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AHHOTANMA

B [1maHHOM Kypce paccMaTpUBarOTCs TEOPETUYECKHE OCHOBBI JIMHEWHOW M HEJIMHEWHOW aJanTUBHOMN
¢unpTpanuu B cucteMax OecnpoBoAgHON uQpoBoi cBsizu. OOyuarommecs H3y4aT 3BONIOLHIO CHCTEM
0ecnpoBOIHOM CBS3U, UX CTPYKTYPY ¥ OCHOBHBIE XapaKTEPUCTUKHU, CTPYKTYPY LHU(PPOBLIX (UIBTPOB, U3ydaT
OCHOBHBIC QJTOPUTMBI TapaMeTPUUECKON amanTanuu Ko3()(GUUUMEHTOB (GMIBTPOB M HX NPAKTHUYECKOE
IIPUMEHEHHE B COBPEMEHHBIX CHCTeMax Iepenaun uHpopmaruu. [lomyyeHHble 3HaHNUS TO3BOJAT CTYJACHTaM
CaMOCTOATEIBHO MOJICIMPOBATh afaTUBHBIC (GMIIBTPHI U peaj30BhIBaTh UX B cpeaax Matlab u Python.

JUisl yCHenmHoro npoxXoKISHUsI Kypca HEOOXOIMMO IOCEIHICHUE JICKIHMH, KOHCIEKTUPOBAHUE JIEKIMOHHOTO
Marepuala, a TakKe CaMOCTOsITeNbHas paboTa ¢ JOMOIHUTEIbHON JINTEPaTypoil 1 MOJICIIMPOBAHUEM.

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

Nzyuenne TeopeTHYECKUX OCHOB JIMHEHHOW M HEIWHEHHON afanTUBHOW (QHUIBTpAllMM B CHUCTEMax
OECTIPOBOTHOM CBSA3H.

M3y4eHne OCHOBHBIX aJITOPUTMOB MApaMETPHUYECKON ajanTaiuu Kod(QQUIMeHTOB (HUIBTPOB, a TAKXKe
OCHOBHBIX NPAKTUYECKUX NMPHIOKEHUN aIalTUBHON (PHIBTPALUKM B COBPEMEHHBIX CUCTEMaX IepeIayn
nHpOpMaIInH.

3agauu AU CHUILIHHBI

OcBoeHue CTyOEHTaMH MaTeMaTHUYECKOTO ammapara afanTalid, a Takke NpuoOpeTeHHEe HaBBIKOB
MPAaKTHYECKOM IMPOTpaMMHOM pean3aliy JIMHEHHBIX HHU(QPOBBIX (UIBTPOB M AJITOPUTMOB HX
aJanTaluy.

O3HaKOMJICHHE CTYICHTOB C 3aJa4aMi HEJIMHEHHOM (DMIIbTpaIMy U Iy TEH UX PEHICHUS B COBPEMEHHON
anmaparype 0ecripOBOAHOM CBSI3H.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Koz u HanMeHOBaHKE KOMIIETEHIIUU WHauKaTopbl JOCTHKEHMSI KOMIIETEHIIUN
YK-1 Cnocoben ocymectBnsaTh kputuueckuid  |YK-1.2  OcymiecTBisier MOWCK  BapUaHTOB  PEUICHUS
aHaJn3 NpOoOJIEeMHBIX CUTyalluii HA OCHOBE MOCTAaBJICHHOH  TpOOJIEMHONW  CHUTyallud Ha  OCHOBE
CHCTEMHOTO TT0JIX0/1a, BEIpAaOaThIBATh JOCTYIHBIX HCTOYHUKOB MH(POPMAIUN
CTpaTeruro AecTBui
YK-4 CriocoGeH mpuMeHSITh COBPEMEHHbBIE VYK-4.4 CrnocobeH HCIONb30BaTh COBPEMEHHBIE CPENCTBa
KOMMYHHMKATHBHBIE TEXHOJIOTHH, B TOM YHCI€  |HH(POPMAIMOHHO-KOMMYHHMKAIIMOHHBIX  TEXHOJIOTHMH  JUIS
Ha MHOCTPaHHOM(BIX) SI3bIKe(aX), AT aKaJIeMUYECKOTO U PO(EeCCHOHATIEHOTO B3aUMOJCHCTBUS
aKaJIeMUYECKOTO M MPO(ecCHOHAIBEHOTO
B3aUMOJIEICTBUSA

YK-6.1 Ymeer pemars 3aga4u COOCTBEHHOTO JIMYHOCTHOTO
U npodeccHOHANBFHOTO  pa3BUTHS,  ONPENeNsTb |
peaTn30BBIBATH MIPUOPUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM JESITETLHOCTH

YK-6 Criocoben onpeniessTh U peaan30BhIBaTh
MPUOPUTETH COOCTBEHHOMN AEATENBHOCTH U
CIIOCOOBI €€ COBEPIIEHCTBOBAHUS HA OCHOBE
CaMOOLICHKH

VK-6.2 OueHuBaeT CBOIO JIESATEILHOCTb, COOTHOCHUT LU,
CIIOCOOBI WM CPEJICTBA BBITIONHEHUS JACITEIHHOCTH C e
pe3ynbTaraMu

OIIK-1.1 3HaeT W CIOCOOEH  HCHOJIB30BaTb B
npoeCCUOHANBHON JeSITeIbHOCTH (yHJaMEHTAJIbHBIE U
MPUKJIAHBIE HAyYHBIE 3HAHWS B OOJACTH €CTECTBEHHBIX
HayK

OIIK-1 CrtocoOeH npeCcTaBIsITh COBPEMEHHYIO
HAy4HYIO KapTHHY MHpPA, BBISBIIATh
€CTECTBEHHOHAYYHYIO CYLIHOCTh MPOOIIeM
cBOEH PO eCCHOHATBHOM JesITeThHOCTH,
OIIPEACISATh IyTH UX PEIICHHS U OLICHUBATh

3¢ GEKTUBHOCTH CIEITaHHOTO BhIOOpa

OIIK-1.2 Cnocoben 0000mmars ¥ KPUTHYECKH OIECHUBATH
OIBIT WM PEe3yJIbTaThl HAYYHBIX HCCIENOBaHUA B 00IaCTH
npo(heCCHOHATBHOM ESTENbHOCTH




OIIK-2 CriocobeH peann30BbIBaTh HOBBIE
MPUHIIMITBL ¥ METOJIBI HCCIICAOBAHNUS
COBPEMEHHBIX MH(OKOMMYHHUKAIMOHHBIX
CHCTEM U CETEeH Pa3IMYHbIX THIIOB MEpeayH,
pacrmpeneneHus, 00padOTKU U XpaHEHHS
uHpopMaun

OIIK-2.1 3nHaer nOpUHLMIBI W METOMABl HCCIENIOBAHUS
COBPEMEHHBIX MH()OKOMMYHUKAIIUOHHBIX CHCTEM U YMEET
OLICHMBATh UX JIOCTOMHCTBA M HEOCTATKH

OIIK-3 Cnocoben npuobperars, 00pabaThiBaTh
Y MCIIOJIB30BaTh HOBYIO HH(OPMAIIHIO B CBOCH
HpeIMETHOH 001acTH, peIaraTb HOBbIE UICH
U TIOJIXO/IbI K PELICHUIO 3a1a4 CBOCH

npodeccuoHaIbHON 1S TeIbHOCTH

OIIK-3.1 Ymeer HCIIONIb30BaTh COBPEMEHHBIE
WH(POPMALIMOHHbBIE U KOMITBIOTEPHBIE TEXHOJIIOTUH, CPEACTBA
KOMMYHUKAallMi ~ 0OpH  IIOUCKE  HAYYHO-TEXHUYECKOU
nH(popMaLru B CBOEH NpodeccHOHaTbHON AEATEIbHOCTH

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! N0 JUCHMILINHE (MOLYJII0)

B pe3ynbrare ocBOeHUS TUCIUIUTHHBI 00y4YaronInecs JOKHBI

3HAThb!
* OOIIYyI0 CTPYKTYPY COBPEMEHHBIX CHCTEM OECIPOBOTHOMN CBSI3H;
*  OCHOBHBIE MeTOAbl ajmanrtaiuu JuHeHHbIX KUX-QuibTpoB mo KpUTEpUI0O MUHHMyMa CpPEIHETO
KBajipara OINOKH IPHU BELIECTBEHHBIX M KOMIJICKCHBIX BXOJHBIX CUT'HAJIAX;
* OCHOBHBIE CTPYKTYpBI HEJTMHEHHBIX aJalITUBHBIX KOPPEKTOPOB aHAJIOTOBBIX YCTPOWCTB U METOIBI UX
aJlanTaryy.

YMETh:
* PUMEHATH MOJYYCHHBIC TCOPETHYCCKHE 3HAHUS NPU MOACITHPOBAHHWU ATaNTHBHBIX (HIBTPOB, a
TaKXKE€ MX IPOrpaMMHOM M allapaTHOM peaju3alid B BHJIE KOPPEKTOPOB AaHAJIOIOBBIX LIENEU B
cucTeMax 0ecIpOBOIHON CBS3H;
*  MOJENMpOBarTh paboTy MU(POBBIX aJaNTUBHBIX QUILTPOB B MPOTPaMMHBIX KoMIuiekcax Matlab u
Python.

BIIAJICTh!
. 0a30BBIMH TEOPETUYECKUMH M OIKCIIEPUMEHTAJIbHBIMH METOAAMHU IIOCTPOCHUS JMHEHHBIX U

HEJNMHEHHBIX HU(POBBIX aJalTUBHBIX (GMIBTPOB B CHUCTEMax OECIPOBOAHON CBA3H;

® AKTyaJIbHbIMU MCETOAaMHU aJarTalnuu

k03(h(HUIMEHTOB (UIBTPa C UCIOIB30BAHUEM alTOPUTMOB

OINITUMMU3AINHU TICPBOI'O0 U BTOPOT'O MOPAAKA.

4. Conep:xanue JUCUMILTUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO paboTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
O6o006menHas CTPYKTypa
1 MPUEMO-TIEPEAAOIIETO TpaKTa ) )
OecripoBOHOW  cHCTEMBI  LU(POBOU
CBSI3H.




) Crpykrypa mudpoBoro KUX-dunsrpa u ) )
€ro XapaKTePUCTHKH
OCHOBHBIE ~ CTaTUCTHYECKE  CBOWCTBA

3 CUTHasa Kak _ CTallHOHapHOTO ) )
SProAWYECcKOr0 CIy4yalHOTro mpouecca.
Koppensuuonnas marpulia u ee cBoiictsa

4 3anaua agantanuy MUGPoOBOro GUILTpa B ) )
0JI€ KOMITJICKCHBIX YHCEI
Ananranus K03 PUITHEHTOB

5 KUX-¢punbTpa mo KpUTEpU0 MUHUMYyMa 2 2
CKO. LS anropurm. ®unstp Bunepa.

6 00630p QITOPUTMOB YHCIICHHOTO ) 3 5
pewenus LS.
Meton  rpagMeHTHOrO  CIlycKa Hpu
amantanmu  ¢uieTpa. LMS anroputwm.

7 PexypcuBubiii LS u BBemeHue B 2 4 6
aJaNTUBHYIO Kanmanosckyto
¢$unbTpanuio.
OKBUIM3aLMsl  KaHala  CBSI3M  IIpHU

8 HUCIOJIB30BAHNUU QAM MOIYJSIIUU 2 4 6
BBICOKOTO TTOPSIKA

9 Beenenue _ B TEOpHMIO JHHEapH3aluu ) )
yCHIIUTEIIEH.
Mopens HEIMHEWHOTO ycuiuTens 0e3

10 |mamsatu. CrocoObl  ammpoKCUMAaIuu 4 4
HEJNMHEHHON (QyHKIUH.
Mopnens ycwinrens ¢ JIMHEMHOW U

1 HEIMHEVMHON maMATeo. HennHelinble 4 4 ]
MOAeNIH ¢ maMmsaTero. Mogens Bunepa u
XammepuiTeitHa
BBenenue B Teopuro  HEIUHEWHOH

12 |anmpoxcuManuu Ha OCHOBE HEWPOHHBIX 4 4
ceTeit

Nroro yacos 30 15 45

[loaroroska k sK3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2.

Coneprxanue TUCIUIUIUHBI (MOMYJIsl), CTPYKTYPUPOBAHHOE MO TeMaM (pa3iesam)

Cemectp: 1 (Ocennwii)

1. O6001EeHHAs CTPYKTYpa IPUEMO-TIEPEAAOIIETO TPAKTa OECIPOBOIHOM CUCTEMBI IU(POBOM CBSI3H.

OBomronus cucteM muQpoBoit cororoit ceizu 2G (GSM) -> 3G (CDMA) -> 4G (LTE) -> 5G
(MIMO). O6o0rmieHHas CTpyKTypa MpHeMo-Tiepenaromiero Tpakra cucrtembl (Analog and Digital
Front End). OcHOBHBIE XapaKTEPUCTHUKN OCHOBHBIX 3JIEMEHTOB CTPYKTYPHI (II0JIOCHI IEPEAIOIIEeTo U
MIPUHUMAIOIIETO CUTHANOB, YacToThl Hecymux, dactorel AL, LIAII, mapamerpsr aymiekcopa,
BBIXOZHbIE MOIIHOCTH ycuiauTens). Moaynu JIMHEHHON M HETMHEWHOW aJanTUBHOW KOPPEKLHH B
IpUEMO-TIEPEAAONIeM TpakTe cucTeMbl mH¢ppoBoi cBa3u. KsaaparypHoe mpeacTaBicHHE
KOMIUIEKCHOM Orn0aromeil CUrHaioB.

2. Crpykrypa ungpoBoro KUX-puibrpa 1 ero xapakrepucTHKU



Crpykrypa uudpoBoro KUX-punsrpa m ero xapakrepuctuku. I[IpoxoxkineHue curhHaiza uepes
KUX-¢punerp. Boixon ¢hunerpa B Buje nuHelHON cBepTkH. [loHsITHE BEeKTOpa COCTOSHUS GUIBTPa U
BeKTOpa K03 (HUIIMEHTOB. ATanTUBHBIN QUIBTP KaK (UIBTP ¢ U3MEHSIOMMUMUCS K03 duuneHramu.
[TonsiTe omopHoro curHama. OmumOka ajanTalMd W KPUTEpUl MMHUMYMa CpEIHEro KBajpara
omnOku. BpeMeHHBIE COOTHOLIECHHS CHTHAJIOB B aJalTUBHOM JHHEHHOM ¢uibTpe. biounas
00paboTKa CUTHAJIOB.

3. OCHOBHBIE CTATHCTHYECKE CBOMCTBA CHI'HajJa KaK CTAlMOHAPHOTO 3PTOAMYECKOrO CIIydaifHOTO
npouecca. KoppensunonHnas mMarpuia u ee CBOMCTBa

OCHOBHBIE CTAaTUCTUYECKHE CBOWCTBA CUTHaja KaK CTALMOHAPHOTIO HPrOIWYECKOTO CIIy4aiHOro
npouecca (HayaJbHble U LEHTPAJIbHbIE MOMEHTHI, CPEAHEE, NUCIEPCHs], CIEKTpajbHasl IJIOTHOCTh
MOIIHOCTH, KoppessinuoHHast ¢pyHkuus). KoppensunonHnas maTpuia U ee CBOMCTBa (SPMUTOBOCTD,
HEeoTpHLaTeNbHas OIPeeIeHHOCTh). OLeHKa KOPPEIALMOHHON MaTpUllbl CUTHAJIA 110 OTPaHUYEHHOM
BbIOOpKe. CMeIeHHbIE 1 HECMEIIEHHbIE BEIOOPOYHBIE OLICHKH.

4. 3amaua aganrauuy TU(poBoro GpuiIbTpa B Moje KOMIJIEKCHBIX YHCENT

[lonaTne ckaJApHOH M BEKTOPHOW (YHKIMM CKaJISIPHOTO M BEKTOpPHOro aprymenta. lloHsTue
BeKTOopa TpanueHta, [eccuana, Skobmana. Kpartkuii 0030p METOJOB MHUHUMH3AIMH IIEIEBOM
¢yHKuMM (rpaAMeHTHBIN ciyck, MeToa HbioToHa). Ananu3 uenesoit Gpynkauu muaumyma CKO kak
HeronoMopdHOH (GYHKIUK ¥ 0030p MeToI0B auddepeHInpoBaHus CKaIsPHOW BEleCTBEHHO3HAYHOM
($yHKIMM BEKTOpHOTO KoMIUIekcHOro aprymenTa (Wirtinger Calculus and Matrix Calculus).

5. Apanrauus xospdunuentoB KUX-punsrpa mo kpurepuio muHumyma CKO. LS anropurm.
®unsrp Bunepa.

Pemienne 3amaum amanranmu kodd¢unuento KUX-punsrpa mo kputepuio muammyma CKO.
HuddepenuupoBanue 1eineBol QyHKIMH MO0 BEKTOPHOMY apryMeHTy. YpaBHeHue Bunepa-Xomda.
Pemienune 3agauu MUHUMM3ALMM [IPU OLEHKE KOPPEJSLMOHHONW Marpullbl curHaia. LS anropurm.
®unsTp Bunepa.

6. O030p aNTOPUTMOB YHUCIEHHOTO pemeHus LS.

LU-anroput™m, QR-anmroput™, SVD pasnoxenue xoppemsiunoHHON wmarpuubl. [Ipakrnueckue
aCIIeKTHI UCTIONb30BaHMUA LS OlLeHKH NMpH OrpaHuYeHUH MOJI0CH CUTHaa (TJI0X0i 00yCIOBIEHHOCTH
KOPPEJSILMOHHON MaTpULbl CUTHANA). Perynspusanus pemeHus U UCIob30BaHuEe IICEBIIOMHBEPCHU
I pacuera KodpGuIreHTos Guibrpa.

7. MeTon rpagueHTHOTO ciiycka mpH agantanuu Guiasrpa. LMS anroputm. PekypcusHbiii LS n
BBEJICHHE B afianTHBHYIO0 KanMaHOBCKYIO GMIBTpaLuio.

LMS anropurMm. YcroitunBocth LMS anroputma u cxogumocts LMS u LS omeHOK B IpenenbHOM
repexozie ¢ yMeHbIIIeHHEeM I1ara aganranuu. Perynspuzamus LMS anropurma metogom yreuku. RLS
ITOPUTM aJanTaluy JMHEHHOTro GMIBTPa KaK pe3yJabTaT UTEPAllMOHHON OLIEHKH Ha 0CHOBE JleMMbl
00 unBepcun Marpunbl (Woodbury matrix identity). Yucnennas ycroiiunBoctsh RLS. BBenenue B
aganTuBHYIO KanMaHOBCKYIO (GMIBTpaLIUIO.

8. 3KBI/IJ'II/I3aI_II/I$I KaHaJia CBA3U IIPHU UCIIOJIb30BaAHUN QAM MOAYJISIIUUN BBICOKOTO IMOPAJAKA

Ucnonp3oBaHne aganTUBHBIX (WIBTPOB Ui BBIpaBHUBAaHMS KaHana CBsi3u. [IpoOnema
KBaJpaTypHOTo pazbajiaHca U ee peleHne MEeTOIOM aJallTUBHON (uibTpanun.

9. BBenenue B TEOpUIO JIMHEAPU3ALNH YCUIIUTECH.

Henuneitnpie xapakrepuctuku AM-AM AM-PM. OOmiee onucanue HENWHEHHOW Momenu. Psjg
Bosnbrepa. IlocTtpoeHue cCuCTEMBl aJaNTUBHOW KOPPEKLUMH METOAAMHM IPSMOIO WU HENPSIMOIro
oOyueHwusl.



10. Mopnenp HenuHeHOTO Yycmnurens O0e3 mnamsatH. CrocoObl anmpoKCHMAalM HEITUHEHHOM
(GyHKUIMH.

ITonnHOMMANIbHAA anmpOKCUMAIus, MPEUMYIIECTBA M HENOCTaTKu. UMciIeHHas HEyCTOWYHBOCTD
[OJIMHOMMAJIBHOW MOZAENM € POCTOM Iopsjka IoiuHoMa. lcnosiab3oBaHUE OPTOTOHAJIBHBIX
[IOJINHOMOB JII1 TOBBIIIEHHWS] YHCIEHHOW YCTOMYHMBOCTH TOJNMHOMHAIBHON —AaNMpOKCHUMALMH.
Peanuzanmonnbie npoOieMbl UCTIONBE30BaHusI TOTUHOMHANLHBIX DPD. Tabnu4unas anmpokcumanus u
LUT-mozens.

11. Mogenp ycunurtens ¢ JIMHEHHOW M HEIMHEMHON mamsAThI0. HennHeWHble MoAeNnn ¢ MaMsThIO.
Monens Bunepa u XammepiireitHa

[lonmuHnomuaneHass Momens ¢ naMATblo. CTPyKTypa KOPPETSLUOHHOW MaTpUIbl HETMHEHHOTO
amanTuBHOTO GwmibTpa. CpaBHEHHE XapaKTePUCTUK HEJIMHEWHOW anmpOKCHMAIlUM MOJeJed ¢
namsThIO 1 0e3.

12. BBeneHue B TEOPHIO HETMHEHHOW alllIPOKCHMAaLK HA OCHOBE HEMPOHHBIX CETEM

Apantanusi HEMpPOHHOW CETH METoAOM oOO0paTHOro pacmnpoctpaHenus omuoOku. Iloctpoenne
HEHPOHHOIN CeTH B TOJie KOMIUIEKCHBIX uHcelnl. [IpoOnembl ajmantanuu HEHPOCETEBBIX CTPYKTYP.
OOyueHne HelpoceTH Kak HEBBINYKJAs 3ajladya ONTHMHU3aluuu. Hamudue JOKanbHBIX 3KCTPEMYMOB
IIPY aJanTaluu MOJEIH.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaATEJILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

AynuTtopus ¢ MyJIbTHMEAUUHBIM TPOEKTOPOM M KOMITBIOTEPOM, ayAUTOPHAs! JOCKA.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. [ludposas odbpadbotka curnanos [Tekct] = Discrete-Time Signal Processing : [y4e0. mocobue st
By30B] / A. Onmenreiim, P. llladep ; nep. ¢ aart. noxg pexa. C. ®@. boesa .— 3-e uzn., ucrp. — M. :
Texnocdepa, 2012 .— 1048 c.

2. AnantuBHas QuUIbTpanys CUTHAIOB: Teopust U anroputmsl [ Tekct]/B. W. Ixuran, -M., TexHocdepa,
2013

JomonanTtenyHas uTeparypa
1. AmantuBHas o6padotka curHanos [Tekcr]/b. Yuapoy, C. Ctuphs , -M., Pagno u cBs3b, 1989

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

1. http://lib.mipt.ru — snexTpoHnas 6ubnmoreka duszrexa

2. http://www.edu.ru — penepanbublii mopran «Poccuiickoe oOpazoBaHuey.

3. http://benran.ru — 6GuGIMOTEKA MO ECTECTBEHHBIM HaykaM Poccuiickoil akajeMun HayK.

4. http://minsvyaz.ru/ru/documents/ — HOpMaTHBHO-IIPABOBbIEC JJOKYMEHTHI MUHHCTEPCTBA CBSI3U
MacCcOBbIX KOMMYHHKanuid Poccuiickoit @eaepanuu

5. http://www.itu.int/pub/T-REC/ — Pekomennannu Cextopa cTaHAapTU3ALUHU TEICKOMMYHHUKAIIUN
MexnyHapomIHOTO cot03a 31eKTpocBs3u MCO-T

6. http://www.itu.int/pub/R-REC/ — Pexomennamuu CexTopa paguocBs3u MexIyHapoaHOTO COr03a
anekrpocsszu MCD-R

7. http://www.etsi.org/standards-search/ — crangaptsl EBponerickoro HHCTUTyTa cTaHAapTH3aLUN
tenekommyHuKauit ETSI

8. http://www.ietf.org/rfc.html/ — noxymenTh MH)XeHEpHOU padoueii rpymmel MaTeprer RFC IETF



8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00pPAa30BaTEeJIbHOI0
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

Ha nexmoHHBIX 3aHATHAX UCIOB3YIOTCS MYJIBTUMEIUITHBIE TEXHOJIIOTHH, BKITIOYas IEMOHCTPALINIO
MpEe3EHTalNN.

B mporiecce npakTruecKkrx 3aHATHH HCIIONB3YIOTCS MTporpaMMHbIe makeTsl Matlab u Python.
[TpumMepsl pacdyeToB TUMOBBIX 3324 TAKXKe MPUBOAATCS B cpenax Matlab u Python.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0CBOCHMIO JTHUCHUIIJINHBI (MO)_Iy.Tlﬂ)

VYeneniHoe ocBoeHHE Kypca TpeOyeT OONbIION caMoCTOSITeIbHON paboThl cTyfaeHTa. B mporpamme
Kypca MpuBeIcHO MHHUMAJIbHO HEOOXOJMMOE BpeMs JIIsl padOTHI CTY/IEHTa HaJl TEMOH.
CamocrosiTenbHas padoTa BKIIIOUAET B ceOs:

* YTECHHUE U KOHCIIEKTHPOBAaHHE PEKOMEHIOBAHHOMU JINTEPATYPHI,

*  mpopaboTky ydeOHOro Marepuana (10 KOHCIIEKTaM JICKIUH, CEMUHApOB, Y4EeOHOW M HaydHOMH
JUTEpPaType);

* pelIeHue 3a/1a4, IpeAIaraéMplX CTYJICHTaM Ha JICKIUAX U MPAKTUYECKHUX 3aHATHSX,

* BBINIOJTHEHHE JTA0OPATOPHBIX paboT B BEIOPAHHBIX MPOTPAMMHBIX Cpeiax,

* TOATOTOBKY K KOHTPOJBbHBIM, CAMOCTOSATENILHBIM Pa0OTaM U TECTaM.

PyKkoBOACTBO M KOHTpPOJIb 32 CaMOCTOSTENLHOH pPabOTOW CTy/IEHTa OCYIIECTBIISIETCS B PE3yNbTare
aHaJln3a UTOTOB KOHTPOJIBHBIX, CAMOCTOSTENILHBIX padoT, a TAaK)Ke UHAWBUIYAIbHBIX KOHCYJIBTALNH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: NHpoKOMMYyHHUKAIMOHHBIC TEXHOJIIOTUN U CUCTEMBI CBS3H
npopuJib NOArOTOBKHU: TeneKOMMYHUKAIIMOHHBIE CETH U CUCTEMBI
Oustex-mkona Paguorexuuku nu Komnerorepubix TexHonoruii
kadeapa MyJTbTUMEIUHHBIX TEXHOJIOTUN U TEIIEKOMMYHUKAITUH
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMbI IpOMEXKYTOUHOH arTecTanuu: 1 (ocenuuil) - JluddepeHupoBanHbiii 3a4eT

PaszpatGoTunk: C.A. baxypuH, KaH[. TEXH. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE
CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh
CTPATEruIo0 NEUCTBUN

VYK-1.2 OcymiecTBisger MNOUCK BapHaHTOB
MOCTAaBJICHHOH  NpoOJIEMHOW  CHUTyalluu Ha
JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN

peleHus
OCHOBE

YK-4 CriocobGeH mpuMeHSITh COBPEMEHHbBIE
KOMMYHHKATHBHBIE TEXHOJIOTHH, B TOM YHCIIE
Ha MHOCTPaHHOM(BIX) SI3bIKe(aX), AT
aKaJIeMHYECKOTO M PO(eCcCHOHAIBEHOTO
B3aUMOJICHCTBUS

VYK-4.4 CrniocobGeH HCIONb30BaTh COBPEMEHHBIE CPENCTBa
MH(QOPMAIMOHHO-KOMMYHHUKAIIHOHHBIX ~ TEXHOJIOTHUH  JUIS
aKaJIeMUYECKOTO U MPO(EeCCHOHAIEHOTO B3aUMOJCHCTBUS

YK-6 CriocobeH onpeessTh U peaan30BhIBaTh
MPUOPUTETH COOCTBEHHOMN AEATENBHOCTH U
CIIOCOOBI €€ COBEPIIEHCTBOBAHUS HA OCHOBE
CaMOOIICHKH

YK-6.1 Ymeer pemars 3aga4u COOCTBEHHOTO JIMYHOCTHOTO
U npodeccHOHANBLHOTO  pa3BUTHS,  ONPENeNsTh |
peaTn30BhIBATH MIPUOPUTETHI COBEPIICHCTBOBAHUS
cOOCTBEHHOM AEATENHHOCTH

VK-6.2 OueHuBaeT CBOIO JIESTEIHLHOCTb, COOTHOCHUT LIE/H,
CIIOCOOBI W CPEJICTBA BBITIONHEHUS JACATEILHOCTH C e
pe3ynbTaraMu

OIIK-1 CrtiocoOeH npeaCcTaBIsITh COBPEMEHHYIO
HAy4HYIO KapTHHY MHpPA, BBISBIATh
€CTECTBEHHOHAYYHYIO CYLIHOCTh MPOOIIeM
cBOEH POQeCCHOHATBHOM JesITeTLHOCTH,
OIIPEACISTh MyTH UX PEIICHHS U OLICHUBATh

3¢ GEKTUBHOCTH CIEITaHHOTO BhIOOpa

OIIK-1.1 3HaeT HW  CIOCOOEH  HCHOJB30BaTb B
npoeCCUOHANBHON JeSITeIbHOCTH (YHJAaMEHTaJIbHBIE U
MPUKJIAIHBIE HAyYHBIE 3HAHWS B OOJACTH €CTECTBEHHBIX
HayK

OIIK-1.2 Cnocoben 0000mmars ¥ KPUTHYECKH OICHUBATH
OIBIT WM PE3yJIbTaThl HAYYHBIX HCCIENOBaHUA B 00JAaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-2 CriocobeH peann30BbIBaTb HOBBIE
HPUHINIIBI ¥ METOJBI HCCIIEAOBAHUS
COBPEMEHHBIX HH(OKOMMYHHKAIMOHHBIX
CHCTEM U CeTeH Pa3IMYHbIX TUIIOB MepelayH,
pacnpenenenus, 00pabOTKU U XpaHEHHS
nHpopMaIuu

OIIK-2.1 3HaeTr UPWHIMIBEI W METOMABl HCCICIOBAHUS
COBPEMEHHBIX MH()OKOMMYHUKAITUOHHBIX CHUCTEM U YMEET
OIICHUBATh X JOCTOMHCTBA U HEJOCTATKH

OIIK-3 Criocoben npuobperars, 00padaTbIBaTh
Y HCIIONIb30BaTh HOBYIO HH(OPMAIIHIO B CBOCH
IpeJIMETHOM 00J1acTH, MpeaaraTh HOBbIE HICH
U MTOAXOIBI K PEIICHHUIO 33124 CBOCH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-3.1 YMmeer HCITIOJIb30BaTh COBPEMEHHBIE
MH()OPMALMOHHBIE U KOMIIBIOTEPHBIC TEXHOJIOTHH, CPEACTBA
KOMMYHHKAIIMi ~ TpU  TIOMCKE  HAyYHO-TEXHUYECKOH
nHpOpMaInu B CBOeH MpodeccHoHaTLHON AeITETbHOCTH

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesynprate usyueHus OUCUMIUIMHBI «BBemeHue B TeOpui0 afanTHUBHOM (uibTpanumn» 00ydaromuncs

JOJIKCH:

3HATb:

* OOIIyI0 CTPYKTYPY COBPEMEHHBIX CHCTEM OECITPOBOTHOMN CBSI3H;

*  OCHOBHBIE MeTOAbl ajmanrtaiuu JuHEHHbIX KUX-QuibTpoB Mo KpUTEpUI0 MUHHMyMa CpPEIHETO
KBaJIpaTa OMIMOKHU IPH BELIECTBEHHBIX M KOMIUICKCHBIX BXOIHBIX CUTHAJIAX;

* OCHOBHBIE CTPYKTYpBI HEJTMHEHHBIX aJalITUBHBIX KOPPEKTOPOB aHAJIOTOBBIX YCTPOWCTB U METOBI UX

aJarnTaiuuy.

yMeTh:




* IPUMEHATH IMOJIY4YEHHbIC TEOPETHUYECKHE 3HAHUS IPU MOAEIMPOBAHMU ATANTUBHBIX (HIBTPOB, a
TakKe WX NPOTrPaMMHONW M ammapaTHOM pealu3alud B BHIEC KOPPEKTOPOB aHAJOTOBBIX LENed B
cucTeMax 0ecrpoOBOIHOMN CBA3H;

*  MOIENUpPOBaTh paboTy HU(POBHIX aJaNTUBHBIX (UIBTPOB B MPOTrPaMMHBIX KomIuiekcax Matlab u

Python.
BJIA/IETh:
. 0a30BBIMH TEOPETUYECKUMH M HKCIIEPUMEHTAJIBHBIMU METOAAMHU TIOCTPOCHUS JIMHEHHBIX U

HEJMHENHHBIX IIU(POBBIX aJaNTHBHBIX (PUIBTPOB B CHCTEMax OECIIPOBOAHOMN CBSI3H;
*  aKTyaJIbHBIMHA METOAAMHU AJanTaluuu KO3(QQHUUHUEHTOB (pUIBTpa C HMCIOIB30BAHHEM AITOPHUTMOB
ONTUMU3ALMU [IEPBOTO U BTOPOIO MOPsKA.

3. IlepeyeHb THNOBLIX (IIPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIleMy KOHTPOJII0
CHHCOK THIOBBIX BOMPOC AJIS TOJATOTOBKHU K TEKYILIEMY KOHTPOJIIO:

1. BBomtonus cuctem nnpoBoii cotooit cesizu 2G (GSM), 3G (CDMA), 4G (LTE), 5G (MIMO).
2. O6oO0mIeHHas CTPYKTYpa IPUEMO-TIEPEIAOIIETO TPAKTA CUCTEMbI IU(POBOI OECIIPOBOTHOM CBSI3H.

3. OCHOBHBIC XapaKTEPUCTUKH OCHOBHBIX JIIEMEHTOB CTPYKTYPBI MPHEMO-TIEPEIAIONIEro TpaKTa
cUCTeMbI ITU(POBOI OECTIPOBOTHOM CBS3H.

4. Moaynn NVMHEWHOW W HEIWHEHHOW aJanTHBHONM KOPPEKUMH B INPUEMO-TIEPENAIOIIEM TpaKTe
cUCTEeMbI IU(POBOIA CBSI3H.

5. KeazaparypHoe npejicTaBlIeHHE KOMIUIEKCHON OrHOaroniei CUTHAIIOB.

6. Crpykrypa mudpoBoro KUX-punerpa u ero xapakrepuctuku. [IpoxoxkaeHue curHaia yepes
KUX-¢punsrp. Beixon ¢punbTpa B BUAE TMHEHHON CBEPTKH.

7. Tlonstue BEKTOpa COCTOSHHS (HUIBTPa M BEKTOpa KOA(P(UIMEHTOB. ANanTHBHBIA (QUIBTP Kak
¢unbTp ¢ m3MeHsomuMucs kodddunuenramu. [ToHsTHE OOPHOTO CUTHATA.

8. Ommubka ajanTayy U KpUTEPUA MUHUMYMa CPEHETO KBaapara OIUOKH.

9. BpeMeHHbBIE COOTHOIIICHHS CUTHAJIOB B a/IaITUBHOM JIMHEHHOM (DUIIBTpE.

10. briounast 06paboTKa CUTHAIOB B JINHEHHOM aJJaliTUBHOM (DUIIBTpE.

11. OcHOBHbBIE CTaTUCTHYECKHE CBOMCTBA CHTHaja KaK CTAIlIOHAPHOIO SPrOJUYECKOr0 CIy4YaifHOTO
mnporecca.

12. KoppensiuuoHHas MaTpulla U €€ CBOMCTRA.

13. OmueHka KOPPEIUTSIIIMOHHON MAaTpPUIBI CHUTHANIA 0 OTrpaHWYeHHOW BBIOOpKe. CMENICHHBIE W
HECMEIIEHHBIC BEIOOPOYHBIE OIICHKH.

14. Bekropsl rpaguenra, [eccuan, SIkoOuaH ckansipHOi (yHKIIMH BEKTOPHOTO apTyMEHTA.
15. MunuM#3aImy 1eNieBoi QyHKIIMA METOJIOM TPaJIUEHTHOTO CITyCKa
16. MuanM#3auy 1eNieBoi (PyHKIIMKA METOJIOM TPaJIMEHTHOTO CITycka MeToioM HeroToHa.

17. JuddepeHnrpoBanus CKaISIPHOH BEUIECTBEHHO3HAYHOW (QYHKIMM BEKTOPHOTO KOMILIEKCHOTO
apryMeHTa.

18. Pemenue 3amaun agantanun kodpduuuentoB KUX-punsrpa mo kpurepuro munumyma CKO.
VYpaBuenue Bunnepa-Xomnda.

19. Pemenue ypaBHeHusi Bunepa-Xomda mpu olleHKe KOPpENSIMOHHOM Marpuilbl curHana. LS
anroput™m. ®unerp Bunepa.

20. AnropuTMOB YrcIeHHOTO pemeHus LS.

21. Ucnonws3oBanusa LS onenkn ko3pPuUMEHTOB afganTHBHOTO (puUibTpa MpH OTPaHUYCHHUU IOJIOCHI
CUTHaJIa.

22. LMS anroput™m agantanuu nudpoBoro guiusrpa. YcTtoduuBocTh LMS anroputma u cXoIuMocCTh
LMS u LS onenok.

23. RLS anroput™m agantanuy JMHEHHOTO (QUIBTPa
24. PexypcuBHoe KanMaHOBCKOE OIICHUBAHHUE.



25. Hcnonb3oBaHWE METOJOB aJaNTUBHOW (UIbTpamMy JUIs DKBHJIM3AIMHM KaHaja CBS3U IIpU
rcrnonb3oBaHnu QAM MoAyNSIUK BEICOKOTO MOPSIKA

26. Pemenne 3aga4un KBaIpaTypHOro pazdanaHca.
27. Henuueiinsie xapakrepuctuku AM-AM AM-PM. Obuiee onrcanne HEMMHEHHOM MOJEIH.

28. Pag Bonsrepa. IlocTpoeHue cucTeMbl aalTUBHOM KOPPEKIIMU METOAAMH MPSIMOTO U HEMPSIMOTO
o0yd4eHusI.

29. INonuHoMHUaNbHAs MOZIENb HETMHEHHOTo ycnnuTens 0e3 mamsaTy. [IpenMyniecTBa 1 HETOCTATKH.
30. Peanu3annoHHbIe TPOOIEMBI UCTIONB30BAHHS OTMHOMHUAIBHBIX MOJIENICH yCHIUTENeH.

31. Tabnmuunas anmpoxcumarus u LUT-mozens.

32. Mopnenb yCUIuTeNs ¢ IMHEWHON 1 HeTMHEIHON MaMSThIO.

33. CtpyKTypa KOppesIUOHHOW MaTpHIlbl HETUHEWHOTO aIallTHBHOTO (PHUIIBTpA.

34. CpaBHeHHE XapaKTepUCTHK HEJTMHEHHOW anmpoKCUMAIIH MoJIeliel ¢ maMsThio 1 0e3

35. Heitpoceresbie mogenu DPD ¢ namsTsio.

36. Apganraiust HSHPOHHOW CETH METOIOM 00paTHOTO PAacIpOCTPaHEHUS OIIUOKH.

37. IlocTpoeHne HEMPOHHOMN CETH B MOJI€ KOMIUIEKCHBIX YHCEIL.

38. [Ipobnembl afanTanuy HEMPOCETEBBIX CTPYKTYP

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuarouuxcst

Hepequb KOHTPOJIbHBIX BOIIPOCOB IAJIA CAa4H ,I[I/I(l)(l)epeHLII/IpOBaHHOFO 3a4cTa:

1. OBomonus cuctem uugposoit coroBoit ceszu 2G (GSM) > 3G (CDMA) -> 4G (LTE) -> 5G
(MIMO).
2. O6oOmeHHas CTpyKTypa pueMo-Tiepeatoniero Tpakra cucreMsl (Analog and Digital Front End).

3. OCHOBHBIE XapaKTEPUCTUKH OCHOBHBIX OJJIEMEHTOB CTPYKTYpbl (IIOJIOCHI MEpeIaroliero u
MPUHUMAIOIIETO CUTHAJIOB, 4acToThl Hecymux, dactoTel ALIll, IAIl, mapamerpsl gymiekcopa,
BBIXOZHbIE MOIIHOCTH YCHUIIUTEINS).

4. Moaynn NMHEWHON W HEIWHEHHOW aJanTHBHOM KOPPEKUMH B INPUEMO-TIEPENAIOIIEM TpaKTe
cUCTEeMbI IU(POBOIA CBSI3H.

5. KeazaparypHoe npejicTaBIeHHE KOMIUIEKCHON OrHOaroniei CUTHAJIOB.

6. Crpykrypa mudpoBoro KUX-punerpa u ero xapakrepuctuku. [IpoxoxkaeHue curHaia yepes
KUX-¢punsrp. Beixon ¢punbTpa B BUAE TMHEHHON CBEPTKH.

7. IlonsiTHe BekTOpa cocTOsHUS (puibTpa 1 BeKTopa Ko3(hHUIHuEHTOB.

8. ApantuBHBINA QUIBTP Kak QUIBTP ¢ U3MEHSIOIUMUCS K03 PunneHTamu.
9. IloHsTHE OIOPHOTO CHUTHAJIA.

10. OmmOka aganTaluy U KpUTEPUH MUHUMYMa CPEIHETO KBaJpara OIIUOKH.
11. BpeMeHHBIE COOTHOLICHUS] CHTHAJIOB B aJallTUBHOM JIMHEHHOM (HUIIBTpE.
12. briounast 06paboTKa CUTHAJIOB

13. OCHOBHBIC CTAaTUCTHYECKHE CBOWCTBAa CHTHajla KAaK CTAllMOHAPHOTO 3PTOAMYECKOrO CIy4aiHOTro
nporecca (HayaJbHbIE M LEHTPAJbHBIE MOMEHTHI, CpEeIHee, IMCIEepPCHs, CIEeKTpajbHas IUIOTHOCTh
MOIIHOCTH, KOPPEIALUOHHASA (QYHKIIHS).

14. KoppensiuvoHHass MaTpula U €€ CBOMCTBA (3PMHUTOBOCTb, HEOTpHUIATENbHAS ONPEACICHHOCTS).
OueHka KOppENSIIMOHHOM MaTpuUIbl CUTHaJA 110 OrpaHU4YeHHOW BblOOpke. CMelleHHbIE U
HECMEIIEHHBIE BEIOOPOYHBIE OLICHKH

15. TlonsiTue cKanApHON ¥ BEKTOPHOU (DYHKLIMHU CKAJISIPHOTO U BEKTOPHOTO apryMEHTa.
16. TlonsiTue BexTOpa rpaguenTa, I eccuana, Skoduana.

17. Kparkuii 0030p METOIOB MHMHUMH3ALUMH LeneBod (yHKIMH (TpaAMEHTHBIA CIYCK, METOJ
Hrrotona).

18. Ananu3 uenesoit ¢ynkumn muHumyma CKO kak HerojgomopdHOW (yHKIMHM B 0030p METONOB
TUQPepeHIIMpOBaHUsl CKAISIPHOW BENICCTBEHHO3HAYHOH (YHKIMKM BEKTOPHOTO KOMILIEKCHOTO
aprymenTa (Wirtinger Calculus and Matrix Calculus).

19. Pemenue 3anaun agantanuu kodddunuentoB KUX-punsrpa nmo kpureputo muanmyma CKO.
20. JuddepenuupoBanne 1eneBoi GyHKINN 0 BEKTOPHOMY apryMeHTy. YpaBHeHue Bunepa-Xonda.

21. Pemenue 3a1auu MUHMMU3ALUHU TIPY OLIEHKE KOPPEJSILMOHHON MaTpulbl curHaia. LS anropurm.
Ounsrp Bunepa



22. LU-anroputm, QR-anroputm, SVD paznoxenne KoppensuruoHHOW MaTpHULIbI.

23. IlpakTHueckue acreKThl UCIOIb30BaHMs LS OLEHKH IpU OrpaHUYeHHH TOJIOCH! CUTHAIA (ILIOXOM
00YCIJIOBIIEHHOCTH KOPPEIALMOHHON MaTpUIbl CUTHAIIA).

24. Perynspusauusi pemieHUs] ¥ HCIOJb30BaHHE IICEBJOMHBEPCHU Uil pacueTa Kod(p(HUIHEHTOB
¢duneTpa

25. LMS anroputMm. YcroitunBocts LMS anroputma u cxogumocts LMS u LS oneHok B npeaensHOM
Mepexo/ie ¢ yMEHBIICHUEM IIara aJanTalnu.

26. Perynsapuzanust LMS anroputma METOZOM yTECUKH.

27. RLS anroputm aganTtaiuu JMHEHHOTO (UIBTpA KaK pe3ylbTaT UTEPAllMOHHON OLIEHKHM Ha OCHOBE
Jlemmsbl 06 naBepcun mMarpuibl (Woodbury matrix identity). Uucnennas ycroitunBocts RLS.

28. Brenenue B anantuBHy0 KanmmMaHoBCKy 0 QHUIBTpaIHo.

29. Mcnionp30BaHue aaNTUBHBIX (PUIIBTPOB /ISl BHIPABHUBAHUS KaHAJIA CBSA3H.

30. I[Ipobnema KBaipaTypHOTo pazdaiaHca U ee pelieHrue METOIOM aJanTHBHONW (DUIIBTPAIInK.

31. Henuneiinbie xapakrepuctuku AM-AM AM-PM. OOrmiee onvcaHue HENIWHEHHON Mozenu. Psn
Bonsrepa.

32. [locTpoenue cUCTEMBI aAaNTUBHON KOPPEKLMH METOJaMH MIPSIMOTO U HEMPSIMOTO O0y4eHUs

33. IlonnHOMUaIBHAS aNMpPOKCUMALVS, IPEUMYIIECTBA U HETOCTATKH.

34. YucneHHasd HEYyCTOMYNBOCTh MOJMHOMHAIBHON MOZIETH C POCTOM MOPSAKA MOIHMHOMA.

35. Hcnonp3oBaHrHE OPTOTOHAJIBHBIX TOJIMHOMOB JUIsl TOBBILIEHWS YHCIEHHOM YCTOMYHMBOCTH
[IOJIMHOMUAJIbHON alllpOKCUMAIIHH.

36. PeanuzanuonHbie Tpo0OIeMbl HCIIONB30BaHUS TOTUHOMHANLHBIX DPD. Tabnuynas anmpokcuMarius
n LUT-mMonens

37. IlonnHOMUAIBHAS MOJEID C AMSATHIO.

38. CtpyKTypa KOppeIsHUOHHON MaTpHIlbl HETMHEHHOTO aIaliTUBHOTO (PHUIIBTpA.

39. CpaBHeHHE XapaKTEepUCTUK HEIMHEHHON almpoKCUMAaIMK MoZelieil ¢ maMsThio U 6€3.

40. Ananrauus HEMPOHHOM CETH METOAOM OOpPaTHOrO PACIPOCTPAHEHUS OMINOKH.

41. ITocTpoeHne HEMPOHHON CETH B MOJIE KOMIUIEKCHBIX YHCEN.

42. ITpobeMbl ajanTaliiil HEUPOCETEBBIX CTPYKTYP.

43. O0yueHue HEHpOCeTH KaK HEBBINMyKIas 3afada onTUMHU3aluu. Hamuune JI0KaIbHBIX S9KCTPEMYMOB
IIpY aJanTalul MOJEIu

Kpurepun onennBanus
Onenka otnuuno (10) BbICTaBIsIeTCS CTYAEHTY, TOKa3aBIleMy BCECTOPOHHHE, CUCTEMaTHU3NPOBAaHHbIE,
IyOOKHe 3HaHHUs Y4eOHON MporpaMMbl TUCIHUILIMHEI, POSBIISIIOIIEMY HHTEpeC K JaHHOH NMpeIMeTHON
obnacT, IPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO W TBOPUECKH MPUMEHATh UX Ha MPAKTHKE MPH
peIIeHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U NPaBUIBHOE 000CHOBAHNE IPUHSTHIX PEILICHHA.
Ouenka omnuHO (9) BBICTaBISETCS CTYICHTY, IOKa3aBIIEMY BCECTOPOHHHUE, CUCTEMAaTU3UPOBAHHbIC,
IyOOKHe 3HaHUS yu4eOHOM MporpaMMBbl TMCHUILIMHBI 1 YMEHUE YBEPCHHO NPUMEHSTh UX Ha MPAKTHKE
IIPU peIICHUN KOHKPETHBIX 3a/1a4, CBOOOIHOE U MIPAaBMIIBHOE 000CHOBAaHHE MPUHATHIX PELICHUI.
Onenka oTIMYHO (8) BBICTABIAETCS CTYACHTY, IOKAa3aBIIEMy CUCTEMaTH3UPOBAHHbIC, ITyOOKME 3HAHUS
y4eOHOW MmporpaMMbl AUCHMIUIMHBL U YMEHHE YBEPEHHO NPHMEHSTh MX Ha MPAKTHKE MPH PELICHUH
KOHKPETHBIX 3a]1a4, IPaBHJIbHOE 000CHOBAaHHUE MPUHATHIX PELICHUH, C HEKOTOPBIMH HEIOYETaMH.
Onenka xopomo (7) BBICTaBISIETCS CTYIEHTY, €CIM OH TBEpAO 3HAeT MaTepuaj, TPaMOTHO M TIO
CYLIECTBY HM3JIaraeT €ro, yMeeT NPUMEHSTH IOJy4YCHHbIE 3HAHWS HA NPAKTUKE, HO HEJOCTATOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.
Onenka xopomo (6) BBICTAaBISICTCS CTYACHTY, €CIIM OH TBEPJO 3HAET Marepuali, 'paMOTHO U MO
CYILECTBY M3JIaraeT ero, yMeeT NMPUMEHSTh MOMyUYCHHbIC 3HAaHHUS Ha MIPAKTUKE, HO JIOIyCKAeT B OTBETE
WIH B PEUICHUH 337a4 HEKOTOPbIE HETOYHOCTH.
Ouenka xopouio (5) BBICTABISIETCS CTYJCHTY, €CJIM OH B OCHOBHOM 3HAeT Marepuall, FpaMOTHO H IO
CYLIECTBY M3J1araer ero, yMeeT NPUMEHATh MIOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELICHNH 3a]1a4 JOCTATOYHO OOJIBIIOE KOJHMYECTBO HETOUHOCTEH.



OneHka YIOBIETBOPUTEIbHO (4) BBICTABISIETCS  CTYIEHTY, TIOKa3aBIIeMy (parMeHTapHBIMH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapyLIEHUs JOTHYECKON MOCIeI0BaTeIbHOCTH B U3JIOKEHUHU IIPOrPaMMHOI0 Marepuasa, HO IPHU 3TOM
OH OCBOMJI OCHOBHBIE pa3ienbl yueOHOH MporpamMmbl, HEOOXOAUMBIE sl AajbHeimero o0y4eHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

OneHka yIOBIETBOPUTETbHO (3) BBICTABISIETCS CTYIEHTY, TIOKa3aBIIeMy (parMeHTapHBIMH,
pa3po3HEHHBIH XapakTep 3HaHWU, AOMycKaroulemy omHOKH B (popMynupoBKax 0a30BbIX NOHSATH,
HapyLICHUs] JIOTHYECKOM IOCIEe0BaTeIbHOCTH B M3JIOKEHHH IPOrPaMMHOIO Marepuana, ciabo
BJIaJIe€T OCHOBHBIMH pa3JesiaMu yueOHOM mporpaMMbl, HEOOXOAUMBIMHU JUTSI ajbHENUIIETO 00yUeHHS U
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHUS JJa’Ke B CTAHAAPTHON CUTYalHH.

OueHka HEyIOBIETBOPUTENBHO (2) BBICTABISIETCS CTYJACHTY, KOTOPBI HE 3HaeT OousibIIed YacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOMYyCKaeT TIpyOble OIIMOKH B
(bopMyIHpOBKaX OCHOBHBIX IPUHIUIIOB M HE YMEET MCIOIb30BaTh NOITYyUYEHHbIC 3HAHUS NP PEIICHUN
THUIIOBBIX 33/1a4.

Onenka HeynoBIeTBOPUTEIbHO (1) BBICTABISETCS CTYHOCHTY, KOTOPBIH HE 3HAE€T OCHOBHOTO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiie omuoK B GOpMYTUPOBKaX
0a30BBIX TOHITUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PEUICHUS THIIOBBIX MPAKTUYCCKHX
3ajad.

5. MeTonuyeckne MaTepuaJbl, onpeaesioIe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

HuddepeHmpoBaHHBIN 3a4€T MPOBOAUTCS B YCTHOH Qopme.

[Ipu mpoBenenun auddepenurpoBaHHOro 3adera obOydarouiemycs: npepoctasisiercss 20 MUHYT Ha
noaroroBky. Onpoc o0yvaromerocsi mpoBoauTCs B TeueHue 30 MUHYT.

Bo Bpems mnpoBereHuss 3K3aMeHa M 3adeTa OOydaromMecs MOTYT IOJIb30BaThCsl IPOrpaMMOM
JUCHUTUIMHBI.



