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1. KPATKASA AHHOTAIIUA

I{enpro 06pa3oBaTEIHHON MPOTPAMMEI SIBJISIETCS TMTOATOTOBKA CIICIIMAIUCTOB, CIIOCOOHBIX
MIPOBOMTH CAMOCTOSITEIbHBIC M HAYYHBIE HCCIIEIOBAHUS, pa3padOTKy MPUOOPOB M CUCTEM Tepeaadn
JAHHBIX, OCHOBAaHHBIX HA IIPOCTPAHCTBEHHOM, BPEMEHHOM M KOJOBOM pa3/ieJICHUU KaHAJIOB (Ha
npumepe OFDM monynsiiiuu 1 MEOroanTeHHbIX TexHoJoruii MIMO). OcHOBHOM 11€7TbI0 TTOJITOTOBKH
SIBJISIETCS] OOBEMHEHNE TEOPETUUECKUX U TPAKTUICCKUX HABBIKOB, MTOJIY4aeMbIX BO BPeMs OOYUICHHS U
BEITIOJTHEHUS JTA0OPATOPHBIX PadoT.

2. MECTO JUCHUIIJIMHBI (MOAYJIS) B CTPYKTYPE OIIOII

Jlannas yueOHas nuCHMIUIMHA BKiIrodeHa B pasnen «bl1.B.JIB JucuumiuHbel mo BEIOOPY» OCHOBHOM
npodeccnoHaTbHOM 00pa30BaTEILHON MporpaMma BBICIIET0 00pa30BaHUS — MPOTPaMMBbI MTOATOTOBKH
HAy4YHO-TIEJJarOTMYECKUX KaJapoB B acnupanType. OcBauBaerca Ha 2 roay oOydeHwus, 4cemectp.
W3yuenne qaHHOM TUCIMILIMHBI 0a3upyeTcsl Ha By30BCKOM MOJATOTOBKE aCIIMPAHTOB.

3. HIEPEYEHb IIVTAHUPYEMBIX PE3YJBTATOB OBYYEHHUSA IO AUCIUIIIMHE
MOAYJIIO)

OOyuaromuiics, 3aBepIIMBIINN U3YYeHUE AUCIUILTHHBI, JOKEH

3HaTh:

- BHUJBI MOMAYJSIMNA CHUTHAJIOB, ONTUMHU3UPOBAHHBIX JUIsI KAHAJIOB C 3aJlaHHBIMH YaCTOTHBIMHU
CBOMCTBaMH, U allapaTHbIE METObI UX OPraHU3ALINH;

- CITOCOOBI OPTOTOHAIM3AIMH CUTHAJIOB, KaK BO BPEMEHHOM, TaK U MPOCTPAHCTBEHHBIX 00JIACTSX;
-METOJIbl M3MEPEHHI MapaMeTpOB pPa3IUYHBIX Y3JIOB COBPEMEHHOW CBS3HOM paauoanmaparypbl —
YCHIINTENICH, CMECHTENICH, MOIYISITOPOB, HAMPABICHHOTO OTBETBHUTENS, MJIU MOCTa, (UIBTPOB H
yCWINTENEH MOUIHOCTH C IOMOIIBIO aHAIM3aTopa LENei, CIEeKTpoaHaIu3aropa M BEKTOPHOTO
reHepaTopa CUTHaJIOB B CAHTUMETPOBOM JHara3oHe

YMETh:

- OCYLIECTBJISITb BBIOOp HAOOpa OPTOrOHAIbHBIX CHUTHAJIOB, C IOMOILBIO COOTBETCTBYIOLIETO
000pyIOBaHUSI CHHTE3UPOBATh UX, TaK YTOOBI MOMYyYEHHBINH IUPPOBOI KaHAT OKa3aics MaKCUMaIbHO
3aIUIIEHHBIM OT MEKCUMBOJIbHON U MEXKKAHAJIbHOW HHTEphEpPEHITNY;

- OCO3HAHHO MPUMEHSITh UJIEU ONTUMAIHHON CIEKTPaATbHON 2(PPEKTUBHOCTU CUCTEMBI, MAKCUMATbHON
CKOPOCTH TIepefiauud JAaHHBIX M €MKOCTH CETH IMPHU PEIICHUU 3a/ad CO3JaHUsl PaUu0 COCIUHEHWHA B
OeCIPOBOHBIX CHCTEMaX CBSI3U C MHOXKECTBEHHOCTHIO KaHAJIOB;

- TPOBOJUTH HEIMOCPEJICTBEHHBIC W3MEPEHHS TapaMeTpoOB  Y3JIOB COBPEMEHHOW  CBS3HOM
paauoannaparypsl;

- TOJIB30BATHCS JINTEPATYPHBIMU UCTOUHUKAMU

BIIAJIETh:

-HaBbIKAMU ONTUMAJIBHOTO BBHIOOpAa BUJIOB MOMYJSAIMHU Uil Tiepefadn uudpoBoit wHGOpMAIMK 10
KaHaJy C 3aJaHHOW YaCTOTHOW XapaKTEPUCTUKOM;

-HaBbIKaMU pabOThI HAa COBPEMEHHOW ammaparype st cOopa W o0pabOTKe IKCIEPUMEHTATBHBIX
JTAHHBIX;

-KOMIBIOTEPHBIMU TEXHOJOTUSIMH JJIsI 00paOOTKU U BBIJEICHUS HH(OPMAITUU U3 SKCTIEPUMEHTAIBHBIX
JTAHHBIX;

- HaBBIKAMU CO3/IaHUS TEKCTOB, OMHUCHIBAEMBIX HCCIEIYEMYIO TEMY;

J€MOHCTPHUPOBATH CIIOCOOHOCTH Y TOTOBHOCTH:!

-KPUTUYECKU aHAJIM3UPOBATh MPOOJIEMbI IO Mepeladyl CUTHAJIOB C IU(PPOBOM MOAYIISIIINEH;
-CaMOCTOSATEIFHO BEIOMPATh M 0OOCHOBBIBATH KPUTEPUU U METOIbI 00pabOTKH CUTHAJIOB;
-CaMOCTOSTEIFHO MCIOJIb30BaTh MAKETHI MPUKIAHBIX MPOTPAMM JIJIs1 PEIICHUS TOCTAaBIIEHHBIX 3a/1a4;
-U3JaraTh pe3yabTaThl UCCIECOBAHUI B BUJI€ OTYETOB, CTATEN U MPE3EHTALIUN.



B pe3ynbrare ocBOCHHS MUCHUILIUHBI (hopMHUpyroTCs cieayromue kommerenuun: YK-1, YK-3,
YK-5, YK-6, OIIK-1, OIIK-3, T1K-1, ITK-2.

Inpp xomMnereHuun

Pacumdposka
npuodperaeMoii KOMIeTeHIIUN

YK-1

CIOCOOHOCTh K KPUTHUECKOMY aHAJIU3Y M OLICHKE COBPEMEHHBIX Hay4HbIX
NOCTHKEHHM, TEHEPUPOBAHUIO HOBBIX UIECH IIPU PELICHUU
MCCIIEIOBATEIbCKUX U IPAKTUYECKUX 3a/1a4, B TOM YHUCJIE B
MEXTUCIUIUTMHAPHBIX 00JIACTSIX

YK-3

FOTOBHOCTb y4acCTBOBATh B pad0OTE pPOCCUMCKUX U MEXKYHAPOIHBIX
HCCIIeI0BATEIbCKUX KOJUICKTUBOB [0 PEIICHHIO HAYYHBIX U HAy4HO-
o0pa3oBaTeNbHBIX 33724

YK-5

CIIOCOOHOCTBH CJIE€J0BAaTh ITUYECKUM HOPMaM B NIPOHECCUOHAIBHON
NesTeNbHOCTH

YK-6

CIOCOOHOCTH MJIAHUPOBATH U PelIaTh 3a/1a4l COOCTBEHHOTO
MpohecCHOHATLHOTO ¥ TMYHOCTHOTO Pa3BUTHS

OIlK-1

CIIOCOOHOCTh CAMOCTOSITEIBHO OCYIICCTBIISTh HAYYHO-UCCIIEI0BATEIbCKYIO
NEesTEIbHOCTh B COOTBETCTBYIOIIEH PO eCcCHOHATBHOM 001acTh ¢
WCII0JIb30BAHUEM COBPEMEHHBIX METOIOB UCCIICIOBAHUS U
WH(POPMAIIMOHHO-KOMMYHHUKAIIMOHHBIX TEXHOJIOTUN

OIIK-3

CIOCOOHOCTH K pa3pabOTKe HOBBIX METOOB UCCIIEIOBAHUS U MX
[IPUMEHEHUIO B CAMOCTOSATEIbHON IPO(eCCHOHATLHON HAyYHO-
MCCIIEI0OBATEIBLCKON AEATEIBHOCTH B 00JIACTH MPOGECCHOHATTEHON
NesITeNbHOCTH

[1K-1

CIIOCOOHOCTBH B COOTBETCTBHU C y‘le6HHM IIJTaHOM CaMOCTOATCIbHO CTAaBUTH
KOHKPCTHBIC 3aJa4 HAYYHbIX I/ICCJIGI[OBaHI/Iﬁ B o0acTu Pa[[I/IOTeXHI/IKI/I, u
PCIIATh UX C ITOMOIIbIO COBpeMCHHOﬁ arraparypbsl 1 I/IH(l)OpMaLII/IOHHLIX
TEXHOJIOTHI C UCIIOJIL30BAaHHEM HOBEHIIIETO OTCUCCTBEHHOI'O U
Sap}I'6C)KHOFO OIIbITa

[1K-2

CIIOCOOHOCTh MPUHUMATh Y4acTHe B pa3padOTKe HOBBIX MOJIETIEH U METO/10B
Hay4YHOT'O MCCJIEI0BAHUS B 00JIACTH PaIMOTEXHUKU

4. CTPYKTYPA M COJAEPKAHUE JUCIMILIMHBI (MOJIYJIS)

4.1. PacnpenesieHue TPy10€MKOCTH JUCHUILIMHBI (B 4acax) M0 BUAAM HArpy3KH 00y4arwmerocs
U 10 pa3jesam JUCHUNTHHBI

OO011ast Tpy10€MKOCTh IUCHUIUIMHBI COCTaBiIseT 3 3a4eTHbIX(bIe) eauHui(bl) 108 yaca(oB).

dopma NpoOMEKYTOUHON aTTeCTallMK MO TUCIUILIMHE: 3a4eT B 4 ceMecTpe.

IIpakTu [JIadopat|CamocTo

Pasnes aucoMniIMHbI Cemectp|Jleknunu | Yeckue | OpHbIe |ATEJbHA
3aHATHS | paboThl |1 pabdoTa
1. Tema 1. CnexTpanbHas 3 PeKTUBHOCTD 2 2 10
KaHaJIOB
2. Tema 2. lemonynsauus (oOHapyXeHUE) 2 4 8 10
CUTHAJIOB C PA3JIMYHOIN MOy siuel Ha GpoHe
[IymMa.
3. Tema 3. KananbHoe (momexoycToitunBoe) 2 2 10




KOAUPOBAHUC U NCKOIHUPOBAHUC.

4. Tema 4. OcHOBHBIE METO/IbI pa3/IENECHUS 2 2 10
MOJIb30BaTENCH B CHCTEMAX CBSI3H.

S. Tema 5. Ilepenava u npuem nHpOpMAIHH B 2 4 8 10
OFDM-cuctemax cBs3u.

6. Tema 6. ['eHepaTopsl 1ceBIOCTydaiHBIX 2 2 2 10
MOCJIeI0BATEIbHOCTEH

7. Tema 7. Paznecennas nepenava. CnexrpanbHas 2 2 12
b dextuBHOCTE MIMO-CHCTEM CBSI3H.

8. HTorosas ¢opma KOHTPOJIS 2 0 0 3auer

8. Hroro 18 18 0 72

4.2 Cogepxxanmne TUCUUIIMHBI

Tema 1. CnextpanbHas 3pPEeKTUBHOCTb KaHAIOB

JeKuuoHHoe 3anamue (2 uaca(os)):

CriekTp nuckperHoro curHaia. KonmmaecTBo MHGOPMAIUU B JUCKPETHBIX COOOIICHMIX. Moaenu
KaHaJIOB 0e3 MmaMsTH (IBOMYHBIA CHMMETPHUYHBIA KaHall, AUCKPETHBIN KaHaj, KaHajd C AMCKPETHBIM
BXOJIOM W HENpPEPHIBHBIM BbIX0J0M). CrekrpanbHas 3¢hdekTuBHOCT, 3THX KaHaioB. Lllymbr B
JNEKTPUYECKUX CXEeMaX: paBHOBeCHble (rykTyanuu (TemaoBod IryMm, myMm HaiikBucra, mym
Jl>xoHCcoHa), 1po6oBoit 1 rukkepHbIi (W 1/f) mrymel. DxkBuBaIeHTHBIE cXeMbl. CIIOCOOBI OIMCaHUs
U U3MepeHHus HIyMoB ycuiuTened. OCHOBHbIE METOAbl MOAYNALMU: AMILTUTYIHAs, aMIUTUTyIHAs C
MOJIaBJICHUEM HECYIeH, 9acToTHas, (a3oBas, KBajapaTypHas. CpaBHEHUE WX XapaKTePHBIX YEepPT U
YCTOMYHMBOCTH K BO3JICHCTBUIO IIyMa.

Tema 2. [lemonynsius (0OHApYKEHHE) CUTHAIOB C PA3JIMYHON MOAYJIAIMEH HA OHE ITyMa.

JeKuuoHHoe 3anamue (2 uaca(os)):

OcHOBHBIE CXEMbI aHAJIOTOBBIX MPUEMHUKOB. [IpueMHUK npsiMoro ycuneHus. I'eTepoauHHbIN U
CyHepreTepoAuHHbIM npueMHHUK. [IpueMHuK mnpsMoro mnpeoOpazoBaHus. OCHOBHBIE MapamMeTphl.
UyBCTBUTENBHOCTD, N30MpaTeNnbHOCTh. [loaBneHNne 3epKkaibHOr0 KaHana. JIMHaMUYecKui Hara3oH.
ITokazarenu  BO3AEHCTBUS ~ NEPEKPECTHOW  MOAYISALUUM  (BHEMOJIOCHBIX  CUTHAJOB) U
MHTEPMOAYISIIMOHHBIX oMeX. CMelllaHHbIe aHaIoro-uu(poBbIe pauONPUEMHUKN U TPOrPaMMHO-
ompezaensiemast paauocuctema (Software-defined radio, SDR). Ocobennoctu peanusaru SDR.
Ludpossie cuntesaropsl DDS (Direct Digital Synthesizer).

KoppensuoHHblit 1eMOyIsSTOp (OCHOBHBIE BEPOSITHOCTHBIE XapaKTEPUCTHKHM CHUTHAJA U LIymMa
Ha BBIXOJIE KOPpEISIIMOHHOTO NpueMHuKa, BbixogHoe OCI, npumepst). CornacoBaHHbIN GUIBTP Kak
JIeMOAYJIATOp (MMITyJIbCHAsl XapaKTepUCTHKa, nepefarounas ¢yHkuus, Beixognoe OCII, npumepst).
OnTuManbHBI JETEKTOp I MoAysiuuu Oe3 mamsatu. Kputepuili MakcuMyma arocTepHOpPHOM
BEPOSITHOCTH M KPUTEPUHl MaKCUMAJIbHOIO TMpPaBAONOA00Ms NpU JE€TEeKTUPOBAHUU CHUTHAJIOB.
BeposiTHOCTH OMTOBOI M CUMBOJIBHOW OMIMOKK B rayCCOBOM IIYMOBOM KaHaje aus 2-, 4-OM, 16- u
64-KAM wmopaynsiui, a Takke ISl CUTHAJIOB 4YacTOTHOW Mmonynsuuu. [lonstue kosdduimenrta
HCIIOJIb30BaHUs MOJIOCHI. /[Ba OCHOBHBIX Kilacca HM(POBBIX CHUCTEM CBS3M - CUCTEMBI C Mepenadent
OpPTOTOHAJIBHBIX WJIM HEOPTOTOHAJIBHBIX CUTHAJIOB.

npakmuueckoe 3anamue (8 uaca(oes)):

BriBo/1 ypaBHEHHUI U3 MOHON CHCTEMbI YPaBHEHH TUAPOIUHAMUKH JUTSI pEATbHBIX (PU3MYECKHIX
cpen. O6001eHre ypaBHEHUH C yU4E€TOM JUCTIEPCUOHHBIX (PPEKTOB BBHICIIETO TOPSIKA, TUCCUTIAIINH 1
HeycroiunBocTeil. OmnpeneneHue mapaMeTpoB PaJUONPUEMHBIX U PAAUOINEPENAIOIIMX  Y3JI0B
CaHTHMETPOBOI'O JHAara3oHa

OmnpeneneHne XxapakTEpUCTHK MAJIOIIYMSIIETO YCUJINTENSI, YCUIIUTENS MOIIHOCTH, CMECUTEINS U
¢GuIbTpa B THrareplioBOM [Uana3oHe C IMOMOIbI0 BekTopHOro anamu3atopa (Vector Network
Analyzer) u ananmszaropa cnektpa (Spectrum Analyzer). B HacTosiiee BpeMs HIMPOKYIO
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MOMYJIAPHOCTh ToNy4rnu Iudposeie cuuTe3aTopbl yactoTel DDS(Direct Digital Synthesizer). Ha
npumepe DDS B Bune mukpocxemsl AD9959 usyqarorces crnocoObl ynpaBieHHUs JaHHOH MHKPOCXEMOM
U €€ CIICKTPAIbHBIC XapaKTePUCTHKH.

1. Beigenenue U omnpeaeseHUe PacroiOKEeHUsl CUTHalla 3aJaHHON (OpMBI U3 aJJIUTUBHOWU €ro
CMECH C ITYMOM.

2. Ompenienenne XapakTePUCTUK YCUIIUTEINS MOITHOCTH € TIOMOIIBIO0 BEKTOPHOTO aHAJIN3aTopa

3. OnpeneneHre XapaKTEPUCTUK YCUITHTENSI MOIITHOCTH C TIOMOIIBIO aHATU3aTOPa CIEKTpa

4. OnpeneneHre XapakTepUCTUK (PUIIBTPA C TTOMOIIBIO0 BEKTOPHOTO aHAIM3aToOpa

5. Onpenenenne XapakTepUCTUK MATOIITYMSIIIETO YCUIIUTENSI C TIOMOIIBIO aHATM3aTOPa CIEKTpa

6. Onpenenenne XapakTepUCTUK CMECUTEIIS C TIOMOIIBIO BEKTOPHOTO aHAIN3aTOpa

7. I[IporpammupoBanue pabouux pexxuMoB 1udposoro cuaTezaropa (DDS)

8. M3yuyeHuWe CHEKTpalbHBIX XapaKTepUCTHK IudpoBoro cunrezaropa (DDS) ¢ momormikio
aHaJIM3aToOpa CIEeKTpa

Tema 3. KanasnbHoe (IOMEX0YCTOWYUBOE) KOJAUPOBAHUE U JEKOTUPOBAHHE.

JeKyuonnoe 3anamue (2 uaca(os)):

Ceprounblii koaep. Paznuunble mpencTaBiIeHHUs CBEPTOYHOIO Kojepa (BEKTOPBI CBsI3H,
UMITyJIbCHASl  XapaKTEPUCTUKA, TOJWHOMHAIBLHOE TPEJCTABJICHHWE, JUarpaMMa COCTOSIHHUM U
IpeBOBUIHAS qUarpamma, peuierdaras guarpamma). OU3ndeckuii CMbICT KaHAIBHOTO KOAUPOBAHHUSL.
JlekoIMpOBaHKE IO METOIY MAKCUMAIIBHOTO TIPABIOTIO00Ms. MSTKOE U )KECTKOE MPUHSATUE PEIICHHIA.
AJroput™M CBEpTOYHOro JekoaupoBaHus ButepOu. CBoiicTBa CBEPTOYHBIX KOAOB (MUHHMAIIBHBIH
MPOCBET, CIIOCOOHOCTh K MCIIPABICHHUIO OIIMOOK, 3 PEKTUBHOCTD).

Tema 4. OcHOBHBIE METO/IBI pa3/CIICHUsI MTOJIB30BATENICH B CUCTEMAaX CBS3H.

JeKuuoHHoe 3anamue (2 uaca(os)):

CpaBHEHHE TPOU3BOAUTEIBHOCTH CHUCTEM CBSI3M C BPEMEHHBIM U YaCTOTHBIM Pa3IeICHHUSIMU
nonb3oBareneil. KomoBoe pasnenenune mnonb3oBateneii B CDMA-cucremax cBs3u. KomoBsie
NICEBJIOIIIYMOBBIC ~ TIOcieioBareibHocTH ~ Yomuma. Rake-npuémuank  (MIpUEMHUK — pa3HECEHHBIX
curnasnoB).IIpocTpaHncTBeHHOE pa3/ielieHHe MOJIb30BaTENCH.

Tema 5. Ilepenaua u npuem uapopmannu B OFDM-cucremax cBsi3u.

Jaekyuonnoe 3anamue (4 uaca(oe)):

OpTroroHanbHble MHOIOMEPHBIE CHUTHAJIBI € YacTOTHBIM caBUroM. PopmupoBanue OFDM-
cur"ana. [Ipuem OFDM-curnana. IIponycknas cnocooHocts OFDM-cuctemsl.

OFDM (orthogonal frequency-division multiplexing) MynbTHIIEKCHPOBAHHE C OPTOrOHATBHBIM
YaCTOTHBIM  pa3/ieJIeHUEM KaHaJOB) MOAYJSIMUS Kak MeToauka OopbObl €  3aTyXaHueM
BBICOKOYACTOTHOM COCTABJIAIOLIEH, CBA3aHHOW MaJOW 4aCTOTHOM IIOJIOCOM IMPONYCKAaHUS B JUIMHHBIX
Ka0elsiX U MPOCThIX TeIePOHHBIX MPOBOAAX, 0€3 MCIOJIb30BAHUS CIOXKHBIX (PUIBTPOB-3KBAIANW3EPOB.
Peanuzanuss MHOXeCTBa KaHaJOB C HU3KOM CHMBOJBHOH CKOPOCTBIO Iepelaud Kak Ccrocod
ocnabyeHus] BPEMEHHOI'O PacCesHus U MEXKCHUMBOJBHOM HMHTepepeHInu. AnnapaTHas peaau3anus
y3noB OFDM. bnoku, peanusytomue npsimoe U obpatHoe npeodpasoanue dypre. KagparypHslit
reHeparop.

Ilpakmuueckoe 3anamue (8 uaca(os)): Annapatnas peanu3zanus y3noB OFDM.

Pa3paboTrka O7I0KOB, BBIMOIHSIONINE TEHEPAIIMIO OPTOTOHATBHBIX CUTHAJIOB (ITOJHECYIINX) NI
3aIaHHON  TIOCTEAOBATEIbHOCTH M JCKOJMUPYIONIUE OTY TOCIEI0BATEIBRHOCTh TIOCHIE TIpHeMa
OpPTOTOHAJILHBIX CHTHAJIOB (peaiu3aius OOpaTHOTO W MpsMOro mpeooOpasoBanus Pypwe). CHauana
paboTa BEITIOJHSETCS B cpeie MoenupoBanus, 3areMm peanmmu3yercs Ha [IJIMC. B konme Bceit paboThb
W3MEHSIOTCSI YacTOTHBIE CBOWCTBA paJMOKaHala W M3y4aloTCs CIMOCOObl KOMIEHCHUPOBAHUS
BO3HHUKAIOIUX UCKAKECHUH.

Tema 6. ['eHepaTopbl NICEBAOCITYYaHHBIX MTOCIEA0BATEIBHOCTEN
JeKyuonnoe 3anamue (2 uaca(os)):



JlerepMHUHUPOBAHHBIE TE€HEPATOPHI TCEBAOCIYYalHBIX IOCJIEAOBATEILHOCTENU. ['eHepaTophl
MICEBIOCTYYalHbIX MOCIEIOBATEIbHOCTE C MCTOYHMKOM HHTponuu. ba3zoBas cxema ammapaTHOTO
reHeparopa IMceBI0CITydaifHOM MOCIeI0BaTeILHOCTH - CIIBUTOBBIN PErHCTP C JMHEHHBIMU O0OpaTHBIMHU
cesazasmu (LFSR — Linear Feedback Shift Register). I'enepamus NOPUMHUTHBHBIX MHOTOYJICHOB.
CrocoObl  yay4llleHHs KPUNTOCTOMKOCTH TIeHEpUPYEeMbIX TocienoBaTesnbHocTe. [Iporpammuas
(Mukpormnporneccopras) u anmnaparaas (HDL) peanu3zaius reHepaTopos.

Ilpakmuueckoe 3anamue (2  uaca(oe)): AnmapatHas  peanu3auus  TI'E€HEPATOPOB
IICEBJOCTYyYaHBIX MOCIEI0BATEIIBHOCTEN.

B pabore HeoOXoauMO TOSTamHO pa3paboTaTh OJIOKH, BBINOJIHSIONIME T'EHEPAIHIO
IICEBIOCIYyYaliHON IOCIEN0BAaTENBHOCTH IS 3aJaHHOTO MPENoJaBaTeeM IOJIMHOMA U 3aKOAUPOBATh
C €ro MoMOUIbI0 TMepeAaBaeMyr0 WH(POPMAIHIO, TOCIIE Yero JEKOIUPOBATh €€ C MOMOIIBI0 BTOPOTO
reHeparopa IceBJociay4YaiiHOM mocienoBaTenpbHOCTH. CHauana paboTa BBIIOJHAETCS B cpele
MojienupoBanus, 3areM peanusyercs Ha [TJIMC. B konne Bceld paboTsl IepBOHAYATBHBINA T€HEPATOP
3aMEHHUTh Ha reHepaTop ¢ O0JIbLIeH KPUIITOCTOMKOCTBIO T€HEPUPYEMBIX IIOCIEI0BATEIbHOCTEH.

Tema 7. Paznecennas nepemaua. CriekrpasibHast 3¢ dektuBHOCTE MIMO-cucTem CBs3H.

JeKyuonnoe 3anamue (2 uaca(os)):

HeanantuBHas W ajanTuBHAs pa3HECEHHbIE Mepenadyd. Buapl HeaJanTUBHOM pa3HECEHHOMN
nepegayn - ¢a3oBas, BPEMEHHas, OPTOrOHAIbHAS W MPOCTPAHCTBEHHO-BpEMEHHas. AJlalTHBHAs
pasHeceHHass mnepenada. CpaBHuTenbHass d3(PPEKTUBHOCTH (BEPOATHOCTh OLIMOKH) METO/0B
HEaJaNTUBHOM M aJaNTHBHOM pa3HECeHHBIX mnepenad. [loHATHE O MPOCTPAaHCTBEHHOM pa3/IeiIeHUU
nosib3oBareseil. OCHOBHBIE CBOMCTBA KaHATbHOU MaTpHIlbl KOddduiimeHToB nepeaayn. CrnekrpaibHas
spdextuBHOCTE MIMO-cucremsl 0e3 oOparHOW CBsi3u. Bpamienue auarpaMMbl HampaBIEHHOCTH
MPUEMHOT0O U MEePEAAIOIIEro MyHKTOB.

5. OBPA3BOBATEJIbBHBIE TEXHOJIOI'NA

Jlexiuu, BKIIIOYAIOIINE UCTIOIB30BaHUE MPOOIEMHBIX CUTYAIIHH,
CamocTosTenpHas paboTa acupaHTa (MOAr0TOBKA K YCTHOMY OTIPOCY),
Koncynbranumu.

6. YYEBHO-METOJMYECKOEOBECHEYEHMSI JJ51 CAMOCTOSITEJbHOM
PABOTBHI OBYYAIOLUXCS MO JUCHMUIIUHE (MOAY.JTIO)

BOl'lpOCLI K INIPAKTHYC€CKUM 3aHATUAM

Tema 1. CnextpanbHas 3 PEeKTUBHOCTh KaHAJIOB

YCTHBIHN OIIPOC, IPUMEPHBIE BOIIPOCHI:

CriekTp HIMCKPETHOTO CUTHajda. B dWeM CMBICH W BBITOAA CHEKTPATIBHOTO MPEICTABICHHUS?
Jlorapupmuueckas Mmepa wuHpopMmanuu. B dem cMbicn U BbIroja Jiorapu(pMUYECKON Mepsl
nHpopmanun? KonmdecTBo MHGOpPMAIUU B JUCKPETHBIX cOOOMeHMIX. MHbOpMaIMOHHAsT €MKOCTh
JUCKPETHOTO M HETIPEPHIBHOI'O CUTHAJIA.

Mogenu kaHaioB 0e3 MaMsATH (IBOMYHBIA CHMMETPHUYHBIN KaHal, JMCKPETHBIN KaHa, KaHal C
JUCKPETHBIM BXOJIOM M HENPEPBIBHBIM BBIX0A0M). Kak cOOTHOCATCS MOZENBHBIE NPEACTABICHUS O
KaHajie paclpoCTpaHEHUs] U pealbHbIE YCIOBUS PACHpPOCTPAHEHHUS PATUOBOIH Pa3IMUHBIX YaCTOT.
CnekrpanbHas 3pPEKTUBHOCTb ITUX KaHAJIOB.

[ymbl B 2JIEKTPUYECKUX CXEMax: paBHOBECHbIE (PIIyKTyanuu (TeroBoil mym, mym HaiikBucra,
ryM J[xoHcoHa), 1po6oBoit 1 (aukkepHbIi (1nu 1/f) mrymsl. DKBUBaNIEHTHBIE CXEMBI.

CnocoObl omucaHusi W HU3MepeHus HIyMoB ycunuteneld. OCHOBHBIE METOIbl MOIYJISIUU:
aMIUTUTY/IHAas, aMIUIMTyJIHas C TOAABICHHEM HeCyllei, uacToTHas, ¢a3oBas, KBajJpaTypHas.
CpaBHeHHE UX XapaKTEPHBIX YEPT U YCTOMUMBOCTH K BO3ACHCTBUIO IITyMa.



Tema 2. Jlemonyssiiust (0OOHapy>KEHHE) CUTHAJIOB C Pa3IMIHON MOyJIsAMe Ha oHe nryma.

YCTHBIN OIIPOC, IPUMEPHBIE BOIIPOCHI:

OCHOBHBIE CXE€MbI aHAJIOTOBBIX MPUEMHHUKOB. [IpueMHUK TIpsAMOro ycwieHud. [ eTepoauHHbIN U
CyNepreTepoANHHbIN npueMHHUK. [IpueMHuK mpsMoro mpeoOpazoBanus. OCHOBHBIE MapamMeTphl.
UyscTBUTenbHOCTD. M30upaTenbHoCcTh. [logaBnenue 3epkaibHOTO KaHala. JlMHaMU4ecKuil 1ruanaszoH.
[TokazaTenu  BO3JAEHCTBUS  MEPEKPECTHOM  MOAYISIMU  (BHEMOJOCHBIX  CUTHAJIOB) U
MHTEPMOAYIISILIUOHHBIX TTOMEX.

CMmemianHple  aHaNOro-U(pPOBBIE  PATUONPUEMHUKH WM  IPOTPaMMHO-ONpeaessieMast
pamunocuctema (Software-defined radio, SDR). Ilpwuunsl Bo3HMKHOBeHHS SDR IpHEMHHKOB.
Ocobennoctu peanuszauuu SDR npueMHUKOB.

ITudpossie cunrezatopsl DDS (Direct Digital Synthesizer).

OcHOBHBIE Y376 IIU(PPOBBIX MTPUEMHUKOB. HHU(POBBIE CMECUTENN C IEPEHOCOM YacTOThI BHU3 U
BBepx (digital upconvertor, DUC wu digital upconvertor, DDC), mepecrpanBaembiii 1u(ppOBOi
rerepoauna  (numerically controlled oscillator, NCO), neummarop ¢ rpeGeHUYATHIM (HIBTPOM
(decimator, cascaded integrator-comb filter).

CornacoBaHHbI (GWIBTP Kak JAeMOAYIATOp (MMITyJIbCHAsE XapaKTEPUCTHKA, MepeaaTodHast
¢dbynkuwmst, Beixoanoe OCII, npumepsl). ONTUMaTBHBIA IETEKTOP JI MOAY/ISAIINN O€3 MaMsITH.

BepositHOCT OUTOBOM M CUMBOJIBHOM OHIMOKHM B rayCCOBOM ILIYMOBOM KaHasle JJIi CUTHAJIOB
($hazoBoil 1 KBaAPaTypHOU aMIUTUTYAHON MOYJISLIUN.

KoppensiiioHHbIi 1eMoyaTop (OCHOBHBIE BEPOSITHOCTHBIE XapaKTEPUCTUKU CUTHAJA U IIyma
Ha BBIXOJIE KOppeNaIUoHHOro npueMHuka, Beixognoe OCII, npumepst). CornacoBaHHbIN QUIBTP Kak
NEMOIYIATOp (MMIYJbCHAs XapaKTepUCTHKa, nepenatouHas gynkuus, Beixonnoe OCILL, npumepsr).
OnTuUManbHbIM JeTeKTop [Uisi MOAysuu 0e3 mamsaTu. Kpurtepuil makcumMyma amocTepHOPHON
BEPOATHOCTH U KPUTEPUH MAaKCUMAJIbHOIO TIPaBIONOAOOMS TMpU JETEKTUPOBAHUU CHUTHAJIOB.
BepositTHOCTH OMTOBOI1 ¥ CUMBOJIBLHOW OIIMOKK B rayCCOBOM IIYMOBOM KaHaje ajs 2-, 4-OM, 16- u
64-KAM wmopymsiumid, a Tarkke sl CUTHAIOB 4YacTOTHOW Moxynsiuuu. [loHstue xosd¢uimenra
MCIOJIb30BaHUs MOJIOCHL. /[Ba OCHOBHBIX Kilacca HU(POBBIX CHCTEM CBSA3HM - CUCTEMBI C Tepenadeit
OpPTOTOHAJIBHBIX WJIKM HEOPTOTOHAJIBHBIX CUTHAJIOB.

Onucanure U3MEPUTENBHOTO AKCIEPUMEHTa MO OMPENSICHUI0 MapaMETPOB PATUONPUEMHBIX U
paavonepesaouIX y3JI0B CAHTUMETPOBOTO JUana3oHa

Tema 3. KananpHoe (moMexoycTOWYMBOE) KOAUPOBAHHUE U JIEKOIUPOBAHHUE.

YCTHBIH OIIPOC, IPUMEPHBIE BOIIPOCHI:

CeprouHblii Kkoaep. PasznuuHble mpencTaBiI€HHUs] CBEPTOYHOIO KojJepa (BEKTOpBI CBsI3H,
UMIYJIbCHAsl XapaKTEepUCTHKA, IOJMHOMHAIBHOE Ipe/CTaBlIeHUe, JauMarpaMma COCTOSHUH U
JPEBOBU/IHAS IMarpaMMa, peuieryaTas inarpaMma).

@u3nuecKkuil CMbICT KaHAIBHOTO KOAMPOBaHUS. JleKOAMpPOBAHUE MO METOJY MaKCHMAaJIbHOTO
paBaono1oous. MsArkoe U *ecTkoe MPUHATHE PEeIIeHUN. AJNTOPUTM CBEPTOYHOTO JAEKOIUPOBAHUS
Burepou.

CBolicTBa CBEpTOUHBIX KOJIOB (MUHUMAJIbHBIN MPOCBET, CIIOCOOHOCTH K MCIPAaBICHUIO OLINOOK,
3G PEKTUBHOCTB).

Tema 4. OcHOBHBIE METO/IBI Pa3JEJICHNUS M10JIb30BATENEH B CUCTEMAX CBA3H.

YCTHBIN OIIPOC, TPUMEPHBIE BOIIPOCHI:

CpaBHeHHE NPOM3BOAUTEIBLHOCTU CUCTEM CBS3M C BPEMEHHBIM U YAaCTOTHBIM pa3JelICHUsSMU
MOJIb30BaTENEH.

KonoBoe paznenenue nomb3oBareneit B CDMA-cucremax cBsizu. KojoBble mnceBnomrymMoBbie
MIOCJIEIOBATEIbHOCTH Y OJIIIA. Rake-npuémuuk  (IpUEMHUK  pa3HECEHHBIX  CHIHAJIOB).
IIpocTpaHCcTBEHHOE pa3ieNeHHUE M0JIb30BATENEH.

Tema 5. Ilepenaua u npuem unpopmannuu B OFDM-cucremax cBsi3u.
YCTHBIN OITPOC, TPUMEPHBIE BOIIPOCHI:



OpToroHajibHblE MHOTOMEpPHBIE CHTHAJIBI C YacTOTHbIM cABUroM. DopmupoBanne OFDM-
curnaina. [Ipuem OFDM-curnana. IIpomycknas cnocoonocts OFDM-cuctemsi.

OFDM (orthogonal frequency-division multiplexing) MynsTHIUIEKCHPOBaHKE C OPTOTOHAIBHBIM
YaCTOTHBIM  pa3/ieJICHUEM KaHAJOB) MOMAYJSIIUS KAk MeEToauka OophOBI ¢ 3aTyXaHueM
BBICOKOYACTOTHOM COCTaBJISIOLIEH, CBI3aHHOW MaJIOM YaCTOTHOM IOJOCOM MPONYCKaHUs B JJIMHHBIX
Ka0eIsiX U MPOCThIX TeIePOHHBIX MPOBOIAX, O€3 HUCIOIB30BAHUS CIOKHBIX (PHIIBTPOB-3KBAJIAH3EPOB.

Peanuzanuss MHOKEeCTBa KaHAJOB C HU3KOW CHMBOJBHOW CKOPOCTBIO MEpenaud Kak crocod
ocnabJieHUs] BPEMEHHOTO PAaCcCesHUs U MEKCHMBOJILHOW HMHTEpEepeHIMU. AmnmnapaTHas peaau3aius
y3JI0B OPTOTOHANIbHBIX cUrHajioB Ha npumepe OFDM-monynsuuu. brnoku, peanusyronme npsamoe u
obparHoe npeodpazoBanue Oypre. KBanparypHslii TeHepaTop.

Tema 6. ['eHepaTopsl NCEBIOCTYYaHHBIX MTOCIEI0BATEILHOCTEN

YCTHBIHN OIMPOC, IPUMEPHbBIE BOIIPOCHI:

ba3zoBas cxema reHepartopa IMCEBIOCIYYaWHOW IMOCIEI0BATEIBHOCTH - CIBUIOBBIM PETUCTP C
nuHeWHeIMH oOpatHeiMu  cBs3smu  (LFSR  — Linear Feedback Shift Register). I'enepanus
NPUMHUTHBHBIX ~ MHOTOWIEHOB.  CrocoObl  yIydmieHUss  KPUNTOCTOMKOCTH  TCHEPUPYEMBIX
nocnenoBareabHocTeil. Ilporpammuas (MukpomnpoueccopHas) u anmaparHas (HDL) peanuzarnus
TeHEPaTOPOB.

Tema 7. Pa3znecennas nepenada. Cnekrpanbnas 3pdexruBaocts MIMO-cuctem cBS3H.

YCTHBIH OIPOC, TPUMEPHBIE BOIIPOCHI:

HeapmantuBHass m amanTuBHash pa3HECEHHbIE mepenadyd. Buapl HeaganTUBHOW pPa3HECEHHOM
nepenaun - (asoBas, BpPEMCHHAs, OPTOTOHAJIbHAs W NPOCTPAHCTBEHHO-BPEMEHHAas. AmanTHBHAs
pa3HeceHHas nepeaaya.

CpaBauTenbHast 3 (HEKTUBHOCTD (BEPOSTHOCTH OMMOKHK) METOJIOB HEAIaITUBHOMW M aJalTUBHOMN
pasHeceHHbIX mnepenad. [loHATHE O MPOCTPAHCTBEHHOM pa3JeieHUU IMojb3oBareneid. OCHOBHBIC
CBOMCTBa KaHAJIBHOW MaTpuIlbl K03 unreHToB nepeaaun. CrnekrpanbpHas 3¢ dekTuBHOocTh MIMO-
CUCTEMBI 0e3 00paTHOU CBsI3U. BparieHue nuarpaMmbl HaNpaBJI€HHOCTH PUEMHOTO U MEPEaIoero
ITYHKTOB.

7. ®OHJI OHEHOYHBLIX CPEJICTB

7.1. PernaMeHT IMCUMILINHBI

7.2. OneHo4YHbIe CPEeACTBA TEKYIIEro KOHTPOJIsA

- YCTHBIH O0npoc

B yem cMbICI 1 BBITO/1a CIEKTPAJIBHOTO IPECTABIICHUS?

Kak cooTHOCATCS MOJenp KaHajda pacnpOCTPaHEHUs M pealbHbIE YCIOBHS PacHpOCTpaHEHUs
PaZMOBOJIH PA3IMUHBIX 4acTOT?

[lepeuncnure OCHOBHbIE METO/bI MOLYJISALUU. J{JIs perieHns Kakux 3a/1a4 OHU UCTOIb3YIOTCS?

KakoBbl oTnmuus B cxemMax W paboTe NPUEMHUKA MNPSIMOTO YCHIIEHUS, TE€TEPOJUHHOTO H
CyIepreTepogMHHOrO MPUEMHUKA?

Kak cxeMOoTexXHNYeCKH pealn30BaTh CBEPTOUYHBIN KoAep?

B uem paznuuue Mexay NEKOAUPOBAHUEM MO METOJY MaKCHUMAJIbHOIO MpaBaononodus u
aJITOPUTMOM CBEPTOUYHOTO JieKoqupoBaHus Butepou?

Oco0OeHHOCTH BpPEMEHHOr0, YacTOTHOIO, KOJOBOTO U IPOCTPAHCTBEHHOI'O pa3fesieHus
I10JIb30BATENEH KaHala CBS3H.

Kak ¢popmupyrorcs, nepenarorcs u npuauMaroTcss OFDM-curnaib?

B uem npeumyniecTBa 1 HEIOCTATKHU UCIIOJIB30BAHNS MHOYKECTBA KaHAJIOB?

KakoBbl MeTOABI MaTeMaTHYeCKOW M CXEMHOM peaju3alii TE€HEpPaTOpOB IICEBAOCIYYaHBIX
IIOCJIE0BATENBHOCTEN ?

OxapakTepu3yinTe OCHOBHBIC BUIbI HEAJAITUBHON W aJalITUBHON Pa3HECEHHOM Mepeaayn.

Yro takoe MIMO-cuctema?

7.3. Bonpocsl K 3a4eTy



10.

11.

12.

13.

14.

15.

16.

17.

Mopenu kaHamoB 63 maMsATH (IBOMYHBIA CHMMETPUYHBIA KaHaI, TUCKPETHBINM KaHaI, KaHal C
JMCKPETHBIM BXOJIOM U HETIPEPBIBHBIM BbIX0/10M). CriekTpanbHas 3pPeKTUBHOCTb ATUX KaHAJIOB.
Jlorapudmuueckas mepa nuapopmanuu. KomndecTBo nHGOpMAIHK B TUCKPETHBIX COOOIICHUSX.
WNudopmannoHHas eMKOCTb JUCKPETHOTO U HETPEPHIBHOTO cUrHaa. Mojenu kaHanoB 6e3
HaMATH (IBOMYHBIA CUMMETPUYHBIN KaHaJl, JUCKPETHBIN KaHall, KaHaJl ¢ AUCKPETHBIM BXOJIOM U
HENPEePbIBHBIM BBIX0Z0M). CriekTpanbHast 3()()eKTUBHOCTh 3TUX KaHAJIOB.

[IyMBbl B 2JIEKTpUUYECKUX CXEMaX: PaBHOBECHbIE (PIyKTyauuu (TeroBoi mym, mrym Haliksucra,
ryM J[xoHcoHa), 1po6oBoi 1 (aukkepHbIid (wiu 1/f) nmrymbl. DKBUBaJIEHTHBIE CXEMBI.
IIpakTHyeckue U3MEpEeHus IIyMOB YCHJIMTEIIEH B CAHTUMETPOBOM JIHAIIa30HE.

OCHOBHBIE CXEMBI aHAJIOTOBBIX PUEMHUKOB. [IpueMHuK npsiMoro ycusneHus. I eTepoinHHBbIN 1
cynepreTepoAuHHbIN npueMHuK. [IpueMHuk npsmoro nmpeodpasopanus. OCHOBHbBIE TAPAMETPHI.
UyscTtBuTenbHOCTh. M30uparensuocts. [logaBnenue 3epkaibHOro Kanana. JluHamMmuyeckui
nuanasoH. [loka3arenu Bo3aeicTBUs epeKpeCTHON MOYIISIIMY (BHETIOJIOCHBIX CUTHAJIOB) U
MHTEPMOAYIISIIUOHHBIX TIOMEX.

OcHOBHBIE METOABI MOYJIALIMN: aMIUIMTYAHAsA, aMIUIMTYIHAS C IIOJaBJICHUEM HECYILEH,
JyacToTHas, (pa3oBas, kBaaparypHasi. CpaBHEHHE UX XapaKTEPHBIX YePT U YCTOMYUBOCTH K
BO3JEHCTBUIO LIyMa.

CMenanHbIe aHATOTO-IIM(PPOBHIE PAIUOTIPUEMHUKH I TIPOTPAMMHO-OTIpeIessieMast
pamnocuctema (Software-defined radio, SDR). Ocobennoctu peanusaiuu SDR.

Ludpossie cuntezaropsl DDS (Direct Digital Synthesizer). Tunuunble napameTpsl ISt 3arpy3Ku
B DDS-mukpocxemy. UnTepdeiic (BpemeHHass nuarpamma) 3arpy3kud mnapamerpo B DDS.
[IymoBbIE OCOOEHHOCTH CHHTE3UPYEMOM CUHYCOUABl U MPAKTUYECKOE U3MEPEHHUE CIEKTPATIbHBIX
OLICHOK B Pa3JIMYHBIX I10J0CAX.

CornacoBaHHbI (QUIBTP Kak JIEeMOAYIATOpP (MMITyJbCHAs XapaKTEPUCTHKA, TIepelaTOYHas
¢ynkuus, Beixoguoe OCIL, npumepsr). ONTUMaNIBHBINA AETEKTOP sl MOAYJIALUHU 0€3 NaMsTH.
BeposiTHOCT, OMTOBOM M CHMBOJIBHOM OIIMOKHM B T'ayCCOBOM IIYMOBOM KaHaje€ JJii CUTHAJIOB
($hazoBoil 1 KBaApaTypHOU aMIUIUTYAHON MOTYJISLIUMA.

JIBa OCHOBHBIX Kjlacca IIU(PPOBBIX CUCTEM CBSA3M - CUCTEMBI C Ieperayeil OPTOrOHaIbHBIX WIIU
HEOPTOTrOHAJIBHBIX CUTHAJIOB.

CaepTouHblii KoJiep. PaznuuHble npeacTaBieHusl CBEPTOUYHOTO Kojiepa (BEKTOPHI CBA3H,
UMITyJIbCHAsI XapaKTEPUCTHKA, TOJINHOMHUAJIBHOE NPEACTABIEHUE, JUarpaMMa COCTOSIHUN 1
JPEBOBUIHAS IHarpaMMa, peuieryaTas nuarpamMma). CBoOMCTBa CBEPTOUHBIX KOJIOB
(MUHMMAaBHBIA TPOCBET, CIOCOOHOCTH K HCTIPABICHUIO OMIHNOOK, 3(HEKTUBHOCTD).

@U3NYECKUI CMBIC KAaHAIBHOTO KOJAUPOBaHUsA. JlekoIMpoOBaHUE IO METOAY MAaKCUMAIIBHOTO
MPaBON0100Us. MATKO€E U KeCTKOE NPUHATHE PELIeHUNH. AITOPUTM CBEPTOYHOTO
nexonupoBanusi Butepou.

CpaBHEHHNE IPOU3BOAUTEIBHOCTH CUCTEM CBSA3M C BDEMEHHBIM U YaCTOTHBIM pa3/IeJICHUSIMU
II0JIb30BaTENEH.

Konosoe pasnenenue nons3osareneii B CDMA-cucremax cBsizu. KogoBble IceBIOIIYMOBbBIE
nocneaoBareabHocTH Youma. Rake-npuémMHuk (mpuéMHUK pa3HECEHHBIX CUTHAJIOB).
IIpocTpaHCcTBEHHOE pa3/IENeHUE MOJIb30BATEEH.

OpToroHanbHble MHOTOMEPHBIE CUTHAJIBI C YaCTOTHBIM cliBUroM. @opmupoBanue OFDM-
curHana. [Ipuem OFDM-curnana. IlpomyckHnas cnocooHocts OFDM-cuctemsl.

OFDM (orthogonal frequency-division multiplexing) MmynbTUIIeKCHPOBaHKHE C OPTOTOHATBHBIM
YaCTOTHBIM Pa3/ielIeHnEM KaHaJI0B) MOAYIIALMS KaK METOANKA OOPBOBI ¢ 3aTyXaHUEM
BBICOKOYACTOTHOM COCTABIISIFOLIEH, CBA3aHHON MAJIOM 4YaCTOTHOM MOJIOCOM MPOIyCKaHUs B
JUITMHHBIX Ka0eJsX U MPOCTHIX TeJIEPOHHBIX MPOBOJIAX, 0€3 UCIOIB30BAHUS CIIOKHBIX (PUIBTPOB-
SKBaJIali3€pOB.

Peanuzanus MHOKECTBA KaHAJIOB ¢ HU3KOM CUMBOJIBHON CKOPOCTHIO MEpejaun Kak crocod
ocnabyieHusl BpeMEHHOTO paccesHUs U MEKCUMBOJIBHON MHTepdepeHInn AnnaparHas
peanu3anus y3noB OFDM. bioku, peanu3syromue npsimoe 1 oopatHoe rpeodpazosanue Oypre.
KBagparypHslii renepatop.



18. baszoBas cxema renepaTopa MceBIOCITyYaitHOM MOCIEA0BATEIIBHOCTH - CABUTOBBIM PETUCTD C
nuHeHbIMU 0OpaTHbIMU cBs3siMu (LFSR — Linear Feedback Shift Register). I'eneparus
MPUMHUTHUBHBIX MHOTOWIEHOB. CIOCOOBI YIIy4IlIeH!sI KpUNTOCTOMKOCTH T€HEPUPYEMBIX

nocienosarenabHocTel. [Iporpammuas (MukponporeccopHas) u annapaTtHas (HDL) peanuzanus

TEHEpPaTOPOB.
19. HeananTtuBHas U aJanTUBHAS pa3HECCHHBIE Mepeaadn. Buisl HeananTHBHON pa3HECEHHOM

nepeaadu - (baSOBaﬂ, BpEMCHHas, OpTOroHaJlbHasd U IIPOCTPAHCTBECHHO-BPEMCHHA. A,Z[aHTI/IBHaH

pasHeceHHas rnepenayda. Bparienue nuarpaMMbl HallpaBICHHOCTH IPUEMHOTO U ITEPEIAI0IIEro
MTyHKTOB.
20. CpaBauTtensHast 3PPEKTUBHOCTH (BEPOSITHOCTH OMIMOKH ) METOIOB HEAJaITHBHOW U a/IallTUBHOMN
pasHeceHHBIX nepenad. [IoHsATHe 0 MPOCTPAHCTBEHHOM Pa3JICIICHUH MoJib30BaTelneil. OCHOBHBIC
CBOMWCTBA KaHAJbHON MaTpHLbl KO3 unrenToB nepeaayn. CrekrpainbHast 3 (HEeKTUBHOCTh
MIMO-cucremsl 6€3 00paTHOI CBS3H.

7.4. Tadbauua cOOTBETCTBHSI KOMIIETEHIMA, KpUTEPHEB OLIEHKN UX OCBOEHHUSI M OLEHOYHBIX

CpeaAcTB
HNuaexc Pacun¢pposka IIoka3zarennb OuenoyHoe cpeacTBO
KOMIIeTEe | KOMIIETeHIMHU ¢popmupoBanus
HIUHU KOMIIeTeHIIUH s
JAHHOM AW CHMILIMHBI
3HATh: 1. OcHOBHEBIE METOIBI
- BH/JIBI MOZYJIALMM MOJYJISILIAN:
CUTHAJIOB, aMIUIUTY/IHAs,
ONTHUMU3UPOBAHHBIX  AJIA aMIUIMTYZIHAs C
KaHAJOB C  3aJlaHHBIMH [10JIaBJICHUEM HECYILIEH,
YaCTOTHBIMU CBOMCTBaMH, 4yacToTHas, (a3osas,
U anmnapaTHble METOJbl UX KBaJlpaTypHasl.
OpraHu3aluy, CpaBHeHue ux
-CI10COOBI XapaKTEepHBIX YepT U
OpPTOTOHAJIN3ALUN YCTONYMBOCTBD K
CUTHAJIOB, Kak BO BO3JICUCTBUIO IIyMa.
CIOCOOHOCTB K .
BPEMEHHOH, TaKk u (2. OproroHaiabHble
KPUTHYECKOMY aHAJIU3Yy U
MIPOCTPAHCTBEHHBIX MHOTOMEPHBIE CUTHAJIBI
OLIEHKE COBPEMEHHBIX .
HAYYHBIX TOCTHOKEHMH o0nacTsx; C YaCTOTHBIM CJIBUTOM.
Y1 ’ -METO/BI U3MEPEHUI ®opmupoBanue OFDM-
TeHEpUPOBAHUIO HOBBIX
o [1apaMeTpOB  pas3IMYHBIX curHana. [Ipuem OFDM-
YK-1 UJEH NpU pelIeHUH .
y3I10B COBPEMEHHOM curHana. [Ipomycknas
HCCIIEIOBATENbCKUX U .
CBSI3HOU cnocobHocTh OFDM-
MIPaKTUYECKHX 3a7ay, B
paavoannaparypsl — CUCTEMBI.
TOM YHCIIE B . o
ycunurtenen, cmecurenei, |3. JIBa OCHOBHBIX Kilacca
MORAMCHITIITHHAPHRIX MOJYJIATOPOB HU(POBBIX CUCTEM CBS3H
o0nacTax Y Pos, p .
HaIIPaBJIEHHOTO - CUCTEMBI ¢ TIepeadei

OTBETBUTENS, WIM MOCTA,
GuIbTPOB M ycwiuTenel

MOII[HOCTH €  ITOMOIILIO
aHaJIM3aTopa 1enei,
CIIEKTPOAHAIM3aTopa 71
BEKTOPHOTO  TeHeparopa
CUTHAJIOB B
CAaHTUMETPOBOM
JMaIia3oHe

OPTOrOHAJIbHBIX HUJIN
HCOPTOIOHAJIbHBIX
CHUT'HAJIOB.

4. BeposTHOCTb OMUTOBOH U

CHUMBOJbHOMN OLINOKHU B
raycCoBOM IIYMOBOM
KaHaJjIe ISl CHTHAJIOB
¢ba3oBoii 1
KBaJpaTypHOU
aAMIUTUTYJHOMN
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YMETb:
- OCYIIECTBJIATH BBIOOP

Habopa  OPTOTOHAIBHBIX
CUTHQJIOB, C TOMOIIbIO
COOTBETCTBYIOIIETO
obopymoBaHus
CUHTE3UpOBaTh HX, TakK
YTOOBI MIOJIyYEHHBIN
uudpoBoOl KaHa OKazaycs
MaKCUMaJIbHO
3alUIIEHHBIM oT
MEKCUMBOJILHOU 51
MEKKaHaJIbHOU
uHTEephEpEHIINH;

- OCO3HaHHO NPUMEHSATH
ujeu ONTUMAITBLHOU
CIIEKTpabHOM

3 (HEKTHBHOCTH CHCTEMBEI,
MaKCUMaJbHOW CKOpPOCTH
nepenayn  JAaHHBIX |
€MKOCTH ceTH npu
pelieHuu 3a7ad CO3JIaHHs

MOJTYJISIITUAIA.
CBepTouHBIi KOZEP.
Paznuunsle
IIPEICTaBICHUS
CBEPTOYHOIO Kojepa
(BEKTOpHI CBsI3H,
UMITYJIbCHAS
XapaKTEepPUCTHKA,
MOJIMHOMHAIIEHOE
IIpe/ICTaBJICHUE,
Juarpamma COCTOSIHUM U
JPEBOBUTHAS
quarpamma, perierdaras
nuarpamma). CBoiicTBa
CBEPTOYHBIX KOJIOB
(MMHMMAJIBHBIN ITPOCBET,
CHOCOOHOCTH K
UCTIPABJICHUIO OLIHOOK,
3(PEKTUBHOCTB ).
CpaBHenue
MPOU3BOIUTENHEHOCTH
CHUCTEM CBSI3U C

paauo  COeOUHEHHH B BPEMEHHBIM U
OCCIPOBOJHBIX CHUCTEMaxX JaCTOTHBIM
CBSI3H c pazzeneHusIMu
MHOKECTBEHHOCTHIO HI0JI30BATENECH.
KaHaJIOB; CpaBHuTenbHas
- IPOBOJIUTH 3¢ (HEeKTHBHOCTH
HETIOCPE/ICTBEHHBIC (BEpPOATHOCTD OIIMOKH)
W3MEpEHUsT  MapaMeTpoB METOJIOB HEa Al THBHOM
Y3JI0B COBPEMEHHOMN Y aJJallTUBHOMN
CBA3HOMN pa3HECEeHHBIX IIepeaay.
paaroanmaparypsl; [Tonstue o
- MIOJTb30BATHCS MIPOCTPAHCTBEHHOM
TUTEPATyPHBIMH pas3aeneHuun
HWCTOYHHUKAMH 10JIb30BATENEN.
OcHOBHBIE CBOICTBA
KaHaJbHOW MATPHIIbI
K03 HUIIUEHTOB
nepeaayu.
CrnekrpanbHast
s dexruBHocTh MIMO-
cucTeMsbl 6e3 0OpaTHOMN
CBSI3H.
JIEMOHCTPHUPOBATH CMeliaHHbIe aHAIIOTO-
TOTOBHOCTh Y4acTBOBAaTh B
9 CIOCOOHOCTh u nudpoBbIe
paboTe pPOCCHUCKHX |
TOTOBHOCTb: pPaAMOTIPUEMHHKY WU
MEXITYHAPOIHBIX
-KPUTHYECKU MIPOrPaMMHO-
MCCIIEIOBATEIHCKUX
YK-3 aHAIM3UPOBATH MPOOIEMBI ompezenseMas
KOJIJIEKTUBOB 1o
Mo Tepefadn CUTHAJIOB C panuocucTema
PEIICHUI0O HAyYHBIX W

Hay‘lHO-O6paSOBaTCHBHBIX
3aaa4

M pOBON MOIYISALIUCH;
-CaMOCTOATENBHO
BEIOMpATh M1 00OCHOBBIBATH

(Software-defined radio,
SDR). Ocobennoctu
peanuzauun SDR.

11



KpUTEpUH U METOJIBI

00paboTKH CUTHAJIOB;
-CaMOCTOSITEIIbHO

UCIIOJIb30BATh MIAKETBI
IPUKIAAHBIX  IPOrpaMM
e pelieHus

IIOCTABJICHHBIX 3aJa4,

-M3J1araTh pe3yJIbTaThl

HUCCIEOOBAHUN B
OTYETOB, crarei
Mpe3eHTalH.

BHUJIE
51

2. Iudposbie cHHTE3aTOPHI

DDS (Direct Digital
Synthesizer). Tunuunbie
napamMeTpsl JJis
3arpy3ku B DDS-
MHKPOCXEMY.
Hurepdeiic (BpeMeHHast
uarpamma) 3arpy3ku
napametpoB B DDS.
[ITymoBbIE OCOOEHHOCTH
CHUHTE3UPYyEMOM
CUHYCOWJIBI 1
PAKTHYECKOE
U3MepeHne
CHEKTPaJIbHBIX OLICHOK B
Pa3IMYHBIX MOJIOCAX.

3. Peammzanmsa MHOXKeECTBa

KaHaJIOB C HU3KOU
CUMBOJIbHOM CKOPOCTBIO
nepeaayn Kak crocoo
ocnabieHus: BpeMEHHOTO
paccestHus 1
MEKCUMBOJIBHOU
UHTEpEpEeHINH
AnmnapatHas peanu3auus
y3108 OFDM. broku,
pean3yrouIe NpsMoe U
oOpaTHOe
npeodpazoBanue Oypoe.
KBagparyphslii
reHepaTop.

4. Bba3oBas cxema

reHeparopa
IICEBIOCITYYalHOMN
MOCJIEIOBATEIbHOCTH -
CIBHUTOBBI PETUCTP C
JUHEHHBIMU 00paTHBIMH
ces3simu (LFSR — Linear
Feedback Shift
Register). I'enepanus
MPUMUTUBHBIX
MHOTo4JIeHOB. CrI0cOObI
YIIy4IIEHUS
KPHUNTOCTOMKOCTH
TeHEPUPYEMBIX
OCIEN0BATEILHOCTEN.
[Iporpammuas
(MuKpomporeccopHas) u
anmaparnas (HDL)
peanuzanus
TE€HEpaTOpPOB

VK-5

CIIOCOOHOCTH
3TUYECKUM

CIIeN0BaTh

HOpMaM

B

JIEMOHCTPHPOBATH
CIIOCOOHOCTD

1. JIBa OCHOBHBIX KjIacca
IU(POBBIX CUCTEM CBSI3U —

12



npodecCuoHATBHON TOTOBHOCTb: CHUCTEMBI C Mepeaadeit
e TEIbHOCTH -KPUTHUYECKHU OpPTOTOHAJILHBIX WU
aHAJIM3UPOBATh MPOOJIEMBbI | HEOPTOTOHAIBHBIX
[0 Iepelayd CUTHAJIOB C | CUTHAJIOB.
nndpoBoi MOYIISAIUEH; 2. CpaBHeHHE
-CaMOCTOSITEIILHO IIPOU3BOIUTEIBHOCTH
BBIOMpATh U 0OOCHOBBIBATH | CUCTEM CBSI3U C BPEMEHHBIM
KpUTEpUX U METOJIbI | U YACTOTHBIM
00pabOTKH CUTHAJIOB; paszeneHusIMA
-U3J1araTh pe3yJIbTaThl | MOJIb30BATENEH.
ucciaenoBaunii B Buue | 3. Dusuyeckuii cMbICT
OTUYETOB, crare U | KAaHAJIbHOT'O KOJUPOBAHUSL.
MIPE3EHTALNM. JlexogupoBaHue no METOAy
MaKCUMaJIbHOTO
npasaonoaoous. Msrkoe u
KECTKOE MPUHSTUE
peleHuil. AITOpuT™M
CBEPTOYHOI'O
nexoaupoBanusi Butepou.
JIEMOHCTPUPOBATH 1. OcHOBHBIE CXEMBI
CIOCOOHOCTh u aHaJIOTOBBIX
TOTOBHOCTb: npueMHUKoB. [IpueMHnK
-KPUTUYECKHU IPSIMOTO YCUJICHUS.
aQHATM3UPOBATH TPOOJIEMBI I'eTeponuHHbI 1
[0 MepeJayd CHUTHAJIOB C CynepreTepoauHHbII
UG POBOI MOTYIISIHEH; npueMHuK. [IpueMHuK
-CaMOCTOSITEIIbHO pPsIMOTO
BBIOMPATh 1 OOOCHOBBIBATh npeoOpa3oBaHus.
KpUTEpUU U METOJIbI OCHOBHBIE TapAMETPHI.
00pabOTKN CUTHAJIOB; UyBCTBUTEIBHOCTD.
-CaMOCTOSITEIILHO N30bupaTtenbHOCTD.
HCII0JIb30BATh MAKETHI [TonaBnenue
CIOCOBHOCTE MPUKIAIHBIX  IPOrpamMm 3€pKajbHOTO KaHaa.
TUISE pereHus JunaMuueckuit
IJIAHUPOBaTh M peliaTh ]
VK-6 saxaun coBCTBeHHOrG | TOCTABICHHBIX 3a/1a4; JMAMa30H. [TokazaTenu
-U3j1araTh pe3yNbTaThl BO3/ICUCTBUS
npodeccrnoHalIbHOTO u . .
WCcCIeAOBaHUN B BHUJE NIEPEKPECTHOU
JIMYHOCTHOT'O Pa3BUTHS N .
OTY€TOB, craTtei u MOYJISIIUA
MPE3EHTALNM. (BHEMOMOCHBIX
CUTHAJIOB) U
WHTEPMOIYIISIIIUOHHBIX
MIOMeEX.
2. DuznYecKuii CMbICIT
KaHaJIbHOTO
KOJIUPOBAHUA.

JlekonupoBaHue 1o
METOAY MaKCUMaJIbHOTO
MPaBIOTIOI00HS.
Msrkoe u xKecTkoe
MIPUHATHE PEIICHUM.
AJNTOPUTM CBEPTOUHOTO
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JIEKOTUPOBAHUS
Burepou.
HeanantusHas u
aJanTHBHAs
pa3HECCHHBIE MepeIayvH.
Bunnl HeamannTuBHOMU
pa3HECEHHOW mepeadu -
(azoBast, BpeMeHHasl,
OpPTOTOHAJIbHAS U
MIPOCTPAHCTBEHHO-
BpeMeHHas1. AanTHBHAS
pa3HeceHHas mepeayva.
Bpamenue quarpamMmbl
HaIPaBJICHHOCTH
MIPUEMHOTO U
MepeIatoIIero MyHKTOB.

OIIK-1

CIIOCOOHOCTh
CaMOCTOSITENTLHO
OCYIIECTBIISTh
HCCIIEIOBATENBCKYIO
JeSITeTbHOCTD
COOTBETCTBYIOILIEH
npogecCuoHAIbHON
obnacTtu
WCTIOJIb30BaHUEM
COBpPEMEHHBIX
WCCIIEIOBAHHS
MH(pOPMAaIMOHHO-
KOMMYHHKAITHOHHBIX
TEXHOJIOTUI

Hay4HO-

B

METOJIOB

n

BJIAJICTh!

-HaBBIKAMH ONTHMAaJIHHOTO
BBIOOpA BU/IOB MOJIYJISIIIMU
s mepenayn  uppoBon
MHpOPMAIMU 10 KaHATY C

3a1aHHOU YaCTOTHOU
XapaKTEepPUCTHKOM;
-HaBbIKAMH  pabOThl  Ha

COBPEMEHHOM armaparype
st coopa U 00paboTKe

IKCIEPUMEHTATBHBIX
JTAHHBIX;
-KOMITBIOTEPHBIMH
TEXHOJIOTUSMH TSt
00pabOTKH U BBIACICHUS
nHpopmanuu u3
IKCIEPUMEHTATBHBIX
JTAHHBIX;

- HaBBIKAMU  CO3JIaHUS
TEKCTOB,  OIHCBHIBAEMBIX

UCCIIETyeMYIO TEMY;

JIEMOHCTPHPOBATh
CITOCOOHOCTH u
TOTOBHOCTb:

-KPUTHYECKU
aHAIM3UPOBATh MPOOIEMBI
Mo Tepeladdl CUTHAJIOB C
M pOBON MOIYIISALIUCH;
-CaMOCTOSATEIBLHO
BBIOMpATH M 0OOCHOBBIBATH
KPpUTEPHH W METOJIBI
00paboOTKH CUTHAJIOB;

-CaMOCTOSATCIIbHO

HUCIIOJIb30BaTh IIaKCThI
IMPHUKIIaIHBIX Imporpamm
JJIA PCIICHUA

1. CpaBHeHue

MPOU3BOAUTEIBHOCTH
CHCTEM CBSI3H C
BPEMEHHBIM U
YaCTOTHBIM
pa3aeneHus MU
MoJb30BaTene
KonoBoe pazaenenue
[OJIb30BaTeJIcH B
CDMA-cucTemax
cBsa3u. Komosrie
MICEBAOLIYMOBBIE
MMOCJIEIOBATEILHOCTH
Vomma. Rake-
NpUEMHHK (TPUEMHUK
pPa3HECEHHBIX
CHUTHAJIOB).
IIpocTpancTBEHHOE
paszaeineHue
II0JIb30BaTEIICH.
HeanantuBHas u
aJlanTHBHAS
pa3HECEHHbIE
nepenayn. Buasl
HeaJallTUBHOM
Pa3HECEHHOM Iepeadn
- (pasoBas, BpemeHHas,
OpTOrOHAaJbHAS U
MPOCTPAHCTBEHHO-
BpEMEHHAs.
ApanTuBHAas
pa3HeceHHas repeaayva.
Bpamenue auarpaMmmbl
HAaIMpPaBJIECHHOCTH
MIPUEMHOT0 U
Mepearero
MTYHKTOB.
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IIOCTABJICHHBIX 3a4a4,

-p3JaraTh pe3yabTaThl
HCCIIEIOBAaHUM B  BHIE

OTYETOB, crareu u

MpEe3EHTaIH.

JIEMOHCTPUPOBATH 1. Peanu3anusa MHOKECTBA
CIIOCOOHOCTH M | KaHAJIOB C HU3KOM
TOTOBHOCTb: CHMBOJIbHOM CKOPOCTBIO
-KpUTHUYECKU nepeaavr Kak crocoo

aHAJM3UPOBATh MPOOIEMBI
M0 Tepelayd CHTHAJIOB C
U (HPOBON MOIYIISALIUCH;
-CaMOCTOSITEIIbHO
BBIOMpATh U 000CHOBHIBAThH
KPUTEPUH U METOJBI
00paboTKH CUTHAJIOB;

ocialeHus: BpeMEHHOTO
paccestHus 1
MEKCUMBOJIBHOU
uHTephepeHITUN
AnmnaparHas peanu3anus
y310B OFDM. bioku,
peayIn3yIoLue NpsMoe U

CIOCOOHOCTh K
-CaMOCTOSITEIIbHO oOpaTtHoe TpeoOpa3oBaHue
pa3paboTke HOBBIX .
HCIIOJIb30BATh naketsl | dypwe. KBagpaTypHblil
METOJOB HCCIICIOBAHUS U
NPUKIAJAHBIX ~ TPOTPaMM | TEHEpaTop.
ux PUMEHECHHUIO B
. JUISt pemenus | 2. OFDM
CaMOCTOSITEITbHOU
. MOCTaBJICHHBIX 3a/1a4; (orthogonalfrequency-
OIIK-3 npodeccnoHanbHOM . - .
HAVUIHO -M3JIaraTh pesynbratel | divisionmultiplexing)
Y1 . WCCIICIOBAaHUH B BUJIE | MYJIbTHILICKCHPOBAHHUE C
UCCIIEI0BATEIbCKON < .
OTYETOB, crarei U | OPTOTOHAJILHBIM YaCTOTHBIM
NEATENILHOCTH B 001acTH "
. IIPE3eHTaLMH. pa3JieJICHUEM KaHaJIoB)
npodeCCHOHATLHON
MOJYJISIIAS KaK METOIMKA
JeSTeITbHOCTH
O0pBOBI C 3aTyXaHUEM
BBICOKOYACTOTHOM
COCTABJISIIONICH, CBI3aHHOU
MaJIOi YaCTOTHOM MOJIOCOM
NPOMYCKaHHs B JJTMHHBIX
KaOemsIX U MPOCThIX
Tesie()OHHBIX MPOBOAX, Oe3
WCTIOJIH30BAHUS CIIOKHBIX
(GuUIbTPOB-3KBAIAN3EPOB.
3HATh: 1. Monenu kaHanoB
CIIOCOOHOCTEIO .
- BUJIbI MOTyJISIH 6e3 mamsaTH
CaMOCTOSITENIbHO CTaBUTh .
CHTHAJIOB, (nmBOMUHBIH
KOHKPETHBIC 3aa9u .
g ONTUMHU3UPOBAHHBIX  JJIS CUMMETPUYHBIN
Hay4YHBIX HUCCIIEJOBaHUI B .
KaHAIOB C  3aJaHHBIMHU KaHaJI, TUCKPETHBINA
00J1acTH paJMOTEXHUKH, B .
YaCTOTHBIMU CBONCTBAaMH, KaHaJl, KaHal C
TOM YHCJIE CUCTEM H
. W amnmapaTHble METOJIBI MX TICKPETHBIM
YCTPOWCTB  TEIECBHICHHUS, .
OpraHu3aIuy, BXOJIOM U
IK-1 U pemarbh UX C MOMOIIbIO
. - CHoCcoObI HEeNpephIBHBIM
COBPEMEHHOM amnmaparypbl
OPTOTrOHAJIN3AIIUT BBIXOJIOM).
u UH(POPMALIMOHHBIX
o CHTHAJIOB, KaK BO CriexTpanbHast
TEXHOJIOTUH c .
BPEMEHHOM, TaK u 3¢ (HEeKTUBHOCTH
UCTOJIb30BaHUEM
. MPOCTPAHCTBEHHBIX ITHX KaHAJIOB.
HOBEUIIETO )
o0nacTsx; 2. Jlorapudmuueckas
OTEYECTBEHHOTO u .
-METO/TBI U3MEepeHU I Mepa HHPOpMaIIUH.
3apyOeKHOTO OIBITA
apaMeTpoB  Pa3IMYHbBIX KomnuyectBo
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y3JI0B
CBSI3HOU
paaroannaparypsl -
YCUJIUTENIEH, CMECUTENEH,
MOJYJISITOPOB,
HaIPaBJIEHHOT'O
OTBETBUTENS, WIM MOCTA,
GUIbTPOB M yCWINTENEH
MOIIIHOCTH C TOMOIIBIO
aHanu3aTopa LETIEH,
CIEKTpOaHaIn3aTopa u
BEKTOPHOI'O  T€HepaTropa
CUTHAJIOB B
CaHTUMETPOBOM
Juarna3oHe

YMETh:

- OCYILECTBJSTH BBIOOP
Ha0opa  OPTOTOHAIBHBIX
CUTHAJIOB, C IIOMOIIBIO
COOTBETCTBYIOILIETO
o0opynoBaHus
CHUHTE3UpPOBATh WX, TakK
YTOOBI MOJTYYEHHBIH
nupoOBOI KaHAT OKa3ajics
MaKCHMaJIbHO
3aIUIIEHHBIM oT
MEXCHUMBOJIBHOM u
MEKKaHATbHOMN
HHTEep(depeHIInH;

- OCO3HAaHHO MPUMEHSATH
uaen ONTUMAaTILHON
CIEKTPaJIbHON

3¢ (HEKTUBHOCTH CHCTEMBI,
MAaKCHUMaJIbHOM CKOpPOCTH
nepenayd  JaHHBIX |
€MKOCTH ceTu pH
peuieHnuu 3ajad CO3/IaHMs

COBPEMEHHOM

pamiMo  COCNWMHEHHUH B
OecTpOBOJHBIX CHUCTEMAax
CBs3H1 C
MHOYECTBEHHOCTBIO
KaHaJIOB;

- IIPOBOJUTH
HETIOCPCACTBCHHLBIC
W3MEpEHHsT  MapaMeTpoB
Y3JI0B COBPEMEHHOMN
CBSI3HOU
paguoannaparypsl;

- M0JIb30BaThCA
JINTEPATYPHBIMU
HWCTOYHHUKAMU

BIIQJIETh:

-HaBbIKaMHM OIITHUMAJIbHOI'O

nH(pOpManuu B
JTUCKPETHBIX
COOOIIEHUAX.
Nndopmannonnas
€MKOCTh
JUCKPETHOTO U
HEIPEPHIBHOTO
curHaia. Monenu
KaHaJoB 0e3 mamsTi
(nBOMYHBIN
CUMMETPUYHBII
KaHaJl, JUCKPETHBIN
KaHaJ, KaHal C
JTUCKPETHBIM
BXOJIOM U
HEMPEePHIBHBIM
BBIXOJIOM).
CrnekrpanbHast

3¢ peKTUBHOCTD
STUX KaHAJIOB.
[ITymsI B
AIEKTPUUCCKUX
cXemMax:
pPaBHOBECHBIE
baykryarumn
(TerioBoOM HIyM,
myMm HaiikBucra,
mryM J[>koHCOHa),
JIpOOOBOH 1
GbKKepHBIN (VI
1/f) mymsi.
DKBUBAJICHTHBIE
CXEMBI.
[IpakTnueckue
U3MEpEHHUS IIyMOB
YCUJIUTENIEN B
CaHTHUMETPOBOM
Jrana3oHe.
OCHOBHBIE CXEMBI
aHAJIOTOBBIX
MPUEMHHKOB.
[IpueMHuK npsiMOro
YCUJICHHS.
I'ereponuHHbI 1
CyHEePreTeEPOIUHHBIN
MIPUEMHHK.
[TpuemMHUK TIPSIMOTO
npeoOpa3oBaHus.
OcHoBHbIE
rapameTpBhl.
UyBCTBUTEIHHOCTb.
N36uparensHOCTB.
IlogaBnenue
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BBIOOpA BHJIOB MOJYJIALIUU 3epKaJIbHOTO
s mepenayn  ugpoBon KaHaja.
nHpOpMaUKA MO KaHaIy C JvnHamuyeckuit
3aIaHHOU YaCTOTHOU JIMaIa30H.
XapaKTePUCTUKOM; [Tokazarenu
-HaBbIKAaMH  paboOThl  Ha BO3/CHCTBUS
COBPEMEHHOI ammaparype MEePEKPECTHOM
st coopa U 00paboTKe MOTYJISIIIAH
AKCIIEPUMEHTAIBHBIX (BHEMOJIOCHBIX
JIAHHBIX; CUTHAJIOB) U
-KOMITbIOTEPHBIMH UHTEPMOAYIISALIMOHH
TEXHOJIOTHSIMH TUIst BIX TIOMEX.
00pabOTKH H BBIIACIICHUS
uHpOopMaIu u3
AKCIIEPUMEHTAIBHBIX
JTAHHBIX;
- HaBbIKAMH  CO3J/IaHUs
TEKCTOB,  ONHCHIBAEMBIX
HCCIIEyEMYIO TEMY;
YMETB: 1. CwmewanHble aHaJIOTO-
- OCYIIECTBJSTH BBIOOP udpoBbie
Habopa  OPTOTOHAJBHBIX pazuoONPUEMHUKH WIIH
CUTHAJIOB, C IIOMOIIBIO IPOrpaMMHO-
COOTBETCTBYIOIIETO orpeenseMas
o0opynoBaHus panuocucTema
CHHTE3UpPOBaTh HX, TaK (Software-defined radio,
YTOObI IIOJIy4YEHHBIN SDR). Ocobennoctu
U pOBOI KaHAI OKa3ajics peanmzanuu SDR.
MaKCHMaJIbHO 2. lludpoBbie cHHTE3aTOPBI
3alIUIIEHHBIM oT DDS (Direct Digital
MEKCHUMBOJIILHON " Synthesizer). Tunuunbie
MeXKKaHaTbHON napamMeTpsl s
CIOCOOHOCTHIO )
UHTEepEpEHINH; 3arpy3ku B DDS-
MPUHUMATh  y4acTHe B
- OCO3HAaHHO TPHUMEHSTh MHKPOCXEMY.
pa3zpaboTke HOBBIX . .
uaeu ONTUMAJILHON Wntepoeiic (BpemeHHas
METOZ0OB M METOAMYECKHX .
CTIEKTPAIbHOM JrarpaMma) 3arpy3ku
[1K-2 MOAXOOB B  HAYYHBIX
3G HEKTUBHOCTH CUCTEMBI, napametpos B DDS.
HCCIIEIOBAaHMUSIX B 00JacTu .
MAaKCHUMaJIbHOM  CKOpPOCTH [IIymoBbIE 0COOEHHOCTH
palIMOTeXHUKH, B  TOM .
nepegayd  JaHHBIX U CHUHTE3UPYEMOM
qucie CHCTEM u
. €MKOCTH ceTtn npu CHHYCOUJIBI 1
YCTPOWCTB TEJIECBHUICHUS
pelIeHNH 3a/1a4d CO3JaHMs paKTUYECKOe
panno COCNUHEHUN B HW3MEPEHNE
OecIpoBOJIHBIX ~CHCTEMax CMEKTPAJIbHBIX OLIEHOK B
CBSI3U c Pa3IMYHBIX MOJIOCAX.
MHOKECTBEHHOCTBIO 3. CornacoBaHHBI (UIBTP
KaHaJIOB; KaK JEMOYJISATOP
- MIPOBOJIUTH (uMmysbCHAs
HETIOCPE/ICTBEHHBIC XapaKTepUCTHKA,
U3MEpEeHUsT  MapameTpoB nepeaaToyHas (QyHKIMS,
Y3JIOB COBPEMEHHOM BBIXOJHOE OCIl,
CBSI3HOM IPUMEPBHI).
panuoanmapaTypsl; OnTUManbHBIA JAETEKTOP
- M10JIb30BaThCs s Mopynsauudu - 0e3
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JTUTEPATyPHBIMU MaMsTH.

HWCTOYHHUKAMU 4. KonoBoe paszaeieHue
M0JIb30BaTENEN B
BJIAJICTh: CDMA-cucremax cBsi3u.
-HaBBIKAMH OITUMAJIbHOTO Konosbie
BbIOOpaA BUIOB MOIYJISIIHH IICEBJIOLIYMOBBIE
Ui Tiepenadu U@ poBOit MOCTIEI0BATEIBHOCTH
uHpOpMAIMU 110 KaHATY C Yomma. Rake-npuémuuk
3a7aHHOM YaCTOTHOM (mpuéMHUK
XapaKTEPUCTUKOM; Pa3HECEHHBIX CUTHAJIOB).
-HaBbIKAMH  PalbOTHl  Ha [IpocTpancTBenHoe
COBPEMEHHOM anmnaparype pazzeneHue
st coopa W oOpaboTKe MOJIB30BATENICH.
JKCIIEPUMEHTAIBHBIX 5. OproronaibHble
JTAaHHBIX; MHOTOMEpHBIE CHUTHAJIbI
-KOMIBIOTEPHBIMU C YacCTOTHBIM CJBUIOM.
TEXHOJOTUSIMU JUIst ®opmupoBanne OFDM-
00pabOTKH U BBIJCIICHUS curnana. [Ipuem OFDM-
nHpopmanuu u3 curHana. IIpomyckHas
AKCIIEPUMEHTAIbHBIX cocoonocts  OFDM-
JAaHHBIX; CUCTEMBI.
- HaBbIKamMu  co3manus |6. bazoBas cxema
TEKCTOB,  OMHUCHIBAEMBIX re’HepaTopa
HCCIIEIYEMYIO TEMY; MICEBAOCITYYalHOU
MOCNIE0BATEIbHOCTH -

CIABHUIOBBIM PETUCTP C
JUHEHHBIMU OOPaTHBIMH
ces3simu (LFSR — Linear

Feedback Shift
Register).  T'eneparus
MPUMUTUBHBIX
MHOrousieHoB. CriocoObl
YIIy4IIEHUS
KPHUNTOCTOMKOCTH
TE€HEPUPYEMBIX
IIOCJIEI0BATEIbHOCTEM.
[Iporpammuas
(MukpomporeccopHas) u
anmapaTHas (HDL)
peanuzanus
TEHEPaTOPOB.

8. METOANYECKHUE VYKA3ZAHUA 1Js1 OBYYAIOIIUXCA IMTPU OCBOEHUU
JUCHUIIVIMHBI (MOYJIA)

Jlig nydmiero OCBOEHHS JIEKIIMOHHOro Matepuana mno kypcy "Ludpoas cBa3p" acnupaHTb
JenaroT JadopaTopHble pabOThl MO BaXKHEWIIMM W3 pacCMaTpUBAaEMBIX TEM U 3alllUINAIOT HUX.
[Tonnmanue acnupaHTaMH H3JaraeMoro martepuaia MpoBepseTcs IMyTeM OOIeld TUCKYCCHH IO TeMe
nabopaTopHOI paboOTH M MaTepHaIly JEKIHH.

9. YUYEBHO-METOJUYECKOE M WH®OPMALMOHHOE OBECHEYEHUE
JUCLMILIMHBI (MOLYJIST)
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9.1. OcHoBHas1 UTEpaTypa

1. [ertapes, A. H. MeTox CHM>KEHHS YPOBHS MEKKaHAJIbHBIX TOMEX M MEKCUMBOJIBHON
HHTEep(hEPEHIINN B CUCTEMaX CBS3H U mepenadn nHhopMaruu [ DneKTpoHHbIN pecype] / A.
H.[ertsipes // 30ipHuk Hayko Buxnpaib Akaaemii BilicbkoBo-Mopcebkux Cuit imeni I1. C.
Haximoga. - Beim. Ned4 (16) 2013. - ¢. 67- 78. - Peskum gocrymna:
http://znanium.com/bookread.php?book=499304

2. MHorokaHaibHbIE TeIEKOMMYHUKAIIMOHHBIE cucTeMbl. Y. 1. IIpUHIUIIBI TOCTPOCHHUS TEJIEKOM.
CUCTEM C BpeMeH.pa3/el. kanaios: Yu.moc./ A.b. Tumenko. - M.:V1] PUOP:HUL] UHDPA-M,
2013 - 104 c. - Pexxum goctyma: http://znanium.com/bookread.php?book=371411

3. Ilanmnu B. B. OcHoBbI Teopuu nHpopmarmu: yued.mocodue. M.: bunom. Jlabopatopus 3Hanuii,
2012 - Pexxum noctyma: http://e.lanbook.com/view/book/4427/

9.2. lonotHUTEILHAS JIUTEPATypa

1. Ceprucnko A. b. Iludposas 00padoTka curraiion: yued. mocooue. — 3-¢ u3a. — CII0.: BXB-

[TerepOypr, 2011. — 768 c. — (YuebHas murepartypa 11 By30B). - ISBN 978-5-9775-0606-

http://znanium.com/bookread.php?book=354905

2. CupnenbHukoB B.M. Teopus xomupoBanus. M.:®@uszmariaut. - 2008 r. , 324 c. - Pexum
noctyna: http://e.lanbook.com/view/book/2311/

3. 3amuta uHpopmammu: Yuedbnoe nmocoodue / A.Il. Kyk, E.II. Kyk, O.M. Jlenemxun, A.U.
Tumornkus. - 2-e w3a. - M.: UL PUOP: HUILL UH®PA-M, 2015. - 392 c.: 60x90 1/16. - (Beiciiee
oOpaszoBanue:bakanaBpuar; Maructparypa). (neperier) ISBN 978-5-369-01378-6, 500 5k3. - Pexxum
noctyna: http://znanium.com/bookread.php?book=474838

4. Teopuss uHbopManuu : ydeOHOEe MocoOue A CTYJCHTOB BBICHIUX Y4YEOHBIX 3aBEICHUH,
oOyyaromuxcs 1o HampasieHuo noAaroroBku 230200 "Wudopmammonusie cucrems" / Bb. ]I
Kyapsamos .? Canxrt-IlerepOypr [u ap.] : [urep, 2009 .7 314 c. : un., Tabmn. ; 24 .? (YuebHuk ans
By30B) (lonyimeHno YuyeOHo-meroauueckum o0bveanHenneM) .7 Ha 4-it ¢. oou. aBT.: Kynpsmos B.J1. -
I.T.H., ipod. ? Ha 00:1. B moa3ar.: KoAUpOBaHUE TUCKPETHBIX UCTOYHUKOB, KOJUPOBaHUE HHPOPM. IS
nepeayy 1o KaHaiy ¢ IIyMOM, KOJAUPOBAaHME C 3aJJaHHBIM KpUTepueM KauecTBa .? bubmnuorp.:c. 304-
307 (60 na3B.) .? [Ipeam. ykas.: c. 308-314 .7 ISBN 978-5-388-00178-8 (B mep.) , 3000.

5. Jlekuuu. MeTosl 1 yCTpoiicTBa npuemMa curaaios - http://www.radioforall.ru/2010-01-17-19-
37-41

6. Crarps "[louemy B WiMax u LTE ucnons3yror OFDM" - http://habrahabr.ru/post/129101/

7. IlonsTHe 0 MOMexax ¥ MeTo bl 00pbOBI ¢ HUMU https://ru.wikibooks.org/wiki

9.3. UHTEpHeT-pecypehI:
1. Caiit, mOCBSAIIIEHHBIN CTaHIapTaM COTOBOM cBsi3u. http://celnet.ru/mimo.php
2. OnTuMannHas (I)I/IJIBTpaLII/ISI NepuoaANYCCKOro CurHasia -
http://lwww.phys.spbu.ru/library/studentlectures/yanevich/chapter4.html
3. Caiir crannapral TE - http://www.3gpp.org/technologies/keywords-acronyms/98-lte
4. Pedeparst 0 MadopmanmoHHbIX TexHOMOTHSX - http://kunegin.com/ref.htm
5. Cyomonynu uugposoro npuema ADMDDC4x16 v3.0 -
http://www.insys.ru/products/ddc/admddc4x16v30
6. XXypnan becnipoBoansie Texnonoruu http://www.wireless-e.ru/articles/technologies.php

10. MATEPUAJIBHO-TEXHUYECKOE MW [POI'PAMMHOE OBECIEYEHHUE
JUCHOUIIJIMHBI (MOAYJIS)

OcBoenne nuctumianebl  "LugpoBas cBsA3p" npeAnonaraeT HMCHOJIb30BAHUE CIIEAYIOIIETO
MaTepUaIbHO-TEXHUYECKOTO 00eCIeueHus:

MynbTUMeaniiHas ayAUTOpHUs, BMECTUMOCTBIO Oosiee 12 yenoBek. MynbTUMEIUITHAS ayTUTOPUS
COCTOUT W3 MHTETPHPOBAHHBIX WH)KEHEPHBIX CHCTEM C €IMHON CHCTEMOHW YIpaBIICHUS, OCHAIICHHAS
COBPEMEHHBIMHU CPEJCTBAMU BOCIIPOU3BENIEHUS M BU3yaIM3alluy JH000H BUIEO U ayano UH(pOpMaIuy,
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http://znanium.com/bookread.php?book=499304
http://znanium.com/bookread.php?book=354905
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http://habrahabr.ru/post/129101/
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http://kunegin.com/ref.htm
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http://www.wireless-e.ru/articles/technologies.php

MOJIyYeHUsI M Tepefayd dBJEKTPOHHBIX JOKyMeHTOB. KommbioTepHoe o000pyqoBaHHEM HMeEET
COOTBETCTBYIOLIEE JUIIEH3MOHHOE MPOrpaMMHOE 0OecrieueHue.

AHanmu3aTtop Ieneu, CIeKTpoaHAIM3aTOp W BEKTOPHBIA TeHeparop curHaioB. [ludpossie KB
npuemanku ADMDDC4x16 v3.0 u EB510. Otnanounsie komiuiektsl ¢ FPGACycloneV.

[Iporpamma coctaBieHa B cooTBercTBUM ¢ TpeboBanmsimu PI'OC BO u ¢ yuerom
PEKOMEHAALUH 110 HAIIPABJICHUIO MTOATOTOBKH.

ABTOp(BI): 3aB. Kadeapsl pagoacTPOHOMHH, K.(.-M.H., morieHT AxkuypuH A.Jl.
Peniensent(wl): 3aB. kadenpsl paguodusuku, a. §.-mM.H., mpodeccop lepcrrokor O.H.

[IporpamMma omobpeHa Ha 3acemaHuu Y4eOHO-METOAMYECKOH Komuccuu MHcTUTyTa (Qusuku
K®V ot 20.05.2015 rona, mpotoxos Nell.
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