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BBE/IEHHE

IHEJIb U 3AJIAY OCBOEHHUA JHUCIHHHIIJ/INHBI

OCBOHTH COOTBETCTBYIOIIIT MaTeMATHUECKHI] arapar AjId pelleHIs IIpodecCHOHAIBHEIX 3aJay;
OCBOHTH CIIOCOOHOCTH IIOHHMATh 3HAYeHHe HHGPOPMAIMH B PA3BHTHH COBPEMEHHOTO OOIIECTRA,
IIPHMEHATs HH(POPMAI[HOHHEIE TEXHOTOTHH I ITOHCKA H 00padoTKH HH(POPMAIHH, OCBOHTE CIIOCOOHOCTE
IIPOBOJHTh AHANN3 HCXOMHBIX [AHHBIX LA IIPOEKTHPOBAHHA TIOACHCTEM H CPeACcTB oO0ecIeyeHHT
HH(}OpMAIHOHHOH 0e30ITaCHOCTH H YYAacTBOBAaTh B IIPOBEJIEHHH TEXHHKO-3KOHOMHUYECKOTO OOOCHOBAHHA
COOTBETCTBYIOLIIX IMPOEKTHBIX PEIEHHIT, OCBOHTh CIIOCOOHOCTH IIPOBOJUTH 3KCIIEPHMEHTEI IT0 3aJaHHOIT
METO/IHKe, 00paloTKy, OIEHKY IIOTPEIHOCTH H JOCTOBEPHOCTH HX Pe3yIbTAaTOB, a TaKKe IIPHOOPECTH
Habop OOMIEKYIBTYPHEIX M  OOIIeITpo)eCCHOHATBHLIX KOMIIeTeHINI Oyayimero OakamaBpa IIO
HarrpaBiIeHH0 MoAroToRKH 10.03.01 «IHopMaIpionHad 6e30macHOCTE

2. HanMeHnoBaHue NPaKT HIECKUX PadoT

Ne Temel | HanMeHOBaHHe TeM JHUCIIHIUIMHEL, HX Kparkoe | OOBEM 4acOB N3 HHx

ITH CITHILIT COJZIep/KaHHE IIPaKTHYECKas
HHBI IIOATOTOBKA,
JacOB

7 cemecTp

1 IIpaktiyeckass pabdora 1. Ormepainpm Haz
IUCKPETHBIMH  TIOCIEOBATEIBHOCTSMH U
CXEMBl HHBAPHAHTHBIX K CJIBHIY JIMHEHHEIE
CHCTEM.

1,5

2 [ IpakTHueckas padora 2. CI10c00EBI

1,5
IPpSACTAaBJICHHA JHCKPCTHBIX CHI'HAJIOB. ’

3 IIpaktiyeckass  pabora 3.  JIHCKpPETHEIE
CUTHAJIBI, MX TIPEACTABIIEHHE B YaCTOTHOH H 1.5
HMITYJIb CHOH OOJIaCTH.

-} IIpaktnueckas pabora 4. CHIHaAIBI H

9 1,5
JIMHCHHBIS CHCTCMEI. ’

5 IIpaktnueckasgs pabdora OS5. JIHCKpeTH3aI[HI

1,5
METOAOM ITPSMOr O Z- ITpe0o0pa30BaHHA. ’

6 IIpaktiyeckass pabdora 6. JIHCKpeTH3aIIMAg

MeTOIOM ﬂﬁPaTHnm z-npeaﬁpmnﬂaﬂrm. L5

7 [IpaktHueckas pabora 7. IlpexncraBineHue
IOCIIEMOBATEILHOCTEH  KOHEYHOH  JJIMHEI
THCKPETHBIM PSIoM DOypEeE. 1.5
JHckperHoe IipeoOpaszopaHHe @Dypbe A
CBEPTKH JTUCKPETHEBIX ITOCTIENOBATEILHOCTEH.

8 [IpakTiyeckas padoTta 8. BeIUHCIEHHE CBEPTKH
IBYX  IIOCIIEMOBATEIIBHOCTEH  JUCKPETHBIM 1.5
rpeodpasoBaHHeEM DOypEeE.

9 IIpaktiueckag  pabora 9.  Peamusarus
IBYMEPHOH JTHHENHOH CBEPTKH
IIOCIIEMOBATEIILHOCTEH € IIOMOIIBIO KPYIOBOH
CBEPTKH.

1,5

NUTora 2a 7 cemectn 1,5

OOKYMEHT NoganmncAH : 15
SNEKTPOHHOW NOAMUCKIO y
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Onepauyn HaJ AMCKPETHBIMU I0CJI€A0BATE/IbHOCTSAMH H CXE€MbI
HHBAPHAHTHBIX K CABUIY JIHHEHHbIE CHCTEM
1. Lens 3anarus
N3YUUTh JUCKPETHLIE CUTHAIIBL: TIOCIIEeOBaTEeILHOCTH, OIlepal[iui HaJl HUMI
11 CBOIICTBA.

2. IloaroroBka K 3aHATHIO
1. M3yunThb (IIOBTOPUTE) TEOPETUUECKUI MaTepUal.

2. O3HaKOMHUTLC C 3dJIaHICM Ha IIPAKTHHCCKOC 3aHATIIC.

3. PacnipeaejieHHe BpeMeHH 3aHSATUSL:
Bcero: 90 muu
BceTynurensHas 4acTh 2 MUH

IIpoBepka roTOBHOCTH CTYI€HTOB K 3aHATUIO 5 MUH

IIpocpamma npakmuueckozo 3aHAMUS

1. OcHOBHEIE CBEeJCHI O JUCKPETHLIX IIOCIENOBATEIILHOCTIX 35 MUH
2. PaccMmoTpeHne npuMepoB 35 MUH

[IpoBepka BEIIIOJIHEHIS IIpakTIdecKoro 3auaTud 10 MuH

3aKIoUNTeNbHAad YacTh 3 MIIH

4. OcHOBHEIE TCOPECTHUCCKRHC CBCIACHHH

MaTtemaTuuecku IICKpPETHRIE CUTHAJIBI IIPEICTaBIISIOTC S
[IOCIIEIOBATEIILHOCTAMU 4HCENI. YHMCIOBas IIOCIEAOBATEIILHOCTh X, N-II WIEH B
KOTOpOIl 0003HauaroT uepes X|1|, (popMaIbHO 3alUCEIBAETCS Kak

v={sfn]), —cc<n<oo (1)

rae n — 1enoe 4ducio. Ha mpakTuke Takue II0CJIENOBaTEIIbHOCTU BO3HHMKAIOT,
HaIIpUMep, IpHU NpeoOpazoBaHNN aHAIOTOBOIO CHTHAJla B JUCKPETHYHO dopmy. B
ATOM CJIydae UYHCIIEHHOE€ 3Hau€HUE Nr-ro 4jeHa IIOCJIeJOBAaTEJIbHOCTH PaBHO
BEIIMUIHE aHAJIOTOBOIr'O CHIrHajla xa(t) B MOMeHT BpeMeHHu nT, T.e.

iafn] = w,(nT), —00 < 71 < 00,

(2)
Uncno T HazbIBaroT IIarom AUCKPCTH3AIINI, a DGPHTHGﬂ K HCMY —
TTANTATATT  TIATNATINATIIITT X Ame TacTeOBATEIILHOCTE MOXKET BO3HHKATL He

AOKYMEHT MNOANMCAH
ONEKTPOHHOW MOAMNUCHIO , ee wieH X|n| yagoOHO HazkIBaTh N-M
Ceptucbukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeney: ' | llebayxosa TateAna AneKkcaHapoBHa 'CIICJOBATCIIBHOCTI (1) J0BOJIBHO
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rPOMO3AKO, U MBI OyAeM TOBOPHTE O «IOCJIEAOBATEILHOCTH X|n|», MOog00HO
BBIpajKE€HIIO «aHaJIOTOBLIN cuUrHai xa(t)», XoTs

3alUChk  X[n|, cTporo  roBOps, OTHOCUTCA K  OTAEIILHOMY  WICHY
[TOCJIEIOBATEIILHOCTL.

JIUCKpEeTHEIE CUTHAILI (T. €. IIOCJICOBATEIILHOCTH) OOBIYHO HN300paxkaroT, Kak
mokazaHo Ha puc. 1.1. Abcnucca rpadguka nokazaHa B BIJI€ HEIIPEPLEIBHOI HPsIMOIL,
HO Ba)XHO OTJaBaThb ceOe€ OTYUeT, UYTO BeJIMYMHAa X|n| ompejeneHa TOIBLKO MpU
IIEJIBIX 3HAUCHHIIX apryMeHTa n. HerRepHo AyMaThk, UTO X[n| paBHO HYJIIO, €CJII n
HE SBJISIETCS IEJIBIM YHCIJIOM, IIPOCTO MPU TaKUX apryMEHTax X[n| He oIpeIesIeHo.

xi-1 x[0]
I l] 1 ¢ X[1] x[nl
! x[2]

TTII[’ If; 78 9101

9 BT H6-54-3-2-101 2 3 4
Pucynok 1.1
B xauecTse IIpMEPa Ha PIC. 1.2:, .-‘:1) [IOKa3aH Q)paFMEHT PEUYCBOI'0O CHUT'HAJIA,

x[-2]

COOTBETCTBYIOIIEr0 BapHaIlIsIM aKyCTHUECKOT'O JaBICHUSA, B BHUAE (PYHKIIMH OT
BpeMEeHHI, a Ha puc. 1.2, O) mpuBeaeHa MOCJIEOOBATEIILHOCTE OTCUETOB 3TOIO
curfana. B To BpeMs Kkak HCXOJHBII peueBOil CHrHAJl OIpedelleH B 000l
MOMEHT BpEMEHH t, IIOCIeJOBATEILHOCTL HeceT MHGpOpMAIIIIO 00 3TOM CHTHAaJIe
TOJILKO B OIIpeJeJIeHHbIe MOMEHTHI BpeMeHH. [3 TeopeMbl O AUCKpEeTHOM
npeactaBieHnn (KorempHukoBa-HallkBucra), CJI€OyeT, UTO HCXOJHBIN CHUTHAJ
MOJKHO BOCCTAHOBHTL H?3 IIOCIIEJOBATEILHOCTH OTCUETOB C JIFOOOI JKeIaeMOil
CTEIIeHbIO TOYHOCTH, €CJIM OTCUETHl OBIIN NPOH3BE/IEHEI C JOCTAaTOUYHOIT YaCTOTOI.

CraHgapTHbIE MMOC/JI€J0BATEILHOCTH H OINEpAaLMH HA1 HUMH

[Ipu aHanm3e JUCKPETHBIX CUTHAIOB U B CUCTeMaxX 00pabOTKH CUTHAJIOB HaJ
[IOCIIEJOBATEIILHOCTAMU  COBEPIIAETCA  psAJ  OCHOBHEIX  IIPeoOpaz0BaHMUIAL.
[Ipom3BeeHe I CyMMa JBYX MoOcleAoBaTebHOCTell X[n| u y[n]| onpenemnstorcs
IIOWICHHO, T.€. Z|n| = X|n]| * y[n| — npomzBegenne, a wln| = x[n] + y|n] — cymma
STHUX IIOCJIeAoBaTeNbHOCTell. [IpomsBegeHneM mocineqoBaTeIbHOCTH X[ n| Ha YHCIIo
a CUHTaeTcsl IMOCJIeJOBaTeILHOCTh, IIoJIydaromiasicsa M3 X[n| B pesylnbrare
YMHOJKEHHS KaXXJoro ero uwieHa a. IllociaemoBaTelnbHOCTH Y|[n| Ha3BIBaOT
3aJleprKaHHOM, I CABHHYTOI Bepcuell mocineqoRaTeIbHOCTH X[ n|, ecan

yin] = x|n — ng, 3)

LQOKYMEHT MOANWUCAH
SNEKTPOHHOM NOAMUCHIO
CepTudmkar: 12000002A633E3D113AD425FB50002000002A6
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Pucynok 1.2

HexoToprle 12 IIOCIEAOBATEIILHOCTEH 0C000 BaXHBI HpH OOCYXKISHIU
TEOPUHN JUCKPETHBIX CHUTHAIOB U cucteM. OHHM IIpeJcTaBIeHHl Ha puc. 1.3 u
ONNICLIBAIOTCS HITXKE.

E quHmaHbI nMITyJibe (puc. 1.3, a)) onpeaersieTcs Kak

5in] = { (0, n#0,
I, n=0. (4)

Kak MBI yOeaumcs, €IUHHNYHBLII HMIIYJIbC UIPaeT Ty K€ POoJIb B TEOPUH
IICKPETHBIX CUTHAJIOB, UTO U AelbTa-(yHKINA JIupaka B TEOPUU HEIPEPhIBHBIX
curtanoB. [locineqoBaTenbHOCTL ¢ €QUHCTBEHHBIM HEHYJIEBBIM OTCUETOM Y A0OHO
Ha3bIBaTh JUCKPETHBIM HMIIYJILCOM, WM IIPOCTO HMIIYJIbCOM. CTOUT OTMETHTh,
YTO AUCKPETHBIN NMITyJIbC — IIOHATHE CYI[ECTBEHHO OoJiee IIPOCTOe U IIOHSTHOE,
YeM JIeJIbTa- Py HKITILA.

K oHOMY I3 BasKHBIX CBOMCTB €IUHUYHOTO UMITYJIbCAa OTHOCHUTCS TOT (PaKT,
yTo Imo0as IOCIEAOBATEILHOCTL MOXKET OBITh BRIpakeHa B BHJE€ JIMHEIHOM

KOMOMHAIINN CABHUHYTHIX HMIIYJILCOB. Hampumep, mociemoBaTeNnbHOCThL pln| m3
puc. 1.4 npeacrapiseTcsa B BUIE:

pln] = a_3d[n + 3|+ a1d[n — 1] + a2d[n — 2] + azd[n — 7], (5)
a JUTS IPOU3BOJILHOM IIOCIIeJ0BATEILHOCTH CIIPABEJIIBO COOTHOIIEHIIE:!
x|n} = Z rlk]d[n — k).
i= (6)

Dopmyma (6) OymeT HUCIONB30BaHA AJIS NPEACTaBIICHUS AUCKPETHBIN JTHMHENHBIX
CHICTEM.
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Pucynok 1.3. HekoTopble CcTAHIAPT HbIE MOCJIEJOBATEIHOCTH

EqUHIYHBIIT CKadoK (puc.1.3,0)) oIpeaesieTcs dhopMy 011
I, n21(),
uln| = ) 0'
, n<0.

(7)

EQMHIYHBII CKadOK BhIpakaeTcs uepe3 UMITYJILC KakK:
T
u[n] = Z lk],
=—oc (8)

Pucynok 1.4. IIpumep mnoclieqoBaTeJIbHOCTH, NpecTaBislolleiici B BH/Ae KOHEUHOIl JIHHeHHOil
KOMOHHAIIHH CABHHYTHIX HMIIYJIbCOB

T.€. N-II OTCUYET CAIHITYHOI'O CKd4YKd PaBCH CYMMC BCCX HYIICHOB HMH}"HBCHOﬁ
IIOCJICJOBATCIIEHOCTII  BILJIOTE O n-10. AHETEPHELTHEHDE IIPCACTAaBIICHIC

AOKYMEHT MNMOANMMCAH JIbCca IIOJIYYAETCsA B PE3yJIbTaTe CYMMEI
SNEKTPOHHOWM MOANMUCHIO
Ceptudhinkar: | 12000002A633E3D113AD425FB50002000002A86 [ (6) Bce HEHYJIEBBIC WICHBI €JIMHUIYHOI'O
Bnapeneu: lleb6ayxoea TateaHa AnekcaHgpoBHa
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=0
uln] =8[n] +8ln -1 +dn—21+--- = > bln—k]
k=0 (9)
C ,I[pyI‘Dﬁ CTOPOHEI, HMMIIYVJIBCHAA IIOCJICJOBATCIIbBHOCTE MOZKCT OBITH BEIPAXKCHA
HCPC3 E,[[HHHT—IHEIﬁ CKAYOK KaK Pda3HOCTL.

8[n] = uln] — ufn —1]. (10)

OKCIOHEHIINAJIbHAs  IIOCIEJOBaTEeILHOCTL  HamOoJlee  BaxKHa  IIpH
NpeJCTaBICHUN 1 aHalInu3€ JIMHEHHBIX CTallIOHApHBIX AUCKPETHBIX CUCTeM. B
o0I1eM BIJIE TaKI€ II0CJIEA0BATEILHOCTHU 3aIINCEIBAIOTCS KaK

z|n] = Aa”.
(11)
Ecnu A 1 a — BellecTBEHHBIE YlClIa, TO COOTBETCTBYIOMAS IIOCIIEA0BATEIILHOCTE
TOXXE€ HazplBaeTcsl BemecTBeHHOI. Ecmum 0 < a < 1 m A NONOXKUTENBHO, TO
3HAYEeHMS II0CJIEA0BATEILHOCTU IIOJIOXKHUTEILHEL U yOBIBAIOT IIPU POCTE N, Kak Ha
puc. (1.3, B).
Korma — 1 < a < O, 3HaKH YICHOB IIOCJIEJOBATEILHOCTH YEPEIYIOTCS, HO HX

aOCOMOTHLEIE 73HAUEHUS Bce paBHO yOBIBarOoT. Hakonen, mpu |a|] > 1

ITIOCIICAOBATCIILHOCTE BO3pPadCTacCT IIO a0COIIOTHOI BeJIMUNHE C POCTOM I1.

IIpumep 1. KomOnHupOoBaHNEe cTaHAAPTHLIX IIOCIIEA0BATEILHOCTEIL

JIOBOIILHO YacTO CTaHAAPTHEIE MOCJIEAOBATEILHOCTH KOMOHMHHUPYIOTCS OJIA
[IOJIYUEHUSI HOBBIX. OKCIIOHEHIIMAJILHYIO II0CJIEN0BATEIIbHOCTL, YJIEHHI KOTOPOil
paBHEI HYJIRO Ipu n < O,

MOHO OIIPEAEIINTE KakK

{ A, n =0,

0, n < 0, (12)
qTO IMECT JOBOJIBEHO HE}’KH}G}KHﬁ BILI. Bomnee IIPOCTO TaKad ITOCJICAOBATCIIEHOCTD

zln| =

3aJlaeTcs Kak BeIpaxkeHue x|n| = Aa"u[n].

CuHycouganbHasd MOCIEI0BATEILHOCTE TOXKE HIPAET HE MOCIICTHIOIO POJlb.
B o0meil popMe oHA UMEET BU/T

z[n) = Acos(won + ¢), Vn€Z, (13)

rae A 1 (¥ — BeleCTBEHHBIE KOHCTAHTHI (puc. 1.3, 1)).
OKCIHOHEHINAJIbHA II0CIeJ0BaTeIIbHOCTE Ad" ¢ KOMIUIEKCHEIM a IMEET

““"nnmnnﬁﬁ%ﬂﬂ%ﬁfhﬁﬁﬁﬂéﬁﬁ T INCCA B3BCIHICHHBIMIT CHHY COMIaMIL.

SNEKTPOHHOW NOAMUCKIO
Ceptudumkar: - 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa

% 7o mociesoBaTeNLbHOCTE A" MOXKET
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a—

zln] = Aa™ = t.ﬁ1|ej"?|&|"ej““” — |A

Alla|™ cos (won + @) + j|Alla}” sin{won + ). (14)

|&|nej{wun+5¢] _

OTa IOCJIEJOBaTEJIbHOCTL  OCHIUINPYET C  AKCIHOHEHIHMAJILHO  PacTyIlel
orudaromieil, eciu |a| >1, WK ¢ 3KCIOHEHIIUAILHO YMEHbIIaomeiicsa orndaromniei
npu |a| <1. (B xauecTBe mpocrteiinero npuMepa pazdepure ciaydaii «“o = 7-) Korja |
al = 1, mocnegoBaTeNbHOCTL HAa3BIBACTCSI KOMIUIEKCHOII SKCIIOHEHIIMAJILHOII
[I0CJIeJOBATEIILHOCTRIO:

z[n] = ‘Atej{mnnwﬁ = | Al cos(won + @) + j|A}sin(wyn + ), (15)

T.€. KaK BeI[eCTBEHHAas, TaK M MHHUMAas 4YacTh IIOCJIEJOBAaTEILHOCTH MEHSETCS
CUHYCOHIJAILHO B 3aBHCHMOCTH OT n. Ilo aHajgormm co ciydaeM HEIpephIBHOIO
BpEMEHH BEJIMUNHY “aazbIBaloT (KPyroBoil) YacTOTOH KOMIUIEKCHON CHHYCONBI
IUIN KOMILUIEKCHOII KCIIOHEHTEI, a (¥— ee (dazoil. 3aMeTHuM, OJHAKO, UTO N —
OespazmepHoe 1ie1oe unciao. IloaToMy wWo golKHA M3MEPATHLCI B paguaHax. Ecin
MBI XOTUM IIPOCIIEKUBATE TECHYIO aHAJIOTHIO CO CIIydyaeM HeIlpepLEIBHOI'O BPEMEHI,
HaM HEOOXOJAMMO YTOYUHHUTH €QUHUI[Y YacTOTHEl KaK paJuaHbl Ha OTCUET, a n
II3MEPSTH B OTCUETax.

Tot daxr, uTo nepemenHasa o B ¢opmyne (15) Bcerga NpuUHIMAET TOJIBLKO
IIeJIble 3HAuUeHMs, IIOJBOJUT HAac K HEKOTOPHIM BaKHBIM OTJIMUMUSM B CBOIMCTBax
OUCKPETHEIX I HENPEPBIBHEIX  KOMIUIEKCHBIX  SKCIOHEHIIMAJIbHBEIX U
CUHYCOHNJAILHLIX IIOCIEJOBaTeNbHOCTE. PazHUIla MexXIy HeIpephIBHON
TUCKpEeTHOIl KOMIUIEKCHOII AKCIIOHEHTOII 0ocOOEHHO 3aMeTHa IIPU YacToTe

(Wo + 270). B s1oM criyuae

:I:[n] = Aedwor2min . goiwoni2nn o gpjwen
(16)

bonee oOmmuii  ¢akT: MOXKHO JIeTKO YOEAUThCI, UTO  KOMILIEKCHEIE

SKCIIOHEHIIaJILHEIE IIOCIIEIOBATEIILHOCTU ¢ YacToTaMU (wo + 27r) mpu r € Z

HEOTIINYNMEI OJlHA OT Apyroi. AHAJOTMYHOE YTBEPXKIEHUE CIIPABEIJINBO I

CHHYCOIJAaJIBHBIX ITOCJICJOBATCIILHO CTEI:

z[n] = Acos{{wy + 277)n + @) = Acos{won + ).

(17)
Ha ,[[HHHE-Iﬁ MOMCHT MEI IIPOCTO OTMCTHM, HTO IIPH PAaCCMOTPCHIIT KOMINJICKCHBIX
JKCIIOHCHIIAJIEHBEIX CIHI'HAJIOB BI1/14

zln] = Aelwon . .
I BCIIICCTBCHHEIX CHHYCOIOAJIBHBIX CIITTHAJIORB TIIIIAa

xln] = Acos{won+y) ppy JIOJIKHBL OTPAHUYUTCSA YacTOTaAMU, JIEXKAIl[IMI B NHTEPBAJIE

NOKYMEHT MOOMNUCAH | < 27
SNEKTPOHHOW NOANMUCHLIO
Ceptudbukar: 12000002A633E3D113AD425FB50002000002A6 ICKPCTHBIX KOMIUICKCHBIX OSKCIIOHCHT H
Bnapeneu; leBayxoea TateAHa AnekcaHapoBHa
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cllydae Kak CUHYCONIAJIbHBIN, TaK U KOMIIIEKCHBINI SKCIOHEHIMAIbHBIN CHUTHAJ
SBIIIETCS IEepHOJUUHON (QYHKIMEH, mepnoj KOTOpoil paBeH 27, AejleHHOMY Ha
yacTOTy. B JUCKpEeTHOM cly4dae IIOCIIEeNOBATEILHOCTh CUNTAKOT IIEPUOJUYUHOI,

ecyIn
rln] = z[n4+ N|, ¥n, (18)

rae nepuog N — oOs3arenbHO I1fenoe 4ncio. IIpoBepsia 3To yciaoBue misd
IUCKPETHBIX CUHYCOUI, ITOJTYYIIM
Acos(wan + ) = Acos{wyn + welN + &), (19)
OTKY/Ia

wolN = 2%k, kel (20)
IIpumep 2. Ilepronaneie 11 He IEepHOAIYHBIE JUCKPETHRIE CUHY COUIEI
PaccMoTpuM curhan zi[n] = cos(mn/4). Ero nepunog paBeHn N = 8. Jlma
IOKa3aTeILCTRA 3aMETHM, YTO paBEHCTRA

;::[n + 8]': Ené(ﬂ(-n + 8)/4) = cos(mn/4 + 27) = cos(an/4}) = z[n]
CIIPpaBCJINBEI JJIA BCCX ILICJIBIX I1, HTO I TpEG}’ETCH B OIIpCACIICHNH IICPHOAMYHOCTII
AHNCKPCTHBIX CHI'HAJIOB.

B OIIPCKII HamcMy  HHTYHTHBHOMY IIPCACTAaBJICHIIO, CBA3dHHOMY C
HCIIPCPEBEIBHBEIMI CIIHYCOIMJdaJ IbHEIMI CHI'HaJIaMII, YBCIIITHCHIIC HAaCTOTEI
ﬂHCHpETHDﬁ CITHYCOITLJABI HC 00s3aTeILHO
BIICHCT YMCHBIICHIHC cC IICPHO/IA4. PHCCMDTPHM ITIOCIICJOBATCIILHOCTE

z3[n] = cos(37n/8), IMEIOIYIO OOJIBIIVIO YacTOTy, HWeM X;[n], 1 3aMeTHM, YTo

[Iep o/ X2 [n] OTJINYEH OT 3. J1elICTBUTEJILHO,

L E

1:;[54_3] — ED;GW{I&""LS)}S) = -::(}5(3#?;,;’8 + 3-1-'1') = —ra[n]. Tax ke ¥ak 1 B cIIyuae
[IOCIIENOBATEILHOCTH Xi[n], MOXHO IIOKa3aTh, UTO IIEPHO/ CUTHAJIa X2 [n] pareH 16.
MTak, yBelINYeHHE 4YacTOThHl OT o = 27/8 mowo =37/8 pener K yBEINUEHIIO
mepuoJa CHUrHajga. OTO IPOUCXOAUT H3-3a TOrO, YTO JUCKPETHBIM CUrHAI
OIpeJeleH JINIIb IIPH IEJIBIX

3HAUYEHILIX 1.

TpeboBaHmIe EJIOCTHOCTHU IIEPEMEHHOI I MPUBOAUT K TOMY, UTO HEKOTOPLIE
CUHyCOMJalIbHbIE CUTHAIbl BOOOINE HE HMET Iepuoja. Hampumep, xakoe OB
rmenoe unciao N#ZO Mel HH B34, paBeHCTBO cos(n + N) = cos(n) Oygzer
HapyIIaTbCs IIPU KaKUX-TO IENBIX 3HAYSHISIX IIEpeMEHHON n. OTH U JpyTrue
CBOMCTBA JHCKPETHBIX CHUHYCOMJ, MHOpOTHBOpEUaIue UX  HeNpepblBHBIM

JIBOIMTHHKAaM. BO3HHKAIOT BCJIEIACTBHE OIDaHNYEHN «BPCEMCHIT» 11 Hd MHOXKCCTBO
OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu:  lUe6ayxoea TatbaHa AnekcaHopoBHa C HPCABIAY I M HaOJIOJEHIEM O

11O YHMIM., HTO C CCTBVCT POBHO N
Nencreutened: ¢ 20.08.2021 no 20.08.2022 .]T}" ? }’HI y p



pa3zINUHBEIX  3HA4YE€HUIl YacCTOTHI, Ipu KOTOPBIX COOTBETCTRYIOII A
IOCIIENOBATENLHOCTE NMeeT Iepruog N, a UMeHHO «w¢ = 27h/N, k = 0,1, ..., N — L. 3o
CBOIICTBO KOMIIJIEKCHBIX SKCIIOHEHINAJILHBIX 51 CIHYCOUJAJIbHBIX
[IOCJIEJOBATEIILHOCTEN HOCUT OCHOBOIIOJIArarOIUN XapaKkTep Kak Il TEOPUM, Tak
I U1 pa3padOTKH YHUCJIEHHBIX alIrOPUTMOB B JUCKpeTHOM aHanmie Dypee.
Bo3Bpamiasck K  pasznumsaAM  MEXKJIY  HEIPEPBIBHBIMU W JAUCKPETHLIMU
CUHYCOHNJaMUI, HEOOXOJUMO OTMETHUTh, YTO BEPXHUE I HIDKHUIE YaCTOTHl TaK¥Ke II0-
pazHOMY IIPOSBJLIFOTCA B HENPEPHIBHOM U JUCKPETHOM ciydasax. lIpu pocte
yacTOTHI {0 HenpepLIBHLIN curham ¥ (t) = Acos{{lot + ) OCIIIUIJIIPYET BCe OoJiee u
Oostee OBICTPO. J{MCKPETHLIN CUHYCOMTANBLHEIN curnan z[r] = Acos{won + ) ToXke

VBEJIMUIBAET CKOPOCTO OCITIULIIPOBAHUSA IIPU Bo3pacTaHuy «o OT U 10 7

dakTUUeCcKH, BBUAY IEPUOJUUHOCTH CHHYCOHIAILHOTO U KOMILJIEKCHOTO
SKCIIOHEHI[NAILHOTO  CUTHAJIOB  OTHOCHTENLHO  YacTOTBI  wo U {wo + 277), e
OTIIMYAIOTCA APYT OT Apyra. TakuM oOpazoM, "4acTOTHI, Onu3kme k O, HUUEM He
OTJINMYAIOTCS OT YacToT, OMmm3kmx k 27. Kak cleacTBUe, M CUHYCOUJAIBHBIX I
KOMIUIEKCHBIX 3KCIIOHEHIIHAILHEIX CUTHAJIOB 3HAUEHISY8 OKPECTHOCTH 2Tk IIpu
MmOOOM II€JIOM K IIPUHATO HAa3’bIBaTh HIDKHHMH (COOTBETCTBEHHO, MEJICHHO
OCHIUUIMPYIOIIUMI), B TO BpeMs KakK €€ 3HaueHUS B OKPECTHOCTU (T + 27k)
Ha3BIBAIOT BEPXHUMHU (COOTBETCTBEHHO OBLICTPO OCITUIUIUPYIONIIMI).

JIncKkpeTHBbIE CUCTEMBI
C TOUKH 3peHHISI MaTEMATHUKH CHCTeMa C JAUCKPETHBIM BpPEeMEHEM OIpPEesIsaeTcs
KaK nmpeoOpazoBaHMe,  IWIHM  OIepaTop,  MNEePEeBROALAINNI  BXOIHYIO
[IOCJIIE€A0BaTEIbHOCTL (CHTHaJI) X[n| B BBIXOAHYIO IIOCIENOBATEILHOCTEL V[n]
(OTKJIMK, IWIN PEAKI[MIO CUCTEeMEI ), YTO MOKHO 0003HA4YUTh Kak

y[n] = T{z[n]} (22)

11 n300paxaTh rpaduuecku, Kak mmoka3zaHo Ha puc. 1.6. CootHomeHnne (22) — 3To
IPaBIJIO, WM POPMYyJIa, II0 KOTOPOMY BBIUHCIISFOTCS 3HAUYCHUS PeaKI[UU CHCTEMEI
yepe3 OTCUETHI CHTHAJIA, IIOJAHHOTO Ha €e BXoJ. HeoOxXoaumo Mo UepKHYTh, YTO
OTCUET pEaKI[UU CHCTEMBI C HHJEKCOM II MOJET 3aBHUCETb OT BCEX OTCUETOB

BXOJHOI'O CHI'HA4JI4d X[Il]. CHE,[[}"}GH_[HE IIPHIMCPBEI 3HAKOMAT C HCKOTOPBIMIUI
IIPOCTBIMI, HO IIOJIC3HBIMII CHCTCMAaMII.

AOKYMEHT NoannMcAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Pucynox 1.5.
IIpumep 3. VM eamsHas cucTeMa 3aIepIKKIL.

HUneanbHag cucteMa 3agepxkku (MC3) onpegensaercsa no gopmyiie

pilont — emlas 2 ] Y VN, - T

AOKYMEHT NoanmMcAH
SNEKTPOHHOW NOANMCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu; Liebayxora TateAHa AnekcadgpoBHa }q{} ITIOCIICIOBATECIILHOCTE El‘[paED Hda 11 4

NecteuteneH: ¢ 20.08.2021 no 20.08.2022 AYHCCTBEC 11 (bHHCHpDBaHHDE

1I1CJIO, HAa3BIBACMOC BH,I[ﬂp}HKDﬁ CHCTCMEIL.



OTPpHUOATCJIBHOC IICJIOC HIICJIO, TO CHCTCMaA
6}",[[ET CABHI'dATE BXOJHVYIO IIOCIICHJOBATCJIBHOCTE BIICBO Ha |[1 d | OTCHETOB, HYTO
COOTBCTCTBYCT

OIICPCIKCHNKO BPCMCHIL.
B IIPHMCEPC 3 AJIA BBIMHCIICHIIY OTCHCTA OTKIIHNKa CHCTCMLBI HCIIOJIB3YCTCA

E,[[HHCTEEHHEIﬁ OTCHET EXO,[[HDE[ ITOCJICAOBATCIIEHOCTII. B CJIICAY OIICM IIPHMCPC

3TO HE TaK.
T
x|n] vl yIn)

PucyHok 1.6. I'pajguueckoe npeacraBieHHe JHCKPETHON CHCTEMbI

IIpumep 4. Ckonp3siee cpegHee

Oﬁmaﬂ CIICTCMa CKOJIB3AOICI'O CPCAHCIO IIMCCT BIIA.
Mo

1 1
ylnl = M + M2+ 1 k E #ln = k] = M+ M; +1 ?

=—Af

x (zfn+Mi]+eln+ M — 1]+ +a[n]+ - +2[n— M)} (24)

OHa BBUNCIKIET N-I  OTCYET BXOJHOM IIOCJIEAOBATEIILHOCTH KaK CpeJiHee
apudmeruueckoe (M; + M + 1) oTcUeTOB BXOJHOM, PAaCIIOJIOKEHHEIX BOKPYT N-TO.

Ha puc. 1.7 wmzobpakeHa BXOJHas MOCJIEJOBATEILHOCTL KaK (QYHKIII OT
[IEpEMEHHON K U €€ OTCUETHI, YUaCTBYIOIINE B BHEIUNCIIEHNN BBLIXOJHOTO OTCUETAa

ylo|l opu o =7, M; =0 u M, = 5. Ilonyuaromuiica orcueT y| 7| pareH 1/6 cy MMEI
BCEX OTCUETOB, JIEXKAIIX MEXJY BEePTUKAILHBEIMHI IIYHKTUPHBIMHI TUHUSIMH. JI7Id
BeIUNCIIeHNS V[8] ob0e myHKTUpHBIE JUHUM HaJ0 CABHHYTHL BIpPaBO Ha OJHY
O3 UITUIO.

x[k]

|
I
I
I
I
I
I
I
i
|
|
|
f
|
I
I
I
!

Pucrviinir 17 Wmanrr macmananaTant mnera . VYapCcTBVIOIINHE B BBIYHCGIEHHH CKOJIB3fAIIIErO
AOKYMEHT MNoarnncAH yiou =

SNEKTPOHHOW NOAMUCHIO
Ceptudurar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa HIIEM DHPEEIEHEHHH}‘ DFp-’:lHHT—IEHHH Ha

I€CC, KdaK MEI CMOKCM y6E,[[HTLCH JaJICC,
Nencreutened: ¢ 20.08.2021 no 20.08.2022



HaCcTO BEACT K CaMBIM D6H_[HM MAaTCMATITHCCKHM IIPCACTABIICHITAM.

3aJaHHUA JJ151 CAMOCTOATEJIbLHOT 0 PCILICHIIA.
1.

Onupasch Ha OIpeJesICHUE JHNHENHOCTU, Iokaxurte, uyro HMC3 u ckompssdinee
CpeaHee SABIIAFOTCS JIMHENHBIMI CHICTEMaMI.

2.

JluckpeTtHelli cur"Han x|n| mokazan Ha puc. 1.8. Hzo0pazute xkaxaplll U3
CJIEIYIOIIIX CUTHAJIOB:

lo « » 9o @

T1»’2 <[]
A "~————0—
—2-10121734
PucyHnok 1.8.

a) z[n] = TV 6)zn —2);  w)zld-n]; ) el2nl;  a) 2[nfu2 - n);

e) z[n — 1|é[n — 3.

3.

a) MzBecTHO, UTO HMIOYyJIbCHasd XapakTepucTuka h[n] JuHENHOI CTaIMOHApHOII
cucteMnl (JIC-cucTtembl) paBHa HYyJIO BCIOAYy BHe oTpe3dka No < n <Ni. Kpome
TOTO, HEHYJIEBEIE OTCUETHI IIOJAHHOIO Ha BXOJ CHTHajla X|II| pacHoJIOkKEeHBl B

nmpoMmexyTke No < n <Nj3. Kak cieacTBue, peakijiusd CUCTEMEI paBHA HYJIFO BCHOAY,
KpoMe HekoToporo cermeHra Ny < n <Ns. Bripazure N4y 1 N5 uepesz No, N;, N2 u
Ns.

0) IIycTk X[n| umeeT HyJeBBIe 3HauUeHUS, KpoMe N II0CJIeJOBaTEIILHEIX OTCUETOB, a
h[n] = 0, xpome M mocneAoOBaTENILHBIX UYIECHOB. YTO MOXKHO CKazaTh O
MaKCHMAaJIbHOM YIHCJIE IIOCJIeJOBATEILHEIX HEHYJIEBLIX OTCUETOB y|[n|?

4.

PEI.CCMDTPHM JIMHEHOE Pda3HOCTHOC YPABHCHIIC C IIOCTOAHHBIMIT KO3 (l)q)HLIHEHTaMH
y[n] — Sy[n — 1] + 6y[n — 2] = 2z[n - 1],

Brraucianre yn| nmpun > 0, ecn z{n] = d[n] w y[n] = 0 mpu n < 0.

S. cnonb3yemas Jiurepatypa

1. Anidmuep, JlxepBuc. IIpoekTupoBaHme cucteM HUGPOBOM CMEIIaHHOIMI

AOKYMEHT INOArvcAH
INEKTPOHHOW MOAMNMCHLIO
Ceptudmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu; lLlebayxoea TaTeAHa AnekcaHapoBHa -‘]——['ﬂ HGHHK M H LIH(I)IJDEE’LH 061336@'1‘1{3

s3b, 2005. -312 ¢
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3. A.Omnmenrenim, P.IITadep LHudporas oOpaboTka curxHanoB. — TexHocdepa,
Mocxkga 2006.

IIPAKTHTYECKOE 3AHATIE Ne 2

MogempoBaHHe JUCKPETHBLIX CUTHAJIOB, UX MpeACTaB/JIeHHE B YaCTOTHOMH U
HMITY.JIbCHOH 00/1aCTH
1. Llens 3ansaTus

HayuuTbCcsd  NOpeACTaBIIsAThL  JIMHEIHBIE  CTallIOHAPHBIE CHUCTEMBI B
IMITYJICHOM 1 YacTOTHOI opMe. M3yunuTs COOTHONMEHNE MeXAY UMITYJILCHON U

JaCTOTHOII XapaKTepUCTUKaMU, KaK IIapy, CBRI2aHHYIO ¢ IIpeoOpazoBaHneM Dypbe
11 03HAKOMUTCS C OCHOBHBIMH CBOIICTBaAMH MpeoOpaz0BaHUIL

2. IloaroroBka K 3aHATHIO
1. 3yunThb (IIOBTOPUTE) TEOPETUUECKUIT MaTepUal.
2. O3HAaKOMUTKCA C 3aJaHIEM Ha IIPaKTUYECKOE 3aHATIHE.

3. PacnipeaesieHle BpeMeHH 3aHATUSA:
Bcero: 90 muu
BceTynurensHas 4acTh 2 MUH

IIpoBepka roTOBHOCTH CTYI€HTOB K 3aHATUIO 5 MUH

IIpocpamma npakmuueckoco 3aHAmMus

1. OcHOBHEIE CBEACHI O (DYHKIIMIX CTAaI[HOHAPHEBIX CHCTEM 15 MUH
7 PacoMoThnedme UacTOTHRIY E’.’H.T‘!H.ETE:I}HCTHK 20 MITH.

NOKYMEHT noarnncAH
SNEKTPOHHOW NOAMNCHLIO 1
Ceptuchmkar: 12000002A633E3D113AD425FB50002000002A6
Bnageney:  LeB3yxosa TatesHa AnekcaHaposHa koro 3anATng 10 MuH

Nencreutened: ¢ 20.08.2021 no 20.08.2022



4. OcHOBHLIE TCOPETHUCCKHE CBC/ICHHA

I[I’ICHPETHBIE CHI'HaJIbI MOKHO IIPpCACTABIIATE PA3JINMYHBIMII crrocobamil.
HaHpHMEp: CHUHYCONJAJIBHBIC 11 KOMIUICKCHBIC OSKCIIOHCHIIHAJIGHBIC CIHI'HAJIBI
HI'PArOT 0COOEHHO BaXHYIO POJIb B IIPCACTABJICHHII JUHUCKPCTHBIX CIHI'HAJIOB. JTO
IIPONCXOJIT B CBi311 C TCM, qTo KOMIIJICKCHEIC JKCIIOHCHIIITAJIHEIC
IIOCIICJOBATCIILHOCTI ABIIFOTCA COOCTBEHHBEIMI (I)yHKL[HHMH JINHENMHBIX
CTAlIMOHAPHBIX CHCTCM, d PCAKIIIIA 5TOUM CHCTEMBI Ha CIIHYCOHNJAaJIbHYHO
ITOCJICJOBATCIIBHOCTE OCTACTCA CHH}’CGH,[[EU’IBHDE ITIOCIJICAOBATCIIEHOCTEIO C TOU JKe
T—IELCTDTOFI:, (1)613& 1 aMILUINTY 4 KDTDpGﬁ I[IOJIHOCTBHO OIIPpCACICTCA CHICTEMOIL.
(D}"H,HHMEHTHHBHDE CBOIICTBO JIMHEHNHBIX CTallMOHAPHBIX CIHICTCM, IIO3BOJEAROHICC
IIPCACTABIJIATE CHI'HAJIBI B TCPMHIHAX CHHYCONIIAAJIBHBIX I KOMIUICKCHBIX
JKCIIOHCHIIMNAJIEHBIX HOCHEﬂDE&TEHBHOCTEﬁ (T.E. IIPCACTAaBJICHIC (I)ypbﬂ)j dAKTIIBHO
HNCIIOJIB3YCTCA B TCOPIUI JINHEIHBIX CUCTEM.

CoOcTBeHHbIe (PYHKLIMM JIHHEHHBIX CTALIHOHAPHBIX CHCTEM

YToORI IIOHYBCTBOBATE IJIABHOC CBOICTBO KOMILIIEKCHBIX SKCIIOHEHT B

TEOPUM JUCKPETHBIX CHCTEM, PacCMOTPUM BXOJHYIO  IIOCJIEIOBATEIILHOCTh
x[n] = €™ o0 < n < o0, T.e. KOMIEKCHYIO SKCIIOHEHTY C UacTOTON #: m3aMepsieMoil
B paJuaHax.

Nz hopmy s

Mbl BHANM, UYTO COOTBETCTBYIOIIAsS peakiusd JIMHEHMHON CTal[MOHAapHONU
CUCTEMEI C HMITYJIbCHOII XapakKTepUCTHKOIl h|n] nmeer Bua

yln] = Z Rk (nh) — g Z B[k 7"
= — o b — o

(1)
[lomoxus
8
H(e!™) = Z hlk]e <k,
= 2)
ITOJIVHHIM
— Jwy juwn
y[n| = H(e?¥)el“™. 3)
ijn
CJ’IE__[[_DEB.TE:HBHG._ - cobcTBEHHAsA [I)}’HKL[HH CICTEMBI C COOCTBEHHEBIM
ONOKYMEHT I:ID,D,I'IMCAH iu
SNEKTPOHHOW NOANUCKIO BBITEKAET, UTO H(e*) OIINICEIBAET
Ceptudcmkar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu; llleGayxoea TateAHa AnekcaHapoBHa I KOMIUICKCHOII aMIUINTY Bl BXOJJHOI'O
Nencreutenex: ¢ 20.08.2021'no 20.08 2022 qIICIIO H(ij) HAaRBEIBAKOT KDMHHEKCHGﬁ



gyacToTHOII XapakTepuctukoil (KUYX) cucremMel (MIM IOIpoCTO YACTOTHOI
XapaKTEPUCTHUKOIT), MOCKONLKY B 00IIell curyanuy senuunga 7(¢™). koMimexkcHast

II MOJKeT OBITEH BEIIIIICAHA B aﬂreﬁpaﬂqemmﬁ (prME HCPEC3 CBOIO BCIHICCTBCHHYHO I1
MHIIMYIO HdCTII.

H{e™) = Hp(e??) + jHy(e?) 4)

IUIN B II0Ka3aTeIIbHOM BHJI€ B TEpMIHAX MOJYJIIS 1 apryMeHTa ((azhl):

Jwy — Juwy (i<t (7).
H(e’*) = |H(e’")]e] (5)

IIpumep 1. HactoTHasa xapakrepuctuka VC3

Haiigem KUX ngeanmsHoON CHCTEMEI 3aAep KK, OIIpe e IeHHOIT (popMy IO

yln] = z[n — n4), (6)

_ Eju.Jn

rae, ng - (pUKCHUpoBaHHOE Ileroe Yunucio. Ecmu x|n| - CUT'HAJI, IOJaHHLIII Ha

BXOJ CUCTEMEI, TO I10 popMyIe (6) ImoaydyaeM

y[n] = e/ (nna) — gmivna

Juwin

e

I/ITE’LH: Mbl BHJIHNM, HYTO IIPH JIOOOM 3HAUEeHN! U ELIXO,[[HDﬁ CHI'HAJI

[IpOIOPIIMOHATIEH BXOJHOMY. [Ipuuem KOMIIJICKC HEII K03 PUITUSHT
[IPONOPIIMOHAJILHOCT  3aBUCHUT OT YacTOThHl WU BEJIMYUHBL 3aJCpKKHU Ny,
CrnegoBatenbHo, KUX MC3 paBHa

H(e?Y) = e #4nd,

(7)
MoxkHo u no-gpyromMy omnpeaenutsb KUX cucteMsl, 11 4ero HamoMHUM, 4To h[n]

— aln — nyl

IMITY IbCHas XapakTepuctuka MC3. Yunteirasg (2), umeem

He'™) = Z §n — ngle ™" = e TI¥ N,

T = — X

BemecTBennada u MauMas yactu KUX onpenenstorcs mo popMysiaM Oiljiepa

Hp(e’)y = cos(wnag), (R)
Hi(e™) = — sin(wna). 9)
Ee moayne u gaza paBHEI
[H(e™) =1, (10)
TH; (67) = —ung. (11)

CHI'HAJI II3 G6H.IHpHD1"D KJIacca HGCHEﬂOE&TEHBHGCTﬂﬁ MOKET OBITh BEIPpAXKCH B

nririrs T!'TJTTP'HTT!"!'H' I-!'!"!EJTF‘-:TJTT!'?!TTTJTI A ATIATTATTTTIIA TITEHELX |

AOKYMEHT NOAnmMCAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: T2000002A633E3D113AD425FB50002000002A6

Bnageneu: LLlebayxoBa TatesiHa AnekcaHapoBHa ( 12)

flevicTauTeneH: ¢ 20.08.2021/6'20.08 2022 COOTBETCTBYIOIIMII OTKJIMK JITHEHHOM



CTHHHGHHPHGE[ CIICTCMEI PAaBCH
yln| = Z{}:k,H(ijh)ijk "

k (13)

HTtak, ecnu HaM yJIaloch IIPeJCTaBUTL X[II| B BHJe JIUHEHHON KOMOMHAITUN
SKCIIOHEHINAJILHEIX  [oclegoBaTelbHocTell, kak B (12), ToO BBIXOJHAasd
II0CIIEOBATENLHOCTE ompeaensderca cymMmoii (13) ¢ momompro KUX cucTeMEL
Crenyromuii mpocToil mpuMep WUTFOCTPUPYET 3TO (QyHIaMeHTaILHOE CBOIICTBO
JINHEHBIX CTallMOHAPHBIX CHCTCM.

IIpumep 2. CunycongansHoe npeacrapiaeHue JIC — cucrem

HDCHDJ]LK}’ CIHYCONJAJIbHYIO IIOCIICJOBATCI/IIHOCTE JICT'KO 3alllICaTh KakK

J’IHHEﬁH}"ID KDMﬁl’IHaL[HIrD IIOKA34TCJIbHBIX, PACCMOTPHM CHH}’CDH,[[ELHBHBIﬁ BXO/
A A

zln] = Acos{won + @) = =e!Pelwon 4 ZeTIv g IwOn
) = Acos( )= 3 > (14)
o 1 A i dwon
CormacHo (3) peaximeit cucteMsl Ha curtan &M = 27" o rvsenr
PR R
iy [n] = H{e’“" ) —e!¥et*0m,
‘ — A —Jp jwon
a ma curuan *2° = 56777
T S
ya[n] = H{e 790y —=a ¥ 107
) = H(e ) (16
CHE,[[DBHTEHBHD: BEIXOJHAA IIOCIICHJOBATCIIBHOCTE HMCCT BI1]
A Jwiny ¥y Jwnn =y i —Tagn
y[n] = 5 (H{e Jel¥ e + H{e e e ) : (17)

Ecnm oTcueTsl ITIOCIJICJOBATCIIEHOCTII h[ﬂ] BCIHIECCTBECHHEI, TO MOYHO

H{e 740y = H*(e

o
JT0KazaTh, UTO )- CieJoBaTENLHO,

y[n} — A|H{E‘mﬂ)| cos{won + p + &), (1 8)

rge ¢=<H{E™) - daza KUX cucteMBl IpH HacToTe “o:myu 3HaueHHE (azo
gacTOoTHON Xapaktepuctuku (OUX) mpn « = «o-

B cnydae miaeaibHOM 3a€pKKU H{e’?)| = 1mnd =

W6, gak MBI YOEOIIIICH B
npuMepel. CremoBaTelnbHO,

yln] = Acos(won + ¢ —wong) = Acos(woln — ng) + ), (19)

HTO COITIACYCTCA C PC3YVJIBTATOM, HCIIOCPCACTBCHHO IIOJIVHCHHBIM I3 OIIPCACIICHITA
NC3.

IIo cymectBy, mousaTne KUX /11 HENPEPLIBHLIX U AUCKPETHBIX JIMHEIHBIX
CTAIMIOHAPHLIX CHUCTEM OJHO M TO ke. OJHAKO MMEET MECTO U SIpKOoe OTJIMUUE,

KOTOPOEC 3aKJIFOHACTCA B TOM, HUTO KYX AHNCKPCTHBIX JINHEIHBIX CTAallIIOHAPHBIX

OJOKYMEHT NOArncAH :
SNEKTPOHHOW NOAMCHIO |_)}"HHL[HH OT YacTOTHI“. YUTOOBI 0CO3HATH
Ceptudbukar:  12000002A633E3D113AD425FB50002000002A6 _ 2)
Bnapenedy: Lebayxoea TatbAHa AnexkcaHopoBHa Ic (
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H(E,jfw-l—ﬁzvr}j _ Z h{[n]ﬁ—j{w—l—h‘-?ﬂﬂ._
M (20)

Y% gTitnn —1q
HUTEIBAA, HTO IIPpH ICJIIOM 11, IIOJIYHACM

E-jlfw—]—i’-rr}n _ E—j;a.’ﬂﬁ—jﬁﬁn _ E—ju.-‘n'
CreJoBaTelILHO,
Gl 2wy L
Hie ) = H{e'”) 21)

11 B OoJiee oOIIeM BIJIE

H(AH) = H(e™),  reZ. (g

Tax xak ¢yuxmqus H (/) 27 [IEpUOJNYHA, a YacTOThl & ¥ @ + 2

s
HEOTIINMYUMEL JPYTI OT JApyra, HaM JOCTaTOYHO BBISICHUTL 3Ha4YCHILI H(e™) ma
[I0JIy MIHTEpBalle  JJINHEI 2, HanpuMep Usw <2rum 7w <wss T, U IO

nepuoudHocT onpeaenuts KUX BCrOAY BHE yKa3aHHOTO IIOJIyMHTepBasa. J[sd

IPOCTOTBI U COITIACOBAHHOCTH C HENIPepHIBHEIM ciyuaeM ¢y ukumo H(¢™) yro6Ho
3aJlaBaTh Ha MOJIYHHTEpRajle —7 <& £ 7, IIpu TakoM BBEIOOpE MNEpHOjia HIDKHIMU
JacTOTaMI HazbIBAKOTCS YacTOTHI, ONM3KNE K HYJIFO, a4 BEPXHUMH — YaCTOTHI,
JIexaniue okojio £ 7: BecrmoMmHas, 4YTO YacTOTHI, OTJIMYAROIIUECS Ha BEIINYNHEL,
KpaTHBIE 27, HEOTJIMYUMEI JPyTr OT Apyra, NPEAbIAYIIEee YTBEPKJIECHNE MOKHO
copMyIIIpOBaTL CIEAYIOIMIM 00pa3oM: HIDKHHUE YacTOTBEl OJIN3KH YETHBIM
KpaTHBLIM TT, B TO BpeMs KaKk BEpXHIE — K HEUETHLIM KpPaTHBIM 7.

IIpumep 3. aeansHeIE 4aCTOTO-N30NpaTEbHEIE (PIITBETPEI

BaxHpiil Kkjacc JHHEHHBIX CTalMOHApHBIX CHCTEM BKIIOYaeT B ceds
CUCTEMEI, I KOTOPEIX HMIIYILCHAs XapaKTE€pUCTHKAa paBHA CAMHHIIE HaJ
ONpeeIEHHLIMI IIPOMEKYTKaMI YacTOT M HYJIO B OCTalbHOIl obmactu. Takyro
XapaKTepUCTUKY HMEIOT IjeallbHble YacTOTHO-M30mpaTebHble GuibTphl. KUX
IealbHOro PIbTpa HIKHUX YacTOT IOKa3aHa Ha pucl.l, a).

BBuay ecTtecTBeHHOII NEpHMOAUYHOCTH OHa HMEeT BHJ XapaKTEepPUCTHUKI
MHOT'OIIOJIOCHOTI'O
GIbTpa, MOCKOJILKY YacTOTHI, ONM3KUE K HYIIIO, HEBO3MOYKHO OTJIUYUTHL OT TeX,
KOTOpBI€ OMIKN K 27. B melicTBUTEILHOCTH, (PIUILTP IPOIIYCKAET TOILKO HIDKHIIE
JaCTOTEl U 3ajep:kuBaeT BepxHHe. Ilockompky KUX MOMHOCTBRIO OHpedesIsaeTCs
CBOIM IIOBEJIEHNEM Ha MOIYUHTEpBalle —7 < >7, XapaKTEePUCTUKY HAealIbLHOIO
(¢UILTpa HIDKHUX HacTOT Doliee
IpaBUIILHO IIOKa3hIBaTh TOJIBLKO Ha 3TOM IIOJIYUHTEpBaje, Kak Ha puc. 1.1, 0).

AOKYMEHT NOANMUCAH -

SNEKTPOHHOW MOAMUCHIO BTOPACTCA IICPHOJAIYHO C IICPHIOJOM 2 .

Ceprtudchukar: . 12000002A633E3D 11 3AD425FBS0002000002A6 [, IPONYCKAIOIIEro M BEPXHIX T—IHCTDT)
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa ’
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a) Hy (e

I i | | | | I
0, v dm-—w, 2w w

ﬁ} H IP{E ;w}

. W, e e

Puc. 1.1 neanpHbelll QUILTP HIDKHIX YacTOT.

ﬂ] th{fm}
L 1— pr———
|

—Tr —to, ] o T W
6) Hiefe )

!
| j
- —y, 0 al, fuhy T W@
8) Hyle™™)

1.1.
l I
-7 —y,  —U, 0 o, &y, T

Puc. 1.2. geansHble 4acTOTHO-U30UpaTenbHEIE (PUILTPHL
IIpumep 4. OnpegeneHue UMITYJILCHON XapakTepucTuku mo KUX

C yuetoM 27 -nepuoamaHocT KUX pumbTpa BepXHUX YacTOT C 3aJ4epiKKOI paBHA

—Juweg

e Wwe < |w| < m,

0, jw| < we. (23)

HEPEHHHI €M €C KadK

H(e™) = {

H{EJM] = ¢ Jurd (1 — H;p{e.jm]) = JHT E_jwﬂdH]p{ij),
Fu
rne Hio(¢7%) 27-neprnoguueckas PyHKITUS, paBHAS

I 13 |:""'1| < wﬂ!
- AOKYMEHT NoarnnMcAH

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

A — ng)
Bnapeneu: Hlebayxoea TatsaHa AnekcaHgposHa { -,

n— g )
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CpolicTBa IpeodOpazoBaHUil Dyphbe

MocreaoBaTenbHOCTE & [1] Dypre-obpas X {ei®)
1. z*[n] X*{e=d)
2. g7 [—n) X*(ed®)
3. Re{z'n]} Xeled®) = 3 (X (&) + X*{e—dv))
4. §Tm {&fni} Xo(e?™) = 3 (X(e?¥) — X*(e77%))
5. melnl = Lafn] +at[—n]) | Xr(e?®) = Re {X{*))
6. zoln]l = 3(zp] —=*[-nl)  |FXi(&¥) = jIm {X ()}

CJ]E,E[}-'TDH.IHE £ BOHCTEE CIIpABE IIIUEBE] THINTE JIH BCUCCTECHHBIX HUEJ‘IE,E[UBH.TEJILHDCTE‘II'JI

7. z[n] X(e?®) = X*(e™7%)

8. min] Xpl(e?™) = Xple™7¥)
9. xin Xp{e?®) = —X;(e™I¥)
10. z[n] (X (e} = (X (e™7v))
1. zin aX(e/) = —aX (e Iv)
12, ze[n Xr(e’™)

13. z0ln] FX (&)

Tabnuira 1 CoiicTBa cuMMeTpun IpeoOpazoBaHI Dyphe

CepTtudmkar:
Bnageneu:

HocacgonaTencnocT ©[n] 1 y[n] | ®ypoe-obpas X{e?v) u Y (e7%)
1. ax|n| + by n @X [ed9) 4+ bY (299
2. x[n—ng|, ne €L e 1w X (gl
3. elvenip[n] X{ell wul)
4. x[—ni X(e=)

X{ed*), ecan x[ni — vemecruennas
3. nr(n jarte’™) X;j”)
6. z[n] *yn X Fj”]V(Fjw]
7. x[ni'n] I__J; X (e (el =g
Teopemsr Mapeenana
8 B el = oo ] X (e da
9, ﬂ_ij xl:::[n-]y*[n] % _J|:T X{e™ WY (el duw
Tabnmia 2. Teopemnl o nnpeoOpazoBannunu Pypbe

AOKYMEHT NoannMcAH
SNEKTPOHHOW NOAMUCHIO
12000002A633E3D113AD425FB50002000002A6
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[loche 3OBATEABHEOCT B

D pre-06pas

10k

&[]

8[re — wup]

1 (—o0 < n < oo}
a™ulrn] {|a] < 1)
112

(r+ 1a"uln] (|ai < 1)

rRsinwy(rn + 1)

4|71 | =1
e ull (<D

SITH L0 FE

T

giwnn

1
e—iwng

[
> 2ai{w + 27k)

bh——nma

————+ > wdw 4 27k)

h=—oo

| — 2rcoswpe ™t +rigTiew
- 1 11‘ ||I-'=-‘I| '-:-: ';.J..:';_"!
}IL'EE'M';'I =
0, we<wlgm
Hin{m[M’ + 1_);3}

‘ o—juw M2
sinf{w/2)

i

S Owdlw - wip + 2nk)

Rim—oc
e it}

Y. (e d(w — wo + 27k) + we T 8w + wo + 2mwk))

k==

11, cos(won + @)

Tabnuia 3. naphl, cBiI3aHHEI IpeoOpazoBaHeM DPypre

IIpumep 5. OmpenencHue HMITYJIBECHOII XapaKTEPUCTUKU PazHOCTHOTO
ypaBHEHIL

31eCh MBI HAaNJAEM MMIIYJIILCHYIK XapaKTEPUCTUKY YCTONUYMBOU JIMHENHOI
CTAIIOHAPHON CHUCTEMEI, CUTHAJI KOTOpPOM, IIOJAaHHBIN Ha BXOJ, CBsI3aH C
COOTBETCTBYIONMIEN  pE€akUell  JUHENHBIM  Pa3HOCTHBIM  YPaBHEHUEM  C
[IOCTOSHHBIMU K03 ()(pUIIIEHTaMMI

y[re] — %y[n — 1] = z[n] — i;ﬂ[n — 1]

(24)
OJHakO B HSTOM IIpUMEpe JSMOHCTPUPYETCS eIUHBIH IOAXO0J Pa3IMYHLIX
npeoOpa3oBaHMil K aHAJIN3Y JIMHEHHBIX cucTeM. J[JI1 ompeeNneHIsI NMIIYILCHOI
XapakTEePUCTUKN  MHOoJIokKuM (7] = é[n], a uepes hln]o0o3HaUNM  UMITYJILCHYIO
XapaKTepICTUKY, IIOCIIe Uero ypaBHeHue (24) nepenmnmercs B BHJE

hin] — %h[n _ 1] = b[n] — g}s[n 1],

(25)
[Tpumensist npeodpaszoBanusg Pyphe kK 00€HM YaCTSIM 3TOI0 YPaBHEHIS, IOy UIM
- 1 . 1 ..
H{e’"Y—~ =™ 7" H{’")=1—- e 7",
@) mge THE =1y (26)
Yto PABHOCHJIBHO COOTHOILICHIIO
— 1,—Jw
¥ ndwy — 1;45
AOKYMEHT NOANnMCcCAH 77
SNEKTPOHHOW NOAMUCHIO ( )

Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

, FOYHO HANTU DﬁpaTHDE HDBDD@p&BDEaHHE
Bnapeneu. Lebayxoea TaTeAHa AnekcaHOpoBHa

_ omenue (27) B Oxee ymoOHON IJII 3TOI
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e popMme
1 ze ¢
1—fe1w 11— le-ivw (28)
3 cTtpoku 4 Tabnuilsl 3 ClIeayeT, UTo

=) fn] L ——.
2 I—EE_:"‘“”

KoMOUHUPY I 3TO COOTBETCTBUE CO CBOMCTBOM 3 TaOIUIIEI 2, HAXOJUM:

n--1 1 —jw
- (1> ‘i‘f,['ﬂ—l]i—}-} - 4E1 —
4 3\ 2 1 — EE J (29)
H HAKOHCII, 110 JINHENHOCTH IIPHUXOAIMM K OKOHHYATCIIbHOMY OTBCTY .
1 7L 1 1 n--1
hin] = (—) uln| — = (—) w|n — 1).
2 4\ 2 (30)

3ﬂﬂﬂHHH AJIH CAMOCTOHTC/IbBHOI'O PCLICHMA.
1. OHpﬂﬂﬂHHTE:: KaKIIC I13 CHI'HaJIOB ABJIAOTCA  IICPHOJHMYCCKIIMII, 11
YCTAaHOBHUTC HMX IICPHO/I.
a) (z[n]) = U 6) (z[n]) = &/ BTY,
— sin{mn/3), . o piTm V2
) (zln]) = SERD. 1) (pfn]) = TV
2. PaccMoTpuTe pa3sHOCTHOE ypaBHEHIIE

S T S S A S S
yln = zyln = 1] + zyln — 2} = zzln - 1],

a) YTo MOKHO CKazaTh O YaCTOTHOII I UMIITYJILCHOI XapaKTEPUCTUKE, peaKIIUN Ha
eIMHIYHBII ckadyok JIC-cucTeMBl, ONICEIBA€MOI 3THM Pa3HOCTHEIM YpaBHEHHEM?
0) UTo MOKHO CKa3aTk 00 00IeM BHIIE OQHOPOAHOTO PEIICHII 3TOT0 Pa3HOCTHOIO
YpaBHEHU?
B) PaccMoTpuTe Opyryro CICTEMY, VIAOBJIETBOPSIONIYIO 3TOMY K€ YPaBHECHUIO, HO
HE OTHOCSIIYIOCSI HHM K AeTepMUHHpoBaHHEIM, HH Kk JIC-cuctemam. Haligure ee
peakIo Ha curHai x| n| = 6[1|, ecan mBectHo, uto y[0] =y[1] = 1.
3. Onpegenure oTkIuK JIC-CUCTEMBI ¢ UMIIYJILCHON XapaKTepHCTHKOI h|n]| Ha
cUrHaj X|n|, ecnn
a) z\n] = uin|, Aln] = a"u[-n - 1], a > 1;
6) zln] = uln — 4], Aln] = 2"u[~-n — 1],
, hin] = 2" tul—n];
r) z[n] = u|n| —u|n - 10], Aln] = 2"y|[-n - 1).
4. WMmnynscHasg xapaktepuctuka JIC-cucteMnl paBHa A[n] = u|n|. Onpegenure

B) z[n] = u[n]

CC PCAKIIIO Hd CHII'HAJL, HBOﬁpa}HEHHBIﬁ Hd PIHC. 1:, HDT'DpBIﬁ OIINICBEIBACTCAH

AJOKYMEHT noanncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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f 0. n <,
a”, 0sns N,
.E[H] =& 1, Np<n < Ny,
ﬂn—.-"-'z‘l Na ggn <€ No+ Ny,
L ﬂ1 P"r'rﬁ —I_ J'hurl { ﬂ':'
e 0<a< 1
x[n]
‘ " { —'.'lr-‘r:]-
1 ¢4 (11
*—f—h——a—
0 Ny N, NE-'_N]' 7
Pucynok 1.

KYX JIC-cucTteMHI paBHa

- 2
. E—Jﬂ’ﬂ_l |w| < _ﬂ- . E.
H('“) = 16 2
2m 3
[.', TE . :?' = |m| < .

HameTE OTKJINK CHCTCMbI Hd4 IICPHOAMNHCCKYHY ILICIIOHKY CAMNHIYHBIX
b= o
cn) = Y. &n+ 164]

IIMITYJIbCOB k= ¢ nepuogoM N=16.

S. Hcnonib3yemas JiuTepatypa

1.

2.

CepTtudmkar:
Bnageneu:

Cepruenko A. B. I{udpoBas oOpadoTrka curnasnos. - CIIO.: IIutep, 2002. -
608 c.

Coanomon J[. CixkaTue JaHHBIX, n300pakeHmnil u 3Byka. - M.: TexHocdepa,
2004. - 368 c.
A.OmmnenreiM, P.ITTacdep L{udporas oOpaboTka curxHaioB. — TexHocdepa,

Mockga 2006.
'onmpaentepr JI. M., Matromkuna b. J1., ITomax M. H. Iludgporasg obpadboTka

curHajoB: CaopaBouHuk. - M.: Pagno u cBa3s, 2005, - 312 ¢.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO

12000002A633E3D113AD425FBS50002000002A6
lLleBayxoea TateAHa AnekcaHapoBHa
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ITIPAKTITYMECKOE 3AHATIHE Ne 3

HcciaegoBaHue MeTo4a AUCKP E€TH3ALIUU IIPAMOTo0 Z-IIpeodpa3zoBaHUsA
1. Lens 3anarus
O3HAKOMUTCS ¢ OCHOBHBEIMH HOHSATUSIMU Z-Ipe00Opa3zoBaHIs, U3YUUTh
CBOIICTBa 00JIaCTHU €ro OIpeaerIeHNIs.

2. IloaroroBka K 3aHATHIO
|. A3yunts (HOBTOPUTE) TEOPETHUECKII MaTEepHall.

2. O3HaKOMUTLCH C 3daJ[aHICM Ha IIPAKTHHYCCKOC 3aHATIIC.

3. PacnipeaesieHle BpeMeHH 3aHATUSA:
Bcero: 90 mMmug

BceTynurensHas 4acTh 2 MUH

IIpoBepka rOTOBHOCTH CTYJEHTOB K 3aHATUIO 5 MUH

lIpocpamma npakmuuecko2o 3aHamus

| .A3yueHne METOO0B HAX0XKACHU Z -IipeoOpazoBaHuI 15 MuH
2. PaccMoTpeHune nmpumMepoB 25 MUH

3 BrinonHeHne npakTudeckoro 3ajgannsd 30 MuH

IIpoBepka BEITIOJIHEHNUS IIpaKTIUECKOoro 3audaTud 10 MuH

3aKIoUNTeNbHAad YacTh 3 MIIH

4. OCHOBHLIE TCOPCTHUCCKINC CBCIACHHH

Z-nipedpazoBaHHe

JICKpEeTN30BaHHOE I10 BpEMEHU mpeoOpa3oBaHUE Dypre
[IOCIIENOBATEIILHOCTE X[Nn] OBlIa OIlpejieieHa Kak

T

X(e/) = Z x[n]el«"
- (1)

Z-HPEDGPHBDEHHHE TOU JKe IIOCJICJOBATCJIEHOCTII BBOJIITCA COOTHOIIICHIIEM

e

NOKYMEHT nMoanncAH
SNEKTPOHHOM NOoanNUCLIO
Ceptucbukar: 12000002A633E3D113AD425FBS0002000002A6 (2)
Bnapeneu: Lebayxopa TateAHa AnekcaHapoBHa
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KOMIUIEKCHOII IepeMeHHON z. MHorma cymmy (2) IOJIE3HO paccMaTpUBaThL Kak
omepaTop, IEPeBOAAIINII IIOCIEJOBATEILHOCTL B (PYHKI[IMIO, OOO3HAuYaeMBI
0OBIYUHO uepes Z.{.}:

[

Z{aln]} = > ]z = X(2)
e 3)

C 5TOIl TOUKHU 3pEHUS OIIEpaToOp Z -IpeoOpaz0BaHUS BRHIIVISAUT KakK IIPaBUIIO,
COIIOCTAaBILIIOIEE ITocieoBaTeIbHOCTH X|n| ¢yHknuro X(z) OT HEIpephIBHOII
KOMIUIEKCHOI MepeMeHHON z. COOTBETCTBHE MEXKAY IIOCIIEIOBATEIILHOCTHIO U €€
z-TipeoOpazoBaHNEM 0003HAYaeTCs KakK

Z

x[n] —— X(z). 4)

z —TIpeoOpazoBaHme (2) dYacTo Ha3BIBAalOT [ABYCTOPOHHUM Z  —
mpeoOpazoBaHuEM, UTOOBI OTIIMYATE €ro OT OJHOCTOPOHHETrO Z —IIpeoOpazOBaHIS:

Xiz) = x[n]z ™.
;l (5)

SICHO, UTO OJHOCTOpPOHHEE Z-IIpeoOpa3oBaHIE COBIAJAET C ABYCTOPOHHUM
TOJILKO Ha MHOJKECTBeE IoclegoraTenbHocTell X[n| ¢ x[n] =0 opun <0.

IIpun cpaBHeHunm ¢opmyn (1) m (2) cTaHOBUTCS OUEBUIAHBIM, YUTO MEKIY
npeodpazoBanueM Dypbe U z-mpeodpazoBaHUEM CYIIECTBYET TECHas CBI3b. B

JaCTHOCTH, 3aMeHdsd KOMIUIEKCHYIO IlepeMeHHyIo z B dopmyie (2) Ha €% Mml

CROOUM Z- TIIpeoOpazoBaHHE K IIpeoOpazoBaHur0 Dypse. 3TO  CBOINCTRO

Juw!
X(F ) JUIIA (I)ypbﬂ Gﬁpaaa:, IIOCKOJIbBKY OHO COBIIaQA4CT C

MOTHUBHPYET 0003HaAUEHIIE
X(z)mpuz = ¢/* Takas MOJCTAHOBKA O3HAUAET OrPAaHIUCHIE IEPEMEHHON Z B Z —
IpeoOpasoBaHUN Ha €/ JIHITTHYIO OKPYIKHOCTD, T.e. npu 12| = 1 z-npeo6pazosanue
paBHO ®Dypre-o0pazy. CdopmynupyeMm Oojiee obOmee 3ameuanne. MoxkHO

IIPCACTABUTL IICPCMCHHYHO 2 B IIOKA34TCJIbHOM BIIJIC

2 =rel®.
Torma ¢popmyna (2) nepennmercs Kak

[

X(re/®) = Z xln]{ret<)"

H—— 2

W
X{re¥) = Z (z[n]r~Me I
o (6)
NOKYMEHT NoanncAH

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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im

CIMHHHAN J;
OKpYHOCTE

PucyHok 1. Enqnnnunas okpyXHOCTE Ha KOMIUIEKCHOII INTOCKOCTI.

IlocnenHee paBEeHCTBO MOJKHO HHTEPIIPETHPOBAThH Kak IIpeoOpazoBaHUE
Dypre mpouzBeIeHNI UCXOAHOI IOoCIeJ0BATEILHOCTY Ha SKCIIOHEHIIUAILHYIO 1.
OueBuguo, npu r=1 mpaBag 4acTe Gopmyiael (6) maer Dypbe-oOpar
IOCJIEAOBATENILHOCTI X[n]. z —mOpeobOpazoBaHue, kak (PYHKIIUIO KOMIUIEKCHOI
[IEPEMEHHOH, YAO0OHO OINCHIBAaTL C IIOMOIBIO KOMIIIEKCHOII IITOCKOCTIL.
["'eoMeTpieckoe MeCTO TOUeK z Ha Heil, YIOBIETBOPSIOU[NX YycaoBmo |z|=1,
[IpeacTapmier coOoii OKPYIKHOCTL EOCHHYHOTO pajimyca C IEHTPOM B HyIe
(puc.1). OTy OKpPY>KHOCTHL IPHUHATO HAa3bIBaTh €AUHUYHOII OKPYIKHOCTBIO. Z —
npeodpa3oBaHUE, BEIUNCIISIEMOE TOJILKO Ha €QUHUYHOI OKPYKHOCTHU, COBIIALAET C
npeodpazoBanueM Dypbe. 3aMETUM, UTO W - 5TO BEJIMYUMHA yIVIa MEXIY paguyc-
BEKTOPOM TOYUKH Z Ha €IUHHYHOII OKpPYXKHOCTH U BEIIeCTBEHHOII OCHIO,
OTCUNTEIRAEMOT'O IIPOTUB YacoBOIl cTpenku. [Ipu Beiumcnenunm X(z) B TOUKax

=1 {

eJMHIYHO OKPYKHOCTH, HauMHAas ¢ ~ T.e. & = 0) y ranee B HaIlpaBJIEHUN K

2= —l (e w="m gyepezs # = J (T-e. w = 7/2) Mg noyryunM Dypre-oOpaz Ha
nmpoMmexyTke U € W € 7 TIpojomxas Ipollecc BLIMUCIEHUS BAOMb €JIMHHYHOIL
OKPY’KHOCTH, MBI HalijeM 3HaueHHe @Oypbe-oOpaza Ha BCEM IIEPUOJE.
HUurepnperanus npeodpazoBanns Oypbe Kak orpaHUYEHN Z -IIpeoOpazoBaHUI Ha
EIMHIYHYIO OKPYJXXHOCTH  KOHIENITYallbkHO COOTBETCTBYET  OOE€PTHIBAHUIO
4yacTOTHOIl ocH BOKpPYr eAmnHum4HOii okpyxkHoctu ¢ W =0 B Touke
z=lunw=mrBz=—1. [Ipu 3ToM IEepUOAUYHOCTL IpeoOpa3zoBaHUud Dyphe
OTHOCUTEJILHO YaCTOTHI MOJIYYAETCI €CTECTBEHHBIM 00pazoM, Tak Kak M3MEHEHHUE
yIila Ha 27 paJudaH COOTBETCTBYET IIOBOPOTY TOUKM €IUHNYHON OKPYKHOCTHU Ha
IIOJIHBII 000POT, IpU KOTOPOM JIFOOAs TOUKA MEPEXOIUT B CEO.

CTEeneHHON P, npeAcTaRigromuil dypbe-o0pas, CXOAUTCS JajleKo He I
BCEX IIOCIIEIOBATEIILHOCTEI, T.€. 3HaueHUEe OECKOHEUHOI CYMMBI MOJXET HE OBITh

[IOKYMEHT NOAMWUCAH 200pa3zoBaHUe CYIECTBYET TOXKE HE JII
SNEKTPOHHOW NOAMUCHIO
CepTudinkar: - 12000002A633E3D113AD425FB50002000002A6 OJKET OKa3aTbCiA OIIPCACIICHHBIM HEC 1IPH
Bnapeneu; Llebayxoea TateAHa AnekcaHapoBHa

(ECTBO TeX 3HaueHHUH Z, IIp11 KOTOPBIX
OeictenTened: ¢ 20.08:2021 no 20.08.2022 YOITACTBIO CXD,[[HMDCTHI (OC) Pﬂﬂ,



BEIUNCILTEOI N Dyphe-00paz aOCOMOTHO CYMMUPYEMBIX IIOCIEA0BATEILHOCTELL,
CXOJIUTCS K HEIpephIBHOII (DYHKINH IIepeMeHHOI 0;. IIpuMEeHssI 5TO CBOIICTBO K
dbopmy e (6), HaxoQUM, UTO HEPpaBREHCTRO

e W)

Z z[n)r "] < o

n=—00 (7)
CXOOUMOCTh CTEIEHHOTO psaa (2) 3aBHCUT TOJNBKO OT BENIUUHEL |z,

MOCKOJBLKY |X(z)| <, Kak TOIbKO
R

Z z[n]|]2] " < oo

= (8)
T.e. OC psama (2) cocToUT U3 BCeX TeX TOUEK Z, JJII KOTOPHIX BBIIIOIHEHO
HepaBeHCTRO (8). TakuMm oOpazoM, BMECTE C KaxIbIM YUCJIOM Zi, TonaBmuM B OC

psAza, TyJa JKe IIONMaJyT Bce KOMIUIEKCHBIE Umcia < |3| = ‘31 ‘

CreneHHO psaa Buie (2) HazpIBaeTcd pagoM JlopaHa, odeHb ITOAPOOHO
ImydyaeTcsd B Teopuu (YHKIMIT KOMIUIEKCHOro IepeMeHHoro. Psg Jlopana, a
3HAYUNUT, U Z -IIpeo0pa3zoBaHUE IIPEACTABIISIIOT aHAIUTUUYECKYIO (DYHKITHIO B Kax 0
Touke OC.

[m

Re

PucyHok 2. OC mpeacTaBpiseT coO0il KONIbIO, B YaCTHBIX CIIy4das BHYTPEHHSIS HJIH
BHeMm HSA rpaHniia OC MoxkeT BOOOIE OTCYTCTBOBATE.

Kak saBcTByer u3 HepaBeHcTBa (7), paBHOMEpHas CXOAUMOCTbL Z-
nmpeoOpazoBaHns oOecrneunBaeTcsa adCOMOTHOII CYMMHUPYEMOCTBIO IIPON3BEACHI
NCXOJHON  IIOCJIEAOBATEJILHOCTU Ha  SKCIIOHEHIMalbHyro. Hu oaHa  u3

IIOCIJICOJOBATCIIBLHO CTeU:

x[n} = 511:::?1’ zo[n] = coswyn, —00 < 1N < 00

HC IIPHHAIJICKHUT KJIACCY a0COJIIOTHO CYMMHUIPYCMBIX. Bonee TOI'O, H43KCE IIOCJIC

YMHOMKCHIIA OSTIIX HDCHEﬂDB&TEHBHDCTEf’I Ha T'" MBI He ITOJIVHHIM a0COIOTHONI
CYMMIIPYCMOCTIH IIPIH BCCX 3HAYCHIINX I'. Takum D6pELBDM:, Z -HpEDGpHBDEaHHE ITHX

AOKYMEHT NoarnnMcAH
SNEKTPOHHOW Moanuchio (P  BCCX 3HAYCHIIAX Z. AH&HDI‘H‘—IHD:,
Ceptudumkat:  12000002A633E3D113AD425FB50002000002A6 6
Bnapeneuy: [lebayxoea TaTbAHa AnekcaHapoBHa I'CA HIT 40COJIFOTHO, HH C HEH,[[pHTDM: HO,

" ‘I’}" BE:-'DG a3 MOXHO O CIACIIITE.
Nencreutened: ¢ 20.08.2021 no 20.08.2022 p p Hp A



Dypre-00pa3sl 00enX IMOCIeAOBAaTEIILHOCTEN HE SBIAIOTCSA HEINPEPLEIBHBEIMI,
oeckoHeuHo AuddepeHnupyeMbIM  QyHKIUAMHI. CJIeIoBaTEIbHO, HX Helb3d
IOJIYUNTh KaK OTpaHUYCHUE Z- IIpeo0Opa3oBaHI Ha €ANHIYHYIO OKPYKHOCTb, XOTS

Ji
X (&%) IoJipa3zyMeBas, UYTO (DYHKITMI

MBI U yIOTpeOirsieM 0003HaUCHIE

OIlpe/elieHa Ha €IMHIYHOI OKPYKHOCTH.
Z-1ipeoOpazoBaHne HamboJee I0JIE3HO, KOTrja OecKOHedYHas CyMMa MOXKET OBITh
BbIpa’k€Ha B KOMIIAKTHOM BHJE, T. € KOIJa €€ MOXHO «BBLIUNCINUTH» M 3aIliCaTh
IpocTOl MaTeMaTtmdeckoll copmysioii. K Hambonee BaXHBIM U IIOJE3HBIM Z -
IpeoOpazoBaHUAM OTHOCATCA T€, A1 KOTOpEIX X(z) Ha OC psma 3alHiCBEIBaeTCH

KaK palioHajibHasg (PyHKINS, T.€.
P(z)
Q(2) 9)

X(z) =
rne £(2) 1 Q(2) - ymorounens: IIepeMeHHOII Z.

HPHMEP 1. HpaEDCTGpDHHHH JKCIIOHCHIIHMAJIBEHAA IIOCIICJOBATCIIEHOCTD

zln| = a™u|

PHCCMDTI}HM CHI'HAJI ﬂ'] Tak xax ero HCHYJICBBIC OTCHCTEI

MOTYyT OBITbL TOIbKO Iipu 7 = - 5TO0 HOpuUMEp MOPaBOCTOPOHHEN
rociaegoBaTeabHOCTH. M3 popmyIml (2) moaydaeMm

X(z) = Z a"uln]z” " = Z{az“')”
n=(}

= —

)_—[HH CXOAMMOCTII pAda HaM JOCTATOHHO HCPaBCHCTBA

o

Z laz " < o

=10

—1
Taxum obpazom, B OC BXOAAT Te 3HAUEHUS Z, JJII KOTOPLIX oz ] <1 I,
YTO TOXKE CaMOe, 1z| > la] Buytpu OC psi cxoauTces K (pyHKIIH
= . 1 z
() =Y (a =t =2 s
”ZZU 1 —az—1 Z—n (]0)

30ech MBI BOCIIOJIL30BAIICh 3HAKOMOM  opMyJioil 19 CYMMBI WIEHOB
OeCcKOHEUHOIlI reomeTpudeckoil nmporpeccun. OC z -npeodpazoBaHIs HEIIycTa JJId
JFO00T0  KOHEYHOTo 3HaueHus [al. C apyroit cropoHel, @Dypbe-o0Opas >Toil
[OCTIEIOBATENLHOCTH  ompejerneH ymmb gt @ € 16l < 1 Ecmn a=1, Hama

ITIOCIICAOBATCIIBHOCTE IIPCBPAlldCTCA B E,[[HHHT-IHE-Iﬁ CKAaUOK C Z —HpED6pHBDEaHHEM

- b ]- R -
ONOKYMEHT NoarfcAH ( 11 )
SNEKTPOHHOW NOANUCHIO
Ceptuchmkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



Im

Rc

PucyHok 3. Cxema Hyeil u nmomocoB B OC.

HpHMEp 2. HE:EGCTDPGHHHH JKCIIOHCHIIAJIBEHAA ITOCIICJOBATCIIEHOCTE

— IE- :
IIycTth Tenepns ¥ [n] = —a"u[-n —1] I [oCKONBKY WIE€HHI I10CJIEA0BATEIILHOCTH
OTJIMYHLI OT HYJS TOJBKO Ipu 7 < —1, e HaspIBalOoT JIeBOCTOpoHHEH. B sToMm

cJIydae

X —1 )

X(z) =— Z a“u[-n—1]z"" = — Z a'z "= —Z a "zt = I—Z(umlz)n

L= — O = — X0 =1 =1} (1 2)

1
Eomu [@ 2] < 1, wm |z| < lal pan (12) cxogutces k Py HKINH

1 0~z 2
X(E)_l_l—ﬂ—l,z:__l—rrlz_z—a’r 2] <al (13)

Cxema Hyneill m momrocoB m OC »Toro mpuMepa H300pakeHbBl Ha puc.4.
3ametuM, uTo npu |a|] < 1 mociaemoBaTenbHOCTL — a'u[—n — 1], u ee
npeoOpazoBaHne Pyprbe HEOIIPEIEIICHO.

Im

CAVMHAMHASA j
OKPYXHOCTh

AOKYMEHT NoannMcAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 11 12000002A633E3D113AD426FB50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

MeiicTeuTeneH: ¢ 20.08 2021 ro 20.08.2022 el (10), (13) n puc.3,4, Mbl BUIUM, UTO



[IOCIIEJOBATEIILHOCTH IIpuMEpoB | m 2, a 3HAauUNT, U OECKOHEYHEIE CYMMEI
OTJIMYAFOTCS APYT OT Jpyra, B TO BpeMs Kak anreoOpamdeckue (popMysl 11 X(Z) 0
CXeMbl  HyJIEll MW  IIOJIFOCOB  COBHNAJAIOT.  Z-IpeoOpa3zoBaHHE  ATUX
[IOCIEAOBaTENbHOCTEN OT/IM4YaeTcd Jmmbk OC. OTo HAOMOAEeHHE IIOAYEepKUBAET
TOT (paKT, YUTO I OIUCAHHS Z-IIpeoOpa3zoBaHMS JaHHOII IOCIEJOBaTEIhLbHOCTH
HEOOXOMMEI KakK anredpamdyeckoe BeIpaxkeHue A1 X(z), tak u OC. Kpome Toro,
[IOCIEAOBATEIILHOCTH  O0OOMX  NPUMEPOB  AKCIOHEHIMAILHEI, a HuxX  Z-
mpeoOpazoBaHN: palllIOHAIbLHEL.

IIpumep 3. Cymma ABYX SKCIIOHEHT

IIycte X[n] BHOBL ompeaendgercsa cooTHomeHuneM (14). Torama, ncmonn3ys
obmuii pesynerar npumepa |1 ¢ a=1/2 u a=-1/3, nomyuaem z-tpeoOpazoBaHUE
clIaraeMbBIX JaHHOM II0CJIEA0BATEILHOCTH

1)” z 1 1

5 | uln] = 2> 5

(2 1 — 2271 2 (16)
1\ z 1 1

(=5) T 73 (17)

I1, CIIEJOBATEIILHO,

13" 1\ z 1 1 1

= wlnl 4+ | —= | uln| -+ ; zZl > =

(3) i+ (5) W= = g s a8

YTo cormnacyeTcs ¢ pe3yjIbTaToOM IIpuMepa 3.
Oo0J1aCcTh CX0AMMOCTH Z-TIPE0OPA30BAHUA

CpoiictBo 1: OC — 5TO KOJIBIO WIN JUCK KOMIUIEKCHOU IIJIOCKOCTH C IIEHTPOM B
nyme, T.e. VS 7R < [2[ <rL K00

CpoiictBo 2: 1npeoOpazoBanme Dypbe MNOCIEAOBATEIBHOCTH X|[N] CXOQUTCS
a0COmMOTHO TorJa U ToJbkOo Torja, korma OC z-mpeoOpa3zoBaHUS COJEPIKUT
EIUHIUHYIO OKPY KHOCTD.

CpoiictBo 3: OC He MOXKET coAepikaTh HU OJJHOr'O IIOJIFOCA.

AOKYMEHT MNOATNMCAH rHajla OrpaHNYEHHON JJINTEILHOCTH, T.€.
SNEKTPOHHOW NOAMUCHIO
CepTudukar: 1 112000002A633E3D 113AD425F B50002000002A6 CIIOJIOKEHHBIMHM B KOHEYHOM HHTEpBAJIe
Bnapeneu: Lebayxoea TateAHa AnekcaHapoBHa

CHad IINIOCKOCTE, 34 MCKJIFOHCHICM, 6BITB
Nencreutened: ¢ 20.08.2021 no 20.08.2022



MG}HET,ZZOHZZW.

CgoiicTBo 5: OC z-npeoOpazoBaHue MIPaBOCTOPOHHEN MOCIEJOBATEILHOCTHU, T.€.
T

IIOCIEM0BATEILHOCTI ¢ HYJEBEIMHI OTcueTaMu mpu 1t < Ny < oo [IpeJCTABILIET

co0O0Il « BHEMIHOCTEL» Kpyra ¢ IIEHTPOM B HyJI€ (BK/IFOUas Ja)Ke MHOI[A Z = o), Ha

X{z)

I'PAHHIIC KOTOPOI'®0 PaCIIOJIONKCH IIOJIFOC (byHKL[HH C MdKCHMAJILHEBEIM

MO JVJICM.

CpoiictBo 6: OC z-npeoOpazoBaHNe JIEBOCTOPOHHEN MOCIEJOBAaTEILHOCTU, T.€.
IOCIIELOBAaTeILHOCTH ¢  HYJIEBEIM  OTcueTaMmu mpm 7 > Np > —oc .
«BHYTPEHHOCTB» KpyTra C I[EHTPOM B HyJIe (BO3MOXKHO BMECTE€ C ILIEHTPOM), Ha

I'PAHHIIC KOTOPOI'O PpaCIIOJIOKCH ITOJIFOC (byHI{L[HH X(E) C MUHIMAJIbHBIM MOIOYJICM.

AOKYMEHT NoannMcAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



[TocaegoBATEILHOCTD Z-npeob6pasosanue |OC
1. é[n] 1 BCE Z
1
2. uln zl > 1
] l-f*l
3. —ul-n—1 z| <1
| | 1 — 21
4. én—m], m >0 z 7™ Bce 2 # 0
§[n—m], m <0 z= ™ BCE 2 £ 00
1
5. a™uln z| > |a
) — - 21> laf
1
6. —a"u|-n—1 z| < |la
[-n—1 S 21 < g
-1
az
7. na™u\n z| > |a
7] ey 21> la
-1
az
8, —na™ul-n—1 z| < |a
- — 1] T 21 < o]
1 — 2 1coswy
9. u|n|coswon z| > 1
] 0 1 — 2z lcoswpy + 272 2
—1 .=
. z~ ' sinwyg
10. u|n|sinwgn z| > 1
) . 1 — 227 lcoswg + 272 2
1 — z7Yrcoswo
11. u{n|r™ coswon Zl >
) . 1 —22—lrcoswo +r2z—2 2
—-—1 L3
_ 2717 sin wo
12. u{n|r™sin won zZl>r
] 0 1 —22"lrcoswg + 1222 2]
2™, 0gng N —1, 1 —aVz—N
13. z| >0
0, wuHa4e 1 —az™! #

Taouuua 1. z-ripeoOpazoBaHHe ¢ TaHAaPTHBIX IMTOCJIE0BATEILHOCTEH

CpoiictBo 7: OC z-peoOpazoBaHIS JBYCTOPOHHEN IOCIEIOBAaTEIILHOCTU, T.€.
TOIl, KOTOpasd HE SABJLIETCS HU IIPaBO-, HU JIEBOCTOPOHHEN, IIpEJICTaBIIIET COOOI

KOJIbIHIO C LHOCHTPOM B HYJIC, Hd IPdHHI4AX KOTOPOI'O PacCIIOJIOXKCHBI IIOJIKOCEI

chvakTIIr X(7). 4 RHVTHU KOTRITA (COTTTACHO CBOIICTRY 3) X HET.
[IOKYMEHT NOAMUCAH
ANEKTPOHHOW NOAMUCHIO
12000002A633E8D113AD425FB50002000002A6

lebayxoea TateaHa AnekcaHgpoeHa

CepTtudmkar:
Bnageneu:

HNencreutened: ¢ 20.08.2021 no 20.08.2022



BH,EIHHHH AJIH CAMOCTOHTC/IBHOTI'O PCLHICHMA.

1. Haiiqure z-npeoOpazoBaHue, Bkarodas OC, I8 KaXIOU N3 CIIEAYOIIUX

HGCHEﬂDEHTEHBHDCTEﬁ:

uln] ul—n — 1] ul—n] |
e e i S r) 8[n);
n) én—1]; e) dn+ 1i; ) uln] - ;ER — 10].

2. Onpegenure  z-npeodOpazoBaHHE  KaXKJOl U3  BBINNCAHHBIX — HIDKE
[IOCJIEOBATEIILHOCTEIl.  3aIllIIUTE CBOM OTBETHI B  MAaKCHUMAaJIbHO
KOMIIaKTHOII (opme 1 u300pazure cxXeMbl HyJell u nomocoB n OC Ha
KOMIUIEKCHOM IIJIOCKOCT.

) 1, 0<ngN-1
a) zaln] =a'™, 0<|a| <1l; 6)xp=:
- 0, nHAYE;
1, 0<n<N,
B) Zo=4{ 2N —n, N+1<n<2N
a, MHAYE.

3. MmmynbcHasg XapaKTEpHCTHKAa JAeTepMHHHpoBaHHOI JIC-cucTeMBI paBHa

h[ﬂ'] , d CC Z-HpﬂDﬁpHBDEaHHE NMECT BI1/]

1+ 2~
(1— 2z (1+ 32z71)

a) Uto moxkHO ckazatk 00 OC H(z)?

H(z)=

0) SBiseTcs U JaHHAs CICTEeMa YCTOMYNBOM 1 HoueMy ?
B)BrIuncinre z-npeodOpazoBaHne X(z) BXOJAIIET0 CUrHaja X|n|, peakius
CUCTEMEI Ha KOTOPHIII paBHa
1 1\" 4
T
ylnl=—= | —=} u[n] — =2"u[-n —1]
3 4 3

Hcnosb3yemasi iurepatypa

1. I'amzukoBckuii B. M. TeopeTnmueckne ocHOBLEI IU(pPOBOII 00padbOTKU
curHaiioB. - M.: Paamo u cBsa3p, 2004. - 344 ¢

[OKYMEHT MOAMWCAH M.: Hayka, 2001.
ANEKTPOHHOW NOAMUCHIO

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lebayxoea TateaHa AnekcaHgpoeHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



ITPAKTITHUECKOE 3AHATIIE Ne 4
HcciieqgoBaHue MeTo/1a AMCKPETH3ALIMY 00PaTHOT O Z-TIPeodpa30BaHMSA

1. Ilens 3aHATHA

O3HAKOMHUTCS ¢ TAKIMHI METOJaMU BRIUNICIICHUS Z —[IpeoOpa3oBaHUE KaK
TaOIMUHEIN METO U METOJ IIPOCTHIX ApoOeil. PaccMOTpeTh OCHOBHEIE CBOIICTBA Z-
mpeodpa3z0BaHUsI U HAYUUTLCS pelllaTh 3aJaull.

2. IloaroroBka K 3aHATHIO
1. M3yunts (HIOBTOPUTE) TEOPETHUECKII MaTEepHall.

2. O3HaKOMUTLCS C 3dJIaHIICM Ha IIPAKTHHCCKOC 3aHATIIC.

3. PacnipeaesieHrie BpeMeHH 3aHATUSA:
Bcero: 90 muu

BceTynurensHas 4acTh 2 MUH

IIpoBepka rOTOBHOCTH CTYJ€HTOB K 3aHITUIO 5 MUH

IIpocpamma npakmuueckoco 3aHAmMus

| .A3yueHne MeToq0B HaX0XKJIEHIA Z -IIpeo0OpazoBaHud 15 MuH
2. PaccMoTpeHne npuMepoB 25 MUH

3 BrinmonHeHne npaktudeckoro 3agannsg 30 MuH

IIpoBepka BHIIIOJIHEHNUS IIpakTHUEeCcKOoro 3aHdaTnd 10 MuH

3aKIounTeNnLHAad YacTh 3 MIH

4. OCcHOBHBIE TCOPECTHUCCKHC CBCIACHHH

O,[[HG 113 BaXXKHEUIIIIX HpHHD}HEHHﬁ Z -HpED6pHBDBaHHH JIEKUT B oOJ1acTh
aHaJIn3a JIMHENHBIX cIUCcTeM. HacTo 3TOT aHaAJIN?3 3aKJIFOYaeTCcsl B BEIUUCIIEHUN Z -

HpﬂDﬁpﬂBﬂEaHHH ITIOCJICAOBATCIIBHOCTII, HCKOTOPEIX HpﬂDﬁpHBDEHHHﬂX

AOKYMEHT NoannMcAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



COOTBETCTBYIOIIErO ajreOpamdecKoro BEIPaKeHNI 1 IIONCKE 0OpaTHOTO Z -
npeoOpazoBaHusd. ECTh paj popMalbHEIX 1 HEPOPMAIbHBEIX METOJO0B
BOCCTAaHOBJIEHHU MOCJIEJOBATEIILHOCTH II0 aJIreOpamdeckKoMYy BBIPaKEHIIO €€ Z -
npeoOpazoBannd 1 OC. dopManbHBII ITOAX0/] K 0OpaTHOMY Z -IIpeoOpa30oBaHUIO
OCHOBBLIBA€TCS Ha NHTErpanbHoi Teopeme Komnu. O HaKO 471 TUIIMYHBIX
IIOCIIEIOBATEILHOCTEI I X Z -IIpe0Opaz0BaHmIl, BCTPEUAONIXCS IIPU aHAIII3e
IUCKPETHLIX JINHEHBIX CHCTEM, IIPEAIIOUYTUTEILHEI MEHee (h)OpMallbHEIE

IIPOLIEAYPHI.
TaoaUUHBIIT MeTO O

TaOnMmIHLIIT METO/J COCTOHMT B ICIIOJIE30BAHHIIT IN3BCCTHEIX
HDCHE,[[DEHT&HBHDCTEFI 1 (l)yHHL[Hf[:. CBA3dHHEBIX Z-HpEDGpaBDEaHHEM.
HDCHE,[[DEHT&HEHDCTH TaKOI'0O THIId BO3HHKAKOT JOBOJIbHO HACTO, I IIO3TOMY
IIOJIC3HO ITIOMHIITE Z —HpﬂﬂﬁpﬂBGEaHHE

Z 1
11— az-

a"uln)| 2| > |al.

1 ;

(1)
Ecnu HaM HY)XHO HalITH 0OpaTHOE Z-IpeoOpazoBaHUE OT (PYyHKI[NH
1 1

—_ 1 13 |E| :} -
e )
z[n] = Suln]
II MBI IIOMHHM O CBs3H (1), TO 3a7jada CIJIbHO YIIPOIAETCS z~ " BEennm OC B
1 wr
dbopmy e (2) 3amana kak 1l < %) To MOKHO BOCIIONB20BaThCS MApoit 6 13 TaOIMIEL

N
| 1 moy4nTH zln) = —-u[—n - 1].

Xz}

TabnuIel pe3ynbTaToB Z-IpeoOpa3oBaHIs, aHAJIOTUYHBIE Ta0m. 1, —
IMaBHEIIL MHCTPYMEHT TaOIUMYHOTO MeToJa. Ecimu Tabnmia Jo0CTaTOYHO BEJINKA, TO,

IpeJCcTaBUB JaHHYH (PYHKIINIO Kak CYMMY, KaXKJO€ cllaraeéMoe KOTOPOIl

COACPXKIUTCA B THﬁHHL{E: MOXHO BOCCTAHOBHTE HCXOAHYIO IIOCIICJOBATCIIBHOCTD
IIOYIEHHO.

MeToa npocTeliiux apooeit

Kak yie OBLIo ckazaHO, 00OpaTHOE Z -IIpeoOpa30BaHIE MOKHO BBIUNCIIATE,
I0JIL3YSCh TabnuiaMu. MHor1a nMeromascs y Bac TabIHIla HE COJepKUT JaHHYIO
¢yukIIo X(z) B aBHOM Buje. OJJHAKO HE UCKIIFOYEHA BO3ZMOXKHOCTE IIOJIYUUTh
SKBUBAJIEHTHOE aJireOpandeckoe BeIpaKE€HIE, YaCTH KOTOPOTro B TaOINIlE

NOKYMEHT MOONUCAH ~ 7 TAIOT palllOHAJIbHBIE (DY HKINU, T.€.
INEKTPOHHOWM NOAMUCHIO | o]
Ceprucpikar ~ 12000002A633E3D113ADA425F B50002000002A6 CHHOI z~, KOTOPEIC OBOJILHO HacTO
Bnapeneu, WebayxoBa TateAHa AnekcaHopoBHa aM
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Ha3BIBA€TCS METOJIOM IIpocTelmux Apoodeii. Pacckaxkem o HeM noapoOHo. JIroOyro

PALHNOHAJIbHYLIO (byHHL[HIrD OT Z_]MD}I{HG 34II1CATE B BILJC

M
bkz_ﬁ’
0

X(z) = £

N
S apzk
k=0

(3)
IIpn 5TOM IpUHATO cCUNTATh, UTO fa ¥ B wax # 0. [Ipeamnonoxum
IOIOJIHUTEIILHO, UTO a0 # 0 u by # 011 IIepenummeM QyHKIIIO Kak
M
EJ“'-' Z bkﬁﬂf_k

X(z) = —2

N
M 3" qpzNk
k=0

(4)

Tenepb BugHO, uTO ¥ PyHKIUN X(Z) ecTth M Hynell u N momrocoB,
PacCIIONIOK €EHHBIX
B KOHEYHOI YacTU KOMIUIEKCHOM IUIOocKOCTH, He coaepxaniell z = (). Kpome Toro,
y aToil pyHKIHU B Touke Z = () ecTh Mmoo (M — N)-kpaTHuII Tomtoc, ecnu M > N,
0o (N — M)-kpaTHbIl HylIb, ecinu N > M. J[pyrumMn ci1oBaMU, YHCJIO HyJIEH B
KOHEYHOII YaCTH KOMIUIEKCHOII ItockocTu pyHkun Buga C.36) cornagaeT C
YIICJIOM IOJIFOCOB, IIPUYEM Y 3TON (PYHKIIUU B TOUKE Z = 00 HU HYJIEI, HH IIOJIFOCOB
HET.

Jlis paznoxennd X(Z) B cyMMy IpoCcTeHmux gpodeil HeoOXo MO
3aMETUTD, UTO €€ MOJKHO IIepelncaTh Kak

A
o n (1 — L';E.E_1)

X(z) = —2 ,

{n k:ll(l — {ﬂkﬁ_l) (5)

rjae < # 0 - gy QyHkimm X (2),ady # 0 - ee momoca. Ecou N > M u KpaTHOCTE

BCEX IIOIIOCOB paBHa 1, To X(z) npeAcTaBUMa B BUE
R

Ay
X(=) =21 —dpz L
k=1 '

(6)
OueBugHO, 0OMIMI 3HAMEHAaTe b Apo0eil m3 cyMMEI (6) COBITaJaeT Co

-1
3HaMeHaTeJIeM JIpoou (5). YMHoxkas 0oOe yacTu paBeHcTBa (6) Ha (L —drz™ ) 1
BEIYUICIISIA 3HAUYEHIE IIPON3BENEHIS TOUKe 2 = dk. MOKHO HalTH KO3 PUINEHT Ak

A = (1 — dyz DX (2)

2=l (7)
("noaticTRa 7 —NMNeninarnpaguga
NOKYMEHT NOANMMCAH
SNEKTPOHHOW NOANMMCHLIO
Ceptudcmkar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu; LLleBayxopa TateaHa AnekcaHapoBHa Ka3blBaKOT PCAJIBHYHO IIPAKTHHCCKYEO
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IPUMEHIIOT COBMECTHO C TEXHUKOIL, AJI1 BEIUUCIICHISI OOpaTHOIO Z-
mpeoOpaz0BaHU OT JJOBOJILHO CIIOKHBIX alreOpaniecKix BhIpakeHMI.
3aech MBI paccMaTpUBaeM Hanbolee 4acTo HCIIONIL3yeMBI€ cBOlicTRa. Jlanee X(z)
OyzeT 0003HaUaThL Z -IIpeodpa3zoBaHUE MOCIENOBATEILHOCTU X|n |, a cuMBoiIoM Rx
MBI 0003HaunM OC 3TOro z -lpeoOpazoBaHUs, T. €.
x[n =, X{z}, z € R,;.
1./ InHeHHOCTDH
CBOICTRO JINHENHOCTH T'OBOPUT, UTO

z
axy[n] + baealn] —= aX (z) + 8Xa(z), Roy —bzo O g MLz,
OHO HCIIOCPCACTBCHHO CIICAYCT I3 OIIPCACIICHIIA Z —HpEDGPHBOBaHHH. Kaxk

orMeudeHo Bhime, OC InHEHON KOMOMHAINN Z -IIpe0o0pa30BaHUil COCTOUT IIO
KpaiiHeil Mepe n3 nepecedernss OC, ydacTBYIOMIIX B KOMOWHAIIUIN Z-
npeoOpazoBanuil. IIpeanonoxum, uto Xi (Z) — pannoHaIbHEIE QyHKIIH, a
MHOKeCTBO MoIocoB aXi(z) + bX; (z) coBnagaer ¢ oObeJIHEHIEM MHOKECTB
[IOJIFOCOB cllaraeMeIX (T. €. HU OJJHa U3 Iap HYJIL-IIOIIOC He COKpaTIuiach). Torma
OC nuHelHOIl KOMOMHAIINHI B TOUHOCTH COBITajlaeT ¢ nepeceueHneM OC. Ecnn xe
IUHelTHasg KOMOMHAIINS TaKOBa, UTO Y HEe HOSBISIOTCS HYJIH, COKpaI[arOIIecs ¢
KaKIMII-TO ITOJIFOcaMI cjlaraeMbeIx, To OC nnHeITHO KoMOHHAIIII MOYKET
OKazaThbcs OoJbmie. IIpocTelmuil npuMep Takoll CUTYalllil BO3HUKAET, KOr/la
[IOCJIeOBaTEILHOCTY Xi1[n] OeckoHeUHE], a IX JIUHEIIHAsI KOMOIHAI KOHeUHa.
Torma OC nmuHeNHON KOMOMHAIINN — BCSI KOMILIEKCHAS INIOCKOCTE, HCKJTFOUAas,
BO3MOYKHO, TOUKN Z =0 11 Z = o0.

x[n] = a"uln] — a"uln — NJ.

Kax @"¢[n],rax na™uln — N] Gecxoneunsie [IPaBOCTOPOHHUE
IOCIIENOBATEILHOCTH, a UX Z -IIpeoOpa30oBaHmsd 00/1a/Jal0T IPOCTLIM IIOJIFOCOM B
Touke Z — a. CiemoBatensHO, OC z -npeodpazoBaHUN 3TUX IIOCJIeJ0BATEILHOCTEM
OIIICHIBAIOTCS OQHUM HEpaBEHCTBOM: |z| > [al.

2.3a1epKKa

COTJIaCHO CBOIICTBY 3aJI€PIKKI,

x[1 — No] 5 T X(z}, T € R,

4
rac “~~xCOBIIAJ4CT C H; 3a UCKJIFOUEHHUEM ,[[D6E1BHEHHH IJIHN YVAAJICHIIA TOHCK Z — 0

I z = o0. YUCJo Ny 34ech, KOHEUHO, I1eJ10e. ECIN OHO MOJIOKUTEILHO, NCXO0 JHAd
IIOCIIE€NOBATEILHOCTE X|[n| cABUraeTcs BIpaBo, a €CJIN OTPHI[ATEILHO — TO BJIERBO.
Kak u B cBoncTBe nuHenHocTH, OC mpu 3aJIEpKKE MOIKET U3MEHUTHCS, IIOCKOIILKY

AOKYMEHT NOAMUCAH THOC B D,[[HDﬁ I13 TOUCK. Z = 0 ITJIIT Z = G0,
SNEKTPOHHOWM NOANUCHLIO
Ceptuchukar: 12000002A633E3D113AD425FEB50002000002A6 [1.:.], COOTBCTCTBYIOLICC Z-
Bnapeneu; UWebayxoea TaTeAHa AnekcaHapoBHa
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XD

Y(z)= Z xln — nglz™".

n——o0
Mensag [mapaMe€Tp CYMMHUPOBAHUA Ha M=N- No? nomyuaem
o o
Y(z) = Z I[Im]z--—[m+ﬂ-n] — T Z iE‘.'-[".fH],E "=z X (2).
== — o L= — o

CBOICTBO 3aICPIKKH HaCTO OKAa3bIBACTCA IIOJIC3HBIM B COHCTAHII C APYI'TIMII
CBOIICTBAMHU U IpoacAaypaMi IIpH BEIHINCIICHIII OﬁpﬂTHDl"D Z-Hpﬂﬂﬁp&BDEaHHH.
3. YMHoOK€eHHEe Ha IRKCIIOHCHIHHAJIBHYH ITOCJICEA0BATC/IBHOCTD

HpH YMHOCHHI ITOCJICAOBATCIIbHOCTH Ha SKCIIOHCHIIMAJIBHY HO Z-HpEGGpElBDEaHHE
MCHACTCA 110 IIPpaBILIIY

Z Z
zyx[n] < X('z‘;): Rzye = 20|11
[

4. /IndepenunpoBanue
CBOICTRO IMPOM3BOJHON YTBEPAKIAET, UTO
Z dX(z)

YL T — —
id ot

Jloka3aTenbCTRO IIOJIyYaeTCs ¢ MOMOINLIO AU depeHIINPOBaHIS PABEHCTRA

LR

X(z)= Z z|n]z ™",

NnN=—o0

Rﬂ.-.;l: — Iy

l’j_ﬂY(E) - _y —mn—1 - , . —1 .
e —zﬂ;m(—n-).r[n]z = Z nx[n]z=" = Z{nxn]}

=00

IIpumep 1. PannonansHasa QyHKINSA BTOPOI CTEIIEHU

PaccmoTtpum mmociiejoBaTembHOCTE (7 ¢ z-mpeobpazoBannem

1 1
BT (i = A NS

Pucynok 1.Cxema Hyei u momrocoB OC QyHKITILL.

AOKYMEHT NOAMWUCAH X(z) nokazaHa Ha puc. 1. YuuteiBag
SNEKTPOHHOW NOANMUCHIO __
Ceprucbikari | 1 12000002A633E 3011 3AD425FB50002000002A6 n| — npaBOCTOPOHHSSA
Bnapeneu; Llebayxoea TateAHa AnekcaHapoBHa

MOCa UMEIOT KPaTHOCTL OJI1H, X(Z)
Nencreutened: ¢ 20.08.2021 no 20.08.2022



MOJKHO 3alncaTh B BUAe CyMMEI (6):

Ay Ao
X(z) =
=oAL
N3 (7) monyyaem
_qg 1 _
1*‘11 — (1 42 )‘Y(E) =174 — 1,
_q_ L _
Az = (1 23 1 X (2) e 2
CrieJoBaTelILHO,
Y(z)= — 0 2

A- 1,71 (1= 21y

BBugy toro, uto X|n| — mpaBOCTOPOHHIA IIOCIIEAOBATEIILHOCTE, OC
Ka’KJIOT'0 U3 €€ cJlaraeMbIX — BHEIIHOCTL Kpyra C IIOJIKOCOM Ha rpaHmie. M3
Tabmn.1 u TuHellHOCTU Z -IIpeoOpa30oBaHNI HaXO0gUM, UTO

z[n] = %ﬂ[ﬂ] = %u[ﬂ]

OueBUIHO, UTO CTEIEHD YNCINTENS (OTHOCUTENLHO IIepeMeHHOI z '),
II0JTy YOI Erocs MPHU CI0XKEHUN JpoOeil B paBeHCTBE (0) He mpeRoCcXoqUuT (N —
1). Ectu M >N, To k npaBoil 4acTu paBeHCTRa (6) HEOOXOMO JOOABUTE
MHorouneH crerneHn (M — N). IToatomy npu M > N dopmyna pa3nokKeHII Jpoou

B CYMMY Hp{}CTEﬁH_IHX BBITJIAJHIT KA4dK
M—N

Y(E) — Zﬂ B P +Z 1 _ d;pz (9)

Ecnu gana panmonansHasg QyHkud Buga (3) ¢ M > N, koadduiuenTe Br
MOJKHO HallTH A€JIeHIeM B CTOJIOMK YUCINTEII Ha 3HaMeHaTe L. CTEIIEHb
I10JTy HaroIerocs octaTka OyAeT yike MeHbIIIe CTelleHd 3HaMeHaTend. [locrne storo
ko3 puneHTs AK MOKHO BEIUNUCIIUTE 110 Gpopmyie (7).

Ecnu X(z) obnagaeT kpaTHBIM moyrocoM U M = N, dopmyiry (9)
HeoOXoanMO MOAUGMHUIUPOBRATE Jalblie. B uacTHOCTH, ecin X(Z) IMEET IOJFOC
KpaTHOCTHU S B TOUKE Z = dj, 8 KpaTHOCTh OCTaJILHEIX IIOJIFOCOB — €AUHUIA, TO
dopmyna (9) nepenumercs Kak

M-—N N
Bez T+ Z : T+ —.
E E_lml—dhz Z_ 1— " (10)

Kosdduruenter AK 1 Br BeiuncistoTes kak 1 paHee, a ko3 ppuiiueHTs Cy,
MOJKHO OTEICKAaTh II0 (POpMYIIE:

' L . FLRSURT:
AOKYMEHT NoanncAH | P ALY —1
SNEKTPOHHOW MOAMMUCHIO = (1 = diw)* X (7)) o
Ceptucbukar: 12000002A633E3D113AD425FBS0002000002A6 w=d, (1 1)
Bnapeneu: lebayxoea TaTeAHa AnekcaHapoBHa

ILIﬁ BI1/] pHBHD}I{EHHH paI_IHDHaHBHDﬁ
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GYHKIIIN OT IIepeMEHHOIT Z! ¢ KpaTHLIM IIOIFOCOM B Touke di B CyMMY
MHOTrO4YJIeHa 1 NpocTelmux apoodeit and caydad M > N. Ecnu cymiecTByeT He
OJIIH, a HECKOJILKO KPaTHBIX IIOJIFOCORB, B 3TOI (hopMyJie IIOSIBATCS
JIOIIOIHUTEILHBIE YWICHBI, aHAJIOTHYHLIE TPEThell CyMME B (popMyJIe, I KakJOTO
KpaTHOI'O IoJItoca. Ecin ke KpaTHBIX MOFOCOB Y (DYHKIIIU ¢ BOOOIE HET,
dopmya (10) ynpomaercsa go ¢popmynsl (8). Ecin cTeneHs 3HaMeHATENI OOJIbIITe
crerieHn guciaurensg (N > M), To noruHoMuankHasg 4yacTh popmy (8) u (9)
CTaHOBHUTCS paBHOII HYJIFO.

MBI MOIJIN JOCTUYL TOTO K€ pelylibTaTa, Iperojaras, 4To Z -
peoOpa3oBaHe — pal[loHalbHas QyHKI IepeMeHHoIl z, a He z'. VHLiMu
CIIOBaMI, BMECTO MHOKUTEIEH (1 — az’l )MB1 Mornu OBl paccMaTpPHBATh
MHOXKUTEIU (z — a). Takas 3aMeHa IIepeMeHHON IPUBOAUT K paay GopMyIL,
aHAJIOTMYHBIX paBeHCTRaM (5)-(11), koTophle y100HEe NCIIONB30BaTh P PabOTE C
TaOIuIaMu z -IipeoOpaz0BaHus, BEIpakeHHOIro Kak (pyHKIMS OT Z. IIocKOoIbKY
Tab11.1 3amonHeHa QyHKIMAMI OT IIepeMeHHOIl z'!, npuBegeHHLIE BLIIIe (GOPMYIILL
IpeACTaBJIIIOT JJI1 HaC OOJIBIIYO IIEHHOCTD.

B kxauecTrBe npumepa mpeaioaoknumM, uro X(z) UMeeT IIOJIF0ca TOJILKO
IIEPROTO IIOpsAKA, I MOJKHO BOCIIOJIL30BATLCA PABEHCTRBOM (9) JJ1s1 paziIoKeHN
dyHKIUN X(Z) B CYyMMy MHOTOYJIEHA U IIpocTelmux apooeil. HamoMHuM, 4To
omepalusd z- IpeoOdpazoBaHms INHEIIHA, [I0ATOMY JOCTATOYHO HANWTH 0OpaTHOE Z -
mpeoOpazoBaHe KaXJOT0 CJIaraéMoOro, a 3aTEM CIIOXKHTh PE3YJILTAaThl U IIOIYUUTh

X[n].
Unenwnt Drz™" COOTBETCTBYIOT CABUraM €JUHUYHOIO NUMIIYJIbCA,
VMHOKEHHOTO Ha KOHCTAHTY, T.€. IIOCJIEIOBATEILHOCTAM B.dln —7| JIpoOHbIE
A - d. 3%l
WIEHbl 1—dez~! OTBEYAIOT 3a OJHY N3 IOCJIeI0OBATEILHOCTEN (di )" uln} pop

T, s
—{dg)"u[-n —1] Yro6LI BEIGpaTE OHY M3 HIX, HyXKHO BCIIOMHUTB cBoiicTBa OC.
W3 Hux cneayer, uto ecnu X(z) UMeeT IMpocThie Imomtoca (kpatHocTu 1) u OC

onucLIBaeTcs HepaBeHCTBOM TR < (2| < Ti 1o gaHHLI moOC ot COOTBETCTBYET

)*uln], ecom |di| < T# 5107 e mOMmOC

[IPABOCTOPOHHEN IIOCIIEA0BATEIILHOCTH (di
COOTBETCTBY €T JIEBOCTOPOHHEI IOCIe0BATENLHOCTH, ecnu [del > ri. Takum
00pa3oM, MOXKHO HCIIOJIBE20BaTE OC A1 COPTUPOBKIH ITOIFOCOB. KpaTHBIE MOIEOCEI

pEIBGHEaIrDTCH Ha JBC I'PYIIIIEI dHAJIOI'IYHO.

IIpumep 2. Metop npocreimux gpodeil B 00OpaTHOM Z —IIpeoOpazoBaHIU

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOANUCHIO
CepTudmkar: -~ 12000002A633E3D113ADA25FB50002000002A6 b€ Z -IIpeoOpa3oBaHle UMeET B

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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14271 4372 (1+ 27 4)°
X(z}= 3 = ] ) |z| > 1.

=3+ 3e? (- fa -2 (12)

Pucynok 2. Cxema HyJI€H U IIOJIFOCOB Z —IIpe00pa3oBaHId U3 IIpuMepa 2

PaccmaTtpupasa OC npuUBeJeHHYIO Ha PUCYHKE, yOexkaeMcs, uTo X[n| —
[IPaBOCTOPOHHSIA [IOCIIEN0BATEILHOCTE. Tak kak M=N=2, a KpaTHOCTE IIOJIFOCOB

paBHa 1, To X(Z) MOXKHO IIEpEMIICcaTh B BIE

..:“1]_ 14.2
I 1 — 51
1 - EE o

.Y(E]I = By +
KDHCTHHT}" B{} HIINCcM JICJIICHIICM B CTDHGHK

272 — %z_l + 1

2 4 4+227 41

272 -3z 42| 2

Bzt —1

HDCI{OHBI{}" CTCIICHDb HICIINTCJIA 11 3HAMCHATCIIA B HAICM IIPHMCPC COBIIAAAHOT,

b =

MOTpeOOoBaIOCh JINIIL OJIH AT AeJIeHIS UL BEIUICIeHN ocTaTka. UTak, X(z)
MOJKHO IIepelncaTh Kak

—14 527"
(1—527H0—271 " (13)

X{E) = 2 +

Teneps HaxoauM K03 durueHTs A 1 Az 1o popmyitam (7-12). YunrteiBas (13)

[I0JTyYaeM
—1 45271 1 _1))
Ar=1{{2 1 — == = —9,
1 (( N (1— %3_1)(1_3_1)) ( 2 2=1/2 |
—1 —|‘5E_l -1
As= ({2 1_ o _ g
3 (('+t1—§z—%ﬂ——r4J)( ));_l
CreJoBaTelILHO,
Y &
X(z)=2 - -~

L—g5=7t  1=270 (14)

[Tockombky OC omuchiBaeTcs HepaBeHcTBOM |2 > 1 113 Tabm. 1. Haxoqum

NOKYMEHT nogannucAH 1 1 =z
ANEKTPOHHOM MOAFUCHIO Pawenl, T e ninl:
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
Bnapenel. Llebayxoea Tateana AnekcaupoBHa .)6p&3DEaHHH ITOJIVHACM

Nencreutened: ¢ 20.08.2021 no 20.08.2022



z[n] = 20[n] - %u[n] + 3u[n].

Pa3zjoikeHHne B cTerneHHbIE PHIAbI

/. — mpeoOpa3zoBaHue onpeAersieTcsa Kak pan Jlopana, kosdduinenramn
KOTOPOTO CJIyKaT OTCUETHI IIOCIeAoRaTELHOCTH X[ n|. TakuM oOpazoM, eciu
Z-TIpeoOpa3zoBaHUE 33JaHO CTEIEHHBIM PII0M

X{z) = i z[n]z " =+ a[-Nz+ 0]+ {1z + 22+,
n=—00 (15)

MBI MOJKEM HaIITH JIFOOOI KOHKPETHBII OTCUET II0CJIeJOBATEILHOCTHU X[ 1],
IIIs10 Ha KO3 G QUINEHT IpHu HoAXosIell ctenenn z'. MEI yike IPUMEHSIIN 3TOT
II0IXO0/I IIPH IIOUCKE 0OPaTHOTO IIpeoOpa3oBaHN MOJINHOMHUAILHOII YaCTH
parmoHansHOI pyHKImH Ipu M > N. Takoil cmocod odeHb moJjie3eH Ipu padboTe ¢
I[IOCII€JOBATEILHOCTAMU KOHEUHOM JJINHEL, Z -IIpe00paz0BaHUE KOTOPBIX MOKET U
He IMETh Ooiee IPOcTOoil (POPMBI 3aIINCH, YeM B BIJie MHOTOWIEHA OT Z .

IIpumep 3. Beruncnenne oOpaTHOro npeoOpaz0BaHNIA C IOMOIIBEO
CTEIIEHHEIX PSJIOB

PaccmoTpuM z —ipeoOpazoBaHUE
X(z)=In(l+az7%),  [z|>lal. (16)
Vcnomb3yst m3BeCTHOE pasnoxkenne ¢pyukiun In(l+z) B cTeneHHoil psjl, KOTOPLIl

cxojutcs npu (=] < 1. monyunm

oo n+l n_—n
X(z)zz{—l)"‘az’ '

Tl

n=1

ClegoBaTelILHO,

()",
xin] = n
(), n < (.

IIpumep 4. PaznoxeHne B psg METOIOM JE€JIEHII B CTOJIOHK

PaccMoTpumMm z —11peoOpazoBaHue
1

X{z)= e 1z| > |al. (17)
NOKYMEHT NoanncAH
SNEKTPOHHOW NOANMMCHIO JTBETCTBYIOIIAA ITOCJICJOBATCIIBHOCTD
Ceptudcdmkar: 12000002A633E3D113AD425FB5S0002000002A6
Bnaperiel:, .- LleBayxoa TaTbaHa AnékcaHapoBHa KaK X(Z) CTPCMUTCA K KOHCTAHTC IIPpHU

NeiicTBrTenek: ¢ 20.08.2021 no 20.08.2022 )BATCJIHOCTE ABJIICTCA



l[E:TﬂpMHHHpGEaHHGﬁ. HGBTDM}’? IIPOBOAA ACJICHIIC, MBI IIOJIVHIIM PAM IIO CTCIICHAM
L.

Z -
1 ‘l-uz"'l
i—az' |1 +az  +a’r 4
az "’
ez - a2z
a’z"? +.
 —liazlia®z g - = a"ul
- = z -4 a*z2" " 4., orkyaa z[n] = a"uln].

Suauur, 1 —az~

3ﬂﬂﬂHHH AJIH CAMOCTOHTC/IbBHOI'O PCILICHIA

-

Z-1peoOpa3oBaHNE JJeTep MUHIPOBAHHOII IIOCIIEORATENILHOCTU g[n| nMeer
BT

G(z)==(14+32"" 422 Y sinz"".
Brruncnure g[11]

2. Brmancinure OﬁpﬂTHDE Z-HpﬂDﬁpﬂBDEaHHE ITIOCIJICJOBATCIIEHOCTI

n, O0<Lng N -1,

N, N<n.

3. BoccTtanoBure IIOCJIEJOBATCIIBHOCTE IIO €€ Z-HpﬂDﬁp&BDEaHIﬂG
X(z)=(1+22)(1+32"(1—z7").

4. Ilo KaxKJAOMY Z-HpﬂDﬁp&BGEaHH}G 13 BBIIINICAHHEBIX HIDDKC BOCCTAHOBIITC

zln] =

COOTBCTCTBYIOIIVIO ITIOCJICAOBATCIIBHOCTD, IIPHUMCHAA KaK MCTO/] PA3JIOKCHIIA B

CYMMY MIPOCTENMHIX Jp0o0eil, TaK U METOJ] Pa3I0KEHN B psif. BEIICHUTE B
KaXKJOM ciIydae, cymecTByeT 11 dypre odpas.

1 1
a) X{z)= |z > i 6) X(z) = =
) X() = o, B> ) X@) = 5, <

1 — 5z71 1] — 1,1

_ 3 1, _ 2 1,
B) X(z)_l_l___‘j_z_l_l_%z_za |E|}§a r) X(E) 1 'i' 2 |E|}E,
1 —az !

) X() = ==, |2l > [1/al,

5. Ha Bxog gerepmunupoBaHHO JIC-cHCTEMBI I10Ja€TCS CUTHAJI

. o [ 11 ]
e[n] = ul-n—1+%= 7_nneobpasoBanie peakiiiy CUCTEMBI IMEET BIYI

1 _.—1

— 2
X(z) = 2 .
(2) (1— 22" 1+2z1)
NOKYMEHT NoanncAH

SNEKTPOHHOW NOANMCHLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Lebayxoea TatkbaHa AnekcasHgpoBHa
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0) Kakora OC Y(z) — z -tipeoOpazoBaHNUsA COOTBETCTRYIOIIEH peakIinu y|n|
CHCTEMBI?
B) Haiigure y [n].

6. MmiynbcHasg XapaKTepUCTUKA JeTepMuHIpoBaHHOH JIC-cucTeMsl paBHa h[n], a
ee z- IpeoOpa3oBaHIIEe HMEET BI/I

14 2z71
{1 — %E_L)(l + %z_l)

H{z) =

a) Uto moxkHO ckazaTk 006 OC H(z)?

0) SlBnsgeTcs nu JaHHASA CHUCTEMa Y CTOMUNBOI U II0UeMYy ?

B) Briunciure z -npeodpazoBanue X(z) BXOJAAIIEro CUrHana X[n|, peaxkmus
CHCTEMBI, Ha KOTOPHIII paBHA

il = — (—Z)n wln] — %2“11.[——?1 1

r) Haliqure nMITy ILCHYIO XapaKTEPHUCTUKY CHCTEMEI.

5. Ucnoib3yemas JiUTepaTypa

1. Anduuep, JlxepBuc. IIpoexTupoBaHme cucteM IUQPPOBOIl CMeEIIaHHOI
obpaboTtku curtanos. 2004 rox. 989 cTp.

2. 'omspgeubepr JI. M., Matromkun b. J[., Ilomak M. H. I{ludporasg oOpaboTka
curtHanoB: CrpaBouHuk. - M.: Paguo u cBazs, 2005. - 312 ¢.

3. A.Omnenreiim, P.IITadep I{udporas oOpaboTka curHaiaor. — TexHocdepa,

Mocxkgra 2006.

ITPAKTITHECKOE 3AHATIHE Ne S

IIpeacraBieHue NMocjie0BaTeIbHOCTENH KOHEYHOH JIHHbLI JUCKPETHBIM
psaaoM Pypbe
1. Llens 3ansaTus
O3HaKOMUTCS ¢ TaKUM ITIOHATHEM, Kak Dypre-o0pa3. Hayunrcsa
IICIIOJIBE30BaTh Dyphe-IpeodpazoBaHUE.

2. HD,E[FUTDBHH K 3aHHATHIO

1. M3yunThb (IIOBTOPUTE) TEOPETUUECKUIT MaTepUal.

2. O3HaKOMHUTLCI C 3dJIdHICM Ha IIPAKTHHCCKOC 3aHATIIC.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO

Ceptuchukar:  12000002A633E30113AD425FB50002000002A6 TS
Bnapeneu: lLlebayxoea TaTeAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

Dulylllic/ibHdA HdLlb o MIlH

IIpoBepka roTOBHOCTH CTYI€HTOB K 3aHATUIO 5 MUH



lIpocpamma npakmuueckoco 3aHamus
1.O3nakomnenune ¢ Oypwe npeodOpazoBaHueM 15 MuH

2. PaccMoTpeHne nmpumMepoB 25 MUH

3 BrinmonHeHne npaktudeckoro 3agannsg 30 MuH
IIpoBepka BEITIOJIHEHNUA IIpaKTIUECKOro 3aHATd 10 MuH

3aKIounTeIbHAI YacTh 3 MIUH

4. OCHOBHLIE TCOPCTHUCCKINC CBCIACHHH

IIpeodpazoBanne dypne
MHorue n3 1mociueI0BaTeNbLHOCTEN BhIpakaroTcs uepe3 uHrerpail @ypbe Buja
| Y oy dan
z(n] = - f X (! el duw,
2r J_ . (1)
TIE
- &
X(@)= Y alnle™"
n=- oo (2)

Dopmynel (1)  (2) Ha3pIBaIOT IpeAcTaBIEHHEM MM IIpeoOpazoBaHUEM
dypre, a camy ¢yaRmmo X(¢¥)  wacto HaswBator Dypbe-oGpazom
nociaegoBarenbHocT X[n]. @opmyna (1), obpatHoe mnpeoOpazoBaHme Dyphne,
npeAcTaBsIeT X|[n] Kkak CYHNepo3uL0 OECKOHEUHO MallbIX KOMIUIEKCHBIX

CHHYCOILI

1 . :
EX(EJ’“")EJ“’” dw

AOKYMEHT NoannMcAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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rIe U NPpUHNMAET 3HAUCHU Ha NHTEpPBRAJI€ QIINHEL 27, a X{e/*)}OMpeNesaeTC s
TeM, KaKOil BKJIaJ[ B CYIIEPIIO3UIIIO BHOCUT Kajk/iasl CHUHYCOJallbHasd KOMIIOHEHTA.
XoTs “ B cooTHomeHHu (1) m3MeHdgeTcsa B NPOMEKYTKE OT — 7T JIO + T, €ro

MOKHO 3aMEHHThL Ha JIt000il cermMeHT AuHBE 2 7. IIpeoOpazoranne Dypne (2)
33/laeT IpaBUIIO, BHMHUCIIIOMmee -\ (€’“) mo orcueraM moclnepoBaTelbHOCTU X[n],

T.€. MO3BOJISIET aHAIN3UPOBaTh X[n| C y4YETOM BKJIaJla KaxKJOHl YacTOTHOI
KOMIIOHEHTEI, (POPMUPYIOMIEI ITOCIEeN0BATEIILHOCTE IocpeacTBOM (1).

dypre-o0paz — xomiekcHozHauHasa ¢yHknug or /. Kak u KUX ee
MOJKHO 3aIlICaTh B alreOpanmdecKoll IWIN NOKa3aTeILHON QopMe:
X(e') = Xp(e?) + 1 X {e’%) (3)
X () = | X (e77)|ed <X (4)

Bemmnupr X () w <X} _ coorpercTBenHo Moayiab n ¢aza Dypbe-odpasa.

[IepByIO M3 HIX HAa3BEIBAIOT MHOT/[a aMILINTYHBIM CIIEKTPOM, a BTOPYIO —(az0BBIM
crnekTpoM. DPypbe-00pa3 4acTO TaKKE HA3LIBAIOT CIEKTpOoM Dyphe IMIN MHPOCTO
CIIEKTPOM.

PareHCTRO (4) HEOQHOZHAYHO OIpeJesIsaeT (a30oBBIIl CIEKTP, TaK KaK IpU
mobom Wk (aze MOXKHO go0aBuUTL 27K CAE€Z, He MeHAd 3HAUYEHUIA
KOMIITIEKCHOI 3KCIIOHEHTHI. Eciu HaM BaKHa OJHO3HAYHOCTh, TO OyJe€M CUNTaTh,
yro <X(¢¥) nesnr Mexy - — T 10 + 7, M 0603HAYATE STOT YIOJI Hepes
ARG [X(=*)]. B ToM cJIydae, Korja HaM IIpeAIIOUTHTENLHEE pacCcMaTpUBaTh (pa3zy Kak
HENIPEPEIBHYIO (PYHKIMIO OT &, ompeJieleHHyro Ha npomexyTke (0, 27), MBI
OyzeMm 0003HaYaTh ee uepes arg{ X (e’)]

WMmiynbcHagd XapakKTepHCTHKa BoccTaHaBnmBaeTcsa n3 KUX ¢ momompbro
ﬂﬁpaTHm;m npeoOpazoBaHnsI Dyphe:

1 .
o / H(e™)e™ d

hln] =

&)

Mul moka eme He IIOKazaln SIBHBIM oOpazom, uto dopmynel (1) n (2)
IeCTBUTEIILHO B3alIMHO O0OpaTHBI, HO BBISCHIUIN, YTO OOMINPHBIN KJIaCC CUTHAJIOB
MOJKET OBITHL NPEACTARICH B BHJE BhIpakeHUd (1). UToOBI IpoJeMOHCTPUPOBATE,
yTo HHTEerpai (1) JAeficTBUTENBLHO CIIYXKUT OOpaTHBRIM HpeoOpa3zoBaHHEM K CYMME
(2), MBI MOXKeM HalTu X (), oImpasCh Ha ompefeneHne (2), 1 MOJCTAaBUTH
pe3ynbsTaT B hopmynny (1). Mtak, paccMoTpum

"

1 a . ]
5, ( Z m[m]e_"*“m) e’ duw = &[n]

e m=—ou

(6)
HaMm HyXHO IOKa3aTb, uTo i) = z(n|, ccm X (e’*) gpenesiena dopmyoit (2).
ST AGKYMERT AOAMMGAR 7T 71 I3MEHEH Ha ra, 4yToObl OTJINYaTh €ro OT
ANEKTPOHHOM NOANMUCHIO v i
Ceptuchukar:  12000002A633E3D113AD425FB50002000002A6 OHELIHE{H PsA B opmyre (6) cXORUTCA
Bnapeneu: LWebayxoea TatesHa AnekcaHgpoBHa ~HITA oy ., TO €Io MOXHO IIOWICHHO
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i

Flnl = Z ] 21 f gletn—ml 4o
T

(7)

Breruncrsisa HUTCI'Ppall B KPYVIJIBIX CI{D6KHX: I[IOJIyHacM

nl rEj“[”_m} (li = sin{n — m) = fn —m] = L m=n,
Eﬂ- ﬂ'[ﬂ. - ?Tl‘) “ m # "

—

Taxum oOpazom,

o

Eln| = Z ziml]d[n — m] = x[n]

m——0oa

YTo 1 HyKHO OBIJIO [JOKa3aTh.
Bompoc o mpeacraBuMocTH curHana Qopmyiioil (1) paBHOCIWIEH BOIIpOCYy O
CXOANMOCTH psfa (2), TouHee, HaC MHTEPECYIOT YCJIOBUS, IPH KOTOPHIX psan (2)

CXOJUTCS, T.€.
1}(({25’:”)! < 00, VW,

rne X{(e™)-npepen M — o¢ KOHEYHBIX CYMM
Ad
Xp(e) = Z r[n]e~7*"
n=— M (8)

)_—[DCTEITDT-IHDﬂ YCJIOBIIC CXOAIMMOCTII MOKHO HAlTHU CJICAY FOIII M DﬁpE’LBDMZ

o o

< Z ie[r]l|e ™| < Z ie[n]] < 2

= — I L= — i

e

Z e [-H]E_j =

=00

Takum oOpazoMm, 191 aOCOIIOTHO CYMMHUPYEMOII OCJIeJOBaTEILHOCTH X[n|
Dypre- oOpaz X(ij)DHpﬂ,[[EHEH Ha BCEU YICIIOBOI IpAMOil. boee Toro, B 3ToM
cJIydae II0 Ipu3Haky BeilepiTpacca MOXHO II0Ka3aTh, YTO COOTBETCTBYIOIIUIT PT
pPaBHOMEPHO CXOJHUTCS K HeIpepblBHON (YHKIUM OT H. IIOCKOILKY YCTONUMBEIE
[IOCIIEAOBATEIILHOCTH aOCOJIFOTHO CYMMUPYEMBI II0 OIPEJEIeHHIO, TO IS HIUX
npeoOpazoBanne Pypbe nMeeT cMmbIci. Kpome Toro, orcroga ciuemayeT, 4To Jrodad
yCTONYNBAA CUCTEMAa NIMEET KOHEUHYIO HETIpepLIBHY O KU X

X{e™)| =

Ilpumep 1. AOcomoTHass CyMMHPYEMOCTbH MIHOBEHHO IIPHUMEHEHHOI

JKCIIOHCHTEI

— o .
ITycts * [n] = a"uln] Dypre-00pa3 3TOI IIOCIIeJOBATEILHOCTH IMEET B

X(E;u_.) — Z ﬂlﬂ.f__‘—"ju_”l — i(ﬂ-*‘?—jw)ﬂ — 1
J " 1 —ge 7%

1n.==1] .=

Ecnu lel <1 OueBnano, 5To HepaBEHCTRO SABILIETCS KpUTEpHUEM abCOIIOTHOI
CYMMUPYEMOCTH IIOCIIEJOBATEIILHOCTH X[n], T.€.

[
. 1
le|” = < 00, CCAW U TOARKO ccau |a) < 1.
1 - |a|
1 =0} (9)
AﬁCDHEGTHaH CYMMHUPYCMOCTD — JOCTATOHHOC YCIIOBHC JULA
CVTITECTRORAHITT HT‘!EHFFT‘!HQHHHT—IHH (T)Vp]':.ﬂ:, KGTGP{}E TaKIKC FapaHTprﬂT
NOKYMEHT NOoAanncAH '
SNEKTPOHHOW NOANMMCHIO ITIOCJICAOBATCIIBHOCTII HC IIPHHAJJICIKAT
Ceptuchukatr: = 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: LHebayxoea TateAHa AnekcaHgpoeHa
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0

D Iz < oo

e (10)

Takme  IOCIeOOBAaTENIBLHOCTU  (CyMMHpPYeMBIE  KBaJpaTOM)  MOXKHO
[IPEJICTABILITL C IIOMOIIBKD Dyphbe, €ClIn MBI OTKa)XeMCs OT PaBHOMEPHOIl
CXOAMMOCTH psia, ompeaernsitomero X (¢*). Bonee TOuHO, a STOM CIIyuae Mbl
NMEEM CXOQUMOCTh B CPEHEKBAPATUIHOM, T.€. €CJIN

X(e') = | r[nle”«"
nzz_m (11)
11
Xaflel¥) = r|nle 1T
n=—>Mf (12)

TO CXOAMMOCTE B CPCAHCKBAJP4dTIIHHOM O3HAHACT, HTO

?u}fim f|X(Ej“) — XM[ej“)ng_; — 0
* g (13)
X(ij} — Xﬂ,{{fﬂjw)|

ﬂpyFHMH CJIIOBaMH, IIOI'PCIIHOCTDb MOZKCT 11 HC CTPCMHTBLCA

K HyJXO mpu M — X 1pn KaknIxX-TO KOHKPETHBIX 3HAUEHUSIX W, HO oOIras
«3HEPTIL1» YORIBAET 4O HYJII C HEOTPaHMUEHHBIM pocToM M.

IIpumep 2. CyMMUpPYyEMOCTE C KBaApPaTOM LI HA€aJIbHOTO (PIUIbTPA HIDKHIX
JacTOT

OnpenenuM HUMITYJILCHYIO XapaKTEPUCTUKY HAeaIbHOIO (PIUILTPa HIDKHIX
yacTOT u3 npumepa 1. Ero KUX paBHasg Ha mpoMexkyTKe [-Tt, 7]

1, |w| < w.,

HIP(E :] = { [jj flp < |»’.a..’| ﬂ . (14)

BHe 5TOro mMHTEpBajia BHIUUCIIAETCS II0 NEPpUOANUHOCTU. VIMITyIIbCHasA
xapaxTepuctuka #»?l maxomurcs ¢ momomebto npeodpazoranus Oypoe (1):

ol o

h | = — P ‘ L _ . Jwen _ ,—jweny _
lp[”] 2m ‘ “ 2mn ) —we 23T (e )
= L weTt o0 < T < OO
- an ' (15)

MBI 3aMeTHUIN, YTO MOCKOIBKY hwl[rl #0mprn <0, prealbHBI QUILTP
HIDKHIX YacTOT HE JIeTepMHHHpOBaH. Kpome TOro, IIOCJIEAOBaTEIbHOCTH HE
SIBJIIETCSI aOCOJIFOTHO CcyMMHpyeMoil. WieHBl IIOCIeJOBaTEIbHOCTH, KOHEYHO,
CTpEMATCS K HYJIO IIPU HEOTPAaHMYEHHOM BO3pacTaHUM N, HO HE OwIcTpee, ueM 1/

n. OTO HOPOUCXOAUT B pe3yibTare paspeiBa GyHknun Hiple’™) B rouke w = we,

TTAarrATT Tmr TTA~ATTATADATATIT TTANATT thTﬁ‘] I
NOKYMEHT MOANUCAH He SgBIISETCS aOCOJIFOTHO CYMMIPYEMOIIL,

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapenel: [Llebayxoea TateAHa AnekcaHapoBHa
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Ha BCEIl UNCIOBOM MpAMON CXOAUTCSA HEpaBHOMEPHO. UTOOHI TIy4Iie
[IPOYYBCTBOBATh 3TOT (PaKT, paCCMOTPUM
M :
SlIl W1t _ .
c c Jw it

Hy (') = ) ™
My (16)

MoskHO nokasaTk, uro Ham(e’™) mpencrapigercsa B mHTErpambHOil hopMe Kak

v 1T sin{(2M + D(w — 6)/2)
Hule™) = 27 / sin{w — 8})/2 49

_'-"".E'-

Wrak, Ham pgg  CcXOAUTCSA K pa3phIBHON  (QyHKINU Hp(e™)  no
HepaBHOMepHO. OzHako hiolnl, ompenenennas ypaBreHnem (15) cymmupyema c

gt
KBaJ[paToM, WU, COOTBeTcTBeHHO Hum(€’”)cxomnurcs B cpeaHEeKBaJpaTHUYHOM K
Hy,(e’) Te.

T —

Jim f|H1p(ij}—HJ'I.,{(E‘?M)FG!&J:U

XoTsL ~ IOIPENIHOCTD MEX Y limas —oo Har(e’) w Hiple’™) yjo5xeT mokaszaThes
HECYII[€CTBEHHOI, IIOCKOJIBLKY 3TH (yHKIIIN OTINYAIOTCS JINIIb B TOUKaX « = fwe,,
IOBeZeHIE KOHEUHLIX CYMM HMEET BajkKHOe 3HaueHHe IIpH  paspaboTke
JICKPETHBLIX (PUIILTPOB.

IIpumep 3. Dypre-00paz MOCTOSHHON IIOCIIEI0BATEILHOCTHU

PaccmMoTpum mnociegoBaTenbHOCTL X[n| = 1 mpu Bcex n. OHa HE
CYMMUpYeETCS HU aOCOJIKOTHO, HM C KBaJpaToM, U psa B dopmylie (2) B 3TOM
CIIydae€ He CXOJUTCI HH paBHOMEPHO, HH B cpeJHEeKBaApaTHIHOM. OQHAKO MOIKHO
I  HYXXHO OIpeaeluTb Dypbe-00paz  IoceqoBaTelILHOCTH  X[n]|  Kak
IIEPUOANUECKYIO LIEIMOUKY HMIIYJIECOB

X)) = | 2rd{w + 27r)
T=Z—m (17)

MIynbcel 34ech — (QYHKIUU OT HEHPEPLIBHOII MEPEMEHHOII U IIO3TOMY
IMEIOT «OECKOHEUHYIO BRICOTY, HYJIEBYIO HMIMPUHY H €JUHHYHYIO IUIOMIadb IIOJ
rpadIKOM», YTO cOTIJIacyeTcs ¢ TeM, uTo paj (2) pacxogurcia. Popmyny (17)
0OOCHOBAaHHO MOJKHO HazbplBaTh @Dypbe- o00pa3oM, MTOCKOILKY (opMalbHasd
noactaHoBka (17) B (1) JaeT KOppeKTHEII pe3yIbTaT.

IIpumep 4. IIpeoOpazoBanne Pypbe KOMIUIEKCHBIX 3SKCIIOHEHI[HAJIBHBEIX
[TOCJIEOBATEIILHOCTEN

PaccMoTpuM mnocneaoBaTelbLHOCTE X([n|, ube IpeoOpazoBaHne @Pypbe —
[Iep oAU Has IeII0YKa UMITYJIECOB

AOKYMEHT NoanncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: ULlebayxoea TaTbAHa AnekcaHopoBHa ( | 8)
ol WoT
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[IpEAroaraTb, YTo —7< wo< 7t. ECIU B JEICTBUTEIILHOCTI 0 HE YJIOBJIETBOPSET
STOMY YCJIOBHIO, TO HEPEIiid K wa <+ 27k PN HOJAXOJAIIEM IIelIoM K, MBI IIOIIajaeM
B HYKHBIIl HHTEpBaJ, OCTABHB 0e3 m3MeHeHus X(¢'“), MOCKONBKY HMITYIIBCY
IIOBTOPSIFOTCSA C IIEPUOJOM 27T,

Hy (e, M=1 Hy(e), M =3

Hy(e’), M =17 H, (e/), M = 19

- -, 0 W, T W - -, { @, T

{}

Pucynok 1. I ' paduxn 4acTHYIHBEIX CyMM IIpeoOpazoBaHI Dypee

IlocnegoBaTebHOCTE X[N| MOXKHO BBIUNCINTBL, IIPUMEHUB K (e’
oopaTtHoe mpeoOpazoBanne Dypoe (1). HMurerpupoBanme B »Toil  dopMmyJie
IPOUCXOANT II0 OTpesky [~ 7 | cremoBatemsHO, B dopmyrne (18) MoxHO
OrpaHNYNTHCS WieHOM ¢ r=0 U 3ammcaTb

™

] fﬂwﬁ(m — wole™™ duw

zln] = —
2w
4 (19)
W3 onpesernenus  9°-hyHKIUI BHITEKAET, UTO
z[n] = 70", Y 7.

HpH wo =10 I[TOJIVHACTCA IIOCTOAHHAA IIOCJICJOBATCIIbHOCTD.

IToaToMy dopmyna

Z plunftg—jun Z 2md(w — wy + 277)
= — o Pre=—no (20)

Hyxmaerca B crnemuduyueckoll HHTepHpeTaluy, KoTopas IIPHUBOJUTCI B
Teopunn 000OmEeHHBIX (yHKIU Omnmupasichk Ha 5Ty TEOPMIO, MOXKHO CTPOIO

T T T RORYMERT OARAGAR 7T TTT Pyphe Ha KJacC MOCNeNOBaTENbHOCTEI],
SNEKTPOHHOM NOANMUChLIO 1K
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6 '
Bnapened; Lebayxosa TatbaHa AnekcaHapoBHa
(21)

Nencreutened: ¢ 20.08.2021 no 20.08.2022



3 npumepa 4 BEITEKAET, UTO
50
X(@) =Y Y 2mapd{w —wo + 2ar)
N (22)
CIIYXKUT IpueMiieMbIM Dyphe-00pa3oM IIoCIIeOBATEILHOCTH X1 |.
I[pyraﬂ ITOCJICJOBATCIIBHOCTE, HEC OTHOCHAIIIAACH HI K aOCOJIFOTHO
CYMMHUpPYEMEIM, HII K CYMMHIPYEMEIM C KBaJpaToOM, - 3TO €QUHIYHEII CKadoK u[n].

Ee ®ypbe-00paz nuMeeT BUJ

3 1 =
Ule?¥) = — + wo(w + 27r)
1—e™ rgg; (23)

O0ocHOBaHIE 3TOr0 (paKTa MEI OITy CTHM.

gﬂﬂﬂHHH AJIH CAMOCTOHTC/IBHOI'O PCILICHIH

1. OHpE,[[EHHTE: KaKHC N3 CHI'HAJIOB ABIGIFOTCA  IICPHOJHNHYCCKIMILI, II
YCTAHOBIITC X IICPIO /A
2) (ln]) = €, 6) (afnl) = 1O,

8) (z[n]) = sin(ﬂ-nfﬁ]; r) (z[n]) = pd T/ V2

7T ¥

2. PaccMmoTpuTte pa3HOCTHOE YpaBHEHUE
5 1 1
yln] — zyln — 1]+ Zyln — 2] = Zz[n - 1]
6 6 3
EI.) YTo MOKHO CKazaTh O HaCTOTHON U HMH}’HECHDfI XAPAaKTCPHCTIHIKC, PCAKIIIII
Ha E,[[HHHT-IHE-Iﬁ CKAYOK HC-CHCTEMBI: OMICBEIBAEMOII BTHUM Pa3HOCTHBIM

YpaBHEHUEM?

0) Yro MOXKHO cKkazaTb 00 oO0meM BHJA€ OJHOPOJHOIO PEIISHHS 3TOIO
PazHOCTHOrO YPaBHEHIA?

3. Onpeaenure, Kakue M3 CISAVIONINX AQUCKPETHBIX CUTHAJIOB SBJIIFOTCS
COOCTBEHHBIMH JJ151 YCTOIMUNBO JIC-CHUCTEMEI:

a) e?2mm/3. 6) 3" B) 2"u|-n — 1J;
r) cos(wan); &) (1/4)™; ) (/)" uln] + 4" u{—n — 1].

4. a) Haiiqure ®ypre-00pa3 mocneqoBaTeILHOCTH

1, 0sng M
r[n] =
J, wuHadue.

0) PaccmoTpure nociaeqoBaTeEHOCTE

1 2mn
— 11— cos , 0gng M
*w[n]:{ 2( (ILI ))

™
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IIPAKTITYECKOE 3AHSTHE Ne 6
Bh1unciieHHe CBepPTKH ABYX M0C/1€I0BaATEIbHOCTEH JHCKPETHBLIM
npeoodopazoBaHueM Pyphbe
1. Ilens 3aHATHA

O3HaKOMUTCS ¢ OCHOBHBIMU ITOHATHUSIMIL O JINHENTHOU U L[I’IHHH‘-IECHDf:I
CBCPTKax. HB}”—IHTE X CEGﬁCTEan 1 HAYVHIITBECA PCIIATh IIOCTABJICHHEIC 34 /IaY4I1.

2. IloaroroRrka K 3aHATHIO
|. A3yunts (HOBTOPUTE) TEOPETHUECKII MaTEepHall.
2. O3HAaKOMHTLCA € 3a/IJaHIEM Ha IIpaKTUYECKOE 3aHATHE.

3. PacnipeaejieHre BpeMeHH 3aHSATHUSL:

Bcero: 90 mun

BceTynurensbHas 4acTh 2 MUH

[IpoBepka rOTOBHOCTH CTYAS€HTOB K 3aHATHIO 5 MUH

IIpoepamma npakmuueckoco 3aHAMUS

1. OcHOBHEIE CBEACHNUS O BEIUICIICHISIX CBEPTOK 15 MuH
2. PaccmoTpenne nukianueckux cBepTok 20 MuH.

3. PaccMmoTpeHne npuMepoB 35 MIUH

[IpoBepka BEIIIOJIHEHIS IIPpakTIdIecKoro 3auaTud 10 MuH
3aKIrOUNTELHASI YaCTh 3 MIH

4. OcHOBHLIE TCOPETHUCCKHE CBC/ICHHA

MeTo BEIUNCIIEHNUS CBEPTKHU ABYX IIOCIIE0BATEIILHOCTIU:
|. Beraucimrte N-toueunoe J[IID X [k] u Xo[k] mByx mocnemoBaTeabHOCTEN Xi[n]
1 X> [n].
2. Haittu npouzBegenue Xa[k| = X [k]Xo k] opun O <x <N — 1.
ql.t RHFFTQTTHETITT- TTIMAACGTTASTTATIATaSTTT TT AT Y o
e oCHenor 3[n] = x;x5[n] mo ee JJIID X3[k].

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: LleGayxoea TaTeaHa AnekcaHgpoBHa | HpH.]'ID}I{EHHﬁ HED6XD,[[HM&
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peann3anisd 00011 MIHEHOI CICTEMEl CBOJUTCS K CBEPTKE BXOJHOTO CUTHAJA C
IMITY JIbCHOM XapakTepucTukoil. Ho mHOrma 3To cTaHOBHUTCS 0COOEHHO BaKHEIM,
HaIlpUIMEp IIpU JUCKPETU3aIN PEUEBOT0 WX PalapHOTr0O CUTHAJIa U IIpU
BBIUICIIEHIN X aBTOKOPPEIIAIUOHHLIX (pyHKINIL. UTOOBI JOOUTHCS JIMHEITHOI
CBEPTKU, MBI JIOJKHEI OBITH YBEPEHHBEIMU, UTO I[UKJIUECKasl CBEpPTKa BEACT ceOs
Kak JInHeliHasd. 3aliMeMcs OoJiee TIaTEeIbHEIM aHAJIN30M CHUTY Il

i) T 7TTTTITTTYITT Y xpin|
—— - N
() i "
6 ’ Ty
) . x4[-1 — ]
il
-P -1 0 £ L
¢
. X[ —m}
0 t n L "
n-FP+1
x| L+ P -1 -
*
T
L
0 L : m
L+P-1

pucl. I [pumep nmuHENHON CBEPTKU ABYX KOHEUHBIX IIOCJIEJOBATEILHOCTEN,

HDK&BBIBEL}GH_IHE HTO PE3YJIBTAT CBCPTKH PaBCH HYIJIHO.

JInHeHHan CBCPTKA ABYX KOHCYHHbLIX HﬂMEﬂDBHTEﬂbHDCTEﬁ

PaccMoTpum L-uneHHYIO MOCIEA0BATEIBLHOCTE X |n| 1 P-unneHHyto
[IOCIIEN0BATEIILHOCTE X2[n|. HarmoMHnM, uToO UX MHEIiHasa CBEpPTKA OIpeAeIsaeTCs

dhopMy JI0ii:

zaln] = z1[n] * xoln] = Z x [me)as[rn — il

=0 (1)

" HOKYMERT NOAAMGAH 7777777 TTTIIYHAS TIOCTIEI0BATEIbHOCTD X1 [m], a

SNEKTPOHHOW NOANMUCHIO
Ceptudukatr:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: LeBayxosa TatbaHa AnekcadapoBHa paBHO HYIIIO IIPU # < Onn>L+P—2

iayeHMII n ImokKa3aHel Ha puc. 1, 0). SlcHo,
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0€<ns L+P -2, CnenoBatensHo, L+ P | MaKCHMAaJILHO BO3MOXKHAaMI JJINHA

PE3YJIbTATa CBCPTKIH HDCHE,I[DB&TEHBHDCTEE[ JUJIITH LuP.

HI/IHJ]HIIECHHH CBCPTRA KaK JIMHEMHAaA ¢ HAJ102KeHHeM BO BPEMCHH

Fed
Ecnu quckperuzorats Oyprhe-oopas X{e™) IIOCJIEJOBATEIILHOCTH X [N |B yacTOTax
wr = 2rk/N | TO IIONyUYHNBINAsICS IIOCIIEOBATEILHOCTL OYIET COCTOSTE I3
ko3¢ puriueHToB JIP® nepuoamdaeckoil IociIe 10 BaTeIbHOCTH

Eln] = i 2l — riN]
N (2)

C Ipyrou CTOPOHHBI, KOHEUHAs IIOCJIEA0BATEIILHOCTh
X{ef2mR/NDy g kg N -1
X[k] = *
0, HHAaYe (3)

seisieTcs J{I 1D ogqHOTO nepmoa mocje oBaTeIIbHOCTU Z|n] , T.€.

n) Zn], 0sngEN-1
Tp(n] =
d 1, HHAYe. (4)

SIcHO, UTO eciu AJIMHa HocleoBaTeIbHOCTH X[n| He nperocxoauT N, To
HaJIOKEHUS BO BPEMEHHOIT 0OIACTHI HE IIPOUCXOINT U Xp[n| = xX|n]|. OxHako ecnu
KOJIMUECTBO WICHOB IIOCIE0BaTeILHOCTU X[n| 6osnbine N, To BBUAY
CYIIEPIIO3UIINH Pa3JIMUHBIX OTCUETOR II0CJIEHOBATEILHOCTH X[ N ]
IOCJIEIOBATEILHOCTD Xp[N| MOXKET OTIINYIATHLC OT UCXOQHON B HECKOIBKUX (N
Ja’ke BO BCceX Toukax). YTOORI OTIMUATh UCXOJHYIO IIOCIEI0BATEILHOCTE OT
OJIHOTO IIEpHO/Jia MOCIIEI0BAaTEILHOCTH, IIOIydaroIeiics B pe3yIbTaTe IpUMEHEHIS

obpatHoro J[II® k guckperuzoBaHHOMY Dypbe-00pazy HocIeA0BaTEILHOCTH X[n |,
MBI Oy €M HCIIONIB30BaTh NHAEKC P, KOTOPHIIN Oy AET OIyCKaThCs, €CIII HAJI0KECHUS
HE MIPONCXOJUT 1 NMEET MECTO PABEHCTRBO Xp[n| = X|n].

Dypbe-00pa3 NoCIeA0BATEIEHOCTU X, N 113 ¢BepTKH (1) BEIUUCIIIETCS KaK
ITPON3BEJICHUE

X3(e’) = Xy (/) Xy (&™) &)

Omnpenenus ee J[11D kak

Xg[ﬁ] —~ Xq {Eﬂ?ﬂk!{ﬁl]); D€k N1 (6)

ITOJIYHIM OHCRBIIJITHOC PABCHCTBO

AOKYMEHT NoannMcAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: ' 12000002A633E3D113AD425FB50002000002A6 —1

Bnapeneuy: lLleBayxoea TateAHa AnekcaHapoBHa (7)
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X3lk] = Xa[k]Xo[&] (8)

SHAUNT, pe3yIbTaT IpuMeHeHns oopataoro JI1d x X3kl mveer Bu;

Y agn—rN], 0€<ngN-1
Tap[ﬂ] = r=—m0

0, WHAMe. (9)

C Ipyroil CTOPOHEL, II0 TEOPEME O IUKIINMUECKOII CBEPTKE

L3p [n] = 1 [ﬂ] @ £2 [’-’1-]- ( 1 0)

Takum oOpazoM, HUKIMUECKas CBEpTKa JABYX KOHEUHBIX
[IOCIIEMOBATEIILHOCTEI COBIIAIAET C JIMHENHON CBEPTKON, NCKAKEHHOI
HaJtoxkeHneM (cM. popmyiny (9)).

3amerum, uro eciau N Oonbine L win P (koandecTBa UI€HOB
nmociaegoBaTelbHOCTE X [n] 1 X5[n]), To X, [k] u X,[k] npeacrapmsator
I0CJIEIOBATEIILHOCTH X 1[N ]| U X2[n] aOCOMIOTHO TOUHO, HO X4p[N] = X|n| mpu Bcex n
TOJILKO TOra, Korjga N He MeHbIIIE JJINHEI II0CIeA0BaTeNbHOCTH X3|n|. Kak ObL10
YCTAaHOBJICHO B IIpEeILIAVIIEM IIoApa3esie, MaKCUMallbHO BO3MOXKHOE UHCJIIO
HEHYJIEBEIX OTCUETOB IOCJIeoBaTeNbHOCTH ©32] = #1iln] *@2(n] papuo (L + P — 1).
CrieJoBaTEeJILHO, IIUKIINUECKas CBEPTKa rocieaoBaTebHOCTEN ¢ J|1 1D, paBHEIM

X1[k]X2lk] commamaer ¢ muneiinofi, Dypre-00paz KOTOPOIl — ATO NPOU3BEACHUE

Xi{e™)X E(ij), ecin yncio Touek 11D N ynoBieTBopsieT HEpaBEHCTBY
N>L+P—1.

IIpumep 1. [{uknnueckas cBepTKa Kak JIHMHEHASA ¢ HAIOXKEHIEM

3aMeTUM, 4ToO Xi|n| 1 Xo[n] — IMOCTOsHHBIE MOCIIEAOBATEIILHOCTHI JIINHEL L
= 6, KaK ITI0KazaHO Ha puc. 2, a). [ToaTtoMy AnmHa nxX TMHENHOII CBEpTKU paBHa L
+P— 1 =11, npuuem cama cBepTKa IMeeT TpeyTronbHyio dhopmy (puc. 2, 0)). Ha
puc. 2, B) U T') IOKa3aHbI CABUHYTHIE BEPCHII IIOCIIE[0BaTeIbHOCTH L3 — 7] 3
(9) opur =+1 u N = 6. N-ToueuHas IUKIIMYeCKas CBEPTKa II0CJIeJOBATEILHOCTEH
X1|n] 1 X2[n] MmoxeTr OBITL BEIUNCIIEHA ¢ MOMOIIELIO opMyIIHI (9). Pesynbrat
BEIYIICJICHUII IIpe/icTaRiIeH Ha puc. 2, 4) WsI N =L =6, a B cmiyuae N =2L =12 —
Ha puc. 2, €). 3aMeTuM, uTo Ipu N =L = O B IIUKINYECKYIO CBEPTKY BHOCUT BKJIA]

AKX CAMA TTNCTTATARATATTLHTNCTL :133[?1] Ta¥ J1 CIBUHYTAas €€ BEPCUs raln + N]: a rpu

NOKYMEHT MOAMNVCAH
QNEKTPOHHOW NEANUGHIQ CTh 43 [”]] Tax xak JymMHa JINMHENHON
Ceprudukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeney; | LUeGayxoea Tatbska AnekcaHapoBHa JIMYecKasi CBEpTKa COBIAJIET C JIMHEIHO
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Wtak, MBIl BEISICHIIN, UTO eclii N > L + P — 1, To ripu N-ToueuHon
[UKJIMYECKOI CBEPTKE JBYX KOHEUHBLIX IIOCJIEIOBATEIILHOCTEI HAJIOKEHIS HE
npoucxoaut. C apyrou cTopoHsel, Iipu N = L = P nukiinyeckas cCBepTka MOXKET
OTJIMYATLCS OT JINHEMHOII BO BCEX OTcUeTax 0e3 uckmoueHusd. OgHako npu P < L
HEKOTOPHIE WIEHHI LL-TOUeUHON ITUKIINMYECKOIl CBEPTKN MOTYT COBIIQJIaTh C
COOTBETCTBYIOI[UMHI OTCUETAMU JINHENHOI. JIydllle BCero 3To MOXKHO IIOHSTh,
€CJIM BHOBDL IIPUBIIEYL HHTEPIPETAIIIO C HATIOKECHIEM.

al 1 [ [ xin| 2_1?2[“]
A — 88 9 9 e
£ L_-'P |
) L
/ xa[r] = % {n] = xyn]
el Al ———— ! '-.i ‘ I [ I I I 1 el = ————
D -1 fT
;_.l v N
el — - B I----«-ulw-wl——-l—-—‘—wfrv r I l ‘ | ‘ I T !
0 N L
o i x3{n + N,
N ‘ N-L -6
,.___,:I” _h_]IIrH...H
'l i) 1
9) L r (A} (N} xo ],
Ne=L=6
R bl e & o s—p—
i) N—1 f
¥ L ;] ®) w1,
L]
{ n

puc.2 CpaBHEHUE ITUKIINUECKOI CBEPTKU U JIMHENHON C HAJIOKEHUEM.

PaccMoTpuM NoceoRaTEIbHOCTH X[ n]| 1 Xa2[n] ,m300pake€HHEBIE Ha pIC.3,
a) 1 0) cooTBeTCTBeHHO. J[/TnHa L mocienoBaTenbHOCTH X [n ]| Oosbiie koamyecTBa
wiIeHOB P rocieqoraTen-HOCTHU Xo2|n| . Beiuncnne cHadasa L-TOYedHYHO CBEPTKY
ATUX [OCJIEA0BATEIILbHOCTEN, BEISICHIM, KaKIE U3 €€ OTCUETOB COBIIAIAIOT C
COOTBETCTBYIOI[IMU YIEHAMU JINHENHOII CBEPTKU, a KaKue HeT. JInHelHas
CBEpTKa IIOciegoBaTebHOCTEN X [n] 1 X2[n] mpeacTarneHa Ha puc. 3, B). Ee gnunHa
narHa (1. + P - 1). I -roueunag nuknuyeckas CBEpTKa IIOJIydaeTcs 10 (GopMyJIaM

[OKYMEHT NOANWUCAH

SNEKTPOHHOW NOAMUCHIO
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Bnapeneu: [UeBsyxosa TareaHa AnexkcaHgpoeHa - 1

NeiicTeuTenen: ¢'20.08.2021 no 20.08.2022 (11)



21 11 xifn]

.r_ i

&) II I [ ] x5 |ni
e e i — il ——————=—ip——

) P L
) , . wln] = x3 [} * xy[n]

)
9 »
H
il L,
{1 P L 4 &
L +P-1

puc.3 IlpumMep TUHENHON CBEPTKU ABYX KOHEUHLIX IIOCJIE0BATEIILHOCTEN

Ha puc. 4, a) npeacTapieHa IIOCIEA0BATEIILHOCTE 3 n - L] npur =0, aHa
puc. 4, 0)uB)npur =+1 ur=-— 1 coorBeTcTBeHHO. Ha pricyHKe BUJHO, UTO
II0CJIEIOBATEIILHOCTD X3p[n] Ha oTpeske [0; L — 1] monydaeTrcs kak cymMa TOJIBKO

JIBYX CllaraeMmbIX: Xs3|n| m x3 [n + L].

% . 1 x317]
1) L * &
L+P-]
b) . ! o xaln+ L
- L 0 } Ly
F-2
8) x3[n— L]
L »
¥
e l 1 .

B i h
2} xypln]l=x3nl + afn+ LLO=n=sil -1

’ »

L ]
¥ »
il il il il — i — i — . i
NOKYMEHT NoanncAH L d
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A B oOmeil cutyaruu npu P < L B UIKIMUECKYIO CBEPTKY, ONPEACIICHHYIO
Ha oTpeske [0; L — 1], BKkJTag BHOCAT TOJILKO JBE MOCIEAOBATEIILHOCTU: X3|n| u
x3[n+ L]. CymMupoBaHne npoucxXouT CIISAYOIUM oOpazoM: rocneguaue (P — 1)
oTcueTa rnocnegoBaTenbHOCTH X3n+ L] (orn =0 gon =P — 2) ckIaapIBatOTCA C
nepBeIMU (P — 1) orcueramu x3|n|, a nocnegumne (P—1) uneHsl
IIOCIIENOBATEILHOCTH X3[1n |, pacmosioxkeHHbIe Hag oTpe3koM [L; L + P — 2],
oTOpackIBatOTCs. MIHBIMI clI0BaMM, MOCIIEI0BATENILHOCTE X3p[N| cTpouTCs 10-
pazHOMY Ha pa3HEIX "HacTax oTpezka [0; L — 1]. ITockoneky nocneguue (P — 1)
WIEHEI II0CJIEJOBATEIILHOCTEN X3[n |, 1 X3|ntL ]|, maeHTIYHLI, BO3MOKEH
aJIbTEPHATUBHBIN B3I/ Ha IIUKJIMYECKYIO CBEPTKY, COTJIAaCHO KOTOPOMY OHa
[IOJIy4aeTCs KaK JIMHETHAsl CBEPTKA C HAJIOKEHUEM CIIEKTPOB MU3-3a CIIOKEHUA
YWIEHORB IIOC/IEJOBaTEeNbHOCTU X3|n|, c Homepamum orn =L, L+ 1,... L+ P —2c
IIEPBEIMI OTCUETaMH [OCJIEI0OBATEILHOCTH X3[n|. IIpolecc nocTpoeHns
IUKIINYECKOII CBEPTKH IIOKa3aH Ha puc. D> giug ciaydasd P =4 u L — 8. JIuHeliHaqa
CBEpTKa X3[n|mpeacTaBneHa Ha puc. 5, a). Ee oTcueTsl ¢ HoMepaMu n = L
OTMEUYEHEI He3aIloOJITHEHHEIMU KpyKoukaMi. OOpaTuTre BHUMaHHUE, UTO TOJILKO
(P — 1) ee unenoB npu n > L oTnmuHel oT Hy 1. Ha puc. 5, 0) mokazaH mpoiiecc
[IOCTPOEHN X3p|N ], KOTOPEIN KPaTKO MOKHO OXapaKTepNU30BaTh KaK
«HaBOpadlBaHHE» IIOCJIEJORATEIILHOCTHU X3 n|Ha ceds. B pesynbpTare nepreie
(P — 1) ee usleHOB HCKaXkarOTCA 3a CUET HAJIOXKEHII BO BpEMEHH, a OCTaJIbHEIE (OT
n=P—11g0n=L— 1)ocTatorcsa HEN3MEHHLIMIL, T. €. COBIIaJaloOT
C COOTBETCTRYIOIIUMU UIIEHAMU JINHENHOI CBEPTKI.

i) ) ! . vafe]

a1l |

g oo

FERN I L
L — i
) _
. t .1'3P[.ri] = x|l 'i':i_jl At ).
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| _—
0 : L it
P
) . 1 . xi[n]
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1) AL H
- _— - ——— - —— __—:_J. .-
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puc.5S IIponecc popMupoBaHIA TUKINYECKON CBEPTKU B PE3YJILTATE
«HaBOpPAaYNBaHII»

I/ITE’LH: IIPpH ,I[DCT&TDT-IHDf’I JUJIITHE L[I’IKHHT-IECHDﬁ CBCPTKH OTHOCHTCIIBHO
CBOpa"YMBaCMbIX HDCHEﬂOE&TEHﬁHGCTEﬁ HAJIOZKCHIA HC IIPOHNCXOAMT, T.C.

IMHIKJIIMHYCCKAA CBCPTKa COBIIA/JICT C JINHEUHOII.
BH,EIHHHH AJIH CAMOCTOHTC/IBHOTI'O PCLHICHMA.

1. IIycth pag Oypbe MepHoLIUECcKOTO HEIPEPHIBHOIO curHaa Zeit) ¢
IIEpUOJIOM | MC UMeEeT BU:

Y
- -3
:Ec(t) — E : ﬂlkEj(E?rktflﬂ }
h=—9

B pesynbTare gUCKpeTI3aIn curgana Le(t) ¢ marom I = 5107

I[TOJIVHACTCA ITIOCIICAOBATCIIbHOCTD ilt[ﬂ]: T.C.

z[n] = e (”lg_ﬂ)

a) SIBnsIeTCA JIM IIOCIEAOBRATEILHOCTE .7 IIepHOJUYECKOIl I KaKOB €€

Iepuo/I”?
0) Kak cooTHOCHTCS YacTOTa JUCKPETU3AIUH, IIPU KOTOPOI MOJIyUEH
cur”ai #» c gactoron HanikBucra? MHEIMHU clIOBaMH, TOCTATOYHO JIN

MaJl mar JUCKpPETU3aI[uU, YTOOLI rapaHTUPOBATL OTCYTCTBHIE JI0KHBIX
JacToT?

g — ﬂ_n :
2. PaccMoTpuTe mociefoBaTeNbHOCTE #lnl = a"ulnl HanomEnM, uTO ee

IIEPUOIIMUECKOE IMPOAOIIKEHNE £[#] OIICEIBAETCS (POPMYIION:
#nl= > aln+rN]

a) Beruncnure @ypbe-o0pa3 X"} mocnesoBaTeILHOCTU €7

6) Haiinure xosddurnentsr Xkl [P nocnenoBaTeMbHOCTH - 3.

3. onpeaenute 11D xaxmoil U3 NepednCcIeHHEIX KOHEUHBIX
IIOCJIEOBATEIILHOCTEI, CUUTAs, YTO BCE OHM NMEIOT AJINHY N.

a) x[n] = é[n]; 6) z[n] = &n — nal, ng « N —1;
! 1, m — "erHo, 0<ngN2-—1,

B) x[n] = -

OKYMEHT HD,EI,I'IMCAH N/2<ng N-1,;
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IIPAKTITHECKOE 3AHATIIE Ne 7
Peam3zauusa AByMepHoO JIHHEHHOH CBEPTKH I10CJ1€J0BATEIbHOCTEH C
MOMOIILI0 KPYrOBOH CBEPTKH
1. Llens 3ansaTus

HayuuThbcs NpeacTaBIATh JINHENHBIE CTal[IOHAPHBIE CUCTEMBI B IMITYBLCHOIT
I 4aCTOTHOM (popMe. M3yUuTE COOTHOIMEHHNE MEKAY UMITYJIbCHON 1 YaCTOTHOI

AOKYMEHT NoannMcAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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XapaKTEpUCTHKaMI, KaK IIapy, CBSI3aHHYIO ¢ IIpeoOpazoBaHneM Dyphe U
03HAaKOMUTCS ¢ OCHOBHBEIMHU CBOIICTBaMIU IIpeoOpa30BaHMIL.

2. IloaroroBka K 3aHATHIO
1. 3yunThb (IIOBTOPUTE) TEOPETUUECKUIT MaTepUal.
2. O3HAaKOMUTKCA C 3aJaHIEM Ha IIPaKTUYECKOE 3aHATIHE.

3. PacnipeaesieHrie BpeMeHH 3aHATUSA:

Bcero: 90 mun

BceTynurensHas 4acTh 2 MUH

[IpoBepka rOTOBHOCTH CTYACHTOB K 3aHATHIO 5 MUH

IIpocpamma npakmuueckozo 3aHAMUS

1. OcHoBHEIE cBefeHII O (DYHKITUSAX CTaI[HOHAPHLIX cucTeM 15 MuH
2. PaccMoTpeHne 4acTOTHBIX XapakTepucTuk 20 MIITH.

3. PaccmoTpeHnne npuMepoB 35 MUH

[IpoBepka BEIIIOJIHEHIS IIpakTHdecKoro 3auaTud 10 MuH
3aKIIOYNTEILHAS YaCTh 3 MITH

4. OcHOBHBIE TCOPETHUCCKHE CBC/ICHHA

Peammzanus JIC-cucteM yepes JUCKpeTHOE MpeodpazoaHue Dyphbe.

Tak xak JIC-cucremMa peannsyercs JIMHENHON CBEPTKOM, TO IUKIINYECKas
CBEpTKa) MOXKeT OBITb HCIIONB30BaHa I peanmzaluil  TaKHmX CHCTEM.
JleficTBUTEILHO, pacCMOTPUM L-WIEHHYEO BXOJHYRO MOCIIEIOBATEILHOCTL X|[n| u
IMITy IbCHYIO XapakTepucTuky h[n] gnmuer P. J[InHa nX JIHMHENHOII CBEPTKIL,
KOTOPYIO OOBIYHO 0003Ha4aroT depes y|n|, He npeBocxoautT uucia (L + P — 1).
CnenoBaTtenbHo, N- TouedHasd IUKINYECKasd CBEPTKa BXOJHOI'O CHCHala C
NMITyJIbCHOII XapaKTEPHCTUKON COBIIAJAET C€  peakKnueil CHCTEMBI, €CJIN
N> (L + P — 1) HanomHuM, 4To mCKOMas IUKIIMYECKas CBEPTKa BLIUMCIISICTCS

kak oopatHoe J[IID oT mpomzedenuii J{I1I1® nocnemoBaremmHocTeil X[n| u h|n].
[IockOJILKY 5TO IPOU3BEACHNIE JOJDKHO MHPEeACTAaBRIATh JIUHEIIHYIO cBepTKy X[n]| *
h[n], gmuaa xotopoii paHa (L + P — 1), konmiecTBO WieHOB BRIUNCIIEMBIX J[IID

TOJKe JOJDKHO OBITL He MenHbme ueM (L + P — 1), Te k »5TuM
MOCTETORATETRHOCTIM HVIKHO TOOARUTE OTCUETHI ¢ HYJIEBOM aMIIINTYJOM Tak,
NOKYMEHT MOAMNMUCAH _
SNEKTPOHHOM MOAMUCHIO JaTEJILHOCTEN CTalll PaBHBIMU MCKOMOMY
CepTuchukar: 12000002A633E3D113AD425FB50002000002A6 .
Bnapeneu: Websyxosa TateAHa AnekcaHapoBHa JIEHOB K KOHCYHHOI ITIOCJICIAOBATCIIEHOCTII
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OmnucaHHad TMPOILEaypa IIO3BOJIAET BBIUNUCIUTE JIMHENHYEO  CBEPTKY
KOHEUHEIX IIocJieJloBaTelnbHOCTEN Ha ocHOBE 11D, T.e. peaknuro KM X-cucTeMel

Ha KOHEUHHKII BXOJHOM CUTHAJI MOXKHO ONpeJeNuTh ¢ momoIso J(I1I1D. Bo MHOrnx

IIPIUIOXNKCHITAX, TAaKIIX KaK, HAIIPIHIMCD, (bH.HLTpDBaHHE pPCHCBOI'O CHI'HAJI4A, AJIMHA
BXOJHOI'O CHI'HaJla HCOIIPCACIICHA. HECMDTPH Ha 3TO, C TEDPETHT-IECKDﬁ TOYHKH
3pCHIIA MBI MOIJIH OBl COXPAaHHUTEL IIOJIHYEO (prMy CHI'Halla I PCaJlli30BaTb

nponeaypy npupiedenusd JIID ama Oonbimoro dmena oTcyeToB, HO Takoe J[IID

IOBOJILHO TPYJAHO BBEUUCIUTE. Jlpyragd wuzgesd peanmaiquu (QIUILTPOBAHUSA
3aKJIFOYAE€TCS B TOM, YTOOBI BBIUMCIIATE BEIXOJHOII CUTHAN TOJIBKO IIOCIE TOro, Kak
BCE OTCUETHEl BXOJHOro OyayT coOpaHbl BMecTe. Ho, kak mpaBWIIO, XOTEIOCH ORI
m0ekaTh HEeM30€XKHOI I TaKOoro MoJxoJa OoNbINON 3aJepXKu. BeIxon uz
CO3JIaBIIErOCs IIOJIOKEHMS JaeT TaK HazbplBaeMas OJIOYUHAasl CBEpTKa, IPHU KOTOPOU
GUILTPYyEeMBII cUTHAI pa3zOnBaeTcd Ha Kyckmn AauHBL L. KakAwplll Takoil yuacTOK
CUTHajla CBOpauyMBAETCsI ¢ KOHEUHON UMIIYJIbCHON XapaKTEPUCTUKON, IIOCIIE YEro
npoUILTPOBAHHEIE KYCKH CKJIEHBAaIOTCS BMeECTE MHOAXOAAmMHNM oOpazoMm. Ilpnu

3TOM 00paboTKa KaxkJaoro 0JI0ka OCYIIECTBIIsAEeTCS ¢ moMombro J[I1D.

!, hfn]

UL _

x[n]

It 1 141

puc.l Koneunas nmiynbcHasd XapakTepUCTHKa h|n| u BXoaHOII curHai x|n|

HEOIIPEAETIEHHO JIJINHEI.

JInd  wUlrocTpanumy — METoJa M ONHCAaHM — IIpollecca  CKIIEHKHU
npo(IILTPOBAHHEIX YYaCTKOB PacCMOTPUM HMIIYJILCHYE XapaKTepHUCTHUKY h[n]
ITIMHEL P 11 BXOJHOII curHal X|n|, n300pakeHHLBIEe Ha puc. 1. bygem nmpeanonarars,

oTO X[H] — 0 IIPIT 1 < 0 1 JdJIIMMHa BXOJAHOI'O CHI'HdAJIa MHOI'O 6DHBH_IE P.
HDCHE,[[DEHTEHBHDCTB X[Il] MOZKHO IIPpCACTAaBHUTL KdK CYMMY CJIABHHYTBIX 6HDKDE
nHBL L:
= 8]
z|n] = Zﬂ:r[n —rl]
r=0 (1)
I';1€
!"' r - - — = = e
OOKYMEHT noanncAH
3NEKTPOHHOWM NOANUCLIO
Ceptucbukar: 12000002A633E3D113AD425FBS0002000002A6 (2)
Bnapeneu: LleGayxoea TateAaHa AnekcaHgpoBHa TebHOCTI X[Il] 3 pHC. 1 [I0KazaHo Ha
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puc. 2, a). OOpaTure BHUMAaHIE, UTO MEPBBII OTCUET KaXKJOI0 ydacTKa XI|II]
nMeeT HoMep n = O, a ero 3HaueHHe COBIIaJAeT ¢ BeIMUNHOIl OTcueTa BXOHOIO
CUTHaJIa mojJ HoMmepoM rL. 3Ta ocoOeHHOCTh OTpaxkeHa Ha puC. 2, a) TEM, UTO

r'pathH KaxJ0I'0 YHACTKa CABITHYT Ha CBOIO PCAJIbHYIO ITO3HITIEO.

lIockombKy CBEpTKA SABRJISAETCA JIMHENHON CTAIUOHAPHOU OIl€palllell, TO U3
dopmy el (1) cneayer, UTo

[n] = ®[n] * hin] = 3 yrn — L]
v ; o A

rje

yrln] = 2.[n] * hin] )

¥ [#]

r—
L

i :

puc.2

[IoCKOJILKY YHCIIO OTCUETOBR ydacTKa X n| paBHo L, a ginuHa UMIIYJILCHOI
XapaKTEPUCTUKI — P, KOJIMYECTBO WIEHOB JIFOOOTO ydyacTka Yr(n] = e[n]+hin|ge

npepocxogur L+ P—1. IlosToMy mnuHENHYIO CBEPTKY Z»|n|*hkln]MoxHO

[IOKYMEHT MOAMACAH \HHOHM IIPpOLEAYPEI, HCIHOJBL3VIOmEen N-
3NEKTPOHHOW NOANMUCHIO -
CepTudvkar: - 12000002AB33E3D113AD425FB50002000002A6 K KaK BXOJAHOII CIHII'HaJl PHBGHEHETCH Ha
Bnapeneu,; lLebayxoea TaTeAHa AnekcaHapoBHa

JaHIS Y4acTKOB umeer JuuHy L+ P — 1,
Nencreutened: ¢ 20.08.2021 no 20.08.2022



TO MOpOQUILTPOBAHHBIE CETMEHTHI IIE€pPEKpPBEIBAIOTCA APYr ¢ apyrom B P — 1
TOUKax, IpUYeM JJII HOJIyUEeHHS HCKOMOTO pe3yJibTaTa Hajlararomjuecs ApyT Ha
Ipyra OTCYUETHl HEeOOXOAUMO IIPOCYMMHpPOBaTh. lIpodUILTpOBaHHEIE YYaCTKH
yi[n] = x¢{{n] * h|n| mokxazaurr Ha puc. 2,6). Tak kak BXOJHOII CUTHAJ SIBJIIETCS
CYMMOH 3aJepKaHHBIX KOHEYHBLIX VyYacTKOB M3 puHc. 2, a), pe3ylbTar
¢uieTpoBanng  x[n] * h[n] momydaeTrca kKak cyMMa = 3aJeprKaHHBIX
npo(IILTPOBAHHEIX CErMEHTOB, N300pakeHHLIX Ha puc. 2, 0). Takas npormengypa
BBIUIICIICHUS peakIu (PIUILTPa HaCTO Ha3EIBAETCI CYMMUPOBAHIEM IIEPEKPBITHIA.
HamoMHNM, YTO IIepeKphITHE YYaCTKOB BO3HUKAET IIOTOMY, YTO JIMHENHAs
CBEpPTKa KaXXJOro ydYacTKa C HMIIYJILCHON XapaKTEepUCTHKOH, KaK IpaBHIIO,
IoJIydaeTcs JINHHEE, YeM CBOpadyMBaeMBINl ydacTOK. MeToJ CyMMHUpPOBaHH

IEpEKPLITHI OJIOYHOII CBepTKM He InpubgzaH k JIID m mukindeckoll CBEpTKe.

OCHOBHas €ro NJiesl COCTOUT B BEIUNCIIEHUN CBEPTOK YUACTKOB BXOJJHOI'O CHUTHAlA,
KOTOPBIE 3aTEM CYMMUPYIOTCS IO IXO0ISIIIM 00pa3oM.

Jlpyras mpolieaypa BBEIYHCIICHNS OJIOYHOII CBEPTKU HA3LIBACTCSA METOJOM
XpaHeHNsa IepekpulTuil. OHa 3akjrodaercsd B peanm3anuu  L-TouedHon
[UKIINYECKON CBEPTKU P-ulleHHONI MMIIYIILCHON XapaKTEpUCTUKHN € L-ulIeHHBIM
YUYaCTKOM X n| U MHOCHEIYIOMMM BBIJEIEHUI OTCUETOR IIUKJINYECKOIl CBEPTKH,
COBHAJAIONINX CO 3HaueHMIMHU JuHeliHoil. [lomydeHHBIE TakuM 00pazoM KYCKH
CKJICBAIOTCS BMecTe 11 (OpMHPOBAHNIS BEIXOJHOTO curHaila. MuI mokas3aiau, uTo
IpH IUKINYECKOl cBepTKe L-deHHOoIl nocneqoBaTeIbHOCTU ¢ P-unennoil (mpu P
< L) nepBrie P — 1 oTcUeTHl peayIbTaTa HMCKAXXEHEI, B TO BpeMs Kak OCTaJIbHBIC
TOXKJJECTBEHHHLI YJIEHAM JIMHENHON CcBepTKU. MBI MOXeM pa3JdejiNTh BXOJHYIO
MIOCJIEA0BaTEIbHOCTE X|1I| HA L-ujJeHHBIe CerMEHTEl TaKUM 00pa30oM, UTO KaXKIbIM
CIIEAYIOIII YUaCTOK IIepeKphIBA€TCA C IpeAbIAy UM 110 P — 1 orcuery:

zen|=zn+r(L-—FP+1)- P+1], 0sn<s L -1 (5)

'€, KaK 1 paHBIIC, TH/JCKC IICPBOI'O OTCHCTA KaXKJOI'O YHACTKAd PdBCH HYJIHO.
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Takoll cmocoO cerMeHTal[uU IIOC/I€AOBATEILHOCTU IIOKazaH Ha pHC. 3, a).
[{uknuyeckass cBepTKa KaxkJgoro ydacTka ¢ h|n| oboznauena uepes ym|n| (puc. 4,
0)). JloNONHHUTEILHBEI MHIOEKC P YKa3bIBa€T, YTO 5Ta IIOCIEeJOBATEIILHOCTD
I0JIyUeHa B pe3yJIbTaTe HUKINUEeCKOIl CBEPTKIU, B KOTOPOIl MOKET IMPUCYTCTBOBATh
HaJIOKEHHE II0 BpeMeHH. OTCUEThl KaXJOI'0 BBIXOJHOTO CEIMEHTA, HHICKCEHI
KOTOPLIX IIpuHajIexkaT oTpesky |[0; P — 2], HeoOxogumo oTOpocuTh. OcTaBIINEC
WICHLl KajkKJJOTO0 BEIXOJHOIO CErMEHTa COCTABILIFOTCI BMECTE, B PE3yJIbTAaTe UEro
II0JTyYa€TCs MCKOMBIIT BEIXOJHON CUTHAI:

yln] = | yrin —r(L—P+1)+ P —1j
2 (6)

rjae

y]""j’][ﬂ]: P—lgﬂi'g[-"l
ﬂrInI:
0, MHAaYe, (7)
OmnucaHHasg Mpoleaypa Ha3blBaeTCd METOAOM XpaHEHUS IIePEKPBITHIL,
[IOCKOJILKY CETMEHTHEI BXOJHOI'O CHUTHalla IIEPEKPEIBAIOTCA TaK, UTO KaXKIBII
cIeqyIOmUl ydacTok HaumHaeTca ¢ (P — 1) orcuera mnpemgulaymero u
sakaguniBaerca L — P + 1 HOBBIMIL

AOKYMEHT NoannMcAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



&)

;
|
J""I'I';.r l Pt ] b
f
|
|

R

Y

-

ﬁh: ,: 1,..-r'rT””mU _

Yenlo)

i

puc.4 (0OKOHYaHUE)

JIncKkpeTHOE KOCHHYC-TIpEe00pa3oBaHHeE

JIIID, Bo3MoOxkHO, HamboJiee THUNHYHEIL HOpuMep  OONIBIIOrO  Kjacca

HpEDﬁpHBDBaHHﬁ? KOTOPEIC B D6H_[EM BITAC MOHO 34II11CATE KdK

A = 3 zinleiln
2, lnled (8)

n=u (9)
[TocemoBaTebHOCTH #*(*ly10BNeTRBOpSIOT 3aMedaTeIbHOMY CBOICTBY IOIApHOI
OpPTOTOHAJILHOCTIU:

g Y4 1, m==~%
= Y welnlel,ln] = { o
N e 0, wuma1cm # & (10)(10)

I Ha3ELIBAIOTCS Oa3CHBLIMIL.

bazncHBIMI ITOCJICJOBATCIIEHOCT MIT B J [D CJIIYKaT KOMIIJIIEKCHEIC
Ej?-:rrknjﬁ’

JKCIIOHCEHTEI , d ITOCJICHOBATCIIEHOCTDL A[H] 3JeChb HNMECT KOMIIIIEKCHEBIC

OTCHCTEL [JaxC B TOM CJIIyHdC, KOI'/Zld IIOCIICAOBATCIIbHOCTD X[H] BCIICCTBCHHA.

Bo3Hukaer €CTECTBEHHBI I BOIIPOC. CYHICCTBYCT JII IIPpCO 6p d30B4HIIC,
COXPaHAROIICC EEH_[ECTEEHHDCTL? OTBET IIOJIOKUTEJIEH. YKazaHHBIM CBOMNCTBOM

o0nmajaroT, HampuMep, IIpeoOpazoBaHHA Xaapa U Ajamapa U IIpeoOpa3oBaHUE

Ve F11 197 | n SR ——
NOKYMEHT NOANUCAH M OPTOI'OHAJIEHOI'O HpﬁD6p d30BdHIIA
SNEKTPOHHOWM NOANUCHIO 5
Ceptudurkar: 12000002A633E3D113AD425FBS50002000002A6 icren CIIy RKUT AICKPETHOEC
Bnapeneu: | LleG3yxosa TatbaHa AnexkcaHapoBHa 31]. OHO TecHo cBazaHo c¢ J[II® n

[eiicTenTenen: ¢ 20/08.2021 no 20.08.2022 iBIM B psJi€ OPIIIOKEHUN IO 0OpaboTke



CIHII'HAJIOB, 0COOEHHO IIPH CHATHI IiBﬂfSp&?KﬂHHﬁ 11 3BYKaA.

OmnpeaeieHHe TUCKPETHOI0 KOCHHYC-MPE00pa30oBaHUSA

JIKII wmaswpIiBaeTcsa ImpeoOpaszoBanne Bujga (8) u  (9), OasucHBIMU
[I0CJIE[OBATEILHOCTAMU ®GToporo ciIyxaT KOCHHYCHI. 1IOCKOIBKY KOCHHYC —
mepuoamdeckas UeTHas IOCIeN0BaTeNILHOCTh, TO IIPOJOJDKEeHHE X[n]| 3a OTpe3oK
[0; N — 1] no dopmyrne cunreza (9) OyaeT NepHOANUHLEIM I YETHEIM. MHaue

ropops, torga kak J{IID colepkUT HEABHYIO NepuoandHocTh, B JIKII 3amoxkeHa

KaK IICPHNOAMNYHOCTE, TAK H HCTHOCTE.

OHPE,[[EHEHHE rj [® HaymHAIOCHL C IICPHUOJMHCCKOI'O  IIPOAOJIKCHITA
KOHEUYHOI ITOCIICJOBATCIIbHOCTII, KOTOPOC 3aTCM BHEIPAXKAJIOCE B BIJC JIMHENTHO I

KOMOMHAIINM KOMIUIEKCHEIX SKcmoHeHT. Ilogxon k onpemenenmo  JIKII

[IOJIHOCTBEO aHasiormdeH. CHadajia II0 KOHEYHOI ITIOCJICAOBATCIIbHOCTH CTPOMTCA
IICPHOAIMHCCKaA HCTHaA IIOCJICOJOBATCIIBHOCTE, I1O KGTGpGﬁ HCXOJHAaA
BOCCTAHABIINBACTCA OJHO3HAYHO. BEH,[[}" OOJILIIIOTO HIICIIa CIIOCOOOB

[IPOJIOJIKEHISI BOBHUKAET HECKOJILKO pa3zlnnUuHEIX onpeaeneHuit JIKII.

Ha puc. 5 moxkazanel 17 OTCUETOB UYETHIpEX NPUMEPOB IIPOAOIIKEHILI
UETBIPEXWIEHHON  IMOCIEAOBATEIILHOCTU.  OTCUETHl  UCXOJHON  KOHEUHOU
[IOCIIEJOBATEIILHOCTH  BCIOAY 0OO3HAaueHbBl UYEpHBIMH  KpyxkoukamMu. Bce
IPOJIOJDKEHUS Ilepuoandeckue (mepuog paBeH 16 mwinm MeHbIne) U 00IaaroT
CBOIMICTBOM UETHOCTH. B KaXJOM cClIyua€e KOHEUHAas IIOCJIEIOBATEIILHOCTBH JIETKO
BRIJEIISAETCSI KakK IIEpBhI€ 4YeThlpe wieHa Imepuoga. OOozHaumMm Bce 16
MIEPUOJIMUECKNE I10CJIEIOBATENILHOCTU, IIOCTPOEHHBIE II0 KakJOMYy I3 UYEThIPEX
IpUMEPOB puc. 5, dyepes 1[n], Z2[nl, #3/nlm Z4fn], 3aMeTuM, UTO pealbLHLIN IIEpHO/]
nociegoBaTenbHocTn Z1[7lpaBen 2N — 2 = 6, mpmyeM oHa oONafaeT YETHOI
CUMMETpPUEN KaK OTHOCUTEeILHO n = (), Tak m oTHocHUTEILHO n = N — 1 = 3.

Ilepuog mocneqoBaTEILHOCTU €2 [ﬂ‘]paEﬂH 2N = 8, a IEeHTpPHl €€ YeTHOU

— 1 7 o
CIMMCTPHH PAcCIIOJIO¥NKCHBI B TOHKaAX n= 3" 2/ HEPHD,[[ ITOCJIEJOBATCIILHOCTCH

Zs[n] m 24[n] coctomr 3 16 orcueron. B o6omx CIIyuasxX IepUOJ BEIUNCILIETCI KaK

16 = 4N. LleHTpEl CUMMETPUHU TPETLEI II0CIIeOBATEILHOCTI HAXOIATCSA B TOUKaX

< — 1 — (aar _ 1y 15
n=0un=8,auerBeproif — B = "z ¥4 = (2D ) =7
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YeTrIpe cydas, n300pakeHHBIE Ha pUC. 5, WITHOCTPUPYIOT IIEPHOJUTIHOCTD,

HESIBHO MPUCYTCTBYIOMYIO B deThIpex Tumnax JIKII, Hazwiraemuix JIKII-1, JIKII-2,

JIKII-3 u JIKII-4. MoxHO IOKa3aTb, 4UTO CYMIECTBYET €IIe YeThIpe CcIIoco0a

F

HCTHOI'O IICPHOJMHYCCKOI'O IIPOAOJIKCHIIA IIOCJICHOBATCJIBHOCTIH X[H]: HTO BJICHCT

yeThlpe JonoiHurenbHeIX Tuna JIKII. bomee Toro, mo JJaHHON KOHEUHON
[IOCJIEAOBATEIILHOCTY MOXHO IIOCTPOUTHL BOCEMBb HEUETHBIX IepHOANUECKIX
BEIIECTBEHHBIX IIPOJOJIKEHUI, BEAYIINX K BOCbBMHN THIIAM JUCKPETHOI'O CHUHYC-
npeoopazoranusa (JICII), OasmcHeIMu  (QYHKIUIMU B KOTOPOM  CIIyJXKaT
OPTOHOPMUPOBAHHEIE [10CJIeJOBaTEILHOCTH CHHYCOB. HazBannrle
nmpeoOpa3zoBaHUsI 00pa3yroT cemeiicTBo u3 16 mpeoOpazoBaHHIl BEIEeCTBEHHBIX
nmocnemoBaTenbHOCTe. K Hanmbomee ncnomb3yeMbIM 13 HuUX oTHocarca JKII-1 m
JIKII-2.

F

3ﬂﬂﬂHHH AJIH CAMOCTOHTC/IBHOI'O PCILICHHH

1. PaccmoTpure mocnegoBaTelIbHOCTH Xi[n] m Xo[n] u3 puc. 6. Haligure

HalIIMCHEIIICC  3HAYCHIIC N, IIp1  KOTOpPOM  CIIPAaBCIJINBO PAdBCHCTBO
#1[n](N) x2[r] = =\ [r] * 22[n]

3 xy[7]
p x-in|
1 1
T .|
. i i . L i L .
10 1 1 4 5 a1 00 1 2 3 l 5§ 7
r .
[IOKYMEHT NOOMNUCAH

SNEKTPOHHOW NOANMUCHIO

Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

NleiicTauTeneH: ¢ 20.08.2021! no 20.08/2022 n Xi[n] n3o0pa)xe€HHBIX Ha pHuc. 7/,



r . _ i .; _.'.i"r?"';k”.rffﬂj
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YOOBJIETBOPSIFOT COOTHOIIEHHUEO
KOHCTaHTa. MOXKHO JI y3HaTb TOUHOE 3HAaue€HUE T, OCHOBLIBAsAChL Ha puc. /7
EqusacTBeHHOE IU Takoe 3HaueHHe? [IomoKUTeNnbHBIN OTBET OOOCHYIITE, a

DTpHL[ElTﬂJ’[EH]’:Iﬁ ITIOAKPCIIITC IIPHIMCPOM.
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[Iokaxure, urto gud Jrodoi N-uneHHOII IOCHeJOoBaTEIBLHOCTU X|n|
BBLITIOJIHEHO PaBEHCTBO

z{((—n))n] = 2[((N = n))n]
Nz00pazute N-ToueuHyIO IUKINYECKYIO CBEPTKY IIOCIIEIOBATEILHOCTEN 13
puc. 8 mpu N =6 u N = 10.
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ITPAKTHTYECKOE 3AHATHE Ne 8
1IpeacraBienue uu@ppoBbIX GUILTPOB B BH/le CUTHAJILHLIX rpadgoB

1. Ilens 3aHATHA

O3HAaKOMUTCS C TaKUM IIOHITHEM, Kak IIOTOKOBEIII rpad. Hayuurbes
IPEeACTaBILITh Pa3HOCTHBIE YPaBHEHUSI C IIOMOINBIEO CHUTHAJILHBEIX ITOTOKORBBIX
rpadoB aHAJOIMYHO OIOK-CXEMaM, 3a UCKIFOUEHIEM HECKOILKIX 0003HaUeHIIT

2. IToAroToBKa K 3aHATHIO

1. A3yunThk (IOBTOPUTE) TEOPETHUECKIIT MaTepUall.

2. O3HaKOMHTLCH C 3aJaHIIeM Ha IIpaKTHUYeCKOe 3aHITHE.

3. PacnipeaejieHre BpeMeHH 3aHATUSL:

Bcero: 90 mun

BceTynurensbHas 4acTh 2 MUH

[IpoBepka rOTOBHOCTH CTYAS€HTOB K 3aHATHIO 5 MUH

3. OcHOBHBIE TEOpPETHUYECKHE CBEJeHUS

IIpeacrapiieHne pa3HOCTHBIX YpPaBHEHUH C IIOMONIBIO CUTHAJIbHBIX
[IOTOKOBEIX IpaOB aHAJIOTHYHO OJIOK-CXe€MaM, 3a MCKJIFOUEHHEM HECKOJIbKUX
obozHaueHnil. C ¢popMabHON TOYKHU 3pEHUS CUTHAJIBHEIN ITOTOKOBEIIL Ipad) — 3TO
CeTh HAaIIpaBJICHHBIX BETBEI, COEQUHAIOMNX V3Jkl. KaxIplil y3el1 o0003HaueH
[IEpEMEHHON I METKON. MeTKka, COOTBETCTBYIOIIAA Y3IIy K, MOYKET BHITJLIACTH
Kak "k, mim, noguepkmnBas TOT aKT, UTO IIEpEMEHHBIE, OTHOCSIIUECSI K y3JIaM,
KaK IIpaBUJIO — IIOCIEJOBaTEILHOCTH, €€ 0003HauaroT depe3 ¥EUMBOI (], K)
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0003HaYaeT BETBL IIOTOKOBOTO I'pada, HCXOIAIIYIO U3 y3JIa | U 3aKaHUHBAIOIIYIOCS
B y3JIe K (puc. 1).

¥3en f

Ca W [ﬂ]

W)

yicn k

puc.1 [IpuMep y210B 1 BETBEII CUTHAIILHOTO IIOTOKOBOTO rpada

Kaxgonl BeTBM OTBeUaeT BXOJHON M BBIXOJHON CHTHAJILI. BXOJHLIM
CUTHAJIOM JUJI1 BETBU (], K) CIIYJKUT IIOCJIEJOBATEIILHOCTD, B34Tad B KaUECTBE METKH

wil?] B rmmeiinom cursansHOM MOTOKOBOM rpade, a UMEHHO TaKHE MEI

y3I1a, T.€.
I paccCMaTpHBaEM, BBIXOJHON CHTHAaJIl, COOTBETCTBYIOIIUII BETBH, IIOJIyYaeTCS
JINHENHEIM NpeoOpazoBaHIEM €€ BXOJHOIO CHUTHamna. [IpocTelmuMm IpuMepoM
CJIY)KUT IIOCTOSIHHOE yCIUIEHHE, KOTJia BEIXOJHOII CHUTHAJl BETBU — 3TO BXOJHOI
CUTHAJl, YMHOXKEHHBIIl Ha KOHCTaHTy. JIMHeIHasg omnepamus, MHu3o0Opaxaemasd
BETBLIO, OOBLIYHO CTABUTCS PSAAOM CO CTPEIIKOI, yKazbIBarollell opUeHTaIro. B
clIydyae YMHOXKHTEId Ha KOHCTAaHTYy, IUIM MacIITaOHOTO IpeoOpazoBaTessl, 3Ta
KOHCTaHTa MPOCTO CTABUTCS PAJOM CO CTpenkoii. BeTBb, 0003HaUEHNE ONepalnuu
KOTOPOIl OIIyIIEHO, MHpeJCTaBIsIET cOOOIl BETBb C €AUHHYHEIM KO3 (QOUIIHEHTOM
VCUIICHI, UM TOXJIECTBEHHOE IIpeoOpazoBaHue. l1lo oIpeaeseHNIo, 3HAUYCHIE

Kax/J10I'0 Y3JIa rpatba PaBHO CYMMC BCCX BXO/AIIIIX B HCI'O CHI'HAJIOB.

a
tl
TWCTOR /-l:\ ¢ CTOK
. =i}  u
x[n} wi[n] t wiin}  vin]

pHC.2 HpHMEp CHUI'HAJIBHOI'O ITOTOKOBOI'O Ppa(ba CO CTOKOM I1 HCTOKOM

JIng 3aBepIIeHUs OIpEAeIeHNs CHUTHAILHOIO IIOTOKOBOTO Ipada HaM
HeoOXOJUMO BBECTHU J[Ba CHEI[HAIbHBEIX THIIA Y3JI0B: CTOK N HCTOK. KMcTokxom
Ha3LIBAETC Y3€II, B KOTOPBIM HE BXOAUT HU OJIHOII BETBHU, MHAaUe roOBOPS, CTPEIIKH,
CTOAIIE Ha BCEX BETRIX, MHIIUJACHTHLIX C HIM, HallpaBJIE€HBI OT 3TOTO y3Ja. VIcTok
IICIIOJIBL3YETCS 11 O0OO3HAueHMsI BXOJHOIO CHTHAla BcCell CHCTEMBI IUIH
INCTOYHHNKOB CHrHajla BHYTpH Hee. CTOKOM HAa3BLIBAIOT Yy3€JI, NMEIOIUIl JINIIb
BXojme BeTBU. OH, KaK HOpaBmIo, oOo3HauaeT oOmuil BEIXO]] CUCTEMEI. CTOK,

AOKYMEHT NOAMUCAH [EHTOM YCIJIEHISA IWUTFOCTPUPYIOTCS PIC.
ANEKTPOHHOW MNoAariicChbio
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wy|n] = z[n] + aws[n] + bw.[n]
woln] = cwi[n,

y[n] = drln] + euwsqnl. (1)

CroXeHUe, YMHOKEHIE Ha KOHCTAaHTy U 3aJiepiKKka — Oa3lCHBIE OIIepallil,
HeOOXOAUMBIE JUII  pealnnzaliiil  JIMHENHBIX  Pa3HOCTHBEIX YPaBHEHHUII C
IIOCTOSHHEIMH KO3 (UIIUEHTaMH, B CBS3HI ¢ YEM alITOpUTMEL, peanmzyromue JIC-
CHCTEMBI, MOXHO N300paaTh CUTHAJIbHBIMU IOTOKOBEIMHE I'padaMu, COCTOSIIMI
I3 3TUX 3JIeMeHTOB. Kak mpumMmep Takoll peanzaliid pacCcMOTPHUM OJIOK-CXEMY U3
puc. 3, a), rae B npsamoil ¢dopme Il peannzoBaHa cuUCTeMa ¢ XapaKTEPUCTHUECKOI
¢yuakIuen F.1). CurHanbHBIN IOTOKOBBIN I'pad, COOTBETCTRYFOIIUIT ATOH CUCTEME,
npuBeJieH Ha puc. 3, 0). ¥Yzen O Ha puc. 3, O) ABIIETCSA UCTOKOM, UbUM 3HaU€HHUEM
CIIy’KIT BXOJHAas IIOCJIEOBATEILHOCTh X|[n|, a y3em 5 — CTOKOM, €ro MeTkKa —
BRIXOOHOII curHai y|n|. OOpaTuTe BHUMaHNIE, JJI1 UETKOTO BBIACIICHUSA BXOJa U
BBIXOJI[a CHCTEMBEI CTOK N HCTOK COEIUHEHBI C OCTaJIbHBIM IpaoM BETBSIMH C
eAMHIYHLEIM Koa(dduiueHToM ycumwieHnd. OUeBUAHO, V3JII 3 U 5 HMEIOT
OJAMHAKOBEIE 3HAaU€HUS. Bce BeTBH Ha puc. 3, 0), 3a UCKIOYECHHEM OJHON (BETBb
3aJiepKKU B.4)), SBISIEOTCS MPOCTHIMHI BETBSIMHI YCHUIJICHIS, T.€. BBIXOJHOII CHUTHAII
BETBU IIOJIyUaeTCsI W3 €€ BXOJHOI'O CHUTHalla YMHOXKEHNEM Ha KOHCTaHTY.
3aJlep’KKy BO BPEMEHHOII 00J1acTH IIPEACTABUTHL BETBBIO YCIJIEHHS HEIb3S.
OpnHako z -mpeobpazoBaHne €INHIYHON 3aJepKKI — 5TO YMHOXEHIE Ha Z .
3aMEHIB Pa3HOCTHOE YPaBHEHIE €0 SKBUBAJIEHTOM, IIOJIYYEHHBIM C IIOMOIIBIO
Zz -IIpeoOpazoBaHmUS, MOXKHO 0003HadaTb BCE BETBH COOTBETCTBYION[IMMI
XapakTepuctuueckuMnu ¢QyHKIuaMn. [Ipn stom kaxawplili kKo3dHUIMEHT BETBU
OymeT ABIATBCA (QyHKIUEN oT 2:. B yacTHOCTH, KOA((PHUIINEHT YCUIEHHSI BETBU
eQNHIYHON 3amepxkku — z'. ITo goroBopeHHOCTH V3Bl Irpada 0603HAYAIOTCS
[IOCIEJAOBATEIILHOCTAMI, a HE HX Z -[OpeoOpa3zoBaHUSIMH, HO PIIOM C
3aJlepKNBaromeil  BeTBLIO OyaeM crtaBuTh kosddumment z'. Heobxomgnmo
OCO3HaBaTb, YTO BBIXOJOM 3TOIl BETBHU CIIYKUT BXOJHAs IIOCJIENOBATEJILHOCTD,
CABUHYTas Ha OAUH OTcueT. I'pad m3 puc. 3, 6) ¢ yueTOM STOrO COTJIAIICHIS
[IEpEpUCOBaH Ha puc. 4. YpaBHEHUS, IPE/ACTaBIIEMble pUC. 4, IMEIOT CIIEAYIOINI

BT
wi [n] = awy[n] + z[n) (2)
wa[n] = wi[n] (3)
wsn| = bowsa|n] + brwy[r] (4)
oo Tl e T 11
NOKYMEHT NOAMNUCAH (5)
3MEKTPOHHOWM MOAMUCHIO
Ceptucbukar:  12000002A633E3D113AD425FB50002000002A6 (6)
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puc.3

CpaBHUBas puc. 3, a) u 4, JIETKO 3aMETUTh, UTO CYIIECTBYET IIPIMOE
COOTBETCTBHE MEXIY BETBIMH IIOTOKOBOI'O Irpada M cTpelkaMH OJIOK-CXEMHI.
DdakTrueckn, rpad OTIMYAETCS OT OJIOK-CXEMBI TEM, UTO Y3IIBI B HEM N300pakaroT
KaK TOYKN BETBJIICHUS, TaK I CyMMAaTOPHI, B TO BpeMs Kak B OJIOK-CXEMaXx 3a
CYMMAaTOpPOM 3aKpeIlsIEH ONPEACIICHHBINI CMMBOJ. Touka BETBICHUS OJOK-CXEMEI
COOTBETCTBYET Y31y rpada, CcHaAOKEHHOMY OJHOII BXOJSAIMENl BETBBRKO U
HECKOJIbKMMH BBRIXOQAMUMHI. CyMMAaTOp K€ Ha CUTHAaJIIbHOM IIOTOKOBOM I'pade
IpeACTaBLIETCA y3JIoM ¢ JAByMd (mwin OoJjiee) BXOJHBIMU BETBIMH. Takum
00pazoM, CUTHAJIbHBIN ITOTOKOBEII I'pad) MOIHOCTBIO AKBUBAJIEHTEH OJIOK-CXEME B
CMBICIIE TpadUUECKOr0 M300paKeHUA PazHOCTHOTO YPAaBHEHII, HO €r0 JIETde
prucoBaTthb. Kak m B ciydyae OJIOK-CXEM, Y3JIBI I BETBH IIOTOKOBOTO rpada MOXKHO
[IepeCTaRIsATh, HE MEHSs CBOMICTB peanuszyemoil JIC-cucrtemel. Pazpaboran
OONBIIOI pa3gell TEOPUN CUTHAIBHEIX IIOTOKOBBEIX I'padoB, KOTOPHIIT MOIKHO
HEIIOCPEACTBEHHOIIPIIIaraTh K JUCKPETHHIM CIICTEMaM, XapaKTEepU3yEMBLIM
Pa3HOCTHBEIMHI YPaBHEHIAMH . XOTS IIOTOKOBEIE I'pa(bl B HaIlIEM yUeOHIKE
IIPICY TCTBYIOT IIPE/I€ BCEr0 B MJIIFOCTPATUBHEIX IIEJLIX, MBI OyI€M HCIIOJIL30BaTh
HEKOTOPEIE TEOPEMEI, KacaromIecs IPIUIOKEHIS CUTHAIILHBIX IIOTOKOBBIX I'padoB
K HCCJIEIOBAHUIO alIbTEPHATUBHLIX CTPYKTYP peann3aliiiil JINHENHBIX CUCTEM.

W [#] wiolnl  p wiln|
™ 4 ‘__

- > 2y - W5

\ Fa

wy e ]

puc.4 [IoTokoBEIl Tpad

Dopmynel (2-6) onpeAeNsEOT MHOTOINATOBEIN alTOPUTM, BBEIUHCIISION]UI
peakiro JIC-cucTeMBl Ha BXOJHOI CUTHAI X|n|, 1 cIyXaT THOUYHLEIM IIPHUMEPOM

SOOTHOTI H@k‘yﬂME_H:rﬁﬁﬂﬁﬁbhﬁ"'" o roorsanun odmeit B X-cuctembl. OueBIITHO,
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Dopmyna (5) mpeAcTaBIIET COOON «OOHOBIEHHE» IIaMATH CHUCTEMBI, KOTOPOE
MOJKET OBITH peaN30BaHO 3aMEIleHHEeM COeprKalllerocsi B PerucTpe IaMsITu
3HaueHnsA w4(n] ma weln —1] | yro HeoOXoAMMO OCYINECTBUTH IHOO IEpexd, JIMOo
[IOCII€ BBIYUMCJIEHUS BCEX OCTalbHLIX BEIMYNH. YCJIOBHME COCTOSHHIS IIOKOS B
HauaJIbHOM IIOJIOKEHHUH B H3TOM CJIyda€ CBOJUTCS K OJHOMY I3 pPaBEHCTB:
wy[—1] = 0= yyp w4[0] = 0. Jcno, uro BErUUCTEHNS BeIpakeHUl (2)-(6) JOIIKHEI
IIPOBOAUTHLCSA B TOM MOPSAKE, B KOTOPOM OHU BBIIIHMCAHEI, 3a HUCKJIFOUSHUEM TOTO,
YTO JIBa IIOCJIEIHUX MOJKHO IIOMEHIThL MeCTaMU W/IIH (5) IMOCTaBUThL Ha II€PBOE
MecTo. 1IoTokOBEIN rpad HpeacTaBIIeT MHOMKECTBO PazHOCTHHIX YpaBHEHUII, IIO
OJHOMY Ha KaxKOblIil y3en ceTu. B ciydae rpada uz puc. 4 MBI MOXkKeM JOBOJILHO
JIETKO HUCKJIFOUUTL HEKOTOPBIE IIepeMeHHBIE, OCTAaBUB BCErO JBa COOTHOIICHI:
wan] = awq[n — 1] + xn] (7)

y[ﬁ] — b{ﬂﬂg{ﬂ] + D (105 [ﬂ, — ]_] (8)
OIIPCACIIAROIIIX CTPYKTYVPY HpHMDﬁ (prI\*IBI IT,

Pemenne pazHOCTHBIX YpaBHEHII, COOTBETCTRYIOIIX [IOTOKOBOMY rpady -
JIOBOJILHO CJIOJKHAS 3ajlada BBUJIY BCEBO3MOKHBIX 3aJI€pKEK INEPEMEHHBIX. UTOORI
ee 00JIErYUTh, CIIEAYET NPUMEHUTE Z-IIpeoOpa3oBaHUE.

IIpumep. BriuncneHnne XxapakTepucTudeckoil QyHKIUN 10 IIOTOKOBOMY Ipady.

PaccMmorpuM puc. 5, rjae n3o0paxeH rpad, HelmocpeCTBEHHO 110 KOTOPOMY
HE YJA€TCs BEINNICATL XapaKTEPUCTUUECKYIO QyHKININIO. OHAKO, IOMHI O TOM, UTO
3HAUE€HHE KaXKJOIl IEpEMEHHON — JIMHENHAasd KOMOMHAINA CMEKHBIX Y3JIOBBIX
[IEPEMEHHBIX, KO3(QQPUIMEHTH KOTOPOM MHPUIINCAHLEI COOTBETCTBYIOIIUM BETBSIM,
MO2KHO JIETKO IIOJIYyUUTh CUCTEMY Pa3HOCTHBIX YPaBHEHMUIL

1 wiin] o walnl
» et o

xfn] vin]

- it
waln] 270 wyln]

pHc. 3
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wi[n] = waln] — z[n] “)

we(n] = aw [n] (10)
ws[n] = wa[n] + z[n] (11)(11)
wan] = wa[n — 1], (12)
yln) = wain] + waln] (13)

Ha ocHOBe ypaBHEHMII MOJKHO HaIINCAaTh BBIUNCIIUTEIIBLHEIN aJITOPUTM,
pEANM3VIOMIN CUCTEMY B (popMe, JUKTYEMON JaHHBIM I'padOM, HO HET rapaHTIHIL,
YTO 3TOT aJITOPUTM OKAaKETCA caMbIM 3(P(EeKTHBHBIM. [I03TOMYy HMEET CMEICT
[OMNBITATECA HAWTU KaK XapaKTEPUCTHUYECKYIO (YHKIIIO, Tak U Ppa3INJHBLIE
SKBUBAJICHTHBIE CUCTEMBI YpaBHEHUIl. [IpMMEHNB K BHINIICAHHLEIM YPaBHEHIIM Z-
mpeoOpazoBaHNs, HIPUIAEM K CHICTEME:

Wi(z) = Wy(z) — X(z) (14)
Walz) = aWi(z2) (15)
Wi(z) = Wa(z) + X(2) (16)
Wi(z) = 27 Wa(z) (17)
Y (2) = Walz) + Wa(z) (18)

Oyukinnu Wi(z) n1 Wi(z) MOKHO NCKIIOUNTE U3 CICTEMBI YpaBHEHUIA, IT0ICTaBIAd
(14)B(15),a (16) B (17):

Wa(z) = a(Wa(z) — X(2)) (19)
Wa(z) = 27" (Wa{z) + X(2)) (20)
Y(z) = Wa(z) + Wa(z) (21)
13 1epBBIX JBYX YpaBHEHNII HAXOIIM
_alz7t = 1)
Ws(z) = T — sl X{z) (22)
. 27 H1 — a)
Wilz) = e X(2) (23)

[TogcTaBus (22) u (23) B (21), nonyuum
alz™! — 271l -« 27l —n
Y{z) = ( ( 1)+ (1 )} X(z)= ( ) X(z)

X 1 Aew—1 | 1 — nz—1 (24)
NOKYMEHT NoanncAH
3NEKTPOHHOM NoanuUcChbIO |
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—1
2T — o
H(z) =

1 — qz? (25)

OTKYdd H3BJICKACM HNMIIYJIbCHYH XdPdKTCPIHICTHUKY CIICTCMbI

hin) = o™ tufn — 1] — o™ u[n]

(26)

1 npsamyro popmy I motokoBoro rpada, koTopas IpuBegeHa Ha puc. 6.

puc. 6.

N3 pazoOpaHHOTO mpHMepa BHAHO, YTO TPYAHOpa3pelnMasi CHCTEMa
Pa3HOCTHBIX ypaBHEHMII, BKIIOYUArON(as B ce0sd 3aJlepKaHHBIC IIEPEMEHHBIE, IJIH
OOpaTHYIO CBSI3b, B PE3yJIbTaTe NPUMEHEHHS "-IpeoOpaz0oBaHUsI IIPEBPAIIACTCS B
CHCTEMY JINHENHLIX alreOpanmdecKnuX ypaBHEHHI, pelIeHne KOTOPBIX JIETKO MOKET
OBITL HAIIEHO CTaHAApTHEIMHI MeTogaMu. Kpome TOoro, CpaBHHUBas ITIOTOKOBEIE
rpadpl 5 U 6, WHUIOCTPHUPYIOI[UE pealn3aliio OJHON M TOH XK€ JUCKPETHOI
CUCTEMBI, JIEFKO yOexJaeMcCs, UTO OHU IPEIACTABILIIOT pa3HEIE BBIUNCINUTEILHEIE
aITOPUTMBI, TPEOVIOMNE pPazINYHBEII OOBEM BBIYHCIIEHHII. Tak, B HCXOJHOII
peanmanuu (puc. 5) Hy)KHO TOJIBKO OJJHO YMHOXKEHIE U OJfHA 3aJiepxkKKa (T.e. OQuH
AJIEMEHT IaMATH), B TO BpeMs Kak JUId MUQPOBONl peanmzanun IpsamMoil opMel I
yKe MOTpeOyeTcsd JBa YMHOXKEHUS U JBa 3aJepPKUBAIOMINX 3JIEMEHTa. 3aMETHM
€Ile, UTO MNpM pealm3almu Toil ke cucTtemel B npamoil ¢gopme II Oyger
3aJICICTBOBAH OJIH AJIEMEHT ITaMATHU U J[Ba Y MHOKEHISL.

3ﬂﬂﬂHHH AJIH CAMOCTOHATC/IIBHOI'O PCIHICHIH.

]. OHPE,[[EHHTE XAPAKTCPHCTITHCCKIIC (]I’)}"HKL[HH:. COOTBCTCTBYIOIIINC CCTAM,
IIPUBCACHHBIM Had PIHC. 7:, H IIOK4XHWUTCE, YTO OHII HNMCHKOT OJHII I TE KC
IIOJIFOCA.
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Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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2. Broimumunre  nInHeIHoe PA3HOCTHOC  VYPABHCHIIC C ITIOCTOAHHBIMI

KDB(I)(I)HL[HEHTHMH:. CBA3BIBAIOIICC EXD,[[HDE[ CHI'HAJI 11 PCAaKIMNIO CIICTCMEI,
IIPECACTABJICHHYIO CHUI'HAJIbHBIM IIOTOKOBBIM T'pa(bDM

¥ (]

a) Belnmumure pa3HOCTHOE YpaBHEHNIE, COOTBETCTBYIOIEE STOMY I'pady.

0) Haligure XxapakTepUCTUUYECKYIO (PYyHKITHIO.

E) HD,[[CT-II’ITaf’I'I‘E KOJIIMYECTBO }’MHD}I{EHHE I CJIOKEHUI BCIICCTBCHHEBIX
HIICCEJI, HED6XD,[[HMEIX AJIA BBIHHCIICHIIA KaiXJIOI'0 OTCHCTa BbBIXOJa IIPIH
TaKOIl pCaJlIn3allnil CHCTCMEI, B ITPCAIIOJIOMK CHITAX O

BCIHICCTBCHHO3HAYHOCTII BXOJHOI'O CII'HA4JI4d X[Il] 11 HC YHHUTBIBAA
OOKYMEHT NOAMMUCAH

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Llebayxoea TateAHa AnekcaHapoBHa

I HGKHBE’LHHDﬁj HED6XD,[[HMD HCTEBIPC

2
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3alIOMUHAIOIUX PErucTpa (2aAepKUBAOMIIX SJIEMEHTOB). MokHO 51
YMEHBIIUTL HX  KOJIMYECTBO, BOCIIOJIL3OBABIINCH SKBUBAJIEHTHOI
CTpyKkTypoii? Ecnu ga, m3o0pa3nTe COOTBETCTRYIOMIUIT IOTOKOBEII Ipad.

Ecmm HECT, OOLSICHITE IIOHCMY.

S. Hcnoab3yemasi inTepaTypa

5. Cepruenko A. B. I{ludpoBasg obpadorka cursasnor. - CIIO.: ITurep, 2002. -

608 c.

6. Camomon J[. CxkaTtue JaHHBIX, n300paxeHuil u 3Byka. - M.: TexHocdepa,
2004. - 368 c.

7. A.Onnenreiim, P Illacdep I{udporasg oOpadoTka curxHamorB. — TexHocdepa,
Mockga 2006.

8. I'ompaentepr JI. M., Matromkun B. J]., [Tomaxk M. H. IludpoBas oObpaboTka
curHanoB: CrpaBouHuk. - M.: Pagmo u ceaze, 2005. - 312 c.

IIPAKTITHECKOE 3AHATHE Ne 9
IIpeacraBiaenue uu@ppoBbIX (PUIABLTPOB B BH/Ie CUCTEM JIMHEHHBIX YpaBHEeHHUH

1. Llens 3ansarus
N3YUUTh IIPEJICTaBICHNE ITI(PPOBLIX (UILTPOB B BUJE CHUCTEM JINHEIHELIX
YPaBHEHUI.

2. Iloaroroka K 3aHATHIO
1. M3yunThb (IIOBTOPUTE) TEOPETUUECKUIT MaTepUal.

2. O3HaKOMHUTLCI C 3dJIdHIICM Ha IIPAKTHHCCKOC 3aHATIIC.

3. PacnipeaejieHre BpeMeHH 3aHATUSL:
Bcero: 90 muu
BceTynurensHasg 4acTh 2 MUH

IIpoBepka roTOBHOCTH CTYI€HTOB K 3aHATUIO 5 MUH

IIpocpamma npakmuueckoco 3aHAMUA

1. OCHOBHBIE CBEJICHIS O IIPEACTARICHUN III(PPORKLIX (PIILTPOR B BUJIE

CHCTEeM JINHEIHLIX VPaBHEHUI D5 MIH
NOKYMEHT MNOAMNUCAH
ANEKTPOHHOW NOANMUCHIO
Ceptidbukat:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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HpDEﬂpKa BEIIIOJIHCHIA IIPAKTHHCCKOTI'O 3aHATITA 10 mMun

3aKIounTeIbHAI YacTh 3 MIUH

4. OcHOBHBbIe TeopeTHYECKHE CBedeHUSs
J s HaIlpaBIIEHHOT'O CUTHAJIbHOT'O rpada crucrema
JINHEVHBIX YPaBHEHUN IIPUMET BU/L

N M

Wo@ =NV @+ XS k=12 - N;
- = (1a)
Y

Yh(z)": }_:_R.fh (2), k=1,2, .. P

Ecnu rpad mnOpeAcTaBiIsgeT IUHENHYKO HHBAPHUAHTHYIO K CJBUTY CHCTEMY, TO
KaXkJasli BETBb MOJKET OBITH IIOJIHOCTBIO OXapaKTe€pH30BaHA €€ Iepegauecii. B
obmieM ciydae yAoOHO IIPEAIIONIONKHTh, YTO BETBHU, COSAUHSIONINE Y3JIbI LN C
ICTOKAMH 1 CTOKaMM, 00J1aJlatOT IIOCTOSHHBEIMI IEpeJadaMil, HE 3aBUCUMEBIMH OT
z. Ilpm »ToM He ImpoUCXOAUT IIOTepH OOIMHOCTH, TaK KakK, B Cclydae
HEOOXOQIMOCTH, MOXKHO BBECTH Y3€JI IIEIH, CBSI3aHHBIM HEIOCPEICTBEHHO C
NCTOKOBEIM y3JIOM, 1 3TOT y3€JI, B CBOKO OUEPE/ib, MOXKET NMETh BETBU K JAPYTIUM
y3JlaM C HenoTOoSHHOM mepegaueil. IlogoOHas polegypa MOXKET OBITh
IICIIOJIb30BaHa, €CJIN HeoOX0qUMO, U I8 CTOKOBEIX y3JIoB. Torga

Vin (2) = Fip, (2) W5 (2); (2)
Sip(2) = bjp Ay (2); (3)
Ry (2) = ¢ W (2). 4)

B pesynbraTte noacTaHOBKH (2) — (4) B (1) MBI monydaeM CHCTEMY IJIMHEMHBIX

anreOpandecKnx ypaBHEHHII:
M

N
W, (2) = zlf i (D) W;{2) + Z] b X 512)s .
i= = 3

i=I (56)
OTHU ypaBHEHU O0Jiee KOMIIaKTHO MOXKHO 3alllCaTh B MAaTPHUHOII (hopMe:

W) =F (W@ -4 BX@: (6

Vi s i

NOKYMEHT TOAMNUCAH (66)
SNEKTPOHHOM NOAMUCHIO
Cepruchnkar: 12000002A633E3D1113AD425FB50002000002A6 Vi(z), k =1, 2, ..., N; X(z) — BekTop-
Bnapeneu: lWebayxoea TateAHa AnekcaHapoBHa

Y(z) — BexTOp cTonbOeI] BenuunuH 1 (z), |
Nencreutened: ¢ 20.08.2021 no 20.08.2022



=1, 2, ..., P. Marpuna F'(z) sSBIgeTCs TpaHCIOHHUPOBaHHOII MaTpuieili F(z)
(pazmepHOCTRIO N*XN), onpeaengeMoll BEIpaKeHIEM

F(2)={F;(2)}. (7)

IMEIOT HYJIEBYIO Ilepeaady, COOTBETCTBYIOMIMII 3JIeMEHT B MaTpuie f(z) Oyaer
HyJIeBBEIM. MaTpuma B’ SJBIIETCSI TPaHCIOHHMPOBAHHON MaTpuileil (pa3sMepHOCThLIO
N*xM) oT MaTpHUIE]
B = Ibij] (8)
a C' - TpaHCHOHUPOBaHHOIT Marpureil (pazmeprocThio PxN) ot Matpurer C = {¢y;).
Onepanusd TpaHCIIOHUPOBAHUS MaTpUll, 0oOo3HaueHHas OykBoil t, HeoOXoauMa B
BhIpakeHIIX (6) A COrIacOBaHHOCTH OOO3HAUEHUIl YCJIOBHBIMU MHJIEKCaMU
rpablOB M MaTPUIL.

YpaBHeHHe (6a) MOKET OBITh pelleHo 419 W(z) ImyTeM 0OpaleHnsI MaTp Il

W =[1-F@I" B'’X@=T")X@), (oq

'€ MaTpHIl4d HEpEﬂHTDT—IHGﬁ (b}’HKLIHH CIHICTCMEI

t f -1
T @={1—F @] B'={T), (3))- (96)
Kak CIICACTRBIIC (9), MOZHO 3alllICaThk BBEIPAXKCHIC JJIA CHI'HAJId B k-M Y3JIC.
M
Wi @)= Ty () X,(2),
e (10)

T.€. KaxkJas y3JIoBas IIepeMEHHas BEIpakaeTcs B BHAE JIMHEIIHON KOMOMHAI[IN
CUTHAJIOB HCTOKOB. Ecnm B Iienn MMEIOTCS TOJIBKO OJUH HEHYJIEBOM HCTOKOBEII
y3en (y3€l a ¢ BeJIMUMHOIl BXOJHOIO curHajia X.,z)) U TOJbKO OJHH CTOKOBBII
y3€ll C BHIXOJHBIM CHTHaJIoM Y(z), npuueM Y(z) = C'W(z), To BenmuuHa Y (z)
OydeT OIpeIeIaThCs BRIpaXKEeHUEM

Y(2)=C'W () =C'T' X, (2);

(11)

IIpu sToM nepesaTouHas QyHKIMS OyAeT UMETEH BI/I
it

H (Z} =L T, (12)

B ToMm cnydae, korja mepegaTouHasa QyHKIII KakA0H BETBH L€ UMEET MOPSI0K
HE BBIIIE IIEPBOI0, T.€. COAEPIKUT JINOO YMHOJKHUTEIL Ha KOHCTAHTY, JIHOO TaKoOM
YMHOJXHUTEIL COBMECTHO C 3IE€MEHTOM E€AUHUYUHONI 3aJEpXKKU, TO 3JIEMEHTaMI
MaTpuIEl B (6a) OyAyT JINOO0 MOCTOSHHEIE UNCJIA, JINOO IIOCTOSHHEIE, YMHOKEHHBIE

Ha :j_l. Ecnn OTACIINTE 3JICMCHTEBI MAaTPHIIEI, COACPKAIINC 3aJICPIKKY, OT 3JICMCHTOB

[LOKYMEHT MOANUCAH
SNEKTPOHHOW NOANMUCHIO
Ceptucdpukat: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Lebayxoea TateAHa AnexkcaHopoBHa (13)
' yuoToM obo3HaueHns (13) BeIpakeHUe

U F'(z) MOYKHO NpeACTaBUThL B BUJE
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(6a) mpuIHIMAET BH/I
: -
W{E}_—_FEW(E}'_FE IF;W':E)-[—BEK.(E}; (14)
AHaNIOTMYHEIM ITyTEM Ha OCHOBaHUM (90) monydaeTcs BeIpakeHnue Il 7(z):
T! (z)=[l_F:“ —-2—1 F;;]—I Bt, (15)

'Je I — CANHITYHAA MdTpPIIA. HDEHDHEI{}" F' 1 F' TIOCTOSIHHEIE I He 3aBUCMEIE OT Z

( il

MaTpHIIEL, TO B pE3yJIbTaTe 00OpaTHOTO Z—IpeoOpazoBaHus (14) noayuum

w (1) =Few (n)+Fiw (n—1) +B' x (n). (162)

B (60) mogpazyMeBaeTcs Takxke, UTo
y (n) =C'w (n). (166)

Bripaxenn (16) MoryT, KOHEUHO, OBITH 3alllICaHBI IIPSMO U3 rpada nin oOpaTHO,
MOJKHO IIOCTPOUTEL Ipad HEMOCPEACTBEHHO U3 CUCTEMBI YPaBHEHIIL.

1Ipumep.
B kauecTBe IpHMepa pacCMOTPUM CHCTEMY IIEPBOIO IOPSAAKa, HaIpaBIEHHHII
e e endh memme e o s s mmme s s oon omem 1 Mmm s s e m b S-S S TCTBYET
w; (1) Q0 0all llwg (n) 19000 |jw(r—1) M| )
wy (n) llﬂ 00 wy ()| || 00 OO wg{ﬂ-—l}’ IUI
wy (m)| = [0 by 0 by || [y (| TH 0000 | [l (n—nylf T [lofl IS
w, (n)] }Iﬂﬂ 00| |wg mff |[O100 mi{nml]l il
wy ':“];
i
y(n) =]0010] Z’; E“; = wy ().
wy (n) '
h(17)

OueBHJHO, YTO BUJ MaTpull F* m F' 3aBUCUT OT IOpSAKa PacIIOIOXKEHIS

c il

ypaBHEHUII I, YTO TO XK€ caMoe, IopsaKa HyMepalun y3710B. Ha puc. 2 nokazan
rpadgpuc. 1 ¢ y3JI0BEIMH II€pEMEHHLIMU, IIPOHY MEPOBAHHBEIMI B JPYTOM IIOPSAKE.

Pucynok 1. Harip aBieHHBIH cHIHaIbHBIH rpad cHCTEMBI I€P BOT0 IMOPAKA, COOTBETC TBY KOIIHIA BhIpai eHHIO (17)

Wy w, by ws

X(n) Yin)

AOKYMEHT NoannMcAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa |U4 2
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Jlns aToro rpada MOXKHO 3aIicaTh CIEAYIOIYIO CUCTEMY YpaBHEHUI:

g ()] [0 00 Off ||y (n}‘ 0 0 1 0f [iuy (n— 1)} |[0} )
l-l.-af-"ll. | 1€y 00 0 :_;I.EE (ﬂ}l ”[_1{].:.[]. ;HE{H-—-” ] )
ug (m)|| (|0 10 O ||jug (n)i+ 000 0] Eu“n_l},-l- ol 1 * (=) 115
lﬂl {-ﬂ-jl i.bl ﬂ' bﬂ '}L |_H. (ﬂ-)III iﬂ U‘ ':' ﬂ| Ii“"'{ﬂ — ]'Il 5{}I

y (1))

{42 (r)|]

g () =110001 ||, (il =us ().
u f-':}li
o (18)

> amanmza rpada puc. 1 mim, 4yro TO ke camoe, ypaBHeHuii (17)
OUEBUJHO, UYTO  Vy3JIOBEIE  IIepeMeHHBIe HE€  MOIYT  BRIpaOaTHIBATHLCS
[IOCIIENOBATENILHO, T.€. CHadajla @, 3aTeM ®, n T.J. Tak, Hampuep, BeIUUYNHa ©,
HeoOXoauMa 19 BeIUNCIICHNI @;. C Opyroil CTOPOHKI, TOT € caMblil rpad, HO C
HyMepalueil y3JI0B puc. 2 MOXKET OBITh BEIUHICIIEH IOCIIEA0BATEILHEIM 00pazoM.

B HEKOTOPHIX CJIydasgX HE CYIIEeCTBYET CIOCOOOB IIEpeyIIopsagoueHUs
y3JIOB B rpade I TOoro, 4TOOBI BEIpaOaTHIBATL Y3IIOBBIE IIEPEMEHHEBIE B
[IoClIeJoBaTeIbHOM IMopsake. ['pad Takoro BUa CUHUTAETCS HeB8blUUCTUMbIM.
[IpocTolil mpuMep HEBBEIUNCINMOTO Ipada II0Ka3aH Ha puc.3, I€ BCE BETBU UMEIOT
[IOCTOSHHYIO IIepe/iady.

Pucynok 3. IIpuMep HeBbIYHCIHMOTrO Harlp aBJIeHHOro rpada

a

RSy
y(n)

x(n)

Heobxonumo  mogdyepkHYThb, dYTO  ClIydalli, Korjga rpad  OKazbIBaeTcd
HERETUMACTIAMEINM  He OWRHAUAST UTO CTICTENMA ypaEHE:HHﬁ: HpE:ﬂCTaEHHI{}H_[aH TaKDﬁ

AOKYMEHT NOANMCAH
ANEKTPOHHOW MOANNCHLIO AYUT, YTO OHU HE MOIYT OBITh PEIICHELI
Ceptucpukar: 12000002A633E3D113AD425FB50002000002A6 o o
Bnapeneu; ' Ule6aykosa TatesaHa AnekcaHapoBHa ol IICPEMCHHOI B IIOCJICHOBATCIIbHOM
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N3 (18), coorBeTcTRyrOmuX rpady puc. 2, cieayeT, dyTo B MaTpuie F;
HYJICBEIMH SJI€MEHTaMU SBJIIOTCS BCE 3JI€MEHTHI IVIBHOIT JUaroHaam U BCe
SJICHTEHI, CTOMIIIE BEHIIIE HEe. OTOro He BHITOJIHSAETCS B ypaBHeHIX (17),
COOTBETCTRyIOmMUX rpady puc.l. MoKHO II0KazaTh, YTO HEOOXOJUMEBEIM N
OOCTAaTOYHEIM  YCJIOBHEM  BBEIUHUCIUMOCTH TIpada SABISIETCI  BO3MOXKHOCTB
[IPOHYMEPOBATh y3JIBI Tak, UTOOLI B MaTpulle F. OLLJIN HYJIEBBIMU BCE 3JIEMEHTEI
ITIABHOI JHArOHAlIN U BCE 3JIEMEHTHI, CTOMIIE BHIINIEC Hee. Takike MOXKET ORITh
[I0OKa3aHO, YTO SKBHBAJICHTHO HEOOXOJMMBIM M JOCTAaTOYHBIM YCJIOBHEM
BLIUICIIIMOCTH I'pada SBIISAETCS TO, UTOORI B Ir'pade He OBLIO IETEIL ¢ BETBIMU, HE
IMEIOIMIMU 3aJepkKki. B rpade puc. 3, Hanmpumep, ecTh IeTNs, He cojepikalas
3aJIePKKI, U, CIISJOBATENLHO, TaKOl Ipad SBRISIETCS HEBLIUICIIIIMBIM.

Cuctema ypaBHeHUil (18) MoxkeT OBITH IoydueHa u3 (17) myTeM 3aMeHBI
Y3JIOBEIX IIEpEeMEHHLIX. B MaTpUUHOII 3alIICH 3TO BHIIIOIHIETCS IMyTeM JIHHEeHOTOo

mpeoOpazoBaHNd BekTopa w(n) B BEKTOp u(n), T.€.
w(n) =Pw (n), (19)
riae P — HeBelpoxkaeHHAass N XN II0CTOSHHAs MaTpUILa.
B npeasiaymieM OpuMepe 3Ta MaTpHUIla IMejla BU/I

0001

p_|IL 000
0100

0010 (20)

B Oosee obmieMm ciydae, ecau P — mobas HEBBEIpOXKIEHHASd MaTpPHIla, TO

MOZHO 3alllICAaThb

w(n)—P " un) 21)

W, noacTaBuB 5TO BhlkeHUe B (16), momydnuTh
u(n)=PF. P~ u(n)+PF. P~ Tu(n—1)-|-PB’ x(n);

y(n)=C' P u(n). (22)
YpaBHeHus (22) zammcanel B Toll ke ¢opme, dro u ypaBHeHus (16), HO
COOTBETCTBYIOT JApyromy rpady IUIH JpYyroll cXeme Ilemd. TakmM oOpazom,
CYIIECTBYET MHOMKECTBO CIIOCOOOB MOCTPOEHUS II€NM C OJHOM U TOMl XKe
nepegaTouHol ¢y HKIUel.

B (16) texymue 3HAUYCHUS Y3IO0BBIX IIEPEMEHHBIX BBIPAXKaIChL UEpe3
TEeKYI[UE U IPEIIeCTBOBABIINE BEJIUUYNHEL, T.€. @(n) GopMUpPYETCs C IOMOIILIO @

-

AOKYMEHT MOAFNCAH b I[EN TakuM oO0pa3oM, 4YTOOBI @(n)
ANEKTPOHHOW NMOANUCHIO

Ceprudmkar: '12000002A633E 3D 113AD425FB50002000002A6 HPCSAMICCTBOBABIINX BCJINYHNH Y3JIOBBIX
Bnapeneu,. Lebayxora TaTeAaHa AnekcaHOpoBHA

XOJHOI'O CIHII'HAJIA. BT{} CGGTEETCTE}"ET
Nencreutened: ¢ 20.08.2021 no 20.08.2022



HyJIEBOMY 3HaueHmo Matpunel F, B (16). Ecium mcnomp3zoBaHa Takass ¢opMa
BRIpaK€HUS BEJIMUNH B YPAaBHEHILIX IIEIIH, TO Y3JIOBOH BEKTOp W(7) IJII JTFOOO0T0
MOMEHTa BpEMEHU !, OyIeT ONPEAEIIATLCI Y3IIOBBIM BEKTOPOM W(%)) B MOMEHT
BPEMEHH "y I BEKTOPOM BXOJHOrO CHrHajna s(n) s 7, = n =, Takoil HOAXOM K
[IPEACTABIICHUIO IIE€NIN SKBUBAJIEHTEH IIPEJCTABIICHUIO €€ METOJOM IIEPEMEHHBIX
COCTOSHII, XOTs B Hameill (opMyJIHUPOBKE YUCIIO COCTOSHUN (Y3JI0B) OKa3bIBAETCS,
KaK IIpaBIJIO, OOJIbINE, YEM UYHNCJIO CYIIECTBEHHBIX IIEPEMEHHBIX COCTOSHIUIL,
HEOOXOAUMBIX I MOpeAcTaBiIeHHd 1enu. IIpejacraBneHne €O METOLOM
[IEPEMEHHBIX COCTOSHHII 3TOr0 TUIIA MOJXKET OBITh IIOIYYEHO W3 IIPEACTaBIICHIL
IIEIN B BIje cooTHOoImeHnil (16). B uacTHocTH, BRIpaxkeHue (16a) MOXKHO 3aIHcaTh
KaK

[[~—Fﬂ w(n)==F' w(n—1}-+ B x (n).
[Ipeamnonaras, uro matpuna (I - F) aBIseTcs HEBLIPOKASHHON, MOKHO IIOJTYYHTh
penieHue 41 w(n) B BUAe

w (1) = [T —F{=1 Fow (n— 1) - [I-—F¢] = B x (n),
Bregs o003HaueHU

D=[1—F/]'B (23a)

I

A=l

=1
Fol™ Fas (236)

ITOJIYVHIIM MAdTPHYHOC IIPCACTABJICHIIC BCIJIITHYITH

W (ﬂ) — Aw (J’l — 1) + Dx {ﬂ) (243)

1

y{n)= C'w (n). (246)

MoHO mokaz3aThk, UTO €CJIN CUCTEMA SBIISETCS BEIUNUCIIIMOIL, TO MaTpUIlA
(I - F' ) gaBigercs HEBHIpOXKAEHHOIL. Takum oOpazoM, MOJXKHO HANTH MaTpHYHOE
npeacTaBIeHUe B popMme cooTHOomEHUII (24) 171 1r000 1 BEIUUCINMO CUCTEMEI.

OTMETHM, 4YTO IIpeoOpazoBaHUE Y3JIOBEIX IIEpeMEHHEBIX corjlacHo (21)
COOTBETCTBYET IIPeOoOpa’z0BaHUIO HaIpaBJIEHHOrO rIpada, T.€.3TO H3MEHSIET €ro
CTPYKTYPY, COXpaHsId B TO K€ BpeMdI COOTHOIIEHHE MKy BXOJOM I BBIXOJOM.
[IocKOMBKY CYIIECTBYET MHOIO IIpeoOpazoBanuii Tuma (21), To mMeeTcss 1 MHOIO
CIIOCOOOB IIOCTPOEHHUS IEIN, UMEIOMIUX OJHY U Ty K€ IepeJaTOUHYIO (PYHKIIUIO.
OJHaKo Ha NpaKTHKE HanOoJIbIIee pacIpoCTpaHEHNe HAIIN JINIIL HEKOTOPLIE M3

[OKYMEHT MNOANUCAH

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu; LWebayxopa TateAHa AnexkcaHgpoBHa .

Nencreutened: ¢ 20.08.2021 no 20.08.2022



PaccMmoTpuTe CUrHajabHBIN IIOTOKOBEIN I'pad u3 puc. 4
a) Mcnomb3ys ykazaHHBIE 0003HA4YE€HUS Y3JI0BBIX IIEPEMEHHBIX, BBHIIINIINTE
CHCTEMY Pa3HOCTHEIX YPaBHEHUII, IIPEICTABICHHYIO 3TOI CETHIO.
b) Hapucyiite skBUBalI€HTHLINI IIOTOKOBHIN rpad, M300pakaronuil Kacka/l
JIBYX IIOJCUCTEM IIEPBOTO IIOPSAKa.
c) SBmsercs mu gaHHAs CUCTEMa yCcToiunBoii? OTBeT 000CHYHTE.

Pucynok 4.
O o - (? - > - -
x[n] yn}
pzh 1
v[n] 2
O - - ¢
2 ?
27!y
2
> _—
wn]
2.

Paccmotrpure  gerepmumHHpoBaHHyr0  JIC-cucteMy S ¢ HMIYJIBCHOM
xapakTepucTtukoi h(n) u xapakrepuctudeckoil ¢pyHKI[HEll BHI/jIa

(1 —-2z"1(1—42"1)
2(1 - 2z71) '

a) Hapucyiite npsaMyro (popMy IOTOKOBOIO rpada CUCTEMEI S.

H(z) =

b) Mz00pazute TpaHCIOHUPOBaHHYIO (GopMy Ipada M3 NpeAbIIYINero IIyHKTa
3aJ1aul.

3.
Brlmmmure  pa3HOCTHOE  ypaBHeHHe,  Xapakrtepusyromiee  JIC-cucremy,
peanm30BaHHYIO IIOTOKOBEIM I'paoM 13 puc. .

PHcYHOK 5.
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4.

HauepTuTe cUrHAJILHEIN IIOTOKORBEIN rpad B npsamoil popme I , peanmyromuii JIC-

CUCTEMY C XapaKTepUCTIUEeCKOIl (pyHKIUEN

1— 2277
2
H(z) = 1 — %z—l — -é—z—f

S.

HauepTuTe cuUrHaabHBIII IIOTOKOBEIN rpad B mpsmoii gopme II
peanm3yromuitJIC-cucteMy ¢ XxapakTepUCTHUECKON (yHKI[Hel

BRI TR

1 _ 1,1 1_ -9
1 5 2 5 2

H(z)

6.

HauepTuTe CUTHAJIBLHBIN IOTOKOBEII I'pad B TPaHCIOHHPOBAHHOI IIPsIMOIL
dopmell , peamzyromuii JIC-cucTeMy ¢ XapakTepUCTHUECKON pyHKITHCH
-1, 1, -2
1—Lz71 + 82

H — 6 .
(2) 1 4+ 21 + %z—i’
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nh = L 9 —

MartepHajibHO-TeXHHIECKO0€e 0DeclieueHHe
1. JlaOopaTopHBIE H ITPaKTHYECKHE 3aHATHS IIPOBOASATCS B KOMITbIOTEPHBIX KIIaccax, B KOTOPBIX
YCTAHOBJIEHO BBIIIEIIEPEUYH CIIEHHOE ITPOrpaMMHOE 00eCIIeYeHHE.
2. JIeKIIMOHHBIN KYPC IPOBOJUTCS B aYAHTOPHSIX, OCHAINEHHBIX IIPOEKTOPOM.
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1. O0mmne moJ10KeHNA

CamocTogrenpHas padora — InaHHpyeMass yueOHas, yueOHO-HCCIeJ0BaT ellbCKasl, Hay4HO-
HCCIeJoBaTeIbCcKass pad0oTa CTYJIEeHTOB, BBIIOIHIEMAsI BO BHEAYJHTOPHOe (ayJIHTOPHOE) BpPeMs I10
3aJlaHHI0 M TIPH METOJHYECKOM PYKOBOICTBE IIPerojaBareilsa, HO 0e3 ero HeloCpPeICTBEHHOIO
y4yacTHSA (IIPH YaCTHYHOM HEITOCPEACTBEHHOM YYAaCTHH ITPEIOAaBaTellsl, OCTABILIIOINEM BeAVYIYIO
pOIb 3a PabOTOH CTYJIEHTOB).

CamocTtosarenbHag padoTa cTygaeHToB (CPC) B BY3e sBIgeTCA BaKHBIM BHAOM Y4eOHOM H
HAYYHOH JIESTeIIBHOCTH CTyAeHTa. CaMocTrosTelbHass padoTa CTYAEHTOB HI'pacT 3HAYHUTEIBHYIO
POJIb B PEUTHHTOBOH TEXHOJIOTHH O0YUYEeHHA.

K OCHOBHBIM BHJ[aM CAMOCTOSTEILHOHN PadOTEI CTYAEHTOB OTHOCATCS:

— (popMHPOBaHHE H YCBOESHHE COJlep KaHHs KOHCIIEKTa JIeKIHH Ha Oa3ze peKOMeHIOBaHHOH
JIEKTOPOM Vy4eOHOH IIHTepaTyphl, BKIIOYas HHPOPMAI[HOHHEIE OOpa30BaTelIbHBIE PECYPCHI
(37IeKTPOHHBIE YUeOHHKH, NIeKTPOHHBIE OHOTHOTEKH H JIP. ),

— HaITHCaHHE JOKIaJORB;
— MOAT OTOBKA K CEMHHapaM, ITPpaKTHYECKHM H JTa0OpaTOPHEIM padoTaM, HX 0() OpMIEHHE;

— COCTaBJIEHHE AHHOTHPOBAHHOI'O CIIMCKAa CTAaTeH M3 COOTBETCTBVIOIIMX KYPHAJIOB IIO
OTpaciIsM 3HaHHH (TIeJlar OTHYECKIHX, IICHXO0IOrHYECKHX, METOIHYECKHX H IP.);

— BBIOIOJTHEHHE YUeOHO-HCCIIEA0BATENILCKHX PadoT, IIPOEKTHAS IEATEIIBHOCTE,

— TIOATOTOBKA ITPAKTHYECKHX Pa3padoTOK M PEKOMEHJAIIHH II0 PEINEHHIO ITPOOIEMHOH
CHTVaIHI,

— BBIIIOJIHEHHE JOMAIIHIX 3aJaHii B BHJIE PEIICHHS OTASIBHBIX 3ajay, ITPOBEICHHSI
THIIOBBIX PaCUeTOB, PACUYETHO-KOMITLIOTE PHBEIX H HHIHBHAYAJIBHEIX paldoT 110 OTAEIBHEIM pa3ieiiaM
COJIeP KaHMS JUCIUIUINH H T. 1.,

— KOMIIBIOTEPHBIH TEKYIIMHH CaMOKOHTPOIb H KOHTPOJIb VYCIIEBAEMOCTH Ha 0a3se
3JIEKT POHHBIX OOYYAIOIIHX H aTTECTYIOIIHX TECTOB,

— BBIIOJIHEHHE KYPCOBBIX PadoT (IIPOEKTOB) B paMKaX JHCI[HIUIHH,

— BBIIOJIHEHHE BBHIITYCKHOH KBaIIH (PHKAI[HOHHOH paOOTHL H JIp.

MeTtoaHka oOpraHH3alMH CaMOCTOSTEILHOH PaldOThl CTYIAEHTOB 3aBHCHT OT CTPYKTVYPHI,
XapakTepa H 0COOEHHOCTEH H3Y4aeMOH JUCIHIIIMHEI, OOBEMA YaCOB HAa €€ H3YUEHHE, BHIA 3aJaHHH
IUII CaMOCTOSTEIILHOH PadoThl CTYAEHTOB, HHIAHNBHAVAJIBLHBEIX KAyeCTB CTYIAEHTOB H YCIOBHH
yueOHOI JIeITEebHOCTH.

[Iporiecc opraHuzaiii caMOCTOSATEIIFHOH PadoThl CTYAEHTOB BKIIIOYAET B ce0S CIEAYIOIIIE
STarlbl;

— TIOATOTOBHTENbHBIH (OIpellelleHHe Iiellel, COCTaBIeHHe IIporpaMMbI, ITOATOTOBKA
MeTOIHYEeCKOro oOecreueH s, ITIOAT0TOBKA 000PpYIOBaHH ),

— OCHOBHOH (peanH3allis ITporpaMMBI, HCIIONIb30BAaHHE IIPHEMOB ITOHCKAa HH(pOPMAIlHH,
YCBOEHHS, TIlepepaOOTKH, TIPHMEHEHHS, Ilepefayd 3HAaHHH, (QHKCHpOBaHHE Pe3yIbTaToB,
caMOOpPraHH3aI[H ITpoIiecca padoThl);

—  BaKIOYMTENLHBIN (OIleHKa 3HAYMMOCTH H aHallM3 Pe3ylbTaTOB, HX CHCTeMaTH3aIlHs,
oIleHKa 3()(PEeKTHBHOCTH ITPOrpaMMBI H IIPHEMOB PaOOTHI, BRIBOABI O HAITPABIECHHSIX OITTHMH3AL[HH

TpyJa).
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2.11esb 1 330290 CAMOCTOATEJILHOH PadoOThI

Benvimas 1enp opra’Huszanmid H ocyinecTBiaeHHS CPC coBmagaer ¢ Ienbr0 O0yYeHHS
CTYZIeHTa — (POPMHPOBaHHE YHHBEPCAIbHBIX KOMITETEHIHE.

[Ipn oprammzampm CPC BaXHBIM H HeOOXOJTHMBIM YCIOBHEM CTAaHOBSITCS (pOpMHPOBaHHE
YMEHHS CaMOCTOSITEIIBHOH paloThl IS ITPHOOPETEHHMS 3HAHMI, HABBIKOB M BO3MOXXHOCTH
OpraHM3aIlMy Y4eOHOH M HaY4YHOH JIeATEIBHOCTH. lleIp0 caMOCTOSATENIbHOH PaloThl CTYAESHTOB
SBIISIETCS  OBIaJeHHe (PyHJaMeHTAIbHBIMH 3HAHHSIMH, IIPO(PEeCCHOHAIIbHEIMH YMEeHHSIMH H
HaBBIKAMH JIESITEIbHOCTH IO ITPO(IIIIO, OITBITOM TBOPYECKOH, HCCIIEAOBATEIbCKOH JAeSTEIbHOCTH.
CaMmocTosaTenpHasd  pabora  CTVAEHTOB  CIIOCOOCTBYET  PA3sBHTHIO  CaMOCTOSITEIIbHOCTH,
OTBETCTBEHHOCTH H OPraHH30BAHHOCTH, TBOPYECKOI'O IMOAXOMAa K PEIIEHHIO IPOOIeM y4eOHOIO H
PO eCCHOHAIBHOIO YPOBHSL.

Samauanvi CPC gaBiIsroTCS:

— CHCTEMaTH3al[Msg M 3aKpelUIeHHe TTOIYYEHHBIX TEOPETHUYECKHNX 3HAHMI H IPaKTHYECKHX
YMEHHH CTYIEHTOB,

— yriyOJieHHe H pacIlpeHHe TEOPETHYECKHX 3HAHHIT,

— (popMHpOBaHME YMEHHII HCIIOIB30BaTh HOPMAaTHBHYIO, IIPABOBYIO, CIIPaBOYHYIO
JOKYMEHTAIHIO H CIIEIHAIbHYIO IIHTEParypy,

— PpasBHTHE IIO03HABATEIBHBEIX CIIOCOOHOCTEH M AKTHBHOCTH CTYIEHTOB. TBOPYECKOH
HHHUI[HATHBEL, CAMOCTOSTEIIbHOCTH, OTBETCTBEHHOCTH M OPTraHN30BaHHOCTH,

— (popMipOBaHHE CaMOCTOSTEIILHOCTH MBIIUIEHHS, CIIOCOOHOCTEH K CaMOPa3BHTHIO,
CaAMOCOBEPIIEHCTBOBAHHIO H CaMOpea3alii,

— Ppa3sBHTHE HCCIIENOBATEIbCKHX YMEHHI,

— HCIIONB30BAaHHE MaTepHaja, COOpaHHOIO H IIONYYEHHOI'O B XOIE CaMOCTOSITEIIBLHOIN
padoTEI H 1adopaTOPHBIX 3aHSITHI.

3.T exHoJrornueckan KapTa CaMoCT OHT eJIbHOH pﬂﬁﬂ'l'bl CTYACHTA

Cpencrea OO0BeM YacoB, B TOM YHCIIE
Koarl
TEXHOIIOTHH CPC | KonuraktHas | Bcero
peanH3yeMbIX BHI gesgTemsHOCTH
g OIlEHKH pabota c
KOMIIETEHI[HI, CTYIEHTOB
TIPENOIaBaTell
HHIHKAaTopa(oB)
eM
7 CEMECTP
I17]-1TIK-3, 11]1-2 |(CaMocCTOSTeIIbHOE CobecegoBaHHE
[1K-3, -3 1IK-3. pr3yyenne 17,325 1,925 19,25
[THTEPATYPBI
I1)1-1 I1IK-3, 1/1-2 [[IoaroToBka K CobeceoBaHue
[TK-3, UA-3 TIK-3. pakTHyecknM 2,43 0,27 2,7
RaH SITHSIM
[171-1 TIK-3, 1/1-2 [[loaroToBKa K CobeceloBaHHE
[IK-3, U1-3 IIK-3. [1aGopaTOopHBIM 3,645 0,405 4,05
[NOKYMEHT MOAOMACAH
ANEKTPOHHOW NOANMUCHIO OKTIA]l
CepTudomkar:. 12000002A633E3D113AD425FB50002000002A6 9 | 10
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CEMECTP 32.4 3.6 36
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4+Hﬂpﬂ[[ﬂlﬂ BbLIOIOJIHEHHA CAMOCTOAT eJ1IbHOH pﬂﬁﬂ'l'bl CTYACHTOM

4.1. Memoouueckiie pexomenoayii no pabome ¢ yuebHoil nmepamypoii

IIpu pabore ¢ KHHroH HeOOXOJHMO IOA00paTh JIHMTEPATYPY, HAYUHTLCS ITPABHIIBHO €€
YHTaTh, BECTH 3aIlicH. [[1g mopgbopa IHTepaTyphl B OHOIHOTEKE HMCIIOIB3YIOTCS ajl(aBHTHEIN H
CHCTEMATHYECKHUI KaTalIOTH.

BaXHO IIOMHHTL, YTO palliOHAJIBLHEIE HABBIKH PalOTHI C KHHIOH - 3TO Beerga OOIbIas
SKOHOMM I BPEMEHH H CHIL

[IpaBHbHEIIT 1OAOOp YUYEOHHMKOB  PEKOMEHAVETCS  ITPENOAABATEIIEM,  UHTAIOIIHM
JIEKIIMOHHBIN Kypc. HeoOxomimass nmHTepaTypa MOKET OBITH TakKXke VKa3zaHa B METOAHYECKHX
pazpaboTKax I10 JaHHOMY KYPCY.

HM3yyasg MaTtepHan 1mo y4eOHHKY, ClIeAyeT IEPEXOAHTh K CIEAVIOIIEMY BOIIPOCY TOIBKO
IIOCIIE TMIPABWIBHOIO YSICHEHHS IIPEABIAYILNErO, OIHCHIBAS HA OyMare BCe BBIKIAJKH H BBEIUMCIIEHHS
(B TOM 4MHCIIe Te, KOTOphle B Y4eOHHKE OITYIIEHBI IJIH Ha JIEKIHH JaHbl IS CaMOCTOSTEIbHOIO
BBIBOJIA).

[Ipn m3ydeHnn r000H AUCIIUIUIHHEL OONIBINYIO H BaXXKHYIO POIIb HIPAET CaMOCTOSTEIbHAS
HHIHBHIYaIbHAI paboTa.

Oco0oe BHHMaHHE CIeAYeT OOpaTHTh Ha OIpPeJelleHHEe OCHOBHBIX ITOHATHH Kypca. CTYIeHT
IOIZKEH ITOAPOOHO pa3OHparh IMPHMEPHI, KOTOPEIE MTOSCHSIIOT TaKHE OIPENEIEHHS, H YMETh CTPOHTH
aHAJIOTMYHBIE IIPHMEPBI CaMOCTOSTENRHO. HyXKHO JOOGHBATHECS TOYHOIO IMPEACTABIEHHS O TOM, UTO
H3y4Yaellb. [Iolne3HO COCTaBIISATh OIOPHBIE KOHCIIEKTHI. [IpH H3yUeHHH MaTepHala II0 YYeOHHKY
MOJE3HO B TeTpagu (Ha CIEelHAIbHO OTBEJSHHBIX ITOISX) JOIMOIHSTh KOHCIIEKT JIEKIHH. TaMm ke
CIIEAYET OTMEYATh BOITPOCHI, BRIJIEIIEHHEIE CTYIECHTOM U1 KOHCYIILTALMH C IIPEIIOJABATEIIEM.

BEIBOZIBI, TIONIYUEHHBIE B PE3YIIBTATE H3YVUEHHS, PEKOMEHAVETCS B KOHCIIEKTE BBIIEIISTH,
yTOOBI OHH ITPH IEPEUYNTHIBAHHH 3aIIHCEH JIYUIIEe 3allOMHHAIHCE.

OIBIT IIOKa3bIBAaeT, YTO MHOTHM CTYAEHTaM IIOMOTaeT COCTABIIEHHE JIHCTAa OIIOPHBIX
CHTHAJIOB, COAEPXKAIIEero BaKHEHIIHME H HaHOOJllee 4acTO YIOTpeOnseMble (POPMYIIBI H ITOHSITHSL.
TakolH ITHCT MOMOraeT 3allOMHHTh (POPMYJIbI, OCHOBHEIE ITOJIOJKEHHS JIEKI[HH, a TaKXe MOKET
CIIYKHUTh ITOCTOSIHHBIM CITPaBOYHHKOM JJIS CTYIEHTA.

UreHHe Hay4yHOro TEKCTa SBIIIETCS YACThIO ITO3HABATEIIBHOM HESITEIBLHOCTH. Ee Ilenp —
H3BIICYEHHE H3 TeKCTa HeoOXOAHMMOH HH(poOpMaimm. OT TOro Ha CKOJbKO OCO3HAHHA YHTAFOI[HM
COOCTBEHHAsI BHYTPEHHSSI YCTaHOBKA IIpH OOpallleHHH K IIe4YaTHOMY CIIOBY (HAaHTH HYKHBIE
CBEJICHHS, YCBOHTH HH(POPMAITHIO TONHOCTHIO HIIH YaCTHYHO, KPHTHYECKH IIPOaHaJIH3HPOBAaTh
MaTepHal H T.I1.) BO MHOI'OM 3aBHCHT 3( (PEKTHBHOCTH OCYILECTRIISEMOIO JEHCTBHAL.

BEIIEILIIOT uembsipe OCHO6HbBIE YCHIAHO6KU 6 UMEHUIL HAYUHO020 MEeKCmA.

HH()OPMAaIHOHHO-ITIOHCKOBHIH (3aJauya — HaHTH, BRILASIHTh HCKOMYIO HH(pOPMAIIHIO)

yCBaHBaroInas (YCHIIHS YHTATeIIS HallpaBJIeHBI Ha TO, YTOOKBI KaK MOKHO ITOJIHEE OCO3HATh H
3aIIOMHHTh KaK CAaMH CBEJIEHHS H3IaracMble aBTOPOM, TaK H BCIO JIOTHKY €r0 PacCyKIeHHH)

aHAIIHTHKO-KpPHTHYecKass (YHTaTellb CTPEMHTCS KPHTHYECKH OCMBICIHTh MAaTepHall,
IIPOAHAIIM3HPOBAB €r0, OIPEAEIIMB CBOE OTHOIIEHHE K HEMY)

TBOp4YecKas (CO3JaeT y YHTATeJIsI TOTOBHOCTh B TOM HJIH HHOM BHJIE — KaK OTIIPaBHOH ITYHKT
IUISL CBOMX PacCyKIeHHI, KaKk o0pas I JeHCTBHS 110 aHAJIOTMH M T.II. — HCIIONB30BAaTh CYKIEHHS
aBTOpa, XOJ €ro MBICIIEH, pe3yiIbTaT HaOIMOAeHHS, pa3paloTaHHYIO METOMHKY, HOIOIHHTL HX,
ITOJIBEPIrHYTh HOBOH ITIPOBEPKE).

OcHoeHble 6110bl CUHCTNEMANUZUPOGUHH o1l 3anucl HPOYUNIAHHOZO0!

AHHOTHpPOBaHHE — TIIPeJElIbHO KpPaTKOe CBSI3HOE OIMMCaHHE IIPOCMOTPEHHOH HIH
IIPOYNTAaHHOH KHHTH (CTaThH), €€ COJlep:KaHHs, HCTOYHHKOB, XapaKTepa H Ha3HAaYeHHS,
AOKYMEHT MNOANMMCAH HH3aI[HA TEKCTa, PAaCKPHIBAIOIIAS COAEpKaHHE H

SNMEKTPOHHOW NOAMUCHIO
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[{uTHpoBaHHe — IOCIOBHOE BHIMMHCHIBAHHE M3 TEKCTa BBIJCPIKEK, H3BICUYEHHI, HaHOOIee
CYII[ECTBEHHO OTPaKaroIMX TY HIIH HHYIO MBICIIb aBTOpA,

KoHcIiekTHpOBaHHE — KpaTKOE M IIOCIEJOBATEIbHOE  HM3IIOKEHHE  COHEpPKaHHS
IIPOYHTAaHHOTO.

KOHCIIEKT — CIIOKHBII CIIOCO0 M3IIOXKEHUSI COIEPKaHMS KHHUIH IIIH CTaThH B JIOTHYECKOH
ITOCIIeJOBaTeIbHOCTH. KOHCIIEKT akKKyMyIHpPyeT B cebe ITPeABIAVINHE BHIBI 3aITHCH, ITO3BOJISIET
BCECTOPOHHE OXBATHTH COJIEP KAHHE KHHIH, CTaThbH. II03TOMY YMEHHE COCTABIISITH IUIAH, TE3HCHI,
IelnaTh BRIIMCKH H APYTHE 3aIlHCH OIIPEAEIISeT H TEXHOIOIHIO COCTABIEHN S KOHCIIEKTA.

Memoouueckiie pexomenoaititt RO COCNIAGTEHIO KOHCHEKMA:

l. BHMMATEIbHO ITPOYMTANTE TEKCT. YTOUHHTE B CIIPABOYHOH JHTEPaType HEITOHSTHBIE
crioBa. [Ipwu 3armicH He 3a0yIbTe BEIHECTH CITPABOYHEIE JaHHEIE Ha ITOJIS KOHCIIEKTA.

2. BeIgemiTe ITITaBHOE, COCTABbTE IIIAH.

3. Kpatko c@opMylmpyHTe OCHOBHBIE IIOJIOKEHHS TeKCTa, OTMEThTe apryMeHTaIHIO
aBTOpA.

4. 3aKOHCIIEKTHPYHTE MaTepHall, YeTKO CIeAys ITYHKTaM IuIaHa. [IpH KOHCIIEKTHpPOBAaHHH
CTapalTeCh BBIPA3HTh MBICIIE CBOMMH CIIOBAMH. 3aIHCH CIIEAYET BECTH YETKO, SCHO.

5. I'paMOTHO 3amHCBIBANTE IUTATHI. L{UTHPYS, YUHTBHIBAHTE JIAKOHHYHOCTH, 3HAYHMOCTH
MBICIIH.

B TexcTe KOHCIIEKTa JKEJIATEIbHO ITPHBOIHTH HE TOIBKO TE3HCHBIE ITONMOKEHHS, HO M HX
mOKazaTelbcTBa. [Ipm odopMIeHHH KOHCIIEKTa HEOOXOAHMO CTPEMHTBCSI K EMKOCTH KaXKIOIO
npeanoxeHnsa. MEICIH aBTOpa KHHTH CIeAyeT H3j1araTb KpaTko, 3a00TSICh O CTHIE H
BBIPA3HTEILHOCTH HAIMHMCAHHOIO. YHCIO AOIMOIMHHUTENIBLHBIX 3IEMEHTOB KOHCIIEKTA JOJKHO OBITh
JOTHYECKH ~ OOOCHOBAHHBIM,  3aIlMCH  JOJDKHBI  PACIIPENENIITbcs B OIMpelelIeHHOH
IOCIIEAOBATEIbHOCTH, OTBEYAIOIEH JIOTHYECKOH CTPYKTYpe ITPpOM3BeAcHUA. [l YTOUHEHHS H
IOTIOITHEHH ST HEOOXOIHMMO OCTaBIISATH ITOTIA.

OBlIaJicHHEe HaBBIKAMH KOHCIIEKTHPOBAHHMS TpPeOyeT OT CTYIEHTa IIelIeYCTPEMIEHHOCTH,
IIOBCEJHEBHOHN CaMOCTOSATEIbHOH PadOTHI.

4.2. Memoouueckiie pexomeHoayiiil 1o NO020N06Ke K NP AKIMUYE CKUM 3AHIMUAM

J11s Toro 4YToOBI MPaKTHYECKHE 3aHATHS IIPHHOCHIH MAKCHMAIbHYIO ITOMIB3Y, HEOOXOIHMO
IIOMHHUTE, YTO YIIPAXKHEHIE H PEIIEHHE 3a[au IIPOBOASTCS 10 BEIYMTAHHOMY Ha JIEKI[HIX MaTepHaITy
H CBS3aHBI, KaK ITPaBHIIO, C JETAIbHBIM Pa3zbopoM OTAENBHBIX BOIIPOCOB JEKI[HOHHOIO Kypca.
Crnenyer IOAYEPKHYTH, YTO TOIBKO ITOCIE YCBOEHHS JIEKIIMOHHOI'O MaTepHalla C OIpelelleHHOH
TOYKH 3peHHS (a HMEHHO C TOH, ¢ KOTOPOH OH H3jIaraeTcs Ha JIeKIHIX) OH OyIeT 3aKpeIlIsSThCs Ha
11ab0paTOPHBIX 3aHATHSX KaK B pe3yiabTaTe OOCYAKIEHHSI H aHAIN3a JIEKIHOHHOIO MaTepHana, TaKk |
C TIOMOINBIO PEINeHHUS ITPOOIIEMHBIX CHTVYaIMI, 3a1a4d. IIpM 3THX VYCIOBHSIX CTYAEHT HE TOIBKO
XOpOIIIO YCBOMT MaTepHall, HO M Hay4YHTCSI TPHMEHSATH €r0 Ha IIPaKTHKE, a TakKXke ITOIYYHT
TOIOIHHUTEIIBHEIH CTHMYII (H 3TO OYeHb BayKHO) IS aKTHBHOM ITPOPa0OTKH JIEKIHH.

[Ip caMOCTOSTEIbHOM PEIIEHHH 33aJady HYKHO OOOCHOBBIBAaTh KaKIBIH BTall PEIICHHI,
HCXOMI M3 TEOPETHYECKHX ITOIIOKEHHH Kypca. ECIH CTYAEHT BHANWT HECKOIBLKO ITYTEH PEIIeHHS
IIpoOIeMEI (3aayi), TO HY’KHO CPpaBHHTh HX H BRIOPATh CaMBIH pallHOHAIBHBIH. [Ione3Ho 0 Hayara
BBIYHCIIEHHI COCTaBHThH KPaTKHIl IUIaH pellleHH s IMpo0ieMsl (3afaqH). PemmeHne mpoOaeMHBIX 3a7au
HIIM IIPUMEPOB CIEAYeT H3/IaraTh IOAPOOHO, BBIYHCIEHHS pacliolaraTh B CTPOrOM IIOPSIKE,
OTJEIIS BCIIOMOTaTellbHbIe BBIUMCIIEHHS OT OCHOBHBIX. PelleHHS IpH HeoOXOMHMMOCTH HYKHO
COITPOBOXKIATh KOMMEHTAPHSIMH, CXEMaMH, YEPTEKaMH H PHCYHKAMI.

Crneayer IIOMHHTB, YTO PellleHHEe KaXKIoH V4YeOHOH 3afJauMl JOIMKHO JOBOIHTBCA 0O
OKOHYATEJILHOI'O JIOTHYECKOr0 OTBETA, KOTOPOro TPeOVYET YCIIOBHE, H TI0 BO3MOKHOCTH C BBIBOJIOM.
[IoIy4yeHHEIN OTBET CIEAYET IPOBEPHUTH CITOCOOAMI, BRITEKAIOIIHMH H3 CYIIECTBA JAHHOM 3aayH.

AOKYMEHT MNOANWUCAH JJIBKHMH CITOCOOaMH M CPaBHHTH IIOJIYUEHHBIE
SNEKTPOHHOWM NOAMUCKIO | 5
Ceptindbukar: 12000002A633E3D113AD425FB50002000002A6 KHO IIPOAOIDKATE A0 IIPHOUPEICHHA TBEPJBIX
BEnaneneu: Lebsyxosa TateaHa AneKkcaHgpoeHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



4.3. Memoouueckiie pexomeHOoaiiiil 10 CaMoOnNpogepKe 3H aH1iLl

[Tocne m3ydeHHS OIpeJelIeHHOH TeMbI IO 3aIlHCSIM B KOHCIEKTe H Y4eOHHKY, a TakKXKe
pelleHHsI JOCTaTOYHOIO KOIMYECTBa COOTBETCTBYIOIIMX 3aJay Ha IPAaKTHYECKHX 3aHSITHSIX H
CaMOCTOSTEIIbHO CTYAEHTY PeKOMEHAYETCS IPOBECTH CaMOITPOBEPKY YCBOEHHBIX 3HAHHI, OTBETHB
Ha KOHTPOJIbHEIE BOITPOCHI ITO0 H3YIEHHOH TEME.

B cimydae HeoOXOIHMMOCTH HYKHO €I[e pa3 BHHMATEIbHO pa300paThcs B MaTepHalIE.

MHorma HegocTaTOYHOCTh YCBOSHHS TOIO WIH HHOI'O BOIIPOCA BBISCHSETCS TOIBKO ITPH
H3YYEeHHH JallbHeHINero MaTepHala. B 3TOM ciy4yae HaJo BEPHYTHCS Haszaj H ITOBTOPHTH ILIOXO

YCBOEHHBII MaTepHal. BaXHBIH KpHTEpHH YCBOEHHS TeOpeTHYeCKOro MaTepHala — YMeHHE
OTBEYATh Ha BOITPOCHI I COOECEIOBAHHS.

Bomnpochl 15 codece10BAHHSA.
ba3oBbIA YPOBEHDb

Tema 1. 1. O0upie cBeAeHNS O JHCKPETHRIX CHIHAIAX

Tema 2. 1. Omneparpm Hag JHCKPETHBRIMH ITOCIE0OBATEIEHOCT SIMI

Tema 3. 1. JlocTyln nepcoHana K KOH(pHAEHIHAIbHBIM CBelleHHSIM 2. J[OCTYI K IIepCOHAIBHOMY
KOMIILIOTEPY, CEPBEPY HIIH padoyeH CTaHI[HH

Tema 4. 1. JIMCKpeTHBIE CUTHANEI, HX ITPEICTABJIEHHE B YaCTOTHOH OOIacCTH.

Tema 5. 1. OxapaKTepH3yHTE ITOHATHE «CHTHAJIBIY.

Tema 6. 1. JIMCKpeTH3aI[HI METOAOM ITPSIMOro Z- Ipeobpa3oBaHH.

Tema 7. 1. IIpeacraBiieHHe ImociIe 0BaTeIbHOCTEH KOHEYHOH JIHHBI JHCKPETHBIM PSaoM Dyphe.
Tema 8. 1. Peammzaipia ABYMEPHOH IHHEHHOH CBEPTKH ITOCIIEAOBATEIIPHOCTEH C IIOMOIIBIO
KPYTOBOH CBEPTKH.

Tema 9. 1. IIpeacTaBiaeHHe CTPYKTYP (DHIBTPOB B BHJE CHTHAJIBHBIX I'Pa(]oOB.

IloBBINIEHHBLIA YPOBEHDb

Tema 1. 1. OO01HEe cBeAeHNS O IHHEHHBIX CHCTEMAX.

Tema 2. 1. CxXeMbl HHBapHAHTHEIX K CABHIY THHEHHBIE CHCTEM

Tema 3. 1. MaremaTH4e cKHe OCHOBHI ITH(pPOBOI 00paObOTKH CHTHAJIOB

Tema 4. 1. JIMCKpeTHBIE CHTHANBI, HX ITPEACTABIIEHHE B HMITYJILCHOH OOJIACTH.

Tema 5. 1. OxapakTepH3yHTE JIHHENHBIE CHCTEMBI.

Tema 6. 1. JIluCcKpeTH3aIMSI METOAOM OOPAaTHOI'O Z- Ipeo0pa3oBaHH L.

Tema 7. 1. JluckpeTHOE npeodpazoBanie Dyphe A1 CBEPTKH JUCKPETHEIX ITOCIIEA0BATEIBHOCTEH.

Tema 8. 1. BrIumncieHHe CBEPTKH ABYX IIOCIIEHOBATEIIBHOCTEH JIHCKPETHBIM ITpeoOpa3zoBaHHEM
DOypee.
Tema 9. 1. IIpencraBiaeHHe CTPYKTYP (PIJIBTPOB B BHAE MaTPHIL ITH(] POBBIX IIETIEH.

4.4. Memoouueckite pexomenoaijiiil HO HANLCAHLIIO HAVYHbIX HEKCIMOoE (00K1a008, pegepamoe,
scce, HaYYHblX cmameti i 1.0.)

[lepex TeM, KaK IMPHCTYIINTh K HAITMCAHHIO HAYYHOI'O TEKCTa, BAXKHO pa300parhcs, KaKoBa
HCTHHHAS 1[eJIb BAIllET0 HAYYHOI'O TEKCTA - ATO ITOMOXKET BaM Pa3zyMHO PACIIPEIEINT: CBOH CHIIBI H
BPEMSL.

Bo-IepBEIX, CHayala HYKHO OIPEIASIINTBCSI C HIAeeH HAYYHOro TeKCTa, a IS 3TOro
HeoOXOJHMO HaYVUHTHLCSI THOO OTHOCHTBCS K Pa3HBIM SBIEHHSM H (paKTaM HeCKOIBKO KPHTHYECKH
(GBOH Haesd — KaKk HHas TOo4yKa BPEHI[H) THOO HAYYHTHCA YBJIEKAThCSI KAKHMH-TO H3BECTHBIMI

-

,E[DWMEHTHD,D,HHCAH- 'II,I[EH — KdK OIITHMHCTHYCSCKAAd IIOSHIITHA H
SNEKTPOHHOWM NOAMUCHIO AHHE YIKC HBEECTHGI‘G). BG-ETGPLIK: HAYIHTBCAH
Ceptudmkar:, . 12000002A633E3D113AD425FBS0002000002A6
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[Trcars cruegyeT SICHO M IIOHSTHO, CTapasich OCHOBHBIE IMTOIOKEHHS (DOPMYIHPOBATh YeTKO H
HeJIBYCMBICIIeHHO (UYTOOBI H CaMOMY ITOHSATHO OBIIIO), a TakKKe CTPeMSCh CTPYKTYPHPOBaTh CBOM
TEKCT.

CHcTeMaTH3aIHg M aHaIH3 H3YYEHHOH M TEPATYPHI 110 ITPpoOIIeMe HCCIIeA0BAHHS IT03BOIISIOT
CTYIEHTY HaImcars padory.

PaGoumii BapHaHT TeKCTa OOKIaja TIPeJOCTABISETCS PYKOBOJHMTEIIO Ha ITpoBEpKYy. Ha
OCHOBe padOyero BapHaHTa TEKCTa PYKOBOIHTEIIL BMECTE CO CTYAEHTOM OOCYXKIAET BO3MOXKHOCTH
T0pa0OTKH TEKCTa, ero OpOpMIEHHE.

Cmpykmypa ooxnaoa:

— Bpenenne (He Oonee 3-4 crpanui]). Bo BBeeHHH HeOOXOMHMMO 000OCHOBAaTh BBIOOP TEMBEI,
€€ aKTyaJIbHOCTh, OYEPTHTH OOIACTh HCCIELOBAHHMSA, OOBEKT HCCIEMOBAHHS, OCHOBHEBIE I[EIIH H
3aJIa4yll HCCIIeJOBaHH .

— (OCHOBHAsI 4acThb COCTOHT H3 2-3 pasdeloB. B HHX pacKpeIBAeTCSI CYTh HCCIIEIYEMOIHN
IPOOIEMEI, MTPOBOSHUTCSI 0030p MHPOBOH IJHMTepaTyphl H HCTOUHHKOB HMHTEpHET IO NpeaMeTy
HCCIIEAOBAHNS, B KOTOPOM JAcTCsS XapaKTEPHCTHKA CTEIEHH Pa3paloTaHHOCTH ITPo0IeMbl H
aBTOPCKAasl aHaIMTHYeCKas OI[eHKA OCHOBHBIX TeOPETHYECKHX IIOAXOAOB K €€ PEIIEHHIO.
M3moxeHHe MaTepHala He JOIMKHO OrPaHHYMBAThHCS JIMIIL OIMHCATENBHBIM ITOAXOAOM K
PACKPBITHIO BBRIOpaHHOH TeMBI. OHO TakKXke MJOIDKHO COJepKaTh COOCTBEHHOE BHJIECHHE
paccMaTpPHBAEMOH IIPOOIEMBI H H3JI0KeHHe COOCTBEHHOH TOUYKH 3PeHHS Ha BO3MOXKHBIE ITYTH €€

peIeHHs.

— 3akmouyeHHe (1-2 cTpaHHIBI). B 3aKIOYeHHH KpaTKO H3IArarTcs JOCTHTHYTHIE IIPH
H3Y4eHHH IPOOIIEMEI IIEITH, ITIePCIIeKTHREL pa3BHTHA HCCIIeYeMOI0 BOITpoca

— CIHCOK HCIIOJIb30BAaHHOH JIHTepaTyphl (He MeHbIne 10 HCTOYHHKOB), B al(paBHTHOM
MOpsIIKE, O(POPMIIEHHBIH B COOTBETCTBHH C IIPHHSATBIMH ITPaBIIIAMH. B CITHCOK HCITOIIB30BaHHOH
JIHTEPaTyPhl PEKOMEHAYETCS BKIOYATh PaOOTHI OTE€YECTBEHHBIX H 3apyOeKHEIX aBTOPOB, B TOM
yrclle CTaThH, OITyOIIMKOBAHHEBIE B HAYYHBIX ’KYPHalIaX B TeUeHHe IOCIeJHHX 3-X JIeT H CChIJIKH Ha
pecypchl ceTH MIHTepHeT.

— Ilpunoxenne (ImpH HeOOXOTHMOCTH).

Tpeboeaniis x opopmneniio:

— TEKCT C OJTHOH CTOPOHSHI JIHCTA,

— 1mpu@T Times New Roman;

— Kernb mpHdTa 14;

— MEXCTPOYHOE pacCcTosHHE 1,5,

— TIONA:. CBEPXY 2,5 CM, CHH3Y — 2.5 CM, ClIeBa - 3 CM, cItpaBa 1.5 cMm,
— pedepaT JoKeH OBITh IMpeJICTaRIeH B COPOITIOPOBAHHOM BHJIE.

llopadox zawumul doxnaoa:

Ha 3allTNTY JOKIIaJa OTBOIHTICA 5-7 MHHYT BpPEMCHII, B XOJC KOTOPOro CTYACHT JOJIKEH
II0Ka3aTh CBOOOJHOE BIAJlcHIE MaTcpHaJIOM IIO 3asIBIIECHHOH TEME. HpH 3alllUTE JOKIIala
ITPHBETCTBYETCA HCITOIIB30BaHIIE MYIIbTHMEIHA-ITPE3CHT allIII.

I[GI{JIaﬂ OLICHHBACTCA IIO CICAVIOIIIHM KPHTCPHAM: COOIOJeHHE TpEﬁGEEL‘HIIﬁ K €ro
G(l)DphﬂIEHI[EG; HeoOXOIHUMOCTh M JOCTATOYHOCTBH I PaCKpPBITHA TEMBI ]'[pHBE,I[EHHOﬁ B TEKCTE
JHOKJIIaJaa I]H(l)ﬂpMElJ_[HH; YMCHHE CTVACHTa CBOOOJHO H3IIaraTh OCHOBHEIE HACH, OTPaXCHHEIC B
HOKIIaJ e, CITIOCOOHOCTBD CTYVACHTA IIOHATL CVIb 3aJdBaCMBIX IIPCIIOAABATCIIEM H COKYPCHHEKAMI
BOITPOCOB H C(l)GpM}fHHpGEaTL TOUYHEBIE OTBETH Ha HIX.

Kpumeptut oyenxu:

h "'"ﬂG@ME‘HfhbnﬁﬁéﬁH""'""' ST ITITY, €I B AOKIIaAE CTYIACHT HCYUEPIIbIBAIOIIIE,

SNEKTPOHHOW NOAMUCHIO H3JIaracT MaTcpHall, CBOOOIHO CIIPABIIACTCA C
Ceptudchukar:; 12000002A633E30113AD425FB50002000002A6 JEHEHHS BHEIHI]IUI; HICIIONB3YeT JUIS HAITHCAHIS
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Oyenxa «xopouto» BBICTABIIIETCS CTYAEHTY, €CIH KauyeCTBO BBIOIOIHEHHSI [OKiIajaa
IOCTATOYHO BEICOKOE. CTYAEHT TBEPAO 3HAeT MaTepHall, ITPaMOTHO H ITO CYIIECTBY H3JIaracT €ro, He
IOITYCKas CYII[ECTBEHHBIX HETOYHOCTEH B OTBETE Ha BOITPOCH IT0 TEME JTOKIIAJIA.

Oyenxa «yooenemeopunensHoy BHICTABIKIETCS CTYIAEHTY, €CIM MaTepHal JOKiIajaa
M3lIaracTcsd YacTHYHO, HO IIPOOGENEl HE HOCIT CVIIECTBEHHOIO XapaKTepa, CTYACHT IOIIYCKAET
HETOYHOCTH H OIMHOKH IPH 3aIliTe JOKIaja, JaeT HeJOCTaTOYHO IPaBIIBHBIE (POPMYIHPOBKH,
HaOIIOMarOTCS HAPYIIEHHS JIOTHYECKOH ITOCIEL0BATEILHOCTH B H3JIOKEHHH MaTepHaa.

Oyenxa «HeyooenemeopumenbH oy BEICTARISAETCS CTYIEHTY, €CIIH OH He ITOATOTOBHII JTOKIIa]]
I JIOITYCTIUI CYINECTBEHHBIE OIMMOKH. CTYAEHT HEYBEPEHHO H3/IaracT MaTepHall IOKIaja, HE
OTBEYAET Ha BOIIPOCHI IIPEIIOaBaTENIS.

Onticaniie wKaivl OlfeHUGAHIA

MakcHMAJIBHO BO3MOJKHBIH Oalljl 3a BECh TEKYIIHH KOHTPOJIb YCTAaHABIIMBAETCS PAaBHBIM J).
TexyIllee KOHTPOJIbHOE MEPOIPHSTHE CUMTAETCS CHAHHBIM, €CIIH CTYIEHT ITOIYWILUI 3a HETO HE
MeHee 00% OT YCTAaHOBIEHHOI'O JJIS ATOr0 KOHTPOJISI MaKCHMAIbHOr o Oaria. PEHTHHI OBBIN Oall,
BRICTABIISIEMBIN CTYIEHTY 34 TEKVINEE KOHTPOIBHOE MEPOIPHITHE, CIaHHOE CTYIECHTOM B
YCTAHOBJIEHHbIe TI'Pa)HKOM KOHTPOJBHBIX MEPONPHSATHI CPOKH, OIPEAeIIeTCS CIIeAYIOIHM
oOpasoM:

PefimiHroseiii 6ami (B % oT MakcHMabHoro Oala 3a
KOHTP OJIBHOE 3a/JaHHE)

YPDEEHI: EBITTOJIHCHHA KOHTP OJIBHOTI'O 3a]1aHHA

OTIHYHBIA 100

X Op OLITHIT 80
VI0BJIETBOPHTEIBHBIH 60
HeynoBneTBOPHTEIBHBIH 0

4.5. Memoouuecxie pexomenoayuii no NOO20N06Ke K 3a4entam

[Iponieaypa 3auera KaK OTAEIBPHOE KOHTPOIbLHOE MEPOITPHATHE HE IIPOBOAHUTCS, OLICHHBAHIIE
3HAHHH 00YYarOIIErOCs IMPOHCXOIHT 110 Pe3yiIbTaTaM TeKYILErO KOHTPOII.
3ayeT BBICTABIISETCS IO pe3yiabTaTaM paldoThl B CEMecTpe, IIPH chadye BCEX KOHTPOIBHBIX
TOUEK, ITPEAYCMOTPEHHBIX TEKVIIHM KOHTPOJIIEM VCIIEBAaEMOCTH. ECIH IO HTOram cemecrpa
oOyuarorpricsa mMeeT oT 33 a0 60 OamnoB, eMy CTAaBHTICSI OTMETKa «3auyTeHO». OOyYaroIeMycCs,
HMEIOIIEMY IO HTOraM ceMecTpa MeHee 33 0alliIoB, CTABHTCSA OTMeTKa «HE 3aUTEHOM.

Konuuecmeo bannoe 3a zavem (S3au) npu paznuunvix peiimiin2oevix baniax
1O OUCYUNTLHE 110 pe3Vibnamam pabonivl 6 cemecmpe

PeliTHHIOBBIH 02171 M0 JUCIIHILTHHE Koym4yecTBo 0a/L10B 3a 3a4eT (S3a4)

110 pe3yJabTaTaMm padoThbl B cemecTpe (Rcem)

S0 < Rcem <60 40
39 < Rcem< 50 35
33 <Rcem <39 27

Rcem< 33 0

KoHTpoJIb caMOCTOATEILHOI pad0ThI CTY/IEHTOB

KDHTPGJ]L CaMOCTOSITEIIbHOH pﬂﬁDTLI ITPOBOAHTCA ITPEIIOAABATCIIEM B dYJIHTOPHH.

H'_[JE,I[}!'CMGT'_DEI{BI CIICAVIOIIC BHIbI KOHTPOIIA. CG@ECEI{GEHHIIE: OLICHKAa BBIITOJIIHCHITA

NOKYMEHT MOAMUCAH
SNEKTPOHHOM MOAMUCHIO
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MeTo1eckas JMTEPaTYpa:

I. MeTtoamyeckHe YKd3dHHA 110 BBHIOIIHEHHIO HﬂﬁﬂpﬂTﬂpI{bIK H ITPAKTHYCCKHX pﬂﬁDT ITO

THCIHIIIIHE «MaTeMaTHYeCKHe OCHOBEI I_[H(prEGﬁ GﬁpﬂﬁﬂTI{H CHI'HAJIOB».
2. Metognueckue PEKOMCHAAIIHH MOJIId CITYVACHTOB IIO OpPI'aHH34IlITH CaMOCTOSTEIILHOH
pﬂﬁDTBI 10 JHCIHIUTHHE «MaTeMaTH4YecKHe OCHOBBI I_[H(l)pOEOﬁ GﬁpﬂﬁﬂTI{H CHI'HAJIOB».

I HT epHeET-pecypchl:

1. WWWw.Intuit.ru — HalHOHAIBHEIH OTKPERITEIH YHHBepcHTET «MHT YU T»;
2. www.window.edu.ru —eJHHOE OKHO JOCTVIIa K 00pa30BaTEIIbHBIM PECYPCAM,
3. www.citforum.ru — cepBep HH(OPMAIMOHHBIX TeXHOIOIHII.
4. http://catalog.ncfu.ru/catalog/ncfu- aBTOMATH3HPOBAHHAS HH (pOpMAITHOHH O-
OnOmoreyHas cucreMa. «DOoIHaHT»
J. http://www.biblioclub.ru - ObC «YHuBepcureTckad 6Homioreka online.
IIporpammHoe obdecrieuenne:
l. Microsoft Windows.
2. Microsoft Office.
3. IIporpamma TeCTOBOIO KOHTPOIS « AMIPEHY.
4. llporpamma «Mathcadv.14» a1 aBTOMaTH3aIHH MaTeMaTHYECKHX BBIYH CIIEHHI.
5. Ilporpamma MATLAB 6.5/ Simulink 35 g pa3spaloTKH aJIrTOPpHTMOB, BH3YaJIM3al[HH H

dHAJIH3d JdaHHBIX, dBTOMATH3AI[HH YHCJIOBBLX PACHUCTOB.

MaTtepHaJIbLHO-TeXHHYECKO0€e 0DecleueHHe
1. JlaGopaTopHbIe H ITpaKTHYECKHE 3aHATHS IIPOBOASATCS B KOMITbIOTEPHBIX KlIaccax, B KOTOPBIX
YCTAHOBJIEHO BBIIIEIIEPEYHCIIEHHOE IIPOrPaMMHOE 00eCIIEYEHHE .
2. JIeKIIMOHHBIN KYPC IPOBOJAUTCS B ayAHTOPHSIX, OCHAIIIEHHBIX IIPOEKTOPOM.
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BBE/IEHHUE

OCBOHTH COOTBE TCTB YFOIITHIT MaTeMaTIJe CKIT armrapar A~ PeIeH s
Irpodpe CCHOHAIBHBIX 3aJ1a4, OCBOHTH CIIOCOOHOCTH ITOHHMATh 3HaYeHHe HH()OPMAI[H B Pa3BHTHIH
COBpeMeHHOro oOIllecTBa, IIPHMeHATs HH(GOPMAIHOHHbIE TeXHOIOTHH I ITOHCKAa H 00paboTKH
HH(OPMALIMH, OCBOHTE CIIOCOOHOCTH IIPOBOANUTE aHAIN3 HCXOMHBIX JAHHBIX MLAIIPOEKTHPOBAHNA
IIOJICHCTEM H cpeJcTB oOecreuyeHHd HHPOPMAIHOHHOH Oe30IMacHOCTH H YYacTBOBATh B
IIPOBEIEHHH TeXHHKO-3KOHOMITUECKOTO0 OOOCHOBAHHSA COOTBETCTBYIOIIHX ITPOEKTHBIX PelrleHHI
OCBOHTEH CITOCOOHOCTh IIPOBOIHTH AKCIIEPHMEHTHI II0 3aJlaHHOH MeTO[HKe, 00paboTKy, OIleHKY
IIOTPEIHOCTH H JOCTOBEPHOCTH HX Pe3yIbTaTOB, a TaKKeIIpHoOpecTH Habop OOIIeKYIbTYPHBIX H
oOrernpodeccHOHATRHEIX KOMIIETEHI[HIT OyjIyInero OakamaBpa IO HAIIPaBIEHHE ITOATOTOBKH
10.03.01 «MHopMaIiHOHHAS O€30ITaCHOCTEY

KomnereHunu od0y4yatromierocsi, popMHpyemMblie B pe3yJibTaTe H3YUeHHS IHCHHILIHHBI:

[ImaHmpyemMble pe3yiIbTaThl
O00y4YeHH S IT0 JTHCIHIUIHHE

Koz, hopmymipoBka Kox, hpopMyIHpOBKa HHIHMKATOPa (MOZYIIFO), XapaKTePH3yFOLIHE

ROMITCTEHITTH STarbl (POPMHPOBAHH S
KOMITETEHITHI, HHIHKATOPOB
IIK-6 Crioco6eHM JL-31x-6 CriocobeH 000CHOBaTH| OTOBHOCTH IIPHMEHSITE  IIPH
[ICIIOJIb30BATh COBPEMEHHBIETIPUMEHEHHE  TOTO WM HHOTOpeEIlleHHH 3amay
I[I()POBEIE TEXHOJIOTHILAJITOPHTMa MAIIHHHOI O OOYYEHHS JIIANPO(PECCHOHATIBHOH AeATeIIbHOCTH
CIIEIHATH3HPOBAHHOE eIlleHHSI KOHKPETHOH 3aaurl TMEIHAT3HPOBAHHOE

rporpammMHoe obecrieueHue, M J1-4mx-6 PaspabareIBacTIIporpaMMHOe  OOeCIleYeHHe U
METOJ[BI HCKYCCTBEHHOTI'OOPHTHHAIILHBIE MOJEIH H aJITOPHTMBIMET O] HCKYCCTBEHHOI'O
HHTeIUIeKTa BHCKYCCTBEHHOT'O HHTEIIEKTa HIHHTEIIEKTA.
MpodecCHOHAIFHOH aIlIMHHOI' O 00VUeHHS Bl OTOBHOCTB pas3padaThIBaTh
esaTelIbHOCTH podeccHOHAIBHOH JeITelIbHOCTH IOCHOBHEIE MOV
[HTEJIEKT YaJIbHEIX CHCTEM,
JTaJeTh ITPHEMAMI PEIIEHHS
PAKTHUYECKHX 3a7au B
PEAMETHOM O0JIacTH.
HANMEHOBAHHNE JIAGOPATOPHBIX PABOT
Ne Temel | HanMeHOBaHHE TeM JUCIIHIUIHHEL, HX Kparkoe | OOBbEM 4acoOB N3 Hux
JTHCIHILI COZEPKaHHE IpaKTHYECKas
HHBI IIOJTOTOBKA,
JaCOB
7 cemecTp
1 JIaboparopHas pabdota 1. Omeparlim HajT
IIICKPETHBIMH IT0CIIeI0BATeIbHOCTAMH HCXeMBI 1.5
HHBAPHAHTHEIX K C/IBUTY THHEIHEIE CHCTEM.
2 JIaGoparopHas padorta 2. MoeIHpOoBaHHE
IICKPETHBIX CHTHAIIOB, HX ITPe/CTaBIeHIER 1.5
YACTOTHOH H HMITYIIECHOH oOmacTH.
3 JIaGoparopHad pabdoTa 3. HcciaemoBanne MeToaa 15
IIICKPeTH3AI[IH IIPAMOr0 Z-IIpeo0pazoBaHHs. ’
4 JlabopaTopHag padoTta 4. HccaemoBaHue MeTOdA |
AOKYMEHT MOANUCAH I— 1,5
INEKTPOHHOW NMOAMHNCHLIO
CepTucbukar: 12000002A633E3D113AD425FB50002000002A6 MeETO/Ma 1.5
Bnapeneu; LLle6Gayxoea TaTeAHa AnekcaHapoBHa BaHHA ’
_ | BEPTKH 15
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nmpeoOpazoraHueM Dyphe
7 JIaGoparopHad paboTta 7. Peammi3alfid IBYMEPHOI
THHEHHOH CBEPTKH IIOCIEOBATETRFHOCTEH C 1,5
IIOMOIIBF0 KPYT OBOI CBEPTKH
8 JIaboparopHas pabdota 8. IIpeicTaBiaeHe 15
IH(POREIX (JHIIETPOB B BHJIE CHTHAILHEIXTPadoB ’
9 JlabopatopHas  pabotra 9. IlpenacrtaBienHie
IHQPOBEIX (PHIBTPOR B BHJAE CHCTEM JHHEHHBIX 1.5
YPaBHEHHIT
HTtoro 3a 7 cemectp 13,5
HT1oro 13,5

CTPYKTYPA 1 COJEP KAHIE JJABOPATOPHBIX 3AHATII

JlabopaTtopHas padora Nel
Onepauun HaJ AUCKPETHLIMH I0CJI€I0BATEILHOCTSIMH U CXeMbl HHBAPHAHTHBIX
K CABUTIY JIHHEITHbIE CUCTEM

Ileib B coaep:kaHMe: HCCIEAOBaTb OCOOEHHOCTH CBOMCTB HHBAPHAHTHBIX K CIBHIY
JTHHEHHBIE CHCTEM.

Copep:kanne padoThbl:

1. A3y4nTh TeopeTHYeCKHe acleKThl ITOCTPOESHHS ITPOYKITHOHHBIX MOJEIEH 3HAHHIA.

2. OnpeaesmTh JHCKPETHBIH aHAJIOI HEITPEPBIBHOI'O 00BEKTa, KOTOPEIH HMeeT 11M.
3. IIpoaHamH3HPOBATE IMOJIYUYEHHEIE PE3YIIHTATHIL.

4. BEIITOMHUTE 3aJaHHe IJI1 CAMOCTOSTEILHOH PadOTHI.

Coaep:xanne or4yera " ero popma
Otuer 0 nabopaTOpHOH padoTe, IPEeACTABICHHBIN K 3alllUTE, JOIKEH COAECPKaTh. HOMEDP
nabopaTOpHON padoThl, TeMy, ILIedb ITabopaTOPHOH pPadOTHL, IIepeueHbh H3YVUEHHEBIX BOIIPOCOBR,
PE3VIIbTAaThl BEOIOITHEHHBIX 3aJaHHI, OTBETHl HA KOHTPOJIBHEBIE BOITPOCHI.

JlabopaTopHas padota Ne2
MoeaupoBaHHe JUCKPETHBIX CUTHAJIOB, HX MpeJAcTaBJIeHHE B YACTOTHOH H
HMITYJIbCHOM 00J1acTH

Ilenb  padoTbl: ITONYYHThL  HABBIKH  (OPMHPOBAHHS  Pa3lIHUYHBIX  BapHaHTOB,
IeTePMHHHPOBAHHBIX H CIY4YalHBIX CHTHAIIOB JHCKPETHOIO BpeMeHH H HX TIpadHyecKoro
npeacraBieHus B cucteMe MATLAB.

Teopernueckne cBeAeHHS, HEOOXOMMMBIE JJIS BBHIIIOIHEHHS PabOTHl, H3IIOXKEHBI B ITIaBe 4
(pazgen 4.2) yueOHHKA.

1. 3agaHus 1 METOIHYECKHE YKA3aHH 110 BBITTOITHEHHIO PA0OTEI

JIMCKPETHBIH CHTHAJI TIIpeACTaBIIeT COOOH IIOCIIENOBATEIbHOCTE YHCEI, II03TOMY B
MATLAB oH mpeacTarisercsa B BHAE BeKTOopa. ECIH HeoOXOMHMO pealn30BaTh MHOTOKAHAIIBHYIO
00paboTKy CHIHAJIOB, JJIS 3TOro yAoOHO HCIIONB30BaTh BTOPOE HM3MepeHHe, IPeACTaBHB HaOoOp
CHTHAJIOB B BHJE MaTpHILI. MHOrokaHanbHass o0paboTKa ITOAAePKHBACTCS MHOTHMH () YHKIHSIMI
MATLAB. Eciu curHan oJHOMEPHBIH, TO B OOIBIMHHCTBe ciy4aeB PyHKIHMH MATLAB npaBHibHO

NOKYMEHT MNOAMNWUCAH BEKTOpa — KaK B BHIE CTPOKH, TaK M B BHJE

SNEKTPOHHOW NOANUCHIO =
KOI'ld BXOJHOH CHI'HAII SACTAaBIICH B BHIC
Ceptudpurkar: 12000002A633E3D113AD425FBS0002000002A6 o o Tped o

Bnapened: Llebayxoega TatbaHa AnexcangpoeHa ollaM. Taxrmm GﬁpﬂBGM:, CTOH@I—E’I MaTpPHIIbI

TPOKH — KaK OTJACIIBHBIC BCKTOPHEBIC OTCHYCTEBI
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MHOTI'OKaHAaJIBHOI'O CHI'HAJIA. l[]'[}':[ H30eKaHHSI BO3MOKHOH ITYTaHHIIBPI PEKOMCHAVYCTICA H B
OJHOKAHAJIbHOM CJIIYHAC (bﬂphﬂ[pﬂEﬂTb CHTHAJIBI B BHJIE CTOIOI[OB.

1. ChopmMupyiiTe e THHHYHBIH HMITYIIbCHBIH CHTHAI d (n -15) H eIMHHYHBIN CTYIIEHYAThIH
cHrHai u(n -10) B HHTepBane LeMOYHCIeHHOH nmepeMeHHOH n=1,...30. Oro0pas3Hure HX rpa)HYecKH,
Hcronb3ysd pyHkmro stem . Mcmoms3ysg xomaHay help stem ysgcHHTe, KaK NOIB30BaThCS STOIM

(p YHKITHEH.
CdopMHpPYIITE H ITPeicTaBbTe rpapHYECKH Pa3HOCTHBII CHIHAI
()(CI10) (1) xI n=un - -un - . WUurepnperupyiire 31oT cHrHail kak d (n - k) B

COOTBETCTBHH ¢ COOTHOIIEHHEM (4.3) H HalaHTe BeITHUYHHY K H3 Barero pucyHka. ChopMHPYHTE H
NpecTaBbTe IrpadpuueckH Ipyroi pasHOCTHEIN cHrHal () ( 10) ( 15) x2n=un - - un - . Haligure
13 PHCYHKA JUTHTEIIBHOCTH IMTOJIYYEHHOT O TAKHM 00pa3oM IIPSMOYITOJIBHOI'O HMITYIIECHOT O

CHrHalla. BrIpasHre 5TOT CHTHAI KakK CYMMY eIHHHYHBIX HMITYJIbCOB HA OCHOBE
cooTHoMmeHHA (4.2) H c)OPMHPYHTE ero TaKHM 00pa3oM.

2. ChopMupyiiTe CHTHAT, cOCTOSIIHIT I3 40 0OTCYETOB THCKPETHO-BPEMEHHONH CHHYCOHIBI

x(n) = sin(wn), n = 1,..40 ¢ mudpoBeMu yactoramu w = 0.1, 0.2, 0.4, 0.8 (pan)
COOTBETCTBEHHO. OTOOpa3uTe HX IrpapHUeCcKH, HCIOIb3YA (P YHKIHIO stem .

IIpeamnmonoxuB, 4ytOo IIepHOA BBIOOpPOK paBeH T=0.1 ceKyHA, BBIYHCIHTE AHAJIOIOBBIE
yacToTel F B 11 KaXJHOH M3 CHHYCOHJ, HCIIONB3YS 3aJaHHBIH BBIOOPOYHBIH HHTEpPBAl H
COOTBETCTBYIOMIHE I[H(PPOBBIE YacTOTHI W. [lepepucyiiTe rpa@HKH CHTHAIOB ¢ 0003HAYeHHEM OCH
BpeMeHH H 3a(HKCHPYHTe BBIYHCIEHHBIE AaHAIOrOBBIE YaCTOTHL COOTBETCTBYIOIIHX CHHYCOH/I
Hcronb3ys pyHkiHro fitle. Kak u3MeHsrorcs rpapukH ¢ yBelIHUeHHEeM YaCTOTHI?

3. IIpeArionoKHM, YTO aHAJIOTOBEIN KOCHHYCOHAAILHEIN CHIHAI 3aJlaH COOTHOIIIEHHEM

()cos(2),[,]01xt=ApFt+t [ttc aMIITYHOH A = 5, yactotoH F =10I11, HauampHOHN
¢azoit 1 = p/3, 10 = 0, t1 = 100c. BeOoromHuTe JHCKPETH3AIHIO 3TOTO CHIHAla C IIePHOIOM B3STHS
BeIOOpOoK T = 10-2 ¢ m oToOpasHTe IOyYeHHBIH IHCKPETHBIH CHIHAJl I'paduyecKH. CKOIBKO
OTCUETOB CHIHalla IIONIYYAaeTCAd B Pe3VyIbTaTe TaKOH MUCKpeTH3almu? J[JI1 BH3yaIH3alllii
THCKPETHBIX CHTHAIOB MOI'YT HCITOJIb30BAaThCS Pa3lHMuHBIe I'paHuecKie cpeJcTBa B 3aBHCHMOCTH
OT KOHKPETHOH CHTYallMH. YacTO BIIOIHE JOITYCTHMBIM SBIISIETCS COeIUHEHHE JHCKPETHBIX
OTCYETOB JIHHHSMH, YTO BBIIIOIHSIETCS C ITOMOINBIO (DYHKIHH plot . IIpu aToM momydaercs rpadHuk
aHAJIOr OBOI'O CHIHAJIA C JIMHEMHOH MHTEPITONSIHEH €TI0 OTCUETHRIX 3HAYEHHH, I'JIEe CaMH OTCUETHBIE
3HAYeHHS He BHAHEL. EciaH HeoOXoanmo oToOpazHTh HMEHHO HX, TO HCIIONB3YS (PYHKIHIO plot
MOJKHO OTKa3aThCS OT COeJHHEHHSI TOYeK THHHSMH. KpoMe 3Toro, MOXKHO HCITOITB30BATH () YHKIHEO
stem 1 QyHKIIIO stairs , CIlel[HalIbHO IpeJHa3HaYeHHbIe IJIS1 0TOOpakeHH I JHCKPETHBIX CHIHAJIOB B
BHJIE «CTeOeIbKOB» H B CTYIIEHYATOM BHJIe (KYCOUHO-IIOCTOSHHAS HHTE PIIOILIHS) COOTBETCTBEHHO.
Peaymzyiite Bce 3TH BapHaHTHL IpaHMYECKOro IIPeACTaBIeHHSI C(POPMHPOBAHHOIO JTHCKPETHOIO
CHI'HaJla, OTOOpakasi HX OJHOBPEMEHHO € HCIIOIb30BaHHEM (pyHKIHH subplot. Berumcnanre gacrory
IUCKpeTH3allul CHrHana Fx ., cpaBHHTe ee ¢ yacToToH F. Kak jgomkHa BBEIOHparhcs 4acToTa
THCKpeTH3allHH B COOTBETCTBHH C TeopeMoH oTcueToB (Teopemoil KorempHmkora)? IIpoBepbTe
Ham4yHe 3(QeKTa HaloKeHHS (TIOJAMEHEI 4acToT), B ciy4dae, ecimi F> FN= =Fun/2 (FN — yacTora
HalixBucra).

4. Co3gaiTe KOMIUIEKCHBIH JHCKPETHBIH CHTHAT X(n) = e , n = 1,..40 jwn ¢ w = 0.2
[TonyunTe pealbHYI0O H MHHMYIO YacTH CHTHalla, HCIIONb3Ys (PYHKIHMH real B 1mag oroOpasHTe HX
rpadudeckn. Mcmonp3yiiTe koMaHabl subplot(2,1,1) u subplot(2,1,2) mepen kKaxmoH (QyHKIHEH
stem, 4TOOBI cO3[aTh ABa I'papHKa pealbHOH H MHHMOH YacTeH CHTHalla, Pa3MeIIeHHBIX Ha OJHOM
BKpaHEe.

AOKYMEHT MOAMUCAH Hal o00pa3oBaH CYMMOI KOCHHYCOHIAIbLHOIO
ANEKTPOHHOW NOAMNUCHIO
CepTidikar:  12000002A633E3D113AD425FB50002000002A6
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CdopMupyiiTe  BeKTOp  JHCKPeTHOIO  CHTHajla, COOTBETCTBVIOIIHII  pe3yIbTaTy
THUCKPETH3AIHH ATOr'0 CHIHAaJIA ¢ YacTOTOH JucKpeTH3ard Fa =10000'1 n orobpasure 1mory4yeHHEI
THCKPETHBII CHIHAJI I'papHYeCKH, HCITONb3YS (pyHKIHEO plot.

JIimst momydeHHsI BeKTopa IIIyMa HCIONb3yHTe (PyHKIHIO randn, THOO (QPYHKIHIO Wgn H3
rmakera Communications.

BEIUHCINTE OTHOINIEHHE CHTHAI/IITYM IT0 HaImpsokeH o s/ n= A/ 2D u 1mo MoImHOCTH (s/ n) A
/2D 2 2 = . BeIpa3uTe OTHOMIEHHEe CHTHAI/IIYM B Jenmoenax (s/ n) 20log(A/ 2D) Ik =.

OcyIecTBHTE HHIHKAIHIO JHCKPETHOI'O CHTHAjla IIPH OTHONIIEHHH CHTHAJI/IIMyM IIO
HaIIPSKEHHIO COOTBETCTBEHHO BJIBOE OONBINE H BABOE MEHBIIIE HCXOIHOTO.

0. IlpemmonoximM, YTO aHAJIOIOBBIN KOCHHYCOHJAINBHBEIH CHIHAI C JTHHEHHOH 4YacTOTHOM
Monaysauei (JIYM - curHam) 3aaH cooTHoOImeHHeM () cos(2 ), [, 10120

xt=ApFt+pbxttitt

rne ()/()1010b=F-Ft-t,ammumryga A =5, HayanpbHasg yacTora FO =10I'1, KOHEUHas
yactora F1 =100I'1, t0 =0, tl = lc.

ChopMHpPYHTE  BEKTOp  JHCKPETHOIO  CHTHajla, COOTBETCTBYVIOIHI  Pe3yIbTaTy
TUCKPETH3ALMIH 3TOr0 CHIHAIa ¢ YacTOTOH AucKpeTHs3al Fa =1000I'11 1 oTroOpasure momyyeHHbII
THCKPETHBII CHIHAJI I'papHYeCKH, HCITONb3YS (pyHKIHEO plot.

CopMHpYHTE  BEKTOp  JHCKPETHOIO  CHTHajla, COOTBETCTBYIOIHIL  pPe3yIbTaTy
THCKPETH3aI[HH

curHana X(t) ¢ yactoron auckpeTmzaimu Fxa =1000I'm, mcrmome3yd (yHKIHIO chirp,
oTOOpa3HTe ITOYYeHHBIH JHCKPETHBIN CHTHAN rpadHyeckH (QyHKI[HeH plot. CpaBHHTE pe3yIbTaThl
IBYX BapHAHTOB IreHepHpoBaHHA JIUM — CHTHAJIOB H OIPEAE/HTE 3aKOH H3MEHEHHS MIHOBEHHOH
JacTOTHI, 0TOOpa3HB ero rpaduuecky. Bocromp3yiTech (QyHKIHeEH specgram , oToOpaKaromiei

CIICKTPOI'paMMy CHIHdJId, T.€. 3dBHCHMOCTb MI'HOBCHHOI'O aMIUIHTYIHOI'O CIIEKTPAa CHI'Hallda OT
BPEMCHH, OJIA BH3VYVaID3aIlITH 3dKOHd H3MCHCHIA MIHOBEHHOH YaCTOTBI OT BPCMCHH.

Coaep:xanue or4yera H ero popma
OtyeT 0 jmabopaTOpHOH padore, MPEeACTABIEHHBIN K 3alllUTe, AOIKEH COJEPKATh. HOMEP
nabopaToOpHON PpadoThl, TeMY, ILI€Ib IadopaTOPHOH PadOTHI, IIepeucHbh H3YVUEHHBIX BOIIPOCOBR,
Pe3yIIbTaThl BEIIOITHEHHEBIX 3aJaHIIl, OTBETHI Ha KOHTPOJILHEIE BOITPOCHI.

JlabopaTopHas pabdota Ne3
HccaegoBaHHe MeT0a JUCKPETH3ALIUU IIPSIMOTO Z- MPe0dpa30BaAHUS.

Ilesb H coepKaHMe: HCCIIETOBAaTh METOIBI JHCKPETH3ALHH IIPSIMOrO Z- IIpeodpa30BaHH S
Copep:kanne padoThl:

1. U3y4UTE CIIEKTPBI HCXOMHOI'O M JHCKPETH3HPOBAHHOI O CHTHAJIOB.

2. Haiitn Z-mpeo6pazopanmne g GyHkIHH F[n]=n

3. [IpoaHamm3upoBaTsk IOIYYEHHBIE PE3YIILTATHI.

4. BEIITOMHHUTE 3aJaHHeE U1 CAMOCTOSTEIbHOH PadoThI.

CoaepxaHue oT4yeTa H €ro popma
Otyer 0 jabopaTOpHOH padore, MPEACTARIEHHBIN K 3all[UTe, AOJDKEH COAEPKATh. HOMEP
nadopaTOpHOH palboTEI, TeMy, IIelb IalopaTOpHOH PadOoTHI, IIepeYeHbh H3YYEHHBIX BOIIPOCOR,
Pe3yIIbTaThl BRIIOITHEHHBIX 3aJaHHI, OTBETHI HAa KOHTPOJILHEBIE BOITPOCHI.

JlabopaTopHas padota Ned
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NOKYMEHT NMoarmi1cAH
3NEKTPOHHOWM NOANUCLIO
Ceptudchmkat: | 112000002A633E30113AD425FB50002000002A6 [ MCKPETH3AI[HH DﬁpﬂTHﬂI‘D 7- HpEDﬁpﬂSGEElHIIH
Bnapeneu: lebayxoea TatesaHa AnekcaHgpoBHa
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2. IToctpons AUX amsg tpex @HY, orpeaennTs Mo HIM YacTOTEI Cpesa.
3. IIpoaHamM3upoBaTh IOIYVUEHHBIE PE3YIIbTATEL.
4. BEIITOMHUTE 3aJaHHeE U1 CAMOCTOSATEIbHOH PadoThI.

Coaep:xanne or4yera H ero popma
OtueT 0 nmabopaTOpHOH padoTe, IPeACTABIEHHBIH K 3all[HTe, MOIKEH COHAEPKaTh. HOMED
nadopaTOpHOH padoTEI, TeMy, IIelb JIadopaTOpHOH PadOoTHI, IIepeYeHbh H3YYEHHBIX BOIIPOCOR,
PEe3VyIbTAaThl BEOIOITHEHHBIX 3aJaHHIl, OTBETHI Ha KOHTPOJILHBIE BOITPOCHI.

JlabopaTopHasi padota Ne3
IccaenoBaHne MeToda JUCKPETH3aLIUH 00PAaTHOTO Z- MPE00pa30BaHMAIL.

Ileab 1 coaepkaHme: HcCIIeJOBaTh METOBI JHCKPETH3AIHH 00paTHOr O Z- ITpeo0pa30BaHH I
Copep:ranne padoThI:
1. M3y4uTh CIIeKTpHl HCXOZHOIO H JHCKPETH3HPOBAHHOI O CHIHAJIOB.

2. IToctpone AUX mmsa tpex @HY, orpeaennTs 1Mo HIM YacTOTEI Cpesa.
3. IIpoaHamH3HpPOBATh ITOIIYUEHHBIE PE3YIIbTATHI.

4. BEIITOMHUTE 3aJaHHeE U1 CAMOCTOSATEIbHOH PadoThI.

Coaep:xanne or4yera H ero popma
OtueT 0 nabopaTOpHOH padoTe, MPeACTaBIIEHHBIH K 3all[UTe, JOKEH COACPKATh. HOMED

mabopaTopHOH PadOoTEI, TEMY, L€ Ta00paTOPHOH PadOTEI, IIepeueHb H3YUEHHBIX BOIPOCOR,
Pe3yIIbTaThl BRIIOITHEHHBIX 3aJaHHI, OTBETHI HA KOHTPOJIbHBIE BOITPOCH

JlabopaTopHasi padota Ne6
BbriuuciieHHe CBEPTKH JABYX M0C/1€J0BATEIbHOCTEN JUCKPETHBIM
npeodpazoBanueM Oypne.

Ileqb B coaep:kaHHe: HCCIIEJOBAaTh OCOOEHHOCTH OPTOrOHANIBHEIX (PYHKIHI, Psn Dypbe H
CEMEHCTBO ITpeodpazoBaHui Dypre

Copep:xanne padoThbl:

1. U3y4UTh CIIEKTPHI HCXOMHOTO M JHCKPETH3HPOBAHHOI O CHTHAJIOB.

2. Jlng s3agaHHOro curHajga peanusoBars JIIMD m amropurm OBICTPOro Ipeodpa3oBaHHS
Oypee (BIID) (mmpssmoe u oOpaTHoe mpeoOpazoBaHHsI). PesynbTar pabOThI IIPOrPpaMMbl  —
aMIUIMTYAHBIH M (pa30BEIH CIIEKTP CHTHAJIA.

3. IIpoaHamH3HPOBATE IOIYYEHHEIE PE3YIIbTATHL.

4. BEITTOMHHUTE 3aJaHHE IS CaMOCTOSTEILHON PabOTHI.

Coaep:xanue or4yera H ero popma
OT14yeT 0 1ab0paTOPHOH padoTe, ITPeACTaBIEHHBIN K 3aIl[UTe, JOTDKEH COAEPKATh. HOMED

nadopaToOpHOH padOoTEI, TEMY, IIelb ITadopaTOPHOH padOoTEI, IepeYeHb H3YUEHHBIX BOIIPOCOB,
PE3YILTATHI BEOTOITHEHHBIX 3aJaHHil, OTBETHI Ha KOHTPOJIbHBIE BOITPOCHI

JlabopaTopHasi padota Ne7
Peanuzauus AByMepHOH JIMHEMHOH CBEPTKH IMOC/I€J0BATEILHOCTEH C
MOMOILbI KPYIrOBOH CBEPTKH

ONOKYMEHT MNOONUCAH
SNEKTPOHHOW NOAMNUCHLIO . .
CepTudukar: — 12000002A633E3D113AD425FB50002000002A6 JO0EHHOCTH IJIMHEHHOH CBEPTKH JUCKPETHBIX
BEnageneu. Webayxoea TaTeaHa AnexkcaHgpoeHa
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1. U3yuuTh anropUTM OBICTPOrO BEIYHCIIEHHS ITHKIIHYECKOH CBEPTKH Ha OCHOBE bIIMD
2. BEIITOMHUTE pacyeT JIMHEHHOH CBEPTKH Yepes IHKIHYECKYIO.

3. IIpoaHamH3HpOBaTh IOIIYYEHHBIE PE3YIIbTATHI.
4. BEIITOMHHUTE 3aJaHHeE U1 CAMOCTOSTEIbHOH PadoThI.

CoaepxaHue oT4yeTa H €ro popma
OT4yeT 0 1a00paTOPHOH padoTe, ITPeACTaBIeHHBIH K 3aIl[HTe, JOIDKEH COAEPKATh: HOMED
nmabopaTopHOH paboTEI, TEMY, I[N Ta00paTOPHOH PabOoTEI, IIepeueHb H3VYEHHBIX BOIPOCOR,
PE3VYIIbTAThl BRIIOIHEHHBIX 3aJaHII, OTBETHI HA KOHTPOJIbHBIE BOITPOCHI

JlabopaTopHasi padoTta Ne§
1IpeacraBinenue uugpoBbLIX PUILTPOB B BH/l€ CUIHAJIbHBIX rpadoB

Ileib M coaep:kaHMe: HCCIIeJOBaTh OCOOSHHOCTH OOO3HAYeHHII OCHOBHBIX OIlepalliil B
ITH(POBOH I[eITH

Copep:xanne padoThbl:

1. M3yunTh K1accHPHKAIMIO (PITIBTPOB 3JIEKTPHYECKIX CHTHAJIOB

2. CoOpark cXeMy H3 THIIOBBIX 3JIEMEHTOB, HCIIOIB3VS IIPH 3TOM Opay3ep OHOIHOTEKH
Simulink.

3. IIpoaHanH3NpPOBATH IOJIYUYEHHBIE PE3YIIHbTATHI.

4. BBITTOIHUTE 3aJlaHHE IS CaMOCTOSTEIIFHOH PadOTHI.

Coaep:xkaHHe oT4YeTa H €ro popma
OT4yeT 0 1ab0opaTOPHOH padoTe, ITPeACTaBIeHHBIN K 3aIl[HTe, JOIDKEH COAEPKATh. HOMED
nmadopaTopHOH paboTEI, TEMY, LIEb TadopaTOPHOH padOoTEL, IIEPEUYEHb H3YUEHHBIX BOIIPOCOR,
PE3YILTATEI BEOTOITHEHHBIX 3aJaHHI, OTBETHI Ha KOHTPOJIBHBIE BOITPOCEI

JlabopaTtopHas padota Ne9
IIpeacraBiienue uU@PppoBbIX PUILTPOB B BUAE CUCTEM JIMHEHHbIX
YpaBHeHUH

Ileib M coaep:kaHMe: HCCIIeJOBaTh OCOOSHHOCTH OOO3HAYeHHII OCHOBHBIX OIlepalliil B
ITH(POBOH IIEITH

Copaep:xanne padooTbI:
1. U3yunrs HEOOXOMMMOCTh 00PaldOTKH CHIHAlIa BECOBBIMI OKHAMI

2. TToscuuts pabory BII (FIR Windowed Filter design.vi) ¢ HcITonmb30BaHHEM aHIMAIHH
IIOTOKOB JAaHHBIX, TIOIIIAarOBOI'O BEITIOJIHEHHS IIPOrPaMMEL,

YCTAHOBKOH OTIIaJOYHBIX HHIHKATOPOB

3. [IpoaHamM3HpOBaTh MOIYYEHHBIE PE3YIIHTATH.

4. BBRITOMHUTE 3aJaHHeE U1 CAMOCTOSTEIFHOH PadOTHI.

Coaep:xanue or4yera H ero popma
OT4yeT o 1ab0paTOPHOH padoTe, ITPeACTaBIeHHBIN K 3aIl[HTe, JOTDKEH COAEPKATh. HOMED
1abopaTOpHOH pabOoTEI, TEMY, LIEb Ta00paTOPHOH padOoTEL, IIEPEUYEHD H3YUEHHBIX BOIIPOCOR,
Pe3VyIIbTaThl BEIIOTHEHHBIX 3aJaHII, OTBETHEI Ha KOHTPOJIBHBIE BOITPOCH
NOKYMEHT NOAMNMUCAH

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lebayxoea TateaHa AnekcaHgpoeHa
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