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1. HEJA OCBOEHUSA JUCHUIL/IMHBI

LeassMu ocBoeHus aucuHIUIHHbI "'O0mas Teopus cBA3H'' SABJIAIOTCH:

—_—

ITogroroBka B 00JIaCTM  3HAHUS  OCHOBHBIX  IPHHIMIIOB  IIOCTPOCHHUS U
(YHKIIMOHUPOBAaHHS COBPEMEHHOH TEJIEKOMMYHUKAIIMOHHOM aIaparypbl ¥ €€ TUIIOBbIMH
PEIICHUSAMHU U KOHCTPYKIUSAMH.

dopMupoBaHHe IPAKTUYECKUX HABBIKOB PACYETOB CHCTEM CBSI3H.

[logroroBka B 00JacTH paJHOTEXHHKH JUIS pasHbIX cdep SKCHEPUMEHTaIbHO-
UCCIIENOBATEIBCKON MTPO(ecCuOHATIBHON AESATENLHOCTH .

L2 o

2.  MECTO JUCHMIUIMHBI B CTPYKTYPE OIIOII BO

Jucuunnuza "O61mas Teopuu CBA3K" OTHOCHTCS K 6a30Boi yacTh aucuuimiud (b1.5.9).
B3aumoceasb ¢ Opyzumu OucyuniuHamu
Kypc " O61meii Teopur cBsi3u" OCHOBBbIBaeTCs Ha 3HaHHHU "Matematuku', "®u3nkn",

"OCHOBBI TEOPHUH Iienen".

[TonyueHHble 3HAHUS. MOTYT OBITh MCIIOJIB30BAHBl IPH JUIUIOMHOM MPOEKTHPOBAHUU H
TIpY U3y4eHUH AUCHUIUTHH «CXeMOTEeXHUKA TEeeKOMMYHHKAIMOHHBIX yCTPOUCTBY, «MeToabl U
YCTpOHCTBA Mepeauyd CHTHAIoOB», «MeEToAbl M yCTPOHCTBA NpHEMA CHIHAIOBY», «OCHOBBI
MOCTpoeHHss HMH)OKOMMYHHKALIMOHHBIX CHCTEM», a TaKKe B Mpolecce pa3paboTku H
[POEKTHPOBAHUS PaIMOAIIIaPaTyPhL.

3. KOMIIETEHIIUA OBYYAIOILIETI'OCH, ®OPMUPYEMBIE
B PE3YJIbTATE OCBOEHUA JUCIUIIJIMHbBI

B pe3yibrare OCBOCHHS JUCLMIUIMHBI OOY4YalOIIUKCS JOJUKEH 00JanaTh ClielyroIMH
KOMITETEHLIUSIMU:

- CIOCOOHOCTBIO MPHMEHSTh COBPEMEHHBIE TEOPETHYECKUE M IKCIIEPMMEHTAJIbHBIE METO/IbI
MCCIIEIOBAHMS C LEJNBI0 CO3JaHHUS HOBBIX IE€PCHEKTUBHBIX CPEIACTB JJIEKTPOCBSA3H U
MH(pOPMATHKH, OPraHU30BHIBATH ¥ IPOBOJUTH UX MCIIBITAHUS C LIENBIO OLEHKU TPEOOBAHHUSIM
TEXHUYECKHX PErJaMEHTOB, MEXAYHApOAHBIX M HALMOHAIBHBIX CTaHJAPTOB M HHBIX
HOpMaTHBHBIX 10KyMeHTOB (I1K-17);

B pe3ynbrare 0CBOCHHS AUCLUIIMHBI 00yYaromuUICs TOKEH:

3HaTh:

- ¢usuueckue S(GEKTBI W MPOLECCHl, JIeXKAI[Me B OCHOBE IPUHLMIIOB JIE€HCTBUS
PaauO3IEKTPOHHBIX CUCTEM CBS3H;

- 0COOEHHOCTH MTOCTPOCHHUS, TAPAMETPhI U BUIIbI OCHOBHBIX THIIOB CHCTEM CBSA3H

-NOCTPOEHHE OJIOKOB, OCYINECTBISIOMIMNX YCHJICHHE, (DHIBTPALMIO, EHEPALHI0O U 00paboTKy
CUTHAJIOB B CHCTEMAX CBA3H, 0COOEHHOCTH MHKPOMHMHHATIOPU3ALMU TaKUX YCTPOMCTB Ha Oase
NPUMEHEHHs] HHTETPATbHBIX MUKPOCXEM.

Ymerhb:
- OTIpEICTATH apaMeTPhl U XapaKTEPUCTUKU CHCTEM CBS3H;
- HCIIOJIB30BaTh OCHOBHBIE MPHEMbI 00paOOTKH IKCIIEPUMEHTATILHBIX JaHHBIX

Baagers:
- HaBBIKAMHM [IPAKTHYECKON paboThI ¢ Ja00paTOPHBIMHU MaKETaMH;



- HaBbIKdAMH Bbl60pa THIIOB W T1apaMETpoOB Y3JIOB CHUCTEM CBs3M, HCXOUdA M3 TEXHHUUCCKHUX
'1‘pC6OBaHI/II71 4] YCJIOBHﬁ JKCILTyaTalnuu,

4. CTPYKTYPA H COAEPKAHUE JUCHUITJIMHDBI: "OcHoBbl Tcoprn CBsi3H "
OO61mast TpY10eMKOCTD JIMCIMTIIHHBI COCTABIIAET 7 3aU€THBIX CAMHHUIL 252 4acoB.
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5. OBPA3OBATEJIbHbBIE TEXHOJIOI'MH

5.1. AKTHBHbIE H HHTEPAKTHBHbIE (JOpPMbI 00y4eHUs

C ueabto (GOpPMHPOBAHUS W Pa3BUTHUSI MPOPECCHOHATBHBIX HABBIKOB CTYJICHTOB B
yUeOHOM TIPOIECCE HCTTOJIB3YIOTCS aKTUBHBIC U MHTECPAKTHBHBIC (OPMBI [TPOBE/ICHUS 3aHATHH B
COYETAHUM ¢ BHEAY/IMTOPHOH padoToil:  (J1abopaTopHble padOThl, KOHTPOIbHBIC AY/JAHTOPHbIC
paboThl,  MHIMBHYaIbHbIC —JoMallHue  padoThl).  OObeM  3aHSTHH,  1POBOJMMbBIN B
MHTEPAKTHBHBIX (hOopMax, cocTapiiseT 4 yac 3aHsATHH.

5.2.CamocTosiTe/ibHast padoTa CTYJACHTOB
CamocrositesbHas  (BHeayauTopHasi) pabora  CTYAEHTOB  BKIJIIOYACT  3aKPCILICHUC
TECOPETHUECKOI'O MaTepHalia TIpH MOJrOTOBKE K BBITIOJHEHHUIO M 3alUTE JTA00PATOPHBIX 3a/[aHNH,
4 TAKKe TIPU BBINOJHEHWH WMHIMBHIYATBHON jlomalHeil paborhl. OCHOBA CaMOCTOSITE/IBHOM
paGOThI - H3YUCHHE JIMTEPATYPBI 110 PEKOMEH,IOBAHHBIM HCTOUHHKAM M KOHCHCKTY JICKIMH,

5.3.MyJabTHMEIHITHbIE TEXHOJIOIHH 00y4eHHs

Bce JIGKIIMOHHBIE 3aHATHS HPOBOAATCS B BHJC TPE3CHTALME B MYJIbTUMC/HIHON
AYJIMTOPUH ¢ HCIIOJIB30BAHMEM KOMITBIOTEPHOIO MPOEKTOpa M TpejctaicHuem ot 15 10 20
CIai10B 110 KaX/10H JIEKIIHH.

CTyjlcHTaM  1IPEJIOCTABIISETCS  KOMIIBIOTEPHBIA  Kype JICKIHH W OTHCAHMS  BCCX
nabopatopHbix  padoT,  KOMITBIOTCPHBIC  TEXHOIOTMH  HCHOB3YIOTCS Ut OQOpMIICHHMS
naboparopHbIX padorT.

6. OLLEHOYHBIE CPEACTBA JJISI TEKYIEI'O KOHTPOJISA YCIIEBAEMOCTH,
NPOMEKYTOYHOU ATTECTAIIMU 110 UTOT'AM OCBOEHMUSI
JUCUMNIJIMHBI U YYEBHO-METOANYECKOE OBECITEYEHHE
CAMOCOSITEJIbHON PABOTBI CTYJIEHTOB

6.1. Borpochl K YK3aMeny

1. OCHOBHbBIC TIOHSITHUSI U OTIPEJICIIEHUS TCOPHH CBSI3H.



O6001eHHas CTPYKTypa B3aUMOACHCTBHUS TEJIEKOMMYyHHKAILIMOHHBIX CHCTEM M CEeTeil.
JlorapudMuueckue eIMHUIBI H3MEPEHUS.
PabGoune 3aTyxaHus ¥ [uarpaMMa ypoBHEH.
[lepBuYHBIE CUTHATIBI SJIEKTPOCBSI3H H UX ITaPaMEeTPBI.
TenedonHuble (peveBbie) CUTHAIILL.
CHrHasbl 3ByKOBOI'O BEI[aHHSI.
DakCUMUIIbHBIE CUTHAJIBI.
TeneBU3UOHHBIE CUTHAIBL.
. Curuanel nepejayn JaHHBIX U Tejerpaduu.
- Knaccuukanus u 0CHOBHbIE XapaKTEPUCTHKU KAHAIIOB IEPEJAYH.
. Kanan nepegaun, kak 4-x MoJfOCHHUK.
. Kanas ToHanpHOM 4acTOTHI
. Kanan 3BykoBoro Bemasusi.
. Kanan uzobpaxenus.
. lllupokononocHble U U(POBLIE KAHAIIBI.
. IByXCTOPOHHME KaHAJIBL.
. TpeboBanus K pa3BA3bIBAIOLINM YCTPOUCTBAM H MX KJIacCH(HKAIIHSL.
. PIIC.
20. TAC.
21. HeypaBnosemennsle nupdepennansabie cuctemsl u cpasaenne PJIC u T/IC.
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6.2. 3agaHus A5 nepearTecTalUu

Tema 2

it OnpenenuTh, B KAKOM NPEACTABICHUH AaHbI CIICIYIOILIME CUTHAJIBL: B SHEPI€THYECKOM
WJIK B MOLIHOCTHOM? HaliTH HOpMHPOBaHHYIO SHEPIHIO U HOPMHUPOBAHHYIO MOIIHOCTh KaXI0I0
CHTHaJIA:

a) x(1) = Acos2aft qnsg —o <t <o}

A=cos2aft ona-T/2<t<T/2, eoel =1/ f
0) x(1) =
. 0 ona ocmarvHbix  f

A=exp(-at) ona t<0,a>0
B) x(/) =
0 onsa  ocmanvuelx

r) x(t)=costt+5cos2t g —oo<t<ow.

2. OmnpenenuTh ClIeKTpalbHYIO IIIOTHOCTH SHEPTHH KBAIPATHOIO uMmIyJisca x(1)=rect (1/T),
riae gynkuus rect(t/T) pasna 1 st —1/2<(<7/2 u paBHA HYJIIO 7S OCTATBHBIX [. BBIYHCIHTS
HOPMHUPOBAHHYIO S3HEPIUI0 £, HMIYIIbCA.

3. BhIpasuthb cpesHioi HOPMUPOBAHHYIO MOLIHOCTh CHTHAJIA Yepes K03 pHIHeHTHI
KOMILIIEKCHOTO psiia Dypee.

4, Hcrone3ys ycpeaHeHue 0 BpeMEHH, HAHTH CPEIHIO0 HOPMHPOBAHHYIO MOIIHOCTh
curdana x(1)=10cos10t+20cos20t.

5. Vcnonb3ys cyMMHpOBaHHE CHIEKTPABHBIX KO (BHIIHEHTOB, HANTH CPEZIHIOI
HOPMHPOBaHHYIO MOILIHOCTb CUTHANIA X(1)=5cos]5t+10cos]0t.



6. OnpenenanTh, KaKue U3 MEePeUrCICHHBIX (PYHKIUH UMEIOT CBOMCTBA
aBTOKOPPENIALIUOHHBIX (QYHKIIUHU:

1, ona -l<t<l,

a) x(r)= ‘ 5
0 ons ocmanbHblx T

0) x(1)=0(t) tsinnft,
B) X(t)=exp(|t|)
r) x(t)=1-|7| 1 —1<t<1 u 0 1 OCTAIBHBIX T.

7. OnpenenuTh, Kakue U3 NEePeUrCIEeHHBIX (QYHKIMHA UMEIOT CBOUCTBA ()YHKIIMHI
CIIEKTPAIbHOM IIJIOTHOCTH MOIITHOCTH:

a) X()= & () +cos™2xf:
6) X()=10+ ¢ (f~10);

B) X(f)=exp(—2x|f~10

);
r) X(f)=exp[-2x (F-10)]

8. BbIpasuTe aBTOKOppEALMOHHYIO (QYHKIHMIO X(1)=Acos(2 afi+ @) 4epe3 ee nepuon
I=1/f. Halit cpenHIOI0 HOPMUPOBAHHYIO MOIIHOCTB X(t) , HCIIONMB3Ys cooTHOwEHne P=R(0).

9. Haiitu aBrokoppessiunoHHyto GyHKuuo R(t) curdana x(1)=10cos10t+20cos20t u ero
CPEAHIOI0 HOPMUPOBAHHYIO MOIIHOCTD.

10. Hos Gynxuuu x(1)=1+cos2 aft BeIMUCIATL: a) cpeiHee 3HAYEHHE X(/): O) MOIIHOCTH
NIEPEMEHHOH COCTaBIISIONIEH X(7); B) CPEAHEKBAAPATHYECKOE 3HAUCHUE X(1).

11. Ha oskpaHe aHanoroBoro TeNeBH3HOHHOIO IpPHEMHHMKA C MIMHONH cTpokd 500 MM
TpebyeTcsi co3aaTh H300pakeHHe BEPTHKANBHOM YepThl MpPHHOH 3 MM. JIyu mpoberaet cTpoky
TCICBU3MOHHOTO PacTpa 3a OTPe30K BPEMEHH THTENLHOCTBIO 64 MKc. ONpenenuTh LIUPUHY
CIIEKTPa aHAJIOTOBOTO TEJIEBU3HOHHOIO CUTHAIIA, YIIPABJIAIOLIETO IPKOCTHIO CBEYEHHMS YKPaHa.

12. Ha¥Ty cBsA3b MeXy CIEKTpaIbHBIMU IVIOTHOCTSIMH CHTHAJIOB s(1) u s(—t1).
Tema 3
1. Ilycte OJHOTOHAJIbHBIN AM-curnan OIIMCHIBACTCS BBIpAXKEHUEM

u(t)=500[1+0.8cos(1041+45°)]cos(107¢+90°). TToctpouts B Maciitabe BEKTOPHYIO JHarpammy
JaHHOI'O CHIHajla, OTBEYAIOLIyI0 MOMEHTaM BpeMeHH: a) =0; 6) =10.

2. AMIUIMTYHO-MO/Ty/IMPOBAHHBINA CUIHAT OIHCHIBAETCS CJIEIYIOIIUM BBIPAKEHHEM:
u(1)=12(1+0,6c0sQ+0,2c0s2Q1)cosmr B.
Onpenenuts HauOOJIbLIEE U HAMMEHbIIEe 3Ha4YeHHs orubaromei U(/) TaHHOro curHaia.

3. Ilycts W3BECTHO, YTO B HCClIEAyeMOM TOYKe CXeMbl HAG/IIONACTCS aMILIATYIHAst
NIEPEMONYJISAIMS ONMHOTOHAJIBHBIM CHTHAJIOM, H 3HAYEHHs aMILTUTY[ PaBHbI, COOTBETCTBEHHO
Unax B Umin. OnipenenuTs 3HaveHre K03 GUIUEHTa aMITUTY AHOM MOZYJIALMH M.



4. OnHOTOHANBHBIM AM cHrHAN XapakTepu3yercs TeM, 4T0 Upna=130 B, Uyin=20 B. Haiitu
ko> dunuent Mmoaynsauuu M, a Takxke ammutyay Uy Hecyliero KonebaHus.

5. Paccunrare I1MpuHY MOJOCHI YactorT II, 3aHmmaeMyio B 3dupe TenerpadHbM
pagMoKaHaioM, paboTaiomuM Ho mnpuHHuImy AM co ckopocathio mepenadu 360 3HAKOB B
muHyTy. IlpH 95TOM TOjarath, YTO IEPENABAEMBIH CHIHAl SBIAETCA NEPUOIUYECKON
[10CJIE0BATEILHOCTBIO ToueK Mop3e U JUINTENbHOCTD 11ay3 paBHA JJIUTEILHOCTH HMITYJIbCOB.

6. MCToYHHMK 3.1.C. ¢ aMIUIATYIHON Momymstuen u(()=Uy(1+Mcos r)cos wl 3aMKHYT Ha
PE3UCTUBHYIO HArpy3Ky ¢ compoTuBieHHeM R. OnpelendTs BBIDXEHHUs Ui COCTABIISIOMIUX
MIHOBEHHOH MOIIHOCTH B HAarpy3Ke, KOTOPbIE H3MEHSIOTCS BO BPEMEHHM C dacToTaMu Q H 202
COOTBETCTBEHHO.

1. Hctounuk AM curHajia co3jaeT Ha pe3uCTHBHON Harpy3ke R=2xkOM HallpshKeHHE
U(1)=75(1+0,4c0s10°1)cos10%  (B).

BbluMcIuTh MHUHMMAIbHOE M MaKCHUMAJIbHOE 3HAUEHUS AKTUBHOM MOIIHOCTH MCTOYHHKA.
yCpeIHEHHOM 3a IEPUO/L HECYIIETO KoeOaHus.

8. Hexotopoe paauonepeznaroiiee yCTpOHCTBO € aMILIMTYIHOH MOIYJAIMEH H3Ty4aeT B

pEXHUME «MOJYAHUS» (IPU OTCYTCTBUU MOAYJISLMH) MOIIHOCTh Py= 4 kBt. Onpenenutsb

[IMKOBOE 3HAUEHHME H3JIy4aeMOW MOIIHOCTH Prac  OAHOTOHaIbHOro AM-curHana., eciu

k03 punueHT Moaynsauuu paes M=0,8.

9. Konebanue ¢ yrioBod MOy JIILIUEH OIMCHIBAETCS BBIPAKEHUEM:
u(y=15cos(10*+3sin10°+1 4sin1 0’ 1+1/4).

Haiitu BCJIIMYHUHY MTI'HOBEHHOH 4acTOThl JAHHOI'O CHTHAja B MOMEHT BPEMCHHU t=1 MKc.

10. HajiTu MakCMMajJbHOE€ U MUHHUMAJILHOE 3HAUEHUS MIHOBEHHOM 4YacToThl YUM-curnaina,
[IPECTABIEHHOIO BBIPAKEHUEM

u(£)=Up(3:10°1+2sin 10"+ n/6).
11. OnnoroHansHeli UM curHan umeer Hecymrylo uacrory fo=50 MI'm u wyacrory
moayssiuu F=7 MI'u. OnpenenuTs, B KaKUX Ipeaenax JI0XKHA H3MEHAThCS MTHOBEHHAs 4acToTa

3TOro KoJjiebaHus st TOro, YTo0bl HHAECKC MOIYJISAIUH m ObuT paBeH 40.

12 [TonyuyuTh crieKTpaIbHOE MPEACTABIEHUE CUTHANIA C YTJIOBOM MOy IsIUEN

u(1)=8¢cos(10°+0,06sin10").

6.4. 3apanus k CPC u pekoMeHJalMM 110 HX BbINOJTHEHHUIO
B pamkax CPC npoBoasTcs pacyeTbl IO MCCIEIOBAHUIO METOJa pa3/ie/ieHUuss CUIHAIOB
CDMA  (“Code Division Multiple Access”), HCHOJIB3yeMOr0 B  COBPEMEHHBIX

(YHKIMOHUPYIOIUX U MEPCIEKTUBHBIX CUCTEMAX CBSI3H.

OCHOBHBLIE TEOPETHUYECKME IIOJIOKEHUA. (IlonpobHoe copepkaHue CTYAECHTHI



MOTYT MOJTyYHTh BO BPEMS JIEKLMH U B 3JIEKTPOHHOM JIEKLIMOHHOM KypCe).

Merog CDMA sBiseTcss OINHUM H3 IEPCHEKTHBHBIX METOJOB pa3JIEJI€HHS CHIHAJIOB.
KOTOpBIH B OyjylieM MpH3BaH 3aMEHHUTh HbIHE HCIIOJb3yeMble METO/IBI pasjenenus (HactoTHoe
pasjelieHHe MW BpeMeHHoe paszielieHne). OCOOEHHOCTBIO M OTJIMYMEM METOJa OT MPOYMX
SBJISIETCS TO, 9YTO CUIHAJIBbI BCeX a0OHEHTOB OJHOBPEMEHHO IEPEeIaloTCsl B OJTHO U TO JKE BPEMS H
B OJHOM M TOM jK€ YaCTOTHOM Juana3oHe. OCHOBHBIM IIPU3HAKOM HX OTJHMYHMs BBICTYHAeT
MH/MBUIYaIbHBIN KO, IPHCBAHBAEMBbIX KaKOMY aOOHEHTY.

Ha npueMe ocCylIeCTBIAETCS KOPPEISALMOHHBIA mpueM B HudpoBoi ¢opme. T.€. GHIBTP
NPUEMHMKA HACTPOEH HA MPHEM KoJa KOHKPETHOro abOHEHTa TakuM 00pa3om, 4TOObl IpH
110Jly4€HHH CYMMBI CHTHAIOB OT MHOTHX a0OHEHTOB OH «4yBCTBOBAI» TOJIbKO CBOEr0 aDOHEHTA.
a Ha CMIHaJIBl Apyrux abOHEHTOB He pearupoBall. IIpy npaxTHYECKHX pacyeTax CTYJCHTbI Ha
CBOEM IIpHMepe IPOBEPSIOT [JaHHOE CBOWCTBO KOPPEISLUMOHHOIO IpHEMa W HCCIEAYIOT
0COOEHHOCTH, TIOIYTHO BO3HHUKaoIUe npu obpaboTke curHaioB. IIpu oObsACHEHHH METOAMKA
BBIIOJIHEHHS. PACyeTOB MpEroJaBarelb I[POU3BOJAMT YIPOIIECHHBIA pacyeT Ha OCHOBE
YKOPOUYEHHOTo Koja. PaccuMThIBaeTCS BBIXOAHOM CHIHAl IPUEMHHKA IPH MPHEME «CBOEIrO»
CHrHajla, Ha KOTOpBIM HAcTpOeH (GMIBTP NpPUEMHUKAa M IpPU IIPUEME «4YXKOro» CHrHaja.
[IpenosaBaTeb KOMMEHTUPYET PE3yIbTAaThl PACYETOB.

[TPUMEP PACYETA.

[Ipu nepenaye mudpoBbIX (JIOTMYECKUX) CUTHAJIOB KaXJOH IepeaBacMOM JIOTMYECKOH
¢IMHHUIIE [IPUCBAMBACTCS CBOM yHUKaIbHbIM HH(poBod kox mmuHbl N. IlockoibKy nepeada
OCYILECTBJIIETCST OMHAPHBIMH CHTHAJIaMH, TO IE€pefada JIOTMYECKOM €IUMHMIBI COOTBETCTBYET
1epejiaye Mocie0BaTeIbHOCTH N IIPOTHBOIOJIOKHBIX CHMBOJIOB ((PU3MUECKUX CHIHAJIOB),
KoTopbie obo3HavatoTcs depe3 +1 u -1. Ilepemade noruyeckoro HyJis COOTBETCTBYET 3Ta Ke
10CJIEI0BATEILHOCTD, HO HHBEPTUPOBaHHAs, T.€ BMECTO +1 nepeaaercs -1 1 Ha060poT.

B mnpuemHmuke curHajibl 00pabaThIBAIOTCS COINIACHO QJITOPUTMY, YKPYIIHEHHAs
CTPYKTYpHasi cXeMa KOTOpOro IpUBeJeHa Ha puc. 1.
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Puc. 1

Ha cxeme 00o03Ha4yeHBI: MHOTOOTBOZIHAs JUHUSA 3anepxku (MJI3), mepemuoxurenu (X).
apupMeTUUECKHH cyMMaTop () U moporosoe yctpoictso (I1Y), KoTOpoe NpuHUMAET pelICHHE
0 mepenaye TOr0 WJIM HHOro Jjoruyeckoro cumpoja. Ha Bxon MIJI3 HenmpepblBHO nocrymaer
[OCJICIOBATEIbHOCTE CUMBOJIOB +1 H -1, obpasyromas rpymnmsl 1o N CHUMBOJIOB, Kaxaas W3
KOTOPBIX COOTBETCTBYET IlepellaBaéMblM B JaHHBIH MOMEHT JIOTHYECKOM €IUHMLE HIIHU
JIOrMYECKOMY HYIHO. J[JIMTENbHOCTh CUMBOJIOB paBHa T.

3HaueHus CHMBOJIOB 3allOMMHAIOTCS B siyerkax MJI3. Uepes uHTEpBan BpeMEHH.
paBubiid T, Ha Bxoq MJI3 nmocTynaer HOBBIM CUMBOJI IPUHITON MocieaoBaTelbHOCTH. [Ipu sTOM



BCS paHee 3allOMHEHHas IOCIeA0BaTEIbHOCTh CHMBOJIOB clBUraetcss BrpaBo. CHMBOIL,
HaxOJIMBIIMICS B [TOCIIEIHEN TYEUKE yaalIIeTCs.

C nmapajutesbHbIX BEIX0J0B MJI3 3HaYeHHs CHMBOJIOB MOCTYIAIOT Ha NEPEMHOKUTENH (X).
B kaxaoM M3 HUX 3HAUEHUU € CHMBOJA yMHOXaeTrcs nubo Ha +1 (T.e., ocraercs 6e3
MU3MEHEHHUH), TUO0 yMHOXKaeTcss Ha -1, T.e. €ro 3HaK H3MEHSeTCS Ha MPOTHBOMOJOKHBIH.
[locnenoBarenbHOCTh SYEEK C TE€M HWIM HHBIM KO3G(UIHUEHTOM MepeAayd Ompeaesiser
HACTPOMKY MpUEMHHKAa Ha IpHeM KOHKpeTHoro konaa. OHa [OJDKHEZ TOYHO [OBTOPSATH
10CJIeI0BaTeIbHOCTh CHUMBOJIOB, IMPHCBOCHHBIX JaHHOMY aboHeHTy. IIpu 3TOM ¢ mnpuxoaom
CUTHAJIOB OT 3TOr0 abOHEHTa OTKJIMK NPUEMHHKA Ha €ro CUTHall OyJeT UMeTh MaKCHMMaJIbHBIH
ypoBeHb. Eciii ke NpUXOJUT CUTHaI OT APYyroro aboHEeHTa, TO OTKJIMK TPUEeMHHMKAa Ha HEro
Oyzaet HEOOJIBIIMM. JTO U CIYXKUT IPU3HAKOM KOJOBOI'O pa3/iefieHHs KAaHAJIOB MepeIayun.

B cymmarope ocymecTBiseTcs NpocToe apu(METHUECKOE CIIOKEHHUE CHTHAJIOB C
BbIXOJIOB Bcex mnepeMHoxutTened. Cymmaphbiid curHan Upgpx mNomaercs Ha MOPOTroBOE
ycrpoiicTBo. DakTHyecku, 3T0 — OJOK IpUHATHS pelleHUs. PerieHue o mepegade TOro HIIH
MHOT'O JIOTHYECKOI0 CHMBOJIA IPOU3BOAMTCSI B HEM Ha OCHOBE CpaBHEeHMs HampsbkeHust Upgpix CO
3HayeHussMHu AByx noporoB U, u U_ . Eciu Ugpx > U, , TO mpuHHMaeTcs pellieHHue, 4To B
JJAHHOM TIpyIllle CHUMBOJIOB IiepeaaBaiach Jjoruueckas eaununa. Ecmu  Upgpx < U . 1O
[IPUHUMAETCS PELIEHUE, YTO IepeaaBaiCs JOTHYECKUH HOMb.

Paccmotpum o6pabotky mnpocreifmero koma mis N=6. Ilycte mepemade JIOrHYECKOR
€JMHUIIBI COOTBETCTBYET IIOCJIEN0BATEIBHOCTE CHUMBOJIOB: +1.+1,-1.-1, +1,-1. (Ilepenaue
JIOTMYECKOro HyJIsI COOTBETCTBYET HHBEPCHAS I10CIECI0BATEIbHOCTE BUaa: -1,-1.+1,+1.,-1+1.)

[TycTte Mo NMHMHM CBSI3M NEPENAIOTCS IOCIIEJOBATENILHO JBE JIOTHYECKHE €IMHMIIBL, T.€.

HOCJIEA0BATENbHOCTE  cumBosIoB:  +1,+1,-1,-1,+1,-1,+1,+1,-1,-1, +1,-1. Torma mporecc
00pabOTKM CUTHATIOB MOXKHO IMPOUJLTFOCTPUPOBATH TabuIeH 1.
B T1abmuue |1 ctpoku 0ObeJHHEHBI B IPYNIbI IO TpH cTpokd. L{udper +1 u -1 aus KpaTKocTH
3anicy 0003Ha4YeHbl 3HaKaMu “+” u “-“. I'pynmsl cOOTBETCTBYIOT MOMEHTaM BpeMeHH t1-+t2,
CIICAYIOLIMMH OJIMH 3a JpyruM 4epe3 uHTepBas T. B nepBo# cTpoke KakJoW rpyIibl MOKa3aHa
HOCJIE0BATEIbHOCTE  CHMBOJIOB, COOTBETCTBYIOINAS Iepefade MOAPSI JABYX JIOTHYECKHX
eIUMHML. B Kax1oi nocnenyroelt rpymnmne Best 3Ta MOC/IEA0BaTEIbHOCT CUMBOJIOB CIBUTAETCS
Ha OJIHY MO3MIIMIO COOTBETCTBEHHO ciBUry B MJI3. Takike mokaszaHa CIBHTarOILascs ¢ KasKIbIM
TAaKTOM TpaHHWIA MEXIY CHMBOJIAMH, COOTBETCTBYIOIIMMH pa3HbIM JIOTHYECKHM €IHMHMIAM
(ob03HaueHa BepTUKAIbHOH TMHMEH). BTOpast cTpoka CHMBOJIOB M3 IIECTH KJIETOK OJAMHAKOBA B
Ka)XJI0W TpYyIIl€ M COOTBETCTBYET IOCIEJOBATEILHOMY pa3MELIEHUIO MHOKUTEIEH B ILECTH
NepeMHOKUTENAX. TpeThs CTPOKAa CHMBOJIOB B KaXKIOW KIETKE COAEPIKHMT pe3yJbTaThl
NIEPEMHOXKCHHS JBYX BEPTHKAJIbHO PACIIOJIO0XKEHHBIX CHMBOJIOB M3 PACIOJIOKEHHBIX HaJj HeH
KJIeTOK. B KpalHUX GOJBIIMX KJIETKaX MPUBEIECHBI 3HAYEHUS] CYMMapHOro HanpskeHus Uppx Ha
BBIXO/IE CYMMATopa B COOTBETCTBYIOIINE MOMEHTHI BPEMEHH.

Ha puc. 2 npuBeneH rpaduk M3MeHEHHs II0 BPEMEHH OTCYETOB, CHUMAEMBIX C BBIXOJA
cymmaropa (1.e. Uppix).

W3 rpaduka crnezyer, 4T0 B MOMEHTHI BPEMEHH t| M 7 3HAYEHHMS] MPEBBIIAIOT BEIHYHHY
nopora Us, KOTOPBIA BHIOPaH B JaHHOM ClTydae paBHbIM +3. (OTpuiarensHslii mopor U. paBeH -
3). Ilpu stom IIV BBIpaGOTaeT NpaBHIBHOE pEIIEHHE, 9YTO MEPEAABaIOCh IOAPSI JBE
JloruYecKkue eIuHUubl. EciM nepearoTcs NOrMYecKkHe HyJW, TO OTCYETHI OyAyT HpPUHHMAThH
3Ha4Y€HUsl, paBHbIC -0.

Tabnumua 1.
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s - + - - - Uppix=-2
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+ + + + + + Uppix=16

Crenryet OTMETHTB, YTO B NMOJOOHON CXeMe IPOMCXOMMT KOHIIEHTpPAIHUs YHEPrHU BO
BpeMeHH. JIeHCTBUTENbHO, YpOBEHb MoJaBaeMbIXx Ha MIJI3 CHrHAIOB COCTaBIseT OJHY
OTHOCHTEJIPHYIO €MHHIY, @ YPOBEHb CHUTHAJIOB, IOCTynaroumx Ha Bxon IIY. pasen N. D10
IPUBOJMT K yBEJIMYCHHIO OTHOIUCHUS MOINHOCTH CHUTHAla K M[IyMy M YIyYIIEHHUIO
ITOMEXO0YCTONYUBOCTH.

Usnix

s o —— e — —

| 1

Puc. 2

Teneps paccMOTpuM cHTyalHIO, KOTrZla Ha BXOJ J@HHOTO NPHEMHHKA NPUXOAMT CHIHAI
Apyroro abOHEHTa, Ha KOJ| KOTOPOrO INPHEMHHK HE HACTPOEH. [ToBTOpPHUM BCIO ONHCAHHYIO
npouesypy oopaboTKH CHTHANOB, ofaB Ha Bxox MJI3 moapsi ABe JOrMYecKye eQMHHUIbL, HO
3aKOMPOBAHHBIE IPYTUM KOJIOM, HAllpUMEp, MOCJIEeI0BATENbHOCTHIO CUMBOJIOB: +1. -1. -1. -1.
+1, +1. IlocTpouM s Tako# MOC/IEAOBATEIBHOCTH Tabiuuy (tabnuua 2), aHaJOrMYHYIO
nepBoi. BTopble CTPOYKH KaIOM TIpyNmbl OCTAHYTCS TEMH e, T.K. OHM OIIpeAEAIOTCS
CTPYKTYPOM IIPHEMHHKA, KOTOpasi 0CTAJIaCh HEM3MEHHOIA.

I'paduk BBIXOJHOrO CHrHaNa CymMMaropa JUls 3TOH CHTyaldd NMOKa3aH Ha pPHUCYHKE 3.
Hu oauH noporoBeiii ypoBeHb He IIPEBBILAETCS, M IPUEMHHK HE Oyner pearnpoBarh Ha TOT
curdan. Takum o6pasoM, HyKHBIH CHIHA IPHUEMHHUKOM (PHKCHDPYETCS. HEHY)KHbIE CUTHAJIbI He
BOCIIPUHUMAIOTCS, YEM U OCYIIECTBISETCS pa3iejeHue CUTHAIIOB.

B COOTBETCTBUM C BBIIEH3NOKEHHON METOAUKON CTYNEHTBI MPOU3BOIAT pacyeTsl 10
MCCIIEIOBAHHIO CBOMCTB MeTozla pasjeneHus curHaioB CDMA ¢ COGCTBEHHBIMH KOJAMM
COIJIACHO  IOJTYyYCHHOMY WHAMBHIyalbHOMY 3aqaHuio. CIIHCOK KOMOB COIJIACHO HOMEpaM
MH/MBUNlyaIbHbIX 3aJaHUll Haxomurcs B Tabmume 3. J[is KPaTKOCTH 3allUCH KOIbI JaHbI B
BOCbMEPHYHON CUCTEME MCYMCIIEHUs. Bo Bcex 3a[aHusAX KOJNMYECTBO CHMBOIOB Koaa N paBHO
18, cnenoBaTesbHO, €r0 MOXKHO 3aIIHCATh LIECTBIO BOCBMCPHUYHBIMU 4HuciaMU. COOTBETCTBHE
3alMCH OJHOM LHM(pPBI B BOCBMEPUYHOM CHCTEME H TpEeX CHMBOJIOB KOJa IIPUBEJCHO HHXKE B



tabiuue 4. [Ipu pacyetax 3HaAUeHHs MOPOTOBBIX yPOBHEH nmpuHUMaroTcs paBHbiMH U.=9.5 u U.
=-9.,5.

Tabnuua 2.
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[TOPAJJOK ITPOBEJEHN S PACYETOB
1. CryneHT nosryyaeT COOCTBEHHBIN KO/I.
2. CTyaeHT y3HaeT KObl JECATH WICHOB CBOCH IPYIIIIbL.
3. ITpousBoauTes pacyeT NPHTOJHOCTH CBOETO KOJA IS HUCIOJIB30BaHUS B CUCTEME CBS3H.
st storo:

- 4e€pe3 CBOH IPUCMHHUK IIPOITYCKAlOTCsA CHMBOJIBL KOJa, COOTBCTCTBYIOIIHME IIepelade IABYX
JJOrHYCCKHUX CIUHHULL,

Ugnrx
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Puc. 3

- 4epe3 CBOHM MPUEMHHK MPOMYCKAIOTCS CHMBONBI KOJa, COOTBETCTBYIOIIME IIEpEade
JIOTHYECKUX CHMBOJIOB «1», «0». B mepBoM ciiydae NODKHBI HAOMIOAATLCS BA OTKIIMKA, PABHBIE
+18. Bo Bropom ciydae 10KHBI HabmIONAThCS 1Ba OTKIMKA, paBHble +18 u -18. B ciyuae
TIOSIBJICHUSI IOIIOJIHUTEIILHBIX OTKIIMKOB KO/, BBIIAHHBIN CTYICHTY, H3MEHSAETCS.

4. JUtss oTOOpaHHBIX JECATH KOJAOB CTYIEHT MpPONYCKAeT Ui KakAOro KoJaa depe3 CBOii
IPUEMHMK I10CJIEOBATEIbHOCTH CHMBOJIOB, COOTBETCTBYIOIME Iepejade ABYX JIOTMUECKHX




eauHUL. OTKIMKM HAa HHX HE JIOJDKHBI BBIXOIHTD 3a Ipelelibl OPOrOBBIX ypoBHe. Kombl Tex

CTYAEHTOB, CUTHAJIbI KOTOPBIX BBI3BAIM OTKJIMKH, BEIXOJSLIME 32 IPE/ebl OPOTrOBBIX YPOBHEH,

MCKIIIOYAKOTCS U3 JlalbHEHIIEro pacCMOTPEHHUSI.

5. Kofpl ocTaBIImMXcsi CTy€HTOB IpPOITYCKAIOTCS Yepe3 CBOW IPHEMHHMK, HMHTHPYs Nepeiady

JIOTHYECKHX CUMBOJIOB «1» , «0». Y B 5TOM cilydae OTKIMKH He JOJDKHBI BHIXOAMTE 3a Hpeebl

NOpOroBeIX ypOBHEH. CTYNEHTBI, YbM CHTHAIbl BBIIUIM 33 [peIe/bl YPOBHEH., TaKkKe

HCKIIIOYa.TCSA U3 PaCCMOTPEHHSI.

6. CTyICHTOM J€eNaloTcs BBIBOJABL, YTO C KOJAMH OCTAaBIIUXCS MOMKET OBITH OpraHH30BaHa
COBMECTHAs CUCTEMA CBSI3H.

Tabmuna 3.
Howmep 3ananus Kog Howmep 3aganus Kon
1. 147205 26. 512450
2. 712613 27. 341241
3. 360754 28. 525316
4. 275540 29, 165601
3, 67521 30. 152325
6. 035125 a1. 442610
7. 561373 32. 106173
8. 255022 33, 243652
9, 625371 34. 325431
10. 164717 33, 145753
11. 163210 36. 132237
12. 443163 37. 317223
13. 105752 38. 136074
14. 307622 39. 213172
15. 526023 40. 155471
16. 742266 41. 212631
17 463243 42, 332116
18. 745106 43, 421313
19, 423521 44, 141712
20, 154735 45. 171022
21. 317351 46. 414301
22, 265326 47. 176024
23, 413173 48. 075342
24, 351334 49, 261047
25, 126543 50.

7.YYEBHO-METOAUYECKOE U HWH®OPMAIIMOHHOE OBECIIEYEHUE
AUCHUITJIMHBI

CrHCOK OCHOBHOM U JIONOJIHATENBHOM JTUTepaTyphl (BuGnuorexa Bal® V)
OcHoBHasi 1uTeparypa

1. bazoBble u NpUKIIagHbIe HHPOPMALMOHHbIE TEXHONOTMH: YueGHHK / B.A. I'Boznera. - M.: U]
®OPYM: HUI] UHOPA-M. 2014. - 384 c. ISBN 978-5-8199-0572-2..

http://znanium.com

2. Teopus anexktpudeckoii csizu: yyebuuk / JI.JI. Kmoes. - M.: HHUL] UHOPA-M, 2015. - 448
c.- ISBN 978-5-16-011447-7/- www.znanium.com



3. OcHoBbI Teopud HHpoOpManuu: YuyeOHoe mocobue / A.M. Mackaesa. - M.: ®opym: HUILI
UH®PA-M, 2014. - 96 ¢.: 70x100 1/16. (o6moxka) ISBN 978-5-91134-825-0..

://znanium.com
JlonoIHUTEIbHAS JINTEPAaTypa.

1. Beenenre B MHGOKOMMYHHUKAIIMOHHBIE TE€XHOJOTHM: Y4eOHoe nocobue / JLI'. I'arapuna.
AM. Baun u ap.; lox pea. a.1.H., npod. JLI'.Tarapunoit - M.: UJI @OPYM: HULL MHOPA-M,
2013.- 336 ¢c. ISBN 978-5-8199-0551-7 — http://znanium.com

2. ®epocos. B. I1. [upposas o6paboTka curaanos B LabVIEW [DiexTponHsblit pecypc] : y4eo.
nocobue / B. I1. ®enocos, A. K. Hectepenko; nox pen. B. II. ®degocosa. - M.: JIMK Ilpecc,
2009. - 456 c. - ISBN 5-94074-342-0. - http://znanium.com

3. OcHoBbl (hopMHpOBaHHs, Neperauyd U IpueMa LU(poBod MHPOpPMALUH [DIEKTPOHHBIU
pecypc] : yuebnoe nocobue / B.W. Jly3un, H.I1. Hukurun, B.W. I'an3ukosckuit. - M. : COJIOH-
[TPECC, 2014. - http://www.studentlibrary.ru/book/ISBN9785321019610.html

OTeyecTBeHHbIE Ky PHAJIbI:

e PapnorexHuka;

e PanoTexHuKa U JIEKTPOHHUKA,;

o [[pubopbl U TEXHUKA IKCIIEPUMEHTA;

o [[upposas 06paboTKa CUTHAJIOB.
PedepaTuBHBIE XKy pHAJIbI:

e PagnorexHuka;

® DJIeKTPOHHKA.

3apy06eskHble XKy pHAJIbI:

e |[EEE Transactions on Communications;
e IEEE Transactions on Signal Processing;
¢ [EEE Transactions on Instrumentation and Measurement.

8. MATEPHAJIBHO-TEXHUYECKOE OBECIIEYEHMUE

MaTepI/IaJ]]:HO-TeXHI/I‘—IGCKoe obecrieyeHnue JUCHUILIMHBI BKJIIFOYACT:

° KadenpaibHble MyIbTUMeIUNHBIE cpeacTBa (ayn. 301-3, 410-3 u 335-3);
® HabopslI cinaif1oB 1o BceM JieKiusmM (0T 10 go 20 caaiaoB Mo Kaka0H JEKIHH ),
[Mpumeuanus:

1. O6mee 4ucio NOoAroTOBICHHBIX ciainoB Oonee 100, OHU €XKErOAHO PEAAKTHPYIOTCS U
MOJIEPHU3UPYIOTCS B COOTBETCTBUHU C PA3BUTHEM TEXHHUYECKOM U METOAMUYECCKOM Oa3bl.

IIporpamma cocraBieHa B cooTBeTcTBUU ¢ TpeboBanusimu ®I'OC BIIO mo namnpaBiieHHIO
11.03.02. «AHbOKOMMYHHKAIIMOHHBIE TEXHOJIOTHH H CHCTEMBI CBSI3M)

PaGouyto nporpammy cocraBui npodeccop kad. PT u PC r,/f’f/ [Momymun T1.A.

Penenzenr,
["'enepanbubiit tupekTop OAO
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JIUCT NEPEYTBEPKJIEHUSA
PABOYEM ITPOT'PAMMBI
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Pabouast mporpamma o1o06peHa Ha y4eOHbIH roj

[TpoTokou 3acenanus kapeapsbl Ne 0T rojaa

3aBeayromuit kKapeapoi

Pabouas mporpamma oo0peHa Ha yueOHBIi roj

[Tporokout 3acemanus kadeapsr Ne oT rojaa

3aBenyroiuit kadeapoi




