I'1aBa 2

I'apMoHUYecKHUii (YACTOTHBII) aHAJIH3

B marematuke n ¢usmke emnie B padbotax JI. Ditnepa u XK.JI. Jlarpanxka B 18
BEKE IIMPOKOE PACHPOCTPAHEHHUE MONYUHJI METOM PA3JIOKEHUS NEPUOANUECKUAX
(yHKIIMH B pAIBI IO CHHYCAM W KOCMHYCaM, Ha3BaHHbBIE TPUTOHOMETPUUECKAUMH
panamu. B 19 Beke ¢panmysckmii marematuk u ¢usnk K. Oypbe BrepBbie
chopMynrpoBaj OCHOBHBIE TpeOOBaHUA K (DYHKIIAAM, TIPEICTABISIEMBIM TAKUMH
pAnaMu, 00ECTICUMBAOIIMMEI X CXOJIUMOCTb, 3aJI03KUB OCHOBBI TQPMOHUYECKO-
ro aHanusa. B nanpHeleM Teopus rapMOHUYECKOTO aHaju3a Obljla pa3BUTA B
pabotax /{upuxine, ['aycca, Pumana, UeOniiiesa, Bunepa, [1nu u npyrux. B ya-
CTHOCTH, TAPMOHUYECKUN aHAJIM3 TEPUOANUSCKUX (pyHKImA ObUT pacmpocTpa-
HeH Ha QyHKIMH ¢ OECKOHEUHBIM TIEPHOOM, TIOYUUBIINI HA3BAHUEC UHIMe2pd-
Jaa Dypwe.

Bnocnencreuu teopusa npeodOpazoBanus DOypbe NEPUOAMUECKUX U HETE-
puoaMYeCKUX (PYHKITHI BHINLIA MAJEKO 32 TPEACTbl MaTEMAaTHICCKAX TUCITATI-
JIVH, CTaB MOIIHON TEOPETUUYECKOU 0a30i B psae MPUKIAAHBIX 00JIaCTEH, TaKUX
KaK PaJMO3ICKTPOHUKA U PAIUOTEXHUKA, TEOPUS CUCTEM, TEOPUs aBTOMATHYE-

CKOT'O PEryJIMPOBaHUsl, TCOPHUS CUTHAJIOB U JP.
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2.1. Paabl @ypbe

Psamom ®ypse MoxkeT OBITh TpPEACTaBIICHA TNEpUOAWYCCKas (YHKITHSA
f(t)= f(t+nT),ne Z, ynoenersopsromas ycnosuaMm Jupuxyie: OrpaHHUEH-
HOCTbh, KyCOUHAsi HEMPEPHIBHOCTH (Pa3phiBbI MEPBOTO POJIa), KOHEUYHOE YHMCIIO
AKCTPEMaJIbHBIX 3HAUCHWH Ha TepHoje (OrpaHWUYCHHAs Bapwamws), B JFOO0H
TOYKE MEePHOJIa KOHSYHOCTh MIPOU3BOTHON OT (DYHKITUH, WIIM XOTS OBbI, MpaBoO
WJTH JICBOM TTPOn3BOIHOM (ycmoBue JuHn).

Ecnm mepednciicHHBIE YCTOBHS YIOBJICTBOPSIFOTCS, TO B COOTBETCTBHH C
(1.34a) pynxmms f (t) MokeT GBITH IPEACTABIEHA PAIOM

oo . t
ft)=> F[k]e’znk? , (2.1.1a)
K=—oo

rae F[k] serancnsercst mo (1.346):

T/2 _joat
J f(te  Tdt. (2.1.16)
-T/2

1
Flk]==
=2
OOpaTumM BHUMaHKE, YTO B OCHOBY pAn0B Dypbe MOJIOKEHA OPTOrOHAJb-

Has cuctema dynkmmii {, (t)} :

i27k L
o)=e T

wis te [-T/2,T/2) u ke Z.

Jlerko npoBepuTh, 4TO
(2 (V). (1)) = E, 511 K],

rae E¢ =T, Tak Kak

T2 | t
27 (l-k)=
j eJ Td __;I___

-T/2
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®opmyina (2.1.16) onpenensier ko3ddunmenTs paznoxkenns (2.1.1a) equn-

cTBeHHBIM oGpasom. Ecmu f (t) menpepsiua, To pax (2.1.1a) cxoaurcs paBHO-
mepro K f(t). Ecom f(t) xpamparmuno maTerpupyema, HO HEOGA3ATENHHO He-

MPEPBIBHA, TO PO CXOIUTCA K f(t) B cMbIcie L,. D10 o3Hauaer, uto ommobka
H ft)-fy (t)H foMmKHA cTpeMuThes K Hymo npu N — eo, rie fy (t) o6o3uauen

yceueHHbld psana (2.1.1a) mia K, uamensomemes or —N g0 N. B Toukax pas-
peiBa mipeaen cymmbl (2.1.1a) paBeH cpemHeMy (f (t+)+ f(t_))/ 2. OmHaKo cxo-

AMMOCTh B 3TOW TOUKE HEPaBHOMEpHas, 3HadeHue f (t) Oynmetr konebaTbCs

BOIM3KM TOUYKHM paspeiBa (sBiaeHue ['nbOOca). Bennunna koneOaHM 3aBHCHT OT
BenuuuHBL N .
Coomnowenue Iapcesansa (1.29) — ckanspHoe NPOU3BEACHHE ABYX MPO-

W3BOJIBHBIX TEPUOIUUCCKUX (PYHKITHI f(t) 51 g(t), YIOBJIETBOPAIOIIUX YCII0-
BHIO /lMpHXJTe, BEIUMCIEHHOE M0 OJHOMY MEPHOIY, PABHO!
< f (t)’g(t)>[—T/2,T/2] - T<F(k)’G(k)> :

B uacrrocty, musa g(t)= f(t)

[f O o2z =TIF k),

rac

[f@)=(F, F) =] [|ft)ct.

MoxHO moKa3aTh, 4TO KOIPPUITUESHTHI F[k BhIUKCIICHHBIE TI0 (2.1.10)
obecrnieunBalOT Hawmiydiiee npuommkerue psaom (2.1.1a), T.e. Bceraa omudKa
anmpokcuMaru psagoM (2.1.16) MeHbIe OMMOKH armpoOKCHMAaNWU JTIOOBIM

JPYTAM PSJOM
N

f(t)- Z<¢k,f>

K=—

Z a i t

rie {a, | — Npon3BoIbHOE MHOXKECTBO KOA(D(HUINEHTOB.

60



JleiCTBUTENBHO, 3aMUIIEM ITPaBYIO YacTh HEPABEHCTBA B BU/IC BHIPAKCHHUS
[ - 2T]ax. FI] + Tl
KOTOpOE mocje npeodpa3oBanus ¢ yuetoM (2.1.10) OyaeT uMeTh BUA:
[ ~T[F ]+ Tlax ~F L.
OueBHAHO, YTO TO BHIPAKEHHE M, CJICIOBATECIIBHO, OMIMOKA alMpPOKCHMA-

L[UY, MUHUMAJIbHBL, €CIIU &, = Fk].

TX
B 3akitoueHne OTMETHM, UTO, 3aMeHssl nepeMennyio t B (2.1.1) Ha t = o
NOJTyduM Tapy npeodpa3oBaHuil yxke Ui 27 -ieproandeckoit pyHkmwn f (X) :
1 T
< 2, Flk]=— j f (x)e R dx, (2.1.2a)
L 27[
(I o -
2 = ¥ IF
7 SR
e f(x)= > Flkle™. (21.26)
k:—oo
Puc. 2.1a.
1Ipamoyzonshviii nepuoouyeckuii [locnennue BBIPAKCHHUA HOCAT ooiee

umnynse (<1 o
e (<) o0IMi XapakTep, TaK KaKk HE 3aBUCAT OT

BEJIMUMHBI TIeproaa T .
L
Fik] PaccMoTpuM  HECKOJIBKO  MPUMEPOB

npeoOpazopanust Dypbe MNEPHOIUUECCKUX

(hyHKIHIA.
[Tpumep 2.1.
‘ |||| fin i i 1 k E L2
|“| L L L s — Hatitn kosddummmentsr psga Dypwe
NPSIMOYTOJIBHOTO UMIyJIbca (puc. 2.1a)
Puc. 2.16.
Jluckpemuvtit cnexkmp Qypove Hmeem u3 (2.1.2a)

npamoy2onsHo2o umnyisca (puc. 2.1a)

/104 H H
j7kor — jka ;
a i ae —-e sinrkoa
Flk]= = je oy = = —aa> "7,

2r 7K 2] - ko
—Tx
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JIncKpeTHBIH CIIEKTp ToKa3aH Ha puc. 2.16.

[Tpumep 2.2.

Hatiti ko3 dunmentsr psaa @ypee pynknuu (puc. 2.2a):
f(x)=acosx mma —7z/2<x<7/2.

J\{ 2 .
A HNwmeem u3 (2.1.2a):
zl2 — kX
a
Flk]=—= Jcosxe dx =
a 2
/2
a ml2 _ _ ml2 _ _
¥ t =— J ejxe_JkXdX-i- Je_JXe_JkXdX =
i > A
- -7l2 -l2
i /4 /4
Puc. 2.2a. N sn~[k-1 snZ(k+1)
llepuoouueckas ynkyus = 2 2
"noryeonna kocunycouost" 2 k-1 k+1
Orcrona
Flk] a a
FIO]=—, F[xl]=—-, F[2n-1/=0
N o1=2, Fls1l=2, Fln-1
a2
iy 5|
k
ol ” F[2n]=
Puc. 2.26. . T . T
Juckpemnviit cnexmp Qypue a Sn 2(2n _1) sz(zn + 1)
"nOMY8ONHBI KOCUHYCOUOBI" = ~ ,
(puuc. 2.2a). 2 2n-1 2n+1

mwim n=%x1+2 %3 ...

JluckpeTHbIH crieKTp (yHKIMH STOr0 IpHMEpa IoKa3aH Ha puc. 2.20.



2.2. Unterpan ®@ypbe

HuTerpan @ypbe — 370, TO CYMIECTBY, HEMPEPHIBHOE MPEACTABJICHUE CHT-
HaJIOB, paccMOTpeHHoe B 0. 1.7 B kiaccuueckom 0azuce Oypoe. B aTOM ciyuae
CUTHAJI paccMaTpuBacTCs Kak (YHKIHS, 3aJJaHHas Ha OCCKOHEUYHOM HMHTEPBAJIC.
YroObl TMOMy4YuTh BhIpakeHus1, aHamormdnbie (1.46), moacrapum (2.1.16) B

(2.1.1a). Tonyuum

w [T/2
f(t):%kz [t (e Trmar ek,
=—co| _T/2
e wp =X
pi | o = T
Tak xak T =g,
Wo
N R _ _
f(t)=2_ Z Jf(r)e"kwofdf elkd gy, .
k| 112

Ipu T =0, wy = dw, Koy = @ cymma npesparaercst B HHTErpal

1 °° jw
f(t):ZiF(w)e’ do, (2.2.1a)
rac
Flw)= j f(t)e )"t = (e, £ (t)) . (2.2.16)

Wurerpan (2.2.16) HaspiBaeTcs npsmbiM, a (2.2.1a) — obpaTHbpIM TipeoOpa-
sosanneM @Dypbe. Kommiekcras ¢ynkmusa F (@) uMMeer cMbIcn CHEKTpambHOI
IUIOTHOCTH, €€ WHOTJAa Ha3bIBAIOT HEMPEPHIBHBIM CIEKTpoM Dypbe-QyHKITHH
f(t).

Tarxke Kak W B cllydae NMEPHOAMUSCKON (DYHKIIMH, TIPEAIoaracTcs, uTo

f(t) YAOBJICTBOPSIET YCIOBUAM JlUpuxJie WM, YTO SKBUBAJIEHTHO, a0COJIIOTHO
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WHTETpUpyeMa M ynoBieTsopaer ycnosmio Jumu. Torma, ecnm dysxmmsa T (t)
HETpephIBHa, TO oOpaTHOe mpeobpasosanne (2.2.1a) Touno pasHo f(t). Ecmu
f(t) KBaJIpaTUYHO MHTErpUpyemMa, To odpaTtHoe mpeodOpazoBanne Dypre cripa-

BE/JIMBO B CPEHEKBaApaTHUECKOM (B cMbicie L, ), T.e. HopMa

[f(t)- () ~o.

Jlomyckasi, 4to mpsiMoe U oOpatHoe npeodpazoBanus Oypbe CyIIECTBYIOT,

BBeJeM 0003HaUeHUE napbel Oypbe-npeodpazoBaHUs:
f(t) F(w).
OTMeTHM TaKKe, UYTO
F'(-w)=F(®), Fw)=F'(w) u f't)oF(-),

TaK KaK
()= JF*(w)e_j“dwzi [Fr-a)eido.

IIpeoOpazoBanue @ypre 00IaIaET PSIAOM 3aMeUaTeIIbHBIX CBOMCTB.
Jluneitnocmy. CrienyeT U3 CBONCTB JUHEHHOCTH CKAJISIPHOTO MPOU3BE]IEC-
Hust. JIJIg MOCTOSIHHBIX @ ¥ 3 UMeeM:
aft)+Bg(t)— aF(w)+BG(w). (2.2.2)
Cummempus.
F(t) o 24 (- ), (2.2.3)
KoTopas cieayeT u3 (2.2.16) nocie 3aMeHbl @ Ha t U CpaBHEHHMS MOJYYEHHOTO

BeIpaXkeHus ¢ (2.2.1a):
F(t)=_J f(w)e—iwtdm%_jzﬂr (- w)e”do.

Cogue. Casur BO BpeMEHHOH o0nactu Ha ty NPUBOAUT K YMHOKEHHUIO Ha

dazossrii kordduiment B Dypre obnactu

f(t—ty) > e 1 F(w). (2.2.4a)



W Hao0opoT, CABUT B 4ACTOTHON 00JACTH MPUBOJAUT K MOAYISALUH KOM-

MJIEKCHOM SKCMOHEHTHI BO BPEMEHHON 001acTh
j ot
el f(t) e Flo—ay). (2.2.46)
Macwmabuposanue. YMHOXEHHE TIEpEeMEHHONW t BO BpeMeHHO# 0o0nacTu

Ha BCIICCTBCHHYIO KOHCTAHTY (& IPHBOJUT K ACJIICHUIO HA 3TY KOHCTAHTY IIC-

PEMEHHON @ B YaCTOTHOM 00JACTH, KaK CIEAYET U3 Mapbl MPeoOpa30BaHUN

f(at)HéF(gj. (2.2.5)

Juppepenyuposanuelunmezpuposanue. OnpenenuM COSKTP MPOM3BOI-

moit f(t). V3 (2.2.16) momyumm, HHTErPUPYS 110 YACTSM:

o0

+iw Jf (t)e it .

j £ (t)e it = f (t)eiet

Tak xak ¢yskus, npeacTasumas uaTerpasioM Oypre, obpamaercs B HyJb

npu t = too, TO, CACAOBATEIBHO, UMEEM MAPY

of (t)

B cnydae n-oit mpon3BoaHOM
n
d dtfn(t) & (jo) F(w). (2.2.6)

Jlna cnextpa @ypbe wHTETpana oT QyHKIHH f(t) MOJY4YUM, UHTETPUPYA

110 4acCTsIM

y —jot t 1 b —jot F(a))

je jf(r)dr dt=—— jf(t)e dt =2

- - jo jw

CrenoBaTrenbHO,

t
jf(T)dTHM. (2.2.7)
- o
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HuddepenupoBanne B 4aCTOTHOM 00IacTH aeT

iy ee T, 229

Teopema momenmoe. HauvanpHbiii MoMeHT N-ro mopsaka (B.2) moxer
OBITh OTIPE/ICIICH KaK

d"F(w)
do" |@=0

=i)'m, = (2.2.9)

Teopema o ceepmke. Cnextp cBepTku pyHkimii f (t) u g(t) onpeaensaeTcs
U3 COOTHOIICHHUS
f(t)*g(t) = F(w)G(w) , (2.2.10)
rJie 3HaK () 03HaUaeT CBEPTKY ABYX (DYHKIIHHA.

Jlnst TOKAa3aTebCTBA PACCMOTPHM CBEpTKY aByX (ynkumii u3 Ly (R)
F(0+9()= [F()oli-clar
1 BHIIONHHM €6 PeoBPazoBaHHe (Dyp:eo
]: f (T)[ o]g(t - T)ej“dt] dr= o]f (r)e71*°G(w)d7 = F(0)G(w).

CepTka B 4acTOTHOM 00JIaCTH AaeT Napy mpeoOpa3oBaHUMA

mmmH%H@m@; (2.2.11)

KOTOpPAasa HOCUT HA3BAHUC MEOpeMbl O MOOyJZﬂZ/;uu.

JlelicTBUTENBHO, 00paTHOE npeoOpa3zoBaHue Oypbe CBEPTKH

F(0)+6l0)= [F0,)6(0-oy)do,

—00

UMeEET BULL.
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% 0} F(wl)[ O]G(W—wl)ejwtdw] day =

JF el g(t)daw, = g(t) f (t).

Xopoliei HUTFOCTPalue MPUMEHEHUA TPUBEICHHBIX BBIIIE COOTHOIICHUNA

ABJIACTCS BBIBOJT (DOPMYJIBI O TIPOU3BOTHON CBEPTKH

h (t)= d[f(t)*g(t)].

dt
Dypse-peodpasosanne h'(t) u3 (2.2.6) ¢ yuerom (2.2.10) pasHo

jo((F(0)G))=(joF(0)G(w)=F(o)(joGw)).

Orcrona

h(t)=f (t)*g(t)=f(t)*g (t). (2.2.12)

Ota (opmysa MUPOKO UCTIONB3YETCs I BHIYMCICHUAS MPOU3BOIHON CHT-
Hajla TIPW OJTHOBPEMEHHOM €r0 CIJIQXKMBAHUHM C TOMONIBIO (PHIIBTPA, BECOBAs
(byHKITHS KOTOPOTO SIBISETCS MPOM3BOJAHOM HM3BECTHOM (DYHKIMIHM, HAIIPHUMED,
rayCCHaHbl.

Gopmyna Ilapceeana yTBEpKAAET, 4TO B3aUMHAS SHEPTUS CUTHAJIOB MO-

KET 6I>ITI> BBIYHCJICHA 110 UX CIICKTPY
[t @)= %_j F*(0)G(o)do. (2.2.13)
Tpu g(t)= f(t) umeem
y 2 1 7 2
[170)7 ot = [Fl) do. (2.2.14)

Wu, B cooTBETCTBHHM ¢ onpeaeiieHueM HopMbl (1.25),

[F O =~ [F ().
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JlokazarenbcTBO hopmydisl (2.2.13) BeiTekaet u3 (2.2.11). JlelicTBuTensHoO,

TaK Kak npeobpazosanne ®ypre f*(t)- g(t) mmeer Bun Zi(F (- w)* G(a))), TO
T

[ro

glt)e 1 gt = %_j F* (- )G(o, - 0)dw,

otkyna nmpu @, =0 nomyunm (2.2.13).

[Tpumep 2.3.

Hatit mpeoOpazosanne Oypobe pynkum puc. 2.1a

B cootBercTBUM ¢ (2.2.10) nmeem

Flw)=a je‘j“’tdt:— _ = 270

/104 _ .
2a e"v¥ _ gt sin oo

W 2] o
T

CpaBHUBas 3TOT pe3yJbTaT C NPUMEPOM

E F(’w)

(2.1), BuguM, YTO ¢ TOYHOCTHIO JIO

MOCTOSSHHOTO MHOXKHUTENIA mpu @ =K OHH

~ @ COBIIAJIAIOT, T.€. HEIPEPHIBHBIN CEKTp Dyphe

€CTh Ormdaroias JUCKPETHOrO crekTpa (CM.

ruc. 2.3). DTOT BBIBOJ HOCHUT OOIIHMN Xapak-

Puc .2.3. P ) A tm P
Henpepuwignviii cnekmp npsmoy2oisb- Tep.

noeo ummyca (a=0,2)

WnTepecen napyrow pesynbrar. llycte

criekTp Oypre UMEET BUA NPAMOYTOJIBHOIO UMITYJIbCA!

Torna
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2.3. JluckpeTu3anus

JluckpeTH3alus — npeacTaBlIeHne HenpepeBHOM pynkmuun f (t) ee 3naue-

HUSMM B OTJENIbHBIE, Yallle BCEr0 PABHOOTCTOSIME MOMEHTHI BpeMeHH t = N4,
f(t) = f[n].
t=n4

3Hauenns Qyukuun f[n| B MoMenTsl Bpemenu t = N4 Ha3bpIBAIOTCA OM-
cuemamu. B peaqpHBIX CHCTEMAX MPOIECC AUCKPETH3AIMN HEMPEPHIBHOTO CHUT-
HaJla BO BPEMEHM OCYIIECTBIIACTCA Ha BXoAe IM(POBOHM cucTeMbl 00pabOTKH
MyTEM KPAaTKOBPEMEHHON MOJaul CUTHAJIA B YCTPOHCTBO XpaHEHH (Jallle BCETO
— KOHJIEHCATOP HEOOJTBITION EMKOCTH), KaK IMOKa3aHo Ha puc. 2.4.

Kimou K1 3ambikaeTcsas B MOMEHTBI BpeMeHH t =N ; B 3TOT k€ MOMEHT

Bpemenn kmod K2 pasmbikaercs, maBas

ff{‘ AFLK L ] g““““am‘!m‘wi BO3MOXKHOCTh KOHJAeHcaTopy C 3apAauTbCs

KzJ C 70 HaNpsKEHWs, PABHOIO BEJIMYHWHE CUTHAJIA
l I B COOTBETCTBYIOLIMHA MOMEHT BPEMEHH.
Puc. 2.4. Hanee xmou K2 3ambikaercs Ha Bpemsa 4, a
Jluckpemuzayus nenpepvieno2o
cuenana kimou K1 pazmbikaeTcsi.
Takon MpOoILECe JTACKPETU3AIINH,

HA3bIBACMBbIHN HHOTJa BPCMCHHBIM KBAHTOBAHHUCM,. MATCMATHYCCKHU MOJKCT OBITH

BBIPAKEH C TIOMOIIBIO Oenbma-gyuxyuu Jlupaxa.

2.3.1. leabTa-pynxuus {upaxka

B 1926 roay anrnmiickuii ¢pusnuk J{upak BBEN B KBAHTOBOW MEXAaHUKE CHM-
BOJ O, Ha3BaHHBINA MM Oelbma-@ynKyueti, KOTopas SIBHJIach IEPBOM cHCTEMa-

THYECKU TIpUMEHsseMoi 0000menHon pynkmueit. C pusndeckoit TOUku 3peHUS
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O -byukums Jlupaka mOpeacTaBisseT cOOOM IIOTHOCTh €IMHUYHOTO 3apsia, IMo-
MEIIICHHOT'0 B HAa4Yaj0 KOOpAWHAT. ECIu 3TOT 3apsaa MMeeT BEIUUYHHY €, TO €r0

nnoTHOCTh P, (t)=e-J(t). Orcroma cenyer, uto dynkmmsa &(t) obnanaer cre-

JYIOIUMU CBOMCTBAMMU

5(t)={0’ nput # 0,

oo, ipu 1 =0,
(2.3.1)

o}é(t)dt =1

Jlenbra-hyHKIAS MOKET OBIThH TTOJIYUCHA Yepes3 peaes

5(t)=lim %@[3 (23.2)

rae @(t) — HEKOTOPBIN UMITYJIBC, TAKOM, UTO
1 (e} [}
= j qb(ijdw qu(t)dtzl.
£ £ -
[Tpumepamu  GyHKIANA @(t) ABJISIFOTCA PAacCMOTPEHHBIE BO BBeaeHun

¢byakumm Jlopenma u ["aycca, KOTopble B HOPMHPOBAHHOM BHJIC MOXKHO TIPE-

CTaBHUTDb KAK

o(t)= 11 > — kpusas Jlopenua (2.3.3a)
1+t
7
1 —t2
o(t)=—e — kpusad [aycca. (2.3.30)

N
I'padmkm >Tix pyHKIMit mokazansl Ha puc. B.4.

PaccmoTpum yHKIHIO

t 1 1
¢(_j B _—2’
) ne t

1+
£

MHTErpajl B OECKOHEYHBIX MPEEIaxX OT KOTOPOH paBeH €UHULIC
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2
[Ipn mocTaTouyHO MabIX £ BEJIMUYMHA (—] >>1, nosromy
E

)t s
€ t

e 27 42
72/- J—
H

T.€. HEOTPAaHWUCHHO yObIBaeT mpu ymeHbieHnn € u t#0. [Ipu t=0u €=0

1
dhyHKIIHAS 1%:1’ a QyHKIUA @(lj ~— HEOrPAaHWYEHHO BO3paACTaCT

T t £
1+(j
£

npu € — 0. U3 cpoiict (2.3.1) O -pyHKIMH crieayeT, uTo A ar000# Hempe-

peiBHOM pyrKimn T (t)

j f(1)5(t) dt = £(0) (2.3.4a)
j F()S(t—tg)dt = f (t). (2.3.46)
OTtMeTHM elie, 9To
5(at) = é&(t) (a= const #0) (2.3.48)
ft)o(t—ty)= f(ty)o(t—t). (2.3.4r)

TocnesiHee COOTHOIIEHHE BHITEKAET M3 paBeHcTBa O(t —ty)=0 mpu t #t,. ITa-

pa Oypre-nipeodpaszoBanuii O -QyHKIIUH UMEET BH/I:

St)e=1 (2.3.52)

S(t—ty) <> e ¥, (2.3.56)

Wnm B cuny cBoiicTBa cuMMeTpun Dypbe-nipeodpaszoBanust (2.2.3):
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et & 276 (w - wy), (2.3.6a)

e 1 o 275 (w + wy). (2.3.60)
HanoMHUM, 4YTO OMCKPETHBIM aHAIOroM O -QyHKuuM J(upaka sBJISETCS

1, mpu N =0,

cumBoa Kporekepa o [n] =
0, mpu n # 0.

2.3.2 OtcueTsl HenpepbIBHON GyHKINN

Ceeptka ¢ O -pyHKIUEH 10001 PYHKIMH AaeT 3HAYEHHUE STOW (DYHKIHH B
JACKPETHON TOUKE — €€ omcyem B 3TON TOUKe. JIeHCTBATENBRHO, B CHITY CBOMCT-

Ba (2.3.4) nmeem:
j F(O)S(t—to)dt = f (t,). (2.3.7)

COBOKYITHOCTh OTCUETOB HEMPEPHIBHOW (DYyHKITAN f(t) MOIYyYaeTCAa MpH

UCIIOJIb30BAHUH epednesoil pynkmmm J{npaka:

[e ]

d,(t)= > ot—na). (2.3.8)
Cpeprka ¢ f (t) maer:
[ te)t-rar= Y flt-na)=folt), (23.9)

rae fo(t)-HepI/IOI[I/ILIeCKaﬂ dbyHKUHA ¢ IepuojoM 4, Tak Kak

[} [}

folt+ma)= ) flt-(n-m)a)= > ft-i4)=fo(t).

N=—oc0 i:—oo
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Mpennonoxum, urto f(t) mocrarouno rmamkas u GHCTPO 3aTyXaromias
dbyHKIMs, Takas 9to panx (2.3.9) cxoauTcs eIUHCTBEHHO K fo(t). Meb1 MoxeM
TOT]Ia PA3I0KUTh fo(t) B cxoasmuiics psa Oypoe (em. (2.1.1)):

At/2
fo( Jf —j27[kT/Atd,z. ej27[kt/At . (2310)
k——°° —At/2

Hcnonwsys (2.3.9), nonyuum, uto koddpduimenTsl psga Oypbe B 3TOM

Pa310KeHHUH UMCIOT BU .

At/2 a2 o
J‘fo(,[)e—Jz;zkr/Ath: J‘ Zf(t—nAt)e_JZ”kt/Atdt.
—At/2 — At [2N=—c°
[Ipoussens 3ameny 7 =t — N4, yuursiBas, 4yTo e 12Tk —q MOJTYYHAM
o (2n+1)At/2
Z f(T)e—jZHKT/Ath:
N=—co(2n-1)At/2 (2.3.11)

J‘f o-i2mkel Aty _ F[Zﬂk]
A

—00

2.3.3. ®opmyaa cymmupoBanus Ilyaccona

Jlnst HenpephIBHOM M orpanuuenHoi ¢pynkuun f(t) Ha ocnosammu (2.3.9),
(2.3.10) u (2.3.11), yunTsiBasi, uTo F[Zﬂjk] — ko3 purmmentsr Oypbe nepuo-

mmaeckolt pynkimn fy(t), momyuaum B coorserctsmm ¢ (2.1.1a) dopmyiy cym-

mupoBanus [lyaccona:

Zf t—n4 )= Z F[thk] pl2rkt/ At (2.3.12)

N=—cc k——oo

B vactHoctu, npu 4 =1 B Touke t =0
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Z f[n]= ZF (27k).

N=—c0 k_—oo

N3 (2.3.12) ¢ yuetom (2.3.5) mjast rpeGHEBOM O -DYHKIMH TOTyIUM

Z 5(na )= Zelz”"” A (2.3.13)

N=—c0 k——oo

Hcnonwsys dopmyny cymmuposanus [lyaccona, moayuum eie HECKOIBKO

WHTEPECHBIX COOTHOIICHUH. [loKkakem, 4To

x(t)= 3 glt)f (t-nat) > X (@)=

N=—c0

(2.3.14)
25 (2{o-2%]
4k__w 4 4

Jlnst sToro ymHoxum (2.3.12) cnesa m cripaBa Ha g(t) U BBIMOJIHUM TIPE00-
pazoBanue Oypse:

[}

_Aii ( jJ‘g ejta)—Zﬂk/At)dt

(2.3.15)
1 27K
SR
Mycts g(t)=1wu f(t)=4(t). Torna mo (2.3.66)
G(w) =276 (),
a o (2.3.56)
F(w)=1.
u u3 Gopmyitel (2.3.14) monydaem eine 0 HO BaXKHOE COOTHOIICHHUE!
- 2 - 27K
d,(t)= t— ol w——|. 2.3.16
0= 3 at-na)=2 3" o 0- 2] 2319
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2.3.4. Teopema oTCUE€TOB

[Tpexae yeM chopMyTHpOBATH TEOPEMY OTCUETOB, UCTONB3ys (2.3.4r), mo-

JY9UM CBA3b MEXKAY CIIEKTPAMH AMCKPETU3UPOBaHHOTO Konebanus f (t)H €ro

HENPEPBHIBHOTO NpoToTHTA — (QyHKIHH | (t):

)= Fd, 0= 3 f(n4)5-na) (23.17)

N=—c0
B cootBerctBuM ¢ Teopemoit o moayismmu (2.2.11) M COOTHOIECHHUEM

(2.3.16) monryunm u3 jesoit yactu (2.3.17)

[} [}

Fy@)=Fl@)+ Y 5[60—%]:% > F(w—%]. (2.3.18)

k=—co k=—oo
Bemonass  @ypee-nipeodpaszoBanue npaBoii wactu (2.3.17) ¢ yderom

(2.3.50), moryanm

Falo)= if(nAt Je 4. (2.3.19)

N=—cc
U3 (2.3.18) crenyer, uTo CHEKTp AMCKPETH3MPOBAaHHOrO KoneGamus f (t)

21
ABJISETCS IEPUOIUUECKON (PYHKIMEN 4acTOThl @ ¢ nmepuogoM A, = —.

[IpeamonoxumM, 4TO CHEKTP HempepbsiBHOTO Konebanus F(w) 3aHmMmaer
nosnocy ot 0 10 2., T.e. F(w)#0 mpu ‘a)‘e [0,2,,].

Torma crnekTp AMCKPETH3UPOBAHHOTO KOoJicOaHHUS MOXKHO M300pa3uTh Tak,

2
KaK Moka3aHo Ha puc. 2.5. [Ipuuem, npu 4, = — < 242, Oyaer UMeTh MECTO

HaJTO’)KEHHE BeTBeH (puc. 2.5a) meprHoanuecKku mpoaokeHHom GyHkimn F (a))
Oddekt HamoKEeHUS TPUBOIUT K HMCKAXKEHUIO HMCXOJAHOTO CHUTHAJA TPH

JTACKPETHU3AIINH.
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a) F@)

L4

=L, 2, A, 24,

Puc. 2.5.
Chnexmp OucKkpemu3upo6anHo2o
Konebanus

a) A, <28,
0) 4, =282,

u O mpu Apyrux 3HAYCHUAX @ .

Torma nosyunm

Takum o0Opa3oM, yvacToTa AMUCKPETH-
3allid OOJDKHA OBITH OOJIBIIIE YACTOTHI Ca-

MOI'0 BBICOKOYACTOTHOI'O CHI'HAJIa Qm U,

KaK ClIeyeT U3 puc. 2.50, uToOb n30eKaTh
HaJIO)KeHMS — OO0JIbIle, YeM B JiBa pas3a. To-
raa OyJEeT BEITIOHATHCS COOTHOIICHHE:
2r
A,=—=424 2202, (2.3.20)
A
Teopema OTCYETOB yTBEP)KAAET Clle-
JYIOIIEE:
Ecnu ¢ynkyus f (t) He cooepacum

yacmom ewviuie 2 Mo OHdA NOJIHOCMbIO

m?

onpeoeisiemcsi noc1e008amelbHOCMbIO

CBOUX 3HAYEHUNI 8 MOMEHMbl 8PeMeHU, Om-
T

cmostiuyue opye om opyea na 4 =——.
‘Qm

Hna JIOKA3aTEeJIbCTBA YMHOKHM

(2.3.18) cneBa u cmpaBa Ha TPSMOYTOJIb-

Hyto ynkmmo: Py (a)) =1 npu ‘a)‘ <0,

1

Fy(@)- Py, ()= ZF(w)-

K obenm yacTsaM mocieaHero BeIpaXEHUS MPUMEHUM oOpaTHOEe mpeodpa-

soBanne Oypre (2.2.1a), B pe3ynbrare, ¢ yueToM Teopembl 0 ceepTke (2.2.10) u

[Tpumepa 2.3, momyuum
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Toncrasnss BMecto f 4(t) ero epakenne u3 (2.3.17) U BHIMONHAA OMEpa-
LIMIO CBEPTKH ¢ O -pyHKIMEH, OyaeMm nmMeTh
= sin2_(t—n4)

()= fna)

~ Q (t-n4)

W3 mocnennero BeIpakeHUS CASAYET, UTO HEMPEPHIBHAS (DYHKITAS MOXKET

(2.3.21)

OBITh MOJTHOCTHIO BOCCTAHOBJIEHA IIO CBOHMM OTCUCTAaM, B3ATBIM C HHTCPBAJIOM

A2 Qim’ C TIOMOIIBIO (DYHKITUH s?zfa(i;;]f;t)

, Ha3pIBaeMOU HcaIbHbIM UH-

teprioyiitopoM KotenpHukoBa (B 3apyOekKHOH JUTEpaType — HWHTEPIOJSATOP
[llenHoHA).

HurteprionsuronHas gopmyna (2.3.21) mmeet, mpexae BCero, TeOpeTHUEC-
CKWH CMBIC], TaK KaK OHA NMPHUMEHSETCS TOJBKO TOT/Ia, KOT/Ia 10 OTCYeTaM He-
00X0AMMO BOCCTAHOBUTH aHAJIOTOBBIN CHTHANI. J[JIT 3TOTO JOCTAaTOYHO OTCUETHI

f (n4,) npomycTuTs Uepes MaeaNbHBIH GUIBTP HIKHUX YACTOT C YACTOTOH cpe-
3a @, = £2,,. OnHako, Ha MpaKTUKe Takod (PUIIBTP peaan30BaTh HEBO3MOIKHO,

TaK K¢ Kak MPUMEHHUTHh HermocpencTBeHHo (opmyny (2.3.21). lnsa sToro HeoO-
XOJIUMO 3HATh BCE OTCUETHI CUTHAJIA HA 3HAUYUTEILHOM BPEMEHHOM WHTEPBAJIE.
[TpocTelimum cnoco60M BOCCTAHOBJIEHUSA CUTHAJIA SABJIACTCS MPUMEHECHHE JINOO
aHAJIOTOBOTO (PMIIbTPA HUKHUX YACTOT C OOJBINION KPYTH3HOH (ppoHTA YACTOT-
HOW XapaKTEPUCTUKH, MO0 METOAa JIMHSHHOW WHTEPIOANUHN (COSAMHECHUS OT-
CUCTHBIX TOUEK MPSAMOH JIMHHEH) ¢ TOCICAYIOIIMM PUMEHEHHEM HA3KOYACTOT-

HOM (PMITBTPAIINN C TIETBIO CTJIAKUBAHMSI YTJIOB HHTEPIIOJIAIIMOHHON KPHUBOHA.
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2.4. luckpeTHoe npeodpa3oBanue Pypne

B pe3ynbTaTe AMCKPETH3AIMH HEmpepsIBHOro Konebanusa f (t) momyuaercs
JIUCKpPETHAs mocnenoBateabHocTs | [n]. TIpeamonoxnm, 410 5Ta MOCIeI0Ba-
TEIFHOCTh UMeeT KoHeunyro jaiuHy N. Ee MOoxHO paccMaTpuBaTh Kak IWC-
KPETHBIM  CHUTHAJ,  3aJaHHBIA  TIPU  BCEX neZ, npuueMm 0OpH
ne [O,N-1] f[n]=0, wm kax nepuommueckyo dynxumo ¢ mepuogom N,
T.e. f(n)=f(n+IN), le Z. B 3aBucuMocTH OT 3TOr0 GyAyT HMETh MECTO
pasiMuHbIe OucKpemHvle npeobpazosanus Dypve. TACKPETHOS BO BPEMCHH
npeobpazoBanue Oypbe WK IUCKPETHO-BPEMEHHBIC Psiibl Dyphe.

B nuckpetHbix mpeoOpazoBaHusax oco0oe 3HaueHue umeeT kopeHb N -oit
—j2r
crenenn w3 exuEmansl Nl=e N 0603HAYACMBIH KAk Wy . Kopens N -oii

CTCIICHHU U3 CAMHHUIIBI 06naj:[aeT CIACAYIOIMMHA OUCBUIHBIMHA CBOMCTBAMM;

Wy' =1, (2.42)
WYNT —w mpr ke Z, (2.46)
N-1 _

Zwﬁn:{N,n_lN,leZ, _ (2.48)
0 0, B Apyrux ciydasx.

2.4.1. luckpeTHOE BO BpeMeHH nmpeodpa3oBanue OPypbe

PaccmoTpuM mocienoBaTebHOCTh {f[n] }neZ' JIuckpeTHOE BO BPEMEHH

npeoOpazosanne Pypre (obo3nauaercs kak DTFT — Discrete-Time Fourier

Transform) umeer Bua:

[}

Flei)= 3 tlnleion, (2.4.24)

N=—oc0
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rae apryment e'“ BeeneH g Toro, yToOBl HE MyTaTh 3TO NPEOOPA3OBAHUE C

npeoOpazoBanueM Oypne (2.2.16).

Jlerko mpoBEpUTH, YTO F(ej“’)— 27 -nepuoarueckas (QyHKIHUS, TaK Kak
g 1on — g (@270 Torna B cootBeTcTBIM © BEIpakennem (2.1.28) s Kodd-
¢unmenToB psaga Oypbe 3T0# HyHKIAH MTOTYINM:
1t oL
fln)=—~ [ Fle!”eiondw. (2.4.26)
T

/2
JloCcTaTOYHBIM YCIOBHEM JUTSI CXOMuMOcCTH psina (2.4.2a) siBiisercss abCoMOTHAS

CYMMHpPYEMOCTb moceaoBareasnocta f[n], T.e.

Z‘f[n”<°°-

nez

Ecnu 370 yciioBHe BBIMIONHACTCS, TO PAJl CXOJAUTCA €IUHCTBEHHBIM OOpa-
30M K HempepsiBHON (yHkumu ot @ . Eciu mocinenosarenshocts T [n] xsagpa-

THYHO CYMMHpPYyCMad, TO HMCCT MCCTO CXOAMMOCTb B CPCAHCKBAAPATHYCCKOM.

jaopn
[Ipennosioxxum, 4To f[n]z e!®" rne DTFT Takoro KOMILIEKCHOTO KoJe-
OaHUs ¢ yUETOM MEPUOJUYHOCTH UMEET BUJT

Fle'?)= ie‘j(”‘”ﬁz””) | (2.4.3)

N=—c0

Ha ocHoBanuu (2.3.60), moxyunm

el®" s 21 Zd(a)—a)o +27n).

N=—oo
B ¢opmynax (2.4.2a-8) uacrora @, BooOIIE TOBOPs, HE UMEET Pa3MEPHO-
cti. Ho gacTo BO3HMKAET HEOOXOAMMOCTh BBIPA3HUTh CICKTP MOCIEAOBATEITHHO-
ctu f[n] B equHEIAX 4ACTOTH, CBA3AHHBIX ¢ MHTEPBAIOM AUCKPETH3ALMH 4,
T.e. pacematpusath f[n]= f(n4,).
B cooterctBum ¢ (2.3.18) u (2.3.19) ®ypre-npeobpazoBaHue AUCKPETH-

3UPOBAHHOTO KOJicOaHUA
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= i f (ng, )~ M4 =4i S F [a)—i—”k] (2.4.4)
N=—oc0 k=—c0

rze A1 yao0CTBa CIEKTP HEMPEPBIBHOIO KoneOanusa 0003HaueH Kak F (a))
C npyroii ctoponsl, paccmarpusas (2.4.2a) B Toukax N4, Oynem uMeTh

( Jw4) Zf n4 e M® = if[n]e_jzmw/a’s (2.4.52)

N=—0c0 N=—0c0

H, ucronb3ys (2.4.4), moxyunm

( Jwt4) Z E (a,__k] ZF @ — ko) (2.4.5.6)

k——oo .

B dopmynax (2.4.4) u (2.45) uwacrota @ BBIpakaeTcs B paaua-

Hax/cexyHay, (QyHKLHS F(erA) MEPUOAUYHA TI0 YAaCTOTE @ C MNEPUOIOM

W = g ®opmyna obparmenns (2.4.2.0) OyeT UMeTh BUT

fn]=— JF el erizmelo: (2.4.58)

[TpuBenem nBa BaxHbix cBovicTBa DTFT. Bo3bmeM nBe mocienoBaTeaIbHO-
ct g[n] u f[n] u mycts ux DTFT 6yayT, COOTBETCTBEHHO, G(ejw) u F(eja’),

TOrJ1a CBEPTKa.

fnl+glnl=3" flin-1lal]=

= (2.4.6)

= if[llg[n—l]H Flei”jsle)

|:—oo
IIpu Tex ke 0003HAUEHUAX, UTO U BHIIIE, CIIPaBeAJIMBO cooTHoIIeHue [lapcena-

JIA.

Z f[n]g[n]= JF e’“’ e’“’ 4. (2.4.7)
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B uactaoctr, npu g[n]= f[n]

i\f[n]\z =% J‘F(ej“’fdw.

N=—o00

2.4.2. luckpeTrHo-BpeMeHHbIe psiaibl Dypbe

PaccMOTpHM Temieph MePHOMUECKYIO MociefoBaTenbHocTs fo[n] ¢ me-
puogom N Takyio, 4TO fo[n]z fo[n+|N], | € Z. Ora mocnemoBareabHOCTH 00-

pa3oBadHa NICPUOIUUCCKHUM MPOAOJIZKCHHCM II0CJICAOBATCIBHOCTH KOHCUYHOH

mmmnst T [n] Ha Bero ock (puc. 2.6), T.c.

[}

foln]= > f[n-IN].

| =—oo
Takas muckperHas BO BpeMeHH (YHKIMS TpenctaBuma psioom Dypbe, a camo
npeoOpaszoBanue obo3Hauaetcss kak DTFS (Discrete-Time Fourier Series). M3

dopmynsl (2.1.1a) s pana Oypee npu t = N4, nmeem

fond)= foln)= ol T

k:—oo

[Ipenmonosxum, uaro B mepuojge 1T ymemaercss N oTcueToB QyHKITUN f(t),
1
T.e. — =N, TOorma
2zkn oo

fo(n4)= Rk’ 1 = SR (" 2458)

k:—oo k:—oo
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_jﬁm TTTTTWJITWETW o

Iepuoousayus ouckpemnoii nociedosamenvHocmi f [n]

B Beipaxkennn (2.4.8) 4acTOTHl CHEKTPAIBHBIX COCTABJISIONIMX, OOpPa3yIOMIHX

f [n], MPUHUMAKOT JUCKPETHBIE 3HAYEHHUS @y = —— . JIerKo NpoBEPUTH, UTO
KTN

jz—”kn i (kmN )n
eN =e
WVkn =W’£|kimN)n

Torna (2.4.8) MoXHO TiepenucaTh Kak

» N o —j(zzijn N-1
= Y Rl wern - 3¢ ™ S e
m=0 k=0 M=—co k=0
[TepBas cymMMa OpH JHOOOM 3HAYEHMH N PaBHA €IUHUIIE, TO3TOMY €€ MOXKHO
OHYCTI/ITB:
N-1
foln]= > R [kiwg . (2.4.9a)
k=0

HHorna mone3yroTes APYruM BeipakeHueM s [n], otnuuaromumes ko-

s punmerToM, a UMEHHO
1 N2
f[n]= ~ D Ryl (2.4.96)
k=0

UtoOb1 HaiiTH KO3(hHIUCHTHI Fo[k], ymHOkuM (2.4.960) cneBa u copaBa Ha

W™ u npocymMMupyem pe3ysbTat mo n:
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YuuteiBag, uto

N-1

ZW,\T(k_m) _ N, npu k= m,
O, mpu k=#m,

MMOJY4YHUM OKOHYATCJIBHO

N-—

1
Folm|= %Z folny™. (2.4.10)

n=0

Caemyer OTMETHTB, UTO 3Ty ke (opMysly MOXHO mosyanuth u3 (2.1.16),
3aMEHAS UHTErPajl UHTErPaJIbHOM CYMMOM.

U3 (2.4.9) u (2.4.10) cnenyert, uto 00€ MOCACAOBATEIBHOCTH NEPHOAYHBI
¢ nepuogoM B N otcueros. U3 (2.4.9) u (2.4.10) caexyet, KpoMe TOTO, BaXKHBIH
BBIBOJ O TOM, 4TO Ko3(pdurmentsr DTFS moaHOCTRIO ONIPeAEAIOTCS OAHAM Tie-
puogom f [n] u, maoGopor, kosddurmentsr DTFS KOHEUHOM IIMHBI OIHO-
3HAYHO OMPEACIIAIOT caMy IMOCIIEA0BATEIbHOCTE. MTaK, XOTS BCe COOTHOICHUS
DTFS BeiBeAcHBI /1S IEPHOANYCCKHIX TIOCIICIOBATEIIBHOCTEH, MMM MOKHO T1OJI-
HOCTBIO MPEACTABIIATH MOCACAOBATEIPHOCTH KOHEUHOW JUTHHBI. Ha 3TOM OCHO-
BaHuM TnipeoOpaszoBanus (2.4.9a-0) m (2.4.10) wHOTIA HA3BIBAIOT MPOCTO JIHC-
KpeTHBIM TipeoOpaszoBanneM Dypre (DFT — Discrete Fourier Transform), umes
BBH/IY, YTO B BBIUMCJICHHSIX 11O ATHM (hOpMYJIaM BMECTO TIEPHOAMUYSCKHAX MOCITE-
nosatensHocTelt  fo[n] m Fy[n] yuacteylor mocnmenmoBarensHOCTH KOHEUHOI
mmnst [n] u Fln].

DTFS (rak xe kak u DFT) obnmagaroT TemM#u ske CBOWCTBAMH, UTO M KJIACCH-
gyeckoe npeodpazopanne Oypre. HamoMHUM HEKOTOPHIC M3 HUX.

Jluneitnocms. Ecmm f [n] u gy [n] — JIB€ MEPUOAYECCKUE MOCIICA0BATEb-

HocTH (c mepuogom N orcuetoB) u Fy [k] u Gy [k] —ux DTFS, To0:

f.[n]+g,[n] & F,[k]+G, [K]. (2.4.11)
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2710 ke cnpaBeanBo u 1 DFT.

f]]
a {

31

Puc. 2.7.

Kpyeosoit cosue nocredosamensnocmu
a) UCXOOHAsL NOCIe008AMEIbHOCHID,
0) cosunymas nocie008ameIbHOCHb

npu Ny =3

0

Cosue. s MEPUOANYECKOMN

mocyienoBaTenbHOCTH BUpa  fo[n—ny]
CIIPaBEUTUBO CJIEAYIOIEE
foIn-n,] o F kW™ (2.4.12)
EctecTBeHHO, 4TO B CHITy MEpHOANY-

HOCTU  1I€JIECO00pPa3HO  paccMaTpUBaTh
caur Ha BenmmuuHy N < N. Herpynno
nokasarb, uro DFT caBunyTOM mocnenosa-
TenbHOCTH (KOHewHOM mmHbL) f[n— no]
MOJIyyaeTcs MyTEM  KpPyeo8oeo  cosued
3MeMeHToB TocienoBatenproctd f[n] Ha
Ng OTCUETOB. Kpy2cosoil cosue UMeEeT Me-

CTO, Korga B PE3YIILTATC CABHUTA

HNOCJIACAHUEC DJICMCHTBI  ITOCJICOOBATCIIb-

HOCTH f[n] CTAHOBATCA COOTBCTCTBCHHO IICPBBIMM B IMOCIICAOBATCIIBHOCTH

fln— no], YTO WUTFOCTPUPYETCS Ha puc. 2.7.

Ceéepmka. CepTka JIBYX NEPUOAMYECKUX MOCJIEAOBATEIBHOCTEH CTAHO-

BUTCS TEeTEephb KPYroBoi (MEpUOIMUYCCKOM) CBEPTKOM

N-1

ol golnl= Y foln—1lgli]= 3" fl(n—1)mod N]gli]

I=0

3nech mocienoBaTeabHOCTh T [N], Takke kak m BhINIE, caBHraeTcs "mo Kkpyry',

JaBad HA3BAHHUC CBCPTKC. I[J'Iﬂ CBCPTKH CHIPaBCIJINBO COOTHOIIICHUE !

folnl*goln|= flnl, gln] <> Flk]G[K] (2.4.13)

rjie MHAEKC (* ;) 0003HAYAET KPYTrOBYIO CBEPTKY.

Dopmyna Ilapceeansa. JInsa dopmynsr [lapceBans cnpaBeuMBO, Kak W

npex/e,
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N—

Zf ‘[n]g[n]= ;ZF[k G*[k]. (2.4.14)

Koadpdumuentsr DTFS moryT 6biTh iosryuens u3 DTFT ciaeaytomum obpazom.

[Tycts F(ejw) — DTFT nocnenoBateabHOCTH KoHewHoi mmnbl T [n]. Cpasau-

Bas (2.4.2a) u (2.4.10), momyuum

( ) Zf[ne‘“’” Zf[ne’“’”

N=—oc0

Orcroaa creayer, uTo

Fo [k] =F (eja) ] w=k27IN -
Takum 00pazom, MbI uMeeM ¢ yueToM (2.4.90) u mociiefHero paBeHCcTBa

(e}

foln]= > fln-IN]= ZF[ke N

|:—oo
N 'Zlkn
_%ZF[ ]e N

CpasnuBas (2.4.15) n (2.3.12) MmoxHO BUACTD, uTo (2.4.15) sBnsercs awc-

(2.4.15)

KPETHO-BPEMEHHOM Bepcuei (opmyisl cymmupoBanus Ilyaccona. Jlas Touku
Nn=0 u3 (2.4.15) noayuum

oo N-1 2r

Zf[IN]_% Fle N

I =—00

T
o

HamomauM, 4TO 31€CH f[n] — TOCIIEA0BATENIPHOCTh KOHEUYHOM THHBI
N Tk 27
n=012,..N-1,aF|e —ee DTFT, nmpu wzﬁk.

[Tonsoas wrorn o630pa mpeoOpazoBanuii Oypbe, MPUBEAEM BBIPAKCHUS
JUTA ATHX TPeoOpa30BaHMi NIPH Pa3IMUHBIX BapuaHTaxX (HEMPEPBIBHBIC W JWC-

KPETHBIC) MIEPEMEHHBIX BPEMS-4acTOTa.
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Tabauua 2.1. Dypve-npeobpazosanus ¢ pasiuyHvIMU KOMOUHAYUAMU HENPePbIGHO-

eolouckpemnoco epemenu u uacmomsi. A66pesuamypoii CT u DT o603nauenvt nenpepuignoe

u ouckpemnoe epems, a FT u FS—npeobpasosanue Qypve u psovr Pypve coomeemcmeenno.

Jpyeue oboznauenusn. C, D — nenpepuiéusie unu ouckpemnvie nepemennsie, P — nepuooue-

CKUI CUCHA, Wg —uacmoma OuCermuaaz;uu, g = %

IIpeoOpazosanne | Bpems | YactoTa AHanusz, CHHTE3
a) ypee- C C | F)= j f(t)e ot
npeoOpa3oBaHue t
CTFT f(t)= Zi JF(a))ej“‘da)

7~ w
0) Psan ®ypee CFTS C D 1 T/2 T
- = —J
5 Flk]= Jf(t)e dt
-T/2
f(t)=) Flkle!™/T
k
B) JluckpeTHOE D C E leij: Z E [k]e_jz” nw/ w;
BO BPEMEHH NPE00- P n
w2
pasosanue Oypbe £[n]= 1 J‘ F(e ja))e— j2rnol, g,
DTFT Ds _ 2
r) JluckpeTHbIi D D N-1 _
Flk]=") f[n]e izmk/N
BO BPEMEHH P P P .
®ypre DTFS 1 N= _
fln]= =) Flk]e 127/
= 2 FI

Paznmunsie By npeodpazoBannii Oypbe WILTIOCTPUPYIOTCS Ha puc. 2.8.

86




a)

S

S

S

A M
Fw)
L m -
L A
Fik]
A
A
I k-
T y 2:’3};}1
F F(’ew/‘;
Fs
l ., a .,
L ~
Fik]
o
o
] T T T T -
« N > «< m >
Puc. 2.8.

[Ipeobpazosanie Qypve npu pasnuynsix KOMOUHAYUSAX HENPEPbIGHO-

2olouckpemnozo nepemeHnsIX 6PeMeHU U YaACMONbl.

a) Henpepuignoe 6o spemenu npeoopasosanue @ypwve (popmynsr 2.2.1 - CTFT).

0) Henpepuwisnuiii 60 spemenu pao Oypwe (popmynsr 2.2.1 - CTES).

8) /luckpemnoe 60 epemenu npeoopazosanue Oypve (popmynvr 2.4.2 - DTFT).
2) Jluckpemmubsiii 60 epemenu pao Pypve (popmynvt 2.4.9, 2.4,10 - DTFST)
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