[loKyMeHT NoAnucaH NpocToit 3NeKTPOHHOM NOAMUCHI0

NHbopmaumsa o Bnagenbue:

3“05 L OREHEGHEIERIaTepransl ANA NPOMEXYTOUYHOM aTTecTaumMm No AUCLUNIINHE
OMKHOCTb: PEKTOp

[ata nognucanus: 16.06.2026 12:38:50 .

YHMKaNbHbIi NPOrPaMMHbIiA KNoY: AHmeHHotpudepHble ycmpoticmea, 4 Kypc

e3a6813Kogs HarpaBsieumediddsss  11.03.02. MHPOKOMMYHUKALMOHHbIE TEXHOSTOMNN 1
NOArOTOBKM CUCTEMbI CBSA3M
HanpaeneHHOCTb KopnopatuHbie MHHPOKOMMYHUKALMOHHBLIE CUCTEMbI U
(Npocpurb) cetu
dopma 0byyeHus 3ao4Has
Kadenpa- PagnoaneKkTpoOHUKN M 3NIEKTPOIHEPTETUKN
pa3paboTyumk
Bbinyckatowas PagnoaneKkTpoHKK 1 3NEKTPOSHEPreTUKN
Kadoepa

3agaHue anst KOHTPorbHOW paboThl.

3afayum JOMmKHbI coaepKaTb UCXOAHbIE AaHHble MO BalleMy BapuaHTy, CBeAEHHbIE
B Tabnuuy, cxemy M Heobxoaumble MOACHEHUA K XOA4Y pelleHusi. Bce BblYMCEHUS
NnpPMBOAUTL B peLleHnn 3agau.

3apaHns (pacyeTHble N rpadunyeckne) MOXKHO BbIMOMHATbL C UCMOSIb30BaHMEM
creuunanbHbIX KOMMbOTEPHbIX NMporpamm.

1. MoAcHMTE 0cOBEHHOCTU pacnpoOCTPaHEHUS CAHTUMETPOBbLIX BOJTH B 3€MHbIX
YCNOBUAX M BNUsSiIHME TponocdepHon pedpakunum Ha pacrnpocTpaHeEHWE YKa3aHHbIX
paguoOBOJSIH.

2. Onpegenute BHELHNA pagnyc 30HbI MONYaHUs ANs O4HOCKAYKOBOW NUHUN
pagunocBasn. Kputunyeckas 4actoTa crost ¢ gencteyrowlen Bbicoton 350 kKM paBHa 7
MIu; paboyasa gnuHa BonHbl 37,5 m.

3. lNpuBeauTe pPUCYHOK, TMOSACHSAOWMIA KOHCTPYKLUIO PYNOPHOW aHTEHHBI.
YKaXXnte OCHOBHblE NapaMeTpbl Takoh aHTEHHbI, JOCTOMHCTBA U HELOCTAaTKMU.
4, Onpegenute yron packpbiBa napabonovga BpalleHUs, WMEIOLLEro

dookycHoe paccTtosiHne 20 cm n KoapduumeHT HanpasneHHoro geunctsve 1000 npwm
ANNHe BOSHbI 4 CM 1 KO3 PULMEHTE NCMOSb30BaHMS NOBEPXHOCTU packpbiea 0,5.

5. MpvBegoute pacnpegeneHne amnauTygbl TOKa BOOMb  CUMMETPUYHbIX
BMOpaTOpPOB U NPUMEPHbLIN BUA AnarpamMmm HanpaBneHHOCTU NPU OTHOCUTESTbHOW ASfiMHEe
BubpaTtopoB: 1 =0,51; I=4; 1=1254; | =24.

6. PaccuntaTb pynopHy aHTEeHHy C OnTUManbHbIMW pasmepamu. [nvHa
paboyenn BonHbl A. KoadppuumeHT HanpasneHHoOro nenctBumst aHTeHHbl D=200, a
LUMPVHA FNaBHOMO fienecTka ee AuarpaMmmbl HanpasfIEHHOCTU MO YPOBHIO MOSTIOBUHHOW
MOLLHOCTM B NNOCKOCTU BekTopa E gomkHa 6biTb B 2 pasa 6onblie COOTBETCTBYHOLLEN
LLUMPWHBI B MrockocTn Bektopa H. Yactora =400 Ml'u, BennuunHa 2«a,,=18 rpag, anvHa

BOMHbI 2=5cmM n m=1.
B pabote Heobxoanumo:




a) npefCcTaBUTb KpaTKyt0 TEOPUIO MO AaHHOMY TUMNY aHTEHHBI;

6) onpenennTb KOHCTPYKTMBHbIE pa3Mepbl aHTEHHbI U NUTAIOLLErO ee BONTHOBOAA;

B) paccuuTaTtb AnarpaMmmbl HanpaBneHHOCTU aHTEeHHbI B NNOCKOCTAX E n H;

) KOHCTPYKTMBHbIN YEPTEX aHTEHHbI C BOTHOBOAOM;

A4) No guvarpammam HanpasfieHHOCTU onpefenuTb LUMPUHY rNaBHOro fienecTtka no
YPOBHIO MOSIOBUHHOM MOLLHOCTU B 0BENX MIOCKOCTAX.

BOI'IpOCbI K 9K3aMeHYy:

1. PacnpocTtpaHeHne  pagumoBonH.  Knaccudukaumns  paguoBosiH.  Crnocobbl
NOCTPOEHUA pagNoOSIUHNIA.

2. ctopuyecknin o0030p pasBuUTUS TeopuUM pPacnpoCTPaHEeHUs paguoBOSIH W
aHTEHHON TEXHUKU. AHTEHHO-MAEepHbIE YCTPOUCTBA.

3. OnekTpoMarHUTHblE BOJSHbI. 3aKOHbl 3fEeKTpOMarHUTHoro nond. [llepemeHHoe
anekTpomarHuTtHoe none. MexayHapoaHas — knaccudukauusi  gmanasoHoB
paguoBOSIH (4acToT).

4. Atmocdepa 3emnu: Tponocdepa, cTpaTtocdepa un moHocdepa. lNapameTpsl,
BNUSOLLME HA pacnpoCTpaHeHNe paauoBOSIH PasfnnYHbIX YacToT B Tpornocdepe u
noHocepe.

5. PacnpoctpaHeHne paguoBonH B cBobogHoOM  npocTpaHcTtBe.  Pacuer
HanpsXKEHHOCTU nons. lNoHaTne kKoaduumeHTa HanpaBneHHOro AOEeNCTBUA U
KO3 rUNEHTA YCUNEHUS aHTEHHbI.

6. banaHc MowHOCTEN Ha paguonuHusx pasHoro Tuna. OCHOBHble MNOTepu Mpwu
pacnpocTpaHeHun pagunoBosiH. OBnacTe npocTpaHCTBa B pacnpoCTpaHEeHUU
paanoBosH. 30HblI peHens.

7. PacnpocTpaHeHue 3eMHbIX BOSIH Had MNOCKOW U chepudeckon MoBEPXHOCTbLIO
3emMnun. OnekTpomMarHMTHble napaMmeTpbl 3€MHOW MOBEPXHOCTWU pa3HOro Tuna.

8. PacnpocTpaHeHne paguoBOSH NPU HU3KO PacnofioXeHHbIX aHTeHHax. dopmyna
LWynenknHa — BaH-gep-llons.

9. PacnpocTpaHeHne Hapg 3neKTpU4eCckKn HEeOAHOPOAHOM MOBEPXHOCTbIO 3eMnu.
OnpeneneHne panbHOCTEN ropu3oHTa U npsmon BuaumocTw. [llpuBeaeHHble
BbICOTbl aHTEHH.

10. PacyeT Hanps)XeHHOCTM Monsi B 30HaxX MPsSIMON BUAUMOCTW, MOSIYTEHU W
TeHn. AndpakunoHHble gopmynbl B.A. ®oka. Obnactb NPUMMEHMMOCTMI.
11. PacnpocTtpaHeHne 3eMHbIX BOSTH HaJ HEPOBHOM MOBEPXHOCTLIO B Npeaesniax

npsaMon BuAUMMOCTU. PacnpocTpaHeHne TponocepHbIX BOMH 3a npegeno
npsamon suagumocTtun. Kputepumn Panes.

12. MornoweHne pagmoBonH B Tponocdepe. MexaHuam paccesaHusi, 06bLEM U
adhdeKkTUBHas nnowagb paccesHUss pagnuoBOSiH.

13. XapakTepuUCTukM 3aMupaHuM UM MHOrOSTY4EBOCTb MpU  TPOonocqepHOM
pacnpocTtpaHeHuu. NoTepu ycuneHns aHteHH. Metoabl 60pbbbl C 3aMmpaHusiMu.

14. OneKkTpomarHuTHble napameTpbl aTMocdepbl 3eMnu. YUET TponocdepHon
peakunMn npu pacnpocTpaHeHMn 3eMHbIX BOMH. KoadhduumeHT un  unHOekc
npenioMrieHnsa Tponocgepsl.

15. ABneHne TponocdepHon pedppakuun. WNckpmBneHue TpaekTopuun Iy4deun.
Buobl  TponocdepHon pedppakumn. Csepxpedpakumss U BO3HUKHOBEHUE
TponocgepHbIX BOSTHOBOAHbLIX KaHaOoB.



16. OcobeHHOCTM pacnpoCcTpaHeHNa OekaMeTpoBbIX paauoBonH. CoctaB u
CcTpoeHne wuoHocdepbl. MexaHuam wuoHmsaumn. [lpenomMmrneHne u ycnosusi
noBopoTa fy4a Ha 3emnio.

17. OTpaxeHue OT MoHocdepbl BEpPTUKaNbHO nagatowmx nyden. Kputnyeckas
yacTtoTta. IHTepdepeHUNOHHbIE 1 NONAPMU30BaHHbBIE 3aMUPaHUS.
18. PacyeT HanpskeHHOCTM N0  MOAepHM3NpoBaHHOM  MeToauke  A.H.

KasaHueBa. BnuvsHMe uUMKNa CONMHEYHOM aKTMBHOCTM W MOHOCKEpPHbIX
BO3MYLLIEHMIN Ha pacnpocTpaHeHne pagnoBOSH.

19. OcobeHHOCTM  pacnpoCTpaHEHUA TFEKTOMETPOBbIX, KUITOMETPOBLIX U
MUpMameTpoBbiX BOSIH. OBGnactm NPUMEHEHUS TeKTOMETPOBbLIX BOJSIH. 30HbI
ONWKHUX 1 AanbHUX 3aMUPaHUNA.

20. MeTtoabl 6GopbObl C 3amMupaHusaMu. [lepekpecTHass mMoaynauust B
noHocgepe. MeTtogbl pacyeta HanpskeHHocTu nons. O6nactb NpUMeHeHUus
KMNOMETPOBbLIX N MUPUAMETPOBBIX BOJTH.

21. PacnpocTpaHeHne B cepudeckom BonHoBoae «3emMnis - MOHochepay.
OCoBeHHOCTM  pacnpoCTpaHeHusl, CBSI3aHHble C  BIIUSSHUEM  MOCTOAHHOIO
MarHuUTHOro nosist 3emnu.

22. MeToabl pacyeTa HaNPS»KEHHOCTU nons. PacnpocTtpaHeHue
MUPUAMETPOBbLIX BOSIH BOOMb  MarHUTHbIX  CWMOBbLIX  JIMHUA, CBUCTALLME
aTMocdepuKn.

23. PacnpocTtpaHeHue pagnoBOSH B CMYTHUKOBbIX KaHanax
TenepaguvoBeLlaHus. Nomexu paguonpuemy. Llymosas Temnepartypa.

24, PacnpocTtpaHeHne paguoBOSiH B KaHanax Ha3eMHbIX CUCTEM MOLBWKHOW
paguocssasun (ClP). XapakTepucTuku NoMeX OT pasfnyHbIX UICTOYHUKOB.

25. CummeTpuyHbin  Bubpatop B cBobogHoM npocTpaHcTBe. OCHOBHblE
napameTpbl, XapakTepusyloLlme HanpasfeHHble U Norspu3aumoHHbIe CBOWCTBa
aHTEHH.

26. Ctporne wu npubnwxeHHble MeToabl aHanusa nons CUMMETPUYHOro
Bubpatopa M UX [rpaHUUbl  MPUMEHUMOCTU. JONEeKTPOMarHUTHoe  rnone
CYMMETpPUYHOro BubpaTopa B JarnbHemn 30He.

27. MOLLHOCTb M COMPOTMBIIEHME WU3NYyYEHUS, pe3oHaHCHasi N OenCTBYyloLLas
AnMHa cuMmmeTpudHoro Bubpartopa. BxogHoe conpotuBneHue. KoadduumeHt
HanpaBneHHOro 4encTBuS.

28. CummeTpuyHble  WweneBble  BUBpaTopbI. Pacyer  xapakTepucTuk
HanpaBneHHOCTU, NPOBOAMMOCTM U3NYyYEeHUs U BXOAHOW npoBoaMmocTu. BxogHoe
COMpoTMBIIEHME, YCIOBME pPe30HaHca.

29. AmMnnutygHaa wn  pasoBad guarpamma  HanpasfieHHocTW. [loHaTme
a30BOro LeHTpa aHTeHHbl. Cnocobbl n30bpaxeHnsa gmarpaMm HanpaBreHHOCTU
B pasnuyHbIX CUCTEMaX KOopauHaT.

30. WnpnHa rnaBHOro nenectka v ypoBeHb OOKOBOro U3nyvyeHus guarpammbl
HanpaBneHHocTN. KoadhduumneHTbl HanpasneHHoro gencteusa ycunenus, Kri4,
XapakTepuUCTUKa N3ny4eHns aHTEHHbI.

31. Teopua npuema M nepedayv paguvoBOSIH aHTeHHamu. WMcnonb3oBaHue
APVHLUMNA B3aUMHOCTU AN aHTEHH. OKBUBANEHTHasa cxema NpUeMHOW aHTEHHbI.
MoLHoCTb, Bblaensemas B Harpyske.

32. OCHOBHble XapaKTepUCTUKN HaMpaBrieHHOCTU NPUEMHbIX aHTEHH: nroLwaib
S ad npueMHon aHTeHHbI. LLlymoBas TemnepaTypa NpUeMHON aHTEHHbI.



33. N3nydyeHne cuctembl M3 gByx BMOpaTopoB. HecMmmeTpuyHbin BMbpaTop.
Pacuet cuctembl OByx BuOpaTtopoB mMeTogom HaBegeHHbix JC. [lNaccuBHble
Bubpatopbl: pednekTop 1 4eTeKTop.

34. N3nyyeHne BuOpatopa Hag MeTannmMyeckonm MnoBeEPXHOCTbIO. MeToa
3epkanbHblX K3006paxeHun. HecummeTpuuHbin BubpaTop. OueHka BAUAHUA
3emMnu gnga nonsipusauymu.

35. MeToabl MoOnyyYeHUs Y3KMX AnarpamMm HanpaBneHHOCTU. Tunbl aHTEHH.
AHTEHHble  peweTkn.  Msnyyawowmne  aHTeHHble  peweTkun.  JIMHEenHble
9KBMONCTAHUMOHHbIE aHTEHHbIE PeLUETKN.

36. AHanmMs MHOXUTeNs pelleTkn. BnusHue paccTosiHus Mexay anemeHTamu
aHTEHHbl Ha €€ XapaKTepuUCTUKW. YnpasreHue AuarpaMmon HanpasBfiEHHOCTU
aHTEHHbI.

37. Pexnm oceBoro nsnyyeHus. Nnockne aHTeHHbl. N3nyyeHne npamMoyronbHON
N Kpyrnom cuHgasHbix nosepxHocten. BnnaHve pacnpeneneHnn Ha guarpammy
HanpasneHHocTu n KHL.

38. AnepTypHbIN KO3 PULUNEHT UCNOSNBb30BaAHUA U3Nyyarolwen MOBEPXHOCTH.
YacToTHOE CcKaHMpoBaHWe B aHTEHHaX. AHTEeHHble peLleTKn B MIOCKOM
NCMNOMHEHUMN.

39. MpocTble BMbBpaTopHble aHTeHHbl. Lnend-Bubpatop [lucTonbKkopca.
Bubpatopbl ¢ nuHerHbIMM K anepuoaundeckumn pedonektopamun. Bubpatop
HapeHeHko.

40. BukoHuvecknn Bubpatop. LUyHTOBbBIN BUBpaTop AKseHbeprepa. Cxembl
NUTaHUS CcUMMeETpuYHoro Bubpatopa. CummeTpupylowmne U cornacyrowme
yCTpoucTBsa.

4]. AHTEHHbI NepefaroLlnx TeneBU3NOHHbIX LEeHTPOoB. [pveMHble aHTEeHHbI.
AHTEHHbI ONA  KONNeKTUMBHOro npuema. BonHoBble wWeneBble aHTEHHbI.
CnupanbHble aHTEHHbI.

42. AnepTypHble aHTEHHbI. PynopHble @HTEHHbI. CekTopuanbHble,
nMpamuaanbHble U KoOHMYeckue pynopbl. AMNNUTYOQHO-(pa3oBoe pacnpeneneHve
nosisi B packpbiBe. ®as3oBbi LEHTP pynopa.

43. Pynopbl ¢ Kpyroson nonsipu3aumnen nonsi. 3epkarnbHble aHTEHHbl. PakTop,
Brnnaowmne Ha KHL 3epkanbHble aHTEHHbl. YNpaBrieHune AauarpaMmmon
HanpaBnNeHHOCTW.

44. AHTEHHa C 3epkanom B Buae napabonuyeckoro uunuHapa. Yrnosas
aHTeHHa. OnNTMMM3MPOBAHHbIE [OBYX3€pKanbHble aHTEHHbl W aHTEHHbl CO
CMeLLLeHHON ddOKanbHOM OCbHO.

45. Obny4yatenu B Buae pacdasvpoBaHHbIX PYNOpPOB C ropupoBaHHLIMU
cteHkamun. AHTeHHbI Tuna KaccerpeHa u ['peropw.
46. OcobeHHOCTUM 3epKarbHbIX aHTeHH. lNepuckonnuyeckne aHTeHHbIE CUCTEMBI.

[MaccuBHbIe peTpaHCnATOpbl U aHTEHHble geTekTopbl ana PPJI. TpakTel nutaHua
aHTeHH PPIJI.

47. AHTEHHbI ANs CNYTHUKOBOW N KOCMMUYECKOW paanocBs3n. AHTEHHbI 6a30BbIX
cTaHUuMn 1 aBOHEHTCKMX TEPMUHANOB CUCTEM MOABWMXXHOW pagnoCBA3N.
48. AHTEHHbI AekaMeTpoBbIX BOfH. CnaboHanpaBfeHHblE€ aHTEHHbI: BUbpaTop

HapeHko, wWyHTOBble BMOpaToOpbl, YrOfKOBbIM CUMMETPUYHBIA  BMOpaTop.
CornacoBaHue C NUTaloLWen NIMHUEN.



49. CuHasHas ropmsoHTanbHas guanasoHHasi aHTeHHa. Tunbl pedneKkTopos:
HaCTPOEHHble, akTMBHble [Ananas3oHbl, anepuoguyeckue. HanpasneHHble
CBOMCTBA.

50. CuHasHble AuanasoHHble aHTEeHHbl, OCHOBaHHble Ha  NpuHUUne
camogonosfiHuTenbHoCcTN. Pombuyeckas aHTeHHa. [NMpuHUnn gencrTeus.
51. HanpaBneHHble cBownctBa, KI[, ananasoH wucnonb3oBaHus. [lBonHas

pombuyeckan aHTeHHa. CornacoBaHve C nuralowen nuHuen. AHTeHHa beryuien
BONHbI. MNpuHUKMN gencTeus.

52. Bbibop anemeHTOB CBA3WM Mexay BubpaTopamu n nuHuen. HanpasneHHble
cBoMCTBa aHTeHHbl. CrioXHble aHTeHHbl 6erywen BorHbl. Jloronepuogunyeckue
aHTEHHbI.

53. MnTaHne aHTeHH AdekaMeTpoBbiX BONH. BoagywHble dwuaepsl, Ang
nepega4n 60MbLION MOLLHOCTU. JKCMNOHEHUMarnbHble U CTyneH4yaTble domaepHble
TpaHcdopMaTopbl.

54. AHTEHHbl MUPUAMETPOBBLIX, KUITIOMETPOBbLIX W TEKTOMETPOBbLIX BOJIH.
lMpoBosioyHble T-, - obpasHble U 30HTUYHbIE aHTeHHbl. MeToabl paclunpeHus
nonockl YacTtoT u yBenuyeHns KINh aHTeHH.

55. BpawaTtenbHble aHTEeHHbI FEKTOMETPOBbLIX BOSMH. 3a3€MJIeHHble aHTEHHbl —
mMaudTbl. AHTeHHa AinseHbepra c pacnpegeneHnem Toka. LleneBble aHTEHHbI U
MHEBMAaTUYECKNE aHTEHHbI-MaYThbl.

56. CnoxHble aHTeHHbl ANns paguosBellaHus. duaepHole Tpacchl. BeinonHeHue
NNHUW NUTaHWUA, CornacoBaHne C aHTEHHOW. [1pneMHble aHTEHHbI KUITOMETPOBbIX
N FEKTOMETPOBbIX BOJIH.

57. HecummeTpuyHble BepTuKalibHble adHTEHHbI. Pamou4Hble AHTEHHbI.
3KpaHVIpOBaHHbIe paMo4Hble adHTEHHbI. MarHuTHble AHTEHHbI.
OD,HOHaﬂpaBJ'IeHHaﬂ aHTeHHa 6eryLu,el71 BOJIHbI.

58. aﬂeKTpOMaFHMTHaﬂ COBMECTMMOCTb aHTEeHHbl. Bonpocbkl MnHuaTtiopusaymm

aHTeHH. CywHocTb npobnembl 3NEKTPOMarHUTHOM COBMECTUMOCTU aHTEHH.
Cnocobbl nogaBneHns nanyyeHus.

59. PeweHne npobnembl 3MeKTPOMarHUTHOM COBMECTUMOCTM agdanTUBHbIMMN
aHTeHHamun. TpeboBaHMA K BENUYMHE B3auUMHOM pa3BA3KW. PasBaska aHTEHH Mo
nonapusaunm.

60. OnekTpnyeckne BMOpaToOpbl MasnbliX Pa3sMEPOB C BKOYEHHbIMU B HUX
aKTMBHbIMWN NpubopamMn U peakTUBHbIMU AfIEMEHTAaMU. AHTEHHbI B MOJSIOCKOBOM
NCMOMHEHUMN.



