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PEKOHCTPYKIINSL YPABHEHUI HEABTOHOMHOIO
HEIAHEUHOTO OCHM/UIATOPA IO BPEMEHHOMY PAIY:
MOIEIR, SKCIHEPUMEHT

b.Il1. Bespyuko, E.Il. Cenesnes, [].A. CmupHos

IIpennoxena mnpouejypa KOHCTPYHPOBAaHHMS IO CKAJIPHOMY BpeMEHHOMY pAny
MH(PEepeHINANBbHBLIX YPaBHeHH! MofieM KoneGaTenbHOH CHCTeMBbl, Haxonsuelcs noy
NEHCTBHEM rapMoHHYeckoll BHemHe# cuibl. B mpouenype wcnombsyercs anropurw

r70GanbHON PEXOHCTPYKIMH H YYATHIBACTCH aNpHOPHAs HHGOPMAIMA O BHJE BO3NEHCTBHS.
Ilponeaypa NpoTEeCTHpPOBAHaZ HA HECKONLKHX STANOHHBIX CHCTEMaX ~ HENHHERHBIX

OCHWUIATOpaX C pas’jiMYHbIM BHOM CHJILI TpeHHsl M noTeHumana. Ee paGoTocnoco6HOCTE 1
3(pheRTHBHOCTL AEMOHCTPHPYIOTCS Ha IMHAMUYECKHAX CHCTEMAX C JOOABIIEHHbIMH LIIYMaMHM |
Ha NpAMEpe MOCTPOCHWS MOAENU PeEalbHOH pagUOTEXHMYECKON CHCTEMbI — HeJMHEHHON

RLC-ueny ¢ nepeknovyacMbIMH KOHIEHCATOPAMH. |

Beenenue

BosmoxHOCTH COBpeMeHHO! BBITHCIMTENHLHON TEXHHKH NO3BONMIM DPa3BUTEH
HOBBIC NONXONBI K CO3MaHAIO SMIMPHUYECKUX MaTEMAaTHUECKHX Moueicii oObeKTOB H
ABIICHMM. Ecmm paHplle peYs 11a, B OCHOBHOM, 00 HHTepmOIAmMM (WM
aIIpPOKCHMAIINH) NaHHBIX SKCIIEPHMEHTA U O ONYyIeHAM (PYHKIMOHAILHON 3aBHCAMOCTH
HaOmofaeMbIX BEJMYHH OT BPEMEHM WIM KOODHMHATBI, TO ceidac .pa3pabaThiBaeTcs
TCXHHKA IIOCTPOCHHMS MOJCIBHBIX NMAGPMEPEHIMANLHBIX WIM Pa3HOCTHBIX YpaBHEHMI.
OnanM U3 CIOCOGOB ABNSIETCS PEKOHCTPYKIWS | ypaBHEHHR MHAMITYECKON CHCTEMBI IIO
CKaIIPHOMY BPEMCHHOMY psifly — IMCKPETHOU IOCIIENOBATENLHOCTH YACEI, HOyICHHON
CTPOOHpOBaHMEM BPEMEHHOMN peavM3aiuy ofHol HaGmonaemol nepemernoit [1-7). C ee
NOMOIILIO B MOCTIEIHUE TOfbl PEIIatOTCs 3ajjadd nporao3nposanus [1-7], knaccndn—
Kalua cucTeM [8,9], ckprrrolt nepenaun uadopmarmu [10]. '

Hcnonb3yeMble METOIMKA OOLIYHO OPHEHTHPOBAaHBI Ha HOCTPOCHHE MONETH B
YHHBEpCAIbHOM BHje (CHCTeMa OGBIKHOBCHHBIX uc(epeHIHaNbHbIX YpaBHEHMiA
[IEPBOro MOpsfKa C IIpaBOM YacCThIO B BHJEC MOJMHOMAa) W PpEaM3yIOT alTOpPUTM
rnoDaNbHOW PEKOHCTPYKIMM 2 i1 ONpeneleHAs 3HadeHumil napameTposB. Ho Taxas

1 B crathe MbI NONBb3yeMCs OOLUENPHHSTHIM TEPMUHOM «PEKOHCTPYKUHSA» (BOCCTAHOBJIEHHE), XOTH
OH MOJIHOCTBIO AJCKBATCH JHIIL CHTYaUHH, KOrfa BPEMCHHON DsAll NOMYYEH NYTEM YMCIICHHOTO pPEHICHMS
ypaBHeHHA. B NpHNOXEHWM K pealbHbIM OGBLEKTaM U SIBICHHSIM, IS KOTOPbIX HET €IMHCTBEHHOH WM
«MCTHHHOM» MaTeMaTH4YecKOl MOJeNd, yMecTHee 6bUl0 Obl MOBOPHTH O «KOHCTPYMPOBABHH», a HE O
«PEKOHCTPYKIUN».

2 I'no6GanbHON PEKOHCTPYKUHMER HAa3bIBAIOT BOCCTAHOBJICHHE MOMEIH MO 6cemy BPDEMEHHOMY psiTy.
Mopenb mony4aroT, HanpuMep, B BHIE CHCTEMbI OOBIKHOBEHHBIX YPaBHEHHH NEpBOTO MOPSIKA. AnbTep—
HaTUBOH SIBJISIETCS NOCTPOCHHE JIOKAIBHBIX (HaNpUMeED, KYCOMHO~TIHHEMHBIX) MPENICKA3aTENbHBIX MOJIEED,
KOTOphIe BLIOCOPOYHO HCTONML3YIOT MIA NPOTHO3a KOPOTKHE (JIOKadbHble) YYacTKH BPEMEHHOTO psiia
[1,11,129. OHH peanm3yloTcsl aNropHTMUYECKH, HO HE MOTYT ObITh 3aITHCAHB] AHAJIMTHYECKH B KOMIIAKTHOR

dopme (i depeHuHanbHbIX YpaBHEHUN HITH OTOOpaXeHuit).,
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(dbazoBbie TpaexTOpUE YXONAT Ha GecKOHETHOCTE ), OHA TIPArofiHa, KaK MPaBHIO, JIHIMb

AL, BECEMA K paTKOCPOTHOTO NpOrHo3a, & €& JIAPAMETPbL MHOTOHCIICHHBI, X MM TPYJHO
OpUIaTh (PU3MYECKMH CMBICT. DTO TIPAaKTHIECKH -HEU36EKHAs «IUIaTa» 3a OOIIHOCTE

MOJIC/Ib BO MHOTUX ClIy4YasX He oOJjafacT CBOWCTBOM IioGajibHOH ycTofumBocTH

HCXOJHOI'O HpPENICTABJICHNs, 33 S3KOHOMMIO CIJI 1 BPEMEHH Ha BHIGOpE MaTeMaTHYCCKOM
KOHCTPYKI[MH, Hambojice YyHOOHOH [V HANONHEHWS KOHKPETHBIM (DH3HIECKHM
copepXkanueM. BepoATHOCTHL yrafblBaHWsl ONTHMAJIBHOHM CTPYKTYpPbl MOJEIHLHBIX
ypaBHEHMH Oe3 ydeTa anpHOpHOHR MHGOPMAalH WM CHEeNUaIbHOrO NpeNBapATEILHOIO
HCCIICTIOBAaHMS. OOBEKTA (€C/M 3TO BO3MOXHO) B OOIIEM ClIydae O4eHb Maja. IToatomy
[IPENCTaBIACTCS NEJIECOOOpa3HbIM BhIIC/IATh HEKOTOPLIE KJIACChl JBHXKCHUHA U CHCTEM M
pa3pabaTeiBaTh I HUX cOenugpHUYeCKHe IpOoLEeNypbl NMOCTPOSHMS Mofeied. Ycmex
MONC/IMPOBaHMs IIPH TaKOM IIOJXONie 3aBHCUT OT HabGopa 6a30BBIX KJIACCOB MOJEJIEH,
KOTOPBIMH PAacClOJIaraeT HCCIENoBaTellb, U OT HX H3YYEHHOCTH, OT HAJEKHOCTH
pONmEAyp PACIO3HABaHMA IOAXOISIIErO KJAacca IO BPEMEHHOMY DAY, OT CIIOCOOOR
ONPETICIICHUST ONTUMAJbHBIX 3HAYCHMM IAPAMETPOB. = , -~ - * -+ B

Hanpumep, ecim pasMepBOCTh HaGNIONAEMOro IBUXKEHUst Maja (He BhIEe 3) u
N3BCCTHO O HAJIMYAMY BHEUIHErO BO3NEHCTBUA HA HCCICAYEMbIR OOBEKT, €CTh OCHOBAHHUSA
npeanoiaratk (rHIoTesa), ITO €ro MOBECHHE MOXKHO YAOBJIECTBOPHTENBHO OIHACATD
YpaBHEHHNCM HECAaBTOHOMHOI'O OCHH/LIATOPA. B HaHHOM cTaThe mpemIararoTcs Nponenypsl
IPOBEPKU ITOT'O MPENIIOJOXCHUS, a TAKXKC KOHKPETH3aIUd MOJIEIBLHBIX YpaBHEHWH B
CHTyallUH, KOIJila BO3JCHCTBHE CHWIOBOE (HE IIapaMETPUYCCKOE) M IapMOHHYECKOE.
PaszpuBaeMbIf  IIOJXOX  MOACPHM3HPYET  HM3BECTHBIA  ajuropur™M  robainHOM
pexoHCcTpykimu (pasgen 1) myreM yuera anpuopHOi wuAGpOpMalMd O BHEUIHEM
Bo3felicTeuu (pa3sfen 2). B pasuene 3 mopxol TeCTHPYETCS Ha HECKOJNBKMUX NMPHMEpPax
BOCCTAaHOBJICHUSI IO BPEMEHHOMY PANY YpPaBHEHIY OCHMUIATOPOB C TNMOTEHIMATILHLIMA
QYHKIMAME pa3IMYHOrO BHUA; AHAJM3MPYETCA BIMSAHHE IMyMOB. (OKOHYATEILHO
paboTOCIOCOOHOCTh  MCHONL3YEMBIX IIPOHEAYP HAEMOHCTPUPYETCSI Ha OpHMEpE
KOHCTPYHPOBAHHS MO IKCIEPUMEHTAIILHOMY BPEMEHHOMY Py MOTE/IH peajbHOM RLC—
HeMd ¢ KYCOYHO—JMHEHHO# eMKocThio 3 (pazgen 4). MopemapyeMbli oOBEKT
pEACTaBIIsiCT COOOM PafHOTEXHMUYCCKYIO CHCTEMY C OOJIBIIMM YHCIOM AKTUBHBIX M
MTACCUBHBIX 3JIEMEHTOB C IPUCYIIIUMHU UM IIIYyMaMH ¥ HECTAOMIIEHOCTSIMU.

1. YHHBepcaibHAsi OPOLEAYPa TOCTPOECHUS MOJIeH
[0 CKAJIAPHOMY BPEMEHHOMY PSIY

- L.1. Aneopumm 2106a1v10ii pexoncmpyxkyuu oudepenyuarbuoix ypaenenuii.

CranpgapTHbii mopgxof K. TOCTpoeHHIO uddepeHIMANILHLIX ypaBHEHHMI @O
9KCIIEPUMEHTAJILHBLIM NIaHHbIM ormpaeTcs Ha TeopeMy TakeHnca [13] (em. Ipunoxernne)
1 3aKJIr09aeTcA B crenyroneM. Ilycrs janabie o MofempyeMoi CHCTEME IPEICTABIISIOT

COOOH CKalIApHBbIN BPEMEHHOH psill 3HaYeHMA HabmonaeMol BeJMuuHE! {0;,), { = 1,...,Nq,
rae v; = v(y(f+(i—1)t)), y — Hem3BeCTHBIH BEKTOP COCTOSIHUS OOBEKTA, ) — MOMEHT

Hagajga HaOmomeHusi, Ny — KOJIMYECTBO TOYEK CKAIPHOTO BPEMEHHOTO psjia, T —
MHTEpBa/l [UCKPETH3anuK : (MOMIKCH ObITh  JOCTATOYHO MajbIM, YTOObI NOIy4HTDH
Xopouree HpHOIMKeHUe rnagkodl peammsammu). CHavama no {v;} omuuM M3 MeTonoB
yncIIeHHOro mucbepeHUpOBaHusa 4 COCTaBISIOTCA BPEMEHHBIE Psiibl 3 D—MepHBIX
BEKTOpOB coctosiHus {x;} M mx npomsBomubix {dx(¢)/dt}, i = 1,..., N, N = Ne—D+1 —
KOJMIECTBO TOUYEK BEKTOPHOIO BpeMeHHOro psama, D 2 2d+1, rme d oOwruHo
OLICHMBAETCS ¢ MOMONIBIO BHIMHUCIICHHA KOPPEISIHOHHON pasMeprocTH d.. B nocnemnee

R
1
¥,

3 BoiSop ofbekTa o0ycnoBieH: 1) HH3KOYACTOTHOCTBIO CXEMBI, YTO MO3BONSET MUCNOJB3OBAThL B

3KCNIEPUMEHTE JOCTYIHbIC aHanoro-mudposble NpeofpasoBaTeNy; 2) HaNMYMEM NN Hee ASAYKTHBHOM.

MOJIEJIH, NONTYYEeHHON U3 ypaBHeHUA Kupxroda.
4 Tak Kak 4HCIIeHHOe NuthepeHIMPOBAHNE YCUAMBAET PONb IHYMOBOM COCTaBIISIOMEH, TO HpH

MOJIEIMPOBaHHH M0 3alllyMJICHHBIM JIaHHbIM HabmiofaeMyio o(f) o6bI4HO noABepramoT (hUIbTPALHA —
CITaXHBAIOT.
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BpeMsi NPH PECKOHCTPYKIMHM CTald MCIIONBL30BATh MEHBIIee 3HAauYeHWe [), HalpuMep,
IPOCTO AOIOIHSA d, 10 menoro yucna. Taxk, B [4,5] npu BocCTaHOBIEHHN ypaBHEHUH 3—

MEPHOM CHCTE€MbI OKa3aJiCsl YAOBJICTBOPUTEILHBIM BbIGop D = 3. Mopgens muercs B
BHJIE

dX1/df — X2,
dledt = X3,
- (1)
de/dl' =f(x17x23-*'?xﬂ)!

rge yHKIEsA [ SABIACTCS MOJIMHOMOM HeKOoTOopo#t crenenn K or D mnepeMeHHBIX
(cormacHo Teopeme BeitepinTpacca, MOJMHOMOM TOCTATOYHO BHICOKOM CTENEHM MOXKHO

CKOJIb YTOTHO TOYHO MPAOIM3UTE MIaAKyIo (hyHKIHIO)

K D
f(xl w350 rxD) = E ail,lz,....,!D IIX'!J],
11,43,.-,Ip=0 j=1

(2)

D
S 1<K
“

3HayeHnst KOIPPUUUEHTOB d 4, . ;- BBIOMPAIOTCA TaK, 9ToObI MHUHHMH3MPOBATDH

BEJIMIMHY CPEJHEKBAAPATHYHOIO OTKJIIOHEHMS TOUYEK pAga OT allpPOKCHMHPYIOIUCH
dyakumr  f(x) (MeTom HaUMEHBINMMX KBagpaToB). To OOGCTOATEIHCTBO, YTO
K03 (hHIMEHTHI BXOAAT B BbIpaxkeHue (2) TMHEHHO, IO3BOISET BLIYUCITUTE UX 3HAYCHAA
IyTEM PELICHUS CUCTEMBI IMHCHHBIX alreOpaudecKux ypasHeHN. Mensst K u D, MOXHO

OMyINThs HAaOOp MOJEIIEN.

1.2. Oyenxa kavecmea mooeau. C IOMOUIBIO ONMCAHHOIO IMOAXOHA HIIH JPYIHX
CHHOCOOOB MOKHO MONYyUYUTH MHOXECTBO Moxciied. Ho kaxkast u3 Hux nyame? Otser
3aBHCHT OT HEJICH MOoJenupoBaHus. s 11e/1e Nporao3a €CTECTBEHHON KOMUYCCTBCH—

HOH XapaKTEepPHCTHKON KadecTBa MOJENHM SBIISETCS € — HOPMHUPOBAHHAs CPEHEKBapa—
TUYHAS OIIMOKa alMpOKCHMAaIH BPECMEHHOIO Psifia POU3BOHBIX

( (UN)Z r':rl [de(tf)/dt“f(xl(tf)rx2(tf):r*--axD(tf))]z ]m

€= 1 - |
IL (UNZ -y [dxp(t)ldt — (UNYE Ly dp(n)ld]? )I

Tak, € = 1 opn annpoKcHMMaIUy MOJMHOMOM HYJIEBOroO mopsiika: f{x) = const (cpenmee
3gavenue). [IpM yBeIMUeHAM NOPARKA I[IOJHHOMA M. Pa3sMEPHOCTH CHCTEMbl BEJIMYUHA
NOrPELHOCTH YMEHBIIIAETCS, HO IIPU CIUINKOM OONBINHX 3HaYeHUAX D U K 10T 3hpekT
HE3HAUNTEJICH. KpoMe TOro, BoO3pacTaeT KOJMYECTBO KOIP(PUIHMEHTOB MOACIM W
CIIOKHOCTE HMCTOJIKOBaHMSI MX (PHU3MYECKOro cMbicia. llermecoobpasHO npeKpaTHTEH
yBemucHie D u K, eclia CKOPOCTh YMCHBIIICHUSA € CTAHOBUTCSA JOCTATOYHO Manolt (310

MOJKHO OLCHHTH BU3YaJIBbHO IO rpaduky 3asucumoct £(D,K)).
B caydasx, Korja CIOXHOCTb MOJENM MelaeT [JOCTHXKCHUIO KeJicH

MOJICIMPOBaHUsA, MCIOJB3YIOT KpHUTEpPHUM, COITTaCHO KOTOPOMY JIy4YINiEH SABJISETCS
MOJIeNIh, UMEIOIasA HaUMCEHBIIee 3HaucHue Besmuunsl I: I=log,e+M(D,K), rne M(D,K) —

KOJIMIEeCTBO K0adhduiueHTOB Moje (B cirygae nomaaoma M(D ,K) = (D+K)!/(D!-K!)).
Ora BeruuuHa HasBaHa B |1] sHTpomme#i Mopenm. IlepBoe cnaraeMoe YYATHIBaeT
OIPEIHOCTD ANIMPOKCHMAIMA, a BTOPOE — CIIOXKHOCTH MOJEMH. 3THM KpHTEpHEM
yIOOHO TONBL30BAaThCS, TaK Kak MHHUMYM Ha TIpaguKe BbISBATHL JIET4e, YeM
MEVICHHOCTh HM3MEHEHWSI, HO HaIll ONbIT ITOKAa3biBaeT, YTO NpH MOACIHAPOBAHMM

pealbHbIX CHCTEM M HEKOTOPLIX 3TAJOHHBIX MaTeMaTHUeCKHNX oObeKToB (pasgen 3)
SHTPOMUST MOHNENHM 3a4acTyio MMeeT MMHMMyM Ipu K = ( ¥ He IOMOraeT BBHISBHTH

(3)
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OIITHMAJIBHYIO MOMENb. [JjIsi MHOIMX lejley MONEIMPOBAaHMS IJIaBHbIM KPUTCPHUEM, IIO
BCEN BHAMMOCTH, OCTACTCS KaYCCTBECHHOE COOTBETCTBHE IIOBEACHUS OOBEKTAa M MOJCIIH
(KaUeCTBEHHOC COBIAJICHUE BHUJIOB BPEMEHHBIX peamm3anmii, (pa30BbIX NMOPTPETOB H
CTPYKTYphl O YpPKAUHMOHHBIX MHOXKECTB B IPOCTPAHCTBE NIapaMeTPOB).

2. BoccTanoBiieHe ypaBHeHH HEABTOHOMHOT'0 HETHHEHHOI0O OCIUWIIATOPA

2.1. Hocmanoexa 3ada4u. Bocnons3yemcsi yauBepcaibHo# nponenypoi (m.1.1)
M PEKOHCTPYHPYEM C €€ MOMOIUIBIO MOTICILHBIE YPaBHEHHS 110 CKAJIIPHOMY BPEMEHHOMY
DAY, NOJYYCHHOMY UHCJCHHBIM HWHTCIPUPOBAHHEM YpaBHECHHS  HEIAHECHHOrO

OCIMIIIATOPA ¢ TAPMOHNYESCKUM CIJIOBLIM BHEIHUM BO3JENCTBHEM

dylfdt = Y2,
dy,ldt = —go(y1,¥2)y2—fo(y1)+Aecos(2nt/Ty),

e PYHKIUSA g, ONMCHIBACT HEMMBEHHOE 3aTyXaHKe, fy — NpPOU3BOIHas NOTCHIHANA, A A
T, — aMIIMTyda M nepuoj] BHerHero BospclicTBas. CucreMa (4) BbICTYyHaeT B pOJH

MOJEITMPYyEMOro o0beKTa, B KadecTBe HaOIrogaeMOd MCIONb3YEM NEPBYIO KOOPIUHATY
BeKTOpa cocTosiHms v(y) = y;. MHoroumcieHHble KOMIBIOTEPHBIE 3KCIEPHMEHTDI,

NpOBENiCHHbIE TIPM Pa3iMIHbIX BUax yEKmmi g, u fy B (4) n 3mauemmsax K B (2),
IOKAa3bIBAIOT, YTO HONYYAIONIKRECA C IOMOIIBIO YHUBEPCAIBLHON NPOLENYPhI TPEXMEPHEBIC
(D = 3) Mopemu, Kak MpaBUIIo, TII00AIEHO HEyCcTONIMBbI ((pa3oBhie TPACKTOPHUH YXONAT
Ha OeckoHeYHOCTh). PyHpaMeHTAIbLHOM npuIuHON HeaPPEKTHBHOCTN MOJEIM glg
SIBIISIETCS TO OGCTOATEILCTBO, YTO HEBO3MOXHO mepenucath ypapHenue (4) B Bupe (1
CO CTAllMOHAPHBIM TOJIEM CKOpOCTER. DTy TPYAHOCTH MOXKHO IIPEOfONEeTh, YBEIIMYHB
pasMEpHOCTh MOJIEJId ¢ MOCTOSHHBIMM KoadduiueHnTamu 10 [ = 4, HO HpU 3ITOM
3HAYMTEILHO YBEJMYHBAETCs KommuecTBO kKoadypuiuentoB. MHTepBan BpemeHH [0
Hayajla CYIIECTBEHHOM pacxomuMOoCcTH (IpefcKa3aTellbHyI0 CHOCOOHOCTH MOJEHH)
MOJKHO VBEJIMUHTL TAaKKE M 3a CUCT yBEJIUUCHUA K, HO 3TO MPUBEHECT K YBEIMUYECHHIO
ynciia KO3(OUIMEHTOB MOJEIHN, MOMOJHUTCIBHLIM TPYIHOCTSM C ONpeNeIeHUEM HX
(PHU3AICCKOro CMbICIa H HEOOO3PHMOCTH CTPYKTYPBI €€ IIPOCTPAHCTBa HapaMeETPOB.

KagecTBEeHHOro COBEPHICHCTBOBAHHSA MOJCINM MOXHO JOOUTHCA, OTKAa3aBILHCh OT
MOCTOSAHCTBA KO3(PUIHUCHTOB — BBEAd B IMPaByl0 4YacTh MYJILTHIUIMKATHBHO MJIM
aIMTHBHO SBHYIO 3aBHCHMOCTH OT BpeMEHH. MBI OIrpaHMYMMCH PacCMOTPEHMEM
BTOPOI'O BapHaHTa — A IMTHBHOIO (CHJIOBOI'O) BO3IEUCTBHS ¥ BOCHOIB3YEMCH
aripuopHoil MH(pOpMalMel O HAJIMYAH rapMOHMYECKOro BHEIIHEro BospeucTBusA. He
3alaBasich IOKa BOIPOCOM OO0 HMCTOYHMKE MH(POPMAaONUH M O MHNPOLEAYPE BLIABJICHHUSA
mapaMeTPOB BO3JICUCTBUA U3 IAHHBIX, Oy/IEM CTPOHTH MOJIETTH B BHJE

- dxyldt = x,, o
dxy/dt = f(x1,%;) + Acos(2nt/T) + Bsin(2nt/T),

rne dynxuua [ — nomaEoM (2), a MOCIEHAHAE [Ba CJIaraeMbIX CBS3aHBI C HAIMYHEM M
BugoM Bosjehcrema (7 — npemionaraeMoe 3HAaYeHWE HEpUOa BO3JACHUCTBHA).
Crnemududeckoit yeptoli Monemu Bupa (5) sBISETCS TO, YTO OHA CONEPXUT SIBHBIE
VHKIMH BpeMeHH. [TapaMeTpnt A, B ¥ k0a¢ppuupeHTs PYBKIMM [ JIETKO BHIYACISHOTCA
ﬁ’{ax ykaspmaiock B 1m.1.1, pelnmeHnem JmHeHHOH CHCTEMBI YpaBHEHHH), €CIH
olpeneiicHo 3HaueHHe nepuopa BosfnedicTBus 1. Beramcauth Xe T mpodiieMaTHYHO,
IIOCKOJIBKY 3TOT MAapaMeTp HEJIMHEAHO BXONUT B IIPaBYIO YacTh ypaBHeHn#H (5). [loaroMy
BeuuuHa 1 mubo HospKHAa ObITh H3BECTHA 3apaHee, MO0 CIEAYET yKa3aTh IPOIEAypy €€
onpejcICHAs MO 3KCHEPAMEHTAIBHBIM AaHAbIM. OfHaKo ceflyeT oOpaTHTh BHUMAaHUE Ha
NOIYCTUMYIO IOPEIIHOCTD 3aiaHus BeauauHb] 1. OCTaHOBMMCS Ha 9TOM NOAPOCHEE.

(4)

(5)

2.2. Ozpanuyenue Ha OAUHY 6peMeHn020 paoa. I1orpeHOCTE 3aaHus Neprona
AT = T — T,, rae Ty — HeM3BECTHOE pealNbHOE 3HAYCHHE, NPH OYeHb GONBIION JIHHE
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BPEMEHHOIO psifla HEM30eXKHO BeleT K «Halery pasbl» M IUIOXOMY OIHMCAHUIO
BO3/ICACTBHS COOTBETCTBYIOIMMY caraeMbiMi B (5). HopmupoBannas cpeqHeKBapa--

THYHAS ITOrPEITHOCTD annpoxcnmanﬁn ynkmm Acos(2nt/T,) dyrkumeit Acos(2nt/T)
naeTcs (popmyon

[cos (2nt/T) ——cos(ZM/ To)]zd‘ ]1’2 6
. (6)

k (1/TH)L: H cos?(2nt/T)dt )

rne 1Ty — BpeMms HabmoopeHus. I'padmx 3TO# 3aBHCHMOCTH HpHBENeH Ha puc. 1.
[lorpemHocT, Mana /MG HAa OrpaHMYCHHOM HMHTEPBAJIC BPEMEHH, a 3aT€M OHa

BO3pacTaeT M KOJeONeTCsl OKOJIIO BEMUUMHBI €r=1.4. IToaTOoMy HEOOXOMHMO HAJIOXKUTD
OrpaHWYECHUE Ha JIMHY BPEMEHHOI'O psia B 3aBHCMMOCTH OT BEJMYMHBLI OTHOCHTEJILHOM

norperrHocTu AT/T,.

Yrobbl OIEHHTH, Ha KAaKOM IPOMEXYTKE BPEMEHH alMpPOKCHMAIUs BHEIIHETO
BO3[CACTBHAS OCTATOYHO TOYHA, IpouHTerpupyeM (6) u paznoxum B pap Teimopa mo

crenewsMm AT/Ty (TO ecTh CUHATaEM AT/T0<<1) [Ipemnonaras 3ateM, uto Ty/Ty >> 1,

HOJIY'IMM HCKOMYIO OIICHKY - .
e =2/ ATIT)(TolT): (7)

BeymuuHa € 3aBHCHT TOJBKO OT oTHommeHuid AT/Ty u Ty/T), TO ecTh orpaHmveHue

HaKJaJbBacTCA HE HA KOJIMIECTBO TOYCK BPEMEHHOIO psjia, a Ha KOJIMYCCTBO
OXBaTBhIBAEMbIX MEPUOAOB BO3JICHCTBUSL.
U3 (7) cnepyer, wro ecim TpebyeTcsi 9
NpUOIM3UTE BHEIHEE BO3NCUCTBHE C

IOTPEIHOCTHIO, HE NMPEBLIIIAIOMIEH €, TO
HY3KHO MCIOJIB30BaTh BPeMEHHOH psifi, CO—
nepxamuit He 6onee Ty/T, = 0.28ey(T/AT)
OepHOJIOB  BO3flecTBUsA (Hanpumep, He ., 1.2
Oonee 28 mepuonoB, ecim &£;=0.01, u

HOTPEIHOCTh  3allaHUsl NEPHOJa paBHA 4o
0.0001). CnenoBaTeBbHO, CAAIIKOM JUIAH—
Hasi BpeMEHHas peaM3anus CTaHOBUTCS
[IOMEXOH JIi BOCCTAHOBJICHMS [0 HEH (4 -
mopemm B Bupe (5)! Xopomrero pesynbrara |
MOXHO JOCTHUYD, pa30UB 3Ty peau3aiuio

HAa Koporkue psgel u  ycpemauB 0.0
NOJIyYCHHBbIC IIPH aHAJIM3€ KaXXjoro M3 0 T 3000 T
ITHX PAJOB 3HAUCHUS KOIPPUIUECHTOB. . :

Coornowierne (7) u orpanmyecHme Ha Puc. 1. T'papuk sasmcmMoct HopMEpOBaHHOR
ITMHY BPEMEHHOIO psAia HCIONb3YIOTCS norpemﬂqgm anmpoOKCHMaUUM  KOCHHYca  OT
HAMM BO BCCX NpUMEpax, NpUBEJeHHbIXx BPeMenu HaGmonenns npu AT/Ty = 10-3 (mynxTH~
najee. POM IIOKa3aH ypoBeHb &g = ().1)

1.6

2.3. Cneyuaavnan npoqeaypa onn PEKOHCMPYKYUU ypasHenuli 0CyuAIamopa
noo oelcmeuem @GHewlHelw eapmonudeckoli cuavi. ONnUpasch Ha TPENCTABICHHDIE
PE3yIbTaThl, MOXHO HNPEINIOXUTH ITOCIACHOBATENBHOCTE JEUCTBUN I KOHCTPYH—
pOBaHUsA 3SMIMPUYECKON MOJECIM HEABTOHOMHON cucTembl. KaXnpli 3Tan HaIIero
aJIrOpuT™Ma MbI 6yneM MIJIOCTPUPOBATh Ha KOHKPETHOM NPHUMEPE — BOCCTAHOBJICHWH
MOJIEJIbHBIX YPABHEHUH MO XaOTHYCCKOMY BPEMEHHOMY DSy 3HaquHﬁ KOOPIUHATHI Yy

ocumiisTopa Ban nep [onsa — le(bcpmlra
dy 1/ dt = Y25

dyzldt — 0.01(1"'}'12)}'2 — Y1 — Y17 + 120cost. ( )
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B mamsaoM caydae go(y1,y2) = —0.01(1-y42), fo(y1) = y1+y13, Ag = 120, T = 2xn. Bpemer-
HOA pAx ObUT HOAYICH AHTEIpApOBaHuEM ypaBacauA (&) MeTogoM Fyare—KyTThI 4-0
nopsnxa ¢ mwaroM 0.01 u cogepxan 10000 rovex.

AJITOPATM [TOCTPOECHUA MOJIC/IA COCTOHT M3 CJACHYIOMAX 3 3TallOB.
1. Hoaywums 3navenue nepuooa eHeulHe20 8030eLicmeuUs ¢ 00CMAamo4YHo MAAOLL

OMHOCUMEABHOU RODEUUHOCIIbIO 5,
B HeKOTOpBIX clIyuasX XOpOIIYIO OLEHKY MOXHO IIONYYATH KaK CpefHee

pacCTOsHME MEX]Jy MaKCHMyMaMHM BpeMeHHOU peammsamud (cm. pasgen 3). s
paccMaTpuBaeMoro npmmepa (8) 9TO 3HaueHHe OKasanock paBHbIM 6.038, uro
CYLIECTBEHHO OT/IMIacTcsA OT mcTuHHoro 7T, = 6.283185. BymeMm cumrarh, 4TO HaMm

M3BECTHO NpUOIm3nTensHoe 38aYenue 1 = 6.25 (norpenmocts 1%).
2. Bviacnums, MoxHO au onucamv HAGAI00aeMbill NPOUECC YDABHeHUeM 8Uda

(3); 6boaee mouro onpedeaumnv nepuoo 8030eUCMaEUA. |

dukcupyeM poctaTo9HO Oomnpmioe 3HaueHue K u OygeM MeEHATh IpoOHOE
3HaUYCHAC nepuoga I ¢ HEKOTOPBIM IAaroM B OKPECTHOCTH ClE/TAHHOM OLIEHKH BEJIMYMHBI
nepuofa (I = 6.25), xaXbHi pa3 BOCCTAHABJIMBAS YPABHCHHUS M TIOJIy4as Pa3/IMUHEIC
MOJICIIH. SRUN S

I paccMaTpUBacMoOro npuMepa aoctaTodHo BbiOpaTh K = 3. BpeMmeHHOM psj
COTIEPXHUT NpuMepHO 16 mepuonoB BO3NEHCTBUSA, NTO3TOMY, €CIM Mbl XOTHM IOJIY9HUTH
MOTPENIHOCTS alMpoKcHMaImu He Gonbure € = 1074, 1o, xak cnenyer us3 (7), mar AT He

nomked upesbimath npuMepHo 0.0001. Kpmrepuem Toro, uro HcciaenyeMblt OOBLEKT
MOXHO OIIACAaTh YpPaBHECHUEM HEABTOHOMHOI'O OCHWUIATOPA, SBJISIETCS HAIMUIHE

ririy0OKOro MEHAMYMa Ha I'pa¢hUke 3aBHCHMMOCTH HNOTPEIIHOCTH almpoKcHManiméd oT 7.
['padpuik 3aBucuMocTH lge or T mis WUIIOCTPUPYIOIIETO IpAMEpPa NPEHCTABIICH Ha PHC. 2;
IO HEMY JIETKO OIpeAcIAeTCa MCKOMOE 3HAauYCHHE nepuona BosnchcTBus: 1 = 6.2832

(Touka MUHMMYMa O/IM3Ka K peaTbHOMY 3HaueHuio T, = 21 = 6.283185).

3. Onpedeaums onmumasbHoe 3Ha4eHue Nopaoxka noauroma K u sviuucaums
COOMBEMCMBYIOU{UE 3HAYEHUA KOIPPUUUEHM OB MOOEAU.

Crpoum Mopeu B Buje (5), yBenmuuBas 3HavcHue K ot 0 go 10-20. Ha rpaduxe
zaBucAMocTa lge ot K (puc. 3) BMAHO, YTO IOTPEHIHOCTH IEPECTAET CYIUECTBEHHO

yMeHbiaThea pu K > 3 (310 3HavucHue K ABISETCH W TOUKOH MHHHMyMa 3HTPOIHH
mMonemu). TakuM oGpa3zoM, onTuMaibHas Mofeas uMeeT Bug (5) ¢ T = 6.2832 u K = 3.

Lo e o L |
&5 ] 24.0 288 I(K)
o e : 20.0 oo 1ge(K)
-] - | H : 16.0 Fa
3 g 12.0
2.0 g .,.
: 80 | )
) :
-30 I" 40 | =
] 00 4o ot
_4-0 _4.0 ‘E_!:__ = = -
624 626 628 630 T 0 1 2 3 4 S5 6 K
Puc. 2. T'padux 3asncuMocTH forapuchma norpetii— Py, 3. Ipacux 3aBucuMocTH lge momenn (5) u ee

HOCTH alnpoOKCHMAHH € OT NMPOOHOro 3HaYCHHUS sHTponuu [ OoT HnopsAnka nondHoMa K Anst oci{ui—
nepuona Bosuehcreust T mpu K = 3 jyist ocupn~ — nsropa Ban nep ITons — [Iyddunra (8)
naropa Ban nep Ions — Hyddunra (8)

> B npuHIIe, 3TOT MIYHKT MOXKHO OIIYCTUTD M epetuparh Bce BO3MOXKHLIE TaNa3oHbl 3HayeHui 7.
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Ko3hPunuesTs! BBIYHCISIOTCA METOAOM HAMMCHBIIMX KBaApaTOB, KaK B YHHBEPCAJIb—
Hoii npouenype. Tak kak ypaBHeHue Ban nep Ilons — Hdyddunra u camo umeer Bup (5),
TO MOXKHO CPaBHUTL KO(hPUIMEHTDI B IPABbIX HACTAX YPABHOHUI UCXOMHON CHCTEMBI U
noxygenro#t Mogemu (Ta6n. 1). BumHo, uTo Bce K03(hdDUIUEHTHI BLIYACIEHL! C OYEHb
mastoli norpentHocThio (0.01%). Takum obpa3oMm, ypaBHEHHSI BOCCTaHOBJICHB! BEChMa

yCIICITHO.
Tabmna 1

KoadhduuuerTn! ypaBHCHUN HCXOMHBIX CHCTEM U
BOCCTAHOBJICHHbIX ypaBHeHul Bupia (5)

HneHnt Oc wuisTop Bad nep ITons --'=- bpunra |  Ocmmingrop Jyddmira
yp—Hui* o0bEKT MOTIETE | obBekT MOJIENE
1 - | oo . - 0.000764
% ~1.0 ~1.009530 S 210 ~0.998591
Xy 0.01 0.009844 -0.1 ~0.099933
%2 - ~0.000142 - ; —0.000126
Xy % - ~0.000000 E ~0.000012
| %2 - | 0000018 - -0.000005
X3 10 -0.999076 -1.0 -1.000310
-0.01 -0.009992 - ~0.000015
- ~0.000056 - ~0.000057
- 0.000000 . - ~0.000001
120.0 ' 119.9712 35.0

34.99586

i — —— i

* Ina ypoScTea B fieBoM cronbue TaGmuy 1-4 mnst nepeMeHHbIX, BXOJAIIMX B YpPaBHEHMSl Kak
0OBEKTOB, TaK U MOJIeJIeH, HCIIOJIb3YeTcH ODO3HAYECHHE X;

e I-—-——“A

— e il PR L kil P

2.4. Pexoncmpyxyun ypaenenuii cmpo:o ouccunamuénozo ocyusaamopa. B
psifie CIydaeB MOJIETIbHBIE YpaBHEHHMS MOXKHO NPHBECTH K OoJice KOMIAKTHOMY BHAY.
Hanpamep, ecmm HekoTopble Ko3(¢unuenTsl B Mogead (5) OYeHb Mallbl, TO MOXHO
MCKTIOUUTE M3 GYHKUMH f COOTBETCTBYIONIME cllaraeMble (2) H IIOCTPOUTH HOBYIO

MOJIEIb ¢ MEHBLIIMM KOJIMYECTBOM KoO3(p¢HimeHTOB. /I MIUIOCTpaUMH YIPOCTHM
00BeKT (8), yOpaB HEJMHEHHOCTh M3 cunbl TpeHus. IlonyumBImasics cHcTeMa CTpOro

MUCCHIIATUBHA, TO €CTh B Hell HE MOIYT Pa3BHBAaTLCA aBTOKONEOaHUS (OCUWLIATOP
Hyddunra «c XKecTKOH NpyKUHOR» ):

dylldt = Y2,

- , (9)
dy,/dt = 0.1y, - y; — y;3 + 35cost.

| B AaHHOM ClIyHac gﬁ(ylayZ) = 01& f(‘)(yl) - )’1"‘}’13, AO = 35& TU = 2m. BpeMﬁHHOﬁ pia OBLT
. TIONydYeH uHTerpupoBaHueM ypaBHeHms (9) meronom Pymre — Kyrtel 4-ro nopsinxa c
~ marom 0.01 n comepxan 10000 Togek (mpumMepHO 16 mepuonos Bo3neHcTBHE).
_, Crnenys onucaHHOR CIenHaTBHON NpoUeRype, ¢ TEM XKe Hada/IbHbIM 3HaUcHUEM T,
" yTo ¥ B II. 2.3, mojyyaeM, YTo olffuMalibHasi Mojiess OyaeT uMeTsh BHJ (S5) ¢ T=6.2832 u
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6.0 Puc. 4. T'pajux 3asucuMocty lge u suTpornum [
. B8 [(K) Mopesd (10) or K mis ocipnsropa dydbdunra (9)

4.0 - = -6 lge(K)
K = 3 (puc. 4) ¢ xkoapdummerTaMM,

2.0 NpUBENICHHBIME B Tabn. 1 (mocnennue nBa
cronbna). Bee xoaddunuents! onpegene—
Hbl C NOIPEIIHOCTBIO, HE IPEBBLINAIOINEH
0.1%. Opmako wMuOrHe xo3dhdbuIHERTH
NPaKTUYECKH paBHbl HYIIO, 3HAYUATEJIbHBI
JTAIIE aMILIATya BO3CUCTBUS U
KO3(DPUIMEHTEI NPH X, W  Pa3MUHBLIX

creneHsix Xxy. IloaromMy ecTth BO3MOX—

HOCTh, BBIODOCHB Majible KO3(DUIHMEHTEI,
IOBTOPUTE TIOMCK MONEIH B Oolnee
KOMIIAKTHOM (POPME CTPOro TUCCHUNIATHB—
HOI'O OCHIJIISTOpA '

dxljdf X3,
. J0
dxpldt = ~yx; — x1) + Acos(2nt/T) + Bsin(2nt/T), - )
me Ax) - mommom crenmer: K. IJTO  TO3BOJNSAET HpU TOM XK€ KOJNMICCTBE

KOI(h(PHIMEHTOB HMCHONB30BaTh MOMMHOM OoJice BBICOKOIO NOPAAKA M YBEJIMIUTDH
IPENCKA3aTC/IbHYIO CIHOCOOHOCTh Mojeu. B Tabn. 2 mpuBeneHbl BOCCTAHOBJICHHBIE
3HaYCHUS KOI(PUIMEHTOB. B nenoM oHM OnMMKEe K CBOMM HCTHHHBIM 3HauyeHMsM (IIO
cpaBHeHMIO ¢ Tabil. 1). OTHOCUTeMbHas morpenmocts He npepbimnaet 0.01% (ymeHp—

mmiack B 10 pa3).

I'abmuua 2

Koaddumuents! ypasaennit dycddpunra (9)
¥ BOCCTaHOBJICHHbIX ypaBHeHuil Buya (10)

queHbi N | OGbexT (9) OnTuMansHas Monens (10)
ypaBHeHHE | i ) mopens (10) 6e3 yaera (7)
P _"'" . . P 0.00160 0.03471
. T ~0.99979 8.37783
X9 0 | 0.10001 0.05849
X2 0.00003 0.01302
X1 00048 18254
COs? 35.0 34.99646 7.07569

3. IIpumepsl

IIporecTpyeM NpeiIOXKEHHYIO MNpOLENYpPY Ha MpHMEpax pPEeKOHCTPYKIUH
YPaBHEHUHA IIO BPEMEHHBLIM peaju3aliiiM, F'¢HEPHUPYEMBIM peallbHbIMH M 3TAJOHHBIMU
MaTeMaTHYCCKUMU. oObeKkTaMH. B KkadecTBe TakoBbIX ObUIM BbIOpaHbI YpaBHEHHS
HEIMHEWHBIX ocmuaTopoB {14 u paguorexanyeckas RLC—-1ens ¢ KyCOYHO—TAHEHHON
EMKOCTBIO (cXeMa ¢ IepeKIoYacMbiMA KOHAeHcaTopam [15]). DOtor BBIGOP
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IPOAMKTOBAH IMPHHANICKHOCTHIO OOBEKTOB K pacCMaTpHBAEMOMY KJIAacCy, a TaKXe HX
pa3HOO0Opa3sneM H JOCTATOYHOM CIOXHOCTBIO. -

3.1. Heauneinvie ocyussamopst. B XadeCTBE TECTOBBIX MaTEMATHYECKHX
00LEeKTOB ObUIH BBIOpaHbl ocumuisrop Toma (11), MomacunEpoBaHHBI OCHWLIATO
Topma (12), ocoaTop Mopse (13) m MArkuit CHMMETPUYHBIH OCHRIUIATOD (14%
(mepBoe ypaBHCHHME I BCEX IPAMEPOB OIMHAKOBO M 3alKCAHO JMINL OJMH pa3 —
BEPXHSIS CTPOKA)

dy/dt = y,,

dy,/dt = —-0.01y, — [1—exp(-y1)] + 1.0cos ¢, (11)
dy,/dt = —-0.001y, - [1 + y; — exp(-yy)] + 5.0cos ¢, (12)
dyy/dt = —0.5y, — [exp(—y1) — exp(—2y;)] + 1.0cos ¢, (13)
dy,/dt = —0.001y, — y/(14y12)13] + 0.5cos t. (14)

[TepBoe ciaraeMoe B IpaBoi YacTu Kaxjoro u3 ypasuenmit (11) — (14) B MexaHmuecKux
CHCTEMAaX OIMChIBacT 3aTyxauue (Bs3koe TpeHue), Ko3(h(pHIHEHT 3aTyxXaHHd v (CM.

ypasienue (10)) paBen coorBerctBenHo 0.01, 0.001, 0.5 m 0.001. Craaraemsie,
o0beqMHEHHbIC KBaJlpaTHBIMH CKOGKaMH, COOTBETCTBYIOT (pyHKIuHE fo(y;) (HpOH3BOOHAS

NOTeHIMaNa); NOCJCAHEe cllaraéMoe — BHeEIHee Bo3fielicTBHe ¢ nepuonoM Ty = 2n u
aMIUTTYROM A, paBHOM cootBeTcTBeHHO 1.0, 5.0, 1.0 m 0.5.

PaccMaTpuBaeMble OCHWIUIATOPbI HMMCEIOT Ppa3/IMUYHbLIA  BHI NOTEHIUAIBHBIX

byukumit (CHMMMETPHYHBIA U HECMMMETPHYHLIA), JNEMOHCTPHUPYIOT pa3iIAYHbiC THUIIbI
JABUCHMOCTH TIEPHOJAa COOCTBEHHBIX KojicGaHMil OT NONHOM 3Heprud («XecTKas» M

«MATKasi» TPYXHHA) M OMMCHIBAIOT MHOXKECTBO pEalIbHBIX CHCTEM M mporeccoB [14].
HcxomHbIe BpEMEHHBIE PAbI MPEACTABIIUIN cOO0N BpEMEHHbBIC peaIn3allii KOOPUHATDI
x; (I TMEPEXOMHBIX MPONECCOB K HEPUONHYECKHM pexXuMaM) NIHHOH okoio 16
IEPHOTOB BO3JIEHCTBUA, HOIYICHHbIE MHTEIPAPOBAHUEM YKa3aHHBIX YPaBHCHMIA METOIOM
Pyure-Kyrre! 4-ro mopsiaka ¢ maroM (.01 (comepxam 104 Touek). [lanee K HHM
NpUMEHSIACh M3JIOKEHHaA B I.2.3 mpoleRypa; pe3y/IbTaThl IPEACTaBICHbI HA pUc. 5. Bo
BeexX cayyasix, KpoMe (12), HaganpHOe npuGIIKeRne i nepuoaa BosfeicTeus (atam 1 -
nponeAyphbl) yAaBaJoch HONyIHTh ¢ morpemmHocThio 0.1-1% wgepes ouenky cpemnero
PaCCTOSHANA MEXJY MaKCHMyMaMH BpeMEHHOH peaim3anuu. Bo Bcex cirydasx rpaduk
lge(T) nns moziesu B Buje (5) nMeeT rnyGokuit MuauMyM 1ipu 1 = 6.2832 = 2r (4 ToT Xe

KaYeCTBEHHBIA BHJ, YTO M Ha puc. 2), a 3Hadenus lge(T) mns mopeneir (5) u (10)
OIMHAKOBOTr'O IOpsfIKka OTVIMYAIOTCA C1a00, ITO3TOMY YpPaBHCHHUSA BOCCTAHABJIMBAJIUCH B
uie (10). B nepBoii KosioHKe HAa pHc. 5 NpABeneHs! rpaduky 3aBUCHMOCTH lge u / ot K
I TaKUX MojeJied, ONTHMAJIbHAIE 3HAaYCHHS napaMeTpa K onpenesiroTesi BU3yajabHO 1o
rpaduky lge(K) u pasunl cooTBercTBeHHO 10, 11, 10 1 17. OT™METHM, YTO B IEPBBLIX TPEX

CIy4asixX MPH YKa3aHHbIX 3HaYeHWAX K MMeeTcst ¥ MEHUMYM HTPOIMH MOJEIH {, TO €CTh
9Ta BeJMYUHA IOMOraeT OIPEHC/MTh XOPOIUYIO MOfeNb; HO KPUTEpHM MMHHMYyMa

SHTPOIMH HEe paGoTaeT B IOCIIEIHEM clydae, rae MUHAMYM /(K) npuxomarcs Ha K = 0,
KaK ¥ B C/Ty9ac IKCIEPUMEHTANILHOM cHCTeMBI (cM. pasfien 4).

[Tpu yBesmuenmn K or Hynsa go 10-20 koaduHEHTHI MOAEIH CXOAATCA C
PA3IMYHON CKOpPOCTBIO K CBOMM ONTHMAJBHBLIM 3HadCHHsM. Tabn. 3 mossosser

CpaBHATh COOTBETCTBYIOIME 3HAYCHMA KOI(PQPHUUCHTOB HCXOINHBIX CHCTEM H
BOCCTAHOBJICHHBIX NPH ONTHMANLHLIX 3HadeHMsX K mopeneh (T = 6.2832): koaddu-
NMeET 3aTyXaHus Y (K03pHUIMEHT NPH X;) U aAMIUIMTYRYy Bo3Je#cTBAA (mpym cos f)—
HEMOCPEACTBEHHO, a K03 duimenTs! HyHKIuH f(X1) CPaBHABAIOTCA ¢ KOI(PPHIMEHTAMH
pastoxkenns dyakman fo(x;) B pag Teilnopa. Bee 3HaumMble i1 anmmnpOKCHMAaIuu

koahuEeHTHI (IEPBBIE HECATH CTPOK) BOCCTAHOBJICHBI € BBICOKOM TOYHOCTBIO. Bo
BTOpOH KOJIOHKE PHC. 5 mpeficTaBieHs! rpaduku ¢pyHkmmi fo(x,) 1 f{x;). B Toi obmacry,
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4.0 8.y eae l1ge(K) = - - 7 7 o
b > o, | - - \ xi,yl
20 S . | L
0.0 — AN A R B 2000 15.0
‘ P [ \ b ‘
S Ly | ‘f;fl;J l | r

2.0 L o

| - .._| B :.
-4'{} . _ - > e, e I

_____ -

6.0
4.0
20
00
-20 —
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25.0

0.0 t 90.0

8 | ' 1.0 | -3’;'1 - 5.0 0.0 ¢ 90.0
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0.0 . 90.0

220
.40

Puc. S. PesynbTaThl MOJEIMPOBAHMSI MO BPEMCHHBIM PEANU3aLUsM HEABTOHOMHBIX OCLHIIISTOPOB:
a - ocuwarop Topa (11), 6 — moquduImpoBaHHLN ocupusTop Tona (12), e — ocuunnsrop Mopse
(13), 2 — markuit cummerpuysblil ocuwusirop (14). Ilepsas kononka: rpacukH 3aBHCHMOCTH [(K) H

1ge(K) nns mopienedt (10); Bropas kojoHKa: rpadMKH HCXOIHBIX BO3BPAIAIOLIMX CHL fo(x1) — CILIOUIHBIE
JIMHMH, ¥ BOCCTAHOBJICHHBIX f{X{) — LITPHXOBbIE; TPETHS KOJNIOHKA: BPEMEHHbIC pealn3aliii 00HEKTOB H

mojienielt (IPaKTHYECK! COBMNANarOT) U pa3HOCTHBIE BPEMEHHBIC PEAlTH3alliH O6BLEKTOB M MOJICJICH TIPH
OTWHAKOBBIX HAYANbHbIX YCIIOBHAX
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BOCCTaHOBJICHHBIX ypaBHeHu! Bupa (10)

I YneHbl |

'JOc

e

Momdprmpo- 7 Ocumasttrop

Koaddunments! ucxomusix ypapaenuit (11)-(14)* u

Tabma 3

S ——

yp—Hust| Tt:'.-JIII;H(UlIiI)'m d l BaHHBIM OCITHII— Mopze (13)
_ o | naropTopna (12) -
O6nexr o Lﬁfane:lb_ Mo;q_enﬁ Oﬁhﬂ Moneix;'.-'
- (X = 10) k=11) | | (K=10)
| % |-001 |-001000 | -0.001 | ~-0.00100 l-—o.s | ~0.49999
| cost |10 099998 | 50 49978 |10 | 0.99998
1 00 [000006 |00 |000059 00 | 0.00004
x |-1.0 . [-1.00005 | -20 | -1.99981 l—l.O | -1.00006
xi'z-_ | 0.5 10.49980 0.5 ,'!0.49365 1.'5"" | 1.49957
| xg3 l—0.16667 ~0.16653 | -0.16667 | -0.16658 |-1.16667| ~1.16616
| %% | 004167 o0 | ooater | o005 |osas |0.62626
i x5 | -0.00833 | -0.00844 | -0.00833 .? _0.00847 | -0.25833] ~0.26034
T 6 000139 | 0.00139 | 0.00139 [ 0.00133 |0.0875 | 0.08726
%7 | -0.00020 |-0.00018 | -0.00020 | ~0.00018 -0.02520‘ ~-0.02295
X8 | 2481075 | 160105 | 2.4810-5 |2:61-10-5 |0.00632 | 0.00433
x® | -276107 -8.66:10~7 ~2.76-10°5| -3.59-10-6' ~0.00141| ~0.00050
..._.2_'.76-1'.0'_'"7 209108 | 2761077 3.1_2-10-7 1 0.00028 | 0.00003

-1.0

0.0

0.333330' 0.32012 I

0.0
~(.22222

0.0

]
| —0.00006

-(.00160

0.49999
13106

-0.99882

0.00027 |
-0.17335

0.17284 | 0.07953

0.0

-(.14403

00

| —0.00013

st ypaBHeHui ('1 1)—( 14) NpHBeEJicHb] K03hHULHEHTH] PA3JIOKEHNS BO3BPAIAIOMIEH CHIIbI B pa,t:
‘eHnopa no CTEneHsIM x; .

| ~0.00045 l

0.00034

0.02598 :

Bl

hlbraiebialer

[7e IPOHCXOMUT HabmIonacMoe JBIDKCHUE (BBIJieJIeHa NYHKTHPOM ), HIMEET MECTO OYEHb
xopouiee coBrafeHue. IlporsocrTudeckne BOZMOXHOCTH MOJIE/IeH IPOHJLTIOCTPHPOBAHDI
B TPETHEN KOJIOHKE PUC. S, ITe NMOKa3aHbl BpEMEHHbIC peaji3alii O0HLEKTOB U Mojeel
(B TakoM MacioTabe OHM NPaKTHYECKH COBM4NatoT) M (HMKe) pa3sHOCTHBIE CHIHAJIbBI
00BbeKTOB M MOJICNICH NpH OMHAKOBBIX HAYaJbHBIX YCJIOBHAX (HAa NPOMEXYTKE BPEMEHH
5-10 nepuonoB Bo3ne#cTBUA IPOrHO3 BEChMa TOYEH ).

3.2. Pexoncmpykyus ypaeHeHUl OCYUAAAMOPO8 NpU HAAUYUU UYMa.
IpoBepuM pabOTOCIIOCOOHOCTH IIPEACTABICHHON NpONERyphl NPH HAJMYHHM IIyMa Ha
[IpuMepe PCKOHCTPYKIIMY YpaBHEHUM IO BPEMEHHOH peay3aiuy ocuunaropa Tona u3
1.3.1 c fo6aBNEeHHLIM K HEll aIUTUBHBIM IIyMoM H3Mepennit. MccienyeMblit BpeMeHHOM

pifi — 3TO 3HAUCHMS BEJIUMMHBI {w;}, THe w= 0U+E;, U; — pe3yabTaThl YMCIEHHOTO HHTE—

rpupoBaiusl ypaBHeHHMsT (11), &, — He3aBHCHMBIE CIyYaiiHble BEIMYUHBLI, paclpere—
NeHHble (OMMHAKOBO) IO HOPMAJIbHOMY 3aKOHY ¢ HYJEBBLIM CpeqHHM. PaccMaTpuBaymch
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4.0

2.0

0.0
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80

6.0
4.0
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0.0
-2.0

Puc. 6. I'pacdhuk 3aBHCUMOCTH JIorapugma morpeui-
HOCTH anmnpokcuMarnud ot T (mpo6GHOro 3HaYeHHH
MepHofia BO3NEHCTBHS) NPH PAa3NMYHBIX YPOBHSX

uryma (ceepxy Bum3 — 10-6, 10-10 u 10-44) mpu K = §

~ T
N P UIs ocIpIIATOpa Toffa
~ . -
s
A | Puc. 7. Pe3ynbTaThl MOUECHAUPOBAHUS [TO BPEMEH-
N7 | HOl pealH3alii# HEABTOHOMHOI'O OCLHIJISITOPA

6.20 624 628 632 636 T

0 2
0 2

Toja npH pa’nMUHBIX YPOBHSX HM3MEPHUTEHLHOTO
iryMa. OTHOILIEHHE MOLHOCTH HIYMa K MOUIHOCTH

curnana pasHo 10-14(a), 10-10(s), 10-5(e).
[TepBasi KonoHka: rpadukn 3asucumocTd [(K)
lge(K) nns wmopeneit (10). Bropas: rpaduka
HCXOJHBIX BO3Bpalalolmx cui fy(xq) — criom-
Hble JMHUH, ¥ BOCCTAHOBJIEHHBIX f{xy) — LITPUXO-

Bble. JIVHKTHpPOM TOKa3aHa 00nacTh, B KOTOPOH

OHUM TMpPaKTHYECKH COBIajaroT. TpeTbs KOJOHKa:

pa3HOCTHbIE BpeMEHHbIEC peanu3alii OOBEKTOB A
Mojesiel NpH ONUMHAKOBBIX HAaYaNbHBIX YCJIOBHSAX

a88 [(K) 2.0 10_2'
o-o-o lgs(K) S e 1 .4
N | 1
B _ | | |
1o | ] B 4%
| |
o1 1] ]
- -3.0 —_— 107 L . _ :
A e v 9.25 00 . 15.0

4 6 8 - T - '
-1.25 , 9.25 0.0 ” 150
. xl .
2.0 -7 1.5
. L J!
I .
- | .!
| | I !
aancad SR _I |
4 6 8 K -30 IR L 1.5
-1.25 o 925 00 . 15.0
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pa3JM4HbIE YpPOBHH mIyMa: oTHowmecHue (§2)/(v2) cocrasmsuio 10-14, 10-10 y 10-6.

| OcHOBHast TPyJHOCTE 3€Ch COCTOMT B TOM, YTOOBI JOCTATOTIHO TOYHO BHIYMCIIMTE
~ 3HaUCHUS NEpBOM M (OCOGEHHO) BTOPOM MPOM3BONHBIX. MBI HCHOJIB30BAIM MONXON,
u3noXeHHb B (6], B/OYaroupmi crenuHIecKyl0 IPONERYPY BBLUIEICHHUS TIIAaBHbIX
KOMIIOHEHTOB ¥ OTOpachbIBaHMsI MEJIKOMACINTaGHBIX M3MeHeHuH (criaxxusamme). s
BbITHCJICHHA JIBYX IIPOM3BOJNHBIX HaOXOMacMOM BPEMEHHOH peaM3alluM B TaHHbLIA
MOMCHT BPEMEHH HCHONb3YETCA OCTaTOYHO MHOTO COCEHMX TOYEK CKAJIIPHOIO
BPEMEHHOrO psifia (IO CyTH, HCHOMB3yeTcs crnenuduieckas Nponenypa (OWIbTpaLyHn).
st yrkazaHHBIX ypOBHEH IIyMa yJOBIIETBOPHTEILHO BHIYMCIIATE 3HAYCHHA HPOM3BOIHBIX
' YRAJIOCh C MCIOJIb30BaHUEM COOTBETCTBEHHO 7, 13 ¥ 55 cocennux Touek, Torna Kak npu
OTCYTCTBHH IIyMa AOCTATOIHO ObUIO 3—X TOYEK.

Hamrawe uryma npuBopuT K ciepyrommM adderraM. Bo-nepBeIX, MUHMMYyM Ha
rpaduke 3aBucuMocT lge(7T) (sram 2 mpouenypwsl) npw ToM Xe Macmrabe mo T
OKa3bIBaCTCA TEM OOJce NOJIOTHM, YEM BhIIIIe YPOBEHE IyMa (pHc. 6). Teneps BemanHa
HOTPEIMHOCTH € OrpaHNYE€HA CHU3Y AOCTATOYHO GOJBLIION BEJIMIMHOM €, ONpeeaeMolt
ypoBHeM myMa (pasHa 0.001, 0.02 u 0.05, coorsetrctBenno). Y3 (7) npu Tu/T, > 16
CIEyeT, 9TO 3HAYCHHEC MNEpHONa NpH HAIWMYHU IOyMa HEBO3MOXKHO ONPENENINTH C
NOIrPeUIHOCThI0, MeHbined 0.22¢;. Bo-BTOpbIX, ONTHMAJbHOE 3HAaYEHHE IOPANKA
OMMHOMA K yMEHbIIIACTCS NPH YBEIXYCHAM YpOBHS myMa. OHO paBHO COOTBETCTBEHHO
8,6 u 5 (puc. 7, nepBast KOJIOHKA). ITO IOHATHO — IIYM MEMIAET TOYHOH ANMIMPOKCH—
Maluyl, ITOTOMY HCIIOJB30BaHME IMOJIMHOMAa BBRICOKOI'O HOpsjka He HaeT acddekra. B
CBSI3M C 3TAM IIpH OOJIBIIIOM YPOBHE IIIyMa OKa3bIBaeTCsl HEPaGoTOCIOCOGHBIM KPUTEpHiA
MHHUMYMa 3HTpONMM MojenH (puc.7, 8, nepBasi KOJIOHKA). Y BEIXYECHNAE NHTEHCHBHOCTH
IUyMa MPHBOJUT K TOMY, YTO 3HAa4YCHUS KO3(h(HUIHUECHTOB BOCCTAHABIHUBAIOTCA C

6onburelt morpenmocTeio (Tab. 4).
I'padMK¥ HCXOOHBIX ¥ BOCCTAHOBJIEHHBIX NPU ONTHMAJIHGHOM 3HAYCHAM K

BO3BPALAOIINX CIJI JIIA pa3/IM9HBLIX YPOBHEM IITyMa IpPUBEJCHBI Ha pUC. 7 BO BTOpOMH
KOJIOHKe. B TpeThel KOIOHKe mpefcTaBleHhl BPECMCHHBIC pEaiH3alMd pPa3HOCTH

Tabmumna 4

Koadduuments! ypasaenns ocuwurropa Topa (11) u
BOCCTaHOBJICHHBIX MOJIE/IbHBIX YpaBHeHHH (10)

Unensl O6wexr (11) _Mogems (10) npu Pa3IMTHBIX YPOBHSAX IIyMa
yp—Huit _ 1071 10010 - 1 1078
B ;; - -0.01 -0.0099 | ~0.00943 ~0.00864

cost |10 | 09992 | 1.00429 0.98691
1| o0 | o003t | -oot68 | 000057
w | <10 | -0997% 100070 | -1.06503
%2 0.5 0.49915 © 0.53057 0.55203
X3 ~0.16667 ~0.16917 ~0.17735 ~0.14639
x4 0.04167 0.04300 . 0.03479 0.01835
%3 ~0.00833 000801 | —-0.00353 ~ -0.00086
% 0.00139 0.00098 0.00014 -
X7 -0.00020 |  -0.00007 - -
18 248105 | 021105 - s
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xkoopnuHAT y, (06bexTa) M X; (MOJieNn), caMa peanm3aiys y, NpUBEleHa Ha PHC. O, a
(TpeTss KONOHKA). [IpH yBeMIeHN: YPOBHS 1IIyMa YMEHLIAETCS TOYHOCTh KOJIMIECT~
BEHHOr'O NPOTrHO3a M COOTBETCTBEHHO BpeMmsi mpefickasyemocTd. Ho maxe st ypoBHA
myma 10-6 Monens faeT JOCTATOUHO TOYHBIH NPOrHO3 (IOrpeIHOCTh He Bhime 5% ) Ha
BpeMs okono 11 nepuonos Bozpelictsus (900 oTcaeToB), 9TO ABIAETCA OYEHL XOPOLIMM
pe3yasTaToM. KpoMe Toro, Moesil JeMOHCTPUPYIOT KaYECTBEHHO CXOXEe C MCXOTHbIM
00BEKTOM IOBENECHHE.,

4. PeKOHCTPYKIMS THHEIMUYECKOH MOJIeJIH PealbHOI HeaBTOHOMHOH CHCTEMBI

CxeMa peanbHOro o0beKTa — RLC-KOHTYpa ¢ IEepeKInIoIacMbIMU KOHICHCATO~
paMH, HaxXONAIIErocs MO rapMOHHYECKMM BHEUIHAM BO3[CHCTBHEM aMILTATY/IbI Uy m
YacTOThbI ), IpefcTaBieHa Ha puc. 8. 3peck K — 3/leKTPOHHBIM KITFOY: MHKPOCXEMA,

cofepxamasd JEeCATKHA TPaH3UCTOPOB M APYIrHMX MacCHMBHBLIX JJICMCHTOB, KOTOpad
IMATAECTCA OT CHEUUAJIBHOIO HMCTOYHMKA IIOCTOSHHOI'O HaIPSKCHIAS. IIpu Mansx

3HAYCHMSX HanpsikeHns U Ha eMKocTH (') IPOUCXONAT TAHCHHBIC KOJICOaHUS B KOHTYPE
RLC;, (conpoTuBicHHe KIfOYa OYEHDb. BEIMKO), KOrja HanpsikeHwe U pmocThraer
moporoBoro 3savyeHus U,,,, CONPOTHB/ICHNE KIIIOYa Pe3KO NafacT, OH 3aMbIKacT HCMb U
nopkIroYaeT eMKocTs C,. Ob6paTHOe MEepeK/IrO4YeHne MPOUCXOAUT IIPpH NMOHMKeHH: U
oTHOCUTENbHO Uy, TaK KaK K04 obnajgaeT racrepe3ncoM. CyIIECTBEHHO TaKXke

HaJIMYMe ONPEeACICHHOrO YPOBHS IITyMa.
Monens 3TOM cHUcTeMBI, NIONyIYeHHass Ha OCHOBE 3aKOHOB Kupxrodpa, uMeeT BHJ

(4) ¢ KycouHo—nmMHe#HO# BosBpamaromieli cunoi. B Gespa3MepHbIX NEPEMCHHBIX
Y=t/(LC)12 — Ge3pasmepHoe BpeMs, X'=q/CrU,,, — 0e3pa3MepHbIi CyMMapHhIA 3apsix
ma emxoctaix C; m C, 3r0 MOnenbHoe ypasHenme (mpu U,,,<0) zamuceiBactcd
CIEHYIOLM 0Opa3oM:

dx,'ldt’ = x;’,
dx)ldt = —yx) ~ fo' (%) + Agcos('f),
rre v = R(CYLI, Ag=CoU(Calegl), @ = wp(LC1)1%,
[ ox=1, x> -(1+Ci/Cy),
C 1x1’/(C1+C2), x," < —(1+C{/C,).

(15)

Jo(x1")=

MsMmepeHHble  BpeMEHHbIE  pAfbl  COfcpXKald  3HAYCHWS  BEJIMIHHEL,
MPONOPIHOHAIILHON CUJIe TOKA Yepe3 PE3UCTOpP R, M3MEPEHHbIC C HHTEPBAIOM T = 4 MKC
¢ OTHOCHTEILHOH MOrpelHOCThI0 ~27 2 mpu 3maveHusx napamerpoB C; = 0.1 MxO®,
C, =44 Mx®, L = 0.02 Ty, R = 10 Om, U, = 0.2 B, Ty =~ 84.027 (To ecth ¥ = (.02,
w'=1.02, C/(C+C,) = 145) v npu pasmMUHBIX 3HAYCHMSAX AMIUTATY/bI BO3JHCHCTBHA.
[lONOHUTEBHBI MHTEPEC, KOTOPHIA BbI3BIBAET 3TOT NpuMep (IO CPABHEHHIO C

' YMCIIEHHBIMH ), OOYCJIOBJIEH TEM, YTO, BO-
R L K IepBHIX, 3aBECHMOCTH  BO3BpalllafoIIeH

1 e 1 CWIBbI OT X’ HE SBIAETCHA CTOJNDb IJIafIKOH,

| . R | Bo—BTOpBIX, naxe ypasBHeHume (15) sBma-

_ el it s @Fest JIMIIB MPHOIIMKCHHON MOJETBIO CHC-

' Uycos(mg ?) G == O =7 jempr (MOCKONBKY OHO HE YYHTHIBACT,

' HanpuMep, ciaaboil HeJIMHEHHOCTH MHEYK~

TUBHOCTH, THCTEpE3nca, CBJA3aHHOIO ¢

[IEPEKJIFOYCHUEM Kiroua K, Hamwums mryMa

- - U T.1.), B—TPETbiX, 3HAYCHHUSA IEPCMEHBOR

Puc. 8. DKcnepuMeHTANbHAS CHCTEMa — KOHTYP ¢ M3MEPEHBI C YKa3aHHOHM AOCTAaTOYHO BBICO-
nepeKIYaeMbIMA KOHACHCATODaMH ' KOH HOrpeIiHOCTBIO.
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~ Ha puc. 9 npegcraBieHbl pe3yJIbTaThl MOIECIHPOBAHMS 110 BPEMEHHON peaH3anuu
xaoTwaeckoro pexuMa (Uy = 2.344 B). BpeMeHnHasi peaym3anusi NpeIBapuTeIbHO GblIa
IOIBEPrHyTa YUCICHHOMY HHTEIPHPOBAHUIO (TaK KaK B POJIM KOOPHUHATHI X{ BHICTYIAET

3apsji Ha EMKOCTAX, a M3MEPEHHAA CIJIA TOKA — 3TO €ro IPON3BOXHAs ); TAKUM 00pa30oM,
HCIOIb3YEMBbIH [IJIsSI IIOCTPOESHUS MOJIEIIH BPEMEHHOM Psifi colep KaJl 3HaYEHHS BETHIHMHEI,

NPOHOPILMOHANBLHON 3apsy.
T'padvkn npencTaBiaeHbl B COOTBETCTBUHA C JTallaMH NPUMEHSIEMOHR [IPOHENYpbL:

HavYaJIbHOE NPHOMMKeHue A 1 ymaeTcs NOIYUMTH KaK CpPeHEE PACCTOSHHE MEXKIY
MakcuMyMaMu BpeMeHHo# peammsaunu (T = 84.211); rpaduk 3aBucumoctr lge(7T) mis

mMofend (5) 5—-ro nopsigka mmeer riryOoxkmii mmaumym npu T = 84.02t (puc. 9, a);

3HaYeHnA Ig € s Mopenelt S—ro nopsigka B Buge (5) m (10) paBHBI COOTBETCTBEHHO
-1.27 u -1.23, noaroMy MOe/Ib CTPOUTCAH B BHAE CTPOrO JUCCHNATUBHOIO OCIMILIATOpPA

v 0.5 |
Ige S
1.0~
-1.5
80 82 84 86 88 45
I/t 1 T : |
| -3.8 | L AL 4.0
a o] - L
050 1.5
-0.75
ige
-1.00 f
-1.25
-1.50~ _
2.4 6 10
0 2 KB 12 05 .
“ag
6 2
) e s B K
F“ ; ' A
I&I il \ ;’ ff \‘ Iﬁ.
V" "-;j d 'U_ ".J :
xl | .xl
0 . 10T Ty ; Te+10T
Y | | 3 |

Puc. 9. Pe3ynbTarhl MONESNMPOBAHHA MO 3IKCICPUMEHTANLHOMY BPEMCHHOMY psifty: @, 6 — Tpaduxu
saprcuMocTi 1ge or T 1 ot K, COOTBETCTBEHHO; 8, 2 ~ BO3BpallatOLIMe CHIbI Mofielik (15) ¥ BocCTaHOB—

neH”oll onrumansuoit Mogemu (10); 0, ¢ — azoBbie noprperhbl UcxopHOH cucteMbl 1 Mofiean (10);
¥, 3 — BpEMEHHBIC peanu3anud obbekTa (CIUIOLIHAA JIMHAS) W Mojieid (LITPUXOBas JIMHHS) IPH

OIIMHAKOBLIX HAaYaJbHbLIX YCIOBHAX Ha NpUMEpPAX BPEMEHHOTO psfia, IO KOTOPOMY IMPOM3BOJMIIOCH
KOHCTPYHpOBaHUe ypasHeHm (), H ero NpoJIoKEeHNs — «4HCThI TpOrHo3» (3)
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— Ha puc. 9, 6 upencrasieH rpacdux 3aBUCHMOCTH 1g € OT K, BH3yalbHO ONPENECICHHOC

ontumainkHoe 3HayeHmne K = 7. Puc. 9, 6, 2 10o3BOJIAIOT CPAaBHUTH BO3BPAIAIOIINE CHIIBI B
ypasgenr (15) m B BoccraHoBieHHo# Momemm (10) 7-ro mopsamka. I'paguxn
Ka4eCTBEHHO CXOXKHK 6, KpOME TOTO, HAKJIOHBI JIMHEHHBIX YYaCTKOB rpaduka BOCCTAHOB—
nennolt ¢dpyskumu pasHbl coorBeTcTBeHHO (0.014 m 0.604, Mx oTHOIIEHHE COCTaBISET
npuMepHO 1/45.

Koaddunuenr 3aTyxaHAS B BOCCTAHOBJICHHBIX YPaBHEHHUAX pAaBEH HNPHUMEPHO
0.09, sT0 B 4.5 pasa Gounblile, YeM KoagruueHT 3aTyxanua B Moied (15). 31o MoxeT
6bLITH CBSI3aHO C YMEHBIIEHHEM NOOpPOTHOCTH NPH NEPCKIMIOYCHHH E€MKOCTH, YTO HE
zaoxeHo B (15). Kpome Toro, peajibHble IOTEPH B KOHTYPE ONPENEIOTCS HE TONBKO
CONPOTUBJICHAEM R, HO U KMOYOM. Da30Bbie IIOPTPETHI MCXOMHOHM CUCTEMBI U MOMCIIH
KaueCTBEHHO coplagaror (puc. 9, 0, e).

[TporHocTHUecKAEe BO3MOXKHOCTY MOJEN WLIIOCTPUPYET pHC. 9, X, 3, THe
MOKa3aHbl BPEMEHHBIE peanu3anuy oObEeKTa M MOJC/IM NPH OAWHAKOBBIX HavalIbHBIX
ycaopusax. Ha puc. 9, » ucnonb3oBaH BPEMCHHOM Ppsijl, TO KOTOPOMY IPOM3BONMIACE
MONroHka ypaBHeHmit. [Ins ymoGcTBa BOCIOPHATHA MOKAa3aH HE BECh PN, a TOJIBKO €ro
ygacTok jymHoil B 10 nepuonoB BospaeiicTaa. Ha puc. 9, 3 HCIOb30BaHO NPOAOILKCHAE
3TOr0 BpEMEHHOTO psia — ¢ MomeHTta Bpemenu Ty (Gomee 100T) pmo Ty+10T (ero

«YHCTBII IPOTHO3»). BpeMsl InpepcKa3aHust Mbl OICHMBAJIA KakK CpefHEC BpEMs, 3a
' KOTOpOE BpEMEHHbIE peanu3anuu OObeKTa M MOJIeId M3 OJMHAKOBBIX HAYaJIbHBIX
ycioBuil pacxopaTca Oonee, YeM Ha 5% pasmaxa komebaHui. OHO COCTaBISET
npumepro 5.1T (430 orcueTos) B nepBoM ciydae — puc. 9, x, u 2.5T (210 OTCUETOB)

BO BTOPOM — pHC 9, 3.
OTMeTHM, YTO IpH BOCCTAHOBJICHMH MOJEIM II0 BpPEMEHHOM pead3alliy,

IOJIyJEHHOH HpH W3MEHEHHOM B HEKOTOPOEC KOIMYCCTBO pa3 3HAYCHHH aMIUTHTYTIbI
BozueiictBus U,, aHamor aMIUIMTYAbl BO3AEHMCTBHA B MOJC/IM MCHSAECTCA B TO XKC

KOJIMYECTBO pa3, a OCTAbHbIE MapaMeTpbl OCTAIOTCS MPAKTHYCCKH HCH3MCHHBIMM; 3TO

yOeMTEIPHO IOKa3bIBAET, YTO MOJCIb HMMEET NapaMeTphl, COOTBETCTBYIOIIHE
lapaMeTpaM HMCXOJHOM CHCTEMbI, M JaeT BO3MOXHOCTE UMCIICHHOTO WCCIICOBAHH

YCTPOICTBA IIPOCTPAHCTBA TAPAMETPOB MOJIEIAPYEMOU CHCTEMBI.

3akJaryeHue

B craThe mpemioKeHa mpoliefiypa, KOTopasi IO CKalsIpHOMY BPEMCHHOMY DSy
3paveHN# HaG/IoNaeMOll BEJIMUAHL], XapaKTepH3yIollel IoBelcHAe aBTOKOne0aTeIbHOM
HITH CTPOTO MUCCHIIATHBHONM CHCTEMBIL, NO3BOJIACT:

— TPOBEPUTh, MOXET JM OOBEKT OBbITh ONHMCaH YpaBHECHHEM HETMHEHHOIO
OCIJUIATOPA, HAXOMSIIIErOcs OJ ACHCTBUEM BHEIIHEH TrapMOHIYE€CKON CHIIBI;

— ¢ (pUKCUPOBAHHON OTHOCHTEJIbHOM HOIPEIHOCTBIO ONPENCIUTD ITICPUON

BO3JI€UCTBHSI;

— IOJIYYUTH MOJEIBHBIC YPABHCHUS.

IToxkazaHo, YTO HeOOXOHMMMO BBECTH OrpaHHYCHHMEC Ha JJIMHY BPEMCHHOI'O psija.
KoHcTpyMpOBaHKEe MOJENM ILEJIecoo0pa3HO BECTH HNO €ro OTHOCHTEJIBHO KOPOTKHM.
yJacTKaM, B TO BpeMsl KaK [UIS1 OLCHKM IIEpUOfa BO3NCHCTBUS MOXKET NPUTOAUTHLCS BCS
BpeMeHHas! peaym3anus. [Ina wirocTpauy BaXHOCTH 3TOrO OTPaHUMCHHA B IIOCJICTHEM
cTonbOne Tabja. 2 OpHBeleHbI PE3yibTaTbl MopeIMpoBaHms 6e3 ero ydera. Mopens
CTPOMJIACh 10 OYEHb IMHHOM peamM3aliiil OCHHILIATOpA Nyddunra, comepxkalieu
npu6nuzaTenbHo 80 neprofoB BospeHcTHs, pu npoGHOM T = 6.25 (norpemsocTs B

6 Macurrabbl 10 OCH OPRMHAT Pa3IHYarOTCs, TaK Kak o0pabaThiBacMbIl BDEMEHHON DAJ[ COCPXKHT

BeJIHYHHBI, IPOTIOPLHOHANIBHEIE, 3 HE B TOYHOCTH PaBHbIE GE3Pa3MEPHOMY 3apsyly X1, KPOME TOr'O, FpaHKH

HECKOJIBKO CHBHHYTHI JPYI' OTHOCHTENBHO [pPYra, TaK KaK 3JIEMEHTBI BPDEMEHHOIO psifia ONpERCeHbI C
TOYHOCTBIO 1O ANIATHBHOM NOCTOAHHOM Npu MHTerpMpoBaHud. OJHaKO YKa3aHHbIC KOJNMYECTBCHHBIC
pa3uyMs HECYIECTBEHHDI, TaK Kak MOAENHpPYeTCca HMEHHO H3MEPEHHBI pPsif| X1, @ HE UCTUHHBIC 3HAYEHUSA

3apsjia xi .
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sHauceHud nepuona ~ 0.01). IlpenckaspiBaeMasi B (7) MOIPEHIHOCTh aNNpPOKCHMAIHH
KOCHHYCa B 3TOM ciydae npumepHo pasHa (.2, To ecTh IOCTATOYHO Benuka. Kak BHJHO
u3 Tabinmipl, BHIMUCICHHbLIC 3HAYCHUS KOI(P(PUIMEHTOB NAJECKHM OT HCTHHHBIX -—
pe3yJIbTaT CBHACTEILCTBYET O TOM, YTO TaKOH NPAMOJMHEWHBII yYET BHEIIHETO

BO3JleCcTBUA OecIioyie3eH.

[IpencraBnensl coobpakxeHns, MO3BOJSIONINE B PAJIE CIyYaeB CBECTH MOJIC/IHHBIC
ypaBHCHUS K O6ojlee KOMIAKTHOMY BHAY (CTPOrO MMCCANATHBHOIO OCHUIUIATOPA).
[71aBHBIMH KpHTCPHSAMHM KadecTBa MOJC/M BbICTYNAIOT KAYECTBEHHOC COOTBETCTBHE
NOBENCHUS OOBEKTa M MOJC/IM MW HaMuue (PHU3NISCKOIO CMbIC/IA €€ IlapaMeTpOB.
[IppMenerne anropaTMa Ha HECKOJIBKMX YMCIEHHBIX IPHMEpax ¥ peajlbHOM
PadOTEXHUYECKOA CXEME IMOKA3LIBACT €ro 3(p(PeKTUBHOCTH: IIapaMETPbl BOCCTAHOB—
JICHHBIX MOJEJIEH UMEIOT NPSIMbIE AHAJIOTH B IKCIIEPUMEHTE (UHMCIIEHHOM H HATYPHOM), a
MOJEJTH MEMOHCTPHPYIOT Ka4ECTBEHHO CXOXKee C HCXOTHbIM OOBHLEKTOM NOBEICHHE.

Pa6oma svtnoanena npu noooepxwxe PODU, epanm Ne 96—-02—-16755.

IIpunoxenune

[TycTh MMeeTCst IMHAMIYECKasi CUCTEM

dyldt = Fy(y), (IT.1)

me y(t) € R4 — ee BekTOp cOCTOsIHMS, M 3ajaHa (HPYHKOHUS BEKTOpA COCTOSHHUS U =

=v(y(1)) — Habmonaemas. ITycrh ¢a3oBas TpaekTopus y(¢) NpHHALNIEXKAT HEKOTOPOMY
aTTPaKTOPy, M IYCTh pa3sMEPHOCTL XKOMMIAKTHOro MHorooGpasmss M, copepXaiero

aTTpaKTOp, paBHa dy. PaccMoTprM BeKTOPHI X(?) € RO:

o(e) .
do(t)/dt
K,-= (H.Z)

dp-10(2)/dtd-1

Gopmyna (I1.2) ompepensier dyuxmuo 60 M — R2, omHO3HAYAO OTOGpaXaromnyio
MaOroo6pasue M Ha HekoTOopoe MHorooGpasue nmpoctpaHcTBa RP(x =d(y)). Teopema
Takenca [13] yreepxmaet, wro ecrm dynkuun 0v(y) u Fo(y) nocrarouno riaakue (2dy+1

pa3 HenpepbiBHO mudppepenmupyeMbie) B D=2d\+1, T0 oroGpaxenue ¢, ABIICTCA, B
oGLLEM clIy4ae, HeNpephiBHO MU depeHIEPYEMBIM 1 B3aMMHO OHO3HAYHBIM (TO €CTh
~ CYIIECTBYET IUianKasi oOpaTHas (pyHKIMs ¢y-1).

Crnenosarensno, ypasHenue (I1.1) mns peukenus Ha M MOXHO nepenmcaTth B
BHJIE:

d171/ dt = X2,
dx2/ dt = X3,

ceos (I1.3)
de/dt =ﬁ}(x1 w290 s -’xD):
rae dbyuxims f5(X) Boipaxaercs yepes Fy(y), ¢o-1(X) 1 ee nepByio NpoH3BOIHYIO.
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 Buicuunii Koanedm npuKAaOHbIX HAYK
Capamosckuti pusuan P9 PAH

RECONSTRUCTING EQUATIONS OF A NONAUTONOMOUS
NONLINEAR OSCILLATOR FROM A TIME SERIKES:
MODELS, EXPERIMENT

B.P. Bezruchko, Ye.P. Seleznev, D.A. Smirnov

We present a procedure for constructing model differential equations of an
oscillatory harmonically driven system from a scalars time serics. The proccdure uses a
global reconstruction technique, and a priori information about the character of influence
is taken into account. The procedure is tested using several well-known systems -
nonlinear oscillators with different kinds of friction forces and potential functions. We
demonstrate its effectiveness by applying it to several examples, including the dynamical
systems with added noise and the real radioengineering system — nonlinear RLC—circutt

with switched capacitors.
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