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3AZIAYUA I10 TEOPUU CUT'HAJIOB U CUCTEM: YuebHoe mocobue sl CTYyACHTOB
Hanpaienus 1 1.03.04 «DnekTpoHnka u HaHO3IEKTpoHUKay . — HoBoypansck: HTU
HUAY MUDU, 2013. - 27 c.

B noco6un npuBeneHbl OCHOBHBIE COOTHOIIEHUS U (POPMYJIIBI CIIEKTPAIBHOTO aHa-
JM3a CUTHAJIOB, CBOMCTB npeoOpa3zoBaHusi Oypbe, TEOPUU CUCTEM U CBOWMCTB IpeolOpaso-
Banus Jlannaca. [locoOue comep XUT BapuaHThI JOMAIIIHETO 3aJIaHus M 3aJa4u 110 OCHOB-
HBIM pa3fenaM Kypca. 3aJadd pacroyIOKEHbl B TOW MOCIEN0BATENbHOCTH, B KOTOPOM H3-
JaraeTcs JEKIMOHHBIM MaTepuall. JloMalliHee 3ajaHue HapaBlI€HO HA OCBOCHHUE METO]IH-
KM CIIEKTPAJIBHOTO aHaJU3a Pa3IMUHbIX 10 (OpME CUTHAJIOB, 3aJa4M TI0 TEOPUU CUCTEM —
Ha TPUOOPETEHUE YMEHHUM B HAXOXIACHUU JUHAMUYECKUX XapAKTEPUCTUK JIMHEUHBIX CH-
CTEM — TNepeAaTOUYHbIX (DYHKIIUM, UMITYJILCHBIX BECOBBIX M MEPEXOJHBIX, YaCTOTHBIX Xa-
pakTepucTuk no auddepeHImaibHbIM YPaBHEHHUIM, UCTIONIb3Ys TIpeoOpa3oBanue Jlara-

ca.

VYyebHoe nmocobue paccMoTpeHo Ha 3aceaaHuu kadenpsi [19

(mpotokon Ne 1 « 29 » aBrycrta 2013 r.) ¥ peKOMEH0BAHO K OIyOJHUKOBaHHUIO
3aBenyrommii kadeapoii [19

K.T.H., JIOIICHT 3uHoBbeB I'.C.
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IMPEJANCJIOBHUE

Kypc «Teopust curaanoB u cuctem» BBEAEH B 00pa30BaTEIbHYIO IPOrpaMMy MOATO-
TOBKM OakanaBpoB 1o HampasieHuio 11.03.04 «DnekTpoHMKa M HAHOAJIEKTPOHHKAY
(npoduns moaroroBku «IIpombliiyieHHass 3JIEKTPOHUKA») pEIICHHEM YYEHOro COBETa
HTU HUAY MU®DU kak 6a3oBasi oOs3aTenbHAS TUCITUTIIMHA BApUATUBHON 4acTu 00pa-
30BarenbHOTO ctanaaprta HUAY MUOU.

[Iporpamma kypca mnpeanojaraeT HNpOBECHUE JIEKIIMOHHBIX, MPAKTUYECKUX (CeMu-
HApCKUX) 3aHATUH, a TaKke OTBOAUT JOCTATOYHO OOJBLIOE YHCIIO YacOB Ha CamMOCTOSI-
TEIbHYIO pabOTy CTyACHTA.

Ha nexuusx CTyleHT TpaJMLMOHHO 3HAKOMMTCS C HaumOoJee BaXHBIMH pPa3iesiaMH
TEOPUH, a HAa MPAKTUUECKUX 3aHATUSAX — C PEIICHUSMHU 3a7ad MO OCHOBHBIM pa3jesiam
teopun. CaMocTosATeNbHas padoTa, KaK OJIUH M3 BOXKHEWUIIWUX BUJIOB JEATEILHOCTH CTY-
JIEHTa, BKJIIOYAET B ce0sl HE TOJIBKO MOATOTOBKY K TEKYIIIUM ayAUTOPHBIM 3aHSITHUSIM, HO U
CaMOCTOSITEIIbHOE PEIICHUE 3a7ad4 COOTBETCTBYIOIIMX Pa3JIeNIOB, a TAK)KE BBIIIOJIHEHUE
JOMAIIHETO 3aaHus, KOTOPOE COCTOUT U3 JBYX YACTEM.

[lepBast yacTh 3agaHus (GOPMHUPYET HABBIKKM U YMEHHsSI HAXOXKJICHHUS YACTOTHBIX Xa-
PAKTEPUCTUK MEPUOANYECKNX HECUHYCOUIATbHBIX HANPSHKEHUN M TOKOB (CUTHAJIOB), KO-
TOpPbIE CO3JAIOTCSl PA3TUYHBIMU DJIEKTPOHHBIMU YCTPOWCTBaAMHU MpeoOpa3oBaTEIbHON
TEXHUKHU (BBIMPSIMHUTEISIMHA, HHBEPTOPAMH), @ TAK)KE OJTHOTO M3 BaXKHEHIIIMX TOKa3aTeseH
KauyecTBa AJIEKTPUUECKON sHepruu — Koddduimenta rapmonuk K. — gepes psnpr Oypoe.
Hanuuure BhICIIIMX TapMOHHMK KPUBBIX TOKOB M HAMNPsHKEHUN HEOOXOJAUMO YUYHUTHIBAThH MPU
IPOEKTUPOBAHUU U BHIOOPE PA3IMYHBIX AJIEKTPOMArHUTHBIX 3JIEMEHTOB (TpaHcpopMaTo-
POB, PEAKTOPOB, CIIIAXKUBAIOIINX Jpoccesieil). YMeHUe BhIIOJIHATh TAKOro poja paboThl —
OJIHA W3 UHXKEHEPHOU J1eITeIbHOCTH.

Bropas gacth 3aganus cBszaHa ¢ pOpMUPOBAHMEM HABHIKOB U YMEHHI HAXOXKICHUS
YaCTOTHBIX XapaKTEPUCTUK MEPUOJUYECKUX HECHHYCOUAATBHBIX CUTHAJIOB Uepe3 Mpeoo-

pa30BaHHUC (Dypbe HCIICPUOANYCCKOI'O CUI'HaJIa, BBIACICHHOI'O B HCXOJHOM CHUI'HAJIC.



33[[21‘-11/1 0 TCOPUU CUCTCM HAIIPABJICHBI HA OCBOCHUC CITOCOOOB M METOOJOB HAXOXIC-
HHA TUHAMHUYCCKHUX XaPAKTCPUCTHUK CUCTEM, a4 TAKIKC 3HAKOMCTBO C HCKOTOPBLIMHU BOIIPO-

caMH (i)I/IJ'II)TpaHI/II/I CHUI'HAJIOB.

1 OCHOBHBIE COOTHOLIEHMUS, ®OPMYJIbI U OIPEJAEJEHUSA

1.1 IIpeacraBjieHNe HECHHYCOMIAJIBHOI0 NEPHOIHYECKOro curuaja S(t) B Bujae psjaa

dypbe:

N=—o0

S =A +iA1C05(wnt—(0n =A +Z(a cosm,t+b, sinw,) = ZC gllent-on)

2 Ty o
re A =— jS(t)dt - MIOCTOSTHHASI COCTAaBJIAIONIAs CUTHAJNA (aMIUIUTyAa HYJIEBOM rapmo-
1 0
HUKH);

A =./a’+b* - avmmryna n-oif rapMOHUKH;

b y
@, = arctg a—” - HavanbHas (aza N-oil TapMOHUKW;

n

2%
:—jS(t)coswntdt ;
= —jS(t)sm o tdt ;
1 0
C, = i - aMIUIATYy/1a N-0i TApMOHUKH TI0Ka3aTeNnbHOM opMbl psina Dypbe, N#0;
Co=A;

@, = o, -N-t- kpyrosas (yriosas) 4acToTa N-oi FApMOHMKH, pajl/CexK;

@, =27 f, - KpyroBas (yrioBasi) yacToTa OCHOBHOM (TI€pBOii) TapMOHUKH, PaJi/CeK;

f, = — - yacrora MoBTOpEHUs OCHOBHOI1 (1IEpBOIi) rapMOHUKH, '11;

1

T, - meproJl MOBTOPEHHUS OCHOBHOW TapMOHHMKH (TIEPUOJ MOBTOPEHUS HECUHYCOU-

1
JATBHOTO TMEPUOJMYECKOTO CUTHAJA) — OTPEIeseTCs 0 rpauKy CUTHAIA.

1.2 CgoiicTBa k03 (pPpunuenTon psina Oypbe:

a, =a;
b, =-b;
A =A;
C.=C;

P =P,
5



1.3 CaoiicTBa psina ®ypbe:
Tl
INlrllg,i =lim ![S(t) - S, (1) dt=0,

N

e S, (t)=A +;A cos(@, —@.);

N — KOHEYHOE YHCIIO0 CYMMHPYEMBIX TapPMOHUK.

1.4 CBoiicTBa IepHOAUYHOCTH CUTHAJIA:

S(t)=S(t+nT),

rae N — mo0oe 1esioe BEIEeCTBEeHHOE YUciio (— o <N < + ).

1.5 Onpenenenne 1. 3aBUCHUMOCTb aMITUTYA rapMOHUK A oT yactoThl f = f -n
(o, =w,-n)—A (f ) — HOCHT Ha3BaHWE aMIUTUTYJHON YaCTOTHOM XapaKTepHCTH-
ki curHana (AUX curnana). ['pagpux AUYX umeer auckpeTHslid xapakrep. Ilpu
u3MeHeHuu N ot 0 1o + oo rpaduk uHOTAA HA3BIBAIOT TI'pa)UKOM OJHOCTOPOHHEN

YaCTOTHOM XapaKTepUCTUKHU, B oTiinuue oT 3aBucumoctu C (f ), —oo < n < oo,

KOTOpasi HOCUT Ha3BaHUE JBYXCTOPOHHEW AMIUIMTYJIHOW YaCTOTHOW XapaKTepH-

CTHKH.
1.6 Omnpenenenne 2. 3aBUCUMOCTb HadalbHbIX Ga3 ¢, oT yacToTel f = f -n
1.7 (w,=w,-n) — ¢ (f,) — HOCHT Ha3BaHWE (PA30BOM YACTOTHOW XapaKTEPUCTHUKU

(®UX) m Takke MpEACTaBISETCS B BUIE OJHOCTOPOHHUX HWJIHM JABYXCTOPOHHUX
rpauKoB.

1.8 KodpduuueHt rapmoHuk B curnaie S(t):

K :@-100%.

r
1.9 CgoiictBo opToroHambHocTu cucteM ¢yHkuuit i, (t), 0 < n < co npu npeacrasie-

Huu curaaia S(t) B Buae 0000meEHHOrO psiga Dypobe:

[y, O, ©dt=0, n=m

]21,/5 (t)dt = 0.

3neck [ty,t,] —MHTEpBaT OPTOrOHAIBLHOCTH.



1.10 ChoexkTpajbHble XapaKTePUCTUKU HeNMEePHOAUYECKUX CHUTHANOB (dopmy-
JIa IPSAMOro npeodpazoBanus Pypne):

F(w)=F{S(t)}= IS(t)e““dt - ‘F(a))‘ej“"a’) ’
rne ‘F (a))‘ - AaMIUTUTYIHas YacTOTHas Xxapakrepuctuka (AYX);

¢(m) - hazoBas yacToTHas xapakrepucTtrka (OUX).

1.10 dopmysa odpaTHOTro nNpeodpazoBanus Oypne:
1 = _
S(t)=— [F(w)e'"dw.
(t) > fw ()

1.11 Teopembl npeodpa3oBanus ®ypne:

1.11.1 Treopema o caBUre CUTHAJNIA B 00JIACTH BPEMEHU —
F{S(t-t,)}=F{S(®)} ",

1.11.2 Teopema 00 n3MeHEHUH MaciTaba —

F{S@at} - é F(gj

rne F(w)=F{S()}.
1.12 AHaauTH4YecKoe OMHMCAHHME MPAMOYToJbHOr0 uMmnyJabca (puc.1.1):

LS

U , 1 s%",
S(t)=Um-rect[—]:Um- :
a Tu Tld
Ty 0 ¢, Tt O"t‘ > E
2 2
Pucynox 1.1

1.13 YacToTHasi XapaKTEePHCTUKA MPAMOYT0JbHOI0 UMILYJIbCA

F(0) = F{Uprect (£)} = 227

u nfT

1.14 YacToTHAsl XaPAKTEPHCTUKA NMPOU3BEIeHNS IBYX CHTHAJIOB:
1 1
FL5,(0)-S, (0= F{S, O3 K5, (0} =R (@) *F,(0),

IJIe * - CHMBOJI OIl€palluu «CBEPTKU.



Onepanusi «CBEPTKW» MPEACTaBIsI€T COOOM CIIEIYIOIIEee UHTErpalibHOE COOTHOIIIE-

HUC —
F.(0)*F,(0) = [F.(QF, (0-Q)dQ = [F.(0-Q)F,(Q)dQ.
1.15 YacToTHAsi XapaKTEPUCTHKA «CBEPTKH» ABYX CUTHAJIOB:
F{5, (1) *S,(1)}=F{5, ()} F{S,()}= % F(o)-F, (o),
re S,(1) %S, (1) = [S,(2)S,(t-)dz = [S,(t-7)S,(r)dr.

1.16 o-pyukuuu dupaka. OnpenesieHue:

5(t)=|imS";t“t=|im1rect(£j:i°femdw: L g rage 910,
T

a—o 7—0 272' o 27T o dt

rae 1(t) — equauuHas QyHKIUA,

I (OPMaIbHO —

5(t) :{oo,t = O.

5(t)

0,t=0

E o

Pucynok 1.2 I'padux d-pyHKIMM

1.17 CBoiicTBa 0-pyHKIUM :

117.1 [ fsu)du= f(0);
1172 S(1) 5t —1,) =S(t,)5(t—1,);

5(t-t,)

1.17.3 Sla(t)]= z

rae t - kopHu ypaBHeHus a(t)=0;

a (t.) — 3HaueHne IPOU3BOAHON NpH t=t,;

N — 4KCJI0 KOPHEH.

1.17.4 F{nié(t—n-Tl)}—TiZﬂf ——)



117.5 F{S(t)coswot}:%-[F(aHa)o)+F(a)—a)o)],

1.17.6 F{S(t)sina)ot}:%-[F(a)+a)o)—F(a)—a)o)],

rae F(w)=F{S(t)}.
1.18 IIpeoGpa3oBanue ®ypbe NePUOIUUYECKOT0 HECHHYCOMIAIBHOI0 CHTHAJIA

CCJIN

S(t)= > S,(t—nT,) =S, (t) * za(t—nT)

N=—o
rae S, (t)- HemepuoOaMYECKU CUTHAIT;
T, - Iepro] ero MOBTOPEHUS,

TO
FISOI=FIS.0} 5 S o -1,
1.19 dopmyana [lapceBans:
];sza)dt _ %Z\F(a))\zda)

1.20 JluHeliHble HHBAPHAHTHBIE K CABUTY CHCTEMbI
1.20.1 BeixoaHoii curaan cuctemsl (puc.1.3)

0(t) = [S(AW(t-)dr = [S(t-r)w(z)dr,

rae  S(t) — BXOQHOM CUTHAT CHCTEMBI,

W(t) — umImysbcHast BecoBast PYHKIIUSI CUCTEMBI.

S(t)

PO wn B9

Pucynok 1.3
1.20.2 TIpum S(t)=4t) g(t)=w(t).
1.20.3 CrieKkTp BBIXOJTHOTO CUTHAJIa CUCTEMBbI

F, (@) =F{g(0)}=F, (@) H(),



rne  F (w)=F{S(t)} - cnextp BX0aHOTO CHUrHANA;

H(w)=F{w(t)} — yacToTHast XapaKTepUCTHKA CUCTEMBI.
1.21 AMIUIMTYAHO-MMNYJIbCHASI MOAYJISIMS CUTHAJIA

1.21.1 HWmnynsCHO-MOAYIMPOBAHHBIN (MIJIM UMITYJIbCHBIN) CUTHAT

S'(H)=5(1)- 3 rect[t ‘”le,
n=—o0 T

riae S(t) — orubarorast UMITYJILCHOI'O CUTHAJIA;

Tl — IIepuoa IMCKPCTHOCTH,

7T — JUIMTCIIbHOCTH UMITYJIbCA.

1.21.2 YacToTHas XapaKTepUCTHKA UMITYJIHCHOTO CUTHAJIA

F{S*(t)}:F(f):iiSin(”'n'T/Tl)-F{f _ﬂ]’

T 7m-n-7lT

rae F (f) —yacrornas xapakTepuctuka curaana S(t).
1.21.3 Ecmu f, — BepxHss yacToTa B cnekTpe curnana S(t), To mepuo AMCKPETHOCTH
T, <1/(21)).
1.21.4 Ilpu 3a1aHHBIX 3HAYEHUSIX OMMOKKM G U BpEMEHHM Tpeobpa3zoBanus t, anasoro-

BOT'O CUTHaJIa B IU(PPOBOW CUTHA BEPXHSS YACTOTA B CIIEKTPE aHAIOTOBOrO curHana S(t)

f, <ol ).

1.22 TIpeoOpa3oBanue Jlamiaca. /IlnHaMu4YeckHe XapaKTepUCTHKH 3BeHa (CHCTe-

Mbl)

1.22.1 f (t); F(s)= j f (t)e™'dt — u3obpaxenue mo Jlamracy Bpemennoi dynkiuu f (t)
° 0

— opuruHana; (31ech u Jajee 3HaK — 03HAYaeT COOTBETCTBUE MEXKIy OPHUTHHA-
JIOM ¥ M300pakKeHHEM. )
1.22.2 f'(t)=s-F(s)— f(0) — u3obpaxenue mo Jlammacy mepBoii IpOU3BOIHON (YHK-

i f(t); f(0) —navanpHOE 3HaUeHHE BpeMeHHOM QyHKIMK rpu t=0;

10



(ITpumensist 1.22.2, MOKHO pacpOCTPaHUTh TeopeMy o nuddepeHIpoBaHnA Ha

IIPOU3BOHBIC JTFOOOTO N-TO MOPSIKA U TOIYIUTh HX U300pakeHHI. )
1.22.3 f ”(t);s2 -F(s)—s- f(0)— f'(0) — u3obpakenue mo Jlarmmacy BTOpoii IpoOU3BO/I-

Hori ¢ynkuuu f(t); f'(0) — HavaspHOE 3HAYCHHME TIEPBOM MPOU3BOIHON BPEMEH-

Howt dpynkuuu f(t) mpu t=0;

1.22.4 ecu

u(t) =} f (t)dt 1 u(0)=uo,

TO

u(t) Y (s)= F(s) o n3o0paxeHue 1o Jlamacy uHTerpasa ot Bpe-
. S S

meHHOHU QyHkiuu f(t);
1.22.5 npenenbHbIe 3HAYCHUS OpUTHHATIA!

Iti”(] u(t) =lims- F(S) — nHayanpHOE 3HaYEHHE OpUTHHATIA,
—! S0

Itim u(t) = Iirrg s- F(S) — xoHeuHOE 3HAUYEHNE OPUTHHATIA,
—m s

1.22.6 HaxoXaeHue OpUTrHHaa Mo €ro N300pakeHUI0 (TeopeMa pas3yIoKEHNUS ):

€CJIM U300pakeHue opurnuHa€a

F(s)=%,

rie B(S) — xapakTepucTHYeCKui (CHCTEMHBIN ) MTOJIMHOM N-0# CTETICHH,

TO
f(t)= Z ()ex (st)
B(s) T

rae S, — kopau ypaBHenus B(S)=0, i=1..n;
) '
B'(S,) —3nauenue nponsBoanoii B'(S) mpu S=S§,.
[IpuBeneHHOE BBIpaXKEHUE CIIPaBEIIMBO TOraa, korma B(S) He mMeeT KpaTHBIX KOPHEH.
B cnydyae Hamuums KpaTHBIX KOPHEW HYKHO IPUMEHSTH APYIyio (opMmyiry, B3sTYIO,

Hanpumep, u3 [6].
11



2.1

2 3AJIAYH

Psaabl @ypre. OpTOroHa bHOCTh (PyHKUMH pasiiokeHuss. OIHOCTOPOH-

HHUe 1 AByXcTopoHHHe AYX, ®UX.

2.1.1 SBnsaroTcs i QyHKIUN:

2111 Y (t)=sinot, W,(t)=sin2o»t Ha unTepBane Bpemenun 0<t<T = flopTo—

2.1.1.2

2.1.1.3

2114

2.1.1.5

1
T'OHAJIbHBIMMU,

: 1
Y, (t) =cos2mt, W, (t) =sin 4wt Ha unTepBane Bpemenu 0<t<T, = T opTo-
1
TOHAJIbHBIMU;

- - 1
Y, (t)=e"" u ¥, (t)=e"" na unrepsane Bpemenn 0<t<T = £ oproro-
1
HAJILHBIMU;

1
Y, (t)=1, Y,(t)=cos3wmt na untepBase Bpemenu O0<t<T = T OpTOTO-
1
HaJIbHBIMU;

Y (t) = V2 cos2A Nt u W, (t)= J2cos24 (n—Dt nHa mHTEepBare BpEeMEHU

1
0<t<T, =— opTOroHaIbHBIMH;
1

2.1.2 SBnsroTcst i GyHKIHH, Tpa@UKU KOTOPHIX W300pakeHsl Ha puc. 2.1 - puc. 2.4,

T T
OpPTOTOHAJIBHBIMHA Ha MHTEPBAJIE BPEMEHH — 5 <t< PE
4 T1(t) 4 F1(t)
1 1
= >t
I, 0 L I, 0 L
2, | 2 2, | 2
: 4 Fa (t) : : 4 Ta(t) :
1
| | | |
I 1 I I
| | |
>t > 1
I 0 I L B A LV o i
2 2 2 4 4 2
1 -1

12



Pucynok 2.1 Pucynok 2.2

4 F1(t) 4Tt
1 1
>t >t
I 0 | -L i T |0 T (L
2 I 2 2 I 4 4 2
| 1 | | -1 |
I I | I
| | [ |
: A Ti (t} : : ks TI (t) :
| 1 | | 1 |
| | | |
| | | |
>t >t
I _T |0 B I T |0 I |1
2 4 4 2 2 4 4 2
1 -1
Pucynox 2.3 Pucynox 2.4

2.1.3  Ilo nannbM npencraBicHus curnaia S(t) B Buje psga @ypre mOCTPOUTH O1-
HOCTOPOHHHE U JIByXcTOpoHHHE rpaduku AUX, OUX:

2.1.3.1 S(t)=10+6,4cosm,t —2,1cos3m,t +1,3c0s5m,t —cos7m,t +0,7cos9w,t +...

2.1.3.2 S(t) =10+6,4cos(w,t - g) —2,1cos@w,t —%n) +1,3cos(Gw,t - g) —

—COS(7030t—3?n)+...

2.1.3.3 S(t) =6,4cosm,t —2,1c0s3m,t +1,3c0os5w,t —cos7w,t + 0,7cos9w,t +...
2.1.3.4 S(t)=10+9cosm,t + 6,4c0s2m,t + 3cos3w,t —1,8c0s5w,t — 2,1c0s6w,t —
—13cos7w,t +cos9m,t + 0,8cosllm,t +...

2.1.3.5

S(t) =9cos(w,t - %) +6,4c0s(2m,t — g) +3c0SBw,t — %n) —18cos(Go,t - %n) +

+2,1cos(bw,t - 337:) —13cos(7m,t - 77?[) +cos@o,t —g) + ...

13



2.1.4 Tlo mpuBeaéHubM HUXke rpadpukam AUX,

psana Oypee:
A,
107
s -
ﬁ -
4 4
\ I 0304 02
T Tf Tf
0l £, 2, 3£, 4f, 5f, 6f, TF» f.
Pucynok 2.5
C.
125]
100]
)
50
25| 20 2 08
. |
-Ha-5E,-35 3 01 £5 3£, 5E, Tha £,
Pucynox 2.6
C.
100
g0
60
40)
20

2
[ 7o

x| ]

Ty -5, 3, £, 0 £, 3f, 5, T f.
(I.ﬁ
T
6, 54, 34, 4, T]l
lll“ . 3, =, T, f-
-T.
Pucynok 2.8

I 0304 0,2
R

0| £, 2, 3f, 4f, 5F, 6, T, £,
wn
am]
2
T4+
]
2 I

-9f, -Tfy -5f, -3f, -0

- !H'u, -'."fu

0 g, 2f, 3£, 4f, 5, 6£, 7 £,

Pucynok 2.7
Cn
20|
15 152
10
s |54 2?? 0633

L2 062

fu :]fu Efu -||f|] gfu fn

14

Q.
T l—alfu :E 1 ] I
f, 3f, H, T ¥, f,
Pucynok 2.9

®UX 3anucare curaan S(t) B Buze



2.2 IIpeoOpa3zoBanne ®ypbe (CNEKTPAJbHBIA AHAJN3) HEMEPUOANYECKUX CUTHA-

JIOB.

[Toctpouts rpaduku curHanoB S(t) u HaliTH UX CIIEKTpajbHBIC XapakTepucTuku. [1o-

ctpouTh rpaduku AUX, OUX.

T

u

221 S(t):Umrect(tHOj;

222  S(t)= rect(t *th j - rect(t _tOJ,t():lOru
TU TU

223  S(t)= rect(t ) j + rect(t _t‘)j, t,= 10z,
T T

u

u

224 S(t)= rect(ij - rect(t _t°], to= 10z,
T

u u

225 S(t)=U_ e, t>0
2.2.6  Curnan npenacraBiieH rpagukoM Ha pucyHke 2.10.

A S(t}

el

.t Pucynox 2.10

|
l
T 0 ¢ 2t

sin1007z(t +t,) U sin1007z(t —t,)

" " ,1,=0,1c.
1007z (t +t,) 1007z (t —-t,)

227 S(t)=U

sin10° t U sin10°z(t —t,)

. —— ,t=10°c.
10°t 10° 7 (t —t,)

228 S(t)=U_
T

229 S(t)=U_coso,t- rect(lj, 7 =10T,

2210 S(t)=U_sinot- rect(ij, 7 =10T,
T

15



2211 S(t)=U_(1+ mcoscoot)rect(lj, 7 =10T,
T

sin 50t

2212 S(t)=U_
507t

2213 S(t) = Umrect(lj * Umrect(ij
T

T

2.2.14 S(t):Umrect(lj*Umrect( t )
T 017

i

l——qMSr"
2215 S@M)=U ! r,
QM>Q
1- ‘t‘ "t‘>71 7,
L7
2
2216 S(t)=U. r, 1,\t\s“£72 o, =1/4.
szq+g
2

2217 S(t)=o(t-t,)

2218 S(t)=o(t+t,)-5(t-t,)
2219 S{t)=0o(t+t)+5(t—t,)
2220 S(t)=6(t*-1)

2.2.21 S(t)=0o(sinw,t)

2222 St)=o(t+t)+o(t—-2-t,))
2223 S(t)=0o(t°-1)

16



2.3 IIpeodpa3oBanne @ypbe NepuoOAUIYECKUX CUTHAJIOB

231 S(t)=U_(1+ mcosQt)cosat, @, >>Q, O<m<l.
232 S(t)=U_(@+ mcosQt)sin o, W, >>Q, O<m<l.
233 S(t)=U_(@+ msinQt)cosao,t, W, >>Q, O<m<1.
234 S(t)=U_(1+msinQt)sin ot, @, >>Q, O<m<l1.

3 JIOMAIIHEE 3AJIAHUE
CHEKTPAJIBHBINA AHAJIN3 NEPHOJIUYECKHNX HECHHY COUJAJTBHBIX
CHUT'HAJIOB
3.1 YACTb 1 IIpencraBienue curaana S(t) B Bujae psiga dypbe
[To rpaduky curnana S(t) U ero aHaJIUTUYECKOMY OIKMCAHUIO (BapUaHThI CUTHAJIOB
NIPUBE/ICHBI B TA0JIHIIE):
1. onpenenuTe nepuoJ MOBTOPEHUS T, 4ACTOTY OCHOBHOM rapMOHHKH f1, KO3 (HULIHMEHTHI
an, bn, An, @n; 3amicaTh curHai B Buje psaa Oypee;
2. IOCTPOUTH OJTHOCTOPOHHUE U IBYXCTOpoHHUE Tpaduku AUX, OUX;
3. OIeHUTH (BU3YAIbHO) BIIMSHHUE YHCIa CYMMHUPYEMBIX TapMOHUK N B psna Oypbe Ha
dbopmy curHaia, npeacTaBuB rpaduky curHanoB npu pa3nuunbix N (Hampumep, N=1, 3, 5,
7, ...100,...), ucnonssys I (nanpumep, MathCad);
4. onpenenuTh yuciao N, Mpu KOTOPOM CpeAHEKBaApaTHUEeCcKasi omnoka & He MPEeBbIIIAeT
5%; npusectu rpaduk 3aBucumoctu E(N);
5. ompenenuth K03(hHUIUEHT TapMOHUK B KpuBoi S(1);
6. caenmaTh BBIBOEL.
[losicHuTenbHAs 3aMKCcKa AOJKHA COEPKATh:
v TeOPEeTHYECKYI0 YaCTh — KPaTKOE M3JI0XKEHUE Teopuu psanoB Dypre (doicro ovimo
Hanucano om pyku!!);
v rpa)MK HCXOIHOI0 CHTHAJIA ¢ MOKA3AHHBIM IEPHO0M MOBTOPEHHMS;
v rpadpuxn AUX, ®UX (dorsicHbl Gbimb 6bINONHEHBL HA MUNLIUMEMPOBOIL DyMmaze
om pyxu!!).
v" TlosicHUTEbHAS 3aITCKa J0JDKHA OBITH 0(hOpMIIEHa B COOTBETCTBHH C TIPaBHIaAMH

oOopMIICHUSI TEXHUYECKOU TOKYMEHTAIUH.
17



3.2YACTD 2 IlpeodpazoBanue @ypbe nepruoauveckoro curaia S(t)

[To rpaduxy curnana S(t):
1. mpUBECTH aHAIUTUYECKOE ONMHUCAHUE UCXOJHOTO MEPUOANYECKOI0 HECUHYCOUJANIb-
Horo curHana S(t) B ¢popme, ynoOHOM 11l BEIMOIHEHHs TpeodpazoBanusi Oypbe (BbI-
JEeTUTh Heriepuoauueckuii curnan Sq(t), mepuon ero nmosropenus Th);
2. BBITIOJIHUTH TIpeoOpazoBanne Pypbe Hermepuomudeckoro curHana Si(t), HallTH BbI-
paxxenue mia AUX, ®UX; noctpouts rpapuku AUYX, ®UX; nmoctpouts rpadux va-
CTOTHOM XapaKTEPUCTUKU CYMMBI O-QpyHKIuN U rpaduku AUX, ®UX 3amaHHOTO CUT-
Haa S(t);
3. CpaBHUTH YHCIICHHBIC 3HAUEHUS MOMydeHHbIX pe3ynbTaToB AUX, ®UX B .1 (Y. 1)
u 1.2 (Y. 2), vanpumep a1 N=0, n=1, N=2, u T.1., ¥ ceIaTh COOTBETCTBYIOIINE BbI-
BOJIBI;
4. ompenenuTh BepxHIOK YacToTy f, curnama S(t), mpu KOTOpO¥ MOIIHOCTH CHTHAJA
cocraiseT 0,95 OT noJHONM MOIIHOCTH;

5. clienath BBIBOJIBI IO BCEW padoTe.

[losicHuTenbHAs 3anIMCKa AOJIDKHA COACPIKATL:

v

<

TEOPEeTHYECKYH YaCTh — KPaTKOE U3JI0)KEHUE TCOPHUU TPUMEHEHHUS IPeoOpa30BaHus
dypbe K mepuoanYecKuM CUrHanam (00cno ovimo nanucano om pykull);
rpadmk MCXOHOT0 CUTHAJIA ¢ MOKA3aHHBIM MEPHOA0OM NMOBTOPEHHS;

rpaduxu AYX, OYX.

[TosicHuTeIbHAS 3alMCKa JOKHA ObITh O(POpPMIICHA B COOTBETCTBHH C IIpaBUIaMHU

o(opMIICHUS] TEXHUYECKOU TOKYMEHTAITUH.

3.3 BapuaHTBI CUTHAJIOB IOMAIIHET 0 3aaHUsA

No
[TapameTpsr
BapH- ['padux curnana S(t) CEIrHang
aHTa
1 2 3
(t
® Umsmmut,ﬂitig—“
S(t) =
1 U |- /\ 1] ’Tﬂ< t<T,
To=20 mcex
0 T 0 :
= =T Un=100 B

18




2 3
2
(t] , .
4107, D<t<:f*
3¢t) = L
U - . 20- imt 55
—
: I 0.5<t<T,
LT T T, =10-10cek
4 2
T_T(th
— — S(t)=Upsin(wot+1/6)
_C\ /_\Z_‘SV __ Wt W =314 pao/ cex
| : 0<t>T_/3
’ To 2T, T 0
G ol = —_
3 5 Um =108
(B
10 T, =1-10°cek
“Ta 0 To Ts ?EDTD
4 2 4
S(t),E
H H 10 T, =1-10°cek
T, ' LT t
2
S(t),E
10
—1.10-3
T, T, =1-10"cex
2
Ta ’ ED Ta t
g
SILE
F 3
5
T, =5-10cex
Ta
F1
0
5

19



< 3
SItLE
10
Ty =1-10"cex
TD
B
i T
-10
S[tLE
1 T, =10-10"° cex
9 .
1 Ta
0
10
S(t)=I1Usinogt |
@, =20-10"° cex
10
T, =10-10"°cek
11
---|-10
S(LE
10f--- )
To =100-10"" cex
12 .
T T, T,
& 2
-10
i T,
U |sine,t] 0% t€ 2
S m
(t) . T T
Ui |- ,4—"<t<T0
: /‘ /‘ To=20 mcek,
U,=10B
-T, " T, T, 3T, T, 5
4 2 4 o, = 2F
T,

20



1 2 3
U |sine,t| 0 < tﬁ%
Sit st =
i) i ,%«: t 2—“
U L 2n
1 /1 /] /1 /] 0, "
0
oT, T T, Un=10 B,
PR
®, = 314222
CeK
0t
U _|sines,t|,0% 1l
" 3
| S(t) =
15 yYaya 'a 0 Ta<d
u] To Ta T Um:].O B,
ERF) ? =50 T
S(1L.E
10 t S(t)=U, cos o,t,
/\ /\ T, = 20mxcex,
16 . t, = 2mxcex,
T, T,
\_/ o N \_/ — Sts -LO
YIS S 4 4
501)
10
17 T, =10 -107% cex
ul Tl:i -j.-
)
B0
A T, =60-10°cex
18 ! 0
\/ N
5t & 2 '
20t),B
0 ) S(t)=U,, cos o, t,
! @, =314 paol cex,
19 /\ /\ /_\ tn = 2 MKCex,
| L ol
5 4 4
0]
10
| : T,=20 .10"°cek
| |
20 I I
DI TD ] TD 1
3 T
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1 2 3
5(t)
- T, =20-10 cex
21
o A
B
304
10
T, =60-10"°cex
22 - .
?D
-10
SCt)
Umsmmnt,g—“ctﬁ%
23 = T
l\.. I\ o I\ D,Dstg?"
0T, T, T, Un=20 B, fo=50T'n
)
30t
0 T, =10-10° cex
24
o' T
3
@ Umsmmut,g—“itg%"
U, 5t = -
= INION N ININ TN s
] T':l Tu:u T Um:20 B,
) i fo=50 't
3(t)
Umsmmot,z—“gtg%
Um Sty =
% AN ANEANEAN 0 ocres
Un=100 B
1] TD TD T m: ’
St
T, =30-10°cek
27 PaN ’
' '3| T, T




1 2 3

T, =20-10"°cexk
104 ---

28 .

107

S(t)=U,, sin(e,t + %),

o | VVVVINNNNY ot

@, =501y

1an

30 —|—‘ -0 ""J_L‘ T, =20-107°cek
o TD '=TD '}D t
504 10 7
-100

4 CUCTEMBbI
4.1 ®uabTpanus CUTHAJIOB
[Tpu pemiennu 3aaa4 JaHHOTO MOJIpa3iesia HEOOX0IUMO B 00s13aT€TLHOM MOPSIIKE
JaBaTh rpa@UUECKyr0 HHTEPIPETALIUIO
OnpenenuTs BEIXOHOM cUTHAJ CUCTeMBI (pHcC. 1.2) g(t) nmpu ClenyronmX yCIOBHUIX:

411 S(t)=(1+mcosQ)sinwt, w,>>€Q, m<l,

[0

H(w) = :
(w) =rec a)/
2

412 S(@t)= rect(t L j - rect(t i ) to=10z,
T

u Tu

a(t) =0o(t).

; 3 ; 3 .

413 S(,[):smlgo (t+t)r +S|n130 z(t to)’ t=10%¢,
10°z(t +t,) 10°z(t —t,)

sin10°tz

w(t)=———;
® 10° 7t

414  S(t)=(1+mcosQt)cosat, @, >>€Q, m<l,



o sin ¢
wt)=—2—3—
0=,
4
415 S()=@Q+msinQt)coso,t, @, >>Q, m<l,

sin &t
a)O
wt)=06(t) - >2———
2 &t
4

4.1.6 S(t):(1+mcosw0)rect(£j, 7 =40T,,
T

w
H(w) = rect(mj.

4.1.7 S(t):(1+mcosw0)rect(£j, 7 =40T,,
T

.,
o smz—ot
wit)=0o() - 2> —5.
(t)=0o(t) 10 o,
20
418 S(t)=06(t-t),
w(t):s"tit.
419 S(t)=5(t>-1),
w(t) = S5(t2 —4).
4.1.10 sa)zi?l,
1sin2t
w(t) == .
(t) > 1
41.11 S@t)=0o(t*-1),,

w(t) = rect(lj. ;
a

4112 S(t)=0(sinw,t),
ot)=e™, t>0.
4.1.13 OmnpenenuTs SHEPTUIO CUTHAIIA

S() :Um(smlom)
10xt
4.1.14 OmnpenenuTb 3HEPTUI0O CUTHAIA HA BBIXOJIE€ CUCTEMBI C UMITYJILCHOM BECOBOM
, -
dynkuuen W(t) = 10" 7sin 507t , €CJIM CUTHAJI Ha BXxoJie cucteMbl S(t) =o(t).

50nt
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4.1.15 OnpenenuTb 3HEPTUIO CUTHAJIA HA BBIXOJE CUCTEMBI C UMITYJIbCHON BECOBOM

H 2
pyakmen  w(t) =10° ﬂ% , €ClM  CUTHal  Ha  BXOJE
S(t)=U,_ i rect t_; T, , To=2 mcex.
n=-o 0
2

4.2 InddepenunajibHble ypaBHEeHHs U NepeIaTOYHbIe (PYHKIIMU
[To muddepennmranbHOMy ypaBHEHUIO, KOTOPHIM OMMCHIBAETCS] CHCTEMa, HANTH
® [epeAaTOYHYI0 (QYHKLHIO;
® UMITYJILCHYIO BECOBYIO (DYHKIIHIO;
® IIEPEXOAHYIO XapaKTEPUCTHKY;
® YACTOTHYIO XapAKTEPUCTHUKY;

® BBIPAKEHHE JOrapu(PMUUECKON aMILTTUTYTHOM YaCTOTHOM XapaKTEPUCTUKH.

421y"+y + 5y =x(t),y(0)=0,y(0) = 2.
422y"+4y"+3y=1t,y(0)=0,y'(0) =0.

423y"+9y =e73,y(0) =0,y'(0) = 0.

424 y"+ 2y" + 5y = 2cos(314t),y(0) = 0,y'(0) = 0.
4.25y" + 4y = sin(314t), y(0) = 0,y'(0) = 0.

4.2.6 y'V —y = 5cos(t) , Ha4anbHbIE YCIOBUA — HYJIEBLIE.
4.2.7 yV — 8y" + 16y = x(t), Haua/bHBIE YCIOBUSA — HYyJIEBbIE.
428vy" —2ay' +a*y =et,a+1,y(0) =0,y'(0) = 0.
429y"+ 6y +5y =e"2,y(0)=0,y'(0) = 0.

4210 y" — 7y" + 6y = sin(314t),y(0) = 0,y'(0) = 0.
4211" y"+ 6y' + 9y = x(t),y(0) = 0,y'(0) = 0.

4212 y"+ 6y" + 13y = x(t),y(0) = 0,y'(0) = 0.

4213 y" —y' — 2y = x(£),y(0) = 0,y'(0) = 0.

4214 y" + 4y = x(t),y(0) = 0,y'(0) = 0.

4215y" = 7y" + 6y = x(t),y(0) = 0,y'(0) = 0.

4.2.16 yV — 13y’ + 36y = x(t),y(0) = 0,y’(0) = 0.

* — B XapaKTEPUCTUYECKOM YPABHEHHHU €CTh KPaTHBIE KOPHH.
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