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No Bunel yueGHOI nesTenbHOCTH 1 cemectp Bcero Enuannesl
1 Jlexumn 18 18 9acoB
2 [TpakTHdeckue 3aHATHS 26 26 4acoB
3 JlaboparopHbie pabOTHI 16 16 4acoB
4 Bcero aynuTopHbIX 3aHATHN 60 60 4acoB
5 CamocTosTenpHas padoTta 84 84 4acoB
6 Bcero (6e3 sx3ameHa) 144 144 4acoB
7 ITonroroska u cxada dK3aMeHa 36 36 4acoB
8 OO01mas Tpy10eMKOCTh 180 180 4acoB
5.0 5.0 3.E.
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Paccmotpena u omoOpeHa Ha 3aceJaHuu Kadeapsl
nporokot Ne 11 ot « 26 » 6 2018 r

JIMCT COI'JTACOBAHU A
PabGouass mporpaMMa IUCHUIUIMHBI COCTaBJieHa C y4deToM TpeOoBaHui (denepanbHOTO
rOCy/IapCTBEHHOT'O 00pa30oBaTeNbHOTO cTaHaapTa Beiciiero oopasopanus (OI'OC BO) no nanpaBieHuUIo
noarotoBku (cneruanbHocTH) 11.04.02 MHDOKOMMYHUKAIIMOHHBIE TEXHOJOTHH WM CHUCTEMBI CBS3H,
yrBepxkaeraHoro 30.10.2014 roma, paccmorpeHa u omgobOpeHa Ha 3acemanuu kadenpsr PTC «  »
20 roaa, nmpoTtokoi Ne

PazpaboTumk:
noreHt kad. PTC A. B. HoBukos

3aBeayronuii odecreuynBaromiei kad.
PTC C. B. Meauxos

Pabouas mporpaMma JUCIUIIIMHBI COTIIACOBaHa ¢ (PaKyIbTETOM U BBITyCKarOIIeH Kadeapoi:

Hexan PT® K. 1O. ITomoBa
3aBeyrOnInil BeIMTycKaroen kad.

CBYuKP C. H. lllapanrosuu
OKCHepThl:

JlouieHT Kadeapbl paguoTeXHUYECKUX
cucteMm (PTC) B. A. I'pomoB

JlonieHT Kadenpsr
CBEPXBBICOKOYACTOTHOW U KBAHTOBOM
paguotexuuku (CBUuKP) A. IO. [Tonikos
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1. lean u 3aa49u TUCUMILJIUHBI

1.1. Heau TUCHUNIHHBI
dopMHupOBaHUE TPEICTaBICHUH 00 OCOOCHHOCTSIX (OPMHPOBAHUS W OOpaOOTKH CHUTHAJIOB B
COBPEMEHHBIX M MEPCIEKTUBHBIX CUCTEMAX CBSI3H.

1.2. 3agauy JUCHUIIIMHBI
— HM3yueHue coBpeMEHHBIX METOOB MOYJISIIIUH.
—  IIpuoOpereHue HaBBIKOB KOMITBIOTEPHOTO MOJICTUPOBAHUS CUCTEM CBSI3H.
— OsnyajzeHue HaBbIKAMHM YTEHHS CIPABOYHOM JOKYMEHTAIIMH, B TOM YHCJIE Ha AHTJIUHCKOM
SI3BIKE.

2. MecTo aucuunianHbl B cTpykrype OIIOII

Hucnunmuna «®opmupoBanue U oO6padoTka curnainoB cucteM cBsizu» (b1.B.OJ1.3) otHOCHTCS K
05oky 1 (BapuaTHUBHAS YacTh).

[IpeniecTByomUMy  TUCHUIUIMHAMY, (DOPMHUPYIOIIMMU  HaydajbHble 3HAHUS, SBISIOTCA:
MopenupoBaHue yCTPOHCTB U cucTeM cBsi3H, LlnppoBas 06paboTKa CUTHATIOB CUCTEM CBSI3H.

[Tocneayromumu AUCUUIUIMHAMH  SBIAIOTCS: ONTUYECKHWE CHCTEMBl CBSI3M U 00paboTKU
uH(popManuy, Teopus u  TexHuka  mepenaun  HH(pOpMaIUH, Teopuss ~ mocTpoeHUs
MH()OKOMMYHHUKAIIMOHHBIX ceTel u cucteM, Teopus teneTpaduxa.

3. TpeGoBaHus K pe3yJibTaTaM OCBOCHHS TUCHUIIIHHBI

[Tponecc n3yueHust JUCUUIUIMHBI HallpaBjeH Ha (OpMUPOBAaHHUE CIIEIYIOUINX KOMIIETEHIIMHI:

—  OIIK-3 cnocoGHOCTBIO OCBaMBATh COBPEMEHHBIE U MEPCIEKTUBHBIC HATPABICHUS Pa3BUTHS
NKTuCC;

- OIIK-4 CIOCOOHOCTBIO pean30BbIBATh HOBBIE IIPUHLIMIIBI IIOCTPOCHHUS
MH(POKOMMYHUKAIIMOHHBIX CUCTEM U CeTeW pa3InYHbIX TUIIOB NEpeaayu, paclpeseneHus, 00paboTKu U
XpaHeHus: UHPOopMaIuy;

— IIK-8 TrOTOBHOCTBIO MCHONB30BaTh COBPEMEHHBIE JOCTH)KEHHS HAyKd M IIEPENOBBIC
MH(POKOMMYHUKAIIMOHHBIE TEXHOJOIMH, METO/bI NPOBEJCHUS TEOPETHUECKUX U HKCIEPUMEHTAIBHBIX
HCCIIEIOBaHUM B Hay4yHO-HccaenoBarenbekux padorax B oomactu UKTuCC;

B pe3ynbrate n3ydyeHus IUCLUILIMHBI 00y4aroLIUics JOIKEeH:

— 3HaTh Poib MOAYIAIUH B cHCTEMax mepenadyn nHpopmanuu. Pa3znudre Mexy aHaIOrOBOM U
nudposoil Mmoaymsiuuel. Ponb hopmupyromux GpuiabTpoB U BIMSHUE MEKCUMBOJIBHOW UHTEPPEPEHIIMH.
CMbICIT  CHEKTpaJIbHOM IUIOTHOCTH MOLIHOCTH Oenmoro 1myma. ba3oBele MeTonbl MOIYJSLUU:
ammutyanyio (AM), dazoByro (OPM) u uactotHyto (UM). CnekTpanbHbIi COCTaB CUTHAJIOB JUIS
OCHOBHBIX METOZOB MOJYJIALIMU: aMIUIUTYAHOM, 4acTOoTHOM u Qa3oBoil. Ocobennoctu UM c¢
HenpepbIBHOHN (a30ii. B3auMocBsA3b METOJOB MOJTYJISIIMH € KJIaCCaMH BBIXOJHBIX YCHIINTENIEH MOIIHOCTH.
[TpuHIMIIBI MOIYASIIUU MHOXECTBa OpTOroHaNbHBIX nmoaHecymux (OFDM). Poxs OFDM npu Hanmauu
MHOTOJIy4eBOCTH. BrnusiHue @¢azoBoro mryma Ha HpPOU3BOJUTENBHOCTb CUCTEM CBsA3M. OTHOLIEHHE
CUTHAJI-IIYM JJIs1 HUGPPOBBIX CHUCTEM CBsA3H. [Ipo sHEpreTHyecKkyro U 4acTOTHYIO 3()(PEeKTUBHOCTh CUCTEM
cBs3u. [lpuniunel cunxponmzanuu B cuctemax cBs3u. Ilermio Kocraca. Jlerexktop [Mapnuepa. OO0
YXYIIIEHUN CTENEHH OJHO3HAUYHOCTH (ha3bl BOCCTAHOBJIEHHOM HeECYyIIeHl ¢ pocTOM OMTOBOW CKOpOCTH
nepenaud. [IpuHIMIBI pacHIMpeHusl CIEKTpa CUTHAJOB B cHcTeMax cBA3H. CTPYKTYpHbBIE CXEMbl U
0COOEHHOCTH TpeX IMOKOJEHUH HUQPPOBBIX CUCTEM CBS3U MO MeToaaM (OpPMHPOBAaHUS M 0OpabOTKH
CUTHAJIOB: aHAJOroBble, TMOpUIHBIE U IU(poBble. CXeMbl aBTOMATHYECKOM IU(PPOBOIl peryiupoBKU
YCHUJICHUS.

— ymerb Ha kayecTBEHHOM YpOBHE H300pa)kaTh CIIEKTpajbHbIE IUArpaMMbl CHTHAJIOB C
MOAYNIAIUSIMH: aMmIuuTyaHo (AM), daszosoii (PM), wacrotHorr (UM) u OFDM. Breruucnars
CHEKTPAJbHYIO IUIOTHOCTh MOIIHOCTH MO 3aJaHHOM (QYHKIMHM KOppeIsuu HU(pPOBOro IMOTOKA.
OnpenensTh ypoBEeHb OOKOBBIX JIEMIECTKOB B CIIEKTPE CUTHAJIA. AHATM3UPOBATh "TIa3KOBbIE" THArpaMMBl
U CUTHaJbHBIE cO3Be31usa. BpiOupaTh BuA Monynsuuu. BpiOuparh Kiacc BBIXOAHOTO YCHIIUTENS
MOIIIHOCTH HCXOJs U3 BuAa Moxyisuuu. Mopenuposats cur"anel ¢ AM, ®M, UM u OFDM
MOJYJISLIMSIMUA U UX CIIEKTPaAJIbHbBIE TNIOTHOCTH MOIIHOCTH.

— BJagerb MeTogaMM KOMIBIOTEPHOTO MOJEIMPOBAHUS COBPEMEHHBIX U IEPCIEKTUBHBIX
CHCTEM CBA3HU. DJIIEMEHTaMU MPOEKTUPOBAHUS COBPEMEHHBIX U IIEPCIIEKTUBHBIX CUCTEM CBS3H.

CornacoBaHa Ha noptane Ne¢ 36233 3



4. O0beM TUCUMIIJIMHBI M BUIbI Y4e0OHOH padoThl
OO6mmas TpyIOEeMKOCTh TUCHUIUIMHBI cocTaBisieT 5.0 3a4eTHhIX €IMHHUIBI U TpeAcTaBicHa B
tabmuue 4.1.
Tabmuma 4.1 — Tpy10eMKOCTb JUCITUTITMHBI

Bunbl yueOHOM 1eaTeTbHOCTH Bcero uacos Cemectpsbl
1 cemectp

AyauTopHbIe 3aHATHSI (BCETO) 60 60
Jlexuuu 18 18
[IpakTUueckue 3aHATUS 26 26
JlaboparopHbie pabOTHI 16 16
CamocrositenpHast paboTa (Bcero) 84 84
BrinonHenne MHAMBUYaIbHBIX 3aJaHUN 8 8
OdopmieHne oT4eToB 10 1a00paTOPHEIM padoTam 16 16
[IpopaboTka JEKIIMOHHOTO MaTepuaa 8 8
CaMocTosATeIbHOE U3YYICHHE TEM (BOIIPOCOB) TEOPETUICCKON 30 30
4acTu Kypca
[ToaroroBka K MpakTUYECKUM 3aHATUSAM, CEMUHApaM 22 22
Bcero (6e3 ax3amena) 144 144
[MoxroroBka u cnava sK3aMeHa 36 36
OO61mas TpyA0eMKOCTb, U 180 180
3aueTHble EnuHUATIBI 5.0 5.0

5. Conepxxanue QU CHUNIHHBI

5.1. Pa3nennl AMCHHUILIMHBI M BUABI 3aHATHHA
Pazensr qUCIMIUTMHEI ¥ BUBI 3aHATUN TPUBEICHBI B TadmuIe S.1.
Tabmumna 5.1 — Pa3gens! TUCIHUILIMHGBL U BUALI 3aHATHI

= o - S E 3 =
2 z g g | gz 5 2
- o ] < oS > 0
Ha3zBanus pa3nenoB TUCIUITLTHHBI 5 ) o, a o =
= = g = g 0 z E
= E & 23 B3
= i) &
1 cemectp
1 Monynsauus. CniekTpaiabHBbIi COCTaB. 2 4 4 9 19 | OIIK-3, OIIK-
4, I1K-8
2 ®opmupytromuit dunbTp. Ero poss. 3 4 4 9 20 |OIIK-3, OIIK-
4, I1K-8
3 CornacoBanHsblil punbTp. Ero pons. 2 4 4 9 19 | OIIK-3, OIIK-
4, I1K-8
4 YacTtoTHas ¥ dHEpreTudecKast 2 4 0 11 17 | OIIK-3, OIIK-
() PEKTUBHOCTH CUCTEM CBSI3H. 4
5 IIpyHIMIIBI CHHXPOHHU3ALIUU B 2 0 0 9 11 | OIIK-3, OIIK-
CHCTEMaXx CBA3U. 4
6 [IpuHIUIIBI pacIIUPEHUs CIIEKTpa 2 4 0 11 17 | OIIK-3, OIIK-
CUTHAJIOB B CUCTEMaX CBS3H. 4
4
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HETpEepbIBHOH (a3oi.

7 YacToTHast MAaHUMTYJISIIHS C 0 0 4 8

12

OIIK-3, OIIK-
4, I1K-8

8 IMpunnumer moaynsiiuu OFDM. 3 6 0 11

20

OIIK-3, OIIK-
4

9 IMpunuunst MIMO.

OIIK-3, OIIK-
4

Htoro 3a cemecTp

18 26 16 84

144

Hroro

18 26 16 84

144

5.2. Conep:xanue pa3iei0B IMCUMILIAHBI (110 JIEKIUSM)

Copneprxanue pas3ieioB AUCUUILINH (I10 JEKIHMsIM) IPUBEACHO B TabuIe 5.2.
Tabmmma 5.2 — Coneprkanue pas3ieoB JUCIUIUIMH (I10 JICKITUSIM)

Hazsanwns pa3aciioB

Coneprkanue pa3iesioB AUCITUIUTHHBI (10 JISKIIUSIM)

TpynoemMKkocTsb,

q
dopmupyemeie
KOMITETCHITH

1 cemectp

1 Monynsuus.
CrexTpaibHbIiA COCTaB.

Ponb Mopynsiiinu B cucTemMax nepenadyu
nHpopmanuu.Pa3znnure aHamoroBoi u nupoBoi
Moaynsauuu. TpeOoBaHUS K CIIEKTPaM CUTHAJIOB B
COBPEMEHHBIX CUCTEMAX Iepeaaun

nnpopmanuu. Ternosoit mrym.CriekTpanbHast
IJIOTHOCTh MOIIHOCTH curHaiia.CrieKTpbl CUTHAJIOB C
AM, ©M, UM u OFDM moaynauusmu. Tpu
MTOKOJICHUS IU(PPOBBIX CUCTEM CBSI3U: aHAJIOTOBEIE,
TUOpUIHBIE U [T POBHIC.

OIIK-3,
OIIK-4

Hroro

2 ®opMupyomun
¢unbTp. Ero pons.

CrnekrpanbHas JIOTHOCTb CIy4aiiHON
MIOCJIEI0BATEIBHOCTH UMITYJIHCOB MPSIMOYTOJIbHOM
¢opmbl.CKOPOCTH CIa/ia MOIIHOCTH B 3aBUCUMOCTH
oT yactoThl. Heo0xoqumMocTh criaxuBaHusl pOHTOB
nMmiynbcoB.OuneTp "mpunoansroro”
KocuHyca.OCOOEHHOCTH peanu3anuu GuibTpa B
un(ppoBOM BUJE: BIUSIHUE HA POPMUPYEMBIN CIIEKTP
(akTOpPOB JUCKPETHOCTH U OTPAaHUYEHHOCTH I10
BPEMEHH UMITYJIbCHON XapaKTEPUCTUKU; BIUSHUE
1M po-aHaIoroBoro npeodpasoBareis.

OIIK-3,
OIIK-4

Hroro

3 CoriacoBaHHBIN
¢unbTp. Ero poms.

TennoBoi MIyM Kak OrpaHUYUTEID
MIPOU3BOUTENBHOCTH CUCTEM CBSI3U.COTrIacOBaHHBIN
¢GuIbTp Kak GUIBTP, TOCTABIAIONINI MaKCUMYM
OTHOILIEHWIO CUTHAJI-IIIYM IIPY HAIWYUU aJAUTUBHOTO
6emnoro myma.Heo6xoauMocTh coriacoBaHus
aMIUIUTYIHO-4aCTOTHOM XapakTepuctuku (AUX)
dbopmupyromero ¢puiabTpa ¢ AUX
coriacoBaHHOr0.DubTp "KOpeHs" u3
"MPUIOJHATOr0" KOCHHYCA.

OIIK-3,
OIIK-4

Hroro
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4 YacroTHasg 1 Ces13p Mexxny "aHanmoroBeiM" 1 "1iudpoBbIM" 2 OI1K-3,
JHEpreTUYecKast OTHOLLIEHUAMHU cUrHaji-mryM. Hopmuposannas OIIK-4
3(PEKTUBHOCTD CUCTEM | TIPOMYCKHAs CIIOCOOHOCTH KaHaa.CKOpOCTh
CBSI3H. konupoBanus. Teopema Illennona, ee
wimoctpanus. [Ipenen lllennona, nmpeaen ABOMYHOTO
KaHaJla CBSI3U: KECTKHUE PEUICHUSI U MATKHE PEIICHUSI.
Uroro 2
5 IpuHIMIIBL KorepentHocts npu npreme u 06paboTke 2 OIIK-3,
CHHXPOHU3AIMU B curnana.BoccranoBnenue Hecyieit yactorsl.lletiist OIIK-4
CUCTEMAax CBS3H. Kocraca.BoccTaHOBIIEHHE TaAKTOBBIX
umnyibcoB.Jletexkrop ["apanepa.
Hroro 2
6 [IpuHuunbI JlocTOMHCTBAa CUTHAJIOB C PACIIMPEHHBIM 2 OIIK-3,
pacmmpeHus CexkTpa criekrpom.lIceBnocmydaiinble MOCIEN0BATEIBHOCTH OIIK-4
CUTHAJIOB B CHCTEMaXx (M-nocnenoarensHocTn).Konbl ['onaa.
BSI3U.
B3 Hroro
8 [Ipuniuns! Mmoxynsauuu | MmrocTpanys HeA0CTaTKa YaCTOTHOTO pa3/ieTIeHUs 3 OIIK-3,
OFDM. ka”ayoB. MinmrocTpanust OpTOroHaJIbHOCTH HECYIIIUX OIIK-4
IIPH BBITIOJIHEHUH OIEPALU JUCKPETHOTO
npeodpazoBanus Oypre (AI1D).HeodbxomumocTsb
LUKINYECKOTo MpeduKca Al CHIXKEHUS BPEIHOTO
BIIMSHUS MHOTOTy4eBOCTH.IlapameTprl Mmonysiiuu
OFDM B cucremax cBs3u 4G LTE.CtpykTypHbIe
CXeMbl nepeAaryuka u npueMHuka ¢ OFDM.
Hroro 3
9 IMpunuunst MIMO. Knaccudukanus MIMO: SISO (kinaccudeckuii 2 OIIK-3,
BapuanT), SIMO (pa3necennslii npuem), MISO OIIK-4
(pazuecennas nepenauda), SU-MIMO
(0IHOTIONB30BATENBCKOE MPOCTPAHCTBEHHOE
ymnotaenue), MU-MIMO (MHOromnoias30BaTeNbCKoe
MIPOCTPAHCTBEHHOE YIUIOTHEHUE).CTPYKTYpHbBIE
cxembl MIMO cornacHo kinaccuduKarim.
Hroro 7
Hroro 3a cemectp 18

5.3. Pa3nesbl AMCHMILNIMHBI M MEKIMCUMILIMHAPHBIE CBSI3HU ¢ 00ecneYnBAOIMMU (MPeIbIyuMM)
U o0ecnevynBaeMbIMHU (TMOCJIeTYOIMMH) M CHUILTHHAMMA
Paznenpl MUCHUIITMHBI U MEKIUCIUTITHHAPHBIE CBSI3M C 00ECTICUMBAIONIUMU (TIPEABIIYIIIUMH) U
obecrnieurBaeMbIMH (MTOCIEIYIOIUMHI ) IUCIUTIIIMHAMH MIPEICTaBIeHbI B Tabnule 5.3.
Tabauna 5.3 — Paznenbl IUCHUIUIMHBI M MEKIUCIMINIMHAPHBIE CBSI3U

Ne pazaenoB naHHO#M AUCHMIUIUHGL, 111 KOTOPBIX HEOOXO0IMMO
HauMeHOBaHMe TUCIMILIMH M3y4eHrne 00eCeUnBAIOIINX U 00ECTIEYNBAEMBIX JUCIIUTLIINH

1 2 3 4 5 6 7 8 9

[IpeauiecTByromME TUCHUTLTMHBI

1 MonenupoBaHue yCTpONCTB
U CUCTEM CBSA3HU

+ + + + + + + + +

2 Hudpposas o6padoTka
CUTHAJIOB CUCTEM CBS3H

CornacoBaHa Ha noptane N2 36233 6



[Tocnenyromye TUCITUTIITMHBI

1 OnTuueckme CUCTEMBI CBSI3U

+ + + +
1 00paboTKu MHGOPMAITIH

2 Teopus U TEXHUKA [IEpeIaun
uHpopmanuu

3 Teopus noctpoeHus
MH(POKOMMYHUKAIIMOHHBIX +
CeTed U CUCTEM

4 Teopus Tenerpaduka +

5.4. CooTBeTcTBHE KOMIIETEHUM, ()OPMUPYEMBIX IPH U3YUYEHUU TUCUMUIIJIMHBI, 1 BUIOB 3aHATHIA
CooTBeTcTBHE KOMIIETEHIUI, (POPMUPYEMBIX MHpPU HU3YYCHHHM IUCUUIUIMHBI, U BHUJIOB 3aHATUN
MpeJCTaBICHO B TabmuIe 5.4.
Tabmuma 5.4 — CoOTBETCTBHE KOMIICTCHIIMH, (POPMUPYEMBIX NPH H3YYCHUH AUCITUIUIMHBI, U BHUJIOB

3aHATHI
= Bungsl 3angruii
g ) .
= ; § S S DopMBI KOHTPOJIS
2 8 " = = b b
2 = g, = 2
i~ = = o
OIIK-3 + + + Jomamuee 3amanue, OTyer
110 HHIUBUYATBHOMY
3aganuio, KoHcmekr
CaMOIIOJIrOTOBKH,
CobecenoBanue,
Brictyruienue (1oknan) Ha
3aHaTum, Tect
OIIK-4 + + + Homamnee 3aganue, Otuer
110 UHIUBUIYATbHOMY
3ajannio, Koncrmekr
CaMOIIOJITOTOBKH,
CobecenoBanue,
BricTymuienue (1okmnan) Ha
3aHATHH, TecT
I1K-8 + + Jlomamuee 3aganne, OT4eT
o nabopatopHoit padore,
Tect
6. NHTepakTHUBHBIE MeTOABI U (JOPMBI OPraHU3aI UK 00yUEHUSI
He npexgycmorpeno PYIIL.

7. JIaGopaTopHbIie padoThI
HanmenoBaHue 1abopaTopHbIX paboT npuBeneHo B Tabnuue 7.1.
Tabnuna 7.1 — HaumeHoBaHue 1ab00paTOPHBIX paboT

HazBanus pasznenos HaumenoBanue nabopatopHbix paboT

TpynoeMKOCTb,
q
dopmupyemble
KOMITETCHITH

1 cemectp
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1 Monaynsuus. N3yuenune CrieKTpoB CUTHAJIOB C IMHEWHON 4 [1K-8
CriexTpanbHblil coctaB. | Moayisiiuei. [lokassiBaeTcs BausiHrE (POPMBI
HUMITYJIbCA-HOCUTENS U QYHKIIUU KOPPENIALUN
OUTOBOH MOCIIEOBATEILHOCTH HA CIIEKTP
(dhopMUpyeMoro curHaia.
Hroro
2 Gopmupyromuii B cucreme Matlab u3ydaercs Gpopmupyromniuii GuiabTp I1K-8
¢mibTp. Ero pob. "MpUIOJHATOr0" KOCUHYCA.
Hroro
3 CoryacoBaHHbII B cucreme Matlab nzydaercs corimacoBaHHbIi GUIBTP I1K-8
bunsTp. Ero possb. "KopeHp" U3 "MPUNOIHATOr0" KOCUHYCA.
Hroro
7 YactoTHas Nzyuenue Simulink-mMoaenm HEKOT€pEHTHOTO I1K-8
MaHUITYJISLUS C JEMOYJISATOpA YaCTOTHO-MaHUITYJIMPOBAHHOTO
HeTpepbIBHOU (pa3oil. CUTHAaJIa C HeNIPePBIBHOU (pa3oii.
Hroro 4
Hroro 3a cemectp 16
8. [IpakTHyeckue 3aHATHSA (CEMUHAPBI)
HanMeHnoBaHue MpaKTHYECKUX 3aHATHN (CEMHHAPOB) IPHUBEICHO B Tadmie 8. 1.
Tabnuna 8.1 — HanmeHoBaHue MPaKTUYECKUX 3aHITHH (CEMUHAPOB)
3 0]
2 = =
= > &
Hazpanus paznenos HanMeHOBaHWe IPAKTHUECKUX 3aHATHH (CEMUHApOB) | 5 S5
& z &
> = )
o 2 <
= S
1 cemectp
1 Monynsauus. Pacuer cniekTpanabHOM IUIOTHOCTH UMITYJIBCOB 4 OIIK-3,
CrexTpaibHbIid COCTaB. | TPEYroJibHON (HOPMBI HA OCHOBE U3BECTHOM OIIK-4
CIEKTPAJILHOM IMJIOTHOCTH HUMITYJIECOB
npsiMOyTosIbHOHU (hopMbl.PacueT koppensinoHHbIX
GYHKIUH 1715 HEKOTOPBIX BHJIOB MOJTYJISIIUU: C
JUHEIHBIM IpeoOpazoBaHueM OUTOB (cymma U
Pa3HOCTh), C uepenoBaHuemM nousipuoctu (AMI,
UIIN), c uuknuyeckuM npeodpazoBanueM (MLT-
3).Pacuer cnekTpanbHbIX INIOTHOCTEH 110
KOppesiuoHHbIM QyHKuusM.[locTtpoenne
COOTBETCTBYIOLIUX TPapUKOB, UX aHAIIH3.
Hroro
2 ®opmupyromuii Brrunciienue npeaenbHbIX 3Ha4€HU 4aCTOTHOMU OIlIK-3,
¢unbTp. Ero poms. xapakrepuctuku (UX) ¢dunbTtpa "npunogusaToro” OIIK-4

KocHHYyca /it oco0eHHbIX yacToT.IToctpoenue "ot
pyku" rpadukoB aMIUTYAHONH UX U UMIYyIbCHON
xapakrepuctuku (UX) ¢punprpa.Pacuer Ha
KOMITBIOTEPE C MOMOIIBIO JUCKPETHOTO
npeodpaszoBanus Oypre ammuryaHoi YX ¢puibtpa
1o AucKpeTHoM U puauTHOU UX
¢unbrpa.lloctpoenue "oT pyku" oTKIMKa
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dhopmupyromero GpuibTpa (10 MUPpPO-aHATOTOBOTO
npeoOpas3oBares) Ha 3aJaHHYI0 OUTOBYIO

MOCJIEI0BATENLHOCTD.

Htoro
3 CoriacoBaHHBIN Pacuet npenenbHbIX 3HAYEHUN YaCTOTHOM 4 OIIK-3,
¢mibTp. Ero pob. xapakrepuctuku (UX) ¢punprpa Tuna "kopeHs" u3 OIIK-4

"MPUTIOAHATOT0" KOCHHYCA JJISI OCOOCHHBIX YacTOT C
MIOMOIIIBIO TPOTrPaMMbl KOMITBIOTEPHOM anreOpbl
SymPy.ITocTtpoenne "ot pyku" rpaduxoB
aMIIUTYyIHOM UX 1 MMITyJIbCHOM XapaKTEPUCTUKH
(UX) ¢punpTpa.Pacder Ha KOMITBIOTEPE C IIOMOIIBIO
JMCKPETHOTo npeodpazoBanust Pypbe aMIUTUTYTHON
UX dunsTpa mo guckpetHoi u puauTHOM MX
¢unbrpa.lloctpoenne "oT pyku" oTKIMKA
corjacoBaHHOTO (uibTpa (B U POBOM BHJIC) Ha
3aJaHHbBII BXOJHOM CUTHAII.

Hroro
4 YacToTHas u [TocTpoeHme ¢ TOMOIIBIO KOMITBIOTEPA TPpaUKOB 4 OIIK-3,
SHepreTuyeckas 3aBUCUMOCTH IIPEEIbHON YHEPreTUYECKON OIIK-4
3¢ deKTHBHOCTE cucTeM |3 PeKkTuBHOCTH KOoJa (1b) OT CKOPOCTH KOTUPOBAHUS
CBSI3H. (ot 0 mo 1) muist TBOMYHOM MOIYISAIUH (KECTKUE

pelIeHust U MATKHUE PEIICHUS) U IPU OTCYTCTBUU
MOAYJISIUUU KakK TakoBou. MutrocTpalus ¢ HoOMOILIbIO
KOMIThIOTEpA MPEIETbHOT0 YHEPTreTUIECKOTO
BBIMTPBIIIA OT KOAUPOBAHUS.

Hroro
6 [puHiunsI I'enepanus ncenociIydaiiHbIX OCIEA0BATENbHOCTEN 4 OIIK-3,
pacuIMpeHust CriekTpa (M-nocnenoBatesibHOCTEH) ¢ TOMOIIBIO IIU(PPOBBIX OIIK-4
CHUTHAJIOB B CUCTEMAX ¢uapTpoB.CBolicTBa M-miocnenoBarenpHOCTEH. KoTbI
CBSI3H. I'onpna.Pacder mosiocsl 4acTOT CUCTEM C

paCIIUPEHHBIM CIIEKTPOM.

Hroro 4
8 Ipunumns! Mmoxynsuuu | [leranbHas "ot pyku" npopucoska curaaia ¢ OFDM 6 OIIK-3,
OFDM. JUTSL MQJIOTO YUCJIa HECYIIIUX: OTPUCOBKA OTAEIbHBIX OIIK-4

HECYIINX M pe3yiibTaTa ux
cymmupoBaHusa. KomnbroTepHOe MOIETMpPOBaHNE
curdaia ¢ OFDM c noMomibto 11CKpeTHOTO
npeobpazoBanus Oypre. OOcyxaeHNEe 0cCOOEHHOCTEN
Takoro curnana.MonenupoBanue 3pdekra ot
MHOTOJIy4€BOCTH JUIsl ABYX Jy4el. BcTaBka
LIUKJIMYECKOTo npedukca; 00CyxaecHre
MOJIOKUTETBHOT 0 3 dexra.

Hroro 6

Hroro 3a cemectp 26

9. CamocrosiTejibHasi padora
Bunasl camocTosTenbHOM paboThl, TPYA0EMKOCTh U (POpMUpPYEMbIe KOMIIETEHIIMU TPEACTABICHBI B
Tabimue 9.1.
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Tabnuua 9.1 — Buasl camocTosiTennbHON pabOThL, TPYJOEMKOCTh U ()OPMHUPYEMBbIE KOMIIETECHIIHH

HasBanus pasnenos

Bunrr camocTosITeILHON
paboThI

TpynoeMKoCTb,

q

dopmupyembie
KOMITETCHITH

DOopMBbI KOHTPOJISI

1 cemectp

1 Monynsuusi.
CrexTpaibHbIid COCTaB.

IToaroroBka x
MPAKTUYECKUM 3aHATUSIM,
ceMUHapam

[IpopaboTka JTeKITMOHHOTO
Mmarepuaia

OdopmieHre 0TIETOB IO
nabopaToOpHBIM paboTam

Hroro

[1K-8,
OIIK-3,
OIIK-4

JlomamiHee 3amaHue,
Otuet no nabopaTopHOU
pabore, Tect

2 ®opmupyromuii
¢mbTp. Ero poib.

IloxaroroBska k
MPAKTUYECKUM 3aHATHUSIM,
ceMHHapam

[IpopaboTka JIEKIMOHHOTO
Mmarepuaia

OdopmieHre OTIECTOB TIO
nabopaTOpHBIM paboTam

Hroro

OIIK-3,
OIIK-4,
I1K-8

Jlomaninee 3aanue,
Otuer o nabopaTopHOU
pab6ore, Tect

3 CoriacoBaHHBIH
¢mbTp. Ero pob.

IloxaroroBska k
MPAKTUYECKUM 3aHATHUSIM,
ceMHHapam

IIpopaboTka JIEKIIHOHHOTO
Martepuaia

OdopmneHne 0T4eTOB MO
nabopaTopHBIM paboTam

Hroro

OIIK-3,
OIIK-4,
I1K-8

Jlomaninee 3aanue,
Otuer o nabopaTopHOU
pab6ore, Tect

4 YacToTHas u
SHEpreTuyeckas
3(PEKTUBHOCTH CUCTEM
CBSI3U.

IloaroroBka x
MPAKTUYECKUM 3aHATHUSIM,
CeMHHapam

IIpopaboTKa JIEKIIHOHHOTO
Martepuana

Brinmonnenue
VHIUBUIyaJIbHBIX 3aJJaHUI

Hroro

11

OIIK-3,
OIIK-4

OrTuer o
WHIUBUAYAIbHOMY
3aganuio, CobecenoBanue,
Tect

5 IlpuHnHANBI
CUHXPOHHU3ALUU B
CHUCTEMAX CBS3H.

CamocTosiTenbHOE
W3Yy4YeHHE TeM (BOIIPOCOB)
TEOPETUYECKOUN YacTH

Kypca

[IpopaboTka JIeKIIMOHHOTO
MaTepuana

OIIK-3,
OIIK-4

Koucnekr
CaMOITOJATOTOBKH,
CobecenoBanune, Tect
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Htoro

6 IIpuHIMIBI paclIMpeHus
CIIEKTpa CUI'HAJIOB B
CUCTEMAX CBSI3H.

IloxaroroBska k
MPAKTUYECKUM 3aHATHUSIM,
ceMHHapam

CaMoCTOSTEIBHOE
U3y4EeHHE TEM (BOIIPOCOB)
TEOPETUYECKOU YaCTH

Kypca

[IpopaboTka JTeKIIMOHHOTO
Marepuaia

Htoro

11

OIIK-3,
OIIK-4

JlomarnHee 3a1anue,
Koncmekt
CaMoIIOATOTOBKH, TecT

7 HacToTHas
MaHUIYJSALUS C
HETPEPLIBHOH (ha3oi.

CamocrosiTenbHOe
n3ydeHue TeM (BOpOCOB)
TEOPETUYECKOUN YaCTH

Kypca

OdopMieHre OTIETOB TIO
nabopaToOpHBIM paboTam

Hroro

OIIK-3,
OIIK-4,
I1K-8

Koncnekr
camMonoaroToBku, OTuer
o nabopatopHoit padore,
Tect

8 [IpuHIUIIBI MOAYIISIIUN
OFDM.

IloaroroBska k
MPAKTUYECKUM 3aHATUSIM,
CeMHHapam

CamocrosTenbHoe
U3Yy4EeHHE TeM (BOIIPOCOB)
TEOPETHYECKOI YacTH

Kypca

[IpopaboTka JTeKIIMOHHOTO
Marepuaia

Hroro

11

OIIK-3,
OIIK-4

KoHucmekt
CaMOIIOITOTOBKH,
Cobecenoanue, Tect

9 Tlpunmunsr MIMO.

CamocrosiTeTbHOE
M3y4eHHEe TeM (BOIIPOCOB)
TEOPETUYECKOUN YaCTH

Kypca

[IpopaboTka JIeKIIMOHHOTO
MaTepuana

Hroro

OIIK-3,
OIIK-4

BricTymienue (oknan) Ha
3aHATHH, TecT

Hroro 3a cemectp

84

ITonroroBka m crmaua
9K3aMeHa

36

DK3aMeH

Hroro

120
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10. KypcoBoii npoekT / kypcoBasi padora
He npenycmotpeno PVYIIL.

11. PeiiTuHroBasi cucreMa /Uit OLICHKH yCIIeBAeMOCTH 00y4aI0IINXCs

11.1. bajuibHbIE OLEHKH JJISl 3JIeMEHTOB KOHTPOJIS
Ta6mmma 11.1 — bayuibHBIC OIICHKH JIJIS1 2JIEMEHTOB KOHTPOJIS

. . MakcumanbHbIi
. MaxkcumanbHbIH MaxkcumanbHbIH
DneMeHThl y4eOHOH 0aJut 3a mepuo Bcero 3a
Oamn Ha 1-yro KT ¢ |  Gan 3a mepuon
NEeATEIbHOCTHU Mexny 2KT u na ceMecTp
Hayana cemectpa | mexay 1KT u 2KT
KOHeIl CeMecTpa
1 cemectp
BeicTynnenue (noxian) Ha 6 6 12
3aHATUU
JlomamHee 3agaHue 4 4 4 12
Koncnekr 9
CaMOIIOATOTOBKH
Oruer 1o 6 6 12
UHIUBUAYAILHOMY
3aJaHHIO
Otuer o nabopatopHoit 4 6 6 16
pabore
CobecenoBanue 3
Tecr 2 2 2
Hroro makcumym 3a 14 28 28 70
epuos
DK3aMeH 30
Hapacratomum utorom 14 42 70 100
11.2. IlepecueT 0a/1710B B OLIEHKH 32 KOHTPOJIbHbIE TOYKH
[Tepecuer 0ayioB B OIEHKH 32 KOHTPOJIbLHBIE TOUKH MpeICTaBieH B Tabmwmie 11.2.
Tabnuua 11.2 — IlepecueT 0anIoB B OLIEHKU 32 KOHTPOJIbHBIE TOUKH
bannel Ha 1aTy KOHTPOJIBHOM TOUKU Onenka
>90% oT MakcuManbHOM cymMmbl 6ayioB Ha aaty KT 5)
Ot 70% 10 89% oT MakcuManbHOM cyMMbl OaytoB Ha gaty KT 4
Ot 60% 10 69% OT MakcUMaNbHOM cyMMBI OayutoB Ha naty KT 3
< 60% oT MakcuMalibHOM cyMMBbl 6aisioB Ha gaty KT 2

11.3. IlepecueT cyMMbI 02/1710B B TPAAUIIHOHHYI0 M MEKIYHAPOJAHYIO OLIEHKY
[Tepecuer cymmbl OaJIJIOB B TPAJAULMOHHYIO U MEXAYHAPOJHYIO OLIEHKY IPEJICTABICH B TaOIHIe

11.3.
Tabauna 11.3 — [lepecuer cyMMbl 0aJlsIOB B TPAAUIIMOHHYIO U MEXAYHAPOIHYIO OIICHKY
WroroBast cymma 6asmios,
Onenka (I'OC) YUMUTBIBAET YCIELIHO CIaHHBIN Ouenka (ECTS)
9K3aMeH
5 (oTnU4HO) (3aYTEHO) 90 - 100 A (0TIMYHO)
85-89 B (ouens xopormio)
4 (xopor1i0) (3a4TEHO)
75-84 C (xoporio)
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70-74
D (ynoBneTBopHUTEIBbHO)
3 (YIOBJIETBOPUTEIBHO) 65 - 69
(3a4TeHO) 60 - 64 E (mocpenctBeHHo)
2 (HCYROBIICTBOPHTEIBHO) (e Hwmxe 60 6amios F (HeynoBneTBOpUTEIBHO)
3a4TEHO)

12. Y4ueOHO-MeTOAMYECKOEe U MH(POPMAIIMOHHOE 00ecTeYyeHHe TUCIHILTHHbI

12.1. OcHoBHasi 1MTEpPaTYypa

1. Tankun, BsuecnaB Anekcanaposuu. Ludposas mobunbHas paguocsssb [Tekcer] : ydeOHOe
nocobue st By30B / B. A. NankuH. - 2-¢ u3z., nepepad. u goi. - M. : ['opsuas nunus - Tenekom, 2012. -
592 c. : mn. - (YuebHoe mocobue. CrienuanbHOCTh AJIs BBICIIMX Y4eOHBIX 3aBeleHui). - bubmuorp.: c.
580-581. - Ilpeam. yka3z.: c. 582-585. - ISBN 978-5-9912-0185-8 : 774.40 p. (manuuue B OuOIMOTEKE
TYCVYP - 40 3k3.)

2. Bonkxos, Jlee HuxomaeBuu. Cucrtembl mHUGPOBOM paauocBs3d. ba3oBble METOAbI H
XapakTepUCTHKH : YueOHoe nmocobue 1 By3os / JI. H. Bonkos, M. C. Hemuposckuii, 0. C. [llunakos. -
M. : Dkorpenas, 2005. - 390[2] c. : un., Tabma., noptp. - (bubmmoreka MTC & GSM). - bubauorp.: c.
388-390. - ISBN 5-88405-071-2 : 269.01 p. (manuune B 6udmuoreke TYCVYP - 42 3k3.)

12.2. JlonostHuTE IbHAS JIUTEPATYypPa

1. Ckusp, beprapa. Ludpoas cBs3b: TeopeTrueckue OCHOBBI M MPAKTHYECKOE MPUMEHEHHE :
ITep. ¢ anrn. / b. Cxisap ; mep. I'posa E. I'., mep. A. B. Hazapenko, pen. A. B. Hazapenko. - 2-e u3f., ucrp.
- M. : Bunbsame, 2004. - 1099[5] c. : w1, Tabn. - bubnuorp. B konue rnas. - [Ipenm. ykas.: ¢. 1093-1099. -
ISBN 5-8459-0497-8 : 481.80 p., 438.00 p., 279.20 p. (mamuuue B 6udbmuorexe TYCVYP - 18 3k3.)

2. MeToabl TOBBINICHUS DHEPIETHYECKOM M  CIEKTPAIbHON 3(PdeKTHBHOCTH 1U(POBOMA
paauocss3u: Yuebnoe nocodbue / Bapraysun B.A., Hukua N.A. - CI16:BXB-IletepOypr, 2013. - 352 c.
ISBN 978-5-9775-0878-0 [DJ1eKTpOHHBIN pecypc] - Pexum JIOCTYyTIa:
http://znanium.com/catalog/product/943520 (mata oopamierus: 02.07.2018).

3. ®dopmupoBaHHE U IeHEPUPOBAHHE CUTHAJIOB B HMU(POBOHN pamuocBszu: YueOHoe mocodue /
B.T. Ilepmmn. - M.: HULl UH®PA-M; Mn.: Hos. 3nanue, 2013. - 614 c.: un.; 60x90 1/16. - (Bricmiee
obpaszoBanme: bakamaspuar). (mepermier) ISBN 978-5-16-006703-2, 600 3x3. [DnekTpoHHBIN pecypc] -
Pexxum noctyna: http://znanium.com/catalog/product/405030 (nara o6pamenus: 02.07.2018).

12.3. YueOHO-MeTOAMYECKHE MTOCO0U A

12.3.1. O0s3aTeabHbIe Y4eOHO-METOAMYECKHE T0COOus

1. Jemonynsauus mudpoBbIX cUrHaioB. CTaTUCTUYECKUN M CHUTHAJIBHBIM MOAXOABI: YueOHOe
nmocoobue / HouxkoB A. B. - 2018. 51 «c¢. [Dnekrponnsiii pecypc] - Pexum moctyma:
https://edu.tusur.ru/publications/7150 (gara obpamenus: 02.07.2018).

2. COOpHHK KOMIBIOTEPHBIX JIA0OPATOPHBIX pabOT TO cHUCTEeMaM CBs3U: MeETOaHYecKue
yKazaHMs K JlabopaTtopHbIM pabotam / HoBukoB A. B. - 2018. 151 c. [DnekTponHslil pecypc] - Pexum
nocryna: https://edu.tusur.ru/publications/7149 (nara obpamienus: 02.07.2018).

3. Teopus snexkrpuueckoit cBsazu: YuedHoe nocodue / Axynunudes lO. I1., bepurapar A. C. -
2015. 196 c. [DnexTponHbIit pecypc| - Pexxum poctyna: https://edu.tusur.ru/publications/5858 (mara
obpamenus: 02.07.2018).

4. Teopust sneKTpUYEeCKOW CBs3U: Y4YeOHO - MeToJudeckoe TMocoOue [Uisi IpPOBEICHUS
MPAKTUYECKUX 3aHATUH M caMOCTOATeNbHON paboThl cryneHToB / AxkyaunuueB lO. IT. - 2012. 202 c.

[DnexTponnbiii pecypc] - Pexxum nmoctyma: https://edu.tusur.ru/publications/1758 (mata oOpameHus:
02.07.2018).

12.3.2. Y4yeOHO-MeTOAMYECKHE IIOCOOMS IJIsI JIML ¢ OTPAHMYCHHBIMH BO3MOKHOCTSIMH 3/10POBbS M
HHBAJIUNI0B
VY4eOHO-MeToAnYeCKHe MaTepHuaibl ISl CAMOCTOATENIBHON U ayTUTOPHON paboThl 00yUYarOIMXCs
M3 4Yuciia JuI ¢ OTpaHMYC€HHBIMHA BO3MOKHOCTAMHA 340POBbSA U MHBAJIWJI0B IMPEAOCTABIAIOTCA B q)OpMaX,
alalTUPOBAHHBIX K OTPAaHUYEHHSIM UX 3JI0POBbSI U BOCIIPUATHUS HH(DOPMAITUH.
JUJ1s1 1ML ¢ HAPYLIEHUSIMU 3PEHUS:
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- B (hopMe IMEKTPOHHOTO JJOKYMEHTA,;

- B IIeYaTHOH (opMe yBETMUECHHBIM MIPU(TOM.

JIJ1s1 JIMI ¢ HApYIIEeHUsIMH cJIyXa:

- B (hopMe IIEKTPOHHOTO JJOKYMEHTA;

- B IIEYATHOH (opme.

JI1s1 JINL ¢ HApYILIEeHUsIMM ONIOPHO-ABUTaTeIbHOI0 annapara:
- B ()OpME ITEKTPOHHOTO JOKYMEHTA;

- B [1Ie4aTHOM opme.

12.4. IIpodeccuonanbHble 0a3bl JAHHBIX U HH(POPMAINMOHHBIE CIIPABOYHbIE CHCTEMbI

1. Ilpu u3ydyeHuu TUCHUILIMHBI PEKOMEHAYETCsl UCIOIb30BaTh 0a3bl JaHHBIX, HH(OPMALMOHHO-
CIIPAaBOYHBIE U IIOUCKOBBIE CHUCTEMBI, K KOTOPBIM y TYCVYPa eCThb JIOCTYII
https://lib.tusur.ru/ru/resursy/bazy-dannyh

13. MaTepuajibHO-TeXHHYECKOe o0ecneyeHne JUCHUILIMHBI U TpedyeMoe NporpaMMHoe
ol0ecreuenue

13.1. O6mue TpeGoBaHus K MaTepPHATbHO-TEXHUYECKOMY M IIPOrPAMMHOMY 00ecrie4eHHuI0
AUCHUIINHBI

13.1.1. MaTepuajibHO-TeXHHMYECKOE U IPOrPaAMMHOe o0ecriedeHue sl JJIEeKIIMOHHbIX 3aHATH I
s mpoBeneHust 3aHATUH JIGKIIMOHHOTO THUIA, TPYNIOBBIX U WHAMBUAYAIbHBIX KOHCYJIbTAIIH,
TEKYIIEro KOHTPOJS U MPOMEKYTOUHON aTTECTAIlMU MCIIONb3YeTCsl yueOHas ayauTOpHUs C KOJIUYECTBOM
MOCAIOUYHBIX MeCT He MeHee 22-24, o0OopymoBaHHAas JIOCKOM M CTaHAAPTHOW Y4eOHON Mebenblo.
Hmerorcss IeMOHCTpallMOHHOE OOOpYIOBAaHWUE H  y4eOHO-HATIISATHBIC TOCOOWS, O00eCIeYHBAIOIIHE
TEeMAaTHYECKHUE WILTIOCTPAIIMH 110 JICKITMOHHBIM pa3/ieiaM JUCIUILUIHHBIL.

13.1.2. MaTepuaibHO-TEeXHHYECKOE U POrpaMMHOe o0ecriedeHue il MPAKTHYECKUX 3aHATHI

YueOHas 1abopaTopusi HHGOPMAITMOHHBIX TEXHOJIOTHIA

ydeOHasi ayIuTOpHs JJIsi NMPOBEACHUS 3aHATHH MPAKTUYECKOTO THIIA, ydeOHas ayIuTOpHs s
MIPOBEJICHUS 3aHATUH JIaOOPATOPHOIO THUIIA, TOMEIIEHUE JJIsi KYPCOBOTO MPOEKTUPOBAHUS (BBIMOJIHEHUS
KYpCOBBIX paboT)

634034, Tomckas obnacts, r. Tomck, Bepumnuna ynuma, 1. 47, 423 ayn.

Onucanue uMeromerocs 000py10BaHus:

- locka marautHO-MapkepHass BRAUBERG;

- LMC-100103 Dkpan ¢ anexrpornpuBogoM Master Control Matte 203*203 cm White FiberGlass,
YyepHasi KaiiMa 1o epuMeTpy;

- [Ipoextop NEC «M361X»;

- CucremMHbIit 6710k (16 mmT.);

- Monwurops! (16 mT.);

- Komnsrotep;

- KommuiexT cnenmann3upoBaHHoO# yueOHOM MeOenu;

- PabGouee mecTo npenogaBates.

[TporpamMHuoe obOecrieueHme:

— Adobe Acrobat Reader

— Google Chrome

— LibreOffice

— OpenOffice

— PTC Mathcad13, 14

— Scilab

13.1.3. MaTepuajabHO-TeXHHYECKOE H IPOrpaMMHOe o0ecrnedeHne 1Jisl JJaO00paToOpHbIX padoT
VYuebHas n1abopaTtopus HHPOPMALMOHHBIX TEXHOIOTUN
yqe6Ha51 ayauTopus A NpPOBCACHUSA 3aHATHH IMPAKTUYCCKOro THIIA, yqe6Ha${ ayauTopuda IJisd
MIPOBE/ICHUS 3aHATUH JTaOOPATOPHOTO THIA, TTOMEIIEHHE Il KypCOBOTO MPOEKTUPOBAHUS (BBIOJIHEHUS
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KYpCOBBIX pa0boT)

634034, Tomckas ob6nacTs, r. Tomck, Bepmuauna ynuna, 1. 47, 423 ayx.

Omnucanue UMEIOIIErocss 000PYIOBaHUS:

- Jlocka maruutHo-mMapkepHas BRAUBERG;

- LMC-100103 Dkpan ¢ anexrponpuogoM Master Control Matte 203*203 cm White FiberGlass,
YyepHast KaliMa 110 TIepUMETPY;

- [Ipoextop NEC «M361X»;

- CucremusbIit 6110k (16 1mIT.);

- Monwuropst (16 mirt.);

- Komnbrorep;

- Kommiext crienmanusupoBanHoi yueOHOU Mebenu;

- PaGouee mecto mpernogaBares.

[TporpammMHuoe oOecrieueHue:

Adobe Acrobat Reader
Google Chrome
LibreOffice
OpenOffice

PTC Mathcad13, 14
Scilab

13.1.4. MaTepuaibHO-TeXHUYECKOE U POTrPaMMHOe o0ecriedeHue 1JIsl CAMOCTOSITeIbHOM PadoThI
Jis caMocTOATeNnbHOM paboOThl MCIONB3YIOTCS y4eOHbIE ayIUTOpUU (KOMIBIOTEPHBIE KIIACCHI),
PaCIOJIOKEHHBIE 110 aJpecam:
- 634050, Tomckas obnacts, . Tomck, Jlennna npocnexT, a. 40, 233 ayn.;
- 634045, Tomckas obnactb, r. ToMck, yn. Kpacnoapmetickas, a. 146, 201 ayn.;
- 634034, Tomckas obnacts, . ToMmck, Bepmmnuna ynuna, 1. 47, 126 ayn.;
- 634034, Tomckas obnactb, r. Tomck, Bepuinauna ynuna, 1. 74, 207 ayn.

CocrtaB 000py10BaHUS:

- yueOHas meOerb;

- koMnbroTepsl kiacca He Huxke [I9BM INTEL Celeron D336 2.81'Tw. - 5 mit.;

- KOMIBIOTEpPHl MOJKIIOYEHBl K ceTd «MHTepHeT» M 00ecneunBaloT AOCTYH B 3JEKTPOHHYIO
MH(POPMAIIMOHHO-00Pa30BATENBFHYIO CPEly YHUBEPCHTETA.

[lepedeHs mporpaMMHOTO OOECTICUCHHUSI:

- Microsoft Windows;

- OpenOffice;

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

- Google Chrome.

13.2. MaTepuajbHO-TEXHHYECKOe o0ecreyeHne M CUMILIHHBI JIS JIUI ¢ OTPaHUYeHHBIMH

BO3MOKHOCTSIMHA 310POBbS U HHBAJINI0B

OcBocHME TUCLUIUIMHBI JIMIAMH C OIPAaHUYEHHBIMH BO3MOKHOCTSIMH 370pPOBbSl M MHBAJIUIAMU
OCYILIECTBIISIETCA C HCIOJIb30BAHUEM CPEICTB 00yUEHHs OOIIEro U CIEeNUaIbHOIO Ha3HAYEHUSI.

[Tpu 3aHATHAX C OOYYArOIIMMHUCS € HAPYWIEHHSIMM CJIyXa MpPEeAyCMOTPEHO HCIOJIb30BAHUE
3BYKOYCHJIMBAIOIIEH anmaparypsl, MYJIbTUMEAUNHBIX CPEACTB M JPYTMX TEXHUYECKUX CpEICTB
npuema/nepenaun yueOHoil nmHdopManuM B JOCTYHHBIX (opMax, MOOMIIBHOM CHUCTEMBI IPENOIaBaHUs
U1 00y4aroUMXCcs C MHBAIMIHOCTHIO, TOPTATUBHOW MHIYKIIMOHHON CUCTEMbl. Y4eOHas ayauTopHs, B
KOTOPOHM 3aHUMaOTCA O0Oydaroluecs ¢ HapylIeHHEM cllyxa, 00OpyaoBaHa KOMITbIOTEPHOW TEXHUKOM,
ayIMOTEXHUKOH, BUJECOTEXHUKOU, JIEKTPOHHOU JOCKOM, MYJIbTUMEIUNHON CUCTEMOM.

[Tpu 3aHATHAX C O0YYAIOUIMMUCS ¢ HAPYIIEHUSIMH 3PEHUSAMM [IPETYCMOTPEHO HCIOJIb30BAHUE B
JIeKIIMOHHBIX M YYEOHBIX ayAUTOPHUSIX BO3MOXHOCTH MPOCMOTpPa YAAJCHHBIX OOBEKTOB (HAmpuMmep,
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TEeKCTa Ha JOCKE WIM Cclaiia Ha JSKpaHe) MpH IOMOLIM BHUIACOYBEIMUYUTENCH a1 KOMGOPTHOTrO
IpOCMOTpA.

[lpu 3aHATHSX ¢ OOyYarOIIMMHUCS € HApPYWIEHUMSIMH ONOPHO-ABUraTeJIbHOI0 amnmnapara
UCTIONIB3YIOTCSl JIFTEPHATUBHBIC YCTPOWCTBAa BBOJAa HMH(OpMANWM M Jpyrue TEXHUYECKHE Cpe/ICTBA
npuema/mepenaun yueOHoil mHGopManu B JOCTYHHBIX (popMax, MOOMIIBHOM CHUCTEMBbI OOydUeHUS JUIs
Jro/Iei ¢ MHBAINMIHOCTBIO.

14. OIIeHO‘lHLIe MaTepUaJbl U METOAUYECCKNE PEKOMECHAAIIUH 110 OPraHU3allvui U3YyYCHUSA
AUCHHUIIIMHBI

14.1. Conep:xaHue OlleHOYHBIX MATEPHAJIOB U MeTOAUYECKHE PEKOMEeHIAIUH
Jis onleHKH cTeneHu chOpMUPOBAHHOCTH M YPOBHSI OCBOCHHSI 3aKPETJICHHBIX 33 TUCIMILTHHOM
KOMIIETEHIIMH UCIIOJIB3YIOTCS OLICHOYHBIE MaTEpUaIIbl B COCTaBE:

14.1.1. TecToBbIe 3a7aHUA

CornacoBaHHbIi GUIBTP 0OECHICUNBACT:

- MuHuUManbHO KOPOTKUM 110 BPEMEHH OTKJIMK HA CBOEM BBIXOZEC

- MakcumalibHOE OTHOIIEHHE CUTHAJI-IIYM HAa CBOEM BBIXOJIE B OINPEAEICHHBI MOMEHT BPEMEHH,
IIPU YCJIOBUH, YTO IIyM — OeJIbli

- CHsATHE 3aKOHA MOJYJISIIIUU (IEMOTYJISLIUIO)

- MakcuMyM ILIEHHOHOBCKOM MH(OpMAIMK HAa CBOEM BBIXOIE

@opmupyroumii GUIBTp 00eCIeUNBaCT:

- ®opMHpOBaHUE KBAIPaTYPHBIX CUTHAJIOB € 33aHHOM (hOpMOI CLIEKTPaIbHOM MIIOTHOCTH

- ®opMHUPOBAHKE Y3KOIOJOCHOTO CUTHAJIA HA HEKOTOPOM HECYILEH YacTOTe

- QOpMHUPOBAHKE OPTOTOHAJIBHBIX 110 BPEMEHU KBAJAPaTypHBIX CUTHAJIOB

- ®opMUPOBAHKE TAKTOBBIX UMITYJIbCOB ISl CHMBOJIbHON CUHXPOHHU3ALIUN

CornacoBaHHbIH QUABTP SBIAETCS:

- JInHeHBIM (PHIIBTPOM C TIOCTOSIHHBIMU TIapaMeTpaMu

- HennueitHbIM QUIBTPOM C MOCTOSHHBIMU ITapaMeTpaMu

- JInuHeH#HBIM PHIBTPOM C TIEPEMEHHBIMU TTapaMeTPaMHU

- HenuueiHbIM QUIBTPOM C IEpeMEHHBIMU ITapaMeTpaMu

Dopmupyroumii GUIBTP SIBIAETCA:

- JIuHelHbIM GUIIBTPOM C IOCTOSHHBIMU IIapaMeTpaMu

- HenmmueitHbIM QUIBTPOM C IIOCTOSTHHBIMU ITapaMeTpaMu

- JInHelHbIM QUIBTPOM C IEPEMEHHBIMU TTapaMeTpaMu

- HenuneiinbiM GuIbTpoM ¢ IepeMEHHBIMU ITapaMeTpamMu

[Tapametp Roll-off factor popmupyromiero punbTpa THNA "IPUTOTHATHIN" KOCUHYC O3BOJISET:

- U3MeHuTh ypoBEeHb MEXXCHMBOJIBHONW HHTEP(EPEHIIMH Ha CBOEM BBIXOJIE

- I3MeHuTh HIMpUHY cTIeKTpa (GOpMUPYEMOro CUrHasia

- 3MeHuTh CKOpOCTH Crazia MOIIHOCTH BHE OCHOBHOM MOJ0CKH! (POPMHpPYEMOTo CUTHATIA

- 3MeHuTh aMIuinTyay GopMHpyeMOro CUrHaia

Me:xcuMBOJIbHAs UHTEPGEPEHLIUS — 3TO:

- Korzma Bpems npuxojia UMIynbca SBJISETCS CIy4aliHON BEIMUMHON C HEHYJIEBOU JUCTepcueit

- Kora umnynec BiausieT Ha cOceJTHUE UMITYJIbChI, HAKJIabIBasiCh HAa HUX CBOMMHU "XBocTamMu"

- Korma mummrensHOCTS UMITyJIbCA ABIJIAETCS CIIy4aliHON BEIMUMHON C HEHYJIEBOU JUCTIepCUei

- [Ipouiecc popMupoBaHus rpynIoBOro CUTHajIa B CUCTEMaX C KOJOBBIM pa3/ieJIeHHEM KaHaJIOB

MesxcuMBOJIbHAS UHTEPPEPEHIIMS SABISAETCA:

- Bpennon

- [lone3non

- 3aBUCHT OT crioco0a (OpMHUPOBAHUS CUTHAJIA

- HevirpansHoit

CormnacoBaHHbIi GUIBTP, OBIBAET, 3AMEHSIOT:

- QUIbTPOM HUKHUX YaCTOT

- Koppenstopom

- KoppenstopoM ¢ puiabTpoM HIKHUX 4acTOT

- OUIBTPOM BEPXHHUX YaCTOT
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Koppenarop — 3To ycTpoicTBO, KOTOPOE BBIUUCIISIET:

- MHTerpan no BpeMeHu OT BXOJHOTO CUTHAJIA

- [IpousBeneHue ONMOPHOro CUTHAIA U BXOJHOTO

- MHTerpan no BpeMeHu OT MPOU3BEACHHS OMIOPHOTO CHTHAJIA U BXOJIHOTO

- CBepTKY OMOPHOTO CUTHAJIA C BXOHBIM

KorepeHTHBIN TpueM 00s13aTEIHHO BKIIOYAET B CEOS:

- AMIUTUTYAHBINA IE€TEKTOP

- CxeMy BbIJIEJIEHUS CUTHaMA "MHIOT-TOH"

- KoHTyp (ha30Boii aBTOMOACTPOUKH YACTOTHI

- Ilpomecc ¢dopMupoBaHUsS OMOPHOTO KOJEOAHUS C TOYHOCTHIO A0 (ha3bl ISl MOCIEAYIOMIETO
CHSITUS 3aKOHA MOIYJISIIIUU

HekorepeTHslii mpueM 00s13aTeIbHO BKIIIOUAET B CEOS:

- Ilponiecc popMupoBaHUs OMOPHOTO KOJIEOAHUSI C TOYHOCTHIO JO YACTOTHI JIJISl ITOCIIETYIOMIETO
CHSTHUS 3aKOHA MOTYJISIITUN

- Cxemy BBIJICJICHUS] CUTHAJIA "MIIIOT-TOH"

- Kontyp ¢azoBoii aBTONOACTPONKH YaCTOTHI

- HacTOTHBIN JETEKTOP

ITerna Kocraca npennasnaueHa Jjis:

- ABTOMaTHYECKOH TOJICTPONKH 9acTOTHI (POPMUPYEMOTO OITOPHOTO KOJICOaHHS

- Cusatus muddepeHIaIbHOT0 KOIUPOBAHUS CHMBOJIOB

- ABTOMAaTHYECKOH MOJICTPOWKH YacTOTHI (DOPMUPYEMOTO OMOPHOTO KOJEOAHUSI C TOYHOCTBIO JI0
hazsbr

- Y1BOCHHS 4acTOTHI (POPMHUPYEMOTO KOJICOaHUS

Monynsuusa QPSK no3Bossier nepenars:

- 1.5 Obura Ha cCUMBOJI

- 4 6uTa Ha CHUMBOJI

- 1 OUT Ha CUMBOJ

- 2 6uTa Ha CHUMBOJI

Monynsauust GMSK no3BossieT nepenats:

- 1.5 buTa Ha CUMBOJ

- 4 OuTa Ha CHMBOJI

- 1 OUT Ha CUMBOII

- 2 OuTa Ha CUMBOJ

Monynsuus QAM-16 no3BosisieT nepeaaTs:

- 1.5 Obura Ha CUMBOJI

- 4 6uTa Ha CHUMBOJI

- 1 OuT Ha cUMBOJI

- 2 6uTa Ha CHUMBOJI

Bbonee TpeboBaTenbHa K OTHOIICHUIO CUTHAJI-IITYM MOYJISIIINS:

- GMSK

- QPSK

- QAM-16

- BPSK

bonee TpeboBaTenbHa K TMHEHHOCTH BBIXOJHOTO YCUIUTENS MOIIHOCTH MOIYJISIIIHS:

- QAM-16

- OQPSK

- GMSK

- QPSK-pi/4

Vcunurenu MOIMHOCTH 10 CTENEHM JIMHEHHOCTH ENIATCS Ha KJIacChl:

-AB,C

-AB,C; D,E,F

-1, 1, HI

-0,1,2

MomHOCTh TEMJIOBOTO IIyMa HAa BXOAE€ MAJONIYMAILIETO0 YCHIMTENIS MPUEMHUKA MPSMO
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MPONOPIUOHANIbHA:

- Koagdunuenty nryma MagomryMsIimero yCUInuTest

- [Tonoce yacTOT MPUHUMAEMOTO PaJuOCUTHATA

- Hecymieit yacToTe mpuHUMAaEeMOro pauoCcuraana

- Cy1iiecTByeT caMa 1o cede U HU OT Yero He 3aBUCUT

KoadduimenT nryma MaaouryMsIero yCuiIuTeNs 3To:

- OTHOIIIEHHE CUTHAJI-IIYM HAa BXOJE YCWJIMTENS, JIEJICHHOE HAa OTHOIICHHE CUTHAJI-IIYM Ha €ro
BBIXOJIC

- YpoBeHb COOCTBEHHOTO IIyMa ycuiuTelns, B dBm

- Benmmuuna kT, rne T — Temneparypa okpyxaromei cpeapl, kK — nocrosinaas bonbimana

- Pasuuma xoadduimientoB ycwinenus ycunutens (B dB), M3MepeHHBIX UIsI ABYX OMOPHBIX
TeMIeparyp

Kozpl ['ona npumedarenbHsl:

- UneanpHO# aBTOKOPPEIAIIMOHHON (PyHKITHEH

- Tpex3HauHol (yHKIMEH B3aUMHOMN KOppEIALUuT

- CBO€1 OPTOrOHAIBHOCTHIO

- Tewm, uto ux u3o006pen muctep "o

M-nocie10BaTeIbHOCTH IPUMEYATEIbHBIL:

- MakcumanbHbIM IEPUOIOM

- XOpOmIMMH B3aUMHO KOPPEISIIHOHHBIMH CBOHCTBAMU

- CBOEl OpTOTOHATILHOCTHIO

- PaBeHcTBOM KOJIMYeCTBa HYJEH U €AMHHUIL

Konapr Yomma npumeyaTenbHbI:

- UneanbHo# aBTOKOPPEISAIIMOHHON QyHKIIMEH

- HanmnuueMm nocnenoBarenbHOCTH THIA "MeaHp"

- CBoeli aOCOMIOTHON HE3aBUCUMOCTHIO

- CBOel OpTOTOHATILHOCTHIO

Jl1s cucteM pagroCcBs3H C PAaCIIMPEHHBIM CIIEKTPOM XapaKTepHa:

- JIydmas 3amura oT HenpeIHaMEepPEHHBIX TIOMEX U MHOTOJIYY€BOTO PACIIPOCTPAHEHUS CUTHAJIA

- Bonee Bbicokas OUTOBasi CKOPOCTH Mepeaavu HHPOpMAIIN

- Bosbiiast I0THOCTE MOIIHOCTH U3JIy4a€MOT0 CUTHAJIA

- 3aMeTHOCTH B paauodpupe

CucTemMbl ¢ KOJOBBIM pa3/iefieHHEeM KaHAJIOB:

- BeiTecHMIIM Ipyrue TEXHOJIOTUN pa3eieHs] KaHaJ0B BBUlY CBOE€H UCKIIOUYUTEIbHOCTH

- [IpuMeHsItoTCS OAHOBPEMEHHO C JPYTUMHU TEXHOJOTHUSAMH pa3/iefieHNs KaHAIOB

- [IpakTuecku HEe IPUMEHSIOTCS BBUY CBOEU CI0KHOCTHU

- Otnanu "ko3bIpHYI0 MacTh" TexHosnoruun OFDM

Koaddurment pacumpenus cnektpa B coBpeMeHHbIX (4G) cucTeMax pajuoCBs3H BapbUpPyeTCs B
npenenax:

- (4-512)

- (256-1024)

- (4-64)

- (32-128)

Koadduiment pacumpenus crnekTpa paBeH 256. OTHOIIEHME CUTHAN-IIYM IOCHE CKaTus (1o
BPEMEHH) CUTHAJIA C PACIITUPEHHBIM CIIEKTPOM YBEITHMYHUTCS Ha:

-110dB

-48 dB

-24dB

-55dB

14.1.2. Jx3aMeHallMOHHbIE BONPOCHI
MOJVJISALMS. CIIEKTPAJIBHBI COCTAB:
Posb Moaynanuu B cuctemMax nepeaaud nHGOpMaIuu.
Paznuuune aHanoroBoii u nudpoBoit MOAYIAUH.
TpebGoBaHMs K CIIEKTpaM CUTHAJIOB B COBPEMEHHBIX CHCTEMaxX Iepenadu HHpopmamu.
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TermoBou mym.

CrniexTpanbHasi IIOTHOCTh MOIIIHOCTH CUTHAJIA.

Crnextpsl curHaioB ¢ AM, ®M, UM u OFDM monynsiusmu.

Tpu mokosieHrs MUPPOBBIX CHCTEM CBSI3H: aHAJIOTOBBIC, THOPUIHBIC U IU(PPOBEIE.

®OPMUPYIOLINI ®UILTP. ETO POJIb:

CrnexTpanbHasl IJIOTHOCTh CIy4YailHOW MOCIeA0BATEIbHOCTH UMITYIBCOB MPSMOYTOJIBHON (HOPMBI.

CkopocTb crajia MOIIHOCTH B 3aBUCUMOCTHU OT YacTOTBHI.

HeoOxoaumocTh criiaxxuBaHusi GpOHTOB UMITYJIbCOB.

OuibTp "IPUNOIHATOrO" KOCHHYCA.

OcoOenHoctu peanuzaiuu GuibTpa B HUGPOBOM BHJE: BIHUSAHHE Ha (OPMUPYEMBIH CIEKTP
(akTOpPOB JMCKPETHOCTH M OIPAaHMYEHHOCTH MO BPEMEHH MMITYJbCHON XapaKTePUCTUKHU; BIUSHUE LU(-
PO-aHaJIOrOBOT0 IIPeoOpazoBaTes.

COI'JTACOBAHHBIN ®UJILTP. ETO POJIb:

TemoBoii IyM Kak OrpaHUYUTENb TPOU3BOJUTEILHOCTH CUCTEM CBSI3H.

CornacoBanHblil pUIABTP KaK GUIBTP, AOCTABISIOMIMNA MAaKCUMYM OTHOIICHUIO CHUTHAI-IIYM TPU
HAJIMYUU aITUTUBHOTO OEJIOTO IIyma.

HeobOxonumocts COIJIaCOBaHUSA aMIUIUTYAHO-4aCTOTHOM XapaKTEPUCTUKU (AUX)
dhopmupyromero GuibTpa ¢ AUX coriracoBaHHOTO.

OuibTp "KOpeHs" U3 "MPUNOIHATOr0" KOCHHYCA.

YACTOTHAA U SHEPTETUYECKAS DOOEKTUBHOCTD CUCTEM CBA3U:

CBs3p Mexy "aHaI0roBbIM" U "LU(PPOBBIM" OTHOLLIEHUSIMU CUTHAI-IIIYM.

HopMmupoBanHas nmporyckHasi CHocOOHOCTh KaHaa.

CKopoCTh KOJUPOBaHUS.

Teopewma lllennona, ee miurOCTpaIs.

[Tpenen lllenHona, npeaen ABOMYHOIO KaHAJa CBSI3U: KECTKUE PEIICHUS U MATKUE PELIEHMUS.

[MTPUHIIAIIBI CUHXPOHU3ALIMN B CUCTEMAX CBA3U:

KorepentHocTh npu nprieMe 1 00paboTKe CUTHANIA.

Boccranosnenue Hecyiiel 4acTOTHI.

ITerna Kocraca.

BoccranoBneHne TaKTOBBIX UMITYJIBCOB.

Herexrop ["apauepa.

[MPUHIUIIBI PACHIMPEHUA CIIEKTPA CUTHAJIOB B CUCTEMAX CBA3U:

JlocToMHCTBa CUTHAJIOB C PACIIMPEHHBIM CIIEKTPOM.

[IceBnocmyyaiinble nmocneaoBaTenbHOCTH (M-T10CIE10BATENEHOCTH).

Konpr I'onna.

[MPUHIUITBI MO YJIALINN OFDM:

Wnmoctpanyst HeocTaTka 4aCTOTHOTO pa3/iesieHusl KaHaJIoB.

WnmtocTpanyist  OPTOrOHAJIBHOCTH  HECYIIMX IPU  BBIMOJHEHUM ONEpalu  JMCKPETHOTO
npeoOpazoBanus Oypwe (II1D).

Heo6xo1uMocTh HMKINYECKOT0 MpeduKca i CHUKEHHS BPEIHOTO BIUSHUS MHOT'OJY4YE€BOCTH.

[Tapametpst Mogymsitiun OFDM B cuctemax cBsizu 4G LTE.

CrpyKTypHBIE CXeMbl nepeaTunka u npuemMunka ¢ OFDM.

[MTPUHIUITBI MIMO:

Knaccudpukanus MIMO: SISO (knaccuueckuii BapuaHt), SIMO (pa3necennsiii mpuem), MISO
(pazHecenHas nepenauda), SU-MIMO (oaHONosb30BaTeNbCKOE MPOCTPAHCTBEHHOE YIUIOTHeHHE), MU-
MIMO (MHOromnosap30BaTENIbCKOE IPOCTPAHCTBEHHOE YIUIOTHEHHE).

Crpykrypasie cxeMbl MIMO cornacHo kinaccuuKamym.

14.1.3. Bonpocsl Ha co0ece1oBaHue
Kakoit cmbicn BenuuuHbl "sHepreruueckas 3¢ ¢eKTUBHOCTh KoaupoBaHus"? B yem oHa
nsmepsercs?
Kakoii cMbIc BenTHunHBI "yacTOTHAsA A3PPEKTUBHOCTh MOy Isuu'"? B uem oHa usmepsiercs?
Yro Takoe mporyckHas criocoOHOCTh kKaHaua cBsizu? B uem oHa uzmepsiercs?
[Touemy nmpomyckHasi CHOCOOHOCTh KaHalla ¢ MATKUMH PEIICHUSMH BhIIIE (HE HIXKE) IPOITYCKHOU
CIOCOOHOCTH KaHaJla C KeCTKUMHU pPeleHusIMu?
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YeM 1mIaTAT 3a TOBBIIICHHE 4YacTOTHOH A(PQPEKTUBHOCTH (TEPEUUCIUTE H3BECTHBIE BaM
napameTpsbl)?

[Tepeuncnure U3BECTHBIE BaM CIIOCOOBI BOCCTAHOBJICHHUSI HECYILIEH YaCTOTHI B IPUEMHUKE.

Pacckaxute o mpupojie HeogHO3HAYHOCTH padoThl ety Koctaca Ha mpumepe moaymsiniuu BPSK
(OMn)?

3aueM BOCCTaHaBIMBATh (Pa3y TAaKTOBBIX HMMIIYJIbCOB M Ye€M OTIMYaeTcs (pasa OT YacTOThHI
CJIeJOBaHUs?

Haiite dopmyny nperektopa [apauepa. I'paduuecku 0O0BSICHUTE NPUHLUI PabOTHl 3TOTO
JETEKTOpa.

Kakwue nerexropsl, kpome netektopa ['apiHepa, BaM U3BECTHBI?

[lepeuncinre OCHOBHBIE JOCTOMHCTBA U HefocTaTKu Moy siuuu OFDM.

14.1.4. TeMbl HHAUBUAYAJIBHBIX 32JaHUI

BUTOBAS BEPOATHOCTD OLIWBKU ITPU ITEPEJJAYE LHTUO®POBOI'O CUT'HAJIA:

Hcrounnk napopmanuu cozaaet nudposoii notok B meradur B cexynay. Ha Bxon

PaZMOJIMHUY C BBIXO0J1a TIepejaTurKa M0aeTCs OCIeI0BaTEIbHOCTh IBOMYHBIX PAAHOUMITYILCOB,
MOJYJIMPOBaHHBIX 110 3aKOHY M (M = 1 ns AM, M = 2 nns UM c opToroHanbHeIMU curHanamu, M = 3
st ®M). CpenHsist MOIITHOCTh TepeIaBaeMbIX CUTHAJIOB

o6oux BunoB (0 u 1) paBua W. 3agana BenuunHa ocinabnenus B nuHun F. Ha Bxome mpueMHuka
MPUCYTCTBYET aI/IMTUBHBIN O€NbIi TayCCOBCKHI LIIyM CO CIIEKTPATbHON

mI0THOCTHIO No. Onpeaenutb OUTOBYIO BEPOSITHOCTh OIIMOKU Ha BBIXO/IE UCAITHHOM

KOT€pEHTHOW CUCTEMBI CBSI3U 0€3 UCTIOIB30BaHuUs KOppeKTupytomiero kona (Pourl) u npu

ucnoib3oBanuu (n, k)-xkoma Xammunra (Pom2).

14.1.5. TeMbl JOMALIHUX 3aJaAHUI

3amana (QyHKUMA Koppensauuu OUTOBOM TMoOcienoBaTeNbHOCTH. ONpenenuTh CIeKTPaIbHYIo
TUIOTHOCTHh MOIITHOCTH U TIOCTPOHTH €€ rpauK Ha OJHOM IEPHO/IC.

Kon I'onpa 3agan 1ByMs moJamHOMaMu. 3anucarth J1Ba MPOU3BOJIBHBIX KOJIOBBIX clI0Ba Kozda [onna.

Jlana ummynbcHas XapakTepucTuka (GopMupyomero ¢uibTpa. Paccyurars M MOCTPOUTH OTKIHK
3TOro (pUIbTpa Ha BXOJHYIO OMTOBYIO MOCIEA0BATEIHHOCTb.

HNana QyHKIUS KoOppensuuu OWTOBOM MOCIENOBATENbHOCTA. PaccunmTarh CHEKTpPaTbHYIO
IJIOTHOCTH MOIIIHOCTH U IOCTPOUTH €€ TpaduK.

C momoIpi0 KOMITbIOTEpa MPOMOJEIpoBath Moayssiiuio MLT-3 ¢ omeHkoit u moctpoeHuEeM
CIEKTPaIbHOM INIOTHOCTH MOIIHOCTH.

14.1.6. Tembl 10KI210B
UTo MOXET 1aTh psiIOBOMY HOJIb30BaTeNnto TexHonorus MIMO?

14.1.7. Bonpocbl Ha caMONIOATOTOBKY

[Touemy Texnuka OFDM He Obuia peanu3oBaHa cpa3y IMociie ee TeOPEeTHUECKOro 000CHOBaHUA?
Kaxoit "Tprox" mo3Boyiui cienaTh 3TO B HACTOAIIEE BpeMsi?

[To xakuM mpuunHaMm B cucreMax cBs3u nokojeHus 4G mepenumn Ha OFDM, oTka3aBmIuCh OT
CDMA?

B xakux KOHKpeTHO cuctemax cBsa3u npumensercs MIMO B Tom uinu uHoM Buze?

Ucnonb3yercss mu B coTtoBbix cuctemax cBsizu 2G/3G/4G muioT-TOH JUIsi BOCCTAHOBJICHUS
Hecymen?

[lepeuucnure TpU MOKOJEHUS MPUEMHUKOB LU(POBBIX CUCTEM CBS3U (1O criocobam oOpaboTKu
CUTHAJIOB).

Yro Ttakoe sddext [omnepa u BIMAET M OH HA MPOU3BOAUTEIBHOCTh CHUCTEM CBSI3U C
Monyssauueir OFDM?

14.1.8. Tembl 12a00paTOPHBIX PadoOT
N3yuenne Simulink-mMopenn HEKOTEPEHTHOTO AEMOIYJISATOpPAa YaCTOTHO-MAHUIYJIHPOBAHHOTO
CHTHAJIa C HEMPEPbIBHOMN (a3oii.
W3ydyeHue CHEKTpPOB CUTHAJIOB ¢ JHMHEWHON Moxaymsiuei. [lokasbiBaercss BnusiHME (HOPMBI
UMIYJIbCa-HOCUTENS U (DYHKIIMHM KOPPENSIUN OUTOBOM MOCIEI0BATEIBHOCTH Ha CHEKTP (OPMHUPYEMOTO
CUTHAJIA.
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cucreme Matlab usyuaercst popmupyromuii GuiabTp "IPUITOAHITOrO" KOCHHYCA.
B Matlab u3yu y " " y
B cucreme Matlab usyuaercs cornacoBanHbpiil GuiabTp "KopeHs' U3 "PUNOIHATOTO" KOCHUHYCA.

14.2. TpeGoBaHus K OLEHOYHBIM MAaTepHaJIaM 1JIsl JIMI ¢ OTPAHMYECHHBIMH BO3MOKHOCTSAMH
310POBbsI H HHBAJINI0B
Hdnst nun ¢ orpaHUYEHHBIMM  BO3MOXKHOCTSIMM  37I0POBbSI U HMHBAJIWJOB MPEIYCMOTPEHBI
JIOTIOJTHUTEIBHBIC OIEHOYHBIC MaTEPHAIIbI, TIEPEUCHb KOTOPBIX yKa3aH B Tabnuie 14.
Tabnuua 14 — JlonosHUTENbHBIE MAaTEpUANIbl OLIEHUBAHUS IS JIUI C OrPAaHUYEHHBIMU BO3MOXKHOCTSIMU
3I0POBBSI 1 HHBAJIUIOB

Kareropun Buipl 10MOMHUATENBHBIX OLIEHOUYHBIX @®opMbI KOHTPOJIS U OLICHKH
00y4aroMXxCs MaTepHaloB pe3yJIbTaTOB 00YUYEHUS

TecTbl, MUCHEMEHHBIE CAMOCTOSTEIIEHBIC
paboThl, BONPOCHI K 3a4ETY,
KOHTPOJIbHBIE PabOTHI

C HapylieHusIMU
ciyxa

[IpenmyIiiecTBEHHO MHUCbMEHHAS
IIpOBEpPKa

C napymenusimu | CobOeceioBaHue 10 BOIIpocaM K 3a4eTy, | [IpenmyIiiecTBeHHO ycTHas IpoBEpKa

3peHust OTIPOC 110 TEPMUHAM (MHIMBUYaJIbHO)
C HapyuieHusIMH Pemennie nuCTaHIIMOHHBIX TECTOB,
OIIOPHO- KOHTPOJIbHBIE Pa0OThI, MMCbMEHHBIE | [IpermyIiecTBeHHO MUCTaHIIMOHHBIMHU
JIBUTATEIILHOTO CaMOCTOSITeNIbHBIE PaOOThI, BOMPOCHI K METOJIaMU
anmnapara 3aueTy
C orpanunuenusmu 1o | TecTbl, MMCEMEHHBIE CAMOCTOSITEIIbHBIE [IpenmyIiecTBEHHO IPOBEPKa
001IEeMETUITUHCKUM paboThI, BOMPOCHI K 3a4ETY, METO/aMH HCXOJSl U3 COCTOSIHUS
MOKa3aHUsIM KOHTPOJIbHBIE pa0OThI, YCTHBIE OTBETHI | 00YYaromierocss Ha MOMEHT IIPOBEPKU

14.3. MeTonnyeckue peKOMEeH/IAHH 10 OIEeHOYHBIM MaTePHaJIaM JUIsl JIHI[ ¢ OTPAHY €HHBIMH
BO3MOKHOCTSIMH 3/I0POBbSI 1 HHBAJIU/I0B

Jiis Ui ¢ OrpaHUYEeHHBIMH BO3MOXKHOCTSIMHU 3[I0POBbSI M WHBAIUIOB IPEIyCMaTPUBACTCS
nocTymHas popmMa mpeaoCTaBICHHS 3aJaHH OIICHOYHBIX CPEJICTB, & KMEHHO:

- B TICUaTHOH (opme;

- B IICUATHON JOpPME C YBEIIMUYCHHBIM HIPU(TOM;

- B (hopMeE AIIEKTPOHHOTO JJOKYMEHTA;

- METOJIOM UTCHHSI ACCHCTEHTOM 3a/IaHUS BCIYX;

- npeIoCTaBIICHHUE 3a/IaHKs C CTIOIBb30BAaHUEM CYP/IOTIEPEBOIA.

HI/IHaM C OrpaHMYCHHBIMH BO3MOXHOCTSAMHU 3J0POBbsS W HHBAJIWAAM YBCIWYMBACTCA BPEMA Ha
MOJITOTOBKY OTBETOB Ha KOHTPOJBHBbIE BOMPOCHL [l Takux OOydaromMxcs TMpeaycMaTpUBaeTCs
nocTymHas Gopma MpeaoCTaBICHUs] OTBETOB Ha 3aJaHusl, 8 UMCHHO:

- MUCHMEHHO Ha OyMare;

- Ha0Op OTBETOB Ha KOMITBIOTEPE;

- Ha0Op OTBETOB C MCIIOJIb30BAHUEM YCIIYT aCCHCTEHTA,

- NPEeJICTaBJICHUE OTBETOB YCTHO.

[Iporienypa oOlleHUBaHHS PE3yJILTATOB OOYYEHUS JIMII C OTrPAaHHUYCHHBIMH BO3MOXXHOCTSIMHU
3I0pOBbSl U MHBAJIUJOB MO JUCIUIUIMHE MpelycMaTpUBaeT MpeaocTaBieHue uHbopManuu B (opmax,
aIalTUPOBAHHBIX K OTPAaHUUCHHSIM UX 3I0POBbSI U BOCIIPUITHS HHPOPMAIUH:

JIJ1s1 JIMI ¢ HAPYIIEHUSIMH 3PEHMSA:

- B (hOpMeE AIIEKTPOHHOTO JJOKYMEHTA,;

- B TICUaTHOHN (pOpME yBEITUUCHHBIM IIPU(TOM.

JUJ1s1 JIML ¢ HAPYILICHUSIMHU CJIyXa:

- B (hOpMeE IIIEKTPOHHOTO JJOKYMEHTA,;

- B MIEYaTHOH (opme.

JlJ1s1 1M1 ¢ HAPYIIEHUSIMH OTIOPHO-IBUTATEILHOTO aNnapara:

- B (pOpMe 3TEKTPOHHOTO JOKYMEHTA,;

— B IeYaTHOM opme.
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[Ipn HEOOXOAMMOCTH Uil JHI] C OTPAHMYEHHBIMA BO3MOXKHOCTSIMH 3JI0POBbSI U WHBAIHIOB
MpoLEeaypa OLEHUBAHUS PE3yIbTaTOB O0YyUEHUSI MOKET MPOBOIUTHCS B HECKOJIBKO ATAIOB.
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