bumok I1.1., 3sopbiruna T.d.
CTPYKTYPHBII AHAJIN3 METOJUK NOCTPOEHUSI PETPECCUOHHBIX
MOJIEJIEX 11O BPEMEHHBIM PSIIAM HABJIFOJAEHUM

B paborte BbIMoOIHSAETCS aHATNU3 METOAMK IIOCTPOEHHUS MOJIeNIel THIIa aBTOPETPECCUH CO
ckoab3stmuM cpenaum (APCC), APCC ¢ sunorennsiMu nepeMenHbiMu (APCCO) unn APCC ¢
WHTETPUPOBaHHBIM cKoJb3sAmuM cpenauMm (APUCC) [1-4]. Ilpu sToM ykKa3zaHbl OCHOBHBIC
3Tanbl MOJENUPOBAHUS BPEMEHHBIX PAIOB, PACCMOTPEHO IOHATHE CTPYKTYpPhl MOJEIH U
OIHMCAHbI BAPUAHTHI OOBIYHO MPUMEHSIEMbIX METOJIOB U KPUTEPHUEB HA KAXKIOM U3 TAIOB.

B cootBercTBUM € mpenaraeMbpIM IOAXOJOM IOCTPOEHHUE MOJIENH IO BPEMEHHBIM
psAgaM COCTOUT U3 CIEIYIOIIMX 3TAIOB:

- BBITIOTHUTH TPEIBAPUTEIBHBIA aHAN3 HWMEIOIIUXCS JaHHBIX (HAa MPUCYTCTBUE
BBIOPOCOB WJIM TPOITYCKOB) M alpHOPHON MHGOPMAIMK O MPOIleccax, I KOTOPBIX CTPOUTCS
MOJIETIb, ONIPENIEIUTD 1I€Th TOCTPOSHUS MOJIENH;

- BBHITIOJTHUTH TPOBEPKY UMEIOIINXCSI BPEMEHHBIX PSIIOB HA BO3MOXKHOE TMPUCYTCTBUE
HEIUHEHHOCTEH;

- BBIOpATh KJIacc CTPYKTYpP MOJeNel-KaHIUAaToB, A 4ero He0OX0AUMO: BEIYUCIUTD
Y BBITIOJHUTh AHAIU3 KOPPENSAIHOHHOW MATPHIIBl JUIsi BPEMEHHBIX PSAOB 3aBUCUMOW H
HE3aBHCUMBIX IEPEMEHHBIX C LEIbI0 OINpEeAENeHUS AK30I€HHBIX IEPEMEHHBIX, KOTOpHIE
HEOOXOIMMO BKJIIOYUTH B MOJENb, BBIYMCIUTh AaBTOKOPPEISAIHMOHHYI0O M YacTHYIO
ABTOKOPPEISAIMOHHYI0 (YHKIIMIO JJIs 3aBUCHUMOW TMEPEMEHHOW ¢ IeJbI0 BBIOOpa MOpsAKa
aBTOPErPECCHOHHOMN YacTH MOJIEIIH;

- BBIOpaTh CIOCO0 reHepaluu CTPYKTYp MOJiesiell B 3aBUCHMOCTH OT OTpaHUYEHHI Ha
BpEMSI PEIICHH S, KOTUYECTBA BXOJHBIX TIEPEMEHHBIX U YPOBHS TPeOOBaHUI K MOJIEIH;

- BBIOpaTh METOM (METOIbI) OIEHWBAHUS KOA(PPHUIIMEHTOB (ITapaMeTpoB) MOJEICH-
KaHJIMJATOB U OLIEHUTh UX MapaMeTphl;

- BBIOpATh KpUTEpHi 0TOOpa (CENEKIIUN ) TydlIei u3 MoJieel-KaHIuIaToB;

- MIPOBEPUTH a/IEKBAaTHOCTh MOJYYCHHOW MOJIETH B LIETIOM.

[ToHsiTHE CTPYKTYPBHI MOJIEIH BKJIIOYAET B CEO:
— TOpAAO0K MOJEIH IO BBIXOAY,
— Ppa3MEpHOCTb BBIXOJHOTO BEKTOPA MOJEIH,
— HaJIUYME HEJIMHEWHOCTEH U UX XapakTep,
— 3ama3[pIBaHUs pEaklMU Ha BBIXOJE OOBEKTAa MO OTHOIIEHHIO K BXOAHOMY
curHany (JiaroBeie 3 pexTol),
- TWII BO3MYIICHUH, NEHCTBYIOMNX HA MPOIIECC, U CIIOCcO0 UX yyera.



BBenenue ciyuaiiHON cocTaBisiomEeld B MOJETb OO0YCIaBIWBACTCS CIEAYIOIUMHU
OCHOBHBIMH MPUYHMHAMHU: MPUCYTCTBHE HEKOHTPOJIUPYEMBIX BHEIIHUX BO3MYIIICHH, BBEICHNE
B MOJC/Ib HU3JIMIINIHHUX HWIIH, HaOGOpOT, OTCYTCTBHUC B MOICIHU H€06XOI[I/IMBIX OGBHCHHIOH_II/IX
MIEPEMEHHBIX, BIUSHUE METOAMYECKUX U BHIYMCIUTEIbHBIX MOTPEIIHOCTEH.

Bre16op cTpykTypbl Mojenu, aJeKBaTHOW Mpoleccy, - 3ajada BecbMa HE MpocTas U
periaercs, Kak MpaBUJI0, UTEPATUBHO WM C MPUMEHEHHEM HEKOTOPOTO METOJa PETYJISIPHOTO
nepebopa BapuaHToB. Ecnu HM ofHa H3 MofeNed-KaHAWIATOB HE MOXET CUHUTaThCA
aJIecKBaTHOW, TO HEOOXOJMMO UCCIIEeOBaTh Ha HH(POPMATUBHOCTh HKCIEPUMEHTAIbHBIE
AAaHHBIC, KOTOPBIC MOT'YT 6BITI> HEAOCTAaTOYHO I/IH(I)OpMaTI/IBHBIMI/I JJIs1 OLICHUBAHUSA MOJCIIN. B
TakOM ClIy4ae MOXET MOTpeOOBaTbCcid MOBTOPHBIA WM  JOMOJHUTEIBHBIA  cOOp
9KCIIEPUMEHTAJIbHBIX JaHHBIX.

AHaJIu3 npouecca

Ha sTtoM sTame HEoOXOIMMO BOCIOJIB30BATHCS BCEU HMEIomeHcs WHPOpMaIHe o
MpoLecce € IENbI0: OMPENENICHUs YHCIa €r0 BXOJOB M BBIXOJOB; BBISICHEHHS JIOTHYECKHX
B3alMOCBS3EH MCKOY NEPpCMCHHBIMU YCTaHOBJICHUA BO3MOXHOTI'O MPUCYTCTBUA
HEJIMHEMHOCTEN U X XapaKTepa; ONpeAesieHUs TUIa BO3MYIICHUH, TEHCTBYIOIIMX HA MPOLIECC;
orpezeNeHus] MPUCYTCTBUS 3ala3/IbIBaHUN Ha Ka4yeCTBEHHOM M, BO3MOXKHO, KOJIMYECTBEHHOM
YPOBHIX; HpI/I6JII/ISI/IT€JIBHOFO OIMPCACIICHUA TIIOpsJiKa IIporecca. B CIydyac HCCIICAOBAHUS
SKOHOMHMYECKHUX MPOLECCOB HEOOXOJUMO YCTAaHOBUTH, HMEETCS JIM BIHUSHHE CE30HHBIX
3¢ deKxToB, MPUCYTCTBYET JU TpeHJ (HAa KAaYECTBEHHOM YPOBHE); BO3MOXKHO, BO3HUKHET
HCOGXOHI/IMOCTB BBIZIBUHYTb THUIIOTC3Y O CYHICCTBOBAHHUU CJIy[IaI\/'IHOI‘O TpCHOAa; CCTb JIN
Y4acTKH BPEMEHHBIX pSIOB C CYIIECTBEHHO pa3IMYaOUIUMUCS YPOBHSAMHU KojeOaHUil
(mpucyTCTBHE TETEPOCKENACTUYHOCTH); OLICHUTh HEOOXOIUMOCTh UCIOIb30BAaHUS TUIIOTE3BI O
KOWHTETPUPOBAHHOCTH TIEPEMEHHBIX. B pe3ynbrare aHanm3a mnpoiecca HeOOXOAUMO B 00IIeM
BUJIE TIOCTYJIUPOBATh CTPYKTYpPy MaTeMaTH4YeCKOW MOJIETIH, KOTopasi OyAeT HCIOJIb30BaThCs B
JalbHEWIIeM JUIsl OMUCcaHusl ero mnoBefeHus. Hampumep, ecnu BbIABUTaeTcss TUIOTE3a O
CYHICCTBOBAHUHU T CTCPOCKCAACTUIHOCTHU, TO HCOGXOHI/IMO BBI6paTB BO3MOJKHBIM KJacc
Mozeneil g ee omucanus. To ke camoe KacaeTcs MHPUCYTCTBHSI KOMHTEIPUPOBAHHOCTH
MEPEMEHHBIX WM CIy4ailHOro TpeH/a.

OnpenesieHne HATUYUA HeJIMHEHOCTEH

Jlnia perieHus 3TOH 3aaud MOXKHO IMOJIB30BAThCs Pa3NUYHBIMU KpuTepusmMu. OgHaKO

MIPU ATOM HEOOXOUMO 3HATh 00 UX BO3ZMOMXHOCTSIX.



[Ipy mocTpoeHHUU pPErpecCUOHHBIX MOJEICH MOXKHO BOCIOJIB30BATHCS MPOCTHIMU
TecTaMu, HallpuMep, CT&TI/ICTI/IKOf/i [5]
Z (3=
F k n; s (1)
—yx

=1

rae  k— uMcno Tpynm JaHHBIX; M, — YWCIO W3MEPEHHH B rpymme; A— oOuiee YHCio

n3Mepennil. MakTUYecKkH 53Ta CTAaTUCTHKA MPEACTaBiIseT co00M OTHOIICHHWE OTKIOHEHUH
CpPEOHUX 3HAUYEHUH OT MPSAMON pErpeccuu K OTKIOHEHHMAM 3HaueHud (k) OT TpynIoBbIX
cpennnx. Ecnm cratuctuka ﬁ ¢ v,=k—-2,v,=n—k crenesaMu cBOOOJbl IMPEBOCXOAUT
YPOBEHb 3HAYMMOCTH, TO TUIIOTE3Y O JTUHEHHOCTH HYKHO OTOPOCHUTH.

IIppy >TOM HYXKXHO IIOMHUTB, 4TO 3TOH CTAaTHCTUKOM MOKHO OOOCHOBAHHO
II0JIB30BAThCA JIMIIb B Cllydae, KOrJa CTPyKTypa MOJAENW 3anaHa. Ecim ke CymecTBYIOT
HECKOJIBKO BO3MOJKHBIX CTPYKTYpP, TO BO3HHMKHYT CJIO)KHOCTH, CBSI3aHHBIE C TEM, 4TO B
CTaTHCTHUKY BXOJAT OLICHKU ;.

Bb10op Ki1acca CTPYKTYP MojiesieH-KaHIUAaTOB.

Koadduunent xoppensiuuu, a B 0011eM cirydae KOppeasuoHHas QYHKIUS, T03BOJISIOT
YCTaHOBUTh HAJMYME CBSI3U MEXKIY OHIOTEHHBIMU (3aBUCHUMBIMH) U 3K30T€HHBIMU
(He3aBUCHUMBIMHU) TNepeMeHHbIMU. Koppensiuusg MoxkeT ObITh JMHEHHas WM HeluHeHHas B
3aBUCUMOCTH OT THIIa 3aBUCHUMOCTH, (PAaKTHUECKH CYLIECTBYIOIIEH MEXAy NepeMeHHbIMU. B
OONBIIMHCTBE  MPAKTHYECKMX  CIy4aeB  pPacCMAaTPUBAIOT  JIMHEHHYIO  KOPPENALHUIO
(B3aMMOCBS3b), OJIHAKO OoJiee TIyOOKHMI aHanu3 TpeOyeT MPUBJICUEHUS ISl UCCIEAOBAHUS
IIPOLIECCOB HEJIIMHEHHBIX 3aBuUcUMoOcTed. CIIOKHYI0 HEIMHEMHYI0 3aBUCHUMOCTb MOXHO
YIIPOCTUTh, HO 3HATh O €€ CYIIECTBOBAaHMM HEOOXOAMMO JJs TOTO, YTOOBI IMOCTPOUTH
aJIcKBaTHYIO MOJEIIb IIPOLECCa.

Koapduuuentsl  Koppeisiiud — TOKa3bIBAIOT ~ CTENEHb  B3aMMOCBS3UM  MEXIY
nepeMeHHbIMH. O4YeBHIHO, YTO, Mpexae 4YeM (OpMaTbHO BBIUUCIATE KO3 PHUIIHEHTHI
KOppeslui, HEOOXOAUMO BBIIOJIHUTH AaHAIM3 IpPOIecca U ONPENETUTb HMPUCYTCTBUE (MU
OTCYTCTBHE) JIOTUYECKOM CBSI3M MEXKIY [EPEMEHHBIMU. OTO II03BOJISIET BBECTH B
pPaccMOTpPEHHE TOJIBKO T€ IEPEMEHHBIE, KOTOPBIE IECHCTBUTEIBHO BIMSIOT Ha 3aBHCHUMYIO.
OueBuaHO, YTO JUIsl MPABUIIBHOTO BbIOOpAa MEPEMEHHBIX HEOOXOAMMO JIOCTaTOYHO INIyOOKO
3HATh MOJEIUPYEMBIN ITpoLece (U1l pEIIeHNs] 3TOW 3a/lauy BBEICH NIEPBBIN ATaIl).

Jns  ompeneneHus  HEOOXOAMMOCTH  BKJIIOYEHHS] B YpaBHEHHE  pErpeccuu

ABTOPErPECCHOHHON COCTAaBISIOUICH ClIeyeT BBIYUCIUTHL W HCCIEN0BaTh BBIOOPOUHYIO



aBTOKOPPEISLMOHHYI0O M YacTHYIO  aBTOKOPPEISIUOHHYIO (YHKLHIO mepeMeHHOH y(k).

YpaBHEHHE C ABTOPETPECCUOHHOMN COCTABIIAIONIEH NMEET BU/I:
(k) = ag + D a.x, (k) + 2 b, k= j+1), 2
i J

TO €CTh B YypaBHEHHE perpeccuu jgo0aBieHa aBToperpeccuonHas (AP) cocraBnsromnias.
[Topsimok aBTOperpeccuu OMpeAessieTcs: ¢ MOMOIIBIO aBTOKOPPESAMOHHON (QyHKIMU. Yucio
KOY(Q(QHUIMEHTOB  aBTOKOPPENSALHMOHHOW  (YHKUUH, KOTOpble OTIMYHBI OT HYyJIS B
CTaTUCTHYECKOM CMBICIIE, U OYAET COCTAaBJIATh MOPSAJOK aBTOPErPECCUHU.

KoadduuneHnTs! aBTOKOPPENAHMOHHON (PYHKINUU BBIYUCISIOTCS 10 (hopMmyIe:

N
- 2 bw-3]bk-n-5]}
ry (D) =Tyttt =37 2 o =123, Q)

N s

rae si — BbIOOpouHas nucnepcus nepemeHHoil y(k). Yucno xoaddunmenror AKD,

OTJIMYHBIX OT HYJA B CTAaTUCTUYCCKOM CMBICJIC, YKA3bIBACT Ha IMOPAJAOK aBTOpGFpeCCHOHHOfI
4acTU MOJIETH.
YTOYHUTH TOPSJOK aBTOPETPECCMOHHOM  COCTABIISIONICH  IMO3BOJSIET  4YacTHas

aBToKoppemsiuonHas  ¢ynkius (HAKD), koropas BBIUMCIIETCS B COOTBETCTBUU C

BBIPpAXXCHUSMMU:
-1
5 =2 @
}"2 - I"l . j:l
CDH:V(I), @22:1—2, cee g chl = -1 . (4)
—-h
=2 @7y
=

YAK® detrue otpaxaer mopsagok AP-momenu Omaromapss OTCYTCTBHIO BIHSHHS

MPOMEKYTOUHBIX KO3()(PUIIMEHTOB KOppEesIMKM Ha BHIOpaHHbIC 3HAYCHHUS IMEPEMEHHOH, TO

ecTb, K03 duuuent @;; XapakTepu3yeT CTENEHb B3aMMOCBI3U MEXAY CTOSIUMH pAAOM (IO

BPEMEHH) 3HAYCHUSIMU NepeMeHHOH, a ®,, XapaKTepu3yeT B3aUMOCBA3b MEXy 3HAUCHUSIMU

HepeMeHHOﬁ, OTCTOAIIINMU HA paCCTOHHI/II/I I[BYX HepI/IOI[OB [[I/ICKpCTI/I3aLII/II/I.

Korga roBopsar, 4uro 3HaueHus KOA((HUIIMEHTOB aBTOKOPPEIAIMOHHONW (YHKIIUH
JOJKHBI OBITh OTJIMYHBIMH OT HYJISI B CTATUCTHYECKOM CMBICIIE, 3TO 03HAYAET, YTO CYNIECTBYET
HEKOTOpPOE BBIPAKECHHE, KOTOPOE IMO3BOJSIET TMOATBEPIUTh WU OMPOBEPTHYTH 3TOT (HaKT.
OmauM M3 OOWIETIPUHATHIX TOIXOJIOB K OMpeaeiaeHuto Toro, uro kKodddumuenter AKD

CYIIECTBEHHO OTJIMYHBl OT HyJIsd B CTATUCTUYECKOM CMBICIE, €CTh BBIYMCICHHE
CTaTHCTUUYECKOro napamerpa (cratuctuku) JIstonra-bokca Q(r; ) mo popmyne [2, 4]:

0(r)=N(N+2)>.rZ (N —k), (5)
k=1



rie N— uHa BBIOOPKM JaHHBIX TIEPEMEHHOH, /I KOTOPOM HAMICHBI 3HAYCHUS

ABTOKOPPEIALMOHHON  QyHKIMH 7 ; s — uucno kKodpdurmentoB AKD, koropsie

HCCIEAYIOTCS Ha CYIIECTBEHHOE OTJIMYKE OT HYJIS.
Bonee cnoxubie mporeaypsl BEIOOpa MHOYKECTBA KJIIACCOB MOJIENICH ONMMCAaHbI B [6].
Bbi10op cnioco0a renepauum CTPYKTYp Moaesiei
[Tocne omnpenenenusi mopsigka AP-Mopenu MOXKHO BOCIHOJIB30BATHCS T'€HEPATOPOM

CTPYKTYp MOJENel pa3iuyHON CI0KHOCTU C MPUMEHEHHEM HEKOTOPOTO0 METOJia PErysipHOro

nepebopa BapuWaHTOB TPH 3aJaHHOM 4Yucie 3ama3fsiBanuil. s BeiOOpa Hambolee

MOAXOIAIIETO TeHepaTopa CTPYKTYp HEOOXOAUMO y4ecTh Takue (haKTOpbhI, KaK KOJIUYECTBO

BXOJIHBIX IEPEMEHHBIX, OTPAaHUYCHHS Ha BPEMS pPEUIeHUs U YPOBEHb TPeOOBaHMI K MOJEIH.
3aMeTuM, YTO MPU OFPAaHUYCHHOM BPEMEHHU U MPOCTON MOJAENTH MPUMEHSIIOTCS METO/bI

BKJIFOUEHUSI U UCKIIOYCHHS, MPU HEOOXOAMMOCTH TOIYYUTH O0Jiee JOCTOBEPHYIO MOJETH —

METOJI BKJIOUCHHUS-UCKIIOUCHHUsT [7], a B ciydae OOJBIIOTO KOJWYECTBA TEPEMEHHBIX

MPUMEHSIOTCA METOJbl BETBEH M TpaHUIl, a TAKKE pa3IMuHble METOAbl U3 cemerictBa MI'YA

[8] — KoMOMHATOPHO-CENEKITMOHHBIN, TUHEHHBIN TN HETMHEWHBIN MHOTOPSITHBIN MIVA.
Bb10op kpuTepus cejieKuuM Mojeei
Ha sTom sTane BBIOMpAIOT JIYUIIYIO JTUHEWHYIO WM TICEBIOIMHEHHYIO (TMHEHHYIO TI0

kodpduiimeHTaM) MOJENTh W3 MHOXKECTBa MOJelel-peTeHAeHTOB. Kpurepuii cenekuu

MOJIeJIed 3aBUCUT OT THUIMA BO3MYIICHUMN, BIMSIONIMX HA MPOIECC, M IeleH, KOTOpbIe

MpecieayloTcs MPU MOAEINPOBAHUH.

HpI/I BBIYUCJICHUN KPUTCPUCB YACTO HCIOJB3YCTCA oCcmamouvHasd CYMMdA Kea()pamoe

oumubox mooenu:
RSS =Y [3(k) - y(K)T*, (6)

rae y(k) -ouenku, y(k)— usmepeHus; n — JJIMHA BHIOOPKU

Cama »Ta BenMYMHA HE MOXET CIYXHTh KPUTEpHUEM I BBIOOpa CTPYKTYPHI,
MOCKOJIbKY TPHU YBEIWYEHUH CIOXKHOCTH MOJETH S TIPOUCXOAWT Bce Oolee TOYHOE
NpHUOIMKEHUE K BXOJHBIM JAaHHBIM, YTO JOMYCTHUMO TOJBKO TPU OTCYTCTBHH BO3MYIICHUH.

Ecnmu u3BecTHO, 4TO WIyM pacrpenieieH M0 HOPMAJILHOMY 3aKOHY, TO NPUMCEHSIOTCS
CIIEYIOIINE KPUTEPUH:

Croppexmupogannwiii RSS: RSS/(n-s)

Cmamucmuxa Puwepa:
F(s) = n  RSS(s)

n—s y_);nz )




Ecnu BO3MOXHO NOTYyYUTh OLICHKY AUCIIEPCUHM IIIyMa, IPUMEHSAETCS Kpumepuu Mannoysa

C, :%RSS(S)-i-Zs—n (8)
c

EnvHCTBeHHBIM KpUTEpUH, KOTOPBI MPUMEHUM IpU JIIOOOM HM3BECTHOM paclpeieieHUn
ryma — 3To uHgopmayuonnsiti kpumepuil Axauxe (AIC).

AIC(s) = =21n £ (x;0(s)) + 25 9)

OTOT KpUTEpPUH CYLIECTBEHHO OIPaHUYMBAET POCT CJIOKHOCTM MOJEIU HAIUYHEM
aiaUTUBHOTO uieHa 2s. OnHako mpoOiiemMa ero MPUMEHEHHs COCTOMT B TOM, YTO B
MPAKTUYECKHX 3a/1a4ax QYHKLUS pacHpeesCHHs ITyMa HEN3BECTHA.

B 4dacTHOM ciydae HOPMaJbHOIO IIyMa OH IIPUHUMAaeT BUA Kpurepus Mainoysa. Ilpu

9TOM Ha IPAKTUKE OH NIPUMEHSAETCS B BUJE

AIC(s) = RSS(s) +2s (10)

B nocnennee Bpems aTa popmyina Ha3bIBaeTcs KputepueM Akanke-Marmnoysa [9].
[TomynsipHBIM SIBIISIETCSI KPUTEPUI, HA3BIBAEMBIH «huHanibHas owudKa nPpocHO3UPOBAHUAY,

KOTOpBIH He TpeOyeT AOMOIHUTEIbHON HHPOPMAIIUU U BBIYUCIIAETCS TaK:

FPE(s) = " RSS(s) (11)

n—s

Kputepun ¢ pasonenueM BbIOOPKH

Ecnu cratuctuyeckue OLEHKH JaHHBIX HE HW3BECTHBI, TO MPHUMEHSIIOTCS BHEIIHHUE
KPUTEPHUH C pa30MEHUEM BEIOOPKH («IIEPEKPECTHOTO 0OOCHOBaHUM») [8].

3nech  paccMOTpUM — pa3OueHHMe Ha TpU  HEMepeceKaroIuxcs  MOJIBBIOOpKU
(momMuoxecTBa Touek) A, B, C, mpudem o603HauuM Takke A U B = W. [Ing ctangaptuzanuu
3anmucu  GoOpMyNn TMpUMEM CleAyrIlme o0o3HadeHus: oreHka mnapamerpoB mo MHK Ha
HEKOTOpoil moiBbIOOpKe G paBHA

0, =(X;X,) ' Xby,,G=A4,BW, (12)
a 3HAYCHHE OIMMMOKM Ha HEKOTOPOH MOABBIOOpPKE Q TI0 MOJIEH, OIICHKH IMapaMeTPOB KOTOPOH

BbIYMCIIEHBI HA G , paBHO
2

MQIG) =g - X4 (13)
rae Q = A, B, W, C. Pa3buenune Ha Tpu OJIBEIOOPKU COOTBETCTBYET CIEAYIOIIEMY:
X Y
A XW A YW
X=X, |= \ Y=|Y, | = . (14)
XC YC
X Y,

OueBupano, yto pu Q = G BenMMYMHA € = A(G|G) SIBJISIETCSI OCTAaTOYHOM CyMMO#

kBagpatoB RSS, anpu G # Q oHa sBIsieTCS Kpumepuem pe2yispHOCmu:
AR, =A(B| A),AR, =A(A4| B). (15)



Torna kpuTepui cummempuyHou_pe2yaapHocmu UMEET BU:
AD = A(B| A)+ A(A4| B). (16)

Kpurepuit nenpomugopeuusocmu (HecmewjenHocmu) ONPENEIsieTCs] BEIPAXKEHUEM:
~ A 112 ~ ~ A A
CB =Xy 0, ~ Xy 0y =0~ 05)" X[y X,y (0,4~ 6) =

(17)
=AS-2(e4+€p).

upoko wu3BecteH kpumepuii Ketina, TpUMEHSEMBIM TOJIBKO TOrJa, Koraa

W3BECTHO, YTO IITyM HOPMAJIbHBII:
_12[RSSW (s) = RSS ,(5)+ RSS, ()]
K(s)=1=%

; (18)
“[RSS ,(s)+ RSS, (s)]
S

CymectByeT emnie OAMH MOMYJSIPHBIM KpUTEPHUM, Ha3bIBaEMbI Kpumepuil

«CKONb3SUWE20 KOHMPOJIALY, «VCPEOHEHHbINl KPUMeEPUl pecyiapHOCIUY, ULU «OHCeK-
Haugh».
1< A 2
IN(s) == [y; = [i(x::0;(5))] (19)
=
[IpocToro mepevHs BO3MOXKHBIX KPUTCPHUEB HE JOCTaTOYHO, TaK KaK KaXIOMY

WCCIICIOBATEII0, HE SIBJISIOMIEMYCS JKCIIEPTOM B OOJACTH MOJCIHPOBAHUS, Ha TPAKTHUKE
HYKHO peliath 3a/1a4y BEIOOpa Hanbosee MoAXOASIIero KpUTepus U3 CIIMCKa BOZMOXKHBIX. [lis
pemieHusi 3TOW 3aJa4yll HEOOXOAMMO IPOBECTH aHAINW3 MPUMEHUMOCTH (OTpaHWYEHUI Ha

MIPUMEHEHHE) PA3INYHBIX KPUTEPHUEB.

[TpuMepoM METOIUKHU TaKOTO aHAJIN3a MOXKET CIY>KUTh CeIytolias Tabauma.

Heab MogenpoBaHus
AnpuopHasi AnmpokcuManus
[IporaosupoBanue
uHpopManus WuTepnonsus
OKCTPaTOJISAIAS
Mopens BXOI-BbIXOT
WzBectHa dyHKIHSA
Akanke Axkanke
pacnpefeneHus myma
RSS/(n-s), dumepa, Keiina, PETyISIPHOCTH, JKEK-Hai},
[Iym HOpManbHBII
Akanke, Majoysa Akanke
CraTtuctuueckue PerymnsprHocTi, HECMEIIEHHOCTH,
Perymsapuoctn, mxek-Haiid
XapaKTEPUCTHUKN HEM3BECTHBI JUKEeK-Han g,




ConepxaHue JaHHOM KOHKPETHOM TaOJMWIlbI HE TMpEeTeHJAyeT Ha IIOJHOTY |
OJIHO3HAYHOCTh, MOCKOJIbKY €€ 3allOJHEHHE 3aBHCUT OT MHEHHUH pa3IM4HbIX JKCIEPTOB B
o0yacTu MOJENUPOBaHUs, 00JIaNAIONUX CBOMMH MPHUBBIYKAMHU, OMBITOM U MPEATOYTCHUSIMH.
OpHako cocTaBJ€HHE TaKOro poja Talnuil HEoOXOAMMO, TaK KakK SBISETCS OJHHM U3
OCHOBHBIX 3TalloB pa3pabOTKW MpaBUJl MPHUHITHUS PEUICHHH B 00JIaCTH MOJIETUPOBAHUS IO
JaHHBIM HaOmoaeHmi [11].

Ecnu roBopuTh KOHKPETHO O KPUTEPHUSAX CEJNEKIIMH MOJEJeH, TO CIeAYIOUUM LIaromMm
mpolecca BbIOOpa JTOJDKEH CTaTh aHAIM3 MX MPUMEHUMOCTH B 3aBHCHUMOCTH OT KOJIMYECTBa
JAHHBIX, 10 KOTOPBIM CTPOUTCS MOJelb. HekoTopsle KpuTepun HEe MOTYT paboTaTh ¢ MajbiM
KOJMYECTBOM [aHHBIX, B TO BpeMs Kak IpHU JOCTaTOYHOM HUX KOJMYECTBE MOXKET He
BO3HUKHYTh HEOOXOJIMMOCTH TPUMEHATH CIOXKHBIE KPUTEPUHU, MOXXKHO O0O0OiTHCH Oonee
MPOCTBIMH.

OuennBanue KOIPPUUUEHTOB Mo/IeJIeH-KAHINIATOB

Ha sTom 3Tane BBIYUCISIOT OIEHKH KO3()()UIIMEHTOB Mojeeii-KaHAUIaTOB, KOTOPbIE
paznuyalTcs  cBoed  CTpykTypoil. Hampumep, MOAENbIO-IPETCHIEHTOM MOXET OBITh
aBTOpPErPEeCCHOHHAs COCTAaBJISIONIas MEpPBOro, BTOPOTO U TPEThEro mopsjaka. Moryr
MIPOBEPATHCS MOJIENH, BKIIOYAIOUIME MO0 OTACIBHOCTH OOBACHAIONINE MEepEMEHHBIE, a TaKke
MOJIeTI, KOTOpBIE COAepkKAT BCe OOBSACHSIONME TEpeMeHHble BMecTe. Hambonee
pacnpocTpaHEHHBIMU METOJAMU OLEHUBAHUS IMapaMeTPOB MOJENH SIBISIIOTCS CIEAYIOIIHE:
Meron HaumMmeHbmx kBaapatoB (MHK) um ero moaumdukammu; MeTOoq MaKCHUMaJIbHOTO
npasaononooust (MMII); meTon BciomorarensHoOM nepemennoit (MBII); HenuHEWHBIH MeTOx
HanMmeHbIX kBaaparoB (HMHK) u ux pexypcuBHbIC Bepcuu.

Bce st Meronbl MMEIOT CBOM YCIIOBHUSl NpuMeHeHus. Hampumep, s monmydeHus
HECMEIIIEHHBIX OIEHOK BEKTOpa MapamMeTpoB & PEerpecCHOHHON MOJENH C MOMOIIBI0 METOAA
HaUMEHBIINX KBaJpaToB HEOOXOJWMO MPOBEPUTH BBIMOJIHEHUE W3BECTHBIX IMPEANONIOKEHUH
KJIACCUYECKOT0 PEerpecCHOHHOTO aHaiu3a [7].

IIpoBepka ageKBaATHOCTH MOEJIH.

Ha sToM »Tamne oneHNBAIOT CTENEeHb aIeKBaTHOCTH MOJENIN MPUPO/IE MpoLiecca B IeJIOM
Y UMEIOUINMCSI alIPUOPHBIM MTPEITOJI0KEHUSIM.

B npuHnune 3HaueHUs YIOMSHYTBIX BBIIIE KPUTEPUEB, IPUMEHICMBIX IS CEICKIIUU
MoJIeTiel, SIBJISIFOTCS TaK)K€ HEKOTOPHIMHM XapaKTEpPUCTUKAMM a/IeKBaTHOCTU Mojenu. OmHako

Ha MPaKTHUKE IIPUHATO UCIIOJIB30BaTh JOIMOJHUTCIBHBIC OLICHKHU aACKBATHOCTH, TAKUC KaK:



1. t-cmamucmuxa CTbIOCHTA. 3HAYUMOCTD KAXJI0T0 U3 KOIPDUIIUEHTOB PETrPECCHH B

CTaATUCTUYCCKOM CMBICJIC ONIPCACIAOT C TOMOIIBIO t— cmamucmurku, KOTopas BbIYHUCIACTCA

o gopmyre [7]:

_|a—ag] 20
. 1A% (20)
VJzic
rie a - OueHKa Kod(dUIMEeHTa; , — HYIb-TUIOTE3a B OTHOLICHHU 3HAYCHHUS HTOrO

ko3 dunuenta (00b19HO g, =0); ¢ — OLlEHKa AUCIEPCUU CIIy4ailHOro BO3MYIIEHHUs , z;; - 1-i

JMATrOHANBHBIN dIeMeHT MaTpuisl (X' X) ™.
JIstst oTpesieNieHnsT 3HaYMMOCTH KO3((HUIHEHTa HEOOXOJMMO YUUTHIBATh ITHHY BEIOOPKU N ,
YUCIIO OLIEHMBAEMBIX IIAPaMETPOB P U 337aThCs YPOBHEM 3HAUUMOCTH ¢ (OOBIYHO 33a7al0TCA

a=1%,a=5% wim a=10% ). YpoBeHb 3HAYNMOCTHU yKa3bIBACT JOJIO OIINOOYHO MPUHATHIX

peueHui O 3HAYUMOCTH I1apaMETpPOB IIpU OLICHMBAaHUU perpeccud. Eciau BBIYUCIEHHOE
3HAYCHHE 10 CPABHCHHIO C TaOJIMYHBIM 1, YAOBICTBOPSCT YCIOBUIO

—t <tq <tpum > (21)

Kpum
TO HYJb-THUIOTE3a O HE 3HAYUMOCTH KO3 (HUIMEHTa IPUHUMAETCS; B IPOTHBHOM Cllyyae OHa

oTBepraercsa U Ko3(p(UIMUEHT cuuTaeTcsl 3HaYMMbIM. UeM OousbliuM OyneT 3Ha4eHUe f,, TeM

0oJiee BBICOKOW OyAeT 3HAYMMOCTh KOHKPETHOTO KodhuireHTa.

2. Koosppuyuenm demepmunayuu R*>. B xauectse Mepbl MHHOPMATUBHOCTH BPEMEHHOTO

psiia 4acTo UCTIONB3YIOT ero aucnepcuto. Koadduunent R? - 510 OTHOWICHNKE JUCIIEPCUU TOU
4acTH BPEMEHHOTO psfa OCHOBHOW II€PEMEHHOHM, KOTOpas OIMCBIBAETCS IIOJYyYEHHBIM

ypaBHEHHEM, K BBIOOPOYHOM Iuctiepcun 3Toil nepeMeHHon. OH BeIYHCIAETCS 1O hopmyIie:

>3- 7)

R =L (22)
(-7
i=1

OuEBUJIHO, YTO JUIS aJeKBATHON MOIEIN KO3(DMUIHEHT JeTePMUHALINN JOJKEH CTPEMHTBCS K
eJIMHHUIE, TO ecTh: R> —> 1.

3._Kpumeputi baueca-Illsapya (BSC). JlanHblil Kputepuil moxox Ha Kputepuil Axauke (9),

OJIHAKO OH YYHTHIBACT JOMOJHUTEIHHO JITTHHY BBIOOPKH C TIOMOIIBI0 uieHa In(N):
N

BSC =1n| > e (k) |+sIn(N), (23)
k=1

Ero ucnonbs3yroT pH JUIMHHBIX BEIOOPKAX M3MEPHUTEIHHBIX JaHHBIX.

4. Cmamucmuxa Hapbuna-Yomcona (Durbin-Watson)

Crartuctuka Jlapbuna-YorcoHa BeIYHCISETCS IO opmyie:
DW =2-2p, 24)



rae p — kodhPUIMEHT KOppeNsiiui MeXAy 3HaUeHUsIMH cliydaiiHoil nepemeHHol &(k) = e(k),

10 ectb p =cov[e(k)]=E[e(k)e(k—1)]. DToT mapamerp NO3BOJSAET ONPEIEIUTH CTEIECHb

KOPpPEIUPOBAHHOCTH OMMOOK Mojaenu. lIpu TMONHOM OTCYTCTBHH KOPPENSIIHH MEXITY
omuOkamMu DW =2, To ecTh 3TO HanboJee MprueMIIeMOe 3HaUeHUE TaHHOTO apamMmeTpa.

Ha stom »sTame Takxke MOXXHO NPUMEHSTh Oojee CIOXKHBbIE KPUTEPUH, Takue Kak
Kputepuil Yuttia, XeHHaHa, bapTieTrTa 1 TeCT Ha cepHallbHYI0 HE3aBUCUMOCTS [4].

B mocnegnue roapl BakKHEHIIEH MOMOJHUTEIBHOM XapaKTEPUCTHKOW aJIeKBaTHOCTH
MOJIETIM CYHMTAeTCs €€ IpoBepKa Ha JOMOJHUTENbHONM 4YacTH BBIOOpKH, KOTOpas He
MCIONIb30Bajiach MPHU cocTaBieHuu wmonenu [2, 12]. HeoOXoauMocTh Takoro pasleicHUs
BBIOOPKU JTaHHBIX OOYCIIOBJIEHA TEM, YTO MOJIENb ¢ HAaUOOIBIIUM KOJIMYECTBOM MEPEMEHHBIX,
KaK IIPaBUJIO, HE JAeT JIydllee KauecTBO MPOrHO3a, YeM MOJIENb C ONTUMAIBHBIM KOJIUYECTBOM
MEPEMEHHBIX, XOTsI MOCIAEAHSSA UMEET XY/IIINE allIPOKCUMHUPYIOIINE CBOMCTBA.

OTMeTHM, 4TO 3TOT KpUTEpUH (B BHJIE TPOBEPKH HA TPEThEH, IK3AMEHAYUOHHOU TaCTH
BBIOOPKH JIAaHHBIX) MCTOJB3yeTcs B anroputMax MI'VA ¢ MoMeHTa €ro 3apoKIeHHs, OJTHAKO

IIMPOKOE PACIPOCTPAHEHUE OH MPHOOPEI JIUIIb B MTOCTIEIHUE TObI [2].

3akiir0ueHue

PaccmoTpennsie B 0030pe METOABl M KPUTEPHUH, HCHOJIB3YIOUIUECS TpU
MOJIETTUPOBAaHUU 110 TaHHBIM HaOJIOICHUH, JaJleKO HE HCUEPIIBIBAIOT TO MHOXKECTBO CIIOCOOOB,
KOTOpO€ MPAaKTUYECKU HCIOJIb3YETCs UCClIeJoBaTeNsIMU. JTa paboTa COAepKUT oOLINil aHaIn3
OCHOBHBIX JTallOB IIpoLeccCa PpCHICHUA 3adaduu MOIACIUPOBAHHA U OINHUCAHUC MHOKCCTB
pemieHnid Ha KaxiaoM wu3 HuX. CremyromuMm maroM paboThl JODKEH CTaTh aHalu3
3¢ (HEeKTUBHOCTH KaXXKJIOTO W3 BO3MOXKHBIX pEIIEHUH Ha HEKOTOPBIX THUIOBBIX KJlaccax
INPUKIAIHBIX 3a7a4. Ero MOXHO IPOBECTH KaK IIyTE€M aHalu3a JUTEPATypbl U U3Y4CHUS
MHEHUH OSKCHEPTOB, TaK M IYTEM BBIYUCIUTENbHBIX SKCIIEPUMEHTOB. THUIOBBIE 3a7auu
OTIPENEAIOTCS O00BEMOM W XapaKTEepOM ampuopHod wuHPopmaruu o0 o0beKkTe U
HeompeaeneHHocTsX. [IpuMep Takoro aHanmsa JaH B paboTe B BHIE TaOMUIBI MPUMEHCHHS

KPUTEPHUEB CEJIEKIIMH MOJICIICH.
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buntok I1.1., 3Bopeiruna T.O.

CTPYKTYPHbIA AHANN3 METOOUK NOCTPOEHUA PEFTPECCUOHHbLIX MOAENEN NO
BPEMEHHbIM PAOAM HABNIOAEHUNA

3a/iaya moCTPOSHUSI aBTOPETPECCUOHHBIX MOJIEIIEH TI0 BpEMEHHBIM PsiiaM HaOIOJCHUN pacCMaTpPUBACTCS
KaK T[OCJIEeOBaTeIbHOCTh JTAalOB aHaiM3a JaHHBIX. [IpuBeIeHO KpaTKoe ONHUCaHWE MHOXKECTB
BO3MOJKHBIX TPOLEAYp HAa KaXJAOM M3 TaKMX 3TallOB C PEKOMEHJALMSIMU W OTPAaHUYEHUSMH Ha X
npuMeHenne. s ogHOro W3 3TanoB — BhIOOpa KPUTEpPHUs CENCKIMH MOJENCH — IpHUBEICH IpUMep

aHaJIM3a IPUMCHHUMOCTH.

bimtoxk I1.1., 3Bopurina T.D.

CTPYKTYPHUU AHANI3 METOOUK NOBYAOBU PEIrPECIMHUX MOAENEN 3A
YACOBUMU PAOAMU CINMOCTEPEXEHD

3amaua moOynOBH aBTOPETPECiHHUX MOJENEH 3a YaCOBUMHU PsIaMU CHOCTEPEKEHb PO3TISNIAETHCA SIK
MOCITIIOBHICTh €TamiB aHalizy naHux. HaBeneHOo KOPOTKHN OMMC MHOKHH MOXJIMBHUX MPOIEIyp Ha
KO’KHOMY 3 TaKHX €TaIliB 3 peKOMEHaIlisIMU i 00MEXEHHSIMH Ha 1X 3acTocyBaHHs. [[1s ofHOTO 3 eTamiB —

BUOODPY KPUTEPIIO CENEKIIii Mo/ienel — HaBeIeHO MPUKIIAJ aHaIli3y 3aCTOCOBHOCTI.

Bidiuk P.I., Zvorygina T.F.

STRUCTURAL ANALYSIS OF METHODS OF REGRESSION MODEL CONSTRUCTION
AFTER TIME SERIES OF OBSERVATIONS

A problem of construction of auto regression models after the observed time series is investigated as a
sequence of stages of data analysis. Short description of sets of possible procedures for each stage is
provided with suggestions and restrictions concerning its application. Applicability analysis is given for

the stage of definition of a model selection criterion.



