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V]IK 658.012
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IMPOTHO3NPOBAHUE KOPPEJIMPOBAHHOI'O
BPEMEHHOT O PSJIA T10 MAJIOM BBIBOPKE MCXO/THBIX

PaccMOTpeH METOZ OLEHKH NPOTHO3UPYEMOTrO 3HA4YEHHUs CIIy4ailHOro IpPOLEcca, OTCYETHI
KOTOPOTO  KOPPEIMPOBAaHHBL.  BbIgeNeHHE  JCTCPMUHHUPOBAHHBIX  ITOJMHOMHANBHON |

TFapMOHHMYECKOH COCTaBIIOMINX HAOI0JaeMOro IMPOLEecca C y4eToM Majloro oobeMa BBIOOPKH
peaJbHUX CTATUCTHYECKMX NAHHBIX OCYIIECTBIISIETCS METOJOM HAaHMEHBIIMX KBaapaToB. Pacuer
CIIyJaifHOHM COCTaBIISIONIEH IPOTHO3UPYEMOTO 3HAUEHHUS BBIIOIHEH C HCIIONB30BAaHUEM 3HAYCHHUS
KOPPEIALMOHHON (DYHKLHH, COOTBETCTBYIOILIETO MHTEPBAaIy MEXIy HaONIIOJCHUSIMM Mpolecca.
Bubnuorp.: 8 Ha3B.

KnaioueBnle  c0Ba:  KOppEeIMpOBaHHBIH ~ BpPEMEHHOH  psif, Mamas — BBIOOpKa,
HPOTHO3HPOBAHHE.

IocTaHOoBKA MPOGIEMBI M aHAJIN3 JINTEPATYPbI. [IyCcTh COBOKYIMHOCTH
3HA4YEHHUH CIy4ailHOro mpolecca, HaOIIJaeMoro uepe3 paBHbIC MPOMEKYTKU
BpEMEHH AT, ofOpasyer  mOCJIeI0BaTEIbHOCTH {yl, Yo,eeus yn,...}.

OrpanmunMcss N HaOMIOACHUSAMH, HWMEIONIMMHUCS K TEKyIIEMY MOMEHTY
BpeMeHu. byzmem cumTtath, KpoMe TOro, 4YTO OTH HaOJIOJCHUS
KOPPETUPOBAHHBL.

[IporHosupoBanue ciay4yailHbIX NPOLECCOB — BAXHEHIIMNH 3JIEMEHT
CIIOKHOM 3aJaud ONHMCaHWsA W3MEHEHHWs IOKaszaTeled JUHAMHYECKHX
MPOLIECCOB, TMPOTEKAIOMMX B CHCTEMAax pasJIMYHOrO Ha3HauYeHus (B
9KOHOMHKE, TEXHUKE, MEIUIMHE, COLMOJIOTHH, BOCHHOM neine u T.1.). K
HACTOSIIIEMY BPEMEHH M3BECTHBI 0oJiee cTa pa3MYHbIX METOJOB ITOCTPOCHUS
MPOTHO3UPYIOMINX MOJENEH, NeTalbHBI aHAIN3 M KiIacCHU(UKAIUs KOTOPBIX
npuBesieHsl B [1, 2]. B 3amauax, xorga peaibHbII 00BEM CTaTHCTHYECKHX
JTaHHBIX OTpaHUYEH, HanOoee MIPUMEHUMBIMHU OKa3bIBAIOTCS
SKCTPAIOJSIIMOHHBIE METOIbl MpOTHO3MpoBaHUSA [3 — 5], K KOTOpPBIM
OTHOCATCS. METOJ HAaWMEHBIINX KBaJpaTOB M COBOKYIIHOCTH METOZOB
criaaxuBanus. [Ipu 3TOM, eciau BbIOOpKAa HWCXOJHBIX JaHHBIX —Mala,
MIPUMEHEHNE METO/I0B CTIaKUBAHUA, IPUHIUIIHATIBHAS 0COOEHHOCTh KOTOPBIX
COCTOHT B y4YeTe HEPaBHOBAXHOCTH "CTaphiX'' W "HOBBIX" HaONIONCHUH, He
JlaeT 3aMEeTHBIX NPEUMYILECTB Nepea METOJOM HAaUMEHBUINX KBaJIpaToB [6 —
8]. PaccMOTpHM BO3MOXKHOCTH NPHMEHEHHUS] METOJa HAUMEHBUINX KBAJIPATOB
JUldl  TPOTHO3UPOBAaHMSA, HANpUMep, CIydailHOro Ipolecca  cIpoca,
HaOJII0ZIEHUS] KOTOPOT'O KOPPEITMPOBAHEL.
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Ilycte  BpeMeHHOW  psil  TPENCTAaBIEH  COBOKYITHOCTBIO n
KOppEIUPOBAaHHBIX  OTUETOB {yl, yz,...,yn,...}. IloctaBum  3amauy

KpPaTKOCPOYHOTO  TPOTHO3MpOBaHMsA  psaga. HaOmogaemsrii  mporecc,
MPEANOTI0KUTENEHO, MIPEACTABISET coboif CYNEPIIO3ULIUI0
JETEPMUHUPOBAHHBIX MPOLIECCOB, CoJeprKaIiX MTOJTMHOMHUAIIBHYTO
(TpeHZOBYI0) M TapMOHMYECKYIO COCTaBIIIOIINE, HM3MEPEHHA KOTOPOTO
HCKaXEHBl CIydailHBIM mpomeccoM, (opMHUpyeMbIM 3a C4YeT OIHOOK
M3MEPEHUI M, BO3MOXKHO, KOPPEIMPOBaHHBIM 3a CUET IIYMOBOI'O BJIMSHHA
HEKOHTPOJIUPYEMBIX (haKTOPOB.

Heab cTaTbu — PEeLINTh 3a7auy BbIIEIECHUSI U aHATUTUYECKOTO ONUCAHUS
JETePMUHUPOBAHHBIX U CIy4allHBIX COCTaBIMIOIIUX IIpoliecca U €ro
MIPOTHO3HPOBAHMUE.

OcHoBHOI1 pe3yabTaT. [locTpoeHne UCKOMON MaTeEMAaTUYECKON MOAETU
MPOBEIEM ITO3TAITHO B CIEAYIOIICH MOCIEA0BATEIFHOCTH.

Oman 1. Brinenenue JETePMHUHUPOBAHHOTO TpeHsa. Hast
AQHAJTMTHYECKOTO OIMCAHUS TOBEACHUS ETEPMHUHHPOBAHHON COCTAaBIISIOIICH
Ha0JII0JaeMoro Ipoliecca BBEAEM NOJIMHOMHUAIBHYIO MOJAEIIb

y(t) =ay +at+a,t’ +...+a td. (1)
[Myctp HaOmomeHHs mpolecca NPOBOMATCS B MOMEHTHl BpPEMEHH
{AT, 2AT,..., nAT} . Hannexanum MacltabupoBaHHEM IIpUBETEM

MOCJIEI0BATEIEHOCTE MOMEHTOB HAOIOICHUS K BULY {1, 2,..., n}.
[TapameTpsl MOENM HaiiieM METOJOM HAaMMEHbBIINX KBajapaToB [5, 6]. C

9TOH IeTbI0 HCIoNb3yeM MaTpuly H u Bektoper A u Y :
1 2 3 - n a Vi

H=[f & & o i f; A=|e]; Y=
1 2¢ 39 ... nd ay Vi

Torga HawiIydyile B CMBICIC HAMMEHBIIMX KBaJIPaTOB OLECHKH
ko3 PunneHToB monmrHoMa (1) ompenensrores o Gpopmysie

A=(HTHJ"HTY .

Oman 2. Beigenenue nepuoanyeckoil cocrapistomnieil. [locne Boiaenenus
U3 TOCIICIOBATEIbHOCTH HAOIIOJCHUN IMpolecca TPEHIOBOM COCTABISIONICH
HEOOXOIMMO TPOBECTH aHAN3 HAJIMYUS WIM OTCYTCTBUS KoJieOaHWA crpoca.
OTMeTuM, 4YTO B 3a/adye KpPaTKOCPOYHOrO IPOTHO3UPOBAHUS CE30HHBIMHU

44



ISSN 2079-0031 BecmHuk HTY "XTIN", 2014, Ne 35 (1078)

KONeOaHMUsIMH CIIPpOCa MOXKHO NpeHeOpedb. B cBs3M ¢ 3THM Ol OmMCcaHHA
CYTOYHBIX KOJICOaHUH HCITONB3YEeM MPOCTEHIIIYIO MO/ICIb

y(t):bSinEHccosﬁt , Ty =24 uaca. )
TO T0

Br160p 9T0# MOIETH ONpenessieTcst CIEAYIOMNMHI €€ TOCTONHCTBAMH.
Bo-TiepBBIX, OHa MMO3BOJSIET OICHUTh HEU3BECTHBIC aMIUIUTYLY W (aszy
rapMOHHYECKOW cocraBisifomieif, Tak kak CCoswt+bSinwt = ASin(Wt + (p),

A=~c?+b?, g=arctg(cl), w=2n/T,.

Bo-BTophiXx, Mogenb (2) JMHEWHa OTHOCHTENIHLHO OLEHHBAEMBIX
napamerpoB. B mozemu (2) V(t)z y(t)— )7(t) — pe3yNibTaT, MOMyYaroLIuics
Hocle yAadeHus M3 HaOII0JaeMOro HpoLecca TPEHIOBOM IIOJIMHOMHUAIBHOM

cocraBtronie. [Ipu 3ToM 111 MOMEHTOB HaOIIOJCHUN {AT, 2AT, ..., nAT}
MOJIYYUM COOTBETCTBYIOIIYK) COBOKYITHOCTH {)71, -)72, e 9,] } HeussecTHble
napaMeTpsl D U C BHOBB HaiiJieM METOJIOM HAaMMEHBUIMX KBaJpaToB. Beemem
n 2
=Y bSln—jAT +cCos jAT yil - ©)
j=L To
Hanee
n n
ah_ ) Cos’ 28 jaT +bZSinE JAT -Cos 2% JAT -
j=1 j=1
3 27
~Y §iCos== jAT =0, 4)
o TO
j=1
27
dl, 2
—=c Sm JAT - Cos— JAT +b > Sin“ — JAT —
- Z = Z e
ZyJSIn JAT =0. (5)

Pemenue cuctemnbl ypaBHeHuil (4), (5) ompenensier napamerpsl b u C
AHAJIMTUYECKOT0 OMUCAHUSA FAPMOHUYECKOM COCTaBIISIIONIEH TIpoliecca.

Oman 3. O0paboTKka ciydaifHOU cocrtaBisromeii. [locie BeimeneHus U3
HaOJIOIaeMOro Tpolecca JIEeTCPMHUHHPOBAHHBIX MOJMHOMHANbHOH (1) u
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MIEPHOTNIECKON 2) COCTAaBJISIOIINX TTOJTYIUM CITyJaiHYIO
MOCIIEA0BATEIBHOCTE T :{rl,tz,...,rn}, Ti =Y —)71- —Vj . J=L2,...,n.

Haiinem omeHKy nucriepcuu CIy4alilHOW BEITMYWHBI, BEIOOpKA 3HAYCHHUI
KOTOpOH 00pa3yeT MOCIeNOBATENbHOCTh Ty, Tp,...,T,. OTa OIECHKAa paBHA

N 13
Gﬁ ZHZT% . Paccuuraem tenepp BenmMUMHY KOI(PQHUIUEHTa KOPPEISAIUT
-13

MEXKIY COCEIHUMU YleHAMH B MOCICIOBATEIBHOCTH | , KOTOpas
n-1
1
ompenensercs 1o  (Gopmye Kn_lz—Zt jTjs1- HomomHum

(n-1)57 45

nocCICA0BATCIIBHOCTD T HEUu3BECTHBLIM MPOTHO3UPYCMBIM 3HAYCHUEM CIIpoca

T,p. 3QIMIIEM COOTHOUICHHE s KOO()(UUMEHTA KOPPEIALMH MEXIy

COCETHIMH WICHAMH B JIOTIOJTHEHHOH MTOCIEAOBATENBHOCTH Ty, Toy---s Ty, Tip -

1 n 1 n-1
Kn=—5= D % =5 | 2%+ Tty
NG, j=1 NGhy j=1

% TnTnp- (6)

3aMeTum TCHEPb, YTO JaXXC €CJIKM 4YHUCIIO0 Ha6mouaeM1)1x YJICHOB B
IMOCJICA0BATCIIbBHOCTHU T He cIMIIKOM BCJIMKO, MOXXHO HpI/IGHI/DKeHHO CUNTATh,

2 2
4T0 Gp ® G, K, =K ;.

Torma COOTHOIIICHHE (6) YIPOCTHTCS K BUY:
n-1 1
K =——Ky 1 +—5 Ty Ty, OTKyZA
n no,
2
K,1-©
Typ = —~n-l Zn (7
Tn

Teneps ¢ wucnoms3oBanmeMm (1), (2), (7) mnoIyduM  OIEHKY
MPOTHO3UPYEMOTo 3Ha4eHHs MpoLecca!
Y(tup) = Y{tup) + Y (tup) + Ty =
d 2
A .2 AL 2 K
= Zait' +bS|n—TctHp +cCos—nth +02%n
i—0 To 0 Th
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BriBoabl. Takum 00pa3oM, ¢ UCHONB30BAHUEM TPAJUIMOHHBIX METOJIOB
MOYy4YCHBI MPOCTHIC COOTHOUICHHS AJISI OIEHKH MPOTHO3UPYEMOTO 3HAYCHHS
KOpPpPENMMPOBAHHOTO ClIydaiHOrO mporecca. I[IporHosupyemoe 3HadeHHE
ABJSIETC CYMMOM COOTBETCTBYIOIIMX 3HAYCHUH U1 JNETEPMHHUPOBAHHBIX
MOJIMHOMUAJIBHOM M FapMOHMYECKON COCTABIISIOIIMX U 3HAYECHUS CIIy4ailHOM
COCTaBIISIIOLLEH, PpAacCUMTaHHON C  HCIOJI30BAHMEM  KOPPEISLUOHHOM
($yHKIIMK TIpoliecca.
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