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A. B. Bpy6aescknii. PABBEPTKH UHIAHUKATOPOB

Bpomriopa «PasBepTku MHAMKATOPOB» BXOAUT B BhIMyCKaeMyio BoeHHbM
r3JaTeJbCTBOM GubnHoTeKy «PanuonokauMoHHast TeXHHKa». DBubanorexka
paccuuTaHa Ha OQHUEPOB, CBA3AHHBIX C JKCIMyaTalHeldl paJgHOTEeXHHYECKUX
cpenctB. Ona MoxeT ObITb TakXe HCIOJNb30BaHa IUMPOKHM KPyroM 4uTare-
Jiel, XKeJalOWKUX NOAPOGHO O3HAKOMHTbCA € DPabGOTOil OTHAE/NbHBbIX Y3JOB H
3/1IeMCHTOB PaAHO/IOKAUHOHHBIX CTaHUHH.

IMepeuens Gporop, BXoasmwux B GuGanoTeky «PaauonoxanHonHas Tex-
HHKa», ToMellleH Ha 3-ii cTpaHHuue o6JM0XKKH.

B Gpoiutope «PasBepTkn MHAMKATOPOB» JaHa KJacCH(PHKaUH OCUHIIO-
rpapuyecKuX HHIMKAaTOPOB, yKasaHbl THIIbI H [apaMeTpbl Pa3BepPTOK.



BBEAEHHUE

MupuxatopoM! paauoJOKaLHOHHONH CTAaHUUM Hasbl-
BaeTcsi YCTPOHCTBO, mpeofpasyrollee 3JEKTPHYECKHE CHTHAJbI
B CHTHAJIBl BUAMMBlE HJIH CJBILIKMblE U MO3BOJIAIOIIEE NMPOH3BO-
AMTb OTCUET KOOPAHHAT OoObeKTa (LeJsH).

HMnyabcel, oTpaxKeHHBle OT LeJH, NOCTYNAlOT Ha MHAMKATOp
C BBIXOJA MPUEMHHKA DAaAHOJNOKAaLHOHHOM cranuud. MHaukaTtop
npeobpasyer 3JeKTpUYECKHE HMIYJbChl B aKyCTHYECKHE HJIl
CBETOBble CHTHAJIBL, T. €. JlaeT BO3MOXKHOCTb OGHAPYKHTb LeJlb.
KpoMme TOro, mo MHAHKATOPYy MOXKHO HENpEPBIBHO ONpelesaTh
KOOPAHHATH (LaJbHOCTb, a3UMYT U YroJl MeCTa) HeroJBHXHBIX
¥ MOBHXKHBIX IeJyiell. 3HaHHe KOOPJAHHAT LeId HeOOXOMHMO AJIst
NOJrOTOBKH NaHHBIX apPTUJIIEPHACKOH CTpesbObl, AJs TakTHye-
CKOHl OLEHKH BO3AYIUHOH OOCTaHOBKH, HaBeleHHs CBOHX HCTpe-
Outesiefi Ha caMoJIeThl MPOTHBHHKA H T. A.

WMunukaTop CyllecTBEHHO BJIHSieT HAa OCHOBHble TaKTHKO-
TeXHHYeCKHe [JaHHble PaJHOJOKAUHOHHOH CcTAaHUHH (TOYHOCTDL
onpejiesieHHss KOOPJUHAT, pas3pelaolyio COCOGHOCTb U T. I.).
Ator BoOmpoc MoapoGHO paccMoTpeH B Gpoluope «TexHuUecKHe
JlaHHble PaJAMOJIOKALHOHHON CTaHUHM», BXojslled B OHOJIHO-
TeKy «PanuosiokanioHHass TeXHHKA.

B npaxruke BcTpevaroTcs cjeAyioLlde BUAB HHAHKATOPOB:

— aKyCTHYeCKHe;

— OINTHYECKHE;

— CTpeJIouHble;

— ocnuorpadguyecKue.

AkycrnuecKkHue HHJIHKATOpPBH HauGojee MPOCTHI
no ceoeMy ycrpoiictBy. B Hux B KauectBe mpuGopa, mnpeoGpa-
3YIOIIEr0 3JIEKTPHUYECKHe CHIHAJbl B CHTHAJBl  CJIBILUMEIE,
HCIMOJIb3YIOTCS TeseOHbl UK rpoMmKorosopurtenu. Ilpunuun pa-

! MHorga BMECTO TepMHHAa <«HHAHKATOP» NPHMEHSIOT TEPMHH <OT-
MEeTUHK>.
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60Thl aKyCTHYECKHX HHIMKATOPOB COCTOHT B TOM, YTO MpPHEMHHK
paaHOJIOKALlUOHHONA CTaHUMH NpeoGpa3yeT MNPHHATbIE BbICOKO-
4acTOTHble CHrHallbl B 3JIeKTPHUecKUe KojjeGaHHs 3BYKOBOH ua-
CTOTBl. DTH KojleGaHHA MNOmAalOTCs, HampuMep, Ha TPOMKOrOBO-
puTeNb, KOTOPbIA BOCIPOM3BOAUT HX KaK 3BYK ONpEAEJEeHHOro
ToHa. Ilo Hanuuuio 3ByKa MOXKHO CyNHUTb O MOSIBJGHHH ULEJH
B 30He OOHapyXeHHsd CTaHLMH, a N0 UHTEHCUBHOCTH 3BYyKa —
rpy60 onpefesuTh NajJbHOCTh 3TOH LeJH,

OnrtrHueckHe HHAHKATOPbL M0 NPUHUUNY PaGoTHl
aHaJNOrHYHbl aKyCTHYeCKHM. PasHHLA COCTOMUT JIMIIb B TOM, 4TO
NpUHATLIA cUrHaj npeobpasyercss He B 3BYKOBO#, a B CBETOBOi
curHag. na 3Toil uesu NPHUMEHSIIOTCS CHIHAaJIbHble JlaMMbl pas-
JIUYHBIX THIOB.

CrtpenouHble HHAHKATOPH HAaUUH NDHMEHEHHe B
HEeKOTOpbIX paZHOJIOKALHOHHbIX cTaHUusIX. MHouKaTopom B naH-
HOM Cllyyae CJYXXUT OOBIYHO BbICOKOUYBCTBHTE/NbHbIH NpPHOOP
MarHuTO3JeKTpUuecKol cuctemnl. I1puGop BrJIOuaercss B auaro-
Hasb MocToBOH cxembl. [lpyu nosiBjienuu curHaja, OTpakeHHOro
OT lleJlM, paBHOBeCHe MOCTa Hapylliaercs U cTpeJjika npubopa oT-
KJIOHAeTCS.

Ocuunanorpaduueckue HHAWUKATODPH MOJY-
YWJIM LIHPOKOE pacnpocTpaHeHue B paauosoKauuu, B sTux uHan-
KaTopax, Kak H B ONTHYECKHX, MPHHATblE CHTHaJBl Mnpeobpa-
3YyIOTCA B CHTHAJIbl BHAMMblE, HO B KauecTse MpeobGpasoBarelist
HCIIOJIb3YeTCA 3JIeKTPOHHO-1ydYeBass Tpy6GKa. [TonpoGHble cBene-
HHUSA 00 3JIeKTPOHHO-yd4eBbIX TPYOKax pasJIM4HBIX THIOB YHTa-
Te/b Haiiner B Gpouiiope «DJeKTPOHHO-1yyeBass TpyOka» 6u6-
Jauoteky «PannojiokauuoHHas TeXHHKa». 3[eCh e Mbl TOJBKO
BKparTlle yKa)KeM OCHOBHble [OCTOHHCTBA 3JIEKTPOHHO-Jy4eBOi
TPYOKH.

Bo-nepBbix, Ha 3KpaHe 3/JE€KTPOHHO-JYueBOH TPYOKH MOXHO
OJIHOBPEMEHHO Ha6JIONaTh HMMYJbChl, OTPaXKeHHbIE OT HECKOJb-
KUX 1esefl, T. e. HeNPepLIBHO CJEAHTb 3a H3MEHEHHeM OKpy-
)Karolllel 06CTaHOBKH.

Bo-srophix, NpU NOMOIIM 3JIEKTPOHHO-TYyYeBOH TPYGKH
MOXHO GBLICTPO M NPOCTO CpaBHUBaATb (POPMY M HHTEHCHBHOCTb
OTpaXKeHHbIX HUMMYJbCOB, YTO Aa€T BO3MOXKHOCTb OIpeaessaTb
XapakTep leJiefi (KOJHYeCcTBO caMoJIeTOB B rpynme, THUI CaMmo-
Jera U T. ).

Y, nakozel, B-TPeTbHX, 3JEKTPOHHO-JyYeBass TpyOKa mpak-
THYeCKH Oe3blHeDIHOHHA: OTMETKa LeJIH BO3HHKAeT Ha 3KpaHe
TPyGKH OZHOBPEMEHHO C MPHXOAOM OTPax<eHHOro curxana. dto
NO3BOJISIET HCMOJB30BaTh TPYOKY O HaOGJIOAEHHs BecbMa
OBICTPHIX 3JeKTPHYECKHX NPOLECCOB.
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Bce 3To W npHBENO K IIHPOKOMY TPHMEHEHHIO 3JIeKTPOHHO-
JIyueBbIX TPYOOK AJisi MHAMKAUWH OTPax{€HHbIX OT LeJed CHur-
HaJIoB, T. €. K MPHMEHEHHIO PAa3jIHUHbIX THMOB ocuusjaorpadu-
YeCKHX MHIHKaTOpOB.

Crnenyer saMeTuThb, 4TO ceffuac B psjle PaNHOJOKALHOHHBIX
CTaHUU UCTIONB3YIOTCH TaK Ha3blBaeMble aBTOMaTHYeCKHe HHIH-
KaTopbl, KOTOPble BHIAAIOT KOOPAHHATHI LEJH HENOCPeACTBEHHO
Ha HUCMOJIHUTE/IbHblE ycTpolicTBa. B Takux MHAMKaTOopax Koopau-
HaTbl LleJld C 9KpaHa He CYHTBIBAIOTCH.



KJIACCUPUKALHA OCLHUJJIOTPAPHUYECKHUX
WHIAHWKATOPOB

Ocuuorpaduueckie HHAHKATOPH ' MOXKHO KiacCH(UUHPO-
BaTb [I0 pa3jIMYHBIM NpU3HakaM. TakuMu IpU3HaKaMH MOTYT
ObITb: Ha3HauyeHHe HMHAHKATOpa, TOYHOCTb OTCYeTa KOOPAMHAT
1eJid, METOJ, UHAHKALUY OTPAKeHHbIX CHUTHAJIOB, THI NPUMeHse-
MOl pa3BepTKH W Ip. PaccMoTpuM KpaTKo KJacCH(PHKaLHUIO
HHIUKAaTOPOB 1o HauGoJiee XapaKTepHbIM IPU3HAKaM.

I[To Ha3sHayYeHHIO HHIUKATODPH AEJATCA Ha CleAymollHe
IpyMNnbl:

— HHJAUMKATOpbl U3MEpPEeHHs NajibHOCTH 2 (MHOUKATOPH! AaJlb-
HOCTH) ;

— HHAUKaTOpbl H3MepeHUs] asuMyTa (MHIUKATOPHl as3H-
MyTa);

— MHAMKATOPBl H3MepeHHs yrja Mecra (HHIUKATOPH yrja
MecTa);

— HHAMKATOPbl U3MepeHHs HAJbHOCTH U a3suMyTa MU
AaJIbHOCTH H yrJjia Mecra,

— HHAMKATOPHl U3MepeHHs a3uMyTa H yrja MecTa;

— HHJIUKATOPbl H3MEepeHHS BLICOTHI.

JTOT BUA KJIACCH()HKANMH OYEHb MPOCT: AOCTATOUHO 3HATh,
KaKyl0 KOOPAHHATY LeJH MOXKHO OINpeAeNHTb [pPH MOMOLLH
JLAHHOr0 MHJAMKATOpa, YTOObLI OTHECTH €ro K TOH WM HHOH
rpynme.

Wupukaropnl, onpenelsiomine TOJBKO OXHY KOODAHHATY
LeJH (XaJbHOCTb, a3UMYT WJ/H YroJ MecTa), Ha3biBaIOTCS HHOTAA
OJIHOMEPHBIMH, @ ONpeAe/Alole OJHOBPEMEHHO JBe KOOpIU-
HaThl (0ANbHOCTb H a3UMYT, JAJbHOCTb M YIOoJl MeCTa, asuMyT

! Jlanee BMECTO TePMHHa <«OCHHJJIOIpadHUECKHE HHIMKATOPH» yalle
HUCTIONB3YETCS TEPMHH «HHIMKATODbI®.

* B cTaHUMAX OPYAHMHHOH HaBOAKM OGHIYHO NPHUMEHAIOTCA ABa HHAHKa-
TOpa JaJbHOCTH: TPyOOro M TOYHOTO OTCUETOB.
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H yroa Mecrta), — AByXMepHbIMH. CyllleCTBYIOT H TPEXMepHble
HHAHKATOPLI, T. €. UHAUKATODHI, IPU IOMOLIY KOTOPHIX MOXKHO
HW3MepHTb TPH KoopauHaThl Lesau. Ho, kak npasujo, TOUYHOCTD
H3MepeHHus TpeTbeil KOODAUHATBHI B TAaKUX HHAMKATOPax HeBHI-
COKa,

[Io TouHocTH OTCcuYeTa KOOPAUHAT LeJHU HH-
JIUKaTOpbl Ae/IATCS Ha TOYHble W rpyOble. I'pyOble HHAMKATOPBI
HCIHOMB3YIOTCS NPH OOHApyXKeHHH LeJd M [aloT BO3MOXKHOCTb
C HeBBICOKOHl CTeNeHbI0 TOYHOCTH ONpelessTh ee KOOPAHHATHL.
TouHble HHAMKATOPHI MO3BOJISIIOT ONpPEAEIATh KOOPAHHATHI LeJH
C BBICOKOl cTeneHbio ToyHOCcTH. Hampumep, n[ajJbHOCTb LU NPH
NOMOLIH TAKOr0 HHAMKATOPa MOXKHO H3MEPHUTh C TOYHOCTBIO JO
NeCATKOB METpOB.

ITo MmeToORy HWHAHMKANLUH OTPaAXEHHBIX CHI-
HaJMoB HHIMKATODbl MOXKHO pa3feNuTb Ha [Be GoJbliine
TPYHOINbL:

— ¢ aMIUIATYAHOH OTMETKOH OTpaXKeHHBIX CHI'HAJIOB;

— C SPKOCTHOH OTMETKOH OTpa*K€HHbIX CHUTHAJIOB.

[To Tuny npumeHseMoll pa3BepTKHU HHAHKA-
TOPHI HEJSATCA Ha ClefyHOLlHe TPyIIbl:

— ¢ npsAMo# pa3BepTKOH;

— ¢ KOJIbLIeBOH Dpa3BepTKOH;

— CO CIUpaJbHON pa3BepTKOH;

— C paauajbHO-KPYroBoH pa3BepTKOli;

— C pasBepTKOH THNA asUMYT — JaJlbHOCTb;

— C pa3BepTKOH THUNa asuMyT — YroJl MecTa;

— C pasBepTKOH THNA JaJbHOCTb — BHICOTA,

MoxHo knaccuduuupoBaTh HHAMKATOPH H MO HEKOTOPLIM
APYTHM IPH3HAKaM: NO 3aKOHY H3MeHeHHsl HANpSKEHUs pas-
BEPTKH, IO 4YacTOTe HAaNpsKeHUS pas3BepTKH, MO XapakTepy
3aBHCHMOCTH pa3BepTKH OT BHEIUIHUX HampsikeHu#l u 1. A. On-
HakKO Ha NpaKTHKe Takas KjacCH(pHKalusA NPUMEHsAeTCA KpalHe
peaxo.



METOIbl HHOUKALLMH OTPA)KEHHBIX CHTHAJIOB

Kak yxe ykasbiBanoch, Bce OCLHMJJOTpaUUeCKHe HHAUKA-
TOPHI, NPHMeHsieMble B PafHOJOKAaUHOHHLIX CTaHUHAX, NO Me-
TOAY HHAMKALHUH OTPa’KEHHbIX CHUTHAJOB MOXHO pPasiesuTb HA
ABe rpynnbl: l-g rpynna — 3TO HHAMKATOPbl C aMMJMUTYAHOH
OTMETKOH OTpaeHHbIX CHTHAJO0B, 2-1 Tpynna -—— HHAHKATOPH

C SIPKOCTHOIi OTMETKOH,

A
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Puc. 1, TlpuHuun AeficTBHA HHUAHKATODA C aMIIMTYAHOM OTMETKOR
OTpPaXXeHHOro CHrHaJa

Wnnukatopom ¢ aMNAUTYynHOH OTMETKOH oOTpa-
JKEHHOrO CHrHaja Ha3blBaeTcsl HHAMKATOP, B KOTOPOM CHrHAM
BLISBIBAET OTKJOHEHHe («BLIGPOCY) cJena 3JeKTPOHHOro Jiyua
OT JIHHHM Pa3BepPTKH Ha 3KpaHe 3JEeKTPOHHO-JIYyueBOH TPYyOKH.
PaccmorpuM npuruun paGoThl Takoro HHAMKatopa (puc. 1).
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Kax wusBecTHO, HalpsiKeHHe NuJI006pa3Hofi (OPMbI, MpH-
JIOXKEHHO® K TOPH30HTAJbHO OTKJOHSAIOUIUM MJacTHHAM  3JekK-
TPOHHO-J1y4eBOli TPYOKH, Bbi3blBa€T MOfBJIEHHE JIMHHH pas-
BEPTKH Ha 3KpaHe TPyOKH. JIMHHS pasBepTKH — 3TO CJef ABH-
JeHHS 3/JeKTPOHHOro Jyua N0 3KpaHy TPyOKH MOA AedCTBHEM
HanpsiXKeHUust pa3BepTKH.

HonyctuMm, 4To Kax/Iblli pas, KaK TOJNBKO 3JeKTPOHHBIH Jyu B
CBOeM [BHXEHHH MNO 3KpaHy [NOCTHraeT TOYKH @, Ha BepTH-
KaJIbHO OTKJIOHSIIOUIHEe MJAacTHHBl TPYOKH NofaeTcd C BHIXOMa
NpUEMHHKA HMNYJbC HanpsixkeHusa. Ecau 3TOT MMIYJbC BhI3bI-
BaeT MOBbllIeHHe [MOTeHUHaJa BepxHefl BepTHKaJbHO OTKJIO-
HAIOUIeH MJACTHHBI, TO 3JEKTPOHHBIA Jy4 OTKJOHSETCS BBepX.
Uem Gosibllle aMIVIHTYyAa HMIyJbca HaNpsXKeHHus, NOCTynawo-
Iero ¢ BbIXOAAa NPHEMHHKA, TeM Ha OoJiplllee PacCTosiHue OT-
KJIOHHUTCA OT JIMHHUM pPa3BepPTKU 3JIeKTPOHHBIH Jyd, T. €. TeM
Gosbuie Gyner «BbIGpPOCH.

Tlocne oKoHuaHMs NeHCTBHS HMMNYJbCa SJEKTPOHHBIH JIyy
OMyCKaeTCs M NpPOAOJIXKaeT ABHXXEHHe NO JHHHH Pa3BepPTKH.

Takum oGpasom, nNpH amnAUTyAHOH OTMETKe OTpPaXKeHHblil
CHTHasl BOCNPOM3BOAMICA HA 3KpaHe TPYOKH B BHIe «BhIOpOCax»
3JIEKTPOHHOrO Jyua.

MupukatopoM ¢ ApKOCTHOH OTMEeTKOHN oOTpaxeH-
HOro CHrHajla HasblBaeTCss HHAMKaTop, B KOTOPOM CHIHAJ Bbl-
3bIBaeT yBeJMUYECHHE SPKOCTH YuacTKa JIMHHM pa3BepTKH.
[MpuHuun paGoTbl Takoro HHAMKATOpa 3aKJiOYaercsl B CJeAyiO-
mewm,

IMocTosiHHOe OTpHLATENbHOE HAMPSIKEHHE HA YnpaBJsiolleM
3JIEKTPOJE 3JEKTPOHHO-Jy4eBOH TPYGKH YyCTaHaBIHBaeTCs Ta-
KHM, 4TOObl JIMHUS Da3BepTKH Obla NOYTH He BHAHA (TpyOKa
noury 3anepta). [losoxuTeNbHble HMNYJAbCHl HanpsiXKeHHs
C BBIXOla MPHEMHHKa MOJAIOTCA HA YNpas/sAOMMH 3JEKTPOA
TPpyOKH, OTIHpas ee Ha BpeMs, paBHOE MJIHUTEJIbHOCTH HMIYJbCA.
INpoucxonur kak 6bl noAcBeunBaHHe HeGOJBLIONO yyacTKa ab
JIUHUM pa3BepTkH (puc. 2). DTOT mnonceeueHHBId y4acTOK H
CBUIETEJIbCTBYET O HAJHYHH OTPa’KEHHBIX CHTHAJIOB Ha BbIXOAe
NpHeMHUKa,

.B psime cTaHUui UMNY/bCHl HANpPsXKEHUS HA BHIXOJE NPUEM-
HMKa HMEIOT OTpHIATeJbHYI0 TOJAAPHOCTL. UTOOB MOJYYHTh
B 3TOM cJly4yae pKOCTHYIO OTMeTKy CHrHajia Ha 3KpaHe TpPYOKH,
HMITYJIbChl ¢ BbIXOJa NPHEMHHKA MONAIOTCA HE HA YNpaBJsOWKN
SJIEKTPOJX, a Ha KaTox TPYyOku. [loHnxeHune noreHUHana Karoaa,
KOTOpOe NPOHCXOAMT NMPH MOAAaYe Ha HEero OTPHUATEJIbHBIX HUM-
NyJbCOB HaNPsIKeHHs, SKBHBAJEHTHO MOBLILIEHHIO MOTEHUHaNa
ynpasssiouiero saekrpoaa. CaenosarenbHo, NofaBasi OTpHIA-

2 3ax. 534 9



TeJIbHbIE HMNYJbChl HANpPAXKeHHS! HAa KaToJl, TaK¥kKe MOXHO mo-
JIYYHTb SIPKOCTHYIO OTMETKY OTpa*KeHHbIX CHI'HAJOB.
HHankaTophl ¢ aMIIMTYAHOH OTMETKON m03BOJIAIOT GoJiee
TOYHO OnpeneNsiTh KOOPAUHATH! LeNH, TaK Kak OTCYeT MpPOH3BO-
JHUTCS OGBIYHO MO YeTKO BbIpa)KeHHOMY mepeaHeMy (poHTy orpa-
JKeHHOro umnyJsbca, Kpome Toro, mpH aMIJIUTyIHOM MeTole
HHAMKALUH OTPa)KeHHbIX CUTHAJOB 1o (opMe HMIyJbCa NpoLle
CyIUTb O XapakTepe Heau (ucTpebuTesb, O6oMG6apAHPOBLIKK

K eenepamopy
HAnpIKeHUuss paseepmxu

Puc. 2. TlpuHuun pefictBua WHAHKAaTOpa C sIPKOCT-
HOM OTMETKOH OTpaKeHHOro CHrHaja

H T. ) ¥ 0 KOJIUYeCTBe LeJell B rpynne (mo ny/bcalHsaM Bep-
IIKHB UMIyJdbca). B psame paauosokauuoHHBIX CTaHUMA HHAH-
KaTop ¢ aMIJIUTYAHOH OTMETKOH HCHOJb3yeTcsi KaK KOHTPOJb-
HbIH -ocuuJorpad npu HacTpoiike GJIOKOB,

Wnpukatopsl ¢ fIpKOCTHOI OTMeTKOH pmalOT Ha 9SKpaHe
TPpyOKH u30o6pakeHue, [AOBOJBHO TOYHO BOCIPOU3BOAsilee
peasibHyl0 OGCTAaHOBKY B BO3ayXe HJH Ha 3emje. Tak, Ha
3KpaHe HHAUKATOpa CaMOJIETHON paaHOJOKAaUHOHHOH CTaHLMHY,
paboraiollieli Ha BOJIHE OKOJIO 3 ¢, mojydyaeTcsi H3oOpakeHue
MECTHOCTH, BeCbMa Noxoxee Ha a9po(OTOCHUMOK TOH ¥Ke MecT-
HocTH. JDTO OOGBSCHAETCH TeM, YTO pasJjHuHble HaseMHble
00beKThl (peKH, 03epa, XKeJle3Hble JOPOrH, I10Cce, KPBIIM 31a-
HUH 4-T. ) RAIOT OTPaXK€HHbl® CUTHAJNbl pPAa3HOH HHTEHCHB-
HOCTH,

BriGop TOro MM HHOro MeTOAa HHAUKALUH OTPa’KeHHBIX
CHTHAJIOB ONpeaesseTcss TaKTHKO-TeXHHYeCKHMH Tpe6GoBaHUAMH,
npeAbsB/sSeMbIMH K HHAHKATOPY paAHOJOKAUHMOHHOH CTaHIHH.



MAPAMETPbl PA3BEPTOK

Jlio6oit THN pa3BepTKH, KOTOPLI pacCMaTpUBaeTCs B mocJe-
AYIOLIHX pa3fefax, XapakTepH3yeTcs ONpefe/eHHbIMH MapaMer-
pamu. PaccMOTpHM OCHOBHblE M3 3THX NMapaMeTpoB.

FeomeTpuueckas niauHa pasBepTKHU [eomer-
puyeckoli NJNHHOA pa3BepTKH (MJH NMPOCTO IJIHHON pa3BepTKH)
HaspiBaeTcsl JJIMHA JIMHHH Pa3BepTKH D
Ha 3KpaHe 3JIeKTPOHHO-Jy4eBOil TpyO-
Ku. [eoMeTpuueckas A/uHa pa3BepPTKH
OTpaHMYHBaeTCs [HHaMeTPOM 3KpaHa.

[Tpaktuuecku, Hanpumep, Ljs npsi-
MO#H pa3BepTKu (pHC. 3)

1~ 0,8D,
rae | — reoMerpuyeckas AJMHA pas-
BEPTKH; =
D — nuamerp 3KpaHa 3JEKTPOH-  Puc. 3. IeoMerpudeckas
HO-JTy4eBOli TPyOKH. ANHHA Pa3BepTKH

JdaurtenapbpHoccTb pa3BepT-
I M. JIJHTeJbHOCTBIO Pa3BEPTKH Ha3biBaeTcsl BpeMSl, B TEUEHHE
KOTOPOro 3JIEKTPOHHBIA JIy4 IPOXOJHT IeOMETPHUECKYIO IJIHHY
Pa3BepTKH. IIJIHTeJIbHOCTb pa3BepTKH HENOCpPeACTBEHHO CBs-
3aHa C . MaKCHMAaJbHOH NaJbHOCTBIO LeJH, KOTOpYIO MOXKeT
H3MepUTb JaHHAsl CTaHLHSA.

[Tyctb, Hanpumep, MaKCUMaJbHasl NAJbHOCTh neﬁcmnﬂ pa-
nHosoKauuoHHof cTaHuuH  Uyaxo = 150 km. Hanyuennbiii
aHTEHHOH CTaHLUMH HMNYJbC NMpPOHAET 3TO paccCTOSHHE X0 LesH
H BepHeTcs 06paTHO 3a BpeMs

{= 2uaxe ___ 2-150 1
c 300000 1000
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rae ¢ = 300 000 «m/cex — CKOPOCTb pacnpoCTpaHeHUs SNEKTPO-
‘MarHuTHOH 3HepTHH,

CrenoBaTe/bHO, MJIMTE/NBHOCTh Pa3BePTKH NaHHOH CTaH-
uMn pomxkHa 6bith He MeHee 0,001 cek. Ilpu maurenbHOCTH pas-
BepTKkH, paBHO# TouHo 0,001 cek., UMOy/bc, OTpa)ieHHbI OT
1eJid, HaXoAsule#css OT CTaHUMH Ha paccrostHuM 150 xm, moay-
YHTCA Ha 9KpaHe TPyOKHM B caMOM KOHLe pa3BepTkH (puc. 4).

Ckopoctbs pas3BepTkHu. Cko-
pOCTbIO pa3BepTKH Ha3blBaeTcss CKOPOCTb
IBMJXKEHUS CJIefla JIEKTPOHHOro Jyua Mo
sKkpaHy TpyOkH. Eciu u3BecTHa reomert-
pHueckasi AJMHA pa3BepPTKH [ H AJIHTeNb-
HOCTb pas3BepTkH [, To CKOpPOCTb pas-
BEPTKH ¥ MOXKHO ONpefe]uTb no ¢op-
MmyJqe

)
Puc. 4. Usobpaxenne v=
OTPaXKEHHOTO HMIYJbCa

Ha SKpaHe SJCKTPOHHO- O6LIYHO TeOMETPHUECKYIO AJIHHY pas-
JayueBofi TpyOKHM npHu
nanbHocTH nenn 150 xx  BEPTKH BBIPAXKAIOT B MUIHMeTPax (MM),
¥ JJUTENbHOCTH pa3- 4 JJHTEJNbHOCTb Da3BepTKH — B MHKPO-
. Beptkn 10—3 cex. cekyHznax (mKxcex). CKOpOCTb pas3BepTKH
NpH 3TOM BBIPaXKaercs B MM/MKCEK.
Macwra6 pasBepTKu Macwra6om pasBepTKH Ha-
3bIBAeTCS YHCJAO KHJIOMETPOB, NPHUXOASLIEECs Ha MHIIHMETP
reoOMeTPHYECKO! AJIMHbI JIMHAK pa3BepTkH. Macita6 passeprku
onpezensiercss no GopmyJe
m=ﬂn[ano’
rae m — MaciuTab pa3BepTKU B KM/MM;
Hyane — MakcuMaJsbHasi JaJbHOCTb HEHCTBHS PaAHOJIOKa-
LHOHHOH CTaHUHH B KM;
{ — reomerpuyeckas AJIHHAa Pa3’BepTKH B MM.
ITycts, HanpuMep, reoMeTpuyeckas AJNHHA JHHHH Pa3BepTKU
!l =15 cm, a MakcuManbHas [aJbHOCTh JAEHCTBHSI CTaHLUHH
Hyaxe = 150 km. Torna MacmraG pasBepTKH

ﬂnanc 150
m="22—=_—=1 gu/um
l 150 L wuf

HerpyznHo Buzerb, uto macuitab passepTKH 06parHO mpo-

1

MOPUHOHA/IEH CKOPOCTH Pa3BEPTKH, T. € M= —.
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IleficTBHTENIBHO,

U -
HJIH
= vt.
CaenoBartebHO,
m= ﬂM&RG — ﬂlaRO .
1 vt
Ho
tc
ﬂuauc = '2- ’
3HAYUT,
=t ¢ 1
2ut 2 v’
T. €.

Hrak, ueM GoJibllle CKOPOCTb Pa3BepPTKH, TEM MeHblile BeJH-
ydia M, a 3HAYUT, TeM KpyNnHee Macuital pasBepTKH.

B uHAMKaTOpax pamiHOJIOKALHOHHLIX CTAaHLHUH YacTO HCIIOJb-
3YIOT MepekJioyeHHe mMacluiTaboB pa3BepTKH. Eciin Hy»XHO uacTb
NpOCTpPAHCTBA NMPOCMOTPeThb GoJjiee JEeTaNbHO H MOJYUHTb Gosee
TOYHBI OTCYET AAJbHOCTH LIeJIH, TO BKJIOYAIOT KPYMHbIH Mac-
mTa6 passeptku. [IpaBna, npu TOM OmMepaTop CTaHLHH JIHIIEH
BO3MOXKHOCTH BHJETb HMIIyJ/bChl, OTPaXKeHHble OT BCeX LeJei,
HAXOMSLLIUXCS B 30HE NEHCTBUA CTAHLMH, TaK KaK JJIMTEJIbHOCTDb
pasBepTKH NpPH BKJIOYEHHH KPYMHOro Maciuraba COOTBETCTBYET
yxke He NaabHOCTH [uaxo, a MeHbllel BesnnuuHe. Eciau, Ha-
oGopot, He TpeOyeTcs TOYHOro M3MepeHHs NajJbHOCTH LEJIH, HO
Heo6X0NMMO BHOETb Ha SKpaHe OJHOBPeMeHHO MMITYJbCh, OTpa-
JeHHbie OT BCeX liesiefl, HaXOASIIUXCS B 30He NeHCTBHA CTaH-
LM, TO BKJ/IOYAIOT MeJKHH Macmirta pasBepTKH, NpPH KOTOPOM
IJIATEJIbHOCTb Pa3BepTKH COOTBETCTBYET MAaKCHMAaJbHOH Hajb-
HocTH aelcTBHs CTAHUUH (L yaxe)-

Ha puc. 5, a nokasan 35KpaH 3JeKTPOHHO-JyueBOH TpPYOKH
npH BKJIOYeHHH Mejkoro Maciira6a, CnpaBa Ha 3TOM Xe pH-
CyHKe npuBefeH rpadUk HanpsixkeHus passepTku. M3 rpaduka
BUHO, YTO AJIUTEJbHOCTb pa3BepTku ¢ = 1000 mxcex. Cnemo-
BaTe/bHO, AJIHHA JHMHUH Pa3BepPTKH Ha 3KpaHe TPyOKHU COOTBET-
cTByeT HaibHOCTH  Huaxo = 150 #m. Ilpu Takom macuratGe
pa3sBepTKH Ha 3KpaHe BHAHBI HMOYJbCH, OTPaXKeHHble OT BCeX

13



uesieft, HaXONSAIIMXCS B 30He feficTBHS CTaHUMH. 3aMeTHM, 4TO
H3MepHTb JaJbHOCTb Uejieft / H 2 MOXHO JHIIb NpUGIH3H-

TeJIBHO,
Ha puc. 5, 6 nokasan sKpaH TO{ XKe 3JEKTPOHHO-JyueBOH
TPyOGKH npH BKJIOUEHHH G6oJjlee KpPYINHOro Macuwraba (&=

)
i
i
; t
=t = 1000 mizex—=
17}
Uwarxe -7,
[
of— t
—
=200 mxcex
1)

Puc. 5. M3o6paxeHne oTpakeHHbHIX CHTHalOB H TpaHK Ha-
NpsiXKeHus pa3BepTKH:

@ ~— NPH BKJIOYEHHH MEJKOro Maciutaba, 6 — NpH BKJIOYEHHH KpyO-
Horo Macwraba

== 200 mKcex). B naHHOM cjiyuae AJIMHA JIHHHH Pa3BEPTKH Yyxke
CoOTBeTCTBYeT AANbHOCTH  uaxo = 30 km, a He 150 km, Kak
panbie. JlanpHocTh Uedelt / u 2 Tenepb MOXHO ONpenedHTb
TOYHO, HO 3aTO Ha 9KpaHe TPYOKH HET UMIYJIbCOB, OTPaKEHHBIX
OT LeJiell, PacIoJIOKEHHbIX Ha JajbHOCTSAX Gojee 30 xm,
CTeneHb JNUHefiHOCTH pa3BepTKH CreneHplo
JIHHEHHOCTH Pa3BepPTKH Ha3blBaeTCsi OTHOLIEHHe CKOPOCTH ABH-
JKEHAs CJiefa 3JE€KTPOHHOTO Jiyda B KOHLE JIHHHH pPa3BEPTKH
K CKOPOCTH IBHIKEHHSI CJefa 3JEKTPOHHOTO Jiyya B ee HayaJje:

9
%4

14



rle p — CTeleHb JHHEHHOCTH Pa3BEPTKH;

Up — CKOPOCTb [BHXX€HHA CJelAa 3JIEKTPOHHOIO Jyda B
KOHIle JINHHH Pa3BepTKH;

Uy — CKOPOCTb JBHMKEHHs CJiefa JEeKTPOHHOro Jiy4ya B Ha-
qajie JJHHHH Pa3BepTKH.

Ecnmn  vx=uvg, T. €. CKOPOCTH ABHXEHHA cJieJa JeKTPOH-
HOro Jiyya B KOHIlE H B HauaJle pa3BepTKH DaBHBH, TO CTeleHb
JHHeHHOCTH pa3BepTKH p =1 ¥ pasBepTka HasbiBaercss J H-
HeHHOHM.

B GosbminHCTBE ciyyaeB B MHAMKATOpaxX HCHOJb3YIOTCS JH-
HeflHble pa3BepTKH (p== 1). DT0 3HAUHTEJIbLHO YIIPOLIAET OTCYET
 KOOPIMHAT LeJH H HeJjlaeT ero Gojiee TOYHBIM, TaK KaK ILIKana
(manpHOCTH, HaMpHMep) MOJy4aeTcs paBHOMEDHOH.

CymecTByloT ¥ HApYruHe mnapaMeTpbl pasBepTOK, KOTOpble
3mech He PacCMaTpHBAIOTCSl, TAK KaK OHH HMEIOT BTOPOCTEMeH-
HOe 3HaueHHe,

[lepefineM Tenepn K ONMHCAHHIO Pa3JHYHLIX THIIOB Pa3BEPTOK,
HCIOJIb3yeMbIX B HHIMKATOpaX PpanHOJIOKallMOHHBIX CTaHLMH.



NPSMAS PA3BEPTKA

IIpsimoit pa3BepTKoOf Ha3biBaerTcs Takas pasBepTKa, NpH KO-
TOpOl cJlell 9JeKTPOHHOrO Jiyda Ha 3KpaHe [epeMelllaeTcs [0
npsiMOH JIMHHM OT OJHOTO Kpas 9KpaHa K apyromy. Muoraa
MHIHKaTOPbl ¢ NPsAMOH pas3BepTKOi Ha3blBAlOT HHJIHKATOpPaMH
THna A.

[Ipsimyio pa3BepTKy MOXHO MOJYYHTb, HaNpuUMep, B TPYyGKe
C 3JIeKTPOCTAaTHYECKUM ympasieHueM. [lJ1s 3TOro Ha TOpPH30H-
TaJbHO OTKJIOHSIIOWIHe IJIaCTHHbI TPYOKH HeOGXOAHMO MOJaTh
HanpsixkeHHe Nujoo6pasHoil ¢opmbl (puc. 6).

'’

- ———

I S
lpamod x08  \-06pamwed x00
paseepmxku  paseepmxu

Puc. 6. Tpadux HanpskeHHs nunoo6pas-
HOA ¢opMbl

Ha puc. 7 npusenena npocrefiinas cxemMa a8 MNONYYeHHS
Hanpsi>KeHUss nuaoo6pa3Hod ¢dopmbl (reHepaTop HalpsiKeHUs
pa3BepTku). OCHOBHble 3JeMeHTHl 3TOH cxeMbl — TpHopn JI, co-
NPOTUBJIEHHE aHOMHOH Harpy3ku R, u kougencarop-C. Cxema
pa6oraer ciaeayloulumM o6pasom,

o nocTynJienust 3anupaloLlero UMNyJbca Ha YnpasJ/siomyio
ceTKy Jamnbl JI mocjenHss ornepra. Ilpn stom aHomHbl TOK
ee BeJIMK M Ha compoTuBieHuun R, moayuaercs 6osblioe nase-
HHe HanpsikeHusi. Ilpaktuuecku oHo cocrasasier 80—90%/o ua-
NpsixKeHHs HCTOYHHKA aHomHoro mutaHusi E,, 4To pociuraercs
COOTBETCTBYIOIIUM BbIGOPOM pexuMa paGoThi CXeMbl,

16



Tak xak cOMpOTHBNEHHE OTHEPTOH JiaMMbl HEBEJHKO, TO ¥
najieHye HANPSXKEHHS Ha Hell (a 3HAUMT, M HamnpsiKeHWe Ha
KoHneHcaTope C, paBHOe MaleHHIO HAMpsiKeHus Ha Jawmne JI)
magio. CiefoBaTesIbHO, MOKa HET 3aMUpPAIOLIEro HMIYJbCa, Ha
FOPH30HTAJIbHO OTKJIOHSIOLIHE TMJIaCTHHBI 3JIEKTPOHHO-J1y4eBOi

+Ea

K ebixody
npuemMHuUKa

Puc. 7. IlpuHuunuajbHas cxeMa reHepaTopa HampsiKeHH:
pasBepTKU

TPyOKH monaercsi HeGOJIbIIOE HaNpsiKeHHe W 3JIEeKTPOHHLIR Jy4
HaXOJHUTCA B MCXOLHOM [OJIOKEHHH.

Mmnynec, 3anyckalowmwuifl nepefaTink panuoJOKallHOHHOMR
CTaHUUH, ONHOBPEMEHHO ! nocTymnaer ¥ Ha BXOJ CXeMbl, Bblpa-
OaTtbiBalolleli HanpsuKeHHe pasBepTKH, TaK KaK Hayajo pas-
BEPTKH H HAyajl0 H3JIy4eHHs B TNPOCTPAHCTBO HUMIYJbCa 3JEK-
TPOMArHHTHOH SHEPrHH LOJIKHBI ObLITb CTPOTO CHHXPOHHU3HPO-
BaHHb,

Crnepyer 3amMeTuTb, YTO, MPEXKAE YeM MOCTYNHTb Ha BXOX
reHeparopa HamnpsiXKeHHs pa3BepPTKH, 3aMyCKAIOUIUH HMIYJIbC
«pacTAruBaeTca» B ClelMaJbHOA cxeMe (uallie BCETO B MYJbTH-
BuGpaTope). Kak Gyner nokasaHo HUXKe, NJIHTENbHOCTb pacTs-
HYTOrO WMIMyJbCa nOJXKHA ObiTb paBHA JJIMTEJbHOCTH pas-
BepTKH. Ho AjuTesbHOCTh pasBepTKU BHIOEPAeTCsi HCXOAS H3
MaKCHMMaJlbHOH JasNbHOCTH HeHCTBHS pafHONIOKAUMOHHOH CTaH-
UMK (MMOYJbC, OTPAXKEHHbI OT UEeNH, HAXOAsUIeHCs Ha Mak-
CHMaJIbHOH NaJIbHOCTH NEHCTBHA CTAHIIHH, NOJKEH MOoJyYaThes
B KOHUEe JMHHA pa3septku). CleaoBaTejbHO, H NJIUTENBHOCTb

! B HeKkoTOpLIX CTaHUHAX 3aMHPAIOWUN UMOYJLC NOCTYMaeT HA BXOA
cxeMbl, BhipabaThiBalollell HanpsKeHHe Pa3BepTKH, C 3a4epXKKoil. DTa 3a-
JepKKa yUYHTbIBaeTcs MpH OTCYere AajbHOCTH LeJH.

3 3ak. 534 17



pacTAHYTOro MMNYyJbCa OMpefeNsieTcd MaKCHUMalbHOH Aanb-
HOCTbIO JeHCTBHSI PaZHOJIOKALlHOHHOM CTaHLHH.

B paccMarpuBaeMoOl cxeme reHepatopa HanpsiKeHHs pas-
BEPTKH Ha YNpPaBJsIOLLYI0 CeTKY JaMibl JI moctynaer pacTsHy-
Thlii OTPULATEJNbHbIH HMIOYJAbC NPAMOYroNbHOH (opMbl, MOA
JIEeHCTBHEM KOTOPOro JiaMIa 3anupaercsi Ha BpPeMsi, paBHoe [JIH-
TeJIbHOCTH 3TOr0 HMITYJbCa.
3aneprasi Jamna HMmeeT GeCKOHEUHO
+  GoJibllioe CONPOTHBJIEHHE, OHa Kak Obl
BhHIHYTa M3 mnaHead. HerpynHo Buzers,
YTO MOKa Jammna JI 3amepra, T. e. TOKa
Ha ee YynpaBJjslomeil ceTke HelcTByer
OTPHIATEJNBHBIH  HUMIYJbC,  HCTOYHHK
aHOAHOrO MHUTAHUsI, CONpPOTHBJeHHe R,
Puc. 8. Dxeupanentnag M  KOHHeHcatop C  coeimHeHbl  To-
exeMa lenu 3apsajga cJjiefoBaTeJbHO. l'IpH 3TOM KOHJEeHCa-

KoHaeHcatopa C top C 3apsKaeTcsi CT HCTOYHHKA aHOJ-

Horo nurtauus. [1lyTh TOKa 3apsima MoOKa-
3aH Ha pHC. 7 CIUIOLIHBIMH CTpesIKaMM. DKBHUBaJeHTHAss CXeMa
uenu sapsija npuBefeHa Ha pHc. 8.

M3 sanekTpoTeXHUKH U3BECTHO, YTO MpH 3apsle KOHAeHcaTopa
no 3Toll cxeMe HanpsixeHde Ha HeM (Uc) H3MeHseTcs O 3KC-
NOHEHIHAJbHOMY 3aKOHY

Uc=E, |1—e Fac |

Cxopoctb Hapactanus uanpsikenus Uc 3aBucutr ot mo-
CTOSIHHOH BpPEMEHH T, LieNH 3apsja:

t,=R,C.

Yem MeHbIle T,, TeM GbicTpee HapacraeT Hanpsixerue Uc

Ha KoHzeHcaTtope (puc. 9).

Kak TosbKo mpekpallaercsi AeHCTBHE OTPHLATENBHOrO HM-
nyJibca Ha ynpasJsiowedl ceTke jammbl JI (cM. puc. 7), jamna
ornupaercs. OtnepTas JlaMna HMeeT HE3HAYHTeJIbHOe COMPOTHB-
JeHne, H KoHaeHcatop C ObiCTPO paspskaercsi uyepe3 Hee.
Iyt TOKa paspsiia KoHaeHcatopa C nokasaH Ha puc. 7 MyHK-
THPHBLIMH CTpesKaMHu.

BaxHO NoAuepkHyTb, YTO KpHBas M3MEHEHHs HaNpsXKeHUs
Ha koHneHcatope C BHauajle HAET Kpyde, ueM B KOHUe. ITO
06BACHSIETCS TEM, YTO MO Mepe 3apsila KoHaeHcaTopa Hamps-
xeHHe Ha HeM MOBLILIAETCSl, TOK B LleNy yMeHbiuaercs (Hanps-
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JKeHMe Ha KOHAeHcaTope MeMCTBYET HABCTPeuy HanpsKeHHIo'
HCTOYHHMKA) ¥ B €4MHHLY BpeMEeHH B KOHAEHCAaTOp mnocTymaer
BCE MeHbllee M MeHblllee KOJHUeCTBO 3jekTpHuectBa. Ho ecan
£ KOHIEHCATOpP B €IMHHIY BPEMEHH IMOCTYNaeT BCE MeHblee KO-
JIMYECTBO 3JIEKTPUYECTBA, TO U HANpsKEeHHe Ha HeM pacTeT Bce
MeJJIeHHee, '

Up
- — - -
P A ! +1+
7 J' C ==
f
[ o=
Puc. 9. 3aBHCHMOCTb CKOPOCTH Puc. 10. 2xBuBa-
HapacTaHHA  HampsIKeHHA  Ha JeHTHas cxeMa
KOHIEHCATOPe OT BeNHUYHHHl MO- menH  paspsana
CTOSIHHGH BpeMeHH lenH 3apsaa KoHaeHcatopa C

DKBHUBaJleHTHasl cXeMa Lenu paspsifa kKcHmeHcatopa C mpu-
BeneHa Ha puc. 10. B atoil cxeme R; — compoTuBjieHue oTnep-
Toil iamnbl JI. TlocTosinHas BpeMeHH Lenu paspsna

w=R,C.

Tak kak R, Maso, TO T, uMeerT HeGOJbIIYIO BEJHYUHY H,
cjeqoBaTeNbHO, KOHAeHcatop C paspsikaercs 3HAYHTENbHO
ObicTpee, yeM 3apsiKaercsi, HJIM, KaK OGBbIYHO TOBOPST, BpeMs
paspsina f, 3HAUMTEJbHO MeHblLUe BPEMEHH 3apsfa fs:

<K s,

OueBunHo (cMm. puc. 10), uro paspsn koumeHcatopa C Gy-
IeT TPOAONKATLCHA N0 TEX MOp, MOKA HanpsiKeHHe Ha HeM He
CTaHeT PaBHLIM MaNEHHIO HAMpPSXKEHHs HA CONMPOTHBJIEHHH Ry,
T. . NMaJeHUIO HamnpsiKeHHsl HA oTneptoil Jamne JI. Beauuuna
3TOrO HAMpPSIKEHHSI COCTaBJisieT OOBIYHO HECKOJbKO BOJIbT, U
NPaKTHYeCKH MOXKHO CYMTaTh, YTO KOHAeHCATOp C TMOJHOCTHIO
paspsixkaercs.

Ha ynpasnsiomyro ceTky Jamnsl J/ HenpepbiBHO MORAIOTCS
CJIeflylolllHe OJHH 32 APYTUM OTPHIATE/bHble HMMYJIbCh Hamps-
xeHHusa (puc. 11), nostomy onucaHHbIfi Bblllle Npouece 3apana u
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paspsina koupeHcatopa C moBropstercs. Ha puc. 11 npunsithl
clie/lytollie YCJOBHEle 0003HAUEHHS
t — BpewMs;

U, — nanpsxenue Ha ynpasasiomeil ceTke jgamnsl JI;

Uc — nanpsixkenne Ha KoHpeHcatope C;
Uc waxc — HanpsikeHHe Ha KOHAEHCATOPE B KOHIle 3apsina;

Uy — mapneHne Hampsikenust Ha otneptoil namne JI.

Hanpsikenue Uc, mosyyatonieecss B pacCMOTPEHHO CXeMe,
U fIBJIfleTCA HanpsikeHueM pas3BepTkH. OHO momaercss Ha TOpPH-
30HTAJIbHO OTKJOHSIIOIIHE  IUJIaCTHHBI  3JIEKTPOHHO-Jy4eBOi
TpyOku. Ilpu sapsiie KOHAEHCATOpa NPOMCXOAHT MNPAMOH XOX
pasBepTKH, npu paspsige — o6paTHbIil.

Ug

0 t
[}
] |
i

Uy !
]
|
:

i, u

U, Y

R T i t

Sapad “Paspsid

Puc, 11. I'paduku Hanpsukenuii B cxeMe reHepatopa
pa3BepTKH

Briile y»Ke yKasblBaJoCh, YTO BO BpeMs 3apsiia KOHIEHcCa-
Topa C HanpsiKeHHe Ha HeM HapacTaeT Me[JieHHO, a 3HAUMT, H
cJieql 3JEKTPOHHOro Jiyua ABUIKETCS 110 IKPaHY MeAJEHHO, Mpo-
yepyuBas SPKYIO CBeTAULYIOCA JIHHHIO — JIMHHIO Pas3sBepTKH.
Hetpyaso Bugers (cM. puc. 11), 4To A/NHTENbHOCTD Pa3BepTKH
paBHa AJHUTEJNbHOCTH 3aNupalollero HMNyJbca, MNOCTYNAIOILEro
Ha YNpaBJSIIOILYIO CEeTKYy JIiaMMbl, T. €. COOTBETCTBYeT MaKCH-
MaJIbHOH JaJIbHOCTH HefiCTBHA palHOJOKAIIMOHHON CTaHLUH.

Koupencarop C mocsie okOHuUaHHs NEACTBHS WMIyJibca pas-
psixaercsi oueHb OLICTPO, MO3TOMY ABHIKEHHE CJiefa 3JeKTpOH-
HOro Jiyua B HCXOOHOe noJioxeHnue (0OGpaTHbIH XOA pa3BepTKH)
NPOMCXOANT TaKXKe OueHb Gbicrpo. Bcenencrsue 3toro mpu
OOpATHOM XOJle Pa3BePTKU 3JEKTPOHHbIA Jyu mpakTU4YecKu He
BbI3bIBAeT 3aMETHOTO CBEYEHHS] SKpaHa TPYOKH.
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H3o6paxennyio Ha puc. 7 cxeMy pasmrepTKH 4acTo HasHl-
BalOT cXeMOH X Aylleld pa3BepTkH. [IpoucxoxneHue Ta-
KOro Ha3BaHHsl OUYeBHIHO: pasBepTKa Ha 3KpaHe TPYOKH HauH-
'HaeTcst TOJNBbKO € NPHXOAOM 3alMHpaloUlero HMIYJbCa, T. €.
CXeMa Kak Obl «X 1 € T» 3TOT HMIYJbC.

3aMeTHM, 4TO IAJHTEIbHOCTb Pa3BEPTKH CTPOrO ONpeleeHHast
H 3aBHCHT He TOJIbKO OT MJIHTEJbHOCTH 3aNHpaIolero HMnyJbca,
_HO M OT MOCTOSIHHOH BpeMeHH llend 3apsaa KoHmencatopa C.
ATuM noJIB3YIOTCS AJs H3MEHEHHs MacluTaba pa3BepTKu. B ca-
MOM Jlesie, €C/IH YMEHbUIHTb NOCTOSIHHYIO BPeMeHH LeNu 3apsiaa
konaencaropa C (310 gmesnaercss OGBIYHO 3a CUET yMEHbLICHHS
eMKOCTH KoHzaeHcatopa C), TO HanpsiKeHHe pa3BepTKH CKopee
CTaHeT PaBHLIM TaKOH BEJINYHHE, NPH KOTOPOH 3JIEKTPOHHBIN
Jyy NOCTHTHET Kpasi 3kpaHa. CJefoBaTesbHO, IJIUTEJbHOCTD
pasBepTKH YMEHBbIUUTCS, CKOPOCTh €e Bo3pacTeT, a Macwral
CTaHeT GoJsiee KPYMHBIM.

‘Tlpu usamenenun Maciwtaba pasBepTKH HeOGXOLHMO H3Me-
HATb U JJHTEJbHOCTb 3aNHUpalollero HMNyanca. 3a BpeMsi [,

b o = o - -

Puc. 12. 3asucHMOCTb MaKCH-

MaJIbHOTO HaNpsIKEeHHsl pa3BepTKU

UC maxo OT ANHTENBHOCTH 3aMH-
paioulero UMmy.Jnsca

(puc. 12) neficTBHS 3amupaloOLIEro UMMYJbCa Ha CETKY JaMIIbl
HanpsixkeHue pasBepTku Uc [0JKHO BO3pacTH TOYHO OO 3Ha-
yeHHs Uc yaro (Mpu Uc =Uc waxc JIy4 IHOCTHT@ET Kpas
3KpaHa 3JeKTPOHHO-JNy4yeBoit TpyOku). Ecam nocrosinHas Bpe-
MEHH lleny 3apsiia KowaeHcatopa C M pnautesibHOCTb fy 3amu-
paloliero UMIyJjbca He COrJacoOBaHbl, TO JIHHHUS Pa3BepTKU HIH
BbIHJET 3a Mpelenbl 2KpaHA 3JIEKTPOHHO-1yueBOl#l TPYGKH
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(npu ty ==t Ucuaxo>Uc uaxo), HIIH, HA0GOPOT, He LOKLET 1O Kpas
9KpaHa (HPH ts =t; U'cuaro <Uc Maxo):

HonyctuM, 4TO HanpsiKeHHe pa3BepTKH, [OJyyeHHOE B
cxeMe, U300paxKeHHOH Ha pHC. 7, NMOLAHO HA TOPH3OHTAJNBLHO
OTKJIOHSIIOLLHE TJIaCTHHBI 3J1eKTPOHHO-AyueBoil Tpyoku. Ha Bep-
THKaJIbHO OTKJOHAIOLINE NJIaCTHHbl TPYOKH MOMAAHM HECKOJIbKO
OJHMHAKOBBIX 110 JJIHTEJILHOCTH HMIYJIbCOB, CJAEAYIOUIMX OLHMH 3a
ApYyruM 4epe3 paBHble NpPOMEXYTKH BpeMeHH, Ha skpaue
TPYOKM 3TH HMMYJbChl PACMOJOXKATCA HEPABHOMEPHO H OYyAyT
HMETb Pa3HYI0 AJIHTEeJIbHOCTE.

Ilns o6bscHenus 3TOro sBNeHHst o6patuMcs K puc. 13, rae
NoKasaHa KpuBas HanpsixkeHus passeptku Uy, B yBesnuenHoMm
Macwrabe, M3 pucyHKa Xopollo BHAHO, YTO CHayaja Hanpsxe-

- 1
HHE pa3BepPTKH pacTeT GBICTPO, a 3ateM MemjeHHo (p= =< 1),
Vg
T. € CKOPOCTb B Hauaje M B KOHUE pa3BepTKH pas-
auuga, CiefoBaTesbHO, B PacCMaTpuBaeMOM cJydae [UKaaa

Y%

o t
Puc. 13. KpHBas HamnpsixkeHus pas- Puc. 14. Maobpaxenue M-
BEPTKH ny/JbcOB Ha 3KpaHe 3JekK-
TPOHHO-NyYeBoit TpyOKH npu
HeJIHHeilHol pa3BepTke

BpPEMEHH Ha 3KpaHe TOJyyaeTcs HepaBHOMepHOH. Bor mouemy
HMIYJbChl OXMHAKOBOH MJINTENBHOCTH, CJelylollne OdMH 3a APY-
I'HM Yepe3 paBHble NPOMEXKYTKH BpeMeHH, pacrnoJiaralorcsi Mo
1iKaje HepaBHOMEPHO: B HauaJje JIMHHH pa3BepTKH pPelko, B
KoHLe — GoJiee rycto. Kpome Toro, B Hauaje JHHHH Pa3BepTKH
HMNYJBbCH NOJY4YaloTcs Gojee IUMPOKUMH, 4YeM B  KOHLe
(puc. 14).

Hrak, npocrefilunii reHepatop HampfiXKeHHs pPa3BEPTKH
(cM. puc. 7) cosmaer HesMHEHHYIO (3KCMOHEHUHAJbHYIO) pas-
BepTKy. Takas passepTka o6aajaer cJaeAyIOIHMH HELOCTaT-
KaMH:
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— OTCYET NaJbHOCTH H3-32 HEPaBHOMEPHOCTH IIKaJbl MOJY-
4aeTcsl HEeTOYHBLIM; .

— TOYHOCTb OTCYETa HAJILHOCTH YMEHbIUAeTCs ¢ YBeJHye-
HHEM NaNbHOCTH LEJIH, ‘

[Tocnennuft HeNOCTaTOK OGDBSCHSETCH TEM, YTO HMMMYJBCHI,
OTPaxKeHHble OT JaJIbHHX leyiell, noJy4arorcsi B KOHLE JHHHH
pa3BepTKH, rae oHa HauboJjlee cxKara. ,

Henuneitnasa passepTka HeynoGHa M B TeX PaaMOJOKAIHOH-
HBIX CTaHIUAX, B KOTOPbIX OTCYET NAJIbHOCTH TNPOM3BOAHTCS HE
No 1iKaJe, a [pY MOMOIIK OTCYeTHOro YycrtpoiicrBa. Henunefr-
HOCTb Pa3BEPTKH Bbi3biBaeT HEOOXOAMMOCTb UCMOJIb30BAHUS He-
JIUHEHHbIX OTCYETHBIX YCTPOHCTB (TaK, Hanpumep, B OJHOM H3
THNOB CTAHUHUA OPYAUAHOH HABOAKH OTCYETHbIA MOTEHLHOMETP
HaMOTaH MO JIorapu(p)MHYECKOMY 3aKOHY); KOHCTPYKLHS KOTO-
PbiX O4YeHb CJOXKHas. ‘

Hecmorps Ha ykasaHHble cylllecTBeHHble HEIOCTaTKH, 3KC-
NOHeHUHaJIbHAsA pa3BepTKa NPHMEHAETCS B HEKOTOPLIX PagHONO-
KalMOHHbIX CTAHUHUAX, TAK KaK MOJYYHTb €e MpOoLe, YeM IPYrue
pasBepTKH.

BoJiee wnpokoe npuMeHeHne HALIH NPSIMble Pa3BEPTKH C
JMHEHHON ILKaJof BPeMCHH, WJIH JIHHeiiHble Pa3BepTKH. ¥ JH-
HEMHOW Da3BEPTKH CKOPOCTb ABHXKEHHS CJeNa 3JEeKTPOHHOrOo
Jlyya B Hayajie H B KOHIE JIHHHHM pa3BepTKH OAHHAKOBA, T. €.

_UK.\_I

= —=

Un

Ha puc. 15 nokasan rpaduk HanpskeHHs JuHeHHOH pa3-
BepTKH. Kak BHAHO M3 pHCYHKa, BO BPeMSsl NPSMOrO xofa pas-
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UL‘xaxc
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Sapad ‘-Paspad
Puc. 15. Tpaduk HanpskeHHs JuHeliHOA pa3BepTKHu

BEPTKH Hanpsi’KeHHe HAa TOPH30HTAJIbHO OTKJOHSAIOWHX TJIACTH-
Hax HapactaeT NpsiMO MNponopuroHanbHo BpeMenH. [lostomy
CAeA 3JIEKTPOHHOro Jiyya 6yleT nepeMellaTbCs BAOJAb JHHHH
pasBepTKH pPaBHOMEPHO, a 3HAYHMT, HMNYJbCb OJUHAKOBOH MJH-
TENIbHOCTH, CJedylollie ONHH 3a NPYrHM 4epe3 paBHble NpoMme-
XKYTKH BpeMeHH, OyAyT pacnonararbCs Ha JIMHHH. Pa3BepIKH Ha
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OIMHAKOBbLIX PaCCTOSIHUAX APYT OT Apyra ¥ HMeTb OJHY H Ty XKe
wupuHy (puc. 16).

HOas nonyyeHuss JuHeRHONW pa3BepTKH HeOGXOAHMMO, UTOOHI
BeJIMUMHA TOKa 3apsna KoHJeHcaTtopa Gblja noctosiHHod. Toraa
KOHIEHCATOp B paBHble MPOMEXYTKH BpeMeHH 6yleT nosyyath
paBHble KOJIHYECTBA 3JIEKTPUUECTBAa H HanpsiKeHHe Ha Hem G6y-
IeT BO3pacraTh o JuHefiHomy 3axony. s storo B uenb 3a-

Puc. 16. HM3o6paxenue um-
OYJbCOB Ha 3KpaHE SJeK-
TPOHHO-JIy4eBoil TPY6KH
npH JAHHeRHOH# pa3BepTke

psilla KOHAEHCATOpPa YacTo BKJIOYAIOT NOCJAEIOBATENbHO NEHTOL.
Pexum pa6otnl neHTOna BbLIGHPAIOT TAaKWM, UYTOGLI C POCTOM
HamnpsiXKeHUs1 Ha KOHJeHCcaTope TOK, NPOXOASALLHMH yepe3 NeHTON,
OCTaBaJICsl HEH3MEHHbIM,

1 K eeixody
| npuemMHuKa:

Puc, 17. Ynpouwennas cxema reHepatopa HanpsKeHHs
JAHHEAHOA pa3BepTKH

Ynpowlennas cxeMa resepaTopa HanpsuKeHus JIHHEHHOH
24



pasBepTKu u3o6paxeHa Ha puc. 17. Ecau cpaBHuTH ee co cxe-
Moil puc. 7, TO BHAHO, YTO B Hell BMeCTO CONpPOTHBJEHHS R,
BKJoueH nenron JI;. Koraa mamna JI; oTnepTa, mouTH Bce Ha-
NpsiKeHHe HCTOYHHKA aHOAHOro nutanus E, magaer Ha neH-
tone JIi. [Ipn 3TOM TOK, MPOXOAAUIKNA Yepe3 IEHTOH, HMeeT
MaKCHMaJ/IbHYI0 BeJNHUHHY [aaxe (pHC. 18), a HanpskeHHe Ha
KoHzeHcaTope C MpakTHYECKH PABHO HYJIIO.

Korna orpunaresbHblii MMNyJbC MOCTYNaeT Ha YmpasJsio-
ylo ceTKy Jamnbl Jlp, 5Ta JlamMna 3anupaercss H HauMHAETCS
mpouecc sapsina KoHpencatopa C, noapoGHO ONMHCAHHBIA NpH
fpaccMoTpeHuu cxeMbl puc. 7. Ho Tenmepb 3apsijy MpOHCXOAUT He
rlepe3 CONpOTHBJeHHe, a 4Yepe3 mneHtox J/i. K koHny 3apsna
goHnencaropa C uepe3 neuton J/1 Gyaer NpOXOAUTb MHHHMaJlb-
HEIM TOK Iywe (cM. puc. 18).

Kak punHo u3 puc. 18,

IM&KO X Ilﬂ'lﬂr

‘T, e. B Tpollecce 3apsiia KoHpeHcatopa C TOK 3apsa oCTaeTcs
TPAKTHYECKH MOCTOSIHHBIM !, a CJIef10BAaTeJIbHO, HANPSKEHHe pas-
BePTKH GyAeT M3MEHSTLCS NO JHHEeHHOMY 3aKOHY.

iq

Lyeaxce
¢ L pun

0 %

‘——muazfa-——wﬁ_

Puc. 18, Anxoanas  XapaKTepHCTHKA
nexToaa

Jlune#iHyl0 pa3BepTKy MOXKHO MOJYYHTb H 6ojiee NMpPOCTHIM
cnoco6oM. ns 3TOro HyKHO BhIOpaTh B KauecTBe pa6oyero
TOJILKO HayaJbHBIH yyacTtoK 3kcmoHeHTHl (puc. 19). Ha stom
yuacTKe SKCHOHEHTa NOYTH COBMAfaeT ¢ NMpPSAMOj JIMHHEH, T. €.
HanpsiXKeHHe Pa3BepTKH H3MeHsieTcsi Mo JHHEHHOMY 3aKOHy.

1 Tok 3apsina KoHieHcaTopa C sBJASETCA aHOAHHIM TOKOM [eHTO.A.
Kak wu3BecTHO, TOK MeHTONa MNpH CPABHUTENbHO GOJBbUIMX H3MEHEHHsX
aHOIHOr0 HanpsiKeHUs COXpPaHseT MOUTH MOCTOsHHOe 3HayeHHe (FOPH3OH-
TaJbHEIl YYaCTOK aHOJAHOM XapaKTepUCTHKH Ha puc, 18).
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B panuoyioKalMOHHLIX CTAHIMSAX Takofl MeTOX MOJydYeHHs JH-
HeHHOM pa3BepTKH NMpHMEHAETCS! PeNKO, TaK Kak B CXeMme rene-
paTtopa pasBepTKH MJIOXO HCNOAb3yeTCsl MCTOYHHK MHTaHUA
(MakcHMasbHoe HanpsikeHHe pasBepTKU Up.uaxe 3HAUHTEJIBHO
MeHble £,).

CyuecTByioT ¥ Apyrue crnocoGbl MOJNYUEHHs] HamnpsiKeHHs,
H3MeHsIIollerocs no JIMHeHHOMY 3aKOHy (MCNoJib30BaHHe OTPH-
HarteabHOR o6paTHOH CBfA3H NMpH 3apsifie KOHAEHCATopa, HCToJb-
80BaHHe KOMIMEHCHPOBAHHOH OGpaTHOil CBfI3W M T. A4.), HO HX
PacCMOTpPeHHEe BhIXOAMT 33 paMKM JaHHOH GpollIopbl.
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Puc. 19. Hcnonb3oBanne wawanbHoro ydacTka
SKCMOHEHTH B KauecTse palouero y4yacTka B
reliepatope Hanpsa)KeHHs pa3BepTKH

Ha puc. 20 mas cpaBHeHHs NpHBeNeHbl H300paXKEHHST M-
NyJbCOB Ha 5KpaHaX WHAMKATOPOB C HeJMHeHRHOH M JiMHeHHOH
paseepTkamu. [1pn HenuHeliHOK pa3BepTKe NMpsiMOil UMNYJbC H
HMINYJbChbl, OTpaX<€HHble OT MECTHbIX MpeAMEeTOB, 3aHUMaIOT
noutu 33 Bcell JIUHHM DPa3BepTKH; HMMYJIbCbl, OTpaX<€HHbie OT
neseif, C2KaThl B KOHLle Pa3BepTKH. ’

IMpamas pa3BepTka npuMeHsieTCsl yalle BCEro B HHAHKATO-
pax JAajdbHOCTH paaHOJIOKAIMOHHBIX CTaHUHI OGHapyXeHHS.
Hcnonb3oBath ee B MHHANKATOPaX yriOBbIX KOOPAHHAT HEYNOGHO
H3-3a CJIOXKHOCTH CP@BHEHMSl MMNYJILCOB NPH Pa3JIMYHbIX MOJO-
KEHHAX aHTEHHbI,

B uHanKaTOpax ¢ NpsiMOil Pa3BepPTKOH NOCTaTOYHO MPOCTO
H3MeHATb MacliTab pa3sepTkH. IIpu Gosee KpynHoM Maciutabe
TOYHOCTb OTCHETa Na/ibHOCTH IlleJid BO3pacIaer, HO 3aTO CTaHO-
BHTCSl HEBO3MOXKHBIM ONHOBpeMellHOe HalJsiofeHHe 3a UeJsaMH,
HaxoAAIUUMHCS Ha 3HAUYUTEJbHOM PAcCTOSIHMM OAHA OT APYyroi.
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Puc. 20. V3o6paxenns HMIyJbCOB HAa SKPaHAX HHIIKAaTOPOB
npu HeauHeiiHO#l (@) u auueliHolt (6) pasBepTkax:

1 — npsMOR HMNYJBC H HMNYJAbCH, OTPaieHHble OT MeCTHbIX npeaMeTos; 2, 3, 4, §,
6 — HMNyJLCH, OTPakeHHble OT ueJeft

DTOT HENOCTAaTOK He WMeeT GOJIbLIOrO 3HaueHHs B CTAHUMSAX
06GHapYKeHHUsA, B KOTOPbIX 00513aTeJbHO eCTb HHAHKATOp KPyro-
Boro 063opa, No3BOJIAIOUIHA BHAETb BCE LE/IH B 30HE NEHCTBHS
craHunu. JIag craHuunil o6HapyeHust He HMeeT 3HaYeHHS H BTO-
POl HemOCTAaTOK MHAMKATOPOB ¢ MpPSAMONl pa3BepTKOH — HU3Kas
TOUHOCTb OTCYETa [aJIbHOCTH Liesiedl, HaXOAALIUXcs Ha GOJbIHX
pacctosiHusax. Bor noueMy HHAMKaTOpH ¢ npsMoi pa3BepTKO#
HallJIH LIHPOKOE NpHMeHeHHe B CTaHLUUAX OGHapy:KeHus.
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KOJIbILEBASl PA3BEPTKA

Konbuepoit pasBeptko#t (passeprkoii THna J) HasbiBaeTcs
Takasi pa3sBepTKa, NpH KOTOPOH cJjie[ JCKTPOHHOrO Jyda mnepe-
MellaeTcsl Ha 9KpaHe TPYOKH N0 OKPYXKHOCTH. Tak Kak CKOPOCTb
ABHKEHHs CJlefla 3JEeKTPOHHOrO Jiyya [0 3XpaHy MpPH KOJblleBO#
pasBepTKe paBHOMEpHA, TO 3TOT THN pPa3BepPTKH OTHOCHTCH K JIH-
HelHbIM pa3BepTKaM.

Ha puc. 21 mnokasan sKpaH 3JIeKTPOHHO-JIy4eBOH TPYOKH
C KOJIbLIEBOH pa3BepTKo#. M3 pHCyHKa XOpOLIO BHIHO OCHOB-

0

S
9

Puc. 21. DKkpaH s/eKTpOHHO-JyueBOfl
TPYOKH C KOJbLEBON passepTKON

HOe TPEHMYILECTBO KOJbLUEBOH pa3BepTKH: MPH TOM XKe [AHa-
MeTpe dKpaHa TPYOKH AJIMHA KOJbLEBOH pa3BepTKH B ABa —
Tpu pasa GoJblie NJIHHBI NPAMOH pa3BepTKH. ITO MO3BOJISIET
Ha6JIOAaTh HMIYJIbCHl, OTPAXKEeHHble OT LeJleil, B 6oJiee KpymHOM
Macwmitabe WM YBEJNHYUTb TpeJesibHbIH  OTCYeT JaJbHOCTH.
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KpynHbii MacmTa6 u JHHEAHOCTb DPa3BCPTKH [MOBLILIAIOT TOY-
HOCTb H3MepeHUs] KOOpPAMHAT LeJH.

Kpome ykasaHnHOro, KosblleBasi pasBepTKa HMeeT cClelyio-
llHe TNPEeHMYILEeCTBa:

— cJie[l SMEKTPOHHOrO Jiyya MNepeMeliaeTcs Mo OKPYKHOCTH
BCE BpeMsi B OJHOM H TOM XKe HampaBJIeHHH, T. €. Y KOJIblLeBOH
pa3BepTKH HeT O0OpPaTHOrO XOAa;

— JIHHeMHOCTh pa3BepTKH JocTHraercs 6e3 INpHMEHeHHS
CrelHaNbHbIX CXeM.

OTtcyTcTBHe OGpPaTHOrO X04a pa3BepTKH YNPOILAET SKCIJya-
Tauuio HHAKMKaTopa. Bo-nepBhixX, HeT HEOOXOAUMOCTH MOJABJATh
o6paTHbIH X0 pa3BepTKH (BO BCexX OCTAJbHbIX THIAX pa3BepTOK
Oo6paTHbI# XOH HYXHO MOAABJATH !, HanpuMep, nojaBsas Ha
ynpaBJsIOWIUN 3JIeKTpoa TPYOKH OTPHIATENbHBbIE HMMYJbC Ha-
NpsiKeHUsT BO BpeMs 0GpaTHOrO XORa 3JIEKTPOHHOro Jyda). Bo-
BTOPBIX, 3HAUHTEJIbHO YIPOILAaeTcss CHHXpOHHAsl nepefaiya naH-
HBIX, TaK KaK [epejlaeTcs BpallaTeJbHOe [BHXKEeHHe BHIHUPA HJIH
HanpsKeHHe, NPONOPUHOHAJIbHOE YIJy noBopora Busupa. [lepe-
LaBaTb Xe BpaulaTe/]bHOe ABHKEHHE MpOLle, YeM, HaIpHMep,
NoCTynaTesibHOe.

Uro6hl MONYYHTh KOJIBLEBYIO Pas3BepTKy, Ha TOPU3OHTAJIBLHO
OTKJIOHSIIOLINE MJIACTHHBI TPYOKM HYXKHO MOLATh CHHYCOWIAJb-
Hoe HanpsxkeHue U;, a Ha BepTHKaJbHO OTKJIOHSIIOUIHE [Ja-
CTHHBl — CHHYycoOMAanbHOe HanpsukeHue U, Mexnay sTumu Ha-
TNpSKEHUAMH NOJIKeH GbiThb caBur ¢a3 Ha 90° (Y/s nmepuoma).
I'paduxu nanpsixenust Up u U, mnpencraBieHbl Ha pHC. 22,
Ecin aMnuuTyabl STHX HanpsiKeHHH OIMHAKOBBI, TO pasBepTKa
Ha 3KpaHe HMeeT (OPMY TOUHOH OKPYKHOCTH 2.

PaccmorpuM, kak nop aeiictBueM Hanpskenudt U, u U,
noJyvaercst KoJblleBasi pasBepTka (puc. 23).

Korna nampsikenue U, MakcumaabHO (TouKa 0 Ha KpH-
Boii U,), Hanpsikenne U, paBHO Hy/ai0 (touka 0 Ha KpH-
‘Boit Uy). DJIeKTPOHHBI JIyd B 3TOM CJiyyae OTKJIOHSETCH

1 Ecnn o6paTHHIfi X0 pasBepTKH He MOAaBHTb, TO H306pa)keHHe Ha
9KpaHe TPY6KH OyaeT HCKaKeHO M OTCUeT KOOPAMHAT UeJH OKaMKercs
HETOYHBIM.

2 9To cnpaBeMJHBO B TOM CJlydyae, eCHH OTK/OHSIOUIHE MJIACTHHbI
TpyOGKH pacrnojoxefill Ha ONMHAKOBOM pacCTOSIHHM OT 9KpaHa, T. €. 4YyB-
CTBHTEJIbHOCTh TPYOKH ONHHAKOBA MO BEPTHKAJbHOMY H TOPH30HTAJbHOMY
oTKJMoHeHuo. Ecau XKe, HanpuMmep, ropH30HTAJbHO OTKJOHSIOUIME MJa-
‘CTHHBl PacrnosioxKeHol OJHXe K SKpaHy, YeM BepPTHKAJbHO OTKJOHSIOUIKE
(cM. puc. 1), TO YYBCTBUTENBHOCTb TPYGKU IO TFOPU3OHTANBLHOMY OTKJIOHE-
HHI0 GyoeT MeHblLie, 4eM N0 BepTHKa/JbHOMY. UToObl B 3TOM cJydae pas-
BepTKa MMesa ¢GOpMYy OKPYKHOCTH, HanpsikeHne Ur HOMKHO OBITH He-
CKOJMIbKO GoJiblie HanpsiKeHuss Us.
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Prc. 22, Tpaduxn wuanpsxennf, o6pa-
3YIOUWIAX KOJbLEBYIO Pa3pepTKy

Puc. 23. Ipunuun 06pa3oBaHAA KOMbe
ueBofl pa3sepTKH
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TOJIBKO MO BePTHKAJIH H ero cJell HaXoouTcs B Touke 0 sKpaHa
9JIEKTPOHHO-J1y4eBOH TPYyOKH.

Korna nanpsikenne U, paBHO Hymalo (Touka 2 Ha KpH-
Boit U,), Hampaxenne U, Makcuma/ibHO (TOuYKa 2 Ha KpH-
poit U,). Tlpp 3TOM MNpPOHCXOAUT TOJIBKO rOPH3OHTAJ/bHOE
OTK/IOHEHHEe 3JIEKTPOHHOTO Jiyya M ero Cliefl HaXOAUTCH B TOuKe 2
3KpaHa TpyOKH.

Ecnu 6b1 B nmpomexxyrtouHoit Touke / (cM. kpuylo U,) Ha
SJIEKTPOHHLIN Jyd AeHCTBOBaJO TOJIbKO HampsixkeHue U, TO
CJeA Jyya OKasaJicst Gbl B TOUKe @ 9KpaHa TpyOku. Ho B Touke
I na 3/1eKTpOHHBIN Jiyy geficTByeT Takxke M HanpsikeHue Ur
(cm. kpuByto U;). Ilon mefictBueM 3TOro HanpsixeHHs CJex
3JIeKTPOHHOTO Jlyya CMelllaeTcsl Ha BeJHYHHY al u oKasbiBaeTcs
B TOuKe /| 3KpaHa TpPYGKH.

PaccmaTtpusas nociefoBaTesibHO BO3XeHCTBHE Ha 3JIEKTPOH-
Hbifl ayu Hanpsikenu#t U, v U, B Toukax 3,4,95,6,7 u 8,
MOXHO y6elHTbCs, YTO CJief SJEKTPOHHOTrO Jyya OMHUCHIBAeT Ha
sKpaHe TpYOKH OKPYXXHOCTb — KOJIbILEBYIO pa3BepTky. Uewm
fosiblie amMnautyaa HanpsxeHuii Up v Uy, Tem GoJblile gua-
MeTp pasBepTKH.

M3 onucaHus npuHUHNA TNOJNyueHHs KOJBLEBOH pa3BepTKU
BHIHO, 4YTO 4YeM OoJibllie BpeMs 3anasfibiBaHUs OTPaKeH-
HOTO UMMyJ/bca, TeM OoJblle (pa3a CHHYCOMAAJNBHOrO Hanpsxe-
HHs1 Pa3BepPTKH, T. €, 3TH BEJHYHHbI MPONOPLHOHAJNBHLL. Takum
o6pa3oM, H3MepeHHe AaJIbHOCTH LieJ CBONMTCH K H3MEpEHHIO
a3l HanpsxkeHuss pa3sepTkH. CjenoBaTesbHO, TOMHOCTh
OTCUeTa B 3HAUHTEJbHOH CTENeHH 3aBUCHT OT CTAGHJbHOCTH Ya-
crorbl Hanpsixeuuit Urp U U,. B TOUHBIX HHOMKATOpax CTaH-
UHH# OpyAMHHON HaBOAKH BBICOKas CTaOHJIbHOCTb YaCTOThl ITHX
Hanpsi>keHHH OOBLIYHO JAOCTHUrAeTCsl NpUMEHEHHEM KBaplieBbiX
reHepaTopoB, KOTOpble HE TOJIbKO BbipabaTbiBalOT HanpsixKeHHe
pasBepTKH, HO H COrJIacoOBBLIBAIOT paGoTy Bcex GJIOKOB panHo-
JIOKALLHOHHOH CTaHUUHU.

[Mpocreiinas cxema paJs NOJyYeHHss KOJbLEBOH pasBepTKH
NoKa3aHa Ha puc. 24.

Conpotusienue R u KongeHcatop C oGpasyloT ¢a3ociBu-
rajoulyio uenb. Ha a1y uens nonpaercs cuHycoumasibHoe Haupsi-
xkeHne Uy.. OT kBapueBoro reHeparopa. Tak Kak uacroTa Ko-
JebaHui# KBapLEBOro TreHepaTopa HMeeT BBICOKYIO CTaGHJb-
HOCTb, TO KaX[0€ KOJIbIIO Pa3B&PTKH HMEET CTPOro MOCTOSIHHYIO
LJUTEJIbHOCTD.

M3 3neKTpOTeXHHKH HM3BECTHO, YTO HAMPsKEHHe Ha KOH-
JleHcaTope OTCTaeT OT HamnpsiKeHus Ha COnpoTuBjieHHH Ha 90°,
ChenopatenbHo, Hanpsixkenus Up 4 U, GyayT CABHHYTH 1O
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¢ase oxHo orHocuTesbHO Apyroro Ha 90°. Ecau smn Hanpsike-
HUS NOJaTh Ha FOPH3OHTAJbHO H BEPTHKAJbHO OTKJOHAIOLINE
MJIaCTHHBI 3JIEKTPOHHO-Jy4eBON TPYOKH, TO Ha ee sKpaHe Noay-
YATCA KOJIblleBasl pa3BepTKa.

OGbIYHO KOHCTPYKIHS JEKTPOHHO-1yueBOH TpyGKH C KOJb-
1eBOH pasBepTKON OTJIMYaeTCs OT KOHCTPYKUMH TPYOKH, mpHMe-
HsAeMOH npy npsiMoll pasBepTke. BMecTo BepTHKaJbBHO H TOPH-

f

R Ur

§1i -
CT ‘s |

Puc. 24. Tpocrefinas cxema mis moay-
YeHHS KOJIbLIEBOH pPa3BepTKH

:

5

5

30HTAJILHO OTKJOHSIOMIMX IJIaCTHH B TPyOKe HaXoasiTca [Be
napel B3aHMHO-IEPHNEHIUKYAAPHBIX IUIACTHH, Ha KOTOpble MO-
IaloTcsl cABHHYTHIe Mo (ase Ha 90° CHHycOHIAJbHbIE HaMpsXKe-
Hus. B neHTpe skpaHa TPyOGKH NOMeLIEH AONOJHHTENbHBIH 3J1eK-
TpoA (puc. 25). Ha Hero momarotcsi ¢ BbIXxoga HMpHEMHHKAa HM-

Jonoanumenswsid
anexmpod K npuemnuxy

Puc. 25. Hcnonb3oBanue 37eKTPOHHO-1yueBoH Tpy6KH
C JONOJIHHTEJNbLHBIM  3JIEKTPOAOM MPH  KOJbLEBOH
pasBepTKe

NyJabChbl, oTpaXkeHHsle OT uesell. TlonspHOCTE 3THX HMMYJBLCOB
B GOJAIIHHCTBE PaJMOJIOKAlHOHHBIX CTaHUME OTpuHllaTeNbHad,
[I03TOMY 3JIEKTPOHHBIHA JIy4 OTKJIOHSeTCs MO paauycy OT LeHTpa
skpana. Mso6paxeHue OTpaKeHHBIX HMIYJbCOB Ha 9KpaHe
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Ipu KOJIbLIEBOH pa3BepTKe MoJyyaercss TaKHM, KaK M0KasaHo Ha
puc. 21. JlaabHOCTh Lesnd onpejessieTcss no IJuHe AYru OT Ha-
yajia JUHUK pa3BepTKH (TaM, rie Ha passepTKe MOJy4yaeTcs H30-
Gpa)keHHe MPSIMOro HMMIyJbca) AO H300paXkeHHs HMIyJIbCa,
OTPa’XEHHOTO OT 3TOH WeJH.

Hepocratku KosblleBO#i pa3BepTKH CjelyIOlIHE:

— YCloXHeHHe TPYOKH (Hanuuue LeHTPAJbHOro 3JieK-
Tpona) H3-3a HEOGXONHUMOCTH MOJYYUTb pajaHajbHble <«BbI-
6pocbl» pasBepTKH moj AEHCTBHEM OTPaXK€HHbIX HMIIYJIbCOB;

— MeHee YHOGHBII OTCUET JAJbHOCTH ILeJH, 4eM B TPyOKe
C npsMoi pa3BepTKOH;

— HH3Kasl YyBCTBUTEJIBHOCTb,

DJIeKTPOHHO-JIyueBbie TPYOKH C KOJBLEBOH pa3BepTKOii
B OCHOBHOM MDHUMEHSIIOTCH B CTAHUHUAX OPYAHUHHOH HaBOIKH,
TaK KaK UMEHHO B 3THX CTaHUHSX TpeOyeTcs COYeTaTh BLICOKYIO
TOYHOCTb OTCYeTa C JOCTAaTOYHOH [aJbHOCTBIO HefCTBHS.
Kpome Toro, Kax yxe ykasblBajoCh Bbllile, IIDHMEHEHHE KOJb-
LIeBOH DAas3BepTKH YNpPOLIAaeT CHHXPOHHYIO MNepefauy IaHHBIX,
LIMPOKO HCIOJb3yeMYIO B CTAHLHAX OPYAUHHOH HABOJAKH.



CNUPAJIbHAS PA3BEPTKA

CnupanbHofl pa3BepTKOll Ha3biBaercsl Takas pa3BepTka, MpH
KOTOpO# cJjiel, 3JIeKTPOHHOro Jyua nepeMmelllaeTcl Ha 3KpaHe
TpyOkd mo cnupanu (puc. 26).

Puc. 26. dkpaH 3/M1eKTPOHHO-AyUe-
BOf TpPYGKH CO CNHpaJbHOR pas-
BEpTKOM

Cnupasbhast pasBepTKa MO CYTH fefa fIBJIfeTCH DPa3HOBHI-
HOCTbIO KoJibleBOfi pa3BepTkH. Ecjn pajguyc KoJibueBoH pas-
BepTKH GYAeT B TeyeHHe OJHOTO ee 006OpOoTa H3MEHATHCA OT
Fyaxe HO  Iyym, TO Ha 3KpaHe MOJYYHTCA CNHpaJbHas pas-
BepTka, IIpu TOM ke Auamerpe 3KpaHa 3JEKTPOHHO-Jy4yeBOH
TpyOKH cnupaJibHasl pa3sepTka noJayvyaercs AJHHHee KOJbLEeBOH:

lon= nﬂDop >y,

rae lep — MJMHA CNUPAJbHON Pa3BepTKH;
7 — gyucJ0 060pOTOB CNUPAJIbHOH pa3BepTKH HA 9KpaHe,;
Doy — cpennuii nuaMeTp 9KpaHa  3J€KTPOHHO-JyYyeBOH
TpyOKH,
lx — nnuHa KOMbLEBON pasBEpPTKH.
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Ins noayyeHusi cnupajibHON pa3BepTKH Ha OTKJIOHSIOUIME
NIacTHHB TPYOKM HYXKHO MOAATb JBa CHHYCOHAAJbHBIX Hanps-
XeHHs1, CABHHYTBIX No dase Ha 90°, HO aMNJNTYAbl STHX Hanps-
XKeHHH (B OT/IHYHE OT aMIIMTYA MpPH KOJiblleBOHl pasBepTke)
nomxHbl 3atyxath (puc. 27). Tak kak Hanpsikenus Up u Uy

U

0 /\v
\

N o~

0 —

Puc. 27. Tpadure Hanpskenud, oGpa-
SYIOIIHX CNHPaJbHYI0 pa3BepTKy

cnBuHyTH mo ¢ase Ha 90° TO ciem 3JEKTPOHHOro Jyua Gymer
BPALIAThCA MO OKPYXHOCTH (CM. OMHCaHHe MOJYYeHHS KOJb-
neBofi passepTku). Pamuyc okpyXHoctH 6yner Bce BpeMs
yMeHbIIATbCS, TaK KakK aMmIuTyasl HanpsokeHull Uy u U, 3a-
TyxaloT, B pesysbTaTe Ha 3KpaHe NMOJYYUTCA COHpaJibHAs pas-
BepTKa.

‘CnupanbHasi pasBepTka NMPHMeHseTCA pelKo (B HEKOTOPHIX
THOA MOPCKHX W aBHALMOHHBIX PaJHOJOKALHOHHBIX CTaHLHKI,
rie HyXKHO MOJYYHTb BBICOKYIO TOYHOCTb OTCUeTa), TaK Kak
cxeMa 1Jis ee MOJIy4eHHs AOBOJIBHO clloxHa. Kpome Toro, npu
CrHpasbHOM pa3BepTKe OTCUHTHIBATH PACCTOSHHS MeHee yAOGHO,
yeM, HanpuMmep, NPH KOJIbLEBOH,

CnupasnbHas pa3BepTKa B MHIMKATOpaX HCMOJBb3YeTCsl, Kak
NPaBUJIO, B COYETAHHH CO CMHPAJbHOH pa3BepTKOA AHarpaMMbl
HanpaBJIeHHOCTH aHTEHHbl CTAHLHH,



PAJHAJIBHO-KPYITOBASl PA3BEPTKA

PaguanbHo-Kpyrosoit pa3BepTKo#t (MM pa3BepTKOH Kpyro-
BOro 0630pa) HasbIBaeTCs TaKasi pa3BepTKa, MpH KOTOPOH ciel
5JIEKTPOHHOrO Jyya nepeMellaeTcsi OT LeHTpa 3KpaHa K €ro
Kpalo Mo pajuycy H, KpoOMe TOrO, JIHHHS Pa3sBepTKH BpalllaeTcs
BOKPYr LeHTpa 9KpaHa CHHXPOHHO ¢ BpallleHHeM aHTEHHbI IO
asuMyTy. DTy pasBepTKy HHOTZA HAasblBAIOT DPAa3BEPTKOH
tuna P uin nadopamHo#t pasBepTkoil. [ljs nosayyeHus pa-
J1aJIbHO-KPYTOBOH Da3BePTKH HCIOJb3YIOTCS 3JIEKTPOHHO-Jyue-
Bble TPYGKH C MarHUTHBIM YNpaBJleHHEM.

ATOT THUN pa3BepTKH MOJYYHJ LIKPOKOE paclpocTpaHeHHe
B Ha3eMHBIX, CAMOJIETHLIX U KOpabesbHbIX PagHOJOKalMOHHbIX
CTaHUUAX B TAaK Ha3bIBaeMbIX HHAMKATOpPax KPyroeoro 0630pa
(oTcloma ® HasBaHHe pa3BepTKH — pa3BepTKa  KPYrosoro
o63opa). :

PanuanbHo-KpyroBass passepTka [MO3BOJISIET IOJYYHTb Ha
9KpaHe u3o0paxkeHHe GOeBOH OOCTAHOBKM B 30He JelicTBHSA
CTAaHLUMH H HeNpepbiBHO HAOG/I0OAaTh 3a KCEeMH H3MeHEHHSMH
9TOH O6CTaHOBKH (IPH YCJIOBUH HCIOJIb30BAHUS 3JIEKTPOHHO-
JyueBO#l TPyOKH ¢ mocJjieCBeueHHEeM ).

K HemocTaTkaM panuanbHO-KPYTrOBOH pa3BepTKH OTHOCHTCS
HEBO3MOXKHOCTb coueTaTh GOJIbIIOH paauyc o63opa H KpYIHbIH
Macimtab pa3BepTKH.

UTOGEI MOJTYYUTh OTKJIOHEHHE 3JIEKTPOHHOIO Jlyda OT LIeHTpa
K Kpaio 9KpaHa TPyOKH (palHajibHOE OTKJIOHEHHe), KOCTaTOYHO
HMeTb JiBe OTKJIOHSIOIHE KaTYIIKU M MHUTaTh HX TOKOM MHJI006-
pasHofl ¢dopMbl nocTosiHHO# mosspHocTH (pHc. 28). OGe xa-
Tymwky (L, n L) momelnaiorcs Ha CTajlbHOM CepAeYHHKe, OXBa-
ThiBalOLlleM TOpJIOBHHY TPyOKHu (pHC. 29), M COeNHHAIOTCH Tak,
YTO HX MarHUTHble NOTOKH HampaBJeHbl HaBCTPeuy APYr APYry.
ITosTOMy pe3ynbTHDPYIOLMA MarHUTHLIN NMOTOK 3aMblKaeTcs ye-
pes ropJioBuHy TpyOKH Tak, KaK MOKasaHO Ha puc. 29,
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DNIeKTPOHHBIN J1yy, NPOXOAsi MarHUTHOE MoJie Karyuek L, u
Lz, OTK/IOHSIeTCS aHAJOrHYHO OTKJIOHEHWIO NPOBOAHHKA C TOKOM
B MarHutHoMm nose. HanpapijieHue OTKJOHEHHS 3JIEKTPOHHOTO
Jiyya (XaK H HampaBJleHHE OTKJIOHEHHS NPOBOAHHMKA C TOKOM)

7

} t

S————
Npamoi xod ~~06pamuuil x0d
paseepmxu paseepmxu

Puc. 28. T'paduk Toka mun006pasHofi dopMul

onpefieNeTCsl MO NpaBHJIy JeBolt pyku. Ilnst mpoBogHuka ¢ To-
KOM 3TO NPAaBHJIO TVIACHT::€C/H NMOMECTHTb JIEBYIO PYKy B Mar-
HHTHOE roJie TaK, YTOObl MarHUTHbE CHUJIOBblE JIMHHM BXOJHJIH
B JIaJlOHb, a BBITSIHYTble MaJiblibl I[0Ka3biBaJH HanpaBjieHHe
TOKa B NPOBOJAHHKE, TO OTOTHYTHIH GOJbLIOH Majiell MNOKaXeT

P-——I LA' _ ‘r+
— loprosura
./;'_%( - mpyOxu
—
L\\'/ \\L’epaevuux
T ]
Y -

Puc, 29, OrknoHeHHe sneKTPOHHOTO Jayya
B MAarHMTHOM ToJie

HampaBJeHHe JBH)KeHHs NPOBOAHHKA. IIpuMeHUB 35TO mpaBMJIO
K 3JIeKTPOHHOMY Jiydy (OpH 3TOM HYXHO yuecTb, YTO 3a Ha-
NnpaBJieHne TOKa MPUHMMAETCs HampaBieHHe, oGpaTHOe Hampas-
JICHHIO JBHKEHHs 3JIEKTPOHOB), MOXKHO yGeAHTbCS B TOM, YTO
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B paccMaTpHBaeMOM cJyyae OH mepeMeCTHTCS BBepX (mo JiH-
Hun Oa). CnenoBaTesbHO, C/leA JEKTPOHHOro Jydya Ha IKpaHe
TPYOKH TaKxXKe CMECTHTCA BBEDX.

Tak kak Katywku L, u L, nuTaloTCs TOKOM MHJI006pasHOM
(OpMbl, MpHUEM MOJIAPHOCTb €ro He M3MeHseTcs (cM. puc. 28),
TO CJIei 3JIEKTPOHHOro Jyya OyAeT MelJsleHHO MepeMelllaThCs OT
LeHTpa K Kpalo 3KpaHa (npsAMOi XOA Pa3BepPTKH) M GLICTPO —
0o6paTHO OT Kpasi K UeHTpy (0GpaTHblil X0 pa3BepTKH).

Yto6bl pa3sepTka Gblia JiHHEAHOH, HEOOXOAHMO OTKJIOHAIO-
IIMe KaTyWKH NUTaTh TOKOM, KOTOpPHIH Bo3pacTal Obl B pas-
Hble MPOMEXYTKM BPEMEHH Ha OAHY H Ty e BeJHUHHY, T. €.
HU3MeHsiic Obl MO JIMHEHHOMY 3aKOHY.

IMokaxeM, 4TO AJIg NOJyUYeHHS NMUJIOO0GPA3HOrO JIMHEHHO H3-
MEHSIOUIErocsl TOKa B OTKJIOHSIOIIHX KaTyLIKax K HX 3a)KUMaM
Heo6X0JAHMO MOJABECTH HanpsKeHUe TPanelouAasbHOH GOpMBIL.

Ecau 6bl OTKJOHSIOIIKHE KATYWKH OOJanajid TOJNbKO aKTHUB-
HbIM CONMpOTHBJIEHHOM R, TO npu nonaye Ha MX 3aXKHMbl Hanps-
XeHHs nuaoobpasuoit popmbl Up TOK Iy, npoxoasuinii uepes
KaTyLUKH, TaKXe uMes 6bl nujioobpasHyto ¢opmy (puc. 30).
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Puc. 30. 3aBucumocts Mexay Puc. 31. 3aBucHMocTh MeXXAy Hamps-
HampsXKeHHeM H TOKOM DPH  JKeHHeM H TOKOM B UeMH, o6aazawouled
8KTHBHOM COMDOTHB/NEHHH LeNH  TOJbKO HHAYKTHBHBIM COMPOTHB/EHHEM

HonyctuM Tenepb, YTO OTKJIOHSIOUIKE KaTYIIKH 00JanaioT
TOJILKO MHIAYKTHBHOCTBIO L. UTO6BI B 9TOM Cjydae Mo HHM Mpo-
TeKaJ nuaoo6pasHblii TOK [y, K 3aXKHMaM KaTylleK HYXHO NpH-
JIOXKUTb Hanpshkenwe npsMoyroabHoii dopmbl Uy  (puc. 31).

JleficTBHTE/IbHO, H3 3JIEKTPOTEXHHKH M3BECTHO, 4YTO MNpH MOA-
KJIIOUEHHHM HaNpsiKeHHs K 33XHMaMm KaTyWKH HHAYKTHBHOCTH
TOK B Hell He MOXeT MTHOBEHHO BO3DaCTH H3-3a INOsABJEHHA
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MPOTHBOBJIEKTPOLABUKYILEH CHJbl camMouHAykuuH. Ilostomy
B MPOMeXYTKe BpeMeHH lifz (LJIHTENbHOCTb MPAMOYrOJBLHOIO
HMIynbca) TOK [x B OTKJOHSIOIUMX KaTyllKax MelJIeHHO Ha-
pactaer mno siuHefiHOMy 3aKoHy. Ha yuactke fofs K KaTyllke
NPHJIOXKEH OTPULATEIbHbIH HMMYJbC HanpsikeHus. AMNIKTYAA
3TOro HMMyJ/bca GoJjiblie, 4eM aMMJUTyAa UMIYJbca Ha y4yacTke
l)t3, MO3TOMY Cnaj TOKA [ MPOMCXOAMT GbicTpo. B pesynbrate
yepes KaTylIKy NPOXOAUT TOK MujI006pa3Hoil (opMmbl.

Ho otk/oHnsiomye KaTywky 06/afaloT OAHOBPEMEHHO HH-
AYKTHBHOCTbIO M aKTHBHbIM compoTuBieHHeM. ClieloBaTelbHO,
yTOGbl TOK B 3THX KaTyllKax UMeJ muaooGpasHyio (opMy, Ha-
npsiXKeHHWe Ha HX 3aXKUMaX NOJIKHO OblTb PaBHO CyMMe Hanps-
XeHu#l munoo6pasHoit u npsmoyronbHolt opmbl  (Up—+UL).
Ecau K 3akuMam KaTylleK NpUJIOXKeHbl ONHOBPEMEHHO Hamps-
JKeHUsl nujaoo6pasHoil W NpsSIMOYroJbHONH (pOPMBI, TO pe3yJibTH-
jpylolllee HanpsiXKeHHe Ha 3axuMax OydeT HMeTb TpaneloHAallb-
Byio ¢opMy (puc. 32).
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Puc. 32, IMoayuenHe HampskeHHs Tpa-
nenonganpHol ¢opmbl (UR+L)

OGbIYHO Ha 3aXKHUMBI OTKJOHSIOIIHNX KAaTyIIeK Moxaercs Ha-
npsixKeHHe TpaneuouasbHOR GOpMbl, MOKas3saHHOH Ha-puc, 33.
Hanpsixkenne Takoil (QOpMBl MOMHO MOJYYHTb NPH TNOMOLUY
cxeMbl, TpHBeAeHHOA Ha puC. 34. J1a cxema paboTaer Cjeayio-
M obpasom.
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B ucxommom pexume gamna JI ormepra. HanpsixeHue
MeXJy TOYKaMH @ U 6 npH 3ToM HeBeJuko. OHO paBHO mnaje-
HUIO HalpsiKeHHsl Ha JlaMIle, KOTOPOe, KaK U3BEeCTHO, IpH OTiep-
TOll JaMme MaJjio (CM. ONHCAaHH® CXeMbl, H300paxKeHHOH Ha
puc. 7).

Koraa Ha ynmpaeasionyio ceTKy JiaMnsl JI NOCTynmaer OTpH-
naTeJbHBIN (3anuparoumiuil) HMIOyJbc, JaMmna 3amnupaercd H ee
CONPOTHBJIEHHE CTAaHOBUTCA OeckoHeuHo GosbiuMm. Ilpu 3tOoM
KoHneHcaTop C 3apsiKaercs OT HCTOYHHKA aHOXHOTO MHTaHHS
uepes conporuBiednss R, u R. IlyTh Toka 3apsima mokasaH Ha
*puc. 34 CIVIOWIHEIMY CTpeJKaMU, B HauasbHBEII MOMEHT TOK 3a-
pana uMeer HauGOJbIIYIO BEJHYHHY H HampsKeHHe Ha COMpo-
THBJIeHUH R cKaukoMm Bo3pacraeT, o6pasys mnepegHuii QpoHT
(yuactox a6 Ha puc. 33) TpamnenoOHOaJbHOrO MMIMYJbCA.
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Puc. 33. I'paduk HampsKeHHS TpameLOHAaNb-
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Puc. 34. [IpuHuMmHaNbHAS CXeMa TreHepaTopa HaNmpsXeHHs Tpameno-
HaajabHOl opMbl

B npotecce 3apsina konneHcatopa C (cM. puc. 34) Hanpsixe-
HHe Ha ero oOknajgkax BospacrtaeT (npu 3ToM oOpasyercd
y4acToK 68 TpaneloufaJbHOrO HMIYJbCA).
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Korna neficTBue OTpHLLATeNIBHOrO HMMyJbCa Ha Ympasnsio-
mylo ceTky Jamnb JI npexpaulaercs, Jamna. OTmHpaercs H
NPOUCXOAHUT GhICTPLI pa3psa KoHAeHcaTopa C uepe3 CONMPOTHB-
nenve R u mamny JI. TlyTb ToKa paspsigza MOKa3aH NYHKTHP-
HbIMH cTpesnikaMu. CxemMa BO3BpalllaeTcsi B HCXOIHbIH DeXUM H
«KJET» OuepelHOro 3amHpalollero UMNyJbca,

Takum o6pa3oM, HanpsKeHHE MeX]y TOYKaMu a H 6 cXeMbl
puc. 34 (Uc4+r) u3MeHsieTCs MO TpaneHmoHAaJbHOMY 3aKOHY.
Uepes pasgenutenbHbiii kougeHcatop Ci 3TO HanpsiKeHue Mo-
JlaeTcsi Ha 3aXKHMbl OTKJIOHSIOLIMX KaTyllleK, CO3faBasg B HHUX
TOK NHJI006pasHoi (HOpMBL.

[ToBepuem Tenepb oTkJOHsoOUMe KaTymwlku L1 u Le na 90°
(puc. 35). IlpumeHuB CHOBa MpaBHJIO JIEBOH PYKH, MOXKHO yGe-
IOUTBCS B TOM, UTO JIEKTPOHHBIH JIyd OTKJIOHHTCS BNpPaBO Ha
Besqnuuny 06, T. e. IUHUA Pa3BepPTKH Ha dKpaHe TPYOKH [OBep-
Hercst Ha 90°.
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Puc. 35. CMmemeHde JHHHH pa3BepTKH MpH
MOBOPOTE OTKJOHSIOIHX KaTyulek Ha 90°

OueBuano, eciu HenpepbiBHO BpalllaTb OTKJIOHSIOWIHE Ka-
TYWKH, TO C TOH XK€ CKOPOCTblIO OYAeT B3pauarbCs H JIHHHA
pasBepTKH Ha 3KpaHe /JEKTPOHHO-AyueBoil TpyOKH. Takas pas-
BePTKa M HasbiBaeTCss pPAAHAJbHO-KPYroBUH, WJH pPa3BepTKOH
Kpyrosoro o63opa.

PanuanbHo-kpyroBas passepTka — NByXMepHas: OHA MO3BO-
JileT onpefesiiTh Cpasdy ABe KOOPAHHATHI LeJH — Aa/bHOCTb H
asumyT. OCyLIeCTBJAAETCA 3TO CJEAYIOLHM 00pasoM.
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CepIoeyHHK OTKJIOHAIOIIMX KaTylleK MeXaHWueCcKH (WJIH npH
MOMOILY 3JIEKTPHUECKOH CHHXPOHHOH mnepenaun) cBsi3biBaercs
c aHTeHHoii. [Ipu BpalleHun aHTeHHBI BpalllaeTCst CEpPLEYHHUK
BMeCTe ¢ OTKJOHSIOWUMH KaTyulkaMu, a 3HauuT, Bpallaercs H
JIHHHSI Pa3BePTKH Ha 3dKpaHe TPYOKH,

ITonoxenue JMHUK pa3BepTKH Ha IKPaHE SJNEKTPOHHO-Jyde-
BOH TpyOKH, COOTBETICTBY!OLlee HaNpaBJEeHHIO MaKcHMyMa
auarpaMMbl HanpaBJeHHOCTH aHTeHHLl Ha ceBep, OGO3Ha-
yaercst 0°. O6bIUHO panHOJOKAUHOHHYIO CTAHUHIO OPHEHTHPYIOT
TaK, 4To6bl 0° Gbl1 BBEpXY sKpaHa TpyOku. [lonoxeHue JauHng
pa3BepTKH, COOTBETCTBYIOLLEE HANpaBJEHHIO MakCHMyMa Jua-
rpaMMbl HamnpaBleHHOCTH Ha BOCTOK, o6Go3Hauaercs 90°, Ha
tor — 180° u 1. n. B pe3syabrate BOKpYr 3kpaHa Tpy6KH NOJY-
4yaeTcs asuMyTajbHaa liKana (puc. 3

Sunus
paseenmnL

Inpan Asuiymansnas

wkaaa

Puc. 36. AsumyranbHas wkaita TpyGku C
paaHanbHO-KPYroBOH pa3BepTKO#

Ecnu nunus pa3sBepTKH HalpasjieHa HA dKpaHe Tak, Kak mo-
Ka3aHo Ha puc. 36, TO 3TO 3HAYMT, YTO MAKCUMYM [AHArpaMmbl
HanpasJIeHHOCTH aHTEHHbl HanpasJeH MOA yrJoM 75° K JIHHHH
Ior —ceBep (ecaH, KOHEYHO, paJHONOKAUUOHHAA CTAHLHUSA
COPHEHTHPOBAHA).

. B nnaukaropax Kpyrosoro o63opa .pexuMm paGoTsl TPyOKu
noaGupaetcsl TakHM, YTOGbl JIMHUSI PasBepTKH Oblla MOYTH He
BH/lHa Ha 3KpaHe (TpyOKa MOUTH 3anepta).

Jlpu panuanbHO-KpYroBoil pa3zepTKe HCNOJNb3yeTCsl PKOCT-
Hbl#l METOJ MHAMKAUUH OTPAKEHHBIX -HMIYJbcoB. MIMAyIbCH - HO>
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JNOKUTEJILHON TJONISIPHOCTH !, OTpaXkeHHble OT IleJH, ¢ BeIXOnd
npreMHUKa paAHONOKALMOHHONR CTaHUHMW MOCTYNaloT Ha ynpas-
NSIOUIMA 3J€K1POA 3JIEKTPOHHO-yyeBoil Tpy6ku. B Momenr
NpHUX04a HMNYJbCAa Ha NUHUK Pa3BepTKU NOsABJASETCs ApKas cse-
TAILAACA TOYKa (3acBeyuBaercss HeOO/bLIOH yuyacTOK pas-
BeptkH). Tak Kak NuHHSA Pa3sBepTKH HeNpephiBHO Bpallaercsd,
TO 3Ta TOYKA NPOYEPYMBAET HA 3KpaHe TPYOKH APKYIO AYKKY —
oTMeTKy uean (puc. 37).

Paccrosiiue oTMETKH LeJIH OT LEHTpa dKpaHa MNpPONOplHO-
HaJIbHO JaJbHOcTH Uend. s oTcueTa NanbHOCTH lLeJiell MOXKHO
NoJib30BaThCsl rpaduueckoll WKanof B BHAE KOHIIEHTPHUECKHUX
OKDYXKHOCTEH, HaHeCeHHbIX Ha MJACTHHKY H3 OpraHuyeckoro
cTeKaa. DTa naacIMHKa MOMELAeTcsi nepefl 3SKPaHoM TPYOKH.
OrnenbHble OKPYXHOCTH HaHeCeHbl Yepe3 pPaBHOE YUCAQ KHJIO-
Me1poB (HampuMep, yepe3 10 k).

Aunug
cesep-e

Aansnocmes
yenu

Puc. 37. Otmerka uenn Ha 3KpaHe TPYOKH
C pajHanbHO-KpYrosoil pa3sepTKoi

3HayuTeNIbHO Yallle NPH panHaJLHO-KPYroBOH pasBepTke IJIst
OTCYeTa AaJbHOCTH MOJB3YIOTCS TaK Ha3blBAEMbLIM «3JeKTpuye-
ckuM MacwitaboMm». B Gioke HHAWKaTOpa AAA  3TOH UeaH
dMeeTCsl creunanbHas cxema, BuipafaThiBalollas KpaTKoBpe-
MeHHble MacwTaGHble HMIYJbChl. MaciiTaGHble HMOYJAbChl MO-
JaloTCsl Ha YNPasAslOWMA  3J€KTPOA  3JIEKTPOHHO-JIy4eBOH

1 B HekOTOpbIX PaAHOJIOKAUMOHHLIX CTAHUHMSX OTpa)KeHHble HMNYJbCH
Ha BbIXO/j€ [PHEMHHKA HMEIOT OTPHLATC/bHYIO NOJNSAPHOCTD U NOAAIOTCA HE
Ha ynpasJslolluld 3JIeKTpod, a Ha Karoa TpYOKH. -
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TpyOKH, 3acBeyHBas HeGO/bUINE YUAaCTKH JIHHHM Pa3BepTKH ue-
pe3 paBHble NMPOMEXKYTKH BpeMeHH. Tak Kak JIMHHSI pasBepTKH
BpalllaeTcsi, TO ee 3acBeueHHble Y4YacTKH NpPOUEpPUMBAIOT Ha
9KpaHe CBeT/ible KOHLEHTPHUECKHE OKPYKHOCTH. Paccrosinug
MeXAy STHMH OKPYKHOCTSMH OJMHAaKOBbl U MPOMNOPLHOHAJbLHLI
onpeneseHHol nanbHocTH (Hanpumep, 10 xu). ITostomy no no-
JIOXKEHHIO OTMETKHM UeNH OTHOCHTEJNbHO MaclTabHblX OKpyXK-
HOCTeH MOXHO CYAHTb O NaJIbHOCTH UeJH.

HerpynHo yGeantbcsi, 4TO yrjioBoli pacTBop (mupnﬂa)
JLYXXKH Ha 9KpaHe TpYyOKH ompejesisieTcsi WIMPHUHOA JHArpaMMubl
HanpaB/l€HHOCTH  QHTEHHbHl  PAaJHOJIOKALlMOHHOH  CTaHLHH

(puc. 38).
~TX
7

Puc. 38. Bausiune mupuus

JNHAarpaMMbl HanpasJeHHO-

CTH aHTEHHH Ha pa3MepH
OTMETKH LeJH

Ha puc. 38 mokasanbl auarpaMMa HanpaBJIeHHOCTH aHTEHHBHI
B ropH3oHTanbHOH mJockocTd H uenb A. B mosoxennu I nua-
rpaMMbl HanpaB/ieHHOCTH Ledb A TOJBKO Hauasaa oGJydaTbCs.
B 3TOT MOMEHT nosiBJsieTcsl NepBas CBETALIAsACs TOUKa Ha JiM-
HUH pa3BepTKu. B nojoxenuu /I puarpammbl HanpasJeHHOCTH
HanpaBJieHHe ee MaKcHMyMa COBNajaeT ¢ HanpasjieHHeM Ha
nejb A. B 3ToM NoJIOXKEHHH OT lleH NOCTYNaloT Ha YNpas/sio-
IUH 3J1eKTPOd 3JIEKTPOHHO- JyyeBO# TPYOKH HMIYJbChl ¢ HaH-
Goabluelt amnautynoii. B nonoxenun /Il guarpammbl Hanpas-
JIEHHOCTH LeJb A rnepecraer 06JydarTbCsl U 3aCBET JIHHUH paa-
BepTKH MpeKpallaercs.

[Toka nuarpaMma HanpaBJeHHOCTH MOBEepPHeTCs B IIPOCTpaH-
CTBe Ha YroJl a, JHHHA Pa3BepPTKH TaKXe NOBEPHETCs HA YroJa a,
o6pa3ysl Ha 3KpaHe TPYOKH SIDKVIO CBETSILLYIOCA LYXKKY.

Yroa Mexay JuHHell ceBep — lor (cM. puc. 37) H JuHHel,
\POXOAsilliel U3 LEeHTPa 3KpaHa Yepe3 CepelMHy MOJyuYuBIUeiics
!nymxn, paBeH a3sUMYTy LeJM, TAaK KaK CepeiuHa AYKKH COOT-
'BeTCTBYET TAKOMY [OJ/IOXKEHHIO AHTEHHB!, KOrJa MaKCUMyM ee
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AuarpaMmbl HanpaBJEHHOCTH COBMAJAeT C HAampaBJeHMeM Ha
uesab (noJjoxenue /7 uwa puc. 38).

Ecan nuHuio, coenmuslollylv LEHTp 3KpaHa C CepelHHOil
IYXKKH, MBICJIEHHO MPOJOJIKHTL 10 a3WMyTaJbHOH HIKaJbl, TO
azMMYT LEJH MOKHO HelOCPeJCTBEHHO CUHTHIBATE C 3TOH LIKAJbI.

Hrak, Ha sxpane TpyOKu C paiuaJjibHO-KPYroBoil passepTKoil
Mbl MOXXEM OJHOBDEMEHHO ONpeleJifiTh AAJbHOCTh (MO paccros-
HHMIO OTMETKH LleJld OT LeHTpPa 3KpaHa) U a3HMyT (Mo asuMmy-
TaJbHOH WIKaJje) LeJH.

ITpu pamnanbHO-KPYroBo# passepTKe OGLIYHO HCHOJBL3YIOTCS
3JIEKTPOHHO-JIyueBble TPy6KH C mociecBeueHneM. IIpogosxu-
TEJBLHOCTDb [OCJeCcBeUYeHHs] JOJ2KHA OblTh TaKo#, YTOOb 3a BpeMs
OIHOTO 060pOTa aHTEHHBI (COOTBETCTBEHHO OLHOro 060poTa JH-
HUH Da3BePTKHM HA dKpaHe) OTMeTKa lield Ha KpaHe He HCUe-
3ana. Ilpu BbIMONHEHHH 3TOro YCJIOBHA Ha dKpaHe TpYyOKH Oy-
AYT BHAHbI OTMETKH OLHOBPEMEHHO OT BCeXx liesel, 00Jy4aeMblxX
craduueil. ITo 3TUM OTMETKaM MOMXKHO CYAHTb O AaJbHOCTSIX U
a3uMyTax OTHAEJbHbIX LeneH, 0 HanpaBieHHH H CKOPOCTH IBH-
JKeHus uejell, o6 UX KOJHYeCTBe, O Xapakrepe LeJell (rpynmo-
Basi, OAMHOYHAs) M T. [., T. €. CyAHTb O G60eBOi OGCTaHOBKE
B 30HEe NeHCTBHS PaauOJOKALHOHHONW CTaHUHH,

Cnenyer OTMETHTb, UTO AJIHTENBHOCTb NOCJAECBEUEHNS HEJIb3sT
BbIOMPATh CAHLIKOM GOJbLIOH, YTOObI Ha 9KpaHe TPYOKH He OKa-
3aJ0Ch ABYX H300paKeHMil: 06pa30BgBIUINXCA NPH AAHHOM 000-
poTe JMHHH pa3BepTKH W MpH NpenblayLleM.

PannanbHO-KpyroByio pa3BepTKy MOXHO MOJYYUTh H IPH
HEMOABHXXHBIX OTKJOHAOWMUX KaTymkax. Jas 3Toro BOkpyr
rOpJIOBHHBI TPYOKHM NOMeILAlOT fABe Mapbl OTKJOHSIOLWIUX KaTy-
UIeK, pacrnosioXKeHHble B3aHMHO-NepneHAUKyaspHo (puc. 39).

ITokaxem, uTO HaA 3KpaHe 3NEKTPOHHO-1YyYeBoll TPYGKU I0O-
JNYYuTCA DPafinajibHO-KPyroBas pasBepTKa, €CJu TOKH, MHTalo:
mue katywku Li, Lz u Ls, L, yHOBJETBOPSIOT CJEAYIOLIUM
TPEM YCJIOBHSAM:

— HMeloT nuygoo6pasuyio dopmy;

— aMIJIMTYAbl TOKOB H3MEHSIOTCS MO CHHYCOHAAJILHOMY 3a-
KOHY;

— CIBHT MeXIy CHHYCOWAAJbHLIMH OrHOaIUMH OHI006-
pasHbix TokoB paBeH 90°

ITon meficTBHeM Toka mus00GpasHO q)oprl i1 (puc. 40),
NPOXONSILEro 4epe3 OTKJOHsAIHe KaTywku L, L, npoucxo-
IAMT TOPH3OHTAJIbHO® OTKJIOHEHHe JIEKTPOHHOrO Jiyuya, TaK Kak
CHJIOBblE JIMHHH MAarHHTHOTO MOJs, CO3[aBaeMOro 3THMH Ka-
TYWIKaMH, HanpabJjieHbl BepTHKaJbHO (cM. puc. 39,a). Ilon
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neficTBHeM TOKa nuaoo6pasnoit dopmbl iz (cM. puc. 40), nmpoxo-
JSILero yepes OTKJOHSIOIHE KaTyllku Ls, Ls, npoHcXonuT Bep-
THKaJlbHOE OTKJIOHEHHE 3JIEKTPOHHOrO Jiyua, TaK KaKk CHJIOBhLIE
JIMHMW MarHMTHOrO MOJISl, CO304BaeMOro 3THMH KaTylIKaMH, Ha-
npasJjieHbl FOpH30HTabHO (CM. puc. 39, 6).
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Puc. 39. Pacnojoxenne OTKJIOHAIOWIUX KAaTyWeK A MNONYYEHHS
panKaibHO-KPYTOBOH PasBepTKH

B moMent BpeMenH f1 (cM. puc. 40) ToKM i1 W i2 OAHOBpe-
MEHHO HAYHHAIOT BO3PACTaTb NO JuHeRHOMY 3akoHy. Tok §; mo-
cTHraer HeGOJbILOrO 3HAueHHs, BbI3bIBAS COOTBETCTBEHHO He-
60JIbIII0e OTKJIOHEHHE 3JIEKTPOHHOrO Jiyua no ropusoHtan. Tok
iz B 3TO Ke BpeMs BO3pacTaeT MOYTH IO MAaKCHMaJbHOro CBOEro
3HayeHHss H SJEKTPOHHBI{ Jyd OTKJOHSeTCs MO BepTHKaJH no-
YTH HA MOJHBIA pamuyc pasBepTkH. Tak Kak MarHuTHble [0Js
karywek Li, L2 u L;, L4 neficTByIOT Ha 3JIeKTPOHHBIA Jyd OJ-
HOBPEMEHHO, TO JIMHHSl Pa3BepTKH Ha 3KpaHe TPYOKH OKa3bl-
BaeTcsl HampasJ/eHHo#i mo paauycy 0—I.

[Mponyckass mnpoMeXyTOUHble TOYKH, paccMOTPHM Cpasy
MOMEHT BpeMeHH [ls. B 3ToM cayuae TOKH i1 H {2 JOCTHraioT
npH CBOEM U3MEHEHHH OLHOTO M TOTO Ke 3HAueHHs] (aMIVIHTYABI
IUECTHIX UMMYJBLCOB TOKA i1 U i2 pasHbl). CnenoBaTenbHO, JeK-
TPOHHBIH JIyd OTKJIOHHTCS M MO TFOPH3OHTaJH H MO BepTHKAJH
Ha OHY H Ty Ke BeJMYHHY, T. €. JHHHA pa3BepTku 0—6 mpoit-
JeT Ha 3KpaHe TpyGku nox yrnom 45° K rOpH3OHTAJH.

Y, nakoHelu, paccMOTpHM MOMeHT BpeMeHH 2. Tok i;, BO3-
pacTasi, JOoCTUraeT MakcHMaJibHoro 3HaueHus. [1pu 3ToM aJek-
TPOHHBIH JIyU OTKJIOHSIETCS MO TOPH3OHTAJIH Ha MNOJHBIA pa-
avyc pasBepTKHM. TOK iz MOYTH He M3MEHSETCH, IPAKTHYECKH HE
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BJIMSIT HA OTKJIOHEHHE 3JIEeKTPOHHOro Jyua no septukanu. ITo-

3TOMY JIHHHSI' pa3sBeDTKH OKa3blBaeTcsl HampaBJleHHOH o pa-
nuycy 0—12,

>

17

T

Puc. 40. ITonryueHHe pamuanbHO-KPYrOBOM pa3BepTKH MPH HEMOABHXK-
HBIX OTK/OHSIOUMX KaTyliKax

TakuMm oGpa3om, 3a MepByiO YeTBEPTh MepHOAa HM3MEHEHH:
TOKOB {; U {3 JIMHHSA Da3BepTKU Ha SKPaHe NOBepHyNach BOKPYr
cBoero unextpa Ha 90°. OueBugHo, YTO NpHu AajbHeiiliem usMe-
HEHHH TOKOB iy M Iz JIHHUA pa3BepTKH OyaeT NpoAoJKaTbh CBOE
BpallleHue, T. €, Mbl NOJYYHM pafUabHO-KPYTOBYIO pPa3BepTky.
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3aMeTuM, 4TO YacToTa MOBTOPEHHUS MHUAOOGPA3HBIX MMMYJb-
COB TOKa i, ¥ iy gocTatouHo Gosbluas ', a cjienoBaTesbHO, OT-
JeJibHbie JIMHUK Pa3BepPTKH pacnojiaralotcsi oyeHb GJHM3KO OAHA
OT apyroii, co3gaBas BreuaT/eHWe MJIABHOTO BpallleHUst pas-
BepTku. B 3TOM Ciiyuae oTMeTKH Lles, MOJy4YeHHble NPH KaX-
JIOM TIOJIOXKEHUH JIHHUH Pa3BepTKH, CJHUBAIOTCA B OAHY SIPKYIO
orMeTKy. [Ipn HuM3KO# uacTOTE MOBTOPEHUS MMIIYJbCOB TOKOB
i1 W iz JuHMM pa3BepTKU GYyAyT pacmoJiaraThCs Ha HEKOTOPOM
pPaccTosiHUH OfHa OT APYrod M OTMeTKH wejed (0coGeHHO Ha
Kpaio 9KpaHa) CTaHYT IPepbIBHCTbIMH — «NYHKTHPHBIMH».

! DTa yaCTOTa paBHA YacTOTe MOBTOPEHHS] MMMYJbCOB, H3JydaeMBIX
aHTEHHOH pafMOJIOKALHOHHOH CTaHLHU.



PA3BEPTKA THIA ABUMYT — JAJIbHOCTDb

Passeptkoli THma  asUMyT — JaJBHOCTb  (pa3BepTKOH
THna B) HasbiBaercsi Takas pasBepTKa, NpH KOTOPOH cCJlel dJjeK-
TPOHHOTO Jlyya Ha SKpaHe ObICTPO MepeMellaeTcs 10 BePTHKaJH
(mpuyeM OTKJIOHEHHe Jiyua MPOMCXOAHT MPONOPLHOHANBHO
JaJIbHOCTH L€M) H OAHOBPEMEeHHO ME/JIeHHO [epeMellaeTcs Mo
ropu3oHTaJyu (OTKJOHEHHe MO FOPU30HTAJU TNPOUCXOLHUT CHH-
XPOHHO € NMOBOPOTOM aHTEHHbI MO a3uMyTy). B 3tom cayuae
OTKJIOHEHHE 3JIEKTPOHHOrO Jiyya N0 BepTHKaJH MpPONOPLHO-
HaJbHO HaJbHOCTH LeJIH, @ OTKJO-
HeHHe JyyYa 10 TOPH30OHTAaJNH --
asuMyTy Le/au. B Hekortopblx 00-
pasuax paiavoJOKalLHOHHBIX CTaH-
uuil 6biBaeT B HA060OPOT: OTKJOlle-
HHe 3JIeKTPOHHOrO Jiyua Mo BepiH-
KaJi B HHAUKATOpe THNA asu-
MYT — JaJIbHOCTb NponopuHo-
HaJbHO a3UMyTy LleJid, a OTKJolie-
HUe N0 TOpU30HTAJNH — ee JHaJlb-
HOCTH.

B pesysibraTe OZHOBpPEMEHHOro
nepeMellleHHs! CJIela /EeKTPOHHOTO  pye 41, Dgpan snekTpoHHo-
Jiyda Mo BEePTHKaJH M TOPHU3OHTAJH  ayueroil TpyGKH ¢ pasBepTKOf
Ha 3KpaHe TPYOKH Ho/MydyaeTcsi pSA  THHA a3UMYT — AaJbHOCTH
BEPTHKAJBHBIX CBETALIHXCS JIHHHU,
pacnoJioxkeHHbIX B HeNOCPeJCTBEHHOH GJM30CTH OxHA OT ApY-
rofi (puc. 41). CnJIOWHBIMA JHHUSIMH HA puc. 41 nokasal nps-
MOl X0l pa3BepTKH, NYHKTHPHbIMH — o6paTHblfl. O6GbIYHO Ta-
KOl BHMI pasBepTKH UCMOJNb3yeTcsl NMPH MOHUCKe LeJH B CeKTope.

Ins nonydyenuss pasBepTKH THNA  a3sUMYT — AAJbHOCTb
HCMONb3yeTCs  3JIGKTPOHHO-JyueBass TPyOKa C MarHHTHbIM
ynpaBneHHeM, JKpaH TpPyOKHM HoJkeH objagaTh mocjecBeye-
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uneM. OTKJIOHSIIOMAsA cUCTeMa TPYGKH COCTOMT H3 [ABYX mNap
B3aUMHO-NIEPIIEHAUKYNSPHBIX KaTyIlex.

YnpouenHas 6J0K-CXeMa HHAHKATOpa C PasBepTKOH THNa
a3MMyT — JaJbHOCTb NpHBEJEHAa Ha pHC. 42,
OrtkioHsione Katymku Ly, L, nUTAIOTCA OT NOTEHLLHOMETpa

asuMmyTta. [IBHXKOK MOTEHIHOMETPAa MeXaHUYeCKH CBSI3aH € aH-
TEHHOH CTaHIIHH.

— /lpuemnux Anmenna

Vnpaesaiow
anekmpod
mpybku

g | .

b

* ﬁ Nomenyuomemp
666' I 000 asumyma
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Puc, 42. Ynpowennas 6J0K-cxeMa HHAMKAaTOpa C pas-
BEPTKOH THIa asHMYT — AaJbHOCTb

HonycTuM, 4To aHTeHHa KauaeTcss B cekrope 5° W B HCXOX-
HOM ee IOJIOXKEHHH JBHXKOK MOTEHUHOMETPa a3HMyTa HaXOJHUTCS
B Touke a. IIpy moBopoTe aHTEHHBl [BHXXOK MepeMelllaeTcs
BBepX, TOK B Katymkax L;, L, so3pacTraer u 3JeKTPOHHbIH Jyd4
nepeMelllaeTcss Mo ropusoHTasd:. Korna adTeHHa nosepHeTCS Ha
5°, NBHXKOK NOTEHIHOMETPA OKaXKeTCsl B TOYKE 6 U FOPH30HTAJb-
HOE OTKJIOHEHHE 3JIEKTPOHHOrO Jiyya GyJleT MaKCHMaJbHbIM. DTO
nepeMellleHHe 3JIEKTPOHHOTO Jiyda IPOHCXORHT MPOMOPIHO-
HaJbHO YIJIy MOBOPOTA aHTEHHBI 10 a3UMYTYy H COOTBETCTBYET
NpsSIMOMY XOAYy PasBepTKH MO TOPH30HTAJIH,

IIpn o6paTHOM ABHXKeHHH aHTEHHb IBHXKOK NOTEHIHOMeTpa
a3uMyTa nepeMellaeTcs CBepXy BHM3, TOK B Kartymkax L, L
yMeHBIUAeTCsy H 3JIEKTPOHHBIH Jiyd BoO3BpalllaeTcss B HCXOLHOE
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noJjioxeHnue ! (o6paTHblil X0 pa3BepTkH). Ha BpeMs nBHKeHHS
Jyya B HCXOJIHOE MOJIOXKeHHe TpyOKa 3anupaercs, AJs 4ero Ha
ee ynpaBJsIIOLIMY SJEKTPOA MOJAercsd OTPHLaTesbHOe Hanps-
XKeHue,

Ortk/IoHsIOWHKe KaTywKu Ls, Ls mojyyaloT nuTaHue OT reHe-
patopa nusnoo6pasHoro Toka. ITunoo6pasHbiil TOK, MPOXOAs 1O
KatymkaM Ls, L4, BBI3bIBa€T BepTHKAJbHOE OTKJIOHEHHE 3JIeK-
TPOHHOrO Jiyya. BejinyuHa 3TOro OTKJIOHEHHsl, KaK H B JPYTHX
THMaX PasBepTOK, MPONMOpPLHOHAJNbHA JAJbHOCTH LEJH. .

YacroTa MOBTOPEHHS] HMMYJbCOB MUJI006Pa3sHOro TOKa 2, BhI-
pa6GaTbiBaeMblX TeHEpaTOpOM, 3HAYHTEJbHO GOJIbLIEe YacCTOThl
TNIOBTOPEHHSI HMIYJIbCOB MHJI00GPa3HOro TOKA, MPOXOASILIEro MO
katymkaMm Li, Ls. TlosToMy, moka 3/eKTPOHHBIA Jiyu mnpofizer
10 TOPU3OHTAJH M3 HCXOLHOrO [OJIOXKEHHS B KpafiHee, OH
yCreeT MHOTO pa3 OTKJOHHMTbCS N0 BepTHKaid. B pesysbrare
NOJIYHTCS pasBepTKa, H3oGpaxeHHas Ha puc. 41.

Hmnysbe, oTpaxeHHbIl OT LesnH, C BbIXOAA NpHEMHHKA MO-
CTymaeT Ha ymnpapJsioliufi 3jekTpon TPyOGKH (cM. puc. 42),
co31aBasl 3aCBeT COOTBETCTBYIOLLErO y4acTka 3KpaHa — OTMETKY
tenu. OTMeTKa Llesid MOJyYaercss B BHIE 4epTOYKH. BesnunHa
CMelleHHs] OTMETKH MO BepTHKaJH MPONOpLHOHANbHA [aJb-
HOCTH, a BeJHMYMHA CMeLleHHs [0 TOPH3OHTAJNH — a3HMYTy
peau., Tak Kak skpaH TPyGku o6japnaer IocjaecBeueHneM, TO
Ha HeM BHJHbl OTMETKH BCeX lieJieH, HaXOLsLIHXCS B CeKrope
0630pa CTaHLHH,

Ha puc. 43 nokasan skpaH TPYOKH c pasBepTKO#l THma asH-
MyT — nanbHocTb. sl yno6erBa oTcyera nepej SKpaHoOM [Mo-
MellleHa MaciuTaGuas cetka. [Tosb3ysch elo, Jierko ONpeleauTh,
YTO naJbHOCTb lenu I paBHa 25 km, a asumyTr — 6,5° (0630p
npousBomuTcsa B cekrope 5—10°); naJbHOCTL uUenw 2 paBHa
20 xm, asumyT — 8,5°.

[Ipu passepTke THOA a3UMYT — AAJIbHOCTb 3KpaH TPYOKH
3aMoJIHeH KaK 6bl OTHEJNbHbIMH BEPTHKAJbHLIMH CBETALIUMHCS
CTPOKaMH — JIHHHUSIMM PasBePTKH. DTHM H OObACHSETCS TO, YTO

! 3aMeTHM, 4TO CJeJl SJEKTPOHHOrO Jiyua B MCXOAHOM MOMOXEHHH Mo-
eT HaXOoAHTbCs B JIOGOM MecTe 3KpaHa TPyGKM B 3aBHCHMOCTH OT BeJiH-
YHHLl ¥ HAanpaB/JeHHs [OCTOSHHbLIX TOKOB B KaTywkax L;, L, u Ls, L,
B Tpy6kax c pa3BepTKOH THMAa asUMYT — JaJibHOCTL HCXOAHBIi peXHM BbI-
6GHpalOT TaKHM, YTOGbl CJel 3JEeKTPOHHOrOo Jyya HaXOAHJCA B JIeBOM HHUXK-
HeM yriy skpaHa TpyOku (Touka 0 Ha puc. 42).

? DTa yacToTa paBHa YacTOTe NOBTOPEHHS MMIYJbCOB, H3Jy4YaeMBIX
aHTeHHOM paJHMOJIOKALHOHHON CTaHIHH.
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HHOTJla pPa3BepTKY asHMYT -— JaJbHOCTb OTHOCAT K THNY TakK

Ha3blBaeMblX CTPOUHBIX (HMJIM PacTPOBHIX) pas3BepTOK.
CpaBHuBasi pasBepTKy THNa a3HMyT — AaJbHOCTb C pa-

JHaJbHO-KPYTOBOA pa3BepTKOH, HeTpyAHO YyO6emuTbcd B HX

Kunromempeot

Ipadyce

Puc. 43. Ot™erkn ueneir (I, 2)

Ha 3KpaHe 3JIEKTPOHHO-JNyUeBoi

TpybKu ¢ passepTkoii THna asu-
MYT — 1aJbHOCTh

obuiHocTH. B camom nene, B 06oHX clyyasix ompenensiorcs IBe
KOOPJAHHATBHl IlleJH — a3UMYT H [aJbHOCTb, T. €. PasBepTKH
OTHOCATCA K IBYXMEPHbIM. Pasnnune MexAay STHMH pasBeprT-
KaMH COCTOHT B TOM, 4TO B NepBOf M3 HUX (THIA a3UMYT —
NaNbHOCTb) KOOPAHHATHI LEJH OTCUHUTHIBAIOTCS B MPSIMOYIOJib-
HOH, a BO BTOpPOH (pagHasbHO-KPYroBofl) — B MOJSPHOH CH-
cTeMe KOOpAHHAT.



PA3BEPTKA TUMA ASUMYT — YIOoJl MECTA

PasBepTkoit THma asuMyT — yron Mecta (pa3BepTKOH
tuna C) Ha3sbiBaeTcs pa3BepTKa, NPH KOTOPOH cjief 3JeKTPOH-
HOro Jlyya Ha JKpaHe MeNJIEHHO NepeMelllaeTcss MO BepTUKaJH
(npuueM BeJHYMHA €ro OTKJOHEHHsI COOTBETCTBYeT YrJy MecTa
LeJH) U ONHOBPEMEHHO GLICTPO MepeMellaeTcs MO rOpH30HTAJH
(OTK/IOHEHHe NO rOPH30HTAJH MPOHCXOLHT CHHXPOHHO C THoO-
BOPOTOM aHTeHHH N0 a3uMyTy). PaseepTka Takoro THNa
HCNONb3yeTCsl B TOM CJyyae, eC/AM paqHOJIOKALHMOHHAA C~aH-
U OCYLIeCTBJSieT MOMCK LeNH B onpeneieHHOH o6sacTy mpo-
CTPaHCTBa (IHarpaMMma HanpaBJeHHOCTH AHTEHHBI KauyaeTcs B
HEKOTOPOM CEKTOpe MO a3UMYTY H OAHOBPEMEHHO B HEKOTOpOM
CeKTOope N0 YTy MecTa).

Biok-cxema HHAHMKaTOpa ¢ pa3BepTKOM THMA a3HMYT — yroJ
MeCTa oTJHYaercs OT GJIOK-CXeMbl, H306pakeHHOH Ha puc. 42,
TOJIbKO TeM, YTO OTKJOHsIoWHMe KaTywku Ls, L« B paccMmaTpH-
BaeMoil cxeMe NMUTAIOTCA HE OT reHepaTopa NMUJ006Pa3HOro TOKa,
a OT moTeHUHOMeTpa yrja mecta. IIBHKOK 3TOro noTeHLHO-
MeTpa MeXaHHYeCKH CBSI3aH C aHTEHHO# M mepeMeLlaeTcs B CO-
OTBETCTBHH C MOBOPOTOM aHTEHHb! MO Yy Mecra.

O6bluHO yacTOTa KauaHus aHTEHHbl MO a3HMYTYy 3HauH-
TeJIbHO GOJbllle 4acTOThl ee KayaHHus no Yrjy Mecra. 3a BpeMs
ONHOrO NepeMmellleHUs aHTeHHbl MO YrJy MecTa H3 HHXKHero
KpafiiHero moJioXxeHHs1 B BepXHee (3a 9TO BpeMsl cJjiel 3JEKTPOH-
HOro Jiyua Ha SKpaHe OMEeCTHTCS [0 BePTHKAJH TaK¥Xe H3 HHX-
Hero KpafHero MoJioXKeHUsa B BepXHee) ycCreBaeT NMPOH30HUTH He-
CKOJIbKO KauaHu#i ee no asumyrty. CiepoBartesbHO, 3JEKTPOH-
Hbli Jy4 3a 9TO BpeMs [pOYEepPTHT HA 3KpaHe HECKOJbKO
rOpH30OHTaNbHLIX JuHMH (puc. 44). Ha puc. 44 cnaounbiMu
JUHHUSMH NOKa3aH NPAMOH XOJ pAa3BePTKH, NYHKTHPHbIMH —
o6GpaTHbIH,
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Ilpu passepTke tuma a3uMyTt — yroji MecTa HCroJb3yercs
(KaK H npu pasBepTKe THMa a3UMYT — AaJbHOCTb) SIPKOCTHBIK
METOA HHAHKaALlUH OTPa)»KeHHbIX HMINYJIbCOB.

Ha puc. 45 nokasan 3xpaH Tpy6KH ¢ pa3BepTKOH THNA
a3uMyT — yroy mecta. OGLIYHO MPH TAKOM THIE pasBepTKH as3H-
MYT 4 YroJ MecTa LeJH He CUHTBIBAIOTCHA, a ONpeaelseTcs
TOJIbKO OTKJIOHEHHe lieJH OT MNeseHroBoro HampasJjeHus !. Tak,
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Puc. 44. DxpaH 9JeKTPOHHO- Puc. 45. OrMeTkH Ilesen
JyueBofi TPYOKH C pasBepTKOM (1,2) na 3KpaHe 3J1eKTPOHHO-
THNA asUMYT — YroJ MecTa JyueBoit TpyOKH C pa3BepTKOH

THNA as3sUMyT -— YroJ MecTa

ueib / HaxoAWTCA TOYHO Ha IEJCHIOBOM HampasJ/eHHH,
a uesib 2 — cnpaBa H Huxe Hero. IlostoMy HHAHKATOPHI ¢ pas-
BEPTKO! THNA YroJ MecTa — asMMyT HHOrJa HasblBalOT HHAH-
KaTopaMu YIJIOBbIX OTKJIOHEHHH.

! TMesleHroBBIM HanpaBjeHHeM HA3HIBAIOT JHHHIO, COEQHHAIOULYIO TOUKY
CTOSIHHA CTAHUHH C TOYKOMH, B KOTOPOR HAXOZHUTCA Lellb, .



TPEXMEPHBIE PA3BEPTKH

B mpeabinymux pasgenax Gblji pacCMOTPEHbl OJHO- H IBYX-
MepHble pa3BepTKH. Ho cyllecTByioT u TpexmepHble pasBepTKH,
T. €. TaKHe pasBepTKH, KOTOpble MO3BOJAIOT ONpelesaTh Cpasy
BCe TPH KoopauHaThl Lesau. OCHOBHOe MPeHMylleCTBO Tpexmep-
HbIX Pa3sBepTOK — HArJISAAHOCTh H306paKeHHd UeJNH, [O3TOMY
OHH MOJYYHJIH pacOpocTpaHeHHe TIJlaBHbIM 00pa3oM B aBHa-
[IHOHHBIX CTaHUHSX,

Ha puc. 46 mokasaH 3KpaH 3JIEKTPOHHO-JIyueBOH TpPYGKHU
¢ TpexMepHoOil pa3Beprtkofi THna H. 3aech OTK/IOHEHHE OTMETKH

Ommemxa
yenu

Jlassnocms

et —— —

Puc. 46. DxpaH 9JIeKTPOHHO-JydeBoOH
Tpy6KH € TpexMepHOH pa3BepTKOM
tana H

N0 BepTHKaJH NPONOPLHOHANBHO AaJbHOCTH, OTKJIOHEHHE MO ro-
PH30HTAJIH — a3UMYTY, a HAaKJIOH OTMETKH IO OTHOIIEHHIO K ro-
PH30HTAJIH — YIJy MecTa lejid. TOUHOCTb HHAMKATOPOB ¢ TaKoH
PasBepTKO# HEBLICOKA, a CXeMa MOJyuyeHHsl Pa3BePTKH CJIOKHas,
MO3TOMY OHH NOJYYHJIH OrpaHHUYEHHOe NMpUMEHEHHe,
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B HeKOTOpbIX aBHALMOHHBIX PaAHONIOKALMOHHBIX CTAHUUAX
NPUMEHSIOTCS HHIMKATOpbl C TPpexMepHOH passepTkoil tumna G.
DKpaH Takoro MHAMKaTopa nokasan Ha puc. 47, OTkJoHeHHE
OTMETKH 10 BepTHKaJlH NPH JAaHHOM THUNE pa3BepTKH MpoOmop-
IHOHANBHO YrJIy MecTa, a M0 TFOPH3OHTaJH — a3HUMYTY LeJH.
Ho o6biuHO yron Mecra ¥ a3uMyT LeJH He CUMTHIBAIOTCS, a MO
MOJIOXKEHHIO OTMETKH LeJIH CYIST O TOM, Ha CKOJIbKO H Ky/a OHa
OTKJIOHHJIaCh OT LeHTpa pa3BepTkH. Ecsin omMerTka uesnn cosna-
AaeT ¢ UEHTPOM Pa3BEepPTKH, 3HAYHT, LieJib HAXOAUTCS TOUHO Me-
pen caMoJIeToM.

AansHoems

Ommemxa
uenu

Vzon mecma

——

Asumym

Puc. 47. OkpaH 3JeKTPOHHO-J1y4eBO#

TPYOKH HHAHKaTOpa aBHaLHOHHOM

CTaHUHH C TpexMepHO# pa3BepTKo#
Tana G

H3 puc. 47 BuaHO, 4TO OTMeTKa LENH HMEET HEeCKOJbKO
HeOOBIYHYIO (OPMY: y Hee XOpOIUO 3aMETHbI BBICTYIBl — «KPbl-
abiika», [To pauHe (pasmMaxy) STHX «KpblIbILIEK» Ompele-
JISIeTCSl HaJIbHOCTb LEJM: YeM OHH JJUHHee, TeM G6juxe LeJb.

Oco6Goe MecTo cpeau pasBepToOK 3aHUMaer pa3BepTKa, Mph-
MeHsieMasi B MHIHKaTOpe BLICOTHI CTAHIHUH C AHArpaMMoil Ha-
NpaBJIeHHOCTH B BUAE TaK HasbiBaemoro V-ayua.

Takas nuarpamma HampaBJIeHHOCTH MOJIYYaeTCs MPH HCHOJb-
30BaHMM J[IBYX AaHTEHH: aHTEHHbl BePTHKaJbHOrO Jyua H
aHTeHHbl HakJOHHOro Jyya (puc. 48). OGe aHTeHHB HMeIOT
ofluee OCHOBaHHE M MOTYT BpaLlaThCid BOKPYr BEpPTHKaJbHOA
oCH.
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AHTeHHa BepTHKAJILHOTO Jiyda HMeeT NHarpaMMmMy Hampas-
JIEHHOCTH, CHJIbHO CXKaTYyl0 B TFOPU30OHTAJbHOH U pacTAHYTYIO
B BePTHKAJbHO!N miaockoctsix (puc. 49). AHTeHHa HaKJOHHOrO
Jyda MMeeT JHarpaMMmy HanpapJeHHOCTH aHAJOTrHYHOH (HOPMHEL.
Ho tak kak oTpaxaTesib aHTeHHbl HAKJOHHOIO Jyya pacrnoJo-
MeH MO HEeKOTOPbIM YIJIOM K TOpPH30HTY (OOBIUHO MmO
yrjom 45°), TO M IJIOCKOCTH HAKJIOHHOTO Jiyda AHarpaMMbl Ha-
NpaBJIEHHOCTH PacHoJioKeHa 1moj yrjioM 45° K MJIOCKOCTH Bep-
THKaJbHOIO Jiyua.

Bepmuixanshey

Haxnonnui
Ay

4

Puc. 49. TmarpaMma HanpaB/IeHHOCTH aHTeH-
HOH cHcTeMH ¢ V.-1ydoMm

B unaukaTope CTaHUUH ¢ V-1y40M HCMOJNB3yeTCs pas3sBepTKa,
nogo6Hass PacCMOTPEHHO! BhILE pa3BepPTKe asHMYT — Hajb-
HocTb. OTKJIOHEHHE 3JIEKTPOHHOTO JyYa MO FOPH30HTAJH MpoO-
MOPLHOHAJBHO AAJbHOCTH LeJH, a N0 BepTHKaJH — yIjay Mo-
BOpOTa aHTEHHOH CHCTEMBbI.

OueBuaHO, YTO MPH BpAalleHHH AaHTEHHOH CHCTeMbl B Ha-
NpaBJeHHH, YKa3aHHOM Ha puc. 49 cTpeskoi, Lesb cCHayaJja no-
naneTr B 30HY NEeHACTBHS BEPTHKAJBHOrO Jyda, a 3aTeM (mocie
MOBOPOTA aHTEHHOH CHUCTEeMbl Ha HEKOTOPbIH yroj a) — B 30HY
HeicTBUs HaKJOHHOro Jysa. Ha sKkpase mHAMKatopa COOTBeT-
CTBeHHO ofpasylorcsi aBe orMeTku Lesu (puc, 50): orMeTKa 3a
cuer OGJyyeHHs ILeJH BePTHKAJbHBIM Jy4OM H OTMeTKa 3a
cyer 0o6JIyueHHs Ll HaKJOHHBIM JyuoM. OtMmeTkH OynyT pas-
HeCeHbl [0 BePTHKAJIH HA HEKOTOpOE pacCTOsIHME, IMPOINOPIHO-
HaJ/lbHOE yIyly MOBOpOTA & AHTEHHOM CHCTeMbl. 3aMeTHM, 4TO
OTMETKH LleJii IPAKTHYECKH HAXOASITCH Ha ONHOH BEepPTHKAJIbHOMH
npsMoli, Tak Kak 3a BpeMs OBOPOTa aHTEHHHI Ha yroJ a Jajb-
HOCTb LeJIW He YCIeBaeT CyLIeCTBEHHO H3MEHHThCS.

BennuuHa a 3aBHCAT OT BbICOTH Lend. [eficTBUTeNbHO, 4eM
Gosible BLICOTA LeJd, TeM OOJblile Yroj NOBOPOTA AaHTEHHOH
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CHCTEMbI MeXAY ABYMsl.oGayueHusiMu uesu. [Ipu maneix Beico-
Tax yroj a MOXET OKa3aTbCsl OYeHb HeOOJbIIAM, OTMETKH Le-
Jed conmploTcs M oTcyeT OyneT 3aTpyiaHeH. YUTo6el 3Toro He
NPOHUCXOLHJIO, AHTEHHbl BEPTHKAJbHOrO H HAKJIOHHOrO Jiyueid
pa3BOpauyMBAIOTCS MO a3UMYTy Ha HEKOTOpHI yrom Af.

[ttt e

Aaasrocmy

Y2on nosopoma anmenns

Puc. 50. kpan uHIMKaATOpa
craHuun ¢ V-aydom:

I — orMetka 3a cuer o6ayueHHs

UesMM BEePTHKAJbHBIM Jy4yoM; 2 — OT-

MeTKa 3a cyeT OGJy4YeHHs LeNH Ha-
KJIOHHBIM JIy4OM

dopmyna mJisi pacyera BHICOTHI LiesH HMeeT CJeAYOLIU BHA
(c yueToM KpHBH3HBI 3€MJIH):

H=] sin (a — AB) a2
ViFsin?(ea—48) 2R’

raie H — BhicOTa LenH B KM;
J — HakJOHHAsh HNAJbHOCTb LEJH B KM;
@ — YroJl MOBOPOTA aHTEHHOH CHCTEMBl MeXAY JlByMﬂ 06-
JIyYEeHUSIMY;
AB — yrox MeXJIy AHarpaMMaMu Hanpasneﬂﬂocm B asu-
MyTaJIbHOH nuockocTa (mopsaka 10°);
R — panuyc 3emJiu B KM.

OGhIYHO pacuer BLICOTHI NMPOU3BOXUTCS 3apaHee (¢ Y4eTOM
KpuBH3Hbl 3eMJiH). [lo maHHBIM pacuera CTpPOSITCS KpPHBLIE PaB-
HBIX BBICOT. DTH KPHBble HAHOCSITCS Ha NPO3PayHyI0 NOJBHXK-
HyIO LIKaJly BMECTE ¢ MacLITaGHBIMH JIMHHSIMH JaJbHOCTH LEIH
H yrJla IOBOpOTa aHTeHHOH cHcTembt. JKenass onpenesuTb BbI-
COTY ILleJii, ONepaTop COBMelllaeT OTMeTKY [/ LelH ¢ JuHHeH
«HYJIEBOH BBICOTHI». TorJa HO NOJOMKEHHI0 OTMETKH 2 OTHOCH-
TeJIbHO JIMHHH PaBHBIX BHICOT MOXKHO ONPENEJHTh BHICOTY LEJH.
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Crenmyer 3aMeTHTb, YTO MO MOJIOXKEHHIO OTMETKH I MOXKHO
ONnpejeNuTh asuMyT LenH. '

* * *

CoBpeMeHHbIe paJHOJIOKAIHOHHbIE CTAHUHH MPeACTaBJSIOT
co60# c/oXKHble pafHoTexHUUeCKHe ycTpolictBa. ONHHM U3 HaH-
6osiee CJOXKHBIX 2J€MEHTOB CTAHUHKM $IBJASETCS HHIHKATOP.
CyuiectByeT GOJIbIIOE YHCJIO THIIOB HHIHKATOPOB, COOGPaHHbIX
[0 caMbIM pa3jHyHbiM cxemaM. Marepuan JAaHHOH OpoOLUIOPBI
JOJI)KeH MOMOYb YHTaTeNlo pa3o6paTbcsl B YyCTPOHCTBE M MPHH-
Lue JedcTBUsA JI060ro KOHKPETHOro MHIAMKATOpA.
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