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1. HEJHY OCBOEHHUSA JUCHUIIJIMHbBI

IHeasiMu ocBoenus Aucuuminebl ''O0mas Teopus cBA3H'' ABJIAITCH:

—_—

ITogroroBka B 00IacTd  3HAHUS  OCHOBHBIX  IPHHIMIIOB  TMOCTPOCHHS U
(YHKIIHOHUPOBaHUS COBPEMEHHOM TEJIEKOMMYHUKAIIHOHHOM araparypbl U €€ THIIOBbIMH
pEIIEeHUSIMU U KOHCTPYKIUSAMH.

®opMHpOBaHUE IPAKTUYECKUX HABBIKOB PACUYETOB CUCTEM CBSI3H.

[TogroroBka B 00JacTH paJMOTEXHHKH IS pasHbIX cdep dKCIEpUMEHTAIbHO-
UCCIIE0BATENLCKOM TPOPECCUOHAIBHOMR JEATENBHOCTH .

w2 o

2.  MECTO JUCUMIIJIUHBI B CTPYKTYPE OIIOII BO

Jucuuniuna "O61mas Teopuy CBsi3i" OTHOCUTCS K 6a30BOH 4acTh AUCHUILIMH (b1 .b.9).
B3aumoceasb ¢ Opyzumu Oucyuniunamu
Kypc " O6meit Teopuu cBs3d" OCHOBBIBaeTCsi Ha 3Hanuu "Matemaruku”, "®usuku’.

"OCHOBBI TEOpUH Iienen".

[TonyyeHHble 3HAHKSI MOTYT OBITH MCIOJIB30BaHbl NPH JUIUIOMHOM MPOCKTUPOBAHUU H
IIpH U3ydeHHH TUCHUIUIHE «CXeMOTEXHHKA TEIEKOMMYHHMKAIIMOHHBIX YCTPOUCTBY, «MeToabl 1
YCTpOMCTBA Mepelaud CHrHajuoB», «MeToibl M YCTPOKCTBA NpUEMA CHIHAIOBY, «OCHOBBI
mocTpoeHusi HMHPOKOMMYHHKALHOHHBIX CHCTEM», a TakKe B Mpolecce paspaboTku H
IIPOEKTHPOBAHUS PaJHOAIIIapaTyphl.

3. KOMIIETEHIIMA OBYYAIOLIEI'OCs, ®OPMUPYEMBLIE
B PE3YJIbTATE OCBOEHUSA JUCHUIIJIMHBI

B pesynbrare OCBOSHHs JHCLHUILIMHBI O0YdaloIMHCsA NO/DKEH 00Jaarh CIeAYIOIHMU
KOMIIETEHIUSIMHU

- CIOCOOHOCTBIO ITPUMEHSATh COBPEMEHHBIE TEOPETHYECKME M OKCICPUMEHTAJIbHBIE METO/bI
JCclieloBaHUs. € LENBI0 CO3JaHHMsl HOBBIX IIE€PCIIEKTUBHBIX CPEICTB JJIEKTPOCBS3H U
MH(OPMATHKH, OPTraHA30BbIBATh W IPOBOAMTH MX MCIBITAHHSA C LEBIO OLEHKA TPeOOBaHUAM
TEXHMYECKMX PErJIAMEHTOB, MEKAYHAPOAHBIX M HAlMOHAIbHBIX CTAHJApTOB W HHBIX
HOpMaTHBHBIX 10KyMeHTOB (IIK-17);

B pe3yiabTare OCBOCHHUS JUCHHUIITTHHBI 06y‘{a1011m171cs1 JOJIXKCH:

3HaTh:

- (usnueckde SPPeKTel W IPOLECCHl, JieXKallMe B OCHOBE NPHHIMIIOB JEHCTBHUS
PaarO3IEKTPOHHBIX CHUCTEM CBS3H;

- 0COOEHHOCTH MTOCTPOCHHUS, ITApAMETPHI ¥ BUbI OCHOBHBIX THIIOB CHCTEM CBSI3U

-IIOCTpOEHHE OJIOKOB, OCYIIECTBISIOMIMX YCHICHHE, (UIbTPALMIO, IeHepaluo H 00paboTky
CHIHAJIOB B CUCTEMAaX CBSI3H, 0COOEHHOCTH MHKPOMHHHMATIOPH3ALMK TaKUX YCTPOMCTB Ha Oase
IPUMEHECHHS HHTETPATBHBIX MHKPOCXEM.

YMmern:
- ONIpeCATh NapaMeTPhl U XapaKTEPHUCTUKU CHCTEM CBS3H,
- HCIOJIB30BaTh OCHOBHBIE MIPHEMbI 00pabOTKH 3KCIIEPUMEHTAIIbHBIX JaHHbIX

Baagern:
- HAaBBIKAMH [TPAKTUYECKOH paboThI ¢ 1aO0PaTOPHBIMY MAKETAMH;



- HaBbIKaM#H Bbl60pa THITOB W TApaMETPOB Y3JIOB CUCTEM CBA3U, HCXOIS H3 TCXHHUCCKHUX

TpeOOBAHNI M YCJIOBHH DKCTITyaTallky.

4. CTPYKTYPA U COAEPKAHUE JUCUHHUIIIIMHBI: "OcHoBbl Tcopun cBsisi "
O6111ast TPY10EMKOCTh JIHCUUTIIHHBI COCTABISET 7 3aUETHBIX €AMHMIL, 252 4acoB.
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COUYCTAHHM ¢ BHCAY/IMTOPHOH paboTOH:

pabo’

1adopaToOpHbIX

OBPA3OBATEJIbHBIE TEXHOJIOI'MU

5.1. AKTUBHBIE H HHTEPAKTHBHBIC (POPMBI 00ydeHHs
C nenbto (HOPMHPOBAHHUS W Pa3sBUTHUS TMPO(YECCHOHATBHBIX HABBIKOB CTY/ICHTOB B
yueGHOM TPOIECCE HCTIOJIB3YIOTCSE AKTHBHBIC B MHTEPAKTHBHBIC (DOPMbI IIPOBE/ICHHS 3aHsITHI B

b, MHIMBWIYQIbHBIC — JOMAUIHHE  padOThl).
HHTCPAKTHBHBIX (JOPMAX., COCTABISICT 4 Hac 3aHATHH.

5.2.CamocTrosiTe/ibHasi padoTa CTyAeHTOB
CamocrositesibHasl  (BHeayauTOpHast) pabota
TEOPETHUECKOI'0 MaTepraia MpH MOJATOTOBKE K BBITIONHEHHIO U 3alinTe J1abopaTopHbIX 3alaHni,
4 TAKKe NPH BHINOJHEHHH WHIMBHIYATLHOH jomaliHell paGothl. OCHOBA CamoCTosTe/IbHOM
pa60'l'hl - U3YUCHHUC JIMTCPATypbl MO pCKOMCHJIOBAHHBIM HUCTOYHHKAM U KOHCIICKTY JICKIIMEL,

5.3.MyJibTHME/ANHHBIC TEXHOJIOI'HH 00yU4eHH S
Bce JIGKIIMOHHBIE 3aHATHS NPOBOAATCS B BHJC [NPE3CHTALME B MYyJIbTHMC/IMIHHOM
AYJMTOPHH ¢ HCIIOJIb30BAHHEM KOMITBIOTEPHOrO MPOEKTOpPA M TpejcTaBieHuemM ot 15 Jio 20
CHafJI0B 110 K0 JIEKUIHH.

(,"I’y,’lCH'l‘ﬁM [IPCIOCTABIACTCH  KOMITBIOTCPH bIH

(1abopatophble padoTbl, KOHTPOILHBIC Ay IMTOPHBIC

O0ObeM  3aHSTHH.  1IPOBOJMMbBIX B

CTYACHTOB BKJIIOUACT  3aKpPCIIJICHUC

KypcC JICKIIMH ¥ OIMCAHus  BCCX

p‘dG()'I", KOMHblO'I‘Cpr]C TEXHOJIOI'MH UCITOJIB3YIOTCS  JUIA O(l)()pf\dleHHﬂ

1a00paTOpHbIX padoT.

6. OLIEHOYHBIE CPEJCTBA JIJISI TEKYWEI'O KOHTPOJISI YCIHHEBAEMOCTH,
MPOMEKYTOYHON ATTECTALIMU 11O UTOI'AM OCBOEHHMSI
JUCHUNIJIMHBI U YYEBHO-METOANYECKOE OBECITEYEHHE
CAMOCOSTEJBbHON PABOTBI CTYJIEHTOB

6.1. Boripocbl K YK3aMeHy

Ls

OCHOBHBIC TTOHATHS U ONPCACIICHHUA TCOPHH CBA3H.




O60o61eHHas CTPYKTypa B3aUMO/ICUCTBHS TEJEKOMMYHUKALIMOHHBIX CHCTEM U CETEH.
JlorapudmMuueckne eIMHULBI U3MEPEHUS.

PaGouue 3aTyxaHud u 1uarpamMmma ypoBHEN.

[lepBuYHBIE CUTHATIBI SJIEKTPOCBSI3H M UX ITapaMeTPBl.

TenedonHble (peyeBbie) CHIHAIIBLL.

Curnansl 3ByKOBOTO BEILI[aHHSI.

DaxcUMUIbHBIE CUTHAJIBL.

TeneBU3MOHHBIE CUTHAIBI.

10. Curnansl nepeayn JaHHBIX H Tejaerpaduu.

11. Knaccuukanys 4 OCHOBHBIE XapaKTEPHCTUKH KAHAJIOB [IEPEIayH.

12. Kanan nepenauu, Kak 4-X MOJFOCHHK.

13. Kanan ToHaJIbHOH YaCTOTHI.

14. KaHan 3ByKOBOIrO BeIaHUS.

15. Kanan uzobpaxeHus.

16. IllnpokonosaocHble U IHU(PPOBBIE KAHATILL.

17. JIByXCTOPOHHUE KaHAJIBI.

18. TpeboBanus K pa3BA3bIBAIONIMM YCTPOHCTBAM H HX KJIACCH(UKALIHSL.

19. RAC.

20. TAC.

21. Heypasnosemennsie nuddepenuuaibnsie cuctems u cpapaenne PIIC u T/IC.
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6.2. 3agaHus IS epeaTTecTALUMH

Tema 2

l. OmnpenenuTs, B KaKOM MPEACTABIEHUU TaHbI CJIEIYIOIIHME CUTHAJIBI: B SHEPreTHUECKOM
WJIM B MOIMHOCTHOM? HaliTi HOpMUpOBaHHYIO SHEPrUui0 ¥ HOPMUPOBAHHYIO MOIIHOCTH KaXKI0I'0
CUrHaJIa:

a) x(1)= Acos2aft nnst —w0 < <0 ;

A=cos2naft ona-T/2<t<T/2, z0eT =1/f
0) x(1)=
] 0 ona ocmanbhbix

A=exp(-at) ona t<0,a>0
B) x({) =
0 ona ocmanvHwvix t

r) x(t)=cost+5cos2t s —o <t <.
2. OnpeenuTh ClIEKTPaTbHYIO IIIOTHOCTh YHEPTMH KBAJIPATHOTO uMmIysbca x(t)=rect (1/1),

rae ynxuus rect(t/T) pasna 1 s —1/2<t<T/2 u paBHa HYJIIO IS OCTANBHBIX /. BBIYHCIATD
HOPMHPOBAHHYIO SHEPIUIO £, HMIIyJIbCa.

3. BbIpasuTh cpeHIOI0 HOPMHEPOBAHHYIO MOIIHOCTH CHTHAJIA yepes Ko PUIHEHTEI
KOMILJIEKCHOTO psiia Pypee.

4. Hcnonb3ys ycpenHeHue o BpeMeHH, HalTH CPeIHIO0 HOPMHPOBAHHYIO MOIIHOCTb
curdana x(t1)=10cos10t+20cos20t.

5. Vicnone3yst cyMMHpoOBaHHe CIIEKTPAIBHBIX KOYDDUIMEHTOB, HANTH CPEIHIOI
HOPMHPOBaHHYIO MOILIHOCTh CUTHANIA X(1)=S5cos]5t+10cos10t.



0. OnpenenuTs, Kakue U3 NEPeYHCICHHBIX QYHKIHH UMEIOT CBOMCTBA
ABTOKOPPEJSILIUOHHBIX (DYHKIUH:

l, onmn -—-1<t<l,

a) x(r)= _ ;
0 ona ocmanbHblx T

0) x(1)=0(t) +sinnft,
B) X(t)=exp(|1|)
r) x(7)=1-|7| m1s —1<t<1 u 0 11 OCTaIbHBIX T.

7. Onpenenuts, Kakue U3 NEePeYUCICHHBIX QYHKIUH UMEIOT CBOMCTBA (DYHKIMHI
CIEKTPAIbHOM IIIOTHOCTH MOILIHOCTH:

a) X(f)= 6 (f) +cos2xf:
6) X(1)=10+ o (~10);

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

8. BbIpasuTh aBTOKOPPEAUHOHHYIO (YHKIMIO X(1)=Acos(2 nfi+ ¢) depe3 ee MEpHOJ
T=1/f. Haliti cpe1HIOI0 HOPDMHPOBAHHYIO MOIIHOCTD X(t) , HCHOMB3Ys cooTHOLeHUe P =R(0).

9. Haliti aBTOKOppEIIMOHHYIO QyHKIMIO R(T) curHana X(1)=10cos10t+20c0s20t u ero
CPEHIOI0 HOPMHPOBAHHYIO MOIIHOCT.

10. Hnst Gyskuun x(1)=1+cos2 7nfi BEIMHCIUTB: @) cpeJHee 3HA4YeHHUE X(7); 6) MOILIHOCTh
NEePEMEHHON COCTAB/IAIONIEH X (1); B) CpeAHEKBAApATUYECKOE 3HAUEHUE X ().

11, Ha okpaHe aHaioroBoro TeIeBU3HOHHOIO NpPHEMHHMKA C JUIMHOM cTpokdu 500 MM
TpeOyeTcs co31aTh H300pakeHHE BEPTHKAIBHOM YepThl IMPUHOH 3 MM. JIyd npo6eraet cTpoky
TEJIEBM3MOHHOIO pacTpa 3a OTPE30K BPEMEHH JIMTENBLHOCTBIO 64 MKc. OnpeienuTs IMPUHY
CIIEKTPa aHAJIOrOBOTO TEJICBH3HMOHHOTO CUTHANIA, YIIPABJISAIOIIErO SPKOCTHIO CBEYEHMS IKPAHA.

12. Haiitu cBsi3b MeX Iy ClIEKTPATBHBIMY [UIOTHOCTSMM CUTHAJIOB 5(7) U S(—1).
Tema 3
l. [Tycts OIHOTOHAJIbHBIN AM-curnan OIIMCBIBAETCS BBIPAKEHUEM

u(1)=500[1+0.8cos(1041+45°)]cos(1071+90°). Tloctpouts B MacmTabe BEKTOPHYIO AHAIPAMMY
JAHHOTO CHTHaJla, OTBEYAOIIYI0 MOMEHTaM BpeMeHH: a) 1=0; 6) 1=10.

2. AMIUTUTYIHO-MO/1yIAPOBAHHBI CUTHAJ OIIMCHIBAETCS CJIEYIOIUM BBIPAKEHHEM
u(1)=12(140,6c0sQr+0,2c0s2Qs)cosmr B.
Onpenenuth HauOOJIbIIEE U HAUMEHbIIIEE 3Ha4YeHHUs orubarouiedt U(/) TaHHOTO CUTHAJIA.

3. [lycte m3BecTHO, 4TO B HMccnenmyeMoi TOYKe CXeMbl HAGMIONACTCH AMILIHTYIHAS
NEPEMOIYJIANHS ONHOTOHAIBHBIM CHUTHAJIOM, M 3HAUEHUS] aMILTMTY] PaBHBI, COOTBETCTBEHHO
Unax 8 Unin. Onipe1eTh 3Ha4eHKe K09 QHUIMEHTa aMIITATY IHO#M MOy M.



4. OnHoTOHaNBHBIA AM curHan xapaktepusyercs TeM, 9To Upa=130 B, Uyi,=20 B. Haittu
ko> duuuent moaynauuu M, a Takxke ammutyay Uy Hecyliero KojaebaHus.

5. Paccuutars mmMpuHy I0j0ockl 4Yactor I, 3aHMMaeMyio B d3¢upe TenerpadHbM
pajMoKaHaioM, paboTaroumM 1o npuHIuny AM co ckopocaTeio mepenaud 360 3HaKOB B
muHyTy. Ilpd 93TOM mojararb, 4YTO IEPEJABAEMbli CHIHAl SBIAETCS I€PUOAUYECKOU
[1OCJIE0BATEILHOCTRIO Touek Mop3e U JUIMTEIbHOCTh NIay3 paBHa JIMTEIbHOCTH UMITYIbCOB.

6. HcTo4HHMK 3.4.C. ¢ aMILIUTYAHON Moxyssiuuer u(f)=Uy(1+Mcos Qr)cos o/ 3aMKHYT Ha
PE3UCTUBHYIO Harpy3Ky ¢ compoTuBieHHeM R. OnpenendTs BbIDOKEHHUS Ui COCTABIISIOMIMX
MIHOBEHHOM MOIIHOCTH B Harpy3Ke, KOTOpble H3MEHSAIOTCS BO BPEMEHH C 4acToTaMu 2 u 2()
COOTBETCTBEHHO.

7. Uctoynuk AM curaajia co3iaeTr Ha pe3sUCTUBHOU Harpy3ke R=2xOM HanpshKeHHe
U()=75(1+0.4c0s10°)cos10%  (B).

BblyvciauTs MMHHMAQILHOE ¥ MaKCHMMaJIbHOE 3HAYEHHS AKTHBHOM MOIIHOCTM HMCTOYHMKA.
yCpeIHEHHOM 3a IEePUO/I HECYIIEro KoeOaHus.

8. Hekortopoe paauonepeaaroniee yCTpOHCTBO ¢ aMIIMTYJHOH MOJIYJIALUMEH H3IydaeT B

PEKHME «MOJTYAHUs» (IPU OTCYTCTBHM MOJIYJISIMH) MOIMHOCTH Py= 4 kBt. Onpenenutsb

[IMKOBOE 3HAYEHHME H3JIy4aeMOW MOIMHOCTH Ppac  OAHOTOHAIBbHOrO AM-curHana, eciu

ko3¢ duieHT Moxyauun pased M=0,8.

9. Konebanue ¢ yriioBoi MOAyJISILIUEH OMUCHIBAETCS BBIPAXKECHUEM
u(t)=15cos(10*+3sin10%+1.4sin10°r+7/4).

HaiiTy BeTMYMHY MTHOBEHHOM 4aCTOThl JJAHHOT'O CHI'Hajla B MOMEHT BpeMEHH t=1 MKc.

10. HajiTy MakCHUMajbHOE€ U MHUHUMAJIbHOE 3HAYEHUS] MTCHOBEHHOM 4acToThl YM-curhaina,
NIPEJICTABJIEHHOI'O BBIPAKEHHEM

u(t)=Up(3-10°+2sin 10"+ n/6).
11. OpuoroHaneHeE YM curHanm umeer Hecyulyro dyacrory fo=50 MI'm u yacrory
moayisiiuu F=7 MI'n. OnpenenuTs, B KaKMX IPEAEIIax JIO)KHA U3MEHAThC MTHOBEHHAS 4acTOTa
3TOro KoJjiebaHus It TOro, YTo0bl HHACKC MOAYJISLUH /7 ObLT paBeH 40.

12, [ToayuyuTh CriEeKTpaIbHOE NPEACTABICHUE CUTHAA C YIJIOBOM MOAYJISALHEH

u(1)=8¢os(10°+0,06sin1 0.

6.4. 3ananus k CPC u pekoMeHJalMHU 10 UX BbINOJHEHUIO

B pamkax CPC npoBoIsTCs pacyeThl 1O HMCCIEJOBAHHMIO METOAA pPa3lesieHUs] CHUIHAJIOB
CDMA  (“Code Division Multiple Access”), HCHOJIB3yeMOr0 B  COBPEMEHHBIX
(YHKIMOHUPYIOIUX U MEPCIIEKTUBHBIX CUCTEMAX CBS3H.

OCHOBHBIE TEOPETUMYECKUE I1OJIOXEHUA. (IlogpoGHOE coaepikaHHe CTYIAECHTBI



MOTYT MOJIyYHTh BO BpeMs JIEKIUH U B 3JIEKTPOHHOM JIEKLIMOHHOM KypCe).

Meron CDMA sBnseTcs OOHUM M3 MEPCHEKTHUBHBIX METOAOB pa3[eiIeHHUs CHUIHAJIOB,
KOTOpBIH B Oy/IyIlleM MPU3BaH 3aMEHUTh HbIHE UCIOJIb3yEeMbIE METO/bI pasjesieHus (YacrorHoe
paszeneHde W BpeMeHHoe paszenieHne). OCOOEHHOCTBIO M OTJIMYMEM METOJa OT MPOYHMX
SIBJISIETCS] TO, YTO CHTHAJIBI BCeX a0OHEHTOB OJJHOBPEMEHHO MEPEAAOTC B OJIHO U TO XK€ BPEMS U
B OJIHOM M TOM JK€ YaCTOTHOM auarna3oHe. OCHOBHBIM IMPU3HAKOM HX OTJIHYMS BBLICTYIACT
MH/IMBHIyaIbHBIA KOJI, IPUCBAUBAEMbIX Ka)KIOMy aOOHEHTY.

Ha npueme OCYIECTBISICTCS KOPPEISLUOHHBIN IpueM B HudpoBoi dopme, T.€. GHILTP
NpUEMHHKA HACTPOEH Ha MpPHEM KoJa KOHKPETHOTo abOHEHTa TakuM o0pasoMm. 4ToObl IpH
T10JyYEHHH CYMMBbI CHTHAJIOB OT MHOTHX a0OHEHTOB OH «4YBCTBOBAJl» TOJBKO CBOEr0 abOHEHTa,
a Ha CUTHaJIbl JPYrux aOOHEHTOB He pearnpoBail. IIpy NpakTHYECKHX pacyeTax CTYACHTbI Ha
CBOEM IIpUMepe IPOBEPSIOT JAAaHHOE CBOMCTBO KOPPEISLMOHHONO NpHEMA M HCCIEAYIOT
0COOEHHOCTH, ITIOIYTHO BO3HHUKaoIMe npu obpabotke curxaios. [Tpu oObsACHEHHH METOAMKA
BBIIIOJHEHUS. pacyeToB MpPENoJaBaTellb HPOM3BOJAMT YINPOIIEHHBIH pacyeT Ha OCHOBE
YKOPOYEHHOT0 KoJa. PacCuMThIBaeTCS BBIXOJHOM CHIHAJl IPUEMHHMKA IIPH [PHEME «CBOEIro»
CUTHala, Ha KOTOPBIM HAcTpoeH (UIbTp NPUEMHHUKA M IPU [IPUEME «UYKOr0o» CHIHaIA.
[IpenoaBaTeslb KOMMEHTHPYET pE3yJIbTAThl pACUETOB.

[TPUMEP PACYETA.

Ilpu nepenade EAPOBBIX (JIOTHYECKUX) CUTHAIOB KaXIOH INepelaBacMOM JIOTHYECKOH
eMHUIIE MTPUCBAMBAETCS CBOM yHHMKalbHbIH LU(poBOM koA JuMHBI N. IlockoibKy mepenaya
OCYIICCTBIACTCS OMHAPHBIMH CHUTHATAMH, TO IEpeAada JOIMYEeCKOM €JMHHIbI COOTBETCTBYET
nepejave MOC/IEA0BATEILBHOCTH N IPOTHBONOJIOXKHBIX CHMBOJIOB ((M3MYECKUX CHIHAJIOB),
KoTOpble oOo3HavarotTcs yepe3 +1 u -1. Ilepenade jgoruyeckoro Hyisi COOTBETCTBYET 3Ta Ke
0CJIEA0BATEIBHOCTh, HO HHBEPTUPOBaHHas, T.€ BMecTo +1 mepeaercs -1 1 Ha060POT.

B mnpueMHmke curHanbl 00pabaThIBAlOTCS COIJIACHO AQITOPUTMY, YKpYIHEHHAas
CTPYKTYpHas cxeMa KOTOpOro nNpuBeJeHa Ha puc. 1.

Bxon . . .
7 Mmoo
| | !
\.\ ~, \' /
X X X
U+
i Unsawr -
/ ! N BRIX W)/ Bercon
Z 7 Iy __z\)
U-
Puc. 1

Ha cxeme 00603HaueHb: MHOTOOTBOJHAS JUHHS 3ajaepxku (MJI3), nepemuoxutenu (X),
apudmeTHueckuii cymmarop (£) u noporooe ycrpoictBo (I1Y), koTopoe nmpuHUMaeT pelieHue
0 meperade TOro WJIM HMHOro Jiormyeckoro cumposa. Ha Bxox MJI3 HenpepplBHO mocTymnaer
MOCJIeI0BaTENbHOCTS CUMBOJIOB +1 U -1, oOpasyromas rpynnsl mo N CHMBOJIOB, KaxJas M3
KOTOPBIX COOTBETCTBYET II€pelaBacMbIM B JaHHBII MOMEHT JIOTMYECKOM €IUHULIE HIH
JIOTUYECKOMY HYJIO. J[TUTENIbHOCTH CUMBOJIOB paBHa T.

3Ha4yeHHs CHUMBOJIOB 3allOMHHalOTCs B suekkax MJI3. Yepes umHTEpBas BpEeMEHH,
paBHbiid T, Ha Bxox MJI3 noctynaetr HOBBIM CUMBOJ MPUHATOM mocieaoBarenbHOCTU. [Ipu 3TOM



BCS paHee 3allOMHEHHas I[0CJIeJ0BaTeIbHOCTh CUMBOJIOB cABUraercs BrpaBo. CHMBOIL,
HaXOJUBIIMKCS B OCJIEIHEH TYEHKe yaaseTcs.

C mapaienpHbIX BIX00B MJI3 3HaYeHHs] CUMBOJIOB IOCTYNAIOT HA NEPEMHOKHUTENH (X).
B xaxaoM M3 HHUX 3HA4eHHH € CHMBOJIa yMHOXaercss nubo Ha +1 (T.e., ocraercs 0Oe3
U3MeHeHul), b0 yMHOXaeTcsi Ha -1, T.e. €ro 3HaK HM3MEHSETCS Ha IPOTHBOIOJIOKHBIN.
[TocnenoBarenbHOCTh SYEEK C TEM WM HHBIM KO3 (UIHMEHTOM nepegayd onpejessieT
HAaCTPOMKY NpPHEMHMKA Ha IIpUEM KOHKpETHOro koaa. OHa [OKHa TOYHO IOBTOPSTh
10CJIEIOBATEIbHOCTh CUMBOJIOB, NPUCBOEHHBIX JaHHOMY aboHeHTy. Ilpu 3ToM ¢ mpuxoaom
CUTHAJIOB OT 3TOT0 abOHEHTa OTKJMK NPUEMHHKA Ha €ro CUrHall OyJeT UMeTh MaKCHMAaJIbHBIH
ypoBeHb. EcliM Ke MPHUXOOUT CUTHAT OT ApYroro abOHEHTAa, TO OTKJIMK IPUEMHHKA Ha HEro
OyneT HeOOJIBIIUM. DTO U CITY’KUT IPU3HAKOM KOJIOBOTO pa3/ie/ieHUsl KaHAJIOB IepeIayuH.

B cyMmMarope ocyluecTBisieTcss HOpocToe apuMeTHYecKoe CIIONKEHHE CHUIHAJIOB C
BBIXOZOB Bcex mnepeMHoxurened. Cymmapubiii curHan Uppx MoJaeTcss Ha MOPOroBOe
ycrpoiictBo. DakTHuecku, 3T0 — OIOK NPUHATHS pelleHus. PemieHue o nepegade TOro MU
MHOI'0 JIOTMYECKOI0 CUMBOJIa IPOM3BOAMUTCS B HEM Ha OCHOBE CpaBHEHMSs HampsukeHHust Upgpix €O
3HauyeHussMU AByX noporoB U; u U_ . Ecimu Ugpx > U, , TO npUHMMAaETCs peLIeHHE, YTO B
JAHHOHM TIpyIllle CHUMBOJIOB IepenaBajach jorumyeckas eaununa. Ecomum  Upgpyx < U . 1O
[IPUHUMAETCS pELICHUE, YTO [1ePeaaBajICs JOTHYECKUMH HOJIb.

Paccmotpum 06pabotky mpocreiimero koma mist N=6. IlycTe mepemade JIOrHYeCKOH
€JIMHMIIBI COOTBETCTBYET II0CIIEAOBATENBHOCTE CcUMBONOB: +1.+1.,-1,-1, +1,-1. (Ilepemaue
JIOTHYECKOT0 HYJII COOTBETCTBYET HHBEPCHAS IIOCIEI0BATENBHOCTD BUa: -1,-1,+1,+1,-1+1.)

ITycTs o NMHMH CBSI3U NEpeNaloTCs MOCIEAOBATENbHO [BE JIOTHUYECKHE €IMHHMIEI, T.€.

nocjienoBareNbHocTs  cumBosioB:  +1,+1,-1,-1,+1,-1,+1,+1,-1,-1, +1,-1. Torma mporecc
00pabOTKH CUIHAJIOB MOXHO IPOUJUTIOCTPUPOBATH TAOIHUIEH 1.
B tabiuue | cTpoku oObeIUMHEHBI B IPYMNIBI 10 TpH cTpokH. [{udpbr +1 u -1 i KpaTrkocTu
3alMCH 0003HAYeHbl 3HaKaMu “+7” u “-“. I'pynIbl COOTBETCTBYIOT MOMEHTaM BpeMeHH t1+t2,
CIEYIOUIMMH OJIMH 3a JpYIHMM 4epe3 uHTepBasl 1. B mepBo# cTpoke Kakaoil rpymisl oKa3aHa
HOCJIEA0BATEIbHOCTL  CHMBOJIOB, COOTBETCTBYIOIIAS Iepefade MOMAPSl JABYX JIOTHYECKHX
eIMHML. B kaxnoil nocnenyromei rpymme Best 3Ta NOC/IeA0BaTeIbHOCTE CUMBOJIOB CIBUTAETCS
Ha OJIHY IIO3MIHMIO COOTBETCTBEHHO cABUrY B MJI3. Takke moka3zaHa CIBHUTarOIIAsICs ¢ KaXKIbIM
TAKTOM TpaHHMIAa MEKIY CHMBOJAMH, COOTBETCTBYIOIIMMH pa3HbIM JIOTHYECKHM €AMHMIAM
(o603HaueHa BEPTUKAIBHOM JTMHKEH). BTOpas cTpoka CHMBOJIOB M3 IIECTH KJIETOK OAMHAKOBA B
KaXJI0OM TIpymnme M COOTBETCTBYET IIOCIEAOBATEILHOMY pa3MEICHHIO MHOMHTEJIEH B LIECTH
NEePEeMHOXKHUTENAX. TpeThs CTpOKA CHMBOJIOB B KaXIOH KJIETKE COJEPKHUT pe3yJIbTaThl
NEPEMHOKEHHS JBYX BEPTHKAJILHO PACIIOJIOXKEHHBIX CHMBOJIOB M3 PACIIOIOKEHHBLIX HaJ Hel
KJIETOK. B KpaliHMX GOJIBIIMX KIETKAaX PUBEAEHBI 3HAYE€HHs] CyMMAapHOro HanpsxkeHus Uppx Ha
BBIXO/IE CyMMAaTopa B COOTBETCTBYIOLIHE MOMEHThHI BPEMEHH.

Ha puc. 2 npueneH rpaduk W3MEHEHHs 10 BPEMEHH OTCUETOB, CHUMAeMbIX C BBIXOJA
cymmaropa (T.e. Ugpix).

U3 rpaduka ciexyer, 9T0 B MOMEHTHI BPEMEHH | U t; 3HAYEHHs IPEBBILAIOT BEJIHYUHY
nopora U, KOTOpbIH BEIOpaH B JaHHOM cilyyae paBHbIM +3. (Otpunaressusblii mopor U. papeH -
3). Ilpu stom IIY BBIpaboTaeT NpaBUIBHOE pELICHHE, YTO MEPEAaBaToCh MHOAPS] JIBE
JIoryYecKue elMHHuLBl. Eciv mepemarorcs norudeckue Hyad, TO OTCYETHI OyAyT HPHHHMAThH
3HAYEHMsI, paBHbIC -6.

Tabnuua 1.
+ |+ - - I+ T- [+ + = = + = t1
+ + i - + i
+ =k + + + + Uppix=16
[+ [+ - T- T+ = + |+ " - - t2
+ + . - + i
- + - + - - Uppix=-2
| [+ I+ T- T- T+ - T [+ - T- 18




+ 2 - - + -

+ - - - - + Ugpix=-2
| [ [+ I+ [- [T+ [- T [+ |- |

+ - , - + =

- -+ + - + 2= UBbIX:+2
L1 T+ I+ - T T+ - [+ 1%

+ + - - + -

- - - =+ o+ - Uppix=-2
| [ [ T I+ I+ - ]- T+ - T I

+ & = - - =+ =

+ - + - - - Uppix=-2
[ N S O N I R

= =+ - - - -

+ + i + + =+ Uppix=16

Crenyer OTMETHTB, 4TO B TOJOOHOM CXeMe IPOMCXOJMT KOHIEHTPAIUs SHEPIUH BO
BpeMeHHU. JIeHCTBUTENLHO, YPOBEHb IOJaBaeMbIX Ha MIJI3 CHrHaIOB COCTaBISET OJHY
OTHOCHTCJIbHYIO €JIMHHMIY, 8 YPOBEHb CHUTHAIOB, MocTynaromux Ha Bxoxa ITY, pasen N. D10
IIPUBOJMT K YBCIMYEHHMIO OTHOILICHUS MOINHOCTH CHIHala K IIyMY W yIYYIIEHHIO
IIOMEX0YCTOMYUBOCTH.
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Teneps paccMoTpuM CHTyaluio, Korja Ha BXOA AAHHOIO NPMEMHHKA [PHXOMUT CHIHAI
Apyroro abOHEHTa, Ha KOJ KOTOPOrO HPHEMHHK HE HACTPOCH. IToBTOpHM BCIO ONHMCAHHYIO
npoueaypy o6paboTkn CHrHajioB, moJaB Ha BXox MJI3 HOAps ABE JOrHYECKHE eIHHHIBL HO
3aKOMPOBAHHBIE JIPYTHM KOJIOM, HAlPUMED, IOCIEA0BATEIBHOCTEIO CUMBONIOB: +1, -1, -1, -1.
+1. +1. Tloctpoum s Takoil MOCJIEIOBATENHLHOCTH Tabnuiy (Tabamua 2), aHAIOTHMYHYIO
nepBoid. BTopble CTPOYKM KaXmoi IpyNIbl OCTaHYTCS TEMH 3Ke, T.K. OHH OIlpEeNESAIOTCS
CTPYKTYPOH IIPUEMHHKA, KOTOpask OCTAJIaCh HEU3MEHHOM.

I'paduk BBIXOMHOTrO CHIHANA CyMMaTopa JUIS 3TOH CHTyalMH MOKa3aH Ha PHUCYHKE 3.
Hu oxun moporoseii ypoBeHb He NPEBBILLAETCS, M [IPUEMHHK HE OyeT pearupoBath Ha 3TOT
curHan. Takum o6pasoM, HyXKHbIH CHTHAI IPHEMHUKOM (UKCHPYETCH, HEHYKHbIE CHIHATBI HE
BOCIIPUHUMAIOTCS, YEM M OCYLIECTBIIACTCS Pa3/IeI€HUE CUTHAIIOB.

B cooTBeTCTBUH € BBINEH3NTOKEHHON METOIMKOM CTYAEHTBI IPOM3BO/IAT pacyeTsl 1o
MCCIICIOBAHMIO CBOMCTB MeToja pasjeneHus curiaioB CDMA ¢ coGCTBEHHBIMH KOJaMH
COTJIACHO - HOJIyYCHHOMY HMHIMBHIYalbHOMY 3aJaHuto. CIIHCOK KOJOB COIJIaCHO HOMEpaM
HHIMBUAYaIbHbIX 3aJaHUi HaxoauTcs B Tabmume 3. JIIs KpaTKOCTH 3allUCH KOIBI JaHbl B
BOCEMEPUYHOH CHCTeMe HCUHC/ICHHA. BO BCeX 3aaHHAX KOJIMYECTBO CHMBOJIOB Koga N paBHO
I8, cienoBatesnbHO, €ro MOXKHO 3aIMCATH IECTBIO BOCHMEPUYHBIMM uHCaMu. COOTBETCTBHE
3alMCH OJTHOH LH(PbI B BOCBMEPHYHOM CHCTEME U TPeX CHMBOIIOB KOJA NPHBEIEHO HUXKE B



tabmuite 4. [Ipu pacueTax 3HaYeHHUS MOPOrOBBIX YPOBHEH NpHHUMaOTCs paBHbIMH U.=9.5 u U.
=-9.5.

Tabsmna 2.
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[TOPAJOK ITPOBEJEHWS PACYHETOB
1« CryneHT nosrydaet cOOCTBEHHBIN KOJI.
2, CTyzeHT y3HaeT KoJIbl IECATH YWIEHOB CBOEH IPYIIIIEL.
3. [TpousBoaMTCS pacyeT MPUTOIHOCTH CBOETO KOJA I MCIIOJIB30BaHHUs B CUCTEME CBSI3H.
s sToro:

- 4epe3 CBOH OPUEMHHUK IIPOIYCKAIOTCSI CHUMBOJIBI KOJa, COOTBCTCTBYIOILIHME Iepeaade IBYX
JIOTHYCCKUX COUHHUIL,

Usnix

Puc. 3

- 4epe3 CBOM IPHEMHHK IPOMYCKAIOTCA CHMBOIBI KOJd, COOTBETCTBYIOLIME IEepeaaye
JIOTUYECKHMX CUMBOJIOB «1», «0». B mepBoM ciy4ae m0JKHBI HaGIIFOAATHCS BA OTKIIMKA, PABHbIE
+18. Bo Bropom ciydyae NOJKHBI HaOMIONATHCS 1BAa OTKIMKA, paBHbIE +18 u -18. B ciyuae
TNOSBJICHUS! IONIOJHUTENIbHBIX OTKIMKOB KOJ, BBITAHHBIA CTYIEHTY, H3MEHSAETCS.

4. Jlns otoOpaHHbIX J€CATH KOIOB CTYACHT MPOIYCKAET i KakIOro KoJa depe3 CBOW
IPUEMHMK I10CJICIOBaTEIbHOCTH CHMBOJIOB, COOTBETCTBYIOIIHE Iepejadye ABYX JIOTMYECKHX




eaunul. OTKIMKA HA HUX HE JOJDKHBI BBIXOIUTH 3a Ipelelibl IOPOroBLIX ypoBHel. Kombl Tex

CTYACHTOB, CUTHAJIbI KOTOPBIX BBI3BAIM OTKJIMKH, BHIXOJALIME 32 IPEeIbl IOPOTOBBIX YPOBHEH,

MCKITIOYAKOTCS M3 JalbHEHIIEr0 pacCMOTPEHHUS.

5. Koapl ocTaBmIMXCS CTYyIEHTOB HPOITYyCKAIOTCS Yepe3 CBOH IPUEMHHK, HMUTHPYS Hepeaady

JIOTHYECKUX CHUMBOJIOB «1» , «O». I B 3TOM cllyyae OTKJIMKH HE JOJKHBI BHIXOAUTH 3a [peaeIbl

MOPOroBbIX ypoBHEH. CTYNEHTBL, 4YbM CHUTHAJbl BBIIUIA 32 IPEJENbl YPOBHEH, TaKike

HCKJIFOYA.TCS U3 PACCMOTPEHHS.

6. CTyeHTOM JeNaloTCs BBIBOJLI, YTO € KOJAMH OCTABIIMXCH MOXET OBIThb OpraHu3oBaHa
COBMECTHASI CUCTEMA CBSI3H.

Tabnuua 3.
Homep 3ananus Kon Homep 3ananus Kon
1 147205 26. 512450
2. 712613 27. 341241
3. 360754 28, 525316
4. 275540 29, 165601
3 67521 30. 152325
6. 035125 31, 442610
7 561373 32. 106173
8. 255022 33. 243652
9, 625371 34. 325431
10. 164717 35 145753
11. 163210 36. 132237
12. 443163 37. 317223
13. 105752 38. 136074
14. 307622 39, 215172
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-METOJAMYECKOE M HH®OPMALIMOHHOE OBECIHEYEHUE
JUCHUTLITAHBI

Cnycok OCHOBHO# U I0MOJIHUTENbHOM MUTepaTypbl (Bubauoreka Bl Y)
OcHoBHas MTepaTypa

1. bazosble u npukianHble HHPOPMAIIMOHHBIE TEXHOIOIHH: Yuebnuk / B.A. I'Boznera. - M.: U]
OOPYM: HUI] UH®PA-M, 2014. - 384 c. ISBN 978-5-8199-0572-2..

http://znanium.com

2. Teopus snekTpudeckoit cssu: yueOGHuk / JI.JI. Kimoes. - M.: HHULL UHOPA-M, 2015. - 448
c.- ISBN 978-5-16-011447-7/- www.znanium.com



3. OcHoBbl Teopuu HH(popMarnuu: YyebHoe mocobue / A.M. Mackaepa. - M.: ®opym: HUILI
NH®PA-M, 2014. - 96 c.: 70x100 1/16. (obnoxka) ISBN 978-5-91134-825-0..

://znanium.com
Jlono/JIHMTe/IbHASA JIUTEepaTypa.

1. BeeneHue B MH(POKOMMYHHKAIIMOHHBIE TE€XHOJIOTWH: YueOHoe mocobue / JLI'. I'arapuna.
A.M. Baun u ap.; [ox pen. a.1.1., mpod. JL.I.T'arapunoii - M.: UJIT ®OPYM: HUL] MHOPA-M,
2013.-336 ¢. ISBN 978-5-8199-0551-7 — http://znanium.com

2. ®egocos. B. I1. Liudposas o6padotka curnaioB B LabVIEW [DiekTpoHHbIH pecype] : yueb.
nocobue / B. I1. ®exocos., A. K. Hectepenko; mox pea. B. II. @enocosa. - M.: JIMK IlIpecc.
2009. - 456 c. - ISBN 5-94074-342-0. - http://znanium.com

3. OcHoBBl (popMHpOBaHHs, Nepefadyd U IpueMa LUPpoBOH HMHGPOPMALMU [ DIEKTPOHHbIH
pecype] : yuebroe nocodue / B.M. Jly3un, H.I1. Hukurun, B.W. I'agsukosckuit. - M. : COJIOH-
[TPECC, 2014. - http://www.studentlibrary.ru/book/ISBN9785321019610.html

OTedecTBEHHbIE KYPHAIbI:

e PagnorexHuka;

e PalMOTEXHUKA U DJIEKTPOHHUKA;

o [Ipubopbl U TEXHUKA IKCIIEPUMEHTA;

e [[udpoBas 06pabOTKa CUIHATIOB.
PedeparuBHbie KypHaJbl:

e PamnorexHHuKa;

® DJIEKTPOHHKA.

3apy0ekHble Ky pHAJIbI:

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

8. MATEPHAJIBHO-TEXHUYECKOE OBECIIEYEHHUE

MaTepI/IaJ'ILHO-TCXHI/I‘I€CK06 oOecrieyeHue JACHHUILUIMHBI BKIIFOYACT:

° KadepaibHble MylbTUMeIURHBIE cpeacTa (aya. 301-3, 410-3 u 335-3);
° HaOop#I c1aii1oB 1o BceM JieKusM (0T 10 g0 20 caaiigoB 1Mo Kaxa0M JEKIHH);
IIpumeuanus:

1. OG61mee 4ucio NOArOTOBIEHHBIX cinainoB Gonee 100, OHM €XKEroqHO PEeNAKTUPYIOTCS U
MOJIEPHHM3HPYIOTCS B COOTBETCTBHHU C Pa3BUTHEM TEXHUYECKOM U METOIHUYECKON Oa3bl.

IIporpamma cocraBiena B coorBeTcTBUM ¢ TpeboBanusimu GI'OC BIIO 1o HampaBieHHIO
11.03.02. «MTH}OKOMMYHHKAIMOHHBIE TEXHOJIOTHHA M CHCTEMBI CBA3H)
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