MUHUCTEPCTBO HAYKH U BBICIIET'O OBPA30OBAHUS POCCUNCKOU
OEJIEPALIMN
deniepasibHOE TOCYIAPCTBEHHOE OI0KETHOE 00pa30BaTeIbHOE YUPEKICHHE
BBICILIET0 00pa30BaHUS

«3abaifkaJIbCKHIA TOCYIaPCTBEHHBIN YHUBEPCUTET»
(PI'BOY BO «3a0I'Y»)

DHepreTuyeckuil pakyibTeT

Kadenpa ®u3nku 1 TEXHUKHU CBSA3U
YTBEPXIAIO:
Jlekan ¢akynabTera

DHepreTuyeckuil (pakynabTeT

Baryxtun Angpeit
I'ennanpeBUY
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PABOYAA ITPOI'PAMMA JUCHUIIJIMHBI (MOYJIA)

b1.B.18 AHTeHHO-(pUaEepHBIE YCTPONCTBA U PACIIPOCTPAHEHUE PaIMOBOJIH
Ha 144 gaca(oB), 4 3a4eTHBIX(bIE) eTUHUII(BI)
JU1s1 HarpasJieHUs1 noaArotoBku (cnetmanbHocTi) 11.03.02 - MHpOKOMMYHHUKAITMOHHBIE
TEXHOJIOTUW 1 CUCTEMBI CBSI3U

cocraBjieHa B coorBercTBUU ¢ ®PI'OC BO, yTBEpkI€HHBIM TPUKA30M
MunrctepcTBa 0Opa3oBaHus M Hayku Poccuiickont ®epepanuu ot
« » 20 r. No

[Mpodwis — OnTuYecKkue CUCTEMBI U ceTu CBsI3U (11 Habopa 2023)
dopma oOyueHust: 3aouHast



1. Oprann3anuoHHO-MeTOAUY€eCKUH pa3eJt
1.1 ey 1 3aga4u AU CIUIINHBI (MOTYJIA)
Lenb u3yueHus: AUCHUILTAHBL:

Llenp AMCUIMIUIMHBL - W3y4YeHHE CTY/AeHTaMU OCOOSHHOCTEH pacrpoCTpaHEeHHs paJrOBOJH
Pa3JIMYHBIX JUANa30HOB B CBOOOTHOM IPOCTPAHCTBE M B peasibHBIX Cpelax, a TakXkKe M3y4YeHHe
TEOPUU AHTEHH U Pa3JIMYHBIX TUIIOB aHTEHH. B pesysbraTe U3ydeHus OUCLUIUIMHBL Y CTYIEHTOB
JOJUKHBI  c(pOpMHpOBATbCS  3HAHUS, HABBIKW M yMEHMS, [O3BOJISIONIME  IPOBOJUTH
CaMOCTOSITE/IbHBIA aHAJIM3 Tpolecca PacHpOCTPaHEHUsl PaJUOBOJH, CaMOCTOSTENIbHBIA BHIOOD
TUIOB AaHTEHH M pacyeérT ux mnapamerpoB. CTyAEHTHl [AOJKHBI TaKkKe O3HAKOMHUTBCSA C
ONTHUMHU3ALMEN MapaMeTpOB AaHTEHH C YYETOM O0JIacTH MX NpuMeHeHMs. JlaHHas AMCLMIUIMHA
o0ecrieunBaeT CHENUAIbHYI0 MOArOTOBKY CTYIEHTOB. M3ydasi 3Ty [AWCHMIUIMHY, CTYAEHTHI
3HAKOMATCA C TapaMeTpaMu U CBOWCTBAMM aTMOC(EpPHl 3eMJIM KaK Cpelbl paclpOCTpPaHEHUS
PagMOBOJIH U €€ BIMSHUEM Ha PACIPOCTPAHEHUE PAJUOBOJIH Pa3IMUYHBIX JUAIa30HOB, OCBAUBAIOT
METOIbl pealu3allii 33/IaHHBIX JJIEKTPUUECKUX XapaKTEPUCTHK aHTeHH. [lproOpeTeHHble
CTyJEHTaMU 3HAHMSI ¥ HABBIKM HEOOXOAMMBI KakK JJIs1 pa3pabOTKU MIMPOKOTO KJlacca aHTEHH, TaK U
UL popeccuoHaNbHOU 9KCILIyaTaluu AQHTEHHBIX YCTPOMICTB B Pa3INYHbIX
TEJIEKOMMYHUKALIMOHHBIX CUCTEMAX.

3a11aq1/1 N3y4YCHUA TUCHUIIIINHBI:

* KM3y4YEHHUE BJIMSHHUE SJIEKTPOMArHUTHBIX NapaMETPOB CpeAbl HA MPOLIECC PAaCHpPOCTPAHEHUSs
pPagvoBOJIH M (DPOPMUPOBAHUE HANPSKEHHOCTH IOJIS1 B TOUKE NPUEMA; ® U3YyYEHHE IPUHLMIIOB
pabOThl aHTEHHBIX YCTPOMCTB M IMOHMMATh (PU3MUYECKHME TPOIIECCHl, MPOUCXOASAIIME B HUX; ®
W3yYeHUE METOJOB AaHAINW3a AHTEHHBIX YCTPOMCTB, OCHOBaHHBIE Ha MCIIOJb30BAaHUU ypaBHEHUU
MEKTPOJIMHAMUKHY, TPUOOPECTH HABBIKM B BBHIMOJHEHUM pACYETOB AHTEHH M0 3aJaHHBIM
JIEKTPUYECKUM ITapaMeTpam, B TOM YHUCJIe C UCIOJIb30BaHUEM YUeOHBIX IporpaMm Ha DBM.

1.2. MecTo gucuumianabl (MoayJisi) B cTpykrype OIl

JIMCIMITIIHA OTHOCUTCS K BApUATUBHOM YacTy MpoheCCUOHATBHOrO IUKJIA. [l u3ydeHus Kypca
TpeOyeTcsl 3HaHWE OCHOB MaTeMaTHYECKOTO aHajM3a, TeOpPUH SJIEKTPUUYECKHX IIereld, OOIen
TEOPUM CBSI3M, OCHOB TMOCTPOEHHS] HH(POKOMMYHUKAIIMOHHBIX CHUCTEM U CeTed, Teopuu
3JIEKTPOMArHUTHOTO 10J1s1. B CBOIO ouepeipb, JaHHBIN KYPC, IOMUMO CaMOCTOSITeJTbHOTO 3HAUEHU ],
SIBJISIETCS TIPEIIECTBYIONIEN TUCIUILTMHON /IS Psa APYTUX CHEIMATbHBIX JUCIUILIAH 110 BHIOOPY
CTy/IeHTa

1.3. O6beM qUCHUAILINHBI (MOIYJIsI) ¢ YKa3aHHEM TPYJA0€eMKOCTH BCeX BH/I0B YUeOHOM
pPadoThI
OO61as TpyaOeMKOCTb JTUCIMIUIMHBL (MOAYJIsI) cocTaBisieT 4 3aueTHbIX(ble) equHull(bl), 144
YacoB.

Bunp! 3ausTHI Cemectp 7 Bcero yacos

OO0mas Tpyn0eMKOCTh 144




AyIUTOpHBIE 3aHATHS, B T.U. 12 12

Jlekmmonnsie (JIK) 4 4
[IpakTnueckue (ceMUHAPCKUE) 4 4
(I13, C3)
JlaboparopHsie (JIP) 4 4
CamocrosiTennpHas padoTa 132 132

crynenToB (CPC)

dopma npomMexyTOYHOM
aTTecTalliu B CEMECTpe

3aueT

KypcoBas padora (kypcoBoit
npoekT) (KP, KII)

2. [IepeyeHb NIAHUPYEMBIX Pe3yJIbTATOB 00yUYeHHs MO JUCHHUILUINHE, COOTHECEHHBIX C
IUIAHUPYEMbIMH pPe3yJbTaTaMH 0CBOEHHSI 00pPa30BaTeJbHOI MPOrpaMMbl

[Tnanupyemble pe3yJIbTaThl OCBOCHHUST 00pa30BaTEILHON

[Tnanupyemble pe3yabTaThl

IIPOrpaMMBbl 00y4eHus1 MO TUCIUILTHE
Kog u MHavKaTopel AOCTUKEHUS JleCKpUIITOPBL: 3HAHUS, YMEHU,

HauMEHOBaHUE KOMIIETEHLIMH, (POPMUPYEMBIE B HaBBIKU U (WJIM) OIBIT JEATEILHOCTH
KOMITETEHIUU paMKax AUCUUILIMHBL

TIK-1 CriocobeH OCymlecTBIATh MOHTaX, | 3HATh: 3HaeTr MOPSAOK "u

HaJIQJIKy, HaCTPOMKY, PETyJUPOBKY, [ [IOCIEIOBATEIbHOCTh IPOBEJCHUS

OIIBITHYIO NpoBepKy | padot 1o 00CITy ) KNBAaHHIO

pPabOTOCIOCOOHOCTH, HMCHBITAHUS M | PaJUOJEKTPOHHBIX  CPEeICTB U

c/lavy B 9KCIUTyaTalMIo COOPYKEHUH, | pasno3JeKTPOHHbIX CUCTEM

CPeACTB U 000PYyJOBAaHUS CeTel

Pa3JIMYHOrO HAa3HAYCHU A,

YMmers: Ymeer [IPUMEHATD
COBPEMEHHBIE  OTEYECTBEHHBIE U
3apyOeKHbIe CpeJICTBA UBMEPEHUS U
KOHTPOJIA

Brianerts: Bianeer

COBPEMEHHBIMU OTEUYECTBEHHBIMU U
3apyOeKHBIMH MMaKeTaMHU TPOrpaMM
IpU PElIeHUd CXEMOTEXHUYECKUX,
CUCTEMHBIX nu CETEBBIX 3aJa4v,
MpaBUIaMH M METOAAMU MOHTaka,
HACTPOMKM M PEryJMpOBKHU Y3JIOB
PaIMOTEXHUYECKUX YCTPOUCTB U
CHUCTEM




[1K-2

CriocobeH IKCIUTyaTalun u
Pa3BUTHIO TPAHCIIOPTHbIE CETH W
CeTd TMepedayd JAaHHbIX, BKJIOYas
CeTH PaAMOAOCTYIA, CITyTHUKOBBIX
CHCTEM, KOMMYTaI[MOHHBIX
MOJICUCTEM U CETEBBIX IL1aT(opm

3HAaTh: 3Haer MIPUHLMIIBL
TIOCTPOCHUS U PaOOTHI CETH CBSI3U U
MPOTOKOJIOB CUTHAJIM3aLUH,
UCTOJIb3YeMbIX B  CETSAX  CBSI3H;
OCHOBBI CITyTHUKOBBIX TE€XHOJIOTHUH,
UCMOJIb3YEMbIX Ha TPaHCHOPTHOM
CeTH, OPUHIUMBL  TIOCTPOCHUS
CIYTHUKOBBIX ceren CBSI3U,
3aKOHOIATEJILCTBO

YMers: Ymeer OCYILLECTBJIATH
KOH(pUTYpaLIMOHHOE u
napaMeTpudyeckoe  IUIAHUPOBAHUE
TPAaHCHOPTHBIX CeTe U  ceTe
nepeavyd JaHHBIX, aHAJTU3UPOBAThH
KayecTBO pabOThl TPAHCIIOPTHHIX
ceTel M ceTeill nepejayu JAHHBIX;
pa3padarbiBaTh TEXHUYECKUE
TpeOOBaHUs, TPEAbSBISEMbIE K
MCIOJIb3yEeMOMY Ha ceTu
00OpyJOBaHUIO ¥  CIYTHUKOBBIM
pelleHusIM;

Bianers: Bmapeer HaBBIKaMU
BBIPAOOTKH pelieHui o
OMepaTUBHOMY

nepeKoHMUry pUpOBAHUIO CeTH,
M3MEHEHUIO napameTpoB
KOMMYTaIlMOHHON MOJCUCTEMBI,
ceTeBHIX IIaTopm, 000pyIOBaHUS
1 TEXHOJIOTAIN

I1K-3

CriocoOHOCTh OCYILIECTBIIATh
MOHTaX, HACTPOWKY, PETyJIMPOBKY U
TECTUPOBaHUE 000PYJOBAHMS,
OTpabOTKY peXUMOB pabOTHI,
KOHTPOJIb IPOEKTHBIX TTAPaMETPOB
pabOTHI, HCIIBITAHUST 000PYIOBAHUS
CBSI3U 00ECIIeYeHUE COOTBETCTBHS
TEXHUYECKHX MapaMeTpoB
MH(POKOMMYHHKAITOH- HBIX CUCTEM
Y /WM MX COCTaBJISIONINX,
YCTaHOBJICHHBIM 9KCILUTyaTallMOHHO-
TEXHUYECKMM HOpMaM

3Harth: 3Haer JEUCTBYIOILIME
OTpacieBbie HOPMATHBBI,
ompenensope  TpeOOBaHUS K
napamMeTpam padboThl 000PyIOBAHHUS,
KaHAJIOB U TPaKTOB

VYwmeTs: 3HaeT METOIUKHU
MIPOBE/ICHUS MIPOBEPKU
TEXHAYECKOT'O COCTOSIHUASA

000py/IOBaHUsI, TPAKTOB M KAHAJIOB
nepeaadn

Bnapets: : Ymeer BECTH
TEXHUYECKYIO, OTIePaTUBHO-

TEXHUYECKYI0O U TEXHOJOTMYECKYIO
JOKYMEHTAITMIO 10 YCTaHOBJICHHBIM
(popmam; oOCyILIECTBIATh MPOBEPKY




KavyecTBa paboThl 00OPYIOBaHUS U
CPEICTB CBS3U

3. Conep:xanne qUCHUNIAHBI

3.1. Pa3zgeapl JUCHUILIMHLI H BHBI 3aHATHH

3.1 CTpykTypa Ay CHMILIAHGI J1Js1 3204H0i POpPMBbI 00yUeHUsI

Moayns | Homep |HaummenoBanue Tembl paznena Bcero | Aymurtopusr | C
pazznena paznena 4yacoB | e 3aHsATHA P
C
JU | IT | JI
K |3 [P
(C
3)
1 1.1 Beenenue. Pac BBenenue. 17 1 1 1 14
MpOCTpaHeHne Pacnipoctpanenue
PaIuoOBOJIH Hall PaIrOBOJIH HaJl
MOBEPXHOCTHIO MOBEPXHOCTHIO 3E8MJIH,
3eMJIH, BIMsIHUE Tporocdepsl 1
BIIUSTHUE HMOHOC(hEPHI
Tporocdepsl U
HMOHOChEPHI
1.2 OcobeHHoCcTH OcobeHHOCTH 16 0 [0 |0 |16
pacnpocTpaHeH pacrpocTpaHeHU s
WSl CPeJHUX U |CPEeJHUX U JJIMHHBIX BOJIH.
JUIMHHBIX BOJIH. [TapameTpsi,
[Tapamerpsl, xa XapakTepusylolue
paKTepU3yIOIIU HaIpaBJIeHHbIE U
e MOJISIPU3ALIMOHHbBIE
HaIpaBJICHHBIE | CBOICTBA MEpeaaIux
Y MOJISIPU3ALIIO AHTEHH.
HHBIE CBOWCTBA
nepeaoImx
AQHTEHH.
2 2.1 Pacnipoctpanen | Pacnpocrpanenune YKB 19 I (1 |1 |16
e YKB Ha Ha KOCMUYECKUX
KOCMUYECKUX PaAMOTUHUSIX.
PaIUOIMHUSX. Pacnipocrpanenue
Pacnipoctpanen KOPOTKMX BOJIH.
1€ KOPOTKUX
BOJIH.
2.2 OcobeHHocTH OcobeHHocTn 16 0 [0 [O |16
pacrpocTpaHeH pacrpocTpaHeHust




Us CPEJHUX U |CPEJHMX U JJIMHHBIX BOJIH.
JUIMHHBIX BOJIH. [TapameTpel,
ITapamerpsl, xa XapaKTEpU3yIoLIHe
paKTepU3yIoIIU HaIlpaBJIeHHbIE U

e MOJIAPU3aLIMOHHBIE
HarpaBJieHHble | CBOMCTBA NEepeAaloIuX
Y TOJISIPUA3ALIIO AQHTEHH.

HHbIE CBOIICTBA
NepeaoIInX
AHTEHH.

3.1 Teopus Teopusi CHMMETPUYHBIX 17 14
CUMMETPUYHBI BUOpaTtopoB. OCHOBHI
X BUOPATOPOB. TEOPUH TPUEMHBIX

OcHoBHI AQHTEHH, OCHOBHbBIE
TEOPUH NIEKTPUIECKUE
MIPUEMHBIX XapaKTEPUCTUKHU
AHTEHH, IIPUEMHBIX aHTEHH.
OCHOBHbIE
3JIEKTPUYECKHE
XapaKTEPUCTUK
W TIPUEMHBIX
AQHTEHH.
32 Mertoasl Metoapl nosryyeHus 14 14
HIOJTy YEHU S Y3KHX JUarpaMm
Y3KHUX HanpaBJeHHOCTU. TUIbl
JyarpaMM Har AQHTEHHBIX YCTPOUCTB
PaBJIEHHOCTH. VKB nnanasona.
Tursl
AQHTEHHBIX
YCTPOWCTB
VKB
JMara3oHa.
4.1 AHTEHHbIE AHTEHHbIE PELIETKHU C 17 14
PELIETKH C yIpaBJsieMON
yIpaBJisieMOn Jyarpammon
JUarpaMMoi H HalpaBJIeHHOCTH.
anpaBJIEHHOCTU | AHTEHHBI KOPOTKUX BOJIH,
. AHTEHHBI (punepHbIE TPAKTHI.
KOPOTKHX
BOJIH,
(punepnbie
TPAKTHI.
4.2 AHTEHHDI AHTEHHBI CpEJHUX U 14 14
CPEJHMX U JUIMHHBIX BOJH,
JUIMHHBIX BOJIH, (punepHbIE TPAKTHI
punepueie Bomnpocel




TPAKTHL. MUHHUATIOPU3AIIUN AHTEHH.
Bonpockl Munu
aTIopU3aluu
AHTEHH.
4.3 [TpoGsiemsl 11 [TpoGiembl 14 0[O0 [0 |14
KTPOMAarHUTHO 97eKTPOMArHUTHOU
i COBMECTHUMOCTH.
COBMECTHMOCT 3aKJroueHue.
u.
3aKIIoueHue.
Uroro 144 4 14 |4 (132
3.2. Conep:xaHue pa3aeoB JUCHUILTMHBI
3.2.1. JIeKiHOHHbBIE 3aHATHSA, COJEPKaAHNE H 00beM B Yacax
Mounyie | Homep Tema Copnepxanue TpynoeMKocTb
pasnena (B yacax)
1 1.1 Pacnpoctpanen MexaHu3Mbl pacpOCTPAHEHU S 1
Ue paguoBOJH panuoBoH. OCHOBHBIE MEXaHU3MBbI
Hajl pacrpocTpaHenus, (popmMupyome
MIOBEPXHOCTHIO T0JIe HAa PAJUOIMHUSX PA3IUIHOTO
3eMJIH, HaszHaveHus. PacnpocTtpanenue 3eMHOMI
BJIMSTHYE BOJIHBL. PU3MYECKUE MPOIIECCH TPU
Tporocepsl U pacrpoCcTpaHEHUH 36MHOW BOJTHBI.
noHocepsl. | Kinaccudukanys Meronos pacuéra moss
3€MHOM BOJIHBL. DJIEKTPUYECKHE
napaMeTpbl 36MHOU aTMOC(EPHI.
Crpoenre atmochepsl. ObnacTu
atMocdepbl, XHMUYECKUI COCTaB,
pacrnpeesieHre TemMreparypsl 1
KOJIMYECTBA HEUTPATbHBIX YACTHII B
eIuHuLE 00BbEMA MO BEICOTE.
Pacrnipenenenvie 3apsKeHHBIX YacTUI B
noHocdepe.
2 2.1 Pacnipocrpanen | Knaccugukanys MICTOYHUKOB BHEIIHUAX 1
1e KOPOTKUX nomMex. XapakTepuUCTUKU TTOMEX OT
BOJIH. Pa3IMYHBIX UICTOYHUKOB MPUPOJIHOTO
OcobeHHoctu MIPOUCXOKIEHHST: aTMOC(hEpHBIE
pacrpoCcTpaHeH |MOMeXH, TEeIUIOBbIE IIyMbl aTMOC(EphI U

HA CpEeaAHUuX 1
JJIMHHBIX BOJIH.

MOBEPXHOCTH 3€MJIU, [IOMEXU
KOCMHUYECKOT'0 IMPOUCXOKACHUSI.
[TonHast MOILITHOCTB IIIyMa Ha BXOJIe
npueMHUKa. OCHOBHOW MEXAHU3M
pacrpocTpaHeHus 1 001acTh

npumeHeHus: KB. Pabouue yacToThl.




3aMupaHus U Pa3HECEHHBIN ITPUEM.
Bpems 3ana3apiBaHus U OTpaHUYEHUE

CKOpOCTH Nepejauu MH(pOPMaLH.
BimsHue nonocepHbIX BO3MYILEHUIA.

3 3.1 Teopus [TpuOIMKEeHHBIN 3aKOH pacIipe/ieIeHUsI 1
CUMMETPHUYHBI | TOKA B CHMMETPUYHOM 3JIEKTPUUECKOM
X BHOPaTOPOB. BuOpatope (CIB). Inarpamma
OcHoBHI HanpasjeHHocTd COB. KoadduimeHnt
TEOPUH HAaIpaBJICHHOTO JIEHCTBUA U
MIPUEMHBIX nevictBylomas aauHa COB. Bxognoe
AHTEHH, COITPOTHUBJICHUE U COITPOTUBJICHUE
OCHOBHbIE n3ny4yeHus. OCHOBBI CTPOrOro pelieHus
3JIEKTPUYECKHE 3aJa44 O CAMMETPUYHOM
XapaKTEPUCTUK JIEKTPUIECKOM BUOpaTope.
W TIPUEMHBIX
AQHTEHH.
4 4.1 AHTEHHBIE Ooume cBeaeHus o (ha3upOBaHHBIX 1
PELIETKH C AHTEHHBIX peleTkax. MckaxeHus
yIpaBJisieMOn AMarpaMMBbl HaIIpaBJIEHHOCTH IIPU
JYarpaMMou H CKaHUpOBaHUU. MakcumaabHOE
anpaBJIEeHHOCTU JOITyCTUMOE PAaCCTOSIHUE MEXLY
AHTEHHBI m3nydarensamu PAP. BzanmHoe
KOPOTKHX BJIMSIHUE JIEMEHTOB PEILETKU.
BOJIH, TpeOoBaHus, TpebsBIsEMbIE K
unepueie uznydaremo. PAP ¢ ¢punepHbM
TPAKTHI. IIMTAHUEM U C IIPOCTPAHCTBEHHBIM
(onTHYECKUM) MUTAaHUEM.
3.2.2. [IpakTHYeCcKne 3aHATHSA, COJAEPrKaHNe H 00beM B yacax
Mounyie | Homep Tema Copnepxanue TpynoeMKocTb
pasnena (B yacax)
1 1.1 Pacuer nons ¢ [IpoBenenue pacyeTon 1
y4ETOM PaIMOJIOKALIMOHHOTO M0JIs C YYETOM
penbeda penbeda MecTHOCTH
MECTHOCTH.
2 2.1 [MpubnmxeHHb! Pacuer mapamMeTpoB CMUMMETPUYHBIX 1
1 3aKOH HaIpaBJIEHHBIX BUOPATOPON 1151
pacripeiesieHus KOHKPETHOI'O Juarna3oHa BOJH
TOKa B
CUMMETPUYHO
M
JIEKTPUUECKO
M BUOpaTope
(C3B).
Huarpamma Ha




IIPaBJIEHHOCTU
C3B.

3.1

Bmstaue
paccTosiHus
MEXTy
3JIeMEHTaMU
peIeTKH Ha
rnapameTpsbl
pEIIeTKH.

Onpenenennie napameTpoB U
KOHCTPYKIIUHU JIEMEHTO(
Ba3MPOBAHHOW aHTEHHOW PEIIeTKH

4.1

MakcumasnbHoe
JOITYyCTUMOE
paccrosiHue

MEKITY
M3JIy4daTessiMU
DAP.
Bormpocst

MIMTAHUS KOPOT
KOBOJIHOBBIX

aHTEHH.

KOHCTpYKTUBHBIN pacyeT NUTaHus
DAP

3.2.3. JlabopaTopHbIEe 3aHATHSA, CO/IeP:KaHNe U 00'beM B Yacax

Mopnynb

Howmep
pasgena

Tema

Copepxanue

TpynoemMKocTb
(B yacax)

1.1

Hccnenosanne
CTPYKTYPBI
oyt YKB

BOJIM3U 3€MHON

MMOBEPXHOCTH

pU HAUTUIUA U
OTCYTCTBUH

MIPETIATCTBUI.

Nccnenosanue crpyktypsl nojiss YKB
BOJIM3U 3eMHOU MOBEPXHOCTH

1

2.1

UccnepoBanne
JUPEKTOPHBIX
1 pyHOPHBIX
aHTEHH.

HccnenoBanne JUPEKTOPHBIX U
PYIOPHBIX AHTEHH.

3.1

HUccnenosanue
aHTEHH
Bpaliaouiencs
TOJISIPU3ALIIHN.

HNccnenoBaHue aHTeHH Bpaliaomencs
TOJISIPU3AIUH.

4.1

Hccnenosanne
CUH(pa3HBIX TO
PU30OHTAJIbHBIX
JMana3oHHbIX

UccnenoBanne cuHda3HBIX

TOPU3OHTAJIBHBIX TUAITA30HHbLIX AHTCHH.




AHTCHH.

3.3. Conep:xanue MaTepuaoB, BLIHOCHUMBIX HA CAMOCTOSITEJIbHOE H3yYeHue

Moayns | Homep | CoaepxaHue MaTepualioB, Buppl camoctositennbHOI TpynoemMKocTh
pasgena BBIHOCMMOTI'O Ha IEeATETILHOCTH (B yacax)
CaMOCTOSITEJIbHOE
U3y4yeHue
1 1.1 HuasiekTprudeckas COCTaBJICHHE KOHCIIEKTA 14
MIPOHULIAEMOCTh

Tponocgepsl 1
crparocepsl. JIokanbHble
HEOJHOPOAHOCTH
JU3JIEKTPUUYECKON
IIPOHULIAEMOCTH
Tpornocgepsl.
DJIeKTPUYECKHE CBOMCTBA
MOHOC(EPHI.
JuanexkTpuyeckas
MIPOHULIAEMOCTb U
IPOBOJUMOCTD
noHocgepsl. JIokanbHbIe
HEOJHOPOAHOCTH B
nonocgepe. MonochepHsie
BO3MYLIECHUS.
Pacnipoctpanenue
PaiMOBOJIH B 36MHOM
atMocepe. [Ipenomienue
pamuoBosH. Ob1He
onpenenenus. Tpaekropus
BOJIHBI. Paninyc KpyuBU3HBI
TpaekTopuu. TpaekTopun
paavoBOJIH B Tporocdepe.
DKBUBAJIEHTHBIN pagnycC
3emun. TpaekTopun
PaMOBOJIH B MOHOC(EDE.
Paccesinne pagnoBosiH
caObIMU
HEOJHOPOAHOCTSIMU

OcnabsieHue B ra3ax.
Ocna0eHne B ocagkax.

penbeda MECTHOCTU

atMocepsl. Ocnabienue
paanoBoOJIH B aTMocdepe.

Ocnabnenue B noHocgepe.
COCTaBJICHHE KOHCIIEKTa 1
2 Pacuer nosisi ¢ yuetom

10




1.2

Pacuer nosns ¢ yuerom
penbeda MECTHOCTH.
Pacnipocrpanenue YKB B
ropoge. ®akropsl,
BJMAIOLIME HA
YCTOHYMBOCTD Pa0OTHI
JIMHUY CBSI3U. [lanbHee
TporocdepHoe
pacripoctpanenue YKB
(muamm [ITP). OcHOBHBIE
XapaKTEPUCTUKY JIMHUU
HTP. Duepretuueckuit
pacuet suHuu ITP.

pedepaTUBHOE U3JI0KEHHUE,
IIpoOBEpKa 3a/1a4

16

2.1

dyKTyauuu ypoBHs
curHasia. BHenHue nrymsl,
BIMSIONINE HA padoOTy
KOCMHYECKHUX
panuonunuil. Mckaxenus
CUTHAJIOB B TPAKTe
pacnpocTpaHeHUsI.
JucnepcuoHHbIe
uckaxenust. legopmanus
CIEKTpa CUI'Hajia 3a CyeT
a¢ppexra Jonnepa.
DHepreTuyecKkre
COOTHOIIEHUS Ha
KOCMHYECKHUX
panuonuHusax. OCHOBbI
pacuera KB paanonmunuii.
VYTIibl HAKJIOHA TPaeKTOPUU

BBITIOJTHEHUE TTPOSKTHBIX
3aIaHun

16

22

Pacuer nanpsxeHHoctu
nossa. Mexanusm
pacrpocTpaHeHUs U
00JIaCT! IPUMEHEHUS
IUIMHHBIX BOJIH. Pacuer
HAIPSKEHHOCTH TOJIA.
Koapdpunuenr
HAIPABJICHHOT'O 1€MCTBUS
(KH]/I) aHTEeHHBI.
Koaddunment nosnesnoro
nevictBus (KITO) u
KO3((pULIMEHT yCUIEHU S
(KY) anTennsl. CBs3b
mvexay KY, KH]I u KIT/]
aHTeHHbl. OnpeneneHue
HaANPsSKEHHOCTH IOJIS 10
3agaHHOMy KY aHTeHHbl 1

HOIBOIUMOM K HEN

11

MOATOTOBKA COOOILEHUN U
TIOKJIAZIOB

16




3.1

MOIITHOCTH.

" €0 IapaMeETphl.

moJjist anteHHsl. KHJI

NOJISIpU3AIIMEH TTOJIS.

[Tonsipu3aMOHHbII JUTUIIC

DJUIMITAYECKAS], KPYroBast
1 JIMHEWHAs MOJIApU3als

AHTEHHBI C JTANTUYECKON

3.2

OCHOBBI CTPOrOro
pelIeHus 3a1a41 O
CUMMETPUYHOM
3JIEKTPUYECKOM
BUOpaTOpe.
CuMMeTprUYHBIN 1IEEBOT
BuOpaTop. [TapameTpsi,
XapakTepusylolye
IIPUEMHBIE AHTEHHBI:
K03(ppULMEHT
HAaIpaBJIEHHOTO JIeHCTBUS,
KO3(p(PULIMEHT yCHIICHUS.
DddeKkTUBHAS TJIONAb
MIPUEMHON aHTEHHBI.
CornacoBanue prUeMHON
Y MepeaIoLEN aHTEHH 110
HOJISAPU3ALIH.

COCTaBJIEHUE KOHCIIEKTa,
MpoBepKa 3aja4

14

U3JTyYalolllel IOBEPXHOCTH
(KHII). BnusHue ¢a3oBbix

ITnockasa nBymepHas
cuH(a3Has1 aHTeHHAas!
pewerka. M3nyyaronias
IUIOCKasl TIOBEPXHOCTh
(ameptypa) ¢
HENpepbIBHBIM
pacrpeneseHueM
UCTOYHUKOB [ '1oiireHca.
Nznyuyenue
IPSAMOYTOJIbHOM U KPYIJION
CUH(A3HBIX TOBEPXHOCTEN.
Bimsanue 3akoHa
aMIUIUTYAHOTO
pacripefiesieHus1 Ha
auarpaMmy
HanpasieHHoctu 1 KHII.
AnepTypHbIi
KO3(pPULUEHT
UCIIOJIb30BaHUA

UCKaXEHUN Ha

HallpaBJICHHBIC CBOMCTBa

Hanucanue pedepara-
JOKJIaJa, IpOBepKa 3a1a4

12
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W3Jydarolen
nosepxHoctu. [Touarue o
CUHTE3€ AHTEHH.
CBepxHanpabJieHHbIE
AQHTEHHBI.
HeskBunucrantHeie
AQHTEHHbIE PEIIETKU.
3epKaJibHbIe
napaboJIMuecKrue aHTEHHBI.
I'eomeTpuueckue cBoicTBa
Y IPUHLIUI AEUCTBUS
napaOOTMIECKON aHTEHHBI.
[TpubavKeHHBIE METO/IbI
pacuera AuarpamMmbl
HaIPaBJIEHHOCTU
3epKaJIbHON
napaboIMYECKO aHTEHHBI.

4.1

[TnaBHBIA U TUCKPETHO-
KOMMYTAIIMOHHBIN
crnocoObl (ha3upOBaHHUS.
AHTEHHbIE PEIIETKH C
YaCTOTHBIM
CKaHMPOBaHHEM.
AHTEHHbIC PEIIETKYU U3
AKTHBHBIX U3JTyYaTesIeH.
[ToHsATHE O MHOTOJIyYEeBbBIX
peméTkax. [TonsaTue 06
AQHTEHHBIX peleTKax ¢
00pabOTKOM CHUTHAJA.

COCTaBJICHUE KOHCIICKTA

14

4.2

AHTEHHBIE PEIIETKY B
MOJIOCKOBOM HCIIOJTHEHUM.
ITneBMaTHUECKHE
aHTeHHbl. [Ipumenenue
VICKYCCTBEHHBIX
(CMHTE3MPOBAHHBIX)
PacKpbIBOB.
Hcnosp3oBanue
3aIpeIebHBIX BOJIHOBOOB
B KaUECTBE U3JTy4aloIIuX
anemeHToB PAP u B
KAueCTBE pa3IMYHbIX
3JIEMEHTOB BOJHOBOJIHBIX
TPakTOB. Majio
BBICTYHAIOIIINE
JOUDJIEKTPUUYECKUE UITH
peOpHCThIe AaHTEHHBI
MOBEPXHOCTHBIX BOJIH.

MOJrOTOBKA 3JIEKTPOHHBIX
Mpe3eHTaluii, TPOBepKa
3aga4

14

13




4.3 Pemienuie npo6iemsl DMC | MOAroToBKa COOOUICHUH U 14
C TIOMOIIBIO aJaIITUBHBIX JIOKJIAJIOB
a"TeHH. IToHsTHE O
B3aMMHOM "pa3Bsi3Ke"
OIM3KOPACIIONOKEHHBIX
anTeHH. Pa3Bs3Kka aHTEHH
IO MOJISIPU3ALUU U
YacroTe.

4. ®oH1 OLIEHOYHBIX CPE/ICTB /IS IPOBeIeHUs TEKYIeH 1 MPOMeKyTOYHOMI
aTTecTanuu 00yJamuxcs no JUCHUIIHHE

(I)OH,[[ OLICHOYHBIX CPEACTB TEKYLIETO KOHTPOJIA U HpOMC)I(YTOQHOﬁ aTrecraiiyuy 110 uToram
OCBOCHUSA NJUCHUIIIMHBI ITPEACTABJICH B IPHUJIOKCHUM.

POH[I OLIEHOYHBIX CPEICTB

5. Yue6HO-MeTOAMUECKO€e H MH( OpMAINIOHHOE 00ecneuyeHne JHCIUIIHHbI
5.1. OcHoBHas IMTEpaTypa
5.1.1. IleuaTHble N3aHNA

1. » Hedenos, Esrenmnii MBanoBuu. PacnpocTpaHeHue paguoBOJIH U aHTEHHO-(UIEPHbIE
yCTpOWCTBa : yueO. mocodue . - Mocksa : Akagemus, 2010. - 320 c. - (Boiciee npogeccuoHanbHoe
oOpaszoBanue). - ISBN 978-5-7695-6460-4 : 385-00. ¢ IlerpoB, B.M. DnekrpoguHamuka u
pacrpocTpaHeHre paauoBOJH : yueO. - Mocksa : ['opsiuas muaus-Temnekom, 2003. - 558 c. : ui. -
ISBN 5-93517-073-6 : 180-00. ¢ Benonen, Bnamumup VBaHOBMY. DJIeKTpoJMHAMKKA :@ Yy4eO.
nmocodoue . - Munck ; MockBa : HoBoe 3nanue : UHOPA-M, 2012. - 205 c. : w1 - (Boiciiee
obpazoBanue). - ISBN 978-985-475-351-5. - ISBN 978-516-004-692-1 : 229-90.

5.1.2. I3panua n3 DBC

1. ¢ [TetpoB, b.M. DnekTpoMarHuTHbIE MO BO BpallAlOIIMXCsl MHTEpdEepOMeTpax U TMPOCKOMax
/ TlerpoB B.M. - Moscow : I'opsiuast iunus - Tenekom, 2015. - . - DAeKTpOMAarHUTHBIE TOJISI BO
BpallAIIMXCcs UHTepdepoMeTpax U rupockonax [dnektponHsit pecypc] / IlerpoB B.M. - M. :
lNopstuas munaus - Tenexkom, 2015. - http://www.studentlibrary.ru/book/ISBN9785991204347.html.
- ISBN 978-5-9912-0434-7 . < Iloranos, Jleonug AujekceeBUdY. DNEKTPOJUHAMMKA U
pacrpocTpaHeHre paguoBoH : YdyeOHoe nocodue / [Toranos JILA. - 2-e u3a. - DIeKTpoH. JaH. - M
: M3parensctBo [Opaitr, 2018. - 196. - (bakasaBp u cneunuanuct). - 2-e usganue. - ISBN
978-5-534-05369-2 : 509.00.

5.2. JlonoJHHTeEJILHAS JUTEpaTypa
5.2.1. IleuaTHble N3JaHUA

1. » BacunbeB, Anekcannp HukonaeBuu. Kinaccuueckasi snexktpoauHamuka. Kpatkuii Kypc
nekimi : yueb. nmocodue. - Cankt-IlerepOypr : BXB-IlerepOypr, 2010. - 288c. : wi. - ISBN
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978-5-9775-0343-3 : 226-00. » BepxorypoB, Anarosnui Pycianosuu. ®usmka. eKTpoAMHAMUKA.
dusuka konedanwii 1 13 BonH. KBanToBast ¢usuka : ydued. mocodue. - Yura : Yurl'Y, 2004. -
199c. - 98-00. « Tamm, V.E. OcHOBBI TEOpUH 3JIEKTPUYECTBA : yueld. ocoOue J1sl CTyJeHTOB YH-
toB / Tamm W.E. - 9-e uzn., ucnp. - Mocksa : Hayka, 1976. - 614 c. : un. - 1-73.

5.2.2. Uzpannsa u3 9BbC

1. » KpaBuenko, Hukonaii lOpbeBuu. ®usnka : YueOHuk u npaktukym / Kpasyenko H.1O. - M. :
UznatensctBo Opaiit, 2017. - 300. - (IIpodeccmonanbHoe oOpasoBanme). - ISBN 978-
5-534-01418-1 : 117.12. » Mycun, Opat PanmroBuu. ®usmka: 31eKTpUYECTBO U MAarHETU3M :
Vyebnoe nocodue / Mycun IO.P - 2-e uzn. - M. : MspatensctBo FOpaiir, 2017. - 261. -
(TTpodpeccronanproe oOpazoBanue). - ISBN 978-5-534-03005-1 : 83.54.

5.3. ba3nl JAAHHDbIX, I/IH(t)OpMaHI/IOHHO-CHpaBO'-IHI)Ie H IMMOMCKOBbI€ CHCTEMbI

Haszsauue Ccruika

WNupopmanmonnas cucrema «Egunoe okHo | http://window.edu.ru/
JocTynma K 00pa3oBaTeslbHBIM — pecypcam»
(http://window.edu.ru/). . Hayunas
OnektpoHHass bubnmoreka  http://www.e-
library.ru. 3 . DJeKTpOHHBIE  BEpCcUU
yueOHHKOB, NoCOoOuiA, METO/IMYECKUX
pa3padOTOK, YKa3aHWW W PEKOMEHIAIMNA IO
BCEM BUIAM yueOHOI padoTHI,
NPeJyCMOTPEHHBIX ~ BY30BCKOW  paboueit
[IPOrpaMMoM, HaxoAsIuecss B CBOOOJHOM
JOCTYyTIE ISl CTYJIEHTOB, OOYYaIOIIUXCS B By3€

http://www.e-library.ru.

6. [IepeyeHsb MpOrpaMMHOr0 00ecneYeHust
[TporpammHoe obecnieuenne oodmero HazHaueHus:: OC Microsoft Windows, Microsoft Office,
ABBYY FineReader, ESET NOD32 Smart Security Business Edition, Foxit Reader, AUBC
"MeralIpo".
[TporpammHOe obecriedeHne CrenuaaTbHOrO Ha3HAYCHUSI:
1) 1C-burpukc: Kopnopatusueiii nopran - Komnanus 1C: Ilpeanpusitue 8. Kommiekt ais
0o0yueHHUsI B BHICHINX U CpeJHUX Y4eOHbIX 3aBeaeHusx 7-Zip ABBYY FineReader Adobe Audition

Adobe Flash Adobe In Design Adobe Lightroom Adobe Photoshop

7. MaTepuajibHO-TeXHHYECKOE 00ecnmevyeHne TN CIUNINHBI

HaumenoBaHue noMmeieHuit AJisi IpoBeJeHUs OCHAIIIEHHOCTh CIEAATBHBIX [TOMEIIEHUN 1
y4eOHbIX 3aHATUH W JIA CaMOCTOSITENILHON | MOMEIIEeHHH JIIsl CAMOCTOSITEIbHOM PadOThI
padoThl 00YYAOIIUXCS
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Vuebnble aymuropun g npoBeneHus | CocraB 000pyIOBaHMS M TEXHUUECKHUX CPEICTB
3aHATUI JIEKIIMOHHOTO TUIA oO0y4yeHHs1 yKazaH B TMAacropre ayIuTOpPUH,
3aKPEIJIEHHON PACIIMCAHUEM M0 (PAKYJIBTETY

V4yeOHBle  ayaWTOpUU  JUISI  TIPOBEJCHUS
MPAKTUYECKUX 3aHITUN

VyeOHble ayAuTOpUM  AJIsi  MIPOBEIECHHUS
J1a00PaTOPHBIX 3aHATHI

8. MeTo,rmquKne PE€KOMEHIAIIUU IO OPraHn3alui U3y4YeHUA U CHUIIINHBI

[Tpy M3yYeHU TUCIUIUIMHBI CTYIAEHTHI JOJKHBI JJOCTATOYHO MHOTO paboTaTh CaMOCTOSITEIbHO
KaK TpU TMOBTOPEHUM JIEKIIMOHHOTO MaTepuasa, Tak W MpPU TMOArOTOBKE K J1a0OpaTOpHBIM U
NPaKTUYECKUM 3aHaTusM. [[is obecriedenus: 3¢PeKTUBHOTO YCBOSHHSI CTY/IEHTAMH MaTepHaioB
JIVCIUIUIMHBL HEOOXOOUMO Ha TEpPBOM 3aHSATUM CHAOAUTh MX IEPEeYHEeM BOMPOCOB, KOTOpPHIC
MOJUIeKAaT U3YUYEHHUIO, CITMCKOM OCHOBHOM U JIOTIOJIHUTEIBHOM JIUTEPATYPhI AJIS CAMOCTOSITEIbHON
paGoThl, TEMaTHKOW 3aJaHUl IJI CAMOCTOSTENbHOW paboThl. KOHTpOJb TEKyIero ypoBHs
YCBOEHMSI U3YYEHHOTO MaTepualia B TeUeHHE KaXIOro ceMecTpa JOJKEH OCYILECTBISATHCS MyTeM
KOMITBIOTEPHOTO TECTUPOBAHUS T10 JIEKIIMOHHOMY KYPCY.

B pamkax u3yueHMs JUCHUIUIMHBI IPELyCMAaTPUBAETCS MPOBEICHUE SJIEKTPOHHOTO TECTUPOBAHUS
CTYAGHTOB MO cjeayoumm 4 MOAYJIsM, COCTaBJICHHbBIM HAa OCHOBE TECTOBBIX BOIIPOCOB IO
JTUCLUIUIMHE.

* PacrnipocTpaneHre paiMoBOJIH B CUCTEMax TeJiepaguoBelanus (pa3aessl 1 u 2)

* OCHOBBI TEOpUU aHTEHH (pa3aesnsl 3,4)

* KOHKpeTHbIE TUIIBI AaHTEHH B CUCTEMAX TeJlepaaroBelanus (pas3aesst 5,6)

* Tunbl aHTEHH Pa3JIMYHBIX JUana3oHOB (pa3nensl 7,8,9)
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Pazpaboturk/rpynma pa3paboTIYMKOB:
Cepreii ['puropbeBry BuoObiii

Tunosas nporpamMma yTBep:KJeHa

CornacoBana ¢ BblITycKalwollen kadeapoi
3aBenyommii kKadeapou
«__» 20
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