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)

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

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 3acefjanny Kadeapsl paarodIeKTPOHUKH U TpukiIaaHoi naopmaruku 14.04.2020



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:

Kon 1 HauMeHOBaHNME KOMIIETEHIIUH NHIuKaTOpbl JOCTHKEHNUS KOMIIETEHIINH
YK-2 CriocoGen onpenensiTe Kpyr 3a/1a4d B VYK-2.1 ®opmynupyer COBOKYIMHOCTb B3aUMOCBS3aHHBIX
paMKax MOCTaBJICHHOM LENN U BBIOMPATh 3aJad B paMKax  IIOCTaBJIGHHOW  wenu  paboTsl,
OINITHMAJIbHBIE CIIOCOOBI UX PELICHUs, UCXO U3 |00eCTIeUNBAIOLINX ee JOCTHKCHHUE. Omnpenenser

JEHCTBYIOIIMX MPABOBBIX HOPM, HMEIOIIUXCS  |0KHUAAEMBIE PE3yJIBTaThl PEHIEHUS TOCTABIECHHBIX 3aa4d
PECYPCOB U OTpaHUYEHUIN

YK-3 Cniocoben ocyniecTBIsITh COIMANBLHOE VYK-3.1 Cmocoben  ycTaHaBiuBaTh  pasHbie  BHUJIBI
B3aMMOJICHCTBHE U PEaTM30BbIBATH CBOIO POJIb B |KOMMYHHKALIUN (yueOnyto, Hay4HYIO, JIeJIOBYIO,
KOMaHj1e He(hOopMaIILHYIO U JIp.)

OIIK-2 Cnocoben ucnonb3oBarh copemernsie |OITK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE
MH()OPMALMOHHBIE TEXHOJIOTUHU U BBIYMCIIMTENIBHYIO TEXHUKY WM CEpBUCHI ceTH VHTepHeT B
MpOrpaMMHBIE CPEJICTBA IIPH PEeLIeHUH 3a1ad  |obnactu (cdepe) npodeccHoHaNbHOMN AesITeTbHOCTH

poheCCUOHATBHOM JIeTENLHOCTH, COOTIOnas
TpeboBaHUg NHOOPMAITMOHHOW OE30TIaCHOCTH

OIIK-3 CriocobeH cocTaBisTh U 0QOpMIIATH OIIK-3.1 3Haer ocHOBHbIE MpaBuiIa O0GOPMIICHUS HayYHBIX
Hay4HbIC U (WIN) TEXHUYECKUE MyOIMKaUi 1 HAyYHO-TEXHUUYECKOH TOKyMEHTAaluH, B TOM
(TexHOIIOTNYECKUE, MTHHOBAL[MOHHBIC) OTYETHl  |YHCIIE C HCIOIB30BAaHUEM MPHUKIAJHOIO MPOrPaMMHOIO
(myOnuKanum, MpoeKThI) obecrnieueHust

OIIK-4.1 Brmageer weTromaMu Hay4HOrO IIOMCKa |
WHTEJUIEKTYyaJlbHOTO aHalin3a WH(GOpMalH{ MpH PELICHUN

OIIK-4 CriocobeH ocymecTBIsITh cOop 1 9
3aj1a4 MpodeCcCHOHANBHOM e TeIbHOCTH

00pabOTKy HAYYHO-TEXHUYIECCKOH U (VITH)
TEXHOJIOTUYECKON HH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX M TIPUKJIAJHbIX 33/1a4

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSMU C LIEJbIO NIOJyUEHUs], XpaHEHUS U
00pabOTKM Hay4yHOU (TEXHHYECKOHW, TEXHOJOTHYECKOMN)
nHpopMaIun

[TK-2.3 CrniocobeH npencTaBisTh HayuyHbIC YTBEPKICHUS, UX
00OCHOBaHHSI M J0KAa3aTelIbCTBa, HAYYHBIE MPOOJIEMBI U HX
pemieHnss SCHO W TOYHO B TEPMHUHAX, IOHATHBIX JUIf
npo(eCCHOHANBHON ayIuTOpHH, B MUCBMEHHOM W YCTHOH

dopme

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




[MK-3 CriocobeH BbIOMpATh U IPUMEHSTh [MK-3.1 3naer npuHIOMIILI PabOTHI M JHANa3oHbl pabounx
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:
- 3HAaTh TEOPETHUYECKHUE OCHOBBHI JUCKPETHBIX IPEOOPa30BaHMIA CUTHAIIOB, IPOIIECCOB IMONyYCHUS
JTUCKPETHBIX CUTHAJIOB.

YMETh:
- HHTEPIPETUPOBATh PE3yJbTaThl PeoOpa30BaHUI HAJl CHTHATIAMH B IEJISX CIIEKTPAILHOTO aHAIN3a;
- PUMEHSATH AUCKPETHBIE TPeoOpa30BaHUsl CUTHAJIOB JIJISl aHAJIM3a JIMHEHHBIX AUCKPETHBIX CHCTEM U
WHTEPIOJSAINI CUTHAIOB.

BJIaJICTh:
- HaBBIKAMM CaMOCTOSTEJIbHON paboThl B M30paHHOM HAay4HO-TEXHUYECKOM HAIpPaBICHUN.
- KyJABTypOH NOCTaHOBKM M MOJETUPOBaHMA 3a71a4d HU(POBOH (HUIBTpaLMK U CHEKTPAIbHOTO aHAIH3a
CUTHAJIOB B makeTe nporpamm MATLAB;
- HaBbIKAMH I'PaMOTHON 00pabOTKU PE3yJbTaTOB HKCIEPUMEHTA U COMOCTABICHUS C TEOPETHUECKUMU
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, HOHATHS 3 6
JTMCKPETU3AIMY 1 KBAHTOBAHUS
[IpeobpazoBanue Dypse, CIIEKTPBbI
2 HMITYJIbCHBIX u MEPUOANYECKIX 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 HPOPEKUBAHNE ) 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. AHAJIOrOBBIE, JUCKpPETHBIE ©  IUGPOBBIe cuUTHAIBL. [loHSATHS
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 AUCKPETH30BaHHOTO CHTHAJA MO MOCIJIEA0BATEIbHOCTH €ro OoTcueToB. JucKpeTHoe
Bo BpeMmeHu npeobOpazoBanue @Dypbe ([ABIID): ¢dopmbl 3ammcu, CBOHCTBA, CXOJUMOCTh K
HEIpPEepPBIBHOW (YHKIIUU JUIsi a0CONIOTHO CYMMHUPYEMBIX IOCIeNoBarensHOCTe orcueToB. JIBIID
MOCJIEIOBATEIFHOCTH OTCUETOB FAPMOHNYECKOTO CUTHAJIA M OTPe3Ka FapMOHHYECKOTO CUTHAA.

5. luckpetHoe npeobpazoBaHure Oyphe

Huckpetroe npeobpazoBanue Dypee (AIID): dbopmbl 3ammcu, cBoicTBa, 007IaCTH NPUMEHECHUS
(mepuonuyeckde CUTHANBI W CUTHAJIBI KOHEWHOW jmurtenbHocTH). CBsizp JAI® u JABI® s
MEPUOANYCCKUX TOCIESIOBATEILHOCTEH, MpUMEp JJIsi OTCYETOB TapMOHUYECKOro curHana. CBsi3b
HAII® n ABII® nis nocieqoBareslbHOCTEN KOHEYHOM miuTenbHocTr, nHTepnoysinus IBIID nyrem
no0aBleHUs HYJIEBBIX OoTcYeTOB B curHan. YacrtotHas och JIID, cBA3p ¢ dacToTamMu B CHEKTpPax
aHAJIOTOBOTO U JUCKPETHOTO CUTHAJIOB.

6. JIuHeiHbIe TUCKPETHBIE CUCTEMBI

Jluneiinpie guckperssie cucrembl (JIJIC). Ilpuanun cynepnosunuu. CTannOHApPHBIE CHCTEMBI.
UactotHas u umnyinbcHas xapakrepuctuku JIJIC. dusmueckas peamuzyeMocTb. YCTONUHMBOCTE.
CgoiictBa craunonapusix JIJIC. SIBnenne ['n66ca n nuaeanbHbI QUIBTP HUKHUX YaCTOT.

7. Anroputm ObicTporo npeoOpazoBanust Pypre

Anroputm 6sicTporo npeodpaszoBanus @ypee (BIID). Pazouenne N - ToueuHOro MHOKECTBA Ha ABa
N/2 - rtoyeuHoro MHoxkecTBa npu BberuucieHnu [I1®D. BII® c cocTtaBHBIM OCHOBaHWEM U C
ocHoBanueM 2. I[lpumenenue BII® s BeUMCIEHUS JUCKPETHOW CBEPTKM (LUMKIMYECKOH H
JIMHENHO) U OTKIIMKA JTMHEWHON JUCKPETHOM CHCTEMBI.

8. DddekT pacTekaHUs CIIEKTPAITBHBIX KOMIIOHEHT

D¢ dexr pacTekaHns CHEKTPAIbHBIX KOMIOHEHT. OKHA B CHEKTPAJIbHOM aHaJINW3€, OCHOBHBIE OKHA:
IpsSIMOYTOJIBHOE, TPEyroyibHOe, XaHHa, XeMMuHra, biskMana. BiusHIe MIMPHHBI TIIaBHOTO JIETIeCTKa
U MaKCHMAaJIbHOTO YPOBHS OOKOBBIX JICTIECTKOB Ha pE3yJbTaT CHEKTPAJbHOIO aHajiu3a OTpe3ka
rapMOHUYECKOTO CUTHAJIA.



9. UnTepnonsuys U NpopeXuBaHUe CUTHajIa

HNHTepnionsauust nepuoiryecKoro CUrHajga C OrPaHUYEHHOM CHEKTPajIbHOM IOJOCOM C IMOMOUIBIO
JII®D. IIpopexnuBanue curuana u 3pQGeKT HaJoKEeHUsI.

10. HpeﬂCTaBHeHI/IG CUTHAJIOB OPTOTrOHAJIbHBIMU psAAaMU

[IpencraBieHne CHUTHAJIOB OPTOTOHAIBHBIMH psifaMu. [loiHBIE OPTOHOPMHPOBAHHBIC CHUCTEMBL.
O606ménnnie psaapl Pypoe. AP kak psg Pypbe 1Mo cUCTeME AUCKPETHBIX SKCIIOHEHIHAIbHBIX
(dyHKIUH.

11. IuckpeTu3anys B 4aCTOTHOW 00JIaCTH

Jluckperusanus B 4aCTOTHOM 0ONAcTH, AMCKPETH3alMs IHEPreTHHecKOro CIeKTpa, 0a3za CUrHaia,
uHTepnosIuoHHas Gopmyna KoTenbHUKOBA B 4aCTOTHOH 00iacTu.

12. KparkoBpeMeHHOE AUCKPETHOE IpeoOpazoBanue Oypbe

KparkoBpemennoe auckpernoe mnpeoOpazoBanue Pypwe (STFT). Cnexrporpamma. Paspemenue
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 BKIIOYAIOT B Ce0sl H3y4E€HHE TEOPETUIECKUX OCHOB TUCKPETHBIX NPe0Opa3oBaHMid U
O3HAaKOMJICHHE C BO3MOXXHOCTSIMH KOMITBIOTEPHOTO MOJEIMPOBAHHS HCCICAYEMBIX IPOLIECCOB.
CamocTosTenpHas paboTa BKIIOUAeT B ce0s PELICHUE TEOPETHYECKHX M MPAKTUYECKUX 3a/ad, B TOM
YHClie C  KCHOJIb30BAaHWEM  0a30BbIX HABBIKOB  KOMIIBIOTEPHOIO  MOJECIUPOBAHMS, YTCHHE
PEKOMEHIOBaHHOHM JHTEeparypsl. B KauecTBe OHIaiH CEPBUCOB JUIS TPOBENCHHS KOMITBIOTEPHOTO
MonenupoBanusi Ha Matlab u  Python pexkomennmyercs ncnonp3zoBanne MATLAB Online u Google
Colaboratory.

Jlns opraHu3anyy y4eOHOTO Tpolecca MCIONb3yeTcsl cucTeMa yrnpasieHus ooydyennem LMS Google
Classroom, gocrtynm ocymecTBisieTcss ¢ mnomonipio Google akkayHTa B jgomeHe (@phystech.edu.
OOyvarommMcsi PEeKOMEHIYETCs O3HAKOMHUTHCS C YYeOHBIMH MarepuajaMu Ha caiite Kadenpbl
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
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-2 CriocoGen onpenensite Kpyr 3a/1a4d B
paMKax OCTaBJICHHOM LENH U BBIOMPATh
OIITHMAJIbHBIE CTIOCOOBI UX PELICHUs], UCXOIS U3
JEHCTBYIOIUX PAaBOBBIX HOPM, HUMEIOLITHXCSI
PECYPCOB ¥ OTpaHUYEHUI

VYK-2.1 ®opmynupyer COBOKYIMHOCTb B3aUMOCBS3aHHBIX
3aJad B paMKax  IIOCTaBJIEHHOW  wenu  paboTsl,
o0ecIeunBaroIINX ee JOCTHKEHHUE. Omnpenenser
OXHJIa€MbIE PE3yJIbTaThl PEIICHUS IOCTABICHHBIX 33134

YK-3 Crnocoben ocyniecTBIsITh COIMANBEHOE VYK-3.1 CmocobeHn  ycTaHaBiuBaTh  pasHbie  BHJBI
B3aMMOJICHCTBHE U PEaTM30BbIBATH CBOIO POJIb B |KOMMYHHKALIUN (yuebnyto, Hay4HYIO, JIEJIOBYIO,
KOMaHj1e He(OopMalILHYIO U JIp.)

OIIK-2 Cnocoben ucnonb3oBars copemennsie |OITK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE

WH(POPMAIMOHHBIE TEXHOIOTUH H
MPOrpaMMHBIEC CPEACTBA MIPU PEIICHUHN 33149
poheCCUOHATBHOM JIeITENILHOCTH, COOTIOnas
TpeboBaHUg MHOOPMAIIMOHHOW OE30TIaCHOCTH

BBIYMCIIMTEIIbHYIO TEXHUKY M CEpBUCHI ceTH MHTepHET B
obmactu (cdepe) mpodeccrHoHaTbHON AeATEIIEHOCTH

OIIK-3 CriocobeH cocTaBisTh U 0HOpMIIATH
Hay4YHbIC U (MJTM) TEXHUYECKHE
(TeXHOIOTUYeCKHEe, NHHOBAIIMOHHBIE) OTYETHI
(TmyOnuKanum, mMpoeKThI)

OIIK-3.1 3Haer ocHOBHbIE MpaBuiIa O0GOPMIICHUS HayYHBIX
MyOJIMKaUi U HAyYHO-TEXHUUYECKON TOKyMEHTAaluH, B TOM
YHucle C KCIONB30BAaHUEM MNPHUKIATHOIO MPOrPaMMHOIO
obecrieueHus

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

OIIK-4.1 Brmageer weTromaMu Hay4HOrO TIOMCKa |
WHTEJUIEKTYyaJlbHOTO aHaln3a WHGOpMalWU MpH PELICHUN
3a7a4 npodeccHoHaIBHOM AesITeNbHOCTH

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIIBIOTEPOM H
KOMIIBIOTEPHBIMU CETAMU C LIEJbIO NOJyUEHUsI, XpaHEHUs U
00pabOTKM Hay4yHOUW (TEXHHYECKOW, TEXHOJOTHYECKOMN)
nHpopMaIun

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

[MK-2.3 CrniocobeH npencTaBisTh HayuyHbIC YTBEPKICHUS, UX
000CHOBaHMS M J0Ka3aTelIbCTBA, HAYYHBIE MPOOJIEMBI U HX
pelieHnss SCHO W TOYHO B TEPMHUHAX, IOHATHBIX JUIs
npoeCCHOHANBHON ayTUTOPUH, B NHUCBMEHHOH M YCTHOU

dopme

[MK-3 CriocobeH BbIOMpATh U IPUMEHSTh
noaxozsiiee 000pyaoBaHIE, UHCTPYMEHTHI U
METO/Ibl HCCIJICIOBAHUM IS peIlieHHs 3a/1a4 B
n30paHHON MPEeAMETHOM 00IMacTi

IMK-3.1 3naer npuHIOHMILEI PabOTHI M JHANa3oHbl pabounx
napamMeTpoB HCIOIB3YEMOT0 HayYHOTO 000py/IOBaHUS

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pE3YIbTATC N3YUYCHUA JUCIIUITIINHBL «I[I/ICKPGTHLIC npe06pa30BaHH${ CHUT'HAJIOB» O6y"IaIOH_II/II\/’IC$I JOJIKCH:

3HAThb:

- 3HAaTb TCOPCTHYCCKUC OCHOBBI AUCKPCTHBIX HpeO6paBOBaHI/Iﬁ CUTHAJIOB, MPOLCCCOB IOJYUCHUA

JMCKPETHBIX CUTHAJIOB.
yMeThb:

- HHTEPIIPETUPOBATH PE3yIbTaThl MPeoOpa30BaHUM HAJl CHTHAJIAMU B LIEJIAX CIEKTPAIbHOTO aHAJIH3a;
- IPUMEHSATH AUCKPETHBIE MPeoOpa30BaHusl CUTHAIOB JAJIsl aHAIM3a JIMHEHHBIX JAUCKPETHBIX CHCTEM H

HUHTCPIIOJIALNU CUTHAJIOB.

BJIad€Th:

- HaBBIKAMM CaMOCTOSITEJIbHON paboThl B M30paHHOM HAay4HO-TEXHUYECKOM HAIPaBICHUN.
- KyJABTypOH NMOCTaHOBKM M MOJEIUPOBaHMA 3a71a4d HU(POBON (QUIBTpaLMK U CHEKTPAIbHOTO aHAIH3a

CUTHaJIOB B makeTe nporpamm MATLAB;

- HaBbIKaMH I’paMOTHOfI O6pa6OTKI/I PE3YJIBTATOB SKCIICPUMCHTA U COIIOCTABJICHUA C TCOPCTUYCCKUMU

JaHHBIMU;

- HaBBIKAMH OCBOCHMUS OOJIBIIIOr0 00heMa I/IH(l)OpMaLII/II/I.

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 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

[lepeyerb BOMPOCOB ISl TPOBEACHUS IPOMEKYTOYHOTO KOHTPOJS, OCYHIECTBISIEMOTO B BHUJE
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) [uckperusanus aHaJOroBbIX CHTHaIOB. CIEKTp IUCKPETH30BAaHHOTO CHUTHama. Teopema
KorenbaukoBa. D¢ ekt HanoKeHus CIIeKTPoB. BIOOp 4acTOTHI IUCKPETH3AIINN.

4) OneHka crekTpa AUCKPETU30BaHHOTO CHUTHAJA MO MOCIEA0BaTEIbHOCTH €0 OTCYeTOB. J[uckpeTHoe
BO BpemeHH npeodpazoBanue Oypre (JIBIID): Gpopmsl 3ammcu, cBOICTBa, CXOAUMOCTh K HETPEPHIBHOMN
¢byHKIMKM s aOCONIOTHO — CyMMHpPYEMBIX  IOcieioBareibHOcTedl  orcuetoB.  JIBIID
MIOCJIEI0BATEIbHOCTH OTCUETOB FAPMOHNYECKOTO CUTHAJIA M OTPE3Ka FApMOHMYECKOTO CUTHAIA.

5) Hduckpernoe mpeobpazoanne Dypre (HAI1D): dopmer 3ammcu, cBOHCTBa, 00IACTH TpPUMEHEHHUS
(mepuomuyeckre CUTHAIBI W CUTHANBI KoHeYHOU mmmrenpHOCTH). CBsizp D u JIBII® nmns
MEPUOANYECKUX MOCIEA0BaTENbHOCTEN, IPUMED ISl OTCUETOB rapMoHH4ecKkoro curHana. Cszp IO
u JBII® gns mocnenoBaTelbHOCTEH KOHEUHOM HIUTENbHOCTH, uHTepnoisiuus JIBII® nyrem
No0aBIIeHUS] HYJEBBIX OTcYeTOB B curHan. YacrotHas ochk JIIID, cBsi3p ¢ yacToTamu B CHEKTpax
aHAJIOTOBOTO M JUCKPETHOTO CUTHAJIOB.

6) Jluneiinvie auckperHbie cuctembl (JIJIC). INpunnun cynepno3unmu. CralpioHapHBIE CHCTEMBI.
YacrorHas u umnynbcHas xapakrepuctuku JIJIC. dusnyeckas peann3yemMocTb. YCTOHYHMBOCTD.
Cgoiictea cranmonapusix JIJIC. SIenenne ['m606ca u upeanbHbIH QUIBTP HIKHUX YaCTOT.

7) Anroput™m ObicTporo nipeodpazosanus @ypee (BI1D). Pazbuenne N - ToueyHOro MHOXKECTBa Ha /IBa
N/2 - ToueyHoro MmHOxecTBa npu BerurciaeHnu AI1D. BIID ¢ coctaBHBIM OCHOBaHHWEM U ¢ OCHOBAaHHEM
2. lpumenenune BIID amns BeYUCIEHUS TUCKPETHOW CBEPTKU (LMKIMYECKON W JTMHEHHOW) M OTKIIMKA
JIMHENHOW TUCKPETHON CUCTEMBI.

8) DddexT pacTekaHusl CIEKTPAIbHBIX KOMIOHEHT. OKHA B CIIEKTPAJIbHOM aHaJIM3€, OCHOBHBIC OKHA!
HPSIMOYTOJILHOE, TPEYToJIbHOE, XaHHA, XeMMHUHra, biiskmana. BiisHue mMUpHHBL INIABHOTO JIEIIECTKA U
MaKCHUMaJIbHOTO YypOBHS OOKOBBIX JICIIECTKOB Ha pE3YJbTaT CHEKTPAIbHOIO aHajn3a OTpe3Ka
rapMOHUYECKOIO CUTHAJA.

9) UHTepnonsamus MEepUOAMYECKOTO0 CHTHaja C OTPAHMYEHHOM CIEKTPabHOM MOJOCON C MOMOIIBIO
JII®D. IIpopexnuBanue curuana u 3pQGeKT HaJoKEeHUsI.

10) IlpencrapineHue CUTHaJIOB OPTOTOHAIBHBIMM psgamH. IloiHble OpPTOHOPMHPOBAHHBIE CHCTEMBI.
O606meEnnnie psagsl Pypre. JIID kak pag DPypbe mo cucreMe AMCKPETHBIX SKCHOHEHIHATBHBIX
(GyHKIUH.

11) Jluckpetnsanust B 4aCTOTHOM 00JaCTH, AMCKPETU3AIMS YHEPIEeTHUYECKOTO CIIEKTpa, 0a3a CHUTHAIA,
uHTepnosIuoHHas Gopmyna KoTenbHUKOBA B 4aCTOTHOH 00acTu.

12) KparkoBpemennoe nuckpetrHoe mpeobpazoBanue dyprwe (STFT). Cnexrporpamma. Pazpemenue
STFT no BpeMeHU u 10 4acToTe, BHIOOP OKOHHBIX (DYHKITHIA.

Kpurepun onennBanus

Onenka "OTIHYHO (1o)" BBICTABIISIETCSI  CTYIEHTY, IIOKa3aBIIEeMy BCECTOPOHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBIAIOMIEMY
MHTEpeC K JaHHOW NPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NMPH PElICHUH KOHKPETHBIX 3a7a4, CBOOOJHOE U PaBUIbHOE 0OOCHOBaHHE
MPHHATHIX pelieHuid. [ TaBHBIA KpUTEpUH - pe3ylibTaThl MHCHMEHHOW paboThl B KOHIIE CeMecTpa
(momxHbl OBITH pemieHbl Bce 3 3a7auu B OuiieTe). YUMTHIBACTCS KOJMYECTBO M KadeCTBO PELICHUN
3a/a4, TPEJIOKEHHBIX Ha JEeKIUAX. 3a CceMecTp Kaxaomy cryaeHty (120 denm) mnpeamaraercs
npencTaBuTh pemenns 20 3a1ad.



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.



