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TECTUPOBAHUE HA OTHO3HAYHOCTH ¥ HEITPEPBIBHOCTh
[IPU [IOBAJHLHO PEKOHCTPYKIIMY MOJEJIBHBIX YPABHEHUU
[10 BPEMEHHBIM PSIIAM S

b.Il. beapyuko, T.B. Huxares, [.A. Cmupros

MpoGiieMa NOCTpOeHHs II00ANBHBIX TUHAMIICCKUX Mojelelf 0 BpeMEHHLIM psfiaM
- JMCKpETHbIM HaGopaM 3HaueHWit HaGMoOfacMOll NEPEMEHHOM - BeCbMa aKTyallbHa B
pasnMyHbIX o6nacTsax Haykd. IlepBbli 3Tam TAaKoro MOJEIHMPOBAHEA - NONyHUCHHE MO
3KCHEPUMEHTATHHOMY BPEMEHHOMY PSRy YHC/ICHHBIX 3HaUCHUI BETHYMH, KOTOpBIE OYMyT
HrpaTh pOJb JUHAMMYECKHX NEPEMEHHBIX MOJeNH. JTHM «BBIOOPOM NEPEMCHHBIX» BO
MHOTOM OIpEAiENsAeTcd ycneX Mofenapopamus. B pabGoTe MpepjlaraeTcs METOMKA,
[TOMOTafomas HalfTH «xopoumit» HaGop MMHAMHYECKHX NepeMeHHbIX. OHa COCTOHT B TOM,
 YTO I KaXJA0ro BapHaHTa MEPCMEHHLIX HX BpEMEHHBIE PANBl TECTHPYIOTCSA HAa IPEAMET
OFHO3HAYHOCTH M HENPEpHIBHOCTH 3aBHCHMOCTEl MEXKIy BENUIMHAMH, KOTODBIC JOJIKHDI
. BOWTH B JNeBble UACTH YpaBHEHMII, M CAMHMH IICPeMEHHbIME (TO €CTh Ha IPEAMET
BO3MOXKHOCTH JETEPMHUHMCTHYECKOTO Omucanus). IPPEeKTHBHOCTh METOJUKHA MOKa3aHa B
BELIMHCIHTENLHOM i PATHO(H3AIECKOM SKCIEPUMEHTE. -

BeeneHue

TIuHaMuYecKoe MOJIETMPOBaHHE IIpEIoNiaraeT 3ajjaHue BEKTOpa COCTOSHHA
o6bexTa X=(X,,X,,...,X,)ERP, Te X, - MUHAMIYECKUe NEPEMCHHBIC, D - pa3MepHOCTh
MONEIH ¥ Oleparopa JBOMIOLMM, OOECIEYUBAOICTO ONHO3HAYHbIA IIPOTHO3
MOC/IEMYIOLMX COCTOSHUIA, €CITH 3aJlaHo HauanbHoe. Mojiesb, OMMCHIBAIOILYIO IIOBC/ICHUE
o6bekTa B HIMpOKOHl o6nactd ¢a3oBOro MPOCTPAHCTBA (%, 5%,,...Xp), HA3BIBAIOT
rnobanbHol. OmHEM §3  aKTyaldbHBIX MOJXOMOB K IOCTPOCHMIO rnobaibHbIX
MHHAMUYECKHX Mofesell SBISeTCs PEeKOHCTPYKIHA ypaBHEHMI MO BPEMEHHBIM DsfiaM -
TICKPETHLIM IOCIEJOBATENMBHOCTSM OKCIEPUMEHTATIbHBIX JAHHBIX n(t), the t=iAL,
i=1,2,....N,, At - BLIGOPOUHBIA MHTepBal. B HacTodumee BpeMs NMPEIVIOKEHBI METO/PI
OCTPOEHHS 110 BPEMEHHBIM DsifiaM OOBIKHOBEHHBIX mapepeHIMANbHBIX  YpaBHEHNH
(OY) [1-6], micKpeTHBIX OTOGpaXKeHMH [7-9], maddepeHIMANBHBIX yPABHEHHH C
samasnpiBanueM [10,11]. Takue ¢eHOMEHONOrHYECKME MOAENN NOKas3aln  CBOIO
athheKTUBHOCTh INpU pPEIEHAH 3afiad MpOrHO3a [7], pacuera XapaKTEpHCTHK
HaGoaeMoro gexenws [2,3,12] u KnaccudgyKkamy CUrHAJIOB [13].

B ofmeM ciydae [IpOLENypa KOHCTPYHPOBAHMS MOMENBHBIX YPABHEHHM
y(£)=f(x(r)) no psmy {n(z)} BIuIAEMT cnemyronmM obpasoM. CHayala M3 MCXORHOIO
papa {n(z)} (pa3sMepHOCTb BEKTODPOB M [JIMHA KOTOPOIO OrPAHMYMBAIOTCS YCIOBUSMYU
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9KCIIeprMeHTa) HOPMUPYIOT BpeMEHHOM psiyi BekTopos coctostHust {x(2)}. Pan {y(z))
nmonayyaroT u3 {X(f)] B cooTBeTCTBUM ¢ BBIGpaHHBIM BMuOM Mopmenu: g OHY -
dx(t)/dt=f(x(t)) - ero ¢opmupyroT nyreM uucieHHOro auddEepEeHIMPOBAHAS PSLA
{x(t)}, a ma orobpaxenmit - x(¢,, )=f(x(z)) - cmBurom psna {x(¢,)} mo Bpemenn. 3arem
3a[al0T BH)[ AIMPOKCUMHUpYIOUWMX ¢yHKumd f, (KoMImoHeHT BekTop-¢yHKuud f) u
METONOM HaMMEHBLIINX KBAJpaTOB HAaXOMAT 3HaYeHUA uX K03cdhduuneHToB. KimodeBbmu
B OIMCaHHOH IpOLeAype SABISIOTCS HavallbHble JTalbl: BRICOD AMHAMMYECKHX
NepeMEeHHbIX X, ¥ 3ajjaHue BHpa ¢yHKimMy f,. Heynaunbni BeIGOp mepeMeHHBIX MOXET
3aTPYAHUTL AlNPOKCHMAIMIO 3aBUCHMOCTH Y(X) riagko# dyuxkuue# [15] wmm Bosce
CAeJIaThb CBA3b Y C X HEOMHO3HAYHOM.

B manHO# paGoTe MbI MpeiaraéM METOOMKY OLEHKH NMPUIONHOCTH M «yHoOGCTBa»
BbIOpaHHBIX MEPEMEHHBIX X, IS NOCTPOEHHS 2100aabHOl AMHAMAYECKOU MoJienu. B ee
OCHOBE JIEXHT TECTHPOBaHHE BPEMEHHBIX psnoB {y(z)} u {x(¢)} Ha npeaMer oHO3HAY-
HOCTH W HENPEPLIBHOCTH KaX[OH IKCNEPHUMEHTATLHON 3aBUCHMMOCTH Y, (X) BO BCel
obnactd HabnromaeMoro paBiKeHus. IlpepgmaracMast HaMH METOOMKa B HEKOTOPOH
CTENICHH OIMpacTcs Ha HOeH O-¢ MEeTOHa, NpeyioXeHHoro B [14] mis BbisBiaeHus
NeTepPMHAHUPOBAHHOCTH HalmogaeMoro npoiecca. Ho Hamte ucciefoBaHue MOCBALLEHO
PEIICHUIO APYTOH 3aJJayfl - NOCTPOCHUIO III06aNbHOM MOJEJIH. .

CormacHO npeplaraeMoMy HaMH  IIONXONy  ONpPENENsIOTCA  3HAYEHHUS
OTHOCHTENIBHOTO pa3dpoca BeJHUMHBLI y, B Ipefieax Maublix o0beMoB AV B
IPOCTPAHCTBE BLIOPAHHBIX NIEPEMEHHBIX X, ,X,,...,X,, H BBISICHIETCS 3aKOH ero N3MEHEHHS
mpu AV—0. IlpuyeM B ormmune or [14], rme HCHONB3yrOTCA JHIIL CPEXHUE
(MHTErpaNbHble) OLEHKH, OCHOBHYIO pONlb HIPAIOT JOKAJbHbIE XapaKTEpPUCTHKH.
HuHaMiIyeckue NepeMEHAbIE Mbl NpeAnaraeM BbIOHpaTh Tak, YyTOOb! OGECNEYHTH I
KaXJI0M M3 MONENbHbIX 3aBHCUMOCTEN MMHUMYM JIOKAJbHOro pa3bpoca M €ro
CTPEMJICHKE K HYJIIO IIPH YMEHbIIEHUM AV. ITO BISETCA IMPHU3HAKOM OJHO3HAYHOCTH,
HENPEPLIBHOCTH ¥ OTCYTCTBUSL YYaCTKOB GOJIBIIOA KPYTHU3HLI B 3aBUCHMOCTSIX Y, (X). B
MPOTHUBHOM cCJly4ae MOCTAaTOYHO TOYHAS anNpOKCHMAalMS 3THX 3aBUCHMOCTEN OGLIYHO

NPUMEHSIOIMMHUCA  INagkuMu  QYHKUMSMA  (HampuMep, TMOJHHOMaMM) CUNILHO
YCIOXHAETCS WIK CTAHOBUATCH HEBO3ZMOXHOM. -

[Ipepnaraemas MeTomMka H3NoXeHa B pasgene 1. B pasgene 2 oHa MUIKOCTPH-

pyeTcd Ha NpHMEpPAX PEKOHCTPYKUMM 3TAJOHHRIX PAa3HOCTHBIX H MU epeHIHaNbHbIX
YPaBHEHH IO MX «YHMCTHIM» H 3alllyMJIEHHBIM pelieHMSIM. Ee paborocnocoGHOCTD
JEMOHCTPDHUPYETCS Ha NPHUMEpe MOJCIMPOBAHKS peallbHOM HEJIMHEHHON 3IEeKTPHYECKOMU

LIeNH B pasfene 3.

1. MeToauka TeCTHpOBaHNA

ITycte uMmeercs HaGmonaeMblii BpeMeHHOM psap {n(z)}. BuiGpaH Bupg MoJebHLIX
- ypaBHeHW# u copmuposanb! psmel {x(2)} u {y(z)}, i=1,...N. TpebyeTcst OLEHHUTH
OJHO3HAYHOCTL U HENMpPEPLIBHOCTL 3aBUCMMocTel y, oT X (mns k=1,2,...,D), a Takxe
HaUTH KpHUTEPMH JJId BBIEIICHUS BapHaHTa NEPEMCHHLIX, HaubGosee yhgoGHOro Ris
NOCTPOECHMS ITO0ANILHOR MOJIEITH.

Ecnn HexoTopast 3aBUCHMOCTS y(X) OHO3HAYHA U HeIpepbiBHA B o6aactd V, To
pasHocTh ly(X)-y(x )l crpemurca Kk Hymo mpu lx-x[l—0 (g2 moGoro x€EV).
Hapyenue 3Toro ycnoBus Ha NpakKTHKE MOXHO CYMTATh NIPH3HAKOM HEOZHO3HAYHOCTH
WIH Pa3pbiBHOCTH 3aBACUMOCTH y(X). Tak Xak Mbl pacmojaraeM JHIIb BPEMEHHBIM
PSANOM, COCTOSIILIAM M3 KOHEUH020 YMCNa TOYEK, TO YKA3aHHLIN IpefeNbHLIA Iepexof
BbIIOJIHUTE HEBO3MOXKHO, HO MOXHO NPOCIEIMTh TEHACHIMIO M3MEHCHHs Da3HOCTH

! KomnoHeHTEI BEKTOPA X MOTYT GhITh IOMYUeHB! METONOM NOC/IEA0BATE IbHLIX NPOR3BOTHBIX {3,5],
BPEMERHBIX 3aficpxek (5,6}, mHrerpuposaHus [S] wir HpocTo COBNaAaTh ¢ HabMIIORaEMbIMH.
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y(2)-y(¢)| npu cOmaxenunm BexTOopoB X(f,) B x(t) 0 OIPENEICHHOIO KOHEHHO020
paCCTOHHPIH [Ipn pocrarouso GObIIOM KOJIHt{eCTBe HaHHBIX N, BBICOKOW TOYHOCTH
M3MEPEHNH ¥ HA3KOM YpPOBHE LIYMA 3TO PACCTOSHHE MOXET ObITh CAEHAHO HOCTATOYHO
MaJIbIM (7151 Mo0Oro yyacTka B 0671acTi HaGIIONaeMOro IBIKEHHUS ).

Meroguka TecTHpOBaHMs BbIODAHHBIX IIEPEMEHHBIX COCTOMT B CIEHYIOLIEM.
IIpenmonoxum (Ge3 orpaHnueHusi OOIIHOCTH), YTO Pa3sHOCTh MEXKAY MaKCHMAJLHbIM H
MUHVMAJIbHBIM 3HAYCHMSIMM JUIsT KaXKJOM M3 BEJIMYMH X, X Y paBHA emaHuIe’. [Ipyrumu
CJIOBaMM, BCE UCCIEAYEMOE MHOXKECTBO BEKTOPOB {x(t)fco,r.{ep}xmcsl BHYTpH Irunepky6a
VERP, mnuHa CTOPOHBI KOTOPOrO paBHa 1. Pa3oGbeM V Ha OJMHAKOBBIE «TUITEP-
KyOnyeckne» ss9eiikd co cropoHou 8. M BbiGepeM M3 HUX BCe SYEHKH, COfepXKailye
Oonbire OfHOrO BeKTOpa Kaxfgasg. OOCosHaumM HX s, Spsee-8y.  PA3HOCTD MEXIY
MaKCHMa/IbHbIM H MHHAMAJILHBIM 3HAYCHHSAMH y B Ipefesax etk s , Ha30BeM
MOKAAbHbIM PA3GpocoM: g,=max . y(X)-min y(x). Hcnonb3yem BenmduHy Maxcu-
MaJILHOTO JIOKaJbHOTO pa3bpoca &_ -maxmmek ¥ rpapuk e _ (3) B KayecTBe
OCHOBHbIX XapaKTEPUCTHK Hccnenyemoﬁ 3aBHCUMOCTH  y(X). ByneM OlLICHUBATh
IPUTOMHOCTh PAcCMATPUBACMBIX BEJIHYMH X M Yy IS [I00AJIBLHOrO MOMIEJIMPOBAHUS,
ONHUPasiCh Ha CIEAYIOLIUE COODpaKEeHHUS.

-+ Ecnu 3aBucuMOCTh y(X) OQHO3HAYHA H HerepbmHa, TO BEJMYMHA € OKHA
OBITH JOCTATOYHO MaJIOA NPH MaJIOM & U OOHAPYKUBATh TEHJICHUMIO K yMeHbmeHHfo 18,
Hyas nipu d—0. HeTpymHo mokaszaTh, YTO NpH JOCTATOYHO MalbiX § rpadhuKoM € ma (8)
HOJIXHa OBITB NpsiMas.

* IIns oqHO3HAYHO! HENMpEepLIBHOW 3aBHCHMOCTH C YYaCTKOM GONBIION KPYTH3HLI
BEJIMYMHA € . OCTaeTCd OOJILIION NpH JOBOJBLHO MajbIX §, IIOKAa BECh ITOT Y4YacTOK
MonafacT BHYTPh OfHOA fAuyeuku. 1Ipu panbHe#meM YMEHbIICHHY O BEIWYMHA € BCe-
TaKH YMEHbIUAETCs, TaK KaK Mepernay yXe «IOfeleH» MEXIY HECKOJbKUMH STYEHKAMI.
I'pacpuk e (8) mMeeT «u37MOM» IpH 3HAYEHHH O, PABHOM pasMepy ydacTKa GOJbLILION
KPYTH3HBI (HampuMmep, puc. 1, 6, cBeTable KpyxkHu). B TakoM ciydae 3aBHCAMOCTD Y(X)
TaKXXE TPYAHO alMpOKCHUMUPOBATH riagkoit ¢yHkuued. ITosToMy ans moCTpoeHHS
FIOGaNbHOM MOMENH HYXKHO BbIGMpAaThL MNEPEMEHHblE Tak, 4ToObl rpacdmk e . (8)
CTPEMIICS K Havdasly KOODIHHAT IVIaBHO, 6€3 U3JIOMOB.

* Ha mpakTuke pocTickuMas BenuuMHA & OrpaHMYEHA CHHM3Y H3-3a KOHEYHOrO
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Puc. 1. a - I'pacbukry oToGpaxcHull HOCIETOBAHUS TSI BPEMEHHEIX PANOB NepeMEHHBIX U H V, CHOPMH-
POBaHHBIX M3 XaoTwiecKoro pemenns cucTeMsl (1). Ha rpaguke misiv uMeeTcsti y4acToX GOMBHION
KpyTH3Hb! (cripasa). 6 - I'pacduxu e () mpu oTcyTCTBER MIyMa IS NEPEMERHBIX V(CBETIIbIE KPYXKH)
¥ u (yepHele Kpyxku). g v HATIIHE yyacTka Gonwpmo#t kpyrusHel (puc. 1, @) oTpaxkaeTcs B

- mosBReHMM u3noMa Ha rpaduke mpu 0=0.005. I'paduxm €(d) cormagarorT mig o6eHX IepeMEHHRBIX
(irrpyxoBast uHus). 6 - Ipaduxu e . (8) npa Hamram mryma (1%-ro)

2 B moGoM CJIY44e AaTor'o JEerko AO0OUTECSI COOTBETCTBVIONCH Hopmpoaxoﬁ BENIUIAH X, B Y.
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KonuyecTBa faHHbIX N. Hanpumep, ecnm BeKTOpHI X(¢,) paBHOMEDHO pacIpefie/ICHbl
BHYTpH THIIEpKy6a V, TO 3Ty IpaHulLy MOXHO oueHnTh Kak N-V'°. TIpu oyenb manom N
BO MHOTHX OGJIacTHX HET JOCTATOYHO GIU3KAX BEKTODPOB x(r) " x(t) M JaHHBIA TOIXON
HEeIIPUMEHNM, TaK Kak HET BO3MOXHOCTH 'ACCJIEIOBATH - JIOKaJILHbIe CBOICTBA
3aBucuMocTH y(x).> ' o

+ B SKCHepHMBHTaJII:HbIX NAHHLIX HEM30EXHO IPUCYTCTBYIOT TOTPEIIHOCTD
n3MepeHudl (CBsi3aHHasi, HanmpuMep, ¢ paspspHocTbio AIITT) m mymsr (BusHue
MHOTOYHCIICHHBIX (DaKTOpPOB, KOTOpBIC HE IOHAIOTCA e TEPMHUHUPOBAHHOMY OIIH-
camﬁo) O60o3HaYUM t{epes o . UX cyMMaprIﬁ BKJIAJ[ B 3Ha4YeHUs X 4 y. Korga o

noise
CTAHOBUTCS MEHBLIC O, . , € OONble HE YMEHBIIAeTCs [Jaxe IpH HaJIMIUK oIperne-

JIEHHON 3aKOHOMEPHOCTH, CBSI3BIB aroweit y 1 X. Tax, ecny BeqMYUHA O, . TIPEBBIIIAET
pasMep ydacTKa OoJbIION KPYTH3HEI, TO rpacpm{ e (3) GymeT CBHOETENLCTBOBATH O

- HEOJHO3HAYHOCTH MCCIIE[yeMOM 3aBUCHMOCTH (HaHpHMep, puc. 1, 6, cBeTJIble KPYXKH).
B aTOM ciyyae corjiacHO mpepiaraeMoMy KpHTepHIO PaccMaTPUBAEMbIC IEPEMEHHBIE HE

T'OMISTCS hid & rnofanbHOrO MOJIECIMPOBAHYS.
B kayecrBe aonmnumeﬂbnou xapaKTepHCTHKH MOKHO I/ICHOJII:BOBaTb N BEJH-

YHHY cpe:mero JIOKAJILHOrO pasbpoca e=1/M ZH Ecmm £—(0 npu 8—0 u KpYTH3Ha

rpaduka &(8) Mama, TO 3TO MOXET YKa3blBaTb Ha GoJiee «IUIABHYIO» B CPEMHEM
3aBUCUMOCTb Y(X), KOTODPYIO HHOINA (NMpu MpoYUX pAaBHbIX YCAOBUAX) Jierdye

anMpOKCAMHPOBATh rnanKoﬁ cpyHKuneﬁ Hanee Gyper TIPORJLIIOCTPUPOBAHO, YTO CaMa

Mmo ceGe BeJMYMHA € HE CONEPXAT HEOGXOMMMOW NS [NIOOAJBHOrO MOJENNpPOBAHMS
uucopMaiu o ceodctBax y(X). Tak, ecmu y(X) HMeeT JOKaJIW30BaHHBI Y4acTOK
HEOJHO3HAYHOCTH WIM pa3pbiB, TO OHH MOTYT BHOCUTb Malblii BKNaj B CpefHee

sHaueHune ¢ U rpaduk £(8) OyfeT BHIMSIETh> NPUMEPHO TakK Xe, Kak W s riagkod
OJHO3HAYHOHU 3aBUCHUMOCTH. ' : |

2. IeMOHCTpAaNORHbIE YHCIEHHbIE NPHMEPHI

2.1. Pexoncmpykyuns omobpaxcenuil. I1poniuirocTpupyeM H3JIOXKEHHbIEC BhIIIIE
cooOpaxkeHnsl Ha MpHMeEPE PEKOHCTPYKIMH Pa3HOCTHBIX YpaBHEHWH II0O BPEMEHHOMY
Py, FEHEPHPYEMOMY KBaJ[paTHUYHBIM OTOOpPaKEHHEM

i, =ru(1-—u), ' _ I (1)

MOJEJIMpYSl [BE CHTyammd. B mepsoit - HaGmopaeMas w(t)=u, tHe u, - pe3ynbrar
urepupoBanud cuctems! (1) mpu r=4.0, 4TO COOTBETCTBYET xao'mqecxomy pexumy. Bo
Bropoit - m(z)=v, Ilie NepeMeHHas Vv CBs3aHa C # (YHKUMOHAIBHO B3aHMHO-
OIHO3HAYHBIM KYCOYHO-JIMHENHBIM NIpeobpa3oBaHueM 1 ' -

_ Su, . O<u<0.18,
v=h(u) = o (2)
| 0.9+(x-0.18)/8.2, 0.18<u<1,

KOTOpOE MOXHO HHTepIpEeTUPOBaTh, HaIpuUMep, Kak npeoOpa3oBaHME CHI'HAJA
H3MEPHUTEBHbIMI ycTpoiicTBaMH. Pacniosaras pﬁnaMn ITUX IBYX HAOJIONAEMBIX JTTHHOM
N=10000, ouennM ¢ NOMOILULIO NPENTIOKEHHOM METOAUKE BO3MOXHOCTb NMOCTPOCHHS
rnoGanbHOM MOAETIH B BHIE OITHOMEPHOTO orobpaxenus x(t,,)=fx(t)), rae x(t.)
coBrafiaeT ¢ HabmopaeMoi n(r,).

3 B [14] HeT TaKHX OrpaHMYEHNH, TOCKONBLKY LE/b TaM ApYTas - Ipi HeGOIBINON JUMHE psjia HAlTH
XOTSl OBl «CrHefibl AETePMHHU3Ma», APYTHMH CIOBaMH, Y4YaCTKH OJHOSHAYHOCTH - «HCKIIOYHTEIbHbIC
co6hITHs» (TIPH 3TOM BIIOJHE OMYCTUMO HTHOPHPOBaThH GoJIbIle, HO pegko3acesieHHEIe 0G/IacTH).
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ITocTpoeHre raoGanbHON Mofend TpH v(f)=u, He NPEACTaBIAET 3aTPyNHEHHH:
NOCTATOYHO HCIONB30BaTh B KadyecTBe (DYHKIMH f MOJMHOM 2-r0 nopsaka. 1lpu arom
[IOCTpOEHHas MOJENb JJaeT IPOrHO3 Ha OfMH IIar BIEpel NPakTHYECKH C MaIlHHHOH
ToyrocTeiO. IIpy n(t)=v, MojenupoBaHME BECbMa 3aTPYAHMTENbHO. Tak, MCHONb3ys
nomuuoM 11-ro (1) mopspxa, yaaeTcs CHU3NTh CPEAHEKBAPATUYHYIO OLIMOKY NPOrHo3a
Ha ofuH war Bnepex auuib 10 30%.

[IpuMeHUM IPEIOKEHHYIO METORHKY VIS TECTHPOBAHMSA 3aBUCUMOCTEM X(Z,,,) OT
x(t,) wist HabmonaeMbIx 4 1 v (cM. puc. 1, a). I'pacuxu ¢, (8) Ha puc. 1, 6 rosopsT o
HaJIMYMH OJHO3HAYHOCTH H HENPEPBIBHOCTH, HO WA M=u €_, «IUIABHO» CTPEMHUTCH K
HYJIO TIPA YMEHBIIEHHH , a I M=V TIpauK HMEET «U3JI0OM» NpH MaioM &. HM3nom
OTpaXKaeT HalM4pe Y4YacTKa GOJBIION KpyTH3HBl B 3aBHCHMOCTH Xx(f.,) oT x(i)

(o6macts x(t)=~1 Ha puc. 1, a). Tpacmku xe £(8) (puc. 1, 6, mwTpuxopas JuHuUs)
MPAKTHYECKH COBMANAIOT 1Sl 00EHX MEPEMEHHbIX.

[TperMynecTBa OHOM M3 NEPEMEHHBIX WA I100aJLHOrO MONENAPOBAHUS €IIe
Gonee OYEBUAHBI, €CM HAOMOJaeMble psAbl 3aUIyMAeHbI, TO €CThb M(f)=u+E uw
n(t)=v+E, rme E, - MOCTeNoBaTENbHOCTh HE3ABMCUMBIX CIyHalHbIX BEJMUAH, PaBHO-
MepHO pacrpefeneHubix Ha otpeske [-0.005, 0.005] (sro coorseTcTBYET IpUMEpHO 1%
- oT ypoBHA curHana). Ilpu sTom no pspy {u+E,} elle ynaeTcs MONYy4IHATh 3(PheKTUBHYIO
rno6abHYI0 MOJEND ¢ TOJIMHOMOM 2-TO Nopsiika (OTHOCATE IbHAsA OLIMOKa IPOrHO3a Ha
ONMH I1Iar BHepel CpaBHUTENbHO Hesenmka - 3%), a pap [v+E} okasaics BOBce
HEPUTOIHBLIM I MoenHpoBanus. O6 3ToM npeaynpexaaior u rpaduku € . (3) (puc.
1, 8): s u rpadHK JHIIL HEMHOTO «IIOHSUICS» MO CPaBHEHMIO ¢ pHC. 1, 6, a ust v
rpaduK «rOBOPHUT» O HEOTHO3ZHAYHOCTH. _ '

[IpyruM NOKa3aTENbHbIM NPUMEPOM SfBJIACTCA CPAaBHCHHE pPE3yNbTaTOB OUCHKH
NepeMEHHbIX M PEKOHCTpYKumi Mopenu Bupa x(¢,,,)=f(x(¢,)) mo pagy B cnyvasx: I -
x(£)=n(t); 2 - x(t)=m(s,); 3 - x(t)=n(s,;). ITO COOTBETCTBYET NEPBOH, BTOPOH H
TpeThbedl UTepaudsM Joructuyeckoro orobpaxenus (1). C pocToM HOMepa MTepalyu
rpacukn x(z.,.)=f(x(t,)) umeroT Bee Gosee CIOXHBIA s aNNPOKCHMAl|H BHN (puc. 2,
g), 4TO OTpaxaeTcs BOo Bce Gonblued KpyTusde 3aBucumoctH e . (8) (puc. 2, 6).
AHAJIOTHYHO NpepIIyIieMy IPAMEPY BIIMsSHUE NIyMa NPOSBIAETCH CHibHEe IpH Oojiee
CNOXHOH 3aBucuMocTy (puc. 2, 8).

=
o

2 . e, '
Emax ; o ) 1
;!
. . . , 0.0L
‘01 X(!H ) 1.1 0.0 5 0-5 0-0 5 0.5
a 6 8

Puc. 2. a - I'papuxu oro6pakeHuii NMOCIEAOBaHAA [JIA BPEMEHHBIX PANOB, CQOPMHDOBAHHBIX M3
XaOTHYECKOTO penieHus chcTeMbl (1) MyTeM 3anMci KaXporo aHaucHus i (rpaduk /), Kaxkgoro BTOporo
(rpadux 2) u Kaxporo Tperhero (rpacduk 3). 6 - I'padukm € . (8): GbicTpee OCHAILIHPYIOEH
3aBHCUMOCTH COOTBETCTBYET Golee KpyToit rpaduk. 6 - Ilpd HamWyud mIyMa rpacuky «HO[HSTHI»
BBepx. Haubosiee CYIECTBEHHO YCHIMBAETCA pasdpoc ObICTPC OCHMUIHPYIOIWX 3aBUHCHUMOCTENR

(COOTRETCTBYIOIIME UM IPAGHKH «IIORHSTHI» BbIILE)

2.2. Pexoncmpykyus oughepenyuarvroix ypaenenut. BosbMeM B KaueCTBE
frepBoro o6beKTa cucreMy Peccnepa
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U=-v-w,
V=u+av, ' (3)

w = b + w(u-c),

npe 3HaveHusx napameTpos a=0.398, b=2.0, c=4.0, 9TO COOTBETCTBYET XaOTUYECKOMY

pexumy (puc. 3, a).
PaccMOTpUM TpefiBApHTENIbHbIE OLIEHKM IO KPHTEpHIO € (8) M pe3yabTaThl

PEKOHCTDPYKUMM MOJIE/IM CTaHapTHOro Buja [3]
X, = X,

i =x, (4)

2

' Ji;3 = fx,%,%3),

e X, cOBMafaeT ¢ HaGmoNaeMoit v, a psy HaGmopaemoli {n(z,)} chopmuposan Ha
OCHOBE TIOC/IEOBATENLHOCTH 3HayeHuil mnepeMeHHod v. 3Hauenns {v(¢)] Obum
NoJIyYeHb! YUCIAEHHLIM MHTErpUpOBanneM ypaBHeHu# (3) meTopoM Pynre - KyTrhl 4-ro
nopsnka ¢ maroM Ar=0.01 (pymmua psana N=10°). IlpennoxxeHHass METOIUKA NPUMEHsLIACk

BO BCEX IIPUBENEHHBIX HHXE ClydYasX JJisi WCCNEfOBAHHS 33aBHCHMOCTHU X,(X,,X,.X,).
3Ha4yeHns: KOOPAMHATHI X; (hopMHUpOBaHCh 110 PsARY {v(Z,)} pasiMUHBIMH CIIOCOGAMH, a

pAfb! BEJMYHH X,, X, H X, OblIM NMOJYyYEHBI YMCIICHHBIM MU GhEPEHIMPOBAHHEM Psfia
(x, ()} c ncoonp3oBaneM pa3sHbIX METOMIOB.
-1 - {x,(t)}={v(s)}, mym oTcyTCTBYET, MPOM3BOMHBIE BBIYUCIISIOTCSA C MOMOILBIO

NPOCTHIX PasHOCTHBIX opmyn Bupa {X, (¢)}=(x, (¢ +A)-x,(¢-At))/(2At). I'pacpux ¢, (3)
(puc. 3, 6, cBeTJbie KPYXKKH) CBHACTEILCTBYET 00 OJHO3HAYHOCTH M HENPEPHIBHOCTH

3aBHCHMOCTH X,(X, ,X,,X, ), YTO TOJBKO NOATBEPXK/AET H3BECTHBIN pe3ynbTar [3]. BecbMa
achpexTBHAsS Mollean (4) MOXeT ObITh MOJIyYeHA NPH MCIOIH30BaHUM NOJIMHOMA 2-TO
nopsAnka B KauecTse (pyHKIMY [ (IPOrHO3 C OTHOCHUTEJIBLHOM IOrpelIHOCTBIO He Ooliee
5% ocymecTBasieTcss MpUMEPHO Ha 15 XapaKTepHbIX IIEpMONOB BIEpEN, Ha NEPHOJE
3fech ykianeBaeTcs okosio 600 Touek).

Puc. 3. a - Xaotuueckuit aTTpakTop cucteMs! Peccepa (3). 6 - padpuxn e (8) mnd x, =v; 6e3 wiyma,
«YHCTHIE pAEBI» - I (CBETNLIE KPYXKKH); C IIYMOM: IIPH pacdeTe MpOM3BONHBIX Ge3 ¢unbTpa -2 (YepHbie
KPYXKH), NIPH pacyeTe NPOU3IBOIHBIX ¢ NMOMOLIBIO 21-TOYEYHOro CrIIaXHBAIOUIETO NOJHHOMA - 2
(yepHbIe KBajpaThl), MPU ACHONbL30BaHMHM 41-TOo4YeuHoro monumHoMa -2 (B JaHHOM MacliTalc HaKna-
AeiBaeTcs Ha rpaduk 1).6 - € . (8) nns x1=v2;,633 myma - 3 (cBeTnbie Kpy*KH). 3aBACHMOCTh HEOR-

HO3HayHa, a rpacuK £(8) BLINIIUT TaK Xe, KaK ¥ I OHO3HAYHON 3aBUCHMOCTY (INTPHXOBast JIMHMS)
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2 - x (t)}={v(t)+E}, rme E - mocnemoBaTenbHOCTL HE3ABUCHMBIX CIYUYAfHBIX
BEJIMYMH, PaBHOMEpPHO pacnpeflefieHHslx Ha orpe3ke [-0.0005,0.0005], wuro
cooTBeTcTBYeT mnpuMmepHo (.01 % ot ypoBus curnana. Bes ¢unbrpamuu psma
PEKOHCTPYHPOBaHHAs] MOJICJIb HE BBIIEPKMBACT HUKAKOU KPUTHKY, YTO MPOTHO3APYET H
rpacuk e__ (8) (puc. 3, 6, yepHbIE KPYXKKH). 3TO CBA3aHO C TEM, YTO HIYM CYLIECTBEHHO
ycAnuBaeTcs nmpu muddepeHuMpoBanvi. CHTyalys yIydlIaeTcs, ecld /I pacyera
IPOM3BOJIHBIX KCHONBL30BaTh CriiakuBaroiui nomiHoM (pmibTp Casuukd - F'onas [16))
IPH NOCTATOYHO OONBINOH INMPHHE OKHA IS €ro IOCTpoeHus. VIcnoiab3oBaHHE OKHa
uupuHoi B 21 Touky (ciyyalf, mpepcTaBneHHBI Ha pUC. 3, 6 YepHLIMU KBaipaTaMH),
OKa3ajloCh HEJIOCTATOYHbIM - Trpaduk ¢  (3) ykasblBaeT Ha HEOTHO3ZHAYHOCTb.
PexoncTpynpoBanHas riobaiibHast Mofiesb (4) ¢ MOIMHOMOM 2-Io NOPSIKAa 3HAYATELHO
XyXe, YeM B Cllyuyae «4HCTRIX» JJaHHBIX: IPOTHO3 obecneyuBaercs Juib Ha 37 BIeper.
LIpu ucnonb3oBannyu Gosblued MIHPHHBI OKHA (41 Touka) rpaduk ¢ _ (8) mpakTHyecky
HaKJIabIBaeTCA Ha rpauk ansg «udcroro psga» (puc. 3, 6). Mouens 3HaYUTEILHO
Oonee apheKTUBHA: JaeT NPOrHO3 Ha /7 BHeper.

3 - {x, (£)}={v*(¢)}, wym otcyrcrByer. I'pacduk € (8) sIBHO yka3biBaeT Ha HEO[I-

HO3HAYHOCTb 3aBUCUMOCTH X,(X,,X,X,) (puc. 3, 8). DddexTusHyIo Monensb (4) NMoAy4nTEH

HE ypaeTcs.* 3aMmeTM, uTo rpaduk €(8) B HaHHOM Ciydae BBITJISUUT TaK Xe, KaK ¥ IS
OMHO3HAYHOM HEMpPEphIBHOM 33aBUCUMOCTH, TO €CTh He I[I03BOJIIET BbLISBHTD

HENPHUI'OMHOCTDb NEPEMEHHBIX I IVI00aIbHOrO MOJICINPOBAHHMS.
| B kauyecTBe BTOpPOro mnpuMepa pacCMOTPHM IIDHMEHEHHE METONMKUA A
PEKOHCTPYKIIMY YPaBHEHUM HEaBTOHOMHOI'O O0BEKTa - FapPMOHMYECKH BO30YXAaeMOro

ocupiiaropa Jyddunra

L= U, | . (5)
i, = -yu, + u, - u>+ Acos(wt), -

npu y=0.1, A=1, w=1 (cM. da3oByro TpaekTOpMIO Ha puC. 4, a). PacCMOTPUM OLEHKH IO
KpUTEPHIO € () M PeKOHCTPYKIMIO MOjieH BHja [19-21]

T (6)
X, = X, %,,9), '

no psgy uaGmopaemoi {n(t)}, KoTopeli dopmupoBancs HAa OCHOBE peau3aliuil
[IEPEMEHHDIX U, U U, PA3IMYHBIMU criocodaMH. IIpemioxenHass METOIUKA NPHMEHSLIACH
BO BCEX NPUBEACHHBLIX HUIKE CIy4YasX OIS OLEHKH ONHO3HAYHOCTH M HEINPEPHIBHOCTH

3aBUCHMOCTH X,( X ,X,,¢), [ X, COBNAfaeT ¢ HabmoxaeMo# v, psb! BETHUAH X, 4 X,
ObIIM TOJNyYEHL! YHCIEHHBIM IudpepeHuMpoBanneM psga ix,(f)} ¢ HCHoab30BaHUEM
pa3HbIX METOROB. Peanu3auus daskl ¢ nosnyyera no opmyne ¢(f,)=wf, mod 2x, yacrora
) CYUTAJIACHL H3BECTHOW. _ -

I - {x,(¢)}={u(t)}, niym orcyrcTByer, Nnpou3BOAHbIE BLIMHCISIOTCS C TOMOIIBIO
MPOCTBIX PA3HOCTHLIX (POPMYJN aHANOTMYHO NpelbIfyieMy npumepy. I'paduk e (8)
(puc. 4, 6, KpyXK¥) CBHIECTENLCTBYET 06 OIHO3HAYHOCTH U HEIIPEPBLIBHOCTH 3aBUCHMOCTH

max

X, (x; %,,¢). Conocrapissi HCxopHble ypaBHeHus (5) ¢ BHIOpaHHBEIM BugoM Mopeny (6),
MOJKHO YOeIHTBCH, YTO 3Ta 3aBUCUMOCTH MEHCTBUTENbLHO OfHO3HauHa. [lonydyeHHas
mopenb (6) ¢ apmaTuBHBIM BosuedctBHeM [20,21] obfecneumBaer mnporHo3 Ha 13

nepuofoB BosgeiicTeus (137) Breper.

4 ITyTeM aHamATHYECKHX NpeoGpa3’oBaHMii MOXHO NOKa3aTh, YTO 374 3aBHCHMOCTD ACHCTBUTENBHO
HEeOHO3HAYHA. |
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4.2

3.1 N 31 00 5 0.5

Prc. 4. a - IIpoexums dasorolt Tpaekropau ocupnsropa ydpduura (3).6 - € . (8) gnst 3asucumocTs

X, (Xy,X,®) B Crydae x, =u,, 6€3 WyMa - XPYXKH, C IIYMOM ¥ (HEJOCTATOYHLIM) YCPEIHEHHEM B OKHE
MpHHOA 35 TOoYeK - KBajpaThl, ¢ MYMOM M ycpemHeHdeM B 51-ToyeuHoM okMe - poMGuxn (BiusHume
IUyMa CHUXEHO). 6 - € (8) nna x, =u,. 3aBACEMOCTL HEOHO3HAYHA, a Ipaduk £(5) BLITNATUT Tak Xe,
KaK ¥ JUiS OHOIHATHON 3aBHCHMOCTH ITPHXOBAA JTRHAN )

2 - {x,(t)}={u(t)+E}, rme E, - mocnemoBaTENbHOCTh HE3ABUCHMBIX CHyYalHbIX
BEJIMYUH, PABHOMEPHO paclpefeleHHbIx Ha orpeske [-0.005,0.005], uro coorseTcTByeT
npuMepHo 0.1 % ot yposHA curmana. be3 ¢huinpTpanuy BHOBE He yHaeTcs NMONYYHTEH
2 (peXTHBHYIO Mojenb. IS CHIKEHWS BIHMSHMS IMyMa IIPOU3BOIHBIE BLIYUCISIIMCE C
UCMIONTL30BAaHMEM CIVIAXKHMBAIOUIETO IOJMHOMAa M OKHAa ImmpHHOH 35 Touek (34A!
cocrasigeT npuMepHo (.05 xapakrepHOoro nepuopa konebamuit T). Dra IImMpHHA
oKasalach HefocraToyHol: rpapuk ¢ (3) (puc. 4, 6, kBagpaThl) yKa3pIBaeT Ha
HEONHO3HAYHOCTDb, a IIONYYEeHHAas MOJE/Ib JAaeT TOYHBIA IPOrHO3 JUUL Ha 37 Bneper.
ITpu ucnonb3opauyuy Gonblied MUPUHL! OkHa (51 Touka) rpaduk & (8) npuoOperaet
BHJ, KOTOpbIA GoJiee XapaKTepeH i ONHO3HAYHOU 3aBucuMOCTH (pHC. 4, 6, pOMOUKH).
MOXHO nNOAYyYHTh JOCTATOYHO 3¢deKTHBHYI0O Mopelns (6), obecmeuMBarOIIYIO

RaJBHOCTL MpOruosa 67.
3 - {x,(t)}={u,(z)}, mym orcyrcrsyer. I'papuk €, (8) fBHO yKa3bIBaeT Ha HEOIHO-

3HAYHOCTb 3aBUCHAMOCTH Xy(x;x,,9) (pHc. 4, 6). DdexTusHyo Mogesas (6) B JaHHOM

cly4ae HOoAYyYuTh HEBO3MOXKHO. BHOBL rpaduk €(8) (puc. 4, 8) BLITAAIUT TaK Ke, KaK U
VI8 OQHO3HAYHOH HENpPEepbIBHOW 3aBHCHMOCTH, TO €CTh HE IIO3BOJISET BLISBUTH

HENPHTOAHOCTE NEPEMEHHDBIX IS ITI00AILHOr0 MOEIUPOBAHUA.

3. MopemmpoBanie peajdbHOH HEJIMHeHHOR 3JIeKTPHYeCKOo nenn

Ha puc. 5, a npusenena cxema senuHeHON anekTpudecKoi uem - RLC-KOHTYp ¢
NEPEKIFOYaEMBIME  KOHJICHCATOpaMM, TapMOHAYECKHM BO30YKIAEMBIN HCTOYHUKOM
puemHedt 30C {17,18]. Bnementr K - 370 3MeKTPOHHBIA KIFOY: MUKPOCXEMA,
cofiepkKallasi REeCSTKH TPaHSHCTOPOB H JAPYIMX IIACCUBHBIX 3JIEMEHTOB, XOTOpas
OUTAeTCd OT CNEeNHAJIbHOrO HCTOYHMKA INOCTOSHHOrO Hanpsxkesus. [Ipy Mansix
3HaueHusaX Hanpskenus U Ha emkoctd C, CONPOTHBIIEHHE KIIOYA OYEHb BENHKO X
BBIHYK[IEHHBIC KOJIeOaHHsl MPOUCXOUAT juilib B KOHTYpe RLC,. Korfa Hanpsixenne
ROCTHIACT NMOPOrOBOrO 3HauYeHust U_ , CONPOTHBIEHHE KJKOYa PE3KO NajacT, U OH
HONKJIFOYAeT K Uend eMKOCTh E‘z. OO0paTHOe TIEPEKNIIOYEHHE IIPOUCXOUT
nprOIU3ATENLHO NPU TOM Ke 3HaueHun U. B pesynprare nipm CONBIIMX aMIUTUTYAX
BO3JIEUCTBUA CUCTEMA JEMOHCTPUPYET CAOXHYIO MMHAMHKY, B TOM YHCJIE XaOTHYECKHE

KonebaHu4.
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0.5

a o 6 8
Puc. 5. a- CxeMa KOHTYpa ¢ epekmodaembMi Korgescatopamu:C,=0.1 Mx®, C,=4.4 Mx®, L=0.03 I'x,
R=10 Om, U =-0.2 B, U,=2.344 B, wacToTa Bo3felicTeus 2.98 1(11' .0 - Ouemm BbIGOpA IIepeEMEHHON
x,=I 1o rpa&)mcam € ax&) I'pacdmkn €(8) BBITIANAT NPHUMEPHO OINUHAKOBO (IITPHXOBON JITHHHEH
noxaaan rpacpuk s cnyyad l). 6 - OueHku Bbi6opa NEepeMeHHOR X, - MHTerpajia oT CHibl TOKa/ 1o

rpacukamM ¢ (0)

PaccMorpuM BiumsHMe BbIOOpa [UHAMHUYECKMX IIEPEMEHHBIX U CTPYKTYPBI
YpaBHEHHUM Ha pe3yJbTar MOJIE/IUPOBAHHS. Hcnons3yeM B KauecTBe HabIIogaeMoro psija
(n(¢)} nocnepoBarenbHOCTL 3HAYCHMH CHIBI TOKA [ Yepe3 pe3ucTop R B XaOTHYECKOM
pexuMme. [ladHble 3amuchIBAINCHL ¢ noMolpr 12-paspsgHoro ALIII, BBIOOpOYHBLIA
uHTEpBal ObLT paBeH At=4 MKc, mepuon Bo3feiicTBua 1=84A¢, mmHa psaga N=30000.
Huxe npusefeHsl 6 mpuMepoB (Tpu BapuaHTa CTPYKTYphI MofiesbHbIXx OIY mis nByx
pa3lIMYHBIX BApHAHTOB BbIGOpa HaGIMIORaeMod NMEepeMEHHOMN) U M3JI0XKEHb] Pe3yNILTaThI
OLIEHOK [0 NpepiaraeMoi Metomuke (puc. 5, 6, 8) U pe3yIbTaThl NOCTPOCHUS MOAETIEH.
I'padMKH Ha pUCYHKAX IPOHYMEPOBAHL! B COOTBETCTBUH C HOMEPAMH IIPUMEPOB.

1) Yacro npuMeHsieMast hopMa MOJIENH

X, = f1 (%)%, %),
Xy = [ (x;5%5%3), ' (7)
X,y = f3(X15%5,X5),

c x(t)=n(t), x,(t)=m(t+t), x,(t)=m(f+2r) - KOOpHMHATHI TONYYEHBI METONOM
BPEMEHHBIX 3afiepXkek, rae t=21At¢ - nepBbrﬁ HOJIb aBTOKOPPEISALMOHHHON (PYHKIIWH.
st uncnendoro guddepeHIUPOBaHUA ONTUMAILHBIM 00pa3oM MOAOHPATICS CIIIaXKU-

BAaIOLMII NOJMHOM. TeCTHpOBaNMCh BCE TPH 3aBHCHMOCTH X, (X, .X,.%,), k=1,2,3.

Benuynea e, He CTPEMHTCA K HYJIO NIpH yMeHbIUEHMH 8 And Beex k. I'paduku ¢ (8)
BBITISISAT AHANOTHYHO [IPECTABIEHHOMY Ha pHC. 5, 6 (YepHble KBafpaThl) IS k=3. 310
FOBOPDUT O HEBO3MOXHOCTH IOCTPOCHHS 3(PEPEKTUBHOHA TI00anbHOA MOJIETH, 4YTO

IIOJTHOCTRIO MOATBEPXKAAETCH Ha [PAKTHKE.
2) Cranpapraas momenb (4) c x,(¢, )=n(z,). Tectnpopanach 3aBHCHMOCTb

X4 (%, ,%,,X5): emx(ﬁ) YMEHBINAETCS IPH YMEHBIIEHHH (pnc 5, 6, CBET/IbIE KPYXKH), YTO
yKa3blBaeT Ha BO3MOXHOE HaJIWyWe OJHO3HAYHOCTH. Pe3ynpTaT MOIEIHpPOBaHMS:
3 (PEKTUBHYIO MOHE/Nb C NOJHHOMOM B IpaBod YacTH NOJoOpaTh HE YHAETCH. Ilo-
BUIMMOMY, ISl alMPOKCHMALHHN 3aBUCHMOCTH HOJHHOM HE OJHUTCHA. 3[eCh TpeOyeTcs
Apyrod BMJ anmpoKCHMUpYrOUiel (YHKUMHA f, ero BbIOOp - 3TO OT/ACIbHAs CIOXKHasf
3ajja4ya, KoTopas He SBIISIETCH MpeIMETOM AaHHOH CTaThH.

3) HeasroHomHast Mopenb Bupaa (6) ¢ x,(¢)=n(t). TecrupoBaiach 3aBHCHMOCTb

X, (%%, @). Tpadux e__(8) (puc. 5, 6, yepHble KPYXKM) YKa3blBaeT, YTO 3aBHCHMOCTD,
BO3MOXKHO, OHO3HauHa. Ho 3()(peXTHBHYIO MOJENb C NOJMHOMHANILHOU aIlllpOKCHMa-

77



el 3aBUCHMOCTH JEZ (x,,X,,) NOMy4uThH He yHmaercs. BHOBB TpeGyercs HouGupaTh
creLalibHbIA BUJ (PYHKIUHMH f. -

4) CranpaprHas Mogenb (4) ¢ x, (t)=frnn(t;)dr. Orta mepeMeHHas uMeeT hH3N-
4ECKHI CMBICI ~ CyMMapHRI 3apsy Ha emxocTsx C; u C,. Bpemennoi pag {x,(t))} 6bmn
NOJMy4YeH MyTeM YHCIEHHOrO HHTErPHPOBaHus (METOIOM Tpanenuii) M3MEPEHHOIo psija
3HaYyeHui Cuibl ToKa /. I'papuk ¢ (8) He OOHapyKMBaeT TEHAEHLMH K YMEHBIIEHHIO
Npy yMEHBIIEHAH 8 (puc. 5, 6, CBET/IbIE KPYXKKH): £ OcTaerca He Menbine 0.35. Dop-
(PEKTUBHYIO MOJie/Ib IIOCTPORTE HE YIAETCH.

5) Mogens (7) c x, (ti.)::fin(t)dt H 3a[ipKaHHbIMM KOOPAMHATAMH X,(¢,)=x, (t+t) H
x,(t)=x,(t+2v), rHe < - nepebnt Homb AK®. TectupoBanucy BCe TPU 3aBHCHMOCTH

X, (X, 5%,.%;), k=1,2,3. JIns Bcex Tpex ciydaeB rpaduku ¢ (8) He CTpeMATCS K Hayaiy
KOODJMHAT NPH YMEHbIIEHUH & (OMH U3 HUX - g k=1 - npHBeNieH Ha puc. S, 8, YEpHBIE
KBajipaThl). D¢pheKTUBHYIO MOTENEL IOCTPONTL HE YIaeTCs.

6) Monens (6) ¢ x, (tf)=fr:'n(t)dt. I'padux ¢ (3) (puc. 5, 8, yepHBIE KPYXKH)
NOKA3bIBACT, YTO 3aBHCHMOCTb ONHO3HAYHAa H MEHAETCA IUIaBHO. PeKOHCTpyHpOBaHHas
Monensb (6) ¢ momuHoMoM 11-ro nopsigka M aiMTHBHEIM BO3[eHCTBAEM HEMOHCTPHDYET
XaOTHYE€CKMM aTTPAKTOpP, KaYECTBEHHO CXOXKUH C 9KCNIEPAMEHTANBHBIM, H aeT IPOTHO3
C OTHOCHTEIILHOH ITOrPEIHOCTRIO He 6onee S % npaMepHo Ha ST Bnepep [21].

IToxkasaTenbHO, YTO ONTHMHUCTHYECKas OLEHKA IO KpHTepuio £ (8) ¥ xopome
pe3ynbTaThl M106aNbHON PEKOHCTPYKIMY MOTyYEHB! JIMIIb B OCHENHEM (IIECTOM) CIy-

yae, a rpapuKke € JJIsl BCEX NMEPEYHCIIEHHBIX BBINIE BAPUAHTOB BbIGOpA NepeMEeHHBIX

IPAKTHYECKH COBNAJAIOT: OfH U3 HUX (/151 NEpBOTrO NMpUMEpa) MOKAa3aH MyHKTHPOM Ha
puc. 5, 6. 3TO MOATBEPXHAET TE3UC O TOM, UTO CpPENHsA XapaKTEPHCTHKA § B OOIIEM
clydyae HE TO3BONFET OLEHHTb MNPUIOJHOCTb IIePEMEHHBIX UIA INIOBAILHOro

MO eTMPOBaHHA.

3aKJII0YeHHe

Ilpu rnobanbHOM PEKOHCTPYKIMH JUHAMUYECKUX MOJENel 1I0 BpeMEHHBIM PIfaM
O4YCHb BaXXHBIM [IarOM fABJAAETCH B3aHMOCOIJIACOBAHHBLIA BBIOOD JIMHAMHYECKHX
NEPEMEHHBIX U BUa PYHKIUUHA, alllIPOKCHMHUPYIOUIHX BXOASIUIHE B MOJEIL 3aBUCHMOCTY.
[Tpn HeypayHoMm BeICOpE MEpPEMEHHBIX 3TH 3aBHCHMOCTH MOI'YT OKa3aThCSl CIUIIKOM
CJIOKHBIMH I alllIPOKCAMAlMK W BOBCE HEOTHO3HAYHLIMH.

PasBurast B faHHOU paGoTe METONHMKA TECTHPOBAHHA BPEMEHHBIX psfioB {x(#)} u
{y(¢)}, cdhopmMupoBaHHEIX 10 HAGTIONAEMBIM JAHHBIM, O3BOJSAET OLEHUTD, SIBISIOTCS JIK
3aBUCAMOCTH  y (X) OJHO3HAYHLIMH, HETPEPLIBHEIMH M 6€3 y4acTKOB GOJNBILON
KPYTU3HBI (M, CIIEAOBaTeIbHO, MPUTONHBI /I BLIGPAHHBIE IIEPEMEHHBIE [t TOCTPOCHHUS
AMHaMH4YecKoi Mopemn). PaGoTocnocoGHOCTL MPEIOKEHHO! METOMMKHM TMOKa3aHa Ha
YUCNEHHBIX H pagnodu3ndecKux npuMepax. OHa UMeeT obIIHe YEPTHI C d-& METOMOM,
NpeyIoKeHHbIM B [14] s BhisBNeHMs JeTEPMUHHMPOBAHHOCTH HabGIIONaeMOro
npouecca. Ho B ornmume or [14), rae ucnonb3yioTcs MMib cpefHie (MHTErpaibHble)
'OLICHKH, B HAllleM IOAXOfe OCHOBHYIO pONb MrpaloT JIOKAJbLHbIE XapaKTEepPHCTHKH,
KOTOpBIC TrOpa3fio BaXHee UIA yclexa Iio0aabHOM pPEKOHCTPYKUMHA. B npumepax
[IOKa3aHo, YTO yCpeJHEHHasd BeJHM4YMHa pa30poca HE CONEePXKHT Bcell HeoOXomuMmon s
MONEMPOBAHUS HHMOPMAIIUH.

YTo Kacaercss NPHMEHEHMS METOIMKM Ha HpPaKTHKE, TO HEeOOGXOMUMO 0cobo
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YHOMSHYTL Cjly4Yad, KOTrf@a B MAaHHBIX HMeeTcsd XOTs Obl OAMH CHIbHBbIA BBIGpOC,
HAlIpUMED, B pe3yJbTaTe NOMEXHM B U3MEPHTENLHOM NpHOOpE, TO €CTh B 3aBUCHMOCTH
y,(X) IMeeTcH BCero ogHa TOYKa, JIeXKallasi «OTHeNbHO» OT BCeX OCTANbHbIX. I1pn 3ToM
METOMHMKA IPUBEHET K BBIBOMY, UTO 3aBUCAMOCTEL HEONHO3HAYHA, TaK KaKk B TOM sMelke,
KOTOpO# HpHHAUIEXXUT «BbIOpOC», NpH MH0OBIX § OymeT HaGmopaThes GONIBIUOH
JOKAIBHBIA pa30poc. DTO CBUACTEILCTBYET, Ha NEPBBIA B3I, O CTaTHCTUYECKOH
HEYCTOMYHUBOCTH NPEMIORKEHHOrO nopgxoga. OqHAKO 3Ty TPYAHOCTh MOXKHO YCTPaHHTD C
IIOMOLILIO HECJIOXKHOM IpeaBapuTeJbHONM 00paGoTKH NAaHHBIX. BO-NEpBBIX, CHIBHYIO
IIOMEXY, KaK NpaBuiIo, JErKO 3aMEeTHTh Ha rpacuxke Habmopmaemoii peammsaiya n(t). O
TaKMX BBIOpOCaX TOBOPAT KaK O HENpaBAOmONOOHBIX JAHHBIX H HCKJIIOYAIOT
COOTBETCTBYIOIIME YYaCTKM psjja H3 paccMOTpeHus. Bo-BTOPBLIX, e€ClH BbIOPOCHI
BU3YAJILHO 3aMETUTL TPYEHO, TO MOXHO BHECTH HEOONBHIYIO TONPAaBKy B METONHUKY
TECTUPOBAaHUS. A UMEHHO, B Cllydae OONBINONM BEMMUMHLI € TIPOBEPSTh, KaKas s4yeHKa
najga 3To OOJbIIOE 3HAYEHWE, HCKIII0YaTh Hauboliee yIaneHHbIN OT BCEX APYIHX BEKTOP
9TOA STYEMKH U3 PAaCCMOTPEHHMSA M IMOBTOPSATL Hpolenypy. 1TakuM o00pa3oM MOXKHO
MCKJIIOUUTh, CKaxeM, 10 5% Bekropos. Ilpu 3ToM M3GaBnenme oT nmoMex (ecam MX
HEMHOT'0) rapaHTHPOBAHO. B-TpeThUX, TaKue BLIGPOCHI B 9KCIEPUMEHTE NPHCYTCTBYIOT
He Bcerga. Tak, B pacCMOTPEHHBIX paguO(pHU3HYECKHX MpHMeEpax, e €CcTh IIYMbl U
H3MEPHTENIbHAA anmnaparypa, Takux rnomex He ObLIO, H npouenypa ITI03BOJIAJIA BBISBUTD
MOAXONAIIUE I MOJENNPOBAHMS NEPEMEHHBIE.

[IpemnoxeHHass MeTOAMKA MOXET NPUMEHNTLCA TaKXE NPH PEKOHCTPYKIMH
muddepeHIAIbLHbIX YPAaBHEHAN C 3amasfbiBanueM U muddeperiuanbHbIX YPaBHEHUN B
YaCTHbBIX IIPOU3BOHBIX, MOCKOJILKY U B 3THX CIy4YasdX OOHMM H3 3JIEMEHTOB NMPOUEHAYPHI
MONICJIMDOBAHUA  SBJISAETCS  alllIPOKCHUMAlg  HEKOTOPBIX  3aBHCUMOCTEM MO
3KCTIEPHMEHTANILHBLIM JaHHBIM [22].

OnHAKO ORHO3HAYHOCTh 3aBUCAMOCTH eLle He rapaHTUpyeT MOJYy4YCHUS
3peKTUBHON rnobanmbHOR Mopenu. OnHO3HAYHAs 3aBHCHMOCTL MOXKET OKa3aThCs
TPYHHO mopjaromeiics riobanbHON anmpokcuManud (OCOGeHHO CTaHHapTHhIMH (DYHK-
UASMH, B YaCTHOCTH, NMONMHOMAaMH), €CHM OHa, HAIpHMEp, SBIASETCH OBICTPO OCIWI-
nupyroeit. B aToM ciydae MoXeT 0Ka3aThes (e THBHBIM TOKaNbHbIA noaxop [7-8].

B 3akMHOYEHNE OTMETHM, YTO NMPENJIOKEHHAS METOMKA KOHCTATHPYET Pe3yIbTaT
BbIOOpA NIepEMEHHBIX, HO HE TOBOPHUT O TOM, KAaK HYKHO H3MEHUThL Hab0Op NepeMEHHBIX B
caydae Heypaud. MoxeT norpeb6oBaThCs JOOABUTb HOBBIC NEPEMEHHBIC, MCKIIOYHTH
Wy nmpeobpa3oBaTh KaKve-TO U3 UMEIOIIUXCA U T.J., YTO SBJISAETCS TEMOH OTHEJIBLHOIO

pas3rosopa.
ABTOphl npu3HaTtenbHbl E.Il1. Cene3HeBy 3a npefocTaBlieHUE RaHHBIX pajHo-
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TEST FOR UNIQUENESS AND CONTINUITY IN GLOBAL
RECONSTRUCTION OF MODEL EQUATIONS FROM TIME SERIES

-~ B.P. Bezrurchko, T.V. Dikanev, and D.A. Smirnov

The problem of construction of global dynamical models from time series (from
discrete sets of values of an observable variable) is quite relevant for different fields of
science. The first step of such modeling is the values obtaining of variable quantities from
an experimental time series which will serve as dynamical variables of a model. This
«choice of* variables» determines the success of modeling to a significant extent. In this
paper we suggest a technique which helps to find a «good» set of dynamical variables.
For each variant of state variables, their time series are tested for uniqueness and
continuity of dependencies between the state variables and quantities which should enter
left-hand sides of model equations (that is for possibility of deterministic description).
Efficiency of the technique is shown in numerical and radiophysical experiments.
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