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)

o AMCHUIIJIMHE: I[I/ICKPCTHLIC npe06pa30BaHH${ CHUI'HAJIOB
0 HANIPaBJICHUIO: HH(bOpMaTHKa W BBIYHUCIIMNTCIIbHAA TCXHUKA
IIpO(l)I(lJIb MnoATrOTOBKMU: KOMHBIOTepHBIe TCXHOJIOTHH WU BBIYUCIUTCIIbHAA TCXHUKA

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

KYpC: 3
KBAJM(PUKAIMA: OaxanaBp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 6 (BeceHHui) - JlnuddepeHunpoBaHHbIi 3a4eT

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

CamocrositensHas pabora: 60 gac.
Bcero gacos: 90, Bcero 3a4. ef.: 2

KonuecTBO KOHTPOJIBHBIX pa0oT, 3aIaHui: 3

[Iporpammy cocraBui: A.B. Jleyc, kaHJ. TEXH. HAyK, TOLECHT

[Iporpamma obcyxieHa Ha 3acefianny Kadeapsl paariodIeKTPOHUKH | NpukiaaHoi naopmaruku 30.01.2024



AHHOTANMA

Temarnka Kypca BKJIIOYaeT B ceOsi paselnbl, CBS3aHHBIC C IPOLECCaMH JUCKPETHU3AllMd M KBAaHTOBAHUS,
MOCTPOCHHUEM JHMCKPETHBIX MPeoOpa3oBaHUil CUTHAJIOB (IMCKPETHOTO BO BpeMeHHM InpeolOpazoBanus Dypee,
IMCKpEeTHOTO MpeoOpazoBanust Pypbe, KpaTKOBPEeMEHHOro mnpeobOpa3oBanus Dypne), HX CBI3BIO MEXIY
co0oif, wWHTepmperanmyeld pe3yabTaroB, A(PPEKTUBHBIMH  peaTU3alMsIMU  aJTOPUTMOB  BBIYMCIICHHS,
UCTIONIb30BAaHUIO TPE0Opa3oBaHMi B LEISIX aHaIM3a JIMHEHHBIX JUCKPETHBIX CHCTEM W HHTEPIOJSLINU
CHTHAJIOB.

AynutopHble 3aJaHUS O Kypcy IIpOBOIATCS B BHIE JIeKUMHA. B Xome unekiuii paccMarpuBaroTCcs
TEOPETUYECKUE OCHOBBI IU(PPOBOI 00pPaOOTKH CHUTHAJIOB W MPOBOIUTCS KOMITBIOTEPHOE MOJICIUPOBAHUE C
nomo1nkio cpeapl MATLAB u 6ubnnorek si3bika nporpamMmmupoBanus Python.

1. lean u 3apa4n

Heap AuCcHUNIHHBI
- U3yYeHUE TEOPUH U METOJIOB aHaJIK3a U CUHTE3a CUCTEM TU(PPOBO 00pabOTKH CUTHATIOB;
- OCBOGHHE IPAKTHYECKUX HABBIKOB T10 MPOCKTUPOBAHUIO IUPPOBBIX CHCTEM.

3agauu AU CHUILIHHBI

- OCBOEHHE CTyJeHTaMH 0a30BbIX 3HAHMH B 00MacTh IU(POBBIX CUTHAJIOB U CHCTEM YK€ Ha paHHEH
cranuu oOydeHus (npemioxkenne 6a3oBbix kapenp ®PTK);

- TpuoOpeTeHHE TEOPEeTUUYECKHX 3HAHUM 1O MeTOoAaM IMPEACTAaBJICHHUS CHTHAJIOB B CUCTEMax C
JUCKPETHBIM BPEMEHEM;

- IPUOOpETEHNE HABBIKOB PEIICHHSI TPAKTHYECKUX 3a]1a4 IIU(PPOBOI 00paObOTKH CUTHAIIOB.
2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsITh MOKCK, VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3HPYET U BbIOMUpaeT
KPUTHUYECKUHN aHaJN3 U CUHTe3 HHpopManuy, |uHPOpMALNIO, HEOOXOOUMYIO AJISl PELICHHUs! MOCTaBICHHON
MPUMEHATh CUCTEMHBIH MOAXOJ U PELIeHUsT  |3a7a4n

MOCTAaBJICHHBIX 3a7a4

OIIK-2 Cnocoben ucnonb3oBarh copemernsie |OITK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE
MH()OPMALMOHHBIE TEXHOJIOTUHU U BBIYMCIIMTEIBHYIO TEXHUKY M CEpBUCHI ceTH VHTepHeT B
MpOrpaMMHBIE CPEJICTBA IIPH PEeLIeHUH 3a1ad  |obOnactu (cdepe) npodeccHoHaNbHOMN AesITeIbHOCTH

poheCCUOHATBHOM JIeITENILHOCTH, COOTIOnas
TpeboBaHUg MHOOPMAITMOHHOW OE30TIaCHOCTH

OIIK-3 CriocobeH cocTaBisTh U 0HOpMIIATH OIIK-3.3 Bnazneer MeTogaMu BU3YalbHOTO U IpauuecKoro
Hay4HbIC U (WIN) TEXHUYECKUE IpeACTaBICHUS pe3yabTaToB Hay4YHOM
(TexHOJIIOTNYECKNE, UHHOBAIL[IOHHBIC) OTYETHl  |(HAYYHO-TEXHHUYECKOW, MHHOBALIMOHHON TEXHOJIOTHYECKOH)
(myOnmuKanuy, IpOEKTH) JEATEIIbHOCTH B BUJI€ OTUETOB, HAyYHBIX ITyOIHKaIMHA

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM unciie pazpadareBath 1 |[IK-1.2  CnocoGeH  BBLABHTAaTH — THUIOTE3BI, CTPOHTH
HCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MaTeMaTHYeCKHe MOAEIM JJIS ONHMCAaHUs H3y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHUI M MPOIECCOB, OIICHUBATH KAY€CTBO pa3padOTaHHON
aHAJIM3MPOBATh HAy4YHbIEC MPOOJIEMBI, IOJIyYaTh |MOIENIN

HOBBIC HAayIHBIC PC3YJIbTATBI I1K-1.3 CrnocobeH mnpuMeHSTb TEOpeTHUeCKHue H (WIIHN)
OKCIIEPUMEHTAIbHBIE METObI MCCICIOBAHNN K KOHKPETHOM
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pe3yabTaThl

[IK-2.1 3HaeT HOpUHLMIBI MOCTPOEHUS HAYYHOW PadOTHI,
MeTogsl cOopa W aHanmM3a TIOJNyYEHHOTO MaTepHala,
CHoco0bl apryMeHTallH




LIK-2 CLHOCOUEH CAMOCTOSTENbHO WK B
KadecTBe 4JieHa (PyKOBOAUTEIS) MaJIOTO
KOJUIEKTHBA OpPraHU30BbIBATh U IPOBOJUTH
Hay4HbIE UCCIICOBAHMS U X apoOaIuio

[MK-2.2 Cnoco0eH TulaHUpOBaTh M MPOBOJAWTH Hay4yHBIC
HCCIICAOBAHMUSI CaMOCTOSITEIbHO MJIM B KauecTBE WICHA
(pyxoBoauTENs ) MAJIOTO HAYYHOTO KOJUIEKTHBA

[IK-2.3 CnocobeH mNpoBOAWTH anpoOaIuio pe3yiIbTaToB
HAYYHO-HCCIIE0BATEIHLCKON paboTh MOCPEICTBOM
yONMKAIMY HAYYHBIX CTAaTeH U y4acTusl B KOH(pEepeHIuIx

3. IlepeyeHb MVIAHMPYEMBIX Pe3yJIbTATOB 00y4YeHHS 110 AMCHUILINHE (MOXY.II0)

B pesynbrare 0cBOEHHS AUCHUIIMHBI 00y4alOIINeCs JOIKHbI

3HaTh:
- 3HAaTh TEOPETHUECKHUE OCHOBBI JMCKPETHBIX NPeoOpa3oBaHUN CUTHAJIOB, MPOLECCOB MOTYUEHHS
JUCKPETHBIX CUTHAJIOB.

YMETh!
- HHTEPIPETUPOBATh PE3yJbTaThl NPeoOpa30BaHUI HaJl CUTHAJIAMH B LEJISX CIIEKTPAJBLHOTO aHAJIN3a;

- IPUMCHATH AUCKPETHLIC HpCO6p830BaHI/I}I CHUTHAJIOB JJIsl aHajiu3a JIMHEWHBIX JAUCKPETHBIX CUCTEM U
HUHTCPIOJIAINN CUTHAJIOB.

BJIaJIETh:
- HaBbIKAMH CaMOCTOATEIBHOI paboThl B N30paHHOM HAy4YHO-TEXHUYECKOM HalpaBJICHUH.
- KyJIbTYpOi TIOCTAHOBKH U MOJEIUPOBAHUS 3a7a4 U(PPOBOH (UIBTPALUN U CIIEKTPAIBHOTO aHAIN3a
CUTHAJIOB B nakeTe nporpamm MATLAB;
- HaBBIKAMM T'PaMOTHOH 00pabOTKM pe3yNbTaTOB 3KCHEPUMEHTA U COMOCTABICHUS C TEOPETHUECKUMHU
JAHHBIMH;
- HaBbIKAMH OCBOCHUS O0JBIIOT0 00beMa HHPOPMALINH.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE IO TeMaM (pa3jejiaM) ¢ yKa3aHueM
OTBEJEHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHH

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

TpynoeMKoCTh MO BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOThI Camoct.
pabora
| Knaccuduxanust  curHajioB, HOHSTHSA 3 6
JUCKPETU3aL1H U KBAHTOBAHHUS
[IpeobpazoBanue  Dypbe,  CHEKTPHI
2 HMMITYJIBCHBIX u MEPUOANYECKIX 3 6
CUTHAJIOB
3 JluckpeTH3aius aHaJIOrOBbIX CUTHAJIOB 3 6
4 [uckpernoe BO BPEMEHU 3 6
npeobpazosanue Oypoe
5 JuckpeTtHoe ipeodpazoBanne Oypre 3 6
6 JInHelHbIe TUCKPETHBIE CUCTEMBI 3 6
7 Anroput™M  OBICTPOro MpeoOpa3oOBaHUS 3 6
Dypbe
3 Oddekr pacTekaHus ~ CIEKTPAIBLHBIX ) 4
KOMITOHEHT
9 WnTepnomnsiuus u POpPEKUBAHNE ) 4
CUTHaja
10 [IpencraBnenue CHTHAJIOB ) 4
OPTOTOHAJILHBIMU PSAIaMH
11 JuckpeTru3anus B 4acTOTHOM 00macTi 2 4
12 KparkoBpemennoe JUCKPETHOE 1 2
npeobpazosanne Oypbe




Wtoro wacos

30

60

HOI[FOTOBKa K 3K3aMCHY

0 gac.

OO01mas TpynoEMKOCTh

90 ygac., 2 3ad.em.

4.2. CopaepxaHue TUCHUILTUHBI (MOYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 6 (Becennuit)

1. Knaccudukaius curoanos, MOHATHS IUCKPETH3AINN ¥ KBAHTOBAHUS

Knaccuduxamumst curHanoB. AHAJIOTOBbIe, JAWCKPETHbIe M LU(poOBble curHanbl. [lonaTus
nuckperu3anuu U kBantoBanus. ALII u nrym kBaHTOBaHUSI.

2. Hpeo6pa30BaHI/Ie q)ypbe, CIHCKTPbI UMITYJIbCHBIX U MCPUOJNICCKUX CUTHAJIOB
Hpeoﬁpa30BaHHe (I)ypbe, €ro CBOMCTBA. CHeKTpLI NEpUOANYICCKUX U UMITYJIbCHBIX CUTHAJIOB.
3. I[I/ICKPCTI/I?)aLII/ISI AHAJIOT'OBBIX CUTHAJIOB

Jluckperusammss aHAJOTOBBIX CHrHajuoOB. CHEKTp JUCKPETU30BaHHOTO CHTHaja. leopema
KorenbaukoBa. D¢ ekt HanoKeHus CIIeKTPOB. BIOOp 4acTOTHI IUCKPETH3AIINN.

4. luckpeTHOE BO BpeMeHH npeodpazoBanrie Oypbe

OneHka crekTpa AUCKPEeTU30BaHHOIO CUTHaIa IO IIOCJIEA0BATEIbHOCTH €ro oTcueToB. JuckpeTHoe
Bo BpemeHu npeoOpasoBanue @Dypoe (IBIID): ¢dopmbl 3amucu, CBOHCTBA, CXOOUMOCTh K
HENPEephIBHOW (QYHKIUH JJisi a0CONIOTHO CYMMHPYEMBIX MOCIeN0BaTeNbHOCTe oTcueToB. JIBIID
MIOCJIEI0BATEIbHOCTH OTCUETOB FAPMOHNYECKOTO CUTHAJIA M OTPE3Ka FApMOHMYECKOTO CUTHAA.

5. duckperHoe npeobpazoBanue Dypne

HuckperHoe mpeoOpazoBanne Dypre (JI1D): dopmbl 3amucu, cBoiicTBa, 00NMacTH TPUMEHEHHS
(mepuomuyeckre CWUTHANBI W CUTHAIBI KOHEUHOW jumtenbHOCTH). CBsizp JIID wu [ABII® mus
MEPUOANYECKUX TOCIeI0BaTeIbHOCTEH, MpUMep AJsi OTCYETOB rapMOHUYECKoro curHana. CBs3p
AI® u ABII® nna nociaeqoBarelbHOCTEN KOHEUHON anurenbHOoCTH, uHTepnoysiius JIBIID nytem
No0aBIIeHUs] HYJEBBIX OTcUeToB B curHai. YacrorHas ock JAIID, cBA3b ¢ YacTOTaMH B CIEKTpax
aHAJIOrOBOTO M JUCKPETHOTO CUTHAJIOB.

6. JIuHeliHble TUCKPETHBIE CUCTEMBI

Jluneitnpie nmuckpernsie cucteMbl (JIAC). Ilpunnun cyneprnosunuu. CrandoHapHBIE CUCTEMBI.
YacrorHass u ummnyiabcHas xapakrepuctuku JIAC. ®usmueckas peaan3yeMOCTb. YCTOHYHMBOCTD.
Cgoiictea cranmonapusix JIJIC. Senenne ['m606ca u upeanbHbIH QUIBTP HIKHUX YaCTOT.

7. AnroputMm 6bicTporo npeodpazoBanust Pypre

AnroputMm ObicTporo npeodpazoBanust Oypre (BI1D). Pazdouenue N - ToueyHOro MHOXKECTBA HA JIBa
N/2 - toueuyHoro MmHOxkectBa npu BbruucieHun JI1D. BIID c¢ cocraBHBIM OCHOBaHHEM H C
ocHoBanueM 2. [Ipumenenme BII® nns BblUKCICHUS IUCKPETHOM CBEPTKU (LUKIMYECKON H
JUHEWHOM) ¥ OTKJIMKA JTMHEHHON AUCKPETHON CUCTEMBI.

8. D dexT pacTexkaHUs CIEKTPAITBHBIX KOMIIOHEHT



O¢dexr pacTekaHns CHEKTPAIbHBIX KOMIOHEHT. OKHA B CHEKTPAJIbHOM aHaJINM3€, OCHOBHBIE OKHA:
IpsSIMOYTOJIBHOE, TPEyroyibHOe, XaHHa, XeMMuHra, biskMana. BinsHIe IMPHHBI TIIaBHOTO JIETIeCTKa
U MaKCHMAaJIbHOTO YPOBHS OOKOBBIX JICTIECTKOB Ha pE3yJbTaT CHEKTPAJFHOIO aHajiu3a OTpe3ka
TrapMOHUYECKOTO CUTHAJIA.

9. HHTCpHOJ’IHL{I/Iﬁ " NpOPCIKUBAHUC CUT'HAJIA

WHTeprionsuus meproJHYecKOro CHrHajda C OTPaHHMYCHHOW CIIEKTPAJIBbHOW IIOJIOCOH C MOMOIIBIO
JII®D. INpopexuBanue curaana u 3pQHeKT HaJ0KEHUSI.

10. IlpencraBnenne CUTHAIOB OPTOTOHATIBHBIMU PSIIAMHU

IIpencraBneHue CHUrHaJIOB OPTOTOHAIBHBIMU psAnaMu. I[lomHBIE OPTOHOPMHUPOBAHHBIE CUCTEMBI.
O6o6mEnnbie pagsl Dypre. IO kak psg Pypbe Mo cuCTEME JUCKPETHBIX SKCHOHEHIIMATBHBIX
GyHKUIUH.

11. AuckpeTn3anus B 4aCTOTHON 00IacTH

Juckpernzanysi B 4acTOTHONH 0ONacTH, NTUCKPETHU3alusi SHEPreTHUYECKOro CIEeKTpa, 0a3a curHaia,
uHTEprosiroHHas Gopmyna KorenpHUKOBa B 4aCTOTHOM 00IacTH.

12. KpatkoBpeMeHHOe AUCKpETHOE peodpazoBaHme Oypbe

KparkoBpemennoe auckpernoe mnpeodOpazoBanue Dypre (STFT). Cnexrporpamma. Paspemenue
STFT no BpeMeHH H 10 4acToTe, BHIOOP OKOHHBIX (DYHKITHA.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOMMO AJIsl OCYIIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

Caiit kadenpsl Paguosnekrponnku u npukinagHoi napopmarukun MOTU: http://kprf.mipt.ru/, Google
Classroom: LMS: https://classroom.google.com/

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

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

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. OcuoBbl udpoBoii 06padotku curnanos [Tekcr] : B 3 4. : yue6. mocodue /st By3oB / FO. PomaHIoOK ;
M-Bo o6pa3oBanus u Hayku P®, Mock. ¢u3z.-TexH. uH-T (roc. yH-T) .— 2-€ u31., nepepad. — M. :
M®TH, 2007 .— Y. 1 : CpoiicTBa 1 IpeoOpa3zoBaHus AUCKPETHBIX CUTHAIOB. - 2007. - 332 c.
2. NuckpetHoe npeodpazoBanue Oypre B 1nHpOBOM CHEKTpajbHOM aHanuse [Tekcet] : yued. mocobue
it By30B / FO. A. Pomaniok ; M-Bo oOpa3zoBanus u Hayku Poc. @enepanun, dex. areHTCTBO 110
oOpa3zoBanuto, Mock. ¢pu3.-Texs. uH-T (roc. yu-T .— M. : MO®TH, 2007 .— 120 c.
3. lludporast o6padorka curnanos [Tekct]| = Discrete-Time Signal Processing : [y4e6. mocobue s
By30B] / A. OnmnenreiiM, P. Hladep ; nep. ¢ anrt. nox pexa. C. @. boesa .— 3-e uzn., ucnp. — M. :
Texnocdepa, 2012 .— 1048 c.

JlononHuTEIBbHAS IUTEPaTypa
1. [ludposas odbpadotka curnanos [Tekct] / A. b. Cepruenxo - CI16.ITutep,2006, 2007

2. Hudposoii cnekTpaibHbIi aHanu3 u ero npuinoxenus [ Tekcr] : [yue6. nocobue asns By3oB] / C. JL.
Maprui-mo. ; iep. ¢ annt. O. WM. Xabaposa, I. A. Cunoposii mox pea. U. C. Penkaka .— M. : Mup, 1990
— 584 c.

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

Buneonexnuu Ha caiite MOTU http://lectoriy.mipt.ru



8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX IPH OCYLIeCTBJICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JMCHUIIMHEe (MOIYJII0), BKJIIOYAs NepeyeHb He00X0AUMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

[Iporpammuoe obecnieueHue:

nakeT NpuKiIagHbIX mporpamm MATLAB,

auctpuOyTuB Anaconda 1ist si3bika mporpamMmupoBanust Python 3,
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)

Jlexunu 1o Kypcy BKIIIOUAIOT B ce0sl M3y4eHHE TEOPETUUECKUX OCHOB JUCKPETHBIX IpeoOpa3oBaHUi U
O3HAaKOMJICHHE C BO3MOKHOCTSIMA KOMIIBIOTEPHOTO MOJCIHPOBAHMS HCCIEIYyEMBIX IIPOLECCOB.
CamocTosiTenbHas paboTa BKIIOUAeT B ce0s pelleHne TEOPETUYECKUX M NMPAKTUYECKUX 3a/ad, B TOM
YHuCcIe C  WCIOJb30BAaHMEM 0a30BBIX HABBIKOB  KOMIIBIOTEPHOTO  MOJICIMPOBAHUS, UYTCHUE
PEKOMEHJOBAaHHOM JuTepaTypbl. B kauecTBe OHJIAiH CEPBUCOB Ui IIPOBEACHUS KOMIIBHOTEPHOTO
MonenupoBanust Ha Matlab u Python pexomennyercs ncnons3zoBanne MATLAB Online u Google
Colaboratory.

Jnis opraHuM3anuu yuyeOHOTO Mpollecca UCTONb3yeTcs cuctemMa ynpasienus obydennem LMS Google
Classroom, goctyn ocymectBisiercs ¢ momomelo Google akkayHTa B jmomeHe (@phystech.edu.
OOyuarommMcsi PEeKOMEHJIyeTCsl O3HAKOMHUTHCS C Y4YeOHBIMH MarepuajamMu Ha caite Kadeapsl
http://kprf.mipt.ru/ (pasnenst «Marepuansi / JlaboparopHsie paboThD», «YueOHbIE Kypchl / JIUCKpeTHbIE
peoOpa3oBaHUsl CUTHAIOBY).

JI1st caMOCTOSTENTbHOTO YTEHHUS PEKOMEHIyeTC s JInTeparypa:

1.0cHoBBI 1M poBoii 00padoTkn curaano: Kypce neknuii / Aproper Cononnna AWM. u ap. — CII6.:
BXB-Ilerepbypr, 2008 T.



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

Cemectp, (opMBI IPOMEKYTOUHOH arTecTanuu: 6 (BeceHnui) - JlnuddepeHunpoBaHHbIi 3a4eT

Pa3paborunk: A.B. Jleyc, kaHJ. TEXH. HAyK, TOLCHT



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 n3yueHus AUCHMIUIAHBI «{UCKpeTHBIE TPeoOpa3oBaHus CUTHAIOBY 00ydaromuiics JOJIKEH:

3HATb:

- 3HAaTh TEOPETHUECKHE OCHOBBI JMCKPETHBIX NPeoOpa3oBaHMN CUTHAJIOB, IPOLECCOB IMOTYUEHHS

JUCKPETHBIX CUTHAJIOB.
yMeTh:

- HHTCPIPCTUPOBATH PC3YJILTATBL HpeO6pa3OBaHI/II\/’I HaJ CUTHAJIaMU B ICJIAX CIICKTPAJIbHOTO aHAJIN34a,
- IPUMCHATH AMCKPETHLIC HpCO6p830BaHI/I}I CHUTHAJIOB JJIsl aHajiu3a JIMHEWHBIX JAUCKPETHBIX CUCTEM U

HUHTCPIOJIAAINN CUTHAJIOB.

BJIA1€Th:

- HaBBIKAMH CaMOCTOATEIBHOM paboThl B N30paHHOM Hay4YHO-TEXHUYECKOM HalpaBJICHUH.
- KyJIbTypOi TIOCTAaHOBKH U MOJEIUPOBAHUS 3a7a4 U(PPOBOH (UIBTPALUHN 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 (IIPMMeEPHBIX) BONPOCOB, 3a/1aHHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJIIO

Texy1uii KOHTPOJIb IPOBOIUTCS B BHJIE TPEX MMCbMEHHBIX KOHTPOJIBHBIX PadoT,

[Tpumeps! BOIIPOCOB /1151 KOHTPOJIBHBIX padoT:

Konrponbhast pabora Ne 1

Bapuanr 1

Nel. Haiitu crHekTp OJMHOYHOTO CHMMETPHYHOTO HMITynbca X(t) MPOIOKUTENBHOCTHIO SMC,
ammutynoi 1 B. B kauecTBe oTBeTa BRIIIMCATh OTHOILIEHHE a0CONMIOTHBIX 3HAYCHUN aMIUIUTY]I CIIEKTpa
LEHTPAJIBHOTO U TEPBOr0 OOKOBOTO JIEHECTKA (3HAUEHMs CHEKTPAIbHOH IJIOTHOCTH BBIYMCIUTH B
MWLIUBOJIBTaX Ha ['epir). OTBET OKPYIIUTH A0 5-TO 3HaKa MOCIE 3arsiToM.

Ne2. BepiOparh miar JUCKpeTH3alliM B COOTBETCTBHM C TEOPEMOH OTCUETOB CHMMETPUYHOTO
MPSIMOYTOJIFHOTO HUMIylbca uTenbHOCThIO 0,5 Mc. B kauectBe BepxHedl uacToThl cnektpa f B
HPUHATH 3HAYEHHE YacTOTHI, IIPH KOTOPOM CHEKTpalibHas IUNIOTHOCTh OOpalmiaeTcs B HyJdb U AJS BCeX
3HaueHuil uactor f>f B 3HaueHuss Momyns CHEKTpanbHOM mioTHOcTH He mnpesbimaloT (0,7 OT
MaKCUMaJIbHOrO 3HaueHus. OTBET IPUBECTHM B MWIIMCEKYHAAX C TOYHOCTBIO JI0 5-TO 3HaKa IOCIie
3amsTON.

No3. PaccMOTpuTE OCIEN0BATEIBHOCTD:

x(k)=-j - expi/oi(-j2nv_0 k),-oo<k<+oo,v_0=0,3.

Omnpenenure ee J[BII®. B xauecTBe oTBeTa 3amuIInTe Yepe3 3amATyI0 TOUYKH U3 uHTepBana [-0,5;0,5]
OCH HOPMHPOBAaHHBIX YaCTOT V, B KOTOPBIX HaxoasATcs 0- (YHKLHMH, a 3aTeM depes 3arsTyio II0Mau
ITHX O- QYHKIIHH.

Ned. Imeercst GuHUTHAS TIOCTIEIOBATEILHOCTD:

(x(k)={-1; -6;T-4);1; -1; 6;2} @ k=0)

He Borancnss nenocpeactsenHo ee J(BIID X(v), onpenenute 3Ha4SHHUS CIEAYIOMNX BBIPAKESHUN:

1) X(0);2) X(1/2); 3) | (-1/2)~(1/2) [X(w)dv;] 4)[ (-1/2)*(1/2) [Xw)]*2 dv] .

Konrponbnas padora Ne 2

Bapuanr 1.

Nel. Haiitu 1 n306pazuth mo moaysaro JII1dD 16-TodedHbIx nociaeqoBaTebHOCTEH:

x(k)=Y_ (m=0)"151(k-m) n y(k)=15 x(k)" cosi/oi((2nk)/16)

No2. Beruuciure 8-toueunoe 11D

Xm)=1/N'Y_(k=0)"(N-1) [x(k)-expi/o

[

.
'
i

(~j 2n/N ni)

ITocnenoBarenpHOCTH

YKa)XUTe Bce 3HaUYeHUs X(n) Ha OHOM MEepHO/IE.

[MocTpoiite mnst omHoro TMepuoaa rpaduK JCHCTBUTENHLHOW W MHUMOW dacTu kodddunuenros 1D
(ynxumm X(n)).

Ne3. Ins 3amanHo# nocnenoBarenbHocTH X(k),k=0,1,2,...,N-1, moctpouts rpad BIID ¢ ocHoBanuem 2
npu N=8 ¢ npopeKxuBaHNuEM 10 BPEMEHH.

[MpuBectn cxemy 6a30BoIi onepanyy.
Brinucars 3HaUeHUS TOBOPAYUBAOIINX MHOXKHUTEIICH.
OrneHuTH 00IIIee YNCIIO KOMITJIEKCHBIX YMHOXKCHUH JIJISl IPUBEICHHOTO allTOpUTMA.

Ne4. Tlycte mMeeTcsi mepuojiueckast mocieaoBaredbHocTh orcuetoB X(k) ¢ mepuomom N=10,At=1.
U3zBectHo, uto ee JAI1®D, BeruncienHoe mno gopmyse

X(n)=1/N¥_(k=0)"(N-1) [x(k) expi/oi(j2n/N n),

Boruncnure n noctpoiire rpadux ABIID nepuognueckoit nocienosarensHocth X(K).

Konrponbnas pabora Ne 3

Nel. Berumemute 8-toueunoe JID X(n)=1/N Y (k=0)"(N-1) [(x(k) exp./oi(-i2/N  nk))
[10CJIE10BATENbHOCTH:

VYkakurte Bce 3Ha4eHUs1 X(N) HA OJIHOM MEPUO/IE.

[MocTpoiite mnst omHoro TMepuoaa rpaduK JCHCTBUTENHLHOW W MHUMOW dacTu kodddunuenros 1D
(ynxumm X(n)).

Ne2. Ilycres mepuommueckuid ¢ mepuogom T ananoroBelid curHan x(t) Obl1 AMCKpeTH30BaH 0e3
HanoxeHus, npudeM mmar auckperusanuu At=T/N,N=1000,f /I=1/At=1 k['n. Jlanee mo orcueram
curHana Obuto BeruucieHo N-toueynoe [IID. Kakum vactoram B '] B criekTpe aHAJIOrOBOTO CUrHAa
x(t) coorBercTBYIOT 0TCueThl 11D ¢ HomMepamu

n_1=1,n_2=90,n 3=900?



Ne3. Hailitm cmexkTp OAMHOYHOTO CHMMETPHYHOTO  KOCHHYCOMJAJIbHOTO  HMMITyabca  X(t)
MPOAODKUTEIBLHOCTRIO 5 Mc, amrmutyont 0,1 B. B xauecTBe oTBeTa BHIMMCATH Pa3HUILY aOCOTFOTHBIX
3HAYCHUI aMIUIMTYJ CIEKTpa IEHTPaJbHOTO M BTOPOTO OOKOBOTO JielecTKa (3HaYeHHWs TUIOTHOCTH
BBIYHCIIUTH B MIJUTUBOJIbTaX Ha ['epir). OTBET OKPYIJIUTH IO 5-TO 3HAKA MOCIIE 3aIlSATOM.

Ne4. Teopermdeckuii Bompoc. Teopema KorenpHuKOBa B uyacTOTHOU obOmactu. MHTepmonmsimoHHas
¢dopmyna KoTenpHIKOBa B 4aCTOTHOH 001acTH.

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

1) Knaccudukamuss curHasoB. AHANOTOBbIE, TUCKpeTHble W muppoBble curHanel. lloHsaTus
nuckperusauuy U kBaHtoBanusl. ALII u niym kBaHTOBaHUSI.

2) [IpeobpazoBanue Pyphwe, ero cBoicTBa. CIEKTPHI MEPHOANIECCKUX U UMITYJIbCHBIX CUTHAJIOB.

3) Huckpermzamusi aHaANOroBbix curHaioB. CIHeKTp OUCKPETH30BAHHOTO CHTHaja. Teopema
KorenbHukoBa. D¢ ekt HanoKeHus CIeKTpoB. BbI00p 4acTOTH AUCKPETH3ALHH.

4) OueHka criekTpa AUCKPETH30BaHHOTO CUTHAJIA MO MOCIEI0BATENbHOCTH €ro 0TcueToB. JJuckperHoe
BO BpeMeHH npeobpaszoBanue Oypre ([IBI1D): hopmer 3ammcu, cBOHCTBa, CXOAUMOCTh K HEMPEPHIBHON
¢yHkuum  ans aOCONIOTHO — CyMMHUpPYEMBIX  IOcieAoBareibHocTedl  orcuetoB.  JIBIID
[10CJIEI0BATEIbHOCTH OTCYETOB TAPMOHMUYECKOI'O CUI'HAJIa U OTPE3Ka FAPMOHUYECKOIO CUTHAIA.

5) Huckpernoe mpeodpazoBanue Dypoe (HAIID): dopmbr 3ammcu, CBOMCTBA, 00NACTH NMPUMEHECHUS
(mepuoMyecKue CHTHAIIBI W CUTHalbl KoHeuHoW jumtensHocTh). CBsizp JAIID wu JIBII® mns
MEPUOIUYECKHX TOCIICA0BATEIbHOCTEH, MpUMep ISl OTCUETOB rapMoHMUYeckoro curnaia. Cesazp 11D
n JBII® pns nocnenoBaTelnbHOCTEM KOHEYHOM JUIMTENbHOCTH, uHTepnoisanus JBII® nyrem
no0aBiieHUs] HYJEBBIX OTcYeTOB B curHail. YacrorHas ock JIID, cBi3p ¢ yacToTamMu B CHEKTpax
aHaJIOrOBOI'O U AUCKPETHOI'O CUTHAJIOB.

6) Jluneiinsie auckperHsle cuctembl (JIJIC). Ilpunmun cynepno3unuu. CTanuoOHapHBIE CHCTEMBI.
UactotHas u wumnynbcHas xapaktepuctuku JIJIC. ®dusnueckas peamn3yeMoCTb. YCTOHYHBOCTD.
CgoiictBa craunonapusix JIJIC. SIBnenne I'nb6ca n nuaeanbHbId QUIBTP HUKHUX YaCTOT.

7) Anroputm OpicTporo nipeodpazoBanus Oypee (BIID). Pazouenne N - TO4UeIHOrO MHOXKECTBA HA JIBA
N/2 - Toueqnoro MHOkecTBa 1pH Berurciaernu JI1D. BII® ¢ cocTaBHEIM OCHOBaHHWEM M ¢ OCHOBAaHHEM
2. llpumenenne BIID ans BeIYUCIEHUS] TUCKPETHOW CBEPTKU (LIMKIMYECKOM M JTMHEHHOW) M OTKIIMKA
JINHEWHOU JTUCKPETHON CUCTEMBI.

8) DddexT pacTekaHusl CIEKTPAIBbHBIX KOMIOHEHT. OKHA B CIIEKTPAIILHOM aHalln3e, OCHOBHBIC OKHA!
MPSIMOYTOJIbHOE, TPEYTObHOE, XaHHa, XeMMUHTa, biskmana. BiusHue mWUpUHbI [IaBHOTO JIETIECTKA U
MaKCHMAaJIbHOTO YpPOBHS OOKOBBIX JICTIECTKOB Ha pEe3yabTaT CIEKTPAJbHOTO aHalu3a OTpe3kKa
rapMOHUYECKOTO CUTHAJA.

9) NuTepnoisiuus MEepHOINYECKOr0 CUTHAJa C OrpaHMYEHHOW CHEKTPAIbHOM MOJIOCOW € MOMOIIBIO
JII®D. INpopexuBanue curaana u 3PQHeKT HaJT0KEHUSI.

10) IlpencraBneHne CUTrHAJIOB OPTOTOHANBHBIMH pAgamu. lloiHBIE OPTOHOPMHPOBAHHBIE CHCTEMBI.
O6o6mEnnbie psagsl Dypre. [AIID kak psag DPypbe 1Mo cucreMe JAUCKPETHBIX SKCHOHEHIMATBHBIX
(GyHKUIUH.

11) AuckpeTru3anust B 4aCTOTHOH 00JacTd, AUCKPETH3ALMS YHEPreTUUECKOro CIeKTpa, 6a3a curHana,
uHTEpnosinroHHas Gopmyna KorenpHIKOBa B 4aCTOTHOM 00IacTH.

12) KparkoBpemennoe muckpetrHoe mpeodpazoBanne Dypwe (STFT). Cnekrporpamma. Paspemenue
STFT no BpeMeHH H 10 4acToTe, BHIOOP OKOHHBIX (DYHKITHA.

Kputepun onennBanus

Onenka  "oTIHYHO 1oy BBICTABJISIETCS.  CTYAEHTY, IIOKAa3aBLUIEMY  BCECTOPOHHME,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCLUIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JTaHHOW NPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKH
MPUMEHATh X Ha NPAaKTHKE IPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHHUE
NPUHATHIX pelieHuid. I TaBHBIA KpUTepuil - pe3ylabTraThl MHCBMEHHOM pPabOThI B KOHLE CEMECTpa
(To7KHBI OBITH perIeHbl Bce 3 3a1audl B OWieTe). YUHTHIBAETCS KOJIMYECTBO M Ka4e€CTBO PEIICHUH
3a1a4, MPEUIOKEHHBIX Ha JIEKOUsAX. 3a ceMmecTp Kaxkaomy cryaeHTy (120 wen) mnpemnaraercs
npencraBuTh pemenus 20 3anad.



Onenka "omm4HO (9)" BBICTAaBISETCS CTYACHTY, TOKAa3aBIIEMYy BCECTOPOHHUE, CUCTEMAaTU3HPOBaHHbIC,
n1yOoKHe 3HaHHUS y4eOHOM MPOrpaMMBbl JUCHUILIMHBI M YMEHUE YBEPEHHO IMPUMEHATh X HA MPAKTHKE
IPU pELICHWH KOHKPETHBIX 3a/ad, CBOOOJHOE M MPaBHIbHOE OOOCHOBAHME IMPHHATHIX PEILICHHMA.
[maBHBIN KpUTEpUH - pe3yabTaThl MUCBMEHHOM pabOTHl B KOHIIE CeMECTpa (JIO0JKHBI OBITh PEUICHBI BCE
3 3agaun B Omiete). [loyKHBI IpeACTaBIeHbl peuieHds He MeHee 15 (u3 mpemnokeHHbIXx 20)3amay,
IIPEIUIOKEHHBIX Ha JIEKIHUIX.

Onenka  "ommuno  (8)" BBICTaBIISIETCSL  CTYAEHTY,  IIOKa3aBUIEMY  BCECTOPOHHME,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIBHOE 00OCHOBAHHE MPUHATBHIX
pEIIEHUH, ¢ HEKOTOPBIMH HepoueTaMu. [ IaBHBIN KPUTEPHil - pe3ylbTaThl MUCHbMEHHOM paboThl B KOHIIE
cemecTpa (ZOJKHBI OBITH PelIeHbl Bce 3 3a1a4r B OnjieTe ¢ HEKOTOPBIMU HeloYeTa-MH). Y YUThIBACTCS
KOJIMYECTBO U KaYeCTBO pelle-Huil 3a/1a4, NPeIIOKEHHBIX Ha JIEKLIUSX.

Onenka "xopomo (7)" BbICTaBIsIeTCS CTYAEHTY, €CIM OH TBEPAO 3HAET MaTepual, TPaMOTHO U IO
CYLIECTBY H3JIaraeT €ro, yMmMeeT NPUMEHSTHh IOJlyuYeHHbIE 3HAHHS Ha MPAaKTUKE, HO HEIOCTaTOYHO
IpaMOTHO OOOCHOBBIBACT TOJYYCHHBIC PE3YNbTaThl. [JIaBHBIM KPUTEPUH - PE3yNbTaThl MUCHMEHHON
paboThl B KOHIIE ceMecTpa (IOMKHBI OBITh peleHsl 2 u3 3-X 3a/1a4d B Ousiere. YUUTHIBACTCS KOJTUUYECTBO
U KayeCTBO pelIeHUH 3a1a4, IPEAJOKEHHBIX Ha JIEKIUSIX.

Onenka "xopomro (6)" BBICTaBISIETCS CTYAEHTY, €CIIM OH TBEPJO 3HAET MarepHall, TpPaMOTHO U TIO
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh NOTY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIYCKAeT B OTBETE
WM B PEIICHUH 3371a4 HEKOTOPbIC HETOYHOCTH. [ TaBHBIN KpUTEPUil - pe3ynbTarThl MUCbMEHHON PaboThI
B KOHIIE ceMecTpa (ZOJKHBI OBITh pemieHsl 2 u3 3-X 3a1ad B Oujiere) YUYUTHIBACTCS KOIMYECTBO H
KauecTBO PEIEeHUH 3a/1au, IPEeUIOKEHHbBIX Ha JIEKLUAX.

Onenka "xopoino (5)" BeICTaBISIETCS CTY/ICHTY, €CIIM OH B OCHOBHOM 3HAeT Marepuai, rpaMOTHO U 1O
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh MOTY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIYCKAeT B OTBETE
WIH B PEIICHHH 33/1ad JIOCTATOYHO OOJBIIOE KOJWYECTBO HETOYHOCTEW. [JIaBHBIM KpuTepud -
pe3ynbTaThl MUCbMEHHON paldoThl B KOHIE ceMecTpa (IOKHBI ObITh pemeHsil,5 - 2 u3 3 3axau B
onnere). Y4n-ThIBaeTCs KOJIMYECTBO U KAaYE€CTBO PEIIEHHH 3a/1a4, IPENI0KEHHBIX Ha JIEKLIUX.

Onenka "ynoBneTBOPHUTEIbHO (4)" BBICTABISIETCA CTYIEHTY, IIOKa3aBIIEMYy (parMeHTapHBIM,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHHUs JIOTHYECKOW MOCIIeI0BATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Jielibl yueOHOW NMpOrpaMMBbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4yeHus, U
MOYKET MPHUMEHSTh MOJyYeHHBIE 3HAHUS 10 00paslly B CTaHAAPTHOM cuTyanuu. [TTaBHBIA KpUTEPHUH -
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.

Onenka "ymoBneTBopHuTedbHO (3)" BBICTABISIETCS CTYJEHTY, IIOKa3aBIIeMy (parMeHTapHBIMH,
Pa3po3HEHHBIH XapakTep 3HaHWMW, AOMycKaloulemy OmHOKH B (GopMyaupoBKax 0a30BbIX MOHATHH,
HapyLIEHUs] JIOTHYECKOM IIOCIEeOBAaTENbHOCTH B M3JIOKEHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJIe€T OCHOBHBIMH pa3ielaMu y4eOHOH MporpaMMbl, HEOOXOJUMBIMH AJIsl JalibHEHIIero o0y4eHus u
C TPYLOM IPHUMEHSET MOJYyYCHHbIC 3HAHUS AK€ B CTAHJAPTHOW CUTyalluu. [JaBHBIA KpuTepuil -
pe3ynbTaThl NUCbMEHHON paboThl B KOHLIE ceMecTpa (ToJKHBI OBITh pemiena 1 u3 3-x 3agay B Ouiere).
VY4uThIBaeTCS KOJIMYECTBO U KaYE€CTBO PEILIEHUH 3a/1au, IPeJUIOKEHHbIX Ha JIEKLIUAX

Onenka "HeymOBIETBOpUTENLHO (2)" BBICTABISETCS CTYIEHTY, KOTOPBHIA HE 3HAeT OOJbIIeH YacTh
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JOMYCKaeT rpyOble OMMOKH B
(bopMyIHpPOBKaX OCHOBHBIX NPHHIMUIIOB U HE YMEET UCIIOJIb30BaTh IOJyYSHHBIE 3HAHUS NPH PEIICHUN
TUTOBBIX 3a/1a4. | TaBHBINA KPUTEPHIA - Pe3yJIbTaThl IMCBMEHHOM paOoTHl B KOHLIE ceMecTpa (He pelieHa
HU O7Ha U3 TpEX 3a1a4 B Omiere). He mpeacraBieHs! pemeHns 3a1a4, MPeAIoKeHHbIX Ha JIEKIUIX.
Onenka "HeymoBnerBoputeiabHO (1)" BbICTaBIf€TCS CTYHOCHTY, KOTOPBIH HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILIUHBI, JOIMycKaeT rpyOeiimne ommOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHUS THIOBBIX MPAKTUYECKHX
3aga4. [ maBHBINA KpUTEpUil - pe3yabTaThl MUCbMEHHON pabOThl B KOHIIE ceMecTpa (He pelieHa HU OHa
n3 Tpéx 3a1au B Omiiere). ). He npencraBneHsl penieHus 3a1a4, NpeaIoKeHHbBIX Ha JISKIHX.

5. MeTtonuveckne MaTepuabl, onpeneasione Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

Bo Bpemss mpoBenenus auddepeHnMpoBaHHOrO 3a4éra OOydYaroUmIMecss MOTYT TIOJb30BaThCS
IpOrpaMMOM JTHCUUIUIMHEL, CIPABOYHOHN JIMTEPaTypoOi, BBIYMCIUTENBHON TEXHHKOW, KOHCIIEKTAMH
JIEKIIHAN.

JudepeHurpoBaHHbIN 3a4€T IPOBOIUTCS IyTEM YCTHOTO OIpoca ¢ 00CYKICHHEM HAlMCAaHHbIX paHee
MICbMEHHBIX paloT.



