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BBE.UEHHE ';--.,; 

.nocTaHOBKa 3a,aaqM. o no.QaBJJeHHM .. cMnhHOH pe3MCTMBHOH Heyc.,., 

ToftqHBOCTM B I CTyneHM YHK anepB~e 6wt~ M3n~X.:eHa B/ ~I.- Bwt~ -~ 
noKa3aHO, q'to 'no.QaBJJeHHe TaKOH · H9YCTO!iqMBOCTM HeB03MOX.:HO : C · 

noMOlllbiO KnaccMqec~oi\ CHcTeMbf. no.QaBneHHH. c o.qaoli uenbiO ~6paT-c;• 

HOH CBH3M. no3TOMY 6wta npe.QnOJKeHa CI<!CTeMa · nO.QaBJJeHMH · , C! 

qeT~PbMS:! Qens;MM 06paTHOf1. CBH311., no .QBYM H~ · KOTOPI:n{ CMrHan,. 
- j 

pacnpocTpaHHeTCH no XOP.Qe B.QOrOHKY nytiKY, a no . .QBYM .QPyr~1M, . 

KaK 06bi"lHO, - HaBcTpeqy nytJKy. B pa60Tax/Z,~/ 6Wla paCCMOT-• 
. ~ . ' -' ', \ ' ' ~· . -

peHa 6onee npoCTaH, CHCTeMa C .QBYMH uenmm. 06paTHOH: CBH311, .. ; 

CHrHan no K~TOp!lH• pacnpocTpaHHeTCH HaBCTpeqy nyqKy •· B/3/ 6Wl0 
Oo¥ >, ,J , • • 

noKa3aHO, "'TO HeYCTOH"lHBOCTb B YHK-1 C nOMOIJlblO TaKOH CMCTeMbi., 

nO.QaBJJH9TCH. B .. OTnHtJHe OT/1/ B .. · 3TMX pa6oTax .6WlM Hal\l:teHbi 

ycnOBHH YCTOH"lHBOCTH .QBHX.:eHMH tJaCTHQ, ecnH. 'B Qenu,. o6paTHOH: · 

CBH311 UMeeTCH KHX-$MnbTp nepBOr() nopH.QKaj. ($MnbTP C. HMnYnbCHOH ,: 

xapaKTepHCTHKOH KOHetJHOH. .QnHTenbHOCTH,. B, COCTaB KOTo,poro ; 

BXO.QHT: KOHeqHoe .. "lHCnO.;HepeKypCHBHbiX :uenei\). ,TaKiie $MnbTPbi•B:< 

HaCTOHIJlee .BpeMH WHPQKO licnonb3YIOTCH · .Qnfl· no.QaBJJeHMH ·rapMOHHK· 

qacTOTbl o6pamemm ,.B cHrHane c .QaTqHKa~ nonox.:eHH~4/. , B(2 ~ 31 
6Wlo noKa3aHo, qTo•c Bae.QeHHeM no.Qo6Horo d!Hnb~pa CYIJleCTBeHHO 

CYJI(aeTCH o6naCTb , YCTOHqHBOCTH H CHHlltaeTCH TeMn . >: nO.QaBJleHH,fl 

Kone6aHHI1:. Bl~! •. r.Qe aHanH3MpoBanacb pa6oTa'·.:·~naccM~ecKoi1 
. . ~ ' j ~ • 

CMCTeMbi no.QaaneHMH,: ·.6WlO , npe.QnOJKeHO •MCnOnb30BaTb .. •BHX-dJMnbTp,· 

(!PMnbTP · c MMnynbCHOM xapaKT9PMCTHKOM.' 6eCKOHeq~oA: ,[111~Tenb.:.'. 
HOCTI1 ,' B COCTaB KOTOporo BXO.QHT PeKYPCMBHbie QeiiM) • 'np~eHeH'M~n 
TaKoro ~PHnhTPa TaKJKe n03BonHeT o6ecrieqMTh no.QasneHMe rapMOHMK 

qacToTbl o6pameHMH. B 3TOH x.:e pa6oTe 6WJo noKa3aHo, · tJTo 

o6.micTb ycToH:q~cTM ::. c ' BHX-:'-IPMJ1bTp()M; ,!nM~ '. "qe~ : B, cnyqae c 

KHX-tiJMnbTPDM. B ~~si311 · c · 3TMM ·:e HacTomlleH: pae;c;Te Hccne.QyeTcH 
. ..... , - ··r ·, ·" 

pa3pa6aT!maeMaH .QnH.: YHI{::'l CHCTeMa,_ nO.QaBJJ~HHH, ,c .QBYMH .uenHMM 

o6paTHOH CBH3H.C BHXj!PH~bTpaMH. 
,, :i 

KOH<IJHI'YPAmfH CHcyEMbi nO,llABJJEHllil PE3HcTHBHOA: HEYCTQA:qlfBOCTH . - ' . . 
H OCHOJ3HhlE.YPABHEHHH:: '·:. <. -I,.~ 

KaK •· yx.:~. OTMeqanoc:b' BNWe , . ,Q11H no.QaaneHHH : KoreJ;leHTHbiX none_. ;' 

peqHbiX KOne6aHHM . nyqKa' B ; YHK-'-1' pa3pa6ciTllB8eTCH:: Ci1CT9Ma ,-·: KOTO- ' 
' ' - ' • • '-. / ,. _· < \ -. ' "'." l ., - ' 

paH KaK B,rOpi130HTanbHOM. TaK H B BePTHKBnbHOM HanpasneHHHX 
·-,., ......... _,., ... _____ ,.. _ __,.... 

~ ;.~~:- .t-i:;,_:~rr;: n11!jil \:Hcn!·ryr t 
. ' 

;x~~!~•!4tS~ -rii.C.::i:~Eo~~f.~~z~'1 t 
t;t;!SJi~:'tr~rrt;t~ t\ ! 



nonepeqHhlX KOne6aHHH nyqKa COCTOHT H3 ABYX nap AaTqHKOB nono

lK9HHfl '(,[\il) H Al-inOnhHhlX KOPP9KTHPYJOIJtHX MarHHTOB-TOnKaTenel1 

( T) , - Cc;'9AHH9BHHX ' HA9HTHqHbiMH. QemtMH . o6paTHOH- CBS13H 

(c~. PHC.1). ·llpeAyCHJlHT9JJb C K03¢¢\11QH9HTOM. YCHJ19Hl1fl Kin, aa'l 

BXOAe• nenH o6paTHOH c:Bst3i.f, o6ecneqHBaeT cornacoBaa11e .nn 'c 

nocneAYJO!llHMH pa,QI1oTexaHqecKHMH ycTpol1cTBaMM: nocne npeAYCH- · 

. nHTen~ · Cl1t:HaJI npeo6pa3yeTCfl c riOMOIJthiO ¢lHnbTPa c ' nepeAaTO<IHOM 

xapaKTepHCTI1KOI1 Kf • 3aTeM ci-irHan YCI1nHBaeTCfl B · • K'' t pa3 Bbl..:. ou . 
XOAHhiM :ycl1ni1TeneM MOIJtHOCTl1 11 nocTynaeT Ha TOnKaTem;; KOTOPbiM 

113M9Hfl9T yron . HaKJlOHa TpaeKTOPl111 · nyqKa K PGffiHOBec~ort op611Te; 

llOCKOnhKY·BhlXOAHOH Cl1r'Han 3aBI1Cl1T OT BXOAHOro; nponopQMOHaJlb

HOro ' CM91Jt9Hl110 . nyqKa B MecTe pacnonmr.eHMft nn' TO KoppeKUHfl 

nyqKa TOnKaTeneM npoi1CXOA11T B COOTBeTCTBl111 C ero COCTOHHI19M B 

npe,QWeCTBY!Olltl19 · MOMeHTbi BpeMeHH. B pe3Y,:nbTaTe· peaJlH3Y9TCH 

H906XOA11Mafl. o6paTHafl _ CBfl3h B Cl1CTeMe ynpaBJleHl1H ny<!KOM. -TaKaH 
. . ' 

CI1CTeMa 'AMee ·. 6YA9T · Ha3biBaThCfl 6biCTPQH CI1CT9MOH noAaBJleHHfl 

nonepeqHhlX Kone6a.HI111 (BcnnK). c qenh!O ynpomeHI-ifl 113noJKeHI1fl 

nocneAYJQutero MaTepw:wa nepeKpeCTHue cBH3H .nn1·- T2 11 •nnz - Tl 

He . 'p'7CCMaTPl1BaiOTCSl. · . TaKJKe C<!I1TaeTCfl, <ITO·. qen11 06paTHO~t CBfl311 .· 

HA9HTMqHbi 11 AJJH'¢Jypbe-KOMnOH9HT HanpHJKeHHH 11M99M 

Vi~tit (W)=• KV<W)exp( -jW't )Vi:i.n (W); ( 1) 

rAe Kv(W)=KiriKfKout; ~-:3aA9PlKKa CHrHana B nen11 o6paTHOH 

CBfl311. ,; BCililK · pa3pa6aTbiBaeTCfl 'AJlH . YHK-1 H AOJllKHa 06ecneqHTb 

noAaBJ19HH9·lCI1JlbHOH '·P93HCTI1BHOM · ·H9YCTOHqHBOCTI1 C · 11HKP9M9HTOM 

OKOJ10. 0.1W•(~/, •.• ;(W =2~/T ;<:T•-·nepHOA 06Paut9Hl1fl qacTI1I.l B 
' 0 0 0 0 . ' 

YCKOPHTene ). 

"':. '\ 

'J:,: 

PHC.'l 
,· ~ ' ~·. 

llepel1AeM Tenepi:, K aHaJII13Y pa6oTbl CHCT9Mbl i nOAaBJ19Hl1fl p9311C

THBHOI1 H9YCTOM<IHBOCTH,,. yqHTUBafl C06C'_I'~HH09 .none: riYttKa H '·: ero 

B3aHMOA~MCTBHe · C eaKYYMHOH KaM9PQH ~ •. llPH Olli-!CaHH11 · KorepeHTHOrO · 
.· .... , ;. ' :: ;: .~-:. '. '.. . -: . ;· . 

. . ,_ ... ;: , .. 
:;:-: t'· 
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nonepettHoro ,ABHJK8HHH. nyqKa, 6YA9M cneAOBaTb pa6oTe/1/. · llYCTb 

x
0
(t,s) ecTb cMeuteHHe. neHTpa THJKeCTH cnnomaoro. nyqKa OT 

PaBHOB9CHOH Op6HTU B MOM8HT BP9M9HH · t B TOttKe . B Ha Hel1. 

nocKOJlbKY nepHoAHqaocTb paccTaHOBKH ttacTHI.l . no 8 .. paeaa · AJlHHe 

op6HTb1 c
0

, TO nonyqaeM ycnoBHe '~· ~: ;, .. 
x

0
(t,s+C0 ) = xc(t,s); x~(t,s+C0 ) = x~{t,s). (2) 

B COOTBeTCTBHH c/1/ AJlfl x (t,s) HMeeM ·· · · 
c. ' 

[(v
0

1 ~ + ~r ~ ·~(~>]xc'<t.,s>= 
t ' 2 ' 

= J ~~(t-t' )xc(t' ,s)dt'+.F(s)+ L FK
1

(t)6(s-sK1 ), 
'0 . ' ' 1=1 • 

(3) 

. ' 
rAe K{s)=K{s+Co)~'Ko3¢¢JHQH8HT JKeCTKOCTH; vo- npoAOnhHafl 

CKOPQCTb A811lK8HHfl <iaCTHQbl no op6HT9 ~ Co6CTBeHHOe i none nyqKa H 

ero B3aHMOA8HCTBl19 . C . , :BaKYYMHOH KaMepol1 

HHTerpanhHblM onepaTOpoM ·: c HAPDM · ~~ ( t-t' ) • 
Onl1CbiBaeTCfl • 

TaKaH 3anHch 

BKJlaAa C06CTBeHHOro [JQJlfl COOTBeTCTBY9T KBa3HCTaQHOHapHOMY 

npH6nl1lK9HHIO. •,. 0Ha • npHHflTa. ·· · np11 O[JHCaHMH , pe3HCTHBHOH' 

H9YCTOM';JHBOCTI1 · .·· CllnOWHOro • nyqKa ~ lf>YHKQHfl. . . F ( 6) O[JHCUBaeT 

BnHHHl1e B03MYIU8HHH · ee~yruero · MarHMTHOrO nonfl • Ha OP611Te. · 

lf>YHKI.ll111 FKj_(t). x~,i>aKTepH3~. _Ae~c~~He qen11 o6paTHOH CBH3':f_. Ha 

ABHJKeHHe ttaCTHI.l.' B TOqKax sKi B • MOM9HT BpeMSHH · t. B 

COOTBeTCTBHH c Bbl6paHHO~ CX9MO~ Cl1CT8Mbl nOAaBJ19HHfl HMeeM 

. .:.FK:f.(t)~:} K(t:._t' )'x·('t' ~sPi)dt', (4) 
' ' ':. ·. 0 . ·<? .,. 

r ~e sPi- TRttKa pacnonolKeHHH AaTttHKa .. aa op6H_Te. ; nepeAaToqHD~e 

¢YHKQ1111 K(t-t' ), KaK YJKS OTMettanocb BuWe, OAHHaKOBhl AJlH nene~ 
,L\111;:- T1._.,11 Jlil2 - T2. . . . :: 

f:,,~'"'.v .,,~;·>:~f' "·'1~ 
CAenaeM B ( 3).. AJlH flBHO,,. 3aBHCfllllHX . OT BpeMeHH ¢JYHKUHM 

OAHOCTOpoHHee [J~~6pa30~HH~, :;¢,~be. !10C~~:; HSCn~lKHblX 
:- ·' .. • • • • ' .~ • : - • • , ~, • h i · :;· · .f :r ; '- · , ~ . : -· ! · : ' • • _1 ; '· ~ 

BhltiHCJ19Hl111, npl1HHMaH BO BHHMaHHe ( 4) ', H ( 1) , nonyqHM · 

[::~ 1 ~( s·,w> ];'c'C.,, ~>=([~2 [J,~xc(o·~ ~)+~0-< o, a))+·~~ ~>Jex~p~~]+ 
2 '' - ,·-;..,' 

:+ s:PKKV(W)exp(jW(~~K-~)) L 'y~{w.ap1 )6(a:...~1 L 
. , ,-,-yc_.J , : , ;'''',::)''c .1:=,1 .. : , . , . , .·: •· ~ · 

(5) 
.: ~: '....! 

rAe-~(s,!p)=K(s):-~~(W). Hp11 BHl3()AS (5) 6WJa Bhiil.On~eaa 3aMeHa 

¢lypbe-KoMnOHeHTU AJlfl x ( t ~· s) fia · ao:Bino ¢YHKUHJO y ( W, s) : .. 
' i- ·.m .· 0 

. . .·f, 

~- (W,s)=' Jx (t~s)exp(-jwt)dt; .Y(W,s)ex:P(-jW~/v0 ) ~ 
c 0 c ' 

(6) 

3' 



<I>YHKQI1H X (O,s) 'H'' xc(O,s)=Ox· (O,s)/Ot B (5) xapaKTePH3YJOT c c ' 
pacnpe.QeJleHI1e -qacTYIQ B HaqanbHIDI MOMeHT -BpeMeHH t=O. Ko34xlJH- • 

QHeHT sPK yqHTNBaeT qyscTBHTenbHOCTb·nn 11 nepe.QaToqHNe·xapaK-· 

Tepi1CTI1KH · TOJlKaTeJlH. BpeMH; ·. ripoJleTa qaCTHQN OT .QaTqHKa ·' )lO 

TOJlKaTeJlH.eCTb 

~PK= (sKi-8 Pi)/vo (7) 

11 riP11HHTO O.QI1HaKOBhlM )lJlH ripoMe~YTKOB nn1- Tl H nn2 -.T2. B_ 

CHJlY ycJlOBI1H {2) 113 nepi10)ll1qE_IOC~I;lJ,;_c(W,s') riO 8 riOJlyqaeTCH, B 

CBOIO oqepe.Qb, )lJlH y(W-,8)':'·, ''• 

y(W,s+C
0

) .= y(W.,8)exp(jWT
0

). (8) 

H3 JleBO~ qaCTI1 (5) BH.QHO, qTO )l~H y(W,s) HMeeM ypaBHeHI1e, 

COBria)laiOillee .riO BH.QY C 6eTaTpoHHhlM 'YPaBHeHMeM )lJlH OT,QeJlbHOH 

qaCTHQN. -ilo.QqepKHeM, O.QHaKO, ·· qTo ~ ( 8, W)..: . KOMriJleKCHaH BeJ111q~1-
Ha,·KoTopaH OTJll.fqaeTCH OT K(s) aa·6~(W) 113~3a '3JleKTPQMarHHT

HOrO . B3ai1MO,QeHCTBI1H qaCTI1Q riyqKa Me~y C06ol1 11 CO • CTeHKaMI1 

BaKYYMHOH KaMepbi. tJaCTHOe peUieHI-te YPaBHeHI1H." · ( 5)' eCTb CYMMa. 

pemeHHH .· y fO ( W, s) , ' KOTOpoe . yqHTNBaeT. , HaqaJlbHNe" : ¢YHKQI111 . 

pacnpe.QeneHMH ·. np11 t=O 11 , . B03MYilleHI1e F ( s) • u . · pemeHHH , y K ( W. s) , 

o6ycnoaneHHoro .Qei1CTBI1eM TonKaTenel1; ;'· nepaoe pemea11e · ecTb 

- , 
8 

[ -2 , · . • , , F( s' >] [jws'] 
YfO(W,s)= r vi) (jWxc(0,8 )+xc(O,s _>)~ ~ ~~~ ---v;;- · , 

0 . . 
. ·YJ3(s>f3(8'.)' sin(<!J(s)-<jJ(s':))ds'., · 

r.Qe, (ia6er lPa3bi 6eTaTPQHHNX KOJle6aHI1H <jJ(s):-<!J(s') Me~y TOqKaMH 

~ ~; s', B KOTOPbiX 3H~~eH~~ f3_:_tP;,aK~Hfi eCTb ~(~)-~ j3(s' ) , paaeH 

<ll<s>,-:-.~<·~~'.>~'!-e1:F :<:" ••• ,,,~.~> 
ilO.QtJePKHeM, tJTO y fO (W, s

0 
)=y~0 (W, s 0 )'=0, r.Qe s

0
- npoH3BClJlbH!:{fi 

TOtJKa:· nnH y~(w'~s), cooTaeTCTBeHHO~ "i-iMeeM riPJ1.s>sK1 
"v ,.·· ~:·,,·"T -~-~· ·;-.. ·~=-~·-·~ 4i'· :-·~·:··,~:::!,(~ 

YK(W,s)= SPK~5~)~xp,(jW(')7~K-~)}·. : " 

; ! . . .. .·1E1'Yc<,w._s~i>t"'I3-;-<~-?0'?13'K-.;s~r:(t<s>:~~~K:t>) ': 
r.Qej3K;=j3(sK1):· . - "' , , .. 

: , ilOJlHOe pemeHMe , ypaaHeHMH:: ( 5) iMO~HO npe.QCTaBHTb. B MaTPHtJHOH 

¢o~Me B BH,Qe CYMMN ~~e~HH ~)lHOpo~b;_..o ~~~~~H~~"C '~atJaJlbHblM 
cC>cTOHHMeM y~(W, s

0
) 11: qacTHi.lx"' p€llieHI1i1 Heoi\~opo.QHoro ypaaHeH~m· 

Yf0 (W,s)'M'yK(W,s):'· ·· •·,,, ·· .... t·' -.;•.·•· ·" '-' 

. , . Y,<,fP. ~ );= M(W; s, s 0 )~0 (W? s 0 )tY fO (U)! t:_q-+;~K<!J?:;s >. ~-
,,. ' ·) 
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' 

:. 

'1' 

r.Qe _ . [y
0

(w,s
0

>]; 

Yo(W,so>= y~(W~so> .. Yro<w.s >·= ~~o(w, ~>]·· 
Yro<W.s) ' 

yK(W,sl=(YK(W,s)]., 

, . . ly' (W · • K .s) 

MaTPI1Qa M(W; s, s 0 ) :ecTb o6NtJHaH MaTPMQa nepexona U3 TOtJKH ·s
0 

Ha OP611Te B . TOtJKY s. -·- HeTPYJlHO EI1.QEiTb. "'TO- . ·, 

"' •' . ' "-1" ..... ,...,_ ,....,...,_ _,..., ' .: ' 
YK cw. s 0 +C0 >= SPKKV<W )exp (jW(~PK-~ >) D A( BK T+T~ )Dy

0 
cw, s

0
'>. . 

. . ' 

r.Q~ A- .MaTPMQa. nepexona H3 TOtJKH sK
2 

a. ToqKy sp
1 

. (oT T2 . .QO 

nnl); Bp- MaTPHQa nepe~o.Qa 1-13 TOtJKI1_ SP1 B TOtJKY SP2 (OT nnl 

)lO nn2); BK-, MaTpHQa nepexo.cia J.13·TO"'KH;.SK1 B TOtJKY SK2 (OT Tl, 

.QO, T2) ; D- ,MaTPI1Qa . nepexo.Qa 113 TOtJKH s
0 

B TOtJKY spf· - B 

KBa.QpaTHoi1 MaTPHQe T pasMepa 2x2 .sneMeHT .• T
21

=1, a ace 

OCTaJlbHb!Ei 3JleMeHTbl paBHN HYJliO. 
1 

,- i • 

B COOTBeTCTBHH C (8) HMeeM 

y(W, s 0 +C0 >= exp( jWT
0 

)y(W, s
0 

)= exp(jW,T
0

) y
0 

(W, s
0 
)~ 

= M
8

(W)y
0

(w;"s
0

) + y;•
0

cw,s
0

+C
0

), 

r.Qe M8 (w).:.: MaTpHQa o6opoTa.'H3 'TotJKH s0 B TOtJKy s
0
+c0 c YtJeToM 

.QeMCTBMH TOJ1KaTenel1 :· ·· ·., 
..... "'-1,.... ..... 

· ., Ms(W)= D M(W)D; ~· 

M(W >=~0 +S~K~·(U)'>exp (jw(~;K-~)j ~.~ BK T+~~{. ( 10)' 
.: ' ' ' " .... ,. . .. '•• , ..... , 

. 3.QeGb .. M0 -:-:' MaTPI1_9i:!. o6opoTa .. J-13- TOtJKH, .sp1 , Ha '?P6HTe_ ( l?p
1 

- . Mec:ro 

pacno.imieHHH nn 1 ) . TaKHM o6pa30M, peUieHI1e )lJlH Yo ( w' so)·, eCTb 
' ' ' 

A . • • A A -1A , • 
y 0 (w,s0 >= [exp(J~~o )I-:-M

8
(W)) .Yio cw,s

0
+c0 ) .. 

HariOMHHM, .·"'TO fl;:... riPQH3BORbHaH TOtJ;{a. no8~6~y H~ ··nocne.Qaero 

peweHMH nnH Yo ( w, ~~f nocixe otJeali,~:~HhiX · npeo6pa3oBaHHt1 · AJlH 

o6paTHOH MaTPH.QN HaXO.QHM, YiloaneTadpHIOillee. ( 8) o6~ee pemeHHEi 

YPaBHeHHH ( 5) .QJlH J11060H TOqKJ1 a: ~L: . • . 

. ' - --1 . - . _ exp(jWT
0 
)I- M

8 
(W)detM

8
(W) _ ·. 

• y ( W, _a)= , . _ . . . .... ,., _ . . . y f ( W, s) •. ::-. 
:de~[exp(j~:ro )I-~s(W)) ·· 

( 11 )' 

·.;. 
r.Qe 

yf(~,B)~
8

t0 [ v~2 (jw~c<?;a: )~x~(o.s' ))+'· Fj~' ')F~qj~~,]. 
' ,, ·,' ' .. , •' ··'' . ·, ': ' ', ' _.,_ • .0 . _., 

·Yf\(s)f\(s' fsin(2XQ(W)H!J(s)-<jJ(s' ))ds', 
. .· .• l.. :, . . . . 

a 2XQ ( W)- KOMriJleKCHaH 

. 6eTaTPQHHbiX KOJle6aHHH 
·'i 

BeJ1MqJ.1Ha, xapa~TePM3YJOillaH. Ha6er ¢a3N 

3a 06opoT' ~-~ ttaCTOTe •'. W/2X. H3' ( 11) 

5 



SICHO, qTO ~ill8HM8 nonHOCTbiD. onpe,llensteT~H qacTOTaMH .Wk' 

KOTOp~e·pasH~ aynHM onpe,lleRMTensr: 

.. ' d~t(exp(jWT0 .)I-Ms(W))= d~t(exp(jWT0 )I-M(W))= 
. = exp(j2WT

0
)-:- exp(jWT

0 
)TrM(W)+ detM(W)= 0,; 

rAe TrM(W)- cne~ (mnyp) MaTpMQ~ M(W) ~ .llBHJKeHMe qaCTMrt 

(12) 

6y,lleT 

YCTOHqMB~; ecnH 

ImWk > o . ..J· 03) 

06paTHM : BHHMaHH8 . Ha TO, qTO ypaBH8HHe ( 12) H YCROBHe 

yCTOHqHBOCTH .. (13) . nonHOCTbiD 3KBHBaR8HTHN aHanorHGH~ 

ypaBH8HHHM s/2 / . nPH. ImQ=O. O,llHa~o H~06XOA)1M6'' OTM8THTb, qTo 

ypaBHeHHe ( 12) HOCHT 6onee .. 0611U1H xapaKTep H. cnpaseAnHBO npH 

I ImQ I >0. IIPHHi1Mast. so BHHMaHHe !POpManbHoe cosnaAeH11e • ( 12) c 
/2 3/. ' . . 

aHanorHqH~H YPaBHeHHHMH B ' , MOlKHO ' YTB8PJKAaTb, qTO 

npHBeAeHH~e s 131 pe3ynbTaTN cnpaseAnl-iB~ 11 npl1 · I ImQ I >0. · 

IlpH Kv(W)=O HM88M AnSI·~ 113 .(12) 

Wk=(k±Q(Wk))W0 , 

rAe. .k:- uenoe ( nonoJKHTeRbf!Oe HnH OTPHrtaTenbHoe) <mcno •. · · 3To 

P8':118HHe COBnaAaeT C XOpQillO H3B8CTH~ ycnOBH8M AnH <JaCTOT,, .rHa 

KOTOP~ MOJKeT pa3BHBaTbCH pe3HCTHBHaH aeycTOH<IHBOCTb. 

. II;H~eM . cneAYIDIIIHe ynpo111eHHH AnH MaTPHrt~ M ( w) .. B ( 10) , 

aHanorH<~Hble Hcnonb3osas~HMcH s 12 ' 31. ri:Yc:r6 .B . ~~t1elKYTKax oT 

Jliil AO Jlii2 H OT T1 ,llO; · T2 Ha6er, .ltJa3bl 6eTaTpO.fiH~ ~on~~aHHH 
paseH X/2: 

Re (<!>< sp2 HI>< sp1 >) = Re (<!>< sK2)-<P< sK1 >) =. ~/2. 
Ey,lleM C<IHTaTb TaKJKe, <ITO 3TH npoMelKYTKH HM8IDT ,llOCTaTO<IHO 

' r ' ' ' '; .> • > l ~ " "$ {·.' '• 1 

· MaRYID .. ,llJIHHY, TaK <ITO MOlKHO. npeHe6pe<Jb ·: COOTBeTCTBYIDIIIHMH 

BKnaAaMH Im<!> s HHX. · B 3ToM JKe .cM~cne 6Y.IleM C<IHTaTb KOpQTKHM 
'. . . ' . . ~. " '-·' ' ' ' 

npoMelKYTOK OT T2 ,llO Jlii1, TaK <ITO 

I Im(<!><C0+sp~ >-<P<.sK2 ) 1«1. 
IlYCTb TaKJKe f3~ 1 =f3~2=0 H f3K1 =f3K2=f3p1 =f3p2 =f3K. EY,Il8M. C<IHTaTl> 

B~ORHSHHUM ycnOBHe CHHXPoHH3aQHH ~PK=~. Tor,lla 

M(W)=Mo+K.r<W>A; 
' '• ~ . 

K.r<W>=SPKKv<W>/PK· (14) 

B 3TOM cnyqae ( 12) ynpo111aeTcH 11 pacnaAaeTcH aa .llB8 ypasaeaHH: 

exp(jWT
0

>= exp(:f:j2XQ(WJ) (1+.iK.rCW)expC+j<J>PK>), . (15) 

r,lle <j)PK-. KOMnJlSKCHaH senH<IHHa, XapaKTSPH3YJOnlaH. Ha6er clJa3N 

6eTaTpQHHux Kor:e6<iuJHH OT iu11 ,llO T1. EcnH' K.r(W) cna6o .3aBHCHT 

6 

lJ 

t ... 

OT qacTOT~: 

w dlr.r 
IK'.rdwl « 1, 

TO B ( 15) · 3aBHCHMOCTb OT K.r 
napaMeTpH<I8CKYID. YcnoBHe (16) 

MOJKHO . paCCMaTpHBaTb 

06bi<IHO · B~ORHH8TCH 

(16) 

·KaK 

npH 

Hcnonb30BaHHH illHpQKononocnoro YCHRHTeRSI B rtenH.. o6IJ<iTHOH. 

CBH3H: EYA8M c<u1TaTb, .<ITO AnH Q(W) TaKJKe coGRID,IlaeTCH ycnoBHe 

cna6oH 3aBHCHMOCTH OT qaCTOTbl~ <ITO 06hNHO BblnORHHeTCH. B 3TOM 

~y<tae ·s RHH8HHOM'.npH6Jli1JKeHHH no K.i:-·' Ha. HI13KHX <JaCTOTaX> KOr,lla 

I cos(qJ) 1~1. r,lle cp=:aris<K.r) ;· noi:tY<taeM .ARH ,lleKpeMeHTa 3aTyxaHHH 

K'o.rie6aHHH 

D= -Im(WkT0 >= IK.rlsin(Re<!>PK)cos(qJ)- 2XIImQ(Wk)l~ 
TaKHM o6pa30M, ECIIIIK npH6i:tH3HT8RbHO. B ,llBa pa3a ~KTHBHee 

KnacCH<I8CKOH CHCT8Mbl no.ciasneHHH nom3pe<JH~ KOne6aH~H C O,llHOH 
. /4 '5/ ' ' j . 

QenbJO Jlii - . T , ~. · · • · IlpH. . B~ORH8HHH ( 16) TaKJKe H8TPY.IlHO 
:.·· . •·. f 

noKa3aTb, :<ITO H8YCToi1fqHBOCTb. nO,IlaBnH8TCH, ec.fm 
•. : lsin(Re<!>~K)cc)~(q>)l >, !sh(2XImQ)I. 

0TCID,Ila HCHO, <ITO MaKCHMaJlbHaH 06naCTb YCToi1fqHBOCTH COOTBeT

CTByeT TaKort onTHManbHoi11 · paccTaaosKR Jlii H. T, Kor,lla Ha6er c1Ja3bl 

6eTaTposaf.tx Ki::me6aHHi11. Re<l>:Pi··pcffiefi ·ae~eTHoMy <~HCJ1Y ~;2 PaA~~a, 
a ycMnHTenb · B rteml o6paTHOi11 CBH3H ' 6nH30K · K · M,lleanbHOMY 

( I cos ( cp) I ~1) ~. B 3TOM cnyqae MaKci1ManbHNH ,llSKPeMeHT 3aTyxaHHH 

o· = -lnlsh(2XlmQ)I 
max. . · ., 

nonyqaeTCH npH KO~HQH8HTe YCI1RSHHH .. 

I K.r I = chC2ilmQ>. 
- - ,_ 

!:,_,,; 

!3TH P83YRbTaThi nORHOCTbiD COBnaAaiDT C nPHse.ll8H~imH ~/3/. • 
'AcmmTOTH<ISCKOS pemeHHe npH t-om nerKo rionyqaeTCR no 

H3BeCTHoi11 IPOPM;ne/6/ ~ . 

lim x (t~s): lim jW i (W,s). 
t-om c '' (J}-+0 c' 

(17) 

JlaHHOe COOTHOill8HHe, ''pa3YM88TCH,. . cnpaseAnHBO, ecnH TaKOH 

npe,ll8n.CYIII8CTBYST. TaK, nPH.KV=O .HMeeM 

lim~x· (t;s)= '' 

t-om· • '~.: · s+C ' · ' : · - ' , '' · ' 
= . 1 . -. J °F( s'- )Y}J( sHH s~ )'cos (XQ+<j>( ~)-:-<J>( s', )) ds' , ( 18) 

qTQ ·. · COBDaitaeT 

op6i.iTi/7 1 . · •· · 

B 
··.I 

c xopomo H3BeCTHNM IJemeimeM AnH 3aMKHYTOH 
'" . - ·- ,. 
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CHCTEMA llO~EHHH C EHX-~HRbTPOM B UEllH OEPATHOn CBH3H 

~HJibTPhi , B Q8DH o6paTHOH CB.fl3H B HaCTOmuee BP8MH 

HCDOJib3YIDTCH AJIH DOAaBn8HH.fl rapMOHHK GaCTOThi o6p~eHHH, 

npHCYTCTBYlOIUHX B CHrHane C AaTGHKa OOJIOJK8HH.fl. · KaK • OPaBHJIO, 

np~M6HHIDTCH KHX-$HJibTPhi/
4/. llpoBeA8HHhli1 a 12 •

3
/ aaaJIH3 CHCT8Mhi 

DOAaBn8HHH C .... KHX-$HJibTpoM nepBOrO DOP,HAKa B Q6DH o6paTHOH 

CBH3H DOKa3aJI 3HaGHT8JlbHOe. CYJK8H_Ij8 o6naCTH YCTOHGHBOCTH AJI.fl 

paccMaTpHBa6MOH ECllllK. llepei1AeM ,!enepb K. pHaJIH3Y YPaBH6HHH 

( 12) DPH .· HaJIHGHI1 EHX-$11JibTpa B Q6DH o6paTHOH :, CBH3H. 0AHa. H3 
' . '' -. ' ' '·, . . ' ~ 

B03MOJKHhiX .,CTPYKTYP~hiX .,.cxeM TaKoro $HJibTpa C. 68CKOH6GHOH 

HMDYJibCHOH xapaKT6PHCTHKOH DPHB8A6Ha Ha PHC.2. ~HJibT~ COCTOH~ 

~ H3 P:-3B8Hb8B, BKn!OGaiO!IlHX YCHJIHT8JIH a (W), m . 
. bm ( W) H HAeanbHhie 3aAePJKKH T 

0 
., · B 3TOM 

cnyqCle AJIH , K.r (W) HM88M 

. 1+ f am(W)exp(.:.jmwT0) 
K.r(W)= K(W) . m= 1 . •· 

1- & b (W)exp(-jlnwT ) 
m=1 m . 0 

(19)~ ·~· . P. HaDOMHHM, "!TO KHX~$HJibTP COCTOHT. TOJibKO 

PHC.2 H3 H8P8KYPCHBHhiX.3B6Hb8B, KOrAa b =0. 
' ',·'' ' ·ffi" 

EYA8M . CG~iTaTb, "iTO AJI.fl K(W), a (W), b (W) . BhiDOJIH8HO .. · ·· · · · m · · m .. 
YCJIOBHe:,:(l6). llC)AC~aBJI.fJ.fl K.r(W) B (15)~, DOJIY<JaeM _OTH?C!1T8JlbHO 

exp(jWT
0

) YPaBH8HH8 (p+1)-:: c:eneHH. TaKHM 06pa30M, BB8A6HH6 

$HJibTpa DPHBOAHT K OOHBJI6HH!O AODOnHHT8JlbHhiX C06CTB6HHhiX 
• .•. . . . . ! ' ~ 

GaCTOT KOJI66aHHH OYGKa B nonepeGHOM HanpaBJieHHH. 

llPHB8A8M H8KOTOPhi8 P83YJibTaThi AJI.fl El~-¢HJibTpa nepaoro 

DOPHAKa. B 'nH~~i1H;~·cnpH6JIHlKe~mi' n; K(W) n;>H·. I I~Q.I<<1 HMeeM. ABa. 

BHAa pellJeHHH: 
. .• . 

e,xp( jWkTO )£;; exp.(±j2XQ(Wk)) (1~jK(Wk)exi:>(';:j$PK )) - <X.K(Wk); 

exp( jW:i?o )£;; b1 + <X.K(Wk ); '" 

rAe ex.- HeKOTOPhli1 ; KO<$PHQH8HT, 3aBHC.fJIIlHH OT 'a1·~ 'b1' Q, W:PK. 

llepaoe P8lll8HHe OO"iTH COBIIaAaeT c·nonyqeBHbW Bhnlle's'OTCYTCTBHe 

¢HJibTpa. BTopoe lKe pellleHHe o6ycnoBJieHo BJIHHHHeM .. $HJibTpa. 

llOCKOJibKY COB (arg( b1 ))£;;1, TO. 3TOMY pellle~H!O .o:aeqae-:: ~H3KO
<JaCTOTHOe Kone6a8He -; KoTopee · 6y.Qe~ 3aTYxaiO!IlHM DP!-f I b 

1
· I < ~. · 

Ha _PHC. 3 . AJIH ~k . OPHB,eAe~hi .GHCJI_ef;iHbie. pellJE:lHHH . ypa~H8HJ-1H ( ~2) 
B cnyqae HCOOnb3,0Ba~~H EliX-$Hn·b:rpa np~ c.ria6oi1' aeyc~oitqHBOCTH 

/ • • . •· ~,\;.< 

8 

/' 

lexp(-11'\l!kTo> · ·· r llflellkloi/(2IPI> • · -1 
" " ' I '' '(. 'I I II I F' I ' I I r---..:.l 41 

I
LO '-.. " ... ll ,0.30 r~~ 
0.9 , ",_1 -;

1 
10.27 :~-..::~ 1 l •

1 

-11 

0.8 "-, -... ' _...d"'---1 0.24 ~" I ~I 
2"-"\. ' --~ \ \. 

0:7 ·':-., "·,, ' 4 ---;-:;:7' -1! I 0. 21 . ,~'\ ' I ]'I 0.6 •. ' ' ', // .. ll ,0.18 2~_j 
0.51 ' .. "-.... ..... ,/ f 3 /1' 0.15 

0 .• 4 ·~ . \.':::,( . /_/ll ~0-.12 llnQI::O.Ol r---:...._-__ . . .l 
I '' /_.r ·I ,..-!-~.JI o.3 _ \ \ / / .-' o.09 .. 4//. .·. . ----=u 

1

0 .2 !lnOI-0.01 \ \ / // Jl I 1 _13 · 'I 
' \ . . - • ' ,J 0.06 ·.· '/ " -; . ' - , /· . .. , . . ./ I 0.1 . . , \ \i// . IKI -ii 0.03 #". · -~ · 

0 0. . . "/~ / , · .II _ · .--. · IKI 
I . I ,u.oo . I 
1 o.o o.2 o.4 : · o;6 .• .. o.8 i o.o . 

P~c.3 
(ReQ=36.71; IImQI=0.01) •. Bbi6pa8a paccTaHOBKa nn •H T .. _TaKH~ 

o6pa30M, ."iTO aa6er ; .¢a3bi 6eTaT:pOHHhiX KOJie6aHHi1 Re(j>PK pasea 

H8G8THOMY GHCJIY X/2 PaAHaH. , HaDOMHHM, GTO OPH TaKOH , r . . , 

paccTaHOBKe H B oTCYTCTBi1e. · ltJHJibTpa B qenH o6paTHoi1 CB.fl3H 
. ' . . ·.t1 •,-,,·· 

06ecne<JHBa6TC.fl MakcmianbHhiH TeMn .noAaBJI8HHH nonepeGHhiX 

KOJie6am1i1. KPHBhi8 1 H 2 Ha' IJHC. 3 COOTB8TCTBYlOT C06CTB6HHhiM 
. - ·P··"· 

KOJie6aHH.fiM nyqKa .C qacTOTOH;. Apo6HaH GaCTb KOTOpoH 6JIH3Ka. K' 
, ··" . . I .. .. .. . . . . . ' 
'AP06HOH. GaeTH. ReQ •. KPHBhie: 3 H 4 OTBe<JaiOT ABYM. APYI'HM MOAaM, 
' ' ."; ; : ' .. · ' ; ,'~ . . ·- ' . . 
KOJie6aHHH; . KOTOPhi8 .... : 06YCJIOBJ18Hhi Q60bl0 o6paTHOH . · CBH3H C . 

EHX-$HJibTPOM. TaKHM o6pa3oM, DP8ACTaBJI8HHhi8 a a PHC.3 

3aBHCHMOCTH · DOATB8PlKAaiOT CK838HHOe Bhillle ·06 ' OCHOBHhiX' 'CBOHCTBaX 

pellleHHH. MaKCHMaJibHhli1 : · .neKpeMeHT · noAaBJieHH.fl i' · D '<i'' =0 ~ 777. max 
nonyqaeTCH npH IKI=0.440 H b1=0.583'; BTopol1 'napaMeTP'¢HJibTpa 

a
1 

Bhi6paH PaBHhiM •-::1 C QeJibiO.MaKCHMaJlbHOr"O.OOAaBJieHH.fl;rapMOHHK 

<JaCTOThi · o6p~eHHH H MHHHMaJibHOrO • B03A8HCTBHH :. Ha · paBHOB8CHYlO 

op6HTY~ · llei1CTBHT8JlbHO,, .. pellJeHHe (18) ''AJIH 

6YAeT HMeTb MeCTo; ecnH K.r ( hl=O) =0, "ro ecTb 

ta· =··-i.·• ·· 
m=1 m · ·_.· ·•· 

3aMKHYTOH op6HTH 

'~ ;. ;; .· 

. '( 20) 
i( I -~ ~'·:J~ ,• ~ 

nn.fl $HJibTpa ; nepBOro · nop,HAKa ·· 3TO 3KBHBaJI6HTHO a.;·=-1··"·' 

llOJl"!8PKHeM, ·"!TO AaHHhli1 .· P83YJibTaT COBDaAaeT C P83YJibTaTaMH~' 

nony<Jea~bn-IH_;; ,·· B/8/, rAe HCCJieAOBaJiaCb .; OOM6XOYCTOHGHBOCTb: 

CHCT_8Mhi, OOAaBJI8HHH. 0TMeTHM , TaKlKe, ·; GTO. AJIH nepeGHCJI8HHhiX Bhillle 

nap~M.eTpoB .. : J3KnC!,I:\, nponopQHOHaJibHOH <X. .· .[I06aBKH · TaKOB,; "iTO T8MO , 

DOAaBJieHHl'I,, 1 OPH ; , MaJ1hiX .. K HeCKOJibKO · Bhilll8,. "i8M. B OTCYTCTBHe 

9: 



BMX-~HJibTpa B QenH 06paTHOH CBH3H. CpaBHHBaH pe3YJibTaTH AJIH 

D c/
2
/, BHAHM, 'ITO MaK~~MaJibHHH TeMn llOAaBJieHHH B CHCTeMe max . . 

c BMX-~HJibTpoM 6onee tieM B 6 pa3 Bhlllle, tieM c IillX-~HJibTpoM; 

KOI'Aa b 1 =0. 

llOAtiepKHeM, ~TO HaJIH'lHe HeCKOJibKHX C06CTBeHHHX tiaCTOT no

nepe'lHHX . KOJie6aHHH He MOJKeT ,_ CJIYJKHTb OCHOBaHHeM AnH 3anpeTa 

llOA06HHX pelKHMOB pa6oTU · CHCTeMH llOAaBJieHHH. llpHHQHllHaJibHHM 

SIBJJHeTCH TO, 'ITO BCe TaKI-!e KOJie6aHHH nyqKa HBnHIOTCH YCTOH-

tiHBHMH npH caenaHHHX Bhlllle aon~eHHHX. Heo6XOAHMO, OAHaKO, 
l-· 

HCCJieAOBaTb napaMeTPH'leCK~ YCTOH'lHBOCTb llOA06HOH CHCTeMH •. 

IReW!-:Toii<2•Pn 

o.~l" "j 0.32 . -H) I 
2 I ' 

0.28 I ' I 
0.24 ---.;.__. 1 ~I I 

~· I 

:::~ ,. .. ,,... . --- . ~ 
•. ..t ' ·~ 

. ~4 ·. 
I 

llnlli=O.l 

PHC.4., 

Ha ·PHC.4 llPHBeAeHH aHaJIOI'H'lHHe 3aBHCHMOCTH AJIH . ' 
HeYCTOH'lHBOCTH c I ImQ I =0. 1. · HeycTOH'lHBOCTb c TaKHM 

":", 
11HKpeMeHTOM OJKI1AaeTCH B .:YHK-1. MaKCI1MaJlbHHH AeKpeMeHT 

nohaaneHI1H Dmax=O.l66 nonyqaeTcH. np~·dKI =:o.a95. w<b1 =0:.611: H3 

T6XJKe C006paJK6HI1H,· 'ITO 11:Bhlllle, rlPHHHTO a
1
=-1. HanoMHI1M, 'ITO 

B/
3

/ YCTOH'li1BHe perueHI1H AnH CI1CTeMH llOAaBneHHH C IillX-~11JibTpoM. 
_B :qen11 06paTHOH CBH311 llOJly<:laJII1Cb AnH Re(j)PK ~ He paBHHX 

HetieTHOMY 'li1CJIY X/2 paAJ-faH, 'ITO cpa3Y. JKe Bh13bmaeT npo6neMH c 

paccTaHOBKOH .I::UL 11 T. l3 CI1CTeMe JKe noitaaneHI1H c BHX-~11nbTpoM 

B03MOJKHO noaaeneHI1e HeyCToJ1qHaocTI1 ; c I ImQ I =0. 1 np11 TOH · JKe. 

paccTaHOBKe Jlll · 11 T, 'ITO 11 B OTCYTCTBI1e H9YCTOH'li1BOCTI1.' 

llOCKOJlbKY• OllTHMaJibHOe 3HatieHI19 napaMeTpa b1 3aBI1CI1T' OT :!mQ> 

TO 3TO no3aoJIHeT HaCTpaHBaTb·peKypCHBHOe 3BeHo"~I1JlbTpa·TaKHM 
o6pa30M, tiT06ht o6ecne'li1Tb MaKC11MaJibAHH .TeMn noaaeneHI1fl'Heyc~ 

TOH'li1BOCTH' . B i KOHKpeTHHX YCJIOBI1HX, 'ITO flBJlfl9Tcfl. '.HeCOMHSHHhtM 

10 

·· AOCTOI1HCTBOM ·cHCTeMH noaaeneHHH c _Bll~-:;~HJibTPOM. ll03TOMY 

He06XOAHMO. 'npeAYCMaTPHBaTb B03MOlKHOCTb. BapbHPOBaHI1H .napaMeTpa 

b
1 

npH npoeKTHpoBaHHH qenH o6paTHOH CBH3H c BHX:-;~HJibTpoM. 

3AKJIIOqEHHE 

; llpOBeASHHHH Bhlllle · ·aaanH3 pa6oTH 
') 

cl1cTeMH ··noaaeneHMSJ 

pe3HCTHBHOH HeyCTOH'lHBOCTH C 11CnOJib30BaHH9M 06~enpi1HHTOI'O 

HCXOAHOI'O .·AH~peHQI1aJJbHOI'O _ypaBHeHHH H TPaAHQHOHHHX. MSTOAOB 

ero, peweHHH c .. noi1o~bJO . ~ypbe-MeTOAa noKa3blBaeT, 'ITO · nonyt:iaJOTCH 

. C06CTBeHHbJe. · tiaCTOTH i .·;. onpeaeJJHJO~He xapaKT9PHCTHKI1 ;: pemeHHH, 

TaKHe JKe, KaK Jl npH aaam~~e CH~~eMH noaaaneHHH c QH~POBOH 
o6pa60TKOH ··CHI'HaJJa, rae HCnOJib30BaJJCH MeTOA Z-n-Peo6pa30-

Ba~mH/2 ~ 3 /. llOKcbaHO ,. TaKJKe C~eCTBSHHOe . npeHM~9CTBO 
nocTpOeHHH :qenH o6paTHOH CBH311 C BJiX.:_~HJibTPOM no 'cpaBH~HHJO C 

TPaAHQHOHHo 11cnonb3YeMHMH cxeMaMI1 c IDiX-~11JJb~paMi1. 
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