
HOH aHTCHHBI, KaK u nepefatouieil, Bbipaxaerca gopmyaoi (1.7}

Na = Rl‘"I(RE + Rn) = RZ/RA‘
2. Koapuyuenm ycusenus npuesrotlt Gumennsl onpelesiercs anamno-

(HURO KOIDPUUMEHTY ycuJeHls nepejaomeff aHTeHtsl — NO Gopmyae
(1.15)

G =Dn,.

3. Hedicmeyiowan Oaruna npuemrod anmennst hy, Tak kak 1no AnnHe
hy BuGpaTopa, 3KBUBANEHTHOrO ZAaHHOMY, TOK paciipele/feTcs paBHOMEp-
110, TO MOXHO 3aMeHUTh [ Ha hiy B (1.20) 4 Toraa 3ta (pOpMyna OKaxercs
cnpaBeAiiBof Aas oGOt npUeMHON AHTEeHHLI:

&, = Ehy sin 0 = Eqhy,. (1.21)

Tenepb MOXHO JaThk elle ORHO onpedeierue Oelicmayiowetl 8bicombL amns
menHo: amo wacmuoe om Odeserust IJC, uHGYyUpYemol 6 anmenne, K mam-
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2R IUARLHOLE COCMOBASIOWEN HANPAICEHHOCTIL SACKILPUYECKO20 NOASL nepe-
cencioeld ee nsoanel: hy = & ,/E-.

C nomowwio popmya (1.7), (1.19) u (1.21) onpegensiem, Kakast MOULHOCTb
P apase AOJKHA MOCTYNHTL B 8HTEHHY, WTOOH € YUeTOM TOTEPb B aHTEH-
ne (M, << 1) ofecneunts MakcHManbHyO MOIHOCTL HA BXOAE NPHEMHHKA

Pnp suance
2 22 2
P _ Prpmaxe é’A Ra — ct hn
A Magre = -
ﬂA 4RA Rz 4RZ

. (1.22)

4. Sddexmusnan naowads anmennsi Syp , — OTHOLICHHE MAKCHMANb-
HO{T MOILHOCTH P\ 4o, KOTOPYIO NPHHAMAET aHTEHHA, COJIACOBAHHASA C Ha-

rPY3KOi, K TIOTHOCTH NOTOKAa MOWMHOCTH NpOXOAdAwed BOAHb [1 =
=F*120n = E¥120m:

S.pa= Pa Mare EZh3 120m __303.’1'3
(A - =

— = . (1.23)
a 4Ry L Ry
C yueroM 3Toro soipakenus (1.18) npeactaBum B BHIE
_ 4n 30mhR an
e )\.a Rz -——Fsaq)A. (1.24)

Kax sunvo, KH npamo nponopyuonaren omuowerto spdexmusrod
naowady anmerHsl K Keadparmy OAUHbL BOAHbL.

5. Coenacosannocms npuemnol anmennst ¢ npuxoOsueld 60AHOL noO
noATPU3AYUL OUCHHBACTCH KOIDOUYLEHMOM NOALPUSALUOHHOU Shexmiis-
Hocmt My o, KOTOPBIH TeMm Gonblie, uyeM MeHblle pasnyualtes Kodhdu-
UHeNTE SATHITAYHOCTH U YIIB HAKJIOHA Yyp, Yy o WIHIICOB NOMSAPH3ALHU
COOTGETCTBEHHO BOMIHLL ¥ aHTeHHsl (puc. 1.14). Ecan takux pasauudil Her
¥ Halpasienys BPAINCHAS NOAADPISANKNH COBNAAAIOT, TO MOUHOCTb, Npu-
HHMaeMasd aHTeHHOH, MAKCHManbna U Koabbuumedt My, = 1.

6. Oksusanenmnan wymoeas memnepamypa anmenndt T ,. Ha suixone
NPUCMHOA aHTEHHB AeHCTBYIOT HANPSHKeHHsl CMCHAJNOB, LIYMOB d TOMEX.
[Tovexi nocTynaior B aHTEHRY H3BHE, a LIYMbI HMEIOT U BHYTpEHHee ¥ BHELl
HEC poHCcXoKaeHde. BHyTperHie WyMbl CBs3aHbl ¢ NOTEPSIMA B NPOBOAAX
H J3MCKTPHKAX aHTeHHBl W QHAEPA, HM COOTBETCTBYET CONpOTHBJEHHE

noreps Ry, (prc. 1.11, 6). BHewnue mwyMpl, KOTOpbie NPUNRCHIBAIOTCS CO-
POTHBAEHKIO N3AYUeHHs R g, CBA3AHLI

C FIPHCMOM  KOCMHMUYECKOrO H3JYYeHHs z

H TeII0BOro W3NyueHMst € NOBEPXHO- Y

CTH 1t arvochepn 3eman. N
Cé 3TM WIyMbl MMEIT CIIOWHOA 4% ﬁ'”ﬁﬂbL_7 -

PaBsiovepuuiit cnextp. MomHoeTs wry- { NaY?

Mos P, mpuxopsmasica wa 1 Tu no- {

ocu nponyckanna npuemnuka Afqg, 7

Puc, L14. K onpeaesennso KoathdHHEHTa M0~
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HA3LIBARTCH CNEKMPAIbHOE NACIMHOCMbIO Wym08 Sy, = Py/Afgy. Ecou
npleMiK coriacoBan ¢ anTenHoli (Ryp = R, = Rz -+ Ry), 10 ’

Swa = kTa, : (1.23)
rae k= 1,38-10-® Bt/{Tu-rpaa) — nocrosunas bonbumana;, T, —
afcomoTHas yMoBas Texmeparypa aurentsl, Kak sugHo 13 (1.25), sta
TEeMNepaTypa OAHO3HAYHO XaPaKTepPH3yeT YPOBEHb LIYMOB, [OCTYMAIOUWMX
¥3 aHTeHHB! B NPHEMHINK.

BryTpennue myMsl oleHHBAOTCS (DH3HYECKON Temneparypoll anTenHo-
¢unepuoro Tpakra T, gas, YMeEHbIIAeMOl B Ry/R , pa3 (MOUIHOCTE 3THX
LIYMOB CHHMAeTCsl He CO BCEro COMpOTHBJEHHSA aHTeHHH R , = Ry + Ry,
a TONbKO ¢ Ry). BHemnne mwyms ouennBaiotcs temneparypoit 7y, YMCHb-
weHnHoft B R /R, pa3 (MOWHOCTL BHEIIHUX HIYMOB MOCTYNaeT K NpheM-
HHKY TOMbKO C CONPOTHBAEHHS R ). [TpoCyMMHpyeM 3TH TemmeparTypbl:

R Ry Ra—Rs
Th=T4 ¢usR—:+Tz 7 =Tx (bna—AR:—-!‘
R
+Ts ?}:_ =T gy (1 —ma) -+ Tz Ma. (1.26)

A

Nz ¢opmynur (1.26) caexyioT BuBOABL:

— BHYTPEHHHE WIYMEl ZHTEHHH! BAHSIOT Ha TIPHEM CHIHAMOB TCM Mellb-
me, yem poiime KIILI antenun 1, M Huxe ee disHdecKas teMmieparypa
T rgus- TTo9TOMY B cayuae neoGXomuMocTd TeMnepatTypy 7 ,¢us MOHUKAIOT
HCKYCCTBEHHBIM OXNIAXKLEHMEM BCErO aHTEHHO-PUAEPHOro TpPakTa HJAK cra
OTIENBHBIX  Y8JIOB;

— rtemnepatypa Ty TeM Gosblue, yeM Gosiblie ¥ MOLIHEE HCTOUHIIKH
REEHINUX IYMOB, BOCIpY HIMaemele anternHofl. CrieoBaTeNbHO, YBEINueine
HanPaBJeHHOCTH AHTeHHbl (CY)XEeHHe TaBHOro Jenectka W ochabnenue
60KOBLIX W 8axHero nenectkoB JAH) cnocobcTeyer yMeHbIIERHIO Temnepa-
TyPH BHEWHWX WYMOB, BHOCHMBIX B NpPUEeMHBHK &HTEHHOH,

— Ha senuunny T g BAMSIET YIVIOBaf OPUEHTAUKA aHTeHHbl. Hanpimep,
OCTPOHANpaBJeHHASl AHTEHHA, OPHEHTHPOBAHHAf B BEHHT, uUMeeT 7y <<
< 10 K, a opuextupoBansas Ha 3emmio 7y okono 300 K;

— B OTIHUYe OT BHYTPEHHHX, BHELIHHE WIYMbl TEM MEHbILUE [OBbIlaioTp
SKBHBa/JCHTHYIO Temneparypy T, autenHsl, uem Huxe ee K[1/. Ilo stoft
npHuUNHE HA HU3KUX PafvouacTOTaX, rfie BHEUHME MOMEXH BeJUKH, VC-
NOAHATb NPUEMHYIO aHTeHHY Ansa noswieHusi ee KITI nepauuoHansHO
B TAKHX YCJOBHSIX YDOBHM CHIHala § NOMEXH TNOHMKAITCs ONMHAKOBO
{MPONOPUHOHANBHO 1] ,) H OTHOIIEHHE CHIHAN/MOMEXa OCTAETCH NPEKHHM.
A B punanasone CBY, rpe ypoBeHb BHEIUHMX NOMEX 3HAUMTENbHO MEHbUIE
YPOBHSI BIYTPEHHMX IuymoB anteHnbl, KIIJl npuemuoll anTeHHw ixena-
TENLHO JMEThb MAKCEMaJbHO BO3MOXHBIM;

— K WyMaM &HTeHHbl, YCH/IMBaeMbIM IPHEMHHKOM, NpubaBasiorcs
BHYTPHTIDHEMHBIE IIYMEI, KOTOPLIe OUEHHBAIOTCS IYMOBOAl TeMneparypoi
npuemHika Tnp. Bosbuwoit nporpece Texuuku ycunennst CBY nossosnua
pe3Ko CHH3WTb Temneparypy 7Tnp. Hanpumep, B NpueMHUKAX C KBAHTO-
BHIMIT YCHJMTeNAsMH yaanoch nonyunts Typ = 5 ... 30 K. JKenatensno
amets T, << Typ, RO co3aath antenny ¢ T, << 5 ... 30 K upessovaiiuo
TPy AHO.
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fneca 2

TEOPUA OAUHOHYHOT O BUBPATORPA
M BIIMAHUE DKPAHA HA ETO U3JIYHEHME

5 DREKTPOMATMHMTHOE NOAE NPOBONOYHOMO
Crir P AETPUUHOIO BMBPATOPA

5.1, Cxema ncenenoBanns. Peanbtbill CHMMETpHuHB! BHOpaTOp OT-
Asnaeres of Aunonas lepua depaBHOMepHSLIM pacnpepeseineM toka. Ogf-
Hak Teopust aunoas I'epua nosBoasieT BbISBUTL CBOACTBA CHMMETPHUHOLO
0O0ro Apyroro JHefHoro BuGpaTopa, ecid NOCJeMHHil NPEeACTaBuTh
O7HM U3 GecKOHeuHO GOJBIIOrO UMC/Ia SAEMEHTAPHBIX BHOPATOPOB
1efi Tepna). Cxema ncesenoBaius Takopa: paccMaTpHBaeMblii BHG-
3D MBICJIEIHO pPa3buBaeTcsl la 3jdeMeHTapHuie BUOPATOPLI;, MOMASI HX,
STHLS H3 (IPOHACHHON 9acTH Kyped, CYMMHUPYIOTCSI € YU€TOM aMIljiH-
f0T0 1 (a3030ro pacnpejenentsi TOKOB B paccMaTprBaeMoy BHbpartope
IIOCTH XOJa fiyued OT sjeMedTapHblX BUOPAaTOpPOB K Aaliof TOUKe
PUCTPAHCTBA; B ITONYYEHHOM BEIPAXKelIUY /15T Pe3YJ/LTHP YIOWEro nois Bol-
ABTIOTCH aMIINTY A, ha3a U MHOKMTeNb, ONpeAeIsIOWHA 3aBHCUMOCTD
YUIX AMIVTHTY B! i Ga3sl OT HaNpaBieHNs, T. e. PYHKIUS HAanPaBAEHHOCTH,
MoCIeAHAs HOpMUpYyeTca (ecny 3T0 TpefyeTca) H NPEACTABANETCS B BAAC
JIH.

Kak Buano, AnA nccenoBanus CHMMETPUUHOrQ subpatopa npexic
Brero HeoOXO/IHMO 3HATh 3aKOH pacnpeieiend st ToKa B HeM. B uinkenepHoit
MDAKTHKE 3Ty 3alauy PeialoT HCXOAS U3 aHanoruu BHGpaTopa ¢ ABY X1po-
BOAIOH Jsnpneill. Takasa aHanorus JaeT HeKOTOpHIE NOrPelHOCTH:

1. OOplynast ABYXNMPOBOAHAR JIHHHS SABASETCH UENbIO C PABHOMEPUD
pacripeienettbiMi napaverpamMi, a B CHMMETPHUYHOM BHUOpaTope norou-
HLIC mapaMerpsl M3MEHSIOTCH COOTBETCTBEHHO W3MEHEHHIO PacCTONHA
MEA{ly CHMMETPHYHBIMH YyuacTKaMii nNpoBoja.

2. JaexTpuuecKoe 1104€ ABYXNPOBOLHOH JHHHH NOTEHHHANBHOE, A afi-
Tenunt — puxpesoe. Tak Kak 3HEPrUs, 3aTPauMBAEMAsl HA NEPEHOC 3apsifa
B Biixpesov nose BuGpaTtopa, 3aBHCHT OT TPAEKTOPUH ABHKEHHMS 3apsfa,
70 PE3110CTh NOTEHUMAN0B MEXAY ABYMsl TOUKaMu BHOPATOpA CTAHOBHTCH
Heoipesenedroil. OTciola NORATHEM HaNpsHKeHUs Ha BAOPATOpPE MOMHO
NOAL30BaTECA TOALKO TOCAA, KOTAA ATHHA BAGpaTOpa Maja 1o cpaBHeHHi
C ATH110/T BOMHB! MJIM KOTAA pedb HAET O PAa3HOCTH MOTEHLHalOB HA 3a)XUMaX
@HTEITHG, rRe 3NeKTPHUECKOe nojie 6113K0 K notTeHuHansHomy. B octanb-
HBIX cayuasx o moTeHuManax aHTeHnb! GYeM rOBOPHTL KaK O BeTHUHHE,
TPonopiONabHON NOBEPXHOCTHON NAOTHOCTH 3aDANOB.

3. SnekTpoMarHuTHOE Tone AUHHER He n3nyuaercal, a BuOpaTopom
HanyuaeTcn, w Tak Kak 310 noje, B CBOK ogepellb, BJAHAET HZ TOK

BRGDHTOpa, TO pacnpeaesieHne TOKa NONyuaeTcsl HECKOJAbKO HHBLIM, 4ea
JAMHIY

1

l -
B, Hueercn B BHAY, YTO paccTOSHHe MeKAY NposOAaMb AnHHE a < A H NOITOMY
A Mpsimoro M o6patTHOrO BPOBOAOB BIAUMHO KOMNEHCHPYWTCA B APOCTPAKCTBE.
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Pue. 2.1. Pacnpenenensie ACHCTBYWOIHMX 3HAa4eHHil TOKA W 3apa;a 00 LAHNC Pa3OMK-
HYTHIX JHHHH H COOTBETCTBYIOLIMX CHMMETPHYHBIX BHOpaTOpOB )

el
/7/” Puc. 2.2, Onpeaesente noas wzayuenus,

€03/1aBaeMoro CHMMeTPHYHLIM Blif)paTODOMi

TlorpeurHoctTy  Npi  UCNOJL30BA-
HHY YKa3aHHOH anranoruy tey Gosbe
ule, yeM OOMBINYIO UacTh AJKHLI BOJ-
Hbl COCTABJSIOT NONEPEYHLIE pa3Mephl
pubpartopa. OmObIT NOKasbiBACT, 4YTO
B AMana3oHe KHJIOMETPOBBLIX, TEKTO-
METDOBLIX, & B PAJE CAYYACE H ACKa-
METPOBBIX BOJIH BHOCHMBIE MOrpell-!
HOCTH He BBIXOAST 3a mnpelednl Ao-
TYCTHMBbIX.

5.2. Pacnpenenenne TOKOB H 3aDaiOB B CHMMETDHUHOM Bubpatope.
PaspepToiBaeM pasoMKHYTBIE JIMHHHM N0 Hampas/leHuto cipenok (puc. 2.1)
A0 0o0pa3soBaHHs CHMMETPHUHbIX BHOpaTopoB AuHONH [ = A/2, 1, 3A/2,
2A. Ionaraem, 4To 3TO He HAPYIUAET 38KOH CTOSAUNX ‘BOJH B pacnpejie/eHud
TOKOB H 3apsA/0B BJO/b NPOBOAOB. TOrza B CHMMETPHUHLIX ceueHHaX BUG-
patopa JOGOA AJNHHBl 3apSAES YMCAEHHO PaBHLI ¥ NPOTUBONONOKHLL MO
BHAKY, 4 TOKM pPaBHbl IO BeJqUUKHe W COBNAaAaloT mo ¢aze. [Tocaentee 06«
CTOATENILCTBO CTOAb BAXKHO, UTO TOJNE3HO 3ANIOMHUTDL: CUMMEMPUUHDLI BUG=
POMOpOM ABASEMCA MAKOU NPAMOAUHCLHbIL RPOBOD, 8 CUMMEMPUYHBLX 1T10H
Kax KOMopoeo moKu paguel U COBNAOQIOM N0 HANPABACHUIO U (ha3E.

Ecau BRosb BHOpaTOpa yKJIaABIBAETCS 1leJ0e HUCJO P TONYBOJH,
MIMHa aHTeHHBl [ = pA/2.

5.3. dPyHKuMA HADPaBAEHHOCTH CHMMeTpHuHoro sudpatopa. [lo yxa-
3aHHOW CXeMe HCCeAyeM noJie CHMMETpUYHOro BuépaTopa, o0patus 0cob
BHUMAHYE Ha TO, UTO HANPasreHHOe Oelcmeue QHMERHbL OOYCAOBACHD UHS
mepdheperyueli 80aH.

1. ITycts och BUbpaTtopa coBnajaer ¢ ochio Oz, a cepeluHa Budparopa
Haxomutcs B Hauajse koopauHar O (puc. 2.2). Ecau Touka nabmonenna M
#MEeT TanLHOCTb # U 3eHUTHBIA yros 8, To ssneMeHTapHbIE BHOPaTOpPhl, yAa-]
JeHHble OT TOuKH O HA + z U — 2, HAXOAATCH OT M Ha pacCTOAHUSAX 1y =
=r—zcosB u ry, =r + zcos 0.

PasHocte ry — ry < r, TNO3TOMY [pPU ONPEASACHHH AMIVIUTYIBl ane-
MEeHTapHLIX nodeit dE,, MOXHO pasHOCTb 7y — 73 HE YUHTHIBATH, T. €. CYil-
TaTh, UTO 7y o< ry &~ r. OJIHAKO NpPH pacuere $asoBoro capura rojei sro-
FO CAENATh HeMb3f, TaK KaK pasHOCTb XOJa BOJIH COM3MEpUMa C ANHHON
BOJIHEL, M €CJIH, CKAXKeM, ry — 7y = A/2, TO B 1aHHOH TOUKE [POCTPaHCTBE
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pe3y IbTHPYIOIER 10718 DABHG HY/IIO HECMOTPS Ha TO, UTO OHO BbI3BAHO ABY-
M9 PaBHBIMH @ CHHGpA3ievi Toxamd., OTCi0la MrHOBEHHBIE 3HAYEHHS Ha-
npsiKEHHOCTH SNEKTPUYRCKOTO o, BosCyxpaaemoro B Touke Al sneMes-
tapusiMi BuGpaTtopamu:

dEyen = dE  sin (ot — Pry) = dE, sin (ot — fr + Pz cos 0),
dE gmprg = AE , sin {(0f — Pr,) = dE,, sin (of — pr — Pr cos 0).
2. Onpeneandm pesyasTHpyoUlee 1101€, CO34aBaesMoe OGOMMH 3.1€MeH-
TapHBIMM BUBDATOpaMH, noMb3yACh NOACTAHOBKOH wf — fr = &
dE oy = dE yrg + dE 0y = dE,, [sin (§ + Bz cos 0) + sin (§ —
— Pz cos 8)] = 2 sin & cos (Bz cos 0) dE,,.

[last snemenrapHoro BHGpaTopa MIHHOA dz, O KOTOPOMY NPOXONET
TOK ¢ aMIVIMTY10# [, ., B cooTBeTcTBHE ¢ dhopMyaoii (1.8) MoxeM 3anicaTh
dE,, = 6071 ;1 dz 5in 6 ,

A

dE sinEcos {Pz cos B) dz.

_ 1207ty sin ©
MrH T A

Ias onpeleaeHys Hanp SxE€HHOCTU /IEKTPUYECKOro nOAS Beero pnlpa-
TOpa NPOMHTErpHpyeM AaHHOE BbipaxeHWe no z B npereaax or 0 ao U2,
nnest B BHAY, UTO /., 33BUCHT, 3 £ He 3aBUCUT OT KOOPAMHBATHI Z

{72
1200, .
Emr‘u = Ry = sin B sin E j. [zm cos (ﬁZ Ccos 9) dz,
0

.

310 BHIp@XKEHHE COrAacHO NPUIOKEHHHO | UpUBOAUTCA K BHAY

E o = 22 1(0) sin (ot —pr), @

r

rie /5 — aMnautyaa Toka B nyudoctd; B = 2n/A — xosbduunent dasu
{(BO.THOBOE YHMCAO).

3. Muoxurens sin (of — Br) ykaselBaeT Ha TO, 4TO CHMMETPUUHBIA
Bi:Opatop usgayuaer Geryuidie BoAHs. B 31oM MHOXMTene (asoBbifl yron
®f — Br 3aBUCHT OT PacCTOSIHHA ¥ (& HE OT ry U r,) MEXAY ToduKamp M u O
H HE 33BHCHT OT YIVIOBLIX KOOpAWHAT. [lepBoe 03Hauaer, uTo cpeduan mos-
K O 2615emen SKEUBAACHMAOU MOMKOU UsAyeHus ((asosoLn YERMPOI) 86620
610pamopa, a BTOPOE 03HAUAET, UTO #3nyuaeMule BoaHb chepuyccrue,

[lepeeie Ba vyoxuTens Bopaxkenus (2.1) onpenensoT aMIVKTYAY Has
IDSUKEHHOCTH 9/1eKTPHYECKOTO NOASA B Halpasiedup yraa 0

Ep=2m = 0), 2.2)
60s (_:E_ cos 9)—~cos —ﬂ—t-
f®) = sin 0 2.3)

T ! [pavem grs YTPOLLEHAN 3a0HCH BECh # B JaJibHEHIueN 0003HaYaeM aMIVINTy gy
QK& u nyynocTH wepes /., a He .




apascrea pyuiiicll HaupasaesioctH sindpatopa — ¢yukunei yrna 0.
Taxum obpasom, acsedemaue inmepepeHyul noael Iremerniapro subyri-
Mmopos AMNAUAYOA HANPIHEHHOLNUL NOAT CUMMEMPULHOZO eu6pamopa usz-
MEHACCT 6 Al(’pu()llOH(l./leOu naocKochtL.

O0parHO mpolOPIHOHAILHAS 3ABHCHMOCTD aMOANTYAsl TIOMA Em or
PaCCTOAHHA r — emle OAHH NPU3HAK TOIO, YTO CuUMMeMpUdHLd 8ubpamop,
KaKk o dunoas [epuya, usaydaem cepudeckue 80AHOI.

OrcyTeTBre 8 (yHKIMM HanpaBACHHOCTH YIia @ yKasplBaeT Ha TO, UTO .
cummempuiroltd sutipamop, nodobro dunomo [epya, He obaadaem HaAnpas- .
ACHHBIMU CROUCIIBAMIL 8 IKBAMOPUANDHOU NAOCKGCMU, ;

5.4. Hopmuposaunsie JIH cummerpuunoro sudpartopa (puc. 2.3). Bh-
pameiig Ang uopmiposarusix JH £ (0) nonyuaem pesexueM QyHKUHH
f(0) lem. dopuyny (2.3)] ua ee makcumym f,, (0).

1. Hdzra noaysvanonsoeo eubpomopa (I = X2, p = 1, puc. 2.3, a) Bop-.
MUDOBAHHAA H NELOPMHPOBAHUAA PYHKIMN HANPABACHHOCTH OJMIIAKOBDIC, |
Tak Kak [, (0) == [ (90%)

F(0) =[(0)/] . (8)=cos (—g— cos 0) / sin 0. (2.4) i

HuarpamMa lanpag/eHHOCTH TOAYBOAHOBOro BuGpartopa BeCbMa lie-,
sHaynTenpHo otaunvaercst of JIH aunons Tepua (wrpuxoBast JMHUS Ha:
puc. 2.3, @), ¥ NO3TOMY A5l CUMMETPHYHLIX BHOpaTOpos, AMHHA Kompmx;
He TpeBbIIaeT A’2, MOXHO MONb30BaTHCH GoJiee TEPOCTHIM BHIPAKEHHEM: |
F (8)==sin 0. B sxBaTopuanbHoil BAOCKOCTH TAKKX BHGPATOPOB ( 90°)l
pasHoCTb XOA2 JIyueli OT CUMMETPHUHBLIK 11ap 3JeMEHTapHLIX BHOPATOPOB!
(ydacTkoB) paBHa HYJI0, BCIEACTBHC UErO W3JAYYEHHE B 3TOMl MJAOCKOCTH;
Makchyaasho [F,, (B) = 1] u cornacuo (2.2) AMILIHUTY AR ,!

Emm — 601!’:1 Fm (e) rm

B uanpasnenus cpoefl ocy Bce 3neMeHTapHbIe BUOPATOPHL, 4 CJIef0BaTe -
HO, ¥ BCCh JIONYBOAHOBLIA BMOpPATOp SHEDPIHH He W3AYdaer.

2. [an suGpamopa daunoid | = A (puc. 2.3, 6) makcumyM yHKUHH:
HanpasieHHocTH cooTsercTBYer § = 90° u pasen [,, (0) = 2. Ilostomy.
HOpMHpOBaHHas yHKLUUS HADPABNEHHOCTH HMeeT B [JaHHOM cjy4ae Buf

nf

n
F () ey o (T £ O)_-COST __ | cos (neos @)1
2 sin 0 2 sin 9 '

3HAUKTENBHOE YCUCHIE HANPABASHHOCTH 11O CPABHEHKIO ¢ NOAYBOMHN.
BbIM BHOpaTOpoM [ = A/2 MOMHO OOBSICHHTL ABYKDATHLIM YBEIHUEHHEM UHCs
Aa 31eMeHTapHBIX BNOPATOPOB, KaXXAbifi U3 KOTOPLIX cO3JaeT Hanpasieii-
HOE M3JYYEHHE B MEPUAHOHAALHOH [IOCKOCTH,

3. [Ipu Oaune sudpamopa | = 1,25} (puc. 2.3, 8) NOABIAETCS yU4aCTOK
{1/5 yacTh), Ha KOTOPOM TOK MMeeT oBpaTHOE HalpaBJeHHe 110 CPABHEHHIO
C TOKOM B OCHOBHOH vacTH Bubpatopa. B cBfA3W € 3TUM PE3yJbTHPYIOHEE
noje snbparopa noO Mepe OTKJOHEHWS) OT 5KBAaTOPHANbHON IJIOCKOCTH
yMetibluaetes ObcTpee, yeM npu [ == A, 0 CTAHOBHUTCH PABHBIM HYJIO YXKe
npu 0 = 0" 5= 0. [lannnefinee npubarkenye K ockd BuGpaTopa CONpOBOXK:
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Pue. 2.3, Hopunposanuwie AH b MepHAROHAALNON MAOCKOCTR CHMMETPHAHBIX Bib-
PATOPOB pasauyHOl AMHHLI

AaeTcs yBesuuenyeM pasHoCTH XOAA Ayuel r,—7), @ ¢ Helt ¥ cRBUTa dadn
Noded moGoi cHMMETPHYHON Mapsi BHOpaTopos. B pesyabrare E,, cHauana
BO3pactaet ¢ ofpaTHbIM 3HAKOM, & 3aTem najaer fo uyis. Makcumyum Go-
KoBoro nenmectka nonyuaercs npu 6 = 0°. _

4 Ipu ydaunenuu subpamopa do [ = 1,54 (puc. 2.3, 2) yyacToK
€O BCTpeuspiM HampabieHnem Toka yBeanuxBaercs o 0,5A, BenelcTeue
Y€1 none g sxBaTOpHANBLHON NAOCKOCTH ellie Gonee oc/abeBaeT, a AOMoA-
WuTensuni nenecrox JH yseauunpaetca, npubanKasch k ocH BAGparopa.




Puc. 2.4. Tpocrpancisennan JH cunpverpuunore sudparo-
pa aannoh [==24

5. fTpu =27 (puc, 2.3, 9} yuacTkn c¢o
BCTPEUHBIM HANpaBJcHieM TOKA PaBHbl NO A He,
NO3TOMY H3JYUYEHHE B 3KBATOPHANLHOH TIOCKOCTH
OTCYTCTBYeT W Ha Kakayw noaycdepy npuxoasr-
¢ ABa nenecrka M.

6. flpu [ = 3k (pnc. 2.3, €) cooTyomweHte
MeXAY NJHHOH yuacTKOB BHOpPATOpA C Pa3/IHYHBM
HampaBJ/ieHHeM TOKa Takoe e, kak npu [ = 1,04,
u JIH B o0oux cayuasix MMeloT npHMepHO OAUHAKO-
BbIil XapakTep.

7. Hpu 1= 4k (puc. 2.3, ) Ha KOKAYI0 HOTyCdepy NPUXOAMTCA 1O
wetpipe Jenectka JIH, npuyeM B 5KBaTOPHAALHOIl MIOCKOCTH H3MyueHKe
OTCYTCTBYET, TaK KdK y4acTKu BMOpaTopa ¢ NPOTHBONOMOMNHLIM Hanpas-
JIGHHEM TOKA DaBHbl M0 JIKHE,

8 llpu 1 = 5k (puc. 2.3, 3) 370 papeHCTBO He colMIORaeTcs H OAHH
13 nencctkos JIH HaxomuTCs B 9KBATOPUAABbHOH MJAOCKOCTH; KpoMe TOro,
Ha Kaxiyo moayediepy NPUXORMTCS elie no yerspe genectka AH.

B :x5aTOpPHANBHOIl MAOCKOCTH CHMMETPHULILI BAGPATOp HAIPABIEH-
Hblil ¥ ero npocTpancTseHtie JIH ofpasyoTes npu Bpawuening noxyucHHuX
JH otnocutensio ocd Bubparopa. Ha puc. 2.4 13o6pamkena npocTpadCcTBeH-
nast JIH cummerpuuHoro sufpartopa AnuBOH [ = 2i.

5.6. Bwisoasl. 1. Cummerpuuui Buépatop mwOoH AAUHBL He H3ay-
yaeT BAOMDb CBOefl OCH, TaK KAK KUKABI €10 3eMEeHTAPHBII uacToK ile co-
34CT HUZTY4YEeHHS B 3TOM HABPABJEHHH.

2. ¥Yseanuenne AAKHBL BHOpATOpa CBRILE A COMPOBOKNARTCS Y MCHB-
WIeHIIeN H3AYUeHU s B 9KBATOPHANBHOM IITOCKOCTH BCACLCTBHE NOSIBACINIA
Ha sg0parope y49acTKOB CO BCTPEUHBIM HAMDABJICHHEM TOKd. MaxkcHMalb-
Has fanpaBAEHHOCTb mosmyyaeTcss npu [ = 1,25}, Tak Kag AanbHelliee
yBesuycHue ! COMPOBOXKAZETCH Bo3pacTaHhem GOKOBHIX JenectkoB JH
¥ CY/KEHII€M [JIABHOTO,

[puna JH nonysonnosoro suGpatopa 26, , = 78°, Boauosoro —
44° a uneouero aauany = 1,250 — 31°.

3. [pn 1 = 2), 4), 6A, ... TIOJHOCTBIO OTCYTCTBYeT M3JNyuelHe B 3X-
BaTOPHANLHOH MMAOCKOCTH M3-33 PABEHCTBA MJIHILI YYACTKOB € NMPOTHBO-
NONIOKHLIM  HalpaBjieHUeM TOKa.

4. Tlpu | = A, 24, 3A, 4A, ... uncao genpectkoB JH, npuxoasmuxcs
Ha Kaxaylo nonycdepy, paBHO 4HCaY JJIHH BOSH, YKJaALBAIOLIKXCA (10
Mmue  su6paropa. ‘

5. I'lo mepe yBesvueHus AAMHBI BHOpaTOpa Hanpab/ieHHe MAaKCHMyma
f1ABHOIO JIeMecTKa Bee GOMblie YAANSETcs OT 3KBAaTOPHAABLHOR IVIOCKOCTA
n npubnnkaercs K ock BUOpaTtopa,
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¢. BIMAHUE DHPAHA HA DNEKTPOMAFHMTHOE NONE
sMBPATOPA

6.1. Merop 3epkanphbix uzobpamennit. 1. [lpurcncuHsle paceyxienua
OTHOCHJIHCH K Aunomo [epua n cHMMeTpUUHOMY BUGPATOPY, PaclofoKeH-
HbIM B HEOrpaHuueHHoM CBOOOAHOM NpOCTpaHCTRE, Ternepb HyKHO BhIABHTE
BANSIHHE NPOBOASUIEIO 3KPaHA Ha HX uajyuenue., CHauana paccMoTpUM
toueunblit 3apan A. Ero anextpuueckoe noje B cBOGOAHOM NPOCTPANCTBE
BO BCEX HAMPaBNCHHSX paguanbioe. Ecau ke BOMM3H HAXOAHTCS MAeallb-
HO NpOBOAsILAA NMIocKocTe PP’ (puc. 2.5), To dopma 31eKTPUUECKUX CH-
AOBLIX JIMHHIl MeHsieTcs:: OHM 06pa3syroT IpPsIMOH yroa ¢ maockocThio PP/,
KaK 3Toro TpeGyioT rpaHuyHbie YCJA0BUs. Takylo ke KOHpUTypaiuio, Kak
113BECTHO, HMEET IEKTPOCTATHUYECKO® N0/ie ABYX PaBHBIX M TPOTHBONOLOK-
BLIX 110 3HaKy 3apsigoB A u A’. CaenosatensHo, delicmsue udearbHo npo-
sodsuyeti naockocmu PP’ Ha noae 3apada A sxeusareHmuo Oelicmeuo mHu-
moeo 3apada A’ o0fpamuoz0 3HAKA, KOMOPLLE pacnoAOder B3epKAALHO O~
HocumeasHo naockocmu PP'.

2. JT10 MonoKeHUe OTHOCHTCH M K Tokam subparopos (puc. 2.6). Ilo-
ROXHTeAbHbIM 3apsgaM A, C, E COOTBETCTBYIOT OTpHUATENbHbIE 3apaibl
A’, C', E' B ux 3epKajJpHbIX 4300paKeHHsX, a OTPHUATENbHBIM 3apAAaM
B, D, F — nonoxutenssie 3apsafs B', D', F'. [TockoabKy TOK HAET OF
NONOXKHTENLHOFO 3aps/a K OTPULATEILHOMY, TOKH B JEHCTBUTE/BHOM H
MEHMOM H300paXkeHu iX BepTHKaJAbHOTrO BUGPATOPa COBMAAAIOT N0 HATIPABs
JIeHHIO, a B cJydae rOPH3OHTAJLHOIO PAcMoNoKeHHs BHOpaTopa NpoTUBO-

A
Puc. 2.5. DaexTpuucckoe none sapsaa A4, pac- o=
HOJOKEHHOrO Hai  H1eaAbHO  OPOBOAsINeS
IOCKOCThIQ
3 p pe
Pue. 2.6. Hanpasnewne tokos B sufipatope w
€10 3ePKANbHOM M3OBPaKEHHH TIDH BePTHKAAb- '/ K/ TATTV 77777774
oM (a), uaknouHoM (0) H rOPH3OHTAADLHOM \ ‘\ \ 7 / ,’ {
(8) pacnosoxenun Bubpatopa \\ \ \ {' ¥ /
SN NI /S F
NN
Sl N\ s ~
NN
Puc. 27, K pacuery b.Ausidns FOPH3OHTANA ——mTEESIIL,
Horo skpana na [AH ropusontasieroro (@) A

BepTHRaNbHOTO (0) BHOpaTOpOB

A+ . I P
A
J ]
R R T N TR TR T AR =
a's 7 - e b
PR
A - &+~ 3 14
9 ) )]
Puc. 2.6
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MCA /KU IO HANPABACHNi0. Eoni e BubPaTOp HAKAOHULIA, TO BEPTH KA/ b
Hble COCTABMIOUME TOKA /, Halpasieusl B OMHY @ Ty )K€ CTOPOHY, a rO-
pusoHTansisie [, NpOTHBONOAOKHLL, ]

3. Qu3siyeckast CyLWIOCTh METOAA 3ePKalbHOrO H300paKEeHUS SAKI0
Yaercsl B TOM, UYTO 3JIEKTPU:MArHUTHEIE BOJIGI BROpaTOpa, nalaiowMe Ha
TIOBEPXHOCTb 3Kpana, Bo30YKAAI0T B HeM TOKH, NNOX ACHCTBHEM KOTOPBIX NO-
SIBJSACTCA OTPANKEHHAS BOJIHA, IKBHBANCHTHASA BOAHE OT 3EPKANBHOIO H30-
Opawenns nubparopa. Hampuwmep, ansn ropusonTansuoro sabpatopa A
(puc. 2.7, a) B Touky nabmoacuust M npuxoast fga ayua: npsmoit ADM
1 oTpaxeHubli ABM, npuucu B Touke B yroa najeHus 0 paseH yriy oTpa]
xeips. Kpome Toro, Tak Kak MPOBOAMMOCTb 3KpaHa MpeanoJaraercs |
HALANbHOH, a IOAPH3AMHA BOMHbl FOPU3OHTATBLHON, TO MOAYAbL K0dPhU-
wienta otpaxkenuss I' = 1 u aprymedt ero ¢ = 180°. HUuaue rosops, H
MOMEHT OTPaXKeHH sl BOMHBI aMINIHTYla HANPSIKEHHOCTH MOt OCTACTCS Hes
uanMeinoil, a Gasa MeHder 3Hak. Takast e BOJHA CO31aeTCA MHAMBIM BH
patopoy A’: i3MeHenue aspl nagaoulell BOMHbI 33 BPEMS €€ ABIHKEHIs
nytn AB yuHTHLIBACTCS PABHBIM 10 Aautie ayuoMm A’B, a H3MEHCHHE 3HAKA
¢asbl B Touxe B 1a 1807 yuuTLBAETCA HPOTHBOMOMOMKHLIM NAIPAB/ICHHEM]
ToKka B A’ Mo cpasneuxio ¢ ToKoM B A. ,

[Tpu meprukaasiom pacionoxenun Bubparopa (puc. 2.7, 6) Bce pac
CYACACLIA OCTAIOTCA B CHJIQ, 3a HCK/OUCHHEM TOTO, UTO (ha3a BONHBEI B MO~
MEHT OTPaXKeuMs OT 5KpaHa He MeHsEeTcs, DTO COOTBETCTBYET OfH HAKOBLIM,
HanpapneHysiM TOKOB B AeHCTBUTENBHOM H MHHMOM BHOpATOpax, a TAKXK
TOMY, UTO NPH HACaAbHOH NPOBOAMMOCTH OTpaXakouleil MOBEPXHOCTH M
BePTHRANLHOA TNOMAPH3aUHH BOJHBI MOAYJIb KO3(puilitenta oOTpakeHu
F=1u aprymeur ¢ = 0, ’

3avertiM, yTO B Clyuae BEPTHKAALHOTO BHGPATOpa BHICOTA €ro fi Hak
IKPAHOM i PaCCTOsHUE ¥ R0 TOUKHM Habmojells M oTCUnTLIBAIOTCS OT da-]
30BOIO LeHTpa (cepeauusl) BuOparopa. Hakodell, Tak Kax r>>h, TO BOf
BCEX Caydasx CuHTaeM Jyuyn jaeficTsurenshoro A n aunnoro A’ subpato-
poB napasneabHbIMA.

6.2, Bausinue TOPH3OHTANLHOTO IKPAHA HA H3JNYYeHHE TOPU3OHTANb- |
HOTO BUBPATOPA B €10 IKBATOPHANBHOM (BepTHKATBHOI) TTOCKOCTH. B gan-
HoM cayuae {puc. 2.7, a) KaKIplii ©3 KBYX BuGpatopos (ocnosHoii A '
MuuMOil 4, KBHBaACHTHbI] 3KpaHy) HenanpasienHsiii. Ho Hx noas casu-
HYTH 110 (ase 3a CYeT MPOTHBONOJIOKHOrO HanparjeHus TokoB B A u A’
H pasHocTd Xoja nyued Ar or pnbpartopoB k Touke nadmomenus M. Tax
Kak pasuocTh Ar 3aBUCHT OT Hanpawiedus Ha M, To HnTepdepeHuHa noaei
HeHanpasaentsx BuOparopos A u A’ cosgaer nampaBieHioe H3NyyeHHe,

O6o3naunm paccrosinne OM uepes r ¥ yron HakJOHa Ayua (Yrosa Mecra),
KOTOPLI ABJSIETCS AONOMHUTeNBHLIM K 3eHHTHOMY yIay 6, gepes 8. Toraa
ATnHa rpayua oT A po M, aniua ry ayda oT A’ 1o M 1 pa3HocTb X0Aa 3THX |
Nyue#t Ar 3amnMCBIBAIOTCH B BHJE '

ry=A'M=0M+ A'F =r + hsin, (2.6) |
hr = ry — ry = (r - h sin 8) — (r — h sin &) = 2h sin b, (2.7)
|

']
rh=AM = OM — OF = r — h sin §, (2.5) -
|
|
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Pac. 2.8. OH ropnaonTasnoro snépatopa B BEDTHKANBHOM MJOCKOCTH OpH pasfii-
HOll BHICOTe ToaBeca A

6.3. Hccnenosanne dopmynnt (2.7), PaccMoTpHM wacTHBlE Caydali:

. Bucoma nodseca eubpamopa h = A4 (puc. 2.8, a). [lpu sTOoM no
peprukann (8 = 90°) npotnBodasHOCTS moneil, Bbi3BaHHasd MPOTHROIIC-
JICKHBbIM Hanpap/JeHHEM TOKOB 8 JEHCTBHTENRHOM U MHHMOM BﬂépaTOan,
NOAHOCTLIO KOMNEHCUPYRTCH PA3HOCTHIO XOAa BOAH 2 sin 8§ =2h = 2074 =
= 2/2. C otknonennem or 8 = 90° pasHocTb X0Aa BOAH OT AGHCTBIITCIb-
HOTO ¥ MHHMOro BHOPATOPOB yMeHblNaeTca M, KOIAa yros HakJoHa § cTa-
HosuTCA paBHoiyt O ¥ 180°, pasHOCTb X0Aa BOJMIH HCYE3AET B COXpaHsiercs
npoTHBodasHocTL Nofed, o0ycaoBNeHHAasT NPOTHBOMONQKHLIM Hallpase-
HUuen TOKOB B BuGpaTtopax. Takum ofpazom, JIH umeer omid Jenectok ¢
MBKCHM){M{)M, HanpasaeHininv nepneﬂnﬂxynﬂpﬂo IOBEPXHOCTH  3Kpana
(6 = 90°). Dror makcuMym B ABa pasa GonblLue, YeM /sl OAUHOYHOrO BUD-
patopa.

2, llpuh = A2 ud = 90° (puc. 2.8, 6) pazsocts xona sonu 2k sin 6 =
= 2h =), HO pe3yJbTUPYIOUIEE NIOAE OTCYTCTBYET H3-3a [IPOTH BOIIOAOGHK-
HOro HampaBJIEHHs1 TOKOB B AefICTBHTENLHOM U MHMMOM BuSpatopax. C of-
Knouenuem yraa § or 90° pasnocTh X0A2a BOAH yMenbliaetcs W, KOraa
& = 30°, sra pasHocTh cTaHoBHTCA paBHOil 24 sin § = (21/2) sin 30° =
=MA/2. TeM caMmbiM KOMIEHCHDYETCS BAMAHUE IPOTHBONONOKHOIG Hafl|as-
/€HH A TOKOB B BUGPATOPE H €ro 3epKalbHOM H300pPaKeHHH, 0/e CTaHOBHI-
£ MaKCnManbHLIM. 3aTteM ¢ yMenbiuernem § ot 30° 20 0 pasuocts Xona Boad

sin § ymensluaercs ot A/2 fo 0, BCAGACTBHE ero pesyabTHpPYIOUIee 1048
Ocaabnserca po myas. B pesyabrare noayuaercs Apyx/aenectkosas IIH.

3. Ecau h = ) (puc. 2.8,'6), 10 npu & = 90° pasuocth X043 BOAH

Sin § = 2, 1. e. paBHa ueTHOMY unc/y A/2, B CBA3H C UeM CYMMApHOR
:;gﬁz pasro Hymo. 'Koma 8 yMeUbIUHTCS 10 48°36’, pasHocTh xona Boad
e SuTes po 2h sin § = 2A sin 48°36" = 3A/2, 1. e. craueT pastoil He-

THOMY uncny nonyeonu A/2, u nose BospacTeT 10 MakcuMyMa. [ainsHedt-

W8 yMeHbielie yraa MecTa BACYET 34 COGOR yMERbLICHHE PA3HOCTH X0Ra
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BoJitl A0 A (0 = 307, uaayucnus ner), A2 (6 = 14°29°, uanyuenne Mak
Maabio), 0 (6 = 0°, nsayuenns ner). Takum oSpasom, 8 JIH umeiotes
Thipe nenectka. Herpyano ybegutses B ToM, uto npu i = 24 (puc. 2.8,
qu¢a0 nenectkos # [l panno BochMu. Mrak, ¢ yBenduetiieM BHICOTH 11d
Beca BuOparopa uncao nenectkos ero JIH B BepTuKanpHoil miockocTi B
pacTaer.

6.4. ®yukuus nanpasaennoctd, [loactasasia 0 = 90° B dopmy
(2.1}, (2.3) u yuutniBaa (2.5), (2.6), HOAyuaeM, uTO MFHOBEHHOE 3HaueH
HANpsKEHHOCTH MOAS NpsiMoll BOJMHLI B TOUKe M 2KBaTOpHA/bLHON M
CKOCTH

- 60/,
Elmm =

[(0) sin (ot —pry) = 60:'" (l—cos J,Tl ) X

v

r
X sin{wf —pr -+ Ph sin ),
a HANPSHKEHHOCTh MOJAA OT 3ePKaJbHOro H300paenia BuOparopa
60/,
r

(] —C0s qu) sin (of — Br—ph sin §).

f 8y sin (of —pr2) ==

EZMrH =

60,
r

O0o3HaunM aMILTHTYAY HANPSDKEHHOCTH MO/ OfHUOULOro BUOPATO
4 Dasosbll yroa of — Br COOTBETCTBEGHHO uepe3

60/ al e
Elm = =

(l—ncosmx—), (
& = i — pr. (2

[ 3]

Torpa, monb3ysich M3BECTHON TPHrOHOMETpPHUSCKOI (GopMYJTOH

a-t . o— k
il 4 smTﬂ ,

HAXOAMM, YTO MCHOBEHHOE 3LauyeBHe HaNpSKEHHOCTH PpPesyaLTHPYIOWE
SJCKTPHUUCCKOr0 10asi B TOUKE M |

sino—sin P =2 cos

Emru = Emm> Ezmrn = Elm [Sm (E + Bh sin 6) — sin @a o
~— Bk sin 8)} = 2E,,, cos & sin (B4 sin 6)

W ¢ noacranoeskod (2.8), (2.9)

Eyoa= l 1207 (1 —co8 f;—[) sin (Bh sin 6)‘ cos (of —PBr).  (2.18

6.5. Ananus ypasHeHus (2.10). 1. [anHoe BHIp@XeHHe eCTb YP
HeHue chepuyeckoit Oeryimell BOAHBI ¢ (a30BbIM LEHTPOM B CpefHed T
Ke O Mexay BuGpaTopoM M ero sepkalbHHIM H300paxeHHeM (cM. PH
2.7, a). Ha 3T0 yKasbiBaeT, BO-NEPBHIX, MHOXHTENL c0s (wf — Pr),
(a3za BOMHB ®f -— Pr He 3aBHCHT OT HanpaBaeHHd (yraa 8) v umeer O
HAKOBOE 3HayCHUE A9 BCeH cdepbl papuycoM r, U, BO-BTOPLIX, TO, YTO &
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gairtyaa noss [Boipazkenne B kBagpaTHbiXx ckobkax (2.10)] obpatHo npo-
OpUiOHAIbHA PAcCTOAHMIO 7

Em=%(1—cos"7’) sin (B4 sin 8). @.11)

9. Paspenus (2.11) Ba (2.8), 1. e. E,, na £,,,, natizem unrepdepenia-
oHiillil MHOMKHTENb (MHOKHTENb petietkH) fp (8), KoTOphIi BhIpaXaer Baus-
qi¢ JKpaHa Ha HanpaBJeHHOCTb I'OPH3OHTANbLHOIO BUOpaTOpa B BEPTH-
KA IbHOH IJIOCKOCTH:

fp (8) = E/E,, = 2 sin (Ph sin 8). (2.12)

[NocTpoennbie no atoMy ypasuenuto JJH (puc. 2.8) nonreep:kuaior cka-
sanuoe B n. 6.3. Hanpumep, ecan h = A/2, 10 Ph = 2ak/2k = n u Mio-
wuTedb [, (8) uMeeT MaKCHMyM fp mawe =2 NPH yraax Hakgona Jyued
& = 30, 150° u muruMyM fy . = O mpu & = 0, 90, 180°.

3. TopusontanbHblil BUOpaTop npH 000 BbiCOTe nogseca /i He u3ny-
4aeT BAOJDb MOBEPXHOCTH 3KpaHa., 3TO BbLI3BAHO TeM, 4TO B MAOCKOCTH 3K-
paHa OTCYTCTBYeT PasHOCTb XOAa Ayued oT BAOpaTOpa n ero 3epKaibHOro
u306paxkeHns, a HalpaBleHHe TOKOB B HHX NPOTHBONOMOKHOE.

4. Das pacemotpennsX JIH ropuzorTanbioro BuGpartopa, pacnonomkeit-
HOrO Hajl HICAJBHO NPOBOASAIIMM SKPAHOM, XapaKTePHO PABEHCTBO MAKCH-
mMymoB [f, (8) = 2I' u uanuupe HyneBbix MAHUMYyMOB [f, (8) = 0] B Jse-
nectkax JAH. 3meck ckasniBaercs To, 4TO BEGPATOP W ero 3epKasbHOe H30-
fpakeHue NOPO3Hb He OOMAfaloT HanPaBJeNHOCTBLIO U3/JAYUCHHS] M HMEIoT
pasHbie Tokd. CreloBaTesIbHO, aMIIMTYAR DajaoUlell 1 OTpaXken ol BoAH
OWIIAKOBH {£1) B B TEX HanpaBAeldsiX, A 3TH BOMHLI cHHdasHb, pe-
svanTHpylomas ammuryaa E,, = f, (8) £,,, = 2E,,,, a tam, rae mpo-
TiBodpazusl, £, =

6.6. BaMAHMe TOPH3OHTAJILHOIO 3KPAaHA HA HANpasjeHHbiE CBOHCTRA
BeNTHKAALHOro BHOPATOPa B BepTHKANLHONH (MEPHAHOHALHONA) NVIOLKOL TH,
B s10M csiyuae GyHKuusa nanpabBaeHHOCTH

fu A nl
¢os [~ sin § }~cos —

. L 9cos(Bhsin®).  (2.13)

H8y=F,(8) [, (8) =

Muosurens f (8) otpaxaer wanpapiensoe AeHCTBME OAMHOYHOLO BHOpPa-
Topi, a MHOKNTEND [y (8) yunThIBACT BAMANKE 3KpaHa, T, e, uaTepdeneduno
BOTIL peficTBUTENIBHOTO ¥ MHMUMOrO BUOPATOpOB, €C/U Obl KaMKAbiH #3 HHX
Obin nenanpasnente,
J;'_Ia puc. 2.9 mokasausl JH, paccuutanunie no gopmyae (2.13).
CpaBHuM pAMAHHE rOPU3OHTAJBLHOIO 3KPAHA HA H3JIyUeHHEe BEPTUKAND-
HOrO 11 ropu3oHTANBHOTO BHOPATOPOB B BEPTUKAJILHOMH MJIOCKOCTH:
5 l. B to BpCM# KaK NOPH3OHTANbHBI BUOPATOp He W3yuaeT BAOAb NO-
MZQAHQCTH 9KpaHa, BePTHKaAbHLIA BUOpPaTOp C€O34aET BAOJb HEr0 MaKch-
Tovlhﬂoe uanyuente. 10 00bACHSETCH TeM, YTO FOPH3CHTalbHbIH BUOpa-
P I COBOKYNHOCTH CO CBOMM 3epKanbHBIM H300paxeHieM obpasyeT mpo-

cos O

-
May I3 obmem cayuac 310 yTBepxachue netouno. Hanpusep, npw A2 <Z b <A
MaK( UNYM JlenceTKa 8 BANPABACHHE, liepUCHAHKYASPHOM TA0CKOCTH IKPAlia, Menblue

Cityyop apyrux aepectkos JLH,

2
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Puc. 2.9. OH sepruranvnoro snGparopa
BepTBKaNbHOH (JNOCKOCTH UPH Pa3nNHYHON B
cute noaBeca fi

Pue. 2.10. HH ropusontasuioro BuOpaTopa
B BEPTHKAJLHOH MJIOCKOCTH IDH BBHICOTE HOR=
peca fi==1,5A HalL DOBEPXHOCTLIO 3EMAH

THBOhA3HYIO CHCTEMY, a BePTHKaAbHBIA BROPATOP COBMECTHO C ero u3obpa-
MeHHeM — CHHDA3HYlo, H TaK Kak B [UIOCKOCTH 3Kpana OTCYTCTBYET pass
HOCTb X042 BOMH, TO 00N AEHCTBUTEALHOIO M MHMAMOrQ Buéparopoxaol
BTOPOM CJ1yuae CKA4AbIBAIOTCS, : |

2. B IH septuxansncro subparopa He cobai01aeTcs paBeHCTBO Max-‘
CHMYMOB JIeNeCTKOB, XapakrepHoe AJisl AMarpaMMbl fOPU3OHTANIBLHOIO BHO~
paropa. [IpHusHa 3TOI0 3aKIOYAETCA B TOM, UTO B BEPTHKANLHOU MJO-
CKOCTH ONHHOUIIBI BEPTHKANALHBIN BHGPaTOp, B OTJHYHE OT [OPU3OKTab-
noro, sanpasaetxnii. ITo Tol xe npuyniie QYHBKUHA HanpasjleHHOCTH,
(2.12) npeactasasier cofoit unTephepenunotblil MBOXKHIEAL [y (0), a
dynxunn (2.13) coaepixuT elle U MBOKHUTENDb, BBPAKAOLMUA HATpaBAEH-
Hble CBOfICTBA OAMIOYHOrO BEpTHRaAbHOro Budparopa f; (8).

6.7. Bausune nosepxnoctH 3emau na JH suGpaiopos. B ;manaao‘l
HaX MUPUAMETPOBBIX U KHJJOMETPOBLIX BOMH NMPOBOAHMOCTb 3€MJIU HACTON b
KO BEJIHKA, YTO BJUSIHUE ee HA MOAE H3JYYCHUS AHTEHHbLl CYLIECTBEBHO HeJ
OTAUUZETCH OT BAHAHNSI FOPH3OHTAABHOTO 3Kpada, o0Jajaloulero 1ieannb
HOM IPOBOAUMOCTbIO. Ha Gonee BBICOKHX PaAHOUaCTOTaX HYKHO YUHTLIBATh
KOIEUHYIO [IPOBOAMMOCTD 3CMAH. DTO BbIPAXKAETCH B CACAYIOLIEM. ‘

Bo-1epBuiX, ¢ yMeHblleHHEeM MPOBOANMOCTH 3€MAH MEHEe HHTEHCHBHbI
MH CTAHOBATCS OTPakeHHble W Oo/iee WHTEHCHBHLIMH DNpENOMACHHbIC HA
NOEEpXHOCTH 3eMNH BOAHH (T. € MOAYJb KO3(MPULMENTA OTPAKEHHS YIKe
MetlbLie el HILB); B Pe3yAbTATe NOIJIOMEHHE S3NeKTPOMArHHTHON s1eprud,
B 3eMie.yBenuyuBaercsl. Bo-BTOpbIX, CABAT MO (ase BOAHLI B MOMEHT €
OTpaeHisi OT 3eM/IH CTAHOBHTCA WHBIM, YeM NpH HACAIbHOH NpOBOAUA
MOCTH 3eMAH {apryMeHT Ko3(pUIIHEHTa OTPaXKeHH ! YKE He DaBeH Hy /110 HJIH
180%). Bce 5TO npUBOAUT K YMEHBLLIEHHIO MAKCHMYMOB H YBEJUUEHHIO MH-
HUMYMOB U3JIYUEHHS M K HEKOTOPOMY M3MCHEHHIO HANPABJCHHSA NeNeCTKOB

Bunixkaitmii K semnte nenectok JIH ropusonTanbhoro subparopa mMand
3aBHCHT OT NMPOBO/VIMOCTH NOYBLI, TAK KakK MpPH MABIX YIraax Bo3sLileiiis




<oz PNIILHEHT oTpaxennst s moGoit nouswr Gausox k — 1. Ecau xe
B”a-,ﬂ}op pacnofioxken BePTHKANBHO, TO YMEHbILEHUE NPOBOAMMOCTH M04-
gl BUUIHIBAET 3HAUHTENBHO OOMblMe OC/IACMEHHS MAKCHMYMA U3/yueHHs
4 OTKIOHEHAS CCO OT 3eMHOi NOBepXHoCTH.

3a pue. 2.10 ans cpaBuenns nsoOpaxednt [AH B BepTukanbHoil nio-
Ti ropH3oHTanbHoro snbpatopa npu h/A = 1,5 B cayuae naeanbHOI

CKOCT .
{cmomuaa JHHHI) B KoHeuHoH (lHTpHXOBaH JIlfiHﬂﬂ) [pOBOAUMOCTH 3eMJ/IH.

7. AEACTBYIOLLASH ANMHA B1EPATOPOR

7.1. Boigod (OpMYJnl JeHCTBYIOUIEH NIHMB 3a3eMAeHHOro BHOpaTtopa.
HecinieTpyukivlil BuOpaTop, 3asemaeHHslit yepes ucroundk JAC, nasbi-
pacresl sugesaertomt (puc. 2.11). B COBOKYIIHOCTR €0 CBOHM 3€PKaJibHbIM
paobpazkenen o# obpasyer cumverpuussii suGpartop. ITostomy IH sa-
semaenoro subpaTopa cocrassisieT BepxHiolo nonosuny JH coorsercr-
BVIOLLEro CUMMETpUUHOro BuOpaTtopa. OTCloMa ClieAyeT TaKxke, 4TO MakK-
CHAYM H3JTYUeHHU ST BePTHKANbHOIO 3a3€MIEHHOr0 BUGPATOpa NpU HACANIbHOM
IPOBOLHMOCTH 3eMJIM HAXOMMTCS Ha €e [OBEpPXHOCTH.

Jsst onpefieicHUs COMPOTHBAGKUSA H3TYUCHHS HECHMMETPHUHOrO BHG-
patopa ofparuMcs K puc. 2,12, Ha KOTOpOM HayaJlo KOOpAHHAT COBnajaer
¢ Bepunioil Bubparopa, OCh z HanpasJeHa ro ock Bubparopa, f,,, — am-
NAMTYAa TOKA Ha PacCTOSTHHM 2 OT BepuMHnl BuOpatopa, /g, — aMmiu-
TyAa TOKA B MY4YHOCTH, /¢, — AMILIUTYAA TOKA Ha KJAeMMaX HCTOYHHKA
B0O30Y )KAEHUSI (B OCHOBANHK alTEHHsl), b — reoMeTpuyecKast AJdHa BHOPa-
Topa, fi; — feficTByloan AAuia.

[Touatne peilctByiomedt JJIHHEL OCHOBAHO HAa 3KBUBANICHTHOCTH (B H3-
BeCTHLIX NpeAenax) HeCHMMETPHYHOrO WJIH CHMMETpHYHOrO BHOpaTopa u
avnons Iepua. Jxeusarenmnoinu cHumaomes maxkue subpamopot, Komopsie
npU PagHbIX MOKAX RUMAHUSL CO30QI0M NOAS PAGHOU HANPANCEHHOCMU 8 HA~
NPAsreHUL MAKCUMYMA U3AydeHus. 3Has, YTO NPH AAHHOH AJAHNE BOJHH
A M PacCTOAHKH r OT AHTEHHL MAKCHMAILHAN aMIIHTYAA HANDSIKEHHOCTH
noast gunoas lepua E,,,, = 60n/,,{/rA oguo3uauno onpeensietci MOMEH-
ToM Toka [,l, momy4aeM ycJIOBME SKBHBANEHTHOCTH BHOPATOPOB — Da-
BEHCTBO MX MOMEHTOB TOKa. JIJI1 necHMMeTpHYHOro BuGpaTopa 3TOT MO-

[

Pue, . -
Rt Bﬁg)la Beprukaavumir  sazemacn- Puc. 2.12. K onpenesenuo aeficrayio-
Hbpatop el BHCOTH BEPTHKANLHOIO 3a3eMALH-
Horo sufparopa

2%
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MERT BHIPAXKZETCs TMJIOUIafbl0 NOJA KPHBOH TOKA, paBHOH WHTErpany
h ;

[ f,mdz, a nnsn 3xBUBaNeHTHOrO eMy Aunoast [epua — NOLUADIO HPAMOs |
0

YTONbHHKE [gpfiy. 3liaunt, AEACTBYIOWAS AJMBA

Tom

hy=— jl dz . .14
0

B cyuae cuuycOMAanbHOro pacipeleleHds Toka B BuGparope nuMeems
lom = lum sin Pz, 1,,, == Igm sin ph, cooTBeTcTBEHHO
h

Slum sin Bzdz = —-1--— Ssin pzdz. (2.15)
sin fA
0 f

1
o Ig, sin Bh

h

WuTerpapyst 0 NpoUsBoin MOACTaHOBKY sin Ph = 2 sin (Pr/2) X
X cos (Bh/2), momyuaem

/zﬂz—é-tg—. (2.16)
7.2, YacThile cayyad 3asemieHHoro subpatopa. _ |
1. Bucoma h < . [Ipn stom yroa Pha/2 = 2nh/2h = ath/)h wacTonbko

man, uro tg (Bh/2) ~ Ph/2 u peiicTBylomas BLICOTA COCIabIsET HOJOBUHY
FEOMETPHUECKOA  BLICOTDI

,nggiizijﬁ=%n (2.17)

o te—=— @1

3. TMoaysoanosed cusmempuunol sudpamop (I = A/2) (puc. 2.13, 6
HMeeT B JiBa pa3a 00ablIVIO AEHCTBYIOULYIO AIHHY, YEM HETBEPTbBOMIOBEI
3asemaedHblll BuGpatop (it == A/4, puc. 2.13, 6):

hy = 2 (M2%) = M. 2.19

3ameusa A na 44 5 (2.18) u na 2/ B (2.19), noayuaem COOTBETCTBEHHOS
hy = 4h/2n = 0,641 u hy = 2{/m = 0,64/, 1. e. Jedemsyiowas daun
4eMeepMbBOAR0B020 U NOAYBOARO8020 6UGPAMOPO8 MeHbUE UX 2eomemplye
cxoti Oaunvt na 36%.

7.3. Bubpatop ¢ emKocTHOH Harpy3koit, Utobn npubnusute geiicr
BYIOLLYIO JUIMHY BUOpaTOpa K reoMeTpHUecKo, HYKHO DONYULTh KaK MO
1o Gonee paBHOMEPHOE pacnpefiesleHHe TOKA B H3JIY4aiOlICM IPOBOJE BHb«
patopa. Jlist 3T0r0 Ha KOHLAX NPOBOAA NOMEIAI0T BOJbLIYIO eMKOCTb HJH,,
KaK FOBOPSIT, CO3AAIOT eMKOCTHYIO HarpysKy. C OHUM 3 TaKHX BUOpaTopo
Mbl BCTpEYaIMChb — 3TO aunoab ['epua, B KOTopoM pastoMephoe pacnpe
Zenenve TOka N0 Anune ! 00yCAOBAEHO €10 eMKOCTHON Harpy3koii B BuA
IapoB Ha KOHUAX pulpartopa. . ’
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Puc. 2.13. K onpeseichuio aeficTsviomeii sl-  Pue. 2,14, Budparopb ¢ eMEOCTIOR
cotbi adeMeHTapioro {a), cumMerpuusoro (0)  Harpyskoh
H 3ascdacHHoro (8) sudpartopon

Ha puc. 2.14, a nokasal cuMMeTpnuHbIi BUOpatop ¢ eMKE)CTHoﬁ Ha-
FPY3KOIl B (hopMe [LICKOB, a tia pilc. 2.14, 6 — NeCHMMCTPHUHBIH Buuépamp
¢ JONOMIHTENbHON EMKOCTHIO OTHOCHTEILHO 3eMJM, 0DPasoBAHION roOpl-
301TalbHbM IPOBOAOM AAMHOM [,. V1 B TOM, H B ApYTOM Clydae CMKOCTHAR
Harpy3ska mossodseT NOJYSHTL Ha KOHUC W3JIYYAILero fpoBoAd TOK,
HC pasiuifi HYMO, a 9TO DPABHO3HAUNO YAAHHEHHIO UPOBOAR OT [ )0 4
(pc. 2.14, o) u ot h no h, {puc. 2.14, 6).

Kpfipas pacmpesenedns Toxa, nokasauuast Ha puc. 2.14, 6, mocrpoe-
Ha C YYETOM TOrO, YTO 3TOT TOK MUMeET XapaxTep CTOAuHX BOAH. Y 3el TOKa
pacronoxen (a oTKpeIToM Koillte C ropu3olTaNbHbIX [POBOAOE, A B TOUY-
Ke B, ofweil Ans1 rOpH3OHTANLHOI U BepTHKaAbHOH (M3MywdaiowcH) va-
CTeil AHTEeHWBI, TOK HMEeT NPOMesKyTOUHOe 3iiavuente / py. ECTECTBEHHO, 4TO
Ha KOHUAX BEPTHKANBHOTO MPOBOAA aMIHITY sl TOKOB [gn 8B Ipm OTIM®
HAK0TCsl 3HAUMTENbHO MEHBIIC, yeM e/ Obf He OLIIO CMKOCTHOM Halpy 3Kl

8. CONPOTUBJIEHKE M3SYHEHUS MPOBOJIOUYHOTO
CAMMETPMYHOTO M HECUMMETPMYHOTO BMBPATOPOB

8.1. 3aBHCHMOCTb CONMPOTHUBJCHHS H3Jy4eHHn pubpaTopa OT ero Aeir-
CTBywOIMeHd Aapubl. PaBHOMepHOe pacmpejeseHHe TOKa N0 JAEICTBYIOLLEH
anuue hy cummertprusoro subparopa (puc. 2.13, 6) no3BosseT onpeAenUTh
€ro COmpOTHBJIEHHE U3JydYeHHs 1o ¢opMyJse (1.5), BhiBeReHHOl Aas 3Je-
MenTapHOro suGpartopa (puc. 2.13, a), caeayer Juiib 3aMenuTh [ Ha fig:

Ry, = 800 (1, /A). (2.20)

3asemaeRuwIi BiuGpaTop (pnc. 2.13, 6) ormiuaercsi OT CHMMETPHUHOTO
BUGpaTopa, uMeiomero yBORHEYIO reoMeTprueckyo (I = 2h) 1 AeHCTBYIO-
WY1 (2h,) AUy, TeM, YTO H3AYUEET TOALKO B BEPXHEE TIONYNPOCTPAHCTBO,
OIIOMyY Anst nonysicHus POPMY Il CONPOTHBACHIS W3y YEHIsH 3a3CMICH-
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Rgn 0¥ Puc. 2.15. 3aBHCHMOCTL CONPOTHUBACHHH H3Jydee

oo HuA BNOpaATOPa, OTUCCENHOrO K TOKY B fiYYHOCTH,
; I \ OT €F0 OTHOCHTENLHOR Ad bl ’
P : '

209 / \ I] 'I \\ 1oro BUOpaTOpa HYKHO BBecTH B (2.20)
: |G St P o
) I \ ’ \ koapdunuent 0,5 u 3amedurs h; ua ,Zhn'

70 ) Ryo = 0,5-800 (2h,/A)* = 1600 (ig/A)2.
/ . (2.2h
g 7 7 5 yA 3aMeTuM, UTO BHIMMCIEHHOE 4epes /iy

COTMPOTHBACHIC U3JYYENHst OTHECEHO K TO-
Ky Ha KJemMMax anuTeHHbl (Ry = Ryy).

Kpome Toro, Ha ocuosaduu dopmys (2.20), (2.21) moxuo npuita
K JIOM1OMY BbIBOAY, UTO COMPOTHBAEHNE WBIYUEHUS CHMMETPHUHOIO BHO-
patopa B JiBa pasa Mellble CONPOTHBJEINS H3/YUeHH sl COOTBETCTBYIOLIErO |
3a3eMJIeHHOrO BHOpatopa. 310 Owilo Obl BepHo, ecan Gbi 06a BuOGpatopa !
MMeH paBuywlo AciicTBYOmYi0 Aanuy. Ho Tak kak neficteyomas AnnHa
ciMMeTpiunoro BubGparTopa B ABa pasza Cosblie NCHCTBYIONIEA MJIMHEL CO-
OTBETCTBYIOLIErO €MY 3ad3eMiennoro BuOparTopa, CONPOTHBIEHHE H3jyue-
BHS NEepBOro B ABa pasa OoJbile 4CM BTOPOrO. , ’

8.2. YTouHeHHble 3Ha4eHHfl CONpPOTUBJCHHA H3jdydenks. Lciy ne co-,
6atonaercs cootHomeHne it <L A4 u ! < A2, To popmynamu (2.20), (2.21).
nONib30BaThCs  HEJIB3R, TOCKOABKY TepMHH «IeHCTBYoWwas AAMila fpy.
BBEJEH HCXOASI W3 PaBeHCTBa nofiell JanHoi anTeRub B annoas I'epua Tons-
KO B LlanpaBJeHHH BX MAKCHMAJLHOIO U3JYUeHHsl, @ CONPOTUBAEIHRE Ji3«
AyUYeHWs XapaKTepH3yeT CYMMapioe W3JyueHHE, T. €. BO BCEX Halpasie-
npax, Qopmysl, BHIPKAIOILHE CONPOTHB/CHHE H3NYUEHHS uepes Jeii-.
CTBYIOULYIO AAHHY, RAOT OWMOKY M TeM Ooubluyio, uem Gosblie OTaHua«
orest JIH pfannoil avTeHnw M aunoas [epua. Yaxe npu Buicote /I = A/4
w anvHe [ = A/2 pacxoxkjende B JIH BhispiBaeT ownBKy B onpeneneHud
conpoTHBICHUS ¥3anyyenns oxoao 0%, a npn OOIbLIMX 3HAUCHHAX [
u ! 31a omMbKa CTALOBHTCS HELONYCTHMO GOMbILOf.

Ban gep Tlonb BuiBen TOWHYIO (HOPMYJY COLPOTHBACHHS H3AYYCHIIA
subpartopa ¢ yueTom ero uctuunoit [IH. 2ro conporusnenue, ornecentioe,
K TOKY B NYYHOCTH R 5y, 32BHCHT OT OTHOCHTENBLHON ANHHDLI CHMMETDIYHO-
ro Bubparopa //2 (puc. 2.15). C yreauueuuem I/4 ot 0 Jo 1 conporunaerniet
R yp pacTeT, LpUUCM AJTS NOJNYBOJAHOBOro BHOpaTopa ([ = A/2) Ry =
= 73,1 Owm, a ana sossoporo ([ = 1) Ry, = 200 OM. Hansnefiuee yBe-
auyenune /A 10 1,5 BhI3LIBa€T YMEHBIICHHE CONPOTHBJACHUS H3YUCHyis 10
100 Owm, Koropoe cMmeHsieTcs yBeauyenueM Ry, 1o 250 OM npu u3amenenuu
/A ot 1,5 10 2,0, mocsie uero NpOMCXOAAT KoneOaHH sl CONPOTHBJCHN S 1137y~
YEHHSI, CONPOBOKAEMBIE HEKOTOPHIM YBENHYEHHEM €I0 MAKCHMYMa i MH-
HUMYMa. !

Takoit XapakTtep H3MeHeHWs CONPOTHBICHUS H3NyueHHnsl obbscHaeTcs!
TeM, UTO YBeJaWueliue AJAHHB BHOpaTOpa CBSI3aHO C VBEJIHYEHHEM Ryq
3a CYeT POCTA 3JIEMEHTapHHIX BHOPATOPOB, YUACTBYIOUMX B W3JyueiHy)
JIeKTPOMATHHTHBIX BOJIH, a C APYrofl CTOpPOHHI, U3MmeHenue I/A (nanpuwep,
ot 1 o 1,5) conpopoHaaeTcs NosBIeHHEeM YUacTKoB BUOPaTopa co BeTpeys
1ILIM HanpasiCHIEM TOKa, KOTOPOE B BbI3bIBAET YMENLIeHNE CONPOTIILIe!
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qu s H3TYUEnH A, Kasanoch 661, 4TO ¢ yBeanuenuem {/A ot 1,5 10 2 gosmxia
npOK30HATH Jajbliefiiee yMeHbIHEHHE CONPOTHBACHHS U3/YUeHHH, HO 3TC-
[0 ¢ POMCXOAHT, TaK KaK B AAIHOM C/iyuae YBeNdYeHHE Pa3HOCTH XOAZ
pyueil OT CHMMETPAYHBIX Y4aCTKOB BUOpaTOpa CO3AAET B ONPEAe/ICHHBIX Ha-
ni)ag,ﬂ(;‘]-m?ix RONOVIHHTE/IbHbIH CABHI 110 (ha3e MEXKAY UX MOAAMA, KOTOPbIH
cLIOCOBCTBYET YCHJIGHHIO PE3YJIbTHPYIOIEro NOAs I YBeaHUeHuio obueit
MOULHOCTH  H3Jyuenust Bubparopa.

ConpOTHBIIEHHE H3TYUeHH HECHMMETPUUHBIX BHOPATOPOB TOKE ONpe-
pessierest Mo puc. 2.15, 10 3naueHH 1 Ry, OTHOCSIIMECS K COOTBETCTBYIOUIC-
My CHMMETpHuYHOMY BHOpaTOpy, CJeAyeT NeNHTh IONOnaM. Hanpumep,
4eTBEpTHBOMHOBbIH HECHMMETPHUHBIH BHOpaTOp HMeeT Rgn = 73,1/2 =
= 36,5 Om.

§.3. KHJl noayBoiHOBOrO M ueTBEpPTbBOMHOBOTO BHOpaTopos. 3Has,
4TO 10JYBOAKOBLIH BUGpaTOp umeeT Ry = Ry, = 73,1 Ov n A, = Alm,
no ¢opsyae (1.18) Haxonum ero KHIA

22 3
st S\ L VY 2.22)

72 Ry kA2 73,1

0

Crejosareibto, Mexiy Kosdppuuuentom yeuienns G, OTHECEHHBIM K
U

aGCOMIOTHO HeHAMpABJIEHHOMY H3JyudaTesio, H kosppuuuentom G, orwe
celiiiblM K TI0JYBOJHOBOMY BHOpATOPy, CYULECTBYET 34BICHMOCTD

G = (/1,64 (2.23)

Honysoanosel 8ubpamop Kax camoiil KOPOMKWE U3 PEBOHAHCHLLY CUM-
MeMpudrbIX SUBPAmMopos u ne umeioyuil 6oKosox aenecmkos 8 AH npumse-
HALMCA 0COBEHARO LLPOKO.

[Mpy paBHHIX ANHHE BOJSHBL # TOKAX HA KJEMMaX aHTeHHbl 3a3em/eH-
Hbiil BUGPATOP BBICOTOMH /I CO34aeT NOTOK MOUHOCTH i3Jy4enis B MJI0CKO-
CTH 3eMJIX TaKoil xe mioTHoctu [1,,, KakK U cuMMeTpHYHbIf BHOPATOD AJH-
HOM [ = 2h B €ro 3KBATOPHANbBHOMN ILIOCKOCTH, HO OOHIaA MOULHOCTb H3JIY-
yeHust @ cpeinuii notok mowuoctu [, ans 3azemaenHoro BuGpatopa B
ABa pa3a MeHblue (H3JYydYeHHe NMPOHCXOAHT B [osynpocrpaHcrso). Orciota
caeayer, 910 kos(puimedT nanpasaeHiioro geficrsus D, = I1,/[1,, anq
sa3eMJIEHHOrO BuOGpatopa B ABa pasa 0oablle, YeM AJAS CHMMETPHUYHOIO.
Hanpumep, uerBepTbBOMHOBLIE daseM/leHHbiil BUOparop dmeer D ==

""?“‘!"."66‘4 = 3,28.

9. BXOAHOE COMPOTUBNEHME MPOBONOUYHOTO O4QUHOUHOIO
BMBPATOPA B LUMPOKOM AMADNA3OHE HACTOT

9.1. HactoThule XapakTepuCTHKH BXOAHOTO conpoTHeienns. CocTas-

asouiye Ru.,m, Xox A BXOUHOrO CONPOTHBACHHS BHOPATOPA Zgx o =

= Ruxa + jXux A COOTBETCTBEHHO paBHLI AKTHBHOMY R, u peaKkTHBHO-

My X4 CONPOTHB/ICHHSIM, OTHECEHHBIM K BXOAHBIM S2)KUMAM BHGPATOPA.

3aBHCHMOCTL  CONMPOTHBACHHA Roxp # Xox A cuMMeTpHuiiore Bubparopa

OT ero otHocHTeNbHON AnuHul I/A noxkazana na puc. 2.16.

;Lnanz:- { = 7»/2.“ A, 3\/2, ..., uro COOTBETCTBYET PA3OMKHYTON JHHHA B
Pasa meubtuel gnunnl (A/4, A/2, 30/4, ...,), umeer mecto pesonaic. Tor-
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Xﬂhﬁ”

R Puc. 2.16. 3aBHCHMOCTH BXOAHOTO COMP
4097 / T -~ 7| THBREHHA CHMMeTPHYHOro sROpaTOpa
/] '20-7/‘//‘! 7 OTHOCHTE/IbHON AJKHLI NpH ABYX auaqean
2006 J 7w [ 7.1 ax ero auamerpa 2a
Y 74 '
_ // 77 J’/’?T Aa XBXA=OHZBXA=RBXA9 npu
~2000 / /| uen BeIWYHHA Ry  3aBHCHT
4w ] TOTO, KAKOB PE30HANHC: TOC/EN0BA
TeJBHBIA WAH Napa/JsenbHbIA.
A 0”0 45 30 18 Z’ﬂ,z %’L Korpa  nmiuna CHMMETPHUHO
’ =20 guOpatopa ! o< A2, 3AK/2, BAMZ, ..
8000 ~— H3 erg BXOJe MOJYUYalOTCst NYYHOCT!
‘oo 2=l I TOKa U y3ea Halpsikeinns (cM
puc. 2.1). Torma umeer wmecte fio4
2000 T C/eOBATENbHBIH  PE3OHAHC: AKTHB
P n HAasl COCTaBJSIOWaR BXOAHOrQ COMpO-
| TUBJNEHHS MHHUMAMbHAS M paBH
[~ [ MOJIHOMY AKTHBHOMY CONpPOTHEJEHH
J g5 30 15 20 U2 auredust R ,, OTHCCEHHOMY K (ydH

CTH TOKa (Hal'!OMHHM, Yrg B JIaHHO
cAyuae Ha KJAEMMaX anTeHHnl AyyHocTh ToKa). C ueBoabiioi norpen:
[IOCTLIO CYMTAIOT, YTO JAns rakux BUOPAaTOpoB Raxa = Ryn, Tak xa
Koraa JuiMHA BUOpatopa 6au3ka, a Tem GoJsee apeBbIIaeT A/4, TO AMOXKH
npeseGpeus CONPOTHBACHEM aKTHBHEIX NOTCPL B BHOpaiope N0 CPABH(
HMIO C €r0 CONMPOTHBACHUEM W3/YUeHHs, T €. cuHMTarb, 4ro R, = R,
- Rn ~s RE-

Ecnn xe cummeTpuunbli suéparop wMeeT WnnHY [ o A, 2X, 3A,

ero BXOJAHBIX 3aXKHMaX MOJYUAT s MYUHOCTb HANPAXKEHUs N y3ea TOKaE, H
TaK ¥Ke, KakKk NpyH napanjesbHOM pe30HaHCe, aKTHBHas! COCTABJSIIONLA
BXOJHOTO COIIPOTHBASHMA MAKCHMaAbHA, W NO aHAOTHU ¢ PA3OMKHYTO.
JHHHEN, HACTPOEHHONH HA PE30HAHC TOKOB, HMEEM :

Rnx A= ZEA/R oy (2.24

rae Z,s — BOJHOBOE cONpoTHBaeHHe BHOpaTOpa (atrernn),

Ecan ganda cummerpuuHoro sufpatopa {<<A/2, TO akTHBHYIO COCTa
JSHOLLY!0 BXORHOTO COUPOTHB/CHHS MOXHO ONPeResnTb 10 (GopMyd
Ruxa = Ry =800 (1,/A)?, & peakTHBHYIO COCTaBJISIOLLYIO, KaK sl CO
OTBETCTBYIOULEN PA3OMKHYTON JHHUH, 00 Gopmyne X x a==— Zy , ctg(Bl/2)
Orcio/ia NOAHOE BXOJHOE COMPOTHBAEHUE BUOGpaTOpa

ZBxA= Ruxa 4+ jX”,\ = 800 (lllll,’?\‘)a—jZBA cto (3”2) R (2.25

[pu > A/2 Heab3s ONpemensiTh CONPOTHUBJEHIE H3AYUEHHS yepe3
neHCTBYIOWYIO AJMHY, a4 1Y)KHO HAafiTH TOYHOE 3HaYeHHe Ry, N0 rpadury
puc. 2.15 ¥ nepecuurtarb ero K BXOJAHBIM KJaeMMaM BHOpatopa no Gopmy.ie
Ryp = Ryza/sin 2 (B1/2). B uavore nomyuum

ZuxA = Rnxi\ o quxA = Rzni’Siﬂ? (ﬁl/?) “_quA Ctg (ﬁi/?). (2.26)
4 |




9.2. Boanosoe conpoTuBierue BuOpatopa. Ilpu nanue BrOpaTOpa
| < A, KOFAa none BOJM3H HETO CYUIECTBEHHO He OTJHYAETCS OT NoAs ABYX-
ppoOBOAHOS MHHIH, BOAHOBOE CONPOTHBIACHHE BUGPATOPA Zq 4 MOIKCT GhITb
onpefe/eso N0 €e MOrOHHLIM [apaveTpaM.

Bosiee TOUHOE 3HaueHUE Zg 4 NOJYHAETCH, KOTAA yunThiBaercs Aauna I
(uin A) H paauyc a BuGparopa:
Zya = 276 lg (l/a) — 120. (2.27)

BaHo, UTO C yTo/lleHHeM BuGpatopa (yBeanueHHeMm a) Bo3pacTaer
ero MOTOHHAsS EMKOCTb, @ BOJHOBOE COMPOTHBAEHHE Z, » COOTBRTCTBEHHO
yMeHbILIABTCH. Toukue caMMeTpuuHbie Bubparopsel umenor Z,, = 800 ..
...1200 Owm.

9.3. JIpyrue ocoGeHHOCTH 3aBUCHMOCTeR Ruyx a B Xaxa OT i,

1. BuGparop HieeT aKTHBHO® CONpPOTHB/AEHWE W3JYHEHHA Ry, Ko
TOpOro HET B ABY XUPOBOANOA JIKHHH. Tlo 3Toft npuunHe XOGPOTHOCTL BHG-
paTopa OKa3blBaeTCsl 1teGOMIbLIOH, €r0 PE3OHAHCHbIE KPHBLIE MeHee OCTPbIE,
4eM pe3OHaHCHbIE KPHBBE JHHNH, 8 aKTUBHAA COCTaBJAIOULAsl BXOLHOTO
CONPOTHBACHUA B MUIMMyMe, Fae Ruxa == Rygg, 3HAUMTEIBHO BoJblLe,
H B MakCHMyMe, The Raxa = Zia/R gy 3HAUHTENBHO MeHblUE, YeM B JH-
HHH.

2. Jlis CHMMETPHYHOrO BUGPATOPA XapaKTepHO, YTO €ro Pe30HaHCHbe
KpHBbe 10 MePe yBeJuuYeHHs AHaveTpa Bee Gonee NPUTYTISIOTCS U Pe3o-
HaHCHas JiHHA BUOpatopa yMmenbiaercst. Ecau nepolit pesonaic Hacry-
NaeT B Pa3OMKHYTOM JMHUK UPU €& LuHe [ = A/4, 470 COOTBEICTBYET AJIH-
He cumMeTpuuHoro Biubpatopa ! = A/2, To npu GonbluoM Axamerpe Brudpa-
TOpa ero pe3oHaHCHas AJHHA cokpauiaercs 10 0,45A. IDtov apexm ykopo-
denun OOBACHAECTCH TEM, YTO C YBeJHUEHHEM QHAMeTPa yMEHLIIAcics BOJ-
HOBOE CONPOTUBAEHHUE, a ¢ HUM H J0BPOTHOCTE BubpaTopa, AOCTurasi B psje
ClyYaeB HECKOAbKUX eauil. [Togo6HO TOMy, Kak B 0OblaHOM KoJ/€6a-
TEJIbBHOM KOHTYPE 3HauyMTe/JbHOE yMeHblUeHHe NOGPOTHOCTH COMPOBOXKAA-
€TCsl HW3MeHEHHEeM pEe30HAHCHON 4acTOThl, B JAHHOM CJydade HU3MCHAETCH
(YMeHbILAeTCs) pe3oHaHCHas Aduna subparopa.

3. BxoxHoe H BO/IHOBOE CONPOTUB/EHHS HECHMMETPHUHOrO BuOpaTOpa
B ABa pa’sa MeHblule, YeM CHMMETDHYHOIO BuGpPaTopa COOTBETCTBYGUIEhR
AWK, TaK KaK A5 00ay4eHus: B o0ouX BUOpATOpaXx PaBHBLIX TOKOB Heob-
XO/UAMQ . Ma& BXOJE HECUMMETPHUHOrO BUGpaTOpa CO34aTh B IBA Pa3a MEHb-
wee¢ nanpmyenne. HanGonbwyio us pesoHancHbx BOJAH BMOpaTOpa Ha-
SHBAJOT. ero’ ochosroll 60a10L Uy nepsod eapmonuxoll. Ins cuMMeTpHYHO-
{0 H ‘;;‘OCHMMQTPH‘IHOFO BUOPATOPOB OCHOBHAA BOJIHA — 310 A, == 2/ R
0 = [

10. MATHUTHBIE OAMHOURLIE BUBPATOP!

10.1. “?ﬂyane.ﬂb B BHle OAMHOMHON Wenn. Ecan B HEOrpannueHHON
Slgzioﬁﬂxme" naockoeTk (puc. 2.17, @) mpopesats NOMYBOJHOBYIO Y3KYIO
e u CepelinHe ee a, b NOABECTH NUTaHME OT reHepaTopa COOTBETCTBY IO~

aCTOThI, TO BO3HMKHYT Beryluue BOJHB, KOTOpHE, NOCTHIHYB cd, éf,

ot
Bcgg3;;(:,lﬂ @ aMKHYTHIX KOHUOB JHHHK. B pesyabrare mo
He Wgan ofpasyiofes crosune posHel. Yaea nanpsxenns U u
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2TeKTPHYCCKOTo noast £ 1101yyaercs Ha KOHUAX Lieau, a nywdoctd U q
E — na pacctosiiuu M4 o1 ¢ d, e f, T. e. B cepeamnne wenu.

[To TakoMy e 3aKoHY, Kak nokasaso Ha puc. 2,17, 6, pat.npene.nmor-‘
€5 BAOJIb JIHHEHHOrO MeTaJlMHYecKoro BuGpaTopa, COBNAAAIOWErD N0 KOH- |
TYPY € AaHHOHA eablo, T0K / (AnnMHa CTPeJOoK APONOpUHOHaNbHa TOKY)
# MaruuTHoe rogte H (uncao AuHKE noast nponopuxonassho H). Naxe )
CTPYKTYpe noJjefl MMEeTCs aHaRorHaA: MarHWUTHOE MAOoJie MeTaj/IHYecKor o]
BHOpaTopa pactioNoKeHO B (IJIOCKOCTH, MepneHiHKyasipHON ero OcH, U He
HMeeT NPOXQMBHOM TaHTeHLHAALHOH CcoCTaB/RIOUeH Ha {I0BEPXHOCTH BH{-
patopa; 3/1eKTPHYECKOE NOJE WEeAH PACNONOKEHO B NAOCKOCTH, nepreii-
AMKYASPHOR LIMPOKOJ cTOpOue Weal, B He HMeeT Ha Heil npononbﬂoﬂ
cocTapasioert.

Hasnuuue B liesy nepeMeHHOro 3JeKTPHYECKOrO MNoJs O3Havaer, Y10
B Hell HMEeTCsl TOK CMEUEeHHs. JTOT TOK, OUeBHAHO, BHIXOXWT 3a Mpelesbl
wend. Briapausoe WM MaruuTiOe [OJ€ NEeprneHAMKYASPHO JAHHUSM TOKA
CMeule s, T. €. HanpaBjieHo napaiienbHo oc wedd. Ot noayueHHoro,
MarHUTHOTO 110151 BO30Y)KAABTCA HOBOE DNepeneRHOe 3/AeKTpUYecKoe nogel
(tok cyewtennn) 4 1. 4. Takny o0pa3soM, weib H3AYYaeT 3JIEKTPoMarHUT-
Hble BOJIHBI, KOTODBIE OTJHUAIOTCS OT BOJAH 3AeKTpuyeckoro sréparopa
noJisipu3alneil: Hanpusep, COPH3OHTalbRAg LIEAb H3JYYaeT BEpPTHKa/b-
HG-[I0J1sI PH30BAHHble BOMIL, TOFAa K4K TOPH3OHTAJAbEBIL 3JeKTPHUECKHH!
BHOPATOD -— FOPH3OHTAMBHO-NOAAPH30BaHEbe Boakbl. Orciola nponc-
XOAUT APYroe HazgaHie LueaeBBIX W3Jydareaell — saexuwmnswe subpamo-
poi.

10.2. IH noaysoanosofi wean. Hawalo Teopun LenesblX aHTCH
6bL10 110702KeHO paboTamu cozerckiux yuednlx M. C. Hefinana, A. A. Tluc-
toankopea # 9. H. ®eabna. OcHoBOl 3TOH TEOpKHH NOCAYKHA NPHHHI
HABOACTBEHHOCTH, BHITEKAIOUIMHA H3 CHMMETPUH ypaBHenHit Makceeana ot-
HOCHTE/LHO /AEKTPHUYECKOro i MarHuTiloro rovaell, 6iaroaapst yemy ocho-
BLI TEOPKH MPOBOJIOYHBIX aHTEHH OKA3a/HChb CNPABEANHBLIME M A4S enes|
BbIX antenH. B uwacriocri, u3 3Tofl Teopun caeayer, uro JIH noaysoano-
BOI'O MAarHMTHOrO M 3AeKTPHYECKOro BIGPATOPOB ONHCHIBAIOTCS OfliHas
KopoH (yiKuHei ]

F® :Cos(—';— Cos(})/sin(} .

1. €. JH nonysoauoBoi wean B 6eckodeuroM 3KkpaHe umeer Gopay 8OCH
MepKH B 1m10ckocTH 20y, Hpoxoisiuiell yepes OCb Li€/H, H OKPYMHOCTH
maockocTH 20x, neprnewpukyaspuoii ee ocu {puc. 2.18).

10.3. BxogHas npoBOAMMOCTb MOJNYBONHOBOH wenun. HaipskeHnocTs
SJEKTPHUECKOT0 NOAS LleaH B (Iy4HOCTH (CM. phe. 2.]17)

~ e !
Lm W Um u d’

rae U, , — Hanpsokerne B Ny4HocTH; d — mHPHHA WeaH. ‘
DKBUBAJEHTHbIA MEKTPHYECKHH BHOPATOP NPeACTaBAET COBOH JeHTY

wupusoll d. Bankatitiue K SeHTe MarHHTHBIE JTMHRH UMEIOT Anuuy $df =3

= 2d. C/e/0BaTe/ibHO, COINACHO 3aKOHY HOJHOTO TOKA HAMNpPsDKEHHOE

12




c. 3.17. Marsnranit (&) n snextpHue-
exnd {0) noaysoanoBHe palparopu

pre. 2.18 Tionysoanopas menp (a) u ee
AHATPAMML HaNpaBJEHHOCTH (6, 8)

MaTHUTHOTO NOAf B NYYHOCTH TOKA [, 3JEKTPHYCCKOTO BHOparopa
H,s = [ ,./2d, a oTHOWEHHKE

Emy _ Unm 2d _ 2Umnm

Hyug d lw
TlpuHuMn ABONCTBEHHOCTH B A2HHOM C/yyae O3HAyaer, YTO €C/aH (1011 ¢
amnaurynamu Ep, o B H e, pacnonokenHsle B HenocpeACTBEHHO G/n30-
CTH COOTBETCTBEHHO OT LEJIH H 3NEKTPHUYRCKOTO Buﬁparopa, YUCACHHO pas-
Hb MEXAYy coboii, TO B 8 30HE u3AyYeHus AMIUVIMTYALl HaipPsaKeHHOCTH
saeKTpHuecKoro noasi £y, Bo30YXAEHHOrO IUEe/bi0, B MaCHUTHOrO 00Af
Hp vy BO3GYXRNEHHOTO 3NEKTPHUYECKUM BHOPATOPOM, YHC/ICHHO PABHEL
BwmecTe ¢ TeM H3 TEOPHH 3/1€KTPHYECKOrO BUOPATOPa H3BECTHO, UTO MEXKAY
€ro TNOATMH M3NY4eHHs En. ¥ M, . cywectByer saBucumocTs Ej, , =
= Hn20m. .

3nauut, ecAl Emg v Hypy paBHw, 10 En, Goabwe, uem £, B

120n pas, T. e. 1HeAb H 9NEKTPHUECKHH BUGPATOP HeIKBUBANCHTHH. UToOH
ClenaTh HX DKBHBAJICHTHLIMH, HHaye TOBOPS, CAG/IATh PABHLIMH HX 3€KT-
pHuecKHe (a cnefioBaTeNbHO, H MarHUTHbLIE) NOJS M3/1yYeHHs, HYMKHO, Oue-
BHHO, YMEHBLIHTb MAarHuTHOe nose B6au3n Bubpatopa f,, 0O cpas-
HEHHIO C HCXOAHBIM (paBHbiM Ejyw) B 1207 pas:

Hmn = E;n m/IQOJT (229)

Conocrasnssa sripaxenus (2.29) u (2.28), Haxooum 3aBHCHMOCTb MeX-

Ay Haupsokennenm Uy, w IENH 0 TOKOM [,y SK6160AEHMH020 HIEKTPUUECKO-
I'o BuGparopa:

(2.28)

]mll == L’t’n u;/GOH-. (230)
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Jlns nepexona OT CONPOTHBNEHHS M3/NYYEHHS 3NEKTPHUECKOro BUOpa-
Topa Ry, K NPOBOAMMOCTH M3Jy4eHHs Llefi TakoH ke AanHbl Gy 0pu-
pasHHBaeM KX MOLLROCTH H3JYYEHMS:

[rgna REH/Q = U?nu.l,G))u.l/Z,
a 3atem yunThBaeMm Beipaxienne (2.30). B pesysbrtare nosydaem .
GEu.l:l;?m REB/’?HLU,: RZa/(GOﬂ)Z~ (231) E

Takas e 33BHCHMOCTb CYLLECTBYET MEXAY PEaKTHBHOH MPOBOAHUMO-
CTbIO Iean By W peakTHBHON COCTaBAsiOUleE BXOLHOMO CONPOTHBICHHS
3KBHBAJeHTHOrO BHOpatopa Xy

' . tg (ni/R)
B, =-—2Bxs 1 (7 ctg (B2 = —Zes — 22N (2,32
T3 (6070)2 (60m)® { aClg ({J’/ )] BA (60n)? ( )
rie Z,, — BOJHOBOE CONpoTHBAeHHe BHOpaTopa; [ -— nausa BHOpaTopa
(wenn).
Bxcaraa npoBOAMMOCTE NOJYBOMHOBOW wean (I = A2, Ry =

=73, 1 OM) yHCTO aKTHBHAEA ('raK Kak Byy=—2;, clg % . =0)

# coraacno (2.31)
Vg = Gya = R/ (600)2 = 73,1/ (60n)* ~ 2 - 10-* Cm.

B peabHBIX yCJAOBMAX Llesb NPOPE3AOT B CTEHKAX BOJHOBOAA HJH
061bEMHOTO PE30LATOPa, A NOSTOMY H3JiyYeHWEe MPOHUCXOAMT Hal OrpaHu-
yelHOH NOBEPXHOCTBIO M TONLKO N0 OARY CTOpoHY OT Hee. IlepBoe 06¢TO%-
TCILCTBO BbI3bIBAeT Hekotopoe usMekenue [1H, a Bropoe — aBykparhoe
yMeHbIIEIIHe MOLLHOCTH W3AYYeHHS W COOTBETCTBEHHO aKTHBHOH NpPOBO-
annvoctd wenn. Tak, B cayuae n0JAYBOAHOBOH 1IesH B BOAHOBOAE (R g, —=
= 73,1 OM) axTHBHad NPOBOJAMMOCTL ce

Gsm = R sn/2 (60m)? ~ 36,5/ (60m)2 ~ 10-* Ch.

CieiyeT UMETh B BRAY, YT0 3Ta (OPMYJ/a OTHOCHTCS K HPOBOAMMOCTH
meaH, OTHeCEHHOH K CBOGOAHOMY npocTpaHcTBY. B peanbHOl aHtenne
meab BIASeT U Ha BHYTPEHHME NO/A BOJHOBOAA WJIH OObEMHOTO pe3oHa-
TOpa, B pe3yJbTaTe Yero MMeeT MeCTO OTpaMeHHe OT wiend. DT0 HeobXo-
MO YUUTHIBATh IIPH COTJ1aCOBAHMH BOJTHOBOZAA HJIM PE30HATOPA CO ILE/bIO.

10.4. 3nemeHTapHble mMarHHTHbie BROpaTOpbl. JIWGOH 3JEMEHTapHBIA
y4acToK IeNH ABNACTCS JACMEHMAPHOIM MASHUMHbLM 8UOPAMOPOM U ANS
HEr'o XapakTePHO NMOCTOSIHCTBO aMMJMUTYAB! M (daspl Hanps:xkenus. [lpak-
THYECKH TaKOH BUOpaTtop (AMNO/b) MOXHO NMOJYYHTb, NPOPE3aB B Meras-
JIHYECKOH NNOCKOCTH Y3KYIO IWeqb MIHHOH [ < A ¢ KPYFJbIMH OTBEPCTHS
MH Ha kKoHUax (puc. 2.19). Ycja0BHO MarHHTHBIM AHAOAL H300paxKaercs
KaK 3/J1eKTPUYECKHH, HO 3jieKTpuyeckue sapsibl +Q 1 —Q 3amensiiorca B
HEeM MarHUTHBIMH Maccamu ~+m U —m (puc. 2.20). CunoBbie AHHUY 31€KT-
PHUYECKOro ¥ MarHUTHOTO MOJIEH 3TUX AWUNOJEH Kak Obl MEHSIIOTCA MeCTaMH.
JIH 3seMeHTapHOrO MarHMTHOTO JUIIOAS TaKasi Xe, KaK JeKTPHUECKOro
qunonas lepua: F (8) = sin 0, rae yroa 8 OTCYUUTBIBACTCAA OT OCH AMIOJAS.

Jpyrofi mpumep MaTHHMTHOTO 3JeMEHTapHOrO BuOpaTopa — paMKa B
BHJE BHTKa MPOBOAQ, PAAUYC KOTOPOro @ < A U Maowans S < A%, nasbl-

4

(60x)?
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pic. 2.19. Dnemen-  Puc. 2.20. Daexrpiveckoe ¥ Marunt-  Pue. 221, DaexTphue-

TAPHbIA MATHUTHWE  HO8 nNoAs  27eKTpuieckoro (@) H  CKH Madas  paMxa B

JIRII0AD MarHuTHOro (&) 3neMeHTAapHLIX AH-  peKHME npHema
nodefi

paenas aaexkmpuuecku marod (puc. 2.21). I1pn 3TOM yCJIOBHA MOKHO CYH-
74Th, YTO aMIINTYAA TOKa BO BCEX CEUEHHAX PaMKU OJHHAKOBas.
PaccMOTPUM 3JMEKTPHUECKM Madyio PaMKy B pexcuMe npueva, umen B
BHAY, YTO PaMOYHble aHTEHHBI HCMOAB3YIOTCA T/iaBHBIM 06pa3on KaK NpH-
eyvupie. Beenem ofosnavenusi: H,, E, — aMmIATYAR Hanps keHHoOCTe#l
MAariMTHOTO M 3JEKTPHYECKOro nosiell maockoi T-Boanbl, nepecexalolier
panky; 0 — yroa mexay sanpasneHuem Bektopa Ilofintunra 1 T-ponusi
1l HOpMadbIo N K TuiockocTu paMki. Torga Bekrop H ofipasyer c stoit Hop-
nadanio yroa 90° — 0, a cocTap.asioilast HAOPSKEHNOCTH MArHHTHOTO 11014
prons Hopwanu H,,, = H, cos (90° — 8) = H,, sin 0. 3naunt, B pam
Ke naouanbio S, Haxoaslleics B cpeie ¢ abCOMOTHON MartuTHON NPOHU-
114€MOCThIO )y, MPHOBEIHbIG 3HAYeHHs! HanpsKeHHOCTH MarHHTHOTO MOJiA,
MAlINTIHON MBAYKIUY H MArH@THOTO [OTOKA COOTBETCTBEHHO PaBHBL:

Hyn.== Hyposin of = H,, sin 0 sin of, (2.33)
Byry = RaHurn = MaH 5 sin 0 sin of, (2.34)
Purn = BursS = w2, S sin B sin ol (2.35)

Hass pamkn us N purkos noroxocuendenite Wy, = Ny unpy-
uupyer B pamke JJIC, MrHOBeHHOE 3HAUEHHE KOTOPOH

es = —-d—q%‘- = —p, oN 1, Ssinfcoswt =
=, 0D H,, sin 8-S sin (@ —90°). (2.36)
Ecan cpena Bosaywmnas, 10 py = pg = 4« 1077 I'/n,
o= 2.7'[ =—~.-2T[ .-:'_—-—-——-2]1:?108 y
A A

H,, = E,./120m,

a3.10° NE P ,
es = 1x.10-7 22210 l‘)gm S sin 8 sint (of — 90%) =
i 20m

= 2T NSE,, sin 0 sin (of — 90°). (2.37)

A
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Aunautyaa stoit JAC
Enm = 2:tN.SEm

- sin®. .
I(} 5. BeiBonbl, BbiTekawoude us opmyn (2.37), (2.38).

. DNIEKTPHYLCKH Majas pamMKa HmeeT QyHKIHIO HANpaBAeHHOCTH
(pnc 2.22)

f{0) = F (8) = sin 0. (2.

B nnockocru pavxu (6 = 90,270°) 1C, unayuupyemas B HeB, Max:
CHatasinias

& amm = 2ANSE p, sin 90°/A = 2xNSE /A, (.

a pyuxuua F (0) = sin 0 ymeer Makcumym F,, (8) = 1. B Hanpas.neﬂnu
NePIeHAHKYJASPHOM 3TOH  FAJIOCKOCTH, TIAe 6—0 180°, &opm =0
F(9) =0, r. e. upuena uer.

2. PasnenuB & ymm Ha Ep, DoaywuM AEHCTBYIOILYIO ANHHY paMK

by = 2aNS/A. (2.41

Dra popMysa cnpaBeisuBa AN pamkH Ao6od Qopmbl, eciH mjouwa
ee S <« A% Takum o6pasom, dedernsyrowin ORUHA PAMKU, a CALO0BAMEAEHO,
u undyyupyeman 8 ned 3JAC npamo nponopyuonabrsl naowadu, oepan
HCHMHOU KOHMYPOM DAMKL, WUCAY €8 BUMKO8 1 0BpAMHO nponopyLoHasbH
daune 80AHbL.

3. Mas 3/IEKTPHYECKH Ma/jOl pamo4iOf aHTeHHbI, NOCKOJbKY ee Has
npasaeniible CBOMICTBA TAKHE XKe, KaK 3/eMEHTapHOrO 3JIEKTPHYECKOrO BH
patopa lem. (2.39)1, cupasennuser opmysnt

Ry == 800 (hy/A):, D = 1,5.

4. B snektpuueckom guitose epua SAC cundasua ¢ HanpsaKelHOCT-
Mi SNCKTPHYECKOrO W MarHUTHOTO MOAeH Aanbied 30HbI, a B paMKe, KaK
Biano uz dopmya (2.33), (2.37), DIC u moas casuuyTtm 1o dase Ha 90°.T
3nauur, N0 HanpaBNeHHBIM CBOMCTBaM PaMKa i RUNOAB T'epla uaeHTHYHEL,
HO MesLy HIMH HMEIOTCH W Pas3/HUYHsl, B CHIY KOTOPLIX Annodb I'epua Ha-
3LIBAIOT JACKMPUECKUM OUNOAEM, A DAMKY — MACHUMHOLM DUNOAEN.

[Ipumep. OnpenenHTh COUPOTHBJIEHHE H3JAY4YEHHA KPYLJIOH  pamod-
HOil adTeHHm Anaverpom d = 30 ca, wuewued 10 surkos (N = 10} apy
Mnne poaunt A = 500 M.

Puc. 222 ITH saesrpuneckn mMasoil paskud




[lnowanb, orpanuyeHHass KOHTYPamMH paMKH:
S = nd¥4 = 3,04 . 0,344 = 7,07 « 10~* a2,
C/eA0BaTeNbHO, ACHCTBYIOLLAS NAKHA paMKu
hy = 2auNS/A = 21 + 10 + 7,07 - 10-2/500 == 8,88 « 103 y;,

a CONPOTHBJEHHE H3JYYeHHs
Ry = 800 (fiy/A)* = 800 (8,88 - 10-%/500)* = 0,251 « 10-% Ow.
JleficTBYtOMWasa AjMHHa paMKH, Kak BHAHO H3 TIPUMEPA, 3HAYHTE/bHO

menbiie reomerprueckolt. [losToMy paMka uMeeT OYeHb Mafble CONPOTHB-

nenue naayueHus u KM, a Ha mMupHaMeTpoBhIX, KHAOMETPOBLIX H TeK-
TOMETPOBbIX BOJAHAX OHa NPHUMEHSETC TOJAbKO KaK fpHeMHas aHTEHHa.

fnaea 3

JINHKUA NEPEAAYN (PULEPDBI).
COrNACOBAHME COMPOTUBIEHMH B IMHUAX
NEPELAYN '

TonsiTie «huaep» NPOHCXOANT OT auraufickoro cuesa feed — nnrars.
B anredno-guaepHoM TpakTe poab GUAEPOB COCTOHT B HANDPAaB/IEHION Me-
pelaye 37eKTPOMArRUTHOH 3HEePriu OT MEPefaTYHKa K aHTEHHE H OT &H-
TeHNLl K OpHeMHUKY. PacemotpuM aHTedio-QUAEPHLIA TPaKT, ONKpPaaAch
Ha TeOpuIO JimHuil nepeaadd, waaokeHsyw s 4. 1, ru 11, 12,

11. TPEBOBAHMS, NPELBABNAEMbBIE K OUOEPAM

Lo KITH pudepa g, paBHblil OTHOLUCHHIO AaKTUBHOH MOLIHGCTH Py, Bb-
Aensencii Ha Harpyske ¢uaepa, K akTHBHOR MOWHOCTd Py, NOABOANMON K
PiLacpy, AKenateabio HMETh MAKCHMAALHO BO3MOMEBIM. JJst 3TOrO Hiyc-
HO COCCini K MuRuMYMY 3AMYXAnue, 0BYCAORIEHANE Mena00bisi HOMepaAMY
B nposndax u Quaaekmpure (udepa 1 e20 AHMEHHbIM shpexmon (U3AY4LH -

€M i npuesmos paduosoar).
B pexuse Geryuinx Boas aMpanTyAb HANPSKEHHa U TOKa B Havase
v Lyp) 1B Kodue (Ujypm, am) dHlepa CBsI3aHBL 3aBHCHMOCTBIO

Uim = Uine=, Ly = [ime™,
Otctona KITH ¢ugepa
il —nl
My ==fim Yombm 2 Ume T me” ™ _onw,  (3.0)
P‘[ 2 U1m ]1'm Uun lim

o F-(:Jm AURPA Nepepawd He CORI4COBANA ¢ Harpy3Kofl, TO NPHOABASIOT-
HOlepy B oTpaKeduoll BoaHe # 5T0 AonoanuTesnbHo cHKaeT KI1 vy,
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MoXHO J0Ka3aTb, 4YTO C NOBBILEHHEM KO3(XpUUMEHTa CTOAUHX BOMH |
k., KO ¢uaepa ymeHbinaercs CoraacHo ¢opmyJie

‘ : (3.)
L-Fal (kog -+ 1/keg)

Kax sunny, K1/ udepa mem menvuwe, wem Goaovwe e2o Koapduyuenm
samyxanus o, JAMRa i, obulee satyxane L = ol u koadhdunnent CTOquﬁJ
BOJIHBL kg, [l peasuma Geryluiux BOJIH, TPH KOTOPOM kgy = 1, mosayua-
eM 1y = 1/ (1 + 2ol). Ecau xospduunent 3atryXxanus o Majd, TO Ny =
= 1/ (1 + 2al) ~ e~2%, urto coorBercTBYET (opmyae (3.1).

2. Ilepedaua 300anH0E mouMHOCmIL QOANCHA NPOUCXOOUMb O3 6bICOKO-
wacmommuoe0o npobos u ucKkperus (udepa. B pexume cMelIaHHbIX BOJIH
MaKCHMaJIbIIOMY 3BaueHHto AeficTBYoero Hanpsixenns U yage COOTBET-
CTBYEeT TOK [yypn. Tak Kak MuHpManbHble TOK [, ... W HampsokeHie'
U jaing OTHOCSTCS K GEryliMM BOJIHAM, TO OHM BbIPAXKalOTCS Yepe3 BOJi- |
HoBoe conpotuBneHne c¢unepa ¢opMynolt U,yus// xmun = Zs.  Kpome'
T0r0, U syane/ Ugynn = kes.  CleAOBATEAbBO, CPeAHssi MOUIHOCTb, nepe-
JagpaexMas no Quurepy,

—_ — — 2
P - U:x MakKe ]x MO T Ux MAaKC ULV MHH/ZB - UX MGKC/ZB kCB‘

Koraa nanpsxenue U yyage AOCTHIEET NPOGHBHONO 3HAYEHUs Uﬂpos,_
MOLLHOCTL CTaHOBMTCS TPeNenbHol Pypey = Ulpos/Zpkes, @ NMOCKOABKY
pabouy MOUWHOCTb BhIGHpaioT eme Goublicit — ¢ Kosdbuuuedtom 3ana-
€a Kgap << I, 70

Pnar) == Kyap Pnpe;t = K;ean UEDDG/ZB kep. (3.3) v

Brison: (hudep nponyckaem mem 60avuiyio MoujroCmb, 4em Goavtue npo-
GUBHOE RONPAJCEHUE 1 MEHbLUE BOAHOB0E CONPOMUSAerLE (udepa u 4em cia-
bce 6oipadicerst 8 HEM CIOARUE BOAHOL. |

3. Hocmoma w mouwgHocms nepedamuura He GOANCHOL USMEHAMbCA 103
sausnues pudepa. s 91070 HYMHO HCKJIOUNTb PEAKTHBHYIO COCTABAAIO-
YO BXOJAHOrO CONpOTHBACHUS uaepa X, KOTOpas BHOCHT PacCTPOHKY
B KoneGaTesbHYIO Lenb reHepatopa. PaceTpofika npolue Bcero kommnescu-
pyercsi, ecin Benpunta Xpy; He MEHSeTcs, HO 3T0 YCJIOBHE OOLIYHO HE CO- |
Garonaercst. CnedoBaTedbHo, AN CTaUAbLHOCTH PEXHMA NEPEAATUHKA e~
narenbno umerb X, = 0. i

4. Hpocmoma usmepenuti 8 Qudepron mparnie. lairnce Tpebonadne,
Kax u npeaslayliee, Hanfodiee NOJNHC Y AOBACTBOPALTCsH B PEKNMe GeryuinK
BOJIH, TdK KaK B PEXHUMe CMEIIAHHBIX BOJH I3MEPEHs VCAOKHAIOTON 1o
NOCTOSSHCTBOM JAEHCTBYIOIHX 3HAUEHMH HANpPAKEHHOCTCH  1071eh bi0b
duiepa.

5. B hudepe ne doaxcro Ovimb anmennoeo sppexma. Hanyuenue duae-
pa wne tonbko cHuxaer KIII, Ho u uckaxaer IH u HaBoauT nomexn, a
aHTeHHbIA 3peKT npueMHOro (Gujaepa o3HayaeT, 4To 2TOT QHAEP yJaB/i-
BaeT MOMEXH.

6. [oaoca nponyckanus ¢udepa Af ., Gorsdcra coomeemcemgosame wiu-
pure cnexkmpa nepedasaemelx cuenancs. Bemununa Afy, sanaerca B npea-
TNOJOXKCHNH, YTO Nepefiada NPOHCROANT TOALKQ H& BOJIE, OCHOBHOH A1%
JAaH Horo upepa. '
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D10 MOXKeT ObITh IMonepednass JEKTpoMaruuTHasg sonaHa (7-Boana),
gnexTpHyeckas E,,,, Maruutnan f,,,, rubpuassie EH ,,, u HE ,,, Bo/lL,
[€ HHAEKCHL M, h 0603HAYAI0T TH BOAHLL. B GojblunHCcTBE Cayyaes ocHOR-
HOl ABJSIETCS BONHE HU3ILErO THNA — 3TO H, AIS OPSIMOYTOJbHLIX BO.I-
HOBOAOB U f1;; Anst KPYFABIX, HO HHOTA B KaYeCTBE OCHOBHOH HCNOJIb3Yyei-
¢l 04HA M3 BOJH BbICLIETO THNa, HanpuMep My B KPYIJIOM BOJAHOBOME.
HanGoablue#l LIMPOKONOJOCHOCTLID OTNMYaeTest 7-BO/MHA, MOCKOAbKY OHA
He HMCET KPUTHYECKOTO 3HAUCHHS Ay,

7. KCnayamayuonHtsle 1 dKOHOMULECKUE XApAKMepUCmuKky pudeprozo
mpaKkma, Kak To. NPOCTOTAa U3FOTOBJEHHs, MEXaHMYECKasi NPOYHOCTS,
ppeMIEMOCTb TafapUTHEIX Pa3MepOB 1 MacChl, CTabMNBHOCTE NapaMeTpos
H AD., JAOJKHBI YIOBJETBOPATb TEXHUYECKHM YCJOBHAM.

12. MHMIN NEPEAAUM PASIIMHHOM KOHCTPYHLIMM
M 1A OCHOBHBIE CBOMCTBA

Haubosee o0lMM MPU3HAKOM KAaCCHPHKALKY NBHUI Nepefaud noxer
CVKHTD THIL BOJIHBI, HMCMOJIb3YEMOR A48 TNepefaus 3AEKTPOMACHHTHON
weprod. Takoro pona kaaccuduxauyst npuseleda B 4. I, § 73, 99. B
ZNI0HEHKE K 3TOMY NPUBEeM HEKOTOpbie GoJee KOHKPETHblE CBEALHHS O
JUNNSX Depeiausd, NPUMEHSeMBIX B KadyecTse (uiepos.

12.1. B snHusx ¢ nepepaveil ssepruu T-soaHol p0aXHO ORITh He Me-
HEee JABYX [IPOBOAOB, TaK Kak 7T-BOJHA HE CONEPIKUT MPOAO/AbHLIX COCTaB-
J%0WHX SAEKTPUUYECKOrO W MarHuTHoro noseii, Ciofla OTHOCATCS CHMMET-
pHuHLIe JMIHYU (ABYXMPOBOAHLIE, UTHIPEXIIPOBOAHLIE, MHOrOIPOBOlILIE)
I KOAKCHAJbHBIE BONHOBOLBL (JIHHUH).

1. Omxpomee (6030ywnvte) dsyxnposodrsie auruy (puc. 3.1, @) Han-
Goce npoeThl N0 KOUCTPYKLIHH, HO ORH BHOCAT O0JIbiOE 3aTyXaHHe H3-32
095epXBOCTHOMO 3¢hpeKra U sdxberta GAU30CTH B METa/JIe H U3-3a U3JYUi-
Hitsl 3o BHewHiow cpeRy. C POCTOM 4acTOTHI NOTEPH YBEAHUHBAIOTCH, I¥
KOP1a PaccTOsIHHE MEXKAY NPOBOAAMH CTAHOBHTCS COM3MEPHUMEBIM C AJHIHON
BOJbi, 113JyUeHHe H MPHEM OTKPLITBIX CHMMETPHYHBIX JIHHHH BO3pacraer
HACT0/IbKO, YTO HCMOAb30BATh MX B KauecTse (GUACPOB HE YAAeTCst. IDTO
OFpitiHUNBAeT AHAMA30H HCIONL30BAHMS OTKPLITHIX ABYXIIPOBOAHBLIX JiH-
HO nuskumu paanouacroramu (f = 10% ...10° T'w).

2. Sxpanuposanneul cummempuunoii kabers (puc. 3.1, 6) rubkuii, on

HE 3uyyaeT sHepruM, TaK KaK B HEM HMEeTCs MeTaNJIHYeCKuH SKpaH, HO
B 3I0M Kafiesie CyLIeCTBYIOT AOMOJIHHTE/NbHBIE [OTEPH: HA NOMAPH3ALHIO
AH3.CKTPUKA ¥ HA BMXPEBLIE TOKH, HABOAHMEIE B OMJeTKe 3KpaHa. Takoro
POla duaepul npuMeHstoTCS B cXeMax, KOTopole pafoTaloT Ha 4acToTax He
603}*8 COTeH Merareplt ¥ TPeGyIOT CHMMETPUYHOrO BXOJa (BbIXOAA).

3. Yemwvpexnposodnoe omipounsie (6030yunsie) (pudepse (puc. 3.1, 6)
OTAiIaioTeA OTHOCHTRABLHON POCTOTOM KOUCTPYKILUH, €200 BHIPaKeHHEIM

e R = B S 6
o) 5) 5 2) 8) £) ) 3 )

Puc, : .
e 3.1 Venosusie 0603nasenns manii nepenadn
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Pite: 3.2, Koakchanbuwe JUHNR ¢ Y3KOMONGCHHM (@) W WwnpoxonosoctuM (6} NeTaJh
JHYECKIIMH H30MATOPaMH B ¢ AHIJEKTpHYeCKMH waitfamp (8) g

SHTEHBBIM 3PPEKTOM 1 BO3NMOMKHOCTBIO NEPE)aut BOJAH NOBLILUEHHOI MOUL-!
noct P, HaGmionaenoe ociabserne u3aydeHns u DpHeMa 3j€KTpo=:
VATHUTHBIX BOJH MOXKHO OGBSCHUTH TEM, YTO Ka)KAas napa npsiMoro u !
0BPAaTHOro MPOBOAOB, CHUMMETPHUHLIX OTHOCHTEAbHO OCH JHMHHH, SKBHBa-
JAEHTHA OJHOMY IPOBOAY, PAcOOMEHHOMY 110 9TOR OClH, HO TaKk Kaxk Ha-
npaBaeHHe TOKOB a KaXAOH nape npoBOLOB BCTPEYHOE, TO OHY NOUTH He
§13J1yyaloT 3Hepruu. Yoemijuenue P,,q 06yCca0BACHO TeM, UTO YeThiPEXTIPO--
£OAHDIC JIHHAH HMEIOT MEHbLLEE BOJIHOBOE CONPOTHBJEHHKE, YeM BO3AYIUHbIE
ABYXNPOBOAHBIE AHHHH. [1o STHM NpHUYKHAM YeThPeXNPOBOAHbBIE NHHHY NPK-
1eHSI0TCsl Kak npHentible (GUAepsl HAa MarUCTPadbHbiX (RAJTbHHX) JHHHSX
PalHoCBA3Ni 1 KAK Nepelalollve Ha nanbonee MOWLHBIX PAANOCTAHUHAX.

4. Koaxcuasorowe raberu €O CRAOWIHOIM HONOAHEHUEM OUINEKMPUKA
(puc. 3.1, 2} Hcnoaw3yores ocobenno WHPOKo. B HUX OTCYTCTBYIOT NOTEpH
Ha HasnydyeHue u Gaarofaps 60ALLIOMY AHAMETPY HapYKHOTO NpoEnia no-
BEPXHOCTULIH 3(PeKT BhI3LIBAET MeHblUHE NOTepH, 4eM B CHMMETPHYIIbIX
JHHUAX 1§ Kalessx.

B npoTHBONOMOKHOCTE CHMMETDHUYHLIM JIHHMAM MeLialollee BAHNUE
KOAKCHANbHOro Kabess ¢ AOBHILUEHHEM YaCTOTHl YMERbWASTCH, NOCKOb-
Ky [IpH 3TOM TOKW kabe/s1 Bce Gosee KOHUEHTPHPYIOTCS HA OOp&tennbiX
JPYr K APYTY NOBEPXHOCTSIX BHYTPEHHETO H BHEILHEro 1POBOAOB. Pajino-
4acToTHhie KabesH €O CHNOWHON NONU3THAEHOBOH #3oaalbed ynorped-
JSIIOTCSE NPH YacToTax, iie npessimaowiux 5000 MIw.

5. Koakcuaroneie 80AHOB00bt € MEWIQANUMECKUMIL  U30AMOPAMLU
(pruc. 3.2, o) — eAMHCTBEHHblE #3 NBYXMPOBOAHLIX AKHHH, KOTGpble yc-
jetHo paboTaloT Ha CAHTHMETPOBLIX BOJHAX, HO 3a npeicaamy YKB onn
He upumeHstoTest, 6o Ba 0oJee AANHHBIX BOJHAX BLICOTA H30AATOPA
(2/4) upesniepHo BesvKa.

Cnenyer, onHako, HMeTh B BMAY, YTO KOPOTKO3@MKHYTasi JIHHHs #1B-
JS1€TC NPEBOCXOAHKIM H30JAATOPOM TOJBKO NPH ONpPEAESEHHON yacroTe.
OtkJoHenne oT 3Tofl 4acTOTHl CONMPOBOXKAAETCS BHECeHHeM B QHAED 3Ha-
YHTENBHOI PEAKTHBHOH NPOBOAMMOCTH CO CTOPOHBI H301ATOPA.

Hwmeerca u duanasonneud memasnuseckuti uzorsmop (puc. 3.2, 6), xo-
TOPBIH OT/AHYAETCST OT OMMCAHHOTO TE€M, YTO B HEM KOPOTKO3aMKHYThiil
Luﬂenq) BBICOTOR | NMPHMBIKAET K CepefiMHe HEeKOTOPOro yvactka duaepar
RO 2/ = A4/2, Ha KOTOPOM BOJIHOBOE CONMPOTHB/ICHHE NOHWKEHROE. DTO
CONPOTHBACHHE YMEHBLIAIOT YBEIHUEHHEM InaMeTpa BHYTPEHHEro nponoia
Koakcuansnoro ugepa. HanGoaee BLITOAHOE COOTHOLUCHNE MEKAY BOSHO-
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BeIMH COTIPOTUBJICHHSMH Zy, GCHOBHO# 4acTH ¢uAepa u Zy, yuacrKka ¢
yBE/IHYEHHBIM HAMETPOM BHYTPEHHEro nposoaa Zg,/Z, = 0,816.

6. B koakcuarerbix auRuAX ¢ waibamu NPOBOLA H3TOTOBSIOT M3 Kpac-
HOll MEAU M JaTyHH, a Wafbbl— K3 KepamMHKn. Ben KoHcTpykuus dutepa
HecrKkas. B Taxux aAuHusx Gosblloe 3HAYEHHME MMEET COCTOSHHE TOKOHe-
cyUIMX [IOBEPXHOCTEH, TaK Kak sarpsisHeHHe NMPOBOJAOB H YBEJAHUEHHE HX
COMPOTHBJEHHSI HE TOABKO NOBBILIAIOT MOTEPH, HO H yBETHYHBAIOT BEPHAT-
HoCTb NpoBost. UTOGb MCKMOUHTD 3TH $BJEHMs, TOKOHECYLIHE HOBEPX-
pocTd QHAepa cepebpaT, a MHOTAA MeXAY NPOBONAMH BBOAAT WHEPTHDL
ras no4 HebosbmiuM gaBneHuem. OnOpHBE JHIIEKTPHUECKHE 1malbH ¢ OT-

HOCHTeJbHOM nuanempuqecxoﬂ IPOHKNACMOCTbIO € YMEHBLIIAWT BOJTHOBO2
CONPOTHBACHHE JIHHHHA

7 =B D

Ve o d

BuyTpennuit auaMerp wafib d' BeIGHPAIOT MEHBUINM AMAMETPA BUHYT-
pexnero nposona (puc. 3.2, 8) Ana TOro, 4ToGLL BU.ILUE0E CONPOTHDIACHHE
ALl OCTaBajgOCs NOCTOS HHbBIM:

138
Ve

YKecTkre KoaKCHasMbHbIe JIMHUH MMEOT [PEHMYIUECTBO nepeld rHOKI-
MiH KaBeasiMH, 3aKJIOYAIONeecs B MeHbleM Ko3hbHuuenTe 3aTyXaHus, Ho
OlIH CJI0XKHEe B MOHTa)Ke W 3Kciuyaranun. M3 xoakcuaabHeiX miHRi Hail-
Go.1blllee MpPHMEleHUe MOAYYHIN CTAHJMAPTHLIE OATHASCATHOMHBIE Kabesn,
B HHX OFHOWEHHE AMAMETPOB BHEIWIHErO W BHYTPEHHEro OPOBOAOL ONTH-
Ma1blOE ¢ TOUKH 3PeHHs 10NIepeYHbIX pa3MepoB KaGeus.

12,2, Jluvun nepepaun ¢ T- n ksasu-T-posHamu.

1. Hecummempuanan norocxosas aunus {([1J1) (puc. 3.1,3). HUmeercs
ABY XTIDOBOAHAA seHTouas auuua [-3 (puc. 3.3, @). 3aMeHseN POBOIHHMK
(3) 1acasbyo NPOBOAALLEH IOCKOCTBLIO (2) ¥ pasMelmlaeM ee Tak, YTOOM
YAwieHunll BposoAHUK (3) SIBASCS 3€PKANBHHIM H300pa)KeHUeM JeHTH

N - W

N 1L\ -’_/-/ ! z :

D
lg 2. — 13810 2
g 81g

702 & J LA A A
/’/J-v/*"ﬂ f'! r——v-—. /f—/i'l !I'W"i'l /rvf/'.n
R ) o
d)
Puc. 3.3 Monockonue n MHKPONOJOCKOBBIE JHHUH nepenaun ¢ T- B KBasu-T-pounamy

51



(). Tlpu 3toM cormacHo n. 6.1 Hax naockocTuio 2 pacnpoctpaHserca T
BOJHA C TakoH ke cTpyktypoil E- u H-noae#t, kak.p 1cxoaHo#l JAunum
JIns nonydenusn vecummerpliuHoit [1J1 ocraerca nomecthrb An3aekTpHY
Kyto cpeny 2 mexkay I u 3 (puc. 3.3, 6), ¥ TOTAa B COCTaB JHHHH BXOAAT
I — JIeHTOUHLH NPOBOAHHK, WMEWIUA WHPUHY @ W BHICOTY f; 2 — AM
9A€KTPUYecKasl NOA/NOkKa (OcHOBaHHe)' BLICOTOH A; 3 — npoBOAsinas
fJI0CKOCTh LIKPUHOH @ > 3w, OHa BBINOJHACT PO/b 3KPaHa (3a3eM/eHts)

nasnbie ocoéeﬂﬂocm HECHM\AeTp}l‘{HOH Tl caenyroune. ]

DNEKTPOMATrHHTHOE NOJE 3TOH JMHHH COCPEAOTOYEHO MPEeHAY LeCTBe
10 B OcHOBaHEH (2) u TeM Goaklle, yeM OOJblle er0 AW3NEKTPUUecKan fnp
HHLAeMocTh € (B lanROM cayuae & << 4). OcraBlinecs BHe OCHOBaHUs O
BHISLIBAIOT NOTEPH Ha H3JdyuyeHue. .

Ha nosepxHOCTY pazfena BO3AYX—AH3JEKTPHK HE BHITIOJHSIOTCA Ipa
RUYHBE YCIOBUA 4051 T-BONHBL, B CBA3H € YeM BO3HHKAeT HECKOJNbKO HHA
0 CTPYKType noaeft poana — kBasu-T-BoJara. |

B oraugue or T-poaunl, Kpasu-T-Bosna Aucnepcuontas, T. €. ee ¢aj
30Basl CKOPOCTb 3aBHCUT OT YacTOTHI, @ 3TO NPUBOAKT K HCKOTOPOMY HCK
KEHMO (POPMBI TepeiaBaeNbiX CHIHAJOB. |

Ecau 6nl pacnpocrpanaenan {10 JIHEMU BOJHA NOJHOCTBIO KOHLEHTPH
poBaJach B OCHOBAHMH € JAH3JEKTPHYECKOH DIPOHKLAENMOCTBIO €, TO JAJHH

O/HBL B AHHUMM Obia 60 A = 2/} e. Ho Tak kak noas sacthuno pacn
JJOXKEHbl BHE OCHOBaHMS, TO Ajdula BOJHBL A CHHXKaeTCsl MeHblile, Yen
Ve pa3s mo cpaBHeiHIO ¢ AALHON BOAHBI B BO3AYyXe A, a HMEHRo: A
= MY Eogy THAE £hg < .

2. Hecummempuunosa snurponoaocxosan aunus {MI1JT). VI3 Teopnu 1
neil ¢ pacnpelesieHHbIMM NapamMeTpaMy H3BECTHO, UTO CBOWCTBA 3THX Le
nefi oNPeesiloTCs KX OTHOCHMTEAbLHBIMH pa3Mepami, T. €. TeOMeTpHYeC
KHMH pasMepamy, OTHeCEHHBIMH K JJHHe BoAHbt A. 3nauut, nepexop o
CO3AYIUHLIX JIMHHH K [OJOCKOBBIM NO3BONAET YMEHbINHTL PasMepbl KOH
crpyknuit B )/ ¢,5 pas. Ha sron npununne crposites MI1/1, kotopeie cno
coGHpt fiepeaaBath BoaHbl CBY ¢ masbiMU MOTePAMH, UTO 11e MeHee Ba)KHO,
CAYXHTh 6a30f A1 NOCTPOEHHS CaMblX PasHOOOPASHBLIX, CJAOMHLIX H pas
BETBJAEHHBIX y370B Auanaszona CBY.

[Tpu wusroroaenuy MITJI wupoko ucnonb3yercst nieHouHas Texno.flm
rug. MaTepuasioM OCHOBAHMS C/YXKHT a/lOMOOKCHAHAst KepaMHKa, apcej
HHJ Tajius, cangup, GeppuT W Ap.; BCE OHH OTJIHYAIOTCA BBHICOKCH AH
9J13KTqueCKoﬁ POHHLAEMOCTh0 (R0 16) ¥ MasabiMi notepsamu (tg § =

= (1 — 5)10~%. Bricora & ocuosanus He npeswinaet [ au. Ixpanom (3)
CJAYXKHT METas/IH3aUHs OAHOA NOBEPXHOCTH OCHOBAHHWS, & IOJOCKOBbIM
POBOJHHKOM (/) — nnenku HUXPOMa TONUMHOA oKoao 10 HM M 30s0TA
TOJMHOA B JECATKH MHKPOMETPOB, KOTOPbi€ HAHOCAT Ha NPOTHBOMNOJOX-
HYW CTOpOHY ocHoBaHus. Takas Tou#HA { NOJOCKOBOIO NpPOBOJHHKA
YIOBJIETBODSIET TPeGOBaHMIO: NpPEBbIIATh TVIYOHMHY NPOLHKHOBEHMHs TOKA
(cKuH-coos) He MeHee yem B 3—D5 pas. [loTepn B NONOCKOBOM IPOBOXHHUKE,
xotopuie B MITJI aBASIIOTCA OCLOBHBLIMY, COKPAWlAOT €lie paciiiipeHHeM
pasmepa @ MPOBOAHMKA, HO 3€Ch UMEIOTCS OTPaHMUEHHA: He AOKIO GLITE

I Mo TOCT 21702—76 pacnpocTPaHeHRbH [ePMHE «LOICAKAY 3aNCHCH APY?
THM TEPMHHOM — «OCHOBaHUeY,
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w = a/3 U NPOCBET MEXAY COCEAHAMH NPOBOLSIULUMHA MONOCKAMH JOJIKEH
ppeBbIATb HX IMPHHY W KaK MHHMMYM B ABa-TpH pasa. Mckmouenne
cOCTaBJASIOT yCTpPOHCTBa, pafoTa KOTOPhIX OCHOBAHA HA CBA3NM MEXAY TO-
JIOCKOBBIMHM TIPOBOAHUKAMH.

Bousnosoe conpotuBienne MILJI, kak ¥ ee orsHocute/sbHbIE pasMephl,

MEHDBILC, YeM B BO3JYLIHOH JMHHH TOTO Xe CeYeHUH, B Veaq, pas: Zy =
= 20—100 Om. ns ynoGersa cornacosanus MILI ¢ apyrumu ysnamw
CBY obbtuHo BeGupaior Z, = 50 Om. Hanpumep, oara us tunossix MIJ]
wieeT. BOMHOBoe conpotuBnenne Zg = 50 Om, OcHOBaHue BLICOTON A =
== 0,635 MM, M3rOTOBJAEHHOE W3 AJIOMOOKCHAHOH KepaMuky ¢ & ~ 10,
¥ NPOBOAHUK wyupHHOH w = 0,6 mm [19, c. 2491

3. Cummempuynan noA0CK08as AUHUA muna «candeuw» (puc. 3.1, e,
3.3, 3) COCTOMT H3 MOJOCKOBOro NPOBOAHWKA (I) WIMPMHON @ U BLICOTOH f,
CHMMETPHHHO PAcMoONOKEHHOTO MEX/y 3a3eMJCHHBIMH IJIaCTHHAMK (2), H
CIIOILIIOTN0 AHAMEKTPHUECKOro 3anofHenns, obpasyioiiero ocHopanne (J)
pucoTol b, Cummerpuunas [1J] — anajior KoaKCHa/NbHON JIMHHH, U3 KO-
TOpOit H3bATA GOKOBAS YAaCTb BHEIHErO NPOBOAA. DTO MO3BOASET CUHUTATh,
yr0 3.eKTPoMarsuTHOe noje cummerpuuHoii [1J1 cocpenoroueno B ee oc-
HOBZIIHH, €CAM IUHPHHA €ro NOCTaTOYHO BeAuKa: a > w + 2b. Ecin &
TOMY K€ Ppas3Meppl W H b MeHblie NOAyBOAHM (W< A/2, b<C A/2) n
t< b, TO B IUHWK HeT BOJIH BbLICLUHX THMOB, MMeercs TonbKo T-BoJiHa,

fpit KOTOPOH €, = &, AJMHA BOAHDBI B anHuA A = M)/ & n HeT ancnepeni
u noTepb 11a uadyyenne. OAHAKO AM3AEKTPUUECKHE NOTEPU B CHMMETPHY-
HOIt JliHHH Oosibile, 4€M B HECHMMETPHUYHOH.

4. B cummempuanoi MI1J1 ¢ «nodeewennoli nodrosckoti» (puc. 3.3, 2)
TOHKOE CCHOBanue {2) ¢ MOJOCKOBbIMH MPOBOAHKKaMHU (), OAHUM HJIH ABY-
Msl, 2aKPenJeHo B METANJIHYECKOM 3a3eMaeHHOM Kopnyce (3) BhicoToi H.
Kopriyc c1yXKHT TpeTbMM NPOBOAHHKOM H KPaHOM, OH MPHAAET MeXaHW-
YeCKYI0 MPOYHOCTb JIMHHM W NOJNHOCTBIO HCKJ/I0YAeT [apasuTHHIE CBSI3H
G APYTUMU UeNsIMHU.

o ofbemy «noaelleHHas NOAJIOMKKA» Majia 1O CPABHEHHIO C O6DEMOM
BosjiyXa, sanousiowero juHHio. CieloBaTe/bHO, MOXKHO CYUTaTh, 4TO
B Jiiunk pacnpoctpaHsercs: T-BoJHA, NPHYEM ¢ MHHHMAJbHEIMH AU3JIEKT-
PHYCCKAMU nmoTepsiMH M §e3 NOTEPb Ha uaaydeHue (CKashbiBaeTCA HaJjiM-
4ue skpana). Baarofaps MUHUMaAbHOMY 3HAYEHHIO AUIIEKTPHUECKOR Npo-
HHllaeMoCTH Bosayxa (8 = 1) BOJIHOBOE CONPOTHBJIEHHE JHHWH OKa3biBa-

- ©1¢s BpIcOKUM. Bee 37O onpefensieT BTOpOe Ha3BaHHMe paccMaTpHBaeMoi
Jmu:m — BYICOKOOVOPOMHAA IKPARUPOBAHHAR MUKPONOAOCKOBAR AURUSA.

0. B wencsvix (pyc. 3.3, 8) u komnaanaproix (puc. 3.3, €) mukponosoc-
Ko6bix aunusx ucnuoabsyercs TOHKOe JM3JEKTpuueckoe ocrosaue (f),
Ha padoyyio CTOPOHY KOTOPOTO HaHECeHs! JABa-TPW NPOBOAHMKE (2, 8), B
;‘;5{3&4. C 4eM He TpefyerTcs NPOBOASIHI CJOH HAa NPOTHBOMNOJONKHOK CTOPO-

OCuobanus. Yskas wens () pasjenser npopoisiliie Nosocku (2, 3)
Weneroli MIJI, a s komnuanapHo#i MI1JT umelorcs aBe wenu, oTaensio-
ﬁ;;’e [_,Vi?)léylo CPe/HII0 NoJocKy (2) or Goslee HIMPOKHX KPaHHHX MOJOCOK

‘ JIEAHHE COCMVHSAIT MeXAY coOOH # 3a3eMJISIIOT.
o BlHE)ﬂGKE‘pW-!ECKaﬂ (POHHLAEMOCTL OCHOBAHHA IOMKHA ObiTh A0CTATOY-

LICOKOH (& o~ 10), utofbl 54€KTDOMATHNTHOE (0] ObIO COCPEAOTO-
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ueo B ulennX. Torza menesble B Komnianapubie IV] aBasiorcs ananor
MH NOABIX BOJHOBOAOB: B HiX oBpagyercs H-poana, Ho ¢ kosdpuunen
3aMellIeNHsl &, = C/Ug >> | H Hy/]eBOfi KPHTHUeCKOH qac'rorou Hucne
cig BHIpaXKeHa SipKO. »
MaruuTHoe nosie TaKHX JUHHH HMeeT SAJHNTHYECKYIO nompnsaumo'
KOTOpasi B JaHHOM CJlyuae He BpeJlHa, OHa NO3BOJISIET CO34aBaTh CHElNa be
nuie (Hep3auMusle Qeppurobhie) ycrpotictBa CBY. Kpome Ttoro, niesieBhl
H KOMILIaHaDHble JAHHUH O4YEHb YHOOGHBL )51 TMOAKJAIOUEHHS HABECHBL
3JE€MEHTOB; ITH JKHHU OTJAMYANOTCS {IOBBIECHHLIM BOJIHOBLIM CONPOTHBA
HiueM, KaKoro Heab3si noayuuts B MILJL
12.3. Pa3pa6Gorka ne4artHbX y3/0B W HHTEFpalbHbIX Mukpocxem (UG
1ia Oaze nonockosuix (FMJ1) n mMukpononockosbix (MINI) annmit. MiiBRHas
nopusanus annaparypst CBY nosroe Bpemsi caepxuBanach OTCYTCTBHE
MHHHATIOPHBIX aHAJIOTOB BOJIHOBOZOB. Pa3paGoTkKa hedarHelX fJjaT cn
cobCTBOBAAA CO3JAHHIO NEYaTHbIX Y3/0B, a ¢ Pas3paGoTKOil MHKDPOIOIOCKO:
BLIX JMHHI CTaNo BO3MOMCHBIM CO3ZaHHe MHTerpaJ/pHbIX MuKpocxeM CBY
Yenexu nJIeHOUHON  TEXHOJOTMH MO3BOJISIIOT  M3rOTaBJHBaTh  HHs
AYKTHBHBIE KaTylIKH W KOHAGHCATOPbI TakliX JHHE{ilLiX pasiepo
(0,05 ...0,01R), npn KOTOpbIX OHH CTAHOBATCA 3AEMEHTaMH C COCPEAOT
geHHbIMI Mapamerpamu. Ha wactorax Gosee 3 ...5 I'Tu ux aoGporuoct
1K, YEM NONOCKOBLIX 3AeMEHTOB, nostoMy MI1 a wrpaiot 60abiyo poa
s nocrpoenyy WUC CBY. ‘
Mo KOHCTpYKTHBHO-TeXHOMOIHUecKHM npusHakam HMC gensrcs na no-
AYIPOBOAHNKOBLIE H THOPHAHBE B noaynposodnuxoesix HC ocHoBahneM
CJIYMT BhICOKOONHBIfi NOJYAPOBOAHHK, TNOKDHITHIH BaLIUTHEIM (W304H
PYIOULHAM) CJ10eM OKHCH KpeMHHs. Bce naccuBHble H aKTHBHBIE SNEMEHT
(OPMHPYIOTCA TAKBM O0Pa30M, YTO OHM OKa3LIBAIOTCS N0/ 3aUHTHBIM C/1
eM. To/IbKO COeRUBEHHS MEXAY 21eMEBTaMU HAHOCSTCA CBEPXY B BHAE 11
JOCOK MeTalTH3aLMIL. ' '
Tubpudnsie HC uMEIOT 1H3NEKTPHYECKOE OCHOBAHME (CTEKJIO, KepaMy
Ka), Ha KOTOpOE HaNbWIAIOT DJEHKH MEeTaNJoB M AHS/JEKTPHKOB Aasi obpa
30BaHHsl NaccHBiBLIX 3nemeHTOB: MINJl, pesucropoB, HUAYKTHBHOCTEH,
KOHJEHCATOPOB. Kpome TOro, HMEITCs HaBecHhle MHKPOMHHHATIOPHbI
KOMIOHEHTDBI, MPEeHMYIRECTBEHHO aKTUBHble (6eCKOPNYCHblE AHOALL H TPaH
3HCTOPhLI); COGAHHAIOTCH OHH C MJICHOUHEIMH 3JIEMEHTAMH METOJAMH AJIK=
pocBapkH HAHM Muxponadku. [lonyvaercs coueradue (FHOPHA) DNEHOUTILI
3/1€MEHTOB H HaBeCHbIX KOMIOHEHTOB, YTO H ONPECNHA0 Ha3BaHue — b
pusspie UC. TNonynposonnukopsie YC uarotasaubaioTest B €AHHOM TEXHO:
JIOTHYECKOM LK€, a rH6puinble TpeGyioT cbopki. Tenm He menee MC CB
BBINIOIHAIOTCS 4alle Kak ruOpHJHble; B 3TOM AuAafia30HEe YacTOT OColeHH
CKa3plBAIOTCS HX TPEUMYUECTBA, B YACTHOCTH, BO3MOMHOCTb HCI0.1b304
Balilfl HABECHLIX KOMIOHEHTOB C TAKUM LIMPOKUM AUANA30HOM H TOUHOCTE
E}sgaamemos. KaKHe He CBOMCTBEHHbl JEMEHTAM [OJY[1POBOAHHKOBLIX
]
Crefyer nofuepkHyTb, 4TO NEPCNEKTHBHOCTh HHTETPANbHBIX CXeM HeJ
BLI3LIBAET COMHEHHI: OHH OGECNEYHBAIOT OUEHb BLICOKYIO HAJEXHOCTH H,
T04HOCTb B paoTe, HMEIOT OYeHb MaJjble PasMEpH M Maccy, HamMHOLO pace
WHPHAH (PYHKUHOHAJbHBIE BO3MOMHOCTH 3NE€KTPOHHBIX YCTPOHCTB, BEChs
M2 9KOHOMHYHEI B NPOM3BOACTBE, OCOOEHHO €Cai OHO MacCoBOe, i norped-
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Haxnonnas

HBamapue nsnas opbuma
opouma Buicuitan
mauRg
(anazed )
7 7 Hes
Huswan
- w MoYKa
Eas ' zrzzrn (nepueed ) - A RGO urg
2y 8

puc. 3.4. Jlunsosuift (g} u BoJOKOHHL (§) cBETOBOALL H PAAMOPRTPAHCAATOD B BH-1E
#CKYCCTBEHHORO COYTHHKA 3ewai (8)

JAAOT MEHBLUYIO MOUIHOCTb, €M AHCKPeTHbIe YCTPORCTBA TOFO e Haskl-
yeHus.

12.4. Cserosogamu (41, ra. 7] na3spiBaOTCA AHHHM Nepelayd, Hanpas-
NAOULHE CBETORLIE BOJHBI IO Y3KOMY fIPOCTPAHCTBEHHOMY KaHany BHYTpH
LU UHAPHYECKOH TPyObl C NOMOULLI0 ONTHYECKIX AHH3, 3¢pKan, aAvadpary,
BOJOKOH 8 AD.

Tunzossiil ceemogod (puc. 3.4, a) CocTOMT W3 Metaddinyeckofl TpyOxu
(1) muyTpH KOTOPO 3aKpensieHsl CTEKJARHHBIE JHH3E (2) ¢ HHTEPBAAOM
50. 200 s Jluusbl GoKycHpyioT Ayunr (3) B HaNPaBJACHHM UEHTPAIbHO
ocH ¢BeToBOAA. DaaroAapy 3ToMy Hanpab/seMble BOJIHL HE KACAiOTCH CTe-
HOK TPyOKH

Boaokormnd ceemosod (puc. 3.4,6) HanpaBaseT Jy4M 00 CEPACYHUKY
{1), uxgaucinouy 060a04KON (2), KOTOPLII H3rOTOBJEH H3 CTeKJAHHLIX
Hurell kpyraoro cedenus. OTHOCHTedbHas AHINEKTPHUECKAs [POHUILAE:

MOCTL €; M [10X233TeNb NPeaOMaAeHHa 1y = VEJ CEpACYHAKA HECKOAbKD

60ablIe, YeM OBO0UKH (€4, M1y = V &5). Ouu noabuparorcs rak, 4rolui
NPOUCXOANIO 1IOJHOE BHYTPeHHee OTPakKeHHe Mol yraoM

¢ = arc sin (n,/n,) = arcsin (V'ey/t)),

T. €. Hepefdua CreToBLIX BOJ OPOUCXOAHT B (pOUECCe OTPAXKENHA WX OT
TPaitiibl pas.ieia cepuedHiik — o6oaouKa. OBLINHO CTPYKTYpa pacipo-
CTpailsieMbIX no.iefl coorperctByel ruGpuaHoil sonne Tina HE,.

12.5. Jlunun ¢ ncnonb3osBanWeM paauoPeTpaHCAATOPOS: panuopedeii-
Hbie AHHAK U CAYTHHKOBLIE CHCTEMSI CBA3K. B paaHopeIeiHblX JHHHAX H
OKOHEYHEBIE M PeTpaHC/sIOHYble CTAHUMY Ha3eMHble, 4 B CHYTHHKOBBIX
CHCTEMAX CBSASH OKOHEUHpIe CTAN(MI HA3EMHbIC, 3 PErPAHCAATOP NoMelta-
€TCs HA UCKYCCTBeHHOM cnyTinke 3eman (HM3C).

" B Cosetckom Colose, naunian c 1965 r., sanyiensl ecaT&n Takux
'C3 (puc. 3.4, 6). Hactb u3 nux (Moauus-1, Moauus-2, Monnua-3) nve-
er aKJOHHYIO SANHOTHYECKYI0 opGuTy M cosepiuaer no Asa ofopora B
%;'0‘%’ BOKﬁPY" 3emay, a UC3 Paayra BpauLaeTcs N0 KBATOPHANBHON KpY-
CTonm OpOMTE Ha BHICOTE OKOJIO 36 0D0 kM 1 nvMeeT MOCTOAHHYIO TOUKY
07NN Hal IKBATOPOM, ilanpumep 80° g, n. (Craunonap-1) van 35° 5. 4.
((Jr:samonap—Q), ‘




Pue. 3.5, 3apucumocts
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Pasnuuaior paduopeseiinoie aunun npamod gudumocmie, mponochepu
nonochepreie u memeoprste (1. 1, § 5, c. 111). [lepBble ocHoBaHbLL Ha NOYT
UPSMOJIMHEHHOM paciipocrpatennn ¥ KB Mexay npoMeKyTouHBIMU DYHK
7aMi, pasaeneHHbiMi Ha 40 ...70 km; BrOpHie — HA paccesuun Y KB 1p
nocepoit MexAy UYHKTAMH, YAajleHHBIMH Ha COTHH KU/JOMETPOB, TpETEﬁ
Y YETBEDTHIE — Ha paccessHUH WOHOCHEPOH H OTpaXKeHMH MeTeopaMH MeTd
POBBIX BOJIH NpH JajbHOCTSX 10 2000 ...2500 kM. i

12,6. CpaBHenne aunuit nepepayu uwndopmaumn. 1. Ha puc. 3.5 nod
KasaHbl rpaduku KospduuneHTa 3aTyXaHHa o KaK QYHKUNAK 4acTOThl [ ey
penaBaeMplX BOJH H CHJIOBbIE JTHHHUH 3JIEKTPHYECKOTO NONS B CEUEHUAX co{
OTBETCTBYIOUIMX JAUHHH meperay.

B To BpemMsi Kak B CHMMETPHYHOM JBYXIIPOBORHOM W B KOaKCHaALHON
(bulepax saTyxaHue a HeNpePLIBHO YBEJAHUUBAETCS € YacToTol (puc. 3.5, a)y
B. MPSIMOYTONLHOM BOJIHOBOJE OHO CHU’KA€TCsl, HaYMHAf OT KPHTHYECKOH
YACTOThI fry H KOHUAS ONTHMAJILHOM foqry NPH AANbHERILEM yBETHUIEHHH |

3aTyXaHMe o HE3HAUHTEeNLHO BO3pacTaeT — mponopuuonaabio V. Ha:
MOMHHUM TPHYUHBl 3TOTO siBJAeHMst: NpH [ < fyp pacnpocrpaHenHe BOJH E
BOJIHOBOJE BOOOLIE HEBO3MOXKHO, a npH [ > fy, yBeanucHue [ Bbi3blBaer,
¢ OZHOH CTOpOHBI, YMeHbILEHUEe o BCJAEACTBHE YMEHbIIHNs YHCia OTpa
JKeHHH OT CTEHOK BOJHOBONA, 3 C IPYroi — yBeJHuYene o BCJICACTBHE
NOBEPXHOCTHOrO 3texTa.

Tlpumepro Takas e KapTHHa HaOMAI0AeTCA B KPYIJbIX BOJHOBOAAl
npu BoaHax Eg u H,,, u ToabKO Ha BOJHe H¢, 3aryXxanue HeﬂpeprBH(
yMeHBIIaeTcss ¢ TOBbileHneM uyactoTel (puc. 3.5, 6).

baarogapsi noHOE 3KpaHuPOBKE CBOMX Hosiefi BONHOBOABL OTJIHYAIOT
€1 BBLICOKOH MOMEXO3all[HIIEHHOCThIO. VIX HenocTarkM: orpaHHueHHs vac
TOTHOTO [MAaNa3oHa, CBSA3aHHble ¢ HAJMUYHMEM KPHTHYECKOH YacTroTel, F
TPYAHOCTH COGJIOAEHHS OJHOPOAHOCTH M0 BCEMY BOJHOBOAHOMY TPaxkTy
Meraniuueckne BOJHOBOALI HIMPOKO IPIUMEHSIOTCS B [HAMNA30HE 4acTo’
1...100 I'Tu, a jausnektpuyeckue — B auanasowe 10 ...1000 I'T'u, o mi
TaK IIHPOKO, KaK MeTajJJiHUecKHe, TaK KaK OHH HMMEIOT BHEIUHHE noJas

2. PaBounit nuanason yactoT T1JT w MITJT cocrasaser 100 MTi...30 T
Tpu f << 100 MINt (A > 3 m) T1JI He AaroT BLIMTPLIILA B Pa3Mepax H Maco
TI0 CPABHEHHIO ¢ KaOensiMH H OTKPBLITBIMY JHHUAMH, a NP1 4acTOTaX Builll
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g0 [T MILJT we umeloT npenmyinecTB fMepes MeTasIHYeCKUMH BO.HOBO-
pavd. Boabiue Beero orpannuksaercs npumenenne [V n MIVI no nonye-
muvofi MompocTy: 310 80 ... 100 BT 8 HENPEPLIBHOM PEXKHME H HECKONBKO
K1JIOBATT B HMITYJIHCHOM.

3. CeroBoAn HMEOT MHOrO HOGTOHHCTB OJ1arofaps OTHOCHTE/bHOM
pPOCTOTE WX KOHCTPYKUMH H, UYTO OCOGGHHO BaXKHO, Onarojaps upes-
BLIYANHO BLICOKHM 3HAYEHHSIM 4aCTOT OIITHYECKOTO AHANa30HA BOJH
(10" ... 10¥ Tu). OcHOBHbIE NOCTOMHCTBA CBETOBOOB:

~— HCKJ/IIOUHTENBHO 60Jibilide WHPOKoMoaocHOCTs (Gosiee | FTu) u apo-
nyCKRas enoco6Hocts (30 000 ...100 000 resedonHbIX KaHasoB):

— MONHAA 3alMINEHHOCTb OT BHEHHWX foNeH u OTCYTCTBHE (1apasuT-
HOTO H3NMYUCHHHA,

— MaJjple Tnonepeudblie pasMepbl W pPacXxon Matepnana;

— BO3MOXHOCTb H3IHOa BOJOKOHHBIX CBETOBOAOB AdXKe ManoTo pa-
jnyca, [IpOoCTOTa MOHTAXa H IKCNAYyaTaUny;

~— Majple NOOTEPH, HAnpuMep B  JIHH30BBIX CRETOBOJAX — OKOJO
9,5 aB/kM, a B BOJOKOHHBEIX 0KOA0 5 ...10 aB/km.

LocTouHcTBa CBETOBOJAOR Tem Oosiee CYLIeCcTBERHbI, YTO pacnpocTpaHe
HHE CBETOBBLIX BOJH B BO3/YLIHOM HPOCTPAHQTBE CONPsKEHO ¢ 60 bIUHMME
noTepsMHM Ha NOTJIOLIEHNE W PacCceHBAHHE SHEPTHH B Ty \laHE, KailisiX 10K
Jf 1l CHETa U B BO3AYLIHLIX 3aBlXPeHHSX.

4, Bosbwasn yaanesHocts MIC3 or 3eman nosBosiser ¢ NOMOLLLIO PaKo-
TO peTpaHcAsTopa OGeCnednTh YCTOAUMBYIO CBA3L MEXIY S€MHBIMH CTaH-
SN, YAaNeHHbIMH Ha paccrosHue A0 18 000 km. HacroTeeifl Ananason
cnyTunKoBbIX cdcTem cBsisu | ...10 TTu, HO nocrenenHo ocBaliBaoTCA
Goaee Boicokne gacrotl (11,7 ...12,5 TTu) u naxe npospayxoe ana pac-
npocTpatenia CKBO3b armMocqepy «OKHO» AHanasoHa HiQpaKpacHLiX BOAH
(A >~ 10,6 mgm). T1pH CTONDL BLICOKHX HACTOTaX MOXHO OCYUIECTBHTL ONHO-
BPCMCHHYIO NEpefayy TeNeBH3HOHHLIX H 3BYKOBBIX BEULATE/BHBIX UpOTPAMM
N pasaHuiBIX A4RILIX, @ TakiKe MHOTOKAHANbHYIO DaavoTenedicHHIO H
patitorenerpadiio. M3 nepeuncaennntx ananil neperaan ocofenno Goxb-
IWHE Ha KA BO3JaratoTCs Hy CIYTHRKOBLIE CHCTEMD! CBSI3U M CBCTOBOAH.

13. INEMEHTH COTNACYIOLLMX YCTPOMCTB

YenoBus moHTaxka u GYHKUHM aHTeHHO-bHAEPHOTO TpaKTa TaKOBH,
YTO JIHHHS nepelayl TPAKTa He MOxeT ObiTh peryaspnoi. Hrobh umetotLn-
€Csl HEOAHOPONHOCTH HE [PEnsiTCTBOBAJIH HOPMANbHOMY PeXHMy pafoThl
TPaKTa, B Hero BBOAAT YCTPOHCTBA COIVIacOBaHHs conpoTusnenuit. Pac-
CMOTpUM ajeMeliThl 3THX YCTPOHCTB: HArpy30uYHhE CONPOTHBACHUR, aTTe-
;noaropm, KOPOTK03aMbIKAOIlHEe [OPUIHH, pPEaKTHBHbEe [NPOBOAHMOCTH

ap.

13.1. Mornowawmue Harpyskn. HMXx HasHayewuie — mnorjowmars 6es
OTPaXXeHHsT BCIO [OABOAUMYIO K HHM BHICOKOUACTOTHYIO MOUIHOCTB, T. €.
OHU 10MmKHBI GbITh COIVIACOBaAHDI G TUHAEH nepefayn. Eciin Takas uarpyska
Paccunrana ma manelil ypoBenb MOLHOCTH (MeHee HECKOJBKHX BaTT), TO
ONa BLINOMHSIETCA KaK NOBEPXHOCTHOE CONPOTHBJGHWE, 4 €C/H Ha BhICOKHR
YPOBeHb MOWHOCTH (10 [eCsITKOB KMJIOBATT), TO KaK GOBEMHOE COOPOTHB-




senite. [loraowmaioniumu Matepranamn cayxat depposnokcus, depp
AMKOH, KapOHA KDeMmHUH, KeporpaguT U TOAUMETAAJM. .

Haupnmep, B oanoit U3 ManoMolHeIX Harpy3ok (puc. 3.6, a) norn
Hite JIPOHCXOAUT B TONKOI NJIEHKe HUXPOMa, HAHECEHHON Ha KepaMmuy
HOMEBbIE MIACTHHL (3), KOTOPbIE Pa3MeulaloT NapaaiesbHO Y3KHM
Kay OPAMOYTOibHOTO BOMNOBOAR (2) ¢ BOJHOH ). DieKTpHyecKoe IK
NapansieNbHOe NJIaCTHHAM, HAROAHT B HHX TOKH MPOBOAXMOCTH, H 3T0
MPOBOXKAAETCR NOFJAOULEHIEM NOAROAUMOS MOLHOCTH. [lnacTHHLI ¢ of
KOHlla 3aKpeilJienbl 8 11a3aX 3arayiiky (4), a ¢ Apyroro oHY CKOILEHBI
ocsiabnenus orpamennil. Bee 3To cocTaBaneT BOJHOBONMYIO CEKilW
¢$aauuem (/) w 3araymxoii (f) no Gokam. :

Moxasaunas ra pne 3.6, 6 cekUUs coOrMacoOBaHHON HArpy3KH BbICOK
yposist Mo nocTH ¢ (aaiuiem (/) oTnnyaeTcs TeM, 4To [10fJOILeHUE A
HCXOAHT B KAnubsix (2) n3 KepaMHKH ¢ ¢ KapOilioM KDeMHH#A; KpOMe Tol
nveeTes panparop (3), KOTOpoli paccedBaer Tervio, NocTynawllee K H
OT KJIIHLEB Yepes HalosauuTenb (4). !

13.2. MMoraowaroumne atreHtoaropu (ocaaburean mownoctn). [o rnpA
Wy AefiCTBUS aTTeHIOATOPLI ALJISITCH HA NO2AOWWIOWUE Y 3Anpedenst
Kponve Toro, pasnuualor pukcuposanHvie ammenoamopst, BbI3bIBAIO
AOCTOSIHII0E OCAADJIEHNE, H NEpeMeHHbie, PAaCCYHTAHHbIE HI PErYJAHDO
BHOCHMOTO 3aTyXanusi. ¥l Te 4 Apyrue BBOASTCA B paspbis GiLAEPHOTO TP
Ta.

OcHOBHBIM 3/1€MEHTOM TOTJVIOWAIOILETO ATTEHIOATOpA SIBJSETCS [
Kas JH3AEKTPHUeCKas (AACTHHA, TOKPLITad NOFIOUAoWKy caoeM. B
PEeMEHHOM BOJIHOBOAHOM aTTeHI0aTope 3aryXaliHe peryJspyercs Bpa
HHCM IIACTHHBL (/) B ANOCKOCTH E BoKpyr ocH (3) (puc. 3.7, @) Hau noc
NaTeAbILIM MepeMellleHHEM IAaCTHHEL (2) OT OJHOH y3KOH CTEHKH BOJH
na (3) x apyroit (puc. 3.7, 6). B uepsom cayuae 3aTyxaHue teM 6oib
yen O0JIbLIE MWIACTHHA YIJAYOHJIach B BOJHOBON {2) CKBO3b NPOAOAbH]
WweAab B HeM, a BO BTOPOM — ueM OJHXKe MJIACTHHA K cepeinue LHpo
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{ Z 7 4 Puc. 3 6. fMorasmawuue aarp Ky MATO
a) (u} H Bbicokoro (6} yposueft Mmuuu,lu.
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pac. 3.7. BoJHOBOANHE TnepeMeHHLE aTTEHIATOPW ¢ Bpalllaloiiefica AOIAVWaloWEeR
(@) B ¢ NOCTYNAaTeNbHO nepeMeiraeMol (6) nmaacTHHaMH

Pue. 3.8 [lorsomalolwan Harpyska (a), TONMOJOTHUECKHEe ¢XeMLy 3T0fl Harpyskn (6)
H [OCTOSHIOTO aTTenoaropa (8)

crenkil BoAHOBOAA (a/2). Maxkcnmanbhoe saryxauue pasio 30 ...40 ab.
Ha puc. 3.6, 3.7, Kak 1 Ha MHOTHX NOCJAEAVIOUIHX PHCYHKaX, PSOM €O
cxeaaTHYeCKUM H300paKeHneM y3Jja nokasato ero o6osnavenue no F'OCTy,

13.3. Tlornowmatomme narpysku u arredoartops Ha [J1 u MIJ. 1lor-
Jolyaiollast HarpysKka, fokaszaHuasg Ha puc. 3.8, @, npefcrasaser cofoil
NOTJIOTHTENb B BH/E MJEHKH (JeHTol) {2), BK/JICEHHOH MEXAY N0J0CKOBbIM
NPOBOAHNKOM (/) 1 ocHoBaHHeM (3) U3 Au3IeKTPHKA. K OCHOBAHKIO 11pilMb-
KaeT 3asemiiendan niaactuHa (4). Tononoruueckas cxenma NOTVIOULA ioilled
HArpy3wH, nawuiag npeicTaBjJeHHe O pasMepax W B3aUMHOM  PacClOAdKe-
HHH 10J0CKOBBIX UPOBOJHHKOB H HaNbACMbIX 3JEMEHTOB, NOKa3aHa Ha
puc. 3.8, 6. -

Pukcuposanibil ammenoamop NPeACTABAEH Ha TONOJOTHYECKO! €X
Me (puc. 3.8, ) pesitcrupioii naenkoi (2), HanecenHon na MILJI (/). ra
INICHKa, KaK H MOIVI0aoinan Harpy3ka, H3TOTaBJAHBAEGTCA H3 BLICOKOOM-
(HOro MatepHana (HHXpOila, Xpova, TaHTana) H HMeeT TONLKHY COThHIe jo-
A muaaumerpa. Tlaenxe, aenve 11 noAocKOBBLIM NPOBOAHHKAM (PHAAKT
Ha KOHN@X MIABHYIO GOpAMY, 41065 OCNa0HTb OTPAKEHHE BOJH OT HUX.

[Tepemennoil ammenioamop wa I1J] BHUOJHACTCS AitaA0CHYHO BOITOBOA-
HOMY aTTentoaTOpy (puc. 3.7, a), Tonbko BeIpes B ocHoBannu V1J] gedaercs
No npodumo OOTVIOWAOUE 11aCTHHEL. ,

13.4. 3anpenenbtibli atTensoatop. 3aTyXaHlie B Takom aTTeRKAarope
Bul3dLiBaeTess He MOTJIOWEHHEM, & OTPAXKEHHEM BOJIH, KOTOPOE NPOHCXORUT
Ha 13K nasniBaeMoM 3anpedebHOM (CeepXKPUMULEcKOM) OMpPesKe 804108004,

fonepeuipe pasmepsl 3TOr0 OTPe3ka NOAGHpalTCA U3 pacyera, 4To KpH-
THUCCKay Lan1na BOJHBE Axp OTPE3KA ADMKHA GBITb MeHbLIe padodeil AJu-
Bl 204nbr &, Hanpimep, B KPYIVIOM BOJIHOBOLE AniamMeTpoM D (puc. 3.9)
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Puc, 3.9. 3anpeaeibHui aTremoa‘

é Top

sanpefeabhblll peRuM (A, << A) HMeeT MecTo Ha OTpeske [, [uamerp Ko
TOpOrs d AOCTaTOUHO Maj no cpaBHeuwio ¢ D. Buaarojaps sromy Bosw
YaCTHUHO OTPAMKAKOTCs1 ATTEHIOATOPOM, @ YACTHYHO PaClpPOCTPaHRIOTCA .
HeM, HO ¢ BoabINuM OcsabuaeHHeM, MOJNUHHSIIOUUMC IKCNOHEHLHAJBHO
saxoHy. OD0liee 3aTyXxaHue NoJayyaercs paBHbiM L = al, rje o — Ko
(GUUHCHT 3aTyXaHus.

3aiipefesibhble aTTEHIOATOPLI OTJIHYAIOTCS [HPOKONOJOCHOCTBIO:
TATOMI YCTAHOBUTD Ay, << 0,85y qy, uTOOb BHOCHMOE 3aTyXaHHe Npak:
THYECK Y HE 3aBiiceso oT yactothl. Ipsmo NPONOPUKOHAIbHEs 3aBHCHMOCT]
MEK/LY 3aTyXaHueM B arTerioaTope L u ero AauTeinnoii ! HosBoAseT Co
AaTh [IEpeMeHHB(l NpefebHull aTTeHIOATOP ¢ pasHOMepHOl wxkanon. [Tof
CAENHIOn MOMKHO 3apaHee paccauTarth. BHOCHMOe 3aTyXaHue peryJjaupyerc
B Goabwux npedesax: or 10 ...15 g0 120 ...160 ab. .

Hapsany ¢ atum 3anpefesbHble aTTEHIOATOPE! HE JUIEHB] CYIECTReHHb
uefocTaTkoB. VX BXOZHOE M 8bLIXOAHOE CONPOTHBJACHHS HMEIOT GOJLLIY
peaKTHBHYIO cocTas/stomyto. Ee yAaercss CKOMDEHCHpOBatb (O Henoas
HOCTLIO) © TOMOLUBI Pas3BI3bIBAOUIIX QUKCHPOBAHHLIX MOTJIOLLAIOILUY
aTrenioatopoB. BroasT takHe pasBasKH N0 06e CTOPOHLI OT 3aiPeac.bHO:
ro arrentoatopa. Apyrofi HEROCTATOK: HEU3BEXKHOCTL OTPaXKeHys BOJH O
BXOJ4 3anPellesiblloro  aTTeHioaTopa. DTO OrpaliiYHBaeT ero MIHHMMalby
HOE 3aTyXaHHe, KOTOPOE BO3PACTAET K TOMY e 33 CyeT 3aTyXxaHns, BHO-
cm-loro BKJIIOUEHHDBIMI 131 PA3BA3KY  (OTJI0WAIOUIHMI  ATTEHI0aTOPaMH.]

13.5. Kopotkosambikaiomue nopiwni. W ia3Hauesiie — oSecieunTsl
KOPO"?\(.:(, 3aMblKailtie B OII})(:‘,[CJI(.HHOM NonepeyHom CeqyeHM JIHNKE I]Epe'
Hadn. J..LJ'IFI 5TOTO B KOAKCHAMAbHON JIHHHH MOMKIIO HCBOML30BATh KOHTEKT
Hble HPYKHHBL (puc. 3.10), KOTOPBIE C OMOLULIO TAH 11E€PEMELIAIOT BAOb
npoeoaos. [o Mepe ykenayatainy NOpIINS CONPOTHBAEHHE KOHTAKTa BO3-
pacraer. B BosHOBOAax 3TOro H30eraimTr, NPHMEHsi BbICOKOUACTOTHHIE
Apoccend. Hanpumep, apocceab cocTapasiior H3 ABYX 4eTBEPTHBOJIHOBHIX
YUACTKOB, HAa KOTOPBHIX 3a30pPLi MEXKAY FOPIIHEM U CTEHKaMH BOJAIOBOAA
{puc. 3.11, @) nopobpaupt Tak, 4robbl NOAYYHTb Zy, > Zg,, T. €. GoabiUER
BOTHOBOE COMPOTHBJ/ICHHE TOFO yyacTKa, KOTOPbiH NPHMLIKAET K KOHTAKTY
¢ conportuBiendeM R,. PaccvarpuBas Ry Kak Harpysky 3TOro yuactka
e-c, NaxoluM BXOZHOE COIIPOTHBJEHHE B CCUElHH

RBXE = Z;l:’lRR-

ConporuBnenue R,,, sBASETCS HArPYy3KOH APYroro YeTBepThBOJHO-
BOT'O YuacTka f-e, a 9TO 3HAUHT, YTO BXO/lI0€ CONPOTHB.JIEHIE LOPLIHS B

ceyeniiy f
Z% Zne \2
Ruxf = :( ]n' ) Ry
-1
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TaxuM 00pasoM, HepaBeHCTBO Zpy << Zuy YCHAWNOCH A0 Ry, <« Ry
5. €. APOCCEbHbI [TOPLIEHb co3jaeT GoJiee COBEPILCHHOE KOPOTKOE 3aMbi-
Kaiie B INIOCKOCTH f, 4eM B IJIOCKOCTU C-C PACHOJ0KEH A OMHUECKHX KOHe
TAKTOB.

Pacemorpsi apyroil npuMep. KopoTkozamblKawolini MOpILieHL KPyT-
sioro BOJOBOA2 (puc. 3.11, 6) coaepXuT NOAYBOJHOBYIO JIMHMIO fes, Ko-
Topas HMEET JBa YETBEPTHBOMHOBLIX YUaCTKa H 8aMKHYTa HAKODOTKO B Le-
yeguu ¢-C. IJTHM ofecrieynuBaeTcs 3PPEKTHBHOE KOPOTKOE 3aMBIKAHUE B
[AOCKOCTH f-f, HE3aBHCHMOE K TOMY MK€E OT KaYeCTBa KOHTAKTa B NJIOCKOCTH
¢. Kpoxe Toro, 6narogapsi pacnonoxKeHuio My4HOCTH TOKA B f, a y3/1a Toka
g ¢ NOTEPH B KOHTAKTE NPAKTHYECKH OTCYTCTBYIOT.

13.6. Kovnencupytomue peakrusHoctd. [oia nuHuil nepejaun ¢ T-
BOHHOﬁ-—-S’I‘O OTpeE}Kﬂ KOpOTKOSﬂMKHyTbIX HAH paBOMKHyThIX JlVlHl/lﬁ.
BKJIIOYCHHBIE Napa/lie/IbHO OCHOBHOM JIMHHH, a AJs BOJIHOBOAOB — peak-
TuBHbIE IUTBIPH U TOHKHE TeperopoikH, HasbiBaembie Juadpazsan.

Peaxmusnote wimstpu (puc. 3.12, @) BBURYHBAIOTCS UEPUEHAUKYJISIPHO
[IHPOKON CTEHKE BOJIHOBOAA, CJIENOBATENbHO, OHH PacNOJIOKeHb MNapal-
JEIBHO JIEKTPHUECKHM CHJIOBbIM JIHHHSAM BOJHB 11, [Ipu s1oM ycaoBuu
HACTPOEUHBIN BHHT 3KBHBAJIEHTEH HECHMMETPHYHOMY BUOPATOPY, KOTOPbIH,
KaK H3BECTHO, HMeeT NPOBOAUMOCTL E€MKOCTHOTO XapakTepa Mpu NJAHHE
[ << M4 v MHAYKTHBHOTO Xapakrtepa lpH [ > A/4. Jid yMeHbUIcIHS Be-
POSATHOCTH 1IPOBOST MEXKAY BHHTOM H CTEHKOH BOJHOBOJAA LITBIPS ONYCKAIOT
He 6osiee 4eM Ha uerBepTb AJHHbI BOAHLL. [L1d paclunpedusa NovIocs Apoltyc-
KaHis pPEKOMEHAYeTCsd BMECTO OJHOTO NPHMEHNTb HECKOMbKO {UThIPEH,
PACIIONOKEHHBIX Ha CpelHell JUHWH IYPOKOH CTEHKH BOJIOBOAA.

Huappacset, nepOEHIRKYJISIPHBIR SNEKTPHYECKHM CIJIOBLIM JHHHAM
(pue. 3.12, 6, 6), skpuBasnenTHH OOKIadKaM KoujeHcaropa. Cneaopareb-
HO, OHH CO3JaI0T eMKOCTHYIO NPOBOAHMOCTL. B puadparmax, ycTarOBJIEH-
HLIX BAOJIb CHMJIOBBIX JIUHMII 3MeKTpUdecKoro noas (pie. 3.12, e, d), BO3-

f ¢
VA4

Konmarmuue

npyxumbl l -

=< TS TSNS e v |

e ¢f
b] -
t e, 3.10. Hactpoiika xoaked- Puc. 3.11, KopoTkozamuikalolge nopitHa ¢
“2 AUOH THANE & DOMOILRK KO- BBICOKQUACTOTHLIM APOSCICM MPAMOY TOdLHOIO
PulagzaMbiEniollel 0 nopiuus (u) 1 Kpyraoro (6) 8o.iH0BUAOB
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Puc. 3.12. Komnencipyiouiie peakTHBHOCTH

—| |~

o i g}
: : i

Puc. 3.13. ITonockonuie AUHME ¢ pasoMKHYTHIM (2) H KOpoTKOszamMKuyToiM (6) Lu/ed
panmu

HAKAIOT BEPTHKANbHLIE TOKH, OGPA3yIOUIHe MECTHble MaTHHTHhe [0
JlefictBue TAKHX DNEPeTOPOAOK 3IKBHBAJCHTHO BBEACHHIO uunyKTnBa’
BGPOBOAIIMOCTH. '

Ilnaq)parmm Ha3bIBAIOTCSA mmzemputmbmu (puc. 3.12, 8, 9), ecan ox
B PaBHOK Mepe BBOAATCS B NOMEPEYHOE CedeHHe BOJIHOBOAA ¢ ABYX NPOTH
BONONOKHBIX creHoK. [IpH OJHOCTOpOHHEM pacnoJjoxeHyH Anadparm
HasmBaeTes secusmaempudnold (puc. 3.12, 6, &). HMveiorcs ewe cxuetiann
Quagpaesmsor — KOMOMHAUBA H3 €MKOCTHO H HMHAYKTHBUOH Auappary
(puc. 3.12, e). Tlpu onpeaenenHofl (Pe30HaHCHOI) YaCTOTE WHAYKTHBHAS
H €MKOCTHAsi NPOBOAHMOCTH AnadparMel B3aUMHO KOMICHCHPYIOTCS M fid
CTYNaeT TaKofl e Pe30HaHC, KaK B napaatenbHom LC-xonType.

TpoBoauMOCTh AHahPAarM 3aBHCHT OT CAYGHHBE NOTPYIKEHHS B BOJHO
BOL If QJMHBI BOJHBL. TaK Kak eMKOCTHasi NPOBOANMOCTh KOHACHCATOPS
BO3PaCTaeT ¢ yBEJHYCHHEM YacTOThl Kos1ebatuil 0 cOamrkedieM ero o6kad
NOK, TO DEAKTHBHAsh NPOBOANUMOCTB eMKOCTHOH Anadparabl Tem GO/bIué
uer MeHblue JJIHHS BOJIiHLI B BOJHOBOAE H MeHbLIUe 3a30p b’ Mexay nepq
ropoakanu (puc. 3.12, 6). B cayyae uHAYKNIBHOK AHAPPATMH €€ peakTHH
Hasl NPOBOAHMOCTb TAKIKE YBEJIHYUBAETCH C YMEUbLIRHHEM 3430Da MEXKA
neperopofikamu (@ Ha puc. 3.12, 3) 1 HaMeHsieTcs NPsIMO YIPORCPHUHOHAJ K
HO JUIHHE BOJIHbI.

Tak Kak cOMMKeHHE IWHPOKHX CTCHOK BOIIOBOAA CHOCOBCTBYET /18K
TPHUECKOMY MpPoBOl, TO €MKOCTHBIC Aia{paTMbl HCIOAB3YIOTCA APEeHM
IECTBEHHO B MAJOMOULHBIX, @ HHAYKTHBHBIC — B MOLLILIX BO.THOBOLHBI
TpakTax. T

L nedichor n0AOCKOBBIX 1L MUKPONONOCKOBLLX AUHUL— 3TO PA2OMKHYT
{puc. 3.13, a) wan koporkosamkHyThie (puc. 3.13, 6) oTBeTBAcHHa OT OO
HOBHOTO MOJOCKOBOIO NpoBoaHUKa. KOpPOTKOe 3aMblKaliue B KOHLe e
(ha nosyuaercs COelHHEHHEeN MOJOCKOBOTO MPOBOIHHKA € 3asemieHHbME
1TACTHHAMH € NOMOWbLI0 METAANUYECKOH MINHALKH.

B
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44, TPAHCOOPMATOPbI COMPOTUBNEHUI
g KAUECTBE COTNACYIOLX YCTPOWCTB IMHAM NEPEAAUM

14.1. Noctanoska sanasn. Pasanvaior Tpu MeTOAa COMacoBaHis Co-
apoTHBAEHHIH B JHHHH Oepeayu: 1) nocsrenopatenbHOe BKJOYEHHE B AH-
4Hio CTYMEHUATHIX MJIH [UIaBHBIX NEepeXOROB G TeM, YToObl OHW CJIYHHIH
rpatichOPNATOPaMH CONPOTHBACHHI, 2) MORKJIOYEHHE K JIHHHH KOMIEHCH-

yIOUHX peakTUBHOCTel; 3) BKJOUEHME BeHTHJ/IEH, KOTOpPHe HO4TH 023
goTepb OPONYCKAIOT BOJHBI K HArPYSKE W CHALHO NOr/OWAT oOpaTHME
go/l1bl, UK LHPKYASATOPOB, OTBOAAILHX OTPaKeHHHIE BOHLI K fOr/IOHIan-
el Harpyske.

Ha pue. 3.14 noxaszaHa obobuiertnan cXema BK/UOYEHHR COTAACYOUUER
yCTPOHCTB A u B mexnay reneparopoMm, dusepom 3—5, 4—6 w Harpysxofl
Z,. YcrpolficTBo B lenaet conpoTuB/ieHne Ha Kouuax 5—6 ¢uaepa, o6pa

wenioe K Z,, PaBHLIM BO/MHOBOMY CONpOTHBAeHHIO dunepa Zyp. IT0 pa-
BeliCTBO TPYAHO COXPaHdUTe B UWHPOKOM AHanas3Ode HacroT, #, Korda oud
HapyaeTCsi, NPOHCXOAHT YaCTHYHOE OTPamenue BOAH OT Harpysku. Hro-
6b1 1136€KaTh OTPAKEHUst BTOPHUHOH BONHLI OT TeHEepPaTopa, BBOAAT COrAa-
cytolee yerpoierso A, 3aiada KOTOPOro O6eCIeUHTH NPHPABHHBAHIE (O
npoTHBAEHHS], 0OPALIEHHOrO OT Hauana huiepa S—4 K resepartopy, 4 soa-
HOBO1'O COMPOTHBJEHHA PHAepa.

INouyTHo coryiacyiouiee ycrpofictso A pewrser Apyryio 3ajayy: OHO
TpancOPMHPYET CONPOTHBACHHE Zyy #3 3—4 B [—2 TaK, 4TO Ha 3THX
KACMMAX CONMPOTHBJACHUE HAPY3KH TeHEpaTOpa NONYYaeTes ONTHMANLHEM
(Haifoaee BLIFOAHBIM) AAs PeXuMa redepatopa. OObluno yerporicTsd A
BXOJHT B CXeMy BLIXOJHOrO KaCKada CaMQro reHeparopa.

[lepeiiiem & pacecMOTPERHIO YCTPOHCTB, B KOTOPLIX Peanu30BaHbi TP
METOa COIVIacOBaHHA CONPOTHBJACHUH B JAMHUAX Oepesaud.

14.2. YersepToB0IHOBLIE TPIHCPHOPMATOP — 3TO OTPE3DX JHHIA HAH
BO.THOBOAA AANHHONA YeTBEPTb BOJIHBI, HMEWOWIHA ONpefeneluoe BONHOBOE
CONPOTHBACHIE Z,, == Z o H BRJIOYZEMBIA MENCAY COT/IaCyeMbiMH aKTHBHLIMA
CONPOTHBALHHsIMI, HANPHMEP MEXAY Quiepom ¢ Zg = Zgy 0 Harpy=kof
Ry (puc. 3.15). Conporinenis Ry i Zpe HE PABUAL MOy COOOM, W 10-
STOMY BOJIHBL Ha Cor,iacytoweM oTpeske cMeladube. Mx ke, onpeseasercs
COOTHOLIEIHEN MeAY R, 1 Zge, NPHYEM HA TOM KOHUE OTPE3KE, KOTOPHIA
obpallen K MeHblieyy corjacyeMoMy CONPOTHBACHHIO, HOAYUAIOTCA M-
HHMYM HaOpsKeHMRA 4 makcMMyM TOKa (OCNeNOBATENbHBIA pesoHauc),
4 Ha APyrom KOHlle — HaoGopoT (pe3oHaHc napasiensHsii). [lepsoe co-

OTBETCTBYET, KaK U3BECTHO, CONPOTHBACHHIO Zgo/Rys, 8 BTOPOE Zyokep.
= -
1 nid Slr————qy Z67 Zsc [|#a
1 H HEe R ¥ k ;
Iy A Ly ” § ;],H /é-‘. Uz, lu
K L___;.J”,H'*.:ﬁ}tt:_____, .,-_— — T \\\ *__:h
| ! i 1 . o S | T
fewepamop Pudep Hazpyara P “‘:‘:
Pire e .
c».;]nL;}m?;;l44)”0609“1"“.“ cxema corna Puc. 3.15, Coraacopanne conpoTEBJes
Puicpon A€pa C HZiPy3Kod 4 lracs Bt yereprunonnOsuM  Tpakcdopmas
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flyets Ry > Zyy, kak Ha puc. 3.15. Torna Zyckey = Ry, 8 Zpolhyy =
= /4, H TAK KaK H3 [IEPBOFO PABEHCTBA Key = R,/Zye, TO BTOPOE paset
CTBO 3amuCbiBaeTcsi B Bufe Zio/R, = Zyy, OTKyla

Zye = V Ry Zy;. (3.4

BIBOM: deimsepmbe0anosoit mpanchopmamop CoMNeH UMemb B0AH0G(]
conpomugaenue Lyc, PABHOE CPEOHEMY 2e0MEMPUHECKOMY U3 CO2AACYIOUL
conpomusieruti Ry v Zg,. Tlpu s10oM ycnoshu B guiepe pacopocrpansio
6er}ume BOJIHBI ¢ HanpsukenyweM U, # TokoM [, == U,/Z,;, B coraacyioinel
OTPesKe K HuM N0G2BASIOTCH CTOSUHME BOJHbLI, B PE3yJbIaTe Yero Hamp
Keuue ypesauunsaercs 10 U,, a Tok ymensinaercsa 1o [, = U,/R,. Han
yie CTOSIYUX BOJIH B TPAHC(HOPMATOPE HE BHISBIBAET OLLY THMBIX NOTEPb JHE,
rHy, TdK KaK AinHa ero (A/4) HeBesnKa O CPaBHEHMIO ¢ O0WEH JIHHO)
duiepa. 3aMeTuM, YTO TAKUM CHOCOOOM MOYKHO COTNACORBIBATE TOALKO AK
THBHGIE CONPOTHBACHHUS.

14.3. Crynenyarble nmepexolnt. YersepTbBOJHOBHIT TpaHchopmMaTof
ABJAAETCA Y3KOMNOJIOCHBIM COIVIACYIOUIMM YCTPOHCTBOM: [PH OTKJIOHEHH
RJIGIRE BOJSHEL A OF CPEAHETO 3Hauehus Ay SNCKTPHUCCKAn ANHHA TPAHC)O)
MarTopa yie #e paBHa A/4. Boaupl B ocHOBHOM duiepe CraHoBSTCH CM
WaMILIMH, 8 €0 BXOJHOE COMNPOTHBJACHHE — KOMIJIEKCHLIM.

Paciunpenye 100CL5 NPONY CKaHHS MOKET ObITh JOCTHTHYTO ¢ MOMOLILL
CTY (1CHYATHIX fepexonos. B »ToM MOXKHO yOeaUThCH Ha NPHMEPE 0¢PCXOxR
COCTABJENHOrO M3 ABYX NOCJAEJOBATENLHO BKJIOUEHHBIX TpauchapMatop
Aaoil Ay/d4 Kamnwit (puc. 3.16, ). WX BoasioBble conporuBaenis Zg,
Z};cnoaéupaior C TAKHM pacyeToM, 4ToBk! OT CeUeHHH a-a 1 b-b ~ BOAHbBI O
paKAAKCh C OAUHAKOBOR AMOAUTYIOM, 8 OT ceuenns ¢- ¢’ — ¢ BABOe BoJ
we i amnantyaofi. ITockoabky Bossa or a-a’ 1o 6-6° u ofpaTHo 0POXoaH
nyTs 2A/2 = kg, TO BOJHBLI, OTpazKeHHbie OT a-@’ ¥ b-0', coRNAZAIOT T

thase n ckaaxelBalorcs. BwmecTe ¢ TeM OHH MOJHOCTHIO KOMHBHCprlOTC
BOJIHOH, OTPANKEHHOH OT ceuennsi ¢-¢’, TaK Kak NyThb OT a-a’ 20 ¢-¢' v obpa
HO paseH 2Ay/4 = A,/2, uto coorBeTcTBYeT CABUTY O (aze ua 180°.
ITpumepHO TaKas :Ke KOMIEHCAUHWS MPOHCXOAUT NPH NAHHE BOJHLI [
pelasaeMmblX KoJeOaHHH A, He paBHOH cpegHeMy 3hadeHuio Ay [lycr
A < L, Torza Kawavtii yuactox TpaHCcOpMaTopa MMeCT MJIUHY, HECKOUIM
KO 60/1bILYI0, YeM A/4. Sro MO3BOSIAET CKA3ATh, YTO OTPANElHbIe BOJIHY

CYMMMPYIOTCSL B CeueHHn q-a’ CJIEZY IOLLHM oﬁpason« (puc. 3.16, 6): OTHO"
cHTeanHo Bosie U, orpaxentoil or a-a’, Boana U’, oTpakeHHas ot ¢-¢
"t
head 2—
Uf - b
=~ ¢ : oyt i
_ﬁ-a . ! oo LR
b gt ) 13 4 239 180°+ .
3 5
, Y ,
Ae/% | Ap/# [T ¢ q

¥ Uf'

7 0)
Puc. 3.16, Cormaconannue coOnporIsigHUIl CTYIEHHATHX NEPINOLOD
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ﬁ) Ao/4

o, |

Ao/t | Ao/%

2)
Puc. 3.17. CrynenuaThie Nepexoibl KOaKCHAAbHHX JAHHUA

(@, 6) 1 LPAMOYroaLHELIX BOJAHOBOUOE (8, &) _'_"/_ bl
Z L Ly=ige

(B

X’

Puec. 3.18. DxenoncuHuiansaulii TpanchopmaTop

orcraet Ha yroa 180° 4 Ay, a ponna U, orpaxennas ot b-b’, orcraer ua
yroa 2 (180° -+ Ay) = 360° -+ 2Ap. B pesyabTaTe cyMMapHOe Hanpsie-
nne U’ - U""" okaspiBaetca B npotHBodase ¢ HanpsiokeHuem UY, u Tak Kak
U’ = 2U' = 2U""", 10 oTpaxeHHble BOJHB TNOYTH NOJHOCTbIO KOMIEHCH-
pyior apyr aApyra. Komnencauss tem spdexTupiice, yem MeHbile nepenan
BOJTHOBbIX CONPOTHBJAEHHH coceiinX cryneslex. JIas a1oro, oueBUAHO, NpH
JAHHOM OTHOLIGHHH BOJHOBbBIX CONPOTHBACHHUIT Z,o/Zy, COrNAcyeMbIX HHHA
YHC/IO CTYTICHEK M AJHHA NePexolla AOJMKHL OblTh KaK MOMKHO Oo/ble.

B cnyuae KoakCHaNbHBIX NHHMH, Ha3blBaeMblX TaKKe KOAKCHaJbHbI-
M Boanoeodamn (puc. 3.17, a, 6), TpefyeMbic BOJHOBBIE CONPOTHUBJEHHMS
CTYNEHEK YCTaHABAKBAIOTCS NOAGOPOM AMAMETPOB MUX BHYTPEHHEro dy, d,,
ds ¥ BHeWIHero D NPOBOJOB, a B CJiyyae NPAMOYFOJMBHLIX BOJHOBOLOB
(puc. 3.17, s, 2) — noaGopom pasmepa b yskoil Crenkn. Pasmep a [Wwnpo-
KO# CTeHKH MEHSTh /IR STOH Lieau HEXENATeNbHO, TaK KaK OF Hero 3aBi-
CHT KPHUTHYECKas AJHHA BOMHBI Ayp, = 2a.

14.4, MaaBHbie nepexoibl. ITO NEPEXOAH, Kak Obl COAEepKalLHe OeCKOo-
HeyHO GO/IbIIOE YHCAO CTYMEHeK (n —- c0) NPH AJIMHE KaXAOH M3 HuX
Al — 0. HasniBaloTcsi TaKue I/IaBHbIE NEPEXORBl IKCROMCHUUAALROLM, AU~
HedRuM LAY HeObILEBCKUM MPaHcHOpMamOpOM B 3aBUCHMOCTH OT TOFO, N0
KaKoMy H3 5THX 3aKOHOB H3MEHsETCst BONHOBOE CONMPOTHBJIEHHE JIHHHH N0
Aldie Iepexona.

U B asxcnonenyuarsrom mparcopmamope (puc. 3.18) BOAHOBOE CO-
Upornpsenne, COOTBETCTBYIOUEe KOOPAUHATE X', PaBHO

Zn: nlebx’n
Tle Z,) — BoanoBoe conpotueaerne npu x° = 0, 1. e. B nauane nepexona;
— Dapamerp, XapaKTePH3YIOU{HH CTEUeHb H3MeHeHus Z, Ha cAuHHLy
ATRHLL ngppy,

Bak, 1611 [}
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B KoHue nepexoa, rae x' = I, BOJHOBOE coupovHBaeHue Zg = Z;, =
= Ze?, otkyna Z,,/Z,; = € u panna tpanchopmatopa

Zny

1 V4 2,3
[ =—1n 222 = g~
h Ly h L

Kaxk nokasuraer dopyyaa (3.5), Aaunxa nepexofia { nosxna GulTh €M
Goable, yex GoJblle Nepenajy CcorsacyemblX conpoTHpienuil Zga/Za, o
MeHblle napaMerp o, 1. e. yem JoJiee [1aBHO H3MEHAETCst BOJIIOBOE COITPo-
Tusaene ot Zy, A0 Zy,. [lojoca nponyckaHHs 9IKCHOHEHUHAILHOTO
TPpaHCPOPMATOpa, KaK M APYTHUX IIABILIX [EPeXOA0B, OrpallHIHBaETCs
TEM, YTO C YBeJaHUElHeM UL BOMHLI A Y MEHBIIACTCS OTHOCHTEIbHAR LT~
Ha mepexona /A, a 370 CNOCOOCTBYET OTPAKCHHIO BOJH B TpaHcopyatope .
U, CJAENOBATEJILHO, YBCMHUCHHIO ko BHE MEepexoja.

2. Juneldnnii mpanchopramop NPUOANMKEHHO PAcCMATPHBAETCA Kak,
YacTHLIA CAyYall 3KCNOHEHLIA1BHOrO TPatchopmaropa, B KOTOPOM MO erg
JJnie | BOJIHOBOC CONPOTHB/CHHE U3MEeHsercsi NOYTH paBHOMEPIO.

3. Yebvuuesckuii nepexod MOXKET ObITh 1IABHLIN IJH CTYNEHYaTEN. 3a-
KOH M3MEeHEHHs er0 BOJHOBOTO CONPOTHBJEHHSI OMHCLIBAETCA € MNOMOHIBIO’
dynxunit HeGpiinesa i Jyyiue BceX APYTdX MO3BOJIRET COBMECTHTL TPelo-
BailMg MUHMIMAILHOH AJHIIbI NCPeXoAa ¢ 3aJaHHbIMH f10J0COH MPONyCKa-
HH3I, TIePenaioM CONPOTHBIEHHN Zyy/Zyy 1 IONYCTHMBIM K.y B (ilACE.

15. COMTACYIOLME YCTPONCTERA B BUAE KOMMEHCHPYIOWMX
PEAKTMBHOCTEW

15.1. Cornacosanyie ¢ 1OMOWMbIO OXHOA KOMNEHCHPYIOHICH pPeAKT!iB=
HoctH. . Kak H3BECTHO, B 11€COTMIACOBANION ANHHHE HMCKTCS CeucHisd)
e-f, c-d, ... (puc. 3.19), pacno.1oKeHHbIC ¢ HBTEPBAIOM A/4, B KOTOPLIX e~
PeAYIOTCST MOCIeHOBATENBHBIH (I NapaMIeabHL PCIOHAHCH. JKBHBAJEHT=
HOE COMPOTHB/IEHNE B 3THX CEUCKHAX NGO akmisloe (Z, = R,), JHG0 \H
HIMAbHOE R, yuu == Zslkey (NOCJEAOBATENbHLIE PE30HANC), AHOO MAKCH-
MAJIbHOE Ry 0k = ZuRen (TapasIeIbHblil pe3oHatc). 3uauur, Ha Kam;io::j
YeTBEePTHBOJIHOBOM y4aCTKe JHIMH 0053aTebHO HAXOAUICs TAKOE CeUeHH
a-b (nbo a’-b’), rae conporuBieHue R, = Z,, 4 NOpOBOMLIMOCTb g, ==
= /Zy = gy. .

Ho B 370M ceuenin HET pe3oHaHca 1, c/eOBATC/bHO, HMEETCH ellle pe-
aKTHBHAA COCTaBJIAIOLLAN NMPOBOALMOCTH jb,. Tlo veroxy B. B. Tarapuno-

Ba €¢ KOMIEHCHPYIOT 4HCJEHHO pase

¢ 2 ¢ a HOH M POTHBOINOJIONKHOH [0 3HAKY,
¥ ?f’:‘/fﬂ&'/r”:‘ﬂﬂg‘g y }L /E b U 7 PEaKTHBHOH [NDOBOAUMOCTBIO fby ==
/’{// AT T, = — jb;, KOTOPYIO BKJIOYAIOT B TO
7 {\.1 Ke ceueHue a-b. Taxo#t pearTus-

Y ! Uyl HOCTBIO OOBLIYHO CAYMKHT iuaeiip 8
v ‘ 1 BUAe KOPOTKO3AMKHYTOro (/,) WJH
pasoMkHyTOro (f3) orpe3ka JWHHH
T =2 ~dt perynupyemoit JJIHHbI.
= oSt T4 T .
A | ~ .
W "‘I Puc. 3.19. Cornacosause conporhsiennd

oiltogHEY WacEPoy




}lepenetmas maeiid (nienas Iy), 106#BAIOTESA TOCO, YTOOL AKTHBHASL NPD-
pMOCTh iepa B Mecte NOAKMoUeHHs Wtediha g, Guiia paBHa BOJHOBOM
gar 0 PETYANPYS MIHHY I (13), ROGHBAIOTCH KOMMEHCAUHH PEeakTHBHOCTEH!
B 5TOM CEUeHUN, T. €. papeHcTBa b, == —b,. Toraa B ocHOBHOM yacTH -
gep+ (0T TeHepaTopa RO ceveHMs a-b) paclipocTPansiores TOAbKO Oerviiie
po.ilibl ¢ HefictByomumy Hanpsikennem Uy H Tokom /4.

2. CorslacoBaHue OAWHOUMBIN 1UMefibOM OCHOBAHO Ha TOM, YTO OTpa-
ye:ast OT HaTPYSKH BOJIHA 3aMblKaeTcsi Yepes mvield, oTpaxaercs OT €ro
KOpOTKOZAMKHYTOrO (M pas’OMKHYTOFO) KOHUA M BO3BpaliacTCs K Ha-
TPy <Ke, @ B OCHOBHYIO 4acTh (hrAepa, pacroioKeHHy 0 MeXLY TeHepaTopoM
u nueitidom, ona He nonapaer. CrenoBaresbHo, B uinefipe CyilecTBYIOT

10.35KO CTOSYME BONIHEL, a B dunepe, Mexay uwmelhoM H Harpysxofi, —
CACIUATIHDbIC,

tlto6bl YMEHbUHTh NOTEPH, O6YCJOBIEHHLIE CTOSIYHMH BOJIHAMH, BH-
G0t Iy << A/4 M, Kpome TOro, 1medd NORKJIIOUAIOT KAK MOXKHO OJaHXKe
k uarpyske. Tlpn I, <C A/4 Bxonnas npoBOAMMOCTb KOPOTKO3aMKHYTOFO
w.oelipa UBIYKTHBHAsS, a PasOMKHYTOTO -—— eMKocTHag. [Tostomy minefid
B5G LT NGO 110 TY CTOPOHY OT PE30HAHCHOrO ceueHns c-d, T SKBHBAIEHT-
11J: NPOBOMIMOCTb camoro duiepa eMkocTHas (a-b), nu6o 1o Apyryio cro-
po.iv OT pe2olaHcHOro ceuenus (a’-b').

15.2, CoraacoBaHue ¢ NOMOWbBIO ABYX-TPeX KOMIEHCHPYIOIUX peak-
tisuocredt. 1. Tlepememnats wwielig Broab skpanuposanuoro ¢uaepa (ko-
{2TbHOTO0 HAH BONHOBOAA) 3aTPYAIINTENLHO. BMECTo 3TOFO NMpHMEHHAIoT
yUrpoficTBO U3 ABYX-TPCX HeNepemeliaeMmXx peakrtusaocreff. Hacrpoiika
YCipoficTBa CBOAUTCH K PEryJHPOBKE BEAMUHH 3THX peakTHBHOCTEH.

2. PaccMorpuM corsiacoBaHde ¢ noMotbto maendos Ulny, n,, 3avk-
HYTIIX HAKOPOTKO MOABHXKHBIMH naymKepamu (puc. 3.20). Tlonroe coraa-
Connwiie NOCTHTAeTes B cedeHud g-¢, rie untefid Hlny Beimonnser te xke
$yvecig, yro v mefip wa pue. 3.19. Pasnuude 8ax/aiouaeTcs B TOM, YT
yUiIoBlie g, = gp B MEpBOM cayvae (puc. 3.19) pocruraercst neperBHKEHH-
&M orluHOuHOro mekda, a B IAHHOM ciydae IS BBIMIONHEHHA TOrO yC/o-
BUS 3aMeHsieTcst AAUHRA [, mireiipa [a, (puc. 3.20).

Orilenbno B3sATHIE OTPE30K rinepa AAIHON [, 3aMKHYTHIR Ha comnpo-
THBACHKE Z,, HMERT KOMINEKCHYIO BXOAHYIO (MeXRy b-d) NPOBOAMMOCTD.
K res ke Toukam b-d moaxsmouaeres uneid Ha,, uMelomuit HeKOTOPYIO
PCAXTUBHYIO IPOBOAMMOCTS. SHAUHT, ¢ €70 BKNIOUEHHEM COOTHOILICHHUE MEXK-
AY akfiBno# R, _4 1 PeakTHBHOH X,—q COCTABJSIOUIMMH 3KBUBAJEHTHOTO
Conporusaens B ceueHun b-d UIMEHSETCs. DTO COMDOTHBJIGHHE MOXHO
PaccMaTpusar, kak HAarpy3Ky ocHOBHON uwactd ¢uiepa, HaunHawoweica
Ha 3axuMax renepaTopa M OKaHuuBaowefica B ceuennn b-d. 3uaunt, ot
CooTHOWRH IS Meswny R,_g B Xj—, 3ABHCHT TONOKEHHE PE3OHAHCE B Pac-
CMarpusaemoft wactn dumepa. Mamensst [,, MOXHO CMeCTUTL Pe3OHAHCTILE
Cselmmm TaK, 4yTobbl JIs ceweHus q-¢, riae Braoued wmaead i, akTusHaa

KBUDANCHTHAA MPOBOJMMOCTL g, GbLIA PaBHA BOJHOBOH TNPOBOAMMOCTH
HAepa g, == 1/Z,, a peakTHBHas COCTABAMIOULAS SKBHBAJEHTHOR MPOBO-
f{”e‘:rocm KOMMeHCHpOBanach OOpaTHOH NO 3HAKY PEaKTHBHOK APOBOMA-
OCTbiO wineiipa [Ea,. Sro u Tpebyercs AAf COrJacoBaHus.

3
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| YCTPOHCTBO HA [10JJ0CKOBOA MK

i
N
1

Torxa ot reuepatopa 10 a-0

1
W pacrnpocrpansiorcs Geryilie BOJHBL,|
B weiipax In,, Ui, — crosque
BOJIHBI, @ OT @-C 10 Harpy3ku Z, —
Puc. 3.20. CornacoBanne comporipie- CMElLIaHHBIE.
HHA ABYMs meApamu Ecan B cHcTeMy BBECTH TpeTHH
wneiip [Hng 1 pacnonoxurbh €ro Hal
paccTosiiuH Iy = Ay/4, TO CTaHET BO3MOMKHBIM COTJIACOBAHME HPH JHOGOM;
COTPOTHBJCHHHM Harpy3sKH M B HEKoTopoil nosoce wacror. Coraacyiouiee
ycTpolcTBO cTaHoBHTCSl Goslee IIHPOKOMOJIOCHBIM, KOorfa I3 = Ay/8 wan
Iy = 3h,/8. : s
Tononornyeckast cxeva TpexuieRpHOro COracyIolero yeTpoicTsa Ha
/1 nokasaua na puc. 3.21.

16. BO3BYXKAEHUE NPOBONOYHOIO CUMMETPUYHOTO BHUEPATOPA
ABYXINPOBOAHOMR IMHUENA

16.1. Ipocreitinasa cxema Bo3GyXjeHHs CHMMeTpHuHOro suGpatopa.
Ha puc. 3.22, o cumMeTpruHas ABYXNPOBOAHAS JHHUA MOUKMOYEHA K [10-
NYBOJIHOBOMY BUGPATOPY B NYYHOCTH TOKa, a Ha puc. 3.22, 6 — K BOJHO-
BOMY BHOPATOpY B MYyYHOCTH HanpskeHus. Harpyskoft sunun asasercs
BXOAHOE COTPOTHBJeHHE BHOpaTOpa Rixa. Hmes B BuAy, uTO OTHEceHHOe
K DYYHOCTH TOKa COMNPOTHBJIEHHE H3JYYeHMs UONYBOJAHOBOIO BUOpaTOpa
Ry = 73,1 Om u BostvoBOro BubGpatopa Ryp = 200 OM, u moJaaras, yTo
BOJHOBOE CONPOTHBJeHHe 3THX BuOpatopoB Z;, = 800 Om, umeeM
Ruxa >~ Rzp = 73,1 Om aas cxembl pHC. 3.22, @ U Ryxpy = Z:A/Ryy =
= 800%/200 = 3200 Ov ans cxemnl puc. 3.22, 6. Tak Kak H B TOM U B
NPYroM CJIyuae COMpOTHBJAEHHe Rpxa HaMHOTO OTJIHYAETCH OT BOJHOBOIOQ

1=A/2 1=0474

. i I 4

gl ol |y
iz

/i p | # “Z. i IRy 4 P L L d LL L L4 9
A =
q SN e Yo Y
& i

Prc. 3.22. [TpocTedutne cummeTpiynne RuGparTop, BO3OYXKAaemhe cHMMeTpAYHOR
ABYXDPOBOAKONR AWHHER

a) J)
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co ' DOTHBJCHHT CHMMETPHYHOTO ABYXNPOBOAHOro ¢uidepa Zyg = 390 ...
.. 6o OM, TO KOPOUIMEHT CTOAYUX BOJNH NOJYY&STC HEAOMmYCTRMO Bbico-
Kiitl — OKOJIO CeMH.

16,2, Cxema napaaiesbHoro Bo30ysxAcHus BONYBOTHOBOTO BHOpATOPA.
B »wit cxene (puc. 3.22, ¢) Bufiparop, AJiHa KOTOPOro ¢ yueroy 3ddekra
«vkopodennsy | == 0,47A, He unmeeT NPOMEXKYTOUHOTO H3oasTOpa. B cpen-
puit TOUKE BHOPATOPa € HAXONATCSt NydioCTh TOKa W Y3ed HanpsiKeHnus
(U = () u akrasHas COCTARNAIOIWLAA BXONHOTO CONPOTHBJEHHA Roxa =
=0, a B KpaHHHX TOUkaX BuOpalIOpa ¢, d, TAE CYILECTBYIOT My4HOCTb
palipfRaKeHuss | y3el TOK4,

Ruxp = LRy, == 800%73,1 = 8750 Om.

Aro 5HAYHTEILHO HOAbLIE BOSHOBOIO CONPOTURACHHA ¢Uaepa H, CAeloBa-
TeIbHO, Ha BUOPATOPE MOKHO HaAllTH Takue CMMMETpHUHhie TOYKH 4, b, B
KO1OPbIX  AKTHBHAA COCTABASIOWIAS BXOMHOIO COMPOTHUBAEHHS Raxa =
= Lny. K 3THM TOUKam BHOpATOpa W c/egyerT NOAKAOYATh Guaep.

IL1s COTAcoBaHMS HEODXOAMMO Takike, 4rolbl MeXAy TOYKAMH @ W b
ge Obi30 PEaKTHBNHOH MPOBOAUMOCTH (Xsxa —> c0). B BuIMOJAHEHHH 3TOrO
yeAoBNT MOMHO VOEUHTLCS, eCAM YYecTb, YT0 MeKIy TOYKaMu ¢ U b na-
pa’l/1ebHO BKJIOYEHB! IBe YacTh BUOpaTOpa, H3 KOTOPHIX OAHA (BHYTPEH-
H$4) IKBHBAJICHTHA KODOTKO3AMKHYTOIl B TOYKE € JUHHM AJHHOH X ==
= 1h/2 ¢ peakTHBHLIM BXOAHLIM CONMPOTHBAeHUEM jZ, , tg Px, a Apyras
(BHuillliAf)  KBUBAJEHTHA Da30MKHYTON JMHAM AJnHOA ca = bd =
4 — X ¢ peakTHBHbIM BXOAHBIM CONPOTHBIEHHEM

Zy A ctg [B A — X)) = —jZy , ctg (W2 — Bx) = —iZy , tg BX,

rae [} = 2n/A — xkosdduunesT dasbi (BONHOBOE YHCAO).
Mpy Takux pasMepax JiHHMY DPeakTHBRas COCTaB/dIoiasd BXOAIIOTO
COUPUTHBAEHHS BuOpaTOpa Mexny a-b

X o ('Zp,A i‘g BX} (‘I/BA tg ﬁx) _ ZliA tg2 ﬁx
T gt B 12, te P 0

YTO 6aHagael NapaanensHulit pesonanc. [lpH napannensHom pesouauce
BXOiHOEe CONpOTHBACHHE BUOPATOPA MMEET UMCTO aKTHBHLIA XapakTep #
€r0 MOZKHO UOACYMTATH 1O (opMydae

Roca = Z3a/Rza-p = Z3a sin® (Bx)/Rea=Zia sin® Bx)/73,1.  (3.6)

Bnech Ry, = R 44/ sin® Px — conpoTHBAeHHE H3JYUYSHHS TOJYBOJAHO-
BOFO BuGpatopa, oTHeceHHoe K ToukaM a-b. [lo gopmyie (3.6) MoxHO on-
PeACanTs snaveHHe x, U KOTOPOM YAOBAETBOPAETCA PABEHCTBO Raxa *=
= Zpg IUIS 33)aHHOP IUIMHBI BOJIHE! Ay T1pW OTRJIOHeHHH A OT A, paBed-
CTBO Hapyiaercs u coOrsacoBaHHe MexKAy BUGPATOPOM W (uiepom OpcTpo
YXymmaetcs.

16.3. Bo3byxaeHre netaesoro subparopa (waesid-sudparopa) AByX-
PORoAHbIM runepom. Hanwnas antensa (puc. 3.22, 2) COCTOMT H3 ABYX
2233:; JHHOBLIX BHOPATOpOB (B, ¥ B,), BKJIOUEHHHX NapaiieibHo. Taxoi
PoB g KB,Ki"O“e“"" O3Hayaer, uTo 3apsibl (MOTEHLHAbI) 000UX BHOPATO-
0By 'Pd_mmx TOUKAX @, & PABHLI, A CJAENOBATENbHU, TOKA B BHOparopax

A4I0T N0 HAUPABJAEHHIO M BEJAHYHUHE.

- 00,
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Momnoctt Wanyuennsi BnOpPaTopoB COOTBETCTBCHHO PanHbL
Psy=(Ru-+Rp) I3,
Pz =(R22+R21) 1%,

rae Ry, R,, — cofScTBeHnble CONPOTHBAEHHS HANYUEHNs BUEPATOPOR
Ryg, Rn — CONPOTHBACHUSA HBTYYEHHS, BHOCHMbIT 13 OAROTO BrOpaTopa
Apyrof; /g — geficTBYIOIlEe 3HAUEHHE TOKA B NyYHOCTH, K KOTOPOH OT
HECeHbl YKa3aHHbie COTNPOTHBJICHHS. .

OObMHO paccTosinMe MEKAy BUOPATOPAMH COCTABAAET MAyIo 4acT
JJAHBL BOHBI, ¥ MOTOMY BHOCHMBIE COMPOTHBJEINS MOXHO CYUMTATh Pa
HbIMH COGCTBEHHbIM:

Ry = Ry = Ry, = Ry
Orciona MOILHOCTL H3.yUYeHHs NeTAeBOrc BUOpaTopa
Py =Py + Py = 4Ry /3

a €ro CONPOTHBJEHHE H3TYUEHHA B YEThIPe pa3a 60Jbllie, YeM OIO4HOr
NOJ1YBOJHOBOTO Bnﬁparopa

Ry= P} = 4R, = 4. 73,1 = 4924 Om ~ 293 O

D10 1103BOASET HOIYUHTL VIOBJACTBODHTENBHOR COTJIacoBalue ¢ ABVX:
NPOBOAHBLIM (PHAEPOM, BKIKUYEHHLIM B MYYHOCTh TOKA (RBep = 2).

CxeMbt nuTanus puc. 3.22, 8, 2 ROMYCKAOT HETIOCPEACTBeHHOe KPeil1ed
HHe BHGDATOPOB K MeTalNHuecKoil onope B cpefHell TOUKe e, MNOCKOJbK
5T0 TOYKA HYJEBOTO NOTEHIlHaJa.

17. BO3BYXAEHUE NPOBONOYHOTO BUBPATOPA
KOAKCHANBHBEIM MUIOEPOM ]

17.1. Ha3BaueHue cuMMETPHPYIOMUX yCTpoiicTs. B cBA3H ¢ mpeinys
MECTBAMH KOAKCHAJAbHBIX BOJHOBONOB (1CPENl OTKPbITBINMH JBYXTPOROAHbIS
MH JTHHHSIMR TIPEACTABJSIET WHTEpec BO3MOKHOCTL BO3OYIKIeHHA BHOPAT
poB KoakcHanbHbIMH (pyjlepami. [TockonnKy Takue dHACPh HECHMMETDHY
Hble, HCOGXOAUMO NPHHSTL MePHl ¥ COXPaHEHHIO CHMMETpHH B BAOGpaTOpe,
Ecnu storo ne cnenats, To B 7O 1OJOBIHE BHOpATOPa, KOTOpast MPHCO
AUHEHA K BHYTpeHHeMy nupoBoRy dupepa, npolijer Goapiiuit TOK, yeM
ADPYrofl NOJIOBHHE, 33 CUET HEKOTOPOT'O TOKAa, OTBETBJSIOUIErOCH ¢ BHY
pesHelt MOBEPXHOCTH BHELIHETO MPOBOAA dHAEPA HA €ro HapPYXKHYO T
BEPXHOCTb., JTOT TOK, NpOTEKAOMIMi Mo HapyxxHOH ofojouke duaepa
BLI3LIBAET aHTEHHBIH S(PeKT H TeM caMbiM HCKAXKAET AMATPaMMy Hanpapd
JEHHOCTH aHTeHHO-QUAepROrO ycrpoiictBa. K TOMY Ke NPOHCXOAHT pacd
cTpofiKa BHOpPATOPa, H3-32 Wer0 U3MEHsIeTCs ero BXOAMOE COTPOTHBIICHHE:

17.2. Cummetpupylowee yeTpoiictso tina U-koaesa. B cayuae poas
6y>kaeHust BuOpaTopa M'MOKAM KOAaKCHA/NbHEIM KaeseM CHMMETPHPOBAHHE
NPOK3BOAAT ¢ TomoiLbio U-koneua (pnuc. 3.23). PaccMOTpHM ABa MpHMepE
BrMouenust U-KoneHa B CXEMb! NPUEMHbLIX TeNEBHIUOHHLIX AHTEHH. .

1. BuyTpennu#i NPOBOJ KOAKCHANBHOTO (uaepa Day (Zsy = 75 OM)
{puc. 3.23, a), waymuii OT PPHEMHIIKA, DA3BETBASETCH HA JBa OTpE3Kal

Dp, aawnoit I = A /4 n O, qaunoit 3A./4, tae Ay = A/V € — annua
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Pite. 3.23. CnumeTtpupyowie yerpofictda TRna U-koneHa

go 1ol B QuAepe; Ay — CPeAHAN AMHHA BOJRLB NPHHHMAEMOTO TENEBH3IH-
oHNidM KAHA/A0M CHTHA/la, BhMUCJAeHHAs N9 BO3AYyXa; & -— OTHOCUTE/b-
Has AW3JEKTPHYecKas NPOHHLAEMOCTb MaTepuasa, 3anOAHAIMEro draep.

CBoGOAHbIE KOHIB OTPE3KoR Gujepa NoAKIOYAIOTCE K JHHECHHOMY NO-
ayeo1nopoMy Bubparopy. Tak kak BHOpatop NHTaeTcs B MyYHOCTH TOKa,
TO eI'0 BXOAHOE conpoTuBaerue pasHo 73 OM ¥ Kax)asa NoJoBHHA BHOpa-
TOPA MMEET OTHOCHTENbLHO 3emau conpotusienne 36,5 Om. Yepes orpes-
kit qitnepon Da, v Dag moboe B3 3THX CONPOTHBACHWH TpaHCHOPMHUPYeET-
¢ K ceyenuio A B conpoTuiienne Zie/36,5 = 75%36,5 ~ 150 Om. Cne-
Rotaienbho, $pnaep ®f, B ceuenun A HArPyMeH Ha CONPOTHBJIEHHE
1502 = 75 Ou = Zyg, 4T0 H TPebyercs AAS COTJIACOBAHHS.

Tak RaK AnHHa NYTH TOKa K OLHO# noJjosuHe subpatopa Soabiie, Yem
K 1pyrofl, Ha Ay/2, T0 MOJAPHOCTb NOTEHUHANOB B TOUKAX a, b subpatopa
RPOTHBONONMKHAA H 3THM AQCTHTAETCA NOJIHAS GHUMMETPHUS] BBHIXOAHOTO
HaNPAKEHH OTHOCHTENLHO 3eMJiN.

2. B cxeme pue. 3.23, 6 Harpyskoi dugepa Pa, niBasercs neraesofl
BH3paTop, 11 003TOMy OHR coemuttsiiorcst apu ' = 0, Toynee, pugep Px,
HOLKTIOuaercs K ORHOMY 3axumy BuGparopa b, a uepes U-xoneno ®n,
ATuiolt Ay/2 coepunser 3axum b ¢ apyram saxumom a. Onnetku Beex
Otpesicon dunepa, Kak ¥ B MPEAGIAYIIEH CXeMe, 3MLIKAIOTCH MEXKAY CO-
60 1 B necTe NOAKIIOUEHHA W NPHEMHNMKY 333EMISIOTCH.

B namuov cayuae corsacoBanue MPOUCXOAWT CAELYIOMHM OGPAsOM.
18K Kak BXOjHOE CONpoTHBACHME neTeBoro suoparopa 293 Om, 10 Mexay
TOUKOH @ way b p 3emnell conpoTupaenne pasho 293/2 = 146,56 Om. Tlo-
AYBONHOBYI wnelihp Pa, nepenaeT Ge3 HIMEHEHHS CONPOTHBJCHHUE H3 &
B, Cﬂellona'renbuo. B ceueHuH b npueMunii ¢puaep $a, 3aMKHYT Ha CO-
IPOTHBAERNE 146,5/2 = 73,25 Oum o Zgg, T- €. HMEET MeCTO COrJIacOBAHNE.
mecm-(ﬁ% CHI'\amerpupyl(:mue yc;rpoﬁc*ma npu BO3GYXnenun subparTopa
BOMHOBOL KOakcuanoHoH AuHHMeH. 1. B cxeme c NDHMEHEHHEM YeTBEPTh-
- ;) “cTakana» (puc. 3.24, @) Ha KOAKCHAAbHYIO JIHHHIO HAleBAIOT
COemms[eermc.)Bbm metansuyeckuit unauuap (I = A/4), AHO KoTOpOrO
aAysaere # ¢ BHELIMMM 3a3eMJICHHBIM NPOBONOM (huLepa. Hp“n TOM TO-

A KOpOTKOlamkHyTHas B ceueHuu ¢-d JAuAHA AAHHOE | = M4,

i




BXOLHOE CONPOTHUBJIEHHE KOTOPOi M&KAY a-b oueHb Beaiiko. B pesy.bTa
TOUKN b OKARKIBAIOTCH WBCAWPOBAHHBIMH OT 3a3eMJeHHOH HapYMKHOH nNos
BEPXHOCTH LHJIHHADA, H TOK, NPOXOLsWHUHA BHYTPH dujlepa HA eTO BHELl
HIOI0 OOOJIOYKY, HEe OTBETBASETUS.

2. Bce paccMoTpeHdble ¢XeMb BO3GYXKIEHHSE CHMMETPHUHKIX BHOpa
POB HCHONB3YIOTCA B HH3KowacToTHOU uwacte YKB. Ha Gonee xopoTkw
BOJIHAX, BOJIOTb IO CaHTHMETPOBBLIX, IPHMEHSIOTCA CXeMbl BO3BYXIeHH
¢ ABYyMfl Y3KHMH Y€TBEDTbBOJHOBLIMKH MPOLONBHEIMH ULE/SMH BO BHELIHE
[IPOBOJIE KOAKCHANbHOH auHuH (puc. 3.24, 6). Tak, rae Haunnawores we
JIH, Tedn BuGpatopa () cOepuHSIIOTCS C BHEUTHWM UpPoBOAOM (2) ¢munepa
Kpome Toro, K Touke a depes nepemblyky (3) MOAKJIOUaeTCT BHYTPEHHH
npoeoj (4) ¢unepa. Bee 570 He Bhi3pIBaeT KOPOTKOIO 3aMbIKAHHS KOAKCH:
asibHOFO QHIepa, TaK KaK ero BHEIUHHI MPOBOX Ha yyacTke wies nojpode
4eTBEPTHBOJHOBOH KOPOTKO3aMKHYTOH JIHHHH, HMelolleH MeXAy ¢ M
oyeHb GoJblioe BXOAHOe conporuBienne. CieoBaTeNbHO, TOUKH @ ¥ §
M30JIHPOBAHEl H aCHMMETpHS KOaKCHaJIBHOTO ¢ujepa NMOYTH HE Hapyluae
cuMMeTpun BuGparopa. ‘ )

O6uKit HEZOCTATOK YCTPOWCTB, TNOKasaHHmX Ha pHc. 3.22—3.24,
HX Y3KONOJOCHOCTb. v

17.4. Boa6yxneHHe HECHMMETPHUHBIX BHOPATOPOB KOAKCHAIbHOH JK
HHed. 1. Dta 3ajaua peluaeTcsi CPABHUTENILHO MPOCTO, TaK KAK B 1aHHO)
cayyae He TpeGyercs cHMMerpupoBaHust BuOpaTopa. Hanpumep, 15 BO3s
6y KIEHUST TETJEBOr0 YeTBEPTbBOMHOBOrO BHOpaTtopa (/ na puc. 3.25, a
JAOCTATOYHO, YTOGBI 3TOT BHOPATOP CNYXKH/ MPOAOIKEHHEM BHYTPEHHETQ
NpoBOJia KOAKCHANBHOMH JMHUK (3), 3aTeM B TOUKE b 3aMplKAJICA HA MPOBO-
AAYIO TJIOCKOCTh (2) W, HaKOHell, BHEWHHWI NMPOBOA MiHHU COAHHAICH
¢ 3TOil IJIOCKOCTBHIO B Hauase BuOpatopa (TOUKH a). '

2. Tlonoca mponyckauus TNETIEBOro BHGpPaTopa pactiipsieTcs, eciid
3alIYHYHPOBATh €r0 Ha ypoBHe [ < A/4 mepembitkoil (4 na puc. 3.25, 6).
TeMm caMbiM BHOGPATOp AENHTCA HA IBa YYacCTKa: KOPOTKO3AMKHYTHI Bbis
cotoét A4 — [ v pasoMKuyTBIf BbicOTOH /. [lepBhIfi BHOCHT HHAYKTIBHOE,
2 BTOPOIl MMEET €MKOCTHOE COMPOTHBACHKE, H TaK KaK 3aBHCHMOCTb 3THA

YemBepms-
fonnotend
CMaKay

Koakctanshasn
NUHUST

Prc. 3.24. CxeMbl BO30yXieHRs BHGPATOPa KECTKOR KOAKCHaMbHON AHHned ¢ npw
MeHeHHeM TeTBepPTLBOJHOBOrO CTaKana (4) M 4eTBepTbBOJHOBLIX inededt (6) :
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Pric. 3.25. Cxemmw Bo3byaenus XOaRCHaJeunil  nwunell werneBoro (g), nernesoro
c WynToM (6) H QHCKOKOHYCHOro (8) HeCHMMETPHYHEIX BHOPaTOPOB

COTIPOTHBJIEHHIT OT 9acToThl O6paTHas, TO corsacosanue suGpartopa ¢ ¢u-
LepoM coxpausiercst B 6onbllel Mojoce wacTtoT, yem B cxeme puc. 3.25, a.

3. Yrtomnenue su6patopa NMPUBOAHT K YMEHBIIEHHIO €r0 BOJHOBOFO
CONPOTHBJIEHUS, 4 3TO CII1aXXKHBAET H3MEHEHHS AKTHBHOH W pPeaKTHBHOK
COCTAaBASIOIHEX BXOAHOTO COMPOTHBJEHHA BHOpaTOpa MNPH paccTpoiike.
SIPKHM TPUMEPOM TOMY CJIYKHT AHCKOKOHYCHas aHTeHHa (pue. 3.25, 4).
Nuck (1) coepvnsiercs ¢ BHyTpeHHUM mpoBoaoM (3), a moasifi - konyc (2)—
¢ HApY KHEIM [IPOBOAOM KoaKcHaJbHoro ¢uaepa (4). [1pu nocratouHo 60.b-
oM yrae 2925 ...60° k. B hunepe 61130K K eIMHHIE K IHArpaMMa Ha-
ApaBJeHHOCTH, ¥Melolian (OpMY BOCBMEPKH ¢ MAKCHMYMOM B TOPH3OH-
TaNbHOR TIOCKOCTH, H3MEHSIETCS] HE3HAYHTE/BbHO, Nake eCJM 4acToTa Ha-
MensieTca Gosee ueM B IBa pa3a. JIHCKOKOHYCHH# BHOGpaTop npuMeHsetr-
€3 KaK CaMOCTOATEeAbHAA aHTeHHA HA METPOBBIX W NEUHMETPOBLIX BOJI]"[&-X
W B KauecTBe OG/yuaTesiss aHTEHH CAHTHMETPOBHIX BOJIH.

lFnasa 4

SJIEMEHTD) M ¥3J1bl IMHWUA NEPEAAYM

18. NEPEYEHL YCTPOVCTB U Y3NOB OUAEPHOTO TPAKTA

fbunepnmﬁ TPaKT, Kpome OIHOPOAHBEIX OTPE3KOB M COMNacyiomHX yCTe
POHCTB, conepxuT: yCTPOHETBA BO3GYKIOEHHS H OTBOAA 3AEKTPOMArHHTHHX
KonteGaHuis, ycTpoiicTBa COENMHEHHS HEMOABHKHBLIX OTPE3KOB JWHHH fe-
Pelauy; yerpoficTBa couneHeHHs BpamaiouleBcs M HETOABWIKHOH uacTed
3HTeHHO-bHIepHOrO TPAKTa; y3/b IOBOPOTOB W M3rHGOB JIHHVK Nepelays,
PasBertBiienns, ofecneunBaIOIHe pacnpeiesieHHe H CYMMHPORAHHE MOULHO-
CTel nepenapaembix BOJH; yCTPOHCTBA IS MOJHON WJIW UYACTUYHOH pase
BASKR Kananop AHTEHHO-(PUAEPHOTO TPAKTA, YACTOTHHE PHALTPEI W Ap.

Onucanno srux yCTpOHCTB NOCBALUEHH TH. 4 # O.

b4
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19. REFEXOAbI B NUHKUAX NEPEAAYN, CBASAHHLIE
C NPEOEPA3OBARMEM TUMA BOMNHbI

B duneproM TpaxTe RACIOTCS nepexoast A8 BO3OYIKACHHS U NPHeM
3/CKTPOMATHUTILIX BOJH OlIPeleseHnLX THNoB. B ocHoBe cBoell 310 3
MEHTbl CBA3M: 3JCKTPHYeCKON (WThipeBoii BUGPATOP), MarMMTHOH (neTa
paMxa ¢ TOKOM) UJH 3AeKTPOMArHHTHON (oTBepcTHe, uieib). Heobxomms
y1o0Ll: a) Moayuaemble NOJS KaK MOMHO NOJHEE COOTBETCTROBAJH CTPY
TYpe BOMHEI BO30ykAaeMOro Ttuna, 6) nepexof He Hapyutan Corsacos
HHA (HACPHOTO TPaKTa, B) JMEKTPHHECKAs NPOYHOCTb BO3OYKA4IOLLE
yCIPOHCTBA yAOBAETBOPsJIA 3alaHHON MOLLHOCTH I¢pejaBaeMbiX BOJ

19.1. 3oH10BblH KOAKCHAJIbHO-BOJHOBOAHLIE mnepexop 7% —» MY
3anucp 7% - H[® o3nayaeT, 4TO peyb HAeT O Nepexone OT BOAHBL T
KOAKCHaJIbHOM JinHnH (3, puc. 4.1, @) K Bonne H, B IPAMOYTOJILHOM BOJIHC
Bofe (/). Buyrpennuii nposos JHHHH 1epeXoauT B 30HA (2) (WThipes
BHOPATOP), @ BHEIIHUH COEAUHSETCS CO CTEHKOA BOMHOBOZA.

Wexons w3 npunnuna o6paTUMOCTH aHTeHH, NEPEXOA BhIMOAHSIOT T
KHM Xe, KaK eca 611 or paboTa/n B pexxyne npueMa, a IMenio: 30HA pa
NONAraloT NapajaIeJbHO 3AEKTPUYCCKHM CHJAOBBIM JHHIAN U obecneyHBaio)
pexHM OeTYLIMX BOJH B NaNnpaBAeHHH KoaKcHa/dbHAash JHHUSI, 30HA, NO
IJomapmas Harpy3ka BoqHOBoAd. C MOMOLIBI0 KOPOTKO3aMbIKAIGLLETY
nopus (4) ycraHaBJAHBAETCH PEXHM CTOSYMX BOJH Ha yuacTke [, BOAH
BOAA I 3THUM HCKJIOU2ETCH Nepejaya 3HEPTHH BJEBO OT 30HJA.

HanGospwas aMuauryfa (myqHocTs) E,, HanpsKeHHOCTH 3JEKTPH
YeCKOro Toast nojydaercs NpH [, = A/4 u y, = a/2 (cM. 3mopul H
puc. 4.1, a, 6). Bmecre ¢ TeM BbICOTa 30HAa /; 1e MOKeT ObTh Hosbile pa
mepa b ~ 0,35A. Kasanoch 6bl, B TaKMX YCJIOBHAX L(€1€COOOPA3HO YCTa
wouTh /y = 0,200 ¢ TeM, uToOnl ITLIPh b1 HACTPOEH B PE3OHAHC H €T

BXOHO€ CONPOTHBJAEHHE (MEXAY ¢-d) ObIO YHCTO AKTHBHBIM: Zgyuyr =
= Ruymr + jXaxur = Ruxwr- Ho, ¥ coxanenuto, Ryyr npn f, = A/4
H 4, == a/2 3HAYNTeNbHO GOJbLE BOJHOBOTO COIPOTHBJAECHHS KOAKCHAb
HOH JHHUN Zg.

PaseHcTBa Ryymr = Zp, KOTOPOE HEOGXOAMMO A5 NOJyueHus Gery
IHX BO/H, ROCTHIAIOT yKOpOueHueM WThips A0 [, << A/4. [lpu s31OM BO3:
HHKAaeT eMKOCTHas COCTaBAsoulasi BXOAHOTO CONPOTWUBJIECHHA  LUTHIPS

(Xsxwr << 0). Ee MOKXHO KOMNEHCHPOBaTh HHAYKTHBHbLIM CONPOTHB/IEHH
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Pic 4.]1. 30HA0Bble KOAKCHA/LHO-BOAHUBUANDIE Hepexoabl THT— /T3
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poe. 4.2 BOAn0BOXRG-KOaKCUANbHK , p
[ pes0A € AeTeXTOpOM =

r—
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eri KOPOTKO3aMKHYTOTO  y4acTKa ' EE 7 1R
pOAHOBOAZ, I Yero Bhibupalor ) L/
J, < M4. Ecau atoro uesocratoy- === " Hg
Ho s COTJIacOBaHHSA, TO WThiPb = 1 |
c3etldloT OT CEePeAHHE  WHPOKO : <SS
cTCHKH BOJIHOBOAA, T.e. ycTauab- n g d U
AUBAIOT Pasmep y, << a/2. Hame- 7/
penile pasMepoB I,y H Y, BAHAET Ha " JrI
ole COCTABASIIOLIHE Pe3yJIBTHPYIO- d
pere CONPOTHUBACHHS MEXAY TOY-
KaMil G, d.

Taxaa XecTKas 3aBHCHMOCTb ONTHMAJIbHLIX 3HAYEHHD BeMYHH [, I,
ifo OT A aAenacrt BOHIIOBblﬁ [IepeXon y3KOMOCHBIM, fIPHYEM C H3IMESHEHHeM Yag-
Tovhl KoJeGanuil oco6eHHO 3HaYMTENbHO H3MEHSETCH PeaKTUBHOE COnpo-
Tip1eHHe Xpgyme. A8 DACWIHPEHMS NOJMOCHE NPONYGKAHUS fUEpexofa 3TO
COIDOTHB/IGHUE KeAATeNbHO UMEThb MUHUMAJBLHBIM, 4TO, KaK M3BECTHO,
JwinTaercs yromnenheM wrhipa. O6LYHO Ha KOHLLe YTONULEIIHOTO Y4acTKa
eviv NPHAAOT BHA NECTHKA Wi «nyroeuubk (puc. 4.1, 6). OnHoBpeMeHHO
570 YVEHBUIAET QNACHOCTH HIEKTPHYECKOro Npofof MemAYy KOHUOM 3I0H-
Aa ¥ ONHMalied K HeMy CTeHKOM BOJHOBOAR. [1yroBHuHbiit nepexoi pace
CHllTAH Ha nepelauy OOABLWOR MOLLIOCTH.

19.2. BoJHOBOAHO-KOAKCHAJBHLII Mepexol ¢ AeTektopom (puc, 4.2),
Bavtta Hyy, noaBoguMasi K OTPE3Ky BPsSMOYroJbHOro BoiHoBosa (/) co
CiOponsl GA0CKoro gaanna (2), wasoant JC B wrhIpe (3) KoakcHabHOM
iy, [TocdeAnnit COepKUT elle KpucTannaugeckuft perexrop (), Aep-
Hareidb (5) ¢ BbICOKOWACTOTHBIM Apoccesen (6) H BHHTOM (7) H BJOKIDO-
goviLi KonAeticaTop, oBpa3oBaHHbIl MeTalauuecko#t maidoh (&), cmos
uoit apoksankeit (9) M Hapy:KHbIM POBOAOM paszbemuon dumxu (/0).
Hancaennas D/IC nerextupyercs, npuden cocraBastoulne CBY roxa e
TCKIOPA 3aMBIKAOTCS yepe3 GJAOKHPOBOUHLIl KOHAEHCATOD, a TNOCTOAHHAR
Loctapaawowasn {y NPOXOAHT 4epes Harpyaky, Koropas MoARJA0Yaercs K
Aaitiofi jeTeKTOpPHO ceKlMH gepes pasbem (/0). Harpyskoi moxer cays
A1h NPHEMHHK WK MHKpoammiepmerp usmeputeas smouiiioctd CBY.

Kak BMAHO, Ta Y4ACTh KOAKCHANbHOM AWHWM, KOTOpPas OKaHYHBAETCH
Lepxatenem (5), obpasyer KOpOTKO3aMmkHyToill waefid. BoavoBoA 3ambi-
Kaerca waxoporko nopuiseM (/7). CMelleHHeM NOPiliHA YyeTaHaBJAHBAETCA
Hy¥las anq corjacoBaHus AKTHBHAs COCTaB/RIOULAR BXOAHOTO COMpPOs
THBIenHs WTHIPR, 4 PeakTHBHAA (EMKOCTHAf) €OCTaBASIOmAs 3TOTO CO-
UPOTIBACHMS KOMNEHCHPYETCH HHAYKTHBHBIM CONPOTHBACHHEM KOAKCH-
4ABNOCO 1nefida, KOTOPOE MOAGHPAETCs ¢ NOMOLbIO BHHTA (7), Nepenes
Waninero gepxarent AeTeKTopa.

19.3. Npyrue nepexoapi ¢ Tpancopmanueii THNA BOAHBL,

L g mpancpopmayue 6oarn. T** — HI® ucnonb3ylores ABa 30H1a,
hOTOpuie ememens Ha A/2 W BOsGyxnaalotca B npothBodase (puc. +.3)
C;&i’nwo@aauoerb noayyaercs 6aarofapsa ToMy, 4T0 ANHHA YHACTKOB KUAKe

AbHOH AWMHWK, BO3BYmAAIOWEH 30KAB, OTAnYaercs Ha A/f2,

s

.



2. 3oudosoul nepexod T — EX8, m. e. om T-80aubt 8 KOQKCUOAbROR]
aunuu K 8oane Eqy 8 Kpyeaom 80anos00e. Iliast Kpyrioro BOAHOBOAA HaMET
pom D COeHUMH 1O KPHTHYECKOH INJHHE BOMHBL Ayp SABAAIOTCR BOJ;
HAa Huswero tana Hy, (A = 3,410), satem Eq (Agp = 2,61D)
Eyy (Ayp = 1,64D) u 1. 0. CnenopaTenbto, 4js pacnpocTpaHeHUs BOJHLY
Eo HyXuo, urofbl AMaMeTp BOAHOBOAA YIOBJAETBOPAJ HEPABEHCTBY
A2,61 <<D << M1,64, HO 5T0 Re HCKJ/MoYaeT BO3GYMAEHHS ABYX HEMXeNas
TeJNbHbIX THAOB BOAH: H; u [, Utofu usbexarh ux pacnpocTpaHeHus,
LUTHIPb PA3MELIAIOT 10 OCH BosiHOBOMAA (puc. 4.4). Toraa 10k WTHIPA Dapan-
NENEH NPONOALHON COCTaBAsOmEeH FACKTPUYECKOTO nona BoARb Eyy, al
T4K KdK B BOHAX THHa H 3Tol cocrasasiomed ver, to H,; u H,, He B03-|
OyKaa0TCA. o , ;

3. Maenumnas ceasb ¢ 604H08000M OCYILECTBARETCs neTael (paMKOH)
(1), KoTopoli OKaHYMBAEeTCR KoakCHanbHas JuHuA (2) (puc. 4.5). [laoc-
KOCTb METAM A0JKHA OLITb NepneHaAMKYAsapHa THHUAM MarHUTHOro noas H
8aJaHHOrO THNA BOJIHLI H HAXOAUTbCS B NyuHOCTH 3TOro noas. CornacHo
puc. 4.5 neras Bo3GyXKAaeT NPOAOJbHYIO COCTABASIOLLYK MarHHTHOTO
N0JIsi BOMIHBL M4, @ NO3TOMY pamMKy NOMEIAIOT B NONEPEYHOH IJIOCKOCTH
Ha pacetoaHuM A/4 OT KOpOTKO3AMBIKAWOWEH 3arayuiku (3},

4. Tpancpoprayusn eoanor HYE 8 npamoyeorbrnos 6oaHoeode (CeyeHne!
A na puc. 4.6) B Bonny T HecHMMeTPUUHOH NoAOCKOBO#H NMHuN (ceuenne C)
COBEPIIAETCS € MOMOLLBIO IJABHO H3MEHSAIOUIETOCS NO. BLICOTe MeTasJliiecs
KOro kianHa (5), koTopsifi npujaet BoaHoBoAdy H-o6pasuyio dopmy (ce-
venue B). Kare coefunseT BoaHOBOA () ¢ MONOCKOBBIM .IPOBONIHKOM (2)

e i A b e

(0 ¢

Puc. 4.4. 3oujonuit nepexoa Txa— EXY ‘
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puc. 4.5 KoakcrankHo -BORHOBOARUIA nepexon

prt-—> T0s  OCYWECTBASEMBH ¢ (OMOULLIO
petal CBA3H
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HECHMMETPHYHONR MHHUH. 3a3eMNCHHON NNACTHHOH NWHHH @NYKHT Apo-
Aomxkenue (3) HHKHER cTeHkH BoaHOBoA2. OcHoBanue (4) AHHHW QHIJAEKT-
puyeckoe. TlosyyeHHLi nepexoa OoT/M4aeTcs MPOCTOTOH H3TOTOBJAEHHS
H IIHPOKONOJOCHOCTbIO.

20. COEAUHEHMS YHACTKOB dUAEPHOTO TPAKTA
C BOJHAMW OAUHAKOBOTO TUMA

20.1. O6umue csenennsi, K paccMaTpUBAeMBIM COEMHEHHAM (coune-
HEHHAM) OTHOCSITCH WITENCENbHBEIC Pa3beMbl, KOHTAKTHBIE H APOCCEJbHLIQ
$aanie. K HuM npenbABAsioTCA Caeayloulne TPeGOBaHHS:

— MUHUMYM [OTepb 3HEPTHH KaK Ha HarpeB KOHTAKTOB B Da3beMax
W daaHuax, TAK ¥ Ha W3JAyYeHHE depe3 COeNMHEHHE;

— HCKJ/IIOYEHHEe IEKTPHUECKOTro mpofoa COeAMHEHHH MpU fepejaqe
BOMH 3anaunoii MOIHOCTH, KOTOPHIH BechbMa BepOsiTeH (MPOAOIbHBIE TOKH
BOMHOBOa AOCTHTAIOT [eCATKOB—COTEH aMmep);

— PEPMETHYHOCTb, 4TOOH COeAHHEHHE BLUACPXKHBAJIO AABJAEIHE rasa,
KOTODEIM HanonHAIOT MMHHIO /1S YBEeAHYEHUSA €6 SNEKTPHUECKON MpOuNo-
CTH, ¥ qTOGkI B JIMHMIO HE MPOBYMKAJYM NbLTb H BIAra, OT KOTOPHIX BO3Page
TA0T norepu nepenasaemoit ynepruy;

— MWHUMYM OTDa{€HHSI BOJIH B MeCTaX COcAHHeHHs CeRIni Quiep-
HOrO Ttpakra; g

7



— RO3MOKIO:TE OLICTPOrO MOiiraka H IeMonTa)ia TPaKra, L
— joctarouno Goawuioli Cpok ey kOB,

— JIOCTATOYNAA LHPOKOIOAOCHOCT. -

20.2. Kontaxtubie (naockue) coeastnenns. OGparimes K KOMTAKTH
My COGIMHEHMIO HEeNONBHKHBIX OTPe3KoB (/, 2} NPAMOYTO/IBHOTG BOJIH
Boaa (puc. 4.7). Koutaxtiipyowie MOBEPXHOCTH OTPE3KOB HLOJLKHLI
npHKacatees Kak MOKHO noasee, Jlas storo tpebyercs crporas mepn
ANKYJAAPHOCTE STHX NOBEPXHOCTEH OCH BOJIHOBOAA W Hajle)kuasl CThIKOB
OTPe3x0R NJockuMy Gaanuany (3, 4). Ounu 1punanBaiOTCs K BOJHOBOJA,
a 3aTeM CTACHBAIOTCA BUITAMH (§) 15 BIauMi0 QHKCHPYIOTCS INTHILKaM
ApOXOjsuIMy yepe3 orsepetis (6). Ha oxiom u3 duianies AMeeTes KaHa
Ka (7) anst pesunoBodl npokaaixkda (8), npennasHadyesnoll Ans repme
3allHY y3na. ,

20.3. B uenopsuikHoM  ApoccensHoM  (peakTHBHOM)  COEgHHEHM
(puc. 4.8) BMeCTO TanabBaHHYECKOTO KOHTAKTa MEXAY OTpe3KaMH, (1, 4
BOJIHOBOZOB NPHMEHAETCS APOCCebiblit (nanel 8, KOTOPbIH [IPHMBIKA
K_MIOCKOMY paanity (4). lpoccean cOCTONT W3 KOJIBbUEBOH KaHanku (
rayGuaol [, = A4 W paminanbHoH Pa3soMKHYTOH JIMHUE JTWHON [,
= A/4 mMexpy naockoetsvu (aanues. Koabuerass kauaska (6) npeid
gHayeHa J1JIst TePMeTH3aUMH ¢ MOMOLILIO PE3HHOBOH MPOKIaJKH.

Puc. 4.8, Henoasuskuoe fpoccennio-daainterne counclienie s0JAHOGOA0HR i
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puc. 4.9. I'ubkne soanoBoOAH

[Iponosbibli TOK NPOBOAHMOCTH BOMHLI [y, ciensgstes B 3a3ope (7)
TOKOM CMelUieHHsA, KOTOPbIil Bbi3blBaer Bojuy 7 B PajiadbHOH JUHHI H
poaly Hy, B KaHaBKe, D10 OOBSCHAECTCH TeM, YTO pafHanbuas JIHHHA 06-
pasesafa [apadnelbHLIMH  [JIOCKOCTAMK (aaHLeB, 4TO 6.1aroupuaTHO
1an BosDyxKAeuna T-BoaHbl, KaHAaBKa e Opejcrapisier cobo#i KoakcH-
A16UYI0 JIHHIIO ¢ COOTHOLICHHEM AiaMeTPOB NPOBOAOE, KOTOPOE M03BOJs-
et LO30yAUTLCs BoAHAM THDA f nan £. VI3 nux B JaHHOM cayyae ofpasyer-
¢a Hyy, TaK Kak CTPyKType 3TOH BO/IHbI GJIH30K HEPaBHOMEPHLI HO ceue-
10 @-b NPOJOJBHELIL TOK BOJHBL f,, B BoaioBoe (cM. npoekunio A-A).

Kanapka § TpaHcopMHpYeT KOPOTKOe 3aMbikaHue (¢} B GecKOHedHo
0oanioe coupotubiaenye {d), KOTopoe pajHasibHas JHHHS TpanchopyH-
pyuT © HyJeBoe conpoTuBjiende. TeM caueiM ycTpausercs 3azop (7) uo
toky CBY. B takux yc/lOBHAX KayecTBO rasbBAHHYECKOTO KOHTAKTa MeXK-
Ay plaHUAMH He MMeeT 3HaueHHs: Belb B oOgacTu d HAXOMUTCS y3e1 ToKa
i, -DOXEe TOFO, CONPOTHBJEHHE ITOTO KOHTAKTa OUEHb MAJI0 0 CPaBHEHIHO
¢ CONPOTHBJAEHHEM, TPaHCHOPMHPYEMBIM H3 € B d.

Pasenctso [, = A4 BblaepxKHBaAETCH TONBKO [0 CepelHHe CTOPOIb &
IONCPEYHOTO CeUeHHsi BOJHOBOJA. ITO He BhLI3piBaeT GOJBIWIHX HOTEPD
SHEPUHIL, MOCKOJbKY HanpaXKeHHOCTb 3/eKTPHYECKOrO NoJAs Ccuajlaer K
Kpasd MiHPOKON CTEHKH BOJIHOBOAA. C OTKAOHEHHEM 4acTOThl OT HOMHHAIb-
Hoit paencrBa [, = A/4 n [, = A4 Hapywawics, BCAGACTBHE UCro Ka-
UeCTBO coelMHeNusa yxyauwaerca. TeM He mMeHee, NpH JPOCCENbHOM COeil-
He!Mil MOMKHO MOJNYUHTL Ren << 1,05 B OTHOCHTENLHOR (10J0CE 4YACTCT
=:15%. TwmarenbHO M3rOTOBJCHHOE KOMTAKTHOE COEAMHEHile Bce &Ke 60-
See wupoxononockoe (kep << 1,01 Bo Beeit padouefl nojoce 4aeToOT BOJIHO-
BOJa). HefoCTaTKOM KOHTAKTHOIO COSAUHEHHsi N0 CPABHEHHMIO ¢ APOCCeib-
BB nBasieTcs TO, YTO NepBoe  CAOXKHEEe B NPOH3BOACTBE H 4T0O Kayeerro
€10 2ametHO yxyawmaercs npd wacroii cGopke u pasbopxe.

20,4, TMopsnmume coeannenns. Mmeiorcs Takne 6aoku CBY, koroprie
UeNL35 JKecTKO CBA3LIBATD MEXKAY COBOH. MX coeaMHSIOT ¢ NOMOULbIO THb-
KRX noanopogoB. Ha puc. 4.9 u3oOpakensl roppupoBatHLie (g—3) H 1o-
3BOUKOBL {2) BONHOBO/LI. ’

" Lohpuposarnneut oarosod (puc. 4.9, 6) — 310 rodpuporannas nps-
OYronbHas Tpy6a, oOKanuMBawowasaca MAOCKuMH uiaduaMu. [ayGuna
Bﬂopuponxu ponyckaercs He 6onee 0,1A, uToGbl B JHUHMIO OEpeRadH He

LI14Ch  CKOJIBKQ-HUOYAL 3HAYHTEAbHAS HEOAHOPOAHOCTB, Baciuiiown
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NOBEPXHOCTh FOpHPOBAHHOR TPYOLI M YalTh MOBEPXHOCTH (aaHies
KPBIBAIOT PE3HHOBOM IVIEHKOH AAs NPeAOXPAHEHHsi BOMHOBOAA OT K
po3HM M AN TepMETH3aUHH.

TTossonkosbill {nanyuprbid) 604H0600 He UMEET HENPEPHLIBHON MeTans
4ecKod NOBEepPXHOCTH K 6aarofjapa sToMy RomyckaeT Honbuige fedop
nud. BOAHOBOA COCTOHT W3 paja MeTalJuueckux waib (I, 2, 3, 4, .
¢ ppoccensMu (6), CoeRHHA0IIMMA Walbbl No BEICOKOH uactote. Pace
HHE MEXAY APOCCeNAMM COCERHHX 1Laib ycTAHABAUBAETCS DAaBHbIM Af
U TOT/@ OTPAXEHHsA, KOTOPbIE MOT'YT BO3HHKHYTh B ADOCCEJIbHBIX COeH
HEHHAX, B3aMMHO KOMMEHCHPYIOTCA Ha AnnHE BosHbl A. Pesnnoas p
Gaiuka (5) ckpemasieT a6l H BMeCTE C TeM COOOLLAET CeKIHH HeobXl
JUMYI THOKOCTb M TepMEeTHYHOCTD. .

Kozddunuesr croaqell BOAHBL B TUIATEALHO H3TOTOBJCHHOM I'UGKJ
BOJIHOBOZe He npeshiiaer 1,1, |

21, NOBOPOTH, U3TKUBb] M CKPYYHUBAHUE BONTHOBO 0B

Ilpy monTaxXKe BOJHOBOAHOTO TPaKTa BO3HHKAET HEOGXOAMMOCTb B 1
BOPOTaX M M3ruGax BOJHOBOJA HA Yros, PaBHBIH WM Menublinit 90°. °

1. 7Tosopom npasnoye0abroeo 604H06000 COBEPLIALTCS NPH TIOMOLLH OA
noyroaxonoro (puc. 4.10, a, 6) wn asyxyronxosoro (puc. 4.1.0, s,
11epexojia, COBEpPILaeMOro MO LIMPOKOH WM Y3KOH CTeHKe BOAHOBOJAA. !
IePBOM C.1y4ae M3MCHSIETCS HanpasieHue Bektopa E, a Bo BTOPoM — Be
Topa H.

B oanoyronxoBom nepexofe YroJok HrpaeT podb OTpaxkaTens, Ko
polif HanpaBasgeT Na/laloliie Ha Hero BOJIHBL 3@ NOBOPOTHBIA y4acTOK If
pexoga. OnTHMasbHBIE Pa3Mephbl Nepexoja, NPH KOTOPhIX Kg, HE NpeEB
waer 1,1, TagoBe: x o~ 0,4¢ {(tun E) u x = 0,6 ...0,7a (tun H).

B ARYyXyroikoBplX mnepexojax mNOBOPOT COOTBETCIBYIOWMX CTEHO
BOJIHOBO/iA COBepllaeTcst ABaxAnl no 45°. Ilpu oaHOM noBOpPOTE NPOHCX
JHT yBelliiueHNne, a npH JPYyroM — Takoe ke YMeHbLIeHHe BOJHOBOTO cO
NPOTHEACHIIA BOAHOBOAA., DT0 ofneruaeT corjgacoBatye. MoxHO N0BUTH
€ TOYTH NONHONK KOMAEHCAUUH OOPATULIX OTPa:KeHHH, HAaOpHMEp, ec/l
yCTanonuTe pasmep L paBeeiM A/4 B nepexone tina E, a B nepexone tun
H — neckonbko orinyHbIM OT A/4, 10 kg << 1,05.

Heoniopognoctn, BHOCHMAs NEPEXOLOM, CKA3LIBACTCS HECKONBKO MeH
we AP ABYXYTOAKOBOH KOHCTPYKUUH. DTHM OGYC/OBNEHE! €€ TpeuMyLy
cTBa: GHablIKe JONYCKH Ha TOYHOCTh H3TOTORJEHMs M IIHPOKasi NOJoCH
nponycranus — fo 12...15% ot cpeaneit yactorel. B aByxyronkoso:

Puc. 4.10 TlosopoT mosHoBoga Ha 90° ¢ nowowbio vAHoyrodrosoro (a, 6) H Aayx‘?
YrOAKCBoIO (8, 2) NEpPex0,ivs : .
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prs 4L Haruln noa-
peanad B ILAOCKOCTH
[ (#) 1 B IJIOCKOCTH
H (9

pic. 4.12. Boanoson,
cupyteunni Ha 90°

&
Pic. 4.13. Yroakossiit (a) u naapebifi (6) H3- "*{

[iGL MHKPOTIOJOCKOBOH JHHHYA H_L N s
[IOROPOTE MeHee BECPOATEH JJIEKTPHYE- x‘ »
w

ckuil 11poboli, O0COOGEHHO N0 CPaBHEHHIO
¢ 0AHoyroskoBuiM tHna E, rae pasmep
b TONEpeyHoro ceyeHwusi BOJHOBOAA @ &
YNOHbILAGTCA B YTOJKE.

2. Hszeubot 602106004, TaK XKe Kak U YroNKOBbIE IOBOPOTHI, MOXKHO NIPO-
HIEOAUTL B NJACCKOCTH 3AeKTpHyeckoro noas E (puc. 4.11, @) uan mar-
urvioro f-nona (puc. 4.11, 6).

Is0rHyTas wacTh BOAHOBOJAA HMeeT BOJHOBOE CONPOTHBJEHHE, OTJIHY-
HO® OT BOJHOBOIO CONPOTHBJEHHS NPAMOro BOJAHOBOAA. Iloatomy mps u3-
IO BO3UHKAKT OTPAKEHHS, KOTOPHE TeM 0oJbLIe, YeM MEeHbLie BHYTPeH-
Hul pamiye KpuBUM3HB R, JIocTaTOYHO 3TOT pajnyc cAe/1aTh G0JbIIHM AJTH-
Hbl BOJHEl B BOJHOBOAE, WTOOH! %, 5 cran menbiue 1,05. C gpyro# cTopoHs,
AJ5t yMeHbLUEHHA PasMepoB JHHWKM Nepeiaud paivyc KPHBH3HBI HM3rHOa
CTPEMSATCS COKPAaTUTh A0 MuuuMyMa. Ilesecoobpasno cpepnioo aiuHy L
H3OI Y TOR YacTH BOJIHOBOJA YCTaHAB/HBAThL KparHo# A/2, uMes B BHAY
corjacyioulue CBOCTBA MOAYBOJIHOBOH JMHHM. [lnaBHbie M3ruGst obec-
NedGpaloT XOpoluee COracoBaHue, HO OHH MeHee KOMNAKTHbI, YeM YToJKo-
BLI:  (1ePeXOAbI.

3 Kpyuenue 8oanosoda (puc. 4.12) npousBoiUTCa BAOJb €0 OCH AJK
NOBOPOTA ILIOCKOCTH NOJIAPH3AUMA NEepefaBaeMoi BOJIHBL, Rg g, 00yC/OB-
ACHNL KpyyenueM BoJHOBoAa Ha 90°, He mpespiwaer 1,1 npu ycaobuy,
Hro L= 2A

Oarumanbupie pasmepnl uaruBos MILJI: mna  yronkosoro usruba
(puc. 4.18, ) x o~ 1,4w, ans naassoro (puc. 4.13, 6) eeanunsa nR/2
Pasha uay kpatha A¢/2 (35, c. 152l

22, BPALLLAIOLUMECS COUNEHEHNS

1. Boabuwinnerso PaAuOJOKALHOHHBIX AHTEHH PaCCYHTaHO Ha Bpalles
“ﬁ”e Mo A3UMyTy, a HHOTAA M HAa NepemelleHne No yriay Mecta. B takux
YUIOBHAX yacTh JHHUH nepejauy HENoABHKH4, a APYTas YacTh BpallaeTed.
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Puc. 4.14, Bpalawlinecs couJeHennss NPAMOYroJBHBIX BOJNHOBOACB 4YePe3 O1pL3o!
KPyraoro BOJHOBGAA

Ecau 37100 JHHHEH CAyKUT HPSNMOYTOAbHLIA BOMHOBOR ¢ BoaloH H,, TO|
COMJIEHSITh HEMOJABHKHYIO M MNOABHAKHYIO CEKLIH MOMKHO TOJbKO uepess
OTPE30K KOAKCHAJBbHOM JHHUM ¢ BOAHON T man KPYyrioro BOJHONO1A €
soanaMu Egy, Hyy, Hyy. Yawe apyrux ucnonbsyercs sonHa £yy, Tak Kax
BOJIHa Hu3wero tuna H,;, Jerue nojasasercsi NpH BO3OYHCICHIH BOTHBLI
£y, ueM BOJHE Hg, @ 145 NCTOAB30BAHHS BOJHEE ) HYXKHO MpHAATH eif
KPYTOBYIO NOJAPH3ALUIO, YeTO lie Tpedyercs HH Ana Eq,uu gns Hg, (Mx
noist o0MafalT OCeBOH CHAIMETPHENT).

2. B coeaunenny, uzobpaxeunoM Ha puc. 4.14, @, saenxeHTamit repe-
XoJla OT PAMOYroabLnOTO BoaHOBOAZ (2) ¢ BOMHOH HY® K KpyraoMy ena-
HoBogy (3) ¢ Bosnoit £XP wu HaoGopor (4—5) cayxat wrupn (/), pacuo-
JIOKEHHDBIE MAPANJIeTbHO NIEKTPHUECKHM CUAOBBIM JHHUAM. B 000HX 15001
Hoeofax. poccenbuutit duranen (6) obecneuuBaeT KOPOTKOE 3aMbikaHH
no 1oky CBY mexay cousensieMbIMH OTpe3KaMH KDPYIIOTO BOJHOBOIA. '
OnTuManbHylO B CMBICJIE Nepefladi MOILHOCTH CB3b YCTaHABJAHDAIOT pe-)
rysupopaHHeM TayGHHBI norpyxenust wreipeif. Ha yuacrkax nepexoaa
OT GJHOTO BOTHOEBORA K APYFOMY, KaK BHAHO K3 PHCYHKa, CHHKaerces 1po-"
OuBiloe HaUPsKEHHe; COOTBETCTBEHHO OrPAHHYHBAGTCS MOWHOCTh pacs !
npocTpaHsieMblX BOJIH. : y

2. D10T HENOCTATOK YCTPaHeH B KOHCTPYKUWH, u3zoOpaxeHnofl Ha |
puc. 4.14, 6, rae soana Hyy npsamoyroasbusix Boanosonos (!, 9) npeofpa- |
ayercs B Boany E, oTpeskos (2, 5) Kpyrsioro BOJHOBOJA (¥ H2060poT) "
{eoCcpeICTBEHHO B OOLWEM /g HUX npocTpaHcerse (7, 14). D10 BO3MOXKHO
NoTOMY, UTO KPYFAbI BOJHOBOA HPHMBIKAET OA NPAMBIM YII0M K Wwhpo-
KOH CTeiKe DPSMOYroJIbHOTO BOJIHOBOAZ H MPOAOAbHAas cocTaBfsioilas *
NEKTPHYECKOTO I10/151 BOMHLL £y NapanienbHa CHIOBLIM JHHHAM ALK TDH-
YeCKOro MoJs BOJHEL 1)y, 4, KpOME TOrO, 3aMKHYTHIE JAHHHI MATHHTHOrO
nons 060MX BOJHOBOAOB PaCMOJIOXKEHbI B NTapa/Ne/IbHbIX [IOCKOCTsAX. Bole:
COKOYACTOTHEI Apoccenb (/2) npemnasHadeH ANs yCTpaHeHus paspbina
no toky CBY Mexay nenoasKHOH ¥ Bpawiaioulefics yacTsaMu Nepexofa,
HO TaK KaK APOCCEADb HE MOKET [10iHOCTIO HCKIIOYH b NPOCaRHBAHAE \OUL |
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§ 1 TH UEpe3 3a30p nepexoia, TO BREICHO KOoablo (/1) 43 gorJowaiouero
parepuana. Hakunnas raitka (10) GukcHpyeT SneMeHTH nepexoja.

Hexenarenbtple BOMHBL THIOB 3 # Hyy f0AABARIOTCA C MOMOULIHIO
p2OHAHCHOTO META/IHYECKOro KoMbla (3), KOTOpOe Kpemwutes Ha TOHKON
naefke WA tnactvue () 43 peronaacrta wotiMeeT HeGOMbIIYI0 MIOULAAb.
IS.‘E:{E'OELZPH STOMY KOJILIO NPAaKTHUECKN 1€ [‘IPEIIH'I‘CTB)’GT nepelaye BOJIHLE
E .y, HO OHO HE NPOMYCKaeT BOANLI [y u H oyt UX INeKTPHUCCKHE NoJid HMe-
0T 3AHAYHTEbHYI0 COCTAB/SIOULYI0 BAOML KOABRA W (EPHMETP €ro pased
Asi,,- CHeEOBATENBHO, B KOJBIE BO3HHKAET 3HAUUTEbHBIH pe30oHaHCHHI
ToK, KOTOPbiH CONPOBOXKAAETCSH NOUTH TIONHBIM OTPaKEHHEM MapasHTHLIX
B 111

/115 ocnabnenus oTpaxennil NpH nepexone BOJH OT NPAMOYTOJbHOIO
ROIHOBOAA K KPYTVIOMY H HaoO0POT BBEACHHI COTAcyiollHe AHadparMut
(13, 8) u chenaHm CKOCHI Ha sarayumkax (I3, 6).

2 ARLTPH! CBY

23.1, O6mue cegenma. B [u. I, ra. 7] paceMorpennt GHABTPH: HIE-
rux gacror (®PHY), sepxuux wuacror (®BU), nonocHo-nponyckatomue
nur mogocossie {[IFTP) u monoco-3arpakaaoimde #id PEKEKTOPHHE
(113®P). Onu MOryT CAYKHTH aHANOrOM AN COOTBETCTBYIOWHAX (QHALTPOB
CBY. B obuwem cayyae dunabtp CBY cOCTOMT H3 NPOXOAHLIX, T.€. HMEIOMUX
BXOTHOE H BBIXONHOE NJEYH, OAYHOUHBIX pEe30HATODOB. [Tokaszanyee Ha
pic. 4.15 oauHOYHBIE PE30HATOPLI SKBHBAJIEHTHHI NapaNesbHbIM Komeba-
TEALULIM KOHTYpaM.

e 370 OTPe30K Apamoy20a6H020 804+10800a, KOTODHIM orpanuuet
WY KTUBHBIMM fiHadparMamu (puc. 4.15, a) MR HHAYKTHBHBIMH CTEPXK-
usvp (puc. 4.15, 6), T0 278 pe3oHanca JANHA OTpe3Kka ! Aomkia OuTh
venptte Ay/2. JelictBurenso, npu npeobpasosasny 11-06pasznoro skmo-
QoI HHAYKTUBHLIX KiHadpars H crepxkHelt B T-o6pa3noe ouy 3aMeHSI0TCH
© 0410fi mapadaiesbHOH HHAYKTHBHOCTHIO L, BKJIOYEHHOH B cepelvHe OT-
peaxa [ pasovkHyTOW JiHuA (puc. 4.15, 8). Torna o6a nonyorpeska ume-
07 ATy [ << Ay/2 W, caenoBatenbHO, KBHBAJNEHTHE eMkocTam C/2, ob-
PasyiomuM ¢ [, pe3OHaHCHLIN napannenbHufl KoHTyp. OueBuaHO, 4TO ec-
it niiadparMa BAY CTepKeHb eMKOCTHble, TO Tpebyemas s De3oHaHca
HIAYKTABHAS NPOBOAHMOCTL BOJHOBOAHOTO OTpe3ka ! moJiyyaeTcss mpw
[> A2

Koakcuansnsil pesonamop (pne. 4.15, 2) cocraBnsercs H3 NapannenbHo
BKMOYEHHBIX KOPOTKO3AMKHYTHIX iefidoB obiied NAHHOR {4 + [ =
= Ay/2. Oun HMEIOT YHCAEHHO PaBHYIO, HO ODPaTHYIO IO 3HAKY PeakTHB-
“)-"0»\ ﬂ/%osonnmocm HHAYKTHBHYIO ApH [, << Ay/4 u eMKocTHYIO npy 1y ==
= Ayl — [1.

8 caynae 11J1 u MI1JI (puc. 4.15, ) poab emgocTHOro wiefiha urpa-
€T PasOMKHYTHIA OTPE30K C IHPOKHM MONOCKOBHIM NPOBOLHHKOM, a PO/lb
WHAYKTHBHOTO 1v1efiha — KOPOTKO3AMKHYTHII OTPE30K C y3KMM (pOBOA-
Hukoy. [epeuit no cpaBHeHHIO CO BTOPuIM uMeeT GOMbUWIYIO [OTOHHYIO
£UKOCTB W COOTBETCTBEHHO MEHBIIee BOAHOBOE conpotupaerne (Zy < Zg).
‘ KO cooTHOIeHHe cMOCOOCTBYET MOMYYeHHIO TPEOYeMBIX BXOIHbX CO-
PotuBAennit nuieidos Zpy, Zexs UPH Manoll UX AAHHE 4, {5 I10
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CICAYET H3 TOrO, YTO MOCKONBKY Zyyy = —Zgy ot (2nl/Ag) U1 Zpygy
= —Zgo 18 (2nly/ Ay), ¢ ymeHblIEHHEM Zgy U YBEAMUEHHEM Zpy MONKH
ysesnuuth ctg (2nly/Ag) u ymenbwmute tg (2nly/ Ag), T. €. COXpaTHTE 0f
HOCHTENbHYIO AAHHY mielidoB L/ Ay u 1/ \,. [Tpumensiemble Ha TpakTH
peaonatopsl #a [1J1 u MITJT kommarTHb: §; << Ag/8 u I << A8, T
obmas anuHa [ = [y + 1, << A4

MoxHo, OueBHMAHO, BHINOJHHUTB Pe30HBATOP M B BuJAe OXHOTO IJefi
anunolt I = Ay/4 unu [ = Ay/2, KOTOPHIi PA3OMKHYT WM KOPOTKO 3aM
HYT Ha KoHue. VI3 HHX KOPOTKO3aMKHYTHI CIOKHEE B H3TOTOBJEHUH, T4
KaKk Juist ero 3asemsennst B ochoBanun I1J1 u MILJT wyskHo cBepanTth
BEPCTHSI ¢ BBICOKOH TOUHOCTBIO, HO PA30OMKHYTHIH PE3OHATOP UMEET MeH
Wy A0OPOTHOCTD BCASACTBUE H3JNYUEHHS ¢ PA3OMKHYTOrO KOHUA HIIeHd:

23.2. NP ¢ 4eTBePTLBOJHOBLIMH CBA3fiMH. B 3Toit cxeme HOAOC
Boro ¢uabTpa (puc. 4.16, @) HeCKOAbKO OJMHOYHBIX Pe30OHATOPOB MO
KJlouaeTcs K JHHHH nepefaun Henocpenctsedno (Py, P, ..., Pa—s, Pa
a Heckoabko Apyrux (P, Py, ..., P,_;) uepes oTpe3xku Junuil IAMHO
Ay/4. Kak u3BeCTHO, 4epPe3 YeTBEPTHBOTHOBBIE YUACTKU JIOGOH JHHAU
CTOS'YUHMH H CMELIAHHBIMH BOJHAMH MDPOUCXOMUT TpaHcOpMaUAa napass
JIGNLHOTO PE30HAHCa B flOC/Ie0BaTe bHui. B panHOM cryuae 3TO npHBOA
anr k cxeme [ITD (puc. 4.16, 6).
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I3 poanoBoAnoil  cexuwn IHID ¢ uerBeprbBOAREBBIMH  CBS3SAMH
(P 1.17, @) 5Tor UPHHIMA peann3yercsi NOCPEATBOM OAHHOYHBLIX Pe30-
gate: 0B C MHAYKVHBHBIMA WTLIPAMH () B UOACTPOGYHBLIMH EMKOCTHBIMH
giil Ui (9), IONOMHAIOWAMYE OCHOBHYIO 9KBHBA/NECHTHYIO €MKOCTb OTpes-
xa to1voBona. TogeTpofikol nofusaloTes paseHcTBa Ha BoaHe A, ofpar-
ghly 710 3HAKY beakTUBHBIX NposogumocTel. Cpennnit (1 = 2) napassesb
Helil KOHTYP TancOpMHPYercst ydacTKaMi BOJAHOBOAA LAMHOH Ay/4 B
[ouse 0BaTeIbiinl il PE3OHAHCHBIH KOHTYD, Kak Ha cxeme puc. 4.16.

Aslanorudno cocrasasercs nosockosbiil [1T1D ¢ gerBepTHBOMHOBLIMH
costaslsid (pHC. 4.17, 6), HO B HeM OAKHOUHbIE PE3OHATOPLI TAKUE Ke, Kak
ya pie. 515, g

23.3. MN® wa casanunx anuuax. Kaxnoe sBeHo Takoro ¢uabTpa
copehkuT ABa orpeska [1J1 (puc. 4.18, a, 6) ¢ 110JOCKOBLIMA POBOJHHKA-
b (2, 3) WIHPHHOW W, CBA3AHHAIX Yepes 3a30P S, H ¢ OOILHMU 3a3eMJIeHHbY
i 1170CKocTaMu (f). Ot nepsuuHofl auHuy /-2 Bo3byxaaercsi BTOpHUHAS
mums 1-3. Tlpy stom 4epes ux ofinee MarHTHOe nose H MHAYLHpyeTcs
curipasnan (demuoeo muna) 6oane (cM. puc. 4.18, @), a uepes ux obiuee
3CKIPHYECKOe  nose E — npomugoasuan  (Hewemnozo mung) 60AHA
{pirc. 4.18, 6). B neppom caywae norenlunajibl HOAOCKOBBIX NPOBOAHHKOB
(2, 5) vAuHaKoBble, Kak ecau Obl JuHuy [-2, [-3 coemuusnuch napaf-
JIeibl0, 8 BO BTOPOM IIOTEHUMaNbl MPOBOAHHUKOB (2, 3) UMC/IEHHO paBHHI
H NPDOTHBOIIOAOKIKI N0 3RAKY, KaK ecau Obl auHuu 1-2, [-3 coeanHannch
NOC.1C0BATEN bHO.

Orcroza cleayioT 6u8006:: . S

1. Boz0y:xaeune jsnuuu /-2 BOAHOH eAMHUYHOA aMILIMTY AL PABHO3HAY-
HO O7HOBpeMeHHOMY BO30yxAeHWlo aHuui [-2, -3 cundashoit ¥ npoti-
BODA3iIOH BOJIHAMW € TOJOBHHIOH aMNAWTYAOH Kaxjas.

2. M3 xaptuibl 3MEKTPHUECKHX NOJeH HAa yuacTKe S BHAHO, 4YTO (DH
Chiida3noi BOJIHE TG 110/€ W eMKOCTH B3aHMOZEHCTBUA JIHHUH MEHbLUIR,
Yen upyu npotusodaznoil Bosne. CrieloBaTebHO, BOJHOBOE CONPOTHBJE-
e cnwasHoil BonHe GOable, YeM NPOTHBODA3HON: Zg g => Zygy O
CBASAHBLI C BOJHOBBIM CONPOTUBJEINEM KaXAOh JHHUY Z, , 32aBUCHMOCTbHIO:
ZIM = Vzn chZBur;:n

3. Cundasnan coCTaBMsiomasd HABOJAMT BO BTOPUYHOH JIMUHH 3JeKTpH-
YeChoe NoJe TOro e HanpaBJeHus 1 MATHHTHOE [oJie ODPAaTHOTO HATPas.
JEHITS 110 CPEBHEHMIO ¢ OAHOMMEHHbLIMH (10/IAMH NEPBHYHOR JIMHHH, 4 1po-
THBOMa3nas coctaBagoilast — Haobopor. Tak Kak u3MeHeHHe Halipas-
JieBiis) OHOro B3 KoMnoHeHnToB [ wiin H Ha NPOTHBONONOXKHOE NPHBEO-
Ant k nopopory na 180° Bekropa [lofiHTuHra, 3TO O3HavaeT, uTo Oecyuyit
80AHG 6mopuUtHOl AUHUL, HABOOUMAR NOAAMU NEPEUMHOL AUHUL, HUNPGS-
A8HU & RPOMUGUNOATHCHYIO CIMOPORY OMHOCUMERbRO Decyiyel 60AHbl nep-
Suuron aunuL.

Touonorus cxem MHOrospeHHoro GuabTPa, COCTABJIEHHOTO W3 Napadj-
ACNLIO CBA3AHHBIX N0AYBONHOBLIX PE30HATOPOB (2 ~ A/2), nOoKasaHa Ha
PHe. 4,18, 6. Taxkue puabtpsl BoinosnHnAtoTcs Ha cesasanusix TLJ1 n MIJT o
HEOAN HaKOBBIMH AN ORMHAKOBLIMH BOJHOBBHIMH COTIPOTHBJECHHSMU.

23.4. CBY ¢wmabTpul: HHXKHUX B BepxHuX wactor (PHY, ®BY), no-
docHo-nponyckaomue (MNP) ¥ nonocko-sarpaxapaomue (MN3®). Ha
Pue. 4.19, o nocnegopareasiio ¢ ocnosioil [171 wan MILT, umcioweil Boa-
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Prc. 4.16. 2xpnBajenTHbie cXeXbl NOJOCOBOTO (HALTPA ¢ UCTBEPTLBOJHOBLIMIL CBY
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Pue. 4.17. [Toaocoshe QUALTPLI ¢ 1TBEPTHBAJIHOBKIMR ~REANANL, 10U IOCHHLIC
HoBe BOJHOBOAHON (@) W MoaockoBOl (6) AuauY Lepeaauu

Puc. 4.18. CrpyxkTypa noas B oanom apexe csazanueX [1/]1 (a, 6) u TONOJIOrHYeCK
cxema (g8) [ITP Ha cBA3AHHLIX AHHHAX
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02512 Ly Lro

xt-

M) H)

Pr> 419 CBY duantput

Hinae ConpotisaeHue Zg o, BKJIOYEHB! OTPE3KH JAUHHH, WUMEIOLLHE AJNHHY
f) <7 Ay/8 u BoaHOBOE conportuBaeHue Zy, >> Zy,; KPOME TOTO, OCHOBHAsI
Jitidfl IyHTHPYETCS CABOEHHBIMH DA3OMKHYTHIMH maefihpamu, AAHHA KO-
TopbIX [y << Ay/8 u BoaHOBoe conpotusnenye Zy, << Zyo. 3Has, 4TO JH-
Hitit aMHON [ << Aof4, HarpyxeHHass Ha CONPOTHBAEHHE, MEHbluee Zg,,
H)MieT BXOJHOE CONPOTHB/GHHe WHAYKTHBHOTO XapakTepa, a Takxe, 4TO
PasOMKHYTHIH waefip AnnHol I, << A /4 SKBHBaJeHTEH Dapasienbuoil
exkocTd, nosyuaeM cxemy ®HUY, nokasanuyio Ha puc. 4.19, 6.

B cxeme pnc. 4.19, 8 3a30pt {; CO3MAIOT EMKOCTHYIO CBA3b MEX]y OT-
peskavn TIT wan MITJI, a KopoTko3aMKHYThie wIIeAPB ANNHOA Iy <
< A,/8 B ¢ 60abIIMM BOAHOBLIM CONPOTHBACHHEM (Zy > Zy,) SKBIiBa-
JICH1HLl papansenbHO BK/IOUEHHLIM HHAYKTHBHOCTAM. DTO COOTBETCTBY-
er DBY (puc. 4.19, ).

TH1®, nokasanunit Ha puc. 4.19, 3, o6pa3oBaR UETBEPTHBOJIHOBBIMK
KOPOTKO3aMKHYTHIMH UMIefihaMH, KOTOPLIE SKBHBAJNEHTHbI Napaje/bHbiM
KOHT\pam, u 4eTBepPTbBONHOBLIMM CBA3AMH, KOTOPbIE 3KBHBAJIEHTHH N0
Creaosavenwnbiv KoHTYpay (puc. 4.19, e).

K 1ot e cxeMe nDpuBOAMTCS (HABTP Ha CBA3AHHBIX  JIHHUAX
{puc. 4.18, 8), TA€ PAa30MKHYTbIE (IOJIYBOJNHOBLIE OTPE3KH OOJAAaOT CBOIl-
CTBavh papaasienbHblX KOHTYPOB, a 3/1EMEHTHl paclpefesieHHON CBs3A
M&X1y pesonaTopamMH BPEACTABAAIOTCS NOCJENOBATENbHBIME KOHTYDaMH.

OCnenyee caenyer U3 TOro, YTO ¢ YBEJWUEHHEM YacCTOTbI COMPOTHBJECHHE
CBA3N uepes marHMTHOE MONE BO3PACTAET, a uepe3 IAEKTPHYECKOE none
Uonnxaercs, u NpPUMEPHO Ha CPeAHel 4acToTe NOAOCH (PONYCKAaHUA HX
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oflilee CONPOTHRAEHNE, KAK % BXORNOE CONPOTHBACHIE NOCAENOBATRNAbLY
O KOHTYpa, WMEeT MUHHMYM. '

B cxeme na pue. 4.39, % uCnonb3YIOTCS YETBEPTBBONIOBHIE PA3OMKH
THE [WIEH(BI, KaXMIBA U3 KOTOPHIX PABHO3HAYEH DPE30HAHCHOMY NocJe
BaTE/bHOMY KOWTYDY, HO W3 HRX weTHmie WJeHdn Gnaronapa versep
BOJIHOBBIM CB$I35IM 3KBHBAJICHTHb] IapanIe/bHEM PE30OHAHCHBIM KOHTYPay

BKJIOUYEHHBIM NocjenoBarenibho B [1J1 wau MIWI. B wurore ofpasy
30 (puc. 4.19, 3).

Ha puc. 4.19 npupenens yciosrbie Tpaduueckie 0603naueHns Gu!
pos: obmee (z), PHU (x), ®BY (2), NIITD (4), 13D (x).

24. TPEX- W UETLIPEXMNEUHLIE COEAUHEHUS CBY

24.1. BoaxoBopsblie TPOHHHMKK. §. PaccMoTpeB ABYXmJieuHble (4eThipes
noJocHbIe) AuHefiHbie yerpoiictea CBU, nepeiiiem K TpexmjeuHbM, 4
- TeM K YETHIPEXILIEYHBLIM COeJUHEHHAM (IIECTUNOMOCHUKAM W BOCBMHUI
JnocHuKam). OHH ocofeHHO €acTo BCTpevalorcs B Texmuke CBU. .

" “2. BoanogoOnvui mpolnux — mpexnaeunoe coedurenue. B ysne ed
€XOIATCS TPH BOJHOBOJA OIMHAKOBOrO cedeHMs, TPOHHUKH KJaccHpHL)
PYiOTCA O KOHPHTYpauMu passerBinenust (Y- B T-TPOHHHKH) U HaHMEHE
BaHHIO N0JIS, B MJIOCKOCTH KOTOPOrO CHENMaHO Pa3BeTBJEHHE ('mna Eu
H). Ha puc. 4.20, a npeacranen T-o6pasHbiii BONHOBOLHBIH TPOHH
tuna E, a na puc. 4.21, a — tuna H.

3. E- TpOHHHK IKBUBAJEHTEH TOC]EA0BATE/IBHOMY COENHHEHHIO -BOA
HoeofioB /, // c BoanoBogom [/] (cM. JIHHHM TNPOAO/BLHOTO TOKa
puc. 4.20, 6), Toraa kak H-TpofiHuk — napannenbHOMY COEIHHEHUN)
(puc. 4. 12 6). Kak Bugno, BOJIHBL, BBOmMMBIE yepes nueuo E (puc. 4.20, 6
pasBeTBasioTCA B fyleyaX /, I/ Tag, 4TO MMEIOT NMPOTHROMOJIOKHYIO (has
B CEYEHHsX, PAaBHOYJIA/JEHHLIX OT MJIOCKOCTH cumMmeTpun AA’, a soad
BBOJHMEIE Yepe3 nneuo //, BLIZLIBAIOT B TEX Ke CeYeHHAX CuH(Da3H
nonst (puc. 4.21, 8). Ulpu 9TOM HeU3GEKHO OTPAKEHHUE OT CTEHKY BOMHOB
noB [, 11, nporuBononoxHol coorBercrBeHHo naedy E w H. Otpaxen
KOMTIEHCHDYIOT COT/IACYIOULHMH S/IEMEHTAMH, Pacho/IOMEeHHBIMI B 06/1aCT
BO3HHKHOBEHHSI OTPaXKeHHO#l BOJIHBLL PeakTHBHOE cONpoTHBIEHHE COM

CYIOWHUX IACMEHTOR Xo'l'p NOKa3aHO Ha 2KBUBAACHTHHIX CXeMaX "i‘pOPlH
KOB.

4, Hnuna { nneva F orcuutwiBaeTcss oT BAMNKAAILINX CTEHOK, a nJe
1 — oT cepefHHBl UWIMPOKOR CreHKH BoadoBopos [/, // (pue. 4.20,
4.21, a). Tak kak npu ! = A/2 KOpOTKOe 3aMBIKaHWe Ha KOHIAX nJ
E w H nosropsiercs 8 yanax paspersaenuii, To B ciiyuae E-tpoitnnka 3T
CO31210TCA VCJIOBHA A/t GecnpensiTCTBEHHOrO PacrpoCTpaHeHHsl SHepTh
10 OCHOBHO# NMHWY Tepefayn /—//, a B H-Tpoiinuke 9To BHI3bIBAET MO
HOe OTpaxkeHye BOJIH OT [-nyleua, BCIEACTBHE UEFO HAYa/10 U KOHEIll JHH
{—1] OKa3LBAOTCS W3IONHPOBAHHBLIMH.

Hpu anune [, e kpatHo#l A/4, Bxonwoe compoTHBeHue nneq £ u
tMeeT MHAYKTHBHBLA UM eMKOCTHHIE XapaxTep. CnenosartenbHo, peryad
Pysi AnuHYy ! ¢ TIOMOILLhIO KOPOTKO3aMbIKAIOMIHX TOPIUHE#H, MOMKHO BAHST
Ha DEXHUM JIMHUM nepefadyd, COCTaBAEHHOW W3 BosiHosoaos /, 1. =
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£-npevo

Puc. 4.20. T-o6pa3nviit BoAHORBORKWIE TpoitHwk THna E:
6 — KOHCTPYKIKA; 6 — 3KBHBANEHTHAS CXeMa, 6-— KapTHHA CHJOBHIX JHHHE SNEKTpH-
9eCKOrO N0Js

. —‘—-— H-nnevo
N x

NS A LT

H-nopvo

AR

Puc. 4.21, T-o6pa3nulil BoaHoBORHK Tpofinvk THna H:
@ — KOHCTPYKUHS, O — 3KBHBANECHTHAA CXEMA; 8 — KapTHHA CHJOBBIX JHHWA 33eKTpu-
YeCKOTO noaa

24,2, NlpoiHo# sonHosonHbii TpoiHUK (AsofHoi T-moct). 1. Tax wa-
BLiBaeTcst coueTaHHe BOJHOBOAHBIX E- u H-tpolinukos, GokoBbe nneuu f,
1] KotopLIX cOT/ACOBaHBI C HX CONPOTHBAGHWSMH HArpysku Z;, Z,
(puc. 4.92). KoucTpyxuns NoTydaeres CAMMETPHIHON OTHOCHTENbHO MJIOC-
KocTH, npoxoasiueit wepes ocd miaeq E u H. Jluanu (nn1eun), 1o KOTOpLIM
UOABOAMTCS IHEPTHA, CYHTAIOT RepSUdHBIMU, APYTHE JIMHUH (nseuu) sB-
MOTCH gmopuuroimy. Y3 BTOPHYHBIX NWHWR pabo4umu  HA3BIBAIOT Te,
B KOTOphIe [OJIKHA NPOXONMTL SHEPIHA, A OCTAJbHBIE JHHHH HA3LIBAIOT
Hepabouym;.

2. Mowgnocts, nosisoarMas K naewy £ wan H, passetsisercs noposmy
(mo 3 1B) MEX]Y CHMMETPHYHBIMH COrJ1acOBaHHBIMU niedamn [, /1 v no-

MMowaerca B conporusaeHusix Zy, Zyy, UpHuem ecau miedo £ mepeuunoe,
T0 nneyo H HepaGouee, u naobopor. JlelicTBuTenbHO, KOTAa IaeKTPOMar-
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AHTHAR SCPIHA RROAHTCA uepes mieyo £, 2JeKTpHUecKoe nose, Kax
ayer n3 puc. 4.20, s, npOTuBona,mo B CCUCHHAAX, PABHOYAAICHHKIX
[JIOCKOCTH CHMMETPHH TPOHHMKA, a 910 NPH3HAK TOro, 4To B mieuo H
Hbl He NPOHHKAIOT (OHO cNOCOOHO RO36YMAATHCS TOMBKO CiH(pA3HLIMA ;
JsiMH OOKOBHIX nsed), Ecau naeyo f// nepsiynoe, To nieyo £ HepaGo
NOTOMY 4TO OHO BO30YXJAA€TCH TONLKO {IPH MPOTHBO(A3HBIX MOAAX I
I, 1], a B 1aHHOM cjyyae HX 3/eKTPHUECKHE 05 CHH}pA3Hb
pHc. A, 21, 8).

Paccymnaa aHaJOTHYHO, AenaeM oflLee 3aKa01enue: K Kakomy Oot 1
wy 080UH020 MPOLRUKA HU nO0GVOUAICH SACKMPOMASHUMAHbIE KOAeDa
OHU He nonadaiom 8 nPONUGONOACICHOE NALYO MOCMa, G NOposHy (cu
KO ual npomusoPasno) pacnpedessiomes Mexcoy OCMABUILMUCST NAEHA
ecau, 00RAKO, 3Mu 08a NACHA CUMMEMPUYHLIE U OKAHYUBAOMCA CORAAC
HOLMU C HUMU HO2PYSKOML. _‘

3amMeTuM, YTo CnocoGHOCTb AenuTb Molnocts CBY nonosam npuc
BCeM TaK HasblBaeMbIM eubpudnoim coedurerusim, a COOCOOHOCTb 06eC
YHBaTL CHH(pa3Ho- npomao@asnuﬁ HAY APYrOf MOCTOSHIBIY CHBUID
BLIXOTIbIX HANPSKEHMH — TONBKO MOCTOB6M COCOUNPHUAM.

3. JIBoHHOHA TpPOHHMK IpUMeHAeTcsl, B YACTHOCTH, s H3Mepen
ke 3 unu conpotusnenudt na CBY (cm. puc. 4.22, o). K naeuy E nopgo
KoneGanns ot reneparopa CBY, mna swiXoze naeua H Bkniowaior nere
TOP C WHAHKATOPOM, K Iedy [ NMOAK/IOYAIOT U3MEPsieMOoe CONpPOTHBIIE
(nan neubiTEIBaeMblft Ha A » BOAHOBOA) U K Haeuy /] - 9ranoHHoe con
TusacHie, Ecan o6a conporuBienus pasiibl, TO HHAHKATOP He AaeT OTK

! K smaromorty
E wﬂﬂo(//#ﬂﬂﬁ/lllo (Zy)

2 ! e ! e

,,_gif/ A i - )
2 VS V- Ay

K vomsimsiagmony an o y
borwobady (Zr) : # Vs
a)

. I Puc. 422 Jisokdme moxno
4 o BOJAKBE TPOAUHKE ‘
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ac. 4.23. Tononornuecsas cxema rubpua-
goro Koabla Ha IHI

yernil, TaK KaK rieqo H  unsonupo-
gaHo (Pa3Bi3aH0) OTHOCHTEIBHO NJe-
ga £. tem Gousbille OTIHYAETCA H3-
yepsieMOe CONPOTHB/CHHE OT STaNOH-
yoro, TeM §o/buie HaPYLIaeTcs CHM-
werpust moas /, /1 w Gosnbie Mour-
yoCTs, KOTOpAsi NPOHHKaeT H3 Maeua
E 8 nnedo H. Taxum obpasowm, 3do,/4

UMEETCSl  BO3MOMKHOCTb  OTpefeNHTh '

fo :IKaJe HHRMKATopa H3MepseMoe

CONPOTHBJECHHE.

A5 noJyYeHHs BBICOKOA TOYHOCTH H3MEpeHH HeoGXOZHMO ofeche-
quTh BECHMd TOYHOE U3rQTOBJCHHE MOCTA H coraacoBanne ero T-o6pa3Hux
cocdHHeHU . DyeMeHTaMH cor/iacoBaHMdA, Kak NoKasaHo Ha puo. 4.22, g,
MOTYT CAYXHTh eMKOCTHBIH WTelpb [ B miewe [ W uHAyKTHBHAA Auad-
parva 2 B mueve E.

OrcyrcTBue B cGanaHCHPOBAHHOM MOCTE CKOMBKO-HHOYAb 3HAUHTENb-
HOfl CBSI3H MeXNy Tedamu £ u {7 (paBHO, Kak ¥ Mexjy njieuamu /, [/)
AB1SGeTCH OUeHb BaXKHHIM CBOHCTBOM JABOHHOTrO TPOHHHKA.

4. CyuectByior MoauduKaiusH ABoHHOrO TpoiiHHKa. OfHa M3 HHX —
cBepUyTHI ABOKHOK TpoitHuK (pHc. 4.22, 6), B KoTOpOoM mnewn [, [/ no-
BepllyThl Ha 90° OTHOCHTENBHO GOKOBLIX M€Y HCXOLHOM KOHCTPYKIHH
W cayRaT Kak Obl npogosxendem nieda H. B apyro#i mopuduransn
(puc. 4.22, 6) poab BOIHOBOAHOrO Fi-mJieya BHITONHSET KOAKCHAMhHAA
ANRIs, cBs3aHHaA ¢ GokoBbiMH BosHoBomamu [, I/ ¢ momowbio wtwpa,
KOTODHIM OKAHYUBAETCH BHYTPEHHHI NDOBOA JIHHHH.

Bee nsofiiinie TpofiHHKM 00/MafaioT CBOHCTBOM B3aHMHOGTH. [lodTOMY
ecin yepes naedu /, /1 mocrynaior cHHOasHbe BOJHLI, TO OHH CJACAYIOP?
B [l-naeqo, a ecnn mporuBodasHLie, TO B E-mjevo,

24.3. Koauiesbie MOCTbl —HOPHAHBE, NOCKOMBKY IeJNST BXOAHYWO
MOULHOCTDL MONOJIAM, H, ABJSSICh MOCTOBBIMH CORAWHEHHAMH, cO3AaloT dade
HO-NpoTiHBOdha3NpIil CABHT BHIXOAHEIX HANPsXKeHMi. DTH MOCTH HA3LIBAIOT-
C KOabUesbiMu TIOTOMY, Y10 GOKOBble fJeyn /—I/V TPOHHHWKOB 3aMKHYy«
Th B Xoniblto. MoCT 06pa3oBaH BOJIHOBOIOM, KOAKCHAMbHOH WAH f10I0CKO-
BO# nunnelt ¥ uMeeT ANMHY Koaena 3A,/2 uan A,

Tu6puanoe koasno AanHOR 3A,/2, BeinosHeHHoe Ha [17], nokasano ua
Pro. 4.23. Ilycre 8 HeM nueuo /] mepsuunoe. Torfa no ofe etopons! or
3Toro nneua pacxopaTcs Geryuue BOAHBL W, MHTepdepupys, obpasywor
$T05ype BOJHK ¢ MyYHOCTAMM HANPsKEHHs B GMeXHHX naedax /, /1] a
Y310M HanpskeHus B NPOTHBOMOKONKHOM Miede /V. AT credyer u3 Toro,
T0 or sxopworo nseua // k pabouum naeuam /, /71 paanocTts xona BOAH
Al = (Ao/d + 3A/4 + Ay/4) — Ay/d = A,, 4YTO COOTBETETBYeT CHH-

a3HoMy Bo3Byxaennio (Ag = 360°), a K HepaGoueMy naeqy /V pasHocia
Xoza Al= (3A/4 + A4) — (Ay4 + Ay4) = Ay2, uro ecoorseTci
Byer Ag = g, ' :




Yurtaresnio npesnaraercst yGe/uTbCH B TOM, YTO €CAM BXOXHBIM CyxKy
mievo [, [11 wau 1V, 10 nroraa sxoduas mowmocms Geaumcs nono.
meancdy cmexcroim naewamu (coomsememsenro 1V, 11, 11, IV, 111, 1) u,
ROCIYNAen 8 OUrmuBLICecs NAEHO.

[IInpuna noAOCKOBOPO MPOBOAHUKA B KOAblle BHIOMpaercs MeHbINM
YeM B OTBeTBJAeHHAX [—/V, NOCKOJBbKY BOSIHOBOE COMPOTHB/AEHHE NHHY

B KOJIbile HOJIAKHO ObiTh B V2 pa3 6odblue, uem B miaedax [—I/V. dro B
XOAHMO LJIsi MOJIHOTO COrJIaCOBAHHUA COMPOTHRJAECHHA B ysJjax MOCTa
24.4. Ksanparbie (uiseiigubie) mocThi. Tak Ha3biBaercs CoenMHe
B BHJE KBaApaTta Cu CTOPOHaMH Ag/4, NpHUCM BE CTOPOHBI KBAAPATa BRI
YeHbi B PaspblB OCHORHbIX AMHUI nepenaun [—/71, TV-11] (koakcnan
HOil 1ia puc. 4.24, a u nosockoBof Ha puc. 4.24, 6), a nse ApyTHe BN
et wiiedigamu [-7V, [/-111. Uncno nneiipos momxer 66iTh B Goslee ABY.
PaccMoTpuM npuHUHN AeHCTBHS KBAAPAaTHOTO MOCTA C (OMOLEBIO S
BUBAJICHTHON CXeMbl, COCTABACHHON HA OCHOBE JBYXIIPOBOAHLIX JIHH
(puc. 4.24, ). BosiHoBoe COMPOTHBJEHME OCHOBUBLIX JHHHH H mIJIed
paeno Zy,, a yuacrkos [-11, IV-111 Z, 0/1/2. Tak kak KBaapaTHbili MQ
CUMMCTPHYEH OTHOCHTeAbHO oceli AA" u BB’, 10 chauana orpanuunM
HccaeloBanneM noJonuHbl cxemel (/, [/, I[]), a satem paccMOTpHM'
APYTYIO MOJIOBHITY.
Jlmnmio [ 6yacut cunrath lepsuuHol, a anuun [/, 17/ — BTOpuunbIM
[lpoxoadinas no nuM BOJHA PasBETBJsSIETCs] B cedennu 2-2, Berpeuas
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Pufv. 424, KsampaTHbie MOCTH Ha OCHOBE KOAKCHaAbHOA (8) ¥ moaockosoft (6)
HHA U X IKBHBAJEHTHan cxeMa (8)
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pa.11€/BHO BRJIOUEHHbIE CONPOTHERACHIIS BONHOBOE Zg, AMHUN [/ ¥ TDaHC-
(OPMHPYEMOe 4eTBEPTBBOMHOBBIM winefiport //-111 ot Zy, avnun 11 g0
iollae = Zgo. PaBeHCTBO 3THX coOnpoTHUB/EHWH 03RauaeT, yTo 008 JiK-
pud 11, 111 paGoune u uepe3 HUX NPOXOAHT OJUHAKOBAS BHIXOAHAS MOIL-
nocTs P/2, a ofiiee conpoTuBnenne B cedeHHH 2-2° PaBHO Zp.pr = Zpo/2.
Ono TPaHCHOPMHPYETCS YeTBEPTLEONHOBBLIM yuaetkom /-// @ BOJIHOBBIM
cONPOTHBACHHEM Z, o/ V2 8 ceuennu 1-1' u NPUHUMALT 3HEUEHHE
512
(Zao/vz) — (230/2) =27"

Zyy (Zso/2) O

Tak KaK 3TO COBNANaeT ¢ BOJHOBLIM CONPOTHBAEHHEM JHHHH [, TO B ceye-
pun 1-1' oTpaxeHus BOSHB He UPOHCXOAMT.

TTockKOMbKy AMHHa CTOPOHBI KBajApaTa pasHa A,/4, dasa BOMHH B ILe-
ge /1 orcraer wa 90°, a 8 nyeve //7 — ua 180° oTHOCHTENBHO a3kl BONHK
p naege /.

Tenepy BBegeM B paccmoTpeHHe ocraBllyioca dyacth Mocra. Cevenne
4-4" paBnoyaanexo or npornBodasHeix ceyenuit 1-1° u 3-3’. 3nauur, au-
nist [V HepaGouyas, B Hee sHEpPrHs He NOCTYaeT. DT0 MO3BOSET MBICJICHHO
3aMKHYTb ceueHHe 4-4’ HaKOPOTKO M MpENCTABHUTh BOJHEI HA ydyacTKax
[-1V w IV-I1] ¥aK cTosyne KOPOTKO3aMKHYTeiXx JsuHuf. [lockonbKy na
YHCTO CTOSYHE BOJIHBI IHEPrHsl He 3aTPAYHBAETCH, MOMKHO YTBEDPHKAATb,
970 BTOPasi OAOBHHA CXeMbl HE BJHSIET Ha NMPOUECCH B NePBOA [OJOBHHE
W paccmaTpuBaeMas cHcTeMa ofsiaiaeT BCEMH CBOICTBAMM MOCTOBOTO COe-
mmneHust: 1) momwHocTs P, BBOAMMas uepes muego /, MOPOBHY HENHTCA
mexkny nneuamu {f, 771, a naeso [V uepaGouee; 2) camur no dase voae
Gaurit B cMexkHeIX miedax [, 7/, /7] nocrosnuniit v pasen 90°, 1. €. mocr
KBaApaTypHHIH.

HByxmuefipusie MOCTH HMEIOT Gosiee Y3KyiO MOJIOCY MpPONyCKaHus,
YeM KOJblleBLIE, d B Tpexm.ﬂGﬁ(belX MOCTax (10Jioca MPpHMEDHO TAKasd e,
KaK B KOJBUEBHIX.

24.5. BoaHoBORHO-11eNeBOH MOCT B IJTOCKOCTH f1 COCTOWT M3 UeThipex
ey (/—4) u wenu (5} (puc. 4.25). [Tneun ofipasoBasel ABYMS NPAMOYT b=
HBIMH BOJIHOBOJIaMH, KOTOpb[e NPUMBIKAKT APYT K APYTry 8 IOCKOCTH H,

Pue. 495 BoanoBo -
Ho-menesoi moct




T. €. HMeoT OOMIYIO Y3KYio CTeHKy (6), TAe u npopesana mweab. Jia
uweni [~ 1,4a, a wHpHHa ee a’ 6;arofapsa Bcraske (7) HECKONBKO MeH)
YABOCHHOA IUMPHHLI @ KaXKIOrO INjeua, TouHee, A << a' << 3A/2,
A — paGouasa AsuiHa BOJHblL. Pasmepet a, I, a’, BNIOPBI 5/1€KTPHYICCKOTQY
Jisl B HECKOJAbKHX MONEPEUHbIX CeYeHHSIX MOCTa W BEKTOPHLIE AHArpd
nosefl B OGLLNX CEUCHNMAX LIENH H fIed MOKasadsl Ha puc. 4.26.
YGenuamcsi, 4TO BXOAIAsh MOIILIOCTb, fOCTYNAIOWIasn 4ePe3 mnJeuq
OEMHTCSI OOMoAAM MeKIYy KaHahamd 3, 2, a mieuo 4 M301HPOBaHO OT
TaabinX. [Ipyu BLixofie BosHu Hy, u3 nieda ! K Heii noGasafiorcs Bo.
BBICLIHX TUNOB Hgq, H 35, ..., KOTOPHIE BO3OYKJAOTCH B CBA3Y ¢ HaPy
HUeM ojiHopoiHocTH BoaHoBoja. Tay xax a’ << 3M2, To ycnopue A <<
BBINOTHAETCA TONLKO A BOJH Hyp B Hyg, @ NOAS BOJH OCTA/LHBIX TH
OKA3LIBAIOTC UYHCTO PEAKTHBHBLIMM H Jjafbule He pPacnpocTpaHAaion
Kak puano us puc. 4.26, noas BoaH fy,, Hy, UMEIOT B Havase i
OAHHAKOBYIO (ha3y NO BhIcOTe IVieya I H IPOTHBONOJNOXKHLIE (a3pl N0
core naeya 4. 310 MO3BO/NSET OOO3HAUMTL AMIIMUTYAY HaANpPSKEHHOR
FOTS KON M3 BOMH Hyo, Hyo uepes 0,5E,, u cuntatn, uro aMmanty
HanpaXeHHOCTH Pe3yAbTHPYIOHero noas y sxoza wenn Ep, = Ey
E;n = 0 (oM. pexTopHble KHArpaMMbl).
3i1a T, 80aHA, PACILPOCIMPARAIOUAACS 800Ab LieaU, eCmb COBOKYNH
cundaznol (8 epxreld nososune) i npomueopasnol (8 HuxHed 101064
ﬁjw ¢ amnaumydani noseil, Menbiuumy é dea pasa, uem ua 6x0de MocH
X ¢hasosnie CKOpPOCTH M JiuHH BOJH B BosHOBONE pasmiuHyL Tax, 2
ponusl [1;, KpuTHUECKAst JAJIHHE BONHH A, nio ™= 2a°, a AN BOJHH
A, ;.0 = a'. CooTBeTCTBEHNO AJHMHA BONAL B BOJHOBOAE B NEPBOM CIY!
MeNLITe, UeM 10 BTOPOM:

A ) A
——— e DA O e e
VIi—M kg VI—(A/72ap Vi—@AaE
B cuay storo npu ykasaHeo# Daune wenH [ Ha Helt yKnanpisa

A/2 (onua nonysonua) Tuna Hyy v 3A/4 tana H,,. Toria Ha BekTopHy
Anarpayme, COOTBETCTBYIoWLeH BXoAy B mieuo 2, Bektopst 0,5F, 6y,

Ajpe=

.

Y4
Eomlm

A
: 43Em(Hyl
[ib2 i
YJFm(HW) “1 Ajfm(”ﬂ)) |Z quﬂI{Hlﬂl
E;,,,=Em/fz
. — S .
N o ' = ]
s BT b
T Foer | 2
1 Paaill XN
] Ay »-_:_\
[ serd .
l e Ha .- L
E; K < ANEANY OSSN Hr
! ¢
Er=Em /YT
G5Er (Hp) H”.5Em(lflﬂ) m Em (gl Pic. 4.26. K npasmne
‘ - AedcTBHS BOJHOBORM
Eim =0 Em () DIEReBOTO MOCT2



427. Yetwpexnaeynoe  coeannexuse
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QoBCPHYTBI B CTODOHY OTCTaBaHHA 3

oTHUCHTEALHO BbIXOZa MJleya I: na G Vil 3

180" st BOHLl Mg o Ha 270° pas F3 ©

go-ttiot Fpy. Ha taxue xe yrip nopo-

a4 11BAIOTCA BEKTOPRI 3/eKTPHYECKO- h,é’.iff

ro #0Js Y BX0AA B nae4o 3 OTHOCH- i)

1eab10 Bbixona naeua 4. QuesuiHo,
4ro  AMIHTYABL  PE3YJAbTHDYIOULIX
pocell naed 3 o 2 paBmss £y, =

e = End V2, n, IOCKO1BKY MOUIHOCTH NPONOPUHORANLHE KBaapaTy
jAIPSIPKEHHOCTH NOAS, MOLLHOCTL BOJIHBI, BXOMSIILEH B MOCT uepes mjies
g J, Aeanrea nopopny Mexay naedank 3 u 2: [ (E,/VIE,2 = 0,5,
1. . 9TOT MOCT TpeXAeHHOebHBI.

~laHHONY Y31y HpHCYWyH 11 Apyrie csofictea MoctoB CBY: pesyabri-
pyougse noist £y, Egp B BEIXOAHBIX MUIUaX 3, 2 HMEIOT NOCTOsHHBI B33~
waiteli casur 1o daze (90%); naeyo 4 TeopeTHUeCKH alCOMIOTHO H301Mpo-
RLiHIOE, HO MPAKTHYECKH Yepe3 Hero nmpocaviBaeTcs He3launTenbHas Mol
 Ho T (Menee 0,2%).

PeakTuBHble NOJIsI BO3HHKAKT HE TOMABKO Ha BXOJle, HO U Ha BLIXOle
ue 11, O KOMIEHCHPYIOTCS ¢ NOMOLXBIO OAHOr0 €MKOCTHOTO (8) 1t AByX
YHAYKTUBHBIX 1UThHIped.

24.6. BOMHOBOAHO-1MeN€BOH MOCT B njtockoctd E. B 9T10f xoucrpyk-
W CBA3L MexAY fMIeYaMH MOCTa MPOHCXOIHT Yepe3 pleab HUL e,
KPApe3aHpie B o0Wed MIMPOKOHA CTerKe NMPUABLIKAIOWHX YT K APYFY BOJ-
HizonoB. JApyran ocoGeHHOCTb TAKOTO MOCTA: OCHOBHAas Boina f1y,; Bian-
MocHeTBYeT B OGJAacTH CBA3H He © BOJIHON f{,,, Kak B8 H-urockocrtHoM
aGeTe, a ¢ KBasu-T-BosiHoil. Bonnosogno-menesoél Mocr B maockocth E -
HMeCeT, HampuMep, TakWe mapamerpbi: passsska' L, 2230 AB u sxoxuoi
kew << 1,1 B muanasone uwacror Af = 15 I'Tu = 3,5% {11, c. 4551.

Onuako A-1A0CKOCTHBLIE BOJHOBOIHO-(U(EJeBBIE MOCTHI 6maroiaps HX
KOMIAKTHOCTH, 0POCTOTE KOHCTPYKUMH M YIOGCTBY BKJICUEHUS B BOJNHO-
BOANBIE TPAKT mOAyynan Goabuiee pacnpoctpatenue [33, e 4241

21.7. HanpasieHHbie OTBETBUTENW, HX HA3HAYEHHE H KadeCTBEHHbLIE
Nokasarean. Hanpasarennoin omeemsumenen (FO) naspiBaetcs BOChMu-
nosocHoe (YeTuipexiieutioe) coeqntene (puc. 4,27, a), B KOTOpoM IHep-
Tun, gogkMan udepes BXOJAHOe Iieyo [, pacnpejensieTess B 3aJdRHOM OT-
Hollenun mexny BuXOAHbIMU Dueuamu [/, 111, a nnedo /V ne BosOyxaa-
€TC1 — OHO AO/MKHO ObIThb H30JKMPOBaHMLM. 3averTus, uto umeores HO
€ Apyrum pacnosioxenHemM BXOJHOTO, BHIXOAHBIX M H30JIHPOBAHHOrO MJIed,

ofigeM cayyae KOIPUIHEHT Ae/ieHusl MOUIHOCTH MOMKeT ObTh 00N U
CRBr po ¢pase BLIXOAHBIX Ko/ieGaHui lie OroBapupaercs. 3HayuT, rudpua-
Hoe coepuneHHe — yacTHblit ciyvait HO, B kKOTOpOM MOMWHOCTL pai3per-
Blsercss noposHy (Tpexaeuwtensuulii HO), a mocrosoe coepnneHiie —
m-._&‘ﬁ_ .

“QOnpejeacnse L cm, 8 m 24,7,



eme Gonee gacTiuifl cayuait: 1o Tpexieundensuelii HO, B kotopom ca;
0o (a3e Ha BbIXOAHLIX I1€UAX BIOJHE OUpPEfeJeHHbIN.
Kauecteenupivu niokasarensimuy HO gBasiores (dHACKCHL B TIPUBO
MbIX (QOpMyJdax cooTBeTCTBYIOT pHC. 4.27):
1. Hepexodrnoe ocaabrerue — BulpaxkeHuoe B RelnOeiaX OTHOIE
BXOIHOR MOUHOCTH P; K BLIXOAHOW MOWHOCTH padodero niaeda Py b
puyroll auuuu JV-—I11

Lao (aBl = L 4 (aB] = 10 Ig (P,/P,).

B HO ¢ cunsnoil ceasbio nepexoaHoe ocnabienne melbute 10 1B,
OpuUMep B TpexaelubenbHniXx Mocrax. [lss maMepurenbHblX Uesned AOC
Toudo orsersaaTh 0,01 ...0,001 BxoaHo#t momHoctH, T. e, Hmyets HO
cnaboii casvio (Ln, = 20...30 zb).

2. Hanpuasaennocms — BuIpaXkeHHO® B Jeuu0enax OTHOLIEHHE MO
Hocredl 112 BLIXOAe padoyero H HepaGOYero mney BTOPHUHON JIMHMH

Ly l1B] = Lg,luB} = 10 Ig (P,/P)).

JKenatenbno umerp L, 2= 20 ...30 ab. Wuorza B rpagiuueckom o
sHagenun HO (puc. 4.27, 6) ykaspiBatorcs nepexofHoe ocaabaenie (Bep
Hee YHCA0) M HANpPaBAEHHOCTb (HHAKHee YHCJIO).

3. Pasgaska — BripaxkeHHoe B JeiuGenax OTHOUleie BXOAHOH MO
HOCTH NEPBHYHOM JIMHUU K BHIXOJHOA MOIMLHOCTH Hepadouero nueda s
PHUYHOH JHHAU

Ly [1B] = Ly 1aB} = 10 1g (P,/Py).

MorkHo onpene/HTb Pa3ss3Ky KaK Pa3sHOCTH [ePEeX0iHOro o«.aafﬂeﬂu
H HaupaBJCHHOCTH!

L, (1B} = 101g 2P P/’P? Ly (B[ ~—L g (451,

4

[

4. Pabouee samyxanue nepsusnoll Aunui /—]] — puipaxennoe B A
unbeiaX OTHULMEHHE MOLLHOCTeHl Ha BXOJE MW BBbIXO/E UCDBHUYHON JIMHH

Lyslab) = 10 Ig (P/Py).

5. Koahpuyuenm cmosueti soarnt Ha sxo0e HO, octanblibie naedn KC
TOPOTO COTVIACOBAHBEI € MX CONDOTHBJEHHAMY HaTrPy3KH.

6. [Toaoca nponyckanus — HanOoOAblIass PasHOCTb YAacCTOT, NPH Kcni
poii TexHuyeckue nokasarean HO OTKJIOHAIOTCA OT HOMHHA/ABHBIX B If
NYyCTHMBIX JTIpeaeTax. !

24.8. leyxubipounvie HO. PaccvoTpiM Ha mpUMepe BOJNHOBOAHO!
pedrieKTOMETPa NpHHOMD AeficTBua AByXaspouHoro HO (puc. 4.28, a
B peduiekromerpe iasa HO, ouu umeor o6uuit OCHOBHO# BOJHOBOA C BXO,
ubiM [ v paGounm BbIXOAHBIM [/ nuiedamu M 1Ba AONOJHUTENBHLIX BOJ
BOJa € OTAGALHEIMH BRIXOAHBIME //]°, TV" n nsoanposannbivu IV', 1]
paeuamu, OCHOBHOH M BCNOMOTaTeJdbHbIE BOJHOBO/LI CBA3aHLl Mexay o
Goil uepes Jise mapsl OTBEPCTHHl, NPOPE3aHHBIX B OOULMX Y3KHX CTEHKA
BOIOBOMIOB M OTCTOAIUMX B KaXJOH nape APyr oT APpyra Ha qereep‘l
BOIOBOAHOR AsinHpl BOJHBL (d = Ay/4). ;

% ' ‘
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Harpyskamu nneu 7717, 1V" cayxar noakaioueHtpie K wrsipaM [y,
1li1, BHAMKATOPHI ¢ AeTekTopamu, a Wiead [V', [1/" oxanuuBaorTes 0o0-
LIGWLA UMY Harpyskami, Ry, R,,, KOTOpble N0 HOMHHAJy COPJIAacOBas
Hid O BCMOMOTATEIbHLIMK BOJIHOBOJAMM.

MomHocrs Py, nepeflaBaeMasi C/EBa HanpaRo, UOYTH  NOJHOCTLIO
(P50cs) BpoxondT B wiaeuo //. Tlpu naeanbuolt wanpasnennocrs HO oc-
14B152ACS Y4CTh BXOAHON MOLHOCTH { P, 1,,) OTBETB/ISILTCA TOALKO K IUTHPO
1131, w cOonpoTMBAGHHIO R,,, 14K KaK TNyTb K HAM 4epes ofa OTBepLTHS
0114K0BbIlt B BOAHB CKAAILBANOTCA CUHDAsHO. Motunocrs Py, p Aesure
¢ mexkay Uty ¥ Ry, nonoaam, a wreips T, u conporusaenve Ry, noas
HOCTBIO H3OMPOBaHBI, TAK K4K BOJHLI, OPHXCLSILME K HHM 4epe3 Te K
018EPCTHS, UMEIOT PA3HOCTh X014 A,/2 W, CneaoBatebHO, POTHBOMA3HL.

AHAIOPHYRO BOJIHBL, PaCIPOCTPAHAIOILMECH 110 OCHOBHOMY BOJIHOBOAY
B ofpaTtHoM wnanpasieHur (ot /1 K I, puc. 4.28,6), oTserBasioTcs BO
BCMGMOraTenbible BOJHOBOAB TAK, 4T0 B maeuaX [V’, IV" onn cknaabie
BaioTea cuugiasio, a 8 naewax 111°, 111" — npotnsodazuo. Crenosatennb-
115, d NpAMbIC BOJMHBI pearupyer HHAUKATOP, NOAKIOUEHHbIHA K LIThipIo
Ulr,, a na obparibie BoaHb — noaxkJoverHni K Ilr,.

I3 peasnbdeiX yCaOBHSAX UOAHOH Pa3sBA3KH HET U HEKOTOPAs MOILHOCTb
P, .., OTBeIBIsieTCA B IJI€YH, HHEAJNbHO NOJHOCTLIO K30JMPOBAHHbIE.:
J1o nexenaresbHoe ABJICHHE YCHAHBACTCH ¢ OTKJIOHeHueM paboueil AJiu-
Hul posnn A Ot cpendelf Aq, T. €. KOTZA AJIHHA BONHDLE B BOJHOBOAE A 7= A,
It d s A/4. Bansiide oTHOCHVeAbHOR Aarabl d/ A na napamerpoi HO se-
“nkn, [losromy Aeyxasipoussisi HJU yskonoaocHstii.

13 3TOM OTHOWENnUK Gosee cosepiuener MHOroxbipouustii HO, nmesowndt
A0 10-~20 oteepcruii cssu. Mmetotes wupokonoaocHsie HO ¢ saemen-
TOM CBS3H B BHAE AJMMHHOH LIEJH, KOTOP4st npopesala He B y3KOH, a B 00~
lief] WIHPOKOH CTeHKE OCHOBHOIO U BCMIOMOraTelbHOIQ BOJHOBOJOB.
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Ecan peduiektoMeTp npeanasHadeH AN ONpPeleneHUs ke ,, TO CHIY
Abl, CHATHIE €O IITHIPEH, ACTEKTHPYIOTCA, a 33TEM MOJIAI0TCA Ha CXeMy,
3bIBAIOLLYIO B CTPE/IOYHOM NPUGOpPe TOK, MPONOPUHOHANBHDIH OTHOLICH
curnanos. Wkany npubopa rpafyupylor B eAHHUIAX R p, 11MES B BH
4TO OJIHH M3 3THX CHI'HaJOB COOTBETCTBYET Najatwowed sonue /-[/, a A
roii — oTpaxkeHHOH BosHe [/-/.

Nnanason uamepsiembix peduekToMetpoM £, =1,02 ... 10, nanpa
AenHoctb Ly pocturaer 40 pb 4 Oonee, paGouuiéi Auanason qam“‘,
Afap/fo = 10 ...20% 142, c. 284). Peduiexromerp, NpeaHa3HAYERHbIH IA
onpeaesents kc,,, 6ut1 paspadoran A. A. Mucroaskopcom u M. C. Heiiu,
HOM.

24.9. Hanpasienublii OTBETBHTENb CO CBA3bIO Yepe3 OjiMHOUHbiE OF
sepcTud. Jonyctum, yrto ocHoBHO# (/) H BcnomoraTeabHblH (2) BOMHOBO
cef3aHbl MeXALY coGoll yepes orgepeTye (3), KOTOPOE HAXOAMTCS Ha nepi
CeueHHH AHaroHaneil oflledl 4acTH WHPOKHX CTEHOK 3THX BOJIHOBOJLO
(puc. 4.29, a). Toraa cunobwie JuHnH nosefi E 1 H oTBeTBASHOTCA H3'

8 2 (pue. 4.29, 6) 1 OTBePCTHE OKA3LIBALTCH 3/IEMEHTOM anex‘rplmecxo
B MArHHuTHOH CBHSH Mexay BOJHOBOMAMH.

Ecau oTBepcTHe HAXOAMTCS Ha TO# Ke JHArOHA/M, HO B TIOJIOMEHHH -
CA€ HANPSIKEHHOCT 3ACKTPUYECKOTrO NOMs MeHblile, YeM B TNOJIOKEHHH
{puc. 4.29, a), TO CBA3bL CTAHOBHTCA MPEHMYLLECTBEHHO MarHuTHOM. Ly

- B 6oJIbLIef] MePe 3TO OTHOCHTCA K CBA3H Yepes Kpecroobpasnyio uiens (5)
OHA CTOPOIA KOTOPOH COBNANAeT ¢ MONEPEYHOH, a Apyras — ¢ NPOAO.Ib
" HOfi cocTraBJasiomiell MarHATHOTO NOJA.

BropsuHbie BOJIHLI BO30YKJAI0T OAHO [IEUO BCIOMOTATE/BHOTO BOJM
BOBOZAA CHHpasno, a Apyroe — npoTusodasno. bBaaronaps stomy npouc
KONT HanpapJeHHOe OTBEeTBJEHME 3JEKTPOMATHMTHOH 3SHEepruu.

Iepexonnoe 3aryxanue HO saBucuT, B YaCTHOCTH, OT yIVia Yy MEXJA
ocsiMy BosinoBoAos f, 2 (puc. 4.29, 8). Hanpnmep, NpH CBA3H Yyepes LeHT
paIbHOE OTBEpCTHE 3 rjae MarHUTHOE roJie BOJIHOBOAA | YUCTO nonepey
noe H', ono umeer B BosHOBOZE 2 MONEPeUHyIo  POKLLHIO HP

= H!) cos ¥, # ¢ ysenwuennem y; o1 O 1o 90° nose MoHOTOHHO YMQHLHJH
ercs 10 HyJas. EctecTBenno, yto Takoe ocsabieHHE MATHHTHOH cuas
CONPOBOXKIACTCSH YBEJIHYEHHEM 3aTyXaHusi. B omeemsumese Beme, Ko~

& )

Pnc. 4.29. Hanpasnenniie OTBETBHTENH ¢ OAHHOUULIME OTBEDPCTHAMH CBASH
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pac. 4.30. TporuBoHanp asnennwf
oTBETBHTENE

cTPYKIMS KOTOPOrO MO3BOASIET

HOBO})a‘HlBaTb O4HH BOJHOBOJ
OTIOCHTEJILHO JPYTroTo BOKPYT
[eHTpa OTBEPCTHA CBSI3H, 370
penodas3yercs  Ans noabopa
Y JKHOTO 3aTyXaHHA.

" Cpeau nepeuncienunx HO
¢ OAVHOUHLIMA  OTBEPCTHSMU
cBR3H  BLICOKOH  HafNpaBJjeH- @ )

HOCTBIO, 1HPOKONOJIOCHOCTBIO,

Ma/bivy rabapuTamH, mnpocTo-
toit M3rOTOBAEHHS U 3KcniyaTauuu omuyawores HO o kpecrooGpas-
HOi! IIEJBI0 # B3aHMHO TMeEpPNeHAUKYJ/SAPHEIM PaAcNONOXKEeHHEM BONHOBOLOB
(ve = 90°). TNokasasiaet Ha puc. 4.29, @ HO takoro Tuna umeer ocroshoe
nanpapienne orpersaesus J-JJ, meocnopnoe [-//1 v wsoampopannoe
nisego JV ¢ nornowaroinell Harpyskoit. Makcamanbnas cBiA3b roJyyaer-
cs PR X, = a/4. :

24.10. Hanpasiennwie OTBETBUTENM HA CBABAHHLIX AHHHAX ~- 3TO
ABC KoaKcHadbHble AR HAn Ree TL, kotoprwe cssisanst mexAy coboit
Ha vaacrke aauuofl | = Ag4 (puc. 4.30, @). K nepBuunofl aunun 1-2
noironnTes wanpskense Uy or werounnka DICE, (pue. 4.30, 6), 4, Kax
yOranosiaeHo B n. 23.3, sTo paBHO3HAYHO OJHOBPEMEIHOMY BO30YKIAEHHIO
{cyv1uepno3HuiK) cuHda3HOH ¥ IPOTHBOMAIHON! BOJNH ¢ IOJOBHHHBIMU aMi-
nuryamu: Uyeq = Uypg = 0,5U,. dag wux BoauoBble cONpOTHBALHNS
Zy g H Zyng pasHbie: Z, oy OOAbIIE, 3 Zypy MEHBHIE BOJIHOBOTO CONPOTHB-
Jenist Zpp KAMAOH OTAGNALHO B3ATON JHHHE. YCTAHOBJEHO TaKXKe, 4YTO
HanpapJeHHs PacupocTpaHeRus BOJH BO BTOPHYHOH ¥ NepsHuHON NUHHAX
uporhsonoaomnse. Oraofa takie HO HaswBaoT npomusoranpasiedto:
i B OTAHYHE OT PACCMOTPEHHWX patee conanpasienrois HO.

3 nporusonanpaesnessuix HO nnevo 7 Bxoaoe, nueun 2, 3 BuXoAnbe
H T11eYo 4 #30AMPOBAHKOE, T. €. OlPEALICHHAN YacTh (P,y) OT BXOALOH MOIW-
nociu Py fonyna 1o nuuui /-2 nocTynarb g Harpysky resa 2, a MOULHOCTb
£y == P, — P, OTBeTB/SIETCA B APYCYIO AHHUIO M 10 Hell AOJIKHA CAeHo-
Bath, B Harpysky mieda 3. Y6emumcs, 4TO AAs STOTO HYXKHO: a) HMeTh
BOMHOBOE COfIPOTHBACHHE KAKION JIHHHE Zyy == VZ,, ctleng: 0) yCTaHo-
BH1L OAPENeEHHYIO CBS3b (DACCTOAHHE S) MEXAY JNUHHSAMH; B) K TOY-
Kav J, 2, 3, 4 noaKMOYHTH ORUNAKOBHIE A0 HOMHHANY COBPOTHBJEHHA
R,. paBHble BOJHOBOMY CONPOTHBJCHUIO Zg,.

Hpu atom HO cornacosan no pe3yapTHpyloiied BOJSHE H Ha BXOe, H
a puiXoge, HO A/t OTAGIBHO B3ATHIX CHHDA3HBIX H APOTHBO(A3HBIX
COCTapAsIOIMNX TAKOTO COFNACOBAHUS HET, i OHM OTPAXKAKTCA OT HArpy-
30K na koHuax aauauit. o dopuyne (12.28) (cm. u. 1, o. 266) kosdduia-
€Ty orpaxenua cuHpasHol M nporusodasiofi  BOAH COOTBETCTBEHHO
PaBiL

1~ Z» ——7 . N Z ‘—Z ‘
| P Tt - X1 4.1) T, = fBesnd | 4.2)
o Ly +pey ! ( P ZpytZs ugp

4 , 89



31t KO¥PPHUKHEHTB! JIOKHG OBITh YHCJACHHO PABHBI ¥ MPOTHBONONOXHY
no 3naky { Uyp = —Ucg), Tax kax npn pasenctse I'yy == — oy Ha BxA
ne ! u B nede 3 HeT OTpaKeHHBIX BOJH, A B MJIeUe 4 HET HR HAMPSIKEHHN
HHZMOLL‘LHOCTM. 3anncoisaem yeaosne Thy = —T¢p o yuetom (4.1)
(4.2)

Zeo—2Zg op Zn ep—7ng . (4 !
. 4Bu+Zn ud Z\acxh‘l'ztso
Orcrona nosyuaem

Zno = V‘ZB e Zu ndy (4

T. €. BOAHOBOE CONPOMUGAEHLE KAHCOOH AunUL 0AXCHO Gotmb paRHO Cped
MY 2e0MEMPUHECKOMY 143 S0AHOBBLX CONPOMUBACHUL CBAZAHMHBIX AUNUL §al
CUHMABHOT & RPOMUEsHAHOL B0AK. DTO COOTHOLIEHHE Peanu3yercs no
6OPOM UIHPHHBI OJOCKOBBIX (IPOBOAHUKOB @, 4 PACCTOSHUE § MEXIY UM
MU onpejesigercs TpefyeMbiM pacnpefle/ieHHeM BXOLHOH MOIHOCTH.

Hasogem oTHOIWeHHe NeHCTBYIOWHUX 3HAUCHUK HaNpsKenud B mwieya
3 u I koxpduuvenrom csgsn HO: k., = U ,/U,. Torna pacnpenenesu
BXOMHO® mowHecTa £, == U Z,, Mexay wieuaMu 3 v 2 sanucninaeTest
BHAE

Pr} = U%/ZBO:kgll U?/ZBO =P‘l kgm (4'5)
Po= Py = Py= Py — kbP = Pyl — L) (46)

3uasuT, ASACTEVIOWELE APAUCHUE BanpsKeHus B nJede 2

Uy =V P, Zy=Y P} — k) o=V Ui\ — ki) Zopl Z o = UV T — Ry, |
4.7)

Taxum ofipasou, pacnpejeseHdie MOIWHOCTH MEXAY BLIXOAHLINK e
gamp HO 3asucut o1 kO3phULHEHTa CBA3U kg, KOTOPHIA onpeneasiercd
pAcCTOSIHHEM S MEXAy (IPOBOLAMH CBSI3aHHBIX JHHAA.

B npusenennerx gopmyanax uyactora we Qurypupyer. 3To (pH3HAK TO-
ro, uto uzeaabsietii HO, te. HO, B aunnax koroporo net noreps, coraa-
COBaHHE CONPOTHB/JEHUI TOUHOE W T. 4., WMEET HEOIPANIUEHHYIO NOAOCY
nponycKaHus. B peanbHbIX yCJIOBHSIX 9Ta 00J0CA OTpaHHUueHHas, (10 OYEHD .
IHPOKas, OCOGEHHO MPH ONTHMAAbHOH A/MHe ydacTKa vBssH (I = Ay/4).

24.11. MporusonanpapnenHstii Moct — pasdosrgHocte HO na cas-
BaHHBIX JHHHAX C JeJeHHeM BXOIAHOH MOWHOCTH nouonam: P, = P, =
= P /2, Uy = U, = UJV2. Cornacko (4.5)—(4.7) raxoit 3-51B moet noa-
KeH UMeThb GOMbiIOR KOSMGHUHEHT cBS3H (ko, = 1/ V2 = 0,707), xoto-
PBIit NOMYYALTCH TPYW OueHb MAJIOM 3a30DPE MEXKAY NOJOCKOBBIMA NPOBOAHH-
Kamu (§ > 10 Mmkm). KoHCTpYKTHBHO 3TO peanusyior, ofipailast EiyTpeH-
HHE NPOBOAHKKHA CBA3AHILIX JHHWH IUHPOKHMH MJIOCKOCTAMH APYT K ApY-
ry, HanpHMep, Kak 110Ka3aHo Ha puc. 4.31. MocTh paccunTaHel Ha NOAKJO-
YeHHE BHEHINMX KO2XCHANBILIX HAM TOJNOCKOBBIX JIMHHIL

M3 Bcex sumos HO nporusonanpasiennbte orBelsiitenn naunbosee
WHPOKONOAOCHBIE B naubonee NPoCThie BO KOHCTPYKILHM.
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puc. 431 I1pOTHBUHALIPABACHHEIA MOCT |
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7 77 L

puc. 4.32. Hurerpasbusie Muxpocxemn CBUY

Brad .
Lr L, iy L
1 . 1, )
O Ly e
395 7 J
M l'L ol r g i Il |J 1

a) ) b) 2)

24,12, TexuwuyeckHe nNOKA3ATENH HEKOTOPHIX HHTErpajbHBIX CXeM
CBY. T'ubpuanoe koapuo (puc. 4.32, a): paboudid AilaNasoH 4acTor f =
== 3,7 .11 I'Tu, orHocuteabHan noaoca aponyckanus Afg, = 20%,
pastsska L, = 20...25 ab, sxommod k., = 1,3 ...1,5.

Apsyxuwneddpunit HO (puc. 4.32, 6). f =3 ...6, 6 ...10 TTn, Afy,/f,=
= 10%, L, =15...17; 14...16 1b, 4., = 1,2 ...1,4; 1,3...1,5.

Tpexwaeiipuutis HO (pue. 4.32,8): f=3 ...6: 6 ...10 [Tu, A, /f, =
= 2%, L, = 16 ...18; 14...17 1B, 4,.= 1,25 ... 1,45; 1,4 ...1,6. HO
Ha Cps3adHBIX AUiHAX (puc. 4.32, 2}, dyHKUHCHUPYIOWHEA Kak 3-aB5 smogr,
T e mMelolul Nepexoanoe ocaabaenue Ly, = Ly, =3 AB, paccunran
a f=8..12 Ty, L, =14 ...16 1B, &z = 1,3.

Kak BHAHO, NO CBOMM KAYECTREHHBIM MOKA3aTesIsIM [ABY XiujieAQHBIR
HG verynaer tpexneiipnony HO, rudpnasoMy wonibity n HO ua css-
8dinliaX JAMHMNX,

fnasa 5

NPUMEHEHWME HAMATHUYEHHDbIX WEPPATORB
B JiMHUAX NEPELAHN

25. ®EPPUTBI U UX CBOMCTBA

25.1. OGmue ceeneHus. Marepuansl, OTHOGHTeNLHAR MarHuTHAs npo-
HHLA4eMOCTb 1 KOTOPBIX HE3HAYMTENLHO OTAWYAETCA OT EXMHMUE (DpHMeps
HO sia 10-9), nasLiBaloTCH HEMacHumHsimy. 910 Ouamazremuxu, WMeo-
Hite w <1, w nupamaenemuxu, iveowie p 1, Maenumusie mamepuaiss
W > 1) pasgeasioress Ha (eppomucHEmuKL, QHINUPEPPOMICHEMUKY U
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deppusazremuxu. JKeneso, HUKeNb # KOBANLT — THIMUINLIE rbeppo,
HeTHKH, (EPPHTHL — (heppPHMArHETHKH. '
[Ipocteifiuue U3 GeppPUTOR —- wWnUHEAl — NOAYYAIOTCH  CTICKanH
OKHCJIOB 3KeJe3a ¢ OKHCJaMyl ABYXBaJeHTHBIX METa//IOB: Mapradua, Ma
HUA, Melad, UMHKA WAd KaaMus. Hpyras pasHOBUAHOCTL — 3TO OKH
Xeaesa, K KOTOPHIM IPHOAB/ISIOTCS PEAKO3eMENbHbIE METa/bl HAH OKK
JBl MTTPHSE; TAKOB, HanpHMep, XeJe3sHO-HTTPHeBLlH rpanar. Oud umey
CTPYKTYDY THIIA epaxama.
B BaxyyMme npu Hanps:keHHocTH MarHUTHOrO ftoas H marnutHas ug
Rykuus B = uo,H. B npoussossuoii cpese npu ToMm ke 3pavenun H nf
RyKuus marduTHoro noasi B = u,H, rae p, — abconmorHas MarHHTHS
HPOHMILAEMOCTh; TOIAA Waflly = ft —OTHOCHTENbHAs MarHuTHas TPOHN
uaeMocTh cpefpl. Mamenenne nHAYKUMH MPOM3OUNIO 33 CYeT BHYTPEHHE
O MaCHHTHOTO MOJIA BEUIECTBA, KOTOPOE BHI3BIBACTCA BHYTPHMOREKYJIA]
HbIME TOKaMH. Tak Kax 5TH TOKH NPONOPIIHOHANbHEI HCXONHOMY (BHEL
HeMy) MarHHTHOMy nosio H, To MOXHO chenarth cJclyioulle BblBOJ
1. B npousBOJIbHOA cpejie K BEKTOPY HanpsmeHHOCTH noas H npi
GaBisieTcss BEKTOP HamarhuueHHocTH M, moaysb Koroporo M = kM
rie ky,— 6e3pasmep}mﬁ Koaqbd)zumeum socnputkiyeocmii. Cymmupyt
BEKTODPH! BHeniHe# ¥ BHYTPCHHEH MHAYKIHH, TOJyYaeM, 4To pe3y.nb‘mpy o)
1as MHIYKIYS MarHiTHOTO 1OAS1 B BellecTBe '

= po (H 4+ M) = po (H + ky H) = pol (1 + k). (5.1}
2. Conocrasans (5.1} ¢ suipawenvem B = p H, maxonnm cooTHowed

3

HHe MeXK1y aGCOMOTHON p, M OTHOCHTENBHON | MaCHHTHOI MpoHHUaeMOf
CTAMA Cpelsl o xoa(p&buunemom BOCTIPHMMUYHBOCTH K, '

pa = l"’o + km)y
p=p/uo=1+ km-

Ias pakyyma kR, =0 n p =k, + 1 = |. BHyTpenHne Marantioie
NOJA AHAMAFHETHKOB W napamerﬂemxoa npommmorcn HacTONBKO ¢Jabo
9T0 AN HHX Ry o 0 v p o2 1. TobKO A8 heppOMArHHTHEIX MaTepha o8
ky> 1uup >>l v

25.2. BHyTpesHWe MCTOMHMKM MATHHTHONO NOJA BeliecTsa. MeKTpoH
aroMa sIBJSIETCH 3JEMEHTAPHBIM HCTOUHHKOM MarsHTHOro noss. OH copep4
maer Ogoilroe spaujameavioe dsuwicenue (pue. 5.1, a): no opbure Bokpyrd
anpa (opbumasvroe) W BOKpYr cBoelt ocu 0’0" (cnunosoe). Bpauenne
SNEKTPOHA MO 3aAMKHYTHIM KDHWBBIM aHaMOTHUHO TOKY B pavKe, NO3TOM
BEISBIBAET MOCTOSAHHOE MArHHTHOE 110/ C ONDENeNeHHBIM Machummbiy 10
Menmom. Bpamenne Macchl 3JeKTPOHa CBUACTENLCTBYET O HAJIHUHK eme H)
MEXQAHUYECKO20 MOMEHMQ. '

Teopua ¥ onbIT NOKA3HIBAIOT, YTO NPUPCOR MALHEMUBMA 3aKM04eHA 8
macnumnom Mp u mexanuveckom My, cnunoseix momenmax, opbumants}
HOIMU MOMEHMAMU MOJNCHO NpeHebpedt No CPABHEHUR CO CHUHOBbIMY. Hax]
npasJieHNe BEKTOPOB My 3 M.z IPOTHBOMOJIOXKHO, TaK KaK 3apsifl ek T
TPOHa OTpHIATE]bHEIN. !

Eciin B BemecTBO NOMECTHTh NOCTOSHHOE MarHMTHOE nojie HanpskeH-3
HocTblo Ho, To 310 nosie 6yaeT B3aHMOAEICTBOBATL CO CIITHOBBIM Marili(-4
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pac. 5.1. [Ipeneccua azextpowna,
pu3bBACMAs BHELHHM  Markiie
HuiM J107eM

poiM MOMeHTOM My, B pe-
gy/bTaTe UCr0  BO3HHKHET
MOMEHITL MEXAHUMeCKOl cuvt,
KOMOpoLLl Crapemumc 2 nosep-
ayme oce 0’0" B HanpapJe-
pitu BekTopa Ho. Ho 6naro-
paps CYlLeCTBOBaHMIO Mexa-
HHUECKOTO  CIIHHOBOTO MO~
wetita M.y 3JEKTPOH yro-
p0015€TCH THPOCKOMY (BOMUKY): OCh BPAIeHHs 3JeKTPOHA, & C HeH H Mal-
HHI‘HbIl‘:[ MOMEHT MH ONHUCLIBAXOT KOHHYECKYIO [IOBEPXHOCTb BOKpYI BeK-
ropa Ha.

[TonyueHHoe JBHXKEHHe, Ha3biBaeMoe npeyeccued, MOXKHO DaccMarpHe
BaTh KaK CBOGOAHbBIE KOMEHAHNS C YIIOBOH yacToToH wp == 2mfy. Baxuo,
Y10 yacToTa CBOGOAHON MpeueccHn fo npAMO MPONOPLMOHANbHA Hanps-
wengocty nois Ho:

fo IMFu) = 2,8H, [3] = 3,5 - 10-2H, [A/ul. 5.4)

CsofomHasi npereccHs, eciH HaGMoAaTh €€ MO HANPaBJIEHHIO BEKTO-
pa Ho, coBepluaeTCA MO 4acoBo#l crpeaxe. KakK BesiKoe peaibHoe cBOGOA-
HOw KoJleDaHHe, Npeleccus COIPOBOXAAETCS! NOTEPAMHU H 3aTyXaeT: KOHeR
Beklopa My ONMHUCHLIBAET CBEpTBhIBaOLLYioCa cikpadnb. Ilponece aantea co-
Thle JOAH MHUKPOCEKYHABl M 3aBepluaetcs 1eM, YTo BekTopel My u Ho cos-
faaoT, Tenepb MardMTHblE NOAA, Bh3BaHHBIE ABHKEHHEM SJEKTpPOHA
aTo:4a N BHEUIHMM HCTOYHHKOM, NOJHOCTBIO CKJIaAbiBaioTCH.

23.8. OcoGeHHOCTH HAMATHHYHBAHKS Pa3NUYHbX semects. Hamardud-
Yinalide MaTepHalia CYUICCTBEHHO 3aBHCHT OT CTPOEHUSi ero aroMoB. 310
Bbi))AXKAETCSl B CJASAYIOILEM.

I. Ha BHyTpeHHHX OpOHTAX aTOMOB CITHHOBblE M OpGHTANbHbIE MATHUT-
Hile MOMEHTBI 5JeKTPOHOB MOHOCTBIO KOMIEHCHPYIOTCA. HTO Kacaercs op-
OHT ¢ HeCKOMMEHCHPOBAHHBIMM CNHHAMH, TO YHMCIO HX M paCHpeaceHHd
Ha ophutax B atoMax pasHBIX BEWECTB Da3jnYHOE.

2. Mexay »1eKTPOHAMH COCEAHHX aTOMOB MPOHCXOMHMT 06MEHRHOE 83U~
#M002acmene. OO NPHRBOAKT X NAPAANEAGHOL UAL aRmunapaiteasnod (apo-
THBOUONOXKHOH) Opuenmayuy Cnux06, TPHYEM 3ITOT NPOLECC 3aBUCUT OF
Paccrognns d mexy aToMaMd KPHCTAJIHYECKOH pellleTKy. B ¢eppomar-
HeTiikax paccrosinne d ONTHMaJbHOE Ui NOJIYHEHHS NapaJeNbHOA OpH-
CHTari, Gaarogaps ueMy B QeppOMarHeTHKaX Hab/:0laeTca Haxe ca-
MOnpousgoabHan  (CROMMAHNAR) HIMAZHUYEHHOCMY, B TapaMarHeTukax
Paccrosinue d Gospliie, ¥ OBMEHHOE B3aUMOAEHCTBHE MOUTH OTCYTCTBYET;
B aurudeppomarnerukax, rie & Meubuie, yeM B eppoMarseTHKax, B3ad-
MoneiicTBHe 371eKTPOHOB BHI3LIBACT AHTUNAPALIENbBHYIO OPHEHTAHIO CHH-
HQB; (heppuMarHeTKH UMEIOT TOYTH TAKYIO K€ COOHTAHHYIO HAMAarHUYCH-
HO.Tb, KaK deppovarueTnkd, HO NPUYMHA 3TOR HAMATHAYEHHOCTH B TOM,
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TuTO HX pewerka AeNHTCS HA NOAPEleTKH G HEOAWHAKOBLIM YHCIOM ap
napajJienbHbBIX COKHOB. !
3. C yBenanyeHueM OT HYJISl HANpsiKeHHOCTH MOCTOSTHHOLO MarHHTHY
nonsi H, nmapaasenbHag OPHEHTAUMS CHHHOB YCHAMBAeTCH, H KOrAa
ROCTATOYHO BeJIHKA, BCE€ HECKOMNEHCHPOBaHHBIE CIHHBI ODHEHTHPYKX
napaanenpHo Bektopy H,. Torna wacrynaer maenummuoe naceuyerue’
wecmea. HaMarHU4eHHOCTb HACHIULEHHS PA3HBIX MATEPHasoB, OYeBHAN
passau4Hasn. !
4. C noBbuueHHeM TeMnepaTypel TEMIOR0e ABHIKEHUE 3/4EKTPOHOB Y
JUBAETCSl, W 3TO HApyliaeT PACAQIOKEHHEe CNHHOB: NPH TdK HA3bIBae
mennepamype Kropu uucao napanjenbHbiX H aHTHNAPANJEABHLIX CIHA
YypaBHHBACTCSl H, KAK CJEACTBHE, HAMAarHWYEHHOCTb CpPeAhl UaZaeT Ao #
Jst. L
25.4. Boiuymaennas ppeueccus cnimna. 1. B Hamarsnvenrbix depp
M QeppUMartHeTHkax, Kaxk B M0HOH KoJjebaTeNbHOH cucTeMe, BO3MOXK
He TOJIBKO CBOOOjHBIE, HO ¥ BhiHYXJACHHBIE Kostebanns, OHU BO3HHKAE
NPH NPOXOXKAEHHH 3JEKTPOMarHUTHOH BOJIHBI HYepe3 HaMarHWUYeHHVIO C[Y
ay. BYH u CBUY sonusi He NPOHHMKAOT B (eppoMarieTiiki H3-3a Que
6oaBIINX NOTEpPb HA BHXPEBHIE TOKH,
OnnuM 13 3aMegaTesbHbIX CROHCTB (DEPPUTOB ABJASETCS TO, UTO OHH
($eppoOMarsUTHbIC NOJNYNIPOBOABHKM: HX YyAeabHasg IPOBOIUMOCTL (O
- = 10~% ...10~1! Cm/M) Ha MHOTO MOPSIKOB MEHbLIE, UeM y XKeaesa (g o
== 107 Cw/m). Bnarorapa stomy B deppurax paxe na CBY soann pal
NpocTPaHAIOTCs 6ex CKONbKO-HHOVIb 3HAYNTENBHBIX NOTEPb, €CMH TO
KO HE CO3Jal0TCAl 0coObie yCAOBHA AMF CHABHOIO IIOTNOIEHHSA BOJH.
2. O6bI9HO  HANPSIKEHHOCTb  TMOCTOSIHHOTO  MATHHTHOTO  noast f
(puc. 5.1, 6) u cootBeTcTRYIOULAA eff HAMAaTHAYEHHOCTL M, BOCTaTouno B
JMKH, YTOOb epPHUT HAXOAHACS B COCTOAHHH HAChiUeHHs. Torna amma
TyAa HanPAXKEHHOCTH MAFHUTHOTO NOAHA 3Jlempomarnwmoﬁ BOJIH
H.om < Hy n MOXHO nperebpeub cocraBasiomer noas H . ,, BIOAL Be
Topa H,. JByM APYIHM (IPOCTPAHCTBEHHBIM COCTABJSIOUHM TOTO XKe 110/
H ., COOTELTCTRYET BEKIOP HamarnuyennoctT M, xoTtopbili nepnesns
Kyasped M, Pesyawrupyioilas samarHndeHHoCTe M, + M Bhipaxs
eTcst BeKTopoM M, pacroiomeHHBIM MOA yrjioM & k M.
Bekrtop M, nono6uo sexropy My Ha puc. 5.1, a, npeueccupyer sokpy
Bektopa H,. Ho 3Ta npeuecclst spiHyXKAEHHAST W COBEPILAETCS € YACTOTO,
[ anekrpomaruutHoft Bosinnl. Ilpn paseHcTse dacTot f = [, HacTynaer Ta
Ha3piBaeMbIH peppomaerumHoli pesoHanc ¢ MaKCHMANLHOH aMIyinTyAo!
npereccHu. A
3. B cayyae snHefiHO-NIONAPH3OBAHHOR BOJIHBI MOKHO TpeAcTaBuA

ee B BHJE IBYX BOJIH C KPYTOBOR uonsipuszauuefl, u3 KOTOpHIX ORiia Bpd
Hla€TCS N[O YacoBO#l CTpeake (ipaBas BOJHA), a Apyrasi — MPOTHB yacd
BO# CTPEJKH (/eBast). 3To NOKa3aHOo Ha pHc. 5.2, rae noje NpaBoi BOJHE
npu of = 0, 30, 60°, ... c6o3nauero 1, 2, 3", ..., a nose JeBOK BOJHH
1, 2', 8, ... Tlpu reoMeTpHYeCKOM CJIOXKEHUH BEKTOPOB 3THX [OJeil noay
4aioTCs BEKTOPH 1, 2, 3, ..., PACMONOXKEHHbIE N0 OAHOH NPAMOK NHHH
T. € pe3yJbTHPYIOILaa BOJHA OKa3ajach AEHCTBUTEJILHO JHHEHHO- o.M
PH30BaHHOMN. 3daBUCHMOCTb Pe3yJbTHPYIOUEro noas f or of u3ofpaxas
eTcst KOCHHYCOHWJIOH.
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Pae. 5.2. O6pazosaune JnHeRHO-NONAPHIOBAHHON BOJNHM H3 KBYX BOAH ¢ KPYromoid
NOAAPH3aLHeHl

4, Cpofoanas npeneccusi, XKaK OhIO OTMEUEHO, MPOHCXOANT MO Yaco-
Boli CTpesike, a WX BOJMH ¢ KPYTFOBOH NOAAPU3aUHEH, BLI3LIBAIOWHX Bhi-
HYXOEHHYIO MPelecCio, TOMbKO NPaBaf BOJIHA Bpallaercs N0 9acOBOA
CTpesiKe, a JeBasi — UPOTHB uacoBoi. EceTecTBeHHO, 4TO mNpU pe3vHaHce
NPaBOAOASPHIOBAHHAS BOJMHA BCe BPeMsi CNOCOGCTBYET TMPELUECCHH,B CBS-
8H ¢ 4eM KOHEl BeKTopa M ONMCHIBAET pPACKPYUMBAIOUYIOCH cliupans %
TeNJIOBLIE MOTEPH B (eppuTe BO3PACTAIOT HO ONpPEALJEHHOrQ npelena,
Torna cnupans nepexoaut B oRpyRHOCTE. OTRJIOHEHHS OT pe3oHanca co-
NPOBOXKAAIOTCS YMEHBIIEHHEM yraa 8 U yMEHblleHWeM TOTJIOLLeH s SHep-
THH pacnopocTpansieMolt BOJIHGL

[Ipeneccusn, BLI3bIBaEcMAs J€BOH BOJHO/, OYeHb caafafg W OT YaCTOTHE
He 32aBHCHT, TaK KaK BEKTOD MArHHTHOrO [OJs 3TOH BOJHbLI BPALLAETCH
B o0paTHYIO CTOPOHY K CBOOONHON MpeleccHH.

25.5. KomnaekcHas marngTHas nponHuaemocTs deppurta. Tlonobro
TOMy KaK QU3JIEKTPHYECKas cpella G NOTEPsSIMH HMMeeT KOMIUIEKCHYI0 M-
SNEKTPHUECKYIO MPOHANAEMOCTE & == &’ — je", peanpHas (eppuTOBas

CPea uMeeT KOMIVIEKCHYIO MarHHTHYIO OPOHHUAEMOCTb t = p' — ju’.

Bemecrsennas wactb p’ onpefensieTcsi CnocoGHOCTLIO CPellkl K Hamar-
HAYHBAHHIO, 4 MHUMAsA 4acTh | ofyc/oBneHa notepsmu B cpene. [ns npa-
BOil BO/MMEI KOMIJIEKCHAS MAarHWTHAR MPOHUUAEMOCTh fL(4) = gy ~— Bty
4 L1 neBoil BOJHBI OHA APYLas: MW—y = W{—) — jih{—).

. Eciu  gamarauuuBalowero mnoas  Her (Hy == 0), To 3Hauennsa
B4y =pi_y o I (puc. 5.3). C yBennyenuem H, gacrora cBoGOAHO#H npe-
“e(jc"n BO3pacraer H , KorAa Hy = Hp,,, 972 4actora fo CTAHOBUTCS PaB-
'10# wacrote f, pacnpoctpansemoil B geppuTe BOAHKL, T. €. HacTyTaeT (ep-
;f??mamumbrﬁ pe3oHaHC. CrienosatenbHO, COCTaBJASIOWAs u("+;. 11pomnop-
y OHaNbHasA notepam npasoii BOJIHEI, YBEJIHUMBACTCS W JIOCTHTACT MaKCH-
I'lyi‘a K(+manc, @ COCTABAAIONLAN () NPOXONHT 4epe3 CBOH OTPHILATE b~

MH MAKCHMYM 11 Bo3BpallaeTess K HCXOJTHOMY 3HAUENHIO {4y = | mpu
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X H , Pue. 53 3aBHcnmd
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fly = Hypes. Hanbheitiree yBennuyenne H, cOnpoBoXK1aercs yBeiHYeH
em M({.) 10 NOJOKHTENLHOIO MAaKCHMyMa, NOCHe Yero p{ i+, YMeHbiae
cs. OTcyTcTBHE BAMSHKA N€BOA BOAHBL HA NPELecCHid 31eKTPOHOB HAX
IHT BbIDAXKEHHE B TOM, UTO NPH BCeX 3naueHnsx Hop(—y~ 1 u p(_, oy
Ha CBY napamerpnl GeppuTOB HMEIOT TAKHE 3HAYEHHA: OTHOCHTEE
nag AH3JeKTpHYECKas NpoHnnaeMocts ¢ = & ...30, TanreHc yraa ansaex
puueckix noreps  {g 6 = 10-* .. .10~* 4 remnepatypa Kwopr Tk
= 100 ...600° C {13, 1. 2, c. 40]. !

26. NMPU3HAKIM KNACCUDUKALIMK DEPPUTOBBIX YCTPOWCTB [39)

Haruaue uay omeymemsue e3aumubix ceoticms. Hapsay co B3anmui
MU (hCPPUTOBLIMK YCTPOHCTBAMH NPHMEHSAIOTCH YCTPONCTBA C HCNONb34
BaHECN aHH30TPONHLIX (QEPPHTOB, NAPAMETPBI KOTOPLIX HEQOAHHAKOBHE
(HeB3anMHpl) AJR BOJH DPOTHBOMOJOXKHBIX HAlPaBJEHHH.

Ynpasagesocme ycmpoticmea. YnpananeMunm $EPPHUTOBLIM YCTpPo#
BOM CYHTAETCsl TAKoe, KOTOPOe PAacCYHTaHO Ha YNpABJEHHE BbiXOLHBIM
BeNHYHIIAMH NyTeM H3MEUeHUSN U0AS HaMmaruuuusauus M. 1

Hanpasnenue HamaeHudusaoweeo noas (APoo0AbHOE wAl nOnepetHod
OTHOCHTE/IbHO llanpaBJ/enlisl BOJHL, NPOXOAsillel yepe3 (eppHTOBLE
9/1eMeHT yCTPOHCTBA.

Herenue, noaodcennoe 6 ocHo8Yy pabomot (heppumosox yempotcme: -
ekt Papases — BpallleHHE MJIOCKOCTH MOANPH3auMy BOJNHBL Heolpar
MBIt ha3oBblil CHBHT; HeoOpatHMoe 3aTyXaHHe; (eppOMarHMTHGIA pes3q
Hane (1npopoaLust van nonepeuHbRt): 3hPeKT CMeuleHUs NOAS o T. A

Hasnavenue. epputoBble y3/bl IPHMEHSIOTCA B KauecTBe (hazospad
TeNeH, UMPKYAATOPOB, BeHTHARH, nepexnaouarenel, sbikawoyarenefi, amiy
JUTYAHBLIX MOAYJNATOPOB U Ap. 3
© Pabouuti duanason 6oar. PeppHTOBbIE YCTPOIICTBA Yalle Bcero ucnon
8YIOTCSl Ha CAHTHMETPOBBIX BOJHAX, PeXe — HA ACLHMETPOBHIX H Mu/AM
METPOBLIX H ellle pee — HBa METPOBbIX,
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Bud auruu nepedadit, HQ 0CHOBE KOMOPOHR CKOHCMPIILDOBARG hepp:inios
goe yempodcmso. B 3aBUCHMOCTH OT Ha3HAUCHHS W AMANA30Ha BOJH TaKie
¢CTPONICTBA BHINOJIHAIOTC Ha NOJOM WAH KOAKCHA/JbHOM BOJHOBOAE, NO-
pockoBbix (FLJT) HJH MUKPOTIOJIOCKOBBLX (Q‘lﬂﬂ) auHdax. Eean Boniosox
epPHTOBOTO YCTPOACTBA NPAMOYTOJbHbIA, TO OPEAGYTHTE/bHEE NOlE-
pruiioe NOJIe HAMArHMYUBAHWs, A €C/H KPYIJbifl, TO NPOAOABHOE.

Honycmumas 8xo0nasn mowrocme. Paznnuaior gepputoshie yerpoiictsa
H13KOFO (€AMHMUBL — ACCATKH MU/AHBATT), CPEAHETO U BLICOKOrQ ypoBHA
(GLHLHOCTH.

27. HEPPUTOBBIE ®MNbIPI

[lpunuun aefictBus GeppuToBLIX GUALTPOB OCHOBAN HA DE3OHAHCHHIX
coniicTeax eppuroB. [losoca npornyckauuss ¢eppuTOBOrQ pesonaropa
AH ,, u3Mepsiercst Ha yposHe 0,51 4iuaxe (CM. puc. 5.3). B puanasoue
CBY sta nosnoca cocraBasier (4 ...100} « 10-2 A/m.

Boasutoe pacnpocrpanenne noayunau pesonatopw CBY B siie che-
prs I (puc. 5.4), u3rorosnenHo# n3 xeneso-urrpuesoro rpauara (KHUI),
Qui HACTPAaUBAIOTCA B PE30HAHC M3MEHEHHEM HaNpPAKEHHOCTH noast .
Ciepa, OXBaueHHas B3aHMHO MePNEHAHKYAAPHBIMH mosocKamu (2, 3),
pasMeulaeTcss Ha OCHOBaHMM (nofnoxkKe) (4) ¢ MeTaNTU3HPOBAHHLIM K-
paitom (9). Onna nonocka cesizaia ¢ BxoasoH I1J1 uepes 3asop 6, a
apvrana — ¢ BuixoaHo#t [1J1 uepe3s 3aszop 7. OBe noONOCKH NOJYBOTHOBHIG
i PA3OMKHYTHl Ha KOHUAX, HO He 370, a ceoficra KMUI' B ocroBHOM
onnesennioT Pe30HAHCHHE CBOHCTBA (PU/AbLTpA.

IleficTBUTENBHO, TaK KaK [OJOCKH 2, 3 B3aUMHO HEpPHeHAMKYASDHLL,
10 npit Hy == 0 BXOA 1 BbIXOA pe30oHATOPa W30/IHPOBAHLL. DAEMEHTOM CBR-
3u nmexkay 2 u 3 cayxur depparosas cpepa , xoraa Hy, = H ., cBi3b,
a 3Ha4HT, ¥ aMAJHTYA3 BHIXOAHLIX KOJe0aHAH NOCTHLAOT MaKCHMyMa.

Ecsin nosepxHOCTb Cepsl TiLATENBHO OTHONNPOBAHA, TO COBCTBeHHAR
1O3POTHOCTH Pe30HATOPA OUeHb BLICOKAs — [opsinka 10! npu uyacrortax
0.5 ...18 I'Tu. M pesonatopsi gonyckaior Hosee uem ABYKPaTHYIO fiepe-
CIpoiiky 4acToTH ¢ nonocoi nponyckanus 5...70 MIu (13, 1. 2, c. 40l
Ecouy Tpefyerces noBhilIeHAast H36G#paTe/bHOCTb, TO B GUALTPE BBOAAT B3
it Goaee ¢eppUTOBLIX Pe30HATOPA.

<8. NNONAPUBAUMORHBIE LMPKYNATOPL! CBY

28.1. O6mue csepenns o uupkyasropax. [Hupkyasrop CBY mnpez-
ltasnagen ans pasjenenus curaanos CBY. B e nMeercss HECKOJIBLKD BXO-
A0 ¥ BHIXOAOB {1N1€Y), Yepe3 KOTOPLIE CUTHAME IPONYCKAOTCS B 3aXaHHOM
Nocnenopatensyoctd (puc. 5.5, a). Ecan B Hanpaeaedun [-2 MOULHOCTb
Curtana ocnabasercs ot P, ao P,, a B o6paTHoM Hanpapieruu oT P a0

i, To npambie notepi L., # cfpardoe saryxanie Lig, BHPXAOTCS
Fopmyaamn :

Lnp (8B} = 10 Ig (P,/Py), (5.5)
1“00]) U]‘Bl = 10 lg (Pélpi)- (56)
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Puc. 5.5, ¥cnopnuwe ob60zHagennst qeThpexnasd)
Yporo UMPRYASTOpa  (4) u  (asoppawated
neii (6, 8) -

Ipyrue XapakTepHCTUKH HHUPKYJs
poB. pabouuii Auana3or yacToT, NOJ
nponyckanns, ke ¢ Ha BXOJE KAXKAOTO I
Puc. 5.4. KHT pesonatop 44, radapuTeble pasMeps, Macca M a.neKi

TpHUecKas l'lpO'-lHO(.Tb

28.2. [lonspusaguosubie uupkyastopul. 1. M3 Tpex BuAOB deppur
BbIX LHPKYJAATOPOB (N0A7PKR3AUHOBHBIE, MOCTOBbIE 1 (a30Bble) CHAYaN
paccmoTpuMm noasipuzaunoHsble. OHY OCHOBaHbl Ha DpHinMNe BpPalleBH
NAOCKOCTHY MONSPH3ZUMKH SJIEKTPOMATHUTHEIX BOJIH DOA JefACTBHEM DBP
JOJIbHOTO HaMar HHUMBAIOLLEN0 NoAs. IT0 sBieHne Oblao OTKpbiTo B 1845 Iy
@apajgeem 4aa cBeToBbiX BosH. [locae nodyuenns cpeisl, cnocoGHON npos
NyCKaTh PAAHOBONbL 6e3 GOJbILKX [0TEPb, T. €. PEPPHTOB, TOT Ke 3hheK
craad npumensib na CBY '

2. YCrpolicTBO BpPAWEHUA DAOCKOCTH [OAADH3aLLHY B qJeppmoBoB
cpene (puc. 4.6, @) COAEpPKHT OTPE3KH NPAMOYro/ibHoro ({—4) n kpyr-
Jioro (&) sosHosonos. [locaeannii coegnnsercs ¢ BonnoBoaamu I, 2 n1as-,
HBIMH DepeXofamd. BHyTpu oipe3ka KpyIJoro BOJHOBOAA HAXOAXTCS
GeppuTOBLI BKAAALIL (cTepxenb) (6) ¢ onopoft (7) U3 nNeHONOJIHCTHPO-
2a. KOHuUbl CYepPKHsi CKOLIEHL Hd KOHYC, 4YTOObI M30ekaTb CHJIbHOTO]
OTpa:KeHUs BOJH OT Hero. BACJDL OCH CTEPXKHA CO3JAETCH MArHWTHOE N0~
sie H,y ¢ noMowbio HocTosiH{oro Maruura (8) s npoexuuii Ha nonepeyHyso,
NI0CKOCTe (puc. 5.6, 6~—2) BHAHO, UTO KaXAbll LOCAEAYIOIME 3JeMEHT
(1-2-3-4) nOBepHYT OTHOCHTEJNLHO NpeAblAyllero Ha yroa 45°. ;

3. Baaronapsi niaBHbM nepexozaM or I kK 5 v o1 5 k 2 BosHa Hy, .
lianpasJjisieMasl NPSAMOYTONbHLIM BOJAHOBOAOM [, TpeoOpa3yercs B BOAHY)
H,, B KpyrsioMm BoauoBoae (5) u obpario B Hyy B npsmoyrosasiom (2).,
BryTpu cpeppﬂ‘rom)ro CTEP/KHS BOANY H,, MOXKHO CYMTaTb JUHEHHO-NO-
ASPH3OBAHHOM, T. €. COCTORILEA W3 ABYX BOJL. C KPYTOBOH [OMSPH3ALH- |
el (npasofl u Jesoi).

Urobn usbexarb GoabLWIHX NOTepb B deppiTe, M0OJAe HaMarHUYHBaHAA,
BblﬁupaIOT cnabum: Ho= H} ...HY) » Hg,es. B 31001 oO6nactu (puc. 5. 3)
W(+) << U(—) H COOTBETCTBEHHO (b330Baﬂ CKOPOCTh DPABOH BONHbL Uyy(4.)
Gosblue, ueM JIEBOH (Ug(—)): '

Vo (+)=C/V Bty e >V o =0p (6.7

3HayuT, 32 BPEeMs PAClpOCTPAHEHHA BOJHbLI BAOAL CTEPXKHA AJAMHOM .

[ (puc. 5.7) BekTop npapoit BosHbl E(y, MOBOpauMBaeTCA 00 YacoBOH ;
CTPeNKe Ha yTOJ ), KOIOPLLA 60bIIe Yriia Y~) NOLOPOTA NPOTHB Yaco-

|
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Puc. 5.6. YerpoficTso ans BpallleHns MJOCKOCTH MoASpu3auun 8 deppute

BO{i CTpeJKH BEKTOPaA NEBOH BO.HEI E(-). Bnarogapsa 3TOMy BEKTOp pe-
syabTupylowero noas E, a ¢ HUM H UVIOCKOCTB MOJAPH3aliNK TOBOpadHs
BaloTcst B (pepPUTOBOM CTEPXKHE Ha HeKoTopelll yroa ¢. Takas cpena, B KO-
TOpPOii OPOHCXOAHT (OBOPOT MOCKOCTH HOJAPH3alHH, HA3bIBAETCS 2upo-

mponnot (8pawarouiert).

4. MoxHO 1n0Ka3arth, 4TO HanpaB/jeHHe BpallleHHs He 3aBHCHT OT TOro,
B KaKyio CTOpOHY (MpsAMO uiH o6paTHO) PaCmpOCTPAHAETCS 3/eKTpOMAr-

HUTHAY BOJHA, OHO MEHSIETCS TOJbKO ¢ H3MEHEHHEM

CTostitoro MarHuTHOro mosis Ha 180°.

roa ke, Ha KOTOpblil ¢eppuToBLId
CTepkens MOBOpauMBaeT  TJIOCKOCTb
rIOJ]F[pHSBLlPIH BOJIHbI, 3aBHCHT OT Ha-
Mpsikennoctu noast H,y, apsamMo npornop-
WHonasen aanHe CTePXKHs 1 B MEHbLIel
Mepe ero nuametpy.

Sglc. u5.7. [Tpononbho-namaranuenysil deppu-

!Ia];bm< CTepXKeHb H BeKTOpPHbLIE AHArpaMMbl

qaﬂpnn«em;oc*ru NeKTPHUECKOTO nofn B Ha-
¢ H KoHUE CcTepHA

E

E(4-1

Halpap/jgedus HO-

//f \5
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B nannom cnyuae nanpaxennocts Hy v pasmepn (eppHTOBOTO Crey
Hst BBIOMPAIOT C TAKHM pacueToM, YTOOB! CTepxKelb I0BOPayHBa/ NJOCK
nosisipr3auuu Ha 45° (puc. 5.6). Ilpu 3TOM yc/0BHH BOJIHA H3 BOJIHOE
{ MOXeT nomactb TOALKO B BOAHOBOR 2 (puc. 5.6, 6), H3 2 —i
(puc. 5.6, 6) u u3 3 — B 4 (puc. 5.6, 2). Bo Bcex apyrux Hanpasae
JAMHHW  3JCKTPHYECKOTO MOJisd B OTBETBJEHWAX He MepneHRHKy s
UHPOKHM CTEHKaM TNPAMOYrONLHOTO BOJHOBOAA U eMHCTBEHHO BO3
Has B HHX BoaHa H,, He B0o3Gy}KAaercs. :

5. TlpuveHeHHe UHPKYJSTOPOB, OCHOBAHHLIX Ha 3(bexte Papan
OFPaHUYHBACTCA CJOKHOCTBIO HX KOHCTPYKUMH, TPYAHOCTbIO COTVg
BaMilsl BOJNIHOBOJAHBLIX CONPOTHBJEHHH NPAMOYTOJBLHOTO ¥ KPYTJIOrO By
HOBOJOB, CPaBHATEJNBHO OO/NBIIMMH Ta0apHTaMH B Y3KONOJOCHOC

29. MEPPUTOBLIE LIMPKYNATOPbI MOCTOBOTO THIMA

OHHM CcOYETAT CBOWCTBA MOCTOBOTO COEJMHEHHS C CHMMETPHUHLIM |
nan T-o6pasnblst pa3geTBAeHHEM 1 RamMarHHyeHHoro geppura. Takue ui
KyASTOPLl OTAHYAIOTCH XOPOWHWMHM 3NEKTPHYECKHMH XapaKTepHCTHKaN
IPOCTOTON KOHCTPYKLUMH H OYEHb MaAblMH Maccoit M raGapHTamu.
GeHHO 3TO OTHOCHTCA K Y-iLHPKYJASTOpaM, KOTODhie H3TOTaBAHBAIOTCS W
B BOJIHOBOAHON, TdK H B KOAKCHAJAbHOM H MOJAOCKOBOM HCOJHEHHH. *

29.1. Boanosomublii Y-uupkynstop — 370 BoJHOBoAHLIH H-Tpoiiui
({, 2, 3) (puc. 5.8, a} ¢ deppuTOBLIM UHAKHAPOM (4) B MeCTe pPa3BeTBA
nua. Mariaur (5) navarnuunsaer Gepput nodeM Hy, nepneHauKyaspHiy
uMpoKunM cTenkan poninosoaa. Ecau O6bl ve GbIO UHAHEAPE, TO BXONHY
niaeyo (/) ¢ BONHOBLIM CONPOTHBJERHeM Z, OKa3aioCh HarpyXeHHbIM )
napannenbHO BKMoueHHble naedn (2, 3) ¢ obuwiin conporuniennem Zy §
= 0,56Z,. Tlpn s10M MouwlHOCTH, MpoXOAfilasi uyepe3 naeyo [, penun
MOPOBHY MekKAY 2 1 8, 4 KOPPHINEHT OTPAKEHUN

r :I Zn—2y =] 0,525 —2Z4 l=_x__ PRRE L ) VISR B VL B
° 2y 0,675 4Zy 37 1—1, 1—1/3
(M. w1, oo 81.3).

Liaunap BbIShIBaeT MuTepIePEHUI0 NEPBHYHBIX BOMH, OTHGAIONLA
LHAHHAD € NPOTHBONONOMHBIX CTOPOH, H BTOPHYHBIX BOJIH, 1IePeH3.Iy 4d

Puc. 5.8. Bonnosoansit Y-uupkynarop
10




puc. 5.9. Tomonornseckan cxema (a) u yerpofterso (6, 8) MMKpoOn0A0CKOBOTO Y-wHp=
hysiniGPa

Mpix (eppuToM (pHc. 5.8, 6), Baarogapsa cHMMETPHYHOMY PacHONOXKEHHIO
paed 2 H 3 OTHOCHTE/IBHO nUleya [ nepBHYHBIE NOAS B 2 W 3 CHH(ASHLL ¥ 1O
aMIIATYAE PaBHbL. JTOro HEJIb3fA CK3aTh O BTOPHYHBEIX fONAX, H8 KOTOPHIX
CKa3LIBAIOTCA Hep3auMmHble CBOHCTBa (epputa. [lonGopom pasmepos u na-
paveTpoB HEPPHTOBOro HHIHHAPA AODUBAKOTCS TOrO, YTOOB NOJISt NEPBUY-
HbIX ¥ BTOPHYMBIX BOJIH COBRAJaJH No (pa3e B nJeye 2 H HaXOAUAUCh B 1Ipo-
THpo(ase B Ieye 3, a KpoMme TOro, 4tobu 3TH Nojs ObiIK PaBHbl O aMn-
misyge. Torga nnedo § Oyjer H30AKPOBAHHBIM, a IJIeYO 2 BRIXOAHLIM, H
Tak KaK OHO fIpeACTaBAReT HAarpy3aky, CONPOTHUBAEHHE KOTOpOH Z, = Z,,
10 KO3(MPHLUHEHT OTPaenHs
Ty = In—=Zs . Zn—Zy =0,
Zy1Zs Zyt+2s
14T,
b = =1,

- H 113 naeya / Bcs MOWHOCTh IPOXOMIT B maeuo 2, Ecnu nanpasnenie noast
H, ueuserca ua 180°, 10 nOCAENOBATENLHOCTD UHPKYASUHK MEUsETCH G
l>2>3—>1nal—->3-2—1

OrtkaoneHHe YaCTOTbl OT ONTHMAIBHON Hapywaer CorJiacoBaHHe CHCTe-
ML, YTO BLI3bIBAET 3HAUHTEJNbHOE YMEHbUICHHE Pa3BA3KH W30JHPOBAHHO-
To neqa W yBesiHyedse 1oteph nponyckanus. Yrobpl pacluMpuTs nosocy
IPOIYCKAaHWA W MOBLICHTH TEPMOCTAOHABLHOCTL LHPKYastopa, (eppuro-
BLUT LIIMHAD OXBATHIBAIOT COTJIACYIOLIHM 3/1€MEHTOM B BHIAE AWUBJICKTPH-
qeeKoll pryaku (6).
- 29.2, Y.yupxyasatoput na [JI u MIUL{ B srtolt gactu avanasona
YKB, rje BoTHOBOAN HEAOCTATOMHO Majsl (IELHUMETPOBBIE BOMHLI) HAH
"I‘Wf?{lullycmmo BeJAHKI (METPOBBIE BOJIHbI), WHPKYJSATOPLI BbillOAHMIOT HA

Hauuenm ¢ Tononoruueckost cxemur (puc. 5.9, @). Jluuun [—3 pacxo-
ASITCSL cuMMeTpHYRO, H B HX LeHTpaabHoM obnactu (4) pacnosnoxel Ha-
MariyenHpI ¢deppur. Boanosoe conporuBaenne Zy 0. pauna | oaunui
"010upatotc 43 pacyeTa HCHONb3OBAHHS HX B KAYECTBE HETBEPTLBOJIHO-
Brix TpancopMaropoB, COTAACYIOLIMX UHPKYASTOP © MOAK/MIOUEHHBIMH K

’SQ-‘W uepes JIMHHUM §—7 MCTOUHMKOM BO30YMKACHHA W Harpy3O4UHbIMH Le-
AT

A%
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Pic. 5.10 Ycropexnaeusnit () u natanaednutii (6) Y-unpxyastopn wa MILI

B Y-unpkynstope Ha cummerprunoi [U1 (puc. 5.9,6) Bnsiorayio K
HusiM /—3 Opuseraior gepputoBble RHCKH (8, ), a K HHM — 3a3eMJ5
wue naacridiet (10, 11). Ecaun unpxyasrop Beinoanen na MINL, to n
CKH [ —3 BAHOCHTCS Ha GeppuTOBOS WK KOPyHAOBOR (puc. 5.9, 8) ocHo
ue (/2) s yKpenJenneiit B €ro UEHTPa/lbHOM OTBEPCTHH (PEPPHTOBLIH CTE
’KeHb (/5). 3azemsiouias naactuda (/4) HaHneceHa HAa OOPATHYIO CTOPO
octoBanis. Hamarwudnsanne QeppuTOBOrO UMJAMHAPA NPOH3BOAK
fIOCTOSIHIIBIM MarHHTOM, He [IOKA3aHHbIM Ha PHCYHKe. ‘

Mo npunuuny pefiersug Y-nupkyaaropsl Ha I1J1 u MITJ1 Heckoan
OTAIHY2IOTCs OT BOJLIOBOXHOrO Y-UMPKY/AATOpa. B JaHHOM cayyae Ham
ruuennbii Gepput cveugger noae CBY Takinm o0pasoM, 4TO MAKCHMYM €
ianpasisieics K TOMY [Jedy, B KOTOPHIH AO/DKHA NMPOXOAUTb BOJHA, )
MHHHMYM — K 0Je4y pasBa3ky. Kak o0bluHO. 4a8 CMEHbl LHPKYJAsl
J]—>»2—8~->1 Ha |I-—>3— 2-> ] pOCTaroyHo H3MEHHWTb 3HAK (O
.

29.3. CpasHenue Y-uMpKyasiTOpos Ha sosnosopax, [1Ji u MILJ. Bo.
LOBOAHLIE Y-UHPKY/SITOPE HCHOAB3YIOTCS HA CAHTUMETPOBBLIX M MHJA
METPOBLIA ROJIHAX B Jope3onaHcHoll obnacti (H, <« Hp.) 0 UMeoT np
moe 3aTyxanie Ly << 0,6 1B, passasky Ly > 20 1B, by <1, v 1
aocy nponyckaiusa Afgp/fe no 15%. Ourn nandosee npoctul no KOHCTpY
LMK H CPABHHTENBLRO Majbl 110 Macce W radapuram.

Emwe nersiie uupxyastopu Ha I1J1, a tem 6onee na MITJ1. B nux 1o
LHHA NOJLJIOKKH ¢ METAJTHUECKHM [IOKPLITHEM Mellee | MM U noJioca Ma
HHTA §ac1o/ibKO GH3KH, ut0 Ho > H e, 7. € UHPKyaAsTOp paboraer |
sapesoHancHOM oO0sact. Pa6oyre auwaunazonn BonH: Ha [1J1— gey
MeTpoBLie ¥ MeTposble, a Ha MINI — caHrimerposble, npsMbie 1oTep
Lup<c0,3...1 2B, paspssxa L,2216...20 1B, ko< 1,2 ... 1,3, Afyp/
zo 30%. Tlosmyuenuo ¢10/1b WHPOKOH 10J0CH GPONYCKaHHs COCOOCTBYE
10, yto B [1/1 u MIL/1 pacupoctpanstorcs rnaBumM obpasom T-poas
CBOOOAHLIC OT JAHCNEpPCHH. ‘ ‘

s muorononiocHoro yerpoficrsa CBY oanoro tpexnaeudoro Y-moct
Hefoctatoyno, TpefyeTcn HECKONBKO TaKHX MOCTOB, KOTODLIE COEIHHS
MEXAY cOo00H, Hanpuyep, Kak B yeThipexmaeqnom (puc. 5.10, a) u nath
nyieunonm (puc. 5.10, 6) uupkyasTtopax va MINL, useloumnx nanpasaest
HHDKYASUNHE COOTBETCTREHHO [ > 2> 8 > 4> 1 u l—-2—>383—-4
- 31, -
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0. @EPPUTOBLIE MASOBPALLATENU
v PA30BbIE UMPKYNATOPLI

30.1. Hepsammubiii  dasospamatens. 1.  PDasogpaujamess — npyx-
gaeunplfl  ysen, MOpeAHa3sHAYEHHbId S NOAYYEHH: HEPETYJHPYeMOro
pie. 5.5, 6) nnn peryanpyemoro (puc. 5.5, 8} casura no ¢ase OCHOBHbI-
Ml TpeCoBaHHAMHA, NPEADABAISEMbIMIE K TAKHM Y3aaMm, SIBASNOTCA ObicT-
oﬂeffC"E‘BHe 1 MHHMMAaJbHbIE 33TPAThl MOLLHOCTH Ha yupasJeHHe.

(asoppamareny pazliessioTcs Ha B3aHMHbIE U HEB3aWMHBIC B MCNOJb-
g1 101Cst CaMOCTOATE/IbHO WK KaK yacTb (a30BOro wMpky.asitopa. Osuako-
MIMCA € HeB3aMMHBIM (a3oBpamareseM cHauana Kak CaMOTOfTeJbHbIM
y310M, 8 3aTeM B COBOKYNHOCTH C APYTUMH CeKUHAMH (a30BOFO LHPKY-
J15110D4.

2. Tlycro depputoBas nuactuHa (/) pacrnoqiomeHa Ha paceTOSIHHA §
01 Y3KOH CTCHKH (PAMOYrONbHONC BONHOBOZA (2), no KOTOPOMy pacnpo-
crpaiinercst Boana Hyy (puc. .11, a). Iloctognnoe none Hy, Hamarnudp-
Balollee QPeppuT, MNepneHiukKyAsPHO HAMPABJACHWIO pacnpoCTpaHerus
goasbl, Tlonaraem, 4to TOJMIMHA MJIACTUHBLL ¢ CAMUIKOM Maha, 47100bl u3-
MCITD CTRYKTYPY nodnieil. 310 Tem Gosee cnpaBeiiliBo, YT0 B AaHHOM Cay-
4a¢ HYKHO H30eXaTbh NOTEPb B eppuTe, B CBA3M C ueM Bubupaiotr H, <
< anea-

Kak u3BecTHO, JUHMH MAarHUTHOIO MOJIST BOJHBL £y 3aMKHYTh M HAaXO-
ASTCS B IMIOCKOCTSX, OapadjiebHbiX LIMPOKMM CTeHKaM BOJHOBOAA, 0O
Kj)astid STHX CTEHOK MMEETCsl TOJbKO NPOJOAbHAS COCTABJAAIOWLAS MarHMT-
HOPO 0JIS1, B CEPEAHHE — TOJbKO NOliepeuHas, a B IPOMEKYTOYHBIX ce
eHHsX — o0e COCTaBASIOUIHE, U TAK KAk OHM CABUHYTbl 1o dase Ha 90°,
T. B A60H TOYKE NPOMENKYTOUHLIX CEYEHHA BEKTOP pPe3y/bTHPYIOLLEro
VI HATHOT'O [0AS1 BPALLAETCs, W3MEHSASICh BO BPEMEHH 110 3aaMNcy. §IcHo,
yro mMexAy Kpaem (s = 0) u cepeauuoit (s = (,ba) wHpoKo# CTEHKH @
B IHOBOAA JOJIKHE! ObiTh CEYEHHUS C DABHLIMH 3HAYEAMAMH NOBECPEHHOHA H
[D)10/BHON COCTABMSICUIHX MATHHTHOrO NOJAS BOAHLL 3xechb (B Touke A,
Ia: o~s a/d4, u B Touke B, raes o~ 3a/4) snnunTayeckas noAspU3alus ne-
pexoant B Xpyrosyo, OueBHAHO T4KXKe, 4TO eCay B rouke A BOJHa ne-
B3s, 10 B B — npasas, a Koraa none H, uin HanpaBaeHue pacmpocypa-
Hei145) BOJLIEL BPOTHBOTION0K DL, TO HAO0OPOT: B A BONHA NpaBay, a B 3 —
JAorud, '

o &)

Phue. 511, Hensaumnuii Qaszospamarens {a) v sasucumoets (G) noaysaemoll 8 Hem
pasaucin Qa3
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3HauuT; €CcaH BbLIOpaTh TaKOe 3HauyeHHe Mo HaMarHHUMBaHHs H )
APH KOTOPOM B (eppute (asopble CKOPOCTH NPaBOit (Ug(+)) U /ICBOH (V)
BOJH CYIIECTBEHHO Pa3NMYAOTCsl. TO IOSBHTCA HeB3aMMHLIH (Ha3oBuiy
cagr . Onpejensen ero Kak pasHocTb OTCTaBaHHsl NO (ase npasol #g
7eBOi BOMH 32 BPEMS NX DPOXOMKCHMS 4cPes PeppUTOBLIl LIIHHAD ANKY
noi [

Y=Y b =P =By = 0ljvy (4 —0lfve (- =
=0l (1/vp (1) — Lop (),

rae By = o/tgyy, Biey = 0fvg—y — Kosbdumuentsl dasnt npasoit
Aegoil BoaH B Qeppure. 3aBHCUMOCTb HEB3aUMHOrO (a30BOro yria P af
paccTosHHs S NOKasaHa Ha puc. 5.11, 6. Hepsaumuwii (asospauiarens, &
KOTOPOM 1 = 7, Ha3biBaeTCs 2upPamnopoM. 78
30.2. ®a3osbili HHPKYAATOP C ABYMS BONHOBOAHO-ULEHEBLIMH MOCTAM
(LM, LIM;) B neszaumubiM asospamarenem (FPB) (puc. 5.12, a, 6
deppuroseie aaactunst @1, @1, umeouuecs 8 Heszanymuom Pazospad
uatesie, HaMarHMYMBAIOTCA MOMNEPEUYHLIM NOJIEM C NOMOLLBK) [IOCTOHIHOIG
Marsuta. Taxk Kak naactunsl ©IT, u @1, pacnonoxensl ¢ NPOTHBONOIONKs
HBIX CTOPOH OT LEHTPd H NapaiJenbHbl Y3KO CTeHKe BONHOBOAOB, TO OAHY
N3 HUX BhI3LIBAET OTCTaBaHKe No Qase (—m/2) A npAMON BOJHbI, a APY+
rag — ans obparnofi. B HeBsanmHOM (asoBpawiartese Hneerca TaKKed
Ansnextpuyeckan naactuna (M), ¥ nockoabky AMSAEKTPHK — H3Ov

TponHas cpefa, B KOTOPO# (ha3opasi cKOPOCTb B V& pa3 MeHbile, 4en of
BO3JyXe, TO [JACTHHA BHI3bIBAET OAHHAKOBOE (B3aHMHOE) OTCTaBaHHe Nd
tdaze (—n/2) ans npamoll ¥ o6paTHOH BOJH. ;
Ecait k ToMy Ke yuecTb, 4TO LJ€JIEBOil MOCT HEJUT MOULHOCTH BXOZXHORY
BOJIHbI TIONIONAM U ¢/iBUFaeT a3y pasjensieMbiX BOJH Ha N/2, TO MOAYUHM,H
YTO ORHA M3 HMX Ha NyTH OT Njeua ! K mueuy 4 orcraer no dase Ha /28
noj AefiCTBHEM JM3JIEKTPUYECKOH MNIACTHHH, a BTOpast — Ha yron 3m/2.4
Hocxenuuii cknafbiBaercs U3 cABura —n/2 B wenesoM mocry [UM,, —n/24
npu npoxoxiaenuu @1, o —nw/2 8 LWM,. [lporusodasuocts (31/2
— n/2 = ;) NOCTYNUBWMX B Ieyo 4 BONH 03Hayaer pa3Bs3ky ercl
oTHOcuTespHO Nteda . O pasBsi3Ke njey § 0 [ W3BECTHO U3 CBOMCTB LE/Ies
BOTO MOCTA. 3HAUHT, BCs MOI(HOCTE M3 (V1eYa I 10/KHA NOCTynaTh B (/ie-§
yo 2. Tak OHO ¥ NPOUCXOAHT: HA ITOM NYTH 06e BONHBI MOAYYAIOT OJIHAe
KOBBIfl C/\BHT' 1O (hase —an. [locaeHuil CKiaAbIBAETCA H3 ABYX CABMIOB NOJ
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Puc. 5.13. ®a3zonulil UHPKYANTOP (BAPHAHT CO CBEPHYTHM HBORHLIM TPORHHKOM)

—n/2, 06ycnoBAeHHBIX RuaaekTpHyeckod naactuHolt w UM, naa oxuoi
ponnbt u MoctoMm M, u HeB3auMmHbIM (aszospawiaTenem — A9 APYrof.
AHaNOTHYHO BBIABJNIOTCS HanpaBiaeHWs UHPkyasumn 28— 4 — [
npyW ONHOM HamnpaBAeHHH HamarxuudBaioulero noas Hy (puc. 5.12, 8) u
3 — 2~ 1 — 4 — 3 npu nporusosionoxuom H, {puc. 5.12, &).

30.3. da3zosbiit UUPKYIATOP, COAEPKALINIE BONHOBORKO-UIEAEBOH MOCT
(UtM), nep3auvubiit dasospawareiss (HPB) u «csepnyThiit» nsoinoi
tpoitiuk (CAT). (puc. 5.13). D101 UPKYNATOP OTAHYAETCH OT H300PAXKEH-
HOro Ha pHC. .12 Tem, 4TO 1e1eBO# MOCT 2 3aMEHEH CIABOEHHBIM ABOHHbIM
TPOHHHKOM H B HEB3aHMHOM (Da30BpallaTese HET RH3NEKTPHUECKOH niac-
tupt. Ecad nneuo I BXomHOe, TO naedo 2 BLIXOAHOE, A mnedn 3 u 4 u3onu-
ponannsie (puc. 5.13, @) [lefictBUTe/IbHO, NPH AENEHUA MOIIHOCTH BXOI-
HOil BOJIHBI MDNOJAM OTEETBASieMas 4acTh BOJHH OTCTaeT no ¢ase Ha n/2
B MOCTY, @ HeOTBETBJSIEMAs OTCTaeT Ha CTOMNbLKC e B (a3ospamiatene (B
naactuge ©I1,); B nanwuefiivem, coraacno cpofictBamM CAT, ero uneuo
2 () nponyckaeT nocTynnBuine eundasnule noas, a naedo 4 (E) na uux
e pearupyel, OHO ¢nocoffHO NPONYCKaTh TOJILKO MPOTHBOPA3HbIE NONA
(enn 1. 24.2). Msosuposannocte nieua 3 BLITEKAET U3 CBOWCTB LUE/IEBOrO
vlocra. :

Bosinpl, BBOAMMBIE depe3 rueuo Z (pue. 5.13, 6), pasBersnawTCA OT-
HOCHTEJbHO NJleya 4, KyAa OHH He MOTYT MPOUTU BCIAGACTBHE WIDAUPOBAH-
oot M- @ E-njed CBePpHYTOrG ABOIHOFO TPOHAHNKA. Pa3ssersasemble BOI-
libl OKA3LIBAIOTCA CHH(A3HBIMU B 11Jleue 3 (OLHA .M3 BOJIH OTCTana no gale
lia /2 B LI€ieBOM MOCTY, a Apyras ——Ha s/2 B maacture @I1,) u nporu-
BOga3HLIMK B 1ede [/ (01Ha BOJHA OTCTana oT Apyroil na n/2 B PII, v ewe
Ha /2 B mocty). HerpyaHso npoJOIXHThL BHIABAEHHOE HANPABACHHE LUP-
Ky 1siig — 910 f > 2-> 3, § > 4= L.

Cean 3aMeddTh CBePHYTHIR ABOMHOA TPOMHHK MEPeXoioM OT CABOeH-
10ro BOJHOBOA4 K OAMMapHOMY (cM. pHe. 4.22, 6), TO Mony4ydM TPeTHA
BapuanT (GasoBoro HUPKyAATOpa.

31, WEPPUTOBBLIE BEHTUNN

Benmuaen (usossmopon, pazdeaumensem) CBY Has3pIBACTCST y3eaq aau
4yacTi ysna, rae npameie norepu maani (0,1 ...1 aB); a obpatHoe saryxa-
tite geanko (10 ...70 aB). Paccmorpuy beppHroBbie BEHTUAN.

31.1. BenTuib, OCHOBaWHM Ha adipexte dapapes. Bentnns Takoro
itda (puc. 5.14, @) COAePHMT NPAMOYTObHBIE BOAHOBOA (I), coobuiaio-
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mHitca yepes OJaBHbI nepexop (2) ¢ KpyrisiM BOJHOBOLOM (3), Kotop
Yepe3 3/1EMEHT (4) 3HaJIOPHUYHO MEPEXOAHT B l'lpﬂMOYl‘O.,’]beHrI BOJIHOBG
(5), noBepHYTHIi oTHOCHTeabNO BOHOBOAA / Ha yroa 45°, B Kpyrap
BOJTHOBOJE HAXOANTCs (eppHTOBbLIM CTepXeHb (6), HamarHUuHBae
NPOAO/BHLIM NOMeM coaeHonAa (7); Kpome TOTO, Ha NEPEeXOAHBIX yua
KaXx HMCIOTCSt TOHKHE NORJOILAIIHE MaacThHbl 8, 9, COOTBETCTBEHHO nf
pasjJenbHble IIHPOKHM CTEHKaM BO.JHOBONOB [/, 4. )

PaGoTa BenTuas, KaK u onucannoro s n. 28. 9 DHPRYNATOPA, OCHOBaH
Ha BPAUEHHH [VIOCKOCTH M0OJapU3auHd BOAHBI My (GeppuTOBEIM cTep
Hem. Ha Bxozme ! u smixoge 5 unmeem BOJIHBL Hqq, a NpeofipasoBatne 8 H
H oﬁpamo NPOHCXOANT B nepexonax 2, 4. [lnockoety noaspusainy np
MOJi BOJIHBI NOBOpaulBacTcA (epputoM Ha 45°, Gaaroaaps semy S/eKTpH
YeckHe CHJIOBbIE JIHHHM BOJHBI H;, OKa3blBAIOTCA NeplieHAHKYAs PHBIMH
IIRPOKHM CTEHKAM BOJHOBOAA & i COT/IACHO IPAHMYHBIM YCJOBHAM BONH
GecnpenATCTBeRHO MPOXOAMT Ha BRIXOA BeHTHAs (puc. 5.14, 6). Srom
COCOOCTBYET TaKKe TO, WI0 NpAMas BOJIHA He MOTJIOWAeTCs MJAACTHHAM
8, 9, TaK Kak ony B 06OHX Uepexolax NepreHAMKYJsplsl S1eKTPHUCCKH
CHJIOBBLIM JIHHMSIM.

Ecng BesTHAb $e cOT/acoBai ¢ Harpy3Kofl, 1O NOABANETCA OTpaXe
nast BostHa (puc. 5.14, ¢). Ha 3Ty BoaHy, Kak # Ha OpPSAYIO, NJaCTHHA
1e BJAHALT, HO MAacTiHe § EeKTPHIECKHe CHAOBbIE JIHHIH napasielbHH
MOCKOABKY deppuTOoBLLi cTepKellb NOBOPAYHBACT MACCKOCTEL (044 PUH3 AN
Ha 45° ¥ B Ty Xe CTOPOIY, B KAKYIO 10BOPaYHBAI {IIOCKOCTD MOJAPU3ANH
UpAMOH BOJIHBI; CRelloBaTeIbHO, IHEPrHs OTpaxeHHOM OT nJjeya 5 sosiy
noraouiaeTess naacT1ion §.

Honyertum, yTo noraoweHHe GblJIO HEMOMHLIM. Toraa 80 BXOAHO BOJIq
1oBoA | OTpakeHHaa BOJAHA DPOHWUKHYTH He MOXKET (a’mmpnqecmle CH'
JOBBIC JIHHHN HE NEPHEHANKYJJAPHBL, & NapasiefbHbl WHPOKHM L1CHKaM

A

g

£HET -m-ﬁh—-“-@%

Puc. 5.14. Benrnnp, ocnopanunit a sddexre Papases
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we 0.15. BenTnan ¢ pesoHarcnbiM no-

LAOLIETNIEM BOJN B peppare

p0A10BOAA [) M NPOUCXOAUT OTpa-
mciiil@ 0T BX0ja K BbIXOIY
I 5.14, ). Teneps BpauleHie
[OCKOCTH [OIAPU3ANHN B KPyT-
ao BOJHOBOAE wosiaer Oaaro-
[]p'.;il THblE yCJl(JBHﬂ AJs norJioule~ 11/[#
Hutst A0 BOAHbLI B naactune 9. B
Ha 6LIXGA 5 9Ta BOJAHA, KaK BHA- ‘
Ho, POUTH  YXKE HE MOXKET, AaKe
eciti Obl NOTJIOUIEHME €e B JIaCTHHE BbIJIO HENoJHLIM B0 BXOAHON BO.THO-
BUJ LivKOTOpAasi SHCPrusl NPOHHKAeT TOJMLKO ¢ BolXoda {puc .14, 3), Ho
9Ta IUEPTHA BEChMad HE3HaYWTeAbLa n0 CpaBHeHUuO ¢ HOUTyHIlBlUEﬁ Hd
BXO, L BEHTUJA.

[TornouweHHe OOpPaTHOH BOJIIBL TIPU KEJAHHH MOXKHO PeryjaupoBarts,
H3MEHsIA TOK COAEHOWAA, TAK KaK OT Hero 3aBHCHT YroJ/l BPAIEHHs IOCKO-
cTil OsIpH3ALHY B PeppuTe, a uem Goblie IT0T YIoa oraHkaercs or 457,
Texl MeHbliie copnajeHue Bektopa E ¢ nuiockocTblo mAACTHHBL 8 uau 9 u
Teni MEHBUIE BHOCMMOE €10 3aTyxaHne. Takoe yCTPOHCTBO MOXHO Ha3Barh
QiiICHIOAMOPOM € PeYAUPYCMbIM 0CAQOACHUEM.

341.2. BeHTudb € pe3OHAHCHBIM NOrJOuieHHeM BOJH MOXXHO BLINOAHUTH
Ha OUHOBE KPYIJIOFO BOJIHOBOAA ¢ NPOAOJ/BHLIM MOAECM HaMalHU4YHBaHMsI,
HO T ia HY2KEH 2JeMeHT fepexoja K npaMoyroibHoMy BoaHosody. [lped-
NOYTeiine OTHAXT BEHTHAAM C [OlepeyHO-HaMarHU4CHHbIM deppuToM,
O iUCHHBIM - HelIOCPeACTBEH0 B NPAMOYrOJbHbBA  BOJAHOBOA (/ Ha
puc 5.15). K TOMY e MoCTOsiHHOE MaTkMTHOE MoJje, COOTBercIByodiee
L eDEeHHOMY PE30HAHCY, HECKOJAbKO MeHblle oA 1POAONBbHOIO PE30HaH-
Cit 0, OHO cositaerca aoctonHHbiM Marndrom (). Touxaa depputo-
Biisi naactHua (2) pacnosoxeHa napadlesbHO Y3KUM CTEHKaM BOJHOBO-
Rit it 15 1aKOM CeueHun ero (al4), rae pacnpocTpaHsiemMast BoaHa Hy, umeer
Kpylosyo noaspusauuio. Tak Kak GeppuT HaMmarHvdeH A0 COCTOSHHA
pusouanca, TO NPH COOTBETCTBYIOLlEM HanpaBaeHud noast f, obparnan
BOha uiTeHCHBHO MOTVIOUWIAETCS, @ HUPsiMas NPOXOAMT noutd Ges ochad-
JIRIiY .

C u3MeHeHHMeM YacTOThl CEYeHWE C KpYroBoHd noafipusauued cmella-
€151, a 310 BJeder 2a co00H 3HAUHTeNbIOE U3MEeHeHHe NpsMoro Ly, u 06-
Patioro Log, 3aryxanus. Ilosocy nponyckanusi BeHIWIS pPacuiHpsioT
BBelcHUeN QMIEKTPUYECKOH njacTuHbl (3), Ha KOTOpyio HakjeeHa ¢ep-
Putosast naacruda 2 sbicoroit 0,6 4. Jusnextpux, cnocobeTays KoHueH-
Tpauun suepruu BosHbl B GeppuTe, MOBLILALT Log, U BEHTMALHOE OTHO-
Wenwe Ly /Ly, Hanpumep, B auanasone uacror 3,4 ..3,9 I'T'u mox-
10 noayuute L,y = 0,2 ab, Looy =20 aB, Lggp/lnp = 100, %5 <<
<< 1,03.

Bentnan ¢ pe3soHaHCHBIM MOMVIOLEHHEM BONH NPOCTHI 10 KOHCTPYKIHMH,
MOy paGoraTh He TOJIBKO HA CAHTHMETPOBLIX, HO H HA ACLHMETPOBLIX BOJ-
A% 11 npu GosbNINX MOUIHOCTAX. DTOTO Helb3d CKaszaTh O BEHTHASX N0-
JAPusanionnoro 1Hna. HeaoUTaToR PesouaHCHBIX BeHTHaeH: HeoOXoau-

—
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Pue. 5.16. Bentitan ¢ nessaiMHbIM CcMetle- Puc. 5.17. ®eppurosnlit BeHTHAL
HieM noaa QeppHTOROH nJ1aCTHHOHA MHKPONONOCKOBOMN JUHHA

MOCTb CO3AAHHMST NOCTOSIHHONO MaTHWTHOTO [0S GOABINOI HANPAIKEHHG
CTH — HeCKOJIbKO COTeH ThiCSY aMrep Ha Merp. _

31.3. BenTuab co cmeinesnem noas. B ocHOBY paGoThl TAKOTO BEHTH
Js TONOXEHO HEB3aHMHOE CMEUleHHe [10Js NONepewHo-raMarHiyeHHol
¢epputoBofi niacTuHoR (I ma puc. 5.16). Jas pacuiupenus noJiochl Npod
NYyCKaHHs 3TY CPAaBHUTENbHO TOJCTYIO (NACTHHY HakJeHBaiot Ha Gose
TOHKYIO MI/IaCTHRY AH3.JEKTPHKA (2), nmetolrero GOAbLIYIO AMAAEKTPHUEH
KY!0 IPOHHUAeMOCTb € U Manbiii 8. Ecan b1 8 BosiHOBOAE HE GbIIO 31eMer
108 I, 2, T0 ammautyaa £, 3AEKTPHUECKOrO NOJIR BOMHL paciipeienisd
J1ach MO CTOPOHE a cHMMETpHYHO. Ho NOCTOsiHHOE MarHHTHOE No./e BhIGH
paetca takum H == HI'T [ HIV na puc. 5.3, yTo6b BewlecTBerHas uact
KOMNUIEKCHOIF MaTRHTHOI npomauae\tocm tepputa ans rpasoft (npsimol
BOJIHb! Opl1a oTpuuareabHoi (p/,) << 0), ¥ TOraa sTa BOAlIA CMEILAeTCy
BAeBO OT ¢eppuToBON naactuHel (KpuBas E\*’ ma puo. 5.16). Baecre
TeM P(-) =~ | u ofpaTHas BOJHa, Ha0GOPOT, Kouempnpyercn B theppuTey
KaK B M3JEKTPHKe ¢ GOJIbIIOR NPOHHLLAEMOCTBIO £y (KpHBas ER). B ped
sysabTaTe norsowalrowlas nienka (3), naHeceHHast HA (GEPPHTOBYIO naacy
THHY, BHOCHT Gosibilloe 3aTyxauue B 00paTHY0 BOAHY (Lo, << 30 ab) 4
BecbMa HedHauutenbHoe B npsamylo (L, << 0,4 a1B). [lonyyaem sentiang
Hoe orHouienne B ~ 60 ...80 u kg, ~ 1,04.

Tak Kak 3TH BLICOKHE 110KAa3aTesd COBMEILAIOTCH ¢ GOMLIIOR 3KOHG
muelt B Macce B rabapurax (6narogaps WCHOJ/Nb30BAHUIO NOCTOSHHOIO Ma
HUTA, CO3AAIOLIEr0 CPaBHHTENbHO cnaboe nosie H,), TO BEHTHANH CO cmel
IEHHEM FOJIS TIONYYHJAY OCOGEHHO INHPOKOe PacipoCTpaHeHHe. ;

31.4. Bentuab na MOJ [40, c. 104—106]. B uHTerpaibHbIX cxema
CBY nonyunsnn pacnpocTpadeHHe BeHTHAH, OObeIUHAlOUIHE Ha ofuiel
KOPYHAOBOM ocHoBaHuH (/) Beicotofi A Y-uupkyastop (2) ¢ nJaeuam
(3—5) B MHKDOMHHHATIOPHBIA pe3ucTop (6), MMeloIUHil KpeMHHH-HUKeN®
BYI0 OCHOBY (puc. 5.17). ®eppuroppiil muck auamerpom D Hamaruuuef
NONEPEYHEIM MAIHUTHBIM 1NOJ€M NOCTOSHHOIO MarHuTd Ha Hanpaaﬂeﬂu
LUPKYNALKH 8 — 4 — 5 — 3. Peaucrop 3aMKHYT B KOHLle Uepe3 sjaemMeH
7 Ha 3KpaHupywmyilo miockocts (8). ConporusjieHue pe3ucropa pasHd
BOJIHOBOMY CONPOTHBAEHHIO MHHUA 3—5. B octanbHOM cornacoBakine 66e0
NEYHBAETCS. YETBEPTLBOJHOBBIMH TPAHCPOPMATOPAMM  COOTBETCTBY10ULEHR
JVIMHGL { ¥ IUHPHHBL W, :
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Bosaunt CBY npoxoasit u3 BXOAHOTO fieua 3 B BhIXOAHOe mieyo 4 o
padpiMH norepamu Ly, <C 0,5 gb. DHeprust, ocTaBLIasiCss HENOTJIOLLEH HOH
Ha BbIXofle 4 UHPKYJ/ATOpa, CJAEAYET B IJe4o 5, TAe NOTAOULAETCS Pe3uc-
ropom 6. Tlnewo 5 umeer wsonsiunwo L,s, 2> 20 AB oTHocHTeabHO BXOA-
Horo fieda 3 ¥ BEHTHJABHOE OTHOIUEHHE B = Loﬁp/Lns > 40

OrxocurenpHast monoca nponyckakusa Af,o/fy ~ 30% . Xapaxrepuste
pa3mMepbl BeHTHAR ¢ nonocolt yacrot Af = 9,3 .. 12,4 TTu: h = | My, [ =
=24 MM, w= 1,60 MM, D = 4,45 mu.

Tnaea 6

OCHOBb! TEOPUA CMCTEM MN3NIYHATEJIEN

32. ObWLIKE CBELEHWA

32.1. Kaaccutukauus cucrem usaysarteneit. B § 5 nopuepkupanocs,
YTO YBEJMYEHME AJNHUHB CHMMETPHYHOrO BuOpatopa !, CONPOBOXKAAETCA
ofocTpeHHemM TNaBHOTO JiemecTKa AnarpaMmbl Hanpasaensocth  (I{H), n
370 MPOMCXOAWT G/iarofaps yBeindyeHuio uucaa aunoaeit Fepua, cocras-
asiowux cummerpuunbiil Buéparop. Oavako KHI ero nosbliuaerca, nmoka
[, ue npeswwaer 1,24; npu [, > 1,2A yuacrks BHOPATOPa CO BCTPEUHAHIM
HalpaBAeRHeN TOKa ycuanBatoT Goxosule Aenectki [H wactosibko, uto
KHI cumxaerces.

Mostomy, koraa TpeGyerca noayunts Boicoknit KHI, Bmecto oaunou-
1070 BUGPATOPA HCIONBL3YIOT cucTeMy Hu3nydateneil. CHCTEMHOCTL TaKoi
AHTCHHL BRIDAKAEETCA B OMPENe/IeHHBIX MPOCTPAHCTBEHHOM PAacnonoxke-
M HsayuaTeneil W aMmIMTYAHO-(pa30BOM pacnpeneneHHH TOKOB (nodeii)
B unx. KnaccuduusipyroTess 3TH CHCTeMbl CJAEAYIOUIMM 0fpasoM.

1. Juckpemuoie u HenpepoisHele cucmems: usaydamesed. B NBCKpPETHBIX
CHUTCMAX, HHAUC HA3bIBAGMBIX QHIMEHHbIMU PCWEMKAsU, YACIO U3lyda-
Teacii N Orpalnueno, a B HeNMpepbiBHLIX cucTtemMax N —- oo, T. €. u3Jay-
Yarean CnAOWL 3aNO0JHSIOT CUCTEMY.

2. [Ipamoauneiinete, nAOCKUe U APOCMPAHCMBEHHbIE (06vemHbe) at-
meninoe pewemxu u cucmemot (puc. 6.1). IKBHBANEHTHLIC Pa3MEphl pewer-
Kit (cucremwnl): [, = Nd,

a = pd, b=nd, rae d— [JE_JL*_W_”WZ
PACCTOAHME MeXAY LEeHTpa- L Ly l
P any

glrllle\’CQJceanx mn)qgioum% z al ‘ Lol i
JIENMCIITOB  aHTEHHOR  pe 5 7 ;S AR
WC K, i n

3. Ixeuductnanmnoie aH-
mennste  peiemni, B KOTO-

—~
N,

Pic 6.1, Mpssmonnnefinan (), /1y 1@ a/? I7}
llaneran  (6) n npocTpaHCcTBel- ﬁ) ' [7')
Hast {¢) pewerky wayaarcacdt )
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PbIX PACCTONHHE MEXAY COCEARNMH H3JYUAOUMMHE 3NeMeHTaMiH OIMHa
BOR, ¥ HeaksuoducmanmHbie. ’
4. PagroamnaumyOnsie cucmemor usayuamenetd, B KOTOPHX aMIAHTYH
TOKOB BO BCeX 3JIeMEHTaX OAMHAKOBLIE, U HePABHOAMNAUMYOHbIE. ‘i
5. Cucmenmst ¢ curpastoim 6030yicdertiem INCMERMOE 1t C 1POEPECCUBHE
Habezom (hasvl no OauHe CUCMEMbL. '
6. Cucmemor ¢ nonepedrsis, HAKAOKHbIM U RPOOOALHBIAL 3AYHeHIEM., §
MEpPBLIX MAKCHMYM ryiaBHOro Jaenectka (ayua) JIH pacnonoxen nepne
IVKYJAPHO, BO-BTOPLIX — HAKAOHHO M B TPETbHX — COOCHO K JIMHUHH D3
NOMOKEHN A H3JayuaTenei. .
B autepatype 4acTo NONLIYIOTCH COKPAINEHHLIMUA HA3BaHU MU CHCT
usnyuaresiei, HanpuMep, npaAMONvMHeiHyi0 CHCTEMY COKPauUleHHO HA3kg
BAIOT AuHelnod, BO3GYMACHHE C ONMHAKOBHIMH aMIVIMTYAAMH H JMHEHH|
u3Mensioweicsa $asol - pagromepHsim, ¢ OAMHAKOBBIMK dasaMn — cu
asHoim, C JUHEHO RAPECTAOIWMM WM JHHEAHO crajawuwnM Haberod
$asel — (pasoaunelinsin. ‘
32.2. Teopema nepeMHOMeHHA (QYHKUMI (AHArpamm) HanpasJeHHOCTH,
TlyeTs uMmeercst MHeiHash 3KBHANCTAHTHAs pelieTKa u3 ueTblpex (N = 4]
uaayuaresneit (puc. 6.2, a). OcHoBriBasich Ba CBeAEHKAX u3 § 6, 3avensaeM
usnyuatenn / u 2 ofHNM 3KBUBaZieHTHRIM [-2, a uaayvatenn 3 u 4 — ok
HHM 3KBUBANCHTHLIM 3-4 K CUNTaeM, YTO (pa30Bbl LEHTP 3THX 3KBHBAJEH
HBIX H3JydaTesieil HaXONMUTCR MOCPEAMHE MEXAY HCXOAMbIMI H3JyuaTessh
mu. Taxkum ke cnocoboM 3amensiem /-2, 3-4 OLHHUM usayuarenem, KOTOpbil
pacnonokeu B cpendeii Touke O psna. OJAHOBPEMEHHO NPHMEHSIEM TEOpe
My nepeMHoxenus (Gywkunit sanpasiennoctd: f (8) = f, (8)f, (6).
Obobuwan noayuerroie pesyabinamet, nPUXO0UM K OUCHb GANCHOMY 6o
800y 00 9KEUBANCHMHOCAIU AUNELHOE pewemKu (cucmenmn) 00UHQKO8bIX USY
nyuamenell OOHOMY UBAYHAMEAO, (HA30BBLT YEHIND KOMOBI20 PACILOAONCH €
cpednetl mouke O cuctnemot, a PyBEKUNA Hanpasaenuocty f () pasna npos
U3BEJEHHI0 QYHKUMY HANPaBJACLHOCTH OAMHOYHOrOM3jyuarens f (0) ud
MHOXHTENb peweTku [ (8) (cnetemm f, (9)). Ilpuwumas f, (6) = 1, n
ayuaem [ (8) = [, (8) = [, (6); suauur, suoxcumens cucmenmsr [ (8) ( pe—

?_

d ¢ 4, d

{ 7-7 2 g J
a)
B maure M

Puc. 6.2. TTpavosunefivas pelserka waxydatenelk {0) ® cnomerve nosed 3:\9%51031
pelieTKH (0, 8)
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memxu f, (0) ssipancaem ynxyuio nanpassennocmu f(0) uzayuamened
¢ OnpedeseHHbiM QMNAUMYOHO-(DA306LIM pacnpedeseruem mexcly HUMU, HO
8 NPEONOAONCERULL, 4IMO KaKCObil OMOEAbHO B3AMbIL USAYHAMERb U30MPOnHbitl
(nenanpasaerHoLil.)

[lpu AuHeilHbIX pasMepax cHCTEMH [,, 3HAUMTENLHO TPEBLUITAIOUIAX
ANERY BOMHB A, HJH, 4TO TO X&e camMoe, npu SonpiuoMm uucae N uznydare-
nell wanpapjeHHoe neficTBUe CHcTeMbl, 00YcJOBAEHHOE HHTep(epeHLned
NoJiefi BCeX ee 3JIEMEHTOB, HAMHOro NpeBhbllaeT HAINPaBIeHHOCTh OHHOY-
HOTO 3jIeMeHTa, KoTopas OfbIYHO HeBeqWKa, B TakuxX ycnoBuAX Aomylie-
nne f, (8) = | BnonHe yMecTHO, U 3TO NMpHIAeT 0COBYIO BAXKHOCTHL HCCIe~
JAOBAHHIO MHOXHTEJNA HANPaBICHHOCTU PA3AMYHBIX CHCTEM H3ayuarejiei.

33. U3NYUEHUE PABHOMEPHOW NUMHEHMHOM PELLUETKA
BUBEPATOPOB

33.1. Buoison dopmyn MHOxHTENs pemerkd. DBpeaev ofoznaueHHn:
N — uneno sneMentoB pelueTkd, d — wwar pewerku (puc. 6.2, 7), 6 —
yrol Mexjy HanpaBjeHHEM Ha PacloROXKEHHYIO B HaldbHeld 3011 TOUKY
Habmogenust M W TeprneHAVKYJAsipoM K OCH pelleTKH, | — Yroj cABHra
(Habera) ¢a3bl TOKOB COCENHHX H3nyudaTese,

Kak ussecto [u. I, ¢. 2431, na KaxAy0 IMHALY TYTH PacnpoCTpaHe-
Hus Gerymeil BOAHbI NPUXOAUTCA cABHT (Haler) dasel B, KOTOPHIN Haswi-
Baercs Koaghuyuenmon ase. I1pn pacnpocTpaneHny BOJHB B BO3LYILHOR
cpesie, T. €. CO CKOPOCTbIO CBeTa ¢ U ¢ WIMHON BOAHB & = c/f, Koabdumnu-
ent f = w/c = 2af/lc = 2n/k, a npu pacnpocTpaHeHUHW BOJHBI B MPOU3-
BO/IBHOI cpefie ¢ (ha30BOH CKOPOCTHIO Up W AMHHOH BOAHBI A = 04/f Ko-
appunnent dasbl P, = /vy = 2nf/vg = 2n/A.

Ordowenne c/vy = MA = k, Ha3blBaETCR KOMPpUyuenmONn 30nedre
Husn. BoipasuM depes3 3TOT KO3h(UUUEHT BEJHUMHbl

B .= 2n/A = 2nk,/A = kyf, 6.1)
V=B d = kpd. (6.2)

Yca0oBHMCS, UTO Ha 3TOT yron P dasa Bo36GyxaeHu s otctaer {(a He ome-
pexaer) ot |, 2, ... usnyuarenein N, a BOJHB OT HUX, COIVIacHO puc. 6.2,
poxopaT K Touke Habmoxenus M Bce MeHbIIMHA nyTh d sin €, # 9TO Bbl-
3piBaer onepexkeHue no (ase Ha Pd sin 0. Cnenopatenbuo, obuvi casur
o (haze noaei coceAnnx uanyuartesieii ¢’ ¢ yuerom (6.2) seipaxaercs pas-
HOCThEO

W = pdsin @ —p = Pd sin O — kpd = pd (sin 8 — k).  (6.9)

Ilns onpepesieHns aMmINTYAb pesyabTupyiomero noans £, B Touxe
M nocTpouM BEKTOPHYIO AHArpaMMy B BHIE NPABU/ILHONO MHOTOY FOJIbHH=
Xa (puc. 6.2, 8), CTOPOHH KOTOPOTO paBHHI MO0 MOAYJMIO AMIUIKTYXaM €OC+
TaBAsiiomuX noAell £ypm = Eop = ... = Enm 4 HalpaBieHH APYT K Apy-
Ty noa yrmom ).

M3 reomerpud H3BeCTHO, 4TO NPABUJbHLIN MHOTOYTO/NLHIK MOKET OulTh
BUUCan B OKPYXKHOCTb, LIEHTP KOTOPOH HAXOAHTCA HA TNepeceucivy mep-
IeUAHKYNAPOB, BOCCTAHOBIEHHKX K CepelnHaM CTOPOH MHOrOYrojbHuKa,
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Hcxoas 13 3TOr0 Jerko J0Ka3aTh, YTO UeHTPAAbLHA yrox, oXBaTe
KaxAblil M3 COCTABJAIOUWIMX BEKTOPOB, paBen ¢, a HEHTpaABHHE y
COOTBETCTBYIOUMIL pesyabTHpYiOUeMy sektopy E,,, paser N§'.

Pewasi npsimoyronbueiil TpeyronsHuK OAB, onpegesifieM pazuye
CaHHOH OKPYXHOCTH

AB _ Eim
sin ($*/2) 2 sin (v*/2) '
'a u3 Tpeyronbuuka OAC HaxoasM, uTO TOT e pajMyc pases
T sin (Ny'/2)  2sin (N'/2)

p:’.

[pupasuuBas npasuie uacTy Boipaxesuit (6.4), (6.5), onpenensem m
WHTE/Ib PelIeTKH KaK 4YacTHOe OT JeJIeHHS aMIUIMTy[pl pe3yabTHPY
uiero nonas E,, Ha amnnmy)xy NoAs ONHOro Waayuarens E,,,

Em _sinV9'/2) _ sin¥
0)= =2 — :
lo )= Eyn  sin(p'/2)  sin (¥/N) (;

rie ¥ = NY'/2 — obobiyernan yeaosan nepemeHnas, KOoTopas moche ng
cranosku H3 (6.3) mpeAcTaBAsSETCA B pasBEPHYTOM BHAe .

Y = Ny'/2 = 0,5NPd (sin 8 — ky) = Nad (sin 0 — kA (

33.2. Mccaeposanue dopmya (6.6), (6.7). 1. MHoxkutenb peurers
BMeerT Haubosbiiee 3HaueHue npy ¥ = ¥V, = maN, rae m = 0,
+2, +3, ... JleicTBHTe/NLHO, IPH YIJIOBOI nepeMeHHON VY=V, =,
4N, +2aN, .. uroxutens fp (8) = sin W,/ sin (¥ ,/N) = 0/0 i
e pacKpbITh a“ry HEOMNpe/e/IeHHOCTb, 3aMEHHM CHHYCH GeCKOHEUHO M
apix yrioB ¥, 1 ¥,,/N camumi yraamg H TOrAa NOJyyY#M

e = Sin lym — q’m = — . »
1 ©) sin (W,/N) Yo/ N N=Tom (6.

Tax xak 970 ecTb HauGosbluee 3HAUCHUE MHOMHTENS DEINCTKH [
TO HOPMHPOBAHHOE BhipaXeHuue MHOXKUTEAH '

_ h®  snw
Fy= fom (8) N sin (¥/V)

[paduk mMonynst aanHoil ¢yHKukn npy N = 10 nokasan na puc. 6.
[To onpexememio, NOHATHE «MOAY/]b HANPABIEHHOCTH pELIETKH» ect
HopmipoBannasi JAH nuueidinoll 5KBy CTAHTHON pPeLIETKH, COCTOsILEH
BeCATH H30TPONHBIX H3JyuaTesedl.

2. T'lonyuennas JH nepuoguueckas u MHorosenectkosas., B npe)lena
OJIHOTrO NIEPHOJla, PABHOro TN, HMEIOTCA TJAaBHLIA JenecToK ¢ HeHopMUpd
38Hl-lblM MaKCHMyMoM [, (0) = N ¥ HOPMHPOBAHHHIM MaKCHMYMOR

Fpm® =1m GOKOBBIE JIEIECTKH C I10CAe]0BATENBHO yOBLIBAIOWHME MAR
CHMYMaMH. 2
[upuny nenectkos [1H na nynesom ypoBHe onpesensem, HMes B Bmly’

¥
YTO MHOXHTENbL peweTkd Fp (0) = Nhss;lr?(‘ll—/N) N = 0, Koraa uuc/uTe :

©4
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-Wn ¥n lm -Sm 3w -x 00x 3w bm w95 Om 73
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Pac. 6.3. Muoxnreas Hanpariensoctd 10-3/MeMeHTHOR pelIeTKH

apobu paBeH, a 3HaMeHaTenb He paBeH HyJo, a 910 Habmoiaercs npn ¥ =

= 4=1t, +2n, +3n, ..., CACLOBATENbHO, WIHPHHA Ka)KAOrQ JIABHOTO je-
nectka Ha ocu ¥ paBHa 2n, a KakAOro GOKOBOrO JenecTka 7, B TaK KaK
[aBHBIE JIENECTKU pasHecens Ha N7, To MeXAy HuMU pasvewaerca N — 2
GOKOBRIX JienecTKoB. B HamweM npimvepe (N = 10) ux Bocems.

34, M3NYYEHUE NMHEMHO-HEFRPEPLIBHOM CHUCTEMbI U3NYYATESEMA

34.1. Muoxurtean cuctemnl. Henpeprisuyio cHeTeMy H3mydaTenei MOX-
HO paccMaTpiBATh KaK YaCTHLIA cayuafl JMCKPETHOH peIUeTKH usjyuare-
Jeil, sKBUBajienTHast ANKHa KoTopoil [, = Nd, wucno aiemesTos N — oo
wwat d = {,/JN—0, a rak wak yron ¥/N OeckoHeyHo Maiwii, TO
sin (¥/N) = W/N. Ha 3toM ocnoauuu npusogum gopmyas (6.7) u (6.9)
K BHAY

W, = Nl (sin 0 —& /A =ala (sinG—£,)/A, (6.10)
_ sin W ~ __Sin Yo - sin g
Fe (o)~ Vsin (We/N) N (Ye/N) v, ! 10

rie W, — ofobweHian yraosas nepemennas: Fo (0) — HopMuposanibi
NIKHTENb CHCTEMBl HaNyyatened. 3TOT MHOKHTENb, Kak BHAMM, Bblpa-
JcieTes yHKuKHel otcyera sin X/x, 4acTo BCTPEUAKoUEeiCs 8 TeOPHH paldo-
TesuMkd v asTeds (oM. u. I, § 11). Moayae wmuoxutena Fg (0) =
== | sin W/¥,| nokazan ua puc. 6.4,

[pn W, = O dyukuua sin ¥, = W, a Fo (6) Aocmiraer ceoero rias-
ioro makcumyma Fop, = W/¥, = 1. 3a rnasned nenecTkoM (ayuom)
CIeAYIOT BGOKOBLIE JENecTKd, MAaKCHMyMbl KOTOPBIX ofpasyTcss npu
sin Ve = —_+-:1. Jro oTBeuaer Fo=sin /%]
3nauennsam yria ¥y = £=30/2, *Fmﬁ,

502 .., MAKCHMYMY NEpBOLo
Gokosoro JienecTka

cin W
'i"—}E|=___1_=_2_=0,212, q212
Yo | 3m/2 3n

i -aw -im - . a
Nro cocrapaser —i3,2 aB or 7 W i M UE AL

”m =}, MakCHMYMy BTOPOI'0  Puc. 6.4. ®yuuusn orcuera
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I 2 . ' 1
= g = B120 n yGusaioumM  nocrenyioup

GOK 0800 JIeNECTKA =
MaKCHMYMaM.

Kak BHOHO, MHOXKHTERb CHCTEMHI H3aAyuaTelel F, (8) oninuaercs
MHO;KHTeNst peureTkh F, (0) HenepuoJuuHOCTLIO: B HEM TONBKO OJMH Tnaf
Bl MakcumyM. Janee 6y)1e1‘ [I0Ka3aHO, YTO B PEUICTKAX C YHCJIOM 3/IeMey
tos N > 5 BpifBpatoT Takol war d, yrobul peieTka pabotana B npelens
nepuond no nepementoi ¥, Toria MOXHO upeﬂeﬁpeqb paHYHAMH MexH 4
MHOXKUTeSIMI AHCKPETHON W HelpephlBHON CUCTEM H3lyvyaTesiel, B Taxg]
YCIOBHAX uenecoo6paano noapoSee 03HAKOMUTECS CO CBOHCTBAMH MH(
wATENs cuctempl F, (6).

34.2. Oﬁoﬁmenhaﬁ yraosas nepemetinas Y. 1. Tok & (puc. 6.5,
npoxoaa 1o nposory AB anuuod 7, 3ana3;lbn3aer o thade B Kpanaem 9.«
meute B orthocutenbho A Ha P, = kB!, = 2kzl /A, BO nyTH BOAHH Y
Touke Habmopenns M or B Kopoue, yem oT A, Ha [, sin 6, uTo BbI3bIBAY
onepexesine no ¢aze wa fl, sin 8 = 2nl, sin G/k Cneuosarenbuo BY
paxaemasn Qopmyoi (6. 10) 0600ueHHAR  Yen06as nepemennasn ‘I’ ;
= nl, {sin 0 — &,)A pasna norosure cdsuea ghaz rosed, coadaeae/ubtx
mouxe radaoderiicss M o Kpaldnux asemenmos A, B cucmemn uaayuamened)

A3 9TOro ompejenenya  BuITekaeT, uTo nepemendaa ¥, npelcTasisierc
Kak nodypasiocts ¢as noneid 8 toukax C, B. :

2. Onpepenum yroa 0 = 0, (puc. 6.5, 6), npu KOTOPOM JIyuH, UCXOK
BALIIE U3 BCEX TOuUEK JIMHEHHOH cucteMnl manydareneii A8, mprxonar.
yhaneHiyio Touky Habmozedus M ¢ omnHaxosoil asoh u Gaaroaapa 314
MY CO31410T IAaBHbI MAKCUMYM MHOXUTEns Fg,, = 1. B sToM caydae e
Kyus 10/UKHbL MATH TAapataensHo U apsimas CB Aomxklia npuHafnexary

cHHDA3HOH TIOBEPXHOCTH, T. €. (JPOHTY BOMHLL DTO 3HAUMT, UTO fIpH O =4
== 0, ofobuwieHHas yrioBas nepementas W, = 0, 4To OOATBEPKAAECTCA
puc. 6.4, rae F (0 = F, (0,) =1 mpy ¥,=0. Hrax Y,
= i, (sin B, — kYA =0, orkypa sinb,, — £k, =0, a

sift 0, = k,. (6.12]

Buson: nanpasienue 8 = 0, eacsnozo maxcumyma JIH aunednod ¢
MeMbi UBOMPORHBIX usayRamenell onpedeasienics Ao Has080t CKOPOCHION
(Koappuyuesmon samedrenus) s030YHOeHUs CUCITIEMDL. ]

3. Tak rak dyukuus sin 8 orpaduueda 3pauenusMu -1, To TOALKY
Te 3HauyeBus 0600LIeHHON yis10Bol nepementoin W (0) = nul, ( sin O —

4
e =3
18 2 q’{?}
w ) 2
5 =
1/ /

pi—

/]
4

Puc. 65. K onpenenchuio o6obuwiennoli  yraopofi nepemeiuoit (a) u uaupanieﬂng
rgashaoro Makcumyasa Al (6) b
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— k)N pmeficTBUTENBHBIE, KOTOPHIE UMEIOT MHHEMYM V¢ o0, COOTBETCTRY=
joui sin 8 = —1, cpegnee snavenne V.., cooTBercTBYWIUIEE Sif O =
= 0, B Makcumym ¥, ..., cooTBeTcTBYWOWHUA sin 8§ = [:

II!c M Tl (— 1 —-ka)/?\.,
‘Pc cp T _nlA kg/x,
¥ wawne = TTla (1 —k)/A,

Bue 370l Tak HasbiBaemoi ofnacTH BuadmoctH yrast W, u § Munmue
# DPUHHHMATL HX BO BHHUMaHHE He GylieM.

4. B dopmynnl obnacty suaumoctd 19 Ve vuu, Weep # Weo yane BXO
JUT KOXPhOMIMEHT 3aMelneHns Ry, OT KOTOPOro, Kak yiKe OTMe4anoch, 33-
BRCHT PEXKM W3jyyennd. Brunune xodpduuuenra k, npocaegum na npi-
Mepe JIHHEHHON CHCTeMRt H3iyuyaTenell, UMeloled OTHOCHTENbHYIO AJHKY
{,/A =3 (puc. 6.6).

Haunem ¢ onpegeneuns ofaacTd BRANMOCTH [O MPHBEACHHBIM (OPMY-
faM OpUMEHHTeIbHo K 1, = 3\

IIJ‘C san = """-T"»JA “ -+ ka)’,}b = 31 {] + k"), (613)
Weep = —aul \Joo /b = —3nk,, (6.14)
Wy wnne = 1l (1 — B)/A = 31 (1 — k). (6.15)

34.3. KoapduumenTsr 3amenienusn # o0JacTH SHAMMOCTH (pH Pas iui-
HOHIX PEMHMax u3rydeHhs B cayyae [, = 3A.

L. Peacum nonepeurnozo usaysenus (puc. 6.6, 6, o). [1pn stom ranasusi
Makcumym (nyd) JIH wanpasnen nepnenAuMKyAsipHO OCH U3Ay4daTesed
(0, = 0), u, caegosarensio, Ko3IpPuunedt samenenns k, = sin 0, =
= 0, a (aszoBasi CKOPOCTb BO3OYKIOEHHA Uy = c/k, — co. Mnaue rosops,
nonepedroe usayderue AUHEdHOR cucmemsl udaywamenred npoucxodunt npu
curpasnom (menneennos) 6036yncderun ux. [Toactasndas ky; = 0 g QopMyas
(6.13)—(6.15), monyuaem

IFG MTH = "—3H (1 + kq) —1 __3n,
ch cp = —3nk3 = 0,
Ve axe = 31 (I — &y} = 3m.

2. Pewus Haxa0HHO20 usayuerus (puc. 6.6, 6, 3). Yron HaKJAOHHOTO
m31yuenus 0 << 8, < n/2, emy cooTseTcTBYeT KO(pHLUHEHT 3aMeNIeHH st
ky = sin B, GOALIMUA HYJA U MEHBLUKA eIMHHUbLL, T. €. PrI08as CKOPOCMb
C0DYNHCAeHUS CuCmestbt Vg OOANCHA NPeSoLUAmMb CKOpocty ceema ¢. T1yCTh B
launom cayvae k, = 2/3, toraa o0nacTb BUAHMOCTH:

Wonun = —3n (1 + k) = =30 » 5/3 = —5n,
¥ cp = —3nk, = -—3n 23 = —2a,
Wo sane = 30 (1 — &) = 3n . 1/3 = =,

3. Pescum ocesoco (npodorsroeo) usayienus npu ky =1 Vg = clky, =
“ o (puc. 6.6, ¢, u). 3naueHue k, = ! coraacyercs ¢ TeM, UTO FIaBHBL
HAKCUMYM HATYUSHH A COBMAJAeT ¢ OChIO CHCTEMBL: B, = arc sin &, = /2,
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i
B pausom cayyae e “1
Wom = =37 (1 + k) = —8e, R
Vo op = —3miky = —3m, T

Ve nare = 30 (1 — &) = 0.
4. Pexctm 0ce020 usaytenua npu Vo << c, 7. e. ky = ¢log > 1. B
GyJeT R0KAa3aHO, 4TO OCEBOE H3/YUEHHE BOIMOKHO HE TONbKO NPH O

HO U NpH 3aMellsIeHHofi (a3oBoOfi CKOPOCTH (Vg << €) BJIOTH A0 ee Rpw!
YECKOro 3HAUCHHA ¢ KOIDPUUNEHTOM 3aMEAICHHS Ry = Ry yp. TaMm xe!

Fe=lsin ¥, /¥

Fem=1
8,707
(0,5.77
g111
1
1] I Akl
HERIREENTE
f’),l}’fa:” 1y f 1] ’ i
S T N R
HRN S v
TRtk 7
Pl et g,
| ek a
ol ks ) T
SRR
H i [ I
Wl i) Y
[i;—yr/z]';Q aiajmar/z 7
SRR
AR i
Lisn | am i Ve
7R 2
IR
0): 1 hy=hs un'lr‘:’/‘f } :
i ' 1
lisn Lo m o
i~/ 0 ez &
i l |
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E)i hy=kypy=4/3 |t
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Puc. 6.6. MuOXKHTe b NpAMOMMKHEIHON CHCTEMI H3Ay4YaTened B Pa3fiHuHBIX pe)xud
(2308070 3aMEANEHNA KaK (MYHKIMS HanpasAeHHOCTH OT oboGulennolt yraopo# K@
aumat Yo (@), obaactn sapumocred no yraam Wo n 0 (6 —e2) n noaspuue:
pelerky (# — 1) ,
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§a3LIBAETCHA, YTO CYIIECTBYET ONTHMaibHOR 3aMeieHne ¢ KoadduinenTom
k. = Ry onp- 0151 pacematpuBaemoro cayuas (I, = 3A) 31 KosbdHUHEHTH
JIMEIOT 3HAYEHHSI: Ry opy = 7/6, UTO COOTBETCTBYET OGMACTH BHAMMOCTI

Yo wun = —3n (1 + 7/6) = —86,5n;
Yoo = —3n - 7/6 = —3,5m;
Yo mane = 31 (1 — 7/6) = —n/2,
B kyxp = 4/3 npn obnactd BuAMMOCTH

1 —

Fc MHH T —Tn
1y —

Veep = —4n,
Wesare = —Tt.

35. AH JINHEAHOW CMCTEMbBI M3NYYATESNEH

likaner yrnos ¥, npocraBiaeHHele Ha ocax acuuce puc. 6.6, a—e,
COBNAJZIOT. 3TO MO3BOAAET Cpa3y NMPOEKTHPOBATh HA rpaduk MHOKITEAS!
cicreMsl (puc. 6.6, @) mepeunc/ieHHBIE TOYKH AEHCTBHTENLHLIX 3HAUCHB{T
W, KOTOpble BbIUHCAEHH B § 34 A/1A paccMaTpPUBAeMbIX 3HAUCHHE KO-
WieHTa 3amelaeHns. 3aTeM, cudMTeiBasi yrabl O co mkaa puc. 6.6, 6—e,a
MHOKHTCAN cHcTembl Fo () — ¢ ocu opaunar puc. 6.6, a, crpoum JH
f. (0) B nonapHbIX KOOpAKHHATaX. PaccMOTPUM 3TH HOCTPOCHHS.

35.1. Pexum nonepeunoro usayueuns (k; = 0). B sbiuvcaenuyio aas
k, = 0 obmacte Buaumoctd ¥, = —3n ...43n (puc. 6.6, 6) nonagawr,
¢y s mo puc. 6.6, a, ayu ¢ makcumMymoM F.,, = 1 4 1o aBa GOKOBbIX Je-
ncetka B KBagpaurtax I, I, 111, IV. 310 nokasauo ua noadpuoi [H
pic. 6.6, o, Tenepn conocraBasiem puc. 6.6, a, 6 1 RAXONUM, YTO [10/10BH-
Hi UMPUHBL 1yua paBHa n o yray W, u 0, no yray 6. [loacrapasien k., =
=0, ¥o=an 0 =0, 8 popmyay (6.10):

n = al, (sin 8, — OY/A,
cixyaa
sin 8y = A/l ,. , (6.16)

Ipu onpenenenyy WHPHHL Jydya IO NOJOBHHHOA MoutHocTy 20, 5 ic-
XCUIM M3 TOrO, 4TO MHOMHTEAb F, (8) XxapakTepusyeT HamnpaBAeHHOCTh
GicTeMbl MO HANPAXKEHHOCTH NOAS W, CJAeiOBaTe/bHO, IHPHHRA Ayua 20, 4
cucTReTcTBYeT YpOBHIO Fy (85,5 = 1/V2 = 0,707, Tlpu stom ¥, =
= 1,39 pal u no ¢opmyne (6.10) .

1,39 = al, (sin 89 5 — 0)/A,
Ol na

sin 8, 5 = 1,390/nl , = 0,44540/1,. (6.17)
fIpu 1, » A yraol 041 B, 5 AOCTATOUHO MaJIbI, YTOGH MOXKHO GBLIO 3aMH-

CarTL  sin 0y o By 1 sin O 5 = 655, a us (6.16), (6.17) npeacraBuTE
Uhpnuy JIH cungashoil JUREHHOH cHcTeMbl H3yuartenell dopMmyiamu

20, o 2} sin 8y] = M1, pag = 2 + 57,34/1,)° = (115ML,Y°,  (6.18)
20, , =~ 2| sin 0p 5] = 0,890/! , pux = (BIML ). (6.19)
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Bowod: marcumymer JH cunpasnoid cucmenor usayuamenetdt (Ry = |
Hanpasaers: nepnesdukyrapro ocu  cucmemot, a wupuna JH men mens 4
uest Goaviue omuocumenrvnan druna cucmemvs 1 ,Jh. o

35.2. Pexium uaxkiounoro uaaysenun (0 <<k, << 1). Cicrema u
vatesicll ¢ NPUHATLIM KOapUIHENTOM 3aMeieRi A &, = 2/3 nmeer obaa
siMoetn Wy = —Bn ..., KOTOpas 0XBaTLiBAeT I/aBHblil JenecTox (ay:
€ MAKCHMYMOM HOA yraoMm 6 = 6, 1 ueTbipe OOKOBBIX JICTECTKA, CMelyed
ubix Baeso no ock ¥, (eMm. puc. 6.6, a, 6.) [1pyu nepexose K nonsipHsM K¢
opanHartam, T. €. of phe. 6.6, a k puc. 6.6, a, 3ameyaem, uro [{H npexcray
nsieTest AY4OM, HAKAOHEHILIM K OCH CHCTeMbl BOA YIVIOM 1t/2 — 0., a Tay
e [IePBBIMH GOKOBBIMH JienecTKaMi B kpaapantax 1, 1V i1 sTopbIM, Tpe
M 1l UCTBEPTHIM GOKOBHIMH JemecTkamu B kpappaufax 11, 111

C yBenuuenueM yraa 6, MHPHHa Jyya BO3pACcTaeT. JT0 00bsCHse
yycibineHnem 5QHEKTUBHOM IMHEL aHTEHHBL [, 5q (CM. PHC, 6.5, 6), no
KOTOPOI NONUMAIOT NPOEKIKIO FEOMCTPUYECKOH AnUHb CreteMbl AB = [
na I10CKOCTh gponTa Bodknt CB. 3amenas [, Ha [, ,p = {,c088p
(6,19), noxyvaem ]

20, 5 = 0,890/1 , cos 8,, fpaal = (BIM/I, cos B,,)° (6.20

B yOeKAAEMCS B TOM, UTO UilipUHA AyMa 0OpAMHO NPONOPYLOHAALHA KOCY
HYCY yery OMKAOHEHUS €20 G, 0Nt NEpReHOUKYARPA K AURUL CHLMEMDL UMY
aomeneit. Tlpn 0, > 70 ...75° ¢opmynoil (6.20) nonw3oBatbcn HENb3%R
TaKk Kak OHa VXe AaeT GOABIIYIO MOrpewsoctTs B pacderax. 3
35.3. Pexnm ocesoro (NPOAOJLHOIO) HUIAYUYEHHSA TPH CKOPOCTH BO3

6yxceun JAUHERHOA CUCTEMBl, PABHOM CKOPOCTH CBeTa (Vg = C, ky = 1)
Mexoas #3 nmeomefics npy 3ToM obaacth BrAAMOCTH Woyuy = —67
Ve o= —31, ¥omane = 0 (puc. 6.6, 2), mo puc. 6.6, a yaxoauM, ¥To Ue
NOMLAYETCS DOJMOBHHA IV1aBHOTO JIENECTXa W NSTh JCBHIX OOKOBLIX Jie
necrien Gyuxunn | sin Wo/We|. Copepmaem nepexoa x nossipuoii J1
(puc. 6.6, #): B Hell NONYYAIOTCS OQMH IVIGBHLIA JENECTOK C MAKCHMYMON
Fep = 1 10 ocu cucremst (8,, = 90°), no fsa GOKOBbIX JICHECTK2 B KBAJ
panrax I, 1V u mo Tpu 6okosbix senectka B ksaapanrax 11, H1. Hlupung
AVYa

20, 5 ~ 2V0,894/1, Ipan) = (108VRIL,Y. (6.2

Kak » cnefoBaso OXUAATh, ¢ TEPEXOAOM OT MOMEPEutoro uanyyeH4y
K TPOROALHOMY JIYY CHCTEMb! 3HAUHTEJbHO PaClIMPUICH, HANPUMep TPy
{,/h = 100151 10 10,8°, 1. €. B 2,] pasa. i3 gopmyn (6.19)—(6.21) sua
HO TaKXe, YTO OXHOBPEMEHHO OcJabRna0ch BAKSIHKE OTHOCHTENLIIO
JUTKHBY CHCTeMpl W3nvuarenei /4 ua wupuny JH: npu nonepevnom u
ayycuun 26, , ~ [/}, a npu ocesoM 20, 5 ~ Vi

35.4. Pexium ocesoro (NpoJoabHOTO) M3AYHEHHs CHCTeMBl ¢ 3ameie
noit Gasopoi cKopocTLI0 (Vg << €, k, = c/ug >> 1). 3utas, uTo Npu yB
JMYCHHN KO3(HUNEHTa 3aMelVIeHs sl CBblie CAMBHLL 001aCTh BUAMMOC
cMentaerest io ocy ¥, Breso or ¥, = 0 (puc. 6.6, a, 0, ), 3ameuaem cJy
ayloluee,

I"'naByell nenectox dyuxumy | sin ¥, /W] ucnonp3yercs HEenoIHOCTS
H PEXKHUM OCCBOTO H3JNVUEHHS COXPAHNETCH, HO C ocnalierueM MakcuM
ma, Koraa Kos@@uuuent samejnenns, BO3pacTas, CTAHOBUTCS KPHTHYY
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Pac. 6.7. Ob6vemanie OAH nuselinpix cactem c nomepesssiM (a), HakAOHHNM 6) u
DPOAOADbIBIM (6) H3yYeHHEM

KM (ky = ky ), rAaBHLI senecTox crnafaeT Ao F, (8) =0, uto coorser-
—.

ITOT MPOUECC MPOHCXOAHT HEPABHOMEPHO: C YBEIHYCHHEM k, OT eH-
BHLBL O Ry o [AABHIH NENECTOK CYXKACTCSt H NPHTOM BCe ObicTpee, a ypo-

. BeHb OOKOBBLIX NEMNEeCcTKOB 10 OTHOWICHHIO K {VIaBHOMY MakCHMyMy HEnpe-

PBIBHO BO3pacTaer. Tak Kak rnepsbiff (HaKTOP NOBLILIAET, & BTOPOH MOHH-
xaet KHJL cucremst uasnysarenefi, to MeXAY Ry = 1 U R, = Ry p umeern-
CA ONMUMAADHOE SHOMEHUE KOXPDUYUEHMA 3ame0NeNUS Ry o n., RPLL KOMOPOM
KHI moxcusaronsiii, D10 coorsereTByeT ¥V, = W = 0,5nu Fg (0) =
* C onT ’ c

= 0,637.

ﬂoacras.mnﬂ B {(6.10) 0 = n/2, ¥, = —m/2, k, = k, ,pp, 2 32TEM O =
2, Yo = —n, ky = kyp, HMEEM

—tf2 =l (V= Ry oy dh, —o0 = aul, (1 — By gp)/A.
Or1croaa HaxXoAuM ONTHMATBHEIE U KPATHYECKUH KO3(PHIHEHTH 3aMeA-

JieHua
kyome = 1 M2, - (6.22) oy =1 4 Mi,. (6.23)

B nawewm npumepe (I, = 3)) xosbppuuments B, op, = 1 -+ 1/6 = 7/6,
Ry xp =14 1/3 = 4/3. Mo npusenennsiM B n. 34.3 AanueM 0pu Ry oo =
= 7/6 ofizact, Bugumoct# (puc. 6.6, 9)

Y . r
1(7 san = —b,0m, 1}0 cp = _3’57'51 \Pc mare = —0,00

OXBATbLIBA®T ACBYIO UACTh NMARHOIQ JiemecTka (puc. 6.6, a) ¢ makCHMyMOM
Fe = 0,637 1 naTe neBLIX COKOBBIX JIENECTKOB. ITO OTPAKEHO HA MOAAP-
woi JIH (puc. 6.6, £) TnaBHLIM JICTIECTKOM OCEBOIO H3JYUEHHS, ypoBeHn
KOTOPOro nvxe, yem npu k, = 1 u ApyMs OOKOBLIMH JIENeCTKaMK B KBajl-
panrax I, IV » 11, 111

Hagoneu, B cryuae kpurnueckoro Xosppriauenta samMeanenns obiacts
BuanMocTd Wy oy = —7a, Yoop =—4n ¥ ¥ yare = —0 (puc. 6.6, 2)
W B OyHKUUM F, (6) AeACTBHTENbHLIME ABASIOTCS INECThb JEBLIX BOKOBBIX
aenectxos (puc. 6.6, a), koropste B noaapxoit AH (puc. 6.6, a) orobpa-
WKANTCHA TONHLIM OTCYTCTBHEM OCEBOTO U3MYYEHHS U TPeMH OOKOBLIMU Je-
NECTKAMH B Ka)XKAOM KBajpaHTe.

35.5. O6vemunie JH. JTH, nokasauuble sa puc. 6.6, nJoCcKOCTHBIE ¥
OTHOCSTCS K NAOCKOCTHM, NPOXOASIIKM UYEpe3 OCk CHCTeMbl Haayuaresed,
& B MJOCKOCTH, NEPNEHINKYASIPHONA BTOH OCH, CUCTEMA HEHaNpaBleHHasn,
[TostoMy B ypaBHeHHe MHOXHTENR CHCTEMbl He BXOLMT YIJIOBAA KOOPIM-
Hata Hanpap/eHHH B nonepedroil naockocTh, a obpemHan JAH npencras-
JAeTCH Kak Teno ppawesus noasipaod [AH cucreMst Boxpyr ee ocH, Takny
CnocoBoM nmodyueHn nokasabuuie Ha puc. 6.7 AH cuctem ¢ nomepeunsia
(@), naxkmoHHbIM (6) 1 npOAOADHBIM (8) H3NY4eHHeM.
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36. 3ABUCUMOCTL KHA NMHEMHOM PELLIETKK
M3OTPOMHLIX U3MYHATENEN OT KOSBEULIMEHTA 3AMEANEHMS

Tak xak KHJI antedHer — 3TO oTHoulende KBajpaTa aMIUIMTYAbl K
NPSKEHHOCTH AOAA B HAMPABACHHH €6 MAKCHMANBbHOMN) H3JYUEHHR K KB
paTy ycpeAHEeHHO N0 BCEM HANPABAeHH M AMITHTYXBL! HAIPAXKENHOg)
noast (D, = Edm/Ehicy), 70 KHIL Tey Sonbiie, ueM yase riaBHbli neng
ToK H caabee Gokobbie genecTku JIH anteruel, D10 onpeaesenne no3sony
eT o onucaHHbiM JIH peineTky # BeKTOPHBIM AMATPAMMAN CAOKEHHS B
Jeit Eyy Eomy ooy ENm €€ 371€EMEHTOB BblABHTE KaAPAKTEp 3aBUCHMOC
KHJI D, or kosdppuuuenta samelienus k. '

[Tpu k, == 0 u 8, = 0 noas Bcex 3/AeMEHTOB C ammaHTygamn £
Eom, ooy Enm COBRAgAIOT 110 Pase ¥ CKAIAKBAOTCA apudgMeriiuecky: £y,
= Enum = NE|, (puc. 8.8, 2). Cuudastocts noneit obvacagercs cHy
dasubiM BO30YHKACHIEM IIEMCHTOE cHcTeMsl (R, = 0) u oTcyTteTBHEN paj
HOCTH XOHa Jyuel OT BCeX M3/yuaTeiiell, PaclofOMEeHHbIX CUMMCTPIHYH
OTHOCHTEALHO ¢ PeAREN TOUKII CHCTEMB, A0 IJIOCKOCTI, MONEPCHHCIt OCT CHY
Tembl (8, = 0). [Ipu 31oM uonop\mposanm,m MUOKHTCAB o = [,

= Epm/Eym = N, HopMupoOBagiinill MilokHTeAb Fg == [/Jop = 1 ¥
KaK 110Ka3biBaloT pacuers, KH A anvenns Dy = 2Nd/x = 21 /) (pic. 6.9)

Takite e snauchna [, = fo,, = N u F, = N¢, = | noayuaorcy
mpu 0 << k5 << 1, HO B pexHMe HaKJOHHOro M3jJyuendst noi yraos 0
= 0, = arcsin k,. 3aech CABHI 1O ¢a3e 3a cueT pas3HocTd XOAa Avueh
2nl , sin 6,,/A NOAHOCTBI0 KOMNEHCHPYETCs! MPOTHBONOMONHBIM 110 3HAKY
CABHIOM (hasnl BO3Oymaennst 20/ 4R,/2, KOTOPHI TOABHACA IOTOMY, 4TO (A
30Basi CKOPOCTh BO3OYKAEHHUS HMEEeT KOHEUHOe 3HaueHne, XoTs U Ooablied
CKOPOCTH CBETa (¢ < vy << oo, 0Tk <<1). Im0 momrBepxaaercs rhop
MyJioH ¢(a3oBoro cApura noJsei OT KpaiisiX TOUEK JWHEeHHOH aHTeNilbl
2V, = 2nl, (sin 0, — k)X =

leq, OTKJIOHSSChL OT nepneumuqms!pa K OCH CHCTEND!, pACHIMpSIETCS
HO OAHOBPEMEHHO YMEHDBUIZETCS TEACCHRIH yroa, KOTOpblil 3aHHMaeT 3To#
ayu B obpasoBapuueiicst xoudueckoil nmpocrpancreennoil JH. TTosrom
KH/I ocraercs nocrosuusm (D, = 2Nd/A = 21 ,/A) po tex mop, noxa
yBesinveHneM KoshpuiUWeHTa 3aMepfenHss HE HacTynaer nepeceueHiHd
JIETNIECTKOB HakJoHHOro usnyvenust. Korja me ky, = 1, onn cauBaiores B

7

2
A
E ¥ Eom b E v 8iafd |
£l
i p E1a/2 ) I
i Com - !
[ 4ha /2 1 |
(f i . Err ) ‘ _i |
s Ewm | 22 - i, |
En=0 : Py |
N ——
a) &) 8) 7 ? A’Enm g )
: , |
Puc. 6.8. Bextopuue anarpammu caome- Puc. 69. 3asucumocts KHI npavoan-
nitsl goJelt petseTky BuOpaTopos Heiinofl  pasHOAMNAMTYIHOR  pelieTks
’ naaygarened or 1(03(bd)ﬁuﬂema Jamen-
JIEHHSA
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o AeMECTOR NPOROILIONO H3NYUCIHA # BO3pACTaOlICe KHA nocrura-
o7 H11AUEHHA Dy, =ANd/A = 41, T (oM. puc. 6.9).
anpuefiliee yMenbiuenie dpaaowou cKopocTH (Vg < ¢, ky > 1) npH-
potT K YCHNEHHOMY oTcTapatnio no Giase eo3lyxaenus nanyuvarened, i
3To VIKE 11e MOXKET KOMIIeHCHPOBATLCH ONepeiKenten o Q)ase BLI3BAHHBIM
pq n Thio Xxofa Jayuell. ChepoBatenbiio, HX cymmapHeri chsur 2V =
L {sin 0 — k)R ne Momer ObIThb MOMOMKMTEAbILIM HJIH PABHLIM
m;q a dwmurwa Pe3YALTIPYIOUIEro MO  AHTCHHbI Em =Em+
S am T oo 7 Egym paBrolt NE, .

A enmucune E,, no cpasxenyiio ¢ NE;,, nonyqacrcsi HaH MEHbIHUM npu
on; - C/ICHIION ONTHMAJILHOM 3HAUCHIH KoabdruneHTa samemicHus k,
w5 210 nabaoaacTesl, Kak BUANLO U3 pHc, 6.8, 6, Koraa BEKTOPLI M0-
siel kpafinux nanyuareneit Ey,, 1 Eyn tanpasnennt (1poTHBONOA0KHO, TOY-
liee, Koraa noae N-ro uajayuaTesst OTCTaeT no dase Ha n (M Aiodoe leyer-

s utiea1o ) or noas 1-ro nanyuarens: 2% = —n. [TockonbKy peub Waper
"cBOM H3ayuenun (0 = n/2) npu Ry = k, yuyp, @ N0 popmyne (6.10) pa-
cipo Yo = sl (sin 0 — kYA, to 2¥ = —n 3anuwem B BHAE ‘
20, (1 — Ry gui VA = =11, (6.24)

qet MOATBEIKAAETCA, UTO ONTHManbHbI KoxppHiment samennenus (6.22)
Ryonr = 1 + A/21,.

Tk KaK ¢ vBemiueinieM &, ot 1 a0 k, 5, Ay4 aHTEHHBI CYXKaeTcs, a H3
GOROBLEX JRMeCTKOB ACHCTBHTENLHBIMA CTAHOBATCS TOALKO KpaiiHue JeBbie
(110 e, 6.6, @) nuskoro yposus, To KHJ, pacrer eute OuicTpee — BIIOTH
LG)

D, = 72Nd/\ = 7,21 ,/A. (6.25)

o BekTOpHOM Anarpamme pic. 6.8, s ete pas ybexaaemcst, yTo YBe/IH-
uCiie KOG IUHCHTA 3aMCAACHH ST OT ONTHMANBHOrO 0 KPUTHYECKOrO NpH-
BOUIT K MOAHOMY TPONAAAiTI0 OCEBOTO M3JyYeHHSA. DTO NPOHCXOAHT NPH
OTCTaBaHMK mons N-ro H3Aydatens OTHOCHTeNbHO nona l-ro usayuarend
Ha 27 (4eTHoe 4HCAO )l

qu = —2“, T. €, QJTIA (} - k3 "p)"!.A- = —2n’
Yen nogTeeprAaerca dopmyna (6.23)
kyyp =14+ M,

Takoe Guictpoe ocnabaenne raasroro senectka JIH, ecrectsedno, pes-
Ko cuxaer KHJL antendst (cM. pic. 6.9).

37. MTPUMEHEHME TEOPUM CUCTEMbI U3NYYATEAEA
K A8YXBUMBPATOPHOM AHTEHHOM PELIETKE

37.1. J\ByxsuGpaTopnas anTeHHas pewerka ¢ pedaekTOpoM MM 1u-
Dt’Klopom. VMetoTcst BepTHKANbHble BHOpaTopsl A, R, ¢asoBsie uestpst
KoTopuix pasneceds Ha paccrosuue d = A/4 (puc. 6.10). Iru subparoput
BO30YKIAIOTCA OT HCTOUHHKA C OnepexeHuen no taze 90° B R oTHOCHTE/Ib-
0o A. TMoctpoum AH B ropH3otTanbnol NAOCKOCTH.
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[MockonbKy B 3TONl SKBATOPUANBHON MAOCKOCTH KaxAbI U3 BHOpa
pos Hewanpardeunnlit, /I pewerku ompejenserca ToALKO MHOMHTeN
pewietkd (6.6), (6.7) ana N =2, d= A4 u ¥ = n/2:

gin(—d}_i»‘ 9 _ﬂ_)
£ 0SN Bdsin0—w) _ _\A 4 T
P Sin 10,5 (Bd sin 8— )] oA N
sin ——-mnO»——)
A 4
2 [ gin 0 — i [ im0 =Y cos (25 cin 2
sm2(4sm0—»4) =23m(4sm9 4)cos<4am0 4)
T e e )
sm(-4—5m9— 4) sm(4 sin © 4)

[Sd

=2 cos (~Z— sin 9——:—) = 2c08 [% {1 — sin G}] . (6.

JlnarpamMma HanpaBleHHOCTH, OnpejesseMas MOAYYEHHBIM Y PABHEHH
em, umeeT dopmy kapanouAnt. Ha puc. 6.10 kpome 3roit JTH uaoGpaxernd
amopbx HANP AXEeHHOCTeH nojeli-BHOpaTopoB A (cnsouinasi TOHKast HHKUA),

(unpnxosaﬂ JIAHUA) ¥ BCEH CHCTEMbI ((KUPHAA JIMHUA) IR HYeThipeX Ha:
npasaervii: 0 = 0, 90, 180 u 270°.

B nanpasiennn 0 = 270° MHOKHTeNb PELIETKH papeH HYJMO:

fp (8) == 2 cos [— (1 —sin 270")] =2 cos% =0,

JleAcTBHTENbHO, B 3TOM HAMpaBJ/IeHHHN MOAst BHOpaTopoB A H K HAX0
JATCA B NPOTHBOhAse H YHUUTOXKAKTCA, TaK KaK TOK B A orcTaer no ¢as

fnc R10 NTH, o6ycnoBnennas pedesTopoM, W SHIOPH HanpskentocTef nomelt aus
DATOpUB
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or T0KE B R na 90°, a 33 cueT pasHocTi X0aa soan d == A/4 nose g nanpas-
aein AR 3anma3antBaer elle Ha Takofi e yrod.
tpn 0 = 0 u 0 = 180° orcyTeTBYeT pazHocTs x08a BoaH o BAGPATO-
on R n A 1 coxpansierca TonbKo CABAT No (hase f1a 907 MexAy HX TOAAM,
g 3BalHBIR (HA30BbIM CABHIOM MEXKAY TOKAMH. DTO NPHBOAT K yBeaHye-
pio AMIVIMTY L) Hanpsokenvoctd E, or Ey, A0 1,41E,:

fo (0) =2 cos[-g.(l — sin 00)] =V'T =14l

13 wanpasaeiinu otr R k A (0 = 90°) orcraBanue no dase #a 90° Toka
p pi:opatope A O ToKa B R KOMIIEHCHPYeTCs PaBHbIM CABHEOM nio dase ux
posoll 3@ cuer PasHOCTH  XxOfZa BOMH. B pesysnbTare mose BHGparto-
pa 1 B nanpasaennn 6 = 90° yasansaercs nop Bausspem BuGparopa
R{Lm= QE_lm): ) .

fo (8)=2 cos [% (1 —sin 90| =2,

TTockObKY MHOKUTENS f, (B) 1MeeM MakeHMyM fp,,, = 2, TO ero Hop
MIIDOBAHBOE BhIpaNCHIe :

Fp:‘ff" »%[‘ZCOS %(Fsineﬂ—zpos ;;L(l_sine)].»(6.27)
P ) S

3,

Y B0eHHE HaNpsKeHHOCTH Mois B Hanpasiendd 6 = 90° u ywmenp
wense £, A0 wyAs B Hanpapiedun 8 = 270° panHO3HAYHO OTpANKENUID
BO.1H OT BHOpaTOpa R, KOTOPHIH MOSTOMY HasbIBAIOT peghaekmopor. Ecnu
¥C OCIOBHOM M3/AYyaTeab A AONOAHUTL OJHOTHNHLIM H3JydyaTeaem D, yaa-
acoitad o7 A wa d = M4, un nuTath €ro TOKOM, omemaouiin no (pase Ha
90" (f = — 11/2), TO, OUEBHAHO, HATIPSKEHHOCTb IOAS YBOUTCS B HATIPAB-
actnn or A k D. Orciona npoucxogdT naspahne pubpatopa D — duper-
e (HAnPABASICUINE «HA cedsy),

Hapsity ¢ akrigHpiMH BuGpaTtopam 1 R # D, KOTOpBIE NUTAIOTCS OT TO-
I'0 /KC IICTOYHNKA TOKa, 4TO W BHOpaTop A, NMpHUMEHSIOTCS naccusHvie pe-
hickmopet u Gupermopel, KOTOPHE BO3OYIKNAKTCA 3JEKTPOMArHHTHBIM 110~
JleM OCHOBHOI'O (aKTHBHOrO) Manyuarenst A,

37.2. Mevop naBegentbix 3AC Ans vccaefOBaHMA ABYX- U MHOIrOBUGpA-
TOpHRIX anTenn. 1. DroT meron Obla npeanoxen Hesasuchmo I, A. Po-
manckium 4 Ji. BprantosHoM, a 3aTeM paspaGoTad AAA MpaKTHYECKOro Iipu-
metienns M. T Kasiukase 1 A, A, TlhictonbKopeou.

Vines meropa 3akmouaercs B caenyioueM. Kax /sl anemenTapunii yua-
CTOK uposoga uHAyuupyer JC Ha Apyrux yvwacvkax npoBoja, MpHueMm
Mexay tokom ¥ I/IC moboro sneMeHRTapHOr0 yyacTKa NpPOBOAa WMeeTcs
CABHT o (ase, otauyHell or 90° (eM. 1. 1, puc. 13.18). Coctasasiomas no-
A% E,, uanpasnennas HaBCcTpeuy TOKY /, onpeeisiel MOWHOCT, H3/ydae-
MYIO saeMeHTAPHLIM YYACTKOM:

dPx = jE.zldzl.

Cocrapasioutas noas E,, capunyTas no (hase OTHOCHTETBHO TOKA
C \
Ha 90°, onpepensier peakTHBHYIO MOIHOCTb, CO3/ABAEMYIO AAHHbIM .¢-
MEUTADULIM  yHacTKOM;

dP, = |E,ldz|.
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Puc. 6.11, Pewrrxa o
EBYX  (O4YBOJHOR
subpuropos (8) W 3
BUCHMUCTh  AKTHBEA

Fa —
&0

\
40 l ) (6) n peakTusHOA (i
‘\ \ COCTABASIOMAR  BIany
20 v N 7 ;lgir!(; Bﬁg.n!aonmnea
paTopos
l n Iﬂ \ /2/1\/3,{,\/& paccrosHiBa MEX
Vi \ \ v HILALIL
| 2 \Jia\Jaz
ol V]
Y ~4q v
) # -

Ecau npocvMmmupoBats snauciust dP y u dP . no Becemy spfpatepy, 1d
B pesyJbTare OYAYT 10JyueHnl COOTBETCTBEHHO aKTHBHasl (HM3jyuacvas
H pe€akTHBHasT MOIIHOCTH. HOJIy‘{EHHble 3Hayelid MOUIHOCTII, OTHeCtHIIbl
K TOKY B IYYHOCTH, ONPEASISIIOT aKTHBBYIO H PEAKTHBHYH COCTABIAIOLIN
COAPOTHBJEHH S AHTEHHBI.

AKTHBHAA COCTABASIOUIAS TPCACTABJASCT COOOH CONPOTUBJEHHC M3y«
uenng pubparopa. Ilpu OGonbwodl Aanse BUOpPaTtopa MOXKET OKA3aTLCs, 4TQ)

. HA €ro OTACMbHBIX Y4acTKaxX CABHT o §rase Mexay TokoM 11 31C npesnitiae
360, Ho aenbiue 450°, 2710 3KBHUBaNEHTHO CABUTY 1O dase ot 0 10 90°. Toraa
AKTHBHASA COCTABANIOIAS BXOAHOO CONPOTHBACHUA H3MCHSIET 3Hak, 4Tg
O3HAUACT YMEHbILEHHE MOUIBOCTH U3y ueHus 1od sauauien 3/C, nanoius
MbtX TOKAMH YAQJCHHBIX yyacTKos sibpatopa. C TAKIM SIBJIEHHCM M
BCTPEUaJNCh NPH PacCMOTPRIIHK rpaHKa 3aBHCHMOCTY CONPOTHBACHH A 1134
Jayuenust pubparopa ot ero Jaunn (ca, puc, 2.15).

2. Tlpu Haquuil ABYX BUGpaTopos B autenue (puc. 6.11, a) na awbomM:

MEMEHTAPHOM yHacTKe pubpatopa [ vuayiupyercst JIC 3a cyer Tox0B B

3TOM n Bo BTopom Budparope 2. Ileppan gacts 2J1C onpegensier MOUHOCTR
i1 BXOAHOE CoupoTHBACHIEe cofCTBEHHO BIGPATOpa 1, KoTopoe 0603ilauas;
ercst Zy;, a BTopoii yacti DC COOTBETCTBYIOT MOILIOCTb U BXOAHOE CONp O~
THBJIEHHE, BHOCHMbIE TOKaMi BToporo subparopa. [Tociiesnee conporiisies)
e oboznavzercs Z,,.

Ananoruuno Bo sropom BuOparope wuayiupyercsd JC 3a cuer col-
CTBEHHOI'O TOKa /[, 11 TOKa nepsoro BuGpartopa /4. [lepeas uacts IC 1 10K
/, ONpPeesSIOT MOHUIHOCTD H BXOJAHOE CONPOTHBIEHHE Zop COTCTBEHHO BTO-,
poro nsayuatenas, a propast uacTs DIC n Tox [y COOTBETCTBYIOT MOLWIIOCTH
i BHOCHMOMY CONpOTHBJCHHIO Z,,, KoTopble 00ycJIOBJIeHbl RANSHHEM [1ep-
soro BuOpatopa #a Bropoit. Ecau 1ok [y v [, papHui, TO BHOCHMbE CO-
NpoTUBIeHHA Zyy U Z,; ABASKOTCS B3adMHBIME, KaK # B JIHHEHHbIX CBA3aH-|
HBIX 1enAX, B3aHMHLIE CONPOTHBJEHUS Z;, M Z, paBHbl MeKAY COOOH.

3aBUCHMOCTbL aKTHBHOR R,;, # peakrnsnoii X, cOCTaBJsiolInX B3a-
HMHOIO CONMPOTUBACHUH ABYX BHODPATOPOB OT paccTOSHHA b mexAy HHMA
nokasaHa ua puc. 6.11, 6, 6. OTpuuaTenpHble 3HaYeHHA Ry, UPH HEKGTO-:
PLIX BHAYEHN X D YKaskHIBAOT HA TO, UTO MOA BAMSHMEM OLHOro BUOpa ropa;
YMEHBIJAeTCs MOWHOUCTD, H3JyyaemMast BTOPLIM BUOPATOPOM.
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I'lo mepe yaenswennis b 10 By st CBA3afias cHCTeMa MepexoInT K ofi-
oaiioMy BHOpaTtopy. Corfiaciio npriBeASHHLIM KPUBHIM ONMHOYHBL MOMY-
poiloBRIA BHOpATOp HmeeT compotnsaeHne naayuenus 73,1 Om, yto co-
paievercs © rpabuxkom puc. 2,15, W peakTIBHYIO COCTABASIOMYIO BXOA-
parn COMPOTHRICHNA, pasHyio 42,5 OM, [Tpu wactpofike BuGpatopa 8 pe-
g0t 1110 9TO CONPOTHBMEHHE CBOAAT K HYJI0 YKopoueHHeM BHfpartopa.

AaNOTRYTIO  onpenensieTcs BXOAHOE COMPOTHBREHHE, AKTHBHAA H pe-
awi7i31ag MONUIOCTH OTAENBLHLIX BHOPATOPOB MHOTOBHOpATOPHON aHTeHHL.
1M CIyUne NPH HanHu¥H p BHOGPATOPOB C PAaBHLIMH TOKAaMH BXOAHHE
gpomsaenns 1, 2, 3, .., p oufiparopoB COOTBETCTBEHHO paBHH

Z! = Zn +Zy 2t Z,,,,'
Z2 = Za'z + Z21 + Zzs + .se + Zzp.
Za = Z.‘{R + 231 + Z:az + Zap,

. .

LY . ¢ v e

ZI’ = pr "[— Zp] Zpg + cer + Zp(p-.".
[1-pnnlft 4RAEKC YKa3LBaeT, B KaKo# BHOPAaTOp BHOCHTCS CONPOTHBIECHHE,
a nTopoff — K3 Kakoro.

Takum o6pasoM, MeTon HasoauMbix 3/(C nosponser onpeaenuTs Mot-
HOCTH H3JAYUEHH S M BXOAHOE CONMPOTHBEeHHE Ka)XROU0 BUOPATOpa K B3aHM-
OO BAUSIHME 276MEHTOB 4HTEHHOH CHCTEMBI.

* e

38, PELLETKA M3NYUYATENEN C ONTUMARBHOW AH

PapuomepHbie peieTky WMeT MakeuManbhsiit KHI no cpasuenuio ¢
Peilie rKaMK, B KOTOPLIX aMIAMTYAHO-A30BOE pACHpEeesieHne OTIIHUACTCH
o1 pasiomeproro. Makcimym KHJL obycnoBnen TeM, yto B JIH pasxoam-
TIHITY AHON CHCTeMbl Jiyd (C/IaBHBIA JenecToK) CpaBHUTENbHO Y3KHil, a ypo-
BOHL GOKOBBIX JIGMIECTKOB BLICOKHH. YpoBeHb HAnOOMbinero H3 GOKOBLIX
acitecTkoB coctapnger 0,21 ¥ ypoBeHb KaxIOro focjAeayiouero Nenecra
ciibxaercs (IUTPHXOBsie MWHUH Ha puc. 6.12).

Tagas JH ue Bceria ynosjeTBOPseT Ha3HAYeHNIO aHTEHH»! MPH Bbl-
COKOM ypOBHE GOKOBBIX JICMIECTKOB AHTEHHA CMINKOM BOCTIDHEMUKBA K NO-
Mexan, UMeeT [O3LIIEeHHY0 LIYMOBYIO TEeMICPaTypy B HEAOCTATOUHO ofecs
HeYl[BAeT CKPLITHOCTh paboThl paauo-

CTaHUHH, 4§
NMposelb OOKOBLIX JIENECTKOB MOKHO 2
CRI3NTL, WCMONL3YR HEPABHOAMIIH- 28
TYRioe pacrpegenedie, HO Toria pace ’
lipsiercs riaBHLH! JIGMECTOK M CHH- 251
xacteg KHJI. OntiMmansHoil' cuutaetcst ’

Takas JIH, s KOTOpPOH ypOBeHb GOKO- o4
BbIX JierecTKOB MHHHMANbHBIE npH 3a- ’

Puc. 612, HH cucremu usnyvarenefi ¢ pan-
HOAMNAMTYANBIM © OUTHMAJLHBIM  aMITIHTY - J
HUM pacnpejencrueM




JaHNOH WHPHEBE NyYa WAX MHHAMANGLHA WHPHHA Jyua TpH  3a1anug
ypoBHe GOKOBLIX JIElIeCTKOB. ,
Ha ocuose maremartuueckoro anmapara, paspaGorasuoro[], JI. Yeg,
wesbIM, [lonbg onpenesin, KaknM L0OMKHO ObITh PACHPEACTEHHE AMITHTY
B pelleTke, yToGel noayuTh ontuManbusie [H. [Ipy Takou ponbd-yed
WEBCKOM paclnpeleNeHHd amauTyAsl TOKOB CMAfaloT OT UEHTPaAbHOf
uanyuarens (/o) K Kpaitnum (/,, /,, /4 ...). Tak xak 370 3KkBuBaneHT
YKOpOUEHHIO pPEUIeTKH, TO B Pe3y/bTaTe NIABHbIR JENeCcTOK PacilidpsaeTe
a Bokosble ocnaleraor. ,

HanpuMep, kak nokasano cIJOWHLIMH JMHAAMM Ha puc, 6,12, onr
manpHas [IH pemerku ¢ yucnom usayuareneit N = 12 uneer yposetb 6
koBbix senectkoB 0,1 (— 20 xB), npuuem 3TOT ypOBEHb OHHAKOB AMSs BCE
6oKoBbIX JenecTKoB. [ljg nomyueHust takoil JIH tpe6vercs caenviow
pacnpenesente OTHOCHTeNbHBIX aMINIUTYA Tokos: 1, = 1,000, 7, = 0,95
Iy = 0,822; I,=0,634; [, == 0,670.

Ecnun tpebyercs ontuManbras J1H ¢ Gonee HH3KHM ypOBUEM BOK BB}
JIENECTKOB, TO aMAJNHTYAbl TOKOB JOJIKHBI elile GhicTpee CllafiaTh K KpasN
peLieTKH. Hanpnmep, ontuMansHas JIH ¢ yposneM GOKOBbIX JenecTKoM
;025 (— 40 AB) noRyyaeTes npu l(, = 1,000, ll = 0 899 I, =20 64 :
1J =: 0,351; 4 . 0 131.

Fnaea 7

YKB AHTEHHbI TIPOAONIBHOIO (OCEBOFO) :
N3NYYEHMA U LLIENEBLIE AHTEHHbI

Antennpl YKB ornuyaoTest GonbuinM pasnooGpasHeM CXeM, KOHCTPYKs
U U PexKHMOB. HBCTOHIU.&H rjiaBa noOCBsIlUe€HA AaHTEHHAM THIIA «BOJIHO~
BO¥ KaHa/l», NOBEPXHOCTHLIX BOJH, CMHMPAJbHLIM H BOJHOBOJAHO-11EIE-
BbiM, OOGIHUM IPYU3HAKOM NIEPBBIX TPEX CJYXKUT TO, UTO OHH BHISBIBAKOT NP0«
JONbHOe H3yyeHue u paboTaT B pexume GeryuMx BOJH, 2 BOJHOBOAHO-
JLeJIEBRIe AHTeHHE! pafoTalT ¥ B pPeXUME CTOSYMX BOJIH,

39. AHTEHHA TUMNA «BOJIHOBOM KAHA

I. 3ra anrtenHa (puc. 7.1), HasbiBaeMast TaKkKe OupexmopHod, co-
CTOHT H3 aKTHBHOTO MONYBOJHOBOrO BHOpatopa /), Coel HEHHOrO ¢ nepe«
JMAaTUMKOM MJIM NPHEMHHKOM, U PAAA MacCUBHLIX BHOparopos (2—5). Bee
OHH pacrosioXKeHbl B ORHOH [10CKocTH. BuGpaTop 2, HasblBaeMbiii  pe-
aexmopos, HaXOANTCS 110 OAHY CTOPOHY, a BUGpartophl 3, 4, 5, ..., Haspl
BacMble Jupexmopanti, — 1O JPYTYHO CTOPOHY OT aKTHBHOroO BHOpaTopa.
Bes sTa cuctema obecrnieuriBaeT HanpapJeHHOE H3JMYUeHHE OT peduiexTopa
K AUPEKTOpaM,

[MaccuBHble BHOPATOPE! NPUKPEILISIOT K cTpefe 6e3 u30nsiTopos, Aaxe
ecny cTpesia MeTANLIMUECKAd, TaKk KaK CTPena CUMMeTpUulia OTHOCHTEALHO
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puc. 1.1, Autenna  THOA
«p0.THOBOA KaHAI> l I |
] [1,13:’;

Honpetnenue
> MaAKCUIOEH020
Y3nyveHUR

nJey BAOPaTOpoB H He BJAMSET Ha NPOUECCH HAMYUEHHS W IPHEMA INEKTPO-
MarHMTHBIX BOJIH. AKTHBHbI BHOPATOP, €C/IM 3TO NETJIEBOH, KPEensT B TOY-
K€ €ro HYJIeBOrO TIOTEHUHANa TAKUM Ke CrocoGOM. . '

2. JIApeKTOPHY!O aHTEHHY MOXKHO PAcCMATPHBATh KAK JHHEHHYO pe-
WEeTKY CHMMeTpPHUYHbIX BHOpaTopoB. OChi0 pelleTkd CAYKHT CTpela: Ha
Heil pacnofoxKeHsl (pa3oBble LIeHTPLI BceX BHOpaTopos. [lone, B KOTOpPOM Ha-
XOJS(TCS MacCHBHble BHOPATOPbI, CACKHOE: OHO COCTOMT U3 MOMeH H3Myue-
HUS M MHAYKUHH,. DTH 019 K TOMY e YCJIOKHAOTCA B3aHMOAeNCTBHEM aK-
THBHOFO H NacCHBHbIX BUOpaTopoB. OAHOCTOPOHHAS HATIPABACHHOCThL J0-
CTUraeTcs TeM, uTO BOJHA, ABHXKYLAfiCs OT pedaekTopa K AUpeKTopam,
ycHauBaercs cobcTBendbiMH NOAsAMH BHOpaTtopos. [lostomy monsi 3a pedr-
JIEKTOPOM HACTO/IbKO c/1abbl, UTO NPHMEHeHHe B aHTeHHe GoJiee OLHOrQ pe-
bnektopa Heuesecoofpasio.

3. HaunGonbuui sdpdext nosyuaercs, ecnd dha3osasi CKOPOCTb nepeaayn
TOKa OT OAHOrO BUOPATOPa K APYTOMY Ug HECKOJNBKO MeHbLIE CKOPOCTH ¢,
C KOTOpOf 3JEKTPOMArHUTHAS BOJHA PAaclpoCTpaHsieTCss B BO3AyXe IO
HanpaBAeHUIO OCH pELIEeTKH. YOearMCs B 3TOM Ha IIpHMepe IByX Nap CHM-
METpuuHBIX suOpaTtopos: 1) maccuBHblil pedaekrTop (P} — akTHBRbiA BHG-
patop (A) u 2) naccuBHuIi AupekTop (1) — axkTHBHLIA BUGpaTOp. BekTop-
Hule aparpammnl v JIH, orHocsmuecss K 9TUM cucTeMam, NOKasaHul Ha
puc. 7.2,

= ° _A
£ B y=-165°
— !
Un I A
y,=-180" . /
? 2 * 4) 4 2)

Pue, 79, Bextoputie muarpammul {g, 6) 8 JH (6, 2) cacremn #3 axTUBROrO W nac-
CHBHOrg BHGPATOPOsS
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Tasanna 7.1 C ysemueniien pacctoslitiss d Meng

prdpatopami Hanpsbiense Uy, HaBonuy
da Y, B v B [ACCHBHOM BHOpaTope npH HEH3MEHRY
ToKe aKtuptoro pHOpatopa /,, ymes

-, waetcs U B Goapulefi cTenein OTCTaeT

oojé% 61 :}gg dase (y,) 01 TOKa B aKTHBHOM BHODaTOf
0,20 A 55 155 pasiioro 1 A (raba. 7.1). TTonomnm, §
0,25 A 51 —215 mexcay BHGpatopamu P n A paccros
d = 0,154, a mexpy A n Ad= (4

(puc. 7.2, 6, ¢). Haxomum 13 Ttabn. §
3Haueuus y; = — 180, — 165°, KoTOpHIe NEPEHOCHM 11a COOTBETCTBYIONUY
BEKTOpIibie AuarpaMmel (pric. 7.2, a, 6). M3 § 37 napecTHo, uTO TOK DA
nekTopa [, JOJKeH omepexarh, a TOK AWpektopa [ orcTaBaTh OT T
aKkTiBHOTO BHOpaTopa /, 11a HeKoTopbiil (pa3oBLI yroa y (B HauieMm
Mepe y = 4 140, — 145°). Ilpu 3TOM, KaK NOKa3blBAIOT BEKTOPHBIE
rpaMMbl, TOK B peduiexTope oTcTaeT no ¢ase oT HaBOAIMOro B HEM Harfy
wenua Uy (ra yrom y, = — 40°), a TOK B AMpeKTOpe oneplkaer Harp
Keune na Hem Uy (y, = 20°). Unaue rosopst, pedaekmop doascer 06.
0ame  peaKmugHbIM CORPOMUBACHUEHM UNOYKMUBHOZO Xapakmepd, a
PEKMOp — eMKOCMAH020. JLJIsl STOTO npu HACAIPOCHHOM 8 DPE3OHAHC TOA
B0.1HO301 GKINUBHOM subpamope perexmop d0.10cer Goitnb HECKOAbKO 0l
Hee, « OUPEKMOp HECKOAKO KOpOHe NOAOBUHbE GAUHLL GOAHGL, E

4. Tlon BATIANHCM NMACCHBILIX BUOPATOPOB 3HAUNTENLHO CHHKAETY
CONpOTUBAEIE N3JYYeHHsl AKTHBHOrO BHOpaTOopa. IJTO 3aTPYAHSET Cf
raacosaHile auTenlsl ¢ (PUAEPOM, B CBSI3H C UEM B KauecTBe aKTHBHOTO BHY
paTopa APEKTOPHON aHTeHHbl OGRYHO HCITONB3YIOT 00AAIOUM il OBLILIEY
HbIM COTMPOTHDJEHHeM W3JAYYeHHS NICT/IeBOil BHGpaTop.

EMKOCTHEIC CONMPOTHBAEGHHS IHPEKTOPOB CHHKAOT (Ha3oBy0 CKOPO
Uy 3JEKTPOMArHHTHHIX BOJH NOROOHO TOMY, KaK B JIMHHH nepefauyn CKE
POCTh Uy, VMEHbIIAETCHA ¢ YBeJHueHHeM noroHuo#l emroctd C; JHHA
(vg = 1/ VL,Cy). Takum oGpazom, mHpeKTOpHAs aHTeHHA npeicraeasierd
B BHAC CHCTEMB! BUGPATOPOB C OCEBbIM H3JyuyeHHeM U 3aMennienioi (pasosd
CKOPOCTBIO  BO3GY KAEHHS (KO3DUIMENT 3aMemienust k, = /vy > 1
KH/I /TnKoro pO/ia aHTEHH MPSMO NPONOPIHOHAIEH KX OTHOCHTEb1I0R 11K
ue I, J/h '

D = k]lkl}\;, (7~

rae £y =5 ... 10 — xoadduuent, xoTopulii B HaHHOM cAyuae 3aBHCHY
OT uKcaia arpexkTopos. Yem Goapwe HX B aHTelHe, TeM TpyAHee ofecneynR
nanGonee BeIFOAHblE a30Bbie CABUIH MEKAY TOKaMH B BUOpatopax H
menbiie k;. OCBIYHO YHCJAO AHPEKTOPOB B anTeHHe He npesbilaer 1
[lpu 5TOM WIMPMHA IMArpaMMsl HempasieHlocTH 200 5 ~ 20 ... 40% ]

Tax Kak KaxKaplA AOMOJHHTENbHBLI BAGpATOp aHTEHHHl H3MEHseT X3
pakTep ee mojis, TO ONTHMAaNbHbE pa3Mepbl aHTeHHB! ¢ HECKONbKHMU J
pektopamu (cM. puc, 7.1) OTMYAOTCS OT yKa3aHHBIX ONTHMANbHLIX DPAS
MEPOB aHTeHHDL! C ABYMsi BHOpaTopamu. .

AHTEHHB! JMPEKTOPHOrO THNA NMPUMEHSIOTCH B AMaNa3oHe MeTpoBMY
W ZeIIMETPORBIX BOJIH TIpenMyiecTsa 3THX aHTCHH 3aKJIOUATCHA B Mf
CTOTE CXeMbl MUTAHHA U KOHCTPYKUMU # B ManuiX rabaputax, K #enoctd
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ol GiTEHE ANPEKTOPHOrO THNA OTHOCHTCS TPYAHOCTL 110AG0pa PI3Mepos
;;i”j; ATOPOB M PACCTORNN S MEXKAY HHMH, JInpeKTOPHbIE aHITeH B Y3KOnOA0C-

Jui¢ ECTEACTBHE TOIO, YTO HAaNpaB/eHHOCTL X B GOMbINON Mepe Onpeaess-
eyest ha30BBIMIL COOTUOWEHIAMY, 32BUCAULIMU OT HACTOTLHL.

40. AHTEHHB] NOBEPXHOCTHLIX BOJIH

LHINERAQMU NOBEPXHOCIMHbBIX B0AH RA3BLIBAIOTCS aHTEHHLI, COCTOAILIME U
gosutidimens OETYLINX SNEKTPOMArHUTHBIX BOJH U HANPAGUMeAd, To 1o-
pep X HOCTH KOTOPOro 3Til BOMHBI PACNIPOCTpaHsIOTes ¢ Pa3oBOi CKOPOCTbIO
v, MolbWeR cropoeTy ¢BeTa ¢. Muave rosops, HanpasuTens fB/sSETCA
gustedasiowelt cinpyxmypou.

PicCMOTPHM AHTEHHBI MOBEPXHOCTHBIX BOJAH ¢ HANPaBHTEAAMI ABYX
pIiUGT AHIEKTPUUECKHH CTepXKeHb M NJI0CKas MeTal/duecKas IOBepX-
pOUih C BBICTYMasil, DTH @HTeuHbl o0biuHO PaboTraloT B peskumMe Oelyumx
Bt ¢ QCeBbIM I!3JI)""—EEHHEM H ONTHMAJLHBIM 3aMeRaetieM,

40,1, AqanexTprueckan crepxuesas anrtenua. |. Haipasurenem au-
TGINLL CAYXMUT  UHJAHHADHUECKH{l WUAH  KOHYCOOGDA3HBIA — CTepIKEeHb
(piic. 7.3, o), H3rOTOBNEHHBIA Y3 AHWINEKTPHKA ¢ MaJbiMd  TOTEPSAMH
(e d = 10-% .. 10-%) W OTHOCHTENLHON JM3MEKTPHYECKOHl MApouxiae-
MOCTHIO € = 2 ... 4 (nmoaucTHpoa, TedwioH, creatHT). Ha AemuMerpoBbix
FUTiTaX BM3JeKTpHUecKHil crepxenb (/ Ha pue. 7.3, 6) Bo30yiAaercs ¢ mo-
MEELLI0 WTBIPA (2), SBAAOLEIOCs NPOROIKEHHEM BHYTPEHHEro NpoBOAA
Redkcuanbioro duaepa (3). LUTeipp HaxoauTess BHYTPH OTpe3Ka MeTalJiH-
1CLKOro BOJHOBOLA (4) ¢ KOpoTKo3aMmblikaoulefi nepembiukoit (§), Ha cantu-
MeIDOBBIX BOJHAX AHIAEKTPHUECKHH cTepxkeds (/ Ha puc. 7.3, ) Bo30vxkaa-
€150 HCMOCPEACTBEHHO OT MeTagHuecKoro BosHoBoaa (2). Ckoc CTep/KHA
CioCOOCTBYET CORIacoBaHHIo ¢ BO3GyIUTENeM,

2. M3BecTHO, 4TO B JAM3IEKTPHUECKOM CTEp:KHE COOTBETCTBYIOLIEro
CCNEHI S PACTIPOCTPAHAOTCS YNEKTPOMATHATHEIC BOMHE!, KOTOPLIE IO CTPYK-
Type nojell MOXHO OTHeCTH X BoaHam Tuna fE;,, DncKkTpryeckoe noje

Puc. 13, Nussexrpuueckan antennas

4~ AnsnexTpuuecknit crepieib; 6 — BOIBYMAeHHE KOAKCHAALHBIM QHAEPOM; @ ~
BusOyxaenne boanososom



vg/c Puc. 7.4, 3asucumocts  $hasoroll cKopoe

™~ £=25 aﬂexrpomarmwmﬂx BOJB Lll!.'%»:‘lf.‘.KTqut‘.(,‘.Ko
0’8 ’ crepmne OT €ro AHaMeTp4, OTHECCHHOIQ
] ANUEE BOJBLL ’
a6
G4 i
0 44 08 12 16 d/a

Boanel f{ E;; TIPEHMYIIECTBEHHO TonepeuHoe. 3HAUHT, BO BCeM 0Obel
CTEPXKHA MMEIOTCst lonepeunsle Tokn cmeneuus. Kak u Tokn npoBojy
MOCTH, OHH CNOCOOHBI BLI3bIBATh H3JyueHHe BoAH. Eeny A00HTLCH TOMH(
rO U3JIYUEHH S 3JIEKTPOMAriMTHOH SHEPIHH ¢ MOBEPXHOCTH CTepXKus (u
0Ll OT €1'0 OTKPBITOTO KOHILA SHEPrHs He oTpa)kanach), 10 HMCIopecs
CTepIKile MOoNepeutbie TOKH CMEeHeHn s o0pa3yloT aHTeHHy Oeryuleil BORH
¢ ocesbiM H3ayuetmeM. [locnennsas oTAMuaeTcs OT pPacCMOTPEHHOR B §
aH feHHLI HleNPEPLIBHLIM (BMECTO EHCKPETHOI'O) PacHONOKEHHEM 3/1eMeHTa
HbIX U3JyudaTesei.
" HanpapjeHHOCTb OANHOYHOrO JEMEHTAPHOIO M3MAyuaTeass B obaacTy
riaasHoro Jgenectka JIH Hactonbko mana, uro cio ofbiuio npeneGperan
M TOrfla HOPMHDOBAHHA#A (YHKLNS HANPABAEUHOCTH dHTelIHbl COIVIacH
(6 10), (6.11) nmeer BuA :

F, () = sin (7l (Si“ve—kg},‘-‘x]

wl, (sin O—Fky)ih (7':»
3. Kosdpuument samesnennss k, 3aBUCHT OT OTHOWCHHS AuaMeTpd
C’I‘ep)KHﬂ d X fnuHe BosHbl A (puc. 7.4). JleficTBuTenbho, ecau d/} BeMKO|
TO SJIC‘KTpOMdFl!HTHLK. nons KOHHCHTpHpV}OT(.ﬂ HPEI’IM}’HIGCTBGHHO BHYTP
CTEPIKNUA M PACHPOCTPANSIOTCS B 1iEM KAK B AHOJNCKTPHYECKOM BOTHOBOAE
}d30BOfi CKOPOCTHIO, PHMEPHO PABHOH CKOPOCTH PaclpoOCTpaHeHHsi B He:
orpanuucunoﬁ CpC,U,C C IlPISJIeKTpH'{eCKO}”i MPOHUHACMOCThH) € ,llaHHO["
crepxnia (vg = ¢/ Ve). Tlo Mepe ymensmelns d/A Bee 60/1b11as uacTh sHep
THU TICPCHOCHTCH BHE CTEPXKHS, HHTEHCHBHCH CTAHOBHTCS H3JYUEHHE SHEp
THH BO BHEIUHION cpedy, ha3oBasi cKOpOCTb BodpactaeTr U npu d/h = 0,2 ...
... 0,25 ¢TaMoOBMTCSI PABHOM CKOPOCTH CBeETa.
COOTBETCTBEHHO HU3MEHSeTC M BOJHOBOE CONMpPOTHBIEHHE CTCPIKHA:
[Torounast eMKoCcTh AM3JEKTpuKa Gonblie, ycM Bozfyxa. Cle/l0BaTeNbH
BOJIHOBOC CONPOTHBAEHHE AMBJIEKTPUKA MEHbINEC, yeM BO3AyXad, W Tak Ka
¢ yMeHblLUCHHEM d/A YBENHUHBAETCH KOMHMYECTBO 3HCPIUM, NepeHOCHMOH
BHE CTEP>KHS, TO €ro BOJHOBOE COMpOTHBAENHe Z,, BO3PAcTaer H, KOrja
d/h cravoputes Mensme 0,29, Z, . oKasbiBaeTcsl BeCbMa OJM3KHM K BOJHO-
BOMY CONPOTHBJEHHIO CBoﬁonHoro BO3AYLJHOrO HPOCTpaliCTBA. '
Bot noueMy IM3/1EKTPUUCCKUM CTEPKHAM HIPHIAIOT KOHHUECKYIO HOPMY .
BHauane ctepxeHb NOMXKEH MMETh TAKOH MakCHMadbHbIR AMAMETP dyaxe
yToOB Y JOBJETBOPSJIECh YC/IOBHS BO3OYIKIEHHst HYKHOH BOmHbl HEj

dyaxe = 0,5650/ Ve — 1. (7.31!
3areM apameTp d MOCTENEHHO yMEHbLIAK | A0 SHAUCHWH dy 4, [PH Koi
TOPOM H3JIy4aTeNb [OYTH MOJHOCTBIO COMMACOBAH ¢ BHCLIUEH CpPenod:

dMIiH o~ U,dt)h/-l/b — 1. (7.4

B
e
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36258 dyage B dyuy, OUpeenseM cpensnii gnaverp d = (dyaye 1-
+ dyau )/2, NIOCIE YEro ¢ MOMOWBIO pHC. 7.4 HAXOAUM Uy/0 U OOPATHYIO BE-
anunty Ry = ¢/vg. 3ravenne k, JOAKHO COBNAAATL HH GEITh GAIZKHM K
onTHMANBHOMY KO3puUHEHTY 3aMelNIeHH T Ry oqr, NPH KOTOPOM MONYYAET-
¢ MaKCHMalbHelil KOY(DUIKEHT HANpaBAeHHOro AeicTEAs aHTeHunl. Kax
papecTHO (cM, § 34), aad aHTeHHH Geryuieil BOMHLI C OCEBBIM H3/yueHHeM

ka ont = 1+ A/QIA-

Taxum oBpa3om onpenessiercs, Kakoi AomKHa ObITh IIHHa cTepxHa [ ,.
4. baarogapsi ToMy, uYTO NoOTepH B AM3AEKTPHYECKOA aHTEHHE Malbl,
goappHUHeHT nonesHoro Aeficteua ee Oausok K 100%, a Kos(puLHEHTE
narnpasjeHHoro aeictsus D, i yeuaenus Gy npiMepHo paBHel. Ecnn K To-

My #€ pPa3Mephl CTeP)KHA COOTBETCTBYIOT KO3(PHUMEHTY 3aMelJieHus
ky =1 ... kyonr, T0

D=(@..81,/. - (7.5)

[Tpu {, > 10A ontuMmanbHbiil KO3(pHULHEHT 3aMeATEHHS OueHb Mad
(kyomr = 1 4+ 220, < 1,05), w AAs ero peanusaiud AW3AEKTPHUECKMIl
cTepyKeHb JOMXeH OblTh oueHb TOHKHM (d/A <C 1 corsacHo puc. 7.4).
Toraa B MecTe COUICHEHHS. C METANIHUECKUM BOJHOBOAOM HeH3O€xXHO Hil-
TeHCHBHOE NMAapasyTHOE H3JYYEHKEe, KOTOpOe CHYMKAET HAMPAaBICHHOCTh AN~
snekTpuyeckoro crep:xus. [loatomy ecau tpebyemerit KHI wepocsiraem
npu [, << 10X, TO ero moydyamT C TOMOUIBIO MHOTOCTEDIKHEBOH AHTEHHb;
B KOTOpOil Bce cTepxkHH BO3Oyxpatorcst cnudasno (cM. puc. 1.1, 6).

40.2. Maockve aHTEHHBI MOBEPXHOCTHHLIX BOAH. 1. B nokaszaniom wa
puc. 7.5, a BapHanTe aHTeHNB! BO30YAMTeNeM cayxuT pynop (1), a nanpa-
BlTEeM — MJIOCKast MeTaaanueckas miactiia (2) ¢ mpsMOYTONbHBIMUA Bhi-
crynamy. B kaxcaoM 3asope BLICOTOI 4 BOMHA, KWAyWAas 0o NPodiaio BH-
CTynma, NpoXomiT MyTb 2A W, C/JCAOBATENHLHO, MOMYUYAET ROMOAHHTENbHLIA
casir no ¢ase P-2h = 2n-2h/A = 4mh/) OTHOCHTENLHO BONHBI, DACIpO-
cTpaHsieMoH Hag aToit ctpykTypoil. O6e Bonbl HHTEPGDEPUPYIOT U ha3oBas
CKOPOCTb Uy Pe3yabTHpYIOuleH BOMHMB foAyHaerca 3ameljneHHod. Hanpa-
Mep, 1ipi h = A/4 unTepdepHpyIOLLHe BOAHK OKa3biBalOTCH B NPOTHBO(Da3e
(4nth/X = n) 1, C/1€ROBATENLHO, BHICTY NN 3aMEANISIIOT CKOPOCTD Uy, 10 HYJf.

Taxoit ke sdexT 3amMelne N NONYYAIOT ¢ NOMOILIO PAALKON CTPYK-
TYDbI, UMEOLLEH, HarnpuMep, BHA TVIOCKOH MeTajJIMuecKOH MNOBepXHOCTH,
NOKPLITOH CJ0CM AMJIEKTPHKA OnpefeneHHoil Toauwinbl A {(puc. 7.5, 6).

Prc, 7.5, [aockan aunelinas anrensa {IOBEPXHOCTHHX BOJA
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Tax wkar B JMOANCKTPIKE Ha30Bas CKOPOCTb Uy MEHBILC, UYeM B BO3Ryxy
pesy/LTHPYOIan BOAKa APROOPETACT CKOPOCTb Uy, NPEBLILIAOUIYI0 CH
POCTh B AHIASKTPHYESCKOM CJIOE, HO MEHBIIYIO CKOPOCTH CBETa C.
2. Bonna H,,, BumiXoAs u3 pymopa (/), pacmpocTpaHsercs Bhog
OCH X Haj NoBCpXHOCTBIO (2) Kak BodHAa T. MaruuTHoe none na 3Toii g
DepXHOCTH BMeeT TONbKO OAHY COCTAaBAAIOWYO f,, Napaineasiyvio of
Y, a ICKTPHUCCKOL TIOAE ABE: nonepeuHyw £, i npopoasuyo L., T. §
SMEKTPIUECKIC CHJIOBBIE JIHIMH PACHOAOKEHD! Napanienbio KOOPAM H
Holi nitockoctd 20x. [lomepeuHasi CocTaBAARUIAR 3NEKTPHYECKOrO NQ
E, w maruuTroe none /£, conanaior no gase. 3a cuer sTHX cOCTaBIRIOMNLH
feryiuiass BOTHZ MEPEHOCHT HHEPriio BROAbL OCH X.
Ortpaxenre BOJMI OT KOHIZ 3aMERNISOUIEH CTPYKTYPbI 0CAA0ATETC
pes3yabTaTe NAABHOTO YMEHbLIEHH s 10 HYJIST BLICOTBI BLICTY ITOB Ha pc. 7.5,
H JUJEKTPHYECKOro cnos Ha puc. 7.5, 6. Baarofaps 3toMy Ha BbiXO
aHTellllbl M3JyuaeMble BONLL Cpa3y NpHOOPETAT CKOPOCTh CBeTa.
PacnpocTpansemas 110 HanpaBHTeNI0 BOJHA HA3LIBAETCH 1108epXHOCH
HOW, TaK KaK olla coCpPeAoTOYeHa B HeGOMABUIOM CJI0e BO3AY XA, MPHMLIK K
IEM K TTOBEPXHOCTH 3aMeANAIONMeH CTPYKTY L, TOUMee, AMNIHTYAd HAMPS
HCIHOCTH TIONS YOBIBACT TIO OCH Z N0 IKCMONCHHHATBHOMY 3aKONY.
Ha nopepxinocTd HampaBuTessi, rpadyaumedi ¢ BO3AYXOM, 11014
u H, cieunyTel mo gase va 90° n ornowmenue £ ,/H, umeer xapakrep u
AYKTHBHOro conpotupaenna. OTciofa Taxas MOBEPXHOCTDL i CaMa aHTeH
HA3LIBAIOTCH  UAMNEOAHCHBLAU., )
3. AMNIIUTYNa HANPSIKEHHOCTH SEKTPHUCCKOrO NOAR pacnpejensne
Csl IO CTOPOHE @, KaK B DYNOpPe, T. €. N0 KOCHHYCOHANbHOMY 3dKOHY
E, maxkcnmanpba npi y = 0 ¥ pasia HyJo npi y = -+ a/2. B nonepeunol
(3nek1puyeckoil) miockocTd zOx cocTasasiomas E, 3KBHBANEHTIA S/1eMes
TapHOMY 3€KTpHUYECKOMY BHOpaTopy, ofpasyioineMy no AAUHE 3aMe/sisin
e CTpYKTYpsi [, Geryume BOMHK C $a30BOi CKOPOCTBIO Vg, Otcoaa Hal
XOMHM BYHKIHIO HAanpaBIE€HHOCTH B IAOCKOCTH £ '

i

sin [l (sin 0—£a) 4]

F(0)=cos 6 :
aly (sin O0—hy)'a

rae ky = clvg — KOMPORIMEHT 3aMeANeHns BONHE B CTPYKTYpe. Yroa |
OTCUUTHIBACTCS! OT OCH 2. J

[Mepsuifi MHOXKUTEAL YPaBHEHUs RLIPAXKAET HANPABJICHHBIE CBO{ICTB§
3nemMenTapHOro pHGpatopa B maockKocTH E, a BTOPOi — MHOKHTENL ped
WETK] — C YUETOM HEeNPEPbIBHOrO pacrnpenesienns BUGPaTopoB Mo aH e
{, antenssl 6erymed soansl [cM. dopmyay (6.11)]. <

flaockas anteHia noBepXHOCTHLX BOJMH KAK OAHA M3 JIHHeHIIbIX aHd
TeHH OeryHWIX BOMH HMECT ONTHMAJbHbI KO>ppHuMeHT 3amenneHHs
Ryour = 1 + A/21,, KOTOPOMY COOTBeTCTBYeT MakcumanbHag KHIL D of
o (7 ... 8) 1 ,/M = 8

4. AuTeHHb NOBEDXHOCTHBIX BOH HCMOAL3YIOTCS Ha CaHTHMETPOBbE
BO/IHaX. OHH K POKONOMOCHB!, NIPOCTHI MO KOHCTPYKLKH, Majbl 10 BHICON
Te ¥ HAJ&KHb B SKCILTYaTalHH. DTH KauecTBa JAe/af0T HX OCOGEHHO Mosess
HLIMH 7151 NpUMEHEHHA B apHauud, K coxanenuio, yposelin GOKOBLX 44




nee riios JUH HOBEPXHOCTHBIX anTelil cpaBinTepiio BLICOKHI. DTH 1cTecT-
fit 0OpA3YIOTCS B OCHOBHOM TOH uacTbio POAH BO3OyauTens (pynopa), Ko-
Tophie OTKIOHSIOTCS OT HanmpaBHTEAS H HENOCPCACTBEHIO M3/1yuaioTcsd B
jpoCTPAHICTBO,

41, CIAPAJIbHBLIE AHTEHHDBI

11.1. Pexumbt usayvenus cnupanbviroi anwrennst. . Cnupasabuas ads
tenta npeactasnser coboil cBepHYTHIH B cnHpanb nposof (), KOTOpbHI
nuTACTCSl uepes RoakcHanbHolit guaep (2) (puc. 7.5, a). Brytpenuuit
aposol QUAepa CORAUHSIETCA CO CMIHPaNbio, a BHelHAN 00o10uKa duiepa —
¢ MeTaninueckum guckom (J). [ocneannit cayxuT pedaektopoM, a Takxe
npeNATCTBY €T IPOHHKHOBEHHIO TOKOB C BHYTpeHHefl Ha HapYKHYIO NOBEpX-
HooTh obonoukH Quaepa. Cnupans MokeT GHTh He TONLKO HHJHHAPHYE-
CKOf, KaK Ha pxc. 7.6, a, Hou Konnueckoi (puc. 7.6, ) H nyiockod (puc. 7.11)

TP BBLIMYKJION. ,

Lipannapyryeckas CoHpalibHas dHTeHHA XapaKTePU3yeTCsd CACAY IO MU
reoMeTPHUYeCKHMH  pa3MepaMiu: pajiycoM @, IHaroM S, AIMHOH OAloOro
BnTKa lg, YHCIOM BHUTKOB p, ANHHOM 11O OcH [,, YIJIOM MOABEMa .

Kax BMAHO U3 CXeMbl aHTEHilbl 11 H300paMKCHHS PA3BEPHYTOrO BUTKA
cnipanad (pue. 7.6, 6), Meaxay pasmepaMyu aHTEHHbl HMEIOTCA CJEAY OLHe
E5HCHMOCTH :

ly=ps, s= lysina, tga = s/2na.

2. CrninpanbHble aHTeHHH Hcnonp3ytores #a YKB B pexaime Geryminx
O/ C OCEBLIM H3MYUEHHEM H Bpamaoieics noaspusauueil, Takoil pexium
7ieOyeT onpefeNeHHBIX COOTHOIUEHIIH MEXKZY DA3MEpaMd aHTEHAbl M /-
livil BOJMHBl. BRISBUM 3TH COOTHOLUEHYS.

Tok BLICOKOH uacTOTH!, MPOXOASt MO CHHPAIH, BHI3LIBACT H3JTyyeHue
51EKTPOMAIHHTHBIX BOJTH. JLOCTATOYHO AECATH-OMMHHAJUATH BHUTKOB, 4TO-
Obr Besi nogBOAMMAN K aHTEHHE SHEpPrHsl U3Jlydasach B NPOCTPAHCTBO H He
HPOHCXOANO OTpaKeHH A BOJMH OF KOHUA cnupanu. Takas Gerymas BoJaHa
TOka pacrnpocTpaHsercs BAWIL [POBOAa caMpaiy C ¢asoBOR CKOPOCTHIO
Up << ¢, T. €. C 3ameisieRueM kg = ¢/vy > 1. BonHa npoxomdT oauH BH-
TOK (OT cevenus I K cedeHuio 5 va puc. 7.7) 3a Bpemst §, = l/vug. DiekTpo-
Marnl ruple BOJIHBL, 13036)’)1()136;\11318 TOKOM CIHpaIH, pACIPOCTPAHAIOTCA B

‘Zi_l.s 4 . . Z, _} .
- ey =i
T o o H s Y{Ef

a) Z) 8

-

-
2a
S

.
P HC. 7.6, Cnupanbnuie aHTeHHH:
“ = LHIHHADHYECKas!; 6 — Pa3BEPHYTHIAl BHTUK, 6 — KGHUYeCKasd
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lc<<&~ zc>7,53
zc=a75.., 7,33:

———— -

RONIR S

Puc. 7.8. AH unannppuyeckoft cnupasbuofl aHTed
Hbl LDH Pa3JHYHOA AJWHe BHTKA CIHpanH

@) d)

ZI/ i  :
4)

BO3AYX€ CO CKOPOCTHIO ¢ ¥ AJHHON BOJHBI A = ¢
p=2m Ecny O66f BCe BUTKH CAHBANHCL, TO AOCTATOYH]
‘ GblIO  YCTaHOBUTb BpeMs {; = [,/Ug, DPaBHbE
Puc. 7.7 Butox cnnpaas- TePHORY KomeGanuil T = Alc, 1.e. [ /vy = Mof
HOH aHTCHHL yroful moist Jo00H mnapel IPOTHBONO/OKHbLI
saeMeHToB (I-3, 2-4) cnupanu cosnaianu no¢as

H MOJHOCTBIO CKI&/LIBAVIMCH B Toukax oc 0'0”, KoTopas paBHOYAaleHa Of
KOHTYpa BHTKA. 370 OOBACHSETCH TeM, UTO B NPCAE/IAX OQHOIO BHTKA aM{
TIJIUTYAL TOKA IIPAKTHYECKH OJMHAKOBas, a pasfinyie B dase Ha Yroj
Y = N B AUaMETPanbLHO TIPOTHBOMONOMHLIX cedeHusx BuTKa (1-3, 2-4]
KOMIIEHCHPYETCsl NPOTHBONMOMOKHBIM HalPaBACHMEM TOKOB B HHX.
B cayuae cnupany UMAHHApPHUYECKOA GOpPMBLI C 1NArOM S YCAOBLUE MAKA
CUMAABIHO20 008020 U3AYHeHU GOPMYTBPYETCs HECKONbKO KHaue: 3a Bpe
MSI IDOX OXKI€HU 5l TOKA 110 BUTKY {; =1,/ 5JeKTPOMArinTian BOJHA JOMKY
Ha MpOHTH B BO3AYXE paccTosHHe Goabliee, yeM AMMHA LOAHBI, HA war S
lJvy = (A -+ s)/c; coorBercTBeHHO '

ks = clog = (0 + )L, (7.7

Tpyn Takom kKos(duluedTe 3aMefledr st TOKH B JIOGHIX ABYX CEUCHUSX
pacnonoxkeBHpIX noa yraom 90° (nanpyumep, B /u 2,2u 3, 3n 4, 4nb)
RhIBIBa0T Ha ock 0'0" nosis, KoTopsie CABMBYTHI N0 (dase na 90°, U BOHLE
KOTOPLIC nOAGpu30Basel nod yraom 90°. B pesynabTate coKeHHS 5THX 14
HEHHO-NOJSPU30BAHHLIX BOJH TONYUAIOTCS BOJNHLI C KPYTOBOR NOASpPHU3a
nued. 4

3. OnuiTHelM NyTeM YCTAHOBACHO, YTO C VBEAWUYENHeM IJHHBl BOJHH
A asosas CKOPOCTL Uy YMEHbLIAeTCs, a Koappuuuent samenedus k; =4
= ¢/vg, vyBeauuMBaeTcs BO CTONLKO e pa3. Buarogapa sToMy ycaoBHG
0CeBoro uaayuenusl (7.7) nmopmep:KUBAeTCs B MHPOKOM JMalia3oHe BOJH]
I, =075 ... 1,3\ (puc. 7.8, a). 1

[Tpy nnuee BuTKa [ <« A naber dasm B 360° mpoucxoadT mpu npo
XOXJIEBHY BOJIHON TOKA HECKOMbKHX BUTKOB cnupasu. [Ipu 3TOM aHTeHH
YNOAQOU SIeTCS BSKTPHYECKH Ma/ol pamke 3 N BUTKOB IPOBOA, KOTOPaN
umeer {I1 B BHAS BOCBMEPKH € MaKCHMyMami HBJAYUYEHHS B NOCKOCTH,)
neprnenmikyadapHoil ocu coupann (puc. 7.8, 6). Ecim I, > 1,5\, 10 H#
OLHOM BIiTKe CIUpaH YKIaALIBAETCA ABe, TPH K GoNee BONH, a 3T NpUBOY
ZMT K HAKJIOHHOMY H3JYJYEHHIO W KOHYCHOH ¢opMe npocTpaHCTBeHHOM
OH (puc. 7.8, 8). '
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4. HauGonee BLIFOIHBIN PEKHM — OCEBOrO H3NyueHHsA, KOTOPSI, Kak
{ 3CCTHO, TpelyeT AMUNbl BUTKA [, &~ Ay 11 00eCTEUiIBaET noAOCy NPOMyc-
gara 0,75 ... 1,34, Ora nonoca MoxeT ObiTh 3HAUUTECNLHO paCLIMpeHa
pvTeM Nepexoaa K KOHHYECKON aHTeHHe {puc. 7.6, 6), B KOTOpPON y4acToOK
(/) CO CpPeAHeli ANMHOH BHTKa [,y YNOBNETBOPSAET YCAOBHIO Ly ~ 0,75 ..,
... 1,3k, a xpafiane yuactgu (/, 3) ¢ 6onpwmunma (I;,) v MedblrMH (I 3)
JAHHAMH BHTKOB Y/IOBJIETBOPSIIOT aHAMOMMYHBIM YCJAOBHAM, RO A1 MaK-
ciIMaNbHOl Ay oy U MAHEMANbHON Ayyy AIHH BOAH padoucro Ananasona:’
leo = 0,75 .. L3k yane, ley 2~ 0,75 ... 1,22,,4. B 3aBucumoctu o1 pa-
Goueil A HLL BOAHL! A HHTEHCHBHO H3/yYaeT TObKO OZHA K3 30H CHUpanu
It TOABPKO 3TOA aKTHBHOK 30HOH ompegensercs ocrpora JIH.

41.2, PacueTBbie COOTHOMEHUS MAS WHAHHAPUHECKCH CRHPANbHON aH-
retinbl, 1. Urofsl nonyunts makcumanbHbii KHJI, HyXHO YCTAaHOBHTbL
onTHMabHLIT KoahuLMeHT 3amMeaneHus k, oqr, NPH KOTOPOM B HanpasJe-
wiw ocit cndpans 0°0” (pue. 7.7) nosnst nepBoro M nocAeiHero BUTKOR Ha-
XoA97Cd B npoTtuBodhase (eM. § 36). Muaue ropops, HeoGXOAHMO AOMONHH T
veaosne (7.7) 3a1epkKof BOAHB TOKa cnupanu Ha noaynepuop T/2, a B
RUKAOM BHTKe ce — Ha T/2p = A/2pc:

e A s A I

S N SR S 3
Ty e +( o 2pc ¢ (l+s+2p)'

Orciona naxoumM onTHMaNbHLIH KO(DUUMEHT 3aMeAJIeHd s BAOMb P OBOJIA
COHPANH: .

L b s 2L 2 (7.8)

Vi lc
ITpn sTOM, mpaBpa, mony€aercs 3ANMITHYECKAA NOASPU3ANASA, HO
TaK Kak A/2p < A 4+ s, TO KOspPULUHEHT B3 onr BECBMA HE3HAUMTENbHO OT-
JIHYAETCS OT R; M TOJNYYEHHYIO NOJAAPH3ALUID MOXHO CUATATh KPYrOBOH.
[Monaras &y om = 1,2 ... 1,3, onpeaenuM w3 Beipaxkerus (7.8) yroa

nojbesa coupand, COOTBETCTBYIOMIMA ONTHMANbHLIM YCJOBHAM paboThl
alTelpl

[0 =z lo >~ hg, s=1_5in =144 sin & =i—=—-—lf—‘— :
'l, b “onty g — N0y O T g A ONT? p < a-o sin Cows .
19, 1,32 toho sin com M sin Gonr/2p

’L\j
Otcrona
0,2...0.3
SN Oy == —————— 7.9
O kR0, (7.9)

Jnnsa cnupany I, noAGKpaeTca B COOTBETCTBHM € ONTUMAMbHBIM KO-
S-bulKeHTOM 3aMefIeHHs BAOAb OCH CIMPaNu Ryop = 1 =+ A/20,. Ilpn
by = 1,2 ... 1,3 umeem 1, ~ (1,6 ... 2,5) Ay, UTO COOTBETCTBYET Yray
NOIbeMa CNUPAH G oge = 12 ... 16° 1 uncay ButkoB p =5 ... lfl.

2, PaccmatpuBas KaxHpifl BUTOK CNMpa/n Kak 3/M€MeHTapHLlM H3ny-
uarens ¢ hazopbiM 1eHTpoM Ha ock 0’0", onpenensieM QY HKIUMIO HanpaB/CH-
HocTH arrends! | (0) kaxk npoussejerue Qy UK HANp4BACHHOCTH OAHOrQ
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BiTKa f) (0) va MHOKMTeNb pemeTKH U3 p 3aemenToB [, (V). Tar kag
BEJHKO, @ HanpapMeHHOCTh OJHOrO BHTKA Majla, TO npuinivaeM fy (8) =)
B f(6) = [ (0) f, (8) ~ f, (0). Muomurenn pemerku f, (6) paccum’

saeM no gopmynam (6.6), (6.7) ¢ noactanoBkamu N = p, d = § =
sin & H 3amenolt k, ua Ry/sin o, Taxkasn 3aMeHa BHLI3BAHA TeM, 4TO B R
HOM Cayuae k, = /vy — KoS(pUIMEHT 3aMelyieHHs BAOAL NPOBOAA Cif
panu, a qopmynax (6.6), (6.7) durypupyer KoahhpuUHeHT 3aMeNCHAR )
OCH PEIeTKH, KOTOPLIH MeHbile, ueM k; == £/vg, BO CTONBKO Pas, BO CKOMY
War Crpasdi s MelbWe AJHHL ero BUTKA [o, T. €. B sifl & = s/l B peayl
TATE HMeem

sin[pmlg A4 sin a (sin O —ky/sin 23
i

sin [tlg A1 sin o (sin @ —ka/sin @)}

sin [prle A~Y (sin O sin a—ky)] 7 h
sin[n/g A~ (sin @sina —k)]

Yron 0, xaK u npekae, OTCYHTHIBACTCS OT NEPNEHAHKYIAPa K OCH JHhé
HOH pPELETKH.

YCTanop/Jcuh C1eIYIHE (pOpMyJIblI
IuHpyHHa AHdrpaMMbl HanpaBJeHHOCTH

52

A A

KO3XPHIHEHT HanpaBAEHHOro ACHCTBY A

2005 =

: 7.1

Dy = 15 (l/3)* 1/, (7.12
BXOAHOE COMNPOTHB/ACHHE .
Ruy . [Om] ~ 1401,/A. (7.1%

4. Mrtak, NHIHHAPHUECKHE M KOHHUECKUE CHMPANbHLIE AHTEHHH
IHPOKONOAOCHBIE € OCEBHIM H3/JYYEHHCM BOJIH KPYroOBOl MOMSPU3aLHH
HanpaeneHHOCTh UHAHHAPAUCCKUX CMpasied cpefiHfsd, a KOHWYeCKHX —
HiKe cpefineit (He BCS COMpadbs YUacTBYeT B U3AYYeHHH Ha AaHHO uacTo}
Te), HO nocaefune o0aanaoT 6oabILel AHana3oHHOCTRIO. [IpHMeHsoTCs ¥ T¢
H ApyrH¥e KaK CaMOCTOSTe/bHbie aHTEeHHBl B AHana3oHax AELHMETPOBbIX
METPOBbLIX BOJIH, a TaKKe KaK obayuareay aHTeHH CAHTHMETPOBBIX BOJH

41.3. Maockas apudmernyeckan cnupadpHast aptenua. . B apouect
Ce pa3BHTUsI PAAHOTEXHHKH Bce Goubiuie TpeOyloTcs anTelHo-ghiiiep Hblg
yeTpoiicTBa, paccuiTanubie Ha pabOTy B OUeHb MHUPOKOM JHAMasoHe ua
cTot ¥ nputoM Ge3 sesikolt nepectpofixu. UacToTHas HE3ABICUMOCTh TAKHR
AHTEHHO-(QHAEPHBIX YCTPOHCTB OCHOBAHA A NPHUHIANE JEKTDPOAM HAMM e
CKOro mopoGHs. '

STOT NPUHLKT COCTONT B TOM, YTO OCHOBHbIE MapaMeTpbl anTerHb! {1
H BXOJIHOE CONPOTHBJNEHHE) OCTAOTCA HEUIMEHHBIMHA, €CJIH U3MEHEHUE ANN
Ubl BOJIHBEI A CONMPOBOXKAAETCH NPSIMO NPONOPIHOHANBLHLIM H3MEREHHEM JIHY

P

HefiibIX pasMepos akTABHOA o0acTH anteHHbl. [Tpu cobiwienny jaiHorg
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iR BUTEHIA MOKET OwiTb ug- HERlues)] Fewmaluens) I
J701:10-HE3ABICHMOIt B_Heorpauiuett-
pov: -uianasoie BoAK, OAaKo pade-
o 1i3Aydalolell  CTPYKTYPH KOHCU-

ppt 11 paboulli AManason BOAH Aio-

A |
Goil 4NITEHHL! TOKE Orpalinuen. fp=180° W / T
{13 9TOf Ipynnkl aHTEHH paccMoT- REO gl
Hu A0CKIe apudMerTHyeckne H pas- N _:-_-///5
poyIOJbHbIE CTNpaAH u  Jorapudg- \\\\~::-—/57
MHUCCKH -IEPHONHYCCKHE AHTEHHL, 2 e
2. Aputhmemueckan cnupass Bul- i -——ﬁ/
RONISETCR B BIJIe NAOCKAX METAANH - B Tna
geckHX JIEHT HJRK LIEAel B MeTana-
4eckoM 3Kpane (puc. 7.9). ¥YpasHe- hmdicpz% —
i 2 TOH CHM])&HH B HOJIHPHI::IX KO- .
ol LTax

Puc. 7.9. Aps{rpmerllqecxaﬂ cnspane
p = ayp ‘}" b, N

Fi¢ 0 — paauyc-BEKTOp, OTCUM ThIBaeMulil OT nommoca 0; @ — koddxbrumenT,
X{)aKTePU3YIOHUli npHpaleHie pajdyc-BeKTOpa Ha KaKAYI0 eNHHHIY
nIDALCHR A IOAAPHOrO Yraa ¢; b — HauanbHOe 3HaveHie PajHyC-BEeKTOpa.

Crutpanb nozxeT OblTh ABYX3aXOAHOIN, UCThipex3axoanofi H 1. A. Ecmu
ciilipadb ABYX3aXodHad, TO AJS JeHTH (ulenn) /, noxasaHHoH ILTPUXOBLI-
MUt IH MY, YEO ¢ OTCUHTHLIBAETCS OT HYJIS, a s nentel //, noka3anto#
CHAOWHLMI JhHaMH, — oT 180°, T, e. cnupans o6pa3oBana cOBEPIIEHHO
HACHTIIHBIMIL IeTavH, noBepByTeiMH Ha 180° Apyr ornocutensHo apyra.

HavanpHpte TOUKE JenTel [/ COOTBETCTBYIOT PafHyC-BEKTOPaM p =
= -0 -k b, xoropble 0603HayN by H b, CNeAOBaTENLHO, [UMPHHS JEHTH
W = b, — by. Omicas oanu oGopoT (Ag = 27), JeHTa 3aHEMaeT noao-
wewie D, B KOTOPOM pajnyc-BekTop Gonbllle HauansHOro Ha Ap = aAg =
== 2na. Ha sToM oTpeske BD pasmelialoTcst ABe JEHTHl B B2 3a30pa, H
€1 IIMPUHA NX oanHakosas, To 2na = 4W,. Orcioaa onpenensem koxpdi-
wient a = 4W/2n = 2W/mn.

3. IMatanye cnupann MoxeT GbiTe npoTiBodasHbiM, Kak uHa puc. 7.9,
Had ciindasunin, B nepsoM cayuae ToKi uepes samuMbl A, B, coeanHsio-
liite jenTnl ¢ Qi epoM, WMEIOT NPOTHBONONOKHBIE (a3sl. [1yTs ToKka B Aed-
Te | Gonbuie, yeM B nedte [/, Ha nonsutka. HanprMep, B cevennn CD nenra
Il nonapaer, onucaB NOABATKA, a JieWTa [ — OQIWH BHTOK, B CeueHue
EF — cooTBeTcTBENIIO MOATOPA M ABA BUTKA U T. A. IToCKOABLKY AnHHA
BUTKA M0 Mepe pa3BepTLIBAHNS CNUpaNH BO3PACTAET, YBeJHUMBAETCs pac-
XOacenne dashl ToKOB B JienTax. O003HAUNB CPeAHHil Iramerp BUTKA d¢p,
Haxomim casur no $ase, COOTBETCTBYIOUIHH AJIHHE NOJYBUTKA:

fdep 2n wdep W dgp

2 x 2 a7
Ecnu k sToMy npu6aBuTh HauanbHLI CABHC, PaBHBHT T, TO NOAYUHM
Pe3yabTHpyOitee pacXOXAEHHE N0 ha3e TOKOB B CMEKHLIX 3JAeMEHTax
A3YXOpOBOAHOT JIHHHH

P o= 7+ 7, A
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3a cyeT BTOPOro C/1araeMoro yro  OTAHYeH OT 7, 4 B TAKHX YCIOBHgi
21CKMPOMASHUMHbIE BOAHBL UBAYHAIOMCS, OQJCe eCALL 3630 MENCOY AeHMAmE
MQA RO CPABHEHUIO C OAUHOL GOAHLL,
VIRTeHCHBHO N3yUALT TOJABLKO T4 YacTh CHPAJH, B KOTOPOIT TOK! CMes
HBIX 3/1€MEHTOB OfeNxX JIeHT CoBMmajawT no dase:

n 4 dop/h = k2, k=1, 2, 3, ...

[Toncraeasia k=1, HaxoouM, YTO CPEIHHE RUAMETP NEPGOTO «pe30HaHE
HOTO» KOAbNA dyep == A/m, a mepuMeTp 3T0ro Konbia sid,., = A. Cpelf
HHi QHaMeTp 1 nepumerp BTOporo (k = 2), Tpetbero (k = 3) u T. 4. «pl
30HAHCHBIX» KOJIell COOTBETCTBEHHO B TPH, MATh, ... pa3 Gonbue. Tak Ka
H3JAyUYeHHe PaJHOBOJH CHHPANibIO BHI3BIBAET OOablUIOE 3aTyXaHHe TOKA o
€€ Hauaia K KOHIY, TO UMH/MEHCUGHO U3AY4aem MOAbKO nepaoe pesoHancH
KOAbYO, a OCTANBHAafl, BHEWHSA YacThb CIMPaNH Kak Obl  «OTCeKaeTcH
(A81eHUE OMCEIKU UBAYHAIOUUX MOKOB). '

4. AKTHBHAs 4acTb CIHPaAN MPEACTABAACT HauGONbLIKH HHTEPEC H I
Apyroit npHunHe. 3aTyXaHHe TOKA, BLISBAHHOE M3AY4YEHHEM, HACTOMbK
BeJHKO, YTO OTPaXKEHHE OT KOHIA CNHPaNH IPAKTHUCCKH OTCYTCTBYET, T. €
TOK B CIIHpaJu pacnpefensiercs no 3akoHy Geryumux Boad. K Tomy ke nef
PHMETP NepBOTO Pe30HAIICHOrO KOMblia pPaBeH ANHHE BOMHBI A, B TaknX
YCJIOBHSIX, KaK NoKa3aio 8 11. 41.1, IpOHCXONUT 0cesoe usayerue ¢ 6pauyan
wedca noaspusayuel, KOTOpoe B JAHHOM C/y4ae HaHGoJee KenaTelbHOp

JlnameTp crnupany QomKeH GuiTh AOCTATOUHO BENUK, uTOOLI HA MAKCHA
MaJNLHOH BOJHE JAMAnas’oHa Ay,pe COXPAHHJIOCH NEPBOE «PE30OHAHCHOM
KOMbLUO (d 2> Ayaxe/M), 4 C YMEHLIIEHHEM AMHHEI BOTHbI 3TO KOMbLO A0S
HO CKUMATBCS 10 TEX NOP (Anryq), TOKA OHO CIE MOKET MONHOCTHIO PA3ME?
CTHTBCA BOKPYT y3Ja nutauusi. Toraa 6 npedesax hyyy ... Ayaxe OMHOUIET
HUE CPeOHez0 nepumempa nepeoeo «Pe3DHANCHO20» KOAbYA Tdy,, K Oaunk
BOAHBL h 0CIMACMCA NOCIMOSHHOIM L MEM CAMBLM GOLIOARALTICS OCHOBHOE YCAOH
8UE COXPAHCHUA HANDABACHHBLY CEOUCHB AHMEHHbL 8 UPOKOM OUANA30HY
60AH Aygnn .o Ayage. I1paBla, HANPABIEHHOCTH APUMDMETHUECKOR CIHpaJIH
HepesiKa (2Q, o~ 60 ... 80°), MOCKOABLKY B WBJYueHHH BOJH y4aCTBYe
OO CYLIECTBY, TOJNLKO Ta HacTh CIHUPAaH, KOTOpPAs WMEET CPeAinil nepn
METP, PaBHBIR A,

BTopoe ycaoBue noiyueHHs AMANA3OHHON AHTEHHBl — AOCTIOAHCMEN
6X00H020 CONPOMUGAEHUS — JAOCTATAeTCs 3AECh TeM, uTO CAHpaib Pa
GotaeT B pexume Gerymiefl BOMHBI TOKA, 3TO CONMPOTHBAECHHE AKTHBHOS
(100—200 Owm). Tlpu nurvanum oT KoakcHanbHOro ¢puaepa (Z,g = 50 Omj
COr/1acOBaHHe IPOH3BOASAT CTYNEHUATBIM HJH MUIABHBIM TPaHC(HOPMATOPOM.

5. Cnupane usayyaer no ofe cTOpoHs cBoeii ock, UToBH cllesaTh aHs
TeHHY OAHOHaNpPaBJCHUOH, JICHTOYHYIO CIIHPa/b MOMEUIAnT Ha AHANEKTPH:
YECKOH MJIACTHHE TOMUHUHON Ag/4, APYTYIO CTOPOHY KOTOPOH METAJIH3H
pytoT. Ecau e cnupans mesieBast, TO ee BLIPE3aloT Ha CTEHKE MeTaJsiiye
CKOro Kopoba; Toria NpOTHBONOMIOKHAS CTEHKA KOpo6a HIPAeT Po/ib OTPa
KAIOIEro 3Kpaxa, a caM Kopof siBigercs pe3oHaTopoM. UToObl yMeHbILHTh)
ero ray6HHY, KOpoG 3anONHSIOT AH3JEKTPHKOM,

Onwa u3 THIOBLIX CNMpajiell UMeeT JHamMeTp 76 MM, BLIMOTHEHA HA [Aa
CTHHE U3 IMOKCHAHOrO AM3JIEKTPHKA, CHAGXKEHA Pe30HATOpOM ruryGHHOA
26 Mm, paGotaer B AMana3sone BOH A = 7,5 ... 15 cM npu ke, << 2, wIHpH=.
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pre. 710, Jlorapidmudeckasn
cnHpadb

we NUAarpaMMbl HanpasJeH-
goctn 28" =60 ... 80° u
goapHiIMeRTe 3K NTHYHO-
¢TH B HANpaBACHYH MAaKCH-
MyMa  [JIABHOFO  JIENECTKa
menee 3 4B, T. e. npaxkTHye-
¢KM  TONAPH3ALHI0 MOXHO
cynTath Kpyrosoi. [Tnockue
cnupadbHble aHTeHHH yA00-
HO HM3IOTOBJIAITL (IGUATHBIM CnocofOM Ha TOHKHX JIMCTax AM2JEKTpUKa
¢ MAjJBIMH TIOTEPSMH H2 BHICOKWX 4acTOTaXx.
~ 41.4. Pasnoyroasnaa  (Aorapudmudeckas) CAupasbHas  AHTEHHA.
1. [Jupoxoduanasonnocms anmens Takoro BHAA OCHOBAHA HA TOM, YTO
ecny OTHOLIGHME JHHEHAHBIX Pa3MepoB W3jaydareas K AJAMHE BOJHBI OCTa-
eTCsl NOCTOSIHIIBIM U U3MYMAOMAsA CTPYKTYpa MONHOCTLIO ONpeAeNsieTcs ee
MOAAPHBIMK Y [J1aMH, TO HANPABACHHOCTb AHTEHHbI OKA3LIBACTCS abCoMOTHO
HE3ABHCHMOR OT 4acTOTHI.

 Pasnoyronnuas cnupam (pue. 7. }O) CTpOM TCA B HOJ15Ip HbiX KOOPAPIH&-
TaN N0 YPaBHEHHIO

p = ’oe“w,

F1e fo — Papyc-BeKTOpP B Hauajde cnupand (@ = 0); @ — KosppuuueHt,
ONPELCTAIOILHH CTENCHb YBENHYCHUA PaAHYC-BEKTOPA ¢ YBEIHUEHHEM J10-
JSPIOro yrjaa .

JIByX3aX0AHast ClMpanb 06pa3ye/1jc91 ABYyMsl MPOBOAHUKEMH WJH Lless-
MM, HO B OTIHYHE OT apXHMEOB0M CHPAIbHON AHTEeHHbI TOMILUHA HX He-
[OCYOSIHHA K BO3PACTAeT ¢ yBesanuesnem yraa ¢. [lycers nadaassplil paguyc-
BCKTOP Wa BHYTpeHued Tpanuile 1-ro NPOBOAHMHKA paBeH ro W HA BHEUIHEil

Toraa ypapHeHHAMH TPailyuHBIX CHHpa/eH ABAAOTCA

p, =r} e, (7.14)
r’ ,am

P, =r e =" ", (7.15)
Tol Ty

2. Jlng oueHkn Inana30HHOCTH JIOrapU(QMHUYECKOR CNUPATH HCCASAy-
i1 3aBHCHMOCTb OTHOWEHHUst p/A OT yraa ¢. HucauTtens Apobu p = roe*®,

1
a 1ak gak InA = Ine'™ = Inlexp (InA)] = In (exp El—?}) , TO 3Ha-
Metaresn apobu A = exp la (In A/a)l u wuckomoe orHoweHHe

-_’_ = Mf}.{p"_. =rpexp [a (cp _-l_ In }\,)] =ry exp {a ((p-—- QJ,L)],
A exp |a (in Afaj] a
(7.16)

—
L Saech moswsycncn  SalMUb0 eF 55 @XP X.
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Puc, 7.11. Hleaenan maockas Jorapidililicckas Chupasd
Hag auTeHHa *

1
TIe ¢y, =-—ln L. Caenosareabto, uiseHerue daung

BOARbL eusbmaem MOALKO CHEUERIIE AKRUIBHOL ..f'
AQCMU CRUPQAL HA HEKOMOPbLL Y20.1 §a, @ OMHOWR
nue pIh u nanpasiennce Oedcmeue anmenHsl oy
smoeo He mensuomest. Ecan 6b1 cinpans 6bi1a Gef
KOMHEYHON, TO AHAMA30HHOCTb aHTelNLl Oblla O
TPaHHYHOMH, HO PeasibHAH AHTCHHA 11MEeT KOHCHHyj
IAnHY H 3DQexTHBHO pafoTaer B OrpaHHUYLHHO
XOTS I Oueib LIMPOKOM AHANA30HE BUJH Anyg ... Amaye, HPHUEM Ayad
onpeaeIsieTcsi MaKCHMAa/bHOH AJHHON CHPaiH, a Ayyy — MHHHMAJIbHE
MH pa3MepaMH y3Ja OHTaHHA.

3. Jlorapudpmuueckast crnHpatb paBoTaeT B pexune OGerywHX 80
(BcaeACTBHE H3/JAYUEHHs TOK 3aTyXaeT K KOHLY CliHpanH), 1 ee BXOAHOK
conpotripiedne Ry, = 60 ... 180 Ou. .

Tunopas wenesas Jlorapncpmuqecxaﬂ crpa (puc. 7.11) umeer va
CUMaNbHYIO AJUHY BeTBY 42,3 cM, Havanbubtit paauyc 0,51 cv u ko j
ugent ¢ = 0,303. AnTeHua H3/AyyaeT BOJHBI ¢ Bpamldloueics nomousa‘
nueit B uanasone A = 3 ... 15 cM 1 &g 5 He NpeBbilliaeT ABYX NPH [1HTaH
nuk cnupanu ot 50-OM xoakcuaabioro Kadeis. [lapaverpn: auTeHHsl Had
XONATC B JOMYCTHMbIX npejfestax Aake NpH ABaAllaTHKPaTHOM H3MeleHHN
JUIHHEL  BOJIHBL, )

42, NOronePUOAMNHECKHE AHTEHHD!

Jag soronepHofnYecKuX anTeHH XapaKTePHO, UTO 3JIeKTPOAHHAM Iy
CKOe 110Jj00He He3HAUMTeNbHO HapYUIaercss OT CMEHLl YacCTOThl H NEPHOA
YeCKH MOJHOCTBIO BOCCTAHABAHBACTCH. ITO NMPOHCXOAUT Uepe3 OAUHAKOB bl
HHTEPBAJ/IbL JAOTapH(PMHUYECKOR IIKaMbl YACTOT, OTYEr0 H KWMEeM HasCaHi
«10TapU(pMHYECKH-IepHO/IHUECKas aHTeHay. CrnupajabHas JOTapudnyes
CKasl aHTEHHa TepUOJHUHOCTBIO CBOHCTB He 0OJajaer, Tak Kak B Heil ofs
JIACTh @KTHBHOTO M3/IYUEHHS C M3MEHEHHeM YacToThl IVIABHO [IepevelilaeT™
CAl MO BUTKAM CIUPAY, H HMEHHO I03TOMY OHA He UMEET TaKOro IHpokord
pafouero AHamasoHa YacTOT, KAK JOFONepHOJHYecKas, Y KOTOpoil Kos(M
(PUILHeHT MepeKphLITH AMana3oHa kg >= 10 ... 20. .

42.1, Jloroneproanueckde BuGparoprble antedsi. 1. Penlerxka napasn
JIeJIbHBIX CHMMETPHUHMLX BHOPATOPOB, NHTAIOIWUXCH OT ABYXIPOBOIHOTC
pacrpeaesHTenbHOro Guaepa, pacnosoxkeHa B npeiesnax IJIOCKOro yria of
(puc. 7.12, a). OtHOweHNe ANWHLI COCENHMX BHOPATOPOB Ly, fy, ..., lnd
i PacCTOSIHMA OT BEpPLUMHLI ITOrO yraa o sHOparopoB R, Riy «v., Ra
OJMHAKOBOE! :

1=yl = L, = o= L, (7.17%
T= Ry/Ry = R|/Ry = ... = Ry/R, 4y, (7.184
rae T << | — Oespaameprotti nepuod cmpyxmypet (koshuyuenm nodobus i
CTPOro roBopst, TAKOe Je COOTHOIEHHE AOJIKHO PACIPOCTPAHATLCS ellie Hal

OHO H3MepenHe (AHaMeTp BHOPATOPa), HO €ro He HCMONb3YIoT, 4TOUbI W3y
GeX<atb HCONPaBAAHHOrO YCJOXKHEHHS KOHCTPYKUHH,
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2. Ilpu coorsererByioulelt dacTore KawAuit BUOparop pesoHupyer Kak
107y BOAHOBLIN, 6Jarofaps yeMy [eOMeTpHYecKoe RoAofve OepeXoguT 8
3a2KTPOAHKRAMIYeckoe. TogHee, Ha MakcHMabHON 4acToTe pabogero Awa-
143042 fyage = fi pesonEpyer BuGpaTop I, ero BXOIHOE COTPOTHBJCHIE
aKTiiBHOE H TOK B HeM HauOonslimii, a BuOpatop 0 Kak 6ofee KopoTkHil
BLUIOIHACT QYHKUNK KupekTopa W BuOparop 2 kak Oosee AAHHHBIH —
o iiiud pedaexropa. Ocranblible BHOPATOPK CHABLHO PaCCTPOEHbl, & No-
3TNy PEAKTUBHAS COCTARJsIOlLAT HX BXOANOIO CONPOTUBJIEHHS HACTO/b-
KO <HIPKART TOK B 9THX BHGPATOpaXx, YTO [efiCTBHEM HX MOXHO NpeHefpeus.

flpn meHblnelt gactore f, = Tf;, B COOTBETCTBHH CO CBOEH AIHHOM [y,
pesdnupyer puéparop 2, a Buéparopsl [ 1 3 HaXOLATCH B pemuMe COOT-
perCTBEHHO ApeKtopa u pepaektopa. Ha vacrore f4 = tf, = 1%, aktus-
Easi O0JacFb oxBaThiBaer pubpatoput 2, 3, 4, Ha wacrote f, = T, —
pEOPATOPSEL 3, 4, & I T. A& BIVIOTH 70 MUHHMAABHON YACTOTH! fyrypy = fn =
w2 = o e, KOTA@ meHCTBYIOT Tosbko n— 1, n u n 4+ 1 BHG-
patopbl. JlorapuGMUpyst paBeHCTBO fruy = T fyane, HOAYTaEM

In Faun = In fmauc + (fl - 1) Int (7-19)

10 NOATBEPIKAAET, UTO 4epe3 N UHMEPBAAns Hacmom, Kawould u3 ko-
mopax paces N T, eubpamopet peulemKy nO04epIHO PEIOHUDYION U XAPAK-
mepucmukL A02onepuoduteckoll anmennst soccmanagausaiomes. C npuban-
HCHHEM T K eHHMIE, a 1N T K HYJAI0 3TH HHTEPBAJBI COKPAULAIOTCS H an-

el

n -

Pac. 7.12. Jloronepuonnueckne anTeHnH:

@ — anockasn suGpaTopHan; 6 — upucipatcTsednan BuOpaTopHan; ¢ —c enlparopa-
Mu 3 BHe BLICTYHOB
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TeHHA CTAaHOBHTCA GoJee 4acToTHO-HesaBucuMoH. Ho torza mo dopmynd
(7.19) HYXHO YREMMYUTB 7 U COOTBETCTBEHHO YHCJIO BHGDPATOPOB aHTeHHk
Onuospemenno cyxaercst JJH B cBssu ¢ paciunpennem akTHBHO it 06aacTl
KoTOpasi, KCTaTH, MOXKET BKJIIOYATh 0Jee ONHOTO AMPEKTOPA H pediiexktopd

Taxo# xe ekt faeT yMeHblIeHUE yraa & NPH HEH3MEHHOM K03
IHEHTe T, TAK KAaK U 3TO O3HAYaeT YJIHHEHHE aHTEHHHL. [IpenesbHbIMN 3HH
YEHUSAMH CUHTAIOT: Tyawe 22 0,95, Olyyuy &~ 10° HO Jaxke MpH 5THX 3Hauy
HHAX T W o wrpuna JIH nonywaerca Soaswoi: 40° 8 niockoctn £ u 60§
B uiockocTd f1. Takas cnaGast HanpaBAeHHOCTb OGBICHSIETCS TEM, YTO ail
THBHYKO 006/1aCTb anTeHHbl COCTaBJAIOT He Gosee 3 ... 5 BHOGpaTOpOB. |

3. JloconepuoOuueckasn anmenna, kax u OupexmopHas, co3daem ock
60 U3AYUERUE C MAKCUMYMOM, HANPABACHHOLM OM pedrekmopa K Oupexmil
pam. Tak Kak 370 HanpapB/eHHe BCTPEYHOE K BOJIHE PachpeaeHTebHOL
¢uzepa, TO neun cocelHUX BHOGPATOPOB MPUXOAMTCS NOAKAKOYATH K Npd
THBOMNOJIOXKHBIM NPOBOAaM (ujepa. Toraa AONONHMTERbHBIM CABMIOM
dase na 180° poccranapauBaercs Tpebyemoe OTCTaBaHKE TOKA B AHPEKTODH
¥ OnepeKeHHe TOKa B PeduieKTOpe OTHOCHTENbHO TOKAa PE30HAHCHOro BHG
raropa. . -

42:2.Mopubuxaumn Jorenepuoinyeckux autenn l. IIpoctpancrsens
Hasl JIOTONEPHOIHYECKAst aHTeHHa, NTOKA3aHHasa Ha puc. 7.12, 6, o6pasosadd
Ha JIBYMsA Pa3BEPHYTLIMU Ha YroJ P MJIOCKHMH JIOTONEPHORHYECKHMH aHy
TEeHHAMH, Ka¥Iasi U3 KOTOPLIX MMEET YroJl HOAOTHA & M OPHEHTHPOBaH#
OTHOCHTEJ/IbHO QJIHOTO M3 ABYX 11poBoXOB ¢uAepa. Cocegnue BuOpPaTOPHE
BO30YKal0TCA B MPOTHBOGA3e OJArofaps TOMY, 4YTO PACIONONKEHbI M
pastibie cTopossl oT nposoga. [lpu y = 0 ofe pewerkn BuGpaTopos caud
BAIOTCH. ‘

Hepexon ot mnockoit Jsoronephoiuyeckoi antenss (puc. 7.12, a) W
npocTpaHcTBeHHOl (puc. 7.12, 6) cymecTBeHHO He orpakaerca Ha J1H.
naockoctd E, no nossoasier cysuts OH B naockocrn H, npoxoasiuiel
yepes OCH NPOBOAOB (uAepa. MaKCHMYM H3JYUEHHs HAlIPABJIEH K BEpIUHd
HE yIJia y 1o ero GHCCEKTpHCE. g

2. Bosiee npocTyio KOHCTPYKUHIO HMEIOT JIOTONEPHOMAHUECKHE aHTeHHEL, ]
B KOTOPBIX BHODATOPL! BHIIOJANSIOTCS B BUJE METANTHUECKHX WM MeTass
JH3HPOBaHHBIX BLICTYNOB {, 2, 3, ..., [, 2, &, ..., a ofa npoBona diaepa)
JIMHEHHO PaclINPAIOTCs NOA YIJAOM P, Kax TOro TpeGyer PHHILUT (10A06HS
(puc. 7.12,8). Tlpn y = 180° npocrpascTBeHHasl JOrONEPUOAHYECKAS
aHTEHHA TpeBpPalllaeTcsl B IVIOCKYIO C Y3J0M MUTAHHS B UEHTPE aHTEHHHL

3. Hapuc. 7.13 nokasana meseBas JOronepHOAMYECKast AHTEHHA, UMEI0~]
wast T = 0,81 ¥ fyauo /funn = 10; 1. DieMEHTBI CTPYKTYPHI MiOCKUE.§
Tlonapusauns nanyyaeMbix BOMH JUHEHAHASA. YTVIHI & H § MOTYT HMeTh pase]
Hble 3HAYEHMUS, HO B JaHHOM cayuae a = [} = 45°. Ecsiu nosepHyTs OAHY)
M3 NIByX CTPYKTYD BOKpPYT ee meHtpa Ha 90°, TO wlesu MONHOCTBIO 3anoje
HAIOTCA BBICTYNAaM#. Takue CTPYKTYPbl Ha3bBAIOTCH CAMOOONOAHSIOUUMUS]

[TockosbKy MarHMTHasi W 9JEKTPHYECKash AHTEHHbl UMEIOT BXOAHOE
COTNPOTHBJEHHE, KOTOpOe COrAAcHO (2.31) cBsA3aHO COOTHOIEGHHEM Zgy = |
= (60n)*/Zyx 5y @ NAHHAR CTPYKTYpa K TOMY ’Ke CaMOJOMNOJIHSIOWMAR |
{(Zsx w = Zpx ), TO €€ BXOJHOE CONDPOTHBJICHHE YHCTO AKTHBHOE: Zgx = |
= Ruy = 60n = 189 OMm. D10 CBOHCTBO OCOOEHHO UEHHO AJ/si 4aCTOTHO-
HE3aBHCHMOH 4HTEHHBI. v : B
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Puc. 7.13. Tlaockas noromepuo- ~ Puc, 7.14. Pacopeaenenne TOKOB npo-

AMYECKasn 11eJeBan aHTeHHa i BOAHMOCTH H pacnofoskeHne wieaci na

. o . CTEHKaX APAMOYTOMBIOrO BOJAHOBOAY €
BOAHOH Hyg

~Crparo rosopsi, Zzx = 189 Om tOosbKO NpH GECKOHEUHO Manoi TOJM-
uLiiHe TPOBOAHNKOB U TOYEUHOM y3Ji€ NIUTaHusl, a AAs peasbHOH CTPYKTYPhE
Zyx = 150 Om, HO Takoe yMeHblUeHHe COMPOTHBJAEHHs Z,, yJayuyllaeT co-
rJacoBalHe aHTeHHbl € (PHAEPOM. :

Kpome wwenessix CaMOAONOAHAOULMMY MOFYT ObiThb AJOCKHE CHIIpaJibe
Hble If OGbeMHbie JIoronepHoAnyecKre aHTeHHbl. [IpuMepoyM storo cayxur
loKa3aunast Ha puc. 7.12, ¢ aurtenna, rie BuicTynst nonoren I w ', 2u 2,
3 1 3" ofpameHst B MPOTHBONOJIOXKHBIE CTOPOHLI OT HPOBOAOB AHHHUH. Jloro-
NepUORUYECKHE AHTEHHLI DPMMEHSIOTCA B KAYeCTBE CaMOCTOATENbHbIX aHe
TEHH uAx Kak objydyaTean NapaGoJuyYeCKHX H JIMH30BLIX aHTEHH.

43. BONHOBOAHO-WENEBLIE AHTEHHbD!

43.1. Bo30yxjenue OAMAOUROIl wWeaH B BoaHoBOMe. 1. MHTencusnocrs
H2.1VYEHN S Yepes wesb U ee IPOBOAYMOCTb 3aBHCAT OT DACTIONONKEHH s Lile
JIH Ha cTeHke BONHOBOAA (puc. 7.14). lis MaKCHMaJbHOTO H3JlyuyeHus He-
00XoAHMO, YTOGH! IHEb TNepeceKkasna JUHHY TNOBEPXHOCTHOTO TOKA B MecTe
HX MaKCUMaJabHOIl [JIOTHOCTH W, CJeA0BaTe/]bHO, pacrnonaranach BiOAb
JHIHA MarHHUTHOCO [IOJSI ¢ MAKCHMAJNbHO# HAMPSIKEHHOCTbIO.

2. Hspecrno lu. I, §§ 97, 98], uro Ha y3Koil CT€HKe NMPSIMOYro/bLHOTO
BO.TFIOBOAA CYLLECTBYIOT TOMBKO (1OMEPeYHas COCTABASIOWAA TOKA fpoq
W MpoRoabHast COCTABIsOULAR MarHWTHOro noast. CieoBaTenbHO, NPOLO/Ib-
Has wesip (/) BO30YKAaeTCs MaKCHMAJMBHO DU Pa3MelleHHi ee Ha y3KOo#
CreHKe BOJIHOBOMA, a DONepeyHas wenb (2) Bosce He Hasiyuaer. Hakaonnas
Wesb (3) BoisbiBaeT NPOMEKYTOUHOE [0 BEJHUMHE M3JyueHHe.

. COOTBETCTBHH € NJIOTHOCTBIO MPOAOALHOIO {gpon U TONEPEUHOrO
‘nog TOKOB Ha MOBEPXHOCTH UIMPOKOI CTEHKH BOJHOBOAA MONEPEYHAR
Wenk 4 y3ayyaer ter Godbiue, ues OJHxKe ee LeHTP K cpeAHed JHHIY 3ToR
Clenky (koopauuara x, npubauxaetcs K a/2), a npopobHas wenb 5 U3
NyYaer Tem cHAbHee, 4eM OHa BJIIIKE K Y3KOit CTEHKE (seHbiue X,). Mures-
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CHBUOCTE H3AYYEHHS HAKJOHHOH [meay 6 3aBUCHT, OUEBMANO, KaK or |
KOODAWHATH X,, TakK H OT yTrJa HaKJ/OHAa Y.
3. Boofuie roBops, manyuath MoxeT JoGas Uiedb, ecan o nomom‘"
MPHEMHOTO WTHiPs (7) BuiZbIBATL HA BHYTPCHHCH NOBePXHOCTH BONHOBG)
panfaibibie TORH, KOTGP&IC nepecexantt Hu 3Ty Wenb. Hitoips BO3GY kN
eTCA DNeKTPHUCCKIM nosieM pacnpoctpansemodt onust. Ha puc. 7.14 nog
3aHO, KaK TakHM cnocofioM Bo3OympaeTcs wens (&) HecMoTpsi Ha To, »
ee NPOJOALHAS OCh COBNAJAET € CepeAMHON NIMPOKOH CTEHKW BOAHOBOR
Kpecroobpa3nan weab 9 — 3710 coueTaHne NBYX B3aiMHO Nepnexs
RYASPHBIX  Ieneil ¢ COBMCHIEHHLIMH IIeHTPaMil, NpHYEM OAHA LIeNh BOX
6y:aaeTCA MPOJOJBNLIN TOKOM, a Apyras — nonepeudois. Tak Kak
TOKH CABHHYTHI NO thaze Ha 90°, 1o uepes (enp HINYYAIOTCA BONHBI BP,
Iaueics Noasipu3aiui. Lenn K ToMy e 00a TOKa PaBHLI B LEHTPE Meny
TO [IOJMyuyaeTcs KPyrosas MNONAPH3AIUHS BOJHBI L
.2, IlpoBoaHMOCTL B COTIPOTHBICHHE ORMHOUHBIX meneir. 1. [1psamg
yro/ihHbifi BOJTHOBOZ € COIVIaCOBAHHON HArpy3KoH 3KBHBa/IEHTeH ABY¥

nposonHol aunnu [’ = kk', 3amkuytofi Ha conpoTusaesie Zy;, pPanHol
BOJIIIOBOMY COTMPOTHBJet0 ity Z, (puc. 7.15). lleab napymaet onud
PONIOCTL BOJHOBOAA I Paziedsier JOCTHTIUYIO ee BOJHY Ha TPH 4YacTh
OTPANKERIYIO, H3NYYAeAVIo WeIhio H APOXCAAINYI0 K Harpyske. 210 org
6pakaeTcsl BKJIIOUEHHENM B 3KBHBAJICHTHYIO CXeMy JHHHH COCDEAOTOUEH HhY
HPOBOAHMOCTEH W COMPOTHBACHIH. 1

2. Tlpomonskas mens / nepecexaeTcst HOMNEPEUHBIMH TOKAMI, noa oM
OHa BHOCHT NEKOTOPYIO MPOBOAWMOCTL B YYaCTOK BOJIHOBOAA c¢’ = dd;
Hopamiposaunas #poBOAUNOCTE 0OJIVBOAHOBOM TPOAOJALHON LIea! 4

a A T . nix
=200 — == cos? ——) sin? [ —L (7.24
Cm ’ b A 2A a )’ .
rae x; — PaccTosiHie OT Weau A0 CepefHHbl LIHPOKOH CTelKH BOJHOBOAR
Ecan x; = 0, 10 g,y = . 270 corsacyercs ¢ TeM, TG B CEPEAHHE U
PoxOi CTEHKH BOJMIHOBOJA HeT NONepPeyHOro TOKa H MPOAGALHAS Web, P

e f‘
/w/ g i
Z —'l ‘% -
// _’{_ " /1[
;(/‘L _— ——————-—0—————
/ | } Wi
; —C
i [ | |
[" d' 5/ f,
2)
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i + i 4 —y
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{ [:lg"‘ f : ” Elzﬂ'zs Puc. 7.15. [pogonoush
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Pre. 7.16. Yerpoilerpo it 3KgHBaJEHTHLIE CXEMBl BOJHOBOAHO-ME/ENHLIX aHTEHH ¢ 1po-
o IblBIMB (@, O) B HAKAOHKEIMU (8, ¢) WeusMu

© VIOXKEHHAs B 9TO:M MeCTe, e BHOCHT HHKaKoil rposoausocTH. Haotapor,
afa xy = al2, asin® (ax,/a) = 1, npoBOAHMOCTb &\ MaKCHMaNbHa, No-
“ROIBKY Ha OOKOBLIX CTEHXaX BOJHOBOJAA NPOTEKaeT MAaKCHMAIbHLI (one-
D MHBIA TOK. .

[Tonepeunast weanp 2 nepecekaercss MPOJOALHBIM TOKOM, 310 PABHO-
~1:Q4HO TOMY, 4TO Ha yuacTke dd’ == ¢’ OHA BHOCHUT KaKoe-T0O [OC/I€10Ba-
. TbHOE CONPOTHBICNIE B OAHH K3 NMPOBOJOE (/') SKBUBAICHTHOMN JuitilH.
HopaMpoBaHHOe CONPOTHBAEHHE [ONEePeUItoN NOAYBOIHOBON uies

r, =0,523 (—; )2 };2 cos? (Lx‘) cos? (_ﬂ) . (7.21)

a a da

Ecau cepenna nonepeqHod mena copnagaeT ¢o cpelieit agnuei (y, ==
= 0), 10 cos® (mx;/a@) = | H COUPOTHBJEHHE fy MAaKCHMAJIBHO, & MpPH
#y = a/2 ry = 0. 910 OOFACHAETCS TEM, YTO MPOIOJbLHbIH TOK OTCYTCTBYET
liil GOKOBBIX CTEHKAX {x; = a/2) u uMeeT HauOO/bILIEE 3HAIEHHE B CepeHHe
HIIPOKOH CTEHKH BOJIHOBOZA.

Haknounast utenb 3 nepecekaercs poAOABHLIM H IONEPEYHbIM TOKAMH.
CiienosatesbHo, OHA 5KBHBAMEHTHA NOCJAEI0BATCALHOMY H [apanie/bHo-
MY CONPOTHBJAEHISAM, BK/OUEHHBIM B yuacTok ¢’ == ff’ aByXnposoanoil
JHHMH.

3aMeTuM, UTO gy U £ 5 HOPMHPOBAHBI, T. €. OTHECEHB! COOTBETCTBEHHO K
LO.THOBOH 1IPOBOAWMOCTH H BOJHOBOMY COMPOTHBJAEHHIO BOJAHOBOAA. Kpome
YOro, OHM BK/HOYEHBL! B SKBHBAJCHTHYIO ABYXNPOBOAHYK) JHHHIO, NPOXO-
JSIlLYI0 yepes CepefiiHy IGHPOKHX CTeHOK BONHOBOAa. Besnunva xe Gy
I'bopmyua (2.31)] ecTb HeHOPMUPORAHHAsL [IPOBOMIMOCTD UIEAH B 11y 4HOCTH
HaupsgkeHus Ha Hejl.

43.3. Pe3oHaHCHble BOJHOBOJHO-UleAcBble aHTcHHb B0ar0800HO-ue-
A€6bi My HABLIBAOTCH JHHEHHBIE PELETKH U3 Lienel 8 BoaHOBOAE (pue. 7.16).
Obuiupo kaxaas wenp nveer AMKHY [y ~ A2, rge A — AjlHHA BOLLl 8

155






