Konrtponsnas padora biok

HA KOHTPOJIBHYIO PABOTY 1O MOJAYJIIO

3AJJAHHUE

«BECITPOBOJHBIE TEJIEKOMMYHHUKAIIMOHHBIE CUCTEMbI U CETH»
BJIOK " IIU®POBLIE PAJIMOPEJIEMHBIE JINMHUH "

[{EJIb: mocTpouTh npoduiab nposiéra, onpeaesinTh MUHUMAJIbHYIO BBICOTY ITOJIBECa aHTEHH, MTPU KOTOPOi
He OyZeT NMPOUCXOAMUTh SKpaHUpOBaHUE 30HBI DpeHelss NpensTCTBUEM, ONPENSIUTh JUAMETP aHTEHHbI, IpU
KOTOPOM OyJIeT JOCTaTOYHBIN 3amac Ha 3aMHpaHUs CUTHAJA.

OTAIIBI PEINNEHWA 3AJTAYUN:

=

[Toctpoenue mpoduis mposiéra ¢ y4€TOM YCIOBHOTO HYJIEBOTO YPOBHS

2. OmpezneneHue MUHUMAIBHOTO pajuyca 30HbI DpeHerns Uil 3aJaHHOTO MPoJETa U BUJIa 000PYI0BaHUS
paguopenenHON CUCTEMBI U ONPEICIICHUE BBICOT NTOABECA AHTEHHBI

w

4. Bpluucienue 3amnaca Ha 3aMHpPaHUsI CUTHaJA. BBIBOBIL.

NCXOJHBIE JAHHBIE:

Omnpenenenue CpeIHEro YpOBHs CUTHANIA HA BXOJE MPUEMHUKA.

B Ta6JII/III€ 1 IMPUBCACHBI BBICOTHBIC OTMCTKH TOUYCK HpOCpI/IJIFI IIpoJICTa, BBIPAKCHHLIC B OTHOCHUTCIIBHBIX

€IMHULIAX.

Ta6nuna 1 - BeicoTHbIe 0TMETKH TO4YeK npoduiis npoera yo (K;)

Peructpatmonibiit OrHocurenbHas koopauHara Ki = Ri/Rg

HOMEp CTYJEHTa

1 0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
2 80 69 70 74 79 76 66 63 76 89 90
3 86 70 72 71 70 66 69 57 68 83 98
4 66 57 68 68 66 65 61 55 61 77 70
S) 67 60 70 75 73 73 71 66 76 70 88
6 73 54 56 61 59 60 57 53 63 63 83
7 59 53 55 55 55 56 o/ 52 S/ 67 78
8 73 53 43 47 50 50 52 55 52 51 73
9 76 54 68 64 56 47 51 51 47 47 68
10 73 73 73 73 73 73 73 73 73 73 73
11 78 54 36 23 24 32 37 42 46 39 58
12 74 55 79 83 81 79 68 o4 58 77 95
13 74 52 70 79 78 77 73 60 53 69 90
14 74 50 61 74 74 74 74 65 52 61 85
15 74 50 50 66 70 70 71 68 o4 o4 80

B Tabnuue 2 npuBeaeHbI MapaMeTphbl paAHopeneiHOro 000pyI0BaHMsI ISl IHEPTETUYECKOTo pacuéra.

Tabmuia 2 — PagnopeneitHoe 060pyioBaHne

ITapamertp PerucrpaiinoHHbI HOMEDP CTYACHTA

1 |2 |3 [4 |5 e |7 IE |9 | 10

Tun panuopeneitnoro | QTECH QXR-400

o0opyIoBaHUs

Hwnanazon vacror, I'T 6 7 8 11 13 15 18 23 26 28

Monayssiust/koaupoBanue | QPSK | QPSK | QPSK | QPSK | 8PSK | 8PSK | 16QAM | 64QAM | 128QAM | 256QAM

3/4 5/6 7/8 10/11 | 3/4 5/6 3/4 7/8 6/7 10/11

Jlyimaa nponéra Ry, kM 45 43 40 34 30 28 25 18 16 13

Huametp npuémo- | 1,2 1,2 1,2 0,9 0,9 0,9 0,6 0,6 0,6 0,6

MepearoIel aHTEHHBI, M




METOAUYECKHWE YKA3ZAHWA 11O PEHHIEHUIO 3AJIAYN:

1 OTAII [ocTpoenue npoduisi npoJiéra

[Moctpoenne npoduiis mpoa€Ta MOXKHO BBITIONHATh KaK BPYYHYIO, HAa JTUCTE MIJUTMMETPOBOU Oymarw,
TaKk ¥ B DJIEKTPOHHOM BHJIE C HMCIIOJIb30BaHUEM JIFOOBIX rpaduyeckux pemakTopoB. Beibepure macmirad: mo
TOPU30HTAIIN — JUIMHA TIPOJIETA B KM, TIO BEPTUKAIHN — BHICOTA B METpax.

PaccunraiiTe W mOCTpOWTE JUHHIO yciaoBHOrO HysneBoro ypoBus Y; = f(K;):, koTopas mokaspIBaioT
€CTECTBCHHYIO KPUBH3HY 36MHOW MOBepXxHOCTH. OOpaTuTe BHUMAaHUE, YTO JaKe MpH aOCONIOTHO IJIOCKOM
NpOJIETE JIMHKS YCIIOBHOTO HYJIEBOTO YPOBHSI MOXKET MPEJICTABIIATH COOOH MPEMSTCTBHUE.

Ro
yl(Ki)zﬁ'Ki(l_ Ki) (1)
3
rne Ro — nmHa nporneTa, K,
R3 — reomerpuueckuii paguyc 3emin (6370 km),
Ki - Texymiast OTHOCHTEIbHAS KOOPAWHATA 33JJAHHON TOYKH

Ki === )
Ri— paccrosinue 10 pacy€THoli TOUYKH (Bcero HyxHO npocuutars 10 3nadenuii ot 0 1o 1,0)

[Tpodwib nHTEpBaAIA OAYYArOT, TPUOABIISAS K BHICOTE YCIOBHOIO HYJIECBOTO YPOBHS BBICOTHBIE OTMETKH Y- (Kj)
13 Tabnuibl 2 B COOTBETCTBUU C 3aAanueM. [Ipoduib mposera y = Y; + Yo uU300paxkaroT Ha yepTexe, IPUMEHSIS
crangapTHbie MacTads! (it paccrosiuuii M 1:100000, muist Beicor M 1:1000) 1 coenuHsisi BHICOTHBIE OTMETKH
npsamMbiMA TuHUSAMU. [Ipu moctpoenun mnpoduis mposiera yAoOHO CBOIUTH PE3yAbTaThl MPOMEKYTOUHBIX
pacyeToB B CJIEIYIOUIYIO TaOIHILy 3.

Tabmuia 3 — Beraucnenus s moctpoeHus npoduisi mposéra.

Ki 00 |02 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Ri xm 0.0 | Beruucastorcs nponopuuoHaIbHO CBOEMY 3HaUEHUIO Ry Ro
y1(Ki), M PesynbTatsl pacuéra no gopmye (1)

y2(Ki), M 3Ha4yeHus1 B COOTBETCTBHH C 3a/laHUEM U3 TaOauLbl 1
y=y1(Ki)+y2(Ki) Cymma 3nauennii y1(Ki) u yo(K;)

[To moy4eHHBIM 3HAYEHUSM CTPOUTCS MPOGUIb MPONETA.
C UCToIB30BaHUEM MOTYYEHHOTO PO MPoIETa BU3YAIbHO OMPENEaeTCS HauBBICIIAs TOYKA PO U
e€ oTHocuTenbHas KoopanHara K.

2 9TAII Onpenejienue BLICOT NOABECA AHTEHH.

IIpu opraHuzanuu paavoperelHOro KaHajda OJHUM M3 JIOTMYHBIX TpeboBaHuil k mponéry PPJI sBnsercs
HaJu4ue OpsIMOM BHUIUMOCTH MEXAY NMPUEMO-TIEPENAOIMMHU aHTEHHAMU. B iydmiem cirydae opraHu3yercs
OTKPBITBIA MPOJIET, IpU KOTOPOM 30Ha PpeHens He SKpaHUpyeTCs MPEensTCTBHEM. TakuM o0pa3oM, MOKHO
CKa3aTh, YTO MUHUMAJIBHBIN IIPOCBET, IIPU KOTOPOM 30Ha PpeHelss He SKPAHUPYETCS 3€MHOM MOBEPXHOCTBIO,
paBeH MOJIOBUHE MAaJION MOJIYOCH 3JUIMIICA, KOTOPBIM U mpejacTaBiseT coboil 3oHa @penend. [loscHenue naHo
Ha pUCYHKe 1.



Pucynok 1 — IlosicHeHHe KpUTHUYECKOTO MTPOCBETA

Ho - kpuTHyeckuil MpOCBET, OMPEIEIIIeMbIil KaK:

H, = % R,AK(L-K) 3)
rae Ro - mmmHa nposeta (cormacHo Tabure 2),
A - paboyast JyTHHA BOJTHBI (ﬂ, - % ),
¢ - ckopocts cBera, 3*10°% m/c
K — oTHOcuTenbHas KOOpAWHATA HAWBBICIICH TOYKH TPOQHIS, ONpeneiNéHHAs W3 MPEIbIIYIIEro

IIOCTPOEHUS.
Hanee, Ha npo¢uie nponéra ¢ yuéToM Maciitadba 1Mo BEpTHUKAIM ONpPEeNIUTEe BBICOTHI IOJBECA AHTEHH, NPH
KOTOPBIX 30Ha DpeHens He OyaeT SKPAaHUPOBATHCS MPEMSITCTBUEM, TO €CTh JIMHUS NPSIMOM BUIMUMOCTH OyaeT

MIPOXOJUTH Ha BbicOTe Ho OT HauBbICIIEH TOuKe Mpoduis (Kak Ha pucyHke 1).

3 OTAIIL Onpenejenue cpeaHero 3HAYeHuss MOIIHOCTH CUTHAJIA HA BX0/1e NPUEMHHKA.

ZL]-IH OTOI'0 HY’KHO BOCIIOJIB30BATHCA YPABHCHUCM PaIMOCBA3U
_ PHﬂGHﬂGHMnHﬂnHM V 2
cex 4 y (4)

ce

rIe
P 7 MOIIHOCTb pajronepenaryuka, Bt

N - KIL dunepa, BKIHOYEHHOTO MEXy IPUEMHON aHTEHHON U PUEMHUKOM, €11;
1y - KIJI dunepa, BKIIOYEHHOTO MEKTY NEPENAONIEH AaHTEHHOM U TIEPEIATIUKOM, €1,

G, - KO3 GUIMEHT yCHIeHNs TPUEMHOM AHTEHHbI, €I,

G - KOOOQUIMENT yCUIIEHHS NIEPEAIOIIEN aHTEHHBI, €11,

V' - MHOXHTeND OCTa6MeHNs 1015 CBOGOIHOTO MIPOCTPAHCTBA, €]
A_; - ocrmabnenue curHaga B CBOOOZHOM MPOCTPAHCTBE, OMpeesieMoe 1Mo hopmye:
2

4R

ce 2 : (5)

Bce 3HaveHuss HY)XHO MOJCTaBiATh B (Gopmyny B enunuiax win B Barrax (!). Ompenmemum Bce
napameTpsl, BXosiue B popmyiy (4).
1. MOIIHOCTh paauomepeiatoIiero yCTPOUCTBA MOKHO OMPEICIUTh U3 TEXHHUYECKUX MapaMeTpOB
000pyIOBaHUS IS 331aHHOTO TMara3oHa YacToT ¥ METOAa MOAYIISIIUH U KOJUPOBAHHS (CMOTPHUTE
tabmuiy 1.8.1 B [1]).



2. KIIJ ¢unepa, BKIIOYEHHOTO MEXAYy aHTEHHOW M MpPUEMOIEepeaTunKOM MPHUHATH paBHBIM (,95.
Kax roBopunoch B yue6HOM mocobun, B coBpemeHHBIX PPCII aHTeHHBI pacmojiararoTcs pajoMm C
[IITY, mo3TOMY IOTEpU HA CTHIKE MUHUMAJIBHBI.

3. G,,-G 7 KodhuuueHThl ycueHus aHTE€HH MOXKHO PAaCcCYMTaTh Ul M3BECTHBIX 3HAYCHUM

JUTMHBI BOJIHBI M TMaMeTpa aHTEHHBI 1o hopmyie (6):

47S
G =Ky o5 (6)

r/ie S — II0ma b PACKPHIBA AHTCHHDI, M
A - IJIMHA BOJIHEI, M.
Kucn — k03¢ duimenT nenoab30BaHus MOBEPXHOCTH PAacKpbIBa (arepTypsl) aHTeHHBI. B pacuerax
npunaTh K1 = 0,6

4. Jlnsg OUEHKH CpeaHEero 3HA4YeHHUs YpPOBHS CHTHAJa Ha BXOJAE IPHEMHHUKA II€JIecCO00pa3HO
HCTONb30BaTh 3HaueHne Vo, =1, Habmomaemoe B 50% Bpemenu

3Has Bce 3HaueHus1, GopMyJbl (4) MOKHO ONPENEIUTh HCKOMOE 3HaUCHUE.

4 J)TAIl. BpluuciaeHue 3anaca Ha 3aMUPAHUS CUTHAJIA

YyBCTBUTENBHOCTh PAJUONPUEMHOIO YCTPOMCTBA MOKHO ONPEAEIUTh U3 TEXHUYECKHX MapaMeTpoB
000pyIOBaHUs IJIsl 33JaHHOTO JMANa30Ha 4acTOT M METOJa MOIYJISIIMUA U KOAUPOBAHUS (CMOTPUTE TaOJIHUILY
1.8.1 B [1]).

Jlanee, 3amac Ha 3amMHpaHus ONpPENENSIEeTCd Kak pa3HHLA MEXIy CpPeIHMM M MHUHHMaJbHBIM
3HA4YEHUSIMU YPOBHS CUI'HaJla Ha BXOJe NPUEMHUKA!

10lg P _ -V, . (7

1IP.IIOP
Ecnu Ha npoekTHpyeMoM TpoJIETe 3arac Ha 3aMUpPaHUsl CUTHAJIa cocTaBisieT oT MuHyC 20 10 MUHYC
35 nb, TO MOXHO CYUTaTh, YTO YCTOWYMBOCTH CBsI3M Oyaer obOecredeHa. CiMIIkoM OOJNBINON 3amac Ha
3aMHpaHUs HEIEeJIeCO00pa3eH ¢ IKOHOMUYCCKOM TOUKH 3PEHUS.
ECJ'II/I Baum pvaéTBI IIOKasajiu, 4ToO 3aIlac Ha SaMI/IpaHI/Ifl HEC YKJIa}lI)IBaeTCH B pCKOMeHI[OBaHHBIG
HOPMBI, JaiiTe peKOMEH IalliH TI0 YBEJIMYEHHIO WIIM YMEHBIIIEHUIO 3araca Ha 3aMHUpaHue.

JIureparypa:

1. MYJIbTUCEPBUCHAA PAI[I/IOPEJIEPIHAﬂ CUCTEMA HOBOI'O ITOKOJIEHMA QTECH QXR — 400
http://www.qtech.ru/files/manuals/QXR-400.pdf



http://www.qtech.ru/files/manuals/QXR-400.pdf

