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TYHKT 

)l,BEHA)JJJ;ATHilOJIIOCHMKM HA OCHOBE CB.SI3AHHbIX HEPErY JIHPHbIX 
JIHHHHX IlEPE)l.A IIH 

lJeTbipexnoJIIOCHHKH II meCTH.IIOJIIDCHHKH, o6pa:wsaHHhle H3 )J.BeHa,ll.D,aTHilOJIIOCHHKa 

CBoiicTBa ,:o:BeHa,n;uanmomocHHKa BeCI:.Ma pa3Hoo6pa:mhI. PH,n: ycrpolicTB CBll CHCTeM 

3allJ;HTbI HHcpop!'vmI.J;HH (cpHnbTphI, HanpaBneHHhie OTBeTBHTem1, KoppeKTHpyroru;He ue1rn: H T.,ri:.) 

npe,n;cTaBJI.5IIOT co6o:0: 'IeThipex-, nrecnr- mrn: BOCbMHITOJIIOCHHKH. Ilo3TOMY npe,n;cTaBmieT 

HHTepec onpe,n;enenne rrapaMeTpOB ,n:aHHhIX ycTpoH:crn qepe3 napaMeTphr 

,.naeHa,n:i~anrno1110cHHKa. He3MeikTBOB8.HHbie m1eqn ,.nBena.n:uanrnonIOcHHKa Moxmo narpy3HTh 

KOMnneKCHbIMH Harpy3KaMK, KOTOpble ynyqnraIOT xapaKTepHCTHKH ycTpOHCTB. PaccMOTpHM 

B03MO)KHb!e BapHaHTbl TaKHX ycTpOHCTB H IIOJJ:yqHM HX MaTpHI:.!;bl conpOTHBJieHHH. 

3neMeHThI MaTpHil;hI conponrnneHHH, OITHCbIBaIOllJ;HX "ICTbipex (IIleCTH) - IIOIDOCHIIKH, 

orrpe,u;emnoTcB: H3 corrocTaBnemrn 3neMeHTOB MaTpHUhI conponrnnemi:ll: Hcxo,rumro 

,UBeHa,n:u;aTHIIOJIIOCHHKa H o6pa3yeMoro "!eT.bipex (ureCTH) 110JIIOCHHKa. 

HmKe npHBOMTCR p.H.n. cxeM "!eTbipex (rnecnr) - nonrocHHKOB, o6pa3oBaHHhIX II3 

CHMMCTpliqHoro OTHOCHTeJihHO ropH30HTaJ1bHOH JIHHHH pacnpe,n;eJICHHOfO 

JI.BeHa,n:I.laTnnomocHnKa. .Il,BeHa,ll,D,HTHnomocHHK npe,n;cTaBJIHeT co6o:H TPH O,JJ;HHru<OBbIX 

CBH3aHHhlX neperym1pHhIX mrnnH rrepe,n:a-.:m co cMeJKHOH CBH3I:.IO. AmUiornqHo MO/KHO 

TIOJiylffi.Tb cpopMynr,r ,ll)UI onpe.nenemrn MaTpHI.J;bI corrponrnneHHH BOChMHITOJIIOCHHKOB. 

TionyqeHHI>Ie BI>Ipa>KeHIUI II03BOJUIIOT ocyru;ecTBIDITI> amunl.3 H CHHTe3 lllHpOKOro Knacca 

MHOfOilOJIIOCHHKOB pa3JIHtIHOro Ha3HaqeHmI. 

HcnoJih3yeMhle o6o3Hai:.iemur: Zmn -3neMeHThI MaTpUU:hI corrponrnJieHHH npoH3Bo,n;Horo 

MHOfOITOJIIOCHHKa, Z~) - 3JieMCHThI MaTpHll,bI corrpOUIBJICHI-IH O,[!JIHOl:.J.HhIX HeperymrpHl>IX 

JIHHHH, k :::: 1,2,3. 
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IlapaMeTpbI npOH3BO,ll;HhIX MHOrOilOJIIDCHHKOB 
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Auam13 cl>nJI1:.Tpyrom;:o1x cBoiicTB o6pa3oBaHHhlX qeTMpexnomocHHKOB 
Tio cBoeH: CTPYKType cpHJibTp 5IBJrneTC5I qeT&1pexrrorr10c1rnKoM. Ilo3TOMY paccMOTPHM 

HCIIOJih30Bamre o6pa3oBaHHhIX qeTbipexnomoCHHKOB npuMeHHTeJibHO K ClIHTe3y cpHJibTpOB. 

IlpH 3TOM B03HI1KaeT 3a,n:aqa IIOMCKa TaKMX BapHaHTOB no,n:KmoqeHH5I Harpy30K K 3a)l<ll:MaM 

,n:BeHa,n:u;aTHilOJIIOCHHKa, rrpH KOTOpbIX K03cpcpHUHeHT rrepe.n:a11H cpHJibTpa 6y.n:eT HaH6orree 

6m13KHM K 3a,n:aHHOMy. 
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(1) 

(2) 

r,l.le R - corrponrnneFine Harpy3KH, paBHoe BHyrpettHeMy corrpoTHBJiemuo HCToqmtKa. 
J1.3 cpopMyrr (1 ), (2) BH,IJJIO, 'ITO, ecrrn XOTH 6bI B 0,ll,HOH Tff'IKe rrepe;r:i:aTO'IHOC 

conpornBJieHrre Z12 paBHO Hymo, TO H K03cpqnm,HeHT rrepenatm B 3TOH TO'!Ke TaIOKe 6y,neT 

paBeH Hymo (npH ycnOBHH, qTo 3HaMeHaTeJib B 3TOll TO'IKe He o6pamaeTCH B HYJib). ,D,mr 
aHaJ1H3a o6pa30BaHHbIX 'ICTbipexrromocHHKOB BOCI10Jib3YCMC5{ xapaKTepHCTHqecKHMH 

napaMeTpaMH( 1]: xapaKTCpHCTH'leCKHM corrponrnrrem1eM Z I H TIOCTOJIHHOH nepe,naqn Y : 

r=a+jjJ, (3) 

r.n;e a - xapaKTepHCTH'lecKoe 3aTyxam1e B Henepax; fJ -xapaKTepHCTWieCKM $a3a B pap;rnw;ax. 

B rrorroce rrporrycKaH1rn xapaKTeprrcTrrqecKoe corrponrnneHHe BeIIIeCTBemm H 3aryxam1e 
paBHO Hymo [1 J. B nonoce 3arpa)K,ll;CHH5l xapaKTeprrcTnLiecKoe conponrnrremfe HBJrnercJI 
MHHMOM BCJIJI'IBHOH H 3aTyxaHm: OTnif9:HO OT Hymr [ 1). 

XapaKTepnCTHLiecKHe rrapaMerpbI onpe.n:emnoTCH 3JieMeHTaMH MaTpm.1;hl conpoTHBJieHHH 
Z qen,1pexrrorrrocHnKa n BbiqMcJI5:IIOTc>r no crre.n;y10m11M <iJopMymlM [ 1]: 

r = arcth Z11Z22 
IY.Z ' 

(4) 

r,Il.e /JZ - onpe;r:i:errn:TeJih MaTpH:UhI corrpOTMBJICHllH, z 11 z 12 - xapaKTepHCTHLfeCKHe 

conpOTIIBJieHIUI co CTOpOH.bl BXO):(HbIX H BhIXO,ll;I!hlX 3a)KHMOB COOTBeTCTBe1rno. 
B Ka'leCTBe O;r:(MHO'IHOH JIHHHM B03bMeM HeperymipHyro JIHHHIO, KOTopoM: COOTBCTCTByeT 

xaprunepHCTMqeCKIDI ¢YHKD;H5:I ee mi:¢Q;iepeHD;HaJibHOro ypaBHeHH5I 
2 +Q2 

lvf(p) =pp 
2 

~ cthpt, 
p +OJk 

r;r:i:e p - KOMfLl1eKCHaJI qacTOTHM rrepeP.IeHHa>I, t- npeMH 3a.n;ep)KKM JIHHHH (BpeM.SI rrpoXO)K)l;eHH.H 

T- BOJIHOH y'laCTKa JlHHHH rrepe.n;aLIH), {J)k' Q s - HOBOe Ii rrpe)Imee 3Hat:IeHHe IIOJIIOCa ::meMeHTa 

Z11 perym1pHoro OTpe3Ka JIMH.HH nepe;r:i:aqH (Qs = s7e/t, s = 1,2,3, ... ). Tor,lJ.a B 

COOTBeTCTBHH c npo:ue;r:i:ypoH: [2] orrpe.n;erreHmI K03QJcpHIJJJeHTOB ;r:i:mpliJepeHIJ;HaJibHOfO 

ypanHerrmr HaxoJJJIM BOJIHOBoe conponmrrenne o,n:HHO'IHOH (HecB.H3aHHOH) JIMHH Z8 H ee 

3nervieHThI MaTµMIJ;:bI corrponrnnem1li: 

Zs(r) = Zs(o)[ns(nstgmkr ·tg;Qsr + mJ12, 
OJk (mktgOJk T · tgO.s r + Qs) _ 
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2 Q2 
z(k) = z(k) = z .(O) P + s 

12 21 B . ( 2 2) h ' p +(Ok S tpt 
(5) 

r,n,e r - TeKymee BpeM5! 3aµ:ep:iKKH. 
Ecrrrr rrpoaHaJIH3HpoBaTh rrpOH3BO):(Hbie qeTnipexrromocHHKH, TO c yqeTOM Bbipa:iKem1ii 

( 4 ), ( 5), TO MO:lKHO C,Il,eJian, CJie,Il,yIOurne BhIBO,Il,:oI: qeThipexrrorrIOCHHK NQ 1 o6na.uaeT CBOHCTBaMH 

noJiocHo-3arpa,n:rrTeJihHoro tjlrrrrhTpa, a ~reTnipexnoJIIDCHIIK N~:a HMeeT cBoitcTBa rrorrocHo
rrponycKruomero qrnnhTpa. OcrnJihHhie L£eTI>IpexrromocmIKH HMeIOT B pa6oqeH: o6nacTH 
xapaKTepMCTII'leCKOe corrponrnnemrn, HC HMCIDI.IJ,ero 3KCTpeMyMa. TI03TOMY IIX IICIIOJ1b30Bairne 
)lJUI CHHTe3a <lJllJibTpOB c HCIIOJJh30BaHHCM MCTO)la xapaKrepHCTl-Jqec1rnx rrapaMeTpOB 

3a:rpy.[(HHTeJThHO: ·rpy):(HO HJUI HCB03MO)KHO .uo6HThC5! paBHOMepHOH aMmrnTy)lHO-qacTOTHOH 

xapaKTepHCTllKH B pa6oqei{ o6JJaCTH qacTOT. 

prrc. 1 H306pa)KCH O)lH03BeHHbIB 3arpa,nrrTeJihHbIH <lJHJibTp H ero a.vi:mmTy)lHO-

qacTOTHa.H xapaKTepHCTIIKa npH cne,n:y10mrrx HCXO,[(HbIX )laHHbIX: 

O.st = 77:, OJkt = 2,55, Za (0) 40li , R = 50 Ji . AttanH3 .n,aHHhIX p11c. 1 IIOKa3hmaeT, •rro )J,a)Ke 

O,D,H03BeHHhlli <lJn:JihTP HMeeT ll.OCTaToqHo 6orrhrnoe 3aTyxami:e B rrorroce 3arpaJK;:i:emur. 
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P11c. 1. CxeMa rrorrocuo-3arpa.n,rrTeJihHoro cpIIJih Tpa Ha Tpex CB5I3aHHhIX 

JIHRJUIX (a) H 3aBHCHMOCTh 3aTyxamur OT qacTOTbI (6) 
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KpoMe Toro, HCIIOJib30Bamie 'rpeX CBJ:l3aHHbIX Heperym1pHbIX J1IIHHM (B HailleM crryqae 

Bee TPH nHmrn O)JJmaKoBI.Ie; HX BOJIHOBoe corrpoTHBrrerme H3Memi:eTCR no 3aKoHy ( r) (5)) 

II03BOJIHJIO rrorryqHTh 6ecKoHeqHyIO o6JracTI> rrporrycKaHHH, TO ecTb Boo6m;e oTcyTCTBYIDT 

rrapa3HTHble uonoc&r 3arpam:.n;emui:. 
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Anopeee O.B. 
Ha14io11a/lbHUU aeiaIJiUHuit yui6epcumem 

TPIIIlAP AMETPH1IHHH METO)l. OilTHMAJihHOI EKCTPATIOJUJTl,Il 
BHilA)J,KOBHX HECTAIJJOHAPHHX CHrHAJUB HA TJII 3ABA)J, 

Bcryn 
BnpimeHHfI 3a,r1,aq eKCTpanomn:d'i BHIIa,11,KOBHX npon:eciB 3aHMaIOTb Bam:JIHBe MiCI~e RK B Teopil 

mma.n;KOBHX npoueciB, TaK i B npaKTHqHoMy BllKOpHCTaHHIO u;id Teopii' B pirneumrx 

rrpaKTliftIHHX 3a.n:aq Ha,niHHOCTi, .n;iarHOCT11Ui, KOHTpOJIIO 5IKOCTi, o6po6u;i CHTH&l.iB Ha TJii 3aBa,11, 

Ta iHmHx 3a,naq B pbmrx rarry3.srx HayKH Ta TexHirm. Ha cr,oro,n:HimHiH .n;eHL He.n;ocrnTHhO 

mrnqemrMH 3&1.HIIIffiOTbC}{ 3a,naqi eKCTµaIIOJIHUi'i BHIIa,11,KOBHX HecrauioHapHHX CifrHaJiiB (BHC) 

Ha rni cmu;ioHapHHX Ta HecmuioHapHHX 3aBa,rJ,. 

B [1], [2] 6ym1 3arrponononaHi o.n;HonapaMeTpH'IHHH Ta .n;noxrrapaMeTptt'l!HHM MeTo.n;H 

CKCTparroruruii, He.n;orriKOM }{KHX c Te, rn.o BOHM .D;03BOJIHIOTb no }lBOM norrepe,Il.HiM 3HatJeHirnM 

npouecy, m;o CIIOCTepiracTbC.5!, eKC'rpaIIOJIIOBaTn JIHIIIe o.n;He, 'rpeTC 3HaIJeHH5I BlUia,11,KOBOro 

necrauioHapHoro rrpo1.1ecy. 

3arrpOIIOHOBaHHH TpHrrapaMeTpll'IHHH MeTO,:U, 5!KlfH BHKOpHCTOBYC HMOBipHOCHY BHXi.n;Hy 

imiJopMaui10, OTpHMaHy B )lBOXnapaMeTpll'IHOMY MeTOJli eKCTpanoJrnn;il, )l;03BOJUIC 
* * . eKCTpanoJU-OBaTH KpiM 'rpeTbOfO y 3 tieTBepTe y 4 3Ha1IeHmI Bima.n;KOBoro HCCTaillOHapHoro 

npouecy Ha TJii 3aBa.n;. 

B po6oTi rro.n;acTI>CH 3MicTOBHa TPaKTOBKa 3a,.uaqi Tp1mapaMeTpHtiHoi orrTHMaJihHOI 

eKc'rpanomuJ,il BHC Ha rrri 3aBa.n;, BBo.n;HTbC.9: Heo6xi.n;Hi uo3naqenHH i BHBO,Il.HTbcsr MaTeManiqHa 

HOCTaHOBKa 3a,r1,aqi, po3rJrn,n:aIOThCJI oco6JIHBOCTi mr6opy MO,n:eni .n;mI eKCTpaIIOJI:&OBaHoro 

3HaqeHH5I, a TaKO)I{: Kpinepii OIITHMi3aui'i. B poni KpinepiIO BHKOpHCTOBYCTbC5!: MiHiMaJihHa 

.n;wcnepci.sr rroxu6KH eKcTpanomi:ui'i. 3a,r1,aLia BHpimyeTI>CSI B npocnpocrimiil: nocTanonui: e ;:i:Ba 
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