degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXJAEHO
IIpopexTop no yueoHoii padore

A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: Texnonoruu ¢uzndeckoro ypoBHs 6€CIPOBOIHBIX CeTel
10 HANPABJICHHUIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npo¢uib NOArOTOBKHU: PannorexHuKa 1 KOMIBIOTEPHBIE TEXHOJIOTUU

®usrex-mkoia Pannorexuuku n Kommneiorepasix TexHonoruii
kadeapa nmpodiem nepenadu HHGOPMAIMK U aHATTN3a TaHHBIX

Kypc: 4
KBaJIMpUKALS: GakanaBp

Cemectp, GopMBI IPOMEXKYTOUHOH arTectauuu: 8 (BeceHHul) - nuddhepeHunpoBaHHbIi 3a4eT

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
nexkuuu: 0 gac.
cemuHapsl: 30 gac.
nabopatopusle 3ansaTus: 0 gac.

CamocrostensHas padora: 15 gac.
Bcero gacos: 45, Bcero 3au. ef.: 1
[Iporpammy cocraBuin:

AL.IN. Kynermmos, a-p TexH. HayK, ipodeccop
J.C. Ocunos, kaHJ. TEXH. HayK

[Iporpamma obcyxieHa Ha 3acefianny Kadeapsl mpobieM nepenadn HHPopMaIuu u aHanmsa ganaeix 20.04.2020



AHHOTANMA

Kypc mocBsleH OCHOBHBIM TEXHOJNOTMSM, METOJaM M MOJENSIM, KOTOpble MNPUMEHSIOTCA TpHU
MPOEKTUPOBAHUY U HCCIEAOBAHNN (DPU3UUECKOTO YPOBHS COBPEMEHHBIX CUCTEM OCCIIPOBOJHOM CBS3M.

1. lean u 3apa4n

]_le.]'lb AUCHUIIINHBI

OcBoeHME CTyCHTaMHU OCHOBHBIX T€XHOJOTUH, MPUMEHSIEMbIX IpU nepenade 1udpoBoi nHpopMaun
B COBPEMEHHBIX CHCTEMAX CBS3U.

33)13‘11/[ JAUCHUIIINHBI
- (I)YH,E[HMCHTaHBHaﬂ IMMOATOTOBKA CTYACHTOB B obmacTu TCOpUHU nepcaain I/IH(I)OpMaLII/II/I;

- (bOpMI/IpOBaHI/IG Y CTYACHTOB HABBLIKOB IMPUMCHCHUA IMOJYUYCHHBIX 3HAHUN Opu MIpPpOCKTUPOBAHUH,
HCCJICAOBAHNU U MOACIUPOBAHUHN TCIICKOMMYHUKAIIUOHHBIX ceTel u CUCTEM,

- KOHCYJIBTUPOBAHUC CTYACHTOB, IIPHU MNPOBCACHUU UMH CaMOCTOATCIIbHBIX HUCCJICIOBAaHUM B obmactu
MNOCTPOCHUSA TCICKOMMYHUKAITMOHHBIX CETCH M CHCTEM.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie [$1($9174:0)11170,€ KOMHeTeHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN I/IHI[I/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

VYK-1.1 Ananusupyet 3aaady, BeIIEIASA 3TANbl €€ PEIICHHUS,
JIEHCTBUS IO PELIEHUIO 3a1a4U

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3HPYET U BbIOUpaeT
nHpopMaLKI0, HEOOXOOUMYIO AJISl PELICHUS! IMOCTaBICHHON

YK-1 CriocobOeH oCyIIecTBISTh ITOUCK, -

KPUTUYECKNH aHAJIN3 ¥ CUHTE3 HH(opManuy,

N VYK-1.3 PaccmarpuBaeT pas3iHyYHBIE BapHUaHTHl PELICHUS
NPUMEHATh CUCTEMHBIN MOAXO ISl pELICHUS

3a/la4d, OIICHUBAET UX NMPEUMYIIECTBA U HEIOCTATKU

MOCTaBJICHHBIX 3a/1a4
YK-1.4 I'pamotHoO, JIOTUYHO, apryMeHTHpPOBaHHO

(hopMupyeT COOCTBEHHBIC CYKICHHS U OI[CHKH

VK-1.5 OnmnpenensieT ©  OLEHUBACT  NPAKTUYECKHUE
MOCJIECTBUS BOZMOXKHBIX BApUAHTOB PELICHUS 3a1a4H

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,

OIIK-1 Cnocoben npuMeHSTh HAMEYATD MyTH €€ PEIICHHS

(byHIaMeHTaNbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B

OIIK-1.2 CnocobeH cTpouUTh MareMaTH4YecKHue MOJEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompeaensTs TpaHUIBl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

npodecCuoHaTbHON e TENHHOCTH

OIIK-4.1 Bnameer MerogaMM HAay4yHOTO TIOMCKA H
MHTEJJICKTYaJbHOTO aHalu3a MH(GOPMAIMM IIPU PELICHUH

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U .
3a7a4 npodeccHOHABHOM eI TeTbHOCTH

00pabOTKy HayYHO-TEXHUYECKOHN U (MJIIH)
TEXHOJIOTHYECKOH MH(OPMAIIUK ISl PELICHHS
(yHIaMEHTAIBHBIX U MPUKIIAJHBIX 3329

OIlK-4.4 Bnaneer HaBbIKaMU pPabOTHI C KOMIIBIOTEPOM H
KOMITBIOTEPHBIMH CETSMH C IEIbIO MMOTYYCHUS, XPAaHCHHUS U
00pabOTKM HAy4YHOW (TEXHHUYECKOW, TEXHOJIOTHYECKOM)
uHpopMannun

[1K-4.1 3Haer 4nciIeHHBIE TOPSAKA BEIMYUH, XapaKTEPHBIX

[TK-4 CriocoOeH KpUTHYECKH OLICHUBATh o N
JUISL COOTBETCTBYIOIIEH MpodeccHoHaIbHON 00macTu

IMPUMCHUMOCTD HUCIIOJIB3YEMbIX METOJUK U

[MIK-4.3 CnocobeH 0060CHOBaTh NPUYUHHO-CIICACTBEHHBIE
METOJIOB

OTHOLICHUS UCITIOJIB3YCMBbIX MOHATHUH B MOILCJ'IGﬁ

3. IlepeyeHb IUIAHUPYEMBIX Pe3yJbTATOB 00y4eHHs 10 JUCHHUIINHE (MOLYJII0)

B pesynbrare ocBOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI

3HATB!
- (yHnameHTambHBIE IPUHIMIIBI TOCTPOCHUS TEIEKOMMYHHUKAIIMOHHBIX CETEi U CHCTEeM;
- METOABI IPHEMA U NIEPEJAUN JAHHBIX B COBPEMEHHBIX TEIEKOMMYHHUKAIIUOHHBIX CUCTEMAX U CETIX;
- COBPEMEHHbIE TCHAEHLMH Pa3BUTUsI TE€IEKOMMYHUKALIUH.

YMETb:




- CaMOCTOSATENIBHO (hOPMYIMPOBaTh W peEIIaTh HAyYHO-HCCIIENOBATENBCKUE 3aJadd B 00JacTu
MPOEKTUPOBAHUS TEIIEKOMMYHHUKAITUOHHBIX CHCTEM;
- HCIIOJIb30BaTh [IOJYUYEHHbIE 3HAHUS U HAaBbIKYU JUUIsl UCCIIE0BAHUS MOJIEIEH CUCTEM MHOKECTBEHHOIO
JOCTYIIA.

BJIaJICTh:
- HaBBIKOM OCBOEHHsI 00JIBIIOr0 00beMa HH(POpPMAIIH;
- MareMaTH4eCKMMM METOJaMU OIMCAaHMs U MCCIIeI0OBAHUS TEJIEKOMMYHUKALMOHHBIX CETEH U CUCTEM.

4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl nuctMIiInHbl (MOYIIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHSATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs
CaMOCTOSTENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 Mertobl UG POBON MOAYISAIUH 6 2
Kanauns! cBs13u 5 3
3 3ajaya MHOKECTBEHHOTO JIOCTYIIa 5 2
Konoseie METO/IbI paszzneneHus
4 I0JIb30BaTENEH B cHUCTeMax 6 4
MHOXECTBEHHOIO JOCTYyIIa
5 [IpocTpancTBEeHHOE pa3HECEHUE 4 2
6 OObmas cTpykrypa (hU3HYECKOrO YPOBHS 4 )
MIMPOKOIIOJIOCHOTO paarouHTepdeiica
Nroro yacos 30 15
[loaroroska k sK3amMeHy 0 gac.
OO01mas TpynoEMKOCTh 45 yac., 1 3au.en.

4.2. CopaepxaHue TUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 8 (Becennuit)
1. Metojs! TUPPOBOH MOAYISIIUH

Mertonel nmdpoBoir Momymsiuuu. [lpeicraBieHune curHaia B BUJAC KOMIUICKCHOM (QYHKITHH.
I'unp-6eproBo mpoctpancTBo. Metoas! nudposoit monyssinuu: ASK, PSK, FM u QAM.
Oproronanuzanus l'unbOepra-1lImuara. MynbTHIITIEKCUPOBaHUE c HCIOJIb30BaHUEM
opTtoroHaib-HbIX YacToT (OFDM) u ero ucnonbp3oBaHne B COBPEMEHHBIX CUCTEMaX CBSI3U.

2. Kanainel cBsasu

Kanans! cBs3u: obmas xknaccudukamus. OcoOeHHOCTH paclpoCTpaHEeHUs! CUTHaIa B OeCIpOBO-HBIX
KaHajlax CBsI3U: 3aTyXaHUE CUTHaja Ha PACCTOSHUM, 3aMHUpaHMs, CMEILEHHE YacTOTbl HeCcylLeH.
Knaccuduranus 3amupanuil u ee CBA3b C MapamMeTpamMH CUCTEMbI CBs3H. JIMHEHHBIN QuiabTp Kak
MoIedb KaHana c 3amupaHusMmu. Pacnpenenenus Penes, Paiica m Haxaramu. OuenuBanue
na-paMeTpoB  OCCHPOBOAHBIX KaHAIOB CBs3W. KomIeHcanus HWCKaXEHUWH curHajla Ipu
pacrpocTpaHeHUH 10 OeCrpOBOAHBIM KaHalaMm cBsA3u. CHHXpOHHM3alMsi B CHCTEMax CBS3M
HCHOJIB3YIOUINX OECIPOBOJHBIC KAHAIIBI.

3. 3a/:[aqa MHOXXCCTBCHHOI'O 10CTYyIIa




3amaya MHOKECTBEHHOTO JOCTyma. Mojenu CcHCTeM MHOXECTBEHHOTO JIOCTyHa: MOJeNlb C
LEHTPAIBHBIM Y3JIOM U MOAEIb 0€3 HeHTpainbHOTo y3ia. [IpsaMoit u oOpaTHBIN KaHAIBI U METOABI UX
paznenenus (TDD u FDD). Metoast noctyna TDMA u FDMA. Hcnons3zoBanne OFDM B cuctemax
MHOXecTBeHHOro goctyna: OFDMA.

4. KOZ[OBBIC MCTOAbI Pa3aCICHUS IIOJI30BAaTEICH B CHCTEMaX MHOXXECTBECHHOIO A0CTyIa

KonoBble MeTonmbl pasiesieHust Iojb30Bareliedl B CUCTEMax MHOXECTBEHHOIO  JIOCTYIIA.
Hcnonp3oBaHre MOCHEI0BaTEIbHOCTEN C HM3KOW KOPpEJSIMEN Ul pa3leleHHs MOJb30BaTeiel B
cucreMax  MHoxecTBeHHoro Jnocryna (DS CDMA). Bwibop  ancamOnell  KOMOBBIX
nocienoBarenbHocTed U ocobeHnoctu npuema B DS CDMA. IlceBmocmyuaiinas nepecTpoiika
paboueit yactorel (FH CDMA). CBsi3b C HCIOIB30BAHWEM CHTHAJIOB CO CBEPXIIUPOKON TOJOCOH
(UWB). Hcnonb3oBanue JTUHEHHON 4acTOTHOW MOIYNSALMU B CHCTEMaX MHOXECTBEHHOTO JIOCTyIa
(CSS).

5. IIpocTpaHCTBEHHOE pa3HECEHUE

[IpocTtpancTBeHHOe pa3HeceHue. TexHomoruss MHOroanTeHHoW mepenaun MIMO. Koaper ans
MHOTOaHTEHHOH Nepefadu: KpUTEPUN OCTPOEHUS U MPUMEPBI KOHCTPYKITHIA.

6. Obmas cTpykTypa (pr3nuecKoro ypoBHs IHUPOKOIIOJIOCHOTO paguonHTepdeiica

O0mas cTpykTypa (U3UYECKOTO YpPOBHS IIUPOKOTIOIOCHOTO paauouHTepdeiica. DBomonus
TexHonorui guznueckoro ypoBHs B ceTsx WLAN na npumepe [EEE 802.11, WMAN nHa npumepe
IEEE 802.16, WPAN na nmpumepe Wireless USB, ECMA 368, IEEE 802.15.3a/c, Bluetooth, IEEE
802.15.4.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHS 00pa30BATEIHLHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

YueOHas aynuTopus, OCHAIIEHHAS MYITBTUMEANIHHBIM 000pyI0BaHHEeM (TIPOSKTOP WIIH TIa3MEHHAs
TTaHEIb).

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa
®onp auTeparypsl 6a30B0i kKadeapsl (OpraHu3aLy):
1. Krouk E. and Semenov S. (ed.) Modulation and Coding Techniques in Wireless
Communications.John Wiley & Sons. 1st edition. Chichester, UK, 2011.
2. Zigangirov, K. Sh. Theory of Code Division Multiple Access Communication // IEEE Press.
Piscataway, New Jersey, 2004.
3. Nnaros B. II. [IIupokonosoCHbIE CUCTEMBI M KOZOBOE Pa3/I€/IEHUE CUTHAJIOB: IIPUHLUIIBI U
npuiokenus M: Texaocdepa, 2007.

JlononHuTeNbHAS TUTEPATypa
®onp auTeparypsl 6a30B0i Kadeapsl (OpraHUu3aLiy):
1.Glisic S. Advanced Wireless Communications: 4G Cognitive and Cooperative Broadband
Technology (2nd edition)// John Wiley & Sons. Chichester, UK, 2007.
2.Molisch A. F. Wireless Communications (2nd edition)// John Wiley & Sons. Chichester, UK, 2011.
3.Seybold J.S. Introduction to RF Propagation// John Wiley & Sons, Inc., Hoboken, New Jersey, USA ,
2005.
4.Kphn V. Wireless Communications over MIMO Channels: Applications to CDMA and Multiple
Antenna Systems // John Wiley & Sons. Chichester, UK, 2006.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCUHMILIUHBI (MOLYJIs1)



http://www.complextoreal.com/tutorial.htm
http://www.radio-electronics.com/

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AMMOro NpOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha 3ansaTHSX MCONb3yIOTCA MYJIBTUMEIUUHBIE TEXHOJIOTUH, BKIIOYAS IEMOHCTPALIMIO TPE3CHTAIUH.
9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOILYJIs1)

CryneHT, M3ydYalOmMid AMCUUIUIMHY, IOJKEH, C OJHOM CTOPOHBI, OBJAAETh OOILMMHU MOHITHUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.
B pesynbrare wn3ydyeHHs [UCHMIUIMHBI CTYJICHT JOJDKEH 3HATh (yHIAMEHTAJIbHbIC TIPUHIHIIBI
IIOCTPOEHUS TEJIEKOMMYHUKAIIMOHHBIX CETEH M CHCTEM, METOABI NpUEMa M NEpeJadyd JaHHBIX B
COBPEMEHHBIX TEJIEKOMMYHHMKALIMOHHBIX CUCTEMAax M CETAX; COBPEMEHHbIE TEHICHLIUU DPa3BUTUS
TEIEKOMMYHHUKALU.

VYeneniHoe 0CBOoeHUE Kypca TpeOyeT HalpsbKeHHON caMOCTOATENBHOM pa0oThl cTylieHTa. B mporpamme
Kypca OTBEICHO MHUHHMAaJbHO HEOOXoOuMoe BpeMs nisi paboTbl CTyneHTa Haj TEMOH.
CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

- YTEHUE U KOHCIIEKTUPOBAaHUE PEKOMEHI0BaHHOM JINTEPaTyphl;

- mpopaboTKy y4yeOHOro Mmarepuana (10 KOHCIEKTaM 3aHATHH, yueOHOW M Hay4dHOH JHTEpaType),
[IOJTOTOBKY OTBETOB Ha BOIPOCHI, NPEIHA3HAUEHHbIE JISI CaMOCTOSATEJIBHOIO W3yuY€HMsl, pelleHHE
3a1ay;

- IOATOTOBKA K U (EepeHIUPOBAHHOMY 3aUETy.

PyKoBOACTBO M KOHTPOJIb 32 CaMOCTOATENBHOM paboTOM CTylaeHTa ocylecTBiseTcs B Qopme
UHAUBUYaIbHBIX KOHCYJIbTALUM.

BaxxHo 10oOWTHCS MOHMMAaHUS M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU W3YyY€HHs OTAEIbHBIX TEM, BOIPOCOB CcIeAyeT oOpamarbcs 3a KOHCYJIBTAlMAMH K
JIEKTOPY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa
npopuJib NOArOTOBKHU: PaanorexHuka 1 KOMIIBIOTEPHBIC TEXHOIOTUU
Oustex-mkona Paguorexuuku nu Komnerorepubix TexHonoruii
kadenpa nmpobiem repenadn HHGOPMAIIUY U aHAIIN3A JTAHHBIX
Kypc: 4
KBaJupuKaAnus: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 8 (BeceHHul) - JlnddepeHunpoBaHHbIi 3a4eT
PaspaGorunkm:

AL.I1. Kynemos, a-p TexH. HayK, ipodeccop
J.C. Ocunos, kaH. TEXH. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK, saaan

KPUTUYECKUAN aHAIN3 U CHHTE3 HH(POPMAITHIH,
MIPUMEHSTh CUCTEMHBIN TOAXO ISl peLIeHUs
OCTaBJIICHHBIX 3a7a4

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl PELICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH

VYK-1.5 Ormpenenser W  OLEHHBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,

OIIK-1 CniocobeH npuMeHSITh HAMEHATh TITH €€ PENICHHs

(dyHIaMEHTAIbHbBIC 3HAHUS, MTOJTyUYCHHBIC B
obnact GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HAYK, U HCIIOJIb30BATh UX B

podeCcCHOHAILHOMN I TeIBbHOCTH

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKue MOJIENH,
MPOU3BOIUTH KOJTMUECTBEHHBIE PACUETHl M OLICHKH

OIIK-1.3 CnocoOeH omnpenensiTs I'paHULbl MPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIBTaTOB

OIIK-4.1 Brmageer weTromaMu Hay4HOrO IIOMCKa |
WHTEJUIEKTYyaJlbHOTO aHalin3a WHGOpMalHud MpH PEIICHUN

OIIK-4 CriocobeH ocymecTBIsITh cOop U 9
3a/1a4 MPoQeCcCHOHANBHOM e TeIbHOCTH

00pabOTKy HAYYHO-TEXHUIECCKOH U (VITH)
TEXHOJIOTUYECKON MH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX M IPUKJIAJHbIX 33134

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSMU C LIEJbIO NOJIyUEHUs], XpaHEHUs U
00pabOTKM Hay4yHOW (TEXHHYECKOW, TEXHOJOTHYECKOMN)
nHpopMaIun

[IK-4.1 3naer ymnciieHHbIe MOPSIIKN BEITWYHH, XapaKTEPHBIX

[MK-4 Crioco0GeH KpUTHYECKH OIIEHUBATh o o
JUIS COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00acTu

MNPUMEHUMOCTh UCIIOJIb3YEMbIX METOJUK U
METOIOB

[IK-4.3 Cnocobern 000CHOBaTh NPUIHMHHO-CIICIACTBEHHBIC
OTHOLLUEHHUSI UCIOJIb3YEMBIX IIOHATUI U MOJENEHN

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare wu3yueHHs AMCUHUIUIMHBI «TexHOMOrMH (U3UUECKOTO YPOBHS OCCIPOBOTHBIX CETEH»
00yJarouics JTOIDKEH:

3HATh:
- (yHnaMeHTambHBIE IPUHIMIIBI TIOCTPOCHUS TEIEKOMMYHHKAIIMOHHBIX CETEi U CHCTEM;
- METOJBI IpHEMa U Nepeaadn JaHHBIX B COBPEMEHHBIX TEJICKOMMYHHUKAIIMOHHBIX CUCTEMAX U CETAX;
- COBPEMEHHbIE TCHAEHIUH Pa3BUTUsI TE€IEKOMMYHUKALIUH.

YMeThb:

- CaMOCTOSATENIBHO (hOPMYJIMPOBAaTh W pEIIaTh HAyYHO-HCCIIENOBATENBCKUE 3aJadd B 00acTu
MPOEKTUPOBAHUS TEIIEKOMMYHUKAITUOHHBIX CHCTEM;
- HCIIOJIb30BaTh [IOJYUYEHHbIE 3HAHUS U HAaBbIKY JUUIsl UCCIIEJ0BAHUS MOJIEIEH CUCTEM MHOKECTBEHHOIO
JOCTYIIA.

BJa/IeTh:
- HaBBIKOM OCBOEHHsI 00JIBIIOr0 00beMa HH(POpPMALIH;
- MareMaTu4eCKMMM METOaMU OIMCAaHMs U MCCIIEI0OBAHUS TEJIEKOMMYHUKALMOHHBIX CETEH U CUCTEM.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIleMy KOHTPOJII0

C 1menplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuaina MpOBOAUTCS YCTHBIH ONpoC B
HayaJje 3aHATUSA 110 TeME IPOIUIOT0 CEMUHAPA WM B KOHIIE 3aHATHS 110 IPOHACHHON TEME.



4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

[lepeueHb KOHTPOJIBHBIX BOMPOCOB K TG HEpEHINPOBAHHOMY 3a4ETy:

1. Meronst uudpoBoil momymsuuu. IlpencraBnenne curHajga B BUAE KOMIUIEKCHOM (QYHKIMH.
Iunb6epToBo npoctpancTBo. Metonst udposoit Mmoaynsiun: ASK, PSK, FM u QAM.

2. Metonet mmdpoBoit momynsium. [lpencrabneHvie curHana B BUAE KOMIDICKCHOW (QYHKITHH.
I'unpGeproBo npoctpancTBo. Oproronanusauus ['unsbepra-Lmuara.

3. MynbTUILUIEKCHPOBAHKE C HCIIONB30BaHUEM OpTOroHaibHbIX YacToT (OFDM) u ero ncnosib3oBaHue B
COBPEMEHHBIX cucTeMax cBs3u. OIeHUBaHUE MapaMeTpoB OSCIPOBOIHBIX KAHAJIOB CBSI3U B CHCTEMaX,
ucnons3yroumx OFDM. KoMeHcanus nckaXeHnid CUrHaia Mpy pacinpoCcTpaHeHNH 0 OeCpOBOAHBIM
KaHajlaM CBSI3U.

4. MynbTUTIIEKCUPOBAHUE C UCIIOJIB30BaHUEM OpTOTOHANBHBIX 4acToT (OFDM) 1 ero ucnons3oBaHue B
COBPEMEHHBIX cHucTeMax CBs3U. JIOCTOMHCTBa M HENOCTAaTKM HWCIONb30BaHus TexHonorun OFDM.
[Muk-¢pakrop (PAPR)u MeToas! ero cCHIKEHUS.

5. Kanansl cBs3u: obmas kinaccudukamnus. OcoOeHHOCTH paclpoCTpaHEeHUs! CUTHAJA B O€CIPOBOIHBIX
KaHajlaX CBS3M: 3aTyXaHHE CHTHaja Ha PACCTOSHHHU, 3aMUpPaHUs, CMEUICHHE YacTOThl HECYIICH.
Kitaccugukanus 3aMupaHuil 1 ee CBs3b C IapaMeTpaMH CHCTEMBI CBSI3H.

6. Kanansl cBsa3u: obmmas kiaccudukanusa. OcoOeHHOCTH paclpoCTPaHEeHUs! CUTHaAJa B O€CIPOBOAHBIX
KaHajlax CBsI3U: 3aTyXaHUE CUTHAjJa Ha PAcCTOSHUM, 3aMHUpaHMs, CMEILEHHE YacTOThl HeCcyILeH.
Jluneiinslii GUIBTP Kak MOJEIb KaHala ¢ 3aMupaHuaMu. Pactipenenenus Penes, Paiica u Hakaramu.

7. 3amaya MHOXXECTBEHHOIo jocryna. Mopaenu CHUCTEM MHOMKECTBEHHOIO JOCTYIA: MOJIENIb C
LEHTPAIbHBIM Y3JIOM U MOZeNb 0e3 HeHTpalbHOro y3ma. [IpsaMoil u oOpaTHbIi KaHAJIbl U METOIBI HX
pasnenenus (TDD u FDD). [Ipeumyniectsa u megocrarku TDD u FDD.

8. Metoasl nocrtyna TDMA u FDMA. Ucnonb3oBanne OFDM B cuctemax MHOKECTBEHHOTO JAOCTYTA:
OFDMA. Texnonorus SC FDMA.

9. KomoBble Meronsl pas3neneHusi MoOJb30BaTeNied B CHUCTEMax MHOMKECTBEHHOTO JIOCTYIIA.
Hcnonp3oBaHue NOCHENOBATEIBHOCTEN C HU3KOW KOppEJsIUUEd Ui paslelieHus I0Jb30Bareiicil B
cucreMax MHokectBeHHoro nocryna (DS CDMA). Texnonorus mpuema B cuctemax DS CDMA:
OZIHOTIONB30BATENbCKUN TMPHUEMHUK, ONTUMAJbHBI NPHEMHHK, CyOONTHMAaJIbHBIC TNPHEMHHKH,
npuemMHuk RAKE.

10. KomoBble MeTonpl pasfefieHHs IOJdb30BaTeNieii B CHCTEMax MHOXECTBEHHOTO JIOCTYyIHa.
Hcnonp3oBaHue NOCHENOBATEIBHOCTEN C HU3KOW KOppEJsIqUEd Ui paslelieHus I0Jb30Bareiicil B
cucreMax MHoxecTBeHHOro goctymna (DS CDMA). Bribop ancamb6iei KoJOBBIX MOCIEI0BaTEIbHOCTEH
B cuctemax DS CDMA: MUHIMaKCHBIN KpUTEpUi, TpaHula Yanua u rpanuiia CuaenbHUKOBa.

11. KomoBbsle MeTOABI pa3leieHHs] II0JIb30BaTeNel B CHCTEMaX MHOXECTBEHHOTO JOCTyTIa.
Hcronp30BaHme MOCIEIOBATEIBHOCTEH ¢ HU3KOM KOppessiueil Iuis pas3[aesieHHs MOJb30Barelieii B
cucreMax MHOxecTBeHHOTO jocTtyna (DS CDMA). OcobeHHOCTH CHHXPOHHW3aIlMU B cucteMax DS
CDMA.

12. KomoBele MeETOOBI pa3lelicHHs IMOJb30BaTelied B CHCTEMAaxX MHOXXECTBEHHOTO JOCTYyIIA.
[ceBnocnyuaiinas nepectpoiika paboueit yacrorsl (FH CDMA).

13. KomoBbie MeTOABI pa3iesieHUs] MOJb30BaTeNiell B CUCTEMax MHOXKECTBEHHOro jaoctymna. CBsizb ¢
HCIIOJIb30BaHUEM CHUTHAJIOB O cBepXimpokoii monocoit (UWB). Mcnonb3oBanue TMHEWHOM YaCTOTHOM
MOIYJSIIUU B CUCTEMax MHOXecTBeHHOro joctyna (CSS).

14. IlpoctpancTBeHHOE pa3HeceHWe. TexHomoruss MHOroaHTeHHOW mepemnaun MIMO. Komer mms
MHOTOAHTEHHOM Iepefadu: KpUTEpUU OCTPOCHUS U IIPUMEPbI KOHCTPYKLIUI.

15. OOmas crpykrypa (QU3NYECKOTO YpPOBHS IMHUPOKONOIOCHOTO paauonHTepdeiica. DBONIOIHS
TexHonoruil uzmyeckoro ypoBHs B ceTsx WLAN na npumepe IEEE 802.11, WMAN Ha mpumepe
IEEE 802.16, WPAN na npumepe Wireless USB, ECMA 368, IEEE 802.15.3a/c, Bluetooth, IEEE
802.15.4.

Kputepun onennBanus

Onenka omnyHO (10) BBICTaBASICTCS CTYIEHTY, OKAa3aBIIEMy BCECTOPOHHHUE, CUCTEMAaTU3UPOBAaHHbIC,
nryOoKue 3HaHMS y4eOHOH MporpaMMbl JUCHUIUTHHBI, MPOSBISIONIEMY HHTEpEC K IaHHOM NMpeaMeTHOH
00JIaCTH, IPOJIEMOHCTPHUPOBABLIEMY YMEHHE YBEPEHHO M TBOPUECKHU NPUMEHSTHh WX HA MPAKTHKE MPH
peLIeHNN KOHKPETHBIX 3aJ1a4, CBOOOHOE U IPaBMIbHOE 000CHOBAHNE IPUHATHIX PEIICHHH.

Onenka omM4HO (9) BBICTABISETCS CTYIACHTY, MMOKa3aBLIEMYy BCECTOPOHHHUE, CUCTEMAaTH3HPOBAaHHbIC,
n1yOoKHe 3HaHHUS y4eOHOM MPOrpaMMBbl JUCHUILIMHBI M YMEHHE YBEPEHHO NMPUMEHATh X HA MPAKTHKE
MIPH PELICHUH KOHKPETHBIX 3ajad, CBOOOJHOE U MpaBUIIbHOE 000CHOBAaHUE IPUHATHIX PELICHUH.



Onenka oTAMYHO (8) BBICTABIISIETCS CTYACHTY, [TOKa3aBIIEMy CHCTEMAaTU3UPOBAHHbIE, [ITYOOKHE 3HAHUS
y4eOHOW MporpaMMbl AUCHMIUIMHBL U YMEHHE YBEPEHHO NPHUMEHSATh MX HA MPAKTHUKE IPH PELICHUH
KOHKPETHBIX 3a]a4, IPaBHJIbHOE 000CHOBAaHHUE MPUHSATHIX PEIICHUH, C HEKOTOPBIMH HEIOYETaMH.

Ouenka xopomio (7) BBICTABIAETCS CTYACHTY, €CIM OH TBEpAO 3HAET Marepual, IPaMOTHO M IO
CYILECTBY M3JIaracT €ro, yMeeT NPHUMEHSTh IMOIYy4YEHHBIC 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYEHHBIC PE3YIIBTAThI.

OI_IGHKa XOopo1Io (6) BBICTABJIACTCA CTYACHTY, €CJIIM OH TBEPAO 3HACT MATCpHajl, r'paMOTHO U IIO
CyHI€CTBY MU3JIarac€T €ro, yMmeeT NpUMCHATDH IMOJYUYCHHBIC 3HAHUA HaA IMPAKTUKE, HO OOITYCKACT B OTBETC
HJIW B PCIICHUHU 3aa49 HCKOTOPBIC HCTOYHOCTH.

Ouenka Xopomo (5) BBICTAaBISIETCS CTYAEHTY, €CIM OH B OCHOBHOM 3HA€T MaTepHaj, IPaMOTHO H IO
CYILLECTBY M3JIAaraeT €ro, yMeeT MPUMEHATh MOJIYyYEHHbIC 3HAHUS HA MIPAKTHKE, HO JOIYCKAET B OTBETE
WIN B PELICHNH 3a]1a4 JOCTATOYHO OOJIBIIOE KOJMYECTBO HETOUHOCTEH.

OneHka YIOBIETBOPUTEIbHO (4) BBICTABISIETCS CTYIEHTY, TIOKa3aBIIeMy (QparMeHTapHBIMH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapyULIEHUs JOTNYEeCKON MOCIIe0BATEIbHOCTH B U3JIOKEHUN NIPOrPaMMHOTO MaTepuana, HO IpH 3TOM
OH OCBOMJI OCHOBHBIE pa3leibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJs JalibHeimero o0y4deHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

OneHka yIOBIETBOPUTETbHO (3) BBICTABISIETCS  CTYIEHTY, TIOKa3aBIIeMy (parMeHTapHBIMH,
Pa3po3HEHHBIH XapakTep 3HaHWMW, JOMycKaloulemMy omHOKu B (GopMyaupoBKax 0a30BbIX MOHATHH,
HapyLICHUs] JIOTHYECKOM II0CIEeOBAaTENbHOCTH B M3JIOKEHHUM IPOrPaMMHOIO MaTepuana, ciado
BJIaJIe€T OCHOBHBIMH pa3ielaMi y4eOHOH MporpaMMbl, HEOOXOJUMBIMH AJIsl JalibHEHIIero o0y4eHus u
C TPYAOM IIPUMEHSET MOIyYEeHHbIC 3HAHUS JJa’Ke B CTAHAAPTHON CUTYalHH.

OueHka HEyJOBJIETBOPUTENIBLHO (2) BBICTABISETCS CTYIEHTY, KOTOpPBHIH HE 3HAaeT OoJblIeld 4YacTH
OCHOBHOTO COZEP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JOMYCKaeT rpyOble OMMOKH B
(bopMyIHpPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh IOJyYSHHBIE 3HAHUS NPH PEIICHUN
THUIIOBBIX 33]1a4.

Onenka HeynoBIeTBOPUTEIbHO (1) BBICTaBIIETCS CTYOCHTY, KOTOPBIH HE 3HAE€T OCHOBHOTO
cojiep KaHusl Y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiinne omuOKd B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTHYECCKHX
3ajad.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

HuddepeHmpoBaHHbIN 3a4€T MPOBOAUTCS B YCTHOH Qopme.

[Tpu npoBenennu yctHoro auddepeHnupoBaHHoro 3auéra ody4aronemycs npenocrasisiercst 30 MUHYT
Ha MOATOTOBKY.

Bo Bpemss mpoBenenus auddepeHnMpoBaHHOrO 3a4uéra OOydYaroUIMecsi MOTYT TIOJb30BaThCS
POrpaMMOl TUCHIUIUTUHEL, @ TAKXKE CIIPABOYHOMN JIUTEPATYPOid, BBIYUCIUTEILHON TEXHUKOW U ITPOY.



