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YYBCTBUTEJIBHOCTH IOJIOCOBBIX ®NJIBTPOB
C APUOMETHYECKOU CUMMETPHUEU
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KaH/. TexH. HayK, qou. PE3BHUYEHKO B. B., KYPKOB A. B., IEMUJOB B. II.,
KaH/. TeXH. HayK, Aou. MOYKAP B. U.

Canxm-Ilemepbypackuil 20cy0apcmeentvlll apXumexnmypHo-CmpoumenbHulil yHusepcumen,
Benopyccrkuil HayuoHanbHblll MexHUYeCKull YHugepcumem

YacToTHO-N30MpaTeNbHBIE TN SBISIOTCS BaXKHBIM AJIEMEHTOM Pa3IMYHBIX
YCTPOMCTB aBTOMATHUKH, HHPOPMAIIMOHHBIX aKyCTHYECKUX U PATAOTEXHUIECKUX
cucreM. TpaaUIMOHHBIE METOBI Pa3pabOTKH MOAOOHBIX (C MOJOCOBBIMU Xapak-
TEPUCTHKAMH) CUCTEM IpeIoaraii npeodpa3oBaHie YacTOThl BUIA

p o
YTO MPUBOJAUT, KaK U3BECTHO, K TEOMETPUUECKON cumMeTpud [1].

B aT0 ke Bpems yacto TpeOyercs apudMeTHIecKass CUMMETPHUS aMILTUTY/I-
HOM 4acTOoTHOM XapakTepucTuku (AYX), Tak Kak MpH MPOXOKACHUHM B3aUMHO
OpPTOTOHAJBHBIMHU CHUTHAaMU TAaKHUX IENei CBOWCTBO OPTOTOHAIBHOCTH HE Te-
psiercs [2].

C aT0it 3a7a49eii CIIpaBiIIOTCS KBaApaTypHbIe GUIBTPHI [3], MTOCTPOCHHEIE TI0
CTPYKTYpE, IIPeICTaBICHHON Ha puc. 1.
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YacToTa MOIYIAINH M) 33Ja€T IEHTPATBHYIO YacTOTY ITOJIOCOBOTO (HIBTpA.
K coxanenuto, mpakTndeckas MOAYJANWS MPUBOANT K TIOSBICHHWIO B CHUTHAJeE
TapMOHUYECKHUX KPATHBIX 110 4acToTe Wy [4].

B [5] npemnoxeHo ambTepHATHBHOE pEIICHHUE 3aJavd peaHn3alldd MoI100-
HBIX (DUIBTPOB C HCIONB30BaHHEM MPEOOPA3OBAHUS YACTOTHL: S = P — .
B pesynbraTe mony4aroTcs CTPYKTYpHI, TTO3BOJISIONINE PEIIUTh MPOoOIeMy CHH-
T€32a MOJIOCOBBIX (PMIBTPOB C apU(PMETUICCKH CUMMETPUYHON XapaKTEPUCTHUKOM
1 o0yajaroniyie He3aBUCHMBIMU HACTPOHKaMH 10 TOOPOTHOCTH U TIOJIOCE IPO-
ITyCKaHUA. HeO6XOI[I/IMO OLICHUTH UX C TOYKHU 3PCHUA UYBCTBUTCIBHOCTU pCain-
3yeMbIXx AUX K M3MEHEHHUIO ImapaMeTpoB (PrutbTpa.

[losToMy menbro cTaThbU SBJISETCS aHAIN3 YYBCTBUTEIBHOCTH MOJOOHBIX
cTpykTyp. [lockombky miast GuimbTpoB Hambolee CyIIECTBEHHOW SIBISIETCS CTa-
OomwtpHOCTE AUX, B KaueCcTBE MEpPhl CTA0MIILHOCTU (DMIIBTPA HCIIOJIB3YETCS OTHO-
CUTCJIbHAsA 9YBCTBUTCIBbHOCTD
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OTH Mepbl 4yBCTBUTEIBHOCTH NIPUMEHSIOTCSA B TOM CiIydae, KOIZla B CXeMe
OJIMH IOMUHHUPYIOLINH JIeMEHT. B IpOTHBHOM cilyuae UCHoab3yeTcs 1100 MaT-
puna GyHKLIUI YyBCTBUTEIBHOCTH JINOO KO3 GHUINEHT MHOTOIapaMeTPUIECKOM
YyBCTBUTEJIBHOCTH

T1€ 7, — YUCJIO TOYEK YACTOTHOTO JHala3oHa aHaiu3a; N, — YUCIIO AeCTaOuIu-
3UPYIOIIUX IEMEHTOB.

B kadectBe paboueil mepeMeHHON paccMOTPUM aOCOIOTHYIO YyBCTBHUTEIb-
HOCTb
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VuuThIBas, YTO IS MOJIOCOBOTO (HUIBTPa B OONIACTH MOJIOCHI MPOIYCKAHHS
F(o) = 1, umeem
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B [5] noka3zaHo, 4TO MaTpulibl, ONMCHIBAEMBIE B IIPOCTPAHCTBE COCTOSHUS
nenu ¢ apudmerndeckn cummetTpuaHoi AUX, nMeroT Bua:

_ A — -
A= 9 BT -[".0

Sp

C=[C, 0], D=0.

Ananuz YYBCTBUTCJIHLHOCTHU YZIO6HO BECTH, UCIIOJB3YyA TCOPUIO BOSMYUICHUA
nuHeHHoTOo oneparopa [6]. Tak kak ¢huasTp 3aman Habopom Matpur A, B, C, Hac
WHTEpeCyeT BIMSHUE U3MCHEHUsI MTapaMeTPOB 3TUX MAaTPHI] Ha YaCTOTHYIO Xa-
pakTepucTuky puiabTpa. [Ipu 3TOM 0YEBUIHO, YTO U3MEHEHUE MMAPAMETPOB MAT-
putl B u C TUHEHHO CBSA3aHO C U3MEHEHUEM YaCTOTHOW XapaKTEPUCTUKHU, YTO HE
BBI3BIBACT MIPU aHAIIN3E KAKUX-JINOO CII0XKHOCTEH.

W3MeHeHne MaTpuIbl A TIPUBEICT K ONPEICIICHUIO U3MEHEHUS Pe30JIbBCH-
THI AR:

AF(jo) = CARD; (D)

R =(ljo—A)™.
Kax u3BectHo [7], ecnu npeacTaBUTh U3MEHEHUE
AA= YA +42A@

rie A=A, +AA, A, — HOMUHaIbHOE 3HAUYEHHE MATPHUIbl, TO U3MEHEHUE pe-

30JIbBEHTEI
n
AR =R (2)
k=1
IIpu sToM
R¢= > (-1)"RAWRAY _ A"R, (3)
V.V, =K
3mecn V4, ..., Vi, — Heable MOIOKUTENLHBIE.
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Tak B cimydae AA = xA(l) koapumment psaaa (2) mo (3) uMmeeT BUI:
R' = —RAUR; (4)
R?* = RA®RAMR. (5)
Torma u3 (1) u (2) cnenyer
AF(jo) = C(—=xRAPR + y’RAPRADR)B.
Otkyna
S = AF(jo)Ap™. (6)
ITpu abCOMFOTHOM U3MEHEHUH
Ap = X aij- (7)

OTMeTHM, 9TO MPU U3MEHEHUHN HECKOIBKUX MapaMeTpoB BeIpaskeHus (7) 1o-
SIBIISICTCSL MATPHIIA.

PaccmoTpuMm mipuMep CTPYKTYpBI IOJIOCOBOTO (MILTpa 4-ro TOpsijaka
¢ apuMETHUECKON CUMMETpHUEH, CXeMa KOTOPOTO MPECTaBlIcHa Ha pHC. 2.
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Puc. 2

B xkagectBe mporormma HY dummeTpa mcmomsiyercs ¢uiabTp YeObimeBa
BOCBMOTO MOPSIIKA C HEPABHOMEPHOCTBIO B 00JIACTH MOJIOCKHI MponycKanus 2 ab,
IIMPUHON TIOJIOCKI MIPOITYCKaHUs 2, TOOPOTHOCTHIO 5.

Matpunia A onpezenseT (opMy KPUBOW W IIMPUHY TOJOCHI MPOITYCKaHHS
¢unpTpa.

Koaddummentst q GopmupyroT neHTpaibHyt0 dactoty. Hambonee naTepec-
HO BIUSIHHE YYBCTBHUTEIBHOCTH 3TUX KOI(Q(OUIMEHTOB HAa XapaKTCPUCTHKH
¢dunpTpa.

MaTpuliisl B TPOCTPAHCTBE COCTOSHUS, OMUCHIBAIOIINE STOT (DUIIBTP:

~0,804 -0823 —20 0 1

- 1 0 0 -20 | ~ |0
A= CBy=| |,

20 0 -0804 —0823 0

0 20 1 0 0
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C,=[0 1646 0 0].

[Iycte
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AA=yAY;  x=-01,
T0 cornacHo (5)
AF(jo) = 0,1CRy(j) AP Ry(jw)B — 0,01CR, (j) ARy (jo) AYRy ( jo)B.
Xapakrepuctuku AF (jo) mpezacraBineHsl Ha puc. 3.
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Puc. 3

OHH MMOJIHOCTBIO COBIIANIN C PE3yJIbTaTaMHM, IIOJYYECHHBIMH C TOMOIIBIO MO-
nenupoBanus B cpene MATLAB.
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