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: JuckpeTrHble TpeoOpa3oBaHMs CUTHAJIOB
110 HANIPABJICHUIO: [Ipuxagaeie MaTeMaTHKa U GU3NKA
Nnpo¢uJIb NOATOTOBKH: PannorexHuka 1 KOMIBIOTEPHBIE TEXHOJIOTUU

Oustex-mkona Paguorexuuku nu Komnsrorepubix TexHonoruii
HeHTp oOpazoBarenbHbIX nporpamm OPKT

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 obcyxneHa Ha 3aceflaHuy IieHTpa oopa3oBarenbHbIx nporpaMm ®PKT 08.11.2024



AHHOTANMA

Temarnka Kypca BKIIOYAaeT B ceOsl pasiesibl, CBSI3aHHBIE C MPOLECCAMU TUCKPETHU3alMM M KBAaHTOBAHUS,
MOCTPOCHHUEM JHMCKPETHBIX MPeoOpa3oBaHUil CUTHAJIOB (IMCKPETHOTO BO BpeMeHHM InpeolOpazoBanus Dypee,
IMCKpeTHOTrOo mpeoOpazoBanusi Pypbe, KpaTKOBPEMEHHOro mnpeobOpa3oBaHus Dypbe), HX CBS3BIO MEKIY

co0OM, UWHTepHpeTanuel pe3yabTaTos,

3(h(HEeKTUBHBIMU  peaTu3alusIMA

AJITOPUTMOB ~ BBIYUCIICHUA,

HCIIOJIB30BAHHIO HpeO6p330BaHHﬁ B IEIIX aHajdu3a JMHEHHBIX AUCKPETHBIX CHUCTEM U HHTCPIIOJIALNN

CHUT'HAJIOB.

AynutopHble 3aJaHUs O Kypcy NpOBOAATCS B BUAE JEKUMA. B Xome nexnuii paccMaTpHBaroTCs
TEOPETUYECKUE OCHOBBI IM(PPOBOM 00paOOTKH CHTHAJIOB M MPOBOAMTCS KOMITBIOTEPHOE MOACIHPOBAHHE C
nomo1nkio cpeapl MATLAB u 6ubnnorek si3bika nporpamMmmupoBanus Python.

1. lean u 3apa4n

]_le.]'ll) JAUCHUIIINHBI

- U3yYeHUE TEOPUH U METOJIOB aHaJIK3a U CUHTE3a CUCTEM TU(PPOBO 00pabOTKH CUTHATIOB;

- OCBOCHHE MPAKTUYECKUX HABBIKOB 10 MPOEKTUPOBAHUIO IU(PPOBBIX CUCTEM.

3agauu AU CHUILIHHBI

- OCBOEHHE CTyJCHTaMH 0a30BBbIX 3HaHUI B 007acCTH LU(POBBIX CUTHAJIOB U CHUCTEM YK€ Ha paHHEH
cranuu oOydeHus (npemioxkenne 6a3oBbix kapenp ®PTK);

- HpI/IO6peTeHI/Ie TCOPCTUICCKUX 3HAHUHU II0 MCTOAaM TMPCACTABJICHUA CHUIHAJIOB B CHUCTECMax 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-2 CriocoGen onpenensiTe Kpyr 3a/1a4d B
paMKax MOCTaBJICHHOM LENN U BBIOMPATh
OIITHMAJIbHBIE CTIOCOOBI UX PELICHUs], UCXOIS U3
JEHCTBYIOIIUX PAaBOBBIX HOPM, HUMEIOLITHXCSI
PECYPCOB U OTpaHUYEHUIN

YK-2.1 ®opmynupyeT COBOKYNMHOCTh B3aHMMOCBI3aHHBIX
3aJad B paMKax  IIOCTaBJIGHHOW  wenu  paboTsl,
o0ecIeunBaroIINX ee JOCTHIKEHHE. Omnpenensier
OXHJIa€MbIE PE3yJIbTaThl PEIICHUS TIOCTABICHHBIX 33134

YK-3 Cniocoben ocyniecTBIsITh COIMANBLHOE VYK-3.1 CrnocobeH  ycTaHaBnuBaTh  pa3Hble  BHJIBI
B3aMMOJICHCTBHE U PEaTM30BbIBATH CBOIO POJIb B |KOMMYHHKALIUN (yueOnyto, Hay4HYIO, JIeJIOBYIO,
KOMaHj1e He(hOopMaIILHYIO U JIp.)

OIIK-2 Cnocoben ucnonb3oBarh copemernsie |OITK-2.1 Criocoben MPUMEHSATh COBPEMEHHEBIE

WH(POPMAIMOHHBIE TEXHOIOTUH U
MpOrpaMMHBIE CPEACTBA MIPU PEIICHUHN 31349
poheCCUOHATBHOM JIeTENLHOCTH, COOTIOnas
TpeboBaHUg NHOOPMAITMOHHOW OE30TIaCHOCTH

BBIYMCIIMTEIILHYIO TEXHUKY W CEpBHCHI ceTu VHTepHEeT B
obmactu (cdepe) mpodeccrnoHaTHHON AeATSIIEHOCTH

OIIK-3 CriocobeH cocTaBisTh U 0QOpMIIATH
Hay4YHbIC U (MJTM) TEXHUYECKHE
(TeXHOIOTUYeCKHEe, NHHOBAIIMOHHBIE) OTYETHI
(myOnuKanum, MpoeKThI)

OIIK-3.1 3HaeT ocHOBHBIEC MpaBWiia OPOPMIICHHUS HAYIHBIX
MyOIMKaUi 1 HAYYHO-TEXHUYECKOM JOKyMEHTAIlUH, B TOM
YHUcie C HCIOIB30BAHUEM MPHUKIATHOIO TPOrPaMMHOIO
obecrieueHus

OIIK-4 CriocoOeH oCyIIeCcTBIATE COOp U
00pabOTKy HAYYHO-TEXHUYIECCKOH U (VITH)
TEXHOJIOTUYECKON HH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX U MPUKIIAJHBIX 33129

OIIK-4.1 Brmageer weTromaMu Hay4HOrO IIOMCKa |
WHTEJUIEKTyaJIbHOTO aHalin3a WHGOpPMAalKU NPHU PElCHUH
3a7a4 npodeccHoHAIBHOM IesITeNbHOCTH

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSMU C LIENbIO [IOJYyUYEHUs], XpPaHEHUs U
00pabOTKM Hay4yHOU (TEXHHYECKOHW, TEXHOJOTHYECKOMN)
nHpopMaIun

[1K-2 CriocobeH aHanu3upoBaTh MOTyYCHHBIC B
XO0JIe HayYHO-HCCIIEe0BATENLCKON paObOThI
JIAHHBIE U J€J1aTh HAyYHBIC BHIBOJIBI
(3aKITrOUCHMS )

[TK-2.3 CniocobeH npencTaBiiTh HaydyHbIC YTBEPKIACHUS, NX
000CHOBaHMSI M J0KA3aTeNbCTBA, HAYYHBIC MPOOJIEMBI U UX
pemeHnss SCHO M TOYHO B TEPMHHAX, HOHATHBIX IS
npoeCCHOHANBHON ayIUTOpHH, B MUCHBMEHHOW M YCTHOM

dopme




[MK-3 CriocobeH BbIOMpATh U IPUMEHSTh [MK-3.1 3naer mpuHNHUILI pabOThl W AMANA30HBI PabOYMX
noaxozsiee 000py10BaHHEe, HHCTPYMEHTBI M |[TapaMETPOB HCIIOIB3YEMOT0 HayYHOTO 000py/IOBaHUS
METO/Ibl HCCIICIOBAHUM IS peIlIeHHs 3a/1a4 B
n30paHHON MTPEIMETHOM 00IacTH

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)

B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HaTh:
- 3HATh TEOPETHYECKHE OCHOBBI JMCKPETHBIX NpPeoOpa3oBaHWUN CHUTHAJIOB, MPOIECCOB IOIYYCHHUS
JTUCKPETHBIX CUTHAJIOB.

YMETh:
- HHTEPIPETUPOBATh PE3yJbTaThl PeoOpa30BaHUI HAJl CHTHATIAMH B IEJISX CIIEKTPAILHOTO aHAIN3a;
- IPUMEHSTH JAUCKPETHEIE MpeoOpa30BaHUs CHTHAJIOB JUIsl aHANIN3a JTMHEWHBIX TUCKPETHBIX CHCTEM U
WHTEPIOJSAINI CUTHAIOB.

BJIaJICTh:
- HaBBIKAMM CaMOCTOSTEJIbHON paboThl B M30paHHOM HAay4HO-TEXHUYECKOM HAIpPaBICHUN.
- KyJBTYypOW IOCTAHOBKH W MOJAEIMPOBAHUS 33134 HUPPOBOH (QHUIBTPAIMK U CIEKTPAJIHHOTO aHAIH3a
CUTHAJIOB B makeTe nporpamm MATLAB;
- HaBbIKAMH T'PaMOTHON 00pabOTKM pe3yibTaToB 3KCIEPUMEHTa U COMOCTABICHHS C TEOPETUUYECKUMU
TAHHBIMH;
- HaBbIKAMH OCBOEHUS O0JIBIIOr0 00bemMa HHPOPMAaLIUH.

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

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM Y4E€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 Knaccudukanuss curHanoB, MOHSATHS 3 6
JTMCKPETU3AIMY 1 KBAHTOBAHUS
[IpeobpazoBanue Dypse, CIIEKTPBbI
2 HMITYJIbCHBIX u MEPHUOANYECKUX 3 6
CHTHAJIOB
3 JuckpeTuszanus aHaJIOTOBBIX CUTHAJIOB 3 6
4 HuckperHoe BO BpEMEHU 3 6
npeobpazosanne Oypbe
5 HuckperHoe nipeobpazoBanue Oypre 3 6
6 JIuneltHbIe TUCKPETHBIE CHCTEMBI 3 6
7 Anroput™m  ObICTpOrO  IIpeoOpa3zoBaHUs 3 6
dPypre
] O¢ddexkr pacTekaHHs — CHEKTPAIbHBIX ) 4
KOMITOHEHT
9 Wutepnonsiuus u MIPOPEKUBAHNE ) 4
cUrHaja
10 [Ipencrasnenue CUTHAJIOB ) 4
OPTOTOHAJILHBIMU PAIAMU
11 JlvckpeTu3alysi B 4aCTOTHOM 00J1acTH 2 4
12 KparkoBpemeHnHoe JMCKPETHOE 1 )
npeobpazosanue Oypoe
Hroro yacos 30 60




[ToaroroBka k sK3aMeHy

0 gac.

Oobmas TpynoEMKOCTb

90 yac., 2 3au.ex.

4.2. Cogep:xaHue IUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemectp: 6 (Becennuii)

1. KJ'IaCCI/I(l)I/IKaLII/IH CUTHAJIOB, IOHATUA JUCKPCTU3ALIUN U KBAHTOBAHUA

Knaccudukanmst curnamoB. AHaNIOTOBBIE, JAWCKpEeTHbIEe U 1udpoBeie curHanbl. [loHATHS
muckpeTu3anuu u kBantoBanua. AL u urym kBaHTOBaHHUS.

2. IlpeobpazoBanue ypre, CHEKTPBI UMITYJILCHBIX M EPUOANYECKUX CUTHAIIOB
[Ipeobpazoanue Dypebe, ero cBoricTBa. CIEKTPHl NEPUOAMUECKUX U UMITYJILCHBIX CUTHAJIOB.
3. JluckpeTusanus aHaJIOrOBbIX CUTHAJIOB

Jluckperusanysi aHAJIOroBbIX CUrHaoB. CHEKTp JUCKPETU30BAHHOIO CHUrHaja. Teopema
KorenbaukoBa. D¢ ekt HanoKeHus CIIeKTPoB. BBI00Op 4acTOTH AUCKPETH3ALHH.

4. luckpeTHOE BO BpeMeHH npeodpazoBanue Oypne

OneHka crekTpa AMCKPETH30BaHHOTO CHTHAJIA MO MOCIEI0BaTEIbHOCTH €ro OTCUeTOB. JucKkpeTHoe
Bo BpeMeHu npeobOpazoBanue @Dypoe ([ABIID): dopmbl 3amucu, CBOHCTBA, CXOAMMOCTh K
HEIpephIBHOW (YHKIMY 111 aOCONIOTHO CyMMHPYEMBIX TOCIeaoBaTelbHOCTeH oTcueToB. JIBIID
MOCJIEIOBATEIFHOCTH OTCUETOB FAPMOHNYECKOTO CUTHAJIA M OTPe3Ka FapMOHHYECKOTO CUTHAA.

5. luckpetHoe npeobpazoBaHure Oyphe

Huckperroe mpeobpazoBanue Dypre (HIID): Gopmbr 3amuicu, cBoiicTBa, 00IACTH NPUMEHECHUS
(mepuoYecKue CHUTHAIBI M CHUTHANbl KOHe4HOW ummrenbHOCTH). CBsizp JAIID u JABIID mus
MEPUOANYECKUX ITOCICNOBATEILHOCTEH, MPUMEDP JUIsl OTCYETOB T'apMOHHMUYECKOTO curHama. CBs3b
HAII® u JABII® nns nocnenoBareabHOCTEW KOHEUHOU JUIMTENBHOCTH, uHTepnoiasauusa IBII® nyrem
no0aBIeHUS HYJIEBBIX OTCUYeTOB B curHas. YacrorHas ock JIID, cBs3h ¢ 4acTOTamMu B CHEKTPax
aHAJIOTOBOTO U JUCKPETHOTO CUTHAJIOB.

6. JIuHeiHbIe TUCKPETHBIE CUCTEMBI

Jluneiinpie guckperssie cucrembl (JIJIC). Ilpuanun cynepnosunuu. CTannOHApPHBIE CHCTEMBI.
UactotHasts u umnynbcHas xapakrtepuctuku JIJIC. dusmyeckas peann3yeMocTb. YCTONYHUBOCTb.
CgoiictBa craunonapusix JIJIC. SIBnenne ['n66ca n nuaeanbHbI QUIBTP HUKHUX YaCTOT.

7. Anroputm ObicTporo npeoOpazoBanust Pypre

Anroputm 6picTporo npeodpazoBanus Oypee (BI1D). Pazbuenue N - ToueqyHOro MHOKECTBa Ha J1Ba
N/2 - Toueunoro MHokecTBa mnpu BbrumcicHud JII1®. BIID ¢ cocraBHBIM OCHOBaHHEM H C
ocHoBanueMm 2. [Ipumenenue BIID pansg BblUMCICHHS AWCKPETHOH CBEPTKH (LMKIMYECKOM U
JIMHENHO) U OTKIIMKA JTMHEWHON JUCKPETHOM CHCTEMBI.

8. DddekT pacTekaHUs CIIEKTPAITBHBIX KOMIIOHEHT

D¢ dexr pacTekaHus CHEKTPAIbHBIX KOMIOHEHT. OKHA B CHEKTPAJIbHOM aHaJIM3€, OCHOBHbBIE OKHA:
NpsSIMOYTOJILHOE, TPEYrolibHOE, XaHHa, XeMMHHTa, binkmana. BiusHue mupruHbl IIIaBHOTO JICTIECTKA
U MaKCHMAaJIbHOTO YPOBHS OOKOBBIX JICTIECTKOB Ha pE3yJibTaT CHEKTPAJbHOIO aHaliHu3a OTpe3Ka
rapMOHUYECKOTO CUTHAJIA.



9. UnTepnonsuys U NpopeXuBaHUe CUTHajIa

HNHTteprionsuust MepuoauyecKoro CUrHana ¢ OIpaHMYECHHON CIEKTPAJIBHOW IOJIOCOHM € IOMOILBIO
JII®D. IIpopexnuBanue curuana u 3pQGeKT HaJoKEeHUsI.

10. HpeﬂCTaBHeHI/IG CUTHAJIOB OPTOTrOHAJIbHBIMU psAAaMU

[IpencraBiieHne CHUTHAJIOB OPTOTOHAIBHBIMHM psgaMu. [loiHBIE OPTOHOPMHPOBAHHBIE CHCTEMBI.
O606ménnnie psaapl Pyppe. AP kak psg Oypbe 1O CHUCTEME TUCKPETHBIX SKCHOHEHIMAIBHBIX
(dyHKIUH.

11. IuckpeTu3anys B 4aCTOTHOW 00JIaCTH

Jluckperusanus B 4aCTOTHOW 0OJacTH, TUCKPETH3alLUsl SHEPreTHYECKOro CIeKTpa, 0a3a curiaia,
uHTepnosIuoHHas Gopmyna KoTenbHUKOBA B 4aCTOTHOH 00iacTu.

12. KparkoBpeMeHHOE AUCKPETHOE IpeoOpazoBanue Oypbe

KparkoBpemennoe auckpernoe mpeobOpazoBanue Dypoe (STFT). Cnexrporpamma. Pasperienue
STFT no BpeMeHU u 10 4acToTe, BHIOOP OKOHHBIX (DYHKITHIA.

5. Onucanue MaTepuaJbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHNS 00pa30BaTEJILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

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

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

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

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas 1uTeparypa
1. OcHoBwI u(ppoBoiIt 00padoTku curHaioB [Tekct] : B 3 4. : yue0. mocodue s By308B / FO. PomaHiok ;
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. NuckpeTtHoe nipeobpazoBanue Oypre B IM(POBOM CHIEKTpaibHOM aHanm3e [Tekct] : yued. mocobue
s By30B / FO. A. Pomaniok ; M-Bo oOpa3oBanus u Hayku Poc. @enepaunu, dex. areHTCTBO 10
oOpazoBanuio, Mock. (pu3.-TexH. uH-T (roc. yH-T .— M. : M®TH, 2007 .— 120 c.
3. Hudporas odpadotka curHanos [Tekcr] = Discrete-Time Signal Processing : [yue6. mocobue as

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

JlononHuTeNbHAS TUTEPATypa
1. Hudporas o6padorka curnanos [Tekcr] / A. b. Cepruenxko - CII16.ITutep,2006, 2007
2. lludposoii ciekTpaibHbBIH aHanu3 u ero npuioxenus [Texkcr] : [yue6. mocodue ais By3oB] / C. JI.

Maprui-mi. ; nep. ¢ aunt. O. WM. Xabaposa, I. A. Cunoposii mox pex. U. C. Pepkaka .— M. : Mup, 1990
— 584 c.

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

Buneoneknun Ha catite MOTU http://lectoriy.mipt.ru

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILIMHe (MOAYJII0), BKJII0Yasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)



[Tporpammuoe obecnieuenue:

MakeT NpuKiIagHbeix mporpaMm MATLAB,

nucTpuOyTHB Anaconda Juis si3pIka nmporpaMmmupoBanus Python 3,
nakeT GNU Octave.

OmnaiiH-cepBHCHI AJIs1 KOMIBIOTEPHOTO MOJICJIUPOBAHUS:

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

Cuctembl IUCTAHIIMOHHOTO OOYyYEHHS:

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

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_IyJ'lﬂ)

Jlekumu 1o Kypcy BKIIIOYAIOT B ce0s M3yYSHHE TEOPETHYECKIX OCHOB JUCKPETHBIX MpeoOpa3oBaHuil 1
O3HAaKOMJICHHE C BO3MOXKHOCTSIMH KOMIIBFOTEPHOTO MOJIEJIMPOBAHUS HCCIIEIYEMBIX IPOIIECCOB.
CamocTosTenpHas paboTa BKIIOYAeT B ce0s PELICHUE TEOPETUYECKHX M MPAKTUYECKUX 3a1ad, B TOM
YHClie C  KCHOJIb30BAaHWEM  0a30BbIX HABBIKOB  KOMIIBIOTEPHOTO  MOJECIUPOBAHMS, YTCHHE
PEKOMEHIOBaHHOHN JMTeparypbl. B KauecTBe OHIIAIH CEPBHCOB ISl TPOBEACHUS KOMITBIOTEPHOTO
MonenupoBanusi Ha Matlab u  Python pexomennyercs: ucnons3oBanne MATLAB Online u Google
Colaboratory.

Jlns opraHu3anyy yq4eOHOTO Tpolecca HCHONb3yeTcsl cucTeMa yrpasieHus o0ydennem LMS Google
Classroom, mocTym ocymecTBisieTcss ¢ momomibio Google akkayHTa B noMeHe (@phystech.edu.
OOyvarommMcsi PEeKOMEHAYETCS O3HAaKOMHTHCS C YYeOHBIMH MarepualaMH Ha caite Kadeaps
http://kprf.mipt.ru/ (paznenst «Marepuansl / JlTaboparopHble pabOTh», « YueOHble Kypchl / JluckpeTHbIe
peoOpa30BaHUs CUTHAIIOBY ).

JIst caMOCTOSITENTHHOTO UTEHHSI PEKOMEHTYeTCS JINTeparypa:

1.0cHoBBI udpoBoit 00padotku curnanos: Kypc nexuuit / Asropel Cononnna AWM. u ap. — CII6.:
BXB-Ilerepbypr, 2008 T.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa

npopuJib NOArOTOBKHU: PaanorexHuka 1 KOMIIBIOTEPHBIC TEXHOIOTUU
Oustex-mkona Paguorexuuku nu Komnerorepubix TexHonoruii
HEeHTp oOpazoBarenbHbIX nporpamm OPKT

Kypc: 3

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

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



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kon 1 HauMeHOBaHME KOMIIETEHIINH NHIuKaToOpbl JOCTHKEHNUS KOMIIETEHIINH
YK-2 CriocoGen onpenensite Kpyr 3a/1a4d B YK-2.1 ®opmynupyeT COBOKYNMHOCTh B3aHMMOCBI3aHHBIX
paMKax OCTaBJICHHOM LENH U BBIOMPATh 3aJad B paMKax  IIOCTaBJIEHHOW  wenu  paboTsl,
OINITHMAJIbHBIE CIIOCOOBI UX PELICHUs, UCXO U3 |00eCTIeUNBAIOLINX ee JOCTHIKEHUE. Omnpenensier

JEHCTBYIOIIMX NPABOBBIX HOPM, HMEIOIIUXCS  |0KHUAAEMBIE PE3yJIBTaThl PEHIEHUS TOCTABIECHHBIX 3aa4d
PECYPCOB ¥ OTpaHUYEHUI

YK-3 Crnocoben ocyniecTBIsITh COIMANBEHOE VYK-3.1 CrnocobeHn  ycTaHaBnuBaTh  pa3Hbie  BHJIBI
B3aMMOJICHCTBHE U PEaTM30BbIBATH CBOIO POJIb B |KOMMYHHKALIUN (yuebnyto, Hay4HYIO, JIEJIOBYIO,
KOMaHj1e He(OopMalILHYIO U JIp.)

OIIK-2 Cnocoben ucnonb3oBars copemennsie |OITK-2.1 Crniocoben MPUMEHSTh COBPEMEHHEBIE
MH()OPMALMOHHBIE TEXHOJIOTUHU U BBIYHMCIIMTENIBHYIO TEXHUKY U CEpBHCHI ceTu VIHTepHeT B
MpOrpaMMHBIE CPEJICTBA IIPH PeLIeHUH 3a1ad  |obnactu (cdepe) npodeccHoHaNbHOMN AesITeTbHOCTH

poheCCUOHATBHOM JIeITENILHOCTH, COOTIOnas
TpeboBaHUg MHOOPMAIIMOHHOW OE30TIaCHOCTH

OIIK-3 CriocobeH cocTaBisTh U 0HOpMIIATH OIIK-3.1 3HaeT ocHOBHBIEC MpaBWiia OPOPMIICHHUS HAYIHBIX
Hay4HbIE U (WIN) TEXHUYECKUE MyOIMKaUi 1 HAYYHO-TEXHUYECKOM JOKyMEHTAIlUH, B TOM
(TexHONIOrNYEeCKUE, MTHHOBAL[MOHHBIC) OTYETHl  |YHCIIE C HCIIOJIb30BAHUEM MPHUKIATHOTO IPOrPaAMMHOIO
(TmyOnuKanum, mMpoeKThI) obecrnieueHust

OIIK-4.1 Brmageer weTromaMu Hay4HOrO TIOMCKa |
WHTEJUIEKTyaJIbHOTO aHalin3a WHGOpPMalKU NpPHU PEICHUH

OIIK-4 CriocobeH ocymecTBIsITh cOop 1 9
3aj1a4 MpodeCcCHOHANBHOM JeATeIbHOCTH

00pabOTKy HAYYHO-TEXHUYIECCKOH U (VITH)
TEXHOJIOTUYECKON MH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX M IIPUKJIAJHbIX 33134

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSMU C LIENbIO [IOJYyUYEHUs], XpPaHEHUS U
00pabOTKM Hay4yHOUW (TEXHHYECKOW, TEXHOJOTHYECKOMN)
nHpopMaIun

[TK-2.3 CniocobeH npencTaBiiTh HaydyHbIC YTBEPKIACHUS, NX
000CHOBaHMSI M J0KA3aTeNbCTBA, HAYYHBIC MPOOJIEMBI U UX
pelieHnss SCHO M TOYHO B TEPMHHAX, MHOHATHBIX IS
npoeCCUOHANBHON ayaIuTOpHH, B MUCHbMEHHOW M YCTHOM

dopme

[MK-2 CriocobeH aHanu3upoBaTh MOTyUYCHHBIE B
XO0JIe HayYHO-HCCIIEe0BATENLCKON paObOThI
JIAHHBIC U J€J1aTh HAyYHBbIC BHIBOJIBI
(3aKITrOUCHMS )

[MK-3 CriocobeH BbIOMpATh U IPUMEHSTh [MK-3.1 3naer mpuHNUIEI pabOThl W AMANa30HbI PabOYMX
noaxozsiee 000py10BaHHEe, HHCTPYMEHTBI M |[TapaMETPOB HCIIOIB3YEMOT0 HayYHOTO 000pYy/IOBaHUS
METO/Ibl HCCIJICIOBAHUM IS peIlieHHs 3a/1a4 B
n30paHHON MTPEIMETHOM 00JIacTH

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH
B pesynbrare uzydeHus qUCIUILTMHEL «J{[HCKpeTHBIE MpeoOpa3oBaHs CUTHAJTIOBY 00YUYaIONTUICS TOJDKEH:

3HATh:
- 3HaThb TEOPETUYECKHE OCHOBBI JUCKPETHBIX MPEeoOpa3oBaHMIl CHUTHAJIOB, MPOLIECCOB IOMYYCHHS
JUCKPETHBIX CUTHAJIOB.

YMeThb:
- HHTEPIIPETUPOBATH PE3yIbTaThl MPeoOpa30BaHUM HAJl CHTHAJIAMU B LIEJIAX CIEKTPAIbHOTO aHAJIH3a;
- MIPUMEHSATH TUCKPETHBIE IPeoOpa30BaHUsl CUTHAJIOB Ul aHAJIN3a JIMHEHHBIX JUCKPETHBIX CUCTEM U
HUHTEPIOJISLMH CUTHAJIOB.

BJa/IeTh:
- HaBBIKAMM CaMOCTOSITEJIbHON paboThl B M30paHHOM HAay4HO-TEXHUYECKOM HAIPaBICHUN.
- KyJBTYypOW IIOCTAHOBKH U MOJAEIMPOBAHUS 33/1a4 HUPPOBOH (QHUIBTPAMK U CIEKTPAJIHLHOTO aHAIH3a
CUTHaJIOB B makeTe nporpamm MATLAB;
- HaBbIKAMH T'PaMOTHON 00pabOTKH pe3yibTaToOB 3KCIEPUMEHTa U COMOCTABICHHS C TEOPETHUYECKUMU
TAHHBIMH;
- HaBbIKAMH OCBOEHUS O0JBIIOr0 00bemMa HHPOpMAaLIUH.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0




Texy1uii KOHTPOJIb IPOBOIUTCS B BHJIE TPEX MMCbMEHHBIX KOHTPOJIBHBIX PadoT,

[Tpumeps! BOIIPOCOB /1151 KOHTPOJIBHBIX padoT:
Konrponbhast pabora Ne 1
Bapuanr 1

Nel. HaiiTu cmekTp OOWHOYHOTO CHUMMETPUYHOTO HUMITyJAbca X(t) MNPOJOIHKUTENHLHOCTRIO SMC,
ammutynoi 1 B. B kauecTBe oTBeTa BRIIIMCATh OTHOILIEHHE a0CONMIOTHBIX 3HAYCHUN aMIUIUTY]I CIIEKTpa
LEHTPAJIBHOTO U TEPBOT0 OOKOBOTO JIEMECTKA (3HAYCHMS CIEKTPAJIbHOM IUIOTHOCTH BBIYUCIUTH B
MWLIUBOJIBTaX Ha ['epir). OTBET OKPYIIUTH A0 5-TO 3HaKa MOCIE 3arsiToM.

Ne2. BpiOparp Imar AMCKpPETH3allMd B COOTBETCTBUM C TEOPEMOl OTCUETOB CHMMETPUYHOTO
MPSIMOYTOJIFHOTO MMIylbca umTenbHocThio 0,5 Mc. B kadectBe BepxHel wactorel crekrpa f B
IPUHATH 3HAYEHUE YacTOTHI, IPU KOTOPOM CIIEKTpajbHas IJIOTHOCTh OOpaIiaeTcs B HyJdb U AJIS BCEX
3HaueHuil uactor f>f B 3HaueHmss Momyns CHEKTpaJbHOW IUIOTHOCTH He mpeBbimaiT 0,7 or
MaKCUMAaJIbHOIO 3HaueHus. OTBET NPUBECTH B MWUIMCEKYHIaX C TOYHOCTBIO IO 5-ro 3HaKa Iocie
3arsTon.

No3. PaccMOTpuTE OCIEN0BATEIBHOCTD:

x(k)=-j - exp(-j2nv_0 k),-0co<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 HAXOATCs O- (QYHKIHH, a 3aT€M Yepe3 3alsaTyIo IUIomann
ITHX O- QYHKIIHH.

Ned. Imeercst GuHUTHAS TIOCTIEIOBATEILHOCTD:

x(={-1;-6;(4x1:-1; 62}@  k=0)

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

1) X(0);2) X(1/2); 3) |_(-1/2)*(172) [X(v)dv;] 4)[ (-1/27(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) wu y(k)=15 x(k) cos((2nk-5)/16)

No2. Beruuciure 8-toueunoe 11D

X(m)=1/NY_(k=0)"(N-1) [x(k)-exp(-j 2n/N nk) ]

ITocnenoBarenpHOCTH

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

[Moctpoiite mnst omHoro mepuoaa rpaduKk JEHCTBUTEIBHON M MHUMOHN uyactu kodddunuentos 1D
(ynxumm X(n)).

Ne3. Mns 3apannoit nocnenosaresnbHocth x(k),k=0,1,2,....N-1, nocrpouts rpa¢ 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. Tlycth mMeeTcst mepuoandecKas MoclenoBaresibHOCTh oTcueToB X(k) ¢ mepmomom N=10,At=1.
U3zBectHo, uto ee JAI1®D, BeruncienHoe mno gopmyse

X(n)=1/N Y (k=0)"(N-1) [x(k) exp(-j2n/N nk),)

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

Konrponbnas pabora Ne 3

Nel. Bemuciure 8-toueunoe JIND  X(n)=1/N 3 (k=0)(N-1) [(x(k) exp(-j2n/N  nk) )
[10CJIE10BATENbHOCTH:

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

[Moctpoiite mnst omHoro Mepuoaa rpaduK JEHCTBUTEIHHON M MHUMOHN uyactu kodddunuentos AI1D
(ynxumm X(n)).

Ne2. Ilycres mepuommueckuid ¢ mepuogoM T anajoroBelii curHan x(t) OblT AMCKpeTH30BaH 0e3
HanoxeHus, npudeMm miar jauckpermzanund At=T/N,N=1000,f JI=1/At=1 x['u. [danee mo orcueram
curHana Oputo BeruucieHo N-toueunoe AIID. Kakum yactoram B ['1 B criekTpe aHAJIOroBOrO CUTHAJA
x(t) coorBercTBYIOT 0TCueThl 11D ¢ HomMepamu

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



Ne3. Hailitm cmexkTp OAMHOYHOTO CHMMETPHYHOTO  KOCHHYCOMJAJIbHOTO  HMMITyabca  X(t)
MPOJODKUTENBLHOCTRIO 5 Mc, amrumutyfoi 0,1 B. B xadectBe oTBeTa BEIIMCATh Pa3HUILY aOCOITFOTHBIX
3HAYCHUI aMIUIUTYJ CIIEKTpa LEHTPaIbHOTO W BTOPOTO OOKOBOTO JIeMeCTKa (3HAUEHHS IIOTHOCTH
BBIYHCIIUTH B MIJUTUBOJIbTaX Ha ['epir). OTBET OKPYIJIUTH IO 5-TO 3HAKA MOCIIE 3aIlSATOM.

Ne4. Teopermueckuit Bompoc. Teopema KorenpHuKOBa B uyacTOTHOW oOnactu. WHTEpHOISIIMOHHAS
¢dopmyna KoTenpHIKOBa B 4aCTOTHOH 001acTH.

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

[lepeuerbp BOMPOCOB /sl TIPOBEACHHS IMPOMEKYTOYHOTO KOHTPOJS, OCYIIECTBISIEMOTO B BHIEC
T epeHIaTbLHOTO 3a4eTa:

1) Knaccudukamuss curHaioB. AHAJIOTOBBIE, JUCKpPETHbie W IM(poBble cHUrHaNbL. [loHATHS
nuckperusanuu U kBantoBanus. ALII u nrym kBaHTOBaHUSI.

2) IIpeobpazoBanue Pyprwe, ero cBorcTBa. CHEKTPHI MEPHOANIECKUX U UMITYJIbCHBIX CUTHAJIOB.

3) duckperm3alys aHAJIOTOBBIX cuUTHaNOB. CHEKTp IHCKPETH30BaHHOIO CHTHajma. Teopema
KorenbaukoBa. D¢ ekt HanoKeHus CIIeKTPoB. BIOOp 4acTOTHI IUCKPETH3AIINN.

4) OueHka clieKTpa AUCKPETU30BaHHOI'O CUTHAJA II0 MOCJIEA0BAaTEIbHOCTH €r0 0TCUYeTOB. JJuckpeTHoe
BO BpeMeHH npeodpazoBanue Oypoe (ABIID): popmbl 3anucu, CBOWCTBa, CXOAUMOCTh K HEPEPHIBHON
¢byHknuu s abCOMIOTHO — CyMMHPYEMBIX — ToclieloBaresbHOCTed — orcueroB.  JIBIID
MIOCJIEI0BATEIbHOCTH OTCUETOB FAPMOHNYECKOTO CUTHAJIA M OTPE3Ka FApMOHMYECKOTO CUTHAIA.

5) Huckpernoe npeobpazoBanue Dypoe (JI1D): dopmbl 3ammcu, cBOWCTBa, OOIACTH MPUMEHEHHUS
(mepuomuyeckre CUTHAIBI W CUTHANBI KoHeYHOU mmmrenpHOCTH). CBsizp D u JIBII® nmns
MEPUOANYECKUX MOCIEA0BaTENbHOCTEN, IPUMED ISl OTCUETOB rapMoHH4ecKkoro curHana. Cszp IO
u JIBII® pgns mnocienoBaTeNnbHOCTE KOHEUHOW JUIMTENbHOCTH, uHTepnoysanus JBII® nyrem
no0aBIieHUs] HYJEBBIX OTcYeTOB B curHan. YactotHas och [IID, cBsA3p ¢ yactoramMu B CIEKTpax
aHAJIOTOBOTO M JUCKPETHOTO CUTHAJIOB.

6) Jluneiinvle auckpetHbie cucteMbl (JIJIC). Ilpunmmn cyneprnosuiuu. CTanMoOHApHBIE CHCTEMBI.
YacrorHas u umnynbcHas xapakrepuctuku JIAC. Pusnyeckas peainzyeMoCTb. YCTOMYUBOCTB.
Cgoiictea cranmonapusix JIJIC. SIenenne ['m606ca u upeanbHbIH QUIBTP HIKHUX YaCTOT.

7) AnroputMm ObicTporo npeodpazoBanust Dypee (BI1D). Pazbuenne N - TOUE€YHOTO MHOXKECTBA Ha JIBa
N/2 - ToueyHoro MmuHOkecTBa npu BerurciaeHuu AI1D. BIID ¢ coctaBHBIM OCHOBaHHEM U ¢ OCHOBAaHHEM
2. lpumenenue BIID ans BeYUCIEHUS] TUCKPETHOW CBEPTKU (IIMKINYECKOW M JIMHEHHOW) M OTKIIMKA
JIMHENHOW TUCKPETHON CUCTEMBI.

8) DddexT pacTekaHus! CIEKTPAIbHBIX KOMIIOHEHT. OKHA B CHEKTPajbHOM aHAJIM3€, OCHOBHBIC OKHA:
HPSIMOYTOJILHOE, TPEYToJIbHOE, XaHHA, XeMMHUHra, biiskmana. BiisHue mMUpHHBL INIABHOTO JIEIIECTKA U
MaKCHUMaJIbHOTO YPOBHS OOKOBBIX JIEIECTKOB Ha pe3yjibTaT CIEKTPaJbHOIO aHalin3a OTpe3Ka
rapMOHUYECKOIO CUTHAJA.

9) NHTepnonsamus NepHOANYECKOTO0 CHTHAjla C OFPAaHUYEHHOW CIEKTPajbHOW IMOJIOCOI C MOMOIIBIO
JII®D. IIpopexnuBanue curuana u 3pQGeKT HaJoKEeHUsI.

10) IIpencrasieHue CUrHaJIOB OPTOrOHAJIBHBIMU psAfaMu. IlojHbIE OPTOHOPMUPOBAHHBIE CUCTEMBI.
O606wmEnnpie psagsl Pypoe. AIID kak psg Dypbe Mo cucTteMe AUCKPETHBIX HKCIOHEHLIHATIbHBIX
(GyHKIUH.

11) JluckpeTtnsanust B 4aCTOTHOH 001acTH, AMCKPETU3alMs SHEPIeTHUECKOro CHeKTpa, 6a3a curxaia,
uHTepnosIuoHHas Gopmyna KoTenbHUKOBA B 4aCTOTHOH 00acTu.

12) KparkoBpemenHoe auckperHoe npeodpazoBanue Pypoe (STFT). Crexrporpamma. Paspemenue
STFT no BpeMeHU u 10 4acToTe, BHIOOP OKOHHBIX (DYHKITHIA.

Kpurepun onennBanus

Onenka "OTIMYHO (1o)" BBICTABJISIETCSl  CTYAEHTY, TIIOKa3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAaHWS YYEeOHOH MpOorpaMMbl AMCHUIUIMHBI, TMPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSThH UX Ha MPaKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
MPHUHATHIX pelieHUA. I TaBHBIH KpUTEpUil -  pe3yabTaThl MUCHBMEHHOW paboThl B KOHIIE CEeMecTpa
(momxHbI OBITH pemIeHbl Bce 3 3afadd B OWiieTe). YUHTHIBAETCS KOJMYECTBO M Ka4€CTBO PELICHUIN
3aja4u, MPEUIOKEHHBIX Ha JEKIUsIX. 3a cemecTp Kaxaomy cryaeHty (120 dgenm) mpemiaraercs
npencTaBuTh pemenns 20 3a1ad.



Onenka "ommuHo (9)" BbICTaBIsIETCA CTYIEHTY, IOKa3aBLUIEMY BCECTOPOHHHUE, CUCTEMAaTH3UPOBAHHBIE,
n1y0OKHe 3HaHHUS y4eOHOH MPOrpaMMbl AUCHUIIIIMHEL U YMEHHE YBEPEHHO NIPUMEHSTh UX Ha MPAKTHUKE
IpPU pEIICHUH KOHKPETHBIX 3aJad, CBOOOAHOE M NpaBUIbHOE OOOCHOBAaHHE NPHUHSITHIX PEIICHUI.
[maBHbBIN KpUTEpUl - pe3yibTaThl MTUCBMEHHOW paboThl B KOHIE ceMecTpa (JIOJKHBI OBITh PEIICHBI BCE
3 3amaun B Ounere). JloyKHBI MpeacTaBieHbl pemeHus He MeHee 15 (u3 mpemioxkeHHbix 20)3agad,
IIPEIUIOKEHHBIX Ha JIEKIHUIX.

Onenka  "ommuno  (8)" BBICTABIISIETCSI  CTYIEHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPHU PEIICHUH KOHKPETHBIX 33734, IPaBUIbHOE O0OOCHOBAHHUE MPUHSATHIX
pEIIeHUH, ¢ HEKOTOPBIMH HeloueTaMu. [ TaBHBIA KPUTEPHI - pe3yabTaThl MTUCBMEHHOW PaboThl B KOHIIE
cemecTpa (IOJKHBI OBITH PEIICHBI Bce 3 3aJaull B OMJIETe ¢ HEKOTOPBIMU HEIOYeTa-MH). Y YUTHIBACTCS
KOJINYECTBO U Ka4eCTBO pelle-Huil 3aa4, IpeUIOKeHHBIX Ha JICKIHAX.

Omnenka "xopomo (7)" BBICTaBISIETCS CTYJACHTY, €CJIM OH TBEPJO 3HAET Marepuai, TPaMOTHO U IO
CYLIECTBY H3JIaraeT €ro, yMeeT IPUMEHSTH IOJy4YCHHbIE 3HAHHMS HA NPAKTUKE, HO HEJOCTATOYHO
IpaMOTHO OOOCHOBBIBACT IMOJyYEHHBIC PE3YNbTaThl. [TaBHBIA KPUTEPUIl - pE3ynbTarTbl MHUCbMEHHON
paboThI B KOHIIE ceMecTpa (JOKHBI OBITh pelieHsl 2 U3 3-X 3a/1a4 B OusieTe. Y YUTHIBACTCS KOJTUUYECTBO
U KayeCTBO pelIeHUH 3a1a4, IPEAJOKEHHBIX Ha JIEKIUSIX.

Ornenka "xopomo (6)" BBICTAaBISETCSA CTYAEHTY, €CIM OH TBEPJO 3HAET MarepHall, TPaMOTHO M IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh MIOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WM B PEIICHUM 33/1a4 HEKOTOPbIE HETOYHOCTH. [J1aBHBIN KpUTEpUH - pe3ybTaThl TUCEMEHHOW PaboThI
B KOHIIE cemecTpa (ZOJKHBI OBITh pelieHsl 2 u3 3-x 3a1ad B Ousiere) YUHUTHIBAaeTCA KOJIWYECTBO U
KauecTBO PEIEeHUH 3a/1au, IPEeUIOKEHHbBIX Ha JIEKLUAX.

Orenka "xopoiuo (5)" BeICTaBIsAETCA CTYACHTY, €CIM OH B OCHOBHOM 3HaeT MaTepuall, TpaMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh MIOJyUYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIH B PEUICHUH 3aJlad JIOCTaTOYHO OOJBIIOE KOJMYECTBO HETOYHOCTEeW. [JaBHBIM KpuTepuid -
pe3ynbTaThl MUCbMEHHOM PalOTHI B KOHILE ceMecTpa (HOJKHBI ObITh pemieHsll,5 - 2 u3 3 3amad B
onnere). Y4n-ThIBaeTCs KOJIMYECTBO U KAaYE€CTBO PEIIEHHH 3a/1a4, IPENI0KEHHBIX Ha JIEKLIUX.

Onenka "ynoBneTBOpPUTENbHO (4)" BBICTABIsIETCA CTYIEHTY, IIOKa3aBIIEMy (parMeHTapHBIMH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSITHI,
HapyLIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KECHUN MPOTPaMMHOIO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIEero oOydeHus, u
MOJKET MPHUMEHSTH MOJIyYeHHbIE 3HAHHSI 110 00pa3ily B CTAaHAAPTHOW CUTyaluu. | TaBHBIA KpUTEpHl -
pe3ynbTarhl MUCHbMEHHOW paboThl B KOHIE cemMecTpa (JIOJDKHBI OBITh pemieHbl 1-2 u3 3-X 3amaq B
Ounere). YUHUTHIBAETCS KOJIMYECTBO M KAYE€CTBO PEIICHUH 3a/1a4, MPeII0->KEHHBIX Ha JICKLIUSX.

Onenka "ymoBneTBopuTendbHO (3)" BBICTABISIETCS CTYIEHTY, IIOKa3aBIIeMy (parMeHTapHBIMH,
Pa3po3HEHHBIH XapakTep 3HaHWMU, AOMycKaroulemy omHOKku B (popMynupoBKax 0a30BbIX NOHSATH,
HapyLIEHUs] JIOTHYECKOM IOCIEe0BaTEeIbHOCTH B M3JIOKEHHH IPOrPaMMHOIO Marepuana, ciabo
BJIaJIe€T OCHOBHBIMH pa3aesiaMu yueOHOM mporpaMMbl, HEOOXOAUMBIMHU JUTSI TajbHEHUIIETO 00yUYeHHS U
C TPYAOM IPUMEHSET IONYYEHHBIE 3HAHMS JAXEe B CTAHIAPTHOM CHUTyauuu. [JIaBHBIA KpUTEpUi -
pe3ynbTaThl MMCbMEHHON paboThl B KOHIIE ceMecTpa (0/DKHBI ObITh pemieHa 1 u3 3-x 3amau B Ouiere).
VY4uThIBaeTCS KOJIMYECTBO U KaYE€CTBO PEILIEHUH 3a/1au, IPeJUIOKEHHbIX Ha JIEKLIUAX

Onenka "HeyTOBIETBOPUTENHHO (2)" BBICTABISIETCS CTYJCHTY, KOTOPBIA HE 3HAET OOibllei yacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOMYyCKaeT TIpyOble OIIMOKH B
(bopMyIHpOBKaX OCHOBHBIX IPUHIUIIOB M HE YMEET MCIOIb30BaTh NOITYyUYEHHbIC 3HAHUS NP PEIICHUN
TUTIOBBIX 3a/1a4. [ TaBHBIN KpUTEPHI - pe3yJabTaThl TUCbMEHHOM paboThl B KOHIE ceMecTpa (He pelieHa
HU O7Ha U3 TpEX 3a1a4 B Omiere). He mpeacraBieHs! pemeHns 3a1a4, MPeAIoKeHHbIX Ha JIEKIUIX.
Onenka "HeymominerBopuTenbHO (1)" BBICTABISETCS CTYIACHTY, KOTOPHIH HE 3HAE€T OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOKd B (GOPMYIUPOBKAX
0a30BBIX MOHATUN IUCLUIUIMHBI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
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. MeTonuyeckne MaTepuaJbl, onpeaesiioe NpoueIypbl OlleHUBAHUS 3HAHUI, YMEHNH, HABHIKOB H
(W) onbITA AESATEJILHOCTH

Bo Bpemss mpoBeneHus auddepeHIMpOBAaHHOTO 3a4éra OOydaroluecss MOTYT —I0JIb30BarThCs
IpOrpaMMOl JTHCUUILIMHEL, CIPABOYHOHN JINTEPATYpOl, BBIYUCIUTEIBHON TEXHUKOH, KOHCIIEKTaMHU
JIEKIIHAN.

JudepeHurpoBaHHbIN 3a4E€T TPOBOAUTCS IyTEM YCTHOTO OIIpOca ¢ 00CYKAEHHEM HAITUCAHHBIX paHee
MICbMEHHBIX paloT.



