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ATIITPOKCUMAIIHS CJIOKHBIX 3ABUCUMOCTEM CTPYKTYPHO-TUBKUMHA
HNOJINHOMUAJIBHBIMU U TAPMOHUYECKUMU PAJAMHU

B crathe paccMaTpuBaroTCs BOIPOCHI AllIPOKCUMAIIMHU CIIOKHBIX 3aBUCUMOCTEH JTMHEHHBIMU O
napameTpaM (yHKusME. [IpennoxkeHa Moaenb, MO3BOJSIONIA COYETaTh CTENEHHOW M TapMOHUYE-
CKMI psiibl B €AMHON 3aBUCHUMOCTH, a TAKXKe LEIECHANPABIEHHO CUHTE3UPOBAaTh UX CTPYKTYpy. B pam-
Kax MpeUI0KEHHOM MOJIeNT yKa3aH Coco0 CMEIEHHs CTPYKTYPHBIX MapaMeTpoB psAa, YTO JAeT BO3-
MO>KHOCTb CYIIECTBEHHO MOBBICUTH (DYHKIIMOHAIBHYIO THOKOCTH PSJIOB M PAaCIIMPUTh TPaHMIIBI KiIacca
BOCCTaHaBJIMBAEMBIX 3aBUCUMOCTEH.

Moaxoab! K NOBBINIEHUI0 PYHKIMOHAIBHOI T’MOKOCTH JIMHEHHBIX 10 MapaMeTpaM 3aBUCUMOCTel

B coBpemeHHBIX 3aauax MOJEIMPOBAHUS, TAKUX, KaK alMPOKCUMALINS U UHTEPIIOJISALMNS, a TaK-
e, B TIEpBYIO OYepe/lb, B 3a/1a4axX SKCTPAIOIALNN WM MPOTHO3UPOBAHMsI, KOT/1a Ha 0a3e MMEIOLUXCs
BBIOOPOYHBIX JAHHBIX HEOOXOJMMO BBISIBUTH 3aBUCHMOCTH YaCTO BEChbMa CIIOKHOTO XapakTepa, IMIMPO-
KO TIPUMEHSIOTCSI METO/IbI, UCTIOIB3YIOIIUE JIMHEHHBIC 110 mapameTrpaM ¢yHkimu [ 1]. [uOkocTh muHeH-
HO-PErpECCUOHHBIX MOJENEH, IPU 3TOM, MOBBIIIAIOT 33 CYET IOJACTAHOBKH B KauyeCTBE PErPECCOPOB
HEKOTOPBIX HEJIMHEWHBIX CBEPTOK MCXOAHOIO MPOCTPAHCTBA NMPU3HAKOB U, B YACTHOCTH, 32 CUET HC-
MOJIb30BAHUS a/IUTUBHBIX ()YHKIIMOHAIBHBIX PSJIOB, CTETICHHBIX WA TPUTOHOMETPHYECKUX.

CoBpeMeHHbIE METOJbl CTPYKTYpPHOTO CHUHTE3a JUHEHHBIX 3aBUCUMOCTEH, TaKHe, KaKk METOJ
rpynmnoBoro y4yera aprymeHToB (MI'YA) [2] unu MeTo CTpYKTypHOM MUHUMU3ALMU pucka [3], cio-
COOHBI OTOOpPATh U3 MHOXKECTBA OJHOWICHOB Psiia HEKOTOPOE MOJMHOXKECTBO PErpeccopoB, HAWITYU-
Iee Mo MCIOIb3yeMOMY KPUTEPHUIO IOCTOBEPHOCTH 3aBHCHMOCTH, OIICHMBaEMOMY Ha 0a3e JOMOJTHU-
TEJIBHON BBIOOPKU WJIM TIO METOJY CKOJIB3SIIEro KOHTpois [3]. O4eBUAHO, YTO PE3yNbTaT almpOKCH-
Maru OyJIeT CyIIeCTBEHHO 3aBUCETh OT COCTaBa UCXOJAHOTO MHOXECTBA OJJHOWICHOB, OT MOTCHIIUAb-
HOM THOKOCTH UCMONB3YeMOT0 (yHKIIMOHAIBHOTO Oa3uca.

W3BecTHBI MOAXO0/ABI, B KOTOPBIX JJI PACIIMPEHUs Kiacca BOCCTAHABIMBAEMBIX 3aBUCHUMOCTEN
MpeagaraeTcs coueraTb pa3HOPOAHbIE (CTENEHHbIE U TPUTOHOMETPUYECKHE) OJTHOUIEHBI B €MHON 3a-
BHUCUMOCTH, @ TaK)K€ UCIOJIb30BaTh APOOHBIC U OTPUIIATENLHBIC TOKA3ATENN CTENICHH MEPBUYHBIX (ak-
TOPOB B TIOJIMHOMHAJIBHBIX OAHOWIEHaX [4, 5]. Mcmonb3oBaHne mogo0HBIX BO3MOKHOCTEH COBMECTHO
¢ anroputMamMu MI'Y A tpeOyer popmanuzanuu CHHTE3a COCTaBa YICHOB aJUIMTUBHOTO PsAJa U €MHO-
00pa3HOro Mo/xo/1a K reHepaluy CTPYKTYPhl KaK CTEIIEHHOr0, TaK U TPUTOHOMETPHYECKOTO psija.

[Ipu pazpaboTke aJIrOPUTMOB CHHTE3a COCTaBa WIEHOB MHOIOMEPHOTO psiJia, HEOOXOAUMO TaKXKe

YUUTBIBATh MPOOJIEMY pa3MEpPHOCTH psfa, 3aKIIOYAIONIYIOCS B TOM, YTO C YBEJIMYEHHEM MEpPHOCTHU
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MPOCTPAHCTBA HE3aBUCUMBIX (PAKTOPOB KOJIUYECTBO OJHOUYICHOB TOJTHOIO MHOTOMEPHOTO psiia BO3-

pacTaeT mo moka3aTelbHOW 3aBHCUMOCTH. [Ipu 3TOM ¢ OJHON CTOPOHBI, TPONOPIHOHAIBHO KBaJpaTy

YHCclla YJICHOB psijia BO3pacTaeT 00beM BBIUMCIEHUHN, CBSI3aHHBIX C OLEHKOW KOA(HUIMEHTOB perpec-

cun [6]. C mpyroii e CTOPOHBI, C POCTOM YHCIIa PErpeCCOPOB MOBHIMAIOTCS M TPEOOBaHUS K 00BEMY
BBIOOPKH MCXOMHBIX JaHHBIX [3].

OueBHUIHBIM IYTEM IPEOJOJCHUS ITHUX MpoOJIeM SBISETCS CHIDKEHHE pa3MEpHOCTH 3aJlaud 3a

CYeT MCKIIIOUYEHHS OTJICNBHBIX WICHOB psifa U3 paccMoTpeHus. OHAKO IpU 3TOM HEOOXOAMMO COXpa-

HUTH aMMPOKCUMHUPYIOUIYIO CITIOCOOHOCTh (PYHKIIMOHAIBHOTO Psijia, a TaKKe MPEAyCMOTPETh BO3ZMOXK-

HOCTB YIpaBJIeHHS OOIIeH CTPYKTYpOH psiaa Aiisl yuera HanOojee 3HaYMMBIX (PaKTOPOB U MOCTPOCHUS

B UTOTe HanOoIee KOMITAKTHON 3aBHCUMOCTH.

KoMnuiexkcHast Moies1b IpeAcTaBJIeHUS CTPYKTYPbl MHOTOMEPHOI0 a/IMTHUBHOIO PsiAa

PaccmoTrpumM HampaBieHHs BO3MOKHOM yHH(UKaMu B crioco0ax 3afaHus CTPYKTYpPHI CTENEH-
HBIX U TAPMOHUYECKUX PSAIOB.

Kaxxapiit U3 4IeHOB MHOTOMEPHOTO CTEIIEHHOTO psijia MPEACTaBIseT COOOW MPOU3BEICHHE WC-
XOJHBIX (PAKTOPOB, BO3BOJIUMBIX B HEKOTOPBIE CTEIIEHU C LI€JIbIM HEOTPULIATEIbHBIM MTOKa3aTeNIeM:

XX, =X X X

m
[Tpudem, cocraB mokazarenei CTeneHu (7, ..., ;) HE3aBUCUMBIX (hakTopoB (X7, ..., X)) bakTuue-
CKHU OTpEeeIIseT BU paccCMaTpruBaeMoro wieHa f;. CuTyanus, Korja HEeKOTOPbIi He3aBUCUMBIN (haKTop
X; He TIpeJICTaBJIEH B YJIEHE f; COOTBETCTBYET TOMY, YTO [TOKA3aTellb €r0 CTENEHH 00PaTUIICS B HOJIb: 7y
= (). CTpyKTypa CTEIEeHHOTO psija (COCTaB M BUJ WICHOB), TAKUM 00pa30M, OJHOCTHIO 3a/1aeTCsl Ha0O-
POM BEKTOPOB C DJIEMEHTAMH - MMOKa3aTeNsSIMUA CTENCHH HEe3aBUCHMBIX (akTopoB. KomudecTBo Takmx
BEKTOPOB COOTBETCTBYET YHCITY WICHOB Psiia.

PaccmoTpum Teneps MHOTOMEpPHBIN TAPMOHUYECKUN PSJI:

[
F(X,,...X,)=Ya, U, (X,,.... X, )+ b, Vi (X0 X)),
k=1

e Ug(Xp,....X,)=sinQ o, r, X)) n V(X .,X,)=cosQ w,r, X, -
= F=

COOTBETCTBEHHO CHHYCHAsl U KOCUHYCHAsl YaCTU k—1 TapMOHUKH,
@, - 6a30Bas 4ACTOTA 110 HE3aBUCUMOMY (PaKTOpy JXj,
7'jj — YaCTOTHBIN K03 uiueHt dakropa X; B k—ii rapMOHHKe.
Kak BumuM, cHHyCHasi 1 KOCUHYCHAsl 4aCcTH OJHOW TapMOHUKHU HICHTHUYHBI 10 COCTAaBY HE3aBH-
CUMBIX ()aKTOPOB M YacTOTHHIX K03(dunmenToB. CocTaB MOCIEAHUX U OMPEACISET OKOHYATEIbHBIN

BHJ T'apMOHHUKHU B LCJIOM, ITIOCKOJIBKY 0a30BBIE YaCTOTHI HE3aBUCUMBIX (1)aKTOpOB HCU3MCHHBI JJIA BCCX



3
wieHoB psiga Dypre. ClieoBaTeNbHO, CTPYKTypa TapPMOHUYECKOTO psija, MEepeYeHb MMapameTpoB, OT
KOTOPBIX 3aBUCHT BHJI U COCTaB TAPMOHUK IMPH BAPHUPOBAHUH CIIOKHOCTH PsiJia, KaK U B CTETIEHHBIX
3aBHUCUMOCTSX, 33/1a€TCs HA0OpPOM COYETaHWU HEKOTOPHIX KOA(h(UIIMEHTOB, B TAaHHOM CiIy4ae — 4ac-
TOTHBIX.

Taxum 00pazom, HECMOTPs Ha pa3ianuus B (YHKIIMOHAIBHOM MPUPO/IE, CTPYKTYpa KaK CTEIIEHHO-

ro, TaK ¥ TApMOHHMYECKOTO psi/ia MOXKET OBbITh 33/1aHa C MMOMOUIBIO CIIEAYIONIeH MaTPUIbl CTPYKTYPHBIX

KOX(UIHEHTOB:
Xi Xo X
ri rn 'm
1 o)) '2m
R=
rn rp U'lm

CTpykTypHBIii K03 PUIMEHT 7y; OyeM Ha3bIBaTh KpamHocmolo (pakTopa X; B k—M djeHe psja.
CyMMapHyI0 ke KpaTHOCTh IEPBUYHBIX (DAKTOPOB B paMKaxX HEKOTOPOTO WICHA psija Oy/eM Ha3bIBaTh

KpaTHOCTBIO JAaHHOTO YJICHA (BTOpI/I‘{HOFO Q)aKTopa):

m
sp = 7,;  — KpaTHOCTb kT unena psina, Vk=1..L
=

M36upaTesibHOE BKIKYEHNE HE3aBUCUMBIX (PAKTOPOB B CTPYKTYPY psiga

[Ipu dopMupoBaHNU cocTaBa WICHOB psila HEOOXOAMMO UMETh B BUIY, YTO CIIOCOOHOCTH K aIl-
MPOKCHMAITIH MTPOU3BOJILHBIX JAHHBIX B TEOPUHU (PYHKIIMOHAIBHBIX PSIOB J0Ka3aHa U CTEIIEHHOTO U
TapMOHHMYECKOTO PSIOB O€3 MpoIrycka WwieHOB. MHBIMU croBamu, UTOrOBas (GYHKIMS OOJagaeT am-
MPOKCHMHUPYIOIIEH CIOCOOHOCTHIO (DYHKIIMOHAIBHOTO Psijia JIWIIb B TOM CIIydae, €Cli B XOJe Hapallu-
BaHUS CIIOKHOCTH, TTOCIIEIOBATEIBHO PEANN3YIOTCS BCE COYETAaHHs HE3aBUCHMBIX (DaKTOPOB CO BCEMU
BO3MOXKHBIMH Ha JJaHHOM YpPOBHE CIIOKHOCTH psifia, 3HAUCHUSIMHU KPAaTHOCTEH (CTPYKTYpHBIX K0dddu-
mmentos). Tak, HATIPUMEP, TIPH HAPAIMBAHMH CIOKHOCTH OJHOMEPHOTO TTOJTHHOMA WIeH X° BKITIOYa-
10T mocte X°. MHaue CymecTByeT PUCK TOTO, YTO MOMydeHHas (QYHKIMS HE CMOXKET aIpOKCHMHUPO-
BaTh WMEIOIIMECS JaHHbBIE, MO0 OymeT 6osee rPOMO3IKOM, UYTO C/ENaeT e MOBEAeHUE 3a TpeenamMmu
o0yyaromux HabOpOB MEHee Tpe/IcKa3yeMbIM. B MHOrOMepHO# CHTyaIuu, KOr/ia YuCciI0 He3aBUCUMBIX
(baKTOpOB BO3pACTAET, MO MOKA3aTENbHONW 3aBHCUMOCTH PACTET M YHCIIO UX BO3MOKHBIX KOMOHMHAITHIA
(moTeHIMATBHBIX WIEHOB psina). Ho u B 3TOM citydae B psiJ HE JKeJlaTeNbHO BKJIIOYATh OJHOWICH, CO-

ﬂepmamnﬁ X3, C€CJIM B CTPYKTYPC piAda HET HU OAHOI'O OAHOYIICHA, BKIIFOYAOIICTO Xz.
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Coopmynupyem 3TH cOOOpaXeHUS B BUJIE NPUHYUNA CIPYKIMYPHOU HENnpepbleHOCIU YHKYUO-
HANbHO20 ps0a, BHIIOTHEHUE KOTOPOTO TO3BOJIUT COXPAHUTH allPOKCUMUPYIOIIYIO CIIOCOOHOCTH psijia
[IPU HAaUMEHbIIEH CII0KHOCTH:

Yien psina, B KoTopom (pakTop X; 00/1a1aeT HEKOTOPOH KPATHOCTHIO ¥, MOKET ObITH BKJIIO-
YeH B CTPYKTYPY pf/a TOJBKO B TOM cjy4ae, ecJiM B COCTaBe Psi/ia y:ke HMeeTcs 4ieH, B KOTOpOM
JAHHBIA (PAKTOP NPEACTABJIEH C KPATHOCTBIO 7-1.

JIaHHBII NPUHLMI IPUMEHMM U K CTENIEHHOMY, U K TapMOHHYECKOMY psay. B MHoromepHom
cilydae sl aBTOMATH3UPOBAHHOTO (POPMUPOBAHHS CTPYKTYPHI Psiia TIPUHSATO MPHUMEHSTH alTOPUTM
00pa3oBaHMs WICHOB pAla, NPEAyCMaTPUBAIOIIMN IOJHBIA Mepebop BceX COYETaHMH HE3aBHCHMBIX
(baxTOpOB Ha KaXJIOM U3 YPOBHEH KpaTHOCTH (HOPMHUPYEMBIX WICHOB psAha. DTO O3HAYaeT 4TO, HAIpU-
Mep, IPY TeHepalyy cocTaBa WICHOB MHOTOMEPHOTO MOJIMHOMA, KaXKAbIM U3 HE3aBUCHMBIX (PAaKTOPOB
JIOCTUTaeT MAaKCHUMaJbHOU CTENEHH, COOTBETCTBYIOLIEH CTENEHU MOJIMHOMA. Peammsanus mogoOGHOro
aIropuT™Ma B 0OIIEM cilydae, KOI/la MMEETCSl 7 HE3aBHUCHMBIX (aKTOpOB M 3aJlaHa MaKCHMallbHas
KpaTHOCTH psifa k, mpuBeneT K 00pa3oBaHMIO HAOOpa WICHOB psijia, KOJIUYECTBO KOTOPBIX /, ompenesns-

CTCA U3 COOTHOIICHUA

¥ OL[CHHBACTCS CBEPXY BEIMUHHOIN /1.

[Monxon x pereHnto mpodieMsl pa3MEpHOCTH AA€T NOTEHIHATbHAS H30BITOYHOCTh CTaHIAPTHOTO
IrOpUTMa MOJHOTO nepedopa, KoTopasi COCTOMT B TOM, YTO BCE HE3aBUCHUMbIE (DAaKTOPBI JOCTHUTaIOT
OJIMHAKOBOW MaKCHMAaJIbHOW KpaTHOCTH /.

C oaHOM CTOPOHBI, IPUHLIUIT HEMTPEPHIBHOCTH (POPMUPOBAHUS CTPYKTYPHI psiJia BOBCE HE CTAaBUT
takoro yciosus. C Ipyroit CTOpOHbI, 1ajeKko He AJIsl BCEX He3aBUCUMBIX (DaKTOPOB HEOOXOUMBIM SIB-
JSIeTCS TOCTIKEHUE MTUKOBOTO YPOBHSI KPAaTHOCTH. {7151 OONMBIIMHCTBA U3 HUX, YACTO M3BECTEH MOTEH-
UAIBHBIN XapakTep (YHKIMOHAIBHON B3aUMOCBS3H C 3aBUCHUMBIM (PaKTOPOM, M MAaKCHMAIbHO HEOO-
XOJIUMBIN YPOBEHb KPAaTHOCTH OOBIYHO JISKHUT B obmacTu 1-2. Bmecte ¢ TeM, nMeeTcss HEKOTOPOE YHC-
JIO TIEPBUYHBIX (DaKTOPOB, JJISI KOTOPBIX XapaKTep 3aBUCUMOCTH JICHCTBUTEIHHO 3apaHee HEH3BECTCH
1100 MOTEHIMATIBHO BEChMa CJI0XKEH, U B CTPYKTYpE psijia 10 JaHHBIM (pakTopaM HE0OXOAMMO HaTuune
YWIEHOB C BBICOKMMHU 3HAYEHUSMHU KPAaTHOCTEH.

Ha 6a3e mpuHIHa HEMPEPHIBHOCTH MOXKET OBITH MPENI0KEH SKOHOMUYHBIN alTOPUTM T'eHepa-
MU CTPYKTYpPBI psjia, KOTOPBIM MO3BOJSET M30MPATENBHO JTOCTUTaTh PA3IMYHOIO MaKCHUMAaJbHOTO
YPOBHSI KPaTHOCTH IO KaXKAOMY U3 MEpPBUUHBIX (akTopoB. [Tapamerpom anropurma siBisieTcsi BEKTOP

(uy, Uy, ..., Uy,) yposnuei 6xodncoenus Gakmopos B CTPYKTYPY pAla, OTPAHUYMBAIONINX MAKCUMAIBHYO
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KpaTHOCTh B CTPYKTypE psja M0 KaKIOMY W3 MEepBHUYHBIX (hakTopoB. IIpemmaraemerii anroput™ ¢op-
MHUPYET MaTPHILy CTPYKTYPHBIX KOAPPHUITUESHTOB R, I KOTOPOM:
/
u; = nklfllx<rk/) , 7i=1,m.

IIpennaraemselii anTOpUTM peNTU3yET MPOIECC MOPOKICHHUS HOBBIX WICHOB U3 YJIEHOB YK€ MPHU-
CYTCTBYIOIIIUX B CTPYKTYypE Psijia, MOBHIIICHHEM Ha CIMHUITY KPAaTHOCTH OJTHOTO U3 IMEPBUYHBIX (DAKTO-
poB (puc. 1).

B xone aToro mporecca JErkKo peaaus3yeTcsd OTCICKUBAHUE MAKCUMAIbHOTO YPOBHSI KPAaTHOCTH
JUTSL KaXKJI0TO U3 HE3aBUCHUMBIX (DAKTOPOB.

[IycTh Ha OCHOBE HEKOTOPOTO CYMISCTBYIOIIETO WICHa k, 3aJJaHHOTO BEKTOPOM KpaTHOCTEH
(51,712, -++>Vkm), TIPOU3BOJUTCS TIOTBITKA TIOPOXKIEHUST HOBOTO WIIEHA MyTeM HHKpPEMEHTa KPaTHOCTH
HekoToporo ¢akTopa X;. IIpu 3ToM, chopMUpOBaHHBII YIE€H BKIIOYAETCA B CTPYKTYPY PAa, €CIIH Bbl-
TIOJIHSIETCS YCIIOBHE:

Vi j +1< u;.
Ecnu ke ycroBre He BBIOTHAETCS, OTKa3bIBAEMCS OT CO3/IaHUs M BKIIIOUEHHUS JIAHHOTO YJIeHA.

O4eBUAHO, OJHAKO, YTO MOJ00HAS TPOLIeypa MOPOKICHHS WICHOB psifa OyAeT MPUBOIUTH K UX
JyOITMPOBAHUIO, TIOCKOJIBKY OJMH M TOT K€ WIEH PsiJia MOKET OBITh MOPOKICH PA3TMYHBIMU ITyTSIMH.

Ha puc. 1 takue ny6mnupyroiuecst BTOpU4YHbIE (aKTOPhI CBA3AHbBI MYHKTUPHBIMU JTHHUSIMHU.

r1+2 ] - | m
L r1+1 r, ___rm+1~fi
L /r1+1 ] - | m |
M o | - [ Im \___ """"""""" §
rnlr, ___rm+1 L
| o et
r, r, ___rm+2

Puc. 1. [lopoxkaenue 4jieHOB psila HapalluBaHUEM KpaTHOCTeil pakTopoB

HaunbGonee mpocTeiM crioco6oM 00pbObI ¢ AyOIMpOBAaHUEM SBISETCS KOHTPOJIb U CpaBHEHHE HO-
BOOOPA30BaHHOTO WICHA C KaXKIbIM U3 Y€ BKIIOYCHHBIX WICHOB TOTO K€ YPOBHS KPaTHOCTH. DTOT
croco0 siBisieTcst U Hanbolee TpynoeMKUM. [Ipenaraercss CIONb30BaTh MHOM CIOCO0 - UCKITIOYCHUE
DyOIUPYIOIUXCS. BAPHAHTOB CHENHMATbHBIM TOPSIKOM T'€HEpallii HOBBIX YJICHOB. JTO O3HAYAET, YTO

JUISL TOPOXK/IAFOIINX YIEHOB TEKYILETO YPOBHS MHKPEMEHTUPYETCS KPATHOCTh HE MO KaXAOMY U3 Iep-
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BHUYHBIX Q)aKTOpOB, d TOJIBKO JIsI HCKOTOPOro UX IMOAMHOXKCECTBA. Cocrasn IMOAMHOKECTBA MHKPEMCH-
THUPYCMBIX (1)aKTOpOB 3aBUCUT OT HOMCEpa TCKYH_IGI\/'I BCTBHU IMpoHeCCCa MOPOKIACHUA Q)aKTOpOB. I[J'IH nep-

BBIX BETBEH 3TO IMMOJAMHOXKECTBO mupe, AJid NOCICAYIOIHNX - OHO CY>KacTCH.

Yu4er cMelleHHs CTPYKTYPHBIX NapaMeTPoB GyHKIIMOHAJIBLHOIO psiAa
Kak 6b110 cka3aHO BbIlIE, HE CETOMHSALUIHUM JEHb U3BECTHBI MOIX0/Ibl, PACIIUPSIONINE KiIace 3a-

BHUCUMOCTEH 3a CUeT UCTOIb30BAHMS APOOHBIX U OTPUIATEIBHBIX MOKA3aTeNei CTEIIeHN He3aBUCUMBIX
(bakTOpOB B OJHOWIEHAX CTEMEHHOTO psna. [lokakem, Kak JaHHBIN pUEM MOXKET ObITh peain30BaH B
pamMKax IMpeajgaraeMoi MOJENH MPeACTaBIeHUsl CTPYKTYpPHI psaaa. s 3Toro, mOMUMO MaTpUIIbl CTPYK-
TYpHBIX KO3()PHUIMEHTOB, BBEJEM €II€ HECKOIBKO MapaMeTpOB, JOMOJHUTEIBHO XapaKTEPH3YIOUINX
CTPYKTYpY psinaa:

1) R0=(r01,r02, ...,rom) — BEKTOp HayaJIbHBIX KPATHOCTEH JIJI1 He3aBUCUMBIX (akTopoB X1, X5, ..., X, B

CTPYKTYpE psija;
2) DR=(drydr,...,dr,) — BEKTOp IWIaroB MNPUPAIIECHHUS KPATHOCTH HE3aBUCHMBIX (DAKTOPOB
XXy, ..., X, B CTPYKTypE psiaa;
B o6mem ciyuae, aneMeHTaMu 000MX BEKTOPOB SBIISIOTCS JIFOOBIE BEelIeCTBeHHbBIE unciia. Ha 6a3ze atux
napaMeTpoB M MATPUIIBI CTPYKTYPHBIX KOA(D(PUIIUEHTOB R, BBIYUCICHUE PE3yIbTHPYIOMIEH KPaTHOCTH
(akTopa X; 7151 HEKOTOPOTO k - UjieHa psi/ia MOXKET OBITh BBIIOIHEHO CIEAYIOLINM 00pa3oM:
ry =1ty dr,  Vi=1..m, k=1..1
[Tpu 3TOM, 37I€MEHTaMH MaTPUIBl CTPYKTYPHBIX KOA(PQPUIHEHTOB R MO-TIPEKHEMY SIBIISIOTCS LiEble
HEOTPHIIATEIbHBIC YUCIIA, & TPEIOKEHHBIH SKOHOMUYHBIN aJITOPUTM aBTOMAaTU4YeCcKoro (popmMupoBa-
HUS 3TOM MaTpUIIbI COXPAHSET CBOIO aKTYaJIbHOCTb.
B kauecTBe mpumMepa MCTOIB30BaHUS ATOW HOBOM BO3MOKHOCTH MPHUBENEM (PparMeHT OJHOMEp-

HOTO CTETIEHHOTO psiJia C Ha4albHON KPAaTHOCTBIO HE3aBHUCUMOTO (hakTopa, paBHOH —0.5 ¥ 1m1arom mnpu-

paienus 0.5:

F(X):al-L+a2+a3 -\/Y+a4-X+a5-X\/Y+a6-X2+

VX

CwMmeleHne HaYaJIbHOM KPaTHOCTH M 11ara NpUpanieHus psiia, Kak BUJHO U3 3TOr0 IpUMepa, AacT
BO3MO>KHOCTb HCIIOJIb30BaHUS IPOOHBIX M OTPHUIIATENBHBIX CTPYKTYPHBIX KOA((UIIMEHTOB B OJTHOUIIC-
Hax psi/ia, YTO TOBBIIIAET YPOBEHb (PYHKIIMOHAIBHON THOKOCTH BOCCTAHABIMBAEMBIX 3aBUCUMOCTEH U
JIaeT B PYKH 3KCIIEPTY MOLIHBIM MHCTPYMEHT YIPABICHUS XapaKTEPOM BBIABISEMBIX 3aKOHOMEPHO-

CTEN.



AHaJM3 PYHKIHOHAJLHONH T’MOKOCTH aITUTUBHBIX PS0B
€0 CMEIEHHBIMHU CTPYKTYPHBIMHU KO3 PHIIHEeHTAMU

B mpakTuke MoaenMpoBaHMs YacTO OKa3bIBAIOTCS HEOOXOIMMBI CPEJCTBA OMHCAHUS PA3INYHBIX
CTAaOMIM3UPYIOMIUXCS 3aBUCUMOCTEH, OTMOAIOIINUX Pa3HOOOPA3HBIX MEPEXOTHBIX MPOIECCOB, KOTOPHI-
MU H300MIIYIOT MHOTHE 00JacTH OT DJIEKTPOTEXHUKH IO MAKPOIKOHOMUKH. OOBIYHBIC MOTMHOMHAD-
Hble (YHKIIUM HE MOTYT OIMCAaTh MOHOTOHHO BO3pAacTAOLIYI0 3aBUCHUMOCTh C MTOCTENEHHBIM 3aMe]|Ie-
HUEM TEMIIOB €€ pocTa 0e3 TOro, YTOOBI PaHO WU TO3/THO MPOU3BOIHASI HE TOMEHsIa OBl CBOETO 3HAKA
Y 3aBHCHUMOCTD He Tepennia Obl OT o beMa K criagy. MIHBIMU ClIOBaMH, y4acTOK mapadoIibl, HEIoCpe-
CTBEHHO MPHUMBIKAIONINI K TOYKE IKCTPEMyMa, BIIOJIHE MOAOMIET OBl JIsl OMMCAHMs 00IacTH CTaOWIIH-
3aIMy HEKOTOPOTO MPOIIecca, HO 33 IKCTPEMYMOM HEMHHYEMO TOCIeyeT neperud GyHKINH, KOTOPBINA
B JIJAHHOM CJTy4dae He OTpakaeT 0ObEKTUBHOM MPUPO/IbI BOCCTAHABITUBAEMOW 3aBHCUMOCTH.

Nmeetcs mOTpeOHOCTh TaKXKe B BBISIBICHUU MEPHOAMUECKUX (PYHKIIHIA 11O BEIOOPKAaM, B KOTOPBIX
MIpe/ICTaBIIeH OrpaHUYeHHBIN (parMeHT MOJTHOTOo Mepruoa 3aBucuMoctd. CtannapTHeii pian Oypbe He
JTaeT TaKOi BO3MOYKHOCTH, MIOCKOJIBKY OMHPAETCS HA TO, YTO BECh MEPHO] MEPBOM, HAUOOIEe HU3KO-
YaCTOTHOM TapMOHUKH TI0JIAraeTCsl PaBHBIM HMIMPUHE M3MEHEHHUs HE3aBUCUMOTO (akTopa B Mpeaenax
obOydJaronieit BEIOOpKU. Mex iy Tem, ObIBaeT HEOOXOMMO BOCCTAHOBUTH KOJIeOATeNIbHYIO (DYHKITHIO 11O
Ha0JTI0JTaeMO¥ TTOJIOBUHE, UITH JTA)KEe YETBEPTH MEPHO/IA.

DT BO3MOXKHOCTH JIETKO PEAM3YIOTCS B MpemiaraeMoid MOJETH MpU IMOMOIIM MeXaHU3Ma
YIpaBIICHUS CTPYKTYPHBIMHU TlapameTrpamu psiga (cm. puc. 2). Tak, Hanpumep, UCIOJIb30BaHUE JPO0-
HBIX CTENeHeW HEe3aBHCHMBIX IapaMeTpPOB MO3BOJISET BOCCTAHABIMBATH MOHOTOHHBIE 3aBHUCHMOCTHU C
3aMeJUICHUEM TEMIIOB POCTA WIIA YOBIBAaHUS, MOJICITHPYS TEM CaMbIM CTAOMIU3UPYIOIIHECS MPOIECCHI.
Jly1a rapMOHMYECKUX PSAJIOB MCIIOJIb30BaHUE KO3(PPUIIMEHTOB YMHOKEHHS 0a30BOM 4aCTOTHI, MEHBIINX
1, MO3BOJISIET BBIABIIATH KOJEOATEIbHBIN XapaKTep 3aBUCUMOCTH JIMIIb 10 HA0JI0JaeMOMY OTpaHUYEH-

HOMY (pparMeHTy TapMOHHKH.



v yA
. . '. ../i/'. 0 B :/../.‘/ﬂ:' .-\\
F(x)zalx/;+a0 F(x)=aysin(0.25-o-x)+aq
I R R \ RN N N NN R \
X X
a) 0)

Puc. 2. Cmemenne Ha4aIbHOW KPATHOCTH: 2) B CTENIEHHOM psije
(creneHb nepBoro ogHo4wiena (,5); 0) B rapMoHn4YecKoM psijie (YaCTOTHbIA KO3(ppuumeHT nep-

Boii rapmonuku 0,25)

@OyHKIMOHATBHAS THOKOCTD, JOCTHTaeMasi CMEIICHHEM HadalbHON KPaTHOCTH M IlIara mpuparie-
HUS psijia, TI03BOJISIET, KPOME TOTO, alllPOKCUMHUPOBATH M THIIEPOOTMYECKIE 3aBUCUMOCTH TIPU UCTIOIb-
30BaHUU OTPHIIATEIBHBIX HAYAIBHBIX KPATHOCTEH.

Puc. 3 wumocTpupyeT BO3MOKHOCTH MOTU(DHIMPOBAHHBIX PSIOB IO arPOKCHMAIIIH CII0XKHON
3aBUCHMOCTH, XapaKTepHOU ISl psiia MPaKTHYECKUX MPHIOKEeHUH. B maHHOM mpumepe OBbUT UCTIONb-
30BaH CMEIICHHBI CTETICHHOM psn (KOpHEBas 3aBHCHMOCTH) JUISl alllIpOKCUMAIIUHN OO0IIel TeHICHIIUH
crabunmsupyromnierocss moabeMa. [lepuonnyaaeiii pyHKIIMOHATBHBIA OCTAaTOK 3aTeM OBLI OOBSICHEH C

HCIIOJIb30BAaHUEM OJJHOM M3 CMEILEHHBIX rapMOHUK psifa Dypse.

N

F(x)zazx/;-i—al sin(3.25-@ - x) + ay

XY

Puc. 3. AnnpokcumManusi CMelleHHbIM CTeNeHHbIM U TAPMOHUYECKUM PSI/IOM U

HX COYE€TAHME B paMKax €IUHOM 3aBUCHUMOCTH
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JIOCTOMHCTBOM Tpe/yIaraeMoil MOJIeH SIBISETCS HE MPUHIUITHAIBHAS BO3MOXHOCTH alpoK-
CHUMAIIMH MOJOOHBIX BUIOB 3aBUCUMOCTEH, a TO, YTO JIaHHBIA PE3yabTAT MOXKET OBITh MOJYYEH aBTO-
MaTH4eckd, 0e3 HeOOXOMUMOCTH 3aJaHusl BPYYHYIO KOHKPETHOTO BUjaa ciaraembiX. [Ipu atom, anro-
PUTM CHHTE3a CTPYKTYPBI CMEIIEHHOTO CTENICHHOTO M TAPMOHUYECKOTO PsiJia aBTOMATHYECKU (POPMHU-
pPYeT MCXOJIHOE MHOKECTBO OJHOYICHOB — KaHIWAATOB Ha BKIIOUEHUE B CTPYKTYPY 3aBUCHMOCTH TIO
3aJ]aHHBIM CTPYKTYPHBIM IapaMeTpaM CTENEHHOTO H TPUTOHOMETPUYECKOrO PSIO0B, @ BHEITHHIA METO]]
otbopa perpeccopoB, Harpumep MI'Y A, omnpenensieT OKOHYaTEeIbHBIA BUJI CTPYKTYPBI BOCCTAHOBJICH-
HOM 3aBHCUMOCTH.

B kadecTBe MpaKTHUECKUX PEKOMEH/IAIUI IO BEIOOPY MAaKCUMAIIBHOTO YPOBHS KPAaTHOCTH TIEp-
BUYHBIX (DaKTOPOB JUISI aBTOMATHYECKOTO (DOPMUPOBAHUS CTPYKTYPHI Psiia MOKHO MPUBECTH CIIEAYIO-
e COOOpaKCHHMS:

1. Jlnst crenmeHHOTO psijia B peabHBIX 3a/1a4aX MOJICIHPOBAHUSA, KaK MPABUIIO, HET HEOOXOAUMO-
CTH B YCTaHOBKE YPOBHS KPaTHOCTH (MaKCHMAaJIbHOM CTereHH (aKTOpoB) BEIIIE TpeThel. bonee BBICO-
KM€ 3HAYEHUsSI CTEMEHH MCXOJHOTO IMOJIMHOMA Ha Pe3yibTaTe ammpOKCHMAIlUU, BEPOSTHEE BCEro, HE
CKaxyTcs, Tockobky MI'YA oTcekaeT JTUIIHUE PEerpeccophl, OJHAKO MPUBEAYT K YBEIHMUYEHHUIO Bpe-
MEHH MOJICTTUPOBAHUSI.

2. Beicokue 3HaueHus kodd¢unueHTa mapHou koppemsiuuu (mopsaka 0,65—0,9) HekoToporo
¢dakTopa C 3aBUCHMBIM ITapaMeTPOM CBUAETEIBCTBYET O TOM, UYTO JAHHBIN (aKTop, MO BCEH BHIUMO-
CTH, CBSI3aH C 3aBUCUMBIM TapaMeTpoM JIMHeWHo. [y Takux GakTopoB 1ernecooOpa3sHo OrpaHUIUTHCS
€IMHUYHBIM YPOBHEM MaKCHMAIBHOW KPAaTHOCTH B CTPYKTYpE CTENICHHOTO Psfa.

3. CnaboBbIpaXeHHasl IWHEIHAsT B3aUMOCBSI3b (DaKTOpa ¢ 3aBUCUMBIM IapaMmeTpoM (Kodphuiu-
eHT MmapHoi Koppensuu MeHee 0,4) MOXKET CBHICTEIHCTBOBATH O OOJiee CIOXKHBIX BUAAX (YHKIHO-
HaJBHON B3aMMOCBs3U. [ Takux (hakTOpOB IIeJIecO00pa3HO yCTAaHOBUTH MAaKCUMAJIbHYIO KPaTHOCTb
Ha ypoBHe 2-3.

4. Ilpu BbIOOpE MaKCUMAaTbHON KPaTHOCTH (PaKTOPOB B TPUTOHOMETPUYECKHUX pAax, e1eco00-
pa3HBIM MPEACTABIACTCS OTPaHHYUTh MaKCHMAIbHOE 3HAYCHNE YaCTOTHOTO KOA(PHIIMEHTa TapMOHUK
YPOBHEM, IIPH KOTOPOM, IEepHOJI HarboJiee BEICOKOYACTOTHOW FapMOHUKH OyJeT B 2-3 MpeBbIIaTh MH-

HUMAaJIbHOE PAaCCTOSTHUE MEXAY COCEIHUMH U3MEpPEHHUsIMH B 00ydJarolei BbIOOpKe 10 JaHHOMY (aKTo-

py-
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BbBIBO/JbI

[Ipennoxennas Moaenp Ha 0aze MaTPUIbl CTPYKTYPHBIX KO3 (UIIMEHTOB psijia MO3BOJIMIIA €IH-
HOOOpa3HO M (OPMAIM30BAHO OMHUCHIBATH CTPYKTYPY aAAUTUBHOTO (PYHKIIMOHAIBLHOTO psifa U IeJIeHa-
NpaBlIeHHO (OPMHUPOBATH COCTAB €0 WICHOB, BHE 3aBHCHUMOCTH OT KOHKPETHOW (PYHKIIMOHAIBLHOU
IPUPOJIBI psifia. ITO JAJI0 BO3MOXKHOCTh B paMKax MOJENIN pa3padoTaTh eIUHBIN alrOpUTM HapalluBa-
HUS CIOXKHOCTH MHOTOMEPHOTO aJAUTHUBHOTO psJa, IPUMEHUMBI, B YaCTHOCTHU, KaK ISl CTETIEHHBIX,
TaK U JUII TApPMOHHYECKUX PsoB. Pa3paboTaHHBIN alrOPUTM B CIydae MHOTOMEPHOTO psijia TIO3BOJISIET
muddepeHIMPOBaHHO 3a/1aBaTh YPOBEHb BXOXKISHHSI IJIs1 KaXK/I0TO M3 MCXO/IHBIX HE3aBUCUMBIX (haKTO-
POB, YTO JTa€T BO3MOXXHOCTh T'€HEpAIIMH KOMIIAKTHOTO psja ¢ o0ecrieueHueM HEOOXOIUMOTO YPOBHS
CIIO)KHOCTH (DYHKITMOHATHLHON B3aUMOCBSI3H JIJISl OT/ACTBHBIX TapaMeTPOB.

Kpome Toro, nmpeanosxeHHasi MO/IeIb 00J1a1aeT CPEACTBAMU, MMO3BOJISIFOIIMMHU PACIIUPHTH (YHK-
[IUOHAJIBHBIN KJIACC 3aBUCUMOCTEN 3a CUeT MCIOJIB30BAaHUS MIPOU3BOJIBHOIO (B TOM 4YHMCiIE APOOHOTO U
OTPULIATEIBHOTO) IIara MpUpaIleHns U Ha4YaJIbHOTO YPOBHS KPAaTHOCTU YICHOB — CTENEHU MOJIMHOMHU-
QIBHOTO YJIEHA WJIM YacTOTHOro Ko3(duimeHTa rapMOHUK. DTO, B YACTHOCTH, Jae€T BO3MOXKHOCTH
¢dopMalIbHO OINEepUpysl CTENEHHBIM PsIOM, BOCCTAaHABIMBATh KOPHEBBIE 3aBUCUMOCTH, JINOO B Ciydae
TapMOHUYECKOTO psJla UMETh BO3MOXHOCTh aBTOMATHUYECKOI'O0 CHHTE3a CTPYKTYpHI psifa, KOTJa BOC-
CTaHOBJICHHE BEACTCS TOJIBKO MO (PparMeHTy HU3KOYACTOTHON TaPMOHUKH.

Taxum 06pa3zom mpeIoKeHHas MOJIeIb MO3BOJSET CTaHIapTU30BaTh U aBTOMAaTU3UPOBATh MPO-
recc (hOpMUPOBaHUS CTPYKTYPHI aTUTUBHBIX (DYHKIIMOHAIBHBIX PsIIOB, THOKO HacTpauBasi IIPH 3TOM
HEOOXOJMMBII YPOBEHBb CIOXHOCTH pPslia IO OTACIBHBIM MapaMeTpaM, a TaKKe MPU HEOOXOAUMOCTHU
BBIXO/IUTH 3a Ipeelbl 6a3uca KIacCUYEeCKUX THIIOB CTETIEHHOTO U TAPMOHUYECKOT0 Psi/ia, MOBBIIIAs UX
rMOKOCTh BBEJICHHEM WIEHOB C JPOOHOW KpaTHOCTHIO. JIaHHBIM KOMIUIEKC HapaOOTOK IMO3BOJIUT, HA
Halll B3TJISIMI, 1aTh B PYKU DKCIEPTY MOIIHBIA W THOKUN HMHCTPYMEHT MaHUIYTUPOBaHHS (PYHKIHO-
HAJIBHOM NMPUPOAOH anmpoKCUMUPYIOLIEH QYHKIIMY B 33/jauaXx aBTOMaTU3UPOBAHHOT'O BOCCTAHOBIICHUS

3aBHCHUMOCTEH 1O BBI60pO‘-IHI>IM JaHHBIM.
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