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1. 3rreKTpo.n:1rnaMHKa 

1.1. OcHOBHbie ypaaHeHHH ::meKTPOMarHHTHoro rrom, cao60.n;Ho1e :meKTpoMarHHTHbie BOJIHhI 

YpaaHeHHH MaKcaerrrra B HHTerparroHOH H .n:mp<PepeHU:HaJihHOH <PopMe. YpaBHem1e 

HerrpepbIBHOCTH IIOJIHOro TOKa. CHCTeMa ypaBHeHHH MaKCBerrrra rrpH HaJIIfqHH CTOpOHHHX 

HCToqHHKOB. YpaBHeHHH MaKCBerrrra ,ll;JIH MOHOXpOMaTHqecKoro IIOJIH B KOMIIJieKCHOH <l>opMe. 

IIpoao,n;HHKH H ,D;H3JieKTPHKH, MarHHTHaH H ,D;H3JieKTpHqecKaH rrpoHHu:aeMOCTH cpe,n;hI. 3HeprHH 

3JieKTPOMarHHTHoro rrom, BeKTop IIoliHTHHra, rroTOK 3HeprHH. XapaKTepHCTHqecKoe 

corrpoTHBrreHHe cpe.n;hI. YpaBHeHHe rrrrocKo:H 3rreKTpoMarHHTHOH BOJIHhI. IIrrocKHe BOJIHhI B 

,ll;H3JieKTpHKe H B Cpe.n;e C IIOTepHMH. IloBepXHOCTHbIH 3<l><l>eKT. rpaHHqHbie YCJIOBHH )J;JIH BeKTOpOB 

3JieKTpHqecKoro H MarHHTHoro rroneH: B TepMHHax MrHOBeHHbIX 3HaqeHHH H KOMIIJieKCHbIX 

aMIIJIHTy.n;. OTPa)KeHHe H rrperroMrreHHe 3JieKTpoMarHHTHbIX BOJIH Ha rpaHHU:e pa3.n;erra .n;ayx cpe.n;, 

yrorr IIOJIHOro OTpa)KeHHH. CTpyKTypa H CBOHCTBa 3JieKTpOMarHHTHbIX BOJIH Ha,n; H rro.n: rpaHHI(eli 

pa3.n;erra. 

1.2. 3rreKTpOMarHHTHhie BOJIHbI B peryMpHbIX BOJIHOBO.n;ax H JIHHHHX rrepe,n;aq:H, 

KrraccH<i>HKaU:HH HarrpaBJIHeMbIX BOJIH, rrorrepeqHbie H rrpO,ll;OJibHhie COCTaBJIHIOIUHe IIOJIH, HX 

B3aHMOCBH3h. KpHTHqecKM qacTOTa, .n;HcrrepcHH, cpa30BaH H rpyrrrroBaH CKopoCTH. BorrHhI TE (H

THrra), TM (E-THrra) H TEM (T-THrra). KrraccHcpHKau;m1 BOJIHOBO,D;OB H JIHHHli rrepe,n;aqH. 

IloJIOCKOBbie H MHKpOIIOJIOCKOBbie JIHHHH, merreBbie H KOIIJiaHapHbie BOJIHOBO,ll;bl. 

2. Y CTpOHCTBa CBq 

2.1. OcHOBhI TeopHH u:erre:H CBLJ. 

MaTpHqttOe orrHcaH:He 3JieMeHTOB H y3rroB CBLJ. IIa.n:a10m:He H oTpa)KeHHhie BOJIHhI Ha 

axo.n:axlBbIXO,D;ax ycTpOHCTBa, MaTpHU:bI pacceHHirn, rrepe.n;aqH, corrpOTHBJieHHH H rrpoBO,ll;HMOCTeli. 

B3aHMOCBH3h Me)K,ll;y MaTpHU:aMH. CHMMeTpHH, o6paTHMOCTb H peaKTHBHOCTb MHororrorrIOcHHKOB. 

IlpHHI(HIIhI .n;eKOMII03HU:HH H peKOMII03HI(HH, arrropHTMhI aHarrH3a CJIO)l(HhIX BOJIHOBO,D;HhIX y3rros. · 

2.2. oa30Bhie 3JieMeHThI H y3rrhI aHTeHHO-cpH.n:epHhIX TPaKTOB. 



Corrracyromu:e yc'IpoikTBa, cTyrreHqaTbie u: rnrnBHhie rrepexo,n:hI ,n:IDI corrracosaHHH JIHHHH 

rrepe,n:aq11 H semecTBeHHhIX Harpy3oK. OrpaHu:qeHHH Ha rrorrocy corrracoBaHHH. qacTOTHhie 

qmrrhTpbI H HX KJiaccmpHKal{HH. 3rreMeHTHM 6a3a BOJIHOBO,L(HhIX ll IIOJIOCKOBhIX qmrrhTJJOB. 

Oco6eHHOCTH pearrH3aI.J;HH MHKporronocKOBhIX y311os Ha KepaMu:Ke 11 rronyrrposo,n:HHKOBhIX 

rro,n:JIO)l(Kax. 3neKTpoMarmITHhie pe3oHaTOphI, co6cTBeHHM 11 Harpy)KeHHM .n:o6poTHOCTH. Ilonhre 

pe3oHaTophI 11 pe30Hu:pyIOm11e rrrraHapHbie cTpyKTYPhI. ArremoaTopbI 11 ¢a30BpamaTen11. TioHHTHe 

MOCTOBOro BOChMHIIOJIIOCHHKa ( 4-rrneqero ycTpoikTBa). BoJIHOBO,L(Hhie TpOHHHKH, KOJlbl{eBbie 

cu:H¢a3Hhie, rrpoTu:Bo¢a3Hhre 11 KBa,n:paTypHbie .n:erru:Ten11 MomHoCTH. HarrpaBneHHbie OTBeTBHTenu:, 

MHKporronocKOBhie TaH,n:eMHhie OTBeTBHTerru: u: MOCT JlaHre. TexHorror11x pearru:3au;u:u: rrorrocKOBhIX 

11 MHKporronocKOBbIX y3rros, r116pu:,n:Hhie HHTerparrbHhie MHKpocxeMhI CBq. C6opKa u: 

repMeTH3aI.J;HH CBq 6JIOKOB, rrpe,n:OTBpamemre pacTpeCKHBaHHH KepaMu:qecKHX IIO,L(JIO)KeK. 

KoMMyTau;u:oHHhie ycTpoikTBa, rrp11MeHeHHe ¢eppu:TOB, rronyrrpoBO,L(HHKOBhIX .n:u:o,n:oB H ra30BhIX 

pa3pH,L(HHKOB. AKTHBHhie CBq MHKpo::meKTpOHHbie ycTpOHCTBa Ha OCHOBe IlOJiyrrpOBO,L(HHKOBhIX 

rrpu:6opoB. y CHJIHTeJIH, reHepaTOpbI, YMHO)KHTeJIH qacTOThI. Tipu:MeHeHHe 611rroIDipHbIX H IIOJieBhIX 

TpaH3HCTopoB. CxeMhI rrocTpoeHHH, pe)KHMhI pa60Th1, KOHCTPYKTHBHoe u:crrorrHeHu:e 11 

xapaKTepHCTHKH. 

3. AHTeHHbie CHCTeMbI. 

TiapaMeTJJhI aHTeHH B rrepe.n:a10meM pe)KHMe: ,n:u:arpaMMa HarrpasrreHHOCTH, rroIDipu:3au;u:oHHhie 

xapaKTepHCTHKH, K03¢¢11u;u:eHT ycu:neHHH aHTeHHhI, K03¢¢u:u;u:eHT rrorre3HOro .n:eliCTBHH, 

K03¢¢u:u;HeHT HarrpasneHHOro .n:eHCTBHH, BXO,L(HOe corrpOTHBJieHu:e, corrpOTHBJieHHe H3JiyqeHHH, 

pa6oqax rronoca qacTOT u: rrpe.n:enhHM 11311yqaeMM MOmHOCTh, crroco6hI H3MepeHHH 

xapaKTepu:cTHK aHTeHH. ITapaMeTphI aHTeHH B pe)KHMe rrpu:eMa: 3¢¢eKTHBHM rroBepxHOCTh, 

IIIYMOBM TeMrreparypa. CorrracoBaHu:e rrpu:eMHOH aHTeHHhI co Bxo,n:oM rrpu:eMHHKa. 

3rreKTpOMarHHTHOe none 3JieMeHTapHoro ,L(HllOJIH f epu;a, 3JieMeHTapHOH 3JieKTpu:qecKOH 

paMKH, 3rreMeHTapHoro TYPHHKeTHoro u: Kap.n:u:ou:,n:Horo u:311yqaTene:B:. ITom1Tu:e 3JieMeHTapHoro 

MarHHTHOro ,L(HllOIDI, rrpHHI{HII B3aHM03aMeHHeMOCTH rroneli B TeopHH aHTeHH. 

,n:u:rronhHM aHTeHHa, pacrrpe.n:eneHu:e TOKa no .n:u:rroJIIO, ypaBHeH11e XarrneHa. MomHoCTh 11 

corrpOTHBJieHHe H3JiyqeHHH ,L(HIIOIDI, ero BXO,L(HOe corrpOTHBJieHHe. f paHHI{hI 30H rrpocrpaHCTBa, 

oKpy)KaIOI.I.(ero ,n:u:rrorrh, CTPYKTypa rrorrx B pa3HhIX 30Hax rrpocTpaHcTBa. TI11TaHu:e .n:u:rrorrx 

CHMMeTpHqttbIMH (6arraHCHhIMH) JIHHHHMH rrepe.n:aqu: , ITeTJieBOH ,L(HllOJih, ero CBOHCTBa. Tiu:TaHHe 

.n:u:rrorrx Hecu:MMeTpu:qHhIMH u:cToqttu:KaMu:, cu:MMeTp:Hpy10mu:e yCTpo:HcTBa, cxeMhI MapqaH,n:a. 

TieqaTHOe HCIIOJIHeHHe ,L(HIIOJihHhIX aHTeHH, oco6eHHOCTH pearru:3al{HH. 



TypmmeTHI>Ie M Kap,n;MOM.D:HI>Ie aHTeHHI>I. ):(MpeKTOpHI>re aHTeHHI>I. JiororrepMo,n;M'IecKMe 

,nMIIOJThHI>Ie aHTeHHI>I. BorrHOBO,nHo-,nMrrorrI>HI>Ie aHTeHHI>I. ITomITMe MarHHTHoro (merreBoro) 

H3rryqaTeJUI, TOK 3aMem;eHM51 If BliPTYaJibHbIH MarHMTHbIH TOK B merrli. 

I13rryqeHMe ,nsyx ,n;MrrorreH:, TeopeMa rrepeMHO:>Kemrn, rrHHeliHM cMcTeMa M3 rrpoH3BOJII>Horo 

'IHCJia ,[{liIIOJieH:, rrpaBMJIO <PopMHpOBaHM51 6oKOBbIX rrerreCTKOB. I10H51Tlie 0 pacrrpe,nerreHlili 

aMIIJIHTy,n If cPa3 li3JiyqaIOIIJ;HX TOKOB no IIOJIOTHY aHTeHHOH perneTKli, CKaHMpOBaHHe rryqoM <l>AP. 

MHororryqeBI>Ie <l>AP, ,nMarpaMMoo6pa3YJOIIJ;Me ycTpoH:crna (MaTpm.i:I>r) Erracca, Earnepa H 

HorreHa. 

OcHOBHM BOJIHa rrp51MoyrorrI>Horo BOJIHOBo,na, TOKH rrposo,nMMOCTH If 3aMem;eHH51 B 

sorrHoBo,ne, Mecrn <l_)pe3epoBaHH51 H3rryqaiom;Hx merreli. BorrHOBO,nHo-merreBM aHTeHHM perneTKa 

CO m;eJI5IMH Ha IIIHpOKOll CTeHKe BOJIHOBO,n;a, ,n;HarpaMMa HarrpaBJieHHOCTH, IIOJI5IpH3aUH51, 

cornacoBaHHe c rrMTaIOIIJ;HM BOrrHoso,n;oM H KoaKCHaJII>HI>IM Ka6erreM. BorrHoso,n;Ho-merreBM 

aHTeHHM perneTKa co merr5IMM Ha y3Koli cTeHKe BOJIHoso,na, pe3oHaHCHI>Ie H Hepe3oHaHcHI>Ie 

BOJIHOBO,[(HO-merreBI>Ie aHTeHHbl. 

PyrropHI>Ie aHTeHHI>I, rrpMHUHII .n;elicTBH51, HarrpaBrreHHOCTb H rron5IpH3aUH51, rronyqeHHe 

Bpamaiomelic51 IIOJI5IpH3al."(HH. ):(H3JieKTpH'IeCKHe CTep)l<HeBI>Ie aHTeHHbl. 06neMHbie CIIHpaJibHbie 

aHTeHHI>I, m10cKMe crrnpanH ApxHMe.n;a. ITe'IaTHI>re pe3oHaTopHI>re aHTeHHI>I c JIHHeliHoli H 

BpamaIOm;elic51 IIOAApH3al."(Heli, corrracoBaHHe H HarrpaBJieHHOCTb. J1HH30Bbie .D:li3JieKrpH'IeCKHe 

aHTeHHI>I, 30HHpoBaHHe JIMH3I>I. MeTarrrrorrnacTHH'IaTI>Ie ycKOp5IIOIIJ;He JIHH3I>I. AHTeHHI>I Ha OCHOBe 

3aMe,nJUIIOIIJ;HX CTPYKTYP· 

3epKaJibHbie rrapa60JIM'IeCKHe aHTeHHbl, rrpHHUHII .ri;eikTBH51, HarrpaBrreHHOCTb, IIOllilpH3aUH51 H 

corrracoBaHne. 06rry'IaTeJIH 3epKarrI>HI>IX aHTeHH, KOMrreHcaIJ;H51 peaKUMH 3epKana Ha o6rry'IaTeJII>. 

3epKarrbHI>Ie aHTeHHbI co crreuMaJibHOll <l_)opMOll ,nHarpaMMbI HarrpaBJieHHOCTH, ,ri;By3epKaJibHI>Ie 

aHTeHHbl. 

AHTeHHbI .[{Jl51 CHCTeMbl rJIQHACC, rrpHeMHbie aHTeHHbI CHCTeM II03HUHOHHpOBaHH51 Ha 

MeCTHOCTH. AHTeHHbI CHCTeM COTOBOll CB513H, JIOKaJibHOfO ,[(OCTyrra B liHTepHeT, oxpaHHblX CHCTeM 

H CHCTeM un<l_}pOBOro TeJieBH,[(eHH51 H pa,n;HOBem;aHH51. 

ABTOMaTH3HpoBaHHoe rrpoeKTHpoBaHMe aHTeHH M MHKpOBOJIHOBI>IX ycTpoB:crn. ITpHHUHIII>I 

<PopMHpOBaHH51 CTapTOBOfO (Ha'IaJibHOfO) o6JIHKa rrpoeKTHpyeMoro ycTpolicrna, OIITHMH3aIJ;mI ero 

rrapaMeTpoB. OcHOBHI>Ie 3TaIII>I rrpoeKTHpoBaHH51 c HCIIOJII>30BaHHeM cncTeMI>I "CST Microwave 

Studio", aHaJIH3 pe3yJII>TaTOB rrpoeKTHpoBaHH51, TpexMepHI>Ie, .n;ByMepHI>Ie H aHHMaUHOHHI>re 

xapaKTepHCTHKH rrorreli H TOKOB IIpOBO,[{HMOCTH. 

-
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