Homep sapuanma cosnaoaem c nocneoueu yughpou Homepa 3a4emHou KHUNCKU

Jacaua 1
HafiTe OpHTHHATEL IO 2aTaHHEIM H3o0pakennay (Tadm 1).

JATAHHWA
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Jadaua 2

Taomuma 1

C momowms: npeodpazosaHnd Jlannaca pelIHTs THQQEpeHIHANEHOS VPAEHEHHS C 3aJAHHEIMH HadalbHEIMH VC-
ToBHAME (Tabm. 2).

Ne BapH- | Y paBHeHHE Hauanessie yenoeHa
aHTa
0 ¥4y + 3y =2e" cos(l) 0y =0:3(0)=1
1 ¥+ + Sy =2sin(r) Oy =0:(0)=0
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Jadaua 3

Tadmsma 2

ITo w3pecTHOH KpHBOMH PA3roHA H BecoBol dvHEUHE THHeHHOTO 3MeMeHTa (Tadn. 3) Hafiti: 1) peakuHno Ha BXOI-
HOM cHrHAN X (f) ; 2) BecoBYI0 OVHEIIHIO HIH KPHEVIO Pa3TOHA COOTEETCTEEEHO; 3) NepelaToTHVI0 hWHEITHIO 3TeMeHTa.



Tabnuna 3

Ne BapmasTa i(f) o (1) x(t)
0 1-e7 e’ £
1 4™ e t
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Jadaua 4

[To m3pecTHOR nepenaToudoil QyHEKUHN 3meMenTa I(S) HAflTH ero KPHEVED PAairOHA, BECOBVED (VHEIIHID, AMILTH-
TVIHO-IaCTOTHYH, (Da30-UacTOTHYIO, aMIUTHTYIHC-Ga308V0 XapanTepHcTHRH. [locTpouts rpadukn. 3anucats gudde-
PEHIHANEHOS VPABHEHHE IMEMEHTA, CEAZLIBANIIEE BEIXOIHVI0 KOOPIHHATY H BXOIHVI0 KOODIHHATY (Tadn. 4).
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Jadaua 5

BriBecTH nepeIaTou VIO QVHELUHIO I 3aTaHHOH CTPVETVPHOR cXeMel (Tadm 3).
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Jadaua 6

}ICCJE_‘,__.[DBHTB Ha }'CIDfI‘IHBOCTB CHCTEMY aBTOMaTHYUECKOIO PETY/IHPOBAHHA, CXEMa I-{DTO]_)DITI MIpHBEIEHA Ha PHC. 1

(Tadm:. 6):

1) ¢ monmometo kpHTepHA Payvea—] ypeuana;
2) ¢ momombio kpuTepna Muxafinosa.
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Tabmuma 6
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Jaoaua 7

HecaegoeaTe HA VCTOHUHEOCTE ¢ HOMOINBH EPHTEpHT HaHKEHCTA CHCTEMY ABTOMATHYSCHOIO PerVIHPOBAHHA,
CXeMa KOTOpoil npHBeneHa Ha puc. 2 (tabm. 7).
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IIPHMEPBI PEHITEHI A 3ATAY

KonTpoasnas padora 1

Jadaua 1. Hafita opHrHEATE 00 33 JAHHEM HI00PAESHIDM, HCIOIBEIVA Ipeoopazopanne lammaca:

i
R -y, B -

3 = 2. + . -
(s+3)° 5‘{32+65—133
Ilo Tabmune npecopazopanna Jlamaca i cEoffcTEaM npeodpazorannd Jlannaca mafdgem
Fy(f) =41(t—1)te D
rae | — eqHHEIHAT (QVHKITHA.

Jna onpenensHns npeoopazoBaHus Jlammaca oT gpobH Fh(s) HeoOXoIHMO 3TV OPAaEHIEHVED pPallHOHATBHYIO
IPoOE MIPeICTABHTE B BHOS CYMMBLI NPOCTeHIINEX Ipobeil, KOTOPEIE ONpele/IdioTcd B COOTESTCTEHH ¢ KOPHAMH Xapak-
TEPHCTHUSCKOTO VPABHEHHA H 110 KOTOPEIM Ipeodpazopande JIaniaca MOKHO E3ATE, HCIONBE3VA TAOMHIEL Npeodpazo-
BAHHA, PACCMATPHEAEMAT IpodEb HMeeT TPH HVIISBEIX KOPHA H OapY KOMIUISKCHO-CONPAKSHHEIX KopHell, NosToMY OHA
pazIaraeTcd Ha NpocTefmne JpodH CISIVECIIHM 00pazon:

35+7 4 B C Ds+ E
5

AE=ga -2 8 0 B
53(5‘)‘+65+13} 05 (32+65—13}

_ As?(s? +65+13)+ Bsp(s® +65+13) + C(s? + 65 +13) + (Ds + E)s”
s (st +65+13) '

B pesyaeTaTe pasToseHHA MOTVIeHA CYMMA OpOCTeRND apobef, Ko3(hHITHEHTEl KOTOPEX ONpPeIelqioTCa Me-
TOOOM HeompeIeTeHHEX Ko HIHEHETOB, 114 9ero paccMATPHBASTCA PABEHCTBO JBVX gpobeii ee npaBHARHEIE pa-
LHOHATEHEIE IpOOH PABHEl MEATY COOOH, SCTIH PABHEI HX THCIHTSTH H 3HAMeHATETH. 1aK KAk 3HAMESHATETH PaBHEL To,
CIeI0BaTEIEHO. HEOOXOIHMMO MPHPABHATE OPYT K IPYTY H SHCIHTETH. [IpHpasnas B wHCcIHTEIM KoaddHIHeETE IpH
OIHHAKOBEIX CTEISHAX IapaMeTpa §. IOMYyIHM CHCTEMY AlTe0paHdeCcKHX VPABHEHHI A1 ONpeleIeHHA HEH3BECTHEIX
KO3 bHITHEHTOR:!

{.4+D=CI;
IﬁA—B+E=O;
134+ 6B+ C =0;
(138 +6C =3;
|130=7.
Pemenne cucTeMEL OaeT CIeIYVIOIMHE KOPHH:
. . 5 )
B g 3 1, B AT
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Taxm oOpazon, HCXOIHAA IPo0b 3aMHCEEBASTCH B BHIE

71 31 73 1 1 T3s+477
B =—m—1m—S " - i :
5169 5 2197 5 2197 5% 1 65+13

13 &
B cooTBeICTEHHE ¢ TAOIHUAME IpeodpazoBasHi Jlanmaca OpHIHEAT HMEeT BHI
T 2 3 73 73 —3 129
Fy(f)=—t" ——1t - + +e ' coslt+
26 169 2197 2197 2197
Jadaua 2. C novomsio mpecopazoBannd Jlanmaca pemmts quddepeHIHATEHOS YPABHEHHE C 3aTAHHBIMH HATATH-
HEIMH VCIOBHAMI
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A AT 21 _
yo-yi=e

¥(0) =0y (@ =0: yF(0)=0.

[Ipn pelueHHN VPaEHEHHA ¢ HCIOIEOBAHHEM OpecDpazopadud Jlamwiaca HeoOXoIHMO ero npeodpazoears mo Jla-
IUTACY € VUSTOM HAYANEHELX VOIOBH:

3 2
Ws)s™ —p(s)s” =——.
(= +2)

113 mocaegHero BRIpaKeHHd OOpelendeTcd V(s) , KOTOpPOe H SBIASTCH PEIIeHHeM VPABHEHHA, HO OHO 3allHCAHO B

TepMHHAX Opeodpazopannd Jlammaca. [1q noayvieHnd pellleHHA VpaBHeHHT BO EPSMEHHOH 00IacTH HOTVICHHAT Jpodh
pazTaraeTcA HA MpocTefiimee IpodH, 0T KOTOPBEX B MOCTEICTEHH M0 TADIHIIAM HEeOoOXOOHMO B3STh 00paTHOE Mpeodpa-
sopanue Jlanmaca. B pesyIeTaTe painoieHNT IOTVIASM CISIVIOMES BEIPAKEHEE:

1 A B C D

- = +—+—<+ =
(s +2s"(s -1) s +2 s s s -1

As“(s —D+B(s +2s(s —D+C(s +Ds —D+D(s +2)s°
= = .
(s +2)s7(s —-1)
[TpnpaprrEas xoadbHIHEHTE OPH OOHHAKOBBIX CTEMEHAX § B THCIHTENE, 3aMHCEIBASM CHCTEMY AIleOparIeckinn

VPARHEHHI 114 OpeIeIeHnd HeH3BecTHE koadiummenTos

y(s)=

A+B+D=0:
_A+B+C+2D=0
1—2B+C=0:
—2c=1.
pEmE‘HI‘IE CHCTEMEL
C=—l; B=—l; A=—L; D=
2 4 12 3

Taxum obpazoM, Ipods pPazIoAeHa HA CISIVIONHE IPOCTERITHE IpodH:

1 1 1 |
vsg)=-—————-—+———
12(s +2) 4s 257 3(s -1)

Bzss obpatuoe npeodpazosanne Jlammaca oT DoCI8IHETO BRIPAKEHIA, TIOTYHHM

1 1 1 1
yit)=——e A L
12 4 2 3

DyHRURA y(f) ABIAeTCA pemeHHEeM THGdepeHIHATEHOTO VPABHSHHA.

3aoaua 3. ITo H3BeCTHOH KPHBOH pa3roHa H BecOBOH (DYHKUHH THHEIHHOIO 371eMeHTa HalTH:
1. peaxuHzo Ha BxogHOH cHrEaT x(f);
2. BecoBVIO (hVHKIHIO HIH KPHEVEO PA3TOHA COOTEETCTREHHO,
3. mepeJaTodMHYEO HVHELHIO NIEMEHTA.
3anano: kpHBas pasrosa — ii(f) = 2 ; secosas dvHruHA — o) =1—re” ; BxoaHoMl cHrEaT — X(f) =1—¢ sint .
1) Peaxums 37eMeHTA Ha BXOJHOM CHIHAT onpedeiseTca Mo HETerpaty [Ji0aMeTd, KOTOPLIT MOKeT OBITH 3AIHCAH
Yepe: KPHBYIO PAsroHa HIH Yepes BeCOBYIO QVHRIINIO.
Econ H3gecTHA KPHBAA PA3TOHA, TO HETerpat [roaMend 3aMHCBIBASTCA CITeIVIOMIHM 00pasoN:

¥(2) = x(0)h(r) + Ihl_’t -1) Erﬁ .
9 dr

CIeJOBATEIBHO,
r
yie)=2r+ ri(r— e sin(t)—e " cos(t))dt =
0
1 o . [ - . B
=T[—39 "sint+2e " cos r}f2+2r2‘.e "sinf—e " cost).

Ecmm u3gecTHa BecoBas GvEKIHA, To HETerpan [[roanmens HMeeT BHI
T
vt = [m{r — 1) x(t)dt,
0

H TOIJA BEIXOIHOH CHTHAT B JAHHOH 3agade 6}',1!?'! IaMHCaAH KakK



T
£ i* —f —_ . —_ . — —F ] . =2 .
vir)= I(l—(r—r)e & U)(l—e ‘sinT)dt==t—1+e 'sint+te ' +e —te sinf+e - sint.
0

2) Memay xpHBO pasroHa H BecoBoll GVHEKNHEH CYIISCTEVeT B3aHMHAS CBAE. ECIH H3BECTHA KPHBAd Pa3zroHa,
TO BecoBad PVHKUHA onpensndercy kax o) = h'(f), Te (:J[:! J=(2) =2
Il
Ecnm #e H3BeCcTHA BeCOBAA (PVHKLHA, TO KPHBAA pasroHa — A(f) = | @(f)dt , cIegoBaTeIBHO, B HALIEM CIIVIas
0

.'t!|:lf]=‘[ (l—teNdi=t+et+e 1.
0

3) Tlepemarounas dyvHKINE, KOTOpad OPeIcTaBIAeT coOOH OTHOMIEHHE MpeodpazoBaHHOro no Jlanmacy BEXOI-
HOTO CHTHATA K OpeodpazoBaHHoMy o JIanacy BXoIHOMY CHTHATY MPH HYISBEIX HAMATEHEDN VCIOBHAN, MOKET OBITE
ONpeIeIeHa KK Yepes KPHEYIO PA3T0HA, TAK H Uepes BECOBVID iVHEIHD:

Wis)=shis). W(s)=mw(s).

Jng Hames zagagm:

W(s)=sL(2) = .{

ta | 12
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1 57 +5+1

n’:':}=L|:1—m"}=l— _ = =y
5 o(s+1)7  s(s+1)°

Jadaua 4. [o mapecTHOH mepexaTounofl GVHEIHE 31eMeHTa 17 (5) HafATH €10 KPHEVIO PA3IOHA, BECOBVEO (yHE-

UHEO, dacToTHele XapakrepucTHrn — ADX, $UN, AYUX, BUX. mocrtponte rpadurs. 3anucars TudepeHUHATEHOS
YVpaBHEHHE 3TEMEHTA, CBA3EIBAMIIES BEIXOIHYE) KOODIHHATY H BXOIHYI0 KOOpPIHHATY.
3agaHa cueIyIOmAd TepeIaTouHAS YV HKIIHA

7 (5)= L ]
(25+3)(4s+1)

ITo ompeneneHHIO MepeaaTodHas (QYHKIHA NpeacTaBiIgeT coGol I (s)=y(s)/x(s). 11 momyde-
HHA IH((epeHIHATEHOTO VPaBHEHHS 3amHmeM y(s)/ x(s)= (35 +4)/((25 + 3)(4s +1)). [TomyieHHOE BEI-
pazkeHHe mpeobpasyeM ClIeIVEOLIHM 06pa3oM:

y(sN(2s +3)(45+1)) = x(s)(35 + 4)
HITH
852}'[3]+ 14sy(s)+ 3}'[:5 |= 353:[5:]+ xl(s),
HO 3TO eCTh He UTO HHOe, Kak JH((depeHIHATEHOe YPaBHEHHE. HO 3allHCAHHOE B TEPMHHAX Mpeod-
paszoBaHHA Jlamiaca. J[1A HodydeHHS JTH((QepeHIHATEHOIO YPaBHEHHA B NPHBBIMHOH BpeMeHHOH

(opme 3aIHCH HeoOX0IHMO B34Th o0paTHOe Ipeodpa3oBaHHe Jlamaca ¢ y4eTOM HylIeBEIX Hadallb-
HBIX YCIIOBHH, T.e.

By"+14y" +3p =3x"+4x.

BpeMeHHBIe XapaKTePHCTHKH: KPHBasA pPairoHa H BecOBaf (DYHKITHA CEA3AHBI C MepeIaToMHOH
(pYHKLHEH COOTHOILIEHHAMH

() =17

H’(ﬁ'}-]
— )

o(f) = L7 (s)) .

Taxmm 06]__‘!5'30:\1_. KPHEAA PA3T0OHA ONIPeIeTACTCA BEIDAAKCHHSM

T

oAl 3s+d ] 4 1 5 18
i (25+3)(4s+1s| 3 30 10

=

d BECOBaa iil‘;HI-CLIH_H BEIPAACHHEM

alt) = i1

r 3
35+ 4 1 5,13 5
20 40

. =—g - +—&
(25 +3)(4s5+1)
Kpowme Toro, ecan onpeeneHa KpHBag PA3TOHA, TO BecoBad (DVHEIHA MOEST OBITE I0IVISHA [0 Hefl, Tak Kak OHH
3 t
1 —= 13 —3

CBA2aHEI Me&IY cobof gopuytoii (f) = h'(7). T.e. maeem olf)= 1_06 - —Ee &8



['paduxs gyEsnmi #(1) B olf) DpescTaBIeHE Ha pHC. 3, @ H 6 COOTBETCIBEHHO.
Jns OTHICKAHHA YACTOTHBIX XAPAKTEPHCTHE B NEePelaToqMHON (VHKIHH NPOH3BOIMTICA 3aMeHa — § =im, T.e

Jim+4

2io+3)(4in+1)

ATy gHO-haz0EAT XapaKTePHCTHRA SBIETCA KOMIUIERCHOH GVHEUHEH, KOTOPYEC 3alHCEIBAKOT B IOKAZATEIBHOH
thopMe ¢ BELISISHHEM AMIITHTYIHO-IACTOTHOH xapaxTepucTurH (ATX) m dazo-gactoTHOR xapaxTepuerurn (DUX)
HIH B anrebpamieckof GhopMe ¢ BRIIeTeHHEM BelleC TESHHO-IACTOTHOH XaparTepucTurl (BUX) u MumMOH HacTOTHOR
xapaxrepucTarH (VMK

IMoxazaremsnan dopua zanuc ADX mueet Brn

W(iw) =

(i) = Mo Jgtelal

P
0.4

10 20 0 10 20
o I 25 0 I 3
a) o)

Puc. 3 BpemeHHBIe XapaKTePHCTHRIL:
¢ — KPHBad PasTOHA; O — BECOBAT VHKITHT

PaccvarpHeasMelit 31eMeHT SBIASTCA THHEHHED H DO3TOMY 119 HETO BEIMONHASTCA NPHHIHN CVIISPIO3HINH, B
CBAH C KOTOPBIM £T0 AMIITHTYIHO-IACTOTHAS XapaAKTSPHCTHEA ONpeIsTdeTcd Kak oTHomenne ATX aucmrrens k AT
3HAMEHATeTA, Tak BEIpaxemue g1 ASX npencrapzser cofofi apode, T.e. Mim)=M e [\m_l,’ﬂn’ ml_co]. TucureT H

sHameHatens ADX  zamucamer B amrebpamveckofl  dopMe. B 3TOM  CIydae MOAYIbR ONPEleldeTcd KAk
P TR '
Mio)=+Re (n)+In (o).

TaxumM o0pazon., BeIpakeHHe I1d AUX 3alHIIeTcd B BHIE

V16 +9a°

'JQ +4c:|3 'Jrl + lfim2

@Dazo-uacTOTHAA XapAaRTepHCIHEA oONpeleldeTcd Kak pasHOCTE  (ha: UHCIHIENd M 3HAMEHATelf —
0(®) = Oue[©)— 0.4{@) . KoTOpEE, B CcBORO OuepemE, onpeneTmoTea Kax ol )= arctg (Im(e |/Re(w)) . ec maBecTHA

Miw) =

aTTe0paHYeCcKad 3AMHCE KOMILIEKCHOH (hvHKITHH.
Taruy ob0pazon, TomMVIasM cIeaviomes eelpasenne noa D0
7 )

Elo} 2o
ofm) = arcrgT— arcth— arctg 4@ .

Anmntyano-tazopad XapakTepHCTHEA B IOKAATENBHOH (opie 3aMICHBASTCA B BHOS

[i1]
T arciz—
Y16+%a e 4
2@ -
aretg— 3 ;
N9+4m’e 3 4141607

I'padurn dyvasonn M(e) 1 c-l:'m:] npenctaeaeHs! Ha puc. 4. a 1 6. Anamus xapaxtepa AUX u @UX noxaseieaer,

W (i) =

IO

o—=0 =0 ©o-=x fl:[—)—E_

0 5 10

@

a) a)

Pmc. 4 YacTOTHBIE XAPAKTEPHCTHKI:
a—-ATX 6 - &K



Tomorpad ADX 7 (i) npencrasmen Ha pHC. 3.

Jamumrenm Temeps Beipakenne 1A ADXK B anredopandeckol diopMe, I 3TOTO HALO OCBODOTHTBECH OT MHHMOCTH B
snameHarene. C 3Tof Menbo YMHOAHM H 3HAMEHATENb, H YHCIHTEIb HA COMPAASHHbIE BRIPAKEHNT OTHOCHTEIBHO
KOMILTEKCHEBIX COCTABTARIIHY FHAMEHATEIA.

<34

-1.E

[SESS[aDat

Rz

Puc. 5 Togorpad ADX

HpOBf‘.JEZ\I CASIVHOINHE MATEMATHISCKHS ﬂpEOEPIJEi?OBRHH.'HZ

Wiia) =

(3o +4)(3—12e)(1— 4iea)

1.2 1.4

 100° +12-1240” —i470

(3+720)(1+ 4i0)3-12a)(1-4a)

Mz nocneauero EBIPEACHIA 3AalIHCREIEACM:

BUX

(9+ 40’ )(1+1607)

Tpadmr dvasums Re(o) npeactaenes Ha puc. 6.

[

(=]
[
(=]

Re(@) — 100 +12
(9+ 407 )(1+16w°)
In(e) = —1240° — 1470
T 9+4))(1+1607)
|
0 2 4 ]
0 @ &

Puc. 6 BelmecTEeHHO-4ACTOTHAR XAPpAKTePHCTHRA

3adaua 5. TTpeoOpa3oBaTk CIPYKIYPHYIO cXeMy (pHc. 7) H 3a0HCATh ITepeJaTOIHYE) (VHKIIHIO.
('uHTaeTCA. YTO H3BECTHBI epeJaTodTHble (DYHKIIHH OTJeIbHBIX 37eMeHTOB H BXOIHOH CHIHa.



v

I 2 3 ; 1
Wi(s) —-®—-| e e mo s

Puc. 7 CrpykTypHad cxema

J1714 3alHCH NepeIaTodHOH (YHKIHH CI0KHOH CTPYKTYPHOH CXeMEI ee HeoOXoaHMOo Impeobpa-
30BaTh B COOTBETCTBHH ¢ MIPABHIAMH Ipeo0pa30BaHHA CTPYKIYPHBIX cxeM. 714 Toro 9100kl pa3si-
3aTh NIepeKpecTHEIe CBA3H B 3aJaHHOH CTPYKTYPHOH cXeMe. mepeHeceM y3el / Uepes 3BeHO ¢ mepe-
naTouHOH (YHKIHEH 3(s) H uepes y3en1 2 B COOTBETCTBHH C MPABHIAMH Mpeodpa3oBaHHA CTPYK-
TYPHBIX CXeM. B pesyibTare [poBedeHHBIX Npeolpa30BaHHI [10Iy4aeM CIPYKTYPHYRO cXeMy (pHC.
§), B KOTOPOH 4eTKO IIPOC/IeKHBAKTCA OCHOBHBIE THIIBI COSIHHEHHH: II0CIeI0BaTellbHOE COeIHHe-
HHE H BIIOKeHHEIE IpYT B Apyra cOeJHHEHHA ¢ 00paTHOH CBA3LI0.

i(s) M) b )

L 2

1/i(s)

Puc. 8 IIpeoGpazoeaHHaf CIPYKTYPHAHA CIeMa

3anmHceIBAL IMoCIIeI0BAT2IIEHO HEpEJﬂIO‘II{EﬂE CIJ}-'HKHHI—I OTIOCIBHEIX IJIEMEHTIOB CXeMEBI, HpHZEEM
K BBIpa/KeHHIO NTepeaTo9HOH (YHKIIHH BCeH CXeMBI:
_ W (s)T, (5)5(5)
1+ T (5)TF(s) + Wy (s) W3 (5) + () W2 (s) W3 (s)

W(s)

3aoaqa 6. IccnenoBaTs YCTOHYHBOCTE CHCTEMEI ABTOMATHIECKOTO Pery IHPOBAaHHA (pHC. 9):
1) ¢ momoIner KpHTepHd Payca—I ypBHIIA;
2) ¢ nOMOIUBK KpHTepHA MHXaHIoBA.

Wols) Was(s)

¥

Pnc. 9 CTpyKTYpHAA CXeMA CHCTeMbI ABTOMATHYECKOTO DETYIHDOBAHHA

3amaHbl ClIedyIONIHe HCXO0OHBIE JaHHbIe: NlepeJaTodHble QyHKIHH 00beKTa H peryIdropa

. 5, . 3542
FIP[S]=Z. HG5{5j=53_252

+5+3

1) ,:[.'I.H HCCIIcJOBAHHA }l’CTDf:I‘IHBOCTH CHCTEM aBTOMATHHCCKOIO PEIVIIHPOBAHHA C I[IOMOITBEY
KpHTepHa Payca—IypBHIA HeoOXOOHMO 3HATh JH((epeHIHAIbHOE HIH XapaKTepHCTHYECKOe
VpaBHeHHe CHCTeMBI. 3HaMeHaTelb NepelaTovTHOH (YHKIIHH Bcerna mpeacTaBadeT codo xapakTe-
l}HCIH‘IECIﬂ-ﬂ?I TMMOTHHOM. IIO3TOMY Heo0XOTHMO, MpeXIe BCET O, 3allHCATE MepedaTOMHY D @}'HKHI‘]}D

3aMKHYTOH OTHOKOHTYPHOH CHCTEMEI (pHC. 9):

HVDS [5) H-'p!r [-Sj
g ()W (5)

w,.(s)

XapakTepHCTHYECKO? YpaBHEHHEe OIpeleldercs ITyTeM IPHPABHHBAHHA K HY/IK 3HaAMeHAaTeld
NepenaToYHOH (PYHKIIHH 3aMKHYTOH CHCTeMEL

W (S)Wp5(s)+1=0,

C VIeTOM KOHKPETHBIX 3HAIeHHH NepenaTodHbX (YHKIHH 00beKTa H pery/IaIopa oIy THM



254+453—232 +215+10 _0

254 + 457 £ 252 41 65

OTKYIa XapaKTePHCTHYECKOE VPABHEHHE 3alIHINETCA B BHIIE
25t rast 5257 4 215410=0.

3anmaqy OyoeM pemars ¢ HCIOIb30BaHHEM (DOPMYIHPOBKH KPHTEPHS VCTOHYHBOCTH II0 [ ypBH-
Iy, J18 3Toro Heol0xXoOHMO H3 KO3((HIHEHTOB XapaKTepHCTHYUECKOIO VpaBHEHHA COCTAaBHIB
[7IaBHBIH OIpedenHTeIs [ VpPBHOA MO OMpedeleHHOMY MpaBHIY: BIOTH ITIABHOH IHATOHATH 3allH-
CBIBAKOTCA KO3((HIIHEHTE], HAYHHAA C (I; — 1. BBIIE ITIABHOH THATOHAIH 3aIIHCEIBAKOTCA KO3(D(HIIH-
€HTHI C HHISKCOM HAa eIHHHITY MeHBIle, HHKe TTIaBHOH ITHArOHATH 3allHCEIBAIOTCA KO3((HIHEHTE
¢ HHIOSKCOM Ha eJHHHLY (oieme. ITopAnok OnpeneIHTend COOTBETICIBYET NOPAIKY XapaKTepHCTH-
YeCcKOro ypaBHeHHA. 113 3TOro OmpedenHISNd COCTABIAOTCA OHATOHATBHEIE MHHOPEL KOTOPEBIX
JOILAHO OBITE 11— 1.

CHcTeMa aBTOMAaTHYECKOIO YIpaBleHHA OyIeT YCTOHYHBOH TOIIa H TOIBKO TOrIa. KOraa Bee
JHArOHAIBHEIE MHHOPEI ITTABHOTO ONPEISTHTENT OVIYT MOMT0KHTEIEHEL

J1114 HameH 3a7a'H [TIaBHBIH ONpedenHTe]sh [ YpBHIIA HMeeT BHI

4 21 0 0
22 10 0
0 4 21 0
o 2 2 10

BrIHcaHM nocaeqoBaTelIsHO JHATOHAIBHEIE MHHOPBL
Aj=4>0: A, =8-42--34<0;
Ay =4-(42-40)—21-42=—874<0. A, =-874-10=-8740<0.

Bce nHaroHanbHBIE MHHOPBI OTPHUATEIBHE], CIEN0BATEIBHO, clcmeMa Heyemonyusa. Clenyer
OTMETHTB, YTO I HCCIEIOBAaHHA YCTOHYHBOCTH He 00A3aTEIbHO BEIMHCIATE BCe MHHOPHL. Ecian
IIPH BBIYHCISHHH MHHOPOB IOIYYANOT, YTQ €ro 3HAYeHHe OTPHIATeIbHO, JalbHeHIIHe pacdeThl
MOJKHO TIPeKPATHTB H CIeIaTh BBIBOI, UTO CHCTEMA HeyCTOHTHBA.

2) HMecmegyeM 3Ty JKe CHCTeMY aBTOMAaTHYECKOIO yIpaBIeHHA Ha YCTOHYHBOCTB C HCIOIB30-
BAHHEM YacTOTHOTO KPHTEPHS YCTOHYHBOCTH MHXalIoBa.

B COOTBETCTBHH ¢ 3THM KpHTepHeM HeoOXOIHMO MOCTPOHTE romorpad MHXaHIOBa, KOTOPBIH
1714 YCTOHYHBBIX CHCTEM HMeeT CTpOro omnpedeneHHEBIH BHI. I1 Torza cHcTeMa aBTOMAaTHYECKOIO
yhpaBleHHA OyIeT YCTOHYHBOH. eclH rogorpad MHxaHnoBa Ha9HHAeTCsd Ha IOJIOKHTeIbHOH Be-
IIeCTBEHHOH MOIYyOCH, 00XO0IHT NOocIeI0BaTelbHO, HHIIe He ofpaluasck B HYIb, /1 KBAIPaHTOB KO-
OPIHHATHOH IUIOCKOCTH, YX0Id B O2CKOHeYHOCTE B /1 KBaIpaHTe, Ile 1 — NOPAIOK XapaKTepHCTH-
JeCKOTO YpaBHeHHA.

JIng 3aIHcH MaTEMAaTHYECKOIO BeIpaskeHHd rogorpada Muxainoea Heo0X0IHMO B XapaKIepH-
CTHYECKOM YPABHEHHH TIePEHTH B YaCTOTHYIO OGIACTB, T.€. B YPABHEHHH 25° +45° + 25 +215+10 =0
CIeNaTh 3aMeHY — s =i . B pe3yibTaTe IIOIyIHM KOMILIEKCHOE BEIpaAkeHHE

26° —4in’ —20° +2li0+10=0,
B KOTOPOM BBIISTHM BEINECTBEHHYEO HaCTh —
o(®) =20" —20> +10=0
H MHHMYIO 9aCTh —
wim) = —40° +210=0.

ITepBas Ha3eIBaeTICA BelleCTBeHHOH (yHKIHeH MHxaHnoBa. a BTOpad — MHHMOH (YHKIHH
Muxaiinopa.

ITo BemecTBEHHOH H MHHMOH (yHKIHAM MuxaiiToBa cTpoHTcA rogorpad MuxafnoBa B Koop-
OHHATAX @(e)—w(c) METOIOM KOHTPOIBHBEIX TOYeK. [I1Ii 3TOrO 3alaeTcAd 3HadeHHe JacTOTEL I7A



KOTOPOH omnpedendroTcs 3Ha4YeHHA QYHKIHH ¢(w). y(e) . ['padHK rogorpadga MHxalIoBa IpeacTaB-
7eH Ha pHe. 10. ero aHalH3 MOKa3BIBAET. YTO romorpad HawHHAETCA Ha BEINECTBEHHOH MIOIOMH-

TeIbHOH [IOJIYOCH H paciioIaracTcd TOABKO B IIEPBOM EBaOpPaHTE, WTO CBHICTCIIBCTBYET O TOM, HUTO
CHCTEMA HE}’CTQIL:I'-IHBR.

[01]
2014_!( )
10 4
(i3]
0 . : : : ' ‘P(: )
10 20 30 40 5 60
-10 4
_2(] _

Puc. 10 Tozorpad Muxaiitora

Ha npakTHKE 111 HCCIIeIOBaHHA YCTOHYHBOCTH CHCTEM ABTOMATHYECKOIO YIIPABIEHHS YI00HO
TI0JIB30BATECA He KPHTepHEM MHXaIlIoBa, a CIefCTBHEM H3 3TOT0 KPHTEpHA. J[119 3TOro HeoGXoMH-
MO 3alHCATEh VPaBHEHHA. KOTOPBIE MOMYYATCA IPHPABHHBAHHEM K HYIH BEINECTBEHHON MHHMOI
(yHKuHiT Muxaiiiosa, HAHTH HX KopHH. CIeICTBHE IIIACHT. /I TOro 9TOOBI CHCTEMA aBTOMATHYe-
CKOTO YIpaBIeHHA OBLTA YCTOHUYHBA, HEOGXOMHMO H IOCTATOYHO. YTOOBI KOPHH VpaBHEHHI
w(m)=0. o(e)=0 GbIIH NeHCTBHTEILHEIMH TePeIyIOMHMHCA MeETY CO00H H BHINOIHATHCE VCIOo-
BHT o0}z 0. w(0)<0.

JIng oTBeTa Ha BOMpoC 08 YCTOHYHBOCTH CHCTEMBI HEOGXOIHMO PElIHTh CleIyIoIIHe YpaBHe-
HHA:

p(m) = 20 —20% +10=0;
w(o) = —40° +210=0.

B pesyneTate pelleHHA STHX YpaBHeHHH [OTydaeM, YTO KOPHH YpaBHeHHA w(w)=0 -—

21 1+i419 1-i+f19 -
) =0, ©y3= :,f‘? . 4 YPaBHEHHA olw) =0 — oy s = :ﬂLj_ . ©g7 =:1|I+J_. Kax BHOHO H3 pac-

TeTOB, KOPHH HE YepeTVIOTCA H Jake ABMATCA KOMINICKCHO-COIIPAACHHBIMH, TTO CBHICTC/IBCTEY -
€T O TOM. UTO CUcTEMA HEN 'CIolivnada.

3adaua 7. MccrnenoBark Ha YCTOHYHBOCTE CHCTEMY aBTOMATHYUECKOID PETyIHPOBaHHA (pHC.
11) ¢ moMoIsro KpHTepHa HalkBHCTA.

1cXOIHBIMH JAHHEIMH SABIAKOTCA NepeIaTouHble (YHKITHH 00BeKTa H perynaropa:

1
W i(s)=T+—, W (5)=
p(j 5 DI}(, 33_1

Wy(s) Wos(s)e ™

Y
L J

Puc. 11 Crpykrypras cxema ACP ¢ zanazaeieasmem

Kpurepuii ycrofiuupocTH HafiKBHCTA, B OTIHYHE OT NMpeIbIIYIIHX KPHTEPHEB, NpHMeHAeTCH
1714 HCCIeNOBaHHA YCTOHYHBOCTH CHCTEM AaBTOMATHYECKOIO VIIPABIGHHSA C 3alla3dbIBaHHEM,
[IO3TOMY B JaHHOH 3aJade paccMaTpHBaeTcs 00BeKT ¢ 3alazasiBaHHeM. KpHTepui HafkBHCTA TaeT
oTBeT 08 YCTOHUHBOCTH 3aMKHYTOH cHcTeMmbl mo ADX pazoMkHyTOH cHcTeMbl. OH HMeeT TpH
(hOPMYTHPOBKH B 3aBHCHMOCTH OT TOI0 YCTOHYHBA, HeHTpalbHA HTH HeyCTOHUHBA Pa3oMKHYTAA

CHCTZMA. HDBTDM’}’. [IpeAIs BCCTO, HeoOX0OHMO OTBETHIR HA BOIIpOC 00 }’CTOfI‘HiBOCTI’I
IJEI'SOMI{}I}FTDﬁ CHCTCMEL



IcenemyeM Ha YCTOHTHBOCTE PAa30MKHYTYIO CHCTEMY H3BeCTHBIMH MeToZaMmH. [ 3amHCH
nepenaTodHOH (VHKIHH Paz0MKHYTOH CHCTEMEI Pa3opBeM O0paTHYHO CBA3E B 3aMKHYTOH CHCTEMe.
PazoMrHyTad cHCTeMa IpedcTaBngeT coGoH MmocneqoBaTeIbHO COeIHHeHHEIe MeKIy coGoH 0GBeKT
H PeryaaIop, ee nepeaaTouHas (pYHKITHA 3aMHIIeTCA B BHIS

T5+1 5

—
W =W (51 (s)e = = e .
B F Wes(s) 5 35+1

XapakTepHCTHYECKOE yYpaBHEHHE Pa3OMKHYTOH CHCTEMBI — 3TO 3HaMeHaTellb IepelaTOvHOH
(DYVHKIIHH. IPHPABHEHHEIH K HYIHO, §VIeT

s(3s5+1)=0.

KopHH XapakTepHCTHYECKOTO YPaBHEHHA s, =0, 5, =—1/3. B COOTBETCTBHH ¢ HEOGXOIHMEIM H
OOCTATOYHBIM YCIOBHEM YCTOHYHBOCTH Pa30MKHYTad cHcTeMa OyaeT HeHTpanbHOH. KpHTepwHi
HafikBHCTa B 3TOM CIy4ae 3BYYHT: CTH PAa30MKHYTad CHCTeMa HeHTpanmeHa, TO 714 TOTO YTOOEI
JAMKHYTAd CHCTeMa OBlTa YCTOHYHBOH, HeoGXOOHMO H JOCTAaTOYHO, YT00BI ADX pa3zoMKHYTOH
CHCTeME! ¢ no0aBIeHHeM B 0eCKOHEYHOCTE He OXBATEIBATA TOUKY (—1. 10).

Jn14 oTBeTa Ha Bompoc 08 YCTOHYHBOCTH 3aMKHYTOH CHCTeMEI [0 KpHTepHIo HaHKBHCTA IIpo-
Ime Bcero mocTpoHTE ADX pa3oMKHYTOH CHCTEMEI H MOCMOTpPeTh OXBATEIBAaeT OHA TOUKY (-1, i0)
HIIH HeT, I03TOMY 3allHIIeM BrIpaxeHHe U1 ADX pazoMKHYTOH CHCTEMBI:

35

2

5 arctg .
Tim+1l 5 Y 25+(35m)e I
W (i) = — %o
B im  3io+1 — \ T
1+90 ™% pel
OTKyIa AUX:
() 25+ (350)°
M (0)= Zp0—o—,
¥1+9a°
DU
@y = —20+arctg To—arctg 3{0—%.

3anaBadck 3HaUYeHHAMH 4YacTOT MOCTPOHM roforpad APX pasoMKHYTOH CHCTeMBI (pHc. 12).
Kak BHIHO H3 pHCyHEKA ADX pasoMKHYTOH CHCTeMBI OXBATBIBaeT TOYKY (—1, i0), 4TO TOBOPHT O
TOM. 9TO 3aMKHYyTad CHCTEMa HeyCinolyued.
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Puc. 12 Togorpahp APX pazoMKHYTOI CHCTeMBI



Ilpumenenue MATLAB

Jlns  BemmosiHeHWst paboTel  ucrnonb3dyercs Control System Toolbox makera
npukiagabix nporpaMmmM MATLAB for Windows. Control System Toolbox npenna3znauen
st pabotel ¢ LTI-monenssmu (Linear Time Invariant Models) cucrem ynpapnenus. B
Control System Toolbox numeercst TN JaHHBIX, OMPEACIAIONUX JUHAMUYECKYIO CUCTEMY B
BHJIC KOMIUJICKCHOM Mepe1aTouyHON (QYHKITUH.

Cunrakcuc komMaHbl, co3natroumii LTI-cucteMy ¢ 0OqHUM BXOJAOM U OAHUM BBIXOJIOM
B BHJIC TIEPEAATOYHON (PYHKIUU:

TF([bml 4 bl/ bO]I [an/ wer  Aiy aO])
rne b,, ..., b, — 3HaueHus KodI)PUIMEHTOB YUCAUTENS, d,, ..., d; — 3HAYCHUS
K02 PUITEHTOB 3HAMEHATEJIS.

J11st BBITIOTHEHUST paOOThI MOTYT IIPUMEHATHCS KOMAH IbI, IPUBEICHHBIE B Ta0HIIe 1.

Tabnuya 1. Hexomopwie komanowr Control System Toolbox

Cunmaxcuc Onucanue

pole (<LTI-00BexrT>) Brrunciienre noiatocoB nepeaaToyHon pyHKIuu

zero (KLTI-obBekT>) Brruncnenue Hymel nepeaaTrouyHon GyHKIIMU

step (KLTI-00BeKT>) ITocTpoenue rpaguka nepexoaHoro nporecca

impulse (KLTI-o6bwekT>) | [locTpoeHue rpaduka UMIyIbCHON NEPEXOTHON yHKIUN

bode (<LTI-00BeKT>) [TocTpoenue JOrapuPpMHUECKUX YaCTOTHBIX
XapakTepuCTUK (muarpammsel boje)

nyquist (<KLTI-o6wexT>) | IlocTpoenue yactoTHOro rojorpada HaiikBucra

JUis ompeneneHuss KOpPHEM IOJIMHOMOB CTENEHU Kk, MOXET, TakXke, HPHUMEHSITCS
KoMaHaa roots (P), KoTopas B KadecTBe aprymeHra P momydaer wmartpuiy
kod(dpurreHToB moauHOMA [Py, ..., Pol.

Jlpyrum BapuaHTOM TMOJydYeHUs rpadUKOB IUHAMHYECKHX XapakTtepucTtuk CAY
SBJISIETCS MCIOJIb30BaHue Tpaduyeckoro uHTepdeiica LTI-viewer, BBI30B KOTOPOTro
OCYLIECTBIIIETCST KOMaHIoh ltiview (KLTI-o0OBekT>), KOTOPOM B KayeCTBE
napaMeTpa MOXHO yKaszaTh UMsI iepeMeHHOH, coaepkaieid LTI-00bexT.

3ameuanus:
1. Jlna monmydeHus mpotokosia paboTel co cpenoit MATLAB u coxpaHeHusi ero B BUJIC
¢daiina mepen HavyasioM pabOThl MCMOJB3YHTE KOMaHAay diary <umsa-odanma> Hu
diary off B KOHIIE.
2. Tlonyyaemble TpadUKd MOMXKHO CKONUPOBATh B TEKCTOBBIA JIOKYMEHT, HCIOJIb3Ys
KOMaHy MeHIo Tpaduueckoro okHa Edit — Copy Figure.



Memoouueckuii npumep ucnoi1b306aHuUs KOMAHO
3anana nepeaarounas pynkuus CAY
s+2

Wis)= 35 +45> +55+3

Haiinem ee BpeMeHHbBIC U YaCTOTHBIE XapaKTepUCTUKU. byieM paboTrath B KOMaHIHOM
pexume cpenst MATLAB.
1. Co3pamum LTI-00beKT ¢ IMEHEM W, JISI 3TOI'0 BBIIIOJIHUM:

>> w=tf([1 2],[3 4 5 3])

Transfer function:
s + 2

3 s"3 + 4 s*"2 + 5 s + 3
2. Hailinem momroca ¥ HyJIM MepenatoyHod (DYHKIMU C HUCMOJb30BAaHUEM KOMaHI pole,

Zero.
>> pole (w)

ans =

-0.2639 + 1.08251
-0.2639 - 1.08251
-0.8055

>> zero (w)
ans =

-2
3. IlocTtpoum mepexoaHyo (YHKIUIO KOMaHI0M step (w). Pe3ynbTar ee BBINIOTHEHUS
IIPUBEZICH Ha puc. 1.
4. ITocTpouM UMITYJIbCHYIO XapaKTEPUCTUKY KOMaHI0W impulse (w) . Pe3ynapTar nokasan
Ha puc. 2.

Impulze Response
Step Responze 0:a T T T T
T T T

ca

L&

Lir

CEF

L5k ~

Amplitude

.4

Amplitude

L3p ~

L2r ~

[ ~

il 1 1 1 1 1 1 1 1 1 02 1 1 1 1
o 2 4 B § 10 12 14 16 18 20 0 3 10 15 20 25

Time (zec) Time (zec)

Puc. 1. Ilepexoonas ¢hynkyus h(t). Puc. 2. Umnynvcuasn nepexoonas ¢hynkyusi.

5. Aunarpammy bone noiydnm, UCIIONb3ysl KOMaHy bode (w) — puc. 3.



6. OmnpenenuM 4YacToTHBIA Tojmorpad HailkBucTa, BBIMOJHUB KOMaHIy nyquist (w) —

puc. 4.

Bode Disgram
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Frequency (radisec)

Puc. 3. Jloeapugpmuueckue uacmommole

Xapakmepucmuku.

AHanoruuHele PE3YJIbTAThI

(puc.

5) MOXHO TOJIYYHTb,

Imaginary Axis

Myguist Diagram

08

-0E -0.4 -0z o

Real Axis

0z 0.4 06 0s

Puc. 4. Yacmommuiii 2co0oepadgp.

HUCIIOJIB3Yysd KOMaHIY

ltiview (w), C COOTBETCTBYIOIIMMU HacTpoiikamu B MeHI0 Edit — Plot Configuration.

Bl LTI Viewer

=y

X

File Edit Window Help

D& &2

Step Responsze

0. r

0GF

04

Am plitude

02r

10
Time [sec)

Bode Diagram

Phase (deghagnitude (dB)
=

-225 :

=2 O

10

Freguency (radfzec)

10°

Amplitude

Imaginary Axis

Impulse Response

& 10 15

Time (sec)

20 25

Myuizt Diagram

-0.5 ]
Feal Axiz

LTI Migwer

Kaxxgass M3 NOCTPOEHHBIX XapaKTEPUCTUK IOJHOCTBIO M OJHO3HAYHO
paccMaTpUBaEMyIO CUCTEMY YIIPABIICHUS.

Puc. 5. LTI-viewer.

OnpenesnseT
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