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CapaTtoBcKkuii rocyaapCTBEHHbIA TEXHUYECKUIA YHUBEPCUTET

CyLLecTBYIOT pasHble cnocobbl NOCTpoeHus Mmoaenen auHammudeckux cuctem (AC). bBonbwnHCTBO 13
HUX onepupyloT nNnbo ¢ mHdopmauuen o U3NYEeCKUxX npoueccax, NPoTeKawlmx B cucTemax, nubo ¢
[aHHBIMM O BbIXOAHbLIX peakunsix CUCTEM Ha 3a4aHHbIE BXOOHbIE BO3AENCTBUS.

Haunbonee cnoxHbiM aBnsieTca crnyyan, korga nHdopmaunsa 0 BXOAHbIX BO3OENCTBUSIX OTCYTCTBYET
UNU HeJoCTyMNHa, U HET BO3MOXHOCTU JOCTATOYHO MOMHO M TOYHO MaTeMaTUyecku onucatb usnyeckne
npoueccol B cucteme. B aToM crnyyae roBopAT O PEKOHCTPYKUUM CUCTEMbI NO Habniogaemon BpeMeHHOW
peanusaumu.

B HacTosllee Bpems anropuTMbl PEKOHCTPYKLUW WHTEHCUMBHO paspabaTtbiBaloTcad B paMKax
HenuHerHon auHamukn [1]. OHM MCMONb3yT pasHble Cnocobbl BOCCTAHOBIEHUS (DA30BOr0 MPOCTPaHCTBA
CUCTEMBI. Hanpumep, gans  GonbwKWHCTBA  (PU3MYECKUX  CUCTEM, KOTOpblE  OMUCLIBAKOTCS
anddepeHumnanbHbIMM  ypaBHEHNSIMUA, B KadeCcTBE BEKTOpa COCTOAHMS yaobHee 6paTb COBOKYMHOCTb
NPOM3BOAHbLIX MCXOL4HOIO CUrHana.

Torga mogenb CUCTEMbl MOXHO MpeacTaBuTb B Buae auddepeHuMansHOro ypaBHEHUS M-I
CTENEHU:

xm —f(x(m_l),...,jé,x,x):O, (2)
roe f{X) — HekoTopas HenuHenHas QYHKUUS, X:(x(m_l),...,jé,)'c,x) - BeKkTop asoBbIX
NnepeMeHHbIX.

Y3KMM MecTOM Mofgo6HOro anropytMa PEeKOHCTPYKUUM SIBRSIETCS YncneHHoe avddepeHumpoBaHme
curHana x, 4YTo ocobeHHO MposiBnsieTcs MNpu paboTe C HEeoOHOPOAHLIMW CUrHamamu, B 4acTHOCTU, C
ounocurHanamu.

MycTb nocrne CHATWSI AaHHBIX Mbl pacrnonaraeM 3aBUCMMOCTbIO Buda ) = f(X), NnpeacTaBneHHown B

BMae Habopa Touek (puc. 1).
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Puc. 1. MNMpumep curHana

Kak npaBuno, ons onpeaeneHnst HeAocTaLWmx asoBbIX NepeMeHHbIX NMPUMEHSAETCS OOUH U3 ABYX
mMeTon0B [2].
1. TlNocnepoBaTenbHoe AudpepeHUUpoBaHne C nNpPUMEHEHMEeM CTaHOapTHOro MeToda pacyeTa
NPOV3BOAHbIX.

B aTOM cnyyae nponsBoAHble pacCcyMTLIBAOTCS MO (hOpMynam:
(n+1)

v =i =y 2 h)
o =" =y h

(n+1)

Y = (ygx;l—)l _J’J(vn—)z)/h

Mpyn 9TOM MeToAe TOYHOCTb pac4eToB HanpsMyo 3aBucuT OT wara h n TpebyeT oyeHb GonbLuoro
yucna TOYEeK B WCXOOHOM BpPEMEHHOM psae. B npoTMBHOM cryyae TOYHOCTb pacyeTa MNpPou3BOAHBLIX
HeBbIcoKasi (puc 2).
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Puc. 2. BTOpaﬂ npon3soaHad curHana, paccymtaHHaa ctaHgapTHbIM MEeTOA0M
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Kak BUgHO 13 puc. 2, curHan umeeT onpeaesieHHyo CTeneHb 3allyMNeHHOCTH.
2. WVcnonb3oBaHne MeToda nocnegoBaTenibHOro  AudpdpepeHunpoBaHns € annpokcumaumen

NoNMHOMaMmM BTOPOro UMy YeTBEPTOro NopsiaKoOB.
Mpu Ucnonb3oBaHUM STUX METOOO0B B UCXOAHOM HaGope BbiAensaTcs rpynnbl U3 3 unu 5 cocegHmx

Toyek. Mocne 3Toro Kaxxaas rpynna anmnpoKCUMUpYeTcst (YHKLMSIMU BUAA:
y =ax’+bx+cny =ax' +bx’ +ox’ +dx+e
Y MPOM3BOAHBIE PACCHUTLIBAIOTCS MO POPMynam:
y,=2ax +b u y, =4ax’ +3bx* +2dx+e

COOTBETCTBEHHO.
HaHHbIi MeTod nosBonsieT 6Goree TOYHO paccyuTaTb MPOM3BOAHbLIE, HO SABMSETCA [A0CTaTOYHO

Tpyooemkum. Kpome ToOro, OaHHble MeTodbl pacyeTa MaronpuMMEHVMbl B YCIIOBUSIX 3allyMieHHOCTU
curHana. Mony4YeHHble 3HaAYeHUst NPOM3BOAHBLIX COAepXaT MOrpeLlHOCTM, Bo3pacTalolne C yBernMyeHUeM

nopsifika NpoOM3BOAHOM U CIIOXHOCTM MeToAa pacyeTa (puc. 3 n 4).
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Puc. 3. Bropas npousBogHas curHana, paccumtaHHas no 3-m Toukam
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Puc. 4. Btopas npousBogHas curHana, paccymtaHHas no 5-m Tovkam

Kak nerko MoXHo BUOETb, y>Ke Ond BTOpOVI I'IpOM3BO£I,HOI7I none3Haa cocTaBnAlWaa npakTu4eckn

NOJSIHOCTbIO NMOAAaBMEeHa LyMaMu.
NS KOppPeKTHOro pacuyeTa MPOM3BOAHBLIX MpeasiaraeTcs NpeaBapuUTeSibHO CUrHam MoABEPrHYTb

dunbTpauun. [1na aTon Luenm Yyacto npubderarT Kk npeobpasoBaHuio Pypbe:

27k . 2mkx
f() = 70 + 3 cos( ”L L)+ by sm(%)) :
roe
a = %g(f'(x»cos(z”f"' ) Wby = %g(f(xi)sin( Q”L’“i ).

B pesynbTarte dunbTpauumn curHan nonydaetcss 6onee rnagkum (puc. 5), 4TO CyLECTBEHHO
ynpoLLaeT NpoLecc annpokCuMaLuuu.




5-a9 MexpgyHapogHasi koHdepeHums «Lindppoeasa obpaboTka curHanos un ee npumeHeHne» DSPA-2003

15 -

| | | | | |
11DEI 200 300 400 00 600 700 200

Puc 5. VicxogHbli curHan nocne annpokcMmaumm

OTunNbTpOBaHHbLIN CUrHan 3agjaeTcsa B aHanutnyeckon dopme. [losTomy npegnaraetca Ans
pacuyeTa NpoM3BOAHbIX MCMOMNb30BaTh criedyowmne OpMyrbl:
. 27kb, b= 2rtka,
ap=——"-unb, =———,
, , L
roe ax u by — koadbpuumeHtol psaa dypbe Ons NpousBoAHbIX, L — mHTepBan, Ha KOTOpPOM
NPOUCXOOUT paccMoTpeHne rpadmka. Tak Kak Mpyu TakOM pacyeTe NPOou3BOAHbLIX UX KOPOUUNEHTBI Unn

2* %
CTPeMUTENbHO BO3pacTaloT, WM YObIBAlOT B 3aBMCMMOCTU OT OTHOLLEHMSI Lk Gyoem BbIGMpaTb

WHTepBan Ans u3ydeHusi rpacduka Takum obpasom, uto 2*¥wW*k =L, roe Ky — uucno

max

KO3((ULMEHTOB B pAfE Pas3NOXeHWUs (U3 NPaKTUYECKUX COOBpaxeHwi knm.x BbloupaeTtca kak 0.8¢, , roe

@, - YacTota HaiikeucTa). Toraa rpacpukm YHKLMM 1M €e MPOU3BOAHLIX OyayT MMeTb MPUMEPHO OAMH
nopsigokK.
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Puc. 6. Pe3ynbTaT aHannTnM4ecKkoro pac4yeta BTOPOW Npon3BoaHON

Kak BmgHo u3 rpacdmka (puc. 6), nonyvyeHHble 3HayYeHus MPOU3BOLHOM He cogepXaT LYMOBOM
COCTaBMAOLWEN U HE pacxoadTCca CO 3HAYEHWSAMW, MOMyYeHHbIMU ApyruMu crnocobamu. ITO nossonseT
roBOpUTL O NPUMEHUMOCTU JAaHHOro cnocoba And onpefeneHns HegocTalowmx (a3oBblX MNEPeMEeHHbIX B
3afja4ax QUHAMNYECKON PEKOHCTPYKLIMK.
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THE ANALYSIS OF METHODS OF CALCULATION OF DERIVATIVES IN ALGORITHMS OF
RECONSTRUCTION

Kuznetsov A., Bouldakova T.

There is a problem of primary incompleteness of the initial data at modeling of the complex dynamic
systems describing real processes. As a rule, the values only by one of state variables of the system are
known. It results in necessity numerically to expect missing parameters.

As a rule, the standard methods of numerical calculation of derivatives of definition of missing phase
variables are applied.

However, these methods have a significant error at calculation of signals with noise. It is necessary
to apply a filtration to elimination of mistakes. For this purpose one frequently resort to a Furie transform.

X 2tkx; . 2rmkx;
f(ti>=”7°+%<ak cos( ”L L)+ by sin ”L 5y,
where
ay = %g(ﬂxi)cos( 2’2’“" ) by = %gu'(xi)sm( z”f’“f )

As a result of a filtration the signal turns out more smooth, that essentially simplifies process of
approximation.
However, now the signal is set in the analytical form. In this connection it is offered to resort for
calculation of derivatives the following formulas:
a'k _ 27L'kbk b['c —_ 27L'kak
L L

Where a, and by, - factors of some Furie line. As at such calculation of derivatives their factors or
, N AY e
promptly grow or decrease depending on the relation 7k

% g % ~
schedule in such a manner that 2ET K L, where Kmax - number of factors in a number of
decomposition (of practical reasons knax gets out as 0.8¢,, where ¢, is the Naikvist frequency). Then

schedules of function and its derivatives will have about one order.

Apparently from the schedule, the received values of derivative have not the noise component
received in other ways. It allows to speak about applicability of the given method for definition of missing
phase variables in the problems of the dynamic reconstruction.

, we shall choose an interval for studying the




