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PA3BUTUE METOOUKU OMNPEOENEHUA NOJIOXEHUA UCKYCCTBEHHbIX
WOHOC®EPHbLIX HEOQHOPOOHOCTEWN, OTBETCTBEHHbIX 3A PAKYPCHOE
PACCESAHUE PAOUOBOIJTH HA KOPOTKOW TPACCE, MO MIOHOTPAMMAM
HAKNOHHOI0 30HOAMPOBAHUA
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B pabote [1] mpoBeneHO comocTaBieHNe JaHHBIX HKCIICPIMEHTOB [0 PaKypcHOMY pac-
CesIHUIO Ha yacToTax 2-7 MI'n Ha kopoTkoii Tpacce Kazanb—Bacunbscypck—Kasans, BbIos-
HEeHHBIX Ha cTeHje «Cypa», ¢ pe3ynbTaTaMi pacdETOB JIyYeBBIX TPACKTOPUIl 30HIUPYIONINX
U PacCesiHHBIX CHTHAJIOB, ONPEAENEHO IOoJIoxKeHHe obnacTH Haja cTeHaoM «Cypa», OTBeT-
CTBEHHOH 3a FEHEPALINIO CUTHAJIOB PAKYPCHOTO PACCESTHUS U XapaKTEPHBIE MacIITaObl pacce-
MBAIOLINX HEOAHOPOIHOCTEH. B skcnepumenTax ncnonb3oBaics HoHO30HA «[{nkiaoH-GPS»
Kazanckoro ¢enepanbHOro yHUBEPCUTETA, PACIIOIOKEHHBIN B 172 KM K BOCTOKY OT CTEHJa,
KOTOPBII U3IIydas 30HAUPYIOIINE U PETUCTPUPOBAI paccessHHble curHainel Ha 10 ukcupo-
BaHHBIX YacToTax. 11 pacueTHBIX TPAeKTOPHI B COOTBETCTBHH C ycioBueM bparra onperne-
JISI0Ch CEMENWCTBO PACCESIHHBIX JIyuel, IpUXoAsiuX B 30Hy npuéma. Ilpu atom paccunran-
HOE BPeMsI pacIpOCTPAaHEHNs CUTHAJIA BO3BPATHO-HAKJIOHHOTO 30HIMPOBAHUS JJOJKHO OBLIO
COBIIAJIaTh C HKCIIEPUMEHTAILHO HAOIII0O1aeMBIM BPEMEHEM 3aJIePIKKH.

B nacrosmeit paboTe aHaIOTMYHBIM 00pa30M OIPEIENICHO TTOJI0KEHNE PAaCCEHBAIONIHX
HCKYCCTBEHHBIX HOHOC(EPHBIX HEOJHOPOIHOCTEH M UX XapaKTEepHbIE MAcIITAObI Ha 3TOH e
Tpacce B 3kcrepuMmenTax 20 ceHTs0ps (HaKIoOH AuarpaMmsbl HampasieHHocTH ([IH) crenna
«Cypa» K 10Ty OT BepTHKanu Ha 12° B MIOCKOCTH MarHUTHOTO MepuauaHa) u 24 ceHTsA0ps
(BepTuxanbHoe BozaeiicTere) 2010 r. MoHo30HA «{uKi10H» paboTa B pexuMe perucTpaiu
HOHOTPaMM: OCYIIECTBIISICS Ipoler 1o 256 JacToTaM 30HIUPYIONINX BOJH B IHAla30HE OT
1 no 7 MI'y B Teuenne 20 ¢ Bo Bpems n3inydeHus creHaa «Cypa», HelpepbIBHO paboTaBIIIero
Ha yactoTe Harpesa fo=4.74 MI'1. Takas MeTo/1MKa [103BOJINIIA UCCIIEI0BATh POLIECC PaKypC-
HOTO paccesHHs paJOBOJIH BO BCEH HHTEPECYIOMIeH HeNpephIBHON 00IaCTH 4acToT.

B nanHOI paboTe CUNTANOCh, YTO paccesHHE CUIHAIOB BO3BPATHO-HAKIOHHOTO 30HIU-
pOBaHUsI IPOUCXOANUT BOJIM3M HAUBBICIIEH TOYKM TPAEKTOPHH, T.€. HIMEET MECTO 0OpaTHOE
paccessHMe. [ pacdyeToB HCIONB30BAICS NPOGUIb 3IEKTPOHHOH KOHIEHTPAIL[MH HOHO-
cepbl, BOCCTAaHOBIIEHHBIH [0 HOHOTPaMMe BEPTHKAIBHOTO 30HIUPOBAHMS HOHO30HAA «L{HK-
JIOH», KOTOPBIH CYHUTAJICS HEM3MEHHBIM II0 BCEH Tpacce paclpoCTPaHeHUs CUTHANIOB, T.K. pe-
THCTpanysi HoHorpaMM Ha cteHne «Cypa» BO BpeMs €ro M3JIy4eHHs] HeBO3MOXKHA H3-3a (-
(heKxTa aHOMATBEHOTO OCTA0IECHHUS.

Jlnst meranpHOTO aHaiIM3a Cpely MOHOTpaMM, 3aperucTpupoBaHHBIX 24.09.2010 Gputa
BbIOpaHa HOHOTpaMMa, 3aperucTpuponanHas B 18:01 Mck, Ha KOTOpOH XOPOIIO BUAHBI HOHO-
TpaMMBbl BEPTHUKAIBHOTO 30HIUPOBAHUs (OOBIKHOBEHHAs] U HEOOBIKHOBEHHAs! KOMIIOHEHTBI,
o0o3Ha4yeHHbIe cooTBeTCTBEHHO Bept (O) u Beprt (X)), u cnenpl (MOHOrpaMMBbl) paKypcHO
pacCesHHBIX CUTHAJIOB, TAKXKE COOTBETCTBYIOLUIUX OOBIKHOBEHHOH 1 HEOOBIKHOBEHHON KOM-
nonentaM (PPB(O) u PPB(X)) — cm. puc. 1. 31eck ke noka3zansl pacuéTHbIE KpUBBIE (CILIONI-
HBIE KPUBBIE C MAapKepaMH) 3a/IepKEK PaKypCHO PACCESHHBIX CUTHAJIOB B
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3aBUCUMOCTH OT YacTOTBHI 30HIHPOBA-
HUSI, KOTOpPBIE JTOBOJIBHO XOPOILIO COB-
MajaloT ¢ 3KCHEPUMEHTAIbHBIMU. Pac-
XOXKIEHHE Ha HU3KUX YacTOTaX MOXKET 500 [if
ObITh  OOYCIIOBJICHO OCOOCHHOCTSIMU fE
CTPYKTYpsl E-cios, XapakTepHu3yromy- pall : % Bl 5 0N '
MHCSL €70 HHTEHCHBHOCTEIO U CTEIICHBIO a0 |l E e (TR
NIPO3PavyHOCTH, IPUUIEM, KaK U3BECTHO,
JaHHbIE IapaMeTpPbl MOTYT JOBOJIEHO l
OBICTPO N3MEHSATHCS BO BPEMEHH U, I10-
3TOMY HET OJIHO3HAYHOro crocoba Mx
ydera npu 00paboTKe HOHOTPAMMBI, U3 10 20 30 40 50 60 Freq [MHz)
KOTOpOit Gepercst PUKCHUPOBAHHBIH PO-
(buiIb EKTPOHHON KOHLCHTPALMH JUIS
pacyeToB JIy4yeBbIX TpacKkTopuii [2]. Puc. 1

Taxxkxe OBII pacCUUTaH IONEPEUHBIH K 180
TE€OMarHUTHOMY IIOJII0 MacIITad paccenBalo-
meil HEOJHOPOIHOCTH, BBIYHCICHHBIH IO
¢dopmyne I, = c/(f - n), rue n — noxasaTens
MIPEJIOMIJICHUST PAaKypCHO PACCESHHOW BOJIHEI
(cM. puc.2). lanHas BenuuuHa yObIBaeT ¢ po-
CTOM YacTOTHI 33 UCKIFOUYEHHEM HEOOJBIIOTO
y4JacTKa BBICOKHX YaCTOT A7 X-MOJBL

Jlanee mpenacTaBleHbl HEKOTOPBIE pe-
3yJIbTAThl aHANIM3a TPACKTOPHBIX PacueToB
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Mogpl (cieBa) u X-momabl (cmpaBa). Oxpyx-

HOCTh COOTBETCTBYET 00JacTH HarpeBa (MMeeT paJuyC PaBHBIH MOJYIIMPUHE AWArPAMMBI
HampaBiieHHOCTH creHga «Cypa» Ha BbIcoTe paccesHHs curHaia O-MOABI C YacTOTOM
2.25 MI' u X-mopI ¢ yactoToi 3.5 MI').
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Puc. 4

4.74 MI'u. Ha rpadukax mis O-

MOJIBI 3aMETHO CMELICHUE 00JIACTH paccesiHUsA, KOTOPOe NPOUCXOIUT B KpaHUX TOUKaX JUa-
[a30Ha YacTOT: HU3KKE 4acTOThl (~2.25 MI') — cMeleHre Ha ceBep M BBICOKHE YacTOTHI
(~5.75 MI'n) — cMeleHUE Ha 3amajl.

B ocHoBHOM (CpenHeM) Iuana3oHe 4acTOT OOJIACTH PACCESTHUS JIOKAJIN30BaHa B y3KOI
00acTH, He BBIXOISIICH 3a MpPEAEbl AHarpaMMbl HampaBieHHOCTH creHna «Cypax». [Ipu
9TOM €CII B OCHOBHOM JiMana3oHe 9acToT O-Moja nonajaer B nentp 3acserku [AH crenna,
TO 00J1aCTh paccestHusl X-MOJBI JJOKAIU3yeTcsl B 10kHOM yacTu J{H.

AHanornyHo ObUIM MOJIYYEHBI COOTBETCTBYIOLINE PE3YIbTAThl B COMOCTABICHUHU C IKC-
NEePUMEHTAIBHBIMUA AaHHBIMH 10 HakioHHOMY HarpeBy 20.09.2010 (6buta BbiOpaHa HOHO-
rpamma, 3apeructpupoBansas B 17:30 mck).

Ha puc. 5 mpencraBnensl pacu€THbIE KPUBBIE 3a1€PKEK PAKyPCHO PACCESHHBIX CUTHAJIOB
O- 1 X-MOJBI, COOTBETCTBEHHO, a TaK)Ke MacIITad HEOXHOPOTHOCTH B 3aBHCHMOCTH OT 4a-
CTOTHI 30HAUPYIOIIEro curaana (cM. puc. 6). Kak u B cirydae ¢ BepTHKaIbHBIM HarPEBOM,
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MaciTab paccenBaloIeil HeOJHOPOJHOCTH YOBIBAET C POCTOM YacTOTHI, YTO 03HAYAET MEHb-
IMEe BPEeMEHa PeNaKCcallii MEJIKOMACHITaOHbIX MCKYCCTBEHHBIX HEOAHOPOIHOCTEH MIa3Mbl
Ha BBICOKHX JacToTax [1].

Ha puc. 7 nmoka3aHsl MPOEKIMN TOUEK PACCESHUS CUTHATA HA 3€MHYIO TOBEPXHOCTb B
nuamna3one 4actoT i O- u X-Moasl. OKpYKHOCTh COOTBETCTBYET 00JIacTH Harpesa (uMeeT
paauyc paBHBII HONYIIMPUHE HAKIOHEHHOHM Ha or (Ha 12°) guarpaMMbl HalpaBJIEHHOCTU
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crenna «Cypa» Ha BbIcOTe paccesiHusi curtaina O-mojbl ¢ yactoroi 2 MI'n u X-mozb! ¢ ya-
croroii 3.5 MI'n). Crenp «Cypa» pacnonoxeH B Touke ¢ koopaunaramu (0,0), T.e. Ha ceBepe,

a 30HAMPYIOILUI CUTHA IPUXOJHUT C BOCTOKA.
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Hecmotps Ha TO, 4TO 3G dEKT CMELIeHHs BBIPAXKEH I Cllydas HAKIOHHOIO Harpesa
Goublie, YeM 111 BEPTUKAIBHOTO, T.K. 3aMETHO OOJIblLiIee CMEICHHE Ha 3amaj 00JIacTH pac-
CesTHUS U1 00€MX MOJ| Ha BEICOKHX YacTOTaxX, a TakXKe CMeIeHue Ha ceep 11t O-Mo/bI Ha
HU3KHX 9acTOTaX, B OOJBINCH YacTH JUana3oHa 4acTOT 00JIACTh pacCesHUs HE BEIXOAUT 3a
rpanuusl IH crenna.

Pa6ora BrImonHeHa npu noaaepskke rpantoB PO 18-02-00622 (pacuér qydeBHIX Tpa-
extopuit) u 19-02-00343 (aHanu3 JaHHBIX SKCIEPUMEHTA).
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