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Lleqb padoThI: 0OCBOEHHE NPUHIMIIOB YaCTOTHO-TEPPUTOPHATBHOTO
[JIAHUPOBAHMS CETCH IOJIBUKHOM CBSI3M, OLEHKH 30HBI 0OCTYKHUBAHMS
aDOHEHTOB B CHCTEME TPAaHKUHTOBOM cBsi3u ctanaapta TETRA.

Meronudeckue yka3aHus IOMOTYT CTyA€HTaM B IIPHOOPETEHHH
HaBbIKOB PEHICHMs 3a/1a4 MCCICIOBAHUN PACIIPOCTPAHEHHS PAJHOBOJIH B
peanbHbIX ycioBusX. IIponecc oleHKN 30HBI 00CITYy)KMBAHUS COCTOMUT M3
HECKOJIBKHX ITaroB.

Ha nmepBom stane onpenenseTcss MOIHOCTh CUrHAJA, H3TyYaeMas B
3¢up. Ha BTOPOM - cpesHsisi MOIIHOCTh CHIHAlla HA TIPUEMHOI aHTEHHE,
IpU KOTOPOH oOecreunBaeTcs 3aJaHHasi 4yBCTBUTEIbHOCTh TPUEMHHUKA.
Ilo pesynbratam 5TMX 9STanoB ompezmensieTcs JOMyCTHMbIH ypPOBEHb
NOTEPh HA Tpacce pacnpoCTpaHeHHs paauocurhaia. Ha Tperbem stame
BBIOMPAETCsl MOZIENIb pacueTa MoTepb Ha TPACCE U HA €€ OCHOBE CTPOMTCS
3aBUCUMOCTD I10TEPB OT paccrosinus. [1o nannomy rpaduky onpenensercs
CpEAHAS NaJIbHOCTh PAIMOCBA3M C y4E€TOM 3armaca Ha 00ecre4yeHHOCTh
CBS3BIO [10 MECTY U BPEMEHH.

Tabn. 1. Beibopa HCXOIHBIX JaHHBIX

[Tocnennue nse 1udpsr Knace bC Tun abonenTckoi Knacc AC Tun
HOMEpa 3a4. KHHKKH CTAHIIHH MECTHOCTH
01,51 2 MoGusHasn 1 ["'opon
02, 52 4 MoOuibHas 4 OTtkp.mip
03, 53 8 Hocumas | Cenbck.
04, 54 6 Mobunbuas 2 OTtxp.nip
05, 55 3 Hocumas 2 l'opon
06, 56 2 Hocumas 2 CesbCK.
07,57 1 Hocumas 1 ["opon
08, 58 5 MooOunsHas 3 I'opon
09, 59 6 MobuisHas Bl Cenbck.
10, 60 3 Hocumas 2 Topon
11,61 2 MobubHas 1 Otkp.np
12, 62 4 Hocumasn | CelbCK.
13,63 9 MoOuasHas 3 ['opon
14, 64 10 Hocumas | OTtkp.1ip
15, 65 3 MobunbHas 2 I'opon
16, 66 2 Hocumas 2 Topon
17, 67 4 Hocumas 2 Otkp.mip
18, 68 8 MobGunpHas + ['opon
19, 69 6 Hocumas | CelbCK.
20, 70 3 MoOuisHas 4 I'opon
21,71 2 MoobOunbHas | ["'opox
22,72 9 Hocumas 2 Cennbck.
23,73 8 MobwibHas P Otkp.nip
24,74 10 MoGubHas 3 CenbcK.
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29,73 3 Hocumas 2 ["'opon
26, 76 2 Hocumas 1 OTtkp.np
27,77 4 Hocumas | I'opon
28,78 5 MobwisHas 2 CelbCk.
29,79 | MobuisHas 4 I'opon
30, 80 9 MobOunsHas 1 Cenbck.
31, 81 2 Hocumas 1 T'opon
32, 82 4 Mobwnnbnas 3 Otkp.p
33,83 8 Hocumas 2 I'opon
34, 84 10 Hocumas 2 T'opon
35, 85 3 Hocumas 1 Cenbck.
36, 86 2 MobunsHas 3 OTtkp.1ip
37, 87 4 MobuisHas 2 T'opon
38, 88 8 Hocumas | CeJbCK.
39, 89 7 MoGubHas 4 CenbCK.
40, 90 5 Hocumas 2 I'opon
41,91 2 Hocumas | I'opon
42,92 4 Hocumas | Otkp.nip
43,93 9 MobuisHas | T'opon
44, 94 1 Hocumas 2 l'opon
45, 95 10 Mobwisnas -+ Otxkp.mp
46, 96 2 MobuibHas 2 Cenbck.
47,97 4 Mob6unsHas 3 ["opon
48, 98 8 Hocumas 2 ["opon
49, 99 9 MoGwunbHas 2 CenbCK.
50, 00 5 Hocumas | I'opon

Tabun. 2. Beibopa HCX0HBIX JaHHBIX

[Mocnenuume ne nndper | Beicota ycraHoBkH Beicora ycranoBkn | Hecymias uacrora curnana
HOMEpa 3a4. KHHKKH anteHHs! bC aHteHHbl AC
01, 51 30 1 410
02, 52 100 2 430
03, 53 30 1,5 470
04, 54 50 2 380
035, 55 50 2 450
06, 56 30 1 390
07,57 50 2 870
08, 58 100 1,5 915
09, 59 50 | 875
10, 60 50 1,5 920
11, 61 30 | 430
12, 62 50 2 470
13, 63 100 1,5 380
14, 64 100 1 915
15, 65 50 15 875
16, 66 50 1.9 410
17, 67 30 2 430
18, 68 50 2 875
19, 69 30 1 410
20,70 30 ) 470




21, 11 100 1,5 380
22,92 50 1 915
23; 13 30 2 875
24,74 50 1,3 410
25,75 30 1 430
26, 76 50 1 430
27, 1 30 1,5 470
28, 78 50 2 380
29,79 100 2 450
30, 80 100 | 390
31, 81 30 2 450
32, 82 50 2 390
33,83 100 | 870
34, 84 50 2 915
35, 85 50 1,2 875
36, 86 30 | 410
37,87 30 2 430
38, 88 50 2 470
39, 89 100 1 380
40, 90 50 ¢ 450
41,91 100 1,5 390
42,92 30 | 870
43,93 50 1,5 915
44,94 100 1.3 875
45, 95 50 1 920
46, 96 100 1,5 470
47,97 30 1,5 380
48, 98 50 2 450
49, 99 50 2 390
50, 00 30 1,5 215

I/I3J1yt1aemaﬂ MOIIHOCTb CUTHaJIa

rae Ps — momHocTs nepearunka;
Ga — KO3 PUIIMEHT YCHIIEHHS AaHTEHHBI;
Bc — xoodduument nepemaun ¢umepa u apyrux nemei Mexy
nepeIaTiuKoOM U aHTEHHO M.
Heo0xoumast MOIITHOCTb CHTHAJIA HA IPUEMHOI aHTEeHHE:

Pa =Pnp — Gnia — Bric + Ac [aB],

rac PHP — HYBCTBHTCJIbHOCTH IPUEMHHUKA,

Gria — k03 PULHEHT yCHIIEHHS TIPUEMHOI AHTEHHBI;

(1)

(2/11)
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Bric — xoapduument nepenaun ¢uaepa u apyrux neneil mexmy
AHTEHHOMW M IPUEMHHKOM;

C — ko3ppuuHeHT 06eceyeHHOCTH CBSI3bIO 110 MECTY M BPEMEHH.
JaHHbI KOO PUIIMEHT BHOCHT MONPABKY /I 0OeCriedeHus ¢ 3a1aHHOM
BEPOATHOCTBIO TPEBBIMIEHUS] MOIIHOCTH CHIHajla Ha BXOJ€ AHTEHHBI
OTHOCHTCIIBHO ~ CpEeIHero  3Ha4deHus.  3HadeHue  kod(duimenra
ONpPENENAETCSs MHOTMMH  (aKTOpaMH, B TOM YHCIE XapaKTepoM
pacrpoCTpaHEHHs PAZMOBOJIH, IUIOTHOCTBIO 3aCTPOMKH TEPPUTOPHUH,
Tpedyromei obecneuenne cBsi3blo. Hanpumep, npu A=01B MOmHOCTH
CHTHAlla HAa BXOJIC NpPHEMHHKA OyJeT NpeBbIIATh 3aaHHbIil YPOBEHb B
50% cnyuaeB npuema, npu A:=10ab - B 90%.

JlonycTuMBblii  ypoBeHb MOTEPh Ha Tpacce paclpOCTPaHEHHS
paauocHurHania:

L= Pusn — Pa = Ps + Ga + Bc — Piip + Gria + Bric —A [1B] (3/12)

Metomuka ouenkn Lj, mnpemnaraemas crangaprom TETRA,
OCHOBaHa Ha Mojienu Xara, KOTOpas IO3BOJISET IIPOTHO3MPOBATh
YCPEIHCHHBIC NOTEPHU MPU PACIIPOCTPAHEHUU PAJMOCUTHATIA B OTKPBITOM
IPOCTPAHCTBE, CEIIbCKOM MECTHOCTH U B Topoje. MCXOMHbIMU JTaHHBIMHU
JUISI O€HKH ITOTEPb CITyKaT:

- hp — BBICOTA yCTaHOBKHM aHTEHHBI 6a30BOM CTAHIINH

- hm — BBICOTA YCTAHOBKHM aHTE€HHBI MOOMIIBHON CTAHIINH,

- fc — Hecymias yacTora curnana.

Kos¢pdurment noreps B cBOGOAHOM mpocTpaHCTBE Onpeselsercs
BBIpaKEHUEM:

L, =27,81+27,721g(f ) -13,821g(h, ) - ,11g(f) - 0,7)h_ +

+ (44,9 -6,551g(h, ) 1g(R) - 4,78(Ig(f, ))* [aB];

rae R — paccrosiiue OT nepenaTynka 10 TOYKH OLEHKH OTepb.
B coorBerctBun ¢ wmeroqukoit Xara koadduumeHT noreps mpu
pacrpoCTpaHEHHH CUTHAJA B CEJIbCKOM MECTHOCTH

L., =L, +10 [aB],

a MpH pacrpoCTPaHEHUH CUTHAJIA B TOPO/IE

(4)

L,, = 63,35+27,721g(f,) ~13,821g(h, ) - (L11g(f.) ~0,7)h_ +
+ (44,9 -6.551(h, ) I8(R) ~ 2(le(1, /28))° [4B] )
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Hanpuwmep, npu hy=1,5M, £=400 MI'n, u tpex 3nauenusx h,=30;
50; 100m Ha puc. 1 u puc. 2 nocrpoenst rpaduku 3aBucumoct Loa=f(R)
JUISL CEJIBCKMX U TOPOJICKHX YCIIOBHH paclpoCTpaHeH sl paJuOBOJIH.

xB |
170
10
130
140
120
1207
110

100

a0 . . . . ,
0 10 20 30 40 E xm
Puc. 1. I'paduk 3aBucumoctn Loa=f(R) s cenbekux ycnosmii.

B COOTBETCTBMM C NPUBEACHHOW METOAMKOH OLEHHM JalbHOCTH
CBSI3U JUIA CEIbCKHX M TOPOJICKUX YCJIOBUH pPaclpOCTpaHEHHs] CHTHaJla
[IPU UCXO/IHBIX JIAHHBIX, NPEACTaBIEeHHBIX B Ta0iuie 10.

IlockoJIbKy, KaK NpaBuIIO, SHEPreTHYECKUI IOTEHIMAI PATHOTHHIH
CBEpXy BHH3 (OT 6a30BO¥ CTAHIIMH K T10{BHKHBIM A00HEHTaM) BBILLE, YeM
B 0OpaTHOM HANpPaBJIEHUH, TO OLEHKY AAIBHOCTH CBS3H OyJIeM IPOBOIHT
JUIS  HalpaBJIeHUH TIOJBIXKHBIH abOHEHT - 0a3oBas CraHuMs IpH
ANHAMHUYCCKUX YCJIOBHSX PaclpoCTpaHEHHUs CUTHAJIA.

Jis KaXka0ro BapuaHTa ¢ y4eToM YCIOBHI pacrpocTpaHeHHs
CHI'Hajla MOACTaBUM COOTBETCTBYIOmME 3HaYeHus B (14)mmm (15). 3atem
1o rpaukam Ha puc. 1, puc. 2 HaiiJieM JalbHOCTH CBSI3U. Pe3ynbTaTsl s
JIByX 3HA4YCHHH OOECHEYEHHOCTBIO CBs3bi0 1O Mecty 50% u 90%
IPEJACTaBUTh B Tabsuiie 11.
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Puc. 2. I'paduk 3aBucumoctu Loa=f(R) m1st ropoickux ycaoBmii.

ITpouieHT o0OecrneueHHOCTH CBS3bIO,

COOTBETCTBCHHO.

Cremyer OTMETHTB, 4YTO NpEACTABIEHHBbIE IaJBHOCTH
OrpaHMYMBAIOTCS YYBCTBHTE/IBHOCTBIO NPUEMHHKA 0a30BOH CTaHIIMHU TIO
[rymMam, 4TO XapakKTepHO JUls CUCTEM 0€3 TMOBTOPHOIO HCIIOIb30BAHUS

[OKa3aHHbIH B TabiwmIe,
obecrieunBaeTcsl Ha TpaHMIE 30HBI OOCIYKMBAHMSA, BHYTPH 06JacTu
o0ciy)kuBaHusl 00€CIEeYeHHOCTh OyAeT cocTaBiuaTh 75% u  95%

panoyacTror.
Tabu. 3
bazoBas Mobunbnas | Hocumas
[TapameTtp
CTaHLUs CTaHIHsI CTaHIHsI
MouHocTh nepenararka, g1bm - 40 30
Koapdunuent nepepaun punepa, 1bm -6 -2 0
Kospuunenr ycunenus anTeHHbI, 8 2 -4
J1bm
HyBcTBUTETBHOCTD PUEMHHKA -106 -103 -103
JHHAMHYECKUE YCIJIOBHs, 1bm
BbicoTa yCTaHOBKH aHTEHHBI, M 50 1.5 .3
Hecyias yactora, MI'1it 400

CBA3H




Tabn. 4
Harnpagiienue cBsizu MobwunbHas Hocumas cranmms -
cTaHius - 0a3oBas | 0Oa3oBas CTaHLMA
CTaHIUs
[IponeHT 06€CceYeHHOCTH CBA3BIO 50% 90% 50% 90%

JlalbHOCTB CBSI3U B CEIBCKOIH
MECTHOCTH, JIMHAMHUYECKHE YCIIOBHS,
KM

JlanbHOCTH CBSI3H B rOpoJIE,
JMHAMHYECKHE YCIOBHS, KM

Puc. 3. Paguyc cBsi3M npu momMexe oT COBMEIIEHHOIO KaHaJIa.

Ilpy  mocTpoeHnu  MHOTO30HOBBIX ~ CHCTEM € IOBTOPHBIM
MCIOJIb30BAHMEM  PAZMOYACTOT  YyBCTBHMTEIBHOCTb, KaK IPABHIIO,
OrpaHHYMBACTCS YPOBHEM IIOMEXH 10 COBMEIIEHHOMY KaHAJly CBSI3H, 4TO
XapakTepHO I COTOBBIX cucteM. Ha puc. 3 mnokasana curyaunus
BO3HHKHOBEHHS IIOMEXH 110 COBMEIIEHHOMY KaHajly, KOIJla UMEIOTCS JIBe
OasoBble cTaHIMu, paboTtaroliue Ha ofHOM KaHaie, riae RCB - panuyc
CBSI3H I1pH OTPaHMYCHUH 110 YyBCTBUTEILHOCTH IIpUeMHHUKa, RIT - paguyc
CBS3U IIPU OTPAaHUYEHHH T10 [IOMEXE OT COBMEIIEHHOIO KaHasa

Ecin Ha BXoJle npueMHUKAa MOOHIIBHON CTaHIMK JeHCTByeT cyMMa
[IOJIE3HOTO CUIHAJla M TIOME€XM OT 0a30BbIX cTaHuid 1 wu 2
COOTBETCTBEHHO, TO IIpH OTHOILICHUH ypoBHeH curHayiioB E1/E2<19 ab B
MPUEMHUKE  HAOIIOAaeTCs  MoMeXa 110  COBMEIIEHHOMY  KaHay.
['eorpaduyeckas 061acTb JEHCTBUS TIOMEXM 3aBHCUT OT COOTHOLIECHHS
paccTosHuii rl, 12 u ycnoBuii pacnpoctpaHenust paauocursana. Ilpu
pa3paboTKe 4aCTOTHO-TEPPHUTOPHUAIBHOTIO TJIAHA MHOTO30HOBOM CHCTEMBI
C IOBTOPHBIM HCIIOJIb30BAHUEM PAJAMOKAHAIOB Ba)XHBIM  SIBJISETCS
obecrieueHne ypoBHSA TIOMEX IO COBMEIIEHHOMY KaHATy B npejaenax
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33/1aHHOTO 3HAYCHMA. JTO TpeOOBaHME MOXKET ObITh BBINOJHEHO IIPH
pa3merieHnn 0a30BbIX CTAHIMI C TIOBTOPHBIM MCIOJIb30BAHHEM KAHAJIOB
Ha ompeieneHHoM paccrosiiuu (Rer) apyr ot gpyra. B TtaGmune 5
NpEeACTaBICHbl OTHOCUTEIIbHBIE paccTossHuA (Rer/Rr) mpu monycrumbix
BEPOATHOCTAX 1omex 5% u 10% i pasnuunbiX 3Ha4eHui (uykTyanuii
CHI'Hajla Ha BXOJE NMPHUEMHHUKA. DTHU JaHHBIE MOTYT OBITh MCIOJIb30BAHBI

KaK OpI/IeHTI/IpOBO'»{HbIe ITPH Hpe)lBapHTeJTbHOM HpoeKTPIpOBaHIdI/I
CHUCTECMBI.
Tabn. 5
dnykTyanuu noss BepoaTHOCT MOMEXH 10 COBMELIEHHOMY KaHAITy
5% 10%

6 n1b 7,7 6,6

8 nb 9,7 4.9

10 nb 124 9,5

MommuocTs neperaTunka
CrangapTHble MOIIHOCTH II€pEJaTYNKOB 0a30BOM M IOJABHIKHOI
CTaHIIMH U BCEX KJIACCOB IIPUBE/ICHBI B Ta0uIle 6.

Tabn. 6
MomHoCTh
Knacc
T baszoBasi craHus MobwibHas cranmms | Hocumas cranims
Bt nbm Bt nbm Bt Bm
1 40 46 30 45 3 35
2 25 44 10 40 1 30
3 15 42 3 35 i _
4 10 40 1 30 . -
5 6,3 38 - % : -
6 4 36 - R _ )
7 2.5 34 - - R _
8 1,6 32 - - _ B
9 1 30 - - i i
10 0,6 28 - - = =

YyBCTBUTEILHOCTH NPHEMHUKA PAAMOCTAHIINH

HyBCTBUTENLHOCTE 0a30BOM M MOOWIBHOW paJMOCTAHIUH IS
peueBoro kanaia (TCH/S) (cm. Tabmumy 7.
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Tabu. 7. YyscTBUTEILHOCTE 6230BOI 1 MOGHIIBHON PaIHOCTAHIHHN

Tun paguocranuuu YcJ10BHSI pacnipocTpaHeH sl paJHOCHIHAlIa
CTaTHYECKHE JIMHAMHYECKHE

bazosas -115 nbm -106 nbm

MoOusbHas -112 nbm -103 nbm

KoHTpoJibHBIE BONIPOCHI U 3a1aHUA

l. Onuimre oCHOBHBIE (DAKTOPBI, BIMSIONME HA SHEPreTHYECKHE
XapaKTEPUCTUKH PAJIHOKAHAJIOB B CUCTEMAX PaJHoJI0CTYyIIA.

2. Y10 Takoe MOJIelIb PacpoOCTpaHEHUs PAJMOBOIIH U KAKHE MOJIE/IH
Haubo/lee  YacTo  MCMOJNB3YIOTCS Ul aHaiu3a  JHEPreTHYECKHX
XapaKTepUCTUK paJHOKaHAJIOB?

3. Paccuurars norepu B cBOGOTHOM IIPOCTPAHCTBE IS paIHOKAHATIA
¢ yacroroi 2,4 I'T'u Ha paccTosinum 1 km.

4. Onuiwre BIMAHHE 3aTyXaHWUs HAa Kpar 30HBI BHIAMMOCTH Ha
DHEPreTUYCCKUE XapaKTEPUCTUKU PaIHOKAHAIIOB.

5. Kakue MeTobl ¥ MHCTPYMEHTBI HCTIOIB3YIOTCS JUIS H3MEPEHMSI
DHEPreTHYECKUX XapaKTEPUCTUK PaJIMOKAHAIIOB B PeajIbHbIX yCIOBHUSIX?

6. OOBsICHUTE, KaK M3MEHSETCSl YPOBEHb CHUTHANA TIPH YBEIHYCHUHU
PacCTOsHUA MEX/Y NepeaTYNKOM U IPUEMHUKOM Ha IpUMepe 3aaHHOil
MOJIEJIM paJuoKaHaa.

7. OObsiCHATE KOHLENIUIO OTHOLIeHus: curHan/mym (SNR) u ero
BJIMSTHHE HA Ka4E€CTBO paJlMOKaHaJIa.

8. Kakue Mozenn 3aTyxaHusi MOTYT NPUMEHATBCS JUIS Pa3IHYHBIX
YaCTOTHBIX IMANA30HOB B paguoKaHaax?

9. C moMousr0 MO/IEIMPOBAHUS B IIPOrPAMMHOI1 Cpe/ie paccuuTaTh
SHCPIETUYECKHUE NMOTEPH /ISl pa/IMOKaHajIa C 3a/[AHHBIMHU [IapaMeTpaMH.

10. Onuummre, KkaKk MHOroAHbIC YCIOBUS MOIYT BIMSTH Ha
DHEPreTUYECKUEe XapaKTePUCTHKU PaJUOKAHAJIOB M KaKHe MOJIeIN
YYHTBIBAIOT 3TH (PAKTOPBHI.

Crnncok peKoMeH10BaHHO# JIHTEPATYPhI

I. I'puiienko, C. T'. IlpoekTupoBanue ceTeil Ha3eMHO# paaHOCBs3H,
TCICBUICHHS U paauoBemanus : yuyebnoe nocodue / C. I'. I'pumenxo, H.

H. Kucens. — Pocros-na-/lony ; Taranpor : FOxwublii denepaabHbiii
YHUBEPCUTET, 2019. — 129 c. —  Pexum  nocryna:
http://biblioclub.ru/index.php?page=book&id=598612. -~  TekcT

JJIEKTPOHHBIMN.
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