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1 Iesin 1 3202491 OCBOSHHS Y4eGHOI0 MOLYJ/IS

Uene ocBoenus yqe6HOro Moayss «YCTpoicTBa CBEPXBBICOKOH YaCTOTHI B AHTECHHBD
YCBYHA: usyueHne METOIONOTHH aHAIN3A U CHHTE3a OCHOBHBIX THIIOB yeTpoiicts CBU u
AHTEHH, HCIIOJB3YEMBIX B COBPEMEHHOMN paJIO3IEKTPOHUKE; U3YIECHHE IIPHHIIMIIA AEHCTBUS U
KOHCTPYKLHH OCHOBHEIX THIOB ycTpoiicTB CBY u aHTEHH; 3yYeHHE U OCBOCHHE METOI0IOTHH
BIOOpa yerpoHcTs CBY 1 aHTEHH B 3aBUCHMOCTH OT HA3HAYEHHUS H KOHKPETHBIX YCIIOBHH
9KCILTyaTalluy; NOTy4YeHHE IIPeICTABICHUH O IepcreKTHRaxX pa3BuTus ycTpoiicts CBY u aRTeHH.

3agauu:

a) cpOPMUPOBATD Y yUAILIUXCS LENTOCTHBIE IPEACTABIEHUS 06 OCHOBHBIX TOJIOKEHUSIX
TEOPHH NPAaKTHIECKOro UCITOIb30Banus ycTpoicTB CBY 1 aHTeHH pasMyHbIX AMANTIA30HOB UTHH
BOJIH

0) pasBUTb y yqalluXcs HABBIKH IPUMEHEHNS MATEMATHIECKOTO aNNapaTa IIpy pacdeTax i
MOZE/IMPOBAHUH 3IEKTPOMArHUTHBIX IIPOLIECCOB B y3iax U ycrpoiictBax CBY 1 aHTeHHAX;

B) COPHEHTHPOBATh 00YYAIOIINXCs B 00JIACTH aHAM3A U TIOUCKA PEIIEHHH IPAKTHYECKH
Ba)KHBIX 3aJa4 aHaau3a U cuHTe3a yerpoiters CBY u anrtens;

r) IaTh y4alluMcs IPEACTaBIeH e O IpobieMax U MEPCIIEKTHBAX PA3BUTHS TEOPHH
yerpoiicts CBY 1 aHTeHH, KOMIIBIOTEPHEIX IPOrPaMMaXx d1eKTPOMATHUTHOTO MOAEIHPOBAHIS,
napameTpax, XapaKTepHCTHKaX, 001acTsIX MPHMEHEHHU U IICPCIICKTUBAX PA3BUTHS Pa3IHUHBIX
TuIos ycrpoiicts CBY u aHTenH;

J) PasBUTh HABBIKH pabGOTEI C H3MEPUTENLHOMN anmaparypoit CBU.

2 MecTo yuebHoro moay.ast B crpykrype OITOII

YueOHBIH MOIYNB OTHOCMTCS K YacTH y4eGHOro IulaHa, GOPMHPYEMOil Y4aCTHHKAMH
00pa3oBaTeNbHLIX OTHOINEHHH OCHOBHOH mpodeccHoHaIbHOM 00pa30BaTeIbHON  MPOrpaMMBl
Hanpasnenust noxarotosku 11.03.01 Paamorexmmka npodums PamuoTexmudyeckne cpencTsa
nepeaayy, nprueMa 1 00padoTKH CHTHAJIOB.

B kauectse BXOAHBIX TpeGOBaHMH BBICTYNAIOT CHOPMHUPOBAHHBIE paHEe KOMMETEHLUH
obyuarowmnxes, nproCpeTeHHbIE MMM B pamkax CHeAylolIMX AMCLMIIMH (MOdyJed, MPaKTHK):
«Pu3nka», «Beicwas maremarnka», «MH(OpMAaLMOHHBIE TEXHONOrUMY, «TeopeTuueckre OCHOBEI
JNIEKTPOTEXHUKMY, «MaTepHasbl SNEKTPOHHON TeXHHKH», «TeopeTHyecKne OCHOBBI PAXHOTEXHHKH,
«MeTponorus, cranfapTH3aLKA U TEXHUYECKHE U3MEPEHHUs», «DNEKTPOLHHAMUKA U pacrnpocTpaHeHHe
panroBoHy, « IlpakTuka yueGuas».

OcBoenre y4eOHOH MOAYNA SIBNACTCS KOMMETEHTHOCTHBIM PECYPCOM AJIS  AambHeHIIero
M3YUEHWA  CACAYIOWMX — AMCLMNAKMH  (MOmyneH, npakTvk): «[lpakTWka nNpPOM3BOACTBEHHAS,
«Papuonepenatolme ycrpolicTear, «Paguonpuemuble yeTpoiicTBay, «PamuoTexHUYECKHUe CHCTEMbDY.
BeinonHeHye v 3awumTa BimycKHON KBaAH(PUKALMOHHOMN paGoThl.

3 TpeboBanus K pe3yJbTaTaM 0CBOEHHS y4eGHOro MOIYJI1

ITepeuens KoMneTeHIH, KOTOPBIE POPMUPYIOTCA B IPOLIECCE OCBOEHHS y4e0HOr0 MomyIs:

Ipogeccuonanvivie komnemenyuu:

IIK-1 Crnoco6HOCTE BBIONHSTH MAaTEMATHYECKOE MOLEIHPOBAHHE OGBEKTOB U IIPOLIECCOB
1O THMOBBIM METOIHMKAM, B TOM HHCIE C HCIONB30BAHHEM CTAHNAPTHBIX NAKETOB IPHKIIANHBIX
IPOrpamm;

IK-2  Cnocoben peamu3osbiBaTe mporpamMmel OKCIEPUMEHTAIBHBIX  UCCIIEAOBAHNUM,
BKJIIOYas BEIOOP TEXHUUECKUX CPEACTB ¥ 06pabOTKY Pe3ybTaTos;

[IK-3 Crnocoben BBIIONHATL pacdyeT u IIPOCKTHPOBAHKE JETalleH, y3JI0B W YCTPONCTB
PAIMOTEXHIHECKIX CHCTEM B COOTBETCTBHH C TEXHUIECKUM 3aJAHHEM C HCIOJIB30BAHMEM CPELCTB
aBTOMaTH3ALMH IPOEKTHPOBAHMNS;
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[IK-4  Crnocofen OcCyIIEeCTBISTH KOHTPONb COOTBETCTBHS pa3pabaThBAEMBIX IIPOEKTOB U
TEXHUYECKOH JOKYMEHTALUMH CTAHNAPTAM, TEXHMYECKHAM YCIOBUSM M OPYFHM HOPMATHBHBIM

JIIOKyMEHTaM.

PesynbTaTe! 0CBOCHHS YUeOGHOTO MOLYIA:
Tabinua 1. PesynsTaThl OCBOCHHS y4ebGHOTO MOAYIIS

Koo u naumenoeanue Pesynvmamer ocgoenus yuebnoii ducyunnun
KOMRemeHyuu (UHOUKAMOPL OOCMUNCEHUS, KOMNEmEHYUT)
[K-1 YMeeT cTpoUTh Brnaneer HaBbikaMu
CnocoGHOCTH BBIIONHATE buznyeckue u KOMIIBIOTEPHOT'O
MaTeMaTH4eCcKoe MaTeMaTH4YeCKHe MOJETHPOBAHHUS
MOJIENIMPOBAHKE 00BEKTOB H MOJIENH Y3JIOB U
IPOLECCOB II0 THIIOBBIM 6JI0KOB
METOJMKaM, B TOM YHCJIE C PalMOTEXHUYECKIX
HCIIOJIb30BAHHEM YCTPOHICTB U
CTaHJApTHBIX ITAKETOB CHCTEM
NPUKIAIHBIX ITPOrpaMm
[K-2 3HaeT METOAMKH YMeeT NpoBOAUTE
Crnocoben peann3ospBaTh [IPOBEZICHUsI UCCIIEeOBaHMUs
[IpOrpamMMBbl HCCNEIOBaHMH XapaKTEPUCTHUK
IKCIIEPUMEHTATBHBIX [1apaMeTpoB H PanMOTEXHUUYECKUX
HCCIIENOBAHUH, BKITIOYAS XapaKTEePUCTHK YCTPONCTB 1
BBIOOD TEXHUYECKUX CPENCTB | Y3JIOB ¥ GIIOKOB CUCTEM
1 06paboTKy pe3yIbLTaToB PaIHOTEXHUYECKHX
YCTPOHCTB U
CUCTEM
IIK-3 CriocoGeH BBITONHATE | 3HAET IPHHIIUIL! Ymeer npoBoAuTs | Bnameer HaBBIKamu
pacyeT U IIPOEKTHPOBAHHE KOHCTPYMPOBAHUS | OIEHOYHEIE IIOJTOTOBKH
JIETaNEH, y3JI0B U YCTPOHCTB | OTHEIBHBIX pacueTsl MIPUHLUHITHATBHEIX
PaZMOTEXHUYECKHUX CUCTEM B | ACTaJEH, Y3708 U XapaKTEePUCTHK 1 MOHTa)XXHBIX
COOTBETCTBUH C YyCTpOHCTB neTaney, y3iaos u JNIEKTPUIECKHX
TEXHUYECKUM 3aTaHHUEM C PaIHOTEXHUYECKUX | YCTPOMUCTB cXeM
UCTIONIL30BAHUEM CPEJICTB CUCTEM pPafiuOTEXHUYECKHX
aBTOMAaTH3AIHH CHCTEM
IIPOEKTUPOBAHUS
TIK-4 3HAET NIPUHIUIIBL Ymeer Bianeer wassikamu
Criocoben ocyIecTBIATh IIOCTPOEHUS HCII0JIB30BaTh obopmeHHs
KOHTPOJIb COOTBETCTBHUS TEXHUYECKOTO HOpMAaTUBHBIE U IIPOEKTHO-
pa3pabaTeiBaeMbIX IPOEKTOB | 3aJaHHUs IpH CIIPaBOYHEIE KOHCTPYKTOPCKOM
U TEXHUYECKOMH paspabotke JaHHBIE IIPU JOKYMEHTAIHH B
NOKYMEHTAallMH CTaHAapTaM, | AeTaiuei, y3/IoB i paspaboTke COOTBETCTBUH CO
TEXHUYECKHM YCIIOBHAM H YCTpOHCTB IIPOEKTHO- CTaHIapTaMHu
JIPYTMM HOPMaTHBHEIM PaqHOTEXHUYECKHX | KOHCTPYKTOPCKOM
JOKYMEHTaM CUCTEM JIOKYMEHTaIlHH

4 CTpykTypa u coaepkanue yueGHOro MOy s

4.1 TpynoemxocTb y4eGHOIro Moay.Jist
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4.1.1 TpynoemKocTb yuebHON IUCHMILIMHEL 171 O9HOH GOPMBI 0GyUeHH s [Ipe/ICTaBjeHa B
Tabiune 2.
Tabmuna 2. TpynoeMkocTs yueGHOTO MOy IS

Yacmu yuebroii ducyuniune Bcezo |

1. TpymoeMKocTh yueOHON IUCHHILIHHEL (MOAYIA) B 3a4ETHEIX
eguaunax (3ET)

2. KonrakTHas aynuTopHas pabora B akaieMudeckux gacax (AU) 70
3. Kypcosas pabora/kypcosoit npoext (AY) (npu nanuuuw) -
4. Breaymutopras CPC B akagemuyeckux gacax (AU) 110

5. TIpomexcyTo4Has aTTecTalus ‘ 1[3 “ a3
(3auem; Ouppepenyuposannwiii 3auem, sxzamen) (AY)

4.1.2 TpynoeMKocTh yueOGHOTO MOLYJIS TS 3204HOHN / OYHO-3a0YHOM bopMme1 00yueHus:
He npenycmoTpena

4.2 ConpepxaHue yueGHOro MoayJis
YOM 1 Yerpoiicrea CBY

Pasgen Nel.1 Beenenue.

OcHoBHEIe omipesienenns. Poilb aHTeHHO-(QHIEPHEIX TPAKTOB B pamroTeXHuUYeCKuX cuctemax CBU.
KpaTtkas ucropus cranosnenus texauku CBY u anTenH.

Pazpen Nol.2 Jlunuy nepenaun B pasocUcTeMax U yCTPOMCTBAX.

1.2.1 OcHOBHBIE TapaMeTpbl JIHHKY Tepenaun.
Onpenenenve muuun nepenaun (JIII). Tum BoHEL Crpyktypa OMII. KpurHdeckas 9actoTa.

HAucnepcuonnas xapakrepuctuka. Kospduument saryxanus. MaKCHMANbHAS IIPOITyCKHAS
MOILIHOCTb.

1.2.2 OcHoBHEIE THIIBI IMHUY TIEpEaAYH.
Knaccupurauus JII1. Iposonounsie JII1. Koaxcuansuwie JIIT. [TonockoBbie u MHKPOIIOJIOCKOBEIE
JIII. TlpsamoyronbpHBlE M KpYTible BOAHOBOMHBIE JILI. Husnextpuueckee JII1. BonokorHO-
orrruyeckue JIIT.

1.2.3 Maremarudeckast MOJE/Ib PEryJISApHOH JHHHY Tepefayn.
Ilajaomme ® oOTpakeHHBIE BONHBL OKBHBAICHTHAS JUIHHHAS JIHHHS. Hopmuposansbie
HATIPSDKCHMS MANAIOMeH U OTpaxeHHOH BonH. [TpuMepsl: KOAKCHAIBHEIN BONHOBOL ¢ T-BOIHOH,
NPSIMOYrONBHBIA BONHOBOA ¢  BoymHOM  tuma HI10. Kosddumument orpaxkeHus. IlomHbie
HOpPMHPOBaHHEIE HapshKeHHA U TokK B JITT. HopMupoBaHHBIe CONPOTUBIEHNS M IPOBOXHMOCTH.
CoorHowenns HOPMHPOBKH. [IpuMep HOPMHPOBKH HanpsDKCHHH M TOKOB majalomed  u
OTPa)XEHHOU BOJIHBI B IIPSIMOYTOJIGHOM BOJIHOBOIE.

1.2.4 Bnusude pexxuMa JMHHM Tlepenaud Ha KO3)QULIUEHT TONE3HOTO ASHCTBHS W
IIPONYCKHYIO MOIIHOCTD.
Pexcum Gerymmx BosH. Pesxam cTosumx BOJH. PexcuM cMEIIaHHBIX BOJIH. Koaddunuenr Gerymei
Bonubl (KBB). Koadduument crosuett sommsr (KCB). Wsmepurensusle nuaun. Kospdumment
otpaxenus. Koapduunenr nonesnoro neiicreus JIIT.

1.2.5 Tpancdopmanus conpOTUBICHHMI B THHUAX nepenayu.
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Onexrpuyeckas mmuHa orpeska JIIT. Tpaucdopmanus compoTusienuit Baons JIII. PeakTHBHBIE
unteider. YeTBepThBONHOBEIA TpaHc(opmarop. [lomyBonHOBBIH TparchopMAaTOp. Wsmepenue
NapamMeTpoB KOMIUIEKCHBIX HArpy30k MetonoM B. B. Tarapunosa.

1.2.6 Kpyrosast HoMorpamma i JMHAHE Hepenadu.
IIpuHimn mocTpoenus kpyrosoit Homorpammel A. P. Bombmepra.  IlpuMenenue KpyroBo#
HOMOIPaMMBI AJI U3MEPEHHsI [IApAMETPOB HAarpy3ku MeTonoMm B, B. Tatapunosa.

1.2.7 Y3K0monocHoe cornacoBaHue B IMHUAX HEPENayH.
YCoBHE  Y3KOMONOCHOTO — COIJIACOBAHMS. YCNOBHA IIMPOKOIIONIOCHOTO COIJIACOBAHHA  Kak
aJIbTEPHATHBB! Y3KOIONOCHOTO coriacosadus. COrnacoBaHHE C IIOMOINBIO YETBEPTHBOIHOBOTO
Tpanchopmaropa. CornacoBaHue ¢ IOMOLIBIO COCPENOTOUEHHbIX PeaKTHBHOCTE.

Pasnen Nel.3 DIeMEeHTH TPaKTOB Ul Pa3sIHYHBIX JUATA30HOB JUTHH BOJIH.

1.3.1 CormnacoBaHHBIE HAIPY3KH.
Koaxcnanbheie cornacoparHele Harpys3kd. Harpysku [ms TIOJOCKOBBIX JIHHHM. BONHOBOHEIE
COIJIacOBaHHBIE HArPY3KH.

1.3.2 PeaxTuBHEIe HArpysKu.
Obsacts mpuMenenus. KOHCTPYKIMK peaKTHBHLIX HATPY30K.

1.3.3 V30119TOPEI 1151 KOAKCHAIBHOTO TPAKTA.

Husnexrpryeckue mai6er (Koucrpyknus. Ocoberroctn). YTOIieHHEle Al (Kouctpyxkmus.
Ocobennoctn). usnextpudeckue wailbl ¢ KOHIEHTPUYECKHMH KaHABKaMd, MeTalTHyecKue
u3onaTopsl. LupoxononocHemdi Merammuueckuit  u30iaTop (KOHCTPYKIHS, XapaKTEPHCTHKA 1
napameTpel).

1.3.4 Paspembl u cousieHeHus B tpaktax CBY.

BEICOKOYACTOTHBIE KOAKCHANBHEIE COSHMHUTENH (KOHCTPYKIMH, OCOGEHHOCTH). BONHOBOTHBIE
couneHeHus. KOHTaKTHbIE TpuTepThe (uanubl. JIpocceNbHBIE COWICHEHHsS. BOJHOBOIHBIE
BpAIllAIOIIMECs  COWIEHEHHST (C TPYIIMMMCS KOHTaKTAMH W JPOCCENBHBIME KaHABKAMH).
KoakcnanpHple Bpalalomipecs COUNeHeHHs (3CKH3, CXeMa 3aMelleHHs JPOCCENIBHOM KaHaBKH,
CXeMa 3aMEILEeHUS COUICHEHHUS).

1.3.5 [lepexonpl MEXIY THHHSIMH TEPEJAUM Pa3THIHBIX THIIOB.
KoakcnanbHO-BONHOBOHBIE Mepexon! (30HAOBBIH, ¢ KOAKCHATHHBIM uuieHdoM, ¢ monepedHsM
CTEPXKHEM, «IYrOBUYHEINY). KoakcuambHO-BOIHOBOIHBIH Mepexon s Bo36yxIeHHs BONHE EO1.
CoocHele mepexofbl OT IPAMOYTOJIBHOTO BONHOBOAA ¢ BojHOH H10 K KpYIJIOMY BOJHOBOZY, C
BoHOM HI1. CrocoGrr BO3Gyxmerus ocecHMMeTpuuHOH Bomubl E01 B KpPYIVIOM BOJIHOBOJIE.
IInaBuemt mepexox mia BosGyxnenus soamsr HOl B kpyriom BonHOBome. KoaxcHanbHO-
TIOJIOCKOBBIE IIEPEXOIBl. BOJIHOBOIHO-IIOIOCKOBEIE TIEPEXOIEL.

1.3.6 [ToBOpoTE!l MHHHH TEpenayy.

OCHOBHBIE MOJNIOKEHHUs [IPY  NPOEKTUPOBAHHH NOBOpoTOB JIII. [Toeopotel JIIT ¢ xommencauunei
OTpa)KeHU.

1.3.7 Otpaxaromue TMpensTCTBHS B BONHOBOJHBIX TPAKTaX.

Bonrosonusie cTeikm. BonHoBomHsle mmadparMbl (MHIYKTHBHAS JvapparmMa,  eMKocTHas
muapparma, pesoHaHCHAd Ouadparma. VHIYKTMBHEIM INTHIPb B IIPSIMOYTOJIBHOM BOJIHOBOZE .
EMKOCTHO# IITBIph B NIPAMOYTOIBHOM BOJHOBOJIE.

1.3.8 PaccornacoBuue tpakra CBYU ¢ MHOruMH HEPEryIApHOCTIMHM.

OcHoBrple ompenesnenus. Pacnpenenenue Pones mis MOIyNsl KoshOUUUEHTa OTpakeHHs B
TPAKTE ¢ HEPErYISPHOCTAMH.

Paznen Ne 1.4 Muoronomocuauxu CBY.
1.4.1 OcHOBHBIE ONpeNeNeH .

Muoronomocank CBY. 2N -momocunk CBU. Ilmockoctb oTCUeTa ¢a3. CoiicTBO
accuBHOCTH. CBOKCTBO JMHEHHOCTH. BHeluHWe XapakTepHCTHKH MHOIOMOMIOCHHKA, Martpuie
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MHOromoymocHuKa. Kiaccumgeckufi U BOJHOBOM MOAXOIBI K aHAIM3y MHOromomocHukos CBUY.
Martpuuer Bo3meHcTBUS U MaTpuIE! peakimi. Matpuna T MHOTOMONIOCHHKA.

1.4.2 Marpuma paccesiHust.
[anarome ¥ OTpakeHHble BONHBL B3auMOCBs3e BO3ZeHcTBHS W peakuuu. IIpocreifrme
UCTIBITATEIbHBIC PEKHUMEL [UIs ONPENEIeHUs MaTPUIbl paccessHrs. DU3nYeCKHi CMBICT 3JIEMEHTOB
MAaTpULBl paccesaHus. MaTpulia paccesHUs KOaKCHAIBHOIO pa3BeTBIIEHHS.

1.4.3 MaTpH1ibl COITPOTHBICHHN U IPOBOAUMOCTEH.
Ipununn onucannss CBY MHOromomocHHKa Ha OCHOBE MATPHULBI CONPOTHBIEHMH . Du3mueckuit
CMBICJT 3JIEMEHTOB MaTpulbl conpoTuBneHuil. [lpuamun onucanus CBY MHoromomsrocHuka Ha
OCHOBE MAaTPHLUBI MPOBOAMMOCTEH. PHU3NYECKHH CMBICH 3JIEMEHTOB MATPHIBI INPOBOAMMOCTEH.
BsaumHas 06paTEMOCTE MaTPUIl CONPOTHBJICHHH K MPOBOJUMOCTEH.

1.4.4 CoOTHOUIEHHUS MEXIY MaTpPULAMU MHOTOIONMIOCHHKA .
OcHOBHBIE COOTHOIIEHMS MEXAy Martpuuamu S, Z,Y. 3aBHCHMOCTh MATPHII MHOTOIIOIEOCHHKA
OT Hymepanumu BxonoB. CIBHI  IUIOCKOCTEH oTcueTra (a3 Ha BXOJaX  MHOIONOIIOCHHKA.
HopMupoBaHHBIE H HEHOPMHPOBAHHEIE MATPULIE! MHOTOIIOIIOCHHUKA.

1.4.5 VineansHble U pealbHbIe MATPHIEI MEOrOmomocHuka CBU.
DOopMHUPOBAHHE TEXHUYECKHX TPeOOBaHHHM K YCTPOMCTBY C IOMOLIBIO HMAEANBHBIX  MATpHIL
ITpumep. [TapameTprl peansro# MaTprie! yerpoiicrsa CBY. [Tpumep.

1.4.6 B3auMHBIE MHOTOITOMIOCHUKHY.
Onpenenenue B3auMHOTO MHoronomocuuka CBY. Heobxonumoe ycnoBue B3aUMHOCTH
MHoronoocHuka CBY.

1.4.7 HeauccunaTHBHEIE MHOTOTIONIIOCHUKH.
OmnpeneneHue HEOUCCHIIATHBHOTO MHOronomocHuka CBY. PeakTHBHBIE MHOTOIOMIOCHEKH.
CBoJicTBa MATPHULIBI PACCEAHUS HEIMCCHIIATHBHOIO MHOTOMOJIOCHHKA, MaTpHIa conpoTHBICHHI
HEIUCCHUIIATUBHOIO  4-TIOJIFOCHHUKA. Ycnosue YHHTADHOCTH  MATPHULBI  PaCCesHUS
HEJUCCHUIIATHBHOTO 4-NIOMIOCHUKA. MeanbHblil HUPKYIATOP KaK COrIaCOBAHHBIN IO BCEM BXOZaM
HEJUCCUIIATHBHEIA O-TIOMIOCHUK. TeopemMa O HEB3aMMHOM  HEJHCCHIATHBHOM O-IIOJIOCHHKE,
JlemMMa 0 B3aMMHOM HEIUCCHUIIATHBHOM 6-HOMIOCHHKe. VMeabHbli HapaBleHHBIH OTBETBHTEND
KaK COTJIaCOBAaHHBIA [0 BCEM BXOJaM PEAKTHBHEBIM 8-IONIOCHHK. BOYHBIE MAaTpHIBI pacCesHus.
biok nepenaun B MaTpHile MHOTONONIOCHIKA. TeopemMa 0 peakTHBHOM $-IOJIOCHHKE.

1.4.8 CuMMeTpHYHBIE MHOTOITIOIIOCHUKH.
OnexTpudecKas CHMMETPHS MHOTOIONIOCHUKA. | eoMeTprYeckas CHMMETPHS MHOTOIOJIOCHHKA.
CumMmeTpuyHOe Y-pasBeTBICHHE KOAKCHANbHBIX BOJHOBOAOB. [10C/TENOBATENEHOE pa3BETRICHHE
JOBYXTIPOBOJHON JMHHMK Nepenadu. J[BoHO# BomHOBOMHBEINA T-MOCT.

Pasnmen Ne 1.5 CoctapHBIe MHOTOIOMIOCHEIE yeTporicTea CBUY.

1.5.1 [lpunuun 1eKOMIO3UIMY B aHANIM3E MHOTOIOMIOCHBIX yeTpoiicts CBY.
OCHOBHBIE NPUHIMIBI JEKOMIO3ULMH. basoBble onemeHTs. — Cxema 3aMemieHus. YpoBHH
JEKOMIIO3HITHH.

1.5.2 Ananus 4-HOMTIOCHUKOB U 2-TIOJFOCHAKOB KACKaIHOH CTPYKTYDBI C TTOMOIIBIO MaTPHI[
nepetavm.
Martpuua nepefaun. Kraccndeckas MaTpuna Iepefadn. BonHoBas MaTpuna mepenaur. CBssb
MaTpHULBI A ¢ MaTPULEH PACCESHUS YETBIPEXIIONIOCHHUKA. DIIEMEHTapHbIE B3aHMHbIE 4-TIOMIOCHHKH
(OTPe30K peryjispHON JNMHHM Tepelaud 3alaHHON JUIMHEI, CTBIK  JBYX JMHHN Iepenay,
COCPEIOTOYCHHOE COITPOTHBIICHHE, COCPENOTOYEHHAs MPOBOAUMOCTE). YCJIOBHS PEAKTUBHOCTH
4-IOMOCKHKA.  YCIIOBMA CUMMETPHE M QHTUMETPUM 4-TIOMOCHHKA.  OHOCTYIeHYaTHI
TpaHchopMaTop.

1.5.3 Meron neKOMMOSHIMH — CHMMETPHYHBIX 8-IONIOCHHKOB (METOX CHHQA3HOTO H
IPOTHBO(DA3HOTO BO30YKIEHNS)
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OCHOBHOHM  NpPHHUMIT JEKOMIO3HLIHH. Hexommnosuius  8-momocHuka mnpu  cuH(asHOM
BO3OYKAEeHNH. [leKOMNO3UIMS §-[OMIOCHHKA IPH POTUBO(GA3HOM BO3GYKICHUH. BOIHOBOLHELIA
IIEJIeBOH MOCT.

1.5.4 Tume!l HampaBIEeHHOCTH OTBETBHTENEH.
OcHosuple  monoxennss Harpasnensocts tuma 1 . Hampasnerrocrs tuma 1. Hanpasnennsrit
OTBETBHTC]b HA CBA3AHHBIX JMHUSIX Tepenayn ¢ T-onHamu. HanpaBiieHHBIM OTBETBHTENH
Jlanre.

1.5.5 KonbLeBsle HalpaBIeHHBIE OTBETBHTEIH.
[neduerii oreTBUTEL. [MOpUIHOE KOMBIO. JIeKOMIO3UIHS uieigHoro oTBETBUTENS.

1.5.6 CornacoBaHHBIE 6-TIOJIFOCHBIE AETHTEIN MOLIHOCTH.
CornacoBaHHble 6-HOMIOCHBIC ACIHTENM MONIHOCTH HA paBHBE uacTH. COrIACOBAHHEE 6-
TIOJIFOCHBIE  OETUTEIH MOIIMHOCTH C  pa3NUyYHBIMH BOJIHOBEIMH COIIPOTHUBIEHUSIMH.
CornacoBanHble 6-TOMIOCHBIE AETHTENH MONTHOCTH C COLMACYIOLIAME TpaHcopMaTopaMu B
BLIXOIHBIX JIMHHSIX.

1.5.7 Matpuiia paccesHHs KacKaJHO COENMHEHHBIX MHOTOIONIOCHHKOB.
OcHosubie nonoxkenus. Marpuna S ans ciyyas KOTAa ONMH W3 MHOTONOIIOCHHKOB COIIACOBAH
M pasBi3aH 10 BCEM COCMUMHAEMBIM BXofAaM. IlpeoOpasoBaHme MaTpHIbl paccesHHs IIpU
TOJKIIOYEHHH K OJHOMY M3 BXOLOB 3aJaHHOM HArpys3Ki.

1.5.8 CocTaBHBIE 8-TIOMIOCHHKH ¥ 4-IIONIOCHUKH.
KackagHoe coenvHeHme HANpaBICHHBIX OTBETBHTeNeH. HalpapieHHBIH  OTBETBHTETs C
Pery/MpyeMOH  CBA3BIO. YCTPOHMCTBO € HE3ABHCHMOH DEryJMpOBKOH MOmyns H  (assl
xoapduuneHTa OTpaXKeHusL.

Pasnen Ne 1.6 @unprper u cornacyromue nenn CBY,

1.6.1 OcHOBHBIE ONpeneseHusl.
Ounptper  CBY. YacToTHas XxapaxrepucTuka ¢uisTpa. BrocuMoe ocnabieHue. DunpTpsl
HIoKHEX gactoT (PHY). Ounbtper Bepxaux uactor (OBY). ITomocHO-mporrycKaromye GHIBTpPEI
(II1®). TTonocro-3arpaxnaromue uastpsl (I13P). HI¥poKONONIOCHO-COrIaCyOMINE [ETH.

1.6.2 [TpoTOTHIBl GHUIBTPOB ¢ ONTHMATLHEIMU YACTOTHBIME XapaKTePHCTUKAMU,
Beibop mpororumna. ®yukius ocnabnenus. MaKCHMAaNbHO-IIOCKAS YACTOTHAS XapaKTepHCTHKA.
UeObnneBcKas 4acTOTHAS XapaKTEPHUCTHKA. Pearsanus (QUIBTPOB B BHIE JIECTHHYHOM IEIH.

1.6.3 3aMeHbl 4aCTOTHOM NEpeMEHHON IpH pacueTax (GUIBTPOB.
Hopmanusosannas uacrota. Ilepexos K APYTHM 3HAYEHHSM YACTOTEL Ilepexox or HY
DpOTOTHIA K  [PYrMM  THIaM  (uibTpoB. Pacuer 3maueHmd oneMeHTOB  QmIBTpa C
COCPENOTOUCHHBIMY NTapamMeTpaMu. QHIBTPEl HA 3JIEMEHTaX C PACHPENENEHHBIMU IapaMeTpPaMH.
IIpeobpazoBanue Pruuapaca.

1.6.4 [pumenenne oTpeskos nuuuil mepenauu B (uupTpax CBY.
3amena cocpenoToueHHblX L u C anementos oTpeskamu JI[I. 3aMeHa MOCIEIOBATENLHEIX M
NAapaJIENbHBIX  KONMEOATEeNbHBIX  KOHTYPOB — PE3OHAHCHBIME oTpeskamu JIII.  Bremmue
COOCTBEHHEBIE M IOJIHBIC JOGPOTHOCTH PE3OHAHCHBIX IeMei,

1.6.5 Pe3onaTopsl Ha OTpaXAIOMUX MpPENSATCTBHAX B JUHHH nepeaavH.
IIpyHUMD  MOCTPOGHMS pPE3OHATOPOB HA  OTPAXKAIOLIMX npensrceTeuAX. Marpuna nepenaud
TPOXONHOTO Pe30HATOPA C OTPAKAIOIIMMY TPENSTCTBUSAMH. YCIIOBHE PE30HAHCA B PE3OHATOPE
¢ OTPp@OKAIOIMMMH IPETATCTBUAMU.  BHeIUHAS NOOPOTHOCTH Pe30HATOpA C  OTPAKAIOIIMMHE
[IPENATCTBUAMH.

1.6.6 ®unstpsl CBY ¢ 4eTBEPTHBONHOBEIMH U HETIOCPEACTBEHHBIMY CBI3AMHU COCEIHHX
PE30HATOpPOB.
Ipuauwn  moctpoenus.  UeTBEPTHBONHOBEIE — CBA3M Pe30HAaTOPOB.  YeTHIPEXIIOMOCHUKH —
HHBEPTOPBl. DUILTPH C HEMOCPENCTBEHHEIMH CBA3sMU., Kiaccmyeckas MaTpHla Nepeaadn
PEAKTHBHOTO HEPE30HAHCHOTO 4-TOMOCHUKA. DUIBTPBI HA JUIIEKTPHUECKHX PE3OHATOPAX.




8

1.6.7 Crynenuarsle mepexoipl [Ulssl IUIMPOKOMOJOCHOTO  COTVIACOBAHHS  AKTHBHBIX

Harpy3ox.
Ompenenenns mepexoma wmexay JI[I. IlnaBHele W CTymeHUATBIE NEPEXOZBL. [lepexonmer ¢
4eOBIIIEBCKON YAaCTOTHOH XapakTepHCTHKON — Kod(pduumenta  oTpaxenus. Ilepexompl ¢
MaKCHMAalbHO-TUIOCKOH YaCTOTHOH  XapaKTEePHCTHKOMN Koaddunuenra OTPaKEHUSL.
HebGpnueBckuit Tpexcrymendarsii nepexon. CTynmeHYaThIH Iepexol  MaKCHMAIBHO-IIJIOCKOH
HaCTOTHOM XapaKTEepUCTUKOH COrnacoBaHHs (GHHOMHANBHEIH MEPEXO).

1.6.8 [LnaBuble mepexos!l A MIHPOKOIOIOCHOTO COTJIACOBAHHS AKTHBHBIX HAIPY30K.
Cxema  mnaBHOTO COIJIAaCYIOIIETO nepexona. QyHKIUA  MECTHBIX  OTPaXEHHIL.
OKCIOHCHLHATBHBIH TpaHcdopMaTop. AHANTH3 W CHHTE3 ONTMMANBHBIX IUIABHEIX IEPEXOIOB.
CpaBHenye CTYIEeHYaThIX U IUIABHBIX MEPEXOMOB.

1.6.9 IllxpoxononocrHoe cornacoBaHHe KOMIIEKCHBIX HArpy3oK.

OCHOBHBIE ~ NleNM  LIMPOKOMONOCHOTO  cornacoBaHus. Teopema (Mamo. OBmas cxema
IIMPOKOMOJOCHOrO COTNIACOBAHMsS  KOMIUIEKCHOHM Harpyskd. [lpocrteifiune 3ammparomue 4-
TOMOCHUKH.  OnTuManbHas 4acToTHas — Xapakrepuctuka KBB — THpH  IIMPOKOIOIOCHOM
COIIacOBaHWH. 3ajiaya CHHTE3a MIHPOKOIOJIOCHBIX COINACYIOMHNX Ierel.

Pasnen Ne 1.7 Vipasmsiompe u deppurossie yerpoiicrsa CBY.

1.7.1 Knaccuduxanus ynpasistounx ycrpoiticts CBU.
Mexanunyeckne ynpasmsmomue yerpoiictsa CBY. Drexrprueckue YIOPaBIIOIINE YCTPOMCTRa
CBY. Bsimowarenmn CBY. Kommyratopsr CBY. Ortpaxarensubie  (asospamaremu CBU.
IIpoxonubie dasospamarens CBY. Atrerroaroper CBU. Orpammunreny mommoctd CBU.

1.7.2 Mexanuyeckue KOMMYTATOpBI, (a30BpalATENd M ATTEHIOATOPEL.
Mexanudeckie BOJIHOBOAHBIE KOMMYTATOPBL —MexaHudeckuil —(ha3oBpaIiaTeNs IPOXOJHOTO
tuna.  KoakcuaneHei TpaMOOHHBIM — (basoBpamiaTens.  BOJHOBOAHBIN — MeXaHHYECKHi
(hasospamaresne. KoakcuasibHble aTTEeHIOATOPbl HA 3alpelelIbHBIX BOJHOBOAX.

1.7.3 AHTeHHBIE MEPEKIFOYATENH HA Ta30BBIX pa3pAIHUKAX.
Hasmauenne anTenHeix nepexirouarerneit. KoncTpykims rasoBoro paspsumuuxa CBY . punnyn
pabotsl rasosoro paspsaruka CBU. OTBeTBUTENBHEIN MepeKTIoYaTeNb. BalaHCHBIH AHTEHHBIH
IepeKoyarens. balaHcHp MepekimoyaTesb Ha IBYX LIENEBBIX MOCTaX.

1.7.4 Kommyraumonssie auogsl CBY.
[Ipumenenne KOMMYTaHOHHBIX AMOIOB. JMON THNA P -1-n, €ro CXeMs 3aMeleHHS H
napamerpel. Tpanchopmanus — CONPOTHBIEHWH  KOMMYTAaUHOHHEIX — AHOZOB. Jlemma Juis
KOMMYTALHOHHOIO JIBYXIIOMIOCHHKA.

1.7.5 Beixmowatenn CBY Ha KOMMYyTaOHOHHBIX AHOMAX.
Cxembl mpocTeHmux muommblx BelIodatener CBYU. IMapamerpsl Boikirouarenesr CBU.

1.7.6 Tuckperurie dasoBpamare s Ha KOMMYTAIMOHHBIX IUOMAX.
OtpaxarenbHble (bazoBpamaresy. Onrumusanys (azoppamiarens 1o HOTEPSIM.
MHOTrono3uMUoHHbIE OTpakaTebHBIE dazospamarenn. [IpoxoaHble (azoBparmareny.
[Tpoxonso#t jmommbi#t  (asoBpamaTens Ha MEPEKTIOYaeMBIX OTPE3KAX JTHHUU nepeayy.
IIpoxomuete dasoBpamatenu  MocToBOro Tuma. IlpoxomHod — (asoBpamarens B BHIE
HArPY)KCHHOH  JMHHH  [epefaud.  MHOrOCTyNeHuaTsle  TIPOXONHEIE (ha30BpPAIATEIH.
MHOronosHUHORHEbI TPOXOIHOM GUHAPHEIA (ha30BpaIIATEIb.

1.7.7 @epputoBsle ycrpoitctea CBY.
Cofictsa peppuros va CBY. 3asucuMOCTb napameTpoB deppuTa OT HOIS MOAMArHUYMBAHUSL
Hessaumunie depprurtoBsie  ycrtpoiictea CBY. Bewrtuas CBUY. I'mpatop CBY. 6-momocHii
UUPKYIATOP.  8-NONIOCHBIH [HPKYJNSTOp. YIpaBisroulne  (peppUTOBbIE yerpoictea CBY -
(hasoBpamaTeny, BRIKIIIOYATENH, KOMMYTATOPHI , HepPECTPAUBAEMBIE GuIBTPHL

1.7.8 Hep3auMHBIe M YIpaBIIIOIIKE YCTPOUCTBA C (pepPUTAMIL
Yerporictea Ha sbdexre Dapanmes. Bentuns nHa sdpdpexre Dapamess B KpPyriaoM BONHOBOZE.
YerpodicTBa ¢ HONEPEYHO-NOAMATHHYEHHBIME — (eppuTamMi. BedTHIs ¢ PE30HaHCHBIM
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TIOTJTOIICHHEM Ha MNPSMOYIOJBHOM BOJIHOBOZE. IIOJIOCKOBBIA pe3OHAHCHBIH BEHTHIb. BEHTHIIb
CO CMCIICHHEM IIOJI1 Ha NPSMOYIOJbHOM BONHOBoAE. Da3oBble UHPKYJIATOPE. Hep3amMHEL
(a3oBbIi caBUT. Y- HHPKYIATOPEL

1.7.9 ®epputoBsle (azosparnareny.
Qasoppainarens Ha HPAMOYTONBHOM BOJHOBOAE C IIPOLOJILHO-HAMATHHYEHHBIM deppurom
(dpasospawmarens Pemxua — Cnencepa). Hessaumusle pasospamarenu ¢ IIONIEPEYHBIM  TIOJIEM
[OIMarHuuMBanys. Jluckpernvle dasospamateny Ha QeppuTe ¢ OpIMOYTONBHON HeTneH
rucrepesuca. TopounanbHelil (asoBpamarensb.

1.7.10 TepecTpauBaeMble (eppUTOBBIE (PUILTPEL
Mpunuumn JnefcTBuS. KoHCTpykiuz — heppuToBBIX — II€pecTpamBaeMbIX GUNBTPOB.
XapaKTePUCTHKH.

YOM 2. AuTennsl
Pazpen Ne 2.1 DnexTpoMarsuTHoe 1ojie W XapaKTEPUCTHKH AHTEHH.

2.1.1 HasnaueHue ¥ xiacCH(pMKaLUsS aHTEHH.

Hasuauenne amremn. Knaccuduxanus 1o cmocoby dopmupoBarms U3IIy9aeMOro  TIOJIS.
Teoperwueckue u 3KCIIEPHMEHTANIBHEIE METOIB Pa3paboTKH ¥ HCCIENOBAHMS AHTEHH.

2.1.2 CTpykTypHas cxeMa aHTEHHEL
Bxoxn. Cornacyiomee ycrpoiictBo. Pacnipenenutens. V3nyuaromas chcTeMa. BryTrpennss u
BHEUIHSS 3ajaya pacueTa aHTeHH. AHanM3 W CHUHTE3 aHTCHH.

2.1.3 Pacuer  JNEKTPOMAarHWTHBIX  MOJell  HM3NYYAIOMIMX  CHCTEM B JabHEH,

IPOMEXYTOYHOH M OmKHeld o6nacTsx.

BexTopHEIE MOTEHLMAb! 2JIEKTPOMATHUTHOTO IONIst. PasGueHme IIPOCTPAHCTBA HAa MANBHIOIO,
MPOMEXKYTOUHYIO M ONHXKHIOIO — o0macTd. Belpaxenus s Bextopos E u  H
SJICKTPOMAarHUTHOTO  TIOJI1 B JanbHeHd, IpPOMEXYTOYHOM M OmmkHeH  061acTax.
HopmupoBanras guarpaMma HampaBieHHOCTH [0 IIOMIO. HopmupoBarnHass auarpamma
HalNpaBJIeHHOCTH N0 MOIIHOCTH.

2.1.4 BextopHasl KOMIINIEKCHas AuarpaMma HanpaBieHHOCTH AHTEHHEL
KoMruiexkcnas BekTOpHAs HOpPMHpOBAaHHAS — JHarpamMMa HanpaBjIeHHOCTH.  AMIUTUTYIHAS
AuarpaMma HalpaBJeHHOCTH IO [oMo. Buasl nuarpamMM  HampabieHHOCTH.  CrocoGbl
M300paKeHUsA [BYMEDHBIX NHATPAMM HAlpPABIEHHOCTH. IIONAPHU3ALMOHHEE CBOHCTBA. I IIaBHAS
M TlapasuTHas COCTABILIOIME Tojapusauuu. [lonmspusanmonseni smwimnc. Kosdoumment
JIIMNTHYHOCTH. IIoCTpOeHHe MOMAPH3aIMOHHOro Gasuca. Masopas XapaKTEPHCTHKA AHTEHHEL
Da3zoBbIf LEHTP aHTEHHBI. LIEHTp M3TyYeHHS AHTEHH.

2.1.5 BropuuHble mapaMmeTpsl, XapakTepU3YIOIIHE HAIPABICHHOCTh AHTEHH.
Kospuument manpaenensoro meitcreus  (KH]I). [lupuHa Jiyda ¥ ypoBeHb OOKOBBIX
nenecTkoB. 3aBucumocts KHJI 0T IHpHHEI Jyya # ypoBHS GOKOBBIX JENECTKOB. KHA
AHTCHHBI 110 T[JIaBHOMY JICIIECTKY QHarpaMMbl HampapieHHocTH. Kosbduument paccesnus
aHTEHHBL. OD(QOEKTUBHOCTh IABHOIO Jiywya. BHIPaXEHHS Uis KHJ] uepe3 mmpuny riasHOro
JIeTIECTKa.

2.1.6 Tlepenaromiast aHTeHHA KaK HeTHLIPEXITOTIOCHUK.

Momuocts  u3nydenns.  CONPOTHBIEHME — H3MyYEHHS. HewcTByromas  miHa.  Bekrtop
MHTCHCHBHOCTH u3nydeHus. Kosdduuuent mnonesnoro neiicrsus. Kosbourmment yeunenus.
Mamepenne  ko3Q(UIMEHTAa YCHJICHHS METOLOM cpaBHenus. HopmupoBannoe BxomHOe
conporupienyue. HopMupoBaHHas BXOAHAA NPOBOAMMOCTB. PasiuuHBIE IPEACTABICHHS OIS
U3JIyYEHUS aHTEHHEL.

2.1.7 Pabouas 1osioca 49acToT u [IpencibHas MOIUHOCTHL AHTECHHBL.

Onpenenenne paodelt MOSOCEI YaCTOT AHTEHHBL Y3KOMOMOCHBIE K LIXPOKOIONOCHEIE
aHTeHHbl. llpenensHas pabouas MOIMHOCTE AHTEHHBL
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Paspen Ne 2.2 Aurenur! B pexume panuonpueMma.

2.2.1 DxBHBaNeHTHAs CXeMa NPUEMHON aHTEHHbL.

Ilepenaua MowHOCTH MeXIy ABYMs aHTEHHAMI. Hunons T'epna kak mpueMHas adTeHHa.
Hcnonpsopanne nmepenaromiell aHTeHHBl B KauecTBe IIPUEMHOH.

2.2.2 IlonApu3aMOHHbIe COOTHOMIEH)S MPU paguonpueme.

Homspusanmonssni kosddumuenT mnepemaum mo momo. Peaxnus npuemmuolf amTeHHHI Ha
NaNaloNyro SNCKTPOMATHUTHYIO BOJHY C IIOJIAPU3ALUEH, OPTOrOHATBHOH ee COBCTBEHHOMN
NOMIpU3ANMH B DEXUME Mepefadd. Peakims aHTEHHH HA MNAAAkOIIYIO SIIEKTPOMAarHUTHYIO
BOJIHY ¢ MOJpU3alyeH, COBNAfaroIel ¢ coOCTBEHHOHM ToNApH3audeil AHTEHHb! B pexuMe
nepenayd. [lofspu3allMOHHBIE COOTHOLICHMST 18 aHTEHH ¢ KPYroBO#  mosspusanuei.
OCOGeHHOCTH NpUMEHEHH aHTEHH C KpyroBoi NOJApH3aUUend O CBSI3M C JIETATEILHBIMU
anmnapaTaMH ¥ B 3a7adax paauoOKalluH.

2.2.3 MomuocTh B Harpyske IpHEMHOM AHTCHHEL O deKTHBHASL TOBEPXHOCTS.
Bbipaxkerue I MOIIHOCTHM B IpHEMHON aHTEHHe. ObdexTUBHAsS [OBEPXHOCTh AHTEHHEL
Yenoust i HOCTINKGHHS MAKCHMyMa MPHHAMAEMOH MOIHOCTH B Harpyske. CooTHoIeHHe
mexay KHI u addextrBHON nOBEpXHOCTBIO aHTEHHBL.

2.2.4 UlymoBast TemriepaTypa NPUEMHON AHTEHHbI
Buewnue urympl.  BuyTpennme wmymbl MormocTs LIyMOB aHTeHHBl. OTHOUIEHHe CcHTrHAT /
myM. UyBCTBHTENBHOCTD [PHEMHOM aHTEHHOH cHcTeMbl. [loNHAS OIyMOBasg TeMIeparypa
anTeHHbl. Hopmuposansas mymosas DJ[C Ha BXOJE AHTCHHEL SIpkocTHas Temmeparypa.
CeneHusS O IIYMOBEIX HCTOYHHKAX. SpxocTHas Temueparypa HeGocBOJAa Ha Pas3IUIHBIX
JactoTaX. OObsCHEHHE BOSMOXKHOCTH IPHEMa CHIHAIOB B HATIA3OHE JUIMHHBIX ¥ CPeIHHX
BOJIH Ha aHTEHHBI ¢ ManbiM KIIJI.

2.2.5 BsanmHOe COMPOTHBNEHHE PAsHECEHHBIX AHTEHH.

Orpesienenne B3aHMHOTO COIPOTHBICHHS AHTEHH.

2.2.6 Ilepenaya MOIHOCTH MeXIY JABYMSI aHTEHHAMH.

QopMynBl  MACATEHON DPaMOIepeIadH. Teopema o moisIpH3aLWMYM W3NYUEHHS AHTEHHB C
aMIUTATYIHOH ~[HarpaMMoi HANPABIEHHOCTH, He HMEIOIeH Hyne#. Pacuer BeposTHOCTH
CBSI3H.

Paznen Ne 2.3 BuGpatopHbie W LieneBble aHTECHHDI

2.3.1 Dnexrpuyecknii BuGpaTop. Pacnipenenenue toka u 3apsna.
Omnpenenenne 3meKTpuYecKoro BuOparopa. BHyTpeHHsAsS M BHewHsis 3agaun npu
HCCIICNIOBAHUN BHOPATOPHEIX aHTECHH. VHTerpaibble YPaBHEHHUS JJIS paclpeleNieHus] TOKa Ha
BrOparope. MHrerpo-muddepenruansuoe ypasHerue [loxnmuurrona. VHTerpansHoe ypaBHeHHe
Xannena. MeTonsl perenus MHTETPAIBHEIX yPABHEHUH BUODATOPHBIX aHTEHH. Pacmpenenenus
TOKa M 3apsiaa B CHMMETPUYHBIX BuOpartopax. [1oyBoNHOBbIM Bubparop.

2.3.2 lnarpamMma HanpaBNeHHOCTH, conporusienue usnyvenus u KH][ BuGparopa.
Ilone BubpaTopa B manbHEl 30HE W €ro OCOBEHHOCTH, [omysonnoBEI BHGpaTop U ero
AuarpaMMa HanpaBleHHOCTH. CONpPOTHBICHHE H3TydeHUs BuOpatopa. KH][ cummerpuranoro
BuOpatopa. [lelicTBytomas minHa BuOparopa.

2.3.3 MeTonsl pacueTa BXOIHOTIO COIIPOTUBJICHHUS] CHMMETPUYHON BHOPATOPHOI
AHTEHHEI.
Pacuer BxomHOro comporuBieHHUS BUOpATOpa METOAOM SKBHMBATICHTHBIX cXeM. Pacyer
BXOIHOTO CONPOTHBICHHS BUOPATOpa METONOM YHMCIEHHOTO pelIeHHS MHTErpatbHbIX
YPaBHEHHUH SKBUBATECHTHBIX CXEM.,

2.3.4 CuMMETpUYHBIH MarHATHBIH BuOpartop. lllemeBble  aHTEHHBI B IUIOCKOM
OecKoHEYHOM 3KpaHe.
CHMMeTPUYHBIA MATHUTHBIN BUOpaTop. IIpUHIMN mepecTaHOBOYHON HBOMCTBEHHOCTH.
Pacnipenenenne MarmuTHOTO TOKA TO MTHHE MATHETHOTO Bubparopa. I[Tore cumMmmerpryHOro
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MarHuTHOro BuOparopa B JajbHe# 30He. llleneBole aHTEHHBI. DIEKTPOIUHAMUYECKAS MOMCID
OIHOCTOPOHHEW IUesIeBOH aHTeHHBI. [10qyBOMHOBEIE pe30HAHCHbBIE IUETH. J[BYXCTOPOHHHE
IIEJIEBbIE M3JIy4aTeld U UX XapaKTePUCTUKH.

2.3.5 CpazanHble BuOpatopel. Metox Hasomumeix DJIC.
Cucremst BMOpaTopoB. AKTMBHBIE U MacCHBHble BHOpaTOpsl. COGCTBEHHBIE CONPOTHBICHHSL.
Bsaumuble compoTtuBienus. Meron HaBomumbix DJIC (HasHaueHHE, OCHOBHBIE IIONIOXEHHS H
pe3ynbTaThl NPUMEHEHHS METOMA). METOA HaBOIMMBIX MarHUTOABHIKYINUX CHIIL.

2.3.6 Teopema mnepeMHOMXKeHHs Ipu aHaum3e H CHCTEMBI ONMHAKOBBIX IapaIeNbHBIX

BUOPATOPOB.
AHTeHHas. peleTKa KakK CHCTeMa OJMHAKOBBIX FCTOYHUKOB H3JIydeHHA. BeKTopHas
IparpaMMa  HalpaBiCHHOCTH OIHOTrO ojeMeHTa. MHoxurens cucreMpl. CucremMa H3 ABYX
napajiebHbIX BUOpaTopoB. MHOXHTENs HANPABICHHOCTH IBYX H3OTPONHEIX HCTOYHHKOB C
PaBHBIMH aMIUTMTyJaMd. AKTHBHBIA peQueKTop. PexxuMsl HacTpoMku maccuBHOro BHOGpaTOpa:
pexuM pediekTopa, PexHM IUpeKTopa. MHOroBUOpaTOpHEIE aHTEHHB! («BOJHOBON KaHamy,
aHTeHHa ¥Yga— Arn).

Pasnmen Ne 2.4 CnaGoHanpaBneHHBIE ¥ YaCTOTHO-HE3aBHCHMbIE AHTEHHEL

2.4.1 KoHcTpykuuy BHOPaTOPHBIX aHTEHH,
[lomysonnoseii  BuOpaTOp — (KOHCTPYKUMs, OCHOBHBIE XapaKTEpHCTHKH). Bubpatop ¢
WyHTOBbIM nuranueM. [leTneoOpasueiii  BuOparop (Bubparop Ilucronbkopca). CrocoBsr
MUTaHus BHOPAToOpoB KOAKCHANBHEIM (uaepoM. CHMMETpUpYIOIMUe yCTpoifcTBAa UIS IHTAHHS
BUOPATOPOB. Crocobpr  muTaHHs  BHOpaTOpPOB  JKECTKOM  KOAKCHANBHON  JIHHEEH.
Hecummerpuunsie  Bubpatopel. HecumMerpuusele BHOpaTopel ¢  paciIMpeHHON IIONOCOM
4yacToT. JIUCKOKOHYCHAs aHTEeHHA.

2.4.2 TypHUKETHBIE aHTEHHBI.
KoneTpykuus TypHukeTHOH aHTeHHBL PeXkuM BCEHANPABIEHHOTO H3My4eHHS. AMIUIMTYIHAS H
dasosas JIH. Pexum perynupyemoit nonspusaunn mnons. IlonspusanmoHHas H3GHPaTEIbHOCTS.
IlpuMerenne  MIOCKOCTHOTO — LIYHTOBOTO — BMOpAaTOpa B TYPHHKETHON  TENCBH3HOHHOM
[epenarolell aHTeHHeE.

2.4.3 llleneBrle aHTEHHEL.
OcOOeHHOCTH KOHCTPYKIMH ¥ CrocoGbl Bo30yxnenns. Illenesas aHTEHHA C PE3OHATOPOM.
HH mieneBolt aHTeHHBl Ha KOHEYHOM 3KpaHe B IulockocTd E u H. BxonHoe compoThBieHHe
meneBol aHTeHHBl. KoJiblieBbie INeNeBble aHTEHHB! HA LHIHHAPUYECKOH MOBEPXHOCTH.

2.4.4 TIonOCKOBBIE W MHKPOIOJIOCKOBBIE AHTEHHBI.
KoneTpykusu u  criocobbl NuTaHUs [ONOCKOBOM M MHUKpPOINOJIOCKOBOH aHTeHH. Mojens
M3JTYHaloIell CHCTEMBl MUKPOIONOCKOBOH aHTeHHEI. J(H mukpomonockosoit antemsel. KH] u
KIIA MuxpomonockoBol anTeHHBL J[OGPOTHOCTH H3JIY4EHHS MHKPOIONIOCKOBON aHTEHHEL.
CriocoBsl Tony4enyss KpyroBoi IIOJSIPH3ALMM TIOJIS B MHKPOIIONOCKOBBIX AHTEHHAX.

2.4.5 IIpHHIUIEl TOCTPOCHHS YACTOTHO-HE3aBHCHMBIX AHTEHH.
Ornpernenenne 4acTOTHO-HE3aBUCHMOM aHTEHHBL [IPHHIMI 3IEKTPOIMHAMHYECKOTO MOMOOHS.
BeckoHeuHble CTPYKTYpHI, ONpenelseMble YIIOBBIMH pasMepaMi. ABTOMAaTHYECKas OTCEdKa
U3JIy4aroInuX TOKOB. AKTHBHas obnacts CIIHMpaIbHBIX CTPYKTYDP. Ipuriun
JAOTIOJHATENBHOCTH. [IpUHUMIBI CO3AaHUST YACTOTHO-HE3aBHCHMEIX AHTCHH.

2.4.6 YacTOTHO-HE3aBHCUMBIE CIIHpANbHBIE AHTEHHEL
OKBUYroNbHAS CIUpATbHAS AHTEHHA. [LIOCKas ABYX3aXOJHas CIMpalbHAsS AHTEHHA (cmpais
Apxumena). IlpotusodasHoe wu cuH(Da3HOe BO3GYXKIEHHE apXHMEIOBCKHX CIMPANbHBIX
QHTCHH. XapakTepHCTHKH HAIPAaBICHHOCTH apXUMEIOBCKHX CHHPANBHEIX AHTEHH,

2.4.7 Jloroneprnoguveckue aHTEHHBI.
Peanuzauus norapudMuuecKoll NepHONMYHOCTH MAapaMeTPOB AHTEHHBI B 3aBUCHMOCTH OT
4acToThl. [lapameTpbl reoMeTpuueckyx CTpyKTyp aHTeHH. I1ockas JOTONepHONHYecKas




12

aHTeHHA (KOHCTPYKIMS M OCHOBHBIE XapaKTepHUCTHKH). DOPMBI JIOrONEPUOANUECKHX CTPYKTYD.
OnHOHanpaBleHHBIE JOTONEPHONHYSCKHE BHOPATOPHEIE AHTEHHBI.

Pasnen Ne 2.5 JluneliHble aHTEHHBI W PELIETKH.

2.5.1 Jlunelinple M3MyYarollde CHCTEMbI VnealbHblH JIMHEHHBIM H3Ty4YaTels.
Onpenenenne JTUHEHHOW W3Tydarollel CHCTEMBL DIIEMEHT HU3/Iy4alonlel CHCTeMBL. AMITHTYAHO-
(asomoit pacnpenenenue Bo3OyxueHus. OnpeneieHdHe NHHEHHOro H3IydaTens. MHOXHTEb
HanpaBJIeHHOCTH JIMHEWHOro wm3jyyarend. [lpocTpaHcTBeHHass dwacrtoTa. IlpesacraBiieHue
MHOXHTENS HAlpaB/IEeHHOCTH B BHJE MHTErpalbHOro npeobOpasoBanus Dypbe (HasHaueHHE).
Vneanerbll  yuHeHHBI — u3mydarens. Koabduiment 3amemnenus  (asoBod  CKOpPOCTH
BO30YXIEHUS.

2.5.2 Aganus MHOXKHTEJS HAIpaBICHHOCTY HIEATLHOrO JHHEMHOTO H3IydaTeld.
OcoOeHHOCTM  MHOXKHMTENS  HANPAaBICHHOCTH. | JaBHBRIM ¥ OOKOBEIE JerecTkH. O6IacTh
peanpHBIX YrjIOB HabmrogeHus (obnacte BumuMmocty). O61acTe MHHMBIX YIUIOB HAGIIOIEHHS.
Pexumpl u3ilydenus NMHEHHOM aHTEHHBL IONEPEYHOrO H3NYUEHHMS, HAKJIOHHOTO M3IydYeHHS,
ocesoro usnydenus) CxanmpoBanue. [lupuna nyda npeanbHONW JUHEHHON aHTEHHBI YCIIOBHE
ONTUMAIBHOCTH JIHHEHHOH AaHTEHHbl C 3aMeJICHHOH (a30BOM CKOPOCTBIO BO30OYKIEHHS
(ycnmoBue XanceHa — Bymsopua).

2.5.3 KH]I uneansHOro JIMHEHHOTO H3JIydaTels.

Obuias  u ynpomennas ¢opmyra mist KHJ. 3asucumocts KHJ[ ot xosddunuenta
samemnenvs. KHJ munelinoro wmsmyuartens mo rmasxHomy semectky JH. Ceasep mommoro KHJT
antennsl u KH/ mo rmasnomy nemectky. KHJ[ B obnacti oceBoro usnydenusa. OnTManbHOE
3HayeHue KodpGhUUMEeHTa 3aMeyIeHHs.

2.5.4 Bnusnue (GOpMBI aAMIUTUTYIHOTO paclpeleNieHHss Ha IapaMeTpsl JIHHEHHOH

AHTCHHBEI.

HepasHoMepHoe aMILIUTy[HOE pacrpesieNieHHe BO30YXIEHHS Kak CIOCOO CHHIKEHMS YPOBHS
OokoBbix  semecTkoB (YBJI). Merox mapmmamererx JIH B 3ajauaX — CHHTE3a  aHTEHH.
Koapdunuent pacumpenus mysa (KPJI). Kosdduument ucnonssopanus mosepxuoctn (KUIT).
OcHOBHBIE NapaMeTpbl JMHEHHOH aHTEHHB! A pacClpeleNeHuil «KOCHHYC HA INbEJUCTANe» H
«1apaboja Ha ObEHUCTANE).

2.5.5 Bousnre Ga3oBbIX HCKaKEHUH HA [MapaMeTphl TMHEHHOH AHTEHHEL
JleTepMUHUPOBaHHbBIE U ClydaiiHble (a3soBble HCKakeHUs. JIMHEHHEBIE (A30BBIE HCKAKEHHUSL.
IloBenenre MHOXWTENS HAIPABICHHOCTH IPU JIMHEMHBIX (A30BBIX MCKAKEHHIX B
paBHOAMIUIATYAHOH anTeHHe. KBagpaTnunrsie ¢GasoBele uckaxkeHusd. VIckakeHHs
HapaBICHHOCTH JIMHEHHOW aHTEHHBI NPU KBaJpaTH4HBIX (a3oBeIx oumbkax. KyGuueckue
asosble ucKaxenus. MckaeHHs MHOXHTENS HaIlpaBIeHHOCTH JIHHEHHOW aHTEHHEI IpH
KyGudeckux (azosbix owmbkax. CHmxenne KWUII nuuelHOH paBHOAMIITHTYIHOH aHTEHHSI
IpH HAJIMYMH KBaZpaTUYHBIX M KyOnueckux (asopplx omudkax. Caydaiiubie (azoBre
uckaxeHus. Paxuyc xoppensauuu. I[ToBenenue Goxosoro ¢oua. Bospacranue YBJI kax
CICNCTBHE CIyYalHBIX (PA3OBEIX HCKAXEHHH. BeposTHOCTHAA OLEHKA YPOBHS GOKOBBIX
TENECTKOB.

2.5.6 Anany3 MHOXWUTENS HAIPABICHHOCTH PABHOMEDPHOH IMHEMHON aHTeHHOM

peerky. CrocoOsl MoAaBieHHs NOOOYHBIX TNABHBIX MaKCHMYyMOB.

OrnpenenieHye PaBHOMEPHOHN M SKBHINCTAHTHOH aHTEHHON perneTKH. 1106OYHBIE TIaBHBIE
MakcuMyMbl. CriocoBpl mojaBneHus MOOOYHBIX IJIABHBIX MAKCHMYMOB: OrpaHHMYEHHUE IIara
PCIIETKH, NPUMEHEHHE HAIPABJIEHHBIX 3JEMEHTOB, HEIKBUAMCTAHTHOE DACIIONOKEHUE
H3JIydaTesnen.

2.5.7 KH]I nuHeMHON aHTeHHON peINeTKH.

KH]I aHTeHHBIX PEIIETOK B PEXHME MONEPEYHOT0 M HAKIOHHOTO m3iydenus. KH][ aHTeHHBIX
pemeTox B pexxume ocesoro msnyueHus. KHJI aHTeHHBIX pemieTok B pexxuMe OCEBOIO
M3JIYYEHUSt C ONTHUMAJBHO 3aMeNIEHHOH (Ba3oBOH CKOpOCTBIO BO3OYKIeHMs. BIIHSHHE Imara
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pewerku Ha KH/I. Bnusnue ma KHJI B3aumHo# cBssu wmsnydateneit. [Ipossnennus
B3aHMOCBA3H H3JIydaTeliedl B pa3MHUYHBIX YYacTKax aHTCHHOM pEIETKH.

2.5.8 Bxonnasa MOIIHOCTE M KOI(D(HUIHEHT YCHICHHsS aHTEHHOM pEINETKH.

[lonnas BXOmHAd MOUIHOCTH AHTEHHOM pelmieTKW. VIHTEHCHBHOCTH H3JIyYEHHs aHTEHHOM
peweTkn. KoapduimenT ycnneHus aHTEHHOW peIieTKH.

2.5.9 AHTeHHbl Oeryiieif BOJHEL
Ocrosnrle onpenenenus. Cnocobsl peannzanuu. [IpuMepsl.

2.5.10 AnTennsl Oerymieft BoHbL JH3NIeKTPHUECKHE CTEPIKHEBBIE AHTEHHBL
Kouncrpykuuu. Kosdpduument 3amennenus Bonuel HE11l., [lwarpaMma HampaBieHHOCTH.
lupuna rnaeHoro jenectka. OnTuMmansHas UIMHA. Bo30yxkaeHWe IHATEKTPHYECKHX AHTEHH.
[IpuMeHenne MU3NEKTPHYECKUX AHTEHH B aHTEHHBIX DEIIETKAX,

2.5.11 Antennsl Oerymie#f BoiHbL CHUpaIbHEIE AHTEHHBL.

Koncrpykuus crnupanpHOM aHTEHHBI M ee cxeMa 3aMellleHus. PacipefielieHHe TOKa B
CHUpAbHON AHTEHHE. PeXMMBI M3/Ty4eHHs CIMPATbHOW AHTEHHBI JUI PA3NHYHBIX OTHOLIECHHUIH
AuaMeTpa M JUIHHBL BOJHBL [lapamMeTpel M XapaKTePHCTHKH CIHPAILHON AaHTEHHEI B PEKHM
0CeBOro m3nydeHus. KOHHYECKHE CIHUPAILHBIE AHTEHHEI

2.5.12 Anrtenns! Oerymeil BomHBL VIMIenaHCHbIE aHTEHHEL
OTnuyuTenpHBle OCOOSHHOCTH WMIICNAHCHBIX aHTeHH. KOHCTPYKUUM HMIIEIAHCHBIX aHTEHH.
Huarpamma HanpapieHEOCTH. ONTHMANBHEIH Kod(uurenT 3amemienus. Ilonoca NpoIycKaHus.
Bo36yxIeHue HMIENaHCHBIX aHTEHH.

2.5.13 Antennnl Oerymie# BomHbL. J{HPEeKTOpHBIE aHTEHHBI PeGpHCTO-CTEP)KHEBBIE

AHTEHHEL
KOHCTpYKIMK JTUPEKTOPHOH aHTeHHBl Ui pa3jMYHBIX [AHANa30HOB JMIHH BONH, OCHOBHEIE
pacyeTHbIC COOTHOLICHHs [UI1 JUIMH u3nydaTened. Bnusnuwe uncrma snementoB Ha KHJJ
IUPEKTOpHON aHTeHHbL [lonoca mpomyckaHus AUPEKTOPHON aHTeHHBI PeGprCcTo-cTepiKHEBas
antenna. Koucrpyknust. [TpuHipmn gefcTBHS.

2.5.14 BoHOBOAHO-1IIENIEBbIE AHTEHHBIE PEIUETKH.

PasnoBunHoCTH H3Aywaromux Iuesel. Pacipenesienne TOKOB Ha CTeHKaX BOJHOBOZA. CXeMEI
3aMEIICHUS IIOTICPEYHON M TPONOJBHOH INEAM B NPAMOYrOJBHOM BOJIHOBOZE. Pe3oHaHCHBIE
BOJHOBOJHO-IENIEBbIe aHTEHHLIE peleTkd. HepezoHaHCHBIE BONHOBOIHO-INEIEBLIE AHTCHHEIE
PELIEeTKH.

Pazamen Ne 2.6 Manmyuaromise pacKpsiBbl H PEMIETKH.

2.6.1 McxonHpie COOTHOUIEHHS.
TlonsitHe u3nyvaromero pacKpblBa aHTEHHBL. XapaKTEPHCTHKHM —HM3TyYaiomero  pacKphlBa:
KOMIJIEKCHAs ~ AuarpaMMa  HampaBiCHHOCTH  3JIEMEHTA DAcKphbiBa, Crnoco6  pa3MelleHwus
OJIEMEHTOB, aMIUIHTYAHO-(DA30BOE pACMpeNeNeHNe KOMIUIEKCHBIX aMILTUTYX BO30YKICHHUS
3JIEMEHTOB, KOMIUICKCHBIH MHOXHTENb HANPABICHHOCTH CHCTEMBI H30TPOIHBLIX H3JTydaTelei.
IlpencraBnenne MHOXKHTENS HANpPABICHHOCTH [Ulsl JUCKPETHON ¥ HENpPEepHIBHON CHCTEMBI
U3rydartenei.

262KH/I n >dpdexTuBHAs NOBEPXHOCTH IUIOCKOTO CHH(pA3HOTO pACKpHIBA.
Monens cuH(pasHOTO packpeiBa B BHAE OTBEpCTHS B IUIOCKOM 3KpaHe. Ilome packpbiBa B
manpHed 3oHe. [lonmas MommocTs m3mydeHus packpsiBa. KHJI packpeiBa. AmepTypHbIf
KO3 QUIMEHT HCIIONB30BAHUS [TOBEPXHOCTH PACKPEIBA.

2.6.3 MHOXHTENb HAIPABICHHOCTH ILIOCKOTO PACKPHIBA.
ITapamerpel  I[IOCKOrO  NPAMOYTONBHOrO — PAaCKpBIBA.  Pasmensiomeecs 1O — KOOPAHHATAM
aMILTUTYAHO-(a30BOe  pacupenenenue. I[IpencTaBieHHE MHOXUTENS HANpPABIEHHOCTH. Penped
MHOXHUTE/IsL HAIPABJICHHOCTH HICAIBHOTO MPAMOYronbHoro packpbiBa. Ilupuua nyda u KH]J
MICAIBHOTO  MPAMOYTOJBHOTO  packpbiBa. Koadduuuent paccesHus IPAMOYTOJIBHOTO
pacKpsiBa. MHOXUTENb HANPABICHHOCTH KPYrioro packpssa. Ulupuna myua u KUIT xpyrioro
PacKppIBa IIPH PAaBHOMEPHOM M CHIAfaioleM K KpasMm BO30YKIEHHH.
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2.6.4 MeTon 3KBMBANCHTHOTO JIMHEHHOTO M3NYYaTels B aHAIHM3E ILIOCKOTO packpsIBa.
[lonsTie oKxBHBaNeHTHOH NHHEHHON aHTeHHBI. MHOMKHTETh HANPABICHHOCTH JKBUBATEHTHOMN
JIMHEHHOH — aHTeHHbl. [lpeAcTaBneHue Kpyraoro packpbiBa ¢ DPaBHOMEDHBIM  CHH(A3HBIM
BO30Y)KIEHMEM B BHIE JIMHEHHOM aAHTEHHBI C JKBHUBAJEHTHBIM aMIUIATY IHO-(ha30BBIM
pacmpenencuueM.  lIpencraBneHne IMarOHambHOM —IUIOCKOCTH — KBAAPATHOTO pPAacKpelBa ¢
PaBHOMEPHEIM CHH(a3HEIM BO30OY)XKIEHHEM B BHAE JMHEHHOM AaHTEHHB! ¢ OSKBHBAIEHTHBIM
aMINIUTY IHO-(a30BEIM PacIIpeeIeHUEM.

2.6.5 Bauanue cryvafiHbIX omuOOK BO36yXKAEHMS HA TAPAMETPs! IIOCKOrO packpeiBa.
AMIUTMTYIHO-(A30BOE  paClpesie/ieHHe MpH  HATIU4dU  OUIHOOK. Cpennsis  xapaKkTepuCTHKa
HalpaBICHHOCTH M0 MOLIHOCTH [JIsl IUIOCKOTO MPSAMOYTojbHOro packpeisa. KHJI mmockoro
PacKkpeIBa €O CIIyYa¥HBIMH OIIHOKaMH BO30YIKAEHHUS.

2.6.6 CxaHHpOBaHHE JIy4a B IUIOCKOM PaCKPHIBE.

HopmupoBanneiit MHOXHTENs HarpasieHHOcTH. DopMmyis! (asuposarus. OGNACTE BUTEMOCTI.
3axon wu3MeHeHuss KHJI npu ckxammposanun. V3menenue bOpMBI TNTABHOrO JIENECTKA
MHOXHTEII HaIpaBJCHHOCTH MPAMOYIOJBHOIO pacKphlBa NpPH CKAHUPOBAHHWA. V3MeHeHue
o(pQexTuBHON mniOmMAnK pacKkphiBA TNPH CKAHHPOBAHMH. M3MeHeHme IIMPUHBl JIyya TIpH
CKaHHPOBAHUH.

2.7.7 Ilnockue (asupoBaHHBIE aHTEHHBIE pPEIIETKH. Pa3Melnenue H3JIydaTesed 1o

PacKphbIBY. YCIOBHS OTCYTCTBHA NMOGOYHBIX IVIABHBEIX MAaKCHMYMOB.

OmpeneneHne  dasupoBaHHOW  aHTeHHOH  pemerku (PAP).  Ilpasmma PacCIONOXEHUS
u3nyqareneit QAP. [lpamoyronenas cerka. TpeyrombHas cetka. BriSop 1mara PELIETOK IIpH
HCIIONB30BAHWM HANpPAaBNCHHBIX wH3dyvarened. Heperynadproe pasMemeHue wuanydatenaeif B
wiockod DAP.

2.6.8 Ceasp JIH wu3nywatens peweTkH M paccorfiacOBaHUE BXONOB 31eMEHTOB (DAP

IIPH CKAaHUPOBAHHHU.

«[loa/eMEHTHBIH [OXOM» K ydYery B3aHMHOTO BIMSHHS OJIEMEHTOB IPH HeGONBIIOM YHCIe
usnyqatenelt. IIpuOavxeHspii MOAXON K yd4eTy B3aUMHOTO BIMSHHA IIPH GOJBIIOM GHCIIE
aneMeHTOB. Pexum pabore:r DAP mp paBHOAMIUIATYZHOM BO3GYIKZCHHH ONEMEHTOB U
uneanbHO#  (asuposke. Brpaxenme s kospguumenta ycmnemms wmsmyuatens OAP,
YCTaHOB/CHHE B3aMMOCBA3M PEXHMOB pPaboTel MAP.  DIeKTpoIHHAMHYECKHE MOIENH IIpU
MPOEKTHPOBAHMY GONBIIMX PEryidpHBIX Iockux ®AP. Dddext «ocnemnenusy DGAP

2.6.9 O3nexrpomarHuTHOE nose pacKprIBa B IIPOMEXYTOUYHOH obacTH.,

CdoxycnpoBaHHBIE PACKDEIBEL
I'paHuubl  mpomexyTouHo# — obsactd. PacueT  3NeKTPOMATHHTHBIX —mojiefi Ha  OCHOBE
npubmmxennss Openens. [lpubmmkenne Openens m1s Manblix yIioB. 3meHeHue JH npu
nepexone M3 HalbHeH Oo0JacTH B IPOMEKYTOYHYIO ofnactb. IloBeieHMe MOAYIS BeKTOpa
HoknTrara curdasHoro packpeisa. 30HBI dpewes. IMoctpoerue 300 @penens. Bo3moxHBIE
BKJIaZpl OTHNCIBHBIX 30H B IIOJHO® Mone npomexyTounolf obmactu. ChoxycupoBaHHbIIH
packpeiB. BBeseHne 106aBOYHOTO KBaApaTHYHOro (Ha30BOTO CHBHTa C OIEPEIKEHHEM Ha Kparo.
Orpenenenne  (okyca packpbiBa. TeXHHYECKOE —IIPUMEHEHHE (OKYCHPOBKH  pacKphiBa.
DJIeKTPOIMHAMHYECKAs MOJEIb CQOKYCHPOBAHHOTO DPACKPHIBA C BHAE GOMNBIIOTO OTBEPCTHS B
IJIOCKOM 3KpaHe. I'paHula OCHOBHOrO IOTOKA MOINHOCTH. Jl@arpaMMbl OCHOBHOTO MOTOKA
MOIIHOCTH

PEBZ[GH Ne 2.7 Ocuosurle TIOJIOKEHMST CUHTE3a JIMHEHHBIX aHTEHHBIX CHCTEM.

2.7.1 IlocTaHOBKA 3aNa4yd CHHTE3a H3/IYYAIOUIEH CHCTEMBL
Omnpenenenue 3amadun CHHTE3a H3NYYAIOMIEH CHCTEMEL [lonmyuerue tpebyemoit dopmer JH.
CunTes anTeHH ¢ MakcumansHbiM KHJII Onrumusamus Gopmer TH. OcoGennocty pemenus
3aladn CHHTE3Ad JIMHEHHOH H3iydaromed CHCTeMEl VHTerpanbHOE ypaBHEHHE i TOKA B
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TUHEHHOW U3Tydarolled CHCTEME H €ro ocoGEHHOCTH. HexoppeKkTHO mocTaBieHHbIE 3a7auu U
MeTon perynspusanud no A. H. Tuxonosy.

2.7.2 lnarpaMmMa HampaBIeHHOCTH KAk IIejias GyHKIES KOHEUHOH cTemeHu.
VIHTerpanbHoe BEIpakeHHe MONHOM MOLIHOCTH AHTEHHBL AKTHBHAS MOIIHOCTB. PeakTHBHas
MOMmHOCTE.  Koadduuuent peaxtusnoctd. Llensre bynxouu. TH xak nenas  dyHxmums
KOHEYHOH CTEICHH,

2.7.3 CuHTe3 NHHEHHOrO W3NTyYaTeNs METOIOM uHTerpana dOypee.

Ilonxom X pemeHuo 3amade  CHHTE3a JTHHENHHOIO U3IydaTesisi ¢ NOMOWIBIO 0GpaTHOTo
npeobpasoBarust  DPypre. Crocobbr onpenencHus  GyHKUMH  BO3Gyxzemus. IlocTpoenme
aHATMTHYECKOTO  [PONODKEHMS (QYHKIMH BO3OYKAECHHS M3 OGJaCTH BHAMMOCTH HA  BCIO
BEIIECTBEHYIO OCh. Meron unterpana @ypre. ITpumep.

2.7.4 CuHTe3 pasHOCTHBIX AMArpPaMM HaIpaBIeHHOCTH.

Onpenenenue pasnoctHoM JIH. [lpumenenne pasnocraeix JIH. TpeboBanust k pasHOCTHBEIM
HH. Awmmutynso - dazosoe pacnpenernenne Bo3Oyxnenns u JH wusmyuarens. [Mapametpsl
pasHocTHBIX JIH.

2.7.5 Cunres  jmHeliHOrO  H3IyYaTens METOJOM  IapUUANBHBIX  JHATPAMM

HaIpaBICHHOCTH.

Cymsocts meroma mapumaneneix J{H. Peanmsariis METONa NAapIHATBHBIX JUarpaMM IIpH
CpelHEKBapaTHiecKoM npubmmkenny. CHcTeMa NapHUanbHBIX JarpaMM  HalpaBIE€HHOCTH,
ABJLIIOIAXCA wieHaMH psana KotensHukosa. CHHTE3 KOCEKAHCHOM JIH.

2.7.6 CuHTe3 NWHEHHBIX AHTEHHBIX PELIETOK.

MHOXKHTENb HANPABNEHHOCTH JHHEHHON aHTEHHON pemerky. Ilpencrasnense MHOMHUTENS
PCHICTKM B BHOE  CYNCPHO3WIME  IHapuuanbHerx  J[H. IToctpoerue  cucreMsr
OPTOHOPMHPOBaHHBIX nNapuuanbHelX JIH. Peurenwe 3amaun cunTesa aHTeHHOM PEIETKH B
OpPTOHOpPMHPOBAaHHOM Oasuce. Ilpumep cumtesa J[H, nauGonee Onu3Kyro nenbTa - (yHKIMHH.
Brifop mara 5KBHAHCTAHTHON aHTEHHOI PEeIeTKY.

2.7.7 SBnexne cBEpXHANPABIEHHOCTH AHTEHH.

Onpenenenne  cBepxHaNpaBieHHOCTH. OCOBEHHOCTH nepexojna  AMHEMHOH  aHTeHHBI K
CBCpXHANpPAaBNCHHOCTH.  ['paHuua mepexoga K CBEpXHANPABIEHHOCTH. Y CTOHYMBOCTE K
OmKMOKaM B PacIpeleeHun BO36YKIEHNS Y HECBEDXHANpPaBICHHBIX AHTECHH.

Pasnen Ne 2.8 AneprypHsle anTeHHEL

2.8.1 O0mue cBoHCTBA amepTypHBIX aHTEHH.
Onpenernenne anepTypHBIX aHTEHH. KHI . Wupusa nyga. KoabduuUmMEHT HCIOTB30BAHHAS
NOBEPXHOCTH.
[Toctpoenue pacupenennteneit allepPTYPHBIX aHTEHH,

2.8.2 Pynopusie aHTeHHEL,
Bonnosomusit  mamyuarens. H - CCKTODAJILHBIH  DYIOp M CTPYKTypa IIONS B  HeM.
I'eomeTprueckue mapameTpst pynopa. KHJI H - cexropansroro pynopa. Ontumanesueit H -
CeKTOpanbHei  pynop. KWIT H - cextopanshoro pynopa. E - cekropambHef  pymop.
Onrumanerpiit E - cextopanbHbIii pynop. Kouuueckuit pynop. JlocToMHCTBa PYTIOPHBIX
anTeHH. [IpuMeHeHHe pyNOpHBIX aHTEHH.

2.8.3 JInH30BBIE AHTEHHBI
KoncTpykuust nunsosoit anTenusl, IEOMETpHIECKHE mapameTpsl. [IpuHIUI ReHCTBHS JIMH30BOIM
anTeHHBL.  OOiy4aTenw  JMH30BBIX  aHTEHH. Yckopsiompe M 3aMEMISIIOINME  JTHH3EL
Onpenenerne npodus AUSNICKTPUYECKON JIMH3BL MeTannomiacTuyaTsle MuH3BL JIMHSEL G
UIPHHYNUTCIBHBIM ~ HANPAaBICHUEM DACIPOCTPAHEHHSL. 30HHpOBaHHEIE JHH3EL DOPMHpPOBAHHE
AMIUIATYIHBIX pacripesiesieHuil B NUH3aX. BripaBHABanue AMIUIATYIHOTO PAaCHpeneNieHus MpH
HCTIONB30BaHMI 00NydaTens co crenuansHoi popmoit JJH. JTxH30BEBIE aHTeHHb! Jlrorebepra.

2.8.4 3epkanbHble apaGoIHYeCKe AHTEHHLL
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Konerpykuus sepkanbHol mapaGoimdeckod aHTeHHbL. [lpuHuMn gmedcTsuA.  IIpuMeHeHHE
3EpKaNbHBIX aHTeHH. Bumbl mnapabonmueckux 3epkanbHbBIX anTeHH. [Ipodmias mapabonudyeckoit
QHTEHHBI ~ ¥ TIEOMETPHYECKHe  mapaMeTphl. JIMHHOQOKYCHBIE H  KOPOTKODOKYCHBIE
napaboNuyYeckne 3epKalbHBIE aHTeHHBL Pacyer u3dydeHHs NapabONHYecKUX AHTEHH C
UCTIONB30BAaHNEM METO/A SKBHBAICHTHLIX HMOBEPXHOCTHBIX IJIEKTPHUYECKHX H MATHHTHBIX TOKOB
C PasNHYHBIM CMOCOOOM 3aNMCHM HHTErPaJioB H3NyYeHHUs (alepTypHBIH METOH, TOKOBEIM
meron). Ilpumenenme wMerToga reoMerpudyeckoif Teopunm gudpaknumum gad  pacdera JIH.
Pacripeniesienie  MOBEPXHOCTHBIX ~ TOKOB B packpbiBe  napaboioMaa  BpalleHHA.
Kpoccnonsapusanus. Beibop mapamerpos napaGonuueckol antenus.. KHII, mmpmHa myda u
ypoBeHb OoKoBbIX JnemectkoB. Paxrtopsl, Bimsompe Ha KUIT mapabonudeckolf 3epKanbHOM
aHTeHHbI. TOYHOCTH BBIMOJHEHHS 3epKana [apaGoMuecKOll aHTEHHBL. BIHSIHME TOYHOCTH
BeINONMHEeHUs 3epkana Ha KHJ. Yacrormas saBucumocts KH]I sepxansHol mapabommdeckoi
AHTCHHBL.

2.8.5 Obsryuarenn 3epKanbHBIX AHTEHH.
Tpebosanuss  k  obnyuarensM.  BuGparopubie  o6myuatenn.  IllemeBsle  ofydaTeni.
BonnosozHbie u pynopHsie obmyuatesnu. JluHeitHble ofnydaTenu. YIpaBieHHE MONOKCHHEM
Ty4a aHTEHHBl IYTE€M BbIHOCA OOiy4aTtens u3 Qoxyca. MoHouMIyIbCHBIE 0OIyYaTeNH.

2.8.6 Pa3sHOBUIHOCTH 3€PKAIBHBEIX AHTEHH.
JByx3epkanpHas aHTEHHA Kaccerpena. JByx3epkanbHas aHTeHHA I'peropm.
KBasnnapabonudeckne  JBYX3epKaldbHEIC  aHTEHHBL  HeCHMMETpHYHBIE UM THOPHIHEBIE
3CpKaNbHBIC aHTeHHBL. PymopHo - mnapabomudeckas aHTeHHa. Ilepuckommueckas aHTEHHA.
AHTeHHa IepeMeHHOro npopuns. Chepuueckne 3epkaibHble AHTEHHBL. AHTEHHBI C 3EPKANOM
CIeLHaIbHONH (HOPMBI.

Pasmen Ne 2.9 AHTeHHbIE pelIeTKH.

2.9.1 Cniocobrl cxaHMpOBaHMS. 3alayu, peliaeMble ¢ MOMOIIBIO AHTEHHEIX PEIIeTOK.
CkaHHpOBaHHE TIPOCTPAHCTBA. Mexanuueckoe CKAHUPOBAHUE. ODJIEKTPOMEXaHHYIECKOE
CKaHUpOBaHUE, DEKTPHIECKOe CKaHHpOBaHHE. OcymecTBieHue JIIEKTPUIECKOTO
CKaHUpOBaHus: (pa3oBOe, aMIUIMTYIHOE, YaCTOTHOe. 3ajayu, pellaeMble ¢  IOMOINBD
MHOT'O3JIEMEHTHBIX AHTEHHbIX PENIETOK.

2.9.2 GazupoBanHble aHTeHHble peueTkd (DAP).

Ompenenenne OAP. AxtuBasle OAP (ADAP), npummun mnocrpoerms. Ilaccusasie OAP,
IPHUHIWI [TOCTPOCHHs. PacupenemuTen B BHJAE 3aKphITOro TpakTa. [lociemoBarensHas cxeMma
nuTaEus usnydarened DAP. Ilapannenshas cxema nuTanus wusimydarenein ©AP. JIsomuHo -
ST&XHas CxeMa NHuTaHus usmydarened OAP. Pacnpenemurenu onrtuueckoro tuma. ITpoxomsas
CXéMa ONITHYECKOrO nuTaHus wusiydateneit OAP. Orpaxkarenssas CcxXeMa OITHYECKOTO
nuTaHus  usnyyarened @DAP.  JloCTOMHCTBa U HENOCTATKU OITHYECKHX CXEeM [THUTAHHUS
usiydareneit PAP.

2.9.3 Ympasnenne (a3upoBaHHEM CKaHUPYIOUMX AHTEHHBIX DEIIETOK.

TpeboBanue x ¢aszoBeM crsuram usimydareneit ®AP. CucrTema ympaBleHHMs [0 psiaM H
KONoHKaM. OCOOCHHOCTM ~ JMCKPETHOTO  (hasMpOBAHHS  ONEMEHTOB. DUHADHEIA  IIPHHIMII
yIpaBieHHs (assl.

2.9.4 MHorosly4eBble aHTEHHBIE PEILETKH.

Hnarpammoobpasyroine cxembl. [locnenoatenstas guarpaMMooGpasyomas cxema (Matpua
Bracca). [lapannenshas auarpammooGpasyiowas cxema (Matpuna batnepa).

2.9.5 AuTeHHBIE PEINETKH C YAaCTOTHBIM CKAHHPOBAHHEM.

Iloctpoenne TpakTa NHTaHMS JMHEHHOM AHTEHHOH pEMIETKH C YACTOTHBIM CKaHUPOBAHUEM.
QopmupoBanue  (a3OBBIX  CABMIOB B  H3JydyaTelsX. YIJIOYaCTOTHAS UyBCTBHTEIBHOCT
aHTeHHOH permeTkd. OCOOEHHOCTH NPOEKTHPOBAHMA AHTEHHBIX pEIIETOK C  YacTOTHBIM
CKaHupoBaHHMeM. [Ipimep KOHCTPYKIMH aHTEHHBI B BUAe NapaboOIHY9EcKOTo 3epKaia ¢
BO30YXK/IEHUEM JMHEHHBIM HCTOYHHKOM C YACTOTHBIM CKAHHPOBAHHEM.
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4.3. TpymoemMKocTh pa3genoB y4eGHOro MOIyJ/Isl H KOHTAKTHONH paboTsl

Ayoumopnas,
YOM 1. Yempoiicmea CBY
I. | 1.1 Beeneuue 1 0.5 3 KoutpoJsHsiit onpoc
2. | 1.2 JluHuy nepepauu B paquocHcTEMax U 1 2 2 0.5 3 KonrposnsHetit onpoc
M Oruer no JIP, Peut.3an.,
yCTpoHcTBax Omter o 13
3.1 1.3 DnemeHTbl TPAKTOB A5 Pa3AHuHBIX ] 1 1 0.5 3 Komponm’{bm onpoc
MaTa30H0B AIHH BOJIH Otuer rio JIP, Peur3an.,
8 Otuerno [13
4.1 1.4 MHoronomocHukn CBY | | ] 0.5 3 KoutpoabHsiit onpoc
Otuer no JIP, Pew, 3ax.,
Otuer 1o [13
3. | 1.5 CocTaBHbIe MHOTOTIONIOCHBIE YCTPOHCTBA 1 ] ] 0.5 3 Koutposshsiit onpoc
CBY Orver nio JIP, Pew. 3aa.,
Orver nio [13
6. | 1.6 QunbTpsl M coracyrowme uenn CBY ] ] ] 0.5 3 Konrpossupiit anpoc
Oruer no JIP, Pewr. 3aa..
Oruer no [13
7.1 1.7 Ynpapasioiine 1 (eppuTOBbie YCTPOiCTBA 1 | ] 0.5 4 Konponsneiit onpoc
CBY P H q PP yerp Oruer no JIP, Pewr. 3aa.,
Oruer no I13
YOM 2. Aumennv
8. | 2.1 DAeKTPOMArHUTHOE MONE M XapakTepUCTHKH 2 2 2 1 6 KouTpossHbii onpoc
Oryer no JIP, Pewn. 3az.,
anTer. Otuer no T13
9. 1 22 AHTCHHBI B PeXWUME paIUONpPHEMA. 1 1 1 0.5 4 KonrpossHbiit onpoc
Otuer o JIP. Pew. 3az..
Oryer nio [13
10. | 2.3 BuGpatopHble W lieeBble AHTEHHb 1 1 1 0.5 4 Kontposs bt onpoc
Otuet no JIP, Pewenne
Jaaaud,
Oryer o [13
1.1 2.4 CnaboHanpaB/ieHHblE W YaCTOTHO- 1 1 1 0.5 3 KOHTpOﬂbHE;)mPOnpOC
HE3aBUCHMbIE AHTEHHBI BOqu‘r‘;IT no JIP, Pewenne
Oryer no 113,
12. | 2.5 JluneliHble aHTEHHBI W pELIETKH ] ] ] 0.5 3 Konponshblit onpoc
Oruer no JIP, Pew, 3aa.,
Otuerno 13
13. 1 2.6 Msnyuaiolme packpbiBbl W peLIETKH 1 1 1 0.5 3 KowTposibHbiii onpoc
Ortuer no JIP, Pew. 3an,,
Oruer no 113
14. 1 2.7 OcHOBHbIE MOJOKEHUS CHHTE3a JIMHEMHbIX 1 1 ] 0.5 3 gompoﬂbggﬁpo“poc
0 TUCT 1O ., Peul. 3ai.,
AHTEHHBIX CHCTEM Omer o
151 2.8 AreprypHble aHTEHHbI 1 ] 1 0.5 3 KoHTpOsibHbIH onpoc
Oruer no JIP, Pew. 3an..
Orver o [13
16. 1 2.9 AHTeHHble peLIeTKH 2 2 ) ] 6 KoHTponsHbit onpoc
Oruer no JIP, Pew. 3an.,
Otuer no 13
17. | TlpomesxyTouHas aTTecTalus I3
UTOro 18 18 18 9 54
4.4 JlabopaTopHele paGoThl U KypCoBbIe padoTeI/KypcoBbIe MPOEKTHI
4.4.1 Ilepeuens Tem maGopaTopHbIX paboT;
1. Mcenenopanie cuMMeTpHYIHOTO BUGpaTopa ¢ pedIEKTOPOM HIH TUPEKTOPOM
2. I/ICCIIeI{OBaHI/IC BOJTHOBOZHOTO M3JIyyaTens
3. HCCHG}.‘LOB&HHG BOJIHOBOAHO — IIEJIEBOH aHTEHHDI
4. ViccnenioBanue pynopHoil aHTeHHEI
5. Mozenuposatue THHEHHBIX aHTeHH B mporpamme MMANA
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4.4.2 ITpumepHbIE TEMBI KYPCOBBIX pabOT/KypCOBBIX IPOEKTOB:
Kypcosast pabora/ IpoeKT He mpeycMOTpeH.

5 MeTommecmxe PEKOMEHIAUMH 10 OPraHU3 AU 0CBOCHHS y‘I86HOF0 MOayJIst

Tabanua 4. MeTogndeckie peKOMEH IALKH 110 OPTaHU3aINH JTeKIIHi

Ne

Temvr nexyuonnvix sanamuii ((popma npogedenus)

Tpyooem-
wocmb g AY

1.1 BeeaeHue (MHGOpMaLIOHHAS IEKLIHS)

1.2 JInnnn nepegaun B paquocycTeMax u ycTpoiicTsax (MHQOPMaLMOHHAs NEeKLUs)

1.3 DneMeHTbI TPAKTOB IU1A PA3IMUHBIX AHANA30HOB MTHH BOMH (WHQOPMALMOHHAS NEKLKS)

1.4 MuoronomocHukn CBY (uHpopmaumonnas nekuns)

1.5 CocrasHble MHoronomocHsle ycrpoiictsa CBY (MudopmaumorHas nexums)

1.6 QunbTpel u cornacyrowne uenit CBY (uHdopmaunoHHas nekwus)

1.7 Ynpasnsitowne u (peppurossie ycrpoiictsa CBY (H(GOpMALMOHHAS NeKIHA)

2.1 DneKTPOMArHHTHOE NOJIe M XapaKTepHCTHKW aHTeHH (MHQOPMALMOHHAS NeKLHs)

N R P Rt el Rl Bl Ed o

22 AnteHHbl B pexume paadonprema (HHOOPMAIMOHHAS NEKLMS)

2.3 BuGpaTopHble 1 wIe/IeBbIE aHTEHHbI (MHPOPMALIHOHHAS IEKLIHS)

2.4 CnaboHanpaBiieHHblE W YACTOTHO-HE3ABHCHMbIE AHTEHHB (nHpopMaLHOHHas JIEKLU)

—t ] eeed |k
M=o

2.5 JluHeidnble aHTEHHb! M pelieTkd (MH(POPMALIMOHHAS NeKLIMs)

—_—
(VS

2.6 Mznyyarowve packpbiBbl M pelueTki (HHPOPMALMOHHAS JeKLHs)

2.7 OCHOBHbIE MONOXKEHMA CHHTE3A JMHEHHBLIX AHTEHHBIX CHCTEM (MH(OPMALMOHHAT JEKLNS)

2.8 AnepTypHele aHTeHHb! (HHPOPMALMOHHAS NEKLHA)

e e
ARl b

2.9 Anrennbie pelweTky (MHQOpMALUOHHAS NTeKUHS)

[\_).._.__Au—a.—A»--tr——lr—l)—l»—tv-—au—"—db-—l[\)’—l

HNTOI'O

—
Qe

Tabanua 5. Tempr 1abopaTopHeIX paGoT (Henonb3yeMoe 060pyI0BAHHE)

Temvr npaxmuyeckux 3auamuil (hopma nposedenus)

Tpydoem- -
Koemb 6 AY

Jlunuy nepenaun (Monenuposanue CBY yctpoiicTs B nporpaMMé NI Multisim 12')\

3

V3mepenne uMnienanca memneit ¢ COCpefOTOUCHHBIMU apaMeTPaMH
(monenuposanue CBY yerpoiicts B nporpamme NI Multisim 12)

3

YerpoiicTBa cornacoBaHus
(mozennposanue CBY ycrpoiicts B iporpamme NI Multisim 12)

VYeTpoHCTBa AENEHHS H CII0MKEHUS MOLIHOCTH
(monesmposanue CBY ycrpoiicts B nporpamme NI Multisim 12)

HacroTHo H30UpaTENbHbIE [IETH Ha 3IEMEHTaX C PACTIpeNeTeHHbIMH HapaMeTPaMH
(mozenuposanne CBY yerpoiicrs B nporpamme NI Multisim 12)

(S

Msmepenne S — napamMeTpoB 4eTBIPEXTOMIOCHUKOB
(monemposanne CBY yerpoiicts B nporpamme NI Multisim 12)

(WS

HTOTO

18

JlaGoparopueie paGoTE! MPOBOSITCS B KOMIBIOTEPHOM KIIACCE U B CHENUATN3UPOBAHHOM
naboparopnu «JlabopaTopHst TEXHHYECKON SMEKTPOIMHAMUKNY. PaGoThI IIPOXOJAT 110 Opuramam,
Ho Havasna paGoTkl CTYAGHTBI NOTYYaloT HHCTPYKTAXK O COOIIOAEHHH IIPABUI TEXHUKH
0e30I1aCHOCTH U OXPAHBI TPyHa, COrnacHo HHeTpykumsm Nol UOT, Nel5SHOT, Nel8UOT o 3HaHuH
KOTOPBIX CTYNCHTBI PACIUCHIBAIOTCS B JKYPHAJIC PErUCTPALHH HHCTPYKTaXa CTYIEHTOB MO OXpaHe
Tpyza. B nabopatopun oGopynosans! paboune mMecTa a1 J1abopaTOPHBIX paboT UMEETCs
HEOOX0IMMOE METOIMYECKOE ObeCIIEUeH e, nabopaTopHble MAKETHI, TPHGOPEI.

6 ®oH OUEHOYHBIX CPEACTE YyueGHOT0 Moy 151
DOHJI OUEHOUHEIX CPENCTB MpeacTaBier B [Ipuioxkenun A.
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7 YcaoBHsI 0CBOCHHUS YUeOHOT0 MOTY st

7.1 YuyeOHO-MeTOqUYECKOE 00ecmeyeHne
YuebHo-MeToquuecKoe obecreyenre y4eGHOro MOy s IpeAcTaBieHo B [Ipunoxernu b.

7.2 MaTepuajabHO-TeXHHUecKoe ofecneyeHue
Tabnuua 6 — MarepuanpHo-TexHHUECKOE obecrieueHne y4eOHOro MOAYIs

Ne | Tpeboganiie k MAMEPUATEHO-MEXHUYECKOMY
obecneyenuio

Hanuyue mamepuansno-mexuuyeckozo 060pyo0sanus. u
: RpOZPAMMIO20 0becne ents -

]. VY4ebHple ayAUTOPHHK 1151 POBEACHUS Y4eOHbIX
3aHATHH

YuebHas mebeib: CTOMbL, CTYJIbA, 10CKa

KoMmrbioTepHsli kace

[1K Intel Celeron G530 CPU 2,4 GHz,
MouuropViewSonicVA1932wa,
00beAMHEHHBIE B TOKAJIbHYIO CETh C BbIx0aoM B Murepuer — 9 wir

[Nepeuens npudopos:

Wunuxarop KCBH u Ocaabaenus S12P-67;Mameputens KCBH
naropamHblii P2-67;Wamepurens KCBH natopamuetit P2-47;
Mamepuresns S140-0830;peobpazosarens S14C-60eneparop [KY-
60:"eneparop 'KY-53;"enepatop curuanos BY I'4-126;
I"enepatop curuanos BY I'4-129;T"eneparop curtanos BY I'4-
109;"eneparop curnanos BY '4-122;Uamepurenbras auuus Pl-
29:M3mepurensras nunus Pl-4;Wamepurens noGpotrocru E4-
11;Bonstmerp B3-38;Bonbrmerp B3-38A -3wr; AnTenna
U3MEPUTEIbHAS.

Maketbl:

JupexTopHas aHTeHHa;BOIHOBOAHO-ILEICBAS AHTEHHA,
PynopHble aHTeHHbI; BOAHOBOAHBIN H3My4aTesb.

2. MynsTUMennitHoe o6opynoBaHue ITpoektop Epson Projector EB-X04, koMmnbroTtep, skpan
3. [TporpammHuoe obecneuerue
HaumeHoBaHHe NPOrpaMMHOro NPOAYKTA O06ocHoBaHUeE A/ UCTIONbB30BAHUS JaTta Bbi1aun
(1MueH3Hs, JOTOBOP, CHET, AKT WK HHOE)
Microsoft Imagine (Microsoft Azure Dev Tools for Horogop Ne243/10, 19.12.2018
Teaching) Standard 370acf61-476a-4b9f-bd7c-84bb13374212
Kaspersky  Endpoint  Security ans 6usmeca - [Horosop Nel48/ET1(Y)20-BB, 11.09.2020
Crannaprhbiif Russian Edition. 500-999. Node 1 year 1C1C-200914-092322-497-674
Educational Renewal License *
ABBYY FineReader PDF 15 Business. Bepcus aas Horosop Nel91/10 16.11.2020
CKAUMBaHUs (FOAOBAS JIMLEH3MS €  AKaACMHUECKOH
CKUAKOH)*
Zbrush Academic Volume License Horosop Ne209/ET1(Y)20-Bb 30.11.2020
Academic VMware Workstation 16 Pro for Linux and Horosop Ne2 11/ETT(Y)20-BB, 25140763 03.11.2020
Windows, ESD
Acronis 3amuTta JaHHbixX ans paBoueit cranumu, Acronis Jorosop Ne2 10/ETT (¥)20-BE, 03.11.2020
3awmra  Jlanneix  Paciimpennas aas  ¢usnueckoro Ax000369127
cepsepa
Adobe Ilnan Creative Cloud — Bce npuioxexus aas Jorosop Nel89/ETT (V)20-BE. 13.10.2020
BRICIIMX yueOHbIX 3aBeneHUii — ofulee yeTpoicTso Horosop Nel90/EIT (V)20-BE,
YA2A4DE0AS06D427A09A
Substance Education Horosop Ne216/ET1(Y)20-BB, 16.11.2020
Jorosop Ne2 1 7/ET1(Y )20-Bb
Zoom Horosop Ne363/20/90/ET1(y)20-Bb 04.06.2020
Awntunaaruar, Bys.* Jorosop Ne3341/12/EIM(Y)21-Bb 29.01.,2021
[Toanucka Microsoft Office 3635 €B00OH0 pacnpocTpaHsemMoe Julsl By30B -
Adobe Acrobat ¢30004HO PacnipoOCTPaHAEMoe -
Teams ¢BOOOAHO PAcTIpOCTPAHIEMOE -
Skype c80004HO pacnpocTpansemMoe -
Zoom cB000AHO pacrnpocTpansieMoe -
[Tporpammuoe  ofecnedenne  aas  rpauueckoro Haxnannas Ne33, 04.10.2016
NporpaMMHpoBaHus auuensus Ne M77X11187.
LabVIEW 2012 u NI Multisim 12
Kanbkysastop komruiekchbX (pyHxumnit CC.EXE CBODOHO PACIIPOCTPAHIEMOE
«C_CALC, KanbkyasTop KOMIAEKCHBIX (PYHKLME» * IIpasoofnagarens Hosl'Y
MMANA-GAL CB0OOOAHO PACTIPOCTPAHSEMOE
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[Ipunoxenue A
(oGs3aTenbHOE)
DoHJ OLIEeHOYHBIX CPEICTB

1. CrpykTypa (poHIa OLEHOYHBIX CPEICTB

@DOoHJ OLIEHOUHEIX CPEICTB COCTOUT U3 JIBYX YaCTeH:

a) OTKpBITas 4acThb - ob1uas uHdopMmaurs o6 OLEHOUYHBIX CpecTBax (HA3BaHHE OLEHOYHBIX
CDEACTB, IPOBEPSEMBIE KOMIIETEHLHMH, Oajllbl, KOJHUECTBO BAPUAHTOB 3aJaHUM, METOIHYECKHE
PEKOMEHJaluN Il MTPUMEHEHHs! OLIEHOYHBIX CPEJCTB U IIp.), KOTOpas NpEeACTaBiieHa B JaHHOM
JOKYMEHTE, a TAKIKE T€ BOIIPOCH! U 3a1aHMs, KOTOPHIE MOTYT OBbITh JOCTYIHBI JJIs1 00 yUaroIIerocs;

0) 3aKpBITasl 9acTh - (POHJI BOIIPOCOB H 3aAaHMH, KOTOpas He MOXKET ObITh 3apaHee JOCTYITHA
At o0ydarolmxcs (3K3aMeHallMOHHEIe OUIIETHI, BOIPOCH! K KOHTPOIBHOM paboTe u mp.) U KOTOpast

XpaHuTCs Ha Kadempe.

2. [lepeyeHb OLEHOYHBIX CPEACTB TEKYWIEro KOHTPOJISI H (POPM NPOMEKYTOYHOMN

aTTeCTalHHu

Tabnuna A.1 - [lepeueHp OLIGHOYHBIX CPEIICTB

2.7 OCHOBHbIE MOAOKEHHUS CHHTE3a JINHEHHLIX AHTEHHBIX

1. Kounrponbuelii onpoc | 1.1 Beexenue 6 [TK-1
1.2 JIlunnu nepepavuu B paguocucTemMax u yctpoicreax 6
1.3 DneMeHTBI TPakToB s Pa3NUYHBIX THATIa30HOB AMNH
BOJIH 6
1.4 MuoronontocHukn CBY 6
1.5 CocTaBHble MHOronosocHble yeTpoiicTsa CBY 6
1.6 GuabTpel 1 cornacyrouide tenu CBY 6
1.7 ¥Ynpaeastowue u depputossie ycrpoiicrea CBY 6
2.1 DNeKTpOMArHUTHOE NMOJNe W XapakTepUCTHKW aHTEHH 6
2.2 AHTeHHbl B pexHUME paiqonpuema 6
2.3 BuOpatopHbie W LUeNeBbie AHTEHHbI 6
2.4 CpabonanpaBiieHHble W YACTOTHO-HE3ABHCHMbIE
AHTECHHBI 6
2.5 JluHeilHble aHTeHHbI W peLIeTKU 6
2.6 Msnyyaroline packpbiBbi W PELLIETKH 6
2.7 OCHOBHbIE MOJONEHUS CHHTE3a JWHEMHBIX AHTEHHbIX
CHUCTEM 6
2.8 AneprypHble aHTeHHBI 6
2.9 AHTeHHbIE peIleTKH 6
Beero (96)

2. Pewlenue 3amau 1.2 JInuun nepenayu B paavocueTemMax v yCTpoicTeax 4 TTK-1
2.5 Jluneiinble anTeHHbl W pewerky JInHKK nepesauu B MK-3
pagKocHcTeMax u ycTpoicTBax 4
1.3 DaeMeHTbl TPAKTOB A5 Pa3IMUHbIX AHANA30HOB AHH
BOJIH 4
1.4 MmuoronomocHukn CBY 4
1.5 CocTaBHble MHOTOMOJHOCHbIE yeTpolictea CBY 4
1.6 ©unbTphl ¥ corfacyrowpe neny CBY 4
1.7 Vnpasastowne u deppurosbie ycrpoiictsa CBY 4
2.1 DReKTPOMArHUTHOE TOJIE W XAPAKTEPUCTHKK aHTEHH. 4
2.2 AHTeHHBl B PE&XUME DARMONpHEMA. 4
2.3 BubpatopHsle ¥ LIGAEBbIE @HTEHHbI 4
2.4 CnabonanpaBfieHHble U YaCTOTHO-HE3ABHCHMbLE
AHTEHHb! 4
2.6 Mznyvatoiie packpbiBbl M PELIETKH 4




21

CUCTEM 4
2.8 AnepTypHble aHTeHHbI 4
2.9 AHTeHHble peLieTKH 4
Beero 60
3, Oruerel no JIP 1.2 Jluxuu nepenauu B pagrocHCTEMaX U YCTPOHCTBAX 6 IK-2
1.3 DnemeHTbl TPaKTOB IS Pa3jIMHUHbLIX JMAana3oHOB [IK-4
IUTHH BOJIH 8
1.4 MHoronomntocHukn CBY 6
1.5 CocrasHbie MHOTOMOMOCHBIE YeTpoiicTBa CBY 6
1.6 ©unbTpsl U coraacyrowue uenn CBY 6
1.7 Ynpasnstowue u deppurosbie yerporictsa CBU 6
2.1 DnekTpOMarHWTHOE MOJ€ W  XapaKkTEPHUCTHKH
AHTEHH. 6
2.2 AHTeHHBI B peXHUMe paguornpuema, 6
2.3 BubpaTopHble U LIEAEBbIE AHTEHHbI 6
2.4 CnaboHanpaBneHHbie M 4aCTOTHO-HE3aBHCHMBbIE
AHTEHHBI 6
2.5 JlnneiHble aHTEHHbI W pelIeTKH 6
2.6 Msnyuatowne packpbiBbl W pelIETKH 8
2.7 OcHOBHblE  TNOJOKEHWS  CHHTE3a  JIMHEHHbBIX
AHTEHHBIX CHUCTEM 6
2.8 AnepTypHble aHTEHHbI 6
2.9 AHTeHHblE pelieTKu 6
Beero
. ; Hpomeoicymounas g
HuddepeHunpoBanHslil 3auer -
UTOIO 250

3. Pexomenmauuu K UCNOJb30BAHUIO OUEHOYHBIX CPEACTB
1) KonTpossHEIi onpoc

Tabnuna A.2 - KoHTposbHEIH ompoc

Kpumepuu oyenicu - Konuwecmso | Konuyecmso
6apuanmos |  6ONpacos.
, : e sqdauuiu. |\
JaHbl HCYEPIIBIBAIOIINE OTBETEI HA BCE BOHPOCKHI Ilo HUCTY 3
OI¥H U3 TPEX BOIIPOCOB BLI3BAJI 3aTPYAHEHUC, OTBET J1aH, HO He CTYACHTOB

[TOJIHOCTBIO

ABa U3 TPEX BOIIPOCOB BLI3BAJIHU 3aTPpYIHECHHUs, OTBETEI JaHbl, HO
HE TIOJTHOCTBIO

BOITPOCHI BEIZBAJIM 3aTPYAHEHHE, OTBETHI HE JAHBI

[TpumepHbie Bonpocsi:

1. Yerpotictsa CBY. OcHosuble onpenenenus. Pons AHTEHHO-(DMIEPHBIX TPAKTOB B
panunoTexnuyeckux cucremax CBU. Kpatkas ucropus craHosnenus texuuxku CBY u
AHTEHH,

2. OcHOBHBIE NapaMeTpHI NHHMI epenayy.

3. Tpancopmanus conpoTHBIICHUH B THHUAX TTEpenayH.
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4. Haznauenrne u knaccuukauuss aHTeHH.

5.CTpyKTypHas cxema aHTEHHBI.

6. Pacyer 51eKTpOMAarHuTHLIX HONEH M3TyYarolUX CHCTEM B JabHEH, IPOMEKYTOUHOH U
OmmxHed obnactax.

2) Pewenue 3anau
Tabnuna A.3 - Pemenue 3anau

Konuuecmeo | Konuyecmso
 eapuanmos | eonpocos

 Rpumepuu oyenxu

Npe/ICTaBJICHbI IPABUIbHEIE PEIICHHS HE MEHEE TpeX o yncny 3
IPEVIOKEHHBIX 3a7a9 U3 KaXA0ro pasgena CTYIEHTOB
NIPENCTaBACHL] TPABUIBHBIE PELIEHUS 2-X TIPEIIOKEHHBIX 3a1ay
M3 KaXIOro paszena
NpeCTaBIeHO IPAaBUIBHOE PeLUeHHe | TpeaIoKEHHOM 38/1aun
Y3 KaXKJIOIo pasnena
HET pelneHu#t 1-1 3amaum U3 Kaxaoro pasaesa

ITpumepHele 3agauu:

1. Hanpl nepeuuHble MapamerTpsl UIAHHON Jnmauy @ Lo, Ro, Co, Go. Paccunrtath
NOCTOSHHYIO  PACHPOCTPAHEHHs OJIEKTPOMArHUTHOH BOMHBI B JIMHMM HA 4YacTote [
YKakuTe Ha3BaHNWE M PASMEPHOCTH Ul ASHCTBHTELHOM W MHUMON 9acTH MOTyYEHHOTO
3HAUEHHUS.

2. Jlunns nepenaun mMeeT XapakTepuCTAYECKOe conpoTuBienue Z¢. CompoTHBIEHHE
Harpyskn Zu.  CornacoBaTb [MHHIO, C I[OMOLIBI) KOPOTKO3AMKHYTOro muieiia c
XapaKkTepPUCTHUCCKUM COTPOTUBIIEHHEM paBHBIM Zc. Vcxonmble AaHHBIE NPUBEJECHBI B
tabivue 15. B xoae pacdeTa onpenesuTs pacCTOAHUE OT HATPY3KH B JAJIMHAX BOJIHBI, T/IC
HeOOXOMMMO BKIIFOUMTE IUNeHd, a Takke UIHHY uuteida,

3. Paccuntath XapaxTepuCTHYECKHE CONPOTHUBICHUS OTPE3KOB JMHMH mepenaun W2,
W3, W4, W5 u HoMuHanBHOe 3Havyenue compotuBienus R1 memmrens momuoctn BY
Juana’oHa C HepaBHBIM KoadduuueHtoMm nenenueM (pucyHox 11).  HomuHanbHBIE
3HAYCHMS 3JIEMEHTOB yKa3aHbl M mpumepa. llcxonHbie naHHbIe IIpHBENEHEI B Ta0IULAX
21u 22. Ha BBIXOZE MOIIHOCTH pAaCHpenesieTcss B COOTHOLIGHHM: PR2/ PR3 = 1/K~2 .
ComnpoTHBICHUS Harpy3KH paBHLI 3HAYEHHIO ZC.

4. Vneannsuposannas anTeHHA UMEET LWIHPHUHY JlerecTka ¢ X & rpaayca. ONpesennTh
FEOMETPUIECKYIO TIomans anTeHubl, cuutas KHII paBHbIM ¢ Ha paboueit gactore f,

5. Antenna umeer KH/I - D, KUII paBeH g, packpeis ¢ x b merpa. Onpenenuts
pabouyIo HacToTYy.

6. Jlun3oBas aHTeHHA aMamMeTpoM d pabOTAaeT Ha YacTOTe f U MMeeT KOI(Q(HIHEHT
HCIOJIb30BAHNS NOBEPXHOCTH ¢ . Onpenennts KHJI,

3) BrimonHeHue nabopaTtopHbix pabot
Tabnuua A.4 - BeimonHeHue 1a60paropHbx paboT

_ Kpumepuu oyenxu ' : Kozzuq'ec'meo;j'j [(oz;uy’kk‘ecmso, :
BAPUAHMOB | - 6ONPOCOs.
. o , S : . Badanui S e
BBINOJHEHB! U NpeacTaBeHbl 0T4eThl o BeeM JIP, Odopmnenue 1 Munumym
OTYETOB NPaBUJIbHOE. [laHbl HCUCPIBIBAIONIME OTBETH] HA 3

BOIIPOCHI.
BBLINIOJIHEHB! ¥ IIPEACTABIEHB! OTUETHI 110 BceM JIP. OTueTsl
o(opMIIEHBI ¢ 3aMeyaHusAMu. JIaHbl He COBCEM HOJHBIE OTBETHI




Ha BONIPOCHI.

BBIITOJHCHBI H IIPEACTABICHEBI OTYETHI 110 BceM JIP. OrueThr
O(I)OpMHeHbI C CYLICCTBCHHBIMHY 3aMeYaHusIMH. I[aHBI HC [10JIHBIC
OTBETEI Ha BOIIPOCHI.

BBIIIOJIHEHBI U IPEICTABIICHBI OTUYETHEI He 110 BceM JIP, OrueTsl
O(I)OpM.HeHBI C CYIIECTBCHHBIMH 3aMCYaAHUSIMH, Tpe6y}OH_[I/IMI/I
MEPECHACTKH. OTBeThl HA BOIIPOCEI HE HaHbI.

[TpumepHbie Bonpocs! ans 3awutsl JIP:

1. B 4em sakiodaetcs NPUHIHI paGoTHl IaCCHBHBIX BUOPATOPOB B pEiKHME pedextopa u
JupexTopa?

2. B uem 3akmouaeTcs npuHIMN paboThl AHPEKTOPHOI aHTEHHBI?

3. Yewm onpesenseTcs ¥ KakoH BH[ HMEET AUarpaMMa HalpaBlIeHHOCTH JUPEKTOPHOH aHTECHHBI
B FOPU30OHTANLHON U BEPTHKAIBHOM [IIIOCKOCTIX?

4. OT Yero 3aBUCHT XapakKTep CONPOTHBIEHHS IACCHBHOIO BUGpaTopa?

5. B uem ommume m mnpeumymecrso 1wieii¢-suGpatopa [Tuctompxopca oT 0GBIMHOrO
TIOTYBOJIHOBOTO BUOparopa?

6. OOBACHUTE BO3MOKHEIE [IOPEIIHOCTH M3MEPEHIl.

7. Ha xaKom npuHLHIIE OCHOBBIBAETCS PaGOTa BOIHOBOAHO-IIENEBOMH aHTEHHBI?

8. OT 4ero 3aBUCUT IPOBOAUMOCTD HAKIOHHON M B y3KOil CTEHKe IIPSIMOYTOJIBHOTO
BOJTHOBO1A?

9. Tlovyemy menu B y3KOi CTEHKE MPAMOYTOIBHOTO BOTHOBONA HAKIOHEHD! B pa3HbIe
CTOPOHBI?

10. Yem onpenensrores [HarpaMmel HAIPABIEHHOCTH B IIIOCKOCTH, IIPOXOAALIeH Yepe3 0Cch
BOJTHOBOJIA ! B IUTOCKOCTH, NEPIEHAUKYISIPHON OCH BOJTHOBOAA?

11. YTo Taxoe ronspusauroHHbIHA THIICc?

12. Yem orpesienseTcst ypoBeHb U3y 4eHHUs Tapa3UTHOM MOISPH3ALAN?

[Tonnoe onucanue JIP u KOHTPOJIbHBIC BOIIPOCH] IPUBEJIEHE] B MOCcoOHIX

Antennsl n ycrpodictBa CBY : merox. ykasaHus x a6, paboram s cmen. 23.01 / coct. E. B.

[letpos ; Hosropon. nomurexs. ns-t, Kad. "Teoper. ocHOBBI pannorexuuku”. - Hosropoa, 1990. -
Sd4c. :un. D1-1

Yerpotiersa CBY : MeTOA. ykasanus k 1a6. paGotam s ctyaeHTos cren. 23.01 o xypey
"AnTennbl u yerpoiicrea CBU" / cocr. E. B. TleTpos ; Hosropon. nomurexs. un-t, Kad. "Teoper.
OCHOBBI pagroTexHuku'. - Hoeropoa, 1990. - 64 ¢. : un. ®1-3

YCTpofcTBa CBEPXBBICOKOH 4HacTOTBI M aHTeHHBL YacTb 2. AHTEHHbI
COOpHHK 3aTaHMH I KOMITLIOTEPHOrO NPaKTUKyMa I10 HCCIIEA0BAHMIO XapaKTePUCTUK AaHTEHH
C IIOMOIUBIO TIPOrpaMMbl mmana-gal basic

3apanue 1. OyHKUHOHAIBHBIE BO3MOKHOCTH nporpammel MMANA-GAL Basic.
1. YcranoButs nporpammy MMANA-GAL. Ha KOMIIBIOTED. 3aIlyCTHTH [IPOrpamMMy.
2. M3yunts HasHayeHHe W croco6 BBODA MCXOMHBIX TAHHBIX B pasznenax:
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4. B pasnene «Beruucienus» naxats «Ilyck». ByayT BEMHCIEHBI XapakTEPHCTHKH, B TOM

uucie 3D nmarpamma HampaBneHHOCTH (PHCYHOK 5.). M3yunTh [aHHble, ITOSBUBINHECS B
Pa3HUHBIX pasienax

Pucynox 5. Ilpumep 3D nuarpamMMbl HarmpaBIeHHOCTH

3ananume 2. MccefoBanne XapakTepUCTHK CHMMETPHYHBIX BHGPATOPHDBIX AHTEHH B
cB00OAHOM NpoOCTpPaHCTBE

1. Hccnenosars muarpaMMBbl HalPaBJICHHOCTH BHOPATOPHEIX AHTEHH B 3aBHCHMOCTH OT HX
amaner 2L= 0.05, 0.1, 0.25, 0.5, 1.0, 1.5, 2.0 mIMER BOJHEL Papnyc mpoBomuuka 3amaiiTe xax
R=0.001*N mnuser Bonusl, rie N — HOMep BapHaHTa.
2. Vcenenosats 3aBUCHMOCTH BXOIHOIO CONPOTHBIEHHS AHTEHH YKA3AHHBIX B M.1 ITHH B
nosnoce 20% OT UeHTpaIbHOM YacTOTHI, KOTOpas 3anaerca hopmysoi 50¥N MIn, rae N — HOMEp
BapHaHTa.
3. Wccnenosath 3aBUCHMOCTE KO3(PULHMEHTA CTOSIMEH BOJTHEL Hanpsokenus (SWR) B dunepe
50 OM nns mmuH aHTeHH ykasaHHBIX B 0.1 B monoce 20% oT HEHTPAJILHON YacTOTBI, KOTOpas
3anaetcst popmynort S0¥N MI'n, rxe N — nomep BapHanTa. B 9ToM 3amanuu HeoGXoxuMo HalTH
pe30HAaHC.
4. VccnenoraTs 3aBHCHMOCTE KO3(Q(HINEHTA YCHICHNHS aHTEHH C ITHHAMU yKa3aHHBIMU B
1.1 B monoce 20% OT LEHTPAIBHON YacTOTHI, KOTOpAs 3a1aeTcs Gopmysoit SO¥*N MI'u, rme N —
HOMED BapHaHTa.
5. Vccnenosars 3aBUCHMOCTh OTHOLICHMS BIEpel-Ha3aj HM3IYYCHHS AHTEHH ¢ JUIHHAMK
yKasaHHbIMK B 1.1 B monoce 20% OT LeHTpaJbHOI YacTOTEI, KOTOpAs 3aHaeTes dopmymoit 50¥N
MTI'n, rae N — Homep BapHaHTa.

6. INoxasatb pactipesienense ToOKa II0 [UTMHE BUGPATOPA [T BCEX YKA3AHHLIX THH AHTEHHDL.

Kontpoabusie Bonpoce::

o Kakas anTeHHa Ha3blBaeTCs CUMMETPHYHBIM BUOparopom?
° ITepeuncnnTe reoMeTpuueckue napameTpbl CHMMETPHUHOMN BUOPATOPHOM aHTEHHLI.
° Ilepetncnute OCHOBHBIE SIEKTPUYECKHE XAPAKTEPHCTUKH CHMMETPHYHOH BHOPaTOPHOM

aHTCHHEI.




27

J Kakne M3BECTHBI METONBI pacyeTa OJICKTPHUECKHUE XApPAKTEPHCTHKH CHMMETPHYHOMN
BUOPAaTOPHOH aHTEHHBI.

) O6bscuure  TepMuH  «BXOJHOE  CONMPOTHBIEHHE»  CHMMETPHHYHOH  BUOPATOpPHOI
AHTEHHEI.

J OOwsacunTe TepMuH «/lHarpaMma HarpaBIeHHOCTH AHTEHHBD,

. Ob6pacuute TepMuH « [lonspusanus anTeHHB.

3apanue 3. Hccaenosanue XapaKTepUCTHK IOPH30HTANLHBIX CHAMMETPHYHBIX BUOPATOPHBIX
aHTeHH BOJIM3HM HAEaJILHO NPOBOASINEN NOBEPXHOCTH 3€MJIH

1. Wccnenosate muarpaMMbl HAIpaBiIeHHOCTH IMONYBOJTHOBOM — BMOPaTOpHOX aHTEHHBI B

3aBMCHMOCTH OT PAacCTOSHHUS 10 wuAeanbHod 3semiu. [nuaa 2L=0.5 mnumer Bonsbl. Pammyc

npoBonuuka 3agaite kak R=0.001*N aauns! Bonuel, roe N — HOMep BapHaHTa.

2. Wccnenosarh 3aBUCHMOCTH BXOJHOIO COLPOTHBIEHHS aHTEHHBI YKa3aHHON B 1.1 JIHH B
3aBHCHUMOCTH OT BBICOTHI ITOJBECA.
3. Hcenenosars 3aBucuMocTb kK03 dHIHMEeHTa cTOsIuelt BonHb! Hanpshkerus (SWR) B dunepe
50 Om 17151 aHTEHHBI YKa3aHHOM B 1.1 OT BBICOTHI MO/BECA
4, [lokasate pacmpeneneHue TOKa IO AivHe BUOpaTOpa [Uis OZHOTO CIIy4Yas PACIOIOKEHHS
AHTCHHEL.

KonTpoasHsle BOnpocor:
J Kaxas anTeHHa Ha3bIBa€TCS TOPH3OHTAIBLHBIM CHMMETPHYHBIM BHODPATOPOM?
° [lepeuncinure reoMeTpuyecKHe NapaMeTpsl CHMMETPHYHOM BHOPATOPHOH aAHTEHHEI
pacnoNoKeHHOH BOMM3M 3eMJIH, PACIONOKEHHOH TOPM30HTAILHO.
. Kak meHsieTcs aumarpaMMa HAmpaBieHHOCTH OT BBICOTBI MO/BECA AHTEHHBI.
° OO6®sicHUTE BBIPaiKEHHE « AHTEHHA C FOPH3OHTAIBLHON MOJISpH3auein.

3ananue 4. Hccnenopanue XapakTepHCTHK BePTHKANLHBIX CHMMETPHYHBIX BHOPATOPHBIX
aHTeHH BOJIH3M HAEAJBbHO NPOBOAANIEH MOBEPXHOCTH 3eMJIH

1. VccnepoBary muarpaMMbl HAIIPAaBIEHHOCTH IIONYBOJNHOBOH — BUOPATOpPHOH AHTEHHEL,

PacHOJIOKCHHON  BEPTHUKAJIbHO, B 3aBHCHMOCTH OT PAacCTOSHHS [0 HAcAIbHOW 3emud. JlnmHa

21=0.5 wmne! BonubL Panuyc npoosuuka 3anaiite kak R=0.001*N mmiser Bonss, rie N — HoMep

BapHaHTa.

2. Viccnienosars 3aBUCHMOCTH BXOIHOTO COIMPOTUBIEHHS aHTEHHB! YKAa3aHHOH B I.] [UIMH B
3aBUCHMOCTH OT BBICOTHI TIOJBECA.
3. Hcenenosath 3aBUCHMOCTE KO3 duIMerTa cTosuel BoHbl Hanpsikenus (SWR) B dunepe
50 OM [y1s1 aHTEHHBI YKa3aHHOM B 1.1 OT BBLICOTHI NOJBECA.
4. [Jokasath pacnpezenenue Toxa 1O AiMHE BHOpAaTOpa Ui TPEX CIYYaeB DACIIONOKEHYS
AHTEHHBI.

KoHTpoabHBIE BOMPOCHI:
. Kakast anTeHHa Ha3bIBA€TCA BEpPTHKAIbHBIM CHMMETPHYHBLIM BHOPATOpOM?
° [lepeuncmure reoMeTpHYEeCKHe IapaMeTpsl CHMMETPHYHON BUOPATOPHON AHTEHHEI
PacHOIOKEHHOH BEPTUKAIBHO BONH3U 3E€MIIH.
) Kax Mensercs nmarpaMma HamOpaBIIEHHOCTH OT BHICOTHI ITOZBECA AHTEHHEL
J OOGbsicHUTE BEIPAXKEHHE « AHTEHHA C BEPTUKAIBHOM MONSIpH3AIIEin».

3apanue 5. MccnenoBanme anrennnl Besepemrka nnanazona 350 m

1. WMsyunts nmpuHuun paboThl aHTeHHB! BeBepemxka.

2. 3arpysuts ¢aiin «Beverage 0.1 m.maa» u3 mnanxu «Receivey.

3. VI3y4uTh reoMeTpHIO aHTEHHBI H IOAKIIOYEHHE MCTOMHHKA M HATPY3KH.
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4. Hccnenosate muarpaMMel HAlIPaBAeHHOCTH aHTEHHBI beBepemka Ha HEHTPaNbHOM
YacTOTE, 3a7aHHOH B (aline u B IBYXKPaTHOM MOJOCE YacTOT. Pamuyc mpoBOAHMKA 3a1aiTe
xak R=N /2 mm, rane N — HomMep BapuaHnra.

5. HcenenoBaTs 3aBUCHMOCTH BXOJHOTO COIIPOTHBIICHHS aHTEHHBI YKa3aHHOM B IBYXKpaTHOM
II0JI0CE YaCTOT.
6. Hccnenosars 3aBHCHMOCTE K03 GUIIHEHTa cTOsTuel BosHEl Hanpspkerus (SWR) B hunepe
50 OMm B IBYXKpaTHOH MOJIOCE YACTOT.
7. IToxasaTe pacrpezneneHue ToKa [0 JiHHe BuOparopa Al TpeX YacToT.
KoHTposbHBIE BONPOCHI:
. Kpatko nosicHuTe npueHuun paboThl aHTeHHBI beBepeika
° IlepeuncnuTe reoMeTpuyecKue MapaMeTphl aHTeHHbI beBepemka.
° ITepeuncauTe 37I€KTPUYECKHE MapaMeTpbl aHTeHHbI Berepeinka.
) Kako# mapameTp mousbl HeoOXOmHM st paboThl aHTeHHBI beBepemka.
J Kakx mensgercs nuarpaMma HanpaBji€HHOCTH OT YaCTOTHI.
J C xaxo#l mosgpusanumeii paboraeT anTeHHBI BeBeperka.

3ananue 6. HccnenoBanue XapaKTepueTHK 2-X 3JIeMEHTHON BHOGDPATODPHON AHTEHHDLI B
¢B00OAHOM IPOCTpPAHCTBE

1. Paccunrate 1o npuOAMKEHHBIM GOpMYJiaM pa3Mephl aHTEHHEI.

la=14518/f,

ld=13725/ f,

a=3660/f,
rae la~ 1nMHA aKTHBHOro BHOpatopa, /d — [NMHA JWPEKTOpa, d — PACCTOSHHE MEKIY
u3jlyqdaTensmMu, [ — dactora. JIMHEHHBIE pasMephl PacCUMTHIBAIOTCS B CAHTHMETPAX, 4acToTa B
merarepuax. Pagmyc mnpopoanuka 3agafite kak R=0.001*N mmuebl Bosmbl, roe N — HoMmep
BapuadTa.YactoTa ykazaHa B Tabmuie 1.

Tabnuna 1. LenTpansuas yactora

Ne 1 2 3 4 5 6 7 8 9 10

Bap.
A 200 300 400 500 600 700 800 900 1000 | 1100

MI'n

Ne 11 12 13 14 15 16 17 18 19 20

Bap.
yA 1200 | 1300 | 1400 | 1500 | 1600 | 1700 | 1800 | 1900 | 2000 | 2100

MI'n

Wccnenosath IuarpaMMy HalpaBlieHHOCTH PACCYMTAHHON aHTEHHBL.

2. HcenenosaTs 3aBHCHUMOCTH BXOZHOTO CONPOTHUBIICHUS aHTEHHHI B mpepeinax 20% onoCkH
4acToT.

3. Hccnenosars 3aBucumMocts Kodbduunenta crosuedl Boansl Hanpsoxkenns (SWR) B Qunepe
50 Om B mpeznenax 20% MNONOCH 4acToT.

4. [lokasaTe pacrpeeneHue ToKa [0 JIMHE BUOPATOPOB Ha HEHTPAILHON 9acToTe.

5. IlepemMecTuTe HMCTOYHHK BO3OYXKAGHHS B HApyrodl BUOpaTOp ¥ IMOBTOPUTE CEPHIO
HCCIICIOBAHUH,

KonTpoanHble BoONpochr:

J Kako# >71eMeHT aHTEHHB! Ha3bIBAIOT AKTHBHBIM BHOPATOpPOM?

. Kaxue aneMeHThl aHTEHHBI Ha3bIBAIOT TACCUBHBIMY BUOpaTOpaMu?

o Kax nasbiBatoTcst naccuBHble BHOpaTtophl?

o Kaxyto niuny, 10 OTHOIIEHHIO K aKTHBHOMY BHODPATODY, HMEIOT Pe(NEKTOp K AUPEKTOp?
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. OO0psicHuTe 0COOEHHOCTH (OPMHUPOBAHMS AWArpaMMbl HAIPABIEHHOCTH 2-X SJIEMEHTHOM
AHTEHHBI, COCTOSIIEH U3 aKTHBHOTO BUOpAaTOpa U AHMPEKTOPA.
° O6bsacuuTe ocobeHHOCTH (OPMHPOBAHUS AMATPAMMBI HAIPABICHHOCTH 2-X 3JIEMEHTHOM

QHTEHHBI, COCTOSIIEH U3 aKTUBHOro BUOpaTopa v pediekTopa.

3apanne 7. HcenenoBanue XapaKTepUCTHK 3-X 3/1eMeHTHOH BHODATOPHON AHTEHHLI B
¢B00OHOM MpPOCTPAHCTBE

1. Paccuntate 1o mpuOIIMKEHHBIM (GOpMyNaM pa3Mephl aHTCHHEL

la=14426.5/f

ld=13572.5/ f,

Ir=15280.5/f,

a=7137/f
rie la— [iuHA aKTHBHOTO BMOpartopa, /d — [mHMHa JAupekTopa, Ir — mmmHA pedIeKTopa, d —
PacCcTOSHHE MEXIy Hu3Nydarensamy, f — dactoTa. JIMHeHHBIE pasMephl DPACCYHTHIBAIOTCS B
CaHTMMETpAx, 4acToTa B Merarepiiax .
Papuyc nposonmuka samafite xax R=0.001*N nnuubl Bonusl, rae N — Homep Bapuanta.Yacrora
yKazaHa B Tabinuie 1.

Tabmuua 1. Llentpanbhas yacToTa

Ne 1 2 3 4 5 6 7 8 9 10

Bap.

JA 200 300 400 500 600 700 800 900 1000 | 1100

MI'

Ne 11 12 13 14 15 16 17 18 19 20

Bap.

yA 1200 | 1300 | 1400 | 1500 | 1600 | 1700 | 1800 | 1900 | 2000 | 2100

MI'g

2. WccnenosaTe auarpaMMy HalpaBieHHOCTH PACCUMTAHHON aHTEHHEL

3. Vcenenosath 3aBHCHMOCTH BXOHOTO COIIPOTUBIIEHHS aHTEHHHI B npenenax 20% Ionock!
YacTOT.

4. Vicenenosars 3aBUCUMOCTE KO3(BGUIMEHTa CTOsMeH BONMHEI Hampskenus (SWR) B bunepe
50 Om B mpenenax 20% I0OCH 4aCTOT.

5. IlokasaTe pacmpesieneHne ToKa II0 IIHHE BUGPATOPOB HA HEHTPANLHOM 4acToTe.
KonTpoasuble BOnpocer:

J Kaxoii a/1eMeHT aHTEHHEI HAa3bIBAIOT AKTHBHBIM BHOPATOpOM?

Kakwe 3eMeHTEI aHTEHHBI HA3BIBAIOT [TACCHBHBIME BHOPATOPAMIEL?

Kax naspiBaroTcs macciuBHble BHOPaTOPEI?

Kakyio nnuHy, 10 OTHOIIGHHIO K aKTUBHOMY BUOPATODY, HMEIOT pediekTop 1 aupeKTop?
OGbsacuute 0cobeHHOCTH (OPMHPOBAHMS JUMATPAMMEI HAIPABICHHOCTH 3-X 3JEMEHTHOM
aHTEHHBI, COCTOAIIEH U3 aKTHBHOrO BUOpAaTOpa M JUPEKTOpa H peduieKTopa.

J Kax MOXHO MOBBICATE KO3 UIHEHT HAIPABIEHHOTO AEHCTBHS AUPEKTOPHOM AHTEHHBI?
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[Tpunoxenune b
(obsa3arenpHOE)

Kapra yuye6Ho-MeToaH4ecKkoro odecneyeHust

YueOHoil Moayast Y CTpoOicTBA CBEPXBbICOKOM YaCTOThI H AHTEHHbI

1. OcHOBHAas muTeparypa*

Bubnuorpaduyeckoe onucaHue W3LaHus
(aBTOp, HAUMEHOBAHUe, BUI, MECTO M TOJ U3JaHHs, KOJ. CTp.)

Ko 3k3. B
6u6s. HosI'Y

Hanunuue B
9BC

[leyaTHbIE HCTOYHHKH

Hedenos E. U.YcTpotictea CBY 1 anTeHHb! : yueb. nocobue ans By3os / E. K.
Hedénos. - M. : Akamemus, 2009. - 375, [2] ¢. : un. - (Bbiciuee
npodeccuoHanbHoe oOpa3oBaHue, PannoanekTpoHuka). - Bubnuorp.: ¢. 363-367.
- Vkaz.: ¢. 368-371. - ISBN 978-5-7695-4710-2 : (B nep.) : 442.86. - 475.20. -
654.50, 3000 3k3.

AHnTeHHbl 1 ycTpolictBa (CBY): pacueT n u3MepeHHe XapakTepUcTHK: yueGHoe
nocobue s By3os / aBT.: }O. E. Mutensman (1 ap.] ; noa o6éul. pea. HO. E.
MurenbmaHa ; Ypan. genep. yH-T um. nepsoro I[pesuaenra Poccuu B. H.
Enbunna. - M. : FOpaiit ; EkaTepunOypr : Usnatensctso Ypan. yH-ta, 2018. -
138, [1] c.: un. - (Yausepcuretsl Poccun). - bubauorp.: ¢, 138. - Ku. nocrynua B
OBC biblio-online.ru. - ISBN 978-5-534-03401-1. - ISBN 978-5-7996-1821-6 : (B
nep.) : 404.56, 100 »x3.

Panuur 0. F0.Teopus 1 MeTOIb! peILIeHUs] HHTErPaNbHBIX YpaBHEHUH
BUOPATOPHBIX aHTEHH : y4eOHOe nocodue md By3os / FO. 10, Panuwur, A. B.
Couunun, C. M. OMuHOB ; HOBropoackHii rocy1apcTBEHHbIH YHHUBEPCUTET HMEHH
Apocnasa Myaporo. - Benukuit Hosropoa, 2007. - 54, [1] . : wi. - Bubauorp.: c.
52-54.-13.15, 150 »xk3.

DNEeKTPOHHbIE pecypcbl

2. JlomosHWTENbHAS JUTEpATypa

Bbubnuorpaduueckoe onucanye n3anus
(aBTOp, HANMEHOBAHUE, BUI, MECTO U FOJ W3OAHHUS, KOJ. CTP.)

Koir. 5x3. B
616, Hosl'Y

Hammgue B
3BC

[TeyaTHbIE UCTOUHUKHN

[Nonuapenko U.B.Axtennst KB n YKB. Y. 3 : [Ipocthie KB aHTeHHbl. - M. :
PanunoCodr : XKypHan "Panuno"”, 2006. - 285,[2]¢. : un. - ISBN 5-93037-149-0 :
167.00.

lerpos b.M.Jloronepnoanueckue BUOPaTOPILIC AlITCHILE YUCOHOEe
110co0He s BY30B. - Mocksa: l'opstuast nunus-Tenexom, 2005, -
239¢. :ui. - (Yuebnoe nocobue juist By308). - bubinorp.:c.234-236.
- ISBN 5-93517-191-0 : 230.80. - 180.00

DNEKTPOHHbIE pECYpCh

o

g

7

7
3aBepyromuii kadeapoit PC ,/ ,’//J v

, [4 V4 / /
« 7/5 » Z‘X 2004 .

N.H.Kykopa
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[punoxenue B
(obs3aTenpHOE)
Jluer akTyanusauun pa6oyeii mporpaMmel
y4e6HOro Moay sl Y cTPONCTBA CBEPXBBICOKOI YACTOTLI H AHTEHHbI

Pabouyas mporpamma akryanusuposana Ha 2020/2021 y4eOHBIH roJI.
IIpoToxon Ne 145 3acenanus kabenps! ot «13»despans 2020 T.
Pazpaboruux: gouent kap.PC A.B. CO‘-II/IHI/IH P /,,/
3aBenymuit kadenpoit PC U.H.XKykosa_- ,’ 27907 —

_/
¢ &

PaGouas nporpamma akTyanusupoBasa Ha 20:/20_ y4eOHBIH rom.

[Tpotokon Ne 3acelaHus Kahenpsl OT « » 20 r,
Pazpaboruuk:
3aB. Kadeapoi

PaBouas nporpamma axtyanusuposana xa 20 /20 y4eOHBIi rof.

[Iporoxon Ne _ 3acemamms kademps! ot « » 20
Pazpa60Tqm<.
3aB. Kadeapoit

Iepeyens u3menennii, BHeCeHHBIX B pa6ouyo nporpammy:

Homep Ne u mara mpotokona CozepxaHue H3MeHeHUH

3aB.katenpoit
V3MEHEeHUs | 3aceaHus Kadempsl enp

[Toxmnuce
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