b HUBepCuTeTa

[lata no ANUCaHNS :19.07.2023 11:13:24
YHUKanbHbI MPOrpaMMHbIA KIKOY:
d74ce93cd40e39275c3ba2f58486412a1c8ef96f

MUWHUCTEPCTBO HAYKHW U BBICHIEI'O OBPA3OBAHWSA PO

OEJIEPAJIBHOE IN'OCYJJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
VUPEXJIEHUE BBICIHET'O OBPA3OBAHUSA
«CEBEPO-KABKA3CKHWHN ®EJIEPAJIBHBIN YHUBEPCUTET
[Isruropckuii macTuTyT ((prmnan) CKOY

MeToHuyeckHe YKA3aHUSA
MO BBIMOJHEHUIO JIA00paTOPHBIX padoT
M0 OUCLUIUINHE
«OCHOBBI IU®POBOUN OBPABOTKH CUTHAJIOB»
s Hanpasiaenus noarotoBku (09.03.02 UngopManuoHHbie CHCTEMbI H TEXHOJIOTHH
HAIMpPaBIE€HHOCTE (mpo s ) NHpopManHoOHHbIE CHCTeMbI H TEXHOJIOTHH 00padoTKH HH(PPOBOIO
KOHTEeHTA

Iaruropcek
2023

AOKYMEHT MNMOArnncAH
SANEKTPOHHOW NOAMNWCLIO

Ceptwdomkatr: 2C0000043E9ABBBO952205E7BAS00060000043E
Bnapeneu: lebayxoea TaTeAHa AnekcaHgpoBHa

HNencteutenad: ¢ 19.08.2022 no 19.08.2023



BBE/IEHUE

HEJIb U 3AJTIAYHX OCBOEHUSA JTUCHUIIJIMHBI

[lemavm m3yaenns mucuummHel « OCHOBBI 1U(PpoBOIT 00padOTKN CUTHAIOBY
ABILIIOTCA (POpMUPOBAHUE HADOPa 00menpoeCcCuOHANTBHON KOMITIETEHIINN OaKaIaBpa
no HanpasygeHuto 09.03.02 «MupopmanmoHHeIe CHCTEMEI M TEXHOJIOTHH Y, YETKUX
OpEeICTABACHNUN 0 (PYHAAMEHTANBHEIX ITOIOKEHMAX TEOPUHN LIU(PPOBOI 00padOTKH
CUTHAJIOB; 00yueHrE OCHOBAM AHAIIMTHUECKUX U YHCIEHHBIX METONOB PacueTa U
anaim3a nu()poBEIX mpeoOpa3zoBareneu

W3MEPUTEIBHEIX CUTHAJIOB; PA3BUTHE HABBIKOB IPOCKTUPOBAHMUA [TU(PPOBEIX
U3MEPUTENLHEIX MIPeoOpazoBarenei, 00padOTKN SKCITIEPUMEHTANBEHEIX PE3YIBTATOB U
VX aHaJIN3a.

3amaun M3ydeHUs QUCHUTUIMHBL « OCHOBEI U POBOM 00padOTKN CUTHAJIOBY -
CO3JAHUE ONTUMAIBHEIX yCIOBUHA 00y4EeHUA TUCHUIIIMHE C YI€TOM YPOBHA ITOAT OTOBKH
CTYIEHTOB B 00JaCTH MAaTEMATUKH, (PU3NKHU U 3JIEKTPOHUKHU.

2.HanMeHOBaHHe 1a00pATOPHBIX 3aHATHIH

Ne Temsr | HaumenoBanue Tem DUCHMIUIMHEL, UX KpaTtkoe | OOBeM "acos M3 aux
TUCIUATLIT COOepKaHue NPAKTHYECKAS
WHEBI MOATOTOBKA,
JacoB
7 ceMecTp
1 HccnenoBanmne xapakTEPUCTHK PO CTEUIITNX 4,5
KU X-puisTpos
2 HccnenoBanne CBOMCTB a3 IMIHBIX BUIOB 3
OKOH
3 HccnepoBanne u mpuMeHEHUE 4,5
OTUCKPETHOTO npeodpaszoanus Oypee
| Cunres u nccnenosanne KM X-pumstpos 3
S Cuntes u uccnegopanne bMX- 3
(D UILTPOB
6 4,5
HccnenoBanue >3 eKTOB KOHEUHOU
pPa3pATHOCTH YHUCET
7 4.5
Hccnenopanue anropuTMOB W3MEHEHUS
JaCTOTHI JUCKPETU3AIIAU
HUroro 3a 7 ceMecTp 27
Hroro 27
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JlaboparopHast padora 1
HNccaenopanne xapakrepuctuk npocredmux KUX-puwiasTpos

Ilesap padoThI: MOMy4YEeHHE OCHOBHEIX IMOHATHH 0 padboTe mudposerx KMX-

(GHUILTPOB M MPHOOPETEHNE NTPAKTUUECKHUX HABBIKOB UX HcclieoBaHusg Ha DBM.
TeopeTHueckoe 000CHOBAHHE

PaGoTy nmpocteiimero puibTpa ¢ KOHEUHON HUMITYILCHOH XapaKTePUCTHUKON
(KX-punsTpa) MOXHO MOSICHUTE Ha 3nMeMeHTapHoM mpumepe. IIpemnmonoxmmM,
YTO HUMEETCSI HEKOTOPBI HAaO0Op SKCIEPUMEHTAJIBHBIX JaHHBIX B BHUJIC TAOJIMIILI
BXOJHEIX OTCUETOB, HAITPUMEP, €KE€IHEBHBIC 3aMEPLI TEMIIEPATypPhl Bo3ayxa. s
TOTO, YTOOBI YSCHUTH OOIIME TEHACHIUH B U3MEHEHHUH JJaHHBIX, 0€3 yuyeTa OTKJIO-
HCHHMH, BEI3BAaHHBIX CIy4YalHBIMU (paKTOpPaMU, PacCUMTHIBACTCS cpeaHee apudme-
TUUYECKOE 3a HEKOTOPLIM MEpHO]], HAIIpUMEp 3a IocieagHue / gHer. Kaxneiid Ho-
BBIM BBIXOJHOM OTCUET IIOJIy4daeTCcs IMYTEeM CJIBUTa yCPEJHSEMOM BBIOOPKH Ha
OIUH JI€Hb. IIpy 3TOM BBEIXOJHOM OTCYET COOTBETCTBYET IO BPEMEHHU CEPECIHHE
yCPEIHICMOM BBIOOPKH, TO €CTh 3aJIep)KaH OTHOCHTEILHO MOCIEIHEr0 BXOJHOTO
orcucta Ha (7-1) /2=3 mus.

Y CTpOUCTBO, pealM3yrollee yKa3aHHYI ITOCIIE0BATEIbHOCTE JICHCTBH)

MOKHO pCaJIn30BaTh B BUJIC Hﬂﬁﬂpﬂ JIOTHHCCKHX H ElpH(i)METHLIECI{HX Mﬂﬂ}’ﬂﬂﬁ .

X6 O @ e @ X
N N P e P P

Bxon

noOM(1 n ne n4 nes n(6

—(xX) —(X) in@-@ )—h-@Q )—r-@@ )—n}Q )—-@Q—h

Boixog,

poKYMERA T MKe 0003HAUYECHO:
IANEKTPOHHOW NOAMACEHRD
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- X — ymuoxutens; € — cymmarop;

- x(n), n=0,...,5 — BXOJHBIE OTCYETBHI;

- y(n), n=0,...,5 — BEIXOJHBIEC OTCUECTEHL;

- h(n), n=0,...,N-1 ko3 punueHTsI;

[IpuBencHHas cxema sBiasercsd TunmuuHod cxemMor KMX-punerpa mopsaka

N. B namewm cinydae N = 7, a Bce h(n) paBHbI Mex1y coOol U paBHEI 1/7. Ecin Ha
BXOJ] TAKOTO (pUILTpa MOJATh OJUH OTCUET C aMIUIHTYJ0U, paBHOU 1, Ha BBIXOJIC
MOJIYYHUM ITOCJICIOBATCIILHOCTE U3 / OTCUETOB C aMIIMTYJ0oU 1/7, — UMITyJIBCHYIO
XapaKTEePHUCTUKY (UabTpa. 3aMETHM, YTO HMITYyJIbLCHAS XapaKTEPHUCTHUKA HMEET
KOHEUHYIO JJIMHY, YTO M OIpe/csicT Ha3BaHNC JJAHHOTO THIA (PUIIBTPa, a ¢ OT-
CUYETHl COBHIAarT ¢ kod(dduiuentamu (uibTpa. B paccMoTpeHHOM mpuMmepe
MMITyJIbCHASI XapaKTEPUCTHKA UMEET IIPSIMOYTOIbHYIO (hOpMY.

C TOYKH 3peHHUS TCOPUH LHU(PPOBEIX (PHILETPOB 3TO 03HAYACT, YTO YACTOT-

Hasd XapaKTCPpHCTHUKA TAKOTI'O (bHHLTpH OITpCaCIIACTCA BBIPAKCHUCM !

si11[‘f"t."'m'zm’j ) 1
H(f)"——= g o™ ®7 (1)

A
N sin( )
2

CornacHo 3Toi (opMyJie pacCMOTPEHHBIN (pUNLTp (HA30BEM €Tro yCpeaHsI-
FOILUM) siBIIsteTcsa (uIsTpoM HIDKHUX yacToT (PHY) ¢ nunelHol (pazoyacToTHOM
xapakTtepuctukoir (DPUX). Ha gactorax r**"H.;=2§1{/(N3C:) npu k=1,...,50, H(®)=0.
JTO BUJIHO M U3 cXeMBI (puabTpa. J[elCTBUTEIBHO, TPHU YACTOTE TaPMOHUUCCKOIO
CUr- Haila %%, B JMHHUM 3aJ€PXXKH (WIBTPa YKIAJBIBACTCS LENOE KOIUYECTBO
Mepruo- JOB, U YCPEIHEHUE IPUBOIUT K HYJIEBOMY BBIXOJTY.

Ecan xoadpdunumenter KUX-punerpa moguuHsSIOTCS CHHYCOHIaILHOMY 3a-
koHy: h(n)=sin(®%n3Q) To, kak OUEBHAHO cIEIyeT U3 CXEMbl Ha PUCYHKE, MAKC

BbBIXO curgajg OyaeT HaOmrogaTbcsl IIPH  BO3JCHCTBHM Ha BXO HIJIBETpa
AOKYMEHT NMOAMUCAH YA A p 2 1 & p

SNEKTPOHHOW NOANWUCHIO -
Cepradurar: 2coRBPMOBHHILCKORO eHbHaIEa ¢ yacToTo &% AUX Takoro ¢uibTpa mpen-
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CTaBjsIeT coOoil Hanoxenue NAByx AUX mpeapraymero GpuibTpa, CIBUHYTEIX Ha
EBA( OTHOCHUTEIHHO HYJIEBOH YacTOTHL. TakuM o06pa3oM, paccMaTpHBaeMBIil
¢uneTp 13 ®HY mpeobpasyercs B momocosoil. Opnako ®UYX Takoro dpunerpa
HE00sA3aTeNbHO OyIeT JTMHEHHOM. Y clioBUeM JuHeHHOCTH DPUX gBnseTcs cuM-
MeTpus (MM aHTHCUMMETPHUS) UMITYJILCHON XapaKTepUCTHKH (QIIILTPA.

[Tpumeuanmue: ecnmmn &y pacmonaokeHa OIM3KO K HYIIHO, To Makcumym AUX
MOJKET MMETh HE3HAYHTEILHOE CMEIIEHHE OTHOCHUTEIBLHO Y 3a CYET HAIOKEHUS
OTPHUILIATCIIEHOU U MOJIOKUTEIbHOU yacTed AUX.

['pynmosoe Bpems 3agepxku (I'B3) d(®) paccunTeiBaeTcs Kak IIpOM3BOI-
dO*)
d®:

1Hasg mo yactote or ®UYX: d(%) ~ . IIpu nmuueninon @YX 1'B3 He 3aBuUCUT OT

4aCTOTHI.
3aganus Kk J1a00opaTopHOH padoTre

1. Iloctpouts yactoTHele XapakTepucTuku (AUX, ®OUX, I'B3) ycpenusio-
mero KNX-dunsrpa.

2. 3ajaTh BXOJHOW CUTHAJ B BHJI€ CYMMBI JBYX CHHYCOHMJIaJIbHBIX KOJIcOa-
HUHA ¥ mryMa. IlocTpouTs criekTp curHamia 1o, ¥ mocjiae (HILTPaI[iu.

3. IlonyuuTs 3KcnmepUMEHTAIBHBIM IyTeM 3aBUcUMOCTE I'B3 or mopsgka
¢unLTpa.

4. U3MeHUTh UMITYJIBCHYIO XapaKTEPUCTUKY (PUIIETPa TakK, YTOOBI OH BEIJC-
JISUT BEPXHIOK IO YaCcTOTE TAPMOHMYECKYH) COCTABIISIIOIIYK BXOJHOTO CHUTHAJA.
IlocTtpouts yactoTHbIe XapakTepucTUku (AUX, ®UX, I'B3), umnynbcHYO Xapak-
TEPUCTUKY U CHEKTP BBIXOJHOI'O CUTHAJIA.

5. Eciin @YX monyuunack HeauHeHoU U I'B3 3aBuCHT OT 4acTOTEI, H3Me-

HUTE UMITYJILCHYIO XapaKTepUCTHKY (pUIbTpa Tak, UYTOOBI JOOUTHCS TUHCHHOCTH

dYUX u moctosaucTra I B3.
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MeTouka BbINOJHEHHUS PadoThI

1. 3agaTe ko3 dpunmenTer KNX-dpunsrpa M-noro nopsaka, paBHeiMu 1/M
— yepenusrommii uneTp (M=# +10), e # — HoMep BapuaHTa.

2. HaliTu KOMITJIEKCHYIO YaCTOTHYIO XapaKTePUCTHKY (PUIBLTPa C IIOMOIIBIO
MpOoLEayPhI

|H, F| = freqz(B, A, N, 'whole', Fs),

rije H — xommmekcHas UX u3 koropoii ¢ nomoisio 20*logl0(abs(H)) 1 unwrap
(ANGLE(H)) monyuaror AUX B 1b 1 ®UX. N — xommuectBo Touexk UX (N=2'%),
B — BexTop xkoddpdpunmuentros KUX-punerpa, A=1 nna KUX-punsrpos, Fs— ua-
ctora guckperusanuu (Fs=1.2288%4MI 1), F - wacToTHas ock abcuucc AJis BbI-
Boja UX Ha rpaduke, mpoleaypa unwrap ycTpaHseT CKayKu Ha 2% B ®UX, ma-
pameTp ‘whole’ o3nauaer BeiBog UX B nipenenax ot 0 go Fs.

3. Haiitu 'B3 ¢punerpa ¢ moMoIso npoueyphl

|Gd, F] =grpdelay(B, A, N, 'whole', Fs) ,

rine Gd — I'B3 B orcuerax. (/Ins monmyuenus I'B3 B cekyHmax HeoOXomumo
yMHOKUTH Gd Ha Q).

4. IToctpouts rpadpuxn AUX: abs(H), ®UX u I'B3 B ogaNX 0CsX ¢ mmomo-
B0 Ipoleaypsl plot.

5. 3agaTh BXOJHOU CUTHAJI B BUJIE:

s = sl+s2+0.1*Noise;
sl(n) = sin(2*pi*f1* n*2Q)
s2(n) = sin(2*pi*f2* n*3Q);
n=0,..N-1, N=2" 28 = 1/Fs; Noise = randn(1, N) — npouenypa resepauu

HOPMAJILHO pacIpe/ie/IeHHOro Oejloro myma ¢ JauHod BelOOpku N, fl1 =

(700+#*10)kl 11, £2 = 1200k 11;

SONGHTRIIMEICIICKTP BXOJJHOTO CUTHATIA € TTOMOILBIO TIpoLeypsl fit.
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7. IlpoduasTpoBaTh BXOJTHOM CHUTIHaJ ¢ IOMOILBIO Iporeaypsl Y= filter
(B,A,X), rme Y, X — BeIXOJHON M BXOJHOM mporecchl, B, A - ko3 duimenTs
¢uneTpa.

8. HalTu cnekTp BBIXOHOIO CUTHAjIa ¢ IIOMOILBI npolueaypsl fit.

9. IlocTpouts rpadmKM aMIIUTYJHBIX CIIEKTPOB BXOJHOI'O M BEIXOJHOT'O
curHaia (abs(fft)) oqun Hag apyrum ¢ momoieo npoleaypsl subplot. B kaue-
CTBE€ YaCTOTHOM OCHU MOKHO MCIIOJIb30BaTh MOCISI0BaTEABLHOCTE F n3 m.2.2.

10. U3mensas nopsaok ¢pmisTpa M 3KCIIEpUMEHTAILHO HAWTH 3aBUCHUMOCTD
I'B3 ot ero nmopsimka M.

11. YMHO)uTh BekTop KkoddpduuuentoB B nHa sin(2*pi*fl* n*3Q), n=0,
....M- 1, nmsa ceoero M.

12. IloBTroputs nm. 2.2 u 2.3.

13. HaliTin mMIyIbCHYIO XapaKTEPUCTUKY (PIIILETPa ¢ MOMOIILIO IIPOICYPEI

ILT] =1impz(B,A),
rae | — uckomasi UMITyJIbCHasl XapaKTEpUCTHKA, T — OCh BPEMEHHU.

14. IToctpouTth rpapuk UMIyIbCHON XapaKTEPHUCTHKH C IIOMOILLIO ITPOIIC-
nypsl stem(T,1);

15. Usmensis dasy sin(2*pi*f1* n*3Q), 106UTHCS CUMMETPUU UMITYJILCHOI
XapaKTCPUCTUKN OTHOCHUTEIBHO IeHTpa. IIpu yetHom M 1eHTp pacmomaraercs
MEIKIy OTCUETaMHU.

16. Yoenquteca B uHernHOCTH @YX 1 mocTostHcTBe [ ' B3.

Bonpocs! 11 3a1MTHI PA00THI
1. Kak 3aBucut I'B3 ot mopsajgka ¢puastpa?
2. Ilpu kakux ycnoBusx 1' B3 He 3aBUCHT OT 4acTOTHI?.

3. Uro mazo caenath a1g npeoopazoBanmnsa KU X-punsrpa nz ®HY B momo-

COBOIMEHT NOANMCAH
SANEKTPOHHOW NOANMUCLIO
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Coaep:kaHue oT4yeTa H ero popma
Ot4yer MOoMmKEH OBITH IIpecTaBieH B BUe (paiina ¢ umcHeM labl #m, co-
AepIKaIIM TSKCT IPOrpaMMBI ¢ IMOAPOOHBEIMH KOMMECHTApUsIMH U (ailta ¢ ume-
HeM gpamunua _naol eapuanm#.doc, c OTBETaMH Ha KOHTPOJIbHBIE BOMPOCHI.
JlaboparopHas padora 2
Hccaenopanue U npuMeHeHHe THCKPETHOTO NpeodpasoBaHusi Oypwe

Ilesb padoThl: MpHOOpPETEHNE MPAKTUUYECKHUX HABLEIKOB PAa0OTEI C JUCKPET-

HBIM IIpeoOpa3zoBanueM Pypoe (1I1D).

Teopernueckoe 000CHOBaAHHE
JluckpeTHoe npeoOpa3zoBanue @ypbe MpUMEHSICTCS IS JUCKPETU3UPOBAHHBIX
BO BPEMEHU MEPHOMYECKUX IIpolieccoB. JonmycTuM, UMeeTCs HEeKoTopas BBIOOpKa
M3 N BpeMEHHBIX oTrcueToB X(n), n= 0, N-1. Ilpuuem, npeamonaraercs, 4To 3a
mpejaeiaMyd yKa3aHHOIO HMHTepBaja JaHHas BBIOOPKA INEPHOIUYECKU ITOBTOPSICTCS.

Torpa JIII® Beraucnsercs mo popmye:

X () S X(mpe 2 ¥ (1)

n 0
1 IIpCACTABIIACT co0oi IMOCJICTJOBATCIIBHOCTE KOMIIJICKCHBIX JHCKPCTHBIX CIICK-
TPpaJIBHBIX OTCUCTOB PABHOMCPHO PacCIIpCACIICHHBIX Ha OTPC3KC JacTOTHOM OCH OT
0 OO0 HaCTOThEI JUCKPCTHU3alIlNH Fs. 3a IpcacjiaMl YKa3aHHOI'O MHTCPpBajia 3Ta IIO-
CIICOOBATCIIBHOCTE TAKKC IICPHOIUYCCKH IIOBTOPACTCA.

Oo6patroe J{I1D (O/II1D) Beruncasercs mo popmyie:

1M e
x(n) #7 X (Fe
d{ (2)

N o
TO, CYHICCIBYCT B3aMHO OJHO3HA4YHOC COOTBCTCTBHC MCHK Y

IICPUOJHUYCCKUM JHCKPCTHBIM ITPOLCCCOM H CTO IICPHOJHUYCCKHM JHCKPCTHBIM

OKYMEHT NO CAH "
th%ﬁ"ﬁ%hﬁn%ﬁbmﬂﬂ BPEMCHHOM, TaK U B CIICGKTp OOJIaCTU [JIHMHA IIEpHO/a
Ceprudomkar: 2C0000043ESABBBY952205E7/BAS00060000043E

Bragenew:  WeCoye T aBITAS T NAPPEUCTOB.

HNencteutenad: ¢ 19.08.2022 no 19.08.2023



13 popmyin (1) u (2) Bugno, uto 1D u OJIID tpedbyer N* apudmernue-
ckux onepanui. OgHako, ecmu N=2", rme m — m000€ HaTypalbHOE YHCIIO BO3-
MOXHO IIpUMEHEHHUE ObpIcTporo mpeodpazoBaHus dypee (bIID), u obOpatHOTO

OrsicTporo nmpeoopazoBanus Oypee (ObIID), 118 BEITOTHEHUS KOTOPEIX TpeOyeT-

Csl IPUONMU3UTENBHO N 5| log , orepauuit. Eciim N=2'", o BII® paboraer mpu-

N
onm3urensHO B 200 pa3 OvicTpee mo cpaBHeHUIO ¢ IIP. 11 3T0T BRIMrphII BO3-
pactaeT ¢ poctoM N. IIpu srom pesynstathl 1P u blI® nmomHocTeio coBmaja-
FOT.

Ba)kHBIM MpakTUYECKUM MPUMEHEHHEM IpeoOpazoBaHUs Dypbe sABISCTCS
CIICKTpaJIbHBIN aHAJIM3 aJJUTUBHON CMECH CUTHaJIa U moMeX. Eciu mupuHa criek-
Tpa M aMIUIMTYy]ja IOJIE3HOTO CHTHaja U IMMOMEXH 3aMETHO Pa3IMdarTcs, 3TO MO-
)K€T OBITH MCIIOJIB30BaHO I mojaBieHus nomex. Ilpeamonoxxkum, 4yTo UMeeTcs
y3KOIIOJIOCHAs, OOJIBINAs M0 aMIDIMTYIC IToMeXa Ha (pOHE IIMPOKOIIOJIOCHOTO CHT-
Hana. B 5ToM ciaydae mojaBiICHUE MOMEXH MOKET OCYILECTBISTBCS METOIOM pe-
KEKI[UU CIIEKTPaJIbHBIX COCTABISIOIIMX, MPEBLIIIAIOIIUX HEKOTOPBIN ITOPOT.

Ha rpanmnax BpemMeHHOM BBEIOOpKH (PyHKIMA X(N), KaK IPaBHUIIO, UCIILITHI-
BaeT pa3pbiB. DTO MPUBOIUT K PACIIMPEHHIO OCHOBAHHUS CIICKTpa U 3aTPYIHSICT
MmojaBiCHUE ITOMeX. D(P(PEKT pacIIUpCHHS CICKTIpa MOXKHO OCIa0UTh ITyTEM
JJABHOTO YMEHBIIECHUS OTCUETOB BEIOOPKHU IPHU JIBIIKECHUU OT €€ LISHTPa K KpasM,
4YTO OCYILECTBISCTCS 3a CUCT YMHOXXEHHS OTCUETOB BPEMEHHOM BBIOOPKH Ha OT-
cueThl pyHKIMU okHa. boiee moapoOHO cBOMCTBA pa3NMYHEIX (PYHKIIMA OKOH OY-
YT MCCJIEJIOBAHEI B CIIEYIOIIeH JabopaTopHON padoTe.

B MATLAB BbMHCIEHHE COEKTPA BBIIIOJIHSICTCS C IMOMOILBI MPOLEAYpPH

FFT (Fast Fourier Transform): X=FFT(x). FFT(x) Beraucnger AI1P ot nmocneno-

Eamﬂmmgﬂnmmém%.
SANEKTPOHHOMW NMNOANMCH
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Ecnu nmnmmnHa X(n) paBHa 2™, rie m — I€J0€, TO JJIs BBEIUMCICHUS CIICKTpa
npouenypa FFT ucnons3yer 0omee OBICTpBIM aIropUTM — OBICTpOE ITpeoOpa3oBa-
Hue Dypue (bIID).

Ecmu pnuna X(k) paBHa 2™, rime m — 1ieoe, TO JJIs BRIUMCIICHUS CIIEKTpa
npoueaypa IFFT wucnone3yer oOpaTHoe OBICTpoe mnpeodOpazoBaHue Dypbe
(OBIID).

DOyHKIMS OKHA XAMMMHIA BBEIUMCISIOTCS B BHIE BEKTOPA-CTOJIOIA C IIO-
MOILBIO mpoueaypel W = hamming(n), rje n — JiauHa mocieoBaTeasHoCTU. [1pn
YMHO>KEHMHU Ha MOCJIEJOBATEIbHOCTE X(N) HEOOXOAUMO MCIIOJIB30BaTh TPAHCIIO-
HUPOBAHHBIM BEKTOp OkHa W',

Jamanusa k JadoparopHoi padorte

1. 3amaiTe BXOJHOM MPOIECC B BHJIE CyMMEI ITojie3Horo UM curnama u AM
MTOMEXH.

2. Hanigure cnekTp BXOJHOTrO IIpoIecca U COESKTP MTOMEXH.

3. McknrounTe moMexy METO/JOM HEeMOCPeCTBEHHON 00padOTKH CIIEKTpa.

4. Ilepenmute 0OpaTHO BO BPEMEHHYIO 00JIACTE.

5. Hanigure pa3HOCTH MOJE3HOTO U BEIXOJHOI'O CHUTHAJIA.

6. CpaBHUTE BPEMEHHBIC JUAarpaMMbl MCXOJHOTO IIpoliecca, MOJIyUYeHHOro
BBIXOJJHOTO CHUT'Hajia, UCXOJHOI0 IOJIC3HOTO CUrHaja (0€3 IMOMEXM) U Pa3HOCTHU
MOJIC3HOTO U BBIXOJHOTO CUTHAJIA.

7 PaccmaTpuBasi BEIIICOPUBCICHHYK pPa3HOCTh KaK aJJIUTUBHYH MOMEXY,
BBIYHUCJIMTE OTHOIIEHME CHTHAJ/TIOMEXa B JEeUMOENIax 0 M IIOCJIE ITOJaBJICHUS
MTOMEXH.

8. YMHOXBETE BXOJHOM MPOLIECC HAa OKHO XAMMHUHTA U IIOBTOPUTE IL.II. 1.2 —
1.7

noKyMR [ BHHTC PC3YJIBTATHI IIOJABJICHUA IIOMCXH C ITPUMCHCHHUCM H oe3 ITpH-
SANEKTPOHHOW NOAMNWCLIO

Ceprupumkar: 2C0000043E9ABEBBO52205E7BAS00060000043E

Brnapeneuy; L1 EME@&% Q &H%DE Ha

HNencteutenad: ¢ 19.08.2022 no 19.08.2023
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MeToauka BbINOJIHEHHUS PadOTHI

1. 3aganite BXogHOM mpoliecc S inp(n) B BuAEe cyMMEI nmojie3Horo UM curna-

na:
signal = sin(wO*ts*n+(wd/wm)*sin(wm*ts*n)+1),

M [TIOMEXM:

interference  =A*(1+0.5*sin(2*p1*0.01 *Fs*ts*n)).*sin((w0+0.7*wd)*ts*n),
rae w0 = 2%p1*(0.1+#%*0.005)*Fs, wd = (0.07+# *0.003)*Fs, A=2.5+#%0.035, # -
HoMep BapuanTta, wm = 2*p1*0.001*Fs, Fs = 4MI'11 — wactoTa muckpeTH3aiuu,
ts=1/Fs, n=0, ... ,10000,

2. Haiigure cHexTp BXOJHOTO IIpolecca U CICKTP IIOMEXHU C ITOMOILBIO
npoueaypsr! fft u mocTtpouts rpaduk ero moayns: abs(fft(...))

3. IIpoaHanu3upynTe MOTYUYSCHHLIN CIICKTP M OIPEACIUTh HAMMEHBIIINUH I10-
POTOBBIM YPOBEHB, BEIIIC KOTOPOrO PAcCIIONaralOTCs TOJIBKO CIEKTPaJbHEIC CO-
cTaBjsromue nmomexu. C moMomieio mpoueaypsl find oOHYIMTE BCce CHEKTpallb-
HEIC COCTaBISIONIME, Jiekamiue Beimie mopora. (I'padukm crmexTpoB BXOgHOTO
mpoliecca, IMMOMEXHU M IIpolecca ¢ IMOJABJICHHOU MOMEXOH IOCTPOMTHL B OJHOM
OKHE ¢ HCIIoJIb3oBaHueM (pyHKuu subplot(3,1,%)).

4. Ilepeligure OT cekTpa K BpEMEHHOMY IIPOLIECCY ¢ MOMOILBIO MPOLEaY-
phI ifft.

5. Haligure pa3HOCTh MCXOJHOTO ITOJIC3HOIO CHUTHajla U MOJIYYSHHOTO IIPO-
[[ecca C MOJAaBJICHHOM MOMEXOM (IIpU HICAILHOM IIOJABICHUU MOMEXHM 3Ta pas-
HOCTEL OKa3zanach Obl HyJieBoi#). IlocTpouTs B 0HOM OKHEe rpaMKH HCXOHOTO
mpoliecca, IIOJAE3HOr0 CUrHalia, Ipoljecca ¢ IMOJaBICHHON MOMEX0N U HalJICHHOM

Pa3HOCTH.

6. HHE[L[HTE OTHOIIICHHUE CUTHAJI/TIoMeXa J0 U IT1O0CJIC ITOJaBJICHHUA ITOMCXH B

e%ﬁmrgﬁﬂ#ﬁ}oZ 10 logio(S/1), Tme S — 3Heprus MoJae3HOro CUrHajaa, pacCuu-

NEKTPOHHOW NOANWUCE

Ceprudomkar: 2C0000043ESABBBO952205E7/BAS00060000043E
onaneney  WechAHHAL, JKAK  CYMMa KBaJpaTOB BPEMEHHBIX OTCUETOB CHUTHaja IO (dopmye

sum(signal.”2), I — sHeprus nomexu. (Ilocme mogaBneHus nmoMmexu B kadecTse |
HNencteutenad: ¢ 19.08.2022 no 19.08.2023
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Ceptudmkar:
Bnapeneu:

PACCUMTBIBACTCS SHEPrUsl Pa3HOCTU CHUTHAJIa U IpOILecca C MOJaBJICHHOU MOME-
XOM).

7. YMHOXKBTE CUTHAJI U MOMEXY Ha OKHO X3MMHUHIa IMOCJIC YETO MOBTOPUTE
n.m. 2.1 — 2.5, Ilpu BemmonmHennu n.2.4 v n.2.5 UCIOIB30BaTh MOJIE3HBIM CUTHA U
MOMEXY, YMHO)KCHHBIC Ha OKHO.

8. CpaBHHMTE CIICKTPHI, BpEMECHHEIC JuarpamMMbl U 3HaueHHuS (S/I) o u mo-
cJie MIPUMEHEHUS OKHA.

Bonpocsl U1 3a1IHTLI pA00ThLI

1. IloueMy pa3HOCTB CUTHajIa U IIpoIlecca C IIOJaBICHHON MOMEXON HE paBHA HY-
H?

2. Kakum o0Opa3zoM MOKHO aBTOMAaTH3UPOBAThL BEIUMCIICHHUE IOpora JIs I10/JaB-
JICHUSI MOMEXHM, €CJIU 3apaHee H3BECTHO, YTO CIEKTP CHUTHalla 3HAYUTEIBHO IIHpe
CIICKTpa MOMEXH, a aMILUIUTY/Ia IIOMEXH OOJIBIIEC aMIIMTY 16l CUTHaJIa?

3. Ilo xako¥ mpUYMHE MTOPOTrOBBIM YPOBEHD CIIEIYyET MUHUMH3UPOBATh !

4. 3a cueT 4yero yJaydlllaeTcs MoJaBJICHHUE MIOMEXH IIPU UCIOJIL30BAHUN OKHA'?

Conep:xxanue oTyera M ero gpopma
OTueT JoJDKeH OBITH IpeAcTaBiieH B Buje (aiina ¢ umeneM lab2 #.m, co-
NeprKalliM TEKCT IIPOrpPaMMEI ¢ ITOJPOOHEIMH KOMMEHTApHUsIMU U (pailjia ¢ 1UMe-

HeM pamunusa_nad2 eapuanmi.doc, c oTBETaMH Ha KOHTPOJIEHEIC BOIIPOCHL.

JlabopaTopHas padora 3
Hccaenopanue CBOMCTB Pa3JIHYHbLIX BUI0B OKOH
e padoThl: mpuoOpeTeHUE MPAKTHYECKUX HABBIKOB IIPUMEHEHUS pa3s-
JTUYHBIX BUJOB OKOH IIPU MCCIIEJJOBAHUM CIIEKTPOB CHUTHAJIOB.

Teopemuueckoe o6ocnosanue

nokyMEIBBOQPHO, UTO [JI HAXOXKICHUS CIICKTpa CUTHAJa HCIIOJL3YeTCs IIpeodpa-
SANEKTPOHHOW NOANUCLIO

2C0000043E9ABSBISR205E7BASP0060000043E
L”E%Qd@%a @iﬁb&&aﬁgﬂﬂ JUCKPCTU3HPOBAHHLBIX CUTHAJIOB 3TO ,I[HCI{IJETHDE: Hpeoﬁpa-

30BaHUE 'iI)D}EfPLe unu JI1d). Kak npaBumo, npeodpazoBanne dypbe Oepercs oT

HNencteutened: ¢ 19.08.2022 no 19.08.2

13



KOHEYHBIX BPEMEHHEIX BRIOOPOK CHUTHAlA, YTO IMPHUBOJMUT K MCKAKCHUIO CIICKTpa.
[IpyunHa B TOM, 4UTO B3STHE KOHEYHOM BPEMEHHOU BBIOOPKH OT JIJIMUTEIBHOIO
CHUTHAJIa SKBUBAJICHTHO YMHOYXCHHIO €TI0 Ha IIPIMOYTOJBHYIO (PYHKINIO — (PYHK-
[[MI0 OKHA, paBHYIO €IJMHUIIEC B Mpeeaax BRIOOPKU U PaBHYIO HYIIIO 3a €€ Mmpeje-
JIaMU.

[Tpu yMHOXeHUM IBYX (PyHKIIMHA BO BpEMEHHOM 00JacTH M3 CIEKTP Haxo-
JIUTCS KaK CBEPTKA CIIEKTPOB MCXOMHEBIX (pyHKIMI. Ilo3TOMY Ha criekTp JIHUTEIh-
HOT'O IIpollecca HaKIajbBaeTcs (PyHKIMA Sin(X)/X — CIEKTP MPSIMOYTOJIBHOIO OK-
Ha, OOKOBBIE BBIOPOCHI KOTOPOHU 3aTyXarT JJOCTATOYHO MEJIJICHHO, CO CKOPOCTHIO
6 n1b Ha okTaBy. OOpa3HO TOBOpS, PEe3KOE OrPaHUYEHHUE BPEMEHHOM BBIOOPKH
OPUBOJMUT K 3BOHY B CICKTPE, UTO 3aTPYJHSCT pa3IMdcHUE OJIM3KO JICKAIUX
CIICKTPAJIbHBEIX KOMIIOHEHT.

M ckmroueHue cocTaBisieT TOT ClAydal, KOTrja B BEIOOPKE, B3ITON M3 IIEPHO-
JIMYECKOTO IIPOIIecca, YKIAJbIBACTCS 1I€JI0€ KOJIMYECTBO MEPUOJOB OT IIEPHOIH-
YECKOI'o Mmpollecca.

Jl1s ToTO, YTOOBI OCIAOUTE MCKaXXCHUS CIICKTpa, IIPH (hOPMUPOBAHUH Bpe-
MEHHBIX BBEIOOPOK NPUMEHSIOTCS JAPYTHe OKOHHEIE (PYHKIIMH, IUIABHO 3aTyXaro-
mue 1o kpasM. B cnekTpe Takux (GpyHKIME OOKOBEIE BEIOPOCHI MaJIbl IO CpaBHE-
HHUIO C TJIABHBIM (L[CHTPAJILHBIM JICIIECTKOM) M OBICTPO 3aTyXarT MpPHU YJaJICHUU
OT LICHTpA.

Tabmuna 3.1 Bugsl OKOH ¥ COOTBETCTBYIOIIIME UM CTaHJapTHEIC MPOLICAYPEI

MATLAB
Haszsanue oxkna [Ipoyedypa MATLAB
[IpssmMoyronsHoe w = boxcar(n)
Tpeyronenoe w = triang(n)
Cos” (¢por XanHa) w = hanning(n)
X3MMUHTa w = hamming(n)
BIIEKTPOHH GHA w = blackman(n)
Ceptudomkar: 2C0000043EBABEBY Uak FBAS0006000004 3E . .
Bnageneu:  Lle6ayxosa TatbsHa Hﬁﬁ@a w = kaiser (ﬂa beta)

HNencteutenad: ¢ 19.08.2022 no 19.08.2023
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1. ITapametp beta (beta>1) B okHe Kaiizepa omnpenensier BEICOTY OOKOBEIX

BEIOpocoB. C pocToM beta OOKOBBIE BBEIOPOCHI YMEHBINAKOTCS, a TJIaBHBLIN JIEIIe-
CTOK pacIINpPSCTCS.

2. OkHa 3a7ar0Tcsd B BHJIE CTOJIOIA M3 N 3JIECMEHTOB, IO3TOMY IIE€pe]] YMHO-

KCHHUCM Ha CUT'HAJI W HEDﬁXﬂﬂHMD TPaHCIIOHHUPOBATHE.

Tadbmuna 3.2. CpaBHUTEIBHBIC XapPaKTCPUCTUKH OKOH

[Ipsam Tpe- po Xommu bns Kaus
0- YeOJIbH H H- K- e- pa
OkH Yeoab oe Xan 2a M3 =
0: - HoE Ha Ha 3.0
[HIupuna
[JIaBHOIO 0.024 0.03 0.04 0.0 0.0 0.04
JICTIECTKA 10 9) 56 36 47 78
ypOBHIO 61b
[lonHas mupuHa 014
rJIABHOTO 0.04 0.08 0.08 0.1 0.1 '
-701b
JICTIECT- 4
Ka
Bricota
HaNO0O0JTb- -13 -27 -32 -43 -58 -69
IIE€TO
OOKOBOTO
BeIOpOca (1b)
CkopocTh
3aTyXa- HUS -6 -12 -18 -6 -18 -6
OOKOBBIX JIC-
MMECTKOB
(1b/okT)

[IpumedaHue: mMUpHUHA TIABHOTO JICTIECTKA MPUBOJUTCS B OTHOCUTECIIBHBIX
gacTtoTax (mpu Fs = 1).

Jlns oxkHa ¢don XaHHaA CYIIECTBYET SKOHOMUYHEBEIM CIIOCOO HAXOXKICHUS
OKYMEHT NoarncaH

KPR ©M CBEPTKH CIIEKTPa OKHA CO CIICKTPOM HE B3BCHICHHOU (C MpsMO-
Ceprudomkar: 2C0000043ESABBBY952205E7/BAS00060000043E

Braneney:  WeCo I TRHEINIGREONS) ITOCIIC/IOBATEIILHOCTH 110 (hopMYIIE:

= -1 ~
v = v v @ (1)
HNencteutenad: ¢ 19.08.2022 no 19.08.2023 B
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w Y(k
.87

rie Yw(k) — uckomerii cnexktp ¢ okHoM (poH XanHa, Y (k) — cexTp He B3BelleH-

HOU ITOCJICJOBATCIILHOCTH.

AOKYMEHT MNMOArnncAH
SANEKTPOHHOW NOAMNWCLIO

Ceptwdomkatr: 2C0000043E9ABBBO952205E7BAS00060000043E
Bnapeneu: lebayxoea TaTeAHa AnekcaHgpoBHa

Hewncteutened: ¢ 19.08.2022 no 19.08.2023
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Takum oOpa3zoM, BMECTO N OIICpallUi YMHOKECHHUS HUCXOJHOU BEIOOPKU Ha
OKHO BBIIIOJTHSICTCS CJIOKEHUE CMEILICHHBIX Ha OJJMH OTCUET CIIEKTPOB U JIBa JICJIC-
HUS Ha 2, KOTOPEIC B IIM(pPOBOH 00padOTKE BBIIIOJIHIIOTCS IPOCTEIM C/IBUTOM Ha
OUH pa3psi BIEBO.

3ananuga K JJaboparopHoii padore

1. Haligure cieKkTpel MepeYMCICHHBIX BO BBEJICHUU BHIOB OKOH

2. IlocTpoiiTe rpaduku cneKTpoB BceX OKOH B 1b. CpaBHUTE ImapaMeTpEI
OKOH ¢ TabauuHbIMU (Ta0m.2).

3. IlocTpouTe B OJHUX OCSX CHEKTPHI OKkHa Kal3epa 1y HecKOJIbKHX beta.
Haigure beta, mpu koTopoM BEICOTa MEPBOr0 OOKOBOI'O BEIOpOCA HE MPEBLIMIACT -
661b OTHOCUTEIILHO IJIABHOTO JICIICCTKA.

4. 3agaliTe BXOJHOM IIpolecC B BHJEe cyMMbl AM cursama, TOHAJIbHOTO
CUTHAJIa U IIyMa.

5. Haligure criekTpsl AJ1 BXOJHOTO IIpoliecca, MPUMEHSSA BCE MEPECUNCIICH-
Hele okHa. [locTpoiiTte rpadmku CIEKTpOB B OJJHOM OKHE U CPaBHHUTH CIICKTPEI
MEXOy coboi. O0paTuTe BHUMaHHUE Ha COOTHOIIICHHE YPOBHEH CHUTHAIa U HaJIH-
yrie OOKOBBIX cocTaBisonx AM curnana.

6. Haiimure criexkTp mpoiiecca ¢ okHoM (poH XanHa 1o dopmyie (1), 1o-
CTPOUTH €r0 B OJHHUX OCSX CO CIICKTPOM, HalJCHHBIM OOBIYHBIM CIIOCOOOM U
CPaBHUTb.

7. IloBTopure n.m. 1.4, 1.5 nmsa # = 0.

MeToauka BbINIOJIHEHHS PA0OTHI

1. 3agaiTe BpeMEHHEBIE MOCIEOBAaTEILHOCTH OKOH W, IPUBEJCHHBIX B Ta0-
nuile 1. dnmuaa okHa n=50. TpaHCIIOHUPOBATE MMOJMYYCHHEIC MOCICIOBATEIEHOCTU
M JIOTIOJIHUTE MX mociaenoBareabHOCTRI0 u3 500 nynen: [w’ z(1,500)]. Ilpu no-

IMOITHGHETH HHOU ITOCJICAOBATCIIBHOCTH HYJIAMHM (bﬂpMﬂ CC CIICKTpa HC MCHA-
SANEKTPOHHOW NOOMNWCLIO

CepTudbukar:  2C0000043E9ABBBI52205E7BAS00060000043E
TCA TOJIBKO KOJIMYCCTBO TOYCK B CIICKTPC, UTO ITO3BOJIACT ooJtee

Bnapeneu: e Tates =

HDHZEJDGHD O0TOOpa3uThL (POPMY CIIEKTpA.

HNencteutenad: ¢ 19.08.2022 no 19.08.2023
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2. Haiimure criekTpnl Bcex rpaduxoB ¢ nomomnbio fft. IToctpoute rpaduku
BCEX CIIEKTPOB B b B 0OJJTHOM OKHE C MCIIOJb30BaHHEeM oneparopa subplot(3,2.k).
OzarmaBuTe KaXKIblil rpaduK, UCIOIB3ys onepatop title. g ymoGcTBa cpaBHe-
HUS Bce rpaMKH MOCTPOHUTE B OJJMHAKOBOM MAacIITa0e IO OCH OPJHMHAT, UCIIOJIb-
3ysi oniepaTop axis. Macmrad mo ocu adbciuce 3a7aTh B OTHOCUTEIBHBIX YaCTOTaX
(ot 0 mo 1). [lms Toro, 4ToOBI IJIABHBIN JICMECTOK CIIEKTpa OKHA pacIioiarajics B
neurpe rpacduka, npumenure omeparop fftshift(fft(...)). CpaBHure mapamerps
OKOH ¢ TabauuHbIMU (Ta0m.2).

3. IlocTporite B oHMX ocaX cnekTphl okHa Kal3zepa 11 Heckonbkux beta.
Haigure beta, mpu KoTopoMm BEICOTa IMIEPBOr0 OOKOBOIO BEIOPOCA HE MPEBLIIIACT
-661b oTHOCHUTENBEHO IIaBHOTO JienecTka. [Ipu aHamM3e CIEKTPOB MCIIONIL30BaTh
oIepaTop zoom.

4. 3ajganiTe BXOJHOM IIpolecc B BUIe cyMMbl AM cursamga, TOHaJIBHOIO
CUTHAJIa M HOPMAJILHO PacCIIpeIeICHHOIO OeI0oro myMa: 4acToTa JUCKPEeTU3aluuU:
Fs = 2MI1, yvactora AM curnana fl1 = (100+#) kl'11, wactora monymsauuu AM
curdana fm = 0.01Fs, rmyouna mogymsamuu AM curuana 30%, cpeaHsas aMILUTUTY-
na AM curnama Al=1, yacTtora ToHansHOrO curHana 2=(160+#), amnmuryga To-
HansHOTO curHaia A2=0.01, ammmutyga myma (CKO) An=0.0005, xoaudgecTBO
oTcueToB mporecca N=300, # - Homep BapuaHTa.

5. Ilepenmute k orHOcuTenbHBIM 4actoTam f/Fs. Halgure criekTphl g
BXOJJHOTO IIpoIlecca, IPUMEHSSI BCE IEpeUHcIICHHBIC OKHa. IlocTpoiite rpaduku
CIICKTPOB B OJJHOM OKHE, UCITONB3ys onepaTopsl subplot(3,2,k). O3arnaBere Kax-
OBIM Tpaduk, ucnoas3ys onepartop title. CpaBHuTe cnekTprel Mexay coOou. s
ya00CTBa CpaBHEHHS Bce I'pa)MKH IIOCTPOUTE B OJUHAKOBOM MAacIITaOE IO OCH

OpAHHAT, UCIIOJIB3YA OIICpaTop axis. Oco HﬁCHHCG B3ATH B OTHOCHUTCJIEHBIX HAaCTO-

TAROKYMEHT NOANUCAH
SANEKTPOHHOW NOAMNWCLIO

Ceptudpukar: 2C0000043ESABESBSe 4205k FEAS00060000043E

HJUTE CHEeKTp mpolecca ¢ okHoM ¢oH XanHa 1o ¢opmyne (1), mo-

Bnapeneu: lllebayxoea TaTerAa

CT DﬁTE‘ cIo B OJHHX OCIAX CO CHﬂK’[pﬂM, HHﬁ,[[E‘HHBIM {JGBI[IHBIM CHﬂCﬂﬁﬂM |51
HNencteutenad: ¢ 19.08.2022 no 19.08.2023
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cpaBuuTe. B kauectBe Y (k) BEIOEpHMTE CIIGKTp C HPSIMOYTOJBHBIM OKHOM. Ilpu
CI0KEHUHU CO CMEILICHHBIMM CIIEKTpaMHU HEJOCTAIOIINE KpaHUE OTCUEThI CYMTATh
HYJICBEIMU.

7. IloBTopurs m.m.1.4, 1.5 gma #=0. ConmocTaBUTh CIIEKTPEI C IPAMOYTOJIb-
HEIM OKHOM U Tpa(MKH BpeMEHHEIX IIpo1ieccoB ajg #=0 u Bamero #.

Bonpocsl V14 3a1MHTLI pA00ThLI

1. C xakuM 13 OKOH HaAOJIFOaeTCS HaWIy4Illee pa3/ICICHUE CUTHAJIOB?

2. C KakuM U3 OKOH HAOIIOaeTCs HaWlydlllee pa3jeicHUue Hecyller u 0o-
KOBBEIX cocTaBisiomux AM curnana? B uem npuuuna’?

3. BeiOepure OKHO ¢ KOTOPBIM JOCTUTACTCS KOMIIPOMMCC MEXIY pasjeie-
HHUEM JIBYX CUTHAJIOB M BEISIBICHUEM CTPYKTYpsl AM curnana.

4. B yeM nmpuunHa MEIJICHHOTO crmajga OOKOBBIX BEIOPOCOB OKHa X3MMHH-
ra?

5. B kakoM M3 OKOH OBICTPBIN cIiaj, OOKOBBIX BBIOPOCOB COYETACTCSH C y3-
KMM LICHTPaJIbHBIM JICIIECTKOM? B ueM HeJocTaToK 3TOro okHa’?

6. B ueM mpuuMHa PE3KOro YAYUILICHHUS pa3pelIalolieyl CIOCOOHOCTU B
CIIEKTPE C MPSIMOYTOJILHBIM OKHOM mpu #=07?

Coaep:kaHue oT4eTa H ero popma

OTueT J0JDKEeH OBITH IpeAcTaBlicH B Buje (aiina ¢ umeHeM lab3 #.m, co-

NepKallluM TEKCT IIPOrPaMMEI ¢ ITOJIPOOHBEIMH KOMMEHTApHUSIMHU U (paiyia ¢ MMe-

HeM ghamunua_nao3 eapuanm#.doc, ¢ OTBETaMH Ha KOHTPOJIBHEIC BOMPOCHI.

JlabopaTopHasi padora 4
Cunres n ucciaenopanue KUX-puiasTpon

novvElemBrpaAd OTHI: MPUOOPETECHUE MPAKTUYECKUX HABBIKOB pa3zpadborku KN X-
SANEKTPOHHOW NOOANUCLIO

Ceptudpukar: EEGEGG-ﬂE‘-EEABBEQEEEDEETBASGGﬂEGﬂGGﬂdSE

Bnapeneu: e rg E.HEHEEH,EI,F}DEHEI
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TeopeTnueckoe 000CHOBAHHE
Haubomee nmpocTeiM M HarmsimHEIM MeTojoM pa3padoTrku KMX-dunerpos
SBIISICTCS METOJ OKHa. M3BeCTHO, YTO OTCUETHI MMITYJILCHON XapaKTCPUCTUKU
nupposoro ¢punsrpa h(n) cBs3aHel ¢ ero yactorHo xapakrepuctukoi H(®) co-
OTHOILICHUEM JJUCKPETHOTO psiga Pyphe:

| .1 5
h () ¢ a,

% (I 77

PO (1)

Jlns ¢uneTpa HIKHUX 4acTOT ¢ HJCAJIBHO MPSAMOYTOJBHOM aMIUIUTYJHO-

4acTOTHOHU XapakTepucTukou (AYX) u yacToToM cpe3a o MoIydaeM:

B M R R
1
h(n) <o % lil 7 '“**__f_ Sfﬂc?(_ﬂ n), (2)
o, I 1

"
7€ N U3MEHSETCS OT -8 10 +0N.

OueBugno, uro peammzanusg KMX-dunerpa ¢ Takol XapakKTepHUCTHKON He-
Bo3MoskHa. J[nsg mocTtpoenus peanmrnoro KMX-puiasrpa HE0OX0IUMO OIrpaHUYUTE
h(n) xoneuneM unciaoMm otcueToB N, rie N — mopsjgok ¢unsrpa. Ilpu sToM nu-
HEeHMHOCTE (pazoyacToTHOH XapakTepucTuku (OUYX) obecrieunBaeTcs 3a CYET CHM-
METPUH OTCUETOB MMITYJIbCHON XapaKTEPUCTUKU h(n) OTHOCHUTENLHO IIEHTpa, a
MaKCUMyM orudaromieil h(n) onpenenseT rpymmoByo 3aJICpKKY (QHILTpa.

MMnynbscHas XapaKTepUCTHUKA, ITOJYYEHHAs TAKUM 00pa3oM, UMEET PE3KHe
CITajbl MO KpasiM, YTO MPUBOJUT K MOsBIeHMIO BEIOpocoB B AUX. Jlng criaxxusa-
HUS 3THUX BEIOPOCOB HEOOXOJUMO IIEPEMHOKHUTE BEKTOp ero kodddurmeHToB h(n)
C OJITHUM U3 OKOH.

bonee TouHoe oToOpaxxkeHUe kemaemMonn AUX mocTuraercs onTUMH3alMOH-
HBIMH METOJaMM: METOJ0M YeORIIIEBCKOM allMpOKCUMAILIUU, UCIIOIbL3YOIIUM al-

AOKYMEHT NoanvcAH

FITM PENERACYOMeTOTOM HaMMEHBIIINX KBaIPaTOB.
Ceprudomkar: 2C0000043ESABBBY952205E7/BAS00060000043E

Bnapeneu: Webayxoea TaTegHa AnexkcaHaopoBH

JITOPHTM PeMe3a OCHOBaH Ha TEOPHM HAWIIy4IIell paBHOMEPHOM alIIpOK-
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CHMallHuH YeOrImmesa U Mmo3BOJIIET I[TPOCKTHPOBATE OIITHMAJILHEIC l’l“)H.]IB’I‘pBI.

AOKYMEHT MNMOArnncAH
SANEKTPOHHOW NOAMNMCLIO
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OUILTPBI ONTUMAIBHEI B TOM CMBICIIE, YTO MUHUMHM3UPYIOTCS MaKCUMAJIBHBIC OT-
KJIOHEHMS JeucTBUTeabHOM AUX or xemaemoHu. Ilpum 3TOoM Bce MakcuMalbHBIC
OTKJIOHCHUS OKa3BIBAIOTCS PaBHBIMH MeEKIy coOol. COOTHOMEHHUE OMMOOK arl-
MPOKCUMAIIMU B MOJIOCE MPOITyCKaHUS U II0JIOCE MOJAaBJICHUS 3aJacTCs C MOMO-
B0 BecoBoll (yHKIMU. Hampumep, ecnu B monoce MpoITyCKaHUS 3HAYCHHE Be-
coBoil (pyHKIIMHM paBHO 1, a B mosioce mogaBiacHUd paBHO 10, TO TOYHOCTEL am-
MIPOKCUMAIIUU B IT0JI0CE MojaBineHus o0yneT B 10 pa3 BhiIie.

MeTto HauMEHBIIMX KBaJpaToOB, B OTIHWUME OT alropurma Pemesa, MuHU-
MH3UPYET CyMMAapHOE CpeIHEKBaJpaTHYHOE OTKIOHEHHE kelaemMou AUYX ot
IMEUCTBUTCIILHOM M B 3TOM CMBICIIE SIBISCTCS ONTHMAIbHBIM. DTO O3HAydaeT, 4yTo
OTJICNbHBIC OTKIOHEeHMS AUYX, moaydeHHON MO METOJYy HAaUMEHBIIMX KBaJpaTOB
MOI'yT OKa3aThbcsl Oomnblle, yeM B AUX, momyuyenHoM 1o anroputmy Pemesza. Ho
o0I1Iee CpeHEKBAIPATUUHOE OTKJIOHCHHUE OYIeT HauMEHBILIUM.

Cpenau mepedMcIICHHBIX METO0B MeToj Peme3a oOecriedmBaeT HanMOOJIb-
My KpyTu3Hy crnajga AUX mpu mpoyux paBHBIX YCIOBUSX. | pynmoBas 3ajiepiKka
D Bcex BumoB KU X-punetpos ¢ muueitnor ®UX 3aBUCHT TOMBKO OT mopsaaka N u
omnpeensercs mo popMmyie:

D = (N-1)/2. (3)

[Ipu BEIMOTHEHUM pabouero 3aJaHus MOTPEOYIOTCS CIACAYIOIIUE CTaHIapT-
Hble Tiponeaypsl MATLAB.

[Tpouenypa fir2 paccunreiBacT KO3(QPUIIMCHTE PUIETpa METOJOM OKHA.

HHHPHMEP, IMOCJICIOBATCIBLHOCTE OIICPaTOPOB!:

N = 30;
F=[00.20.30.5];
—[1100];

povvEbFRdimad(N- 1, £%2, a, hanning(N));

3NEKTPOHHOW NOANWCLIO

Ceptudpukar: EEGGGGGéSEEABBEBEEE EETBASGGG'%%%%GGJSE

enanenow: Lo Ko dunuents! punsrpa h 30 mopska, xxemaemags AUX

KOTOPOr'O paBHa 1 opu vactorax ot 0 7o 0.2*Fs (monoca mponyckanus), u 0 npu
Nencteutenad: ¢ 19.08. EEIEE no 19.08.2023
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gactotaX oT 0.3*Fs go 0.5*Fs (momoca mopasinenusi). B momoce ot 0.2*Fs 1o
0.3*Fs na AYUX He HakIagbIBaeTCs orpaHMYeHuM. Fs — yacTora JUCKpeTH3alluu B
[

B mpouenype fir2, kak u B apyrux nogo0Heix npouenypax MATLAB Bce
4aCTOTEI IPOHOMEPOBAHBI OTHOCUTEIBHO YyacToThl HalikBucta: Fn=Fs/2. [losTomy
B KauyecTBE aprymeHra ydactoT B fir2 mojcrtaBisercs He f, a 2*f. Kpome Toro,
BMECTO Itopsimka ¢unbrpa N, paBHOro [AJIHHE HMITYJIbCHOM XapaKTEPHCTHKH,
MOJICTABJISICTCSI HOMEP €€ MAKCUMaJIbHOTO oTcueTa Ipu HyMepanuu ot O qo N-1.

IIpoyeodypa firls paccunreiBaeT KOA(DQPHUIUEHTE (HILTPA METOIOM
HaUMEHBIIMX KBaJpaToB.

HHHPHMEP, I[TIOCJICOOBAaTCIILHOCTE OIICPpaTOpPOB.

N=30;
F=[00.20.30.5];
A=1[1100];

Weigh =[5, 1];

H = fir2(N-1, £*2, a, weight);
MO3BOJISICT paccuHTaTh KodgduiuenTsl punsrpa h 30 mopsaka, xemaemasgs AUYX
koToporo paBHa | nmpu yactorax ot O go 0.2*Fs, u O mpu vacrorax ot 0.3*Fs n0
0.5*Fs. IIpuueM TOYHOCTH anIIpPOKCUMAIIMU B MOJIOCE IIPOIIYCKAHMUS B 5 pa3 BHIIIE,
YeM B II0JIOCE ITOJIaBJICHHUS 3a cUeT IIpUMeHeHHs BecoBod (pyHkumu weight. I1pn
OTCYTCTBHH BECOBOM (PYHKI[UM CpeH apryMeHToB mporeayps! firls Tounocts am-
MPOKCUMAIIMHU OJJMHAKOBA BO BCEX ITOJIOCAX.

[Ipouedypa remez paccUHUTEIBaCT KO3(PGUIMEHTHI (PUIBTPa METOJOM 4e-
OBIIIEBCKOU alIIPOKCHUMAIIMHU 10 aaropuTMy Peme3sa.

HHHPHMEP,. IIOCJIICOOBATCILHOCTE OIICPAaTOPOB!:

AokyMBHFRQHOCAH
3NEKTPOHHOM MOAMNCHIO

Ceptwdoukatr: 2C0000043E9A Eiijﬁlﬁ Siﬂﬂ%mﬁ]%f
Bnapeneu: lllebayxoea Tat Ha A a ,:25 . . bl
A=[1100]:
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Weight =[5, 1];

H = remez(N-1, £*2, a, weight);

MO3BOJISICT paccuuTaTh KodpuiueHTsl ¢punsrpa h 30 mopsaka, Tpedyemas AUX
KoToporo paBHa | nmpu yactorax ot 0 go 0.2*Fs, u O mpu vacrorax ot 0.3*Fs 110
0.5%*Fs.

Bo Bcex mepeuynceHHBIX MPOILEAypPaxX MOXKET OBITh 3ajaHa U Oolee CIIOXK-
Hast AUX 3a c4eT COOTBETCTBYIOIIMX BEKTOpOB f 1 a.

IIponenypa [h, n] = impz(b, a); mo3BoISIET HAXOAUTH OTCYETHI UMITYJILCHOM
XapaKTEePHUCTUKH h 1 MX HoMepa n I HU(PPOBEIX (GHILTPOB IO UX KOI(DDHIIHEH-
taMm b wa. J{na KUX-punetpoBa=1,ah=b.

3aganus k JadopaTopHoi padore

1. Paccumraiite ko3dpdunmentsr KUX-punspa HIWKHEX 4acTOT 3aJaHHOTO
nmopsaka, ¢ moMorso Gopmynamu (1) u (2) ¢ ucrmons3oBaHMEM OKHA U 0€3 HETO.
[locTpoliTe 4aCTOTHEIC U UMITYJILCHBIC XapaKTEPUCTHUKHU JJIs1 00O0HX CIIy4acB.

2. Cunte3upyite Tpu (PUIABTPa HIHKHHUX 4YaCTOT C OJMHAKOBOM YacTOTOM
cpe3a, UCIIOJIB3ys METOO0M OKHa, PeMe3a 1 HauMEHBIINX KBaJIpaTOB U IIOCTPOUTH
nxX AUX ¥ UMIYJIbCHBIE XapaKTEPUCTUKH.

3. VYBenmuubTe moOpsSAoK (PUILTPOB CHHTE3HMPOBAHHEIX IO METOAY OKHA U
METOJIy HaUMECHBILIHUX KBaJpaTOB TaKUM 00pa3oMm, UTOOBI KpyTH3Ha cmajga AUX
cpaBHsIACh ¢ KpyTu3HON (unbrpa Pemesa. IlocTpolite MMMy IbCHBEIC XapaKTEepH-
CTUKH TpeX (puiabTpoB. Ilo MMITYIECHEIM XapaKTEPUCTHKAM OIIPEICIUTS 3aCPiK-
KU JIJIS TpeX (PUILTPOB M CPaBHUTE MX C PACUETHBIMH, IOJIYUECHHBIMH M3 (popMYy-
nbl (3).

4, Jlns bunsTpOB, CHHTE3MPOBAHHBEIX IO METOJY Peme3a M HaMMEHBITHX

KBaJIpaTOB, BBECTH HEKOTOPYIO BecoByH (yHKIMIO. [Ipoananusupyiite ee Baus-

Huemacdx EbXnncan

ANEKTPOHHOW NOAOMUCHIO
Ceptwdomkatr: 2C0000043E9ABEB952205E7BAS00060000043E
Bnapeneu: lebayxoea TaTeAHa AnekcaHgpoBHa
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MeTouKa BbINOJHEHHS PadoThI

1. Paccuuraiite xo3dpdunmenTsl h(n) dunesrpa mopsaka N = 60-#, roe # —
HOMEp BapHuaHTa, 1 yacToTod cpeza F = 0.12 + #/100, mons3ysace gopmyitoit (2).
[TocTpoiite rpauk MMIyJILCHOM XapaKTepUCTUKH (puiabTpa. OHa JOomKHA OBITH
CUMMETpHYHOU. Jlms JOCTMKEHMS CHUMMETPUMU IPH YEeTHOM N HMCHOJIB30BaTh
cnsur n Ha Y. Iloctpoiite AUX ¢unsrpa. [nsa crnaxusanusa BeioOpocoB AUX
NPUMEHUTL OJHO U3 OKOH. IlocTpoiiTe uMnynbCcHYIO XapakTepucTuky u AUYX Ha
TeX JKe rpadukax, dTo U A npeasyiero ciaydas. Onenure, kak BauseT Gpopma
MMITYyJIbCHOM XapaKTepUCTUKH Ha popmy AUX.

2. Cunresupylite Tpu ®HY: meTooM okHa (o mpouenype fir2), merogom
HauMEHBIINX KBagparoB (mo mporeaype firls) u meTo10M ueOBIIIIEBCKON aIlIIPOK-
cuMmanuu (mo mpouenaype remez). Ilomoca mponyckanug Bcex @HY - ot 0 go F,
nmonoca nojasieHus - oT F+0.025 go 0.5. ITocTpoiite AUX Tpex hpunsTpoB Ha O]I-
HOM TrpaUKe U CPAaBHUTE UX MEK/IY COOOM.

3. YBemuuute nmopsgok (pUIBTPOB CHHTS3UPOBAHHBIX II0 METOJY OKHA W
METOJIy HAaUMCHBIIHUX KBaJpaTOB TaKUM 00pa3oM, UTOOBI KpyTH3Ha cmaga AUX
cpaBHANAch ¢ kpyTusHoi ¢misTpa Pemesa. IToctpoiite AUX m uMmynscHEBIE Xa-
PAKTEPUCTHKU TpeX (UILTPoB. [lo MMIIyIbCHBIM XapaKTEepPHUCTUKAM OIIPECIINTE
3a/ICPKKU I TPeX (PUIIBTPOB U CPAaBHHUTH UX C PACUCTHBLIMH, IOJIYUCHHBIMU U3
dopmyis (3).

4, Jlng bunsTpOB, CHHTEC3UPOBAHHBEIX IO METONY Peme3a M HaMMEHBIIHX
KBaJIpaTOB, BBEJUTE HEKOTOPYIO BECOBYIO (hyHKIMIO. [Ipoanamusupyiite ee Baus-
Hue Ha AUX. ITocTpoure rpadpuxu AUX.

Bonpocsl U1 3a1HTHLI pa0d0ThLI
1. YUem otnmuarorcsas KUX-punetpe: I u II Timos. B yem ornnune ux AUX?

povM2iTK@Re®a CBSI3b MEKIY BeaUUHHON BEIOpocoB AUX m popmoil uMmmyinc-
SANEKTPOHHOW NOANWUCBIO

Ceptupumkar: 2C0000043ESABBBO52205E 7BAS00060000

Bnapeneu: L1 EE)L_; gg!\ ?&%p@ EIQRK{E‘;EEI KH $§Eﬂ th a?

HNencteutenad: ¢ 19.08.2022 no 19.08.2023

25



3. Yoenurecr B ToMm, uTo (puabTp Pemesa AeHCTBUTENBLHO OOECIICUMBACT
HauMeEHbIINE aOcomoTHBIE OTKIOHeHHs AUYX oT 3ajaHHON MO CPaBHEHHUIO C
(UILTPOM HaWMCEHBIIMX KBaJpaToB TIPH OJHMHAKOBOM Iopsiake. OleHure,
HAaCKOJILKO MaKcHUMaJibHoe oTkjJoHeHne AUX ¢uiasTpa 1o MeToqy HaMmMEHBIIHX
KBaJIpaToOB OoJklIe, yeM y puiasTpa Pemesa B Bamewm ciydae.

4, Kak BimuseT BecoBas pynkuusa Ha popmy AUX?

Coaep:xxanue oTyera M ero ¢popma
OTueT JoJDKeH OBITH IpeAcTaBiieH B Buje (paiina ¢ umeneM lab4 #.m, co-

NepKallliM TEKCT IIPOrPaMMEI ¢ ITOJPOOHBEIMH KOMMEHTApHUsIMU U (pailyia ¢ MMe-

HeM gamunua_naod_eapuanm#.doc, c OTBETaMHM Ha KOHTPOJIBHBIEC BOMPOCHI.

JlabopaTopHas pabdora S
Cunre3 " uccienosanue bBUX-puiasTpos
llens paboTel: mpHOOpeTeHUE MPAKTHYECKUX HABBIKOB pa3padborku bMX-
(GUNILETPOB Ha Oa3e UX aHAJIOTOBLIX IIPOTOTHIIOB.
TeopeTnueckoe 000CHOBAHHE
OcHOBHOE TIPEUMYILECTBO (PUILTPOB ¢ OECKOHEYHOM HMITYJILCHOM Xapak-
TepucTukoil (BUX-puneTpoB) cOCTOUT B TOM, UTO IPU TeX KE€ TPCOOBAHUAM K
AMILUIUTYJHO-4aCTOTHON XapaKTEPUCTHUKE HUX IOPSAJOK OKa3bIBACTCS 3HAUYMTEIBHO
menbIe, yeM y KM X-punstpoB. OqHako ¢a3zo-dyacToTHas XapakTepuctuka b X-
(UNBTPOB - HEJIMHEHHA.
Pacripoctpanennsiii Mmetoy pacueta bUX-puneTpoB ocHoOBaH Ha mpeoOpa-
30BaHUN aHAJOTOBBIX (PUIBTPOB B IU(PPOBBEIC. ITO CBA3aHO C TEM, YTO MCTOIBI

pacdeTa aHAJOTOBBEIX (PHIIBTPOB XOPOIIO H3BECTHEI, IMPOCTHI B 3(P(PEKTUBHO IIPO-

r];a HMaAH
NEKTPOH NOONWMCLIO

Ceprudomkar: 2C0000043ESAB H2205E7BAS00060000043E wr w
Snamenet  WeBayxosa Taredh QIGAOBATEIIBHOCTE JIEUCTBUN pacyeTa bUX-hpuneTpoB 1Mo ux aHaoro-

BBEIM HpDTﬂTHHElM.
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1. Pacuetr anamoroporo ®HY 3aganHoro mopsigka tuna barrepsopra, Ue-
obimena | umu 1l Tuna, unm >IUNTHYECKOro ¢ €JMHUYHOM YacTOTOM cpe3a.

2. Ilepecuer dumpTpa Ha peaJbHYH 4acTOTy M IpeoopazoBanue OHY B
®BUY, mo0coBoi UIIH peKEKTOPHEIN (PUIILTP, €CIIU 3TO TpedyeTcs.

3. Jluckperusalyus aHaJIOTOBOIO MPOTOTHUIIA METOJOM MHBAPHAHTHOTO IIpe-
00pa30BaHMS MMITYJIbCHEIX XapaKTEPUCTUK WIN METOAOM OMIMHEHMHOTO IIpeolpa-
30BaHUSI.

Memoo unsapuanmuoco npeodOpa3o8anus UMNYJIbCHLIX XAPAKMEPUCMUK
OCHOBaH Ha HEMOCPEICTBEHHON JUCKPETHU3alMd HMMIYJILCHBIX XapaKTEPUCTHUK
aHanoroBeIX (punbsTpoB. Ecam aHamoroBas IICIb OMKCEIBACTCS HWMITYJILCHOH Xa-

PaKTEpUCTUKON BHUA
h(t) e,
M TIepeIaTOYHON (hYHKIIHEH

H(p) ’
tt;: el

TO ITIOCJIC TUCKPCTHU3allUH
HMCCM.

h(n) = &

roe Ja - [epHOJ] JUCKPETU3ALNH, U

|
T oads |
le =z

H(z) *

B o0mem ciaydae mnepegaTouHyr (PYHKIHK aHaJOrOBOIO YCTPOMCTBA

(hunsTpa), METOIOM pa3iIOKEHHs Ha IIPOCTHIE JPOOH, MOYKHO MPEJCTaBUTHL B BH-

JC
H(p) (4
I - N
ﬂﬂwmrgﬁrr%ﬂﬁmm AHAJIOTHH C IIPEIBIAYIIMMHE (POpMYJIaAMH, MIEPEXOIUM K IIepe/ia-

SNEKTPOHHOW NOANUCHLIO
Cepruducar:  2comOMHOEBpyHKIFIDEHGpoBoro bBIUX-dunsrpa:

Bnapeneu: lebayxoea TaTeAHa AnekcaHgpoBHa
Ho D 4
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B pesynbTaTe Takoro mepexojia y4yacTOK MHMMOH OCH Ha P-INIOCKOCTH,
OTpaHHYCHHBI uacToTamu wafy/2 (£i=1/23 - wuacTroTa JHCKpETH3alLlNH),
OTOOpa)kaeT- €5 Ha CIUHHUYHYI OKPYKHOCTH Z-INIOCKOCTU. DTO O3HAYACT, UTO
JaCTOTHBIC Xa- PAaKTEPUCTUKH aHAJIOIOBOTO IIPOTOTHUIIA TIOCTIE €r0 JUCKPETH3AL[ UM
MEPUOJUUCCKH IMOBTOPSIOTCSA C MEPEKPBITUEM Ha 4dacToTaxX, KpaTHeIX fi/2. Eciu
AYX aHamoroBo- ro mpoOTOTHIIA HMMEET JOCTAaTOYHO OOJIBIIOE 3HAYCHUE 3a
npeaenamMu fy/2, To mpu- MEHEHHUE JAHHOIO METOojJa JUCKPETU3ALUU MPUBOJIUT K
3HAYUTCIBEHBIM HCKa)ke- HHUsAM XapakTepucTuk B X-pumbTpa mo cpaBHEHHIO C
MPOTOTHUIIOM.

OT ykKa3aHHOTO HEJOCTaTKa CBOOOJICH METOJ] OMJIMHEHNHOro Ipeodpa3oBa-
HUSI, KOTOPBIM OCHOBAaH Ha MaT€MaTHMYECKOM OTOOpaKCHHUM P-IUIOCKOCTH Ha Z-

IIJIOCKOCTD IIO CJICAYHOIIHUM IIpaBHUIIaAM.

H(z) * H(p)

2l
ph2f
! _-|_

Taxoe npeobpazoBanue orodbpaxaer och @ (o1 @ = 10 @ = -<1) Ha p-
IUIOCKOCTH B €JMHUYHYIO OKPYXHOCTB € * (o1 & = & mo & = ﬁ) Ha Z-TITOCKOCTH.
(3a mpenenaMu MHTEpPBajaa OT -Egé 0 Egﬁ JaCTOTHEIC XapaKTCPUCTUKU IIU(PPOBOTO

GunLTpa epuogu4YecKy moBTopstoTces.) [Ipu sTom

mﬁ e Eam!ﬁg(-g }'

2fs
Takum ob6pasom, yactoTHas och € aHamorosoro ¢puiIbTpa 0TOOpaXK)KaeTCs HA
JaCTOTHYIO OCh & udpoBoro GpuiasTpa Mo HEIMHEHHOMY 3aKOHY — C POCTOM 4Ya-
cTOTEI och % coxumaercs. s GHY, manpumep, 5T0 MPUBOAUT K Oonee KPYyTOMY
criagy AUX nudposBoro ¢punsTpa 1o cpaBHEHUIO C aHAJIOTOBEIM ITPOTOTHIIOM.
Nuorga, mpy HMCIONB30BAHUM METOJla OMWJIMHEHMHBIX IpeoOpazoBaHui, B AUX

dAHAJIOTOBOTO ITPOTOTHIIA BBOJAATCA IIPCABICKAKCHHA [IJIA ITOJIYUCHHA 3aJaHHBIX
AOKYMEHT NoanvcAH

Ceptudpukar: EEGGGGGdEﬁB@%ﬁ%@G‘Eﬂ%%%M [bIﬂILTPE:
Bnapeneu: lebayxoea TaTeAHa AnekcaHgpoBHa .
Q. = 2*Fs*tan(pi*Fd/Fs),(1)
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rne €. — uyacrora (udactorsl) Ha AUX aHanOroBoro MPOTOTHIIA C YYETOM
npensickaxkeHu, Fy — Tpebyemas gactora (4acTorsl) mudposoro ¢puinstpa, Fy —
qacTOTa JUCKPCTU3AIIUH.

IIpu ncnons3zoBanuu a3sika MATLAB pacueT aHanoroBeIx IMpOTOTUIIOB Ha
yTare (1) BBIMOIHSETCS ¢ MOMOILUBI CTaHJAPTHRIX Ipoueayp buttap, cheblap,
cheb2ap, ellipap. 3arem, Ha sTane (2), ¢ nmomomeo npoucayp lp2lp, Ip2hp,
Ip2bp, Ip2bs, ocymecTBisieTCS nepecyeT YacTOThI U IIpeodpa3oBaHUe THIIA (DUITh-
Tpa. 11 Ha stamne (3), ¢ momoieo Ipoleayp impinvar u bilinear anamorosnie
(GUILTPEI TpeoOpa3yoTca B IIU(POBELIE.

[Ipouenypsl butter, chebyl, cheby2, ellip Breimonnsitor Bce Tpu 3Tama B
KOMITJIEKCE, OOBEIMHSAS BBIIMICOPUBEICHHEIC ITpoleayprl. [IpuueM mpeobpazopa-
HUEe B IU(POBEIC (DUIBTPHI BEIIOIHICTCS METOJOM OMIMHEHHOIO IIpeoOpa3oBa-
Hus (bilinear) ¢ mpensickaxxennem AUX aHamoroBoro mporotuna. B OoabIImMH-
CTBE€ MPAKTUUYECKUX CIYy4YacB MOJIL3YHOTCS MMEHHO 3THMHM IpolieaypaMu. Eciu B
mapaMeTpax YKa3aHHBIX IPOILEAYP NPUCYTICTBYET yKazarelb ‘S, To ATam (3) He
BEITIOJTHSICTCS, ¥ II0O HUM PacCYNTBIBAKOTCS aHAJIOTOBEIC (DUIIETPHEL

[Iponenypa butter paccuuteiBacT Ko3(pQPHUIMEHTH TIepeaTouyHoOl (PyHK-
i H(z) mudposoro bBUX-dunesrpa barrepsopra.

Hampumep, nmocineqoBaTeIbHOCTE OIIEPATOPOB:

N=6; % Illopsagox ¢unsrpa

F =0.25; %Yacrora cpeza.

|b, a] = butter(N-1, F*2);
nmo3BoJisteT paccunTaTh KodphumuenTsl ®HY nmopsgxa N=6 ¢ oTHOCHTEIIHEHOM Ya-
cToTOM cpe3a Ha ypoBHe —31b (0,707), paBHoii F.

B nmpouenype butter, kak u B gpyrux nogooHeix npouenypax MATLAB Bce

Ja0TOTEIT I MHpPOBaHBI OTHOCHTEIbHO uacToThl HalikBucta: Fn = Fs/2. Ilo-
SANEKTPOHHOW NOANWUCEHO

Ceprupmkar: 2C0000043ESABBBO52205E7BAS00060000043E

sramenen  WeedRQMY, B.KAUCCTBE apI'yMeHTa yacToT B fir2 mojcrasisercs He f, a 2*f. Kpome To-
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ro, BMecTo nopsaaka Guinbstpa N moacTaBiseTcss MaKCHMaILHBIN HOMEp KO3 du-
nueHTa mpu Hymepanuu ot 0 go N-1.

IIponenypa chebyl paccuuteiBaeT k0o3¢pPUIMEHTE NepeaaTOuHON (YHK-
i H(z) nupposoro bBUX-punsrpa Uebrimena tuma 1.

Hampumep, nocinejoBaTeIbHOCTE OIIEPATOPOB:

N=6; % llopsamok ¢unsrpa

Rp =3; %HepaBHOMEpHOCTE B IMOI0CE MPONMYCKaHUS

F =0.25; %Yacrora cpesa.

|b, a] = chebyl(N-1, Rs, F*2);
nmo3BoJisteT paccunTaTh KodphumuenTel ®HY nmopsaka N ¢ oTHOCHTEIBEHOI Ya-
ctorou cpe3a F Ha ypoBue —371b (0,707).

IIponenypa cheby2 paccunureiBaeT Ko3ppuIIMeHTH TIepeaToOUHON (HYHK-
i H(z) mudposoro bBUX-punerpa Yedpnena tuma 2.

Hamnpumep, rmocneqoBaTeIbHOCTE OIIEPATOPOB:

N=6; % Ilopsmok ¢punsTpa

Rs =20; %HepaBHOMEpPHOCTE B MOJIOCE ITOJABICHUS

F =0.25; %Yacrora cpesa.

|b,a] = cheby2(N-1, Rp, F*2);
mo3BoJIsieT paccunTaTh KodhpuumuenTsl ®PHY nopsaka N ¢ oTHocuTeILHOM Ya-
ctorou cpesa F na ypoBue —20x1b (0,1).

IIponenypa ellip paccunteiBaeT ko3¢ hUIIMEHTH IEpeaTOUHON (HYHKIIUU
H(z) undposoro smmnruyeckoro bUX-dunerpa.

Hampumep, rmociaeqoBaTeIbHOCTE OIIEPATOPOB:

N = 6;

Rp = 3; % HepaBHOMEpPHOCTH B MOJIOCE MIPOITYCKAHUS

novRs roidilcA% HepaBHOMEPHOCTE B IIOJIOCE MTOTABIICHUS
SANEKTPOHHOW NOANHUCBIO

Ceptudukar: EEGGGGGdSEEAEE%‘i@Sg JAS00060000043E
Bnapeneu: lllebayxoea Tat Ha A EFIDEHEI
= ellip(N-1, Rp, Rs, F*2);

b azl
Nenctautenad: ¢ 19.08.2022 no B.E]B_ 2
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mo3BoJIsieT paccunTaTh KodhpuumuenTsl ®PHY nopsaka N ¢ oTHocuTeILHOM Ya-
ctorol cpesa F Ha ypoBHe —31b (0,707).

Jl1s pacuera moitocoBEIX (GUILTPOB IapaMeTp F momKeH OBITE BEKTOPOM H3
2-x sneMeHToB. IIpu pacuere ®PBY unm pexeKTOpHBIX (DHUIBETPOB BBOJATCS Iapa-
MeTpEl «high» u «stop».

Bce mepeducieHHBIE MpOLECAYpEl MOTYT OBITH HMCIIONIBL30BaHBI JIJIS pacyeTa
nepenaTodHelX GyHKIUHA H(p) cOOTBETCTBYIOIMX aHAIOTOBBEIX (GUILTpoB. [l
TOr0 BBOJUTCS mapameTp ‘s’. Hampumep, nmpouenaypa

b, a] = ellip(N-1, Rp, Rs, 2*pi*F, ’s”)
PACCUUTBIBAET MapaMeTPhl aHAJIOroBOro sutunTudeckoro ®@HUY.

[TprueM yacToTa cpe3a B aHAJOTOBOM (PHIBTPE JOJIKHA OBITH 3a/JaHa B BH-
Jie KpyroBoil yacTorsl @=2%*pi*f.

[Iponeaypa bilinear mepecunTeiBacT KO3 (PUIIMEHTE aHAJIOTOBOTO (PHIIb-
Tpa B K03 PuimenTrs! udposoro puiabTpa:

|bz, az| = bilinear(b, a, Fs).

AHAJIOTUYHO JCHCTBYET M MpoICaypa impinvar:

|bz, az] = impinvar(b, a, Fs).

[Iponeqypa pacdeTra 4YacTOTHBIX XapaKTEPUCTHK AaHAJIOTOBBIX (DUIIETPOB
[H,Q] = freqs(b, a, 512) aelictByer aHajmormyno mpouenype freqz. Ilpu stom
BEKTOp 4acToT € COCTOUT U3 OTCYETOB KPYTrOBOM YaCTOTHL

[Tpoueaypa zplane(b, a) oroOpakaeT Ha rpaduke HYJIH U MOJFOCA.

3ananudg K JJjadoparopHoil padore

1. Paccuwmraiite Kod3(pQPUIMEHTE 4YeThIpeX BUAOB MUppoBeIXx bHUX-
GUNILTPOB HMKHUX 4vacToT: barrepBopTa, UeOnmena tunma 1 U 2, u smaunTHye-
ckoro. Iloctpouts AUX, ®UX, quarpaMmbl HyJIeH U MOJIFOCOB.

nov\2iRageasraiiTe EpPOBOH moaocoBor GpuisTp barrepBopTa mo ero anano-
SANEKTPOHHOW NOANWUCBIO

Ceptucpmkar: 2C0000043E9ABBBIS52205E7BA500060000043E v
1esh@BOMY, JHROTOTHIY MCTOJOM HMHBAPHAHTHOTO HpﬂﬂﬁpﬂSﬂBﬂHHﬂ HUMITYJIBCHOH Xa-

Bnapeneu:

AKTEpPUCTHKH M MCTOJOM OMIMHeHHoro mpeobOpaszoBanus. Iloctpoiite rpadux
HNencteutened: ¢ 19.08.2022 no 19.08.2023
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AUX aHaAJI0rOBOTO MPOTOTHIIA M IM(MPOBEIX (PUIETPOB, pacCUMTAHHEIX JIBYMS
crroco0amH.

3. Beeagure npeabpICKaXXEeHUSA B YaCTOTEI aHAJIOTOBOTO MPOTOTHUIIA, ITOCIIC Ye-
ro BHOBL IIEPEUTH K LU(PPOBOMY (GHILTPY IO METOAY OMIMHEHHOTO Ipeodpaso-
BaHUSI.

MeToauka ¥ MOPSIAOK BbINOJTHEHUS

1. Paccumraiite xod3(pQpUIHEHTE 4YeThIpeX BUAOB MuppoBeix bUX-
(GUIETPOB HIKHUX 4YacToT: barTepBopra, UeOpmmena Tuna 1 u 2, U 3munTude-
ckoro, mopsjgka N = 5 u yactoroii cpe3a F = 0.12 + #/100, roe # — HoMep BapuaH-
ta. Ucnons3yire npouenypst MATLAB: butter, chebyl, cheby2, ellip. Ilo-
ctpoiTe B ogHUX ocsax AUX m ®UX mis yeTelpex BUI0B (GuiasTpoB. CpaBHUTE
MOJIYYCHHBIC XapakTepucTuKU. [locTpoiiTe quarpaMMel HyJIEH U IIOJIFOCOB JJIS Ye-
TEIpeX BHUAOB (puabTpoB. ComocTaBETE PacCIIOIOKCHUE HYJICH U MOIIOCOB C BHU-
nmoM AUX. OOpaTuTe BHMMaHHUE Ha T€ MECTa, I'JI¢ HYJH COCEACTBYIOT C MOJIHOCA-
MH.

2. PaccumnTaiiTe aHanoroBeii mojaocoBoi punsTp batTepBopTa ¢ yacToramu
cpeza F1 =0.12 +#/100 - 0.05 u F1 = 0.12 + #/100 + 0.05, ucnoas3ys nporeay-
pou butter ¢ mapamerpoMm ‘s’. BmecTo nuHeNHBIX YacToT F mmpu 3TOM HE0OXO0U-
MO MOJICTABJISTh KPYTOBBIC YACTOTHI O-2F. [TocTpoiite AUX anamoroBoro mpo-
TOTHUIIA C TIOMOILBIO IpoLeayphl freqs, HO B 3aBUCUMOCTH OT JTUHEHHON YaCTOTHI
F. Hcnone3ysa mpouenypsl bilinear um Impinvar, mpeoOpa3oBaTh aHaJIOTrOBEIU
¢uneTp B mudpossle. Iloctponte AUX 5THX (UILTPOB Ha ogHOM rpaduxe H
cpaBHHUTE MeXy coboit u ¢ AUX ananorosoro gpuisTpa.

3. Ucnonp3ys ¢opmynel (1), BBecTH IpeabICKa)KeHUS 4YaCTOT aHaJIOTOBOIO
(HUIBTpa Mocje 4ero NoBTOPUTh 1.2.2.

AIOKYMEHT TOfiIACAH Bonpocsl U1 3a1IHTBLI pA00ThLI
SANEKTPOHHOW NOANWUCBIO

CepTudmkar: EEGGGGGdSEEAiBEBQ:EDEETBASGGEEWGGMSE B ,
o xRABHHTIC YaCTOTHBIC XaPAKTCPHUCTHUKH (bH.]ILTpa ATTCPBOPTA U IJLUIHUII-

Bnapeneu: lllebayxoea Tat

THUHCCKOI'O H.]'ILTIJH. B qcM UX CHUIIBHEIC U CJ’IHﬁLIE CTGPGHBI?
Nenctautened: ¢ 19.08.2022 no 19.08.20
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2. Kak mo Bujgy auarpaMMbl HYJICH ITOJIOCOB JJUIMITHYECKOTO (GUIBTpa
OIIPEIEIUTh €0 YacTOTYy cpe3a’

3. KakuMm oGpa3zoMm 1o pesyiapTaTaM IL2.1 MOXHO IOCTPOUTE CXEMBI IIH(]-
POBLIX (PUIBTPOB?

4. JIng m. 2.2 ormmmuTe XapakTep U NpuduHBl HcKakeHuid AUX 1mudpoBeIX
(UILETPOB B TOM H APYTOM CJIy4ac II0 CPaBHCHHUIO C aHAJIOTOBEIM IIPOTOTHUITOM?

Coaep:kaHue oT4eTa H ero (popma

OtueT JMOomKEeH OBITH Ipe/cTaBicH B Buje (aiina ¢ mmeneM lab5 #.m, co-

NepIKaIIM TEKCT IMPOrpaMMEl ¢ MOAPOOHBIMU KOMMEHTApUSIMU U (hpalijia ¢ UMe-

HEM gpamunusa_nadd eapuanm#.doc, c oTBeTaMH Ha KOHTPOJIBHEIE BOMPOCHL.

JlaboparopHas padora 6
HUccaenopanne 3PP ekToB KOHEYHOM PA3PSIIHOCTH YHCel

[{ens paboOTHL: IpaKTHYECKOE O3HAKOMIIEHHE C 3(Pp(deKTaMu KBAaHTOBAHUS B

I poBoil 00pabOTKE.
TeopeTHuyeckoe 000CHOBAHHE

[ IpMHIIMITHAIEHEIM CBOMCTBOM IIU(PPOBBEIX CHUCTEM SBJISICTCS HATHUHE OIIH-
OOK KBAaHTOBaHHS KaK OTCUETOB 00pabaTEIBACMOI'0 CHUTHajIa, TaK U Ko duiueH-
TOB cuCcTeMBbl. KBaHTOBaHUE, TO €CTh MPEACTABICHUE YHCJIA ¢ MOMOILBI KOHEU-

HOI'O KOJIMYCCTBA pa3paa0B, BHOCHT B IIPCACTABJICHHUC KBAHTYCMOI'O HHCJIA A

OILHNOKY

e o F(zi) N
4

re

T

A - 4UCJI0 JO KBaAaHTOBAaHMA, F( A - YHUCJIO ITOCJIC KBAHTOBAaHUA. OHEPH-

)

nusa F sensercs nenmuHenHou.lllarom kBanToBanus () Ha3bIBaeTCS PACCTOSHHE MEXKIY

OOKYMEHT NOOMNAUCAH . Y
TIBYNEDICOE 6 HIMSL YPOBHSIMM KBaHTOBaHUS: O 2 b, rje b — KOJIMYECTBO pa3psiioB, HE

Ceptudpmkar: 2 E?%i%ﬁﬂ&gﬂiﬂ%f Bﬁ%?ﬂ&ﬂ.ﬂﬂﬂﬂd 3E

Bnapeneu: Leb3yxosa eKcaHapOoBHa
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Mcnonb3yroTcs aBa criocod0a KBAaHTOBAHMS — OKPYIJICHUE U yceueHue. [Ipu

OKpPYTJICHUH O 2#MQ/2, a TIpH O # c # 0. CunTaercs, 4TO 3HAYCHUs

YCCHCHHH

OIIMOOK KBAHTOBAHUS ¢ PABHOBEPOSTHEI B YKa3aHHBIX JIMAlla30HaX.

J111s aHa;mm3a mpoIeCCOB KBAHTOBAHUS HCHONL3YIOTCS JIUHCUHAA U Hell-
HellHasa Mopaenu. HenmmHelHas MOJENb MCIOJL3YETCS IIPU MOJICIMPOBAHUHN Ha
9BM M TOYHO ONMMCHIBACT IIPOLIECCHI O U IIOCJEe KBAaHTOBaHUSA. B JIMHeNMHOU MoO-
JIEIU K KBAHTOBAHHOMY MPOIlecCy M00aBISCTCS aJJUTUBHBIN TMCKPETHBIN IIyM,
KOTOPBIA aHAJIOTMYEH IO CTATUCTUYCCKUM CBOMCTBAM peajlbHOMY IIYMY KBaHTO-

-

BaHUA. MaTteMaTHuecKoe OKHJaHHC ﬁﬂ 1 JUCIICPCHA e HIYMa KBaHTOBaHH:A

OTIPEICIIAIOTCS IO (hOPMYJIaM:

R0 , IIPU OKPYTIICHUU

f “o0s0, mpuycedenun (1)

]
|
E

#5512 73,

rme m =b + 1 — pa3psagHOCTE ¢ yuyeToM 3Haka.B mporecce nuppoBoi 0o0padOTKH, KaK
MPaBUIIO, IPUXOJUTCA MPHUOEraTe K YMEHBIICHUIO Pa3psSIIHOCTH MPOMEKYTOUHBIX M
KOHEUHBIX pe3yabTaToB. Ilpuum- Ha 3akmodaTrcs B TOM, YTO IIPU BBIIIOJHEHUU
apu(PMeTHUECKUX OIepalii HaJ] YHUCIaMU UX pa3psagHOCThL Bo3pacTaeT. Hampuwmep,
MEPEMHOKECHUE [IBOUYHBIX COMHOXKHMTEICH IPHUBOJUT K YIBOCHHIO pPa3psSIHOCTH.
Korma mnpousBegeHne U3 pPerucrpa  YMHOXKHUTEIS MEPEIUCHIBACTCS B MaMSTh,
MPOUCXOJUT YMEHBIICHHUE pPa3psAIHOCTH METOAOM YCEUCHHUS WIA METOJIOM
okpyriaeHus. llpm ycedeHMM dYacTh MIIAJIIUX pa3psgoB MOPOCTO OTOpacChIBACTCS
(0.1101101 & 0.110). Ilpu okpyraeHun yucao OOIbIICH pa3psJHOCTH 3aMCHSICTCS Ha
ommwxkaiimee uucao MeHbmeln paspsagHoctd (0.1101101 & 0.111).Ananu3 ommbdok
OKPYIJICHUS MOYKHO BBIMIOJIHATH JBYMS CIIOCOOAMMU: M- HEMHBIM U HeJIUHEeHHEIM. [1pu
HEJIMHEMHOM CIIOCOO€ METOJOM MOJCIUPOBAHUS HAa KOMIIBIOTEPE HaXOJUTCH
pa3HOCTE Ipoliecca s(n), n = 1, ..., N Ha BeIXO/€c uje-

AOKYMEHT MNMOArnncAH
SANEKTPOHHOW NOAMNWCLIO

Ceptwdomkatr: 2C0000043E9ABEB952205E7BAS00060000043E
Bnapeneu: lebayxoea TaTeAHa AnekcaHgpoBHa
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aJILHOTO IIM(POBOrO YCTPOUCTBA, B KOTOPOM HE IIPOU3BOJHUTCI HUKAKHX OKPYT-
JeHUH U mporecca sq(n) Ha BBIXOJIE pealbHOro IU(POBOro YCTPOUCTBA, B OIpe-
JEICHHBLIX TOYKaX KOTOPOTO OCYILECTBIIICTCSA OKPYIJTICHUEC UM YCECUCHUE ITPOME-

JKYTOUHBIX pe3ylibTaToB. HaljenHas pa3Hoctee(n) = s(n) - sq(n) (2)

H ABJIACTCA IIYMOM KBAHTOBAHHA. MatemaTHueckoe OKHJdHHUC ﬁl SKCIICPUMCH-

TaJIbHO ITOJIYYEHHOTO IIIyMa KBAaHTOBAHUA €(71) PacCUNUTHIBACTCS IO (popMyIie:
pedy
N = =n)
N5 (3)
Jlucnepcus paccUMTBIBaETCS IO

bopmyie:

vy (4
i Nl(;) (eﬁl)_( )

B nmuHeliHo Mojenu Ha BXOJ IM(POBOro ycTpoiicTBa, a TaK)KEe B TE €r0
TOYKH, TIC OCYILECTBIICTCSA OKPYTIICHUE WIN YCEUCHUE MTPOMEKYTOUHEIX PE3YIIb-
TATOB, MOJIK/IFOYAIOTCS HCTOYHUKH PaBHOMEPHO PaCIIPEISICHHOro 0eJIoro myma c
MaTeMaTH4YSCKUM O)KHJAaHHUEM M JJUCIICPCHUCH, paCCUMTAHHBIMU 110 hopmyaaM (1).

Kaxaplii 13 3TMX UCTOYHUKOB CO3/1aCT IIIyM Ha BBIXOJIC YCTPOUCTBA C JUCIICPCUCH

E’im !_1. ka _J (5)

rjae hix — UMITyIbCHAsl XapaKTepHUCTHKA [-1 4acTH HU(POBOTO YCTPOMCTBA, Uepe3
KOTOPYIO IIIyMOBOM CHTHAJl IMMPOXOJUT Ha BbIX0j. OOIIMM BEIXOJHOMU IIYM IOJIY-
qaeTcs IyTEM CIIOKCHHS PeakIUi IMU(PPOBOTO0 yCTPOMCTBA Ha BO3JICHCTBHE yKa-
3aHHBIX UCTOYHHMKOB IIIyMa.

Jlna B X-dunerpa 2 nopsajgka ¢ neperaTodyHoi pyHKIMeH BUIa
-1
o<1 25, (6)
lgz

C)hf L(b 2bba BN &) (7)

.ﬁ.

AOKYMEHT MNMOArnncAH
SANEKTPOHHOW NOAMNWCLIO o

Ceptwdomkatr: 2C0000043E9ABEB952205E7BAS00060000043E k50
Bnapeneu: lebayxoea TaTeAHa AnekcaHgpoBHa

ITpHU BKIITHOUCHHH MCTOYHHKA Ha BXOJ] (bH.]ILTpEl.
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J111s1 BEINOJIHEHUS paboyero 3ajaHus MOTPeOyeTCs MPUMEHCHHUE MPOLCTYPhI
round vz MATLAB, xotopas ocyIleCTBISIET OKPYIJICHHE YHCa 10 OJIHMKaUIIIeTo
eaoro. UtoOwl OKpYIJIUTh YKUCIIO, MEHbIIEE 1, HEOOXOJMMO CHauyajga yMHOXXHTh
€ro Ha MacIITaOUPYIOIUM MHOXUTENb. HanpuMmep, 171 TOro, 4ToOLl OKPYTIJIUTH
ceMupaspsijiHoe JBonuHoe unciio a; = 0.1101101 (0.8515625 B gecatuyHoM BUJIE)
no tpexpaspsagHoro a; = 0.111 (0.875 gecaruuHoM BuE), HEOOXOIUMO BEIIIOJ-

HHUTDb CJICOYHOIICC.

d; = FﬂHﬁd(ﬂ?*2j)/2j. (8)

3ananug K JjaboparopHoi padore

1. ITocTpoiite AUX mns dunasTtpa ¢ nepemarounoi GpyukmueH (6) mis Tod-
HEIX U OKPYTJICHHEIX 3HAYeHHI KO3 (UIMCHTOB.

2. 3ajjalTe BXOJJHOM CHUHYCOMJAJbHBLIM MPOIECC ¢ TOYHBIMU U KBAHTOBAH-
HBIMHM OTcueTaMu. HaiuTe myMm KBaHTOBaHHUS €r0 MAaTEMaTUYECKOES OKHMIAaHHE U
ITUCTICPCHIO.

3. Haiimure 1mym KBaHTOBaHUS Ha BEIXOJE¢ (PUIBTpa, 0OYCIIOBICHHBIN KBaH-
TOBaHUEM BXOJHOT'O CHUTHAJIA.

4. Haiimute myM Ha BBIXOJAE (PHUIBTpPa, OOYCIOBICHHBIM KBaHTOBAHUCM
MPOMEIKYTOUHEIX PE3YJILTATOB B IIpoIecce (PUIBLTpalluu.

MeToquKAa BLINIOJIHEHHS PadOThI

1. Co3naiite B Buje oT/AeIbHOTO (paiina (pyHKIHIO KBAHTOBAHHS 110 (POPMY-
ne (8), BBIXOJHBIM MapaMETPOM KOTOpPOH SBJISCTCS KBAaHTOBAHHEIM IIPOIIECC, a
BXOJHBIMHU ITapaMeTpaMHd — HUCXOJHBIM IPOLECC U Pa3psIHOCTh KBAHTOBAHUS.
[TpaBuna odpopminenns pyaknuii cMorpute B help function. IToctpoiite AUX s
¢uneTpa ¢ nepematouyHor GyHkiue (6) u kodpdULHEeHTaMU a=[1—
MBHES | 5
#/ 2O VB Dﬁm%g%], rae # — Homep BapuanTta. IlocTpoiiTe Ha ToM ke rpaduke
Ceprudomkar: 2C00 QﬁﬂBBEQEE 05E/7BAS00060000043E
Brageneu:  LWe6AN Mumpa ¢ KO3 PUIIUeHTaMH, OKPYTJICHHBEIMH C 10 TPEX U 10 IIeCTHa-

) dTH IBOMYHEIX pﬂBpH,E[DE.
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2. 3ajaiTe BXOgHOM mporiecc B Buje s = sin(2*pi*f*n); n = (0 ... 2000).
Yacroty { 3agalite TakuM 00pa3oM, YTOOBI CUTHAJ IIOMAJI B IIOJIOCY IIPOITyCKaHUS
¢uneTpa. Bemonuute kBanToBaHue curHama s 1o b pazpsamos qiugs b =3 u gua b
= 8. Takum oOpa3oM, U3 JUCKPETH3UPOBAHHOTI'O CHTHAJIA § MOIydaeTcs IU(ppOBOM
sq. [TocTpoiite Ha ogHOM Tpaduke s, sq, € = s - sq 11 b = 3. Halitu maTemaTuue-
CKOC O)KHMJIaHUE U JTUCIIepcHIo myMma € (s b = 8) mo dpopmynam (3) u (4)

3. Ilomaiite curnansl s u sq (b = 8) Ha Bxoj ucciaeqyemoro punsrpa ¢ 16-
paspagHeiMH ko3 duinmenramu. Mcenonwidys mpouenypoiut filter, maiitm mywm
KBAHTOBAaHUS Ha BBIXOJE (PUILTpa OOYCIOBICHHBIM KBAHTOBAaHHEM BXOJHOT'O
curHana mo gopmyite (2), ero MaTeMaTH4IECKOE OKUJaHHUE U JUCIIEPCHIO.

4. HaiiguTe mymM KBaHTOBaHMS 3a CUCT OKPYIJICHHUS IMMPOMEKYTOUYHBIX pe-
3yAbTAaTOB (punbTpanuu. 1 3Toro 3amporpaMMHUpYHTE anropuUT™M (pUIBTpaIud B
BH/IC PAa3HOCTHOTIO ypaBHEHUS, COOTBETCTBYIOIIETO IlepesaTouyHod (pyHKIuU (7)
g IpsAMoN (HEeKaHOHHYECKOM) cxeMbl peammsanuu (punbrpa. IIporpamMmy BEI-
MOJIHUTE B BUE LUKJIA. Ilociae HaXoxKIeHus ouepeJHOr0 OTcUYeTa JeIaluTe OKpPYT-
JIeHUE pe3yibTaTa g0 b=16 — pa3psagHocTs namMaTu BeaucauTesa. Lllym oOycnos-
JICHHBIM KBAaHTOBAaHMEM BXOJIHOTO CUT'Hajla Ha JaHHOM JTalle pacyeTa YYUTHIBATh
He ciaeayeT. 1lo3ToMy OTcuUeTBI BXOJHOTO CHUTHajga HEOOXOIUMO OKPYIJIUTH JI0
paspsaaHoctu nmaMaTH. Ilo popmynam (3) u (4) HaliuTe MaTeMaTHYCCKOE OXKH/Ia-
HUE U JUCTICPCUIO IIIyMa OKPYTJICHUS BBIYHUCIUTEIIS.

Bonpocsl U1 3a1IHTLI pA00ThLI

1. PaccuuraiTe gucnepcHio 3KBHBAJICHTHOro IryMa KBaHToBaHus AllIl Ha
Bxojie mo ¢opmyne (1) U cpaBHUTE ¢ pe3yabTaTOM ITyHKTa 2.5 B aOCONMIOTHEIX

3HAUEHUIX U Jb.

2. PaccumnTaiite mapamerpsl myma kBaHToBaHuS AllIl na BeXOme ¢uisTpa

JISDIVEH EITHOMAMO JIETU, TTONB3VACE popmynaMu (5), (6) u (8) U cpaBHUTE C pe-
H&HI:HTPUHHGFHG,U,HHLbHJH y (b p y ( ) ( ) ( ) p p

2C00000 I BO52205E 7B AS00068005
3}’JJBT?FTQM IIYHKTA 7 8 B abCOMOTHBIX 3HAYEHUIX U nb.

p a o
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3. PaccuuraiiTe mapaMeTphl IIymMa KBaHTOBAHMS 3a CUCT OKPYIJICHUS IIPO-
ME)KYTOUYHBIX Pe3yJbTaTOB (PHILTPAIlMH Ha BBEIXOJIC (pUIbTpa s THHEHHON MO-

e , oab3yachk popmyaamu (1), (5) u (7) u cpaBHHUTE ¢ pe3yILETaTOM MyHKTa 2.4

B a0COJIOTHEIX 3HAUYEHUSX U 1b.

Conep:xxanue oTyera M ero gpopma
OtueT OoMKEeH OBITH IpejcTaBicH B Buje (aina ¢ umeneM lab6 #.m, co-
JEPIKAIUM TSKCT IIPOrPaMMBI ¢ MOAPOOHEIMH KOMMCHTApUsIMH U (aiijla ¢ 1UMe-

HEeM ghamunua _n1aob eapuanm#.doc, c OTBETaMH Ha KOHTPOJIbHBIE BOMPOCHI.

JlabopaTopHasi pabora 7
HcciienoBaHue AJITOPUTMOB H3MEHEHHUS YACTOTHI JUCKPETH3AIUH
[lenbs pabGoThl: MpUOOPETECHUE MPAKTUUCCKUX HABBIKOB IMPHUMEHEHUS ajiro-

PHUTMOB U3MCHCHHUA 4YaCTOTEI JTUCKPCTHU3alluH HH(bpﬂBBIX CHUI'HAJIOB.

TeopeTnueckoe 000CHOBAHHE

ANTropuTMBEI U3MCHCHUSA YacCTOTHI JUCKPETU3alMU IIEPBOHAYAIBLHO IIPHUME-
HSUTUCK T ﬂrp]mie'ﬂirmi I1 ¢Ip X CHCTEM C pa3JIU4YHON TaKTOBOU 4YacTOoTOM. B

Vi Py ;
JaIbHEHMIIIEM OHU CTaJIM UCIOJIb30BATHCS /ISl CHU)KCHUS BBEIUUCINTEIBHBIX 3aTpaT
npu peanusanuu aaroputMmoB 1{OC. Ilponecc moHMIKEHUS YAaCTOTHI JUCKpPETH3a-
[IM Ha3bIBAIOT JCIMMAIIMEH, a IIPOILECC IMOBBIIICHUS YaCTOThI JUCKPETU3ALUU —
NHTCPIOJISINCH.

JlenMMaliys BBIIIOJIHSAETCS ¢ MOMOILBIO onepaluu npopexkuBanus: [Iporecc
C TOHM)KEHHOHM YacTOTOM JUCKpETH3alMu (JeIMMHUPOBAHHEIA IIporecc) Gpopmu-
pyeTcs IyTEM BBEIOOPKH KaKIOTro K-Tro oTcuera U3 mpolecca ¢ BRICOKON YaCTOTOU

muckperuzanun. Koagdunmenrt k HazniBacTcs kodppuImeHTOM JIeIIMMAaIIUH.

AOKYMEHT MNMOArnncAH
EIJ'IEI'FI'ED OU Noanncbio
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Puc. 7.1

Ha puc.7.1 moka3an npumMmep genuManuu npu k=3 B pe3ylbTaTe 4ero mpo-
necc y(nT), puc.7.1a, mpeobpasyercsa k npoueccy y(mT,), puc.7.10. Caenyer
YUUTBIBATh, UTO IPOILECC JOIKEH COOTBETCTBOBAThL TeopeMe KoTelnbHUKOBa, Kak
0 TIOHMKEHMS 4acTOThl JUCKPETH3AI[MM, TaK U IOCJIe Hee. TakuM oOpa3oM, Iie-
pel BBITOJHECHHEM JICLMMAIMM HE0O0XOJUMO YOCIUTHLCS B TOM, UTO HaMWBBICILIAS
JacTOTa B CIICKTPE IMPOIleCcca HE MPEBBIIIACT ITOTOBUHEI HOBOM (IIOHMKEHHOM ) Ua-
CTOTHI JUCKpETH3alMU. ECIM 3TO yClIOBHE HE BBINOJHICTCS, HEOOXOIUMO Orpa-
HUYHUTE CIICKTP IMpoIiecca ¢ MOMOIIBI (HILTpalliu. B mpoTHBHOM ciydae JICIu-
MalMs IMIpUBeIeT K HCKaXKCHUIO CUTHAJIa 3a CUET NEPEKPHITUS CIIEKTPOB.

[Ipy MHTEpHOIALIMM MPOPEIKEHHBIE OTCYETHI JOMKHEI OBIThH BOCCTaHOBIIC-
Hbl. CyILIECTBYET MHOXKECTBO CIIOCO0OB MHTepmonsanuu. Haubomee pacmpoctpa-
HEHBI CIIOCOOBI MOBBIIIECHUS YaCTOThI JUCKPETU3AIIMU: 3a CUET JOOABICHUS HYJIC-
BBIX OTCUETOB; 3a CUCT IIOBTOPECHUS OTCUETOB.

[Ipu niepBoM crocoO¢ A1 MOBBEIIMICHUE YaCTOTHI JUCKPETU3ALMU JTOCTHUTa-
€TCS 3a CUET J0OaBICHUS HYJIEBBIX OTCUETOB MEKIY OTCUETaMH MCXOJHOIO Mpo-
necca. Hampumep, mpu MHTEPIIOIALMN B TPU pa3a MEKAY OTCUCTAMH HCXOHOTO
mpoliecca J00aBIsSeTCS IO JBa HYJIEBBIX oTcyeTa. YacTora MUCKpETH3aLUM MPU
3TOM YBEIMYUBACTCS, OJJHAKO (hbaKTHUECKas peaau3alis Impoliecca He MCHSETCH.

H(HQE!ME{E BBIFFFE:*CHﬂKT a Iporecca ¢ J00aBICHHBIMHY HYJICBEIMH OTCUETAMH OCTa-
SANEKTPOH I-%ID,EII'I blO p p i A y

Ceprupukar: 2C0000043ESABBBO52205E7BAS00060000043E

Brnapeneuy; L eﬁl&ﬂﬂxm m Eﬁm IFE[M .
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Ha puc. 7.2 nmoka3aHbl CIIEKTPEI IIPoOIEcca IIPU MHTEPIIOIAIMU B TPHU pasa
110, U IMocye J100aBaeHUs HyJIeBBIX 0TcueToB. Fsi =3Fs — HOBas yacToTa JUCKpPETH-
e¥:00150%8

JI71s1 TIOTHOTO BOCCTAHOBIEHUS OTCUETOB HMHTEPIOJMPOBAHHOTO Mpoliecca
HEOoOXOqUMO OT(MHUILTPOBATL “‘TUINHHE CHEKTPalIbHEIC cocTaBismomue. AUX
¢unLTpa mokazana Ha puc.7.20 nmyHkTHpoMm. IIpu 3TOoM UALTP, IS cOXpaHEHUS

AMILUIUTY 1Bl BOCCTAHOBJICHHOI'O IIpOoLccca, JOJIKCH

GI\ /‘frsl,\ /‘2?[3\ /‘3#‘:&)

MMETh KO3(M(HUIUCHT Mepejadl B IIOJIOCE MPONMYyCKaHUsA, paBHEIM KOA(P(HUIIUCHTY
MHTEPIIONSAIMN. BEINONMHAS yKa3aHHBIE JEUCTBUS MOXKHO, HaIIpUMED, MEPEUTH OT
npoliecca Ha puc./.10 k mporeccy Ha puc./.la.

[Ipu BTOpOM crioco0€ MHTEPIOJIALIMN BMECTO J00ABICHUS HYJIEBBIX OTCUE-
TOB IIOBTOPSIOT K pa3 oTcUeTHl UCXOAHOrO Ipolecca. I1o cyTu 3To S5KBUBAJICHTHO
¢uneTpanuu ucxomgHoro mporecca KHX-dumstpoMm mopsnka k ¢ ¢ IMHUYHBEIMH
ko3 dunpuentamu. I[TosToMy npu BTOpoM criocode Ha CIIEKTp puUc.7.20 HaKIaJbl-
Baercsi AUX omuopomnoro ¢miasrpa Buma: sin(k®ty/2)/sin(®ity/2). Jlns momHoro
BOCCTAHOBJICHUS (POPMEI Ipollecca HEOOXOAUMO, KaK U B IIEPBOM cClIydae, OT-
(UILTPOBATE HEHY)KHBIC CIIEKTpaJbHBIC COCTaBIISIOIIME. MaciraOupoBaTsk Ko-
3 UIHCHT ITepeaaun (PUIbTPa HE TpeOyeTcHl.

3ananud K J1adopaTopHoi padore

OOKYMEHT

srerroliHok rTRMEDYTe MCXOMHBIM IIpoliecC B BHJIE aJJUTUBHOU cMecH UM-

Cepucmkar: 2C0000043E9ABBBI52205E 7BAS00060000043E
Bnanenew:  letgpPPFHATA W TOHAABEHOTIO CUTHAaJIa ¢ 4aCTOTOH JUCKPCTHU3AlIUHN Fs.
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2. IlocTpoiite rpadpuky CIICKTPOB MCXOJHOIO MPOIECca B PEalbHBIX U OT-
HOCUTEIHLHBIX YaCTOTAaXx.

3. BeimmonHuTE AenuMaInpio mporecca ¢ koddpdunueHToM nenuMmanun k=2,
[TocTpoiite rpaduk cIleKTpa IIpollecca Mmociie JeIUMaLHH.

4. OrpaHuunTe CIEKTp HMcXOomHOoTro Iporecca ¢ nmomombio KMX-dbunsrpa
TaKUM 0Opa3oM, YTOOBI MOCJIEC JEUMMAIMM HE ObLIO uckaxeHu UM-curnana.
AUYX ¢unerpa mocTpoiiTe Ha rpadukKe cCreKkTpa MCXOJHOTO Ipoliecca B OTHOCHU-
TECIbHBIX YacTOTaX. BHOBE BBEINIOJIHUTE ACLUMALIUIO, TIOCTPONTE CIICKTP U CPaBHU-
T€ €0 C IPEbITYIL[UM.

5. BeinmojHUTE MHTEPMOIALIUIO Mpollecca, IMOoIydeHHOro B m.1.4 mMeTogom
mo0aBJICHUS HYJIEBEIX oTcueToB. IlocTpoliTe criekTp mpoliecca.

6. Cunre3upyiite (GUIBTP IS MOJABICHUS HEHYKHBIX CICKTPajJbHEIX CO-
CTaBJIAIOIMX U OocTpouTh ero AUX Ha oHOM rpadHuKe cO CIIEKTPOM.

7. BomonuuTte (GUILTpaIdio IIpoLecca U ITIOCTPOUTE I'papuK CIIEKTpa MOCIIE
(GUIBTpaALUH.

8. BBITOTHUTE UHTEPOOIALIUIO MpoIlecca METOAOM IIOBTOPCHHUS OTCUECTOB U
MOBTOPUTH IT.11.1.5-1.8.

MeToauka BbINOJIHEHHS PA0OTHI

1. ChopmMupoBaTh MCXOAHBIM IPOILECC B BHAC aJIUTUBHOM cMecu UM-

CHUTHAaJIa ¥ TOHAJILHOTO CHUTHAJIA:
process = sin(w0*t + (wd/wm)*sin(wm®*t)) + 2*sin(wi*t),

rae w0 = 2%p1*(0.2 + #%0.02) MI'n, d = 2*p1*(0.15 +#%0.0025) Ml 11, wm
= 2%p1*0.005 MI'u, wi = 2*%pi*(Fs/2 — 0.8*%10) MI 11, Fs=4%1.2288MI 11 -
qacTOTa JUCKPETU3alMU, # - HOMEP BapHaHTa

2. IlocTpoiite rpadpukn CIIEKTPOB MCXOJIHOTO MpoOIiEcca B pPealbHEIX H OT-

HOCHIEHABHBIXCAACTOTaX.
SNEKTPOHHOW NMOANHUCLIO
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3. BrimmonauTe genumaiyio mpoiecca ¢ kodpduinueHTom genumanun k=2,
JIJISE 4er0 U3 UCXOJHOTO IIpollecca B3ATh KaxKbll BTopou orcuer. IlocTporite rpa-
QUK cIIeKTpa mpoliecca IociIe JCIMMAalHH,

4. Ucnionb3ys crekTp ucxogHoro npouecca, cuaresupyute KNX-bunerp u
OT(HUIABTPYUTE YaCTOTHEIE COCTABIISIOIINE HMCXOJHOTIO IIpoliecca, BBIXOJISIINC 3a
OJIOBHHY HOBOHM 4acTOTHI Juckperuszanuu. AUX GuibsTpel mocTpoiTte Ha rpadu-
K€ CIIEKTpa HCXOIHOTO MpoIiecca B OTHOCUTENbHBIX yacToTax. [Ipu sTom, a4 co-
oTBeTCcTBUS MacmiTaboB AUX u crnekrpa ciaeayeT YMHOXUTh orcueThl AUX Ha
MaciuTadbupyromuid kodpounueHT. OrcueTsl AUX paccuMTaTh ¢ IMOMOIIBIO OIIe-
patopa freqz ¢ mapamerpom 'whole’. Bemmomnure nenpmManuro (GHIETPOBAHHOTO
mpoliecca U mocTpoute ero cnekrp. CpaBHUTE criekTp ¢ mpeasiaymuM. [lopsagok
GunILTpa clieayeT BEIOUPATh MUHUMAILHBIM, JOOMBASCh IIPU 3TOM, YTOOKI B CIICK-
Tpe UM-curuanaa mocie JelUMaIUi He ObLIO BUIMMBIX MUCKAaXXCHUN U CJIE/IOB TO-
HaJILHOT'O CHUTHAJIA.

5. IlpoBegure HWHTEPHOISALIUIO IIpoliecca, IOJYYCHHOrO B MPEIbIIyIIeM
IMyHKTE MCTOJOM JJ0OaBJICHHUS HYJICBBEIX OTCUCTOB ¢ KOAY(PPUIIMECHTOM HHTECPIIOIS-
nuu k=2. BBIMOJIHUTE 3TO C MOMOIBI OIl€paTopa IMKJIA, IIPUCBOUB HEUETHBIM
OTCUCTAM HYJIEBBIC 3HAUCHMS, & YCTHBIM — 3HAYCHUS OTCUETOB JCLUMUPOBAHHOIO
npoiiecca. IlocTpoiite criekTp mpoiliecca.

6. Ilo Buny monydennoro crekrpa cuHTe3upyite KUX-dbunerp, oTduib-
TPOBaB HECHYKHBIC CIICKTPAJIbHBIC COCTABIIAIONINE M MIPHUOJIN3ETE, TAKUM 00pa3oM,
CIIEKTP MHTEPHOJIMPOBAHHOTO Ipollecca K BUay ucxogHoro UM curnamna. Ilocne
GUILTpaMd HEOOXOAUMO YMHOXXHTH OTCUCTHI MHTEPIIOIHPOBAHHOTO IpoIiecca
Ha k=2, m1d BOCCTaHOBICHUA aMILIHUTYIBI HcxogHoro UM curmana. AUX ¢uib-
Tpa MOCTPOUTEL Ha OJHOM IpaduKe co creKTpoM u3 1. 2.5. [lns cuHTe3a (puib-

T aofrggs{mmmnﬂnmn one remez vnu firls, onpenesnsis 30Hy mojaBJICHUS B CO-
%EH‘I’ HHOW I'IDJ:II'IHEbPEIp Heaypy > OIIPC/L y /A

Ceptuchmkar:  2C0000043E9ABBBOS52205E7BAS00060000043E
e QTBELCIBHH,  C HaCTOTAMH HCHYJXHBIX CIICKTPAIBHBIX COCTaBJIANOIIUX. HDpH,E[ﬂK

Bnapeneu:
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6. IlpoBequTe MHTEPHOIALMIO IIpoOliecca, MOAYUSHHOIO B I1.2.4, METOIOM
MOBTOpeHUS 0oTcueToB. Kak u B m.2.5 MOXXHO BBIITOJIHUTE 3TO B IIUKJE. 3aTEM MO-
BTOPUTH JICUCTBUSA 11.2.6.

Bonpocs! 19 32Tl pA00THI

1. O0BsicHUTE, B KAKOM CiIydace W I 4eTro HYy)KHa (puIbTpaius mepe]] BbI-
MOJIHCHUEM JICLIUMALIMHU !

2. Kakoll omkHa OBITE 4acToTa cpe3a (pUiILTpa IIPH IEPEXoJie OT YaCTOTEI
muckperm3anuu Fs; = #*%100k]'1 1o wactoTe! muckperusanun Fsy = #*25kI11?

3. Jlokaxure ¢ nomoiesio popmyn s JIII® gro pu mobaBieHny HyJie-
BBEIX OTCUCTOB MPHU HHTEPIOIAINU (popMa CIICKTPa OCTACTCsI HEM3MEHHOM.

4. B yeM 3akIro4yalOTCS MPEUMYIIECTBA M HEJOCTATKHM JIBYX PacCMOTPCH-

HBIX CIIOCOOOB MHTEPMOJISIINHN?

Coaep:kaHue oT4eTa H ero (popma
OTueT JOJDKEH OBITH IIPEACTaBIICH B Bujc (Qaiina ¢ umcHeM lab7 #m, co-
NepKaIlMM TEKCT IIPOrpaMMBI ¢ IOJPOOHBEIMH KOMMEHTapHUsAMH U (aiija ¢ uMme-

HeM pamunusa _nad7 eapuanm#.doc, c OTBETaMH Ha KOHTPOJIBHEIE BOMPOCHL.

AOKYMEHT MNMOArnncAH
SANEKTPOHHOW NOAMNWCLIO
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1. O0mue nmoJio:xkeHud

CamocroarensHas pabora — 1UaHupyemas yueOHas, ydeOHO-MCCIENoBATENbCKAs, HAYYHO-
UCCIEN0BATENBCKA pad0Ta CTYAEHTOB, BEIIIOJHAEMAA BO BHEAYAUTOPHOE (AyIUTOPHOE) BPEMS IO 3aTaHUIO
U TpPH METOOUUECKOM PYKOBOIACTBE IMPENOIaBATENSA, HO 0€3 ero HEmoCPEACTBEHHOTO yuacTus (Ipu
JACTUYHOM HEMOCPEICTBEHHOM YYaCTHMHM IPENOaBaTENs, OCTABJAIONIEM BEAYIIYIO pPOIL 3a paboToM
CTYIIEHTOB).

CamocroarensHas padora crynentos (CPC) B BY 3e aBisierca BaHBIM BUIOM Y4EOHOU M HAYYHOH
NEeATENBHOCTH CcTyneHTd. CaMmocroATensHas padoTa CTYJEHTOB UIPAET 3HAUUTEIBHYIO POJIb B PENTHHTOBOM
TEXHOJIOTUN 00ydYEHUA.

K OCHOBHBEIM BHJIAM CAMOCTOATEILHOU PA0OTHI CTYAEHTOB OTHOCATCA:

- (h)OpMHUPOBAHUE U YCBOCHUE COAEPKAHUA KOHCIEKTA JEKIMHN HA 0a3e peKOMEHIOBAHHOU JIEKTOPOM
yueOHON IUTepaTypsl, BKIOYas MHPOPMAIMOHHEIE 00Pa30BATEIBHEIE PECYPCHI (MEKTPOHHBIE YUECOHHUKH,
3JIEKTPOHHBIE OMOMUOTEKY U OP.);

- HATMCAHMNE TOKJIAI0B;

- MOArOTOBKA K CEMUHAPAM, NPAKTHYECKAM M JIA0OPATOPHEIM padoTam, ux o) OpMIEHUE;

- COCTABJICHUE AHHOTUPOBAHHOTO CIMCKA CTATE€H M3 COOTBETCTBYIONIMX JKYPHAJIOB MO OTPACIAM
3HAHUH (MMEZATOTUYECKUX, ICUXOJIOTHYECKUX, METOIUUECKUX U OP. );

- BEIITOJIHEHNUE YIEOHO-UCCIEI0BATENBCKUX PadOT, MPOEKTHAS AEATEIBEHOCTE;

- MOArOTOBKA MPAKTHUECKUX pa3pabdOTOK U PEKOMEHIAIMH IO PEMIEHUIO TTPOOIEMHON CUTY AT,

- BBIITOJIHEHHE OOMAIIHMX 3a0aHUM B BHUAE PEIIECHUA OTOEIBHBIX 3a4a4, NPOBEIEHUA THIOBBIX
pacueToB, PACYETHO-KOMIBIOTEPHBIX M MHIWBHUAYAIBHEIX padOT MO OTAENBHBIM pa3lenaM COIepKaHHA
TUCIUAILUINH U T.1.;

- KOMOBIOTEPHBIM TEKYIIMH CAMOKOHTPOJIbL M KOHTPOIb YCHEBAEMOCTH HA 0a3e 3IEKTPOHHBIX
00yUJaronix U aTTeCTYIONINX TECTOB;

- BBIITOJTHEHU E KYPCOBEIX PAa00T (IPOEKTOB) B paMKax AUCIWTIINH;

- BBIITOJTHEHU € BBIMTY CKHOW KBAUTH(PUKAIIMOHHON pabOTHL U JIp.

Meronuka opranuzauy CaMmOCTOATENEHON PA0OTEI CTYAEHTOB 3aBUCUT OT CTPYKTYPEI, Xapakrepa u
OCOOEHHOCTEM M3Yy4YaeMOM OUCHUIUIMHEL, OOBEMA YAaCOB HA €€ W3y4YEeHWE, BHIOA 3aJaHUM 1A
CAMOCTOATENBPHOU pPAOOTHI CTYAEHTOB, WHAWBUIYATBHBIX KAueCTB CTYAEHTOB W YCIOBUN yUeOHOU
NEeATENBHOCTH.

[Tponiecc opranmzanmm caMOCTOATENLHON paA0OTHI CTYIEHTOB BKIFOYAET B CE0s CIEAYIONINE TAMEL:

- NOATOTOBUTEILHEIN (ONPEAENEHNE LENIEH, COCTABICHUE MPOTPAMMEI, IMOATOTOBKA METOIMIECKOTO
oOecreueHus, MOArOTOBKA 000PYI0BAHHS );

- OCHOBHOH (peami3anys MpOrpamMmel, UCIOJIL30BAHUE MPHUEMOB MOMCKA WH(OPMAIMK, YCBOEHMA,
nepepadoTKu, MPUMEHEHU, IEPENAYN 3HAHUH, (PUKCHPOBAHUE PE3YABTATOB, CAMOOPraHU3alnsa mporecca
paboTE);

- 3AKIIOYUTEILHBIA (OLEHKA 3HAYMMOCTA U AHAJIN3 PE3yIbTATOB, MX CHCTEMATH3AIMA, OLCHKA
5 PEKTUBHOCTH MPOTPAMMEI U IPUEMOB PAOOTEI, BEIBOJBI O HAMPABICHUAX ONTUMU3AIUNA TPyaa).

AOKYMEHT MNMOArnncAH
SANEKTPOHHOW NOAMNWCLIO

Ceptwdomkatr: 2C0000043E9ABEB952205E7BAS00060000043E
Bnapeneu: lebayxoea TaTeAHa AnekcaHgpoBHa
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2.1eib ¥ 32/124H CAMOCTOATEILHOM padOThI

Benymas nenes opranusannu u ocymecrBiaenua CPC coBmamaer ¢ nenpro 0OydeHUs CTyaeHTa —
(OpMHPOBAHNE YHUBEPCATBHEIX KOMIIETECHIINN.

[Tpu opranmzanmm CPC BaKHBEIM 1 HEOOXOOUMEIM YCIOBUEM CTAHOBATCA (POPMHPOBAHUE YMEHMA
CAMOCTOATENBHON PA0OTEI 11 MPUOOPETEHNA 3HAHUN, HABBIKOB U BO3MOKHOCTH OPTaHM3AlMH YIEOHOU U
HAYIHOU OeATEeNIbHOCTH. llempro  camocToATEnsHOM  paldOTBI  CTYJEHTOB  SBIIAETCA  OBIAJEHHUE
(YHIAMEHTANEHEIMM 3HAHUAMHM, NOPO(PECCHOHAIBHBIMA YMEHUAMHU W HABBIKAMH JEATEIBHOCTH MO
Opo (o, ONMBEITOM TBOPYECKOH, NCCAETOBATENECKON AEATENRHOCTH. CaMOCTOATENRHAA Pa00TA CTYJEHTOB
COOCOOCTBYET PA3BUTHIO CAMOCTOATENBHOCTH, OTBETCTBEHHOCTHM M OPraHW30BAHHOCTHU, TBOPYECKOTO
DOAX01a K pENIEHUI0 Mpobdiem yueOHOro u npoeCCHOHAIILHOTO YPOBHSL.

Jamauamu CPC aBigroTcs:

- CHCTEMATH3AlMA U 3aKPEIUIEHUE ITOJYYEHHBIX TEOPETUYECKUX 3HAHUM U MPAKTHUYECKUX YMEHWUHN

CTYIEHTOB;
- yrayOneHue U pacliupeHne TEOPETUUECKUX 3HAHUM;

- (popmupOBaHUE YMEHWHM UCHOIL30BATH HOPMATUBHYIO, MPABOBYIO, CIIPABOYHYIO0 TOKYMEHTAIIHIO
U CIIELHUATIBHYIO JIUTEPATy Py,

= PAa3BHUTHC ITO3HABATCILHBIX CrTocOOHOCTEH B AKTHUBHOCTH CTYOCHTOB. TBquECKDﬁ HHHIIHATHBEI,
CAMOCTOATCIIBHOCTH, OTBECTCTBCHHOCTH H OPraHH30BdAHHOCTH,

- (popmMupoBaHME  CAMOCTOATEIFHOCTH  MBINUIEHWA, CHOOCOOHOCTEM K  CAMOPA3BUTHIO,
CaMOCOBEPIIEHCTBOBAHUIO M CAMOPEATN3AIIHIH;

- pa3BUTHE UCCIEIOBATENLCKIX YMEHHI;

- UCIIOJIB30BAHME MATepuaia, COOPaHHOr0 U MOMYYEHHOTO B XOAE CAMOCTOSATENBHOM padOTHI M
1adopaTOPHBIX 3AHATHI.

3. TexHo/lornyeckass KapTa caMoOCTOATEILHON padoThl CTY/IeHTA

CpencrBa u O0neM 4acoB, B TOM 4HCIIE
Konaer
TEXHOJIOTHH CPC | KouraktHasa | Bcero
peann3yeMaIX Bun nesarenrHOCTH
N OLI€HKH padora ¢
KOMITCTECHII M, CTYIEHTOB
UHIUKATOPA(OB) rperoaasat
eJIeM
7 cemecTp
NIT-1vic CamMocTOATEIRHOE Cobecemosanue
-2k H3ydEHHE
U]I-3yxs JINTEPATYPEI 44,46 4,94 49,4
W11 mes VII-
2 11K-3
Vidbidaer nogiubh@IroToBKa K CobecenoBanue
%ﬁﬁ'ﬂﬁ?ﬂ” ”G}%'@gam HEIM
Ceprudomkar] 2C00 _ET%P.BBEBEEED E/BASOORE000004 3E
Bnapeneu: lebs Yidsda Anexc 3%@1{53’[ 7-:29 018 1 811
NJ1-1nxs U1-
,D,EHCTEHTEHEH;MQ-D&.%%;JS Q8 2027
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NIT-1vic [TonroToBKA Jloxman
U-2yi noKJIana
NJI-3vi 9 1 10
NJ1-1mx: UT-
2.3
Htoro 3a 7 cemectp 60,75 6,75 67,5
HUroro | 60,75 6,75 67,5

4.Ilopsi1oKk BLINMOJTHEHHS CAMOCTOATEILHON padOThI CTY/IeHTOM

4.1. Memoouueckue pekomenoayuu no pabome ¢ yueoOHou 1umepamypou

[Ipu pabore ¢ KHMrOM HEOOXOOUMO ITOJOOpATE IUTEPATYPY, HAYUUTHCS MPABWUIBHO €€ UUTATH,
BecTH 3amucu. Jlng mogbopa nmureparypsl B OMOIMOTEKE NCHOMB3YIOTCA an(aBUTHBEIM U CUCTEMATHYECKUI
KaTaJIO0TH.

BaKHO MMOMHUTE, 4TO PAIMOHAIBLHEIE HABEIKA padOTBEI ¢ KHUTOM - 5TO BCeraa Oonmpmias SKOHOMUS
BPEMEHHU U CHUJL

[TpaBmibHEINM TOA00P YUCOHNKOB PEKOMEHIOYETCS IMIPEMNOIABATEIEM, YUTAIOIIUM JIEKIIMOHHEIN KypPC.
Heobxomumas nureparypa MOKET OBITh TAKKE YKa3aHA B METOAUUECKHUX pa3zpadOTKax mo JaHHOMY KypCy.

M3ygas marepman mo yueOHMKy, CIEOyeT NEepPeXOAuTh K CIEOYIOMIEMY BOIPOCY TOJBKO ITOCIIE
MPABWIBHOTO YSACHEHWA NPENBIAYIIETO, OMMCHIBAA HA OyMare BCE BBIKIAIKH M BEIUMCIECHUA (B TOM YHCIIE
T€, KOTOPBIE€ B Y4€OHUKE OIMYNIEHEI WM HA JIEKIIUH JAHBI JJIA CAMOCTOATEIEHOTO BEIBOAA).

[Ipn w3yuennn moOOM AUCHUIUIMHEL OOMBIIYIO M BAXKHYIO POJE WUIPAET CAMOCTOATEILHAS
MHIUBUAYATEHAS padoTa.

Oco00e BHUMAHUE CIIEAYET OOPATUTEL HA OMPENEIEHUE OCHOBHEIX IMOHATHUU Kypca. CTyOeHT OOIKEH
noapoOHO pa3zdupaTe NPUMEPEI, KOTOPEIE MOACHAOT TAKUE ONPENENeHUsA, U YMETh CTPOUTH AHAJIOTHUHBIE
OPUMEPHL CAMOCTOATENbHO. HyKkHO 100OMBATBECA TOYHOrO MPEACTABIECHUA O TOM, 4TO M3y4daems. [lomesHo
COCTABIATH OIOPHBIE KOHCHEKTHI. [Ipm m3yduennu marepuana no ydeOHUKY MOONE3HO B TeTpanu (Ha
CHOEIATbHO OTBEAECHHBIX MOJIAX) AOMOMHATH KOHCHEKT JEKIWi. lam ke crmemyer OoTMeuaTh BOIPOCHL,
BBIIEIIEHHBIE CTYAEHTOM JJI1 KOHCYIbTALIUH C IIPENOAABATEIEM.

BEIBOIBI, MOJIYUEHHBIE B PE3YILTATE U3YUEHU S, PEKOMEHIYETCA B KOHCIIEKTE BBIIEIATh, YTOOEI OHU
OpU NEPEUNTHIBAHUN 3AMMUCEH JIYUIIE 3aIIOMUHAINCE.

OnelT MOKA3BIBAET, UYTO MHOTHM CTYAEHTAM ITOMOTA€T COCTABJICHHUE JIMCTA OHOPHEIX CHUTHAJIOB,
COEPIKANIETO BAKHENIIINE U HAMOO0IEE 4acTo ynoTpednsaeMsie (POPMyITBI M MOHATHA. [aKOM THCT MOMOTAET
3aIIOMHUTE  (POPMYJIBI, OCHOBHBEIE IIOJIOKEHUS JIEKIIUM, d TAKKE MOKET CIYKUTh HOCTOSHHBIM
CHPAaBOYHUKOM JJIA CTYAEHTA.

Yrenue HaydHOrO TEKCTA ABJIAETCHA YACTBIO ITO3HABATEIBHOU NEATEIBHOCTH. Ee 1ens — n3BieueHne
n3 Tekcra HeoOxomumou uH(popmaruu. OT TOr0 HA CKOIBKO OCO3HAHHA YMTAMONIAM COOCTBEHHAA
BHYTPEHHAA YCTAHOBKA HpU OOpamieHMM K MEYaTHOMY CJIOBY (HAUTH HYKHBIE CBEIEHUA, YCBOUTE
MH(OPMALINIO ITOJTHOCTRI WJIM YACTMYHO, KPUTHYECKH MPOAHATW3UPOBATH MATEPUAT M T.II.) BO MHOTOM
3aBUCHT 3(P(PEKTUBHOCTE OCYNIECTBIAAEMOTO IEMCTBHUA.

BBIIEIAIOT Yemblpe 0CHOGHbIE YCHIAHOBKH 6 YMeHUU HAYYH020 MeKCma:

MH(POPMATTMOHHO-TOMCKOBEIN (3aa4a — HAWUTH, BEIIECITUTE UCKOMYI UH(PO pPMATIHTO )

Y CRAMRMOTHAA ASEIUTHS IUTATEIT HAMPABICHB HA TO, 4TOOBI KAaK MOMKHO IMOJIHEE OCO3HATH U
samoMHIPHE AR EBEGHS 11 M3 maracMeIe ABTOPOM, TAK W BCIO JIOTUKY €T0 PACCYKIECHUN)

Ceprwdoukar: 2C0000043E9ABEBO952205E7BAS00060000043E
Bnanenew:  Llie6 - yecKasd  (4YATATEIh ~ CTPEMHUTCSA ~ KPUTHYECKH  OCMBICIMTH  MATEpHA,
MPOAHAIN3UPOBAB €T0, ONPENEIUB CBOE OTHONIEHHE K HEMY)
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TBOpYECKAA (CO3JAET y UMTATENA TOTOBHOCTH B TOM WJIM MHOM BHAE — KAaK OTHPABHOM ITYHKT IJIA
CBOMX PACCYKIEHWH, Kak 00pa3 ais JEeUCTBUA MO AHAJOTUH U T.II. — UCITOJIB30BATE CYKIEHUA aBTOPA, X0
€r0 MBICIEH, pE3yJbTaT HAOmomeHusA, pa3padOTaHHYH METOAUKY, AOMOJHUTE HUX, MOJABEPrHYTH HOBOU
IpPOBEPKE).

OcHogHble BUOb] cCLUCMeMamu3upPoOBaHHOU 3aNUCU NPOYUMAHHO20:

AHHOTHPOBAHHE — TPENEIHHO KPATKOE CBA3HOE OIMMCAHUE MPOCMOTPEHHOM WM MNPOUYUTAHHOU
KHUTH (CTATbH), €€ COAEPIKAHNS, HCTOUYHUKOB, XapAKTepa U HA3HAUCHMUA,

[InanupoBanue — Kparkas JIOTHMYECKAS OPraHu3alusd TEKCTAa, PACKPBIBAIONIAA COAEPKAHUE H
CTPYKTYPY U3YIAEMOTO MATEPHAIIA;

TesupoBanme — MTaKOHMYHOE BOCIPOW3BENCHUE OCHOBHBIX YTBEPIKIEHUM aBTOpa 0€3 mpUBIEUYECHUSA
(aKTUYECKOTO MATEPUAIIA;

[lutupoBanue — [OOCIOBHOE BEINMUCBIBAHME M3 TEKCTA BBIACPKEK, W3BICUCHUM, Hauboee
CYIIECTBEHHO OTPAKAIIIMNX Ty WIHM UHYIO MBICITE ABTOPA;

KOHCIEKTUPOBAHUE — KPATKOE M MOCIAETOBATEIHHOE U3I0KEHHUE COEPKAHNS MPOUYUTAHHOTO.

KOHCOEKT — CHONKHBIM CHOCOO W3JIOKEHUA CONEPKAHWSA KHUTH WIH CTAaTbU B JTOTHYECKOMN
OOCIEN0BATENLHOCTH. KOHCHEKT akKyMyIMpyer B Ce€0e MNpeaplayniie BUIOLI 3aMMCH, IMO3BOJIAET
BCECTOPOHHE OXBATUTHL CONEPKAHME KHWUTH, CTAareu. [l0osTOMY yMeHME COCTABIATEH ILIAH, TE3UCHI, JCIATEH
BBIMMUCKU U IPYTHE 3AMNUCH OMPENSISET U TEXHOIOTHIO COCTABIEHUS KOHCIEKTA.

Memoouueckue pexomenoayuu no cOCMAagIeHUI0 KOHCNEeKma:

1. BaumareasHO MpoUnTAUTE TEKCT. Y TOUHHUTE B CIIPABOYHOM JIMTEPATYPE HEMOHATHRIE CnoBa. [Ipn

3amHUCH He 3a0yIbT€ BEIHECTH CITPABOYHBIE JAHHBIE HA MOJIS KOHCIIEKTA.
2. Beimemare riaBHoOeE, COCTABLTE IIJIAH.
3. Kparko chopmympylTe OCHOBHBIE TTOMOKEHNS TEKCTA, OTMETHTE APTYMEHTAIIMIO ABTOPA.

4. 3aKOHCHEKTHUPYHUTE MATEPUA, YETKO Cciaexys IyHKTaMm IuranHa. l[lpu  koHCmekTupoBaHum
CTAPalTECh BBIPA3UTh MBICIL CBOMMH CIOBAMH. 3aMUCH CIEAYET BECTH UETKO, SICHO.

5. I'pamOTHO 3ammcCeIBANTE HUTATEL. [ {[UTHPY S, YUUTEIBAUTE JIAKOHUYHO CTh, 3HAYMMOCTb MBICIIH.

B TekcTe KOHCIIEKTA JKEIAaTENbHO NPUBOIWTE HE TONBKO TE3UCHBIE ITONOKEHUA, HO M HX
nokazarensctBa. llpm odopmmeHun KOHCIEKTAa HEOOXOOMMO CTPEMUTBCS K E€MKOCTH  KaXKIOro
npenaokeHnusa. MEBICIM aBTOpa KHMTH CIENYET W3JIararb KParko, 3a00TACE O CTWIE M BEIPA3UTEIBLHOCTH
HAMMCAHHOTO. YHCIO MOMOJIHUTEIBHEIX 3JIEMEHTOB KOHCIEKTA TOMKHO OBITH JIOTUUECKH 000CHOBAHHEBIM,
3aMUCH  OOJDKHEL PACOPENENATECA B ONPENEIEHHOM MOCAETOBATENILHOCTH, OTBEYAIOMIEH ITOTHUECKOM
CTPYKType nmpousBeneHus. [y yTouHEeHUs U TOMOJIHEHNUS HEOOXOQUMO OCTABIIATH MOJIA.

OBianeHWe HABBIKAMU KOHCHEKTUPOBAaHUA TpeOyer OT CTydeHTa UENneyCTPEMIEHHOCTH,
MOBCEIHEBHOU CAMOCTOATENLHOM PAOOTEL.

4.2. Memoouueckue pekomeHoayuu no HOO20MOBKe K NPAKIMUYECKUM 3AHAMUAM

Jlms Toro 9roOBI TNPAKTUYECKUE 3aHATHA MNPUHOCHIM MAKCUMAIBHYIO IIOJIB3Y, HEO0OXOIUMO
MOMHHTE, YTO YHOPAKHEHUE M PEMICHUE 3a1ad MPOBOIATCA MO BEIYMTAHHOMY HA JEKUMAX MATEpUATy H
CBA3AHBI, KAK IPAaBWIO, C NETANBHBIM Pa300pOM OTAENBHEIX BONPOCOB JEKIMOHHOTO Kypca. Criemyer
MOAYEPKHYTh, YTO TOJBKO ITOCJIE yCBOEHH:A JIEKIMOHHOTO MAT€pHaia C ONMPENENICHHOW TOYKH 3PEHHA (a

MMEHHO C TOM, C KOTOPOU OH WU3JArdercs Ha JIEKINAX) OH OyJeT 3aKperiTeCsa Ha 1a00PATOPHEBIX 3aHATHIX

OKYMEHT NOAMUCAH
KaK B NIPBRABE B@ICHUA M aHaJm3a JEKIUOHHOI0 Marepuaja, Tak U C IIOMOIIBIO PEIICHUA

Cepvdarp0 CAENATLINOACHASy AP /3A09A100D P STHX yCIIOBHUAX CTYHEHT HE TOJIBKO XOPOIIO YCBOUT MATEPHAN, HO U

Bnapeneu: llebayxosa TatekaHa AnekcadapoBHa w
ﬁﬂ}“ﬂfﬂ' a HpHME‘HHTE E‘%PD Had HpﬂI{THI{E, d TAKKEC HDJ’[}’ qUT OJOITIOJIHHUTCIEHBEIHA CTHN[}’I[ (H 3TO OYCHB BHH{HD)

IJ1sl AKTUBHOU MPOPA0OTKU JIEKIINAH.
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[Ipn camoCTOATENEHOM PEMIEHUHN 3a0a4 HYKHO O00O0CHOBBIBATH KAMKIBIA ATAN PEUICHUA, UCXOOS U3
TEOPETUUECKUX MOJIOKEHUM Kypca. Ecan cTyeHT BUOAUT HECKOIBKO MyTEH pemeHusa npoOmeMsl (3amadn),
TO HY)KHO CPAaBHMTh MX W BBHIOpare CamMbId panuOHANBHBIN. [l071€3HO 1m0 Hawana BEIYMCIEHHH COCTABUTE
KpAaTKW MJAaH pemeHus npodOnemsl (3amaun). Pemenme mpoOmeMHBIX 3amad WM TMPUMEPOB CAEOYET
M3Jlaratb MOAPOOHO, BBIYMCIEHWA pACIOIaraTe B CTPOrOM MOPAJKE, OTOENAs BCIIOMOTATEIBEHEIE
BBIUMCIIEHUA OT OCHOBHBIX. PemeHus mpu HEOOXOZUMOCTH HYKHO COIPOBOKIATH KOMMEHTAPHAMU,
CXEMaMH, YEPTEKAMH U PUCYHKAMH.

Crenyer mOMHUTE, UTO PEIIEHUE KAKIOW yIeOHON 3a1auu JOKHO JOBOAUTHCS OO0 OKOHYATETEHOTO
JTOTUUECKOTO OTBETA, KOTOPOTO TpeOyeT yCaoBHE, U MO BO3MOKHOCTH C BRIBOAOM. [lomyueHHsiir oTBeT
CIEIYEeT HPOBEPUTH CHOCOOAMH, BBITEKAIOMIMMHU W3 CymiecrBa AaHHOM 3anadu. [lomesno rtakwxke (ecim
BO3MOIKHO) PEIIATh HECKOJBKUMHM CIoco0aMu M CpaBHUTH ITOJYUYEHHEBIE pe3ynbTarel. Pemenmwe 3amaq
TAHHOTO TUIA HYKHO IMPONOJIKATE 0 MIPHOOPETEHNA TBEPAIX HABEIKOB B UX PEIICHUM.

4.3. Memoouueckue pekomernoayuu N0 camonpoéepKke 3HAHUll

[Tocne m3ydeHusa ompeaeneHHOM TEMBI 0 3aMMCAM B KOHCHEKTE M YUCOHUKY, 4 TAKKE PEHIEeHUS
DOCTATOUHOTO KOJMUYECTBA COOTBETCTBYIONMIMX 3a7a4 HA MPAKTUYECKUX 3aHATHAX MU CAMOCTOATEIBHO
CTYOEHTY PEKOMEHAYETCA IPOBECTH CAMONPOBEPKY YCBOCHHBIX 3HAHMW, OTBETUB HA KOHTPOJIBHEIE
BOIIPOCHL MO U3YYEHHOU TEME.

B ciyuae He0OX0AMMOCTH HYJKHO €II€ pa3 BHUMATENLHO Pa300pareCsa B MaTEpUAIIE.

Muorna HegoCTaTOUHOCTh YCBOEHUA TOTO WIM MHOTO BONPOCA BEIACHAETCA TOJBKO IIPU U3YYEHHHU
oalrpHEUIIEro marepuana. B 53TOM ciyuae HAOO BEPHYTHCA HA3a0 W IOBTOPUTH IUIOXO YCBOEHHBIN
mMarepuan. BaxHBIN KPpUTEPHUIT YCBOEHUA TEOPETUYECKOTO MATEPUATIA — YMEHUE OTBEYATh HA BOMPOCH! A
cobecenoBaHMs.

Bomnpocsl 11 codece1oBaHHA
ba3oBblIil YPOBeHB

. HaCTOTHBIN CIEKTP CUTHATA.

. LHupporeie curnaner nnrepgderica RS-232.

. Paner @ypee. OnpeneneHne uacTOTHOTO CIIEKTPA.

. Teopema KorensHUKOBA.

. lIpuuuun padorsr AILLII.

CoBeplieHHas TU3BIOHKTUBHAS HOPMAJIbHAA (popMa MpencTaBIeHUs (PyHKIMH.
DOpMEI CUTHAJIOB IIPH AHAJIOT O-IIU() POBEIX MPEOOPAZOBAHUAX.

CoBepuieHHas KOHBIOHKTUBHAA HOPMaIbHAA (pOpMa MPEaCTABICHUA (PYHKIH.
10. Ipyuamumn padotsr LAIIL.

11. JIBonuHO-gecATHUHBINA aemupparop.

12. @opmel CUTHAJIOB ITPH U(PPO-AHATOTOBEIX ITPEOOPA30BAHUAX .

1 3. Cunres nmdparopa B 0azuce «mm».

14. IlporpaMmMupyeMEI€ JOTHUECKUE YCTPOUCTBA MATPUIHON CTPYKTYPEL.

1 5. MympsTunnekcupoBanme uu(pPOBEIX CUTHATIOB.

16. ITocneqoBarensHEIE U MAPAJUIETBEHBIE PETUCTPEI.

17. Cunres nemMynsTHILIEKCOPA B Da3UCE «1», «HEN.

18. LIupporeie punpTpel.

19. Tuner TpurrepoB npu nepeaade nu(ppoBEIX CUTHATIOB.

20 IIp aboarnvgEd) pOBOTO YacTOTOMEPA.
Conm qmm L&E{ﬂiﬂ Dgi Ve ”3@1‘3@: OCHeNOBATEIBHOCTHBIC YCTPOUCTBA).
Bnanened 2 . JlcKpeTHREIR NpPeoOpaseBanna Oypee.

23. HacTOTHEIN CHEKTP CUTHAJIA.

,D,EHCTEH%J‘PQH:aﬂﬁﬁlﬁﬁ'%m_ﬁﬂﬂlﬂ{l{ﬂ HMH}’HBCUB-
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25. Kon Puna-Conomona. Xpanenne na(popmanyu Ha JUCKAX.
26. Ocuosueie onepauuu LJOC. Ceeprka, koppemaums, (QribTpaus.
27. PeBepCUBHEBIE CUETUMKN UMITYJIECOB.
28. Omunueckue curHaael cetu Ethernet.
29. Crpykrypnas cxema nu(ppoBoro (puisTpa.
30. ®mznueckue curnamsl Ethernet. Bxoguere /Berxogueie nierm cragmapTaoro mopra 1 0Obase-T.
31. Knaccupukanuusa nu(ppoBeIX (PUIETPOB.
IloBbIlIe HHBLIN YPOBEHB
32. Curnanst cetu Ethernet. Manuecrepckuii ko .
33. ®opmupoBanue MU POBOTrO CUTHAMA.
34. Crpykrypuas cxema onoka PHY Ethernet.
35. Hugposeie curnanel. Koguposanne NRZI. 4B/5B. Illupuna cnekrpa curnana.
36. Cuares kOMOMHAIIMOHHBIX CXEM.
377. Xpanenue u oopadbotka unpopmainm. Kong Puna-Comomona.
38. Crpykrypa mu()poBOro curHana (mOTEHIIHATbBHBIN, UMITYI5CHBIN ).
39. Anropurm nepenaun M (PpoBeIX cUrHAIOB B cetu Ethernet.
40. HHugpporou bUX-pumstp.
4]. Camxenune mmpuHel cnekrpa curHana Ethernet. TpexyporaeBriii curnan MLT-3 (MHOrOypOBHEBEIN
TPEXTOPOTOBEIH ).
42. CpaBHEHHE AMITIIMTY IHO-YACTOTHBIX XaPAKTEPUCTHK AHAIOTOBBIX U IIU(PPOBBIX (PUILTPOB.
43. CranpapTHBIE pElIEHUA TAIEBAHUYECKOU pa3Ba3ku Fast Ethermnet ycTpoiicTs, mogkmodaeMeIx gepe3
paszseMm RJ-45.
44. OWIBTp ¢ KOHEYHON UMITYJIbCHOM XapakTtepuctukon ( KMX-¢puastp)

4.4. Memoouueckue pexomeHoayuu no HANUCAHUIO HAYYHbIX MEKCmMog (00K1a008, pedhepamos, Icce,
HAYYHbIX cmameu u m.o.)

[Tepen TemM, kak MPUCTYINTH K HAMMCAHUIO HAYYHOTO TEKCTA, BAKHO Pa300paThCsa, KAKOBA UCTUHHAA
I1E€JIb BANIETO HAYYHOTO TEKCTA - 5TO IMOMOKET BaM Pa3yMHO PACIPEIEINTE CBOU CHUIIBI U BPEMH.

Bo-nepBEIX, CHaYaga HYKHO ONMPENETUTHCS C UOCEH HAYUYHOTO TEKCTa, a JIA 3TOTO HEOOXOIMMO
HAYYUTECA JINOO0 OTHOCUTLCS K PA3HBIM ABICHUAM U (PAKTAM HECKOJIBKO KPUTHYECKU (CBOSA UIEA — KAK UHAL
TOYKA 3pEHHs), TU00 HAYUUTHCS YBIEKATHCS KAKUMH-TO W3BECTHBIMU HAEAMH, KOTOPEIE HYKIAIOTCS B
nopaborke (Maesd — Kak ONTUMHUCTHYECKAs TO3UIMSA W HANPABICHHOCTH HA  JaJbHENIIEee
COBEPILEHCTBOBAHUE YK€ U3BECTHOTO ). BO-BTOPRIX, HAYUUTHCA OPraHU30BEIBATE CBOE BPEMAI.

[Tucare crenyer sACHO M HOHATHO, CTAPAsSCh OCHOBHBIE MOMOKEHHA (POPMYIMpPOBATH YETKO H
HEIBYCMBICIEHHO (4TOOBI 1 CAMOMY ITOHATHO OBIJIO ), & TAKIKE CTPEMACE CTPYKTYPUPOBATE CBOU TEKCT.

Cucremarmzanus M aHATM3 W3YYEHHOW IJMTEPATYPHl MO MpoOIeMe HCCIETOBAHUS IMO3BOJIAIOT
CTYyJIEHTY HAIMUCATEL padoTy.

Pabouuii BapmaHT TEKCTa OOKIAna HPEIOCTABIMETCS PYKOBOOWUTEMO HA IMPOBEpKYy. Ha ocuome
pabouero BapuaHTa TEKCTA PYKOBOOUTENL BMECTE CO CTYAEHTOM OOCYKIAET BO3MOKHOCTH AOPAOOTKH
TEKCTa, €ro 0()OpPMIEHHE.

Cmpykmypa ooknaoa:
- Bgenenue (me Oomee 3-4 crpanwun). Bo BBegeHunn HEoOXOOuMO OOOCHOBATH BEIOOD TEMBEI, €€
AKTYaTbHOCTb, OUEPTUTh 00JACTE HCCIENOBAHMA, OOBEKT MCCIEOOBAHUSA, OCHOBHBIE €U WU 3a0aud

HCCICOTOBAHMA.
AOKYMEHT MNMOArnncAH

- ®Cocrour uz 2-3 pasmenos. B HUX PACKPEIBAETCA CYTh MCCIETYEMON MPOOIEMEL,
Ceprucukar:  2C0000043E9ABEBI52205E7BAS00060000043E

Bnageney JTP QBOIIECHE bﬂﬁ.ﬁhﬂﬁc aNEHROB OH JUTCPATYPEI M HMCTOUHHKOB HHTEPHE‘T o npeaMery HCCICOOBAHHA, B
KOTOPOM OA€TCA XdPAKTCPUCTHKA CTCIICHHU Pa3p aboTaHHOCTH ITpo OmeMBI U aBT OpCKaA aHaAJIUTHYCCKAaA

feicrenTe@HECHKE® 20CHOBHBINZ23TCOPCTHYCCKHUX TIOAXO0OOB K €€ PCIICHHIO. Uznoxenne MATCpHAJId HE JOJKHO
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OTPAaHWUYHBATHCS JIMIIL OMMCATEIBHEIM MOAXOAO0M K PACKPBITUIO BEIOpAHHOM TeMbl. OHO TAKKE TOKHO
COImeparb COOCTBEHHOE BHUAEHHME pPACCMATPUBAEMOM NPOOMEMBI U W3I0KEHHUE COOCTBEHHOW TOYKHU
3peHNA Ha BO3MOKHBIE IyTH €€ PEIICHNA.

- 3axmouenue (1-2 crpanuier). B 3akmodeHnn KpPaTKO M3MAraroTCa AOCTUTHYTHIE HNPH U3YIEHHHN
OpOOIEMEI 1€/, HEPCIEKTUBEI PA3BUTHS UCCIEAYEMOT 0 BOIIPOCa

- Comcok MUCHOAB30BAHHOM auTeparypel (He mMensmie 10 uCTOUHMKOB), B aa(aBUTHOM HOPAIKE,
O()OPMIEHHEIM B COOTBETCTBHUM C NPUHATHEIMHU IIPAaBWIAMH. B CIMCOK HMCHOJB30BAHHOM JWUTEPATYPEL
PEKOMEHIYETCA BKIIOYATh PA0OTHI OTEUECTBEHHBIX M 3apyOE€KHBIX aBTOPOB, B TOM UHCJIE CTAThH,
OonmyOJMKOBAaHHBIE B HAYYHBIX KYPHAJIAX B TEUEHHE MOCAEOHUX 3-X JET M CCBUIKM HA PECYPCHl CETH
Hurepuer.

- Ilpunoxkenue (mpu HEOOXOOUMOCTH ).

Ipebosanus k oghopmueruro:
- TEKCT C OJHOM CTOPOHEI JINCTA;

- mpu@dt Times New Roman;

- kerms mpudra 14;

-  MEKCTpouHOe paccrosuue 1,5;

- OOmIA: CBEPXY 2,5 M, CHU3Y — 2,5 ¢M, cieBa - 3 ¢Mm, copasa 1.5 cm;

- pedepar gomxkeH OBITE MPEICTABIEH B COPOIIIOPOBAHHOM BHIE.

Ilopsadok 3awumel Ooknada:

Ha zammury mokmana oTBOAMUTCA 5-7 MUHYT BPEMEHH, B X0A€ KOTOPOTO CTYOEHT JOKEH MOKAa3aTh
cBOOOOHOE BIAAEHHE MATEPUATIOM MO 3asgBiaeHHOM Teme. [Ipu 3ammre ngokmaga TPHUBETCTBYETCH
M CHOIB30BAHUE MYJIBTUMEINA-PE3EHTALNH.

Jloknan OLEHUBAETCA MO CIEAYIONIAM KPUTEPHUAM: COOMmoaeHne TpeOOBaHUN K €T0 0(POpMIEHUIO;
HEOOXOIMMOCTE M AOCTATOUHOCTE OJIS PACKPBITUSA TEMBEI NIPUBEICHHOM B TEKCTE IOKIANa WH(OpPMAIINU;
yMEHUE CTYJEHTAa CBOOOTHO M3/1araTh OCHOBHEBIE HIEU, OTPAKEHHEBIE B JOKJIAAE; CIIOCOOHOCTH CTYAEHTA
MOHATHL CYTh 331ABAEMEIX MPEMOJABATEIEM M COKYPCHUKAMI BOMMPOCOB M CPOPMYIUPOBATH TOUHBIE OTBETEI
HA HUX.

Kpumepuu oyenku:

Oyenka «omauyHO» BEICTABIACTCA CTYOEHTY, €CIM B [OOKJIAAE€ CTYOEHT MCUYEPILIBAIONIE,
MOCIENOBATENLHO, Y€TKO M JIOTUUECKH CTPOMHO M3JaraeT Marepuat; CBOOOJHO CIIPABIAETCA C 3aJauami,
BOMPOCAMH U IPYTMMH BUAAMH OPUMEHEHUSA 3HAHUWI; UCIONB3YEeT I HAMUCAHUA TOKJIANa COBPEMEHHEIE
HAYYHBIE MATEPUANBl;, AHATU3UPYET MOIYUYEHHYI0O HH(POPMALMIO; OPOSABIAET CAMOCTOSATEIBHOCTh IPH
HAMMCAHWUN JTOKJIAa.

Oyenka «xopouio» BBEICTABIECTCA CTYIOCHTY, €CIM KA4eCTBO BBIMOJHEHMSA OOKIANA HOCTATOTHO
BeICOKO€. CTyOEeHT TBEpPOO 3HAET MATEPHUAT, TPAMOTHO M MO CYMIECTBY M3JIATA€T €ro, HE OOIMyCKas

CYIIECTBECHHSMEHETAWHOLT €N B OTBETE HA BOIIPOCHI IO TEME JOKJIATA.

NEKTPOHHOMW 10 NUCHIO |
Ceptudmkar: 2C0 ﬁﬂ%ﬁﬂaaé@gﬁg &%ﬂ&@ﬁéﬁ&ggiiﬂ}} BBICTABJIACTCA CTYACHTY, C€CJIM MATCPHAT OOKIdAda HW3JIdracrcia

Bnanendd A CTHE @ HOAHPOOEHEsIHEHOCAT CyNIECTBEHHOTO XapakTepa, CTYAEHT NJOMYCKAET HETOYHOCTH M OIIHOKH
Opyd 3aludTe O0KIana, AAET HEOOCTATOYHO IIPABUABHEBEIE (POPMYIMPOBKH, HAOMIOOAIOTCA HAPYIICHUA

ﬂeﬁmaH%MQ%@EWMLE@BHTEHBHUCTH B U3JI0KCHHH MATCPHUAJId.
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OHEHI{'{]' f{HEyaﬂﬂ-’IEH’ISGPHH’I&TbHD}} BBICTABJACTCA CTYACHTY, €CJIM OH HEC IMOATOTOBHJI JOKJIAd WJIH

OOMYCTHUJI CYIMIECTBEHHBIE OMMOKH. CTYIEHT HEYBEPEHHO M3JIATAET MATEPUAT TOKIAna, HE OTBEYAET HA
BOIIPOCEI NPEMNO1aBATENA.

Onucanue wKaivl OYeHUBAHUA

MakcuMambHO BO3MOKHBIM Oain 3a BECh TEKYNIMM KOHTPOJEL YCTAHABIMBAETCS PAaBHBIM 55.
Tekymiee KOHTPOIBHOE MEPOOPUATHE CUUTAETCSA CIAHHBIM, €CJIA CTYAEHT MOIYy4HJI 3a HETO HEe MeHee 60%
OT YCTAHOBJIECHHOTO IJIA 3TOr0 KOHTPOIA MAKCUMAJIBHOrO Oanna. PeuTUHroBeiil Oaiul, BEICTABIIACMBIU
CTYACHTY 34 TEKYIIEE KOHTPOJIBHOE MEPONPHUATHE, COAHHOE CTYAEHTOM B YCTAHOBJIEHHBIE Tpa(uKoM
KOHTPOIBHBIX MEPOTIPUATUH CPOKH, OMPENEIAETCA CIEAYIONIAM 00pa30oMm:

YPpOBEHE BEIMTOJHEHHUA KOHTPOJIBHOTO PertuHroseri 0am (B % 0T MaKCHMaJIEHOTO
3a0aHAd Oas1a 3a KOHTPOJILHOE 3aaHHE)
OTIMYHBIN 100
X0 PO 30
Y 10BIETBOPUTEIIL HEIH 60
HeynoBnerBOpUTEIEHEIN 0

TeMmsl 3cce (pedpepaToB, T0KIAT0B, COODIICHHH)

ba3oBbIil YPOBeHb

1. HacTOTHEIN CHEKTP CUTHAJIA.

2. lupposeie curnanet narepdeiica RS-232.

3. Pager @ypee. Onpenenennie 4acTOTHOTO CHEKTPA.

4. Teopema KorensHUKOBA.

5. llpunnun padorer AILIIL.

6. CosepuieHHas TUIBIOHKTUBHASA HOpPMansHaA (pOpMa mpeacTaBacHus (PYHKIHMH.
7. @OopMBI CUTHATIOB MPH AHATOTO-IIM() POBEIX NPEOOPA30BAHMAX.

8. CoBepuieHHAd KOHBIOHKTUBHASA HOPMAIbHAA (pOpMa MPENCTABAEHUA (DYHKIUH.
1 0. INpuntumn padoter LJAIIL

11. JIBonuHO-gecATUUHBIN aemupparop.

12. @opMEI CUTHAJIOB MPH HU(PPO-aHATOTOBEIX NPEO0OPA3OBAHMAX.

1 3. Cunres nmdparopa B 0azuce «mm.

14. IlporpaMmmupyemele JIOTHYECKHE YCTPOUCTBA MATPUIHON CTPYKTYPHI.
1 5. MympTunnekcupoBanme nu(ppoBEIX CUTHAIOB.

16. ITocnegoBarenpHEIE U MAPAJUIEIBEHEIE PETUCTPEI.

17. Cunres nemMynsTUILIEKCOPA B DA3UCE «1», «HEY.

18. Luppossie (punbTpsl.

19. Tumel TpurrepoB npu nepenade U@ poBEIX CUTHAIOB.

20. Ilpuxiun paboTel M POBOTO YACTOTOMEPA.

2 1. lu(poreie apromMarsl (ImOCAEO0BATENBHOCTHEIE YCTPOMCTBA).

22. luckperHsie npeodpazoBanmsa Oypee.

23. HYacTOTHBIN CHEKTP CUTHAJIA.

24. C—)JIEI{TEDHHLIE CUETUN KU UMITYJILCOB.

KYMEKT NOANUCAH
25. Ko Ih%mﬂ&bﬁpﬂHE}H{E WH(OPMAIIH HA AUCKAX.

Cepud 2%, OCHIBHEIEFREPMRIITIOC  ClepTKa, kKOppeaaums, (PUIBTPALIHA.

Brnapeney: ﬁeﬁaymaa TaTeAHa AriekcaHgpoBHa
E.j 7 . E‘BEPCITEHI:IE CUCTUMKH HMH}’JTE:C OB.

28. Omnueckue curHaiael cetu Ethernet.
HNencteutenad: ¢ 19.08.2022 no 19.08.2023
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29. CrpykrypHasa cxema nu(ppoBoro (puiasTpa.
30. ®mznueckue curnamel Ethernet. Bxoguere /Berxogueie nierm cragmaptaoro mopra 1 0Obase-T.
31. Knaccudukanuusa un@poBeix (pUILTpPOB.
IloBbIlIe HHBIH YPOBEHB
32. Curnanel cetu Ethernet. Manuecrepckuii Ko .
33. ®opmupoBanue HU(pPoOBOro CUrHAMIA.
34. Crpykrypnuas cxema onoka PHY Ethernet.
35. Hu¢gporeie curnanel. Koguposanue NRZI. 4B/5B. lllupuna cnekrpa curnana.
36. CuaTe3 KOMOMHAIITMOHHBIX CXEM.
37. Xpanenue u o0padorka unpopmarm. Ko Puna-Comomona.
38. Crpykrypa mu(poBOro curHana (mOTEHIIHATbBHBIN, UMITYI5CHBIN ).
39. Anropurm nepenaun M (PpoBeIX curuHanoB B cetu Ethernet.
40. udpporoirt bBUX-puastp.
41. Crmmxenune mmpunsl cnekrpa curnana Ethernet. Tpexyposuessiit curanan MLT-3 (MHOTOYpOBHEBEIM
TPEXTTOPOTOBEIH ).
42. CpaBHEHHE AMITIIUTY JHO-YACTOTHBIX XaAPAKTEPUCTHK AHAIOTOBBIX U [IU()POBBIX (PUIILTPOB.
43. CranpapTHeIC pelICHUA TAIbBAHNYECKOU pa3Ba3ku Fast Ethemet ycrpoiicTs, mogkmodaeMeIx gepes
paszsem RJ-45.
44. OwIbTp ¢ KOHEYHON UMITYJIbCHOM Xapakrepuctukon ( KMX-¢punstp)

4.5. Memoouueckue pekomeHoayuu no N0OO20MOGKe K 3a1emam

[Tponiemypa 3auera kak OTAEAEHOE KOHTPOIBEHOE MEPOIIPUATHE HE MPOBOIUTCS, OLICHUBAHUE
3HAHUN 00YUArONIETOCA MPOUCXOIUT MO PE3YALTATAM TEKYIIETO KOHTPOJIS.
3adeT BBICTABIAETCS IO PE3yIbTATaAM PA0OTHI B CEMECTPE, IMPH CAAYE BCEX KOHTPOJBHEIX TOUEK,
IPENYCMOTPEHHBIX TEKYILIUM KOHTPOJIEM yCIEBAEMOCTH. ECnu mo urtoram cemectpa 00yJaroniuics
umeeT or 33 mo 60 OammoB, €My CTAaBUTCA OTMETKA «3aureHo». OOyuaroniemycsa, HMEIOMIEMY 10
UTOTaM ceMecTpa MeHee 33 0amnoB, CTABUTCA OTMETKA «HE 3aUTEHO».

Konuuecmeo b6anioe 3a 3auem (S3au) npu paziuuHbix peumuH208blx daiiax
no oucyuniuHe no pesyavmamam pabomsl 6 cemecmpe

PeliTHHIOBLIH DAJLT 110 THCHHILIHHE KoinuyecTBo 0a/U10B 3a 3a4eT (S3a4)
110 pe3yJibTaTaM padoThl B ceMecTpe (Rcem)
50 < Rcem < 60 40
39 < Rcem< 50 35
33 < Rcem <39 27
Rcem< 33 0

KoHTpoJIb caMocTOATE/IbHOM pad0ThI CTYICHTOB

KOHTpOJE caMOCTOATENBHOM padOTEI IPOBOAUTCA MPENOJABATENEM B Y JUTOPHMU.
[IpenycmoTpens! cienyronie BUAs KOHTPOJIA: cOOeCeqoBaHNE, OIIEHKA BBIMTOJHEHUA AOKIAIa U €ro

ITPE3CHTALKMMEHT NOANACAH

T .
CepTudbmkar: 2 Eﬂ&iﬂ?@ﬁ@%z%{ﬁ% 0 DIDI:%]gI{B H,IEHH KOMITCTCHIIHH HpHBE‘,I[ CHEI B (I)DH,I[E OIIEHOYHEIX Cp COCTB IJIA
Bnagen d[[:pﬂ E@ﬁm}ﬂﬂw}ﬁ%ﬂm MEH":}T OYHOH ATTCCTAIlHI.
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Cnucok iaTepatypsl 14 BoinnoJiHeHH CPC

OcHOBHAf THTEpATYypa:
1. JIpopkoBuu, B. [1.<BR>&nbsp;&nbsp;&nbsp; OxonHBIe (DYHKIMK I TAPMOHHYECKOTO AHATM3A

curHanos : moHorpadus / B.I1. JIsopkoBuu, A.B. [IBopkoBuu. - M3nanue Bropoe,

2. mepepaboranHoe u nononHeHHoOE. - Mocksa : Texnoc(epa, 2016. - 216 c. : nn., Tabn., cxem. - (Mup
upposoit 00padbotkn). - http://biblioclub.ru/. - ISBN 978-5-94836-432-2

3. Manamkepuu, 1. A.<BR>&nbsp;&nbsp;&nbsp; Beiiner-anami3 curaagos : OT TEOPUH K IMPAKTHKE
: yueOnoe mocobue / M.A. ManamkeBuu ; [loBomKCKHM TOCYOapCTBEHHBIN TEXHOJIOTHUECKHU
yauBepcuter. - Momkap-Oma : IITTY, 2016. - 276 c. : cxem., Tabm., wi. - http:/biblioclub.ru/. -
bubmiorp.: c. 219-225. - ISBN 978-5-8158-1745-6

4. Vvusmkua, C. B.<BR>&nbsp;&nbsp;&nbsp; Teopermueckne ocHOBBI mupoBoit 00padOTKH u

OpEeICTABIECHNA CUTHAMOB : yueOnoe mocodue / C.B. YMusamkuH. - 2-€ u31., ucnp. u aoim. - Mocksa :
Texunocdepa, 2012. - 368 c. - (Mup mmdposoit 00padorku). - http://biblioclub.ru/. - ISBN 978-5-
04836-318-9

I[{II[{}.]]HHTE.]I]:HHH JHTepaTypa.

1 Toncanec, P.<BR>&nbsp;&nbsp;&nbsp; upposas odpadoTka m3o0pakeHU : MPAKTHYECKHE
cosetel / P. I'oncanec, P. Bync ; mep. II. A. Houna ; nmep. JI. M. Pybanosa. - 3-e u3a., ucnp. u OOIL.-
MockBa : Texmocdepa, 2012. - 1104 c. : un.,radbn., cxem. - (Mup mudpoBonr 00paboTku). -
http://biblioclub.rw/. - ISBN 978-5-94836-331-8

2 Wsanoma, B.I'.<BR>&nbsp;&nbsp;&nbsp; Iludpoas o0paboTka cUrHaI0B OJIEKTPOHHBIH
pecypc : yuedno-metoamgeckoe nmocodbue / H.B. IIpomeukuna / B.I'. UBanosa. - Camapa :IToBomkckmit
rOCYyIAPCTBEHHBIA YHUBEPCUTET TENEKOMMYHUKAIMK 1 nH(popmatuky, 2015. — 113 ¢. - Knura naxogurcs B
0azosoit Bepcun IbC [PRbooks.

3 HUsauopa, B.E.<BR>&nbsp;&nbsp;&nbsp; LudpoBas o0padorka CHTHaIOB W CHTHAIBHBIE
OpPOLIECCOPEI DNEKTPOHHEIN pecypc : yuebnoe nmocodue / A.U. Taxer / B.E. Uranora ; pen. A.M. Taxes. -
Camapa : IToBomKCKMIT TOCYIAPCTBEHHBIM YHUBEPCUTET TEAEKOMMYHHUKAIMNA U nH(popmaruky, 2017. - 253
c. - Knura maxomurcsa B 0azoBoit Bepcuu IbC [PRbooks.

4 Hosukos, II.B.<BR>&nbsp;&nbsp;&nbsp; I[Mudposas o00paboTka cUrHaIOB INEKTPOHHBIN
pecypc : yuebno-meroaqnueckoe nmocodue / I1.B. HoBukos. - Caparos : By3osckoe oOpazoBanue, 2018. - 75
c. - Knura maxomgurcsa B 0a3zoBoit Bepcuu IbC [PRbooks. - ISBN 978-5-4487-0286-0

5 Cepruenko, A. b.<BR>&nbsp;&nbsp;&nbsp; [udposas oOpaboTtka curnanos : yued. mocodue
nna By30B / A. b. Cepruenko. - 3-e m3a. - CII0. : BXB-IlerepOypr, 2013. - 768 c. : un. - I'pud: Pex. YMO. -
ISBN 978-5-9775-0915-2

6 ConosreB, H.<BR>&nbsp;&nbsp;&nbsp; Iudposas obpaboTka wmupopmarmu B 3amagax u
npumepax :@ yuednoe mocobue / H. ConoseeB, H.A. Tumuna, JI.LA. HOpxkerckas ; Munucrepcrso
oOpazoBanuss u Haykum Poccuiickon @epepaunu ; @DenepansHOE TOCYIAPCTBEHHOE OIOIKETHOE
00pa30BATENBHOE YUPEKIECHUE BRICHIETO 00pazoBanusa « OpeHOypPrcKuid rocy1apCTBEHHEIN YHUBEPCUTETY |
Kadenpa nporpamMmHOTO 00€CIEUEHUS BBIYMCIUTENBHOU TEXHUKHM M ABTOMATU3UPOBAHHBEIX CHUCTEM. -
OpenOy ppo Oy 2o 6 eilg 3 ¢. - mwi. - hitp://biblioclub.rw/. - bubimorp. B ki

Ceprudukar:  2coobooX@parzoryoddzslsosdBReadenbsp; &nbsp; &nbsp; [{udposas obpaboTka curHamoB : mabopaTOpHEI
SnanenpaktyRr ' PN mdirsos, P.I. Xaguzos, C.A. OxoraukoB ; [TOBOMKCKMII TOCYZapCTBEHHBIH
TexHomornueckmii yamusepeurer, 1. - Homkap-Oma : IIT'TY, 2018. - 72 c. : un. - http://biblioclub.rv/. -

HNencteutenad: ¢ 19.08.2022 no 19.08.2023

53



bubmorp.: C. 69. - ISBN 978-5-8158-2003-6

8 ILu¢pposas odbpadorka curnanoB u MATLAB : yue0. nocobue mis By3oB / A.W. Cononuna, /.M.
Kmonckuit, T.B. Mepkyuea, C.H. Ilepos. - Caukr-IlerepOypr : BXB-IlerepOypr, 2013. - 512 c.: un. ; 24.
- I'pudp: Pex. YMO. - bubmorp. B kon1e raas. - [Ipeam. ykas.: c. 508-512. - ISBN 978-5-9775-0919-0

9 Lu¢posas obOpadborka curHamoB. YHacre 3. Meroaer u amroput™mel 00padOTKH CHTHAJIOB
amamruBHeiMid KUX 1 BUX - ¢unstpavu Snexrponusin pecypc / FHO. B. Pacuern [1 gp.]. -Hudposas
oOpadorka curHanoB. Hacte 3. Meronsr u anroputMmel 00padotkn curnanoB agantuBHeiMu KMX n BUX -
¢mwmTpamn,2023-08-29. - Hosocubupck  :  Cubupckuii  roCcymapCTBEHHBIM  YHHUBEPCUTET
TeleKOMMyHUKanu u uHpopmaruku, 2017. - 205 ¢. - Kaura naxoaurcsa B npemmuym-epcun ObC PR
BOOKS. - ISBN 2227-8397

MeToanuyeckasi JiHTepaTypa:

1. merommueckue ykazanus K madboparopHeiM padoTam;
2. METOMUYECKUE YKA3aHMUA K CAMOCTOATENBHOU padore.

HNHTepHeT-pecypesbl:

1. http://exponenta.ru
2.http://www.ntuit.ru
3.http://www.prodav.narod.ru/dsp/index.html

IIporpamMMHoOe oDecrieyeHHe:

MathCAD
MATLAB

AOKYMEHT MNMOArnncAH
SANEKTPOHHOW NOAMNWCLIO

Ceptwdomkatr: 2C0000043E9ABEB952205E7BAS00060000043E
Bnapeneu: lebayxoea TaTeAHa AnekcaHgpoBHa
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