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1. llesu u 3212494 AU CIUILIHHBI

dopMHpoBaHHE U Pa3BUTUE 3HAHUH Y TIOATOTaBIMBAEMbBIX CIIEIIMATUCTOB B 001acTH
npoekTupoBaHus yctpoicTB CBY 1 aHTEHH ¢ UCIIOIB30BaHHEM COBPEMEHHBIX METOJIOB
MaTEMaTUYECKOIO MOACIIMPOBAHMS, CPEICTB U3MEPEHUM U CUCTEM aBTOMAaTU3UPOBAHHOTO
npoeKkTHpoBaHus. OCHOBHBIE 33J]a4i: — U3yUYE€HHUE OCHOBHBIX (PU3NYECKUX TPUHIUIIOB
¢yHkumonupoBanus ycrporicts CBY (Bkitouasi MUKpOAJIeKTpoHHbIEe ycTpoiictBa CBY) u
AHTEHH PA3JIMYHBIX KJIACCOB U 00JaCTEN MPUMEHEHUS; — U3yUYE€HHUE OCHOBHBIX METOJIOB
aHanu3a M pacuera ycrpoilcts CBY 1 aHTEHH pa3anyHbIX YaCTOTHBIX JUAIIa30HOB; —
npUOOpETeHNE HABBIKOB AKCIIEPUMEHTAIBLHOTO HCCIIEIOBAaHUS U aHAIM3a TapaMeTpOB
AHTEHHBbIX cucTeM U TpakToB CBY; — n3ydyenune MeTo10B pacueTa napaMeTpoB aHTEHH 110
pesyabTaram 00paboTKU IKCIIEPUMEHTATILHBIX NCCIIEIOBaHUM ¢ TpuMeHeHueM DBM.

Kp aTKoO€ COACPKaHUuEC NTUCHUIIJIHHBI

JucnumimnHa «YcrpoiictBa cBepxBbicokoi yacToThl (CBY) u aHTeHHBI» BKIIIOYaET B ceOs
CJIeTyIOIIME OCHOBHBIE Pa3/Iesibl: PEXKUMBI PaObOTHI U cortacoBanue JuHuM nepenaun CBY
nuranas3ona, muoronomocHuku CBY, ocHoBHEIe 0a30BwIe aeMenTsl POC CBY nuama3ona,
XapaKTEPUCTUKHU aHTEHH, aHTEHHBI B PEKUME NIpUEMa-Niepeiauu, TMHEHHbIE aHTCHHBI U
AHTEHHBIC PEIICTKH, allepTypHbIE aHTCHHBI, (ha3UPOBAHHbBIE AHTECHHBIC PEIICTKH, METOBI

U3MEpEeHnil aHTeHH U ycrpoiictB CBY.

2. Komnerenuuu odyuyawmerocsi, opmMupyembie B pe3yJibTaTe 0CBOCHUS

JTUCIUILTHHBI

[TnarupyeMble pe3yabTaThl OCBOCHUS
OIT BO (xomnieTeHIun)

[Inanupyemsble pe3yiabTaThl
00y4eHUs 10 TUCIHUIIINHE

[TK-2 CriocoOHOCTBIO OCYIIECTBISATh MOHUTOPUHT
COCTOSTHUS ¥ IPOBEPKY KaueCcTBa padOTHI,
MIPOBEJICHUE U3MEPEHUI U TUATHOCTUKY OIIMOOK U
OTKa30B pajiio 00OPYIOBAHUS, CETEBBIX YCTPOUCTB
MIPOrpaMMHOTO o0ecredeHusT H()OKOMMYHHUKITAITAH

3HaEeT: OCHOBHBIE 3Tallbl MPOEKTUPOBAHUS
paaunosnekTpoHHbIX cpeacts CBY nuanasoHa,
METO/Ibl OLIEHKH MOTPEIIHOCTEN UCTIONb3yEMBbIX
YUCJIICHHBIX METOJIOB; OCHOBHBIE CTPYKTYpPHBIE
CXEMBbI aJITOPUTMOB, CPEACTBA U BO3MOKHOCTHU
IPOrpPaMMHOT0 00€CTIEUEHHS CUCTEM
AQBTOMATHU3UPOBAHHOTO IPOEKTUPOBAHUS
paanosniekTpoHHbIX cpeactB CBY nuamnasona;
METO/Ibl AaHAJIM3a U ONITUMM3ALUU [TapaMETPOB
MOJIEIIUPYEMBIX AIEKTPOJMHAMHYECKHUX IPOLECCOB,
CBY ycTpoiiCTB 1 aHTEHH

'YMeeT: OCyIIECTBIATh pacyeThl OCHOBHBIX
XapaKTEPUCTUK BOJIHOBOJHBIX TPAKTOB,
[PE30HATOPOB U aHTEHH; IPOBOJIUTH MOJEINPOBAHUE,
TEOPETHUUECKOE U IKCIIEPUMEHTAIIBHOE
MCCJIEJOBAHNE BHOBb Pa3padaThbIBa€MBbIX Y3JI0B U
YCTPOUCTB, UCIOIb3YsI COBPEMEHHBIE METO/IbI
aHaJIM3a U CUHTE3a; BBITIOJIHATH HACTPONKY U
MPOBEPATH MPABUIBHOCTD (DYHKIITMOHUPOBAHUS
MaKETOB U OTBITHBIX 00Pa3I0B PaIMOAICKTPOHHBIX
YCTPOUCTB C UCMOIb30BAHUEM COOTBETCTBYIOIICH
M3MEPUTETLHOM anmapaTypbl U CPEICTB
ABTOMATU3AIMH SKCTIEPUMEHTATBHBIX
WCCIIIOBAaHNH, 00€CTIeunBaTh U JIOKYMEHTAIIEHO
MOJITBEPAKAATh COOTBETCTBUE XapAKTEPUCTUK

MaKeTa U OMBITHOTO 00pasia TpeOOBaHUIM




TEXHUYECKOTO 3aJ[aHUsI; COOIONATh MPH
MPOEKTUPOBAHUHU TPEOOBAHMSI CTaHIAPTU3ALINN U
METPOJIOTHYECKOTO 00eCTIeUeHUS

HmMeeT mpakTHYeCKUI OMBIT: IPUMEHEHUSI METO0B
aHanu3a u pacuera ycrpoiictB CBY u antenn
Pa3IMYHBIX YaCTOTHBIX JHAMa30HOB;
PKCIIEPUMEHTAIBLHOIO UCCIIEIOBAHUS U aHAJIN3a
MapaMeTpOB aHTEHHBIX cucTeM U TpakToB CBY;
METOZIOB pacueTa napaMeTpoB aHTEHH I10
pesysbTaTaM 00pabOTKH KCTIEPUMEHTATBHBIX
MCCJIEJOBAaHNH ¢ MpuMeHeHnem OBM

3. Mecro nucuuninnbl B ctpykrype OII BO

[Tepeuenp npeanIecTBYOMNX JUCIUIUINH,
BUJIOB pabOT y4eOHOro MmjiaHa

[lepeueHs mocIEAYIONIMX AUCIUTLINH,
BUJIOB paboT

Panuonepenaromiue ycrpoiictsa POC,
[TporpammupoBanue Ha si3bike Python,
HepCHGKTI/IBHBIC TEXHOJIOTUN 6€CHpOBOI[HI>IX
JIOKaJIBHBIX CETEeH,

MeTpoJIOTHS U DIIEKTPOPATHON3MEPEHHUS

He npenycmorpensl

Tpe6OBaHI/I$I K «BXOJHBIM)» 3HAHHUAM, YMCHHAM, HaBbIKaM CTYJICHTA, HGO6XOI[I/IMI)IM
IIp1 OCBOCHHUHU I[ElHHOﬁ JAUCHUITIINHBI 1 HpI/IO6peTeHHLIM B PC3YyJIbTAaTC OCBOCHUA

NpCAMICCTBYIOINUX JUCIHUILINH:

Jucrumimaa

TpeboBanus

Panuonepenatomniue ycrpoiictsa POC

3HaAeT: METOJIMKY U CPEJICTBA U3MEPEHUH,
MCTIOIB3yEeMBbIE JIJIS1 KOHTPOJISI Ka4eCTBa paOOTHI
000pyI0OBaHus, TPAKTOB U KaHAJIOB IIepeayH,
nporpaMMHOE o0ecrieueHre 000pyI0BaHus,
TOKYMEHTAIUs 110 CUCTeMaM KadecTBa paboThI
ycTpoiictB POC. YmeeT: aHanu3upoBarh COCTOSIHUE
U yCTaHaBJIMBAaTh COOTBETCTBUE MapaMeTPOB pabOThI
paauonepenaomux ycrpoiicts POC aeiicTByommum
OTpacjieBbIM HOpMaTuBaM. MiMeeT npakTuyeckui
OMBIT: YIPABJICHUS, HABBIKAMU MOCTPOCHHUS
MoOIeIen

MeTpoiorus 1 3eKTPopaauoOn3MepEHHs

3HaeT: TpeOOBaHUS CTaHAPTU3ALINH,
METPOJIOTHUECKOr0 00ecreueHus pu pa3padoTke U
OKCILUTyaTallur 3JICKTPOHHBIX CPCACTB; TEXHUYCCKUC
CpeACTBa U3MEPEHHI, UX METPOJIOTMYECKUE
XaPAKTCPUCTUKHU, ITPpaBHJIa ITOBCPOK; IPUHIUIILI 1
METO/Ibl N3MEPEHUIl; TPUHLUIIBI TOCTPOCHUS U
0COOCHHOCTH CPEICTB U3MEPEHUI OCHOBHBIX
DIIEKTPUUYECKUX BEIMYUH; IPUHLUIIBI IIOCTPOCHHUS
U(GPOBBIX CPEJICTB UBMEPEHUI U KOHTPOJIS.
CTpyKTYypy U IPUHIUIIBI pabOThl U3MEPHUTEIbHBIX
YCTPOMCTB. MeTObI MOTy4YEeHUS
HKCIIEPUMEHTAJIbHBIX JAHHBIX. YMEET: oJ0UpaTh
CpencTBa U3MEPEHUH 10 YCIOBHAM IPEICTOSIINAX
U3MEPUTENIbHBIX 3a/1a4; BBIOIHATH U3MEPEHUS
PA3JIMYHBIX JJICKTPUICCKUX U PATUOTCXHNICCKUX

BCJIMYHH, O(bOpMJ'IHTB IIPOTOKOJI SKCIICPUMCHTA B




YCTaHOBIICHHOU (hopMe; BecTH 00paboTKy
PKCIIEPUMEHTAJIBHBIX JIAHHBIX C IIEJIbIO TIOBBIIICHUS
TOYHOCTU KOHEUHOTO pe3ynbrara meet
MpaKTUYECKUI OMBIT: Bragenus MeronamMu paboThI
C U3MEPUTETHLHBIMU IPUOOpaAMU; TIPUEMaMU
oTpe/eCHUS TOTPEITHOCTEH B TUIOBBIX CUTYAIIHASX
U3MEPEHUN

[IporpamMmmupoBanue Ha si3bike Python

3HaeT: METOAUKY U CPEICTBA U3MEPEHUH,
MCIIOJIb3yEeMBbIE JIJIs1 KOHTPOJISI KadecTBa padOThI
000py/10BaHUs, TPAKTOB M KaHAJIOB Nepe/Iayy,
porpaMMHOe obecrieyeHrne 000py10BaHMUs,
TOKYMEHTAIH 110 CUCTEMaM KayecTBa padoThI
MPEANPUATHN CBA3M YMEET: aHAJIM3UPOBaTh
pE3yNbTaThl U YCTaHABIMBATH COOTBETCTBUE
napaMeTpoB paboThl 000PYIOBAHUS JEHCTBYIOUIIM
OTpacyieBbIM HopMmarnuBaM MMeeT npakTudeckui
OTIBIT: HHCTPYMEHTAJIbHBIX U3MEPEHUH,
UCIIOJIb3YEMbIX B 00JIACTH TEIEKOMMYHUKAIMNA U
OLICHKH X MHCTPYMEHTAJbHBIX U3MEPEHUH,
UCIIOJIb3YEMbIX B 00JIaCTH TEIEKOMMYHUKAIMNA U
OLICHKH MX COOTBETCTBHS TEXHHUECKUM HOPMaM U
napameTpam 000pyJIOBaHUs U KaHAJIOB Mepeadu
YCTaHOBJIEHHBIM IKCIUTYaTallHOHHO-TEXHUYECKUM
HOpMaM, BEJIEHUE TOKyMEHTALlUHU 110 PE3ybTaTamM
W3MEpPEHUN

HepCHGKTI/IBHLIe TCXHOJIOTHHU 6eCHp0BOI[HbIX
JTOKAJILHBIX CETEN

3unaet: [IpyHIMIIBI OpraHu3anuy ceTeil 1aTunKoB U
VCIIOJTHUTEIBHBIX YCTPOWCTB NHTEPHETA BELIEH,
Cy1ecTBy0IIME U NEPCIIEKTUBHbBIE CTAHIAPThI U
MPOTOKOIBI MH(OPMAIIMOHHOTO OOMEHa B 001acTH
WHTEpHETa Benen Ymeer: [IpoBoauTh OLICHKY
KauecTBa paboThI almapaTHO-IPOrPaMMHOIO
KOMILIEKCAa MHTEPHETA Belllel, BrImonHATh
HACTPOWKY M MIPOBEPKY pabOTOCIOCOOHOCTH
anmnapaTHOro o0ecreueHus: MHTepHeTa Bellen
MeeT npakTUyeCcKui onbIT: BiiageHnus
COBPEMEHHBIM NTPOTPAMMHBIM 00€CIIEUEHUEM,
MCIIOJIb3yEMBIM B MIHTEPHETE BEILEH, BIIAJCHUS
HaBbIKAMHU MOHTaXXa U CAA4YM B SKCILTyaTalHIO
0a30BbIX CTAHILMI U KOHEUHBIX YCTPOMCTB
WHTEpPHETA BEUIEH

4. O0bém M BHABI YUeOHOH PadOTHI

OO6mas TpyA0€eMKOCTh JUCHUIUIMHBI COCTaBISET 4 3.€., 144 4., 82,5 4. KOHTaKTHOM

paboThI
Pacrnipenenenue mo cemectpam
Bcero B yacax
Bun yue6HO# paboTh
4acoB Howmep cemectpa
8
O61mmas Tpy10EMKOCTh TUCIIUTUTHHBI 144 144
AyoumopHhvie 3auamusi: 72 72
Jlexuuu (JI) 36 36




[IpakTuyeckue 3aHATUS, CEMUHAPHI U (UJTH) APYTHE BUIBI 24 24
aynuTopHbIX 3aHsaTui (I13)
JlabGopatopusie pabotsl (JIP) 12 12
Camocmosmenvras paboma (CPC) 61,5 61,5
C IPUMEHEHUEM JMCTaHIIMOHHBIX 00pa30BaTeIbHBIX 0
TEXHOJIOTUI
N3ydenune JOMOJHUTENBHBIX PA3/I€JIOB TUCIUIIITUHBI 11,5 11.5
[TonroroBka 0T4€TOB 110 JJAOOPATOPHBIM paboTam 12 12
[TonroroBka K 3K3aMeHy 14 14
ITonroroBka K NpakTUYECKUM 3aHATUSIM 24 24
KoHcynpranyuy u npoMeKyTO4Hast aTTeCTalus 10,5 10,5
Bu koHTpoIIs (3a4eT, 1ud.3a4eT, SK3aMeH ) - 9K3aMEH

5. ConepkaHue TUCHMIIMHBI

Ne

OObeM ayIUTOPHBIX 3aHITHI
0 BUJaM B 4acax

pasnerna

HaumenoBanue pa3aciioB AUCHUIITIMHBL

Bcero J| TI3

JIP

BBeeHre, TEPMUHOJIOTHS JUCIUIUIMHBI, OCHOBHBIC TIOHSITHUS
OIIpEeICTICHUS

2 2

0

Jlunuu nepenaun CBY nuanazona. OcoO0€HHOCTH KOHCTPYKIIHMA
HIIEMEHTOB U y3710B TpakToB CBY

Muoronomtocarku CBY. I'mbpunasie CBY coequnenus

10

®uneTpsl U comacyromue ycrpoiictea CBY. M3mepenne
xapakrepuctuk CBY ycTpolicTB

12

(OCHOBHbBIC XapPaKTCPUCTUKHU AaHTCHH

BI/I6paTOpHLIe 1 CJICBBIC AaHTCHHBI

10

JIvHeitHbIE aHTEHHBI U PELIETKU

10

e BN EN H Ko N LV, 1 BN SN VSN I S

M3myyarolue pacKpbIBbl U PELIETKH, OCHOBHBIE KJIACCHI

anepTypHbIX aHTCHH. V3MepeHne XapakTepuCTUK aHTCHH

AN
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5.1. Jlekuum

Ne

IIeKIuu[pasaenal

Ne

HanmenoBanue umm KpaTKO€ COACPIKAHUC JICKIMOHHOT'O 3aHATHA

Koi-
BO
4acoB

Oco6ennoctr CBY u onTrdeckoro auana3oHoB pajgrnoBoH. OCOOEHHOCTH
npubopoB u ycrpoiicts CBY nuanasona u ux kinaccudukanus.

2 |mepemaun. OCHOBHBIE TUIIBI JUHUMN Nepenayn. MaTteMaTuueckas MoJeb

pEryJISIpHOM JIMHUY [IEpEJadU.

JIuHuu nepenadn B panocucTeMax M ycrponcTBax. OCHOBHbIE TapaMeTpbl TMHUN

'Y3KOITOJIOCHOE COIVIACOBAHHE B JTMHUAX nepeaavu.

HopMmupoBaHHBIE HANPSKEHUS BOJIH, II0JHBIE HOPMUPOBAHHBIE HAPSKEHUS U
TOKH B JINHUSAX nepenadd. OCHOBHBIE peXUMBbI paOOTHI IMHUHN Nepeaadu U ux
BIMSHUE HAa KO (UIIMEHT MOJIE3HOTO JEHCTBUS U MPOIMTYyCKAEMYIO MOIIHOCTb.
Tpancdopmarus copoTUBICHNUN B TMHUSX Niepenaun. Kpyrosas nuarpamma
MOJIHBIX COIIPOTUBIIEHUH U IpoBoAUMOcTel (HoMorpamma Bonbsnepra-Cmura).

3 |marpwuirel). MaTpuiia mpoBOIUMOCTEH IByXIPOBOIHOM JIMHUK. BoTHOBBIE

MaTpPHUIbI paCCCAHUA. CooTHomeHUs MCKAY MaTpuliaMu MHOT'OITOJIFOCHUKA.
BzanmHbBIC 1 HEAWCCUIIATUBHBIC MHOTI'OIIOJIFOCHHUKH. YcnoBue B3aUMHOCTH.

Muoronomtocarku CBY. OcHoBHBIE onpenenenus. Onucanue HeOAHOPOTHOCTEN
TUHUY [Iepelaud MaTpUIlaMu TPOBOJUMOCTEH U COMPOTUBICHUH (MMMUTAHCHBIE




MaTtpuilbl pacCessHUsI CAMMETPUYHBIX MHOTOIIOIIOCHUKOB. MaTpuiibl CHMMETPUH.
Hanpasnennsie orBeTBUTENH. TUIbI, 0cHOBHBIE mapameTpbl HO. Ananu3 HO.
CocraBHble MHOTONIOIIOCHBIE ycTpoiictBa CBYU. MeToa ciMMETpHUYHOTO U
AQHTHCHMMETPHUYHOTO BO30YX1eHHs. BomHOBOIHO-11IeIeBOM MOCT. [ mOpuiHOE
kombI10. [neiiduspiit MmocT. Kitaccndeckas U BOJTHOBast MATPUIILI TTEPEIaYH.
KackagHoe coequHeHne 4YeThIPEXIOIOCHUKOB. MaTpuiia paccestHusl KaCKaIHOTO
COCIMHEHHBIX MHOTOTOIIOCHUKOB.

OunbsTpsl U cornacytouue yerpoiicta CBY. IIporoTuns! GUIBTPOB ¢ ONTH-
MaJIbHBIMU YaCTOTHBIMM XapaKTEPUCTUKAMH. 3aMEHbI YaCTOTHOW ITEPEMEHHOM IIPH
pacyerax GpuiabsTpoB. [IpumeHeHne oTpe3KoB JIuHUM nepeaaun B puisTpax CBY.
Pe3onaTop Ha oTpakaronux NpensTCTBUAX B JIUHUM nepeaadn. @unstpel CBY ¢
HEIOCPEACTBEHHBIMU CBS3SIMU COCEIHUX Pe30HATOPOB. DUIIBTPHI HA
TUIEKTPUYECKUX PEe30HATOpax

[[InpokononocHOE cornacoBaHue Harpy3okK. Ilepexoasl 1 MMpOKOIOI0CHOTO
COITIaCOBaHMS aKTUBHBIX HArpy3ok. YeObleBCKasi U MaKCUMaJIbHO MJIOCKAs
JaCcTOTHAs XapaKTepUCTUKH. [[aBHbBIN SKCIOHEHIMAJIBHBIN nepexo. MeToibl
U3MepeHus XapakTepucTHk ycTpoiicts CBY. M3mepurensHoe o60pyoBaHue
nuanaszona CBY. M3Mepenue 31eMeHTOB MaTpUIlbl PacCEsIHUSI MHOTOIOIIOCHUKOB
CBY. PednextomeTpsl, mMaHOpaMHbIE U3MEPUTEIH.

OcHOBHBIE XapaKTepUCTUKH aHTeHH. Ha3HaueHue u kimaccudukanus aHTeHH.
CrpykTypHas cxema aHTeHHBI. PacueT noneit uznyuaronieit cuctemsl (UC) B
nagbHEer, TPOMEXYTOYHON 1 ONMyKHEH 30HaX. BekTopHas KoMITJIEKCHAs
rarpaMMa HarpaBJIeHHOCTH aHTeHH. Koo uumeHT HanpaBiIeHHOTO 1eHCTBHS
(KH/), mupuna yya 1 ypoBeHb 00K0BBIX JieriecTkoB (YBJI). 3aBucumocts KH/]
oT mupuHsl 1y4ya 1 YBJI. Pabouas nonoca yacToT U npeaenbHas MOLHOCTb
AQHTCHHBI.

[lepenaromasi aHTeHHA KaK YETHIPEXIMOMIOCHUK. AHTEHHBI B PEKUME
paauoIrpucma. OKBHMBaJICHTHAs CXeMa HpHGMHOfI AHTCHHEI. HpI/IHI_II/IH B3aUMHOCTH.
[Tonsipu3aliMOHHbBIE COOTHOILIEHUS IPU pagnonprueMe. MOIHOCTh B Harpy3Ke
NprueMHON aHTeHHBI. D QeKTrBHAs noBepXHOCTh. [IlymoBas Temneparypa
MPUEMHOUN aHTEHHBI.

10

BubpaTtopHbie 1 mieeBble aHTEHHBI. DIEKTpUUIeCKuii BuOparop. Pacnipenenenne
TOKa U 3apsfa. [{uarpamma HarpaBieHHOCTH, conpoTuBieHue uanydenus u KH/|
BHOparTopa. /luarpamMmma HanpaBI€eHHOCTH CUMMETPUYHOTO TOHKOTO BUOpaTopa.
BxoaHO€e CONpOTUBIICHUE U COMPOTUBIICHUE U3ITyueHHs BUOpatopa. JleiicTByromas
nnHa u KHJ BuOparopa. [lone usnydenus cucteMbl OTMHAKOBBIX BUOPATOPOB.
Teopema nepeMHoXeHus. BzanmMHoe BIMsHUE TUHEWHBIX BUOPATOPOB.

11

Meton HaBoguMbIx JJ1C. KoHcTpykunu BUOPaTOPHBIX U IIEIEBbIX aHTEHH.
CornacoBanue 1 cuMMeTpupoBanue. CUMMETPUYHBIA MarHUTHBIA BUOpATOP.
[1{eneBble aHTEHHBI B IUIOCKOM O€CKOHEUYHOM SKpaHe.

12

JIvHeiiHbIe aHTEHHBI U peleTKH. JIMHeHHbIe n3TyJaroniue cuctemMsl. MaeanbHbii
NTMHENHBIN u3nydarens. MHoxuTens HanpasieHHocTyd U1 KH/I naeansHOro
TUHEHHOTO M3ydaTens. Biausaue aMIIuTy1HO- (a30BOToO pacupeecHus Ha
MapaMeTpbl INHEMHON aHTECHHBI.

13

Jluneiinas antennas peuetka (JIAP). AHann3 MHOXKUTENS HAIIPABICHHOCTH
paBHOMepHOU JIAP. CriocoObI mos1aBieHrs MOOOYHBIX TIIaBHBIX MakcuMyMoB. KH /I
JIAP. Bxognas MmoutHocTh 1 ko3 durment ycunenust JIAP. Autenns! Oerymieit
BOJIHBL. BOITHOBOIHO-11I€/IEBbIE AHTEHHBIE PEIIETKH.

14

W3nydaroniye packpbiBbl U pemeTku. O MPUMEHEHUH TE€OPEMbI SKBUBAJICHTHOCTH
K pacueTy aHTeHH ¢ II0cKuM packpeiBoM. KHJI 1 addekTrBHAS MTOBEPXHOCTH
MJI0CKO-TO CUH(A3HOTO pacKpbiBa. MHOXKHUTENH HAPABICHHOCTH TJIOCKOTO
[PSIMOYTOJIBHOTO M KPYIJIOTO PacKpbIBOB. METO/ 3KBUBAJIEHTHOIO JIUHEUHOTO
n3nmy4daresnss. CKaHUpOBaHHE JTyda B INIOCKOM packpbiBe. [Tnockue MAP.
Pa3merienue u3nyvaresiei mo pacKpbiBy M YCIOBUS OTCYTCTBUS TOOOYHBIX

[JIaBHBIX MaKCUMYMOB. JluckpeTHoe (ha3rpoBaHHe CKAHUPYIOLIUX aHTEHHBIX




perieTok. CBsA3b XapaKTEPUCTUKH HAMPABIEHHOCTH OJTHOTO U3Iy4aTelisi peIETKH C
paccoryiacoBaHUEM BXOJIOB 3JIEMEHTOB MPHU CKAHUPOBAHUU.
15 ] AmnepTypHbIe aHTeHHBI. PyriopHbie aHTeHHBI. JINH30BbIe aHTEHHBI. 3epKalibHbBIE 5
napabonuyeckue aHTeHHbI. O0IyJaTenn 3epKalbHbIX aHTCHH.
AHTeHHbIe pemieTkd. CriocoObl CKAHUPOBAHUS U 33]1a4H, pEIIaeMble C TIOMOIIBIO
aHTeHHBIX penieTok. daszupoBannbie anTeHHbIe pemeTku (DAP). Ynpasnenue da-
3UPOBAHMEM CKaHUPYIOLIMX aHTEHHBIX pemeTok. [Inockue GAP. Pazmenienue
16 8  |u3;yuaresneil Mo pacKpbIBY U YCIOBHS OTCYTCBHUS TOOOYHBIX IJIAaBHBIX JIETIECTKOB. 2
Br160p 1miara pemieTky ¢ HampaBIeHHBIMU dJIeMeHTaMi. MHOTOTy4YeBble aHTEHHBIE
pemerku. Jlnarpammoo0pa3yromue cxeMbl. Matpuuiel batinepa u biacca.
AHTEHHbIE PEIIETKU C YACTOTHBIM CKAaHUPOBAHHUEM.
MeTtoasl u3mepeHus xapakrepuctuk ycrpoiicte CBY u antens. U3mepurensHoe
17 8 |obopynoBanue nuanazona CBY. M3Mepenue 21eMeHTOB MaTPUIIbl PACCESTHUS 1
MHoromnoocHukoB CBY. PedexTomeTpbl, maHOpaMHbIE H3MEPUTEIH.
18 ] Oco6ennoct u3mepenus JIH npoTsHhkeHHBIX aHTEHH, H3MEPEHUs B OJIMIKHEN 30HE. 1
W3mepenue KH/I u ko3 dunmenrta ycunenns aHTeHH.
5.2. llpakTHyecKkue 3aHATHS, CEMHUHAPbI
Ne Ne Koa-
HaunmeHnoBaHMe wiin KpaTkoe COAEp:KaHUE MPAKTHUECKOTO 3aHATHS, CEMUHApa BO
3aHATUsA[pa3iena
4acoB
1 ) PexxuMbl THHMI TIepeadu, Y3KOMOJIOCHOE COTNIACOBaHME JIMHUM Mepeiadn ¢ )
MOMOIIBIO Y€TBEPTHBOIHOBOTO TpaHC(opMaropa u napasuieIbHOW MPOBOAUMOCTH
2 3 MuoronomtocHuku CBY. MarpruyHoe onrcaHne MHOTOTIOIOCHUKOB, CBS3b MEKITY 4
MaTpULiaMU
3 4 OunpTpel CBY 1 IMPOKOMIONIOCHBIE COMIACYIONIUE YCTPOMCTBA. MakCUMaIbHO 4
[I0CKUE U YEOBIIEBCKUE YACTOTHBIC XapaKTePUCTUKHI
4 6 CornacoBanue 1 CHMMETPUPOBaHHE BUOPATOPHBIX aHTeHH. CBsI3aHHBIC 4
BUOPATOPHI
5 7 JIuHeiiHble aHTEHHBIE pelIeTKU. BiusHie aMIumTy1HO-(ha30BOT0O pacrpeieeHus 4
Ha MHOXHTEIb HApaBJIeHHOCTH
6 2 OcHOBHBIE KJIacChl anepTypPHBIX aHTEeHH. [IpUHIUIBI IPOEKTUPOBAHUS TUIOCKHUX 6
(ha3upOBAHHBIX aHTEHHBIX PEIIETOK
5.3. JlaboparopHbie padoThI
Ne Ne Koa-
HanmenoBanue win KpaTkoe cofep:kaHne 1a00opaTopHOil paboThI BO
3aHATUsA[pa3iena
4acoB
1 3 VccnenoBaHye YaCTOTHBIX XapaKTEPUCTUK THOPUIHBIX COCTUHEHHH U )
MHoromnoocHukos CBY
) 4 VccnenoBaHre 4aCTOTHBIX XapaKTEPUCTHK TOJIOCHO-TIPOIYCKAOIINX (PUIBTPOB C )
MaKCHUMaJIbHO-TIJIOCKOM U 4eObIeBCcKoN Xapakrepuctukoi. Crmutrepst CBU
3 6  |Csi3aHHBIE BUOPATOPHI 2
4 7  |MccnenoBaHue MOMSPU3ANMOHHBIX XapakTepucTK anteHH CBY 2
5 8 |MccnenoBaHue XapakTepUCTUK 3€PKATbHBIX MAapabOIMYeCKUX aHTEHH 2
6 8  |[MccienoBaHne BOJTHOBOAHBIX HEOJHOPOJHOCTEN 2

5.4. CamocrosiTesqibHasi padoTa CTyIeHTA

Brimonuenune CPC




Cnucoxk nureparypsl (¢ yKa3aHUEM Kou-
IToxsun CPC pasnenos, miaB, cTpanuil) / cceiika Ha  [CeMmecTp| BO
pecypc JacoB
M3ydeHne JOMOHUTENBHBIX Pa3aesioB 1 2 11,5
TTACIIMIUTMHEI
[loaroToBKa OTYETOB M0 JIAOOPATOPHBIM 3 3 12
pabotam
[ToaroroBka K sK3aMeHy 8 14
[ToaroToBka K MPaKTUYECKUM 3aHATHIM 2 8 24

6. Tekymuii KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOYHAS ATTECTALUA

KonTponb kauecTBa 0cBOCHUS 00pa30BaTEeIbLHOMN MPOrpaMMbl OCYIIECTBIISECTCS B
cootBeTcTBHH ¢ [Tonokenrem o 6aTbHO-PEUTUHTOBON CUCTEME OIICHUBAHUS PE3YIbTATOB
y4eOHOM JESITEIIbHOCTH 00yJarOIIIXCS.

6.1. Kourpoabubie meponpusitusa (KM)

Ne [ Ce-
KM|mectp

Bun
KOHTPOJISI

HazBanue
KOHTPOJILHOTO
MEpONPUATHUS

Bec

Makc.
Oamn

[Topsimok HaumcneHus 6aI0B

YVuu-
THIBA-

eTcs B
ITA

Texymmii
KOHTPOJIb

[IpakTrnueckas
pabora 1

15

MaxkcHUMaIbHBIN OaJlT HAYUCIAETCS 3a
CHaHHBIM Oe3 3aMEYaHUil OTYCT B
YCTAHOBJICHHBIC CPOKH, YKa3aHHBIE B
JTUYHOM KaOWHETE CTYJEHTA;

3a oo3IaHue Ha 7 qHEH HauucisieTcd 12
OamnoB; 14 nueit - 9 6amnos; nocae 15 nHe
OTYEeT HE IPUHUMAETCs, Hauucasercs 0
OastoB. [l momycka K sK3aMeHy oT4eT 0e3
HAYHMCJICHHBIX 0aJJTOB 0053aTEIIbHO JTOJDKEH
OBITH IPEOCTABIIEH HE MO3HEE 7 AHEH 10
PK3aMCHA.

OK3aMCH|

Texymmii
KOHTPOJIb

[IpakTnueckas
pabora 2

15

MakcuMaJIbHBIH 0aJlJT HAYKCIIAETCS 3a
CIAaHHBINA O€3 3aMeUaHuil OTUET B
YCTAHOBJICHHBIC CPOKH, YKa3aHHBIE B
JTMYHOM KaOWHETE CTYICHTA,

3a oo3aaHue Ha 7 qHEH HauucisieTcd 12
0asnoB; 14 nueit - 9 6amnos; nocae 15 e
OTUYEeT HE IPUHUMAETCS, Hauucsercs 0
OaoB. [y norycka K 9K3aMeHy OT4eT 0e3
HAYKCJIEHHBIX 0aJIJIOB 003aTeNIbHO JOJDKEH
OBITH MIPEOCTABJIECH HE Mo3/1Hee 7 AHEH 110
DK3aMeHa.

OK3aMCH|

Texymmii
KOHTPOJIb

[IpakTrnueckas
pabora 3

15

MakcuMaJIbHEINA 0aJllT HAYHCIIASTCS 3a
CIaHHBIN O€3 3aMeUaHuil OTYET B
YCTAHOBJICHHBIC CPOKH, YKa3aHHBIE B
JTMYHOM KaOWHETE CTYICHTA;

3a OIOo3JaHue Ha 7 qHEH HauucisteTrcs 12
0aioB; 14 nHeit - 9 6amnoB; nocie 15 guei
OTUYeT HE IPUHUMAETCS, Hauucsercs 0
OanoB. Jlyig nomycka K 9K3aMeHy OT4eT 0e3
HAYKCIICHHBIX 0aJIJIOB 003aTeNIbHO JOJDKEH

OBITH ITPEJOCTABJICH HE Mo3/aHee 7 AHeH J10

OK3aMCH|




OK3aMCHa.

Texymuit
KOHTPOJIb

[IpakTyeckas
pabora 4

15

MakcuMaJIbHBIN 0aJliT HAYHUCISAETCS 3a
CIaHHBINA O€3 3aMeYaHuii OTYET B
YCTaHOBJICHHBIE CPOKHU, YKa3aHHBIC B
TUYHOM KaOWHETEe CTYJEHTA;

3a ONo3/IaHKe Ha 7 qJHeH HauucaseTcs 12
oaiutoB; 14 gueit - 9 6amios; nocie 15 gueit
OTYET He MPUHUMaeTCs, Hauucsercs ()
OamtoB. Jlyis momycka K dK3aMeHy oT4eT 0e3
HAYUCJICHHBIX 0aJJIOB 0053aTEIbHO JOKCH
OBITH IPEAOCTABJICH HE MO3/IHEE 7 JTHEH 110
PK3aMCHA.

ODK3aMCH

ITpome-
KyTOUHAas
aTTecTanus

HUrorosruiii
3K3aMeH 1O
MUCIUILUINHE

40

MaxkcuMaabHOE KOJIMYeCTBO 0alsIoB,
KOTOPOE MOXET IMOJy4YUTh CTYJIEHT,
BBITIOJIHUBILINI B YKa3aHHBIE CPOKH
MEPOIIPUATHS TEKYIIIET0 KOHTPOJIS, paBHO
60. ITocne npoBEpKU OTYETOB 1O
[IpaKTUUYECKUM paboTaM IperoiaBaTesieM
MOTYT OBbITh HAUMCIICHBI IOTIOJIHUTENIbHbIE
(6onycHsbie) 6amibl, HO He Oonee 10 3a oy
paboty. JlononHuTeNbHbIE 0AIIBI MOTYT
OBITH HAYMCIIEHBI 3a IPYTHe JOCTHKEHUS
CTY[IEHTA: y4acTHE B HAYYHO-TEXHUYECKHUX
KOH(EPEHITUAX; TTOJTOTOBKA U MMy OIMKAIUs
CTaTbH B NHICKCUPYEMBIX U3JIaHUSX;
ydacTue B KOHKypcax u jipyroe. CTyqeHT,
KOTOpOMY HadHcieHo Oomnee 85 6aios,
MOJKET MPETEeH10BaTh Ha OIIEHKY "OTJINYHO";
6osiee 70 GassoB - "xopouio"; 6o1ee 60
OaioB - "ymoBnerBoputenabHO"; 60 U MeHee
6asioB -"HeynoBIeTBOpUTENLHO". B cityuae
Hecoracus ctyfaeHTa ¢ oienkoi bPC,
Ha3zHauaeTcs dk3aMeH (ounbld wiu JIOT) no
BCEM pa3iesiaM U3y4aeMOM JUCHUTUINHBI.

OK3aMCH

6.2. Ilpouenypa nposeaeHusi, KpUTEPHUH OLCHUBAHUS

Bun

MIPOMEKYTOUHOMN
aTTecTaluu

[Ipouenypa npoBenenus

Kpurepun
OLICHUBaHUS

9K3aMCH

MaxkcuMaabHOE KOJIMYEeCTBO 0aIOB, KOTOPOE MOXKET MOJIYYUTh
CTY/CHT, BHIITOJHHUBIIUI B YKa3aHHBIE CPOKH MEPOTIPUSITHSI
TEKyIero KOHTpouis, paBHO 60. [Tocie mpoBepku OTYETOB 110
MPAKTUIECKUM paboTaM IpenogaBaTesieM MOTYT ObITh HAYHCIICHBI
JIOTIOJTHUTENbHBIE (OOHYCHBIE) Oabl, HO He 6onee 10 3a oqHy
paborty. [lonomauTenbHBIE 0aTBl MOTYT OBITH HAYHMCIICHBI 32
JpyTue TOCTUKEHUS CTYACHTA: y4acTue B HAyYHO-TEXHUYECKHX

KOH(epeHINX; MOJTOTOBKA U MTyOIMKAIINS CTaThH B

B cooTBeTCTBUM
cmm. 2.5,

2.6

WHACKCUPYEMBIX U3[JaHUSIX; YIacTHE B KOHKYpcax U JPYroe.
CryneHT, KOTOpoMy Ha9UCJICHO OoJiee 85 0aioB, MOKET
MpeTeH/10BaTh Ha OIIEHKY "omn4Ho"; 6omnee 70 Gamos - "xopomo";
6omnee 60 6amoB - "ymoBnerBopuTeabHO"; 60 1 MeHee 0aIoB -
"HeyIOBIETBOPUTENBHO". B ciyuae Hecoracus CTyIeHTa C
onenkoit BPC, naznauaercs sx3amer (ounsiit win JIOT) o Bcem
paszzenaM u3y4aeMoil TUCITUTUIUHEI.

[lonoxxenus




6.3. OnleHOYHBIE MaTEePHAJIbI

Ne KM

Kommnerenuun PesynbraTsl 00yueHust

3HAET: OCHOBHBIE 3TAIbI IPOEKTUPOBAHUS PAJUOIIEKTPOHHBIX cpeacTs CBY
Marna3oHa, METOAbI OLIEHKH MTOTPEIIHOCTEN HCIIONIb3YEMBIX YHCIEHHBIX METOIOB;
OCHOBHBIE CTPYKTYPHBIE CXEMBI AJITOPUTMOB, CPEACTBA U BO3MOKHOCTHU

[1K-2 POrPaMMHOT0 00€CTIEYeH s CUCTEM aBTOMATU3HUPOBAHHOTO MPOEKTUPOBAHUS
paanodneKkTpoHHbIX cpencts CBY nuanazoHa; MeToIbl aHaIM3a U ONITUMHU3ALUN
MapaMeTpoB MOAETUPYEMBIX JIEKTpoAUHaMUYecKkux mnpoieccos, CBY ycTpoiicT
1 aHTEHH

'YMeeT: OCyLIECTBIATh PACUEThl OCHOBHBIX XapaKTEPUCTUK BOJHOBOJHBIX TPAKTOB,
[PE30HATOPOB U AHTEHH; IPOBOJUTH MOAEINPOBAHUE, TEOPETUYECKOE U
HKCTIIEPUMEHTAIBHOE HCCIIEJOBAHNE BHOBD pa3padaThIBAEMbIX Y3JI0B U yCTPOUCTB,
WCIIOJIb3Ysl COBPEMEHHBIE METO/Ibl aHAJIN3a U CUHTE3a; BBIIOJIHATE HACTPOMKY U
MPOBEPATH MPaBUILHOCTD (DYHKIIMOHUPOBAHHS MAKETOB M OTIBITHBIX 00Pa3II0B

[1K-2 PaIOAIEKTPOHHBIX YCTPOUCTB C UCIOJIB30BAaHUEM COOTBETCTBYIOIIECH HHH
M3MEPUTENTbHOMN anmnaparypbl U CPeJICTB aBTOMATU3AIIUU IKCIIEPUMEHTATbHBIX
MCCIIeIOBAHUN, 00ECIEUrBaTh U JOKYMEHTAJIbHO MOATBEPKIATh COOTBETCTBUE
XapaKTEPUCTUK MAKeTa U OMBITHOTO 00pa3iia TpeOOBaHUSAM TEXHUYECKOTO
3alaHus; COONMIOAATh MIPU MPOSKTUPOBAHUM TPEOOBAHUS CTaHIAPTU3AINH U
METPOJIOTHYECKOTO 00eCTICUeHUS

MMeeT npakTU4eCKUI OMBIT: IPUMEHEHHUS METOI0OB aHajlM3a U pacuyera yCTPOUCTB
CBY u aHTEeHH pa3aWyHbIX YaCTOTHBIX JUANa30HOB; YKCIIEPUMEHTAIBHOTO

[1K-2 MCCJIEIOBAHNA U aHAJIM3a [1apaMETPOB aHTEHHBIX cucTeM U TpakToB CBY;
METOJIOB pacueTa apaMeTpoB aHTEHH 110 pe3ysbTaraM 00paboTKu
HKCIEPUMEHTAJIbHBIX MCCIIEN0BAaHUN ¢ IpuMeHeHneM DBM

CDOHJIBI OLCHOYHBIX CPCACTB I10 KAXKAOMY KOHTPOJIbHOMY MCPOIIPUATHUIO
HaXOIATCA B IIPUIIOKCHUAX.

7. YueOHO-MeTOoAMYEeCKOEe M HH(OPMAIIMOHHOE O0ecnedeHUue TUCIMIITIMHBI

IleuaTHas yueOHO-MeTOAMYECKAS JOKYMEHTALMS
@) OCHOBHAs Tumepamypa:
1. Ca3zonos, JI. M. Aatennsl u ycrporictea CBY Yueb. 1151 By30B 110
cnen."Pamnorexuuka". - M.: Beicias mkoia, 1988. - 432 c. mi.

0) OononIHUMENbHASL IUMePamypa:
1. Hedenos, E. U. Texauueckas anexrpoaunHamuka TekcT yueb. mocoodue
st By30B E. U. Hedenos. - M.: Axkanemus, 2008. - 409, [1] c. un. 22 cm.

8) omeuecmeenHvle U 3apyOedtCHble HCYPHANLL NO OUCYUNTUHE, UMeIoWUecs: 8 bubauomexe:
1.  KomnproTepHBIE TEXHOJIOTUH, YIIPABICHUE, PATUOIIEKTPOHUKA. -
Bectauk HOxHO-YpanbCKoro rocylapCTBEHHOTO YHUBEPCUTETA
2.  AgHteHnHsnl. - U3marenscTBo "Pammnorexnuka"

2) MemoouuecKkue YKazaHus 0 Cmyo0eHmos8 no 0C80EHUI0 OUCYUNTUHDL.

l.

U3 HUX: y4eOHO-Memoouyeckoe obecneyerue camocmosmenpHol pabomsl cmyoeHma:

L.



JJIEKTPOHHAs Y4eOHO-MeTOAMYECKAs TOKYMEeHTAIlUsA

HaumenoBanue
No Bun peeypea s | bubnuorpaduyeckoe onrcanue
JTUTEPaTyphl AJIIEKTPOHHOU
bopme
Comog, A.M. Ycrpoiictea CBY u manmorabapuTtHsie

DIEKTPOHHO- aHTCHHEBI. [ DneKkTpoHHbIH pecypc]/ A.M. Comos, A.1O.
| [OcHoBHas muteparypa OuoOIMOTeUHAS Bunorpanos, P.B. KabetoB. — DnekrpoHn. nan. — M. :

cucrema [opstuast muaus-Tenexom, 2012. — 440 ¢. — Pexum

Hn31aTcJIbCTBa Jlanp

noctyma: http://e.lanbook.com/book/5201 — 3ar. ¢
DKpaHa.

2 |OcHoBHas JuTEpaTypa

JJEKTPOHHO-
OnOIMoTEeYHAS
crucTema
n3mareabcTBa JIans

[ocrak, A.C. AatenHns! u yctpoiictBa CBY.
[D5eKkTpoHHBIN pecypc| — DIeKTpoH. AaH. — M. :
TYCVP, 2012. — 61 c. — Pexwum nocryna:
http://e.lanbook.com/book/10911 — 3armn. ¢ skpaHa.

JJEKTPOHHO- [ocrak, A.C. Autenns! u yctpoiictea CBY. Yacts 1.
3 JlononHuTenbHas OoubmmoTeyHast YerpoiictBa CBY. [OnekTpoHHBIN pecypc] — DIEKTPOH.
nuTepaTypa cuctema naH. — M. : TYCVYP, 2012. — 124 c. — Pexum nocryna:
n3narensctBa Jlans |http://e.lanbook.com/book/5439 — 3arn. ¢ skpaHa.
MeTtoauyeckue DJIEKTPOHHO- [lomwmn, I'I". YcTpoiictBa CBY u anTenHsl. Yactsb 2.
4 rocoOus A OoubnuoTeyHas AHTEHHBI. [ DJIEKTPOHHBIN pecypc| — DNEKTPOH. JaH. —
CaMOCTOSTEILHOMI cucremMa M. : TYCVYP, 2012. — 159 c. — Pexum gocryna:

paboTHI CTyIEHTA

n3aarenbcTBa JIaHb

http://e.lanbook.com/book/4952 — 3aru. ¢ 3kpaHa.

[TepedeHpb UCTIONB3YEMOTO MTPOTPAMMHOTO OOECIICUECHHUS:

1. ANSYS-ANSYS Academic Multiphysics Campus Solution (Mechanical, Fluent,
CFX, Workbench, Maxwell, HFSS, Simplorer, Designer, PowerArtist,
RedHawk)(6eccpouano)

2. -Maple 13(6eccpouno)

[Tepeyens ncnoap3yeMbIx NpodeccruoHanbHbIX 0a3 JaHHBIX U HH(OOPMAITMOHHBIX

CIIpaBOYHBIX CUCTCM:

1. -baza manaeix BUHUTU PAH(Geccpouno)
2. -Uudopmarmonnsie pecypebl GUIIC(6eccpouno)

8. MaTepI/IaJIbHO-TeXHI/I‘leCKOC obecreueHue AUCHUIIINHBI

OcHoBHOE 000pyIOBaHNE, CTEH/IbI, MAKEThI, KOMITBIOTEPHAS] TEXHHKA,
Bup 3anstuii No ayn. | mpemycTaHOBIEHHOE MPOrPaMMHOE 00ECIIEUCHHE, UCTIONB3yEeMOe ISt
pa3IMYHBIX BUJIOB 3aHITHI
1012
Jlexuuu (36) KoMribtoTepHasi TEXHHKA, IPOESKTOP
KonTpomns 1014/1
CaMOCTOSITEIbHOMN (36) KoMrmbroTepHasi TEXHUKA
pabotsl
1014/1 |KommbroTepHasi TEXHHKA, 1a00paTOPHBbIC MAKEThI, 00Pa3I(bl AHTEHH H
JlaboparopHbie 3aHATUS 9
(30) ycTporicte CBY
[Tpaktuueckue 3ansatus [1014/1
KomnbrorepHas TEXHHKA
Y CEMUHAPhI (30)







