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BBEJEHHWE

HEJIb U 3AJAYU OCBOEHUSA JUCIUITIJIMHBbI

LensamMu u3ydeHus: AMCUUIUTMHBI «OCHOBBI IM(POBOIT 06PaOOTKH CUTHATIOB
aBIIsAt0TCA (hopMHUpoBaHKE Habopa ob1enpodeccnoHalbHON KOMIIETeHIIUN OaKanaBpa
no Hanpasienuto 09.03.02 «MHpopmaloOHHbIE CUCTEMBI U TEXHOJIOTMNY», YETKUX
[IPEJICTaBICHUN O PYHIaMEHTAJIbHBIX MOJOXKEHUSIX TEOpUH LIUPPOBOI 00pabOTKU
CUTHAJIOB; 00Y4YEeHHE OCHOBAM aHAJMTUYECKUX M YMCICHHBIX METO/I0B pacuera 1
aHanm3a nu(poBBIX MpeodpazoBaTene

U3MEPUTENIbHBIX CUTHAJIOB; Pa3BUTHE HABBIKOB MPOEKTUPOBAHUS LIU(POBBIX
M3MEPUTENBHBIX IpeoOpa3zoBaTeieid, 00paboTKU IKCIEPUMEHTAIBHBIX PE3YJIbTaTOB U
UX aHaJIu3a.

3anauu u3ydyeHus TUCUUIUIUHBI « OCHOBBI HU(POBON 0OPaOOTKU CUTHAIOBY -
CO3/1aHHE ONTUMAJIBHBIX YCIOBUM 00y4eHUs TUCIUIUIMHE C Y4€TOM YPOBHS OJATOTOBKU
CTYJIEHTOB B 00JIaCTH MaTeMaTUKHU, GU3UKH U FIEKTPOHUKHU.

2.HanMeHoBaHMe 1a00PATOPHBIX 3aHATHI

Ne Tems! | HanmeHnoBaHMe TeM AUCUMIUIMHBIL, HX KpaTkoe | OO0beM dacoB N3 Hux
JUCLIUILI CoJIepyKaHue IIPAKTHYECKas
WHBI MOJIFOTOBKA,
4acoB
7 cemecTp
1 HccnenoBanue xapakTepUCTUK MPOCTEHIINX 4
KUX-bunptpos
2 HccnenoBanue cBOWCTB pa3iIMUHbIX BUOB 4
OKOH
3 HccnenoBanue U MpUMEHEHNE 4
JIMCKPETHOTO MpeoOpa3zoBanus Pypne
4 Cuntes u uccnenoBanne KNMX-pubtpon 4
5 Cunres u uccnenoBanne BUX- 4
GbUIBTPOB
6 8
HccnenoBanue 3¢pHeKToB KOHEUHOU
Pa3psAHOCTH YUCe
7 8
HccnenoBanue anropuTMOB U3MEHEHUS
4acTOTHI JUCKPETU3ALUU
Hroro 3a 7 cemecTp 36
HTroro 36







JlaGoparopuas padora 1
Hccaenosanue xapakrepuctuk npocreimux KUX-puiasTpos

Ieab padoThl: OyYeHHE OCHOBHBIX MOHATHH 0 padoTte 1udpoBbix KNX-

GUIBTPOB U MPUOOPETCHUE MTPAKTUUECKUX HABBIKOB UX HCClea0BaHus Ha DBM.
Teoperuueckoe 000CHOBaHME

Paboty npocteiiero ¢puabTpa ¢ KOHEYHON UMITYJIBCHOM XapaKTePUCTUKOM
(KNUX-dunpTpa) MOXKHO MOSCHUTH HA AJIEeMEHTapHOM npumepe. [Ipeamnonoxum,
YTO MMEETCS HEKOTOPBIA HA0Op IKCIIEPUMEHTATBHBIX JAHHBIX B BUJIEC TAOIHUIIHI
BXOJIHBIX OTCUETOB, HAIIPUMED, €KEAHEBHBIE 3aMEPbI TEMIIEPATyphl Bo3ayxa. Jis
TOTO0, YTOOBI YSICHUTH OOIIME TCHACHIIMU B U3MEHEHUH JaHHBIX, 0€3 y4yeTa OTKJIO-
HEHUM, BBI3BAHHBIX CIIy4allHbIMU (haKTOpaMH, pacCCUUTHIBAETCs cpeaHee apudme-
TUYECKOE 32 HEKOTOPBIN MEpHOJI, HAapUMep 3a mnocieanue 7 aueil. Kaxaslili Ho-
BB BBIXOJIHOM OTCHYET MOJydaeTcsl MyTeM CHABUTAa YCpPEIHSEMOUW BBIOOPKHM Ha
oauH AeHb. [Ipu 3TOM BBIXOJHOW OTCUET COOTBETCTBYET IO BPEMEHU CEPEIVHE
yCpeHAeMON BBIOOPKH, TO €CTh 3aJIep>KaH OTHOCUTENIBHO MOCJIEIHEr0 BXOIHOTO
orcuera Ha (7-1) /2=3 nms.

YCTpOWCTBO, pealu3yIoNee YKa3aHHYIO IOCIEI0BATEIbHOCT JAEHCTBH))

MOJXHO pC€aJIn30BaTh B BUAC Ha60pa JJOT'MYCCKUX U apI/I(i)MCTI/I‘ICCKI/IX MO,Z[YJIeﬁ .
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- 38 — >eMeHT 3aep:KKU Ha BpeMs X3;



- X — ymuoxurens; € — cymmarop;
- x(n),n=0,...,"0 — BXOJHBIE OTCYETHI;
- y(n),n=0,...,<0 — BBIXOJHBIE OTCYETEL;
- h(n),n=0,...,N-1 koapdunneHTs;
[IpuBenenHas cxema siBisiercss TunuuHou cxemor KUX-dunbpTpa mopsaka
N. B namewm ciygae N = 7, a Bce h(n) paBHbI Mexay coOoii u paBabl 1/7. Ecnu Ha
BXOJl TaKOTO (UIBTPA MOAATHh OJMH OTCUET C aMIUTUTYI0W, paBHOMU 1, Ha BBIXOJIE
MOJIYYUM TOCJIEIOBATEILHOCTh U3 7 OTCUETOB C aMIUTUTYI0M 1/7, — UMITyIbCHYIO
XapakTepUucTuKy (uibTpa. 3aMEeTUM, YTO HMMIIYJIbCHAsI XapaKTEPUCTHKA HMEET
KOHEUHYIO JIJIMHY, YTO U ONpeAe/sieT Ha3BaHWE JAHHOTO Tuna (uibTpa, a €€ OT-
CYEeTHhl COBMAJAT ¢ Kodpduuuentamu QuiabTpa. B paccMoTpeHHOM mnpumepe
UMITYJIbCHASI XapaKTEPUCTUKA UMEET MPSMOYTOIbHYIO hopMy.
C Touku 3peHus: Teopud HUPPOBBIX (GUIBTPOB 3TO O3HAYAET, YTO YACTOT-
Hasl XapaKTePUCTHUKA TAKOTO (PUIIBTPA OMPEAEIISICTCS BHIPAKCHUEM:
7@ e (1)

Nsin(m—)
2

H(f)*

CornacHo 3To# (hopmyJie pacCMOTPEHHBIN QUIBTP (HA30BEM €ro yCpeIHs-
fomuM) siBisieTcst prtbTpom HKHUX dacToT (OPHY) ¢ nunelinoit pazodactoTHOM
xapakrepuctukoi (®UYX). Ha yactorax G‘Ak=2§vsk/(N?/C:) npu k=1,...,», H(®)=0.
DTO BUAHO U U3 CXeMbl QUiIbTpa. J(eMCTBUTENBHO, IPU YACTOTE FAPMOHUYECKOTO
cur- Hajga %, B JIMHUM 3aJePXKKH (QHIbTpa YKIAJBIBACTCSA ICJI0€ KOJIUYECTBO
NepHo- 0B, U YCPEIHEHNUE MPUBOAUT K HYJIEBOMY BBIXOY.

Ecimu koappunmentet KUX-hunpTpa mogquuHSIOTCS CHHYCOUIAILHOMY 3a-
koHy: h(n)=sin(*n>3) To, KaKk OYEBUIHO CIEIYET U3 CXEMbl Ha PUCYHKE, MAKC
BBIXOJI CHUTHaJI OyneT HaOmomaThCs MpU BO3JACHCTBUUM Ha BXx0a (UIbTpa

rapMOHUYECKOTO CHUTHaa ¢ yactotoir % AYX takoro ¢uiabrpa mpea-



cTaBisieT coboi HanoxkeHue nByx AUX mpenpiayiiero GuibTpa, CIBUHYTHIX Ha
&8A OTHOCHTENHHO HYNEBOH 4acTOThl. TakuM 00pa3oM, paccMaTpHUBAEMEIil
¢bunbTp 13 ®HY mnpeobpasyercss B nonocoBod. Oanako ®UYX Takoro ¢uibtpa
Heo0s3aTeNIbHO OyJeT JMHeWHOW. YcnoBueM nuHeHocTn DUX sBiISEeTCS CUM-
MeTpHs (WM aHTUCUMMETPUS) UMITYJIbCHON XapaKTePUCTUKHU QUIIBTPA.

[Tpumeuanue: ecnu %y pacronokeHa OJM3KO K HYJI0, TO MakcumyM AUX
MOXET UMETh HE3HAYHMTEIIbHOE CMEIICHUE OTHOCHTEIILHO % 32 CUET HAJIOKEHHS
OTPUILIATENILHOM 1 MOJOXKUTEIbHON yacTed AUX.

I'pynmoBoe Bpems 3anepxku (I'B3) d(®) paccuuthiBaeTcsi Kak MpOU3BO/I-
. 40

d%

Has 1Mo yacTtoTre oT dUX: d(®) . Ilpu nuneitnort ®UYX ['B3 He 3aBUCHUT OT

YacCTOTHI.
3ananus K JadopaTopHoi padore

1. IToctpouts yactoTHble Xapakrepuctuku (AUX, ®UX, I'B3) ycpenHsto-
mero KUX-dunbtpa.

2. 3aiaTh BXOJHOW CUTHAJ] B BHJIE CYMMbI JIByX CHHYCOMJAJIbHBIX KOJieOa-
HUM U myMa. [locTpouTs cekTp curiaia jo, v nocie (puibTpanuu.

3. TloayuuTh 3KCIIEpUMEHTAIBHBIM IyTeM 3aBUCUMOCTh ['B3 oT mopsaka
bunbTpa.

4. I3MEeHUTh UMITYJIbCHYIO XapaKTEPUCTUKY (PUIbTPa TaK, 4YTOOBI OH BBIJIE-
JA7 BEPXHIOKO M0 4aCTOTE TAPMOHUYECKYIO COCTABISIONIYIO BXOJHOI'O CHTHAjA.
[TocTpouTts yacToTHbIC XapakTepucTuku (AUX, ®UX, 'B3), umiynbcHyIO Xapak-
TEPUCTUKY U CHEKTP BBIXOJHOTO CUTHAJIA.

5. Ecnin ®UX nonyuniiack HeMHETHON U ['B3 3aBUCUT OT 4acTOThI, U3Me-
HUTE UMITYJIbCHYIO XapaKTepUCTUKY (puibTpa Tak, YTOoObl TOOUTHCS JTUHEHHOCTH

dUYX u mocrosgactea ' B3.



MeToanka BbINOJHEeHUs padoThI

1. 3apgars ko3ppuuumenter KUX-punbtpa M-HOro nopsiaka, pasaeiMu 1/M
— ycepennsitomuit punbtp (M=# +10), rne # — HOMep BapuaHTa.

2. HaliTu KOMIUIEKCHYIO YaCTOTHYIO XapaKTePUCTUKY (PUIIbTpa C MOMOIIbIO
POLEAYPhI

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

rae H — kommiekcHas YX u3 koropoit ¢ nomonisto 20*logl0(abs(H)) 1 unwrap
(ANGLE(H)) nony4aror AUX B 1B u ®UX. N — xonuuectso Touek UX (N=2'%),
B — Bektop koadpdummentos KUX-punbrpa, A=1 mis KUX-punbrpos, Fs— ua-
crota nuckperusanuu (Fs=1.2288*4MI'1), F - wacroTHas och abcuucc ajisi BbI-
Boaa UX Ha rpaduke, mpoueaypa unwrap ycTpaHseT CKauKd Ha 2% B O®UYX, ma-
pametp ‘whole’ o3naugaer BeiBog UX B nipeaenax ot 0 mo Fs. ’

3. Haiitu ['B3 ¢punbTpa ¢ moMoIb0 Opoueaypsl

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

rie Gd — I'B3 B orcuerax. ([Jns momyuenuss 'B3 B cekyHmax HeoOX0auMO
ymHO%uTh Gd Ha 38).

4. Tloctpouts rpaduxku AUYX: abs(H), ®UX u I'B3 B ogHuX OCsIX ¢ mTOMO-
b0 ITpoueaypsl plot.

5. 3agaTh BXOJHOW CUTHAJI B BUJIE:

s = s1+s2+0.1*Noise;
s1(n) = sin(2*pi*f1* n*2Q)
s2(n) = sin(2*pi*f2* n*Q);
n=0,...,N-1, N=2'2 28 = 1/Fs; Noise = randn(1, N) — mporueaypa reHepanuu

HOPMAJIbHO pachpeiejieHHoro Oenoro myma ¢ JIuHOM BblOOopku N, fl =
(700+#*10)kI'm, 2 = 1200kI11;

6. HaiiTu criekTp BXOJIHOT'O CHTHAJIa ¢ MMOMOIIBI0 Tipotieaypsl fft.



7. TlpodunsTpoBaTh BXOJHON CHUTHAJ C MOMOIINBIO Tpouenypbl Y= filter
(B,A,X), rne Y, X — BbIXOJTHOM W BXOJHOU mporecchl, B, A - koaddunueHTs
¢bunbTpa.

8. HaiiTn ciekTp BBIXOHOTO CUTHAJIA C MOMOIIBIO Tipouenypsl fft.

9. Iloctpouth rpaduKyd aMIUIMTYJIHBIX CIHEKTPOB BXOJHOTO M BBIXOJIHOTO
curnana (abs(fft)) onun Han npyrum ¢ nmomoibio npoueaypst subplot. B kaue-
CTBE€ YaCTOTHOM OCH MO>KHO MCIOJIb30BaTh MOCIEI0BATENbHOCTD F 13 1m.2.2.

10. M3mensas nopsnok ¢GpuiabTpa M 3KCEpUMEHTAbHO HaWTH 3aBUCUMOCTD
I'B3 ot ero nopsizka M.

11. YMHO)UTH BekTop Koddduuuentos B Ha sin(2*pi*f1* n*33), n=0,
...,M- 1, nng ceoero M.

12. TToBTropuTh . 2.2 u 2.3.

13. HaifTi uMITyIbCHYI0 XapaKTepUCTHKY (PUIBTPA C TIOMOIIBIO MPOIIETYPhI

[I,T] = impz(B,A),
riae | — uckomas uMITyJIbCHas XapakTepucTuka, T — oCbh BpeMeHHU.

14. Tloctpouth rpaduK UMITYIHCHOW XapPaKTEPUCTUKU C MOMOIIBIO TIPOIie-
nypsl stem(T,I);

15. smensa dasy sin(2*pi*fl1* n*33), 106UThCS CHMMETPHU MMITYJIbCHOM
XapaKTEPUCTUKU OTHOCUTENBbHO 1eHTpa. [Ipu yetHoM M 1eHTp pacmojaraercs
MEXK]ly OTCUETAMM.

16. Yoenurscd B muaernocty @YX u nmocrosguctse ['B3.

Bonpocs a1 3amUTHI pad0ThI
1. Kak 3aBucut I'B3 ot nmopsiaka punsrpa?
2. Ilpu kakux ycnoBusax ['B3 He 3aBUCUT OT 4aCTOTHI?.
3. Uto Hazxo cuenath s npeodbpazoBanus KUX-dunerpa uz ®HY B mosno-

COBOM?



Conepxanne or4yera u ero popma

OTtyeT AoJKeH ObITh TIpejCcTaBlieH B Buje (aitna ¢ umenem labl #.m, co-
JEpKaIM TEKCT MPOTPaMMBbl C TTOAPOOHBIMA KOMMEHTapusiMU U (aitna ¢ ume-
HeM gpamununa_naodl eapuanmi#.doc, c OTBETAMH HA KOHTPOJIBHBIE BOIPOCHI.

JlaGoparTopHasi pabdora 2
HccienoBanue u npuMeHeHne TUCKPETHOr0 npeodpa3osanus Oypbe

Leab padoThl: MPUOOPETCHNE MPAKTUICCKUX HABBIKOB PA0OTHI C JUCKPET-

HbIM TIpeodpazoBanueM Oypoe (I1D).
Teopernueckoe 000cHOBaHHE

HuckpetHoe nipeobpazoBanue Oypbe TPUMEHSIETCS ISl JUCKPETU3UPOBAHHBIX
BO BpPEMEHHU MEPUOANYECKHUX MpolreccoB. JlomycTuM, uMeeTcss HeKoTopas BhIOOpKa
U3 n BpeMeHHbIX oTcueToB x(n), n= 0, N-1. [Ipuuem, npeanonaraercs, 4ro 3a
npenenaMy yKa3aHHOTO MHTEpBaja JaHHAs BBIOOpKA MEPUOJUYECKH TOBTOPSETCA.

Torna JI1® Beruncnsercs no popmyre:

X () G M (1)

=0
U TMpEACTaBIsIET COOOM MOCIEAOBATENbHOCTh KOMIUIEKCHBIX JIUCKPETHBIX CIEK-
TpPaJIbHBIX OTCUETOB PABHOMEPHO PACIPEICICHHBIX HA OTPE3KE YACTOTHOM OCH OT
0 no gacroTsl Auckpern3auuu Fs. 3a npepenamu yka3aHHOIO MHTEpBajia 3Ta IO-
CJIEI0BATEIbHOCTh TAKXKE NEPUOIUUECKU TOBTOPSETCS.

O6parnoe JIID (OAIID) BeruncasieTcs mo Gpopmyiie:

1M L.

x(n) ~ 7 X (ke

v o )
N

k0
TO, cymecTByer B3aMMHO  OJHO3HaYHOE  COOTBETCTBHE  MEXKIY
IIEPUOANYECKUM JIUCKPETHBIM IIPOLECCOM U €ro INEPUOJUYECKUM JUCKPETHBIM
cnektpoM. Kak BO BpeMeHHOW, Tak M B CHEKTp oOJacTu JIMHA MepHoaa

coctaBiigieT N OTCUETOB.



13 popmyn (1) u (2) Buano, uro AP u OAIID tpedyer N* apudmerrye-
ckux omnepanuii. OnHako, ecnu N=2", rae m — jr000e HaTypajlbHOE YUCIO BO3-
MOKHO MpuMeHeHue ObicTporo mpeodpaszoBanusi Oypee (BIID), u obpaTHOTrO
obicTporo npeodpazoBanusi Oypne (OBIID), 11 BEINOIHEHUS KOTOPBIX TpeOyeT-
Csl IPUOMU3UTEIBHO N 5 vlog, omepammii. Eciu N=2", To BII® paGoraer mpu-

N
omusurensHo B 200 pa3 ObicTpee o cpaBHeHHto ¢ JIID. M 3TOT BRIMIphII BO3-
pacraet ¢ poctoM N. IIpu atom pesynpsrarsl 11D n BIID nonHoCcTRIO coBHana-
IOT.

BakHpIM mpakTHUeCKUM IpUMEHEHHEeM npeoOpa3zoBaHus Dypbe sBISETCS
CHEKTPAJIBbHBIA aHAIN3 aJIMTUBHOM CMeCH CUTHaJIa ¥ oMeXx. Eciu mupuHa criek-
Tpa ¥ aMIUIMTYZa MOJE3HOI0 CHTHaja M MOMEXHM 3aMETHO Pa3jiu4aroTcs, 3TO MO-
XKeT OBITh MCIIOJNB30BAHO JJIs MojAaBiieHUs: nomex. [Ipenmonoxum, 4ro nmeercs
y3KOIOJIOCHAs, 00bIlAast IO aMIUIUTYE ToMexa Ha (POHE HIMPOKOIOJIOCHOTO CUT-
Haia. B aTom ciiydyae nmogaBieHHe MOMEXH MOYKET OCYLIECTBIATHCS METOJIOM pe-
KEKIMH CTIEKTPAJIbHBIX COCTABJISIONINX, MPEBBIIIAIOIIUX HEKOTOPBINA MOPOT.

Ha rpanumiax BpeMeHHON BBIOOpKH (PYHKIUS X(n), KaK MpaBUIO, UCIBITHI-
BaeT pas3pblB. JTO NMPUBOJUT K PACLIMPEHHUIO OCHOBAHUS CIIEKTpa M 3aTPyAHSET
nojaBjaeHue nomex. D(PPeKT pacHIMpeHus CHEKTpa MOXKHO OCIaOUTh IyTeM
IUTABHOTO YMEHBILIEHUSI OTCYETOB BHIOOPKHU IMPH JABHKEHUU OT €€ EHTPa K KPasiM,
YTO OCYIIECTBIISIETCS 32 CUET YMHOKEHHUSI OTCUETOB BPEMEHHOW BBHIOOPKU Ha OT-
cueThl (pyHKIMU OKkHA. bojiee mopoOHO cBOMCTBA pa3NuyHbIX (QYHKIUNA OKOH OY-
T UCCIIEOBAHBI B CIEAYIONMIEH TabopaTopHOit padoTe.

B MATLAB BbIynciaeHHe CIEKTPa BBITIOJIHIECTCS C IMTOMOIIBIO MPOLEAYPhl
FFT (Fast Fourier Transform): X=FFT(x). FFT(x) Beruucnsier JAI1® ot nmocnemno-

BaTEIbHOCTH X(N).

10



Ecnu anuna x(n) paBHa 2™, e m — 1esoe, TO JUIsl BBIYMCICHUS CIEKTpa
npoueaypa FFT ucnons3zyer 6osiee ObICTPBHIN airOpUTM — OBICTpOE MpeoOpa3oBa-
Hue Oypre (bI1D).

Ecnu nnuna X(k) paBna 2", Tie m — 1menoe, TO JjIsi BBIYKMCICHUS CIIEKTpa
nporenypa IFFT wucnons3yer oOpatHoe ObicTpoe mpeoOpazoBaHue PDypbe
(OBIID).

OyHKIUs OKHa X3MMHHIa BBIYMCISIIOTCS B BHJE BEKTOpa-CcTONOLA C TMO-
MoIIbi0 mporieaypsl W = hamming(n), e n — AjinHa nocieaoBaTenbHOCTU. [Ipn
YMHOKEHHH Ha TIOCIIEJ0BATEIbHOCTh X(N) HEOOXOAMMO HCIIOJIb30BaTh TPAHCIIO-
HUPOBAaHHBIA BEKTOP OKHAa W’.

3ananus K JadopaTopHoi padore

1. 3apaliTe BX0AHOM mIpouiecc B BUAE CyMMBbI nosie3Horo UM curnana u AM
MTOMEXH.

2. HaiiiuTe CeKTp BXOJHOTO MPOLECCA U CIIEKTP MTOMEXH.

3. Uckirounte moMexy METOJ0M HETOCPEACTBEHHOM 00pabOTKU CIIEKTpA.

4. Ilepetimute 0OpaTHO BO BPEMEHHYIO 00JIaCTh.

5. HaiiauTe pa3HOCTh MOJIE3HOTO M BBIXOJHOTO CUTHAJIA.

6. CpaBHUTE BPEMEHHbIE AHArpaMMbl UCXOJHOIO MPOIECCA, MOTYYEHHOTO
BBIXOJIHOTO CUTHAJIa, UCXOJHOTO TOJIE3HOTO curHaja (06e3 momMexu) U pa3HOCTH
MOJIE3HOT'O U BBIXOJHOTO CUTHAJA.

7 PaccmarpuBasi BBILICIPUBEACHHYIO PAa3HOCTh KakK aJJUTUBHYIO MOMEXY,
BBIYUCJIUTh OTHOIIEHHWE CUTHAJ/TIOMeXa B Jienubenax 10 W MOCJe MOJaBICHUS
MOMEXMU.

8. YMHOXbTE BXOJHOM MPOIIECC HA OKHO XA3MMHUHIa U MOBTOpUTE Mm.10. 1.2 —
1.7

9. CpaBHUTE pe3yabTaThl MOIABJICHUSI TIOMEXU C MPUMEHEHUEM U 0e3 Tpu-

MCHCHUA OKHAa.

11



MeTtoanka BbINOJHeHUs Pad0OThI

1. 3agaiite BXoaHOI mpoliecc s inp(n) B BUAE CyMMBbI nojie3Horo UM curna-

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

U TIOMEXHU:

interference  =A*(1+0.5*sin(2*pi*0.01*Fs*ts*n)).*sin((w0+0.7*wd)*ts*n),
rae w0 = 2*pi*(0.1+#*0.005)*Fs, wd = (0.07+# *0.003)*Fs, A=2.5+#*0.05, # -
HoMep BapuaHTa, wm = 2*pi*0.001*Fs, Fs = 4MI'n — yacrtoTa AUCKpETU3ALINH,
ts=1/Fs, n=0, ... ,10000,

2. Haiiaute cnekTp BXOJHOrO MPOLECCA M CHEKTP MOMEXU C MOMOUIBIO
npouenyps! fft u nocrpouts rpaduk ero monyns: abs(fft(...))

3. [IpoaHanmu3upynTe MOTYUYEHHBIN CHEKTP U OMPEACIUTh HAMMEHBIIUN MO-
POTOBBII YPOBEHb, BBIIIE KOTOPOTO PaCIOJIaraloTCi TOJBKO CHEKTpaJIbHbIE CO-
crapistomie nomexu. C nmomoipto npoueaypsl find oOHyIUTH BCe CIEKTpasib-
HBIE COCTABJISIIOIIME, JieKamue Bbimie nopora. (I'paduku CreKTpoB BXOTHOTO
mpoliecca, MOMEXH U Ipoliecca C MOJABICHHON MOMEXOM MOCTPOUTh B OJHOM
OKHE ¢ ucnosib3oBanuem ¢ynkuuu subplot(3,1,%)).

4. IlepeliguTe OT CHEKTpa K BPEMEHHOMY IIPOLIECCY C IMOMOILBIO MPOLEAY-
pwr ifft.

5. Haligure pa3sHOCTh UCXOJHOTO MOJIE3HOTO CUTHAJA M MOJIYYEHHOTO Mpo-
1ecca ¢ MOJaBJICHHOM MoMexoil (IIpu MIealbHOM MOJABICHUM MOMEXM ATa pas-
HOCTh OKa3zanach Obl HyseBOi). [IocTpouTh B OJJHOM OKHE rpauKh HCXOJIHOTO
MpoLIeCcca, MOJIE3HOTO CUTHAJIA, MPoIecca C MOJaBJICHHON TIOMEXON U HAUJCHHOU
Pa3HOCTH.

6. HalimuTe oTHOIIEHNWE CUTHAJ/TIOMEXa JI0 U MOCJE MOAABICHUS IOMEXH B
nenuobenax: (S/I) = 10 logio(S/I), rae S — sHeprus MoJIe3HOTO CUTHAJIA, PACCUH-
TaHHasg KaK CyMMa KBaJpaTOB BPEMEHHBIX OTCUETOB CHUTHaja Mo (Gopmyse

sum(signal.”2), I — sueprus nomexu. (Ilocie nmonaBnenus momexu B kadecTse |
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PAcCCUMTBIBAETCSI SHEPTHs PA3HOCTH CHUTHAIA W IpoIecca ¢ MOJABIECHHON Mome-
X0i).

7. YMHOXBTE CUTHAJI U ITIOMEXY Ha OKHO X3MMMHIA IIOCJIE YETO MOBTOPUTE
.. 2.1 — 2.5. Ilpu BeinosiHeHUH 11.2.4 ¥ 1.2.5 UCIIOIB30BaTh MOJE3HBIN CUTHAI U
IIOMEXY, YMHOKEHHBIE HAa OKHO.

8. CpaBHUTE CIEKTPHI, BpeMEHHbIE AuarpaMmMbl U 3HadeHus (S/I) no u mo-
CJIE IPUMEHEHHUS OKHa.

Bonpocs! Ajist 3a1iuThI pad0oThI

1. ITouemy pa3HOCTh CUTHAJA U MPOLECCA C MOIABICHHON TOMEXOM HE paBHA HY-
110°?

2. Kakum 00pa3oM MOKHO aBTOMATH3UPOBATH BBIYKMCIIEHWE MOpOra JJisl MOJaB-
JIEHUSl TIOMEXH, €CJIM 3apaHee W3BECTHO, YTO CIEKTP CHIHaja 3HAYWUTEIBHO IINPE
CHEKTpa MOMEXH, a aMIUIUTY/1a TOMEXH OOJIbIIIE aMIUIUTY bl CUTHaja?

3. Ilo kako¥ MpuYMHE MOPOTOBBIN YPOBEHD CIEAYET MUHUMU3UPOBATH?

4. 3a cuer yero yiaydiaercs NoIaBICHUE TOMEXU TPU UCIIOJIb30BAHUHN OKHA?

Coaepxanue or4yera u ero popma
OTt4der moJKEH OBITH MpejCcTaBieH B Buje ¢aiina ¢ umeHem lab2 #.m, co-
JEpKaIUM TEKCT MPOrpamMMbl C MOAPOOHBIMUA KOMMEHTapHsMu U (ailna ¢ ume-

HEeM pamunun_nao2 eapuanmi#.doc, ¢ OTBETaMU HA KOHTPOJIbHBIE BOITPOCHL.

JlabopaTopHas padora 3
HccnenoBanue cBOMCTB Pa3jIMYHbIX BUA0B OKOH
Heab padoTsl: mpruoOpeTeHUE MPAKTUYECKUX HABBIKOB NMPUMEHEHUS pa3-
JIMYHBIX BUJI0B OKOH IIPU UCCJIEA0BAHUU CIIEKTPOB CUTHAJIOB.
Teopemuueckoe ob6ocnoganue
W3BecTHO, YTO A7 HAXOXKICHHSI CIIEKTpa CUTHAJIa HCIOIb3yeTcs mpeodpa-
3oBanne Dypbe (11 AUCKPETUIUPOBAHHBIX cUTHANOB 3T0 [{uckpernoe [Ipeobpa-

3oBanue Pypoe wim [AI1D). Kak npasuno, npeodpasoBanue dypbe Oepercst ot
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KOHEUHBIX BPEMEHHBIX BBIOOPOK CHUTHAJA, YTO MPUBOJUT K UCKAKEHUIO CIEKTPA.
[IpyurHa B TOM, YTO B35ITUE KOHEYHON BPEMEHHOM BBIOOPKH OT UIMTEIBLHOTO
CUTHaJa SKBUBAJICHTHO YMHOXKEHHUIO €0 Ha MPSIMOYTOJIbHYIO (QYHKIUIO — PyHK-
LMIO0 OKHA, PaBHYIO €IMHUIIE B Mpejienax BEIOOPKU U PaBHYIO HYJIIO 3a €€ IMpeje-
JIAMHU.

[Tpu ymHOXEeHUH IBYX (DYHKIIMIT BO BpEMEHHOM 00JIacTH U3 CIEKTp HaxXo-
JTUTCSI KaK CBEPTKA CHEKTPOB MUCXOAHBIX (PyHKIMI. [103TOMY Ha CHIEKTp ATUTENb-
HOTO TpoIecca HaKIaabpIBaeTCa (PyHKIHMS sin(X)/X — CIEKTP MPSIMOYTOJIHHOTO OK-
Ha, OOKOBBIE BBIOPOCHI KOTOPOW 3aTyXaroT JIOCTATOYHO MEAJICHHO, CO CKOPOCTBHIO
6 n1b Ha okrtaBy. OOpa3HO TOBOps, PE3KOE OrpaHUYCHUE BPEMEHHOU BBIOOPKHU
OPUBOJUT K 3BOHY B CIEKTpPE, UYTO 3aTPYyIHSET pasinueHue OIM3KO JexKallux
CHEKTPaIbHBIX KOMIIOHEHT.

UcknroueHue cocTaBisieT TOT Cilydyaid, Korja B BRIOOpKE, B3STON U3 MepUO-
JUYECKOTO MPOLECCA, YKIAIAbIBAETCS LIEJI0€ KOJUYECTBO MEPUOIOB OT NEPUOIU-
YEeCKOro mporecca.

Jlsist TOorO, 9TOOBI OCIIA0UTH UCKAKEHUS CIIEKTpa, Ipu (POPMUPOBAHUH BpE-
MEHHBIX BBIOOPOK MPUMEHSIOTCS IpYyrue OKOHHbIE (YHKIMH, IJIABHO 3aTyXaro-
e 1no kpasiM. B cnekrpe Takux (pyHKUMNA OOKOBBIE BHIOPOCHI MaJibl 110 CpaBHE-
HUIO C TJIABHBIM (LIEHTPAJIbHBIM JIEIECTKOM) U OBICTPO 3aTyXaroT MPU YIAJICHHUU
OT LIEHTpA.

Tabnuua 3.1 Buibl OKOH U COOTBETCTBYIOIINE UM CTAHIAPTHBIE MPOLIEAYPbI

MATLAB

Haszeanue okna Ilpoyedypa MATLAB
[IpsimoyroJyibHOE w = boxcar(n)
TpeyrosbHOE w = triang(n)
Cos’ (on Xanna) w = hanning(n)
X3MMHHTA w = hamming(n)
biskmsHa w = blackman(n)
Kaitzepa w = kaiser (n, beta)
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1. ITapametrp beta (beta>1) B oxne Kaiizepa ompenenser BBICOTY
00KOBBIX BbIOpOCOB. C pocToM beta OOKOBBIE BBIOPOCHI YMEHBIIAKOTCS, a
TJIABHBIN JIETIE- CTOK PACIIUPSAETCS.

2. OkHa 3a7at0TCsl B BUJIE CTOJIOIA U3 N DJIEMEHTOB, IO3TOMY Mepe/]
YMHO- )KEHHEM Ha CUTHaJl W HE0OXOJJUMO TPaHCIIOHUPOBATh.

Tabnuua 3.2. CpaBHUTEIbHBIE XapaKTEPUCTUKUA OKOH

Ilps Tpe 7 Xomm bn Kau
Mo- - OH UH oK 3e-
Ox yeon | yeonw Xan - - pa
HO b- Hoe Ha 2a M3 =
' Hoe Ha 3.0
[Iuprna
INIaBHOT'O 0.02 0.03 0.04 0.0 0.0 0.04
JICIICCTKA 42 56 36 47 78
110 YPOBHIO
61b
ITonnas 0.14
IIUpUHA 0.04 0.08 0.08 0.1 0.1 i
-70nb
rJIaBHOTO 4
JIeTec
T- Ka
BricoTta
HanOOJIb- -13 -27 -32 - -58 -69
1IEr0 43
OOKOBOTO
BbIOpOCa (1b)
CxopocTb
3aTyXa- HUs -6 -12 -18 -6 -18 -6
OOKOBBIX JIe-
IIECTKOB
(n1b/okT)

[Ipumeyanue: 1MMpPHUHA TJIaBHOTO JIENECTKAa MNPUBOAMUTCS B
OTHOCHUTEJNIbHBIX yacToTax (mpu Fs = 1).
Jus okHa ¢oH XaHHa CYIIECTBYET HKOHOMHUYHBIA CrOco0

HaXOXXACHUA CIICKTpa MCETOAOM CBCPTKH CIICKTpa OKHa CO CIICKTPOM HC
15




B3BCIICHHOW (C MpPSIMO- YIrOJbHBIM OKHOM) TMOCIEI0BATEIbHOCTA IO

bopmyie:
Yy =2 Sy v @ (D)
v —&Yk) — ®
28 2

rae Yw(k) — uckomelii ciektp ¢ okHoMm o Xanna, Y(k) — cnektp He

B3BCIIICH- HOM ITOCJIEAOBATCIIBHOCTH.
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Takum oOpa3zom, BMECTO N OmNeparyii yMHOKEHUS MCXOJHOW BHIOOPKU Ha
OKHO BBITIOJTHSETCSI CII0’KEHUE CMEILIEHHBIX Ha OJIMH OTCYET CIIEKTPOB U JIBA JieJie-
HUS Ha 2, KOTOphIe B MU(PPOBOH 00pabOTKE BBIMOTHSIIOTCS MPOCTHIM CABUTOM Ha
OJIVIH pa3psijl BIEBO.

3aganus K jaboparopHou padore

1. HaiiguTe crieKTpbl IEPEYUCIECHHBIX BO BBEICHUHU BUJIOB OKOH

2. IlocTpoiiTe rpaduku crekTpoB BceX OKOH B Ab. CpaBHUTH MapaMeTphbl
OKOH ¢ Ta0nmunbiMu (Tab1.2).

3. IlocTpoiiTe B 0gHUX OCsIX CIEKTphbl okHa Kaiizepa /uisi HeckolbKuX beta.
HaiinuTe beta, mpu KOTOPOM BbICOTa IEPBOTO OOKOBOI'O BHIOPOCA HE MPEBBIIIACT -
6615 OTHOCHUTENIBHO TJIABHOTO JIEMIECTKA.

4. 3apaiiTe BXOJIHOW mpolecc B BuJe cymMMbl AM curHama, TOHaJIbHOTO
CUTHAaJa U IIyMa.

5. Haiimure criekTpsl Uisi BXOJHOTO ITPOLIECCA, IPUMEHSS BCE NEPEUNCIICH-
Hele okHa. [locTpoiite rpaguku CIEKTPOB B OJJHOM OKHE U CPABHUTH CIEKTPHI
MexXIy coboi. OOpaTuTe BHUMaHHE Ha COOTHOILICHHE YPOBHEW CUTHAJIA W HAJIM-
yre OOKOBBIX cOCTaBIAOMMX AM curHana.

6. Haitnure cnextp mporecca ¢ okHoMm poH XanHa mo (opmyse (1), mo-
CTPOUTH €r0 B OJHUX OCSIX CO CIIEKTPOM, HAMJICHHBIM OOBIYHBIM CIIOCOOOM U
CpPaBHHUTb.

7. losropure n.m.1.4, 1.5 nys # = 0.

MeToauka BbINOJTHEHUS PA0OTHI

1. 3amaiiTe BpeMeHHBIE MOCIEA0BATEILHOCTA OKOH W, IPUBE/ICHHBIX B Ta0-
muue 1. Inuaa okna n=50. TpaHCIOHUPOBATH MOTYYEHHBIE OCIEA0BATEIIBHOCTH
¥ JONOJIHUTh UX mocienoBarenbHocThio u3 500 nynei: [w’ z(1,500)]. IIpu no-
MOJITHEHUW BPEMEHHOM MOCIIeI0BaTeIbHOCTU HYJISIMU (popMa ee CIeKTpa He MEHS-
eTCsl. YBEJIUYMBACTCS TOJIBKO KOJIMYECTBO TOUYEK B CIEKTPE, UTO MO3BOJISIET OoJiee

noApoOHO 0TOOpa3uTh (hOPMY CHEKTpA.
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2. Haiinure cnektpsl Beex rpadukoB ¢ nmomombto fft. [loctpourte rpaduku
BCEX CIIEKTPOB B Ab B OJJHOM OKHE C UCHOJIb30BaHHUEM oreparopa subplot(3,2,k).
OsarnaBute Kaxxaplid rpaduk, ucnomin3ys omepatop title. [{ns ynoOctBa cpaBHe-
HUS BCe rpadyKu MOCTPOUTE B OJIMHAKOBOM MaciiTabe Mo OCU OpAUHAT, UCIIOJIb-
3ys omeparop axis. Macmrad mo ocu abcuuce 3a7aTh B OTHOCUTEIBHBIX YacTOTaxX
(ot 0 mo 1). g Toro, 4ToOBI TJIaBHBIN JIETIECTOK CIIEKTpa OKHA pacroJiarajics B
neHtpe rpaduka, nmpumenure omeparop fftshift(fft(...)). CpaBuure mapamerpbl
OKOH ¢ Ta0nmunbiMu (Tab1.2).

3. IlocTpoiiTe B ogHUX OCsiX cnieKTpbl okHa Kaiizepa miist Heckoibkux beta.
Haiinute beta, nmpu KoTOpoM BbICOTa IEPBOTO OOKOBOTO BHIOPOCA HE MPEBBIIIAET
-661b OTHOCHTENIBHO T'TIABHOTO JenecTka. [Ipu aHammse CIeKTpOB MCIOIB30BaTh
omepaTop zoom.

4. 3amaiiTe BXOAHOM Mpolecc B BUJEe CyMMbl AM curHama, TOHAJIBHOTO
CUTHAJIa 1 HOPMAJIBHO paclpeiesIEHHOro Oeoro uryma: 4acTora JUCKpPETH3aluu:
Fs = 2MTI', vacrora AM curnana fl = (100+#) x['u, yacrora moaynsauuun AM
curnaia fm = 0.01Fs, rmybuna mogynsauuun AM curnana 30%, cpeaHsst aMIUIUTY-
na AM curnana Al=1, yactora ToHanbHOrO curHana f2=(160+#), ammuryaa to-
HanbHOro curHaia A2=0.01, ammuryna myma (CKO) An=0.0005, komudecTBoO
otcuetoB npoiiecca N=300, # - Homep BapuaHTa.

5. Ilepetinure k oTHOcHTeNbHBIM 4YactoTaM f/Fs. Haiimure cnextpbr s
BXOJHOTO Tpoliecca, MPUMEHssl Bce nepedyucieHnbie okHa. [loctpoiite rpaduku
CIIEKTPOB B OJIHOM OKHE, UCHOJIb3ys onepaTopsl subplot(3,2,k). O3arnaBbre Kax-
Il Tpaduk, Ucnonb3ys omeparop title. CpaBHHUTE crieKTpbl Mexay coOou. s
ya00cTBa CpaBHEHHUs Bce Tpauku MOCTPOUTE B OJMHAKOBOM MAacCIITa0e MO OCH
OpJIMHAT, UCTIOJIb3YsI orepaTop axis. Och abCuuce B3SITh B OTHOCUTENBHBIX YaCcTO-
Tax.

6. Haiinure cnextp mporecca ¢ okHoM (on Xanna mo ¢opmyne (1), mo-

CTpPOWTE €ro B OJIHUX OCSAX CO CIEKTPOM, HAWJIEHHBIM OOBIYHBIM CIIOCOOOM H
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cpaBuute. B kauectBe Y(k) BbIOepHTE CHEKTp C MPSIMOYTOJBHBIM OKHOM. [lpu
CJIOKE€HUU CO CMEIIEHHBIMU CIIEKTPAMH HEAOCTAIOIINE KPAHUE OTCYEThI CUUTATh
HYJIEBBIMH.

7. Ilosroputs m.m.1.4, 1.5 g #=0. ConocTaBUTh CIIEKTPHI C MPSIMOYTOJIb-
HBIM OKHOM U I'pa)MKi BPEMEHHBIX MpolieccoB s #=0 u Barero #.

Bonpocs! ajst 321U Tl padoThl

1. C kakuM 13 OKOH HAOJII0JaeTCsl HAaWIy4llee pa3iesieHue CUTHAIOB?

2. C xakuM M3 OKOH HaOJIOAAeTCs HaWIydllee pasjelieHne Hecyeil u 6o-
KOBBIX cocTaBisironiux AM curnana? B yuem npuunna?

3. BriOepute OKHO C KOTOPBIM JIOCTUTAaeTCS KOMIIPOMUCC MEX]y pasjelie-
HUEM JIByX CUTHAJIOB U BBIIBIICHHEM CTPYKTYpbl AM curnaia.

4. B yem npuynHa MEJIEHHOTO craja OOKOBBIX BBIOPOCOB OKHAa X3MMMH-
ra?

5. B kakoM u3 OKOH OBICTPBIA criaj; OOKOBBIX BHIOPOCOB COUYETAETCS C Yy3-
KHM LICHTPAJIbHBIM JICIIECTKOM? B ueM HeocTaTok 3T0ro okHa?

6. B yem mpuunMHa pe3KOro YIy4llIeHHs pa3pelaronieil crnocoOHOCTH B
CIIEKTPE C NPSIMOYTOJIbHBIM OKHOM Iipu #=07?

Coaep:xkanue oTyeTra u ero popma

OTt4er moypKeH OBITH MpejCTaBieH B Buae ¢aiina ¢ umeHem lab3 #.m, co-

JepXKallUM TEeKCT MPOTrpamMMbl ¢ MOAPOOHBIMU KOMMEHTapusMu U Qaiia ¢ nme-

HeM gpamununa_na63 _eapuanmi.doc, ¢ OTBETAMH HA KOHTPOJIBHBIE BOIPOCHI.

JlaboparTopHas padora 4
Cunre3 n ucciaegopanne KUX-puiabtpos
Heab padoTei: NpruoOpeTEHNE MPAKTUUYECKUX HABBIKOB pa3paborkun KNX-

buIBTPOB.
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Teoperuueckoe 000cHOBaHHE
Haubosee mpocTbiM U HarisigHeIM MeTooM pa3padoTku KM X-punbstpos
ABIIIETCS METOJl OKHA. M3BECTHO, YTO OTCYETHl MUMIYJIbCHOW XapaKTEPUCTHKHU
udpororo ¢uiabprpa h(n) cBs3anbl ¢ ero yactotHou xapakrepuctukor H(®) co-
OTHOILIEHHUEM JUCKPETHOTO psaga Dypbe:

Gz = w7 aS (1)

Jlnst punbTpa HIDKHHUX YacTOT C UACAIBHO MPSIMOYTOJIBHON aMIUIUTYIHO-

4acTOTHOM XapaktepucThkoil (AUX) 1 yacToTol cpe3a mo MoTydaeMm:

1 L“‘0 Jén G& G&
h(n) dd <_ 2 Sinc(_2 n),
— e 3 2
"8

€ N U3MEHAETCS OT -0 710 +ON.

OueBunHo, uto peanuzauuss KNUX-dunbrpa ¢ Takoit xapakTepucTUKON He-
BO3MOXxHa. [ moctpoenus peanbHoro KMX-buiastpa He0OX0AMMO OrpaHUYHTD
h(n) koneunsiM yncioM orcueToB N, rae N — nopsgok puibtpa. [lpu s3TOM N1-
HEHHOCTH (pazouactoTHOM xapakTepuctuku (PUX) obecrieunBaeTcs 3a CUET CUM-
METPUH OTCUETOB HMITYJBCHON XapakTepUCTUKU h(n) OTHOCUTENBHO IIEHTpa, a
MakcuMyM orubaroieit h(n) onpeaenser rpynmnoByo 3aAepxKKy QHIbTpa.

HNmnynbcHas XapakTepuCTHKA, MOTyYeHHAs TaKUM 00pa3oM, UMEET pe3Kue
cnajbl MO KpasiM, YTO MPUBOJIUT K MOSBIEHUIO BbIOpocoB B AUX. [Ins criaxuBa-
HUS 3TUX BBIOPOCOB HEOOXOJIMMO NMEPEMHOKUTH BEKTOP ero kKod(pduurientos h(n)
C OHUM U3 OKOH.

Bbonee Tounoe otoOpaxenue xenaemoit AUX gocTUraercsi OnTUMHU3AIMOH-
HBIMU METOJaMU: METOA0M YeObIIEeBCKOM anmnpoKCUMAaIK, UCTIOIb3YIOUIUM ajl-
roput™M Pemesa 1 METOIOM HaMEHBIINX KBaJAPaTOB.

Asnroput™ PeMe3a OCHOBaH Ha TEOpUM HAWIy4yllIed paBHOMEPHOU amllpoK-
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cumanuu YeObllieBa ¥ MO3BOJISIET MPOEKTHPOBATH ONTUMAJbHBIE (UIBTPHI.
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@WIBTPBI ONITUMAIIBHBI B TOM CMBICIIE€, YTO MUHUMU3HPYIOTCS MaKCUMaJIbHBIE OT-
KJIOHeHHs aeuctBurenbHOU AUX ot kenmaemou. [Ipm 3TOM BCce MakCMMalIbHbIE
OTKJIOHEHHsI OKa3bIBAIOTCA PaBHBIMU MeEXIy c000il. COOTHOIIEHHE OIMMOOK ar-
IIPOKCHUMAIMU B T0JIOCE NMPOIYCKAaHUS U IOJOCE MOJABICHHUS 3a0aeTCA C MOMO-
b0 BecoBOM (QyHKuMu. Hampumep, eciiv B 1oJioce MPOIYyCKAHMs 3HAYEHUE Be-
coBOM (pyHKIMU paBHO 1, a B mojoce nogamieHuss paBHO 10, TO TOYHOCTH ari-
POKCUMAIMU B oJIoce nojiaBiieHus Oyaet B 10 pa3 Baile.

MeTon HaMMEHBIIMX KBaJpaTOB, B OTIMYME OT aaroputma Pemesa, MuHu-
MU3UPYET CYMMApHO€ CPEIHEKBAJAPATUYHOE OTKJIOHEHUE xkeimaeMor AUX ot
JNEHUCTBUTENBHOM U B 3TOM CMBICIIE SIBJIIETCSI ONTUMAJIBHBIM. JTO O3HAYAET, YTO
OTAENbHbIE OTKIOHEHUSI AYUX, MOIYy4YeHHOM MO METOAY HANMEHBIIUX KBAJIPaTOB
MOTYT OKa3zaThbcsi Oouiblie, yeM B AUX, monyueHHoil no anroputmy Pemesa. Ho
oO11ee cpeTHeKBAaAPATUYHOE OTKJIOHEHHE Oy 1eT HAMMEHBILIUM.

Cpenu mepeducieHHBIX METOAOB MeToj Peme3a oOecrneunBaeT HamOOJIb-
Iyt KpyTusHy cnaga AYX npu npodux paBHBIX YCIOBHSX. ['pynnoBas 3aaepxka
D Bcex BunoB KUX-duibtpos ¢ nuneiiHoit @YX 3aBUCUT TOJBKO OT nopsaka N u
omnpeaensercs mo hopmyiie:

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

[Tpu BhIMOTHEHNH paboyero 3aAaHus NOTPeOYIOTCS CIEAYIOIUE CTaHAAPT-
Hble pouenypsl MATLAB.

[Tpouenypa fir2 paccuntsiBaeT K03PGULIHUEHTHI GUIBTPA METOAOM OKHA.

HaHpI/IMCp, MMOCJICAOBATCIIbBHOCTL OIICPATOPOB:

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

H = fir2(N-1, £*2, a, hanning(N));
NO3BOJISIET paccunuTath K03 puunentsl punbrpa h 30 nopsaka, xenaemas AUX

KoToporo paBHa 1 mpu yactotax ot 0 mo 0.2*Fs (monoca mponyckanusi), u 0 mpu
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gactorax oT 0.3*Fs mo 0.5*Fs (momoca momamnenus). B monoce ot 0.2*Fs mo
0.3*Fs na AUX He HakjaabIBaeTCs orpaHu4eHuil. Fs — yacTtora auckperusanuu B
['m.

B npouenype fir2, kak u B apyrux nogoOnsix npoueaypax MATLAB Bce
4acTOThI IPOHOMEPOBAHBI OTHOCUTENBHO YacTOThl HaiikBucra: Fn=Fs/2. Iloatomy
B KadecTBe aprymeHta 4actoT B fir2 moxacrasnsgercs He f, a 2*f. Kpome Ttoro,
BMecTO mopsaaka ¢uiabTpa N, paBHOro UIMHE UMIYJbCHOW XapaKTEPUCTHKH,
MOJICTABIIAETCS HOMEP €€ MaKCUMAJIbHOTO oTcueTa Ipu Hymepauuu ot 0 go N-1.

IIpoyeoypa firls paccuntbiBaeT KOIPGUIHUEHTH (QUIbTpA METOAOM
HaUMEHBILNX KBAJPaTOB.

Hamnpumep, nociaenoBaTeabHOCTh ONEPAaTOPOB:

N=30;

F=[00.20.30.5];

A=[1100];

Weigh =[5, 1];

H = fir2(N-1, £*2, a, weight);

NO3BOJISIET paccuuTarh kKodPduuurentsl ¢punbtpa h 30 nopsaka, xemaemas AUYX
koToporo paBHa 1 npu yacrorax ot 0 1o 0.2*Fs, u 0 npu yactorax ot 0.3*Fs no
0.5*Fs. [IpuueM TOUHOCTbH anMpOKCUMALMK B IOJIOCE MPOIYCKAHUS B 5 pa3 BBbILIE,
4YeM B I0JIOCE MOJABJICHUS 3a CUET MPUMEHEHUs BecoBo (pyHkuuu weight. [lpu
OTCYTCTBHH BECOBOW (PYHKIIMM CpeIH apryMeHTOB npoueaypsl firls TounocTs an-
IPOKCHMAallMU OJIMHAKOBA BO BCEX MOJIOCAX.

Ilpoyeodypa remez paccuuThiBaeT KOd(DPUIIMEHTH (QUIBTPA METOJIOM Ye-
OBIIIIEBCKOM aIMPOKCUMAIIMU M0 airoputMy Pemesa.

Hanpumep, nocnenoBaTeaIbHOCTh ONEPATOPOB:

N =30;
F=[00.20.30.5];
A=[1100];
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Weight =[5, 1];

H =remez(N-1, f*2, a, weight);

MO3BOJIAET paccunuTarh K03 duimentol ¢unsTpa h 30 mopsiaka, Tpedyemas AUX
KoToporo paBHa 1 npu vacrorax ot 0 1o 0.2*Fs, u 0 nmpu yactorax ot 0.3*Fs no
0.5*Fs.

Bo Bcex mepeuucieHHbIX mpoleaypax MOKET ObITh 3a/1aHa U OoJiee CIOoX-
Hast AUX 3a cueT COOTBETCTBYIOIIMX BEKTOpPOB f 1 a.

[Ipouemypa [h, n] = impz(b, a); mMO3BOJISIET HAXOAUTH OTCUETHI UMITYJILCHON
XapakTepucTUKu h u ux HOMepa n it MUGPOBBIX PUIBTPOB 1O UX KodhHIIeH-
taMm b u a. g KUX-¢punetpoBa=1,ah=b.

3aganus K JjadbopaTtopHoi padore

1. Paccuuraiite korpduumentst KUX-dunppa HUKHUX HYACTOT 3aJaHHOTO
nopsjika, ¢ moMouibo popmynamu (1) u (2) ¢ UCOAB30BAHUEM OKHA M 0€3 HEro.
[TocTpoiite 4acTOTHBIE U UMITYJIbCHBIE XapaKTEPUCTUKHU I 0OOUX CITy4aes.

2. Cunre3upyiite Tpu (QuiabTpa HIKHUX YacTOT C OJMHAKOBOM 4aCTOTOU
Cpe3a, UCIOJIb3YsI METOJIOM OKHa, PeMe3a u HauMEeHbIINX KBAIPaTOB U OCTPOUTh
ux AUYX 1 UMITyJIbCHBIE XapaKTEPUCTUKH.

3. VYBenuubTe NOPSAIOK (PUIBTPOB CHHTE3UPOBAHHBIX MO METONY OKHA H
METO/y HauMEHBIINX KBaJpPaTOB TaKMM oOpa3oM, uyToObl KpyTHu3Ha cmajga AYX
CpaBHsIach ¢ KpyTu3HOU ¢uibTpa Pemesa. [locTpoiiTe MMIyIbCHBIE XapaKTepu-
CTUKHU TpexX QuiabTpoB. [1o MMITYyJIbCHBIM XapaKTEepUCTUKAM ONpPEACIUTE 3aEpPK-
KM ISl TpeX (PUIBTPOB U CPABHUTE UX C PACUETHBIMU, MOJYYEHHBIMU U3 (GOpMY-
sl (3).

4. lns GunpTpoB, CUHTE3UPOBAHHBIX MO MeToAy Peme3a M HamMeHbIIUX
KBa/IpaTOB, BBECTH HEKOTOPYIO BecoBYIO (hyHKuMIO. [Ipoananusupyiite ee Bius-

Hue Ha AUX.
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MeToauka BbINOJHEHUS PA00THI

1. Paccuuraiite ko3ppuuuentsl h(n) dunprpa nopsaxka N = 60-#, rae # —
HOMEp BapuaHTa, 1 yacTotoi cpe3a F = 0.12 + #/100, monp3yscek dhopmymoit (2).
[TocTpoiiTe rpaduk UMMYIBCHON XapakTepucTUKUA (uibTpa. OHA JOJIKHA OBITh
CUMMETPUYHOU. JUJISi HOCTMIKEHUSI CUMMETPUM IIPU 4YE€THOM N HCIOJIb30BATh
casur n Ha Y. Iloctpoiite AUX dunbrpa. s crinaxkuanusi BeiOpocoB AUX
MIPUMEHHUTH OJTHO U3 OKOH. [locTpoiiTe MMITyIbCHYO XapakTepucTuKy 1 AUX Ha
TeX ke rpadukax, 9To u s mpeapiaymero ciydas. OneHuTe, kKak BauseT Gopma
UMITYJIbCHOU XapakTepucTuku Ha hopmy AUX.

2. Cuntesupyiite Tpu ®HY: metomom okHa (1o mporneaype fir2), meroaom
HauMEHbIIMX KBaapaToB (1o npouenype firls) u Merogom 4eObILIEBCKON apoK-
cuManuu (o npouenype remez). Ilonoca nponyckanust Bcex ®HY - ot 0 no F,
nosioca nojasyieHus - ot F+0.025 no 0.5. Tloctpoiite AUX Tpex GuibTpoB Ha 0J1-
HOM rpa(vKe U CpaBHUTE UX MEXIY COOOH.

3. YBenuuute nopsaok (UIBTPOB CHUHTE3WPOBAHHBIX MO METOAY OKHA U
METO/ly HauMEHBIIMX KBaJpPaTOB TaKMM oOpa3oM, 4yToObl KpyTHu3Ha cmajga AUYX
cpaBHsUIach ¢ KpyTu3Hoil ¢puiabTpa Pemesa. [Toctpoiite AUX u ummnynbcHbIE Xa-
PaKTepUCTUKU TpeX GuiIbTpoB. [l0 UMIYJIBCHBIM XapaKTEPUCTUKAM OMPEEIUTE
3aJIEPKKU ISl TpeX (PHIBTPOB M CPABHUTH WX C PACUCTHBIMH, IMOTYUYECHHBIMHU U3
dbopmysi (3).

4. Jlns ¢GuasTpoB, CHHTE3UPOBAHHBIX MO MeToay Pemesa 1 HauMeHbIIHMX
KBaJIpaTOB, BBEAUTE HEKOTOPYIO BECOBYIO (pyHKUMIO. [Ipoananu3upyiite ee Bius-
Hue Ha AUX. [Toctpoute rpaduxu AUX.

Bonpocs! Ajis1 3a1IUTHI pa00ThI
1. Yem otnuuarorcss KUX-punbtpel [ u Il Tunos. B uem otinune ux AUX?
2. KakoBa cBs3b MeXAy BeIMYMHON BbIOpocoB AUYX u (popMoil uMItyibC-

HOM XapakTepucTuku Guibrpa’?
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3. Ybenutecr B TOM, uTo GuiabTp Pemesa nelicTBUTEeNnbHO 0O€CIeunBaET
HauMEHbIIUE aOCOJOTHBIE OTKJIOHEHUsS AUX OT 3aJaHHOW MO CpPaBHEHUIO C
GUIBTPOM HAMMEHBIINX KBAaApPaTOB TMPHU OAMHAKOBOM mopsake. OreHwure,
HACKOJIbKO MaKcUMajbHOE OTKJIOHeHHe AUX ¢GuibTpa Mo METOMy HaWMMEHBIINX
KBaJIpaToB OoJbIe, yeM y ¢puibTpa Pemesa B Bamiem ciaydae.

4. Kak Bnuser BecoBast pyHkius Ha hopmy AUX?

Conepxanne or4yera u ero popma
OTt4der moJKEH OBITH MpejcTaBieH B Buje ¢aiina ¢ umeHem lab4 #.m, co-
JepXKaIIUM TEKCT TPOTPaMMBbI C MOAPOOHBIMU KOMMEHTapUsMU U Qaiiia ¢ nme-

HeM pamunun_nao4_eapuanm#.doc, ¢ OTBETaMU HA KOHTPOJIbHBIE BOITPOCHL.

JlaGoparopHuas padora 5
Cunre3 n ucciaegopanune bBUX-puabTpos

[lens paboThI: MpHOOpPETEHHE MPAKTUYECKUX HABBIKOB pa3padoTrku BUX-

¢GunbpTpoB Ha 6a3e MX aHAIOTOBBIX MTPOTOTHUIIOB.
Teopernyeckoe 000cCHOBaHHE

OCHOBHOE MPEUMYIIECTBO (PUIBTPOB C OECKOHEUHOW UMITYJIbCHOM Xapak-
tepuctukoi (BUX-punpTpoB) cOCTOUT B TOM, YTO MpHU TEX K€ TPEOOBAHUAM K
aAMIUTUTYJHO-4YaCTOTHOM XapaKTEPHUCTHKE UX MOPSIOK OKA3BIBAETCS 3HAYUTEIBHO
Menblue, yeM y KMX-punstpoB. OnHako ¢azo-yactoTHas xapakrepuctuka bUX-
(UIBTPOB - HENMHEIHA.

Pacnpoctpanennsiii meron pacuetra bBUX-dunbTpoB ocHOBaH Ha mpeodpa-
30BaHUM AHAJIOTOBBIX (PWIBTPOB B LU(PPOBBIE. DTO CBSA3aHO C TEM, YTO METOJbI
pacdeTa aHaJIOTOBBIX (PUIBTPOB XOPOIIO M3BECTHBI, MPOCTHI U IPHEKTUBHO MPO-
IPaMMUPYIOTCS.

[TocnenoBarenbHOCTh AciicTBUi pacdeTa BUX-GunbTpoB mo ux aHamoro-

BBIM IIPOTOTHUIIAM.
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1. Pacuer ananoroBoro ®HY 3ananHoro nopsiaka tuna barrepBopra, Ye-
obimeBa [ unu Il Tuna, win >JIUNTUYECKOTO C €IMHUYHON YacTOTOM cpesa.

2. Tlepecuer ¢unpTpa Ha peanbHyIO 4acToTy W mpeoOpazoBanne OHY B
®BUY, nos0coBOM MU PEXKEKTOPHBIN (QUIBTP, €CIIH 3TO TpeOyeTcs.

3. Juckpernzanusi aHaJIOrOBOIO MPOTOTUIIA METOAOM UHBAPUAHTHOTO Mpe-
00pa30BaHUs UMITYJIbCHBIX XapaKTEPUCTUK WM METOJIOM OMJIMHEMHOro mnpeodpa-
30BaHUA.

Memoo unsapuanmuozo npeodpaz08anusi UMNYIbCHLIX XAPAKMEPUCUK
OCHOBAaH HAa HEIOCPEICTBEHHOW AUCKPETU3alUU HMITYJIbCHBIX XapaKTEPUCTUK
aHayoroBblx (uiabTpoB. Eciiu aHamorosasi 1ienb OMUCHIBACTCS HMMITYJILCHOM Xa-
PaKTEpUCTUKON BUAA

h(2) % e,
U TIepelaTOuHOM (QyHKIMEeH

o1
H(p) =~ ’

TO ITOCJIC TUCKPCTU3AINH
HUMCCM.

h(n) * &

rie 23 - MEpUOJ JUCKPETU3ALUU, U

B o6mem ciyyae mepenaTouHyio (QYHKIIMIO aHaJIOTOBOTO YCTPOMCTBA

(punbTpa), METOAOM Pa3JI0KEHUS HA MPOCThIE APOOH, MOKHO MPEICTABUTH B BU-

A€

M

H(p) Q;AR

Torna, no aHajoruu ¢ nNpeAbLAYIIMMHE (OopMyJIaMH, MEPEXOIUM K Iepesa-
TouHOM (pyHKIMH LHppoBoro BUX-punbTpa:
H(z) * Q A,
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B pesynbpraTe Takoro mepexoja y4acTOK MHHMOM OCH Ha P-TJIOCKOCTH,
OrpaHMYeHHBI uyacToTamyu &Bfy/2 (f=1/23 - wWacToTa JUCKPETH3aLHH),
0oTOOpakaeT- ¢ Ha €IUHUYHYIO OKPYXKHOCTH Z-TUIOCKOCTH. DTO O3HA4aeT, 4To
YaCTOTHBIE Xa- PAaKTEPUCTUKHN aHAJIOTOBOTO MPOTOTHITA TTOCTIE €T0 TUCKPETU3AINH
NEPUONYECKU TTOBTOPSIOTCS C MEPEKPHITUEM Ha 4YacToTax, KpatHbix fy/2. Ecnm
AUYX aHanmoroBo- ro MPOTOTUIIA HMMEET JOCTAaTOYHO OOJIbIIOe 3HAYCHHE 3a
npenenamu fy/2, To mMpu- MEHEHWE MAHHOTO METOJAA JUCKPETH3AIMU MPUBOIUT K
3HAUYUTETBHBIM HCKaXKe- HUSM xapakTepucTuk BbUX-dunbrpa mo cpaBHeHUIO C
MIPOTOTHUIIOM.

OT yKka3aHHOTO HeJOCTaTKa CBOOOAECH MeTOoJ OWIMHEHHOro mpeolOpa3oBa-
HUS, KOTOPBI OCHOBAaH HAa MAaTEMAaTHYECKOM OTOOpPaXEHWUU P-TUIOCKOCTH Ha Z-

IIJIOCKOCTDB IO CIICAYIOIIHM ITpaBUJIaM:

H(z)* H(p)

Bl
pe2f
71

Taxoe npeo6pazoBanue oTobpaxkaer och @ (o1 @ = v 10 @ = -) Ha p-

IUIOCKOCTH B €IMHUYHYIO OKPYKHOCTB € * (or & = —§ no & = ?) Ha Z-TUIOCKOCTH.
‘ﬁ 70 § YAaCTOTHBIC XaPAKTEPUCTHKH IH(PPOBOTO
bunpTpa nepuoANUecKu noBTopsroTcs.) [Ipu sTom

9

2fs

(3a mpenenamu WHTEpBaJa OT -

& % 2arctg(™” )

Taxum 00pa3oM, yactoTHas och € aHamoroBoro GpuabTpa 0TOOpaKaeTCsA Ha
YaCcTOTHYIO 0Ch & 1rppoBOro GuiIbTpa Mo HEITUHEHHOMY 3aKOHY — C POCTOM Ya-
ctoThl och & cxxmmaercs. s ®HY, nanpumMep, 3T0 NPUBOIUT K 00JIce KPyTOMY
cnany AUX nudpoBoro ¢puiibTpa 1o CpaBHEHUIO ¢ aHAJIOTOBBIM MPOTOTUIIOM.
WNHorna, mpu HMCIONb30BAaHUM METOJAa OWIMHEHHBIX NpeoOpa3zoBaHuid, B AUX
aHAJIOrOBOI'0 IPOTOTHIA BBOJATCS NPEABICKAXXKEHUSA JUIS MOJY4YEHUS 3aJaHHBIX
4acToT cpe3a B UG poBOM (QUIIBTpE:

O, = 2*Fs*tan(pi*Fd/Fs),(1)
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rne €@, — uacrora (uactorsl) Ha AUX aHANOroBOro MPOTOTHIA C YYETOM
npensickakenuit, Fq — Tpebyemas gacrota (dactotsl) mudposoro ¢uibrpa, Fy —
4acTOTa JUCKPETU3ALIMH.

IIpn ucnonb3zoBanuu sA3pika MATLAB pacuer aHanoroBbIx NPOTOTUIIOB HA
stane (1) BBINOJIHAETCS ¢ MOMOLIBIO CTaHAApTHHIX Hpouenyp buttap, cheblap,
cheb2ap, ellipap. 3arem, Ha 3Tame (2), ¢ momompio mporeayp Ip2lp, 1p2hp,
Ip2bp, Ip2bs, ocyuiecTBisieTCs MepecyeT 4YacTOThl U IpeoOpa3zoBaHue TUIA (PUIIb-
Tpa. I Ha stane (3), ¢ moMoupo npouenyp impinvar u bilinear ananorosbie
GbuIbTPHI IpeodpaszyroTcs B IU(PPOBBIE.

[Ipouienypsr butter, chebyl, cheby2, ellip BbimoNHSIOT BCe Tpu dTana B
KOMIUIEKCe, OOBbEANHAS BhIICTIPUBEACHHbBIE Npoueaypsl. [Ipuuem npeoOpaszoa-
HUE B LHU(PPOBbIE (PUIBTPHI BBIIOIHIETCS METOJOM OMIMHEHHOro npeoOpa3oBa-
Hus (bilinear) ¢ npeasickaxxennem AYX ananoroBoro mporotuna. B 0oibmus-
CTBE IPAKTHYECKHUX CIIy4aeB IOJIb3YKOTCS MMEHHO 3TUMHU npoueaypamu. Ecnu B
napamMeTpax yKa3aHHbBIX MpOLEeayp MPUCYTCTBYET ykaszarenb ‘s’, To 3rtam (3) He
BBIMOJIHSIETCS, U IO HUM PACCUUTHIBAIOTCS aHAJIOTOBbIE (PUIIBTPHI.

IIpouenypa butter paccuuTbiBaeT K03(pPUIMEHTHI NEepeIaTOuYHOW (YyHK-
1 H(z) mudposoro BUX-dpunbrpa barrepBopra.

Hampumep, nociaenoBaTeabHOCTh ONEPaTOPOB:

N=6; % llopanox ¢unbTpa

F =0.25; %YacroTa cpe3sa.

[b, a] = butter(N-1, F*2);
no3BoJIsieT paccuutaTh Kodddumrertst @HY mopsinka N=6 ¢ OTHOCUTEIbHON Ya-
cToroit cpe3a Ha ypoBHe —31b (0,707), paBHoii F.

B npouenype butter, kak 1 B 1pyrux nogooHsix npouenypax MATLAB Bce
4acTOThl MPOHOPMHUPOBAHBI OTHOCHTENHHO YacToThl HaiikBucra: Fn = Fs/2. Ilo-

TOMY B KauecTBe apryMmenTta yactoT B fir2 nmoacrasisercs He f, a 2*f. Kpome To-
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ro, BMecTo nopsiaka Gunbrpa N moacTaBisieTcs MaKCUMaIbHBIA HOMEP K03 hu-
uueHTa rnpu Hymepauuu ot 0 1o N-1.

IIpouenypa chebyl paccuntsiBaeT kK03(hPHUIMEHTH NEepeTaTOUYHON (YHK-
uuu H(z) uudposoro BUX-dpunstpa YeObimena tuna 1.

Hanpumep, nociaenoBaTenbHOCTh ONEPATOPOB:

N=6; % llopsgok ¢punbTpa

Rp=3; %HepaBHOMEpHOCTH B M0JIOCE MPOITYCKAHUS

F =0.25; %YacroTta cpe3a.

[b, a] = chebyl(N-1, Rs, F*2);
1o3BoJisgeT paccuntarh Kodhduimentet ®HY nopsinka N ¢ oTHOCUTEIBHOM Ya-
crotoii cpe3a F na yposue —31b (0,707).

IIpouenypa cheby2 paccuutbiBaeT kKo3hPUIIEHTH IEpenaTOYHON (PYyHK-
uuu H(z) uudposoro BUX-punstpa YeObimena tuna 2.

Hanpumep, nociaenoBaTeabHOCTh ONEPATOPOB:

N=6; % Ilopsgok ¢punbTpa

Rs =20; %HepaBHOMEPHOCTH B IOJIOCE MOAABICHUS

F =0.25; %YacroTta cpe3a.

[b,a] = cheby2(N-1, Rp, F*2);
no3BoJIsieT paccuutaTh Kodddunrertst ®HY mopsinka N ¢ OTHOCUTEIBHON Ya-
crotoii cpe3a F Ha yposue —201b (0,1).

IIpouexypa ellip paccuntbiBaer K03pHULHUEHTHI TEPEeIATOUHON QYHKIUU
H(z) mudposoro simauntuueckoro BUX-dunbrpa.

Hampumep, nocienoBaTeabHOCTh ONEPAaTOPOB:

N =6;

Rp = 3; %HepaBHOMEpHOCTH B OJ0CE MPOIYCKAaHUS

Rs =20; %HepaBHOMEPHOCTH B I1OJI0CE TTOAABICHUS

F=0.25;

[b, a] = ellip(N-1, Rp, Rs, F*2);
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no3BoJsieT paccuutaTh kKodddumnrentsl ®HY nopsinka N ¢ OTHOCUTENIBHON Ya-
crotoii cpe3a F na yposue —31b (0,707).

Jlnis pacueTta moja0coBbIX GUIbTPOB napaMmeTp F 1omkeH ObITh BEKTOPOM U3
2-x sanemeHnToB. [Ipu pacuere ®BY unm pexxeKkTOpHbIX (HUIBTPOB BBOJATCS Mapa-
MeTpbl «high» u «stop».

Bce nepeuunciennsie nmporeaypsl MOTYT ObITh MCIIOJIB30BAHBI JIJIsl pacyeTa
nepenatoyHbix QyHkimit H(p) cooTBeTCTBYIOMIMX aHANOTOBbIX (GUIBTPOB. Jis
ATOro BBOJAUTCS napametp ‘s’. Hampumep, npouenypa

[b, a] = ellip(N-1, Rp, Rs, 2*pi*F, ’s’)
pacCUMTHIBAET MapaMeTPbl aHAJIOrOBOro Aummnruaeckoro @HY.

[Tpruem yacToTa cpesa B aHAJIOTOBOM (PHIBTPE AOJKHA OBITh 3a7aHa B BU-
e KpyroBoii yactotel @=2*pi*f.

[Tponenypa bilinear nepecunthiBaeT KO3(PPUIMEHTH aHAIOTOBOTO (PHIIb-
Tpa B K03 duimeHTs! udpoBoro GuibTpa:

[bz, az] = bilinear(b, a, Fs).

AHanOru4HO ACUCTBYET U Mpoleaypa impinvar:

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

[Ipouienypa pacuera 4YacTOTHBIX XapaKTEPUCTHUK aHAJOTOBBIX (QUIBTPOB
[H,Q] = freqs(b, a, 512) neiictByer ananormuno npouenype freqz. Ilpu sTom
BEKTOP 4acTOT € COCTOMT U3 OTCUETOB KPYrOBOU YaCTOTHL.

[Tpouenypa zplane(b, a) orobpaxkaeT Ha rpaduKe HYJIU U MOJIOCA.

3ananus k jadbopaTopHoii padore

1. Paccumraiite koddduimeHTsl YeTbipeX BUAOB HH(poBeIX bBUX-
bunbTpoB HIWKHUX YacToT: barTrepBopTa, YeObimeBa tuna 1 u 2, U IUNTHYC-
ckoro. [Toctpoutrs AUX, ®UX, nuarpamMmbl HyJIEH U MOJTOCOB.

2. Paccuuraiite mudpoBoi nogocoo ¢puiabTp barrepBopra mo ero anaio-
TrOBOMY IMPOTOTUITY METOJOM MHBAapPHUAHTHOI'O MPEeoOpa3oBaHUs UMITYJIbCHOM Xa-

PaKTEpUCTUKA W METOJIOM OuimHeiHoro mpeobpaszoBanus. [loctpoiite rpadux
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AUYX anHamoroBoro mpotroTurna u IUGPOBBIX (UIBTPOB, PACCUUTAHHBIX JBYMSI
croco0amu.

3. BeauTe npenpICKaKeHNs B YaCTOThI AHAJIOTOBOIO MPOTOTHUIIA, ITOCIIE Ye-
ro BHOBb MEPeUTH K IUPpoBOMY PUIBTPY MO METOAY OMIMHEHHOro mpeodpaso-
BaHMUSI.

MeToauka U NOPSIAOK BHINOJIHEHUS

1. Paccumraiite koadduimeHTs YeTbipeX BUAOB HH(poBeiXx bBUX-
buabTpOB HIKHUX 4YacToT: barrepBopTa, UeOnimeBa tuna 1 v 2, U >yIMnTHYE-
ckoro, opsinka N = 5 u gactoroii cpe3a F = 0.12 + #/100, e # — HOMep BapuaH-
ta. Wcnone3yiite npouenypst MATLAB: butter, chebyl, cheby2, ellip. Ilo-
crpoiite B ogHuX ocsax AUX u @YX mnsa derbipex BUAOB (unbTpoB. CpaBHUTE
NOJIyYeHHbIE XapakTepuUCTUKU. [locTpoiiTe quarpaMMbl HyJI€H U MOJTIOCOB IS Ye-
ThIpeX BUIOB (uibTpoB. CoOMOCTaBbTE PACHOJIOKEHUE HYJIEH M MOJIICOB C BU-
nom AUX. ObpatuTe BHUMaHHE HA T€ MECTA, TJie HYJU COCEICTBYIOT C IOJIOCA-
MU.

2. PaccuuTaiiTe aHaIOTOBBIA TIOJI0COBOU (miIbTp baTTepBopTa ¢ yactoTamu
cpe3a F1 = 0.12 +#/100 - 0.05 u F1 = 0.12 + #/100 + 0.05, ucnions3ys nporemy-
poii butter ¢ mapamerpom ‘s’. BMecTo nuHelHbIX yacToT F npu 3ToM HE0OXo1u-
MO IIOJCTABIIATh KPYTOBBIE YACTOTBI 0=2‘§8F. IToctpoute AUX aHanorosoro mpo-
TOTHUINA C MOMOUIbIO Mpoueaypsl freqs, HO B 3aBUCUMOCTH OT JIMHEHHOW 4acTOTHI
F. Ucnonws3ys mnpouenypsl bilinear u impinvar, npeoOpa3oBaTh aHaJOTOBBIi
bunetp B mudporsie. [loctpoute AUX 3Tux GUIBTPOB Ha OJHOM Tpaduke u
cpaBHUTE MeX Iy cobolt u ¢ AUX ananoroBoro GpuibTpa.

3. Ucnonw3ys popmynsl (1), BBECTH MPEABICKAXKEHUS YaCTOT aHAJIIOTOBOTO
bunpTpa 1mocjie 4ero MoBTOPUTH 11.2.2.

Bonpocs! Asst 3a1MTHI padoThI
1. CpaBHUTE YaCTOTHbBIE XapakTEepPUCTHKU (puiibTpa barrepBopra M mnun-

TUYeCKOTO (punbTpa. B ueM ux cuiibHbBIE U Ci1a0ble CTOPOHBI?
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2. Kak no Buay nuarpaMMbl HyJied IOJIIOCOB JJUIMIITUYECKOTO (puibTpa
ONPEAETUTH €r0 YacToTy cpe3a?

3. Kakum oOpa3zom mo pesynbTatam 1.2.1 MOXKHO MOCTPOHUTH CXEMBI ITU}-
POBBIX (PUIBTPOB?

4. Ing 0. 2.2 onummMTe XapakTtep U NpuuruHbl HckaxeHud AUX mudpoBbix
(UIBTPOB B TOM U APYTOM CIy4ae MO0 CPABHEHHIO C AaHAJIIOTOBBIM MTPOTOTUIIOM?

Coaep:xkanue oTyera u ero popma

Otuer moywkeH OBITH TpeCcTaBieH B Buue (aitna ¢ umenem lab5 #.m, co-

JEpKalUM TEKCT MPOrpaMMbl ¢ TMOJPOOHBIMU KOMMEHTApUAMH U (aiija ¢ uMe-

HEeM gpamunua_nabd5 eapuanm#.doc, c OTBETAMH HA KOHTPOJIBHBIE BOIPOCHL.

JlabopaTopHas padora 6
HccaenoBanue 3¢gppekToB KOHEUHOI PA3PAIHOCTH YUCE

[lenp paboThI: MPAaKTUYECKOE O3HAKOMJIEHUE C 3(P(EeKTaMu KBAHTOBAHHUS B

rdpoBoii o6paboTke.
Teopernueckoe 000CHOBaHME

[TpuHIMNIHATBHBIM CBOWCTBOM LU(POBBIX CUCTEM SIBIISETCS HAJTUYHUE OLIU-
OOK KBaHTOBaHHUS KAaK OTCYETOB 00pabaThIBA€MOI0 CUTHAJa, TaK U KO3 (ULIUEH-
TOB chcTeMbl. KBaHTOBaHWE, TO €CTh IPEACTABICEHUE YMCIA C ITOMOIIBI KOHEY-
HOT'O KOJIMYECTBA Pa3psiioB, BHOCUT B MPEJCTABICHUE KBAHTYEMOro yncia A

OIIHUOKY

e F(4) -
4

rac

~

A - YUCI0 10 KBAaHTOBaHUA, F( A - YMACIIO IOCJIC KBAHTOBAHMS. Onepa—

uus F sBnsercs nenunernou.[1larom kBanToBaHus (Q HA3bIBAETCS PACCTOSIHUE MEXKITY
IBYMSI COCEHMMHU YPOBHSIMH KBaHTOBAaHUS: O 2 b, Tie b — KOIUYECTBO Pa3psIoB, HE

CcUyuTasa 3HaKO- BOI'O.
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Hcnonb3ytoTes ABa crocoba KBaHTOBaHUS — OKpYIJIeHHE U yceueHue. [lpu

OKpYyIUICHUHA O 2#c#Q/2, a TIpH O # o # 0. Cuuraercs, 4TO 3HAUCHUs

yCEUEHUU

OIMOOK KBAaHTOBAHUSI € PABHOBEPOSTHBI B YKa3aHHBIX JHANa30HaX.

JIns aHanmM3a MpoLEecCOB KBAHTOBAHUS UCIIOJB3YIOTCS JIUHEUHAA U Helu-
Heulnaa Mozaenu. HenuHenHas MOJEnp HCIONB3YETCS NPU MOJAEIHPOBAHMM Ha
OBM u TOYHO OMMUCHIBAET MPOLIECCH 10 U MOCIE KBaHTOBaHUs. B nnHeitHON Mo-
JIe’M K KBAaHTOBAHHOMY IIPOIIeCCY A00aBIISIETCSl aiIUTUBHBIN TUCKPETHBIA ITyM,
KOTOPBI aHAJIOTUYEH MO CTAaTUCTUYECKUM CBOMCTBAM PEAJIbHOMY IIYMY KBAHTO-
BaHMA. MaremaTuyeckoe OXUAaHue fﬂe v gucniepcns fH),> IIyMa KBaHTOBaHHS
OTIPENIENSIOTCA 10 (hOpMyTIam:

)ﬁ@ “0, IIpHU OKPYTJIICHUU

f %050, mpuyceuenun (1)

2 32b . 32m
@8 5 5

rae m=b + 1 — pa3psaaHocTs ¢ yueToM 3Haka.B mpoiiecce nudpoBoit 00paboTKU, Kak
MIPABUIJIO, TIPUXOJAMUTCS MPUOETaTh K YMEHBIICHUIO Pa3pPSIHOCTH MPOMEKYTOYHBIX H
KOHEYHBIX pPe3ynbTaToB. [IpWum- Ha 3aKi04aTcss B TOM, YTO TPH BBITOJHEHUU
apupMETHICCKUX OIepaluii Ha/Jl YUCIaMH MX Pa3psSaHOCTh Bo3pacraeT. Hampumep,
MEPEMHOKCHUE JIBOMYHBIX COMHOXKHTENICH TPUBOAWT K YABOCHHIO Pa3psaHOCTH.
Korma mnpomsBeneHne W3 perucrpa yMHOXKHUTENS TIEPENUCHIBACTCS B TaMSTh,
NPOUCXOANT YMEHBIICHWE pPAa3pATHOCTA METOJIOM YCEYCHHUS WM METOJIOM
okpyrieHus. Ilpu ycedeHMHM YacTh MIIQANIMX PAa3pPsIOB TMPOCTO OTOpaChIBAETCS
(0.1101101 &= 0.110). ITpu okpyrieHun Ynuciao OOIbIICH pa3psAHOCTH 3aMEHSIETCS Ha
ommxkaiee yucio Menbinei paspsgaocta (0.1101101 0.111).Ananu3 ommbok
OKPYTJICHHS MOKHO BBITIOJTHATH IBYMS CIIOCOOAMM: JIN- HEWHBIM U HeTUHEHHBIM. [Ipn
HEJTMHEHHOM CIOCO0E€ METOJOM MOJICTUPOBAHMUSI HAa KOMIIBIOTEPE HAXOIHUTCS
pazHocTh mporiecca s(n), n = 1, ..., N Ha BeIXOJE UJie-
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JIbHOTO ITU(POBOT0 YCTPONUCTBA, B KOTOPOM HE MPOM3BOAUTCS HUKAKUX OKPYT-
JIeHUW U mporecca sq(n) Ha BBIXOJIE PeaIbHOTro HU(PPOBOro yCTPOUCTBA, B OMpe-
JIEICHHBIX TOYKAaX KOTOPOTO OCYIIECTBISICTCS OKPYTJICHUE WM YCEUCHHUE TpoMe-

YKyTOUHBIX pe3ynbTaToB. HaliienHas pa3Hoctbe(n) = s(n) - sq(n) (2)

" SABJICTCA INIYMOM KBAaHTOBAHMAL. MaremaTudeckoe OXHAAaHHC ﬁl OKCIICPUMCH-

TaJIbHO MOJIYYEHHOTO IIIyMa KBAHTOBAHUS €(#) PacCUMTHIBACTCS MO PopMyIie:

ot
el (3)
Jlucrniepcusi pacCYUTHIBACTCS T10
dhopmyie:

vy (4
ﬁzmluo (efﬁ) 4

B nuHeitHOM Momenu Ha BXOJ IM(PPOBOro yCTPOMCTBA, a TaKKe B T€ €ro
TOYKH, T/IE OCYUIECTBIISICTCS OKPYIJICHUE UM YCEUCHUE MPOMEKYTOUHBIX PE3Yilb-
TaTOB, MOJIKJIFOYAIOTCS UICTOYHUKH PAaBHOMEPHO PaCIPEACIICHHOT0 OEIoro myma ¢
MaTEMaTUYECKUM OKUJIAHUEM U JUCTIePCUEe, pacCUYUTaHHBIMU 0 opmynam (1).

Kaxp1il U3 3TUX UCTOYHHUKOB CO3JAET IIYM Ha BBIXOJAE YCTPOMCTBA C AUCIIEPCUEN

<
S 2 2
%;{buc * i Qi,k > (5)
. 6x. kA1
rnae hix — UIMITyJIbCHAsl XapaKTepUCTHUKa i-i yacTu 1u(poBOro ycTpoiicTBa, uepes
KOTOPYIO IIYMOBOW CHTHaJ MPOXOJIUT Ha BbIXOJ. OOIIMIA BBIXOJHON IIYM IOTY-
qJaeTcs MyTeM CIOXKEHHs peakiuii u(poBOro ycTporucTBa Ha BO3JCHCTBUE yKa-
3aHHBIX HICTOYHHUKOB LIyMa.

s BUX-¢dunpeTpa 2 nopska ¢ nepegaTouyHo pyHKIuen Buaa

b bz
H(z) * 0 Zl ’ (6)

lgz'
On = 26 ba, b)Y NI @) (7)
k 01 1 1 1

0
k %0

IIPHU BKIIOYCHHWH UCTOUYHHUKA HAa BXOJ (I)I/IJ'IBTpa.
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Jsis BeIOTHEHUST paboyero 3ajanus noTpedyeTcs: MpUuMEHEHUE MPOLeTypbl
round vz MATLAB, xotopast ocylIecTBIsI€T OKPYIJICHHUE YUCIIa 10 OJIKaiIero
nesnoro. YtoObl OKpYTJIUTh YUCIIO, MEHbIIEE 1, HEOOXOAUMO CHavajga YMHOXHTb
€ro Ha MaclTadupyromuidi MHOXUTENb. Hanpumep, /Uit Toro, 4ToObl OKPYTJIUTh
ceMupaspsiHoe 1BouyHoe yucio a; = 0.1101101 (0.8515625 B necsiTuuHOM BUE)
1o tpexpaspsaHoro a; = 0.111 (0.875 pecstuyHOM BHUJE), HEOOXOAUMO BBITIOJ-
HUTH CIIEYIOLIEE:

a; = round(a;*2°)/2°.  (8)

3aganus K jaboparopHoi padore

1. IMoctpoiite AUX nmnst puiabTpa ¢ mepeaaTouHol GpyHkiue (6) mis Tod-
HBIX U OKPYIJICHHBIX 3HaY€HUN KOA(P(OUIIMEHTOB.

2. 3agaiiTe BXOOHOM CHHYCOMJAJIBHBIN MPOLECC C TOYHBIMA M KBAaHTOBAH-
HBIMM OoTcueTaMy. Haiinure myMm KBaHTOBaHUS €r0 MaTEMaTHYECKOE 0XKUIAHUE U
JUCIIEPCHUIO.

3. Haiigute mrym KBaHTOBaHMS Ha BbIX0jie (puiabTpa, 00yCIOBICHHBIN KBaH-
TOBAHUEM BXOJHOI'O CHTHAJA.

4. Haiimute myM Ha BbIxoAe (uiIbTpa, OOYCIOBJIEHHBIM KBaHTOBaHHEM
IIPOMEKYTOUHBIX PE3YJILTATOB B Mpouecce GUIbTPALIIH.

MeToauka BbINOJIHEHHUS PA0OTHI

1. Co3paiite B Buie OTAENbHOTO (paiina GyHKINIO KBAHTOBaHUS 1O PopMy-
ae (8), BBIXOJAHBIM MapamMeTpoOM KOTOPOM SIBIIsETCS KBAaHTOBaHHBIA mpolecc, a
BXOJHBIMU IapaMeTpaMu — MCXOJHBIM TPOLECC U Pa3psIHOCTb KBAHTOBAHMSL.
[TpaBuna opopmnenus pynkuuii cmotpute B help function. IToctpoitte AUX st
¢unbTpa ¢ nepeparoyHo GpyHkuuen (6) u ko3pdpuLreHTaMu a=[1-
#/20], b = [0.05 0.05], rne # — Homep Bapuanta. [locTpoiiTe Ha TOM e Tpaduke
AUYX s puneTpa ¢ K03PphULHEeHTaMU, OKPYTJIEHHBIMU C JIO TPEX U JO IIECTHa-

ALUaTH IBOUYHBIX pa3psAad0B.
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2. 3agaiiTe BXOJHOM mpoiiecc B Bujae s = sin(2*pi*f*n); n = (0 ... 2000).
Yacroty f 3anaiite Takum 00pa3om, 4TOOBI CUTHAJ MONaN B MOJ0CY MPOIYCKaHUS
¢unbTpa. Beimonnure kBaHTOBaHME curHaia s 10 b pa3psiaoB mist b =3 u ans b
= 8. Takum 00pa3om, U3 TUCKPETU3UPOBAHHOIO CUTHAJA § MOJydyaeTcs: HudpoBoil
sq. [loctpoiiTe Ha oHOM Tpaduke S, sq, € = s - sq 111 b = 3. Haiitu marematuye-
CKO€ OJKHJIaHWe U Aucnepcuro ryma e (s b = 8) mo ¢popmynam (3) u (4 )

3. llopatite curHansl s u sq (b = 8) Ha Bxoa ucciaeayemMoro Guibtpa ¢ 16-
paspsgabiMu  kodurmentamu. Mcnonssys mpouenypoi filter, maiitn mrym
KBaHTOBaHMUS Ha BbIXOJE (UIbTpPa OOYCIOBICHHBIM KBAHTOBAHUEM BXOJHOTO
curHaia no gopmyse (2), ero MaTeMaTH4eCKOE OXKUAAHUE U TUCTIEPCHIO.

4. Hangure myM KBAaHTOBAaHMS 3a CUET OKPYIVIEHMS IPOMEKYTOYHBIX pe-
3yJabTaTOB (PruiibTpanuu. s 3Toro 3amnporpaMMupyuTe airoputm GuibTpaiuu B
BUJIC PA3HOCTHOTO YpPaBHEHUS, COOTBETCTBYIOIIETO TepeaaTouHon pynkiuu (7)
JUTISL TIPSIMOM (HEKaHOHMYECKOM) cxeMbl peanuzanuu (uibtpa. [Iporpammy BbI-
MOJIHUTE B BUJIe IUKJA. [lociie HaXOKIEHUsI OYEPETHOTO OTCUETA ACNANTE OKPYT-
JeHue pesynbrara 10 b=16 — pa3paaHocts namstu Beraucaureis. lym oOycnos-
JICHHBI! KBAHTOBAHHEM BXOJIHOI'O CHTHAaJla HA JAHHOM 3Talle pacueTa YYUTHIBATh
He cieayer. [loaToMy OTCUETBHI BXOAHOIO CUTHajla HEOOXOAMMO OKPYIVIUTH J10
paspsaHoctu namatu. [lo popmynam (3) u (4) HallAUTE MaTEMAaTHYECKOE OKUJIA-
HUE U JUCTIEPCUIO IIIyMa OKPYTJICHUS BHIYUCTUTENS.

Bomnpocs! 1151 32T pad0ThI

1. Paccumnraiite qucnepcuio SKBUBAJIIEHTHOrO IryMa KBaHToBaHus ALIIIl Ha
Bxozie 1o dopmyne (1) u cpaBHHTE C pe3yiabTaTOM IMyHKTa 2.5 B aOCONIOTHBIX
3HadyeHusIx u 1b.

2. Paccuuraiite napamerpsl myma kBantoBanus ALII Ha Beixoge ¢uibTpa
JUIS TAHEWHOW MOJeH, Moib3ysachk Gopmynamu (5), (6) u (8) u cpaBHUTE ¢ pe-

3yJIbTaTOM ITyHKTa 2.8 B a0COTIOTHBIX 3HAYCHUSX U Ab.
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3. Paccuutaiite mapameTpsl IlyMa KBaHTOBAaHUS 3a CUET OKPYTJIECHHUS IPO-
MEXKYTOYHBIX PE3YyJbTAaTOB (PUIbTpAlMU HA BbIXOJE (PHIbTpa AJisd JIUHEHUHOU MO-
nenu, moib3ysack Gopmynamu (1), (5) u (7) u cpaBHUTE C pe3yIbTaTOM MyHKTA 2.4

B a0COJIIOTHBIX 3Ha4YeHUSX U 1b.

Conepxanne oT4yera u ero popma
OTtueT noJKEeH OBITh MpeJCTaBlieH B BUie (¢aiina ¢ umeHem lab6 #.m, co-
JepKaIIuM TEKCT MPOTrPaMMbl ¢ IMOJAPOOHBIMH KOMMEHTapUsIMH U (paitma ¢ nme-

HEeM pamunusa_na66 eapuanm#.doc, c OTBETaMH HA KOHTPOJIbHBIE BOIPOCHI.

JlabopaTopuas padora 7
HccaenoBanne aJaropurMoB U3MeHEHUS YACTOThI TUCKPETH3ALNH
[lenr paboThl: mprUOOpeTEeHNE MPAKTUIECKUX HABBHIKOB MPUMEHEHUS aJlro-

_PUTMOB U3MCHCHHA YaCTOThI AUCKPCTU3ALIUN I_[I/I(l)pOBBIX CHUT'HAJIOB.

Teopernueckoe 000CHOBaHME

AJITOPUTMBI U3MEHEHHUSI YACTOThI JIUCKPETU3ALMHU MEPBOHAYAIBHO MPUME-
HSUTUC 0 X CUCTEM C Pa3JIMYHOU TAKTOBOW 4acToTOU. B

VTP PP i
JAJIbHEUIIIEM OHH CTAJIM UCIIOJIB30BATHCS JUISl CHUYKEHHSI BBIYMCIIUTENBHBIX 3aTpaT
npu peanuzanuu anroputMoB [{OC. Iporecc NoHWKEHHST 4YaCTOThI TUCKPETU3A-
UM HA3bIBAIOT JICIIMMAIMEH, a MPOLECC MOBBIIMICHUS YaCTOThl JUCKPETHU3ALUU —
VHTEPIOJISILUEH.

Jlenrmanus BBIIOJHAETCS ¢ MOMONIBIO OIepanuu npopexkuBanus: [Iponece
C TIOHIDKCHHOW YacTOTOM JHMCKpeTH3anuu (JIeIMMHUPOBAHHBIN Tporiecc) GhopMu-
pyeTcs myTeM BBIOOPKH KaKJI0To K-ro oTcyeTa u3 mpoliecca ¢ BBICOKON 4acTOTOM

muckperusanun. Koagdpuuuent k HazpiBaeTcss ko3pGUIMEHTOM JeIUMALIUU.

¥(nT)

y(mT)



Puc. 7.1

Ha puc.7.1 moka3an npumep nerumanuu npu k=3 B pe3ynbrare 4ero mpo-
necc y(nT), puc.7.1a, npeobpasyercsa k mnpoueccy y(mT,), puc.7.16. Cnenyet
YYHUTBIBATh, YTO MPOIIECC JOHKEH COOTBETCTBOBATH Teopeme KoTenbHMKOBA, Kak
JI0 IOHWKEHUS YacTOThl JUCKPETU3allMK, TaKk U mociie Hee. Takum oOpaszom, me-
pea BBITTOJIHCHHEM JEIUMAIlid He0OX0MUMO YOEIUThCS B TOM, YTO HaWBBICIIAS
4acToTa B CIEKTPE Mpoliecca He MPEBBIIIAET MOJIOBUHBI HOBOM (TTOHMYKEHHOM) Ya-
CTOTHI IuCKpeTu3anuu. Eciam 3To yciioBue HE BBITIOJIHSIETCS, HEOOXOAUMO Orpa-
HUYHUTH CIIEKTP IMpoIiecca ¢ MOMOIIBI0 GuiIbTpaiud. B MpoTUBHOM ciydae Aeru-
Mallys MMPUBEET K NCKAKCHHUIO CUTHAJIA 33 CUET TIEPEKPBITHS CIICKTPOB.

[Ipu uHTEPNONAIMH MPOPEKEHHBIE OTCYETHl JOKHBI OBITH BOCCTAaHOBJIE-
Hbl. CylIecTByeT MHOXECTBO croco0oB mHTeprnossiuu. Haubonee pacnpoctpa-
HEHBI CITOCOOBI MOBBIIICHHS YaCTOTHI IUCKPETU3AIMU: 32 CUET 100aBICHUS HyJle-
BBIX OTCYETOB; 3a CUET MMOBTOPECHHS OTCUETOB.

[Ipu mepBoM criocoOe ISl OBBIIMICHUE YaCTOThI IUCKPETU3AIUU JTOCTHUTa-
eTCs 3a cueT J0OaBIEHUSI HYJIEBBIX OTCYETOB MEXKIY OTCUETAMH UCXOJHOTO IMPO-
necca. Hanpumep, mpu HHTEPIIONSIITMN B TPU pa3a MEXKIY OTCUETAMH HCXOJTHOTO
mpoliecca J00aBIseTCA MO JIBa HYJIEBBIX OTcYeTa. YacToTa AMCKPETH3AIUU TIPH
STOM YBEJIMUUBAETCS, OJTHAKO (haKTUYECKas peanau3alusi mpolecca He MEHSETCS.
[TorTOMy M BUJ CHIEKTpa mpolecca ¢ J00aBICHHBIMU HYJIEBBIMU OTCUETAMU OCTa-

CTCA TCM JKC CaMBbIM.
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Ha puc. 7.2 nokasaHsl CHEKTPBI MPOLECCA TP MHTEPHOJALMN B TPHU pa3a
110, U 1ocyie A00aBiIeHusl HyJleBbIX 0Tc4eToB. Fsi =3Fs — HOBast yactoTa JUCKpETH-
3aIuu.

JIJ1s1 TOJIHOTO BOCCTAaHOBJIEHHMSI OTCYETOB MHTEPIIOJIMPOBAHHOTO MpoLecca
HE0O0X0 MO OTGUIBTPOBATh “NMUIIHUE” CHEKTpaidbHble cocTaBistomme. AUX
buabTpa mokazana Ha puc.7.20 myHkTUpoM. [Ipu s3TOoM QUIbTp, s COXpaHEHUS

AMIUINTY bl BOCCTAHOBJICHHOI'O IIpOTCCCa, JOJIKCH
(a)

0 Fs 2Fs 3Fs

Puc.7.2 Fg;

UMeTh KOd(DPUITMEHT TIepeiadu B MOJIOCE MPOITYCKaHMs, paBHBIA KOADPHUITUEHTY
VHTEPIOANMH. BBINONHAS yKa3aHHbIE AEUCTBHUS MOXKHO, HAIIPUMED, TIEPEUTH OT
npoiiecca Ha puc.7.10 k nporueccy Ha puc.7.la.

[Tpu BTOpOM CcIIOCOOE MHTEPTOJSAIUNA BMECTO JTOOABICHUS HYJIEBBIX OTCUE-
TOB MOBTOPSIOT k pa3 oTcueThl HCXOAHOTO mporiecca. [1o cyTH 3T0 SKBUBAJICHTHO
buapTpanmu ucxogHoro mpornecca KUX-dunmsrpom mopsaka k ¢ emMHAYHBIMU
koapurentamu. [losTomy npu BTOpoM crioco0e Ha CHEeKTp puc.7.20 HakIaabl-
BacTcs AUX omnopomnoro ¢unbrpa Buma: sin(k®ty/2)/sin(ity/2). s moaHOro
BOCCTaHOBJICHHSI (DOpMBI TIpoliecca HEOOXOIMMO, KaK M B TEPBOM Ciy4ae, OT-
(GUIBTPOBATh HEHY)KHBIE CIEKTPAIBbHBIE COCTaBIsAOMMKE. MacimTaOupoBaTh KO-
s unueHT nepeaaun GuIbTpa HE TpeOyeTCs.

3aganus K jaboparopHoi padore
1. Chopmupyiite HMCXOAHBIM TPOIECC B BHUAC aIIUTUBHOU cMecu UM-

CHTHAJIAa U TOHAJIBHOIO CUTHAJIA C YaCTOTOM AUCKpeTu3auuu Fs.
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2. TlocTpoiiTe TpaduKu CIIEKTPOB UCXOAHOIO IPOLiecca B PEaIbHbIX U OT-
HOCHUTEJIBHBIX YaCTOTaX.

3. BemonHuTe nenumaliiio mpoiecca ¢ KoaphuuueHToM aenumanuu k=2.
[TocTpoiiTe rpaduk criekTpa npoliecca nocie JeuMaliu.

4. OrpaHuuuTe CHEKTp MCXOAHOro mpouecca ¢ nomompio KUX-dunbrpa
TakKMM 00pa3oM, 4TOObI MOCE JeUMMalud He Obulo HcKaxeHuil YM-curnana.
AUYX ¢unpTpa mocTpoiiTe Ha rpauke CHeKTpa UCXOJHOTO IMpoliecca B OTHOCH-
TEJIbHBIX YaCTOTaX. BHOBb BBINIOJIHUTH JECLUMAIIUIO, IOCTPOMTE CIIEKTP U CPaBHU-
T€ €ro C NPEAbIAYIINM.

5. BpINosHUTE MHTEPHOJALMIO MPOLECCa, MOIYyYEeHHOro B 1.1.4 Merogom
no0aBlieHUs HYJIEBBIX O0TCUeTOB. [locTpoiiTe ciekTp mporiecca.

6. Cunte3upyiite QUIBTP IS MOAABICHUS HEHY)XHBIX CIEKTPaJbHBIX CO-
CTaBJISIOIIMX U MOCTpOoUTh ero AUX Ha 0IHOM rpaduKe CO CIIEKTPOM.

7. BeinonHuTe QUIBTPALMIO MPOIECCa U TOCTPOUTH TpaduK CrieKTpa mnocie
bunpTpanum.

8. BBINOJIHUTE MHTEPIOIALHUIO MTPOLECCA METOIOM OBTOPEHUSI OTCYETOB U
NOBTOPUTH I.11.1.5-1.8.

MeToauka BbINOJHEHHUS PA0OTHI

1. ChopmupoBaTh UCXOIHBIN MPOIECC B BUAC aITUTUBHON cmecu UM-

CUTHaJa ¥ TOHAJIBHOTO CUTHAJA!
process = sin(w0*t + (wd/wm)*sin(wm¥*t)) + 2*sin(wi*t),

rae w0 = 2%pi*(0.2 + #%0.02) MI'u, d = 2*p1*(0.15 + #*0.0025) MI'u, wm
= 2*p1*0.005 MI'u, wi = 2*pi*(Fs/2 — 0.8*{0) MI'1, Fs=4%1.2288MI 11 -
4acToTa AUCKPETU3ALNUH, # - HOMEDP BapyaHTa

2. TlocTpoiiTe TpaduKy CIIEKTPOB UCXOAHOIO IMPOLEcca B PEAIbHbIX U OT-

HOCHUTCJIIbHBIX YaCTOTax.
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3. BeimonauTe neuumanuio mporecca ¢ kodhdumrentom nernumanuu k=2,
JUISL 4UETO U3 MCXOJHOTO MPOILIECca B3SATh KaXAbli BToOpour otcueT. [locTpoiite rpa-
¢uK crekTpa mnpoiecca nocie IeHuMaIim.

4. Vicnonp3ys cnekTp UCXOAHOro mpoiiecca, cuntesupyiite KUX-punstp u
OTQUIBTPYHTE YACTOTHBIE COCTABJISIOIINE MCXOIHOTO MPOIIECCa, BBIXOAAIINE 32
MOJIOBUHY HOBOM 4acTOThl auckperuzanuu. AUX guibtpel mocTpoiite Ha rpadu-
K€ CIIEKTpa MCXOJHOI0 Mpouecca B OTHOCUTENbHBIX yacToTax. [Ipu aTom, mid co-
oTBeTCTBUsI MacmTaboB AUX u crnekTpa cieayer yMHOXHUTh oTcueTsl AUX Ha
Mmacitabupytonuit koaddurment. Otcuerst AUX paccuutaTh ¢ MOMOIIBIO OTIe-
patopa freqz c mapamerpom 'whole’. BrinonHute neuumanuio GuibTpOBaHHOTO
nporecca U nmocTpoite ero cnekrp. CpaBHUTE cHEKTp ¢ npeabaymuM. [lopsiok
buiabTpa cieayer BhIOMpaTh MUHUMAIbHBIM, J00UBAsACh MPU 3TOM, YTOOBI B CIIEK-
Tpe UM-curnana nocie AelMManuu He ObLJIO BUJUMBIX UCKAKEHUU U CIEHO0B TO-
HaJIbHOT'O CHTHAJIA.

5. IlpoBeauTe WHTEPIOISALUUIO MPOLECCA, MOIYYEHHOTO B MPEIbIAYIIEM
MYHKTE METOJIOM A00aBJICHUS HYJEBBIX OTCUETOB ¢ KOOPPHUIIMEHTOM HUHTEPHOJIS-
uu k=2. BpIMosHUTE 3TO C MOMOIIBIO OlepaTopa IMKJIA, MPUCBOMB HEYETHBIM
OTCYETAaM HYJIEBBIE 3HAYEHUS, 4 YETHBIM — 3HAYEHUS OTCYETOB JIELIMMUPOBAHHOIO
npouecca. [loctpoiite ciektp nporuecca.

6. Ilo Buay nosyyeHHoro crnektpa cunresupyite KUX-punbtp, ordums-
TPOBAaB HEHY>KHbIE CIIEKTPAJIbHBIE COCTABIISIFOIINE U TPUOIU3bTE, TAKUM 00pa30M,
CIIEKTP MHTEPIIOIUPOBAHHOIO TIporecca K BuaAy ucxoaHoro UM curnana. Ilocie
buabTpal HE0OXOJAUMO YMHOXKHUTH OTCUETHI MHTEPIOJMPOBAHHOTO Ipoliecca
Ha k=2, 17 BOCCTAHOBJICHUS aMILTUTY bl ucxogHoro UM curnana. AUX Quib-
Tpa MOCTPOUTHh HA OAHOM rpaduke co cnekTpoMm u3 1. 2.5. [{ns cuntesa duib-
Tpa NPUMEHHUTH npouenypy remez wiu firls, onpenenss 30Hy nogaBieHUs B CO-
OTBETCTBUU C YaCTOTAMU HEHYKHBIX CIEKTpPaJbHBbIX cocTaBisitomux. [lopsgok

(anLTpa JOJIDKCH OBITh MUHUMAJILHBIM.
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6. IlpoBennTe MHTEPHOJISIIUIO MPOLECCA, MOTYYEHHOro B 1M.2.4, METOIOM
NOBTOpPeHUs 0TcueTOB. Kak u B 11.2.5 MOYKHO BBIIOJHHATH 3TO B LUKJIE. 3aTEM IIO-
BTOPUTH JEUCTBUA 11.2.6.

Bonpocs! Asst 3a1MThHI padoThI

1. OOBsicHUTE, B KAKOM CIIy4yae M JUIsl 4ero HyHa (uiIbTpauus mnepej Bbl-
NOJIHEHUEM JIEHUMAaLIUN?

2. Kakoli nomkHa ObITh 4acToTa cpe3a (puiabTpa Ipu Nepexoie OT YacTOThI
nuckperuzanuu Fs; = #* 100k 11 1o yacToTsl nuckpetusamnuu Fs, = #*25kI11?

3. Jlokaxure ¢ momortbio dhopmyn mias JAIID yto npu nobGaBieHun HyIe-
BBIX OTCUETOB [IPU UHTEPHOJALMHN opMa CIIEKTpa OCTAETCSI HEU3MEHHOM.

4. B yeM 3aKJIFOYAIOTCS NPEMMYILIECTBA U HEAOCTATKHU JIBYX PAaCCMOTpPEH-

HBIX CIIOCOOOB MHTEPIIOIAIIUN?

Copnep:xxanue oTyera u ero gpopma
Otuer moywkeH OBITH MpeACcTaBieH B Buue (aitna ¢ umenem lab7 #.m, co-
JIEpKalUM TEKCT MPOrpaMMbl ¢ TIOJIPOOHBIMU KOMMEHTApUsAMH U (aiija ¢ uMe-

HEeM gpamunua_na67 _eapuanmi.doc, c OTBETAMH HA KOHTPOJIbHBIE BOIPOCHL.

40



CIIMCOK JIMTEPATYPbI

IlepeueHb OCHOBHOIi JTUTEPATYPHI:

1.MocroBoii, S.A.<BR>&nbsp;&nbsp;&nbsp;  YmpaBineHue  nporpaMMHBIMA  TPOEKTAMH
DNeKTpOHHBINA pecypc : yueOHoe mocooue / S.A. MoctoBoii. - Camapa : [ToBOMKCKHI TOCYNapCTBEHHBIN
YHUBEPCUTET TeeKOMMYHUKanuid u uapopmatuku, 2016. - 103 c. - Knura Haxogutcs B 6a30Boi Bepcuu
3BC IPRbooks.

2.YupaBiieHue NpoeKTaMH ¢ HCTojb30BaHreM Microsoft Project DnexkTpoHHBINH pecypce : yueOHoe
nocobue / T.II. IlyxnaueBa / H.A. BanueBa / T.C. BacioukoBa / M.A. Jlepxo. - YrpaBieHUe MPOESKTaMH C
ucrnonp3oBanueM Microsoft Project,2021-12-01. - Mocksa : UnaTepHeT- YHUBepcuteT MH(pOpManmoHHbIX
Texunonoruit (MHTYUT), 2016. - 147 c. - Kaura Haxoaurcs B 6a3oBoii Bepcun 9bC IPRbooks.

IlepeyeHb 1OMOJHUTEIbHOM JUTEPATYPHI:

1. MarBeesa, JI. I.<BR>&nbsp;&nbsp;&nbsp; Ynpasnenne UT-npoekramu : yuebHoe mocodue /
JLT'. MatBeeBa, A.JO. HukutaeBa ; MunuctepctBo oOpazoBanusi u Hayku PO ; IOxHbI (DenepanbHbIA
yHuBepcuteT. - Taranpor : UznarensctBo FOxkHoro denepansuoro yHusepcurera, 2016. - 227 c. : cxem.,
Tabm., ui. - http://biblioclub.ru/. - bubauorp. B k. - ISBN 978-5-9275- 2239-2

2.PeibanoBa, E.A.<BR>&nbsp;&nbsp;&nbsp; VYmpaBneHue mnpoekramMu DIEKTPOHHBIM pecypce :
ydyeOHo-meToanueckoe mocooue / E.A. PeibamoBa. - Tomck : ToMckuii rocyaapCTBEHHBIM YHUBEPCHUTET
CHCTEM YIpaBlieHHs U paauodnekTpoHuku, 2015. - 149 c. - Kuura Haxoaurcs B 0azoBoii Bepcuu IDbC
IPRbooks.

41



MUHUCTEPCTBO HAYKHM U BBICHIEI'O OFPA3OBAHUSA PD
OEAEPAJIBHOE TOCYAAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YYPEX/IEHUE BBICILIEI'O OBPA3OBAHIA
«CEBEPO-KABKA3CKHWI ®EJIEPAJIbHBIN YHUBEPCUTET»
[Tsaturopckuit uuncturyt (¢punuan) CKOY

MeTtoanyeckue ykazaHus
JUTsl OOYYarOIUXCs 110 OPraHU3alUK U TIPOBEICHUIO CAMOCTOATEIIBHOM paOOThI
o aucuuminae «OCHOBBI HU®POBOM OBPABOTKH CUTHAJIOB)
JUIs1 CTYJIeHTOB HanpasiaeHus moarotoBku 09.03.02 UndgopManmoHHbIE CUCTEMbI M
TE€XHOJIOTHH
HanpaBieHHOCTh (poduiip) UHopMannoHHbie cMCTEMbI M TEXHOJIOTHH 00Pa00TKHU
HU(PPOBOro KOHTEHTA

IIsaTuropck, 2024

4



COJEP)KAHUE

1. O0111ME TOT0KEHUS

2.11enp ¥ 331441 CaMOCTOSITENBLHON PaOOThI

3. TexHOIOTMYECKAS KAPTa CAMOCTOSITSILHON PaOOTHI CTYICHTA

4 .1Tops 10K BBIIOJIHEHHS CAMOCTOATENHHOM PaOOTHI CTYIEHTOM

4.1. Memoouueckue pekomenoauuy no pabome ¢ y4eoHou aumepamypou

AN L L~ B~W

4.2. Memoouueckue pekoMeHOauuu no no020MmMoeKe K NPAKMUYCCKUM 3AHAMUIM

4.3. Memoouueckue pekomMeHoauuu no Camonpo8epKe 3HAHUU 7

4.4. Memoouueckue pexkomenoauuy no HAnUCAHUIO HAVYHbIX MeKCnos (Q0K1a008, peepamos, scce,

HAVYHbIX cmamel u m.o.) 8

4.5. Memoouueckue pekomeHoauuu no no020moeKe K 3a4emam 10

Crucok nurepartypsl aiad Beinoanenus CPC 10
1.

43



1. O01mue moJ10KeHu s

CamocrosrenbHass pabora — I[uUlaHupyemas YydeOHas, YydeOHO-HccienoBaTenbcKas, HaydyHO-
UCCIIeIoBaTeNbCKas paboTa CTyA€HTOB, BBIIIOJIIHIEMas BO BHEAYIUTOPHOE (ay IMTOPHOE) BPEMsI 110 3aJJaHUIO
U TpU METOJMYECKOM PYKOBOJCTBE IpenojaBareis, HO 0e3 ero HEemoCpPEeICTBEHHOro ydacTus (Ipu
YaCTMYHOM HEMOCPEICTBEHHOM YYacTHM MpEeNoJiaBareis, OCTaBJSIONIEM BEAYLIyl0 posib 3a paboToit
CTYJICHTOB).

CamocrosrenbHas padora cryaentoB (CPC) B BY3e sBnsiercss BaxKHbIM BUIOM y4eOHON U HAyYHOMH
JesTeNbHOCTH cTyieHTa. CaMocTosITeNnbHas paboTa CTYJEHTOB UTPAET 3HAYUTEIbHYIO POJIb B PEHTUHTOBOM
TEXHOJIOTHH O0yUYCHUS.

K 0CHOBHBIM BHJIaM caMOCTOSTENbHOM pabOThI CTYIEHTOB OTHOCSTCS:

- hopMHpOBaHUE U YCBOEHUE COACPIKAHUS KOHCIIEKTA JICKIIUNA Ha 0a3e peKOMEH/I0BAHHON JIEKTOPOM
y4eOHOI uTepaTypbl, BKIOYas MHGOpPMAIMOHHbIE 00pa30BaTeNbHbIE PECYPChl (NEKTPOHHbIE YUEOHUKH,
AJIEKTPOHHbIE OUOIMOTEKH U JIp.);

- HaIlUCAHUE JI0KJIa/I0B;

- IOATOTOBKA K CEMHHAapaMm, MPaKTUYECKUM U JJaOOpaTOpHBIM paboTaM, X OPOPMIICHHUE;

- COCTaBJICHHE AHHOTUPOBAHHOI'O CIIMCKAa CTaTed M3 COOTBETCTBYIOIIMX JKYPHAJIOB IO OTPACIAM
3HaHUH (Me1aroruueckux, MICUX0JOTHYECKUX, METOJUYECKHX U JIp.);

- BBINIOJIHEHUE Y4eOHO-HCCIEeI0BATENbCKUX pabOT, IPOSKTHAS JESTEIbHOCTb;

- IOATOTOBKA MPAKTUYECKUX Pa3pabOTOK U PEKOMEHAIMI 0 PELIEHUIO IPOOJIEMHON CUTYalINH;

- BBIIIOJIHEHUE JIOMAIIHUX 33JaHUN B BUJE PELICHUs OTAEIbHBIX 3aJay, MPOBEACHUS TUIIOBBIX
pacueToB, pPacyeTHO-KOMIBIOTEPHBIX W MHIUBUAYaJIbHBIX PabOT MO OTHAEIbHBIM pasjielaM COJIep:KaHus
JUCLUIUIMH U T.1.;

- KOMIIBIOTEPHBIA TEKYIIUH CaMOKOHTPOJIb M KOHTPOJb YCHEBAEMOCTH Ha 0a3e 3JIEeKTPOHHBIX
00yyaroIux U aTTeCTYIOLIUX TECTOB;

- BBIIIOJIHEHUE KYPCOBBIX pa0bOT (IIPOEKTOB) B paMKax JHUCHUIUINH;

- BBITIOJIHEHHUE BBIITYCKHOM KBaJTM(UKAIIMOHHON paboThI U Jp.

MeTtoauka opraHu3aii caMOCTOSITEIbHOM padOThl CTYAEHTOB 3aBUCHUT OT CTPYKTYpPBI, XapakTepa u
0CcOOEHHOCTEH M3y4aeMoil JUCHMIUIMHBI, OObe€Ma 4YacoB Ha e€e M3y4YeHue, BHUAA 3aJaHuil s
CaMOCTOSITENIbHOM pabOThl CTYJEHTOB, HWHAMBHUIyaJbHBIX Kaye€CTB CTYJIEHTOB U YCJIOBHH yueOHOMH
JESATEIIBHOCTH.

[Tpouecc opranuzanuy caMoCTOSTENbHON pabOThI CTYIEHTOB BKJIIOYAET B c€0sl CIEAYIOLIUE ITalIbI:

- IOJrOTOBUTENBHBIN (ONpeseneHue Lenel, COCTaBICHNe MPOrpaMMBbl, MOJITOTOBKA METOAUYECKOTO
oOecrnieyeHus, MoAroToBKa 000Py0BaHNUSA);

- OCHOBHOH (peayin3anusi MporpamMmbl, UCIOJIb30BaHUE NPUEMOB MOUCKA MH(POPMALIUHU, YCBOCHHUS,
nepepaboTKy, MPUMEHEHHUS, Nepeayll 3HaHuH, (UKCUpOBaHUE pe3yibTaTOB, CaMOOPraHu3alus Mpolecca
paboThI);

- 3aKJIIOYMUTEIbHBIA (OLEHKAa 3HAUMMOCTH U aHaJIU3 pPe3yJbTaTOB, MX CHCTEMaTH3alus, OLCHKA
3G PEKTUBHOCTH IPOrPaMMBbI M IPUEMOB PabOThI, BEIBOJIBI O HANIPABJICHUSIX ONTUMH3ALMU TPYIA).
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2.lenb ¥ 32124 CAMOCTOSATEJIBLHOM PadoTHI

Benymas uenp opranusanuu u ocymectBieaus CPC coBnagaer ¢ 1enbio 00y4eHHsS CTyIEHTa —
(hOpMUPOBAHNE YHUBEPCATBHBIX KOMITCTCHITHIM.

[Tpu opranuzanuu CPC BakKHBIM U HEOOXOJUMBIM YCIOBHEM CTAaHOBSTCS ()OPMUPOBAHHUE YMEHUS
CaMOCTOSITEIIEHOM pabOTHI It MPUOOPETCHUS 3HAHWH, HABBIKOB M BOBMOXHOCTH OpraHU3aIluu YIeOHOW 1
HAy4yHOW JedaTenbHOCTH. Llenbro camocTOSTENbHOW  pabOThl  CTYINCHTOB  SIBISIETCS — OBJAJICHUE
(GyHIaMEHTAILHBIMH ~ 3HAHUSMH, NPOPECCHOHAIBHBIMU YMEHHSMH W HaBBIKAMH JICATEIBHOCTH 10
npo(UIIO, OMBITOM TBOPUYECKOH, UCCIIEOBATENbCKON neaTenbHocTH. CaMocTosTenbHas paboTa CTy/I€HTOB
CIOCOOCTBYET Pa3BUTHIO CAMOCTOSATEIBHOCTH, OTBETCTBEHHOCTH M OPTraHW30BAHHOCTH, TBOPYECKOIO
MOJIX0/Ia K PELICHHUIO MPobdiieM Yy4eOHOTO U MPOPECCHOHAIBHOTO YPOBHSI.

3amauamu CPC saBasgrorcs:

- CHUCTeMaTH3allys W 3aKPeIyICHHE MOTYYCHHBIX TEOPETUUECKUX 3HAHUN U MPAKTUYECKUX YMEHHMA
CTYJICHTOB;

- yriyOJIeHHe U pacIIMPEeHUe TEOPETUUECKUX 3HAHUM;

- ($opMHpOBaHNE YMEHHH HCIOJIb30BaTh HOPMATUBHYIO, IPABOBYIO, CIIPABOYHYIO JOKYMEHTAIUIO
U CIELMAIIBHYIO JINTEPATYPY;

= Pa3BUTUC MMO3HABATCIIbHBIX CIIOCOOHOCTEH U aKTHBHOCTU CTYACHTOB!: TBOp‘IGCKOfI WHUIIMAaTUBBLI,
CaMOCTOATCIIbHOCTH, OTBETCTBECHHOCTU U OPraHU30BaAHHOCTHU,

- CI)OpMI/IpOBaHI/Ie CaMOCTOATCIIbHOCTH MBIIJICHHA, cIocoOHoCTEN K CaMOpPa3BUTHIO,
CaMOCOBCPHICHCTBOBAHUIO U CaMOPCATIN3alluH;

- Ppa3sBUTHUE UCCIIEI0BATEIBCKUX YMEHUN;

- HCHOJb30BaHHE MaTepuayia, COOPAHHOTO U IMOJYYEHHOTO B XO/€ CaMOCTOSTEIbHON padoThl U
71a00paTOPHBIX 3aHATHH.

3. TexHoJiorHYeCcKasi KAPTA CAMOCTOATEIbHOM padoThI CTYIeHTA

CpenctBa u O0BEM YacoB, B TOM YHCJTIE
Konaer
TEXHOJIOTUH CPC | KonraktHas | Bcero
peanuszyemMbix | Bua nestenbHOCTH
. OIICHKH pabora ¢
KOMIIETEHIIHH, CTYJICHTOB
mpernojaBaT
WHIUKATOPa(OB)
enemM
7 cemectp
N-1yio CaMocCTOSTeNEHOE CobecenoBanue
N/I-2yx.» U3y4EHUE
N-3vk- JIUTEPATYPhI 59,58 6,62 66,2
N-1mx; -
21'[K-3
NJI-1vk-» [Moaroroeka Co0OecenoBanue
N-2yk 1a00paTOPHBIM
N-3yk 3aHATUAM 12,42 1,38 13,8
NI-1mx; UI-
2HK-3
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N-1yk2 IToaroroBka Joknan
NA-2vyka JIOKJIaga
N-3vk2 9 1 10
WI-1nks UO-
2HK-3
Hroro 3a 7 cemectp 81 9 90
Htoro 81 9 90

4.HOpﬂI[OK BBLINOJHEHUA CAMOCTOSATEIbLHOM paﬁoTbI CTYAECHTOM

4.1. Memoouueckue pexomernoayuu no pabome ¢ y4eOHOU aumepamypou

[lpu paboTte ¢ KHHUTOH HEOOXOAMMO MOMOOPATH JUTEPATYpPy, HAYUHTHCS TMPABHIBHO €€ YHUTATh,
BecTH 3amucH. s nmoabopa aureparypsl B OMOIMOTEKE MCIONb3YIOTCS au(aBUTHBIM U CUCTEMAaTUYEeCKUN
KaTaJory.

BaxHO MOMHHTB, 4TO paliOHaJIbHbIE HaBBIKU PabOThI ¢ KHUTOH - 3TO Bcerja OoJiblias SKOHOMHUS
BPEMEHH U CHUII.

[TpaBuibHBIN MOAOOP yUeOHUKOB PEKOMEHIyETCs MIPEIolaBaTeNIeM, YNTAIOIUM JIEKLIMOHHBIA KypC.
HeoOxonumas mutepatypa MOXKET OBITh TAaKXKe YKa3aHa B METOJUYECKUX pa3padOTKax Mo JaHHOMY KypCy.

N3yuas marepuan mo ydeOHHKY, cIelyeT NEepeXOAUTh K CIEeIyIOIeMy BOMNPOCY TOJBKO IOCIe
IIPABWJIBHOTO YSCHEHUS IPEIbIIYIIEro, ONUChiBas Ha Oymare BCe BBIKJIAJKU M BBIUMCIECHHUS (B TOM YHCIIE
T€, KOTOpbIE B Y4eOHHMKE OMYIIECHbI MM Ha JIEKIIUH JaHbI 1151 CAMOCTOSATEIBHOTO BHIBOJIA).

[Ipy wu3yueHum 000N NUCUUIUIMHBI OOJBIIYI0O M BaXKHYIO pOJIb HMIPaeT CaMOCTOATEIbHAas
MHMBUAyalIbHAs paboTa.

Ocoboe BHIMAaHHUE ClieayeT 00paTuTh Ha ONPEICICHNE OCHOBHBIX MOHATHH Kypca. CTyIeHT JOKeH
nopoOHO pa3dupaTh MPUMEpPbI, KOTOPHIE MOSCHIIOT TaKUE ONPEIENCHHs, U YMETh CTPOUTh aHAJIOTHYHBIE
pUMephl caMocTosATeNbHO. HyKHO 10OMBaThCA TOYHOTO MPEACTABIEHUS O TOM, YTO M3ydaelb. [lone3Ho
COCTaBJIATh OMNOpHBIE KOHCHEKTHI. [Ipu u3yyeHMHM Marepuana Mo y4yeOHUKY IOJIe3HO B TeTpaau (Ha
CHEMAIbHO OTBEICHHBIX IOJIAX) JOMOJIHATh KOHCHEKT JieKuuid. Tam ke cieayeT oTMedaTh BONPOCHI,
BBIICJICHHBIE CTYJEHTOM JJIs1 KOHCYJIbTALMK C IIPENOAABaTEIEM.

BbIBO/IbI, OTYYEHHBIE B PE3YJIbTATE U3YUEHUS, PEKOMEHYETCS B KOHCIIEKTE BBIIENSTh, YTOOBI OHU
IIPY [IEPEUNTBHIBAHUHN 3aIIUCEN JTydIlle 3alIOMUHAIIUCE.

OnpIT NOKa3bpIBae€T, YTO MHOTMM CTYyJIEHTaM IIOMOTaeT COCTAaBJICHHWE JINCTA ONOPHBIX CHUTHAJIOB,
coJiepKallero BakHeime u Hanbosee yacto ynorpediseMble (GopMyiibl U MOHATHA. Takoi IUCT momoraer
3alIOMHUTH (OPMYJIBI, OCHOBHBIC TIOJIO)KEHHUS JIEKIMH, a TaKKe MOXKET CIYXHTh TOCTOSHHBIM
CIIPaBOYHHMKOM JUIsl CTY/ICHTA.

UreHne Hay4YHOTO TEKCTa SIBJISETCS YacThlO MO3HABATEIbHOU JiesTenbHOCTH. Ee 1enb — u3Bneuenue
U3 TekcTa HeoOxonumod uHpopmanuu. OT TOro Ha CKOJBKO OCO3HAHHA YHUTAIOLIMM COOCTBEHHas
BHYTPEHHSISI YCTAHOBKA IpU OOpalleHMH K II€YaTHOMY CJIOBY (HAWTH HYXHbIE CBEACHHUS, YCBOHUTb
UH(POPMALIMIO TOJHOCTHIO WJIM YAaCTUYHO, KPUTHYECKHU NMPOAHAIM3HPOBATH MaTepual U T.NI.) BO MHOTOM
3aBUCHUT 3()(HEKTUBHOCTH OCYIIECTBIISIEMOTO JICHCTBHS.

Briiensior uemoipe 0cHoéHbie yCMAHO6KU 6 YUMEHUU HAYYHO20 MEKCMA:

MH(POPMALIMOHHO-TTONCKOBBIN (3a/1a4a — HAWTH, BBIJICIIUTH HCKOMYIO HH(POPMAIIHIO)

ycBauBaomas (yCWJIus 4MTaTeNsl HalpaBieHbl HAa TO, YTOOBl KaKk MOJXKHO IIOJIHEE OCO3HATh U
3alIOMHHUTH KaK CaMH CBEJICHUS U3JIaraéMble aBTOPOM, TaK M BCIO JIOTUKY €0 pacCy KICHHIN)

AQHAJIUTUKO-KpUTUYECKass  (YuTaTreiab  CTPEMUTCS  KPUTHYECKH  OCMBICIUTh  Marepuail,
[IPOAHAIU3UPOBAB €r0, ONPEIEINB CBOE OTHOIIEHHUE K HEMY )
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TBOpYECKasl (CO34AET y YMUTATENsI TOTOBHOCTh B TOM MJIM MHOM BHJIE€ — KaK OTIPABHOM IIYHKT JUIS
CBOMX pacCy’KICHH, KaKk 00pa3 AJis IeHCTBUS 110 aHAJIOTMU U T.II. — UCIIOJIb30BATh CYXICHUS aBTOpa, X0
ero MbICJIEH, pe3yJbTaT HaONIOJCHHS, pa3pabOTaHHYIO METOAMKY, JONOJHHUTh HX, MOJBEPrHYTh HOBOH
MIPOBEPKE).

OcHosHble 8UO0bI CUCMEMAMUUPOBAHHOU 3ANUCU NPOYUMAHHOZ0:

AHHOTHpPOBaHHE — MpPEAENIbHO KPAaTKOE CBSA3HOE OMNMCAHWE MPOCMOTPEHHOM WM MpPOYUTAHHOU
KHUTHU (CTaThH), €€ COJEpkKaHUs, ICTOUHUKOB, XapaKkTepa U Ha3HAUYEHUS;

[InanupoBaHne — KpaTkas JIOTMYECKas OpraHM3alMs TEKCTa, PACKPBIBAIOLIAs COJIEpKAHUE U
CTPYKTYpYy U3y4aeMOro Marepuaa;

Te3upoBaHue — JJAKOHUYHOE BOCIIPOM3BEACHUE OCHOBHBIX YTBEP)KICHHUI aBTOpa 0€3 MpuBJIEUCHUS
(bakTHUeCKOro MaTepuana;

[{utupoBaHue — JIOCIIOBHOE BBINKMCHIBAHUE M3 TEKCTAa BBIIEPXKEK, HW3BJICUEHUN, Haubolee
CYILIECTBEHHO OTPAXKAIOLIUX Ty WIA UHYIO MBICIIb aBTOPA;

KoHcnekTupoBaHye — KpaTKoe 1 MOCIIEI0BATEIbHOE U3JI0KEHNE COACPKAHUS IPOYUTAHHOTO.

KoHcriekT — ClOXKHBIM crnoco0 H3JI0XKEHUs COJACpX aHWS KHUTM WIM CTaTbu B JIOTMYECKOH
nocne0BaTenbHOCTH. KOHCIEKT akkymyiaupyeT B ce0e NpelplIylliie BHUIbl 3allCH, MO3BOJISET
BCECTOPOHHE OXBATUTh COJAEPKAHUE KHUTH, CTaTbu. I103TOMY yMEHHE COCTaBJIATH ILIaH, TE€3UCHI, [€IaTh
BBIIIMCKY U IPYTHE 3aIKMCH ONPEAEIISIET U TEXHOJIOTMIO COCTABJICHUS KOHCIIEKTA.

Memoouueckue pekomenoayuu no cocmasienuto KOHCNeKma:

1. BHUMAaTENnbHO NPOYUTANTE TEKCT. Y TOUHHUTE B CIIPABOYHOM JIMTEPAType HEMOHATHBIE coBa. [Ipu
3aMycy He 3a0ybTe BHIHECTH CIIPABOUHBIE JaHHBIE HA MOJIS KOHCIIEKTA.

2. Belaenute riaaBHOE, COCTAaBbTE IUIAH.
3. Kparko copmynupyiite OCHOBHBIE ITOJIOKEHHS TEKCTa, OTMETHTE apTyMEHTAIIHIO aBTOPA.

4. 3akoHCHEKTHpPYITe MaTepuaj, 4YEeTKO cjeays IyHKTaM IuiaHa. [Ipu KOHCIEKTHPOBaHHUU
CTapalTeCch BBIPA3UTh MBICITH CBOMMHU CJIOBAMHU. 3aMHCH CIEIYET BECTH YETKO, SICHO.

5. I'pamoTHO 3anuceiBaiiTe nuTatel. Llutnpys, y4uThIBalTEe JJAKOHUYHOCTD, 3HAYUMOCTD MBICIIH.

B Tekcre KOHCIEKTa eJlaTelbHO MPUBOJUTH HE TOJBKO TE3HCHBIE IOJOKEHUS, HO U HUX
nokazatenberBa.  [Ipu  odopMieHHM KOHCIEKTa HEOOXOTUMO CTPEMHTBCS K €MKOCTH — KaXKIOoro
npeioxkeHus. MpIclii aBTOpa KHUTH CJeIyeT M3JlaraTb KpaTko, 3a00TSACh O CTHJIE U BBIPA3UTEIBHOCTH
HammcanHoro. Ywucio JOINIOJIHUTCIBHBIX 3JICMCHTOB KOHCIICKTA JOJI2KHO OBIThH JIOTHYECKH O6OCHOBaHHBIM,
3alUCU  JOJDKHBI PaclpelessiTbcsl B OINpeleleHHONW MOCIeI0BaTeIbHOCTH, OTBEYAIOIIEH JIOTHYECKON
CTPYKType TpousBeeHus. [ yTouHeHus ¥ TOTOJHEHHSI HEOOXOIUMO OCTaBJISTH IOJISL.

OBnaseHne HaBbIKAMHM KOHCIIEKTHpPOBaHHS TpeOyeT OT CTyAEHTa IeJIeyCTPEMIIEHHOCTH,
MTOBCETHEBHOM CaMOCTOSTEITLHOU PabOTHI.

4.2. Memoouueckue pexomeHoayuu no NOO2OMoBKe K NPAKMuU4eCKUM 3aHAMUAM

Jns Toro 4TtoOBl MpPaKTUYECKUE 3aHITHS NPUHOCHIM MAaKCHUMAaJbHYIO II0JIb3Y, HE00XOIuMO
MMOMHUTh, YTO YIPAXKHEHHE M PEIICHUE 3a/1au MPOBOMASTCS MO BBIYUTAHHOMY Ha JICKIUSX MaTepHally U
CBA3aHbI, KaK IMPaBWIO, C JAETalIbHBIM Pa300pPOM OTAEIbHBIX BOMPOCOB JIEKIMOHHOTO Kypca. Cremyer
MOJYEPKHYTh, YTO TOJILKO IOCJI€ YCBOEHHUs JEKIMOHHOTO MaTepHalia ¢ ONpeJeICeHHOM TOYKH 3peHus (a
MMEHHO C TOH, C KOTOPOW OH M3JIaraeTcs Ha JIEKUHUAX) OH OyJIeT 3aKperUIsThCs Ha JJaGOpAaTOPHBIX 3aHATUAX
KaKk B pe3ylbTaTe OOCYKICHHS W aHaM3a JIEKIMOHHOTO Marepualia, TaK U C IOMOIIBI0 PEIICHUs
poOJIEMHBIX CUTyaluH, 3afad. [Ipu 3TUX yCIIOBUSAX CTYAEHT HE TOJBKO XOPOIIO YCBOUT MaTepual, HO U
HAy4UTCS IPUMEHATH €r0 Ha MPAKTUKE, a TAKXKE MOJTYUYUT JOMOJIHUTEIbHBIA CTUMYJ (M 3TO OYE€Hb BaXKHO)
JUTSL aKTUBHOW TTPOPAOOTKH JIEKIIUH.
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[Tpu caMOCTOATENPHOM PELICHUHU 337ay HYy>KHO OOOCHOBBIBaTh KaXK/bI 3Tal peleHus, UCX0Is U3
TEOPETUUECKHUX NOJIOKEHUHN Kypca. Eciu cTyleHT BUAUT HECKOJIBbKO IyTel pelleHus npolieMsl (3a1aun),
TO HYXKHO CPaBHUTb UX M BBIOpaTh camblii pannoHaibHbIH. [lone3Ho 10 Havyanma BBIUMCIEHUH COCTaBHUTH
KpaTKuM IUIaH pelieHus npobsembl (3agauun). Pemenue npoOieMHBIX 3a7ad WM NPUMEPOB CIIEAYET
u3naraTb NOAPOOHO, BBIYMCIEHUS paclojiaraTb B CTPOIOM MOPSJKE, OTHENSAS BCIIOMOTaTelIbHbIE
BBIUHCJICHUSI OT OCHOBHBIX. PellleHuss mpu HeoOXOJUMOCTH HYKHO CONPOBOKIATh KOMMEHTAPHUSIMU,
CXEMaMH, YEPTEIKAMU U PUCYHKAMHU.

CrnenyeTr NOMHUTb, YTO pelIeHNEe KaXa0M yueOHOM 3a/jaun JJOJHKHO JOBOAUTHCS JO OKOHYATEIBHOTO
JIOTMYECKOT'O OTBETA, KOTOPOro TpeOyeT yCJOBUE, U MO BO3MOXKHOCTH C BBIBOJOM. IloimyuyeHHBIH OTBeT
clleflyeT MPOBEPUTh CHOcO0aMM, BBITEKAIOIUMM M3 CylIecTBa JaHHOM 3anauu. Ilone3no Taxke (eciu
BO3MOYKHO) pEIIaTh HECKOJbKUMH CIOCO0aMM M CPaBHMUTH MOJYYEHHbIE pe3ylbTaThl. Pemenue 3amau
JAHHOT'O TUIA HYXKHO MPOJOJKATh 1O IPUOOPETEHUS TBEPIbIX HABBIKOB B UX PELICHUH.

4.3. Memoouueckue pexomeHoayuu no camonposepke sHaHu

[Tocne w3yueHUs OMpeNeleHHONW TEMbI MO 3alUCSIM B KOHCIIEKTE U YYEOHUKY, a TaKkKe PeIIeHUs
JIOCTATOYHOTO KOJUYECTBA COOTBETCTBYIONIMX 3a7a4 Ha MPAKTUYECKUX 3aHATHUSAX U CaAMOCTOSITEIBHO
CTY/IEHTY PEKOMEHIYETCs] IPOBECTH CAMOIIPOBEPKY YCBOEHHBIX 3HAHMI, OTBETHMB HA KOHTPOJbHBIE
BOITPOCHI 110 U3yYEHHOHN TEME.

B ciyyae He0OX0IMMOCTH HYKHO €I1le pa3 BHUMATEIbHO pa300paThCs B MaTepuale.

WNHorna HemOCTaTOYHOCTh YCBOSHUSI TOTO WJIM MHOTO BOMPOCA BBISCHAETCS TOJBKO MPU M3YyUYCHUU
JanpHeHnero marepuaia. B 3ToM ciydae Haj0 BEpHYTbCS Ha3aJ U MOBTOPUThH ILJIOXO YCBOEHHBIM
Marepuai. BaxxHbIi KpUTepuil yCBOCHHS TEOPETHUECKOTO MaTepraia — YyMEHUE OTBEYaTh HA BOTPOCHI ISt
cobeceI0BaHuS.

Bomnpocsl 1u1s codbeceoBaHus
ba3oBblii ypoBeHb

. HacTOTHBIN CHEKTP CUTHAA.

. Hudpossie curnanst uatepgerica RS-232.

. Paner @ypee. Onpenenenne 4acTOTHOTO CIEKTPA.

. Teopema KorenpHukoBa.

. IHIpunuun paGorsr ALLIIL.

CoepllieHHas AU3bIOHKTUBHAS HOpMasibHas popma npeacTaBiaeHus GyHKIIHM.
@DOpMbI CUTHAJIOB IIPU aHAJIOTO-IIU(PPOBBIX IPEOOPA30BAHUSAX.

. CogepilieHHass KOHbIOHKTUBHAsI HOpMasibHas (popma rpeicTaBiaeHus] QYHKIHUH.
10. ITpunun padots LIAIL

11. JIBonuHO-AECATHYHBIN Aem(paTop.

12. ®opMbI CUTHAJIOB IIPU LU(PPO-aHATIOTOBBIX TPE0OPa30BAHUSAX.

13. Cunre3 mmdparopa B 6a3uce «wimy.

14. IIporpamMMupyeMBbIE JIOTHYECKUE YCTPONCTBA MATPUYHON CTPYKTYPHI.
15. MynbTumiekcupoBaHue UPPOBbIX CUTHAJIOB.

16. IlocnenoBaTenpHble U NAapauIEIbHbIE PETUCTPHI.

17. CuHTe3 AeMyIbTUIIEKCOPA B 0a3UCE I, «HEM.

18. Lludppossie GUIBTPHI.

19.Tumnsl TpUIrTepoB Mpu nepenaye HUPPOBLIX CUTHAIOB.

20. Ipunun padoTsl HU(POBOro YacToTOMeEpa.

21. udpossie aBTOMATHI (TIOCIEOBATEIIHHOCTHBIE YCTPOICTRA).

22. JluckpeTHble npeodpazoBanus Oypoe.

23. YacTOTHBIN CIIEKTp CUTHAJA.

24. DIEKTPOHHBIE CUETYMKHU UMITYJIbCOB.
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25. Kox Puna-Conomona. Xpanenue nHpopMaluu Ha JUCKaXx.
26. Ocnognsie oneparuu L{OC. CeepTka, Koppesmus, GuibTpaius.
27. PeBepCUBHBIE CUETYUKH UMITYJIbCOB.
28. ®usnueckue curnaisl cetu Ethernet.
29. CrpykrypHas cxema HUPpoBoro GuiIbTpa.
30. ®usnueckue curnansl Ethernet. Bxogusie /Beixoansie nienu crangaptHoro mopta 10base-T.
31. Knaccudukanus nudpoBbIx GUIbTPOB.
IloBbIlICHHBIN YPOBEHb
32. Curnansl cetu Ethernet. ManuecTepckuii Ko,
33. ®opmupoBanue 1UPOBOTO CUTHATIA.
34. CtpykrypHas cxema 6soka PHY Ethernet.
35. lludpossie curnansl. Koguposanue NRZI. 4B/5B. Illupuna ciektpa cursasia.
36. CuHTe3 KOMOMHALIMOHHBIX CXEM.
37. Xpanenue u oopadbotka napopmanuu. Ko Puna-Conomona.
38. Ctpykrypa uudpoBoro curtaia (HOTEHIMATIbHbIHN, UMITYIbCHBIH).
39. Anroputm nepenayn 1uQpoBeIX curHanos B cetd Ethernet.
40. Ludposoit BUX-¢punstp.
41. Camxenue mupunbl cektpa curiaia Ethernet. TpexypoBuesblit curnan MLT-3 (MHOroypoBHEBBIN
TPEXIOPOTOBBIN).
42. CpaBHEHHUE aMIUTUTY/JHO-YaCTOTHBIX XapaKTEPUCTUK aHAIOTOBBIX U HU(PPOBHIX (PUIBTPOB.
43. CrangapTHble pelieHus ranbBaHnnueckoil pa3ssasku Fast Ethernet yctpoiicTs, noakirouaemMbIx yepes
pazbeMm RJ-45.
44. OunbTp ¢ KOHEYHON UMITYJIbCHON XapakTtepucTukoil (KUX-punptp)

4.4. Memoouueckue pexomeHOayUY N0 HANUCAHUIO HAYYHBIX MEKCMOo8 (00K1a008, peghepamos, dcce,
HayyHulX cmametl u m.o.)

[Tepen Tem, Kak MIPUCTYNHUTH K HAIMMCAHUIO HAYYHOTO TEKCTA, BAXKHO Pa3o0paThcs, KAKOBA HCTUHHAS
1eJIb BAIllero HAyYHOTrO TEKCTa - 3TO MOMOXKET BaM pa3yMHO paclpeaesuTh CBOU CHJIb U BPEMS.

Bo-niepBeIX, CHadana HYXHO OMPENEIUTHCS C HWJIeeHd HAYYHOTO TEKCTa, a JUIS ITOr0 HEe0OXOIuMO
HAYYUTHCS JINOO OTHOCUTHCS K Pa3HBIM SBICHUSM U (paKTaM HECKOJIBKO KPUTHUYECKHU (CBOSI MJIesl — KaK UHast
TOYKA 3pEHUs), JIMOO HAYUYUTHCS YBJIEKATHCS KAKHMMH-TO W3BECTHBIMH HICSIMH, KOTOPBIC HYXIAIOTCS B
nopabotke (uaess — Kak ~ONTHMHUCTHYECKass TO3MIMS M  HANpaBlICHHOCTh Ha JalbHeifliee
COBEPIIICHCTBOBAHUE YK€ U3BECTHOTO). BO-BTOPBIX, HAYYHUTHCS OPTraHU30BBIBATH CBOE BPEMHI.

[Tucath cremyeT SCHO W TOHSATHO, CTApasCh OCHOBHBIE TMOJOXKEHUS (QOPMYITUPOBATH UYETKO H
HEJIBYCMBICJICHHO (4TOOBI U CAaMOMY MOHSATHO OBLIIO), & TAKXKE CTPEMSICh CTPYKTYpPUPOBATh CBOM TEKCT.

CucremaTuzanusi ¥ aHaliu3 HW3YYEHHOH JHUTEpaTypbl IO MpoOJieMe HCCIEeNOBaHMs TO3BOJISIOT
CTYJIEHTY Hamucarb paboTy.

PaGounii BapuaHT TekcTa [OKJIaja MPENOCTaBIAETCS PYKOBOIUTENI0 Ha mpoBepky. Ha ocHoBe
pabodero BapmaHTa TEKCTa PYKOBOJHTEIh BMECTE CO CTYJCHTOM OOCYXKIaeT BO3MOXXHOCTH TOPaOOTKH
TeKCTa, ero ohopMIICHHE.

Cmpykmypa ooknaoa:

- Brenenue (ne OGomnee 3-4 crpanuil). Bo BBeaeHMM HEOOXOIMMO OOOCHOBATh BHIOOP TEMBI, €€
aKTyallbHOCTh, OYEPTUTH OOJIACTh HCCIENOBAHUS, OOBEKT HCCIEOBAHMSA, OCHOBHBIC IIEM M 3aJaud
HCCIIeIOBaHUS.

- OcHoBHas 4yacTh COCTOMT U3 2-3 pa3nenoB. B HUX pacKpbIBaeTCs CyTh UCCIETyeMON MpPOOJIEMBI,
MPOBOAUTCS 0030p MHUPOBOW JIUTEPaTypbl U HCTOYHUKOB WHTEpHET MO mpeaMeTy HWCCIAeAOBaHHS, B
KOTOPOM JIAeTCsl XapaKTePHCTHUKA CTENEHH Pa3paOO0TaHHOCTH MPOOJIEMBI M aBTOPCKas aHAIMTHYECKas

OIICHKa OCHOBHBIX TCOPETHYCCKHUX IIOAXOOJOB K €€ PCHICHHUIO. Wznoxxenue Marc€puajia HE OOJIKHO
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OIrpaHUYUBATLCA JIUIIb OIMUCATCIBHBIM IIOAXOAO0OM K PACKPBITHIO BBI6paHHOI7I Tembl. OHO TaKXke JOJIDKHO
COACPIKATh COOCTBEHHOE BUJCHUC paCCManHBaCMOﬁ HpOGJ’IeMBI U H3J0KEHHE COOCTBEHHOH TOYKHU
3pCHUA HAa BO3MOXKHBIC ITYTH €€ PCILICHUA.

- 3axmouenue (1-2 ctpanuuel). B 3akitoueHUN KpaTKO H3JAraroTcs JOCTUTHYTHIE NMPH H3YyYEHUH
IPpOOJIEMBI LIETH, NEPCHEKTUBBI Pa3BUTUS UCCIIEyEMOr0 BOIIpoca

- Cnucok HCIOJIb30BAaHHON nUTepaTyphl (He MeHblle 10 MCTOYHHMKOB), B al(aBUTHOM IMOPSIIKE,
O(QOPMIICHHBI B COOTBETCTBUU C MPHUHITHIMU MpaBHJIaMU. B CIHCOK HCIIONIB30BAHHON JIHTEpaTyphl
PEKOMEHIyeTCsl BKJIIOYATh PabOThl OTCUSCTBEHHBIX M 3apyOEKHBIX aBTOPOB, B TOM YHCJIE CTaThH,
OIyOJINKOBAaHHBIC B HAYYHBIX JKypHAJaX B TEUCHHE MOCIEIHHUX 3-X JIET U CCBUIKM Ha PECypChl CEeTH
Hurepner.

- Ilpunoxenue (mpu HEOOXOTUMOCTH).

Tpebosanus k opopmaeruro:
- TEKCT C OJTHOM CTOPOHBI JIUCTA;

- mpudt Times New Roman;

- xernb mwpudra 14;

- MEXCTpPO4YHOE paccrosHue 1,5;

- MOJs: CBEpXY 2,5 cM, cHU3Y — 2,5 cMm, ciieBa - 3 cM, crpasa 1,5 cMm;

- pedepar J0KeH OBITh MPECTABIICH B COPOIIIOPOBAHHOM BHJIE.

Tlopsoox 3awumul dokraoa:

Ha 3ammry noknaga orBoguTcst 5-7 MUHYT BPEMEHH, B X0J1€ KOTOPOI'O CTYJEHT JOJDKEH II0Ka3aTh
CcBOOOJHOE BjaJeHUWE MaTepualoM Io 3asBieHHON Teme. [lpu 3amuTe AOKIaAa MPUBETCTBYETCS
HCIIOJIb30BaHUE MYJIbTUMEINA-IIPE3CHTALINN.

Jlokmaa OlEHMBAETCS 1O CIACAYIOIMIMM KPUTEPHUSAM: COOMIOZCHHE TPeOOBaHUM K €ro 0(OpPMIICHHUIO;
HEOOXOJIMMOCTh M JOCTaTOYHOCTh JUISI PACKPBITUS TEMbl IMPUBEACHHOW B TEKCTE JIOKJIaZa MH(POPMALUY;
YMEHHE CTyJIeHTa CBOOOJHO M3JaraTb OCHOBHBIE UJEH, OTPAKEHHBIE B JOKJIAJE; CIIOCOOHOCTh CTyAEHTa
MOHATH CYTh 33/1aBa€MbIX MPETOAABATEIIEM U COKYPCHHUKAaMH BOIIPOCOB U CPOPMYIMPOBATH TOUHBIE OTBETHI
Ha HHX.

Kpumepuu oyenxu:

Oyenka «omauyHO» BBICTABISETCA CTYIEHTY, €ClMd B JOKJIaJe CTYIEHT HCUYEpIIbIBAIOLIE,
MOCJIEI0BATEIbHO, YETKO U JIOTMYECKH CTPOMHO M3JaraeT MaTepuall; CBOOOIHO CIIPaBIsETCS C 3aJadyaMH,
BOIIPOCaMH U JPYTMMU BUJAMU MPUMEHEHHS 3HAHUI; UCIONb3YyeT JJI1 HAMCaHUs JTOKJIaJla COBPEMEHHbIE
Hay4YHbIE MaTepUalbl; AHAIM3HPYET MOJIYYCHHYI0O HH(OPMAIMIO; MPOSBISET CAMOCTOATENBHOCTh MPU
HaNMCaHUU JOKJIaJa.

Oyenxa «xopouio» BBICTABISAETCS CTYIEHTY, €CJIM KAauyeCTBO BBINIOJIHEHUS JOKJIaJa JIOCTAaTOYHO
Bbicokoe. CTyIeHT TBEpAO 3HAeT MaTepuaj, IPaMOTHO M IO CYIIECTBY H3JlaraeT ero, He JOImycKas
CYILLIECTBEHHBIX HETOUHOCTEN B OTBETE HA BOIIPOCHI 110 TEME JOKJIAzA.

Oyenka «yo0oenemeopumenbHO» BBICTABISAETCS CTYIEHTY, €CIIM MaTepuan JOKjIaJa H3jaraercs
YaCTUYHO, HO MPOOEIbl HE HOCAT CYIIECTBEHHOTO XapaKTepa, CTYAEHT JIOIyCKaeT HETOYHOCTHU U OLIMOKU
IpU 3alUTe JAOKIaAa, JNaeT HEJOCTaTOYHO NpaBHIbHBIE (OPMYIHUPOBKH, HAOIIOJAIOTCS HapYIIEHUS
JIOTUYECKOH NOCIIEA0BATENBHOCTH B U3JI0KEHUH MaTepHaa.
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OyeHnxa «Hey006/1emeopumenbHo» BBICTABISIECTCS CTYICHTY, €CIIM OH HE MOJATOTOBWJI JOKIJIAJ] WU
JIOTIYCTUJT CyIIeCTBEHHbIC OIMMOKK. CTyIeHT HEYBEpPEHHO M3JIaraeT MaTepuai J0KJIaja, HE OTBEYaeT Ha
BOIIPOCHI IPENOAABATEIIS.

Onucanue wKaivl OYeHUBAHUs

MakcuManbHO BO3MOXHBIA Oali 3a Bech TEKYIIMH KOHTPOJIb YCTAHABIMBACTCS PaBHBIM S5.
Teky1ee KOHTPOJIBHOE MEPOTIPUATHE CUUTACTCS CIAHHBIM, €CIIM CTYACHT MOIY4YniI 3a Hero He meHee 60%
OT YCTaHOBIEHHOTO JUIsl 3TOTO KOHTPOJS MaKCHUMajabHOro Oanna. PeHTHHroBbIi Oaii, BBICTABISEMBIN
CTYJICHTY 3a TEKyIllee KOHTPOJIHHOE MEPOINPHUATHE, CIAAHHOE CTYJEHTOM B YCTAHOBJICHHBIE TpaduKoM
KOHTPOJIbHBIX MEPOIIPHUATHIA CPOKH, ONPEIENACTCS CIEeIYIOIIUM 00pa3oMm:

VYPOBEHD BHINIOJIHEHNSI KOHTPOJIBHOTO PeiitunroBsrii 6amt (B % OT MakCUMaJIbHOTO
3aJTaHHSI Oayi1a 32 KOHTPOJILHOE 33J1aHNE)
OTanuHbIf 100
Xopomuit 80
Y 10BIIETBOPUTENBHBII 60
HeynosnerBopurenbHblii 0

Tembl 3cce (pedpepaToB, 10KJIaT0B, COOOIICHMI)

Ba3zoBblii ypoBeHb

. HacCTOTHBIN CIIEKTp CUTHAJIA.

. Lludppossie curnansl untepdeiica RS-232.

. Panpr @ypre. Onpenenenne 4acTOTHOTO CHEKTPa.

. Teopema KotenbHukoBa.

. Hpunuun padorsr ALIL.

CoBeplieHHas IU3BIOHKTUBHASE HOpMalbHas GopMa MpeacTaBIeHUs (DyHKIMMA.
@opMBbI CUTHAJIOB MPU aHAJIOTO-LIU(PPOBBIX MPeoOpa30BaHUIX.

. CoBepiieHHast KOHBIOHKTHBHAsI HOpMalibHast popMa npeacTaBieHus: PyHKLIUH.
10. IIpunnun padotsr LIAII.

11. JIBon4HO-IeCATUYHBIN aemudparop.

12. ®opMbl cUTHAJIOB IIPH LU(PO-aHAIOTOBBIX MTPEOOPAa30BAHUSX.

13. Cuntes mudparopa B 0a3uce «uiIm».

14. IIporpamMmMmupyemsble JIOTUYECKUE YCTPOUCTBA MATPUUHON CTPYKTYPHI.
15. MynbTuruiekcupoBanue Hu(ppOBbIX CUTHAJIOB.

16. IlocnenoBaTenbHble U NapauIeIbHbIE PETUCTPHI.

17. CunTe3 neMyabTHILIEKCOPA B Oa3HCe «1», KHE».

18. Ludpossie GpuabTpsI.

19.Tuns! TpUIrepoB MpH nepeaaye HU(GPOBHIX CUTHAIIOB.

20. IMpuaun paboTel TUPPOBOTO YACTOTOMEPA.

21. Hudpossie aBTOMATHI (I10CTIE10BATEIBHOCTHBIE YCTPONUCTBA).

22. luckpetnblie npeodpazoBanus Oypbe.

23. YacToTHBII CIEKTP CUTHAJIA.

24. DNeKTPOHHbBIE CUETYUKHU UMITYJIbCOB.

25. Kox Puna-Conomona. XpaHneHue nHpOpMaluy Ha JUCKaXx.

26. Ocnognsie oneparuu L{OC. CepTka, Koppesmus, GuibTpaus.

27. PeBepCcUBHBIE CUETYUKH UMITYJIbCOB.

28. dusnueckue curransl ceru Ethernet.
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29. CrpykrypHas cxema HuppoBoro GuibTpa.
30. ®usnueckue curnansl Ethernet. Bxoanble /BeixonHble enu crangaptHoro nopta 10base-T.
31. Knaccudukanus nudpoBbIx GUIbTPOB.
IloBbIICHHBIN YPOBEHb
32. Curnansl cetn Ethernet. ManuecTepckuii Ko,
33. ®opmupoBanue 1upPOBOTO CUTHATIA.
34. CtpykrypHas cxema 6ioka PHY Ethernet.
35. lludpossie curnansl. Koguposanue NRZI. 4B/5B. Illupuna ciektpa cursasnia.
36. CuHTe3 KOMOMHALIMOHHBIX CXEM.
37. Xpanenue u oopadbotka napopmanuu. Kox Puna-Conomona.
38. Ctpykrypa uudpoBoro curtana (HOTEHIMATIbHbIHN, UMITYIbCHBIMH).
39. Anroputm nepenayn nu@poBeIX curHanos B ceTd Ethernet.
40. Ludposoit BUX-¢punstp.
41. Camxenue mupunbl cektpa curiaia Ethernet. TpexypoBuesbiit curnan MLT-3 (MHOroypoBHEBBIN
TPEXIOPOTOBBIN).
42. CpaBHEHUE aMIUTUTYJHO-YaCTOTHBIX XapaKTEPUCTUK aHAIOTOBBIX U HU(PPOBHIX (PUIBTPOB.
43. CrangapTHble pelieHus ranbBannueckoil pa3ssasku Fast Ethernet yctpoiicTs, noakirouaemMbIx yepes
pazbeMm RJ-45.
44. OunbTp ¢ KOHEYHON UMITYJIbCHON XapakTtepucTukoil (KUX-punptp)

4.5. Memoouueckue pexomernoayuu no n0020MoeKe K 3a4emam

[Iponenypa 3a4era Kak OTAEIHHOE KOHTPOJIBHOE MEPOTIPUSATHE HE MPOBOINUTCS, OIICHUBAHHE
3HaHWH 00yYaroIEerocs MPOUCXOIUT MO Pe3yIbTaTaM TEKYIIEro KOHTPOJISL.
3ayeT BBICTABISETCS O pe3yIbTaTaM padOThl B CEMECTpe, IIPHU C/1aye BCeX KOHTPOJIBHBIX TOYEK,
IpeTyCMOTPEHHBIX TEKYIIMM KOHTpOJIEM ycneBaeMocTH. Ecii mo uroram cemectpa oOydaronuiics
umeer oT 33 nmo 60 GaymioB, eMy CTaBUTCS OTMETKa «3adyTeHo». OOydaromeMycs, UMEIIeMy 110
UTOTaM cemMecTpa MeHee 33 0ayuIoB, CTaBUTCS OTMETKA «HE 3a4TEHO.

Konuuecmeo 6annos 3a 3auem (S3au) npu pasnuunsix pelmuHz08bix 6ai1ax
1O OUCYUNTIUHE NO pe3yabmamam pabomel 8 cemecmpe

PeiiTuHroBbIi 0aJ1)1 MO AMCHMIJIMHE KoaunuecTBo 6a/1510B 32 3a4eT (S3a4)
10 pe3yabTaTaM padoTsl B cemecTpe (Rcem)
50 < Rcem < 60 40
39 < Rcem< 50 35
33 < Rcem <39 27
Rcem< 33 0

KoHnTpoJbs camocTosiTe/IbHOM PadoThI CTY/ICHTOB

KonTponb caMocTosTenbHOM paboThl MPOBOIUTCS MPENOIaBATEIEM B ayAUTOPUU.

[IpeaycMOTpeHBI cleayrome BUIbl KOHTPOJIS: coOeceI0BaHue, OTICHKA BBITIOJIHEHHS JIOKJIaa U €ro
MpE3EHTALUH.

[TogpoGHBIE KpUTEPUHU OIEHWBAHHS KOMMETEHIMN mMpuBeacHbl B DOHIE OIEHOYHBIX CPEACTB IS
MIPOBEJICHMS TEKYILIEU U MIPOMEKYTOYHOM aTTECTALINH.
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Cnmcok aurepartypsl 1 BeinojHenuss CPC

OcHoBHasi JInTEepaTypa:
1. JBopxosuu, B. II.<BR>&nbsp;&nbsp;&nbsp; OxonHble QyHKIMH Ui TApMOHHYECKOIO aHaln3a
cur”aios : MmoHnorpadwus / B.I1. JIBopkoBuu, A.B. JIBopkoBuy. - 3manue BTopoe,

2. mnepepaboTaHHOE U J0MONIHEHHOE. - Mocksa : Texnocdepa, 2016. - 216 c. : un., Tabdia., cxem. - (Mup
g poBoit 00padotkm). - http://biblioclub.ru/. - ISBN 978-5-94836-432-2

3. Manamkesuy, . A.<BR>&nbsp;&nbsp;&nbsp; BeiineT-ananus CUTHANIOB : OT TEOPUH K MPAKTUKE
: yuebHoe mocobue / U.A. ManamkeBuy ; [loBOIDKCKHUH TOCyAapCTBEHHBIM TEXHOJOTHYECKHUI
yHEBepeuTerT. - Momkap-Oma : III'TY, 2016. - 276 c. : cxeM., Tabu., ui. - http://biblioclub.ru/. -
bubmuorp.: c. 219-225. - ISBN 978-5-8158-1745-6

4. Ywmusmkud, C. B.<BR>&nbsp;&nbsp;&nbsp; Teoperndeckne ocHOBBI IM(PpOBOH 00pabOTKH U
NpEeJICTaBICHUs CUTHAIIOB : yueOHoe nmocobue / C.B. YMHSAIMIKKH. - 2-€ U3., UCTIP. U JA0M. - MOCKBa :
Texnocdepa, 2012. - 368 c. - (Mup mudposoit 06padboTkm). - http://biblioclub.ru/. - ISBN 978-5-
94836-318-9

JlonotHUTEIbHAS JIUTEpPATypa:

1 T'oncanec, P.<BR>&nbsp;&nbsp;&nbsp; Lupposas o6paboTka n300pakeHUH : MpaKTUUYECKUE
coetel / P. T'oncanec, P. Bync ; nep. I1. A. Youna ; nep. JI. 1. PyGanoBa. - 3-¢ u3n., ucrp. U JOIL-
MockBa : Texuocdepa, 2012. - 1104 c. : wm,1abn., cxem. - (Mup uudpoBoii o00paboTkun). -
http://biblioclub.ru/. - ISBN 978-5-94836-331-8

2 HBanoBa, B.I'.<BR>&nbsp;&nbsp;&nbsp; Lludposas o0paboTka curHanoB IeKTPOHHBIN
pecypc : yueoHo-MeToaudeckoe mocooue / H.B. IIpomeukuna / B.I'. iBanosa. - Camapa :IToBomxkckuit
rOCy/IapCTBEHHBIN YHUBEPCUTET TeIeKOMMYHUKaimii u undopmatuku, 2015. — 113 c. - Knura Haxogutcs B
6a3zoBoii Bepcuu DBC IPRbooks.

3 HBanoBa, B.E.<BR>&nbsp;&nbsp;&nbsp; Lludposas oOpaboTka CUrHalIOB U CHUTHaJIbHBIE
TIPOIIECCOPBI DINEKTPOHHBIN pecypc : yuedHoe nocodue / A.U. Tsokes / B.E. MBanosa ; pen. A.U. Tsoxkes. -
Camapa : [ToBomkckuii rocy1apcTBEHHBIH YHUBEPCUTET TeIEKOMMYHHUKaui u uadopmatuku, 2017. - 253
c. - Kaura maxogurcs B 6a3oBoii Bepcun ObC IPRbooks.

4 Hosukos, I1.B.<BR>&nbsp;&nbsp;&nbsp; Ludpoas o0paboTka CcHrHamoB JIEKTPOHHBIN
pecypc : yuebHO-MeToandeckoe mocooue / I1.B. Hoeukos. - Capatos : By3oBckoe oOpa3oBanue, 2018. - 75
c. - Knaura maxonutcs B 6a3oBoit Bepcuu DbC IPRbooks. - ISBN 978-5-4487-0286-0

5 Cepruenko, A. b.<BR>&nbsp;&nbsp;&nbsp; [udposas 0O6paboTka curHaaoB : yued. mocodue
1t By30B / A. b. Cepruesnko. - 3-e u3a. - CIIG. : BXB-IletepOypr, 2013. - 768 c. : un. - ['pud: Pex. YMO. -
ISBN 978-5-9775-0915-2

6 ConobeB, H.<BR>&nbsp;&nbsp;&nbsp; Lludposas oOpaboTka uHpOpManuu B 3amadax Hu
npumepax : ydeOHoe mocobme / H. ComoreB, H.A. Tummna, JI.A. FOpkeBckas ; MHHHCTEPCTBO
oOpazoBanuss u Hayku Poccuiickoii @eneparun ; @DenepaibHOe TIOCYJapCTBEHHOE OOJKETHOE
o0pa3oBaTebHOE YUPEKICHNE BhICIIET0 00pa3oBanus «OpeHOyprckuil rocy 1apcTBEHHBI YHHUBEPCHUTETY
Kadenpa mporpammuoro oOecrneyeHHs BBIYMCIMTEIbHOM TEXHUKH W AaBTOMATHU3UPOBAHHBIX CHUCTEM. -
OpenoOypr : OT'Y, 2016. - 123 c. : un. - http://biblioclub.ru/. - Bubmuorp. B ku

7 Xadpuzos, . I'.<BR>&nbsp;&nbsp;&nbsp; Lludpposas o6paboTka CUTHANOB : JaOOPATOPHBII
npaktukym / JI.I. Xadwmszos, P.I'. Xadmzo, C.A. OxorHukoB ; I[IOBOMKCKHI TOCYIapCTBECHHBIN
TeXHOIOTHYeCKUii yHuBepcuteT, 1. - Momxkap-Oma : IIT'TY, 2018. - 72 c. : un. - http://biblioclub.ru/. -
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bubnwuorp.: C. 69. - ISBN 978-5-8158-2003-6

8 Iludposas odbpadboTka curaanoB ¥ MATLAB : y4e6. mocobue st By3oB / A.U. Cononuna, /.M.
Knuonckuii, T.B. Mepkyuea, C.H. Ilepos. - Cankrt-IletepOypr : BXB-IletepOypr, 2013. - 512 c.: un. ; 24.
- I'pud: Pex. YMO. - bubnumorp. B koHue raB. - [Ipeam. ykas.: ¢. 508-512. - ISBN 978-5-9775-0919-0

9 Hudposas obOpaboTka curHamoB. Yacte 3. Metoasl u alropuTMbl 00pabOTKH CHUTHAJIOB
amantuBHbIME KX n BUX - dunsrpamu Dnextponnsiii pecype / 0. B. Pscueiii [u np.]. -Ludposas
o0OpaboTka curHanoB. Yacts 3. Metoabl u anroputMbl 00paboTku curHanoB agantuBHbiMU KUX 1 BUX -
¢unbrpamu,2024-08-29. -  HoocuOupck  :  CuOupcKkuii  rocyAapCTBEHHBIH  YHUBEPCHUTET
TesJleKoMMyHUKaii u uadopmatuku, 2017. - 205 c. - Knura Haxogurcs B npemuym-sepcun ObC IPR
BOOKS. - ISBN 2227-8397

MeTtoanueckas Jureparypa:

1. meroauueckue yKazaHus K JaOOpaTOpHBIM paboTam;
2. METOJMYECKHE YKa3aHUS K CAMOCTOSTEIbHOM paboTe.

HNuTepHeT-pecypcebl:
1.http://exponenta.ru

2.http://www.intuit.ru
3.http://www.prodav.narod.ru/dsp/index.html

IIporpammHuoe obecnevenne:

MathCAD
MATLAB
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