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HamnpaBneHHOCTb 06pa3oBaTeTbHON MPOrPaMMbI
ComnpsbkeHHasi pa3paboTKa IIPOrpaMMHOTO U arrapaTHOro obecrieueHust

dopma oOyueHUs
OYHast

r. Hwknauii HoBropog,

2026 rog Havasa rmoAroToOBKU



1. Mecto pucyuninHsbl B cTpyktype OITIOII

Hucrunza 51.B./1B.02.02 Iudposast 06paboTka CUrHAI0B OTHOCHUTCS K YaCTH, (OPMUPYEMOit
yuaCTHMKaMH 00pa30BaTeIbHbIX OTHOLLIEHHH 00pa30BaTe/IbHOM MPOrPaMMBI.

2. IInanupyembie pe3y/ibTaThl O0yYeHHsI MO JAUCIUIUIMHE, COOTHECEHHbI€ C TUIAHUPYEMBIMH
pe3y/ibTaTaMi OCBOeHUsI 00pa3oBaTe/bHON MpPorpaMmbl (KOMIETeHHMAMH M HWH/UKATOPaMH
AOCTYDKeHHsI KOMITeTeHI[Ui)

uccnedo8amb Hogble
Mamemamuyeckue
Moodenu 8
ecmeCcmeeHHbIX
Haykax,
NpoMbIULIEHHOCMU

u busHece, ¢ yuemom
803ModiCHOCMell
COBPEMEHHbIX
UHGOpMayUOHHBIX
mexHosno2ull u
npoepamMmuposaHus u

KOMnblomepHoli
MexXHUKU

mamemamuyeckux mooesneli 8
obaacmu ¢pyHoameHmanbHoil
UHpOpMAmMuKu u
UH(pOPMAYUOHHBIX
mexHonoeauil

I1K-3.2: Ymeem onpedensimb
K/louesble ceolicmea u

O2paHu4eHus cucmembl

npeobpazoeaHue; meopemy
KomesnbHukoea; wym
K8aHMOBAHUSI; MemoObl OYeHKU
Koppensyuu cayuatiHbIX cue-
HAN08; OCHOBbI
npoepamMmuposaHust (Maccuebl,
YuKbl, bubauomeku
BII®/¢punbmpos)

IIK-3.2:

YMmemb: npuMeHsAMb z-
npeobpazosaHue;
paccyumbleamb C8EPMKY;
npoekmuposamb KUX/BUX-
¢urbmpbt; ucnonbzoeams BIID
0/151 CheKmpanbHO20 AHANU3d;
OyeHUBamb 8bIUUCAUMENBHYIO
CN0J#CHOCMb A/120pUMMO8

Kelic-3adaHue

®dopmupyemsbie IInaHupyemMble pe3yabTaThl 00yueHus mo gucouiuinHe | HanveHoBaHMe OI€HOYHOI0 CPeACTBA
KOMIIeTeHI{UH (Moayn10), B  COOTBETCTBMM C HHAMKATOPOM
(xop, cofepykaHve | AOCTHIKeHHs KOMIIeTeHI[UH
KOMTIETEHIIVN) Nupukarop poctwkeHusi | PesyabTarsl 00yueHust Jns Tekymiero | /ins
KOMIIeTeHI[UH MO JUCLHIIIHHE KOHTPOJIA NMPOMeKyTOYHOH
(xopm, cofiepkaHue ycrneBaemMoCTH arTecTanuu
VHAWKATOpa)
IIK-3: CnocobeH TIK-3.1: 3naem memoobl IIK-3.1: Tecm
co30aeamo u aHanu3a u uccae008aHus 3Hamb: JAI1P, BIID, z- Onpoc 3quém:

KoumposnbHble
80NpOCh!

3. CTpyKTypa U cojep>kKaHHe AUCIUILTAHBbI

3.1 TpyA0eMKOCTb AUCLUII/IUHBI

OYHas
O0wyasi TPy/|0eMKOCTBb, 3.€. 3
Yacos o yueGHOMY I/IaHy 108
B TOM YHCIIe
ay/iUTOPHBIE 3aHATHSA (KOHTAKTHasi padora):
- 3aHATHS JIEKIJUOHHOT0 TUIA 32
- 3aHATHUS CEMHHAPCKOI'0 TUMNA (MpaKTHYecKue 3aHATHS / TabopaTopHbIe padoTh) 0




- KCP 1

caMocTosTe/IbHasA padoTa 75

ITpoMexxyTouHasi aTTecTaLus 0
3auét

3.2. CozepxaHWe JUCLUIIIMHbI

(cmpmeypupoeaHHoe no memam (paaaeﬂam) C YKdsdaHuem 0MmMBe0eHHO20 HA HUX Koauuecmed

axkademuuecKux udcos U 8uobl yuebHbIX 3aHamutl)

HavmeHOBaHMe pa3[ienoB U TeM JUCLUIUIMHBI Bcero B TOM 4uC/Ie
(uacer) K
oHTaKTHas pabora (paboTa Bo
B3aUMO/IeHCTBUY C IIperno/iaBaresiem),
Yachl U3 HUX
3aHSTHS CamocrosTenpHas
CeMHUHapCKOro paGora
3aHATUA THUIa o6yuarowerocs,
JIEKITMOHHOTO | (TIpakThueckie | Bcero Hacel
THUMa 3aHsATHs/nabopa
TOpPHbIE
paboTsI), yacsl

0 0 0 0 0

¢ o 0 ¢ i)

0 0 0 0 0
Tema 1. BeesieHue B 1ju¢ppoBy0 06pabOTKY CHIHA/IOB 10 2 2 8
Tema 2. [IuckpeTHbIe CUTHA/bI U CUCTEMBI 10 2 2 8
Tema 3. Z-nipeobpa3oBaHue 10 2 2 8
Tema 4. [TuckpetHoe nipeobpa3zoBaHue Oypbe 10 2 2 8
Tema 5. OkoHHbIe QyHKLMH U CIIEKTpasIbHBIN aHa/IN3 10 2 2 8
Tema 6. ITucdpossle GuIbTPLL: 00I[He TOHATUSL 10 2 2 8
Tema 7. [IpoektupoBanue KUX-¢punsTpoB 8 4 4 4
Tewma 8. IIpoextuposanue BUX-¢hunbTpos 8 4 4 4
Tema 9. MHorockopocTHast 06paboTka CHrHaioB 8 4 4 4
Tema 10. AgantuBHble HUILTPBI 9 4 4 5
Tema 11. ITpumenenue IIOC B TesleKOMMYHUKALASX 7 2 2 5
Tema 12. Peanmmsanusa anroputmos LIOC 7 2 2 5
ATTecrarust 0
KCP 1 1
Wroro 108 32 0 33 75

CojepikaHue pa3/ie/ioB M TeM AUCIUILUIUHBI

Copiep>kaHye pasfiesioB U TeM AWCLIUTIIAHBI
1. BBefienue B MG POBY0 00pabOTKy CHTHAIOB

1.1. TIpeamet u 3afauu LK poBoii 0bpaboTku curHanos (II0C)
1.2. TIpenmyiiectBa 1 poBoii 06paboTKH 10 CPaBHEHHIO C aHaIOrOBOM

1.3. O6nactu npumenenwust [IOC: TeTeKOMMYHHKALIAH, PaJJUOIOKAIUsA, MeJUIIMHA, ayZI1O0, BUZIEO




1.4. TunuuHas crpykrypa cucremsl LIOC: AITI, npoueccop, LJATI

1.5. AHanorosele U JUCKPETHbIE CUTHAJIBL: OCHOBHBIE pa3/Inuus

1.6. luckpeTu3aLyis HellpepbIBHBIX CUTHAI0B BO BpEMEHU

1.7. Teopema KotenrHuKoBa-HaiikBrcTa: yCi0BuUsl BOCCTaHOBJIEHUS CUTHAsIa

1.8. AnvacuHr (Haso)kKeHHe CIIeKTPOB): MPUYHHBI U METO/bI TIPeZ0TBPALLeHUs

1.9. AHTHANMMaCUHTOBbIe PUILTPEI

1.10. KBaHTOBaHMe M0 YPOBHIO: PABHOMEPHOE U HEpaBHOMEpHOe

1.11. [Ilym KBaHTOBaHUS: MOJeJib, XapaKTEePUCTUKH, OTHOIIIEHHEe CUTHaJI/IIIyM KBaHTOBAHUS
1.12. Iepenuckperr3anys (oversampling) u eé mperMyiijecTBa

2. [IUCKpeTHbIe CUTHAJIbI ¥ CUCTEMBI

2.1. lucKpeTHbIE CUTHAJIBL: TIPeZCTaB/IeHUe U KiacCuuKarys

2.2. DyieMeHTapHbIe TUCKPETHBIE CUTHAJIBL: eIMHUYHBINA UMITY/IbC §[N], e JMHUUHBINA CKauoK u[n]
2.3. DKCIOHEeHIMaIbHble U CHHYCOM/Ia/IbHbIe TUCKPEeTHBIe [10C/Iefl0BaTeIbHOCTH
2.4. IleprOAMYHOCTE JUCKPETHBIX CUHYCOUJ,

2.5. DHeprus v MOIIHOCTb TUCKPETHBIX CUTHAJIOB

2.6. Onepauuu HaJ, JUCKPEeTHBIMU CUTHA/IAMU: CABUT, MaCIITAOMPOBaHUe, PeBepC
2.7. JACKpeTHbIE CUCTEMBI: OIpejesieHre U KaaccupuKalys

2.8. JInHelHOCTh U PUHLIMIT CYyTIepro3ULU

2.9. VlHBapHaHTHOCTb BO BpeMeHH (CTallMOHApHOCTh)

2.10. TIpyurHHOCTb U YCTOMYMBOCTb CUCTEM

2.11. mnynbcHas xapakTeprcTuKa h[n] miHeiHOM cucTeMbl

2.12. CBépTKa AUCKPeTHBIX [10C/Ie/j0BaTe/IbHOCTElN: OIpe/ie/ieHre U CBOMCTBA
2.13. BelunciieHHe BbIX0[ja CUCTEMBI Yepe3 CBEPTKY

2.14. JlvHeliHble pa3HOCTHbIE YPaBHEHUS C MTOCTOSTHHBIMU K03 duLiieHTaMu
2.15. PexypcuBHbBIe 1 HepEKYPCUBHbBIE CUCTEMBI

3. Z-nipeobpa3oBaHue

3.1. Onpegenenue Z-mpeobpa3oBaHus: TIpsiMoe U 0OpaTHOe

3.2. O6nacts cxogumocty (ROC): 3HaueHue i aHa/Iu3a CUCTEM

3.3. CBaA3b Mesk1y 00/1aCThI0 CXOJUMOCTH M CBOMCTBAMU CHTHAsIa

3.4. CaoiicTBa Z-1ipeobpa30BaHust: TMHEHHOCTD, CIBUT BO BPEMEHH

3.5. MacmtabvipoBadue B z-00s1acty, quddepeHIMpoBaHUe B Z-00/1aCTh

3.6. CBépTKa BO BpeMeHHOM 006/1aCTH U YMHOXKeHHe B Z-00/1aCTH

3.7. HauanbHas U KOHEYHasl TeOpPEMBI

3.8. Z-ripeobpa3oBaHue 371eMeHTAPHBIX MT0C/Ie0BaTeTbHOCTEH

3.9. ObpatHoe Z-TpeoOpa3oBaHue: METO/] PAa3/I0XKEHHUS Ha ITPOCThIE P00
3.10. MeTop CTeneHHbIX PSiIOB U METO/ BEIYETOB

3.11. Tlepeparounast dyHkius H(z) AMCKpeTHON CUCTEMBI

3.12. Tlontoca ¥ HYJIK TlepeiaTOUHON QYHKIU

3.13. CB3b pacronoykeHys MOJIOCOB U HYJIEH C XapaKTepPUCTUKaMH CHCTEMBI
3.14. YcioBUs yCTORUMBOCTU: pacriosioykeHre TI0JIF0COB BHYTPHY eIMHUYHOTO KpyTra
3.15. YacToTHast XxapakTepruCcTHKa U3 nepejaTouHoi ¢pyHkuuu: H(eNjw)

4. TuckpeTtHoe npeoOpa3oBanue Pypbe

4.1. TuckpeTHoe nipeobpa3oBanue Pypbe nocnenosatesbHoCTH (DTFT)
4.2. CpotictBa DTFT: nepruofuyHOCTb, CHMMETPUS

4.3. Ces3p DTFT c Z-nnpeobpa3zoBaHrieM

4.4. MuckpetHoe ripeobpa3oanue ®ypre ([T1D): orpegeneHve

4.5. Cesi3p [I1D c pagom DPypee u DTEFT



4.6. CpotictBa AI1P: MMHEMHOCTh, LIMK/IMUECKUM C/IBUT, CUMMETpHS

4.7. lluknryeckasi CBEPTKaA U e€ CBsI3b C JIMHENHOMN CBEPTKOM

4.8. Teopema 0 LIMK/INYECKOW CBEPTKe

4.9. ITpumenenue [JI1P g BbIUMc/ieHUs TMHENHON CBEPTKU

4.10. Beictpoe npeobpa3zoBanue @ypbe (BIID): MoTHUBaIHS

4.11. AnroputM BI1® ¢ npopekuBaHueM 1o BpemeHu (decimation-in-time)
4.12. AnroputMm BI1® c npopexxuBanueMm 1o yactoTe (decimation-in-frequency)
4.13. I'pad moToka curHanos anroputma bI1dD

4.14. BeuvcauTenbHas C/10’KHOCTh: cpaBHeHue 1P u BI1D

4.15. O6patHoe BII® (IFFT)

4.16. ITpumeHenue BI1®D B crieKTpaJibHOM aHaIU3e

4.17. YTeuka criektpa (spectral leakage) u okoHHbIe QyHKIMH

4.18. PaspellieHye 110 4aCTOTe U MeTO/IbI €ro YJIyulleHus

5. OkoHHbIe QYHKLWU U CTIeKTPaIbHbIN aHaIN3

5.1. TTpobsiema yTeukH CrieKTpa IMpyu KOHEUHOU JI/THHE 3aTiCh

5.2. IIpAMOyYTo/IEHOE OKHO: XapakKTepPUCTUKU U OrPaHUYeHUs

5.3. OkHO X3MMUHTa: CHWKeHre OOKOBBIX JIETeCTKOB

5.4. OkHo Xanuuara (Hann window)

5.5. OkHo Biakmana 1 okHO biiskmaHa-Xappuca

5.6. OkHo Kaiizepa: yripaBsisieMble TlapaMeTphl

5.7. CpaBHeHHe OKOHHBIX (DYHKI[MIA: ITUPHHA IJIaBHOTO JIeTIeCTKa, YPOBeHb OOKOBBIX JIETTECTKOB
5.8. BI00Op OKHa /17151 pa3/IMYHbIX MTPUIOKEHUH

5.9. KparkoBpemenHoe ripeobpa3soBanue ®ypoe (STFT)

5.10. CriekTporpamma: Bu3yasiv3alysi HeCTalMOHapHBIX CUTHAIOB

5.11. KoMripoMucc MeKy BpeMeHHBIM U YaCTOTHBIM paspelleHueM

5.12. [lepuofiorpaMmMa: OLleHKa CieKTPa/bHOMN MJI0THOCTU MOIIJHOCTH

5.13. MoauduipoBaHHas Tlepyo/jorpaMmMa ¢ OKHaMH

5.14. Metogz Ya/ya: ycpeHeHUe NepruoiorpaMmm

5.15. TlapameTpuyeckrie MeTO/bl CrieKTpa/ibHOrO aHanu3a: AR, MA, ARMA mogenu

6. LTudposslie GUABTPHL: 0OIIHE TTOHATHS

6.1. Ha3Hauenue u knaccudukaiys udpoBbix GUIbTPOB

6.2. KUX-¢punbrpel (FIR): KoHeYHasi UMITY/IbCHAs! XapaKTepUCTHKa

6.3. BUX-¢dunbtpel (ITR): 6eckoHeuHasi UMY IbCHasi XapaKTePUCTHKA

6.4. CpaBuenne KX 1 BUX ¢unbTpoB: npenMyiiectBa U HeJOCTaTKU

6.5. YacToTHasi xapakTepucTka puiabtpa: AUX n ®UX

6.6. UneansHble punbTpsl: PHY, ®BY, 110/10C0BOM, pe)keKTOPHBIN

6.7. du3nyeckas Hepeaan3yeMOCTh WealbHbIX (PUIBTPOB

6.8. JIuneiiHas ¢a30Basi XapaKTepUCTHKA: 3HaUeHue Jyisi 00paboTKY CUTHA/IOB
6.9. I'pynirioBas 3agep>kka

6.10. CTpyKTypHbIe CXeMbl peaau3aliuy GuabLTpoB: rpsiMast opma I u 11
6.11. KackazHasi popma 1 napansesbHast opma

6.12. KoHeuHast TOUHOCTB TIpe/icTaB/ieHnst KO3(GGUIMeHTOB U 3¢ deKThl KBAHTOBAHUS

7. ITpoektupoBanue KN X-gpunsTpos

7.1. OcHoBHble XapakTepuctuku KN X-GunbTpoB

7.2. YcnoBus iMHeRHOCTH ¢as3bl: CUMMETPHS UMITY/IbCHOW XapaKTepUCTUKA
7.3. Tunsl nuHelHO-¢a30BbIx KUX-dunstpos (1, 11, 111, IV)

7.4. MeTop, 0KoH /11 ipoekTrpoBanust KU X-¢unsTpoB



7.5. Beibop THIa OKHA U AJTMHBI QUIBTPa

7.6. MeTog yacToTHOM BbIOOPKH (frequency sampling)

7.7. OnTUMasbHOe TIPOeKTHPOBaHKe: MeTO ] HAMMEHBIINX KBa/[PaToB

7.8. Anroputm Ilapkca-MakK/ieniaHa: paBHOBOJIHOBAsI aTiiipokcumMarius (equiripple)

7.9. Anroputm Peme3sa (Remez exchange algorithm)

7.10. TIpoekTtrpoBanue auddepeHIIMaTOpOB U rpeobpa3oBaTesieii I'unbbepra

7.11. CtpykTypbl peamusauyu KNX-bunbTpos: npsmMas popma, TpaHCIIOHUpOBaHHast hopma
7.12. BeicTpas cBEPTKa € ucnonb3opanueM BIT® (overlap-add, overlap-save)

8. IpoektupoBanve BUX-¢punsTpos

8.1. OcobenHoctu BUX-unbTpoB: peKypcUBHasi CTPYKTYpa

8.2. IIpobnema HenmHelHOCTH ¢a3bl B BUX-punbTpax

8.3. Ananorossie npotoTturnsl: barrepBopTa, Uebriera I u II poga, snmuntuueckue (Kayapa)

8.4. XapaKTepUCTHKH aHa/IOrOBbIX (UIBTPOB: MakcUManbHO Iiockass AUX, paBHoBonHOBass AUX

8.5. MeTto/ipl MpeoOpa3oBaHMsl aHAIOTOBBIX (VU/IBTPOB B LIU(POBbIE

8.6. MeTo/, NHBapMaHTHOCTH UMITY/IbCHOM XapaKTepHUCTUKU

8.7. BuuHeliHoe ipeoOpa3oBaHue: 0TOOpaskeHHe S-TJIOCKOCTH B Z-TIJIOCKOCTh

8.8. IIpeabickaxxeHue yacToThl (frequency warping) B 6uMHeliHOM npeobpa3oBaHUN
8.9. IpoektupoBanve ur¢ppoBeix PHU, ®BY, 1no10COBBIX U PeXKEKTOPHBIX (PUIbTPOB
8.10. YacToTHbIe npeobpa3oBaHus /It U3MEHEeHHs THIa (GpuibTpa

8.11. Ctpykrypsl peanu3saiuu BUX-dunstpoB: npsimbie dhopmer [ 1 11

8.12. KackaziHasi peau3ariys: OUKBaJpaTHbIE CEKIUU

8.13. Ananus ycroitunBoctd BUX-punstpoB

8.14. IpeaenbHble LUK U 3(p(eKThl KOHEYHOM Pa3psAAHOCTH

9. MHorockopocTHasi 06paboTka CUTHa/IOB

9.1. OCHOBHBIE TIOHATHSI MHOTOCKOPOCTHOM 00paboTKu

9.2. [leuManiyisi: yMeHbllleHHe YacTOThl AUCKpeTH3alun

9.3. CnektpasibHOe TpeJiCTaB/IeHre MPU JeLruMaLiy

9.4. AHTHanuacyuHroBas (pubTpaLus repes felMarieit

9.5. HTeprios[anus: yBerueHne 4acToThl AUCKPeTU3aLuu

9.6. VIHTepIO/IALMOHHBIN (QUIBTP: TIOJAB/IeHHE 3ePKA/TbHBIX KOMITOHEHT

9.7. VI3MeHeHue 4aCTOTHI AUCKPeTH3al[UM Ha pallioHa bHbIN Ko3hdutivent L/M
9.8. MMonudasHas peanu3arys GUILTPOB: CHIKEHUE BHIUUCIUTETBHON C/TI0KHOCTH
9.9. INonudasHoe pasnoxkeHue JJis1 AeLjUMaLii ¥ UHTePIIO/ISLIUN

9.10. baHky UIBTPOB: aHAIU3 U CHHTE3

9.11. YcnoBus COBepIIeHHON peKOHCTPYKLIUK

9.12. KBagpaTypHsle 3epKaibHble ¢puibTpel (QMF)

9.13. TIpuMeHeHHsI MHOTOCKOPOCTHOM 00paboTKH: CxKaTHe ay/iuo, CyOroocHOe KOJUpOBaHUe
9.14. JTucKpeTHOe BeMB/eT-peodpa3oBaHue Kak 0aHK (GUIBTPOB

10. AparntiBHbIe GUMBTPBI

10.1. KoHujenius afanTHBHOUW (PUsbTpariuu

10.2. CTpyKTypa aiaiTUBHOTO (DUIBTPA: BXOJHOM CHT'HAJ, >KeJlaeMblii CUTHAJI, OIIMOKa

10.3. 3aiaua aflanTUBHOM (DU/IBTPAIA: MUHUMU3AIUSA CPeIHEKBAZIPAaTUYHOM OIITUOKH

10.4. BuHepoBcKuii pUIbTP: ONTUMAaIBLHOE peleHre

10.5. HopmanbHble ypaBHeHus1 Bunepa-Xornda

10.6. [ToBepXHOCTH OLIMOKK U TPaJHeHTHBIN CITyCK

10.7. AnropyT™M HaMMeHbIIUX CpefHUX KBaApaToB (LMS)

10.8. Bribop pasmepa 1mara B anroputMe LMS: KOMIIPOMECC MEKy CKOPOCTBIO ¥ TOYHOCTHIO



10.9. CxogumocTs anroputMa LMS

10.10. HopmanusoBanHbiii LMS anroputm (NLMS)

10.11. PekypcuBHbIY MeTO/, HauMeHbIIMX KBaapaToB (RLS)

10.12. CpaBHenue LMS u RLS: cKOpoCTh CXOJUMOCTH, BBIUUC/IUTETbHAS C/I0XKHOCTh
10.13. [IpumMeHeHus afaNTUBHBIX QUIBTPOB: MOJAB/IEHNE TIOMEX, IXOM0/aB/IeHHe
10.14. ApariTiBHas TMHelHas nipeicka3anue (linear prediction)

10.15. UpenTudukalus CUCTeM U MO/ie/TMPOBaHNEe KaHAIOB

10.16. AganTrBHas 3KBaM3aLus B CUCTEMaXx CBS3U

11. Tlpumenenue 1IOC B TejleKOMMYyHUKaLAAX

11.1. LIudpossie MogeMsbl: CTPYKTypa 1 06paboTKa CUrHanIoB

11.2. dopmupoBaHue UMIY/IbCOB: KpuTepuid HalikBucCTa /151 OTCYTCTBHSI ME)KCUMBOJIbHOM MHTepdepeHInH
11.3. Raised-cosine ¢punbTpsI U root-raised-cosine GpuUILTPEI

11.4. CornacoBaHHast GUIbTpaLUsl: ONITUMU3ALIMS OTHOLLIEHUSI CUTHA/I/IIYM
11.5. CuHXpOHM3aLMs CUMBOJIOB: aaroputMel ['apaHepa, Mrosiepa-Mrosiepa
11.6. Cunxponusaius Hecyiei: anroputMm Kocraca, PLL

11.7. llncdpoBas sKkBaM3aLMs KaHAIOB CBSI3H

11.8. ApantuBHas skBanu3aiysa: LMS u RLS skBanaiizepbl

11.9. DkBanaiit3epsl ¢ pemaroiield 06patHoii cBsizpio (DFE)

11.10. OFDM (opToroHanbHOe YaCTOTHOe MYJIbTUIJIEKCUPOBaHKE): TTPUHLIUIIBI
11.11. Peanuzaiusgs OFDM c nomorijsto BITO/OBIIP

11.12. Iuknuueckuii npedukc: 60ppba ¢ MeXXCUMBOILHOM HHTepdepeHLei
11.13. Ouenka kaHana B OFDM: nuioT-curHasibl

11.14. I1OC B nporpamMMHo-onpegensieMoM pazsro (SDR)

12. Peanu3anys anroputmos 11OC

12.1. Apxurextypsl a1 JOC: yHuBepcanpHble ripotieccopsl, DSP, FPGA, ASIC
12.2. llnudpossie curHambHbIe iporieccopbl (DSP): 0co6eHHOCTH apXUTEKTYPbI
12.3. Anmapathsie yckoputem: MAC-610k4, KoHBeliepHasi 06paboTka

12.4. FPGA pns LIOC: napasienu3m ¥ peKOH(PUrypupyemMocThb

12.5. OddexTbl KOHEUHOM pa3psifHOCTU: KBaHTOBaHUe K03 (HULIEeHTOB

12.6. OmmbKy OKpyTJIeHUs] B apU(pMeTHUeCKHX OTlepaLiusix

12.7. lllym KBaHTOBaHUs B (GUIbTPAX

12.8. TlepernosHeHue U HaChllLleHHUE

12.9. ApudmeTnka ¢ GUKCUPOBAHHOM TOUKOM

12.10. MacirrabupoBaH¥e /171t Ipe/JOTBPAILeHHs TTePerioTHeHUsT

12.11. OnTUMu3aLys alrOPUTMOB: CHU)KEHHME BBIUUCUTETbHON C/I0KHOCTH
12.12. TIporpammupoBanue DSP: si3piku C, accembsiep DSP

12.13. Vicnonb3oBanue 6ubmorek [JOC: MATLAB, Python (NumPy, SciPy)

4. YueOHO-MeToANUYeCKOe 00ecrieueHHe CaMOCTOSITe/TbHOW Pad0ThI 00yJarouxcst

CamocrosiTenibHasi paboTa 00ydYaroIuxcsi BK/IrOUaeT B Ce0si MOATOTOBKY K KOHTPOJIbHBIM BOMPOCAM U
3a/IlaHUSAM [IJIs1 TEKYILEro KOHTPOJI U TPOMEXXYTOUHOM aTTeCTaldd MO UTOraM OCBOEHMs JUCLIUTTUHBI
TIPUBE/IEHHBIM B II. 5.

CamocTosTenbHast paboTa CTY/IeHTOB NPY U3yUeHUH AUCIIUTUTUHBI TIPOBOZMTCS C LIE/IbIO YTTyO/IeHust
3HaHWM MO JUCLUILIMHE U TIpe/lyCMaTpUBaeT:
- IOBTOPEHUE MPOKIEHHOT0 yueOHOro MaTepyrasa, UTeHre PeKOMEeH/JOBAaHHOU JTMTePaTyphI;



- TIOJTOTOBKY K MPAKTUYECKUM 3aHSATHSM;
- BBITIOJTHEHWe O0IIMX U UHAVBUAYATBHBIX JOMAIIHUX 3a/laHW;

- paboTy C 3/1eKTPOHHBIMH UCTOYHUKAMU;

- TIO/ITOTOBKY K c/lade (hOpMbI TIPOMEKYTOUHOM aTTeCTaluu.

Lenb camocTosiTe/IbHOM PaboThI - (POPMHUPOBaHMe HABLIKOB HEIPEPLIBHOTO CaMO0Opa30oBaHus U
1podecCrOHaTFHOTO COBEPIIIeHCTBOBAHUSI.

CamocrosTenbHasi paboTa crioco6cTByeT (hOpMUPOBAHUIO aHATUTUUECKOTO U TBOPUECKOT'O
MBIIJIEHUS], COBEPIIIEHCTBYET CII0COObI OpraHU3aliy UCC/ie/0BaTeIbCKOM /1esTe/IbHOCTH,
BOCITUTHIBAET 1ie/IeyCTPeM/IEHHOCTh, CUCTEMHOCTD U T10C/IeI0BaTe/IbHOCTh B paboTe CTYZIeHTOB,
pa3BHBaeT y HUX HaBBIK 3aBepIllaTh HAYaTyI0 paboTy.

OCHOBHBIE BH/IbI CAMOCTOSITe/TbHOM paboThI CTY/1€HTOB:

- paboTa C OCHOBHOM U [IOTIO/THUTE/IbHOM JIMTePaTyPOH;

- U3y4eHHe KaTeropuaabHOTO arapara JUCIUTIIHBI;

- CaMOCTOATe/TbHOE N3yUeHHe TeM [TUCIUITIHBI;

- [IOArOTOBKA K 3a4€TYy;

- pabora B 6ub/MoTEKE;

- U3yueHre CalTOB I10 TeMaM [JUCLIMIUIMHBI B ceTH VIHTepHeT.

st moBbIeHNst 3 PeKTUBHOCTH CaMOCTOSTe/TbHOM PabOThI CTY/IeHTOB TPeToZaBaTe To
11e/1eco00pa3HO UCIO/Ib30BaTh C/IEAYIOLHe BU/IbI eATeTbHOCTHU:

- KOHCY/IbTaLI1H,

- BbI/jaua 3a/]JaHU Ha CaMOCTOSITe/TbHYI0 paboTy,

- nHpopMaloHHoe obecrieyeHre oOyueHus,

- KOHTPOJIb KaueCcTBa CaMOCTOSITe/TbHOUM PabOThI CTY/IEHTOB.

5. @OHJ OLEHOUHBIX CPEeACTB /I TeKYyIlero KOHTPOJ/Is YyCleBaeMOCTH M TPOMEeXYTOUHOM
aTTeCcTalyy Mo JUCIUIIMHE (MO/Y/II0)

5.1 TunoBble 3afiaHus, He00XOJUMBbIE [JIsi OLEHKH pe3y/IbTaTOB 00y4YeHUsI MPU MPOBeJeHUH
TeKyIero KOHTPOJisl yCIieBaeMOCTH C yKa3aHHeM KpHuTepHeB UX OLleHNBaHHUS:

5.1.1 TumnoBble 3ajaHusi (oueHOuYHOe cpeacTBO - Tecr) ANA oOUHeHKH C(HOPMHPOBAHHOCTH
komnerennu ITK-3:

ITpumep 1. Kakoe npeobpa3oBaHue sIB/ISIeTCS TUCKPETHBIM aHaI0roM ripeobpa3oBanust Jlarmaca?
A) ITI® Bb) Z-npeobpa3oBanue B) BII® T') CeépTka

IIpumep 2. Chopmynupyiite Teopemy KoTtenbHukoBa (HalikBucTa).

ITpumep 3. Harumute ¢popmMysty AucKpeTHOro ripeobpasoBanusi @ypee (JI1D) ayis
rocienoBarebHOCTH X[n], n = 0...N-1.



ITpumep 4. Y craHoBHTe COOTBETCTBHE MeXX/y MaTeMaTUYeCKUM amnnapaToM U ero
npuMmenenuem B [1OC:

MaremaTuyeckuii anmnapar ITpumenenue B IJOC

Z-tipeobpa3oBaHuie 1. CnieKTpasibHbIM aHaIU3 JUCKPETHBIX CUTHA/IOB
Ao 2. AHanM3 yCTOMYMBOCTU LIMGPOBOTo (PUibTpa
Caéptka 3. Pacuét BeIxogHoro cursana JIIII-cuctemer

Kputepuu onenuBanus (0LleHOYHOe CPeACTBO - Tecr)

OrjeHka Kpurepuu olieHUBaHUS

MPeBOCXOJHO 96-100% rnpaBUIBHBIX OTBETOB

OT/IMYHO 81-95% npaBU/IbHBIX OTBETOB

OYeHb XOPOIIIO0 76-80% mipaBWIbHBIX OTBETOB

XOPOLLIO 61-75% npaBU/IbHBIX OTBETOB
YZ,0BJIETBOPUTEJILHO 46-60% npaBUIBHBIX OTBETOB
HeyI0B/IeTBOPUTETBEHO 31-45% mnipaBWIBLHBIX OTBETOB

T/I0XO0 30% 1 MeHbLLIe IPaBU/IbHBIX OTBETOB

5.1.2 TunoBble 3ajaHus (omeHOYHOe cpeAcTBO - Ompoc) Ans oueHKU C(OopMHUPOBaHHOCTH
komnereniuu ITK-3:

1. OObsicHUTe U3NUECKUI CMBICT SIBJIEHUST HAJIOXKeHHsI CrieKTpoB (aliasing) mpu HefoCTaTOYHOM YacToTe
JUCKpeTH3anyu. [IpuBesnTe npumep.

2. UTo Takoe 1IyM KBaHTOBaHHUS U KaK €ro MOLLHOCTb 3aBUCHT OT paspsigHocty ALTT?

[Tepeunciure gocTouHcTBa U HefocTaTKu BIID 110 cpaBHEHUIO C MpsAAMBIM Bhlunc/ieHruem AI10.

w

4. 3anumuTe pa3HoctHoe ypaBHeHHe KU X-¢dunbTpa BTOpOro nopsizka. UTo o3HauaeT TepMHUH «KOHeuHast
VIMITYJIbCHAs XapaKTepUCTHKa»?
5. TlosicHuTe, KaK CBsSI3aHbI TIOJTFOCA TTepejaTouHoi ¢yHkiuu H(z) u ycroiunBocTh riudpoBoro GhumbTpa.

Kputepumu orjeHnBaHus (0LjeHOUHOe cpeACcTBO - Onpoc)

Ouenka Kpurepun onieHuBaHUsA

NIPEBOCXO/HO 13/10’KeHHe MaTepuaia JJOTMUHO, PaMOTHO, 6e3 o116oK; cBoOOHOe BiafieHue
npodecCHoHaTLHON TEPMUHOJIOTHEH; YMeHNe BhICKa3biBaTh U 000CHOBAThH CBOU

Cy>X[eHHs; 3HAHWEe JOIO/THUTE/IbHOIO MaTepHradJjd, CTYA€HT AdeT quKHﬁ, HOHHbIﬁ,




OueHka Kpurtepuu oLieHUBaHUs

TIpaBW/IbHBIN OTBET Ha TeOpeTHUeCcKHe BOMPOCHI; TEOPHsI CBsi3aHa C MPAKTUKOU

13/10’KeHHe MaTepuaJia JJOTMYHO, PaMOTHO, 6e3 o11bokK; cBoOoHOe BiafieHue
npodecCHoHaNTLHON TEPMUHOJIOTHEH; YMeHNe BhICKA3biBaTh U 000CHOBAThH CBOU
OT/IMYHO . . N
CY)X[I€HUsT; CTYAEHT [jaeT YeTKHWM, TIOHbIN, MPaBU/ILHLIM OTBET Ha TeOpeTUYeCKHe

BOTIPOCKI; TEOPHSI CBSI3aHA C MTPAKTUKOU

CTYAEHT 'PaMOTHO H3J/laraeT MaTepHa/i; OpUeHTHPYEeTCA B MaTepHraJie, BjiaZieeT
HpO(I)eCCI/IOHaJIbHOI‘/II TepMHHOHOFHEﬁ, OCO3HAHHO IIpUMEHSAET TeoOpeTUuUeCKre
O4YeHb XOpOoI1I0 3HAHWA /1 BBITIOJIHEHUA 3a[ldHUA, COAep>KaHre U c])opMa OTBeTa UMeIoT
HEe3HaUWUTeJ/IbHbIE ITOTPEIIHOCTH; OTBET HpaBHHBHbIﬁ, HOHHbIﬁ, C He3HaUuTe/JIbHbBIMU
HeTOYHOCTAMMU

CTYZEHT rPaMOTHO M3/1araeT MaTepHras; OpUeHTHPYeTCsl B MaTepualie, Biajeer
rpodecCcoOHaTILHON TEPMUHOJIOTHEN, 0CO3HAHHO TTPUMEHSIET TeOpPeTUUeCKHe
XOPOIIIO

P 3HAHWSA /IJ1s1 BBITIOJIHEHUS 3a/IaHus, HO CoZiep>kaHue U JopMa OTBeTa UMEIOT

OT/Ze/IbHble HETOUHOCTH; OTBET HpaBHHbeIﬁ, Hea0CTaToOuYHO TTOJTHBIM

CTYAEHT KU3/laraeT MaTepra/l HeII0/IHO, Heroc/ie10BaTe/JIbHO, AOITyCKaeT

HETOUHOCTH B OIipeJie/IeHun HOHHTI/Iﬁ, B IIpUMEHEHNN 3HAHUI AJIs BBITIOJTHEHHWA
YAOBJIETBOPUTEJIBHO
3a/laHKA, HE MOXKeT JO0Ka3aTe/IbHO 000CHOBAThL CBOU CyXXIAeHUd, OGHHPY)KI/IBaeTCH

HeJ0CTaTO4YHO FJ'IY6OKO€ TTOHMMadHKWE U3YyUEHHOI'O MaTepHUaJd.

OTCYTCTBYIOT HEOGXOAI/IMI:IE TeopeTH4deCkKre 3HaHus; JOMYyIeHbI OILIMOKY B

oripeneyeHnU HOHHTHﬁ, HCKa>KeH UX CMBIC/I, B OTBETEe CTyAeHTa IPOABJIAETCA
HeyJOBJ/JIETBOPUTE/IbHO <
HE3HaHHe OCHOBHOTI'O MaTepHajia y‘—IEGHOI/I MMporpaMmal, OOITYyCKarOTCA FPY6I>IE

OLINOKY B N3JI0’KeEHUH, HE MOXXeT IPUMEHATb 3HaHUA /14 BbIIIO/IHEHHWS 3a/ldHUSA

TI/I0XO0 HEO6XO,Z[HM8 AOIIOJJIHHUTEe/IbHasd IoAroTOBKa /i BhINTO/THEeHHWA 3aJaHKs

5.1.3 TunoBsble 3a/jaHus (01[eHOUHOE cpeAcTBO - Kelic-3ajaHue) Ais oueHKH ¢()OPMHUPOBAHHOCTH
kKomnerennuu ITK-3:

Keiic 1. Y Bac ecTb yCTPOMCTBO C OrpaHWYeHHOM BbIUMCIUTETbHOW MOLLIHOCTBIO (MUKPOKOHTPOJIIED
6e3 FPU). Heo6xoauMo peann30BaTh CrieKTPa/IbHBIM aHAIM3 B peabHOM BpeMeHH. YacToTa
muckperu3saimu 2000 I'i, TpeGyeTcst paspeliieHye 1o yacToTe He Xyke 5 I'l. TIpesio)kute rapameTphl
BI1® (N, TUT IaHHBIX, a/ITOPUTM) U 000CHYHTE BBIOOP C TOUKH 3PeHUs OTpaHUYeHHH.

Keiic 2. [Tpu crieKkTpasibHOM aHasu3e C 1oMoiibio bI1® Bbl 3amMeTH/IN, UTO Ha CIIEKTPe MOsSIBUINCh
«HeCYLeCTBYIOLMe» YaCTOTbl MKy peanbHbIMU [TUKaMH.

— B uém npuumrHa sgBJjieHUs?

— Ilpepsioxkute ABa criocoba mofapsieHus 3Toro agdexra 6e3 yBemmueHUss BpeMeHH 3ariCy CUTHaJia.
Keiic 3. Pa3pabatbiBaeTcst UPPOBOU pe>KeKTOPHBIN (GUIBTP /IS TI0/[aB/IeHHs ceTeBOM HaBoAku 50 I
Yacrora guckpetusauuu 1000 I'.

— Bribepure crpykrypy (KUX mnmu BX) u obocHyiire.



— Paccuuraiite npocTeiiunii GuabTp (Harpumep, GUIbTP-«3ariayliKa» C apor Hy/el Ha e JMHUUHOU
OKDY>KHOCTH).
Kputepuu oneHuBanus (onjeHoYHoe cpefcTBO - Kelic-3aganue)

OneHka Kpurepuu orjeHrBaHUs

3a/iaHKe BBHITIOJTHEHO B MOJTHOM 00beMe (BCe MOCTaB/IeHHbIe 33/1aUM pelleHbl),
TIPeBOCXOJHO OTBET JIOTMYeH U 000CHOBaH, 00yYaroIniics OTBeYaeT YeTKO U M0C/Ie/l0BaTe/bHO,
TNoKas3bIBaeT r1yboKoe 3HaHHe OCHOBHOT'O U [IOTIOJIHUTE/ILHOT0 MaTepuasa

3a,aaH1/1e BBITIOJIHEHO B TI0JTHOM 00beme (BCE T10CTaBJ/IeHHbIe 3aiaun pEH_IeH];I),
OT/IMYHO OTBET JIOTH4YeH " O60CHOBaH, O6y‘l31-0LL]PII>iCH OTBeUaeT UeTKO U I10C/1e10BaTe/IbHO,
TIOKa3bIBaAeT FJIy'6OK0€ 3HaHHe€ OCHOBHOTI'O MaTepuaJid

3ajiaHue BBITIONIHEHO B MTOJTHOM 00beMe (Bce MOCTaB/IeHHbIE 3a/[aUd PellieHbl),

OTBET JIOTHUYeH ¥ 000CHOBaH, 00YyYaloIIUIiCs OTBeYaeT YeTKO U MOC/Ie/I0BaTe/TbHO,

OueHb XOPOLLIOo N
P MOKa3bIBaeT TJIy0OKOe 3HaHKWEe MaTepuaa, JIoMyleHo He 6osiee 2 HETOUHOCTEH

HEeTMPUHLUITHUAIBHOTO XapaKTepa

3a,aaH1/1e BBITIOJIHEHO B TI0JTHOM 00Beme (BCE T10CTaBJ/IeHHbIe 3aiaun pEH_IeH]:I),
OTBET JIOTh4YeH " O60CHOBaH, AOITyIleHbl HETOYHOCTU HEINMPpUHLUITNA/IBHOI'O

Xopo1iio o o
P XdpaKTepa, HO O6y‘—IaI-OH_[I/II/ICH MMOKa3bIBa€T CUCTEMY 3HAHUM I10 TeEME€ CBOMMU

OTBE€TAMM Ha IOCTaB/IEHHBIE BOIIPOCHI

3agaHye BHITIONHEHO He B TIOTHOM 00beMe (pelieHo 6osee 50% mocTaBieHHbIX
V/IOBJIETBOPUTE/TEHO 3a7iay), HO 0OyYarOIIUIACS JOMyCKaeT OIMOKY, HapyIlleHa MoCc/ie/[0BaTeTbHOCTh
OTBeTa, HO B LIeJIOM pacKphIBaeT Co/iepKaHue OCHOBHOTO MaTepHrasia

3a/laHue BBITIOJIHEHO HE B MOJHOM 06beMe (peliieHo MeHee 50% MOCTaBIeHHbIX
3a7a4), 00yYarOIIUICS JaeT HeBePHY0 HH(POPMALIMIO TIPU OTBETE Ha MOCTaB/IeHHbIe
Hey/10B/IETBOPUTE/TbHO » ODYHAION piy1O HHpOP P

3a/]auu, JIONyCKaeT rpybbie OMMOKH MPH TOJIKOBAaHUKM MaTepuasa, JeMOHCTPUPYeT

Heé3HdHKe OCHOBHBIX TEDMHWHOB U TTOHSITHIA.

3aziaHKe He BBITIOJTHEHO, 00yUatoIUHACS JeMOHCTPUPYET MOJTHOe He3HaHWe
TI0XO
MaTepHasna

5.2. OnucaHue MIKa/I OLeHUBAHUsI Pe3y/IbTaToB 00yueHHs 10 JUCLIMILIMHE MPU MPOMe)XXYTOUHOMN
arrecTanuu

Ixana OIl€HMBaAHUA C(l)OpMI/IPOBaHHOCTI/I KOMHETeHI_[l/Iﬁ

YpoBen
b

chopmu HeyA0BJIETBOP Y/I0BJIETBO O4YeHb
IJI0XO0 X0POILLIO0 OT/INYHO NPeBOCX0AHO
POBaHH UTe/IbHO PHMTEe/ILHO Xopouio
0CTH
KOMIIeT
eHIUH
(uHpUK
aTopa
JOCTHK
eHus
KOMIIeT

He 3a4UTeHO 3aUTeHO




2N
) YpoBeHb
OtcyTcTBUE YpoBeHb .
o . 3HaHW B
3HaHUH MuHuManbH | 3HaHUH B obneMe YpoBeHb
TEOpPeTHYECKOr0 0 obbewme, ’ 3HaHWH B
YpoBeHb COOTBETCTBY YpoBeHb
Marepuara. . JIONyCTUMBI | COOTBETCTBY obneme, .
3HaHUI HIDKe o I0IL[EM 3HaHWH B
HeB03MO>XXHOCTb 1 ypoBeHb I0IL[EM COOTBETCTB
MMHHUMa/bHBIX o rporpamme obbeme,
3HaHWS | OL|EHHUTH MOJIHOTY o 3HAHWH. rporpamme ylolem
N TpeboBaHMIA. TIO/ITOTOBKH TIPEBBIILIAOLLE
3HAHUN [JomnyiieHo | MOATOTOBKU rporpamMme
Nwmenu mecto . Jomny1iieHo M IIpOrpammy
BCJIe/ICTBUE MHOT0 . HonyiieHo MO/ITOTOBK
rpyObie OIUOKH HECKOJIbKO TOATOTOBKH.
OTKaza HerpyObIx HECKOJIbKO u. Ommbok
HecyIecTBe
obyuatorjerocsi ot oboK Herpy06bIx HHEIX HeT.
oTBeTa ormuboK
omboK
IIpogemoHc
TPHPOBaHBI
[Ipomemonc PHp
[IpogemoHc | Bce
ITpofieMOHC | TPHUpPOBaHbI
TPUPOBaHbI | OCHOBHbIE
TPUPOBaHbI | BCe
BCe YMEHUSsL. IIpogemoHcTp
OCHOBHBbIE OCHOBHBbIe
OrcyTcTBHE OCHOBHEIE PelieHsI HPOBAHbI BCE
ITpu pereHnH yMeHUsl. YMeHWUsI.
MHHHUMAJTbHBIX YMeHHSI. BCE OCHOBHEbIE
o CTaH/apTHBIX Perenst Peens! Bce
YMEeHHH. PelleHel Bce | OCHOBHbIE YMeHUsI.
3a/jau He THUIIOBbIE OCHOBHBbIe
HeB0O3MOXXHOCTb OCHOBHBIe 3a/jaum C PeliieHb! Bce
TIPOAEMOHCTPHP | 3aJauu C 3a/jauu C
OL|eHUTh Halnuue 3a/jauy. OT/le/IbHBIM | OCHOBHbIE
Ywmenus N OBaHbI HerpyObIMH | HerpyObIMu
yMeHHH BrInosHeHsl | u 3a/lauM.
OCHOBHEBIE ommbKaMu. | oummbkamu.
BCJIEICTBHE BCe 33/]aHUsl | HecyllecTB | BbimosiHeHsb!
yMmeHus. Vimenu | BeinosnHeHsl | BbinosHeHbl
OTKaza B TOJIHOM €HHBIMHU BCe 3aJjaHus, B
MecTo rpy0Obie BCE BCe 3a/]aHUs
obyuarorierocs ot obbeme, HO | HegoueTam | TOJTHOM
omubKu 3a/laHust, HO | B IIOJIHOM
oTBeTa HEeKOTOphle | U, obbeme Ge3
He B obbemMe, HO
c BBITIOJIHEH | HEZI0YeTOB
TIOJTHOM HEKOTOpbIe
HeJjoueTaMH | bl BCe
obnveme d
3a/laHus B
HeJjoueTaMu
TIOJTHOM
obBeme
Nwmeetcsa
OtcyTcTBUE IIpogemoHC IIpogemoHc
MWHHWMaJIbH [Tpomemonc
0a30BbIX ITpu pereHnH . TPHPOBaHBI TPHPOBaHBI
bl HAbOp TPHUPOBaHBI TTpoieMOHCTp
HaBBIKOB. CTaHZapTHBIX 6asoBble HaBBIKH
HaBBIKOB 6asoBble WpOBaH
HeB03MO>XXHOCTb 3a/jay He HaBBIKU NIPU npH .
JUist HaBBbIKU NIPU TBOPUYECKUN
OL|eHHUTh HalMuKe | TPOJEMOHCTPUD peleHrn peleHnH
Hagblku pelLeHyst pelueHnn TOAIXO[, K
HABBIKOB OBaHbI 6a30BbIe CTaHAApPTHBI HecTaHJapT
CTaHJapTHBI CTaHJapTHBI peLLEeHHI0
BCJIEICTBHE HaBbIKU. VIMenu X 337124 C HBIX 3a/1au
X 3a/jau ¢ X 3a7a4 6e3 HeCTaHZapTHBI
OTKaza MecTo rpy0Obie HEKOTOPBbIM Oe3
HEKOTOPBIM oruboK 1 X 33714
obyuatorjerocst OT | OMHOKK u oLIMOOK U
u HeJIoueToB
oTBeTa HeJjoueTaMu HeJloueToB
HeJloueTaMu
IITkasia oLeHUBAHUA MPU MPOMEXYTOYHOMN aTTeCTaluu
OneHka YPpoBeHb MOArOTOBKH
3auTeHo TPEBOCXO/{HO Bce kommereHUMM (4acTM KOMIIeTeHLMH), Ha (OpPMHpDOBaHME KOTOPBIX HarpaB/eHa
MUCLIMIUTMHA, COpPMHPOBaHBI Ha YpPOBHE He HIDKE «IIPEeBOCXOAHO», MPOJEeMOHCTPHUPOBaHbI
3HAHWs, YMEHHUs, BAJileHUs [0 COOTBETCTBYIOLIMM KOMIIETEHLIMSIM Ha YPOBHe BBIIlIe
Tpe/lyCMOTPEHHOT0 TIPOrpaMMoi
OT/INYHO Bce xommnereHUMM (Y4acTM KOMIIeTeHLMH), Ha (OpPMUpOBaHME KOTOPBIX Harpas/eHa
JMCLIMIIIAHA, CHOPMHUPOBaHBI HAa YPOBHE He HIXKE «OT/IUYHO».
OYeHb XOpOLI0 Bce KommereHUMM (4acTM KOMIIeTeHLMH), Ha (OPMHpDOBaHME KOTOPBIX Harpae/eHa
JMCLUIUIMHA, COPMHUPOBaHbI HAa YPOBHE He HHXKe «0UeHb XOPOLLIO»
XOpOILOo Bce xomnereHUMM (Y4acTM KOMIIeTeHLMH), Ha (OpPMUpOBaHME KOTOPBIX Harpas/eHa
[MCLIUIJIMHA, CHOPMHUPOBAHBI HA YPOBHE HE HIDKE «XOPOLLO».
yAOBJeTBOpHUTE/Ib | Bce KommeTeHIMM (YacTH KOMIETeHIMH), Ha (OpPMHMpOBaHHMe KOTOPbIX HarpaB/ieHa
HO [UMCLIUIIMHA, COPMHUPOBAHBI Ha YDOBHE HE HWXKE «Y/OBJIETBOPUTENBHO», TIPU 3TOM XOTs Obl




0JiHa KOMIIeTeHL{isi CpOpMHUPOBaHa Ha YPOBHE «Y/IOB/IETBOPUTEIBEHO»

Hey/oB/eTBopuTe | X0Ts Obl OHa KOMIIeTeHLMsE CHOPMHUPOBaHA Ha YDOBHE «HEY/|OB/IETBOPUTE/IBHOY.
JIBHO

He 3a4TeHO

TJIOXO0 XoTs1 6bI 0ZJHA KOMIIETeHLMs1 CHOPMUPOBAHA Ha YPOBHE «ILIOX0»

5.3 TumnoBble KOHTPOJ/IbHBbIE 3a/laHMsl WIH HHbIE MaTepHa/ibl, He00X0JUMbIe /il OLEHKH
pe3y/ibTaToB 00yuyeHHMsi Ha MPOMEKYTOYHOM aTTecTalMM C YKa3aHHeM KpHUTepUeB HX
OIleHUBaHMS:

5.3.1 TumnoBbie 3apaHus (oueHOUHOe CPeACTBO - KOHTpO/bHBbIE BOMPOCHI) /[ OLEHKHU
chopmupoBaHHocTH KommnereHnuu [1K-3

1. NpegMeT 1 3agaun undposoli 06paboTku curHanos (LLOC)

2. MNpenmyLiecTBa uMgpPoBoit 06paboTKM NO CPABHEHMIO C aHaUTONOBOA

3. O6nactn npumeHeHus LLOC: TenekoMMmyHUKauun, pagmonokaumnsa, MmeguumHa, ayamo,
BUAEO

4. TunnyHaa cTpyktypa cuctembl LIOC: AUI, npoueccop, LATI

5. AHa/10rOBbI€ U ANCKPETHbIE CUTHASIbI: OCHOBHbIE pasnyns

6. AuckpeTnsauma HenpepbIBHbIX CUTHAI0B BO BPEMEHU

7. Teopema KoTenbHuKoBa-HamkBucTa: ycnoBuss BOCCTaHOB/IEHUS CUTHaUu1a

8. AnnacuHr (HasioXeHne CrnekTpoB): NPUYMHbLI U MeToAbl NpefoTBpaLLeHns

9. AHTHanMacunHrosble OUNbLTPLI

10. KBaHTOBaHMe Nno ypoBHIO: paBHOMEpPHOE 1 HepaBHOMepHoe

11. Llym KBAHTOBaHMA: MOAE/b, XapaKTePUCTUKM, OTHOLLEHME CUTHaUT/LLYM
KBaHTOBaHUA

12. Mepepuckpetnsauma (oversampling) n eé npeumyuiecTsa

13. [nckpeTHble curHaibl: NpeacTaB/ieHne n knaccudukaumnsa

14. dnemMeHTapHble ANCKPETHbIE CUTHaUIbI: € 4MHUYHBIA UMMYNbLC d[N], e AUHNYHbIN
ckayok u[n]

15. SKCNOHEeHLMasIbHbIe U CUHYCcOouAasIbHbIe ANCKPETHbIE NocNefoBaTeIbHOCTH

16. [MeprnoANYHOCTb AUCKPETHbLIX CUHYCcOoMA,

17. SHeprna n MOLWHOCTb AUCKPETHBLIX CUTHaU10B

18. Onepauuun Haj, ANCKPETHLIMY CUTHaU1aMn: CABUT, MaclLTabupoBaHue, pesepc

19. [AnckpeTHble cucTembl: onpegeneHne n knaccugumkaums

20. JIVHEMHOCTb 1 NPUHUMN Cyneprno3numnm

21. ViHBapnaHTHOCTb BO BpeMeHN (CTalMOHapHOCTb)

22. MPUYMHHOCTb M YCTONYMBOCTbL CUCTEM

23. MmMnynbcHasa xapaktepuctmka h[n] MHenHol cnctemsl

24. CBEpTKa AUCKPETHbIX NOCnefoBaTelbHOCTEN: onpefesieHne 1 CBoNCcTBa

25. BbluncneHne BbixoAa CUCTEMbI Yepe3 CBEPTKY

26. JIHeHble pa3HOCTHbIE YpaBHEHMWS C NOCTOSAHHLIMU KO3dhhrLmeHTamum

27. PeKypcuBHblE 1 HEPEKYPCUBHbIE CUCTEMbI

28. OnpepeneHne Z-npeobpa3oBaHust: NpsiMoe U obpatHoe

29. O6nacTtb cxoanmocTn (ROC): 3HavyeHne asis aHa/msa CUCTeM

30. CBA3b Mex/y 06/1aCTbi0 CXOAUMOCTY U CBOICTBAMM CUrHaNa



31. CBolicTBa Z-npeobpa3oBaHus: IMHENHOCTb, CABUT BO BPEMEHM

32. MacwTabupoBaHue B z-06nactu, gudpdepeHumpoBaHmne B z-061acTu

33. CBEpTKa BO BPEMEHHOI 06/1aCTV 1 YMHOXEHWe B z-061acTu

34. HavanbHasa n koHeuyHas TeopeMsl

35. Z-npeobpa3oBaHue aN1eMeHTapHbIX nocriefosBaTeslbHOCTeN

36. O6paTHoe Z-npeobpasoBaHne: MeTo, pas3/ioXKeHUs Ha NPoCTbie Apo6K

37. MeToA cTeneHHbIX PAAOB U METO/ BbIUETOB

38. MepepaToyHasn PyHKUMS H(z) ANCKPETHON CUCTEMbI

39. Montoca n Hynn nepeaaToyHo QOYHKLNN

40. CBA3b pacnoioXXeHns rnostCcoB U HYNen ¢ xapakTepuctmkamm CUCTEMbI

41. YcnoBus yCTOMYMBOCTU: PacnosfioXeHMe MNoHCOB BHYTPU €AMHMUYHOIO Kpyra

42. YacToTHasa xapaktepucTmka u3 nepegatoqHon oyHkuun: H(eNjw)

43. AnckpeTHoe npeobpasoBaHne Pypbe nocnegosarenibHoct (DTFT)

44, CsoiictBa DTFT: nepMognMyHOCTb, CUMMETPUS

45. Ca3b DTFT ¢ Z-npeobpa3oBaHnem

46. AunckpeTHoe npeobpasoBaHue Pypoe (ArMP): onpeneneHve

47. CBasb AP c pagom ®dypbe n DTFT

48. CaoiictBa AMN®P: NMHEAHOCTb, UMKINYECKUIA COABUT, CUMMETPUS

49. Livknuyeckasn cBEpPTKa 1 €€ CBA3b C JIMHEHON CBEPTKOW

50. Teopema 0 UUKINYEeCKOW CBEPTKE

51. MpumeHeHne AMN® ansa BblYNCNEHUSA NIMHENHOW CBEPTKM

52. BbicTpoe npeobpasoBaHne dypbe (BMNd): moTnBauus

53. Anroputm BIM® ¢ npopexusaHnem no spemeHun (decimation-in-time)

54, Anroputm BIM® ¢ npopexunsaHnem rno yactote (decimation-in-frequency)

55. "pah noTtoka curHasoB anropntma bro

56. BbluncnutenbHasa CNoXHOCTb: cpasHeHne AN v Bre

57. O6paTHoe BMN® (IFFT)

58. MpumeHeHne BIN® B cnekTpasibHOM aHa/In3e

59. YTeuka cnektpa (spectral leakage) 1 oOKOHHbIE hyHKLUK

60. Pa3pelueHune no yactote 1 MeToAbl €ro ynyylleHus

61. Mpobnema yTeuku cnektpa npuv KOHeYHOW AJ/IMHe 3anucu

62. MpsAMOYronbHOE OKHO: XapakTepUCTUKN N OrpaHNYeHns

63. OKHO X3aMMMHra: CHMXeHne 60KOBbIX N1enecTKOB

64. OkHO XaHHKHra (Hann window)

65. OkHo BnakmaHa 1 okHO BriskmaHa-Xappuca

66. OkHo Kaiizepa: ynpaBnsemble napameTpbl

67. CpaBHeHne OKOHHbIX (OYHKLMIA: LUMPUHA F1aBHOTO fienecTka, ypoBeHb 60KOBbIX
NenecTkoB

68. BbI60Op OKHa 419 pa3/InyHbIX NPUIOXKEHU

69. KpaTkoBpemeHHOe npeobpasoBaHue dypbe (STFT)

70. CnekTporpamMmma: Busyanmsaumns HectaunoHapHbIX CUTHa/10B

71. Komnpomucc mexagy BpeMeHHbIM 1 YacTOTHbIM pa3peLleHnem

72. MepurogorpaMmma: oLeHKa CnekTpasibHOM N0THOCTU MOLLHOCTH

73. MogundomumpoBaHHasa nepuogorpamMmma ¢ okHamu

74. MeTon Yanua: ycpegHeHue nepuoaorpamMmm

75. MapameTpuyeckme meTogbl cnekTpasibHoro aHasimsa: AR, MA, ARMA mogenu



76. HasHauyeHne n knaccudpnkaumsa LmdpoBbIX punbLTpoB

7. KX-cpunbTpbl (FIR): KOHEYHAA MMMY/IbCHASA XapakTepucTuka

78. BUX-chbnnbTtpsl (IIR): 6eCKOHEYHas MMMNY/IbCHAA XapakTepucTunka

79. CpaBHeHne KNX n BUX unbTpoB: npenmMyLlectTsa 1 He4oCcTaTku

80. YacToTHas xapaktepuctuka tomnbtpa: AUX n o4x

81. NpaeanbHble punbTpbl: PHY, ®BY, N010COBOIN, peXEKTOPHbIN

82. du3smnyeckas HepeaMlyemocTb naeasnibHbIX PUALTPOB

83. JlnHeliHaa dpazoBas xapakTepucTuka: 3HadyeHne /19 o06paboTKn CUTHaI0B

84. 'pynnoBas 3agepxka

85. CTpyKTypHbIE CXeMbl peannsaummn unbTpoBs: npsamasn dopma | n i

86. KackagHasa dpopma 1 napannenbHasa dpopma

87. KoHeuHasa TOUYHOCTb npeAcTaBneHns KoathrLnMeHTOB 1 apPeKTbI
KBaHTOBaHUA

88. OcHoBHble xapaktepucTnkn KUX-gounbtpoBs

89. Ycnosus IMHENHOCTU dhasbl: CUMMETPUSA UMMYIbCHON XapaKTepuCcTUKm

90. Tunbl NnHeHo-ha3oBbIX KUX-duneTpos (1, 11, 11, IV)

91. MeToz OKoH Ans npoekTnposaHusa KNX-tounbTpos

92. BbI6Op TMNa OKHa 1 ANNHBI PunibTpa

93. MeTop, yacToTHOW Bbi6opku (frequency sampling)

94. OnTmasibHOE NMPOEeKTMpPOBaHMEe: METO/ HaMEHbLUNX KBaApaToB

95. Anroputm Mapkca-MakKnennaHa: paBHOBO/IHOBas annpokcumauns (equiripple)

96. Anroputm Pemesa (Remez exchange algorithm)

97. MpoekTnpoBaHme anddepeHUNaTopoB 1 npeobpasoateneli MmnbbepTa

98. C1pykTypbl peanusaummn KNX-thnnbTpoBs: npamas goopma, TpaHCNoHMpoBaHHas
hopma

99. BbicTpas cBépTka c ucnosnb3oBaHvem b (overlap-add, overlap-save)

100. OcobeHHOCTU BUNX-hnbTPOB: pekypcuBHasa CTPyKTypa

101. Mpo6nema HenMHeHOCTU doasbl B BUX-thunbTpax

102. AHasiorosble npoToTunbl: battepsopTa, Yeobbiwesa | u Il poga, ananntnyeckmne
(Kayapa)

103. XapakTepuCTUKM aHaI0roBbIX (OUIbTPOB: MakCUMasibHO nnockas AYX,
paBHOBO/IHOBasA AUX

104. MeToabl NnpeobpaszoBaHnsa aHaNoroBbiX UALTPOB B LMKPOBLIE

105. MeToA MHBapMaHTHOCTU MMMY/IbCHOW XapaKTepPUCTUKN

106. BunuHeitHoe npeobpasoBaHne: 0ToOpaxeHue S-NI0CKOCTU B Z-NI0CKOCTb

107. MpeabickaxeHne YacToTbl (frequency warping) B GUIMHENHOM
npeo6pasoBaHUm

108. MpoekTnposaHme umdposbix PHY, PBY, N0N0COBLIX N PEXEKTOPHBIX
dunsTpoB

109. YacToTHble npeobpasoBaHns ANA N3MEHeHNs Tuna unstpa

110. CTpykTypbl peaninsaumm BUNX-pnnbTpos: npsmbie doopmbl | w1 i

111. KackagHasa peanvsauns: buksagpaTHble Cekumnm

112. AHasnn3 yctoiumsocTtn BNX-chunbTpos

113. MpeaenbHble UUKbl 1 3eKTbl KOHEUYHOW paspsAHOCTY

114. OCHOBHbI€ NOHATUSA MHOTOCKOPOCTHON 06paboTku

115. Jeunmaunsa: ymeHbLUEeHMEe 4acToTbl gUCKpeTusaymm



116. CneKTpasibHOEe npeacTaB/ieHne npu geymmaymmn

117. AHTranMacuHroBas punbTpaums nepeg geummanmei

118. VHTepnonauma: yeennyeHne 4actoTbl ANCKpeTM3aLnn

119. VHTepnonayunoHHbIii onnbTp: nogaBneHne 3epkasibHbliX KOMMNOHEHT

120. i3meHeHune YyacToTbl AUCKpeTM3aunn Ha paumoHasibHbI KoadduumeHT L/IM

121. MonndhasHasa peanusaunsa PUIbTPOB: CHUXKEHNE BbIYNC/IUTEIBHON CIOXHOCTH

122. MonudpasHoe pasnoxeHne ana geunmMmalmm n UHTepnosaunm

123. BaHkn hnnbTPOB: aHa/IN3 U CUHTES

124. YCcnoBus COBEPLUEHHON PEKOHCTPYKLMUK

125. KBagpaTypHble 3epkasibHble onnbTpbl (QMF)

126. MpMEeHEeHNs1 MHOTOCKOPOCTHOM 06paboTKu: cxaTtmne ayamo, cybrnosiocHoe
KogupoBaHue

127. [nckpeTHoe BeiBneT-npeobpasoBaHne kak 6aHK oUIbTPOB

128. KoHuenunsa agantuBHON hunbTpaymm

129. CTpykTypa afanTuBHOIo (huibTpa: BXOLHOW CUTHAUT, XenaeMblid CUrHaln,
oLwmnbka

130. 3afaya afanTMBHON (huibTpaumm: MUHUMU3aLUNs cpefHekBanpaTuyHom
OLUNGKN

131. BrvHepoBCkuii unbTp: oNnTUMasibHOe peLLeHne

132. HopmasnbHble ypaBHeHNs BuHepa-Xonda

133. MoBEPXHOCTb OLUNGKM U rpagNeHTHbIN CryCK

134. ANropuT™M HaMMeHbLINX cpefHux kBagpaTos (LMS)

135. Bbi6op pa3mepa wara B aniroputme LMS: KOMIPOMMCC MeXy CKOPOCTbIO U
TOYHOCTbIO

136. CxogmmocTtb anroputma LMS

137. HopmanusoBaHHbIin LMS anroputm (NLMS)

138. PeKypcuBHbIi MeToq HanmeHbLUnX kBagpaToB (RLS)

139. CpaBHeHne LMS n RLS: cKOpOCTb CXOAUMOCTU, BbIUNCIUTE/IbHASA C/TOXHOCTb

140. MpuMeHeHns afanTuUBHbIX (PUIbTPOB: NOAAB/IEHME NOMEX, 3X0NoAaB/ieHme

141. ApanTtuBHas niMHelHaa npeackasaduve (linear prediction)

142. VpeHTndukaumsa cuctem n mogenimpoBaHne kaHasioB

143. AfanTuBHasa aKkBanmMsauma B CUCTeEMax CBA3MN

144, Lindpposble MoaemMbl: CTPYKTypa 1 06paboTka CUrHaNoB

145. dopmupoBaHne MMNyILCOB: KpUTEpUii HakBmucTa ANnsa oTcyTCTBUSA
MEXCUMBOJIbHOW MHTepdepeHLnn

146. Raised-cosine ounbTpbl 1 root-raised-cosine dunnbTpsbl

147. CornacosaHHas ouibTpaunsa: onTMMmU3aL s OTHOLLEHUS CUTHaUT/LLYM

148. CuHXpoHM3auma cMMBOJIOB: airopuTMel MapaHepa, Monnepa-Mionnepa

149. CuHXpoHM3aums Hecyulen: anroputm Koctaca, PLL

150. LincbpoBas akBanm3aunsa kaHasi0oB CBA3N

151. ApanTtuBHas akBasmsaums: LMS n RLS aksanarizepsbl

152. SkBanarisepsbl ¢ pelwaroLein obpartHoin ceasbio (DFE)

153. OFDM (opTOroHasibHOe YacTOTHOE MYJ/IbTUMNIEKCUPOBAHME): NMPUHLAMbI

154. Peannzauna OFDM c nomouwsto BrNe/ObMNe

155. Linknnueckuin npedomkc: 60pbba ¢ MEXCMMBO/IbHON NHTEpPdhepeHLme

156. OueHka kaHana B OFDM: nnnoT-curHasbl



157. LIOC B nporpammHo-onpegensemom paguo (SDR)
158. Apxutektypbl ana LLOC: yHuBepcasibHble npoueccopbl, DSP, FPGA, ASIC

159. Lindpposble curHanbHble npoueccopbl (DSP): 0c06eHHOCTU apXUTEKTYPbI
160. AnnapatHble yckoputenu: MAC-610k1, KoHBellepHast obpaboTka

161. FPGA ana LJOC: napannennsm n pekoHUrypupyemMmocTb

162. (P heKTbI KOHEUYHOWN pa3pPSAHOCTU: KBaHTOBaHNE KO3(h(MLUNEHTOB

163. OLWwmnBKM OKpYrneHnsi B apuMeTUUeCKUX onepaumnsax

164. .LLlym kBaHTOBaHMA B ounbTpax

165. lNepenonHeHne n HacblWeHne

166. ApudmeTrKa ¢ PUKCMPOBAHHOM TOYKOA

167. MacwTtabnpoBaHue g/1s npegoTBpaLleHns nepenosiHeHns

168. OnTuMM3aLms a/irOPUTMOB: CHDKEHME BbIYUCINTENIbHOM CIOXHOCTU

169. MporpammupoBaHne DSP: a3biku C, accembnep DSP
170. Wcnonb3osaHne 6ubnuotek LLOC: MATLAB, Python (NumPy, SciPy)

Kputepuu oneHnBaHus (0LleHOYHOEe CPeACTBO - KOHTPO/IbHBIE BOIIPOCHI)

Ouenka Kputepun ouieHuBaHus

BCsI KOMTIETeHI[Us (UaCTh KOMIIeTeHI[MH), Ha JOPMHUpOBaHKe KOTOPOI HarlpaB/ieHa AUCIUTUIMHA,

3auTeHo

chopMHpOBaHbBI Ha YPOBHE HE HIDKE «Y/I0B/IETBOPUTEIEHO»
He

X0Ts1 ObI 0/THA YaCTh KOMIIETEHIUM C(hOPMUPOBAHA HAa YPOBHE «HEY/IOB/IETBOPUTETHLHO»
3auTeHo

6. YueGHO-MeTOfMUECKOEe M HH(OPMaLMOHHOE 00ecrieyeHne JUCIUILTHHBI (MO/1y/1s1)

OcHoBHas /uTeparypa:

1. Benos Jleonup AnekceeBuu. PasrosnekTponrka. @opMypoBaHre CTabM/IbHBIX YaCTOT ¥ CUTHAJIOB :
yueOHUK 17151 By30B / JI. A. Benos. - 3-e u3f. - Mocksa : FOpaiirt, 2026. - 268 c. - (Briciiee obpa3oBaHue).
- URL: https://urait.ru/bcode/586025 (mata obparmenus: 24.01.2026). - ISBN 978-5-534-14694-3 :
1379.00. - TekcT : 2/1eKTPOHHBIN., https://e-lib.unn.ru/MegaPro/UserEntry?
Action=FindDocs&ids=998944&idb=0.

2. BagyrtoB Oser CamurynoBuu. DIeKTPOHHUKA. MaTeMaTruecKrie OCHOBBI 00pabOTKY CUTHAOB :
yueOHHK 1 TIpakTUKyM Jisi By30B / O. C. BagyToBs. - Mockga : FOpaiit, 2024. - 307 c. - (Bbiciiee
obpa3oBanwue). - URL: https://urait.ru/bcode/537281 (mata obpamjenus: 15.08.2024). - ISBN 978-5-9916-
6551-3 : 1339.00. - TekcT : 2/1IeKTPOHHBIH., https://e-lib.unn.ru/MegaPro/UserEntry?
Action=FindDocs&ids=905317&idb=0.

3. BubuuHckuii B. P. [Tudposast 06paboTka cMrHaioB. AjlbTepHaTHBHBIE METOABI : yueOHOe rmocobue
Ju1st By30B / BunbuuHckuii B. P. - Cankr-IletepOypr : Jlanb, 2025. - 56 c. - Knaura u3 kosnekiuu JlaHs -
NrxenepHo-TexHnueckre Hayku. - ISBN 978-5-507-51534-9. - TekcT : 3neKTpoHHBIN., https://e-
lib.unn.ru/MegaPro/UserEntry?Action=FindDocs&ids=931150&idb=0.

[ornonHuTenbHas mUreparypa:



1. udposasi obpaboTka curHanos : Metoanueckue ykasanus. Y. 2. L{udposasi o6paboTka CUrHasoB.
Yacts 2 / CrapukoBckuii A. U.,ConzaroB E. B.,Munopazos I'. A.,ABgeeB K. B. - Mocksa : PTY
MUWPDA, 2023. - 73 c. - Kuaura u3 kosnekuuu PTY MUPOA - NUHxeHepHO-TeXHUYECKHe HayKH. -
TekcT : 3/MeKTpOHHBIN., https://e-lib.unn.ru/MegaPro/UserEntry?Action=FindDocs&ids=865355&idb=0.
2. CtporoxoB A. B. Iludposasi o6paboTka curHaioB B 6a3rce MpOrpaMMHUPYEMbIX JIOTHUECKHX
HMHTETpa/bHbIX CXeM : yueOHoe rocobue f1s By30B / CTporoHoB A. B. - 5-e u3g., crep. - CaHKT-
[TetepOypr : JlaHb, 2025. - 312 c. - bubnuorp.: AocTyIHA B KapTOUuKe KHUTH, Ha caiite DBC JlaHs. -
Knwura n3 konekumu Jlanb - TH)KeHepHO-TexHUYecKre HayKy. - ISBN 978-5-507-54169-0. - Tekcr :
3/IeKTPOHHBIM., https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=1002622&idb=0.

3. Kossoe 1. M. Iludposast o6paboTka curHanoB. Koncnekt yekuuii / Kosmos M. M. - HoBocHbupCK :
HI'TY, 2023. - 132 c. - YTBepxJeHO PenakiMOHHO-U3/aTe/IbCKUM COBETOM YHHUBEPCUTeTa B KaueCTBe
yuebHoro nocobwusi. - Kavra u3 komnekiun HI'TY - MHxeHepHO-TexHHYecKue HayKu. - ISBN 978-5-
7782-4969-1. - TekcrT : 5/1eKTPOHHBIM., https://e-lib.unn.ru/MegaPro/UserEntry?
Action=FindDocs&ids=896777&idb=0.

ITporpammHoe obecrieueHue 1 IHTepHeT-pecypchl (B COOTBETCTBUH C CO/iepKaHWeM JIUCLUITAHBI):

OnepairoHHast cucteMa Microsoft Windows

[TakeT npukIagHbIX porpamm Microsoft Office
[TpaBoBas cructema «KOHCYIBTaHT TUTFOC»

IIpaBoBas cuctema «I'apaHT».

WuTtepHet 6pay3epsl (Mozilla Firefox, Google Chrome)

i e

7. MaTepHua/IbHO-TeXHHYECKoe o0ecreyeHUe JUCHUIIMHBI (MO /1)

YueOHble ayfUTOpWU [/ TIPOBeJieHHs] y4eOHbIX 3aHSTHH, MpPeAyCMOTPEeHHBIX 00pa3oBaTenbHON
MPOrpaMMO#, OCHall[eHbl MYJbTUMeAUNHBIM 000pyZoBaHUeM (TIPOEKTOp, SKpaH), TeXHUUeCKUMHU
cpezicTBaMH 00yueHHsI, KOMITBIOTePaMH.

[TomerieHust 711 CaMOCTOSITe/TbHOM paboThl 0OYYaroIMXCsl OCHAI[eHbl KOMITHIOTEPHOM TEXHUKOU C
BO3MOKHOCTBIO TMOAK/IOUeHUss K ceTd "VHTepHeT" u obecrieueHbl [OCTYIIOM B 3/€KTPOHHYIO
WHGOPMAaLIMOHHO-00pa30BaTeIbHYI0 Cpejy.

[Tporpamma cocrtaBiieHa B cooTBeTcTBUM ¢ TpeboBanusmu OC HHI'Y mno HampaBieHHO
nofrotoBku/crieanbHocT  02.03.02 - ®yHAameHTasnbHash WMHPOpPMaTHKa W HWHGOpPMAalMOHHbIE
TeXHOJIOTHUH.

ABTtop(b1): MeepoB Mocud bopucoBuu, KaHAW1aT TeXHUUECKUX HaYK, IOL[EHT.
3aBepyromumii Kadepoii: MeepoB Mocud bopucoBuy, KaHAWAAT TeXHUUECKHUX HaYK.

ITporpamma o/j00peHa Ha 3acelaHUU METOIUUeCKOM Komuccuu ot 17.12.2025, ipotokos Ne MPOTOKO
Neb.
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