MmaBsa 9. MogenbHble ypaBHEHUA: BOCCTaHOBIIEHUe
HEeJIMHEeUHbIX XapaKTepPUCTUK

B cnydae Tonbko wacmuynoti OCBEJOMIEHHOCTU O CTPYKTYpPE MOJEIbHBIX
ypaBHenuit X, =f(x,,¢) wm dx/dt =f(x,¢) 3amaua CTAHOBUTCS CJOXKHEE,

4eM IPOCTO OYeHKa napamempos, pacCMOTpPEHHas B Ipenabinyliei riaase. Ha
Haml B3IUIAJ, O3TO HauOosiee IUIOJOTBOPHOE U MPAKTUYECKU TMOJIE3HOE
HampaBJieHUE UCCIIEI0BAaHUI B 00IaCTH MOJICTHUPOBAHUS IO BPEMEHHBIM PsIIaM.

B curyanuun, KoTOpyroo Mbl JOTOBOPWIHCH B 1. 5.2 Ha3bIBaTh «CEpPHIM
SIIAKOMY, HEU3BECTHBI HEKOTOpbIE KOMNOHEHMbl GyHKIMU f.
[TpomnmtocTpupyeM OCOOEHHOCTb IOCTAHOBKHM 3aJlaud Ha IMPOCTOM IpUMEpe.
[IycTh OOBEKT — HEIMHEWHBI JUCCUNATHBHBIA OCHMIUISATOP, KOTOPBIN
ONMCBIBAECTCS YPABHEHUSIMU

dx, /dt = x,,

9.1)
dx, /dt =—yyx, + F(x;) + Aycos(wyt + ¢,),

rae 7,,A4,,0,,9, — napameTpsl, [’ — HenuHelHas BO3Bpalllaiollas CUjia, 6uo

komopou Heusgecmer. IlycTh B KadecTBe HAOMIOAAEMOTO psga CIYKUT
BPEMEHHAs peanu3alusi NepeMEeHHON X, : 77 =x,. OTMeTuM, uto QyHKIMA F —

9TO TOJIBKO OJHAa KOMIIOHEHTA, KOTOpas 3a7acT I0JIe CKOPOCTEW AMHAMHUYECKON
cuctembl (9.1) Hapamy ¢ JOpyruMy  4WieHaMH B TPaBOM dYacTU. ITO
XapaKTepUCTHKA 00BEKTa, KOTOpask UMEET SICHBINA (PM3UYECKUN CMBICT U MOXKET
NPEeACTaBIATh camMa Mo cebe 3HauuTenbHbIH uHTEepec. [lo  ycrmoBusiM
SKCIIEPUMEHTA €€ 3HAYEHUSI MOT'yT ObITh HEIOCTYIIHBI IPAMOMY U3MEPEHHUIO, T.€.
HOJIYYUTh 3KCIIEPUMEHTAIbHBIE TOUYKH Ha IUIOCKOCTH (X, F) HeBo3moxHO. Ho

nHpopMmarus o QyHKIUU F comepKUTCS B HAOII01aeMOM psifie, T.K. F BIUSET Ha
JTMHAMUKY 00BbeKTa. «BBIIenuTh)» 3HaueHus: F' MOKHO KOCBEHHBIM ITyTEM: Yepes3
MIOCTPOCHUE SMITUPUYECKON MOJEIN OO0BEKTa, B CTPYKTYpe KOTOPOU 3aloxKeHa
MonenbHas (YHKIWSA, COOTBETCTBYIomass F. A WMEHHO, MOJIENb CIEIyeT
CTPOUTH B BUJIC

dx, /dt = x,,

9.2)
dx, /dt = -y, + f(x,,¢) + Acos(wrt + @),

1
rie  f(x,,¢) nomkHa anmpokcuMmupoBaTh F. Ecnm  ynactes mongyduTh

«xoporryto» mojaenb (9.2), To OyAeT MOATBEpXKIeHA CIPaBEIJIMBOCTh HJICH,
JeXKalUX B OCHOBE 3TOW MOJIENH, U OJTHOBPEMEHHO BOCCTAHOBJICHA HEJIMHEWHAS

1 .
Annpoxkcumanust (QyHKUUM 00HO20 hnepemenHo20 MHOTrO Jjerde oOmed 3agauu

anmnpoKcuMaIuy QyHKIUH MHOTHX MEPEMEHHBIX, BO3HUKAIOIIEH 00BIYHO B CIIydae «4epHOTO
siiukay (rmasa 10).
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Yacrts II. Mooderuposanue no epemennvim psaoam

xapakrepuctuka F B Bune f(x;,¢). Eme pa3 moguepkHeM, 4TO Apyroro myTH

U3MEPEHHS XapaKTEPUCTUKH F MOXKET HE OBITh.

HHTepec, KOTOphIi BhI3bIBaCT HHPOPMAIIHS O XapaKTEPUCTUKAX IIEMEHTOB
00beKTa, HEJAOCTYIIHBIX NPAMOM) U3MepeHuto, 00yCIOBHUI HAlll BIOOp 001Iero
Ha3BaHMs TMOJOOHBIX TIOCTAHOBOK 3aJaud: GoccmaHogienue (HeluHelHbIX)
xapaxmepucmuk. IIpy 3TOM HCKOMBIC KOMIIOHEHTBI MOJAEIbHOW (GyHKIuU f
MOTYT UMETh Pa3NUYHBIA (PU3HUECKUN CMBICI (B paCCMOTPEHHOM MPUMEPE ITO
BO3BpallaroIiasl Cujaa, paBHAsS TMPOW3BOAHONW TOTEHIMATBHONW (YHKIIUU
OCIIMJUTATOPA, B3SATOW C OOpaTHBIM 3HAKOM). TakWe MOCTAaHOBKH BO3HUKAIOT,
€CJIM B CTPYKTYPY YPAaBHCHHI MOJETH 3aJI0KECH (DU3UUECKHA CMBICI, YTO YaIle
BCEr0 MMEET MECTO IPH HCIOIb30BaHUU MU EepPSHINATBHBIX YPAaBHEHHUH, T.K.
MHOTHE O0IIKE 3aKOHBI UMEIOT TaKyl0 (popMy.

Kak wm B rnaBe 8, paccmaTpuBaeMble MOJCITH 3aJal0T 3aBUCHUMOCTH
Oyay1uero coctosHust 00beKTa X,,; OT TEKYILEro X, WIN CKOPOCTH U3MEHEHMUsI
cocTosiHust dx/dt or camoro cocrosuus X. OTJMYUe COCTOUT JIMILEL B TOM, YTO
niepe]] MpoIeypoi OIICHKH MapaMeTpoB HAJ0 3a1aTh GyHKIIMOHATLHYIO (popmy
UCKOMBIX  XapaKTepUCTUK  (HAmpuUMep, pPa3IOKEeHHe B KaKOM-JIMOO
(¢yHkumoHansHOM 0Oasuce, m. 7.2.4), cMm. 1. 9.1. UM3-3a 310l cneunduku 3aech
OUYeHb BaXXHBI BONPOCHI ONTHUMH3AIUU CTPYKTYypbl Monenu (1. 9.2) wiam ee
crienuanibHOro mojadopa Juisi W30paHHBIX O00BEKTOB (1. 9.3) WM KiIaccoB
00bekToB (11. 9.4).

9.1. IIpoueaypnl BOCCTAHOBJIEHUS U 0COOEHHOCTH 3a/1a4H

[IpenctaBuM  HEKOTOpBIE  MOAPOOHOCTH  TEXHUYECKUX  MPOLEAYP
PEKOHCTPYKIIMM B JIaHHOW ITOCTAHOBKE W HAYyHEM Il HArJBSIIHOCTH C
OTOOpaKEHUI.

n,. o Mooenvrvie omobpasicenusi. IlycTh 0O0BEKT —

o5 OoJHOMEpHOe  oroOpaxenue x,,, =F(x,). Bun

gﬁé ¢ynkuun F HewsBecTeH, HaOmomaemass 177, =X, .

g % Cuurtas pa3MepHOCTh UCXOJHOM CHUCTEMbI U3BECTHOM,

, \; OyznemM CTpOUTh MOAEIb B BHUIC OJHOMEPHOTO

f‘ 3&77 orobpaxkenust  x,,, = f(x,,¢). W3-3a  mpocTOTHI

< mpuMepa B JAHHOM CJydae TOYKM Ha IUIOCKOCTH

Puc9.1. Hocrpoenue  (77,,7,,;)  (QaKTHUECKH  INPEACTaBIAOT  rpaduk

OJTHOMEPHOTO bynkmum F. 3amaga — momoOparth BHI (PYHKIUN

MOJCIILHOTO f(x,¢) W mapaMerpl ¢ Tak, 4roObl  OHa
OTOOpaXXeHHsSI — TIOWCK

3ABHCHMOCTH anmpOKCHUMHPOBAJIa 3TH TOYKH HAWIYUIIAM 00pazoMm

CJENYIOIIEro 3HAYEHUS
OT TPEIbIAYLIETO II0
3KCIIEPUMEHTAIBLHBIM

(puc.9.1). IloguepkHeM, YTO HE KaXKAbIM OTAEIbHBIN
napaMmeTp, a TOJIbKO BCs MonenbHas QyHkius f(x,¢)

Tenepb MOXKET UMETh (PU3MUECKUN CMBICT.

Mps1 mosyunnm 3aj1ady, MOYTH TakKyro ke, Kak B riaBe 7 (cMm. puc.7.1,6 u
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(7.24)). Otnuuue TOIBKO B TOM, UTO IIO OCSM OTJIOXKEHBI HE (£,77), @ (17,,77,.,1) -

[ToaTOMy M METOIMKHM HCIOJIB3YIOTCS T€ XK€, YTO B 1. 7.2, C 3aMEHOM Iapbl
BenuuuH (¢,17) Ha (17,,7,,). Tak, Ansd anmpokcumanuu (YHKIUU OJHOM

nepeMeHHo (puc.9.1) ymoOHO HCIIONB30BaTh aNTeOpandecKrue MHOTOWICHBI
HEBBICOKOT'O MOpsAJAKa WM KyOudeckue cruiaiiHel, cMm. 1. 7.2.4. Ilapamertpsl
OIICHMBAIOT Yalle Bcero ¢ momMoIpo oosraanoro MHK (8.3).

[lpy Hamuuuu auHaAMUYECKOro myma B oObekTe (X, =F(x,)+<&)) B

OpoLeaype MOCTPOCHUS MOJENHM HUYEro He MeHsercsa. V3MepuTenbHbI HIyMm
(n,=x,+¢,) CyIIECTBEHHO YCIOXHAET 3a7a4dy OLICHKH mapameTpos (1. 8.1.2).
[Ipu HHM3KOM ero ypoBHe emie npurojgeH oOeraHbIi MHK (1. 8.1.2.1). Ilpm
0OJBIIOM YpPOBHE JK€IaTeabHO OBLIO OBl HCIHOJIB30BAaTh 0OO0J€e CIOKHBIE
metoguku (mm. 8.1.2.2, 8.2.1), HO B clly4ae «Ceporo SIiuKa» MOJENb, Kak
MPaBUIIO, COAEPIKUT JOBOJIBHO OOJBIIOE YUCIO OLEHUBAEMBIX MApaMETPOB, UTO
MHOTOKPATHO 3aTPYIHSIET HCIOIb30BAHUE STUX METO/IUK.

Mooenvuvle oughghepenyuanvrvle ypasuenus. J[ns onvcaHusl CIOXKHBIX, B
YaCTHOCTH, XAaOTHYECKHX, JBIKEHUH OOBIYHO HCIIONB3YIOTCS HEIHMHEWHbIC
monenbubie OJY dx/dt =f(X,¢) ¢ yMClIOM TepEMEHHBIX HE MeHee Tpex. B
paccMaTpuBaeMoOil TOCTAaHOBKE HEU3BECTHbI HEKOTOPbIE KOMIIOHEHTBI MOJIs
ckopocteit f, kak B mpumepe (9.1) u (9.2). OTu HenmuHEHHBIE XapaKTEPUCTUKU
KakK Obl «3alIUThD» BHYTPU CTPYKTYPBI MOJETH M KX MOKHO HAWTH, MOIbKO €CIH
MOCTPOUTH BCIO MOJIENb. PaccMOTpUM HEKOTOPBIE AETATH METOIMKH.

Ilepsvui cnyuaii — HaOMIOAAIOTCA BCE JAMHAMHUYECKUE IE€PEMEHHBIE X :
n@)=x,()+¢, (), k=1L.,D. ]Jlnd nDocTpoeHUss MOJEIU HYNKHO
anmnpOKCUMHUPOBATh 3aBHUCUMOCTb IPOU3BOAHON X, (f;) OT cocrosHusA X(#;) C
noMompo  QyHkuuu  f,(x,¢,) A Kaxgoro k=1,..,D. 3HaueHus
IPOU3BOAHBIX X, (f;) OOBIYHO HEOOXOOUMO NOIYUYUTh IO HAOIIOJAEMbIM
IOaHHBIM 77, (¢;) C TIOMOILIBIO uucieHHoro auddepenuupoBanus (1.7.4.2).
OO0o3HauMM MoJy4yeHHble OLEHKH X, (f;). «CriakeHHbIe» 3HAYEHUS CaMUX
HAOJIIO/IaeMbIX, OOBIYHO TMOJy4YaeMble Kak «IOOOYHBIA MPOAYKT» MpHU
muddepenpoanny, obo3HauuM £, (f,). Ilo monydeHHBIM psaaM BeJIUYUH
%, (t;), %, (¢;) mapaMerpbl MOJENBHBIX QYHKIMHA f, (X,€,), KOTOpbIE BKIIOYAIOT

B ce0s1 U UICKOMbIE HEJIMHEWHbIE XapaKTePUCTUKU, PACCUUTHIBAIOTCS C TTIOMOIIBIO
o0prunoro MHK:

S(ck)=Z()°ck(tl.)— f (&(t),¢,)) »>min, k=1,.,D. (9.3)

Bmopoti  cmyuaii  —  HaOmromaercs — €IMHCTBEHHAass  [EPEMEHHAs:
n(t,)=x,(¢,)+£(¢;). lllancel Ha ycHemHoe MOAEIUPOBAHNE TOSBIISAIOTCS, €CIIn
YPaBHEHHUS MCXOJHOTO OOBEKTa C BXOMSIIMMU B HHUX HEJIMHEWHBIMU
XapakTepUCTUKaMHU 3afaHbl B craHmaptHoMm Buae (3.27) (m.3.5.3), rae
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KOMIIOHEHTBI BEKTOpPa COCTOSIHUS X — IIOCIIEIOBATEIbHbIE IPOU3BOIHBIE
nepeMeHHol x,(¢,). Mozaens TOorga ciuenyer CTPOUTh TakXKe B CTaHIAPTHOM

BHUC
dPx(t)/dt? = f(x(@t),dx(t)/dt,d P x(¢)/dtP ¢, (9.4)

Js sToro mo HabmopaeMoil 77(f;) MmyTeM 4YUCIEHHOro auddepeHLupoBaHUs

(1),X(2),...,X(D_D u £ (BEpXHMIA HMHIECKC

(m. 7.4.2) momy4aroT OIEHKH £,X
O3HA4YaeT MOPSAIOK Mpou3BoaHO). [TapameTpsl GyHKINY f, KOTOpask BKIIOYAET B

ce0s HeIMHEWHBIC XapaKTEPUCTHKH, OIICHUBAIOT ¢ TTOMOIIBI0 00braHOr0o MHK:
2 :
$© =X (87 (1) - £(5(). 2V (1), £ (1).0)f >min.  (9.5)

B o0oux cnayudasx meToguku 3(Q(EKTUBHBI MPU MAJIOM H3MEPUTEIbHOM
myme. JKenarenbHo Takke, yToObl GyHkumMu f, B (9.3) u f B (9.5) nuneiino

3aBUCENIM OT mapamMeTpoB (TICEBAOJUHEHHBIE Moaenu, cM. M. 7.2.4). Ilpu
O0ONBUIOM IIyM€ MOJEIMPOBAaHUE KpailHe 3aTpyJHseTcsd, T.K. UHUCIEHHOE
mupdepeHIpoBaHie €lle yCWIMBAeT €ro, oco0eHHO Tmpu pacuere D
npou3BoAHbIX B (9.5). OOwmunbii MHK craHoBuTCsS HEnpurogHsiM, a
UCIOJIb30BaHUE 0OJIEe CIIOKHBIX METOAMK B CIy4Yae MHO2OMEPHbIX MOJEIEN CO
3Ha4YUMeNbHbIM YUCIOM HEM3BECTHBIX MAPAMETPOB HEPEATUCTUIHO (CM. C. 242).

9.2. OnTuMH3aUA CTPYKTYPBI MOAEIH

K 3amaue 0 BOCCTaHOBJIEHMM XapaKTEPUCTUK B TMOJHOM Mepe OTHOCUTCS
YTBEPKJICHHE O BAXHOCTH BBIOOpA CTPYKTYpbl mMonenu (mm. 7.2.3, 7.2.4). Hns
BbIOOpa ee pa3Mepa, HalpuMep, YMCiIa CIaraéMbIX MHOTOYJIEHA, MPUTOJIHBI
KpuTepun, omnwcanHele B 1. 7.2.3. Ho kak BBIOpaTh (pyHKIHMH-CIaraeMbie u3
Oonpmioro Habopa, YTOOBI 00€CIeYnTh HAWIYYIIYIO MOJEIb 3aJaHHOTO
pazmepa?

Paccmotpum 3¢ dekTuBHBIN NOAX0 K M000py PyHKIMI-caraeMbix [25]
Ha  [puUMepe  PEKOHCTPYKIMU  ypaBHEHUU
ocuwuraropa Ban aep Ions — Toasl

dx, /dt = x,,
dx,/dt=(1-x7)x, —1+e™",

(9.6)
1o psany HaOJIFOJaeMOM n=x.
CooTBeTcTBYyIOIIAS dazoBas TpaeKTOpHs,

BKJTIOUAIOIIAsl TIEPEXOMHBIN TpoIecc, IMOKa3aHa
Ha puc.9.2. [lycts MoAens UMEET BU:

Puc.9.2. ®azoBas TpaekTopus
ocumwsitopa Ban nep Ilons —
Tonpr (9.6), BKJIIOYAIOLIAS 246
NEPEXOIHBIA MpoIecc. ATTPAKTOP
— mpenenbHbld UK. Ludper —
HOMEpa  OTCUETOB, HWHTEpBal

o~ NN N1



I'maBa 9. MooenvHvle ypagnenus: 60cCMaHOBIeHUe HETUHENHBIX XAPAKMEPUCUK

dx, /dt =x,,
% 2 9.7)
dx, [dt = f(x;,x,,0),
K . .
rae f(x,y,c)= ZC,-, X'y’ i+ j<K. MHorue cnaraemple 3TOr0 MHOTOYJIEHA
i,j=0

2
«JIMIIHKE» — HE UMEIOT aHAJIOTOB B ypaBHEHUU (9.6): ¢, o, € X X,, Co Xy W JP.

[Ipu pacuere TO BpEeMEHHOMY psay KOd(D(HUIUEHTHI, COOTBETCTBYIOIIUE
JHITHAM ~ CJIaraéMbIM, MOTYT OKa3aTbCsi HEHYJEBBIMH H3-32 Pa3IMYHbBIX
MCTOYHHUKOB TOTPEITHOCTEH W CHIIBHO YXYIIIUTh UTOTOBOE Ka4eCTBO MOJICIIH.
HX skenarenbHO yIaTUTh U3 MOJICTBHBIX YPaBHEHHH.

JlumHue craraeMble MOXXHO HIEHTH(PHUIMPOBATH MyTeM HAOMIONEHUS 3a
MOBEJICHUEM OIICHOK KOX(P(HUIMEHTOB MOAECTH NpPU PEKOHCTPYKLUUU IO
pa3MUYHBIM y4yacTKaM BpPEMEHHOTrO psiia, T.6. 1O TOYKaMm, JIeKalluM B
pa3nuyHBIX O0yacTsaX (a3oBOro MpocTpaHcTBa. [lapamerpsl ajgeKkBaTHOMN
r7100aTbHON MOJIENH CTAllMOHAPHON CUCTEMBI HE OJDKHBI 3aBUCETHh OT TOTO, IO
KakUM ydYacTKaM €€ BPEMEHHOI'0 psija BeleTCs PEKOHCTPYKUus. A
K03()(UIIMEHTHI TP JHUITHUX CIaraeéMbIX MOTYT MPETepPIeBaTh, B 3aBUCHMOCTH
oT BbIOOpa yd4acTka, 3aMeTHbIe W3MeHeHHus. [Ipumuem Hamboliee CHIBHO 3TO
TPOSIBIISIETCS, €CITM BPEMEHHOM sl COACPIKUT MEPEXOTHBIN Mporece, T.K. Ipu
5TOM (pa30BOI TPAEKTOPUEH «OCBAMBAIOTCS» CYLIECTBEHHO Pa3IUYHBIE O0JIACTH
asosoro mpocrpancTea (puc.9.2).

HYKHDIC CJlaracMbIe JIHITHHE C1aracMbie
X, 1
1 002 . 0008
% = 0.0 '""--—
& : 0008
a 0 ——rrtne
% .g 001
9 B GZ
-1 -0.02
0 so0 1000 2000 2500 3000 O S00 1000 2000 2500 3000
BpeMI 2 BpeMs 0.002
x, P X} P
1 000 T R
P 11,000 It
E:;- 0.003 . 02 4 6 8 10 12 14 16 18 W 22 2 =;
h=d L
ot |
g 2 -0.003 - JHCIIO HCKMK Y CHHBIX CllarachbIx
B2 S N
1 -0.006
o 500 1000 2000 2500 3000 o 500 1000 2000 2500 3000
BpEMA BpErsL
a) 0)

2 OOBIMHO MOJENH CTPOSTCS IO BPEMEHHBIM PEATH3AIMSM YCTAHOBHBIIMXCS JBHKCHHIA,
COOTBETCTBYIOUIMX AaTTPAKTOPY B (a30BOM MPOCTPAHCTBE OOBEKTa. DTO pPa3yMHO, €CIIH
HEO0XOUMO OCYILECTBUTh IPOTHO3 MOBEAEHHSI OOBEKTa IOCIE YCTAHOBJCHHS KOJIeOaHUM.
[Ipn HameneHHOCTHM Ha ONKHCAHHWE AWHAMUKH BO BceM (ha30BOM MPOCTPAHCTBE WIIH
3HAYUTENHOM €ro 4acTH ycrex Oojee BEepOsTEeH MPH HUCIHOJIb30BAaHUHM TMEPEXOAHBIX
MPOIECCOB, KOTAa H300pakamomias TodKa emnie He jocturia arrpakropa [179, 190].
ITonoGHbIe TI06aMbHBIE MOAETH MOJIE3HBI B T€X CIyyasX, KOrJAa HE0OXOAUMO OCYIIECTBUTH
MPOTHO3 MYTH HBOJIONMM M3 TPOU3BOJIBHOTO HAYaIbHOTO cocTosHus. Kpome Toro, oHu
OKa3bIBAIOTCS MOJIE3HBIMH U JJIS1 ONTUMHU3ALNH CTPYKTYPbI MOJIEIH.
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Puc.9.3. Pesynbrarel pekoHcTpykumu ocumwuisitopa Ban nep Ilons — Togsl, HaumHas c
MOJTHOTO MHOTrowieHa mopsiaka K = 7. a) 3aBUCHMOCTb KOI((UIIMEHTOB NPU yKa3aHHBIX
CBEpXy ClIaraeéMbIX MHOTOwWIeHa B (9.7) OT cTapTOBOr0 MOMEHTA CErMEHTa PEKOHCTPYKUUU (B
€IMHUIIAX WHTEpBaia BBIOOpKW); O0) MOrpemHOCTs MHHUManbHa mpu 20 HCKIFOYEHHBIX
cllaraeMbIxX

bynem crpouts Monens (9.7) ¢ MHOTOYIEHOM BBICOKOro mopsaka K 1o
MOCIEeIOBAaTENbHBIM ~ CETMEHTaM  BPEMEHHOro  psga  JUIMHOM — W-
NavywsissNavwaw §» k=1,2,...,L. Tlomydnm HabOp OLEHOK KOdPuireHTon

él.(/;) (puc.9.3,a). CreneHb CTAOMIBHOCTH OLECHKH KaX10ro KoddduuueHra ¢,

onpcaciinm KakK MOIYJIb OTHOLICHUA OMITUPUICCKOT'O CpeaHcro

L L
<éi, j>:(1/L)Zéi(§) K CTaHIapTHOMY OTKIOHEHHIO (I/L)Z(ék, ; —<ck>)2.
k= j=1
Uckmiouum  ciaraemMoe,  COOTBETCTBYIOIIEE  HAaWMEHEE  CTaOMIBHOMY
kodddunmenty. Jns  ymopomeHHOW CTPYKTYypbl MOJETH TOBTOPHUM  BCHO
npouenypy. Ilpomomkas ee pganbiie, OyJeM MOCJIEIOBATEIbHO YAAISThH
«HECTaOMIIbHBIE CITaraeMbley.

Hckmouenne cnaraeMbIX IMpeKpamlaercsi, Korjga KauecTBO MOJeNu
nepecraerT yiaydmarbes. Ha puc.9.3,06 Mbl HCHONB30BaM Kak KpUTEpPHUIl
KayecTBa IMOTPEIIHOCTh OMHCAHMUS OOBEKTa B IIMPOKOM obmactu V' ¢azoBoro

—

IPOCTPAHCTBA o’ = H { f(x;,x,,8) — [(1 —xD)x, —l+e™ ]}2 dx,dx, . ITocne
V

uckmodeHust 20 crmaraeMpIX W3 MOJEIBHOTO MHOTOWIeHa Tmopsnka K =7
MOTPEIIHOCTh YMEHBIIACTCS Ha TOPSAOK TIO0 CPaBHEHHIO CO CTapTOBOM
cTpykTypoi mozaenu [190].

9.3. BoccTaHoB/IeHME XapPAKTEPUCTHK HEJUHENHOr0 3JIeMEeHTAa
ICKTPUYECKON Lenu

PaccmoTpuM mnokaszarenbHbli nmpuMmep M3 o0nacTu paavo(U3MKH, KOrja
Xa0THYECKOE MOBEIECHHUE TOCTATOYHO ITPOCTOM HEJIMHEHHOM CUCTEMBI YCIIEIIHO
MOJIEIMPYETCSl B TIOCTAHOBKE «cepblil Amuk». OO0bekT — RLC-KOHTYp ¢
MEPEKIIIOYAEMBIMU  KOHJICHCATOPAaMH, HAaxXOJAIIMKCA TOJ TapMOHMYECKUM
BHEUIHMM BO3AeWcTBHEM aMmumuTyael U, u dactotel ,. Ero cxema
npeacraBieHa Ha puc.9.4,a. K — DIEKTpoHHBIM KIIIOY: MHKPOCXEMA,
coziepaKalias 1eCATKM TPAH3UCTOPOB U JIPYTUX MACCUBHBIX JIEMEHTOB, KOTOPAs
MUATAETCS OT CHELHUAIBHOIO UCTOYHUKA MTOCTOSIHHOTO HanpsbkeHud. [Ipu manbix
3Ha4YeHusAX HanpspkeHus U Ha eMkocTH C; IPOMCXOIAT JIMHEHMHbIE KoJaeOaHMs B
KoHType RLC, (CONpOTHBIIEHHE KJII0Ya OYEHb BEJIUKO), KOrja HampsbkeHue U

A0CTUTACT IMOPOroBOTO0 3HAYCHUA U COIIPOTUBJICHUC KJIIOYa PE3KO IIaaacT,

nop

OH 3aMbIKACT 1ICIb MU IIOJAKIOYACT CMKOCTDH Cz. O6paTHOG MEPCKITOYUCHUC
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NPOUCXOIUT mpH moHWwkeHun U orHocurensHo U, (kmod obriajgaer

ructepesucom). Hanmuuuwe  HEIMHEHHOCTHM  TPUBOAMT K  BO3MOXKHOCTH
Xa0THYECKUX KOJIeOaHUM B KOHTYPE.
Ipu U,,, <O Monemb 3TOi CHCTEMbI, IOJNYYCHHAs HA OCHOBE 3aKOHOB

Kupxroda, npumer Bua ypaBHEHUS] HEABTOHOMHOTO HEJIMHEHHOTO OCIMIUISATOpA
(9.1), rae 6e3pasmepHbie nepemennbie ¢ =t/ |LC,, x=q/ Cz‘U

!
nop| (¢ — Bpewms,

q — cymmapHbiii 3apsan Ha emkoctsax C, m C,), a F — KycouHO-IHMHEHHas

byHKIMSI, CBA3aHHAs C €MKOCTSIMHU, T.€. C BOJbT-(hapagHOM XapaKTEPUCTUKON
HEJIMHENHOT O JIEMEHTA (MIePEKITI0YaIOIINXCs KOHJIEHCATOPOB).

B skcnepumenTe u3MepsICcs XaOTHYECKUW BPEMEHHOW psiJi CHJIBI TOKa
uepe3 pesucTop R, 510 BenwumHa dx/dt B ypaBHeHusx (9.1). C momorso

YHUCJIEHHOTO MHTErPUPOBaHUsI HAOIIOAAEMOro psaa ObLI MOJyYeH BPEMEHHOMN
pSAA 3HAYEHWM X, C MOMOIIBIO YHUCIEHHOro JU((epeHLUpPOBaHUS — OLCHKHU

d 2x/ dt* . ByneM cuuTath, 4TO MH(pOPMALMH O KyCOYHO-THHEHHOM BHJIE

bynkuuu F Her, TeM Oojee YTO 3TO JIMIIL NPUOIMKEHHUE, WTHOPHUPYIOIIEE
TUCTEPE3UC TP MEPEKIIOUYCHUH KITtoda U T.1. Mogenu ctpowtnck B Buze (9.2) ¢
MHOTOWIEHOM f pasnmuyablx mopsakoB K. Ha pwuc.9.4,B npencraBieHb
pe3yabTaThl JUisl Haunydiied mojaenu ¢ K =9, kotopas XOpoIlio BOCIPOU3BOIUT
HaOoaeMoe xaotuueckoe mnoseaenue (puc.9.4,0). Teopernueckass KyCOUYHO-
JVHENHas «BO3Bpallaiolas Cujia» U MOJENbHBIA MHOTO4WIeH f ¢ Xopouiei
TOYHOCTBIO COBIAJIAIOT B 00JIACTH HAOMIOJAEMOTO JBWXKCHHSI, IMOKAa3aHHOMN
MTPUXOBOM uHUEN Ha puc.9.4,r. OTmeTuMm, 4To 6€3 UHPOPMALIUU O CTPYKTYpE
ypaBHEeHUH (9.2) MONyYUTh aACKBATHYIO SMIIMPUUECKYIO MOJIENb C (PU3NUECKUM
CMBICJIOM HEBO3MOKHO [34].

12 15
R L zK ]
Cl—— < -;C\ _ r-———~771
T % 7]
Ucos ()
-15
42 x(q) 14 -4.2 X 14 4.2 x 14
a) 0) B) )

Puc.9.4. MopenupoBanue paanoU3UUECKON CHUCTEMBI: a) CXeMa JKCIEPUMEHTAIBHOM
YCTaHOBKH; 0) DKCIEpPUMEHTAIbHAS Xa0TUYeCKas TPACKTOPHUS Ha TUIOCKOCTH 3apsij — cuia
TOKa, U3MepeHus / MpoBoAWIKNCH ¢ moMobio 12-pazpsaHoro AL mpu Ar =4 mxc, C; = 0.1
MKD, C;=4.4 Mx®, L=0.02 I'n, R=10 Om, Uyp=-0.2 B, nepuone Bosaekicteusa I =
84.02t, Uy = 2.344 B (1.e. y=0.02, o~ 1.02, C;/(C1+C2) = 1/45), eauHUIIBI TIO OCSM
Oe3pasMmepHbie [34]; B) TpaeKkTopus BOCCTaHOBIEHHOW Mojenu (9.2) ¢ MHOTOWIECHOM f 9-ro
ropsika, T) rpaduk /¢ 00paTHEIM 3HAKOM (CKUpHAas JIMHUA) U OXKHUJAaeMasi KyCOYHO-THHEHHAs
3aBUCHUMOCTbH (TOHKAsl)
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PaccMoTpeHHBII  IIPOCTOM  IpUMEP  WUIKOCTPUPYET  BO3MOKHOCTH
OTpeJIeTICHUST XapaKTEPUCTUK DJEMEHTAa HEJIWHEHHOW CHCTEMBI C TIOMOIIBIO
poLEeTypPhl MOACIUPOBAHUS IO BPEMEHHOMY DSy, IPUYEM JaXe B pEKUMaxX
OONBIIUX AaMIUTMTYJlT M Xaoca, KOrjJa d3TH XapaKTePUCTUKH MOTYT OBITh
HEJIOCTYIIHBI HM3MEPEHUSIM C TIOMOIIbI0 OOBIYHBIX cpeacTB. OH  yCIENIHO
MPUMEHSIICS JTsl UCCIICIOBAHUS JUHAMUYECKUX XapaKTEPUCTHK KOHJIEHCATOPA C
CETHETOAJIEKTPUKOM [236], MOIYyNpPOBOJHUKOBBIX HOM0B [322], BOJOKOHHO-
ontudeckux cucteM [333]. IlogpoOHee TMO3HAKOMHUTBCS C OOBEKTOM |
MPOLEIYPO MOJETUPOBAHUS Ha TMPUMEpPaX ATAJTOHHBIX TEOPETHYECKHUX
OCIIMJUISTOPOB, KOHTYypa C MEPEKII0YaeMbIMU KOHJEHCATOPaMH M KOHTypa C
MTOJTYTIPOBOTHAKOBBIM JTMOJIOM C p-n TIEPEXO0JIOM MOXKHO B JIaODOpATOPHBIX
paborax [30].

9.4. Cnenuduyeckue mMoaxoabl K BbIOOPY CTPYKTYPbI MOJIeJIH

HeonpeneneHHOCTh B CTPYKTYpe MOJAEIN MOXKET OBITh HE CTOJIb MaJla, KaK
B MpUMEpax, OMUCAHHBIX BbIIIE. «SUIMK» MOXKET ObITh «TEMHO-CEPbIM», a HE
«CBETNO-cepbIM» (1. 5.2), YTO CUJIBHO YCIIOXHsET MojaenupoBanue. Ho B psje
clly4aeB Jake HeOONbIION 00BbeM amnpuopHONl HH(POpPMAIMHM O CBOMCTBaX
CUCTEMBbl WJIH PE3yJIbTaThl MPEABAPUTEIHHOTO aHAIM3a PSAJOB HAOIIOAAEMBIX
MOT'YT IPUBECTU K YCIEXY MOJEIUPOBAHUS IIPU UX YUYETE B CTPYKTYPE MOJEIIN.
[IponmntoctpupyeM 3TO Ha NpUMEPAX PEKOHCTPYKLUMHM IS JIBYX Ba)KHBIX
KJIaCCOB OOBEKTOB: CHCTEM IIOJ| PEryJSIpHBIM BO3ACUCTBHEM U CHCTEM C
3ana3pIBaHUEM.

9.4.1. CucteMsbl O] PETYIAPHBIM BHEITHUM BO3JICHCTBHEM

[upokuii knacc OOBEKTOB, IJIsi KOTOPBIX MOXKHO YYECTh AlPUOPHYIO
uHpopmaiuoo 00 UX CBOWCTBAX — HEABTOHOMHBIE CHUCTEMBbI, HAXOJSIIUECS O]
peryJiipHbIM  (MEPUOJUUYECKUM WM KBA3UIEPUOJUYECKUM) BO3CHCTBUEM.
YacTto Hamuuue BO3JCHUCTBUSL MOXHO BBISIBUTh [0 CIEKTPY MOIIHOCTH
HaOMIOaeMOTO  psifa, €CIM  TOCIETHUN  OOHApy»KUBaeT  JIUCKPETHHIE
COCTABIIAIOLIME HA YACTOTaX BO3ACHCTBUS U BBICIIMX TapMOHUKaX. OQHAKO 3TOT
MIPU3HAK HE SIBJISIETCS 10CTAaTOYHBIM.

Ecimn mpeamonoxeHne o HaIWYMM BO3ACHCTBHS CHOPMHUPOBAHO, TO B
YPaBHEHHS MOJIENN TTOJIE3HO BKJIFOYHUTH (PYHKIINH, s16HO 3aBUCSAIINE OT BPEMEHH,
JUIs ONIMCAaHMs ATOTO Bo3aencTBUsA. Hanmpumep, g onvcaHusi rapMOHUYECKOTO
aJIUTUBHOTO BO3JICHCTBUSA Liefiecoo0pa3Ha CTpyKTypa mojnenu [34, 35, 194]:

dPx/dt? = f(x,dx/dt,....d° ' x/dtP™" ¢) + acoswt + bsinwt,  (9.8)

rae x — HaOmomaemas, f — anreOpanuyeckuil MHorowieH. B 3tom ciyuae
JIOCTaTOYHO HCIIOJIh30BaTh MEHBINEE YHCIIO TMEePEMEHHBIX D, 4yeM ObuIo ObI
HEOOXOJMMO TPU HCIOIL30BAHUM CTAHIAPTHON CTPYKTYphl (9.4), 9TO W JaeT
MPEeUMYIIECTBA MPU UCTOJIb30BAHUM CHEIUATBHONU CTPYKTYPHI (9.8), cM. Takke
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n. 10.2.2. YpaBaenue ocumsuisitopa (9.2) — yactHblil ciyyvait (9.8) npu D = 2 u
HETMOJHOM MHOTOWJIEHE OT ABYX NMEPEMEHHBIX.

OtmeTuM, 4TO Al ycmexa MOJAEIMPOBAHUS KpOME BBIOOpa CTPYKTYpbI
yYpaBHEHUN HEOOXOJUMO €IIe MPEOoJ0JIETh CHEIMU(PUIECKYI0 TEXHHUYECKYIO
npobiemy. D10 mpobieMa OIEHKH YacTOTHI BO3IACHCTBHS @, KOTOpask BXOIUT
KaK HEeJIMHEWHbI nmapamerp B ypaBHeHHs Mozaenu (9.8). Kak oOblyHO, 3a1ar0T
CTapTOBYIO JIOTAJKy M PELIAIOT 3a/lady MMUHMMM3ALMK LeJeBON (QyHKIUU TUIA
(9.5) urepanmonHbiM MeTOOM. HO OCOOEHHOCTH 371eCh COCTOUT B TOM, UTO
npaBasi 4acTh MOJEIbHBIX ypaBHEHUN (9.8) OYEHb UYyBCTBUTEIbHA K 3HAYEHUIO
@ Tipu O60BIIKX ¢, aHasmornyHo npumepy (7.19) B . 7.1.2.2. Tlosromy u nieneBas
bynkmmst S tama (9.5) yyBCTBHTENbHA K @ TIpW OONbIION muHE psga N. DTo
BEJIET K TOMY, YTO B Clly4yae OTBICKaHUs INI0OAJTLHOTO MUHUMYyMa S TUCHEepCUs

OLICHKM (@ OBICTPO YMEHBIIACTCS C POCTOM JUIMHBI Psja: Kak N >, aHaJIOTH4HO
npumepy (7.19). C omHOW CTOpPOHBI, 3TO JA€T BO3MOKHOCTH OYE€HBH TOYHO
ompenenmuts @. C Jpyrodl CTOPOHBI, BO3HUKAIOT TPYAHOCTH OTHICKAHHS
rJ100aTbHOTO MUHUMYMa, T.K. TpeOyeTCsl OUeHb y1ayHasi CTapTOBasi A0rajika Juls
@. YuuTbiBasg 3TO, CIEAYyeT THIATeJIbHO MepedupaTh pa3jiuyHble CTApPTOBbIC
JIOTAJIKH.

Eciu ’xe mo yciaoBHSAM OKCIEPUMEHTa @ W3BECTHA 3apaHee, HO C
MOTPEUTHOCTHIO, TO BAXKHO MOMHHUTB, YTO B CIIy4ae O4€Hb JUIMHHOTO psijia Majas
HOTPEIIHOCTh @ MOXET MPUBECTH K IUIOXOMY ONHMCAHHUIO «HCTUHHOTO»
BO3/ICICTBHSI COOTBETCTBYIOLMMU cilaraeMbIMu B (9.8) n3-3a «Habera pa3HOCTH
¢da3» mexay HUMH [34] U K OECONe3HOCTH UCHOIb30BaHUS CTPYKTYpHI (9.8).
[ToaToMy pa3yMHO paccMaTpuBaTh M3BECTHOE 3HAUEHME JIMIIb KaK CTAPTOBYIO
JOTafKy U 00Jee TOYHO OMpEeNeNsITh @ MO BPEeMEHHOMY psay. Bce ckazannoe
OTHOCHTCS M K IPOYMM HEAaBTOHOMHBIM MOJIEJISIM, PACCMaTPUBAEMbIM HIKE.

B ciywae mnpou3BOJIBHOIO  PETryJIIPHOTO  BO3JAEUCTBUSL  (CIIOKHOTO
NEPUOAMYECKOT0 U KBAa3UIIEPUOINYECKOT0) OoJIee aleKBaTHa CTPYKTypa MOJEIH

dPx/dt? = f(x,dx/dt,....d" " x/dtP™ ,¢) + g(t,¢), (9.9)

rae  ¢yHkuus g(f) ONUChIBAaeT BO3JACHCTBHE U  MOXET HMMETb BHUJ
TPUTOHOMETPUUECKOTO MHOTOUWIeHa [159]:

e
gt)=2.> ¢, cos(jot+e, ;). (9.10)

i=1 j=l1

[IpuueM anexkBaTHBIE MOJIENH C TPUTOHOMETPUYECKUMHU MHOTOUYJIEHAMH MOTYT
ObITh TOJY4YeHbl M TPH OYEHb OOJBIIOM YHKCIE (COTHH) HCIOJIb3YEMbIX
rapmMoHuK K, TOorga Kak IpH alIpOKCUMAlMK  anredpanyecKuMu
MHOTOYJICHAMHM  YBEJIMYEHHE HMX TOpSAKAa YpeBaTo HEYCTOHYMBOCTHIO
TPACKTOPUMN MOJCIIH.
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UroObl ydecTh W MYJbTUIUIMKATHBHOE, M 0o0Jjiee CII0XKHOE BO3ICHCTBHE,
3aBHCHUMOCTBH OT BPEMEHU MO>KHO BBOJUTH BO BCE€ KOI(PPHUIIMEHTH MHOTOUJICHA |
B (9.8) [194]. Tak, Ha puc.9.5 noka3zaH NpuUMep PEKOHCTPYKIIUU HEABTOHOMHOTO
ocusuisitopa Toabl Mpyu KOMOMHUPOBAHHOM TapMOHHYECKOM BO3ICHCTBUH

d’x/dt* =—0.45dx/dt +(5+4cost)(e ™ =)+ 7sinz.  (9.11)

—

1.3 11.3

dx/dt

3.3 x 7.3 3.3 X 7.3

@) B)

Puc.9.5. PexoHCTpyKIMsI ypaBHEHHWH HenuHeWHoro ocuuiuiaropa Tomer (9.11) mo psny
MIEPEMEHHOM X: a) aTTPaKTOp 00BbeKTa, 0) aTTPAKTOP HEABTOHOMHOW MOJIEITH C 3aBHCUMOCTBIO
OT BPEMEHHU BO Bcex koaduimenTax MaorowieHa (D =2, K =9, cM. TEKCT), B) TPaeKTOPHS
crarpaptHoii mogenu (9.4)c D=4,K=6

Mopaens ctpounack B Buie (9.4), rae BO3ACHCTBHE BBOJMUIOCH BO BCE
K03(ppULIMEHTHl MHOTOYJI€HA f, T.€. BMECTO ¢, IOJCTaBISUIUCH BBIPAKECHUS

¢, +a,coswt+b,coswt. Jlydmas monens noiayueHa npu D=2, K=9, ee

dazoBasi TpaeKTOpUsS OYCHb CXOXKa C OKCIepUMEHTAIbHOH (puc.9.5,a,0).
TunuyHasgs HEyCTOWYMBAs TPACKTOPHUS SMIIUPUYECKOW CTaHIAPTHOW MOJIEIIN
(9.4), pasMepHOCT, KOTOpOW JODKHA OBITh HE MEHEEe 3 I OIHMCAHHS
Xa0THYECKOT0 peKrMa, IToKa3aHa Ha puc.9.5,B.

O} PexkTuBHOCTh BCEX YHNOMSHYTBIX IOJAXOJOB OblIa IIOKa3aHa Ha
YHUCJIEHHBIX MpUMEpax PEKOHCTPYKUMH YpaBHEHMH 1O  3allyMJIEHHBIM
Xa0TUYECKUM peaTH3alUsIM 3TAJOHHBIX OCIMIISTOPOB MPHU PA3IUYHBIX BHAAX
BO3JICHCTBUS: MEPUOINIECKOM UMITYJIbCHOM, NEPUOANYECKOM C
cyOrapMoHuKkamMu, KBazunepuoandeckom [159, 193, 194].

9.4.2. CucrteMsbl ¢ 3ana3abIBAaHUEM

MeTtonbl TOCTPOEHUS MOJENEH CHUCTEM C 3amas3blBAHUEM aKTHUBHO
pa3BuBaroTcs B nmociennee Bpems [202, 203, 331, 332, 241, 191, 290, 139, 140].
HecmoTpss Ha TO, dYTO 3TO CHCTEMBl OCCKOHEYHOMEpHBIC, IS HUX
MOJICTTUPOBAHUS MIPUTOAHBI MHOTHE U3JI0)KCHHBIE paHee METO bl 0€3 N3MEHEHU I
WIM C HEKOTOPBIMH TEXHUYECKHUMHU YCIOKHEHUSMHM, HAIpuUMep, METOJ
MHOXECTBEHHOU cTpesibObl [241]. CymecTBYIOT U HEKOTOPBIE MPUHIIMITHAILHBIE
otnnuus [203], KOTOpbIe MBI HE KOMMEHTHUPYEM 37IeCh TTOIPOOHEE.

PaccMmoTpuM npumep, Korjga MOJIECTUPOBAHUE CUCTEMBI C 3ama3/bIBAHUEM
MOTIA/IaeT TIOJ Pa3liell «CEPhIM SAMMK» W MOXKET OBITh MPOBEACHO C MOMOIIBIO
MO/IXO0/I0B, OJIM3KKX K ONKMCAHHBIM BhIIIE. Peub MoHeT 0 cucreMax BUja:
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g0 5(t) =—x(t) + F(x(t — 7)), (9.12)

rac Ha6n}ozxaeMa;1 n=x, BO3MOKHO C HU3MCPUTCIILHBIM IIyMOM.

[IpowmrocTprpoBaTh NpoUEAYPY HA IPUMEPE PEKOHCTPYKLUU 110 XaOTHYECKON
BpeMEHHOW peanu3anuu ypaBHeHuss MWkensl (puc.9.6,a), ONUCHIBAIOIIETO
JUHAMUKY [TACCUBHOT'O ONTHUYECKOr0 pE30HATOpa:

Eox(t) =—x(t) + pysin(x(t —7,) —x,). (9.13)

15 0.1 = 20
R WAL I o
7 o =20

-]5 T T T T 0.0 - T I 1 | I

0 4 8 12 16 20 0 1o 2 3 10 0 10
x(1-T)
a) ) B)

Puc.9.6. a) Bpemennas peanusanus ypasHenust Ukenst (9.13), ¢, =1.0, g, =20.0,7,=2.0.

0) Yucino map sxctpemymoB M(7), HOpMHUPOBAHHOE Ha OOIIee YUCIO IKCTPEMYyMOB psija.
Min(7) =M(2.0). B) BoccTanoBnennas HenuHedHas GyHKuus. YucneHHbIE SKCIEPUMEHTHI €
N00aBICHHEM HW3MEPUTEIFHOTO IIyMa IOKa3bIBAIOT BO3MOXKHOCTh PEKOHCTPYKIMH IPH
ypoBHsx myma 10 20% (1o OTHOIICHHIO CPEeIHEKBAIPATUYHBIX aMIUTUTY/] IIlyMa U CUTHAJIa)

MOI[GJII/I CTPOATCA B BUMC!

£3(1) = —x(1) + f(x(t = 7).¢). 9.14)
AHAJOTMYHO BBINIE PACCMOTPEHHBIM HpPHMEPAaM, MOMKHO pelaTh 3ajady
S(ex(t,)+x(t,)— f(x(t, —7),¢))’ — min, paccmarpusas napamerp

n
WHEPIIUOHHOCTH & W BPEMs 3aJIEPKKHU 7 KaK JOMOJHUTEIbHBIC HEU3BECTHBIC
napametpsl [203]. Ho ecthb u cneuuanbHbiii, Oonee 3(PQPEKTUBHBIA MOAXO]]
[191], KOTOpPBII COCTOUT B CHEAYIOLIEM.

CrarucTuueckuii  aHanu3 BpPEMEHHBIX HWHTEPBAJIOB,  Pa3JeisIONIUX
SKCTPEMYMBI BO BPEMEHHBIX PEATM3AIUAX PA3TUUYHBIX MOJICIBHBIX U PEAbHBIX
cucteM c 3amna3asiBaHueM (9.12), MO3BOJIAET YCTAaHOBHUTH, YTO 3aBUCHUMOCTD
yucia M map 3KCTpEMyMOB BPEMEHHOM peain3aiyy, yAaJleHHbIX APYT OT JApyra
Ha BpeMs 7, OT BEJIMYUHBI 7, UMEET YeTKHUH MUHUMYM TIPU 7, COOTBETCTBYIOIIEM
BPEMEHH 3ama3JIbIBaHUs CHCTEMBI, pHUC.9.6,6. DTO HaOIMIOIEHWE TaeT CIocod
OLICHKU BPEMEHHM 3ara3fblBaHUs U IMarHOCTUYECKUI MPU3HAK MTPUHAAJIEKHOCTH
00BEKTa K cUCTeMaM 3TOro kiacca. Mimes oueHky 7 ~ 7, MOKHO HalTH OLICHKY

napaMeTpa HWHEPIUOHHOCTH & W allPOKCUMHPYIONIYI0 (QYHKIHUIO f IyTeM
nepebopa NpPOOHBIX 3HAUYEHUH & M BbIOOpa Takoro &, MpU KOTOPOM
AKCIIEPUMEHTAJILHBIE TOYKHM HA IUIOCKOCTH (x(t—f),éfc(t)+x(t)) HaWJTy YIIAM

o0pa3zoM JOXaTcsi Ha HEKOTOpYr TIWafakyroo KpuByr. IlocienHsas w
npeacTasisier coboil rpapuk uckomon ¢yHkuuu f. Puc.9.6,B wimoctpupyer
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TAaKO€ BOCCTAHOBJIEHHWE «MCTUHHOI» (yHkumu F(x) s cucremsl (9.13). Ilo

HOJlyYeHHOMY TpadUKy MOKHO HaWTH W (QopMyily JUisl allpOKCUMHPYIOIIEH
(GyHKIUY f B HEKOTOPOM (PYHKIIMOHATILHOM 0a3uce WIH B CHEUATILHOM BUJIE.
OrnurcaHHBIN CTaTUCTUYECKUI MOAXOJ K ONPENEIEHUI0 BPEMEHM 3aIEPKKHU
U PEKOHCTPYKIUU YPAaBHEHUS B LIEJIOM MOXKET OBITh PACHpPOCTPAHEH Ha CUCTEMBbI
C 3ama3JbpIBaHHEeM O0oJiee BBICOKOTO TOPSAKA M HA CHUCTEMBI C HECKOJIbKHUMH
pa3sIMYHBIMM BpeMeHamMHu 3aJepKKHM. OH DKOHOMEH [0 OTHOLIEHUID K

MaIlllMHHOMY BPEMEHHM U HE KPUTHYEH K NPHUCYTCTBUIO MU3MEPUTEIBHOIO LIyma
[140, 290].
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