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MCNOJIb3OBAHUE CNEKTPANbHbIX NPEACTABNEHUA CUTHANOB U CUCTEM HA OCHOBE
NMPEOBPA30BAHUA NANNACA 0N AHANTU3A NMUHENHBIX CUCTEM
Moxkees A.B.
ApXaHrenbCKUi TOCYAapCTBEHHBIN TEXHHYECKHA YHUBEPCUTET

CrexTpaibHbIE TIPEICTABICHHS CUTHAJIOB M CHCTEM Ha OCHOBE IpeoOpazoBaHus Pypbe IIHMPOKO HCTIONIB3YETCS
JUISL aHAJIM3a JJMHEWHBIX CUCTEM. B ciydae BXOJHBIX CHTHAJIOB, OIMCHIBAEMBIX COBOKYITHOCTHIO KOHEUHOTO KOJIHYe-
CTBAa CHHYCOUAAIBHBIX COCTABJISIOLINX, CIIEKTP COCTOMUT M3 OTAENbHBIX AUCKPETHBIX JMHUH. I103TOMy ycTaHOBUB-
Ieecs 3Ha4eHHE PEaKIK JTMHEHHONW CHCTEMBI B 3TOM CIIy4ae MOXHO OIPENEIUTh NCXO U3 (PU3UIECKOTO CMBICIIA
YaCTOTHBIX XapaKTepucTuk [1].

CrekTp HenepuogU4ecKOro BXOAHOTO CUTHAjla CIUIOIIHOW M COCTOUT M3 OECKOHEUHOH IOC/IeN0BaTeIbHOCTH
CHUHYCOUIAJIBHBIX COCTABIAIOMMX. [103TOMY HCIIONB30BaTh YAaCTOTHBIE XAPAKTEPHUCTUKU B ATOM CIIydae MOXKHO
TOJIBKO JIUILb 7151 KAUECTBEHHON OLIEHKU MPOXOXKACHUS CUTHANA Yepe3 JIMHEUHYIO CUCTEMY.

[Ipn sTOM CilegyeT OTMETHTBH, YTO OOJIBIIMHCTBO pPEaIbHBIX BXOAHBIX CHTHAJOB aBTOMAaTHYECKHX CHUCTEM
yIpaBJIeHUs] MOTYT OBITh ONMCAHBI B BUJIE COBOKYITHOCTH 3aTYXaIOMINX KOJIeOaTENbHBIX COCTABISIONINX

n
X(t)=Z:Xmi e cos(w, - t—p). (1)
i=0
YacTHBIMH CITy4asiMH 3aTyXaroIleil Koine6aTeIbHO coCTaBISIomeit
X () =X, -e"" cos(w, - t—9,) 2
1 mi Cos a)l ¢I ( )

ABIISIOTCS] CHHYCOUIANBHBIHN, SKCIIOHEHITNATBHBIA U TIOCTOSHHBIN CUTHAHI.

[IpencraBnenne curHanta B BUAE CHHYCOMJAIBHBIX, IPSMOYTOIBHBIX HIIM MHBIX COCTABILIIOIINX JOJDKHO OIIpe-
JesIThes pusmaeckoit menecoodpasHocThio [1,2]. JIist BXOAHBIX CHUTHAJIOB, OMMMCHIBAEMBIX BhIpakeHueM (1), mene-
c000pa3HO UCIIOJIb30BaTh NPe0Opa30BaHysl, IO3BOJISIONIEE TPEJCTABUTh CUTHAN B BUJIE COBOKYITHOCTH 3aTyXarOIIHX
KoJieOaTeNbHBIX COCTABIAIOMMX. TaKkylo BO3MOXKHOCTh NPENOCTaBiIsseT npeodpasosanue Jlamiaca. Ho B npakTuye-
CKOW JesTeNbHOCTH INpeoOpazoBanue Jlammaca MCHONB3yeTCsl TOJNBKO Kak WHCTPYMEHTapHi sl anreOpau3anuu
JuddepeHInaIbHBIX YPaBHCHHH, a CIICKTPaANIbHBIC MIPECTaBICHUS Ha 0a3e nmpeodpaszoBanus Jlamnaca HCOIb3yOT-
Csl TOJIBKO JIMIIIB JIJIS1 HIUTFOCTPAIIUH PACIIONIOKEHHS HYJICH U TIOFOCOB TepenaTodHoi GpyHkwm [3].

[pu ucnonp3oBanum npeodpazopanus Jlamaca curaan Buja (1) MOXKHO MPEICTABUTH B BUJIC KOHEYHOTO YUCIIa
3aryxaromux KonebatensHbIX. [loaToMy 1o aHanoruu ¢ mpeobdpazoBanueM Pypre, MOXKHO JOCTaTOYHO MPOCTO TO-
JYYUTh aHAJUTHYIECKYIO 3aBUCHMOCTD JIJIsI OTIPENIEIICHUs IPHHYKICHHOW COCTABIIMIONIEH BBIXOAHOTO CHUTHANA CHC-
TEMBL.

Jlis moydeHus aMITUTYAHO-4aCTOTHOM M ()a30BO-4aCTOTHOM XapaKTepUCTHK JIMHEHHOH cucTtemsl o Jlama-
Cy HEOOXOQMMO BBIIOJHUTh B BBIPAXKEHHsS JUIs IepeJaroyHoil QyHkuuu cucrembl K(p) moacraHOBKY

p—>-y+ J - @ . TIpu 5TOM aMIUIMTYIHO-YacTOTHAs U ()A30BO-4ACTOTHAS (DYHKIIMH 3aBUCAT HE TOIBKO OT 4acTo-

THI, HO ¥ OT BELIECTBEHHOH YacTu onepaTopa Jlammaca. [ToatoMmy nanee Oyzem HCIONb30BaTh CIEAyIOIHE 0003HA-
YEeHUs! U1 YKA3aHHBIX BhIIIE (DYHKIMH

K(-7,0)=|K(-y + jo)|. 3)
F(—y,0)=argK(—y + jo). )

B cooTBeTCTBHM ¢ BRIpaKEHUEM UT 0OpaTHOTO MpeobpazoBanms Jlamiaca peakiys JIHHEHHON CHCTEMBI Ha i-10
COCTaBIIAIONIYIO0 BXOJHOTO CUTHANA (2) MOXKET OBITh ONMCaHa CIEAYIOIINM 00pa3oM

1 +00 ‘
— i i (-7+j)
V() ==—: [ K(-y+]-@)- X(-7+]-0)-e7" do, 5)
2. 3
e n300paXkeHue i-if COCTaBIIAIONIEH BXOJHOTO CUTHATA
X(p): X ) (p+ﬂi).cos(¢i)+a)i .51n(¢i)
i mi 2 2
(P+f) +o ,

Tak >xe KaK M UIA NepeAaTovyHON (YHKIUH, U HOJXYYEeHHS CIEKTPaJbHON IJIOTHOCTH i-H COCTaBIISIOIIEH

BXOJIHOTO CUTHAJIA BHINOJIHKUM IIOACTAaHOBKY P —> —¥ + |- @

(=y+j o+ f) cos(p)+w, -sin(p,)
(-y+j-o+B)+ao

Xi(_7a ®) = Xmi

HpI/I ]/ = ﬂl MOJIYYUM CJICAYIOMICC BbIPAKCHUN JIA CHCKTpaJ'ILHOﬁ IJIOTHOCTHU

(w,sinp+ jocosp)

2 2
W, —®

X (=B + j-@)= Xm + Xm%[e’j“”é(wo—a)) +e5(w+m)].  ©
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[omyueHHOE BBIpa’keHHE B TOYHOCTH COBIIATAET C BRIPAKEHUEM UIsl CHHYCOMAAIHHOTO CUTHANIA TIPH HCTIONb-
30BaHUH OJHOCTOpPOHHETO mpeodpazoBannu Dypee [2,4]. [lepBoe crmaraemoe MOIYYEHHOTO BBIPAXKEHHUS COACPKUT
HH(DOPMAIIHIO O TEPEXOTHOM IPOIIECCE B CHCTEME, CBSI3AHHOM C MOJaveii i-i COCTaBIISIONICH BXOAHOTO CHTHANA B
HyJIEeBO MOMEHT BPEMEHH, a BTOPOE CIIaraeéMoe XapaKTepH3yeT NMPHHYKICHHYIO COCTABJISIONIYI0 BHIXOJHOTO CHTI-
HaJjla CUCTEMBI.

[Moacrasisist BTopoe ciiaraeMoe IHOJIyYeHHOTO BbIpakeHHs (6) B BBIpaXKEHHUE Il 00paTHOTO MpeoOpa3oBaHus
Jlamnaca (5) ¢ yuetoM UIBTPYIOUIETO NSHCTBUS ICIbTa-QYHKIIUH TOTYIHUM

Yioi(D) =Xy - K(=f,@,)-e " cos(a, -t =g, + F (=13, @) (7
®Ou3nYeCcKHii CMBICI aMILUIUTYAHO-4aCTOTHON M (pa30BO-4acTOTHOM (pyHKLMI, NONTYYEHHBIX C MOMOUIBIO Mpe-
oOpazoBanus Jlaruaca, aHaJIOTHUYEH KJIaCCHYECKUM OJHOMMEHHBIM YaCTOTHBIM XapaKTEPUCTHKaM, HO pedb O CyIlle-
CTBECHHO paCHIMPEHHOM INEPEYHE THUIIOB CUTHAJIOB U UX KOM6HHaHHl7[I MOCTOAHHAsA, SKCIIOHCHIIMAJIbHAsA, CUHYCOU-
JlajibHasl U 3aTyxarolas KojiebaTenbHasi COCTaBIISIIOLIHE.

[MpeacraBum 111 HAMJIAHOCTH (PU3UYECKUI CMBICI YAaCTOTHBIX XapaKTEPUCTHK IPH MCIOJIB30BaHUH IIpeodpa-
3oBaHus Jlamnaca s i-it cocraBnsironei BXOIHOro curHaia (2) B BUE CIEAYIOIICH CTPYKTYPHON CXEMBI

%) =X, e/ -cos(@; -t-9) K(p) Yia (1) = XmiK(_ﬂi’a).)eiﬂ"t cos(at— ¢, +arg K(p,))

Puc. 1. Onpenenenre NpUHYKISHHON COCTABIISIOIICH

Ha mpezcraBnenHoi puc. 1 cxeme HCHONB3YIOTCS CeAyIolne 0003HauYeHH s
p=-p+1 a0, K4 o) :|K(pi)|-
DU3NYECKUI CMBICI YAaCTOTHBIX XapaKTEPUCTHK, MOIY4aeMbIX C MOMOIIBIO npeodpa3oBanust Jlaraca, MOXKHO
copMyTHpOBaTh CieayonM o6pa3om. Eciii Ha BXOJT IMHEHHOMN cHCTeMBI ¢ iepenatounoi gyukimeit K(p) moman

BXOJHOM CHUTHAI B BHE i-i 3aTyXaromieil KoinebaTenbHOi COCTABISIONICH, TO TIPUHYKICHHAs COCTABIISIONMIAs PeaK-
LMY CHUCTEMBI OyleT Takke B BUAC 3aTyXaromed KoaebaTeTbHOW COCTABIISIONIEH, IPUYeM OTHOCHTEIHHO BXOIHOTO

CHIHAJa e yPOBEHb U3MEHHTHCS Ha 3HAYCHHE aMILIMTYAHO-4acToTHOH Qynkumu npu P, =—f + | @, a nHa-

yanbHas (aza U3MEHHUTCSI Ha 3HaUeHHEe ()a30BO-4aCTOTHON (PYHKIWH MPU TEX KE YCIOBHSIX.

Takum 00pa3oM, HA OCHOBE YaCTOTHBIX XapPaKTEPUCTUK MOYKHO OINPEIECIIUTh MPUHYKIACHHYIO COCTABIISAIONIYIO
BBIXOJHOTO CUTHAJIa CUCTEMbI IPU BXOJHOM CHUTHAJIE, OMMCHIBAEMOM 3aTyXarollel KoJeOaTeIbHOM COCTaBISIONIeH
WJIA COBOKYITHOCTBIO YKa3aHHBIX COCTABIISIOIIHX.

Bo3zHukaeT BOIpOC 0 BO3MOXHOCTH ONPEICICHUs CBOOOTHON COCTABIISIONICH Ha OCHOBE CITEKTPATIbHBIX MPE-
CTaBJICHHI CUTHAJIOB M JIMHEHHBIX CUCTEM.

Jlns pemreHUs TOCTaBIICHHOM 3a7add BOCIIONIB3YEMCS CIISIYIOIINM MOXOI0M: OITMCAHUS BXOTHBIX BO3IEHCT-
BHIi (CUTHAJIOB) W JIMHEHHBIX CHCTEM YIIPaBIICHHUS KaK BO BPEMEHHOH, TaK U B YaCTOTHOW OOJACTH ITOXOXKH MEXKITY
co0OH, B 3TOM IIJTaHE TOBOPSAT Tyall3Me CUTHaI-cucTeMa [5].

Kak u BxojHOe Bo3zelcTBue (curHai), BecoBas (pyHKUUs [J1si aDCOIIOTHOTO OOJIBIIMHCTBA (DU3HMUECKU peajin-
3yeMBIX JIMHEHHBIX CHCTEM MOXET OBITh ONFCaHa B BHJIE COBOKYITHOCTH 3aTYXaIOUINX KOJIE€OATEeIbHBIX COCTABIISIO-
MUX

9 =D 6,0 = Dk e cos(w, t—4). ®

[Ipu 3TOM BBIpaXKCHHE VIS MEPENATOYHON (DYHKIIMU CUCTEMBI C BECOBOW (QyHKIMer Buna (8) Oymer mMmersh
CJEeyIOLINHI BUI

S -, (P+a;)-cos(d)+W, -sin(g)
K(p):ZKi(p):Zki 2 2 : ©)
i—0 i—0 (P+a) +w
[ToBTOpSAA Te k€ BBIKIIAAKH, YTO M paHee, UCTOIb3Ys BBIpAKEHUs AJsl oOpaTHOTO mpeodpazoBanus Jlamnaca,
MOJTyYHM CIIEAYIOIIee BEIPAKEHNE IS i-i CBOOOIHOM COCTABIISIONICH
—ait -
i (D =k - X (-, @) cos(W - T— ¢ +arg X (—a; + ] - W)). (10)
[TomyueHHOE BBIpaKEHHE Ui HATJSIIHOCTH OTOOPa3sWM B BHAE CTPYKTYpHOU cXeMbl. [Jisf 3TOro mepectaBuM
MECTaMH{ B CTPYKTYpPHOW cXeMe, MPUBEACHHON Ha pUC. 1, BXOJHOE BO3IEICTBHE M ommcaHue cucTeMsl. [Ipu aTom
BMECTO BXOJHOTO BO3IeHCTBHs OyIeT (pUrypupoBaTh UMITyJIbCHas (DYHKLUS B BHJE 3aTyxarouled KojebareibHON
COCTABJIAIOIICH, @ BMECTO IIePEIaTOYHON (PYHKIIUHM — H300paKEHHE BXOTHOTO CHTHAJIA.

g, (t)=k,-e t -cos(W, -t —¢,) X(p) i () =KX (—a;, w)e™ " cos(Wt — ¢, +arg X (p;))

Puc. 1. Onpenencure cBOOOIHOM COCTABIAIONICH
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Ha npeicTaBieH Ol puc. 2 cXeMe HCIONB3YITCS CIeIYIONHe 0603HAYCHHUS
pi=—a+]-W, X(-a,W) :|X(pi)|'

CBOGOI[H&H COCTaBJISIOIAd BbIXOAHOI'O CUTHAJIA IPpU 3TOM 6y,HCT HUMCTBb TOT K€ BU, YTO KU BECOBas (byHKIII/Iﬂ.
HpI/I 9TOM B OTJIMYHHU OT HOCHGHHCﬁ, €€ YPOBCHb UBMCHUTHCSA HA 3HAYCHUC MOAYJIA I/I306pa)KeHI/I$I BXOAHOI'O CMI'Ha-

Ja mpu nojacranoeke 0 =—¢; + |- W, , a HavanpHas (a3a M3MEHUTCS Ha 3HAYECHUE APTYMEHTA X(p) npu Tex xe

YCIOBUSIX.

Takum 00pa3oMm, MONYUYHIH CIIEAYIONIee BhIPAKEHHE JUIS pacueTa peakinu JIMHEHHOUW CUCTEMBI C IepeaaToy-
HOW (yHKIHeH (9) Ha BXOJHOE BO3ICHCTBHE, OMMUCHIBAEMOE C TIOMOIIBI0 COBOKYITHOCTH 3aTYXaOIINX KOoJeOaTelh-
HBIX COCTaBISIONMX coriacHo (1)

Y(t):Zn:Xmi : K(_/Biaa)i)'e_ﬁrt cos(w -t—g+F (=5, m))+

i=0

m
zki X (=, @) 8" cos(W, -t~ g, +arg X (e + j-W,)). 11
i=0
B kagecTBe WLTIOCTpALIMU TIPEIaraeMoro METOAa aHalii3a KaK CTallHOHAPHBIX, TaK U HECTAIIMOHAPHBIX TIPO-
[IECCOB B IMHEHHBIX CHCTEMAaX, PACCMOTPHUM CIEIYIOIHHA IpUMEp.
TpeOyercst onpeenuTh peakiuio CUCTEMbI C TIepeaTouHoi QyHKIHen

kl ) p2
K(p)=— >
(P"+2a,p+W )(P+a,)
Ha cJle/yIolee BXOJHOE BO3AeHCTBIE
X(t)= X, (cosw, -t)—e’",

i pemieHus MOCTAaBICHHON 3a/1a4d HEOOXOAWMO IPEABAPUTEIHHO MOIYYHTh BBIPAKEHUE ISl MMITYJIbCHON
(hyHKIMH CHCTEMBI 1 H300pa’keHHe BXOIHOTO CUTHAJA.
st paccmatprBaeMoii iepeaTouHoi QyHKIHKM UMITYJIbCHAs DYHKIUSI HMEET CIEYIOIIUi BU/L

g(t) =k, -e'“z‘t4-k2e"12'tsin(w1 t+4),
rae ko3 duimeHTs! k1 , k2 Y HayajbHbIU yroi ¢1 OIPEIENAIOTCS COIVIACHO CIIEAYIOUINX BbIPAXKCHUM
2 2 2 212
0{22 _\/4Wla1 +(W1 —0!2)
2 2\2 200 2T 3 ) 5
(o —a,)" +W, al\/(a, —a;) +W
N3ob6paskeHne BXOJHOTO CHTHAJIA
X( )_ Xm'p_xm =X ﬂp_a)l2
P)= 2 2 - m 2 2 :
P+ p+p (P +@) )(p+p)
[IpuHYXIEHHYIO COCTABIISIONIYIO OTPEACINM Ha OCHOBAHHUH MOJIYYCHHOTO paHee BeIpaxeHus (7)

y'l'é(t) = Xm ) K(O,a)l)'COS(a)lt +arg K(O’ J '601))— XmK(—'B’())-e‘ﬁ't =

2
K, -

1= 2

w, 2w,
, ¢ =arcty ——+arctg———,
al 2 1 2

20,0, 0]

X -cos(mt + 7 —arctg ——-—arctg —) -
m 2 272 2,02 2 2 ! 2 2

\/(W1 - ) +4o W, -\/a)1 +a, W — o, a,

_Xm 2 kl . ﬂzz e’
(B —2a,+W ), - )
CB00OOIHYIO COCTABIISIOINLYO ONPEAEIINM COrJIacHO BeIpakeHus (10)
w® =k, - X(—a,w,)-e™" -sin(w, -t + ¢ +arg X (-, jw,))+k, - X (-a,,0)-e™" =
\/(al,b’+a)f)2+ﬂzwf B-w,

m 2
JOW =0 +a2) +4a?W? (B -a,) + W a,f+ o,

K, - X

e "' sin(wt + ¢ + 7 —arctg +

2
Ba,+o "
W - +a "(o; + &’ ) B-a,)
1 1 1 2 1 2
Kak ciemyeT M3 pacCMOTPEHHOTO IPUMEPa, METOM AHAIN3a HECTALMOHAPHBIX PEKMMOB PabOTHI JMHEHHBIX
CHCTEM Ha OCHOBE CIEKTPAIbHBIX ITPEACTAaBJIEHHUI nmpeobpasoBanus Jlammaca A CUTHAJIOB M JIMHEHHBIX CHCTEM

2a,W, W,
+arctg % —arctg——)—k, - X

LiudpoBas o6paboTka cUrHanoB U ee NnpuMeHeHue 45
Digital signal processing and its applications



Teopusa curHanoB n cuctem

TpeOyeT 3HAYMTEIbHO MEHBILINX BHIYMUCIUTENBHBIX 3aTPaT, YeM APYTHE HCIOIb3yEMbIE B HACTOSIIEE BPEMS METO/IBL,
B TOM YHCIIE TEOpPEMA Pa3JIOKEHHUS. 3HAUNTEIBHBIA BBIUTPHIII MOXKET OBITH MOJIYYEH U MPU pean3alull YKa3aHHOTO
METO/Ia C TIOMOILBIO BBIYUCIUTEIBHON TEXHHUKH.

JIOTIOTHUTENBHO XOTENOCh OBl OTMETHUTH ciedytolee. [ JINHEHHBIX CHCTEM aBTOMAaTH4ECKOrO YIpaBICHUS,
Kak [paBUIIo, 3apaHee U3BECTHHI NepearouHas QyHKIMs, KOPHU 3HAMEHATEe sl TIepeJaTouyHoi (QYHKIMU, UMITYJIbC-
Has (l)yHKLII/IH. HOSTOMy JJIA UCTIOJIB30BaHU Ipe€ajiara€Moro MEeToJia aHajin3a HECTalUOHAPHBIX PEKHUMOB JIMHEH-
HBIX CHCTEM HE00XOJMMO ONPENEIIUTh JIUIb H300pakeHHe BXOHOTO CUTHAIA.

JIpyruM Ba’KHBIM IPEUMYILECTBOM IIpPEIUIaraéMoro MeToja SIBJSIETCSl €ro TECHasl CBS3b CO CIIEKTPaJbHBIMU
MPEICTABICHUAMU CUTHAJIOB M CHUCTEM. DTO JAaeT BO3MOXKHOCTb HMCIOJIb30BATH PACCMAaTPUBAEMbIE CHEKTpPalbHbIE
TIPEACTABICHHUS U IS PELICHHS 3a/1a4 CHHTE3a JMHEHHBIX CHCTEM.

PaccMaTpuBaeMblil MOIX0/ K aHATH3Y M CHHTE3y JIMHEHHBIX CHCTEM Ha OCHOBE CIEKTPAIBHBIX MTPEACTaBICHNI
mpeobpa3oBanus Jlamnaca 3¢ (eKTHBEH U B CIEAYIOMUX cirydasx [6,7]:

- pelIeHHe 3a/1a4 10 JEKOMIIO3UIINU U BOCCTAHOBJIEHHIO HETIPEPHIBHBIX CUTHAJIOB;

- Il CUCTEM, KPUTHYHBIX 110 OBICTPOJEHCTBHIO, IIETIECO00Pa3HO [yl yueTa KOHEYHOCTH BPEMEHH Halmoe-
HUSI 32 CUTHAJIOM HCTIONIb30BaTh YaCTOTHO-BPEMEHHOM MOJIX0/1 HA OCHOBE KPAaTKOBPEMEHHOTO (OKOHHOT0) Ipeobpa-
3oBanus Jlamiaca (10 aHalOrMM C aHAJIOTMYHBIMHM CHEKTPAJIbHBIMHU IIPEACTABICHUSAMH Ha 0a3e IpeoOpa3oBaHuMs
Dypse);

- JUIA pelIeHHus 3a/ad IO aHaJIM3y U CHHTE3y CHUCTeM C KOHEYHOM MMIyJbCHOM xapakTepuctukoil (KMX-
(UIBTPOB) NPU UCIIOJIB30BAHUH YaCTOTHO-BPEMEHHOT'O IPE/ICTABIEHNSI CHTHAIIOB U CUCTEM Ha OCHOBE IpeoOpaso-
Banus Jlamaca,

- Iy peuIeHus 3a1a4 aHaju3a U CHHTEe3a LU(PPOBBIX JIMHEHHBIX CUCTEM.
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SIGNAL AND SYSTEM SPECTRAL EXPANSION APPLICATION BASED ON LAPLACE
TRANSFORM TO ANALYSE LINEAR SYSTEMS
Mokeev A.
The Arkhangelsk State Technical University

Applying spectral expansion based on Laplace transform is suggested to analyse stationary and non-stationary
linear systems modes.

Laplace transform, contrary to commonly used Fourier transform, allows to present the signal as a set of
damped oscillatory components.

The signal presentation given above is preferable for most analog linear systems. In this case, to determine the
forced component of the output signal from the three-dimensional spectrum of the input signal it will suffice to use
information about the final values on the complex frequencies corresponding to the parameters of the damped oscil-
latory components.

For the input signal in the form of a damped oscillatory component, by analogy with Fourier transform, ana-
lytical dependence to determine the output signal conservative value on applying Laplace transform spectral expan-
sion was received.

Physical meaning of the frequency responses received via Laplace transform can be defined in the following
way. Should the input signal be transmitted to the linear system input with known transfer function in the form of
damped oscillatory component, forced component reaction of system will be also in the form of damped oscillatory
component, where its level concerning an input signal will change to the value amplitude-frequency function on
the complex frequency determined by the input signal parameters, and the initial phase will change to the value
phase-frequency functions in the similar conditions.

Thus, the physical meaning of the amplitude-frequency and phase-frequency responses given above is analo-
gous to that of the classical similar frequency responses; however, one may apply a wider range of signals and their
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components, such as constant component, exponential component, sinusoidal component and damped oscillatory
component.

To determine free components of the system output signal, it is worth applying uniformity of mathematical de-
scription for signals and systems both in time domain and in frequency domain.

It is worth mentioning that like the input signal, one can describe the impulse function as set of damped oscil-
latory components for the absolute majority of physically feasible linear systems.

The free component of the linear system output signal, determined by the impulse function in the form of a
damped oscillatory component, will be similar to the latter. However, contrary to the impulse function, the level free
component of the system output signal will change to the value of the input signal representation module on the
complex frequency determined by the parameters of the damped oscillatory component of the impulse function, and
the initial phase will change to the value of argument for the input signal representation on the same conditions.

The method suggested for analyzing stationary and non-stationary modes of linear systems based on spectral
expansion of Laplace transform requires fewer calculations than other methods as well as expansion theorem. A
considerable advantage can be gained while implying the method using computer facilities.

The approach described to analyse of linear systems based of spectral expansion of Laplace transform is also
efficient in case it is necessary to consider signal observation time finitude (applying Laplace short-time transform
analogous to Fourier transform), for systems with finite-impulse response (FIR filters) and for digital linear systems.
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