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

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
PAJIMOTEXHUKH M KOMIIBIOTEPHBIX
TeXHOJIOTHH

J.A. T'agpusion

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: Pagnodusnueckas naboparopust
110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA
Nnpo¢uJIb NOATOTOBKH: KoMIipioTepHbIE TEXHOIOTHH U BBIYUCIUTEIbHASI TEXHUKA

Oustex-mkona Paguorexuuku nu Komnsrorepubix TexHonoruii
kadempa paarodIeKTPOHUKHY U PUKIIATHOW HH()OPMATHKN

KYpC: 3
KBAJM(PUKAIMA: OaxanaBp

Cemectpbl, HOpMbI IPOMEIKYTOUHON ATTECTAIMH:
5 (ocennwuii) - 3auer

6 (Becennwii) - luddepeHnnpoBaHHbIN 3aUeT

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

CamocrositensHas pabora: 75 gac.
Bcero gacos: 135, Bcero 3au4. ex.: 3
[IporpamMmy cocraBunu:

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

[Iporpamma obcyxaeHa Ha 3aceqannu Kadeapsl pagriodIeKTPOHUKH U pukiagHoi nndopmaruku 30.01.2024



AHHOTANMA

Kypc «Pammopusnueckas naGoparopus» HampaBiIeH Ha NPAKTUYECKOE H3y4YEHHE pasfenoB IM(poBoi
00pabOTKM CHTHAJIOB, CBSI3aHHBIX C AMCKPETU3AIMEH CHUTHAJOB, ITUCKPETHHIM BO BPEMEHH M IMCKPETHBIM
npeobpazoBanusiMu Pypbe, OCHOBAaMHU CIEKTPAIBLHOTO aHAIN3a IeTEPMUHUPOBAHHBIX CUTHAJIOB. AYTUTOPHBIE
3aJaHusl MO0 KypCy TPOBOIATCA B BHIE J1a0OPAaTOPHBIX pPa0OT, OCYIIECTBISEMBIX C HCIIOIb30BaHHEM
muppoBoro  ocrpuuiorpada, KOMIBIOTEPHOTO — MOJICIMPOBAaHUS C  TIOMOIIbIO  OMONMOTEK  s3bIKa
nporpammupoBanus Python.

Kypc Bkimouaer B cebsi mpoBefeHHE JIAOOPATOPHBIX JKCIEPHUMEHTOB C IMOCICAYIONIMM OOCYXKICHUEM,
O030pHBIX KOHCYJIBTAllMi MO TeMaM JIa0OpaTOPHBIX pPadOT, KOMIIBIOTEPHOE MOICIMPOBAHHE, PEIICHUE
THUIOBBIX U MPAKTUYECKUX 3a7ad.

1. lean u 3apa4n

Heab AuCHUILIMHBI
Llemsto kypca «Pammodusmueckas abopaTopusi» SBISETCS MPAKTHUSCKUE W3YYCHUS Pa3/eiioB
1QpoBoii 00pabOTKH CUTHAJIOB, OTHOCSIINXCS K BOIPOCAM JAUCKPETH3ALNHU U CIIEKTPAJILHOTO aHAJIM3a
C MPUMEHEHUEM JAUCKPETHOTo mpeobpazoBanus Dypobe.

3agaum AUCHUTLUITHHBI
- M3yuyeHHE OCHOB IM(POBOrO CIEKTPAJIbHOTO aHadW3a C IPOBEIECHHEM KOMIIbIOTEPHOTO
MOJEJIMPOBaHUsT ¢ nomomplo Oubmmorek  Numpy, Scipy, Matplotlib, Astropy s3bika
nporpammupoBanus Python;
- IprOOpETeHNE HABBIKOB aHAJIN3a CUTHAJIOB C MIOMOIIBIO IU(POBOTO ocIHILIOTpada;
- OBJIQJICHHE aJITOPUTMAMHU pacueTa AUCKPETHOro mpeodpaszoBanust Pypbe;

- TIOJTyYeHHEe HEOOXOAMMBbIX 0a30BBIX 3HAHHMH JUIS JAajbHEHIIEro u3yd4eHus U(POBOro CHEKTPaIbHOTO
aHanu3a 1 upoBoi GUIBTPaLK CUTHAJIOB.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

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

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIKCHHUA KOMIICTCHIIMH

YK-1 CriocobeH oCyIiecTBIsTh TOUCK, VK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
KPUTHUYECKUH aHAJIN3 ¥ CUHTE3 HHpopManuy, |MHGOpMANNIO, HEOOXOAUMYIO ISl PELIeHUs MOCTABICHHON
MIPUMEHATh CHCTEMHBII MOAXOA Ul pELIEHHsT  |3ada4u

[IOCTABJICHHBIX 3a7a4

OIIK-2 Cnocoben ucnonb3oBarh coBpemeHnbie |OIMTK-2.1 Criocoben MIPUMEHSTh COBPEMEHHBIE
MH(OPMAIMOHHBIE TEXHOJIOTUU H BBIYHMCIIMTEIEHYI0 TEXHHKY M CEpBUCHI ceTH MHTepHET B
MPOrpaMMHBIE CPEJICTBA MPH PellicHUH 337a4  |ob0mactu (cdepe) mpodeccHoHaNBHON NesITeThHOCTH

npodecCHOHAIBHON IeSTeIBHOCTH, COOTIoas
TpeboBaHus HHPOPMAIIMOHHOHN 0€30MacHOCTH

OIIK-3 Crioco6eH cocTaBisITh U 0QOpMIIST OIIK-3.3 Bnazmeer MeTogaMu BU3yalbHOTO W TpauuecKoro
Hay4HbIC U (WJIN) TEXHUYECKUE Tpe/ICTaBICHHUS pe3yabTaToB Hay4YHOM
(TexHonornvyeckre, THHOBALIMOHHBIE) OTYETHl  |(HAYYHO-TEXHUYECKOW, WHHOBAIIMOHHON TEXHOJIOTUYECKOM)
(ryOnTIKanuy, TPOEKTHI) JEATSIIFHOCTH B BUJIC OTYETOB, HAyYHBIX ITyOIMKAIHIA

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaTh U 0000IIATH
nHpopMaIrio 00 akTyaJlbHBIX pe3yJabTaTax HCCIIeOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCCHOHATEHON

[IK-1 CnocoGeH craBuTh, (hopMann3oBeIBaTh 1 |ACATCIBHOCTH

pemiarh 3a/1a4u, B ToM uncie pa3padareiBath 1 [[IK-1.2  CriocoOeH  BBIIBUTATh  TUIOTE3bI, CTPOHTH
HCCJIE0BATh MaTeMaTHYECKUE MOJIEIH MaTeMaTHYecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJIEHHUH M MTPOIIECCOB, OLIEHNBATh KAY€CTBO pa3paboTaHHOMN
aHaJIM3UPOBATh HAyYHbIE TPOOIEMBI, [TOJy4YaTh |MOJEIIN




HOBBIC HAYYHBIC PC3YJIbTAThI

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckue W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

[1K-2 Crioco0OeH caMOoCTOATENBHO N B
Ka4eCTBE uieHa (PYKOBOIUTEIIS) MAJIOTO

KOJIJICKTUBA OPraHU30BbIBATH U IPOBOAUTDL

HAY4YHBIC UCCIICAOBAHUA U UX anp06auI/Ho

[IK-2.1 3HaeT HOpUHLUIBI MOCTPOEHHUS HAyYHOW PadOTHI,
MeTogsl cOopa W aHanmM3a TIOJNyYEHHOTO MaTepHala,
CH0coObI apryMeHTallH

[MK-2.2 Cnoco0eH TulaHUpOBaTh ¥ MPOBOJAWTH HaydHBIE
HCCIICAOBAHMUSI CaMOCTOSITEIbHO MJIM B KauecTBE WICHA
(pyxoBonuTENs ) MAJIOTO HAYYHOTO KOJUIEKTHBA

[IK-2.3 CnocobeH NpOBOAWTH ampoOaIuio pe3yiIbTaToB
HAYYHO-HCCIIE0BATEIHLCKON paboThI MOCPEICTBOM
MyONMKAIMY HAYYHBIX CTAaTe U y4acTusl B KOH(pEepeHIuIX

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCHUIIMHBI 00y4alOIINecs JOIKHbI

3HATb.

- (puzrueckre 0cHOBBI PabOTHI J1a3epa v HHTEpdEepoMeTpa ¢ OONBIION Pa3HOCTHIO XO/a;

- CBOWCTBA KOT€PEHTHOTO JIA3EPHOTO H3Iy4YCHUS;

- MEXaHN3MBbI BIUSHUSA OOPaTHOTO paccesHUs Ha TOYHOCTB JIa3ePHBIX HHTEP()EPOMETPOB;

- (pyHImameHTanbHBIE OCHOBBI HUPPOBOH 00paOdOTKM HH(POPMALTIOHHBIX CUTHAJIOB;

- IPUHIUIIBI (PYHKIIMOHUPOBaHUs Iu(poBoro ocimuiorpada v udppoBoro CeKTpoaHaIN3aTopa.

YMETb:

- TI0JIb30BAThCSI CBOMMU 3HAHUSIMH JIJISL PEIICHHUS TPUKIIAJHBIX U TEXHOJIOTHYECKUX 3a/1a4;

- PacCUUTHIBATh XapPaKTEPUCTHKH UCCIEAYEMbIX IIPHOOPOB;

- BBITIOJTHATH 00Pa0OTKy U aHallu3 Pe3yJbTaTOB U3MEPEHUH;

- IPUMEHSATH MOJYYCHHBIC 3HAHUS [UIS PEIICHHS MPUKIAJHBIX 1 TEXHOJIOTHYECKUX 3a/1a4;

- TIPOBOJIUTH SKCIIEPUMEHTAIIbHBIC UCCIICOBAHUS Ha COBPEMEHHBIX IU(POBBIX MPUOOpax, BHIIOIHITH
aHaJIM3 Pe3yJbTAaTOB HU(PPOBHIX H3MEPEHUIT;

- IPOBOANTH KOMITBIOTEPHOE MOJCINPOBAHUE CUTHAJIOB M X CIIEKTPOB.

BJIAJIETh:

- HaBbIKaMHU HUCIIOJIb30BAHUA COBPCMCHHBIX MCTOAOB M3MCPCHUA MapaMCETPOB UCCICAYCMbIX HpI/I60pOB
B pas3/IMYHBIX JUAlla30Hax AJIUH BOJIH U3JIYy4YCHUS,
- MATCMAaTU4YCCKUM almaparoM JAjid MOACIHNPOBAHUA U pacqéTa XAPaKTCPUCTHUK HCCICAYCMbIX

mpuOOpOB;

- COBpPCMCHHBIMHU MCTOAaMH TPOBCACHUA I/ISMepeHI/II\/’I, HaBbIKaMH pa6OTBI C IMPCUHU3NOHHBIMU

Ja3epHBIMH TPHOOpaMH;

- MAaTEeMaTHYECKUM armapaToM JIjsl MOJIEIUPOBAHUS U PACUET XapaKTEPUCTUK UCCIIEAYEMbIX TPUOOPOB;
- MaTeMaTHYECKUM aIIapaToM aHajau3a HU(PPOBBIX CUCTEM U yCTPOICTB;
- HaBbIKaMH pabOTHI C COBPEMEHHBIMU HU(PPOBBIMU YCTPOHCTBAMU 0OPaOOTKU CUTHAJIOB.

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

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

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 JITcKkpeTr3anus aHaJIOrOBBIX CUTHAJIOB 15 7
JluckperHoe BO BpPEMCHHU
) npeobpa3oBaHue Dypbe (/IBI1D), 15 3
ATCKpeTHOE  mpeoOpazoBanne  Dypbe
(AlD




3 CrexTpanbHBbIif aHau3 15 30
JEeTEPMHUPOBAHHBIX CUTHAJIOB

4 Hudposoit ocummiorpad B pexume 15 30
aHaJM3aTopa CIEKTpa

Nroro gacos 60 75

[loaroroska k sK3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopaepxaHue IUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemectp: 5 (Ocennwii)
1. JITckpeTH3anus aHaIOTrOBBIX CUTHAJIOB

Knaccudukanus curHaioB: aHajnoroBble, JUCKpEeTHbIE, 1UdpoBbie. [IpeodpazoBanne Dypre U ero
cBoiicTBa. CHEKTpPHl HUMITYJIbCHBIX M TEPHOIUYECKUX CUTHAIOB. CHEKTp JAUCKPETH30BAaHHOTO
curHana. Teopema KortenpbHMKOBa BO BpeMeHHOW o6nactu. DPQeKT HalokKEeHUs CIEKTPOB NpPH
JTMCKPETU3AIMN CHTHAJIOB.

2. uckpetHoe Bo Bpemenu npeobOpazoBanue Dypoe (IBIID), nrckpeTHOe mpeodpazoanne Dypre
(AID

OrneHka CIHEeKTpa CHTHalla 1O IMOCieAoBaredbHOCTH ero orcueToB. [IBIID: dopmynbl ananmza u
CHHTEe3a, OCHOBHBIEC cBoiicTBa. Popmbl 3anucu HAIID. Cpoiicta JAIID. Marpuunas dopma AIID.
AnroputMm 6picTporo npeodpazoBanust @ypre (BI1D) ans Beruncnenus AP, Ceszp mexay [IBI1O
n JAII® g mocnenoBaTeaIbHOCTEM OTCYETOB KOHEYHOW JUIMTEIBHOCTH W A NEPHOAWYECKHX
moclieioBarenbHOCTe orcueToB. MHTepnomsimonHas ¢opmyna BoccranosneHus JIBIID 1o
kodpdurmentam  JI1D, wunrepnonsius JIBII® nobaBneHMeM HyIEBBIX OTCUETOB B CHTHAIL
YactotHass ocp [IID: cBa3p Mexnay HomepoM orcuera JIIP u yactroToi B CIEKTpE
JUCKPETU30BAHHOIO CUTHAJIA.

Cemecrtp: 6 (Becennuit)
3. CrieKkTpasbHbIi aHAJIH3 JEeTEPMUPOBAHHBIX CHTHAJIOB

Bbruncnenne crekTpa AMCKPETH30BAaHHOTO CHUTHAlAa M OIIEHKA CIEKTpa HCXOJHOTO CHUTHala C
nomotpio JI1D. DddexTsl pacTekanus creKkTpaabHbIX KOMIOHEHT («leakage») m yTeuku crekrpa
yepe3 OOKOBBIE JIETIECTKM OKHA. BIHMsHHME COCEOHHX CHEKTpalbHBIX KOMIOHEHT. Ilapasutnas
aMIUTUTYOHas MOIYysiuMsa croekTpa. lIpumepsl OKOHHBIX (YHKUMH M WX XapaKTEPUCTHKH:
MPSIMOYTOJIbHOE OKHO, OKHa baptmierra, Xanna, XammuHra, binkmana, Kaitzepa, YUeOrbleBa, OKHO C
wiockoi BepmuHOH. KpatkoBpemenHoe mnuckperHoe mpeoOpaszoBanue Dypoe (STFT): dhopmynst
aHaJM3a, pa3pelIeHue 0 BPEMEHHU | 110 4acTOTe, BBIOOP IapaMeTpoB.

4. ludposoii ocumiuiorpad B pexuMe aHaIu3aropa CreKkTpa

Pabora c¢ umudpoBeiM ocmmuiorpagoM B peXHME aHaiIM3aropa CHeKTpa. BpiOop dYacToTsl
nuckperusanuu, pasmepHoctd JI[ID, OKOHHOW QYHKIUM [  OCYIIECTBICHUS ITU(PPOBOTO
CHeKTpalnbHOTO aHanu3a. LllyMbl KBaHTOBaHUS N-Pa3psSAHOTO aHAIOTO-UM(POBOTO IMpeoOpa3oBaTess
(ALII). HccnemoBanue CIEKTPOB TECTOBBIX CHTHAJOB (OTpe3ka CHHYCOW[IbI, KOHEUHOM
MOCJICA0BATEIBHOCTH MPSIMOYTOJIBHBIX HMIYJIBCOB) U MPOLECCOB CYOOUCKPETU3ALNH C ITOMOIIBIO
g poBoro ocuuuiorpada.

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



VueOHble ayTuTOpUH U1 IPOBEACHUS 1a00PATOPHBIX 3aHATHH, IPOEKTOP, KOMITBIOTEPHBIE KIACCHI C
noctynom B ceTh «HTepHe™, tudpossie ocuuuiorpadsr Signal-PV6s.

[Iporpammuoe obecnieuenne: nuctpudyTHB Anaconda aiist si3bika porpammuposanus Python 3, maker
npuknagabix nporpamm MATLAB mu6o GNU Octave.

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. OcHOBBI TeopHuH U pacueTa HUPPOBBIX GUIBTPOB, DIIEKTPOHHAS BEpCHsI ITedaTHOl myOnukanuu / B.
I1. Bacunwes, 2. JI. Mypo, C. M. Cmonbckuii. — MockBa, Madpa-M, 2020

JomnonHurensHas aureparypa

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

2. OcHoBbI u(poBoit 06padbotku curaanos [Tekct] : B 3 4. : yue6. mocobue 1uist By30B / FO. PomaHiox ;
M-Bo o6pa3oBanus u Haykn P®, Mock. ¢u3z.-TexH. uH-T (roc. yH-T) .— 2-€ u31., nepepad. — M. :
M®TH, 2007 .— Y. 1 : CpoiicTBa 1 peoOpa3zoBaHus AUCKPETHBIX CUTHAIOB. - 2007. - 332 c.

3. MuckpetrHoe npeoOpazoBanne Oypre B UG POBOM crieKTpainbHOM aHanu3e [Tekct] : yued. mocobue
it By30oB / FO. A. Pomaniok ; M-Bo oOpa3oBanus u Hayku Poc. @enepanuu, dex. areHTCTBO 110
oOpaszoBanuto, Mock. ¢pu3.-Texs. uH-T (roc. yu-T .— M. : MOTH, 2007 .— 120 c.

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

1. Buaeoneknuu Ha caiite MOTU http:/lectoriy.mipt.ru

Pomantok FO.A. «OcHOBBI TU(POBOH 00pabOTKH CUTHAIOBY B 2014

Pomantok FO.A. «Iludpoast 06padbotka curnanos» B 2015r.

1. http://frtk.ru/forstudents/study/studyMaterials/DSP/.

2. FRTK.FIZTEH.RU (pa3nensr: crynentam — yuéba — udpoBasi 00paboTka CUTHAJIOB).
3. http://zhurnal.ape.relarn.ru/articles/2002/187pdj

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00Pa30BaTeJIbHOIO0
npouecca o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NporpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

[Iporpammuoe obecnieueHue:

auctpuOyTuB Anaconda 1ist si3pIka mporpamMmupoBanusi Python 3,
nakeT npukiagabix mporpamm MATLAB 160 GNU Octave.
OHnaifH-CepBHCHI AJIs1 KOMITBIOTEPHOTO MOJICITUPOBAHUS:

Google Colaboratory http://colab.research.google.com/.

Cuctembl TUCTAaHIIMOHHOTO OOYYCHHS:

LMS Google Classroom (Cuctema ynpasieaus o0ydeHreM),
Google Hangouts Meet (cepBrc BuIeOKOH(DEPEHIICBA3H).

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CamocrositenbHas paboTa BKIIOYaeT B ceOs YTEHHUE PEKOMEHJIOBAHHOM IJUTEparyphl, pElIcHHE
TUTIOBBIX 3aJlad, MOATOTOBKA OTBETOB HA KOHTPOJIbHBIE BOMPOCHI, O3HAKOMIICHHE pPECypcaMH CETd
«MHTEpHET» TI0 TeMaTHKe Tab0paTOpHBIX padoT.

JlaGoparopHbpie paboOTHI MO MOAeNUpoBaHWI0 Ha si3bikax Python 3 mmbo Matlab BemonasroTcs Ha
KOMITBIOTEpaX ayJIuTOPHH, B Cllydae JAMCTAHIIMOHHOTO OOYYEHHS PEKOMEHJIYEeTCS HCIOIb30BaHNE
onnaita-cepucoB Google Colaboratory u MATLAB Online.

Jnst opranuzanmu y4eOHOTO mpoliecca MpernoiaBaTelieM MOXKET HCIIONb30BaThCSl CUCTEMA YITPABICHHS

ob0yuenuem LMS Google Classroom, noctym ocymecTsisercs ¢ momoiisio Google akkayHTa B JOMEHE
@phystech.edu.



OOyvarommMcsi PEeKOMEHIYeTCs O3HAKOMHUTHCS C YYeOHBIMH MarepuajaMu Ha caiite Kadenpbl
http://kprf.mipt.ru/ (paznenst «Marepuanst / JlTaboparopHble pabOTh», «YueOHble Kypcbl / JluckpeTHbIe
npeoOpa30BaHMs CUTHAIIOBY )



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: HNudopmarrka 1 BEIYUCTUTEIEHAS TEXHUKA

npopuJib NOArOTOBKHU: KomnbroTepHble TEXHOIOTUH U BHIYUCIUTEIbHAS TEXHUKA
Oustex-mkona Paguorexuuku nu Komnerorepubix TexHonoruii
kadempa paarodIeKTPOHUKHY U PUKIIATHOW HH()OPMATHKN

Kypc: 3

KBaJupuKaAnus: OaxanaBp

Cemectpbl, HOpMbI IPOMEIKYTOUHON ATTECTAIMH:
5 (ocennwuii) - 3auer

6 (Becennwii) - luddepeHnnpoBaHHbIN 3aUeT
PaspaGorunkm:

A.B. Jleyc, xaHa. TeXH. HayK, TOLEHT
T.A. Topmaros, cTapiuii penoaBaTeb



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
NPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.2 HaxomuT, KpUTHUYECKH aHAIM3HPYET U BbIOMUpaeT
nHpOpMaLKI0, HEOOXOOUMYIO AJISl PELICHUS! IMOCTaBICHHON
3a7a4n

OIIK-2 CriocobeH ucrnonb30BaTh COBPEMEHHBIE
MH()OPMALMOHHBIE TEXHOJIOTUHU U
POrpaMMHBIEC CPEACTBA MIPU PEIICHUHN 331349
poheCCUOHATBHOM JIeITENILHOCTH, COOTIOnas
TpeboBaHUg MH)OPMAIIMOHHOW OE30TIaCHOCTH

OIIK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE
BBIYMCIIMTEIBHYIO TEXHUKY WM CEpBUCHI ceTH VHTepHeT B
obmactu (cdepe) mpodeccrnoHaTbHON AeATEIIEHOCTH

OIIK-3 CriocobeH cocTaBisTh U 0HOpMIIATH
Hay4HbIC U (UJTM) TEXHUYECKHE
(TeXHOIOTUYeCKHEe, NHHOBAIIMOHHBIE) OTYETHI
(myGnuKanum, MpoeKThI)

OIIK-3.3 Bnageer mMeToamMu BU3yaJbHOTO U TpadudecKoro
MpeCTaBICHUS pe3yapTaToB Hay4qHOU
(Hay9IHO-TEXHUYECKOH, MHHOBAIIMOHHONW TEXHOJOTHYECKOH )
JeSITETLHOCTU B BUJIE OTYETOB, HAYYHBIX IMyOIHKAIINi

[IK-1 Crocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
MCCIIE/I0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHOU
JEATEIIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHUYeCcKue MOAENM Ul OIHUCaHMA H3ydaeMbIX
SIBIICHUH U MPOLIECCOB, OLEHUBATh KAUECTBO pa3padoTaHHON
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pE3yIbTaThl

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

[IK-2.1 3nHaeT HOpUHLUIBI MOCTPOEHUS HAYYHOW PadOTHI,
MeTogsl cOopa W aHanmM3a TIOJyYEHHOTO MaTepHala,
CHocoObI apryMeHTallH

[MK-2.2 Cnoco0eH TulaHUpOBaTh ¥ TPOBOJAWTH HaydHBIE
HCCIICAOBAHMUSI CaMOCTOSITEIbHO MJIM B KauecTBE WICHA
(pyxoBoznuTeNs ) MaJIOTO HAYYHOTO KOJUIEKTHBA

[IK-2.3 CnocobeH mNpoBOAWTH ampoOaIuio pe3yiIbTaToB
HAYYHO-HCCIIE0BATEILCKON paboThI MOCPEICTBOM
TyONMKAIMY HAYYHBIX CTAaTeH U y4acTusl B KOH(pEepeHIuIx

2. Iloka3aTe/in OLIEHUBAHUA KOMITETEHIU

B pesynbrare nzyuenus aucuuiuinHsl «Paanodusndeckas nadboparopus» 00ydaronMics TOKEH:

3HATb:

- (puzrueckre 0cHOBBI PabOTHI J1a3epa v HHTEpdEepoMeTpa ¢ OONBIION Pa3HOCTHIO XO/a;

- CBOWCTBA KOT€PEHTHOTO JIA3EPHOTO H3Iy4YCHUS;

- MEXaHN3MBbI BIUSHUS OOPaTHOTO paccesHHUs Ha TOYHOCTB JIa3ePHBIX HHTEP()EPOMETPOB;

- (pyHImamMeHTanbHBIE OCHOBBI HUPPOBOH 00pabOTKM HH(POPMALIIOHHBIX CUTHAJIOB;

- IPUHIUIIBI (GYHKIIMOHUPOBaHUs I poBoro ocimniorpada v uppoBoro CeKTpoaHaIN3aTopa.

yMeThb:

- TI0JIB30BAaThCSI CBOMMH 3HAHUSIMH JIJISI PEIICHHUS TPUKIIAJHBIX U TEXHOJIOTHYECKUX 3a/1a4;

- PacCUUTHIBATh XaPaKTEPUCTHKH UCCIEAYEMbIX IIPHOOPOB;

- BBITIOJTHATH 00Pa0OTKy U aHallu3 Pe3yJbTaTOB U3MEPEHUH;

- IPUMEHSATH MOJYYCHHBIC 3HAHUS [UIS PEIICHHS MPUKIAJHBIX 1 TEXHOJIOTHYECKUX 3a/1a4;

- TIPOBOJIUTH SKCIIEPUMEHTAIIbHBIC UCCIICOBAHUS Ha COBPEMEHHBIX IU(POBBIX MPUOOpax, BHIIOIHSITH
aHaJIM3 Pe3yJabTAaTOB HU(PPOBHIX H3MEPEHUIT;

- IPOBOAUTH KOMITBIOTEPHOE MOJCINPOBAHUE CUTHAJIOB M X CIIEKTPOB.

BJIaJeTh:




- HaBBIKAMHU HCIIOJIb30BAHUS COBPEMEHHBIX METOIOB M3MEPEHUS MapaMeTPOB HUCCIEIyeMbIX PHOOPOB
B Pa3IMYHBIX JWANa30HaX JTUH BOJTH U3ITyUCHHS;

- MareMaTW4eCKMM amlmapaTtoM s MOAEIMPOBaHMA M pacyéra XapaKTepPUCTHK HCCIETyeMbIX
puOopoB;

- COBpPEMEHHbIMH METOAaMH IPOBEACHUS W3MEPEHHH, HaBbIKAaMH paldOTBl C MPEIM3HMOHHBIMU
Ja3epHBIMH PUOOpaMH;

- MaTeMaTHYECKUM alIapaToM AJIsl MOJEITMPOBAHUS U pacdeT XapaKTePUCTUK HCCIIEAyEMBIX ITPUOOPOB;
- MaTeMaTHYECKUM aIlapaToM aHajn3a HU(PPOBBIX CUCTEM H yCTPOICTB;

- HaBbIKAMH PabOThI ¢ COBPEMEHHBIMU TU(PPOBBIMU YCTPOHUCTBAMU 00PaOOTKH CUTHAJIOB.

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

Texy1uii KOHTPOJIb IPOBOIUTCS IO UTOTaM BBIITOJIHEHUS JabopaTopHbIX pabot. Kaxnas maboparopnas
pabora BkIIto4aeT B ce0sl caady 3aJaHus K JOITYCKY, BHIIIOJHEHUE U 3aLIUTY SKCIICPUMEHTA.

[lepeuens 3ananuii (1TabopaTopHBIX PaboT).

1. lnuckpeTnsanus aHaJIOTOBBIX CUTHAJIOB.

2. CrieKTpbl UMITYJIbCHBIX CUTHAJIOB.

3. duckpetHoe Bo Bpemenu npeodpazosanue Oypoe (IBIID) u nuckperHoe npeodpazosanue Oypoe
(AID).

4. CnexTpasbHbIi aHATN3 1eTEPMUHIUPOBAHHBIX CUT'HAJIOB.

5. Pabota ¢ udpoBsiM ocumiuiorpadom B peskuMe aHaIu3aropa CreKkTpa.

ITepeueHb TUMOBBIX (IPUMEPHBIX) BOIIPOCOB ISl IPOBEACHUS TEKYIIIETO KOHTPOJIS.

1. B uém 3akmogaercst 3pPeKT HaJI0KEeHHUs CIIEKTPOB MPH JUCKPETU3AIMH CUTHAJIOB?

2. B uém 3axmovaercs ycnoue HalikBucra mpaBHiIbHOW IUCKpeTH3anuu curHanoB? KaxoBel
[IOCJIEAICTBUSL HApYILIEHHUs 3TOr0 YCJIOBUS IPU JUCKPETU3allUM CHHYCOMJAJbHBIX U IIOJIOCOBBIX
CUTHAJIOB?

3. B uém 3akmiodaercs METOI IUCKPETU3allid C HEJOCTaTOYHOW BHIOOPKON JUIsi CUTHAJOB C
LEJIOYHUCIEHHOM T0JIOCOM?

4. B uém 3akirouaercs MeTON CyOJMCKpETH3ally TOJIOCOBBIX CHTHaIOB? PaccMmorpers ciydvaid
HELEI0YNCIEHHON MOJIOCHI.

5. UYro mnokasbiBaeT UUQpoBoi ocmmwuiorpad B pexuMe aHanmmuzaropa crekrpa? I[louemy B
CIIEKTPOTrpaMMax OTCYTCTBYET AUCKPETHAs CTPYKTypa?

6. Kak 3aBucsT HaOmIOMaeMble CIIEKTPBI OT KOJIMYECTBA OTCUETOB, 3alTUCHIBAEMBIX B Oydep?
7. Juckpernoe npeodpazoanue ®ypoe (JI[1D) u ero ocobenHocTH.

8. CooterctBue Mexay /1D u HenpepbiBHBIM npeoOpazoBanueM Dypbe.

10. CootBercrBue Mexnay AIID u psnom Dypoe.

11. OcobGeHHOCTH CliEKTpanbHOTO aHau3a merozom JII1D.

12. Inst wero nipu 11 ananuze ucnonb3yrorcs okHa?

13.0cobenHoCcTr IPUMEHEHHST OKOH IIPH CIIEKTpaIbHOM aHaju3e metogom JII1D.
14.ITonsitre o OpicTpoM npeodpazoBanuu Dypbe.

15.Kax 3aBucsT HabmonaeMble CrieKTpsl OT pasMepHocTr BIID?

16.I1ony4nTs BBIpaKEHHME IJIsl CHIEKTpa OTpe3Ka cuHycouzbl. Kak BIMsAeT UIMTENBHOCTh OTpE3Ka Ha
CHEKTP CHHYCOUBI?

17.Ilony4nTe BbIpaXKEHUE MJI CIEKTpa IEpPUOAUYECKOM I10CIIEN0BaTEIbHOCTH IPSIMOYIOJIbHBIX
UMIYIbCOB. M300pa3uTh aMIUIMTYAHBIA CIIEKTP TaKOW MociieaoBarenbHOCTH. Ha 3ToM ke ueprexe
n300pa3uTh CHEKTP JIOTMYECKH MHBEPTUPOBAHHON ITOCIIEI0BATEILHOCTH.

18. Ilomy4uTh BbIpa)KEHUE MAJIsI CIIEKTpa KOHEUHOW I0CIIEA0BATelIbHOCTH M3 N IpsSMOYrojbHbBIX
UMIynbcoB. 300pa3uTh aMIUIMTYAHBIA CHEKTP TAKOH MOCIIE0BaTEIbHOCTH.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

1. Knaccugukanus curHaiaoB: aHaJIOTOBbIE, TUCKPETHBIE ¥ LIU(POBLIE.
2. TlpeobpazoBanue Dypre u €ro cBoicCTBA.



3. CrhexkTpbl HMIYJIbCHBIX CUTHAJIOB: IPSAMOYIOJbHOIO, TPEYIOJIBHOIO M KOCHHYCOMJaJIbHOIO
HUMITYJbCA.

. CnexTp nepuoanyecku NOBTOPSIOMINXCSA UMITYIIBCOB.

. CnexTpbl rapMOHUYECKUX CUTHAJIOB.

. Jlenbra-QyHKIUS U ee CIIeKT.

. Juckpernoe npeodpazoanue Oypoe (II1D) u ero croiicTsa.

® 9oL A

CootserctBrue Mexny psagom Oypee, npeoOpasoBanueM Pypbe U IUCKPETHBIM MPEOOpa30BaHUEM
Oypoe (JI1D).

9. IloHATHS QUCKPETU3ALUU U KBAHTOBAHMUS.

10. CriekTp AMCKPETU30BaHHOTO CUTHAJA.

11. Dddekr HaNOKEHHS CIIEKTPOB MPU TUCKPETU3ALINH.

12. Teopema KorenbHuKOBa 17151 CUTHANA C PUHUTHBIM CIIEKTPOM M BBIOOD YaCTOTHI TUCKPETH3ALIUH.
13. TuckperHoe Bo Bpemenu npeodpazopanue Dypwe (IBIID) u ero croticTra.

14, Ces3p [IBII® u IO mis meprogwdecKuX TOCIEAOBaTENbHOCTEH OTCYETOB CHTHAlIa |
MOCJIEIOBAaTEIbHOCTEH KOHEUHON JUIMTENBHOCTH, MHTEPIOSNNS 100aBICHHEM HYJEBBIX OTCUETOB B
CHUTHAJL

15. OxHa B 1u(ppoBOM CHEKTPAIbHOM aHann3e, 3PQPEKT pacTeKaHUs CIIEKTPAIbHBIX KOMIIOHEHT U3-3a
OrpaHUYEHUS AJIUTEIbHOCTU CUTHAJIA.

16. UnTeprnonanusa curHajia ¢ OrpaHMueHHOM CIIeKTpaIbHOU mojiocoi ¢ moMoribio JI1D.
17. DpdexT HanoKeHUs MPU MPOPESKUBAHUH JUCKPETHOTO CHTHATIA.
18. Anroputm BeicTporo npeobpazoBanust dypee (BI1D) nist adhdhexrusroro Beraucnenust A11D.

Kpurepun onennBanus

Onenka  "OTIHYHO (1o)" BBICTABIISIETCSI  CTYIEHTY, IIOKa3aBIIEeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PElICHNH KOHKPETHBIX 3a7a4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Onenka "om4HO (9)" BBICTAaBISETCS CTYACHTY, TOKAa3aBIIEMy BCECTOPOHHUE, CUCTEMAaTU3HPOBaHHbIC,
n1yOoKHe 3HaHHS y4eOHOM MPOrpaMMBbl JUCHUILIMHBI U YMEHUE YBEPEHHO MPUMEHATh X HA MPAKTHKE
MIPH PELICHUH KOHKPETHBIX 3ajiad, CBOOOJHOE U MpaBMIIbHOE 000CHOBAaHUE MIPUHATHIX PELICHUH.

Onenka  "ommuno  (8)" BBICTABIISIETCSL  CTYAEHTY,  IIOKAa3aBUIEMY  BCECTOPOHHME,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3aj]lad, NPaBUIIBHOE 00OCHOBAHHE MPUHATBHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.

Onenka "xopomo (7)" BeICTaBISIETCS CTYACHTY, €CIIM OH TBEPAO 3HAET Marepuai, TPaMOTHO M IO
CYILECTBY M3JIaraeT €ro, ymeeT HPUMEHATh IOJY4YCHHbIC 3HAHUS Ha NPAKTHKE, HO HEAOCTATOYHO
IrpaMOTHO 00OCHOBBIBAET MOIYUYCHHBIE PE3YIIBTATHI.

Onenka "xopomro (6)" BBICTaBISIETCS CTYAEHTY, €CIM OH TBEPJAO 3HAET MarepHall, TpPaMOTHO U TIO
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh MOITY4YCHHbIC 3HAaHHUSI Ha NIPAKTUKE, HO JOIMYCKAeT B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.

Onenka "xopoio (5)" BeICTaBISIETCS CTYIEHTY, €CJIM OH B OCHOBHOM 3HAeT Marepuai, rpaMOTHO H IO
CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHTh II0JTy4YEeHHbIE 3HaHUsI Ha IIPAKTUKE, HO JOIyCKaeT B OTBETE
WIH B PELICHUH 3a7a4 JOCTATOYHO OOJIbIIOE KOJMUYECTBO HETOUHOCTEH.

Onenka "ynoBineTBOPHUTEIbHO (4)" BBICTABISIETCA CTYIEHTY, IIOKa3aBIIEeMYy (parMeHTapHBIM,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCIIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Jienibl yueOHOW NMpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOYKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.

Onenka "ynoBneTBOpUTENIbHO (3)" BBICTABISIETCA CTYIEHTY, IIOKa3aBIIEeMYy (parMeHTapHBIMH,
pa3po3HEHHBIH XapakTep 3HaHWM, JONycKaronlemy OmHOKH B (POpMyIHpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEeI0BAaTeIbHOCTH B H3JIOKEHMHM IPOrPaMMHOrO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3jesiaMH y4eOHO! MporpaMmbl, HEOOXOAUMBIMHE JUIS TaJIbHEHIEro o0y4eHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.

Onenka "HEyHZOBIETBOPUTENHHO (2)" BBICTABISIETCS CTYIEHTY, KOTOpPBIA He 3HaeT OosbLIed YacTu
OCHOBHOTO COAEp)KaHUs y4eOHON IpOorpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmMOKH B
(hopMyIIMpOBKaxX OCHOBHBIX MIPHUHIMUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.



Onenka "aeymominerBoputenabHO (1)" BbICTaBIA€TCS CTYHCHTY, KOTOPBIH HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimne omuOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX MPAKTUYECKHX
3a1ay.

5. MeTonuueckune MaTepuasbl, Onpeaeasonie NPpoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

Bo Bpemsi ciaun 3a4eToB 00y4aromIMecss MOTYT TI0JIb30BaThCsl PE3y/IbTaTaMH dKCIIEPUMEHTA, [IEPEYHEM
KOHTPOJIBHBIX BOIPOCOB, & TAK)KE CHPABOYHOMN JINTEPATYPOH, BEIYHCIUTEIIEHON TEXHUKOIA.

3aueT B 5 cemecTpe U aAupdepeHINPOBaHHBIN 3a4€T B 6 ceMecTpe MPOBOIATCSA B YCTHOU (hopme 1o
pe3ynbTaraM BBIMOIHEHSI Ta00paTOPHBIX padoT.



