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1. 1EJIb PABOTbI

1.1. uzyuenue pynkuuii Mathcad s MmogenupoBaHus THHEWHBIX CHCTEM;
2. cuHTe3 nepenatouHoit pynkuuu ¢punsTpa B Mathcad;
1.3. uccnenoBanre aMIUIUTYIHO-4aCTOTHOM XapakTepucTuku (AUYX) uiabTpa, nepexoaHou
XapaKTePUCTHUKH.

2. KPATKWUE ITOSICHEHUS K JIABOPATOPHOM PABOTE

2.1. AHas0oroBbIe JIMHElHbIE CHCTEeMbI

Cas13p Mexly BXOAHBIM X(t) U BBIXOAHBIM Y (t) CUTHajIaMH HEKOTOPOI aHaJOroBOW CUCTe-
MBI Ha3bIBaeTcsa GyHKIMeH mpeodpa3oBaHust

Y(O=F[X(1)]. (1)

JInHeHBIMM Ha3bIBalOT CUCTEMBI, JJI KOTOPBIX BBINOJIHAETCS MPUHLUI CYNEPHO3ULINN:
peaxiysi Ha JMHEHHYI0O KOMOWHAIIMIO CHTHAJIOB paBHA JIMHEHHOW KOMOMHALIMU peakiuil Ha ITH
CUTHAJIBL, IOJJAHHBIEC HA BXOJ 110 OTAEIBHOCTH.

FIXT(t)+X2(t)]=F[X1(t)]+F[X2(t)]. (2)

F[C-X(t)]=C-F[X(t)], rme C=const. 3)

Peakiuss Ha &-MMMyJibC Ha3bIBa€TCs MMIYJbCHOW XapakTepucTHKON cucTembl — h(t).

dusznuecku pPCaIn3yCeMbIC CUCTCMbI YIOBJICTBOPAIOT ABYM YCIOBHUAM
o0

h(t)=0 mpu t<0 u j [h()] dt < oo. (4)
0
Peakuus cucteMbl Ha €AMHUYHOE CTYNEHYATOE BO3JCHMCTBHE HA3bIBACTCS MEPEXOAHOM Xa-
paxkrepuctuxkoii hy(t). Ilepexonnass xapakTepuCTHKa CBs3aHa C MUMITYJbCHOW XapaKTEpPHUCTUKOU

3aBHCHMOCTBIO hy(t) = j h(t)dt .
I/IMHy.]IBCHaFI U TIepexXoaHass XapaKTCPHUCTHUKA CHUCTEMbI IMO3BOJIAIOT OHNPCACIUTHL PCAKIIHUIO

CUCTEMBI Ha NPOU3BOJIbHBIN BXOJHOW CUTHAJ (B COOTBETCTBHM C HHTerpajom /(roamens) B ogHoM
U3 yeTelpex popm

t

Y(t) = X(O)-hl(t)+_[X’(r)-h1(t-r) dr. (5)
0
t

Y (t) = X(0)-hy(t) + j X'(t-1)-hy(t)dr. (6)
0
t

Y(t) = X(t)-hy(0) + j X(1)-h(t-1)dt. (7)
0
t

Y(t) = X(t)-hy(0) + j X(t-1)-h(t)dr. (8)
0

Jns aHanu3a cucTeMbl MPUMEHSAIOTCS Takke mpeodpazoBanue Jlamsaca m npeodpa3oBa-
Hue dypne

0 [s) t

Y (s) = IY(t)~e_S't dt = je—s't dt~J.X(r)~h(t—t) dr , )
0 0 0

Y (s)=H(s)- X (s), (10)



o0 o0

H(s) = [h(1)-e 7T dt , X(s)= jX(t)-e‘S't dt . (11)
0 0

rie  Y*(s), X*(s) — uzoOpakeHus: CHTHAJIOB (nmpeodpa3zoBanus Jlaniaca curHanos);
H(s) — mepenaTouHasi (pyHKIMS CUCTEMBI.

Y (j-w) = jY(t)-e‘j‘“)'t dt, X (- o) = jX(t)-e‘j"’"t dt | (12)
H(j-o)= | h(t)-e 7 dr = H(w) eI (13)
Y'(jr0)=H(j 0)- X (j-0). (14)

rie Y (j-o), X (j-®) — n306paxeHus curaanos (npeodpasosanusi ®ypbe CHrHANOB);
H(j-®) — yacToTHasi XapaKTepPUCTHKA CUCTEMBI (3aBUCUMOCTb BBIXOHOTO CHTHAJIa
IIPU BO3AEHCTBUM BXOJHOI'O TAPMOHMYECKOT0 CUTHAIA OT YaCTOTHI);
H(®), ¢(®) — aMIINTYIHO-4aCTOTHASA U (pa30-4ACTOTHAS XapPAKTEPUCTHKH.

YacToTHas XapaKTepUCTUKA CUCTEMBI MOXET OBITh OTIpE/IeIeHa M0 TepeIaTOYHON (QYHKIINN
ITyTEM TIOJICTAHOBKH S = j- ®.

JI1st IMHEWHON CUCTEMBI BBITIOJIHAETCS PUHLAI CYIIEPIIO3ULIUN

Y ($)=H($) X, (5)HH(8) Xa (8)= HS)} X1 (X2 () ], (15)

Y (s)=C-H(s)-X (s)=H(s)-C-X (). (16)

[Tpu mocnenoBaTenbHOM / MApaIEIbHOM COCAMHEHUM JMHEHHBIX CHCTEM 00Iasi mepena-
TOoYyHast (PyHKIMS paBHA IPOU3BEACHUIO / CyMME NepeaTOYHbIX (YHKIUN 3TUX CUCTEM

H:(S)ZHl(s)-Hz(s), (17)

H (s)=Hi(s)+Ha(s). (18)

B ToMm ciydae, ecnu pu NpOEKTUPOBAHUH CUCTEMBI 33/1aHbI TPEOOBAHUS B YaCTOTHOW 00J1a-
CTH, IPEXKJE BCEro, MPOU3BOAUTCS pacyeT NepeAaTouyHoN (PyHKIMH (4aCTOTHOW XapaKTEPUCTUKH)
cucreMsl. [lo nepenarounoil GyHKIMU Jlanee MOXKHO OIPENeIUTh UMITYJIbCHYIO (IEPEXOAHYIO) Xa-
PaKTEpUCTUKY CHCTEMBI.

Hanpumep, Bo MHOTHX Ciy4asx MOJy4YeHHas nepenaTounas GpyHkuus cucreMsl H(s) Moxer
OBITH MpeCTaBICHA B APOOHO-pAITMOHANTBHOU hopme
B(s) _ bg+by-s+by-s?+..4b ™ ’ (19)

npudeM m<n u KOd()PHUIUEHTHI a;, b; — TEHCTBUTEIBHBIE YHCIIA.

BriuncnauB kopHu 3HaMeHaTenst A(S), T.€. MOJI0CA CHCTEMBbI SP;, MOXKHO MPEJICTABUTH TIEpe-
JaTOYHYIO (PYHKIIMIO B BUJIE
B(s) _ bo+by-s+by-s2+..+b, -s™
AG) ay(s=5p) 0 (s—sp)* . (s—spp )0
rae ki — KpaTHOCTh KOpHEH.
B cnydae, eciiu Bce momtoca npocteie (ki=1), uMmyabcHas XapaKTEpPUCTHKA CUCTEMBI OTIpe-

HCIISICTCS BLIpa)KeHI/IeM
n-1 B(sp:)

h(t)= > —A.e"Pi, >0, 1)

iZOA (spi)

Hepexoz[Ha;I XapaKTCPUCTHKA ONPCACITIACTCA B 3TOM CJIydac BBIPAXKCHUCM

H(s) =

A(S)  ag+a -s+a,-s’+..+a,-s"

H(s) = (20)



_ B() B(sp;) o tespg
hl(t)—A(O)+zsp A (o) e"Pi t>0. (22)

2.2. @ynxkuun Mathcad nns moneiMpoBaHusl AaHAJIOTOBBIX JTHHEHHBIX CHCTEM

B xauecTBe HCXOAHBIX JaHHBIX OepeTcst onucanue nepeaaTounoi Gpyukmuu H(s) cucremsr B
onepatopHoii Gopme. [To mepenarounolt pyHKIMK ONpeneseTcs] IePexoIHas XapaKTePUCTUKA CH-
crembl h;(t) — manHbIi epexon ocymecTBisiercsa GyHknueit invlaplace. 3nas nmepexonHyo xapak-
TEPUCTUKY U MATEMAaTUYECKOE OMKCAHUE BXOJIHOTO curHaia X(t) MOKHO HaWTH PEAKIUIO CUCTEMBI
Y (t) Ha MPOU3BOIBLHOE BO3JEHCTBUE, UCTIONB3YS OAHO U3 BhIpakeHuit (5) — (6). [Ipu aTom nmoTpedy-
€TCSl HAUTH TPOM3BOIHYIO BXOJIHOTO curHaia X'(t), JJIsl 4ero MOKET OBITh MCIIOJIb30BaHa (YHKIIUS

Mathcad ans quddepeHnupoBanus %

Hanpuwmep, uccnenyercst punstp HU3KkHX 4actot (PHY) 1 nopsiaka:
tun ¢punbrpa — PHY; annpokcumanus — o barrepsopry;
gactota cpesa F, = 100 I'; koaddunment ycunenns — K0=10; mopsimox ¢punbrpa — 1.

2.2.1. [{na ¢punbTpa 1 mopsiaka nepenaTodHas GyHKIHS 3aITUCHIBACTCS B BUTIC
\ V)

1 KO
0 = H(s) = —A N
2m-F, ot S

2.2.2. Tlepexoanas xapakrepucTrka h;(t) Berauciasiercs: cieayommumM oopa3om

1 -1 1
h {(t) := H(s)-— invlaplace,s — 2000 -exp(—2007t-t) +
s 200w 200w

2.2.3. 3anaBas BpeMs tX B HEKOTOPOM JHara3oHe, MOXKHO MOCTPOUTH rpaduK MepexoqHOH
XapaKTEPUCTUKH.

- t
tmax:= 2~FC ! dt .= max
100

tx := 0,dt.. tmax

11T

10—— ....................................

hl(tx) .

hl(loé)-0.95 s+

— 4__ L]

34

[ ]
-
L[]
1o
®

| | |
0.005 0.01 0.015 0.02

tx

S

Puc. 1. Ilepexoanas xapakrepuctuka ®HY 1 nopsaka
2.2.4. Tlo nepexoHON XapaKTEPUCTUKE MOXKHO ONPEJCIUTh BpeMsl YCTAHOBJIEHHMS BbIXO/-
HOT'O CUT'HAaJIa CUCTEMBI Ha YpoBHE 95 % oT yctaHoBuBILIerocs 3HadeHus (win 105 % npu Hanuuuu
kosnebanuit). Ha puc. 1 ypoens 95 % mnokaszan B BuJie NpSIMON JIMHUH, YCTAHOBHUBIIIEECS 3HAUCHUE
OTIPE/ICIISETCS My TeM ITOCTAHOBKH 3aBEI0OMO GOJIBIIOr0 3HAYCHHS BpeMeHH tx (Hampumep, 10° ¢).
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2.2.5. Jlnsi HAX0XK/AeHUS] OTKJIMKA CHCTeMbI Ha HEKOTOPBINA curHai X(t), 3aJaHHbIi B BUAE
MaTEMaTHUYICCKOT'O BBIPAKCHUS, HAIIPUMED
Uxi=1 fxi=F_ 1 wx = 2--fX x(t) := Uxsin(wxt)

rac Ux — AaMIIIUTyJa CUHYCOUAAJILHOI'O CUT'HaJId, WX — HUKIIMYCCKasA 4aCTOoTa,
TpeOyeTCsi MPOU3BECTH BBIUMCIEHHUS COTIIACHO BhIpAKEHUIO (6)

tx
y(tx) :=h {(tx)-x(0) + J h 1(1)-dx(tx— ’C) dt
0
B nanHOM cnyyae mpu HMHTErPUPOBAHUU MCIIONB3YETCS MPOM3BOAHAS BXOJHOTO BO3[CH-
CTBUSI, KOTOpast o0o3HaueHa dx(t) m Moker ObITh BbIumciaeHa B Mathcad ¢ momomisio (hyHKIIMN

b depeHIIpoBaHUS

dx(t) = L x(t)
dt

10T .
.
8T .
6T .°
1l e
Ko-x) ‘T
eeoe 2Te
y(t) -
0

K005 2]

tx

Puc. 2. Peakuusa ®HY 1 nopsaka Ha rapMOHUYECKUN CUTHAI

2.2.6. /lia aHaIM3a YACTOTHOM XapaKTEPHCTHKHU CHCTEMbl MOXXHO BOCIIOJIb30BaThCS 3a-
MEHOH TIEPEMEHHON § = j- ® B nepenatoynoit Gpynkmum H(s).

Jlnana3zoH 4acToOT JJIsl BHIYMCIICHUS YACTOTHOM XapaKTEePUCTHKH MOXET ObITh 3aJaH CIeIy-
IOIIUM 00pa3omM

f:=1,2.F. 4 s(f) =2-m-1-f Hf(f) := H(s(f))
Oyukust Hf(f) B manHOM citydae siBIsieTCS 9aCTOTHON XapaKTEPUCTUKON CUCTEMBL. Moy Th

JTaHHOW (YHKIUH OMpEAeNsIeT aMIUIUTYIHO-YaCTOTHYIO Xapakrtepuctuky (AYX), a dyHKIws
Mathcad arg() onpenenser ¢pa3zo-4acToTHYIO XapakTepuctuky (@UX).
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Puc. 3. AMmuuryano-uacrorHas xapakrepuctuka ®HY 1 nopsaxa

ITo rpaduky AUX MOXKHO ONpeneuTh YaCTOTY cpe3a — Ha JIAaHHOW YacTOTE MePECEKAr0TCs
rpadpuk AUX u npsmasi, onpezensionias ypoBeHb cnana Ha 3 1b.

3.

[NPOTPAMMHOE OBECIIEYEHUE

[Ipu BeIOMTHEHUHM J1TaOOPATOPHON pabOTHI HCTIONB3yeTCs nmakeT nporpamm Mathcad Bepcun
2000 u BbI1IIE.

4. TIPOTPAMMA JJABOPATOPHOM PABOTHI

4.1. U3yunth MeTOABI MOACIUPOBAHHUS JTUHEHHBIX CUCTEM B MmakeTe mporpamm Mathcad.

4.2. Paccuurath 1 nnpoaHanu3nposatb AYX cuctemsi.

4.3. Haiitu oTkiuk UiIbTpa Ha CUTHAT B BUAC CTYNEHBKH — MEPEXOAHYIO XapaKTEPUCTUKY

¢dunbTpa.
4.4. Haiitu OTKIWKH PUIIBTPA HA TAPMOHUYECKHE CUTHAJIBI B ITOJI0CE MPOIYCKAHUS U TI0JIOCE
3aJepKUBAHUA, OLEHUTh U30HpaTeIbHbIE CBOMCTBA (DUIbTpA.

5. KOHTPOJIBHBIE BOITPOCHI

5.1. CpolicTBa aHAJIOTOBBIX JINHEUHBIX CUCTEM.

5.2. CgoiicTBa O-MMITyJIbCA B MIPSIMOYTOJIBHOTO CTYIIEHYaTOTO CUTHAJIA.

5.3. Yto Takoe MMIYJIbCHAsI U MEPEXO/IHAs XapaKTEepPUCTHKA CUCTEMbl. B3anMoCBsA3b UM-
ITyJIbCHOW M MEPEXOTHON XapaKTEPUCTHK.

5.4. Yro takoe nepenaToyHas GyHKIMS U YACTOTHAS XapaKTEPUCTUKA CUCTEMBI.

5.5. B3auMocCBs3b UMIYJILCHOM XapaKTEPUCTUKHU U NIEPEAATOUHON (DYHKIIMH CUCTEMBI.

5.6. Kak onpenensiercss BBIXOAHOW CUTHAJI CUCTEMBI TP HEKOTOPOM IIPOU3BOJIBHOM BXO/I-
HOM curHane (uarerpain Jroamens).

5.7. Kak onpenensrorcs BpeMsl yCTaHOBJICHUSI CUCTEMBI M 4acTOThI cpe3a AUX.

5.8. Kakas ¢pynkuus Mathcad npumensiercst [y BBIYMCICHUS 0OpaTHOTO IpeoOpa3oBaHus
Jlannaca.

5.9. Kak 3agare B Mathcad BpemenHo# uHTEpPBaN OT Tin A0 Tiax € 1rarom dT.

5.10. Kak onpeaenuts 1o rpaduKy nepexoaHon XapaKTEPUCTHKN BPEMs YCTaHOBJICHHUS.
5.11. Kaxk 3agate B Mathcad nuama3on 4actot oT Fin 10 Fnax ¢ marom dF.

7



6.1

6.2.

6.3.

6.4.

6.5.

5.12. Kak onpenensiercs B Mathcad 3nauenne AUX Ha wactore FX mpu m3BecTHOM nepesa-
TouHOM QyHkimu H(s).

Kak onpenenuts no rpapuxy AUX uvactory cpeza @HY.

Kak 3anucats B Mathcad ¢yHnkiuto, koropas siBisieTcss IpoU3BOIHON (OINpeieeHHbIM

uHTETpaoM) oT GyHKIuH F(t).

5.13.
5.14.

6. ITIOPAIAOK BBIIIOJIHEHUA JIABOPATOPHOI'O 3AJAHUA

. IloaroroButh 1 BBECTH B mporpamMmy (m. 2.2.1) ucxoaHble JaHHbIE B COOTBETCTBUU C 3a-

JAHHBIM BapuaHTOM (TI0 HOMEpY KOMIIbIOTepa), HEOOXOAMMBbIE JAJIsi CUHTE3a aHaJIOIOBOTO
@®HY: annpoxcumarus — o barrepBopry; gacrora cpesa F.; koaddunuent ycunenus KO;
nopsoK guiibTpa N=2.

Bapuant 1 2 3 4 5 6
F¢ 100 I'g 200 I'g 300 I'y 400 I'y 500 I' 600 I'y
KO 10 20 30 40 50 60
@®HY barrepBopTa BTOPOro MopsIKa ONpeaesisieTcst CaelyomuM 00pa3om:
H(s) = KO e Ag=1, Ay = V2 =1

2 Ay =L
Ag+A-s+A,-s 2-m-Fg [2-n-F,

Paccunrtate AUX ¢unbtpa (m. 2.2.6). Pacuer npoBecTu B [uana3oHe 4acToT, yJOOHOM JJist
ee a”anu3a. 3anucath 3HaueHuss AYUX Ha uactore cpe3a (Fx=F.u 3anepxuBanus
(Fx=2-F,). Iloctpouts rpadpux AUYX (m. 2.2.6).

Bbrancnute nepexonHyo XxapakTepucTuky cuctemsl hy(t) (m. 2.2.2). Iloctpouts rpaduk
HEPEXOHON XapakTepuCTHKH (M. 2.2.3). Onpenenuts BpeMs YCTAHOBIECHUS tyer (I.2.2.4)
BBIXOJIHOTO cUTHaja Ha ypoBHE 95 % (uau 105 % npu Hanuyuu Kojae0aTeabHOro Mepexo-
HOTO TIpoIiecca).

BrimonauTe MogenupoBanue GuiIbTpa METo0M HHTErpana J{roamens. BoiOpars B kauecTBe
BXOJHOTO TapMoHuYeckuid curnai X(t) ¢ yacroroit Fx paBHo# yactote cpe3a punbtpa F.
enuHu4HOM amrummtyno (m. 2.2.5). Iloctpouts rpaduk BbixonHoro curHaia Y(t) (m.
2.2.5).

CpaBHUTH MOJYYCHHbIE 3HAYCHHS B YCTAHOBHUBIIEMCS pekuMe co 3HaueHussMu AUX, mo-
Jy4YEHHBIMU B 11. 6.2.

[ToBTOpuTsh 1.6.4 17151 rapMOHKUYECKOTr0 curHaia ¢ yacroro Fx=2-F..
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