degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
PAJIMOTEXHUKH M KOMIIBIOTEPHBIX
TeXHOJIOTHH
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Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: JlaGoparopust udpoBoii 00padOTKH CUTHAIOB
10 HANPABJIEHUIO: [Ipuxagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: Kocmuueckue TexHonorun

dusTex-ukona A3pokocMuueckux TexHomoruit
HeHTp oOpazoBarenbHbIX nporpamm OPKT

Kypc: 1
KBAJM(PUKAIMA: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON ATTECTAIMH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIi 3a4eT
2 (Becennwii) - luddepeHnnpoBaHHbIN 3aUeT

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 0 yac.
cemuHapsbl: 0 yac.
nabopatopHbie 3aHsaTus: 60 yac.

CamocrositenpHas pabdora: 120 gac.
Bcero gacos: 180, Bcero 3au. en.: 4
[IporpamMmy cocraBunu:

A.B. Jleyc, kaHJ. TEXH. HAyK, TOLECHT
T.A. Topmaros, crapmuii npenoaaBaTeb

[Iporpamma obcyxaeHa Ha 3aceanuu LeHTpa oopazosarenbHbIX nporpaMm OPKT 08.11.2024



AHHOTANMA

Kypc «Jlaboparopusi 1udpoBoii 0OpaObOTKH CHTHAJIOB)» HAIpaBlieH Ha TPAKTUYECKOE W3YUYCHHE OCHOB
mdpoBoii 00pabOTKH CcUrHamoB. B Kypce mIaBHBIM 00pa3oM pacCMaTpPHBAIOTCS BOMPOCHI IU(PPOBOI
¢unsTpanuy U nU(GPOBOTO CHEKTPAIBLHOIO aHauu3a. AYIUTOpHBIC 33aJaHUS 1O KypCy MPOBOISATCA B BHIE
naboparopHbeix pabor. B xome maGoparopHbeIX paboT oOyyaromuecs Ha MPAKTUKE HU3y4YaroT BO3SMOXXHOCTH
anmapaTHoW peayn3anuy HUGPOBBIX (QUIBTPOB HA MPOrPAMMHUPYEMBIX JOTHYECKUX HMHTErPabHBIX CXeMax
(IUTMC) u mpoBOAST KOMITBIOTEPHOE MOJCIMPOBAHHE MPOLECCOB, M3ydaeMbIX B LHUQPOBOH 00paboTKe
CUTHAJIOB, ¢ ToMoIkio cpeabl MATLAB u 6ubnuorek si3bika nporpammupoBanus Python.

Kypc Bkimowaer B ce0st mpoBeieHHE JIAOOPAaTOPHBIX OSKCIIEPHUMEHTOB C TOCICAYIOIIUM OOCYKICHUEM,
0030pHBIX KOHCYJBTAIIMH 10 TeMaM J1a00opaTOpHBIX paboT, almapaTHyio peaau3aiuio nu(PoBbIX GUIETPOB Ha
[TJINC, kxoMIbIOTEpHOE MOACITHPOBAHKE, PEIICHNUE TUTIOBBIX U MPAKTUYCCKHUX 33/1a4.

1. leau u 3apauu

Meap AUCUMNIMHBI

Henpto kypca «Jlaboparopusi 1udpoBoli 00pabOTKM CHUTHANOB» SIBISIETCS O3HAKOMIIGHHE C
pa3IMYHBIMU HAayYHO-TEXHUYCCKHMH HANpaBICHUAMH B 0ONacTH HU(POBOH 0OpaOOTKH CUTHAJIOB,
IJIaBHBIM 00pa3oM ¢ nudppoBoit GuisTpanmeld ¥ ¢ MUPPOBBIM CIIEKTPATHHBIM aHATH30M.

3agauu AU CHUILIHHBI

- OBJIajicHue 0a30BBIMH MPAKTUYECKUMHU HABBIKAMHU alMapaTHOH peanu3anuy nu(poBbIX (UIBTPOB Ha
[UINC;

- W3y4yeHHE OCHOB LH(POBOrO CIEKTPAIBHOTO aHalM3a C MPOBEACHHEM KOMIIBIOTEPHOTO
moznenupoBanust ¢ nomombio MATLAB u 6ubmuorek Numpy, Scipy, Matplotlib, Astropy s3bika
nporpammupoBanus Python;

- OBJIQZICHWE HAaBBIKAMHM pacdeTa W HHTEpPIpPETalud OCHOBHBIX JHCKPETHBIX NpeoO0pa3oBaHUi
CUTHAJIOB: TUCKPETHOTO Mo BpeMeHH npeodpazoBanus Dypwe (JIBIID), muckperHoro mpeobpazoBanus
Oypoe (UAI1D), kparkoBpeMeHHOTO ArckpeTHoro npeobpazoBanust Pypre (STFT), Z-npeodpazoBanusi.

- HCCJIICAOBAHNEC CUTHAJIOB C IIOMOIIIBIO I_II/I(l)pOBOFO ocannorpa(ba;

- IpUOOpETeHNE MPAKTHYESCKUX HABBIKOB 10 UCIIOJIb30BAHUIO AJITOPUTMOB OBICTPOTO MpeoOpa3oBaHuUs
®ypoe (BI1D) B 11poBOM crIEKTpaILHOM aHAU3E.

2. llepedyens popmMupyemMbIX KOMIETeHIMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kop 1 HaniMeHOBaHNE KOMIIETEHITUH WNuaukaTopsl TOCTYKEHMSI KOMITETEHITUN
YK-4 CriocoGeH mpUMEHSITh COBPEMEHHbBIE VYK-4.4 CrniocobeH HCIoNb30BaTh COBPEMEHHBIE CPENCTBA
KOMMYHHKAaTHBHBIC TEXHOJIOTHH, B TOM YHCJI€  |WH(POPMAIIMOHHO-KOMMYHHUKAIIHOHHBIX  TEXHOJIOTHH  JUIS
HA UHOCTPaHHOM(BIX) sI3bIKe(aX), IS aKaJIeMUYECKOTO U TIPO(EeCCHOHAILHOTO B3aUMOJICHCTBUS
aKaJIeMUYECKOTo U MPo(ecCHOHaTBEHOTO
B3aUMOJCUCTBUS
OIIK-1 Bnaneer cuctemoit pynnamentransubix |OINK-1.1  3Haer w  cmocobeH — HWCIONB30BaTh B
Hay4YHBIX 3HAHUH B 00acTu npoeCcCHOHAILHON ~ JCATENIFHOCTH  (pyHIaMEHTAJIbHBIE
(hu3HMKO-MaTeMaTHIECKUX HAyK Hay4HbIC 3HaHUS B 00JacT (PU3NKO-MATEMATHIECKUX HAyK
OIIK-4 CriocoOeH ycITenTHo peain30BhIBaTh OIIK-4.3 CnocobeH apryMEHTHPOBAHO BBIOWPATh CIIOCOO
pellieHue MOCTaBIeHHOH 3a/1a4, IPOBECTH MPOBE/ICHUS] HAYYHOTO MCCIIEIOBAHUS

aHaJIu3 pe3ysbTara v MPeICTaBUTh BBIBOABI,
MPUMEHSS 3HAHNS ¥ HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHIECKUX HayK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX

TEXHOJIOTUI
[MK-3 Cnocoben mpodeccuonanpao padorars ¢ |[1K-3.2 Criocoben MIPOBOJTUTH IKCTICPUMEHT
MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM (MOIEeTMpOBaHNEe) C HMCHOIB30BAHUEM HCCIICIOBATEIBCKOTO

obopynoBaHueM (MpruOOpaMu U yCTaHOBKaMH, |000pynoBaHus (TAKETOB MPUKIATHBIX IPOTPaAMM)
CTIeATN3UPOBAaHHBIMH TTAKETaMH PUKIIAHBIX
porpamm) B U30paHHON TpeMETHON 00JIaCTH

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHMILINHE (MOLYJII0)




B pe3ynbrare ocBOeHUS TUCIUIUTHHBI 00y4YaronInecs JOKHBI

3HaTh:
- OCHOBHBIC JWCKPETHBIC MPe0oOpa30BaHUsl CUTHAIOB (IAMCKpETH3alus 10 BPEMEHH M IO 4YacToTe,
JBII®, auckpetnslii Bo Bpemenu psg Oypwe, AI1D);
- 3(deKTsl HaTOKEHUS M PACTEKAHUS CHEKTPAIbHBIX KOMIIOHEHT IPH JUCKPETHU3allMM CHIHajda U
OTpaHUYEHUN €T0 JTUTEIBHOCTH;
- OCHOBBI 1M (ppoBOY (MIBTpaLNy, HUPPOBOTO CHEKTPATHLHOTO aHAIN3a U KOPPEISILMOHHOTO aHaIu3a
PaaOCHUTHAJIOB.

YMETb:

- BBIYHCIISITH OCHOBHBIC JIUCKPETHBIE IPEOOpa30BaHUs IPU UPPOBOH 00pabOTKE CUTHATIOB;
- UCTIONIb30BaTh HETIapaMETPUUECKUE METOIBI IIM(POBOTO CIIEKTPAILHOTO aHAJIN3a CUTHAJIOB,;
- ONPEJEIsATh OCHOBHBIC XapaKTepUCTHKH U(PPOBBIX PUILTPOB (Tiepeaarodnas GpyHKIHsI, UMITYTbCHAS
Y TIEPEXOIHAs XapaKTePUCTHKH, aMIUTHTYTHO-4aCTHas U (pa304acTOTHASI XapAKTEPUCTHUKH).

BIIAJICTh!
- 0a30BBIMM HaBBIKAMH AaNMapaTHOM peanu3auuu LUQPPOBHIX (QUIBTPOB HA IMPOrpaMMHUPYEMBIX
norudeckux uHTerpanbubeix cxemax ([1JIMC);
- HaBBIKAMU KOMIIBIOTEPHOTO MOJEIMPOBaHMSA LUQPPOBBIX (GUIBTPOB M TpoBeAeHUs IH(poBOro
CIIEKTPAJIBHOTO aHAJIH3a;
- 2(QdeKTUBHBIM aNTOPUTMOM BBIUYMCICHUS AWCKpETHOro mpeobpazoBaHusi Dypbe — OBICTPHIM
npeobpazosanuem Oypoe (BIID).

4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJ€HHOI'0 HA HMX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKIIIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 JluckpeTHble MpeoOpa3oBaHus CUTHAJIOB 10 20
2 Hudposbie GUIBTPHI 10 20
3 Uurepdetic BBoma-BeiBoaB cuctem 1{OC 10 20
peaIbHOTO BpeMEHHU
HudpoBoil CHEKTpalbHBIM aHAIUX U
4 KOppeJSIHOHHAS o0OpaboTka 20 35
paaroCUTHAIOB
5 MHorockopocTHasi 00pabOoTKa CUTHAJIOB 10 25
Nroro yacos 60 120
[loaroroBka k sK3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 180 yac., 4 3au.en.

4.2. CopaepxaHue AUCHUILTAHBI (MOYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 1 (Ocennwii)

1. JluckpeTHbIe IpeoOpa30BaHMs CUTHAIIOB




1. JluckpeTHbIe IpeoOpa30BaHMs CUTHAJIOB.

[IpeobpazoBanne dDypre. CBoMCTBA CHEKTpadbHOH MIOTHOCTH. JlenbTa-QyHKIMS W €e CIEKTp.
CriekTpbl UMITYJIbCHBIX M HEPUOAMYECKUX CUTHAJIOB: MPSMOYTOJIBHOTO M TPEYrOJbHOIO MMITYJIbCa,
NEPUOANYECKH  TOBTOPSAIOUIMXCA  HMIYJIbCOB, T'apMOHMYECKMX CHTHAJOB. Jluckperusanus
aHAJIOTOBBIX ~ CHUTHAJIOB  B3ATHEe oTcueToB. leopema KorenpHukoBa. OleHka — crekTpa
JMCKPETU30BaHHOTO cUrHana. JuckperHoe Bo BpemeHu mpeodpasosanne Oypre (JIBI1D). CroiicTBa
IABII®. Jduckpernoe npeodpazoBanue Oypoe (AIID). Cpoiictea AIID, cBsazp AIID u ABID nns
MEePUOANYECKUX TIOCIIE0BATEIbHOCTEH W JAJIs TOCJIEA0BATENbHOCTEH KOHEYHOH JJIMTEIBHOCTH.
WnTepnonsinust  criektpa [100aBICHHWEM HYJIEBBIX OTCUYETOB B CUTHaN. Anroput™m beictporo
npeobpazoanuss Dypee (BIID) must sddexrunBroro Berumcnenus JI1P. KparkoBpemenHoe
mckperHoe npeodpazoBanne Pypre (STFT), ananus ayauodaiina ¢ npumenenuem 1D u STFT.
WuTepnionsnusi CUTHAJIOB C OTpaHUYEHHOW CHEKTpaibHON monocor ¢ momoripio D, sddext
HAJIOXKEHUs! TIPY IPOPEKUBAHNN JUCKPETHOTO curHana. [IpeacraBnenne cUrHagoB OPTOTOHANBHBIMU
psnamu. OOl METO TMCKPETH3ALIUH.

2. ludpossie GUIBTPHI

2. lludpossie GUIBTPEI.

Jluneiinsie nuckperHsie GuibTpbl. Ilepexon ot mpeobpazoBanus Jlammaca kK z-nmpeoOpa3oBaHUIO.
CroiicTBa z-nipeoOpa3oBanus. BeruncieHne oOpaTHOTo z-mpeoOpazoBaHus. YpaBHEHHE IH(PPOBOTO
¢unbTpa B TEpMUHAX Z-ipeoOpazoBaHusl. IMITynbCcHAs U TiepeAaTOuHasl XapaKTePUCTUKH LU(POBOTO
¢unsrpa. PexypcuBHBIe (DUIBTPBI HMKHUX YacTOT MEPBOTO W BTOPOro  mopsaxa. PuisTpsl ¢
KOHEYHOM MMITynbcHOM xapakrepucTukoil (KUX—¢unerper). PasHocTHBIE ypaBHEHHS, IEpEAATOUHbIC

(YHKIIMU U CTPYKTYypHBIE cXeMbl TUPPOBBIX (uibTpoB. Peanmzanms B Buue Verilog momyneit c
nocnenytoniei 3anuceio Ha [IJIUC.

3. UnTepdeiic BBoma-BriBoB cucteM L{OC peanpHOro BpeMeHH

3. UnTepdeiic BBoma-BriBoaa cucteM LIOC peanpHOTO BpeMeHH.

Hudposas 06paboTKka CUTHAIOB B CUCTEMaX peajbHOrO BpeMeHHU. THroBas 0JI0OK-cxeMa yCTpOHCTBa
00pabOTKM CUTHAJIOB B PaAHOJIOKANK, HTU(PPOBON PaiUOCBsI3H, TEICKOMMYHHUKAIIMOHHBIX CHCTEMAX.
Amnanoro-mudpoBoii npeobpazosarens (ALIl), mudpo-ananorosiii mpeodbpasosarens (LIAIT).
AmneprypHas morpemHOocTh  AIIIL.  VYcrpoiictBo  BeIOOpKu-xpaHeHus. Illym  KkBaHTOBaHHS
n-paspsgHoro ALIL. BoccranoBnenue curHaioB mo ux orcueraM myTem uHTeprnonsiuu. LIAII kak
WHTEPIHOJATOP HYJEBOrO MHOpsiaka. MeTonsl mpeoOpa3oBaHMs Y3KOMOJIOCHBIX PAJAMOCUTHAIOB W3
aHanoroBoi GopMel B IUGpOBYIO.

Cemecrtp: 2 (Becennuit)
4. lludpoBoii CIeKTpaIbHBIN aHATHX W KOPPEISIIMOHHAs 00paboTKa paJuoCUTHAIOB

4. ludposoii crieKTpaIbHBIN aHATH3 H KOPPESIIIMOHHAsE 00paboTKa paJuoCUTHAIIOB.



JuckpeTHblii cimydvaiiabiii mponecc. [lonarue chekrpanpHOi motHoctH MouHOcTH (CIIM).
CrexTpanbHBIA aHAIN3 CIyYalHBIX MmocienoBaTenbHocTell Metonom JI1D. Meron nmepuomorpamm
ouenku CIIM. Meroas! crnaxkuBanus oneHok CIIM (baptierra, Yamua). OcoOeHHOCTH UPPOBOrO
cnekrpanpHoro ananu3a (LICA) meromom JII1D: sddexTsl HATOKEHUS, pACTEKAHHUS CIIEKTPAIbLHBIX
KOMIIOHEHT, Napa3uTHOH aMIUIMTynHOW Monyasiuud. OxoHHble (yHkOuu. [Ipumepsl OKoH.
[IpsimoyronsHOE OKHO, OKHa XaHHa W X3MMHUHTA. BbIOOp OKOHHBIX (QYHKIHA Tpu HHUGPOBOM
cnekrpanbHoM aHanu3e. KoHcTpyupoBanue oxoHHOM ¢yHkuuu.  Koppensumonnas ¢yHKOus,
KOBapHaluoHHass (YHKIMS CIy4aiiHOro mporecca. Pacder B3anMOKOPPENSIIUOHHOW (DYHKIIHH.
Teopema Bunepa-Xunumna. Koppensunonnas obpaborka curHaia ¢ momexoil. OleHKa BpeMeHH
KOPPEJSLMH Y3KOIIOJIOCHOIO I'ayccoBa Cily4aifHOro Ipolecca.

5. MHorockopocTHast 06paboTka CUTHAIOB

5. MHorockopocTHast 00paboTKa CUTHAJIOB.

Heuumanus u uarepnonsanus. CucrteMa ogHOKpaTHON MHTEpnoaiuuu. VHTeprperanus mpouerypsl
WHTEPNOJSIIMA BO BPEMEHHOW M B 4acTOTHOM oOmactu. CuctemMa OIHOKPAaTHOM JeLUMAaLiH.
WuTepnperanust mpoueaypsl AcNUMAIM B YacTOTHOH W BO BpeMeHHOH oOmactu. Cucrema
OJHOKPATHOM NepenucKkpeTn3anuy. MimocTpanus HHTEPIIOIALNAN C PAlIHOHAIBHBIM IIarOM.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMO AJIsl OCYIEeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

VuebHble ayntuTOpUH U1 IPOBEACHUS 1a00PATOPHBIX 3aHATHH, IPOEKTOP, KOMITBIOTEPHBIE KIACCHI C
noctynom B ceTh «lHTepHeT», nndposbie ocumuiorpads! Signal-PV6S, naboparopHblie MakeTh

Digilent Nexys-2 Board.
[Iporpammuoe obecnieueHne: naket Npukiaaaeix nporpaMmm MATLAB, nuctpubytuB Anaconda s

s3pIka iporpammupoBanus Python 3, maker GNU Octave, cpena pazpadorku Xilinx ISE Design Suite.

6.IlepeyeHnb pekoMeHyeMOIi TUTEPaATyPbI

OcHoBHas nuTeparypa
1. Hudporas o6padorka curnanos [Tekcr] = Discrete-Time Signal Processing : [yue6. mocobue ais
By30B] / A. Onmenreiim, P. lladep ; nep. ¢ anr. mox pex. C. @. boera .— 3-e u3n., ucnp. — M. :
Texnocdepa, 2012 .— 1048 c.
2. Hauana nmudpoBoii 06paboTku curHaiioB [TekcT] : Ui CTYeHTOB-(QHU3UKOB C YIPAKHEHUSIMU B
MATLAB : y4e06. mocobue st By3oB / E. B. Boponos ; M-Bo oOpa3oBanus u Hayku Poc. denepanun,
Mock. ¢u3.-texs. uH-T (roc. yH-1 .— M. : MOTU, 2010 .— 160 c.

JlononHuTenbHAs TUTEpaTypa
1. OcHoBwI u(ppoBoit 00padoTku curHaioB [Tekct] : B 3 4. : yue0. mocodue s By308B / FO. PomaHtok ;
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.

2. lludpposas o6padoTka curnanos [Tekcr] / A. b. Cepruenko - CII16.ITurep,2006, 2007

3. luckpetHoe npeobpazoBanune Oypbe B MUPPOBOM crieKTpaibHOM aHanu3e [Tekct] : yueb. mocobue
s By30B / FO. A. Pomaniok ; M-Bo oOpa3oBanus u Hayku Poc. @enepaunu, dexn. areHTCTBO 110
oOpazoBanuio, Mock. (pu3.-TexH. uH-T (roc. yH-T .— M. : M®TH, 2007 .— 120 c.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

Caiit kadenpsl Pagnosnekrponuku u npuknagHoi uapopmaruku MOTU: http://kprf.mipt.ru/, Google
Classroom: LMS: https://classroom.google.com/,

Google Colaboratory: OnnaiiH-cepsuc: http://colab.research.google.com/,

MATLAB Online: Onnaiin-cepsuc: https://www.mathworks.com/.



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

[Iporpammuoe obecneuenue:

nakeT npuKiIagHbIx mporpamm MATLAB,

auctpuOyTuB Anaconda 1ist si3bika nmporpamMmupoBanust Python 3,
cpena paspabotku Xilinx ISE Design Suite,

nakeT GNU Octave.

OHaifH-CepBHCHI JIs1 KOMITBIOTEPHOTO MOJICITUPOBAHUS:
Google Colaboratory http://colab.research.google.com/,
MATLAB Online https://www.mathworks.com/.

Cuctembl TUCTAaHIIMOHHOTO OOYYCHHS:

LMS Google Classroom (Cuctema ynpasienus o0ydeHrem),
Google Hangouts Meet (cepBrc BuIeOKOH(DEPEHIICBA3H).

9. MeToauyeckue yKazaHusi AJis1 00y4arOIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CamocrosiTenbHas paboTa BKIIOYAaeT B ce0f UYTCHHE PEKOMEHAOBAHHOW JIMTEpaTypbl, pELICHUE
TUTOBBIX 3aJlad, MOATOTOBKA OTBETOB HA KOHTPOJIbHBIE BOMPOCHI, O3HAKOMIICHHE pPECypcaMHu CeTd
«MHTEpHET» TI0 TeMaTHKe Tab0paTOPHBIX padoT.

JlaGoparopupie paboTBHl MO MOIEIMPOBAHUIO Ha s3bikax Matlab u Python 3 BrimomHstoTcs Ha
KOMIIBIOTEpaxX ayJUTOPHM, B Cllyyae IUCTAHIIMOHHOTO OOYyYeHHs PEKOMEHIYETCS HCIIOIb30BaHHE
onnaita-cepucoB Google Colaboratory u MATLAB Online.

Jis opranu3anuu y4yeOHOro mporuecca UCIONIb3yeTcsa cucTeMa ynpasieHus: oOydennem LMS Google
Classroom, nocTtym ocyiiecTBisiercs ¢ momonipio Google akkaynra B fomene @phystech.edu.
OOyuarommMcsi PEeKOMEHIYETCS O3HAKOMUTBHCS C Yy4eOHBIMM MaTepuanaMud Ha caiite kadeapbl
http://kprf.mipt.ru/ (paznenst «Marepuanst / JlTaboparopHbie pabOTh», «YueOHble Kypchl / JlucKpeTHbIe
mpeoOpa3zoBaHusl CUTHAIOBY, «Y4eOHbIe Kypchl / OCHOBBI HU(PPOBOH 00paOOTKN CUTHAIIOBY)



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa
npopuJib NOArOTOBKHU: KocMuueckue TexHonoruu
dusTex-urkona ApokocMuueckux TexHomoruit
HEeHTp oOpazoBarenbHbIX nporpamm OPKT
Kypc: 1

kBaTuuKkanus: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIH 3a4eT

2 (Becennwii) - luddepeHnnpoBaHHbIN 3aUeT
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1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-4 CriocoGeH mpUMEHSITh COBpEMEHHbBIE
KOMMYHHKATHBHBIC TEXHOJIOTHH, B TOM YHCJIC
HAa UHOCTPaHHOM(BIX) sI3bIKe(aX), IS
aKaJIeMUYECKOro U MpoQecCHOHaTBEHOTO
B3aNMOJCHCTBUS

VYK-4.4 CrniocobeH HCIoNb30BaTh COBPEMEHHBIE CPENICTBA
WH(POPMALMOHHO-KOMMYHHUKAIMOHHBIX ~ TEXHOJIOTUH  JUIS
aKaJIeMHYECKOT0 M Po(eCcCHOHAIEHOTO B3aUMOAEHCTBHS

OIIK-1 Bnaneet cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BAaTh B
mpo)eCCHOHANBLHON  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4YHbIC 3HaHUS B 001acTH (U3NKO-MATEMaTHIECKUX HAyK

OIIK-4 Crioco6eH ycrenHo peann3oBbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara M MPeACTaBUTh BHIBOIbI,
MPUMEHSS 3HAHNS ¥ HaBBIKU B 00JIaCTH
(U3MKO-MaTEeMaTHYECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.3 CnocobeH apryMeHTHPOBAaHO BBIOMpAaTh CIOCOO
MPOBEICHUS HAYYHOTO MCCIIEA0BAHUS

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEIbCKAM H UCTIBITATEIbHBIM
obopynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3NPOBAHHBIMH TAKETAaMH PUKIIAIHBIX
porpamMm) B U30paHHON TpeMETHON 00JIaCTH

[K-3.2 Criocoben MIPOBOANTH SKCIIEPUMEHT
(MozmenupoBaHUE) C HCIOIB30BAHUEM HCCIEIOBATEIBCKOTO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEH U

B pesynbrare usyuenus aucuumuiuHbl «Jlabopatopus nmdpoBoit 0O0pabOTKM CHTHAIOB» OOyYaroImuics

JIOJDKEH

3HAThb:

- OCHOBHBIC IHCKpPETHBIE MPEoOpa3oBaHMs CUTHAJIOB (IMCKpETHU3alusl MO BPEMEHH M IO 4YacToTe,
JBII®, nuckpetnblii Bo BpeMeHH psia Dyprwe, AI1D);
- 3¢ ¢eKThl HAJNOKEHHS W PACTEKAHUS CIEKTPAIbHBIX KOMIIOHEHT NpPU AMCKPETH3AalMHM CUTHANa U

OIrpaHUYCHNHU €TI0 JJIUTCIIBHOCTHU;

- OCHOBBI L[I/I(i)pOBOI\/’I (bHJ'IBTpaLII/II/I, ]_II/I(prBOFO CIICKTPAJIbHOT'O aHaJIn3a U KOPPCIIAIMOHHOI'0 aHaJIn3a

paauoCUrHajioB.

yMeTh:

- BBIYHCIISITH OCHOBHBIE AUCKPETHBIE IPE0Opa3oBaHus Ipy HUPPOBOH 00pabOTKEe CUTHAJIOB;

- UCTIONIb30BaTh HETapaMeTPUUECKUEe METObI IIM(POBOTO CIIEKTPAIILHOTO aHAJIN3A CUTHAJIOB,

- ONPENEeIIsiTh OCHOBHBIC XapaKTePUCTHKH HU(PPOBBIX PUILTPOB (Mepenarounas QpyHKIHs, UMITYIbCHAS
U TIePEXOHAs XapaKTePUCTHKH, aMIUTUTYTHO-4acTHas U (pa304acTOTHAsI XapaKTEPUCTUKN).

BJA€Th:

- 0a30BBIMH HaBBIKAMU amNlapaTHOW peanu3alii HQPPOBBIX (QUIBTPOB HA MIPOrPaMMUPYEMBIX
norudeckux uHTerpanbHbix cxemax ([1JINC);
- HaBBIKAMH KOMITBIOTEPHOTO MOJICIUPOBAHMS HHU(POBBIX (QUIBTPOB U TMPOBEACHUS ITU(POBOTO

CIICKTPAJIbHOI'O aHaJIn3a,

- 2(QeKTUBHBIM aNTOPUTMOM BBIYMCIICHUS AMCKPETHOro npeoOpazoBaHust @Dypbe — OBICTPHIM

npeobpazoBanneM Oypee (BI1D).

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHIi, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C LCJIBIO KOHTPOJISI OCBOCHUA O6y‘laIOH_[I/IMI/IC$I yqe6H0r0 Marcpuajia mpoBOAUTCA YCTHBII\/’I OIIpoC B
HavaJi€ 3aHATUA 110 TCMC ITPOULJIOTO 3aHATUA.




4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOYHOI aTTecTalluu
o0yuaruuxcst

IIpoMexyTouHblii KOHTposib B 9 cemectpe uW B 10 cemecTpe mpoBOAWTCS B  BHIE
T PepeHITMPOBAHHOTO 3a4€Ta Ha OCHOBAHUH PE3YJILTATOB BHITIOIHEHUS TA00OPAaTOPHBIX PadOoT.

ITepeuens TeM 1aOOPATOPHBIX PAOOT U MPHUMEPOB KOHTPOJILHBIX BOIIPOCOB.
9-ii cemectp

Tema «JluckpeTHble MpeoOpa3oBaHMs CUTHAJIOBY.

1. 3ammcars (opMysbl aHaIW3a U CHHTE3a M mpeoOpazoBanust Pypbe, TUCKPETHOTO BO BPEMEHHU
npeobpazosanus Oypoe (ABIID), nuckperHoro npeodpazoBanus Oypwe (AI1D).

2. OOwsicauth cBa3p Mexay D m JABIID s mepuoguveckux MOCIEAOBaTEIBHOCTEH W IS
MOCIICA0BATEIFHOCTEH KOHCUHOM NIIUTCIbHOCTH.

3. OmnpenenuTth rpaHUIlbI s BEIOOpA YaCTOTHI AUCKPETH3AIMHU JUIsI IEPUOJMUECKOTO CUTHATIA UCXOJIS
U3 TeopeMbl 0TcueToB KoTenbHUKOBA.

4. llosicHuTh, B yeM 3akitodaercs anroput™m BeraucieHus [IBIID Ha xoHeuHOM HAOOpe TOYEK OCH
4acTOT C MOMOIIBIO OBICTPOTO MpeodpazoBanus Dypbe.

Tema «{udposbie GUIBTPHI.

1. 3Bamucare B o0meM BHJE pa3HOCTHOE YypaBHEHHE QHIBTPA C KOHEYHOW HMITYJIBCHOM
xapaktepuctuxoit (KUX-dunrrpa), pekypcuBroro ¢punsrpa N-ro nopsiaka.

2. IlpuBecTtu mpuMepsl CTPYKTYPHBIX cxeM i peanuzanuun KUX ¢gunsrpa, peKypcUBHBIX (HIBTPOB
IIEPBOI'0 U BTOPOIO HOpsKa.

3. Ompenenuth nepenaTounyo GyHKIHIO MH(POBOro GuibTpa 1Mo ero UMIyJIbCHON XapaKTEepUCTHKE.
[IpoBecTu aHanu3 yCTOMYUBOCTH (pUIIbTpA.

Tema «UnuTepdeiic BBoga-BeiBoaa cucteM LIOC peanbHOr0 BpeMeHn».

1. TlpuBecTn THHOBYIO OJIOK-CXEMY yCTpOWCTBa 0OpaOOTKH CHUTHAJIOB B PaAHMOJIOKAlMH, UH(POBOI
pasnoCBsI3U, TEJIEKOMMYHUKALIMOHHBIX CUCTEMaX

2. OOBbACHUTH, KaK OTHOCHTEJIBHBIH YPOBEHb IIyMa KBaHTOBaHUs n-paspsaHoro ALl 3aBucur or
YHCIIa pa3psioB.

3. Iosicauth, B 4eM 3akiatodaercs ucnonb3oBanue [{AIl kak nHTEpIONSITOpPa HYJAEBOTO MTOPSIIKA.
10-i1 cemecTp

Tema «{n¢poBoii crieKTpaabHBIN aHAJIH3 U KOppEsIHOHHast 00paboTKa paguoCUTHAIOBY.

1. Jatp ompeneneHHs CTAI[HOHAPHOTO CIIyYaifHOTO IMpoIecca, CIEKTPATbHOW TUIOTHOCTH MOIIHOCTH
CTaLMOHAPHOTI'O CIIydaifHOro mpouecca

2. CdopmynupoBaTh alIroOpuT™M OLEHKHM CHEKTPAJbHOM IUIOTHOCTH MOIIHOCTH METOIOM
[IEPHUOAOTPAMM.

3. IIpuBeCTH OCHOBHBIE METOIbI CIVIA)KUBAHUS OLEHOK CHEKTPAIBHON IUIOTHOCTH MOIIHOCTH IO
METO/ly IEPHOA0TIPaMM.

4.  OOBACHWUTH BIMSHHE BHIOOpAa OKOHHBIX (YHKIMH Ha pe3ylbTaT CHEKTPaJbHOIO aHalIu3a
rapMOHHYECKOTO CUTHAaJa.

5. Jlarp ompeneneHus (GYHKIUH KOppessuH, (GYHKIMH KOBapHalnd, Kod(QuimenTa Koppessuny,
OOBSCHUTH (PU3MUECKUN CMBICI KOI(DDUITEHTA KOPPEISALINH.

6. VYKazarTh CBSI3b CIEKTPAIBHOW IUIOTHOCTH MOIIHOCTH C (YHKIUEH KOPPENSIMH CIy4aliHOTO
mpoecca.

Tema «MHOrockopocTHasi 00pabOTKa CUTHAJIOBY.

1. IlpuBecTH HHTEPIIPETALUIO IPOLEAYPBl HHTEPIIOJISLMY BO BPEMEHHON M B YACTOTHOM 001acTH.

2. OOBSICHUTH BO3HUKAIOLIUE MIPH UHTEPHOISILIUH U AenuMann 3QQeKTsl B CrieKTpajabHON 00JacTH.

3. IlpuBecTn npuMep peaan3aluy HHTEPIOMSALNN C pAMOHAIBHBIM IIaroM.



Kpurepun onennBanus
Onenka "OTIMYHO (1o)" BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIEMY BCECTOpPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAHUS YYEeOHOHM MpOorpaMMbl AMCHUUIUIMHBI, TMPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Onenka "ommuHo (9)" BbICTaBIsIETCA CTYIEHTY, I0KA3aBLIEMy BCECTOPOHHHE, CUCTEMAaTH3UPOBAHHBIE,
n1y0oKHe 3HaHUS y4eOHOH MPOrpaMMbl AUCHUIIIIMHEL U YMEHHE YBEPEHHO NMIPUMEHSTh UX Ha MPAKTHUKE
MIPH PELICHUH KOHKPETHBIX 3ajiad, CBOOOJHOE U MPaBUIIbHOE 000CHOBAaHUE IPUHATHIX PELICHUH.
Onenka  "ommuno  (8)" BBICTABIISIETCSI  CTYZAEHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/1ad4, IPaBUIbHOE OOOCHOBAHHUE MPUHSATBHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka "xopomo (7)" BbICTaBIs€TCS CTYIACHTY, €CJIM OH TBEPAO 3HAET Marepuai, TPaMOTHO U IO
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATHh IOJy4YEHHbIC 3HAHUS HA INPAKTUKE, HO HEIO0CTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.
Ornenka "xopomio (6)" BBICTaBISIETCSA CTYAEHTY, €CIM OH TBEPJO 3HAET Marepuall, TPaMOTHO M IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh [IOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka "xopomo (5)" BBICTABISETCS CTYIEHTY, €CJIM OH B OCHOBHOM 3HAET MaTepuall, FPaMOTHO H 110
CYILECTBY M3JIaraeT ero, yMeeT NMPUMEHSTh MOMyUYCHHbIC 3HAaHHUS Ha MIPAKTUKE, HO JIOIyCKAeT B OTBETE
WIH B PELICHUH 3a7a4 JOCTaTOYHO OOJIBIIOE KOJMUYECTBO HETOUHOCTEH.
Onenka "ynoBneTBOpPUTENbHO (4)" BBICTABIsIETCA CTYIEHTY, IIOKa3aBIIEMy (parMeHTapHBIMH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyILIEHUs JIOTHYECKON MOCIe0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIEero oOydeHus, u
MOJKET MIPUMEHSTH MOJTyuYeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.
Onenka "ynoBneTBopuTenbHO (3)" BBICTABISIETCA CTYIEHTY, IIOKa3aBIIEMYy (parMeHTapHBIMH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (popMynrpoBKax 0a30BbIX HOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
Onenka "HEyIOBIETBOPUTENHHO (2)" BBICTABIAETCS CTYHOCHTY, KOTOPBI HE 3HAaeT OonblIed dacTu
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JOIyCKaeT TrpyOble OmHOKH B
(hopMyIIMPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
Onenka "HeymominerBopuTenbHO (1)" BbICTABISETCS CTYIACHTY, KOTOPHIH HE 3HAE€T OCHOBHOTO
cozep)kaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOKd B (GOPMYIUPOBKaX
0a30BBIX TMOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpeIesONINe MPoueIyPbl OIleHHNBAHUS 3HAHUI, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

IIpoBepka ImpakTUYECKUX HABBIKOB, TEOPETUUYECKUX 3HAHUN U YMEHUI NOJDKHA OCYILECTBIATHCS IO
pe3ynbTaraM TEKyLIero U MpOMEKYyTOYHOTO KOHTPOJsl Oe3 CIeUaIbHBIX OMPOCOB B KOHIE CEMECTpa.
Ecnu otaensHBIM CTyaeHTaM TpeOyeTcsl JOMOJIHUTENbHAs IPOBEPKa, TO OHA IMPOBOIUTCS C ITOMOIIBIO
WHAMBHUIYAJbHBIX TEOPETUYCCKUX U MPAKTHUECKHUX 3aJaHUM U J1abopaTopHBIX padoT, aHAJIOTHYHBIX
TEM, KOTOPbIE UCIIONB3YIOTCS B TEKYILEM U IIPOMEKYTOUHOM KOHTPOJIE.



