MHUHHUCTEPCTBO OBPA3BOBAHUS 1 HAYKHM POCCUHMCKOM ®EJEPAIIMA
DenepajbHOE TOCYIAPCTBEHHOE OI0KEeTHOE 00pa3oBaTe/ibHOE YUpek/JIeHHe BbICIIero 00pa3oBaHus

«TOMCKHM TOCYJIAPCTBEHHBIN YHUBEPCUTET CUCTEM
YITPABJIEHWA N1 PAIMOSJIEKTPOHUKI»

(TYCYP)
YTBEPXIAIO
JlupexTop nenapraMmeHTa 00pa3oBaHuUs
II. E. Tposn
«_» 20

PABOYA A [TPOI'PAMMA JJTUCTIUTIJIMHBI
Cucrembl paguoaocTyna

YpoBeHb 00pa3oBaHus: BbIcLIee 00pa3oBaHue - MArHCTPaTypa

Hanpasnenne mnoaroroBku / crenuanbHOcTh: 11.04.02 MH(okOMMyHUKAUMOHHbIE TEXHOJIOTHM U
CHCTEeMbI CBSI3H

HampasnennocTs (mpoduis) / cieruanu3anys: 3audineHHble CUCTEMbI CBSI3U

®opma o0ydeHus: OUHaA

®akynbreT: PT®, Pagnorexuuveckuii paxkyabrer

Kagenpa: PCC, Kadenpa paano3eKTpPOHMKH U CUCTEM CBSA3H

Kypc: 2

Cemectp: 3

YueOnsrit man Habopa 2018 roma

Pacnipenenenne pabouero BpemeHu

No Bunet yaeOHOIM nesTeIbHOCTH 3 cemecTp Bcero Ennauner
1 Jleknuu 18 18 4acoB
2 [IpakTryeckue 3aHATHA 22 22 4acoB
3 JlabopaTtopHbie pabOThI 20 20 4acoB
4 Bcero aynuTopHbIX 3aHATHN 60 60 4acoB
5 CamocTosiTenpHas paboTa 84 84 4acoB
6 Bcero (6e3 ax3amena) 144 144 4acoB
7 ITonroroska u cgada pK3aMeHa 36 36 JacoB
8 OO01mast Tpy10eMKOCTh 180 180 9acoB
5.0 5.0 3.E.

Ox3ameH: 3 cemecTp

Tomck 2018
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PilCC.\l()TpCH&l 151 ()ﬂ()(’)pCHll Ha 3aCCJaHuM Kil(t)ﬁ:{pbl
nporokot Ne 15 or « 28 » 6 2018 1
JINCT COI'TTACOBAHU A

Pabouas mporpamma AUCIUIUIMHBI COCTaBJICHA C y4eTOM TpeOoBaHUHU (enepaabHOTO Trocynap-
CTBEHHOTO 00pa3oBaTeNbHOTO cTaHaapTa Bhiciiero oopazoBanus (CPI'OC BO) no HampaBiieHHIO MOATO-
ToBKH (cnieruanbHOCTH) 11.04.02 MHPpOKOMMYHUKAIIMOHHBIE TEXHOJIOTUN M CUCTEMBI CBS3H, YTBEPK/ICH -
Horo 30.10.2014 roma, paccMoTpeHa u ojoOpeHa Ha 3acemanuu kadenpsl TOP «  »

20 roma, mpotokois Ne

Pa3zpaboTunku:
CT. mpenogasareib kag. TOP P. P. AGernoB
JIOTICHT, 3aB. kad. TOP A. A. T'enbriep

3aBeayromumii odecreunBaronieii kad.
TOP A. A. l'enbuiep

Pabouas mporpamma JTUCIUIUIMHEI COTIIacoBaHa ¢ (DaKyIbTETOM M BBITyCKaroIel Kadeapoii:

Hexan PT® K. 1O. IlomoRa
3aBenyromnuii BeITycKaroIen kag.

PCC A. B. ®arees
OKCIEPTHI:

noueHt kag. TOP C. U. boromosnoB

Crapmmii npenoaBarens Kagenpol
PaaHOdIEKTPOHUKH U CUCTEM CBSI3H
(PCC) 1O. B. 3enenenxkas
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1. lean u 3aga4n AUCHUTLIHMHBI

1.1. lleau TUCUMIIAHBI
Llenpro mpenonaBaHusi NUCHMIUIUHBI SBISETCS W3YYCHHUE CTYJACHTaMH COBPEMEHHBIX METOIOB U
CPEIICTB MOCTPOCHUS ¥ (PYHKIIMOHUPOBAHUS MHOTOKAHATBHBIX CUCTEM PAJAHOAOCTYIA TPETHETO U YETBEP-
TOT'O ITOKOJIEHHUS.

1.2. 3amaum AMCHUIIIMHBI
— OcHoBHas 3aj1a4a - (OPMUPOBAHUE Y CTYJACHTOB 3HAHHM, YMEHUN W HABBIKOB, MTO3BOJISIONINX
MIPOBOJIUTH CAMOCTOSITEIILHBIM aHAJTN3 BO3MOXKHOCTH U IEJIECOO0PA3HOCTH HCIIOJIb30BAHUS PA3TMUHBIX
METOJIOB OpraHHM3aIlMKM KaHAJIOB MHOXKECTBEHHOIO JIOCTYIIA, a Takke (DOPMHUPOBAHHWE HABBIKOB OpraHu3a-
IIUU COBPEMEHHBIX CHCTEM PaJIMOIOCTYyIIA.

2. MecTto mucuuniuHbl B ctpykrype OIIOII
Hucuuminaa «Cucremsl panuonoctynay (b1.B.JIB.1.1) otHocutcst k Omoky 1 (BapuaTHBHas
4acTh).
[TpenmecTByOMMUMU JTUCHUIUITMHAME, (OPMUPYIOLUIMMH HavdadbHbIE 3HAHU, sBIsAIOTCS: CHCTEMBI
U CETH Iepe/iaur JaHHbIX, Teopus MOCTPOEHUS UHPOKOMMYHUKALIMOHHBIX CETEN U CHCTEM.
[Tocnenyromumy IMCUUIIIMHAMY ABIAOTCS: [IpenaumiomMnas npakTuka.

3. TpeGoBaHusl K pe3yJbTaTaM OCBOEHUSI JTMCIUTIMHBI

[Tponecc n3yueHus JUCUUIUIMHBI HapaBiieH Ha (JOPMUPOBAHUE CIEAYIOIUX KOMIETSHIUI:

— OIIK-3 cnocoOHOCThIO OCBaMBaTh COBPEMEHHBIE U MEPCHEKTUBHBIE HANpPaBICHUS PAa3BUTHS
HNKTuCC;

— OIIK-4 cnocoOHOCTBIO peain30BbIBaTh HOBBIE NMPHHLMUIIBI MOCTPOCHUS WH(POKOMMYHUKALU -
OHHBIX CHUCTEM M CETEeH Pa3UYHBIX THIIOB IE€PEayr, paclpenesieHus, 00padOTKU U XpaHeHUsT HH(popMa-
1y,

— TIK-8 TOTOBHOCTBIO UCIIONIE30BaTh COBPEMEHHBIE IOCTHKCHHUSI HAYKU U TIEPEIOBbIe HHPOKOM-
MYHUKAI[MOHHBIE TEXHOJIOTHH, METOJIBI TIPOBEICHUSI TEOPETHUECKAX M IKCIIEPUMEHTAIBHBIX HCCIIEI0BA-
HUI B HAy4HO-HUCCIIeIoBaTeNnbeckux paboTax B oomactu MKTuCC;

B pe3ynbrate u3ydeHus JUCIUIUIMHBI 00YyJaOLUICs TOJKEH:

—  3HATh - OCHOBHBIE MPUHLIUIIBI TOCTPOCHUS CUCTEM PATUOAOCTYIA; - IPHUHLIUIIBI CHHXPOHU3a-
IIMM B COBPEMEHHBIX CHCTEMaX MHOXKECTBEHHOTO JIOCTYIIA; - METOJIBI HCCIICAOBAHMS TIOMEX03aIIUIIICHHO -
CTH CHUCTEM Iepefayd MH(GOpMAIUK MO KaHaJlaM CBS3U C YaCTOTHO BPEMEHHBIM PACCESTHHEM; - METOJIbI
MOJICTTUPOBAHUS CHCTEM IH(DPOBOI paOCBsI3U B MAKETaX MPUKIIATHBIX IPOTPAMM.

—  yMeTb - GOpPMYIHPOBATH OCHOBHBIE TEXHUYECKHE TPeOOBaHHS K LIM(POBBIM CHCTEMaM Iepe-
J1ay; -aHAJIM3UPOBATh OCHOBHBIE MPOIIECCHI, CBA3aHHBIE C (POpMUpPOBaHMEM, MTepeaueii 1 MPUEeMOM CUTHa -
JIOB CHCTEM CBS3M; -OLICHUBATh OCHOBHBIE MPOOJIEMBI, CBA3aHHBIE C HKCILTyaTallued U BHEIPEHUEM LUQ-
POBBIX CHCTEM IEpeJjadyd B COBPEMEHHbBIE TE€JICKOMMYHHUKALIMOHHBIE CETH; - NIPEJCTABIATh, JOKIAIbIBATh
Y apryMEHTUPOBAHHO 3allUILATh PE3YJIbTAThl BBINOJHEHHOMN padoThI;

— BJAJeThb - MPOBEICHUS TEOPETUYECKUX M HKCIIEPHUMEHTAIBHBIX HCCIEIOBAaHUA B HAay4YHO-
UCCIIEIOBATENIbCKUX paboTax B 00JaCTU CUCTEM PATUOAOCTYIA; -OLEHKU BIUSHUS PA3IUYHBIX (PAKTOPOB
Ha OCHOBHBIE TTapaMeTphbl KaHAIOB LU(PPOBBIX CHCTEM Iepe/iauu; -HaBbIKaMH pabOTHI C MaKeTaMu Ipo-
rpamMM JUIsl MOJIIMPOBaHMS CUCTEM LIU(PPOBOM paHOCBsI3H.

4. O0beM QUCHHUILIMHBI U BUABI Y4eOHOI padoThl
OO01mast TpyI0eMKOCTh AUCIHUILTHHBI COCTABIISACT 5.0 3a4eTHBIX €AWHUIIBI U MIPE/ICTABICHA B Ta0JIH -

%264&11/1.1121 4.1 — TpyaoeMKOCTb JUCHHUILIMHBI
Bunel yueOHOI nesTenbHOCTH Bcero gacos Cemectpsl
3 cemectp
AynuaTopHbI€ 3aHATHS (BCETO) 60 60
Jlexknuu 18 18
[IpakTuueckue 3aHATHS 22 22
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JlaGopaTopHbIe pabOThI 20 20
CamocTosiTenbHas paboTa (Bcero) 84 84
Odopmienne oT4eToB 10 Ja00paTOpHBIM paboTam 20 20
[IpopaboTka JIEKIIMOHHOTO MaTepraia 46 46
[ToaroroBka K MpakTUYECKUM 3aHATUAM, CEMUHapaM 18 18
Bcero (0e3 ax3amena) 144 144
ITonroroBka m crada sK3amMeHa 36 36
OO01mas Tpy10eMKOCTb, 4 180 180
3auetHble EauHunb! 5.0 5.0

5. Coneprxanue QTMCUMILTHHBI

5.1. Pa3znesnl JUCHUIIMHELI 1 BUALI 3AHATHI
Paznenbl nMCUMIUIMHBI U BUJBI 3aHATUN TTPUBEICHBI B Ta0uIe 5.1.

Tabmuna 5.1 — Pa3gensl AUCHUIUIMHEL U BUIBI 3aHATUH

= ] = 2 @ 3 =
= = g c | g2 5 =
? S < < P 2 U
Ha3Banus pa3nenoB 1UCHUTIIIUHBL < ® o, o, o 2 &5
= = g = 3 0 z E
(= rc::“ < ° 9 % CE)
= © =) s =
3 cemecTp
1 Metonbl i pOBON MOAYIISALINH B CH- 4 6 4 16 30 OIIK-3, OIIK-
CTEMax MHOXKECTBEHHOI'O PaIUOAOCTYIIA. 4, IIK-8
2 MeTo/ibl OpraHu3aluy KaHAJIOB B CU- 2 4 4 16 26 | OIIK-3, OIIK-
CTEMax MHOYKECTBEHHOI'O JOCTYIIA. 4, IIK-8
3 OueHka napaMeTpoB KaHaJIOB, dKBa- 2 4 4 14 24 | OIIK-3, OIIK-
Jal3UPOBAHUE MEPEIaTOYHON XapaKTepH- 4, TIK-8
CTHKH.
4 CucteMbl MOOWITBHOMN CBSI3M YETBEPTO- 2 8 0 14 24 | OIIK-3, OIIK-
ro nokoneHus G4. ®u3nyeckuii ypoBeHb 4, 1TIK-8
LTE.
5 ®usznueckuii yposenb LTE, Hucxons- 4 0 4 12 20 | OIIK-3, OIIK-
utuit kanan (Downlink). 4, TIK-8
6 dusznueckuii yposensb LTE, Bocxozs- 4 0 4 12 20 | OIIK-3, OIIK-
utuit kanan (Uplink). 4, 1TIK-8
Hroro 3a cemectp 18 22 20 84 144
Uroro 18 22 20 84 144
5.2. Conep:xanue pa3aesioB TMCUUIIMHBI (110 JEKIHSIM)
ConeprkaHue pa3iesoB TUCIUILIAH (TI0 JICKIMSAM) IPUBEACHO B Tabmuiie 5.2.
Tabmuna 5.2 — CoaeprkaHue pasieiaoB JUCIUILIMH (TI0 JISKIIHIM)
3 z £
Q p=a=t
Y
HazBanus pa3znenos Copneprkanue pas3ienoB TUCHUIUIMHBI (1O JEKIUSM) z 7 &5
o S E
2 52
= e *

3 cemecTtp
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1 Meronb! g poBoi MHorono3unMoHHas KBaJpaTypHas aMIUTUTyIHas MO- 4 OIIK-3,
Monyssituu B cuctemax | aymsanust QAM-M. OproronanbHas moayssiius. Op- OIIK-4,
MHOKECTBEHHOTO TOTOHAJbHOE YACTOTHOE MYJIbTUILUIEKCUPOBAHUE JaH- IK-8
paanoaoCTyIa. Heix OFDM. Iluk ¢akrop.

Hroro 4
2 Meronp! opranuzaunn | Koposoe ymotHenne kanaioB CDMA. MHuoroua- OIIK-3,
KAaHAJIOB B CUCTEMax ctotHOe konoBoe yminotHeHue MC-CDMA. Yacrot- OIIK-4,
MHOKECTBEHHOI'O HOE OPTOTrOHAJIBHOE yIuI0THEeHNE KaHaioB OFDMA, [IK-8
JocTyna. ¢dopmupoBanue OFDMA cumBoina. YactotHOe opTO-

TOHaJILHOE YIUTOTHEHUE KaHaIoB, popmupoBanue SC-

FDMA cumBona.

Hroro
3 OrieHKa napameTpoB Monienu kaHaJIOB pacpOCTPAaHEHUEM PACTIPOCTPaHE- 2 OIIK-3,
KaHAJIOB, HUS paJOBOJIH, KaHAJIbI C YaCTOTHO-BPEMEHHBIM pac- OIIK-4,
JKBAJIAN3UPOBaHUE cesHueM. [lepenarounas xapakTepuCTHKa KaHAJIA. [K-8
nepeIaTouHOM OrneHka mapaMeTpoB KaHAJIOB ¢ YaCTOTHO-BPEMEHHBIM
XapaKTEPUCTUKH. paccesiHueM. DKBalal3upoBaHuUs NepeaaTouyHON Xa-

PaKTEpUCTUKH KaHAJIOB C YaCTOTHO-BPEMEHHBIM pac-

CesTHUEM

Hroro 2
4 Cuctembl MmoOmnbHON | Dusnueckuii yposens LTE, nokyment ETSI 3GPP 2 OIIK-3,
CBSA3U 4ETBEPTOrO TS36.211 V10.3.0. CtpykTypa Kagpa B peskuMax ya- OIIK-4,
nokonenus G4. CTOTHOTO U BpeMeHHoro nymiekca (FDD u TDD). Ya- [IK-8
®u3n4ecKuil ypoBeHb CTOTHO-BPEMEHHOM PECYPC CUCTEMBI, PECYPCHAs CET-
LTE. Ka pecypcHbIe OJIOKU, PECYPCHBIE DJIEMEHTHI.

Hroro
5 ®usndeckuii ypoBeHb | Dusndeckne KaHaIbl U (GU3UUYECKHUE CUTHAIBI OIIK-3,
LTE, aucxonsmmii kanan | Downlink. O600menHas cTpykTypa popMupoBaHHs OIIK-4,
(Downlink). OFDMA cumBona ¢usnueckoro kanaaa PDSCH.. ITK-8

Monynsauus, IpoCTpaHCTBEHHOE MYJIBTHUILIEKCHPOBA-

Hue. [IunoTHbIe cUrHalbl, pacipeiesieHue B pecypce-

HOM ceTke. CHUrHalbl MO3UIMOHUPOBaHUS. CUTHAIBI

CUHXPOHHU3AIIHH.

Hroro
6 ®usnueckuil ypoBeHb | Pusuueckue kaHaibl U pusndeckue curHansl Uplink. OIIK-3,
LTE, Bocxonsmuii kaHan | O0obueHHas crpykrypa popmuposanus SC-FDMA OIIK-4,
(Uplink). cumBona ¢usndeckoro kanana PUSCH. Monynsiius, TIK-8

MIPOCTPAaHCTBEHHOE MYJbTUILIEKCHpoBaHue. Kanan

ciyqaiiHoro noctyna PRACH.

Hroro 4
Hroro 3a cemectp 18

5.3. Paznenbl AMCHUILIMHBI U MEKIUCIMIUIMHAPHBbIE CBSI3H € 00ecneYnBAKIIMMH (TpeabIy UMH)
U obecnneynBaeMbIMU (MOCJAEYIONIUMH) TUCHUNIMHAMHA
Paziensl AUCIIUTUIMHBI M MEKIUCITUTUIMHAPHBIC CBS3H C 00€CTICUMBAOIIMMU (MTPEABIAYIIMMA) H
obecnieunBaeMbIMHU (TTOCJIETYIONMMHI ) AUCITUTUIMHAME TPEJICTABIEHBI B TabmuIe 5.3.
Tabmua 5.3 — Pa3aensl AUCHMIUIMHBL U MEXIUCITUIUIMHAPHBIE CBS3H

HanmeHnoBaHue OJUCIUILIMH Ne pa3aciioB JIAaHHOM JAUCHUIUINHBI, JJIST KOTOPBIX HCO6XOI[I/IMO

HN3Y4YCHHUC 06ecneana}0me H 00ecIieYnBaeMbIX JUCHUITIINH
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1 2 3 4 5 6
[IpeamecTByromue JUCHUTIITUHBI
1 CucreMsbl U ceTH nepeaadn JaHHBIX + + + + + +
2 Teopus TOCTPOCHILS MH(POKOMMYHHU- n n n n n n
KaI[MOHHBIX CETEH U CUCTEM
[Tocnenyromue TUCIUTIITUHBI
1 IlpenaumnuoMHas npakTuka + + + + + +

5.4. CooTBeTCcTBHE KOMIIETeHIN I, (POPMHUPYEMBIX IPH U3YYCHUHU ANUCUMILIMHBI, M BU/10B 3aHATHI
CootBercTBHE KOMIETEHLUH, (HOPMUPYEMBIX MPHU HM3YyYECHUM AUCLUUIUIMHBI, W BHUJIOB 3aHATUN

npezcTaBiIeHo B Tabmuie 5.4.

Tabmuma 5.4 — CoOTBETCTBHE KOMITETCHIINHA, ()OPMUPYEMBIX MTPU W3YYCHUU NTHUCHIUILIAHBI, U BUIAOB 3aHS -

TN
§ Bunnl zansatuit
) t= G
5 y S s 8 DopMbI KOHTPOJIS
S = g g 2
S = S &)
4 =
OIIK-3 + + + + Ok3ameH, OtueT no Jabopa-
TOpHOM pabote, Onpoc Ha
3aHATHAX, Tect
OIIK-4 + + + + Ok3amen, Otyer 1o nadopa-
TopHOU pabote, Onpoc Ha
3aHATHAX, TecT
ITK-8 + + + + Ox3ameH, OtueT no Jabopa-
TOpHOH pabdoTte, Onpoc Ha
3aHATHAX, TecT

6. UHTepakTUBHBIC MeTOAbI U (JOPMBI OPraHu3anMu 00yYeHUs

He npenycmorpeno PVYIIL.

7. JlabopaTtopHbie padoThl
HanmenoBanue naboparopHbIx padoT npuBeaeHo B Tadbmune 7.1.

Tabmuna 7.1 — HammeHoBaHue 1a00OpaTOpHBIX padoT

3 =
3 = g
Z L =
(&)
HaszBanus pasznenos HaumenoBanue 1abopaTtopHbIX padboT 5 - S
S =
59 2 =
e 9 2
= (S]
3 cemecTp
1 Metons! g poBoit OFDM wmonymsiust: popmupoBanrie OFDM cumBorna. 4 OIIK-3,
MOJJIALMA B CHCTEMAX | pr o o 4 OIIK-4,
MHO>XECTBESHHOTO TIK-8
paanonocTyma.
2 Meronp! opranuzanuu | OFDM moaymsnus: npuem u o6padotka OFDM cum- 4 OIIK-3,
KAHAJIOB B CHCTEMaXx BOJIA. OIIK-4,
MHOKECTBEHHOT'O Hroro 4 TIK-8
JOCTYTIA.
3 OueHka napaMeTpoB MeTtoa MHOKECTBEHHOTO JIOCTYIIAa C YACTOTHBIM pa3- 4 OIIK-3,
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KaHaJIOB, nenenreM kanaioB OFDMA. OIIK-4,

SKBAJIAN3UPOBAHUE Hroro 4 IK-8

nepeaaToyHoM

XapaKTePUCTUKH.

5 ®uznueckuii ypoenb | I[Iponeaypa nepsuunoil cunxponusamus B LTE. OIIK-3,

LTE, aucxoasamui KaHa " OIIK-4,
oro

(Downlink). or TIK-8

6 ®usnyeckuii yposens | IIponenypa sxkBanaiisuposanus B LTE OIIK-3,

LTE, Bocxoasamiui kaHam " OIIK-4,

(Uplink). Toro TIK-8

Hroro 3a cemectp 20

8. [IpakTHYeckue 3aHATHSA (CEMUHAPHI)

HanmeHnoBaHMe MpakTHUECKUX 3aHATUIA (CEMUHAPOB) IPUBEACHO B Tabmmiie §.1.
Tabmuia 8.1 — HauMeHoBaHUE MPAKTUYCCKUX 3aHATHI (CEMHUHAPOB)

3 =
3 S 5
Z 25
v ]
Haspanus paznenon HaumeHoBaHMe MpakTHUECKUX 3aHATUHN (CEMHHAPOB) z - &5
5 :
> Sz
al >
= S
3 cemecTp
1 Metons! g poBoit MHorono3unroHHas KBaApaTypHas aMILUIUTyHas MO- 2 OIIK-3,
MOZYJISIUMN B CUCTEMAX | AYJIALIMS OIIK-4,
MHOKECTBEHHOTO OFDM woysisisi. ITK-8
paanonocTyma.
Hroro
2 Meronp! opraau3annd | HacTOTHOE OPTOTOHAIBHOE YIUIOTHEHNE KAHAJIOB OIIK-3,
KaHaJIOB B CUCTEMAaX OFDMA. OIIK-4,
MHO>KECTBEHHOTO Hroro 4 I1K-8
JOCTYyTIA.
3 OueHka napaMeTpoB Kanan ¢ 4aCTOTHO-BPEMEHHBIM PACCESHUEM. OIIK-3,
KaHano?, Hroro OIIK-4,
SKBaJA3UpOBaHUE [IK-8
MepeIaTOYHON
XapaKTEePUCTUKH.
4 Cucremsl MmoOmnpHON | [IceBaocimydaiinbie mociaenoBatensHOCTH 3a10Ba-Uy, 4 OIIK-3,
CBSI3U YETBEPTOIO nepBu4Has cuaxponuzanus B LTE. OIIK-4,
TOKOJICHHA ?4' dopmuposanue kanana PUSCH B LTE. IIK-8
Ou3nyecKkuit ypoBeHb
LTE. Kanan PRACH B LTE.
Uroro 8
Hroro 3a cemectp 22

Bunel camoctosTensHOM paboThl, TPYIOEMKOCTh U (pOpMHUpyeMble KOMITETECHIIMH TPEICTaBICHbI B

Tabmuue 9.1.

9. CamocrosiTesqibHasi paboTa
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Tabmuma 9.1 — Busiel caMOCTOSTENBHON padOThI, TPYIOEMKOCTh M JOPMHUPYEMbIE KOMIIETCHIIUU

3 @]
2 z E
Q ==t
o ) O =
Bunnr camocTosTeLHON & > 0O
HasBanus pasnenos z 7 &5 @OpMBI KOHTPOJIA
paboThI B s 2
=3 ez
(Y Qo 2
= S}
3 cemecTp
1 Metons! g poBoi [ToaroroBka k mpakTuue- 4 |OIIK-3, |Omnpoc Ha 3anaTusx, Ot-
MOAYJSILIMM B CUCTEMAaX | CKUM 3aHATHUIM, CEMUHA- OIIK-4, |uer no mabopaTopHOIi pa-
MHOKECTBESHHOT'O pam TIK-8 oote, Tect, DK3ameH
paanonoctyna. [TpopaboTka TeKIHOHHOTO 8
MaTepuaina
OdopMieHHE OTYETOB IO 4
nabopaTtopHbeIM paboTam
Uroro 16
2 Metoapl opranuzanuu | [logroroBka k mpaxkTuye- 4 OIIK-3, Ompoc Ha 3ausTusax, OT-
KaHaJIOB B CHCTEMax CKUM 3aHSATUSIM, CEMHHA- OIIK-4, |der mo 1abopaTopHOH pa-
MHOXXECTBEHHOTO pam TIK-8 6ote, Tect, DK3ameH
AoCTyma. [TpopaboTka JIEKITMOHHOTO 8
Marepuaia
OdopmieHre 0T4ETOB 110 4
nabopaTOpHBIM paboTam
Hroro 16
3 OueHka napaMeTpoB [ToaroroBka k mpakTuue- 4 |OIIK-3, |Omnpoc Ha 3aHaTusx, Ot-
KaHAJIOB, CKMM 3aHATUSAM, CEMMHA- OIIK-4, |uer no mabopaTopHOii pa-
SKBaJIai3UPOBAHUE pam I1K-8 oore, Tect, Dx3ameH
[IepEAATOTHON [TpopaboTka TeKIHOHHOTO 6
XapaKTEePUCTUKH. MaTepuaia
OdopmiieHre 0TYETOB T10 4
nabopaTtopHbeIM paboTam
Htoro 14
4 CucteMbl MOOUILHOM [ToaroroBka Kk mpakTuue- OIIK-3, |Omnpoc Ha 3aHsTHsX, TecT,
CBSI3U YETBEPTOIO CKHM 3aHSITHSIM, CEMHHA- OIIK-4, |Dx3ameH
nokonenus G4. pam IIK-8
STHEH%CKHH YPOBCHE [TpopaboTka JIEKITMOHHOTO 8
: Marepuaia
Uroro 14
5 ®usnueckuii ypoBenb | [IpopaboTka JTEKIIMOHHOTO OIIK-3, |Omnpoc Ha 3ansTusX, OT-
LTE, nucxonsauuii kaHaia |MmaTepuaia OIIK-4, |der mo y1abopaTopHOH pa-
Downlink). K- te, Tect, Dx3ameH
(Dow ) OdopmiieHre 0TIETOB TIO 4 8 Gote, Tect, Sx3ame
nabopaTopHBIM paboTam
Hroro 12
6 duznyeckuii yposeHb | [IpopaboTka JIEKITMOHHOTO OIIK-3, |Omnpoc Ha 3aasaTUsX, OT-
LTE, Bocxomsamui kaHaan | Marepuala OIIK-4, |uer no mabopaTopHOii pa-
(Uplink). O(OpMIEHHE OTUETOR 11O 4 |TIK-8 6ote, Tect, Dx3ameH
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JabopaTOpHBIM paboTam
Hroro 12

Hroro 3a cemectp 84
IloaroroBka u caaya sK3a- 36 Ok3ameH
MeHa

Hroro 120

10. KypcoBoii npoekT / kypcoBasi padora
He npenycmorpeno PVYII.

11. PeiiTuHroBasi cucreMa JJisi OLlEHKHU YCIIeBaeMOCTH 00y4aroumuxcst

11.1. banjbHble OLIEHKH /JIs1 3JIEMEHTOB KOHTPOJIA
Tabmuna 11.1 — bajutbHBIC OIICHKH JUIS JIEMEHTOB KOHTPOJIS

. . MaxkcuManbHbI
. MakcumanbHbIN MakcumanbHbIN
DneMeHThl y4eOHOU 0aJut 3a mepuos Bcero 3a
Oamn Ha 1-yto KT ¢ |  0am 3a nepuoa
NEeSATENbHOCTH mexny 2KT u Ha ceMecTp
Hayana cemectpa | Mmexay 1KT u 2KT
KOHEIl ceMecTpa
3 cemecTp
Onpoc Ha 3aHATUSX 5 5 5 15
OtyeT no nabopaTopHOM 15 15 10 40
pabote
Tect 5 5 5 15
Wroro makcumym 3a nepu- 25 25 20 70
on
DK3aMeH 30
Hapacraromum ntorom 25 50 70 100
11.2. IlepecyeT 0a/1710B B OLIEHKHU 32 KOHTPOJIbHbIE TOYKHU
[Tepecuer OanoB B OIIEHKH 32 KOHTPOJIbHBIE TOUKHU MpeAcTaBiIeH B Tabmue 11.2.
Tabmuma 11.2 — Ilepecuer 6aJUTOB B OIICHKH 32 KOHTPOJIbHBIE TOYKH
Banibl Ha 1aTy KOHTPOJIBHON TOUKH OneHka
> 90% ot MakcuManbHOU cyMMBbI OaioB Ha gaty KT 5
Ot 70% 10 89% oT MakcuMaIbHOM cyMMbl OaisioB Ha naty KT 4
Ot 60% 10 69% ot MmakcuManbHOM cymMbl OanioB Ha Aaty KT 3
< 60% oT MakcuMaIbHOU cCyMMBbI OauioB Ha naty KT 2

11.3. Ilepecyet cyMMbI 02/1710B B TPAAULHOHHYIO M MEKITYHAPOIHYIO OLEHKY
[TepecueT cymmbl 6a/IOB B TPAJAULIMOHHYIO U MEXIYHAPOIHYIO OLEHKY MpEACTaBICH B TaOiuLe

11.3.

Tabmuma 11.3 — Ilepecuer cymMMbl OaJUIOB B TPAAUITMOHHYIO M MEXKTYHAPOIHYIO OLICHKY

Htorosas cymma 0aos,

Onenka (I'OC) YYMTBIBAET YCIEIIHO CAAHHBIN Onenka (ECTS)
9K3aMEeH
5 (OTIMYHO) (3a4TEHO) 90 -100 A (0TIIMYHO)
4 (xopo1110) (3a4TEHO) 85-89 B (ouenb xoporiiio)
75 - 84 C (xoporo)
70 - 74 D (ynoBneTBOpHUTENBHO)
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65 - 69
60 - 64 E (mocpencTBenHo)

3 (YZIOBJIETBOPUTEIHHO) (3a4TEHO)

2 (HeyIOBJIETBOPUTENBHO) (HE

Hwuxe 60 6ayutos F (HeymoBiIeTBOPUTEILHO
3a4TEHO) (eyn p )

12. YueOHO-MeTOAUYecKOe U MHPOPMANIMOHHOE O0ecTieyeHue TUCIUIIINHBI

12.1. OcHoBHas JuTEpaTypa

1. Kpyk b.U., Ilonangonyno B.M., llyBanos B.Il. TenekoMMyHHUKallMOHHBIE CUCTEMBI U CETU
[DnexTponHBIN pecypc]: YuebHoe mocobue B 3 Tomax. — CoBpemMeHHbIe TexHosorun.- U3n. 4e , nom. U
UCIIp. - M. I'opsiuas JIMHUSA - Tenexkom. 2012. - Pexum JIOCTYTIA:
https://e.lanbook.com/reader/book/5185/#1 (mata oopamenus: 09.07.2018).

2. Kpyxmanes B.B., I'opnuenko B.H., Moueno A.Jl. Lludpossie cucrembl nepeadn [Inek-
TPOHHBIN pecypc]: Yuebnoe mocodue mist BY30B / mon penaknuei A.Jl. ModeHnoBa. — 2-e u3zz., mepepao.
N npon. — M. Topswas nuuua — Temekom, 2012. — 376 crp. - Pexum pocryna:
https://e.lanbook.com/reader/book/5168/#1 (mata oopamenus: 09.07.2018).

12.2. lonoiHuTEAbHAS JIUTEpaTypa
1. Cuctemsl unudpoBoii paauocBs3u. bazoBeie METONBI M XapaKTEPUCTHKHU : YueOHOe mocodue
st By30B / JI. H. Bonkos, M. C. Hemupogsckuii, FO. C. lllunakos. - M. : Dxorpennas, 2005. - 390[2] c.
(namuune B 6ubmmorexe TYCVYP - 42 3k3.)

12.3. YueOHO-MeTOAHYECKHE MTOCOOUSH

12.3.1. O0s3aTenbHbIC y4eOHO-MeTOAMYEeCKHE TOCOOHS

1. MmuorokaHnajgbHbIE CUCTEMBI ITUGPOBOM PaTUOCB3U [DIEKTPOHHBIA pecypc]: Meroauueckoe
nocobue k mabopatopHsiM paboram / JemmmoB A. . - 2012. 24 c. - Pexum pgocryna:
http://edu.tusur.ru/publications/1609 (mara obpamenus: 09.07.2018).

2. MHoOrokaHaibHbIE CUCTEMBI IIU(PPOBOIN pamnoCBs3u [DNEKTPOHHBIN pecypc]: YueOHO-MeTo-
IUYecKoe mocolue mo camocTosaTenbHo pabdore / Hemumo A. f. - 2012. 45 c. - Pexxum goctyma:
http://edu.tusur.ru/publications/1598 (mata obpamenus: 09.07.2018).

3. MmuorokananpHble U(PPOBHIE CUCTEMBI Tepeaaun [INeKTpOHHBIN pecypc|: Meroauueckoe
noco0ue K MPAKTUYECKUM 3aHATUSAM IO CHEIUAIBHOCTSAM JI BCEX TEXHUYECKUX HANpaBICHHUH pajuo-
TexHuueckoro  ¢akymprera / Jemumo A. . - 2014. 25 c. - Pexum gocryna:
http://edu.tusur.ru/publications/4185 (nara o6pamenus: 09.07.2018).

12.3.2. YueOHO-MeTOAMYeCKHE MIOCOOMS 1JIs1 JIMI € OTPAHMYEHHBIMH BO3MOKHOCTSIMH 3/10POBbS H
HHBAJIM/I0B

Y4eOHO-MEeTOqMUECKNE MaTepUabl ISl CAMOCTOSTEIBHON M ayTUTOPHOU paboThl 00yJaromumxcs
U3 YHCiIa JIUI C OTPAaHUYCHHBIMU BO3MOXKHOCTSIMU 3/10POBbSl U MHBAINIOB MIPEAOCTABISIOTCS B (hOopMaXx,
a/IalITUPOBAHHBIX K OTPAaHMYCHHUSIM UX 3/I0POBbS M BOCIIPUATHUS HH(DOPMAITHH.

JIJ1s1 JIMI ¢ HAPYIIEeHUSIMH 3PeHust:

- B (hopMe IIIEKTPOHHOTO IOKYMEHTA;

- B IIeYaTHOW (hopMe YBETMYECHHBIM HIPHUPTOM.

JIJ1s1 JIMI ¢ HAPYIIEHUSIMH CJIyXa:

- B (hopMe IIEKTPOHHOTO IOKYMEHTA;

- B Ie"yaTHOU hopme.

JI71s1 JIM1 ¢ HAPYIIEHHSIMH OTIOPHO-ABHIaTeJILHOTO anmapara:

- B (hopMe IIIEKTPOHHOTO IOKYMEHTA;

- B reyaTHou (opme.

12.4. IIpoeccuonanbHbie 6a3bl JAHHBIX U HHPOPMALHOHHBbIE CIIPABOYHBIE CHCTEMbI

1. 1. IIpu u3yuyeHUM IUCHMILIMHBI PEKOMEHJyeTcsl oOpaarbes K 6a3aM JaHHbIX, HHpOpMAIH-
OHHO-CIIPaBOYHBIM ¥  IOMCKOBBIM cHUCTeMaM, K KotopbiM y TYCVYPa oTkpeIT JocTym:
https://lib.tusur.ru/ru/resursy/bazy-dannyhy»

2. 2. Teopwus u mpakruka LIOC http://www.dsplib.ru/
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13. MaTtepuaibHO-TEXHMYECKOE 00ecneyeHre JTUCIUILJIMHBI U TPpedyeMoe MPorpaMMHoOe
ob0ecneueHue

13.1. O0uue TpeOOBaAHUA K MATEPUAIBLHO-TEXHUYECKOMY U IIPOrPAMMHOMY 00ecrie4eHnIo
AUCHHUILIMHBI

13.1.1. MaTepuaJibHO-TeXHHUYECKOEe U IPOrPAMMHOe o0ecnevyeHue sl JIEKIIMOHHbIX 3aHATHH
Jlist mpoBeieHus 3aHATUH JIEKIIMOHHOTO TUIIA, TPYIIIOBBIX M MHIAWBUYaTbHBIX KOHCYJABTALIUH, T€-
KYIIETO KOHTPOJIS M MIPOMEKYTOYHOU aTTECTAIlUU MCIOIB3YeTCs yIeOHast ayquTOPHs ¢ KOJTUIECTBOM I10-
CaZIoYHBIX MeCT He MeHee 22-24, 00opynoBaHHAs JOCKOM M CTaHAApTHOH yueOHOIl mebenbro. MeroTes
JIEMOHCTPAIIMOHHOE 000pYIOBAaHUE U YU4€OHO-HATIIAIHBIE TTOCOOMsI, 00€CTICUNBAIOIINE TEMATHUECCKUE WJI-
JIOCTPALIMHU 0 JIEKIIMOHHBIM pa3ielaM TUCIUIUINHEI.

13.1.2. MaTepuajibHO-TEXHMYECKOE U IPOrPaMMHOe ofecredeHne I NPAKTHYEeCKUX 3aHATHI
VYyeOnas aymutopus «BeraucauTenbHbIi 3am» / KoMInbloTepHbIi Ki1ace
ydeOHast ayTuTOpus JIJIsl TPOBEICHUSI 3aHATHIN MPAKTUYECKOTO THUIIA, YdeOHast ayTuTOpUs JJIs PO -
BEJICHUS 3aHATHIA 1a00paTOPHOTO THUMA
634034, Tomckas obnacts, . Tomck, Bepumnuna ynuia, 1. 47, 318 ayn.
Ornucanune UMerIIerocs 000pyI0BaHUS:
- Jlocka mapkepHasi;
- DKpaH Ui IPOEKTOpa;
- 8 pabounx cranmnwmii Ha 6a3e mporeccopoB AMD Athlon IT X2;
- 2 pabounx cranuii Ha 6a3e mporeccopoB Core 2 Duo;
- Kommutekt crienmanusupoBanHoi yueOHOW MebOenu;
- PaGouee mecto npenogaBares.
[IporpamMmMHoe obecnieueHue:
— Google Chrome
— Keysight SystemVue

13.1.3. MaTepuajibHO-TeXHUYECKOE U IPOrPaMMHoOe odecrnedyeHue sl JIadopaTOpHbIX padoT

VYuebnas aymuropus «L{udposas cBa3p» ocHoBana coBMecTHO ¢ Keysight Technologies

yueOHasi ayuTOpHsl 171l IPOBEACHUSI 3aHATHI MPAKTUYECKOrO TUIa, ydeOHas ayauTopus Ui Mpo-
BEJICHUS 3aHITHIA TaOOPaTOPHOTO THUIA

634034, Tomckas obnacts, . Tomck, Bepmauna ynuia, 1. 47, 309 ayn.

Ornucanmne UMEIIErocs 000PyIOBaHNUS:

- 10 pabGouunx cranmuii Ha 6a3e nporeccopos Intel Core 15;

- Jlocka MmarHUTHO-MapkepHas Brauberg;

- Otnagounsie matel DEO-NANO na 6a3e [TJIUC Altera Cyclone IV (4 mt.);

- Otmagounsie wiatel DEO-CV-board na 6a3ze ITIJIUC Cyclone V (6 mir.);

- Croiiku ¢ TenekoMMyHHKanoHHBIM obopynoBanueMm "TETRA" (o6opynoBaHue TpaHKUHTOBOM
OecTpOBOHOM CBSI3M) C CHCTEMOU MUTAHUS U BEHTHIISALINM;

- KommuiexT cnenuain3upoBaHHON yueOHOM MeOen;

- PaGouee mecto mpenogaBarens.

[IporpamMmMHoe obecrnieueHue:

— Google Chrome

— Keysight SystemVue

— Mathworks Matlab

13.1.4. MaTrepuaJibHO-TEXHHYECKOE H MIPOrPaMMHOe o0ecredyeHne JJIs1 CAMOCTOSITe IbHON padoThI
Jnst camocTosTeNnbHOM paboThl HCTONB3YIOTCA y4ueOHblE ayAUTOPUU (KOMIIbIOTEPHBIE KJIacchl),
PacIoJIOXKEHHBIE TIO aJIpecaM:
- 634050, Tomckast o6macTs, 1. Tomck, Jlennna mpocnexr, a. 40, 233 ayn.;
- 634045, Tomckast o6nacTb, T. Tomck, yi. Kpacnoapmetickas, a. 146, 201 ayx.;
- 634034, Tomckast 06macTh, 1. Tomck, Bepmmanna ynuna, 1. 47, 126 ayn.;
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- 634034, Tomckast o6nacTb, . Tomck, Bepmmanna ynua, 1. 74, 207 ayx.

CocTtaB 060pyI0BaHMS:

- yueOHast MmeOerb;

- koMnbroTepsl kKi1acca He Huke [IDBM INTEL Celeron D336 2.8 T1. - 5 T,

- KOMIBIOTEPHI MOIKIIOUEHB! K ceTH «/HTepHeT» M 00ecneynBaloT IOCTYI B AJICKTPOHHYIO WH-
(opManoHHO-00pa30BaTEIbHYIO CPEAY YHUBEPCUTETA.

[lepeyeHp MPOrpaMMHOTO OOECTICUCHUSI:

- Microsoft Windows;

- OpenOffice;

- Kaspersky Endpoint Security 10 ais Windows;
- 7-Zip;

- Google Chrome.

13.2. MaTepuaibHoO-TeXHHYecKoe o0ecnieyeHre TUCHMIIIMHBI VIS JIMI[ C OFPAHMYeHHBIMH
BO3MOKHOCTSIMH 3/10POBbSI 1 HHBAJIN/I0B

OcBoeHHE NUCHMIUIMHBI JUIIAMUA C OTPAaHUYEHHBIMH BO3MOXKHOCTSIMH 3JI0POBbSI U MHBAJIUAAMU
OCYILECTBIISIETCS C UCIIOIb30BAHUEM CPEICTB 00ydeHHs OOIIEro U CHEeMaIbHOI0 Ha3HAUYeHUsL.

[Tpu 3aHATHAX ¢ O0YYAIOUIMMHUCS ¢ HAPYIIEHUAMH CJIyXa MPEyCMOTPEHO UCIIOJIb30BaHUE 3BYKO-
YCUJIMBAIOLLEH anmapaTypbl, MyJbTUMEIUNHBIX CPEICTB U JPYTUX TEXHUYECKHUX CPEACTB IIpUeMa/nepena-
4yi y4yeOHOM nH(pOPMALIUU B TOCTYIHBIX (POpMax, MOOMIIBHOM CUCTEMBI MTPETIOaBaHUs Il 00YJatOLTHXCSI
C MHBAJIUAHOCTbIO, IOPTATUBHOM MHIYKIIMOHHOHN CHCTeMBbl. YueOHas aynuTOpHus, B KOTOPOH 3aHUMAIOTCS
oOyyaroryecs: ¢ HapylIEeHHEM ClIyXa, 000pYy/lI0BaHA KOMITBIOTEPHOW TEXHHMKOM, ayAMOTEXHUKOH, BUIEO-
TEXHUKOMU, FJICKTPOHHON JTOCKOH, MYJIbTUMEIUMHON CUCTEMOM.

[Tpu 3aHATHAX ¢ 0OYUYAIOLIMMUCS ¢ HAPYLIEHUSIMU 3PEHUSAMM IIPETYCMOTPEHO HUCIIOJIb30BAaHUE B
JIEKIIMOHHBIX U YYEOHBIX ayAUTOPHUIX BO3MOKHOCTH IIPOCMOTPA YAAIEHHBIX 0OBEKTOB (HAIIpUMep, TEKCTa
Ha JIOCKE WM CJIaiijia Ha SKpaHe) P MOMOIIM BUACOYBEINIUTENEH A1 KOM(POPTHOTO IPOCMOTPA.

[Tpu 3aHATHAX ¢ O0YYalOUIMMUCS ¢ HAPYLIEHUSIMM ONOPHO-ABUIaTeJbHOI0 ANNAPATA HCIOJIb-
3YIOTCS aJbTePHATUBHBIE YCTPOHCTBA BBO/IA HH(OPMAIIMHK U IPYTHE TEXHUUECKUE CPENICTBA ITpreMa/epe-
Jau yuyeOHOM MHpOpMaluu B AJOCTYIHBIX (opMax, MOOMIIBHOW CHCTEMbl OOY4eHUs UIs JIOAeH ¢ UHBa-
JIUTHOCTBIO.

14. OueHouyHble MaTepUAJIbI U METOAMYECKHE PEKOMEHAAIUH 110 OPraHU3aluu U3yYeHHUs
AUCHUTLTHHBI

14.1. Conepmalme OLCHOYHBIX MATCPHAJIOB U METOANIECCKUEC PEKOMECHAAIIUH
I[J'ISI OLICHKHU CTCIICHU C(bOpMI/IpOBaHHOCTI/I H YPOBHA OCBOCHHA 3aKpPCIINICHHBIX 3a ﬂHCHHHHHHOﬁ
KOMITC TEHITHUM HCIOJIB3YIOTCA OLCHOYHBIC MaTCpHUaJibl B COCTABE!

14.1.1. TecToBbIE 3aaHUA
B uewm 3akiodyaercs KI04YeBOe OTIMYUE TEXHOJIOTHI Pu3ndeckoro ypoBHs crannaapra 4G ot 3G?
WCIIOJIb30BaHUE HEOPTOTOHAIBHBIX METO/IOB YaCTOTHOTO MYJITUILIIEKCUPOBAHUS
UCTIOIb30BaHMe U(DPOBON MOTYISIIMH
MpeAoCTaBlIeHUE A0CTyna B UHTepHeT
MCII0JIb30BaHUE CXeMbl MyJbTUILIeKcupoBanusi OFDMA

Ousnueckuit yposens cereil LTE peanuzoBan Ha 6a3e 1ByX TEXHOJOTHIA:
OFDMA u CDMA

OFDMA u SC-RSMA

TDMA u FDMA

OFDMA u SC-FDMA

Yto MOXHO oTHECTH K HexoctatkaM OFDM?

Hcnonp3oBaHue 3alIUTHRIX HHTEPBAIOB CHUXKAeT 3((HEKTHUBHOCTh METO/IA
Meron uyBcTBUTENEH K 3 dexty [orepa
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TexHONOoTrus XapakTepu3yeTcss BBICOKUM YPOBHEM MUK-()AaKTOpa, YTO MPHUBOAUT K YPE3MEPHBIM
AHEPreTUYECKUM 3aTparam, MO3TOMY B BOCXOAsIIEH TMHUU ucnoib3yercs SC-FDMA

Her npaBunbsHOTO OTBETA

Bce oTBeThI BepHBI

JnmurenpHOCTh Kagpa B cranaapte LTE cocTaBnser
100 Mxc

1 mc

2 McC

10 mc

B cucreme LTE xanan PDCCH - s70...

¢u3uueckuii kanan ansg nepenaun HARQ ACK/NACK B orBer mpu mepenade HHGOpMauu
"BBepx".

¢du3nueckuii KaHaJ Iepeiauy BelaTelbHOM nHpopManuu.

bu3NYeCKU KaHAJT TIepeIadn 3alpOCOB CIYYaifHOTO JOCTYIIA.

du3nuecKuil HUCXOIAIINN KaHaJl YIpaBJIeHUs A Tepelaun ciayeOHoi nHpopMarmy.

Jnst oueHku cocrosiHuAa panuokanana B cucreme LTE. ..
HCIIOJIB3YIOTCS CIIETbIE METOAbI OLIEHKH

BBIJICTICHA CTIelIMaIbHOU peamOyina

WCITOJIb3yeTCs Al POBAHHBIC CHMBOJIBI
WCIIOJIB3YIOTCS MAJIOTHBIE TOIHECYIIIHE

X3HA0BEP — 3TO. ..

3a/IepKKa OTIICTbHBIX MTAKETOB MPHIOKEHUN, B 4aCTHOCTH, VOIP

CMeHa 00CITyKHBAIOIIETO MITI03a

W3JIMIITHSS 3arpy3Ka CIy>KeOHBIX KaHAJIOB, IPUBOIAIIAS K TIOTEPSIM CEAHCOB CBS3H

scTadeTHas mepeaada akTHBHOTO (T. €. HAXOJSIIETOCs B PEKUME CeaHca CBSI3U MU COSAMHEHUS)
a0OHEHTA MPHU MEPECCUCHUN UM PA3THUIHBIX reorpaduuecKux 30H.

CKonbKO OUT KOaUpyeTcs: B 01HOM cumBoiie QAM-16?
2

16

8

4

Crpykrypa kaapa LTE, npuMeHsieMoro kak B MOJHOAYIUIEKCHOM, TaK M MoiyayrsiekcHom FDD-
peXHUMax, peanoaraeT JejeHue kaapa Ha 20 c0ToB, KKl U3 KOTOPBIX UMEET IIUTEIBbHOCTD

5 Mc

10 mc

1 mc

0,5 mc

s xakoro Buja nu(ppoBOM MaHHUIYJSILIMA CUMBOJIbHAS M WH(GOPMALIMOHHAS CKOPOCTh COBMAa-
01?

8PSK

16QAM

QPSK

BPSK

OpTOFOHaJIBHOCTI) aHcaMOJI1 CUTHAJIOB 0O3Ha4acT, 4To...

BCE CUTHAJIBI ATOTO0 aHCAMOJIsI UMEIOT OIMHAKOBYIO aMIUIUTYAY M YaCTOTY, HO Pa3IMYHYI0 Hayab-
Hy10 (ha3y
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CpeaHee 3HaUCHHUE BCEX CHUTHAIOB aHCAMOJIISl CTPEMUTCS K HYJIIO

B3aMMHO-KOPPEJSAIMOHHAs (YHKIMS IBYX JIOOBIX Pa3IUYHBIX CUTHAJIOB U3 ATOro aHcamOis He
UMEET BBIPAKEHHOTO MaKCUMyMa

CKaJISpHOE MPOU3BEACHUE MEXIY ABYMS JIOOBIMU Pa3IMYHBIMU CUTHAJIAMH U3 3TOTO aHCamOIs
PaBHO HYJIIO

AHCaMOITb CUTHAJIOB C OPTOTOHATHHBIM YaCTOTHBIM PA3HECEHUEM MPHUHSTO HA3bIBATh. ..
Ha0OpPOM TapMOHUK

YaCTOTHOW MOIYJILIUEN

MOJTHBIM HAOOPOM T'aPMOHUK

OFDM-curnanom

Huxmueckuit npepukc OFDM-cumBona — 370...

gactb OFDM-cumBona, U3BeCTHasi Ha IPUEMHON CTOPOHE
crienanbHas npeaMOyia Jjisi OOHapYKEHUsT Havyajla CHMBOJIA
3alUTHBIA UHTEPBAJ, COCTOSIINMN U3 HEUCTIOIb3YEMbIX MOAHECYIIUX
konusa yactu OFDM-cuMmBoa, B3siTast “‘c KOHIA” MOJIE3HOTO0 MHTEpBaja

Huxmmueckuit npedukec OFDM-cumBoia HeoOXoAUM IJIsl. . .
YCTpaHEHHU BIUAHUA KaHala PACIIPOCTPAHEHUS PAAUOBOIIH
COTJIaCOBAaHHOMW (DUITBTPALIHH

ITIOBBIIIICHUA CKOpOCTI/I Hepenafm

COXpPaHEHHS OPTOrOHATBHOCTH

CKOJIBKO MOAHECYITUX OXBAThHIBAET OJIMH PECYPCHBIN OJIOK?
7

6

15

12

Cxonbko SC-FDMA -CHMBOJIOB BXOJIUT B OJJUH PECYPCHBIN OJIOK B PeKMME pabOTHI C PaCIIMpPEH-
HBIM [UKINYECKUM Tiperrcom?

15

12

7

6

CkpemOaupoBaHue — 3TO. ..

oOparuMoe mnpeoOpazoBaHue UHPOpPMAIMK B LENSIX COKPBITUS OT HEABTOPU30BAHHBIX JIHII, C
NPEOCTaBICHUEM, B TO XK€ BpEMsi, aBTOPU30BAHHBIM I10JIb30BATENISAM JOCTYIA K HEH

mpoiiecc npeodpa3oBaHus curHajiga u3 GopMbl, yIOOHOH 71T HETOCPEICTBEHHOTO MCTIOIb30BaHUS
uH(popmaiuy, B GopMy, yIOOHYIO IS IEpeiauu, XpaHEHHUS WK aBTOMAaTHUECKON MepepaboTKH

BU/J] TOMEXOYCTOMYNBOTO KOAWPOBAHUS

oOparumoe mpeoOpa3oBaHue MU(PPOBOTO MOTOKA 6€3 U3MEHEHUS] CKOPOCTH TEepelauul C IeIbI0 Mo-
JIy4€HUs CBOMCTB CIy4alHOH MOCIEI0BATEILHOCTH

B xavecTBe nmiioTHOM nocienoBarebHOCTH B cucteme LTE ucnonb3yrores. ..
nocJenoBarebHOCTH bapkepa

byHKIIMN Yomna

konwl I'onga

MOCJIeI0BaTENbHOCTH 3a10Ba-Uy

[Tepuonuyeckast aBTOKOppEISIITUOHHAS (PYHKITUS TTOCIIeI0BaTeIbHOCTH 3a0Ba-Yy. ..
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HE UMEET SPKO BBIPAXKEHHOTO MAKCUMyMa
MMEET MHO>KECTBO MAaKCUMYMOB

SIBIISIETCS TUTABHO HapacTaromel pyHkiuen
ABJISIETCS AeNbTa-QyHKIUEH

[TunoTHBIE CUTHAIIBI HEOOXOUMBI IJIA. . .
yCTpaHEHUs] MEKCUMBOJILHON HHTEepEpEeHIIUN
OILICHKH CMEILEHHUS 110 BpEMEHHU

OIICHKH YaCTOTHOT'O CABUTA

OILICHKH MEPEAATOYHON XapaKTePUCTUKH KaHaJIa

14.1.2. Jxk3aMeHallMOHHbIE BONPOCHI

MHorono3ununoHHas KBajparypHas aMIutyaaas Moaysiaus QAM-M. OprorosaibHas MOIyJIs -
1usi. OpToroHaabHOE YaCTOTHOE MYyNbTHILIEKcHpoBaHue AaHHbIX OFDM. Iluk-gakrop.

Konosoe ynnorHenue kananos CDMA. MHoroyacrotHoe konoBoe ymnotHenue MC-CDMA. Ya-
CTOTHOE OpTOoroHaiIbHOE yrutoTHeHHe kaHamoB OFDMA, dopmupoBanne OFDMA cumBona. YactoTHoe
OpPTOTrOHAJbHOE YIUIOTHEHUE KaHaioB, popmupoBanue SC-FDMA cumBoua.

Mozenu kaHaIOB pacIpOCTPaHEHUEM PAaCIPOCTPAHEHUS PAJHOBOJIH, KaHAJbl C YACTOTHO-BPEMEH-
HeIM paccesiHueM. [lepenarounas xapakrepucTvka kaHaina. OleHKa IapaMeTpoB KAaHAJIOB C YacTOTHO-
BPEMEHHBIM PACCEIHUEM. DKBaJlali3MpOBaHUE MEPEIATOYHON XapaKTEepUCTUKN KaHAJIOB C YaCTOTHO-Bpe-
MEHHBIM PacCesiHUEM

®uznueckuit ypoenb LTE, noxkyment ETSI 3GPP TS36.211 V10.3.0. CtpykTypa Kaapa B pexHu-
Max 9yacToTHOro u BpemeHHoro aymiekca (FDD u TDD). YacToTHO-BpeMEHHOH pecypc CHCTEMBI, pe-
CypCHasi CeTKa pecypcHbI€ OJIOKH, pECYPCHBIE AJIEMEHTHI.

dusnueckue KaHaisl U ¢puszndeckue curnaisl Downlink. O6061eHHas cTpykTypa GopMUpOBaHUs
OFDMA cumBona ¢usudeckoro kanania PDSCH. Monaysmsiiusi, mpocTpaHCTBEHHOE MYJIBTUILIEKCUPOBA-
Hue. [IunoTHeIe cUrHalbl, pacupenesieHue B peCcypcHOM ceTke. CUrHasiabl MO3UIUMOHNPOBaHUsA. CHUrHaJIbI
CUHXPOHM3AIIUH.

Ousnueckue kaHaibl U ¢uszndeckue curHansl Uplink. O6oOuienHas cTpykrypa (HopMHUpOBaHUSA
SC-FDMA cumBona ¢usndeckoro kanaga PUSCH. Monynsius, IpocTpaHCTBEHHOE MYJIbTUILUIEKCUPOBA-
Hue. Kanan ciyqaitnoro nocrtyna PRACH.

14.1.3. Tembl 0IPOCOB HA 3aHATHAX
DKBallali3MpOBaHKE MEPEAATOYHON XapaKTEPUCTUKH KAaHAJIOB C YACTOTHO-BPEMEHHBIM PACCESHHU-
eMm. ®opmupoBanne OFDMA cumBona. ®@usnueckuii yposenb LTE, nokyment ETSI 3GPP TS36.211
V10.3.0. ®usnyeckue kaHainsl U pusndeckue curHaibl Downlink. dusndeckne kaHaabl U GU3HIECCKHE
curnansl Uplink.

14.1.4. Tembl 1a00paTOpHBIX padoT
OFDM wonynsauus: popmupoBanune OFDM cumBona.
OFDM wmonymsuus: npuem u oopadorka OFDM cumBona.
Mertoa MHOKECTBEHHOTO JIOCTYIA ¢ YaCTOTHBIM pa3aesneHueM kanaaioB OFDMA.
IIpouenypa nepsuuHoi cunxponusanus B LTE.
IIpouenypa skBanaitzupoBanus B LTE.

14.2. TpeGoBaHHs1 K OLCHOYHBIM MATEPHAJIAM JJIsl JIHI C OTPAHUYCHHBIMHU BO3MOKHOCTAMH
310POBbS U HUHBAJIN10B
Jis i ¢ orpaHMYEHHBIMA BO3MOYKHOCTSIMU 3/I0POBbSl M1 MHBAJIUIOB MIPELYCMOTPEHBI TOMOIHU -
TeJbHBIE OLIEHOYHbIE MaTepHUaIIbl, IEpeUYeHb KOTOPBIX YKa3aH B Tabnuue 14.
Tabmuma 14 — JlononHuTeNbHBIE MaTepUaiIbl OLIGHUBAHMS JUIS JIUI] C OTPAaHMYEHHBIMH BO3MOXXHOCTSIMU
310POBbS U HHBAJINIOB

Kareropuu Bupl TONOTHUTETBHBIX OLIEHOYHBIX ®opMbI KOHTPOJISL M OLICHKH
oOyyaronuxcs MaTepuaoB pe3ynbTaToB 00y4eHuUs

TecTbl, MUCEMEHHBIE CAMOCTOSITEITBHBIC
paboThI, BOTIPOCHI K 3a4eTy,
KOHTPOJIbHBIE PAOOTHI

C napyueHusaMu
ciyxa

[IpenMy111eCTBEHHO MMCbMEHHAs
MpOBEpKa
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C HapymieHusiMu
3peHus

CobecenoBaHue 1O BOTIPOCAM K 3a4eTY,
OIPOC 0 TEPMHHAM

[TpeumymiecTBEHHO yCTHAs TIPOBEPKA
(MHIMBUAYATIBHO)

C HapymieHusiMu
OIOPHO-
JIBUTATEJILHOTO
anrmapara

Pemenne MMCTaHIIMOHHBIX TECTOB,
KOHTPOJIbHLIC pa6OTBI, IIMCHbMCHHBIC
CaMOCTOSATENIbHBIE Pa0OTHI, BOIPOCHI K
3a4eTy

HpeI/IMYH_[eCTBeHHO JUCTaHIIMOHHBIMUA
METOAaAMU

C orpaHuueHUsIMH TIO
00ILIEMETUITMHCKIM
IMOKa3aHUsIM

TecTbl, MUCEMEHHBIE CAMOCTOSITEIbHbIE
paboThl, BOIIPOCHI K 3a4ETY,
KOHTPOJIbHBIE PA0OTHI, YCTHBIE OTBETHI

[IpenmyniecTBEHHO IPOBEPKA
METOJaMH UCXOJISl U3 COCTOSTHUS
00y4aroierocss Ha MOMEHT IPOBEPKHU

14.3. Mertoauuyeckue peKOMEHIAUMH M0 OLEHOYHBIM MATEPUAJIAM JIJIfl JIMI C OTPAHUYEHHbIMU
BO3MOKHOCTSIMU 3/10POBbSI 1 HHBAJIN/I0B

Jns muIp ¢ orpaHMYEHHBIMH BO3MOXKHOCTSIMH 370POBbSI U MHBAIMIOB TPEIyCMAaTpPUBACTCS 10-
cTynHas (hopMma MpeoCTaBICHUS 3aJaHUH OIIEHOUYHBIX CPEJICTB, @ IMEHHO:

— B TIEYaTHOH (hopme;

- B IIeYaTHO (hopMe ¢ YBEITHUEHHBIM MIPUPTOM;

- B (hopMe IIIEKTPOHHOTO IOKYMEHTA;

— METOJIOM YTEHHsSI aCCHCTCHTOM 3aJJaHus BCIYX;

— NIPEOCTABJICHUE 3a/IaHUs C UCTIOJIb30BAaHUEM CYpPJIOTIEPEBO/IA.

Jlumam ¢ OrpaHWYEeHHBIMH BO3MOXXKHOCTSIMH 3JIOPOBbSI M MHBAIHIAM YBEIHMYUBACTCS BpeMs Ha
HOATOTOBKY OTBETOB Ha KOHTPOJIBHBIE BOMPOCHL. [ TaKuX 0Oy4arommxcsi MpeayCcMaTpUBaeTCst JOCTYII-
Has opmMa mpeoCTaBICHHSI OTBETOB HA 3a/IaHUs, & IMEHHO:

- NICbMEHHO Ha Oymare;

— HabOp OTBETOB Ha KOMITBIOTEPE;

- Ha0Op OTBETOB C MCITOJIL30BAHNEM YCIIYT aCCUCTEHTA;

- IPE/ICTaBICHAE OTBETOB YCTHO.

[Ipoueypa olleHUBAaHUS PE3YIILTATOB OOYYCHUS JIMII C OTPAHUYCHHBIMUA BO3MOXKHOCTSIMH 3J10PO-
BbSl 1 MHBAIHIOB 110 JUCLUILIMHE TpeIyCMaTpUBaeT IperocTaBieHne nHdopmarun B popMax, aganTH-
POBaHHBIX K OTPaHMYCHHUSM HX 3[J0POBBS U BOCHPUATHS HHOOPMALIVH:

JI1s1 JIMI ¢ HAPYIIEeHUSIMH 3PeHust:

- B (hopMe INIEKTPOHHOTO TOKYMEHTA;

- B IIeYaTHOW (hopMe YBEITMUECHHBIM HIPUPTOM.

JIJ1s1 JIMI ¢ HAPYIIEeHUSIMH cJIyXa:

- B (hopMe IIIEKTPOHHOTO IOKYMEHTA;

- B Ie4yaTHoOU hopme.

JIJ1s1 JIMI ¢ HAPYLIEHHUSIMH OTIOPHO-IBHIaTeJILHOTO anmapara:

- B (hopMe INIEKTPOHHOTO IOKYMEHTA;

- B Ie4aTHOU hopme.

[Tpn HEOOXOMUMOCTH ISl JIUIL C OTPAaHUYCHHBIMH BO3MOXKHOCTSIMU 37I0POBbS M MHBAIUIOB TIPOLIE-
Jypa OIICHWBAHUSI PE3yIbTaTOB 00yIEHUST MOXKET IPOBOUTHLCS B HECKOIBKO ITAIOB.
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