=3
8 %

bHOTO YHUBEPCHUTETA
[lata no JnMUcaHns :23.08.2023 12:55:20

YHUKa/bHbIV NPOTPaMMHBbIN KITou:
d74ce93cd40e39275c3ba2f58486412a1c8ef96f

MUHHUCTEPCTBO HAYKH WU BEICHIEI'O OEPASOBAHUA PO®

OEJTEPAJIBHOE I'OCYJAPCTBEHHOE ABTOHOMHOE OEPA30OBATEJIBHOE
YUPEXJIEHHWE BEICIITET'O OEPA30OBAHUW A
«CEBEPO-KABKABCKUN OFIEPAJILHLIA YHUBEPCUTETY
[ Isaruropckmit HHCTHTYT ((rmnan) CKOY

MeTtoguuecKkHe YKa3aHHA
ITO BBIITOJIHEHHIO JTa00PaTOPHBIX padoT

IO THCLIHIUTHHE
«OCHOBBI HUPPOBOHN OB PALOTKH CHUI'HAJIOB»

JU1s1 HartpaBiieHH S IToATrOTOBKH 09.03.02 HHgopmannoHHbIE CHCTEMbI H TEXHOJIOTHH
HaIlpaBIEHHOCTH (ITpodis) HadopManoHHbIe CHCTEMbI H TEXHOJIOTHH 00padoTKH NH(PPOBOTo
KOHTE€HTA

IIaruropck
2022

AJOKYMEHT NoanmncAH
SNEKTPOHHOW NOANMWUCHIO
Ceptudurkar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneuy: lLlebayxoea TateAHa AnekcaHapoeHa

Newncteutened: ¢ 20.08.2021 no 20.08.2022



BBEJIEHHE

HEJIb H 3AJIAYM OCBOEHHNA /INCIIUIL/IMHBI

[{emsve H3y4YeHH I THCIHILIHHEI « OCHOBEI ITH(PPOBOH 00pabOTKH CHTHAJIOBY
SIBIIIFOTCSL OpMIpPOBaHIE Habopa oOHIeIpod eCCHOHAIBHON KOMITETEHIMH OaKallappa
o HarpaBrieHH:o 09.03.02 « MHpopMaIOHHbIe CHCTEMBI H T XHOIIOTHIY, YeTKHX
NIpeICTaBIEHHI O (PYHJaMeHTaIbHBIX ITOI0KEHHSIX TEOPHH IIH(PPOBOH 00paboTKH
CHTHAJIOB, OOYUYEHHE OCHOBAM aHAMTHYECKHX H YHCIIEHHBIX METOJ0B pacyeTa |
aHaM3a () POBBIX IIpeoOpa3oBaTENIe

H3MEPHTEIIbHBIX CHTHAJIOB, Pa3BHTHE HABHIKOB ITPOEKTHPOBAHHS LIH(PPOBHIX
H3MePHTEIPHBIX ITpeoOpaszoBareseil, 00padoTKH SKCIIE PHMEHTAILHEBIX PE3YIILTATOBR H
X aHaJIM3a.

3agaun H3yYeHHS JHCIHIUIHHGBI « OCHOBEHI ITH(POBOH 00pabOTKH CHIHAJIOB) -
CO3JIaHHE ONTHMAIBLHBIX VCIIOBHH OOYVUEHHS JUCIHIUIMNHE ¢ YUETOM YPOBHS ITOJAT OT OBKH
CTYZAEHTOB B 00JIaCTH MaTeMAaTHKH, (PH3HKH 1 3JIEKTPOHHKH.

2.HauMeHoBaHNE JIA00PATOPHBIX 3aHATHI

Ne Temnl | HammeHOBaHHe TeM JHUCIHIUIMHEL, HX Kpatkoe | OO0BeM 4acoB N3 HIX
IIHCIUTLT COJIepKaHHE IPAKTHYECKAS
HMHEI TIIOJI OTOBKA,
YacoB
7 cemecTp

1 Hccenepopanie XapakKTepHCTHK ITPOCTENIIIX 4,5

KU X-puipTpoB
2 Hccrnegopanie CBOHCTB Pa3IMYHBIX BHIOB 3

OKOH
3 HMccnegopaHiie H ITPHMEHEHHE 4,5

JTHCKPETHOTr O Impeodpa3oBaHusI Dyphe
4 Cunres H HecnegoBaHne KU X-(ibTpoB 3
S CHHTe3 H Hecneaopanue b M X- 3

(IILTPOB
6 4,5

Hccnemoranie 3(ppeKTOB KOHEYH O
Pa3pSIHOCTH YH el

CepTudumkar:
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7 4,5
HccnemoBaHie anropHTMOB H3MEHEHH S
JACTOTHI JHCKPETH3ALIHH
Hroro 3a 7 cemectp 27
Hroro 27
NOKYMEHT MOAMUCAH
SNEKTPOHHOW MOAMUCHIO
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JlabopatopHas pabdora 1
Hccnegopanue xapaxkrepucTuk npocrenmux KMX-¢punstpon

Ilean padoThI: mMoIydYeHNE OCHOBHEIX HNOHATUIL 0 padoTe mudporeix KIX-

(GUILTPOB U IIPHUOOPETEHNE MPAKTUUECKIX HABLIKOB UX HCCIIeJOoBaHNg Ha OBM.
TeopeTnueckoe 000cHOBaHHE

PaboTy npocteiimero GmibTpa ¢ KOHEUHON NMITYJILCHON XapaKTepHICTUKOI
(KUX-pmwimTpa) MOKHO IIOSCHUTL Ha 3JIEMEHTapHOM mnpumepe. lIpemmomoxmnmM,
YTO HMEETCS HEKOTOPHIN HAaOOp 3KCIEpUMEHTAIILHBEIX JaHHBEIX B BUJE TaOJIHIIBI
BXOJHBLIX OTCUETOB, HAIlpUMEpP, €KEIHEBHBIE 3aMEPHI TEMIIEpATYpPhLl BO3ayXa. J1Iis
TOTO, YTOOBI YSICHUTHL OOIIEe TEHASHIIUN B N3MEHEHNUN JaHHBIX, O€3 ydeTa OTKIIO-
HEHUII, BEI3BAHHLIX CIIy4ailHEIMU (paKTOpaMU, paCcCUUTHIBAETCS CpeJHee apudmMe-
THUECKOE 3a HEKOTOPHIN IIEpUOJ, HaIlpUMep 3a IocjieaHue / JHell. KaxXablll HO-
BBEII BBEIXOJHOII OTCUET IIONyYaeTcsd IYTEM CIBUTA yCPEeIHSIEMOI BHIOOPKU Ha
OJINH AcHb. lIpm 5TOM BBIXOJHOU OTCUET COOTBETCTBYET II0 BPEMEHU CEpPEIUHE
yCpeIHIEMOI BEIOOPKH, TO €CTh 33aJIEp)KaH OTHOCHUTEJILHO IOCIIETHEr0 BXOJHOIO
oTcuera Ha (7-1) /2=3 nmus.

YCTpOIHCTBO, pealu3yrolee yKa3aHHYIO IOCIIEeIOBAaTEIIbHOCTD JCHCTBIH)

MOZKHO PCaJIi30B4ATE B BH/JIC Ha6ﬂpa JIOTHMYECKIIX I1 apH(bMETHT-IECKHX MD,[[}’HEE :

%(7) X(6 X(5) x(4) x(3) x(2) x(1)

B'T T T T T
Bxop

nO)N(1 ne ne ne n(s n(6

—(xX) —(X) —Lb@o L»@Q )—nX+ Ln}@ Ln@@—h

Beixopq,

[NOKYMEHT MOAINMCAH
SNEKTPOHHOW Noarnnceio
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- X — YMHOXUTENB, X — Cy MMaTop;

- X(n), n=0,...,00 — BXOJHBIE€ OTCUETEI,

- y(n), n=0,...,00 — BEIXOJHEIE OTCUETHI;

- h(n),n=0,...,N-1 xo3dpurineHTH,;

IIpuBeneHHas cxema dABadercsa TunmuHoil cxemoil KMX-dunerpa mopsmgka

N. B mamewm cinyuae N = 7, a Bce h(n) paBHEI Mexk Iy coOoli 1 paBHBEI 1/7. Ecrin Ha
BXOJ TaKoro (pUIbTpa IOJaTh OJUH OTCUET C aMIUIUTY O, paBHOM 1, Ha BBEIXOJE
IIOJTYYHIM IIOCJIEJOBATEIILHOCTL M3 / OTCUETOB C aMIUINTY 4o 1/7, — UMIIYILCHYIO
XapaKTEePUCTUKY (QIILTpa. 3aMETHM, UTO HMIIYJIbCHAs XapaKTepHCTHKa HMEeT
KOHEUHYIO JJINHY, UTO M ONpeAesIIeT Ha3BaHUE JaHHOIO TuUlla (pUIbLTpa, a €€ OT-
CUEThl COBIAJAIOT ¢ Ko3dduiueHTamMn GuibTpa. B paccMOTpEeHHOM NIpUMeEpe
IMITY JIbCHas XapaKTePHCTUKa UMEET IIPSMOYTOIBHYIO (popMy.

C TOYKHU 3pE€HHS TCOpHH IMUPPOBREIX (PIUIETPOBR 3TO O3HAYAET, YTO UACTOT-

Hai XdPaKTCPICTHKA TAaKOI'O qJHHBTpEL OIIPCACIIACTCAH BBEIPAXKCHIICM.

Mt
sin(NV E) o

H(f)=——% xe™3 (1)
Nsin( )

CorjacHO 3TOH (popMyJie pacCMOTPEHHBIN PUILTp (Ha30BEM €ro yCpeaHs-
FOINM) SBJISIETCS (pribTpoM HIDKHUX "yacToT (PHY) ¢ muHeitHoll dazodacTOTHON
xapakrepuctukoil (PUX). Ha wactotax wi=27k/(NT) mpu k=1,...,90, H(®)=0. 310
BIJIHO U 13 cXeMbl (PIIbTpa. J[elCTBUTEIBLHO, IIPH YaCTOTE rapMOHNYECKOIO CHUT-
Hajla Oy, B JIMHUU 3aJepKKI PUILTpa yKIaJbIBA€TCA I[€JI0€ KOJINYECTBO IEPHO-
JIOB, 1 YCPEeJHEHNE IIPHBOJUT K HYJIEBOMY BBIXOLY.

Ecmn xoaddunuentel KM X-punbTpa NoUNHSIOTCS CHHYCOUJAIBHOMY 3a-

KOHY: h(n)=sin(woT) TOo, Kak OUYEBUIHO CJIEJYET U3 CXEMBbl Ha PHCYHKE, MakcC

l..—"

ﬂGWMEHTHDﬂﬂHEAH (bCA IIPH BDBﬂEﬁCTElﬂi Ha BXO/I []I’)H.]'[E:'I'pa

3NEKTPOHHOW NOAMNUCHIO
roil wo AYX Takoro QmibTpa IIpe-
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cTarjLsIeT coOoil HamoxkeHne AByX AUX mpeaplaymiero QmibTpa, CABUHYTHIX Ha

Ty OTHOCUTEILHO HYJIEBOM UYacTOTHI. TakKUM 00pa3zoM, paccMaTpUBaEMBIIl
¢mwmsTp 13 @HY npeoOpazyerca B nmomocoBoil. OgHako @YX Takoro uibTpa
HeoOg3aTenbHO OyJeT JNMuHeHHOoN. YcioBueM nuHelHocTH DUX gBIseTcS CHM-
METpHA (MJIN aHTUCUMMETPIS) UMITYJILCHOM XapaKTEPUCTUKH (PUIILTPA.

[IpuMedaHne: eCIi g PACIOJIOKEeHa OJIM3KO K HYJIO, To Makcumym AUX

MOXET NIMETE HERHAUUTCIILHOC CMEIICHIIEC OTHOCHUTEIIEHO Wp 3a CUET HaJIOXKEHIIA

OTPHUIATEIILHON 1 HOJIOKUTEILHON yacTen AYX.

['pynmoBoe Bpems 3aaepxku (I’ B3) d(w) paccunuteiBaeTcsa Kak IIPOH3BO/I-

do(m)
Had 170 yactoTe oT PUX: dw) = = . IIpn muueitnonn ®YX ['B3 He 3aBUCUT OT

dm

YACTOTHI.
3agaHus K JJadopaTopHOil padoTe

1. IToctpouts yactoTHele XapakTepucTuku (AUX, OUX, I'B3) ycpemusro-
mero KMX-dusrpa.

2. 3aJaTh BXOJHOII CUTHAI B BUJE CYMMBI JBYX CHHYCOMJAILHEIX KOJieOa-
Hiil i myMa. [IocTpouTk CIEKTp CUTHAIa 4O, I HOCJIE (QIUILTPAI[ILL

3. llony4uTh 5KCIEPUMEHTAJILHBIM IIYTEM 3aBUCUMOCTL 1 B3 oOT mopsijika
¢uILTpa.

4. I3MEHNThL UMITYJILCHYIO XapaKTE€pUCTUKY (PUILTPaA TaK, YTOOBI OH BEIJIE-
JISUT BEPXHIOKO [0 YaCTOTE€ FapMOHHYECKYHO COCTaBILIIONIYIO BXOJHOTI'O CHUTHAlA.
ITocTpours yactoTHRIEe XapakTepucTuku (AUX, ®UX, 'B3), uMmynsCcHYIO Xapak-
TEPUCTUKY U CIIEKTP BLIXOJHOI'O CUTHaJa.

5. Ecimm @YX monmyunnack HeJIMHENHON U 1 B3 3aBUCUT OT YaCcTOTHI, U3Me-

HHUTE IMIIYJILCHYIO XapaKTepUCTUKY (PIUILTpa Tak, YTOOBI JOOHTLCS JINHEIHOCTH

OOKYMEHT NoarnincAH
SNEKTPOHHOW NOAMUCHIO
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MeToauka BbIIOJIHEHUS Pa00ThI

1. 3agate xko3dduuentel KMX-duisrpa M-HOro nopsaaka, paBHeEIMHI 1/M
— yepenustomuil uistp (M=# +10), rge # — HOMep BapHaHTA.

2. HaliTn KOMIIIEKCHYEO YaCTOTHYH XapaKTEPHCTUKY (PIUIbTPA C ITOMOIILEO
IIPOIETY PhI

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

rage H — xommiexcuag UX u3 xotopoil ¢ nomompro 20*¥logl0(abs(H)) 1 unwrap
(ANGLE((H)) nomyuaror AUX B 15 u ®UX. N — xommuectBo Touek UX (N=2'7),
B — BekTop koadduimentor KMX-bumstpa, A=1 ana KMX-pmisTpoB, Fs— ua-
ctoTa auckperusamuu (Fs=1.2288%4MI'11), F - gacToTHas ock abcIiiucc OJIsI BEI-
Bojla UX Ha rpaduke, mpoieaypa unwrap ycTpaHgeT ckauku Ha 271 B @ UX, ma-
paMmeTp ‘whole’ ozHauaer BeIBog UX B nipenenax ot O go Fs.

3. Hairtu I' B3 ¢pmmbTpa ¢ mOMOIIBIO IPOIIERy PhI

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

rie Gd — I'B3 B orcuerax. (Jliiga monyuenmsa ['B3 B cekyHJax HEOOXOIIIMO
yMHOKHUTEL Gd Ha T).

4. IToctpoutk rpadpuxn AUX: abs(H), ®UX u I'B3 B ogHUX 0CSIX C ITOMO-
IIBEO IpoIleaypEl plot.

5. 3a1aTb BXOJJHOU CUTHAJI B BUJE:

s = s1+s2+0.1*Noise:
sl(n) = sm(2*p1*11* n*1)
s2(n) = sin(2*p1*12* n*1),
n=0,. N-1, N=2" 1 = 1/Fs; Noise = randn(1, N) — mporeaypa reseparmm

HOPMAIILHO pacIpelelIcHHOro OeJloro ImyMa ¢ JIHHOII BeIOOpku N, 1l =

(700+#*10)kl ', 12 = 1200k 11;

NOKYMEHT NOAMNUCAH
SNEKTPOHHOW NOAMUCHIO HrHaja ¢ IIOMOIIBLIO Ipoleayphl fit.

12000002A633E3D113AD425FB50002000002A6
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7. IIpodunsTporaTh BXOJHON CHUTHAJI C HOMOIIbIO Ipouedyphl Y= filter
(B,A.X), rme Y, X — BBIXOJHOM 1 BXOAHOI Ipolieccel, B, A - k03¢ UIIeHThI
dubTpa.

8. HalTu crexTp BLIXOJAHOI'O CHUTHAJIa ¢ IIOMOIIBLIO IIpoIeayphl fit.

9. IlocTpouth rpaduku aMIUIUTYAHBIX CIHEKTPOB BXOJHOI'O U BBIXOJHOIO

curHana (abs(fft)) oguu Hajg JApyruM ¢ moMoIIbiO Ipolleayphl subplot. B kaue-

CTBE YaCTOTHOM OCH MOKHO HMCIIOJIb30BAaTh IIOCJIEIOBATEILHOCT F 13 11.2.2.

10. Uamensasa nopaaok pmibTpa M 3KCIepHIMEHTAaIbLHO HAITH 3aBHCHMOCTD
1'B3 ot ero nmopsaxa M.

11. ¥YMHOXUTE BekTOp KoddduiueHToB B Ha sin(2¥p1*f1* n*1), n=0,... M-
1, niia ceoero M.

12. IloBroputhk 1. 2.2 n 2.3.

13. HaliTu nuMIyJIbCHYIO XapaKTEPUCTHKY (PIUIBTPa C HOMOIILIO POy PhI

[LT] = impz(B,A),
riae I — mckomas UMITyIbCHasl XapaKTepUCTHKa, T — OCh BPEMEHI.

14. IlocTpouth rpaduk NMITYJILCHOI XapaKTEPUCTUKN C IIOMOIILIO MIpOIle-
mypel stem(1.1);

15. Mamensa dazy sin(2*p1*1* n*1), 1o0OUTbCI CHMMETPUU UMITY JIbCHOI
XapaKTEPUCTUKN OTHOCUTEJILHO IeHTpa. lIpm werHOM M IeHTp pacrosiaraercs
MEXKY OTCUETaMI.

16. Yoenutnca B tuHennHocT @YX 1 moctosgHcTBe [ B3.

BonpocsI Ay1s 3aMThI padoThl

1. Kak zaBucut ' B3 oT nopsaka ¢puibsTpa?

2. Ilpu xakux ycinoBusax 1 B3 He 3aBUCUT OT 4aCTOTHI?.

3. Uro Hazmo caenath i1 npeodpazopannst KM X-duibTpa nz ®HU B mosto-

AOKYMEHT NoarnnucAH
SNEKTPOHHOW NOAMUCHIO
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CogepxkaHue ordyeta U ero ¢opma
OTueT JoJKEH OBITh IIpeJcTaBiIeH B Buie ¢aiina ¢ umeHeMm labl # m, co-
IepIKAIIM TEKCT MPOrpaMMEl ¢ HOAPOOHEIMI KOMMEHTapHsIMU U ¢ailia ¢ IMe-
HeM pamunus navl eapuanm#. doc, c oTBETaMUI Ha KOHTPOJILHBIE BOIIPOCHI.
JlabopaTtopHas padora 2
HccaegoBaHue ¥ IpUMeHeHHE JUCKPETHOI 0 MpeodpazoBaHusa @ypbe

Ileab padoThI: IPHOOpPETEHNE MPAKTHUECKIX HABLIKOB paOOTHI C JUCKPET-

HBEIM IIpeoOpazoBanneM dypre (JI1ID).

TeopeTnueckoe odbocHoBaHUE
JluckperHoe npeodpazoBaHne Pypbe MPUMEHIETCH I JUCKPETH3NPOBAHHBIX
BO BpPEMEHU IIEpUOJHUECKHX IIpOoIecCOB. J[OIyCTHUM, UMeEeTCS HEKOTOpas BLIOOpKaA
13 N BpeMEHHBIX oTcueToB X(n), n= 0, N-1. IIpmuem, mpegnonaraercs, 4uTo 3a

IpcAC/IaMIl YKA3dHHOI'O HHTCpPBalld JdHHaA’ ELI@DPHEL IICPHUOJMHYCCKIT IIOBTOPAHACTCA.

Torga JIIID Beruncmnsaercs 1mo GopMmy ie:
N-1

X (k)=">"x(n)e” 2k I N (1)
=[]

H IIPCACTABIIACT coOoIl IHOCJICAOBATCIIBHOCTE KOMIIUICKCHBIX MAIMCKPCTHBIX CIICK-
TPAJIBHBIX OTCHCTOB PABHOMCPHO PAdCIIPCACJICHHBIX Hd OTPC3KC JaCTOTHOM OCH OT
0 A0 HaCTOTEI AMCKPCTH3aIlII Fs. 3a IIpcAcilaMIl YKa3aHHOI'O MHTCpPBaJla 3Ta IIO-

CIICAJOBATCJIBHOCTDL TAaKKC IICPHOJAMNYCCKII IIOBTOPACTCA.

O6patroe JIID (OJIIID) Beruncngercs 1mo ¢Gopmyie:

x(n)=" X (ke 7*™*
T 2. (2)
N i

TO:, CYIICCTBYCT B34IIMHO OJHO3HAYHOC COOTBCTCTBIIC MCHK Y

IHHIEPUOJMYCCKIIM JHCKPCTHBIM IIPOLHNCCCOM H C€I'O IICPHOJMYCCKIIM JHUCKPCTHBEIM

OOKYMEHT NOANMUCAH
ANEKTPOHHOW MOANUCHIO TAK M1 B CHEKTp D6H&CTH IIIHA HEpHD,[[a
Ceptudoukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneuy: [ebayxoea TareRHa AnexkcaHapoeHa
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13 dopmyn (1) n (2) Buguo, uro JIII® u OJIID tpebyer N- apundmeTmde-

ckux omnepanuii. OgHako, ecnu N=2", rge m — moOoe HaTypalbHOE YMCJIO BO3-
MOJKHO IIpUMEHEeHUe OwrIcTporo mnpeodpazoBaHusa dDypwe (BIID), u obpaTtHOTO

owricTporo mnpeodpazoBanud Pypre (OBIID), a719 BEIIIONHEHNI KOTOPBIX TpeOyeT-

Cs MPUOIN3UTENBEHO N ,}‘- log, omeparmii. Ecnim N=2'°, To BII® paGoraer npu-

N

ommutenbHO B 200 pa3 OwicTpee mo cpaBHeHUIO ¢ J[IID. M 3TOT BBIUTPHIIT BO3-

pactaeT ¢ poctoM N. Ilpu stom pesymbratel J{IID 1 BII® momHOCTEIO COBIIaja-

FOT.

BaxHBLIM IpakTHYECKUM IIpIMEHEHUEM IIpeoOpa3zoBaHII Dypbe SBISAETCS
CIIeKTpaJIbHBLII aHaIN3 aJAUTUBHON CMECU CUTHAIA 1 IToMexX. Ecu mupnHa crek-
Tpa U aMIUINTY/Ja IIOJIE3HOTO CHUTHajla M IIOMEXH 3aMETHO PasIMdaroTCs, 3TO MO-
’K€T OBITH HCIIOJIL30BAHO IS IIOJABIECHNS moMmeX. lIpeinosiokuM, 9To HMEeTCs
yV3KOIIOJIOCHAs, OOMbINas [0 aMIUINTY A ITIoMeXa Ha (pOHE MIPOKOIIOIOCHOTO CUT-
Hajla. B 3TOM cilydae mojaBlIeHUE IIOMEXU MOXKET OCYIIECTBISATHCI METOJOM pe-
’KEKIIUHU CIIEKTPallbHBEIX COCTARIISIONIX, IIPERBIMIAOIIX HEKOTOPHII IIOPOT.

Ha rpanniax BpeMEHHOII BLIOOpKM (PYyHKINSI X(n), KaK IIPaBUIIO, HCIILITHI-
Ba€T pa3phiB. OTO MNPUBOJUT K PACIIMPEHUIO OCHOBAHU CIIEKTpa U 3aTpPyIHSET
IoJlaBRlIcHNE NoMeX. OPQPEeKT pacIHUpeHHs CIEeKTpa MOXKHO OCIaOUTh IIyTEM
[IJTABHOTO YMEHBIIEHUS OTCUETOB BRIOOPKH TP ABIDKEHHUU OT €€ IIEHTpa K KpasM,
YTO OCYIIECTBIISIETCS 3a CUET YMHOXKEHIS OTCUETOB BPEMEHHOII BRIOOPKM Ha OT-
cueThl PYHKINU OKHA. bojiee moapoOHO CBOIICTRA pazIMUHBEIX (PYHKIHII OKOH Oy-
Iy T UCCIIEeNOBaHLI B CIEIYIONIE JabopaTopHOIT padoTe.

B MATLAB BbIUNCIIEHNE CIEKTPA BHIIIOJIHAETCSA € IOMOIIBIO IIPOIEYPHI

FFT (Fast Fourier Transtorm): X=FFT(x). FFT(x) Beruncnsger J{II® oT mociaemo-

[OKYMEHT NOAMWUCAH
3NEKTPOHHOW NOAMUCHIO
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Bnapeneuy:

Ecmu gmnHa X(n) paBHa 2%, rge m — I€l0€, TO JJIS BLIUNICIICHUS CIIEKTpa
npoueaypa FFT ucnone3yer Oonee OBICTPHBIN aJITOPUTM — OBICTpOE IIpeoOpazoBa-
Hue dypwe (BIID).

Ecm mpmmaa X(k) paBua 2™, rge m — 11eioe, TO JJIS1 BRIUNCIEHHS CIEKTpa
npoueaypa IFFT wucnomssyer oOpaTtHoe OwbIcTpoe mnpeodOpazoBaHue Dypbe
(OBIID).

DyHKINA OKHa XS5MMHHIA BBIUHCILIFOTCS B BHIE BEKTOpa-CTOJIOIA C IIO-
MOINBIO Hponeaypel W = hamming(n), rae n — JyInHa mociegoBaTebHOCTH. 1lpn
YMHOKEHIU Ha IIOCJIEeJOBAaTENbHOCTE X(1n) HEOOXOANMMO HCIIOIB30BaTh TPAaHCIIO-
HUPOBAHHLIN BEKTOP OKHa W'

3agaHusa K J1abopaTopHoOiil padoTe

1. 3azaniTe BXOQHOI IPOIECC B BUAE CYMMBEI 1mojieaHoro UM curnana u AM
IIOMEXI.

2. Hanjure CIIEKTp BXOJHOTIO IIpoIlecca 1 CIIEKTP IIOMEX.

3. AckmrounTe noMexy METOJIOM HEIIOCPEICTBEHHOI 00pabOTKI CIIEKTpa.

4. Ilepeligure 0oOpaTHO BO BPEMEHHYIO 00JIaCTh.

5. Hanjure pa3HOCTh IIOJIE3HOTO U BLEIXOJHOI'O CUTHAJIA.

6. CpaBHUTE BpEMEHHLIE JiarpaMMBbl NCXOJHOIO IIpoIlecca, IOJIYUYEHHOI'O
BEIXO/JTHOTO CHTHajla, MCXOJHOI'O IIOJIE3HOI'0 CHrHaja (0e3 MoMEXH) U Pa3HOCTU
[IOJIE3HOI'O M BEIXOJHOI'O CUTHAJIA.

7 PaccMmaTpuBasi BBEINICIIPUBEICHHYIO Pa3HOCThL KaK aJJUTUBHYIO ITOMEXY,
BBEIUIICJINTE OTHOIIEHHE CHTHAJ/IIOMEXa B JenuOernax 0 H IIO0CJI€ ITOJaBICHI
IIOMEXI.

8. YMHOXbBTE BXOJHOU IIPOIIECC HA OKHO X5MMMHIa U IIOBTOpUTE ILIL. 1.2 —

1.7

[IOKYMEHT MOAMUCAH MaBJICHI IOMEXH C IPUMEHEHNEM 1 Oe3 IIpu-
ANEKTPOHHOW NOAMUCHIO

12000002A633E3D113AD425FB50002000002A6
lLlebayxoea TateAHa AnekcaHapoeHa

Newncteutened: ¢ 20.08.2021 no 20.08.2022
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MeToauka BbINOJIHEHHS Pa0O0ThbI

1. 3agaliTe BXOgHOII mpoIiecc s 1np(n) B BuAe CyMMBI mojiesHoro YM curha-

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

I IIOMEXU:

interference  =A*(1+0.5%sin(2*p1*0.01 *Fs*ts*n)). *sin((wO0+0. 7*wd)*ts*n),
rae w0 = 2%p1*(0.1+#%*0.005)*Fs, wd = (0.07+# *0.003)*Fs, A=2.5+#%0.05, # -
HoMep BapuaHTa, wm = 2*p1*0.001*Fs, Fs = 4MI 11 — gacTtoTa AUCKpETURAIUL,
ts=1/Fs, n=0, ... ,10000,

2. Harliqure croexTp BXOJHOIO IIPOIECCAa UM CIIEKTP IIOMEXM C IIOMOIIBEO
npoieaypel it 1 moctpouts rpaduk ero moaysri: abs(fft(...))

3. lIpoaHanm3upyTe IMOJIYUEHHBIN CIIEKTP U ONpPEe/INTL HAaNMEHBIINI T10-
POTOBBINI VPOBEHB, BHINIE KOTOPOL'O PACIIONArarOTCs TOJBLKO CIEKTpallbHBIE CO-
cTapJpromue rnoMexu. C mnoMmompbro Iporeayphl find oOHYyINTE BCe CIIEKTpallb-
HBEIE COCTaBILIIONIIME, JieXKalque BeIme Imopora. (I'padukm CHEKTPOB BXOLHOTO
[Ipolecca, IIOMEXU U IIpollecca C IMOJABJIICHHON IMOMEXOU IOCTPOUTHL B OJIHOM
OKHE ¢ icIob3oBaHueM ¢yHKIA subplot(3,1,%)).

4. llepeiigure OT CIEKTPa K BPEMEHHOMY IIPOIECCY C MOMOIILIO IIPOIEIY-
pHI ifft.

5. Haliiure pa3zHOCTh MCXOJHOIO IIOJIE3HOTO CUTHajla U IIOJIYUEHHOTO IIPOo-
I[ecca C IIOJIaBIICHHOII MOMEXOoil (IpU HacalbHOM IIOJABICHUU IIOMEXH 3Ta paz-
HOCThL OKazajiachb OBl HyJI€BOIl). IlocTpouTrs B OJJHOM OKHE rpaUKH HCXOJHOTO
[Ipollecca, MOJIE3HOI0 CUTHalla, IIpollecca ¢ IIOJIaBJIIEHHON ITOMEXO0 M HallJeHHOI

Pa3HOCTII.

0. Haﬁ,[[HTE OTHOIIIEHIE CUTHaJI/TIoMexa J0 I 1I0CJIC ITIOJ4aBJICHITA IIOMCEXII B

- - & O —

[IOKYMEHT MOANUCAH "I€ S — BHEpPrusd IIOJIS3HOIO CHrHajla, paccuil-
3NEKTPOHHOW NOANUCHIO
Ceprtuchukar:  12000002A633E3D113AD425FB50002000002A6 \DEMEHHBIX OTCUETOB CHTHANa 0 (hopMyIIe
Bnapeneuy: lLlebayxoea TateAHa AnekcaHapoeHa

XIT. (HDCHE ITOJAaBJICHIIA IIOMEXIT B KAHUCCTBC I
12
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CepTudumkar:
Bnapeneuy:

Nencteutened: ¢ 20.08.2021 no 20.08.2022

PACCUNUTHIBAETCS SHEPrUs Pa3zHOCTH CHUTHalla U IIpollecca C IIOJAaBICHHOU IIOMe-
XOI1).

7. YMHOXbTE CUTHAJI I IIOMEXY Ha OKHO X3MMHIHIa IIOCJIE UETO IIOBTOPUTE
1. 2.1 — 2.5, Ilpu BeinosiHeHNN 11.2.4 1 11.2.5 HUCIIOJIL30BATh IIOJIE3HLIN CUTHAII U
[IOMEXY, YMHOKEHHBIE HA OKHO.

8. CpaBHHUTE CIIEKTPEI, BpE€MEHHBIE JuarpaMMbl 1 3HaueHud (S/I) o u mo-
cJIe IIPUMEHEHNS OKHa.

Bonpocsl1 ais 3aiuThI padoThl

1. IlouemMy pa3HOCTBL CUTHAaJla U IIpoIlecca ¢ IIOJaBJIIEHHON [TOMEXO0N HE paBHA HY-
O ?

2. Kakum obpazoM MOKHO aBTOMATHU3UPOBaTh BBIUICIICHHE IIOpOra JJII I10aB-
JIEHUS IIOMEXU, €CJIM 3apaHee€ M3BECTHO, UTO CIIEKTP CUTHalla 3HAUUTENLHO IIUpe
CIIEKTpa IIOMEXH, a aMIUINTYy Ja IToMeXHU OO0JIbIIe aMILINTY bl CUTHAasa?

3. Ilo xakol HpuYNHE IIOPOTOBLIN YPOBEHE CIIEAYET MUHIMUI3UIPOBATE ?

4. 3a cyeT 4ero yiIydliaeTcs IIOJaBJIEHNUE IIOMEXU IPU HCIIOJL30BAHINI OKHA?

Coaep:kanue ordyeta U ero ¢popma
OTueT JOoJIKEH OBIThH IIPE/CTaBJIeH B Buie ¢alina ¢ uMeHeM lab2 # m, co-
JepKaluIM TEKCT IPOrpaMMBI C IIOAPOOHEIME KOMMEHTapusIMHU 1 ¢ailia ¢ uMe-

HEeM ghamunua_nao2 eapuanmi.doc, ¢ OTBETaMI Ha KOHTPOJILHEIE BOIIPOCHI.

JlabopaTopHas padoTta 3
HccieqoBanne cBOMCTB paziHYHbLIX BUJOB OKOH
Ileas pabdoThl: mpuoOpeTeHNe MpaKTHUECKUX HABLIKOB MPHMEHEHIS pan-
JIMYHBIX BUJOB OKOH IIPU HCCJISAOBAHIN CIIEKTPOB CUTHAIIOB.

TEHPEPHH yecKkoe 000CHO8aAHUe

NOKYMEHT NMOANUCAH HIS CIIEKTpa CHUTHaJa UCIIOJL3YETCs Ipeodpa-
SNEKTPOHHOW MOAMNMUCHIO
12000002A633E3D113AD425FB50002000002A6 SBAHHBIX CHIHATOB 5T0 JluckperHoe IIpeobpa-

lLlebayxoea TateAHa AnekcaHapoeHa

IpaBUIIO, IpeoOpazoBaHne Pypre OepeTcs oT
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CepTudumkar:
Bnapeneuy:

Haseanue okHa IIpoyeoypa MATILAB

[ IpsamoyromsHoOe w = boxcar(n)

TpeyronpHoe w = triang(n)

Cos” (¢pon XauHa) W = hanning(n)

X3MMIHTA w = hamming(n)
[OKYMEHT MOAMNMCAH ckmar
SNEKTPOHHOW MOAMUCHIO lackman(n)
12000002A633E3D 113AD425FB50002000002A6 iser (n, beta)

[ebayxora Tareana AnexcanapoeHa

KOHEUHBIX BPEMEHHBLIX BHIOOPOK CHTHAJIa, YTO IPHBOJUT K HMCKAXKEHIIO CIIEKTpA.
IIprunHa B TOM, YUTO B34THE KOHEYHOM BpEMEHHOII BHIOOPKU OT AJINTEIHLHOTO
CUTHalla SKBHUBAJICHTHO YMHOXXCHIIO €r0 Ha NPSIMOYTOJILHYIO (yHKIIIO — (Y HK-
IO OKHA, PaBHYIO €UHUIIE B IIpejeilaX BEIOOPKHI I PaBHYIO HYIIIO 3a €€ IIpe/ie-
JTaMII.

[Ipu yMHOXKEHUN ABYX (PYHKI[UII BO Bp€MEHHON 00IacTH U3 CIEKTP Haxo-
JIUTCS KaK CBEpPTKa CIEKTPOB UCXOAHBIX (PyHKIUIL IloaTOMYy Ha CIIEKTp AJIUTENIh-
HOTrO IIpollecca HaKIaJeIBaeTcs (PyHKIUA SIN(X)/X — CHEeKTp OPsAMOYTOJIBHOIO OK-
Ha, OOKOBBLIE BBIOPOCHI KOTOPOIl 3aTyXarT AOCTATOYHO MEJJIEHHO, CO CKOPOCTHIO
6 nb Ha okTaBy. OOpa3zHO TOBOpS, pEe3KOE OrpaHMUEHNE BPEMEHHON BEIOOPKH
IPUBOAUT K 3BOHY B CIEKTPE, YUTO 3aTPYAHSICT pazilmdeHHe OMM3KO JICKAIIIX
CIIEKTPaJIbHBEIX KOMIIOHEHT.

M cKIIroueHne COCTaBRISET TOT CIIydail, Korja B BEIOOpPKE, B3ATOI U3 HEpHO-
JITUECKOro MpoIecca, YKIaAbIBA€TCS I[€10€ KOJIMUECTBO IIEPHOJOB OT II€pUOIU-
YeCKOIo IIpoIlecca.

JI11s1 Toro, UTOORI OCJTA0UTh HNCKaXE€HUS CIIEKTpa, HpU (pOpMIPOBAHIU Bpe-
MEHHLIX BBIOOPOK MNPHUMEHIIOTCSI JApPYyTHe OKOHHBIE (PYHKIMM, IFIaBHO 3aTyXaro-
mue 1no kpasMm. B crnexkTpe Takux (yHKIIN OOKOBBEIE BHIOPOCEHI Mallbl II0 CpaBHE-
HIIO C IVIABHBIM (II€HTpPaJIbHBIM JICIIECTKOM) I OBICTPO 3aTyXarOT IPH yAaJI€HUU
OT LIEHTpA.

Tabmuita 3.1 Buael okOH U COOTBETCTBYIOMIIE M CTaHIApTHRIE MPOLETYPE

MATLAB

Newncteutened: ¢ 20.08.2021 no 20.08.2022

14



1. ITapamerp beta (beta>1) B oxHe Kaiizepa onpenaernsaer BRICOTY OOKOBBIX
BEIOpocoB. C pocToM beta GokxoBEIE BHIOPOCH YMEHBLIIAIOTCH, a TJIaBHBII JIelle-
CTOK pacCIIUpSIETCA.

2. OKHa 3a/J1al0TCs B BUJIE CTONIOIA U3 N AJIEMEHTOR, IIOATOMY IIepe] Y MHO-
’KEHIIEM Ha CHTHaJI W HeoOXOQ1MO TPaHCIOHUPOBATE.

Tabnuma 3.2. CpaBHUTEJILHEIE XapaKTEPUCTUKN OKOH

[Ipamo- T'pe- ¢gon | Xommun- | Bnsk- | Kaiize-
yeoib- | yeoivHoe | XaHHa 2a M3Ha | pa
OKHO: HOoe o= 3.0

[HIupuHa rmaBHOTO

JIClICCTKA 110 0.0242 | 0.0356 0.04 0.036 0.047 | 0.0478
YPOBHIO 6116

[IomHas HIHNpPIIHA

IJIABHOTO JIEIIECT- 0.04 0.08 0.08 0.1 0.14
Ka

0.14
-704b

BricoTa HanOoOIIL-

1ero OOKORBOTO -13 27 32 43 -58 -69
BEIOpOca (Ab)

CKOpPOCTEL 3aTyXa-
HII1 OOKOBBIX JIe- -6 -12 -18 -6 -18 -6
IecTKOB (Jb/0KT)

[IpuMeuanue: MUpHHa IVIABHOTO JIelleCTKa IIPHBOJUTCS B OTHOCUTEIBHBIX
yactoTax (rmpu Fs =1).

JIims1 okHa (o XaHHA CYIIECTBYET 3KOHOMUYHBIN CIIOCOO HaXOXKIECHUS
CIIEKTpa METOJOM CBEPTKH CIeKTpa OKHA CO CIIEKTPOM He B3BEIIEHHOMH (C IIpsIMO-

YT'OJIBHBIM 'DHH'DM) IIOCJICJOBATCIIBHOCTII IIO (prM}"J‘IE‘,:
r (k)= Ll - I[F{,{*—l) Jri/‘{,{url)]1 > (1)

w —{Y(k) — J'>
2| 2
[OKYMEHT NOANWUCAH | B
SNEKTPOHHO NOAMMACHIO HoM (on Xanna, Y (k) — criekTp He B3BEIIEH-
Ceptucukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneuy: [ebayxoea TatbAaHa AnexkcaHgposHa
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TakuMm oOpazoM, BMECTO n OIepaliil YMHOMKEHI MCXOJHON BEIOOPKH Ha
OKHO BHIIIOJIHAETCS CIIOKEHNE CMEIEHHBIX Ha OJUH OTCUET CIIEKTPOB U JiBa JEJIe-
HII1 Ha 2, KOTOpEIE B IIU(pOBOIl 00pabOTKE BEIIOJIHSIOTCS IMPOCTEIM CIBUIOM Ha
OJINH pa3psi BIIERO.

3agaHus K J1adbopaTopHoOI padoTe

1. Hangure CIIEKTphl IIEPEUNCIICHHBIX BO BBEICHUN BUIOB OKOH

2. IlocTpoliTe rpaduku ceKTpoOB BceX OKOH B Ab. CpaBHHUTL HapaMeTPhI
OKOH ¢ TaOnImuHeIMU (Tabi.2).

3. IlocTpoiiTe B OJJHUX OCSX CHEKTPhI OKHa Kailzepa A1 HECKOIbKUX beta.
Haiigure beta, mpu KOTOpoM BEICOTa IEPBOTO OOKOBOrO BEIOpOCa HE MPEBLIMIAET -
664b OTHOCHUTENBLHO IJIaBHOTO JIEIIECTKA.

4. 3ajmanTe BXOAHOW IMpollecC B Buae cyMMmbl AM cursasma, TOHAJILHOIO
CUTHaJIa U IIyMa.

5. Hanjaure coexTphl U1 BXOJHOTO IIpollecca, NPUMEHS BCe IIEPEUNCIIEH-
HEle OKHa. [locTpoiiTe rpaduku CIEKTPOB B OQHOM OKHE U CPpaBHUTH CIIEKTPHI
MexKay coboil. OOpaTuTe BHUMaHNUE Ha COOTHOINEHNIE YPOBHEN CUTHAJIa I HaJl-
yue OOKOBBIX cOCTaBJIsromux AM cursana.

6. Hailigure crnekTp mpoiecca ¢ okHOM ¢oH XaHHa mo ¢dopmyie (1), mo-
CTPOUTH €r0 B OJHUX OCIX CO CIEKTPOM, HallAEHHBIM OOBIUHEIM CIIOCOOOM U
CPaBHUTS.

7. lloeTopure m.m.1.4, 1.5 g # = 0.

MeToaquka BbINOJHEHHS Pa0OThbI

1. 3amailTe BpeMEHHEIE IOCIIEJ0BATEIIbHOCT OKOH W, IIPHBEAEHHEBIX B Ta0-

nune 1. JlnuHa oxkHa n=350. TpaHCIIOHUPOBATE IMOJIYUEHHEIE II0CJIEIOBATEIILHOCTH

I JIOIIOJIHUTh UX ITociemoBarenbHOCTRIO m3 500 mynen: [w’ z(1,500)]. Ilpu go-

OOKYMEHT NOANMUCAH ] SJIBHOCTIH HYIJIAMIHI (b{}pMEl CC CIICKTpPa HC MCHA-
SNEKTPOHHOW Noarnnceio
CEDTHQJHHEITZ 12000002A633E3D113AD425FB50002000002A6 geCcTRO TOYUEK B CHEHTpE: gTO IIORROIIAEeT 6DHEE
Bnapeneuy: lLlebayxoea TateAHa AnekcaHapoeHa

Neitctautenet: ¢ 20.08.2021 rio 20.08.2022 Tpa.
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2. Haiinure cnekTphl BcexX rpadukoB ¢ nomombio fft. IlocTpoure rpaduku
BCEX CIIEKTPOB B JIb B OJHOM OKHE C HCIIOJIb30BaHUEM olrieparopa subplot(3,2,k).
OzarjaBuTe KaxkJblll rpaduUk, HCIONB3Y S oneparop title. Jlia ygoOcTRa cpaBHe-
HIIS1 Bce rpauKU IMOCTPOUTE B OJMHAKOBOM MacIiTabe II0 OCH OPAHHAT, HUCIIOJb-
3ys omepatop axis. MacmTa0 1mo ocu abcIucce 3a4aTh B OTHOCHTEILHBIX YaCTOTaX
(ot O mo 1). I Toro, uToORI IVIaBHBIN JIEIIECTOK CIIEKTpa OKHA pacIiojiarajics B
1eHTpe rpaduka, npumeHure omnepatop fftshift(fft(...)). CpaBHure mapameTpnl
OKOH ¢ TaOnImuHeIMU (Tabi.2).

3. IlocTponiTe B 0HIX OCSX CIEKTPHI OKHa Kallzepa i HECKOJILKUX beta.
Haiinure beta, mpu KOTOpOM BBICOTa IIEPBOr0 OOKOBOI'O BEIOpOCAa HE IIPEBLIIIAET
-664b OTHOCUTEJILHO IJIaBHOTO JienecTKa. llpn aHamm3e CIEeKTPOB UCIIOIb30BaTh
OIIEpaTop Zoom.

4. 3anmanTe BXOJHOW Impollecc B Bujae cyMMbl AM cHrHasma, TOHAJIBLHOTO
CHUTHAJIa 1 HOpMaJIbHO pacHpeAelIEeHHOTro OelIoro myMa: 4acToTa JUCKPETU3aIIN:
Fs = 2MI 11, yvactora AM curnana f1 = (100+#) kl ', yactora mogysrauu AM
curHana fm = 0.01Fs, rmyouna moaymanuu AM curnana 30%, cpeqHsas aMILUIUTY -
na AM curnana Al=1, gyactora ToHanskHOTO curHana 12=(160+#), amMmInuTyga To-
HamsHOTo curHajga A2=0.01, ammnuryga myma (CKO) An=0.0005, xoamdecTBO
oTcueToB mporecca N=300, # - HoMep BapHaHTa.

5. llepelizute Kk OTHOCHUTEIbLHBIM uacToTaMm 1/Fs. Haligure crexkTpnl a1
BXOJHOTIO IIpollecca, MPIMEHSI BCE IIepEUlCcIICHHBIE OKHa. IlocTpoliTe rpaduku
CIIEKTPOB B OJJHOM OKHE, UCIIONL3Ys onepatopsl subplot(3,2,k). O3arnaBbTe Kaxk-
OBl rpaduK, UCHOJL3YS onepaTop title. CpaBHUTE CIEKTpHl MEXIYy coOoii. [
y400CTBa CpaBHEHUS BCe IpaUKU MNOCTPOITE B OJUHAKOBOM MacHiTaOe IO OCH

OpAHNHAT, UCIIOJIB3YA OIICPaTOp axis. Ochb ElﬁCL[HCC B3ATE B OTHOCHTCIIEHBIX HdCTO-

AOKYMEHT NoannucAH
SNEKTPOHHOW NOAMUCHIO
Bnapeneuy: lLlebayxoea TateAHa AnekcaHapoeHa

[CKTPOM, HElfL[[EHHEIM OOBIYHLIM CIIOCOOOM U
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cparHuTe. B kauecTBe Y(Kk) BbIOEpUTE CHEKTP € HPSAMOYTOJILHBEIM OKHOM. [lpm
CJIO)KEHUU CO CMEIEHHBLIMI CIIEKTpaMI HEJOCTAIOIINE KPallHIE OTCUETHl CUNUTATh
HYJIE€BBIMIL

7. IloBroputk m.m. 1.4, 1.5 gna #=0. ConmocTaBUTh CHEKTPEI C HIPSIMOYI0JIb-
HBEIM OKHOM U I'pa(pUKH Bp€MEHHBIX IPOIecCOB 11 #=0 1 Balllero #.

Bonpocsbl assi 3aiUThI padoThl

1. C xakuM 13 OKOH HaOJIFOJAaeTCs HaUIydIlee pa3/ieJIeHIe CHUTHAJIOB?

2. C xakuM M3 OKOH HaOIIOJaeTcs HawIydllee pa3AeiieHIe Hecyleil u 0o-
KOBBIX cOocTaBRiiromux AM curnamna? B uem npudnza?

3. BeiOepure 0KHO C KOTOPBIM JIOCTUTAETCS KOMIIPOMUCC MEXIY pazjciie-
HIEM JIBYX CUTHAJIOB M BLISIBIEHUEM CTPYKTYphl AM curHarna.

4. B ueMm npuumHa MEIJICHHOTO cIiajia OOKOBBIX BEIOPOCOB OKHA X3MMHH-
ra”’

5. B xakoM m3 O0KOH OBICTpBIN CIIaJ OOKOBEIX BEIOPOCOB COYUETAETCS C Y3-
KM IIEHTPaJIbHLIM JIENIECTKOM? B ueM HEI0CTaTOK 3TOI0 OKHa?

6. B ueM mpumdumHa PEe3KOro YIYUIICHUS pa3pelIarolleil CIIOCOOHOCTU B
CIIEKTPE C MPAMOYrOJILHEIM OKHOM IIpHu #=07?

Coaep:kaHue ordyeta U ero ¢popma

OTueT JOJDKEH OBIThH IIpeJicTaBlIeH B Buje daiina ¢ umeHeM lab3 # m, co-

JepKaIluIM TEKCT IPOrpaMMBI ¢ IIOAPOOHEIME KOMMEHTapusIMHU 1 ¢ailia ¢ 1IMe-

HEM gpamunua_nao3 eapuanmi.doc, ¢ OTBETaMI Ha KOHTPOJBLHEIE BOIIPOCHI.

JlabopaTopHasn padora 4

Cunre3 u uccaegopanue KX -puistpoB

"

NOKYMEHT MOANUCAH e IpaKTUUecKIX HaBBIKOB paspaboTkn KX-

SNEKTPOHHOW NOANMWUCHIO
Ceptudurkar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneuy: lLlebayxoea TateAHa AnekcaHapoeHa

Newncteutened: ¢ 20.08.2021 no 20.08.2022
18



TeopeTnueckoe 0d00cHOBaHME
Hanbomnee mpocTEIM M HaITAHBIM MeTomoM pazpadborku KM X-duisrpon
SBIIIETCS METOJ OKHa. M3BECTHO, UTO OTCUETHl HMIIYJIbLCHOHN XapaKTEPUCTUKH
1udpororo ¢uisTpa h(n) cBI3aHBI ¢ €ro 4acTOTHOI XapakTepuctukoil H(w) co-

OTHOIIIEHIEM JUCKPETHOTO psma Pypre:

1

7 — " |
'E(H) >t J‘ H(m ) Jmﬂd - (].)
<

D

JIng puibpTpa HIDKHUX YacTOT ¢ UASAIBLHO IIPSMOYTOJILHON aMIUIUTYJHO-

yacTOTHOHN XapakTepucTUkoil (AUX) u yacToToil cpe3a o HOIyHaEM:

1 @y  jon () ()
h(n) = do=_" SIHE(_D 1),
(n) , I . . 2)

— €

— 30

IZI€ N U3MEHIETCS OT -00 JI0 100,

OueBugHO, uro peanmzanug KM X-duiabTpa ¢ Takoil XapaKkTEpUCTUKOII He-
Bo3MoOkHa. |1 moctpoeHus peanbHoro KMX-pumimsTpa HeoOX04UMO OrpaHUYNTE
h(n) xoneunsiM uncioM oTcueToB N, rae N — nopsagok dmibTpa. 1lpu 3ToM Jn-
HEeMHOCTEL (pazouacToTHOI XapakTepuctuku (OUX) obecrmeunBaeTcs 2a CUeT CHM-
METPUHN OTCUYETOB HMIIyJILCHOI XapaKTEpUCTHKHN h(n) OTHOCUTENLHO ILIEHTpa, a
MakcuUMyM orubaromieil h(n) onpegenseT rpyIIoBYO 3aepkKKy (IILTPa.

M1y IbCHasI XapaKTepUCTHKA, IIOJIYUEHHAs TaKIM 00pa3oM, UMEET pe3KUe
craJpl II0 KpasM, 4TO IMPUBOAUT K MOSABICHHIO BEIOpocoB B AUX. JI71g criakinBa-
HIIS STUX BEIOPOCOB HEOOXOUMO MEPEMHOKHUThL BEKTOP €ro kosdduimentron h(n)
C OJTHUM N3 OKOH.

Bosiee Tounoe oroOpaxkeHne xenaeMoil AUX jocTuraercs ONTUMHI3AIIOH-

HBIMII MCTOJaMII. METOJOM YeOrImeBCKO I AlIIIPOKCHMAII I, HMCIIOJIE3YROIINM 4alJl-

NOKYMEHT noanvcaH
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OWILTPEl ONITUMAJILHEL B TOM CMBICIIE, YTO MUHUMU3UPYIOTCSA MaKCUMAaJIbHLIE OT-
KJIOHEHU JelcTBUTenbHonl AUYX oT xemaemoil. Ilpum 3ToM Bce MakCHUMAaJlbHEIE
OTKJIOHEHHS OKa3LIBAIOTCS PaBHBEIMI MexkAy co0oll. COOTHOMIEHHE OMMOOK aIll-
[IPOKCUMAIIUN B IIOJIOCE MPOIIyCKaHUS U IIOJIOCE IOJIABJIEHUSA 3aJaeTCs C IIOMO-
IbIO0 BECOBOM (yHKIMN. Hampumep, ecnm B MoJjioce MpOITy CKaHUSI 3HAUECHIE Be-
COBOIl (pyHKIIMH paBHO 1, a B moyioce mojarieHUI paBHO 10, TO TOUHOCTEL all-
IIPOKCHMAIIUN B IIOJIOCE MoJarneHnsd OyaeT B 10 pa3 Brimie.

Mero HaMEHBINNX KBaJpaToOB, B OTIINYUE OT aJiropuTMa Pemesza, MITHI-
MIIBUPYET CYyMMAapHOE CPEAHEKBAPAaTHUHOE OTKIOHEHNE kemaemMoil AUX ot
IIEVICTBUTEJILHOII I B 3TOM CMBICJIE SBIISIETCS ONTUMAJILHBIM. OTO O3HAYaeT, UTo
OTJEIIbHBIE OTKIOHEHNA AUYX, IMOJIYUYEHHON II0 METOJY HANMEHBLIINX KBaJpaTOB
MOTYT OKa3aThbcCs OombIne, ueM B AUX, momyueHHOI 1o anroputmy Pemeza. Ho
oOIee CpeaHEKBaIpaTUUHOE OTKJIOHEHNE Oy IeT HAaUMEHBIII M.

Cpeau HepedlclIeHHBIX METOJ0B MeToJI Pemeza oOecmeunBaeT HanOOJIb-
YO KPpyTI3HY crajga AUYX Ipu mpodnux paBHBIX YCIIOBUX. | pyIIoBas 3aJiepKKa
D Bcex BujoB KM X-punmstpor ¢ muHeitHoll @YX 3aBUCUT TOMBLKO OT mopsaaka N u
OIIPEJIEILIETCH IO (popMyJIE:

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

[Ipu BEIIIOJTHEHNHN paboyero zaJaHus NOTPeOyIOTCH CIISAYIOIIUE CTaHIapT-
HEIe nporeaypel MATLAB.

IIponenypa fir2 paccunteiBaeT K03 pPUINEHTH (PIILTPa METO0M OKHa.

Hanpumep, mocne oBaTebHOCTh OIIEPATOPOB:

N =30,

F=[00.20.30.5];

A=]1100];

NOKYMEHT NOONVUCGAH . | (N
SNEKTPOHHOW MOAMUCHIO

Bnapeneuy: lLlebayxoea TateAHa AnekcaHapoeHa ’

r 0 go 0.2*Fs (mosoca npomnyckanus), u O mopu
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yactoTax oT 0.3*Fs go 0.5*Fs (mosoca mojsaBnenms). B monoce ot 0.2*Fs go
0.3*Fs na AUX He HakJIagelBaeTcs orpaHMyeHnil. F's —gacToTa JUCKpeTU3aluil B
[

B mpouenype fir2, xak u B Apyrux moJo0HeIX npoiegypax MATLAB Bce
YaCTOTHI IPOHOMEPOBAHEI OTHOCUTENLHO YacTOThl HalikBucTa: Fn=Fs/2. IloaTomMy
B KauecTBe aprymeHra 4dactoT B fir2 mojcrtarmsiercda He I, a 2*f Kpome Toro,
BMECTO IOopsyika QuibTpa N, paBHOro JJIMHE UMITYJILCHOII XapaKTEepUCTHKH,
[IOJCTABIIETCSI HOMEP €€ MaKCUMaJIbHOTO oTcueTra Iipu Hymepanuu ot 0 go N-1.

I[Ipouedypa firls paccuuTeiBaeT KO3(PQPHUIUEHTEl (PIUIBTpa METOI0M
HAaIMEHBLIINX KBaJIpaTOB.

Hanpumep, mocneJoBaTEILHOCTE OIIEPATOPOB:

N=30;

F=]00.20305];

A=]1100];

Weigh =[5, 1]

H = fir2(N-1, £*2, a, weight);

II03BOJIIET paccUuUTaTh K03 duiueHTsl GuwibTpa h 30 mopsaka, xemaemas AUX
koToporo parHa 1 mpu gactorax oT O go 0.2*Fs, u O mpu gacrorax oT 0.3*Fs go
0.5*Fs. IIpuyeM TOUHOCTB allIpOKCUMAIIIN B IOJIOCE IIPOITYCKAaHNIA B 5 pa3 BHIIIE,
yeM B II0JIOCE IIOJABICHUS 3a CUET IpHUMeHEeHHI BecoBoil (pyukiuu weight. Ilpn
OTCYTCTBHUU BeCOBOII (PYHKIIUM CPEHN apryMeHTOB mpoueayprl firls TouHOCTE am-
IIPOKCUMAIIIN OJJIHAKOBAa BO BCEX II0OJIOCAX.

IIpoyeoypa remez paccuuTBEIBaeT K03((UINEHTH (PIUIBTpa METOJOM Ue-
OBIIMIEBCKOIl alIIpOKCUMAIIIHU II0 aJIroputMmy Pemesa.

Hanpumep, mocie 0oBaTebHOCTh OIIEPAaTOPOB:

NOKYMEHT NOANUCAH
SNEKTPOHHOW MOAMNUCHIO
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Weight =[5, 1];

H = remez(N-1, £*2, a, weight);

II03BOJISIET paccunTaTh ko3 duineHTs pibTpa h 30 nopsaaxa, Tpedyemas AUX
KoToporo paBHa | mpu gactotax oT O go 0.2*Fs, u O npu gacrorax oT 0.3*Fs go
0.5*Fs.

Bo Bcex mepeuncieHHBIX MNpOIeaypax MOMXKET OBITh 3ajJlaHa U OO0JIee CIIOXK-
Hasg AUX 3a cUeT COOTBETCTRYIOIIIX BEKTOPOB I 1 a.

IIpoueaypa |h, n| = impz(b, a); mozBoIsIET HAXOAUTEL OTCUETEI MMITY JIbCHOIT
XapaKTepHUCTUKU h 1 X HOMepa n 11 HUPPOBLIX (PIIILTPOB MO UX K03 PHUIIIEeH-
tam b u a. J{mga KUX-pumstpora=1,ah=>b.

3apaHu K J1adopaTopHoil padoTe

1. Paccuuranite xo3ddunuetel KMX-pmibspa HIDKHIX YacTOT 3aJaHHOTO
nmopsaka, ¢ nomMomeo popmynamu (1) u (2) ¢ ucmoas30BaHUEM OKHA U O€3 HEro.
IIocTpoiiTe YaCTOTHBIE I UMITY JIbCHBIE XapaKTEePUCTUKHI A1 000NX CIIy4aeB.

2. Cu”tesupyiite Tpu (QUWILTPa HIDKHUX YacTOT C OJMHAKOBOI YaCTOTOII
cpeza, UCIONIB3Y I METOJOM OKHa, PemMe3a 1 HalMEHBITIX KBaJpaTOB U IIOCTPOUTE
nXx AUX 1 NMIIyJIbCHBIE XapaKTEPUCTUKIL.

3. VYBenuubTe MHOPSA0K (PUILTPOB CHHTE3UPOBAHHBEIX IO METOAY OKHA M
METO/Y HAUMEHBIINX KBaJpaTOB TaKUM 00pazoMm, UTOOBI KpyTHzHa craga AUYX
CpaBH:IAChH ¢ KpyTU3HON ¢unbTpa Pemeza. IlocTpoiiTe NMIIyIbCHBIE XapaKTepH-
CTHKU TpeX (IILTPOB. [[0 NMITyJILCHBIM XapaKTEPHCTUKAM ONPEACIINTE 3aICpiK-
KHI JIJI TpeX (PUILTPOB M CPAaBHUTE MX C PACUYETHLIMIU, ITOJIyUE€HHLIMH 13 (DOpMY-
el (3).

4. JInga QuiIbTpOB, CUHTE3MPOBAHHBEIX II0 METOAY PeMeza 1 HaMEHBIIHNX
KBaJ[paTOB, BBECTH HEKOTOPYH BeCOBYIO (QyHKINIO. IIpoaHanm3upyiite ee BIH-

D,DI{FI'&EHT noarnncAH
SNEKTPOHHOW NOAMUCHIO
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MeToaquka BbINOJHEHHS Pa0OThbI

1. Paccunraiite xosdduiiuenTs h(n) dunsrpa nopgaaka N = 60-#, rae # —
HOMeEp BapuaHTa, 1 dacToToil cpeza F = 0.12 + #/100, nom3ysace dopmynoil (2).
[TocTpolire rpacuk HMMIYJILCHON XapaKTE€pUCTHKHN (uiIbTpa. OHa JOJDKHA OBITh
CUMMETpUYHON. J[7I1 JOCTMKEHUS CUMMETPHUM IIPU YEeTHOM N HCIIONBL30BATh
caBur n Ha Y. lloctpoiite AUYX dunbrpa. s crimaxnpanusi BeIOpocoB AUX
IIPUMEHUTL OJHO 13 OKOH. llocTpoliTe NMITYJILCHYIO XapakTepucTuky n AUYX Ha
TeX e rpadukax, 4To 1 JUII Opeaplayero ciaydasa. OeHuTe, Kak BIusgeT gopma
IMITY JIbCHOII XapaKTepUCTUKHU Ha dopmy AUX.

2. Cunre3upyiite Tpu ®HY: merojoM okHa (1o npoueaype fir2), metogom
HalMEHBLINNX KBaAgparoB (1o mpoueaype firls) 1 MeToq0M 4eOBIIIIEBCKOM aIllIpOK-
cuMaIruu (o mpoueaype remez). Ilomoca npomyckanng Bcex PHUY - ot 0 mo F,
nojioca nogasneHusd - oT F+0.025 go 0.5. Iloctpoiite AUX Tpex (pIbTpoB Ha O/I-
HOM rpa(uke 1 CpaBHHUTE X MEXKY COOOIL.

3. YBenuuuTe HopsagoK (PIIILTPOB CHUHTE3MPOBAHHBIX II0 METOJYy OKHa H
METOAY HAUMEHBIINX KBaJpaTOB TaKUM 00pa3oM, UTOOBI KpyTHzHa cmaga AUX
CpaBHSUIach ¢ KpyTm3Holl ¢miabTpa Pemesa. IlocTpolite AUX 1 UMIyJILCHBIE Xa-
PaKTEePUCTHUKHN TpexX (UILTPOB. [[0 NMIYyIBCHEIM XapaKTepUCTHUKAM OIIPEACIIITE
3a€PXKKI UL TpeX (PUILTPOB U CPAaBHHUThL HX C PACUETHBIMU, IOJIYUCHHLIMU 13
dopmy bl (3).

4. JIna QuiIbTpOB, CUHTE3NMPOBAaHHBEIX II0 METOAY PeMeza I HaMEHBIIHIX
KBaJ[PaTOB, BBEJUTE HEKOTOPYIO BECOBYIO (PYHKIMIO. IIpoaHamm3upynTe ee BIIHS-
Hue Ha AUX. Iloctpoure rpadukn AUX.

Bonpocsb1 151 3alIUThI padoThI
1. HUem otnuuarorcsa KM X-puneTpe! I u II Tunos. B yem oTnmune mx AUYX?

[IOKYMEHT NOANNCAH muIHOil BEIOpocoB AUX 1 popMoOil MMITYIIBC-
3NEKTPOHHOW MOAMUCHIO
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3. Yoeaurech B ToM, UTO (pmibTp Pemesza AeiCTBUTEILHO 00eCIEUNBAET
HalMEHBbINNe a0COmOTHLIE OTKIOHeHMSI AUX OT 3aJaHHON II0 CPaBHEHHIO C
(UILTPOM HAHUMEHBIINX KBagpaTOB IIPU OAUHAKOBOM Iopsake. OIeHUTE,
HAaCKOJIILKO MakcHMallbHO€ oTkIoHeHne AYX (umbTpa mo MeToAy HaHMEHBIINX
KBaJIpaTOB OombIne, yeM y puiibTpa PeMmesa B BaleM ciydae.

4. Kak BmugeTr BecoBas pyHKINII Ha popmy AUX?

Cogep:xaHue oT4yeTa H ero popma
OTueT JOoIKEH OBIThH IIPE/CTaBJIeH B Buie ¢alina ¢ uMeHeM lab4 # m, co-
IepiKalliIM TEKCT IMPOorpaMMBI ¢ IOAPOOHBEIMI KOMMeHTapusaMu u ¢aibia ¢ uMe-

HEeM gpamunusa_naod _eapuanmi.doc, ¢ OTBETaMI Ha KOHTPOJILHEIE BOIIPOCHI.

JlabopaTopHas padora 5
Cunre3 u ucciegosanve blIX-puisTpoB
[{ens paboTEI: IpuoOpeTeHNe MpaKTUUECKUX HAaBLEIKOB pazpadorku BHX-
¢uILETPOB Ha Oaze UX aHAJIOTORBIX IIPOTOTHIIOB.
TeopeTnueckoe 0d00cHOBaHHE
OCHOBHOE MNPEUMYIIECTBO (PIIILTPOB ¢ OECKOHEUHON MMITYJILCHOII Xapak-
Tepuctukoil (B X-QuibTpoB) COCTOUT B TOM, UTO MNPU TeX kK€ TPeOOBaHILIM K
AMIUINTY JHO-UaCTOTHOI XapaKTEPUCTUKE MX IOPAJI0K OKaszblBa€TCA 3HAUNTEIILHO
MenbIie, ueM y KU X-pumstpor. OgHako (azo-uyacToTHasA XapakTepuctuka b X-
(UILTPORB - HEJIMHEITHA.
PacnpocTpanenHulil MeTof; pacuera b X-puisTpoB ocHOBaH Ha mmpeoOpa-
30BaHUH AaHAJIIOTOBBLIX (PIUILTPOB B IIM(POBEIE. DTO CBA3AHO C TEM, UTO METOJIBI

pacdeTa aHaJIOTOBBIX (PUIILTPOB XOPOIIO HM3BECTHHI, MPOCTHI U 3(P(PEKTUBHO IIPO-

AOKYMEHT MOANMMCAH
SNEKTPOHHOW NOAMUCHIO
Bnapeneuy: lLlebayxoea TateAHa AnekcaHapoeHa
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1. Pacuetr ananmorororo ®HUY 3amaHHOrO nopsaka tuna barrepBopra, Ue-

owimena [ nmm 11 Tuna, niam 3;UIMOTHYECKOro ¢ €UHIYHOM YacTOTOIl cpe3a.

2. Ilepecuer QpmibTpa Ha peanbHYIO YacTOTy H mpeoOpazoBanne PHU B

OB Y, 1monocoBoil WIN PEXKEKTOPHBIN (PUILTP, €CIIU 3TO TPeOyeTcsl.

3. I[HCI{I)ETHBELL[]}H dHAaJIOI'OBOI'O IIPOTOTIIIA MCTOJOM HMHBAPHAHTHOI'O IIPC-

DﬁpEIBDEaHHH HMIIYJIBCHBIX XdPAKTCPHCTIIK I MCTOJ/JOM OMIIMHEITHOTO HpeDGpa—

30BAHITA.

Memoo uHeapuaHmHozo npeobpas’o6aHus UMNYILCHLIX XapaKmepucmux

OCHOB4H Ha HEHDCpEﬂCTBEHHDﬁ AHNCKPCTHU3AIlINIT HMIIYJIIBCHBIX XdPdKTCPIHCTIIK

dHAJIOI'OBBIX q)ImprDB. Ecnn anamoroas INCIIE OIINMCEIBACTCA HMH}’HBCHGE Xa-

PAKTEPUCTUKON BHIA

1 IepeJaTouHOl (pyHKIIIeH

TO IIOCJIC ANCKPCTH3aIlII
ITMECM.

rje T - HepUuo ] AUCKpETH3alui, 1

h(t) =e,

H(p) = ’
p-l—fI

h(n) = e ™,

H(z) =

B obOmeMm ciaydae mnepeAaTodHyr (QYHKIMIO aHAJIOTOBOIO YCTPOIMCTBA

(pubpTpa), METOAOM PaszlIOKEHII Ha IMPOCTEIE APOoOU, MOXKHO IIPEJACTABUTL B BH-

ne

H(p)=2ﬁﬁ

Tarma wo svanarorr o wpanoIyvIIIMI QOPMYJIAMH, IEPEXOIUM K IIepeaa-
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B PE3IVIIETATC TaKOI'O IICPCXOJd YVHACTOK MHIIMOI OCH Ha P-ILUTIOCKOCTII,

OorpaHMYEHHBIN yacToTamMu *fy2 (f:=1/T - yacToTa AMCKpeTH3aIN), OTOOpaKaeT-
csS Ha €QUHUYHYIO OKPYIKHOCTB Z-IIJIOCKOCTU. DTO O3HadaeT, YTO YaCTOTHEIE Xa-
PaKTEPUCTUKU aHAJIOTOBOTO IMIPOTOTHUIIA IIOCIIE €ro AUCKPETURAINN IEPUOJUUCCKN
IIOBTOPSIEOTCS € MIEPEeKPHLITIEM Ha dacToTax, kKpaTHBIX fy/2. Eciium AUYX aHanoropo-
ro IpOTOTHIIA IMEET JOCTATOUHO OONbIIOe 3HaueHUe 3a IpeaenaMu /2, To npu-
MEHEHIE JaHHOIO METOJa AUCKPETH3AI[UI IPHUBOJUT K 3HAYUTEIIBLHBEIM HCKaXe-
HISIM XapakTepucTuk BUX-pumbTpa 1o cpaBHEHUIO ¢ IPOTOTUIIOM.

OT ykazaHHOTO HeJocTaTka cBOOOJeH MeToJ OunuHeilHoro mpeoOpazoBa-
HIISI, KOTOPBII OCHOBaH Ha MaTE€MaTHUECKOM OTOOpa’KEHHU P-IJIOCKOCTH Ha Z-

INIOCKOCTD IIO CIICAYVROII MM IIPABILIdM.

Takoe mpeoOpazoraHue orodpaxkaeT ock J{2 (o €2 = o0 g0 L2 = -o0) Ha p-
IUIOCKOCTU B €IMHUUHYIO OKPYIKHOCTE € !° (0T ® = -7 JO ® = 7U) Ha Z-IIJIOCKOCTI.

(3a mpejernaMu MHTEpBala OT -7U JJO 70 YaCTOTHEIE XapaKTepPHCTUKHU IMPPOBOTO

¢UIbTpa IepuOUUECKN IIOBTOPSIOTCA. ) IIpu aToM

0
® = 2arctg(C )
21,

Taxum oOpazoM, yacTOoTHasd OCh {2 aHAIOTOBOro (UILTpa OTOOpa)kaeTcs Ha

YaCTOTHYIO OCh ® IM(POBOro (pibTpa II0 HEINHEIHOMY 3aKOHY — C pOCTOM Ya-

CTOTHI OCh ® cxkumaercsd. J[insa ®HY, Hanpumep, 3TO IPHUBOJUT K OoJlee KpyTOMY
cnagy AUYX mmudpoBoro puimsTpa o CpaBHEHUIO ¢ AHAJIOTOBBIM IIPOTOTUIIOM.
HMHorga, mpu HCHOJIB30BAHUHN MeToJla OWINHENHBIX IpeodpazoBaHmii, B AUX

dHAJIOI'OBOI'O IIPOTOTIIIA BBOJATCA IIPCABICKAXKCHILA I ITOJIVHCHITA 3dJdHHBIX

bk Milalaclaliallfak . Walsl i B | ‘!'T?.'!'.""l.""-.‘!""-..-"""-. TH SRR .""1.""-.‘!'.'!"! ¥ FEOsm o -
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12000002A633E3D113AD425FB50002000002A6
lLlebayxoea TateAHa AnekcaHapoBHa

rae (2 — dactora (dacToThl) Ha AUX aHAJIONOBOrO IPOTOTHUIIA C YUYETOM
npeauickaxkeHnii, Fy — TpeOyemasa gactora (4acTOTHl) IudpoBoro pmibTpa, Fy —
JacTOTa JUCKPETU3AI[UIM.

IIpu ncnnomms3oBanuu sg3eika MATLAB pacuer aHaj1oroBBIX IIPOTOTUIIOB Ha
sTane (1) BRINOJIHAETCS C IIOMOIILIO CTaHJApPTHEIX Ipoleayp buttap, cheblap,
cheb2ap, ellipap. 3atem, Ha sTane (2), ¢ nomomeo npoueayp Ip2lp, Ip2Zhp,
Ip2bp, Ip2bs, ocymecTRIsIETCSA NEpECUEST YaCTOTHI U IIpeoOpa3zoBaHe TUMNA (QUIIhb-
Tpa. M1 Ha stame (3), ¢ momompeio npoieayp impinvar n bilinear anajgororrnie
GIIILTPHI IpeoOpa3yroTcs B IU(PPOBLIE.

IIpoueayper butter, chebyl, cheby2, ellip BeimonHgarOT BCce Tpu sTama B
KOMIUIEKCE, OOBENHASI BHIIIECIIpUBEAeHHRIE IIpoLeayphl. IIprmiemM mpeoOpazoBa-
HIE B IU(POBLEIE (PIVILTPEI BBIMIOIHAETCS METOAOM OIUIMHEIHOIO HpeoOpaszoBa-
Hus (bilinear) ¢ npegpickaxkennemM AYX aHamoroBoro mporotuna. B O0IbLIINH-
CTBE IPAKTUUYECKIUX CIIy4UaeB IIOJIL3YIOTCSI MMEHHO STHUMH Ipolieaypamu. Ecin B
[IapaMeTpaxX YKa3aHHEIX IPOIleAyp HPUCYTCTBYET yKazaTelb ‘S, TO ATall (3) HE
BBITIOJIHSIETCS, 1 II0 HIM PacCUNTHIBAIOTCS aHAIOTOBEIE (DIJIHTPHI.

IIpoueaypa butter paccuureiBaeT Ko3(QQPUIMEHTH NEpPEeaaTOYHON (yHK-
i H(z) nmudposoro EMX-dpumstpa BatrepBopTa.

Hanpumep, mocne oBaTeIbHOCTh OIIEPaTOPOB:

N =6, % Ilopagox ¢puibTpa

F=0.25; %Yacrora cpesa.

|b, a] = butter(N-1, F*2);

I103BOJISIET paccunTaThk Koddgduimentsl ®HY nopsaagka N=6 ¢ 0OTHOCUTEILHOI Ya-
CTOTOII cpeza Ha ypoBHe —31b (0,707), paBHoii F.
B npouegype butter, kak u B Apyrux nogooHsix nponeaypax MATLAB Bce
OOKYMEHT NOAMUCAH 1TeJIbHO YacTOThl HalikBucra: Fn = Fs/2. Ilo-

SMEKTPOHHOW MOAMUCHIO
T B 11r2 mogcraBnsgercs He f, a 2*f. Kpome To-

Newncteutened: ¢ 20.08.2021 no 20.08.2022
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ro, BMecTo nopsaaka pmibTpa N IoACTaBIIeTCI MaKCUMAaIbHEIIT HOMep K03 hiI-
1ueHTa upu Hymeparum ot 0 1o N-1.

IIpoueaypa chebyl paccunTeiBaeT kK03 QUINIEHTH IEepeaaTOUHON (yHK-
imun H(z) nmudpororo B X-dunsrpa YeOrlmera Tuma 1.

Hanpumep, mocne oBaTebHOCTh OIIEPATOPOR:

N=6; % llopagok ¢pmibTpa

Rp =3; %HepaBHOMEPHOCTEL B IIOJIOCE IIPOITY CKaHUA

F=0.25; %Yacrora cpesa.

|b, a] = chebyl(N-1, Rs, F*2);
o3BoIgeT paccunTaThk ko3 duimentel PHY nopsaka N ¢ oTHOCUTEIHLHOI Ya-
cToTtoii cpe3a F Ha ypoHe —315 (0,707).

IIpoueaypa cheby2 paccunteiBaeT ko3¢ puUIeHTR IIepeaaTouyHoil ]y HK-
i H(z) nudpororo EMX-dunsrpa YeOrlmera Tuma 2.

Hanpumep, mocne oBaTebHOCTh OIIEPATOPOB:

N=6, % Illopamok ¢pmibTpa

Rs = 20; %HepaBHOMEPHOCTE B IIOJIOCE IO aBICHIU

F=0.25; %Yacrora cpesa.

|b,a] = cheby2(N-1, Rp, F*2);
II03BOJISET paccunuTaTh Koaguimentsl PHY nopsaaka N ¢ oTHOCUTEILHOIT Ya-
cTtoToili cpeza F Ha ypoBae —204b (0,1).

IIpoueaypa ellip paccuuteiBaeT kK03QPUINEHTR HepeaaTOUHON (PYHKITUN
H(z) nudpoBoro smunrudeckoro b X-gunsTpa.

Hanpumep, mocie oBaTebHOCTh OIIEPATOPOR:

N =6;

Rp = 3; % HepaBHoMEPHOCTE B IOJIOCE IIPOITY CKaHUSA

NOKYMEHT NOANUCAH b B IIOJIOCE HOJaBIIEHIIA
SNEKTPOHHOM MOAMUCHIO
Ceptudpukar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneuy: lLlebayxoea TateAHa AnekcaHapoeHa
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I103BOJISIET paccunTaThk Koddgduiuenrsl ®HY nopsaaka N ¢ oTHOCHTEILHOIT Ya-
cTtoToli cpeza F Ha ypoBHe —31b (0,707).

JII11 pacyeTra moJI0COBBIX (PINILTPOB MMapaMeTp F qomkeH OBITE BEKTOPOM M3
2-xX aneMeHTOoB. IIpu pacuere PBY min pexeKTOpHBIX (PIUIBTPOB BBOJLTCS IIapa-
MeTphI «high» 1 «stopy.

Bce nmepeuncieHHble Ipoleayphl MOIYT OBITH HCIIONIL30BAaHBI AJII pacueTa
nepeaaTodHbeIX (pyHKIMN H(p) COOTBETCTBYIOIMNX aHAIOTOBHIX (PUILTPOB. J[d
ATOTr'0 BBOAUTCS HapameTp ‘s . Hanpumep, mporeaypa

b, a] = ellip(N-1, Rp, Rs, 2*¥p1*F, ’s’)
pacCUUTHIBAET IapaMeTPhl aHaJIOrOBOro sjumnnrudeckoro GHUY.

HpHT-IEM HaCTOTa CpC3d B aHAJIOI'OBOM (]I’)HHBTPE JOJIKHA OLITE 3d4/1aH4a B BII-

Ile KPyTroBOI 4acTOTEI {2=2%p1*1.
IIponeaypa bilinear mepecunTbiBaeT KO3(pQUIIMEHTHl aHAIOTOBOIO (PUIIhL-
Tpa B KO3 PUINEHTH [TU(PPOBOT0 (PUILTPA:
|bz, az| = bilinear(b, a, Fs).
AHAJIOTUYHO JIEIICTBYET U Ipoleaypa impinvar:
|bz, az| = impinvar(b, a, Fs).

[Iponeaypa pacueTa YacTOTHBIX XapaKTEPHUCTHK aHAJIONOBBEIX (PUIILTPOB
|H,Q2] = freqs(b, a, 512) gelicTByeT aHajmorudHo npoienype freqz. Ilpu stom
BEKTOp YacCTOT {2 COCTOHUT 13 OTCUETOBR KPyTOBOII YaCTOTHI.

IIponenypa zplane(b, a) oToOpaxaeTr Ha rpaduke HYJIN I OJIOCA.
3agaHus K JadopaTopHoO padoTe
1. Paccuuraiite xosdduimenTsl deThlpeX BHJIOB IUdpoBeIXx BHX-
GUIBETPOB HIDKHUX YACcTOT. barTtepBopTa, UeOrImeBa Tuma 1 1 2, U 3JUIUNTITUE-

ckoro. Iloctpouts AUX, ®UX, auarpaMmhbl HYJIEN U IIOJIFOCOB.

[OKYMEHT NOAMNMUCAH | = _
SEKTPORHOH HOLTCEO onocoBoil GwILTp bBarTepropTra 1Mo €ro aHaio

Ceptuchukar:  12000002A633E3D113AD425FB50002000002A6 .
Braneney:  LUIBEIRORS Farhis WHOrEARED6aRY PHAHTHOTO IIpeoOpa3zoBaHMsA HUMITYJILCHOM Xa-
NeiicTeuteneH: ¢ 20.08.2021 fio 20/08.2022 2iiHOrO mpeoOpazoBaHM. IlocTpoiiTe rpaduk
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AUYX aHamoroBoro InpoToTtumna U HUQGPOBEIX (IILTPOB, PaCCUNTAHHBIX JIBY M
crrocobaM.

3. Breaure npeabiCKkak €HUA B UaCTOTHI aHAJIOTOBOr'O IIPOTOTHIIA, IIOCIIE Ye-
ro BHOBB IIEPENTH K IINPPOBOMY (PIUILTPY II0 METOJY ONIMHENHOIO IIpeoOpa3o-
BaHIIS.

MeToauka v MopsiA0K BbINIOJTHEHUS

1. Paccuuraiite xosdduimeHTsl dYeThlpeX BHIOB IUdpoBeIXx BHX-
(GUILTPOR HIDKHUX 4YacTOT: barrepBopTa, UeOnimera Tumna 1 u 2, U 3JUIUNTIYE-
ckoro, nopsagka N = 5 u gactoroii cpeza F = 0.12 + #/100, roe # — HOMEp BapuaH-
ta. HMcnomesyure nponeaypel MATLAB: butter, chebyl, cheby2, ellip. 1lo-
ctpoiiTe B ogHuX ocsax AUX n OUX g ueTelpex BHAOB (PIILTPOB. CpaBHUTE
[IOJIyUEHHBLIE XapaKTepUCTUKN. IlocTpouTe auarpaMmel HyJIEN U IIOJIFOCOB JIJI Ue-
TEIpEX BUAOB (PIILTPOB. CONOCTAaBBTE PACIIONIOKEHNE HyJIell U IIOJFOCOB C BIU-
moM AUX. OOpaTtute BHIMaHHIE Ha T€ MeCTa, € HYJII COCEICTBYIOT C IIOJIHOCA-
MIL.

2. PaccunTaliTe aHaJIOTrOBEIII MOIOCOBON (PIILTp BaTTepROpTa ¢ YacTOTaMMI

cpeza F1 =0.12 +#/100 - 0.05 uF1 =0.12 + #/100 + 0.05, ucnoas3ys OpoIiey-

poil butter ¢ napamerpoM ‘s’. BMecTo JIUHENHBIX Y4acTOT F mpu 3ToM HeoOXogu-

MO IIOJACTABIIIThL KpPyTroBble YacTOThl (2=2TF. IlocTpoiite AUX aHaIOTrOBOI0O MpO-
TOTHUIIA C IIOMOIIBLIO IpOoIeAYPHl freqs, HO B 3aBUCUMOCTU OT JIMHENHON YaCTOTHI
F. Hcnomp3ysa npoueaypbl bilinear um impinvar, npeoOpazoBaTb aHAIOTOBBIN
¢wmLTp B nudporeie. Iloctpoute AUX sTux (UILTPOBR Ha OJHOM rpaduke n
cpaBHHTe Mex Iy coboil u ¢ AUX ananorororo gpuisTpa.

3. Ucnonb3ysa gopmynel (1), BBECTH IpeablCKakeHII YacTOT aHaJIOIroBOTrO
¢UILTpa IOCIIE UEro MMOBTOPUTE M.2.2.

OJOKYMEHT I:ID,D,I'IMCAH JWIH 3aIlIHTLbBI pﬂﬁﬂThl
ANEKTPOHHOUW MNMogrimncbio
Ceptudpmkat: 12000002A633E3D113AD425FB50002000002A6

I -
Bnapenew: llleBayxoea TaTbsiHa AnekcaHaposHa dKTCPHCTHKI (]I’)]}i.]'IBTpEl BEI_TI‘EpEDpTEi 1 3JIIHII

- 9
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2. Kak mo Buay JamarpaMMbl HyJI€il MHOFOCOB AJUIMINTHYECKOTO (QIUILTpa
OIIPEJENINTEL €I0 YacTOTYy cpe3a’?

3. Kakum oOpazoM mo pesyiabTaTaM I1.2.1 MOJXKHO IIOCTPOUTH CXEMBI ITH]-
POBEIX (DIUILTPOR?

4. Jlng 1. 2.2 onmmuTe XapakTep U OpuuuHbel nckaxeHnil AUX 1numdpoBeIX
GUILTPOB B TOM U APYTOM CIIydae II0 CpaBHEHUIO C AHAJIOTOBBEIM IIPOTOTHUIIOM?

Coaep:xkaHue ordyeta U ero ¢popma

OTueT JOJKEeH OBITH IIPEJCTaBJIeH B BHJe (aliina ¢ umeHeM lab5 #m, co-

JepKaIUIM TEKCT IIPOrpaMMEl ¢ IIOAPOOHEIMH KOMMEHTApHUIMH U (¢alljla ¢ 1UMe-

HeM pamunusn_nads eapuanm#.doc, c oTBeTaMlII Ha KOHTPOJILHEIE BOIIPOCHL.

JlabopaTtopHasi padota 6
HccaegoBanue 3¢ eKTOB KOHCYHOH pa3pAAHOCTH YHCEJ

[{lenb paboTHL: IIpakTHUeCKOe O3HaKOMJIeHHE ¢ 3(dekTaMi KBAaHTOBAaHU B

1@ poBoil oOpaboTKe.
TeopeTnueckoe odbocHoBaHUE

[ IpuHINIHATILHEIM CBOMCTBOM HU(MPOBLIX CUCTEM SBJIIETCSI HAIMUUE OIIU-
OOK KBaHTOBaHUS KaK OTCUETOB 0OpabaThEIBa€MOI0 CHTHajia, Tak U K03 UuIineH-
TOB cuUCTEMEL. KBaHTOBaHUE, TO €CTh HPEACTABICHUE YICJIA ¢ IIOMOIIBIO KOHEU-

HOI'O KOJIMHCCTBA Pa3pAA0B, BHOCHT B IIPCACTABJIICHIC KBAHTYCMOI'O HIICII4 A

OIIHOKY
e=F(4) -
_A4.
rae —
A - 4ICII0 10 KBaHTOBaHUS, F(.4 - YHCIO IIOCIE KBAHTOBAHIL. Omnepa-
1 F apisgercd HenuHenHon. I1laromM kBaHTOBaHNS () HA3LIBAETCSA PACCTOSIHIE MEXK Y
M H
an’%%ﬁﬂﬁnggﬂ%'ﬂﬂﬁ%hm TOBaHUA: O=2-b rae b — KOIMYECTBO pazpsIoB,
Ceptuchukar:  12000002A633E3D113AD425FB50002000002A6
Bnapeneuy: lLlebayxoea TateAHa AnekcaHapoeHa
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CepTudumkar:
Bnapeneuy:

HCHDHLB}’}GTCH JABd crroco0a KBaHTOBAaHUIS — OKPYIJICHHC I YCCHCHIIC. HpH

OKpYTJICHUU
by Q/2<e<(Q/2, a IIpU yCeUEHUN Q <e < (. CUNTaercs, YTO 3HAYUCHII

OIMNOOK KBAaHTOBAaHUS € PaBHOBEPOSTHHI B YKa3aHHBIX AUalla30oHax.

JI11 aHaIm3a MPOIECCOB KBAHTOBAHUSA HCIOJL3VIOTCS JIUHEUHAA U HelU-
Heirnana Mojenu. HenmHellHass MOJENb HCIIOJIBL3YETCS IIPU MOJECINPOBAHUMN Ha
OBM 1 TOUHO OIIMCEIBAET IIPOIECCHL JIO U IIOCIIE KBAHTOBAHUI. B JIMHENHON MO-
e K KBAaHTOBAHHOMY IIpolleccy J00aBIIIeTCs aJqUTUBHBIN AUCKPETHBIN IIyM,

H'DTprIﬁ aHAJIOTUYEH II0 CTAaTHUCTHYECKNM CBOMICTBaM pcaJIbHOMY IIYMY KBAHTO-

BaHIsI. MaTeMaTuueckoe OXKUJAHUE [l U JUCIEPCHS C o  IIyMa KBAaHTOBAHIS
OTIPEIEILIFOTCS 0 (POpMYy JIaM:

=0, IIpU OKPYIJICHNU

n =-050, nOpuycedeHun (1)

= 12 12 3

rae m = b + 1 — pa3psagHOCTE ¢ yueToM 3Haka.B mponecce nmudporoii 00pabOTKH, Kak
IIPABIJIO, IPUXOAUTCI IIPUOEraTh K YMEHBIICHUIO Pas3zpsSOHOCTH HMPOMEKYTOUHBIX M=
KOHEUHLIX pe3yJbTaToB. lIpmym- Ha 3akmrodarcsd B TOM, UTO IIPU BBIIIOJIHEHUU
apu@MeTHdecKX oIepaluil HaJ YHclIaMHI UX pa3psaJHOCThL BozpacTaeT. Hampumep,
[IEPEMHOKEHNE JBOMYHBLIX COMHOXUTEJIEN IPUBOAUT K YIBOCHUIO Pa3psIHOCTHU.
Korjma mpouzseaeHne M3 perucTpa YMHOXKUTENS IIEPENNUCBIBAETCSA B I1aMSATh,
[IPONCXOMUT VYMEHBIIECHNE Pa3psAgHOCTU METOJOM VCEUEHHS WIN METOIOM
okpyrieHusd. Ilpm ycedeHHMH YacTh MIIAAIINX pPa3psagoB MHPOCTO OTOpachIBaeTCH
(0.1101101 ~ 0.110). IIpu oxpyrineHun 4uciio OOIbIIEN pa3psaHOCTU 3aMEHSETCS Ha
ommxkaiimee uncio MeHbmmeinl paspsgHocTH (0.1101101 ~ 0.111). Ananuz omunoOok
OKPYIJIEHHS MOKHO BEIIIOJIHATE JBYMs CIIOCOOAMI: JII- HEIHBIM U HelIUHENHBIM. [Ipn
HEIINHEINHOM CIIOCOO€ METOJIOM MOJCINPOBAHNS Ha KOMIILIOTEPE HAXOHUTCS
paszHOCTh IIponecca s(n), n = 1, ..., N Ha BEIXOJE Hje-

AJOKYMEHT NoanmnucAH
SNEKTPOHHOW NOAMUCHIO

12000002A633E3D113AD425FB50002000002A6
lLlebayxoea TateAHa AnekcaHapoeHa
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CepTudumkar:
Bnapeneuy:

aJILHOTO IIN(POBOro ycTPOIiCTBa, B KOTOPOM HE IIPOM3BOAUTCS HUKAKMX OKPYT-
JIeHNII 1 Iporecca sq(n) Ha BREIXOJE peaslbHOIo IU(POBOro yCTPOICTBa, B OIpe-
IIEJIEHHBIX TOYKaX KOTOPOTO OCYIIECTBILIETCS OKPYIJIEHHE UM YCEUEHUE IIPOoMe-

Ky TOUHEIX pe3yJIbTaToB. HaligeHHas pazHocTbe(n) = s(n) - sq(n) (2)

1 ABIGICTCA IIYMOM KBAHTOBAaHITA. MaremMaTuueckoe OXIJaHHNC L 3KCIICPIIMCH-

TaJIbHO IIOJIYYECHHOTO IIIyMa KBAaHTOBAHUA €(#) PacCUNTHLIBAETCS II0 (DOpMYIIE:

1 N
SO N 3)

Jlucrepcus pacCUNTEIBAETCS IO
dbopMmyIe:

. 1N , @)
=T (e

n=1

B numHeiiHON Mojenn Ha BXOJ IIM(POBOro yCTPOIICTBA, a TaKXKe B T€ €r0
TOUKMH, TJI€ OCYII[ECTBILIETCS OKPY ITIEHNE WIN yCEUESHNE IIPOMEKY TOUHBIX PE3YJIIb-
TaTOB, ITOJIK/IFOYAOTCS NCTOUHUKI PABHOMEPHO PacIIpe/IeJIEHHOIO OEJIOro ITyMa C
MaTeMaTHYECKUM OXKUJAHUEM U JUCIIEpCHeil, pacCUNTaHHLIMU 110 (Gopmyiiam (1).
KaxpIil 13 5TUX UCTOUHUKOB CO3/Aa€T IIIyM Ha BLIXOJE€ YCTPOMCTRA C AUCIEpCcUE

2 (5)

-

-

Lt

Pés
-

igplx i
8x. k=1

rae hix — UMITyJIbCHAs XapaKTepUCTHKa I-II 4acTH LU(PPOBOTO YCTPOICTBA, UEpeEd
KOTOPYIO ITyMORBOII CHUTHAJI NPOXOAUT Ha BEIXOJ. OOl BEIXOJHON IIYM IIOJIY -
YaeTcs IyTEM CJIOXKEHHS peaKIuil IuppoBOro yCTpoiicTBa Ha BO3JCIICTBUE YKa-
3aHHBIX NCTOYHUKOB IIIy Ma.

a1 BAX-dunetpa 2 nopsaka ¢ mepegaTouHoil ¢y HKIUESH BIga

b +b-1!
Hz=_"°" "' - (6)
1+ az
S =@ —2bba+5)(1-a) (1)
NOKYMEHT NOANVUCAH * e l
SNEKTPOHHOW NOANUCHIO )
12000002A633E3D113AD425FB50002000002A6 b0

lLlebayxoea TateAHa AnekcaHapoeHa

n (puiIbTpa.
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Bnapeneuy:

JI1s1 BEIIIOJIHEHUS pabodero 3ajJlaHus IOTpeOyeTcs IpIMEHEHNE POLEIY PhI
round n3 MATLAB, xoTopas ocyIecTRISET OKPYIJICHUE YHcia 0 OJIImKaIero
11e710ro. YToOBl OKPYIVINTL YHICIIO, MEHbIIee 1, HeOOXOAUMO CHadala yMHOMKUTh
€ro Ha MacCIITaOMPYIOIUI MHOXUTEJIL. Hanmpumep, i1 TOro, 4ToObl OKPYIJINTh
ceMupazpagHoe arondHoe ynciao a; = 0.1101101 (0.8515625 B aecaTuuHOM BU/IE)
no tpexpazpsguoro a; = 0.111 (0.875 gecarmaHoM Buje), HeOOXOAUMO BHIIIOJI-

HHTb CIICAYHOLICC.

a; = round(a;*2°)/2°.  (8)

3agaHus K JadbopaTtopHoil padoTe

1. ITocTpoiite AUX ang ¢unbTpa ¢ nepegarouynoil gpyukiiueii (6) misd Tou-
HEIX 1 OKPYTJIEHHBIX 3HAUYEHUIT KO3 PUIIEHTOB.

2. 3ajanTe BXOJHON CUHYCOUJAJILHBIN IIPOIECC ¢ TOUHBIMU U KBaHTOBAaH-
HBIMU OTcueTaMi. Haligure myM KBaHTOBAHUSA €0 MaTEMAaTHUECKOE OXKUJIaHUE U
ITIUCIIEP CHUIO.

3. Haligure nryM KBaHTOBAHUS Ha BEIXOJE (PIUILTPaA, 0Oy CJIOBICHHEIN KBaH-
TOBaHIEM BXOJIHOT'O CHUTHAJIA.

4. Haligure mryM Ha BeIXOJle (UIBTpa, OOYCIIOBJIEHHBINI KBaHTOBaHUEM
IIPOMEKYTOUHLIX PE3YJILTATOB B IIpoIiecce (GUILTPaI[HIL.

MeToanka BbITOJIHEHHS Pa00ThI

1. CozpmaiiTe B Bujle OTAeNLHOTO (pailina (PyHKI[IEO KBAHTOBAHII II0 (POPMY -
ne (8), BRIXOQHEIM IIapaMETpPOM KOTOpPOM SBJISIETCSA KBaHTOBAHHEIN IIpOIlecC, a
BXOJAHLIMHI IIapaMeTpaMHl — HCXOJHBIN IPOIECC U Pa3psAIHOCTbL KBaHTOBAaHUA.
IIpaBuna odgopminenusa ¢pyukmuii cmotpute B help function. IlocTpolite AUX ms
¢ubTpa ¢ nepegatouHoil gyukimei (6) u xosdduiueHTaMu a=|[1-

©_ BOKYMEHT MOAMNUCAH | : 1ep BapuaHTa. ITocTpoliTe Ha TOM ke rpaduke
3NEKTPOHHOW MOAMUCHIO

12000002A633E3D113AD425FB50002000002A6
llebayxoea TateAHa AnekcaHapoeHa
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2. 3ajanrte BXOJHOMN mpoliecc B Buge s = sin(2*pi*t*n); n = (0 ... 2000).
YacTory 1 3amalire TakuM 00pazoM, UHTOOBI CHTHAJI IIOIIAJI B II0JIOCY HPOIyCKaHNS
¢unbTpa. BEIIOIHUTE KBAaHTOBAaHIE CUTHaIA s 10 b pazpsamoB msi b = 3 u g1 b
= 8. TakuMm oOpazoM, U3 JUCKPETU3UPOBAHHOTO CUTHAJIA § IIOJIyYaeTCs IUI(POBOII
sq. IIocTpoliTe Ha ogHOM TrpaduKe S, sq, € =S - sq 411 b = 3. Hallitu MmaTemaTmde-
CKO€ OXKUJaHUE I JUCIIepcuto myMa e (1 b = 8) mo dopmyiiam (3) u (4 )

3. Ilopaiite curHaiel s u sq (b = 8) Ha Bxon uccuegyeMoro ¢gpuibstpa ¢ 16-
pazpagHeIMu  kKoadduimmentamu. Mcenonbzyda npouemaypoil filter, HalitTu mym
KBAHTOBAaHHS Ha BBIXOJE (PUIBTpa OOYCJIOBIEHHBINI KBAaHTOBAHHEM BXOJHOTO
cUTHaa 1o gpopmyie (2), ero MmaTeMaTH4eCcKoe OXKHJaHIE U JUCIEePCHIO.

4. HaliguTe myM KBaHTOBaHUS 3a CUET OKPYIJIEHII IIPOMEXKYTOUHEIX pe-
3yJIbTAaTOB (PIUIbTpaIun. J[J1g 3TOro 3amporpaMMUpPYHTe alropUTM (PIUIETpaIiui B
BIJIE Pa3HOCTHOTO YpPaBHEHHUS, COOTBETCTBYIOMIEro nepegaTouyHol ¢pyHkuu (7)
VI IpsAMON (HEKaHOHHYECKOI) CXEMBI peanm3anuu guibTpa. IIporpamMmmy BEI-
IIOJIHUTE B BIJIE MUKJIA. [lociie HaxokIeHnd odepeJHOro OTcUeTa JelaiiTe OKpyT-
JICHUE pe3ylbTaTa g0 b=16 — pa3psaaHOCTh NaMATH BeUHcIuTens. Ilym oOycros-
JIEHHBLI KBAaHTOBAHHMEM BXOJJHOTO CHUTHalla Ha JAaHHOM 3Talle€ pacdeTa YUUTHIBATh
He cieayeT. 1loaToMy OTCUETHI BXOJHOTO CHUTHajla HEOOXOJUMO OKPYIJIUTH JI0
paspsgHocTtu namMaru. 1lo dopmyiam (3) u (4) HaliguTe MaTeMaTUUYECKOE OXKIIIa-
HIE 1 JUCIIEPCUIO IITyMa OKPYIJIEHNS BEIUNCIIUTEIS.

Bonpocsl1 ais 3aiuThI padoThl

1. Paccuuraite QUCHEPCUIO SKBUBAJIEHTHOIO IIyMa KBaHTOBaHNA AllIl Ha
BXojie 1o ¢opmyne (1) m cpaBHUTE C pe3yIbTaTOM HyHKTa 2.5 B aOCOFOTHBIX
3HAUCHUIX U Jb.

2. Paccunralite nmapaMmerpnl mryMa kBaHToBaHud ALl Ha BeIXode puibTpa

OOKYMEHT MOANMCAH , popmynamu (5), (6) u (8) u cpaBHHUTE C pe-
3NEKTPOHHOW MOAMNUCHIO

12000002A633E3D113AD425FB50002000002A6 LIX 3HAUEHITSIX I pHB
llebayxoea TateAHa AnekcaHapoeHa
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3. Paccunraiite mapamMeTphl myMa KBaHTOBAHHIS 3a CUET OKPYIJICHIS IIPO-
MEXKYTOUHBIX Pe3yIbTaTOR (PIIbTpallli Ha BhIXOAe (pIILTpa JUId JuHeilHo Mo-
nenn, nonb3ysack popmyaaMmu (1), (5) u (7) u cpaBHUTE C pe3yIbTaTOM IIyHKTa 2.4

B aOCOJTIOTHERIX 3HAUEHISIX I ,[[B.

Coaep:kanue ordyeta U ero ¢popma
OTueT JoJKeH OBIThH IIpEJICTaBJIeH B BHJe (aliina ¢ umeHeM lab6 #m, co-
IepKaIUM TEeKCT IporpaMMbl ¢ HOJAPOOHEIME KOMMEHTapusaIMu 1 (Qaitna ¢ mMme-

HEM pamunusn_naob eapuanm#.doc, c oTBeTaMII Ha KOHTPOJILHBLIE BOIIPOCHL.

JlabopaTtopHas padota 7
HccieqoBaHue aJropuTMOB H3MEHEHHS YacTOThI JUCKPeTH3ALIHU
[{enb paboThl: mpuoOpeTeHne MpaKTHUECKNX HABLIKOB IIPUMEHEHMS ajiro-

PHUTMOB H3MCHCHIIA HdCTOTBI JUCKPCTIH3 Al L[Hq)pDBBIX CII'HAaJIOB.

CepTudumkar:
Bnapeneuy:

Teopernueckoe 000cCHOBaHHE

ANTOpUTMEl N3MEHEHIS YacTOTEl AUCKPETU3AIUN II€pBOHAYUAJILHO IIpPIME-
HSUIICK 1T Glrpimtieﬂimji I 1(1:Ip X CHCTEM C PazJIMUHON TaKTOBOII 4acTOTOI. B

1V P ;
IalbHENIIIEM OHI CTaIl HCIIONBX0BATHCA JJIS CHIKEHUS BBIUNCIIUTEIILHBIX 3aTpaT
npu peammzainuu anroputMoB [[OC. IIponecc MOHIKEHNS YacTOTHI JUCKpETU3a-
I HA3bIBAIOT JElUMAaIllell, a IPOIlecC ITOBBIMICHNS YacTOTHI JUCKPETU3AIUN —
NHTEPIIOJIALIEIL.

JlemMaIius BBIIIOJIHAETCS ¢ IIOMOIBIO OIlepallii IIpopeKuBaHmsd: [Iporecc
C IOHMKEHHON YacTOTOM JAHCKpeTH3aluU (JeIUMHPOBAHHBII IIpoilecc) (popmu-
pyeTcsl IIyTeM BBIOOPKHI KaxJOoro K-ro orcuera M3 mpollecca ¢ BEICOKOIT 4aCTOTOI
nuckpernzamun. Kos@dumueHnt Kk HazsiBaeTcsa k03 PUIIMEHTOM JeIIIMAaIlHI.

AJOKYMEHT NoanmnucAH
SNEKTPOHHOW NOANMUCHIO
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CepTudumkar:
Bnapeneuy:

Puc. 7.1

Ha puc.7.1 nokazan npumep Jenumaliiuu Ipu k=3 B pe3yJbTaTe yero Ipo-

mecc y (nT), puc.7.1a, nmpeobpasyerca k mpoieccy y(mT,), puc.7.16. Cnemyer
VUNTBIBATh, YTO IIPOIIECC JOJIKEH COOTBETCTBOBATL TeopeMe KoTelnbHHKOBA, Kak
10 IIOHIDKEHHS YacTOTHI JUCKpPETH3aI[uN, Tak I IIocjie Hee. TakuM oOpazoM, Iie-
ped BBIIIOJIHEHHEM JACHUMAIlIN HeOoOXOAUMO YOEAUTHLCS B TOM, UTO HAMUBLICIIALI
JacTOTa B CIIEKTPE Ipoliecca He MPEBbIIIaeT MOJIOBHMHLEI HOBOI (IOHIKEHHOIT) Ua-
CTOTHI AMCKpETH3aIlNN. ECJIN 3TO YCJIOBHE HE BEINOJIHAETCS, HEOOXOANMO Orpa-
HIUUTH CIIEKTP IIpoliecca ¢ IMOMONIbI0 (GUILTpalui. B IpoTUBHOM clIydae Jelu-
Malsd DpUBEAET K NCKaKCHIIO CHTHAJIa 3a CUET INEPEKPLITIL CIIEKTPOR.

[Ipu NHTEPHOIAIUN IIPOPEKEHHBEIE OTCUETHl JOJIKHEI OBITH BOCCTaHORBIIE-
HEl. CyIIECTBYeT MHOXKECTBO CIOC000B mMHTepnondiuu. Hamnbosee pacmpocTpa-
HEHEI CIIOCOOBI ITOBBIMIEHUS YaCTOTHl JUCKPETU3AINU: 3a cUeT J0OaBIEHUS HyJIe-
BEIX OTCUETOR, 3a CUET IIOBTOPEHIS OTCUETOR.

IIpu nepBoMm crocode JJId MOBBIIMIEHHE YacTOTHI JUCKPETH3aIu JOCTUra-
€TCs 3a CUET JOOARICHU HYJIEBEIX OTCUETOB MEXKIY OTCUETaMU HNCXOLHOTO IIpO-
1ecca. Hampumep, Ipu MHTEPIIOIIUN B TPU paza MEXKAY OTCUETAMHI HCXOIHOIO
mpoilecca JoOaBJIsgeTCs IO JBa HYJIEBBIX OTcUeTa. JacToTa JUCKPETH3AI[UHN IpU
TOM YBEINUYUBAETCS, OJHAKO (paKTHUECKas peaim3allis IIpoliecca HE MEHSETCSL.

AOKYMEHT NOOMNWUCAH C ,[[DGHBHEHHBIMH HYJICBBEIMII OTCHCTaMII OCTa-
ANEKTPOHHOW NMOoArNncChbIo
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CepTudumkar:
Bnapeneuy:

Ha puc. 7.2 nokazaHbl CIIEKTPHI IIpoliecca IIpU MHTEPIOAIIUINA B TPU pasa
110, U II0cJIe JO0OaBJIeHMS HYJIEBBIX OTCUETOB. Fgs; =3Fs — HOBasg yacToTa JUCKPETH-
3aIUIL

JIJ14 IIOJTHOTO BOCCTAHOBJIEHIUSI OTCUETOB HHTEPIIOJIMPOBAHHOIO IIpOIlEcca
HeoOXOANMO OT(UILTPOBATh “JHINHUE CIEKTpajlbHEIE cocTaBrmromue. AUX
¢ubTpa mokazaHa Ha puc.7.20 nyHKTUpoM. Ilpu 3ToM QIILTP, IS COXpPaHEHH

dMIUTATY ABL BOCCTAHOBJICHHOI'O IIpOIccCa, JOJIZKCH

Ol\ /‘ #sl\ /‘ﬁ[s\ /‘ z#*:a)

IMETh K03 ((UIINEHT IIepegadll B II0JIOCE MPOITYCKaHIL, PaBHEII KO3 PQUITHEHTY
NHTEPIOJLIINNA. BEIIONMHAA YKa3aHHbIE JENCTBII MOKHO, HallpUMEp, IIEPEUTH OT
npoiljecca Ha puc./.10 k mporieccy Ha puc.7/.1a.

IIpu BTOpOM crmocoOe MHTEPIIOIIIUN BMECTO JOOaBJICHI HYJIEBLIX OTCUE-
TOB IOBTOPSIOT K paz oTCUYETHI HCXOAHOrO IIporecca. 11o cyTu 3To A3KBUBAaJIEHTHO
¢unbTpanuu ucxogHoro mporecca KMX-dumstpom mopsaka k ¢ eImHIYHBEIMU

ko3 urnenTamu. I1losTomMy mmpu BTOpoM criocoOe Ha CIeKTp puc./.20 HakIagbl-

BaeTca AYX oguopomHoro ¢mwimsTpa Buga: sin(kwty/2)/sm(wty/2). JJ1g moaHoro
BOCCTaHOBJIEHUS (POPMBEI IIpollecca HEeoOXOJHMMO, Kak M B IIEPBOM CJIydae, OT-
GUIBETPOBAaTE HEHYIKHBIC CIIEKTpalbHBEIE COCTaBIMroIIe. MacmraOupoBaThk KO-
> durueHT nepegaun QuiILTpa He TPeOyeTCs.

3agaHus K JadbopaTtopHoil padoTe

[OKYMEHT MOAMACAH .
SNEKTPOHHOW NOAMMCHIC 1 IpoIlecc B BUJE aAJUTUBHON cmecu YM-

12000002A633E3D113AD425FB50002000002A6 o
LLleGayxoea TaTeAHa AnexcaHapoBHa dCTOTOHN AJUCKPCTH3aIlHII Fs.
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CepTudumkar:
Bnapeneuy:

2. IlocrpoiiTe rpapuku CIEKTPOB HNCXOJHOrO IIpolecca B peaJIbHBEIX U OT-
HOCUTEJLHBIX YacTOTax.

3. BrImonHuTe ASIUMAIIIIO IIpoliecca ¢ K03 UIIUeHTOM AeuManim K=2.
ITocTpoiiTe rpaduk cIleKTpa IIpoliecca II0Ce eIIMAaIlIL.

4. OrpaHU4UTe CIEKTP HCXOJHOTO Ipoliecca ¢ momolbo KMX-dunstpa
TakUM oOpazoM, yuToOBI IOCJIe AelUMaIllui He ObljIo nckaxkeHuil YM-curmarna.
AUX ¢umeTpa nocTtpoiire Ha rpaduke CIEKTpa HCXOJHOTO IIpolecca B OTHOCHU-
TEILHBIX YacTOTaX. BHOBE BEIIIOJIHUTE JEIUIMAIIIO, IIOCTPOUNTE CIIEKTP U CpaBHU-
T€ €ro C IPEIbIIY I 1IM.

5. BHINIOJIHUTE HHTEPIONAIIIO MIpOoIecca, MOJMy4YeHHOro B II.1.4 MeTrogoMm
mo0OaBJIEHIS HyJIEBRIX OTcUeTOB. IIocTpoiiTe cCIeKTp mpolecca.

6. CuHTesupyire QUILTP A8 IIOJARICHUS HEHYIKHBEIX CIIEKTpallbHBIX CO-
CTaBJIIFONIIIX H HOCTPOUTH ero AUX Ha oJHOM rpaduKe CO CISKTPOM.

/. BoinmonHuTe guibsTpaIimo mporecca U IoCTPOUTh I'pa(pUk CIIeKTpa IOCIIE
(ML TP AL

8. BEIIOJIHUTE MHTEPIOIIALNIO IIPoIlecca METOJOM IIOBTOPEHIUSA OTCUETOB U
IIOBTOPUTH II.I1.1.5-1.8.

MeToauka BbITOJIHEHHS PA0OThI

1. ChopmupoBaTh MCXOJHBIN HpolecC B BUAE aAJUTUBHOII cmecu YM-

CHrHaJia I TOHAJILHOT'O CUTHAala:
process = sin(w0*t + (wd/wm)*sin(wm*t)) + 2 *sin(wi*t),

rae w0 = 2%p1*(0.2 + #*%0.02) MI'1, d = 2*p1*(0.15 + #*0.0025) MI'11, wm
= 2%p1*0.005 MI';, w1 = 2%p1*(Fs/2 — 0.8%10) MI 11, Fs=4%1 2288MI 11 -
YacToTa JUCKPETU3AIUN, # - HOMEP BapHaHTa

2. IlocrporliTe rpaukn CIEKTPOB HMCXOJHOTO IpOIlecca B PEalbHBIX H OT-

AOKYMEHT NMOANMUCAH
SNEKTPOHHOW NOAMUCHIO

12000002A633E3D113AD425FB50002000002A6
lLlebayxoea TateAHa AnekcaHapoeHa

Newncteutened: ¢ 20.08.2021 no 20.08.2022

38



3. BuInmoJjiHUTE JEIUMAIIIO IIpoliecca ¢ koadduiuenrom gerumanuu k=2,
IIJI UeTO U3 MCXOJHOTO Mpoliecca B3STh KaX bl BTOpoMl oTcueT. IlocTpoiiTe rpa-
UK crieKkTpa mpoIlecca Moce ASIIIMaIII.

4. Acnonb3y s CIEKTP UCXOQHOro Ipoliecca, cuarezupyiite KMX-puibeTp n
OT(UIBTPYUTE YaCTOTHEIE COCTABJISIONINE MCXOJHOIO IMpoliecca, BRIXOIAINE 3a
IIOJIOBIHY HOBOI "acTOTHI guckpermsaiuin. AUYX GuibTpel nocTpoiiTe Ha rpadu-
K€ CIEKTpa MCXOJHOTO IIpollecca B OTHOCUTENBHLIX HacToTaxX. 1Ipu saToM, 4i1d co-
oTBeTCTBUS MacmTaboB AUYX u cmekTpa cleayeT YMHOXUTHL oTcueThl AUX Ha
Macitadbupyromuil koadgduimment. OTcuetel AUYX paccunTaTh ¢ HOMOIIBIO OIIE-
patopa freqz ¢ mapamerpoM 'whole’. BrlnomHure genumaiiro (puIbTPOBaHHOIO
[Ipolecca U IMOCTPONTE €ro CIeKTp. CpaBHUTE CIEKTP C HpeaAblAyIuM. Ilopsamok
¢uIbTpa ciaeayeT BEIOMpaTh MUHIMAJILHBEIM, JJOONBASCH IIPH 3TOM, YTOOHI B CIIEK-
Tpe UM-curnamna nocne AeUMAaIIN He OBIIIO BHANMEIX HCKaXeHUI U CJIEJOB TO-
HaJIbHOTO CUTHaJIa.

5. llpoBeaure MHTEPIIONAIUIO IIpPOIlEcCa, IIOJIYUYEHHOI'O B IIPEJBIAYIEM
IIYHKTE€ METOJIOM J00aBICHI HYJIEBEIX OTCUETOR ¢ K03 QPUIIMEHTOM MHTEPIIONII-
i k=2. BeINOIHUTE 5TO ¢ MOMOIIBIO OII€paTopa IUKJA, IIPHICBOUB HEYETHBIM
OTCUETaM HYJIEBBIEC 3HAUEHUS, a YUETHLIM — 3HAUEHUS OTCUETOB JEIIMUPOBAHHOTO
npoliiecca. IlocTtpoure criekTp mpoilecca.

6. Ilo Buay mosydueHHOro crektpa cuHTrezupyite KMX-puisTp, oTpuib-
TPOBRAaB HEHYKHEIE CIIEKTPAIbLHBIE COCTABIISIONINE I MIPHOIIBETE, TAKIM 00pazoM,
CIIEKTP HMHTEPIIOJINPOBAHHOTO IIpoliecca K Buay ucxoaHoro UM curnana. Ilocne
PUIbTpaliI HEOOXOJHMMO YMHOXUTh OTCUETHl MHTEPIIOJINPOBAHHOIO IIpOIiecca
Ha K=2, A7 BOCCTaHOBIEHNSI aMIIIUTYa6I ncxoguoro UM curnana. AUX puib-

Tpa IMOCTPOUTH Ha OJHOM Ipaduke co crnekTpoM n3 1. 2.5. Jnd cuHTesza puilb-

NJOKYMEHT NOANCAH ITIIT ﬁl‘lS, DHpE,[[EHHH E%CJIH}'r ITIOJABJICHIIA B CO-
SNEKTPOHHOW Noarnnceio
Ceptudoukar: 12000002A633E3D113AD425FB50002000002A6 BIX CHEHTPHHBHBIX COCTAaBIIAIOIIIX. HDpH,[[OH
Bnapeneuy: lLlebayxoea TateAHa AnekcaHapoeHa |
L BIM.
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6. IIpoBeauTe MHTEPIIOIAINNIO HpOIEcca, IMOJYUEHHOTO B I1.2.4, METOJOM
IIOBTOPEHMS OTCUETOB. Kak 1 B I1.2.5 MOJXHO BBEIIIOJIHUTEL 3TO B IUKIJIE. 3aT€M IIO-
BTOPUTH JEHCTBIL I1.2.0.

Bornpochl a/1s1 3aliUThI padoThI

1. OOpsgcHUTE, B KaKOM CJIydae M JJI1 4ero HyxKHa (QUIbLTpalus Iepel BhI-
[IOJIHEHNEM AeIIMaIlin?

2. Kakoil gomkHa OBITL YacTOTa cpe3a QIIbTpa HIpH Iepexode OT YaCTOTHI

nuckpermanun Fs; = #*%1 00k 11 10 gacToThl guckpernzanun Fs. = #*25k1 11?7

3. Jlokaxure ¢ nomompero dGopmyn mia JII® uro mpu gobaBieHNN HyJie-
BEIX OTCUETOR IIPU UHTEPIIONAINHN (popMa CIIEKTPa OCTAETCS HEN3MEHHOIL.
4. B yeM 3aKIIIOYArOTCS INPEUMYINECTBA M HEJOCTAaTKU JIBYX PacCMOTPEH-

HEIX CIIOCOOOB HNHTCP HDHHL[HH?

Coaep:xkaHue ordyeta U ero ¢popma
OTueT AOJDKEH OBITH IIPEJCTaBICH B BujAc (paiina ¢ umeHeM lab7 #m, co-
JIepIKalluIM TEKCT IPOorpaMMEl ¢ IIOAPOOHBEIMH KOMMEHTapUsIMH U ¢aiila ¢ 1UMe-

HeM pamunusn_nad7 eapuanm#.doc, c oTBeTaMII Ha KOHTPOJILHEIE BOIIPOCHIL.

AJOKYMEHT NoanmncAH
SNEKTPOHHOW NOANMWUCHIO
Ceptudurkar: 12000002A633E3D113AD425FBS50002000002A6
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1. O0mHe MoJI0KeHHA

CamocrosarenbHasg pabora — IUlaHHpyeMas VyueOHas, Yy4uyeOHO-HCCIEeIOBaTENbCKAas, Hay4YHO-
HCCIEeA0BaTeIbCcKasl padoTa CTYAEHTOB, BEIIIOJHIEMAs BO BHEAYAHTOPHOE (ayAHTOPHOE) BpeMsI IO 3aJaHHIO
H IIpH METOAMYECKOM PYKOBOJACTBE ITperofaBaTelsa, HO 0e3 ero HEeMOCPeACTBEHHOIO Y4YacTHS (IIpH
YACTHYHOM HEMNOCPEACTBEHHOM VYYAaCTHH IIPEIOJaBaTellsl, OCTABILIIOIIEM BEAVIIVIO POJIb 3a padboOTOH
CTYJIEHTOB).

CamocTtosarenbHas padoTa cTyaeHToB (CPC) B BY 3e sBisieTcs BaXKHBIM BHAOM Y4eOHOH H HAYYHOH
IesITeIIbHOCTH CTYIeHTa. CaMocTosTelbpHas padoTa CTYASHTOR HI'paeT 3HAUHTEIIEHYIO POJIb B PEHTHHIOBOH
TEXHOIIOTHH O0YYEHHSL.

K OCHOBHEBEIM BHIAM CaMOCTOSITEILHOH paloTHhl CTYIEHTOB OTHOCSTCS:

— (popMHpOBaHHE H YCBOEHHE COJEPKAaHHS KOHCIIEKTa JIEKIHH Ha Oa3e PpeKOMeH]IOBaHHOMH
JIEKTOPOM YYeOHOH JIHTepaTyphl, BKIKOYAs HH()OPMAI[HOHHEIE 00pa30BaTelIbHbIE PECYPCHI (3JIEKTPOHHEIE
yueOHHKH, 3IeKTPOHHbIe OHOTHOTEKH H Ip.);

— HaIMCaHHe JOKIIAJI0B;

— IIOATOTOBKA K CEMHHApaM, IIPaKTHYeCKHM H ITa0opaTOpHBEIM padoraM, HX 0()OpMIIEHHE;

— COCTaBJIEHHME AHHOTHPOBAHHOI'O CITMCKA CTAaTeH H3 COOTBETCTBYIOI[HX KYPHAIIOB II0 OTPACIISIM
3HAHHH (Iear orHYeCcKHX, IICHXO0IOIHYeCKHX, MeTOAHYECKHX H Ip. ),

— BBITIOJIIHEHHE }”IE@HD-HGGHE,[[DEHTEJ]L CEITX pﬂﬁﬂT , IIPOCKTHAA JCATCIIBHOCTD,
— ITOAT'OTOBKA ITPAKTHYCCKIIX pﬂBpﬂﬁDTﬂK H pEI{OMEH,[[EH_[Hﬁ 110 PEIICHHIO Hpﬂﬁﬂ&hﬂ-[ﬂﬁ CHTVYAITHII,

— BBITIOIIHEHHE JOMAIIHIX 3aJaHHil B BHAE PEIIeHHS OTAElIbHBIX 3alay, IIPOBeJeHHS THITOBBIX
PacyeTOB, PACYETHO-KOMITBIOTEPHBIX H HHIHWBHAYAILHBIX PadOT IO OTAENIBHBIM pasfeilaM COAeP KaHHSI
JHCI[HIUIHH H T.1.,

— KOMITBIOTEPHBIN TEKVYIIHH CaMOKOHTPOJIb H KOHTPOJIb YCIIEBAEMOCTH Ha 0Oas3e 3IeKTPOHHBIX
00yYarOIHX H aTTECTYIOIIHX TECTOR;

— BBHITIOIHEHHE KYPCOBBIX PadoT (IIPOEKTOB) B paMKaxX JHCI[HIUIHH,

— BBHITIOITHEHHE BBITYCKHOH KBAITH(HKAITHOHHOH paOoTHL H Ip.

MeToaHKa OopraHH3allHi CaMOCTOSTEIIEHOH paboThI CTYAEHTOB 3aBHCHT OT CTPYKTYPHI, XapakTepa U
OCOOEHHOCTEN HM3YYacMOH JHCIMIUIMHBI, OOBeMa 4YacOB Ha €€ HN3VYEHHE, BHAA 3aJaHii I
CaMOCTOSITEJIbHOH PalOoThEl CTYAEHTOB, HHAHBHAYAIIbHBIX KauyeCTB CTYACHTOB H YCIOBHH Y4YeOHOMH
eITelIbHOCTH.

[Iporiecc opraHm3aiiy caMOCTOSATEILHOH pabOoThI CTYAEHTOB BKIIOUAET B ce0s CleAVIOIE STallbl:

— TIOATOTOBHTEIILHEIN (OITpejielieH e 1ieJIeil, cOCcTaBIIeHHe ITPOrPaMMEI, IIOATOTOBKA MeTOHYECKOIO
oOecreyeHHns, ITOAT0TOBKA 000PY/IOBAHI);,

— OCHOBHOH (peam3aIisa IMporpaMMbl, HCIIOIb30BaHHE IIPHEMOB ITOHCKA HH(pOPMAI[HH, YCBOEHH,
nepepaOOTKH, IIPHMEHEHH, TIepelaul 3HAHHH, (PHKCHpPOBaHHE Pe3YyIIbTaTOB, CaMOOPraHH3aIHs ITpoIlecca
palboTHI);

—  3aKIFOYHTEIbHBI (OIlEHKAa 3HAYHMOCTH H aHallM3 Pe3ylIbTaToB, HX CHCTeMAaTH3aI[Hd, OI[eHKa
3(p(peKTHBHOCTH IMpOorpaMMBI H IIPHEMOB PaOOTHI, BEIBOALI O HAITPABICHHSIX OITHMH3AI[HI TPYAa).

AJOKYMEHT NoanmncAH
SNEKTPOHHOW NOANMWUCHIO
Ceptudurkar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneuy: llle6ayxoea TaTbaAHa AnekcaHgposHa

Newncteutened: ¢ 20.08.2021 no 20.08.2022
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2.11lesb B 3202490 CAMOCTOAT €JILHOM PA0OTHI

Beayimas 1ens opraHuzaliii M ocyiiecTtBiIeHHI CPC cormagaer ¢ 1elbio OOYUEHHS CTYJEHTa —
( OpMHPOBaHHE YHHBEPCAIbHBIX KOMITETHI[HH.

ITpn oprammzamm CPC BaXHBEIM M HeOOXOIHMBIM YCIOBHEM CTAHOBSTCS (POPMHPOBAHHE YMEHHS
CAMOCTOSTENLHON PaldOTHI IS IMPHOOPETEHHS 3HAHHH, HABEIKOB H BO3MOJKHOCTH OpraHH3alMH Yu4eOHOH H
HAaYYHOH  HeATelIbHOCTH. Ilembr0 caMOCTOSTEIRHOH  palboThl  CTIVIAEHTOB  SBISIETCS  ORJIAJIEHHE
(QYHIAMEHTAILHBIMH 3HAHHSMH, IIPO(eCCHOHAIBHBIMH VYMEHISIMH H HaBBIKAMH JeSTEIbHOCTH IO
IIPO(IIIO, OITBITOM TBOPYECKOH, HCCIIeAOBAaTEIILCKOM AeATelIbHOCTH. CaMocToATeIbHasa padoTa CTYIEHTOB
CITOCOOCTBYET Pa3BHTHIO CaMOCTOSTEIILHOCTH, OTBETCTBEHHOCTH H OPraHH30BAHHOCTH, TBOPYECKOIO
MOX04a K PellleHHIO IMpo0iaeM yueGHOr o H IMpog)eCCHOHAIIbHOT'O YPOBHSL.

Sagauamvu CPC grisroTCs:

— CHCTEMATH3aIlHA H 3daKPCIUICHHE ITOIIYVUCHHBIX TCOPCTHYCCKITIX SHAHHIH H IPAKTHYCCKIX }MEHIIﬁ
CTYICHTOB,

— yIyOlIeHHe H PpacITHPeHHe TeOpeTHYe CKIX 3HaHHII;

— (popMIIpOBaHHE YMEHHH HCITOJIb30BaTh HOPMAaTHBHYIO, IPABOBYIO, CIIPABOYHYIO JOKYMEHTAL[HEO
H CIIEI[HATIbHYIO JINTEPaTypy,

— PaA3BHTHE IIO3HABATCIIbHBIX CITOCOOHOCTEH H aKTHBHOCTH CTYACHTOB. TEGP‘IECKGﬁ HHHITHATHEBBI,
CaAMOCTOATCIIbHOCTH, OTBCTCTBCHHOCTI H OPIraHH30BAHHOCTH,

— QJDPMIPGEEIHIIE CAMOCTOATCIIBHOCTIH MBIITUTICHI A, CIIOCOOHOCTEH K CaMOPA3BHTHIO,
CAMOCOBCPHICHCTBOBAHHIO H CaMOPCAIIH 341,

— PaA3BHTHE HCCIICOBATCJIb CKIX }MEHI[FI;

—  HCIIONIB30BAaHHE MaTepHala, COOPaHHOIrO M IOIMYYEHHOIO B XOJe CaMOCTOSITEIIbHOH PadoThl H
1a00OpPaTOPHBIX 3aAHSTHII.

3.T exnosrornueckan KapTa CaAaMOCTOHT eJIbHOH pﬂﬁﬂThI CTYACHT A

CpenactBa u O0BbeM YacoB, B TOM YHCIIE
Kombr
TEXHOJIOTHH CPC | KonraktHas | Bcero
peaAIIM3yEMBIX Bua negrenmbHOCTH
. OIIEHKH padora ¢
KOMITIETeHITHH, CTYJIEHTOB
HHIHKaTopa(oB) HpeHioddasat
P erneM
7 ceMecTp
-1y CaMOCTOATEeIIbHOE CoOeceqoBaHHe
H-2yx. H3YUYEHHE
N/1-3vi THTEPATYPHI 44,46 4,94 49.4
U-1mes UJT-
ZHE}E
AOKYMEHT NOANMCAH OecemoBanme | 7,29 0.81 8.1
SNEKTPOHHOW NOAMUCHIO
Ceprudmkar: 12000002A633E3D113AD425FB50002000002A6
Bnageneu; llebayxoea TateAHa AnekcanposHa
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21’[1{-3
-1y [loarororka Jloxmman
-2y HJOKIIaa
NJ1-3vx.s 9 | 10
U1 1rcs U]T-
2k
Htoro 3a 7 ceMecTp 60,75 0,75 67.3
HUtoro | 60,75 0,75 07,5

4.Hﬂpﬂ,[[ﬂl€ BBINOJIHEHHS CaMOCTOAT eJIbHOH pﬂﬁﬂThl CTYACHTOM

4.1. Memoouueckile pexomenoayiiil no pabome ¢ y4ebHoil numepamypoii

IIpn pabore ¢ KHHIOH HeOOXOMIMO ITomoOpaTrhk JIMTEpaTypy, HaVUHTHCS ITPABIIBHO €€ YHTaTh,
BEeCTH 3aImcH. J[1g mogdopa JIHTepaTyphl B OHOIHOTEeKe HCIIOIL3YIOTCS anaBHTHBIN H CHCTEeMaTHYESCKHIT
KaTaJIOT'H.

BaXHO ITOMHHTE, YTO Pal[HOHAJIbHBIE HABBIKH PaldOTHI ¢ KHHIOH - 3TO BCerga OONIbINas 3KOHOMIL
BPEMEHH H CHIL

I IpaBWIbHEIN MTOAOO0P YUEOHHKOB PEKOMEHAYETCS IIPEIIofaBaTelIeM, YHTAOLINM JIEKIMOHHBIN KYPC.
HeobOxomumMas mureparypa MOKeT OBITh TaKKe YKa3aHa B METOAHYECKHX pa3padoTKax II0 JaHHOMY KYPCY.

M3yyasg marepuan 1o y4yeOHHKY, CIeAyeT IEePeXOAHTh K CIEAVIOIIEMY BOIIPOCY TOIBKO IIOCIE
IIPaBHIILHOTO YSCHEHHS IIPebIAYINEro, OIMHChBasA Ha OyMare Bce BBIKIIAQIKH H BBIYHCIIEHHS (B TOM YHCIIE
Te, KOTOPhIE B YUeOHHKE OITYIIEHBI HIH Ha JIEKIHH JaHbI JJI1 CaMOCTOSITEIIBHOIO BEIBOA).

[Ipn wH3ydyeHHH mOOOH MHCIMIUIMHBI OONIBIIVIO H BaXHYIO POJIbF HIPAeT CaMOCTOSTEILHAS
HHIUBHIYalIbHasa padoTa.

Oco0oe BHUMaHHE CJIEAYET OOpaTHTh Ha OIPedelleHHe OCHOBHBIX ITOHATHH Kypca. CTYIEHT JOKEH
ITOAPOOHO pa3zdHpaTh IIPHMEPEI, KOTOPEIE ITOSCHSIOT TaKHe OIPEAeIIeHHS, H YMETh CTPOHTHh aHAJIOTHYHEIE
IIPHMEPEI CaMOCTOSATENRPHO. HYXKHO JOOHMBATHECSA TOYHOIO IIPEACTARIEHIS O TOM, YTO M3y4Yaelnk. IloesHo
COCTABIIIThL OIIOPHBIE KOHCITEKTHI. [IpH H3yUeHHH MaTepHala IO Y4eOHHKY IIONe3HO B TeTpaiu (Ha
CIIEI[HAJIBHO OTBeJIEHHBIX ITONIX) JOIIONHSATH KOHCIEKT JIeKIHH. TaMm ke cllelyeT OTMeudaTh BOITPOCHI,
BEIJICJIEHHBIE CTYAEHTOM JJIS KOHCYJIbTAIMH C ITPEIIOfaBaTEIIEM.

BEIBOJIBL, TIOJIYUYEHHEBIE B PE3YIIBTATE H3VUEHH S, PEKOMEHAYETCS B KOHCIIEKTE BBIAEISTh, UTOOBI OHH
ITPH IIEPEYNTRIBAHNH 3aITHCEH IIYYIIE 3aIIOMHHAIIICE.

OIBIT ITOKAa3bIBAacT, YTO MHOTHM CTYJEHTaM IIOMOTaeT COCTABIEHHE IIHCTa OIIOPHBIX CHITHAJIOR,
coJlepsKaIlero BakHeHIIHe H HaHOolee 4YacTo YIoTpeOnsgeMble (POPMYIIBL H ITIOHSTHA. TaKoH IHCT ITOMOTaeT
3aIIOMHHTh (DOPMYIIBI, OCHOBHBIE IIOJIOKEHHS JIEKI[HH, a TakKke MOKET CIYKHTh IIOCTOSHHBIM
CITPABOYHHKOM JJIS CTYIEHTA.

UTeHHe HAyYHOI'O TEKCTA SBISETCS YAaCTRIO IO3HABATEIIBHOH JEATEIIBHOCTH. E€ I[eb — H3BIIEUEHHE
N3 TekcTa HeoOxommMmoi mH@opmarpi. OT TOro Ha CKOIBKO OCO3HAHHA YHTAIOIMMM COOCTBeHHAS
BHYTPEHHSISI YCTaHOBKa IIpH OOpalleHHH K IIeYaTHOMY CJIOBY (HAaHTH HYKHBIE CBeJcHHS, YCBOHTD
HH(POPMAITHIO TTOITHOCTHIO HIIH YaCTHYHO, KPHTHYECKH ITpOaHAIH3HPOBAaTh MaTepHal H T.II.) BO MHOIOM
3aBHCHT 3(P(PEKTHBHOCTh OCYIIECTRIIIEMOr O JEHCTBHL

BERIJICISIOT uembipe 0CHO6HBLE YCIMAHOBKIL 6 YUMEHUI HAYYUHOZ0 MEKCMA.

GO RO R G K OBbI T (3aaata ’:{HIUITH:, BBIACIINTE HCKOMYIO ]?]Hd)DpMEH_[I[H])

NOKYMEHT NOAMUCAH
INEKTPOHHOW Nnoarniceio dBJIICHBI H4 TO, yTOoOBl KaK MOJKHO IIOIIHee OCO3HaTh H
Ceptudukar: . 12000002A633E3D113AD425FB50002000002A6 OPOM, TaK H BCIO JIOTHKY €T0 paGC}f}I{I[EHIIﬁ)
Bnapeneuy: lLlebayxoea TateAHa AnekcaHapoeHa
CTPEMIITCSH KPHTHYCCKII OCMBICIIHTE MATCPHAJL,
[eicTentenen! ¢ 20.08.2021 no 20.08.2022 HHE K HEM}*’)
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TBOp4YecKas (co3JaeT y YHTATelIsI TOTOBHOCTh B TOM HIIH HHOM BHJE — KaK OTIIPAaBHOM ITYHKT JUIS
CBOMX pacCyXIAeHMI, KaK o0pa3 A JeHCTBHA 110 aHAJIOTHH M T.II. — HCITOJIB30BATh CYKIEHHS aBTOpPa, X0
€ro MBICIIEH, pe3yibTaT HaOIroAeHHS, pa3pabOoTaHHYIO0 METONHKY, MOIIOIMHHTHL MX, ITOABEPrHYTH HOBOH
IIPOBEPKE).

OcHog@Hble U0l CLUCTeMAMULUPOBAHHOTL 3ANIICI NPOYUMNAHH 020.

AHHOTHPOBAHHE — IIPEAENBHO KPaTKOEe CBSI3HOE OIMMCAHHE ITPOCMOTPEHHOM HIIM IIPOYHTAHHOMN
KHHTH (CTAaThH), €€ COJEeP:KaHIs, HCTOYHHKOB, XapaKTepa H Ha3HAYEeHHS,

[ImaHmpoBaHne — KpaTkasd JIOTHUECKas OpraHM3allMsd TEKCTa, PacKpBIBAIOIAsd COAepKaHHe M
CTPYKTYPY H3y4aeMOI'0 MaTepHala,

TesupoBaHHe — JTAKOHHYHOE BOCIIPOM3BEIEHHE OCHOBHBIX VIBEPKICHIIT aBTOpa Oe3 IpHBIICYESHHS
(paxTHYEe CKOrO MaTEpHAIIa,

[{uTHpoBaHHE — [JOOCIIOBHOE BBINHCBIBAHHE M3 TEKCTAa BBIAECPIKEK, HM3BIICUEHHI, HaubOoIee
CYIIECTBEHHO OTPa’kKaroIHX TY HIH HHYIO MBICIIb aBTOPa,

KOHCITEKTHpOBAaHHE — KPATKOE H IIOCIIEA0BATEIIbHOE H3IOKEHHE COAEPKAaHH A IIPOYHTAHHOTO.

KOHCITEKT — CIIOXKHBIT CIIOCO0 H3JIOKEHHS CONEpPXKAaHHSA KHHIHM MM CTaTbH B JIOTHYECKOH
IIOCIIEAOBATEILHOCTH. KOHCIIEKT akKyMyJIHMpyeT B cebe TMpPeapIAyINHEe BHIBI 3aIlICH, II03BOJISET
BCECTOPOHHE OXBATHTh COJEP:KaHHE KHHIH, CTaThH. [I03TOMY YMEHHE COCTABIISATH IUNIAH, TE3MCHL, HEIIaTh
BBITIHCKH H JPYTHE 3aITCH OIIPEAeIIeT H TEXHOIIOIHIO COCTaBIeHH I KOHCIIEKTA.

Memoouueckite pexomenoaiil NO cocn aGNEHIUIO KOHCHEeKNA:

1. BHHMMAaTEIbHO IIPOYHTANTE TEKCT. YTOUHHTE B CIIPABOYHOH JIMTEPATYPEe HEIIOHATHBIE clIoBa. I1pu

3aITHCH He 3a0ybTe BBIHECTH CIIPABOYHBIE JaHHEIE Ha ITOIS KOHCIIEKTA.
2. BrIJienHTe IrIIaBHOE, COCTaBbTE IIAH.
3. Kpatko cpopMyHpyHTe OCHOBHBIE ITOIOKEHHS TEKCTa, OTMeThTe apryMeHTaI[HIO aBTOpa.

4. 3aKOHCIIEKTHPYHTE MaTepHal, 4YeTKO CcJeQysd IIyHKTaM IUIaHa. IIpH KOHCIIEKTHpPOBaHHH
cTapaHTech BRIPA3HTh MBICIIF CBOMMH CIIOBAaMH. 3aIlHCH ClIeAyeT BECTH YeTKO, SICHO.

5. FPEHEIGT HO 3aITHChIBAHTE I[HTATHI. L[HTHP}"H, }“IHTLIEHIUITE JIAKOHHYHOCTL, 3HAYHMMOCTDL MBICIIIH.

B TekcTe KOHCIIEKTA JKEIaTelbHO ITPHBOAHTL He TOIBKO Te3HCHBIE IIONOKEHHS, HO H HX
IOKazaTenbcTBa. lIpHm oQopMIEeHHH KOHCIIEKTa HeOOXOJHMO CTPEMHIBCSI K €MKOCTH KaXKIOIO
ITpeIoKeH . MBICIIH aBTOpa KHHIH CIeQyeT H3jlaraTh KpaTKo, 3a00TsCh O CTHIE H BBIPA3HTEIIbHOCTH
HaImHMCcaHHOTO. YUHCIIO JOIIOIMHUTEIBHBIX 3IIeEMeHTOB KOHCIIEKTa JOIKHO OBITH JTOTHUYeCKH OO0O0CHOBAHHBIM,
3allHCH JOJLKHBI PACIIPENEISITbCSI B OIPeAelIEHHOH IIOCIedOBATEIIbHOCTH, OTBEYAIOIIEH IJIOrHYeCKOH
CTPYKTYPE IIPOH3BEeAeHH . J[JI1 YTOUHEHHI H JOIIOTHEHH S HEOOXOAHMO OCTABIISATH ITOMIS.

OBIaJiecHHEe HaBBIKAaMH KOHCIIEKTHPOBAaHHMSA TpeOyeT OT CTYAEHTa I[EIeyCTPEMIEHHOCTH,
ITOBCETHEBHON CaMOCTOSTEIBLHON PadOTHI.

4.2. Memoouueckie pexomeroaiiill No NOO20NOBKE K NPAKMUYECKUM 3AHIMUIM

l[]'[ﬂ TOrO YTOOBI IMMPaKTHYCCKHC 3aHATIA IIPHHOCHIIM MAKCHMAJIBHYIO IIOJIB3Y, HeoOXOIHMO
ITOMHHTE, HTO VIIPpAXXHCHHC H PCHICHIC 3aJa™ ITPOBOJATCH ITO BBIYHTAHHOMY Ha JICKIHAX MATCpPHAly H
CBA3aHBI, KdK IIPABHIIO, C JCTalIbHbBIM pElBﬁDpDM OTACJIBHBIX BOIIPOCOB JICKITHOHHOI'O KYPCA. CHE,[[}"ET
INOTUEPKHYTDh, UTO TOJIIBKO IIOCJIC YCBOCHIA JICKITHOHHOI'O MdTCPHAJId C GHpEI[EHEI—H—IGﬁ TOYKIT 3pCHILA (El
HMEHHO C TOH. C KOTODOH OH H3JIaraeTcs Ha J'Ie]ECL[H_:'rI}{) OH 6}"I[ET 3dKPCILJIATE CA Ha HﬂﬁﬂpﬂTﬂpHLI}{ SAHATIIIX

OOKYMEHT MNOANUCAH |
SNEKTPOHHOW NOAMUCHIO ICKITHOHHOI'O MATCPHalld, TaK H C IIOMOIIBIO PCIIICHITA

CepTudnkar: ' 12000002A633E3D113AD425FB50002000002A6 BIUIX CTYACHT HE TOJIBKO XOPOIIO YCBOHT MaTcpHall, HO H
Bnapeneu; || lilebayxosa TaTeaHa AnekcaHApoBHa > TIOJIYYHT JIOTIOTHHUTEIbHBIH CTHMYITI (H 3TO O4eHb BaKHO)
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[Ipn camMoCTOSTEIIFHOM pelleHHH 3afad HY’KHO OOOCHOBBEIBATh Ka KAbIA STAll PEINEHHS, HCXOMAT H3
TEOPEeTHYECKHX ITOJIOKEHHH Kypca. ECIH CTyZeHT BHANT HECKOIBKO ITyTeH pelleHHs ITpoOIeMsl (3ajaun),
TO HYKHO CPaBHHTh HMX H BBHIOpaTh CaMBIH pallHOHAILHEIN. Ilome3HO A0 Hayalna BEIYMCIIEHHII COCTaBHTE
KpaTKHH IUIaH PpeIleHHs MNpoOneMbl (3agaun). PemeHmne IpoOlleMHBIX 3ajJa4 HJIH IIPHMEPOB CIIEAYeET
H3jIaraTh IIOAPOOHO, BBIYHCIEHHS pacliojlaraTh B CTPOrOM IIOPSAJKE, OTHAENSS BCIIOMOraTelIbHbBIE
BBIYHCIIEHHS OT OCHOBHBIX. PellleHHS IIpH HEOOXOQHMOCTH HYKHO COIPOBOXJATh KOMMEHTAPHSIMHU,
CXEMaMH, YEPTEKaMH H PHCYHKAMH.

CrreyeT IIOMHHTE, YTO pelleHHe KaKI0H YueOHOMH 3ajaul JOJKHO JOBOAHTHCS 0 OKOHYATEIIEHOTO
JIOTHYECKOI'0 OTBeTa, KOTOPOro TpeOyeT YCIOBHE, H II0 BO3MOKHOCTH C BHIBOAOM. IlomydyeHHBIH OTBET
CIIeAyeT IIPOBEPHTh CIIOCOOAMH, BEITEKAOIMMH H3 CYINecTBa JaHHOH 3amadyH. [lomesHo Takke (ecim
BO3MOXKHO) PeIlaTh HeCKOIBKHMH CIIOCOOaMH H CPaBHHTH ITOJIYYEHHBIE pe3ylIbTaThl. PermeHmne 3amay
ITAHHOI'O THIIA HYKHO ITPOJOIKaTh IO ITPHOOPETEHNS TBEPAbIX HABBIKOB B HX PEIIEHIH.

4.3. Memoouueckie pexomeroaijiiil No camonpogepke 3HAaAH Il

[locne M3yYeHHS OIpedelIEHHOH TEMBI IT0 3aIlCIM B KOHCIIEKTe H YUeOHHKY, a TaKKe PEIleHIT
IOCTaTOYHOI' 0 KOJIHMYECTBA COOTBETCTBYIOIMMX 3aJay Ha IIPAKTHYECKHMX 3aHSTHSIX H CaMOCTOSTEIIBHO
CTYAECHTY PEKOMEHIYETCS IIPOBECTH CAMOIIPOBEPKY VYCBOEHHBIX 3HAHHIL, OTBETHB Ha KOHTPOJBLHEBIE
BOITPOCHI T10 H3YYEHHOH TEME.

B cinydyae HeOOXOIHMOCTH HYJKHO €II[e pa3 BHUMAaTEIbHO pa30o0parsCcs B MaTepHalle.

HMHorma HeIoCTaTOYHOCTh YCBOSHHS TOT'O IJIH HHOI'O BOITPOCA BBIACHSIETCS TOIBKO ITPH H3YUEHIH
HAIBHENINEr0O MaTepHaiia. B 5TOM ciIyyae HagO BEPHYTHCA Has3aJ M IIOBTOPHTH IUIOXO YCBOEHHBIH
MaTepHanl. BaKHBIH KpHTEPHI YCBOEHHS TEOPETHUECKOIO MaTepHala — YMEHHE OTBEYATh HA BOITPOCHL IS
coOeceIOBaHH 4.

Bomnpocsl 115 codece 10BaHHS
ba3oBbI YPOBEHDb

. HacTOTHBIN CIIEKT] CHIHAJIA.

. Ilndporrie curHansl HHTepdeiica RS-232.

. Paner Oypre. OnpeaeneHie 4YaCTOTHOTO CIIEKTPa.

. Teopema KoTreJIsHHKOBA.

. IIpuHuun padorer ALIL.

CoBepIeHHas JH3BIOHKTHBHAS HOPMalIbHAS (popMa ITpecTaBIIeHHS (DYHKIHH.
(DOpMBI CHTHAJIOB ITPH aHAJIOT O-I[H() POBBIX ITPpe00pa30BaHILIX.

8. CopepIineHHasI KOHBIOHKTHBHAS HOpMallbHasI (popMa MpeAcTaBIeHHS (PYHKIHH.
10. IIpungumn padoter LTAIL

11. JIBOMYHO-AeCITHYHBIH JelIH(ppaTop.

12. MopMBI CHTHAJIOB ITPH I[H()PO-aHAJIOTOBEIX ITPe00pa30BaHMIX.

1 3. CuHres nmdparopa B Oa3Hce «HITH.

14. IlporpaMmipyeMsbie JIOTHYECKHE VCTPOHCTBA MATPHUHOH CTPYKTVPEI.

15. MymbTHITIEKCHPOBaHHE ITH(POBEIX CHTHAJIOB.

16. IlocnemoBaTenbHBIE H ITapallIelIbHBIE PETHCTPEHL.

1 7. CHHTE3 IEMYIIbTHIUIEKCOPA B 0a3HCE «HY, KHEY.

18. I{udporbie (QIILTPHL.

1 9. TuIIBI TPUITEPOB IIPH Mepefade IH(PORBIX CHTHAIIOB.

—~1 O Lh B W b

- .

AOKYMEHT NOArMMcAH :
IANEKTPOHHOW NMOAMNMCHIO IBIE }"CTPDﬁGTEﬂ).
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25. Kox Pupa-Comomona. XpaHeHHe HH(OPMAaIHH Ha THCKaX.
26. OcHoBHeIe onepaiH 1[OC. CBepTKa, KOPPEIIHS, (DHIBTpaIiHs.
277. PeBepCHBHEIE CUETUYMKH HMITYIIHCOB.
28. Omsmyeckue curHanbl ceTH Ethernet.
29. CtpykTypHas cXeMa IIH(POBOro (PpHIbTpa.
30. Omznueckre curHaimbl Ethernet. BXogHbIe /BRIXOMHBIE IIEMH cTaHAapTHOro nmopta 10base-T.
31. Knaccudmkaimg i@ poBeIX (PHILTPOB.
IloBbIIIEeHHBLIN YPOBEHDb
32. CurHansl ceTH Ethemet. MaH4YecTepckiii KO,
33. GopMHpPOBaHHE ITH(PPOBOro CHrHANA.
34. CtpykrypHasa cxema onoka PHY Ethernet.
35. lIndporeie curHanel. Kogmpopanne NRZI. 4B/5B. I1InpiHa clieKTpa CHTHalNa.
36. Cunres KOMOMHAITHOHHBIX CXEM.
37. XpaHeHue H o0paboTka HHpopMmarmH. Koy Pupa-ComoMoHa.
38. CTpyKTypa IH(POBOro CHrHana (IoTeHI[HAIbHBIH, HMITYIILCHEII).
39. AnropHuTM nepefadyH IM(PPOBLIX CHTHANIOB B ceTH Ethernet.
40. udporoi BUX-PHITBTP.
41. CrkeHHe IIHPHHBI criekTpa curHama Ethemet. TpexypoBHeBbIit curHan MLT-3 (MHOTrOYpOBHEBEIH
TPeXIIOPOrOBBIH ).
42. CpaBHEHHE aMILINTYHO-9aCTOTHBIX XapaKTePHCTHK aHAJIOTOBBIX H IIH(PPOBEIX (DHILTPOB.
43. CtaHmapTHBIE pelIeHHs raJibBaHHYeCKOH pa3Ba3kH Fast Ethemet ycTpolcTB, MogKmroyaeMbIX dyepes
paszbeM RJ-45.
44. OWIBTP ¢ KOHEYHOH HMITYJIbCHOH XapakTe pHcTHKOH ( KUX-(pHIbTp)

4.4. Memoouueckile pexomenoaijilii RO HANUCAHIIO HAVUYHBIX NeKCIOE (00K1ad06, pedhepamoe, scce,
HayyHvlX cniametl it m.o.)

[Iepen TeM, Kak IMPHCTYIMMTH K HAIIMCAHHIO HAYYHOI'O TEKCTA, BaKHO pa3zo0paThCcs, KaKOBa HCTHHHAS
I[eJIb BAIller0 HAYVYHOI'O TEKCTA - STO ITIOMOXKET BaM Pa3yMHO PACIIPeJelINTh CBOH CHIIBI H BPEMSL.

Bo-TIepBBIX, CHaYala HYXKHO OIpPeJelIMThCA C HAeeH HAYYHOrO TEKCTa, a IS 3TOro HeoOXOAHMO
HayIHThCS THOO OTHOCHTHCS K pa3HBIM SBIIEHHAM H (paKTaM HeCKOIIbKO KPHTHYECKH (CBOS HIES — KaK HHas
TOUKa 3pPeHHS), THOO HAYUYHThCS YBIIEKAThCSA KAaKHMH-TO H3BECTHBIMH HJeSIMH, KOTOpBIe HYJKIAIOTCSI B
nmopaborke (Maesd — KaK ONTHMICTHYEeCKas TIOSHIMS H  HalpaBIeHHOCTh Ha JalIbHeHIlee
COBEPIIEHCTBOBAHHE Y Ke H3BECTHOI0). BO-BTOPBIX, HAYYHTHCSI OPraHH30BBIBAaTh CBOE BPeMi.

[Incare cleayeT SICHO H IIOHSTHO, CTapasch OCHOBHEIE ITONOXKEHHSI (DOPMYJIHPOBATh YETKO H
HEIBYCMBICIIEHHO (YTOOBI M CaMOMY ITOHSATHO OFBITIO), a TaKXKe CTPEMSCH CTPYKTYPHPOBATh CBOH TEKCT.

CHcTeMaTH3al[Ud H aHallM3 H3YYEeHHOH IMTEpaTyphl II0 IPOOIeMe HCCIEAOBAHHS IIO3BOMISEOT
CTYJEHTY HalmcaTh paboTy.

PaGowii BapHaHT TeKCTa MOKIaja IIPEJOCTABIISIETCS PYKOBOAHTEIIO Ha IpoBepky. Ha ocHOBe
pabouero BapHaHTa TeKCTa PYKOBOIAHMTEIL BMECTE CO CTYASHTOM OOCYKIAET BO3MOXKHOCTH JOPadOTKH
TeKcTa, ero o()OpMIEHHE.

Cmpyxmypa ooknaoda:

— Bgremenne (He Oomee 3-4 crpanm). Bo BBeJeHHH HeoOXOZHMO OOOCHOBATh BBIOOP TEMEI, €€
aKTVallbHOCTh, OUYEPTHTH OOJIaCTh HCCIEAOBAHHS, OOBEKT HMCCIEAOBAHHMS, OCHOBHBIE IIEIIHM H 3aJayl

HCCIIeTOBaHH .
OOKYMEHT MOAMNUCAH
ONIEKTPOHHOW MOAMNMUCLIO :TIOB. B HHMX pacKphIBacTcA CYTh HCCIIELYEMOH ITPOOIIEMEL,

Ceptudurkar: 12000002A633E3D113AD425FBS50002000002A6
HCTOYHHKOB I/IHTEI}HET IO ITPpEIMETY HCCIICAOBAHIA, B

Bnapenedy: ebayxoea TatbaHa AnekcaHgpoBHa
EprElﬁDTElHHGCTH HpﬂﬁHE:MBI H dBTOPCKaia aHaJOITHYCCKasd
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OILICHKA OCHOBHBIX TCOPCTHHUCCKIX IIOAXOJOB K €€ PCHICHHIO. M 3moxeHHe MATCPHalIda HE JOJIEKHO
OI'PAaHHYHBATLCA JIHIIL OIMCATCIIBHBIM ITOAXOAOM K PACKPBITHIO ELIﬁpElI—H—IGﬁ TeMbl. OHO TaKke JOIIKHO
COJICPKATh cOOCTBEHHOE BHIEHHE pﬂCCMﬂTpI[BﬂEMGﬁ HpﬂﬁHEI'uIBI H H3I0XKeHHEe COOCTBEHHOH TOYKH
3PCHIA Hd BOSMOMKHBIC ITYTH €€ PCIIICHIS.

— 3akmodeHHe (1-2 cTpaHHIEI). B 3aKIIOYeHHH KpaTKO H3NIAralOTCS JOCTHIHYTBIE ITPH H3YYEHHH
ITpoOIeMEI 1IeIH, IIePCIIeKTHBEL pa3BHTHA HCCIeIyeMOr 0 BOIIpoca

— CImCOK HCIIONB30BAaHHOH JIHTePaTyphl (He MeHbINe 10 HCTOYHHKOB), B al()aBHTHOM IIOPSJIKE,
Oo()OPMIIEHHBIII B COOTBETCTBHH C IIPHHSTBIMH ITpaBHIaMH. B CIIMCOK HCIIOIB30BAHHOM JIHTEPATYPhI
PEKOMEHAYETCS BKIIOYATh PadoOTHl OTEYECTBEHHBIX H 3apyOcKHBIX aBTOPOB, B TOM WYHCIIE CTaTbH,
OITyOIIMKOBAaHHEIE B HAYUYHBIX KYPHAllaX B TEYEHHE IIOCIHEAHHMX 3-X JIET H CCBUIKH Ha PECYPCBI CETH
HMHTEepHET.

— IIpmnoxenue (IIpH HeOOXOIHMOCTH).

Tpeboeaniisn x oghopmneniio:
— TeKCT C OJIHOH CTOPOHBI THCTA,

— 1mpudT Times New Roman,

— Kermb mpudTa 14;

— MEXCTPOYHOE PacCTOSIHHUE 1,5,

— TIOJISL CBEPXY 2,5 CM, CHH3Y — 2,5 CM, ClIeBa - 3 CM, CItpasa 1,5 cM;

— pedepar gomxeH OBITH IIPeJICTAaBIeH B COPOIIFOPOBAHHOM BHJIE.

llopsaodoxk 3awumul doxnaoa:

Ha szanmry mokimaza OTBOAMTCS 5-7 MHHYT BPEMEHH, B XOI€E KOTOPOIr'O CTYIEHT JIOIIKEH ITOKa3aTh
CBOOOHOE BIAJecHHEe MaTepHalIOM II0 3asBIIEHHOH TeMe. IIpH 3alqure [OOKIajga IIPHBETCTBYETCH
HCIIOIB30BaHNHE MYIIbTHMEIHA-IIPE3e HTAl[HH.

JlokiIai orlieHHBaeTCs 110 CIEAYIOIHM KPHTEPHAM: cOOIoJieHHe TpeOOBaHHI K ero 0()OpMIEHHIO;
HeOOXOJHUMOCTh H JOCTaTOYHOCTh JJIS PACKPBITHS TEMBI IIPHBEJEHHOH B TEKCTE JOKIAJa HH(OPMAIHH,
YMeHHe CTYAcHTa CBOOOMHO HM3IaraTh OCHOBHBIE HIEH, OTPa’keHHEBIE B JOKIaje, CITOCOOHOCTH CTYJEHTa
IIOHSTh CYTh 3aJlaBacMbIX ITperojaBaTelieM H COKYPCHHKAMH BOIIPOCOB H C(POPMYIIHPOBATh TOYHBIE OTBETHI
Ha HHX.

Kpumepuu oyenxi.

Oyenxa «omauyHo» BBEICTABISETCS CTYIEHTY, €CIIH B JOKIaAe CTYIEHT HCYEPILIBAKOIIE,
IIOCIIEAOBATEILHO, YETKO H JIOTHYECKH CTPOHHO H3JIaraeT MaTepHall, CBOOOIHO CIIPABIISIETCS C 3aJadaMId,
BOIPOCAMH H APYTHMH BHIAMH ITPHMEHEHHS 3HAHMIT, HCITONIB3YET JIJIS HAIMCaHHI JOKIaJa COBPeMEHHEIE
HayyHbIE MaTepHallbl, aHAIH3HPYeT IIOIYYeHHYK) HH()OPMAIIHIO, IPOSBIILET CAaMOCTOSTEIBHOCTh ITPH

HaITHCaHHH JIOK/Ia/a.
(Chipura avanniian BPLICTARTAeTCd oTUTEHTY, €CIH Ka4eCTBO BBINTOTHEHHI JOKIaJa JOCTaTOYHO

NOKYMEHT NOANUCAH |
SNEKTPOHHOM MOANMCHIO ITPaMOTHO H IIO CYINECTBY H3TaraeT €ero, He JOITyCKas
Ceptuchukar: - 12000002A633E3D118AD425FB50002000002A6 CBHI TIO TEME IOKIIAA.
Snapneneu:  LieO7yXoRa ] s SIPETAMBORA 3ISIeTCS CTYNEHTY, €CIIH MaTepHal JOKIaja H3lIaraeTcs

IO XaPdKTCp4d, CTYACHT AOIIYCKACT HETOYHOCTH H OIIHOKH
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IIpH 3allfiTe JOKIaja, JaeT HeJOCTaTOYHO ITPaBHILHEIE (POPMYIIHPOBKH, HaOMIOJAIOTCS HapyIIeHHST
JIOTHYECKOH IIOCIIEAOBATEIILHOCTH B H3JIOKEHHH MaTepHala.

Oyenxa «HeyooenemeopuneabHo» BBHICTABIIETCS CTYAEHTY, €CIH OH He ITOATOTOBHII JOKJIAM HIIH
IOITYCTHII CYIIECTBEHHBIE OIMMOKH. CTYAEHT HEYBEPEeHHO H3JIaracT MaTepHal JOKIaja, He OTBeYaeT Ha
BOITPOCHI ITPEIIoaBaTE.

Oniicaniie UKAIbl OleH1BAH A

MakcHMaJIbHO BO3MOKHBIH Oalll 3a BECh TEKVIIHH KOHTPOIb VYCTAHABJIHBASTCS PAaBHBEIM J)J.
TekyIiee KOHTPOIBHOE MePOIIPHATHE CUHTAETCS CAAHHBIM, eCIIH CTYAEHT ITOIYYHII 3a Hero He MeHee 060%
OT YCTAHOBJIEHHOI'O JJIS 3TOr0 KOHTPOIS MaKCHMAalIbHOro Oaina. PeHTHHrOBBEIH Oajll, BBEICTABJISIEMBIH
CTYJIEHTY 3a TeKylllee KOHTPOIbHOEe MEPOIIPHITHE, CHAaHHOe CTYAEHTOM B YCTAHOBIIEHHBIE I'PapHKOM
KOHTPOJILHBIX MEPOIIPHSATHI CPOKH, OIPEIEIISIeTCS CIEAVIOIIHM 00pa3oM:

YPOBEHD BBIITOTHEHH I KOHTPOJIBHOI'O PelrTHHTOBBIH 0aimt (B % OT MaKCHMAaJILHOIO
3aJIaHI I Oarna 3a KOHTPOIILHOE 3aJjaHHe)
OTJIHYHBIH 100
XOPOITHI 80
Y IOBJIETBOPHT EJILHBII 60
HeynoBne TBOPHTEIBHEI 0

T embI 3cce (pedpepaToB, JOKIaA0B, COOOIEHHI)

ba3oBbIH YPOBEHDb

. HacTOTHBIN CITIEKT] CHIHAJIA.

. Ilndporrie curHansl HHTepdeiica RS-232.

. Paner Oypee. OnpeaeneHie 4aCTOTHOTO CIIEKTPa.

. Teopema KoTeIsHHKOBA.

. IIpuHuun padorer AILIIL.

CoBepIeHHas JH3BIOHKTHBHAS HOPMalIbHAS (popMa ITpecTaBIIeHHS (DYHKIHH.
(MDOpMBI CHTHAJIOB ITPH aHAJIOT O-IH() POBBEIX ITpe00pa30BaHIIX.

8. CopeplueHHasI KOHBIOHKTHBHAS HOpMallbHas (popMa IMpeCcTaBICHHS (DYHKIHH.
10. Ilpyrigpan padoter LTAIL

11. JIBOMYHO-AeCITHYHBIH JelIH(ppaTop.

12. OopMBI CHTHAJIOB ITPH I[H()PO-aHAJIOTOBBIX ITpe00pa30oBaHHIX.

13. Cunres nmdparopa B 0a3HCe «HITID).

14. IlporpaMmMipyeMsbie JIOTHYECKHE VCTPOHCTBA MATPHUYHOH CTPYKTVPEI.

15. MymbTHITIEKCHPOBaHHE ITH(POBEIX CHTHAJIOB.

16. IlocnegoBarenbpHEIE H ITapaliIelIbHBIE PETHCTPHI.

1 7. CHHTE3 AeMYIIbTHIUIEKCOPA B 0a3HCE «HY, «KHEY.

18. I{ndpoBbie QHIBTPHL.

1 9. TuIIBI TPUITEPOB IIPH Mepefade IH(PORBIX CHTHAIIOB.

20. IIpuHipm paGoTeI IH(POBOro YacTOTOMEDA.

21. IIudposeie aBTOMATHI (TTOCIEJ0BAaTEIBHOCTHRIE YCTPOHCTBA).

22 ITuckpeTHRIe TTheobnazoraHHT Dvnhe
AOKYMEHT NMOAMWUCAH
SNEKTPOHHOW NOANMUCHLIO
Ceptuchukar: —12000002A633E30113AD4 25FB50002000002A6

Bnapeneuyu: lHebayxoea TateaHa AnexcaHapoeHa MH Ha JHCKaX.

OeictenTened: ¢ 20.08.2021 no 20.08.2022 [ A, (1)HJIBTpaI_[]§[H.
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277. PeBepCHBHEBIE CUETUHKH HMITYIILCOB.
28. Ousmyeckre cHrHanbl ceTH Ethernet.
29. CtpykTypHas cXeMa IHdpoBoro puimbTpa.
30. Om3nueckre curHaibl Ethernet. BXogHbIe /BEIXOMHBIE IIEMH cTaHAapTHOro nopta 10base-T.
31. Knmaccudukaiysg 1@ poBhIX (PHIITPOB.
IloBbIIIEHHBIHA YPOBEHDb
32. Curnansl cetH Ethermnet. MaHuecTepckiii KO,
33. @opMHpPOBaHHE IH(POBOro CHrHamMA.
34. CtpykrypHas cxema onoka PHY Ethernet.
35. IIngposeie curHansl. Kognpopanne NRZI. 4B/5B. [IIupuHa criekTpa CHIHaa.
36. CuHTE3 KOMOHHAI[HOHHBIX CXEM.
37. XpaHeHne 1 oopadoTka HHpopmMarmH. Kox Praa-ConomoHa.
38. CTpyKTypa IH(POBOro cHrHana (IIoTeHI[HATbHBII, HMITYIILCHEI).
39. AnropHTM nepefayH ITH(PPOBLIX CHTHANIOB B ceTH Ethernet.
40. IHugporoit BUX-pHILTP.
41. CHmxeHHe MIMPHHLBI criekTpa curHanma Ethemet. TpexypoBHeBbIi curHan MLT-3 (MHOrOypOBHEBEIH
TPEXIIOPOTrOBBII ).
42. CpaBHEeHHE aMITIHTY/HO-4aCTOTHBIX XapaKTePHCTHK aHAJIOTOBBIX H IIH(PPOBEIX (PHILTPOB.
43. CtaHmapTHBIE pellleHHs raJibBaHH4YeCcKOH pa3Ba3kH Fast Ethemet ycTpolicTB, MogKmroYaeMbIX dyepes
passeM RJ-45.
44. OWIBTP ¢ KOHEYHOH HMITYJIbCHOH XapakTe pHCTHKOH ( KUX-pHisTp)

4.5. Memoouueckiie pexomeHOayiil NO NOO2ONIOEKE K 3a4eniam

[Iporeaypa 3ayera Kak OTAeIIBHOE KOHTPOIIBHOE MEPOITPHATHE He IIPOBOIHUTCS, OIIEHHBAHHE
3HAHHI 00YYAIOINETOCS IIPOHCXOMUT IO Pe3yiIlbTaTaM TEKYIIETO KOHTPOIIA.
3auyeT BBICTABIISCTCS IO Pe3yilbTaTaM palOTEl B CEMECTpe, IPH claye BCeX KOHTPOIBHBIX
TOUEK, IPEAYCMOTPEHHBIX TEKVIIHM KOHTPOJIEM VCIIeBaeMOCTH. EcCm 1o HToraM ceMecTpa
oOyYarommica uMeeT or 33 go 60 OarwioB, eMy CTAaBHICS OTMETKA «3auTeHO». OOyYaroIeMyCs,
HMEIOIIEMY TI0 HTOTaM ceMecTpa MeHee 33 GarlioB, CTaBHTCS OTMETKA «HEe 3aUTEHON.

Konuuecmeo 6annoe 3a 3auem (S3au) npu pasmidHsvix peiiminzoevix baaniax
HO OUCYUNIILIHE NO Pe3yabmanam pabonivl € cemecmpe

PeliTHHIOBBINI 02171 M0 JUCIIHILINHE KosmiecTBo 0a/L10B 3a 3a4eT (S3a4)
110 pe3yJIbTaTaM padoTbl B cemecTpe (Rcem)
S0 < Rcem <60 40
39 < Rcem< 50 35
33 <Rcem< 39 27
Rcem< 33 0

KoHTpoJb caMOCT 0ATEJIbHOI PA00ThI CTYJAEHT OB

NOKYMEHT NOONMUCAH ' JBOAHTCA ITPCIIOAABATCIIEM B aYJIHT OPHIH.
INEKTPOHHOW MOAMMCHIO "porst codeceOBaHHE, OIIEHKA BRITIOIHEHHS JOKIaga H ero
Ceptudhukar;  12000002A633E3D113AD425FB50002000002A6
Bnapeneuy: lebayxoea TateAHa AnekcaHapoeHa

MIeTEeHI[HH ITPHBCACHEL B DoHIe OIIEHOYHEBIX CPEIACIB IJIfI
Neicrentenen: ¢ 20.08.2021no20.08.2022 AllHI.
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Cnucox siTeparypsl 1 BbmoJtHeHHsa CPC

OcHoBHas JIHTEpaTypa:
1. JIpopkoBuu, B. IT.<BR>&nbsp;&nbsp;&nbsp; OkxoHHBIe (pYHKIMH JUIS TapMOHHYECKOIO aHaIH3a

curHanoB : MoHorpadgmusa / B.I1. JIsopkopmd, A.B. JIBopkoBHU. - M31aHIIE BTOPOE,

2. TIepepaboTaHHOE M JomonHeHHOe. - Mocksa : TexHocdepa, 2016. - 216 c. : un., Tadi., cxem. - (Mup
1 poBoH 06padorkm). - hitp://biblioclub.rv/. - ISBN 978-5-94836-432-2

3. Mamnamkesny, 1. A.<BR>&nbsp;&nbsp;&nbsp; BelineT-aHami3 CHTHAIOB ;| OT TEOPHH K ITPAKTHKE
. yueOHoe 1ocoOue / M.A. MamamkeBud ; [IOBOMKCKHII TOCYJapCTBEHHBIH TeXHOJIOTHYECKHI
yHIBepcHTeT. - Mommkap-Ona : [II'TY, 2016. - 276 c. : cxeM., TaGi., wi. - http://biblioclub.1w/. -
bubmiorp.: c. 219-225. - ISBN 978-5-8158-1745-6

4. VvusmmxuH, C. B.<BR>&nbsp;&nbsp;&nbsp; Teoperndeckiie ocHOBBI ITH(POBOH 0OO0pabOTKH H

TIpeicTaBIIeHHSI CHTHAJIOB : Y4eOHoe 1ocoOHe / C.B. YMHSMIIIKHH. - 2-€ H3]I., HCIIP. H JOI. - MOCKBa
Texrocdepa, 2012. - 368 c. - (Mup mdgpopoii oopadorkm). - http://biblioclub.ruw/. - ISBN 978-5-
04836-318-9

JlonmoJIHUTEIbHASA JIMTEPATYpA:

1 Toncanec, P.<BR>&nbsp,&nbsp;&nbsp; I{ndpporas oOpadoTka H300pakeHHH : IMPaKTHYECKHE
coBeThl / P. I'oncanec, P. Byac ; mep. II. A. Youna ; nep. JI. M. PyGaHoBa. - 3-e H31., HCIIP. H JOIL-
MockBa : Texuochepa, 2012. - 1104 c¢. : mm,radm., cxem. - (Mup ImdpoBoii 00pabOTKH). -
http://biblioclub.rw/. - ISBN 978-5-94836-331-8

2 HWmpanoma, B.I'.<BR>&nbsp;&nbsp;&nbsp; IlundpoBas oOpaboTka CHTHAJIOB OIeKTPOHHBIIT
pecypc : yueOHO-MeToaHYeckoe rocobHe / H.B. Ilpomeukiiaa / B.I'. UBaHoBa. - Camapa :IToBomkckmit
TOCYIAPCTBEHHBIH YHHBEPCHTET TeIeKOMMYHHKAIHH H HH(popMaTHKH, 2015. — 113 ¢. - KHura Haxomurcs B
6azoBoi BepcHu ObC IPRbooks.

3 Hpanoma, B.E.<BR>&nbsp,&nbsp.&nbsp; I[ludporas oOpaboTka CHIHAIOB H CHITHAaJIbHBIE
IIpoIecCOPBI DIIeKTPOHHEII pecypce : yueOHoe rmocobue / A Y. Tsaxes / B.E. UranoBa ; pex. A.M. TsxeB. -
Camapa : IIoBOIKCKHIT TOCylapCTBEHHBIH YHHBEPCHTET TeIeKOMMYHHKAIMH H HHpopMaTHKH, 2017. - 253
c. - Knura Haxomgurcs B 6azoBoi BepcHH 5EC IPRbooks.

4 Horukop, II.B.<BR>&nbsp.&nbsp,&nbsp; I[{uppoBas oOpaboTka CHTHAIOB OJIEKTPOHHBII
pecypc : yueOHO-MeToaHueckoe rmocodue / I1.B. HorukoB. - CapaToB : By3oBckoe oOpazoraHHe, 2018. - 75
c. - Knura Haxomurcs B 6azoBoi BepcHH DBC IPRbooks. - ISBN 978-5-4487-0286-0

5 Cepruenko, A. 5.<BR>&nbsp,&nbsp;&nbsp; Llndporas oO6paboTka CHrHaAIOB : y4el. mmocolHe
s By30B / A. b. Cepruenko. - 3-e u3a. - CIIO. : BXB-IletepOypr, 2013. - 768 c. : . - I'pud: Pex. YMO. -
I[SBN 978-5-9775-0915-2

6 ComoBreB, H.<BR>&nbsp,&nbsp;&nbsp; Iludporas obpaboTka HH(pOpMAIIMH B 3aJadyax H
npuMepax . yueOHoe mocobue / H. ComorbeB, H.A. Tmmmna, JI.A. IOpkeBckas ; MHHHCTepCTBO
oOpazopaHugd H HaykH Poccuiickon @expepanpn ; @DellepallbHOE TOCYIAPCTBEHHOE OIOKETHOE
00pa30oBaTeIbHOE VUPEKIEHHE BRICIIEr O 00pa30BaHHI « OpeHOYPICKHI I'OCY/IapCTRBEHHBIN YHHBEPCHTET) |
Kadenpa mporpammHOro oOecIie4eHHS BBIYHCIHTEIIBHOH TEXHHKH M aBTOMATH3HPOBAHHBIX CHCTEM. -

OOKYMEHT NOANWCAH lioclub.iy/. - BuGmorp. B kH
OREKTT RHOMNOALKLHIO tnbsp; Iudpopas oOpaboTka CHTHAIOB : J1ab0oOpaTOPHBII

Ceptudmkar:  12000002A633E3D113AD425FB50002000002A6 - 5
Bnapeney: | [lle6ayxoea TatbsaHa AnekcanaposHa 3, C.A. OxorHukoB . IIOBOMKCKHH TIOCYIapCTBEHHBIH

Oma : III'TY, 2018. - 72 c. : . - http://biblioclub.nv. -
Henctentened: ¢ 20.08.2021 no 20.08.2022
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budmiorp.: C. 09. - ISBN 078-5-8158-2003-6

8 I{mdpopasa oopaborka curHanoB H MATLAB : y4e®6. mocoGue 1711 By30B / A .M. Cononuna, J[.M.
Kmnounckwii, T.B. Mepkyuera, C.H. IlepoB. - Cankr-lletepOypr : bXB-IletepOypr, 2013. - 512 c.: . ; 24.
- I'pud: Pex. YMO. - bubmmorp. B KoHIle I11aB. - [Ipeam. ykas.: ¢. 508-512. - ISBN 978-5-9775-0919-0

O Iludpporas oOpaboTrka curHamoB. YacTe 3. MeTomsl H alIrOpHTMBI 00OpabOTKH CHIHAJIOB
aganrTHBHBIMH KMX u BUX - ¢mosrpamu SnekrpoHHbId pecype / 1O. B. Pscuwiii [u ap.]. -Ludporas
oOpaborka curHanoB. Hacte 3. MeToabsl H alropuTMBI 00paldOoTKH CHIHAIOB afanrrHBHEIMH KX 1 BUX -
¢rbTpaMu,2023-08-29. -  HoBocuOupck  :  CHOHMpCKHII ~ TOCYAApCTBEHHBIH  YHHBEPCHTET

TelIeKOMMYHHKaIHIL H HHpopMaTHkH, 2017. - 205 ¢. - Kaura Haxomurca B nmpeMHyM-BepcHH OBC [PR
BOOKS. - ISBN 2227-8397

MeTogu4yeckasi JIHTepaTypa:

1. MeTomHYecKHe YKazaHHS K Ta00opaTOPHBIM padoTaM,
2. MeTOJHYECKHE YKa3aHHS K CaMOCTOSTEIIBbHOH padoTe.

HHTepHeT-pecypchbl:

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

IIporpaMmMHoOe o0ecnieueHHeE:

MathCAD
MATLAB

AJOKYMEHT NoanmncAH
SNEKTPOHHOW NOANMWUCHIO
Ceptudurkar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneuy: lLlebayxoea TateAHa AnekcaHapoeHa
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