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

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
PAJIMOTEXHUKH M KOMIIBIOTEPHBIX
TeXHOJIOTHH

A.B. [IBopkoBu4

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

Mo JUCHUIJINHE: Hudposas 06paboTka curHaIoB
M0 HANPABJIEHUIO: [puknagHpie MaTeMaTHKa U (HU3NKa
npouiab NOArOTOBKH: KocMmuueckne TeXHOIOTHH

dusTex-ukona A3pokocMuueckux TexHomoruit
kadempa paarodIeKTPOHUKHY U PUKIIATHOW HH()OPMATHKN

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectpbl, HOpMbI IPOMEIKYTOUHON ATTECTAIMH:
1 (ocennuit) - 3ayer

2 (BeceHHMI) - DK3aMeH

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositenpHas pabora: 45 gac.
[ToaroroBka k sk3ameny: 30 yac.
Bcero gacos: 135, Bcero 3au. en.: 3

KonmnuecTBo KOHTpONBHBIX padoT, 3ananuil: 4

[Iporpammy coctaBui: 10.A. PomaHIOK, KaH/. TEXH. HAYK, AOLEHT, TOIEHT

[Iporpamma obcyxaeHa Ha 3aceqannu Kadeapsl pagriodIeKTPOHUKH U pukiiagHoi nndopmaruku 14.04.2020



AHHOTANMA

Llenpro Kypca sBISieTCS M3YYCHHE TEOPETHYECKMX OCHOB ImdpoBoii obdpadorku curHanoB (LHOC). Kypc
SBJISIETCS] TOJIOBBIM. B OCeHHEM cemecTpe pacCMaTpHBAIOTCS pasJelibl, CBA3aHHBIE C CIOCOOAMM OIUCAHUS
JHMCKPETHBIX M IHU(POBBIX CHTHAJIOB W CHUCTEM BO BPEMEHHOHW, YaCTOTHOW M Z — 00JacTsIX, OCHOBHBIMHU
MeToJaMH TpeoOpa3oBaHMs AHAJIOTOBBIX (B TOM YHCIE IIOJOCOBBIX) CHTHaJOB B HU(pPOByIO (opmy,
untepdeiicamu BBoma-BeiBona misi cucreM LIOC peanbHOoro BpeMeHH. B BeceHHeM ceMecTpe M3ydaroTcs
OCHOBBI IIU(PPOBOIO CIEKTPAILHOTO aHaju3a, UPPOBON (GUILTPAIIMK, MHOTOCKOPOCTHOW 00paboTKH
cUrHajoB. B xone m3ydeHus kypca oOydaromimecss 3HAKOMSTCS C OCOOCHHOCTH IH(POBOTO CIEKTPATBHOTO
aHanu3a (okHa, 3pdeKThl pacTekaHus U HaOXKeHHUs ), SPPDEKTUBHBIMU aJITOPUTMOM BBIYUCIICHHSI TUCKPETHOTO
npeoOpazoBanust Dypre - ObICTpbIM mpeoOpazoBanueM Dypbe, TUGPOBBIM CHEKTPATBHBIM aHAIN30M
CIIy4allHBIX TOCJEeI0BAaTeIbHOCTEH, MUPPOBBIMU (UIBTPAMHA C KOHEYHOHM M OECKOHEYHOH HMITYIhCHON
XapaKTEePUCTUKON, OCHOBaMH MHOTOCKOPOCTHOH (D)MIIBTpAIIMU C MIPUMEHEHUEM JICIIUMAIIMNA U HHTECPIIOJISIHH.
AynuTtopHble 3aJaHHs [0 Kypcy NPOBOAATCS B BHIE JICKIMH, HALlEIEHHBIX HAa H3YYEHHE TEOPETUYECKOIO
Marepualia i perieHne NpakTHYSCKHUX 3a/1ay.

1. leau u 3apauu

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

33]13‘[1/[ JAUCHUIIINHBI

[J ocBoeHHe cTyaeHTaMH 0a30BbIX 3HaHUH 1o MeTtomaMm LIOC, otHocsmumes K QyHIaMEeHTaIbHBIM
ornepanusaM — U(poBoi GUIBTPALUH U CIIEKTPAIBHOTO aHAJIN3a CUTHAJIOB.

[J  mnpuoOpeTeHHEe TEOPETHUYECKUX 3HAHWH B 00NacTd NMUPPOBON (GWIBTPAUK U CHEKTPATBHOTO
aHaJM3a CUTHAJIOB, IPHOOPETEHHE HABBIKOB pemeHus npakrniaeckux 3amaaq [IOC.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronmx KOMHeTeHL[I/Iﬁi

Ko 1 HanmMeHOBaHKE KOMIIETEHIINH WnaukaTtopsl AOCTHKEHUS] KOMIIETCHIIUN
YK-4 Crioco6eH mpuMeHsI T COBPEMEHHbBIE VYK-4.4 CrocobGeH HCHOIb30BaTh COBPEMEHHBIE CPEACTBA
KOMMYHHMKaTHBHBIE TEXHOJIOTHH, B TOM 4YHCI€  |MH(POPMAIMOHHO-KOMMYHHMKAIIMOHHBIX  TEXHOJIOTHMH  JUI
Ha MHOCTPaHHOM(BIX) SI3bIKe(aX), AT aKaJIeMUYECKOTO U MPO(eCCHOHAIEHOTO B3aUMOJCHCTBUS
aKaJIeMUYECKOTO M MPO(ecCHOHAIBEHOTO
B3aMMOJICHCTBHS
OIIK-1 Brnaneer cuctemoii pynnamenransaeix |OIIK-1.1  3Haer wu  cnocobeH  HCHIONb30Barb B
Hay4YHbIX 3HaHUH B o0acTu npo(ecCHOHAIBHON — JeATeNIbHOCTH  (yHIaMEHTaJIbHbIC
(u3MKO-MaTeMaTHYECKUX HayK Hay4HbIC 3HaHUS B 00JacTy (PU3NKO-MaTeMaTHIeCKUX HayK

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS] HAYYHOTO HCCIICOBAHUS

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJM3 pe3yabTara U MPeACTaBUTh BHIBOIbI,
MPUMEHSIS 3HAHUSI ¥ HABBIKK B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX

OIIK-4.1 Cnoco0eH NpUMEHATH 3HAHUS M HAaBBIKU IIO
UCTIONIb30BAaHHIO MH(pOpPMaIMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJIOTUH I MOUCKA M U3YyYEHUS] HAYYHOH JIUTEpPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX TPOTrPAMMHBIX IIPOITYKTOB

OIlK-4.2 CrnocobeH TpuUMEHSTh 3HaHWS B  0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM

TEXHOJIOTHH
3a1a4u, HOPMYJIMPOBAHHS BHIBOJIOB M OLCHKH IIONYYECHHbIX
pe3ynbTaToB
[TK-3 Cnocoben npodeccuonansho padorars ¢ |[I1K-3.2 Crnocoben IPOBOJIUTH 9KCTICPUMCHT
YICCIICIOBATEIILCKMM M HCIIBITATEIbHBIM (MOZICIIMPOBAHKE) C HCIIONB30BAHUEM HCCIIEI0BATENIBCKOTO

oGopynoBanueM (IpHOOPaMH U yCTAHOBKaMM, |000pyn0BaHHMS (IIAKETOB NPUKIAIHBIX IIPOrPaMM)
CTIeaTN3UPOBAHHBIMU NTakeTaMU NPUKIAAHBIX ([TK-3.3 CrocobeH oOLEHHBaTh TOYHOCTh MOJTY4EHHBIX
IPOrpamMM) B U30PAHHOM NPEAMETHON 00JIACTH  |9KCIIEPHMEHTAIBHBIX (YHCIICHHBIX) PE3yJIBTaTOB

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUEeHUS MO JUCUUILIHHE (MOXYJII0)
B pesynbsrare oCBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:



- METO/IBl peaym3anuy QyHaaMeHTabHbIX onepanuii [OC;
- un(poBoil GUIBTPALIMU U CIIEKTPAJIBLHOTO aHAJIH3a CUTHAJIOB, MHOTOCKOPOCTHOW 00padOoTKH.
YMETh!

- TIOJIb30BATHCSI CBOMMHU 3HAHUSIMU JUTS penIeHus pyHIaMeHTaIbHbIX U NpuKIaaHbix 3a1a4d [HOC;
- leaTh MpaBUWIBHBIE BEIBOABI U3 COMIOCTABIECHUS PE3YJIBTATOB TEOPUH U IKCIIEPUMEHTA;
- IPOM3BOAUTH YHUCIICHHBIC OIIEHKH NPEIEIbHbBIX TAPAMETPOB HU(PPOBBIX CUCTEM;
- BUJCTh B TEXHUYECKHX 3a/1a4ax (pu3nueckoe copeprkaHue;
- ocBauBarh HOBble oOnactu mpumeHeHus L[OC, Teopermueckne MOAXOAbI M IKCIIEPUMEHTAJIbHBIC
METOJUKHU.
- MoJlyyaTb HAWIydlM€ 3HAYEHUS HU3MEPAEMBbIX BEJIMYMH W IPAaBUIBHO OLEHUTH CTEIEHb HUX
JIOCTOBEPHOCTH;
- paboTaTh Ha COBPEMEHHOM, B TOM YHCJIE€ U YHUKAJIbHOM 3KCIIEPUMEHTAILHOM 000pYI0BaHHH;
- 3¢¢eKTUBHO HCIOIB30BaTh WH(GOPMALMOHHBIE TEXHOJOTMM M KOMIIBIOTEPHYIO TEXHHUKY JJIs
TOCTHKEHUS! HEOOXOIMMBIX TEOPETUIECKHUX U MPHUKIIAJHBIX PE3yIbTaTOB.
BJIaJIETh:

- HaBbIKAMH CaMOCTOATEIBHOM paboThl B N30paHHOM HAay4YHO-TEXHUYECKOM HAIpPaBICHUY;

- KyJIbTYpOi TIOCTAHOBKH U MOJEIUPOBAHUS 3a7a4 U(PPOBOH (UIBTPALUHN U CIIEKTPAIBHOTO aHAIN3a
CUTHAJIOB B nakeTe nporpamm MATLAB;

- HaBBIKAMM I'PaMOTHOH 00pabOTKM pe3yNbTaTOB 3KCHEPUMEHTA U COMOCTABICHUS C TEOPETHUECKUMHU
JaHHBIMH;

- HaBbIKAMH OCBOCHUS OO0JBIIOT0 00beMa HHPOPMALINH.

4. Conep:xanue 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 (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| Unrepdeiic BBoga-BeiBoga cucrem 1{OC 5 5
peanbHOro BpeMeHu. Pemenune 3agad.
) HuckperHsle mnpeoOpa3oBanust Dypse. 5 5
Pemenue 3anay.
3 JluckpeTusanysi aHaJOrOBbIX CHUIHAJIOB. 5 5 15
Pemenue 3agauy.
4 MHorockopocTHasi 00paboTKa CHTHAJOB. 5 5 2
Pemenue 3anay.
5 Hudposass  ¢uusrpanuss  CUTHAJOB. 5 5 )
Pemenue 3agauy.
Hudposoii CIEKTpaJIbHBII aHau3
6 5 5 26
(IICA) curnanos. Pemenne 3agay.
Nroro yacos 30 30 45
[TonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 1 (Ocennuii)

1. Uarepodeiic BBona-BriBona cuctem [{OC peansHoro BpeMenu. Perenne 3a1au.



Amnanorosbliii uHTEpdetic BBoga-BeBoja cucteM L{OC peanbHOTO BpeMeHH
2. luckpetHble npeobpazoBanus Pypre. Penenue 3amay.

HuckperHoe BO BpeMmeHH mpeoOpaszoBanue Dypoe ([IBIID). /luckperHoe mpeobpasoanne dypbe

(AID).

3. JIuckpeTH3anus aHaJIOTOBBIX CUTHAIIOB. Pemenue 3amad.

CUTHAJBI U CHCTEMBI C TUCKPETHBIM BpeMeHeM. [IicKpeTn3aius aHaJIOrOBBIX CUTHAIOB
Cemecrtp: 2 (Becennuit)

4. MHoTrOCKOpOCTHast 00paboTka curHaioB. Pemmenne 3a1ay.

OCHOBBl MHOTOCKOPOCTHOH (WIbTpalM C [pPUMEHEHHEM [eHUMAalWud ¢ HMHTEPIIOJSLIUH,
[IPOPEXKUBAHUS 110 BPEMEHHU M IO 4acToTe. YMEHBUIEHHWE YacTOThl TUCKPETU3aluu (IeLuMalus).
VYBenuueHne 4acTtoTel AWcCKpern3auuu (uHTEepnomsuus). IlpuHounel MHOTOMa3HOM (GUIBTpaLUH.
banku QunbrpoB. [lpakTHyeckue KOHBEPTOPHI CKOPOCTH Tiepeiavyd JaHHbIX. [IpuMeHeHHe
MHOTOCKOPOCTHOM 00pab0TKH B HU(PPOBBIX aynnoCcHcTEMaXx, IU(PPOBOI CBSI3H, PaIuOIOKALIUH.

5. Hudporas ¢punsrpanus curaanos. Pemenne 3amaq.

Jluneitabie quckpeTHbie GUIBTPBI. PasHocTHBIE ypaBHeHUs. [lepexon ot npeoOpa3oBanus Jlamraca k
z-nipeoOpazoBanuio. CBoiicTBa z-nipeodpazoBanusd. [IpumMepsl z-npeoOpazoBanusi. Z-npeoOpa3oBaHue
SIUHUYHOTO HMIYJIbCA, CIMHUYHOTO CKayKa, JCHCTBUTEIBHOW M KOMIUIEKCHOH JKCIOHEHTHI,
JMCKPETHON CHHYCOMJBI M KOCHHYCOHJBI. BbIuucieHne oOpaTHOro z-mpeodpa3oBaHHs. YpaBHEHHE
mQpoBoro (puiIkTpa B TEPMUHAX Z-IpeoOpa3zoBanus. VIMIynbCHas U mepeaaTodHasi XapaKTepHCTHKH
uGpoBOro GuibTpa. YCIoBHE YCTOWYHBOCTH MPHU peKypcUBHOU peanm3anuu. [Ipumeps nudpoBhIx
¢unbTpoB. Ludposoit materparop. Ludposoit nuddepenuuarop (mpocroit). TpaHcBepcanbHBbIMA
GubTp.

Hudposbie ¢uiabtpsl ¢ KoHeuHOW uMMynbcHOM xapakrepucTukoil (KUX-¢unsrper) CrnocoOsr
peanuzanuu. Kux-Qunsrpsl ¢ juHelHOW ($a3oBOH xapaKTepUCTHKOH. Peannsanus kux-(QUiIbTpoB
METOJIOM 4YacTOTHOH BBIOOpPKH. [peOeHUarslii (GUIBTp, €ro XapaKTepUCTHKH M peaTH3alusl.
KommiiekcHble pe30HATOphl, MX XapaKTepUCTUKH U OJok-cxema peanuzauuu. Kux-¢uistper c
nensiMu kodhounmeHTaMu OuiIbTp CKoONb3AIIero ycpenHeHus. [peOeHKka MmoinocoBBIX (GHIBTPOB U
JII®. Cxonp3simuii crieKTpajibHbIA aHaIH3. BeicokockopocTHas cBepTKa ¢ ucnonb3oBanueM bIID.

Hudposbie puibTpel ¢ OeckoHEUHOH UMMyNbCcHON xapaktepucTrkoil (BUX-dunsrpsr). CTpyKTYpHI
BUX-punbrpoB. Cunrte3 BUX-punsrpoB mno meromy OunmHEHHOro — z-mpeoOpa3oBaHMUSL.
YeroitunBocte BUX-punsrpos. Anroputm [eprienst peKypCHBHOTO BBIYMCIICHUSI TTOJIMHOXECTBA
orcuéroB [AI1D. AnantuBHble QUABTPHI.

6. Lludporotii cniexkrpanprbiii aHamm3 (L{CA) curnanos. Pemenne 3amaq.

Hudposoii cnekrpanbHbiii ananu3 (IICA) merogom JII1d. Bpemennas u uwactornas ocu JI1D.
CootserctBue mexay AIID, psgom Oypbe u HenpepbIBHBIM MpeodpazoBanueM Pypre. Cszp 11D
n JIBII®. Hnrepnomsuuonnas ¢opmyna BoccranosieHus J[BII® mo koaddunmenram JII1D.
WnTepnonsinus 3a c4€r AONONHEHUS HyIsIMH. MHTeprnionsauus QyHKIUA ¢ OrpaHUYSHHOHN MOJ0COoi ¢
nomoipto JAI11®. Bpemennas u uvacrotHas ocu AII®D. J[Ba myTu nepexona OT HENPEPBIBHBIX K
TUCKpeTHBIM npeoOpazoBanusaM Dypree. OcobenHocTH 1udpoBoro crekrpaibHoro aHanmuza (LICA)
MetogoMm JIID. DddexThl HaTOKEeHUs, pacTeKaHUs, Mapa3UTHONW aMITTUTYAHONH Momymsiud. OKHa
MIPU FTApMOHUYECKOM CIEKTpajbHOM aHaiuze merogom JI1D. [Ipumepst okon. [IpsamoyroasHoe 0KHO,
okHa XaHHa u XammuHra. Otknuk JIId-ananuzatopa Ha JUCKPETHBIA TapMOHUYECKUN CHUTHAI.
OneHka CHeKTpa 1Mo TUCKPETHBIM oTcueTaM curHaia. Koneunoe uncio orcuéroB. SABnenue ['mb0Oca.
Anpo Hupuxne u sapo deiiepa. beictpoe mpeobpazoBanne dypwe (BIID). Anropurm BIID ¢
cocTtaBHbIM ocHOBaHUEM. AnroputM BII® ¢ ocHoBanuem 2. Anroputmsl BII® ¢ npopexxuBanuem mno

BpeMeHH M 1o 4vactore. Anroputmbl BII®D ¢ mocrossHHON cTpykTypoil. Bberamcienue obparHoro
AIID.



HCA cnyuaiinpix mocienoBarenbHOCTel. CrieKTpajibHble XapaKTEPUCTUKUA CIyYaWHBIX CHTHAJIOB.
CrnekrpansHast ~ mwiotHocth  MomHoctn — (CIIM).  Koppensumonnass — ¢ynkuus.  Teopema
Bunepa-Xununna. Henapamerpuueckue metronsl LICA. Metonbl nepuonorpamm, KOppersirOHHBIA
Metoa, meton ¢unsrpauuu. Ilepuogorpamma ¢ quckperHsiM BpemeneM. CrnakuBanue onenku CIIM
o Metoay baptierra, Yanua. Beioop okoHHBIX QyHKITHA.

[Tapametpuueckne wmetoasl oueHkun CIIM BpemenHbix psgoB. llapamerpuueckune wmozaenu
BPEMEHHBIX pAIOB: aBroperpeccuonHas (AP) momens, moxmens ckonp3simero cpensero (CC) u
KOMOMHHMpOBaHHasI MOJIENb aBToperpeccuu — ckonpasiero cpennero (APCC). OneHku napaMerpos
monenu. [lomyuenne omenok CIIM. CpaBuenue oneHok CIIM ¢ ucturno#t CIIM mo TouHOCTH M
pa3pereHHIO.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHS 00pa30BATEILHOIO
npouecca 1no JUCHUILINHE (MOIYJII0)

.HCKI_II/IOHHaH ayaAuTOpHd C IIPOCKIIMOHHBIM O60py;[OBaHI/I6M " JOCTYIIOM B CCTh ((I/IHTepHeT».

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1

. luckpeTHOE npeobpazoBanre Oyphe B IUPPOBOM CHIEeKTpaibHOM aHanuze [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.

JomnonHurensHas aureparypa

1

. Hudporas o6padotka curHanos [Tekcr] = Discrete-Time Signal Processing : [yue6. mocobue as

By30B] / A. Onmenreiim, P. lladep ; nep. ¢ anr. mox pex. C. @. boera .— 3-e u3n., ucnp. — M. :
Texnocdepa, 2012 .— 1048 c.

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

1

2

. Buneonekuuu Ha caiite MOTU http:/lectoriy.mipt.ru
Pomantok FO.A. «OcHOBBI 1TM(poBOY 00pabOTKH CUTHAIOBY B 2014T.
Pomantok FO.A. «[ludposast o6padbotka curnaisos» B 2015t
. Marepuanst Ha caiite FRTK.FIZTEH.RU (paznensr: crynentam — y4uéba — mudpoast 0opaboTka

CUTHAJIOB).
Marepuansl Ha caiite http://frtk.ru/forstudents/study/studyMaterials/Skurs-DSP/

Marepuanst Ha caiite FRTK.FIZTEH.RU (pa3nensr: crynentam — yuéba — 5 kype- undponas
00paboTKa CHTHAJIOB).

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NPOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

[Iporpammuoe obecnieuenue:

nakeT NpuKiIagHbIx mporpamm MATLAB,

nUcTpuOyTHB Anaconda Juis si3bIka nporpaMmupoBanus Python 3,
makeT GNU Octave.

OmnJaliH-CepBUCHI 111 KOMITBIOTEPHOTO MOJICIIMPOBAHUS:

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

CHCTEeMBI TUCTAHIIMOHHOTO O0YUYCHHS:

LMS Google Classroom (Cuctema ynpasieHus o0ydeHrem),
Google Hangouts Meet (cepBrc BiIeOKOH(DEPEHIICBA3H).

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)



Kypc sBisieTcs JIEKIIMOHHBIM, MOCIE KaXKIOW JICKIMU TPEJIararoTcsi HECKOJIBKO MPAKTUYECKUX 3ajaq
IUIS CaMOCTOSITETIBHOTO pelieHus. KOHCIEKTHI JISKIUH N0 KypCy PerysipHO ITyOIMKYIOTCS Ha caiite
kadeaper http:/kprf.mipt.rw/ (pazmen «Yuebubie kypchl / LudpoBas o00paboTka CHUTHAIOBY).
CamocTosTenpHas padoTa BKIIOYaeT B ceOs pelieHrne 3aj1ad, YTeHHE PEeKOMEHIOBAHHOW JIUTEpPaTypHl,
HOJITOTOBKY K KypCOBO# padore.

B ToM umciie pekoMeHIyeM IIPOYUTaTh:

1. Lludporast o6pabotka curnanoB u Matlab: Yuebnoe nmocodue. / Aropsl Comnonuna AWM. u ap. —
CII6.: BXB-Iletepbypr, 2013 r.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa
npopuJib NOArOTOBKHU: Kocmuueckue rexnonoruu
dusTex-urkona ApokocMuueckux TexHomoruit
kadempa paarodIeKTPOHUKHY U PUKIIATHOW HH()OPMATHKN
Kypc: 1
KBaJupuKaAnus: MarucTp

Cemectpbl, HOpMbI IPOMEIKYTOUHON ATTECTAIMH:
1 (ocennuit) - 3ayet

2 (BeceHHMH) - DK3aMeH

Pa3paborunk: 10.A. PomaHroK, KaH/. TEXH. HAYK, AOIEHT, JIOIICHT



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

YK-4.4 CriocoOeH WCMONb30BaTh COBPEMEHHBIE CpEICTBA
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 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBLHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4YHbIC 3HaHUS B 001acTH (U3NKO-MATEMaTHIECKUX HAyK

OIIK-4 Crioco6eH ycrenHo peanu30BbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara i MPeACTaBUTh BHIBOIbI,
MPUMEHSs 3HAHUS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHYECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.3 CnocobeH apryMeHTHPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS HAYYHOTO MCCIIEA0BAHUS

OIlK-4.1 CnocobeH NpUMEHATh 3HAHUST M HABBIKH TIO
HCIOJIb30BAHUIO “H(}OPMALIMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHSI IPUKJIAHBIX TPOTPAMMHBIX IPOTYKTOB

OIIK-4.2 CrnocobeH mNpuMeHSTh 3HaHUS B  o0JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PEeIIeHUs IOCTaBICHHOM
3agaud, GOPMYIHPOBAHUS BHIBOAOB M OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEIbCKUM H UCTIBITATEIIbHBIM
obopynoBaHueM (MpruOOpaMH U yCTaHOBKAMH,
CIIeATN3NPOBAHHBIMH TTAKETaMH PUKIIAIHBIX
porpamMmm) B U30paHHON TpeMETHON 00JIaCTH

[K-3.2 Criocoben MIPOBOANTD SKCIIEPUMEHT
(MozmenupoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEIHCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocoOeH oOneHMBaTH TOYHOCTh IOJyYEHHBIX
AKCIEPUMEHTANIbHBIX (YMCIEHHBIX) PE3yIbTaToOB

2. Iloka3aTe/in OLIEHUBAHUA KOMITETEHIU

B pesynbrare n3ydenus auciuiuinabl «l{udposas 06paboTka CHTHAIOBY 00YYarOIIUICS JOKEH:

3HATb:

- METO/IBl peaym3anuy QyHaaMeHTanbHbIX onepanuii [OC;
- un(poBoil GUIBTPALIMU U CHIEKTPAJIBLHOTO aHAJIH3a CUTHAJIOB, MHOTOCKOPOCTHOW 00padOoTKH.

yMeTh:

- TIOJIb30BAThHCSI CBOMMHU 3HAHHMSIMU JUTS pelIeHus pyHIaMeHTaIbHbIX U NpuKIaaHbix 3a1a4d [HOC;

- leaTh MpaBUWIBHBIE BEIBOABI U3 COMIOCTABIECHUS PE3YJIBTATOB TEOPUH U IKCIIEPUMEHTA;

- IPOM3BOAUTH YHUCIICHHBIC OIIEHKH NPEIEIbHbBIX TAPAMETPOB HU(PPOBBIX CUCTEM;

- BUJCTh B TEXHUYECKHX 3a/1a4ax (pu3nueckoe copeprkaHue;

- ocBauBarh HOBble oOnactu mpumeHeHus L[OC, Teopermueckne MOAXOAbI M IKCIIEPUMEHTAJIbHBIC

MCTOOHKH.

- HOJy4aTb HAWJIYy4YIOUC 3HAYCHUA MU3BMCPACMBIX BCJIWYMH W TIPABUJIBHO OHLCEHUTH CTCIICHb HX

AOCTOBCPHOCTH,

- paboTaTh Ha COBPEMEHHOM, B TOM YHCJIE€ U YHUKAJIbHOM 3KCIIEPUMEHTAILHOM 000pYI0BaHHH;
- 3¢¢eKTUBHO HCIOIB30BaTh HH(GOPMALMOHHBIE TEXHOJOTMM M KOMIIBIOTEPHYIO TEXHHUKY JJIs
TOCTHKEHUS! HEOOXOIMMBIX TEOPETUUECKHUX U MPHUKIIAJHBIX PE3yIbTaTOB.

BJIAA€Th:

- HaBbIKAMH CaMOCTOATEIbHOM paboThl B N30paHHOM HAay4YHO-TEXHUYECKOM HaIpPaBICHUY;
- KyJIbTYpOi TIOCTAHOBKH U MOJEIUPOBAHUS 3a7a4 U(PPOBOH GUIBTPALUHN U CIIEKTPAIBHOTO aHAIN3a

CUTHAJIOB B nakeTe nporpamm MATLAB;

- HaBBIKAMM T'PaMOTHOH 00pabOTKU pe3yNnbTaTOB 3KCHEPUMEHTA U COMOCTABICHUS C TEOPETHUECKUMHU

JaHHBIMH

- HaBbIKAMH OCBOCHUS OO0JBIIOT0 00beMa HHPOPMALINH.

3. IlepeyeHb THNOBLIX (IIPHMMEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIIeMy KOHTPOJIIO




Texkymuii KOHTpoOdbL MO TojAoBOMY Kypey «lludpoBas oOpabGoTka CUTHATIOB» TPOBOAWTCS B BHJE
YeThIPEX KOHTPOJBHBIX pabOT M PELICHHUS 3a/1a4, PeAaracMbIX Ha KaXKI0H JEKINH.

1. KonrtponbHble pabOTHI MPOBOIATCS €AMHOBPEMEHHO Ul BCEX CTYIACHTOB. B kaxkmom cemectpe
MPOBOIUTCS JIB€ KOHTPOJbHBIE pabOThl (BCEro 4eThlpe KOHTPOJIbHBIE paboThl). Kaxkmomy crymeHTy
npeyiaraeTcs WHAMBHIYaJbHBIA BapuUaHT KOHTPOJIBHOW pabOoThl, COCTOSIIMH W3 Tpex 3agad o
[IPOYUTAHHBIM JIEKLIUSM.

[TpuMepsl BAPHAHTOB KOHTPOJIBHBIX PadoT.
Konrponbnast pabota Nel.

Nel. Teopernueckuit Bonpoc. [udpo-Hanoropoe npeodbpazoBanue ¢ 3amacoM 1o dacToTe. Peanuzanus
B ITPOUTPBIBATENAX KOMIIAKT-ANCKOB.

No2. ChopmynupoBarh 1 J0Ka3aTh TeopeMy 00 n3MeHeHun Macmrtada s JBIID.

Ne3. Jlana xkoHeuHas mociiegoBareiabHOCTh X(k) B BUIIE MSITH OTCUETOB MPSIMOYTOJILHOTO UMITYJIbCA.

a) Haiiti u u300pasure no moxymo JABIID 3T0# nocienoBaTebHOCTH.

06) Haiitu wu w300pasute mno wmoaymo JIBII® 1gns nepuoguyeckoro IMOBTOPEHHUS — 3TOH
[OCJIEA0BATENBHOCTH € IepuonoM N=5.

KonrponbHast pabota Ne2.

Nel. Teopernueckuii Bompoc. IlonocoBoii pekypcuBHbiii KUX-¢punbrp. Ilepematounas ¢yHKuus,
pa3HOCTHOE ypaBHEHHE, OJIOK cxeMa peanu3anuu. VIMITyIbCcHas M YaCTOTHAs XapaKTEPUCTUKU.

Ne2. Ompenenuts OTKIMK Ha €AMHUYHBIN UMIYJIBC U Ha AUCKPETHYIO (PYHKLUMIO BKIIOYEHHS (UIBTPA,
pasnoctHoe ypaBHeHue kotoporo y(k) — 0,5y (k— 1) =x(k), y(-1)=0.

Ne3. Iloka3are, 4yTO JMHEWHas (a304acTOTHAsE XapaKTEPUCTHKA (DUIIBTpa COOTBETCTBYET IOJIIOCY WIIH
Hym0 iepegarounoit pyakuun H(z) npu |z|<1. [IpuBectu npumepsl.

Konrponbnas pabora Ne3.

Nel. Teopernueckuit Bompoc. bukBamparHblii  Onok: mpsMas ©  KaHOHWU4YEcKas (HOpPMBL;
aMIUTUTYIHO-4aCcTOTHast ¥ (a304acTOTHAS XapaKTEPUCTUKH; MMITyJIbCHAsl XapakTepucTuka. [IpuBectu
IpUMep MOCTPOEHUS CIOKHBIX KAHOHMYECKHX (pOpM Ha OCHOBE OMKBAAPaTHOIO KAHOHHMYECKOTO OJI0Ka.
Ne2. Paccmorpers BUX-uibTp nepBoro nopsijka, aroput™M mudpoBoi GUIsTpai KOTOPOTO HMEET
Bug y(k)=2x(k)-0,5x(k-1)+ 0,5y(k-1).

a) Haiitu nepenarounyto GyHKLIMIO M UMITYIBCHYIO XapaKTEPUCTUKY (QUIIBTpA.

0) M300pa3uTh HyIb-NMOJIOCHYIO AUarpaMMy U OJI0K-cxeMy (HIBTpa.

Ne3. KUX-¢punbrp 3anaérest orcuéramu ummyiabcHol xapakrepuctuku: h(k)=2 mms 0<k<5 u h(k)=0
s apyrux k. Jlns peKypcHBHOTO M HEPEKypCHBHOTO CIIOCOOOB peaii3aliy 3alucaTh Pa3sHOCTHBIC
ypaBHEHUsI, N300pa3uTh OJOK-CXeMbl (PHIIBTPA, ONPEACIUTD IepeaaTouHbie GyHKINU, HAHTH (a3oByIO
3aJIePIKKY.

KonrponbHast pabota Ne4.

Nel. Merog MOMUGHUIMPOBAHHBIX MEpHOAOTpaMM (MeTo[ Yai4a) JJisi OLEHKH CIIEKTPAIbHOM
TUIOTHOCTH MOIIHOCTH.

Ne2. HempepbIBHBIN CTalMOHAPHBIA CilydailHBIA CUTHAJd oOJIafiaeT Y3KOMOJIOCHOM CHEKTPajIbHON
TUIOTHOCTBIO MOITHOCTH, paBHOU Hymo nipH [f|>10 k['n. Ha unTepsane B 10 ¢ curnan momsepraercs
nuckperusanuu ¢ yactoroi 20 kl'm, mocie 4ero CHeKkTpaibHas IUIOTHOCTh MOLIHOCTH OLICHHUBAETCS
METOJIOM YCPEIHEHHBIX niepruogorpamm baptierra.

a) Uemy paBHa IiMHa mocienoBareabHocTH L?

6) Kaxoe uncno cermentos P Oyner umeTs CUrHaj, €ClIM OTJEIbHbIE €r0 yYacTKU He HePeKPhIBAIOTCS?
Ne3. TToctpouTts rpad BITD ¢ mpopexkuBanueM no yactore uist N=16. Yka3ars Bce BEKTOPbI IOBOPOTA.
2. Pemenne 3amau, mpenjaraéMblX Ha KaXXAOW JIeKIMHU. E’KeHenenbHO  CTYAGHT HPEACTaBIISIET
camocTosTenbHOe pemeHue 2-3 3amaq (30-40 3amau 3a cemectp, 60-80 3amad 3a rogoBoit Kypc). 10
MOTYT OBITh aHATTUTHUYECKUE pelleHus, 00 penieHus ¢ NUPpoBsIM MozenupoBanueM (B MATLAB,
Python).

IIpumeps! 3agau.

Nel. ®unbrp onmckiBaercs: pasHocTHbIM ypaBHeHueM y(k) — a y(k — 1) = x(k), y (=1) = 0. Haiitu
UMIYJIbCHYIO XapaKTePUCTUKY QHUIBTpa M ONpPEeNUTh YCJIOBUS YCTOMYMBOCTH W (HU3HUYECKON
peann3yeMOCTH.

Ne2. ChopmynupoBath 1 jjokazaTh TeopeMmy KoTenbHHUKOBA B 4aCTOTHOH 001acTH.

Ne3. B nudpoBbix cuctemax juis N-TOYEUHOH MMOCIIEAOBATEILHOCTH OTCUETHI CHIEKTPaIbHON (QyHKIMH
X(v) B Toukax nAv, Av=1/N, coBnagator c¢ kodpduuuentamu AIID X(n). [lokazarp, uro s
JIeCTBUTENBLHOM TTocenoBarenbHOCTH X(K) nHBepcus criekTpa X(n) OCyMECTBISETCS ITyTEM POCTOTO
W3MEHEHHS 3HaKa KaXJ10ro BToporo orcyera x(k).



Ne4. JlaHo pazHOCTHOE ypaBHEHHE ITUPPOBOTO GHIBTPA 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.

Ne5. Toctpouts rpad BIID ¢ mpopexuBanuem mo BpeMeHH aiasi N=16. Vka3aTb Bce BEKTOPHI
MOBOPOTA.

Ne6. HempepbIBHBINM CTallMOHAPHBIN CIlydallHBIA CHUTHAN oO0JIafiaeT Y3KOMOJIIOCHOH CHEKTpaIbHON
IUIOTHOCTBIO MOILIHOCTH, paBHOU Hymo npH [f|>10 kl'u. Ha unrtepBane B 10 ¢ curnan moxnsepraercs
Juckperusanuu ¢ yacrorod 20 kl'm, mocie 4ero crekTpaibHas IUIOTHOCTh MOLIHOCTH OLIGHUBAETCS
METOJIOM YCpEeOHEHHBIX nepuonorpamm baptnerra. Ilpn BBIYMCIEHUN NEPHONOTPAMM HCIOIB3YETCS
anroput™ BII® ¢ ocHoBanuem 2. IlycTh 1iirHA CErMEHTOB CHUTHAJIA COBIAAAET ¢ pazMepHocThio AI1D
nu paBHa N. Ilpu kakoM HauMeHbIIeM 3HauyeHHMM N PacCCTOSIHHUE MEXIY 4YacTOTaMH, B KOTOPBIX
BBIYHCIISIETCS CIIEKTpabHas OlleHKa, He npeBbimaeT 10 I'i?

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

Hepequb KOHTPOJIBHBIX BOIIPOCOB IAJId CAa4X 3a4CTa B 9-om CCMCECTpC:
1. I/I,I[ea.]'H:HaH JAUCKpPCTU3alus. CHGKTp AUCKPCTU30BAHHOI'O0 CUTHAJIA.

2. IlpencraieHyne CUTHAJIOB psiiamMu 1o QYHKIUSIM oTcyeToB. Teopema KorenbHukoBa (UHHUT-HBIA 1
He()UHUTHBIA CIIEKTPHI).

3. JluckpeTHzartopsl ¢ KOHEYHBIM BpPEMEHEM BBIOOPKH. JIMCKpETH3aTophl C YCTPOHCTBOM BBIOOPKH
XpaHEHHs U CTpoOMpoBaHUEM. [IMCKpeTH3aus ¢ yCpeIHEHHEM.

4. TuckpeTu3aius CHHYCOUAAIBHBIX CUTHAIOB. D((eKT HamoKeHus.
5. luckperusaliis B 9aCTOTHOM OOJIACTH..

6. KommuiekcHoe nipezncrasienue konebanuii. [IpeoOpasoBanue [mnbpbepra. KomiiekcHas orubatomiast
U €€ CIIEKTD.

7. duckpern3anys noI0COBBIX PAAUOCUTHAIIOB.
8. JluckpeTu3anys aHaIMTHYECKOIO CUTHAJIA.

9.KBazmparypnas auckpernsaius. GopMHUpOBaHUS OTCUETOB KBAagpaTyp U3 OTCUETOB Y3KOIMOJIOC-HOTO
kosieOanus. UHTepnperanus B 4aCTOTHOM o0nacTu

10. CyOmuckpeTrHm3anus  TOJOCOBBIX  PaJHOCHUTHANIOB, BBIOOD  YacTOThl  JIMCKPETH3AIIHU.
CyOnuck-peTu3anusi IMOJIOCOBBIX CUTHAJOB C LEJIOYUCIEHHOH mnonocoil.  CyOmuckperuzauus ¢
KBaJ[paTypHOH JieMoAyIsiiueit. BeIOOp 4acTOThI AUCKPETH3AINY.

11. Onenka criekTpa Mo JTMCKPEeTHhIM oTcdeTaM curHana. Koneunoe umncio orcuéroB. SAnenue ['u66ca.
Anpo Hupuxie u aapo Peitepa.

12. luckpetHoe Bo BpemeHu mpeodbpazoanue Dypoe (ABIID). YUersipe dopmbl 3amucu JIBIIOD.
OcHOBHBIE CIIEKTpalibHbIE TeOpeMbl U cBoiicTBa [IBIID.

13. CxogumocTts JIBII®.

14. BoccraHoBieHHE CcHUTHala IO AWCKPETHBIM oOTcdyeraM. VneanbHbli M peaybHble (UIIBTPHI
BOCCTaHOBJICHHS.

15. Kay3anpHas anmpokcuManys UaeaabHOro GUiIsTpa HUKHUX YacTOT.
16. ®unbrpsl barrepBopra u Yebrbimiesa.

17. BoccranoBiieHHEe CUTHAJIOB IMyTEM HHTCPIOJISAINU. KYCO‘IHO—CTyHGH‘IaTaH nu KYCOqHO-HHHCﬁHaH
HUHTCPIOJIALIUAA.

18. Ananoro-uudposoii npeodpazorarens (ALIT). YeTpoiicTBO BHIOOPKU-XpaHEHMSI.
19. XapakTepuCTHKH KBAaHTOBATES NIPH UCTIOIB30BAaHUH OKPYIVIEHHS U YCEUCHUSI.
20. Omubka kBaHTOoBaHUS. CTaTUCTUYECKUE XAPAKTEPUCTHUKU ONIMOKN KBAHTOBAHMSL.
21. Pazpemaromas ciocobnocts ALII. lnramMudeckuii quamaszoH.

22. Ilpumenenue AILIIl ¢ TOBBIIIEHHOW YacTOTOM MUCKPETH3AlMU [JIsl YIPOLIEHHUS aHaJOoTrOBOTO
(uIIbTpa 3aIMTHl OT HAJIOKEHHSI CIIEKTPOB (IPUMEPHI).

23. lludpo-ananorossrii npeodbpazosarensd (LIAIT). LIAIT kak HY ¢uibtp.

[lepeueHb KOHTPOJIBHBIX BOIIPOCOB JUISI CAaYH MAaruCTEPCKOro 3k3ameHa B 10-oMm cemectpe:
1. Huckpernoe npeodpazoBanue @ypoe (AI1D). Coiicta 1 Teopemst AI1D.

2. Teopema 0 IIUKINYECKON CBEPTKE.

3. Pasbuenue 2N-toueunoro [I1®D ra nBa N-TOUCUHBIX.

4. Marpuunas gopma JAI1D.



CooterctBue Mexay AIID u psgom Oypse.

Cootserctue mexay JAI1D u HenpepbIBHBIM MTpeodpa3oBanneM Dyphe.
Cas3p 11D u JIBIID.

WnTeprnionsimms 1o6aBieHUEM HYIEBBIX OTCUETOB.

® N

9. HHarepnonsiust GyHKIUH ¢ OTrpaHUYCHHOM 1oJI0coi ¢ moMorsio 11D

10. Bpemennas u yactotHasi ocu JAI1D.

11. OcobGeHHOCTH CIIEKTpaIbHOTO anaau3a metozom JII1D.

12. OcobeHHOCTH TPUMEHEHHUST OKOH TIPU CIIEKTPaIbHOM aHanu3e Metoaom JI11D.

13. TIpsmoyronbHOe okHO. TpeyronsHOoe okHO (0KHO bapTtierra).

14. Oxna XaHHa 1 X>MMHUHTA.

15. Br100op OKOHHBIX (DYHKIIHIA IPU CIIEKTPATBHOM aHAIN3€ CUTHAJIOB.

16. KoncrpynupoBaHrie OKOHHBIX (DyHKITHH.

17. Anroputmsl Beraucnerus JI1O.

18. bricTpoe npeodpazoBanue Dypbe.

19. Anroputm BII® ¢ cocTaBHBIM OCHOBaHHEM.

20. Anroputmsl BII® ¢ ocHOoBaHuEeM 2.

21. CrnextpanbHbIi aHATN3 B TOUYKAaX Z-TUIOCKOCTH . AnroputM [eprens.

22. CreKkTpanbHBINA aHAJIN3 CIYYalHbBIX MociaenoBarensHocTeit meronom [I10.

23. Meton nepuoaorpaMM OIEHKH CHEKTPaIbHOM MmIoTHOCTH MotHOCTH (CIIM).

24. Meton baptnerra crnaxuBanust ornenku CIIM.

25. Metox MOIUUIIMPOBAHHBIX IIEPHOIOTPAMM (METOJ] ¥YaIr4a).

26. Koppensunonasit metoz orieHku CIIM.

27. llpumenenune z-peodpa3zoBaHus B 00padOTKE CUTHAIIOB.

28. JIuneiiHple qUCKpeTHBIE GUILTPhL. Pa3HOCTHBIC ypaBHEHMUS.

29. YpaBHeHHe IUPPOBOTO QPUIBTPa B TEPMUHAX Z-TIPEOOPA3OBAHHUS.

30. UmmynbcHast 1 mepeaTodHasi XapakTepUCTHKU U(POoBOro GpuiabTpa. YcaoBrue yCTOMUMBOCTH.
31. Ipumeps! udpoBsix GunbTpoB. Lludposoit unrerparop. LHudbposoit nuddepennunarop (mpocToit).
TpancBepcanbHbIil GUIABTP.

32. Hudposblie GuiasTpsl ¢ KOHEYHON UMITYIbCHOM XapakTepucTukoit (KUX-punsrpsr).
33. PekypcuBHsiii Mmeton peanuzanun KUX-punerpos. MeTon 4acTOTHOH BBIOOPKH

34. Kux-Quasrpsl ¢ IMHEHHOHN (a30BOil XapaKTepUCTHKOM.

35. Hudposbie GunasTpsl OeCKOHEUHOW UMIYNbCHON XapakTtepuctukon (BUX-hunsTpsr).
36. AnantuBHbie HTUPPOBBIC PUIBTPHL.

37. MHorockopocTHasi 00paboTKa CUTHAJIOB.

38. [IpMHUHXITBI yMEHBIICHUS YaCTOThl AUCKPETH3ALMH (IeUMAaLus).

39. IIpyHUHMITBI YBETUYEHUS YACTOTHI AUCKPETU3ALNHN (MHTEPIIOISLIMS).

40. ITpuHumnel MHOTO(a3HOH PUIBTpaLUH.

41. IlpakTiueckne KOHBEPTOPBI CKOPOCTH MEPelau TaHHBIX.

42. IlpuMeHeHne MHOTOCKOPOCTHOH 00paboTKH B ayinocHCTEMaXx.

43. [IpumMeHeHne MHOTOCKOPOCTHON 00paboTKH B IM(POBOH CBS3H.

Kputepun oniennBanus

omnnuHO 10 BricTaBnsercs cTyeHTy, IOKa3aBIleMy BCECTOPOHHHE, CHCTEMAaTH3HPOBaHHbBIE, IITyOOKHE
3HaHUS y4eOHOH MporpaMMbl AUCHUILUIMHBL, MPOSBIAIOMIEMY HHTEPEC K JaHHOW MpeIMETHON 001acTH,
IIPOIEMOHCTPUPOBABILIEMY YMEHHE YBEPEHHO U TBOPUYECKHU IIPUMEHATh UX Ha IIPAKTUKE IPU PELIECHUU
KOHKPETHBIX 33]1a4, CBOOOIHOE M IIPaBUIIBHOE 000CHOBAHUE IPUHSATHIX PEIICHUN. | TaBHBIN KpUTEpUH -
pe3yabTaThl NUCBMEHHOM paboThl B KOHIIE C€MeCTpa (JOKHBI OBITH PEIICHBI Bce 3 3a1a4uu B Ouiere).
VYunuTeIBaeTCS KOJIMYECTBO M KadeCTBO PEILICHWH 3a4a4, NPEAJIOKECHHBIX Ha JIEKIUSIX. 3a CEeMECTp
Kaxomy cryaenty (120 den) mpeziaraercst mpecTaBuTh pemerus 20 3amay.

9 BricTaBnsieTcst CTyAeHTY, NOKa3aBIIEMY BCECTOPOHHHME, CHCTEMAaTU3WPOBaHHBIE, TITyOOKHE
3HaHMA Yy4eOHOM NMporpamMMbl AWUCHMIUIMHBL U YMEHHE YBEPEHHO NPUMEHSATh MX HAa MpPAKTHKE INPH
pEIIeHU KOHKPETHBIX 3a1a4, CBOOOIHOE M MpaBUIIbHOE 000CHOBAaHUE MPHUHATHIX pelleHui. [maBHbIH
KpPHUTEpUH - pe3ysbTaThl IUCbMEHHON paboThl B KOHIIE ceMecTpa (ODKHBI OBITH pellIeHb! Bce 3 3a1aqun
B Ounere). JloikHBI TpeiacTaBieHbl pemieHuss He MeHee 15 (w3 mpemiokeHHbix 20)3amay,
IIPEIUIOKEHHBIX Ha JIEKIHUIX.



8 BricTaBnsieTcst CTyAeHTY, NOKa3aBIIEMY BCECTOPOHHHE, CHCTEMAaTU3WPOBaHHBIE, TITyOOKHE
3HaHMA Yy4eOHOM NMporpamMMbl AWUCHMIUIMHBL U YMEHHE YBEPEHHO NPUMEHSATh MX HA MpPAKTHKE INPH
pEIICHUN KOHKPETHBIX 3aJad, NpaBWIbHOE OOOCHOBAaHME NPUHATHIX PEHICHWH, C HEKOTOPHIMH
HejoueTamMu. [TTaBHBIA KPUTEPHIA - pe3yabTaThl MUCHMEHHOM paboThl B KOHIIE ceMecTpa (JI0JKHBI OBITh
peleHsl Bce 3 3a7ayu B OMJIETe ¢ HEKOTOPHIMU HEIO4YeTa-MH). Y UUTHIBAETCS! KOJIMYECTBO M KaueCTBO
pele-HUH 3a1ad, IPeIOKEHHbBIX Ha JICKLHIX.

xopomo 7  BeicraBisiercs CTyAEHTY, €CJIM OH TBEPIO 3HAeT Marepuall, IpaMOTHO U IO CYLIECTBY
W3JIaraeT €ro, yMeeT NPUMEHATh IOJIyYEHHBIE 3HAaHHA Ha MPAKTUKE, HO HEIOCTAaTOYHO I'PaMOTHO
00OCHOBBIBAET TOJYUYCHHBIC pEe3yibTaThl. [J1aBHBI KpUTEpHil - pPe3ylbTaThl MACHMEHHON Pa0OTHI B
KOHLIE ceMecTpa (IOJKHBI OBITh pemieHbl 2 W3 3-X 3a4a4 B Oujiere). YUHTHIBAETCS KOJIMYECTBO H
KauecTBO PEIEHUH 3a/1au, IPEeUIOKEHHbBIX Ha JIEKLUAX.

6 BricraBisieTcs CTYIEHTY, €CIM OH TBEPIO 3HAET Marepuall, 'paMOTHO U I10 CYILECTBY M3JaraeT
€ro, yMEeT NMPUMEHATh NOIYYEHHBIC 3HAHUS Ha MPAKTHKE, HO JOIYCKAET B OTBETE WM B PELICHUU
3aJjad4 HEKOTOpbIE HETOYHOCTH. [TaBHBIA KpUTEpUH - pe3yibTarbl MUCHbMEHHOH paboThl B KOHIIE
cemecTpa (ZOMKHBI OBITH pelIeHbl 2 U3 3-X 3a1ay B OmiieTe) YUHUTHIBACTCS KOJUYECTBO M KadeCTBO
peleHuit 3a1a4, NpeIoKEHHBIX Ha JIEKLIUAX.

5 BbICTaBIsIeTCsl CTYIEHTY, €CIM OH B OCHOBHOM 3HAeT Marepual, TPaMOTHO M IO CYIIECTBY
U3JIaraeT ero, yMeeT NPHUMEHSTHh MOJydYeHHbIC 3HAHWA Ha MPaKTHKE, HO JOMYyCKAaeT B OTBETE WM B
pEIIeHUN 3a7a4 JJOCTaTOYHO OOJIBIIOE KOJNMYECTBO HETOYHOCTEW. [TIaBHBIA KpUTEPUH - pe3yNbTaThl
MUCBMEHHON palboThl B KOHIE ceMecTpa (IOKHBI ObITh pemieHsl 1,5 - 2 u3 3 3amau B Ouiere).
VYuuThIBaeTCS KOJIMYECTBO U KA9€CTBO PELICHUH 3a/1a4, MPEUIOKEHHBIX Ha JIEKIHAX.

yaoBieTBoputenbHO 4 BoicTaBnsieTcsi cTyAeHTY, MOKaszaBiieMy (parMeHTapHbIH, pa3po3HEHHBIN
XapakTep 3HAHUM, HEJIOCTATOYHO TMpaBUJIbHBIE (DOPMYIUPOBKH Oa30BBIX TMOHATUI, HApyIICHHS
JIOTUYECKON TMOCIEN0BATENBHOCTH B M3JIOKEHUU MPOrpaMMHOI0 MaTepuaia, HO MPH 3TOM OH OCBOWI
OCHOBHBIE pa3zienbl y4eOHOH mporpammbl, HEOOXOAMMBIE IS JajdbHEHIIero OOydeHMs, U MOXKET
MPUMEHATh TOJYYECHHBIE 3HAHMSA MO O00pa3ly B CTAaHAAPTHOW cuUTyauuH. [JaBHBIM KpuTepuid -
pe3yabTaThl MMCbMEHHOW padoThl B KOHIIE ceMecTpa (IODKHBI ObITh pemeHsl 1-2 u3 3-x 3agad B
Ounere). YUHUTHIBAETCS KOJIMYECTBO M KAYE€CTBO PEIICHUH 3a/1a4, MPeII0->KEHHBIX Ha JICKLIUSX.

3 BeicTaBnsieTcsl CTyIeHTY, MoKa3aBileMy (parMeHTapHbBIH, Pa3pO3HEHHBIN XapakTep 3HAHWHU,
JOIycKameMy OmuOKu B (popMynupoBKax 0a30BbIX IOHSTHH, HApYIIEHHS JIOTHYECKOM
MOCJIEIOBATEIbHOCTH B U3JIOKEHUH NIPOrPaMMHOTO MaTepHaia, c1abo BiIaJeeT OCHOBHBIMHU pa3ieiaMu
y4eOHOH MporpaMMbl, HEOOXOOUMBIMH JUI JajibHeimero oOydeHHS W C TPYAOM IPHUMEHSET
[IOJIyYEHHBIE 3HAHUS JAX€E B CTAHAAPTHOM CUTyaluu. [JIaBHBIM KPUTEPUIl - pe3yabTaTbl MUCbMEHHON
paboTel B KOHIE cemecTpa (mommkHa ObITh pemeHa 1 w3 3-x 3agad B Owmiere). YUUThIBaeTCS
KOJIMYECTBO U KAUECTBO PELIeHUH 3ajad, IPEIJIOKEHHbIX Ha JIEKLUIX

HEYIOBJIETBOPUTENBHO 2  BpIcTaBisieTcs CTyAEHTY, KOTOPBIM He 3HaeT OonblIel 4acTH OCHOBHOTO
copepkaHusi y4eOHOW NporpaMMbl JUCHMIUIMHBI, JOMYyCKaeT rpyOble OmMOKH B (HOPMYJIHPOBKAX
OCHOBHBIX IIPUHIUIIOB Y HE YMEET MCII0Ib30BaTh M10JIyUYE€HHbIE 3HAHUS [IPU PELICHUM TUIIOBBIX 3ajad.
[maBHBIN KpUTEPHIL - pe3yabTaThl IUCBMEHHOW PabOoTHI B KOHLIE ceMecTpa (He pellieHa HU OlHa U3 TPEX
3ama4 B Ounere). He mpencraiens! pemieHus 3a1a4, MpeIoKeHHBIX Ha JICKIHAX.

1  BeicTaBnsieTcsi CTyIEHTY, KOTOPBIH HE 3HAET OCHOBHOTO COJEp)KaHUS Y4eOHOW MpPOrpaMMEbI
JUCUUIUIMHBI, JTOMyCKaeT rpyoOeiimme ommOku B GOpMyaHMpoBKax 0a30BBIX MOHSATUN TUCHMILIMHBI U
BOOOIIIE HE MMEET HaBBIKOB PELICHUs TUIIOBBIX MPAKTUYECKUX 3a1ad. [ TaBHbIM KpUTEpH - pe3yabTaThl
MMCBMEHHOM palbOThl B KOHIIE ceMmecTpa (He pemieHa HU onHa W3 TpéX 3amay B Omiere). He
[IPEJCTABJICHBI PEIICHUs 3a1a4, IPEIJIOKEHHbIX Ha JIEKLHIX.

5. MeTtonu4eckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

Bo Bpems mpoBenenus 3au€ta M 9JK3aMeHa o0Oyvarommecs MOTYT IOJIb30BaTbCsl MPOTPAMMOM
JUC-LUIIIMHBI, a TAKXKE CIIPABOYHOM JINTEPATYPOM, BBIUMCIUTEIbHON TEXHUKOU, KOHCIIEKTaMU JICKLIAN.
3auéT 1 9K3aMEH HPOBOIATCS MYTEM YCTHOTO OOCY)KIEHHUSI HAlMCAaHHON paHee MUCbMEHHOI paldoThI.
Y4uThIBa€TCSA KOIUYECTBO U KAUECTBO PELICHUH 3a4a4, IPEATIOKEHHBIX HA JEKIUAX.



