3. BeiliBjieTr — aHAJIN3

1. BeliBJ1eThbI

CioBo «BeiiBjaeT» (Wavelet — majieHbKkasi BOJIHA WM PAOD)
BBeaeHO A.I'poccmanom u JK.Mopaie B 1982 roay B padore,
MOCBALICHHO! NMPo0JeMe aHAJIU3a CEUCMUYECKUX CUTHAJIOB, B
KOTOPBIX TPeOyeTCs BbIACJIUTH U BpeMs (M0JI0KeHHe) BCILUIECKA B
CUTHAJIE U €r0 CINEeKTPAJbHbIN cOCTAB (MacmiTao).

K Hauaay 90 — X rogoB BelBJIeT — aHAJIM3 HAIlIEJI HIUPOKOE
NPUMMEHEHHE B 32/1a4aX AHAJIHU3a BPEMEHHbIX CUTHAJIOB,
pacno3HaBaHusA 00pa30B M CUHTE3a U300pakeHuil, IuPpPoOBKYU U

Aemu@PpPoBKY HHPOPMAUY U MHOTHX JAPYIrMX 00J1aCTAX.



BeiiBjier — aHaJM3 HCHOJb3YeTCHd B 3aJa4Yax, CBA3AHHBIX C
AHAJIN30M NMPOCTPAHCTBEHHBIX noJien co CJIOKHOM
MHOIOMACIHITAOHOM CTPYKTYpou (TYpOyJIeHTHOe TedeHue), Judo
BPEMEHHbIX CHUIHAJOB ¢ MEHAKWINUMCA €O BpeMeHeM

CIIEKTPAJBbHBIM COCTABOM (CeMCMHUYECKUE CUTHAJIBI).

OcHoBHasI ujesi. HUCNOJb30BaHMe Oa3zuca, Kaxaasd (QYHKIMA
KOTOPOI0 XapaKTepPH3yeT KaK ONpenaeJeHHYI0 POCTPAHCTBEHHYIO
(BpeMEeHHYI0) 4YacToTy, TaK M MeCTO ee JIOKAJM3alud B

(pu3HIeCKOM MPOCTPAHCTBE (BO BPEMEHH).



a) Cucrema Xaapa (1909r.)

CoBokynHOCTHh (PYyHKIMI Xaapa o0pa3yeT NOJHbIH OPTOHOPMMU-

POBaHHBIN 0a3uC. A

Kaxnas pyHkuus cTporo

JIOKAJIN30BAHA B (PU3UYECKOM @, 0,

IPOCTPaHCTBE (BO BPEMEHH),

HO XapaKTepu3yeTcs MeIAJIeHHO . 0 .
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cmagal oM CIICKTPOM 9acCT1oT

(kak 1/v).



0) ®ynkuuu JIlutasyaa — Ileanun (1937r.)

CrposiTcs myTeM BbIpe3aHMs MOJ0ChI YACTOT B IPOCTPAHCTBE

dDyphe.
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KOTOPBIX majaaer Kak 1/t.



dynknusa Jintasyna-Ileaan aias n=0.



) IlpedpazoBanue 'abopa (Pypbe — npeodpazoBaHue B OKHAX)

(1946r)

@yukuusa ['adopa: rapMOHUYECKUHA CUTHAJI, MOAYJIMPOBAHHBIM
¢pynkuumen laycca. Xopomio J10KaJdu30BaHbl U B (PU3IMYECKOM
NPOCTPaAHCTBEe (BpeMeHH) HM B  IMPOCTPAHCTBE  YacToT.
XapakTepu3ylOTCd TpeMs MapaMeTpaMu: IOJIOKEHUEM IeHTpa

OKHa {), INPMHOM OKHA T X YaCTOTOMU OCHMJIJIALIUHA V.

DOYHKIHMHU PA3JIMYIHOI0 MacmTada He SIBJISIOTCA MOT00OHBIMH —

HUMCIOT PA3JIUYIHOC YUCIO0 OCIHMJIJIALIU .
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r) BeiiBieTnl

O0beaMHSAIOT B cede aBa BaAXKHBIX CBONMCTBA IOA0O0OHUSA WM

BBIPAKEHHYI0 JIOKAJIHU3AIUIO B IPOCTPAHCTBE M BPEMEHH.

Y1006l OBLITH BeHWBJETAMH CEMENCTBO (PYHKUUUA TOJKHO
YAOBJIECTBOPATH CJCAYIOLIUM TPEOOBAHUAM
1) JomycTuUMOCTH. AHAIM3MPYIOIIMI BelBJeT (1), Ha3pIBaeMbI

TAK/KC MATCPUHCKUM BeﬁBﬂeTOM, AO0JIZKCH UMETDb HYJICBOC

CPpE€AHECC 3HAYCHHUC.

f (t)dt = 0. (1)



2) Ilogo0Oue. Bece pyHKIMU ceMeicTBA MOJTYYAKOTCH M3 AHAJIU3H-
pyrouero BeMBjera mnyreM MacradOHoro npeodopazoBanus v
t—b
CABHIA: Y, () = | —|. ,
a (2)
IHoayuyaercs  aByxmapaMeTrpudeckoe ceMeicTBO  (PyHKIIMM:
napamMeTp a — MacmrTad (pacrsa:keHne) (PyHKIHNH, mapaMerp b —

moJioKeHue (CABUr) PYHKIUH.

3) Ooparumocts. CyniecTBOBaHME 00PATHOIO MPeoOpa3oBaHMs,
OTHO3HAYHO BOCCTAHABJMBAIOIIEE HCXOMHYI0 (PYHKIIMIO 110 ee

BelBJIeT — MPe00pa30BaAHUIO.
4) PerynspHocth. ®OyHkmus () [g0MKHA OBITH XOPOIIO

JIOKAJIM30BAHA U B (M3HYECKOM MPOCTPAHCTBE U B MIPOCTPAHCTBE

dDypne.



BbI0Op KOHKpPeTHOro BHM/AAa BelBJjieTa 3aBUCHUT OT IeJiedl MpoBe-

JACHHOI'0O aHAaJJIN3Aa.

a) BemecTrBeHHBIN BeHBJIeT «MEKCUKAHCKAS IIJIANA):

W(t) = (1—t2)e‘t? 3)

3a{a4M, TpeOyrolue Xopoiero
IPOCTPAHCTBEHHOIO pa3pelle-

HMS U He TpedoBaTe/IbHbIE K

CNIEKTPAJbHOMY pa3pelieHuIo.



0) KomiuiekcHblii BeiiBjieT Mopuie:

t* 1
(4)
3a{a4M, TpeOyroIue Jy4mero

CIEKTPAJbLHOTO pa3penieHusl.

Ot1inune ot pyHkuuin I'abopa;o+;

0.6
BbIOpPAB 4acToOTy IJIs s} \/

aHAJIM3UPYIOLIEr0 BelBJIeTa
(3agaB  4YMCJI0 OCHMWJUISNUHA), CKUMAEeM WJIM PacTAruBaeM
(PYHKIHUIO KaK eJioe, He HAPYIIAsA NMOA00US OTAeJbHBIX

(pyHKIUH CeMEHCTBA.



IIpeumyiiecTBo BeBJIET — IPe00pPa30BaHUA Nepea npeodopaso-
BaHueM Dypbe COCTOUT B TOM, YTO OHO IO3BOJISIET MPOCJEAUTD 32
U3MEHEHHEM CIIEKTPAJbHBIX CBOMCTB CUTHAJIA CO BpEMEHEeM U

yKa3aTh, KAKHE 4aCcTOThI (MACIITAObI) JOMUHUPYIOT B CUTHAJIE.



2. HenpepbIBHOE BeHBJIET — MPpeoOpa3zoBaHme

HenpepbiBHOEe BelBJeT — npeo0pa3oBaHue  OAHOMEPHOU

(GYyHKIUM:

+00
(t—=D
W (a,b) = a" f f(t)o) [—]dt, (5)
d
rie () - BellecTBeHHAassT WJIM KOMILJIEKCHAs (QyHKIHs
yI0BJIeTBOPAIOILIAS ycJa0BUsAM 1) — 4).

Ecau BpINOJIHACTCHA YCJI0BHE!

+<>ko2 5
Cw:f ‘w‘ dw < 00, (6)

e Y (a)) - pypbe — 00pa3 aHAIM3UPYIOIEr0 BEeHBJIEeTA:



+00
_ f P(t)e “t, (7)

TO JJis1 IpeoOpa3zoBanud (5) cnpasemausa gopmyJia odpameHus

f(t)_ TT‘” t—b dadb ©)

WO—OO

IToka3aresb cTeNNeHN MACIITA0OHOTO0 MHOKHUTEJISI K BLIOMpaeTcs B
3aBHCUMOCTH OT HeJsed anaau3a. Ilpu k=-1 paBHble 3HAYEHUS
BeiiBjieT - ko3 dunuentos W(a,b) coorBercTBYIOT paBHBIM
AMILIATYIAM NMYJIbCAMMA CUTHAJIA, HE3AaBUCHMMO OT Maciurada

IyJIbCALUM.



Ha pucynkax 1) m 2) moka3aHbl JBa HpHMepa BeHBJIET —
Pa3ioKeHHsI IPOCTHIX BPEMEHHBIX  CHTHAJIOB € TOMOIIBLIO

BeHBJIeTa MopJie:

CUTHAJI;
BEMBJIET NMpeodpazoBaHue CUIHAJIA, MOJYYEHHOE ¢ MOMOIIbIO
CUH(pa3HOMN COCTaBJIAOLICH BEUBJICTA Mopure;

BeHBJIET Npeodpa3zoBaHUe CUIHAJIA, MOJYYEHHOE ¢ MOMOIIbIO
KOMILJIEKCHOTO BerBJeTra Mopuie;

CIIEKTP CUIHAJIA, MOJYYEHHbIH C NMOMOIUbIO NMpeodpazoBaHus
dDypoe.

dypbe — mpeodpa3zoBaHHe CUTHAJIOB 1) W 2) mpaKTHYeCKH He
OTJIMYAIOTCHA JAPYr OT JApyra, a BeiiBjeT — aHAJHW3 INO3BOJISIET
BOCCTAHOBHUTL IMOJIHYIO 3BOJIOIHI0 CIEKTPAJbHOI0 CHTHAJIA BO
BpPEMEHH.
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2) CHTHAJI, COCTOSIIIMIA
n3 CYMMBI IBYX
rapMOHHYECKHUX

COCTABJIAIONIUX TeX IKe
YacToT, YTO W CHTIHAJI,

NpPeACTABJICHHBIN

1), /|

Ha
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AHAJIOTHYHbIE

BEUBJICTHI U CIIEKTP.
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Ha pucynke 3) moka3aH
pe3yjabTarT BEUBJIET — Pa3Jio-
’KEeHUsI CHUIHAJIa, IpeacTaB-
JIAOLIEro co0oM
CyNepno3uIuIo JABYX
rapMOHHYECKHUX COCTaB-
JAKINAX ¢  HenpepbIBHO }

MCHAKIIUMHUCA YaCcrToraMu

(MCIm0JIB30BAJICS BEHMBJIET

Mop.ie). BeiiBiieT — npeacTaB/ieHHe MO3BOJIsIET MOJYYUTH TOUHDIH

BH/I 9BOJIIOIHUH YaCTOTbI KAXK/101'0 U3 IBYX CUT'HAJIOB.



BaskHoe CBOMCTBO BEHBJIET — MPEACTABJICHUA PYHKIUUA: HA dTAIE
pa3jiokeHUs] CUTHAJIA MO BelBjeTaM M Ha dTane BOCCTAHOBJICHHUS
HCXOAHOI0 CHTHAJIA 10 e€ro BelBJeT 00pa3y MOKHO HCNO0JIb30BaTh
pa3In4YHbIe CBONCcTBAa BeiiBjeToB. YcjoBue (6) 3ameHsieTcsl HA

0oJiee msrkoe ycaonue (9):

f \w(w)qs ),

dw < o0, (9)

MOCKOJLKY Temepb OIHH W3 JABYX BeHBJIETOB MOXKET He
yioBJaeTBOpATL (6), mpM YyCJ0BHH, 4YTO BTOpOii BeiiBjeT
KOMIIEHCHPYET €ro «HeJ0CTaTKH». B 3TOM cjiyuae BMeCTO OIHOIO
M3 BeiBJIETOB MOKHO HCHOJbL30BAaTh CHHIYJISIPHYIO (DYHKIIHIO

(HanmpuMep, 0 — QYHKIMIO), He ABJISAIOIIYIOCH BEUBJIETOM.



3 . BeliBj1eT — aHAJIM3 BPpEMEHHBIX KOJIe0aHuil

PaccMoTpuM BelBJIET — AHAJIMU3 COJTHEYHON AaKTUBHOCTH.

JloJiroBpeMeHHAas 3anuch CPeIHEeMECAYHbIX YHUCE COJHEYHbIX
NATEeH HAaYnHaeTca ¢ Haomonenuu Iaauses B geBpasie 1610 roaa,
a ¢ okTa0psa 1611 roma HaOJIOZEHHS CTAHOBITCH J0BOJIBHO
peryasipubiMu. CylnecTBylOIIM B HACTOsIllee BpeMs P
JAHHBLIX HEe MMeeT B ACTPOHOMHH AHAJIOTOB IO PEryJasipHOCTH M
NPOAOJIZKUTEIbHOCTH HAOJIIOMEHU M.

Yucs10 nATEH CBA3aHO ¢ MHTEHCHBHOCTHI0O MATHUTHOIO IOJISI
CosiHIIa, KOTOpOEe HMMeeT MOJOUJAILHYI) KOMIIOHEHTY HU 0OoJiee
MOIIHYI a3MMYTAJbHYI0, O0O0pa3yliiue 3aMKHYTbIe KOJbIA

CUJIOBbIX JIMHUHM BHYTPH KOHBEKTUBHOM 000104k CoJIHIIA.



Korja Hanpsi’KeHHOCTb MATrHHTHOIO IOJISI PacTer, HAa JTHX
MATHUTHBIX JIMHUSAX BO3HHUKAIOT T'MITAHTCKHE IEeTJIM, BbIXOASIIHe
3a mpeaeJbl KOHBEKTHMBHOW 00004kM. B Mecrax BbIXoaa
MATHUTHOE II0JI€ HANPABJEHO BEPTHKAJbLHO M IOJABJISET
KOHBEKTHUBHOE TeYeHUEe, MPUHOCAIEe TOPAYYIO ILIa3My M3 HeIp
Coanna. B pe3yiabrare TeMmneparypa oKa3bIiBaeTcsi HUKE, YeM HAa
OCTAJILHOM IOBEPXHOCTH, U 00J1aCTh BHJAHA KAK TE€MHOE IHATHO.
YeM cHJIbHee MArHMTHOE I10J1e, TeM O00JIibllle IeTeJb H TeM

0o0JIbIIIE ATEH BHU/THO Ha IMMOBCPXHOCTH.



CeBepiibi TOHI0C CeBepHbIH 110.110C

b .

KoMnmoHeHTBI CHJIOBBIX JIMHUY MArHUTHOI'O IOJIS COJIHIIa



I'padpuk u3MeHEeHUs YU CJIA IATEH — 3TO Yepeaa NUKOB,
KAXK/AbIM U3 KOTOPbIX 0XBATbIBAET NPUOIU3UTEAbHO 11 JeT.
OQMHHAAUATUIETHAMA COJTHEYHBIM HMKJI XapaKTepusyer padory
COJIHEYHOI'0 IMHAMO — MATHUTOTWAPOAMHAMUYECKOT0
reHeparopa mnoJis.

AMILUTUTYIA HAKJIOB HENMPEPbIBHO MEHACTCS, 2 BpeMeHAMH
BO3HMKAIOT cOou. CaMbIil 3aMeTHbIA 00 — MuHUMYM MayHaepa
— uMeJ MecTo B KoHIle 17 — HauaJjie 18 BexoB. /Ipyroe 3amerHoe
ocj1a0JiIeHUe COJTHEYHOU AKTUBHOCTH ObLII0 OTMEYEHO B HauyaJie 19

BeKa — MUHUMYM /lajibTOHA.
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Fpa(])mc NU3MCHCHHUA YNCJ/IA COJTHCYHBIX ITATCH BO BPpCMCHHU



BeiiBJieTr — npeacraBjieHue MPOCKTUPYET OMHOMEPHBIA CUTHAJI
(koTOpBIA ObLI PYHKIIMEH TOJbKO BPEMEHHU) HA IJIOCKOCTH BpeMs
— 4acToTa M NMO3BOJIsAET YBUAETh M3MEHEHHE BO BPEMEHHU CHEKT-
PAJbHBIX CBOUCTB curHajga. Ha BeHWBJIeT — ILUIOCKOCTH
OAMHHAANATUIIETHEMY HUKJTY COOTBETCTBYET TeMHAas
rOPU30HTAJbHAA MOJi0ca (MAeaJlbHO POBHAsE TOPU30HTAJIbLHAS
M0JI0CA  COOTBETCTBOBAJA OBl  YHCTO  TAaPMOHHYECKOMY
Koje0anu). KpoMe OCHOBHOIO HHUKJIA, MJIUTEIbHOCTBIO OKOJIO
OAMHHAAUATH JIET, OTMEYEH elle OAUH — NPUOJIU3UTEJBHO CO

CTOJICTHEH NMEPUOTUYHOCTHIO.
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Monayab BedBJIeT - mpeoOpasoBanusa MopJie JaHHbIX rpaguka

NU3MCHCHHUA YUCJ/IA COJTHCYHDIX IIATCH



IIpu u3yyenuu rpapuka paHee, 0e3 MCIOJb30BAHUS BEHBJIET —
METOAAa, MNPeANnoJarajocb HajJluyue O00JbIIOT0 KOJUYECTBA
NUKJOB C Jpyrom mnepuoAMYHOCTHLIO. Bce oHM oka3zajauch
aprepakraMm, TO €CTb HEO00OCHOBAHHBIMM MOKA3AHUIMU
METOI0B, He O4YeHb XOPOIO MPUCIOCOOIEHHBIX K
paccMarpuBaeMo 3ajade. BeuBier — aHaJIU3 MO3BOJISACT
NMPOCJEANTb, KAK MEHAETCHd /JIUTEJbHOCTh HOMHMHAJIbLHOIO
OAMHHAAUATHJIETHEr0 MIHKJIA €O BpeMeHeM, IMOKa3bIBasg, 4YTO
CTOJIETHUH UK  (PUKCHUPYET TNEPUOAUYECKHE  NONBITKHU
MEXAaHU3MA IeHEePAUMH COJTHEYHOr0 MATHUTHOIO MOJIA JAaTh COOH
U CBEPHYThb € OOBIYHBIX OJAMHHAAUATHJIETHHX KOJe0aHUU B

HOBBIH MU30[ TUIIA MUHUMYMA MayHjepa.



B Ilapmxkckoir oOcepBaropum ¢ 1683 roma mo 1718 ron
HeNnpepbIBHO PeErucTpUMpoOBAJIUCH Bapualuu BUIUMOTIO
COJIHEYHOI'0 JvMaMeTpa. JTH M3MepeHUusi ObLIM BO300OHOBJIEHbI B
1978 rony.

B pe3yiabrare BeHMBJIET — aHAJIU3a JAHHBLIX ObLI INOJYy4YeH
HEOKUJAHHBIA  Pe3yjibTaT, COCTOAIMH B TOM , 4YTO
OAMHHAANATIWIETHHE BAapHAUUA COJHEYHOI0 JUaMeTpa HMMeJH
HAHOOJBINYK) AaMIUIMTYDyY KakK pa3 BO BpeMs IIyOOKOro
MHHHUMYMa COJIHeUHON akTuBHOCTH. Ilo Mepe BbIXOga U3
MHHHMYMAa BapHallUM 4YMCJIA NATEH HAYUHAIT Hapacrarb, a

BapMalUu AMAMeTpPa Cnajaarb



