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AHHOTANMA

[enbo Kypca siBIsieTCs M3yYeHHE TEOpeTHIecKrX OocHOB 1uppoBoit 06padotku curnanos (I[OC). Temaruka
Kypca BKIIOYaeT B ce0s paslenbl, CBA3aHHbIE C HU(QPOBBIM CIEKTPAIBGHBIM aHAIN30M, LU(PPOBOI
(dunbTpalnueil, MHOTOCKOPOCTHOH 00paboTKoi curHaioB. B Xoje u3ydeHus Kypca oOydaroniiecsi 3HaKOMSITCS
C 0COOCHHOCTH IM(POBOrO CIEKTPaJbHOTO aHanmm3a (OKHA, A(PQEKTsl pacTeKaHus W HAJIOKCHHUSA),
3GGEKTUBHBIMU ~ aNTOPUTMOM  BBIYHMCICHHUS JHCKPETHOro mpeoOpazoBanus Dypbe -  OBICTPBIM
npeoOpazoBanueM @Dypre,  TUPPOBBHIM CIEKTPAJIbHBIM AHAIW30M CIYYalHBIX ITOCIIEIOBATEILHOCTEH,
IUGPOBBIMA ~ QUIBTPAMH C KOHEYHOM U OCCKOHEYHOHW WMITYIbCHOM XapaKTePUCTUKOW, OCHOBaMU
MHOTOCKOPOCTHOH ()MIIBTpallii ¢ NPUMEHEHHEM JeIUMAlud ¥ WHTEPIOISIIUU. AYIUTOPHBIE 3aJaHUs TI0
Kypcy HpOBOIATCS B BHJE JIEKLHUH, HAIEJICHHBIX HAa H3yYCHHE TEOPETHYECKOTO Marepuaya U pelIeHHe
MPaKTHYECKUX 3a/1a4.

1. leau u 3apa4u

eap AUCUMNIMHBI
u3ydeHue MeToaoB HudpoBoit 00padoTku curHanos (LHOC).

33]13‘[1/[ JAUCHUIIINHBI

- OCBOCHME CTyaeHTamu 0a30BbIX 3HaHMH 1mo merogam LIOC, otHocsmumcs K $yHAaMEH-TalbHBIM
omepanusaM - uQpoBoi GUIBTPALUH U CIIEKTPAIbHOTO aHAIN3a CUTHAJIOB;

- IpUOOpETEHNE TEOPETUUECKUX 3HAHUH B 00acTH U(POBOI PUILTPAIIK B CIIEKTPAILHOTO aHAIN3a
CHTHAJIOB, IPHOOPETEHHE HABBIKOB penIeHus npakrudeckux 3amxad LIOC.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie CIeayronux KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN I/IHILI/IKaTOpBI JOCTHIKCHHUSA KOMIICTCHIIMH

VK-1.2 OcymecTBisier IMOUCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHOW  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
aHaJIN3 MPOOJIIEMHBIX CHTYalluil HA OCHOBE
CHCTEMHOTO TI0JIX0/1a, BEIpa0aThIBATh
CTpaTeruro AeUCTBUI

YK-1.3 PazpabarsiBaeT CTpaTeruio JIOCTH)KEHUSA
MOCTABJICHHOM 1€ Kak IOCJICAOBAaTeIbHOCTh IIaroB,
HOpeABUIS PE3yabTaT KaKAOro0 M3 HUX M OLEHMBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPYXEHHE  IUIAHUPYEMOM
JEATEIIFHOCTH W Ha B3aUMOOTHOIICHHS] YYaCTHUKOB 3TOMN

JEATEIHOCTH
YK-6 Criocoben onpenensite U peann3oBbiBath |YK-6.2 OueHuBaer CBOIO JeSTENHHOCTh, COOTHOCHUT IICIH,
IPUOPHUTETHI COOCTBEHHOM JEATENBHOCTU U CIOCOOBI M CPEICTBAa BBIIOIHEHHS JAEATEIBHOCTH C €€
CIIOCOOBI €€ COBEPIIEHCTBOBAHUS HA OCHOBE pe3yabTaraMu

CaMOOLEHKH

OIIK-2 CrocobeH pean30BbIBaTh HOBBIE OIIK-2.2 Bnageer HaBbIKaMU — pealM3allid  HOBBIX
IPUHLHUIIBI U METOJbI UCCIICIOBAHU INPUHOUIIOB W MCETOAOB HCCICAOBAHHA B COBPEMCHHBIX
COBPEMEHHBIX HH(POKOMMYHHKALIMOHHBIX MH()OKOMMYHHKAIIHIOHHBIX CUCTEMAX H CETAX

CHCTEM M CETEH PasIMYHbIX TUIOB nepenayn, |OIIK-2.3  Biageer 1epeaoBbIM  OTEYECTBEHHBIM  H
pacrnpezesnenus, 00paboTKu 1 XpaHEHHUS] 3apyO€KHBIM ~ ONBITOM  HCCIEJOBaHHUSA  COBPEMEHHBIX
uHpopManuu MH()OKOMMYHHKAITIOHHBIX CUCTEM

OIIK-3 Cnocoben npuobperars, obpadatsiBars |OIIK-3.2 CriocobeH cucTeMHO aHaNU3UPOBATh MOIYUYEHHYIO
Y MCIOJIb30BaTh HOBYIO HH(OPMAIIMIO B CBOEH  |MH(OPMAIHIO, HCIOJIB30BaTh HCCIEIOBATEIBCKUE METOIbI
MPEeIMETHOM 001acTy, mpeyararh HOBbIE UACH |IPH  PELICHHHM HOBBIX 3ajad, MpHUMEHSS 3HaHUA B
¥ TIOJXO/IBI K PEIICHUIO 3a]a4 CBOEH pas3IMUHBIX 00JIACTAX HAYKH U TEXHUKHU

npo¢ecCHOHANBHON e TeNbHOCTH

[IK-2 Crioco0GeH caMOCTOSTEHO WK B [IK-2.2 Cnoco0OeH mmpoBOOUTH ampoOanuio pe3yiIbTaToB
KaueCTBE YJIeHa (PyKOBOAUTENS) MAJIOTO Hay4YHO-HCCIIEI0BATEIBCKOM paboTHI MOCPEICTBOM
KOJJICKTHBA OPraHU30BbIBATh U MIPOBOIHTH NyOJMMKAalMK HAay4YHBIX CTared © (WwiM) y4acTus B
HAyYHbIC UCCIICIOBAHMS U MX arpoOaIiuio KOoH(epeHIIUAX

[1K-3 Crniocoben npodeccronansio padorars ¢ [11K-3.2 Crnocoben POBOJIUTH 9KCIIEPUMEHT
UCCIIEN0BATENBCKAM M UCIILITATENBHBIM (MOIEnTMpOBaHKE) C HMCHOIB30BAHUEM HCCIICIOBATEIECKOTO

00opynoBanueM (IpubopaMu M yCTaHOBKamMu, |000pynoBaHus (IIAKETOB IIPUKIATHBIX IPOrPaMM)




CIIeaTN3UPOBAHHBIMU TTaKeTaMU NPUKIAAHBIX ([TK-3.3  CriocobeH oneHMBaTh TOYHOCTH IOJyYEHHBIX
IpOrpamMM) B U30PAaHHOM NPEAMETHON 00JIACTH  |9KCIIEPHMEHTAIBHBIX (YHCIICHHBIX) PE3yJIBTaTOB

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOXYJII0)
B pesynberare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HATh!
- MeToabl peanu3anuu GpyHaaMeHTanbHbIX onepanuit [OC;
- nnu(poBoi QUIBTPALINU U CIIEKTPATHLHOTO aHAJIM3a CUTHAIIOB, MHOTOCKOPOCTHOW 00pa0OTKH.

YMETb!
- TIOJIB30BATHCSI CBOMMU 3HAHHSIMU JUTS pelieHus (pyHIaMeHTaIbHbBIX U NpUKIaaHbix 3anad [HOC;
- JIeNnaTh MPaBUIIbHBIC BBIBOJBI U3 COMOCTABIICHUS PE3YyJIbTaTOB TEOPHH M DKCIICPHMEHTA;
- IPOU3BOUTH YHCIICHHBIC OIICHKH MPEICIbHBIX TAPAMETPOB HUPPOBBIX CHCTEM;
- BUJICTh B TEXHUYECKHUX 3a]a4ax (PU3UIECKOe COACPKAHKE;
- ocBauBarh HOBbIe oOmactu mpumeHeHus [JOC, TeopeTHueckue MOAXOABI M IKCIICPUMEHTAIBHBIC
METO/IUKH.
- TOJNydYaTh HAaWIydllHe 3HAYCHUs H3MEpSeMbIX BEJIMYMH W MPABWIBHO OLEHHUTh CTENEHb HX
JOCTOBEPHOCTH;
- paboTaTh Ha COBPEMEHHOM, B TOM YHCJI€ U YHHKaJIbHOM JKCIIEPUMEHTAILHOM 000pYI0BaHHH;
- 90 QeKTHBHO HCIOJIb30BaTh HH(POPMALMOHHBIC TEXHOJIOTHH W KOMIIBIOTEPHYIO TEXHHKY JUIs
TOCTIKCHUST HEOOXOIMMBIX TEOPETUICCKHUX U TPUKIIAJTHBIX PE3YJIBTAaTOB.

BIIAJICTh!

- HaBBIKAMM CaMOCTOSTEJIEHON paboThl B M30paHHOM Hay4HO-TEXHUYECKOM HAIpPaBICHUN.

- KyJBTYypOW TIOCTAHOBKH U MOJAEIMPOBAHUS 33/1a4 HUPPOBOH (QHUIBTPAIMK U CHEKTPAJIHHOTO aHAIH3a
CUTHAJIOB B makeTe nporpamm MATLAB;

- HaBbIKAMH T'PaMOTHON 00pabOTKH pe3y/ibTaToB 3KCIEPUMEHTa U COMOCTABICHHS C TEOPETUUYECKUMU
TaHHBIMH;

- HaBbIKAMH OCBOEHUS O0JBIIOr0 00bemMa HHPOPMAaLIUH.

4. Coep:xanue TUCUMILTUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 110 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpynoeMKOCTb 110 BUAAM YUE€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
Hudposoii CIEKTPaJIbHBII aHau3
1 11 11
(IICA) curnanos. Pemenne 3amaa
) Hudposass  ¢unbsrpanmss  CUTHAJOB. 1 1
Pemenune 3agauy.
3 MHorockopocTHasi 00paboTKa CHUTHAJIOB. ] 3
Pemenue 3amaq
Nroro gacos 30 30
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 2 (Becennuit)

1. ludporoii cnekrpanbubiii ananmus (LICA) curnanos. Penrenue 3amaq




Hudposoii cnexrpanbubiii ananu3 (LCA) meromom [III®. Bpemennas u uactornas ocu HIID.
CooteerctBue mexay AI1D, psgom @ypbe u HenpepbIBHBIM MpeodpaszoBanneM Oypre. Cszp 1O
u /[IBII®. Hnrepnomsaumonnas ¢opmyna BoccraHosieHus JBII® mo koadpduuumentam II1D.
WuTepnionsiumst 3a c4€r AONONHEHUST HyAsIMu. MHTeprionsius GyHKIMA ¢ OTpaHUYCHHOMN TOJI0COoi ¢
nomouipto JII®. Bpemennas u yactotHas ocu IID. JlBa myTw mepexoma OT HENPEPHIBHBIX K
JMCKPETHBIM MpeoOpazoBanusiM Pypre. Ocobennoctrn nudpoporo cnekrpanpHoro ananuza (LICA)
metopoMm HIID. Dddexrsl HanoxeHus, pacTeKaHusl, Tapa3uTHONW aMIUVIMTYIHOM Moxynsuuu. OkHa
[IpY TAPMOHHUYECKOM CIIEKTpaJIbHOM aHaju3e MetoaoM [I1®D. ITpumepsl okoH. [IpsimoyronbHOE OKHO,
okHa XanHa u XommuHra. Otknuk [l1d-ananuzatopa Ha ITUCKPETHBIM TapMOHWYECKUH CHUTHAI.
OreHKa CHeKTpa 1Mo JUCKPETHBIM OTcueTaMm curHana. Koneunoe uncio orcuértos. SABnenue ['m60Oca.
Anpo Hupuxne u siapo deiiepa. beictpoe npeodpazoBanne Pypre (BIID). Amropurm BIID ¢
cocTaBHbIM ocHoBaHueM. Anroput™ BII® ¢ ocHoBanuem 2. Anroputmsl BI1® ¢ npopexxuBanuem mno
BpeMeHH M 1o 4vactore. AnroputMmbl BII® ¢ mocrosHHON cTpykTypoil. Brerumcnenue oOGparHOro
JID.

HCA cnyuaiinpix mocienoBarenbHOCTe. CrieKTpaibHble XapaKTEPUCTUKU CIyYaWHBIX CHTHAJIOB.
CrnekrpansHast  miotHocts  MomHoctn  (CIIM).  Koppensiumonnast — ¢ynkuusi.  Teopema
Bunepa-Xununna. Henapamerpuueckue meronsl LICA. Meronbl nepuonorpamm, KOppeasiuoOHHBINR
Metoa, metox usTpauuu. [lepuogorpamma ¢ quckpeTHsIM BpemeHneM. Crnaxusanue ouenku CIIM
o Metoay baptinerra, Yanua. Beioop okoHHBIX QyHKITHA.

[Tapametpuueckue wmetoasl ouenkun CIIM Bpemennsix psgoB. Ilapamerpudeckue Mopenu
BPEMEHHBIX psAoOB: aBroperpeccuoHHas (AP) mozens, momens ckompssamiero cpeanero (CC) wu
KOMOMHHMPOBaHHAsI MOJIENb aBToperpeccuu — ckonbasiero cpensero (APCC). Ouenku napaMeTpoB
monenu. [lomydenne onenok CIIM. Cpaaenue orneHok CIIM c¢ uctunnoit CIIM mo TowHOCTH M
pa3peLIeHHUIO.

2. lludposas Gunsrpanus curaaios. Pemenve 3aqay.

Jluneiinbie quckperHbie GUIBTPHL. PazHocTHBIe ypaBHeHus. [lepexon ot nmpeodpazoBanus Jlamaca k
z-nipeoOpa3zoBanuio. CBoiicTBa z-npeodpazoBanus. [IpuMepsl z-npeodpazoBanus. Z-npeodpazoBaHue
€IMHUYHOIO MMIIYJbCa, EIUHUYHOIO CKauKa, JEHCTBUTEIbHONM U KOMILIEKCHOH JKCIIOHEHTHI,
JTVCKPETHON CHHYCOHMIBI U KOCHHYcCOMABl. Bbruncnenue oOparHoro z-npeoOpa3oBaHus. YpaBHEHHE
1QpoBoro ¢puiIbTpa B TEPMUHAX Z-TipeoOpa3oBanus. MiynbcHas U nepeaToyHas XapakTepUCTUKI
uupoBoro GuiasTpa. YcIoBUE YCTOHYMBOCTH NPU pEeKypcUBHON peanu3auuu. [Ipumeps! nndpoBbix
¢unbTpoB. Ludposoii unterparop. Ludposoit muddepennumarop (mpoctoit). TpaHcBepcambHBIN
¢buibTp.

Hudposbie ¢uiasTpel ¢ KoHeuHOH wummynbcHOH xapakrepuctukon (KUX-¢unbsrpsl) CrocoObr
peanuzanuu. Kux-Qunsrpsl ¢ nauHelHON (a3zoBoi xapakTepucThkoil. Peannzaunns xux-(uibTpoB
METOJIOM 4YacTOTHOW BbIOOpKH. [pebeHuaThlii QUILTP, €ro XapaKTepPHCTUKH U peain3alusl.
KomruiekcHble pe3oHAaTOpBl, WX XapaKTepUCTUKU M Onok-cxema peanu3aunu. Kux-puiabstpsr c
nenbiMu kodhdumentaMmn OuibTp ckonb3smiero ycpeanenus. [pedbeHKa mojJocoBbIX (HUIBTPOB U
JIID. Cxonp3simuii criekTpalibHbINA aHanu3. BeicokockopocTHas cBepTKa ¢ ucnosb3oBanuem bI1O.
Hudposeie Gunsrpel ¢ 6eckoHeUHON UMITYyabCHON xapakTepuctukoi (BUX-¢unsrper). CTpyKTyphl
BUX-punerpoB. Cunte3 BUX-dunbsrpoB 1o MeTomy OWIMHEHHOro  z-mpeoOpa3oBaHusl.
YeroitunBocts BUX-unsrpoB. AnroputMm [epuens peKypcHBHOTO BBIYMCICHHS MOAMHOMKECTBA
orcuéroB JI[1D. AnantuBHble QUIBTPHI.

3. MHorockopocTHast 06paboTka curHainoB. Pemenne 3a1aq

OCHOBBI MHOTOCKOPOCTHOM ~(WJIBTpAallMd € TNPUMEHEHHEM JCUMMAalUM M HHTEPIOJSLUH,
NPOPEKUBAHUS TI0 BPEMEHH M II0 YacTOTE. YMEHBIICHHE YacTOTHl JUCKPETH3aLUH (ICHUMAL).
VBeNuueHWe YacTOThl JUCKpeTH3auuu (MHTeprosiuus). [IpuHIMnB MHOro(asHOW (GHIBTpAIUH.
banku QunbTpoB. [IpakTHueckue KOHBEPTOPHI CKOPOCTH Tiepeiadd JaHHBIX. [IpuMmeHeHue
MHOTOCKOPOCTHOM 00paboTKH B ITUGPOBBIX ayTnoCcHcTEMaX, IIU(PPOBOI CBI3H, PaIUOIOKAIUH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHNS 00pa30BATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

.HCKI_II/IOHHaH ayaAuTOpHd C IIPOCKIIMOHHBIM O60py;[OBaHI/ICM " JOCTYIIOM B CCTh ((I/IHTepHeT».



6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPbI

OcHoBHas 1uTeparypa

1. OcHoBbI Teopun 1 pacuera udposbix GuiasTpoB / B. I1. Bacuikes, 3. JI. Mypo, C. M. CMONbCKHI ;
ot pexnt. C. M. Cmonbckoro, Mocksa, UTHOPA-M, 2020

2. Hudposas obpaboTka curnanos B 3epkaie MATLAB, yae6Hoe ocodue/A. 1.
Cononuna,-Cankt-IlerepOypr, BXB-ITerepOypr, 2021

JomnonHurensHas aureparypa

1. Hudporas o6padorka curnanos [Tekcr] = Discrete-Time Signal Processing : [yue6. mocobue as
By30B] / A. Onmenreiim, P. ladep ; nep. ¢ anr. nox pex. C. @. boera .— 3-e u3n., ucnp. — M. :
Texnocdepa, 2012 .— 1048 c.

2. NuckpetHoe npeodpazoBanre Pypre B LnppoBoM criekTpaibHoM aHanuse [Tekct], yue0. mocoOue
s By30B / FO. A. Pomanrok , M., MOTH, 2007

3. OcHoBsI u(poBoii 006paboTku curaanoB [Tekct] : B 3 4. : yueb. mocobue ais By3os / FO. Pomanrok ;
M-Bo obpazoBanust 1 Hayku PD, Mock. ¢u3z.-TexH. uH-T (Toc. YH-T) .— 2-€ u3/l., nepepad. — M. :
M®TH, 2007 .— Y. 1 : CpoiicTBa 1 npeodbpa3zoBaHus AUCKPETHBIX CUTHAIOB. - 2007. - 332 c.

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCHMIIJIMHBI (MOTYJIs)

Kypc Buneonekuuii Pomantok FO.A. «OcHoBbI npoBoii 00padboTku curHaiosy (2014 r.):
https://lectoriy.mipt.ru/course/RadioTechnology-MathDigitalSignalProcessing-14L,

Kypc Buneonexkumii Pomantok F0.A. «l{udposas o6padotka curnanos» (2015 r.):
https://lectoriy.mipt.ru/course/RadioTechnology-DigitalSignalProcessing-15L,

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYIIECTBJICHNH 00Pa30BaTeIbHOIO
npouecca 1o JMCuMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NIPOrpaMMHOI0 olecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

ITporpammuoe obecniedenue:

MakeT NpuKiIagHbeix mporpaMm MATLAB,

nucTpuOyTHB Anaconda Juis si3bIka nmporpaMmmupoBanus Python 3,
nakeT GNU Octave.

OmnaiiH-cepBHCHI AJIs1 KOMIBIOTEPHOTO MOJICJIUPOBAHUS:

Google Colaboratory http://colab.research.google.com/,
MATLAB Online https://www.mathworks.com/.

Cuctembl IUCTAHIIMOHHOTO OOYyUEHHS:

LMS Google Classroom (Cucrema ynpapieHus 00ydeHIEM ),
Google Hangouts Meet (cepBuc BuIcOKOHQEPEHIICBS3H).

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)

Kypc sBisieTcs JeKIMOHHBIM, MOCIE KaKAOH JIEKIMK MpPEeAIaraloTcsi HECKOJIbKO MPAKTUYECKUX 3a]ad
IUIS CaMOCTOSITETIBHOTO pelieHuss. KOHCIEKTHI JISKIUH N0 KypCy PerysipHO IyOIMKYIOTCS Ha caiite
kadeaper http:/kprf.mipt.ru/ (pazmen «Yuebnbie kypcbl / lludpoBas o0paboTka CHUTHAIIOBY).
CamocrosTenpHas padoTa BKIIOYAET B ce0s pelIeHUe 3a1a4, YTeHHE PEKOMEHJOBAaHHOM JHTEPaTypHl,
MOATOTOBKY K KypcoBoii pabore.

Jlns opraHu3anyy yq4eOHOTO Tpolecca HCHONb3yeTcsl cucTeMa yrpasieHus o0ydennem LMS Google
Classroom, pgocrtyn ocyiectBisiercss ¢ nomoibio  Google akkayHTa B JnoMeHe (@phystech.edu.
OOyvaromMcsi pEeKOMEHAYETCS O3HAKOMHTHCS C YYeOHBIMH MarepualaMH Ha caite Kadeaps
http://kprf.mipt.ru/ (paznenst «Marepuanst / JlTabopatopHblie pabOTh», « YueOHble Kypchl / JluckpeTHbIe
npeoOpa3oBaHusl CUTHANIOBY», «YueOHble Kypchl / OcHOBBI HH(PPOBOH OOpaOOTKM CHTHAJIOBY,
«Yuebnsbie kypcsol / Lludposas 06paboTka CUTHAIOBY).

B ToMm uncie pekoMeHyeM NpoYuTaTh:



1. Hudporas obpadoTka curHanoB u Matlab: Yue6Hoe nocobue. / Apropsl Cononuna AWM. u ap. —

CII6.: BXB-Ilerepbypr, 2013 r.
.Onmcanue nadoparopHoii padotel «OKHa TpH MH(POBOM CIEKTPATbHOM aHaim3e MeTo-IoM J(I1Dy.

MO®TU 2015 .
2. Onucanue na6. pabotsl «JuckperHoe npeodbpazoBanue Oyporen. MOTU 2015t

3. Onucanue nadoparopHoit pabotsl «Beenenue B BeiiBner-ananm3». MOTU 2015 .



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
HEeHTp oOpazoBarenbHbIX nporpamm OPKT
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

PaszpatGoTunk: T.A. Topmaros, crapmuii npenoaaBaTeb



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 TIOIX0/1a, BBIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.2  OcymecTBisieT TMOWCK BapHaHTOB  pEIICHUS
MOCTAaBJICHHOH  TpOOJIEMHONW  CUTyallud Ha  OCHOBE
JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN

YK-1.3 Pa3pabarsiBaeT CTpaTeruo JOCTHKEHUS

[IOCTABJICHHON IeIM Kak I10CJIEA0BaTeIbHOCTh I11aroB,
NpeaBUAS PE3YJbTaT KaKJOro M3 HHUX U OLEHUBAas HX
BIMSIHUE Ha  BHEIIHEE  OKPYXEHHE  IUIAHUPYEMOM
JEATENBHOCTH W Ha B3aMMOOTHOLIEHHWS YYaCTHUKOB 3TOH
JeSITeIbHOCTU

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh
HNPUOPUTETHI COOCTBEHHOM JEATEILHOCTH U
CIIOCOOBI €€ COBEPIICHCTBOBAHUS HA OCHOBE
CaMOOLICHKH

VK-6.2 OueHuBaeTr CBOI ACATECIBHOCTH, COOTHOCHUT IICJIH,
CHOCOOBI M CpPEICTBa BBIMOJHEHUS JIESTEILHOCTH C €€
pe3yabTaraMu

OIIK-2 CriocobeH peann30BbIBaTh HOBBIE
TPUHIIMITBL ¥ METOJIBI HCCIICAOBAHNUS
COBPEMEHHBIX MH(OKOMMYHHUKAIIMOHHBIX
CHCTEM U CETEeH Pa3IMYHbIX THIIOB MEpeayH,
pacrmpeneneHus, 00padOTKU U XpaHEHHS
uHpopManun

OIIK-2.2 Bnmageer HaBbIKAMH  pealu3alil  HOBBIX
MNPUHLMIIOB M METOJOB HCCIIEJOBAaHUS B COBPEMEHHBIX
MH()OKOMMYHHKAIIHOHHBIX CUCTEMaX M CeTAX

OIIK-2.3 Bmameer mepenoBbHIM  OTEYECTBEHHBIM H
3apyOeKHBIM  OIBITOM  HCCIEJOBAaHUS  COBPEMEHHBIX
MH()OKOMMYHHUKAITMOHHBIX CUCTEM

OIIK-3 Cnocoben npuobperarh, 00padaThiBaTh
Y MCIIOJIB30BaTh HOBYIO HH(OPMAIIHIO B CBOCH
HpeIMETHOH 001acTH, peIaraTb HOBbIE UIEH
U TIOJIXO/IbI K PELICHUIO 3a1a4 CBOCH
npo(heCCHOHATLHOM ESTENbHOCTH

OI1IK-3.2 CiocobeH crucTeMHO aHAIM3UPOBATh MOYYEHHYIO
nH(POPMALIMIO, HCIIONB30BaTh HMCCIEIOBATENLCKUE METOABI
OpU pEUIeHUH HOBBIX 3a/ay, INPUMEHAS 3HAHHUA B
pa3IMYHBIX 001aCTIX HAYKH U TEXHUKU

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE uiieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH M MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[MIK-2.2 CnocobeH mNpoBOAUTH ampoOanuio pe3yiIbTaToB
HayYHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
nyONMMKauy HAy4HbIX cTaTedd W (WiIM) ydacTusi B
KoH(epeHIusIx

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
UCCIIeJOBATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBaHueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeLUATN3UPOBAHHBIMU TTAKETAMU TPUKIIATHBIX
MporpaMm) B n30paHHOU MIPEIMETHOM 00IacTH

IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C HCIOIBb30BAHUEM HCCIIC0BATEIBCKOTO
obopynoBaHus (MTAKETOB MPHUKJIAIHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIbTaTOB

2. Iloka3arein OLleHUBAHUS KOMIIEeTeHITHH

B pesynbrare usyuenus aucuuiuinibl «L{udpoas 06paboTka cUrHaIOBY 00y4arOIUIiCs JOKEH:

3HAThb:

- MeToabl peanuzanuu GpyHaaMeHTanbHbIX onepanuii [{OC;
- nnu(poBoi QUIBTPALINHU U CIIEKTPATHLHOTO aHAJIM3a CUTHAJIOB, MHOTOCKOPOCTHOW 00pa0OTKH.

yMeThb:

- IOJIb30BATbCA CBOMMU 3HAHUAMU I PCILICHUA @yHﬂaMeHTaHBHBIX U NPUKIIaAHBIX 3a1a4 ]_[OC,

- A€JIaTh IIPAaBUJIbHBIC BBIBOJABI U3 COIIOCTABJICHUA PE3YJIBTATOB TECOPHUU U DKCIICPUMEHTA,

- IPOU3BOAUTDH YUCJICHHBIC OLICHKU IMPCACIIbHBIX MMapaMETPOB LII/I(l)pOBLIX CHCTCM,

- BUICTHb B TCXHUYCCKUX 3aJadax (1)I/I3I/I‘-ICCKOG COCPIKAHUE,

- OCBaWBaTh HOBEIC 00JIACTH MMPUMCHCHUA ]_[OC, TCOPCTUYICCKUC TMOAXOAbI M ISKCIICPUMCHTAJILHBIC

METOIUKH.

- IOJy4YaTb HAWJTy4dYIIHUC 3HAUYCHUA H3MCPACMBIX BCIIMYMH W IPAaBUJIBHO OICHUTHL CTCICHbL HX

HOCTOBECPHOCTH,

- paboTaTh Ha COBPEMEHHOM, B TOM YHUCJIE U YHUKAJIEHOM 3KCIIEPUMEHTAIbHOM 000pYyIOBaHNU;
- 3((heKTUBHO HCIOIb30BaTh WH(POPMAIMOHHBIE TEXHOJOTUM M KOMIIBIOTEPHYIO TEXHUKY IS
JOCTUKEHUSI HEOOXOIUMBIX TEOPETHYECKUX U MPUKIIAJHBIX PE3yIbTaToB.

BJIaJd€Th:




- HaBbIKAMH CaMOCTOATEIBHOM paboThl B N30paHHOM Hay4YHO-TEXHUYECKOM HalpaBIICHUH.

- KyJIBTypO# TMOCTAaHOBKHM M MOJEIMPOBAHMSA 3a/1a4 LU(POBOIl (PMIBTPAMU U CIIEKTPAIBHOTO aHAIN3a
CUTHAJIOB B nakeTe nporpamm MATLAB;

- HaBBIKAMH TPaMOTHON 00paOOTKH pe3ylbTaToOB SKCIEPUMEHTA M COMOCTABIECHHS C TEOPETUYECKUMHU
JaHHBIMH;

- HaBbIKAMH OCBOCHUS OO0JBIIOT0 00beMa HHPOPMALINH.

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

Texymmii koHTponb 1o Kypey «lludpoBas o0paboTka CHUTHAJIOB» MPOBOAUTCS B BHUJE JIBYX
KOHTPOJIBHBIX Pa0OT M peLeHHs 3a/1a4, IpeJlaraeMbIX Ha KaXKAOH JIEKLIUH.

1. KoHTponbHbIEe pabOTHI MPOBOAATCS €ANHOBPEMEHHO ISl BCEX CTYJIEHTOB. B cemecTpe mpoBoaurcs
JIB€ KOHTPOJbHBIE pa0oThl. KakioMy CcTyneHTy npeaiaraeTcsi HHIMBUAYAIbHBIA BapUaHT KOHTPOJIbHON
paboTHI , COCTOSIIMI U3 TPeX 3a/1a4 10 MPOYNUTAHHBIM JICKIHSM.

[Tpumeps! BapHaHTOB KOHTPOJIBHBIX Pa0OT.

KonTtponbnas padora Nel.

Nel. Teoperndeckuii Bompoc. bukBaipaTHplii Onok: mpsMas ¢ KaHOHWYECKass (HOPMBI;
aMIUTMTYIHO-4acTOTHAsI M (pa3oyacTOTHAs XapaKTEPUCTHKU; MMITYJIbCHAs XapakTepucTuka. [IpuBectu
MpUMEp MOCTPOCHUS CIOKHBIX KAHOHMYECKUX (OPM HAa OCHOBE OMKBAJAPaTHOTO KAHOHUYECKOTO OJIOKA.
Ne2. Paccmorpers BUX-hunsTp nepBoro nopsiaka, alroput™M HugpoBol GpuiasTpauny KOTOPOTo UMEET
Buna y(k)=2x(k)-0,5x(k-1)+ 0,5y(k-1).

a) Haiiti nepenatounyto pyHKINIO U UMITYJIbCHYIO XapaKTEPUCTUKY (DUIIBTpA.

6) M300pa3uth HyIb-IIOITIOCHYIO AMAarpaMMy U OJIOK-cxemy (QHIIbTpa.

Ne3. KUX-punbtp 3amaérest orcu€ramu uMmnynbeHoi xapakrepucTuku: h(k)=2 mns 0<k<5 wu h(k)=0
i apyrux k. JIns peKypcHMBHOTO M HEPEKYPCHBHOTO CIOCOOOB peaju3allM 3almucarh Pa3HOCTHHIC
ypaBHEHUs1, U300pa3uTh OJIOK-CXeMbl QUIBTPA, ONPENEIUTh MepeaarouHble QyHKIMH, HAUTH (Ha30BYIO
3aJIEPHKKY.

Konrponbnas paborta Ne2

Nel. Merox MoAMQUUUPOBAHHBIX MEPUOAOTPaMM (METOA VYa3n4a) Ui OLEHKHU CIEKTPAIbHOM
IUIOTHOCTH MOILHOCTH.

Ne2. HemnpepbIBHBINM CTallMOHAPHBIN CIlydaliHBIA CUTHaN 00JaJaeT y3KOMOJOCHOHM CHIEeKTpaNIbHOM
IUIOTHOCTBIO MOILIHOCTH, paBHOU Hymo npH [f|>10 kI'u. Ha untepBane B 10 ¢ curnan mogsepraercs
nuckperusanuu ¢ yacrorod 20 kl'm, mocie 4ero crekTpaibHas IUIOTHOCTh MOLIHOCTH OLIGHUBAETCS
METO/IOM YCpeAHEHHBIX nepuonorpamMm baprierra.

a) Yemy paBHa JuiMHa nocienoBarensHoctu L?

0) Kakoe uncio cermeHToB P OyzneT nMeTh cUrHal, eciii OTJC/IbHBIEC €r0 Y4acTKU HE MEePEeKPhIBAIOTCA?
Ne3. IMoctpourts rpad BIID ¢ nmpopexnBanueM 1o gactote st N=16. Yka3zaTh BCe BEKTOPHI IOBOPOTA.
2. Pemenue 3amau, mpearaeMblX Ha KaxaoW Jekuud. ExeHenenbHO  CTYIEHT MpeAcTaBiseT
camocrosaTenbHoe pemeHue 2-3 3anad (30-40 3amau 3a cemecTp). DTO MOTYT OBITH aHAJIUTUYCCKHUE
petienusi, ubo pemeHus ¢ MudposiM MonenupoBanuem (B MATLAB, Python).

[Ipumeps! 3a1a4.

Nel. JlaHo pa3zHOCTHOE ypaBHEHHE TUPPOBOTO GUIBTPA HIKHUX 4aCTOT
y(k)=0,1x(k)+0,15x(k-1)+0,05x(k-2)+y(k-1)-0,25y(k-2).

Onpenenuth ko3 duimenT nepenadn nudpoBoro GpuILTpa Ha HYJIEBOH YacTOTE.

Ne2. Tloctrpouts tpad BIID c mpopexmBanuem mo BpemeHu i N=16. YkazaThb Bce BEKTOPHI
MOBOPOTA.

Ne3. HemnpepbIBHBINM CTallMOHAPHBIN CIydallHBIA CUTHANI 00JaJaeT y3KOMOJOCHOHM CHIEeKTpaIbHOM
IUIOTHOCTBIO MOILIHOCTH, paBHOU Hymo npH [f|>10 kI'u. Ha untepBane B 10 ¢ curnan mogsepraercs
nuckperusanuu ¢ yacrorod 20 kl'm, mocie 4ero crekTpaibHas IUIOTHOCTh MOLIHOCTH OLIGHUBAETCS
METO/IOM yCpeAHEHHBIX nepuoporpamMm baptierra. Ilpu BeluMCIEHHHM MEPUOAOTPAMM HCIOJIb3YeTCS
anroput™ BII® ¢ ocnoBanuem 2. IlycTh AMHA CErMEHTOB CUTHAJA COBMaAaeT ¢ pazmepHocThio JI1D
nu pasHa N. Ilpu kakoM HauMeHbIIEM 3HaueHHMH N PaccTOSHHE MEXAY 4YacTOTaMd, B KOTOPBIX
BBIYHCIISIETCS CIIEKTpaibHas OlleHKa, He npeBbimaeT 10 I'i?

4. [lepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

1. Iuckpernoe npeobpazoBanue Oypoe (AI1D). Croiicta u Teopemsbr AI1D.
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9.

10.
I1.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
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. Teopema 0 HUKIIMYECKON CBEPTKE.

. Pazouenne 2N-toueunoro 11D ua gsa N-TOUeUHBIX.

. Marpuunas ¢opma JII1D.

. CootBerctBue mexay AIID u psgom Oypse.

. Cooterctaue mexy JAI1D u HenpepbIBHBIM ITpeoOpa3zoBanrneM Dypebe.
. Csi3p 111D u JIBI1®D.

. MaTepnonsiniyst 1o6aBieHrEM HYJIEBBIX OTCUETOB.

WuTepnomnsiius GyHKIHUNA ¢ OrpaHHYeHHON mos1ocoi ¢ momotibio 11D
Bpemennas n yactornas ocu JAI1D.

Oco0eHHOCTH CHEKTpaIbHOTO aHanu3a Metogom JI1D.

Oco0eHHOCTH MPUMEHEHUS OKOH TP CIIEKTpaIbHOM aHanmn3e Metomnom J{T1D.
[IpsimoyronsHOE 0KHO. TpeyronbHOE OKHO (OKHO baptiierTa).

Oxna XaHHa 1 X3MMUHra.

Bb160p OKOHHBIX (PyHKIHNI TPU CIIEKTPATIHHOM aHAJIM3€ CUTHAJIOB.
KoHcTpynpoBaHnue OKOHHBIX (DYyHKIH.

Anroputmsl Beruucnenus [I10.

Brictpoe mpeobpazoBanue ®ypee.

AnroputMm BII® ¢ cocTaBHBIM OCHOBaHHEM.

Anroputmel BII® ¢ ocHoBanuem 2.

CriekTpalibHbli aHaJIU3 B TOUKAX Z-IUIOCKOCTH. AnroputM [epuens.
CrexTpanbHBIM aHaIU3 CIIyYaHBIX MocaenoBareabHocTeit meronom I10.
MeTtox nepuoforpaMM OLEHKH CHEKTpanbHON TIoTHOCTH MomHOCTH (CIIM).
Merton baptierra crmaxxuBanus ouenku CIIM.

Meton Moau(UITUPOBAHHBIX TIEPUOJIOTpaMM (METOI Y3m4a).
Koppensunonusiit Meron ouenku CIIM.

[Tpumenenue z-npeoOpazoBaHusi B 00pabOTKE CUTHAIOB.

Jluneiinbie AUCKpeTHBIE PUIBTPHL. Pa3HOCTHBIC ypaBHEHHUS.

VYpaBHenue nudpoBoro GUIETPa B TEPMUHAX Z-TTPEOOPA30OBAHUSI.
NmmynbcHas 1 iepeaTodHasi XapakTepUCTHKH HU(POBOro GpuiabTpa. YcaoBrue yCTOMUMBOCTH.
. [Ipumepst nudposbix GuneTpoB. Lludposoii naterparop. ludpooit nuddepennnarop (mpocToit).

TpancBepcanbHbIil GUIABTP.

32
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43.

. Hudpossie GpuIbTphI ¢ KOHEUHOM UMITYIIbCHON XapakTrepuctukon (KUX-dunsrpsr).
Pexypcusnslii Mmetoq peanuzaunn KUX-gunsrpoB. Metos 4acTOTHOH BEIOOPKH
Kux-unsrpsl ¢ nuHeHOM (ha30BOM XapaKTEPUCTUKOM.

Hudpossie GpunbTpbl OeCKOHEUHONW UMITYIIbCHON Xapakrepuctukon (BUX-dunsrpsr).
AnantuBHbie TUPPOBBIC QUIBTPHL.

MHorockopocTHasi 00pabOoTKa CUTHAJIOB.

[TpuHUOMIIBI yMEHBIIEHHUS YACTOTHI IUCKPETU3ALNH (JCIIMMAITHS).

[TpuHUOMOBI yBETHMYEHHS YACTOTHI TUCKPETU3aLUH (MHTEPIIOISIINSA).

[Tpunumnbel MHOTOGA3HOM QUIBTPALIUY.

[IpakTryeckue KOHBEPTOPHI CKOPOCTH NepeAadr JaHHBIX.

[IpuMeHeHe MHOTOCKOPOCTHOM 00pabOTKH B ayJMOCHUCTEMAX.

[IpuMeHeHre MHOTOCKOPOCTHOM 00pab0TKH B HU(POBO CBSI3H.

Kputepun onennBanus

omnnuHO 10 BeIcTaBnsieTcs CTyIeHTY, TOKa3aBlIeMy BCECTOPOHHUE, CHCTEMAaTH3UPOBaHHbIE, TITyOOKHe
3HaHUS y4eOHOM NporpaMMbl IUCLHUILIUHBI, TPOSBISIOIEMY HHTEPEC K JaHHOM NpeaMeTHON o0macTH,
MPOJEMOHCTPHUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH IMPUMEHATHh UX HA MPAKTHKE MPH PELICHUH
KOHKPETHBIX 3a]a4, CBOOOTHOE U MpaBWIbHOE 000CHOBAaHUE NMPUHATHIX PELICHUH. [ TaBHbIN KpuTEpHil -
pe3yabTaThl NUCbMEHHOW paboThl B KOHIIE CeMecTpa (IOKHBI OBITh pelIeHbl Bce 3 3a1auu B Oumiere).
YuuTeiBaeTCS KOJIMYECTBO M Ka4€CTBO PEIICHWH 3a/ad, NPEAJOKECHHBIX Ha JIGKIHMAX. 32 CEMECTp
Kaxaomy cryaeHty (120 den.) npeanaraercs npencTaBuTh pemeHus 20 3aaad.



9 BricTaBnsieTcst cTyaeHTY, INOKa3aBIIEMY BCECTOPOHHHE, CHCTEeMaTH3MPOBaHHBIE, IITyOOKHE
3HaHMA y4eOHOH mporpamMMbl JUCHUIUIMHBI U yMEHHE YBEPEHHO NPHMEHSATh MX Ha NPAaKTUKE HPU
pEIlIeHUN KOHKPETHBIX 3a1a4, CBOOOJHOE U MpaBMIIbHOE 000CHOBAaHHE MPHUHATHIX perieHuil. [aBHbIN
KPHUTEpUH - pe3yabTaThl MICbMEHHON pabOThl B KOHIIE CeMecTpa (J0KHBI OBITh PEIICHbI Bce 3 3a/1auu
B Owmiere). JloMKHBI MpeacTaBieHbl pelieHus: He MeHee 15 (w3 mpemnoxeHHsix 20) 3amad,
IIPEIUIOKEHHBIX Ha JIEKIHUIX.

8 BricTaBnsieTcst cTyaeHTY, INOKa3aBIIEMY BCECTOPOHHHE, CHCTEeMaTH3MPOBaHHBIE, IITyOOKHE
3HaHMUA y4eOHOH MporpamMMbl JUCHUIUIMHBI U yMEHHE YBEPEHHO NPHMEHSATh MX Ha NPAaKTUKE IPU
pEIICHUN KOHKPETHBIX 3ajad, MpaBWIbHOE OOOCHOBAaHHWE MPHHATHIX PELICHHH, C HEKOTOPHIMH
HejoueTamMu. [TTaBHBIA KPUTEPHid - pe3yabTaThl MTUCEMEHHOW Pa0OoThI B KOHIIE ceMecTpa (JOKHBI OBITh
peiieHsl Bce 3 3aaun B OmiieTe ¢ HEKOTOPBIMH HEAOYETaMH). YUHTBHIBAETCS KOJIMYECTBO U KaueCTBO
peleHuil 3a1a4, NpeIoKEHHBIX Ha JIEKLIUAX.

xopomo 7  BricTaBisercs CTyAEHTY, €ClIM OH TBEPAO 3HAET Marepuas, I'PaMOTHO U IO CYILECTBY
M3JIaraeT €ro, ymMeeT NPUMEHATh IOJMyYECHHBbIE 3HAHUSA Ha IPAKTHKE, HO HEAOCTATOYHO IPAMOTHO
00OCHOBBIBAET TOJYYCHHBIC pE3yibTarThl. [J1aBHBIN KpUTEpHH - pe3yJbTaThl MMCHMEHHOH pa0oOThHl B
KOHLIE ceMecTpa (HOJKHBI ObITh pemieHbl 2 U3 3-x 3agad B OmiieTe). YUHMTHIBACTCS KOJIMYECTBO H
KauecTBO pEIEeHUH 3a/1ay, IPEeUIOKEHHBIX Ha JIEKLUAX.

6 BbricTaBiseTcsl CTyAEHTY, €CJIM OH TBEPO 3HAET Marepuall, IpaMOTHO M II0 CYILIECTBY M3Jlaraer
€ro, yMEeT NMPUMEHATh NOIYUYEHHBIC 3HAHUS Ha NPAKTHKE, HO JOMYCKAaeT B OTBETE WIH B PELICHUU
3aJjad HEKOTOpbIE HETOYHOCTH. [TaBHBIA KpUTEpUH - pe3yibTarbl MUCHbMEHHOH paboThl B KOHIIE
cemecTpa (ZOKHBI OBITH pelieHbl 2 U3 3-X 3a1a4 B Ouiere). YUUTHIBAeTCA KOJUYECTBO M KauyecTBO
peleHuit 3a1a4, NpeIoKEHHBIX Ha JIEKLIUAX.

5 BoicTaBusieTcsi CTyAEHTY, €CIM OH B OCHOBHOM 3HAeT MaTepHaj, I'PaMOTHO M IO CYIIECTBY
U3JIaraeT ero, yMeeT HPUMEHSTh MOJy4YeHHbIE 3HAHUS Ha MPAaKTHUKE, HO JIOMYCKaeT B OTBETE WJIHU B
pEIIeHUN 3a/iad J0CTATOYHO OONBIIOE KOJMYECTBO HETOYHOCTEH. [ TIaBHBIA KpHUTEpHH - pe3yibTaThl
MUCBMEHHOM palboThl B KOHIE ceMmecTpa (JOKHBI ObITh pemeHsl 1,5 - 2 u3 3 3agau B Ousere).
VY4uThIBaeTCS KOJMYECTBO U KA9€CTBO PELICHUH 3a/1a4, MPEUIOKEHHBIX Ha JIEKIHAX.

yaoBieTBoputenbHO 4 BricTaBnsieTcsl cTyaeHTY, MOKaszaBlieMy (parMEeHTapHbIH, pa3pOo3HEHHBII
XapakTep 3HAHUM, HEJIOCTAaTOYHO MpaBUIbHBIE (OPMYTUPOBKH O0a30BBIX IOHATHH, HapyIICHUS
JIOTUYECKOW IMOCIJICAOBATEIbHOCTH B U3JI0KEHUH MPOTPaMMHOTO Marepuaja, HO IpU 3TOM OH OCBOWII
OCHOBHBIE pa3ziesibl y4eOHOH mporpamMMbl, HEOOXOIUMbIE sl JaibHEHmero oOydeHus, ¥ MOXKET
MPUMEHATh TOJYYCHHBIE 3HAHMS IO O0paslly B CTaHIAPTHOW cuTyauuu. [JaBHBIA KpuTepui -
pe3ynbTarhl MUCHbMEHHOW paboThl B KOHIE cemMecTpa (JIOJDKHBI OBITh pemieHbl 1-2 u3 3-X 3amaq B
Ounere). YUHUTHIBACTCS KOJIMYECTBO M KAYECTBO PEIICHUH 3a/1a4, MPEeIIOKEHHBIX Ha JICKLUSX.

3 BeoicraBusieTcst CTyJIEHTY, NOKa3aBileMy (parMeHTapHBIH, Pa3pO3HEHHBIN XapakTep 3HAaHUH,

JONYCKaroImeMy OMMOKH B (OPMYJIHpPOBKaX 0a30BBIX IMOHATHHA, HAPYIICHHS JIOTUYEeCKOU
MIOCJIEIOBATEIbHOCTH B M3JI0KEHUH IIPOrPaMMHOTO Marepuana, ciado BiIaJeeT OCHOBHBIMU pa3aeiaMu
y4eOHOW TpOrpamMMbl, HEOOXOIWUMBIMH JUIS JajbHEHIIero OOyd4eHHsS M C TPYIOM IPHUMEHSET
[IOJIyYEHHBIE 3HAHUSA JAX€E B CTAHJAPTHOM CUTyaluu. 1JIaBHBIA KPUTEPUM - pe3yibTaThl IHCBMEHHOU
paboTel B KOHIE ceMmecTpa (momkHa ObITh permeHa 1 w3 3-x 3amad B Owsere). YuuThIBaeTcA
KOJINYECTBO M Ka4eCTBO PEIICHHH 33/1a4, IPEJIOKEHHBIX Ha JIEKLHUX.
HEYIOBJICTBOPUTENbHO 2  BBICTaBIsieTCs CTyIEHTY, KOTOpPBI HE 3HAaeT OOJblIel 4acTH OCHOBHOTO
COZlep)KaHUsl Yy4eOHOW NpOrpaMMbl JAMCHHILIMHBI, JIOMYCKaeT TpyOble OMMOKH B (QOPMYIMPOBKAX
OCHOBHBIX MPUHIIMIIOB M HE YMEET HUCIOJIb30BATh MONyUYCHHbIE 3HAHUS MIPU PEILICHUU THIIOBBIX 3a/1ad.
['maBHBII KPpUTEPUH - pe3yNIbTaThl MMCHbMEHHON paboThI B KOHIIE CeMeCTpa (He pellieHa HA OHA U3 TPEX
3ama4 B Ounere). He mpencraiens! pemieHus 3a1a4, MpeIoKeHHBIX Ha JICKIHAX.

1  BeIcTaBusieTcsi CTYICHTY, KOTOPBI HE 3HAeT OCHOBHOTO COACP)KaHHSA Y4eOHOH HporpamMmbl
JUCIUTUTHHBI, JIOTyCKaeT rpyoeiinrie omuOku B GOpMYITHPOBKAaxX 0a30BBIX MOHSATHHA JUCIUTUIMHBI U
BOOOIIIEC HE NMEET HABBIKOB PELICHUS TUTIOBBIX MMPAKTUYECKUX
3amad. [T1aBHBII KpUTEpHil - pe3ylIbTaThl MUCEMEHHOM paboThl B KOHIIE ceMecTpa (He pelieHa HU OfHa
n3 Tpéx 3a1au B Omiere). He mpeacraBieHs! pemieHns 3a1a4, MPeAI0KeHHbBIX Ha JIEKIUIX.

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

Bo Bpems mpoBezneHust 3k3amMeHa 00ydaroliumecss MOTYT IOJIb30BaThCsl MPOrPaMMON AMCLUIUIMHBL, a
TAKXE CIPABOYHOM JIMTEPATYPOM, BBIUUCIUTEIbHON TEXHUKOU, KOHCIIEKTaMU JIEKLIAN.

DK3aMeHa NPOBOAUTCA IIyTeM YCTHOIO OOCY)KICHHS HAIMCAHHONW paHee IHMChMEHHOW paboThI.
Y4YuTHIBa€TCSA KOIUYECTBO U KAUECTBO PELICHUH 3a4a4, IPEATIOKEHHBIX HA JEKIUAX.






OBPA3EILl BUJIETA

Nel. Teoperuueckuii Bonpoc. CrucremMa OJJHOKpAaTHOM AelUMalMU. YKa3aTh, KaK U3MEHSIOTCS
miar W 9actoTa TUCKpPEeTH3allMk B JaHHOM cucteme. M300pa3uth OJIOK-CXEMYy CHCTEMBI
OJIHOKpAaTHOHM Aernumariuu, noctpoutbh AUX dunbstpa. [IpuBecTr MHTEpIIpETAIIMIO MPOICAYPHI
OJIHOKPAaTHOM JIeIMMaIliy BO BpPEMEHHOW U 4YaCTOTHON 00JacTH.

Ne2. 3anaua no teme «llupoBoii cnekTpanbHbIN aHaAU3». J[aHbI 1Ba CUTHATIA,
IpEe/CTaBICHHbIE B BUJE TMHEHHOW KOMOMHALIUY IBYX CUHYCOU/I:

: 10 : 10,5
X,[K] _S|n(2n§ kj+sm[2n3—2 )

xz[k]=sin(2n9kj+sin(2n12—’5 j
32 32

Boruncnsercs JIBII® kaxx10ro U3 3TUX CUTHAIOB, YMHOKEHHBIX Ha 32-TOYEUHOE
IpSAMOYTOJIbHOE OKHO. OmpeienuTh, OyIyT JIU Pa3InIUMbI CIIEKTPaIbHBIE MAKCUMYMBI B
KQKIOM U3 JIBYX CIIy4aeB.

Ne3. 3agaua no teme «VVHOrockOpocTHasi 00paGoTKa CHTHAJIOB, MeTO/bI NPeodpa3oBaHusl
I0JIOCOBBIX PAJHOCUTHAJIOB M3 aHAJOr0Bo# (popmbl B uu(ppoByo». Ha pucyHke npuseneHa
CXeMa CHCTEMBbI OJJHOKPATHOM MMEPEIUCKPETU3AINK C PAMOHATIBHBIM 1rarom L/ M .

ylk]
LIS H(z) o M —

\ 4

[Toctpoiite rpaduk anst AUX upeanbHOro pUiIbTpa B JaHHOH CUCTEME OJTHOKPAaTHOM
NEPEIUCKPETU3ALUH IS CIIEAYIOIUX CIIy4aes:

aL=5u M=2

6)L=2u M =5.



