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OT PEOAKTOPA

Cepuy «MexanorpoHuxa. IepBoe 3HaKOMCTBG (C MILTIOCTPALIMAMK )» HAYANA U3/~
paruea B 1983 roay. ‘

[poHcxoaMno 3T0 KaK pa3 B TO BPeMA, KOTHA HANPABIEHHE <MEXAHOTPOHHKA»
RAIEPEBIE TONYYEA0 OOLICCTBEHHOE Npl3HaHie, TOrAa yXe BCeM CNIELMATHCTAM W3 Di3-
HbIX TEXHUYECKHUX 003aCTe N CTAN0 SCHO — IS TOTO, YTOOB HE OTCTATh OT BPEMCHM, HC-
0BXOIMMO H3YHATL 2NEKTPOHUKY Gonce r1y6oxo. CeMuHaps!, MOCBIIUEHHBIE 3TOM TC-
Me, ObLIH NepenonHeH Bl CAYUIATeTAMH.

Jna tere yrobsl o6yyeHue DLIO TIPOAYKTHBHLIM, OCOBEHHO ANA TEX, KTO CTONK-
HYJICS € MEXAHOTPOHHKOI BIIEPBLIE, ABTOPDI TIATELHO MOpaboTany Hal NOCTPOSHUEM
U3NOKEHMS U, CYIS N0 BCEMY, CO CBOCH 3aladel CTIPAaBHIMCE, JloKA3aTE1BCTEOM TOMY
CAYKUT TOT (akT, 4TO M CeHYAc, N0 TPOLLECTBUH HECKOMBLKHX AECATHAETHIH, JaHHAR CC-
PHA HEXOAMT BCE HOBLIX duTaTenel. K ceroimsiinemy BpeMeHM ¢ KHHFO 03HAKOMA-
nuch Gojiee 100000 venosex.

YYUTLIBAA MOXKEAAHHS YHTATENCH, Mbl IPHHAIN PELUEHHE O BHINYCKE AOMOTHEHHOTO
M3MaHMA KHWTH, [e, TOMHMO HEDOMTBLIMX HCNIPABIEHHH, B KOHLIE KAXION TaBk Teneps
noBapnieHsl pyOpHKH «OB0GILeHN e TNaBb» U «[TpakTHUECKHE 311anHss.

M#oro cnopos BLINO CBAZAHO ¢ TEM, 10 KaKofi CTeneHH CAOKHOCTH B IAHHOH KHIi-
T€ A0MKHA BbITh OTPAXKEHA MEXAHOTPOHHKA KaK Hayka. B XoHLE KOHUOB BbUIC NpUH:-
TO peLIEHME ~~ GONEE CAOKHBINE BAPHAHT YCTYITHTE BLIXOIAIUEMY B CBET OCODHIO 1104
HazBaHueM «CoOBETH NO 00paboTKe CHTHANOB»?, 2 B JAHHOM CEPHH COXPAHHTD KYPC 13-
OXEHMA, OPHEHTHPOBAHHBIA HA HAMMHAIOLIKX.

HononxeHHoe u3ganve cepun «<MexanoTpoHuKa. TlepBoe 3HAXOMCTBO» BKTIOMACT
8 KHHMY, ¢ NepeyHEM KOTOPLIX Mbl MIPEANATACM O3HAKOMUTBCH YHTATENIO!

» JaTuuxu.

» MHKpOKOMIBIOTEPHEIE CUCTEMBL YIPABICHHS .

» IACKTPOMEXaHHIECKHE TIPHBOAHEIE YCTPOHCTBA.

» CHCTEMA YIIPABIEHUA poOoTaMM.

s Lndposbie cHCTEMbE YIIPABAEHHWA,

« O6paboTka CHIHATOB.

* CATIP.

® DiexTpoHHLle uenu HHTepdeica.

Annaps 1999 ¢
Amomns Ecugpymn

! MexaHOTPOHHKA (0m anet. mechalronics) — coeanHetine 0BOPYIOBAHKA C MUKPOKOMHBIOTCPAMH
{npiem. neperodiitka).

2 B opHruHane — «Advice COUses {/piss. HEPeoduiia).

¢ Meperud KiHMH BRACT U3 nenat B 2002 [ (apts. pedakmopa nepesoda).
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NPEANCNOBUE

Koraa y Mo/100oT0 ceuHalieTa BO3HHKAET NoTpeOHOCThL pa3ot paThes

HOROH 06J1aCTH, TO NPEXAE BCETO OH 3HAKOMHTCH C MaTepHalaMu jUid
haurHaromux. OfiaKo NouTH KaKABHA CTAIKUBASTCA ¢ TEM, UTo KHUTa,
MOTS 1 HA3BIBACTCH ..Ul HAYMHAIONINX»>, HAa CAMOM 1EAC OKa3bIBAaeTCH
JOBO/IBHO CIIOXKHOH LA ITOHHMAaHuA. MITH B3STh CHTYAUHIO C HEKOTOPBI-
. KOMMEHTHPYIOIIHMY 3Ty O61aCTh CTATBAMM — Bpone Gbi yMTAEIUD C
;erKocuro, 4 B rosioBe HHYETD He ocTaeTes, OcobeHHo 3TO KacaeTcH 06-
jlacTH, B KOTOPoH, KAK H B 3TOH KHHTE, oGbeKTOM MCCIEN0BAHHS SIBASET-
PA HEBUOMMBIH a3y curyan. boRbMIMHCTRO cTaTel, KacaloMXCs 3Toro
ponpoca, MOHATHO TOUBKO HCKYIIEHHOMY B MAaTeMATHKE 4HtaTento. Ho
fCJIH NPOCIICAMTE 34 Pa3BUTHEM TIpOTpPeccd, MOXKHO 3aMETHTh, YTO TEXHH~
feCKHE HOBLISCTBA NOABAINCE H CMEHSUIH IPYT Ipyra TOpa3io GsicTpee,
NEM pa3BHBATACE TCOPHA, YUHTHIBas BCE 3To, NPH MOATOTOBKE AAHHOTO
NaHMA MB OMTHPATHCEH NPEXKAE BCETO Ha OOIICH3BECTHLIE TIOHATH, Ko-
Ipme HBJIAKTCA HEOOXOAMMOH oCHOBOM MPH HIYYEHHH METOA0B o0pa-
BOTKH CICHATOB.
f OraenbHbIE pa3neisl 3TOH KHHIH HA REPBbLH BIIA0 KAXYTCS HE CBA-
@HHEIMH, OQHAKO, Mph Oosdee BHHMATENbHOM H3yYEHHMH CTAHOBMTCA
HO, 4TO O4Y€Hb MHOIO OCHOBOIOJIATAIONIHX MOHATHH UMCIOT TOUKH CO-
fipixocnopenns. [oatomy, 4robbl yeBOMTE Ga30BEIH MaTepHal, cHAYAIA,
{OKeT OBITh. M NpuAETCS MOTPYIMTRCA, HO KAK TONBKO BBl CIIPABHTECE ©
ITHM, BCE CONCPKAHHME B LIEJOM IIPOSCHHTCA.
i [1pH MOATOTOBKE 3TOMH KHHIY MBI CTPEMHIHCH T0CTaTOYHO TIPOCTO U JIo-
BriHo 00LICHUTL 6A30BbIC MOHATUA TAK, YTOOH KOHLEHTPHPOBANNO HAIO-
CHHBIH B HECKO/ILKHX [TaBaX HEOOX0MMMBI MAHHUMYM GbL1 6bl I0CTYTIEH
MTaTE 10,
[TocKoMbKY NpHMEHCHHE KOMITBIOTEPOB CTANO MOBCEMECTHBIM H MX Q-
JPEKTHEH 0CTE BOIPocia, 06paboTka UMdPOBBIX CHTHATOB C TOMOIBIO KOM-
MBIOTEpA 3aHsL14 BAXKHOE MECTo B 001acTH 00paboTKH CHrHAMOB.




NPEAUCNOBME

MBI HE COMHEBAEMCA B TOM, UTO 3Ta KHHIA GyleT akTyalabHa u B Gyny-
LIEM M TPHTOIMTCA YMTATEIAM, H3Y4AIOWMM METONM o0paboTKH UHdpo-
BbIX CHTHAJIOB.

JlaHHAG KHHrA — 3TC HONCJAHEHHLIA BAPWAHT w3nauus «OGpaborka
cuthanon. [lepsoe sHakoMcTBo» cepdd «Mexanorpounka. [leproe 3Ha-
KOMCTBO (¢ WUNOCTPaLHAMK)», OnyfimikoBanHoro B 1987 rony. B ottnuve
OT MpenblIylEro, KaKaad IJIaBa HOBOIO HM3NAHUA JOMQIHEHA pa3ileiaMu
«06061eHHe T1aBbl» M «JlpakTHYecKHe 3a0aHHA». A B KOHLE KHMTH I10-
aBricA pasned «OTBeTsl ¥ peIleHUA», 6/1aronaps KOTOPOMY H3YUeHHE ME-
TonoB 06paboTKA CUMHATIOB, N0 CPABHEHHWIO € MEPBHM H3TAHMEM, CTA0
6onee bPeKTHBHLIM. .

ABTOp NMPHHOCHT 6/1aroaapHoCcTh penakTopy AMamus Ecudymu 3a co-
BETbl, KOTOPbIE GLUTH yYTEHH TIPH COCTABACHHM 3TOH KHUIH. A TaKOKe Bhl-
paxkaeT 0cobylo MPU3HATETEHOCTL JOKTOPY HAYK TEXHOIOIHYECKOro YHH-
pepenTeTa I Tuba Capamun Takaxvko H AOKTOpy HAYK TEXHOIOTHYECKOIO
yaupepcuteTa ©. Haros CHoxasa CHT'KH 3a COTPYAHHYSCTBO H IIOMOLLLb.

Slusaps 1999 1
Caro FOkno

1

4YTO TAKOE
OBPABOTKA
CUrHANOB

JomnycTiM, ycTpoHCTBO, KOTOPOE B

;(O"I'AA eXEAHeBHO UCMONb3yeTe, pabotaeT He-
HEOEXOWMA e S
OBPABOTKA CUTHANOB ONBITHLI HCLIHATHCT, TO, BO3-

MOXHO, 10 3BYKY ¥ ONpenemuTe NpHin-
HY HeucnpasHocTH. Hampumep, conu
3BYK HU3KHA, TYIAIWANA, TO, BEPOATHO, PACIATAICH TTOALIMITHHK HIH OC-
nabneH 6onT. Ecin Xe BRICOKMI, peXyluuid, TO, MOKET OuITh, HE XBATACT
Macjla WIH H3HOCWIACE HEeTallk BpalwlaTenbHOIo MexaHuaMa, TouHo Tak
XK€, [ToNOGHO ONBITHOMY CHeUHATHCTY, KOMITEIOTED MOXET IHATHOCTHPO-
BaTk [IOBPEXIEHAE YCTPOHCTHA, EC/H B 3BYKOBOM CHTHANE 3aKAIOYeHA HH-
¢opManMs 0 COCTOAHHH aTero yeTpoiicTsa, Hanprmep, B HacTostuiee Bpc-
Ms paspabaTbiBaeTcs TexHUKa 0OpaGOTKHM CHTHANOB A olIpeaeieHrd
MOMEHTA CMEHbI PEXYILETD HHCTPYMEHTA TOKAPHOFO CTAHKA 110 CHTHATY
H31aBacMoro MM 3Byka. Mim BoT eme psan 3amay, i perieHus KOTOPBIX
HaM [IPOCTO HeOOXOAMMO BIaNeThk 3TOM TeXHHKOK, JonycTuM, 1ojydae-
MBI 3BYKOBOKH CHIHAJ HepadIMUHM H3-3a GOIbLIHX LYMOB. KaxK ero Bhl-
nenuts? Unn m3obpakeHue, NpyHiiealiee no GakCHMHILHOMH CBA3N, He-
yeTKoe, Kak pewinThb 31y npotaeMy? Bo BceX monoSHEIX cllygaax, 4To0bI
BBLAEIHTD HYXHBIH CHIHaJ, MO BO3MOXHOCTH YCTPAHHB JIHILHHUE LIYME!,
HaM [IPUronuTCA 3HAHME TEXHUKH 00paGoTKH CHTHAJ0B.
CurHan —- 310 GU3M4ecKas BeTAYHHA, KOTOPAA COOEPXKUT B cele of-
peneneHHy0 ungopMaunio. Takoro poga curxanel, Kax 3syk, subpa-
nuA, TE:MnepaTypa HIH CHJIA ¢BETa, HaGJTIOI[aCMhI H MOIryT ObITb Japera-
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1. Yro Takoe 06paboTka cMrHanoB

CTPHPOBAHbI U NMPeodpasoBaHbl COOTBETCTBYKOILUM NPHOOPOM B JICKT-
puueckue. Ho cymiecTByloT enie ¥ TaKMe CUPHATHL, 06paboTKa KOTODLIX
B HacTodlllee BPCMA ATPYAHATEIhHA (HaNprMep CHIHAMB 3a1iaxa U BKY-
ca). A o6pafoTKa CHrHAJIOB, CBA3AHHBIX CO CBEPXBECTECTBEHHBIMH AB-
JNIeHHAMH, HEBOIMOXHA,

QO6padoTKy CHTHAJIOB MOXHO CPaBHUTH ¢ OYHCTKOH CTOYHBIX BOI,
OCHOBHAA UeNbL KOTOPOH 3aKAiouaeTca B pasaeNeHUH WIEeMEHTOB, COLep-
Kaluxcd B 00beKTe, HAa HYXHbIe H HeHykHble, Ecin 3apanee snate, xa-
KHMH cBoAcTBaM# 001anaeT 0ObEKT, OT KOTOPOI'O HAET CUTHAJ, M KAKME
IeMEHTLI OH B cefd BKIIOYAET, TO H3BAeUeHHe HeobXoIuMoi HHpop-
MALIHH H ee 0bpaloTKa He npeacTABAAIOT TpyoHOCTH. {JOHAKO, EC/H MBI
He 3HAEM 3apaHee CBOHCTB 0GbeKTa, MPUIETCA CHAUANA HCC/IELOBATh €O-
OTBETCTBHE MeXJy 0coBeHHOCTAMY cHrHaNa M QUAHUCCKHMHA CBOHCTBA-
MH 06beKTA. QAHHM CJI0BOM, CTAHOBHTCA HEOOXOAHMBIM AHANH3 CUTHA-
Jla WIH, HHAYe TOBOPS, BHISICHCHHE ero MpoucXoxaeHus. B sToM ciyuae
He OBOHTHCh 6e3 3HaHHS TeopHH o6paloTKH curHanoB. B pesynbrarte
AHAJIM3A CUTHAJNA MOTYT BBISIBUTHCA O0COBE HHOCTH OGBEKTA, HE JaMeueH -
Hele panee. TexHHKa 06paGoTKA CUTHAJIOB MPUTONKTES U NpH CHHTE3E
curtanos. YacTo BeTpevalolidecs B OHITY «[OBOPSLUUE YCTPOHCTBA» HC-
[FOMB3YIOT TEXHHKY IOJIOCOBOTO CHHTE3A.

Komy MoxeT ObITh TIONIe3HA 312 KHATA? <5 Gbl OUEHb XOTEN OCBOUTh
TeXHUKY 06paboTKH CUTHANOB, ~ FOBOPHUT YHATATENb, — HO He obnagalo
HEOOXONWMOMH 6GA30BOIH MOOroTOBKOM, a 6e3 Hee N0bas KHHIa HA 3TY Te-
My C/IRIIKOM CAOXHAa».

BoT UMeHHO TAKHM MMTATENAM, CUMTAKT aBTOPBI, MOKET GBITH NO-
JIe3HA 3Ta KHUra,

1.2.1. Cny4yaiiusie curHansi

1.2,
KAKME BbLIBAIOT Ha Pue 1.1 MB1 nonpo6oBain npex-
CUNrHANDbI CTABHTDb Pa3Hble BUIbI CHTHANOB, 30ech

n3006pakeHsl CHrHafAB, OTOOpAXAN-
WKC clenyouiHe (PH3AYECKHE COCTOANNA WK TIPOLIECCHE: & — 3BYK, D —
TeMIlepaTypa, B — ceilcMu4eckye KoneGaHud, I — peibed oBepXHOCTH
MeTana. Y CHTHaoB, MTOAOOHEIX IOKA3AHHEBIM HA pUCYHKAX &, § H B, He-
3ABUCHMOH [epeMEHHOM ABAIETCA BpEMA, 4 CHTHAMNEL, IoIOOHbBIE [oKa-
3aHHOMY Ha PHCYHKE T, HMEIOT B KAUECTBE NEPEMEHHOH NMOJ0OKEHHE HA
NoBEpPXHOCTH MaTeprana. KpoMe Toro, Ro3MoXeH pa3Huld Maclutab no

1. HTo Takoe o6paboTka curHanon

ocH abcuMce. B npoluecce 06paGoTKH CUTHANOB BAXKHO HE YTIYCTHTh M3
BUAY, C KaKOH GHU3HYECKCH BEAHYMHON W ¢ KAKHM MacliTaboM nepe-
MEHHOU MBI HMeeM [IENO0.

Cucransl, oxaasgaencs,
Gasaion cosces pasivie!
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1. Y7o Takoe obpaboTka curHanoe

PaceMOTpeHHbBIe Bhillle CHTHANE] MMEIOT He Gonee ONHON He3aBHCH-
MOH MepeMeHHOH, OyAk TO NepeMEHHAA BpeMEeHH HIIH [lepeMEHHAA No-
JOXEHHSL.

(QaHAKO CYWECTBYIOT CHIHABL, MMEIIHE Gonee oqHOM HE3aBHCH-
MOWH MepeMeHHON, HanpuMep cueran usobpaxcenus. Ha Puc. 1.2a npen-
CTAB/IEH CHTHAJ TEJAEBH3HOHHOIO H200paKeHuA. Ecn Ha NoBepXHocTH
3KpaHa [IpoBeCcTHd OCH KOOPAUHAT (X, 1), a IpKOCTE TOUKH 3KpaHa BbIpa-
3UTh (pyHKUMe g(x, ¥), TO 3TY (DYHKUHKIO BIIOJHE MOXHO CHHTATh OOHHUM
u3 BUACB cHrHafa. M neiicTBATENbHO, €C/IH CUrHan n3obpaxenud gix,
), npeactapleHHul Ha Puc. 1.2a, BRIpa3sHT: OGBLEMHO, MBI MOJYIAM
Pue. 1.26. Curnan ¢ oaHol nepcMcHHoOM Ha3biBaeTc odnomeprbim. CAT-
HaJl, HMEIOILHI ABe nepeMEHHBIE, MOA0OHO cUrHaly H300paxXenud, Ha-
3bIBAETCH O6YMEPHBIM,

Oxasereaemen, usnopaxcenue

moxe aud cussane
< 7>
—
a [
__l}T J Hprocmy
gfx, ¥
1]

Py

Puc. 1.2. TipeactaBieHHe CHTHATA H300paXeH Ul

KcTaTH, paccMOTpeHHBIE BEIHIE CHIHAJNBL XAPAKTEPHIYIOTCH TEM, UTO
OAKe eCK B ONpeleNeHHbii MOMEHT BpeMeHH (WIH B ONPEIENeHHOM
MecTe) MBI 3HAEM JHAUCHHE H3MEpEHHOM BEJIHYHHEL, TO NOCIERYIOLIHe
ce M3MEHeHHS TOYHO NpeackasaTe HeBo3MoxkHo. HampuMep, Hepoa-

1. Hro Takoe 06paboTka CUrHanoe

MOXHO TOYHO 3HATh TeMNEPATYPY OKPYKAKINSH cpeipl B BynylleM romy
Jaxe ¢ yIeToM MPorHoza (ec/iu MH HMeeM HHQGOPMAUKIO TOMLKO O TEM-
Nepatype npouttoro rofa). [1ono0Hble curuansl HA3LBAIOT CIYYHALMLbIMY,

B To Xe BpeMs CYLIECTBYIOT CHTHAJIBI, BEIHYHHY KOTOpBIX MOXHO
npejickasath B M1060H MOMEHT BpeMeHH (B moBo# Touke). HanpuMep,
3BYK KamepToHa. CKonbKo Gel HY GELT0 KoeGaHMA KaMepTOHA, BOIHM-
KAaeT YMCTas 3BYKOBaA BOJHA OTHOM YacTOTH. 3Ty BONHY MoXHO Bbipa-
3WTh TPUrorOMeTpU4ecKoif GyHKHueil. [loaTomy, H3MepHB ee aHaYeHUS
B HECKOJIBKHX TOYKAX, CHITY 3BYKA MOXHOC BBIPa3HTh KAK (hYHKIIMIO Bpe-
MeHH, [TonoGHBIe CUTHANBE HAZLIBAIOTCS GemepMuRLPOSaHHBIMY.

1.2.2. Bugsi ReTepMHHHPOBIHHbBIX CUIHANOE

HecoMHeHHO, mpenacTaBuTeneM neTePMHHUPOBAHHOIO CUTHAaNa
ABJASETCA CHMHYCOMAANbHAsg BOJIHA, rpaduiecKd omucHBacMan CHHY-
couaod. CuHyconna ABnAeTcH PyHKUNEH BpeMeHH [ M 3aMHCHIBAETCA
B BUAE:

JH = Asin(wt +6),

rae BENUYHHY cHTHAMA ollpelenAlnT KoaduuueHT A, HazpBacMbIi
GMRAUMYOOH, (0 — yan0eas wacmomd, 0 — nauaronas gasa.

MoxHo 2aMeThTb, 4To yepes Bpema T, 27 wiM ke 37 dopMa cHIua-
1a noBropserca. CHrHalbl, TIOBTOPAIONIME CBOIO (hopMY Hepea onpeae-
JEHHBIA UHTEpBAX BPEMEHH, NOJ00HO CHHYCOME, HAZLIBAIOT HEPUOTU-
4ecxumy (Pue. 1.3). Ecnu 3anucars BRIpZXeHHe DepHOIM¥ECKOTO CUTHA-
J1a OTHOCHTENIBHOIO 1eioro ykucna nepHonok # (# =10, £1, £2,..) 8 06-
LIEM BUAE, TIOAYYHM:

Jr+nT) =R5.

Kctary ropops, hyHKUMA cHHYcA ¢ mepHonoM 7= 21t B To Xe BpeMd
HMEET IEPUOA, PaBHbL 47, 67 u T.a. CaMelit KopOTKMI MepHoa HA3BIBa-
eTcA ocroeHbiM nepiodos. KpoMe cHHYCOMIB!, K 4aCTO BCTPEYAKOLUMCS
TEPAOAHYECKHM CHTHANAM OTHOCATCHA APAMOY20AbHbId CUTHAN, NuAcol-
DPasHBIl CUTHAN, mpeyeonsnsii cirHan (Pac. 1.4).

CHrHan, KOHUEHRTPUPYIOILMI 3HEPTHIO B KOPOTKOM HHTEpPBANE Bpe-
MeHH, NoloGHO eNMHHYHOMY CHTHANY, H30bpaxXeHHoMy Ha Puc. 1.51,
HaseIBaeTCA 4Mnyabcnbiy cHrHanom. CHruan, dcyezalominil B TeueHHe
LOCTATOYHO AOMAIOTO MPOMEXYTKA BPEMEeHH TIPH OrpaHHYeHHOH 2Hep-
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1. Yro Takoe obpaboTka CHrHaNos
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MAMRARTKA

P

B cucmeme ApAMOYZONbHBIX KOOPOURAM, U30OPANCEHHBIX KA CXEME, paCCMOm-
pum mouky P, Komopan 08usmemcs no oKpyicHocmu ¢ paduycom A u ueHmpom
spaugeritn O 8 HANPABIEHUN NPOMUE YGCOE0LH CIIPEnKlt ¢ NOCMOARKON CKOpO-
cmbio. Beauduind, esipadcaiowian CKOPOCH OBUNCEHUA RO OKPYNCHOCMU, HA3bI-
GAEMCA Yea0680il CKOPOCMbIO ) i Onpedeisemca diciom 06opomoe 3a odny ce-
Kyndy. [Ipednoaoxncus, wmo mouka P Oedaem ooun ofopom 3a 00Hy cekyHady,
mMo20a UIMEHEHIE Yena SpaweHis 3a Imo spema pashe 2 pad. Caedvsamensho,
Y210805 CKOPOCHIb ) 86 PONCACINCA KaK
o = 2 pad/c.
Ecau me 3a ooy cexyndy mowka P deagem dsa ofopoma, © = 41 pad/c. Boeb-
we, ecau movka P 3a o0uy cexyndy deagem wucao 060pomoe f,, mo yzaoeas #a-
CIOMA 66 PANALHICR KAK
o = 2 f. pad/e.
Omo wucto obapomos f, 3¢ 00Ky CexyHAY HAIHEAEMCS YACMOMOil 8paWeRts U
uIMepRemca ¢ 2epyax. Bpema, reolxodumoe 04a 00HO20 000pOMA, HA3WEAEMCA
nepuodom. Hanpumep, npu yzrosoli yacmome, pasioli 4 pad/c, spems 001020
abopoma mouku P posito 0.5 cexyndw. Credosamensia, neptiod pasen 0.5 ce-
KyHOst. pu y2r080it wacmome T pad/c eeaiuna nepuoda 6yoem pasha 08ym
ceynoam. [lepuad T, uacmoma 8pauienus f. i yeaoean ¥acmoma W 83auMoces-
30/ credvioum 00paom:
i 2
f; =T N (I)=T .

Tlononcenue mouki P, pashomMepro 0eudcyuedcs no oKgyscHocmil, MOXCHO 3d-
nucame KaK QyHKauro fit), 3asucawyIo om spement t:
f( =Asin(wt +9),

20e A — amnaumyda, B — yzon nogopoma npu t = 0, HO3IEAEMbI HAYAALROT
Gazou.

Haoce ecan cHecmums REPUOOUNECKI CUZHON
Na nepuot T, (hopMa cueoad ne Mersemes

S

/ b~/
/ f=(1+T) /

N

H & canom dere, npi cutienut #a nT
{1 — Weaoe wucA } POPHE CUINar: COXPaHUAGES

Puc. 1.3. Uto Takoe NeproIHIECKHA CHTHAT

e

EEEEEEE

TIpamoyzaaninil
cuznan

Tpeyeoaunmi
cltan

Puc. 1.4. OcnoBHble BUABI TEpUONHUECKHX CHIHANOB

1. 410 Takoe ofipaboTka CUrHanoe
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1. Yto Takoe 06pafoTka curHanos

1. Y10 Takoe 06patoTka curHanos

Tpamoyeonswit
OOUHOUHB UMM IHC

.- -

Puc. 1.5. Buasl curHanos
[HH HCTOUHHKA, HalbiBaeTes 3amyxaionfum (Puc. 1.50). Meprognuecknii
CHTHAN COXPAHAET SHEPIMI0 BECKOHETHO A0TO U [103TOMY, KOHEYHO, HE

ABIACTCA 3ATyXaloWUM.

Du3uyeckne napamerpbl 0GLEKTOB,

:\IﬁiﬂOfDBb}E KOTOPLIE MBI UCCIEAYEM [IpH 06paboTKe
CHIHAJIOB, OOBIYHO HENpephIiBHO M3Me-
W LIMOPOBBIE CUTHANI no enpepsBHo

HAKTCA. HampuMep, paccMoTtpum uz-
MCHEHME TeMIIEpPATYPBI aTMOCcdephl Bo
BpemeHN. TockobKy TeMIeparypa MeHaCTCH HENPEPLIBHO, TEOPETHE-
CKI BOSMOXKHO IEPOHIBOIIUTE HIMCPEHHE Yepe3 GECKOHEUHO MATbIE MTPO-
MCXKYTKH BpeMeHH. OnHako, IPMHHMAsA B pacier o6Lem naMsaT, Heol-
XOIXHMBI 118 XPAHEHMS TAHHBIX HIMEPEHHH, 1 BPEMA HA HX 00paboTky,
HEBOJIBHO 332yMAellbes, HACKOABKO TTOAPOBHLIE H3MEPEHUA HaM HEoG-
XOMMMbL. 3HAYCHWE TEMIIEPATYPEI HE MOKET BHEIAHO H3MEHHTLCA B Te-
YCHRE O/IHOM CEKYHIb MAM MHHyTH. ClefOBATENbHO, JOMYCTAMBI H3-
MEDPEHHs epe3 GoNec THTENbHbIe HHTEPBAAK BPCMEHH, UTO B KOHCU-
HOM MTOTIe cOKPANIACT OGBEM naHHbIX, UeM MeHBILE 06BEM JAHHBIX, TeM
MEHbIIE BpEMEHH 3aTPauHBAETCA Ha HX 06paGoTKY B KOMIBIOTEPE [IPH
MEHLUIEM obbeMe maMATH. To Xe CAMOE MOXKHO CKA3aTh M O cTeneHm
TO'HOCTH H3MepeHud. Tlyete TemnepaTypa atMocdeps: B faHHBIL MO-
MeHT paBa 25.27854°C. Het cMeicia B poBefieH i H3MEPeHHs ¢ TaKoil
BBICOKO{i TOMHOCTRIO. Brio/iHe 20CTATOMHO oNpeaenTL CTeneHb TOTHO-
CTH 1o OaHoM aecaToll rpanyca, T.e. 25.3°C. B HacTosimes BpeMA B MeTe-
OPOJIOTAYECKOM LIEHTPE NaHHBIE O TeMNEPaTypPe aTMOCGEPH M0 BCei

18

cTpaHc coBMpaoTes KAaXABIA Hac ¥ M3MEPEHHS NIPOHIBORATCA ¢ TOHHO-
CThIO A0 oAHOM AecATOM rpanycd, 3TOro BnostHE 10CTATOUHO. ] .
CurHan, BBIpAXAIOWHH HEUPEpLIBHO H3MeHAIOUIYICH BLJIPI‘{Ij] Y,
HalLIBAETCH QHA0206biM CUTHAIOM, a CTYTIEHYATOE NPENCTABICHHE L:l‘}—(
Hana — Juckpemusayuei. JTUCKpeTH3aUNA MOXKET npomsoiwgb(];ﬂnea_
o BpeMeHH, TaK U 110 3HAYEHHIO BCJ‘[PI'H/II:IBI CHTHANIA (Pw;. . ).BO BTE_
BOM C/IV4AE €€ 1aCTO HAa3kIBAIOT OlepallieH nonwe}iuﬂ abl opmjr, BTo-
pOM — Keakpiogartiem. ECIH CUTHAN, OABEPTHYTLIM MHCKPETH3ALINA

Ananore-ungponoe Hutepsan pubopkH
npeobpazoranne e e
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TlpeacTarnenue CHIHAMA B MBOMHOH CHCTEME
nocie aHAI0r0-H$ppoBoro Npeodp

OO0 (L1081 0D, 0010 D00 DO L1011 s

Moaysuaucs axodiole danibie 018
P -
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Puc. 1.6. [lpeofpasosaHHe aHANoraBoro CUrHwIA B undposon
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1. Y70 Takoe oBpaboTka cMrkanos
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NMAMSATKA

Ymo maroe Geouunan cucriema CHUCACHUR

A QUpaNCEHUR HUCI08020 SHAUCHUR BEAUUN 8 KOMIBIOMEDE UCAONL3VIOM 80~
UHHYIO CUCHHEMY CHUCACHUR, NOMOMY HINO 8 JAEKMPULECKIX CXCMUX NpOWe 8Ce-
0 OMPA3UMG 080 NIPUIRUEOROACKRBIX COCMOANUR. Eeau Mt cosopum o nanps-
MCCHHHU, MO GHO WA 86ICOKOE, WAk huskoe. Ecni peus udem o moke, mo on Augo
ecene, AUOD €20 vem. Hanpumep, 0603na4UM COCMORNIE ¢ HUSKUM HARPANCOHU -
eM KAk (b 1 C BWCOKUM KaK « I mo2da ece ByKab 1 SUCAOGHIC SHAYEHUR MONC-
HO 8y0em aupasums 4epe3 3 CocmosHus.

TTonamio, 4mo O u 1 & deouuHoil clichese maK Xe ocmaomen sHyzem» U wedi-
HULER> | KAK U 6 DecmutHOl. A Kax npedcmagims 8 Wol cucmenme «daoiiys ?
Ouenv npocmo. dobasum ewe 0dun pazpsd u noayvum « 10v. Taxum xce ofpazom
3 moxcro empasume kax « s, Tmobes ewpastme 4, cnosa npudemes dobasume
puspad. Jobagun e2o u noayuum « 100s. fipodoascas & mom e dyxe, 8 daou-
HOI CUCIEME MOXCHO SU[SUMb CKOdD Y200R0 Goaslioe yucto. Hpu maxoil 3a-
Ritcu Kaxcdan qudipa dsouunazo uucia seasemes papado. OOHOpazpatiuiM
HHCAOM MONCHO BUPAINMG Jilltb () HAu |, mes 2-pasprouoe wiucio, MOKHO Gui-
pasume wycaa omt (1 do 3, ¢ nomougpio 3-paspaduoes — uucaa (... 7. Odnum cio-
BOM, #-pazpadnsie 4UCHd RpURUMAIOM 3Havenua om 0 do 2"~ 1.

Hmar, uemy pusro viecao 1101015 6 Oecamusnoil cucmeme cuucaenun? fipexc-
de vuem omeemums HQ WNom eonpoc, dasailme 30dyMaeMca 6 moM, Kax nped-
CHARACHD HUCAQ & deCAmuHoR cucmenme. Bosumenr, nanpumep, wucio 123,
Edunuua camoeo swicoxocn paspada osnasaem, «mo comus (100 = 107 ) odna,
deolika caedymuezo paspada osnasaem, ume decsmyoe (10 = 107) dea u no-
caednan 3 oznndaem, vino edwuy (1 = 10°) scezo 3. Huawe 2060pA, Kaxdoll
pasprd useem ceotr sec: 104, 10u 1. Credoeamensno,

{23 =IX 00+ 2X 10+ 3% [ = IX 107+ 2% 101 + 3% 10"

{ladotuo 3momy, Kaxcdwil pazpad deouunoeo aucia maxxce umeem sec. H smom
sec pasen 27! 2de n — nomep paspada. Ciaedogameasho, Wic10 € AgousHoN clt-
cmeme HOT01,; aupaxcaemen e decamiiunioit caedvioun o0pasom:

HOWOL=IX 27+ IX 2T+ 00X 27+ IX 224+ 0X 2 + IX 27 =
SIXRZAIX I+ OXE+ XL+ 0X 2+ 1IX =53,

Canmoiti gbICOK T pAZPAD D6OUMHO0 HUCAT HUWEdEMCSR CIApUM, d CAMbIl HI3-
KN paspso — maadun.

Cmenenu sucaa 2: 1, 2, 4,8, 16, 32, 64, 128, 256, 512, 1024... UCROABIVIOMCS
O4eitt HACMIG, NUIMOMY UX HOACIHO HTROMILMb.

1. YTo Takoe 06paboTka CurHanoe

BpeMeHH M N0 3HAYCHHUIO, 3ATEM [IpeACTaBIAeTCs B umbpoﬂsom BHIE, TO
TaKoe Mpeobpa3oBaHHe aHANOTOBOTO CHIHATA B UM(DPOBOH Ha3blBdeTcs
QHAIOZO-LUPOGEM RPEOOPA308aHUEM.

AHANOToBBA CHIHAN, MOTYYeHHBIHA OT 1dTYMKA, OCPEACTBOM QHaI10-
20-uupposoeo npeobpazoeamean (ALLTT) ipeoBpasyeTcs B HHC/IOBRIC Ha-
JeHHA B ABOMYHOIH CHUCTEME CUMCICHHUA, T.e. IpEnCTaeT B BUIe HYICH H
eauHu1. Hanpumep, npu 3anMcy Ha KOMIAKT-IHCK 3BYKOBOH CHIHAI
npeofpalyeTcs H oA BO3AciicTBAEM 1a3epHOTO Jyda 3alWCHBAgTCA B
puae uvpposoro curnana. Yacrora BHIGOPKH 3BYKOBOIO CUFHAMA PABHA
441 kT, a THcA0 uMbp B 2anucuiBaemMoM uucne pabHo 16. Lludpel Ha
JAHCKe 3AIIHCHIBAIOTCS B BUIE HATMYHA WIH OTCYTCTBUA yIIyOIeH s, Ha-
3LIBAEMOTO numom. Bhl, HaRepHOE, 3HACTE, YTO MO CPABHEHMIO € 3aTTH-
ChI0 OGBLIYHOTO aHAT0TOBOrOC CHTHANA HA KacceTe MM TUTACTHHKE UH-
POBast 3AMUCH XapaKTEPHIYETCA BbICOKMM OTHOIIEHMEM CHIHAT-IYM H
IDMPOKMM AMHAMMYECKHM [Hana3cHOM (OTHOWEHHe MUHUMAILHOTO
CHIHATA K MAKCHMATEHOMY HEHCKAXEeHHOMY CHTHany) n cbeclieunBaet
BBLICOKOE KauecTBO BOCTpeHaBEAeHHS 3ByKa. Ho 4T00bl ero Bociipou3Be-
¢TH, HudpoBoil cirHal HeoGXoAMMO CHOBA NpeobpasoBaTh B aHAJIOTO-
BbIi, DTOT TIPOLECC HA3BIBAETCS HiDPO-GHATO2066IM HPEOGPAIDBAHILE.

KoMmuioTephl 06121aK0T BLICOKON CKOPOCTLIO BLIYHCIEHUSA H 00paboT-
ki wHOopMaunH. [TosToMY B nociaenHee BPCMA 3aMETHO BOJPAcTacT MX
MCNoAb30BaHHC LT Heided 06paboTKy LM(MPOBLIX CHTHANICB TI0 CPABHC-
MHIO ¢ TPATMLIMOHHBLIM MeTOLOM 0GpafoTKM AHATOTOBBIX CHIHAJIOB IMO-
CPeICTBOM 2NCKTPOHHOM annapaTypsl. UTo kacaercs aHanoro-nudpoBoro
npeobpaloBaHui, BAXHO NPEAYCMOTPETh ONTHMANBHOE KOIMYCCTBO YPOB-
Heii KBAaHTOBAHUS, 4 TAKXKE yCTAHOBHTE HEOBX0NMMYIO YaCTOTY BLIGOPKH.

B npouecce npeoBpa3oRaHus aHd-

1.4, JIOTOBOrQ CHIHAma B UHGpPOBOH oOUe-
NPOBJIEMA BbISOPKH BUIHO, YTO &M IUWpe HHTEpBaI OHC-
KpeTH3aluy BHIGOPKH U Ipyfee KBaH-

TOBAHMC, TeM MEHBILE TPeBYCTCA JaHHBIX [UTH TOTO, YTOOH [IPEACTABHTD
curHar. OoHAKO ecly cHTHAN [IPeacTaBAeH CIALIKOM MalbiM 06bEMOM
JaHHBIX, TO BOJHKKACT OMACHOCTh MOTEPAT: HH(OpMaLHIO, KOTOpyK)
CHPHAN coficpXUAT. OoHA W3 CAMBIX OCHOBHBIX MPOGJIEM, C KOTOROH MBI €
©aMOro HaAIA CTAJIKMBAEMCH [EpH 006paboTKe CUTHANOB, — 3TO0 Npobie-
Ma BEIGOpa MHTEPBAIA ANCKPETA3AIMA BHOOPKH. JlapaiiTe paccMOTpYM
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1. H1o Takoe obpabortka curHanoe

3Ty NpoGieMy Ha NPOCTOM MPHMepe 66paboTKH AaHHBIX TEMIIEPATYPhL
atMochepsl. Ha Puc. 1.7a npeacraanen TpathUK TeMIIepaTypL aTMocbe-
pr B TOKHO B TeuenHe OQHOTO TOAa ¢ HHTEPBANOM H3MEpeHUs B OHH
uac. OBee KOMMYUecTBO DaHHBIX — 24 (uaMepenuit B aeHb) X 365
(oHe#) = 8760 (uaMepenwit). Ecin Mbi XOTHM 3HaTh, KAKHM 06pazoM
MCHJCTCA TEMNEpAaTypa B TEUEHHE IHA, TO HCIIONb3YeM TaHHbie, CHUMA-
eMBble KOKIbLE vac. QUHAKO YT Ke AeNaTh, ecT HYKHO NpOC/eRHTb U3-
MEHCHHE TEMITCPATYPEI JeHb 3a AHEeM.

Onus 13 enocoboB — HIMEPCHNE TEMMEPATYPBI KAXIBIA AEH B oripe-
ACNEHHOE BPEMH, HO B 3TOM C/IyYa¢ BOIHHKACT PA3HUIA B Pe3yIsTaTaX,
3aBUCAMAA OT TOrO, B KAKOE BPeMA CYTOK (THEM HIIM HOYBIO) POM3BO-
IATcs u3MepeHus. Takod npo@ieMbl He BOIHAKAET, eciH BBIYHCIATE
CPENHECYTOHYIO TEMITEPATYDY. Ha Puc. 1.76 npencTasien peaynwrar ta-
KOF 06paBOoTKH naHHBIX — TPadHK eXeaHeBHbIX IHaYe Huil CpeaHel TeM-
IIEPaTyphl B TCYEHHE roga. A Ha Pe. L.78 nz06paxen PachK HIMCHEHH S
CpEAHEMecAYHOMW TeMIepaTypel atMocdepsl. Takum ofpazoM, B 3aBHCH-

i} [ Moaconsie mimepenis remmepatypu | I W

B XOPOKIS, HO,
P40

530

£

2 20

510
& Kaxum xce ofpazom

Oesams swbopry?

<

1234567 8910112
Bpema |[mecatin]

ﬂ Cpenpecyrounan Temnepatypa | ﬂ [ Cpemmemecminan remmeparypa

Do D40
= el
&3 g
£ 0 530
§20 £20
3 =
2 10 E 1)

=
f=]

123456789100 12
Bpewms [mecsun]

234567893i101112
Bpems [Mecau] -

[E—

Puc. 1.7. BoiGopxa uaMeHeHRi TEMNEPATYPEL ATMOCHE pbl

22

1. Y1o Takee obpaboTka curHanos

MOCTH OT BpEMEHHOTO TlepHOLa MeHsAeTcA BILL BHOOPKH, OnHHM C10BOM,
Tpexze 4eM TIpOM3BOIHTE BHIBOPKY, HYXKHO YETKO ONPEAETHTD, KEKYK
HHGOPMALHMIO MBI HAMEPEHRH NOTYYHThL OT CHrHAMA,

A UTO MPOHCXOIHT B clly4ae ABYMEPHOTO CHTHANA, HallpUMep, B cJ1y-
gae cHrHANa n3obpaxenna? OuudposarHoe U206pAKEHNE BHIPAKAETCH

“MHOXECTBOM YHUC/IOBRIX TOYeK, PACTIOJIOKCHHBIX Ha IepecedeHHH JIH-

HHH BAoAb ocel a6CUHe U opAHHAT, ToR0DHO KieTKaM LIaXMaTHO#H [o-
ckd. Kaxaan B oraensHOCTH TOUKA HA3LIBACTCH 21EMERIIOM THEACBUIUOH -
nozo uzebpaxcenis. M ueM 31ux ToMek OoJbille, TeM Boliee ueTkoe Haonb-
paXCHHE MOXHO IEFOJIYUMTh, HHAUE TOBOPH, [IOBLICHTh PA3pCINAIOIIYIO
CrTocoGHOoCTE. YHCIIO YPOBHEH KBAHTOBAHHS APKOCTH HA3BIBAETCA 2pd-
dauued, YcM Gorelie YHCTO rpagauyi, TeM JyYlle KOHTPACTHOCTE H30-
opaxenus. Ha Pue. 1.8 nokasano, Kak MeHSeTCA H306pAXKCHUE B 3aBH-
CHMOCTH OT 4Kc/1a IpagauMii ¥ 2JeMeHTOB TeNleBM3MOHHOT0 H306paxe-
HUAA. AGCOJIOTHO SICHO, YTO M300pakeHHe B MpaBOM BEpXHEM YIIY HMC-
€T HanBosee BLICOKOE KA4eCTBO U 110 APKOCTH, U 10 KOHTPACTY.

Keratu, uMcno rpagayi 1300paxkeHHA HUXKHETO Psilla pABHO OBYM.
Huaye roeops, 4AC/I0 COCTOSHHH, BHPAXKAIOLUIMX APKOCTh BCEro IBa:
APKO WK TeMHO. YTo0bI 3T0 onHcath, 10cTaTouHO | BuTa urpopMauny.
Takue w3o0paxeHnsd Ha3bIBAIOTCA 06Y3HAMHBMY.

Tenepe, Koraa Mbl uMeeM obllee TPECTABIEHHE O NpobaeME BHIBOP-
KH, pACCMOTPHM 3Ty pobneMy Goiee n1oapofHo. A HMeHHo, palbepeM-
¢A, Kakoil HHTepBAl AUCKPETU3AUMH BHOOPKH CHTHANA HAM HYXEH.
TeprbIM 1eI0M paceMOTPHM BbiGOpKY cuHyconan (Pue. 1.9). Ecam co-
€0MHHUTH BblAeIEHHBIEC YEPHEIM IBETOM TO4YKH BhGOpKH Ha PHe. 1.9a, 1o
dopMa cAHYCOMABI YETKO MPOCMATPUBAETCA, H BHIHO, HTO HHTEDBal
IHCKPETHRAUMHA JOCTATOMHO Maji. A UTO MPOUICHAET, €C/IH €ro pacUIv-
puth? Ha Puc. 1.96 npenctasneH cnyyail, Korna Nepvod CUTHANA H MH-
TepBa JHCKPETHIAUMAM BHOOPKH cOBIIanaloT. BuaHe, 4To 3HAUEHHS BbI-
Gopku He oToGpaxaioT ¢opMy curHana. CrenosaTenbHOo, BBIGPAHHEIH
WHTepBal BLIOOPKH CIHUIKCM BENTHK.

ITonpoGyeM ero YMEHBLUWTh N0 TIOMOBUHBL NTEPHOAA CHIHANA, Kak
HokasaHo Ha Prc. 1.98. B atoM cryuae ecTh BEpOATHOCTR, UTO Mpeodpa-
3yIOTCA TONBKO HYJIEBHIE 3HAYEHWS CHTHANA, W Mo/yYeHHad HH(pOpMA-
ums OyAeT HEMOMHOM. A eC/IM ELIE CY3UTH HHTEPBAT TUCKPEeTH3IAIIMH BbI-
6opkH, Kak noxazano Ha Pue, 1.9r, Torna GyneT Gonee nnu MeHee BO3-
MOXKHO OMpPEfeTHThL NEPBOHAYATEHYIC GOPMY CHHYCOUMDL.
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1. Y10 Takoe obpalboTka CUMrHanos

16X 16

32x32 64 X 64 256 x 256

Puc. 1.8, Tenepnznonnoc nzobpakeHue Lis pazIMUHOro YMCAA TpaTaLiHif

W 21€MEHTOB M300paxenus (thotorpadus DitHwreiing nocae
aHanoro-uMgpoBoro npeobpazonanns)

Ho BO3HHKAET MOOO3IPEHHE, YTO CYUIECTRYIOT KAKHE-TO APYTHE CHHY-
COHIIBL, NPOXOISLLNE YEPE3 BCe TOYKM BEIBOpKH. ECIN 370 Tak, To BO3-
MOXHO ¥ AOCTOBEPHO BOCNPOHMIBECTH TMEPROHANATBHYIO CHHYCOMAY?
OuHako TeopeTHdecKH 0BOCHOBAHO, YTO MO pALY 3HAYEHHI BHIGOPKH
MOXHO LOCTOBEPHO BOCIIPOM3BECTH TONABKO OIHY CHHYCOMAY (KOHEUHO,
NIPH YCIGBHH, 9ITO €€ MepHoi GoMbile YeM B 1Ba PA3a NIPEBHILIAST HHTEp-
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1. Y710 Takoe ofipatioTka curHanos
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Ectit 83nms unmepeas, Menbitaii
vem T/2 — amo yoce aynuse!
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anbopicu
menviue Tr2 !

Pyuc. 1.9. Buibopka cunycouasl
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1. 410 Takoe obpaboTka curHanoa

Ban BoIbopkHu). Ucxoms n3 BHITENPUBENE HHOMO PE3yIIbTaTa CTATO ACHO,
4TO HHTCPBAL ANCKPETH3AIIMH BEIDOPKY J0MKeH ObITh MEHBILE NONORH-
Hbl TIeproja. Ecin yeTaHOBUTL CBA3L BRIOOPKH € YacToTol, To NOAY4HUT-
€A, YTO IO OTHOWEHHIO K CHHYCOHAE ¢ YacTOTOH /. HeoBXoaHuMo cieno-
BaHHWe 3HavYeHMi BLIOOPKM ¢ vacToTol, Gonbluei yeM 2f.. DTa yactora
BLIOOpKH 2 f, HazbiBaeTca wacmomon Haiixeucma. B rociaenyoiny ria-
Bax GyaeT noJpobHO IOKA3AHO, YTO JUHOO0H CUTHAN MOXHO BHIPAIUThL
CYMMOMH CHHYCOMA PATHYHON YACTOTHL,

l Jns curnana ¢ HauBwICILE R YacTOTOI /. HeobxonnMa Bolsiias YacToTa
Lcmenonanuﬂ 3HaYeHHM BHIGOPKH, 9eM yacrota Halkeicra 2f.

{B oTeyecTBeHHOH NMTepaType vacToTa £, onpenenseTcs Teopemoii Kotensim-
KOBa, KUTOPAA JIEXHT B 0CHOBE BCeH MMITYJIbCHOI CBA3KM. OHa NOKa3bIBAET, TIpH Ka-
KHX YCIIOBUSIX Mepeaada HeMpephiBHoit QYHKIMM MoXeT BLITh CBEEHa K Nepeiayc
OTAC/HBHBIX MMTYJILCOB MM KOAOBLIX KOMBHHALLN.

Teopema KoteabHHKOBA (1151 GYHKLM ¢ OrPaHHYE HHBIM CEKTPOM):

DYHKUMSA ¢ OTPaHHYEHHBIM CIEKTPOM NOTHOCTBIO ONPENeNsTeTca CBOMMH 3Ha-
YEHHAMH, OTCYHTAHHLIMM Yepe3 HHTEpBaibl Af = 1/2F, roe F - IUMPUHA CIIEKTPa

GyHKIINH.
CMbtcs Teopembr KoTenbHHKOBA COCTOMT B CJlCaYIOLUIEM: €CITH TPeDYETCS mepe-

AaTh HEIPEPLIBHYIO GYHKUHIO £ (f) ¢ OFpaHHYEHHBIM CIEKTPOM, TO HET HEoBXonH-
MOCTH nEpenasatbh BCE€ 3HAYCHHA @yHKuHH; NOCTATOYHO NEPLIaTh OTUCJbHBIE
MTHOBEHHLIE 3HA'ICHHA, OTCHHTAHHBIE uepes Az, — flpum. pedakmopa nepesoda.)

KcraTu, ¢ kakoit npobremoli Mbi cTONKHEMCA, ecIn ByneM Henoab-
30BaTh BLIOOPKY CUIHANA € 4ACTOTON Bolee HU3KOI, yeM yactoTa Haik-
BHCTa?

Obparumcs k Puc. 1.10, Ha KOTOPOM SCHO BHIHO, YTO TIOABASETCA
COCTARMAIOIUAA CHIHA/IA C HM3KOMH yacToToMH, He coaepKALIAsAcsA B pac-
CMATPMBAEMOM CHIHAJTe. AHANIOTHYHOE SBIEHHE BOSHUKART, ECIIU BKIIO-
YMTH BEHTHMIATOP Ha (GoHe JIOMUHECUEHTHOM JaMIIBL IIPH PACKPYYHBa-
HHMH BEHTHIATOPA NOABISAIOTCA [10A0CAThIE Y30Psl. OHH MeUTEHHO Bpa-
WA0TCA MTHEO B ONHOM HAIPaBIEHHH ¢ TONACTAMM BEHTHAATOPA, 1160
B TIPOTHBONOMOKHOM. BTOT 3¢dhbhexT CBA3AH C COOTHOWEHUEM MEXIY
CKOPOCTBIO BpawieHUA nonactell BeHTWIATOPA M "ACTOTOH MepliaHMA
cBeTa. MexXaHH3M 3TOro IBNCHWs, HA3BIBAEMOTO CHPOBOCKONUPOGAHUEM,
TIPOSIRNIAETCA H IIPH BO3ZHWKHOBEHWHM CHIHANA-TIIPU3pdXKa B NpOHecce
BRIDOPKH.

1. 41O Takoe 0BpaboTka CUrHanos

Ecnu a3nme
IMOM clznan...
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Hoaywiu e cymecmayiomyii 6 deiicn-
BUMEABROCHIY HUIKOHACTIHTIHbI ClzHan

P

Puc. 1.10. YTo Takoe cTpobocKonMpoOBaHWE

Korga BoaHukaeT cTpoBoCcKONHpoBaHKe, Mbl HAGNIOAAEM YACTOTY, He
ABASIOUIYIOCH COCTaBmsoLlei curnaia. Ilocne 3apepilenus nponecca
NOAYUeHHs BBIBOPKHM HCKITIOUMTE 3TO ABNeHHE HEBO3IMOXHO, N03TOMY
HeobXOAMMO MCKJIIDYNTE W3 CHTHATA HEHYXKHbLIE COCTABNAOLINE [1Epel
HAYa10M BRIGOPKU. JLs 3Toro cHrHan NpomycKaloT yepe3 HU3K0JacToT-
HBI (BHIETP, TEM CAMBIM 3apaHee HCKIoYas HEHYXHbIE COCTaBIAI0-
LIUE, H TONBKO TIOCIE STOFO MPOBOLAT BhIGOPKY.
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1. H70 Takoe 06paboTka CHrHanos

OBOBLHEHHE [1TABbI

1. CurHan — 310 (bHINUECKas BEIHSHHA, conepXaias nupopmawmo. L
AHATW3a CHTHANA B NIEPBYIO OYepeas HeoBX0ANMO oTIpeae/INTL MapameTp,
C MOMOLILIO KOTOpOTO NEpeaacTed ME(OopMaLMs, ee e HHHLY M3MepeHHs
H TO, KaKylo (pPH3IHIECcKyIo BeIHUHHY OTODPAXKAET CHIHAT.

2. Ecau 3MayeHHE CHIMANA B KaKOH-TO MOMEHT BPEMEHM MOXKHO TOYHO
TIPEACKA3aTh, TO CHTHAN Ha3blBACTCS BeTCPMHHHPOBAHHBIM, ECaH Xe 9T0
HEBO3MOXKHO, TO CHTHAN HA3LIBAETCA CAYUANHBLIM, THRHHEIM IDUMEPOM
JETepMHHHPOBAHHOIO CHrHana siBnsiercs cudyconaa. Ee nmapamerpamu
ABIOTCH YINOBAsA YACTOTa, AaMITAMTYA K (asa. YacToTa M nepHoa B3an-
MOCBA3aHbI,

3. HeproanueckMM CHTHANOM Ha3hiBAETCH CHIHAN, MAPAMETPH KOTOPOro
He MEHAIOTCA [IPK M3MEHEHMH BPEMEHH HA LICNOEe YHCIO NepHolok. Kpo-
M€ CHHYCOMALI, CYNIECTBYIOT NMPAMOYrONbHH#, nuaoobpa3Hbiif, Tpey-
TOJIbHBLA H APYTHE NEPHOIHYECKHE CUTHANBL. OAWHOY HbIe CHTHAABI Bhi-
BAIOT UMNYJILCHBIE WK 3ATYXAIONUINE.

4. Hudposodt curian MOXHO NOMYIHTD H3 AHANOTOBOTG METOIOM IHCKpe-
TH3AIHH, JIucKpeTU3aLMA IO BPeMEHM Ha3BIBAETCH BwBOOpKO#, a o 3Ha-
HEHUIO BETHYHUHLI CUIHANA — KBaHToBaHWeM, [Ipeobpazonanue 13 aHa-
JIOFOBOTO CHrHana B LH(BPOBOIl HAIbIBACTCA AHANOTO-LIHGpPOBLIM Mpeob-
PazoBaHHeM.

5. B npouecce oliupoBKH CHrHAIA HEOBXOXHMO Je/aTh BHIOOPKY € YacToTOoM
Gautblueit, yeM yactoTa Haiiksuceta. Yactora Hadikeucra s anra pasa 60416-
ie, 4eM CaMas BEICOKOYACTOTHAA COCTARISIONIAA CHIHANA. ITO YTRE PXKIS-
HHE Ha3LIBAIOT TeopeMoii BbIDOPKM. Eciin nposoawTh BLIGOPKY ¢ 1acTOTO!H
HUXeE, yeM yacToTa HaitKBHcTa, BOZHHKAIOT NAPA3HTHLIE HU3KOYACTOTHBIE
COCTABIAYOLLWE, HE BXOIALINE B HCXCID.HHIL;I CHryan. Takoe SIRIEHHE Ha3kI-
BaeTcA crpoSockonuposaHneM, [lpeoBpazosatme undpoBore cHFHana B
AHUTCTOBDIH HAa3bIBACTCH HM(PO-aHANOTOBBIM [IPE0BPA30BAHHEM,

paxruveckne sananms

1) KonnyecTso anemeHTOR 9epHO-BEAOT0 TENEBUINORHOTO H30BpAKEHUS paB-
10 512 X 512, uncao rpanaunit — 256. Kakoii 06LeM namsiTh TpeGyeTcs 1Is
XpaHEHHS TOro niobpaxeHnn?

2) 3ByK ¢ MaCTOTHBIMM COCTARNAOIIMME 10 5 KNI MOXHO XCpOLWO paccAsi-
WaTh. Y470 HyXHO creAaTh LA OUKMGPOBKH aKYCTHUECKOIO CHIHANA, 3aln-
CAHHOrO C MHKpOhona?

3) B KOMIAKT-IHCKE A MAHH-AMCKE 3BYK SANHCHIBAIOT B BHIE UNPOBLIX CHr-
HanoB. OAHAKO, HCCMOTPA Ha TO fITO MU HH-AHMCK FOPA310 MEHbLLIE KOMMTAKT-
AMCKA, BPCMA 3aMUCH 00HO 1 10 Xc. OBbACHUTE, noveMy?

28

NPUMEPbI
OBPABOTKM
CUIrHAMNOB

B 210l rmaBc MBI OAPOBHO PACCMOTPHM
¢nocoObt 0OPabOTKH CHIHANIOB HA NPpHMEpPE pe-
3YALTATOR OOpPalOTKK PeABHBIX JAHHBIX.

Eciu MLl XOTHM YBUIETE NPHOIMIUTEILHYIO
JUHAMHKY H3MEHEHMs CUTHANA, HeoOXOOMMO CNelaTh ero «fNanKuM»,
VAALINAR He3HAMHTCIBHLIN IIyM, BXOAALIWH B CUFHAS, W yCTPAHHB Men-
kHe KoneGaHMs cHTHA1A. DTOT BHI 00paboTKK HA3BIBAIOT CotUNCUEaHY-
em cuenana. HanpyuMep, Ha pacCMOTPCHHBIX PAHCC TCMIEPATYPHBIX [Pa-
duxkax (Puc. 1.7) Mbl BUAMM A0BONBHO TTABHOE H3MEHEHHE CpeaHEMe-
CAMHOH TeMItepaTypsl B TedeHHe roga. A 3roro cmydas cpemHeMecsa-
Had TeMIcpatypa onpeachsiachk cienviowum obpazoM. CHayana BbI-
YUCIANACh CPEenHAA TeMl‘lepaTypa l'lE!pBOl‘J'E MONOBHHBI MecsIrla, 3aTem
CpelHsA TeMIlEpaTypa BTOPOI MOTOBMHBL MCCAIIA, @ CPCOHAA MEXIy
ITHMHM [IBYMS BelHunHaMM Opanacs 3a ocHoBy, Ho nockonbky Beneacr-
BME TAKOH OMNepalHM Mbl PACCMATPHEAEM 32 IO BCero Auile 12 Touek,
TO MOAYYCHHBIH rpadmk npuHAN GHopMy noMaHoil auuun. Ecom a1y
Ollepaliuio NPoOBeCTH OTHOCHTENBHO He TONBKO IREHTPATBHEIX TOUEK (TO-
Y¢K, COOTBETCTBYIOWIMX CCPCAWHE KAXIA0I0 MCCHLAY, HO M OTHOCHTEIb-
HO BCEX TOYECK H3MEDEHMS, MTOEYYUM HE AOMAHYyHo, a IMalKylo KPHBYIO.
BTa onepanus HA3ZLIBASTCHA cKoAb32uUM yepedienuem. Muaue rosops, 6e-
peM HEKOTOPYIO 06J1aCTh 10 H HOCAE PACCMATPHBAEMON TOUKH H, YYHTHI-
Bdfl MMCNEHHBIC 3HAYCHHA W3MEpEeHMH, BXOOAWMX B 3Ty 0DNACTh, Bbl-
uyHCseM cpelddee 3Hauenue (Puc. 2.1).
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2. Npumeps! 06paloTkM CUrHanoe

Canamusanue no
SCOM MOUKAM

S (M3MCpCHHBIC
3LaveHus)

B opmysne (2.1) K =2

i

£ (CLIDKEHHEE

JHAUEHHHA)
bepewm cpenyee
JHAUEHKe § Touex

BRSSP v

1,
& =§(fi_2 ot ha v fi)

Broepdapa cxomaniqenmy .
Yyepeduenurw opma Kpusol
cmaia 2re0xol

Puc. 2.1. McTOIMKA HAXOAKACHWS CKOABIMLIETO CPEAHCTO

[NpeamonoxuM, UTo JaHo N ToYeK H3MepeHu nHdpOBOTO cHrHaNma

{fiejé‘--u.f!\f}:
fio i=1,2,3,., N

LTS HAXOXKIEHMS CKOMB3ALIETO CPEIHETO B OKPECTHOCTH paccMarpisa-
eMoi ToukHM [ bepem cpeamee apudMeTHueCKoe OT K NpelblayUIMX H moCne-
JIVIOITHX TOYEK, BKNI0Yan TOYKY .. OFHHM CTOBOM, HOBbIE 3HAUEHMS g; LA
KakMX-TM60 ToueK /, TIpelICTaRNleHHble KaK cpegHHe 3HauYeHHs 5THX 2K + |
TOUEK, BKMOYAIOUIMX TOUKH /, OTIPEAENTAEM KaK 3HAUSHHUA CIIKMBAHUS:

|
& :W(—/‘LK +higatt L +“‘+ﬂ+’()'

C MCTIONBb30BAHMEM 3HAKA CYMMBbI 3TO XE COOTHOILEHHE 3aTTMChIBA-
€TCH B BUAC!

1 K
T ET P 2.1

30

2. Npumepbl 0BpalfioTkW GUrHanes

KcTaty, obpaTiM BHMMAHME HA TO, YTO HA MEPBEIX H Ha TIOCAEAHHX TOu -
Kax [ 0CH adclMeC HEBO3IMOXHO BREIMHCIUTE 3HAYeHUe criaaxuBanusa. 06-
AACTh, LIC 3TO BO3MOXHO clenaThb, ONPENeAeTC CeMyIOHINM 06pa3oM:

i=1+K2+K ., N-K

Ha Puc. 2.2 npeactapiien rpadhuk cpeaHeil TeMnepaTypsl, aTMoctepst,
WMIMEPACMOH KaKIblH JeHb B TeUeHHe ognoro roaa. IonpoOyeM caciath
pbpaboTKy MeTonOM CKONMB3sero cpeltero. M3 rpathuikos BuaHo, yTo ec-
M uMCno 104eK K, KOTOpEIE MBI YTHTHIBAEM, JIOCTATOMHO GOABILOC, TO
gopma curnama craaxmpaercs. Ecan uncrno K cavinkom Mao, To adbext
fcmaxnnanm cnabblil, HO eciM K CIMHIKOM BEMHKO, TO (OPMd CHTHaNA
CTAHOBHTCS HEBbIpasMTeNbHON. Kak BuaHo U3 3Toro dakKra, B3sTh CKOb-
Afllllee CPEAHEE — 3TO BCE PABHO UTO HUCKIIOUHTB H3 CHTHAMA BBICTPOKO-
PeOIIOLIYIOCH MIH, MHAYE FOBCPSL, BHICOKOUACTOTHYIO ET0 COCTARTSIHOIYIO.
Takrin 06pasoM, 061aCTh HCKITIOHAEMO# YACTOTHE B 3aBUCMMOCTH OT 3Ha-
geHus K MeHsieTcsl. OIHAKO ec/id Mbl BO3BMEM 0BNIACTh YYUTHIBAEMDIX TO-
YeK TO/IBKO NEPES PACCMATPHMBAEMOI TOUKOM, a He 10 H [I0CTE, TO MTOJTYYHM
FaKoit xe 3thdbekT erilaxuBaHvs.

Hexonmsie navmbe | 6 [ Tocae expaanmero yepesnerma ape K= 5 ]

aj
144

loka ewe samemnsi
HECYIECTIGERRBE
HIMERENUA

g
= =
[T RN
=]

Temuepatypa [C]
= =
Temneparypa [*C]
= =

==}
=

1 Bpems [cyrku] 365 1 Bpema [cyTrn| 363

o

| Mocae cxomanmero ycpempenns npa & = 25[| 2 [Tocae ckonbanero yepemenss npu K = 50|

l

“ Hoayuusace 0

— cendxcennas opra| | —4 i

& vexodHozo cuziana | |,
230 2 30 i
) g20

2 2

E 10 E, t0

=]
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1 Bpeus [cyTku| 363 [ Bpemst [cyTkm] 365 |:

Pye, 2.2, Crnaxupanne rpadukos TeMIEpaTypbi aTMocdepsl METOAOM
CKOAL3ALIEro CPEIHEro

31




2. NpumMeps 05paboTkn cUrHanos

JTO ONpPERSTAeTCs COOTHOLIEHUEM

1
& :K—_'_l(j;'—l( +fin et £}

T.€.

1 & .
AL i=1+K,24K,.,N)
!L 1(_+1 jzg%ﬂAJ ( (2.2

Bce ToukH U3 nutepBana 2K + 1, ucrionbzyeMble IpH BHIMHCTEHHY
CKOJB3ALIETe CPedHer0, Mbl PACCMATPHBAEM C OJMHAKOBOH CTEMeHbIo
3HAYUMOCTH. QMHAKO BO MHOTHX CITYYasX HEOOXOAHMO YUHTHIBATE, 4TO,
yeM BIMXKe TOYKA K paccMaTpuBacMOol TOUKe /, TeM BbILIE € 3Ha4d-
MOCTb, H, COOTBETCTREHHO, C OTAAJlcHHEM 3TA 3HAYHMOCTD YMeHbILAET-
cs1, Korma Mbl TIpPOM3BOIHM CIJIAKHBAHUE, HYXKHO OIPEASIUTDh 62C KAk~
D0/ TOYKH B COOTBETCTBHH C €& 3HAYMMOCTBIO. DTO MOXHO 3dNUcaTh

CHCAVIOLIAM BRIpAXKeHHEM!
& - (2.3)
g=3Ywf, (=1+K,24K,3+K,. ., N-K). .
j=—K

YroBbl He HCKU3HUTD BeTHYUHY yepedHsaeMol QyHKIu, IpHMeM Clle-
AVIOUIEE YCITOBHE;

&
dSw =1
far

rie w; — (pyHKUHs, Jalolias Bec ToukaM. B KayecTre BeCOBOI (ByHKIIMH
O6BIYHO HCNIONB3YETCA GVHKIUA pacnpederenun Taycea, pejCcTABAEH HaA
Ha Puc. 2.3,

T}f I CymMy w; mpuHAMacH 34 1 J
%,

kit

Puc. 2.3. Npumep BecoBoit GyHkuuu (pacnpenenenne laycca)
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2. Npumeptl 06paBoTKM cUrHanos

fglr OuUeHb YaCTO CUFHAL MCKAKAETCH ILYMaMH.
ABNEHUE HYTo0H ero BOCCTAHOBUTL, HYKHO KAKMM-TO 06-
OB pa3oM YMEHBIIHTH LIYMOBYIO COCTABIAIOUIYIO.

| Kak aro caenars? O4eBUaHO, YTO HAYHHATE HAZO
g ¢ o6paborky curHanoB. CHayasna HYXKHO OTNPEaeHTD NpHYHHEL BO3-
AKHOBCHHS LIYMOB W [10CTApaThCA YCTPAHHTL MX. HanpuMep, Bo3HUK-
IiYMbl BO BpeMs Nepeqady 31eKTPHUECKOTO CHTHAMA NO JUTHHHOMY
ento. B mepeyio ouepens HeoGXOAMMO TIPOBEPHTL HAMPXEHHAE, OC-
JOTPETE COCTOAHME Kabens U NMOMBITATLCA YCTPAHHTE NPHIHHY BO3HUK-
'Bclmﬂ wymoB. Eciim Xe 310 caenarb He yaanochk, MokeT GbiTh, TIPH-
ETCS 3aMeHHTE Kabenb Ha CBETOROLL. Bo3MOXHO, HECMOTPS Ha BCE Ha-
i CTADAHMAH, LIYMBI CHOBA HE YOAETCH YCTPAHHTH, TOLAA TNMpHIETCA
{PUMEHHUTH CTTOCOGB! 06PABOTKH CHIHANOB.
Ecp miyM BLICOKOHACTOTHEIN U BEMYWHA ITyMa HE3HAYHTENBHA, TO,
NCTL0/1b3Y51 OMH M3 CTIOCOOOB CINAXKHWBAHMA, HE TAK YK TPYAHO BLLIETHTS
KOMBIA CHTHA, H Ha0BOPOT, NPH BOMLUIOH 1LIYMORBOH COCTAaBAsIONIEH
f HEBLICOKOM €€ Y4CTOTe CMOoCob CIIaXUBAHUS CTAHOBUTCH Headdek-
BHLIM. TeM He MeHee B CIy4ae NEpHONHYECKONO CHTHAMA, AaKe eCliu
JH HCKAXEH IIyMaMH, BCe-TaKH CyllecTByeT 3DMheKTHBHBI C0Co6 HxX
BONABIEHWUS, HA3LIBAEMBIH CURXPOANHOU uabmpanueil,
BT0T Cnocod 3aKMI0YAeTe B CYMMHPOBAHHH BHIGOPOK CHIHAIA B OJI-
Boil 1 TOW Xe TOYKe TIepuoda, T.e. ¢ onHoi 1 Tkt ke dhasoii. Tak Kak wy-
ME UMEIOT C/IYYaHHBLA XapaKTep, TO B Pe3y/IbTaTe yepeldHeHUs OHK N10-
AI0TCA, 3 CHTHAJ, HA06OPOT, BLIAEAAETCA.
Hrak, 06031a9nM paccMarpuBaeMblit caraan /(5. CurHan f(f) cogep-
KUT TTOJIC3HYIO TIEPHOIHYECKYIO COCTABAAIOIIYIO CUTHAMA 5(7) W ILyMO-
BYIO COCTARMAIOWYIO A(f):

fy=st)+ n(n. (2.4

Curnan B k-M neprose o6oanaunm kax f;(f). Lllymoras cocrasisio-

as CHFHAIA B KAXKIOM NMepUOAc oTAMYAETCH, TO3ITOMY 3alIMChIBAETCH

K a(#). OaHako ecnu Gpath OIMH U TOT 3Ke MOMEHT BPEMEHH B [IepH-

e CHrHANA, TO NEpHOANYECKan COCTABISIOIAN CHIHaNA S(¢) Beeraa Of-
u 1a xe. CenosaTenbHO, MPHHATHIH CUTHAN fi{{) BhIpaXaeTcs KaK:

Ju(t) = s(2) + ni(3). (2.5)

Hrak, MHOrokpaTHO MPHHAB CHUIHAn fi(f), ONpPeneinM ero cpeomee

BHavyeHHe no nepHonaM. Tlvere N — yncno nepuonos, Toraa:

a3
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2. Mpumeput 06paboTKt CMrHanos

¥ 2= ) + 0=

k=1

— o3 Em0) 26

k=1

PaccMotpum 310 Ha npaktHyeckom NpHMepe. Ha Pue. 2.4 sunno, uto
¢ YBEIMUeHHEM HUCTIAa MepHofos N, B TedeHHe KOTOPHIX IIPGH3IBOIUTCS
YCPEOHECHME, IUYMOEAsl COCTARIAIOILAA YMEHBIUACTCH, 4 [IePHOLHYECKasA

2]

Tipwnareni| |
CHIHAR

hw Lo Fa0) At

Puc. 2.4, [opasnenne IWymoB

2. NpwMepL 0bpabOTKKW CUIHANOB

COCTaRTAIOWAd CHTHANA BOCCcTaHaBaAuBaeTes. IlovyeMy Tak npoMcxoaut?
O6paTiM BHMMaHKe Ha 1paByio YacTs BelpaxeHus (2.6). [lepsoe crarae-
MOe, ARNAACH NepHoAWYecKOi dyHKIMel, n nocne cyMMUpOBaHUA N pas
pcTaeTcA GyHKIHEH 5(1). A YTO XKe ITPOHCXOMHT CO BTOPHIM CATAEMBIM?

B arom Mecte maBaiiTe HEHANONTO OTRIEYEMCH W PACCMOTPHM TIpH-
MEp C HTPATBHEIMH KOCTAMH. BpoCHM HECKOMBKO Pa3 HIpansHbIe KOCTH
W onpeaennM cpenHee SHAYEHHe OT YHCTa BEIMABIIHX 04KoB. Ecnu yuc-
,ao GpocaHuil HEBEAHKO, TO CpefHes 3HAYEHHE YeTKO HE BbIABIACTCH, HO
£ yBeJIMYEHHEM YHcia GpocaHMil MOCTENIeHHO YCTAHABINBACTCH BHOMHE
pnpeaeieHHoe yucao. ITouemy? TToToMy UTO BEpOATHOCTb BBINAIAHHS
h}moﬁ IpaHH HIPAALHOH KOCTH oaMHaKoBa. CIE0BaTeNbHO, C pOCTOM
iimcna MOTBITOK 9aCTOTa NMOABAEHNA KaXAOW IPaHH CTAHOBMUTCH IPH-
MEPHO 0HOH 1 TOH XKe. 3HAMHT, cpenHee 3HAYEHNE, KOTOPOE MBI MOXKeM
HOMYYiTh, Bpocas UCPANLHYIO KOCTb, NIPpHBIHXACTCH K

1+2+3+44+5+6 21
6 6

Ha Prc. 2.5 B npasoii 4acTn npeactasned rpadMk ¢yHKIHY MA0THO-
ETH BEPOATHOCTH, KOTOpasd 0TOGpakKaeT cpefHee 3HAYEHHE [IIyMOB H Be-
POATHOCTL TOABNICHHUA KAKEOTO 3HAMEHWs. OQIHMM CIOROM, Beposii-
HOCTS TIOSIBJIEHHA 3HAYSHHH, GIM3KUX K HY/MIO, BHICOKA, A JL1A 3HaYe-
HMii, yAaneHHbIX OT HY/If, BePOSITHOCThL NOARIEHNA YMeHblliaeTca. Do
pacnpeseneHHe BePOATHOCTH XOPOLIO U3BECTHO KAK HOPMAIBHOE pacnpe-
Besenne (pacnpenenenue [aycca). B cayuae urpansubix koctel pepost-
HOCTB TIOABJIEHHSL TOH WIH HHOM TpaHH OAMHAKOBA, M MO3TOMY, KAK BhI,
HaBepHoe, 3HAETE, 3TO PACTIpEAcNeHHE BEPOATHOCTH HA3BIBACTCH PAGHO-
MepibiM pacnpedeneriiem. CpellHee 3HaY€HME HEABHCHMEIX clydaliHbIX

35.

Beauyuna

Dyuxuns
WIOTHOCTH
BEPOSTHOCTH

[aoTHOCTE
BEPOATHOLTH

Pye. 2.5, Tayccosckoe CBOHCTBO LIYMOB
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2. NprmMepul 06paboTkU CUrHANOR

3HAYEHMIA C pOCTOM MX YHCTIA NPUOIHKAETCH K HEKOTODOMY OlpefeaeH-
HOMY yucny. B ciyyae mIyMoB 370 cpeaHee 3Haue Hie OOBIYHO PABHO HY-
mo. CnenosatensHo, cyMMa BOTBILOMO YHCAA H3IMEPEHHH IYMOBOH Co-
CTABTAIOLIEH MpHOMUXKAETCA K HYTIO.

M3 sT0ro cneayer, 4To B paHee paccMATPMRAeMOM BbLpaXeHHH (2.6)
BTOPOE CllaragMoe, SRISIONIEECH [IYMOBOH COCTABAMIONIEN, A0IDKHO TPH-
BmvkaTscs K Hymo, ClleqoBaTebHO, JaXe B CTyYae CHIbHO «3alllyMIeH-
HOTO» CUTHAJIA NMpH CYMMHPOBAHMK ¢ OQHOMH U Tol Xe dasol B pesyibrarte
ycpennennd ¢opMa CHIHaNa BBIpAXAeTCH CedYIOLHM COOTHOILEHNEM:

L gfk(t)”—*‘”)s(t).

l_l_lymoaaﬂ COCTABIAIONIAA YMEeHBIIACTCA, NPOABISIETCA NONE3HAA CO-
CTABR/ISHIOLAA CHTHAa, U TAaKHM 06paBDM NPONCXOANT NOoJaBAeHKUE LTYMOB,

(ManoxeRHI BLILIE CTTOCOD YReTUUEHUT OTHOLLCHAS CHIHAT/IIOMEXa B OTeMe-
CTBEHHOM TEOPHM H MPAKTHKE M3BECTEH KAK OHA M3 (JOPM «MCTOUA HAKOILIEHHA>
(cM. XapkeBuu A.A. OcHoBbl panHotextimki. — M.: Ceaseusnar, 1962). — [pum.
pedaxmopa nepesada.}

OBOBLEHHE ITIABbI

1. Cnocod cKoJB3ALETD CPeAHEND — 3TO CHOCO0 CRALKUBEH NS, TIPH KOTO-
pPoM YMEHBIIAIOTCA IHYMbI H BHCOKOHYACTOTHBIC kaJiebanus CHIHATA. anrl
aroM BecpeTcs cpeaMee 3Hadenue H3Mepenuit B obNacTH paccMaTpHBae-
MoK ToykH. Obpallaetcs BHHMAHHE HA IIHpHHY 0O1acTH, B KOTOpOWH
pOBORHM ycpennedue. Ecin obnactk caninkoM y3kas, agxbekrt crlakH-
BaHHA cAalblit, ecin chHUkoM WHPpoKad — Gopma CHrHana CTaHOBHTCH
HEBBIPA3HTENBHOH.

2. Ilpr MHOTOKPaTHOM MTEpeJave CHTHANA HIYMbl MOXKHO MOAaBHUTD, CYMMK -~
PYS CHTHAI B (pa3e M OTIPSACASSA CIo CPEAHEE 3HaYeHHe. DTOT cnocob Ha-
3bIBACTCH CHHXPOHHO# (MIIBTPALIMER.

Npaxruyeckne 3aganns

1) Hoaymaiite nan cnocoBoM CraaxHBRaHMs H300paXeHUH MOCPEACTBOM
CKOML3ALIERD YCPETHEHHS.

2) DbykBBI mpencTaBlIeHbl B BHIE NBY3HAYHOro Wiobpaxenusn. MNoaymaiite Han
cnocobom 0BpabOoTKH ANA YBEJHUSHHS HYETKOCTH KOHTYP4 BYKE.

3

HEOBXOAUMBIE
MATEMATHMYECKUE
NMPEACTABNEHMSA

B npeapizynieit rmase ¢ nNOMOUIbID
HATAOHBIX TIDUMEPOB MBI HAMOXKHIH
HECKOJIBKO CPaBHUTENBHO TIPOCTBIX
criocobos ofpaboTkH curHanos. OnHa-
KO, 14 TOTO 4To0pl Hojice WHPOKO H
TNYOOKO H3YYMTh 3TH METOHB], HAM 110-
RIOGUTCA NOMOLb MaTeMaTHKH, Be3 KOTopol, Kak obbiyHO, He 060l -
ce. I1o cpoelt ipUpone cHrHan otoGpaxaer pealbHyio (BHIHYECKYIO
eI HY. Ecan npeacrasuthb ero dynkuueil uam HaGopoM YNCIOBBIX
‘ AYEHHH, TO BOSHMKAET NpobneMa 06paboTKH CHIHana Kak hyHKIHM
H KaK Habopa YHCTOBBIX ZHAYeHHt.
£ HemoarcToeneHHOMY YMTATENIO HENPOCTO BOCIIPUHHMATD CTIEIH-
WIBHYI0 MAaTEMATHYECKYI0 hopMy HaToxeHuss. UIMEHHO TToaToMy B 310ii
glase MEl peLUMIIN NIPOBECTH MaTeMATHUECKYIO THMHACTHKY, Jaxe ecnn
DBEPXHOCTHO NPOYHTATL 3TY [VT4BY, TO YXKe B HEKOTOPOil CTeNeHH cTa-
WORATCS NOHATHBI CMBICT M CNOCOD MATEMATHYECKHX NPeICTABAEHUH.
B-TOMT NUILL YXBATHTD CYTh MATEMATHYECKOrO TIOAX0MAA, H TOTIA CITOX-
Wble Ha MepBBIH BIMMsiA GOPMYNBI CTAHYT NOHSITHBIMH, TI0106HO GoKy-
Bam, cexpeThl KoTopuix hOKYCHHK DackpulBaeT 3apaHee.

2. B nepeoli rnaBe Mpl oKasanu npe-
RATEMATUMNECKOE 00pa3oBaHne WIMEHAIOIErOCA BO Bpe-
WPEACTABJIEHUE MEHHM 4HAJIOTOBOTO CHUTHana f(f) Npw

FHANA COOTBETCTBYIOLUEM MHTEPBATE AUCKpe-
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3. HeOBX0AMMBIE MATEMaTUHECKHE NPERCTABNSHUA

TH3AUAH ¥ NpelcTaRneHun BHIGOPOK B 1ndposoil hopme. TlpH ManoM
HHTEpRajle AMCKPETH3IAMHH MOXHO JOCTATOYHO TOYHO BOCTIPOM3BECTU
NepBOHAYATEHBI AHANOrOBEIA CHTHAM IO b posoMy curHany. Ecan
BpeMeHHO#H wHTepBan [g, b] paznenurh Ha OOWHAKOBLIE OTPE3KH, A CUT-
Hal f, yxe TogBeprilnica AUCKPeTH3alUH, MepeBecTh B uHdpoBylo
thopMy M 3amMCcaTh B BUAE PAIA 3HA4EHHH N TOueK

f=0fi.fo s S

To f MOXKHO TpeACTaBuTh N-MEpHBIM BEeKTOPOM (N-Mépnbm sexmopom
HA3LIBAETCA BEIWYMHA, TIpeACcTABIEHHAsA HAGOPOM YMCAOBBIX 3HAYEHHI
N, pacTIONOKEHHBIX B OTIpe1eIeHHOM NOpAiKe). DNeMEeHT U3 3TOTO YHC-
JI0BOTO HABOPA HA3LIBAETCH KOMAOHEHMO BEKMOPA.

Dyhkuns f{1), a<tsh

a b f

Bekyop £
Bymxyuo fi1) |
npubauscazn sexmopon [ |
fi f2 £y oS fi
Pl |
a b
C yeenumeniem N cmeneib
PUBAUNCENNR MOGUIHGEMES /Besz/\
1Y i '
fifafye Syl fa
[ I L.
a b

Mo N = o0 —
ucxodnas dynxrin f{t)

Pac. 3.1. Bekrophoe npeactaBnenme GpyHKUHM

3. Heobxopaumbie MaTeMaTHH eck1e npeacTasneHus

Kavectso npuénuxkeHna yHKUMH f{f) MeHAeTCH B 3ABUCHMOCTH OT
E:;M N. Ecri N yBenuuuBarb, To cTenteHb PUBIMKEHHS 3AMeTHO YIyd-
gactest, Ecan ysennaneate N ao 6eckoHedHo GOMLINOIO YHCAA, TO BCH HH-
pMAlbs, conepKaasics B f(f), byaeT conepxarses 8 F (Puc. 3.1). 310
HAYAET, YTO, B CYILIHOCTH, AHANN3 BekTopa Femecto dyHkumuH £(f) (ecan
‘ 4 He ABIAETCA «0CO00W», T.e. He MMEET TOMeK pasphiBa) aHANOTMYeH
IH2T13Y HEMIPEPBIRHO M3MEHSIOUIErOcs BO BPEMEHH CHIHANA f(1).
; AByMepHRIi BEKTOD, pACTIONOXKEHHLIH B ABYMepHOM TIPOCTPAHCTBE,
BNH, HHA'e TOBOPA, HA IUIOCKOCTH, COOTBETCTBYET KAKOW-THOO OJHOM
fouke Ha sTol ockoetv (Pre, 3.2).
TpexmepHBIH BEKTOP COOTBETCTBYET OHON TOUKE B TPEXMEPHOM ITPO-
TPaHCTRE, a N-MepHbIi BEKTOD TAKXKe COOTBETCTRYET OIHOL TOUKe, HO N-

=55 . in

<

Mup
A 8008paNcenus!
N-seproe npocmpgicines B
u3o6pasums Hevan, Ho. .. Tpocmpancmeo dyuicuuit
(npocmpaicmen Geckowesio
Borviioli paaneprocm)

i

Puc. 3.2, BekTopHOE MPOCTPAHCTEO K MIPOCTPAHCTBO ByHKLMT
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3. HeoHBX0aNMLIE MATEMATUYECKME NPEACTABNEeHHA

MEPHOETO NMPOCTPAHCTRA (K COXANEHHIO, H300pa3HTL 3TO MEI HE MOXEM),
Ecny NpeacTaBUTEL IPOCTPAHCTBO G2CKOHEUHO BoMbII0iH pasMepHOCTH N,
TO MOXHO TIPEANONOXHTh, YTO HellpephBHas GYHKIMA £(f) COOTBETCTBYET
OJHOH TOUKE 3TOro MpocTpaHCTBa. HazoseM 310 HeBUAHMOe a0CTPaKTHOE
DPOCTPAHCTBO BECKOHEUHOMH PA3MEPHOCTH APOCIMPOHCIMEOM QYHKIUIL

Y10 KacaeTcs BEKTOpa B IBYMePHOM [TPOCTPAHCTBE WM, HHAUYE TOBO-
Psi, BEKTOPA Ha IUIOCKOCTH, TO MbI HajeeMcsi, 4TO yuTaTelb 3HAeT, Kak
BHIPAXKATL YTON M BENWYHHY BEKTOPA Yepe3 pPACCTOAHHE H CKATAPHOE
npowusseieHue., ECH TIpeIcTaRNTL CHTHAL, KOTOpbLi MBL CoGnpaeMcs
obpaborarb, B popMe BEKTOpA, TO, HCLOAL3YA MOHATHE YT H BENIHYHHbI
BEKTOpPA, MOXeT BEITh, YAACTCA MPOACHUTE CROHCTBA CUIHANA.

IMpu pa3sMepHOCTH BEKTOPHOIO NPOCTpaHCTBa N > 2 TAKKE MOXHO
ONpeJeNnndTh PACCTOAHME MEXTY BEKTOPAMH H CKATAPHOE NTPOH3BEACHHE,
Bonee Toro, ecnp pacCyXIaTe Moa05HLIM 00pa3oM, TO XKe CaMOe MOXHO
CHEJATh M IS TPOCTPAHCTRa thynKimid. OJHHM CIOBOM, faBas ONpeae-
NleHVEe PACCTOAHMIO M CKAIAPDHOMY TpOHU3BeAecHHIO B LIPOCTPAHCTBE
bYHKUMH, MOXHO TOBOPHTS O BEIHUYHHE K YINe MeXEY (QYHKIMAMH.
Bckope Mbl 6yneM HCTIOIB30RATD MOHATHE B3aWMHO TTepPneHInKYTAPHBIX
(BYHKIMA M NPEACTABISTh UX B BUIE B3AUMHO NepreHANKYAAPHEIX BeK-
TOpOB. B 3TOM CTydae IipH BHEIIHEH CAOXHOCTH GopMyn CTaHeT IIOHAT-
HO, YTO KOHLENIHA, 3AKMI0YAI0IIAsIC 8 HCOME30BAHHH BEKTOPHOIO
PACCTOAHHA M CKALAPHOTO NPOM3BEEHHA Allsl IPOCTPAHCTRA (hYHKLME,
oveHs npocta. YutaTens MOXKET 3a1aTk BOTIPOC, KAKOE OTHOUIEHUE HMe-
e nogoGHas KoHUenn#Hs K 0bpaborke curHanos? deno B ToM, yTO MPH
06paboTKe CHIHAJIOB MBI OyaeM ONepHpOBaTh TAKHMH NOHATHAMY, KAk
DVYHKUHS KoppensauuH U ananus Oypee, 8 OHW KaK pa3 OCHOBAHbL HA HC-
TIOJB30BAHHM CBOMCTB PACCTOAHMA W CKATAPHOIO NPOHU3BEAcHUS NpH
MIEpPEXOiiE OT BEKTOPHOIO NIPOCTPAHCTEA K [IPOCTPAHCTBY (DYHKIHH.

MBI KOCHYAMCH CIOXHOH MATEMaTHYECKOH TEOPHH, H IOAPOBHbIE
BBIKIIAIKH MOTYT Bac Hcmyrath. Ho Halel 3amadyei npexae Bcero sig-
AfeTcs H3ydeHHe TEXHHKH 06paBoTKn CHIHAMNOR, M HET HeOOX0AMMOC-
TH B CayBoKHX 3HAHUAX Bcell Teopun. O6pazHO roBopA, nonpobyeM
B306PATHCA HA BEpILMHY [OPHl, He OCTAHABIHMBAsACL AJIfA TOro, YTOOLI
nomodoBaTees KpacoTtoi aepepbes. Ha obparwoM NnyTH, CHYCKAACh ¢
BepIUHHbI, MBI CMOXeM OXBATHTb BIMIAAOM BCe BelMKONEHE OTKDbI-
BAIOWIETOCA BHAA.

40

3. HeoBxoaAMMEIE MaTeMaTHYeCcKHe NpencTasneHus

Cpenan BRIGOPKY HEKOTOPOFO CHI-
Hana f(f), BO3BMEM K3 Hee nBa 3Haue-
HUs f] K f>. TakuM ke 06pa3omM NOAy4nM
JIBa 3HAMeHHs S HEKOTOPOro CHIHANA
g(n (Puc. 3.3),

APHOE NPOU3BE-
EHUE U PACCTOSIHME

pedemasun gyrxysn
CeymEptiNL SeXmOparL |
= mng= (5.

i &~

f £
\ f2 E:>

P

Puc. 3.3. Bektoproe BhipaxenHe GyHKUHK

Y10 Ke HYXKHO COENaTh A1 TOTO, YTODEI y3HATh CTENEHE B3aUMOOT-
HOWIEHUS MeXIy ABYMA CHrHanaMH f(f) 1 g(f), HCXOM% M3 HX 3HAYeHMIH?
Eciay cienate BEIGOPKY, COCTOALIYIO BCETO JMLIbL M3 JBYX 3HA4YEHHH, TO,
€CTECTREHHO, CTeNeHb NPUOIILKEHUS K [IEPBOHAYATBHOMY CUTHANY He-
phicoka. Kax 65U10 H3MOXKEHO paHee, 3Ta NpobleMa PaspeilinTcs, ecln
YBETTMYUTE YUCTIO 3NMeMEHTOB BhiGopkH. Ho noka paccMotpuM cayuai
BbIOOPKH H3 IBYX ToYeK.

HTak, onpenenuM BeKTOPBI, COAEPXKAUIME MO ABA 3MEMEHTA U3 BhI-
6OPKM KaXIOro CHIHANA, WHAYE NOBOPA, IBYMEPHLIE BEKTOPLI.

ObozHaypM ux Kak f u g

f=01 5, &8=(8,8)

Eciiu curHanisl BHpasHTh 4epes BEKTOPLl TAKHM 06paszoM, To Heclie-
OOBaHHE OTHOWIeHHH MexXTy HHUMH eCTb HCCIEAOBAHWE OTHOILeHHH
MeXay BeKTopaMK. B ueM xe zakiioyaercd Takoe ucclefosaHme? Bo-
[IEPBLIX, HYXXHO BBIICHUTE, HACKOJIBKO YAaNeHb BeKTOpbl FH g, T. €. H3-
MepHTH paccTosHKe Mexay BektopaMu (Puc. 3.4). Ilycre d(f, g) — pac-
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3. HeOGXOAMMEE MATEMATUYECKIE NPEICTABASHUS

3. Heob6xoAWMbIE MATEMATUHECKUe NPEeRCTABNEeHAR

CTOSTHWE MeXAy BeKTopaMi f i g YeM Mmenbllle 3HaveHHe d, TeM Banxke
BEKTOPBL F H g, d 3HAYWT, M CHALHEE MEXTY HUMH B3aWMOCHA3b.

Benmauny sextopa f (aGComoTHoe 3HaueHMe) 0603HAYHM Kak [[F].
Hcenonbays XoMoHeHTBI BekTopa f, MONyuuM:

lfl=vs2+ 52 (3.1)

[/F] HassiBaKeT TaKKe HopMOi BeKTOPA T,

Hrak, u3 pucyHKa BHJIHO, 4TO paccmosnue Mexny pextopamu fu g
€CTh HOPMa BekTopa F — g. 310 MOXKHO 3aUCaTh, UCNOAL3Ys KOMITOHEH-
Thl BEKTOPOB, B CNEAYIOLLEM BHIE:

a(f.8)=lf —g|=y(i -5 F +(-&F | (32

PaccTosiHHe — 310 0AMH M3 MAPAMETPOB, H3MEDPSAIOUIMHA CHAY CBA3M
Mexay BekTopaMi. OaHako mocMorpute Ha Pre. 3.5. Ha stoM pucytke
BEKTOpHI & M i 01HHAKOBO yaaNleHbt ot BekTopa f. Ho BekToph g ut F HMe-
10T OIHO HAMpPABIEHHE, 4 BEKTOP A pACTIONOXKEH I104 YENOM K BeKtopy f.
TIosTomy, yBenuuus Bektop f B HeCKONLKO a3, MOXHO NIONYYHT BEKTOD
& Y HERO3MOXHO MonyyH Tk BekTop & HecMoTpa Ha paBHOynaneHHoCTh

Pacemonnue
wexedy fug
{82

N

o, T It

Paccmmuueuﬂaﬂyfugw
duogx =} f-—g]

Ckaaspnoe nposseaden
<fgr= Hf”gﬂcmﬂ

Yeu Bosvue seausuna
CRAARPHOG Npouseeienun,
MEM CLABEE CORIb MEMGY
BEXMOPAMY

Puc, 3.4, Paccrosinme M ckansipHoe NpoMIBeaeHHE IBYMEPHbIX BEKTOPOB

g4 kot BexTopa f, ces3b f 1 g ropasao cunbHee. Bunnmo, Gouto OBl He-
FOCTATOYHO BHIPAXKATH CBA3B MEXIY BEKTOPAMH OJIHHM JIHILIb PaCCTOR-
HUeM. HeobGxoauMo Takoke y4UTHEIBATEH YT Mexay HuMK (Puc. 3.5).

dtg)=d(fh)

OOHAKD CLAA CERIU

Puc. 3.5. Cea3b MeXay BEKTOpaMH

Jns BBIpaXeHWS CBSA3M MEXAY BEKTOPAMH MCNONB3YIOT CKARSpHOe
npouseedenue. CxanspHOe NpoU3ReaeHHe Mexay F 1 g obo3HayaeTca Kak
{f, & n onpeaenserca Kax

[t 2) =l ] cos0 | (33)
CraeaoBatensHo,
(f.2
cosO=7—rr.
[l ]

OBosHaYUM 3TY BETHYUHY

3.4

~1 £¢os 9 £ 1, crenoBatenbHo,

—1 £ r< 1. BenuyHHa r BBIDAKAET CHAY CBA3H MeXIy BekTOopaMu fn g
Yyepes yron Mexay HuMH (Pure. 3.6). Ecnin Hanpasnenne f i g coBranaior
(T. &. 8 =0), TO F NPUHHMAET MAKCHMaNEHOE 3HAYeHHe, pasHoe |. C yre-
JNUYeHWeM yTaa O 3HaueHue r ymenbillaetcs. Ectu r=0, T e. {f, gy =0
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3. Heo6xooMMBbIE MaTeMATUYECKNE NPeacTagneHna

3. HeubxooMmbie MaTeMaTMiecKne NpeacTasneHns

NMAMSTKA
Koogiheieients ROpperRiiel — sme Kocanye Ckaaapuoe npouisedenie 6eKmapos
yaaa weawdy sexmopant {1 = cos8)
r=l -
o=0 || F|| sin® —
f COCPABIRIOUAR, o
KOMOPAR e BAAErT
na pabomy v;
g
g F
9 A
r=0 TN T J
(g n f nepneHAHKYIAPHE) - -
(8= +r/3) Eeiu sexmopn -
REPRENICYARPAS,
. MO UL CRAIRPIE.
2 f -paein 0, i F|lcost —
<lg>=D COCMABRIOUAR,
KOMOPOA GAHREM
Ha pabomy
H
i * Ckatsproe npoussedenve —mo *
HILE T HEE FIPOEKYMID.

<Fs>=}F{]slcose 3
Puc. 3.6. KoappuimeHT xoppensnH H
3

BeKTOPHE! F W g 83aWMHO TIEPNeHAMKYASPHEL. HazobeM BeTWUHHY r Koagh-
P 8 PHCHAHKYITD €M BTl y ¢ [Todofno momy kaK paccmornue onpedelsemca npollgedenuem cKopochti

punuenmom Koppersyuy. Kak BUANO U3 COOTHOLIEN U (3.4), r 3aBUCHT OT HA BPEMA, MHOZUE BEAUMLNE ONPEOEITIOMES RPOUIEE0eHEM DBYX PA3IUHBIX

yraa MEXIy BCKTOpPaMH H HE 3aBHCHT OT HOPMBI BEKTOPOB. comroncumenei. Bee2dd A 00cmamouns npocmo nepemuodcums 0ge aeali-

Kax BHIDa3UTEL CKaJAPHOE NPOM3BEACHHE, HCTIONR3YS KOMIIOHEHTHI yuret? Hanpumep, paioma pasna npousasedeniio cuast F [ H{, npuaoscennoi
BekTopa? BT MOXKHO CIEnaTh CETYIONMM 06pa3oM: K MELY, Ha SeiUHUNY NepeMeneniis s [ ]:

W=F[dx]

F. gy =fig\+ o8z (3.5) Odnaxo ecau Hanpasnente Claol i HANPABIEHUE NEPEMEEHUS MeAd He Co6~

nadarom, dawnnoe onpedesenue paGome: Hac we yempausaem. Ecau nanpas-

YT0o6El BEIBECTH 3TY (hOpMYyNy, IPHMEHHM TCOPEMY KOCHHYCOB AJIS ACHUA nepeseents u cuint oBpazyiom veoa 0, mo sgxpex musnoti cocmaens-

rowieil cidu, nepeMewioweli meao, seasemca Feos8. Cocmasanrowan Fsin®
HE DKA3BIBAem HUKGKOZ0 6AuAnua Ha pafomy, Ciedoeameisno, onpederum

BekTopos {Puc. 3.4):

I#— & = IFP-+Hig? — 21 lgleose = patomycaeiyouss opron:
— |2 2 = fscos0.
11"+ llel” — 2f, g [ockoaexy cura F u nepemewgenie § — Beauviin: Gexmopiole, mo YMecmio
CreI0RaTeNsHo, onpedesunts pabomy Kak CKAARPHOE RpoLieetenye;
, , . W={F sy =||A| |ls|lcose.
XF 2 =" + lel* — IF— g||2 = H3 3m020 MPUMEPA HOMAMHO, HMO NPOWZEE0EHIE GEKMOPOS EbpaXaemes
= (7 + VHE 8D — (- 80P+ (s - 8% = 2z + o). poumedoner ol Tain OOpason onpedermom cxaipoe
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3. HeoOxogumbie MaTeMaTM4ECKue NREACTABNEHWA

KeraTti, ckanapHoe Npou3pedeHue sextopa £ Ha caMOro ceba paBHoO:

F, 0 = F24f7 = AP (3.6)

H BBIPAXAET CBA3b MEAKAY CKATAPHBIM NPOW3BEICHHEM H HOPMOH.
ToncTasuM OMYYEHHEIE DE3YABTATH B BHIpaXeHHE KoddhduieHTa
Koppesaunn (3.4) M IPeICcTABUM 7 CIEIYIOLINM 00pa3oM:

re 2f18;:”fz§2 , an
Vi +h ng +2;
3.4, Jna npeacrableHUA OOHOMEDHEIX BEJH-

OPTO- YHMH JOCTATOYHO OJHOTO napamerpa. Hampwu-
HOPMMPOBAHHbIR® Mep, NMpPHA HM3MEPEHMHM ATHHB WCNOIB3YIOT
BA3MC ONWH CTAaHAApPT BENHYHHEI (CAHTHMETPHL,
MIJUTHMeTpH1). EcAu NpHHATE, 4To | cM —
eqHHHIIA MIMepeHus, To 5 cM Gonslile 1 cM B 5 pa3, clienoBaTe/IbHO, BbI-
paxaeTcs Kak 5 eqMHML. TAKXe U 8 BeKTOPHOM NPOCTPAHCTBE IPHHATO
BHIGMPaThL EIHHHIY H3MEPEHHA, KOTOPas BRIPAXAET CTAHAADT BERMYH-
Hbl. OJH2KO B IBYMEPHOM TIPOCTPAHCTEE OJHOIO NApaMeTpa, H3Meps-
IOLIErO BEMYHHY, HegocTaTouHo. HeoOxonumo aBa rapaMerpa.

IMapa B3auMHO NEePNeHAMKY/SIPHBIX BEKTOPOB {1, 1} HA3RIBAETCH
opmozoransrbim 6azicom. Kpome Toro, ecnH [[uyf| = Juf = 1, To s1a napa
HA3BLIBAETCHA OPIMOHOPMUPOBHHEIM Oasticom. BexTop ¢ HOPMOI, paBHOH 1,
HA3BIBACTCA eQuHUYHbBIM 8exmopos. YiHaue roBops, eAMHNYHLIA BeKTOp
— 3TO BEKTOP, BHIpAXAIOILMI BEJIMYHHY OJHOW EAMHULB U3MEDEHHA.
CnenoBaTeasHO, OPTOHOPMHpOBAHHEIH 6a3uc npeacTasaseT coboit na-
PY B3aMMHO [ePHeHANKYIAPHBIX eMIHHHYHEIX BEKTOPOR, KOTODLIE B CO-
BOKYITHOCTH € TIapo¥ NapaMeTpoR AaI0T BeNMYHHY BEKTODA.

Bripasum sekTop f yepe3 BeKTOPH OPTOHOPMMPOBAHHOTO Ha3nca vy,
0, ¥ COBOKYTIHOCTE KoathduumenTtos €, C; (Pue. 3.7).

f=Cu + G, ! (3.8)

KoadpruneHts (C), C;} BRIPaXaloT BENHINHY COCTABASIOUINX BEK-~
Topa f B HANIPABACHUH WV M B HANPABJIEHHH Vy. MHaye roBops, onpene-
JAKT BENNYUHY BekTopa. JIloGoH BeKTOp Ha IUIOCKOCTH MOXHO BbIpa-
3UTBL YEPE3 3TO cooTHOLIeHAME, BekToprl €0 H Cy\; HA3LIBAKWTCA NpoeK -
uusamu BeKropa f.
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3. HeobxoauMble MATEMATUHECKUE NPELACTABARHWA

Puc. 3.7. BuipaxcHHE BEKTOpA 4epe3 OPToHOpMHMpPOBAHHbIH GasHe

[MycTe naH BexTop f M 3apanee 06pazoBaHa cCHcTeMa Ba3HCHEIX BEKTO-
pos {vy, V,}. Jst TOro 9ro6HI BHIPAa3uTh BEKTOD f uepe3 Gasdc (v, ;) B
€ooTHOLWEHHH (3.8), HEOOXOAHMO 3HATD, K2K TIONYYHMTE KO3 PpUIMEHTBI
C, u C,. 3aberan snepen, mpeacTaBiM Koddduimentu Cy n C; KaK cKa-
JAPHEIE NPOU3BENEHHA BEKTOPA F Ha KAXAKINH M3 BEKTOPOR U K ;!

La={f.v), C={(t.v) | (3.9)
A Tenepsb NoKaXeM, KaK BBIBOAMTCA 312 dhopMyna. TMycTs
f__' C]'l)] + CZ‘DZ-

HaiineM ckansipHoEe MpoH3BeNeHHE NeBO M NPaBOi YacTel paseHCT-
Ba M BEKTOPA

(Fv,)= {Cro, + Gy, “l) ={cm,, ) +{Cyv,, ‘Ul> =
= Cl(‘“]; ”1) + Cz('“z, ‘0:>-
CornacHo caoifcTRaM Gaznca {0;,0,}

(1)1,1)1) ="‘°1”2= 1 (“z,‘lh):O-
W Tax xak npasas yacth paBHa Cj, TO CNipaBeIHBO PABEHCTBO!

[TonoGHEIM 0BPAa3OM MONKHO NONYYHTS BLIpaxeHHe sl Oy
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3. Heobxoammbie MaTeMatHyackue npeacTasneHma

— MAPAMEPbLI

3. Heo6xoQuMble MATEMATHHECKME NPEACTABNENNA

IIpumep I:
Mozym au sexmopot V; u 0 olipaso-
samu Bazuc, ecau

Nrs

Petuene:

au {0y, %)

OPMIOHOPMUDOBAHHIM

-2
Kaxosn

Oy

i

172
U

0 32

o32.52)

Croy

Credosamensio, GeKmopsi ¥, u ¥
Mozym obpazosams Gazuc,
Hpumep 2:

Pazaomcums eexmop

1
22

Pewtenue:
Bexmop £ moxcro npedcmasume Kax:
F=Cu, + G,

C, =(f, q)zgx_‘.@ LN

Fee X =
3 2

2 2
Gif1ys 43
C,={F, me——] — - o w—— =
:={t. v) 2’{ 2}'2’(2 ¥
Credogamensio,
f=21)1+\/§02

no fasucy {V), By}, dannomy @ npumepe I,

3navum, 6 sexmope f
codepacutnca 2 gexmoepa vy
u {3 sexmopa vy
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MBI yxe 3HaeM, KaK BLIDA3NTh CKATIPHOS

?{ESP-EXOA npoM3BEAEHNE W PACCTOsMME MEXIY BEKTO-
OT BEKTOPHOIO paMu B JIBYMEPHOM [MpOCTpaHCTBE. A Kak
MPOCTPAHCTBA GHITL B Cyuae TIPOCTPAHCTBA GOBIIETO YMC-
K MPOCTPAHCTBY 712 M3MEpCHUA. PaccMOTpHM, HalpHMED,
OYHKUMHA REKTOP TPEXMEPHOTG TIPOCTPAHCTRA:

=0, £ f)

M 38eCTHO, YTO M0 HOPMY WM DECCTOSIHHE OT HCXOAHOH TOUKH 10
ToukH (£}, /5, /3) MOXHO BBIP23UTb KAK:

Il =S+
Q0ob6taa BeipaXeHHE (3.10), MOXHO MDPEANOJOXHIB, 4TO HopMa
sekropa £ = (fi, /2, .../a) N-MepHOTO [POCTPEHCTBA ONPEALIIETCH KaK:

|f1[=,/f,2 P S

N

(3.10)

3.1

A KaK xe GyIeT BhIMIAZeTH HOPMa BEKTOpA B CITyHae [1POCTPAHCTER
BecKOHeTHOM pa3MepHOCTH, HHAYE TOBopi, npocTpaHcTBa (QYHKUAHA.
Hopua dysximd A 8 3TOM cayyae sBAAeTC BeJHYHMHOH DYHKUHH.
Kakum ke obpa3oM ee onpeneAuTs? ITO CTAHOBHTCH NOHATHBIM, ecnu
obpatuTbest K GopMyTe, KOTOpas 4acTo HCHOAb3yeTcs NPUMEHHUTENEHO
K (hU3HUECKHM ABICHHAM (cM. TIAMATKY HIKE).

Hopwa ¢yHkumun A1) (a S 1< b) onpeaenseTcs COOTHOLUIEHHEM:

=y L/ e

kak 0GoGIeH1e N-BeKTOPHOH HOPMBIL. DTO ONPEAENCHHE, B obrileM, Hac
yerpansaer. Ho yem Oonbllie WHTEpEAL B aTol hopmyne, Tem Oonblie
swatlenue HopMbi. [To3ToMy yaoGHee mPOHODMHPOBAT: HOPMY (hyHK-
kK f{f} OTHOCHTENBHO ATHHEI HHIEpBAna.

hf(f)||=\{b:1‘—aff2(t)dt (3.12)
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3. Heo6ixoaumbie MaTematuueckmne npeacTaeneHua

Tlo aToit e npuymne 8 cryvuae MHOTOBEKTOPHOH HOPMbL, YTOOBI M3-
GexaTh BAMSHMA pasMepHocTH N, yacTo HCTIONB3IYETCA COOTHOLLEHHE:

=3 2 .
NAMSATKA
_l_/\_\vff)/\/\ |
YR

ﬂepmm T Mepuomueckuii
CHIHaN

- DiubexTHEHO:
'V 3Havenue
t

TlepeMenHoe
HanpsaxcHue 100 B

M
Henepuoanyecxnii
CHTHan

T

ot g arin

Obosnawin 3uavenne nepemennozo HANPANCEHUA 6 MOMERM 6PEMERY | KaK
Vi). dan esipascenun eeanmunm Hanpamcenun Vi) oborino ucnoseaviom mai
Haznigaemoe sQdexmueioe 3navenue, Leau cuznan Hanpswcenus nepuodu-
ueckul, ¢ nepusdom T, mo agepexmusnoe snavenue suipaxaom ¢ qude
CPECHEKBABPAMUHECKO20 MZHOBEHROEG THAUCHUR:

Hanpumep, ecau mut ucronssyem ucmounux Inepeun ¢ nanpsxcenuaenm 8 100
8, mo 3ma eeruuuna eemp RanpRycenue, BLIPANEHNOE IGPEK MUEHBM IHa -
wentuenm. Menosennoe Maxcumansnoe navenue Hanpaxcenus — 140 B, (Ho-
dymaiime, novemy. Todekaska: Vtt) ewpascaemen cunyeoudoeti u 140 = 103, )
Ecau cuznaa ranpancenun HeNepUOUHECKUl, MO Mbl HE MONCEM UCnOTb30-
8t 3Mo Onpedesente, Ko MONEM BuPazump spexmuence nanpaxcene g
aude cpeduexsadpamumeckoeo nawenys HANPANKENUR 30 Oaumeqbroe spems:

i LT 2
V—jl,l_lg TL Vi) ar.

Peagono Mu ne moxcenm caerame 8pems yepeoduenun T Geckoneuno Goavtuuy.
Ho npu docmamousto npoedosmcumensiom apemeny ycpeorenus nanpaxcenye
V npubauxaemca k xaxoit-auto onpedeaennoti eruviune.
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3. Heo6x0aMmele MaTEMATHHECKWE NPECTABNEHVA

2
EcaH comocTaBHTE (hOPMYIBI HOpMbL (DYHKIIMH H HOPMbI BEKTODa,
[IOHATHO CACAYIONIEE COOTBETCTRHE!
BEKTOp — (yFKIMA] [ cymma — unTerpas |
CTBHTD
[IpHUMeHss 3TO COOTBETCTBHE, IPYGO TOBOPS, MOXKHO OCYIE T
ecTecTReHHOe 060OIIeHHE M3 BEKTOPHOIO NPOCTPAHCTBA B IIPOCT:

Bo (GyHKImi. TlokaxeMm 310 NoapobHee. W3 coOTHOLIEHHH, BEHPaXalo-
KX PACCTOAHME W HOPMY B N-MEDHOM NPOCTPAHCTBE:

df, g)=|f-&|= k)j::l(fk -&) (3.14)

a—
OTIPEZEMM PACCTONHHE MEXTY OBYMST QYHKIHAMA fhugd)na IP;HTGpi:I y
1e [a, b]. 3amenub peKTOp PYHKIMEH, 8 CYMMY — HHTETDAIOM, TIOTy4

4(fle), g(:))=JgJ:{f (t) —g(e)f ar. (3.15)

D70 COOTHOULlEHHE YAcTO MPHMEHSETCH UL BBIMHCAEHHA CpeaHe-

KBAaApaTHUECKOM NOrPENIHOCTH.
C}J)Ienylom}m u1ar — olpeaencHHE CKATsIPHOTO HpOHBBEJJEHPgL Ecan
e
MBI MIMeeM BeKTophl f i g B IBYMEPHOM IPOCTPAHCTBE M YTOJ rxﬁ-y
HUMH, TO CKAUBIPHOE NPOU3BEAEHNE ITHX BEKTOPOB ONIPEAC/IACTE :
»

(£, &) = If1lllg] cos® = figi + ot

CxansApHoe PON3BEASHNE YIUTHIBAET YroJl MEXIY BEKTOPAMH. To ;«;
camoe OTHOCHTCH K MHOTOMepHOMY npoctpaHcrsy. Ecmu nsa Belcioﬂp f
1 g B N-MepHOM TIPOCTPAHCTBE DACONOKEHBI 1101 YIIOM 6 _npyr py
TY, TO HX CKAnApHOE MPOoH3BedcHHE MOXHO ONpPENERHTE KakK:

{t. &)=|fl | cosd (3.16)

[pencTaBss 3T0 BLIPAXKEHHAER Yepes COCTAB/HIONINE BEKTOPA, TIORY4HM

(F. 8)=figi+1iga vt yBn =
N
=28
k=l

KCTaTH roBopA, H3 DTOTO COOTHOLUEHMS MOXHO BBIBECTH xo3tdu-
LMEHT KOppeaaLHu B N-MeDHOM [POCTPAaHCTBE.

3.17)
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3. HeobxoguMuie maTemaTHYeCKWe npegcrasieHun

3. Heo6xooMMble MATEMATHYECKWE NPEACTABNSHWA

YunreIBas BeIpaxeHHE 118 Ko3thhHMEHTa KOPPERIHUH B NBYMED-
HOM NpocTPaHeTBe (3.7), nomyuum;

<f’ g) ~ gfkgl(
el

’ﬂ“ﬂm W (3.18)

Hrak, o6oGums cooTHolleHue (3. 17), yXe npoilie BolBecTH (ropMyy
ANA CKAAPHOTO MNPOM3BEACHMS GyHKumit. Hcrmonesys coorseTcTame
BEKTOP — (hYHKUMS, CYMMd — HHTETDAN, OLIPeAeTAM CKaTAPHOE NPOM3-
BeJCHUE hyHKumii A1) v g(f) Ha unTeprane [a, 5]:

@l g(f)}=ﬁﬁf(t)g(f) dfi (3.19)

Ckansipnoe rponsBelenme hyHKuMn S (1) Ha camy cebsi:
FOsO) == [0 =
L ey |

3710 O3HAYaeT, 4TO f({) UMeeT Te xe CBOMCTBA, KAKMMHM 00nanaeT
MHOTOMEDHbI BEKTOD B BEKTOPHOM TpocTpalcTBe. To, YTo Mel CMOIIH
ONMPEACTUTD CKATAPHOE TIPOKH3BENEHHE (DYHKLIMI, O3HAYAET TAKKE U TO
TG MBI TIPHHAIM M YUJIM TAKOE MOHATHE, KaK YIOA MeXily (DYHKLKHHMH’
Ecan dynkunu f (f) u g(f) B npocTpancTse (hyHKURI pacnonoxeHs no,t;
yraom 0, 1o koaddhunuent KOpPENSILIMHA MOXHO OTIPe1EAHTE TAK Xe . KaK
H B Cliy4ae BEKTOPOB, HCTIONb3YA HOPMY U CKANSIPHOE npomBeneHn’e‘

(re) g(e)
r=cosf=

o0 G20
Ecan 3anucate nogpobuo, To NOAYIHM:

[0t

1 :
P WAL0 dz\/b‘iafgz(,) dt (3.22)

(3.20)
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DTO COOTHONIEHHE HMEET IOBONLHO CNOXHbIH BUL, HO NPUHIMIT TOT
e, UTO M B ciyuae Bekropos. Kak u Apexne, KoahHIHEHT Koppes-
LTHH TIOKA3LIBAET CTENEHD «TIOXOXECTH» QYHKIHA. Tlpuyem ¥ NDUHAMSE-
eT 3nayeHmsa ot —1 Ao 1 {—1 £ r< 1). YeM Gopllie 3SHAYEHHE F TIO abco-
JOTHOH BETMYHHE, TEM BIIIE KODPE/LALIAS MEXTY QYHKLMSIMH. Hnaue

roBop#, oHH BOJIEe NOXOKH.

Fcth KOppeAsLMA
r=0 otpuuaTensHad, r<0 |}
H

nonokurenbyad, r> 0
1

EcTb KOpPe/ALHA Koppenduns Her,

Pyc. 3.8. Uto Takoe Koppensiuus

MTak, cTano MOHATHO, 4TO, HCMOAL3YA CKaTsipHOe NpON3BEACHHE,

MOXHO ONPeAeHHTE YTod MEXTY (GYHKIMAMH. A eCIH 3TO TaK, TO MBI
MOXEM OMPEAeTHTb BIAUMHYIO NePTIEHANKYAAPHOCT GYHKUMH T2K XKe,

KaK W B33HMHYIO NIepNeHIHKYAAPHOCTE BEKTOPOB.

‘ Ecrie {f(2), () = 0, 10 f() 1 g1} RIAMMHO NIEPRERNAKYAIPHEL

Hanpumep, mse dyukunn f(f) = {1 g(7) = | BIZUMHO NepNeHIHKY-
ASPHB] Ha MHTEPBANE 3HaYeHHi 7 [—1, 1]. DTo caeZyeT U3 TOTO, UTO:

(r,1) =_['l:d: =[§L =0.
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3. Heo6xoAMMBIE MATEMATMHECKME NPEACTABNEHUS

3.6. Me1 yxe 3HaeM KAK BRIDAINTE BEK-
CUCTEMA Top f NBYMepHOTO NpoCTPaHCTBA Yepes
OPTOHOPMMPOBAHHbBIX OPTCHOPMHUDGOBAHHEIA Ga3KMC BEKTOPOBR
DYHKLIKA o1, 0y}

f= C]‘ul+ Cz“z.

Takum xe 06pa3om Yepe3 OPTOHOPMHPOBAHHKL Ga3MC MOKHO BbIPa-
3MTh BEKTOpP H B N-MepHOM NpoctpancTse {Ha Prc. 3.9 nokasan opro-
HOPMHPOBAHHBIA BEKTOp B TPEXMEPHOM [POCTPAHCTEE).

Hotlod sexmop Moo

L & aude:
=Gy + Gupt G

Kerahefnnpienmu nonyis,
UCARULTYR CATRPIDY
[&25) npoudeddenue: Oy = <,y >

[ Q—mmmmommapef}

Puc. 3.9. Bripaxenue peKropa 3-MEpPHOTO NPOCTPaHCTRa YEpes
OPTOHOPMHPOBRHHELIH Gainc

OPTOHOPMUPORAHHEILH Ga30IC — 3TO MHOXECTBO B3AaMMHO TIEPIIEH M-
KyTAPHBIX EANHMYHEIX BEKTOPOB. MHOXECTRO BeKTOPOB (U, k= 1,2, ...
N} 8 N-MEDHOM NMpPOCTpaHCTBE, rae

-0

(T. &. 0,y U 0, B3AWMHO TIEPIIEHAMKYIAPHEL M IBASIOTCA E¢IHHHUYHEIMH),
HA3BIBAETCH OPMOHOPMUPOGAHRbIM Baziicom N-MepHOTro npocTpaHCTBa.
st nx sbIPAXKEHA ACTIONB3yeTcs cumeoa Kponexepa §,,,,

6,,,,,:{0 rm#En
1:m=n

U B ynpouieHHOM BHfIE 3aNHCLIBACTCH CAEAYIOIMM OBPa30OM:
O, V) = By
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3. HeobxogMMbele MaTeMaTUaecKue NpeacTasneqns

Ecmu 8ce BEXTOpHI B3ANMHO TIEpNERIUKYJAPHLI, TO HH OAHH H3 HMX
HEJTh3f BRIPA3MTD YePe3 ApyTHeE BeKTOpEl. iHaue roBopsa, OHM He3aBHCHMBL

Hcnons3ys opToHOPMUPOBAHHEIH Ga3uc BeKTOPOB, MOXKHO MPeACcTa-
BHTE BEKTOD B BHIIE JHHEAHOH KoMGHHAIMKM Ga3UcHBIX BeKTODOB. MHa-
ye rOBOPA, N-MEPHBIL BEKTOp MOXHO [1DEJCTABHTE B BUNIE:

l F=Co+C0 +...+Cy0y l

(3.23)
B 3T0it hopMysie, To ananorku ¢ hopMyoit (3.9), koapdrunent C;
BHIPAXaeTCH KaK:

lC=lf, 0, (k=L2,..M)] 324)
Hokaxem 3To. TaK Xe, KAK U B IBYMEPHOM CJTyyae, pacliHIleM CKa-
JIIPHOE MPOU3BeeHUE QYHKLIMH M BEKTOPA Uy
00 ={C 0 + Gy +...+ G+ Copy, 09 =
= Ci{y, D) + Cyl, V) +...+ Cely, Vi) +...+ Cn{p, Vi)

CornacHo CBOMCTBAM CHCTEMEI O23UCHBIX BEKTOPOB
W, v = o =1, W ) =0 (m= k).
B peayatTaTte 8 npaBoid YACTH OCTACTCH TONBKO Cy, T. €.
Ck = (f, ‘l)k).

KoadipuupeHT C, TTokasbiBaeT BeimdMHy cOCTapnnaiomei sektopa F B
HATIPABJIEHHH BCKTOPA Uy ¥ BBIPAXKAETCA B Byl CKASPHOIO NPONU3BEIC-
Hus £ 1.

Bo3HuKaeT Bolpoc, HeJIB3S JiH BBeCTH OPTOHODMHPOBAHHYIO CHCTEMY
B [IPOCTPAHCTBO (DYHKIMH TaK Xe, KaK OHA BBOUHTCH ISl BEKTOPHOIO
npoctpaHcTea? HHaue TOBODA, HENL3IA JTH BBECTH MHOXKECTBO B3aHMHO
TEPHEHIMKYNAPHBIX eIHHAYHEX yHKUHHA? Ecam 3TO BOIMOXHO, TO
PACCMATPUBAEMYIO (hYHKLIHIO MOXHO BHPa3HTb B BUIE JMHEHHOH KOM-
OHMHAIMK TAKHX DYHKIHA. TO eCTh e MOXHO pa3/IoKHTE Ha COCTABISIIO-
wHe — (HYHKLHH, CBOHCTB2 KOTOPEIX H3BECTHLL 3apaHee.

PaccMOTpHM HEKOTOPOE MHOXECTBO (DYHKuMil (ceMeiicTBo (yHK-
umit). Ecam umneno (yHKIMiA 9TOI0 MHOXKECTBA HEBEIMKO, MOXHO 060~
3HAYHATE UX, MCI0Nb3yA anbasuT, Kak {f7), g(1}, k(?),...}. Jna TOro yToGHI
BRIPA3UTE MHOXECTBO, BKIKOUAOILEe OecKOHEYHO GOMBIIGE YHACAO
(hyHKUMEA, MOXHO 0003HAYHTE MX, HCTONB3Ys HHXHHH HHIEKC:

{0:(0,k=0,1,2, ...}
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3. HeoGxoayibie MATEMATWNECKVE MPEACTABNEHMA

Bynmem cymTars, 4yTo mMoGhle NBe DYHKLHK H3 9TOFO ceMeiicTRa tbyHK-
LMH Ha MHTepBate [, 4] B3aMMHO NepreHAMKYIApHBL. Hnave roBoOpH,
€CIIH CKAIAPHOE NPOU3BEIeHHE

(@t} (p,,(t)):b—l—a_[:(pm(t) @) dt=0 (m n=0,1,2 ., m=n),

To ceMelicTBO 9THX (DYHKUMH Ha3LIBAETCS CUCMEMOL ODMO20HAAbHbIX
gyrxcyuil. Kpome Toro, ecitH HOpMa Kaxnoit 3 3THX GyHKUMIT paua 1;

(0nl) @) =0 O = 2 P02 =1,

TO 3TO CEMEHCTBO HA3LIBACTCH OPMOHOPMUPOSAHHON CUCIHEMOIL dyurcuuii.
OnHuM coBOM, €C/TH CHCTEMA SBISETCA CHCTEMOM OPTOHOPMUPOBAH-
HBIX YHKUME {@(N)}, k=0, 1, 2, ..., To, HECNONBL3YS CUMBOA KpoHekepa
(cTp. 54), mony4um:

»?-;ﬁfl?;:%('i’;l‘fjﬁ;é‘- (3.25)

C noMOILLIY OPTOHOPMHPOBAHHOIK
CHCTeMBI yHKIME DYHKUAIO #) MOXHO
BBIP23HTE CEAYIOMHAM 06pazoMm:

OG-
.:'gck‘f’k(t);)* : E R

(3.26)

M3 3TOTO COOTHOLIEHHA NOHATHO, YTG koadunnent C, Bhipaxaer
nonie cmMMﬂmmcﬁ @9 byHkuvm A7). Mul yxe 3HaeM, YTO Juis BBIBO-
I3 Bblpaxexus £ HYXHO B3ATh CKAIApHOE NIPOA3BENcHHE ANu . U3
COOTHOUIEHHS (3.26) MonyuHM:

(f(t)» @, (’»:Co(%(’), Di (’»+C] CAGAR (t)>+---+c.& (0.0), 0, (f»* =
=Clo ) o)+ 3Colnl). 9,0

m=)
ak
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3. HeoGxoammbeie MaTemMaTnyaeckue npeacraeneHun

Io onpeneneHH0 CHCTEMBl OPTOHOPMHDOBAHHBIX (HYHKUMI, cxa-
JNAPHOe NPoU3BeleHHE BCeX KOMOMHALIMH ¢ m # n paBHO 0, MO3TOMY B
HTOTE B NIPaBOif YACTH PABEHCTBA ocTAeTCA NHIUE Cy. CneoBaTENbHO,

G={/Oal)=
| N ) o

=s—fr0eba k=012.) (3.27)

Ha KOHXpPETHOM NIPUMEpPE PAaccCMOTPHM, KaKasi CHCTEMA (hyHKLUmiHA

ABNETCA CHCTEMON OPTOHOPMHPOBaHHBIX GYHKUMIA? HanpumMep, obpa-
3yeT AN cucTeMa byHkuMi

{1, sinz, sin2z, ...}
Ha orpe3ke [T, 7] cHcTeMy OpPTOHOPMHMPOBAHHBIX ¢GyHKUHIK (PH.
3.10)? [ins Toro 9ro6Bl HCCAEAOBATE 3TO, HYXKHO MPOBECTH CIEIYIOILHE
BbIYHC/IEHHSA:

. 1 . 1
(1, sinnr) ZEE'[:! sinntdt = g

fcosme]™, =0 (r=1,2,3,..).

WMAPFARKA

Dopmyab: pai1oNceHUn RpousGe0enusn
MpUOROMETMPURECKIX DYNKUNE Na CYMMY:

sinoLcosP = %{sin(a»ir B)+sin(ce-BJ}

cosotsinB= %{cos(a+ﬂ)+cos(0t -B)

sinetsi nB=—%{cos(a+B)+cos(a—B)}

CrenoBarebHO, | u sinaf B3aHMHO NepleAAHKYTAPHBL.
Ecinm # n, to

(sinmr, sin nI) =%fﬂsinmt sinnt dt =-ﬁfn%{:os (m +n)—cos{m—n ):} dt=

=_m[sin(m+n)trn+3h[sin(m—n)trn=o_

CneaosaTenbHo, sinmt M sinnt (m # n} TakKXe B3AHMHO NIEpHEeHANKY-
JISIpHEL.
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3. Heob6xoAMMbIE MATEMATUHECKUE MPEeaCTABASHUA

1 Pl) =1

0 = i 8

PD=sint

JANANANS
A 0 \/Zn \/41: \/81: \_,

gHH=sin2t

Ecue cydums
RIOABK0 W0 pur.'yuxy, mo
e HONRMHG, $MO

St

@3(1) = sin 3¢

W4{f) = sindt

Puc. 3.10. Sipnsiercs ma cucreMa GyHXUMI 0PTOTOHAILHOM
M3 BEIlENINOKEHHBIX PE3YNETATOR ACHO, YTO MHOKECTRO (OYHKIIMI
{1, sin¢, sin2s, ...} 0fipasyioT CHCTEMY OPTOrOHANEHBIX (hYHKLUMH. OMiako

HOPMa K&XHOH QYyHKIIHH

. I . 1 ]
"smm‘"2 = 2—nfnsm2ntdt ZEE:E (1—cos2nr) dr =

] I, |
-4":[1‘]'; 4n_2n[sm2nt]’f"—§ (n=12,3,.)
He pasua 1, 3 3H4MT, HYHKUMH HE SBISIOTCH OPTOHOPMHPOBAHHEIMH.
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3. HeobxoaMMbie MATEMEATUHECKUE NPEeJCTABRNEHUA

IWNAPFTANKA
DapMysst NOIOSUHHO20 Yeaa:

sin? o _ | —cost
2 2

cost O = 1+cosa
2 2

Ecnu Hopwma ||[f {9 dyrxime f(7) He pasHa 1, TO coO3xaiHM HOBYKO
dynkimio £*(1):
iy L)
=170y

OyesunHo, 4To HopMa f *{¢) pasHa 1. Ilogobxasi onepauHs Ha3LIBa-
eTCH HOpMUpOeKoll cucmems: yrxyuil. B Halllem Cryuae

lr©)=1/+2,
TIODTOMY, IPEACTABIAA HCXOIHYIO CHCTEMY (DYHKLWH B HOBOM BHE:
{l, ﬁsim, V2sin2t, },

TIOJIYMHAM MHOXECTBO (hYHKUHH, 00Pa3yIOIHX CHCTEMY OPTOHOPMHPO-
BaHHBIX (DYHKLHIA.

OBOBLUEHHE I'TIABbI

1. Ecim 1A HenpepbiBHOTO curaana f{f) pouasenena Buifopka W3 NV 3Ha-
YEHHH, TO 3TOT CHTHAN MOXHO NPELCTABHTD B BiIe V-MepHOTC BEKTOPa,
KOTOPHIH COOTBETCTBYET OflHOM TOUKE NV-MepHOro MpOCTPaHCTBA.

2. BeaudHHA CMIHATA BHPAXASTCSI HOPMOM BEKTODPA, 2 OTJTHYME ABYX CHIHA-
JI0B — PAacCTOAHMEM MeXay BEeKTopamH, CKanspHoe NpoM3BeIeHIe BEKTO~
poB — IT0 NPOM3BENEHHE TIPOCKIFH OIHOTC BEKTCPA Ha JIHHY IpYyroro.
KoaduiMenT KoppenasiiiA BhipaxaeT YTOM MEXIy BEKTOpAaMH, a TAKKE
cTeneHb MOXOXECTH CUTHANOB. YeMm Gompue no abcomoTHOH BelnylHe
KobdHIMEHT KOppeIALMHM, TeM Gosiee NoxXoxH cUrHatbl, Ecmu oH papex
0, TO BEKTOPbI, OTOGPAKAIOUIME CUTHANEI, B32FMHO [IEPIIEHARKYNAPHBI.
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3. HeoSxoauMble MaTEMaTHYECKME NPeaCcTaBNeHUs

-3. Muo¥ecTBO B3aMMEE0 TEPNECHAMKYIAPHEX BEKTOPOB, HOPMa KOTOPHIX
‘paBHa 1, HASKBACTCA OPTOHOPMUPOBAHHWM BasncoMm, BexTop MoXxHO
prutoxuTb 1o Gasuey. CocTanngIoye ICAYHAIOT C HOMOUIBID CKAIAPHO-
7O IPOHIBENEHHA. o
4. OyVHKHN0 MOXHO IPSACTABHTL KEK OREY TOYKY BEKTODHOTO NPOCTPAHCT-
© »a_c Becxoseuno GOABIION PA3IMEPHOCTRIO {NpOCTparcTRa (YHKLMI).
Tak x¢, KaK # B BEKTOPHOM HPOCTPAHCTBE, MOXHO ONPSASIHTE e¢ FOpMY,
PRCCTONHME, CKATAPHOE NPOMIBCACHHE H KOMPOUHMEHT KOPPEASLHE.
OproHOPMHDOBAHHOMY B43HCY B BEKTOPHOM NIDOCTPAHCTEE COOTBETCTBY-
€T CHOTEMA OPTOHOPMUPOBAHHKLX $yHKIEMH, N0 KOTopodt MOXeT BHTH
pa3noxeHa paccMETpHBacMas DyHKMA, CocTaRIfIoNHe ONPeaeasdIoTCA
CHANAPHLIM HPOM3BEICHHUEM.

Mpaxruveckne 388a4NT

1) Jiauwi npa rpexMepHbix BekTopa: F= (4, —4, 7), g = (3, -2, 6). TpebyeTcs naii-
TH PACCTOAMME MEXTY HUMH, HX CKaNAPHOE [IPOH3BEICHHUE U KOPOULIMEHT
KOPPENALMH, 4 TAKKE COCTABRIIONIYIO BEKTOpa f B HATIPARICHHUM BEKTOPA &,

2) Y6eauTech B TOM, YTO NEPHOIMMECKHME CHUTHanAbl, M3oGpakeHHbie Ha Puc.
3.11, ua orpeske [0, 1] B3aKMHO NePIEHAMKYIAPHEL.

A 1
_, s !
(|20
1 1 ™1,
o, L s ¢ L
T
.1 ra .,
B 2 ]

Puc. 3.1

3) Hokaxwute, ¥T0 MHOXeCTRO BYHKUMI
{l, ﬁcost, \Esim, ﬁcosZ!, \/Esinzt, }

Ha oTpe3ke [~n, ] 06pa3yeT cHcTeMy OPTOHODMHUDOBAHHLIX GYHKIMIA.

®OYHKLIUS
KOPPENSILIUU

B npeasiaylueii rnase Ml [POBEIH

4.1.
MAaTeMATHYECKYIO NOArOTOBKY M TENEP,
MCTSEMEPEH"E | HAYMHAA © ITOH I‘Jl;l:bl M(I)()YKCM cmerjm
NEHW NepedTH K II HMBHCHM‘IO NIORYUEHHBIX
NOAOEUA DYHKLINHA P p v

HaBLIKOB. B nepsylo ouepent paccMor-
PHUM (hYHKIIMIO KODDETALIMH.
Tocmorpute Ha rpauKH TemIiepaTyprl aTMOChepl IS Pa3HLIX 06-
nacrei semHoro wapa (Puc. 4.1). B Jenn, ctonune Munun, Temnepatypa
arMocchepHl B CPEAHEM TOBOMBHO BEICOKAs, B Mockee, cromuue Poccnn,
— JOCTaToIHO HH3Kas1. bydHoc-Alipec, cTonMua ApreHTHHEI, pacnoao-
XeH B HOxHoM noaywapun. IModToMy, koraa B CeBepHOM NONVIUAPUH —
AETO, B APTeHTHHE — 3UMa. DTH OCOOSHHOCTH TRKXKE OTPAXKEHBI Ha Tpa-
thukax Temneparyp arMOcephbl B 3THX ropoaax. A YTo eCJIM NONpoboBaTh
BEIMHCANTE KOGBOhUIMEHT KOPPEAAIIMM TEMIEPATYP, NPEACTABIEHHKIX

OTHMH rpa(hUKaMHM AT pa3HEIX roponos?

HaMenenne reMrepaTypbl aTMOchepsl MOXHO CUMTATh HETIDEDEIB-
HEBIM CHTHANOM. [T NPOCTOTR! MIPENCTABHM £I0 AUCKPETHBIM, BHPAXa-
IOUIAM CPEHIOK TEMTIEPATYPY KAXOOTC Mecsiua, M rlonpodyeM NpoaHa-
JW3HPOBATDL 3T0T curHan. [IpeacTabuM Temneparypy aTMochepsl HeKO-
TOPOrO ropoaa 8 BUAE (hYHKLMM [y, Tae i 0003HAuAeT HoMep Mecsina. Tor-
12 TEMIEPATYPY OAHOIO roaa MOXHO NPeACTaBUTh B BUAe 12-MepHOTO
sektopa £ = (A1, /2, -, J12). TAaKNM Xe obpa3oM TIpeAcTaBUM TEMIEPATY-
pY HEKOTODOTO APYTOTO TOpoxd B BMAE BeKTopa g = (g1, £, - 3}2). B
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4. QYHKLMA KOppenauvMn

3TOM cAyuae, COrMacHo BuipaxeHHIo (3.18) u3 rnasul 3, KodhdHuHEHT
KODPENSILMA 7 BhlpaxaeTcs Kak
12

e 2
"Il BrlBs

i=] =l

4.1y

4, PYHKLMUA KOPPENaLmm

HTak, ecnu BHMMCTHTE KOYDOULHEHTH KOPPETALIMM TEMIIEPATYD
aTMoctePhl 117 YKA3aHKbIX FOPOACB, TO Pe3Y/IETATEL MOXHO TIPEACTa-
BuTh B 8uae Taba. 4.1. {Toka MBI MMeeM B BUay TEPBYIO KOJIOHKY, [1€
npeacTaBIeHEl KOMDhUIMEHTH KOPPENSIIMH, NONYYEHHBIE B Pe3YAbTa-
T¢ U3MEPCHUA TeMniepaTypsl 110 tikane Lenscnna. Yem Goablue 3nagenne
KoathhHUHEHTA KOPPENSAITHH, TeM BBIIIE CXOJCTBO B 0COBEHHOCTAX TEM -
nepatyp. Ucxons M3 monydeHHBIX PE3YALTATOB MOKHO CAENATh BEIBOJ,
970 3HA'EHHA TeMIIepaTyphl aTMOChepsl Hanbonee 6mu3kn B Tokuo W
Henu (xosddbuunuent koppensiumu 0.97). M waubonee matexn — =
Mockse U BysHoc-Alipece.

Tata, 4.1. KozdduienTs Koppeasiiui TeMIEPaTyphl ATMOCHhEpLL
B PAa3HBIX 00/¢TIX JEMHOTO LIapa

Puc. 4.1. TpapMku TeMNepaTypsl aTMOCKhEDD B pA3HBIX TOPOAAX MWpa

6]
rc ['Fl [K]
40; Bysuoc-Afipec Henn 100 1310
L __ Tokuo g
§30 / < ~ 30 1300
..... 70
§2° T 150 1290
= : SG
- 10 - Mocxksa '\_‘ lap [280
0 .,s' ‘." 130 L
ol “lyp [210
12 345678 9101112
Bpems [Mecaubt] ;

P \ Koappaumerr koppensnn
i ! Hawepenns
: Topos Hamepenna | Hamepenns TIo TKaze
R0 ImKa e 10 LKane Kentemna
. Uemcis | apesreiira | (afcoronan
! TEMTIepaTYPa) Eeru eduﬁuaa WIMEPERUR
foxio —Mocxm | 0.1 0.97 1.00 MREMNEPGMYPS MENACCR,
- i KOP .
%Zg ~Jem . 0.97 0.99 1.00 oo ensemea!? ;
- :
syworigec | 78 0.94 100
Mocksa — Jlemn | _ 062 0.96 1.00
Mockea — 0.16 0.85 1,00
ByzHoc-Altpec
en—
ByaHoc-Alipes .87 0.96 1.00

Keratu, nomumo mkane! Henscus, cyiecTByioT n Apyrue eIHuLE]
3MEPEHNH TeMiepaTypsl aTMocdepnl. B AMepHKe, AHCIMH B NOBCE-
HEBHOM XM3HM 11151 TAKHUX M3MEPEHHHA UCNONb3YIOT Iukany PapeHreiiTa.
DM 3TOM WIKA/A TPAAYHPOBAHA TAKHM 0OGpasoM, yTo teMneparype 0°F
cooTeTcTBYET —17.8°C, a +100°F — +37.8°C. QueBunHO, uTO 3HAYEHHS
TemliepaTypsl 0o wWKane LienbcHs 0 Mo mkane (Papenreiita cylecTseH-
ko otnuuarercs. Ecau Buuncants KOO(OHLMEHT KOPPETALIMM, UCTIONE-
8yn wkany Dapenreifra, To, Kak BUAHO u3 Taba. 4.1 (sTOpast KOJIOHKA),
Mbl [IONYIHM PE3YJIETAT, COBEPLIEHHO OTAHUMHEIN OT MOJAYYEHHONO OpH
Hcno/1p30BaHNY WKAME! LeabcHs, A eCau BEUHCISHHS IPOM3BECTH 118
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4. PyHKUUA KOppenaumumu

aBCOMIOTHOM TEMIIEPATYPDi, YACTO HCNOJb3YEMOH B (hH3KKe, TO OKAXET-
cs1, 4T0 BCE KO QUIMEHTHI KOPPEISTUMM PaBHbBI L. DTO 03HAYAET, 9TO £C-
JIM 32 TOYKY OTCYETA B3ATh TEMITEpaTyDY a6COM0THOIO HyNs, TO TéMnepa-
Typa atMocgepbl B OGOH TOUKE 3EMHOTO LIApa TPUMEPHO OAMHAKOBA.
Hrak, c U3MEHEHMEM TEMITEPATYPHO LKA MEHACTCA ¥ 3HAUCHHE
ko3hdHUHENTA Koppesiuuy, UTo xe HyXHO CAENATD Al OTIPEAETIEHR
Ko3(PHUNEHTA KOPPETALMH, HE 3ABUCUMOTO OT CAHHHLEI M3MEPEHH:
temIiepatypsi? B 3TOM CIyuae HYKHO BBIYECTb CPEIHEE JHAUEHHE TCM-
TepaTypbl H3 KOMIOHEHT BEKTOpOSB, TIPEACTABAIOWMX TEMIEDATYDY.
QB03HAYUM CPETHEE BHAYECHHE KAXIOW U3 PYHKIMA fn g KaKf W g

- 12 — 1 12
f_ﬁlgl./;’ g_ﬁggf'

BbiunTas cOOTBETCTBYIOWEE CPEAHEE U3 KAXKIOIO pedyisrarta HiMe-
PEHHA, TIONYUHM HOBBIE BEKTOPHI Wi BbHIMHCACHWS KoadhuItMeHTa
KOPPeNsALFH:

£=(fi—fSo= Lo =D,
g=(8—8 88 &1~ 8
TonyueHHEIE TpH 9TOM KOSOQMHIIMEHTH KOPPELIMH MPEACTAB/ICHb!
B Taba. 4.2.

Ta6ia., 4.2. KoathduumeHTbl KOPPESISLHH, BHIYUCIEHHBIE € YHETOM
CpeaueTo 3naucHUA PYHKUHMH

KosdypHmHesT woppeaAmm
Ecau gwnecns
Hamepeinan cpediee Havete,
Topona Hameperma ;| Hamepenna 10 TKa%e xosepusuenm
00 Bk 00 HKANE Kenmaanz HE HEHACICR
Hlemcua (apesreirra | (aboomoTaas
TemiepaTypa) Kappeasyun
Toxno — Mocksa 0.95 0.95 0.95 | memnepamypyl
Tokno — e 0.87 0.87 0.87 Byawoc-Aitpeca ¢
ok — memnepamypait .
; -0.95 -0.95 —0.95 dpyaux zopodod — |
Byanoc-Aitpec ompuyameadHas :
Mockea — Jlean 0.95 0.95 0.95 )
Mocksa —
Byawoc- Alipec -0.99 -0.99 -0.99
eaw — B
ByaHoc-Allpec -0,95 -0.95 —0.95

4. QYHKLMA KOPRenaLmni

W3 Tabaunpl BHAHO, 4T0, HECMOTPS HAa PasTH4ME B ETHHUIAX H3ME-
peHuA TEMIEPATYPb, PE3Y/bTAThI BBHIUMCIEHHH KOI(DDHIIHEHTOB KOp-
peNiLMH OAHH H TE Xe. A TAKXKe BUIHO, YTO Ko3pHUHEHT KODPETs-
puu teMepatypsl Tokno H MocKBbI, I151 KOTOpBIX rpadUKH TeMIepa-

HOFO XOJd [IOXOXHM, CTan ropasao Buiue. B To xe Bpems koaddu-
[HMEHT Koppessa uuy TeMieparypsl BysHoc-Afipeca oTHOCHTENBHO JpY-

X rOpO0B ABIACTCA OTPULATEILHOH BETHIMHON. OTMETUM 3TO. He-
BHX0AMMO TAKXE 0BPaTHTh BHUMAHHWE HA To, YTO [IPH UCTIONb3OBAHMH
MeTo/1a BMUTAHMA CPEAHEro 3HaueHuA (QYHKUMH XapakTep koncba-
fnii Temreparypb! aTMocdephl, KOTOPBLi, HanmpuMep, AN MockBb 1
Menn pe3ko 0TAMYACTCA, HE MPOCMATPUBACTCH. CnenoBarebHO, €CIH
HO BBIACAHTh 0cOGEHHOCTH KoJlebaHKMH HEMOCpeACTBEHHO TEMIIE-
HaTYphl, TO METOI BHIMMTAHMS CPENHEro 3HAYEHMS HC MOAXOIUT. DT
OBOPHT O TOM, YTO NpH OMpeAcAeHHH Koa(hHUHEHTA Koppelauri
jpceraa HYXHO TiaTenbHo 06ayMath IIE/s aHAA3E.
F ScHo, 4To IpH HEODXOMHMOCTH BBIYMCISHHS Koz(upuueHTa Koppe-
BsuMH, CBA3aHHOTO ¢ H3MEHEHMEM CHTHANA, CpelHee 3HaJeHUE QYHK-
HMH MOXHO BbIYMTATe. Bo3HMKAET Bormpoc: He GYACT M eMHHIIA H3IME-
beHUs WM BENMUMHA CHTHANA BAMATH Ha KO3PUITHEHT KOpPE/ANMH.
NyesuaHo, YTO HE GYAET, OTOMY YTO Ko3(QHUMUEHT KOppe/SILIHK &CTh
lBeTMuKMHA, 3ABHCHAILAA OT YIJIA BEKTOPA, M HHKAK HE 3aBUCHT OT £I0 MO~
bryiia. U3 cootHoleHHA (4.1) BUAHO, 9T0 MTOCKOAbKY CKAISPHOE TIPOH3-
MpeieH ke ENHTCA HA KAKIYIC M3 HODM, TO pasMep BEKTOD-(YHKLIHH aB-
bromarnueck HopMHpyeTca. CleN0BaTENBHO, MOXHO BRIMHCIATD KO3(-
kb itHeHTHI KOpPeSIME PAXTHYHBIX CUTHANOB BHE 3aBUCHMOCTH OT (u-
Jasnueckix CBOHCTB CHTHANOB H HX BEJIHMMHEL

4.2 IIpH BHIYHCICHHH KO3 QHIHEHTOB
byHKu"n BMMHOW KOppenalud TeMIIepaTyphbl aTMOC(I)epr
KOPPENSILIUMK pa3HBIX YacTeld cseTa Mbl OOHAPYKHIH,

uto kKoa(pHiHEHT Koppenauun bys-
Hoc-A#peca, KOTOpbIH HAXOMUTCA B I0XKHOM [IO/IYLIIApHH, OTPHIIATENb-
HEIf. OQHAKO NOCMOTPHM ewie pa3 Ha rpadikd TeMnepatyppl Ha Pc.
4.1. OueBHIHO, 4TO X04 TemTieparypst L1A bysHoc-Ailipeca HMEET 0T-
NUUHBIA xapakTep. A Teneps obparHMcs k Pac. 4.2, rae u3obpaxeH Ipa-
tuk Temneparyph s BysHoc-Afipeca B ToM ciydae, €CJIH CABMHYTH
Ero Mo OCH BPEMEHH Ha MoJ0Aa.
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4. DYHKLMA KOppenaLmn

Fom ’ pi
Eywm—Aipemgﬂaammummmﬁn]
rcl N
40 ByaHoc-Afipec
Nenu e ToKHO
=30r —.
g
520
LE)
| =1
Z10
=
4]
—10L .
12 3 4 5 6 7 8 9 101112 §
Bpewms [Mecsiubl] H

Puc. 4.2. TemrieparypHeIe 3aBUCHMOCTH TIpH CABHHYTOH 0CH aBCLNCC

W uTo Mbi BLAKMM? OKA3IBIBAETCS, UTO XOA TEMIIEPATYPHOH 3aBHCHMO-
cri 11 BysHoc-Aipeca U na TokHo BeChMa MOXOXH.

Jns onpeneeHUs CX0ACTEa HilH PA3THUHA IBYX CHTHANOB HCMObL3Y-
OT (OYHKHirO 83GUMNHOL KOPPEARYULL

Dyukuna B3aHMHOH KOppeaAuMy ABYX MEPHOTHUECKMX CHTHANOB
f(?) 1 g(r) c neprogoM T 3anuchIBaeTes CASAYIOLUMM obpaioM:

R @=(/Ogbrdh=
=% zfz}(t)g(tft)dr

(4.2)

D10 COOTHOILIEHHE BBIPAKAET BEAHUHHY CBA3H MEXAY (QPYHKUHMAMM
Mpy CABHIe WX HA BpeM#A 1. KosdhdruReHT KOppeaaMH BHMHCAAETCS

cneayouM obpasoM:
(/) gle+x)

A= TT] )

BennunHa Ry (1) Konebaercs oT —1 no 1. KoshduumeHT B3auMHOHA
KOPPEAIHH MOXHO BRIYMCIATE C YIETOM CPEAHEr0 3HAYEHUA, TOXOOHO
TOMY, KaK 3T0 ANaN0ch A MyHKuMH Koppensanul. [1pu aToM cpenHee
3HAYEHHE HYXHO BLIYECTH 3apaHee.
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4. DYHKLMA KOPReRsLUU

HMrak, monpobyem onpeaenuts (hyHKUHMIO BIaUMHOMN KOppensiiiuu
remniepatypsl Toxuc u BysHoc-Aiipeca. DyHKIUs B3aWMHOI Koppensi-
UMK 01t TMPOBEIX CHTHANOS f;, g5 (i = 1, 2, ..., N) onpenensercs cne-
EYTOLIMM obpa3oM:

R
ng(]):vﬁz:l:f;‘ghj' (44)

Ecin temMnepaTypy cuuTaTh NEPHORHYECKON GYHKITMEH C IEPHONOM
1 ron, To 1ipy cABMre TeMNepaTypHOli 3aBUCHMOCTH HA BPCMSL T HEIOCTA-
I01LHE AAHHBIE MOXHO BOCMOTHHTS U3 APYTOH YacTH rpaduka (Puc. 4.3).

-T‘- fi P gi+j
[ £ 2y, A
W 1 TTTT- NS Tiias. qT”T i,
LE {l F vy 7
- hd j OTCUCTOB ‘ J OTCHETOR -
e L
T T e I dawnee,
Iz o 1 l..:'fv ey .

Puc. 4.3. lononnenve 1aHHBIX

Ipauk BI3aHMHON Koppenanuu mexay temneparypamu Tokno u By-
3Hoc-Aifpeca npencrasiex Ha Puc. 4.4. TTuk QyHKUMM OpUXOIHTES Ha
6-it Mecsn. M3 31010 BUAHO, YTO TIOBEAEHHE TEMIIEPATYPBI I 06OMX
TOpOJIOB MOX0XE, HO H3MEHEHIE TEMIIEPATYPbl CIBUHYTO IO OCH BPEME-
HH Ha noarofa.

Onuako npH 06paboTKe CUTHANOB PACCMATPHBAIOTCS HE TOABKO Te-
pyonHYEcKHe CHIRaNbl. ECM BENMYHHA CHIHANA B 34BUCUMOCTH OT Bpe-
MEHU He SABAAETCA MEPUOAHYECKONH (yHKUMeH, MasaidTe nmompobyem
BOCTIONB30BaThCS CAEAYIOWHM COOTHOIIEHHEM JUTH ONPEACACHUS (DYHK~
UMH B3aHMHON KOppensLuu:

Rk(t)=31—aj;’f(t) glt+1) dr.
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4. PyHKUMA KOPPENauM

[ DyHwImA 3auEOH Koppensmmm |

l

VAV

Puc. 4.4. DYHKUUS B3auMHOH KOPPesILUS TEMIIEPATYPLL TOKHO
u by3snoc-Afipeca

i
12 Bpemsa [mecsust]

s

Huaue rosops, 6epem CKanspHOE TIpOM3BEASHHE HA MHTEpBane [a, b].
Ecnu AMHHA MHTCPBANa CITHILIKOM KOpOTKan, TO CYHIECTBYET OMACHOCTD,
410 06Bb€M HHQOPMALIMH, KOTOPBIH COACPXKHTICA B CHIHANE, CIHIIKOM
MaJ1 [UTS BRIYHCACHHA KOS(DOULIHEHTA BIaHMHOMN KOPPENsSILMHA ¢ Tpebye-
MOt ToYHOCTBK0, CneoBaTeNbHO, PACCMATPHBAEMBIH HHTEPBAN NOMXKEH
OBITh AOCTATOUHO BonbiinM. TeopeTHYECKM — BECKOHEUHO DONBLINM:

Re()=lim 1 [ 1) glr+)ar (.5

OnHAaKOo, XOTs 3TC U BEPHO TEOPETHYECKH, B PEASILHOCTH DECKOHEUHO
00O HHTEpBAN BPEMEHHN (PU3HTecKH HeBo3MoxeH. [TosToMy Npak-
TUYECKH Mbl MOXEM OIPAHHYUTLCA TCM MHTEPBANOM BPEMEHHM, B Teye-
HHE KOTOporo Ko3d@HUUHEHT B3aUMHOR KOppelsiuMU BBIYHUCIAETCH ¢
TpEbYEMOH TOUHOCTBIO.

C noMoLUBIO (DYHKLIUH BIEUMHOMN KOPPENsUMA MOXHO H3MEPHTD 3a-
MA3AbIBAHHE BO BPEMEHU ABYX CHTHANOB. PACCMOTPUM BTO HA KOHKPET-
HoM mpumepe. Tlonpobyem, HampuMmep, U3MEPHTh CKOPOCTh TEYEHHA
BOXHOIO NMoToKa. J1s 310T0, KaK noxka3aHo Ha Puc. 4.5, ycraHoBuM 3ne-
KTpO4bl B BEPXHEM H HUXHEM TEUCHHAX. 3aTeM paCTBOPHM B Hadane Boa-
HOTO MOTOKA AOCTATONHOE KOJMUECTBO MOPOIIKA WX MEHBI, TIOC/E YEro
COITPOTHBIICHNUE BOJbL YBCITHUNTCH, B3T0 BHI3OBET PE3KOE U3MEHEHUE HA-
NPSUKEHHMSA Ha KaXIOM MeKTpoAe. XoTa 9TH M3MEHEHWS ABRIAIOTCA Cly-

4. PYHKLWA KOPPEnRUmMM

Anexrpon A b Bnektpos B
I 40
A MM
Rt
{ Oymeuzn xas o Koppenuumm |
0 N = ¢

e,

Puc. 4.5. M3amepenne cKopoCTH TeUeHHA € NOMOLIBIO GYHKIHH
B3aUMHOH KOppeasilHu

AHBIMH CHTHANTAMHU, HENIPABHIBHO GBI Bbl CUHTATH, YTO OHM HHKAK

e cBa3aHbl. Ha anektpone B, YCTAHOBNEHHOM B HWKHEM TeUeHHH, Ye-
PE3 HEKOTOPOE BPEMA TOKEH TOABUTLECA CHIHAI, OYEHH MOXOXHH Ha
CHrHan, HAbMIONaeMbLA Ha ANEKTpoNe A, YCTAHOBAEHHOM B BEPXHEM Te-
MeHUH. MHaue roBops, UMEETCA CBA3b MEXTY ABYMS HAGNIOAAEMBIMH
curHanami. Ecau BeIMHCIMTE (DYHKIHIO BI3AMMHOH KOpPEAAalMH 3ITHX
CHTHANO0B, TO MOXKHO Y3IHATh BETHYHHY BPEMEHHOIC 3aT1a30bIBAHMA MEX-
Xy aTuMu cHraanamy. Tlocse yero nerko onpeaeiuTh CKOpOCTh TEUSHHUS.
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4. PyHKLMA KOpRenaLnI

Muorde U3 PU3HUECKHX ABIACHHHA

:;Val-lKuHﬂ SABISIOTCS TIEPHOAHYECKHMH MPOUECca-
ABTOKOPPERSILMMN M. UTo HYXHO CIEIaTh Aasl TOro, 4To-

Bbl y3HaTb, TBIASTCA M JAHHbIA CHT-
A/l TIEPHOJMYECKMM, M ECIIM 43, TO KAKOBA BenuuKHA mepuona? Kak et
yiKe 3HAEM, ecld /(¢) — ABHO NEPHONMHECKHI CUTHAT C IEPUOAOM T, 10
fiyy=fu + nT,
e n==x1, £2, ...
st TouHoro onpeaelicHUs cyvyaiiHOro cCMIrHANA He CYWECTBYET Mo~
OGHOTO BhipaxcHHUA. JlomycTuM, 3HaueHus QYHKUHN A7) 1 3HaueHH:
(YHKLHMH, CABMHYTOH 0 ocH BpemeHu Ha =T, 227, +37, ..., I0BO/LHO
CHJTBHO CBSI3aHbBL APYT ¢ apyroM. UTo 910 o3Havaer? He o3HauaeT i 310,
yTo B (PYHKUHH f{{) CKPBITHL CBOMCTBA, XAPAKTCPHBIS 47151 TIEPHOAMCC-
Koii hyHKUMH ¢ nepuongoM T (Pre. 4.6)?

‘ 1w
"l ii i I Eemp au
1 nepyadauecxue
T jo+m
%V_JIJ ' '” “
L T
i] Dynxius
ABMOKOPPEATHUY
Rypie) HPUNUNMAET TUKGSHE

suaenn 8 mowkax nT)

Eeau y cuziana fl1)
ecimb nepuoduaHoCHh
¢ nepuodom T, mp
KOPPEATHUT MEWDY

Ry ufit+nT)

CAAHOBUIICE CUABHEY.

T 2T oF |0 © 2T 3 ¢

Puc. 4.6. ©yHKuKs aBTOKOPRENSILIHA

4. DYHEUWA KOPRENALUM

ApyriMH C10BAMH, B 3aBUCHMOCTH OT TOTO, TIOABATCH JTH [EHKOBbIE
JHAMEHHA (PYHKUMH KOPDENAMH Mexay QyHKIMEH F(f) K DyHKUMEHR
S+ 1), cABUHYTOI 110 OCH ABCLINCC, YEPES MHTEPBANDL, KPATHBIE L1E-
JIbIM YU CHAM, WK HET, MOXHO CYIUTH O HAMHYHN WIH OTCYTCTBHU Me-
DHOIMYECKHX CBOHCTB PYHKIIHM f(f).

Jlnst Toro utobbl BRITHCAHTE (DYHKUMIO KOPPENSLHE MeXay QyHKLH-
eii f{1) v QyHKuHeH f(r + nT), CABIHYTOM N0 OCH BPEMEHM, A0CTATOYHO
BOCTIONB30BATHCS METOAOM BRIYUCIEHNSA (HYHKLIMH B3AUMHOH KOppens-
UHH, PaCCMOTPEHHBIM paHee. Ho npH 310M HEOBXOAHMO YYECTh, YTO MBI
BBluMCsieM GYHKIIHIO B3AHMHON KOppedsUNH He MEXNY painHuHpIMU
CHTHAAMH, & MEXy OAHOW M TOH XKe PYHKUHSH. A 3HAUHT, BRIpakeHue
(4.5) IpUMET HOBBII BUA;

|

[Rf ©)=pim 7 76) £le+3)a 4.6)

DyHKIHA Ry(1), nMelonas B Ka9eCTBE NEPEMEHHOI BPEMEHHOE 3a-
TIA3ABIBAHUE T, HA3bIBACTCA yHKYUel asmokoppeasyui.

B xauecTse mpuMepa pacCMOTPHM HIMEHEHHE TEMIIEPATYPbl aTMO-
cgepn. Ha Prc. 4.7 npenctaBned rpacdux temneparypsl atMocqepsl B
ToKHo ¢ nouacoBbIMH U3MepeHHAMH. MUMEIT 11 NEpHOAMYECKHE CBOIi-
CTBA U3MEHCHHUSA TEMIIEPATYpHI?

al

—40

|

=30 h/

=

220

2

10

(R
O T 1 §
L : 8760 06 -72-48-24 0 24 48 72 96 |}

Bpews [acell 355,116 Jacu] ;

Puc. 4.7, PyHKLUA ABTOKOPPENSLIMM TEMOEPATYPHL aTMOChEP b
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4, DYHKUMS KOPPENsLmn

NAMATKA

fIpedcmagum crasuve ceolicmaa ghynxuti aemoxoppessyuu be3 doxasa-
MEABCNE.
U Dyukyun asmoxoppeasyui UMeem 0Ceayio CUMMEMPUID OMHOCUMEALHO

=0 Toecms
Ry(—1) = Rg(1).

(DyHKUIR 63AUMRON KODPEASL L OTBIMHO HE A6IAEMCA CUMMEMPUYHOI.)
2) Dyukyun aemoxoppesAnuis npi T = () APUHUMACI MAKCUMAAEHOE IHAYE -
Hie, KOMOpoe PAGHO:

Ry O)=pr)f =
_—Mj!.i“r:l__;"[l’\lf(t)rdt,

(DYHERUA 6IAUMHON KOPPEARUUU OObIYHO HE NPpUNUMAEM MAKCUMEILHOZO0
JHaverua npu T=0.)

Ry(v)
1712

B roay 8760 yacos (24 waca x 363 gHeil), MO3TOMY TEMNEPATYPY aT-
mochepbr 0b03HaYMM dyHKuReH f; Tae i = 1, 2, ..., 8760. Peaynbrar BHI-
yycaeHUA DYHKUHH ABTOKOPPENSLMM:

8760

N
R”’(])_B_765 ;f;fw

npencrasneH Ha Pue. 4,70, [lpasna, BplYMCIEHHA TIPOBEACHDB! C YYETOM
JONONHEHHS JAHHBIMHA, YTEPAHHBIMU B PE3YIBTATE CABUTA NO BPEMEH-
HOH OCH.

W3 Puc. 4.76 sicHo, 4TO NOCAEAOBATENLHOCTE Ry{(j) Yepes Kaxable 24
3HAYEHHA MHAEKCA TIPHHUMAECT MUKOBHIC 3HAUEHHA., ONHHM CIOBOM,

4. DYHKUMA KOPPenaLMN

CUIHAT 06aACT NEPUOAHYECKHMH CBOMCTBAMH C TTIEPHOIOM B 24 uaca,
YTO, B OOLIEM-TO, BIIOJIHE ECTECTBEHHO, TIOTOMY 4TO TEMIIEPATYPA ATMO-
chepsl B TeyeHHE CYTOK, B JHEBHOE M HOUHOE BPEMS, PE3KO OTIIMYACTCS,
HO NOBTOPACTCH NPHMEPHO YePe3 CYTKH. DTO U OTPA3NIIOCH B BUAE MEPH-
OIMIECKHX CBOHCTE (YHKITMH aBTOKOPPETALMH C TIEpHooM B 24 yaca,

| OBOBLUEHHE [TIABbI

; 1. ©yHKuuA B3AHMHON KOPPEIslMH MIEPHOIMYECKHX aHANOTOBHIX CHIHA-
¢ noBf() n g(t) c nepuogom 7 onpeaeasercs cleAyIoWHM obpazom:
¥

‘ Ry (@)= tim = [ 1) glr+7)

rie T — BEJM4YKHA CABATA MO OCH BPEMEHH.
DyHKUMA BIAHMHOH KOPPe/sIMK LMGBPOBHIX CHIHATIOB /; U g;
(=1, 2, ..., N} onpeaensietca CAEAYIOUIHM COOTHOLIEHHEM:

N
R)gb):“z.ﬁgw-
N i=l

C nomoinbio HYHKLUHMH B3IaHMHOH KOPPENALNY MOXHO ONpPeNeNHTE CHITY
CBAI3K MeXAy QYHKIMAMH, a TAKKe CTENEHD 3aNa3ibiBaHuA.

' 2, (DYHKUHS aBTOKOpPPEISILIHHE AHAIOTOBOFO CHTHANA  f{fy BuucaseTcs cne-
IYIOWIHM 00pazomM:

Ry(@)=tim [ 1) fle+) a.

C nomMoiwbio GYHK UMK ABTOKOPPETALHH MOXHO [IPOAHANIH3HPOBATE CHI -
HAT HA HUIHYHE B HEM NCPHOMHYECKHX CBOHCTB. (PYHKLIMA ABTOKOpPCHst-
UHH ABJACTCH CAMMETPHYHOR H IPH T = ( MpHHHMaeT MakKCHMAanLHOE
3HaueHue, paHoS [[f (). DyHKUMS aBTOKOPPENAUNH TUCKPETHOTO CHI-
HAaE] ONpejensactes TakuM obpa3oM:

72

RN .
Rﬂ(’)=ﬁ z.hgi+j-
=

fpaxTuyeckue sananns

1) TMpemnoxure criocod BHITUCIEHUS CKOPOCTH 3BYKA ¢ ITOMOLILIO (DYHKLIHE
BIAHMHOH KOppens uuu.

2) B Tabnntie npeiCTABACHS! 3HAYEHHS CpEIHEMECAYHbIX TEMAEPATYp ANg ABYX
roponos F v G (usmepenust npoeoaunucey yepes mecsir). CocTassTe TabnuLy
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4, PyHELMA KOPPENALAK

3HadeHHH QYHKIIMM B3AUMHOH KODPEISIMHM TEMIEPATYp atMocdiepbl Ans
060HX ropoaoB H IPOKOMMEHTHPYHTE ce. (DYHKUWS B3aHMHOH KOPpPESILHM

onpeaeaseTca COOTHOMIEHHEM:

ng U)=é§(f. —?)(gH-J _E)’

e f, g — cpenHeapudMeTHYECKUE 3MAYSHHS £ U g,.

Temneparypa [*C]

i 1 2 3 4 5 6
Mecaum i 3 5 T 9 11
Topon F (f) 4 10 20 25 20 5
Topon G (g,) 20 18 15 10 17 22

3) Hokaxwute, yTo GYHKLUMI aBTOKOPPEIALIHH HMECT OCEBYIO CHMMETPHIO OT-

74

HOCHTEALHO T = 0.

o)

PA3JIOXXEHUE
B PR ®YPLE

@panuysckuit MaTematuk @ypbe
(XK. b. K. Oypse, 1768—1830) mposos-
CIACHN AOCTATOYHO CMEJyIO 1S CBOETO
BpeMenH runotesy. CoracHo 3Toit -
NOTe3€ HE cyllecTBYET QPVHKINM, KOTO-
PYIO HCNb3s BBLTO 61 PAIIOKHTD B TPU-

HOMETPHYCCKHIE psifl. OIHAKO, K COXANEHMIO, B TO BPEMA TAKAS MAEA HE
bL1a BOCIPUHATA Beepbes. W 310 ectectBeHHo. Cam ®ypre He cMOT Npu-
CTH yDEIUTENbHBIX TOKA3ATENBCTE, 4 WHTYHTHBHO [10BEPUTD B THIOTE3Y
YPbe OUCHD TPYIHO. Oc0oBEHHO HEMETKO MPeaCTABUTS TOT (DAKT, 4TO TIpH
OKECHHM TIPOCTBIX (DYHKUHWH, TIOM0OHBIX TPHTOHOMETPUYECKHMM, BOC-

OU3BOAATCH (DYHKLIWH, COBEPLIEHHO Ha HMX He roxoxue. Ho ecam

CANOJIOKUTD, YTO MHIIOTE3a Dyphe BCPHA, TO NMEPHOAMYECKUH CHIHAN
MoBoi (HOPMBI MOKHO PA3TOKHTb Hi CHHYCOMIb PANIMYHBIX YaCTOT, UK
pe, HaoBOPOT, NOCPEACTBOM COOTBETCTBYIOLLEIO CAOKEHMS CHHYCOMI C

A3HLIMH ACTOTAMHU BO3MOXHO CMHTE3INPOBATb CHMHAA KAKOW YIOTHO
thopmbL. CrienoBarestbHo, eclii ITa TEOPNS BePHA, TO e POIL | 06PAGOTKE
EHrHANOB MOXET GBITh O4CHD BETHKA. B 3TOI [71dBe MepBbIM JIC/IOM HOMbI-
TaeMcst NPOUIUTIOCTPHPOBATS NPABKIIBHOCTb THIIOTe 301 Pyphe.

IMocmotpute Ha Pac. 5.1.

Ha Puc. 5.1a npeacrasnena GyHkius

A = 2sinr — sin2y,

KOTOpast gBAAETCA CYMMOH TpWUIOHOMETpHYeCKMX (PYHKLIWI, WHBIMM
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5. Paznoxerue 8 psag, Dypue

5. PaanoxeHwe B pag, Lypse

S(#) =2sint ~sin2s

b (f)m?sint-sin2t+-2-sin3r

Ecau nputasums
O3HD LhdzaeHe 3
o
7
-1 n_ s~ p
pwaT: 0 \/-/Zn
-n
8 . . 2 i3
Ecau euge boasiue f(1)=25mt-sm21+§s; -
LA s ...qé—sinl(}t
. ,
s e 2
- \,//O lﬂ/zn
-

Bom smodal
Tunoobpasnwii cuznan!

] fy

Fly=34-1" Zsinks
i3

S

Pon I/lo I/zu’

Puc, 5,1. CyMMHPOBaHHE YI€HOB HEKOTOPOTO TPHMOHOMETPHYECKOIO paaa

—ra g R

C/IDBAMH, TIPEACTARNEHA B BU/IE TPHIOHOMETPHUCCKOrO PAAA U3 ABYX 1ile-
HOB. [IobaBuM 0HO claraemoe U co30anuM HOBbIH DAL H3 TPEX uneHOoB

F(r)=2sins —sin2¢ + %sin3r,

KOTODbIii NipeacTaBiaeH Ha Pue. 5.16. CHOBA 106aBUB HECKOMBKO CJIdra-
EMBIX, TIOJAY4YMM HOBBIH TPHIOHOMETPUYECKHUH DAL M3 NECATH WIEHOR
Puc. 5.1g:

f(t)=2sint—sin2t + %sin3r~%sin4t + —g—sinSt—%sin6t+

+ 2si:17ar~lsin8r+ gsin‘)r—lsinl()t.
7 4 9 3
KoadduimeHTs! 3Toro TpHroHOMeTPU4ECKOro paaa 0603HAYMM KaK
by, e k — nensie yucna. Ecnu BHUMATEbHO IOCMOTPETD HA TOCTENHEE
COOTHOLIEHHE, TO BUIHO, YTO KOIM(GHLUEHTH MOXHO OITHCATD CIEAYIO-
UIMM BBIPAKEHHEM:

2
b ===,
k ( y( k
Torna GyHKUMIO £(7) MOXHO TIDEACTABHTD CACTYIOIMM o0paszoM:

Fl)= f:bk sinkt.
k=]

Koa(hhHUMeHT b, — 310 AMILIMTYAbI CHHYCOWI C YTIOBOI YACTOTOM
k. MHave rosops, OHY 334107 BEMHUHHY YACTOTHBIX COCTABNSIOLLUX.

Ha Pne. 5.18 paccMoTpeH cyuai, KOTIa BepxHItH MHAeKC kK paseH
10, te. M= 10. ¥eruuus 3navenne M a0 100, monyuum dpyEKumo /{1,
rpadK KOTopo# NpeacTaBaeH Ha Puc. 5.1r. D1a GyHKuna, 6yayumn Tpu-
FOHOMETPHYECKHM PAXOM, N0 (hopME NpUBINKASTCA K TATOOBPAIHOMY
curHaiy. M, noxoxe, runoresa Pypbe COpeplIeHHO BepHA 110 OTHOLIE-
HHIO K DHIHYCCKHUM CUIHANAM, ¢ KOTOPBIMU MBI HMEeM feio. K Tomy ke
B 9TOM npuMepe hopMa CHTHATA He MIAfKas, d BRTIOYAeT TOYKH PA3phI-
Ba. U 10, uTo DyHKUMA BOCTIPOWIBOJMTCS faxXe B TOUKAX PA3PbIBA, BbI-
LIAAHT MHoroobemaomwuM. Tpagaa, BecoKoUT TO, YTO OCTAIOTCH MEI-
KHe KonebaHWA BOAM 3K ToUeK pa3phiBa.

B ¢m3sudeckoM MHpe aelicTBHTENBHO MHOTO SIBIEHWH, KOTODBIE MOX-
HO NPEACTABHTE KAK CYMMBI KOJIebaHWid pa3muyHbIX YacToT. TUIIMYHBIM
NpUMEpOM THX ABACHHIA ARIACTCA cBet. OH MpecTaRAseT COBOIM CyMMY
ANEXTPOMATHATHAIX BOAH C UTMHOMA BonHbI oT $000 1o 4000 anrcTpem (o1
KpacHOro 1BeTa chevyeHun Ao PuonetoBoro). Bol, KOHeuHO, 3HAETE, YTO
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5. PasnoxeHue B pap, Gypbe

GG BeNlblii CBET TIPOTYCTHTh YEPE3 [IPH3MY, TO TIOABUTCS CNIEKTP H3 CEMH
YUCTBIX I[BETOB. JTO NPOHCXOAHUT MIOTOMY, YTO koatduMenT Ipeomie-
HUS CTEKITA, U3 KOTOPOTO Ce/IaHa IPH3Ma, H3MEHAETCA B 3aBHCHMOCTH OT
JUTHHBI 3NEKTPOMATHUTHOMN BOJIHBL, 3T0 KaK pa3s H ARIAETCH A0KA3ATENLCT-
BOM TOIO, uTo Benblii cBeT — 310 CYMMa CBCTOBBIX BOJTH pasIUIHON LIH -
Hbl, UTaK, OPOITYCTMB CBET YIEPE3 IPH3IMY M TIONYUHB €r0 CNEKTP, Mbl MO-
*eM TIPOAHATHINPOBATH CBOHCTBA CBET4, MCC/IEYA NBETOBBIC xoMOHHa-
win. TTo1o6HO 3TOMY, TIOCPSICTBOM PANOXEHH IPUHATONO CHIHANA HA
PAANMYHbIE YACTOTHBIE COCTABNAIOIINE, MBl MOXEM Y3HATH, KaK BO3HHK
NepBoHAUANbHbIH CHTHAN, TI0 KAKOMY MYTH OH CIE10Bail WIH, HaKOHEIl,
KAKOMY BHELITHEMY RIMSAHHIO OH TTOABEPIa/ICa. OnHWM CI0BOM, Mbl MO-
KeM TIOMYIUTb MHDOPMALHIO 119 BbIICHEHUS MPOHCXORICHHSA CHTHANA,

[Mom0BHbLIH METOA AHATIM3A HA3BIBAETCA CHEKIPANbHBIM GHANICM WIH
anaruzoM Dypoe.

CoBCTBEHHO rOBODSA, TIOATBEPKAECHAE MPABHIBHOCTH TUIIOTE3b by-
phbe Mbl YK¢ Habnoaany B 3-it rnase («Heobxopumble MaTEMATHYECKHCE
npencTaeneHns»). B koHUE 3T aBbl MbL pACCMATPHBAIH CACTYIOWYIO
CHCTEMY OpTOHOPMHPOBAHHEIX (hyHKUMH:

N, J2cost, v2cos21, J2cos3t, ., Af2sint, v2sin2s, Af2simdt, ..}

OYHKUNIO f{f) MOXHO PAIOKUTH IO ITOH CHCTEME dyHKOHHA Ha OT-
peske [, ) chaeaylowum obpasom:

F{0)= 0t + 0y 2Zcost +0p 2052 4+ 0y V20083 + .+
+ By 2sine +B,2sin2s -+, v/ 2sinde +...

K03t GHLUUEHTBE @y, By, Kak BbUIO TIOK&33HO paHce, MOXHG BHpa-
3WTh Yepes CKANSIPHBIC IPON3BEACHHUS:

o =(/ () )= [0 dr
0 :<f (e} ﬁcoskf> =5_\/%fnf (t)coskedt
By =<f(1‘), «/Esinkr) =%_12Efﬂf(r)sinktdt.

B obiem Buae QyHKINIO A7) MOXHO MPEICTABUTD CICAYIOUHUM ob-
pasom:

5. Pasnoxenve 8 pag, Gypre

f(f)‘—‘% +a|008t+a2¢os2t +aycos3f +...+
+bsint-+bsindt chgindi+,.= | o
:%+§(¢kcmr+gﬁm) -
=]

Koadduuuents! ay, g, by Ha3KBAWT koagduyuenmamu Pypse, a No-
Ao6Hoe TipeicTaBneHue (DYHKUMH HA3LIBACTCH pazioxceHueM @ pao ,d>ypbe
WHoraa rakoe npeAcTaRIeHUE HASLIBAIOT JelicmeumenbHbM pasToXeHHEM 1;
pin Dypre, a KosdpULMEHTH — REHCTBUTENBHBIME KOSGMDHLLHEHTAMH
Dypbe. TepMUH «IeHCTBHTENBHBIH» BBOIUTCH 4JIs TOTO, YTOOHl OTIMYHUTE
TIPEACTABJIE HHOE PAATOKEHUE OT padIOKeH U B sl PyPLe B KOMILIEKCHOMH
(Popme, © KOTOpoM Mk Gyzem ropopHTh [i03xke. Kak yxe 6b110 cKasaHo B 3-
A rnase, MPOU3BONBHYIO (GYHKUWIC MOXHO PAVIONKHTH 110 CHCTEME OPTOT0-
HabHbIX PYHKIIMH, sake eciti GYHKUHM K3 3TOH CHCTEMBI HE TIPENCTARIS -
HOTCA B BHIE TPHIOHOMETPHYeCKoro pasa. OOBMHO Mox pazIOXEHUEM B
paa Qypee NonpasyMeBacTCA PalioXeHNE B TPHIOHOMETPUYECKHH Do
Ecnu koadrduupentsl Dypbe BRIPasuTs Yepes Gy, Oy, Br, MOTYIHM; '

2 =204 =—1’Efﬁf(r) dt
4 =20 =%fnf(r)coskrdr
b, =28, =% [ r()sinkeat.

Mockonbky npu & = 0 coskt = |, TO KOHCTaHTa 2¢/2 BHPaXaeT 0B
BUI, KO PHUUEHTA g Tipn £ = ().

a =1 [ fO)oosksar (k=0,1,,..)

1 L
b *‘ﬁﬁf (sinkrdr (k=0,1,2,..) (5.2)

B cooTtHomeHuwu (5.1} Kone6anue camoro GoibLioro IeprHoaa, Ipea-
CTaBNEHHOE C}iMMOﬂ CoSt 1 sin?, Ha3bIRAKOT KoJie6aHHeM OCHOBHOH YacTo-
TBI WM nepeoll eapmonukol. KonebaHHe ¢ mepuoaomM, pagHsIM T1OT0BHHE
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5. PaanoxeHue B pan Pypbe

OCHOBHOTO [1EPUOAA, HA3KIBAKT gmopod eapmonuioid. KonebaHHe ¢ nepH-
OZIOM, PaBHBIM 1/3 OCHOBHOIO NEPUOAA, HA3LIBAIOT MPerbeli 2apMOHUKON
u .. Kak suaHo U3 cootHolucHHA (5.1) gy aBngeTcs noCTOAHHOMN BETH-
YMHOM, BRIPAKAIOLIEH cpeHee 3HaueHue pyHKuIH f(f). Ecmn dynxuws
J(#) TipencTanmAeT cob0M ANEKTPHYECKHIT CHIHAN, TO gy MPEACTABNACT €ro
NOCTOAHHYIO CoCTaRTsouy0. CHEA0BATEINBHO, BCE OCTANBHBIE KOMDdH-
uHeHTb! Dypbe BbIpAKAIOT €T0 NIEPEMEHHBIE COCTARIAIOLIHKE.

Ha Puc. 5.2 npencTaBjleH CHrHAI M €10 PaanoxXeHHe B paa Pypre: Ha
MOCTOSTHHYIO COCTARAIONIYIO H TADMOHUKM pasIHyHBIX Yactot. Bo ape-
MEHHOI# 0BIacty, Tae IepeMEHHON BETHYMHON SBISETCS BpeMs, CUTHAT
BhIpaxaetca (yHkuHei f{f), 2 B dCTOTHO# obiacTy, rae MepemeHHoH
BEJTHUMHOM SBAAETCA MACTOTA, CHIHA MPECTABILIAETCA KO3 PHHeH-
Tamu Gypee (g, by).

MepBas rapMOHMKA ARISETCA MEPUOAUYECKOH (yHKIMeH ¢ nepuo-
oM 2m. Tlpoune TapMOKHKH TAKKe MMEIOT NEpHOA, KpaTHelid 2. Hexo-
Jis1 K3 3TOTQ, TIipY (JOPMUPOBAHWM CHTHANA H3 COCTABASIOMMUX pana Dy-
PBE Mbl, ECTECTBEHHO, MTOMAYIHM TEPHOAHYECKYIO QYHKIIHIO C NEPHOIOM
2. A eclld 3TO TaK, TO pasioxeHne B pax Oypee — 310, cOBCTBEHHO TO-
BOp#, CNocod NPeACTABIEHHSA MEPHOIHYECKHX byakmit.

Paanoxum B paj Dyphe CHTHAT YacTo BeTpevatoweroca suga. Ha-
OpUMEp, PAacCMOTPUM YIOMSIHYTYIO PaHEe THICODPA3HYIO KPHBYIO
(Puc. 5.3). Curnan tako#i (hopMbl Ha OTPE3KE —T < [ < 7T BHIPAKACTCH
dyHkimeit ff) = ¢, O3TOMY KO3 GUUHEHTh! (DYPBE MOTYT OBITH Bbipd-
JKEHBI CeIYIomHM 00pasom:

1 1[tsinkt  coske ]
a, —Efﬁtcosktdt—ﬁ[ r 2 jL—O k=0,1,2,..)

. T
b, =%fntsinktdt=—1£|:—tcfkt + Sl!?ft], =—%coslat:

:(—1)‘*‘% {k=1,2,..)

CnenosateibHO, (PYHKUHIO f(f) MOXHO TIPEACTABUTh CASAYIOLIMM
pAIOM:

. 1. 1, 1.
f(t)—l(s1nt—551n21+§s1n3t—zsm4t+...J
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5. Pasnoxenue B paL, Oypbe

& Tocrommras
- 1o —] 1/2ay COCTARINIGIAN
-
0 in f
o] Mleead
ApMORHKA
ay cost
— "y t
by sint
N
0 N
2] Bropas
TAPMOHMKA
ay cos2t
i !
0 n
by sin2¢
ﬁl Bo spevenaoil vfsacru — fit), ~0 ™ !
a 8 wgcmontioli — (ag, by}
o g e
a3 cos31
~in !
aj bysin3¢
2 3 4 .. t
I a|2 I a g "
asz
[ Yetnepras
b '_| TapMOTEAKA
a4 cosdt
!
() .m 0 In
| 73 by .. by sindt
1 |3
o1 2 3 4. k 0 I :
i

Puc. 5.2. Pasnoxenue CUrnana
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5. Pasnoxenve 8 pag $ypee

5. Pasnoxenne 8 pag OypLe

fty

wm(-ngrsn)
A
A VL,
~T.

Ecau paziomenmys 8 pad WMJ

L
HYisicn

Puc. 5.3. Curtan nuioo6pasnoit opMbl

B nauasie raasm Ha Puc. 5.1 mal yke CYMMUPOBAJIH MEPBhie YACHBI
STOTO pANa H YOEMWINCE, YTO MO MEPE YBEAHUEHHA YHCHA CITArAcMbiX
CYMMa TIPHOMIKAETCA K paccMaTpHBaeMoi Nu00bpasHoit GyHKIHH
F(#). Mitak, nonyueHnas dopmyna ssasercs PasnokCHHEM B pag Dypre
TIMT00GPA3HON TIepHOANYECKO#H BYHKITHM.

wn
Dopmyan anmezpuposauun uo sacmam APTANKA

ol =ule ol - fule )il )

~ NPRMEP

Pasjoxure B prin Qypoe dyrrimo f(7) = l¢! Ha otpeake [—r, n)
Peenue: T

~r_ 4 I I
1) 3 n(cost+§cos3t+2—5cossr+...]

fly
fa=|t|-ngism

- -x Ol T 2
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5.2, B mpuMepe, PaCCMOTPEHHOM BBILLE, [IPH pazio-
YETHAN KeHHH B psin Dypee NHI006paIHOH QYHKIHY BCE
MHEYETHAR  cllaraeMbie, ColepXawHe KOCHHYChL, HCYEdIU 1 oc-
GOYHKLIUM TAIKCh TONBKO CraragMele, coaepxaline cHHychl. B
TO XKe BpeMs TIpH PaxIoXeHHH QyHKiHH f(1) = lf| B
pan @yphe BCe CIATAEMBIE, CONEPKALIHE CHHYCHI, HCUEITH U OCTANIHCH
JIFIB CTIATAEMBIE, COTEpXaLMe KocHHychi. [louemy Tak TIPOHCXOANT?

ObpaTHTE BHUMAHHE HA TO, YTO GYHKIFSA () = |t| oBnanaeT cnenylo-
IHM CBOUCTBOM:

fH = f(-9,

TO £CTh OHA CHMMETPHYHA OTHOCHTENBHO OCH OpAHHAT. Taxas dyHKius

HA3BIRAETCA HeHmKoi.
MuioobpasHas dyHkues (Pac. 5.3) 00nanaeT 1PYTHM CBOACTBOM:

fy=—f=.

Dr1a GyHKUMA CHMMETPHYHA OTHOCHTENBHO TOYKM OTCUETA. Takas
(VHKUMA HadbIBaeTcs weywemuod. Puc. 5.4 TMOsCHACT pAasHULLY MEXay

YeTHOH H HEYETHOH (DYHKUHAMH,

Puc. 5.4. Yetnble 1 HedeTHHE GYHKUIWH

OveBuaHo, uto coskf (k = 0, 1, 2, ...) — 4eTHas QYHKUHA, & sinkf
(k=1,2, .. ) — HeuerHas (Puc. 5.5).
Bo3pMeM ONpeAeieHHBIH HHTETPAT OT NPOKM3BEACHA yeTHOM (yHK-

A f(f) ¥ HeYeTHOH GyHKuMH g(7):
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5. Pasnoxehue 8 pag Gypoe

Lr0e@a=[ re)gbat [ r()el)ar =
= regbota[ (0 el) ar=
=[O+ [ /) ) de =0,

HONHFITHO, 4TO CCAM MPOMHTErPUPOBATE TIPOMIBEAEHUE YETHOR M He-
UETHOH (PYHKUMH Ha OTpeaKe, CHMMETPHYHOM OTHOCHTENbHO HAYANA
KOOpAHHAT, TO 3HAYEHHE MHTErpaia paBHo ().

C.TIE,IIOBa']:eJ'IbHO. €CAN CHIHAN f({) ABAACTCA YCTHOM dyHKumeit, To,
NOCKOMBKY sinks — QYHKIINA HeYeTHAS, MONYIHM;

b, =%fnf(r)sinkt dr=0 (k=1,2,..).

Ecan xe (I)UYHKHHﬂf(t) —— HEUETHAA, TO, YYHTLIBAA TO, YTC COS kf AB-
JIAETCs 4eTHOM (hyHKUMCH, TORYUHM TOT XKe pesyabrat (Pac, 5.5);

i
a, :;fnf(r)cosktdt:() (k=0,12,..).

OTciona MOXKHO ¢/le/1aTh BBIBOJ, UTo

pan Gypee deTHO# DyHKUNH COICPXKHUT TONBKO KOCHHYCHI,
a psia @ypee HeveTHol (yHKIUM CONCPXKHUT TOMLKO CHHYCHL.

=)
= aj N\ a
\VA R VAR \/I0 N
cosks — wemuan ;

e
L [ j(wmnan dyukyus)  (nesermsan gynriun} dt =0 }

—a 3
H
i

Puc. 5,5, Wnrerpuporanuc NPOUIBENCHHA IETHOW U HENCTHOH (YHKLMA
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5. Paanoxenue B pap, Pypbe

Ho 3Toro MOMEHTA Mbl paccMaTpHBANH

5.3.
KOraA NEPHOA (hyHKUMIO MepeMeHHOol f Ha oTpe3ke [—m, n]. B
HE PABEH 2n cliyyae MepuogHYEcKOTo CHUrHana ¢ IeprHofoM

21 Mp Gpanu 3TOT MHTepBal 33 OCHOBHOH, B
ob1leM cTydde MEPHOLHYSCKOTO CUTHANA ¢ TleprooM 7 [IpH pasioxe-
aud B pan Dypbe MbL L0OKHBL MCIOAB30BATE MHTEpBAn [—T72, T/2].
Eciu uuTepBai [—7, 7] PACIMPHTL (WIH COKpaTWTb) RO WHTEpRANA
[~7/2, T/2), TO v NepuoA MepROH rAPMOH KH YBCAHUMTCSH (M YMEHB-
wutea) ot 2x 1o 7. MocKoasKy KpaTHOCTD ITOTO 11peofpaseBatus pas-
Ha T/27, 10 COCTARMSIOLINE TIEPBOH rapMOHWKH MPUMYT BHI:

cos 211:[ sin 2nf

S 7!
JIns cocTaBasloMX £-7 TapMOHHKK MOXHO 3aMHCATE!

2n . 2m

CosSkr  sin— 4t

T T

CenoBaTenbHO, eci GYHKIHIO f(1) pasnoxuth B pat Pypbe Ha HH-
Teppane |—7/2, T/2], nonyyum:

= 2 (2
rle) -—-92& +k§{ak co{?nkt ]+b,, sm[Tn kt ]} (5.3)

Ecau 0603HAYMTE YIJIOBYI® HacTOTY 4cpe3 (y, TO, MOCKOJIBKY My =
2x/ T, pelpaxeHue (5.3) MOXKHO 3aMHCATh W B TAKOM BUAE!

5.4)

f)= ';—“ + 3 fa, cosckt + bsinayke}
k=1

B cooTHouweHHH (5.2), onpeneisionem KodbguuueHts Dypre Ha
oTpezke |—x, x|,
1

@ =Efﬂ fle)coskeadr.

MpOU3BEAEM 3AMEHY MEPEMEHHON
= Wy,
a TakKe — 3aMely 0Tpe3Ka, Ha KoTopoM DepeTes HHTErpai
[—m, w] — (-T2, T/2).
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5. PaznoxeHue 8 pag ypee

5. PasnoxeHus B pag Oypbe

OctaBus HYHKLMIO f(f) 6e3 UIMEHEHMS], OAYYUM
T2

a, =% JF@)cosyke dt (k=0,1,2,..)
=T

AHATOTHYIHEIM 06PA3oM BRIBOIHTCA CleAVIOMIEE COOTHOWEHHE:

72
b =% Jre)sinayke dr (k=1 2,..) (5.5)

T2
5.4. CurHaibl, KOTOpble NPeICTABNAIOT (H3M-
PA3NOXEHUE HECKHME BEIMYHHBI W B JANILHeHeM rmozpepra-
B KOMMJIEKCHbIA 10TCA 00paGoTKe, HMEIOT 3HAYEHMA W3 06ACTH
PSI} ®YPLE AEACTBHTENBHBTX YHCCN (HATIDHMED, CHTHAIBL,

PETHCTPHPYIONTHE HAMPSDKEHNE, TEMIIEPATYDY,
3BYKOBOE AaBAeHue). [To3TOMy, eciiu Mbl 3aBeeM DA3TOBOP O KOMILICKCHBIX
HC/IAX, TO, HA TIEPBBI B3M1AA, 3TO MOKAXETCH CTPAHHBIM. OIHAKO, ccau
MCTIONB30BATE PARIOXKeHHE B psinl Pypue B KOMITIekCHOH OPMe, 0 HEM peyb
TOHIET HHKC, TO (GOPMYNA 3HATHTEIBHO YIIPOCTHTCA, TAK KAK B Heil He Oy-
ACT TPHIOHOMETpLIYECKoTo pada. K Tomy xe B civiae obpaBotku CHrHana,
MPEACTABIEHHOTO KOMIUTEKCHBIMH HHCIAMM, MBI CMOXEM MCNOTLIOBATE
€10 MPeICTaBIEHUE HEMOCPENCTBEHHO, 6e3 H3MeHeHu, Bonee Toro, ecm
#3bIK TIPOTPaMMUPORAHHS TI03BOMSIET HCIIONB30BATE KOMIUIEKCHBIE UHCIT,
TO NpOrpaMMy MOXKHC 3A1IMCATh B OYEHD MpocToM Buie, [109TOMY Bechma
TIOIE3HO OCBOMTD pavIoKeHHE pana Pypee B KOMIUTEKCHOI BopMe.

5.4. 1. Maremaruyeckne onepeLn ¢ KOMILIEKCHLIMY YHCAIMY
KomniekcHoe uucio z Beipaxaercst Kak
z=ao+/8,
TIe / — MHUMas CEHHULA, OlpeneaseMas KaK

j=v-1 (5.6)

HasepHoe, uMTaTels MpUBBIK K 0603HAYEHMIO MHHMOI €AVHUIBI
3HakoM i, Ho neno B ToM, 4To 3TOT 3HaK HCTIO/B3VETCA AJIA 0D03HAYEHHA
JEKTPHUYECKOTO TOKA.

Janbure 6yzeM TpHMeHATH Clenyowue 0bo3HATEHUS:

O, — AeHCTBUTENBHAS YaeTh KOMIUTEKCHOTD YHCHa 2, B — ero maumMasn
qacTh T. e,:

: o. = Re(z), B = Im(z).

86

Ha Puc. 5.6 mokazatio niobpaxenue yucaa Z Ha KOMIUTEKCHOR TL1O-
CKOCTH, IjIe Ha OcH abCcLHCC [TPeACTaBleHa ero AeHCTBUTENbHAA YacTh, 4
Ha 0CH OPJMHAT — €T0 MHHMMA# YacThb. Benvunua |z]

’z’ =\jocz +[32

Ha3bLIBAETCH aficoArOMHOlE 6eaudukol, Wia Mody1em YMCNA 2, &

B

L7 = arctga — €ro apzyMenmom.

(MuuMan och)

i} Re .
cHCTBHTE/IRHAN OCB) | ¢

Puc. 5.6. KomiuiekcHoe [peacTaBicHMe Ydcen Ha fIoCKoCTH

KoMTuteKeHbie ducia z = o + /B u 2= o — /} HadsIBAIOTCA conpacen-
Houmu komnaexcuvimy (Puc. 5.7).
TIpoBephbTe CAMOCTOATENBHO, YTO

2,2y =Z'F,.

In Conpamernsie
SOMITEKCHME SHCIA
z=a+jp
Bl 1
0 o ke
B R Z=a-jB
;
H

Puc. 5.7. TlpeactapnenHe COTIPSDKEHHBIX KOMMIEKCHBIX YUCEN
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5. Pasnoxetne 8 pag Dypoe

OYeBHIHO, 4TO
z+Z=20=2Re(z)
7-Z=2B=2Im(z)

zZ=(0+ /)0 jB)=of +§° =z’

KcTartu, o6parite BHHMaHEE Ha TO, YTO 3HA4eHs z° 1 2] oTnmuHbL.
Hanpumep, ecnuz=j, 1e. o =0mnB=1,710 22 = -1, 1oz’ = I.

IycTh HEKOTOPas TOYKA PACTOICKEHA HA ETHHHYHON OKPYRHOCTH B
KOMIIEKCHOH INOCKOCTH TAK, YTO NPAMAas, COEIHHAIOMAS €8 ¢ HAYA-
JIOM KOODPIHMHAT, 06pa3yeT ¢ ACHCTBHTENLHOM OCBIO YTOM O, KaK NoKa3a-
Ho Ha Puc. 5.8, KoopauHarbl 370l TOYKH MOXKHO BRIPA3HMTh KaK

cos8 + Jsind.
HaeectHo, yro

| e® = cost + jxin@ | (5.7

3ra hopmyia HA3BIBAETCH gapayroii Hiisepa, A € IBIAETCA OCHOBAHN -
€M HATyPaTbHOTO JOTaPHGIMA W ONPENENAETCS CEAYIONHM 00pa3oM:

€= liil[“_%f] =271828..

Im
Dopuyna Jiisepa
| .
0 - .
""" :e e-’eﬂggs& +sinf
. ! 1ei®| =1
sme{ f o=
l O RE - L)
B cosd
] :

Pue. 5.8. Tpaduyeckas unawctpauns dopmyntl Diinepa

Ha nepBuiii B3rnsa cBA3L MeXay € H TPHIOHOMETPHYECKHMY byHK-
UHAMK B opMyse Ditnepa KaxeTcs cTpaHHo#. OaHako, OflyCKas mo-
ApoBHOCTH, paanoXHM B pax Teiinopa Kaxayio U3 dyaKuuil cos H sind:
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5. Paanoxenue s paa, Gypoe

¢ o ¢
COSB=1“T+ﬁ—a+...
, ¢ 6 ¢
Slne=9—§+ﬁ—i+...

o,
AHAIOTHYHBIM 06paloM MPEICTaBHM €'

e =1+—!+(',.2L1)2+~(P§f)i+—(’%)i+...=
¢ ¢ ¢ (&6 0 )\
=1—"'2"!'+E—a+...+_] 9_?4’"5""—?4’ =
=cosb + fsind,

970 M 10Ka3biBaeT BepHOCTh hopMyabr JHaepa.
Mo onpeneneHMIo, AGCOTIOTHAA BETHYNHA WA e
le® =1,
a apryMeHT
zeP =9,
M3 31010 CleMIyeT, YTO IPOH3BOIIBHOE KOMILIEKCHOE UHeno Z (Prc. 5.9)
MOXHO TIpeACTABHTE B BHAE:

2= e’
Im .
z ¢ z-—3meMF O *
7 yuenmcnad 82| pas,

N, - niparoMyZ=|z |/
A . .
//

TAS

0 £z o Re
§
1
i

Puc. 5.9. BolpaxeHHe NpOH3BOABHOTC KOMIUIEKCHOTO YHCa e
Jepe3 MOLY/lb H apTYMeMT
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5. Paanoxenue B paa Mypbe

5. Paanoxenve B pag Oypee

NAMSRTKA

Hexoda uz dopmyasn Jittepa, mpuzonomempuieckue HYNKUYLE MONCHO Bbl-
pasums cACQYiomuM ofpasom:

Ty
cog= . t€
2

B_ R
sing= f"
2

Hodymaiime, nowemy?

Ecnv uenonn3osaTh Tako# criocob npedcTaBleHus, TO JICTKO Bbipa-
3UTh [IPOH3BEACHUE KOMIUTEKCHBIX yucen (Puce. 5. 10):

z, ~12=|z||e j"‘-lzzle J423 :lz]ilzz'e j[aﬁaz).

[ Voeiomenne kommrexcam wnces )

""‘GE‘[ - ’ m" _ =
ronpoabeEnEe |2)1x 15,
EpTYMCHT — S0 CYMeE L) ¥ £2)
P eSO . -

L3

Re

Puc. 5.10. YMuOXKeHHE ABYX KOMNIEKCHBIX YMCEN

AHAROIrHYHEIM 06paszoM NpeJCTABUM YACTHOE OT JeIEHHS ABYX KOM-
miekcHbix yucen {Puce, 5. 11):

2 =ﬂ ei(lzl—lzz)
z, {22

B oTinupe oT onepauxi ¢ KOMIUVIEKCHBIMH YHCIAMH BBIYMCTCHHE
IIPOU3BENEHMS HWIH 4aCTHOTO OT NETEHUS TPUTOHOMETPHUYECKHX PAZOR
OBUIC OBl QYEHD 0OPEMEHHITENBLHBIM.

20

lm [ ,Ill’_'lelﬂie KOMIUVIEKCHRX YHCET J
7
* AGCOMOTHAA BEAYHHE — *
szl A /21 a0 {z) |/
4 p 2pFYMEHT — 3T0 PAIHOCTh
| Lz-Lz
v 1211422l d tmea .
\‘. ; z
N7 ',‘ \£ 2y
b &
o m Re ‘
Lz-Lz3 H
3

Puc. 5.11. [leacnne aByX KOMTJIEKCHBIX MHCEN

5.4.2. Paznoxenune B KOMANCKCHbIA PAR Pypse

Hraxk, BepHemcd K TeMe paznoxenus B paa Pypoe. C camoro Hauana
OCHOBHDBIM [IPHHUMIIOM paanoxeHud B psil @ypbe 6610 paznoxenHe fno
cucreme QYHKUHI, CBOMCTBA KOTOPBIX OBUIM XOPOLIO M3BECTHH 3apa-
nee. Hcenenyem caenyiomylo cicTeMy hyHKUHH:

{., e e 1 e¥ e/, y={eM k=0, %], %2 .}
3amMeTHM, 4TO;
e = cost + jsiny,

NpuIeM ¢ 0TpaXaeT MOJoXKEeHHE TOUKM Ha ¢AWHIYHOH OKPYKHOCTH B
KOMTLICKCHOI ImnockoeTH. ToUKa TBHKETCA 110 OKPYAKHOCTH NPOTHB ya-
COBO#t CTPEJIKM ¢ YTIIOBOH cKopocTsio 1 paa/c. [TogobHo 3Towy e or-
paxaeT MONOXEHNE TOUKH, ABHXKYHICHCSH C YTIOBOH CKOpOCTBIO &k pas/c.
Eciu Ml BO3BMEM MMOKA3ATENh CTEMEHHM CO 3HAKOM ¢—», TO (hyHKIHs
e GyNeT oNMCKIBATE TOUKY, KOTOpas JRHXKETCS C TOH Ke CKOPOCTbIO,
uto 1 e/, Ho B npoTUBOTIOIOKHOM HanpaBlenuu (Puc. 5.12).
KpoMe Toro, NoCKonbKy

&7 =cos(—6) + Jsin(—6) =cos(0) — jsin(@) = e—!’;,

TO CTAHOBHICHA MOHATHO, 4TO ¢ n e’/™ spnsorca coNpaKeHHBIMH

yHKUHAMH.
J1.1s Toro YTOBH! y3HATE, 00pa3yeT 14 3adaHHas CHCTeMa QyHKUWH Ha
oTpe3ke [—R, &} CHCTEMy OpTOrOHANBHBIX QyHKLUNRA, HEODXOIMMO BHA-
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5. Paanoxenue e pag dypoe

im
I - ” N . -
gkt o gy %! _ 570 TOUKN,
KOTODHIE ABUXYTEA B
TIPOTHBOMOAOKHEX
HBRPARAERHAX 110
. kt Re CIHHUHHO DXPYKHOCTH
-1 O —kr 1 . -

[

Puc. 5.12. Uto Takoe e y ¢~

4ane [poU3BOJILHO BelOpaTh aABe (DYHKHWH M3 3TOH CHCTEMbl M BRIYHMC-
JIMTBE UX CKaAPHOE MPOH3BEACHHE.

KcTtatd, ckanapHoe IipousBegenne GYHRUMA f() 1 g(f), 3Ha4eHus
KOTOPBIX €CTh KOMILUTEKCHDBIC YHCIA, CIEEYST OIpERLIUTE B TAKOM BHAC!

(£0) &b} —ff(f )g(r) .

3aMeTHM, 4TO BIIOAHE ECTECTBEHHO OpaTh 0xHy U3 (GYHKLMI comlps-
KeHHo#. Eciu 271010 He caenath, TO TEPSETCS CBA3h MEXIY HOPMOM u
CKABIPHBIM TipoH3BeneHieM. HopMa dyHKUMKM Yepes ckaigpHoe npo-
H3BENIEHHE BBIPAXKAETCS CNCAYIOUIMM 0BpasoM:

(0L W)= [ T de = 1/ () ar=
=l

Cre10BaTe/IBHO, CKAISAPHOE NPOM3BENeHNE IBYX TIPOM3BOILHO BE-

OpaHHBIX DYHKIHA 13 cuereMbl dyHkmuit {e*, k=0, 1, 2, ..} Beipa-
KAeTCs KAK

(e""’”,ef"’>=§ifpel'"'f¢7dg:Tzﬁpej’"’e‘f”'dt:gifnef(""")'da

Htax,

R

5. Paanoxenne 8 pag dypee

WRAPTARKA

Hnmezpaa noxazameavnoii diyrkuyru

ar _l ar
je df‘ae {a=0)

a JHAYHT, IpH M = A

e,

éj(m#z}n _eAj(m—rz)n}_
2j(m—mm h

T m— n)n: 2j

=—1—Sin(m—n) m=1.

(m—mmn
Ecnu c4¥TaTh MHUMYIO eAMHALTY OOBIYHON KOHCTAHTOM, To MHTErpH-
POBAHWE KOMIUTCKCHOTO YHCIIA HE IPEACTABIACT TPYAHOCTH.

I
i

Wtax, B pe3ynsTaTe MEI HOMyaM, 9T0 Npwt 77 # 1, {e™, e/}

B cnyuae, xorga = n, =1,
NO3TOMY

(e, o)=L tar-

To ects {e/™ /Y =8, (m, n=0, £1, 2. ..,
TAe 8, — PACCMOTPEHHBI paHce cuMBOI KpoHekepa.

Kopoue 2060pa,
Mo XOmus t}um;amh
OPRIOHOPMUPOGURHOLMb
Lurmenn YRk

CieaoBatensHo, cieTema byukunit (e, k=0, £1, +2, ..}

Ha 0Tpe3Ke [T, ] 06pasyeT OPTOHOPMUPOBAHHYIO CUCTeMY (hYHKIIHIA.
A 3HAYHUT, Mpou3BoasHaA QYHKUEHSA () MOXeT ObITH NPEICTABICHA 10
ITOM CHCTEME CNERYIOIIMM 06pa3oM:

(5.8)

370 U eCTh padlokeHne B KOMINEXCHEI pag @yphbe. Kosdduunen-
Tl C; HA3BIBAIOTCS KoMraekcrHbiMy Koadpuyuenmamu Oypse v, opobHO
AERCTBUTENBHBIM KO3 hHLMenTaM Dyphbe, BRIMUCAAIOTCA KAK CKaNsip-

HOC fIpoM3BencHue f() 1 e Toects

=(flhe™)=o- " rle)ean (5:9)
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5. Pasnoxexue B pag Dypee

Ecnu nepyoa iyHKIIMH He paBeH 2x, a, HanpHMep, paBeH T, To moy-
IUM cliefyroutee 0bimee BhlpakeHHE 1A KOMILIEKCHBIX KOG hHIHEHTOB:

f(r)=kickem

(173 .
Co=z | Fl)e™™dt (,=2m/T) (5.10)
I'_:,;,2 o

QOtpariTe BHUMAHHE HA TO, YTO Koa(pHuueHTo C; ABNAIOTCA KOM-
TUTEKCHBIMM YHCAAMH.

Kakas ceaab Mexay KOMILTEKCHBIM U I HCTBHTENBHBIM pragamy MDy-
poe? B komIvexcHbld pag ®ypbe (5.10) MOACTABHAM BbIPAKEHHE KOM-
IIEKCHOH IKCIIOHEHTHl Yepe3 CHHYC M KOCcHHYC mo opMyte Jitnepa:

T/2
C, =% J £} cosopkt - jsinoykt) dt =
-T2
| 72 | ™2
== [F()cosankedi— i [ 7(e)siney ke dt.
T -2 2

EcnH monyyeHHEIH Pe3yIsTaT CONOCTABHTE C BADAKEHHAMM (5.5) u
(5.6) (dopMynrr ana qeAcTBHTENBHEX Koadduunentos Oypee), To cTa-
HOBHTCH MOHATHO, 9TO

Lo .
Sla-ib)  k=12..)

¢, ={1
y %”" (5.11)
E(ak +jb) (k=-1,-2.)

Hs3 aroro cootHoleHHs BHAHO, 9T0 KODUIHEHTH C; ARTIAIOTCA CO-
NpsDKEHHBIMK OTHOCUTE/IBHO COOTBETCTEYIOLIMX MM KoadbHuuentop C_

(5.12)

ClenoBaTensHo,

IC_d=1Cd
éC_k = —ACk

5. PaanoxeHue s psg hypbe
MHoxecTBo a6COMIOTHBIX BeNMuuH ko3dpurmeHToR C; k=0, =1,
2. ..)
ICul= NG b (5.13)
=Y

2
Ha3bIBAIOT CHEKMPOM AMAAUMYD, A COBOKYITHOCTD apTyMeHToB )

20 = arctgf:—* (5.14)
L

— cnexmpoM Pas. MuoKecTBo BenuunH |Cy? HABBIBAOT CrEXmpom Motno-
cmu. ClieKTp aMILTMTY. NOKA3BBAET, KAK BEMHKA COCTARIIONIAs KBKIOH
IapMOHHKM BHYTpH curHanta. [lpm aHanMse cHrHaza obeiyHO BoOMblLEE
BHHMAHHE VACIAIOT CNEKTPY aMIUIHTVA WIH CHEKTPY MOUIHOCTH, YeM
criekTpy ¢as. KcTaTn, saMeTHM, 4TO, MOCKOABKY Ko(hhHUMEHTH C), u
C_; B3aMMHO CONPSDKEHB, UX CTIEKTP MOLIHOCTHM M CIHEKTP aMILTHTYH
HMEIOT CHMMETPHIO OTHOCHTeLHO k = (. Ha Pue. 5,13 Hzo0paxen nipu-
Mep pasiMIHBIX YACTEH CIIEKTPOR NpeacTaRieHHa HEKOTOpPOro CHTHAA.

Komnnexcreie koadbnunents Pyphe ¢ YaeToM aMILTMTYIb ¥ a3kl
MOXHO 3AIIMCaTh B CASAYIOUIEM BHIE

Ck = |Ck'eﬁpka
Ine
¢r=ZLCp.

A 3HayuT, NCIIONBL3YA CNEKTP aMIUTHTYA H CIEKTP a3, bYHKINIO (7
MOXHO BBIPA3UTH CAERYIOMIMM 0Opa3oM:

f(fF iCk e ick’ej(uhk‘w:c ]
= o) (5.15)

Koadduumentsr @ypbe ABAAIOTCA KOMILTEKCHBIMH YHCIAMH, HO 1G]
ABNACTCA NEACTBUTEIbHOM (DYHKLMeH, a 3HAYMT NpaBad qacTh Bhpake-
HuA (5.15) no/kHa 6BITh e HCTBUTEABHOM. TAK OHO I eCTh Ha CAMOM Je-
Je, noTomy 410 ko3bduuneHTH Cp ¥ C_; (Bripaxense (5.12)) apnsior-
Csl COMPAKEHH MU, Eciin B3ATEL eABIe 100XKMTENLHBIE 3HAUEHNA k, TO
thyHKLMIO (1) MOXHO 33TIMCATS B BHILE:

F0)=Co+ T{C, e 1 C_ o).
k=]

a5
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5. Paanoxenve B pag, Pypbe

Ho, yantoisas 1o, uto C; vt C_j ABIAIOTCH COTNPIKEHHBIMH, MOJAYIHM

f(r): c, +i(cke jonkt | e—ﬂmkr)= C,+ ilck|{ej(ank!+¢k ) 4 gk )}=
=1 k=1

- G +25]Cufooslonit +01) ‘ 516
&)

a é

MukMuie wacTH
Koadupurienron

-1¢ -5

E T

Puc. 5.13. Cnexrpst U KOMINeKcHbE KO3(hduumenTs @yphe

5. Paanoxenne B pag Oypbe

NAMSATKA

Ecau cuenan f{1) agnasemes vemuoll gyniuueti, mo muumee COCMAsARIOnLle
6CEX KOMAAEKCHbIX KO3Putuenmos Pypve pasns: 0, ecan wce pynkyua fit)
— Hevemuan, mo 8 0 obpaiyaromen deiicmaumenbibie Yacmu acex Koapgu-
yuenmos,

(flodekaska). deicrmsumensnas wacmo yaxyun KOMRAEKCHOI IKCHONENmb

e = coskt + jsinki ecb uemnan pynKuus, @ MHLMAR YaCTS — Hewemuas,

(TockobKy kKoaQipuuneHT Cp, BHPAKAIHA ITOCTOSHHYIO COCTAB-
NAIONTYI0, ABIACTCA AEHCTBUTENLHDIM YHCTOM, TIPABas YacTh paReHCTBA
MPHHHUMAET BeHCTBHUTEABHBIC 3HAYCH HS.

5.4.3. MpumMep pas3noxesni 8 KOMAACKCHLIA pAR Pypse
B kauectBe npHmMepa nofipobyeM pasioxuTs B psy Pypee npsvo-
YTOJAbHBIH crnan ¢ nepronomM I, u3obpaxeHHsii Ha Puc. 5.14. Koad-
tHUMeHTE DYphe BHIPAKAITCS CACIYIOUHM 06pa3oM:
1 T4 _
Ci== [fl)e ™ ar (m=2n/T).
T -T/2 :
Ho mockoneKy byHKuMs f(f) npy —1 < £< ] papHa |, a B OCTANbHEIX
Cnyvasdx oHa pasHa J, ToipH £ # 0

LY PR P W S ) [
C"_T-Lle dt_T—j(q,kL ll_T—j(s_hk

Hexonsn ns dopmyns Jitnepa

sinoyk =2Lj(e"‘“]" —e‘j“‘]“).

a 3HAYHUT,
2.1
= =+
Cy = o sinmyk (k=x1,£2, )
Mpu k=0
1 2
Cﬂ=—T=J._ll‘df=T.
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5. Paangxenwne B pag Pypoe

<]

fo | f0=1p

—1101 T

[ [ @ynxams pasfiopownoro suatemy |

sing
—in I

T3 %
T 0 Mmoo an

o T

Puc. 35.14. TlocaenoBaTeIbHOCTh NPAMOYTOIBEHBX HMITY/ILCOE W eg CICKTP

HonstHo, uT0 KO3¢GhuuHeHT Cp SBNAIOTCH OeHCTBHTE/IbHRIMU
THcIAMH. DTO TaxKe ACHO ¥ U3 Toro, 4To f#) — yeTHad GyHKIMA. Bean-
4HHa (asHl pH NONOKKTeNLHOM 3Havennn C; pasHa 0. Ecnu G, npu-
HMMaeT OTPHUATENLHEIC 3HAYCHHS, TO BenH4YHHA a3y pasHa L.

DyHruHIo

sinx

x
MOJKHO MpeJCTABHThL IpathMyecKd, KakK NMoKazaHo Ha Puc. 5.146. Dr1a
(YHKLMA HA3HBAETC @ynicyuell anbopKky (eIMHHIHOTO oTcyeTa). Ecau
CYHMTaTh, YTO Pok = X, TO
_ 2 sinx
“Tx
T. €. Koa(ypHuHeHTb C), MPHHUMAIOT BUA, NOA0OHBIA (HYHKLMY BRIGOPKY.

Monpobyem U306pa3uTh Ipaguaeckd kosdrpuunenTsr Pypee. MycTb
3HAUYEHMe k OTIIOXEHO Mo ocH abeusce, a Re(Cy ) — no ocu opaunar. Ha
Puc. 5.14p B KauecTBe npyMepa NpeAcTaBleH CIEKTP I0CSI0BATENBHO-
CTH MPAMOYTOABHBIX UMITY/IBCOB IIpH T'= 8.

G

5. Pasnoxexve B pag bypee

5.5, MBr ye 3HaeM, YT NIPH Pas3ioKCHHM B KOM-

TEOPEMA IUIEKCHBIH pan Pypoe GyHKLMIIO (1) HA OTpe3ke
TMAPCEBANS [—T/2, T/2) MOXHO NIPEACTABHTD KaK:

R P
f(f) kgmcke . (5.17)

Bo3MmoxHO 11 BBIpasuTh HopMy GyHKUMN f(1) Yepes xkoadbHuHeH-
6l Oypre C;?

CobeTBEHHO TOBOPS, KAK NPEANTONOKeHHE MOXKHO YTBEPHKIATE, YT
2 7;70
ol - S

DT0 COOTHOMIEHHE BhIpAXAeT Teopemy [Napcesans. MokakeM, oTKy-
f1a GepeTca 3TO COOTHOIUEHHE.

B nepsyio ouepeab BEIHCAMM CKATAPHOE MPOH3BEICHNUE KAKI0H 13
YacTei CooTHOWEHHA (5.17) u dyukuMn (5. Toraa oueBraHO, 4TO Ne-
Bad YacTh 3TOTO [IPOM3BEACHHS MMECT BHA;

(o, f)=fraf

# BBIPAXAET KBATpaT HOPMBI IYHKUUIH f(1), T. €. TEBYIO YaCTh COOTHOLLE-
HHs (5.18). A uT0 NpencTapnser cofoi CKANSAPHOE POUIBEASHME Tpa-
BOH YacTH BHIpaKeHHA (5.17) u bynxumnn f(1)? PaccMoTpuM BeIpakenue:

( Scer. )~ oo Scem) -

koo J=roo

= i i (Ckejmkr' Cfeﬁm”> =

Kk=—on[=—ce

= i icf,(é"*”“, e’m"f’>,

[ S —

(5.18)

THE COTIACHO CBOWCTBAM OPTOHOPMHPOBAHHOTO Ga3rca
okt
<ejﬂ]) t’e/(m!r>=6’d

BCEC wieHBI € k = | MCYE3aI0T, H B pe3yIbTaTE HMSEM;
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5. Pasnoxenue 8 psa dypbe

£ o ., . ca _ o 2
2 ZC,(C,(@’“'J“,@""O">= 3C,.C = ZleI s
k=-m k=—oco

=00 [=—oo

OTKYIa CllelyeT BulpaxkeHHe (5.18).
OtzenbHble 4acTH (GOPMyNBI OKA3anUCh AOCTATOUHO CHOKHBIMH, W

yuTaTeh, HABEPHOE, pacTepsuics, Ho nompobyeM OcMBICTHTD MOIYIEH -
HBETH pesyisTaT chlelylowum obpasoM. HaMM yxe oflpezcieHa HOpMa
(ynxumu f{f) na otpeake (—T/2 <1< T2y

1 7
N =+

" 2
| |reofar.
T/2
Harnpumep, ByaeM cuMTath, YT0 hyHKUMKA KP) OIHCBHIBACT BETHYHHY
MEKTPHUECKOTO TOKE ¢ conpoTueieHnem 1 OMm. Toraa ABI? ecTh Mow-
HOCTb, MoTpebaseMas TAHHEIM COIPOTHBICHHEM B eIMHHIY BPEMEHH.
(COTNACHO COOTHOIIEHHIO [TapceBais MOIHOCTE MOXKHO [IPEICTABHTD B
BHIC CyMMbI COCTARJITIONIMX CTICKTpa MowHOcTH. Muave rosops, A1)
PANAraeTCs Ha COCTAB/IIOIIME, HO BCSL MOIIHOCTE (DYHKIIMH 33KTIOUa-
eTCA B CYMME MOILHOCTel rapMoHIK 1 Goblie HUKYAA He PACXOIYeTcs
(Puc. 5.15).

"Inepria ora
1 T2 XK
Bpewennan Yacmomnas
ofaacme obracms
Criektp MONIHOCTH

[
J_LL[LJ_;C
0

»

Puc. 5.15. Teopema [Napcesana

5. Paznoxetue 8 pag Pypwe

5.6, PaccMOTPHM Ha KOHKPETHOM MpuMepe BO3-
NPAKTUYECKOE MOXKHOCTH I1PAKTHIECKOIO MPHMEHEHHS pasNio-
APUMEHEHME xennd B piag Oypre. Ha Puc. 5.16a npeacrarnen
PASNOXEHUR YXe 3HAKOMBIHA IpahHK TeMTiepaTyphl ATMOChe-
B PR ®YPLE Ppbi. 3TOT rpadiK oTOOPAKAET CPenHECYTOTHYIO

TEMIEpATypy, H3MEpPAEMYI0 B TedeHye OIHOIO
TO4&, KOJHYeCTBO AaHHbIX — 365. CriocoG moaydenns keadduumeHTon

o]
D40
30
§20 S
E 10
P 0
[
I Bpems [cymicu] 365
6 3
5:]4 ) Hyaewot ] <]
2 RPLORIIE o npBAuete
£ %30
§?g 1576 fild g2 19,1617’\{“)
= 210
2l Fo=—_i__~
Bpem [cytki] 963 ! Bpens [cyrxu] 157 965
2] 3]
= - [
D40 npuliauacente D rputiuncene
£ &30
E2 150 §20 fiof®
51g &
E i} Z 0
! Bpems [cyTxn] 36545 Bpemst [cyTxH| 365
[4
e ] T He £ 00-¢
B4 RpubeHIe %) m npuliauxcenue
=30 230
§20 o) ;520 Sroold
g0 47
z0 Z i
= o i
1 Bpewa [eyTin} 365 |5 Bpema [cyTKH) 365 ;
— 1

§.16. AnnpokcrMauust GyHKUMH C MOMOILBIO PRAa Pypre
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5. PaanoxeHmne B paj ypbe

Dypse 1na ZAHHOTO TUCKPETHOTC CHTHARE [IPH UCTIONB30BAHHH KOMIIBIO -
Tepa MBI HAI0KMM B cAeayioled rape. A cefiyac peIcTaBEM B BHIE Tab-
bl KosdguuueHTsl Dypbe, MOTYUEHHBIE B Pe3y/bTaTe BLIMHCICHAN
(Ta6a. 5.1). B 3oii Tabanue 3anucatbl KodGgUHHEHTb THIE 40 10-i rap-
MOHHKH, HO B IEHCTBUTENBHOCTH OHH BBIYHCASIOTCS 15t BCEX FRPMOHHK.
MTaK, 9TC MEL IOJYIHM, HCTIONL3Y 311 KoadduimenTsl Dyphe, ecan 1o~
npobyeM BOCCTAHOBUTH MeXOnHBIH cirran? O003HaYMM GYHKLUHUIO, TNpH-
SmLKAOWYIe GYHKIHIO f{7) ¢ IOMOLIBKO # TIepBbIX FAPMOHMK KaK f(f).

To6a. 5.1. Kospduumueutst Pyphe

c & Kospunneamu Oypoe
e R(C) | Im(G) ici £6, [paa]
D 576 ! 0 ' 15,76 [
B ! ~459 AT 508 270 )
P 2 ~0.60 ‘ Z0.26 065 -17 T
3 070 022 073 0.30
4 054 ~0.34 0,64 258
5 0.3 0,06 0.07 -1
6 018 0.01 ' 0.18 306
7 0.05 0.12 YE -L16
§ —0.18 0.01 018 310
9 0.1 —0.08 613 Z0.65
10 ~0.08 0.25 0.26 N

B nepeyio ouepenb NOMpoGyeM anmpoKCHMHPOBATE STOT CHIHAL M0-
CTOSIHHOM COCTARMIOINEH, T.e. KOHCTaHToi Cy B 3T0M mpuOmOKeHVH
(byukwa A7) GyaeT pabHa fy(7) M COLNACHO BBIpAKEeHHIO (5.10) npuMeT BU.L:

Jolh = Cy=15.76.

Ha Puc. 5.166 3Ta dbyHkuus npeicTapieHa rpadudeckd B BUje o1~
HOM NPAMOH JIMHUMK, He 3aBucsimeil OT Bpemenn /. Kerari, obpathm
BHKMaHHe Ha To, YTO Cy 00513aTeNbHO ABNAETCA AEHCTBUTEABHBIM YHC-
JIOM M OTPAXAET NOCTOSHHYIO COCTARIAIOLIYIO CUTHAA, B HAIIICM C/1yJae
— CPEIHII0 TEMTIEpaTypy B TCUEHHE roja.

Ha cacayiollieM 3Taile NpuOaBUM MEPBYIO FAPMOHHKY K (byHKHMH
(D) v monyduM QyHKUMIO £ (1) (nepsoe npubamkerne GyHKIRA JFnn:

S)=C e +C+Ce™™ (11 <365)

Tak kak nepuon 7'paseH 365 AHAM, BHYHCIIHM Wy — YITIOBYIO 4aCTO-
TY OCHOBHOH rapMOHHKH:

5. Pasnoxenue B paa, Dypbe

o = 21/ T=2m/365 =0.0172 (pan/neHs).

Panee B BhipakcHum (5.16) MBI Yike TIPesCTABISIH QyHKUMIO UK
TOMOLUBIO AMTUTHTYA Ko3¢duunenTor ®ypse |Gy u das rapMonnk g

Fe)=Cy+23C | coslonkt +, ).
k=1
HooroMy dyHKEHMIO f{f) MOXHO BBIDA3HTE KaK
Jit) = Co + 2C| cos(agt + ).

ClenoBaTe/bHO, MOICTABHB IHAMEHUS koa(ipnuseHTor Ovpee U3
Taba. 5.1, nonyuum

A =15.76 + 2% 5.08 cos(0.0172¢ + 2.70) =
=15.76 + 10.16 cos{0.0172 (¢ + 157)}.

Tpachuk chyHkunM f,(f) NpedcraBneH Ha Puc. 5.168 b Buze CHHYCOH-
AL, TIpUBAUSHTENBHO 0TOBpaXalowWeit 0bies MIMEHEHHE TeMIIEPATYpPhl
B TEYEHHE OLHOTO rojia.

B cniexTpe aMILIMTYA 3aKTI04aeTcsl MHBOPMALIEA O BeTHYMHE CHIHA-
J1a, a B cnektpe dra3 — WHDOPMALMA O TTONOKEHHH BOJTHE HA OCH Bpe-
MeHN. TemnepaTypa MeHaeTCs B TeueHHe NIEPHOIa, PABHOTO GIHOMY TO-
oy, TMO3TOMY €CTECTBEHHO, 4TO COCTABNAIOUIAS TIEPBOH rapMoHukn C)
NpvHUMaeT Gojiblixe 3HaueH s OGpaTHM BHEMAHHE HA TO, 4To topma
OCHOBHOM FapMOHMKH ABHO OTPAXAET COCTOSHHE JIETHErO CE30HA B BH-
I€ «TOPbI» U SUMHETO — B BHAE «TOAHHBI».

Hrak, npubasum k NnepBOMy TIPHOMMKEHHUIO CNATAEMEBIE C TAPMOHH-

Kamu Gontee Boicokux qacToT. B psin @ypse pacoMaTpHpacMol dyHkimm
nmpubarxenus

H
L= (1<r<365)
ke=—n
noacTaBiM 3HaveHus KoadhduuneHTos Pypse na Tabi. 5.1 u rpaduye-
CKM W300pa3suM (PYHKUMIO, MPEICTABIEHHYIO YHCAOM TFAPMOHMK A
(Puc. 5.16). U3 rpadhikoB cTaHOBUTCA [MOHATHO, 4YTO € YBEJHYEHHEM
YHC/IA FAPMOHHK MpUBABIAKOTCH COCTABNAIOIME BBICOKHX YACTOT, W
(hopma CHTHANA MOCTENEHHO MPHGAMKAETCH K HCXOTHOM dopme cur-
Hana Temnepatypsl. A npubnuxenye npu # = 100 (Puc. 5.16:) npax-
THYECKH HEOTJIMYIMO OT UCXOAHOMH (PYHKLIHU.
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5. PaanoxeHue 6 pag Pypee

B mipoliecce H3yNeHRA 3TOH IMaRbl YHTA-

leIIIEBOHEE BAXHBIE ¢ HABEpHOe, YA modyumn obpasHoe
CBOWCTBA NpefcTaBIeHHE O PARIOKEHUR B pAA Dyphe.
PAZAOXEHUSI Jns 6onee CIYGOKOTO IOHMMAHUA MATEPHA-
B Pl ®YPBLE JIa KOCHEMCS HECKOJbKHX Hanbonee Bax-

HBIX CROHCTB PasIokeHus B psif Pypoe.

5.7.1. MorpewHxocTs npubnnxenns

[pu npubIKEHHH 3HAYSHHIT TEMNEPATYPhI PAIOM dypre ¢ yBeiH-
UEHUEM # CTETICH B IPUBAHKEH U CTAHOBUTCA Bhille, QAHAKO UTO XKe Ta-
KO CTeNneHn NpubmkeHA? YMEHbLILAETCA JIM HA CAMOM He/Ie MOrpeLu-
HOCTb NPUBJIKEHNS ¢ yBeauenuem n? Urobsl OTBETHTh HA 3TH BOMPO-
cbl, ToNpo@yeM pa3odpaThes B BOTIPOCAX NMOTPEITHOCTH.

Kak Mul yXKe 3HaeM H3 3-ii [1aBkL, TIPOCTPAHCTBO GYHKLHME — 370 ab-
CTPAKTHOE IPOCTPAHCTBO BECKOHEYHOH Pa3sMEpHOCTH, H moban pyHk-
1Ms1 COOTRETCTBYET ONHOI TOUKe M3 3TOT0 mpocTpaHcTea. Hackonbko
OTJIMYHBI JIBE (PYHKLUHM, MOXHO Y3HATb, H3MEPUB PACCTOAHUE MEXAY
JBYM# TOYKAMM, COOTRETCTBYIOLIMMH KaXIOH M3 3THX dyukumii. Mox-
HO CUMTATH, YTO TICTPEITHOCTE NPHOIDKEHWA OHOH YHKLMK ApYTOi
hyHKUHEN ¥ €CTh PACCTOSHHE MEXAY JBYMs COOTBETCTBYIOIMMH HM
roukami. Huaue roBops, paccTOSHHE Mexay UCXOTHOH byHKuueH f1(1)
¥ GYHKIIMeH NprOIKeHNA £,{7) BHIpAKaeTCa Kak

d (S0, S = () = 10l

M ABIAETCS TOrpPellIHOCThI0 NpuODKeHHA (yHkuud f (1) yHKunes
fi(t). EctH cUMTATE, YT € YBEIHUEHUEM A CTENEHD NpHOIIKEHHA MOBbI-
laeres, To B MpoctpancTBe QyHkumit Pyuxinn f(9) u f{7) npubinxa-
OTCH 11, 3HAYMT, 3Ha4cHWE PACCTOAHUA MEXIY HUMH YMEHBIIAETCH.

Wrax, nonpobyeM NpoBEpHT, IEHCTBUTENBHO M 9T0 TaK. PaccTosd-
HUE — 9TO BEMMYHHA, 3ABHCALAs OT CTETNeHu NpuoGIHKeHta GyHKIIHei
[, moaTOMY 0003Ha4YHMM €€ KAK £, ¥ BO3BEEM B KBAAPAT.

gq’ = (1) — O
Kaxayo 13 dyHxumii f(f) 1 f,{f) MCXKHO BEIPa3HTBb Kax

)= iCkej"“'“ L= iCkem’"’,
k=—n

k=

5. Paznoxenue 8 pag Oypbe

a 3HAYMT,
2
2 - d :
— Japks fapkr B
g, = 2, G’ = 3| =| T el
h=—oo k=—n ook <t
n<k<en

Ecan npumennts Teopemy [apceBans, To NoAy4HM cileayiotee Bbi-
pakeHue na €2

Tak xax |C,<l2 z 0, To MpaBasd YaCThb BeIpAXEHUA npeacTapnaeT coboit
CYMMY TOJIOXHTEIBHEIX BEJIHUHH. TOrfa ¢ yBe/MYEHHCM 3HAYEHHST #
9UCno cnaraemuix |Cf? B moc/ieHeM BhipaxeHnu ymenbiaercsi. Crneno-
BaTe/IbHO, C POCTOM #, SHAYEHHE €,) MOXET TOMBKO YMEHBIUATHCA, HO He
pacTy. Ecin rpachHyecky n306pasHTh NOTPELTHOCTS IPHOIKCHHA Pas-
JICXEHHAEM 13 pal Dypbe 3HAYCHHI TeMNepaTypsl, NOAYYEM KPHBVIO C
nepeMeHHOMN #, rae i — 4vcao rapMoHux (Puc. 5.17).

[
=

Capsaii npubaurcenis
YUK, OUCheIowmEi
USMEKEHNE IEMNEPEMYPR

ammochepn

[Morpemnocts %)
=

=

0 10 20 5
Crenenn npubanxeHus ;

Pyc, 5.17. [1OPeIiHOCTD TIPHONMXEHNA A5 CIOKHOTO CHEHANA

DTa KpHBAA — TpaHK GTHOCHTENLHOH MOTPCITHOCTH, KOTOpas oll-
PeleadAeTCs CReayionIHM obpasom:
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5. PaanoxeHnve 8 paa Pypbe

ae [f{OF° — MOIHOCTE cUrHANA, 3HAYEHHS OTHOCUTENBHOH MOTPELIHO-
CTH NpUBE/ieHBI B IPOLICHTAX.

M3 npenctaBaeHHoro rpaHKa TakKKe SCHO, YTO € YBEJMUEHUEM 7
NOTPelHOCTb MOHOTOHHO YMEHBILIAETCS.

Ecas dopMa MCXOOHOTO CHrHATA TNIAIKAS, TO CKOPOCTb YMEHBLICHHA
NOTPEIIHOCTH NpH YBEIMYEHAW KOMMYECTBA [APMOHMK BBICOKAs. 3TOT
ClIy4al Ha3bIBAIOT Xopouseil cxodumocmbio. ECIH CXOIMMOCTE Xopollas, To
MO3KHO BOCCTAHOBHTE HCXGIHBIHM CHIHAT NOCPEICTROM HeGOABLIOTO KoM -
YecTBA rapMCHHK, 2 3HAYMT, COKPAaTHTL 0OBEM NaHHbX. HHaue rosops,
CHIHA, NPEACTARIEHHBI HECKOIBKUMH COTHAMM WK THICAYAMH H3Mepe-
HHii, MOXHO NPHEIN3KHTE BCETO JIMILE JSCATKAMM 3HAUSHUN 1aHHbIX Wik
J8KE HECKOJTBKMMH 3HAYMEHHAMI. DTOT Cyqail HarsLIHO NpeacTanIeH Ha
Puc. 5.18, e valOCTpHpYeTes PA3IOKeHHe B psal Oyphe Mankoro CHrHa-
na. BUAHO, TO 35eCh NOrpelIHOCTb YMEeHBIIAETCA 3HAUNTEIBHO bricTpee,
YEeM [1OrpeNIHOCTD M3MEHEHUH TeMNepaTyphl, NPHBSASHHAA Ha Puc, 5.17.

]

s

0 e

20

Morpemnocts [%]
=

fn _Bropoe npudnuxeHue 0
# Tperee nprGAMKEHLE 0 10 20
g Crenelis NPHETHXEHHS #

T

Puc. 5.18. Paanoxenue B pag Oypbe raaakoil @yHKuHH

5. Paznoxedue B pag Pypse

Hanpumep, B citydae B3MEHEHHT TEMIIEPATYPEI, 4TOOS! TOTYUMTEL NOTPELL-
HOCTb, paBHyl0 | %, norpebosanock 22 rapMOHUKH. A B CITYUAe 1/1A0KOT0
CHFHAIA OKA3AI0Ch BMOJIHE JOCTATOYHO BCEIO AHLIL 3 FAPMOHUK.

5.7.2. MoBegeHne B TOUKaX pe3psisa

3adB05181, YTO € YBEIHYCHHEM HHCHA rapMOHKK palia Dypoe BO3MOK-
HO NOIYHHTEL QYHKITHIO, CKOABb YLOIHO G/IH3KYI0 K HCXOOHOH (DYHKIIHA,
Mbl JOKHE! O6PATHTE BHMMAHHME HA ABJIEHUE, OTPHLIAIOLICE DTOT TESHC.
Peus noifer o konebannax BOIN3H TOYEK PAIPLIBA.

Ha Pue. 5.19 npencrapieH pe3yisrar MpabiHxe s GYHKUNAH

|20
f(t)-s;gm—{_l e

Kax sMaHo M3 pHCYHKA, ¢ NOBBILICHAEM YHCAA TAPMOHHMK pata Dy-
pbe AMITHTYIA KONeGanuii BOMH3M TOUEK PA3PLIBA HE YMEHBIIAETCHA, X0~
¥ nEpHol KOMCOAHHN CTAHOBUTCH MeHbILe, DTC sBAeHHE HA3LIBACTCs
sgaenuem Iubbea. BenwsIMHA aAMTUIMTYIBI KOJCGAHWI €y 1aXe € MOBEIILE-
$HHEM 1 HE CTGHOBHTCA MEHBLIE HCKOTOPOTO 3HateHHs. B ciyuae npupe-
fIeHHOro IpuMepa &, = 0.089.

Ecnn B xauectse napameTpa npuUOAKEHAA QYHKUMH B38TL paHee
onpelencHHOe pacCTOAHKUE MEXAY BYHKUUAMU (UTO ABIALTCH OTHUM U3
BUJIOB KBYADATUYHOW MOIPELIHOCTH), TO ¢ YBENUYEHHEM 1 3HAUCHWE

o, 100-e IpHGAMKeH e
1 ;. 1D-c opubnnxkenue

3-¢ npubHKeHue

Croasko m
YEeAUMUGHI 1, €
MEHBILE HE
EMaRvSUMCR

Pue. 5.19. SAsncune [166ca

Hepwmens
& IMONKAX PUIPHEE
KoAehaKug He
wedesarom!?
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5. Paanoxenue B pag Dypee

2TOro paccToAHu cxoauTes B 0, gake ecIM GYHKUMH COIepRKaT TOUKH
paspripa. OOHAKO €CIIM B KauecTBe TIAPAMETPA MIMEPHTH camyio 6oirb-
LIVIO PA3HOCTS MexXaY [-(f) U f{f), T0, K COXANEHHIO, OHa HE 00A3aTe/lb-
HO cxonutes B 0. B aToM sakatouaercs cyTh seneHus [166ca.

5.7.3. HameHeHne BERNYNHBI CUrHanNa

EcnH MeHseTcd BeIHYMHA CHTHATA, KAKHM 00pa3joM H3MEHSIOTCH
cnextpht? Kak nokasaHo Ha Pre. 5.20, ¢ yMeHbIlEHHEM AMIUTUTYIB CHI-

a G
o - = CrexTp AMITHTYA,
cuznan
F
-III ||J| k
\ [\ Ck
!
T() "'T g Crextp §aa
|I||I||.
] k
.
2
6 G| Enexmp avniumyd
Mergemes
JO T Ecau sezamena
CUZHANE MEHREMCR .I| |I.
0 k
/\ Criexmp pas —
et t G b€ uamenenui
roT :
7
“J.“.M.u‘_‘k
T 5
v i
i

Puc. 5.20. Cesazb MEXIY BEJIHYHHON CHIHANa W CNEKTpa

5. Paznoxenwe 6 pag Dypee

HATA CNEKTP aMIVTHTY] TakoKe ymeHbliaeTes. [lycre a — HekoTtopad def-
CTBUTE/ILHAA KOHCTAHTA, & Cy — KoahduuneHTH Oypre DyHKUAY (1.
Toraa koaduuventsl Oyppe €, anst curaana bosbirero, YeM cHr-
Hal f{7} B g pa3, MOXHO 3aNKCATh B CASAYIOIEM BHIE:
G/ = aC.. (5.19)
STO paBEHCTBO BEPHO, MOTOMY YTO

C’_l Tf ( Rkt gy 172 () gkt g
L =7 aflt)e I=ar [rt)e =
772 -2

=aC, (k=0, %1, +2,.).

Hcxona n3 3Tix pesynbraToB Mbl MOXeM YTBEPXKIATD, YTO, CCIAH H3Me-
HHTb CHTHAT B @ pa3, TO H Ko3(hdHuueHTs! Oyphbe MIMEHATCA B @ pad.

CrrenoBatestbHO, CMEKTP AMIUTHTY MEHAETCH, 4 COEKTP (ha3 ocTasTCH
0e3 H3MEHISHHIA.

5.7.4. CnoxeHye ABYyX CUIrHaNnoB

Ecmy croxmTe 1A PAIMMHHEIX CHTHANA, yemy OyleT paBeH crekTp
CyMMBI? O003HaUMM K0aDhULUHEHTE Pypbe cHrHana fi(f) kak C,g, 4 KO-
spduunerry Qypoe curvana H(1) — kak Cy. Koadduuments MOypre
CYyMMBI CHTHAIOB £ () 1 fo{f) 06o3HA4MM Kak C;. Torna

Ck,= C]k+ Cgk. (520)

HHaue ropops, ecan cA0XKHTb ABe DYHKUMH, TO ¥ KOIBHHIMEHTH]
Dypre obenx HYHKUNIT CYMMUDYIOTCH. DTO MPOHCXOMUT NOTOMY, HTO

P T2 ks
Co =5 JURO+ L} dr=
T—T/z
T2 ke | T2 s
=7 J'f](r)e el dI+T _[fz(t)e HO0 ey = Gy +Cyp -
T /2 —-r'y2

[TonyueHHOE COOTHOLWEHYE OTPAXAET THHEHHOCTH MPEOBPA3OBaHMS
Dypse, 4TO MOKHO NPECTABUTD CAEAYIOLIUM COPa3oM:

a fi(d + a5(f) Paznoxedve B psia Dyppe ¢, Cp + a,Cyp
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5. PasnoxeHve 8 pag Pypbe

To ecTs aMIUIHTYALI FAPMOHHK ONWHAKOBBIX YACTOT CKIAABIBAIOTCA C
YIeTOM K0a(hGHULIHEHTOB JHHEAHO KOMORHAUMH.

5.7.5. CaBur curHana Bo BpeMeHn
Ecnu Bo Bpems HAGMIONEH M 33 CHTHAIOM H3MEHHTD HAYal0 OTCHETa
BpeMEHH, TO uTo Npousoitier ¢ koadhuuHeHTaMu Mypoe? Hamenenve
HAYAIA OTCUETd BpEMEHH— 3TO0 TO XK€ CaMOoe, YTO CABHT CHFHAMa BO Bpe-
menn. Koabduunents @ypbe hyrkunn flf — T), NONYYEHHOH B pesyilb-
Tate caBura pyHxumu f{7) snpako Ha T (Prc. 5.21), MOXHO BBIDA3IUTh KAK

C, =™, (5.21

' Cnexmp
[Cil iy — Gez

wameHenuil
Feau cuznan
edeunyms 60 6peen [ Crexrp avmmimys, |
1
4l I I It k
Crexmp az
 Hengemca

Puc. 5.21. Ceaszb MEXIY CABUTOM CUTHANA BO BPEMEHH H CIEKTPAMH

DTO CBOKCTBO MPEACTABUM CIISYIOLHM 00PasoM:

L f(=1) Pamoxente b pia Pypbe e rke,

To ecTb MECHASTCH TOLKO a3a, a AMIIMTYIA TADMOHHKH OCTaeTCH
6e3 H3MEeHEeHHH,

5. PaanoxeHve 8 paa Pypbe

TIpHBeeM 10Ka3aTeAbCTBO ITOro NostoxkeHHs. KoabduumenTot Dy-
pbe QyHKIMH f(f — T) HMEIOT BHA;
. T2
G =7 Jrle~t)e ™ gz,
T2

CnenaeM NOACTAHOBKY # = f— T, TOrIA

T T
dt =4 —— - -
] 3 T<uU< 5 T.
CrneaopatensHo,
’ ] Tl i ) 1 T2 _
_[ f "Q’k("ﬂ)du = VR j f (u) FELLY
—T‘/‘:r—t -Ty2—
=e M,

To ecTs Mbl NONYIHIH BhipaxkeHHe (5.21). OeBUIHO, 4TO

¢ =, =[c|

D70 ewwre pas NOATREPXAACT TO, ITO NIPH CABMTE CHIHANA BO BPEMEHH
CIEKTP a3 MeHsIeTed, a CIEKTP aMILTHTY 0CTAeTCd Ge3 n3MeHeHH .

OMHT aacin{mmanhnuecmamm-

mcwmmmmmmwm COBOKYITHOCTE

ITHX COCTARNAIOMIAK HAIMBIETCA CHEKTPOM, 8 CYMMA ITHX COCTARTAIOMIMX
mopmwmaqmmmmwmoﬁoﬁmcm

2, Memnmmhmmmﬁmmmmwmﬁqmmmm

1ol cunmf(l) ¢ nepionom T acmmnnﬁ YE0BOH HACTOTOH ay (= 21/ 7)
pu nouonm Kosmnme:mn prse mo MPEACTABMTL B BHAE,

f(f)=ﬂ+2(mcmh+wr)

rae a v by —-mﬁmmenmuema&@nmaem Dypre byrkmn f(f), xo-
Topiie onpmmm cmnymx pmn

e “F 2 ;Wé: (€=0,1,2,..)

R
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5. PaanoxeHue 8 paa Dypee

2
b= [FO)sinaykedr  (k=1,2,..).
T -T2
Ecan byHKLHsa f(f} — deTuas, 1o b = 0, eciH HedetHad, 10 g, = 0.

3. Bomnuke or pazioxkeHns B pan Gypoe ¢ acAcTEMTENEHEMH KoXbdHTIN-
SHTAMH TipH pasioxexuH B pa Dypse ¢ KOMIIEKCHHME K0addHEHEN-
TAMK BLIMHCICHMS 3HATHTEARHOC YIpoialoTcs. PasnoxeHne B KOMILIEKC-
Huiit paa Pypre nepHonuteckot hyHKHH f(f) ¢ 0CHOBHOH yroBodi Ya-
CTOToiH ty (y = 27/ 7) UMeeT BUIL

f(r)=§ck¢m’".

KommnekcHule koadpduuucutat Gypee C; dynxuun f{f) BERHCAIIOTCH
CACIYIOHIHM o0pazom:

1
Cp=x J e *™dr (k=0,1,2,..).
. -2
Ecnu ¢pynxuus f{f) — yeTHas, To MHHMas 9acTe Cy paBna 0, ecai HeveT-
Hasi, To JeACTBHTENBHASA 9aCTh C, pasra 0.

4. MHuoxecteo [C)] HASHIBAIOT CTICKTPOM aMILIETYS, MHOXECTBO £y — CIIEKT-
pou a3z, a uHoxecrso [Cff Ha3BIBAIOT CTIEKTPOM MOILHOCTH. CrexTp aMm-
JUTYA IOKA3LIBAET, KAKOBA AOS COCTABASICUIMX YACTOT B CHTHANE.

5. Paanoxenue B paa Dypre obragaer CBOHCTBOM JHHEHHOCTH. Ecau cur-
HaJT CABHTAETCA BO BPEMEHH, TO CHEKTP AMIUIMTYA W CHEKTP MOLUHOCTH
HE MEHHIOTCH,

6. MouirocTi cHrHANA BO BpeMEHHOM U 9acToTHolt o6aacTsix pasHe. FiHa-
e roBopsl, ‘

1 i . oa
# fjrora-Jer
270 COOTHOUIEHHE BupaxacT teopemy Tlapcesana.

7. EcaM yBelHYHBaTh KONMYECTBG TAPMOHHUK, TO TOYHOCTH NPHOMMKEHHA
thynxunu paaom Oypse NOBKIACTCA,

NMpaxruyeckne 3a/aHNS

1) Nycrs 7, = oy + /P ¥ 2Z; = 0z + Ba. Nokaxnre, uto
|212] = |zl
L(zy2Z)) = Lz + Lz,

2) Paznoxute B paa Pypre dyHxumio £} = |t| na otpeske [—x, 1] u CpaB.HMTC
PEAVILTAT ¢ pe3yiibTaTamH KA IpUMepa Ha cTp. 82
3) Paznoxure B kKoMiIekcHsTH paa ®ypoe dhynxumo f(#) = |cosd.
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AUCKPETHOE
NPEOBPA30OBAHME
 OYPBE (ANd)
U BbICTPOE
NPEOBPA3OBAHKE
®YPHE (BND)

6.1. EciiM paanoXuTh CHFHan B psd @y-
AHAJIA3 phbe 1 PACCMATPHBATH €ro CMEKT, TO

UUDPOBOFO CUTHASMA MOXHO BbLIIBHTH OCOOEHHOCTH CHrHa-
MATEMATUYECKUM na, He 3amedeHHHe panee. UTaK, Ka-
ANAPATOM DYPLE KHM Ke 06pa3oM B melCTBHTEABHOCTA

OCYIIECTBIAIT PAIOKEHHE CHTHATA B
pag Oypre? CaMslit TpocTof cnocob pealnsyeTca ¢ MOMOIIBIO H3MEpH-
TeAbHOro NPUGOPA, HA3BIBAEMOTO AHATH3ATOPOM CIIEKTPA. AHanu3aTop
CIEKTPA COCTOHT M3 MHOXECTRA (DHIBTPOB. o MOITHOCTH CUTHAIA Ha
BpIXoye BHIIBTPA, MPONYCKAIOILErO CHIHAT TOIRKO onpeaeIeHHoH yac-
TOTH, MOXHO OMpeIeNTHTh, KaKad L0/ 3Toii YACTOTHOH COCTARAAIOIIEN
conepkutca B curnane. CleA0oBATENBLHO, €CAN YCTAHOBUTH HABTPH
PAZITATHBIX YACTOT, TO CTAHOBUTCSA M3BECTHBIM CIIEKTP BCCIO CHTHAJIA B
ueom (Puc. 6.1).

B nocnendee BpeMs GHICTPONSHCTBHE KOMIILIOTEPOB 3HAYHTEIBHO
BO3POCIO, K CNocobbl 06paboTK® CHIHAJIOB C HCTIONBE30BAHHEM KOM-
[BIOTEPOR CTATH OOLLEMPHHATHIMH. OuudporaHHbIi CHIHAT B BUAE NO-
C/1eN0BATENLHOCTH HHGMPORBLX 3HAYSHHI BROLAT B KOMILIOTED H, IIPO-
BEIs COOTRETCTBYIOIHE BHMEC/ISHHA, [OTYYAIOT ko3 bHuHeHTH Py-
pre. O6paboTka URGPOBHX CHIHAIOB ¢ NMOMOIILIO KOMMbIOTEPA N0
CPABHEHHIO € METOAOM TICAYIEHHS CTIEKTPOR € MOMOLIBIO 3/IeKTPOHHBIX
YCTPOHCTB YCTYNAeT B CKOPOCTH, HO BHIMIPHIBACT B CTENEHH TOYHOCTH.

OMNHKUM CI0BCM, ECJAH B KOMIBIOTED BBCAEH CHIHAM, npedCTaRneHHbIH
B RUAE HMDPOBBIX TAHHBIX, TO B 3ABUCHMOCTH OT MPOTPAMMAL, € IOMOLILIO
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6. D
AncrpetHoe npeoBpaaceatve Dypoe u 6uicTpoe npeoBpasosaHue Dypbe ——

»
-]
2k
g3
&8
L]
£2
g2
==
BpemenHoit
CHTHA
—W.,
[ Bpema
P

Pue. 6,1. AHanm3atop criekTpa

KOTOPGH ol THIBA KM
® onygﬁm ‘l;laoﬁpaﬁa FHIBAETCS], MOXHO TIPOH3BECTH CTAAKHBAHYE CUTHATA
foieil quJpom CTIEKTP HIIH aBTOKCPpeILHIO. To ecTh TEXHUKA 06:
o ) éti(}:lumaﬂos AAET BOSMOXHOCTh PEATTHIORKIBATH PAINY
0bpal - K Tomy xe B mogn >
SIHEE BDEMS CYILECTB
" 6 VeT MHOro
gﬁ pr;osmnc;crcn HHTCTPanbHbIX CXEM, KOTOPblE PEasIH3VIOT WIFOPUTMbI
HIHAIOB, W, B YACTHOCTH, 61aro,
Iapsl UM 00paboTka :
o 50TKP[BHM , CUTHAIOB
gpo o h;«:mm;mn cTana o6luenpHHATOH. B »Toi INaBe, OMHOK M3
TPHM npumenemﬁeo MaTcmamﬂ o e HTRG, PACCNO-
THYECKOTO aHAJIH3a Npeobpaio i
AHATH3Y LMPOBOrO CHIHATA. PeOTpAICRAIT Dypre k

8.2, DopMynsl paaioxeHHs B

b C pan Oypre
OMCKPETHOE = NEpHOAMYESCKON DYHKUMH F(/) ¢ nepuo-
NPEOBPA3BOBAHMUE

AOM 2T H2 OCHOBHOM OTpE3Ke [o, 2
‘ s 2m]
WPhE (ano) 6L NPENCTARNEHN B I1ABE 5 COOTHO-

WeHUsAMH (5.8) 1 (5.9):
f)= 2Ce™

= (6.1)

1 b . 2n !

Co=n= [Flt)e M dr=21 [ rle) e

2an n !f()e dr. (6.2)
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= §. [IucKpeTHOR Npeobpascsanue Pypue v 6ricTpoe npecbpasopatue Gypre

ByeM CuMTaTh, 910 P 13 N UMCTORLIX 3HAYEHHH CHTHANA, BLIBPAHHDBIX
Ha paccMATPUBAEMOM MHTEPBANE, KAK NIOKA3AHO HA Puc. 6.2, umeeT BUI:

{fl‘)v .fl! .fZ’ "'!fol}

= firr o im0}

oner T Ak 1%

»

Puc. 6.2. N stiauenuil cHrHaia

OGO3HAHM MHTEPBAT THCKPETUIALHH BROOPKH TOTC urpporore
curHana kaxk Af. Torqa OCHOBHGH NMepHO[ CHTHANA BoIPAKACTCS KAK NAL
CyHTAs 3TOT CHPHAI NEPHOINYIECKOH PYHKIHEH ¢ NEPHOIOM NAt, pasz-

noxuM ero B psia Dypbe.
M1 yXe 3HaeM, YTC KOMILIEKCHbIE koappuuueHTH Dypoe G mepH-

oauyeckoi GyHkUMM f (f) ¢ DepHOIOM 27T MOAKHO MOAYUXTB KaK CKaAp-
ot
Ck = (ﬂz)y ejk!>'
B naHHOM cliydae HeOOXOMMMO ONpeleAnTh ko3 huIreHTE DYyphe
N-MepHOro BeKTOpa

Hoe NpouspeeHie f (1} 1

f= %’ fl! Ty fN#l)g

[pefCTaRIeHHOro PsgoM U3 N 3HaUeHHH CHTHATA, nprOAKAIoIIETO
dyHKLHIo (). Lna Toro YTo6bI MOIYYHTh 3TH KO3(POULHEHTHL, HYKHO
3a1aTh BEKTOp, COOTBETCIBYIOIIHH CHCTEME OPTOHOPMUPOBAHHBIX

yHKUHA e/* a ckangpHoe NPOM3BENEHHE STOTO BEKTOPa H BEKTODA f
onpenennT Ko3hOUUHEHTE Pyphe W1 AHCKPETHBIX sHavyeHnit. Mnaue
TOBOpS, €CNM COOTBETCTRYIOIIMH (QYHKUHH o™ N-mepHHI1 BEKTOP,
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8. AnckpeTHoe npeoBpasosatve Mypue 1 GeicTpoe npeobpasoaavme Pypue

KOMIICHEHTBl KOTOPOro KOMIUIEKCHBIE qUCna, 0003HAYNTH KaK €y, TO

KOapHUUUCHTH Pyphe s BekTopa f MOXKHO ONPENe/IHTh KAK CKaJAp-
HOE [IPOH3BEAEHHE;

Ck = (f! ek)
HTax, xakuM xe n1oaxeH BHITE BexkTOp €,?
M3 onpeaenenns GyHKIIYM KOMMieKeHOro NEpeMEHHOT0 DYHKIIHA
e = coskt + jsinkt
COOTBEICTBYET N-MEPHOMY BEKTOPY, KOMIIOHEHTAMI KOTOPOro ABISIOT-
st BeIGOpKH e/ ¢ HHTEPBAIOM 27/ N. To ecTh, 0603HAYHME
Aw=2n/N,
nmeem (Pac, 6.3):
ey = (]’ ejkAm, eﬂkAm’ - ej(N—])kAm)_
ITOT BEKTOP BBEGPAH NPABIIILHO EILE H IOTOMY, YTO MHOXECTBO BeK-

TOPOB, 06PA3CBAHHOE U3 &, e k= 1,2, .. N~ 1, B N-MepHOM BekTOp-
HOM MPOCTPAHCTBE 06Pa3yeT OPTCHOPMHUPOBAHHEIN Ga3Kne (cM. mamaTKy).

Hanpumep, dan N=8uk=3 *

e3=(1, eBAm,EX:Am‘ eﬂAm’ elem'
. e}iiml eﬂEAw’ pazll

Aw = I/

Im

x ¢ B

\ \ // ’
—I
e;}&_ﬂf‘%cllmm

6. QuckpetHoe npeobpasosanue Pypbe v BuicTpoE Npecbpasosanne Pypbe

MAMSATKA
L1 moeo wmotisl npoeepums, ofipazyent au pA0 eeKmOpos feg, €y, €3, ..., en_1}

OPMOHOPMUPOBGRHBILL BA3UC, HYHCHO SHHUCALME CKAIAPHOE npousgedenue

M-l , ) i
e, e.) =% s Wmigin/ K g,
=

Teneps paccyXnaThb cTaHeT ferye. Bekrop f MOXHO DAXIOKHTL NO
OpTOHOPMHpOBAaHHOMY BaszHCy corflacHe dopmyJie

Nl
f=3Ce,. (6.3)
k=0

Hanee, xoapduumrentsl Cp MOXHO OMPESIHTh HEPE3 CKATAPHOC
,
npousbefieHye fu e

C. = (f, e, 6.4)

To ecTb HMEEM:

Nl :
Ci =';7§ﬂj} e”(z"/N‘}k' (k=0,1,2,.., N-1) (6.5)

ITo COOTHOLIEHHE HA3LIBAETCA GUCKpemHbIM NpeoOpa3osantem (Dypbf’
(IT1D) curnana iy, fi, .., fa.1}. COOTHOINCHHE, BbIPOKAIOIIES KAXABIA
koMnoHenT BekTopa f 13 opmyisl (6.3)

£ =A§Ckef(2“""’)"" (i=0,1,2,...N—1) (6.6)
k=0

Ha3BIBAETCA oép&mnbm Jucxpemubin npeodpazosanuem Pypve (OT1D).

»

NAMATKA

Tpu 1cnoA6308QHUU ALK RPOZPAMMUPORANUA, KOMOPbIl HE ONEpUpYem Z
KOMPACKCHOMY MuCaaM, coompouterus (6.5) u (6.6) npvudemcx gbipamcanm
mpuzonoMempudeckumu gryryuamu. Ha scaxuu cayvau npucedeM Imi Goi-
paxcerus. Ecau koxpipuuenmon @ypoe C, duckpemnozo npendpasosanus
Dypoe npedemagims Kax

Puc. 6.3. BasucHslii A-MepHELI BekTOp
116
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6. OuckperHoe npenbpasoranue Pypee M GbicTpoe NpecbpasoeaHue Dypee

20e A, — deizcmeumensran vacmn, a By — Muumas wacmo, mo2da
1 2, .
A =5 S f,-coswkf
i)

B =15 sin 2k k=012, N-1)
k= Ni:ﬂi Wl =W12,..,

N-1
=34 +jBk)(cosEkf T pin 24 ]:
i=Q N N

N 2 2 N 2 2

w,. . 2T, . . LT, T, .
= A,(coswkz—B,(skaz ]+J > l A,‘smﬁkz +Bkcos—1\7kt A
i=0 i=0

Ho snauenun f; aaamomes deicmaumenvnoimu wucramu, RO3MOMY MAUMAR

Hacms 3moeo abipaxcenun ofpamaemes ¢ 0, a obpamuoe duckpemuoe npeob-
pasoeanue Bypre npumem ud:

N-
fi= E(Akcm%kf—&(sjn%ki) ((=0,1,2,.. N-1).

Hrax, ¢ cmopeneneHWeM 2TMX COOTHOWEHHI CTAT0 MOHSTHO, KaK ¢
MOMOIILIO KOMMNBIOTEPA OCYWIECTRIAETCS LM(PPOBON aHalus Myphe.
Kctatu, nonpobyem COROGCTaBHTb COOTHOLIEHH IUCKPETHOTO npeod-
pasoBanua Dypbe H OBPATHOTO AHCKPETHOTO MPeobpasoBaHMS (Mypse.
Eciin onycTHTs TaKIIe MOMEHTHI, KAK HATHYME IWIH OTCYTCTBHE Ko3(hpu-
UHEHTa 1//V, a TAKXKE TO, KAKMM ARISIETCH NOKA3ATENDb CTENEHM € — I10-
JOXUTEIbHBIM WIH OTPHIATELHBM, B GCTANBHOM 3TH COOTHOLUEHHA
abcoNOTHO OIMHaKOBLI. ClIeIoBATENEHO, I IHCKPETHOTO NMpeobpa3o-
RaHus Pypre u ¢OPATHOrC TUCKPETHOTO IPeOGPaIOBaHHs DypLe MOX -
HO IOATOTOBHTH ONHY OOMIYI0 KOMIBIOTEPHYIC Tiporpammy. To ecTs
BXOAHBIMM NaHHEIMU s [IT1D Gymer paa sHauenuid CHTHAMA, a Ans
OAND — xoadduumenTs Oypoe. B 3aBHCHMOCTH OT TOFG, ¢ YeM Mb
HMECM JIE/10, MEHACTCH 3HAK TIOKA3ATENd CTEllIeHH &, A PE3YVJILTAT BRIYHUC-
JIEHHH AeTUTCA HA YMCII0 TaHHBIX N,

6. AnckperHoe npecbpasosarne Pypes U BricTpoe npecbpalosaive Pypee

6.3 Tpunumas Bo BHUMaHue PHe. 6.4, nccne-
c-B(.)ﬁCTBA OyeM clelyloIuHe CBCHCTBA ARCKPETHOrO
AUCKPETHOIQ npeobpazosaHua Dypsoe.

A30OBAHUA
g‘;ﬁg:f-’ 6.3.1. CroifcTBO MepUOgNYHOCTH

cnexTpa
Koagduunenrsl Oypee, NOMYIEHHBE ¢ TOMOLIBIO JID, ceazaHsl
caeayomnuM obpasom:

Cern= Cre (6.7)

BTO O3HAUAET, UTO

CNeKTpbl — NEPHOTHYECKHE, C [epHoaoM N ]

TokaxeM 210, CoOracko CGOTHOWEHNIO (6.5)

Ni] " N . .

c 14 efj(Zn:/N)(k-t-N)i =_L _e—/[lr:/N)kre—ﬂm‘

=7 ZJ i ZJ:

k+N N = i N =
Ho 7 apAAI0TeA HEABMH YHCIaMH, a 3HatAT

el mi=1,

CnenoBaTeibHO,
Ciorn=Cy.
W3 s1oro caoitcTra NepHoMAYHOCTH citelyet, 4To Gy, Ci, ..., Cn_y #B-

nsioTCs OCHOBHEMA KoadhduuneHTaMH (MDyphe, MOAyIeHHBIMA U3 N
3HaYeHKil TaHHbiX. Bee ocTanbhble KOIPEHUHMEHTH SBIAIOTCA HX 110~

BTODEHHEM.
6.3.2. CBOMHCTBO CHMMETPHYHOCTH CITeKTpa
Jlokaxew ciellyiomee CBoicTBO KO3¢bGHUHEHTOB Qypre:
Crvi=C (6.8)

70 COOTHOLUEHHE YKASHIBAET Ha CleaylolMi GakT, HMEeIoIMH Mec-
TO B AUCKPETHOM npeobpazopaHi Pypee:

COCTARIAIONHE CIIEKTPA © OTPHUATENBHBIMH A TTOBTOPIOTCA
yepes N 3HAYSHHI HA HHTEPBATE OT K — N2gok=N-1
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6. Onckpethoe npeotpeaosanwe Gypee 1 BoicTpoe npeobpasceanve Gypse

/4
la| sy
2
3
.
E

ke
o fs/éfq

TTeprod = 4HCAO JaHHBIX  Af
—_—

> Jmo JHIP cuenpaa (N = 8) J

< /ﬁ\
111 !

%!‘ -ﬁ' ,ﬁ) p ﬁ}
g Re[C))
- k -~ Mepuod
Helicmaumennuan iyl
uacm xosdduuuenmos STocmontinas emexmpa pasex &
Pypue COCAgARIcULaR 7
R N L L A ! T
Mian wacms. )
xounesenmoe
Dypre

L

—

[Y. 3decs nossamomes suauenua
Poase dax onpupaniessnn k

—_—

pus

Pyc. 6.4. Cnextpp [|ND
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6. AuckpertHoe npeobpadoceanue Pypee U BLICTPOe NpecBpasosaHue Pypoe

JTO ciellyeT W3 TOro, YTo

Coy =t 5 ety _ LS oyt _
N i=0 N =0
LS rem e Z
—ﬁ ;f; € —ka.

Kcrati, Korna Bce 3HAYeHHWS CHrHAla AeACTBHTEILHBI, KOMILIEKC-
HEle K03(QpUuUeHTH Oypbe ¢ NPOTURONONOXKHEIMK & ABTIIOTCA COTIPS-
KECHHEIMHI KOMIUIEKCHBIMH:

C_. =€, cnenoparensHo, |C_y = |C4.

To Xe caMoe MOXKHO 3ATTHCATH KAK

Re(C_p) = Re(C), Im(C_) = —1Im(Cy).

Yuwnrblpast BeIpaxeHHe (6.8), nonyanm

Cvi=Cs (6.9)

ITO COOTHOLISHHE O3HAYAET, YTO CNEKTP AMIUIWTYI MMEeT OCERYIO
cHMMeTpHIO. FHave rorops, B IHcKpeTHOM npeotdpasopaHun Dypue

CHIeKTp aMILTHTY HMEET CHMMETDHIO OTHOCHTENBHO Kk = N/2 !

JUcKpeTHOe npeobpalopaHne dypre —

6.4.

BbICTPOE 3TO  anropuTM, KOTOpHIH Heobxoammo
MPEOEPA3OBAHUE 3HaTh, KOFQA Mbl OCYLIECTRIAEM aHATH3
DYPBE (BNd) Myppe curdana ¢ nomowslo uudppoboro

KoMnbloTepa. Eci He 3HaTh TeopHio IT1D,
TO cMbIcT crisKTpos Pypee, NOMYIEHHBIX KAK Pe3YNBTaT BEUHCISHHI, He
MOHATCH. OﬂHaKO Cpclll/l cneul/lanm:'mﬁ, ,I],Ci;lCTBPlTC.ﬂbH() HMEKHIHX OTHO-
LieHHe K 00paGoTKe CHIHAIOR, TIPAKTHYECKH HeT TaKiX, KOTOpLIE TIPORO-~
asaT aHanu3 Pypee ¢ momowusio anropurma JITD, TTpyyarHa 3TOMY 01HA —
O4EHb MHOTO BPpEMEHH 3aTPAtWBACTCH Ha BBIMWCIEHHSA, 4TO He MPaKTHYHO.

Ecin ocyinectBuTs AMCKPETHOE NMpeobpasoraHHe (Pypbe 1 CHTHA-
J1A € YMCAOM JAHHBIX NMOpSIKA THICAYH, Henolb3ysd oOBIMHbIE Mepco-
HaTBHH KOMABIOTED, TO BEIYMCIEHHE 3aiMeET JOBOJIBHO MHOTO BpeMe-
Hi. OAHAaKo, €can HACNOAb30BaTh ObicTpOE MpeobpasopanHe Pypbe
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6. OuckpeTHoe npeoBpasosaHve PCypee u BbicTpoe npeotpasoeanue Pyphe

(BITM), xoTopoe M PaccMOTpUM B 3TOM naparpade, TO Peayasrar Gy-
ACT moy4eH 3HaUMTENLHO ObicTpee. K ToMy ke, eC/H HCnO/Ib3oRATL
CHELMAH3MPOBAHHBIH TIPOIECCOP, CTIEKTPbl CHIHATA MOSBASIOTCS Ha
AHCILIEE B pealsHOM BpeMeHH. B BI1® o6pdH0 wnciio nanHex OrpaHH-
YEHO W BHIDAKCHO CTEMEHBIO € OCHOBaHWeM 2 (2, 4, 8, 16, 32, 64, 128,
---). Ho, HecMoTpa Ha sto orpanHtieHue, BI1® see papHo nenonbsyetcy
Garonaps NpakTHYHOCTH M BHICOKOH CKOPOCTH BhIMHCTICHHM .

BricTpoe npeoBpasopanne Gypre — 310 ITOPHTM BEIYUCIIEHHS, KOTO-
DBl YCIIBUIHO MCTIONB3YET CBOHCTEA NEpHOLHYHOCTH TPHTOHOMETPHYEC -
KMX hyHKUMIT U181 TOTO, 4TOGBI H36EXATh HEHYXHBIX BEMUCIEHHH B 1MC-
KpETHOM TipeoGpasopanun Oypre. o, HECOMHEHHO, BAXHBI MHCTPY-
MEHT TIpi 00paboTke CHIHAOR, Ho AIMOPHTM BLIMHCIEHHS JOCTATOUHO
COXKEH, W CISAYCT CKasats, 4To cyTh BITMD ckopee 3axmoyaeTcs He B ca-
MOH 0BpabOTKe CHTHANOB, a B METONE BEYHCIIEHMSA YUCIIOBBIX 3HAYEHWI.
U B cayuae BIIM, u g cayuae [1I1D pesyiivrar BeramcTeHnit OJIHH H TOT Xe.
(Crporo rosops, B eHCTBUTEILHOCTH B Gricrpom npeobpaszopatny Oypre
HHMCIO Onepallii MeHbIlle, MOITOMY CTENeHb TOSHOCTH BRIHCICHMI BbI-
wre.} CnefoBare/sHo, 3Has AT, He oba3ateasHo 3HaTh ATOPUTM BbI-
uncnenuit BT1®. [Toaromy, eciiv 9UTATENL HE UCTLITHBAET K Hemy 0coB0-
TO WHTEPCCA, MOXHO R HE UHTATS HHXEHUIOKEHHBIE PACCYRAEHHS,

Wrak, npoananuampyeM, rae ke B AKCKPETHOM NpecbpasopaHun MDy-
PBE CKPHIBAIOTCS HEHYXHDIE BRIYHCIEHHA.

6.4.1. AHanuz QI

TIycTb YUCIO NAHHBIX PABHO N, Torga HEKOTOpOe KOMIIEKCHOE YnC-
JI0 w IIPEACTABHM B BHIE:

w= g/2/N)

B sroM cnywae B muckperaom npeobpasopanny Qypoe koadhuis-
eHTH Dypre U191 pAfa 3HaYCHHA CUrHAIa 0. £is By oy fy—1) BEIDAKAIOT-
Cfl COOTHOLUEHHEM;

C _lNZ_j kff
k_Ni=ow :

HAns Havana PAaCCMOTPUM PANl CUrHAA U3 § 3HAYEHMEH, TO ecTs cly-
uaw, xoraa N=8. ITepppim Jeaom, ko3ddnonents Oypre C; curnana

(o £, fo. - 2}
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6. MmckpeTtHoe npeobpaaosanve Pyphe W BuicTpoe npeopasceanie Gyphe

3anuiieM Gosiee nolpobHo:
1 £ 4 Sk ok 7 )
Ck=§(w“f0+w"f,+w“f2+w L+w™ fw™ fawS £ w™ f ).

3anuchBaTh KAk KOIGOUIHCHT B TAKOM BHJe DOBOJBHO XIO-
NOTHO, NO3TOMY U30aBUMCH OT 1/8 B 3anucH KoshdUUHEHTOR, A 3Ha-
YMT, BOpeab non koaphumcHTom C; 6yneM nogpasyMmesars NC;.

Teneps pacnuluem ke koadbduuneHTs {Cy, O, G, ..., G5} Crenen-
HOH PRIl W NPeNCTABUM B BiAe MaTpullbl. [TpOBepETe BHUMATEBHO, Boe
JIH MPAaBULHG:

=
=3
=]

[ Gy ] |—w° whowt oW Wt Wt Wt

C Wl W W Wt WS Wb

Gl [w" W w' Wb Wb Wl i

Gl lw® w' wh w® w2 s 8

G 7wt W' W w2 oW i ||y 100
Gl [w' W w® Wi W w8 o ]l .
Col |wd ws w2 w2 o s el|f

,CU _wn W Y w® WP ¥ Ww.. _fJ

HTaK, NMOHATHO, YMTO MPOU3BSAEHHE NAHHOM MATpPHUbL HA BEKTOD,
NPEACTARAAIOMAI cOO0M PRI 3HAYEHUIT CUrHANA, SBIAETCA COOTHOLIE-
HHEM, onpenensiomuM Ko3pguurenTer Oypbe. JIns Toro aro6el Bb-
YACANTH KOAbPuuueHTH Dypoe 3TUM criocofom, HeobXoTuMe POM3-
BeCTH 8 3 8 = 64 yMHOXeHHA 7 3 8 = 56 caoxeHMIL. O0600man, Mox-
HO CKa3aTh, 4TC B BbYHCACHHA JTTD a1 & 3HAUEHHE HEOOXOTHMO YM-
HOXHTb & % pas u cnoxuTh (N — 1)N pas. Ecniu N HepelnKo, Kak B npH-
BCICHHOM TpHMepe, TO 00BbeM BLIYHCIEHH TOXe MAT, HO eciH N, Ha-
npumep, pasuo 1000, To yHeno onepannii nocturaer 1000000,

Kcrat, B cTeneHHOM pAly w CKPbITa HeKOTOpas 3AKOHOMEPHOCTD.
Tlocmorpure Ha Pue. 6.5, 13 koToporo scHo, 4To

W=
W=
wl=w
Wl = o
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6. AuckpeTHoe npeobpascsaHue Pypbe 1 GbicTpoe npeobpasoaanue Pypse

v Im v
w2
wid Pazuyo
w2l wh noKazameaei
wi3 - H1EHOG CIIEHERHOZD
W J pRga wpaana 8
w20 wi2 wif | 1} Wl Wl 6
6\ 2
8
1
W —i W
]gwl ! 5] wi7
w w0
wis
~ 4

Puc. 6,5. CreneHHo# pag w

To ecTb 3HAYEHUS w, HAYMHAS C W', PABHbI COOTBETCTBYIOUIEMY 3HA-
yeHuo oT w® 10 w’. ECTW OCTATOK OT moKasaTels #, NeJeHHOro Ha 8, 3a-
NUcaTh KaK

nmod 8,

TO 3HAUCHMA W MOXHO NPEICTABMTL CISAYIOLIMM OBPA3OM:

W= anodg
HHuaue roeop4,

§mod8=10

Imod8=1

10mod 8 =2

llmod8 =3
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8. AuckpeTHoe npeobpazoaanie Pypee W BLICTpoe NpeofipasosaHne Pypoe

Hcnoneays 3Ty 3aKOHOMEPHOCTD, HCITPABETE CAMOCTOATE/IBHO MAaTpH-
uy (6.10). HUrak, yro vy Bac nonydunoch? PesyibTar IpeacTaRIeH HHKE:

Gl [w* w® w W W' W' W W[4 Tootrena

G wow' Wt oWt oWt W Wt WA ek doipasimg
C2 wﬂ wZ w4 W 6 wD W 2 W 4 wﬁ ./i M:ﬁ;z:sgma

C3 _ wO WJ w6 W | w4 w’l wz wﬁ _/3 emeneried w

Col | w® w* W™ Wt W Wt W WA

Cs wOowt oWt oW Wt W Wt W || (6.11)
C, Wowt owt ow? W WS Wt W[4

(G wW" W' W W Wt W Wt WA

BHuMaTebHO NOCMOTPUTE Ha 3Ty MaTpHily. HabepHaKa, BB oGHapy-
KHTE pauTHUHbIe 3aKOHOMepHOCTH. [Ipobnema 3aKTIOYACTCHA B TOM, KAK
HCIOIb30BATE ITH 3aKOHOMEPHOCTH, YTOObL! BbI'THCIeHHE BbUT0 3dhdek-
TUBHbIM.

Beicmpoe npeobpasoeanue Pypoe — 310 ANTOpUT™ IPPEKTHBHOTO BbI-
YHCIEHUA ¢ MCIOAb3OBAHHEM 3aKOHOMEPHOCTE |, CKPHITHIX BHYTDH Ma-
TPHULBL, BbIpaxawiliei AMcKpeTHoe npeobpazopadue Pypbe, Takum o6-
pa3oM, €C/IH npaBUAbLHO NEPECTABMTL 3JTEMEHTDI MATPHLBI, TO YUCIIO
onepalti YMHOXEHIA YMeHBITHTCA. (OIHAKO MO CPABHEHUIO C BBIYHTA-
HHEM W CJIOXEHHEM Ha YMHOXECHWE 3aTpayMBacTCsd ropas3ino Honbie
BPEMEHM, [TOITOMY, €CJIM YMEHDBIUUTh YHCIIO ONePaLMi YMHOXEHMA, KO-
TOPbIE 3AHUMAIOT MOYTH BECh 0OBEM BLIYUCISHUI, TO B PE3YJIbTATE BO3-
MOXHC COKPATHTB BPEMSA, 3aTpaveHHOE Ha BECh NPOLECC BBIYTHMCICHHAS,
Kakum xe 06pazoM BO3MOXHO YMEHBIIHTb YHC/I0 ONEPALi YMHOXKE-
HHA B 6bicTpom Npeobpazosannu Dypbe?

6.4.2. Anropintm BINPD ana psga u3 4 yneHos

Mpexne Bcero paccMoOTpHM ¢iy4aii, Korma CMTHAL NPencTaBieH PA-
JOM BCETO JTHLB U3 4 yneHoB, O603HAYHMM €ro Kak

Vo, /i 2. 31

Torga QJUCKPeTHOE NpeobpasoBanie Pypbe 3TOro CHIHATA MOXHO Bbipa-
3UTh B BMJE NPOM2BEICHHA MATPUIIBI HA BEKTOD CMTHAMA:
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6. OuckperHoe npeobpasosaHme bypue n GbicTpoe npecbpasosanme Gypobe

CO le WO WO WO f;)

Gl [ w W WA (6.12)
C. - 0 2 4 & -
2 wow owt WA

C3 w() w3 wé w9 f]

Ecny B cooTBeTcTBUH ¢ PHE. 6.6 B MAaTpPUILY TIOACTABUTL YHC/IOBbIE
3HAYEHU] CTENEHHOTro PAJA W, TG B pe3yibTaTe NOAYYHM

Cy 11 | I
Gi_[! =7 -1 J A
Gt -1 1 -1i{A ©.13)
C3 1 ] -1 _j f}
v Im v
WT
i
wh w2 Wl wA
- 0 T Re
—i[w!
wd s
W :
'S F Y ;

Puc. 6.6, CTencrvod paawuna N=4

C artoro MoMeHTa MBI GyeM YacTO OCYLIECTBIATL 3aMeHy 1EMEHTOB
9TOM MATPHLDBI, HO €CAH IIPEACTABIATE MATPHLY OGBITHBIM CTIOCO00M, TO
BbIDAKEHHE, TPHMEHAEMOE JUTA BBIMUCACHHUE, yeaoxHuTeA. i Toro yro-
6b1 XOTh HEMHOTIO YIIPOCTHUTh 3TO BEIPAXEHME, TIO3BOJIMM cebe onpeneiuTs
HEKOTOPLIH 0COOEHHbIA CI0CO0 NPEACTARIEHHS IPOM3BEACHUS MATPHIIbI
Ha BEKTOp, KOTOPBIH, KPOME KaK B 3TOH KHHIe, BbI HUTNE He BCTPETHTE:

6. .ﬂMCKpéTHDE npeobpasosaHne Pypoue u GuicTpoe npecbpasosanmne Pypue

5 4 £ A
G wz w? wg wg
g; = vwvo ::; 34 :6 (6.14)
(& wb oWt oWt W

{CyLuecTBYIOT pasilM4HLIC AnropdtMel bITM, Ogun ¥3 HKX, TOXOBHBIN BLILIE-
M3N0XKEHHOMY, MOXHO HaifTy B KHUre «CIpapouHMK N0 IHGPOBOH BHIYUCAUTE b~

Holi Texnuxe, IBM u cucrembl»', — lpum. pedaxmopa nepesoda.)

Yyre Mo3Ke TOABUTCH ApYroe Npou3BeJcHHe:

lh A £ 4]

G| |aw® aw® aw’ aw®

G |_{ow’ bw' bW bW
G ew’ oW owt owt
Gl |dw’ aw dw® dw’

O6paTiB BHUMaHHe Ha ocoOeHHOCTb KoMPUIlHeHTOB
JIEMEHTOB MATPUIILL, MPEACTABUM NTPOU3BENCHHE
B CACOYHHUEM BUOC!

C, allw? W w® W
Gl loflw w w W
Gl lellwt w2 wt W
c, dllw? W Wt W

C yyeToM coenaHHBIX MpeobpazoBaHuil KosdbuitHeHTs Pyphbe B MO-
APoOHOM BUAE BHIMIAIAT cleayloium obpasom:

G, |aw'fy +aw' s+ aw’fy + anw'fy
C |_[ 6wy + bW £, + bWy + bW f,
Co| | ew'fy + cwlf, + ew'fy + oW’y
G | aw®fy + dw'f, + dwSf, +aw'f,

! CnpaBouHHK MO UMGPOBOI BEIMHCAUTEALHON TexHHKe. IBM n cuctems/TTon pen. Manu-
Horckoro b.H. — Kues: Textinka, 1980, — C. 85—90.
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6. AuckperHoe npeobpa3osarme Qypoe 1 GbiCTPoe NpendpasoraHue Oypbe

Hrak, pepHeMCst K THaBHOMY BoOrpocy. [1epBEIM NeI0M YYTh U3MEHHM
MAaTpHLY B BbipaxeHUH (6.14). [NoMeHAB MeCTAMH CTONGIIbl MATPHLE,
pasieNluM €€ Ha OBe PYNHOBL HA rpynny fa, f> C YeTHBIMH MHIEKCaMH
JaHHBIX U Ha TPYRIy f), f3 ¢ HEUETHBIMK MHAEKCAMH JAHHBIX. TakuM 06-
pa3oM, NONTYYUM

I al 15 4l

o U WP
C|_[w w? wow
G 7w Wt + W owh
el Wb owh Wwow?

nOCMO‘I'pHTe Ha MATDULY, ABAAIOIIYIOCH BTOPBIM CHAracMbiM 3TCIQ

BeIpKeHHA. Ecan 06paTHTh BHMMaHKe Ha To, 4To W' = wAw!, 510 BHI-
pakeHUe MOXHO MPEeaCTABUTD CAEAVIOUINM O6PA30M:

[ﬁ AL 5]

Eeai pasdeaums

C, Wb wo' 'wown wnwo' mmﬂag&e o
Cl v W wh? wiw? | ODUNGKDANE HamDIL
G lw w + wiw? whet |~
G w® wh wiw? Wit
4 £] £ Al
"wo wo‘ 'Wo w? wo'
_{wt ot W || Wl
W Wt * we (Wt w? (6.15)
W' Wl W wh

H3a Puc. 6.6 ouesugno, yto
w4=w°=],w6=w2=—l,
a TakkKe
W= W= '

INoacTapuM 3TH 3HaYeHus B BeIpaxetue (6.15) n nosyanm

====== 6. [JMcKpeTHoe rpeotpadosarue Pypee v GuICTPOE NpeobpasoeaHne GOypbe

[ 4] P

Gl |11 w1 1
Gt =1, ] » [|1 -1 (6.16)
T f=w lfr

G| [1 -1 |=w i1 -1

Cronbupl, BEIAETEHHEIE CEPBIM LIBETOM, OJMHAKOBLEL MX aneMeHTh
NpUHHUMAIOT 3HaveHuA | win —1. CrienoBaTenbHo, BHIYUCIEHHE B 3THX
CTONGUAX MBI MOXEM OCYLIECTBHTDb, BHITIOJIHAS TOABKO ONEPALIMM CIIO-
KEHHA W BBIUMTAHUS, A 3TO 3HAYMT, YTO €CITH BHIMHCAEHMA TTPOBOIUTE
TAKHM 00pa3oM, TO UX 06beM, HECOMHEHHO, YMEHbIIHUTCS.

Hnsa Toro 4TOOB YIPOCTHTH MPOUECC BBIMHCAEHMSA BbipakeHHs
(6.16), monpoGyeM ero cXeMaTH3UpoBaTh, CHavana pasneiM fy, fi, /. f
Ha Tpynnsl ¢ YETHBIMKM M HEYETHBIMH WHIEKCAMM H B KAXIOoii Ipymnne
BBIMOJIHHM CTIEPALIMY CAOXEHHSI H BEIMHTAHHSA. X0/ 5TOTO BblYKCICHUSA
orpaken Ha Puc. 6.7. Kaxnuiii KoMmoHeHT paga naunbix {fy, fi, f, f3)
YMHOXAETCA HA MHOXHTENN, BCTPEYAKCIMECA Ha ero nyTH. B Toukax co-
€AWHEHHA CTPEIOK MPOU3BOIHTCA CYMMHPOBAtHe.

L] *
5 Htwofh
A f=wlh
f htwih
h H-wify
L] [ ]

Puc. 6.7. MeTox Beivnciaenus «6aGoukoiis

Bnpeap +1 3anuchiBats He 6YIeM.

Ibauyeckoe u306pakeHuUe anropMT™a NMoXoxe Ha 6aboYKy C pac-
NaXHYTBIMU KPbUTBAMH, MO3TOMY 3TOT METON BBIYUC/AEHHUA HAa3biBAlOT
«6aboukoits. OBpaTHM BHUMAHME Ha TO, YTO OAHOMY BHIMHCACHHIO «6a-
G0uYKOif» COOTBETCTBYET OnHA onepaitis yMHOXeHust. Keratn, kaxercs

i28
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6. JuckpeTHoe npecbpasosanne dypbe v GbicTpoe npeobpasoeanve Qypbe

CTpaHHBIM, YTO KAXK/IOC U3 3HAYCHKH /5 1 f3 na PHc. 6.7 yMHOXeHO Ha w?

(w” = 1). Takas (opMa 3anUcH cNIeUHAIbHO TIPUBEAEHA LJIH ToTo, 9TO6BI
B JaibHelileM MoXHo BbLTO OITHCATh METOM BHIYHC/IEHUA «0aGOYKOLi» B
obieM BIIE,

[Mponomkum pasrosop of 2roM Metone. Ha Pue. 6.8 npeacrasneno
€0 CXEMaTHYECKOEe H3obpakeHUe, BruucneHye «6a60ukof» BbIIIOAHE-
Ho 4 pasa. B anckperHoM npeoGpasosanni Dypbe ONepalinio YMHOXE-
HHA HeoBXonHMOo GEUTO GBI BRITOIHUTL 4 X 4 = 16 pa3, a B HALIEM CITY-

Jae BCETO JMINL 4 pasa.
3mo BIIP das pada
uz 4enoe

. N »
A Co=fytwhh+whf +wlwlfy
fz €= wofyt w1 = wow
f Cy=f+wlf—whf —wiwlf
5 - ot Ci=f-wify—wlfi+wiwlg

) .

Puc. 6.8. BTID a14a paaa u3 4 uneHoB

6.4.3. O6o6wenne anropurma 5N

Kakum o6pazom MoxHO 06061IHTE cnocod GeicTporo npeobpasosa-
Hust Dypoe 1e psija 13 4 WIeHOB, ecIH JaHHBIX Topasao Gonbe? B ciay-
yae BI<P ans pana us 4 WieHOB rMaBHbIM ITYHKTOM ObUIO AS/ICHHE NaH-
HBIX C Y€THBIMH W HEMETHbIMU HHAEKCAMH, MOXeT GHITh, CTOMT ITONpo-
GOBATh TC XK€ caMmoe U s Gobluero YHcAa daHHbIX? PaccMoTpuM ciy-
gait BT ans psoa ns 8 wiedos. B nepsyio ouepend psia w3 8 uneHoB
IMCKpeTHoTo npeobpaszosatis Oypbe U3 0CHOBHOTC BbipaKeHHA (6.11)
pa3IesiiM Ha NBE TPYIIIb ¢ YeTHBIME H HEYeTHBIMH MHAEKCAMIE.

6. AncrpeTHoe npeobSpasosarne Oypea U SuicTpoe npeobpasosatue Gypee
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(6.17)

Ecnit o6patuTh BHMMaHHE HA TPYNY ¢ HEYETHBIMM WHIEKCAMH, TO
€€ MOXHO NpeACTABUTh B HOBOM BUAE!
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KpoMe Toro, Henonbsys npasunio, 9To 3HaYEHNA CTEMeHHOTO PAla W
P4BHbL TOMy WAW MHOMY COOTBETCTBYIOUIEMY 3HAYeHHIO of w" mo w’,

HMECM?
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6. IimoxkpeThoe npeobpasosanve Gypse M GuicTpoe npeobpasosaqine Pypoe

KcTaTl, ecan BHOBL o6paTuTecs K PHe. 6.5, To cTaHOBATCA NMOHAT-
HBIMM CAEAYIOLLHE BRIPAKCHHA:
w=1 w2=—jw4.=—l we=j
wh=—wt W=y W= W = P

MoacTaBUM 3TH 3HAYEHHA B BRIpaXeHUE (6.19) H momryyuM

s # 4 4] i 5 £ Al
1 v v ][] 11 1]
Gl (1 -7 -1 J w |11 =j =1 j
(o0 I 15 TS Ry TS 1 O V' | B N B | (6.20)
G|t J -V =il |w it 7 1 ~j
Gl |1 1 1 1 |1 1 11
Gl |1 —j =1 j|-w]t =7 -1 j
Gl [r -1 v =1 [=2l1 -1 1 -1
(o3RRS BT I B | I A B

Hrak, ecny BHHMaTEABHO TTOCMOTPETh Ha 3T0 COOTHOILEHME, TO SC-
HO, YTO BBIAEJEHHBIE CEPbIM LBETOM 9acTH abCOAIOTHO OAWHAKOBBI,
Kpome Toro, xoueTcs odpaTHTh BHUMaHHe Ha TO, YTO 3TH YAaCTH OIMHA-
KOBbl C PacCTAHOBKOH 3HAaYeHMH w BrpaxeHMs (6.13), koTopoe mbl
Berpeuand B BI® wist pafa U3 4 WIEHOB. DTO 03HAYAET, YTO EC/IH OCY-
HIeCTBUTD GBICTpOE NipeoGpasosanue Pypbe B KAXKIOH M3 Tpynn CHIHA-
A0B € YETHEIMM M HEYETHRIMH HHAEGKCAMU, TO, UCTIONB3YA Ero pe3y/ibia-
Thi, MOXHO Bbipa3uth BITD mwia pama u3 § wienos. Ha Puc. 6.9 rpadu-
4ecKkH KM306paxkeH xoa BbiuuciaeHmns. Eciu Ha 9TOM PUCYHKE PAaCKPBITh
BI® gns pana n3 4 wicHOB, To TOAYYHUM LETHKOM U3o0pakeHHE TTpe-
uecca BIIM wig psaoa u3 § wWiIEHOR, YTO HAMIATHO NPEICTARIAST METOX
BHYHCAEHMA «Gaboukoii» (Puc. 6.10).

Hrak, nporHo3upya passBHTHE NPOLECCE, KOTOPEIA MBI nPoCAeUIH
10 9TOrc MOMEHTa, MOXKHO CAenaTh caenylomuil supon. Ecan noero-
PATb METO BHIYHCIEHUS «6ab0YKOi» 1 COOTBETCTBYIOLIYIO NIEPECTAHOB-
Ky pAia 3HadeHUi curuana, nepexots U3 BI1® mia paga u3 4 uneHoB K
BII® ana paga w3 § 4IeHoB, TO B KOHUE KOHLOB MOXHO OCYWIECTBUTh
6eIcTpoe TpeobpasoBanne Oypbe CHrHaia WA paja, COCTOANIETO U3
J1060ro YMCAA WIEHOB KOMHUECTBOM, PABHOM CTENEHH YHC/A nEBA.

Yuycao BoIYMCACHUH MeToaoM «BaGoykoii» B BI1D ansa psana us §
Yj]eHOB, NpencTasiecHHoro Ha Puc, 6,10, pasHo 12, a sHAYMT, ¥ omle-
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6. finckpetHoe npeobpazosavue Pypoe v BuicTpoe npeobpesosarne Pypbe

[Ie—

Puc. 6.9. 5I1d n1a psana U3 § '1eHOB © McNonb3oBaHUueM BIN1d
LA pAda H3 4 YIECHOB

Pue. 6.10. Cxema anropurma BN ans pana 13 8 uneHos

133




6. AvexpeTHoe npeabpasoseHne Dypbe K BLICTpoe NpeabpasosaHue Gyphe

pauus yMHOXeHUWA BhinoAHeHa |2 pa3. 3ro beero auwb 3/16 ot 64
onepamnuit yMHoXEHUsI, KOTopble BHIMOAHAIOTCAE B THCKPETHOM TNpe-
o6pazoanud Pypee. MonpobyeM 310 06061MTh. Ecnin uneno nan-
HbIx N aBiIsieTcs cTeneHpio 2, To ectb N = 27, uncao onepaunit ymuo-
xkeHuns JI1P paBuo N2, a B enyuae BI1® — NP/2. Ecau uucio 1aH-
HBIX HE BEJIHKO, TO M pa3HHALA B YMCe onepauMit HeaHayutenbHa, Ho
€CITA, HATIPUMED, YHCII0 JAHHBIX 2'9'= 1024, To no cpaBHEHHIO ¢ YKC-
JIOM onepauMii yMHOXEHHUS B QUCKPETHOM NpeobpasopaHu Pypre,
KoTopble BeIMOAHs0TCH 1050000 pa3, B GHICTpoM mnpeobpa3oBaHUH
®ypbe aoctatodHo 5000 pas, yro cocTaBaser npuMepHo 1/200 ot
obbeMa BhIYMCTeHMIt AHCKperHoro npeobpasosanva ®ypbe. Ecnn
nns Boiuvcnennii B MM Heo6xoguma 1 MUHYTa, To B caydae BIT®D
HYXHo Bcero auib 0.3 cexyHabel. YUeM Goablie YMCA0 AaHHLIX, TEM
Gonipllle Pa3HHMLA B CKOPOCTH BEHIYWUCACHHS W npewMyliecTso BI1D
NpOABASCTCH fApUE,

6.4.4. MepecranoBka pa3spafOB ¥ TEXHUKA COPTHPOBKH

OIHMM U3 TAABHBIX ITYHKTOB B AJITOpUTME GbicTpOro npeobpasosa-
HUa Pypbe ABNACTCA MeTol BRIYMCACHHA «0aboukoii». Ewe oauH Baxk-
HBI MOMEHT 3aKJ1I0YaeTCsl B OCAS10BATEABHBIX Pa3sGHeHUAX paaa 3Ha-
YeHHH CUTHA/1a Ha B¢ IPYIH Y NEpPeCcTAHOBKE 3HAYCHUIA cMrHana Ta-
KuM obpa3zoM, YTOOLE B NociexyloweM NPHATH K MeTody BRIYMCACHHIH
«6aboukoit». Cnocob nepecTaHOBKU 3HAYEHWH CHTHANA HA3BIBAETCS
TeXHHKOH copTHPOBKH. TeXHWKa COPTUPOBKM OCHOBAHA Ha NIEPECTAHOB-
Ke pa3panoB. TeopeTHYecKH MBI He OyaeM NaBaTb TOMY OOBACHEHHS, HO
nonpobyeM N0OGUTHCA OT BAC HHTYMTHBHOTO MOHHMAHHA Ha NMpHMepe,
HITOXKEHHOM HHXKE.

Psix 3HaveHWil cCHrHANA PAacCTABUIM B NOPSIKE

Jos 12, /1, /5 (B cyqae BITD ana paga w3 4 wieHoB) W B NopAaKe
Jo. a5, Jou 1, 5, f5. f7 (B enyqae BIN® ans paga us § wieHoB).

Eciny 3HaYeHHA HHISKCOB N0 NMOPALKY NPEACTABHTL B ABOHYHOH CH-
CTEMe, TO MPOCAEXKUBAETCA AI00OMBITHAS CBA3b.

6. AuckperHoe npeobpasoeanne Mypbe 1 BuIiCTpoe npeobpazosaque dypbe

< B cayiae BIID ain pana us 4 wienos >

Hexonneli eurnan CHrnan nocae nepecTaHCBKH Pa3paioR

HNecsaraunan | [BoHunas Hecaraamas JlpoHdEan
CHCTEMA CHCTEMA CHCTEM3 cucTema
CYHCTICHHA | CUMCICHHA CYHCACHHS CUHCTIEHHA
0 ()] 0 U0
| 01 2 i0
2 10 1 0]
3 11 k] 11

< B eayqae BII® ana psaa us 8 wnenos >

| Hexopunii carman CHrHan nocJie nepecTAROBKH PAIPAA0B P
Jlecaraunas | [ApoHunas TMecaTHunan I TIBOHYHAS wmo 3Beco
CHCTEME CcHeTeMA cHCTEMa CHCTEMA unmepecioen?
COHCACHHS | CHRCIENHS CUHC/IEHHA CUHC/IGHHA
0 000 0 000
1 001 4 100
2 010 2 010
k] 011 [ 10
4 100 1 (01
3 101 3 101
6 110 k) 011
7 111 7 11

[MonyucHHBIH PAX 3HAYCHHA HHAEKCOB B NECATHYHON CUCTEME HHYe-
[0 HAaM HE NAET, HO pAl 3HAYEHUH MHACKCOB B IBOMYHOM CHCTEME Cleny-
€T CUeBHAHOMY npasilty. iHaue rosops, sHauyeHnue HHEKCa TTONYYAeTCH
M3 HCXOIHOTO MepeCTaHOBKOM CTAPIIMX M MAALLIMX paspsacs. Hanpu-
MEP, IOCMOTPHUTE HA YACTL, BLIASIEHHYIO CEPBIM 11BeToM. QUeBHIHO, YTO

011 110

I i

To, uTe 3T BEpHO K ANA BCeX APYTHX HHIEKCOB, NPOBEPETE CAMOCTO-
SITEJILHO.

D10 NPaBUAO PACIPOCTPAHASTCSA He TOAbKO Ha pAnbl, YHCIIO WIEHOR
KOTOPBIX PABHC 4 UK 8, HO W HA PAAbI, YKCIO WIEHOB KOTOPBIX HAMHO-
ro GONbLIE, T.€. OHO YHUBEPCAAbHO. A TeopeTHYeCKoe 000CHOBAHHE TO-
ro, [IoYeMy TaK NPOHCXOAHT, ITYCTh 6yAET AOMALTHEM 3aJaHUEM ST 9H-
TaTe e, NPOARTTIONIUX OCODbIH HHTEPEC.
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6. Onckperhoe npeobpasosadve Mypse n BeicTpoe npeobpasosanie Oypoe
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6. AuckpeTHoe npeobpa3oBaque bypbe 1 SucTpoe npecbpazosanve Oypee

NAMATKA

[ Komnviomepuan npozpamma BIID]

Ipusedem npoepammy BEIT®, nanucannyro na s3vixe BASIC
(Crocofi npumenenus)
1. B caynae Q1T

< BxoOubie oauibie >

N: uucao dannwx pasio crenenu wicaa 2

X(): maccue exodubix dannbix. Beodum 30ece 3HA%EHUS CUSHAIA, KOMOPHIE

Ooaxcnt Boime npeobpazosans (1 =1, 2, 3, .., N).
Y(1): maccus ssixodutx dannbix. Bee swawenun ofipawiaem e 0.
INV: 3nauenun npupasnusaem x 1.
< Boixodunie danrvie >
X(I): deiicmsumenstbie yacmu kodppunuenmos Pypoe. X(1) — nocmonn-
RAR COCIABAANOWAn, n-a 2apmonuka — X(n + I) (cm. Puc. 6.4)
Y(): muumpie wacmu xoxgpuyuenmos ©ypoe. Hpunyun mom xce, ¥mo u
URONCCHH DT BbIUIE.
2. B caynae Q4D
< Bxodubie dannwe >
N: wucao dannmx pasko cmeneni wucaa 2
X(D): maccus exoduwx dannvix. Beodum deiicmsumenvisie wacmu Kosg-
thuyuenmos Pypoe. danuvie npedcmacanem e makom xce gude, kak u pe-
syaemam npeotpazosanus Pypoe.
Y(I): maccus exodmbix dannwix. Beodum muinsie wacmy kos@uyuenmos
Pypoe.
INV: shawenus npupagrusaem K —I.
< Butxodnsie Oannwe >
X(1): peayromam ofipamnozo npeofipazosanus Dypre.
Y(I): nowmu ece snavenus pasunt O uau Opusku k 0. Boucasine wx nem
cmpiena.
100 *FFT
1 10 I R R R e e it a e A R P TR T L 22 RS 22 R 22 L 2 SRt il
120 ' BbicTpee NpeobpascsidHne Mypse
130°
140° N: Yvcno aanHeix
150° X: Maccup panHbix. BosspawaeT neficTevTelbHyI0 HacTh
160° koadpuumentos ANdD
170" Y: Bozepaw@aer MHAMYIO 42CTb Koagrpuumnentoe AND
180"

190
200

' INV: &nar ana OEND
' 1: Npsmoe BN -1: O6paTHoe BND

210 P e bbb R AL S S L E LS A bk bl oo

220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420

430
440
450

460
470
480
480
500
510
520

* Wusepcua Gurd

J=1
FOR|=1TON-1
iF 1 >= J THEN 280
XA = X{1): X{1) = X{J): X(J) = XA
YA = Y{I): Y{I) = Y{J): Y(J) = YA
N2 = N/2
iF N2 >=J THEN 310
J =J-2: N2 = N2/2: GOTO 290

J=J+N2
NEXT 1
! 3peck HaumHaeTca BNod
M=1:N2=N
N2 = N2/2: IF N2 <> 1 THEN M = M+1: GOTO 350
FORL=1TOM
LP=2"L
LP2 = LP/2
DARG = -INV*3. 141539/1P2
ARG=0

FORJ=1TOLP2
C = COS(ARG): § = SIN(ARG):
ARG = ARG+DARG
FORi=JTONSTEPLP
W = 1+LP2
WR = X{IW)*C-Y(IW)*S:
W = X(IW)*S+Y(IW)*C
X(IW) = X(1)-WR: Y(IW) = Y(1)-WI
X(1) = X()+WR: Y(1) = Y(I)+WI
NEXT |
NEXT )
NEXT L
JF INV = 1 THEN: FOR I = 1 TO N: X{1) = X{1)/N: (1) = Y(I)/N: NEXT |
RETURN
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6. AwuckpeTtHoe npeobpasoeane DGypbe u SLicTpoe Npeotpasosadie Dyphe =————r-

OBOBLYEHHUE I/IABbI

1. IuckperHoe npeoGpazosanne Dyphe curHata, NpeACTaBNEHHOTO pAIOM

13 N 3HAYCHUI, ONPEAENACTCA CIENVIOIHM ofpazoM:
=] 3 )
Co=t > fe R (m0,1,2,. N ~1),
N i)
OAIND onpenensercs kak

[ _
fi= 30 BVE g 12 No),
k=)

2. Crextpe I gBAAI0TCH NEPHOAHUECKHMH C nepHogom N. Coctabasio-

MHe CHeKTpa € OTPHUATEALHBIMH K [OBTOPSIOTCH Ha MHTepBaie o7
k=N2mok=N-1, CneKTp aMIUIMTY M CIEKTP MOLHOCTH UMEIOT
CHMMETPHIO OTHOCHTENLHO k = N/2.

3. OuckperHoe npeoBpaiobatine MypLe HENPAKTHYHO BCAGACTBHE GONBLIOTO

0DBEMA BHIMHCACHHUIA. Anropury BIT® no cpasuenuwo ¢ AMP goponsao
bdekTHBEH W MO3BONSET HAYUTEILHO YMEHBHIHTL O0beM BhIYHCASHTI.
Ho yncio obpabatsiBaeMLIx JAHHLIX JONKHO BHITD CTENEHBI0 YHCIa 2,

Npaxrnyeckuwe 3agauns

)

2)

»

L)
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Hawno: fi=cos3n/d.i=0,1,2, ..,7. TpeGyeTcs nporsBecTH anckpeTHoE npe-

obpasoBaHus Oypoe,

Bulto npoHseenero 6nicTpoc npeoGpasosanne Gypre Win paga w3 512 sua-

YeHn#t (f, i=1, 2, ..., 512), nonseprumxes BbIbopke ¢ wactoroi 1 ki (cM.

NpoTpaMMy U3 MAMATKH Ha cTp. 136),

a) Kakosa uactoTa nepsoit rapMonnxu? Kakosa uacrota CaAMO#H BHICOKOH
FApPMOHHKH CHIHana, KOTOpyIo BO3IMOXHo IPOAHANH3NpOBaTS?

6) YxaxuTe ciszb mexay X(1), Y(I) u ocHoBHbMM koaddmumenTamu Dy-
poe Cy; k=11, 2 +K Uemy pasno K?

Yoenuteck B ToM, UTo eciin aHckpeTHoe npeofpasosanune Oypoe curiana,

NpeACTABRCHHOTO psitom sHauenui {fy, £, ..., fv.)}, BelpaxaeTcs coorHowse-

HueM {6.5), T0 117 Hero BepHa Teopema MNapcenans:

e D
ZJC}| =N Zlf-[ -
=0 i=n

OcCylIeCTBUTE [ePECTAHOBKY pA3pAA0D B Cy4ae, eciM KOMHYECTBO JaHKbIX
pagHo 16, .

7

WHTEINPANTIbHOE
NMPEOBPA30BAHUE
®YPBE

Pasnarad nepuoaMyUecKMii CUrHail

7.1, i
Ha COCTABNSIOLME CTO CHHYCOUABL Pa3
g;;ﬁsgyiiﬂwa JIMYHBIX YACTOT, Mbl OCBOMIH DAIOKE-
K UHTErPANEHOMY Hue B pAI Pyphe Kak criocob npeactas-
MPEOBPA30BAHUIO JIEHHS CMTHANA B BUIE CYMMbl 3THX CO-
DYPBE cramisonux. Ecau curnan ssngercs

nepuogH4yecKnM, TO €ro BO3MOXHO
paznoXuTh B pAl @ypre, A KakuM xe o6pa3oM OCymecTRAAETCA Payio-
keHue B psa Pypbe, €CIH CUTHAT HENEPUOTUYECKHIA IIH TPEACTARIALT
cobolt 0auHOYHBIH mMmIyabe (Puc. 7.1)? Pasnoxenue B par Pypoe Tako-
ro CUTHAMA HAa OTPAHMYEHHOM MHTEPBAIE TEOPETHUECKH SBASETCA OlH-
604HbIM. (MBI NOKA HE PACCMATPMBAEM MPaKTHHCCKYIO CTOPOHY dena. )

v v
Kar me ocyuecmaums
ananus Oypoe?
Henepuoduseckuit Odurounsiit
cuaan UMRYAC
AW A J l r
' i
IS & i

Puc. 7. 1. Paznu'Hble BHObl CUTHAJI0B
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7. MnTterpansHoe npeobpasopaHve Oypbe

7. WUnterpancHoe npeobpasosanve Qypee

Pa3puBas KoHuerHio painoxeHHs B psa @ypbe, B 3Tol iabe da- la]6] RelC
BalTe NOAYMaeM Hal Teopueii 6oflee oblllero anamusa Gypbe, BEIOYa- elCH
10LUEH aHATU3 HeMepuoaMYeCKUX U 3aTYXAIOLIHMX CHTHANOB.

Hrtak, HenepHOAHYECKHIT CHIHAN WIH OIHHOTHLIH WMITYJILC, HECO- .
MHEHHOQ, OTIHYAIOTCA oT MIePUOIHUYECKIX CUTHAIOB, HO B OITpeaeicH- TR i U PR
HOM CMBICTTE MOXHO CKA3aTh, YTO OHU ABJISIIOTCA OJHUM W3 BUIOB ITEPH-
OJTHYECKHX CHTHanoB. PaccMAaTpMBATh HEMEPHOTHYESCKUII CHIHAN Kak
NEPUOANYECKHI — 3T0 YTo-To u3 hunocoduu azen-bynamima. OaHako
TAKOH [10AX0N 03HAYAET CeAyIOIIee: KOTna NPUHATO CYHTaTh, YTo TAK
Ha3biBAEMBIH MEPHOAMYECKHI CUIHAL — ITO CHTHAN, NIOBTOPAIONIMHCA
4epes NepHos OrpaHHYEHHON BEMTUUYMHBI, TO HENIEPUOAHYECKHI CUTHAN
MOKHO CYHMTATh IIEPHOTUYECKUM CHIHATOM C 6ECKOHEYHO HOJIBIITHM e -
PHONOM, XOTSl OH U He nosTopAeTcd. Ec/iu nepHon CYMTATE GECKOHEYHO
BO/IbIIHM, TO TAKOH CHIHANT MOKHO «B35Th B KOMIAHbOHBL> NEPUOAHMYE-
CKHX CHTHAI0B HE3aBUCHMO OT TOro, ob1agaeT oH CBOHCTBOM MEpHO-
AMYHOCTH WK HeT JlyMaeTcs, yTo 5Tore oObsACHEHHA HEAOCTATOYHO,
No3TOMY NPUBEREM NMPAKTHYECKAH TpUMep.

Ha Puc. 7.26 nokasaHa orubaiomas CMEKTPa nocaenoBaTENbHOCTH fD
npAMOYTOIbHBEIX HMITYJIbCOB ¢ nepHoaoM 1= 4. Ecnu diopMy atoro cur- T=16
Halla OCTABHTE HEH3MEHHOMH, & TIEPUOJT YBEJHYHKTD, TO YTO NPOU30MIET C
orubaoeit cnekrpa? 310 mokazaxo na Puc. 7.2r. Buano, yro dopma ‘ :
orubamoueil cnekTpa He M3MEHMAACh. 3aMeTHTe, YTO, Amsl TOTO 9TO6HI
MOXHO OBLIO CPaBHUBATE (OPMBL CNIEKTPOB HE3ABHCUMO OT U3MEHEHUS
OCHOBHOIO MEPHOIA CHTHATA, oTcueT N0 OCH abCUMCe IPOU3BOTUTC B
eaqHHMLaxX He K, a 2nk/ T T

Eme 6onbme ysenmnuum nepvoa (Puc, 7.2e). M uro Mb Buaum? ) Iﬁ ii mog,mmp’

Pom pme pmm e e
mumnu
e 2

2mk

=
=

[I10THOCTE THHUI CNEKTpa yBenWuYMBaeTcs, a oruGalomas creKTpa CRAGUNO
OCTAETCA HEM3MEHHOM. A 3HAYUT, MOXHO CKA3aTh, YTO EC/IH TPOAOI- I

KATb YBETHYNBATh epuoa T, To nipH T— o paccMaTpusaeMas ornba- ‘ ; ,:,‘efﬂ”%"g’
101UAs CMIEKTPA i £CTh CMIEKTP OAMHOYHOTO IPAMOYLONBHOTO UMITYIb- i nepuod, mex

ca (Puc. 7.23). O6paTuTe BHUMAHKE HA TO, YTO B 3TOM CY9ae [IOT- gouie
HOCTb JIMHHI CMEKTpa CTaHOBMTCA GeCKOHEYHO GOAbIIOH, TO eCrb
CMEKTP, BHAYANE MPeACTABNEHHBIN OTACIBHBIMUY 3HAYEHHAMH aMTIIH-
Tyl TAPMOHHK, CTAHOBWTCS CIUIOLUHBIM,

Ecnu curhan, seipaxernsrii hynkuueit £ (1) 5o BpeMeHHON obnacTH,
B 4aCTOTHOH 06/1aCTH npeacTaBuTh dyHkuuelt Mw), roe @ — yriopas Pyc. 7.2, CrieKTp noC/1en0BaTeAbHOCTH IPAMOYCO/IbHBIX HMITYICOB
Y4aCTOTA, TO CBA3b MEXIY ITHMH dYHKIMAMH £ (1) U Flw) onuchisaeTes
CAEAYIOUTHMHY COOTHOLUEHMAMM:

e et
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7. WnTerpansHoe npeobpasoeanve Pypbe

0= f;f(m};"'fiq a0

Fl)=["r0)e™a: (7.2

OyuKuua F(0) COOTBETCTRYET KOMIUIEKCHEIM Koo duumeHTaM pa3-
JoxeHus B pan Pypbe 1 ABAAETCA KOMIIEKCHOH dyHkumed. o) Ha-
3bIBAIOT unmezpaion Pypoe QYHKIHU f(1), Win npeobpasopaHuem Dy-
pee pynkunu f14). [pouecc nonyveHus dyakuuy (4 uz Flw) Hasblpa-
10T ofpamubim npecbpasoeaniem Pypee. [pn pasnoxennu B pan Oypee
MBI NIoAyqaeM Habop TApMOHMK, a Ipu npeobpasosanuv Oyvpbe, roe ap-
TYMEHTOM fIBJAETCA YIJIOBas 9acToTa ), MOAY4aeM HENpPEepLIBHbIM
clekTp (cnekrp Pypbe).

Npeobpasopanue Pypue w obpartHoe npeobpaszopatue Dypee 0bo-
3HAYA0T CAEnYIOIHM 06pa3oM:

) = F{An
f=F{Ra).

Hccnenyem cpolicTsa npec6pasoba-

7.2.

CBOWCTBA Husa @ypre. OHM nonoBHLI CBOACTBAM
NPEOBPA3OBAHUS pa3IoXEHUA B pan (Dypbe.

DYPbE

7.2.1. CBosicTBO AMHERHOCTH
MonoxuM, yro Fi(w) 1 F3(w) — pesyabtat npeobpazopadna Dypee
dbyHrumH f1() n (1)
Fi(e) = F{fi(1)), Fx(a@) = FLAN.
Ecnu a) W ¢; — MOCTOAHHDLEC BETHYHHBI, TO CAIPABEANHBO CIEIVIOLIEE
COOTHOLIEHHE:

| Flah() + mA) = aFi(w) + aFo) | (7.3)
To ecTb cniekTp CHIHANA, MORYYEHHOTO IIPH CIAOKEHWM CHTHATOB
aild), a)f5(n, ..., paBeH CYMMe CHEKTpOB 3THX CHMrHANoB: &4, F(w) +

a2 () +.... DTO CreayeT U3 Toro, YTo

7. MnterpansHoe npecbpazosanve Gypse

Fafil)+ =" s+ e ™ di=

=a{ fO)edr+a,{ fi()e ™ dr=
=a,F(w)+a, F{w).

7.2.2. CABHr curHana so Bpemenn
Ecmn Fw) = F{f(#}, To npu cnBure curnana f(r) Ha BeNMUIHHY T Npeot-
pasoBaHue Oypobe (BYHKUHH £ (f — T) BbIpaXaeTcd C.IEAYIOIUM oB6pazoM:

| FR -1} = e R | 7.4)

!
t
L

3aMeTHM, YTO NpH CIBUME cUrHaaa
le " F)| = |Fe)l.

To ecTb CHEKTP aMILUIMTYL He MEHSIETCS, MEHAETCH TOMBKO CMEKTp
(a3 (Puc. 7.3). M 10T pe3ybTaT 0XXHAAEMEIi, [TOCKONBKY CABUI CUIHA-
Jla HE JOJKEH OTPAXAThCA HA BENHYHHE HACTOTHBIX COCTARSIOIINX,
BXOAALUUX B CHTHAIL.

(v

Hawce ecau
nepeMecmums
cuznai

Ho cnexmp pas,
HasepHoe, Menaemea ?

0 o

Chexmp
amnaumyd ne
N i b

Puc. 7.3. YT0 NPOHCXOLNT NPU CABUIC CUTHANA BO BDCMEHH

o e e
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7. VinterpansHoe npeobpaaosasuve Gypoe

CooTHoleHHE (7.4) BLIBOIWTCA CJIeIYIOIHM 00pa3oM:
FL —‘c)}=r Sl—t)e ™ dr :E/"(u)e’j“’(“+‘}du =
=e“"‘*“J:f(u)e7'“" du=e ""F (w).

7.2.3. Nogobue

TMonpodyeM noayyuTs peodpasosanme Gypee B cayyae, Koraa hop-
Ma CHIrHajia Ta XK€, a OCb BpEMEHH CXKATa KW PACTAHYTA. Kak nokasaso
wa Puc. 7.4, B ucXogHOM curHane f(7) Macitad BpeMeHH H3MEHeH Ta-
KUM 06pa3oM, 4YTO apryMEHT { YMHOXEH HA HEKOTOPBIIi NOCTOAHHBIH KO-
stpdnupnert a. Torga cnektp curHana f(af) MOXHO TIpeACTABHTH B Cile-
QyfoIueM BUAE:

E{f(at)}:ﬁf‘((—:] (7.5)

@ flan

>
/a ! L0<a<]
0

Puc. 7.4. Uto nonyuutes, ecliu OCh BPEMEH PACTSIHYTA WIH CKATA

Ecini |g| < 1, 70 ucXonHblii cHrHAL £ (f) «pacTATWBAETCS» B ¢ pa3, MO-
3TOMY YaCTOThl CMrHana coGMpaloTcs B HM3KOMACTOTHOM 0OOJactTH M,
CleqoBaTe/IbHO, CMIEKTP CKHMaeTcs Mo OcH 4acTotr. B To ke BpeMms no
OCH OpIMHAT OH yBemumaaercs B 1/)e| pas. Ecam |a| > |, To wacToTa cur-
H#/1a MOBBILAETCA, 4 IHAYMT, COEKTP pacliMpsercs No ocH abcuucc, a
TIO OCH OpAHHAT CXHUMACTCH,
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7. UnterpansHoe Npeobpasorakue dypbe

CootrHouenme (7.5) [OKa3BIBAETCSA CAEAYIONINM 06pasoM. B NMepByIo
O4epelb NpencTaBrM NipecbpasoBanye Pypre currana f(af):

Fflat =" flar) e ar,

BueseM HOBY10 nepeMeHHyI0 4 = at, Toraa df = | /adu. Ecam a > 0, 1o

f{f(ﬂf)}=%Eﬁf(ﬂ)€”(‘°/“)"d"=%”(%))-

Ecmu a <0, 1o

1 ; 1 @
Fflan} =— orak gy =~ F{ 2|
(e = [ r@e o/ au=—L ¢
B pe3ynbrate o6besHEeHMS STHX ABYX BRIPaXEHHIA ITOAYYHM COOTHO-
wenwe (7.5).

7.2.4. Teopema MNepceaans

Teopema [Tapcenans, BOIHMKINAA MpH PAIOKEHHA B pAjl (®ypee,
CpaBeIINBA W WA Tipeobpa3onanus Pypee. HHade ropops, aHepTus B
4AcTOTHON U BpeMEHHO# 0BIaCTAX 0AMHAKOBA, YTO BRIPAXKAETCS cneay-
ICIIMM COOTHOLLIEHHEM: :

L0 = [P0 (7.6)

7.3. Hensra-hyHKIMa — 3710 MaTeMaTH-
JAENBTA-OYHKLMA yecKana abCTpakUms, BBEIEHHE KOTOPOH
4 BENbIN LUYM oueHb ypoGHo. CymecTBYIOT pasHbie

ofpeneseHns neasTa-GyHKuuun, npu-
BEEM CAMOE MPOCTOE U3 HHUX.

IMpeanonoXum, uTo NPAMOYFOBHEL HMITY/IEC MMEET LIMPHHY € U
BbicoTy 1/ (Pue. 7.5), Torza ero miomans pasHa 1. Ho ecn £—0, Torna
MBL HMEEM JEJ10 C NPAMOYTOJILHBIM MMIIYIBCOM, BEICOTA KOTOPOTO CTpE-
MHTCA K GECKOHEYHOCTH, A NIOan OCTAeTCS HEH3MEHHOMH, STOT HM-
NyJIBC 0bosHauuM byHKIueit 8(7). OuerHaHO, UTO:

s={5 120
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7. MuterpancHoe npeobpajosanne Oypbe

%)
RO-BPENCHEMY
IIeHT I
0 t 0 t

Puc. 7.5, Nensra-pyHKIHA

Tak Kak niowans aefsra-QyHKIMH pagHa 1, To
[ 8(r)dr=1.

HMnyise, npuHUMalom il 6eckoHeuHo Gombiuoe 3HadeHHe npH ¢ =0
H MMEIOIMH TUIOLAb, paBHYIo 1, HasbiBaercs nenbra-(hyHKIHedH . PH3K-
1eCKOE CYILIECTROBaHHe JeETa-(QYHKITHH HeBO3MOXHO, HO MPAaKTHYECKH
OHa 3aMEHAET KOPOTEHI MMTYIIEC BHICOKOH HHTEHCHBHOCTH.

Ha uHTepBane [—oo, 0] pacCMOTPHM HHTerpal INpOH3BENCHWA HE-
NPePLIBHON BYHKIMHE £(f n nensTa-byHKIHH 8(7 — fo), MOMyYeHHOIH B
Pe3YNILTATE CABUIA [I0 OCH BPEMEHH Ha BETHUNHY fo hyHKIH &(7):

[ 8lt—t5)f () ar.

3HAyeH U febra-(pyWKLUHE NIPH { = f; paBHbL 0, MO3TOMY NIPOH3BELE-
Hue 8( — &) f(f) npH ¢ = fy raxoke pasHo 0. Crnegopate/ibHO, BEPHO Clle-
nmyomee coorHotreHHe (Pue. 7.6):

[ 8lr—t)f () edr =] 8le—ty ) ey Jdt =
=ft)[ 8t ~t,)dt=1{t)- (7.7

W3 31000 COOTHOLIEHM CTAHOBUTCA MOHATHO, YTO BEJIHYUMHA MHTEr-
paNa TAKOro BHIA PaRHa 3HaYeHuo pyHKumu f(f) B Touke 4. HHave ro-
BOp#, 3T OIIEPaLIHs pABHO3HAYHA TIPOBEICHHIO BHGOPKH CHTHANA B MO-
MEHT BPEMEHH [ = .

7. MuterpansHoe npeobpasosanue dypoe

1/ h
PYREYLR > e
coeuHyma #a Dyurcyuz 1) Mo
sty Iy 04K fy

S -1} £ Fig
l x dr= |

o

—oa

[ d

Puc. 7.6. BripaxeHHe BHIGOPKH MaTeMaTnueckoi (opMynoi

Hrak, B kavecte dyHkuum £ (1) BosbMeM (yHKHHIO & ' y noacTa-
BUM €€ B BhipaxeHune (7.7) pu 1, = 0:

Eﬂ 8e)e™™ at.

3o iFlo)
7
ey -
0 ! 0

Heasma- - Bee wacmominpe
ynigns | Hpeobpasoeaiue Dypve CoCmaaIouLe :

pagre 1 i

Puc. 7.7. Criektp AensTa-pyHKUMH
H yro mMel umeeM? OUeBHIHO, YTO MBI KMeeM (hopMyny npeobpaso-

Banua ©Oypee nenera-dyHkUHu (Puc. 7.7). Mcxoas u3 coTHoWeHHs
(7.7) pe3yNbTaT 3TOro Npeodpasapanud pased £(0). T.e. ¢ = | 1, ciexo-

BATETBHO,
F 18} =1 | (7.8)
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7. WHterpansroe npeotpasosaiue dypoe

7. MuTerpansHoe npeobpasosadve Pypoe

Crexrnp umnaumyd
fedveo wyma 043 écex Hacmom

i
ROCMOSHH b Ao
CnekTp aMIUIUTYL,
' Pty A ! — @
Bestbiit uryu
Ho asa — cnaowmas
abpaxadalpa
beaii utym u denbma-
hyscuus — ceodhne Ry
Opam u cecmpa

Xoms crexmp amnaumyo
mom Jce, opMa cuznig
abeonomug Opyeas

Puc. 7.8. Criektpbl besloro 11yma

OQHWM CIOBOM, M3 TTOJIYY4EHHOTO PE3YABTATA ACHO, UTO CIIEKTP aMI-
JUTYL AeNbTa-(OYHKLUKMK HE 3aBUCHT OT yII0BOH 4acTOTH (0 M BKJIA4 BCeX
yactor pasHoMepeH (Puc. 7.7), O6paTiM BHMMAHHE HA TO, YTO CHEKTP

a3 Ha Bcex yactorax paseH 0.
Ecitu geabTa-(pyHKLMIO CABHHYTH HAa HHTEPBAI ¢ [10 OCH BPEMEHH, TO

COINACHO CBOMCTRY CABMId CHTHANA
F1d(r— 1)} =€’

[Mo3ToMYy He3aBHCHMO OT H3MEHEHM CNEKTPA (Pa3 CNeKTP AMIVIATY.

BO BCEH 44cTOTHOH 061acTu paBcH 1. _

Kcraru, curiiail, mpeacTaBneHHbii va Puc. 7.8, nomoBHo nensra-(yHK-
LIHM TAKKe MMEeT eAHHbLH COEKTP AMTITMTY,] BO BCel YaCTOTHOM obacTH,
KAK 3TO HH YHBHTEAbHO. (Bonee TOro, mockonbky HEBOSMOXKHO M300pa-

3WUTh (DOPMY CHIHATA, BKITIOYAIOMEN0 GeCKOHEUHbIe YACTOTHl, BELNO Okl
TPaBHIBHBIM CKA3aTb, YTO CUTHAM, MpeicTARICHELIA Ha Pue. 7.8, — 310
CHTHAL, MMEICIIA PABHOMEPHbIH CMEKTP B HEKOTOPOi OrpaHHUYCHHOM
WACTOTHOU 061ACTH. ) B caMoM peste, CreKTp aMmanTy 1 5Toro CHIHaa, He-
COMHEHHO, NIOCTOAHHBIA, HO CMEKTP (ha3 — mIonHas aGpakanabpa,
(CnekTpanpHas [IOTHOCTb AMILTHTYI H CIICKTPATLHAA IIOTHOCTE a3 — noua-
THA, NPHMEHEMbIE TOTBKO K OMPEACICHHBIM (I€TEPMHHUPOBAHH bIM) DYHKLIMSM Bpe-
MU, TH NOHATHA HEMPHUMEHHMBI K CTyJaiiHeIM npoLieccan. [ caydaitHoro npo-
HECCA CYWIECTBYET TOMBKO CTATHCTHYECKHIA CHEeKTD, (PH3UMECKHH CMBICT KOTOpOrO co-
CTOHT B TOM, NTO OH BBIPAXAET TIOTHOCT MOILHOCTH, (1. Xapkesuu .. OcHosul
panvoTexHnku. — M. Csaasnanat, 1962; 2. Jlenu B.P. TeopeTWdeckHe OCHOBBI cTa-
THCTHYECKOH pannoteximku, Cob. Panno. Tom 1.) — fpum, pedaxmopa nepegoda.)

Crnicktp da3 fensra-QyHKUHM BO BCEH YacTOTHOM 061aCTH pasen
HYMO, HO €CITH HAPYLIMTH 3TO YCAOBHE, TO BO BPEMEHHOH 061acTH
JenbTa-OYHKUNS CTAHET ABCOMIOTHO APYTHM CUTHANOM. DTOT CHUrHaj
MO aHATOTHH ¢ OC/IBIM CBETOM, KOTODBIH 0BpasyeTcs W3 KOMBMHALIHH
PA3HBIX LIBETOB C HE CBA3AHHBIMH IPYT C IpyTOM ha3aMu, HA3bIBACTCSH
Berbim wymom.

Nensta-pyHKUWS M GeNBIi MYM — 3T 1BA MOXOXHX H B TO K¢ Bpe-
M# pa3nnuHbiX cHrHana. 06a OHM WHPOKO MPHMEHAIOTCH B AHAIM3E
CHTHAN0B.

OBOBLEHHUE FNABbI

1. TpeoBpasosanne Mypbe grnaeTca METONOM ARANM3A CHIHAROB obluero
BHZA (HENEPUOLHUECKHX CHTHATOB, OAHKHOMHOTO HMITYIECA) 1 ONpenesis-
£TCH Cleayow M 00pasoM:

Flo)=[_flr)e"™dt
FO)=5- ] Fle)e*do,

MNpeobpasosanue Pypbe Fw) cooTBeTCTBYET KoappHuuentam C,; pazno-
xeHus B pid Pypbe mepHosHueckoro cHrHana. KosddHumeHTs: C.B
3HAYEHMAX k = *1, +2, ... npeacTarAsIOT CieKTpaNbHLIe COCTaBRAAI01IHE,
a Flw) npeacTaBaser coGoit OrMGaIOLIYIO 3THX COCTABMA IO UX.

2. MomHOCTH CHIHATA BO BPEMERHO# 1 YaCTOTHOH OB/TACTAX OQHHAKOBEL
Huave rosops, Teopema Mapcesans cnpasesiuea i ast npeoOpa3oBaHKA

Dypee;
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7. UnTerpansHoe npectipasosanue Gypbe

176 de=s["|Fl@)f do.

3, [Jenwta~gpyHKuMs W GeTblid WyM OJHHAKOBO BKIIIOYAKOT BCE FACTOTHBHIC
cocTansoluie. OMHako ux dasbl abeomorHo ormndaiorcs. HHage roao:
pl, CEKTp AMIUTHTYAb 1e/bTa-(hyHKUHY H O£10T0 HIYMa OAMRAKOBEIK
2718 BCeX YACTOT, HO CNexTp hashl AeETa-hYHKUMHM paBeH 0, a cnexrp da-
3pl BEN0TO tiymMa — CIUIOlHAS abpakanabpa.

4. ClienaB BLIGOpPKY aHANOTOROTO CHrHaNA [ (f) B MOMEHT BpEMEHH { = fy, HC-
0JIb3YA ACIBTA-hYHKUHKIO, MOXHO NOAYYUTL 3HaUYCHKE [ (B):

[ 8t e)dr= 1)

flpaxruyeckne 3ananns

1) M306pasute rpadhuuecKn cnekTp HyHKLUHH coswyl. Kakum oGpa3oM MoxX-
HO NpeacTaBHTEL MpcobpaszoBarue Mypobe yHKLHU cos{mp(r—1)}?

2) TMycte Aw) — npeodpasoranue Mypee dyHkiku f(1). JokaxuTe, 4T0 Npe-
obpasopanie Pypbe NpoOH3BOAHON HYHKUKH [ (1) papro joH w).

3) HciicrBrTensHas GYHKUNS f(/) TPeOCTaBIeHd CYMMOKR 4eTHOH (yHKUHK
(0 v HeyeTHOH dbyHKuMH H{1):

S =hn+ L)

Boipazure Kakayio u3 hynkumit (0 0 f(1) vepes GyHkuMo f(r). Kpome
TOr0, ecnH F(m) B F(®) — COOTECTCTBYIOUME NpeoGpasoraHus Pyphe
GyHKUHE fi(f) v (), YCTAHOBHMTE CBA3L MEXILY ACHACTBNTELHOR U MHH-
MOIi 4acThI0 Npeobpasosanns Pypue dyrKUMH f(N) ¢ Fi{o) 1 Hlw).

AHANU3
JIMHEWHOH
CUCTEMbI
8.1. Koraa mel npuctynaem x ananuay du-
nonxon K AHANHU3Y 3HYECKOWH CHCTCMBI, ncnonbaylomei& TEX-
JIMHEWHBIX CUCTEM HHMKY 06paDOTKH CHTHANOB, Mbl YACTO

CTAJIKMBAEMCH C CHTyauuWel, KOTopas
npexctasieHa Ha Prc. 8.1, CurHan x(f) BXOIUT B HEKOTOPYID CHCTEMY,
YCJIOBHO HA3BIBAEMYIO «UEPHBIM SAIMKOM», NMPEoBpPa3yerca M BEIXOTUT
KaK curHan p(f). Lesb Hamero aHann3a 3akmOYAETCs B TOM, ITOOB! Bbi-
AICHWUTDb XapaKICPHbIC OCOBEHHOCTH STOM cHctembl, MIMEHHO 3TOMY M
[OCBSIIEHA JAHHASA TIABA,

e
Bxod Y Tuned Y Buxad

cucmend

e (f) + axa() ay () + ayie)

Puc. 4.1. TonpobyeM HCCNERoBATh THHEHHYI0 CHCTEMY

[pennonoxum, 4yTo CHCTEMA, KOTOPYIO MBI PACCMATPHBAEM, SIBIAET-
¢ AHHCHHOM. JINHEHHOCTD CHCTEMBI O3HAYAET, YTO BXOIHOMY CHIHANY
ax (1} + aaxa(8)

COOTBETCTBYET CHIHA HA BBIXORE
a\pi(f) + azpa(h).
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8. AHRNV3 NUHEHHOW CUCTEMBI

To ecThb 3Ta CHCTEMA CIICHYET MpUHLUny Hatoxcenus. B xayecTse NpumMc-
Pa AMHEHHOI CHCTEMBI MOXHO PACCMATPUBATH YCHIHTEND, KOMIA € TIOMO-
B0 TIOBOPOTA PYYKH TPOMKOCTH MEHAETCS YPOBEHE YCHIEHNS, A C [TOMO-
LIBI0 [TOBOPOTA PETYATOPA TeMbBpa M3MEHSIETCH OKpacka 3Byka. OaHa u3
[IPOOACM AHATH3A JTHHCHHONH CHCTEMBI 3aKJTIOYACTCA B TOM, KdK BBUABUTH
XAPAKTEPHBIE OCODEHHOCTH CHCTEMB], ECAM BO3MOXKHO H3MEDUTb CHTHAMB!
HAa BXONE M Bblxose. YTo0B! PELIUTE 3Ty 3aaadyy, HeobX0IUMO 3HATb, KAaK
CRSI3AHBI BXOLHOM M BBIXOIHOMH CHIHAAEI € TIAPAMETPAMH CHCTEMBL.

PyiKy
YeuneHue
Ap fr‘L\
T =/

Oxpacka 38yka
MeHNEMCA

—]

Teumbp TpoMxocTs
HY  BY Yactota

Ycunurens

Puc. 8.2. MornpobyeM HecneIoBaTh THHEHHYIO CUCTEMY

[Mpupsenexnbli Ha Puc, 8.2 npuMep ¢ yCUIKTE/IEM , BOZMOXHO, CJIMILI-
KOM npocT. B kauecTae Bosee cI0XHOMo MPUMEPa paccMOTPUM Mpobe-
My [IO3HAHMS TOJIOCOBOTO MEXaHM3Ma, CYTh KOTODOH COCTOHT B TOM,
YTOGH! «HAYHHTh» KOMIIBIOTED MOAETHPORATS weNoBeYecKHA ronoc. [o-
JIOCOBOH CHIHAM BO3HHMKAET B PE3YJIBTATE ONpeasIeHHbIX KonebaHHM ro-
JIOCOBBIX CBH30K, KOTOPHIE ABJIAIOTCA €00 HCTOYHHKOM. Kak ke yenope-
Ky yaaercs Mewstth rojoc? Eciau MOXHO Tak Bbipa3uThCd, YCTPOHCTBoO,
MEHSIOLIEE TOJOC, 3AKNIONAETCS B (popMe MYTH, KOTOPLIH MPOXO4HT T0-
J0C OT ropaa o ry6é.

Boaaymnas BonH4, MMEIOWAs OmpeaefleHHblii nepuoa Konebanwii,
CMOXKHBIM 06PA30M OTPAKAETCH BHYTPH [OJIOCOBOTO TYTH B 3aBUCHMOCTH
OT HW3MEHEHHS €ro0 [UIOWANH PA3pe3a W Ha Bbixosie IpeacTastser coboi
roaoc (Puc. 8.3). CnefosatensHo, cIH 3HATh GOpMy rONOCOBOTO MYTH H
YACTOTY KOJebaHWi rOA0COBBIX CBA30K, TO B IPUHLHUITE MOXHO NOHATD
Npupoay GOpMAPOBAHMA TONOCA. DTO OJMH W3 MOAXONOR K PELIEHHIO
CAOXKHOM MpofJieMBl MO3HAHUA rOIoCOBOro MexaHu3Ma, OnHako W TipH

8. AHENNU3 NUHEHHOH CUCTEMBI

Hocosas nonocts

TonocoBoit myThL

-~ TyGol

4

j Hnomaeb ceyeHHA
Fonocosbie ceg3ki ‘/s{x

Tonocoseie CRI3KH Ty6n Cmpoeo neis3s
CKGUIND, WO MO
AUNEliNGA CUCENa, HO

AUNCERHO NPUHRMG

Max cHiEmans

Mozes roocosore myTH

l'onocepoii war @

p
- I~

P
—
J—LLL x(1 Modens | w(n) /VMJ\“
O

KoncBanus
FOJOCORKIX CRAIOK

MEXHUIM

S g i

Puc. 8.3. Moueits BOZHHKHOBEHHA TONOCOBOIO 3BYKa

PEIWEHHH 3TOH TIPOONEMBL AHANU3 HAYHHACTCH, COGCTBEHHO TOROPH, C
MpeACTABICHWS CHCTEMEI B HEJIOM, KakK nokazano Ha Puc. 8.1. Ecimu npu
AHANK3C 3EKTPUECKHX CHTHAIOB, MEXAHHYECKUX KOAebaHui M pa3HO-
00pasHbIX (PU3HYECKHMX CHCTEM ECTh BOIMOXHOCTE NMPeACTABUTL CHCTEMY
B BUAE «yepHOro swuka» (Puc. 8.1), To Bcerma MOXHO peliNTh 3agauy
CrocoGoM, MINOKEHHBIM B 3TO r1aBe,
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8. AHANU3 NIMHERHOH CUCTEMBI

Hrak, xakuM 0bpa3oM MOXKHO

g':s"sh MEXAY BXOAHBIM BBIpA3NTh CBA3b MeX Ay BXOAHbIM H
'" BbiXOAHBIM CUTHANAMM BHIXOAHEIM CHTHaJaMW JIMHEHHOH

cucreMsl? OCHOBHBIM MTPHHLINIIOM
XMUMHYECKOro aHaJIi3a ARISETCA NeTalbHOE PANIOKEHHE MCCIEAYEMOro
06BEKTa 410 TAKOTO COCTOAHHA, KOTIA OH cTaHOBUTCH MoHATHBIM. [lo Ta-
KOMY Xe MIPHHIIHILY pa3ofbeM BXOAHOH CMIHAA HA YACTH U PACCMOTPHM
OTKJIMK Ha KakIYIC M3 MOAYYeHHBIX dacTei.
Kak nokazano Ha Prc. 8.4, BXOTHOH CHIHAI MOXHO PasIoKUThL HA
MHOXECTRO MPAMOYTOIBHEIX CTOJIOHKOB — ATEMEHTAPHBIX HMIYJILCOB,

Cama no cebe gymcuns ¥(f)
croncHaR

Puc. 8.4. llonpoByem pa3dMTh CHIHA HA JIEMEHTAPHBIE MMITYILCLL

G Ecau deficmeyem

P

Puc. 8.5. PaccMOTPUM TONBKO OOHH HMMYALC

8. AHanU3 NMHEeRHON CUCTEMBI

Bynem cuuTath, YTO HA BXOA CUCTCMBI HONAH TPAMOYTOALHBIA MM-
TIYJIBC C BBICOTOMH, paBHOI 1, M INMPHHOI, paBH O Af. DTOT BXOAHOM CHUr-
HaJl IPEAICTABUM KaK

~ =<
=10

A oTKIHK cucTeMbl (PHE, 8.5) Ha 3TOT CHrHAI 0603HAYUM:

h) (=20) .

B MOMeHT BpeMeRH { = #) MOJANMM HA BXOI CUCTEMBI HMITV.1bC BLICO-
TOH x(#p) ¥ wmpuHoii Af (Puc. 8.6). [TocKONBKY BXOAIION CUIHAN YREIH-
YKIH B X(fp) pa3s, TO, COTIACHO CBOICTRAM NHHEHHON CHCTEMBI, OTIITHK
Ha 3TOT CUTH&J TAKXKE YBENUYHTCH B X{2y) Pa3, TO ¢CTb BRIXOJHOH CHTHAJ]
MOXHO TIPEACTABHTD KaK x(1)) }7(: —fy). Ecv B clie Ay10mmi MOMEHT Bpc-
MEHH { = 1, IOAATH NPAMOYTONTbHbII UMITYABC C BLICOTOM X(#, ), TO KAKHM
00pa30M BBIPA3UTh BEIXOAHON CurHan? TOcKONbKY BXOMHOW CHIHAN 3a-
NA3NLIBAET TONBLKO HA BPEM#A, PABHOE f] TO €ro MOXHO MPEICTABUTL KaK

x@)F (=)
BbIx0AHOH CHIHAT TAKKE 3AMA3ABIBAET HA BPEMS 7, U BIPAXKACTCS:

x(0)h(—=1n)

Paccyxaas nogoGHBIM 00paJOM, aHANOTHUHBIC BbIPDKEHHT MOKHO
3ANMCATB W IS 1= £y, £, ... (Pie. 8.6). TIpcacTasuM nx B BiLic TaGaMUBL:

t Bxoa Bnrxon

f X(h)F (7 — tg) x{ty) AL — 1)
f A (- 1) (A
f (1) (t - 1) x(r2) k(e 1)
iy ()5 (—t3) x(f2) h(r —13)

Bu/iHO, 4TO BXOAHOM CHIHa NPUBIMKEHHO MOXHO TTPEACTARUTE KAK
CYMMY TEMEHTAPHBIX HMIY/ILCOR:

x(t)=§x(t,.)3‘(r—t,-) (8.1)

Ha BCEM OCTWILHOM HHTEpBAIE.
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8. AHEann3 IMHEAHOA CUCTEMbI

Bxoanoit curnan

It

Ha .
odun 3Memepmapibiil
UMNYALC — OGUH OMKAUK.

3mo 5 nousa

Bxoouoi cuenar —
Mo CyMMa 6CEX
IEMEHIMAPHELE UMAYABCOE,
NOHNOMY SuXO0H0T CHeHAA
— 3Mo CyMMa
COOMBEMCIMBYIOWLX
OMIALK08

"'{'X(f[))‘f(t— 1'0) X(f(]) E(’_ rO)
-| t t
7
0l N 0 N
]i/)(('])ﬂf— 10 x(ty) it — L))
O g t f +
y O x() ¥ - 1) x(ty) hit— 1)
1] h f ]
+ +
Ase-n xits) (st~ 1)
ol n f 2
+ +

Puc. 8.6. CyMmMapHBbiH BXOAHOA CHIHAN ¥ CyMMapHblki BLIXOIHOH CHrHaN

Hrak, no onpesencHHUIO CMCTEMLI B HEH ZOMKEH PEeanH30BBIBATHCS
MPHHLMAT HAOXeHMSE. CHeI0BaTeAbHO. CYMMHPYS OTKJIMKH HAa COOTBCT-
CTBYICIIME BXOLHLIE JIEMECHTAPHBLIC NMPAMOYTOALHLIE HMITY/ILCEL, MBI B
KOHIIE KOHIIOB MOJIy4aeM OTKJIMK Ha BECh BXOHOW cHTHAN. TO €CTh BBI-
XOAHOH cUrHan IpubarKeHHO MOXKHO BBIPA3HTh CAEAYIOIIUM CBPa3oM:

J’(’)ﬁz’f(f;)h(f—fl)- 3.2
i=0

Htax, Mbl OJIYYHIM COOTHOLUEHUE A8 BBIXOIHOIO CMIHAJIA B CHAY-
yae, KOraa BXOAHOH CHTHAaJ OBl NMpEeACTaRAeH B BHAE COBOKYIHOCTH
NMPAMOYTOAbHBIX CTOAOKMKOB. OTCI04A COOTHOIUEHHE LIS BBLIXONHOTO
CHFHAA B CAY'1Ae HEMPEPBIBHOTO BXOTHOTO CHIHAJIA MOKHO MOAYYHTE,
€CJIH CAC/IATh IIMPUHY CTOAOHKOB GECKOHEYHO MATOH. DTO COOTHOLIE -
HHE MOXHO TIPEICTABMTE B BUAE MHTerpana. Ecnn caeaars 3aMeHy, uc-
OJb3y4d B KAYECTBE HEpeMeHHOﬁ UHTErpaid t BMECTO f,-‘

X(0) = x(T) h(t— 1) - (1 — 1),

TO CHTH&J Ha BBIXQJE CHCTEMBI ¥{/) MPH BXOJHOM CHTHANE X(f) MOXHO

NMPEICTABUTE KaK
)=l e

DTO OUCHB BAXHOE BEIPaKeHHE, CBASLIBAIOLIIEE BXOA H BbIXOI JIMHENR-
HO CUCTEMBI.,

Takoe CcOOTHOIIEHWE, BKJIIOUAIOLIEE WHTEIPAJ, HA3LIBAETCHR Cqepm-
xoi. Mcronbsys 3HaK «+» | CBEPTKy 3aITHMCHIBAIOT B VIIPOIICHHOM BHAE:

W) = x(7) = (1) (8.4)

[pumem Ge3 NOKA3ATENBCTR, 4TO ecH hyHKuHU X(f) 1 A(7) TOMEHATD
MECTAMHM, TO 3HaUYEHHE BBIXOAA ¥/} HE MEHACTCS, TO €CTh!

KB = h(@) « X0

(8.3)

(8.5)

Boipaxenus pns ceepTka (8.3) v hyRKIIMKM R3AHMHOH KoppeasuHu
(4.5) oMeHb TOXOKH, HO HMCIOT a0CO/IOTHO pa3Hbld cMblc. Byabre BHH-
MAaTENbHbIL.
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8. AHEIM3 IMHEAHOM CUCTEMBI

8. AHaAN3 NUHEAHOR CUCTEMB!

8.3. Temeps HAM CT10 MOHATHO, YTO CBY3b MEXIY
MMIMYNbCHbIR BXOJHBIM CHTHANOM X(f) M BBIXOOHBIM CHIHAIOM 50
OTKNHUK W(f) TUHEHHON CHCTEMbl MOXHO TMPEACTABUTH B

W(f)

BHIE CBEPTKH, HO Mbl TAK HHUEIO H HE CKa3aln o

(yukuuu A(f). A B reficTBHTENEHOCTH MMeHHO byHKums A(f) 3axmoua-
€T B ceB¢ XapaKTCPUCTHKY JHHEHHOH CHCTEMBI, KOTOPYIO MBI XoTenn Obl
MpoaHaTu3upoRarh. PaccMOTpHM 3Ty DyHKLMIO.

Panee npu BLIYUCIEHHU CBEPTKY MbI HCMTOJIB30BAIM CUTHAN C BBICO-
TOi, papHOH |, M MUMPHHOH, PABHOH A7, OTKAMKOM HA KOTOpLIA SBIsET-
ca dyukims A(H. KcTath, MocKORbKY § () ABIAETCA MPIMOYTOABHBIM
WMMYABCOM C TUIOWAABIO AL, § (H)/Af — 3T0 MPEMOYIO/IbHBLHA HMIYJIBC ©
nromaneko, pasroii 1. Ecan At~ 0, To, OUEBHIHO, Mbl TIOJIYUHM COOT-
HoLCHHE WA 1eibTa-pyHkunKM (Puc. 8.7):

xn

oy =hip+ x(n)

Huhryascruiii emxauk — me...

TyK...myK...myx

[r—

.5
lim L) =8(t)‘
Ar—0 AP
Puc. 8.8. YTo TaKOE UMNYIECHBIH OTKIIHK
IT -
T =1 Cnocob aHa.rumsa CHCTEeMBI, KOTOPEIN 3aKII0YAETCd B AHANH3E OTKNH
Ka Ha MOAAHHbIH HMIYJIBC, MEL YACTO IPUMEHSEM B MTOBCEIHEBHOI X13-
ottt Ates 0 (0 uu. HanpuMep, cTykHYS 1o yaiiHo#i BHale, MPOBepdeM — HET JIM B HEl

TPEILHHBI, HIH Xe, IeJKHYB Mo apby3y, 1o TeMOpy 3BYKa CYIMM O €ro
cnienocTd. Bpau, noctyyas mo rpyau GoMLHOTG, MOXET YCTAHOBHUTL JHA-

70 QR —

t THO3 B PE3YIIBTATE HCCIEROBAHHA HMINY/ILCA OTKNMKA TPYIH.
0 ) Y- py.
H .
Al) K 8.4 ) Cheprka nNpegcramiseT coBOH OTKANK
ﬁB' ] s JIMHEHHON CHCTEMEI BO BpEMEHHOMH 0bJ1ac-
Puc. 8.7. Yro rakoe nensra-pyHKLMA NPEACT. Eﬂ“E Ka &
c“cTEMhI . TH. KHM X¢ 00pa3oM MOXHO OTpa3sHuTh
B YACTOTHOM ’ CBfI3b MECXIY BXOXOM H BBIXOAOM B 4acTOT-
Ci1enoRaTeNbHO, HCXONS M3 TOrO, YTO OTKIHK CHCTEME Ha &(f) — OBNACTM HOI o6nactu? IMpeobpasosatue Oypbe
3TO OTKNHK Ha HYHKINIO, MBIl MOXEM 3aMHACATD, YTO BXOAHOTO CMTHANA X({) H BBIXOLHOIO CHIHa-
~( ) na y(f cooTBETCTBEBHO 0603HAYHM KaK

. hlr
hin) = lim =07

Huaue roropsi, Koraa Mbl MOAAEM Ha BXO CHCTEMBL AUHHYHBIA uM-
MyJbC, OTK/IHKOM SIBIACTCS caMa hyHKumsl A(Y), XapakTepHU3ylomas Ty
cuctemy. [loaToMy DyHKUHIO A() HAIBIBAIOT UMHYABCHBIM OMKALKOM
(Puc. 8.8).

KM 0Bpa3zoM:

X(w) = Fx(H}

[MpeobpazoraHue Mypbe HMIOYALCHONO OTKIMKA 3aMutieM cleXyro-

Hew) = & {3}

H{w) = # {h(n)}.
Oyukuns H(w) OTPaXaeT YacTOTHYI) XapakTepHCTHKY CHCTEMB.
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8. AKanna AMHelHOW CUCTEMbI

8. AHaNV3 IMHEWHOR CUCTEMBI

Mrak, kakum o6pazom ceasaHbl GYHKuMH X(w), Y(w) n H(w)? [penno-
JIOKKM, UTO CPABEITMBO CNEAyI0IIee cOOTHOLIEHHE:

| M) = Hw)y X | ®6)

Hnaye ropopg, CBA3L MENXIY BXOJOM M BBIXOIOM JIHHEHHOMH CHCTEMbI,
npecTaBieHHas CBepTKOH BO BpeMeHHoM 001aCTH, B 4aCTOTHOI obnac-
TH MOXKHO NPEACTABHTE B BrAe Mpousseaenus (Puc. 8.9). 3anomHuM 3to
COOTHOLIEHHE KAK OAHO U3 BAKHBIX CBOMCTE MpeoOpasosaHua Oypse.

Bo apemennoii obracmu
— ceepmKa
x(f) 0 W= h{t) = x(1)
B I Y. NPV S A WP
X h(n wo
B aacmomnod oliacmu
— Kpou3eedenie
X Yo) = fo) X
(o) Ho) ()= Ho) X
vleﬁo'v‘m rh o = flh w
Xw) H{w) Yo)

Puc. 8.9. Kak onHCHIBAETCH THHERHAA CHCTEME

HTtak, npueeaem IOKA3ATEIBCTBO BEIpaxXerud (8.6). B nepayio oue-
pellb B COOTHONIEHWH, OMpee/IfIOEM CBEPTKY,

W) = () + x(2)

ocyliecTsuM npeoGpazoadue Oypbe obenx yacTeii paBeHCTRA!
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V(@)= ) s #[ ) <=0
=[xt dt] e,

TMoMeHSB MECTAMH HHTETPANBL W 3aAMEHHB Mpefe/ibl HHTErpHPOBARHA
T Ha Bosee obmHe — [—oo, +oo], MOIYIHM

Y(m):Jt;h(t)[f;x(r—t)e”f"’dt] di=
=ﬁh(‘c)[]1x(t—t)e‘f“’("’)dr]e‘f‘“dt.

B cityuae 3ameHbl { — T = u, di = du.
Y(w)=[" #{) [J:x(u) e_j“”du] e .
VenThisas, UTO BHIpakeHHe B cKobkax ecTb X (1), MOJyIHM:
Y(o)=[" n(x) X (@ dr=X(a) [ Alt)e " dr=
= X(w)-H(w).
Kak nam u3gectHo, QyHKLHH X(0} W F{®) MOXHO TIOMCHATH MecTa-
MH, TO €CThb
) = Ho) Xw),
yro ¥ TpeboBanoCh n0Ka3aTs. CrENOBaTe/bHO, COOTHOIICHHE
F{h(h) » x(1)} = H(w) X(w)

BRIPAXKAET TPeotpasoBaHAE ({ypbe CBEPTKH.
KcraTu, npeobpaszosakine @ypue nensra-GyHKLHK

Fpwr =1,

MO3TOMY [P MOAAYE HA BXOM EIMHUYHOrO HMIY/I5CA BHIPAXEHHE npe-
obpasopanns Dypbe OTKIHKA

Hw) = H(w)

CTAHOBHTCH YACTOTHOH XapakTepHCTUKOH CHCTEMBI, 'TO crenyer H3
CBOACTB HMITYJIbca OTKITHKA,
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8. AHANTN3 NUHERHOW CUCTEMBI

-

Yacmomayrwo xapaxmepucmincy
CUCIEND MOXCH NOAYUMD,
UCROABIYA PASAUHNE BUOBI ClizHaA08
Edunusnmii
WMApise
x{(1}
| —
Hiew)
x(N=A s;n wt
%A 1
t Hw)
| H(w)| P Crexmp annsumyd
Hamenan o, ueerenyem oA o 4 orodun
BXOJTHOH # BEIXOXHOM CHTHATE] w
Him)
Beawit
wym T Crexmp diaz — mo
” pashocms daz
Pl 0
X((Ll:)_ Hw) VR~ ¥ 1{{5} p'am
K., [He)|
@ Crexmp dasst ne
| MeHAemes

Puc, §8.10. Cniocobyt NOAYYEHUA HACTOTHOM XapaKTepHCTHKH
(BeIGOp cnocoba 3aBUCHT OT o0beKTa)
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[ rrrrr™

Jlna uccnenoBaHns CBOHCTB JIHHEHHON CHCTEMBI B YACTOTHOM 0B/1ACTH,
HHAYE TOBOPSE, DA M3MEPEHHS YACTOTHOH XapAaKTEPHCTHKH CHCTCMBI, Cy-
IIECTRYET CNOCO6, OCYINECTBILTIONIMIA NpeotpasobatKe Pypse HMITYALCHO-
1o OTKITHKa A(#). KpoMme TOro, CylecTByeT crocod, WCTIONB3YIOMIHH B Kave-
CTBe BXONHOMO CHMIHaJIa CHHYCOHAY. TO €CTh MOKHOC TIOMY IMTE MOZYAD Hac-
TOTHON XAPAKTEPUCTHKH CHCTEMBI KAK OTHOLIEHWE AMILTHTY]L BXOIHOTO H
BEIXOHOMO CHIHAJIOB MPHM M3MEHEHWM 4acTOThL Ha BXOAC. K ToMy xe no
pazHHUE (ha3 BXOIHOTO H BBIXOJHOIO CHTHAMOE MOXHO y3HATh CTIEKTD tas.

KpoMe TOro, MOIy/b MACTOTHOH XAPAKTCPHCTHKH CUCTCMBI MOXKHO
HM3IMEPHTh, UCMOJIb3Ys OB TITyM. DT0 peNAeTCA CEAYIOINM 0Dpa30oM.
MOmy/Ib YACTOTHOH XaPAKTCPUCTHKH CHCTEMBI BEIPAKACTCH Kak

lH(m)lzl‘Yﬂ(%)Yl%'

Ho, xax bl BHIE/IM PaHEIe, B OEMIOM UIYME CIEKTP aMILTHTYI ABIA-
eTcH PABHOMEDHBIM Hd BCEX YACTOTAX, TO eCTh AB/ICTCA MOCTOSHHOM Be-
JMUMHOM, He 3aBucstieit ot ©, OB03HAUNM Ty BETUIHHY HEPE3 K

[ Xty = K.
CllenOBATENBHO, ECITH BO3MOXKHO HM3MEPUTH CHEKTD aMIUIMTY.

| ¥{w)| BbiX0nHOTO CHTHANA NpH NMOAYE HA BXOL 0eJIoro WwyMa, TO 13
COOTHOIICHH#A

MOXHO HEMOCPEACTREHHO MOAYIHTh MOLY/Tb YACTOTHOA XapaKTEPHCTH-
kH cucteMul (Puc. 8.10).

¥, zopouso nepadomean.
Teneps ocrosnnie HOHAMUA
olipatiomili cueNaIos
yeeoenn,

Caedyrowpi waz —
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8. AHANN3 NMHEAHOI crcTEMS

OBOBLUEHWE rTIABb!

1. i] :HCHHOH :.‘HCTCMOILJ HA3LIBACTCH CHCTEMA, BXOJHOM 1 BRIXOOHOH CHTHa-
™ KOTOPOM HAXOLATCA B THHeHHOH 3aBicHMocTH. Ecau Ha pxoa cucTe-
N04ATb EAHHHYHLIH KMIOYILS, TO
o YJAbC, TC HA BBIXONE TOAYYMM MMITYILC OT-
2. 7
Brixosnoii curuan y(#) aensercs CBEPTKOH BXOIHOTC cHrHana X(7) ¥ uM-
Iy/bCa OTKIMKA A(f) M OTIMCHIBACTCSH CNEAYIOLIMM BHIPAXEHHEM: .

He)=x0)=5(0)= [ x(x) it ~)er.

3. Caaxn MC)if,[ly BXOfOM M BRIXONOM CHCTCMEI OTIDEAEACTCH CBEPTKOW BO
BpeMeHHOl obaacTk W nporskeneHueM B YacToTHOM. Muaue FOBOPS
nipeobpaszoranma Pypee BXOAHOIO CHIHANA X(w), abixozHoro cum:"u;
H(W)} H HMIYABCHOTO OTKITHKA CHCTEMBL H(w) cBasanu crenyio -
OTHOLIIeHHEM: e

L M) = Hw)-Xo) N

l'lpax'r nHecKue 3agaHns

1) Dyukuns crenyiowero riga
(|

P(’):{o el >1

Ha3bIBAETC:
. 1BACTCS CAHHUYHLIM IPAMOYTOTBHEIM KMITY.AbCOM. B TuneiiHoi cucte
€. NPEACTURIEHHON HMITYALCOM : .
oT : =
e foe y. M OTIJINKA A(t), A(t) = p(2), TpebyeTcst onpe-
;) MACTOTHYIO XapaKkTepUCTHKY H{w);
B b 1 11 < 1)
) ml:nmuou CHrHan ¥{#) v ero npeobpazosanme Oy pre [pH YCAOBHH, 4TO Ha
» e Ot CUCTCMBI TIOUAH EAMHUMHBIA MPSIMOYTONbHbIH MMIIVIBC. ’
g(t)p;a;mTc. yTo npeoﬁupaJOBaHHe Dvphe NPOMIBEACHIS ABYX CHTHAIOB A
3 3amHameTcn CBEPTKOH KaX10T0 u3 ipeobpazoranuii Dypee sThHX curuzmos,
Heﬁ‘H CUCTEMA, COCTOAIAS 3 TIOCIEA0BATETRHOMG COCIHHEHHS 1BYX |-
P bl; CHCTCM, NPEACTABAEHHBIX COOTBETCTBEHHO MMNYILCAMM OTKITMKA
1(1) 1 A>(9). Ha Bxoa 3700 chcTeMbl MOAH CHIHAN x(1). Tpebyetes onpene
a i i H _
HTb BuIXOMHON CHIHAN ¥(7) BO BpeMEHHOW M 44CTOTHON OB14CTAX.
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OTBETbI
1 PELLEHKNA

TJIABA 1
{) Bcero 31eMeHTOR TENEBU3UOHHOMO Haobpaxenuy 512 X 512 = 262144,

JL151 XpaHEHHs OHOTO XIEMEHTA H300PAXCHUA HYXHO §(256 = 2%) 6uT, moato-
my Beero TpeGyeTes 262144 X 8 = 2097152 6uT. KcTaru, 8 OMT HasblBaioT OudTOM,
no3ToMy TPEBYETCH 06BEM NAMATH, PABHBIA 262144 (npumcpHo 262 K) baiTa.

2) C NOMOLLBR HH3KOUACTOTHOIO GHIILIPA HCKAIOYHM U3 JBYKOKOTO CHTHANA
COCTARNHIOLIME C YACTOTOM Bhilue 5 K[ 1 Mpon3BencM BLIGOPKY € qacroroii 10 ki

3} B MuHu-IHCKE ¢ ROMOWLID ClleLHanbHOM TeXHHKH 06paboTkM UHppo-
BBEX CHTHATOB MPOUCXONHT LKATHE NHopMAaLHK. Braronapst 3ToMy npH 3allA-
oW IIOLLAH, COCTABASOIER /4 OT RADHIALH KOMIUKT-ZHCKA. BPEMS 3ITHCH
Ha MUHH-THCK TAKOS Ke, KAK H HA KOMIIAKT-AHCK. W PaBiio 75 MHIIYT.

[JIABA 2

l) Boibnvesm KBANPATHOS OKHO € LICHT pPOM B paCCMﬂTpKBﬂCMOM SNCMEHTE TC-
JEBH3WOHHOIO M305pi1)KE!HP]H. BLIYHUCAHB CPENHEE 3HAYCHME APKOCTH 31EMCH-
TOR HSOGDEDKCHHH, HAXOAMIIHXCH BHYTPH OKH4, GyAIEM CUMTATEH CI'0 3HAYEHHEM
paccMaTpyRAEMOTrO 3 1eMEHTA TEICBU3HOHHOIO u:aof)pax(enm{‘ ﬂponcncM Ty
OfICPALH O OTHOCHTEIBHO BCCX 3/IEMEHTOB M?Oﬁpﬂ){(t‘.HHﬂ.

-

418 |C
n F
G 1

B cayuac Buibopa oK, COCTOALLCTO U3 33 a1eMEHTOB ¢ HCHTPOM B pac-
CMATPHBAEMOM HIEMEHTE 1300PKCHUA. JHATCHHL CKOMb3SILETO ¥CPEAHEN N
LHEHTPAIBHOTO HMICMEHTA ONPUACASCTCH KAK
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OTeeTh M pelugHug

O1geThl M PeleHns

1
;(A +B+CHDHE+F+G+H+1).

2) Ha koHTYpe ByKB MPOHCXOAHT CHABHOE M3MEHEHHE AapkocT. MHaue ropo-
pA, SHAYEHHUE TIPOH3RONHOK HPKOCTH BETHKO, YTOBLI YBEIMYHTL YEeTKOCTD KOHTY-
Pa, HYXHO HAHTK 0GJIACTH C MAKCHMAN bHLIM 3HAYCHHEM fpou3BoaHOH, B Kauect-
Bg CT10C002 REIYMCASHHS NPOHIBOLHON BO3bMEM, HANPUMEP, TO Xe OKHO, YTO K B
pEnbIAYILEM MPHMEPE, H BEIMUCITMM PA3HOCTL APKOCTY 3IEMEHTOR CAPABA H Clie-
Ba, 4 TAKXKE CBEPXY K CHK3y. B c1ydae okHa pasMepom 3 x 3 sHayenme MPOK3BOA-
HOI, HaTIpUMep, LEHTPAILHOTO SIEMEHTA OTIpeAe/IseTes CTEAyouHM 06paiom:

[CH+F+1 (A+D+ @)+ |4 +BHC-(G+H A+

[TTABA 3
1} PaccToAanue — \/E CKANIPHOE TIPOM3BCAEHHE — 62, Ko3MdMHUMCHT
KOppeTaunn — 0.98, g’ — eoMHMYHLIE BekTOp B HAMNPABIEHHH BEKTOpA g.

g =g/lgl= (3/7,-2/7, 6/7), cocrapnsiomas kexTopa B H4NPaBAEHHH BEKTOPA
g—{f, g"h =886

2} Pellinte CAMOCTORTENLHO.

3) Hopma kaxnoi dbynkuwu parua 1, a ckanApHBIe NPOWIBEIEHHA BCeX
KOMOMHaUM i HYHKUMA paBi 0.

[IABA 4

1) Hampumep, sryk ucxoaur W3 PETIponyKTOpa K (DUKCHPYETCH MHK-
POGOHAMK B ABYX OTIMMHBIX T10 TONOKEHHIO TOUKAX. BbITHCHsS GYHKUMIO
B3AMMHOA KOPPETALMH, ONPEIETAEM HHICDBA, HA KOTOPOM OHA MPUHUMAET
MAKCHMAILHOE 3HAYCHHE. Tereph MOXKEM Y3HATH BpeMEHHON MHTEPBAN, R Te-
HEHME KOTOPOrO 3BYKOROIM CHIHAN PACTIDOCTPAHSLICS MEXILY MHKPODHOHAMN, W,
CJIEN0BATENBLHO, CMOXEM ONPEICTHTE CKOPOCTh 3ByKa (cM. Pug, 4.5).

2) TpachmK NonyaeHHOI BbyHKIMM BIAMMHOI KOppeJisiunin [IPEACTABIEH Ha
Puc. 2. Buano, uto npu j = 3, To ceTh 9epes 5 Mecailes, KOppesiung qocTuraeT
MaKChHMalpHOro 3HaueHnd. Mexona 13 atoro ucho, yro topon F HaxonmTes B
CEBCPHOM [TONYIUAPHK, a Topon G — B I0KHOM.

3) Pewrenue:

Ryn)=lim 1 [ 70 £le~)ar =tim L 7 (=) 1) e =
= jim % [0 Flesnyde = 3_2% [rife+oen

ChenoBatensHO, hyHKINA ABTOKODPPEISIMH ABAACTC YUETHOH dyHKUMEN 1
HUMEET OCEBYIO LUMMETPHIO OTHOCHTETBHO T = (.
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Rl

|
[
=

Puc. 2

[JIABA 5

1) Ucxons u3 Toro 4To

lzy - za? = [0y + /By M0 + Pl = |eieea — iz + leuBa + Broa)f =
= (e — Bia) + (o + Proo) =
= o/ a’ + B Pl + o 2B+ Brlon’ =
= (o2 + B2 + By = 2P - =l

uMeeM 2, - 2o = |z - 2

Tak kak
12z, - 2. h=telLfogo —BB; + (0B +Bia, )}]=%
i
BB
e

Cl-snwss BB
oy O
OBy +Bhoy
__ ooy _ofy+Boy
T oo =P oy, BB,
o0,
cneoBaTenbHo, £z, " 23) = £z + £z,
2) MocKonbKy hyHKIKA £(#) = |¢| ABNsteTcA yeTHOH QYHKLMEH, MHUMbIE 1-
ACTH KOMILTEKCHREIX KoadduurenTos Pypoe obpalnaiored B 0 (CM. NamATKy Ha
cTp. 97). KoadxpruueHTsl Pyphe IPHHUMAIOT BHIL
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OTBeTH M pelueHrs

T . ) s
5, =t
2 7 T
YTO COBNANACT ¢ pe3y/ibTaTaMM W3 NPHMePa Ha cp. 82,
3) llepuon dyskuud |cos ¢| pasen T, moaromy

_1 /2 _i2kt 72 e v’ —j2Kk
C,=— =Ly pc0st et =— _r;ﬁ—i—e =
1 ;
-5 E/Z(em 2“+e‘f“*2")')dt—
1 [ef'"‘”‘)’ /2 [ 2k T

IEE | W3] I By (s T o
_( )’Hl

(4/(2
MyHKUMA f(f) ABIASTCA YETHOM, a FHAUWT, MHKMBIE 1ACTH Cy paBusl 0.
CaenopatensHo,
lcusf]= ( iy ’2’“.
4/(2
TTTABA 6

1) Myctb Ao = 28/8, Toraa, cornacHo BEIPaXEH WO (6.5), IMD pyHknum
fi=cos(3n/4), i=0,1,2,... 7

7
e e

3
‘%Z( Skt g (3 o ){1 %k:ﬁ%

2. a) Camast BbICOKAS TAPMOHIK# CHTHaA, KOTOPYIO MOXHO RPOaHATHAKPO-
BaTh, pasha 1/2 yactoTe BEIGOPKH, To ecTh 500 1. C kHTepRanoM B | wmc Gbu10

BLIGpaHo 512 3HaueHH L, MOITOMY NEpMON, NEPBOR TaPMOHHKH pasen 0.512 ¢, a
€C YyacToTa pasHa 1.95 [

6) Cy, Ci. ..., Csy| — 0cHOBHIE KO3hGHUHENTH Dypre, a Crsy, Casg ...,
€511 BHIPAKAWT COCTARIAIOWME CEKTPA ¢ OTPHUATENbHLIMH k. CicnoBaTeibHO,

Xk )+ Y ey k=0,1,..., K
C*‘{X(N+1+J/:)+jr(1v+1+k) (k=—l),—2,.‘.,_(l(—l)),

K= 256.
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OreeTs M pelleHus

3) OcyLuecTBnM CKATAPHOE NPOH3BEISHHNE ACBOI YACTH COOTHOLIEHHS (6.3} u F.

(r1)=5 3

A TAKKE €ro TIPaBOM HacTH 1 £

<ZC ek,ZC:e/> E g(ckek: Crer> i i,lck (ek»er>

perd k=0 I=b
Nl R 3
= Z ZCkasu = 2 ICkI .
k=t =0 k=

CrenoBatenbno, tcopema [lapceBans BepHa M U AWCKPETHOro Rpeo-
BpazoBaina Oypee.

4) Orget:
Hexonnbii cuman CHruan nocae NepecTaHOBKH Pa3psios
HNecxryman l JsoHanas JBonunasn ecATHIHAS CHCTEMa
CHCTEMA | CHCTEMA CHCTEMA
| CYACCHHA
CHHCTCHHA | CYHCNCHHA CIHUCTIeHHA
0 j 0000 0000 0
[ : 0001 1000 8
2 ' 0010 0100 4
3 ; 0011 1100 12
4 § 0100 o610 2
5 ' 010t 1010 10 —
6 - 0110 0110 6 ]
7 i o111 1110 14
8 : 1000 0001 1
9 f 1001 1001 9
10 | 1010 0101 5
11 } 1011 1101 B 13
12 ! 1100 0011 3
13 1101 1011 11
14 1110 0111 7
Is | 1101 111 15
TJIARA 7

1)} QyHKUHS COSWg! HMEET CIIEKTP, OTAHYHBIN OT 0, TOIBKO NpH @ = oy,
TTocKOMbRY hYHKUKA ABAAETCA YETHOI, npeobpasoBaHie Pyphe BbipakaeTca
OeiCTBUTEBHBIMH THCAAMH H HMEET BHI:
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OTBETHI M PeLLSHHA

OTBeTH M peleHus

» ] ) .
Fleosay }= Ecosubt et = 3 {Ee" Car 2P +£e"’ (worey ]’dt} =

=3 bt~ )+ 28ty = oo+ doran |

IpadHucckoe TpeacTapieHHe CMEKTPA aMIUIHTYA Noka3aHo va Pue. 3.

CriekTp (a3 tipu Bcex o paseH 0,

[Aw)|

=
A

[ -

~ay
Puc. 3.
HMcxons u3 cootHowenns (7.4),

Fleos wg(t + 1)} = /[0 — wy) + B(6 + o).

CriekTp aMILTHTYA He MeHseTcs, cnekTp ¢as paseH @t (® = tayg).
2) Peuwlexue:

f(z):z—lm[:F(m)e"”dm.

Hafinem nponssonryio npasoii u aeBoit uactu. Torna NOTYMMM:

-l

ALl

= Z)EBW(‘D)}C’M de

Wnauc roopa, juFw) fAa1AeTea npeobpasoBaHuem Dyphe NMPOHIBOAHOI
dfiny/dt. TlpeobpasoBanme Pypbe MPoM3BONHOIN ecTh NpOH3BEACHHE Npeobpas-
oBaHus Dypbe GYHKUKH Ha j0, a npeobpasosanve MYpbe HATEPAI CTb Yac-
THOE OT AeJieHnd Mpeobpasosadus Oypee GYHKUHH HA jo.
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3) Mo onpeneaeHUIO YCTHOH M HENETHOM HYHKUMH
FED=L(-0+ A= = LD - A0

TIO3ITOMY
ﬁ(r) W+ 10k Al r)— - f0}

MNpeobpasobaine Mypse veTHoll OYHKUNH BLIPAXAETCA ICHCTBUTEIBHBIMH
yMCIIaMM, a rpeobpazosanue Dypbe HEUETHOH GhyHKUMM — MHHMBIMH (CM.
naMaTky na crp. 97). CienoatennHo,

FY ) = F HOHEF L) = Al(w)+ (o),
e F(w) = Re{Aw)} u F(o) = lm{Hw)}.
THABA S
1) Pewenue;
1 e
w Ho-Flll= [re a=

sinw

2wy

6) [padirueckoe IPEICTABNEHNUE BEIXOAHOTO CHIHAMA J(f) TlokazaHo Ha Puc. 4.

wo

Puc. 4

Moxoxum, uto P(w) — nipeobpasoBanie Dypbe WMIYIBCA OTKIHKR p(1),
Torna npeobpaszosaHue Dypbe BHIXOMHOTO CHIHAA ¥({) BbIpAKACTCH KakK

¥(o)= H(o) P(m):Pz(m)=[i""i’]2.

2w

2) Tlo onpeaeneHn npeobpasoBaHust Pypoe
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OTBETE M pELeHns

TO €CTh [IPOM3RCICHHE (DYHKLMIT BO BpcMEHHOH 06/1aCTH BhipaXaeTes CBEPTKOi
npeodpasoBaHuii Pypre HTHX HYHKUHK B yucTOTHON 0B:1acT 1.

e el )}= _ri Fele ™ ar=
- m[zin I F(a)e""daJ el)e *a.

[ToMeHAB MECTAMH HHTETPAIbi, TOIYYHM

005 [ ro] [ 50 e do=

= ‘é%f”]-'(ﬂ)(;((ﬂ*ﬂ)dﬂ = Z_L:F(w)*G(“’l

3) PetneHue:
Bo spcyvennoi ob1acti:

WO = B8 = ha(n) = x(1).
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B sactornoi obaactu:

Hw) = Hi{w) Hy(w) Xw).
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