CTPYKTYPHBIA METOJ MOJEJUPOBAHUS CJIOKHBIX CUCTEM

B.H. Kosaab, FO.B. Kyk

N3y4aeTcst cTpyKTYpHBIA METO]T MOCTPOEHUSI MOJIENIEH CIIOAKHBIX CUCTEM, OCHOBAHHBIHN, KaK U
MI'VA, Ha MHAYKTUBHOM ntoaxojae. OCHOBHOE BHUMAHUE YAEIAETCS MOJEISIM, apryMEHTBI KOTO-
PBIX TIOJIBEP>KEHBI CITyYallHBIM BO3MYIIEHUSM C U3BECTHBIMU KOPPEISLUOHHBIMU MaTPULIAMHU.

BBenenne

B craTthe paccMaTpuBalOTCS CIIOKHBIE CUCTEMBI, (DYHKIIHOHUPOBAHHE KOTOPBIX OMpEACIsIeT-
Cs1 MHOXKECTBOM I1apaMETPOB, MOABEPKEHHBIX CIIy4alHBIM HEKOHTPOJIUPYEMBIM BO3MYLICHUAM [ 1—
3]. Llenpro maHHOH CTaThU SABIAETCA M3YyYEHUE CTPYKTYPHOIO METOAA MOCTPOEHHUS ONTHMAaIbHOU
MaTeMaTUYeCKOM MOJENU CIIOKHOW CHUCTEMBL. DTOT METOJ YUYMUTHIBAET BO3CHCTBUE CIIYYalHBIX
BO3MYILICHUH HE TOJIBKO Ha LIEJEBBIC NIEPEMEHHBIC, HO M HA UX APTYMEHTBI. YUYeT TaKUX BO3MYyLIC-
HUI TO3BOJIAET CTPOUTH ONTHUMAIIbHBIE MOJENHU, KOTOPbIE NMPH YBEJIWYCHUH YHCa HAOJI0CHUN
CXOIATCA K UCTUHHBIM MOJensAM. MeTos OpUEHTUPOBAH Ha KPYT 3a]a4, B KOTOPbIX UMEETCs allpu-
OpHasi HHpOpMaLUs 0 KOBapUALlMOHHON (DYHKIMH IIyMa, BO3JEHCTBYIOIEr0 HAa apryMeHThI. Tako-
r'o poJia 3aJJaul BCTPEYAIOTCS B THIPOAKYCTHKE, PaJUOJIOKAI[MN, HABUTAIUU U B HEKOTOPBIX APYTUX
00JacTsX HAyKU U TEeXHUKU. Hampumep, npu MocTpoeHUN MOAETH JBUKEHUS O0BEKTa B BO3IYIII-
HOU cpelie CleAyeT YYUTHIBaTh BO3ACHCTBHE HA €ro mapamMeTpbl (PIyKTYHPYIOIIEH COCTaBIISIONICH
BETpa, KOTOPas MMEET SKCIIOHEHLUANbHYIO KOBapHAIlMOHHYIO (QyHKIMIO. B ruapoakycTiuke KoBa-
PHALIMOHHYIO (DYHKIIMIO MOPSI TaKKe MPEIBAPUTEIBHO OLIEHUBAIOT HA OCHOBE SKCIIEPUMEHTAIBHBIX
JaHHBIX. [l UpoKkoro kpyra 3aiad, B KOTOPBIX OTCYTCTBYET Kakas-IM00 anpuopHas HH(popMma-
LA O CTATUCTUYECKUX XaPAKTEPUCTUKAX CIy4alHBIX BO3MYILECHUM, BO3AECHCTBYIOIUX HA apryMEeH-
ThI, CTPYKTYPHBI METOJ CJIEAYyEeT IPUMEHATh ¢ HYJIE€BOM KOBAPUMALIMOHHOM MATpHUILIEH, a B CiIydae,
KOI'Jla U3BECTHBI JIMIIb JUCIEPCUM OIIMOOK M3MEpPEHHH, KOBapHallMOHHAs MAaTpHIla UMEET JUaro-
HAJIBHBIA BUJ C AUCHEPCUSAMH OIIMOOK Mo auaroHanu. OgHako, Kak Oy/leT MOKa3aHO HUXKE, TOTy-
yaeMble [P TaKUX YCIOBHIX MOJENIU He OyayT COOTBETCTBOBATh UCTUHHBIM 3aBHCUMOCTSIM MEXTY
MIEPEMEHHBIMU IIPU BO3JCUCTBUM CIIy4alHBIX BO3MYIICHUHA HAa apTyMEHTBI MOJCIIH.

CTpyKTYypHBIIl METO/I OCHOBaH Ha MHAYKTHBHOM I0/X0Jie. B 3TOM €ero ¢xoacTBo ¢ MeETOA0M
IPYIIIOBOTrO y4eTa apryMeHToB - MI'Y A, KllacCHUECKUM METOJ0M MOCTpOeHHs Mojeneil, pazpabo-
tanHbIM A.I'. UBaxHeHko [4—5] u ero mikonoii. [Ipumenenne B MI'Y A mosHOTO Tiepebopa Moene,
KOTJIa 3TO BO3MOXKHO, WJIM IPUMEHEHHE HEMOJIHOro nepedopa mo Metoy [6], mo3BosseT HailThu Mo-
JIeTb, KOTopasi 00ecneunBaeT r100aIbHbII SKCTPEMYM BHEIIHETO KPUTEPHS ONITUMAIBHOCTH.

B ocHOBY CTpyKTypHOr0 MeTOJ1a IIOJI0XKEH MOAX0/], O3BOJIAIONINI N30eXkaTh OOJIBIIOrO Ie-
pebopa Mozenel, OCHOBaHHBIA Ha CIEAYIOIIEM NMPHUHIMIIE: B MOJEIb JaHHOTO MOPSIKA JTOJIKHBI
BXOJUTh NIEPEMEHHbIC, UMEIOIIUE TOJIBKO 3HAYUMbIE 3HAYCHUS YaCTHOTO Kod(hduimenTa Koppes-

LMY C 1IeJIeBOI MEePEeMEHHOM, YTO 3HAUYUTENBHO YIPOIIAET MOEIb MPU COXPAHEHHH €€ KOPPEKTHO-



cTi. MHOXECTBO TaKMX NMEPEMEHHBIX MOJTy4YaeTcs ¢ MOMOIIBI0 anmnapara 0acceifHOB U MMEET aHa-
J0THI0 ¢ 3()(PEKTUBHBIM MHOKECTBOM PErPECCOPOB B perpecCHoHHOM aHanuse [7]. M3 ucxomuoro
MIPUHIIMITA BBITEKAET CJIEIYIOIIass 0COOEHHOCTh MpeiiaraeMoro MeToja: nepedbop Mozeneit B mpe-
JiellaX MHOXECTBA MOJTMHOMHAIBHBIX MOJIENIEH OAHOTO M TOTO K€ MOPSAKa HE MPOU3BOJUTCS: OI-
TUMaJbHasi MOJENb JTaHHOTO MOPsAJKAa HaXOAUTCA C MOMOUIbIO MOCTpoeHus: OacceifHa, a mepedop
OCYUIIECTBJISIETCSL CPEeIU ONTUMAJIBHBIX MOJENIE Pa3HbIX MOPSAKOB, UYTO IMO3BOJIAET PE3KO COKpa-
TUTH OO mepebop Bcex mozenei. [IpuHnunm oTdopa nmepeMeHHbBIX, MONAIAIINX B OacceliH, B
CTPYKTYPHOM METOJI€ MMEET aHAJOTHIO C MPHUHIIMIIOM BKJIIOUYEHHUS MMEPEMEHHBIX B IIarOBOM per-
peccuonHoMm meroze [7]. OmnHako, 00a MeTo/la HCHOJB3YIOT pa3Hble CTATHCTUYECKUE KPUTEPUH
MIPOBEPKH 3HAUUMOCTH MEPEMEHHBIX, IPHYEM TPUMEHEHHUE IIIaroBoro MeTo ia TpedyeT MOCTPOCHHUS
MMPOMEXKYTOYHBIX MOJIETIEH C MCIIOIh30BaHHEM MeToJ1a HauMeHbInX kBaaparoB (MHK), koTopsrit
MPUHIUIIAAIBHO HE MPUMEHHUM B CTPYKTYPHOM METOJE, IIOCKOJIBKY CTPOUT MOJIETH, HE COOTBETCT-

BYIOHIUC HCTUHHBIM 3aBUCUMOCTAM MCKAY IICPCMCHHBIMU.

1. CTpyKTypHasi MoaeJIb CHCTEMbI

bynem pasnuuyath clieAyroniye TUIBI NEPEMEHHBIX: BXOAHBIE (X,...,X) ) U LEIEBYIO Iepe-
MEHHYI0 V. []enesas — 3TO NepeMeHHas, Ha KOTOPYIO IEPENAECTCs BO3JEHCTBUE OT MU3MEHEHHM
BXOJHBIX NEPEMEHHBIX. byzieM npeamnosaraTe, 4TO 3HAYEHHUS BCEX PACCMATPUBAEMBIX MEPEMEHHBIX
Ha0JII01aTMCh B MOMEHTHI BpeMeHH £ = 1,...,7 .

Ilycts ¢, O,,...,0,, — ciydaiiHble BO3MYIIECHUS, BO3/IEICTBYIONIIE COOTBETCTBEHHO Ha Lie-
JIEBYIO U BXOJHBIEC TIepeMeHHbIe. B pesynbrare ciiydallHbIX BO3MYILIEHUI HA0II01al0TCS HE UCTUH-
HbI€ 3HAYEHMsI TIEPEMEHHBIX, @ 3HAUEHUS, OTINYAIOIINECS OT HUX Ha HEKOTOPYIO CIy4alHYIO BEJIH-
yuHy. bynem o0o3HauaTh UCTUHHBIC 3HAYCHMS MEPEMEHHBIX CO IITPUXOM, Halmromaemble — 0e3

mtpuxa. Torga

Y=Y 4+E,X =X 40, Xy =Xy +0y. (1)

3amava COCTOUT B MOCTPOCHHUM MO TalJMIle SKCIIEPUMEHTAIBHBIX JTAHHBIX O HAOIIOAaeMBIX
3HAYEHHUSAX 1I€JIEBOM M BXOJHBIX IIEPEMEHHBIX MaTEMaTUYECKONW MOJENIN CUCTEMBI, KOTOpas Obl yuH-
ThIBaJla UCKAXKAIOLEe BO3JACHCTBUE CIy4alHBIX BO3MYIICHUN Ha OTU IIEpeMEHHbIE. BBenem moHs-
THUE CTPYKTYPHOM MOJENHU cUCTeMbl. IIycThb CBs3b MEKIy MCTHHHBIMU 3HAUYCHUSIMU IEPEMEHHBIX

(hyHKIIMOHATFHA U UMEET BU/I;
V= (s xy). (2)

U3 (1) u (2) caenyet, 4To CBsI3b MEXAY HAOIIOJaEMBIMUA UX 3HAYCHHUSIMH MOXET OBIThH TIpeI-
CTaBJICHA B BUJIC Yy =f(x=0,..,xy —0y)+¢&. 3)

VYpaBHeHus (3) HA3BIBAIOTCS CIMPYKMYPHbIMU COOMHOUEHUAMYU MEXIY HAOI0JaeMbIMHU TIe-

PEMEHHBIMH, MOPOXKIAEMBIMH (DYHKIIMOHAIBHBIMUA COOTHOIIEHUSAMH (2) MEXAY UCTUHHBIMU TIepe-



MeHHBIMH. CBS3b MCKOY Ha6JIIOI[aCMbIMI/I NEPCMCHHBIMH HA3bIBACTCA cmpykmypnoﬁ, B OTJIIMYHUEC OT

¢dbyHkuroHanbHOM cBsi3u (2). [loHsTHE CTPYKTYpHOU CBsI3M OBLIO BBeneHo Heitmanom n CKOTTOM B
[8].

Yamme Bcero pynkuuu f B (2) HeusBecTHBI. [lo3TOMY HIETCS UX anmpOKCUMAIIHS C TIOMO-
IIBI0 KaKUX-HUOYIb MPOCTHIX MareMmaThudeckux (QyHkiui. [lom moodenvro cuctembl OyneMm MOHU-

MaTb CUCTEMY COOTHOLICHUN

V' =F (X[, X)),
rae F(xj,...,x) ) — anmpokcuManus Hem3BecTHOU GyHKIH f(X/,..., X} ).

[TocTpoeHue Moaenu CII0KHOM CHCTEMBI OCYIIECTBIISIETCS] C OMOUIBIO MpeJIaraéMoro Ha-
MU METOJ1a, Ha3BAaHHOTO cmpyKkmypHuiM. OTpaHUYUMCS PACCMOTPEHUEM MOJUHOMHUAIBHBIX MOJIe-
aei. B nonunomuanvuou cmpykmyproi mooenu k-ro nopsinka F(x|,..., X, ) TpeAcTaBIseT cOOOM
oTpe3ok pspa Teitnmopa n0 mpou3BOAHBIX k+1-ro mopsiaka. JIroOyro MOTMHOMHUATBHYIO MOJETH
MOYKHO IIPEJACTABUTh B BUJE JTMHEUHOW MOJIEIIN:
y':bi0+zbjzj’ )

j=1
rae L, — paBHO YMCIly BCEX WIEHOB alllIPOKCUMHPYIOIIETO OTpe3Ka psana Teinopa, comepkanmx
IIEPEMEHHBIE, Z; 0003HAYAET NEPEMEHHYIO, MO0 NPOU3BEACHUE TIEPEMEHHBIX, Ul j -[O TaKOro

wieHa, a b, — coorsercTByIomKi KodGpuiment [2]. Takum 06pa3oM, U3yueHUE MOIUHOMHAIb-

HBIX MOJIEJICH CBOJUTCS K M3YYCHHIO JTMHEHHBIX Moaenel (4).

2. BacceliHbI IepeMeHHbIX

B otninune or MI'YA [4-5], B KOTOpOM nepeMEHHbIE MOJIETTH HaXOASATCS MHOTOPSIIHON ce-
JIEKUKEeHN, WK TIPU MaJIOM UX YKCJIe — IOJIHBIM MepedopoM, MHOKECTBO MEPEMEHHBIX, BXOASIINX B
CTPYKTYPHYIO MOJI€TIb HAXOJUTCS C TIOMOUIBIO 6ACCeUHO8.

bacceiin a1 HEKOTOpOH IIeNIeBON MEPEMEHHOH MpencTaBisieT co00i MHOXKECTBO TMEPEMEH-
HBIX, KOTOPBIE UMEIOT 3HAUUMYIO CBSI3b C PACCMATPUBAEMOM 1I€JI€BOM NepeMeHHOoM. st u3mepeHus
CBSI3U MEXJly TIEpEMEHHBIMH OylieM HCHOJIb30BATh YACMHblE KOID@UyueHmovl Kopperayuu, KOTo-
pBI€ U3MEPSIOT CTATUCTHUUECKYIO CBS3b MEKIY IEPEMEHHBIMU, «OUNLIEHHYIO» OT OIMOCPEI0BAHHOTO
BIIUSIHUS JIPYruX nepeMeHHbiX. [lon snauumocmoio 310N cBsi3u OyAeM MOHUMATh 3HAYUMOCTH (C
BEPOSTHOCTHIO OIMMMOKK ¢ ) 3HAYEHHUS YACTHOTO KOd(hDHIEeHTa KOPPEAIUN MEX Ay HUMH [9].

Onpenenenne 1. Haunyuwum MHOXECTBOM IEPEMEHHBIX Ul HEKOTOPOM LIEJIEBOW Iepe-
MEHHOM ) TOHUMAETCs MHOKECTBO MEPEMEHHBIX, O0JIaaloNINX CIEAYIOIUMU CBOMCTBaAMU: 1)
NOJHOMOIL: BCE TIEPEMEHHBIC, UMEIOIINE C 3aJaHHON BEPOATHOCTHIO OIIMOKH 3HAYUMYIO CBSI3b C Iie-

JIEBOM HCpCMGHHOﬁ, BXOIAT B 3TO MHOXKECTBO, 2) omcymcmeuem U30bIMOYHOCMU: NEpCMCHHBIC,



MMEIOIINE C 33/1aHHON BEPOSTHOCTHIO OIIMOKH HE3HAUMMYIO CBA3b C LIEJIEBOI MEPEeMEHHOM, HE BXO-

JAT B 3TO MHO>KECTBO.

Hawnnmyuiiee MHOXKECTBO Ul ) HaXOJIUTCS ITyTEM IOCTPOCHUS OACCEHHOB.

Onpenenenue 2. bacceiinom k-20 nopsodka Ains 1eNeBON EPEMEHHON ) Ha30BEM IOJIMHO-

XKecTBO B BXOAHBIX M YIPaBISAIOIIUX MEPEMEHHBIX, a TaK)K€ BCEBO3ZMOXKHBIX MX MPOU3BEACHUN (C
YHCIIOM COMHOXHTeNel He Oonee k+1), BkiIrodaromniee Bce MEpPeMEHHbBIE, KOTOPhIE HMEIOT 3HAYU-
MBI (OTHOCUTEIILHO MHOKecTBa B) 4acTHBII BRIOOPOUHBIN KOI(DPHUIIMEHT KOPPESIIHAK C ) .
[Ipouenypa moctpoeHus: 6acceitHOB XOpoIIo BUAHA U3 pUC.l. OHAa COCTOUT U3 IBYX B3aHUMO-
CBSI3aHHBIX JITOPUTMOB: 1) BKIIFOUEHUS MEPEMEHHBIX B 0acCeiiH U 2) UCKIIIOUCHUS MEPEMEHHBIX U3

6acceitna. Ha puc.1 3Tu anropuT™bl OT/AEICHBI MyHKTUPHON YEPTOi.

3. OnTuMasibHbIE CTPYKTYPHbIE MO/I€JIH

Bceerna cymecTtByer 6ecKkOHEYHOE YHCIO (QYHKIMN, TOCTPOSHHBIX MO AKCIIEPHUMEHTAIBHBIM
JAHHBIM, KOTOPbIE MOXHO B35Th B KA4€CTBE MOJIEIH Il UCTUHHON 3aBUCUMOCTU MEXK/y IIEPEMEH-
HbIMU. [103TOMY BO3HMKAaeT BONPOC: KaK HAWIYYIIMM OOpa3oM HMCHOJB30BaTh TAOJHUILYy 3KCIEpH-
MEHTAJIbHBIX JAHHBIX JUIA [OJy4E€HHs B KAKOM-TO POJE ONTUMAJIBHOW MOJEIN U YTO IOJ 3TUM Clle-
ZyeT IIOHUMaTh. BBenem ciienyromee onpeaeneHue ONTUMaIbHONU CTPYKTYPHON MOJIEIIN.

Omnpenenenue 3. OnmumanbHoU CmMpyKmMypHOU MOOeblo s ¥ Ha30BEM MOJIENh, IIOCTPO-

CHHYI0O M3 TICPEeMEHHBIX HAMIYYIIer0o MHOXECTBA, JJIsI KOTOPOH CyMMa KBaJpaTOB OTKJIOHEHHI
¢yakunu F(x|,...,X,;) OT HCTHHHOH f(X|,...,X) ) MHHHMaJbHa II0 CPABHCHUIO C JPYTHMH MOJe-

JIAMUA:

min 3L (! (O 6} (1) = F (3D ¥y (O] =
t=1 ) (%)
= 1’1’1171112[)/ (l) -F (X;(f),..., x]’V (t))]2

PaccMoTpuM METOAMKY MOCTPOCHUSI ONTUMAIIBHOM JIHeUHOU MOJEIH 11 HEKOTOPOH 1ielie-
BOil mepemeHHoi y . IlycTh B OacceiiH nepBoro mopsiika i ejaeBoi MepeMEHHON ) BOILIH Clie-

AYOIHUC BXOAHBIC IICPEMCHHBIC: X sz...,xjw , KOTOPLIC COCTABJISAIOT HAWJIYUIICC MHOXKCECTBO IIC-

nE
peMeHHbIX. be3 moTepu 00LIHOCTH MPEATION0KIM, YTO CIIydyaliHble BOSMYIICHHS, BO3ACHCTBYIOIIHE

Ha LIEJIEBYI0 U BXOJHbIE IEPEMEHHBIE: & U O,,...,0, HUMEIOT HyJleBble MaToxunanus: Mg =0, u

M5, =0,.., M5, =0.

[TycTh M3BeCTHA KOBapUalMOHHAs MaTpuua R ciydalHbIX OWMOOK & ,0,,0,,...,0 . OHa
umeet pazmepHocTh (1+w)x(1+w).
o’(e) r(e 0,) .. r(&0,,)
R r(5,,¢) az(é'jl) v 1(0;,0,,) ©)

H(S,,6) 18,,6,) . 0(5,)

jw?



Ha nuaronanu 3Toi MaTpUIlbl CTOSIT JUCTIEPCUU OLTHOOK.
[Ipenmnonoxum, 4TO UCTUHHASA 3aBUCHUMOCTH MEXIY LIEJIEBOM M BXOJIHBIMH MEPEMEHHBIMU

JIMHENHA U UMEET BUJT:

!

’ ! !
yi=aytax; tax, +..+ta,x, . (7)

[IpeacraBuM onTUMATBHYIO JIMHEHHYIO MOJIETh ISl VB BUJIE:

y' =b,+bx) +byx, +..+bx ®)

w?

Haiinem BelpakeHust 11 K03((HUIIMEHTOB 3TOI MOJeNH, TaKhe, YTOOBI BBIOIHSIOCH YCIIO-

BUE ONTUMAIbHOCTH Mozenu. s onpenenenus koddduuueHtro b,b,,...,b, B perpecCHOHHBIX

MeToAax I/ICHOJIL3yeTC$I METOA HAMMCHBIIINX KBaI[paTOB, HpI/I KOTOpOM MI/IHI/IMI/ISI/IpyeTCH
< 2
D{y () =by—bx, (1) —...—b,x, (1)} (9)
=1

B cnydae, korga BXOAHbIE IEpeMEHHBIE MOJBEPKEHBI CIyYaliHBIM OIIMOKaM, TPUMEHEHHE
3TOr0 METOJa MPHUBOAMT K OMIMOOYHBIM MOJIENSAM 10 CPAaBHEHUIO C MCTHHHBIMU 3aBUCHMOCTSIMU
MEXy TICPEMEHHBIMH.

[Tosromy kodhdummentsr Moaenu (8) ompeneNnsitoTcss He MyTeM PEIICHUS CHCTEMBI HOp-
MaJIbHBIX YPAaBHEHUH, KOTOpas IMOJIY4aeTcs B Pe3yJbTaTe€ MUHUMU3ALMU BBIIIEYKA3aHHOW CYMMBI
KBaJpaToB (9), a myTeM pelIeHUs] CUCTEMbl YPaBHEHUH, KOTOpasl MOJIy4aeTcs B pe3ysbTaTe MUHU-
MU3alMU cyMMBI KBaapatoB (5). [TomydaeMyto B 3TOM cilydae CUCTEMY YpaBHEHUI HAa30BEM CTPYK-

TypHOU cucteMoi. J{Jisl Hax o JIeHUsl 3TOM cucTeMbl mojactaBuM (8) B (5):

i[ () = (by + Bx' (1) + b,xy (1) + oo+ b X ()] (10).

[IpencraBuM BbIpaXKeHHE B KBAJpPATHBIX CKOOKax uepe3 HaOdronaeMble MEpeMEHHBIE U

omuOku o popmynam (1). [Tomydum

i[y (1) = (by + byx (1) + Dyx ;, (D) + ... + b, x (1) —

t=1

~ 5,8, ()= b,8 (1) .~ b, 5, (1) + &)
Tak kak ko3¢ ¢unuents! b,,b,,...,b, nOCTaBIAIOT MUHUMYM (5), TO OHH YIOBIETBOPSIOT

cucTeMe ypaBHEHUH, moidydaeMoil u3 BelpaxkeHus (10) myreMm ero nuddepeHupoBanus mo Kaxio-
My U3 K03 uuueHToB by, b,...,b, 1 NpupaBHUBAHUIO MPOU3BOJHBIX K HYII0. B pe3ynbrare Oyaer
MOJIy4eHa CHCTEMa YpPaBHEHHH, KOTOpas MpU /7 —> o0 U Mpeoldpa3yercs B CTPYKTYPHYIO CUCTEMY
ypaBHeHui. [lpuBeneM ee OKOHUATENbHBIA BUJ, OTPAaHUYMBIINCH JIHIIb TEPBBIM, BTOPHIM H IO-

CJIEAHUM YpaBHEHUEM CTPYKTYpHOU cUCTEMBI. [lepBoe ypaBHEHHUE 3TON CUCTEMBI PABHO:

Y, =by+bX; +bX,+..+bJX, (11)

wojw 2

n

— 1 ¢ _ 1 ¢ _ I ¢
rac y :;Zy (®), Xn = zle(t)o ey Xy = ;zxjw(t)'
=1 =1 =1



Bropoe ypaBHEHHE CTPYKTYpPHON CUCTEMBI UMEET BUL!

%iy,-(z)x,-l(z)—r(s,-ﬁﬂ) b, +b, {%i[xﬂ(mz —H(B 8, )+

1 n
.+b, {;ijwmxﬂ(r)—r(a,w,éﬂ)} (12)
t=1
W, HakoHew, nocineaHee ypaBHEHUE PABHO:
1 n 1 n
; zy (t)‘xjw(t) - r(giﬁé‘jw) = bO + bl {; zle (t)‘xjw(t) - r(5j17§jw)} + oo
t=1 t=1

tb, {%i[xjw(t)]z K7 ) (13)

Haiinem pelieHre CTpyKTypHOW CHCTEMBI ypaBHeHUM 1o npasuiny Kpamepa. [ns sToro mno-

cTpouM MaTpuily D, KaxkJas cTpodKa KOTOPOW COCTOMT M3 BBIPAKECHUN IMPU HEM3BECTHBIX KO3(-
¢unuentax b, b,,...,b, COOTBETCTBYIOLIETO YPaBHEHUs CTPYKTYpHOM cuctems! (11)—(13):

1 X, i,
1 n 1 n
1 D, OF =r(6,,6,) o =D u, (Ox () =7(7,,,6,)
D — n =1 n t=1 .
o S .
1 ; le(t)ujw(t)_r(§j177jw) ;Zl[ujw(t)] _r(ijaij)

t=1
Hocrpoum matpunst D,, [ =0,1,...,v + W, koTopsle monyyarorcs u3 D MyTeM 3aMeHBI B

Hel [ -ro ctonbia cToi0IoM U3 CBOOOTHBIX WICHOB CTPYKTYPHOUH CHUCTEMBI, T.€. WICHOB HE COJEp-

Kamux by, b,,....b, .

1 .. V; u,
1 n 1 n
L. ;Zyi(t)le(t)_r(gi’ajl) ;zujw(t)le(l)_r(ij’é‘jl)
t=1 t=1

1 13
1. ;Z v, (Ou,, ()= r(&,7,,) ;Z‘,[uﬂ,(r)f = (Y 7 1)
t=1 t=1
Hckomble ko3bduuuentsl by,b,...,b, ONTUMAIBLHON CTPYKTYPHOM MOJEIU OHMPEAEISIOTCS

o ¢popmynam:
D
b = det D,
det D

=01 v+w. (14)

B cuny (4) meTonuka mocTpoeHus ONTUMAIBHON nOIUIUHEHOU MOJCIH I HEKOTOPOH 11e-

JIEBOM NEPEMEHHON ) aHAJIOrMYHA METOJMKE MOCTPOCHHS ONTUMAIBHOW JMHEHHON MOJEIH, HO

YK€ C UCIIOIb30BaHHEM 0ACCEHHOB k -T0 TOpsAIKa AJIS IIEJIEBOM IEPEMEHHOM ) U YYETOM HE TOJIb-

KO KOBapI/IaI_[I/Iﬁ OH_II/I6OK, HO U UX CMEIIIAHHBIX MOMEHTOB 00JIE€ BLICOKOIO nopsaaKa.



4. CpaBHeHHe pa3IHYHBIX MO/IeJIeH M0 UX CBOiCTBaM

[IpoBeneHsl KCCIeAOBaHUS 10 U3YUYEHUIO CBOMCTB ONTUMAIBHBIX CTPYKTYPHBIX JIMHEHHBIX
MOJIEJIEN U CPABHEHUE UX CO CBOMCTBAMH aHAJOTHUYHBIX MOJEIIEH, IMOJTY4aeMbIMU PErPECCUOHHBIMU
Metonamu ¢ npumenenneM MHK. Oxazanock, 4To, Kak A0ATO OBl CHCTEMa HHM HabOIIOJaNach, Uc-
THUHHAs B3aMMOCBS3b MMapAMETPOB CUCTEMBI, UCKAKEHHBIX CIy4YallHbIMU BO3MYIIECHUSIMU, METOMAA-
MU, OCHOBAaHHBIMH Ha HOPMAJIbHBIX YPaBHEHHUSX, BOOOIIIE HE MOXKET OBITh Hali/leHa. B TO Bpems Kak
CTPYKTYPHBI METOJ] CIIOCOOEH BOCCO37aTh UCTUHHYIO KapTHUHY 3aBUCHMOCTEH TTapaMeTPOB CHUCTE-
MbI. DTO BBITEKAET U3 CIAEAYIOUIEH TEOPEMBI.

Teopema 1. [Iycmob ucmunnasn césa3b mexicoy nepemeHHbIMU CUCTEeMbl UMeen 8UO:

Y =a,tax, +a,x’y +..+a,x (15)

wojw 2
Ilyemo &, 6,0 ,,...,0,, — CIYUQUHbIC 603MYWEHUS, C HYICELLMU MAMEMAMUYECKUMU
O0XCUOAHUSIMU U KOGGpMdHMOHHOﬁ Mampuueﬁ R , 60306126‘1’1’16)1]0171 coomeeniCneeHHo Ha nepemMenHble
Vo XX 500X, 6 MOMEHMbL 6peMenu t,...,t, . Toeda npu n — 00 ONMUMATbHASL CIPYKNYPHAS

Mooenb:
r_ i ' '
Y =by+bx +byxy +..+b,x],

cmpemMumcs, K ucmunHou 3asucumocmu (15).

Jloka3zaTeabcTBO. /{1151 1OKa3aTeNbCTBA TEOPEMBI JOCTATOYHO MOKA3aTh, UYTO MPH 1 —> 00
ko3 unuents! by, b,,b,,...,b, cxomsarcs k KodppuuueHtam a,,a,,a,,...,d,, .

PaccmoTpum cronben, cocTaBieHHBIH U3 CBOOOIHBIX WIECHOB CTPYKTYPHOM CHCTEMBI ypaB-

HEeHUH

1 n
=Yy (@)
n

G - %Zy (O, (0) - (& ,5,,) (16)

L
=2y O, (-1 ,5,,)
noe

Ucnonwsys (1) u (15), npeoOpasyem ero k BUIY:

1 n 1 n
=2V (0+=2 ()
n 2 O 2

G = | =XV OO+ XY 5,042 X8 OO+ X8 (05,001 ,5,)

LSy, 0+ 1308, 0+ L3 w04 L S0 0,0 6,
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Haiinem Belpakenue aiust G, npu n —> . Tak Kak Ipu 7 —> 00 yCPEIHEHHBIE CYMMBI CTpe-

MATCA K CBOUM MaTEMAaTUYCCKUM OXUJaHHUAM:

1 n 1 n , 1 n ,
;ZE (1) >0, ;Zy ()5 ,(t) >0, 225 (x, (1) >0, ...
t=1 t=1 t=1

%Zlg (5 ,(£) = (& 5 ) %Zlg (15, (6) > 1(£,5,,), (17)
TO IpU 1 —> 00 (G, CTPEMUTCS K CIEAYIOIEMY BBIPAXKEHUIO
pRAQ

G, —> G = %;y'(f)xh(f) . (18)

L '... |
=27 (O, (0)
e

3amenuM y; B G,° ero BeipaxkenueM u3 (15). Iomydanm

1< 1<
a, +a1; E x;l(t)+...+av+W; 21 x', (1)
1=

t=1
n

1 4 1 N ' ’
G;C —| a4 tq ZZ[le(t)]z t..ta,, ;;:lejw(t)le(t) (19)

t=1

{ { 2
aO + al ; Z'x;’l (t)x;'w (l) +...+ av+w ZZ[X}W (t)]
t=1 t=1

Hcnons3ys (17), MOXHO 1OKa3ath, 4To MaTpuna D, mpu n — o crpeMurcs K Matpuie D),
[ -i1 cTonber; KOTopoit coBmazaet co cronduom G,°.
3aMeHHNM 3J1eMeHTHI cTobna G,° 3TOH MaTpUIlbl UX JIMHEHHBIMA KoMOuHanusamu u3 (19) n

BBIYHCIIUM ONPEIESIIUTENb MT0JIydeHHOM MaTpulibl. OH paBeH cymMMe onpeaenuTtene v+ w+1 mar-
pH1L, omy4yaeMbIX U3 D;” 3aMeHOM / -ro cToI011a COOTBETCTBEHHO CTOIOIaMU

1 <&, 1 &,
a,— ) x,(t a,— ) x . (t
. nZ() wn;,o
1 . 4 1 . ' ’
aO al — Z[le (Z’)]z aw — zxjw(t)le (t) (20)
2 n s > n‘o .
a 1 & , , 1 n ,
0 a, - lele ()x, (1) a, ;Zl[xjw(t)]Z

B kxaxmom Takom ompeaenuTene 3JIEMEHTHl [ -ro cTon0Ima, Kak 3To BUAHO u3 (20), IMEIOT
obmue ko3(pGUIIEHTsI, COOTBETCTBEHHO d,,d,,d,,...,d,,, , KOTOPbIE MOXHO BBHIHECTH 3a 3HAK OII-
penenurens. Jlerko BUAETh, UTO B Pe3yJbTaTe MOJYUYUM OINPEACIUTENN, UMEIOIINE 0 JABa OJUHA-

KOBBIX CTOJIOIIa, COOTBETCTBEHHO: 1-if U [ -if, 2-it u [ -#, U T.1., U KOTOpPbIE TO3TOMY PaBHBI HYIIIO,

3a UCKJIIOYEHUEM OIpeAeNuTeNs ¢ KodhGUUUEHTOM a, . MaTpuIly 3TOro omnpeeauTens 0003HauuM

D™ . Takum ob6pazom, det D" =a,det D”.
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MoxHo MmoKasaTb, aHaJIOTUYHO TOMY, KaK 3TO OBLIO IIOKA3aHO BBIIIIE AJI1 MaTpHUILIbI D[ , dTO

MaTpuiia D” mojy4aercs Kak mpejeibHas npu n — oo it Matpuubl D : D — D” . CnenoBareib-
_detD, o detD,” a,detD”
det D det D” det D”

Teopema qokaszaHa.

HO, b, =a,l=0]l.,v+w.

MoxHo noka3arh [9], 4TO, €ClIM B paccMaTpPUBAEMBbIX MOJEISIX, UCIOIb30BaTh OLEHKU KO-
s dunmeHToB, noiydeHHbx ¢ momombio MHK, To orn Oynyt cmewennvimu. B KauecTBe mokasa-
TeJsl ONTUMAJILHOCTH MOJIESTH HaMH BBIOpAHO CpeHEeKBaapaTHieckoe oTkiIoHeHne. C 3TUM ToKasa-
TeJeM CMEIICHUE OIICHOK HHKakK He cBs3aHO. OIEHKH MOTYT OBITh CMEIIEHHBIMHU, HO, €CIIH MPH
3TOM OHM OYAYyT UMETh MEHBIIIEe CPEeIHEKBAIPATUIECKOE OTKIIOHEHHE, TO OHU OyayT Oolee mpe-
MMOYTHTEIILHBIMU 110 CPAaBHEHHIO C HECMEIICHHBIMH OIICHKaMU. B CBs3M ¢ ueM, OCTaHaBIMBATHCS Ha
PacCMOTPEHHH CMENICHHS OLIEHOK K03 (UIIMEHTOB Moenei Mbl He OyneM. [lepeitnem k Bompocy
06 X COCTOATCIBbHOCTHU. CXOANMOCTHU UX K UCTHUHHBIM 3HAYCHUAM. CHC[[y}OH_[aH TCOpCMa MMOKA3bI-
BAaET, YTO, OIIEHKH KOA(PuImeHToB, monydeHHsIx ¢ momombio MHK, He OynyT cocmosamenvrvimu.
Orcroga BBITEKAeT, 4TO KakK JOJIr0 Obl CHCTeMa HU HaOJfojanzach, METOJaMH, OCHOBAaHHBIMH Ha
HOPMAJIbHBIX YPABHCHHUAX, HCTUHHAA B3aMMOCBA3b MTAPpaMETPOB CUCTCMEBI HC MOXKCT GBITB HaI>'II[CHa.

Teopema 2. [Iycmb ucmuHHas c6a3b MedHcOy nepemenHblMU CUCIEMbL UMeem 8UO:

r ' ' '
Y =a,tax; +axi, . +a,x, . 21)
a mooens, nocmpoennas no nadmooenusm y (1), x;(t),...,x, (t) 6 momenmol epemenu t,...,1,,

umeem 6uo:

yi=cotox text, .+ x’ (22)

jw?

20e Kkoagppuyuenmul c,c,,C,,...,C,, ONPEOEAIOMC U3 CUCMEMbl HOPMATbHBIX YPAGHEHUI.

Ilycmsy &,0

1150 250050 j,, — CIYHAUHBLE GOZMYWEHUSL, C HYICELLMU MAMEMAMULECKUMU OXiCU-
OaHUAMU U KOBAPUAYUOHHOU mMampuyeld R, 8o30elicmeyiom coomeemcmeenHo Ha nepemeHHble
X 15X jpees X

oAy

IIpeononooxcum, umo He 6ce snemeHmvl ekmopa Z, pagHO20 NPOU3BEOEHUI0 8eKmMopa
T
A" =(l,~a,,~a,,...~a,) umampuyor R, Z = A" - R, nauunas co émopozo paenwi uyuo.

Tozoa npu n — o mooensv (22) ne cmpemumcst K UCMuHHoU 3agucumocmu (21).
HNoxa3zateascTBo. Ilpeamonoxum nporusroe. Ilycts npu n > ¢, —>a,,v=0L..,w.

CormacHo teopeme 1 K03pGUIMEHTH ONTUMATBLHON JTUHEHHON CTPYKTYPHON MOJIEIH TakKe OyIayT
CTPEMUTHCA K UCTHUHHBIM 3HAYECHUSM: by —>a,,Vv= 0,1,...w npu n — . I[loatomy npu n — o

OyZeM UMETh JBE CUCTEMbl YPAaBHEHMI: HOPMAIBHYIO U CTPYKTYPHYIO, YPaBHEHHUS KOTOPBIX, HAUH-

Has cO BTOPOro, OYAyT JMIIb OTIMYATHECS COOTBETCTBYIOIIMMH 3jleMeHTaMu BekTopa Z = A" - R.

OTO JIETKO IIpOBCPUTH, 3alIUCAB 00e cHUCTEMBI ypaBHCHI/Iﬁ B ABHOM BHJC, a4 3aTC€M 3aMCHHUTL IIpU

n — oo ompenenseMmbie KodhPuiueHTsl B 00enx cucremax kodddunuentamu a,,v =0,1,...,w. Pa-

u>
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BEHCTBO 00€UX CHCTEM BO3MOXKHO JIUIIIh IPU PABEHCTBE HYIIO YJIEMEHTOB BEKTOpa Z , HAYMHAS CO
BTOporo. Tak Kak 3TO 3ampelieHo yCIOBHEM TEOPEMBI, TO MPUXOAUM K MpOTUBOpeuunto. [TorTomy
TIPEMONIOKEHHE, YTO €, —> d,,, V = 0,1,...,w, HE BEepHO.

Teopema oka3zaHa.

3aMeTHUM, 4TO YCIIOBHE TEOPEMBI: HE BCE DJIEMEHTHI BEKTOpa Z , HAUMHAs CO BTOPOTO PaBHbI
HYITIO, BCET/Ia BBIMIOJIHAETCS, TaK KaK AJI€MEHTHI KOBapUAllMOHHOW MaTPHIIBI OMIMOOK HUKAK HE CBsI-
3aHbI ¢ K03 purmeHTaMu KCKOMOM 3aBUCUMOCTH.

Ipumep. [IpuBenem s HArJAIHOCTH MPOCTOM MPUMEP, MOKA3bIBAIONINKN, YTO TeopemMa |
HE BBINOJHAETCA JJISI MOJIEIIEH, TIOJIy4aeMbIX PErPECCUOHHBIMU METOAaMH, OCHOBaHHbIMU Ha MHK.

[TIycte nerepmuHupoBaHHbIE TIepeMeHHbIe ¥, X CBsA3aHbl ypaBHEHHEM Y = bX U U3MEPSIOTCS B
MOMEHTBI BPEMEHH {,,...,{, COOTBETCTBEHHO C HEKOPPEIMPOBAHHBIMH HOPMAJIbHBIMU CTAHAAPTHBI-

mu ommbOkamu e(t;) , o(t,): &(t) =Y (¢,)+&(t), n(t,) = X(t,)+0(¢,).

[TycTh mo pe3yiabraTaM U3MEpPEHUM MOJYYEHBI CIEayIomue Moaenu st ¥ = bX : MetonoM
HaMMEHBIINX KBapaToB: ¥ = b'X , cTpyKTypHBIM MeTosoM: ¥ =b"X .

[Tokakem, 4TO MPU 7 —> o0 oleHKa b’ It b, MOTy4eHHAs] METOOM HAaHMEHBIIMX KBapa-
TOB, HE CTPEMHUTCSI K b , B TO BpeMsl KaK OlleHKa b" , MOIydeHHasi CTPYKTYPHBIM METOJIOM, CTPEMHUT-

csi K b. JleHCTBUTENBHO, BeNWYMHA b’ HAaXOAUTCA M3 HOPMAIBHOTO YpaBHEHWS W paBHA

b' = [125(4 m(t, )][lZf2 (¢,)]”". Benuuuna b” HaXOAMTCA U3 CTPYKTYPHOTO yPABHEHHS M paBHA

i=1 i=1

w=¢§kmmmmii$mrvﬁf

by X2(1,) by X2
= #b, b" — o =b.
C 2 2 1 C 2 2 2
> X2(t)+o? > X(t)+o;-0;
i=1

i=1

Ipu n >: b —

I'paduku cxogumoctu b u b" k b =1 179 HOPMATBHBIX CTAHAAPTHBIX OMIMOOK MPEACTaB-

JICHBI Ha puUc.2.

5. UHAYKTUBHBIA OJX0/ K HAXO0KICHHUI0 ONTUMAJIBLHOM MOA I

CymiecTByeT 1Ba OCHOBHBIX MOJX0J1a K IMOCTPOCHUIO MOJEIEH: NeyYKTUBHBIM U WHIYKTHB-
HbI [4-5]. JlenyKTUBHBIN MOAXOJ MPUMEHSETCS, KaK MPaBUIIO, IPH MOJAEIMPOBAHUU NPOCTHIX U
MOHATHBIX cucTeM. [Ipu 3TOM MOAXOAEe HAXOIATCS 3aKOHBI, KOTOPHIM MOJUUHSIOTCS HapameTpbl
cucteMbl. OH TpeOyeT riay00KOro U3ydeHHsl CHCTEMBI, OOJIBIIIOTO YPOBHS 3HAHUS U OOJIBIIIOTO 00h-
ema anpuopHoi mHpopmaru. OgHAKO, BO MHOTUX OOJACTSIX HAYKH, TAKUX KaK SKOHOMHKA, CO-
I[UOJIOTHUS, SKOJOTHS, OUOJIOTHUS U JIp. HENlb3sl JOCTUYh TaKOro YpoBHS 3HaHUs. [lodTomy mpu He-
J0CTaTOYHOM 00beMe MHpopManuu 00 HM3ydaeMoW CUCTeME MPUMEHSIOT UHAYKTUBHBIN TMOIXO,

IIPU KOTOPOM Ha OCHOBE HEKOTOPOI TaOIUIBI SKCIIEPUMEHTAIBHBIX JaHHBIX C IOMOIIBIO Iepedopa
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(mocnegoBaTeNbHOrO ONPoOOBaHMs) OOJBIIOTO YKCIA MOJAETCH HAXOTUTCS MOJAETh ONTUMAIbHON
CHOKHOCTH. J[JI1 HAXOXKIEHUSI ONTUMAJIbHOU CTPYKTYPHOU MOJEIM MPUMEHEH UHIYKTUBHBIN MOJ-
XOJI, aHAJIOTHUHBIA pa3zpaboranHoMy A.I'. IBaxHeHnko [4-5], B KoTOpoM B oTiMuue oT [4-5], He
MIPOBOJIUTCSI MHOTOPSIIHAS CEJIEKLIMS MOJIETIe M He UCIOJIb3YeTCs MOJHBINA mepedop Moxenei. An-
TOPUTM TAKOI'O MHIYKTHMBHOTO HaXOXJEHHUS MOJEIM MpHUBEICH Ha puc. 2. Vcnoabs3oBaHue B 3TOM
QITOPUTME CTATUCTUYECKOTO METO/AA HAXOXKIACHMSI HAMJIYyUYIIEr0o MHOXECTBA IEPEMEHHBIX IIyTEM
NoCTpoeHHsI OacceifHa MO3BOJISET PE3KO COKPATHTh IMepedop Mojeneil, MOCKOIbKY OTHaxaeT Heoo-
XOJMMOCTb Iepedopa BCEro MHOXKECTBA MoOJieNiell JaHHOTro nopsiaka. B paccmarpuBaeMoM MHIyK-
TUBHOM QJITOPUTME MPUMEHSIETCS CIEAYIOIIee MPaBUI0 OCTaHOBA Iepedopa MOoJeNel: ecliu u3Me-
HEHHE XapaKTePUCTUKH KayecTBAa MOJEIH MPH Nepexoae K Mojenu 0ojiee BHICOKOTO Mmopsiaka (Ha-
IIpUMeEpP, YMEHBIICHNE CPEAHEKBAIPATUYECKON OMMOKM MM YBEIMYEHUE MHOXECTBEHHOI'O KOA(-
¢buIreHTa Koppeslnun) MEHbIIE ONpPeAeICHHOTO Yyicia (opora), To BEIOMpaeTcss MOAEIb MpeJibl-
AyIIETro nopsaka. B anroputme, npuBeieHHOM Ha pHC. 3, XapaKTEpUCTHKON KayecTBa Mojaeiu k-ro
HOpsIZIKA SIBJISIETCSL CpeJHEKBaJpaTHyeckas omMOKa. AHAJOTMYHO CTPOUTCS MHIYKTUBHBIM ajiro-
PUTM, B KOTOPOM XapaKTEPUCTUKONW KauecTBa MOJAEIH k-ro MOpsKa SIBJISETCS MHOXXECTBEHHBIN KO-

spuuuent xoppemsiunu C,(k). B 3tux anroputmax npu k =0 ontumanbHas CTPyKTypHas MO-

JIEJIb UMEET BU/I:

, _ I
yi=by=y, ==y,
t=1

n

npu 3ToM CKO(0) paBHo aucnepcun y,,a C,(0)=0.
6. Ilpumep

B o0nactu S5KOHOMUKH CTPYKTYPHBIM METOJOM ObLlIa MOJY4YeHAa MOJENb 3aBUCUMOCTH HU3-
MeHeHus uHaekca norpedurensckux mnen (UIIL), onpenenstoniero nHGIAINIO, OT IPYTHX IKOHO-
MUYECKHX MOKa3aTeneu. /s mocTpoeHus MO YUUTHIBAJIUCH €KEMECSIUHbIE JaHHBIE SKOHOMUKHU
Poccun 3a nepuoa ¢ 1991 r. mo 2000 r. ITockonbky Kakas-mu6o nHpopMmaryst 00 ommbdkax JaHHBIX
OTCYTCTBOBaJIa, TO MCXOJHAsI KOppEJSIIMOHHAsA MaTpuiia R Opanachk HyjneBol. MicxomHoe MHOXe-
CTBO NIEPEMEHHBIX, M0 KOTOPHIM CTPOUIIACH MOJIEIIb, COCTABUIIO 47 SKOHOMUYECKUX MTOKa3aTenel. B
KauecTBE XapaKTEPUCTUKH KaduecTBa MOJIeNH Oblia BRIOpaHa cpelHeKBaapaTudeckas ommobka. [o-
Jy4YeHBI CIEIYIOIINE MOACTN MHQIISINN:

1) mo Gacceiiny 1-ro mopsiaka:
Y = -4419097 + 0,2649895X, + 0,2551773X, + 0,0006571X, +

—0,698345X, + 3,0933376X, — 0,000506.X, + 12,175218X, — 1092033 X, +
+0,4188977%X, + 10048869 X,,— 000029 X,,, CKO, =1,547851096.
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2) o GacceifHy 2-ro mopsaKa:
Y = 32203661 + 0,1367816.X, + 0,1325215X, + 0,00042.X, —
—0,25452X, + 48,755581(X,)* +3,0666544X, —0,000506X, —43,39034X, —
~0,189812 (X,)> + 01337071X,, + 0,0001067.X,; + 0,0001241.X,.
CKO, =1,1876927.
st cpaBHeHHsI Opanack MOJENb HHQIIALUH, TOCTpOeHHAas o MeTony MI'YA:
Y = 46876-093151X, + 18488X, - 041321X, +
+ 4.6458e-005.X 5 + 0.00050847.X,, + 0.30488X, +01493X,,.
CKO =3.0323.
3nech: Y — ypoBeHb MH(IAIMM (MHAEKC noTpeduTenbekux neH — UIIL), X, — ypoBeHb un-
¢suuu B mpouuioMm mecse, X, — MUHUMaJbHas 3apaboTHas miaTta, X, — pacxoJsl Ha MoTpedie-
Hue, X, — pacxojbl Ha noTpediaeHue B 1ieHax aekadpa 1990 r., X, — oOMeHHBbIH Kypc HAllMOHAIIb-
HOM JEHEXHOW eIUWHULBL, X, — MHIAUBUAYAJIBHBIN HAJIOI, X, — 3aperHCTPUPOBAaHHBIC BAKAHCHH,
X, — Oananc Gromxkera, X, — oOmas po3HUYHAsl IIpoJaXka B IIOCTOSIHHBIX IIeHax, X, — 6e3pabo-
Tuna, X, — obmas po3HUYHas Mpojaka B TEKYLIUX LeHaxX, X, — ypOBeHb UHQIALMU YEThIPbMSI

MecslaMu paHee, X, — I€HEeXHbIe arperarel, X,, — pocT (MHAHCOBOIO KanuTana, X, ; — MOKyNKa

BaJIFOTHI.
YMeHbIIeHHEe CpeTHEeKBaIpaTHUECKO OMIMOKHU MpHU Mepexo/ie K CTPYKTYPHON MOJIENH BTOPOTO
nopsaka cocraBuiio 3,6%. B maunmyumnyto mozens Bonuio 11 mepemeHHBIX OacceiiHa MepBOro mo-

psaKa.

[TocTpoenHble MoienU ObUTM MCMOJIb30BaHa JUIsl MPOrHO3a MHMISIUN Ha cleayrouue 4 mMecs-
na. Ha puc.4 npeacrasiens! rpaduxu nporuosa uamsiuu (UI1) va 4 mecsna mo metony MI'YA
U CTPYKTYpPHOMY MeTody. PacxokaeHue nmporao3upyemMoi HHQIIALNHU, BHIYUCICHHON 00enMu Me-
TOJAMHU, C peabHO HaOyonaeMoil HHOIAIUEN B 3TH MeCALbl, TOATBEPXKIAET MPaBUIBHOCTH I10-
CTpOeHHBIX 00eux Mozenei. Ha puc. 5 u 6 npeacraBieHsl rpadUKu 3HAYCHUH PEaTbHOTO M TIPO-
rHo3upyemoro UIIL] no ctpykrypHOoil Mmojenu 1 MI'Y A, KoTopble TakKe MOATBEPKAAIOT XOpOLIee

HUX COBIIaJEHHE JJI1 00EUX METOIOB.

3akioueHne

TakuMm 00pa3oM, B CTaThe MOTYICHBI TECOPETHUECKHIE U MPAKTUICCKUE PE3YIbTATHI IO MOJIe-
JIUPOBAHUIO CJIOKHBIX CHUCTEM, KOTOPbIe (YHKIIMOHHPYIOT B YCIOBUSX HCKAKAIOIIETO BIHSHUS
BO3MYIIAIOMUX (DAKTOPOB HA MapaMeTphl CUCTeMBI. Pa3paboTaH METOT MHIYKTHBHOTO HAXOXICHUS
ONITUMAJIBHBIX CTPYKTYPHBIX MOJEJCH, aJleKBaTHO OMMCHIBAIOIIUX 3aKOHOMEPHOCTH ()YHKIIMOHH-
pPOBaHUSA CIOXKHBIX cucTeM. [IpoBeeH CpaBHUTENBHBIM aHATIN3 CTPYKTYPHOTO METOJa C U3BECTHBI-
MU METOJIaMU MocTpoeHust moneneit. [Tokazana ero 3 QpeKTUBHOCTD MpU PEIICHUU PEATBHBIX ITPaK-

THUYCCKUX 3aaayd.
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AHHOTANMUA

N3y4daeTcss CTpyKTYpHBIM METOJ MOCTPOEHUS MOJEIEN CIOKHBIX CUCTEM, OCHOBAHHBIN, KaK
u MI'VA, Ha uHAyKTUBHOM TIoAXoAe. OCHOBHOE BHUMAHHE YJIEISETCA MOJIEISAM, apryMEHTHI KOTO-

PBIX TIOJIBEP>KEHBI CITyYallHBIM BO3MYIIEHUSM C U3BECTHBIMU KOPPEISLUOHHBIMU MaTPULIAMHU.

AHOTAIISA

BuB4aeThbcst CTpyKTYpHUI METOT TOOYIOBU MOJIeNIeH CKIIATHUX CUCTEM, SIKUM 0a3yeThCs, 5K 1
MI'VA, Ha iHxykTHBHOMY Tiaxoai. OCHOBHA yBara NpHIUISETHCS MOACTSM, apTYMEHTH SIKHX 3a-

3HAIOTh BIUIMBY BUIAJAKOBUX 30ypeHb 3 BiIOMUMH KOPEISLIMHUMHU MaTPULIIMHU.

ABSTRACT

The structural method of construction of models of complicated systems based, as well as
GMDH, on the inductive approach is studied. The main attention is given to models, which argu-

ments are subject to random disturbances with known correlation matrixes.
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A 4

Br16op mepemenHO# z*; 13 MHOXECTBA UCXOJIHBIX MEPEMEHHBIX Z; C HAU-
00JILIIUM BbIOOPOUYHBLIM K03(pPpuunenTom koppessiuu (BKK) c y;.

v

[IpoBepka 3Haunmoctu BKK.

na

Bacceitn B; HeT Ny
- <« bacceiin B; mmycr.

COCTOMT U3 Z*;.

A\ 4

Bei6op nepemenHnoit u3 Z; \ Bi ¢ Han6oabmum

BbIOOPOYHBIM YaCTHBIM K03 puuueHToM IIpoBepka 3HAUMMO-
KOPPEJISIUN C V; (OTHOCHTENBHO B;). cru BUKK.
Bxrouenue 1e- na l
pEMEHHOU B |¢——
Oacceiid B;.
HET

[IpoBepka 3HAUMMOCTH

\ 4

Bri6op nepemenHoii u3 B; ¢ Ham-
MeHbIINM BbIOOPOYHBIM YaCT-

A\ 4

HBIM KO3(p(pHuMEeHTOM KoppeJIs- BIKK.
UM ¢ y; (otHOcHuTeNnbHO B;).
* Her Ila
IlepemeHHas UCKITIO-  |q—

qaercd U3 daccerHa.

bacceilin He U3MEHSICTCS. |g

Puc.1. Anroputm noctpoenus 6acceitna



Puc.2. AcumnroTrnueckoe noseaeHue Ko3dpduuneHTon

b" (cTpykrypHO# Monenu) u b’ (Monenu, noaydeHHoit MHK) npu b =1.

1,04
4
CtpykTypHas MOAENb
1,029 \
1,00 < < < < <
© e
E )
I
o
s
=)
S 964
153
g
g MHK
o %4
4
I
()
=0
o 92
L] L] L] L] L]
25 50 100 200 300/ 500 1000

Yncno HabnogeHnn N



v
Haxoxxnenue 6acceitna ke=k+1
k-ro mopsiaka i y; . T
|

v

Onpenenenne K03(pPUINEHTOB CTPYKTYPHOM MOJIENHN ISt
¥; , IOCTPOEHHOM U3 IIEPEMEHHBIX Oaccelina k- ro nopsaxa.

\ 4

Berunciienne cp. KB. OMTUOKH MOJICITH
CKO(k)u G =100% [CKO(k-1)-CKO(k)].
3amanue mopora h.

v
Hckomas Mmojienb: Ia HET
M; (k-1)

Puc.3 UHayKTUBHBIN aIrOPUTM HaXO0KJI€HUS ONITUMAJIbHON CTPYKTYPHOU MOJEIH.



Puc.4. Ilporaos nndmsuuu (UI11) Ha geTpipe Mecsa.

280
275
270
265
unu
260
255
250

245

MI'YA

— PeanbHbin ML,

- ---. CTPYKTYpHbI MeTOA

T T
AHB deB MapT anp

2000 2000 2000 2000
Mecsau/ron
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3HaveHue
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300
200+
100+
o) nnu
s
I
()
(36 HeCTaH,qamesoBaHHoe
(5':) 0 . — NPOrHO3MpPyEMOE 3Hau.
%, %0,%,%0,%, %, "%, %, %, Y60,%, 10, %,
0. 70 7 7 7 7 7 7 70 7o 70. 70 <
D Qo 9o, 795 790 790 90 "9 790 90 90, 90,0
%, %, 05 05 5 s %050 %05 0y % % N
Mecsau/ron
Puc.5. I'paduk 3HaueHU# peasbHOTO U TPOTHO3UPYEMOTO
WHJIEKCA MMOTPEOUTENCKUX 1IEH (CTPYKTYpHAs MOJIEIb ).
300
2004
100
Z
HecTaHngapTunsoBaHHoe
0 NpOrHo3Mpyemoe 3Hau.
| J | J | J | J | J | J | J | J | J | J | J | J
@ﬁ4/%%#A/Op%ﬁ/op%k/Vop%/l/ou%k/l/%%k
7o 70. 70. 70. 70 0. 7o. 7o 7o Zo. 7o. 7o. <>
B, %0, %" %05 %0 "% %0 %" %0 % %% % %,
Mecsau/ron

Puc.6. I'paduk 3HaueHU peasbHOTO U MTPOTHO3UPYEMOTO

WHJICKCa MOTPeOuTENbCKIX 11eH (Moaens MI'YA).



