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OAWH N3 METOAOB OLIEHUBAHUA NEPUOONYECKON COCTABH?IIOIJ.I,EIZ
NIOBO0N ®OPMbI CITYHAUHOTI'O NMPOLIECCA MNMPU NPOU3BOJIbHOU OANMHE
PEAJNIM3ALUNN NSMEPAEMOIO NAPAMETPA

B cmamve paccmampusaemces memoo oyenxu nepuooa nepuoouteckoli cocmasisiouel 10o6ol gopmul cy-
YaliHO20 Npoyecca npu NPoU3BOIbHOU OIUHE Peanu3ayull U3MepaemMo2o napamempa.

Knroueswte cnosa: memoo naubonvuiezo npasoonododbus, QyHKyus npasoonooodus, 102apu@dm OmHoueHus

“ 2
npasoonoooduUs, NepuooUYecKds COCMasIAIOwWas, CIy4aliHas CoCmasgnaowas, y,~ pacnpeoeneHue.

BctynneHue

Oo0wmast noctTaHOBKa NPo0JeMbl U aHAJIM3 JIUTe-
patypbl. BonbIIMHCTBO peanbHBIX MPOLECCOB B Goiee
WM MEHEe SBHOW (popME MMEIOT HNEePUOAMYECKHE CO-
crapistrorue. [IycTh, HCXOISI U3 HEKOTOPBIX COOOpasKe-
HUH OTHOCHTENBHO PaccMaTpUBaeMOro mporecca, I0-
nyckaetcs, uto QyHkuus Y (t) comepKuT mepuoaude-

ckue ¢yakuuu Bpemenu X, (t) (mampumep, B Buue

CYMMBI) U CiTydaiiHyto cocrapisrontyio &(t) :

YO =YX 0+

[epuoguueckas Gynkuus X(f) MOMHOCTBIO oOm-
penesnseTcss 4actotoil o (WM TepuozoM P ) W 3Hade-

HusME KodddunmenTos psaa Dypse [1-3]:

X(t) = i(AI< cos kot + B, sinkot) .

k=1
Cxpsitas nepuogunuHocte X(t) Oymer oOHapysxe-

Ha, eCJIM OompeJeseHsl napamerpsl ®, A, u B, [1-4].

Jnst BbIAENIEHUS NEPUOJUYECKUX COCTABISIOMUX
MOJKHO HCIIOJIb30BaTh M pa3iHyYHbIE PEOOpPa3OBaHUs
ucxonHbX GyHkmid Y(t), KOTOpbIe yCHIMBAIOT POJIb

MEPUOAMYECKON KOMIIOHEHTHI B HPEe0Opa30BaHHOM
nporecce [2-3]. Bece momo0OHbIe CENEKIIMOHHBIE HITH
chOKyCHpOBaHHBIE TPEOOpPa3OBaHHUI MOXKHO pasfe-
JUTh Ha JBa KJlacca: JUHEHHbIE MpeoOpa3oBaHus U
HeJMHEHbIe TpeoOpa3zoBaHus. [IpuMeHeHHE TaKux
npeoOpa3oBaHuil JaeT BO3MOXHOCTH BBIJCIHThH Ie-
PHUOIUYECKYI0 COCTABISIONIYIO JII00OW YacTOThI U3
3a/IaHHOTO JIMana3oHa.

Crenyer OTMETUTh, YTO HCXOAHas (QyHKUUS MO-
JKET UMETh HECKOIIbKO MEPHOJUYSCKUX COCTABIISFOLINX.
Kaxyro U3 BBISBJICHHBIX MEPUOAMYCCKUX COCTABIISIO-

X MOXXHO KCTPAIlOIMPOBaTh HA TPOHU3BOJIBHOE BpeE-
Ms ympexaeHuss At. B ynpexnennoe Bpems t+At,
Oepss cyMMy SKCTPalOJHUPOBAHHBIX IEPHOINICCKUX
COCTaBIISIIONIMX, TMOJlydaeM TPEABUICHHOE 3HAYEHUE
nepuoauueckoi yact npouecca. OgHaKo BO BCEX ATHX
METO[aX HEOOXOIMMO YETKO 3HAaTh 4acToTy (TmepHom)
MEePUOANYECKON COCTABIISIONIEH, U OHU OPUEHTUPOBAHBI
B OCHOBHOM Ha TapMOHHYECKHE MEPUOIUYECKHE CO-
crapisitouie. Ilosromy 3agaya OUEHKM Mepuoja Ie-
PHOIMYECKON COCTABILIOIICH 000K (OPMBI U €€ OT-
CYETOB MPEJCTABIACTCS AaKTyalbHOW M NPAKTUYECKU
BaXKHOM.

Heab cratbu. B cratbe npemaraercss MeTox
OLIEHKH TepHoja MEePUOJAUUECKON COCTaBJISIOIIECH JIIO-
6011 GopMBbI cityyaifHOrO Hporecca Npu NPOU3BOILHOM
JUTHHE U3MEPSeMOTo ImapaMeTpa.

U3noxeHue matepuanoB
uccrnenoBaHum

Ilycte B cnywailHOH peanu3aluu H3MEpPSEMOIo
napamerpa Y IPOU3BOJBHOW JUIMHBI B OOILIEM Cilyuae
HE KpaTHOM INEepHoAy NEPHOAUYECKOH COCTaBISIOIEH
COJICPIKUTCSI TIEPUOJMYECKasl U CIydaiiHas COCTaBJISIO-
mme. Mojens H3MEHeHHs H3MepsieMOoro Iapamerpa
MPEeJCTaBUM B BUJE!

OEH) o

T
rae Y = (y0 Y1 yqp_l) — 0JI04HAas MaTpHIla OTCUETOB
HaOr0jaeMol pean3aliy pa3MepHOCThI0 (P x1;
. T
Y = (yqp Yapetreor ynfl) — OnoyHas MaTpuua OT-

CUETOB
nx1:

HaOIo1aeMoit peaiusanu  pasMEPHOCTHIO

1=(111, ...,l)T — MaTpHIA pa3MEPHOCTHIO X 1;
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X= (XO Xy, — OJI0YHAs MaTPHUIIA OTCYCTOB

]
%)

MepHUOANIECKON COCTaBIISIONICH pasMepHOCThIO Px1;

T
X = (qu,xqp+1,...,xn_l) — OJsiouHas Marpuia oc-

TaBIIMXCSI OTCYETOB IEPUOAUYECKOM COCTaBISAIOLIEH,
HE IONABIIMX B pealu3aluio UIMHBL (P, pa3sMEpHO-

cThio N x1;
&= (EJO'E.!l'E)Z"'"EJqp—l)T
CUCTOB
apx1;
E.al = (&qp"iqpﬂ’ ""&n—l)T

TOB Cily"aitHoi cocTapsomei pasMepHoCThIO N x1;
® — cumBon npousseacHus Kponuekepa,

— Ono4Has Marpuma OT-

CIy4allHOH COCTaBJISIIOLIEH  pa3MEepHOCTHIO

— Oyio4Has MaTpuLa oTcue-

N=Qp+N — QIMHA PeaTH3AUN H3MEPAEMOTO TIa-

pameTpa;

p — nmepuoj nepuoIuvYecKoi COCTaBISIONIEH;

J — KOJIMYECTBO MEPHUOJNOB INEPUOAUYECKOH CO-
CTaBJISIOLICH B pean3aliyy,

N <P — KOJMYECTBO OTCYETOB HAOMOIAeMOii pea-
JM3aliH, HE TIONABIINX B PeaM3anuio JUIMHBL Jp .

[Ipenmonaraercs, 4ro & — rayccoB CIyYalHBIN

JMCKPETHBIN IPOLIECC C HYJIEBBIM CPEIHUM M HEKOppE-
JIMPOBAHHBIMH OTCYETAMH.

IpencraBum jtorapu)M OTHOIICHUS TPABIOIIOI0-
ous [1; 4-5]:

P (Y /X #0)
ni(Y)=In————,
P,(Y/X=0)
rae Py(Y/X;éO):;nx
Jawo)
(Y-1® X)T x — ycloBHas
x(Y -1®X)+

. AT ' '

+(Y —x) (Y —x)
IIJIOTHOCTH pacnpez[eneHI/m )II/ICerTHI)IX 3Ha‘IeHI/Iﬁ Y
HpI/I HaJIn4Yuu B peanmauml HepHOI[PI‘lGCKOfI COCTaB-

nstroriiedt (GyHKIMS IpaBaoIoa00us);
1

Py(Y/XZO): N )nx
2nc

xXexp {—

HOCTh PacIpeNe/ICHUs] JUCKPETHBIX 3HAYCHUN HAOJIIO-
JTACMOH peanu3allii JAUCKPETHBIX 3HAUeHWd Y TIpu
OTCYTCTBMU B pealu3allid IEePHOANISCKON COCTaB-
JISTFIOLIEH, B BUE:

— YCJIOBHas IUIOT-

12 (YTY+YTY )}
(¢}

LY aex)-2xx)+
InI(Y) == 12 @)
1l 4YTX —5XTX

B nanbpHeitneM norapudmM OTHOIIEHHS TPaBIIOIO-
no6ust Oymem ob6o3nauath Inl .
C Bolpaxkenwus (2) ciemyer, 4To

o Inl=Y" (1®x)—%(xTx)+
L ®)

HYIX=OXTX

Martpuiy X MOXXHO MPEACTaBUTh B BUIE!

o[X)

roe X — GruouHas MaTpHia pa3MEpPHOCTHIO nxi:

X' — 6109HAs MATPHIIA PA3MEPHOCTBIO (p -n ) x1.

Jnst oneHKu 3HAYEHUH NEPUOAUMYECKONM COCTaB-
npmomeit X W aucmepcum o° TpomudgepeHImpyem
BeIpakeHue (3) o BceM BapbupyeMbiM X . Toraa oreH-

KM OTCUETOB IIEPHUOIUYECKON COCTaBISIOIIENH X; H

N

JHCTIepCHH G~ OYyT OTPEeNAThCS BHIPAKEHHAMIL

Zy.+sp, i=0,1,2,..n -1
1)+
X, = q+ (4)

i=n,n+1..p;
:_zy|+sp’ P
q5=0

= (M
(ME)

BBINOJIHUB COOTBETCTBYIONIME ITOJCTAHOBKU B BbI-
paxeHnue (3.) TOIy4nM:

®)

+1
?Inl , =3
/X=X

LRSIV MOV
2

roe X= — MaTpHLa OLICHOK IEePUOANYECKOH CO-
X'
CTaBILTIONICH Pa3MEePHOCTRIO Px1.

BBenem B paccMOTpeHME CIy4yailHyO BEJIUUYMHY:
2
D=c"Inl,_,.

(ycmoBue X =0 o3HawaeT, 4TO B peaH3aIlMN OTCYTCT-
BYyeT MEPHOMIECKast COCTABIISIONIA).
Haiinem pacnpeneneHue ciyd4ailHOM BeIMYHHBI

D:
2
D=c?Inl, , = Z[ /q% J +Z(\f }
i=0
I\I 1 q I\" 1q,1
X == G s bsp
TAc X, q+1;§|+sp szoé D
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BBeaem B paccMOTpeHHE CIy4YallHY!O BEIMUYUHY

Z:
[q+1 i=012,..,n -1
—X;;
Z = 2 R
Ay -
27" i=n,n+1..,p-1
Ilpu takom omnpexeneHud Z, UMeeM, UTO
p-1
D=)Z> - 510 cyMMa P KBajpaToB CIlyqailHBIX Be-

i=0
JMYKMH Z,, HOPMAJbHBIX C HYJICBBIM CPEIHUM. MOXHO
yOEIUTBCS, YTO TH BEIMYMHBI HE3ABMCHMBI JUI pas-
JINYHBIX 3HAYEHUN | .

Taxkum 06p830M, npu  pa3jIMdHbIX 3HAYCHUAX

i=0,12,..,n —1 Gymem UMeTh caraeMele:
2=z | z= 9
2 2

Hucnepcus cirydailHOH BeJIMUMHBL Z; B 3TOM CIIy-

Yae ONpeieIAeTCs CIeIYIOIIM 00pa3oM:

(z) =20,
2
[Ipu 3Hauenusx i=n,n +1,p—1 numeem crnarae-

MBbI€:

Jucnepcus ciydaitHo# BenuduHsl Z, !

1
2 2
<Zi > =—0".
2
Ot paccMmoTpeHnst citydaiiHOW BenmumHbl D 1re-

peiiieM K pacCMOTPEHHUIO CITy4aiiHOM BeTHMYnHbI d :

2

2 & ]2
d==D-= <z | . 6
GZ ; 62 i ( )

f 2
I[I/ICHepCI/IH CJIy4YarnHON BCINYUHbBI —ZZi paBHaA
(&

equnauie. [Ipy TakoM MpeacTaBlIeHUH cilydaiiHas BEJH-
yuHa 0 TpencTaBiseT co0oi CyMMy KBaJpaToOB P CIy-
2

£z

2 i
(&

IIaIM/'IHbIX, HE3aBUCHUMBIX, HOPMAaJIbHBIX BECININH

C HyJIEBBIMH CPEJHUMH 1 €IUHUYHBIMH JUCIIEPCUAMH, &
3HAYUT, MOMYMHAETCS PACTIpEieieHnio ¥~ ¢ [ CTeme-
HSMH CBOOOIBI [4—6]. BBIICHUB 3aKOH pacrpeeeHust
crydaiiHo# BeamuuHbl 0, MOKHO TOCTPOWTH OOHapy-
JKUTENIb TEPUOANYECKON COCTABIISIONIEH, BBICTABIIS
TOporH OOHAPYKEHHUs, HCTONB3ys TabmuIBl x° pac-

TIpeaeIICHHS.

Ha ocHOBaHMH BBIIIEH3I0XEHHOTO IMPEIIaraeTcs
ANTOPUTM OIpEJeNICHUs] Mepruojia U OLEHOK OTCYETOB
MEePUOUUECKON COCTABIISIOLICH !

1. HaxoamM MaTpHIIBl OIIEHOK OTCYETOB HMEPHOIH-
YEeCKOW COCTaBJsIIOLIe NepebOopoM BCEX BO3MOXKHBIX

suadeHuii p (p=12,..,n):

> X
54 o

x>
Il

x>

Z I+SD

“ X +1 =
rae X. = (q =0 ;
13
Xi Zyi+sh
8wy
i=0,12,...,n-1;
i=n,n+1..,p.

2. JInsg Kaxmoil MaTpuIlbl OIICHOK OTCYETOB Iie-
PUOIUYECKON COCTABISIOMIEH AJIs pa3IMUHbIX 3HAYCHUI
p dbopmupyem crnydaiinpie BenuauHbl D :

g+l

p-1 Txi'
D=>7; Z-= )

=0 ﬂXI’
2
i=0,12,....,n -1;

Lp-1.

i=n,n+1,..

3. HaxomuM OIEHKH AMCTIEpCHH G JUI pasind-
HBIX 3HAYCHUH P :

)
(v H)

4, HO,HCTaBJ'ISIH HaﬁﬂeHHLIe OLICHKHU AUCTIICPCUN 82
JJIA Pa3IIMYHBIX 3HAYCHHUI P B BBIpXXCHMEC IJIS JIOra-

pudMa OTHOUICHUS MPABAONOAOOHS, HAXOAWUM 3Hade-
Hue Makcumyma Inl:

InI(Y) = [YT (1®x)-3 2N+ YTX —%x'Tx}.

5. Jlns BBICTaBJICHHUS TTOpOTa OOHAPYKEHHUS BBEIe-
Ha ciydaiiHas BeaunuuHa d, a caM mopor oOHapyKEeHHs

OIIPEACIIICTC Il JAHHOro P 1o Ta6J'II/IIIaM 06Hapy-
JKCHUA pacnupeacjacHus XZ, 3aaBasiCbh BCPOATHOCTAMU

omn6ok 1 u 2 pona.
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6. CpaBHHBaeM C TOpPOrOM OOHAapyKEHHs MaKCH-
MaJbHOE 3HAYeHHE Jorapudma OTHOIICHHS MPABIOIO-
JOOUSl ¥ TIPH MPEBBIIICHHN €ro IOJy4acM OLICHKY Iie-
PHO/Ia IEPHOMYECKON COCTABIISIIONIEH .

BbiBOoAbI

IIpeanoxeH MeTOx M alrOPUTM OLIEHKH MEepHoAa
MepHOANYEcKol cocTaBisiomieil 1000l Qopmbl ciy-
YalHOTO MpoLecca NMpU MPOU3BOJIBHOMN JUIMHE U3Mepsie-
Moro mapamerpa. Ecim ucxonHas (yHKIHUS COAEPKHUT
HECKOJIBKO NMEPHOJNYECKUX COCTaBIAIOIIMX, TOr/a Ka-
JKAYI0 U3 HUX BBISBIISIIOT NOCIEN0BATEIbHO B COOTBET-
CTBHU C IPEI0KEHHBIM METOIOM.
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OANMH 3 METOAIB OLIHIOBAHHA I'IEPIQJ]VI'-IHO'I' CKJ'_I_A.EI,OBO'I' BYOb-AKOI ®OPMU
BUNALOKOBOIO NMPOLIECY NPU OOBIbHIN PEANI3ALII BAMIPFKOBAHOI'O NMAPAMETPY

I".B. Ianens

B cmammi pozenadaemuvca memoo oyinku nepiody nepioOuuHoi cknaoogoi 106oi gopmu eunadkoeozo npoyecy npu 008i-

JIbHIU 008HCUHI peanizayii 6UMipiosano2o napamempy.

Knwwuoei cnosa: memoo naiibinvuwioi npagdonodionocmi, hyHkyisa npasdonodioHocmi, noeapudm 6iOHOUEHHA NPasoono-

. . . 2 .
0ibHOCMI, nepioduuHa ckiadoea,eunadkosa cKiaoosd, " posnooiu.

ONE METHOD PERIODIC EVALUATION COMPONENT ANY FORM OF RANDOM PROCESSES
IN ARBITRARY LENGTH IMPLEMENTATION MEASURED PARAMETERS
G. lvanets

The article discusses the method for estimating the period of the periodic component of any form of a random process with
an arbitrary length of the implementation of the measured parameter.
Keywords: method of maximum likelihood, likelihood function, log-likelihood ratio, a periodic component, the random

component, > distribution.
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