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B. A. HeHawee — marucTpaHT Kadeapbl BbIMUCIIUTENBHBIX CUCTEM W CETEN
J1. A. MupoHoecku (4-p TeXH. Hayk, MPod.) — HayYHbI PYKOBOAUTESb

AHANWU3 KAHOHMYECKUX ®OPM NNUHEWHBLIX AUHAMUYECKUX CUCTEM

Mpy KOMNBLIOTEPHOM MOAENUPOBAHUN AUHAMUYECKUX CUCTEM BO3HWKAET NOTPebHOCTb B BbIBOpe KOH-
KPETHOW peannsauun cMCTEMbl B MPOCTPAHCTBE COCTOSHMIA. Yalle BCEro Ans aTuX Lienen BoioupaoT OaHy 13
KaHOHWUYeckux dopm [1].

KaHoHnyeckne dopmbl (KP) xapakTepnsyroTcs NPOCTON CTPYKTYPOA M MUHUMATbHBLIM YACIIOM Bapbupy-
emblx napametpoB. CoBOKYNHOCTb KO MOXHO paccmaTpuBaTh, kak Habop TUMOBLIX MOAENEN AMHAMUYECKIX
CUCTEM. 3HaHWE CBOMCTB 3TUX MOAEMNEN W UX XapaKTepuUCTUK No3BonsieT Bolbupate KO, yoobHble ans pelle-
HWS KOHKPETHbIX 3ala4 MOZENMPOBaHWS, aHan3a Unu cuHTe3a cucTem [2].

K® knaccumuympyiotcst Ha conpoBOXAALOLME, MOAANbHbIE, LieNHbIe 1 chanaHcMpoBaHHble. Huke pac-
cMatpuBaeTcs no ogHon KO oT kaxgoro knacca, a UMEHHO: (pobeHnycoBa kaHoHMYeckas opma (PKO);
XOopAaHoBa kaHoHuYeckast hopma (KK®); cbanaHcupoBaHHas kaHoHUYeckas dopma (CK®) n kaHoHWYeckas
copma Payca (KOP). [ing nx noctpoeHus 6binn pa3paboTtaHbl 1 OTAaxeHbl M-OYHKLUMM B NaKeTe KOMMbHo-
TepHOro MogenuposaHns Matlab.

B aaHHoM paboTe paccmaTpuBaeTcs 3aava CpaBHEHUS XapakTepUCTUK ykadaHHbIX KO, B YaCTHOCTM X
aHanu3 Ha npegmMet obecneyeHnss HauMeHbLUEN BbIYUCTIUTENBHON OTHOCUTENBHON MOMPELLUHOCTU MPK BHECE-
HWM MasblX UCKaXeHU B MaTpuLy A OnncaHus B NPOCTPAHCTBE COCTOSHUI.

B obuiem Buae pelleHne NOCTaBfIEHHON 3aaun AOBOMBHO 06BLEMHO W HETPUBMANLHO, NO3ITOMY Orpa-
HUYMMCS OQHUM TECTOBbIM NpUMeEPOM. B kayecTBe TecToBOro npumepa Obina BolibpaHa naccuBHas anekTpu-
Jeckast uenb (OL) TpeTbero nopsgka, cogepxallas ABa pesuctopa, Aa KOHAeHcaTopa M OfHY KaTyLKy WH-
LYKTUBHOCTMW.

MaccvBHas anekTpuyeckas Lienb ON1cbiBAaeTCS MaTpuLamu OnmcaHus B NpOCTPaHCTBE COCTOSIHUIA, Npu-
BeZeHHbIMM B Tabnuue 1:

Tabnuua 1
MaTpuLbl ON1caHWs B NPOCTPAHCTBE COCTOSHMIA S
A b c
-1 0 -1 1
0o -1 1 0 01 0
1 1
- —-= 0 0
5 9)

OT 3TOro ONMUCaHUs ANEKTPUYECKON Lienu Bbin OCYLLECTBIIEH NEPEXOS K aHanoryHbIM MaTpuLam ans
yeTblpex uccnegyemoix KO.
[Ins cpaBHUTENbHOrO aHanu3a YyBCTBUTENBHOCTU KO K BbIMMCIIUTESNBHBIM MOTPELLHOCTSM B HAX BHO-
CUINUCb UCKaxeHus. C 3TON LieMNbio U3MEHANNCH 3HAYeHUs anemeHToB MaTtpulbl A Ha +10%. B nakete Matlab
9TO MOXHO OCYLLECTBUTb NMPU NOMOLLM BbIPKEHUS:
09 11 09

Ad=A-%11 09 1.1/ (1)
09 11 09

roe -* — onepawysi NO3NIEMEHTHOTO YMHOXEHIS MaTpuL,
OnemeHTbl MaTpuL b 1 ¢ ocTaBanich HEM3MEHHBIMM.

®pobeHnycoBa kaHoHUYeckas popma
B Tabnuue 2 npuBegeHbl MaTpuLbl 3TanoHHon Mogenu (AM) n uckaxenHon mogenu (MM) ©Ko 3L,



Tabnuua 2
Matpuubl OMNC 3M n M OKd

As o) Ct Ads bds cds
00 —04 1 0 0 -036 1
10 14 0 0 02 11 0 -154 0 0 0 0.1366
01 -2 0 0 1.1 -18 0

PesynbTaTbl KOMNbOTEPHOrO Moaenuposanus AM u AIM npeactaBneHbl Ha pucyHkax 1, 2.
07 MepexoaHas xapakTepucTuka 014 Becosas xapakrepucTvka
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Puc. 1. I'padukn nepexoaHbIX XxapakTepucTuk Puc. 2. I'padhvkn BECOBBIX XapakTepucTuk
anekTpuyeckoi mogenn OKO anekTpuyeckon mogenn OKO

3 pucyHkoB 1, 2 BMAHO, YTO MOrPELHOCTb BbIXOAHOMO CUrHana WCKaXeHHOW MOZenu cocTaBuna
npumepHo 10%.

XopgnaHoBa KaHOHMYeckaa hopma
B Tabnuue 3 npuBeaeHbl MaTpULLbl ONUCAHMS B NPOCTPaHCTBE COCTOsHMA IM 1 M XK 3L,

Tabnuua 3
Matpuusl OM 1 UM XKKD
A b; G Ad bd| cdj
~-05 -03873 0 |4 ~045 -0426 0 |4
03873 —05 0|0 0.5 0.6455 0.5 0426 —045 0 0 0.5 06455 05
0 0 ~1 |1 0 0 -09 |1

PesynbTaTbl KOMNbOTEPHOMO MoaenupoBaHns AM u IM npefctaBneHbl Ha pucyHkax 3, 4.
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Puc. 3. Tpadhvkm nepexoaHbIx XxapakTepucTuk
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Puc. 4. Tpacdhukm BeCOBbIX XapaKTEPUCTUK
anekTpuyeckon mogenm XKo

[Mocne NpoBEAEHWs aHaNOrMYHOro aKcrnepumeHta ¢ OK®, no rpadmky nepexogHoON  XapakTepucTUKu
(pucyHok 3) HabntoaaeMm, YTo MOrPELLHOCTb BIXOAHOTO CUTHANA UCKaXeHHOW Mogenn Ha yvacTke ot [0;1] He-
3HauuTesbHa, a Ha yvacTke (1;+oo] coctaBnseT npumepHo 25%. U3 pucyHka 4 BUOHO, YTO NOrPeLHOCTb Bbl-
XOJHOrO CUrHana MCckaxeHHoM Moaenu Ha yyactke ot [0;1]u [6; +oo] He3HauuTENbHA, @ Ha yyacTke (1;6) co-
cTaBnset npuMepHo 25%.

CbanaHcupoBaHHas KaHoOHMYeckas opma

B Tabnuue 4 npuBeaeHbl MaTpuLbl ONUCaHUS B NPOCTpaHCTBe cocTosiHuiA IM n M CK 3L,

Tabnuua 4.
Matpuubl OM n MM CK®
Ap by Cb Adp bdp cdy
~01171 -0.4024 -0.1386 | 0.28 ~0.1053 -0.4427 -o0.1247 | 0.28
04024 -0.5047 -0.5842 | -0.33 0.29 0.330.17 0.4427 -0.4543 -0.6426 | -0.33 0.29 0.330.17
~01386 05842 -13782 | ()17 ~01247 06426 -12404 | ()17

PesynbTaTbl KOMMbOTEPHOTO MogenmpoBaHns OM 1 IM npefcTaBneHbl Ha pucyHkax 9, 6.
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Puc. 6. 'pacdhnk BeCOBbIX XapakTepucTuK
anekTpuyeckon mogenu CK®

3 pucyHkoB 5, 6 criegyeT, YTO BbIXOQHOW CUrHanm UCKaXEHHOW MOAENW W3MEHWNCH He3HaunUTesbHO,

YTO UNNKOCTPUPYET Manyto YyBCTBUTENBHOCTb CK® K UCKaxeHMsIM.

KaHoHuuyeckasa ¢opma Payca
B Tabnuue 5 npuBeaeHbl MaTpyLbl ONUCaHMS B NPOCTPaHCTBe cocTosiHWiA IM n M KOP 3L,




Tabnuua 5.
Matpuubl IM u UM KOP

Ar br Cr Adr bdr Cdr
~2 10954 0 | 109 -18  1.205 0 | 1.09
10054 o oa42| o | 00 0373 1205 0 04919 | o | 0 00373
0 -04472 0 0 0 -04919 0 0

PesynbTaTbl KOMMbOTEPHOMO MoaenuposaHus AM u IM npefcTaBneHbl Ha pUcyHKax 7, 8.
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Puc. 7. Tpadmk nepexoaHbIX XapakTepucTuk
anekTpudeckon mogenn KOP

Puc. 8. I'padhnk BECOBbIX XapaKTepUCTUK
anekTpuyeckon mogenu KOP

N3 PUCYHKOB 7, 8 BWAHO, YTO NOrpeLlHOCTb BbIXOAHOIO CUrHana NCKaKEHHOW mMoaenu coctasuna npu-
MepHO 10%.
[Ins conocTaBneHns NorpeLlHoOCTeN UCCeayeMbIX KaHOHMYECKUX (hOPM Ha OCHOBE MOSTyYEHHbIX pe-
3ynbTaTOB BOCMNONb3yeMCA BbIYUCIIEHNEM HOPM PA3HOCTU COOTBETCTBYHOLLMX C*)yHKLI,I/II7IZ
- -
nrp=[p(t)- pd ()| =, | [ (p— pd)*dt; np=[p(t)]|= || p*dt;
0

0

va=lat) -0l fia-00ya; na=fool= fo'a

roe p(f), pd(t) — nepexogHas yHKUMS STANOHHON M UCKAXXEHHOM MOAENMN, COOTBETCTBEHHO; q(f), qd(f) — Be-
coBast PyHKLMS 3TANOHHOM N UCKAXXEHHOW MOLESN, COOTBETCTBEHHO.
Vicnonb3ys chopmyny (2), BbIYMCIIUM OTHOCUTESBbHYKD MOTPELUHOCTb AN NEPEXOAHON W BECOBOW

(DYHKUMI:

(2)

nr nr
Kp = _p’ Kg = _q.
np ng
OUEHKM OTHOCUTENBHOM NOTPELLUHOCTU KAHOHWYECKIX (DOPM NpUBEAEHbI B Tabnuue 6.
Tabnuua 6
OugeHKa OTHOCUTESBbHOMN MOTPELLHOCTM
oKD KKo CKo KoP
Kp 0.0879 0.3875 0.0260 0.0879
Kq 0.1532 0.4075 0.1018 0.1532

Mo pesynbTatam KOMMbIOTEPHOrO MOAENVUPOBAHNS U OLEHKaM OTHOCUTENbHOW MOrPELLHOCTY BbIXOAHO-
ro curHana (tabnuua 6) MOXHO caenaTth BbIBOA, YTO HAMMEHBLUYHO NOrpeLlHOCT obecneynsaetr CK®; fanee
cnepytor ®K® n KOP; a BbixogHow curHan cuctembl B XK okasancs Hanbosnee YyBCTBUTENbHLIM K BHECE-
HUIO UCKaXXEHWH.
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