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1. HNEPEYEHb IINTAHUPYEMBIX PE3YJbBTATOB OBYYEHHUA 11O



JUCHUIVIMHE, COOTHECEHHbLIX C IIJIAHUPYEMBIMH PE3YJbTATAMMU
OCBOEHUA OBPA30OBATEJIBLHOMN NPOT'PAMMBI

Buj nesiTeJIbHOCTH BBINMYCKHUKA

JluciumimHa 0XBaThIBAaCT KPYT BOIIPOCOB, OTHOCAIINXCS K TPOSKTHOMY BHTY TIPO(ECCHOHATb-
HOM JeATEIbHOCTH BBIITYCKHHWKA B COOTBETCTBHM C KOMIICTCHIIMEH W BUIAMH JEATEILHOCTH, yKa-
3aHHBIMH B Y4E€OHOM ILJIaHE.

eab AMCHUIIHHBI

N3noxxenrne 0a30BBIX MPHUHIMIIOB MATEMaTHYECKOTO MOJCIMPOBAHHUS MHOTOMEPHBIX CHUCTEM
JUIsl 00ECIICUEHUS KETAeMbIX JUHAMUYECKUX CBOMCTB; YMEHHUE NMPUMEHSATH MMOJyYEHHBIC 3HAHUS H
HAaBBIKH MPU MTPOCKTUPOBAHUN MHOTOKAHAJIbHBIX CUCTEM Iepeayd U KOMMYTAIIUH.

3agaun QM CHMILIMHBI

[ToaroroBUTH 00YYAIOMIUXCS K CAMOCTOATEIHHONW paboTe MO PEHICHUIO MPAKTHYECKHUX 3aJ1ad,
CBSI3aHHBIX C MOCTPOSCHHEM MAaTEMaTHYECKHX MOJCIICH HENPEPHIBHBIX M JIHUCKPETHBIX MHOTOMEP-
HBIX CHCTEM, C MCIIOJIb30BAHUEM arrapaTa CTaHAapTHBIX (GOpM ypaBHEHUH COCTOSHUS U (POPMYIIBI
MeiicoHa, ¢ TPOCKTUPOBAHUEM MHOTOMEPHBIX M1 MHOTOCBSI3HBIX MOJIeNIeH peaIbHbIX 0OBEKTOB CBSI-
3U.

Kon Conep:xanue IIepeyeHb NIAHUPYEMBIX Pe3yJIbTATOB
KOMIIETeHIIUH KOMIIeTeHIHil 0o0y4eHHusI 10 AUCUMILINHE
1 2 3
I1K-11 yMEHHE MPOBOAUTH TEXHU- | 3HATh:
KO-DKOHOMHUYECKOE  000C- | - OCHOBHBIE IOJIOKEHHSI TEOPUU MHOTOMEPHBIX U

HOBAaHHUE IIPOEKTHBIX pPAacC- | MHOTOCBA3HBIX CHCTEM YIIPABJICHUS;

YETOB C UCIOJIB30BAHUEM | YMETh:

COBPEMEHHBIX MOJXOIOB U | - MPOBOAUTH TEXHUKO-DKOHOMUYECKOE OOOCHOBA-
METOZI0B HUE IIPOEKTHBIX pPacy€TOB C MCIIOJb30BAHUEM CO-
BPEMEHHBIX IT0JX0JI0B U METOJIOB;

BJIA/I€Th:

- npuéMaMH IPOEKTUPOBAHUS MHOTOMEpPHBIX U
MHOT'OCBSI3HBIX MOJENel peasbHbIX OOBEKTOB CBS-
3H.

2. MECTO JUCIUILIMHBI B CTPYKTYPE OBPA3OBATEJIBHOM ITPOT'PAMMBI

Hucuumuinza b1.B.J1B.06.01 «MHoromepHble 1 MHOTOCBSI3HBIE CUCTEMBI YIPABJICHUSA» OTHO-
CUTCS K BapMaTUBHOM 4acCTH, TUCLHUIUIMHA IO BHIOODY.

JucuuminHa « MHOrOMEpHBIE U MHOTOCBSI3HBIE CUCTEMBbI YIpaBJIEHUA» Oa3upyeTcss Ha 3HaAHU-
X, TIOJIYYEHHBIX MPH M3YYEHUHM TaKUX ydeOHBIX aucuuiuH, kak b1.5.06 Maremarnveckuii aHa-
mu3, b1.5.21 Teopus BeposTHOCTH U MaTeMaTHueckas cratuctuka, b1.B.JIB.07.01 OcHoBsl Teopun
ABTOMATUYECKOTO YIPaBJICHHUS.

JucuumimHa « MHOrOMEpHbIE 1 MHOTOCBSI3HBIE CHUCTEMBI YIPABIEHUS» NPEACTABISAET OCHOBY
st u3ydenus guctumiuH: b1.B.15 IlpoektupoBaHue u 3KCIUTyaTalus CHCTEM Iepeaaydd,
b3.B.03(IT) IIpousBoacTBenHas (mpepauiioMmHas npaktuka), b3.5.01 3amura BeITyCKHON KBaJIH-
¢bukannoHHON padOoThI, BKIIOYAsl MOATOTOBKY K MPOLEAYPE 3aIUThI U MPOLEAYPY 3aLUTHI.

Takoe cucteMHOE MEXIUCIUILUIMHAPHOE M3yYEHHUE HAIPaBJIEHO Ha JIOCTH)KEHHE TpedyeMoro
@®I'OC ypoBHS NOATOTOBKU MO KBaTH(UKaUU Oakaasp.



3. PACITIPEJIEJIEHUE OFBEMA JUCHUIIJIMHBI

3.1. Pacnipenesnienue 06beMa JUCHUIIMHBI 0 opMaM o0yUeHusI

Tpyooemkocmob Oucyuniunsl 6 uacax

T | 3 3 < 3 Buo
= S S g e Kon- npome-
Dopma & o 3 = S arcymou-
© 2 2 5 S mponvnas N
o0byuenusn S 2 2 N S Holl am-
3 = S > Q paboma
§~ s = < § 2 S o mecmayuu
) S S § 3 [&3 § 3 2 §
S5 8 | 2| § 18§ &% SIS
O | X T |8 RS K= SIS
1 2 3 4 5 6 7 8 9 10 11
Ounas 4 8 | 108 | 48 | 24 - 24 60 - 3a4éT
3aounas - - - - - - - - - -
3aounas (ycko-
peHHoe o0yue- - - - - - - - - - -
HUE)
OuHo-3204Has - - - - - - - - - -

3.2. PacnipenesieHune 00beMa JMCHUIJIMHBI 110 BUAM Y4eOHBIX 3aHATHI U TPY10€MKOCTH

6 m.4. 6 UHmMepaK-

Pacnpeodenenue

Tpyooem- MmueHoll, aKmue- no cemecmpanm,
Buo yueonwvix sanamuii Kocmb HOUl, UHHOBAUUUOH- uac
(uac.) Hoil ¢hopmax, 8
(uac.)
1 2 3 4
|. KontakTHas padora o0yyaromuxcsi ¢ npe-
nojaaBartejeM (Bcero) 48 10 48
Jlexumm (JIk) 24 6 24
[TpaxTrueckue 3ansaTus (I13) 24 4 24
I'pynmoBsie (MHAWBUAYATbHBIE) KOHCYIbTAIIUN + - +
I1.CamocTosiTeIbHASE pa0oTa 00y4aIOIINXCA 60 ) 60
(CP)
IToAroToBKa K MPaKTHYECKUM 3aHITHAMS 30 - 30
TlonroroBka k 3a4€Ty B TEUEHUU CEMECTpPA 30 - 30
I11. IpomexyToUHasi aTTeCcTALMA 3auéT + - +
OO011ast TpyI0EMKOCTb JUCLIHUIUIHHEI .. ..... Yac. 108 - 108
3ad. ejl. 3 - 3




4. COAEP) KAHUE JUCIIUITJINHBI

4.1. PacnipeesieHue pa3iesioB JMCUUILIHHBI IO BHAaM YU4eOHBIX 3aHATHH

- 1J151 04HO¥ (hopMBbI 00yUeHH:
Buowt yueonvix 3auamuii, 6Kiio-
Yasn camocmoamenbHylo pabomy
Ne odyuarowuxca u mpyooem-
pas- Haumenoeanue Tpyooem- Kocmb; (uac.)
oena u pasoena u Kocmb, yuebnvle 3ans-
memol mema OuUCUUNIUHbBL (uac.) mus camocmosn-
mesibHan
npakmu- | pagoma 06y-
JAeKyuu | ueckue warowuxcs
sanamus
1 2 3 4 5 6
1. IloHsiTHST MHOTOMEPHOH M MHO- 12 3 ) 9
TOCBSI3HOIi CHCTEMBI
1.1 OCHOBHEBIE OnpefieNIeHuUs 3,5 1 - 2,5
1.2. KadecTBO nmepexoHbIX MPOIIECCOB 3,5 1 - 2,5
1.3. [ToHsiTHE MHOTOCBSI3HOCTH CHCTE- 5 1 ) 4
MBI
2. I'pad cucrembl ynpapieHusi 16 3 4 9
2.1. CTpyKTypHBIE CXeMBI 1 Tpadbl 6,5 1,5 - 5
2.2. dopmyrna Meticona 9,5 15 4 4
3. MopneaupoBaHue B nepeMeHHbIX 15 3 4 8
COCTOSIHHSA
4. CxemMbl MOJIEJIHMPOBAHHA A
nepexoga oOT TepPeAaTOYHBIX 15 3 4 3
byHxumi K BEKTOPHO-
MATPHYHBIM MOIEJISAM
5. Peienne ypaBHeHHUil COCTOSIHUS 15 3 4 8
5.1. MeTton npeobpa3oBanus Jlamiaca 55 15 - 4
5.2. Mefoz[ pasioxeHuss B OSCKOHEU- 3 10 ) 5
HBIH psift
5.3. [lepenaTounsie GyHKIMN 6,5 0,5 4 2
6. Mopaenu AUCKPETHBIX CHCTEM B 9 3 ) 6
nepeMeHHBIX COCTOSIHHUSA
6.1. [lepeMeHHBIE COCTOSHUS 45 15 - 3
6.2. Pemenne ypaBHEeHMIT cOCTOSTHUS 4,5 1,5 - 3
7. YnpasiasieMoCTb. Haodawnae-
MOCTh. BbIpo:kneHHOCTH Tepe- 13 3 4 6
AATOYHOM (PYHKIMHU
7.1. YnpasaseMocTh 5 1,0 2 2
7.2. Ha6mromaemocts 3,5 0,5 1 2
7.3. BripoxxneHHOCTh  TIEpeaaToYHOM 45 15 1 2
dhysKIIH
8. Kpurepun kadecTBa cHcTeM 13 3 4 6
yIpaBJIeHHs
8.1. ITocTtanoBKa 3ana4uu 3 1 1 1
8.2. OnTuMaipHOe pacmpenencHue 10 2 3 5
MIOJIIOCOB CHCTEMBI YIIPaBJICHHS
HUTOI'O 108 24 24 60




4.2. CopepxaHue JMCOMIIMHBI, CTPYKTYPHPOBAaHHOE 110 pa3/fies]aM U TeMaM

Paznea 1:
IToHsATHSI MHOTOMEPHOI U MHOTOCBSI3HOM CHCTEMBbI

1.1 OcHoBHBIE OnpeeneHus

JU1g u3y4yeHus NoIX010B K MOAEIUPOBAHNUIO, SKBUBAJIEHTUPOBAHUIO U CUHTE3Y JKEIAEMBbIX JIH-
HaMHUYECKHX CBOMCTB MHOTOCBSA3HBIX CHCTEM YIIPABJICHUS, HAITOMHUM HECKOJIbKO U3BECTHBIX OIpe-
JICTICHUM.

Omp. 1. OnHOMEpHas cucTeMa UMEET OANH BXOJ U OJIUH BBIXO/I.

Omnp. 2. MHOromMepHasi cucTeMa UMEET HECKOJIBKO KOHTPOJIUPYEMBIX IIEPEMEHHBIX (HECKOJIBKO
BXOJIOB U BBIXOJIOB).

Teopust MHOrOMEpHBIX crcTeM pa3BuTa B paborax M.B. MeepoBa, A.A. Kpacosckoro, A.T.
Anekcannposa, E.M. bapanuyka u 1pyrux aBTopoB.

Omnp. 3. Kputepuii kauecTBa — 3T0 (PyHKIIMOHAJ, BEIMYMHA KOTOPOTO 3aBUCUT OT YIPABIISIO-
IIMX BO3ACHCTBUI U XapaKTepU3yeT YPOBEHb COOTBETCTBUSI CBOMCTB CUCTEMBI KEIAEMBbIM.

Cpa3y 3ameTuMm, 4TO IpU OOMJIMM CYIIECTBYIOUIUX KPUTEPUEB YIPABJICHUS, B JaHHOM Kypce
npeanouTeHue Oyaer oTaaBaThes QyHKIMOHATY, 00ecIeynBaroleMy MUHUMAIbHOE BpeMsl 3aTyXa-
HUS MEPEXO0JIHBIX MPOIECCOB (II.I1.), BOSHUKAIOIIUX B CKOJIb YTOJTHO CJIOKHOM CHCTEME B pe3yJbTare
pa3INyYHbIX (QYHKIIMOHAIBHBIX U CIy4alHBIX BO3MYIIEHUN. 3BeCTHO, YTO yHHBEpCAIbHOU Mepoi
CKOPOCTH 3aTyXaHUs IL.II. B IUHEHHBIX CUCTEMAX SIBJISIETCS CTENEHb YCTOMYMBOCTU ¢, — BEJIUYHMHA

JIEMCTBUTEIILHON YaCTH CaMOT0 MPABOT0 XapaKTEPUCTUUECKOTO KOPHS HAa KOMIUIEKCHOM TIIOCKOCTH.
Omnp. 4. OgHOCBSI3HAS CUCTEMA — 3TO Ta CUCTEMA, Y KOTOPOU KPUTEPHUIl KaueCcTBa yIpaBIICHUS
OJIHO3HAYHO CBS3aH C YIPABJISIONINM BO3JCHCTBUEM.

1.2 KayecTBO NepexoJHbIX MPOLECCOB

Paccmotpum noapobHee, oT yero popmanbHO 3aBUCUT BpeMs 3aTyXaHUS ILII., a TAKKe YCTOM-
YUBOCTh JIMHEWHOW CHUCTEMbI, B YPAaBHEHHS IBUIKEHHUS KOTOPOM, BXOIAT MEPEMEHHBIC TOJIBKO B
IIEPBOU CTENEHH.

Pemenue nuHeiHOTr0 HEOMHOPOAHOTO MU(PEpeHITNATBHOTO ypaBHEHHS (1.y.) B 00IIEeM BUJE
COCTOMT M3 JIBYX COCTABIISIOIINX — BEIHYKICHHOH (YyCTaHOBUBIIEHCS) U CBOOOAHOM (TIEpexoTHOM):

X(t) = Xycm.(t)+ Xnep.(t)' (11)
rae Xycm_(t) — YAaCTHOE PELICHHE HEOJHOPOJHOrO M.y. C MPAaBOW YacThIO, OMUCHIBAIOIIECE BbI-

HY)KJICHHBI PEXUM CUCTEMbI, YCTAHABIMBAIOIUNCS O OKOHYaHUH I1.11. (Harpumep, IJs dJIeKTpH-
Y4EeCKOM CUCTEMbl FapMOHMYECKHMH, ¢ yacToTod 50 ri.); Xnep_(t) — of1iee peleHue 0JHOPOAHOTO

H.y., OITMCBhIBAIOUICC I1.I1. B CHCTEME, BBISBaHHBIfI JAaHHBbIM BOSMyHIeHI/IeM.
Pemenue Xy, () oAHOPOAHOTO 11.y., UIMEET BUL:

K ()= DG, € (12)

rac Ci — HOCTOSAAHHAsA MHTCIPUPOBAHUA, OIPCACIAOIIAACA HaYaJIbHBIMU YCIIOBUAMHU U BO3MY-

IMICHUEM, ﬂ’i — KOPHH XapaKTCPUCTHICCKOT'O YPAaBHCHUS, ABJIAIOIINECA KOMIIJICKCHBIMU

A=t ]p. (1.3)
Kaxxnas mapa xopHeit gaet B BeipaxkeHuu (0.2) COCTaBISAIONIYIO I1.I1., PABHYIO:
X, ()= Cel Il 1C, el Il =gt (Ciejﬂit +Ci e ): Cle™ -sin(ft+q,), (1.4)



Kak Bunno, coornomenue (1.4) npencrapnser coboii cunycouny (4actora f3) ¢ M3MEHsIOMIEH-
Csl DKCIOHEHIMAIBLHO aMIuInTy0i. Ecim ¢ < 0, To cocraBnsromas 3aryxaer. Eciu xots Ob1 onHa
COCTaBJISIONIAs U3 BCeX N, T/1e N — mopsaaok audepeHnnanbHoN CUCTEMbl YPaBHEHHM, OyIeT UMETh
o; > 0, cucrema Heycroiiunba. B wactHom ciydae, npu £, = 0, A,=A,,,=4a; IL.II. HOCUT aNlEpHOIUYE-

CKHUH Xapakrep.
Takum 00pa3oM, CyTh IPUHITOTO KPUTEPHUS KA4eCTBA 3aKIIOYACTCS B CIEAYIOIIEM, YeM JIeBee
PACIIONIOKEH CaMbli IPaBbIi U3 KOMILUIEKCHBIX KOPHEH (T.€. «, OTPHUILIATENILHOE U MAKCHMAJIbHOE

i+1

1o MOI[YJIIO), TEM BbILIC CKOPOCTD 3aTyXaHUA CYMMApPHOTO II.II..

1.3 IloHaTrue MHOTOCBSI3HOCTH CHCTEMBI

BepHemcs k onpeneneHusaM 0JHOCBI3HOCTH U MHOTOCBSI3HOCTH CUCTEMBI.
Ha puc. 1.1 npeacrasieHbl ABE OAHOKOHTYPHBIE CTPYKTYPHBIE CXEMBbl PETYJIMPOBAHUS JBYX
pa3HbIX TapaMEeTPOB Ha HEKOTOPOM, HAIIPUMEp, TEINIOBOM OOBEKTE.

AS

W AT AS AP

' W

a) 6)
Puc. 1.1. OnHOKOHTYpHBIE CTPYKTYpHBIE CXEMBI PETYIUPOBaHUA ABYX Pa3HbIX apaMeTpoB (Ha
puc. 1.1. omymien openarop «pP»)

ITycts nns cxemsl Ha puc. 1.1 a uzBectsl nepenatounas Gpynkuus (I1P) pasomkHyTOM cucre-

Mot W, (p) OT peryJupyrolero Bozaeiicteus AS (Hampumep, U3MEHEHHME pacxojia TOIIMBa) K

perynaupyemMomy napamerpy AT (M3MeHeHHe TeMIepaTypbl TEIIOHOCUTEN ), a Takxke 11D peryns-
TOpa B 00paTHOM CBS3H d)t(p). [Tycte [1® 1 3aK0H perynaupoBaHus OyayT NIPOCTEUIIUMU:
W .= _A ; @, =k,, T.e. AS =k,AT. (1.5)
PR 14 pT,
Kopenp xapaxtepuctuyeckoro noiauHoma (XII) Heperymupyemoil cucrembl A (3HaMeHaTess

11® pasomkuytoii cucremsr W, (p)) MIOJIHOCTBIO ONPEIENIEH BETMYMHON MOCTOSHHON BpeMEeHH Tt

U HE MOXKET OBITh U3MEHEH:

Wpa3.t :JA—LT: p:ﬂ“:_.l_1 (16)

Pl t

OueBuaHO, A UMEET OTpHUIIATEIbHOE JIEHCTBUTENLHOE 3HAUCHHE U ONpeAeNseT BU I.II. TOocIe
BO3MYIIEHHs] KaK alepHOANYecKr 3aTyXaloluil 10 IKCHOHEHIHATbHOMY 3akony €. Ilpm stom
MHTEHCUBHOCTh 3aTyXaHHs 3aBHCUT OT BeIMUYUHBI A. COOTBETCTBEHHO, NMPH 3aMbIKAaHUM KOHTYpa
PEryJIMpPOBaHUS XapaKTEPUCTUUECKUM KOPEHb OYJeT OMpeaeNsaThes U3 MOJMHOMA 3HAMEHaTeNs 3a-
MKHyTOH [1D:!

A
W, = W, _ 1+pL _ A = A :>p=i=_1+—A‘k°. (1.7)
l_WtCDI 1_£ 1+th_A(k0 (1_A(ko)+th Tt
1+ pT,

B nanHOM ciy4ae, 3HaK U MOJYJIb BEIIECTBEHHOTO XapaKTEPUCTHUYECKOTO KOPHS A 3aBHCAT OT
BEIIMYMHBI ¥ 3HaKa BBIOpAHHOrO KOd(QUIMEeHTa yCHIIEHHs MPONOPHUOHATIBHOIO peryisropa Ko.
[Ipu 3TOM CyIIeCTBYET OJHO3HAYHAS CBSI3b: YeM OOJIbIIE IO MOJYIIO OTPUIATENBHBIN Ko, TEM BBI-



1Ie 3Ha4eHrne (QYHKIMOHAJa KauyecTBa — CTENEHU YCTOMYMBOCTH CUCTEMBL. TeM caMbIM IpeCTaB-
JIEH IIPOCTEUIINI IPUMEDP OJHOCBSA3HOU CUCTEMBI.

PaccyxieHust OTHOCUTENIBHO IPYroro aBTOHOMHOTO (HE CBSI3aHHOTO C IEPBBIM) KOHTYPOM pe-
ryimupoBanus (puc. 1.1 6) NpuBOIAT K aHAJIOTUYHBIM BBIBOJAaM 00 OJHOCBS3HOCTHU COOTBETCTBYIO-
el eMy CUCTEMBI.

3aMeTuM, 4YTO NpU HE3HAYUTEIbHBIX yclnokHeHHAX 1D oObekTa M 3aKOHA pEryIupOBAHHMS,
IPU OTCYTCTBUHM B3aUMHOIO BJIMSHHS HECKOJIBKHX HApaMeTpoB (WIM CO3HATEIbHOM HEY4eTe €ro)
CUCTEMA MOXKET COXPaHITh CBOMCTBO OJHOCBA3HOCTHU IIPU YIIPABICHUH.

OpHako peanpHble CUCTEMBI YIPABJICHUSA U MX JIWHAMUYECKUE COCTOSHUS XAPaKTEPHU3YIOTCS
BEKTOPOM B3aMMO3aBUCUMBIX IIEPEMEHHBIX, YTO YaCTO MPUBOIAUT K IPOTUBOPEUMBOCTH BIUSHUS Ha
HUX OJHOTO U TOTO K€ YIPAaBIAIOLIETO BO3ACUCTBHS.

PaccmoTpum Gosee peanbHbI IpUMEp peryInpoBaHus TEIJIOBOTO 00bEKTa, KOTJa YIUThIBACT-
Csl B3aMMHOE BIIMSIHME BBIXOAHBIX MapamMeTpoB AT (M3MeHeHHe TeMiepaTypbl TEINIOHOCUTENS) U
AP (u3meHeHue maBiieHusi TerioHocutens). Ha puc. 1.2 mpencraBieH peryiaupyemMbiii OOBEKT C
[1apaJuIeJIbHBIM BO3JIEHCTBUEM IBYX KOHTYPOB.

AS W, AP
W, AT
@ t
Y p

Puc. 1.2. Perynupyemsiii 00bEKT ¢ IapaieIbHBIM BO3JIEHCTBUEM JIBYX
KOHTYPOB

JIByXKOHTYpHYIO cxemy (puc. 1.2) MOXKHO MpeCcTaBUTh B BHE OJHOKOHTYpHOI (puc. 1.3).

AS IIpu sTOM
AT W= b (1.8)
W(;éi t 1-W, @,
Wt W’[
WsaM.t = / = *
1-Wo, 1-W, @, -W,
D, (1.9)

Ecnu B cucteme yrpaBieHUs] UMEETCSl HECKOJIb-

Puc. 1.3. HesiBHO® 1Ipe/ICTaBICHNHE BHYTPCHHUX KOH- 3aMKHYTBIX KOHTYPOB C 00Jiee CIOKHBIMU 3aKO-
TYpOB B CUCTEME

HaMH PEryJIMpOBaHUs, HaNpUMEp MPONOPIHUOHAIIb-

Ho—muddepeniupyrommii, AS = (K, +K, p)AT , To mHOronapamerpudeckuii XI1 BKiItouaer B Kaue-

CTBE MCKOMBIX HACTPOCYHBIX MapaMETPOB PEryJISITOPOB HECKOJbKO Tap kKoddduimentoB K, u
Ky -
Torga XII Mo>kHO 3aIHCaTh:

A] pn + A1—l pn_l fn—l (kOi—l7 kli—l) + A1—2 pn_2 fn—2 (kOi—2’ kli—2) +... (110)

O‘-IGBI/II[HO, YCTAaHOBUTHb OAHO3HAYHBIC 3aBUCHUMOCTHU MCKIAY HAIIPAaBJICHUEM U3MCHCHUSA K03(1)-
(UIIUEHTOB PETyIATOPOB, BXOIAMMX B BhipaxkeHHe (1.10) HeMMHEHHO U KpUTEepueM KadecTBa —
CTENEHbI0 YCTOMYMBOCTH — B MOJIMHOME BBICOKOTO TOPSKA HEBO3ZMOKHO. JTO YTBEPKICHUE SBIIS-
eTcst 000CHOBaHMEM M TPAKTOBKOM CBOMCTBA MHOTOCBS3HOCTH CUCTEM YIIPABIICHHS.

Omnp. 5. MHOTOCBSI3HOM CUCTEMOW aBTOMAaTHYECKOTO perynupoBanus (AP) Ha3piBaeTcs cucre-
Ma AP ¢ HECKONBKMMH perylupyeMbIMH BEIMYMHAMHU, CBA3aHHBIMU MEXAY c000il depe3 oOBeKT

peryiaupoBanus, peryasarop wim Harpy3ky. [DCHnN 81-04-02-2001.
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Muorocssizabie CAY SBIAIOTCS Pa3HOBUIHOCTbIO MHOTOMEPHBIX CHCTEM aBTOMATHYECKOTO
ynpasinenus. Kak nmpasuino, muorocssizHast CAY (MCAY) o0beauHsSET HECKOIBKO OJIHOCBSA3HBIX

(omaomepubIx) CAY.

Onp. 6. OtnenpHas ogHomepHast CAY HocuT Ha3zBaHue cenapatHoil CAY.

Urax, MCAY mnpencrapisieT COBOKYNMHOCTh cenapaTHbiXx CAY ¢ NMEepeKpecTHbIMU CBS3SIMU
Mexny Humu. [Tpumepom mHorocsizHoit CAY sBisieTcst cucTeMa B3aMMHOM CUHXPOHM3ALUU T'€He-
patopoB (CBCI'). Ha puc. 1.4 npuenena crpykrypsas cxema CBCI', cocrosmas u3 4etsipex (a-
30BBIX aBTOMOACTPOeK 4acToThl (DAITY), cBsI3aHHBIX MEXIY COOOW MO TOJHOCBSI3HOMY rpady

(puc. 1.5).
[I] r
;%g a(i}_A SO » ®HU ]
] -
[]
_'15 SO . ®HY
]
r
L QH
| 15 OB o OHY
T
_f Iy ‘g\ ST . ®HU [

Puc. 1.4. CrpyxrypHas cxema CBCI'

[Ipenmnonaraercs,
4TO B KaXJIOM Yy3lIe
rpada HAXO/UTCS
OAIIMY, nmosTtomy mnpu
KOJINYECTBE y3J10B,
paBHOM 4eThIpeM, Ha
u3MepuTenb  (pasoBbIX

paccoriacoBaHui
kaxgon DPAIIY mo-
CTYHNAIOT CUTHAJBl U3-
MeHeHus (a3bl OT Tpex
OAIIY. CenaparHsiMu
CAY B npuBeIeHHOM
npuMepe SBJISIFOTCS
¢dazoBbic aBTOIIO/I-
CTPOMKHM YacTOThl, a
COCIMHEHUS  MEXIY
ortnenbHeiMu  DAITY
00pa3yroT mepeKkpecT-
HBbIE CBSI3U.

B ob6mewm cnydae
B MHorocsasHo CAY
OTJIeNbHBIE  cemapart-
Hele CAY Moryt ObITh
COCIIMHEHBI MEXIY CO-
001 paznuuHBIM 00pa-
30M B COOTBETCTBHH C
rpadom CBSI3HOCTH.

Tak, B paccMoTpeHHOM npumMmepe ¢hparMeHTa ceTu CuHXpoHu3auu otaeababie GAITY coequnenb
M0 MOJHOCBSI3HOMY Tpady, uto cooTBeTcTByeT CBCI', HO MOTYT OBIThH CiTy4au, Korjaa rpad CBI3HO-
CTH TIpEACTaBIsieT COOOW KOJBIIO, IIUHY, 3BE3/Y, PELIETKY U Ap.

Puc. 1.5

MmuorocssizHble CAY MOryT OBITH HCCIIEOBAaHBI METO/JAMHU HC-
cienoBaHust MHOroMepHbeix CAY ¢ mpumMeHeHHneM anmnapara mat-

PUYIHOTO UCYHUCIICHUS.



Pasznen 2:
I'pad cucrembl ynpasjieHust

Jlekuust MpOBOIUTCS B MHTEPAKTHBON OpPME C TEKYIIUM KOHTpoJjieM (3 4ac.)
2.1 CTpyKTypHBIE CXEMBI U TpadbI

B kypce TAY 0b110 BBeICHO MOHATHE TEPEIaTOYHON (DYHKIIMH JTUHEHHON CHCTEMBI C MTOCTO-
STHHBIMH mapameTpamu. 1o onpenenenuto, nepeaarodnasi GyHKIHS — 3TO OTHOIICHUE N300paKCHUS
no Jlarmacy BBIXOJHOM mepeMeHHO# K m300paxeHuto 1o Jlammacy BXOIHOHN nmepeMeHHOU (mpu HY-
JeBbIX HavalnbHBIX ycioBusx). Ilycte E(S) — BXxoaHas mepemeHHas (B BHUIC HM300paKCHHUS IO
Jlamnacy), C(S) — BeixoxHas nepemennas, a G(S) — mepegarounas ¢pynkunus. OIHAM U3 CIIOCOOOB
rpaduuecKoro MpeCTaBICHUs COOTHOIICHUS

E(s) C(s) E(s) G(s) C(s) C(s) = G(s)*E(s) (1.1)
G - ABISIETCS CTPYKTYPHAs CXeMa, M300pakEéHHas Ha
(@) ) puc. 2.1 (a). s 3TOM CXEeMBbI BBIXOJ OIPEIACISACTCS
Pric. 1.1. DleMEHTEI CTPYKTYpHOIi cxeMbl 1t rpa-  YMHOKCHHEM IEPEAATOYHOM (QYHKIMM (3alMCAHHOH B
ba 0Jioke) Ha BXOJ. Bxom u BbIxox Oioka 0003HAYAIOTCS

CTpeJIKaMH, KaK TI0Ka3aHo Ha puc. 2.1.

Jpyroii crioco0 rpaduyuecKoro npeAcTaBiIeHUs: COOTHOMEHNUs (2.1) CBSA3aH C MCIOIb30BaHHUEM
rpada. Taxoii rpad nzobpaxén Ha puc. 2.1 (0), rae Kaxaplii CUTHAI TPEACTaBIEH y310Mm Tpada, a
nepenarouHas QyHKIUS — 6emebio CO CTPEIIKOW, HaJl KOTOPOH 3amucaHa repeaaToyHas QyHKIUS.
Curnan, BBIXOISIINKA M3 BETBU, PAaBEH MEPEAaTOYHON (HYHKIIMU 3TOW BETBU, YMHOKEHHOW Ha CHT-
HaJl, BXOJSIIHI B BETBb.

Crenyer caenath /Ba BaXKHBIX 3aMevaHusi. Bo-miepBbIX, CTpyKTypHasi cxema u rpad HEeCyT of-
HY U Ty e uHpopMmaimoo. Bo-BTOpBIX, CTpYKTypHast cxema (M 3TO TakKe OTHOCUTCS K rpady) B
rpaduveckoil popme mpeAcTaBiIsieT ypaBHEHHE WIH TPYITY YPaBHEHHH CHCTEMBI, TOCKOJIBKY OHa
o0pa3yeTcs Ha OCHOBE 3TUX YpaBHEHUI.

Jlnisi IOCTPOCHHS CTPYKTYPHOM CXEMBI HEOOXOAWM eII€ OJWH JONOJHHUTENBHBIA JJIEMEHT —
cymmarop. Posb cymmaTopa oueBuHa u3 puc. 2.2 (a), B rpaduueckoil popme oTpakarolero ypas-
HEHHE BUIA

C(s)=G,(5)E,(s)+ G, (5)E, (s)- G (s)Es (), (2.2)

CymMmarop Ha cxeme U300paxEéH B BUI€ OKPY)KHOCTH; €r0 BBIXO/IHOM CHUTHAJ paBeH ajireOpau-
YEeCKOH CyMMe BXOJHBIX CHTHAJIOB. 3HAK KaXKJI0TO BXOJHOTO CHUTHAJIA YKa3bIBAETCSl Y COOTBETCTBY-
IOIIeH CTpeNnkH. 3aMeTHM, YTO CyMMAaTop MOXET MMETh J000€ KOJIMYECTBO BXOJIOB, HO TOJBKO
OJTUH BBIXO/I.

E|(s) E\(s) Hpumep:
G(s) G,(s) JonycTtuM, TaHbl CIEIYIOIINE ypaB-
HEHMSL:

E(s) = R(s) - H(S)*C(s),
) C(S)=GE)*EC).

H3BectHO, uto R(S) u C(S) — cooTBeT-
E(s) CTBEHHO BHEIIHUE BXOJHOW M BBIXOJHOM
G(s) ZG(5) curHanbl, E(S) — BHyTpeHHMII curHai, a
G(s) m H(S) — mepenmarounbiec (GyHKIUH.
[lepBoe ypaBHEHHE COOTBETCTBYET CYM-
MaTopy, a BTOPOE UCIOJIB3YeTCs JJIsl 3aBEPILICHHSI IOCTPOCHUS CTPYKTYPHOM cxembl. Pe3ynbrat mo-
Ka3aH Ha puc. 2.3 (a). Puc. 2.3 (0) npeacrasiser co0oii Te e ypaBHEHHs, HO B BHJIe Tpada.

E(s) +

+
el 0 2

Gy(s)

Ey(s)

Puc. 1.2. [Ipumeps! CTpYKTypHOH CXeMBI U rpada
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R(s) 4 A~E®) C(s) R(s) 1 E(s) G(s) C(s) 3ameTuM, YTO  ypaBHEHWUS,

W, G(s) OpUBEAEHHBIE B MPEIBIAYIIEM
- \./ pUMEPE, MOKHO PEINTH OTHOCH-

tenbHo C(S). JlefcTBUTEIBHO, TOI-

6y —H(s)
H(s) CTaBJIsIsI IIEPBOE YpaBHEHHE BO
BTOPOE, IMOJTYIHM:
- CE) = GE*RE) -
cncoll PPPY G(S)*H(S)*C(s).
Bripaxkas u3 3TOro ypaBHEHUs
(6) C(S), OHOBPEMEHHO TOJIYYUM IIe-
Puc. 2.3. Ilpumepsl peICTaBIEHUS CUCTEMBI ?}?,I[)&TOHH}/IO (QYHKIHIO  CHCTEMBI
S):
G(s)

C(s)=—————==TI(S)RI(S). 24

WA (24)

Takum 06pa3om, cCTEMY MOXKHO IMPEJICTaBUTh B BUIE OJHOTO OJIOKa, KaK MOKAa3aHO HA PHLC.
2.3 ().

PaCCMOTpeHHBII\/JI BBIIIIC METO/ YI[06GH B MIPUMCHCHHHU, KOrjga CUCTEMa OIHMCBIBACTCA BCCTO
JIBYMsI WIM TpeMsl ypaBHECHUsIMH. B Ooliee CIIOXHBIX Cllydasix IEIecoO0pa3HO BOCIOJIb30BAThCS
poLeaypoii, OCHOBaHHOM Ha mpaBmie Kpamepa. DToT MeTon TpeOyeT, Ipexkae BCero, 4ToObl ypaB-
HEeHHsI ObLTH 3aIMCaHbl B BEKTOPHO-MaTpuuHOU (hopme. st mocieaHero nmpuMepa 3TO BBITJISINAT
CJIEAYIOIIUM 00pa3oM:

0 2 Ple) o | s

YTO B 00IIIEM BHAC 3aIlIMChIBACTCS KaK
AX = Y, (2.6)
rie

L {2 {5

B co0TBeTCTBHMHU C MaTPUYHBIMHU OIEpaIUIMU, YpaBHEHUE (2.6) MOKHO PEUIMTh OTHOCUTEIBHO

x=A", (2.8)

e gepes A o6o3HaueHa Martpuua, obpatHas A. IIpHMEHSs 9Ty IpOLEIypy K YpaBHEHHIO
(2.5), momyuum pernenne kak s E(S), Tak u aisa C(S). Ecnu Hac uaTepecyer Toasko C(S), To mpa-
B0 Kpamepa mo3BosisieT cenarh 3T0 Topasio Mpolle; ero MpuMeHeHHe K ypaBHEeHUo (2.5) maér
pelleHne B BUJI€ OTHOIIECHHS IBYX OIPEIeTUTENEH:

1 R(s)‘

c(s)- 2 H(ES)‘ _ 1+G‘ZSL SRE-TER) 29)
G(s) -1

IIpaBuno Kpamepa, npumenseMoe K ypaBHEHHIO o01iero Bujaa (2.6), 3akiitoyaercs B ClIeayro-
mieM. Pemenne Bcerja mpeacTaBisieT co00M OTHOIIEHHWE NBYX ompeaenutencit. OmnpenenuTens B
3HaMEHAaTeNe — 3TO ONPEAENIUTENs MaTpulbl A. Tenepb IpeanosokuM, 4TO HAC MHTEPECYET pelie-
HHE JJIsl TIEPEMEHHOM B I-if CTpOKe BeKTopa x. B 3TOM ciydae omnpepenuTess B YUCIUTENE APOOU
NOJTy4aeTcsl U3 ONPEACIHUTENS, CTOSIIETO B 3HAMEHATee, 3aMEHON B HEM I-T0 CTOJIOIA Ha BEKTOP ).
OO0parure BHEMaHUE, 4TO B (2.9), B COOTBETCTBUU ¢ TpaBWiioM Kpawmepa, omnpenenuTensb B YACITH-

Tee ApoOU eCTh ONMpPECTUTENb MATPHUIIBI A, B KOTOPOM BTOPO#M CTOJIOCI] 3aMEHEH Ha BEKTOp ) U3
(2.5) wmm (2.7).
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2.2. ®opmyna Meiicona

B atom pasnmene paccMoTpeHa Ipoleaypa OonpeAeieHHus NepeIaTouyHol (yHKIMM Hemocpe/I-
CTBEHHO II0 CTPYKTYPHOH cxeme wiM 1o rpady. OTa mpoueaypa Hoidyduia Ha3BaHHE Gopmyia
Mericona.

CHauana gaguM onpeseseHne Uil ABYX THIOB Y3JI0B rpada — ucmounuxa (BXOAHOTO y371a) U
cmoka (BBIXOJHOTO y371a).

Onp. 1. Y3en-UCTOYHHUK — 3TO y3el, U3 KOTOPOrO CUTHAIBI TOJIBKO BBITEKAIOT, T.€. HAa BCEX
BETBSIX, CBSI3aHHBIX C 3TUM Y3JIOM, CTPEIIKU HalpaBJICHBI OT y3Ja.

Omp. 2. V3en-CTOK — 3TO y3€J, B KOTOPbII BCE€ CUTHAJIBI TOJILKO BTEKAIOT.

DTH onpeeNieHus MPOUUTIOCTPUPOBaHbl Ha puc. 2.4 (a). Ha atom pucynke R(S) — ato y3en-
UCTOYHUK, a KpaHuil npaBbiii y3en C(S) — y3en-cTok. 3ameTuM, 4To K UcxomHoMy y3iay C(S) uc-
KYCCTBEHHO J100aBJICHA BETBb C €JIMHUYHBIM KOA(PGUIIUSHTOM JIJISl TOTO, YTOOBI CO3/1aTh y3€l-CTOK.
OT0 BCeraa MOKHO C/IeJaTh, MOCKOJIBbKY JaHHAs Oneparys He M3MEHsIeT MaTeMaTH4YeCKOe BhIpaXKe-
aue i C(S). OmHako B 00IIeM ciiydae ¢ MOMOIIBI0 aHAJIOTMYHOM orepanuu (100aBIeHHE BETBU C
€IMHUYHBIM KOA(PPHUIIMEHTOM) HENb3s1 00pa30BaTh y3el-UCTOUYHUK, T.K. 3TO MPUBEAET K M3MEHEHUIO
MaTEMaTHYECKOTO BBIPAKEHUS JJIsl HCXOAHOTO y3lia. UTOOBI yOIUTHCS B 3TOM, 3AIHIIEM BhIpaXKe-
Hue s E(S) Ha puc. 2.4 (a):

E(s) = R(s) — H(s)*C(s).

Ecnu tenepb 100aBUTh BETBb C €AMHUYHBIM KOA(PQUIMEHTOM, MbITasICh caenath E(S) y3mom-
UCTOYHHUKOM, KaK IMoKa3aHo Ha puc. 2.4 (6), o Beipaxkenue aas E(S) mpumer Bu:

E(s) = R(s) — H(s)*C(s) + E(s),

YTO, OYEBUJIHO, IPUHIMITHAIBHO OTIMYACTCS OT MPEIBbIIYIIero BeIpakeHus. M3 atoro npume-
pa cieayer BaKHBIA BBIBOJ: MOXHO IPeoOpa3oBBIBaTh (M3MEHATh KOH(HTrypanuio) rpad win
CTPYKTYPHYIO CXEMY TOJIBKO TPH YCIOBUH, YTO 3TO MPeoOpa3oBaHue HE U3MEHSET HCXOHBIX YpaB-
HEHUI CUCTEMBI.

R(s) 1 E(s) G(s) C(s) 1 C(s) R(s) 1 E(3)G(s)C(s) 1 C(s) Jlns  panpHelIero
N \_/ = = A *  U3JOXKEHUs HaM TIOTpe-
~H(s) E(s)_, —H(s) OyloTCs HEKOTOpbhIE J0-
TOJTHUTENIbHBIC OMpeaesne-

(@) (6) HMUS.
Puc. 2.4. CurnanbHsle rpadsl Omnp. 3. Ilyte — 3710

HeTpepbIBHAs TOCIE0BaA-
TEJIBHOCTh BETBEH OT y3Ila K Y311y, MPUYEM CTPEIIKH Ha BCEX BETBSX HANpABJICHBI B OJIHY U TY XK€
CTOPOHY, T.€. BCE CUTHAJIbI PaCIIPOCTPAHSIOTCS B OJJHOM HaIPaBJICHUU.

Onp. 4. KoHTyp — 3T0 3aMKHYTBIH IIyTh, B KOTOPOM CTPEJIKM Ha BCEX BETBSIX HAIPABJIEHbI B
OJIHY U Ty K€ CTOPOHY M B KOTOPOM KaXKJblii y3€J1 BcTpeuaeTcs He 0oJiee 0HOTO pasa.

3aMeTHM, YTO y3el-MCTOYHUK HE MOXET OBITh YaCThIO KOHTYpA, T.K. K&Kl y3e7 B KOHTYpe
JIOJDKEH UMETh IO KpaifHel Mepe O/HY BEeTBb, BXOJSIIYIO B HErO, U OJHY BETBb, BBIXOJAIIYIO M3
HETO.

Omnp. S. [Ipsamoiil myTh — 3TO MyTh OT y3J71a-UCTOYHHKA K y3JIy-CTOKY, B KOTOPOM HHU OJIMH Y3€ll
HE BCTpeyaeTcst Oosee 0JJHOTO pasa.

Onp. 6. KoodpduuueHt nepenaun myTu — Npou3BEACHNUE NMEPEAATOUHBIX (QYHKIUN BCEX BET-
Bell, 00pa3yromux KOHTYP.

Omnp. 7. Hekacaromuecst KOHTYpbI — KOHTYpBI, He HUMEIOIIHNE OOIIUX Y3JI0B.

KoHTyp U myTh TakXke SBISIOTCS HEKACAIOIIMMUCS, €CITH Y HUX HET OOIIHMX Y3JIOB.

Bce a1 onpenenenus NpoMJLTIOCTPUPOBAHBI Ha IpuMepe rpada, n300paxEHHOro Ha puc. 2.5.
31ech IMeeM JIBa KOHTYpa, oJuH ¢ kKodddunuenrom nepenaun —GyH; n apyroit ¢ koagumnueHToM
nepenaun —G4Hy. 3ameTnm, 4TO 3TH /Ba KOHTYpa HE KacaroTcs Apyr Apyra. ['pad umeer asa nps-
MbIX yTH OT Bxoja R(S) k Beixoay C(S): omun ¢ koaddurtuerrom nepenaun G1G,G3G4Gs u apyroi
¢ koadpdurmentom nepenaun GgG4Gs. OTmernm, uto npsimoit myTh GgG4Gs He KacaeTcst KOHTypa —
G;H1, HO Kacaercs npyroro koHTypa. [yt G1G2G3G4Gs Kacaercs 060UX KOHTYPOB.
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Ge Hcnonb3ys naHHblE ONpEAENCHUs, MOXKHO
Teneps npusectu popmyny Meiicona. Dta ¢op-
MyjJa ONpeAesseT MNepeNaTouHyr0 (DYHKIUIO

G, G, G, G, G, C(s)
\‘/ \’/‘ TOJIBKO OT y3Ja-UCTOYHHUKA (BXOA) K Y3J1y-CTOKY
R(s) p = (BBIXOM) ¥ UMEET BU/T
-H, i 2
1 1
Puc. 2.5. IIpumep rpada T= XZ M. A, = X(MlAl +M,A,+...+ M pAp)
k=1

(2.10)

rae T — koadduruent nepenayu (nepenaTodnas GyHKIU) OT BXOJHOTO y3JIa K BBIXOAHOMY,
P — YUCIIO TIPSIMBIX ITyTeH, U
A =1 - (cymma K03 HUIMEHTOB Mepeavun BCEX 0MmoelbHbIX KOHTYPOB)
+ (cymma mpousBeneHui K0d(pPUIIMEHTOB Mepesadn BceX BO3ZMOXKHBIX KOMOWHAIMKA Hekaca-
IOLUXCS KOHTYPOB, B3SITHIX IO J[BA)

— (cymma nmpowusBeneHuil K03(PUIMEHTOB nepeaayn BCeX BO3MOXKHBIX KOMOWHAIMK Hekaca-
IOLUXCS KOHTYPOB, B3SITHIX IO TPH)

+ (cymma mpousBeneHui K0d(pPUIIMEeHTOB nepeaayn BCeX BO3MOKHBIX KOMOMHAIMK HeKaca-
IOIUXCS KOHTYPOB, B3SITHIX IO YETHIPE)
- ( . ')9

M, — x03(pPUIHEeHT Tepesaun K-ro NpsSMOro myTH, A, — 3HaueHue A Juis TOi yacTH rpada,

KOTOpasi He KacaeTcsl K-ro IpsIMOro IyTH.
[Tosicaum npumenenue Gopmyssl MeiicoHa Ha npumepax.

Ilpumep 1:
Chauvana oOpaTtumcsi BHOBb K cucTeMe Ha pHc. 2.4 (a). DTa cucreMa MMeEeT €IUHCTBEHHBIN

KOHTYp ¢ Ko3(hpuimeHTom nepeaavu

L1 =-G(s)*H(s)

U, CJIeJI0BATENbHO,

A=1-1, =1+G(s)H(s).

Nmeercs ouH npsiMoi myTh ¢ K03 huimeHTom nepegadu

M, =(1)G(s)1)=G(s)-

Kpowme toro, 3TOT npsiMoii yTh KacaeTcsi TOJIbKO OJHOI0 KOHTYpa (T.€. UMEET ¢ HUM, IO Kpaii-
Hell Mepe, onuH obuwmii y3en). CienoBarenbHO, B 3TOW YacTH rpada He 0CTaéTcsi KOHTYPOB, KOTO-
pBI€ HE Kacaluch ObI MPSIMOTO ITYTH, TaK Y4TO

A =1

Torna, B cootBercTBUM ¢ hopmyioii (2.10), nepenarounast pyHKIUSA

T(s)= MA, _ G(s)

A 1+G(s)H(s)

YTO COBIAJACT C €€ BhIpaxkeHueM B (2.9).

[TpeamnonoxuM Tenepk, 4TO B MPUMEPE MBI XOTUM BbIpa3uTh Beixo C(S) uepes E(S). B nannoM
cirydae hopmyity MelicoHa MpUMEHHTh HEMb3s, T.K. E(S) He sBisieTcs y310M-UCTOUHUKOM. B TO xe
BpeMsi U3 caMoit cxembl BHIHO, uTo C(S) = G(S)E(S).

Ipumep 2:

B kadecTBe BTOpOTO MpuMepa Ha mpuMeHeHne Gpopmysiel MelicoHa pacCMOTPUM CHOBA CHUCTe-
My Ha puc. 2.5. O603HaunM vepes L, koappuuument nepenauu i-ro koutypa. Torna Ko3pPUIUEHTHI
nepeaayn IByX KOHTYPOB MOTYT OBITh 3aIMCaHbl KaK

L= -GoHq; L, = —GsH,.

Ha puc. 2.5 umeetcs 1Ba npsSMbIX IyTH; UX K03 PUIIMEHTHI Tepeiadun paBHBI

M, = G1G2G3G4G5; M, = GGG4G5.

3HaueHne A MOXHO ONPEACIINTh HEMOCPEICTBEHHO MO cXeme puc. 1.5:

A=1-(L, +L,)+LL, =1+G,H, +G,H, +G,G,H,H,.

[locnenHuil wieH B 3TOM BBIPaXXEHUU MOSBUIICA B CUIIY TOTO, YTO JIBAa KOHTYpA SIBJISIIOTCS He-
KacarolUMUCs, T.€. OHU HE UMEIOT OOIIUX Y3JIOB.
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Ge Onpenenenne 3Ha4eHU A, ABISIET-

_/____\__ ________ v’/ G L ca6onee cnoxHbIM. Kak GBUIO 3aMedEHO
\-/ @i Cs \-/ paHee, A; ecTb 3HaueHue A 1y TOHM 4a-
~Hy =H, ~h B cTH Tpada, KoTopas He KacaeTcsi IEPBOro

(@) (©) npsmoro myrd. OpuH W3 CrOCOOOB

Puc. 2.6. I'padbr ¢ HCKITIOYEHHBIMU TIPSIMBIMHE [Ty TSIMU HAXOXKICHHA A, COCTOMT B MCKIIOYCHHH

u3 Tpada mepBoro NpsiMoro MmyTH. Pazymeercs, mpu 3TOM JOJHKHBI OBITh YIAJIEHBI U BCE Y3IIbI TIEP-
BOTO MPSIMOTO NyTH. Pe3ynbrar 3To# omeparuu nokaszad Ha puc. 2.6 (a). Puc. 2.6 (6) moka3siBaeT

pe3yabTaT UCKIIOYEHHs BTOPOro mpsmMoro mytu. CrenoBaTenabHO, A, — 3TO MPOCTO 3HA4YEeHHE A
nuis rpacda Ha puc. 2.6 (a), a A, —o3T1o 3HaueHue A juis rpacda Ha puc. 2.6 (0). Takum o6paszom,
A =1; A,=1-(-G,H,),
MMOCKOJIBKY puc 2.6 (a) HE COACPKUT KOHTYPOB, a puc 2.6 (0) umeer oguH KOHTYyp. Tormaa, Ha
ocHoBaHuu (2.10), MOXXHO 3amKcaTh NepelaTOYHYI0 (YHKINIO CUCTEMBI Ha puc. 2.5:
7 M +MA,  GG,G,G,G; +GiG,Gs(1+G,H,)
A 1+G,H,+G,H, +G,G,H,H,

Paznen 3:
MoaeaupoBaHie B epeMeHHbIX COCTOSTHHUS

PaccMOTpUM MEXaHUYECKYHO CHCTEMY C JMHEWHBIM MEPEeMEIICHUEM, H300paXKCHHYIO Ha PUC.
3.1. 3aech nepemenieane obo3naueno Y(t). AuddepennnanpHoe ypaBHEHHE, ONMUCHIBAIOIICE JBH-
KCHHUE CHCTEMbI, IMEET BH/I:

L M IV _ ¢y g O ) (3.1)

dt? d(t)
K % E_] B a [1® paBHa
G(s)= o)1 (3.2)
F(s) Ms®+Bs+K

M DT0 BBIpAKCHHE OMPEACIICT 3aBUCUMOCTD mosioskeHus Y(f) ot
Y u(t) JEHCTBYIOIIEH CHJIBI f(t). JomycTtum, 4TO HY’XKHa TaKxe HHPopMa-
l st 0 ckopoct. Torma, UCIoNb3ysi METOJ] IEPEMEHHBIX COCTOSHUS,

f(t) BBEJIEM CIIEYIOIIHE TepEMEHHBIE:
Puc. 3.1. Mexanudeckas cucteMa Xl(t) - y(t)' (33)

C JTMHEHHBIM NEPEMEIICHUEM n

)=S0 _ ) @)

dt dt
3nech Xi(t) ectb monoxenue macchl, a xa(t) — e€ ckopocth. Ha ocHoBanuu (3.1), (3.3) u (3.4)
MOYKHO 3aITUCaTh:

d:t’z(t) _ d>;i t(t) =%,(t)= —(5)@ (t)—(%jxl(t){ﬁj (t). (3.5)

VYpauenus (3.3), (3.4) u (3.5) npeacraBisroT co00it MOJENb CUCTEMBI B TIEPEMEHHBIX COCTOSI-
HUs. OZHAKO 3Ta MOZETh OOBIYHO MPEICTABIISIETCS B HECKOJIBKO HHOM (hopme:

%, (t)=x,(t),
xz(t)=_(ﬁjxl(t)_[isz(t){ijf(t),

M M M

y(t)=x(t).

OObIUHO ypaBHEHHUSI COCTOSIHUS 3alMCHIBAIOT B BEKTOPHO-MATPUUHON (hOpMe, YTO 3HAUUTENb-
HO o0seryaeT padoTy ¢ HUMH. B 310l hopme mpeapinymre ypaBHEHUS IPUHUMAIOT BHI:
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(t)
Y(t):[l O]X ))((:(t)

Omp. 1. CocrosiHue cucTeMbl B JI000H MOMEHT BpeMeHHU {p — 3TO KoJMuecTBO MHpOpMaIuu,
KOTOPOE€ BMECTE CO BCEMHU BXOAHBIMU MEPEMEHHBIMU OJHO3HAYHO OTPEEIISIET OBEJICHHE CUCTEMBI
npu Beex t > fo.

Hwuxe Oymer mokazaHo, YTO BEKTOP COCTOSIHHS, IMOJYYCHHBIH Ha OCHOBAHHH [I.y. CUCTEMBI,
YIOBJIETBOPSIET ITOMY OIPEIEIEHUIO.

CrangaprHas Gpopma ypaBHEHHI COCTOSIHHSI JIMHEHHOW CTallMOHAPHOW HEMPEPHIBHOMN CHCTEMBI
MMEET BUJIL:

x(t)= Ax(t)+ Bul(t),

y(t)=Cx(t)+ Dul(t), (3.6)

/1€ BEKTOP X(t) €CTh MPOU3BOIHAS 110 BpeMeHHU OT BekTopa X(t). B aTux ypaBHEHUsIX

x(t) — BEKTOp COCTOSHUS pa3MepHOCTH (Nx1), KOMIIOHEHTAMH KOTOPOTO SIBJISIOTCS TIEPEMCH-
HBIC COCTOSIHUSI CUCTEMBI N-TO MOPSIIKA;

A — mMatpuiia K03QOUIHEHTOB cUCTEMBI (NXN);

B — marpuna Bxoxa (Nxr);

u(t) — BexTOp BX0Oaa pazMepHOCTH (I x1), KOMIIOHEHTAMH KOTOPOTO SIBJISIFOTCS BXOJHBIE Iepe-
MEHHBIC CUCTEMBI;

y(t) — BekTop BbIXOJa pazMepHOCTH ( Px1), KOMIOHEHTAMHU KOTOPOT'O SIBJISIFOTCSI BBIXOJHBIC
MIEPEMEHHBIC CHUCTEMBI,

C — matpwuiia Beixozaa ( pxn);

D — maTpuna 06xo/1a, onpeaessomas npsMyo 3aBHCUMOCTh BBIXO/Ia OT BXO/IA.

Bce BekTOpBI (CUTHAIBI) MOXKHO MIPEICTABUTH B pa3BEPHYTOM BUJIE:

%(t) (t) Q) i (t)
=20 o= %0] o) uzz(t) - yzz(t)

(1) « (1) o () v (1)

CoBpemennas TAY omnepupyeT ¢ BEeKTOpHO-MaTpu4HbIMU MojeasiMu (BMM) nuHamuueckux
cucreM. IlIpu 3TOM paccmarpuBaroTcs B 00IIEM ClIy4ae MHOTOMEPHBIE CUCTEMBI, T.€. CUCTEMBI IIPO-
U3BOJIBHOTO TOpsAJKa CO MHOIMMH BXOJaMU U MHOTMMH BBIXOJAMH, B CBSI3HM, C YEM LIUPOKO HC-
MOJIB3YIOTCS BEKTOPHO-MaTpPUYHBbIE YpPAaBHEHMsI M amnmapaT BEKTOPHOH anreOpbl. s mosyueHus
BMM uccnenyemast tuHaMu4eckasi CUCTEMa MPECTABIISAETCA B BUAE “UEPHOrO SLIMKA~ C HEKOTO-

A1
iy ::l - —p V1
2
. )2
X
1y — "
a)
Puc.3.2. CxansipHoe (a) 1 BekTopHOE (0) MpeAcTaBIeHUs] JTMHAMUYECKOH CHCTEMBI B BHJIE ““UepPHOTO

smuka’
PBIM YHCIIOM BXOJIHBIX M BBIXOJIHBIX KaHAJIOB (puc. 3.2, a).

Bepuemcs x ypaBHenusiM (3.6). [lepBoe U3 HUX €CTh MAaTPUYHOE J.y. MEepBOTO mopsiaka. OHO
Ha3bIBACTCS YPABHCHUEM «BXOJ-COCTOSIHHE», a PEIICHUEM €ro SIBISCTCS BEKTOp COCTOSHHS X(t).
Btopoe ypaBHeHHNE HA3bIBAECTCS YPABHEHUEM «BXOJ1-COCTOSIHUE-BBIXO/»; CMBICI TAKOI0 Ha3BaHUS B
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TOM, YTO OHO ITO3BOJIAET ONMpPeaeUTh Bbhixo Y(t) mo u3BeCTHBIM BekTOpy BXoxa U(t) u BekTOpY Cco-
crosiaus X(t). Matpuna D oObIYHO paBHa HYJIO, T.K. B (DU3MYECKUX CHCTEMaxX BO BCEX KaHalax
MEX/y BXOJAMH U BBIXOJAMH, KaK MPaBUIIO, IPUCYTCTBYIOT THHAMHUYECKHE 3BeHbs. Eciu matpuia
D otnuuHa oT Hyss, 9TO yKa3bIBaeT Ha TO, YTO IO KpailHEW Mepe OJMH NPAMOM IyTh OT BXOJOB K
BBIXOJIaM MPECTABICH OOBIYHBIM KO PUITUSHTOM MepeIadH.

IIpumep:
PaccmoTpum cucremy, onucsiBaemMyto auddepeHnnanbHbIME ypaBHEHUAMU:

A +k1y + kz Y =U + k3u2
yz + k4y2 + k5Y1 = k6u1
rae U; ¥ Uy — BXOJHBIC TIEPEMEHHBIC, a Y1 U V2 — BBIXOJHBIE EPEMEHHbBIC. 3aBUCUMOCTb Iepe-

MCHHBIX OT BPEMCHHU [JIA YI[OGCTBa OmyuicHa. 3a MNEPCMCHHBIC COCTOSAHUA MPHUHATHI BBIXOAbBI CH-
CTEMBI U, €CJIN HOHa,Z[O6I/ITCH, HX IIPOU3BOJHBIC:

X =Y,
X2:Y1:X1;
X3=Y,.

Torna UCXOJHYIO CUCTEMY YPaBHEHHM MOXKHO MPEICTABUTH B BUJE:
X, ==K, X, —K; X, +u, +Kk,u,

X, =—KeX, —K X, + KU,

OxoHYaTeILHO YpaBHCHUA [IPUHUMAIOT BU/:

X =X,

X, =—K,x, =KX, +u, +Kk,u, .

Xy = =KX, —K, X5 +KqU,

K anMm ZIO63,BJI$IIOTC$I YpaBHCHUA I BBIXOAHBIX NIECPEMECHHBIX

Yi=X

Y, =X%;

9TI/I ypaBHeHI/IH MOKHO 3aIliucaTthb B BCKTOpHO'ManI/I‘lHOﬁ (bopMe:
0 1 0 0 O

X=|-k, -k 0 [x+|1 Kk;|u,
0 -k -k, ke O
1 0 0
X.
0 01

VYpaBHeHMsI, IPUBEEHHBIE B PACCMOTPEHHOM IpUMEpE, MPEACTABISIIOT co00il Mosenb Mexa-
HUYECKOW CUCTEMBI C JIMHEUHBIM NiepeMenieHreM. JlonycTuMm, faniee, 4Tto y1 ¥ Y2 — 3TO TEKYILEee M0-
JIOKEHHUE HEKOTOPBIX 3JIEMEHTOB CUCTEMBI. Toraa X, =Y, €CTb CKOPOCTb JIBUXEHUs cucTeMsl. Cie-

JIOBAaTEJIbHO, BCE TMEPEMEHHBIE COCTOSHUS COOTBETCTBYIOT pEabHbIM (M3MYECKUM IePEMEHHBIM
CUCTEMBI: X1 U X3 — 3TO IEPEMEIIEHHUS, A X2 — CKOPOCTb.

BbiBoabI:

1. B xypce “TAY” Obliu npeACTaBICHBI 1Ba BUJIa MOJIENeN TMHEHHBIX CTallMOHAPHBIX HeTpe-
PBIBHBIX CUCTEM:

- IMHEWHBIE J1.y. C TIOCTOSTHHBIMHU KO3 UIIEHTaMH;

- [1D.

[lepenarounas ¢pyHKIMA MOJTyyaeTcs MyTeM MpUMeHeHHs npeodpazoBanust Jlamnaca k qudde-
pPEHIMAILHOMY YPaBHEHMIO, a TOCJeaHee, HAa000pOT, MOXKET ObITh IMOJIYYE€HO U3 MepeAaTOYHON
¢GyHKIMU ¢ OMOIIbI0 0OpaTHOrO npeodpazoBanus Jlamnaca. B aToil jgekiun paccMOTpeH TpeTui
TUI MAaTEMaTUYECKON MOJEIU — MOO€lb 8 NEPEMEHHBIX COCMOANUA. ITa MOJEIb TaKKe UMEET BHU]L
TuQdepeHIMaIbHbIX YPaBHEHH, HO 3allMCAaHHBIX B CIIEUAIbHONU (hopMe — Kak CUCTeMa ypaBHe-
HUil nepBoro nopsiika. OOBIYHO MOJENb B NEPEMEHHBIX COCTOSHUS MPEACTABISIIOT B BEKTOPHO-
MaTpu4yHOU hopme.

y:
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2. CMbICIT MOJENIM B TEPEMEHHBIX COCTOSHUS (WJIM MOJIENHM B MPOCTPAHCTBE COCTOSTHUI) 3a-
KJIFOYAETCS B TOM, YTO OHA COXPaHSET COOTHOLIEHUE MEXKY BXOJIOM U BBIXOJOM CUCTEMBI (T.€. Te-
penaTounyro (pyHKIMIO), HO B TO K€ BpPEMS IMO3BOJIAET MEPEHTH OT OAHOTO nuddepeHInanb»HOro
ypaBHEHHs N-To TOpsaka K cucteme N nuddepeHmanbHbIX ypaBHEHUH mepBoro mopsiaka. [pe-
MMYILIECTBO TaKOI'O MPEICTABICHHS B TOM, YTO KPOME JIBYX BHEUIHUX MEPEMEHHbBIX (BXOJIHOM U BbI-
XOJIHOM), B MOJIETTU OTPAXKAIOTCSI U BCE BHYTPEHHUE NTEPEMEHHBIE CUCTEMBI;

3. JIONONHUTENBHBIMUA apTyMEHTaMU B I0JIb3Y MOJEIMPOBAHUS CUCTEMbI B IEPEMEHHBIX CO-
CTOSIHUSL SIBJISIFOTCS CIIEAYIOIINE:

- MOJEJb B IEPEMEHHBIX COCTOSIHUS JJII CUCTEMBI BBICOKOI'O IOPSAKA MO3BOJISET JIETKO pe-
IaTh 3aJa4d aHAJIM3a U CHHTE3a C MOMOIIBI0 TU(POBOTO KOMITBIOTEPA, TOT/Ia KaK HUCIIOJIb30BAHUE
JUTSL TEX Ke 1eiell mepeaTouyHol (PyHKIMK MOXKET OKa3aTbcs 0e3yCHelIHbIM U3-3a TPYIHOCTEN BbI-
YUCJIIUTEILHOTO XapaKTepa;

- UMes MOJIeNIb B IEPEMEHHBIX COCTOSIHUSA, MOKHO MOIy4aTh 0oJiblie HHPopMaIi 00 00beKTe
yropaBjieHus (0 €ro BHYTPEHHUX MEPEMEHHBIX); CIE0BATEIbHO, MPOLEeypa NPOSKTUPOBAHUS CHU-
CTEMbI YIIPABIIEHUSI MOXKET ObITh BbINIOJIHEHA OoJiee A(HEKTUBHO, HEXENIU MPHU UCIIOJIb30BAHUU T1e-
penaToyHol pyHKINY;

- IIOYTH BCE€ METO/bl IPOEKTUPOBAHUS CUCTEM YIPABIICHHUS, JAIOLIUE «HAUITYULIEE» PElICHUE,
OCHOBAHbI Ha HMCIOJIb30BAHUU MOJIENIC B NEPEMEHHBIX COCTOsHUA. [loa «Hamnmydmen» cuctemMon
MoJIpa3yMeBaeTcs Takas CHUCTeMa, B KOTOPOH MUHHUMU3HpYETCs (WM MaKCUMHU3UPYETCs) 3HAUCHUE
HEKOTOPOH (DYHKIMH, TPUHATOH 32 KPUTEPHUI KauecTBa;

- IpU UMHUTALIMOHHOM MOJIENIMpoBaHuH (perieHue nuddepeHuanbHbIX YpaBHeHHH Ha nudpo-
BOM KOMITBIOTEpE) CUCTEMA JOJKHA OBITh MPE/ICTABICHA B BUIC CBOCH MOJICTH B IIEPEMEHHBIX CO-
CTOSIHUSL.

Paznea 4:
CxemMbl MOACIHPOBAHUA /UIA MepexoJa OT MepejaTOYHOH (YHKUHM K BEKTOPHO-
MATPUYHOM MOJEIH

Ecnu nyrém naeHTudukanuu cucteMsl ojydyeHa e€ MoJieib B BHJIE€ MepelaTOuHON (pyHKINN
(I1®D), To 0T HeE HEMOCPEACTBEHHO MOYKHO MEPEHTH K YPAaBHEHHSIM COCTOSHHSI.

MeTo OCHOBaH Ha HCIOJIb30BAHUU CXEM MOJEIHUPOBAHMS, T.€. CTPYKTYPHBIX CXEM WJIM Ipa-
¢oB crieruduueckoit KoHPUryparuu. OCHOBHBIM 3JIEMEHTOM CXEMbl MOJEIIMPOBAHUS SIBJISIETCS UH-
TerpaTop, u300pakeHHbI Ha puc. 4.1 B Buae oTaenbHOro 6soka. OH XxapakTepusyeTcsl ypaBHEHUEM

xe) [7] Y y(t)= [ x(t)t,
8 .
j{(,) g(t) YTO MPU TEpexo/ie K HU300paKEHUsIM TI0
(s) f (s) Q:_,D Jlarmacy naer:
X s Y

o 1
Puc. 4.1. Unrterpatop Y (S) - g X (S) ' 4.1)

CIIeZIOBATENBHO, MepeaaTovHas GyHKIUs OJI0Ka, BBITOIHSIONIETO ONEpaIi0 HHTETPUPOBAHUS,
paBHa 1/S, kak mokaszano Ha puc. 4.1. TIocKoJIbKY HAC HHTEpECYeT TOJIBKO MepeaaTouHas QyHKILHs,
TO HavajbHOE ycimoBue s Y(t) paBHO HYITIO.

Ecnu BeIXO1 MHTErpaTopa 0003HauuTh yepe3 Y(t), To ero BXoaoM J0JDKHA SIBISTHCS POU3BO/I-
nast dy/dt. D10 cBOWCTBO Kak pa3 M HCIOJIB3YETCS MPH MOCTPOCHHHM CXEM MOJEIHpoBaHus. Pac-
CMOTPHUM, HApUMEP, 1BA UHTETPaTOpa, COENUMHEHHBIX MOCIEI0BaTEIbHO, KaK TTOKa3aHo Ha puc. 4.2
(a). Eciut BBIXOT BTOPOTO HHTErpaTopa ecth y(t), TO ero BXOJAOM SBISCTCS y(t), AHAJIOTMYHO, BXO-
JIOM TIEPBOTO WHTETpaTopa Oyaer y(t)= d?y/dt? . Oty nemouky U3 ABYX HHTErPATOPOB MOYXKHO HC-
MIOJIb30BATh JUTSl TIOCTPOCHUS CXEMBI MOJISIIMPOBAHUS MEXaHUYECKO# cuctembl (cM. puc. 3.1). Bxo-
JIOM JIBYX MHTETpaTOpOB Ha puc. 3.2 (a) sBisieTcs y(t), a ypaBHEHUE JIBUKEHUSI MEXaHUYECKOM CH-
CTEMBI, IOJTy4CHHOE B JIEK. 3, UMEET BUJI:
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9= J0O-[ 1 Jy0+ |10 @2)

y(®) CrnenoBarenbHO, YTOOBI CBSI3aTh BCE Iie-

peMeHHbIe, BXonslMe B ypaBHeHue (4.2),

(@) cxemy puc. 4.2 (a) Hy)KHO JOMOJHUTh CyMMa-

TOPOM U TpeMs K03(h(PUITMEHTaMU YCHIICHHS.

y(®) Pesynprar mokazan Ha puc. 4.2 (6). D10 M

eCTb cXema MoOenupo8aHus MEXaHHUECKOU
CUCTEMBI.

OOuMii MPUHIKIT TOCTPOCHHUS CXEM MO-
JEUPOBAHMS 3aKI04YaeTcs B (HOPMUPOBAHUU
CTPYKTYPHOM CXEMBI, COCTOSAILEH TOJIBKO W3
UHTETpaTopoB, CyMMaTopoB U Kod3dduimeH-
TOB ycuieHus. [IpuMeHsisi K cxeme Ha pucC.
4.2 (6) dbopmyny Meiicona, moayduM nepesa-
TOYHYIO () YHKIUIO

() y(t)

@

R [

==

(0)

Puc. 4.2. Cxema MozenrpoBaHUs

WMm)s UM
G(s)= - — = , (4.3)
1+(B/M)s™+(K/M)s?  s?+(B/M)s+(K/M)

YTO COBIIA/IACT C paHee HalICHHBIM BhIpakeHueM (3.2).

3aMeTHM, YTO €CJIM CXeMa MOJAEIUPOBAHUS CTPOUTCS Ha OCHOBE TU(depeHIMalbHbIX ypaBHE-
HUN CUCTEMBI, TO PEILIEHUE SABJISAETCS OJHO3HAuHbIM. OJIHAKO, €C/IM UCXOJHbIEC JaHHbIE IIPEICTaB-
JICHBI B BHJIE TIepeIaTOYHON (DYHKIMH, TO CXeMa MOACITUPOBAHUS MOXKET MMETh Pa3IUYHYI0 KOH-
¢duryparuio, T.e. pelieHue yxe He OyeT OAHO3HAUHBIM.

[Tokaxem, Kak mepeaaToIHor GYHKIIUU OOIIEeTo BUIA

G(s)= b, s +b, ,$7 +..+bys™" _ b, "t +b, 8" +...+Db,
1+a, ,87+a, ,S +..+as" s"+a,,s""+a, 8" +..+a,
MOKHO ITOCTAaBUTb B COOTBETCTBUC JIBC PA3HBIX CXEMbI MOJCINPOBAHUA. Ha puc. 43 H306pa—

KEHa CXeMa MOJICNMPOBAHMS, Ha3bIBaEMask KAHOHUYECKOU OpMOU YnpasniemMocmu, COOTBETCTBY-
IOlIas YaCTHOMY ciydaro BbIpaxeHus (4.4) niusin = 3, T.e.

(4.4)

2
G(s)= b,s* +b;s+Db, _ (4.5)
3 2
s’ +a,8" +as+a,

Toii e camoi miepe-

naTouHor ¢yHkiuu (4.5)

Ha puc. 4.4 COOTBETCTBY-

€T BTOpasi cXema MOJIeNHU-

5 pPOBaHHUS, W3BECTHAS IO

g/ Y(Y)  masammeM  KaHoHuue-

cKoul gpopmul HabaroOae-

Mocmu. DTH HOBBIE Tep-

MUHBI CBOWIM TIOSIBJICHH-

€M 00s3aHbl COBPEMEH-

a, HOM TEOPHH YIPABIICHUS,

U UX CMBICT OyZeT pac-

KpbIT mo3xke. C momo-

upio hopmynel Meiicona

Puc. 4.3. Kanonndeckas ¢popma yrnpasisieMOCTH HETPYIAHO yoenuThes,

YTO JIBE CXEMBI MOACTUPOBAHUS UMEIOT OJHY U Ty XK€ MepeAaTouHyr0 (YHKIUIO. 3aMETHM, YTO BEK-
Top cocrostaus X(t) B cxeme Ha puc. 4.3 He coBmamaet ¢ Bekropom x(t) B cxeme Ha puc. 4.4.

|-

el
©
0| -t
R
o~
|-
Ry
o
o
+<

as

a,
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u(t) Ecnm mo 3amanHo# mepe-
JaTOYHON (YHKLIMHU IOCTpOe-
Ha CXeMa MOJENMPOBaHUs, TO
JIETKO MOJKHO TIOJIY4UTh MO-
JIeNib CUCTEMBl B NEPEMEHHBIX
y(¥) cocrosHus. ITa mpoleaypa
x, COCTOUT M3 JIBYX 3TaIOB:

1. IlpuHATH BBIXOJ KaxX-
JIOTO HHTErpaTtopa 3a Iepe-
MEHHYIO COCTOSTHUSI;

2. 3anucarb ypaBHEHUSA
OTHOCHTEIHHO BXOJ[a Ka)JIO0TO
UHTErpaTopa U OTHOCUTEIBHO

)
+
~N
o]t
|-t

Puc. 4.4. Kanonnueckas ¢popma HabII01aeMOCTH

Ka)KJIOTO BBIXOJA CUCTEMBI.
[TosicHuM 3T ATarbl Ha TpUMepe KaHOHHUYECKoi (hopmbl ynpasisiemoctd (puc. 4.3). YpaBHeHuUs
COCTOSTHUSI 3aIUCHIBAIOTCS B BUJIC:

0 1 0 0
x=| 0 0 1 [x+|0|u,
-, —q -4, 1
y= [bo b1 bz ]X . (4.6)

OT 3TUX ypaBHEHHUH JIETKO MOKHO MEPEUTH K crcteme N-ro nopsaxa. Jomyctum, Harpumep, 4yTo
y(t) ecTb BbIXOAHAs MepeMeHHas (epeMellenue) cuessmieii cucrembl. Toraa xi(t) — 310 He mepeme-
ieHue, x(t) — He ckopocth U T.1. [ kaHOHMYECKO# (opmMbl HabaromaeMoctH (prc. 4.4) ypaBHEHHS
COCTOSIHUS] UMEIOT BUJL!

-a, 1 0 b,

X=|—-a 0 1|x+|b u, 4.7)
-a, 0 0 b,

y=[L 0 0]

[Mpenmnonoxum cHOBa, 4To Y(t) — 3TO mepemenienue, Toraa Xi(t) Toxe siBIsieTCs MepeMerieH -
eM, HO x(t) — 3TO HEe CKOpOCTh | T.J1. 3aMeTHM, 4T0 KO3 HUIHeHTHI, PUrypupymolre B nepenaToy-
HOW (DYHKIIMH, MOSBJISIFOTCSA B MaTPHUIIAX YpaBHEHUH COCTOSTHMSL. DTO O3HA4YaeT, YTO ypaBHEHHs CO-
CTOSIHUSI, COOTBETCTBYIOIIHE IBYM KAHOHUYECKUM IPEJICTABICHHUSIM CHCTEMBI, MOTYT OBIThH 3aIuca-
HbI HETOCPEACTBEHHO O NepeIaTOYHON (YHKIIUU, MUHYS CXEMY MOJIEITUPOBAHUS.

PaccmoTpum npumep, Ha KOTOPOM TPOHILTIOCTPUPYEM TOJTydeHHE YPaBHEHUN COCTOSHHUS, €C-
JIM U3BECTHA CXeMa MOJIETUPOBAHMSL.

IIpumep:

Bepnewmcs eme pa3 k MexaHnueckoii cucreme Ha puc. 3.1 u 4.2 (6). Ha cxeme MmoaenupoBaHus
(puc. 4.5), nosropsitonieii puc. 4.2 (0), 3a mepeMeHHbIe COCTOSIHUSI TPUHATHI BHIXObI KaXKJI0OTO WH-
terpatopa. Takum oOpa3oM, BXOJ MPaBOr0 MHTErpaTOpa Ha CXeMe €CTh X,, YpaBHEHUE OTHOCHU-

TCIIBbHO 3TOI71 HepeMeHHOﬁ NMECT BU.
X =X,.

I[J'ISI BTOPOI'O MHTErpaTopa BXOJAO0M ABJIACTCA XZ . ypaBHCHI/IC OTHOCHUTCIIbHO XZ .

(R )

a BbIXOJ CUCTEMEI paB€H
y= Xl . Ot YpaBHCHUSA MOXKHO IMPECACTAaBUTH B BCKTOpHO-M&TpH‘-IHOﬁ (bOpMCZ

0 1 0
X(t)=| K _B Xt)+ L |f(t)
MM YR

y(t)=[1 oJx(t)
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OTO Te ke ypaBHEHHUs, KOTOpbIe ObUIN MOJIy4eHBb! B JIEKIUH 2, U UM COOTBETCTBYET MOJIENb B
KaHOHMYECKOH (opMe yrpasnsieMmoctu (puc. 4.5).
(®) ‘ :

1
M|\ s

+ *3 1 3 %1 1{xn ¥
3

R

K

M

Puc. 4.5. Cxema MozenupoBaHUs K IPAMEPY

Pa3znea 5:
Penrenue ypaBHeHUii cOCTOSIHUSA

Jlexiusi IpOBOAUTCS B UHTEPAKTUBHOM hopMe ¢ pa300opoM KOHKPETHBIX cUTyaluil (3 vac.)

5.1 Meroa npeobpaszoBanus Jlamiaca

CranpmaptHast popMa ypaBHEHHI COCTOSIHUSI IMEET BHL

x(t)= Ax(t)+Bul(t). (5.1)

JIns pemenunst Bocnonb3yeMcs mpeodpasoBanueM Jlamnaca. PaccmoTpum nepBoe U3 ypaBHeHHHA
cucremsl (5.1)

X, =ay X +a,X, +..+a,X, +bu, +...+b,u,, (5.2)
rae aij n bij — COOTBeTCTByIOH_II/Ie 3JICMCHTHI ManI/II_I A n B, da 3aBUCUMOCTH HepeMeHHLIX oT

BpeMeHH /It ynoocTBa omymieHa. [IpeoOpa3ys aTo ypaBHeHue 1o Jlamacy, momyqum:

5X,(8)=%,(0) =2, X, (8)+8,,X, (8)+.. + 2, X, () + b, (8)+ ... + by, U (s), (5.3)

TZle YITEHO HadalbHOE YCIIOBHE, T.K. HEOOXOIMMO HaWTH mosHOe pemenue. [IpeoOpazoBanue
no Jlamacy BToporo ypaBHeHHs cucteMsl (5.1) naer:

X, (5)—=%,(0) = a,, X,(S)+a,,X,(8)+...+a,, X, () +b,U,(s)+...+ b, U, (s). (5.4)

TouHo Tak ke npeoOpa3yroTcsl U Bce OCTalIbHbIE ypaBHEHUs cuctemsl (5.1). Pesynbrat MoxHO
3amucaTth B MaTpHYHOM hopme:

sX(S) — x(0) = AX(s) + BU(s),

rIe

x(0) = [%1(0) x2(0) ... x2(0)]".

Heo0xoauMo pemmTh 3TO ypaBHEHHE OTHOCHTENBLHO X(S), TTO3TOMY CTPYIIHPYEM BCE WICHBI,
coaepxarrie X(S), B JIEBO# YacTH ypaBHEHUS:

sX(s) — AX(s) = x(0) + BU(s). (5.5)

Teneps HEOOXOAUMO BBIICTUTh MHOXHTENL X(S) B JIeBO YacTH ypaBHeHus. [[yis 3Toro cHava-
na npenactaBuM wieH SX(S) kak SEX(S), rne E — equanunas matpuna. Torna

SEX(s) — AX(S) = (SE — A)X(s) = x(0) + BU(s). (5.6)

DTOT JOMOIHUTENBHBIN IIAr MOHAA00MIICS TIOTOMY, YTO BEIYUTAHHE MAaTPHUIIBI A U3 CKaISPHON
NepEeMEHHOI S He OmpejieNieHo; Helb3s BbipasuTh X(S) HemocpenctBenHo u3 (5.5). M3 ypaBHeHus
(5.6) momyunm:

X(s) = (SE — 4)x(0) + (SE — A)*BU(s), (5.7)

a BekTop cocrosinus x(t) Oyner oOpaTHbIM peoOpazoBanuem Jlamiaca ot X(S).

YroOBl MOTYYNTH 00IIee BBIPAKCHUE ISl PEIICHHS, BBEIEM IOHITHE NepexoOHOU Mampuybl
cocmosinus (MaTpUIBl IEPEeXoaa) WK (yHoamenmanvHou mampuysl D(t):

®(t)=L|(sE- A (5.8)
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Kak moxno Buzets u3 (5.7), MaTpuIla nepexoaa omnpeneser pemenue auddepeHnnaaTbHOro
ypaBHEHUS

x(t)= Ax(t) = x(t) = @(t)x(0). (5.9)

B cnenyromem npumepe NpoMIUIFOCTPUPOBAHO BBIYMCIIEHHE MATPUIIbl MEPEXO0]a MO BbIpAXKe-
aumo (5.8).

Ilpumep 1:

PaccmoTpuM cuctemy ¢ nepenaToqHol QpyHKIUeH

6(s)= Y(s) _ s7?

U(s) s®+3s+2 1+3s'+2s7?

Mopenb cucteMbl B MEPEMEHHBIX COCTOSHUSA B BUJIE rpada n300pa3uM, BOCIOJIB30BABIINCH
KaHOHUYECKOU (opmoii ympasisieMocTH. Pe3ynbrar moka3aH Ha puc. 5.1. YpaBHEHUS COCTOSHUS
UMEIOT BU:

X(t):[:i (ﬂx(t){ﬂu(t),
y(t)=[L 0x(t).

U) 1 R s 1 N s » X.(2) = Y() Jlist onpeneneHus: MaTpuibl Iie-
X,(s) ' pexoma cHauana HaiaéM MaTpuily
= (SE-A):

-2
Puc. 5.1. Cucrema k npumepy

< oefs 93 57 ]

YroObl HaliTH 00paTHYIO MaTpUILy, CPOPMUPYEM NPUCOEAUHEHHYIO MATPHILY

Adj(sE—A)z{ s }

-2 s+3
U BBLIYMCIIUM OIPENEIUTEND
det(SE—A) =s° + 35 +2 = (5 + 1)*(s + 2).
Torma oOparHas marpuia OyaeT MOJydeHa IyTeM JENEHHs NPUCOEAMHEHHOM MaTpHIbl Ha
onpenenurens det(SE — A):

S 1 -1 2 1,1
(SE—A)'= (s+2)(s+2) (s+1Ns+2)|_|s+1 s+2 s+l s+2
-2 s+3 -2 2 2 -1

(s+1)s+2) (s+1)s+2) s+1 5+2 s+l st2
Martpuiy nepexoza noyauM ¢ IOMOIIbIO 00paTHOTo peodpazoBanus Jlamnaca:
_e e et _p?
{— 2et+2e7 2 - eZt} '
Ipumep 2:

PaccmoTrpum cuctemy u3 npumepa 1, 11 KOTOpor ypaBHEHHUS COCTOSIHHUSI UMEIOT BUT:

x-(t){:g ﬂx(mmu(t),

a HpCO6paBOBaHI/IC oo Hannacy MaTpHIbI ICPEXOda

o(t)=

s 1
o(s)= L[@(t)]= (SE- A)* = (S+1_)(§+2) (s +sl)+(53+ 2)

(s+1)(s+2) (s+1)s+2)

[Tpearmonoxkum, 9T0 Ha BXOJ CHCTEMBI TIOJIAHO €AWHWYHOE CTyIIEHYaToe Bo3jeicTeue. Torma
U(s) = 1/s, u Bropotii uieH B (5.7) mpuHUMAET B
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° : 1 | fvz2, -1, 12
(sE— A)*BU(s)= (s+1)(s+2) (s+1)s+2) {0 1 |s(s+1)s+2)|_| s s+1 s+2

-2 s+3 1ls s+3 B 3/_2+—_2+£
(s+1)s+2) (s+1)s+2) s(s+1)s+2) s s+l s+2
[Ipumenss oOpatHoe npeoOpazoBanue Jlamiaca, IOIyIUM
1 i 1w
loe-aysue)-| 22
L|(sE - s)I=| 5 Rt
——2e" +—¢
2 2

Martpuna nepexona Obulia HalijieHa B MpuMepe 1, MO3TOMY MOJHOE PEIIeHHE YPaBHEHMI CO-
CTOSIHUSI UMEET BU/I:

%,(t)= L*|(SE— AY*x(0)+(sE— A) *BU(s)|=

et iop2 et _e2 Tx (0) 1 —e '+ le_2t

—2e"'+2e 2et e | X, (0) 3 26t 1 1 e 2
2 2
1 NCPEMCHHBIC COCTOSHWA paBHBL
X (t)= (e +2e2 ), (0)+ (et —e 2 Jx,(0)+ % —et+ % e?

u
X,(t)=(-2¢" + 262 Jx,(0)+ (2 —e 2 Jx, (0)+ g —2e'+ % e,

[TomHOE perieHre YypaBHEHUH COCTOSIHUASL MOYKHO TIOJYYHTh HECKOJIBKO MHBIM criocooom. Bro-
poe ciaraemoe B IIpaBoil yacTu ypaBHeHUs (5.7) mpeacTtaBisieT coO0i Mpou3BeeHUE IBYX H300pa-
»enuit o Jlammacy. [Toatomy obpaTHOoe mpeoOpazoBanue Jlamnaca ast 3TOro 4ieHa uMeeT BU UH-
Terpaja CBepTKU. Takum oOpa3om,

t

x(t)= D(t)x(0)+ [ @(t—7)Bu(r)d7. (5.10)
0

IIo TEOPEME CBECPTKHU 3TO PCIICHUEC MOKHO 3aIIUCATh NHAYC!:
t

x(t)= D(t)x(0)+ [ @(z)Bu(t -7 )d7. (5.11)
0

BuHo, 4TO pelieHne COCTOUT U3 JBYX claraeMbix. IlepBoe W3 HUX MPEACTaBisieT co00i c60-
600HOe OsudIcenue cucmempl, BOSHUKAIONIEE TOJIBKO 3a CYET HAYAIBHBIX YCIIOBUi (IIPH OTCYTCTBUH
BXOJIHOTO CHTHaja). BTopoe ciiaraeMoe COOTBETCTBYET BbIHYHCOCHHOMY OBUNCEHUIO CUCTMEMb,
00YCITOBIICHHOMY BXOJHBIM BO3JEHCTBHEM (IIPH DTOM HayallbHBIE YCIOBHUS IOJIAratOTCs HYJIEBbI-
MH).

IIpumep 3:

B mpensigyiiem npuMepe ObLIO MPEINONIOKEHO, YTO HA BXOJ CHCTEMBI MMOJAHO EAMHUYHOE
CTymneH4YaToe Bo3aeicTaue, T.e. U(t) = 1(t). CnemoBaTenbHO

t t[ a-(t-7) —2(t-7) —(t-r) _ 5-2(t-7)
ICD(t—T)Bu(r)dr = I{ e v ¢ ¢ }{o}dr =

. . _2e7(’[7r)+2872(t71) Zef(tf‘r)_e72(tfr) 1
fle-em i | [(eeZerer )y | o) Loe)
0 _ _ 2

I[Ze’ 2

0

- 1
_ t—r)bz_ (ze—ter _%e—ZteZz’j

t

—T) —e
(t"[) —e 0

ahee)-2eet)|
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1

Z-e'+Ze

2 2

3 getile
2 2

HenocraTtkm meTona:

- Ipolieaypa SABJISIETCA JJIMHHOM;

- OTHUMACT MHOTI'O BpeMeHI/I;

- MOKET IIPUBECTH K MOSBICHUIO OIITHOOK.

5.2. Meton pa3zioxxeHust B 06CKOHEUHBIHN sl

OnvH U3 METOJOB PELICHU J.y. 3aKI04aeTcs B caeayomeM. CUUTaroT, 4TO PELICHUE UMEET
BUJ OECKOHEYHOTIO psiia C HEU3BECTHBIMU KO3 UIEeHTaMHU. DTOT PsiJ MOACTABISIOT B JA.y. U Ta-
KUM 00pa3oM OmpeiessitoT Hen3BeCTHbIE KO PHUIHUEHTH. Bocmonb3yemMcst JTaHHBIM METOZOM ISt
HaxOXXJEHUsA MaTpULbl Iepexona. B mpeamnosokeHuu, 4ro BCE BXOAHBIE IIEPEMEHHBIE CUCTEMBI
PaBHBI HYJIIO, YPABHEHHUSI COCTOSIHUS IIPUHUMAIOT BUJL

x(t)= Ax(t), (5.12)

a ux pemrenue, Ha ocHoBauu# (5.10),

x(t)= @(t)x(0). (5.13)

[TockobKY HCKOMBIM sIBJIsIETCS] BEKTOp X(1), mpencTaBum ero B BUzE psaa:

X(t)= (Ko + Kyt + Kt? + Kt . x(0) = 3 K,t'x(0) = (t)x(0), (5.14)
i=0

re Bce MaTpuibl Kj, pa3MepHOCTH (N X N) CUUTAIOTCS HEU3BECTHBIMH, a t —CKasipHas mepe-
MeHHas (Bpems). JuddepeHmupyst 5To BeIpaskeHue, MOTYIHM:

x(t)= (K, +2K,t +3K,t? +... ]x(0). (5.15)
IMoacrasum (5.14) u (5.15) B (5.13):
(Ky + 2Kot + 3K,t2 + ..)x(0) = A(Ko + Kut + Kot? + ...)x(0). (5.16)

Jlanee BeIMOTHUM cienyronue onepanuu. CHavyana seranciauMm (5.16) mpu t = 0. 3arem mpo-
muddepentmpyeM (5.16) u Haitnem pesynbrar npu t = 0. Eme pa3 npoauddepennmpyem Bbipaxe-
Hue u nojactaBuM t = 0. [ToBTopss 3T HEHCTBHS, KaXIbIH pa3 OyneM MoixydaTh ypaBHEHHE OTHO-
CUTEIbHO Hen3BecTHBIX MaTpull Kj. B utore o6pasyercs cucrema ypaBHEHUI:

K, = AK,

2K, = AK,

. 5.17
3K = AK, G.17)

Beruucnenue (5.14) npu t = 0 naer pesynsrar Ko = E. Toraa apyrue MaTpuiibsl OnpeaeisitoTcs
u3 ypaBHenuit (5.17):

K, =A
A2
T
A (5.18)
3

CrnenoBatenbHO, MaTpulia mepexoja, npeacrapieHHas B (5.14) B Buge O0ECKOHEYHOTO psija,

MOJKET OBITH 3allMCcaHa KaK
3

2
cD(t):E+At+A2%+A3%+... (5.19)

CpaBHUBas 3TO BIpaXXEHHUE C Pa3JIOKEHUEM B psil Telnopa CKalapHONU SKCITOHEHTHI,
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t? t?
e =1+kt+k®>—+k*—+.... (5.20)
2 3

HpI/IXO,Z[I/IM K BBIBOI[y, qTo ManI/ILIy nepexona MO>KHO HpGI[CTaBI/ITB KaK BKCHOHGHHI/IaJIBHyIO
GYHKIHUIO MaTpHIIBI A

o(t)=e". (5.21)

[IpowitrocTpupyeM 3TOT METOJL Ha CIEAYIOLIEM IIPUMEPE.

Ilpumep 4:
Paccmorpum Monens cnytHuka. B mannom ciydae psg (5.19) Oyner uMeTh KOHEUHOE YHCIIO

HEHYJIEBBIX WieHOB. [TonyueHa nepenarounas ) yHKIMS CITyTHUKA:
o(s) 1
G(s)= o) = =,
(s) T(s) Js?
rae T(S) — MOMEHT, PHJIOKEHHBIH K CIyTHUKY, a O(S) — yroxa ero mosopota. CTpyKTypHas

CXeMa CHCTEMBI YIIPABIICHUS CITYTHHUKOM
n3o0paxkeHa Ha puc. 5.2 (a). Yriosoe
: g  TIOJIOXKEHHUE H(t) U YIIOBas CKOPOCTh

g(t) CIIYTHUKA U3MEPAKOTCA, U UX 3HAYC-

e iR HUSI UCTIONIB3YIOTCS Ui (DOPMHUPOBAHHUS

yhnpasjstonero curiaiga. Cxema Mmoje-

9 JUPOBAHMS CITyTHHKA NPUBE/ICHA Ha PUC.

5.2 (6). YpaBHEHUS COCTOSIHHS MO>KHO

(a) 3ampcaTh HEMOCPEACTBEHHO II0 CXeMe
MOJICIIMPOBAHUS:

U(s) = 1(s) Y{(s) = O(s)

Voin - V o fonr

Puc. 5.2. Cucrema ynpapieHHUs NOJI0KEHUEM CITyTHHKA

. 01 0
()= Ax(t)+ Bu(t)z[ }x(t)J{ 1]u(t).
0 0 3
Takum 06pa3om, B Beipaxenuu (5.14)

N
o0 o M)

A’ =AA?=0.

AHajornyso,

An — AZAFFZ :O.

nx3.

CrenoBarenbHO, MaTpulla epexoia Ha ocHoBaHuu (5.19) paBHa

cz>(t)=E+At=E 2}{8 ﬂt:{; j

5.3 Ilepenarounbie GyHKIIUN

B nexuuu 4 6bu1a paccMOTpeHa Mpolleypa 3alucu YpaBHEHUN COCTOsIHUSA, eciu 3aaaHa [1D
CUCTEMBI. 37IeCh PAaCCMOTPUM OOpPATHYIO 3a7auy: JIaHbl YPaBHEHUS COCTOSHUS, TpeOyeTcs ompere-
auth [1®. /[ cuctemMbl ¢ OHUM BXOJIOM M OJTHUM BBIXOJIOM CTaHJIapTHas ¢hopma ypaBHEHUU CO-
CTOSAHHUA UMECT BU.

x(t)= Ax(t)+Buf(t)

y(t)=Cx(t) 622
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[IpeobpazoBanue no Jlamnacy ypaBHeHu# (5.22) npu HyJEBBIX HAYaJIbHBIX YCIOBHUSIX JTACT:
sX(s) = AX(s) + BU(s). (5.23)
DT0 ypaBHEHHE MOKHO MPUBECTU K BUY
(SE — A)X(s) = BU(S). (5.24)
U PEINTh OTHOCUTEIBHO X(S):
X(s) = (SE — A)'BU(s). (5.25)
[Ipeobpasys no Jlamacy BTopoe ypaBHeHHE U3 (5.22), TOITYIUM:
Y(s) = CX(s). (5.26)
IToxacranoska (5.25) B (5.26) maer:
Y(s) = C(SE — A)*BU(s) = G(s)*U(s), (5.27)
cnenoBarenpHo, [ 1D cuctemsl paBHa
G(s) = C(SE — 4)'B = Cd(s)B. (5.28)
Ecan D #0, to [1® umeer BbipakeHue:
G(s) = C(SE—A)"'B + D. (5.29)
IIpumep S:
Bocnone3zyemcs cucremoit u3 npumepa 1, rae Obuia nana [1d
o)=Y L

U(s) s®+3s+2
JUTSE KOTOPOH MOTYYCHBI YPABHEHHS COCTOSTHHS

ORI OO

-2 0 1

y(t)=[t OJx(t).
B tom e nmpumepe Obuta Halinena marpuna (SE — A)'l. Torna Ha ocHoBanuu (5.28) U 1aHHBIX
npumepa 1 onpexaenum I1D:

G(s)=C(sE-A)*B=[1 0]{523 _j_l{ﬂ:
S 1 1
L ok (s+l_)(§+2) (s+§)£s3+2) XE =l o (S+§)£S3+2) :(s+1)ts+2)'
(s+1)s+2) (s+1)(s+2) (s+1)s+2)

JIyisi MHOTOMEPHBIX CHCTeM (CHUCTeM ¢ OoJiee, YeM OJHUM BXOJIOM H/WJH OoJiee, YeM OJHUM
BbIx0/10M) U(S) ecTh BEKTOp pa3sMepHOCTH (r xl)), a Y(S) — BEKTOp pa3MEepHOCTH (pxl). Bce
MIPEABIIYIINE PACCYKIEHUS OCTAIOTCS B CHIIe, U BhIpakeHue (5.27) mpuodperaer BU:

Y(s)=C(sl —A)"BU(s)=G(s)J(s), (5.30)
rae G(S) Temeps sBiseTcs MaTpuuel pasmepHocTH (P X r). Kaxplit 13 3J€MEHTOB MaTpPHIIbI
G(s) npexacrasisier coboii [1D

Yi(s)

Gy(s)=- (5.31)

CBSI3BIBAOIIYIO BXOJI CHCTEMbBI C HOMEPOM | M BBIXOJI C HOMEPOM I.

Pa3nen 6:

Mopnesu TUCKPETHBIX CHCTEM B MepeMeHHbBIX COCTOSTHUS

6.1 TlepemeHHBIC COCTOSTHUS

[TousTHE O MOJAETSIX AUCKPETHBIX CUCTEM B MEPEMEHHBIX COCTOSIHUS BBEIEM Ha KOHKPETHOM
npumepe. [IycTs quCKpeTHas cucTeMa ONUCHIBACTCS PA3HOCTHBIM YPABHEHHUEM BTOPOI'O MOPSIKA!

y(k) = 0.386u(k-1) + 0.264u(k-2) + 1.368y(k-1) — 0.368y(k—2), (6.1)

25



roe U(K) — BXom cucrembl, a y(k) — ee BbBIXOA. [IpUMEHHB K 3TOMY YpaBHEHHIO Z-
npeoOpaszoBanue, noaydum [1D:

Y(z) 0.3682"'+0.264z7°  0.368z+0.264 6.2)
U(z) 1-1.3682"+0.3682% 2°-1.3682+0.368" '

Otoit [1®d MOXKHO MOCTaBUTh B COOTBETCTBUE PA3IIMYHBIE BUJIBI CXEMbl MOAEIUPOBaHusA. Bua
cxeMbl MozieupoBanus GpyHkiuu (6.2) npencrasiex Ha puc. 6.1 (a). [Ipu moaenupoBaHuu Hempe-
PBIBHBIX CHUCTEM TaKasl CTPYKTypa Oblia Ha3BaHa KaHOHUYecKkol gopmoii ynpasisiemocmu (JIEKIUS
4) ITpuMEeHUTENTHHO K JUCKPETHBIM CHCTEMaM 3Ta CTPYKTypa Ha3bIBACTCsl KAHOHUYECKOH (Gopmoit
IpPOrpaMMUpPOBaHUS UPPOBLIX GUIBTPOB. I'pad 3TOM cxeMbl MOJEIHPOBAHUS U300paKEH Ha pPUC.
6.1 (6). [Ipumenenue k 3tomy rpady dopmyssl MelicoHa MOKa3bIBaCT, YTO CXEMa MOJICIHUPOBAHUS

umeer [1D (6.2).
Xi(s) _ Xi(s)

Mopgenp B IepeMEHHBIX COCTOSIHUS JUISl CUCTEMBI, OIIMCHIBAEMOM ypaBHEHHEM = ,
U(s) U(s)

MO>KHO IOJTYYHTh, IIPHHSAB BBIXOJ KaXKJOTO 3JIEMEHTA 3aJCPKKH B CXeMe MOAEINPOBAHMS 3a Iepe-
MeHHyro coctosiHus. Kak mokasano Ha puc. 6.1 (a), 3Tu nepemeHHble 0003HaueHbI uepe3 Xi(K) u
X2(x). Torma BXOMbI AJIEMEHTOB 3aJiepKKu OyayT coorBeTrcTBeHHO paBHbI X3(K + 1) m xo(k + 1), a
YpPaBHEHUS COCTOSHUS 3aITUIYTCSI B BUJIE:

Xl(k +1): X, (k)’

X, (K +1)=—0.368x, (k )+1.368x, (k) +u(k), (6.3)

y(k)=0.264x,(k)+0.368x,(k)

OTH ypaBHEHHS MOXKHO MPEICTABUTH B BEKTOPHO-MATPUUHON (hopme:

IV IR
oo

I/ICHOJ'IIBYSI CTaHI[apTHHﬁ BUJ] BCKTOPOB U MATPUIL], MOKHO TAK¥KE€ 3allNCATh:
x(k +1)= Ax(k )+ Bu(k)

y(k)=Cx(k)

(6.4)
y(k)=[0.264 0.368{

(6.5)

OOmuit BUI ypaBHEHUH CO-
0,368 CTOSIHHSL JJIi MHOTOMEpPHOHW JIU-
HEWHON JUCKPETHOM CHUCTEMBI C
ihy * m s [ s + ,u MOCTOAHHBIMU MapaMeTpaMu BEI-
+ . U TJSTAT Kak
x(k +1)= Ax(k)+Bu(k)
— y(k)=Cx(k)+ Du(k)
rae Bektop coctosiHus  x(K)
0868 uMeeT pasMepHocTh (N X 1), Bek-
@ top Bxona U(k) — pasmepHocTs (I x
1), a Bekrop BeIxoma y(K) — pas-
9,848 MepHOCTh (p x ). CnenoBarenbHO,
v@ 1 R o 0,260 ™\ ¥(2) Matpuiia Kod3(pQUIIUEHTOB CHUCTE-
MBI 4, MaTpHa Bxojaa B u marpu-

. (6.6)

Ri208 na Beixoga C MMEIOT Pa3sMEPHO-
~0,368 CTH, COOTBETCTBEHHO, (N x Nn), (N x
©) r u (p x n). Marpuna D, xapaxre-

Puc. 6.1. Cxema MozienmupoBaHHs
pusyronias HCIMMOCPCACTBCHHYHO

CBSI3b MEXIy BXOJIOM U BBIXOJIOM CHCTEMBI, UMEET Pa3MepHOCTH (p X ).

Mognens cuctemsl B Buje (6.6) sBnserca TMHEHHONW W cTaumoHapHoil. Eciu maTpuisl B 3THX
YPaBHEHHSX 3aBHUCAT OT K, TO CHCTeMa SBISCTCS JUHEHHOM, HO HecTannoHapHOW. Jlas Takoi siu-
HEUHOU OUCKPEMHOU CUCmeMbl C NEPEMEHHbIMU Napamempamu MOJENb B IEPEMEHHBIX COCTOSHUS
UMEET BUJ:
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x(k + 1) = AKXK) + B)u(k), (6.7)
y(k) = CK)x(k) + D(K)u(k).

6.2. Pemmenue ypaBHEHHI COCTOSTHUS

['pynna pa3HOCTHBIX ypaBHEHUU MEPBOrO MOPSAIKA, ONMUCHIBAIOIINX MOJEIb B IEPEMEHHBIX CO-
CTOSIHMS JUIsl JINHEMHOM CTallMOHAPHOW TUCKPETHOM CUCTEMBI, UMEET BUL:

x(k + 1) = Ax(k) + Bu(k). (6.8)

JIist penieHust 3TUX ypaBHEHUNW MOKHO BOCIIOJIb30BAThCS UTEPALMOHHBIM MeToAoM. Cuutas,
410 Xx(0) ¥ U(k) U3BECTHBI, MOKHO BBIYUCIUTH (6.8) mmst K = 0, 3arem g K = 1, satem mmss K =2 u
T.J.

x(1) = Ax(0) + Bu(0),

x(2) = Ax(1) + Bu(1) = A[Ax(0) + Bu(0)] + Bu(1) = A’x(0) + ABu(0) + Bu(1),

x(3) = Ax(2) + Bu(2) = A[Azx(O) + ABu(0) + Bu(1)] + Bu(2) =

= A’x(0) + A’Bu(0) + ABu(l) + Bu(2),

x(n) = A"x(0) + A" 'Bu(0) + A" *Bu(l) + ... + ABu(n — 2) + Bu(n - 1).

CrnenoBatenbHO, penicHre ypaBHeHUH (6.8) MOKHO BBIPa3uTh B OOIIEM BH/IE:
n-1

x(n)=A"x(0)+ > A"*Bu(k). (6.9)
k=0

OOmee pemieane ypaBHeHHN (6.8) MOXHO TMONYYWTh TakKe C HCIOJIB30BAHHEM  Z-
npeoOpaszoBanus. J{is aToro npeactasum (6.8) B pa3BepHYTOM BUJIE:

%, (k +1)=ay,x (k) +...+a,x, (k)+byu, (k)+...+b,u, (k)

x (k1) 2 (K)+..tax ()bt (K)s...+bu (k)

nn’'n nr=r

3areM HaiizieM Z-npeoOpa3oBaHKe S3TUX YPaBHEHUM:

'z[Xl(z)— x,(0)]=a, X,(2)+...+a, X, (2)+bU,(2)+...+b,U,(2)

7[X,(z)-x,(0)]=a,X,(2)+...+a,X,(z)+bU,(2)+...+b,U,(2)

Te e ypaBHEHMs, HO B MATpUYHON opMme:

2[X(2) - x(0)] = AX(z) + BUE),

WIN

[zE — A]X(z) = zx(0) + BU(z).

Otcrona Beipazum X(z):

X(z) = z[zE — A]*x(0) + [zE — A]™* - BU(2). (6.10)

[Tpumenus x (6.10) o6paTHOe Z-TipeoOpa3oBaHue, MOTYYUM TOT K€ pe3yibTar, uro B (6.9), mo-
3TOMY MaTpula nepexoja @(k) s ypaBHEHUN COCTOSIHUS TUCKPETHOW CUCTEMBbI MMEET BU/I:

D(K)=&(2[zE - A]*)= A", (6.11)
Torma pemenue (6.9) MOXXHO 3amucaTh Kak

x(n)= @(n)x(0)+ 3" @(n -1 k)Bu(K).

k=1
PemreHne quCKpeTHBIX YpaBHEHUN COCTOSIHUS IPOUIUTFOCTPUPYEM IBYMs IPUMEPaMHU.

Ipumep 1:
Paccmorpum auckpernyto cucreMy ¢ 11D
Y(z) 2 z

G(s)=

UGz) 22-3z2+2 (z-1)fz-2)
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UToOb! MOJIYyYUTh MOJEIb B IIEPEMEHHBIX COCTOSHUS, M300pa3uM CHayalla CXeMy MOJENINpOoBa-
HUSL CUCTEMBI (pUC. 6.2) U BBIXOJ KaXIOTO JIEMEHTA 3a/ICPKKU IPUMEM 32 MEePEMEHHYIO COCTOS-
Husl. [1o 3TOM cxeme 3anuiinemM ypaBHEHUSI COCTOSIHUSA:

x(k+1){_°2 ﬂx(k){ﬂu(k),

y(k)=[0 " 1]x(k).
Jlanee pemmm 3T ypaBHEHHsI UTEPAIMOHHBIM METOAOM, cumTasi, 4To x(0) = 0 u U(x) = I nus
Bcex k. Tak kak x(0) = 0, To y(0) = 0. [locnenoBarenbHO yBEJIUYUBAS K, OTYUHM:

y(k) 0 1)j0 0] . {0 2.
!K(l)=A1(0)+Bu(°)=[_2 3][0]+[1](1)—[1], =1

0 1|0 0 1
u(k) + x,(k) x,(k) x(2) = Ax(1)+ Bu(l) = [_2 3][ l] + [ 1] = [ 4], H2) =4,

0 1fj1 0 4
= + )= ) 3)=11,
: o[ o Lo-a: o
Puc. 6.2. Cxema MonienupoBaHus K mpumepy 1

0 1| 4 0 11 _
::(4):[_2 3}[11}'[1](1):[26]’ w4) = 26,
IIpumep 2:

Temeppr pemuM ypaBHEHHUS COCTOSHHUS U3 MPEIBIAYIIErO MpUMepa C TIOMOIIBIO  Z-
npeoOpa3oBaHMsl, BOCIIOIb30BaBIINCH BeIpaxkeHueM (6.10). Urak,

[zE—A]z{Z _1}; ZE-A=2"-3z+2,
2 z-3

n S

CJIeAOBATEIBHO,

[ZE_A]_1:2;{2—3 1}
2°-3z+2| -2 1z

Cornacno (6.9), yuutsiBasi, 4to x(0)) = 0, momydum:

el

(0= 55y VO

C22-3z+2|z
[Mockonbky U(z) = z/(z — 1), To
z
2
v@)-cx(a)-fo 1< @ 3242

(z-1)z% -32+2)

nim
2

Y(z): z _ -~z +_22+ 21
(z-1(z-2) (z-1} z-1 z-2°
[To Tabnuiie z-mpeoOpa3oBaHUS HAXOIUM:
(k) = -k—2+2(2)"
CremoBarebHO, YHCIIOBas mocienoBareabHOCTh y(K) pasHa 0, 1, 4, 11, 26, ..., uro moarsep-

JKJAeT Pe3yJIbTaT, IOJIy4eHHbIN B mpumepe 1.
B 3akirroueHne yCTaHOBUM CBSI3b MEKy YPaBHEHHUSIMH COCTOSHUS U [1D nucKkpeTHOM cucTeMsl

C OJTHUM BXOJIOM U oHUM BbIX0J0M. U3 (6.10) mpu ycnoBuu x(0) = 0 umeem:

X(z)=[zE-A]'BU(2). (6.12)
Haiinem z-npeobpasoBanue ypaBHeHus Bbixoa (6.6):
Y(z) = CX(z) + DU(2). (6.13)

[ToncranoBka B mocneanee ypapuenue X(z) us (6.12) naet:
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Y(2) = [C(zE — 4)™"B +D]U(z),
OTKYZa CIEAYET, UTO cucrema umeet 11D
Y(Z) 1

G(z) 0(2) C[zE-A]'B+D. (6.14)

Taxum o6pazom, [1D 1o ypaBHEHUSIM COCTOSIHUSL MOKHO ONPEICTUTH ABOSKAM 00pa3oM — JIH-
00 ¢ MOMOIIBI0 MAaTPUYHOU Tporeaypsl (6.14), mubo ¢ momompio Gopmysel Meicona, TPUMEHUB
ee K rpady, COOTBETCTBYIOILIEMY YPaBHEHHUSM COCTOSIHUSI.

Ilpumep 3:

OT1oT npumep wurocTpupyet omnpezaenenue 11O no ypaBHeHusiM coctosuus. Paccmorpum cu-
creMmy U3 puMepoB 1 u 2. J{iig 3Tol cuctemMbl

0 1 0

el ol

Marpura [zE — 4] " Gbura MoJTydeHa B IpuMepe:

z-3 l
_APrP | A A
£ A -2 zy
A A
A=7*-37+2.
Torna Ha ocnoBanuw (6.12), yautsiBast, uro D = 0, onpenenum I1® cucremsr:
z-3 1
== =y ~ 0
G(Z):@:C[ZE_A]*le[O 1]>< A A =[_2 E} - z .
u(z) -2 z|1| | A A1 22-3z+2
A A

Kak Buaum, 3ToT pesynbTar coBnaaaer ¢ [1d u3 npumepa 1.

Cy1ecTBYIOT TpY OCHOBHBIX METO/IA PELICHUs JIMHEWHBIX PA3HOCTHBIX YPaBHEHUH C MTOCTOSH-
HbIMU Kodpduientamu. [lepBrlii (k1accnyeckuii) METOJI COCTOUT B HAXOXKJIEHUU OOILEro U 4yacT-
HOTO pelIeHnH 0JJOOHO TOMY, KaK 3TO JeJIaeTcs MPHU KIACCUUYECKOM PEeIICHUH JUHEHHBIX 1.y. DTOT
METO/]I paccMaTpuBaThCs He OyneT. Bropoil MeTos siBNsieTcsl peKyppEeHTHBIM; OH MCIIONb3YETCs IpU
pELICHUH Pa3HOCTHBIX YpaBHEHHH ¢ Mmomolibio nudpoBoro kommerorepa. Ilpommutoctpupyem ero
Ha MpUMeEpe, a 3aTEM PacCCMOTPUM TPETHI METOA.

Ilpumep 4:
[Monyuum pemierne as M(K) ciaenyromero ypaBHeHuU:

m(x) = e(k) —ek —1) —m(k — 1), k>0,

rae
e(k):{ol, ecu K uémmoe

, ecm K mHeuémmuoe

u Kak e(-1), Tak u m(-1) paBusl Hy;10. Pemenne s M(K) MOXHO TOJTYYHTh, TIOJI0XKHUB CHaYasa
B pa3HOCTHOM ypaBHeHuu K = 0, 3atem K = 1, 3atem kK = 2 u 1.1. B pe3ynbrarte nomayunm:

m(0) = e(0) —e(-1) -m(-1)=1-0-0=1

m(l)=e(l)—e0)-m0)=0-1~-1=-2

m(2) = e(2)-e(l)-m(l)=1-0+2=3

m@3)=e@3)-e2)-m2)=0-1-3=-4

m@4)=e(d)-eB)-mQB)=1-0+4=5um.o.

Hcnonb3ys 3TOT METO, MOKHO ONPEIeTUTh M(k) 1Jis JTr00bIX 3HaueHu# K. [Tpu OGonbimx 3Ha-
yeHusx K mogo0Has mporeaypa oueHb TPYJA0EMKa, 332 UCKITFOUEHHEM CIyJaeB, KOT/ia OHA BBIITOJIH -

ercst Ha KoMmbloTepe. [locnenuuii mpumep st K = 0, 1, ..., 5 pemaercss ¢ MOMOIIBIO Cleayromen
nporpammel MATLAB:

mkminusl = 0; ekminusl = 0; ek = 1;

fork=0:5

mk = ek — ekminusl — mkminusl;
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[k ek mk]

mkminusl = mk;

ekminusl = ek;

ek=1-ek;

end

B oroii mporpamme ekminusl coorBercTByer 3HaueHuio ek — 1), ek — 3nHauenuro e(k),
mkminusl — 3aauenuro m(k — 1), a mk — 3nauenuro M(k). MHCTpyKIMK B IEPBOI CTPOKE 3aarOT
HaYaJIbHBIC 3HAYCHUS TEPEMEHHBIX B PAa3HOCTHOM ypaBHEHHH. [IporpammupoBaHue IH(PPOBOTrO
(HUIBTPa aHAJIOTUYHO JAHHOW IPOTrpaMMe.

B kadecTBe BTOpOro mpumepa NPUMEHEHHsI PEKYPPEHTHOrO METO/a PELICHHsS Pa3HOCTHBIX
ypaBHEHUI PaCCMOTPUM YMCICHHOE MHTETPUPOBAHKE JI.y. IO MeToxy Diinepa. JlaHo a.y. mepBoro
HOPS/IKA:

x(t) = ax(t)+be(t).

Jli1sa Manoro 3HayeHus: T IpOU3BOAHYIO X(t) MO>KHO MPUOJIMKEHHO PEICTAaBUTh KaK

X(t+T )—x(t
T
Torna muddepenunansHoe ypaBHeHUE (PUOIMKEHHO) IPUMET BU:

M o) et

Bripaxkas orcrona x(t + T), momydum:

X(t+T)=(1+an)x(t) + bTe(t).

[Mepexomst k quckperHoMy Bpemenu t = KT, moydum pa3HOCTHOE ypaBHEHHE:

x[(k +1JT ] = @+aT x(kT)+bTe(kT).

W3 nmocnenHero paBeHCTBA BUJHO, UTO MHTETPUPOBAHKE /I.y. METOJOM Diisiepa CBOJUTCS K MO-
JYYEHUIO PA3HOCTHOTO ypaBHEHUs. B neicTBUTENEHOCTH TI000I METO YHCIEHHOTO MHTETPUPOBa-
HUSL MOXET OBITh CBEJIEH K Pa3HOCTHOMY YPaBHEHHIO U 3allPOrpaMMHUPOBAH ISl pelIeHUs Ha U -
POBOM KOMIIBIOTEPE, KaK 3TO ObLIO MOKa3aHo B mpumepe 1.

Tenepb paccMOTpUM TPETUI METOJ PEUICHUsl JTUHEHHBIX Pa3HOCTHBIX YPAaBHEHHU C MOCTOSIH-
HbIMU KO3 (HIIMeHTaMu, OCHOBAaHHBIA Ha HCIOJIB30BaHUM Z-TipeoOpa3oBanus. Paccmorpum cre-
JyIOIlee Pa3HOCTHOE YpaBHEHHE N-TO TMOPs/Ka, CUUTass BXOIHYIO TMOcieaoBareibHOCTh {e(K)} u3-
BECTHOI:

m(k)+am(k—1)+...+a m(k —n)=be(k)+be(k —1)+...+be(k —n). Hcnoms3ys Teopemy o
CABHTE, 3aIlUIIEeM Z-IpeoOpa3oBaHKe JaHHOTO YPaBHEHHUS:

M(z)+az*M(z)+...+a,2""M(z)=b,E(2)+bz"E(z)+...+b,z "E(z),

HIJIN

-1 -n
M(z)= b, erlz_1 +...+bnz_ E(z).
1+az7 +...+a,2"
[Mockonbky E(z) m3BectHO, To M(K) MOXHO HalTH, TPUMEHUB 0OpaTHOE Z-IPpeoOpa3oOBaHKE K
BBIpXKCHUIO. [IpoMuTIOCTpUpYEM OIMH M3 METOI0B 00PAaTHOTO Z-Peo0pa3oBaHus Ha IPUMEpE.
IIpumep S:
PaccMoTpuM pa3HOCTHOE ypaBHEHHE U3 prMepa 4.

I/ICHOJILBYH TeopeMy O COBHUIC, Haﬁ[[eM Z-npeo6pa30BaHHe 3TOI'0 ypaBHeHI/IHZ
M(2) = E(z) - 2'E(z) - 2'M(2),

WIH
1-z7*
M(z)= E(z).
-2 e
E(z) onpenensiercst BeIpakeHHEM:

1 1 z?
E(z)=1+z2%+z2"%+..=— = = .
@) 1-X|,_. 1-z2° 7z°-1

Takum o6paszom,
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2

-1 2z
7+1 72°-1 7?°+2z+1°
[TyTem aeneHUs YUCITUTENS Ha 3HAMEHATE b MOKHO TpeicTaBuTh M(Z) B BHie CTEIIEHHOTO Psi-

M)

aa.
2 |2 +22+1
Z+2z+1 1-271 4322472+ ..
2z-1
274 277
342"
306z ' 432"
Hraxk,

M@Z)=1-27'+32°-47°+ ...,

OTKyJa BHIHO, 4To M(K) MMeeT Te e camble 3HaUSHHs, KOTOPBIE OBLIH TOJy4eHBI PEKYPPEHT-
HBIM METOJIOM B IpHuMepe 4.

Jlo cux mop paccMaTpUBAIUCH TOJBKO PA3HOCTHBIC YpPaBHEHHS, JUIS KOTOPBIX HAYaIbHBIC
ycioBHsl ObLIM HyNEeBbIMHU. PellieHue, MpeicTaBICHHOE B BHUJE, XapaKTepU3yeT, TAKUM 00pa3oM,
TOJIBKO BBIHY)KICHHOE IIBU)KEHHE CHUCTeMbL. UTOOBI yuecTh Ha4ajbHbBIC YCIIOBHS MPH PELICHUU
ypaBHeHus1, 3aMeHiM cHauana K Ha (K + n). Toraa 3to ypaBHEHHE IPUMET BH:

m(k+n)+amk+n-21)+...+amk)=be(k+n)+be(k +n-1)+...+b.e(k).

ITo Teopeme o cupure,

lim(k+)]= 2'[M (2)=m(0)-m@)z* —....~m(i=2)z-*].

C NOMOIIBI0 MOXKHO HAWTH Z-peoOpa3oBaHUE ypaBHEHHUs, BKJIIOYMB B HErO BCE HAYaJIbHBIC
yCJIOBUS. 3aMETHM, YTO €CJIM BCE HaYalIbHBIC YCIOBHS PaBHBI HYJIIO, TO Z-PeoOpa3oBaHKe ypaBHe-
HHS TIPUBEET K y)KEe U3BECTHOMY pelieHHo. Taxke o0paTiM BHUMaHHE, YTO HAYallbHBIMU YCIIOBHU-
SIMU JUTSL PA3HOCTHOTO ypaBHEHUsI N-T0 mopsiika oTHocuTenbHOo M(K) mosmkHbI ObITh 3HaueHust M(0),
m(-1), ..., m(n — 1). TepMuH HauarvbHoe yciosue B TAHHOM CIydae UMEET HECKOJIbKO HHOW CMBICI,
qeM JUIS J1.Y.

Paszpen 7:
Ynpasasiemoctb. HaGmonaemocts. BoipoxkieHHOCTHh nepeaToyHoi pyHkuuu

7.1. YrpaBisieMoCTb

[ToHATHE ynpaBIsieMOCTH HUCHOJB3YETCs MPH MPOBEPKE YCIOBUI pa3pelIMMOCTH 3a/laui CHH-
Te3a JIJIsl TMHEWHBIX CHCTEM, TIOBEJICHHE KOTOPBIX OMUCHIBAIOT YPABHEHHUSI COCTOSHUSI.

PaccMmoTpuM ycroBue ynpaBisieMOCTH ISt O0IIEro Kiacca 0ObeKTOB BUA

X = Ax+Bu
y =Cx '

Omnp. 1. O6bekT (7.1) Ha3bIBaeTCS yNpaBIsieMbIM, €CIIU CYLIECTBYET OTPaHUUYEHHOE YIpaBIIs-
fomiee BozzericTBre U(t), ¢ MOMOIIBI0 KOTOPOTO MOKHO TIEPEBECTH €r0 M3 HAYAIBHOTO COCTOSIHUS
x(0) B 3amanHoe KoHeYHOE X(7) 3a KOHEUHOE BpeMs .

[IpoBepsieTcst 3TO yclnoOBHE C TMOMOIIBI0 Kpumepus ynpaeisemocmu. O6wvekt (7.1) Oymer
yIIpaBJISIEM TOT]IAa M TOJIBKO TOT/A, KOTJAa MaTpHUIla YIPaBIIEeMOCTH

U =[B, AB,.., A"'B| (7.2)

MMeeT MOJTHBIN paHT.

Tak xak matpurnia U umeer N CTpoOK ¥ NXM CTONIOIOB, TO KPUTEPHI YIPABISEMOCTH 3alHChIBa-
eTcs B BUJIC

rU}=r{B,AB,.., A™B}=n. (7.3)
OnpenenuTh, UMEET JIU MaTPHUIlA MOJTHBIA PaHT, MOKHO TI0 COOTHOIIICHUIO

(7.1)
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det{UuUT | 0.

B cnydae ogHokaHansHOTO 00BEKTa (Korma M = 1) marpuiia ympapisieMoCcTH OyneT KBaapat-
HOW U KpuTepui (7.3) mpuauMaeT hopmy

det{U}=0 (7.5)

OtmeTHM, YTO 3aJlaya CHHTE3a OYJEeT UMETh pelleHUe, eCIu OOBEKT YIpPaBIeM, T.€. yCiogue
ynpaensemocmu SBISETCS yCIOBUEM pa3peIIMMOCTH 33a4u CUHTE3A.

Opnnako HEBBITIOJIHEHHE yCiIoBHS (7.3) ele He 03HAYaeT, YTO TAKOW OOBEKT HEJb3sl CTaOUIIH-
supoBath. B ciaydae, korma r{U}<n u o0bekT (7.1) He MOJHOCTHIO YIIPABJIIEM, C TIOMOIIBIO CIICIHU-
AIBHOT'O HEBBIPOXKJICHHOTO MPE0Opa30BaHUsI IEPEMEHHBIX

z=M;x, detM, =0

€ro OMMCaHUE MOXKHO MPUBECTH K KAHOHUYECKOH (hopme

2, = A7+ A7, + B,
2, = Ay, ' (7.6)
y=C,z,+C,z,.

31ecy mepeMeHHbIe Z; XapaKTepU3yI0T aBTOHOMHYIO YacTh 00BEKTa, Ha3bIBAEMYIO HEYIPaBIIs-
emoii. CTpyKTypHasi cxemMa Takoro oObekTa mpuBeneHa Ha puc. 7.1. [lyHKTHpOM BbIIENeHa He-
ympasisieMasi 4acTh 00bEKTa, MPOIECCHl B KOTOPOM Pa3BUBAIOTCS B CHIIy COOCTBEHHBIX CBOMCTB.
W3MeHHUTh UX C TOMOIIBIO YIPABJICHUS HEBO3MOXKHO, OJTHAKO TIEPEMEHHBIC Zp BIHUAIOT HA YIIPABIIs-
e€MYI0 4acThb M BBIXOJHbIC IepeMeHHble y. Ecnu HeympapnseMas yacTh OyJeT HEyCTOWunBa, TO U
BECh 0OBEKT Oy/IET HE TOJIBKO HEYCTOWYHMBBIM, HO U HECTAOMIN3UPYEMbIM.

Takum oOpa3om, /Ui HE TIOTHOCTHIO YIpaBsie-
MOT0 OOBEKTa YCIOBHEM pa3pEIIUMOCTH 33/1a4H
CUHTE3a SBJIsIeTCS TpeOOBaHUE ycmouyugocmu He-

Ay

u o
B, N?ﬁ .1_ » G .._,g?L) Ynpasusaemou 4acmu.
1 Pl a Ipumep:
[TpoBepuTh ympaBisieMOCTh OOBEKTa, MOBEJE-
A I(— HHE KOTOPOTO ONHCKIBACT CIIEAYIOIAst CHCTEMA JI.Y.:
Sttt i ' X = X5,

rlel ‘
3N — G X, =X —U,
p 2 2 3

Xy = —=2%; —5X, — X5 + 3U.

T

OHpeI[eJ'II/IM MaTpulbl

....................... ' 0 1 O 0
Puc. 7.1. CtpykTypHas cxema He MOJIHOCTBIO YIIpaB- A=| 0 0 1|, B=|-11|.
J5IEMOT0 OOBEKTa
-2 -5 -1 3
3anuiieM MaTpully ymnpasisiemocTd B Buae U = [B, AB,..., A”_lB] Y BBIYMCIIMM MATpPULBI IPO-
U3Be/IeHUI
-1 3
AB=| 3|, AB=| 2
2 -15
CocraBuM MaTpuIly yIpaBiIsseMOCTH
0 -1 3
U=-1 3 2
3 2 -15

U Halijaem ee onpeaenuTens detU = -33, cnemoBarenbHO, 0OBEKT YIIPABIISEM.
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7.2. HaGnromaemocThb

3TO MOHATHE OTPAXKAET BO3MOXKHOCTh OLIEHKM TEPEMEHHBIX COCTOSHUS o0bekTa (7.1) mo pe-
3yJIbTaTaM U3MEPEHUS BBIXOAHBIX [IEPEMEHHBIX.

Omnp. 2. OObeKT Ha3bIBaeTCs HAOIIOaeMBbIM, €CIIH B JIFOOOH MOMEHT BPEMEHH MO>KHO OI[€HHUTb
COCTOSIHHE X TI0 JIAHHBIM M3MEPEHHUS BBIXOJHBIX MepeMeHHbIX Y(t) M yImpaBIsSIOIUX BO3ICHCTBUIA
u(t).

YcnoBue mpoBepsieTcs ¢ MOMOIIbIO kpumepus Habatooaemocmu. O0bekT (7.1) HabMOMaEM TO-
I71a ¥ TOJIbKO TOTJa, KOTja MaTpulia Ha0JII0JaeMOCTH

¢
A
N =|. (7.7)

CAM

MMEEeT TIOJHBIN paHr, T. €.

r{N} =n. (7.8)

DT0 yCII0BHE MOKHO MPOBEPUTH MO COOTHOIICHHUIO

det(NN') # 0.

B ciayyae ogHokaHansHOrO 00bEKTa KpUTEpHii Habmo1aeMoctu (7.8) mpuHUMAaeT BUJT

det{N} # 0. (7.9)

3amaua cuHTe3a OyAeT UMETh pelIeHUe, ecliu O0BEKT HAOII0AaeM T. €. YClogue Habaodaemo-
Ccmu TaK)Ke SIBJISICTCS YCIIOBHEM Pa3pelIMMOCTH 33]aud CHHTE3A.

B ciyaae, korma r{N}<n, T.e. 00bekT (7.1) HE MOIHOCTHIO HAOIIIOAAEM, CYIIIECTBYET HEBBIPOK-
JIEHHOE TIPeoOpa3zoBaHre IEPEMEHHBIX

z=Myx, detM,+#0,

KOTOpOE MM03BOJIsIeT ypaBHeHus (7.1) 3anucars B hopme
2, = Az, + B,
z2,=A2,+A,z2,+B,u, (7.10)
y=Cz,

3/1ech MepeMeHHbIE Zp XapaKTepU3yloT HEHAOMI0AaeMyI0 4acTh 00bEKTa, CTPYKTYpHas cxema
KOTOpOTO MpUBECHA Ha puc. 7.2.

4 Ha cxeme myHKTHpOM BBbIJE€JN€Ha HEHaOonaeMas
: yacte. Ecnm oHa HeycToW4MBa, TO CTaOMJIM3MPOBATh
k 00BeKT Hemb3d. Clie10BaTeNbHO, B 3TOM Cllydae YCIOBHE
- B > ] <K = pa3pelrMOCTH 3aJja4ld CUHTE3a — YCHOUYUBOCMb HeHA-
P14 onooaemotl wacmu 0ObEKTA.
IIpumep 2:
Ao [TpoBepuTh HabMIOAaEMOCTh OOBEKTA YIpaBJICHUS
T = «KapeTKa-MasgTHUK», 111 KOTOPOro IOIy4YE€HBbl MaTpPHUILIbI
._E_)LT‘Z_ 20 1]z > | 00bEKTa B BUJIE
3 i R | 0 1 0 0 0
' 1
': Ay ke E A=0 _aZOO,BZZ,
bt s e e : 0 0 0 1 0
Puc. 7.2. CtpykTypHas cxema He ITOJTHOCTHIO —a,C 0 a,c 0 0
Ha0JII01aeMOro 00beKTa C= [_ c 0 ¢ 0].
CoctaBuM MaTpuily HabJII0JaeMOCTH
C —-C 0 C 0
CA 0 -C 0
N = 2 |~ 2 2
CA -a,c a,C a,c
CA® 0 —(a402 + azzc) 0 a,c’
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u onpenenuM ee nerepmuHant. Tak kak det N = 0 00beKT «KapeTKa-MasTHUK» SIBIISCTCS HEHAa-
OJIFO 1AEMBIM.

7.3 BBIPOXKIEHHOCTH MIEPEeIaTOYHON (DYHKITH

HpI/I MMOJIYYCHUH J§ () PEAIBbHBIX CUCTEM B YHUCIUTEIIC U 3BHAMECHATCIIC MOT'YT IIOABUTHCA OJUHA-
KOBBIE WIIH OJIM3KHE COMHOKHUTCIIU, HAIIpUMED,

W(p)= B(p)D(p)

= . (7.11)
A(p)D(p)
ITocne cokpareHus 3TUX COMHOXKUTENEH MOJydUM BBIPOKIAeHHYIO 1D
B(p)
W(p)=——=.
)= 4

Cucrema Oyner paboTocmocoOHOM TOJNBKO B TOM CITydae, KOT/Ia BBIMOIHSICTCS VCa08Ue pa3pe-
wumocmuy: O0IME COMHOKUTEIU YUCIIMTENS M 3HAMEHATENII UMEIOT KOPHHM C OTPUIIATEIILHON Be-
IIECTBEHHOI YaCTbIO

Re A{D(p)=0}<0. (7.12)

IIpumep 3:

[Tokaxem, k uemy npuBeAeT HecoOMoAeHne ycinoBus (7.12) s o0beKkTa, KOTOPHI COCTOUT U3
TpeX MmapaulebHbIX KaHaloB (puc. 7.3)

Omnpenenum s Hero [1D

_y_Bi(p), B(p), 4B:(p)
W)= A ) Ap)

KOTOPYIO IPEJICTAaBUM B BUJIE

w(p) - APIA(PIB(DE+ A(p)A (p)B(p)+ B ()A(D)AE)

(7.13)
A(p)A(p)A,(p)
B,(p) Ecnu 3nece nonarate ¢ = 0, To nonyunm 1P
i YD w(p)=AlP)A(P)B(p)+dB,(p)A(p)A(R)
: A(p)A(p)A,(p)
u (p) Jg . o o
Ap) = rae Ai(p) — oOmmii cokpamaeMblii MHOXUTENb. [Ipu
BoimonHenun yciosus Re A{A(p)=0}<0 II® npuuumaer
By(p) d BUI
) w(p)= o(P)B(p)+dB,(p)A(p) (7.14)
Puc. 7.3. CtpykTypHast HHTepIpeTanus A(p)Az(p)
yCJIOBHUA pa3speliuMOCTH Hannune COKpaIllaeMoOro MHOXHUTECIISI B YHCIHTCIIC W

3HaMeHaredse (7.13) cTpyKTypHO O3HauaeT MOsBICHUE Heynpasisemol yacmu: Ipu ¢ = () IpoUcxo-
TUT pa3pblB CBS3M U yIpaBiIeHHE HE JEHCTBYeT Ha 3BEHO C IepedaToyHod (yHKIuen

B o
Wl( p) = % , IPOLCCChI B KOTOPOM pPAa3BHUBAIOTCA B CUITY COOCTBEHHBIX CBOMCTB.
p

ITpu d = 0 Bmecto (7.13) umeem
w(p) ADACB(k+ AP (0)(0)
A(p)A(P)A,(p) |

raie  Ax(p) — oOmuil CcokpamraemMplii  MHOXWTENb. [lpu  BBIMOJHEHWH  YCJIOBUS
Re A{A,(p)=0}<0 nonyunm

A(p)A(p)
DTO COOTBETCTBYET HAIMYMIO HeHabarooaemol yacmu cucteMbl [1O W ( p) = B, ( p) , kKoTopas

A(p)

HE OKa3hIBACT BJIIMAHUWSA HA BbIXOJ CUCTEMBI.
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[Ipu HeycTOWYMBOM HEYNpaBIsIeMON WJIM HEHAOJI01aeéMON YacTH 00BbEKTa 3aMKHYTasl CHCTEMa
OKa)KeTCsl HepabOTOCIIOCOOHOIA.

JlaHHBIN TpUMEp WLTIOCTPUPYET OJHY OCOOCHHOCTh OJHOKaHAJIbHBIX cucTteM. Eciu ee moBe-
neHue onuckiBaetcs [1D, To HaMU4KMe HEYMPaBIAEMONW MU HEHAOII0IaeMOM YacTe MPOSBISICTCS
OJIMHAKOBO — B BUJIE€ COKPAIIA€MbIX MHOXHUTEJEH B UUCIUTENE U 3HAMEHATETIE.

Pasznea 8:
Kputepun kadecTBa CMCTEM YNIPaBJIEHUSI

8.1 IlocranoBka 3anauu

[Tporiecc GyHKIIMOHATBLHOTO MPOCKTUPOBAHUSI CUCTEM YIIPABIICHUSI HEPA3PHIBHO CBSI3aH C pe-
HICHUEM 3aJ1a4M ONITUMU3AIMH YIIPABJICHUS, TO €CTh 33Ja4l ONTHMAIBHOTO TOCTH)KCHUS TJIaBHOU
IIEJIA TIPU COOJTIOJICHUH MHOXKECTBA OrpaHWYCHH. B 001meM ciydae 1einb yrpaBieHUs 3aKITF09aeT-
Csl B TOM, YTOOBI MEPEBECTH O0BEKT W3 HadalbHOro coctostHus X(tp), B KOTOPOM OH HAXOIUTCS B
MoMeHT tp, B KoHeuHOe coctosiHue X(tp), mpuHamiexkaiiee mogodaactu Ry obmacTu H0MyCTHMBIX
cocrosiauii R, To ecth X(t2) € Ri. 3aecs Ry € R, 4TO COOTBETCTBYET BBIACICHHUIO B IPOCTPAHCTBE
COCTOSIHMI 00JIaCTH JIOMYCTUMBIX COCTOSIHMI R ¥ Cy>KE€HHIO ee 10 HeKOTOpou obnactu R, koTopas
JUTSL HAC MO0 KAKMM-TO MIPUYMHAM SIBJISICTCS JKEJIATEIIbHOM.

3ajaya ynpaBJCHHUsS 3aKIIOYAeTCs B TOM, YTOObI B O0JIACTH JONMYCTHMBIX yrpasieHud Q(U)
HAWTH TaKoe YIpaBJICHUE, IIPU KOTOPOM OY/IET JOCTUTHYTA 1IEJb.

Omnp. 1. OysxnuoHansl U GYHKINU, BBIPAXKAIONINE [IEeTh YIIPABICHHUS W OTPAHUYCHHSI, HA3bI-
BAaIOT KPUTEPUSIMHU KA4eCTBa.

KauecTBO ynpaBieHus MOKHO OMTUCATh IBYMS CIIOCOOaMHU.

[lepBbIii criocod mpeaycMaTpuBacT WIM HEMOCPEACTBEHHOE 33aJjaHue JMHAMHUYECKUX XapaKTe-
PHUCTHK BBIXOJIHBIX KOOPJWHAT CHCTEMBI IIPH TUIIOBBIX BO3JCHCTBUSX, WM 3aJaHHE COBOKYITHOCTH
NPSIMBIX W KOCBEHHBIX TIOKa3aTelell KauecTBa (3HAYCHHE MepeperyInpoBaHusl, BpEMEHH PEryJIUpo-
BaHUs, CTATHYECKOW OMIMOKH, YaCTOTHI CPe3a, MOJIOCHI IPOITyCKAHUS | T.]1.).

Bropoii coco® ocHOBaH Ha BBEACHHH HEKOTOPOTo 000OIIEHHOTO (YHKIMOHANA, ONpeense-
MOT0 BCEMH MTEPEeMEHHBIMHU cucTeMbl ypasienus U(t), X(t), y(t).

B Teopuu nMHEWHBIX CUCTEM YIpPaBIEHUS IUPOKO UCIOIB3YIOTCS 00a yKa3aHHBIX CIOco0a.

8.2 OnTuManbHOE pacrpe/ieeHre TIOTI0COB CHCTEMBI YITPABIICHHS

[Ipu onmcanuu 0ObEKTa YIpaBIeHUs C TOMOIIBIO BEKTOPHO-MATPUYHON MOJIENH B MPOCTPAH-
CTBE COCTOSIHUH MepBbIi croco0 3a/laHus KauecTBa YIPaBJICHUs MOXKET ObITh TPaHC(HOPMHUPOBAH B
ONTUMAJILHOE paclpesiefieHue Ha KOMITJIEKCHOM MJIOCKOCTH MOJIIOCOB 3aMKHYTON CHCTEMBI.

Omnp. 2. /Insg cucreMsl, ONUCHIBAEMOIN BEKTOPHO-MaTPUYHON MOJIENIBIO B HENIPEPHIBHOM BpeMe-
HH

X = Ax+Bu

y =Cx

TI0JIF0OCA CUCTEMBI — ATO COOCTBEHHbIE 3HAUEHUSI MATPHUIBI A, KOTOpPbIE 0OBIYHO 0003HAUAIOTCA
uyepe3 A,, rae i=1,2,...,Nn.

(8.1)

Onp. 3. CoOcTBEeHHBIMU 3HAUEHUSIMU MAaTPHUIIbl 4 HA3bIBAIOTCS KOPHU €€ XapaKTepUCTHUECKO-
r0 YpaBHEHUs

det(AE — A)=a, +ai+a, 2 +..a A+ 1 =0 ) @

J1Jis1 OTHOCBSI3HBIX CUCTEM, KOTOPBIE MOTYT OBITh ornucaHbl oomieit [1D

H(s)= b, +bs+b,s*+...+b s""+b s" (8.
a,+as+a,s’+...+a, 5" +as" 3)
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Omp. 4. ITomtoca cUCTEMBI — 3TO KOPHHU XapaKTEPUCTUUECKOTO MHOTOUJICHA A ().

Omnp. S. CoOoTBETCTBEHHO HYJISIMM CUCTEMBI Ha3bIBAIOTCS KOPHM MHOTOWIEHa B(s), Ipu KOTO-
peix H(s) = 0.

Pacnono)xeHne noaocoB Ha KOMIUIEKCHOM INIOCKOCTH BO MHOT'OM XapaKTEpU3YET CUHTE3UPY-
E€MYI0 CHUCTEMY, ONpeeliss ee MepexoHble U YAaCTOTHBIE XapaKTEPUCTHKH, a, CIEIOBATEIbHO, U
JMHAMHUYECKHE NIOKa3aTesln KadecTBa. Tak, HallpuMmep, yCTOMUYMBOCTb CUCTEMBI OIIPENETSAETCS pas-
MEIIEHUEM TOJIFOCOB B JIEBOW MOIYIIIOCKOCTH.

Hanuuue Hynen B 3aMKHYTOM CHCTEME B ONIPECIICHHON CTEIICHHU BIIMSACT HA €€ AUHAMUKY.

CuHTe3y perynsiTopoB COCTOSHUS IMPEAIIECTBYET pPEUICHHE 3aJayd MOCTPOCHHUS AITAJOHHOM
MOJIEJN CUCTEMBI YIIPaBJICHUSI, KOTOPAsi COOTBETCTBYET JKEJIAEMOMY PACIPEIEICHNUI0 Ha KOMIUIEKC-
HOM TTOCKOCTH KOpHEH Xapakrepuctudeckoro ypaBHeHnus A(S) = 0 3amkHyTo# cuctemsl. Eciu Bce
COCTABJISAIOLIME BEKTOPA COCTOSHUS 00BbEKTa MOT'YT OBITh U3MEPEHBI (MMEETCs MoJIHAs HHPOpMaIus
0 BEKTOpE COCTOSIHMS), TO oOecreueHue 3aJaHHOI0 PACIIONOKEHHUSI KOpHEH HEe BBI3BIBACT TPYIHO-
cTell. B 3ToM citydae BO3HHKAET BOIPOC O TOM, KaKO€ PACIIONIOKEHHE KOPHEH BHIOpATh.

Eciu I1® 3aMKHYTO# CHCTEMBI HE HMEET HyJIEH, TO IPH BBIOOPE ee skeaaeMoro monmHoma A(S)
MOYKHO PYKOBOJCTBOBAThCSI CTaHAAPTHBIMH (popMamul ((puiabTpamu), KOTOPhIE HAILIH JOCTATOYHO
HIMPOKOE MpUMeHeHue Ha npakTuke. CtangaptHeie hopMel onpeaenstoT kodddunuents! XI1 (3Ha-
MeHaTelnst) Qyakmun H(s), oOecreunBaronfe B CUCTEME TIEPEXOJHBIC U YaCTOTHBIC XapaKTePUCTH-
KM C U3BECTHBIMU IOKa3aTeIsIMU KauecTBa. Ecnu jke cuctemMa xapakTepu3yeTcsl HaJTu4dheM HYJeH,
CTaHJapTHBIE (POPMBI MOTYT CITY’KUTh B KaUYECTBE MCXOJHOTO MaTepHuasa Jis MOMCKa CBOErO ONTH-
MaJbHOTO pacnojioxeHus kopuei. Kak npasuino, B XI1 cHauana BeIAEISAIOTCS TOIIOCA IS KOMITCH-
caluy HyJIed, a OCTAaBIIMNCSA NOJUHOM (POPMHUPYETCS U3 YCIOBUS KEJIAEMOT0 PACIOIOKEHUs KOp-
HEH.

B ta6n. 8.1 u 8.2 npuBogsarcs hopmyinbel XI1 u cooTBeTCTBYIOMKE UM KOI(DPUIIMESHTHI IS He-
KOTOPBIX HanboJiee pacnpoCTpaHEHHBIX Ha MIPAKTHKE paclpeleIeHH:

- pactipenenenus beccenst (ToMcoHOBCKast PyHKITHS);

- punbTpa Yeobimena (HepaBHOMEepHOCTH niepenauun 0.5 nb);

- punpTpa barrepBopra;

- GuHoMuaneHoOro pacnpeneneHus (HproToHa).

YacTo noHsATHE ONTUMAIBHOIO MEPEXOJHOTO MPOLIEcca CBSA3bIBAIOT ¢ MMHUMMU3AIMEH KaKoro-
mbo ¢ynkumronana. IlonoOGHble craHAapTHbIE (OPMBI MOMYYEHBl SMIHUPHUECKH, U 00JacTh MX
NPUMEHEHHs OTPaHUYMBAETCS CUCTEMaMH HEBBICOKOTO mopsaka. K Takum ¢unpTpam oTHOCATCS
npuBeieHHble B Ta0xa. 8.3 pacnpeneneHys, MUHUMHM3UPYIOIIUE UHTErpal OT KBaJIpara OMUOKH U
ONTUMU3UPYIOMNNA PyHKIIMOHAIL.
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Ta6muna 8.1

KoadhMUMeHTbI NONMHOME ag tais + azs +.. +an1d” +5°
d) ToMcoHDAEKOW hyHKUMK [huneTp Bececenn)

M a0 ] a2 a3 cid s [rrs &7 e [}
2 3 3

3 15 13 f

4 103 103 45 10

5 945 945 420 105 15

& 10395 10395 4735 1260 210 21

7 135135 135135 62370 17325 3150 378 28

2 2027025 2027025 Q45045 270270 51975 6930 630 36

9 | 34459445 34450435 16216200 4720TE5 Q450945 | 35135 13860 290 45

10 | 654722075 (654720075 (310134835 (91801800 [159180900 [2B3TES | 315315 [ 25740 | 1485 | 55

6) ovnbTpa Yebwiwensa (HepaaHoMepHOeTE Nepegayn 0.5 oB)

an ] feie) i) g &5 3 &y
2863
1.51a 1.42a

0715 | 1.534 | 0636
0379 [ 1.026 | L.717 | 1.198
0179 | 0733 | 1309 | 1195 | 1.172
0095 | 0432 | 1172 | 1.590 [ 2170 [ 1.159
0045 | 0282 | 0755 | 1647 | 1.869 | 2412 | 1.151
0.024 | 0.153 [ 0573 [ 1147 [ 2180 | 2.149 | 2.6% | 1.145

col| o || = ea ] =] =

KauecTBO paboThI cCCTEMBI YIIPaBJICHUS XapaKTEPU3YyeTCsl, C OJJHOM CTOPOHBI, €€ TOUHOCTHIO B
YCTaHOBUBIIEMCSI PEXHUME, a C APYrod — NEPEXOJHBIM MPOLECCOM OT OJHOTO YCTaHOBMBILErOCH
coctosiHUs K Apyromy. llpu uccrienoBaHuM MepexoAHBIX MPOIECCOB Yallle BCEro MojararoTr, 4To
BXOJIHOM CHUTHAJ SIBIISIETCSI €AMHUYHON CTyMeH4YaToi QyHKIuei. B aTom cinydae kpuBas mepexo-
HOTO Tpollecca HazbIBaeTcs MepexoaHol (QyHKIMeH U XapakTepu3yeTcs HEKOTOPhIMU MOKa3aTes-
MU, IPUHUMAEMbIMU 32 MEpYy KauecTBa cUCTeMbl ynpasieHus. K ynciny Takux rnokasareneil MoryT
ObITh OTHeceHbI (puc. 8.1):

- BpeMsl HapacTaHus t, — BpeMs, He0OX0UMOe JUTsSl JOCTHKEHUS 95% KOHEUHOro 3HaYEeHHUS;

- BpeMsl yCTaHOBJIEHHs (perynupoBanus) t, — Bpems, He0OX0IUMOE AJIs ONaJaHKus B HEKOTO-
PYIO OKPECTHOCTh KOHEUHOT'0 3Ha4eHHUs1 0€3 BbIX0/1a U3 HETO;

- TMepeperyjiupoBaHHEe — MaKCUMajbHas OTHOCHUTENbHas BenuuunHa BbiOpoca (%)
ac/Y,om. —1)-100%;

- yJibcaluu (KoyiebaHus1) — YUCIIO KosieOaHUil 10 BBIX0J1a KPUBOM B YCTAHOBUBLIUIICS PEXUM.
[lepeperynaupoBanue 1 KonebaHUs — HeXeaTeIbHbIe CBOMCTBA (GMIIBTPA.

(v,

m
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Tabmuna 8.2
Koad & MUWEHTRI NONUMHOMA 5° + @5 + o™ + . +azs* + a5 + 1

a) @ MeTpa GaTrepaopma 6) GUHOMWANLHOrG
pacn pegeneHnn
! el i) e 7 s Blom | ar | as | as
2 | 1414214 Al E
3 | 2000000 3 |3
4 | 2613126 | 3414214 4 |4 &
5 | 3236068 | 5.336068 5 |3 10
6 | 3363703 | 7464102 | 2141620 6 |6 15 |20
7 | 4493959 | 10.097235 | 14501794 7 |7 21 [as
8 | 5125831 | 13.137071 | 21.846151 | 25 638356 g |2 2% |36 |70
o | 5758770 | 16.581719 | 31163437 | 41 936386
10 | 6392453 | 20.431720 | 42802061 | 64 332306 [74.233429
TaGnwvua. 6.3
Koad & ULWEHTRI NOMNUHOMA 1+ a5 +ags® + .. + a1 f +5° ANA pacnpeneneHni
a) MUHMMYM WHTErpana oT Kkaagpara 6) MWHMMYM ON THMWIUPYio LWero
oLNBKUN PyHKLMOHANA
n fa; |2 = |a4 [as a5 |a7 n | a az S, aq  |as 3 a7
2 |1 2 (14
S ERE 3 | 215 | 173
4 [z [3 [1 4 [27 | 340 | 210
HEREEERR 5 (34 | 550 [ 500 280
6 |3 | 6 | 4 1 6 | 395 | 745 | 860 | 660 | 3.25
7 |4 6 105 [6 [ 1 7T [ 458 [10.64 [ 1554 1500 [ 10.8 | 447
g 4 {wlwlis{e [ 7]1 g [ 515 [1330 | 2zz20] 2575 [21e0 [ 128 | 520

TunoBble nepexoHbIe XaPaKTEPUCTUKH IS Pa3IMYHbIX (UIBTPOB IMPU BXOJHOM CTYyNEHYa-
TOM CUTHaJIe Ka4YeCTBEHHO IPEACTaBICHbI Ha puc. 8.2.

Jns pacnipenenenuit YeObiesa, barrepBopra, pacnpenenenus, MUHUIMH3HPYIOLIETO ONTUMU-
3Upyronui QYHKIUOHAT, B XapaKTEPUCTHUKAX HAOJIOMAIOTCS KoJjieOaTebHbIe BHIOPOCHI, KOTOPHIC
OPOSIBIIAIOTCS B pe3yjibTaTe HEIMHEHHOCTH X (pa30o4yacTOTHBIX Xapakrepuctuk (PUX). B
HanOOJIBIIEeH CTETIeHH TO MposiBisiercs s GuinbTpa YeosimeBa (puc. 8.3, a). ®UX sBisercs Bax-
HBIM IapamMeTpoM (UIbTpa, 00ECIeUNBAIOIIUM Mepeiady MPSIMOYTONbHBIX U UMITYJIbCHBIX CUTHA-
noB. OGecrnieueHne MakCUMAaJIbHO JMHEWHON 3aBUCUMOCTH OT 4YacTOThI (PA30BOr0 CIABUTA MEXKAY
BXOJIHBIM U BBIXO/IHBIM CUTHAJaMU MTOMOTAeT U30ekKaTh MPOSBICHUS B IEPEXOIHBIX XapaKTePUCTH-
Kax HeXellaTelbHbIX KojeOaTeNbHbIX BEIOpocoB. UeM Oosiee HenuHeitHa @YX, TeM cuiabHee OyaeT
VICKaXaThCsl BBIXOAHON CUTHaJ. TO €CTh B MACAIBHOM CIIy4ae XapaKTEpUCTHUKA JOJDKHA UMETh BU
npsIMOH, GUIIBTPBI AIIITPOKCUMHUPYIOT XKejlaeMyto JinHelHyro OUX.
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Puc. 8.2. TTepexoHbic XapaKTEPUCTHKH CTAaHIAPTHBIX pac-
TpeaeeHu
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—144*
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Fuc i 3 Yactomeiexapagrepucmirn & UH (aiw A™E &)
1 -thunerp Yefenn eea, 2 -fumetp BartepeopTa, 3 -pamnpenenesne Beccens,
4 - EHHOMMATEHO & ACIp SNENEHHE, 5 - MEHHMY M 0 TH MHSHP Y0 L] €00 Gy HEIHOHATA
Puc. 8.3. Yacrorusie xapakrepuctukd @YX (a) u AUX (0)

OTtcyTcTBUE NEpEeperyIUpOBaHus B IEPEXOAHBIX XapaKTepUCTHKAX 7S pacrpeneneHus becce-
751 1 OMHOMHUAJIBHOTO paclipe/ieieHus] TOKa3bIBAIOT, HACKOIBKO XOPOIIO 3TU (DMIBTPHI allpOKCH-
MUPYIOT xkenaemyto JuHelHyo @UX. Ognako @UX He onuchIBaeT NOTHOCTHIO CBOMCTBA NEpEAAUN
¢unbTpa. pyrum BaKHbIM ()aKTOPOM OLIEHKH (PUIBTpa SBISETCS €r0 aMITUTYJHO-4YacTOTHAs Xa-
paktepuctuka (AUX) (puc. 8.3, 6). Uneanbublii puisTp (puc. 8.4) xapakTepusyeTcs CIeIyIOIUMA
MOKa3aTesIMU:

- HYJIEBBIMU NIOTEPSIMU U MYJIbCALUSAMU B II0JIOCE ITPOITYCKaHUS;

- HyJICBOU IIMPUHOMN B TIEPEXOHON 00macTH (0eCKOHEeUHasi KpyTH3HA Ha YaCTOTE Cpe3a);

- OECKOHEYHBIM 3aTyXaHHEM B MOJIOCE MPOIYCKAHUS.
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ITonoca
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TH{OTTY CE AHE A

Frc.6 4. AUX maeanrnoro gromeTpa

Puc. 8.4. AUX uneansHoro ¢puiisTpa

Kak BuaHo 3 puc. 8.3,
Haubosiee TOIHO chOopMyIH-
pPOBaHHBIM TpeOOBaHUAM OT-
Beyaer ¢unbTp barTepBopTa,
UMEOILU I MaKCUMAaJIbHO
miockyro AUYX B nosoce npo-
IyCKaHUSI U JIOCTaTOYHO XO-
POLIYI0 KPYTH3HY 3aTyXaHHSI.
Pacnpenenenue YeOpImena
HCIIOJIb3YETCSI B TOM Cllyyae,
Korga OoJsiee BaKHBIM Iapa-
METPOM BBICTYNAeT KpPyTHU3HA
HapacTaHusl 3aTyXaHus. Bbl-
COKYI0 CKOPOCTb HapacTaHHs
3aTyxaHusi oOecreynBaeT OT-

CYTCTBHE IIAJIKOM XapaKTEPUCTUKH B moJioce npomyckanus. Hanxynmme nokaszarenn no AUYX y
¢wibTpa beccens. Cnenyer 3aMeTuTh, uTo npu yayuieHun AUYX ¢a3ouacToTHas XapakTepucTHUKa
yXyawaercsi 1 Ha000poT. [loaToMy MeXy HUMU BaXXHO HaWTU KOMIIPOMHCC.

4.3. JlabopaTopHbie padoThl

Y4eOHBIM MJIAHOM HE IPEIyCMOTPEHBI.

4.4. TlpakTHyecKkue 3aHATHS

Buo
3AHAMUS 6 UH-
Ao Homep pa3oe- Haumenosanue mem Obven mepaKkmueHoil,
n/-n aa oucyu- npAKmMuUYEeCKux 3aHAmuil (wac.) AKMUGHOI,
nauHbL UHHOBAUUOHHOU
popmax,
(uac.)
1 2. Pacuér HOpManbHOro pexxuma paboThl BIEK- 4
Tponepenauu i
2 3. IlocTpoeHne yrioBoW XapaKTEpHUCTHUKH aKTHB- 4
HOI MOIIHOCTH 3JIEKTpOIepeIaun i
3 4, Pacuér yacTHBIX MPOU3BOAHBIX IO MAapaMeTpam 4
PeryJanpoBaHusi i
4 5. CocraBnenue audQepeHInaNbHbIX YpaBHEHUH 4
I'opesa-ITapka miis 2JIEKTPOMEXAHUYECKUX ITPO- -
LIECCOB
5 7 HccnenoBanne QUHAMHYECKUX CBOMCTB 3JEK- 4 Paz6op xoHKpeT-
Tpomnepenaun 6e3 yuéra aeiictsus APB-C/] HBIX cUTyanwi (4
Jac.)
6 8. HccnenoBanne OUHAMHYECKUX CBOMCTB 3J€K- 4
Tponepenaun ¢ yuérom nenrtcsusi APB-CJI i
UTOro 24 4

4.5. KoHTpo/ibHbIe MepONPUATHS: KYPCOBOH NMPOEKT (KypcoBasi paboTa), KOHTPOJIbHAsA
padora, PI'P, pedepar

VY4eOHbBIM MJIaHOM HE TPeAyCMOTPEHBI.
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5. MATPAIIA COOTHECEHUSA PA3JIEJIOB YYEFHOM JUCIAIIIMHBI K ®OPMUPYEMbBIM B HUX
KOMIIETEHHUAM U OEHKE PE3YJbBTATOB OCBOEHUSA JUCIHUIIVIMHbI

Komnemenuyuu Kon-60 Komnemenyuu 5 Buo
Ne, naumenoeanue IIK t.., uac . Ouenka
yacoe KoMn. o YUeOHbBIX 3aHAMULL
Pazoenos OucCUuUnIunbl 11 Pe3YAbmamos
1 2 3 4 5 6 7
1. UHOHSITI/IG MHOTOMEPHON ¥ MHOTOCBSI3- 12 + 1 12 JTk, CPC 3auT
HOI CHCTEMBI
2. I'pac cucremsr ynpaBieHus 16 + 1 18 JIk, 113, CPC 3auér
3. MonenupoBaHue B TNEPEMEHHBIX CO- 15 N 1 17 JIk, 13, CPC 3auér
CTOSTHUS
4., CxeMbl MOJICITMPOBAHMS JUIS TTepeXo/ia
OT MEepPEeJaTOUYHbIX (PYHKIIUNA K BEKTOPHO- 15 + 1 17 JIk, I13, CPC 3auér
MaTPUYHBIM MOJICIISIM
5. Pemennie ypaBHeHUN COCTOSTHUS 15 + 1 17 JIk, I13, CPC 3auér
6. Mopaenu TUCKPETHBIX CHCTEM B Iepe- 9 N 1 9 Jix, CPC 3auér
MEHHBIX COCTOSTHUS
7. VYmopasasemocth. HalmromaeMocCTs.
BeipokaeHHOCTh TNepesaTouHoOr  (yHK- 13 + 1 15 JIx, 113, CPC 3auér
1005071
IS{.ﬂf{(pI/ITCpI/II/I KauecTBa CUCTEM YIIpaBiie- 13 4 1 15 JIk, 13, CPC 3auér
6cez0 uacoe 108 108 1 108
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6. HNEPEYEHb VYYEBHO-METOIMYECKOI'O OBECHEYEHHUS  JJIA
CAMOCTOATEJBHOU PABOTHI OBYYAIOIIIUXCA 11O AUCHUIIJIMHE

1. Kum, JI.I1. Teopust aBTOMaTHYECKOTO ypaBieHus: Yueb. mocobue mis By3oB / JI.I1. Kum. - M.:
Ousmatiut T.2: MHOromepHsle, HETMHEWHBIC, ONTUMAJILHBIC U aJaNnTUBHBIC cucTeMbl. - 2004, —
464 c. Crp-ust qis CP: 5-25, 31-47, 102-115, 173-181, 213-234, 289-301, 322-368, 381-403.

/. IIEPEYEHb OCHOBHOM ¥ JOHNOJHHUTEJIBHOW JUTEPATYPBHI,
HEOBXOJIMMOMU 1JIsA OCBOEHUA JUCHUITJINHBI

Konuuecmeo
Buo | axzemnnapoe | Obecneuen-
Ne Haumenoesanue uzoanus 3ana- | 6 oubnuome- Hocmb,
mus Ke, (3x3./ yei.)
T.
1 2 3 4 5
OcHoBHas IMTEparypa
1. Bopomnaii, H.W. Teopus cucrem s 3J€KTPO3HEPrETUKOB!
VYu4e6. nocodue mis By3oB. — HoBocubupck: Hayxka, 2000. — JIx 15 1,0
273 c.
2. Epodeec A.A. Teopus aBTOMAaTHYECKOTO YIIPABICHUS: Tk
YuebOnuk mist By30B / A.A. Epodees. - 2-e uzn., form. u me- H3: 25 1,0
pepab.. - CI16.: [lomutexnuka, 2005. — 302 c.
3. Mupownuk, N.B. Teopust aBTOMAaTHYECKOIO yIPABICHHUS.
HenuHelinbie U ONTHUMAaJILHBIC CHCTEMBI: YU4eOHOE IMOCOOHE JIx 16 1,0
/ .B. Mupomauk. - CII6.: ITutep, 2006. — 272 c.
4. Potaud, B.4. Teopust aBTromMaTn4eckoro ympabieHus: Y4eO-
JIx,
HUK a5 By3oB / B.S. Porau. - 3-e u3n, crepeoru.. - M.: m3 20 1,0
MD3BMH, 2005. —400 c.
5. KonoBanos, b.11. Teopust aBTOMaTU4YECKOTO YIPABICHUS :
yue6HOe Tocobue / B.U. Konosamos, I0.M. Jlebenen. —
Tomck : TomMCKUi TOCYAapCTBEHHBI YHUBEPCUTET CUCTEM
JIx oP 1,0
yopaBieHus U paguodnexkrponuku, 2010. — 163 c.: ui.,
tabn., cxem.; To ke [DnexTpoHHslii pecypc]. -
URL.://biblioclub.ru/index.php?page=book&id=208587
6. Teopust aBTOMAaTUYECKOTO YIpaBICHUS: YUEOHHK sl BY-
30B / C.E. dymmn, H.C. 3otoB, JI.X. Mmaes u ap.; Ilog JIk, 31 10
pen. B.b. SkoBneBa. - 2-e wu3x., mnepepad.. - M.: I13 '
Bricr.mkona, 2005. — 567 c.
JlonosiHUTEIbHAS JIUTEPATYPA
1. Anxumiok, B.JI. Teopuss aBTOMaTW4ecKoOro YIpaBICHUS:
VYu4eb. nmocodue st By3oB / B.JI. Auxumiok, O.®. Omnetiko, Tk 4 03
H.H. Muxees. - 2-¢ u3a., ucnp.. - Munck: uzaita I1PO, '
2002. —352 c.
8. Boctpukos, A.C. Teopuss aBTOMaTHYECKOTO YIIPABICHUS:
VYue6. mocobue st By3oB / A.C. Boctpukosa, I.A. ®pan-
JIx 14 0,9
Iy30Ba. - 2-¢ U31., cTepeoTHir.. - M.: Beic. mkomna, 2006.
—365c.
9. HotinnkoB, A.H. MHOrOMepHBIE U MHOTOCBSI3HBIE CHCTE-
MbI. YTpaBiieHHE KadyeCTBOM IEPEXOJHBIX IPOIECCOB: m 65 10
yaebHoe nocodue / A.H. [lotinukos, 1.B. Urnartees, O.K. '
Kpymun. — bpatck: 'OV BIIO «bpl'V», 2009. — 114 c.
10. HoitnukoB, A.H. VYmpaBineHue KauecTBOM IE€PEXOIHBIX
MPOIIECCOB B MHOTOCBSI3HBIX CHCTEMAax: METOJAMYECKUE
o I13 90 1,0
yKa3aHMs K BBIIOJHEHUIO KypcoBoro mpoekta / A.H. [oi-
aukoB, O.K. Kpymun. — bparck: bpl'Y, 2008. — 68 c.
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//biblioclub.ru/index.php?page=book&id=208587

8. HEPEYEHD PECYPCOB NHOPOPMAIIMOHHO -
TEJEKOMMYHUKAIIMOHHON CETH «MHTEPHET» HEOBXOJIUMBIX
JJIsA OCBOEHUSA JUCHOUITJIMHBI

1. DnexktponHbIi KaTanor oubauorexu bpl'y
http://irbis.brstu.ru/CGl/irbis64r_15/cqiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P?21
DBN=BOOK&S21CNR=&Z721ID=.

2. DnexktponHas oubauoreka bpl'yY

http://ecat.brstu.ru/catalog .

3. DIIeKTPOHHO-OMOIMOTEUHAs cUCTeMa «Y HUBepcuTeTcKas oubanoreka onliney»
http://biblioclub.ru .

4. DnexTpoHHO-0MOMoTeuHas cuctema «M3aaTenbeTBo «JlaHby»

http://e.lanbook.com .

5. Mudopmanmonnas cucrema "EnnHoe OKHO A0cTyna K 00pa3oBaTelbHBIM pecypcam”
http://window.edu.ru .

6. Hayunas snexrponnas 6ubmmorexa eLIBRARY.RU http://elibrary.ru .

7. Yausepcurerckas napopmanuonHas cucrema POCCUS (YUC POCCHSA)
https://uisrussia.msu.ru/ .

8. HattmonanwHas snexktponnas oudianorexka HOb

http://xn--90ax2c.xn--plai/how-to-search /.

9. METOJIMYECKUE YKA3AHUSI JJISI OBYYAIOLIUXCS MO OCBOEHMIO
JUCHUTIIMHBI

9.1. Meroanueckue yKazaHusi JAJsi 00y4arOIMXCH M0 BbINOJHEHHUIO MPAKTUYECKHUX 3aHSA-
THI

IIpakTnueckoe 3ausaTue Nel
Pacuér HoOpMaJIbHOIO peKuMAa J1eKTpornepeaadn

[{enb paboTHI:

[TproOpecTu HaBBIKM pacyeTa mapaMeTpoB pexxuma padoTsl AnekTponepeaauu (II1).

3amanue:
1. PaccunTaTh aHAMUTHYECKH peXuM padboTsl JII;

2. ITocTpouTh BEKTOPHYIO AMArpaMMy CHHXPOHHOTO TeHepaTopa, a TAKXKe B3aMMHOE PaCIIOJIOKEHUE
BEKTOPOB 37C U HanpspkeHui Ol

[Tops10K BBHIIOJHEHUS
N3yunth TeopeTnyeckue naHHble. ICXOIHBIMA TAaHHBIMU JIJIS BBIMOJHEHUS 3a/IaHUs SIBJIAIOTCS Ma-
paMeTphl reHeparopa u JIMHUU: Xr, der, Xars Tr, Tj, Xy, Uy, Uy, Pr,. PaccuntaTts ananutuyecku pe-

Eql 3., G,
Xds X/d, Xg 04y Mgy Udr, Ugr, lgry @, Iny ldr Eqo, Ugu, Ugw. [locTpouTs BekTOpHYIO Iuarpammy

®uM padoTsl D11, onpenennB ynuciieHHOE 3HAYEHUE CIEAYIONINX mapameTpoB: J,, Qr,

CUHXPOHHOTI'O I'€HepaTopa, a TaKK€ B3aUMHOC PACIIOJIOKCHUEC BEKTOPOB 3/IC U HaHpﬂ)KeHI/II\/'I Il

dopmMa OTYESTHOCTH:

Ortuer caercs B IeYaTHOM BUJIE. B oTueTe MOMmKHBI NPUCYTCTBOBATH:

1. llens paboTHI,

2. 3aganue;

3. [MoaTanHoe BBITIOIHEHUE BCEX 3a/JaHUI BapHUaHTa,

4. BexkTopHas auarpaMMa CHHXPOHHOTO T'e€HepaTtopa, B3aUMHOE PacCIOJIOKCHHE BEKTOPOB 3JIC H
HaIpsOKCHUN.
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http://e.lanbook.com/
http://window.edu.ru/
http://elibrary.ru/
https://uisrussia.msu.ru/
http://нэб.рф/how-to-search%20/

3aaHus A CaMOCTOSITEIbHON paOoThI:
[IpenycMOTpeHbI BapuaHTOM 00y4aronierocs.

PexoMeH1aluu 10 BEIIOJHEHHUIO 3aJJaHUH U MOATOTOBKE K IPAKTHYECKOMY 3aHSITHIO
O3HaKOMUTBCA C TEOPETHUYECKUM MaTepuajioM, MPEJACTaBICHHBIM BO BTOPOM pasielie JAaHHOU
JUCILIUILINHEL.

OcHoBHas TuTepaTypa
1. EpodeeB A.A. Teopust aBTOMaTHYECKOTO yrpaBieHus: Y4eOHHK A By30B / A.A. Epodees. - 2-
€ u31., Jo1. u nepepad.. - CII6.: [Tomurexnuka, 2005. — 302 c.
JlononHuTenpHas tuTepaTypa
2. JloitnukoB, A.H. MHOromMepHble 1 MHOTOCBSI3HBIC CHUCTEMBI. YIIpaBJICHHUE Ka4eCTBOM IEPEXO/I-
HBIX TporieccoB: yuebnoe mocodbue / A.H. JoiinukoB, .B. Urnaree, O.K. Kpymun. — bparck:
'OV BIIO «bpl'¥», 2009. — 114 c.

KoHTpoJbHbIE BOIPOCHI /17151 CaMONIPOBEPKHU

1. IlpuBenute npuHIMnuanbuyto cxemy Il

2. Mcxons U3 BEKTOPHOM MarpaMMbl, HAaIUIIUTE BBIPAXKEHUS I ONPEAeSIeHHs IPOJOIbHOM U 1Mo-
NIEPEYHON COCTBIIIOLIUX HAIPSHKEHUS TEHEpaTopa.

IIpakTH4yeckoe 3ausaTue Ne2
IHocTpoeHnue yriioBoii XapakTepuCTHKUA AKTUBHON MOIIIHOCTH 3JIEKTPoNepeaaYu

[{eap paboTHI:

[TproOpecTu HaBBIKM OLIEHKH 3araca craruyeckoil ycroiunoctu JlI.

3ajaHue:
1. TTocTpouTs rpaduk yriioBoit XxapakTepucTuku akTuBHON MotHocTH D11 P = f(;);

2. Onpenenuth k03GGHUIIMEHT 3amaca anepruoIuIeckon yCTOHUNBOCTH Ky

ITopsA 10K BBIOIHEHHUS:

W3yunth TeopeTnueckue naHHble. MCXOAHBIMU NaHHBIMM JJIsi BBIIOJIHEHUS 3aJaHUS SBISIOTCA:
HanpspKeHHe Ha MUHaxX NpuéMHoi cucteMsl Uy, MOTHOE peakTUBHOE COMPOTHUBIIEHE 110 TOMepedoit
ocu Xg, PaCCYMTaHHOE Ha MEPBOM 3aHATUH. Beraucnnute 3HaueHne QUKTHBHOMU 371C Eq. ITyTéM M3-

MeHeHus yria 6, or 0 o 180 rpagycoB ¢ maroM Ad, =1 MOCTPOUTH YIIOBYIO XapaKTEPUCTHKY
OIl. U3 rpaduka P,= f(J,) onpenenuts KONMYECTBEHHBIC 3HAUCHHUS IMpEJeia MO IMeperaBaeMoil
MOITHOCTH Ppax, MEXaHHYECKYIO0 MOIIHOCTH Py, TOUKy pabouero pexxuma oO,. OTbICKaTh 3HaYCHHE

kod(duureHTa 3amaca anepuoguueckoi ycTOWYMBOCTH Ky, Ilo momydenHoMy 3HaueHuio Ky
cZieNaTh BBIBOJ] O AOMYCTUMOCTH pabodero pexxuma.

dopma OTYESTHOCTH:

Ortyer cnaercs B Ie4aTHOM BUJie. B oTueTe TOKHBI TPUCYTCTBOBATD:

1. llens paboTsI;

2. 3amanue;

3. [ToaTamHOE BHITIOJIHEHUE BCEX 3aJJaHUH BapHaHTa,

4. I'padmky 3aBUCUMOCTH aKTUBHOW MoOIIHOCTH OT yria P= f(d,) ¢ 0003HaueHneM KOHTPOIBHBIX

TOYEK;
5. BuIBOI 10 3aHSATHIO.

3aaHus JUISL CAaMOCTOSATEILHON PaOOTHI:
[TpemycMOTpEeHBI BApHAHTOM 00Yy4aroIerocs.
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PexoMenanyy 1o BbITOJHEHUIO 33JaHUM ¥ MOATOTOBKE K NPAKTUYECKOMY 3aHATHUIO
O3HAaKOMHUTBCSA C TEOPETUYECKHMM MaTepHalioM, IPEICTaBICHHBIM B TPEThEM paslieie JaHHOU
JUCLUTIIIUHEI.

OcHoBHast TuTepaTypa
1. Porau B.fl. Teopust aBTOMaTH4ecKOro yrpasieHus: YueOHuk st By3oB / B.S1. Porau. - 3-e u3n,
crepeotuil.. - M.: MOH, 2005. — 400 c.
JlononHuTenpHas tuTepaTypa
2. JloitnukoB, A.H. MHOromMepHbIle 1 MHOTOCBSI3HBIC CUCTEMBI. YIIpaBJICHHUE KAa4eCTBOM IEPEXO/I-
HBIX TporieccoB: yuebnoe mocodbue / A.H. [oitaukos, U.B. Urnatee, O.K. Kpymun. — Bbparck:
'OV BIIO «bpl'¥», 2009. — 114 c.

KOHTpOIbHBIE BONIPOCHI 111 CAMOIPOBEPKU

1. Hapucyiite yrioByro XapakTepUCTUKy akTUBHON MoiHocTu JII u, ucxoxas uz He€, naiite onpe-
JeJIeHre Koyie0aTellbHOM CTaTHYeKO YCTOMYMBOCTH.

2. UTo XapakTepHu3yeT TOUKa MepecedeHus] MOIHOCTH TYpOuHBI Py, 1 MomHOCTH reneparopa P.?

IIpakTHyeckoe 3ausaTue Ne3
Pac4ér yacTHBIX MPOU3BOIHBIX 0 NApaMeTPaM PeryJIupoBaHusI

[{eap paboThI:

[TproOpecTy HaBBIKM pacdy€Ta YaCTHBIX IPO3BOIHBIX 0 IapaMeTpaM peryIHupOBaHUS.

3amanue:
1. PaccunrtaTh aHAIUTUYECKU YACTHBIC TPOU3BOIHBIC MO MTApaMeTpaM PeryIUpOBaHHS;

2. Cnenatpb BBIBOJ 00 ycToiunBOCTH poekTupyemoit JI1.

Ilops 10K BBIMIOJHEHNUS:
N3yunts Teopernueckue naHHble. VICXOQHBIMU XapaKTEPUCTUKAMHU ISl BBIIIOJHEHUS 3aJaHus SB-
JISIIOTCST TTapaMeTPhl, PACCUUTAHHBIE HA MEPBOM 3aHATUU. ONpenenuTh YacTHBIE TPOU3BOJHBIC B

oP oP oU oU oJw 0o

BBIPDAKCHUM TIPHUPALIEHUS JJEKTPOMAarHUTHOW MOIIHOCTH: — : > .

05" OE, 85 OE,  ops’ opE,

oP . o
Hcxoas U3 KOITUYEeCTBEHHOIO 3HAUYCHUS % CICJIaTb BBIBO 00 YCTOUYUBOCTHU UCCICAYEMOU OIl.

dopmMa OTYESTHOCTH:

Ortuer cnaercs B Ie4aTHOM BUJie. B oTueTe TOIKHBI IPUCYTCTBOBATD:
1. Ilens paboTsr;

2. 3amanue;

3. [ToaTamHOE BBITIOJIHEHUE BCEX 3aJJaHUH BapHAHTa,

4. BeiBo 110 3aHATHIO.

3aiaHus A8 CaMOCTOSTENILHON paboThI:
[IpenycMOTpeHBI BApUaHTOM 00YYaIOMIErOCs.

PeKOMeHI[aI_[I/II/I 1O BBIITOJHCHUIO 3a)1aH1/1171 1 NMOATOTOBKE K MPAKTHYCCKOMY 3aHATHUIO
O3HaKOMHUTECS C TCOPCTUYCCKUM MATCpPpUAIIOM, NPCACTABJICHHBIM B I-IeTBépTOM pasaeiic ﬂaHHOﬁ
JUCIHMITIIMHBI.

OcHOBHas uTeparypa
1. Teopus aBTOMaruueckoro ympasieHus: YueOouuk ans By3os / C.E. Jymmun, H.C. 3oros, J.X.
Nmaes u np.; [lox pen. B.b. Slkosnesa. - 2-¢ u3a., nepepad.. - M.: Beicur.imkona, 2005. — 567 c.
JlomonHUTENBHAS TUTEPATYpa
2. JloitnukoB, A.H. MHOromMepHble 1 MHOTOCBSI3HBIC CHUCTEMBI. YTIpaBJIECHHUE KAa4eCTBOM MEPEXO/I-
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HBIX TIporieccoB: yueOHoe mocooue / A.H. Jloiinukos, M.B. UrnateeB, O.K. Kpymun. — bpartck:
'OV BIIO «bpl'¥», 2009. — 114 c.

KoHTpoJibHBIE BOIPOCHI /IJIsi CAaMOIIPOBEPKHU
1. ITo xakoil U3 YaCTHBIX MPOU3BOAHBIX MO MapaMeTpaM PEryIuPOBAHUS MOXKHO CYIUTh 00 yCTOM-
YUBOCTH CUCTEMBI U IOYeEMYy?

IIpakTHyeckoe 3anaTHE Ned
Cocrasiienue aud¢epeHunajibHbIX ypaBHeHuil aBuxkeHusi I'opeBa-Ilapka nus sserpo-
MeXaHN4YEeCKHUX MPOoLeccoB

[{enb paboTHI:

[TprobpecTu mpakTUYECKUE HABBIKM JMHEapu3aluu JuddepeHnaabHbIX YpaBHEHUH B TOUKE pac-
CUUTAHHOTO PEKUMA.

3amanue:
1. CocraButs quddepeHnuanbubie ypaBHeHUs ABUxkeHus 11 D11

[1OpSI0K BBIMIOTHEHUSL:

N3yuuTh TEopeTnuecKkue aaHHbie. MICXOMHBIMU XapaKTepUCTHKAMU JUIS BBITIOJHEHUS 3aJaHUs SB-
JSIFOTCS TTapaMeTpbl, paCCUUTAHHBIE HA NEPBOM M TpeTbeM 3aHATHH. CocTaBUTh qUdQepeHnaib-
HbIEe ypaBHEHUs JBIKeHus ['opeBa-Ilapka ais aJ1eKTpoMeXaHMYECKHX MpoleccoB. JInHeapu3oBarthb
NOJTyYCHHbIE YPaBHEHHS B TOYKE PACCUYMTAHHOTO pexuma. Haiitn ko3¢ duumeHTs muHeapr30BaH-
HBIX U PEpEeHIINATBHBIX YPaBHEHHH.

Popma OTYETHOCTH:

Ortyer cnaercd B Ie4aTHOM BUJie. B oTueTe 10JKHBI IPUCYTCTBOBATD:
1. Ilens paGoTsr;

2. 3amanue;

3. [MoaTamHoe BHITIOJIHEHUE BCEX 3aJJaHUI BapHUaHTA.

3aauus U1 CaMOCTOATENBHOM PadOTHI:
[TpemycMOTpeHbI BapUaHTOM 00Yy4aroierocs.

PekoMeH1aluy 110 BEIMOJHEHHUIO 3aJIaHUM M MOATOTOBKE K IMPAKTUYECKOMY 3aHITHIO
O3HAaKOMUTECS C TCOPCTUUCCKUM MATCPUAJIOM, NPCACTABICHHBIM B IIATOM pPasacic I[ﬁHHOfI
JUCHUITIINHBI.

OcHoBHas nuTeparypa
1. Porau B.f1. Teopust aBTOMaTH4eCKOTO yIpaBieHus: YueOHuK st By30B / B.4. Porau. - 3-e u3n,
crepeotur.. - M.: MOMU, 2005. — 400 c.
JlononHuTenpHas TUTEpATypa
2. loitnukoB, A.H. MHOromepHsle 1 MHOTOCBSI3HbIE CUCTEMBI. YTIpaBJIeHHE Ka4eCTBOM IEPEX0/1-
HBIX TIporieccoB: yueOHoe mocooue / A.H. Jloiinukos, M.B. UrnateeB, O.K. Kpymun. — bpartck:
'OV BIIO «bpl'¥», 2009. — 114 c.

KOHTponbHbIE BONIPOCHI /111 CAMOIPOBEPKU
1. 3anumure nuHelHble uddepeHanbable ypaBHeHUs IBHKeHHs B popme Komu.
2. HazoBuTe BenmuuHsbl, BXoaduue B popmy Ko, npumenuTensHo K uccienyemoit O11.

IIpakTuyeckoe 3ausgTHe NeS
HccaenoBanue TMHAMUYECKHX CBOMCTB jleKTponepenaun 0e3 yuéra aeiiceusi APB-CJ|

[lenb paGoTHI:

HccnenoBath quHaMudeckue cBorictBa D11 6e3 yuéra neiicTBHsI 00paTHOI CBSA3H.
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3ajanue:
1. CocraButh xapakrepuctuieckuii onpenenutens (XO), nomuaom (XII), [ID pazomkHyTO#H CH-

CTEHI,
2. [TocTpouTh KOPHEBYIO U YaCTOTHBIE XapakTepuCcTUKH (UX) pa3OMKHYTOW CUCTEMBI.

[TopsA10K BBINOTHEHHUS:
N3yuuth TeopeTnyeckue gaHHbie. ICXOMHBIMU JaHHBIMH JIJIS1 BBIMIOJHEHUS 3aJJaHUs SIBJIIOTCS Ta-
paMeTphl, pacCUMTAHHBIE Ha TIEPBOM, TpeTheM U 4eTBEPTOM 3aHATUAX. CoctaButh XO, XII u 1D

. AS AE,
apaMeTpoB PEryJIUPOBAHUS PA3OMKHYTOH CHCTEMBI E' AE Omnpenenuty kopuu XII. Ilo

HaWJIEHHBIM 3HAYEHUSIM KOPHEH CeNaTh BBIBOJ O CTATMUECKOW ycToM4MBOCTH uccienyemoit DII.
Hcnone3ys UX napamerpa cTaOMIM3alUuM ONPEAEIUTh KOJIMYECTBEHHOE 3HAUCHHME PE30HAHCHOM
yacTothl. PaccunTars 1Be ocoObie Toukn UX Ha «HYIEBOI» @) M «PE30HAHCHOW» @, 4ACTOTax.

r

[TocTpouTh KOpHEBYIO, aMILTyTyaHO-4acToTHYIO (AUX) A=f(w) u dazoBouactotHyro (PUX) xa-
PaKTEpPHUCTHKH Pa3OMKHYTO# cuctembl O=F(wm).

PopmMa OTYETHOCTH:

Ortyer cliaercs B Ie9aTHOM BUje. B oTyere 1OKHBI IPUCYTCTBOBATH!
1. Iens paboTsr,

2. 3amanue;

3. [ToaTanHOE BBHITOJTHEHUE BCEX 3a/1aHHI BapUaHTa,

4. I'paduku kopueBoi xapaktepuctuki, AUX A=f(®) n ®UX ¢=f(v).
5. BbIBOJ 110 3aHATHIO.

3aaHus A CaMOCTOSTENIbHON paboThI:
[IpenycMoTpeHbl BApUaHTOM 00YYaIOIIEroCs.

PeKOMeHI[aIII/II/I 1O BBIITOJHCHUIO 3a)1aH1/1171 1 NMOATOTOBKC K IMPAKTHYCCKOMY 3aHATHIO
O3HaKOMHUTECS C TCOPCTUYCCKUM MATCPUAIOM, IMPEACTABIICHHBIM B CCABMOM pa3aciic ,Z[aHHOP’I
JUCIHHMITIIMHBI.

OcHoBHast TuTepatypa
1. EpodeeB A.A. Teopust aBTOMaTHUECKOTO yrpaBieHus: Y4ueOHuK A By30B / A.A. Epodees. - 2-
e u3., go1m. u nepepad.. - CII6.: Tlonurexnuka, 2005. — 302 c.
JlononHurenpHas IuTeparypa
2. lloiinukoB, A.H. MHOrOMEpHBIE U MHOTOCBSI3HBIC CHCTEMBbI. YTIPaBICHHE KAa4eCTBOM IEPEXO0]I-
HBIX TporieccoB: yuebnoe mocobue / A.H. [oitnukos, N.B. Urnatees, O.K. Kpymun. — Bbpartck:
'OV BIIO «bpl'¥», 2009. — 114 c.

KoHTpoJIbHBIE BOMPOCHI ISl CAMOIIPOBEPKHU
1. Yro xapakrepusyet XII cuctemsl, Kakum 00pa3oM OH HAXOAUTCA?
2. Yto xapakrepuszyroT UX napamerpa peryiupoBaHusi?

IIpakTHyeckoe 3ausitue Neb
HccnenoBanue TMHAMHYECKHX CBOMCTB 3j1eKTponepenayu ¢ yuérom aeiicsusa APB-C/{

[{enb paboTHI:

Uccnenosars guHamudeckue coiictBa DI mpu 3aMbIKaHUHA CHCTEMBI.

3aganue:
1. CocraButrsXO, XII u I1d 3aMKHYTOM CUCTEMBI;

2. [Toctpouts kKOpHEBYIO U UX 3aMKHYTON CUCTEMBI.
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ITopsAOK BBINOJHEHUS:

N3yuuth TeopeTnyeckue gaHHbie. ICXOMHBIMU JaHHBIMH JJIs1 BBIMIOJHEHUS 3aJJaHUs SIBJIAIOTCS Ma-
paMeTphl, paCCYUTAHHBIE HA IEPBOM, TPEThEM, YETBEPTOM U MATOM 3aHATHIX. CocTtaButh X0, XII 1
[1® 3amknyTOl cucteMbl Wiy (p). Onpenenuts kopuu XII. ITo HalijeHHBIM 3HAYEHUSAM KOpPHEH
clieaaTh BBIBOJ O CTATUYECKON YCTOMYMBOCTH 3aMKHYTOM cucTeMbl. Mcnonb3ys UX 3aMKHYTOI cH-
CTEMBI OIPE/ICINTh KOJINYESCTBEHHOE 3HaUCHHUEe @, . Paccunrars nBe ocoObie Toukn UX Ha «HyJIe-

BOI» @, M «pe3oHaHcHOl» @, 4actorax. [loctpouts kopreByto, AUX A=f(w) n ®UX o=f(w)

SaMKHYTOﬁ CHUCTCMBI.

dopmMa OTYECTHOCTH:

Otyer cnaercs B Ie4aTHOM BUJie. B oT4eTe TOJKHBI IPUCYTCTBOBATD:

1. llenw paGoTHI;

2. 3ajganue;

3. [ToaTanmHoe BBHIMOJHEHNE BCEX 3a/laHUN BapHUaHTa;

4. I'pacduku kopHeBoii xapaktepuctuku, AUX A=f(w) u DUX ¢=f(o);

5. BBIBOJ 110 3aHATHIO.

3aJjaHus JIIS CAMOCTOSITEIbHOM paOOThI:

[TpenycMOTpeHbI BapuaHTOM 00y4aronierocs.

PekoMeHgauy 10 BBIIOJHCHUIO 3aJaHMI U ITOJTOTOBKE K MPAKTHYCCKOMY 3aHATHIO
O3HaKOMUTBCS C TECOPETUYECKUM MaTepHajoM, MPEACTaBICHHBIM B BOCBMOM pasjeiie JaHHOU
JUCILIUIUIMHEL.

OcHoBHast TuTepatypa
1. Teopus aBTomMaruyeckoro ympasieHus: YueoHuk ans By3os / C.E. Jymun, H.C. 3otos, J.X.
Nwmaes u ap.; [lox pen. B.b. SIkonesa. - 2-e 3., nepepad.. - M.: Beicur.mkoma, 2005. — 567 c.
JlononuurensHas auTeparypa
2. lloiinukoB, A.H. MHOrOMEpHBIE U MHOTOCBSI3HBIC CHCTEMBbI. YTIPaBICHHE KAa4eCTBOM IEPEXO0JI-
HBIX TporieccoB: yuebHoe mocodue / A.H. Jloiinukos, 1.B. Urnatees, O.K. Kpymun. — bpartck:
I'OY BIIO «bpl'Y», 2009. — 114 c.

KoHTponbHbIE BONIPOCHI /i1l CAMOIIPOBEPKHU

1. IIpuBenuTe NPUHIUNHATBHYIO CXEMY AaBTOMAaTHYECKOTO PETyJsATOpa BO30YXICHHsS CHIIBHOTO
nevicteust (APB-CJI).

2. Kakum 00pa3oM HaXoAWTCs 3HaUeHHE HampshkeHus Ha Bbixone APB-CJI?

10. IEPEYEHb UH®OPMAILIMOHHBIX TEXHOJOI' U, HCIIOJIb3YEMBIX TP
OCYHIECTBJIEHUU OBPA30OBATEJIBHOI'O NPOLECCA IO JUCHUIITIMHE

OC Windows 7 Professional.

Microsoft Office 2007 Russian Academic OPEN No Level.
AnTHBUpYyCHOE nporpaMMHoe obecrieuenne Kaspersky Security.
MATLAB Academic new Product Concurrent Licenses.

el oA

11. OIMMUCAHUE MATEPHAJBHO-TEXHUYECKOHW BA3bl, HEOBXOJIUMOM
JJI OCYIMECTBJIEHUS OBPA30OBATEJIBHOI'O ITPOIECCA IO IUCIUIIVIMHE

Buo Haumenosanue Ilepeuens ocrnosnozo 06opyoo- N IT3
3aHaAmus ayoumopuu 6aHuUsA B
1 3 4 5
I13 JleknmonHas ayauropus - 13 1-6
CP g3 No3 ObopynoBanue 15- -
CPU 5000/RAM 2Gb/HDD
(MonuTop TFT 19 LG 1953S-SF);
npunrep HP LaserJet P3005
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®OHJA ONEHOYHBIX CPEACTB AJId TPOBEJEHUSA

IIpunoxenne 1

MPOMEXKXYTOUYHOM ATTECTAIIMU OBYYAIOIIIUXCSA MO JUCIHUIIJINHE

1. Onucanue ¢GpoH/Ia OLIEHOYHBIX CPEACTB (MACHOPT)

No
- DJIeMeHT KOMIIeTeH-
KOMIIe- - Pazgen Tema ®OC
TeHUUHU
1.1. OcHoBuble onpenene- | Borpoc x 3aué-
HUS Ty 1.1
1. Tlomsitus MHOTO- Y "
N 1.2. KauectBo mnepexoxa- | Bonpoc x 3aué-
MEpPHON M MHOTOCBSI3-
. HBIX IPOIIECCOB Ty 1.2
HOU CHCTEMBI
1.3. Iloustue mHOrocesiz- | Bompocel k 3a-
HOCTH CHCTEMBI uyéry 1.3, 1.4
2.1. Ctpykrypasle cucte- | Bonpocel k 3a-
2. Tpad cucremsl | MBI U rpadbl yéry 2.1, 2.2
TIPaBJICHUSA . Bompocsl k 3a-
yrip 2.2. ®opmyna Meticona onp
uéry 2.3, 2.4
3. MogenupoBanue B
JICIHD 3.1. MopenupoBanue B | Bompocsl k 3a-
MEPEMEHHBIX COCTOS- .
s MIEPEMEHHBIX COCTOSIHHUS yéry 3.1-3.2
4. Cxemsr momemupo- | 4.1. CxemMpl MOAETUpPOBa-
BaHMs JAJsl Tepexoja | Hus Ui Iepexoja OT Iie-
A pexod A “pexon Bompocsl k 3a-
oT MepeaaToOuyHoON | pelaTOYHOr (YHKIHUU K yiry 4.1-4.4
VYmenne npoBoaUThH | QYHKIMH K BEKTOPHO- | BEKTOPHO-MATPUIHON MO- y oI
TEXHUKO- MaTpU4YHOU MOJIENN JIeNn
SKOHOMHYECKOoe  00oc- 5.1. Merox npeobpaszoBa- | Borpockl k 3a-
IIK-11 | HoBaHme IIPOEKTHBIX Hus Jlamiaca yéry 5.1, 5.2
pacuéToB ¢ WCIONB30Ba- | 5. Pemenue ypaBHe- | 5.2. Meton pasnoxkeHust B | Borpoc k 3aué-
HHEM COBPEMEHHBIX | HUH COCTOSHHS OECKOHEYHBIH psilt Ty 5.3

IIOJIX0JI0B U METOJOB

5.3.
GyHKIMH

IlepenaTounsle

Bonpoc k 3aué-
Ty 5.4

6. Moxenu auckper-
HBIX CHCTEM B Iepe-
MEHHBIX COCTOSTHUSA

6.1. Ilepemennble cocTos-
HUS

Bompocsl k 3a-
yéry 6.1, 6.2

6.2. Pemienne ypaBHeHHI
COCTOSIHUSI

Bonpoc k 3aué-
Ty 6.3

7. YpaBiseMocTs.
HaGnronaemocts. Brl-
POXJIEHHOCTDh Tiepesa-
TOYHOH QPyHKIHH

7.1. YopaBnseMocTh

Bompoc x 3aué-
Ty 7.1

7.2. HaGmronaemocTs

Bonpoc k 3aué-
Ty 7.2

7.3. BbIpoxkaeHHOCTH Tie-
penarodHoit pyHKIIMU

Bompoc x 3aué-
Ty 7.3

8. Kpurepun kavectBa
CHUCTEM YIpPaBJICHUS

8.1. Ilocra"HoBKa 3amaun

Bonpoc k 3aué-
Ty 8.1

8.2. OnrtumanbHOE pac-
MIpeJIeIIeHNne MOJI0COB CH-
CTEMBI YITPaBICHI

Bompocsl k 3a-
yéry 8.2-8.4
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2. Bonpochl Kk 3a4éTy

KoMnerennun
Ne BOIPOCHI K 3AUYETY Ne 1 HAaUMeHOBaHM e
n/n K pasaena
ox Onpenesenune
1 2 3 4 5
1.1. OcHoBHBIE OmpeneneHus Kypca «MHO-
TOMEpHBIE U MHOTOCBSI3HBIE CHCTEMBI yTpaB-
JCHUS»; 1. Ilonarne MHOTOMEp-
1.2. KayecTBO IepeXxoaHbIX IIPOLECCOB; HOM M MHOTOCBSI3HOU
1.3. Ilpumep peryaupoBaHusi WHPOKOMMY- | CHCTEMBI
HHUKAIMOHHOTO 00BEKTA,
1.4. IloHATHE MHOTOCBS3HOCTH CHCTEMBI.
2.1. CTpyKTypHBIC CXEMBI U TpadBbl;
2.2. IIpaBuno Kpamepa;
2.3. TlonsTHe y37a-NCTOYHUKA, y37a-CTOKa, | 2. I'pad  cucremsr
MyTH, 3aMKHYTOTO KOHTYpa, KOX(PQUIMEHTa | YIIPaBICHUS
nepeaaym;
2.4. ®opmyna Meiicona.
3.1. CrangapTtHast ¢popma ypaBHEHHH COCTO-
gHZHﬂé ) 3. MopenupoBanue B
.2. BeKTOpHO-MaTpHYHBIE MOJIEINH;
N MIEPEMEHHBIX COCTOSHUS
3.3. CeoiicTBa BEKTOPHO-MATPHUYHBIX MOJIE-
JIen.
4.1. OCHOBHOH DIEMEHT CXEMBbI MOJEIHPO-
BaHMUS — HHTETPaTop;
4.2. O0umii TPUHIKT MOCTPOeHUsT cxeM Mo- | 4. CXeMbl MOJeNUpoBa-
YMeHre TPOBOAMTH | IEIHPOBAHHS; HUS JUIsL TIepexojia OT
TEXHUKO- 4.3. CxeMbl MOJICNUPOBAaHHUS KaHOHMYECKUX | MEPEAaTOYHBIX  (QyHK-
SKOHOMHUYECKHE (dopM ympaBisseMOCTH U HaOIIOaeMOCTH; 10207 B BEKTOPHO-
1 MK-11 obocHoBanue mpo- | 4.4. Tlporeaypa mepexoma OT CXeMBI MOJE- | MATPUYHBIM MOJIEITAM

HUCIIOJIb30BAHUEM

X0I0B U METOJOB

€KTHBIX PACUETOB C

JIMPOBaHUSI K BEKTOPHO-MAaTPUYHON MOZEIH.
[Ipumep.

COBPMCHHBIX IIOA-

5.1. Meron npeobpa3zoBanus Jlaraca. Ile-
pexoaHas MaTpUIa COCTOSHUS;

5.2. Meron mpeoOpazoBanus Jlamiaca. [loi-
HOE pEIECHUE YPAaBHEHUN COCTOSHHS;

5.3. Meroa pasnoxkeHuss B OECKOHECUHBIN
ps;

5.4. llpouemypa mepexoma OT BEKTOPHO-
MaTPUYHON MOJENIH K TepelaTOYHON (yHK-
IIUH.

5. Pemenne ypaBHeHMI
COCTOSIHUS

6.1. IlonsiTHe O MOMAENSAX TUCKPETHBIX CH-
CTEM B IepeMEHHBIX cocTostHus. KaHoHuue-
ckas (hopMa IpOrpaMMHPOBaHUS ITUGPOBBIX
(GWIBTPOB,;

6.2. OOmwmii Bua ypaBHEHHI COCTOSIHUS IS
JIUCKPETHOMN CUCTEMBI;

6.3. WTepanmoHHBI METOJ pPEILICHHS ypaB-
HEHUI COCTOSHUS IUCKPETHBIX CUCTEM.

6. Monenu IUCKPETHBIX
CHUCTEM B MEPEMEHHBIX
COCTOSTHUS

7.1. Yupasnsemocth. Kpurepwii ympapise-
MOCTH;

7.2. Habmopmaemocts. Kputepnii Habmonae-
MOCTH;

7.3. BBIpOKIEHHOCTh MEpPEAaTOUHON (YHK-
UK. Y CJIOBUE pa3pelIuMOCTH.

7. YpaBiasieMoCTb.
Hab6momaemocts.  Boi-
POXKIIEHHOCTh  Iepeaa-
TOYHOM (pyHKIIUH

50




8.1. Kpurepuu KadecTBa CHCTEM YIpaBlie-
uust. [ToctaHoBKa 3amaun;
8.2. OnTrManbHOE paclpeeCHHE MOI0COB

CHCTEMBI YIIPABJICHUS; 8. Kpurepum kagectna
8.3. IlokazaTenu kauecTBa MEPEXOTHON Xa- | CUCTEM YyIpaBICHHUS
PaKTEpPUCTUKH;

8.4. XapakrepucTUKH HauOoOjee pacmpo-
CTPaHEHHBIX HA NIPAKTUKE PACTIPEICIICHHIA.

3. Onucanue noka3aresieil ¥ KpUTepUueB OLlEHUBAHUS KOMIIETEHIIU

Iloka3zarenn Ouenka Kpurepun

OOyuaromuiicss TOHKEH BO BpeMs OTBETA
IIOKa3aTh 3HAHMS: OCHOBHBIX OIPECICHUI
MHOI'OMCPHBIX W MHOTOCBA3HBIX CHUCTCM,
CTaHIapTHOH (OpMbI ypaBHEHUH COCTOSI-
HUSI, OCHOBHBIX IIOJIOKEHUW YIPaBIIsEMO-
CTH, HAOIIOAAEMOCTH M BBIPOKICHHOCTH
nepeaToyHol (YHKIIMU MHOTOMEPHBIX CH-
CTEM, OCHOBHBIX TEPMHUHOB, HCIOJIb3yEMbIX
B HAyYHO-TEXHHUYECKOM JMUTEpaType Mo
TEOPUH  ABTOMATUYECKOTO  YIpaBJICHUS.

3HaTh

(MK-11):

- OCHOBHBIE IIOJIOKEHHS
TEOPUU MHOTOMEPHBIX
MHOTOCBSI3HBIX  CHCTEM

TIPABJICHUS; .
gp ’ OOyuaromuiicsi JTOJDKEH HWMETh HaBBIKH
MeTh .
(TTK-11): BIAJICHHUS: TpUEMAMH  [POCKTHUPOBAHHUS
' . MHOTOMEPHBIX M MHOTOCBSI3HBIX MOJIeNei
- TPOBOJUTH TEXHHKO- 3a4TEHO

peanbHBIX 0OOBEKTOB CBS3H, IOHUMAHUS Ma-
TCpHala H CIIOCOOHOCTH BBICKA3BIBAHUS
MBICIICH Ha Hay4YHO-TEXHHYECKOM SI3BIKE.
OOyyvaromuiics BO BpeMsl OTBETa JIOJIKEH
IPOJIEMOHCTPUPOBATh YMEHHs: TMPOBOJUTH

9KOHOMHYECKOE 000CHO-
BaHHE MPOCKTHBIX pacué-
TOB C MCIIOJIb30BaHUEM
COBPEMEHHBIX MOJX0JI0B

U MCT B,

B CTOAOB, TEXHUKO-IKOHOMUYECKOE 000CHOBaHUE
JTAAETDH MPOEKTHBIX PACYETOB C UCHOIB30BAHUEM
(TIK-11):

COBPEMEHHBIX TMOJXO/I0B U METO/OB, HaXo-
JUTh NEPeAaTOuHy0 (DYHKIMIO MHOTOMEp-
HOW CHCTEMBI, TIPUMEHSTh CXEMBI MOJIEIH-
poOBaHUS Ul MEepexoAa OT INepefaTOYHBIX
(GYHKIMH K BEKTOPHO-MaTPUYHBIM MOJIE-
JISIM.

Ha o6a Bompoca oOyuvaromuiicst oTBedaeT
HeyOeautensHO. Ha momonHuTEnbHBIE BO-
MIPOCHI MPETIOoIaBaTellsl TAKKE HE MOXKET OT-
BETHUTb.

- mpuéMaMu TPOEKTUPO-
BaHMS MHOTOMEPHBIX U
MHOT'OCBSI3HBIX MoOJ€eNen
peaTbHBIX OOBEKTOB CBSI-
31.

HE 3a9YTCHO

4. MeTtoauyeckue MaTepHaJIbl, ONpeae/solue Npoue1ypbl OLeHUBAHUS 3HAHU,
YMEHHI, HABbIKOB H ONBITA 1eATEIbHOCTH

JuctmmumHa «MHOTOMEPHBIE U MHOTOCBSI3HBIE CHCTEMBI YIIPABIICHHs» HAIpaBiIcHa HA O3HA-
KOMJIEHHE OOydJaromuxcs ¢ 0a30BBIMM HPUHIMIIAMH MaTEMAaTUYECKOIO MOJEIMPOBAHUS MHOTO-
MEpPHBIX CHCTEM YIIPAaBIICHUS IS OOECTICYCHHS JKETaeMbIX JHHAMUYECKHX CBOWCTB, YMEHHE HC-
M0JIb30BaTh MOJyYEHHBIE 3HAHUS U HABBIKU MPU NMPOEKTUPOBAHUHM MHOTOKAHAJIBHBIX CUCTEM CBSA3H
¥ KOMMYTAaITHH.

W3yuenne qUCIUIUIMHBI TPETyCMaTPUBACT:

—  JIeKIWH,

—  TIpaKTUYECKHE 3aHATHS;

- CaMOCTOSITENIbHYIO PaboTy;

— 3a4ET.
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B xone ocBoenus pazaena 1 «[loHsATHS MHOTOMEPHOM M MHOTOCBSI3HON CHCTEMBI» 00yJaromn-
ecsl IOJDKHBI YSICHUTB: IOHSTHSI KPUTEpUs KayecTBa YNPABIEHUS, OJHOCBSI3HOW M MHOTI'OCBS3HOM
CHCTEMBbI aBTOMaTHUECKOT'O PETYINPOBAHUS.

B xone ocBoenust pazzmena 2 «I'pad cuctemsl ympaBieHHs» OOy4aroIIMecs JOJDKHBI 3HATH!
npaBuio Kpamepa, hopmyny Meiicona.

B xonme ocoenus pazmena 3 «MoaenupoBaHHE B MEPEMEHHBIX COCTOSHUS» O0y4aroIuecs
JIOJDKHBI YSICHUTh CTaHAAPTHYIO (OPMY YPaBHEHUH COCTOSHUS.

B xone ocBoenus pasaena 4 «CxeMbl MOACTUPOBAHMS JJIS IEPEXoa OT MepeiaToOuyHON PyHK-
IIUM K BEKTOPHO-MaTPUYHBIM MOJIEJIAM» 0Oydaroluecs JOJKHBI 3HAaTh. Ha3HaYEHHUE MHTErpaTopa,
KaHOHHWYECKHE (POPMBI YIIPaBIIEMOCTH, HAOII0JaeMOCTH, IPOIIEyPY MEPEX0a OT CXEMbI MO/ICITH-
pPOBaHUS K BEKTOPHO-MATPUYHON MOJEIIH.

B xone ocBoenus pasnena 5 «Pemenue ypaBHEHUI COCTOSHUS 00y4aromuecs: JOJKHBI ysc-
HUTb: METO/Ibl IpeoOpa3oBanus Jlamnaca, pa3noxeHus: B 06CKOHEUHBIN psJl, Iepexo/ia OT ypaBeHUH
cocrosaus K I1D.

B xozne ocBoenus paznena 6 «Monenu JUCKPETHBIX CUCTEM B NEPEMEHHBIX COCTOSIHUSA» 00Yy-
Yaromuecs: JAODKHBI 3HATh. KaHOHWYECKYIO0 (opMy mporpaMMHpoBaHus HU(POBBIX (QHUIBTPOB,
YPaBHEHMSI COCTOSIHUSA JJISl IUCKPETHOM CUCTEMBI, METO/1 PELIEHUS AUCKPETHBIX YPaBHEHUH.

B xone ocBoenus pasaena 7 «Ympasisgemocts. Habmromaemocts. BeipoxkaeHHOCT TIepeaaToy-
HOW (yHKIMM» oOyyaromuecss JOJDKHBI OOpaTUTh BHUMAaHME HA: KPUTEPUM YIPABISIEMOCTH,
Ha0JI}0/1a€MOCTH, YCIOBHE Pa3pEeIIMMOCTH 3a/1a4ll CUHTE3A.

B xone ocBoenus pasznena 8 «Kpurepuu kauecTBa CUCTEM YNpPaBJICHUA» 00y4aroIIuecs JOK-
HBI 3HaTh: (POPMYIMPOBKY 3aJaUu YIPaBJICHUS, NOHITHSI COOCTBEHHbBIX 3HAYEHUM, MOIIOCOB U HY-
Jel CUCTEeMBI, MATh TUIOB CTaHJAPTHBIX PAacHpeAeieHUH, oKa3aTeau KauyecTBa CUCTEM YIpaBiie-
HUSL.

Ha nmpaxkTuueckux 3aHATHAX oOydarouiyecs NpuoOpeTaloT HaBbIKM pacyéra mapaMeTpoB M IO-
CTPOECHUS IMHAMUYECKUX XapakTepucTuk OII.

[Ipu moaroToBke K 3a4€Ty peKOMEHyeTcsl 0c000€ BHUMaHHE YIEIUTh CIEIYIOLIMM BOIIPOCAM:
KpUTEpUN KadecTBa CUCTEM yIpasieHus, popmyrna MelicoHa, mporeaypa nepexoia OT CXEeMbl MO-
JIeTUPOBaHMSI K BEKTPHO-MAaTpUUHOU (opMme.

PabGota ¢ nuteparypoit SIBISETCS BaKHEUIIMM SJIEMEHTOM B IMOJYyYE€HWU 3HAHUW MO JUCIU-
nHe. [pexe Bcero, HE06X0IMMO BOCIOIb30BATHCS CIIMCKOM PEKOMEHIyeMol auteparypsl. [lo-
MOJIHUTENIbHBIE CBEACHUS TI0 U3ydaeMbIM TeéMaM MOXXKHO HaWTH B Nepuoaudeckoi neyatu u Murep-
HETE.

[IpenycMoTpeHO NnpoBeieHNEe ayAUTOPHBIX 3aHATUN B MHTEPAKTUBHON (QopMme (JIEKIIMU C TEKY-
UM KOHTPOJIEM, MTPAKTUYECKHE 3aHATHS C Pa300pOM KOHKPETHBIX CUTYallMil U TPEHUHTaMH B Ma-
JIBIX TPYIIINax) B COUYSTaHUH C BHEAYJAUTOPHOM paboTOH.
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IIpunoxenue 2

AHHOTAIUA

paﬁoqeifl nporpaMMmbl TUCHHUIIJIUHBI
MHOFOMeprIe H MHOT'OCBSAI3HBbIC CUCTEMBbI YIIPpABJICHUA

1. Heab u 3aa1a4n TUCHUILIHHBI
Llenpro U3ydeHusl AUCHUILUIMHBI ABIISETCS U3JI0KEHHE 0A30BbIX MPUHIIUIIOB MATEMATHUYECKOTO MO-
JIETTUPOBAHKMSI MHOTOMEPHBIX CHCTEM YIpaBJICHHUS JUIsi 00€CIeUeHHUs >KEIaeMbIX ITHHAMHYECKHX
CBOMCTB; YMEHHUE HMCIOJIb30BaTh MOJYUYECHHbIC 3HAHUSI U HABBIKU MPHU MPOEKTUPOBAHWU MHOTOKAa-
HaJbHBIX CHCTEM CBSI3U U KOMMYTAITUH.

3agaueil TUCUMILIMHBI ABJSETCA MOArOTOBKA 00yYaroIUXcs K CaMOCTOSTENIbHON paboTe Mo perie-
HUIO IIPAKTUYECKUX 3a7a4, CBA3AHHBIX C IIOCTPOCHUEM MAaTEMaTHYECKUX MOJEIIEH HEIPEPBIBHBIX U
JUCKPETHBIX MHOIOMEPHBIX CUCTEM, C UCIOJIb30BAHUEM allnapaTa CTaHIapTHBIX (GopM ypaBHEHUI
coctosHus U (opmyisl MeicoHa, ¢ TPOSKTUPOBAHHEM MHOTOMEPHBIX W MHOTOCBSI3HBIX MOJIENEH
peasbHbIX OOBEKTOB CBS3H.

2. CTpyKTypa AMCUMILIUHBI
2.1 Pacripenenenue TpyJO0EMKOCTH IO OTAEIBHBIM BHJAM YYeOHBIX 3aHSTHH, BKIIFOYAsi CaMOCTOSI-
TesbHy10 padotry: JIk — 24 yac.; [13 — 24 gac.; CP — 60 yac.

O61mas TpyA0EMKOCTh AUCUUIUINHBI cocTaiseT 108 yac, 3 3auéTHble eAMHUIIBL.

2.2 OCHOBHBIE Pa3JeNbl TUCIUILIIHHBIL:

1. IloHATHA MHOTOMEPHOI U MHOTOCBSI3HOM CHCTEMBI YIIPABIICHUS;

2. I'pa¢ cucremsl ynpaBieHus,

3. MogenupoBaHue B IEPEMEHHBIX COCTOSHHUS,

4. CxemMbl MOJICIIMPOBAHUS IS TIepexo/1a OT NMepelaTOYHbIX (PYHKIMH K BEKTOPHO-MaTPUUYHBIM MO-
JeNsM,;

5. Pemennie ypaBHeHU COCTOSTHUS,

6. Mopeny TUCKPETHBIX CUCTEM B TIEPEMEHHBIX COCTOSHUS,

7. Yupasnsemocts. HabmogaeMocTb. BeIpoxk1eHHOCTh iepe1aTOYHON (QYHKINY,

8. Kpurepun xadyecTBa CUCTEM yIIPaBIICHUS.

3. [lnanupyemMsble pe3yJbTaThl 00yueHHs (MepeyeHb KOMMETEeHIHii)
[Tponecc n3yueHHs JUCUUIUIMHBI HAallpaBjieH Ha (JopMUpOBaHHE CIEAYIOUIeH KOMIIETEHIIH!
[1K-11 — ymeHue NpoOBOAUTH TEXHUKO-3KOHOMHYECKOE O0OOCHOBaHHE MPOEKTHBIX PACYETOB C HC-

MMOJIb30BAaHUEM COBPEMCHHLIX MOAXOJ0B 1 METOIOB.

4. Bux npoMesKyTOYHOI aTTecTalllu: 3a4ET.
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Ipunoxenue 3

IIpomoxon 0 0ononnenusX u usMeHeHuAX 6 padoueil npozpamme
na 201__-201 _ yueobHwtii 200

1. B paGouyto nporpammy o IUCHUIUIMHE BHOCSATCS CIEAYIOUINE TOTOTHEHHUS:

2. B pabGouyto nmporpaMmy 1o AUCUUIIIMHE BHOCSATCS CIEAYIOIUE U3MEHEHUS:

[Tporoxon 3acemanus kadenpn Ne OT «___ » 201 r,
(paspabomyux) -

3aBenyromnuii kageapoit

(noonucs) (®.1.0.)
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IIporpamma cocraBieHa B COOTBETCTBUH C (peepalbHBIM IOCYJapCTBEHHBIM 00pa30BaTelb-
HBIM CTaHAAPTOM BBICIIEr0 00pa30BaHUs 1Mo HampasieHuio noarotoBku 11.03.02 MudoxkommyHH-
KaIlMOHHBIEC TEXHOJIOTUU U CUCTEMBI CBsi3H OT «06» mapta 2015 1. Ne 174

st Haoopa 2018 roaa n yue6HbM ianoM ®I'BOY BO «bpl'Y» st ouHoM hopMbl 00ydeHUS OT
«12» mapta 2018 r. Ne 130.

IIporpammy cocraBuiI:

Kpymun O.K., nouent xadenpst YTC, K.T.H.

Pabouas nporpamma paccMoTpeHa 1 yTBepkAeHa Ha 3aceqanuu kadeaps YTC

ot 28 nexabps 2018 r, mporokon Ne 6

3aBenyrommii kapeapoit YTC Urnarses 1.B.
COI''TACOBAHO:

3aBenyIONIHI BBITyCKAIOMICH Kadeapoit Urnatees 1.B.
Hupextop OuOIMOTEKH Cotauk T.®D.

Pabouas nmporpamma ogoOpena metoaudeckoi komuccueit ®OuA daxynbreTa

ot 28 nexadps 2018 r, mporokos Ne 5

[Tpencenarens MeToIM4YECKON KOMUCCHH (DaKyJIbTeTa VYnbsHoB AL,
COT'JTACOBAHO:

Havanpauk

yu4e0HO-METOIMYECKOTO YIIPABICHUS Hexesen I'.I1.

Perucrpanmonnsiii Ne



