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HPEAUCJIOBUE

KomneioTepHbsle cucTeMbl, peaiusyrounme HudpoBOi crocod ymnpaBieHUs,
HaXoJsT Bce 0oJiee MMPOKOE MPUMEHEHHE B MPAKTUKE CO3/JaHUS CUCTEM YIPaBJICHHUS
CaMbIMU PA3IUYHBIMU OOBEKTaMU: 3TO OBITOBAs M MPOMBIIUICHHAS TEXHUKA, TEXHO-
Joruyeckoe o0OpyJoBaHUE, TPAHCIIOPT, BOEHHAs TeXHHUKA U T.A. [Ipu npoexruposa-
HUU CHCTEM C KOMIIBIOTEPHBIM YIPABJIEHUEM HEOOXOAMMO pEUIEHUE 33]ay, CBS3aH-
HBIX C MMOCTPOCHHEM MAaTEMaTHYEeCKHX Mojesieil 00BEKTOB ympaBieHHs, mpeodpa3o-
BaHUSl MaTEMaTHUUECKUX MoJenel K ¢opmam, YJOOHBIM JUIsl HOCIENYIOEH paboThl,
(OpMHPOBAHUEM CTPYKTYPHBIX CXEM CHUCTEM YIIPABJIEHUS, AITOPUTMOB JTUCKPETHOTO
yIIpaBJIEHUs], aHAJIN3a YCTOMUYMBOCTH U TOYHOCTH CUCTEM YTIPABJICHMSI, aHAJIN3A BIU-
SHMS TUCKPETHU3AI[MU CUTHAJIOB 0 BPEMEHU Ha XapaKTEPUCTUKU cucTeMbl. Mcrnomnb-
3yeMbI€ MPU 3TOM METOJMKH UMEIOT clienu(pruueckue 0COOEHHOCTH, 00YCIIOBIECHHBIE
CBOMCTBAaMHM JIUCKPETHBIX CHCTEM YIpaBiicHUsA. B CBA3M C 3TUM HEOOXOAMMBIM 3Jie-
MEHTOM TOJTOTOBKHM CHELHUAIMCTOB B O0JACTH MPOEKTUPOBAHUS CUCTEM C KOMIIbIO-
TEPHBIM YIPABIECHUEM MEXAaHMYECKUMU OOBEKTaMM SIBISIETCSI IPUOOpPETEHUE OIbITa
pelIeHUs] TPAKTUYECKUX 3a7ad IMOCTPOEHUS MaTEeMaTHMUECKUX Mojeeil 0OBEKTOB
yIpaBJIeHUs], NPEACTABICHUSI MaTeMaTHUYECKUX Mojenel B gopme auddepeHnmaib-
HBIX YpaBHEHUM, MEPEJATOUHbBIX (YHKLIUMN, TOTYYEHHBIX HA OCHOBE IPEO0Opa30BaHuUs
Jlanumaca, nepexona K Z- neperaroyHbIM (DYHKIMSAM, pEIIeHUs Pa3HOCTHBIX ypaBHeE-
HUM, TOCTPOEHUS TICEBJIOYACTOTHBIX XapaKTEPUCTHK, aHAIN3a YCTOMYMBOCTH U TOY-
HOCTH JTUCKPETHBIX CUCTEM YIIPaBJICHHUS.

B nepBomM pazaene nocoOust paccMaTpUBaIOTCSI TUIIOBBIE 3a/1a4l MATPUYHOTO
CUMCJICHHsI, KOTOPbIE HAXOIAT IMIMPOKOE NMPUMEHEHHUE B MPAKTUKE MPOECKTHUPOBAHUS
cucteM ynpabiieHHa. OCHOBHOE BHUMAHHE IIPU 3TOM YIEISETCA PacdeTy ONpeaeiu-
TeJel, MUHOPOB U aJIreOpandecKuX JOTMOTHEHUH.

Bo BTOpOM pazjene paccMaTpuBarOTCS OCHOBBI JIMHEHHOTO MpeoOpa3oBaHUs
JIMHEHHBIX MPOCTPAHCTB, COOCTBEHHBIE BEKTOPHI U COOCTBEHHBIE 3HAYEHUS JIMHEHHO-
ro npeoOpa3oBaHuUs.

Tpernii pa3ien NOCBALIEH PACCMOTPEHUIO BOIIPOCOB, CBSI3aHHBIX C IOCTPOE-
HUEM MAaTeMaTHYEeCKHX Mojeneid OOBEKTOB YHpPaBJIECHUS, MPEACTABISIOLMX COOOM
JIMHENHBIE, aHAJIOTOBbIE (HEMPEPBHIBHBIE) TMHAMUYECKUE CUCTEMBI, U aHAIU3Y Xapak-
TEPUCTUK OOBEKTOB YIPaBJICHHSI BO BPEMEHHON M 4aCTOTHOW 00JjacTsX. 3HaUUTENb-
HOE€ BHMMaHHE yJieJeHO (HOPMHUPOBAHUIO cUCTEeMbI Ju((depeHInanbHbIX YpaBHEHUN
00BEKTa Ha OCHOBE €r0 CTPYKTYPHOU CXEMBI.

B ueTBepTOM paznerne paccMaTpuBaIOTCs 3aJadyd, OPUEHTUPOBAHHBIE Ha 3a-
KpEIJIEHUE MaTEMaTUYECKUX OCHOB TEOPUM JHCKPETHBIX CUCTEM ympasiieHus. W3-
JIO’)KEHUE HAYMHAETCS C PACCMOTPEHUS OCHOB TEOPHH BBIUETOB M Z-TIPeoOpa30BaHusl.
[IpuBenensl npuMepsl NOTyYEHUS Z- MEepPeIaTOUHbIX (PYHKIMMA A1 0ObEKTOB YIpaB-
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JICHUST Ha OCHOBE TEPENAaTOYHBIX (DYHKIHMA C MPOCTHIMA M KPATHBIMH IOJIFOCAMHU.
PaccMoTpeHbl METOAMKHN OMpPEENeHNs PEeaKIUU TUCKPETHOW CHCTEMbI Ha BXOJHBIC
penieTyarbie PyHKIMU. 3HAUUTEILHOE BHUMAaHUE YACIEHO OCOOCHHOCTSM CTPYKTYp-
HBIX TIPE0Opa30BaHUN TUCKPETHBIX CHCTEM, a TaK)Ke MPAKTUICCKUM METOIMKAM aHa-
JM3a YCTOMYMBOCTH M TOYHOCTH JUCKPETHBIX CHCTEM. PacCMOTpPEHBI TaKKe BOIIPOCHI
MMOCTPOEHUST Pa3HOCTHBIX YPaBHEHUHN MHUCKPETHBIX CHUCTEM, OCHOBAaHHBIC Ha TIpHUMe-
HEHUU Pa3IUYIHBIX METOIOB IPOTPAMMHUPOBAHHSI.

B msTom paszaene npeacTaBieHBI 3aaHNs, KOTOPhIE MOTYT OBITh HCIIOIh30Ba-
HBl CTyJEHTAMH JJIsi CaMOCTOSITENILHOW IOATOTOBKH MO Kypcy «KommbrorepHoe
yIpaBJICHUE MEXaTPOHHBIMU CHCTEMAaMI.

B 3akmtoueHue xorenoch Obl BBICKA3aTh CIIOBAa MCKPEHHEH OJIarolapHOCTH
ctyneHTaM u acrimpantaM kadeapsl CAY TynbCkoro rocyaapcTBEHHOTO YHHBEPCH-
TeTa, OKA3aBIIMM TIOMOIIhL B KOMITBIOTEPHOW BEPCTKE M PEIAKTHUPOBAHWUU JTAHHOTO
y4eOHOTro ocoous:




1. MaTemaTnyeckoe ONMcaHue U AaHAJIU3 JHHEeHHbBIX HENPEPBIBHLIX JTUHAMHAYC-
CKHX CHCTEM

1.1. TunoBble CUTHAJIbI, HCHOJb3yeMble NMPH AHAJIU3E XAPAKTEPUCTHK
AUHAMUYECKUX CUCTEM

Cpenun Bcero MHOrooOpas3us BXOAHBIX CUTHAJIOB, MEHCTBYIONIUX B CHCTEMax
YIIPABJICHUS], BBIICISIOT TAK HA3bIBAEMBIEC TUIIOBBIE CUTHAJbI, PEAKLHS HA KOTOPBIE
MO3BOJISIET OLICHUTh KAYE€CTBO CUCTEMBI YIIPABJICHUS.

K TuIoBbIM CUTHaJIaM yNpaBJI€HUSI OTHOCAT:

- UMITYJIbCHOE BXOJHOE BO3/ICHCTBUE;

- €IMHAYHYIO CTYTICHUYATYIO (DYHKIIHIO;

- TAPMOHUYECKOE BXOJHOE BO3/JCUCTBHUE.

[IepBbie nBa cUTHaAIa KMCHOJB3YIOT ISl OLCHKH KadyeCTBAa CUCTEMbI BO BpeE-
MCHHOM 00J1aCTH, IOCICIHUI CUTHAII — B YACTOTHOM.

1)  [envma — ¢pynryus:

a f(r+0),re[a,b),

jf(t)5(t—r)dr:

1.1
! O,z‘e(—oo,a)u[b,oo). ( )

CrpaBeyIMBO JIs1 000 KycOouHO-HenpepbiBHOM GyHKIMH [ (T).

2)  Eounuunas cmynenwamas gyuxyus (puc. 1.1):

>, 1.2
Ht-r)= {(1),,tt <z, 2

MOMEHT T COOTBETCTBYET MOMEHTY IMPUJIOKEHHUS BXOJHOTO BO3JCHCTBUS K
CHUCTEME YITPABJICHUS.

f4

Ll

1(t—1)

t

0 T

Puc. 1.1. Enuanynas cryneHuaras QyHKIUS

3) [Tapmonuueckoe 6xo0Hoe 8o30elicmsue.

£ (t) = 1(t)* Asin ot wim f (t) =1(t)* Ae )t (1.3)



4)  Jlsudicenue no 3aKoHy arctg.

f (t)=B-arctg (wt) (1.4)

1.2. MaremaTu4yeckoe ONMHMCAHUE CHCTEM YIPaBJIeHUS BO BpPeMEHHOM
odJiacTu

HenpepbiBHBIE TTpoLIECCHI, MPOTEKAIONIME B CHCTEMax YIPaBICHUS, MOTYT
OBITh OMHCAHBbl OOBIKHOBEHHBIMHU IU(PEpEHIINAIbHBIMA YPABHEHUSIMU C COOTBET-
CTBYIOIIMMHU Ha4yaJbHBIMU YCIOBUSMH. Torga, €ciam M3BECTEH BXOJHOM CHUTHAJ, BbI-
XOJTHOM CHUTHaJ OIpeeseTcss B pe3yibTaTe pemieHus 3anadun Kommwm 11 0ObIKHO-
BEHHOTO 1 epeHInaIbHOr0 ypaBHEHHUS.

3amaya Komm cOCTOUT B HaXOXAECHHM pelleHus (mHTerpana) nuddepeHnu-
aIbHOTO YPaBHEHUS, yIOBJIETBOPSIOLIETO TaK Ha3bIBAEMbIM HAYAJIbHBIM YCIOBHUSIM.

OynkuuoHanbHasa cxema JCII ¢ /] mocTOSHHOTO TOKAa MPUBEAEHA HA PHUC.
1.2

Ha puc. 1.2 o6o3nauens: KY — xoaddunment ycunenus, YM — ycunurenb
MOIIHOCTH, /] — ncnionuurensHbii asurarens, P — peaykrop, TI' — Taxoreneparop,
H — Harpyska.

T

A

Puc. 1.2. ®yukuuonanenas cxema ICII ¢ ]I mocTossHHOTO TOKa

OnemMeHThl (QYHKIIMOHATBLHON CXEMBbI OMMCHIBAIOTCS CJICTYIONIUMHU YPaBHEHU-

AMU:
Jz)e da)06 = MOB - MH’ MH :O’
dt
N/I: M, =c, i
: di
U=cuw, +IR+L—
dt
0]
P: I0) . = / ’
0 k,
H: MoOMEeHT HHEPLUH Harpy3Ku J,, .
IIpuBeeHHBIN MOMEHT UHEPLIMU HAIPY3KU:
J
‘an = Jde + 7 k2
p



YM: K,, =%

KY: K, ;
£E=0—X;
X=w, K

[IpeoOpazyem nosiydeHHbIE YPaBHEHUS:

e=0-w,-kK
B obmiem ciydae ogHOMEpHas JIMHEHHAsS HECTallMOHApHAs CHCTEMa yIIpaBlie-
HUS OMUCHIBAETCS AUQdepeHITnaTbHBIM YPaBHEHUEM

a(t)dn () 4 a, (1) x(t) = b, (1) 491 9()+ by (t)g(t),  (L5)

Ine g(t) — Bxonmoit curmam, X(t) — BeIXomHON curHam; t — Tekyluee Bpems;
a,(t),....a,(t);b, (t),....b, (t) — mapamerpsr cucTeMsr; N,M — 3aKaHHBIE YHCTA.

HauansHble ycnoBus:
X(t ) = Xo3 X(ty) = Yo X" (1) = %" (1.6)

rac to — MOMCHT IIOAa4YH BXOJHOI'O CHUI'HaJIa.

Ecan xosddunnmeHTsl ypaBHEHHUSI MTOCTOSHHBI, CUCTEMa Ha3bIBACTCS JIMHEH-
HOW CTallMOHAPHOM.

d" x(t)
il dt"

dmg(t)

i +...+byg(t), (1.7)

+...+ayx(t)=b,

1.3. MaTemaTnyeckoe ONMUCAHHE CHCTEM YINPaBJIEHHS B ONEPATOPHOM
dbopme

[Ipu aHanm3e cUCTEM yIpaBieHUs] 4YaCTO MPHUOEraroT K onepaTopHou dopme

3aMKCH, UCTIONB3Ys alNredpan3upoBaHHbIi onepatop AuddepeHIupoBaHus
d

pza-
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C ucnonbp3oBaHUEM anreOpan3upoOBAHHOTO oreparopa AudQepeHupoBaHus
auddepeHmaIbHbIe ypaBHEHUS CUCTEMBl MOXHO 3alHCaTh B ONEPAaTOPHON dopme:

D(p)-x(t)=M(p)-g(t);
D(p)=a,p"+..+ap+a0; (1.8)
M(p)=b,p" +..+b p+h.

W3 onepatopHOil (HopMBI ClaeayeT crnocod M300paXeHUs CTAIMOHAPHON CH-
CTEMBI B BHJIE CTPYKTYPHBIX cxeM (puc. 1.3).

M(p) X

g
—
D(p)

Puc. 1.3. CtpykTypHasi cxeMa CUCTEMBI

CnokHBIE CUCTEMBI YIPABICHUS, KaK MPABUIIO0, COCTOSIT U3 DJIEMEHTAPHBIX U
TUIIOBBIX 3B€HbEB. HamoMHuUM HamboJee 4acTo UCTOIb3yeMbIE dJIEMEHTAPHBIC U TH-
MOBBIC 3BEHBDS.

1. Yeunumenvnoe 36eno (puc. 1.4):

X(t)=k(1)-9(1)

g
—— k(t) —>

Puc. 1.4. CtpykTypHas cxeMa yCHJIUTEIbHOTO 3BEHa

2. uppepenyupyrowee 36eno (puc. 1.5):

«(t)=20

dt

Puc. 1.5. CrpykrypHas cxema nuddepeHInpyromero 3seHa

Taxoreneparop:
9 _,.
d "
X= a)H .km“ = kmz %
: dt

3. Unumeepupyiowee 3seno (puc. 1.6):

11



oQ

==

Puc. 1.6. CtpykTypHas cxeMa HHTErpUPYIOIIETO 3BeHa

Jns mpuMepa paccCMOTPUM MPOLECC U3MEHEHHUS YTIIOBOM CKOPOCTH W JHUCKA C
MOMEHTOM HMHEpUUH J oA ACHCTBUEM YIPABISAIOIIET0O MOMEHTA BHEIIHUX cHil M U3
COCTOSIHUS TTOKOS:

[IpuanMaem

3ameyaHnue: IEpBbIE TPU 3BEHA HA3BIBAIOTCS DJIEMEHTAPHBIMU, TAK KaK OHU HE
MOTYT OBITh IIPE/ICTABIICHBI YepPE3 IPYTUe 3BCHbSI.

4. Anepuoouueckoe 3seno (puc. 1.7):

1 %O )= 90),

T — nocrosiHHass BpeMEHH.
OmneparopHas (popMa 3aIucu:

Y

12



Puc. 1.7. CtpykTypHas cxema anepruoJn4ecKoro 3BeHa
5. Konebamenwvnoe 36eno (puc. 1.8):
d*x(t)
dt’
rae T - moctosiHHas BpeMeHH, & - KO3 hUIMEeHT AeMII(UPOBAHUS;

|&] <1
(T?p® +2&Tp+1)x(t) =g (t)
x(t) 1

g(t) (T*p*+2£Tp+1)

T2

26T d’;(tt) x(t)=g(t),

X
—»

& 1
T?p? + 2éTp + 1

Puc. 1.8. CtpykTypHas cxeMa KojedaTeIbHOIro 3Be€Ha

1.4. Jlorapudpmuyeckne aMIJIUTYAHO-()A30BbIe YACTOTHbIE XapaKTepH-

CTUKH JICEMCHTAPHLIX JTHHAMH4YCCKHX 3BCHLECB

B Ta6in. 1 npuBenens! nepegatounbie GyHkuuu U JIADOYX HEKOTOPBIX TUIIO-

BBIX 3JICMCHTApPHBIX 3BCHBEB, S — KOMIIJICKCHAs IICPEMCHHAas. bonpiias yvacte nu-

HEMHBIX CTAalIMOHAPHBIX CHUCTEM MOIKCT OBITH npeacTaBjI€Ha B BUAC COCUHCHUSA Ta-

KHX 3BCHBCB.

Tabnuya 1
JIA®UYX HEKOTOPBIX PJIEMEHTAPHBIX 3BEHHEB
; 3BeHo IHepenarounas pyHk- TAGUX Tpumeua-
1197¢: HUA
L
45
]
I[Iponopiuo =
1 - ol i ) - _
HATBHOE K s . |K =100
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http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Gain_bode.png

WUneanbHOC UH- 1 §
Terpupymouiee 5 -
NneansHoe
muddepenm- s
pyromee
Anepuoaunue-
oo 1 T = 0,01
(peasbHOE MHTE- Ts+1 '
rpupyroiee)
oo 1 T =0,01
onebaTenpHOe
1252 +2&6Ts+1 £ =101
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http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Integ_bode.png
http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Diff_bode.png
http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Aper_bode.png
http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Aper_2.png

T = 0,01

6 HeYCTOI\;IqHBoe # L | - |...E PR T | dlbteiialuiekd HeMI/IHI/I_
arepuoauIECKOe Ts—1 MATBHO-
(hazoBoe

7 || ®opcupyroiee Ts+1 T=20,01

dopcupyromiee T =0.01

8 BTOPOTO T?s? 4+ 28 Ts+1 ¢ = ['] 1
nopsiaka ]

Yucroro T it REREE 1
9 S— € R o T = 0.0001

1.5. ®opmMupoBaHHe CTPYKTYPHOH CXeMbl JHHAMMYECKHX CHCTEM
no auddepeHnAIBHBIM YPABHEHUAM
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http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Unstaper_bode.png
http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:For_bode.png
http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:For2_bode.png
http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Delay_bode.png

CTpYyKTYpHBIE CXEMBbI CTPOSATCS C TIOMOIIBIO 3JIEMEHTAPHBIX, TUIIOBBIX 3BEHb-
€B U CyMMaTOpOB, OMHUCHIBAIOIIMX MpeoOpazoBaHusi cUrHaNoB. OHU CIy>KaT OJHUM
U3 A3BIKOB OMMCAHUS CUCTEM yrpaBieHUs. [1o cTpyKTypHBIM cxemaM, Kak MpaBuo,
HaXOJSTCS SKBUBAJICHTHBIN OMEpaTOp CUCTEMbI YIIPABICHUS, a 3aTEM PEIIAtOTCs pa3-
JUYHbBIC 33]1a4U aHAJIH3A.

AJITOPUTM TIOCTPOEHUSI CTPYKTYPHOM CXEMBI

1. Belpa3uth wieH co cTapiiei mpou3BoaHON u3 AuddepeHInaIbHOTO YpaB-
HEHUSI W TIPEJICTABUTh IOJYYEHHOE COOTHOILICHHE C MOMOIIbID CYMMaTOpPOB, MHTE-
rpUpYIOMKX, TU(QGEepEeHIIUPYIOMNUX U YCUITUTEIBHBIX 3BCHBEB.

2. Bce Hu3IIME MPOU3BOJIHBIE MOJYYNUTh KaK CUTHAJIbI HA COOTBETCTBYIOIIUX
BBIXO/IaX MTOCIEIOBATENBHO COCIUHEHHBIX HHTETPUPYIOIINX 3BEHBEB.

3. HauanbHble yCiOBUA MOPEACTABUTH KaK MOCTOSHHBIE BO BPEMEHU BO3JICH-
CTBUSI, IPUJIOKEHHBIC HA BXOJaX UHTEIPUPYIOIINX 3BCHBEB.

IIpumepsI
Ilpumep 1.1. [locmpoums cmpykmypHyro cxemy CUCMeMbl, ONUCLIBAEMOU
ougppepenyuanbHviM ypasHeHuem
4X—-3X+X=24g
C HA4anbHLIMU YCI0BUAMU
X(0) =%, X(0) =%,
Pewenue:
Buipasicaem uz ypasnenus unen co cmapuieii npou3800HOU:

4X —-3X+ X =249;
4X =20 +3X—X;
X:29+3X—x;
4
, 1. 3. 1
X=—g+—-X——X
2° 4 4

Hzo06pazum cxemy nonyuenus cuenana X (puc. 1.9).
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|~
SRR
% &
v =

] W

1
4

Puc. 1.9. CtpykTypHas cxema CUCTEMBI

Ilpumep 1.2. Ilocmpoumsv cmpyKmypHyr cxemy CUCMEMbl, ONUCHIBAEMOU
ougppepenyuanbHbIM ypasHeHuem

sint- X +tX+tg°tx =g + 29
C HAYAJIbHbIMU YCNO0BUAMU
X(0) =% X(0) = %; %(0) = %
Pewenue:

Buipaoicaem uz ypasnenus unen co cmapuieti npousBo0HOlL:
sint- X +tX +tg°tx = g + 2g
sint-X =g +2g —tX —tg°tx.

Hzo06pazum cxemy nonyuenus cuenanra X (puc. 1.10).

g sint X 0 0
1
p sint

=)

h 4

T

h J

Xo
> —»

==

=

F Yy

2 > t

tg?t |«

Puc. 1.10. CtpykTypHasi cxema CUCTEMBbI

Ilpumep 1.3. Cocmasumes cmpyKmypHy10 cXxemy no cucmeme ypagHeHu:

2,40, (P)+AX,, (P)as [210 p+1]

5
p
al 5
2(‘5‘13 j

Apy ( p) =

17



— a31Ap6 ( p)+a32Ap0p ( p).

1 2 a34 J
S pt-"#p-l
a”[aes 2,

Ilo cucmeme ypasnenuii cocmasum cmpykmypuyio cxemy (puc. 1.11):

AXop (P)

Qgy
Apg (p) + Mg, (0) l - 1 AXy,(p)
1o P anlan-1) ol PO (o)

110

a
Qg

g

p+1) -

Puc. 1.11. CtpykTypHas cxema JIMHEWHON MOJIENTH CUCTEMBI

k4

Qg
Ggz

ay1 A5 (T110 l
—== —|l—=—p+1 Qzz
Aps(p) a; a3 ( a;; P ) Apo, (P) = AX g, (p)
LTI 1 "(g)_" 1 ., a
L H P (ﬂ.-lgp 1} {a—aap' _Eg':'p - 1)

Boinoanum cmpykmypuvie npeobpazoséanus Onsi NOIYYeHUs. eOUHUYHOU 0OPaAmHOU
ceszu (puc. 1.12):

Puc. 1.12. TIpeoOGpazoBaHHast cxeMa CHCTEMBI
IIposedem 3ameny:

&:kl; %:ks; &:kzt; &ZKS;
A5 &3 A A
h:Tl; i:_Tz; i:_TSZ; &:Tél'
Qs B3 83 %3y

B coomeéemcmeuu ¢ 66eoeHHbIMU 3aMEHAMU CIPYKMYPHASL CXeMa npument
creoyrowuti 6uo (puc. 1.13):

Aps(p)

kl
ip+1

ky(Typ+ 1)

(T,p+ 1)

an
(T#p? + Tpep + 1)

18



Puc. 1.13. IlpeoOpa3zoBaHHasi CTPyKTypHasi CXeMa CUCTEMBbI

1.6. Cocraienne auddepeHIHAILHOT0 ypPaBHEHHMSI MO CTPYKTYPHOMH
cxeme

s 3anucu nuddepeHuanbHOro ypaBHeHHs! ciielyeT 0003HaYUTh Ha CXEME
BCE IIPOMEKYTOUYHBIE CUTHAJIBI, 3alIMCaTh YPABHEHUS IS KaXJA0r0 3BEHa U IS KaxK-
JIOTO cymMMaTopa M U3 TOJy4YeHHOU cucTeMbl TudepeHInalbHbIX U anredpandecKux
YPaBHEHUH UCKIIIOYUTH IPOMEKYTOUHBIE [IEPEMEHHBIE.

g ¢
()

Y

1
p

Ilpumep 1.4. Cocmasums ougpepenyuanvroe ypagHenue no CmpykKmypHOLU
cxeme, nokazauHou Ha puc. 1.14.
Puc. 1.14. CtpykTypHas cxema CUCTEMBbI

Pewenue:
1
1-e 36eno: X=—¢&;
p
2-e 36eH0: E=0—X
Omcrooa:
1
Xx=—(g-X);
(g1
PX=0g—X;
PX+X=0;

x(t)+x(t)=g(t).
Ipumep 1.5. Cocmasums ougpepenyuanvroe ypasnenue no cmpykmypHoll
cxeme, uzoopasicennou Ha puc. 1.15.

g ¢ 3 X
p(p+1) :
—)
y
2

Puc. 1.15. CTpykTypHasi cxema CUCTEMBbI

Pewenue:

3
1-e 36eno: X=—-=¢;

p(p+1)

19



2-¢ 36eH0: y = 2X;

3-e 36en0: E=g-Y.
Omcrooa
3
X = g-2X);

(p2+ p)x=3(g—2x);
X(t)+x(t)+6x(t)=3g(t).

Ilpumep 1.6. Hatimu skxeusanenmuyro nepeoamounyro Gyuxyuro CAY co

CMPYKMYPHOU cXeMoll, hokazauHou Ha puc. 1.16.

Xs Ws(p) |«
f X XZ X4
Wi(p) W3(p) — W4(p)
X3
Wy(p)

Puc. 1.16. CtpykTypHasi cxema CUCTEMBbI

1 1
. W, = W =k ; W. = ;
Ha pucynke ,(p) ) ,(P) =k, 3(P) Tp+1
W, ( p) =k,
Pewenue:

1.Beooum ecnomoeamenbrvie nepemeruvle X1-Xs.
2.3anucvieaem cucmemy ypasHeHuu:

X =f—x;
X, =W, (P)W; (P)X,;
X =W, (p) f;
X, =X, + X
y=W,(p)X,;
X =W (P) Y
3. Hckniouaem 6cnomozamenvivie nepemennble:
3.1. x =f-W(p)y;
X, =W, (p)Ws ()% +W, (p) f;

20
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y— (W (P)W: (p)+W, (p)W, (p)
L+W, (p)W; (p)W, (P)Ws(p)
4. Dxeusanenmuas nepedamoyras GyHKyus cucmemol 6yoem umems U0
_ (W (p)W, (p)+W, (p))W. ()
)= ()W, ()W, (p)We (p)

Iloocmaensiem 3Havenus nepedamoyHvlx OYHKYULL:

W(9)=2: W () =k Wa(p) = st Wa((p) =3 () =k,

@(p)= { p(Tlerlk)wlj;;

1+

p*(T.p+1)
1 k,
P(Tp+D) p
®(p)= ”
2
1+—
p*(T,p+1)
1+k (T,p+1)
()= p’(T,p+1) _ (1+k (T,p+1)) p*(T,p+1) _ (1+k (T,p+1))
p*(ip+1)+k,  p*(T,p+1)(p*(T,p+1)+k,) (p*(T,p+1)+k,)’
p*(T,p+1)

_ 1+k (Tp+1)
®(r)= p?(T,p+1)+k,

1.7. PacueT nmpoueccoB B JUHAMHYECKUX CHCTEMAX

IToctanoBka 3agauu

IlycTh U3BECTHBI:
a) BxoaHoi curnain g(t);
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0) cuctema, onucbiBaeMasi AU pepeHIrnaIbHbIM ypaBHEHUEM

a, ()X (1) +...+a, (1) x(t) =b, (1) g™ (t)+...+by (t) g (1),

B) HayaJbHBIC YCIOBHUS:
X(0) = X;
X(0) =Xy, .., x(" Y (0)= X",

TpebyeTcst HAUTH BHIXOJHOU CUTHAII X(t).

1.7.1. Hpunyun cynepnozuyuu. C60600H0€ u 8bIHYIHCOCHHOE OBUNHCEHUE

JInst TUHEWHBIX CHUCTEM CHpaBeJIMB MPUHIMN cynepno3uuuu: 3¢ddekrt, co-
31aBa€Mblii CyMMOM HECKOJIbKUX BO3JIEUCTBUM, paBeH cyMMe 3(()EKTOB KaKJA0ro U3
BO3JCUCTBUN B OTACIBHOCTU. [109TOMY BBIXOJTHOW CHUTHAJI JIMHEMHOW CUCTEMBI MPEI-
CTaBJIIETCS B BUJIE CYMMBI CBOOOTHOTO U BBIHYKJIEHHOT'O JIBH)KCHUM:

X(t) =X, (t)+X,, (t)- (1.9)

1)  Csoboonoe osudicenue X(t) - TPOUCXOTUT MPH OTCYTCTBUU BHEIIHETO

BozneiicTBus (g(t) = 0) BcaencTBHe HEHYJICBBIX HaYaIbHBIX YCJIOBUH. OHO SBIISICTCS

pelieHrHeM OJHOPOAHOTO Ar(epeHINaIbHOIO ypaBHEHHsI, COOTBETCTBYIOIIETO HC-
XOAHOMY YPaBHEHHIO CUCTEMBI:

(n) _
a, (t)x"V(t)+...+a,(t)x(t)=0
C 33JJaHHBIMH HaYaJIbHBIMH YCIOBHUSIMHU.
B cimydae, korja HavalbHBIC YCIIOBUS HYJIEBBIE, CBOOOJHOE IBUKCHUE B CH-
CTeME OTCYTCTBYET (XC (t)= 0). :
2)  Bwinyowcoennoe oesudicenue X, (t)nponcxom/n BCJICJCTBHE BHECIITHETO

BozaciicTBus ((t) mpu HyJIEBBIX HaYalIbHBIX yCa0BHSX. OHO SIBISETCS PELICHHEM He-
OJHOPOJHOTO YPABHEHUS MPHU HYJICBBIX HAYAJIbHBIX YCIOBUSIX.

BpiHyXJI€eHHOE€ ABMXXEHHE OTJIUYHO OT HYJA TOJBKO IIOCJE IPUIOKEHUS
BHEIITHETO BO3ACHCTBHUA.

[ToquépkuBas 3Ty NIPUUYNHHO-CIICACTBEHHYIO CBSI3b, BRIHYKJICHHOE JIBUKECHUE
CUCTEMBI MPY BHEIITHEM BO3JICHCTBHUH, OTJIMYHOM OT HYJISI IPHU t > t,, 0003HAYNM

X, (1)-1(t—1,),
rae 1(t—t,)— eqMHUYHAs CTyHeH4YaTas (yHKIHS.

BrixoaHoM curHan cuctemMbl OyJ1eT UMETh BU]T
X()=X; (t) +Xg(t) L(t-1o). (1.10)

3amevanus:
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1) Obwee pewenue oughghepenyuanvrozo ypasnenus Haxooumcs no ¢gop-
myne

X (t)=ce, (t)+...+c,e, (1), (1.11)
raec...C, — MPOHU3BOJIbHBIE NOCTOSHHBIE; ¢, ()., (1) — (yHKIHOHANbHAA CHCTEMA

pEeLIeHN YPaBHEHUS.
Ecnmu cuctema cranuoHapHas, TO CHadaja ONPENEISAIOTCS KOPHH 4 ...4, Xa-

PAKTEPUCTUYECKOTO YPABHEHUS:
aA"+a A"'+..+a,=0.
Ecnu xopHuU neficTBUTENBHBIC, pa3HbIe, TO 001Iee PEIIEHNE UMEET BH/L
X, (t) =ce™ +c,e™ +..+c.e™ (1.12)
Ecnu cpena KopHell ecTh KpaTHbIN JEHCTBUTENBHBIA KOPEHb Aj KpaTHOCTH K,

TO EMY COOTBCTCTBYCT ClIcaAyromias COCTaBJIAIOIIasd O6H_I€FO PCIICHUSA:

Xo; () =(c, +Ct+...+ ¢t )e™,

rae C...Cy — nmpou3BOIBHBIE TIOCTOSHHEIE.

Hape KOMILICKCHBIX COIIPAKCHHBIX KOpHeP'I OCJ- + ﬂjl COOTBCTCTBYCT PCUICHHUC
X, (t) = e“'(c, cos Bt +c,sin B;t) (1.13)
a mape KOMIUIEKCHBIX COIPSKCHHBIX KOpHEH KpaTHOCTH K
Xo; (1) =" (cl +C,t+ ...ckt"‘l)cos Bit+ (d1 +dt+ ...dkt"‘l)sin ﬂjt] (1.14)

2)  Yacmmoe pewenue HAX00UM MemoOOM 6aApuUayul NPOU3BOTbHLIX NO-
CMOSIHHBIX UTU MEMOOOM nO0bopa.

1.7.2. Ananumuueckuii pacuem nepexooHbIxX npouyeccos
6 OUHAMUYUECKUX CUCEeMAaX

AJNTOPUTM aHAIUTUYECKOTO pacuéra MEPEeXOJHBIX MPOIECCOB COCTOUT U3
TPEX OCHOBHBIX MTyHKTOB:

1. Haiitu cBoOOHOE TBHXKEHUE, PEIIMB OJHOPOHOE TuddepeHnanibHoe
ypaBHEHUE C 3aJJaHHBIMH HAYaJIbHBIMHU YCIIOBUSMH.

2. HaiitTu BBIHYXXIIEHHOE JIBIKCHHE, PEIIUB HEOTHOPOAHOE A dhepeHITn-
aTbHOE YPaBHEHUE C HYJIEBHIMU HAYAJIBHBIMU YCIIOBUSIMHU.

3.  OmnpenenuTh BEIXOAHOM CUTHAT KaK CyMMY CBOOOJHOTO W BBIHYKJICHHO-
0 JIBWKECHHUM.

PaccMOTpuM NIpHMEpHI, pacdeTa HepeXoJHbIX HPOLECCOB.
Ilpumep 1.7. Haiimu peakyuro cucmemsl, onucol8aemou ouggeperyuaibrbvim
ypasHeHuem
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TX(t) + x(t) = 9(t)
Ha éxoonou cuenan g (t) = 1(t) npu HY1e8blX HAYANbHBIX YCI0BUSX.

Pewenue:
1) Haxooum c60b600noe Osudicenue.
Tax kak HauanbHble YCLOBUs Hylegvle, MO CB0O0OHOE OBUMCEHUE OMCYM-
cmeyem:
X; (0) =0.
2) Haxooum  evlmyscoennoe  Osudicenue Kak  peuleHue  YPAasHeHUs.
TX(t) + x(t) =1, npu x(0) =0.

a) Obwee peurerue 00HOPOOHO20 YPABHEHUSL

TX(t) + x(t) =0; 1
TA+l=0; 0T
X, (t) =ce™".
6) Yacmuoe peuieHue HeOOHOPOOHO20 YPABHEHUS
X, (t)=1.

8) Obwee peuterue HeOOHOPOOHO20 YPABHEHUS
X(t) = X, (t) + X (t) = ce T +1.
2) M3 nauanvrozo ycnosus
x(0)=c+1=0: ¢c=1.
OkoHuamenvHo
x (t)=1=e"".
3)  Bbix0OHOU CUcHA ONPEOesiemcst 6bIHYHCOCHHBIM OBUNCCHUCM.:

x)=x_(t)=1-e"T.

6blX

Ilpumep 1.8. Hatimu c600600HOe U 8bIHYHCOCHHOE OBUIICEHUE, A MAKI’CE Bbl-
XOOHOU CUCHAN CUCMEMbl, ONUCLIBAEMOT QU pepeHyuanbHbIM YPAGHEeHUeM
X(t) +x(t) = g(t).
Hauanvnuie ycnosus:
x(0) =0,5; g(t) =1(t).
Pewenue:
Haxooum ceoboonoe dsudicenue.
Xapaxmepucmuueckoe ypagHeHue

X+1=0 x=-1
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X,(t) =ce™.
U3 nauanvrozo yciosus nonyyaem
X,(0)=05=c ; c=0,5.
OxonuamenvHo c60600HOe 08UdCEHUE
X,(t) =0,5e™".
Haxooum evinyocoennoe osudicenue kax peulerue HeoOHOPOOH020 Ougge-

PEHUUATIbHOCO YPABHEHUA
(1) + x(t) =1

npu nauanorom ycaosuu: X(0) =0,

a) Oobwee pewenue
X, (t) =ce™.
6) Yacmnoe pewenue
X, (1) =1.
8) Obwee peutenue HeOOHOPOOHO2O YPABHEHUSL:
X(t) =X, () + X, (t) =ce™ +1,
Omcrooa
c=-1;
X =—e"+1.

Buvixoonoti cuenan onpeodensiemes no ghopmyne

1 1
xt)==e'l-et+l=1-=e"": t>
(t) 5 ,€ ;0.

Ilpumep 1.9. Hatimu c60600HOe U 8bIHYIHCOCHHOE OBUICEHUE, d MAKI’CE Bbl-

XOOHOU CUCHAN CUCMEMbl, ONUCLIBAEMOT U pepeHyuanbHbIM YPAGHEeHUEM
X(t) —3x(t) + 2x(t) = g(t).
Hauanvnule ycnosus
x(0)=1 ; x(0)=3
npu 6X0OHOM CUcHANe:
2e*,t > 0;
g(t) =
0,t<0.

1)  Onpeoensem c60600HOe O8udICeHUE KAK peuieHue 00HOPOOH020 Ougge-

PEHYUANbHO20 YPAGHEHUS

(1) — 3%(t) + 2x(t) = 0.
25



Ilpu nauanvuwix ycnosusx

x(0)=1, %x(0)=3;

A2 -31+2=0;
A 3+.9-8 341
22 27
AL =+2; A,=+1L

Obwee pewienue:
X, (t) =c,e' +c,e’.
U3 nauanvnvix ycnosuu
c,+c=1 c,=2,
C,+2¢,=3 c,=-1,
a c60600HOe 08UdHCEHUE
X (t)=—e" +2e*.
2)  Haxooum evinysicoennoe 0sudicenue Kak peuerue HeoOHOPOOH020 Ypas-
HeHUs.

%(t)— 3%(t) + 2x(t) = 2¢*.
a) Obwee pewenue:
X, (t)=ce' +c,e?.
6) Hacmnoe pewenue X, (t) = A-e* noocmasum 6 ucxoonoe ypaeHenue:
9> A-9- Ae* +2Ae* =2e¥;
A=1:
x,(t)=e.
8) Obwee peutenue HeOOHOPOOHO20 YPABHEHUSL:
X(t)=x,(t)+x,(t)=ce' +c,e” +e*.

2) Iloocmasum Hynesvie HauanibHbIE YCOBUSL:

x(0)=c, +¢c, +1=0;

%(0)=c, +2¢c, +3=0;

c,=1:¢c,=-2
x,, (t)=e" -2 +¢e%,

3)  Bwixoonoil cueHan onpeoensiemcsi no gopmyne

X(t)=—€' +2e* +e' —2e* +e* =¢”.
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2. AHAJIM3 XapaKTepPUCTHK UMIYJIbCHBIX CHCTEM

2.1. Pemietuyatbie GyHKUHH
B mpocreiilem BapuaHTe CTPYKTypHasi cXeMa Pa3oOMKHYTOW UMITYJIbCHOM CH-
CTEMBI yIpaBJICHUSI MOKET OBITh IpecTaBieHa B Bue (puc.2.1).

—>J_—>W(p)—>

Puc.2.1.
Oco06eHHOCThIO (PYHKITMOHUPOBAHUS UMITYJIBCHBIX CUCTEM YIIPABJICHUS SIBIISCT-
Csl TUCKPETH3AIUs TIPOIIECCOB YIIPABJICHUS 0 BPEMEHH, YTO IMPUBOIUT K HEOOXOIH-
MOCTH TIepEeX0Jia OT HEMPEPHIBHBIX (DYHKIMHA K pemeTdaThiM (PYHKIUAM.

PemeryaThiMu Ha3bIBalOT (PYHKIMU ONPENEIECHHBIE B TAKTOBBIE MOMEHTBHI BpE-
MeHH ty,0, ...

JIt060i1 HenpephIBHOW (PYHKIIMU MOKHO IOCTABUTh B COOTBETCTBHE HEKOTOPOE
MHOKECTBO PEUIETYATHIX (PYHKIUN EPEMEHHOM 1

t=nT+&T (0<E<);
f[nT,&T],

rae t — HekoTopoe Tekyuiee BpeMsi, I — Mepuoj AUCKPETHU3aluU [0 BPEMEHH; & —
CMEIlIEHUE penieTyaTol (PyHKIUU OTHOCHUTEIHHO MOMEHTOB KBAaHTOBaHMsS (AMCKpe-
TU3aLMK), N — HOMEP AUCKPETHI; NT — TUCKPETHOE BpeMs.
AHanoramMu TpOU3BOAHOMN ISl HETIPEPHIBHOW (YHKIUU IS PEIIeTYaTol PyHK-
L[MU SIBJIAIOTCSI KOHEYHBIE PA3HOCTH PEIIETYATHIX (YHKLIUM.
[Ipssmass kOHE4YHast pa3HOCTh NEPBOTO MOPSAIKA
Af[n]= f[n+1]- f[n].

AHAJIOTUYHO Pa3HOCTh BTOPOTO MOPSIIKa

A fln]= Af[n+1]-Af[n].

Pasnocth K-ro mopsinka pemeryatoit pyukuuu f[n] onpenensercs dpopmysnoi

N fln]= A7 fln+1]- A7 f[n] . (2.1)
Pasnocth m1000TO MOpsiIKAa MOKHO BBIPA3UTh 4YEpe3 3HAUYCHUE PEIIeTYaATOM
¢yukuuu f[n]. B yactHOCTH, 17151 pa3HUIIBI BTOPOTO MOPSIIKA MOTYIHM
A f[n]=Af[n+1]-Af[n] = f[n+2]-2f[n+1]+ f[n].
Ilpumepwt
IIpumep 2.1. 3a0ana pewemuamas ¢pynxyus f[n] = a, a = const. Haiimu xoneu-
HYI0 PA3HOCMb NEPBO20 NOPAOKA:

Af[n]= f[n+1]— f[n]=0
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Ipumep 2.2. 3aoana pewemuamasn pynxyus T[] =a*n+b. Haimu xoneu-

HYI0 PA3HOCMb NEPE020 NOPAOKA:

Af[n]= f[n+1]- f[n]=a(n+1)+b—-an-b=a.

Ilpumep 2.3. Onpedenums KOHeuHble PA3ZHOCMU NEPBO2O U 8MOPO20 NOPAOKA
IKCNOHEHYUAIbHOU QYHKYUU:

fln]=e”;
Af [n] — ea(n+l) _ean — ean (ea _1)’
A f[n]=e*™V (e* =) —e™(e” —-1) = (e* -1 (e™e” —e™) = (e“ —1)e“" (e* —-1).

2.2. OcHOBbI (OpMHPOBAHMM PA3HOCTHOIO0 YpPAaBHEHHUS]I MO 3aJaAHHOM
cTpyKTypHOIi cxeme UCY

3anana pasomknytas UCY (puc. 2.2):

—> J_ — OHM [ WHu(p) —»

Puc. 2.2. PazomknyTas mudposas (IMCKpeTHas ) CUCTEMa yIpaBICHHUS

Ha puc. 2.2 npunsars! cienyromme obo3nadenus: DHII — skctpanonstop Hy-
aesoro nopsiaka; W,.(p) - mnepemarounast GyHKIMsS HENPEpbIBHONW yacTh (0OBEKTa
YIPaBJIICHHUS).

Heo0OxoaumMo HayuyuThCSl CTPOUTHh MAaTEMaTHUYECKUE MOJIETH 3JEMEHTOB U Q-
POBOM CUCTEMBI M CUCTEMBI B 1I€JIOM. AJITOPUTM pelIeHHs pa30MBaeTCs Ha ITaIlbI:

1)  Onpenenenue anroputM padotsl [IBY.

2) OmpenesncHue repeaarouHoi Gpynkmun oovekra ynpasiaeHus — W, (p).

3) OmnpenencHue TmepenaToyHOW (GYHKIUU TMPUBEIACHHONW HEMPEPHIBHOM
Hactuu cucteMsr: W,,..(p).

4)  OmnpexaencHre Pa3sHOCTHBIX YPaBHEHUH, OMHMCHIBAIOIINX (DYHKIIMOHHPO-
BaHUE 00BEKTa yIPaBICHUS B IUCKPETHBIE MOMEHTHI BPEMEHH.

5) OmnpenescHue Z-nMepeIaTouHON PYHKIIMA CUCTEMBI B IICJIOM.

Ilpumep 2.4. [lonyuums  pasHocmuoe  ypagHeHue U  Onpeodenuns
Z—nepeoamoynyto QyHKYuo npocpammsbl UHMeZPUPOBaHUs, Peaiu3yemyio Ha yugppo-
80U ynpassaouje MauiuHe.
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Paccmompems pewenue 3aoauu 0ns ciyyaes ucnonv3osanus 6 Kavecmee me-
MO008 UHMEZPUPOBAHUSL.

a) memooda Dunepa,

0) memooa mpaneyuil.

Pewenue:

Dopmynvl YUCTIEHHO20 UHMESPUPOBAHUS ABNIAIOMC ANNPOKCUMAYUAMU DA3-
HOCMHbBIX YPAGHEHULL, KOMOpble NOLYYAIOMCI ¢ NOMOWBIO XOPOULO U3BECMHO20 POOd
Tetinopa:

a) llpu pewenuu oughgepenyuanvro2o ypagnenus:

dy _
E_f(t)’
y(0)=0;

Bocnonv3yemca nepevim unenom paznooicenusi pynxyuu 'y 6 psao Teiinopa. To-
20a
yIn+1]=y[n]+T - f[n] ;
T — 6enuuuna waea unmezpuposanus ;
N — Homep Ouckpemul ((uiaea ) .
Paznocmnoe ypasnenue:
y[n+1]-y[n]=T - f[n] .
0) IIpu unmeepuposaruu no memooy mpaneyuii 60CHONbL3YEMC O8YMS Ujle-

Hamu psioa Tetinopa:
2

y[n+1] = y[n]+T-f[n]+T7- f'[n].

Annpoxcumupyem npouzgooHy10 CiedyrouuUM 00pa3om:

fr[n]: f[n]_-:[n_l] .

Tozcoa
y[n+1]=y[n]+T- f[n]+;[f[n]— f[n-1]] ;

y[n +1]:y[n]+%-(3~ f[n]- f[n-1]).

Ilpumep 2.5. Bvisecmu paznocmmuoe ypasHenue u onpeoeiums nepeoamoyHyio
@yukyuro npoepammul ougpghepenyuposanus, pearusyemor MIIBC memooom nepsoti
NPSAMOU KOHEYHOU PaA3ZHOCMU.

Pewenue:

HHuggepenyuanvroe ypasnenue

dx
o y(t)
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00191cHO Obimb peanuzosano MIIBC.
VYpasuenue pacuema npou3so0HOU U cCOOMEEMCMBYIOUAS EMY
Z-nepedamoynas pyHKYus arcopumma, umerom euo
X[n] —x[n-1]
T ,
3ananus, peKOMeH10BAHHbIE /1JIsl CAMOCTOSITEILHOI NPOPAdOTKH MO Ma-
Tepuajiy naparpaga 2
Onpedenume npsamyio u 00pamuyro nepeyro KOHeUHyo pasHocms Ol (DYHKYUU.

f[K]=3; f[K]=2k; f[K]=3; f[K]=e2k; f[k]=k2+2; f[K]=2k; f[K]=k(k2+1)

y[n]=
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3. OcHoBBI Z-nipeoOdpa3oBaHus
3.1. OcHOBBI TEOPUHU BHIYETOB
Baxxnoe mecto B uzyuenuu u B npuMenenun teopun OKII 3anumaer uccie-
JIOBaHUE MX TOBEACHMSI B OCOOBIX TOUKaX, IJI€ HApyUIAETCs aHAIMTUYHOCTh (PYHK-
1. B yactHOCTH, 3TO TOUKH, i€ PYHKIIMU HE ONPEACTICHBI.
B 0co0bIX TOUKaX BO3MOXKHBI CJIEIYIOIINE BAPHUAHTHI:

o lim f(Z)- ne cymecryer n paBen «;

77,

o lim f(Z)- cymecrByer 1 paBen KOHEUHOMY UHCIY;

-7,

o limf(z)>o.

7517,
Touka a Ha3bIBACTCS M30JMPOBAHHOM 0c000i Toukol GyHkimu f(Z), ecnu
Halizercst Takoe KombuoO0<|z—al<R, B koropom (yHkuus f(z) aHanuruueckas,
IpuYeM B caMoii Touke a GpyHKuus f (z)He sBISETCS aHATMTHYECKOA.

W3onupoBaHHas ocobas ToYKa HasblBaeTcs MomocoM, ecid Gyukuus f(z)

HCOrpaHMYCHHO BO3pacTacT npu Z — a.

Kaxapiii nomoc a ¢yuxkuuu f(z) npespamaercs B Hynb «@» (QYHKIHH

[opsinok momoca «a» dyukuun f (Z) HaspiBaeTcs MOpsIOK HyJs «@» (QyHK-

unn ¢(z). ToBopsT, uto QyHKIHMs ¢(Z) UMeeT B TOUKE a HyIb HOPsKa M, eclin

p(a)=¢'(a)=..=¢"Y(a)=0, (3.1)
HO
@™ (a)=0.
Beuerom ¢ynkuun f(z) nasesaercs C; xoopduuuent B pasnoxeHun
¢yukiuu f(z) B psag Jlopana.

Beuerom ¢yukuuu f(z) B m3onupoBanHONW 0cO60H Touke z=a(a=x)

1
HA3BIBACTCA YHCIO —— f (z)dz, roe | — mocraTtoyno Manast OKpyKHOCTb|z—a|=p, Ta-
7
|

Kasi, 4TO B Kpyre |z—a|< p, HeT Apyrux ocoObIX TOYEK, KpoMe To4kd Z=a. B sTom
Cllydae BEeJIMYHMHA BbIYETA HE 3aBUCHT OT BEJIMYMHBI paauyca L .

O6o3nauaercs Boruet Gpynkuun f (z) B Touke a:

Res f ()| (3.2)

N3 xypca maTeMaTUKu U3BECTHO, YTO
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Res f (z)

=C (3.3)

Z=a

T. €. BeraeT Qynkuun f (Z)B m30ampoBaHHON 0c000H TouKe Z = apaBeH KO3 HIH-

€HTY IIpU B pasnokennn Gpyukuun f (z)B psia JlopaHa B OKPECTHOCTH TOUYKHU

1
(z-a)
Z=a.

Psn Jlopana umeer Bua

f(z)=> c,(z-a)"; (3.4)
| f(2) 4 (3.5)

n:27Z'i I(Z_a)n+l '

B kypce «KommbloTepHoe ympaBieHue» Hac OyayT WUHTEpecoBaTh (PYHKIIUU

f(z) oTHOCHTENBHO MOTIOCOB.

TomyurM 3aBUCHMOCTB ISl pacdera Bhiueta Gynkumu f () oTHOCHTENHHO

noitoca Z =a K-ro mopsjka.
W3BecTHO, 4TO paszioxeHue 3Tod (QyHkuuu B psg JlopaHa B OKPECTHOCTH
TOYKH Z = ( IMEET BU]]

0

f(z)zc;k+...+ = +> ¢, (z-a)".

(Z—a)k Z—a 1o

k
YMHOKUM 00€ YacTH IOCJIEJHEr0 PaBEeHCTBA HA (z—a) M npoauddepeHnu-

pyeM rmoydeHHbIe BeipaxkeHus k—1 pas:

(z—a)k f(z)=c, +...+c_1(z—a)k71+§:cn (z—a)m'(;
n=0

d“*|(z-a)" f(2)|

=(k-1)lc, +i:cn (n+k-1)1(z—a)™".

deil n=0
[lepeiias k npeneny B 00euX 4acTAx paBeHCTBA Ipu Z —> a., OyJeM UMETh:
1 . & d<t k
c,=—-—Iim —[ z—a) f z].
= i 2 g (23) T (2) (3.6)

dopmyna (3.6) — ocHOoBHast (hopMyJia SIS BBIYUCICHHUS BblueTa (QDYHKIMH B
noJiroce K-ro mopsijika.
Ecnu k=1 (mosnroc mepBoro nopsijaka), To

Resf(z) =lim(z—a)f(z).

z=a z—a

Ecnu ipu otom yukuus f (Z) mpencrasnser coboit oTHOMEHNE IBYX DYHK-

it P(z) u Q(2), aHaNMMTUYIECKNX B OKPECTHOCTH TOYKH Z =@, T. €.
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f(2)-2)

Ipraem P(a)#=0, u Gynkuus Q(a)umeer B Touke Z =a HyJIb HEPBOTO HOPAIKA, TO
_P(z)(z-a) . P(z) P(a)
=1 = = :
= THTQ@r) Q)0 Q)
(z-2)

Resf (z)

Wraxk, popmyIbl 171 BEIYETOB UMCIOT cneﬂyfomﬂﬁ BU/I:

f
( (Z)) = f (a); (3.6a)
()| "),
(z—a)" . ~ (n-y (3.60)
Res f (Z)|z:a = g((z)) ,Q(a)=0,Q'(a)=0,P(a)=0; (3.68)
Resf (z)],_, =lim(z-a)f(z); (3.6r)
1 d
Resf(z)zzaz(k_l) IZ'LQ = [(Z—a)f(z)]- (3.61)
Ilpumepor
Ilpumep 3.1. Onpedenumo gvruem ynkyuu -
f(z)=tgz _nz
COS Z

Pewenue:
DyHKYUL UMeem NOTIIOCbL NePB020 NOPSAOKA.

z, =%+7rk; k=0;£1+2;...;
z ="
° 2
Hwem sviuem no ¢hopmyne (3.66):

d )
—C0SZ=-Sinz
dz
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z=1.

Ilpumep 3.2. Onpedenumo gvruem hynkyuu

1
f(z):22+1

Pewenue:
DyYHKYUSL UMEem NOTIOC NEPBO20 NOPSIOKA 8 MmouKe Zy = |.
Hwem sviuem no chopmyne (3.66):

52(22+1):22
e |

Res f -
)= 2 20 2

Ilpumep 3.3. Onpedenumo gvluem yuxyuu
f(2)= Z+3

(z+4)(z-3)

Pewenue:
Dynkyus umeem noOCbl Nepeo2o nopsoka 6 moukax 2=-4; z=1.
Hwem sbiuem no ghopmyne (3.6a):

z+3 z+3
Resf(z)::Resf(z)|}44—Resf(z)zﬂ::(z_1) (a)
7=—4 z=1
—-4+3 1+3 1 4
S )=y a5 s
Ipunep 3.4. Onped f(2)= 2t
Ipumep 3.4. Onpedenumo eviuem Qynxyuu (2+2)(z- 1)2 6 mouke

Pewenue:
Zz=1 — noaroc 2-20 nopsoka.
Hwem sviuem no ¢hopmyne (3.66):

(z-01) (z+2)—(z+2) (z-0.1)

2-01) 1
! (Z)”:((Z—Z)J ., (z+2)
Resf(z) _(x2)=(z-01) 21 | 21
= (z+2) L (z+2)] 9

Ilpumep 3.5. Onpedenumo gvruem hyukyuu
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Pewenue:
Dyukyus umeem noarocsl N-20 NOpsaoKa 8 mouke 7=-1.
Hwem sbiuem no ghopmyne (3.60):

k-1

Resf(z) = C il)! lim c?z"‘l [(z—-a)f(z)].

Resf ()

n-1 2n

1 fimd —|(z+1)" :

=1 (n-1)lz>adz" (z +1)”
1 . d 1 . (2n)

— I 2n — I n+l

=1 (n1)l2on dz"? 1] (n—1)izs (n+1)!°
2n)! n+
21:(n_§)!(21+1)!(‘1) -
3aganus, peKOMEeHI0BAHHbIE IJIsl CAMOCTOSATEIbHOI MPOPAGOTKH MO Ma-
Tepuajy naparpaga 3

Onpedenumn gvluem yHKyuu

Resf (z)

Resf (z)

) f(2)="2
2) f(2)= .
9 f(z)=nr)
4) f(z)=ctg(22)
5 1(2)=22

5
6) f(2)= z?(0.2z+1)

JononnumenvHole 3a0anus npedocmasnensvt Ha cmp. 122
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4, MaremMaTH4ecKoe ONMUCAHUE JUCKPETHBIX CHCTEM.
Z-nepeaaTovynbie GPyHKIIUN

4.1. Z-nepenarouynbie (PYHKIIUM € POCTHIMH MOJIIOCAMH

OcHOBHBIE (POPMYJIBI:
1) IIpeobpazosanwue Jlamaca:

F(p)zj': f(t)e "dt (4.1)
2) OopatHoe npeoOpazoBanue Jlammaca:
I TOPNRUNE B PR
()= L {F ()} =5 [ F(p)erop 42
3) JluckpetHoe npeodpasoBanue Jlammaca:
F(p)=2 FkTE™, (4.3)
k=0
rne P=C+ JCO — KOMILICKCHAs TTIePeMCHHAS
F*(p)=D{f[kT]}. (4.4)
4) D- npeoOpazoBaHue:
F*(p)=D{F[p]}; (4.5)
* r 1 .
F (p):ZReSF(S)l -T(p-s)| ' (46)
=1 —€ S;
S,, i=1r — nomrocel uzo6pakenus F(s).

5) Z - npeoOpa3oBaHue perieTyaTon GyHKIUH:

z=¢"
F(z)=z{f[kT]}=D_f[kT]z™ 4.7)
k=0
6) OopatHOe Z - mpeoOpa3oBaHUE peIeTYaTON QyHKIUH:
f[KT]=Z"{F(2)}=> ResF(z)z""| (4.8)
i=1r =
7) D- npeoOpa30BaHuE PeIIeTIaTON (HyHKIIUH:
_ r Z
F(z)=D{F[p]i| . ZleReSF(S)Z_eTs (4.9)
i= S,

8) DkcTparosiATop HyJIeBOIO MOPSIIKA:
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S(p) > (4.10)
Ne
W(p) W(z)
/1
1 1 z
p z-1
1
2 L d=e“
pP+a z-d
1 Tzd —aT
3 , d=
(p+a)f (z-d)
Vii zsin ST
4 2 o2 2
pe+ f z2°—2zcos T +1
p 22 — zcos AT
5 2 2 2
p” + B 2°—2zcos AT +1

[Ipu omnpenenenun zZ-nepenaTouyHoN (HYHKIMH JIMHEWHOW CHUCTEMBI HEOOXO-
pasHuIly Mexay (opMylamMu, TO3BOJSIOMIUMHU HAWTH  Z-
nepeaToOuHy0 (QyHKIMIO MPU HAJIMYUM U OTCYTCTBHUU HKCTPAIOJSATOpPa HYJIEBOIO

AUMO IIOMHHUTD

nopsigka (Hanbosee 4acTo BCTPEYAIOIIETOCs HKCTPAIIOATOPA).

be3 skctpanonsaropa
Zz
W(z):ZResW(p)z_eTp (4.11)
[Ipn Hanmuun SHII
z-1 W(p) z
W(z)=——) Res
(2) . > — (4.12)
Ipumeput
Ilpumep 4.1. Boiuuciums Z-npeobpazosanue hyukyuu
10
W(p)=
(p) p(p+1)(p+2)

npu seaudune nepuoda keanmosanus 1T = 1 c.
Pewenue:
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IHomocw: S, =0, S,=-1 S;=-2 (npocmuvie nexpammvie).

F(z)=D{F[p]} . :iZ::ResW(p)

3 10 Z
= p(p+1)(p+2)z—e®

_@a'P
zepi

Pi

W(z): 10 Z N 10 Z N 10 Z
(p+1)(p+2)z—e™|, p(p+2)z-e®|_, p(p+1)z—e™| _,
10 Z 10 Z 10 Z

W =
()=o) 7= "2y e 2(2r1) 167
(Z)ZELJFE z 10 z
2z72-1 -1z-e¢" 2z-¢7
5z 10z 5z
W — _
(2) 11 7-e' 7-e7

Iloocmasnsem senuuuny nepuooa keanmosanus T=1C:

5z 10z 5z

W(z)= - +
(2) z-1 z-e?t z-¢?
e'=0.368
e?=0.135
W(z): 5z B 10z N 5z
z-1 z-0.368 z-0.135

Ipumep 4.2. Hatimu Z-nepedamounyio GyHKYuio pazomMKHymou OUCKpemHoll
cucmemsl, COCMoswel U3 AMIIUMyOH020 UMNYIbCHO20 daemenma AUD ¢ sxcmpano-
JIIMOPOM HY1e8020 NOPAOKA U HENPEPbIBHOU Yacmiu ¢ nepedamo4Hou yHKyuel npu
nepuooe Keanmosauus 1.

k
W -
””(p) T,p+1

Pewenue:
IIpusedennas nenpepuvienasn wacmo IIHY.

WnHu ( p) :W9Hn ( p)WHv ( p)
1-e Pk
Wmm ( p) =

p Tp+l
s onpedenenus -nepedamoyroli (hyHKYUU 60CHOIbIYEMCS BbIYEMAMU.
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1/T, z

z-1 1 Z
W(z)kZRes{p(T o + pl}
Tl

p(p+1/T,)z—e®

+1/T1 z
NP

Ilpumep 4.3. Hatimu z2-npeobpaszosanue ¢hynkyuu
b

(p+a)2+b2

W(p)=

npu nepuooe K8aHmMosaHus 1.
Pewenue:

Onpeodenum noniocwt 3adannoii W ( p) , PABHble KOPHAM YPAGHEHUS
(p+a) +b* = p®+2ap+(a’+b*)=0
D=4a’-4(a’+b*)=4(a*-a’ —b’)=—4b’
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_ —2at+-4b? —2a+2bJ-1

pl,2_ 2 - 2 _aijb
b b
W (p)= . : .
(p) (p—p)(P-p,) (p+a—jb)(p+a+ jb)

Tlonocer npocmeole, HeKpamHuble,

F(z)=D{F[p]}| .

=iResW(p)

_alP
Z—€ p

z-1 Z
k—ER
Tp+1)z e

b 4
(p+a-jb)(p+a+jb)z—e®

b z
(p+a—jb)(p+a+jb)z—e™

b 4 N b 4
_(p+a—jb)z—eTp ap (P+a+jb)z—e®
b 4 b z

W (z)=Res +

p=—a-ib

+Res

p=—a+jb

p=—a+jb

_(_a— jp+a-jb)z _p'(-a-D) + (Ca+ jbra+ jb) ; _olCarh)
b Z N b 7
(—Zjb) 7 _g'(-a-ib) (Zjb) S _pl(-a+ib)




(7(7_p T ibT _ 4 Tt
W(z):—l£ ( i )J

(Z_e—aTeij)(Z_e—aTe—ij)

. 7 _e—aTe—ij +e—aTeij
w(z)—l[ ( ) ]

2 (Z_e—aTeij)(Z_e—aTe—ij)
W (z)= i { ze ™' (—e—ij +eibT) J
= —E (22 — 70 @T@lbT _ 5a-aTo=JbT | o-aT o jbT o—aT o= jbT )
ze 3T (_e—ij L lbT )
72 _ zoaT (eij LT )+ g—2aT )

Bocnonvzyemcsa chopmynou Diinepa:

el” =cosp+ jsing

w(z)=1 (

e’ =cosbT + jsinbT
e T =cosbT — jsinbT

' ze " (cosbT — jsinbT —cosbT — jsinbT)
W (z) _J
2| (2* —ze*" (cosbT — jsinbT +coshT + jsinbT )+e ")
W(z):i ze ™" (—j2sinbT)
2| (22 —ze ™ (2cosbT)+e ™)
ze ® sinbT
W =
(2) z? —ze™®" (2cosbT )+e™*"
z ' ¥ sinbT
W =
(2) 1-z7'e " (2cosbT)+z%e™**"

4.2. TllepenaTounble PYHKIUH C KPATHBIMH MOJIIOCAMH

Boruet g Gpynkuuu f (x)B Touke @, sBISOLIEICS MOIIOCOM JaHHOH (yHK-

W KPATHOCTH M, onpeenseTcs o Gpopmyiie

k-1

Res (4], = gy im i (x-a)" 1 ()] @13
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Ipumep 4.4. Buiuucaums -npeobpasosanue nepedamounoii gpyuxyuuW ( p) :

1
W (p)=
p(p+1)2
npu nepuode keanmosganusi T=1c.
b 4
W(z)= _ _ +
(2) (p+a—jb)(p+a+jb)z—e®| ., ;
. b z |
(p+a—jb)(p+a+jb)z—eTp|p:_a+jb
b 4 b 4
W(z)= . + .
(2) (p+a—jb)z—e®| ., (p+a+jb)z—e®| ..,

Pewenue:

P, = 0— npocmoit nexkpammuwiii nontoc;

P, = —1- kpamnwuii nonoc nopsioka m=2,;

F(z)=D{F[p]} . =iZ::ResW(p)

y -

Pi
1 Z
p+1)2 Z_eTp Pi

W(z):ZResp(

1 Z 1 Z
W (z)=Res + Res
2) p(p+1)2 z—e®| p(p+1)2 z—e®|

1 Z 1 Z
W (z)=Res + Res
) p(p+1)" 2-€"l, p(p+1)" 2-€" s

W(Z): . 2 ZT _E—Z((Z—eTp)_p;reTp)
(p1f 2=l 1 p(zer) |
W) (p 11)2 e - ;:Ej _eif )TzeTp
p=0 —
p=—1
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4.3. Onpeaesnenue Z-nepeaaToyHoil (PyHKUMHU MO 32JaHHOH CTPYKTYPHOM

cxemMe
3amana pa3oMkHyTas IudpoBas (AUCKpETHas) CUCTEMa YIpaBieHHs (pHC.
4.1):
OHII
MIIBC R R Wo4(P)

Puc. 4.1. PazomkHyTas nudpoBasi (IMCKpeTHAs ) CUCTEMA yIPaBIICHUS

Ha puc. 4.1 npunstel cnenyromniue o6o3nauenus: MIIBC — mukponporueccop-
Has BeIUMCHTENbHAs cucteMa; DHIT — sxcTpanonsTop HynaeBoro nopsiaka; Wo4(p) -
nepenaToyHasi GyHKIMs HEPEPHIBHON YacTh (0OBEKTA YIIPABIICHHUS ).

HeobxoaumMo HaydUThCsl CTPOUTh MAaTEMATUUYECKUE MOJIEIN 3JIEMEHTOB LU(-
POBOI CHUCTEMBI U CUCTEMBI B LIEJIOM. AJITOPUTM PELICHUS pa30UBAETCS HA 3TAIbIL:

1) Omnpenenenue anroputM padotst MITBC.

2) Omnpenencuue nepeaarouHon GpyHkiuu oobekTa ynpasnenus — W, (p).

3) OmnpenencHrue nepenaToyHOW (QYHKIUU TPUBEICHHOW HENPEPHIBHOM
Hactuu cucremsr: W,,,.(p).

4)  Onpeneneane W(z) nepenaTtoyHoil GpyHKIUU MPUBEICHHONW HETPEPHIB-
HOW YaCTU CUCTEMBI.

5) OmpenencHue Z-mepeIaTouHoON PYHKIIMHU CUCTEMBI B IICJIOM.

Ilpumepor

Ilpumep 4.5. IHonyuums pasnocmuoe ypasHenue u onpeoeiums

Z-neped0amoyHyto YHKYU npocpammvl UHMESPUPOBAHUs, Peatu3yemyro Ha
yugposou ynpasnsarouell MauluHe.

Paccmompems pewenue 3a0auu 05 ciyuaes ucnoib308anus 8 Kaiecmee me-
Mo008 UHMe2PUPOBaHUSL'

a) memooa Junepa,

6) memooa mpaneyuil.
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Pewenue:
Dopmynibl YUCIEHHO20 UHMESPUPOBAHUS SABTISIIOMC ANNPOKCUMAYUAMU DA3-
HOCMHbBIX YPABHEHULl, KOMOPble NOJYUAIOMCS C NOMOUbIO XOPOULO U3BECTNHO20 POOd

Tetinopa:
a) llpu pewenuu ougghepenyuanvrozo ypasHeHus:
dy
—=1f(t) :
UK
y(0)=0;

Bocnonvsyemcs nepevim unenom pasnodicenus ¢yukyuu 'y 6 pao Teiinopa. To-
eoa
y[n+1]=y[n]+T - f[n] ;
T — 6enuuuna waea unmezpuposanus ;
N — Homep Ouckpemul ((waea ) .
Pasnocmnoe ypasnenue:
y[n+1]—y[n]=T- f[n] .
Ipumenss z—npeobpaszosanue, noayuum

2-y(2)-y(9)=T-1(2) ;

W (Z)Z E:T . Z_l .
npop f(2) 1-71

0) IIpu unmeepuposaruu no memooy mpaneyuilt 60CHONbL3YEMC O8YMS Ujle-

z=geP"

Hamu psioa Tetinopa:
2

y[n+1] = y[n]+T-f[n]+T7- f'[n].

Annpoxcumupyem npouzgooHy10 CiedyrouuUmM 00pasom:

fr[n]: f[n]_-:[n_l] .

Tozcoa
yIn+1]=y[n]+T- f[n]+£-[f[n]— fln-1]] ;

y[n+1]= y[n]+%-(3~ f[n]- f[n-1]).
Buinonmnss Z—npeobpazosanue:
zwn—wnzgx&fari4wam

yayu—n=gx&i4rfax

y(z) T 8-z7)-z"
f(z)y 2 1-z%'

W(z) =
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Ipumep 4.6. Bvisecmu paznocmmuoe ypasHenue u onpedeiums nepeoamoyHyio
@yHKYuto npocpammsl ouggepenyuposanus, pearusyemou MIIBC memooom nepsoi
NPAMOU KOHEYHOU Pa3ZHOCMU.

Pewenue:

HHughgepenyuanvroe ypasnenue

dx
pranl
0o./191cHo bbimb peanuzosarno MITBC.

Ypasnenue  pacuema  npousgooOHoOU U COOMBEMCMBYIOWASL €My
Z-nepedamoyras yHKYUus aieopumma, umerom 6uo
X[n] = x[n-1]

T ,

y[n]=

W(z):%-(l—zl).

JI1si HaXOXKJIEHUs OpUTMHAja penieT4aron QyHKIMU MO €€ Z-U300pa’KeHUI0
BO3MOYKHO MCTIOJIb30BAHKME HECKOJIBKUX CITOc000B. B wacTHOCTH:
1. C ucnonap30BaHHEM BBIYETOB:

f[K] :ZRes F(z)-z*".

2.  Ha ocHoBe TabuIl COOTBETCTBHS, YCTAHABIMBAIOIIMX CBA3b MEXKIY
f[k] u F(2)
3. Ecmu F(Z) npencrasnser coboii 1poOHO-palMOHANBHYIO (PYHKIHUIO, T. €.

OTHOILEHUE JJBYX MHOTOYJICHOB:
P(z
F(z) = P@) :
Q(2)
rae crenens MEorouwteHa P(z) <Q(z), To MoxkHO pasmenuts MHOTOWIEH P(z) Ha
Q(z) OOBIYHBIM CITOCOOOM.

4.  C ucnosib30BaHUEM CBOMCTB Z-U300pakeHUs (O CMEIICHUH OPUTHUHATIA).

Ilpumepot

Ilpumep 4.7. Hatimu opueunan ons hyrxyuu
z

(z-2)*

F(z)=

Pewenue:
Cnocob 1. f[K] = Res{F(z)-zk’l}|

zi
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z, =1— noaroc 8mMopo2o nopsoKa.

Tozoa
_ 1 dm71 m-1 k—1
ResF(z)|zi_(m_1)!.dZm_1 {(z—zi) -f(2)-z };
_ 1 d k _ k-1 _ 1, .
ResF(z) = Tk |, =k =k;
f[k] = k.
Cnocob 2. F(z) = Z__ z

(z-17 z2°-2-z+1
Henenue Muo2ouiena Ha MHO20YICH:
z | 22-2-7+1
- z'+2.277+3-2°% +
2-2+7"
2-4-7"+2-77
3.21'-2.77°

F(2) =z"+2-22+43-2°+ ... = ) f[k]- 2
f0]=0 , f[=1 , f[2]=2 , f[3]=3.

Ilpumep 4.8. Hatimu opueunan ons pynkyuu

Z2

F(z)=—5——.
(2) 722 —-7-1
Pewenue:

Haiioem nonrocwi:

1+J1+4 1+ 5

21,2 = =

2 2

Llonrocer nepeoco nopﬂdka pasHsule.’
+1 k+1

ZRes \ ZRes )-(z—zz)‘“:

k+1 k+1
1++/5 3 1-+5
Zi(+1 N ZI2<+1 Zi(+1 ZI2<+1 B 2 2

2, -1, 1,-1, 1 —1, J5
3ajganus, peKOMEeHI0BaHHbIE IJIsl CAMOCTOSITEIbHOI MPOPaAGOTKH MO Ma-
Tepuasy naparpada 4
1) Haumu opueunan pewémuamou ¢pynxyuu no uzoopaxcenuio (T =0.1)
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10
z-0.2
5z-0.25
(z-0.1)(z-0.75)
0.1z
(22 -0.025)

F(z)=

F(2)=

F(2)=

2) Haumu z-nepedamounyro ¢ynkyuio pazomkHymou OUCKpemHol CUCMEMbL C
IKCMPANONSMopom Hyieeo2o nopsoka u 6e3 neeo. (T =0.1)

10p

Y, - v
(P) p’ +0.025
10
W - =
() 0.15p+1
17

W(p)= (0.5p+1)(0.2p+1)

Jlononnumenvhwvie 3a0anusn npeocmaeiensvt Ha cmp. 123
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5. AHaJIN3 BBIXOIHBIX MPOLECCOB JHHEHHbIX
HMIYJIbCHBIX TUHAMMYECKHUX CHCTEM

[locTaHoBKa 3a/1a4n
[lycTh 3anansr:

a) BxomHoii curaan, K=0,1,...;
0) oHOMepHas JIMHEHAs TUCKpETHAs TMHaMu4eckas cucrema (puc. 4.5), ko-
TOpast OTMIMCHIBACTCS PA3HOCTHBIM ypaBHEHUEM

b, X[n+1]+b,x[k+n—-1]+...+byx[k] =
=a,g[k+m]+a,_ ,g[k+m-1]+...+a,9[k], (5.1)

rnek=01...; b,,...0b,; a,,....8, — 3ananHBIe KOIPDHUIHEHTH; N> M ;

B) HaYaJIbHBIC YCIOBHS
X[0] =x,, X[1] =%, X[n—1] =X, ,.

TpeOyeTcs HalTH BEIXOJIHOW CUTHAI X[k]

Xgs Xgs oves Xpp—1
g[k] ¥ X'[IEC]
_ ) buxlk+n]+-box[k] = apglk +m]+ -+ apglk] |,
Bxon Brixon
Puc. 5.1
Pemenne

JInst pemieHust MOCTaBICHHOM 3a/aud MPUMEHUM Z—TIpeoOpa30BaHUS K JIEBOM
U IIPaBOBOM YacTAX KOHEYHO-PA3HOCTHOI'O YPAaBHEHHsS C YYE€TOM CBOWCTB Z—
npeoOpa3oBaHus:

e =2 {F ()31 [ |

r=0
z{f[k+1]}=z-F(z)-z- f[0]
z2{f[k+]}=2"-F(z)-z"-f[0]-z"* f[1]-..—z- f [n-1].
Takum oOpa3zom nosy4uM u3 ypaBHeHus (4.23)
(b,2" +b, 2" +...+by ) X (2) = (b, 2" +b, ;2" +...+ D7) %, —
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(bnzn +bn_1z”‘1+...+b22)x1—...—bnzxn_1 =
=(a,z"+a, 2" +..+8,)G(z)—(a,z" +a,,2" " +..+32)g[0] -
~(a,z" +a, 2" +..+3,z)g[1]-...—a,zg[m-1]. (5.2)

O003HauUM
b,z"+b,,z"" +...+by =D(2)

a,2" +a, 2" +...+38, =M (z)
(bnzn +b 2" +...+blz)x0 +
+(bnzn +b 2" +...+bzz)><1 +...+b,zx,, =D,(2)
(a,2"+a, 2" +...+a2)g[0]+
+(amzm +amflzm‘1+...+azz)g [1]+...+a,zg[m—-1]= D, (2)

W3 paBencTBa (4.24)

D(2)X (2)-D, (2)=M (2)6(2) D, (2);
D(2)X (2)=M (2)6(2)+ D, (2)-D, (2).

HaXOIII/IM I/I306pa)KeHI/I€ BBIXOJHOI'O CUTI'HaJIa:

M(z) _ (2)- a,z"+a, 2"t +..+a

rae = = SIBJIIETCS IEPEAATOYHON (PYHKIIHUEH.
A D(z) bz"+b 2" +..+b, peX Py
OKOHYAaTeNIbHO M300paKEHHE BBIXOJHOTO CUTHAJIA Oy/IeM HaXOJUTh Mo (op-
MyJIe
D,(z) D,l(z
X (z)=W(z)G(z)+ o )_ 19
D(z) D(z)
Wckomsrit BeixozmHO# curHan X[K| ompemensercss ¢ MOMOIIBIO OOPATHOTO
—1peoOpa3oBaHuUs.
Ilpumepuot
Ipumep 5.1. Havimu peaxyuto OUCKpemuou OUHaAMU4ecKol Cucmemsbl, ONUChHI-
8aemMoll ypasHeHuem

x[k +1]-2x[k] =29 K]
Ha 6xo0Hot cueHan 9 [k] =K npu X[O] =X, =0.
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Pewenue:
1. Hatidoem —npeobpaszosanue 6Xx00H020 CUSHAA.

G(z)=2{g[K];
G(z):gg[k]z"‘ :gk 27" = (2—21)2'

,ZZJZ}Z onpedeﬂeﬂuﬂ Z—npeo6pa306aﬂuﬂ 603MOIHCHO NPUMEHEHUE

D -npeobpaszosanue om uzobpasxcenus no Jlannacy nuneinou napacmaroujel
dyHKyuU:

Tze™ Z

s-0 (z—eTp)2 (z-1)

s=0

t%%—)Res{% - TS}
p s°z—e

2.  Onpedenum nepedamounyro (QyHKyuu cucmemsl. [lna 3moeo cHauana
Hatioem I-npeobpazosanue pazHoCmMHO20 YPAGHEHU!

x[k +1]—-2x[k]=29g[K]
zX (z)—-zx[k]-2X (z)=2G(z)
zX(2)-2X(z)=2G(z)

X(z) 2
W(z)= G(z) T 7.2

3. Hatioem —npeobpazosarue 8biX00HO20 CUCHANA.!

4. Hauodem peakyuro OUCKpemHou OUHAMUYECKOU CUCTNEMbL.

f[KT]=Z7{F(z)} =) ResF(z)z**

i=1r

X[KT]=Z*{X(z)} =D Res X (z)z**

i=1r

Z:Zi
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x[KT | = 2 +( 2z Tl)
(z—l)2 . (z-2) .

k+1 k-1 _ K

«[KT]= 2 2+2kz (z 22 27
(z-1) (z-2) i

2k (1-2)-2
(1-2y

Ilpumep 4.18. Hatimu peaxkyuio OucKkpemuou OUHaMU4eckou CUcmemvl, onu-

x[KT]=2""+ = 2K -2k -2=2(2" -k -1

Cbl8aAeMOU ypasHeHuem

x[k +2]-2x[k +1]+ x[k]=2g][k]

Ha 6xo0Hou cueHan 9 [k] =2 npu X[O] = X[l] =0,
Pewenue:
1. Hatioem Z-npeobpazosaHue 8X0OHO20 CUCHANA.

G(z)=2{g[K]}
(- Eol -2 1 e

k=0

2.  Onpedenum nepedamounyro (yHKyuu cucmemsl. J[na 3moeo cHauana
Hatidem —npeobpazosarue pazHoOCMHO20 YPAGHEHUSL:

X[k +2]-2x[k +1]+ x[k]=2g[k]

2°X (z)—2°x[0]-2zx[1]-2(zX (z)—2zx[0])+2X () = 2G(z)
2°X(z)-2zX(z)+ X (2)=2G(z)

X(z) 2 2

G(z) zz—z—l_(z—l)2

3. Haiioem 7—npeobpazosarue bix00H020 CUCHANA:

X (Z):W(z)G(z)+ DO(Z)_ D, (Z)

D(z) D(z2)

Ilockonvky X[O]:X[l]ZO, m =0, DO(Z)ZO u Dg (Z)ZO

W(z)=
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X(z)=W(z)G(z)
2 z 22
X(2)= -2 (z-1) TP _472+7-2

Omctoda nonyuaem:

2z z3 —4z2 4+ 5z -2
2z—8410z7 ' —4z72%2 277248z 3 422z7%*452z7°

8 —10z7 1+ 4z72
8 —32z714+40z7%2—-16z"°

22z71 —36z72 4+ 16273

22z71—-88z72 4+ 110z73 — 44774

52z72 ..
x[0] = x[1]=0; x[2] = 2; x[3] =8; [4] =22; x[5] =52.
Taxum obpazom, peaxkyus OUCKPEMHOU OUHAMUYECKOU CUCTMEMbl HA 6XOOHOLL
CUSHATL UMeem BUO

X[kT]=2(2"-k-1)
Ilpumep 4.19. Haiimu peaxyuro OuUCKpemuou OUHAMUYECKOU CUCTeMbl, ONU-
cbl8aeMoll ypagHeHuem

X[k +2]-5x[k +1]+6x[k]=g[k]
Ha 6x00Hou cueHan 9 [k] =1 npu X[O] =1 X[l] =2.

Pewenue:
1. Hatioem Z-npeobpazosarue 8X0OHO20 CUCHANA.!

G(z)=z{g[k]}

0 0 1 7
G = k _k: 1 _k: =
(2)-Yol)e* -3z - -2

k=0

2. Onpeodenum nepeoamounyio GyHkyuu cucmemsvl. /[ 3moeo cHavana
Hatioem I-npeoopazosanue pasHoOCMHO20 YPAGHEHUS!

X[k +2]-5x[k +1]+6x[k] =g [K]
2°X (z)—2°x[0]—2x[1]-5(zX (2) - 2x[0])+6X (z) =G(z2)
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X (z)(22—52+6)—x[0](z2 —52)—zx[1] =G(z)
X(z) 1 1
W)= G " 7 sie6 (2-2)(2-3)

3. Hatioem —npeobpazosarue 8biX00HO20 CUSHANA.!

X (2)=W (2)6(2)+ 22 _Be(2)

D(z) D(z)
Hockonsky X[0]=x[1]=0,m=0, Do(z)=(22 —52)+22 =7°-3z
u D, (z)=0

X(z)=W(z)G(z)

1 z 72 -3z

(2-2)(z-3)z-1 (z-2)(z-3)

YA Z

e g

X(z)=

(291

(z : 2) — c80000HOE OBUIICEeHUe.

30ecw

— BbIHYIHCOCHHOE 08UICEHUE;

1 1
X(Z’:Z((z—zxz—s)(z—l)*(z—zﬂ
1 A B C _
(z—2)(z—3)(z—1)_z—1+z—2+z—3_

_ Az*-5Az+6A+Bz*—4Bz+3B+Cz*—-3Cz+2C
(z-2)(z-3)(z-1)

{A+B+CO

-5A-4B-3C =0
6A+3B+2C =1
A=-B-C
5B+5C-4B-3C=0
B=-2C
A=2C-C=C
6C-6C+2C=1
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B=-1
Al
2
1 2111 11
(z-2)(z-3)(z-1) 2z-1 z-2 22-3
X(Z):lz_z+lz+z
27z-1 z-2 21-3 11-2

Omciooa nonyuaem

4u:%+%y

Taxum obpazom, peaxkyus OUCKPEMHOU OUHAMUYECKOU CUCTEMbl HA 8XOOHOLL
CUSHAL UMeem BUO

xw]:%@+3w.

Ipumep 4.20. Havimu peaxyuro Ouckpemuou OUHAMUYECKOU CUCHeMbl, ONU-
Cbl8AEMOl ypaGHeHUEM

X[k +2]-3x[k +1]+2x[k]=g[k +1]-2g K]

1, k=0

0, k >Onp” X[O] = X[l]:O'

Ha 6xo0Hou cueHan Y [k] = {

Pewenue:
1. Hatioem Z-npeobpazosarue 8X0OHO20 CUCHANA.!

G(z)=2{g[k]}
G(z):gg[k]z" =1

2.  Onpedenum nepedamounylo QyHkyuu cucmemsvl. /i 3moeo cHavana
Hatidem Z—npeoopaso8anue pasHoCMHO20 YPAGHEHU!

X[k +2]-3x[k +1]+2x[k]=2g [k +1]-2g[k]
2°X (z)—2°x[0]—2x[1]-3(zX (z) - 2x[0])+ 2X (2) =
=2(2G(z)-29[0])-2G(z)
22X (z)-3zX (z2)+2X(2)=22G(z)-1z9[0]-2G(z)
X (z)(3z°-3z+2)=G(z)(2z-2)-2z9[0]
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X(z) 2z-2  2(z-1) 2
G(z) _22—32+2_(z—2)(z—1)_(z—2)
3. Haildem Z—npeobpazosanie 8biX00H020 CUCHANA:
X (2) =W (2)G(2)+ %’((ZZ))_%((ZZ)).
Hockomsxy X[0]=x[1]=0,m=1,D,(z)=0 u D,(z)=2zg[0]=2z
D(z)=2°-3z+2
2 21
X(z)= 2—2_(2—1)(2—2)
2 2 2
(z—l)(z—z)_ z—l+z—2

X(z): 2 B 22 N 27
z-1 z-2 -1

W(z)=

Omciooa nonyuaem
k+l
x[k]=4-2
Taxum obpazom, peaxkyus OUCKPEMHOU OUHAMUYECKOU CUCTMEMbl HA 6XOOHOL
CUSHATL UMeem U0

K+l
x[k]=4-2
Ipumep 4.21. Havimu peaxyuro Ouckpemuou OUHAMUYECKOU CUCHeMbl, ONU-
Cbl8AEMOl YPAGHEHUEM

X[k +2]-5x[k +1]+6x[k]=g[k +1]-3g[k]
Ha 8x00Houl cueHan 9 [k] =1 npu X[O] =1 X[l] =2.

Pewenue:
1. Hatioem z—npeobpazosariue 6X00HO20 CUSHANA.!

G(z)=z{g[k]}

0 ) 1 7
G = k _k: l _k: =
(@)-Yol)e* -3z - -2

k=0

2. Onpedenum nepedamounyto GyHKyuu cucmemsl. [l 3moeo cHavana
Hatidem —npeoobpazosarue pazHoOCMHO20 YPAGHEHUSL:

x[k +2]-5x[k +1]+6x[k]=g[k +1]-3g[k]
2°X (z)—2*x[0]-2x[1]-5(zX (z) - 2x[0])+6X (z) =
=12G(z)-1z9[0]-3G(z)
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X (z)(22—52+6)—x[0](z2 —52)—zx[1]:G(z)(z—3)—zg [0]

X(z) z-3 -3 1
W(z)= G(z) - 22—52+6:(z—2)(2—3) T 7-2

3. Hatioem —npeobpa3zosanue 8bIX00H020 CUSHANA:

X (2)=W (2)6(2)+ 22 _Be(2)

D(z) D(2)
Hockonwky X[0]=x[1]=0,m=1, D, (z)=-29 [0]=-z,
Do(z):(22—52)+22:22—3z u
D(z)=2°-5z+6

72 —37 i —7

X =
(2) 22—52+6+(z—1)(z—2)Jr 722 -57+6

30ecw — BbIHYIHCOCHHOE 0BUNCEHUE;

z ~ z
(z-2)(z-1) z°-5z+6

7> -3z

- — cB0O00HOE OBUIICCHUE.
2°-5z2+6

z(z-3) .\ i z

1 A B C D
|Gy e e )
1 __ A B _A-2A+Bz-B
(z—l)(z—z)_(z—l) (2—2)_ (z-1)(z-2)
A+B=0
{—2A—B=1
{A:—B
2B-B=1
A=-1
{le
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1 -1 1

(z-1)(z-2) (z-1) (z-2)

1 _ C N D :Cz—3C+Bz—2D
(z-2)(z-3) (z-2) (z-3) (z-2)(z-3)
C+D=0
{—3C—2D=l
--D
{BD—ZD:l
-1
{Dzl
1 -1 1

2—2)(2—3): z—2+z—3

(
X(z):z( t ., 1 j
z2—-2 7z-1 z-2 z2-2 z-3
Z Z Z Z Z
z)= - + + —
z2-2 72-1 z2-2 72-2 z-3

X(
Omciooa nonyuaem
x[k]=2"-1+2"+2 -3 =3.2 -3 -1

Taxum obpasom, peaxkyus OUCKPEMHOU OUHAMUYECKOL CUCTEMbl HA 8XOOHOU
CUSHATL UMeem BUO:

x[k]=3-2“-3"-1.

3ananus, peKOMeH10BaHHbIE /IJIsl CAMOCTOSITEILHOI NMPOPaAdOTKH M0 Ma-
Tepuany naparpadga 5
1) Onpeodenums peakyuio OUCKpemuol OUHAMUUECKOU CUCTEMbL HA 6XOOHOI Cue-

nan 9[k]=k. Boderums c60600noe u sviryscoennoe dsusicenue.
X[k +3]—3x[k +2]+3x[k +1]—x[k] =g [k]
Ilpu nauanvhvix ycrosusx X[O] =1 X[l] =4, X[Z] =9,
2) Onpeodenums peakyuio OUCKPEMHOU OUHAMUYECKOU CUCTNEMbL HA 8XOOHOU Cu2-

Han 9 [k] = 2", Buidenums ce060omoe u BbIHYHCOEHHOE OBUdNCEHUE.
ax[k +2]+4x[k +1]-3x[k]=g[k +1]+ g[k]

IIpu HauanbHbIX YCIOBUAX X[O] =8, X[l] =14 [O] =2,

HononnumenvHule 3ad0anus npeocmasiensvt Ha cmp. 124
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6. IlepenaTounble PYHKIHUHN 3aMKHYTBHIX HMITYJIbCHBIX CHCTEM

JI71st 3aMKHYTOM TUCKPETHOM CUCTEMBI C OOJBIIMM YHUCIOM BJIOKEHHBIX AMC-
KPETHO-HETPEPHIBHBIX KOHTYPOB Z-I1MD MOXKeT onpenensThes Mo Ccieayrounei 3aBu-

NMOCTH.: Wnp (Z)
s we)

rae W, (z)— Z-TI® npsmoit nienu ¢ yuetom pacnonoxenus UND.

(6.1)

W, (Z)— Z-T1® i-ro pa3oMKHYTOTO AMCKPETHO-HENPEPHIBHOTO KOHTYpa. [Ipn

ATOM KOHTYp pa3MbIkaeTcs B MecTe pacnoioxenus M. Bxogom koHTypa sBiseTcs
Bxon MND.
Ipumeput
Ilpumep 6.1. B xauecmee npumepa paccmompum OUCKPEMHYIO CUCTIEMY,
npeocmaeienuyro Ha puc.6.1:

TEX uns2

f—@— L watp) ® 1 —wa(p)

Puc.6.1 CtpykTypHas cxema UCXOIHON CUCTEMBI.

BpaCCMampueaeMOM cydae
Wnp (Z) = Wl (Z) 'W2 (Z)’
20e

W = D{\Nl(p)}epT:Z;WZ = 5{\N2(p)>{epT

B cucmeme moorcho bloenums 08a OUCKPEmMHO-HENnPePbl6HbIX KOHMYPA.

:Z'

B kauecmee nepgoeo paccmompum koumyp, obpazosannsiti UUI2 u 36eHb -

mu W, ( p) u W3(p). Z-11D nep6o2o pazomMKHymo20 KOHMypa 3anuuLemcs 6 6uoe

Was3(z) =W, (2) = sz(p)'WS(p)}(epT —7

z
Bmopoti konmyp cocmoum uz MU 1, 36ena W1(p) u 36enves Wy(p) u Wy(p), u
e2o 11D umeem 6uo
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W, (2) = 5{\N2(p)-W4(p)}{epT !

z
Wy, (z) = Wi (z) - Wy (2)
Ucnonwvzys popmyny (4.10) nonyuum svipasxcenue ons Z-11D cxemvi:
W(z)= Wi (z) Wy(z)
1+W, (2)+W, (2)

Ecmu popmynon (0.1) HE yaaeTcss BOCIIOIB30BaThCS HANPAMYI0, HEOOXOAUMO
BBITIOJHUTD CIEIYIOUIUE JEHCTBUS:
1. O603HaunTh curdaisl Ha Bxomax MUD.
2. Csi3aTh BBEJICHHBIE KOOPAUHATHI ¢ ToMOIIbi0 Z-11D Mexmy coOoi.
3. Hckiroyass mpoOMEXyTOUHBIE TMEPEMEHHBIE, Pa3pelluTh CUCTEMY OTHOCH-

TCJIbHO BXO/JIa U BbIXO/Ja U ITOJIYUYUTb TEM CaAMbIM Z-11® cucteMsl.

Ilpumeput
Ilpumep 6.2. I[Ipumenum onucanuwiii areopumm 0aa nonyyenus Z-11O cucme-
Mbl, CMPYKMYPHASL CXeMd KOmMopou npedcmasiena Ha puc.6.2:

~OOM LHwo -0 LH et
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Ilpumep 6.3. B xauecmee npumepa paccmompum OUCKPEMHYIO CUCTNEMY,
npeocmasiieHHyo Ha puc.6.3
[IpeoOpazoBanue CTPYKTYpHOM CXEMBI TTIOKa3aHo Ha puc. 6.4 — 6.6.

—>

W.
: 4 A

W —»{?—/— W) —»@—» W3

h 4
Y

8 1=]

Puc. 6.6.
Ilepenarounas QpyHKIIHSI 3aMKHYTON CUCTEMBI
Y=XW,,+gW,,;
X, =gW, = (x - Wos + g Way);
X, (1+Wy3) = (W = W3).
W -w, .

x, =g—>3";
1 g1+W23
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W, —W. W, -W,, -W,, -W,,-W
1 34—g-W34=g- 1 34 34 23" a4 .
1+W,, 1+W,,
Wl _W34 _W34 _W23 'W34 _
1+W,,
Ilpumep 6.4. [[na umnyavCHOU cucmemvl, CMPYKMYPHASL cXema KOMOpOL
uzobpadxcena na puc. 6.7, onpederums nepedamounyio gyukyuio D(z).

Y=¢g-

D(z) =

f X2 X
s BN 1 W) J,
X1 Y,
| Wilp)
W.(p)
Puc 6.7
Pewenue:
1-11 cnocob:
o W@
(2)= 1+ Y W, (z)

W, (2) =W, (2) -W,(2);
W, (z) =W,W,(z);
W, (2) =W, (2) -W,W,(2).

2-11 cnocob:

y(2) = X,(2) ‘W, (2);

X,(2) = X,(2) — X;(2);

X,(2) = x,(2) W, (2);

X3(2) = x,(2) - W, W, (2);

X (2) = f(2) = x,(2) - W,W ,(2);

X, (2) = %, (2) W, (2) — X, (2) "W W, (2) = f(2) -W,(2) — X, (2) -W, (2) -W,W ,(2) — X, (2) -W, W, (2);

W, (2) .

1+ W, (2) -WW ,(2) +W,W, (2)
W, (2)-W,(2)

T LEW,(2) WW (2) + W W, (2)

X4(Z) =

D(2)
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Ilpumep 6.5. {na umnynvcnot CAY, cmpykmypuas cxema Kkomopou uzoopa-
Jrcena Ha puc. 6.8, onpedenumo Z-uz00pasicerue 8bIX0OH020 CUSHAA.

/f
Wi 1wy

Puc. 6.8
1-1 cnoco6:
@(Z) — Wl(z) 'W?_(Z) .
1+W,(2)-W,(2)
2-11 cnocob:
Y(Z) — Wl(z) 'WZ(Z) f(Z) .

1+ W, (2) W, (2)

Ilpumep 6.6. /[ umnynvcuoi CAY, cmpyxmypuas cxema komopoii uzoopa-
arcena Ha puc. 6.9, onpedenums Z-uzobpasicenue 8biIX00H020 CUSHANA.

f y
W, (p) >

A 4

A

I W,(p)
Puc 6.9

W.(p)

Pewenue: /{na yoobecmea pewenusi npeobpaszyem ucxooHyio cxemy K 8uody, no-
KkazanHomy Ha puc. 6.10:

f
—> 1/W,(p) Wi(p)

\ 4

A

A\ 4

W,(p) W,(p) 1/W,(p) >

1
Puc. 6.10

(‘\,

A

x M~

3anuwem ypaenenue 0ns uzoopasxicenuti no Jlannacy:

1
={F(p)-
y(p) { (p) W.(p)

—x*(p)}-Ws(p)'Wl(p)-Wz(p)‘W o)

62



y(2) = D{F(p)-W,(p)}—x(2) -W;(2) ‘W, (2);
X(2) = D{(F(P)-W,(p) = X" (P)) - W, (p) -W, (p) -W, (p) }
F-W -W,(z
O, V(Vi)
F W, -Wy(2) - W, - Wy(2)
L+ W, - W, -Wy(2)

y(2)=F-W(2)-
3ananusi, peKOMeH0BaHHbIE JIJIsl CAMOCTOSITEILHOI MPOPAdOTKH MO Ma-
Tepuajay naparpada 6.

1) Ins umnynvcnoti CAY, cmpykmyphas cxema Komopou uzoopasicena Ha
puc. 6.11, onpedenums Z-uzobpasicenue 8bIX0OOHO20 CUCHAIA.

%®$ e Wi WiAp) |—= Wilp/
=
1k Wilp) =

Puc. 6.11

2) /s umnynovcuou CAY, cmpykmyphas cxema Komopou uzobpasxcena na
puc. 6.12, onpedenums Z-uzobpadicenue 8bIX0OOHO20 CUSHAIA.

1w

@%Lﬂ; Wip) = Wi —

|k Wilpl =—

Puc. 6.12
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7. llocTpoenue jorapupMudecKuxX aMIINTYIHO-(ha30BbIX
NCEeBI0YACTOTHBIX XapPaKTEePUCTUK

N3-3a cBoeil mpocTOTHI U y00CcTBa Ucnoib3oBanus JIAOUX monyuunnu mu-
POKOE TNPHUMEHEHHE IPU HCCIEIOBAHUM HENMPEPBIBHBIX cUCTEM. OIHAKO WX HEMO-
CPEICTBEHHOE HWCIOJIb30BAaHUE JJIA PEIICHUs 3aJad aHaln3a U CHUHTe3a IHU(PPOBBIX
CUCTEM YIPaBIIEHUS HEBO3MOXKHO. DTO OOBICHSETCS TeM, yTo noctpoeHue ADYX
JTUCKPETHBIX CUCTEM 3HAUUmenbHo 6ojiee 2pomMo30Ko, U TEM, YTO ITH XapaKTEepPUCTH-
KU He 0011a0arom c80UCMBOM ACUMNMOMUYHOCU, BCIICICTBUE Y€TO HE MOTYT OBITh
MPUOJIMIKEHHO MPECTaBICHBI IOMAHBIMU JTUHUSMU.

OpnHako U 1Ji TUCKPETHBIX CUCTEM OKa3bIBAETCS BOSMOXXHBIM BBEJICHUE Xa-
PAKTEPUCTHUK, KOTOPBIC 10 METOJAUKE MOCTPOCHUSI 1 CBOMM CBOMCTBAM OYIIyT CXOXHU
¢ JIA®YX HenpepbIBHBIX CHUCTEM. Takue XapaKTEpUCTHKW HA3BIBAIOTCS IICEBIOYA-
CTOTHBIMH.

Urak, eme pa3 BcnoMHUM, 4TO JIADYUYX HenpepbhIBHBIX CUCTEM ONPEACISAIOT-
€ B YaCTOTHOM Juana3oHe oT () 10 o0 1 UMEIOT aCUMITOTUYECKUI XapaKkTep.

YacToTHBIE XapaKTEPUCTUKUA AUCKPETHBIX CUCTEM IMOJHOCTHIO OMPEAEISIOTCA
CBOMMU 3HAYCHUSIMU B JUANA30HE YACTOT:

@y . 2z

0<w< ON ,
T

MO3TOMY JJis ostydeHus: aHanora JIA®UYX HenpepbhIBHBIX CUCTEM HEOOXOIUMO BBbI-
MOJIHUTh OTOOpaKEHHE YKAa3aHHOTO YaCTOTHOIO JAMarna3oHa Ha och oT 0 10 oo. Yka-
3aHHOE OTOOpaKEHME BBIMIOJIHAIOT ITyTEM BBEJICHUS TaK Ha3bIBA€MOM IMCEBJOYACTOTHI
- A U, KaK CJIEJICTBHE, pPACCMATPUBAIOT MICEB/I0YACTOTHBIE XaPAKTEPUCTUKH.

[Tepexon K mceBrOYacTOTE JENaeTcs Ha OCHOBE OMJIMHEHHOro mnpeoOpa3oBa-
Husa (W-mipeoOpa3oBaHus).

BBeneM KOMIUIEKCHYIO BEIUYMHY W, CBSI3aHHYIO C KOMIUIEKCHOM BEJIMYMHON
Z OWIIMHEWHBIM TPE0OpPa30BaHUEM:

1+w 7 -1
I="——; W=—— (7.1)
1-w z+1
CrenaB NOJCTAHOBKY Z = el , IOJIYYUM U3 NMpeAbIIyIIe GopMyIibl

W_eWT—l_anT+jgan—L
el 11 cosawl + jsin @l +1

COSa)T=—2; Sina)T:—Z;
za)T ga)T
1+1g > 1+1tg >
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1—tg2aﬂ-+21tgﬂ 1- tgza)T 2tgzaﬂ-+21tgﬂ
1-t92 2 +2ijtg O +1+192 9" ftg
g 2 Jg 5 g 5 2[1+th 2)
2 2 ol .
= a)T _th_:JX’O’
1+th—

wl .
rne Ag =1tg - MPEJCTABIISIET CO00I TaK HA3BIBAEMYIO OMHOCUMENbHYIO NCEBO0YA-

cmomy.
[Ipyn aHanmu3e UMIYJIbCHBIX CHUCTEM YIOOHO PaccCMaTpUBATh aOCONIOMHYIO
nceeoo4acmomy:

2 2. ol
A=A—=—tg— . 7.2
ﬂoT T (7.2)
AT 2 ol
T W=|]—uAl=—tg—.
orja 12 151 Tg >

Uewm rxe yaoOHa aOCOJIOTHASI TICEBA0YACTOTA?
Ona yno6Ha TeM, 4TO Ha MaJibIX 4acToTax A = @. I[losToMy npu BBHITIOJIHE-

HHUU YCIIOBUSL @ < T B pacueTax MOXHO 3aMeHUmb ncesooyacmomy 0eucmeumens-

HOU KpY2080U 4acmomou. ITO CBOUCTBO MOXKET ObITh UCIIOJI30BAHO, HAIIPUMED, TIPU
pacuerax peakiMi UMITYJIbCHOM CHCTEMBbI Ha MEJJICHHO MEHSIIOUIMECS] TapMOHHYE-
CKHE CUTHAJIbl HA €r0 BXOJIE.

HeTpyaHo BuaeTh U3 3aBUCUMOCTH

T 2

YTO [PU U3MEHEHUU YaCTOTHI B IIPEIEIax — % <w< % , TICEBJI0YACTOTa Mpoodera-

€T BCE 3HAYEHUS OT -o0 JI0 +00, a KOMIIJIEKCHAsA BEJIUYMHA W OBHXKETCA 110 OCH MHHU-
MBIX 9aCTOT.

. .ol . .
= J4o = ]9 % , OT -joo 110 +joo.

a=2y (iz]-l =3tg{if}=ioo.
T T) 2 T 2
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OTMmeTuM TaKXke eIle 0JTHO 3aMevaTelIbHOe CBOMCTBO OMIIMHEHHOTO mpeobdpa-
30BaHusA. OHO 3aKJIIOYAETCS B TOM, YTO MpPH TaKOM NpeoOpa30BaHUU BHYTPEHHSS
4yacTh Kpyra €AMHUYHOIO paguyca Ha IUIOCKOCTH Z OTOOpa)kaeTcsi Ha JIEBYIO IOJY-
IIOCKOCTH TUTOCKOCTH W (prc.7.1).

Puc. 7.1 OtobpakeHne BHyTpEHHEH YacTH Kpyra €IMHUYHOTO pauyca Ha JIEBYIO

yl2)

AV

v

INRARARRNGS

ITOJIYILIIOCKOCTD.

JleiicTBUTENbHO, MyCTh W=U-+]V, TOrma I KOMIUICKCHOH IEPEeMEHHOH Z
AMEEM

ﬂ+VW (1+u)? +v?
\1—M4 (1-u)? +v?

7=

OTKyJa CJeAyeT, 4YTO MpHU

u<0 7] <1;
u=0 \z\ =1
u>0 \z\ > 1.

OTO CBOMCTBO OKa3bIBAECTCS UPE3BbIUANHO YAOOHBIM, TaK KaK MO3BOJISET UC-
MIOJIb30BaTh TPAJULIMOHHBIE KPUTEPUHU ISl OLEHKH YCTOMYMBOCTH UMITYJIBCHBIX CH-
CTEM.

Wtak, 11g noqydyeHus nepesaToyHol GyHKIUA UMITYJIbCHON CUCTEMBI Ha OC-
HOBE TNICEBJI0YACTOTHl A HEOOXOAMMO BBIIIOJIHUTH MOJCTAHOBKY B W(Z):

_1l+w
1-w’

JAT

a 3aTeM 3aMeHUTL W= T

1+Wj_ 1+ MV

W*Umzm{l_w
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YacroTHas xapakrepuctuka W*(jA) B QyHKIUMH IICEBAOYACTOTHI A Ha3bIBACT-
Csl ICEBI0YACTOTHOM xapakTepucTukoil (ITUX).
B w-o6nactu mepenarouHas (GyHKIUS JTUCKPETHOM CHUCTEMBI €CTh OpOOHO-

i V4
payuonanvras ynkyuu jA, IpudeM mpu U3MEHEeHUH ® B auanas3one or 0 <o < —

[ICEBIOYACTOTA U3MEHSETCS B IIpEAeax
0<A<w .

Takum 006pazoM , B 00JaCTH MCEBAOYACTOT YACTOTHBIE XapAKTEPUCTUKHU JIHC-
KPETHBIX CUCTEM MMEIOT TE€ K€ CBOMCTBA, YTO U Y HENPEPBIBHbIX cucteM. CienoBa-
TEJbHO, NICEBOYACTOTHBIE XAPAKTEPUCTUKU MOTYT OBITh MPUMEHEHBI JJISl PEUICHUS
3a/1a4 aHaJIM3a U CUHTE3a MUMITYJIbCHBIX CHCTEM WM3BECTHBIMM METOIAMH, NPUMEHSE-
MBIMU JJI PELICHUS aHAJIOTMYHBIX 33/1a4 B HEMPEPBIBHBIX CUCTEMAX.

A®DYX NUCKPETHBIX CUCTEM CTPOSTCA UOO NO YACMOMHOU XaAPaAKmepucmu-
Ke, TIPUBEICHHOW HETIPEPBIBHOM YacTH, JIN0O no nepedamournou gyuxyuu W(z).

Ecnm HempepbIBHass 4acTh CHUCTEMBI 3a/laHAa YACTOTHOW XapaKTEPUCTHKON
W(®), To AOUX pa3oMKHYTOW JMCKPETHON CHCTEMBI MOXKET OBITH OIpeesieHa ¢
HCIIOJIb30BAaHUEM 3aBUCUMOCTH

W*(jw)zw(eij):Tl i W J(a)+2_|_—7[mj : (7.3)

[Tpu 5TOM CyIIEeCTBYET JIBa CIIOCO0a PEIICHHUS 3aIaUH:

1) MoXHO cHavaja HaWTH AcicTBUTENbHYIO P*(w) n mHEMyo Q*(w) ua-
CTOTHBIC XapaKTEPUCTHKHU U 3aTeM ONpeaeuTh A *(w), ¢*(w);

2) 100 OCYHIECTBUTHh HEMOCPEACTBCHHOE BEKTOPHOE CJIOXCHHE Cllarae-
MBIX B IPABOM YacTH.

Paccmompum nepswiii cnoco6. Tepenumiem (7.3):

) Sl o o St Sl )

[Tpu nM3BeCTHBIX AEHCTBUTEIbHON P(®) n MEHMMON Q(®) 4acTOTHBIX XapakKTe-
PUCTHKAX MOJyYUM

ReW (/7 )= P*(a ZP[ +—mj
JmW(ej“’T) *( ZQ( +—mj

OOBIYHO B 3aMHMCAHHBIX COOTHOIICHUAX YIACTCS OTPAHUYUTHCS KOHEUHBIM
(mocTaToOYHO HEOOJBIITNM) YHUCIOM CJIATa€MbIX, YTO CHJIBHO YIPOIIAET MPOIECC BhI-

YUCJICHUH.
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[To m3BecTHBIM XapakTepuctukam P*(w) u Q*(w) MoxHO moctpouts ADOUX
JMCKPETHOU CHCTEMBI:

)= P2 (0)+Q ()
go* (a))= arctgQ” (w)/ P ().

Bmopoii cnocob cOOTBETCTBYET HETIOCPEACTBEHHOMY BEKTOPHOMY CIOKEHHUIO
claraeMbIX B MpaBoi 4yacTu BbipaxeHus (4.10), npu 3TOM yAep:KUBAETCI KOHEUHOE
YKCJIO WICHOB U BBINIOJHAETCS UX Tpaduueckoe CyMMUPOBaHUE.

[TycTh, HamIpUMep, YUYUTHIBAIOTCA ciaraemeie npu m= -M, -M+1 ... 0 ... M-1,

W( J”T) zw( (a)+2_|_—7[mj]

HpOI/IJIJII-OCTpI/IpyeM 9TOT IIOAXO0d, OIpaHHMYHBIINCH B HpaBOﬁ qaCTH IIOJIy-

M. Torna mosxygum

YCHHOTI O BBIpa)KCHI/I}I TpCMSI CJ'Ial"aCMBIMI/I, T.C.
Wl )= 2 Wi - )+ W(i) s Wi + @ )]

3IECh Wy = 272.
o — — -
T

Ha miockoctu rogorpaga ADUX npuBeneHHONW HENPEPHIBHON YacTH IMpHU
psAe 3HAYeHUH 4YacTOThl @ TPOU3BOAMM TIpadUyecKoe CJIOKEHHUE BEKTOPOB

W(j(a) — )),W(ja)),W(j(a) + @y )) U1 mocne mMacmTabHOro NMpeodpazoBaHus (% )

MOJTy4aeM BEKTOP W*(ej“’T ) (puc. 4.17).
Puc. 7.2 I'padpuueckoe cioxxkeHrne BEKTOPOB

W (j (o+og V(o)
%\ U (o)

W (j (0-wg )

\ 4

WHj o)
CoenuHsiss KOHIBI BekTopoB W * (ej“’T ), noctpouM rojporpadp ADPYUYX nuc-

KpeTHoM cucteMbl. [Ipolecc noctpoenus nokasa Ha puc. 4.17.
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OcHoBHBIM criocoOoM moctpoeHus: ADYX NuUCKpeTHOW CHCTEMBbI SIBISETCS
HETOCPEICTBEHHOE HCIoNb3oBanue ee Z-I1D W(z):

jot elwce!]

W@ — w(el®)

T~

[IceBnouactotHble Xapakrepuctuku (ITUX):

W(p) %W(Z) Z:TV; W(w) ET’ W' (1)
1-w W=
Dw

Jlorapudmmaeckue [TUX cTpostes mo W -ITdD W*(W) coBepiiieHHO aHaIOTHY-
HO JIADYX HempephIBHBIX CUCTEM C HCIIOIH30BAaHUEM TeX K€ MIa0JOHOB THUIIOBBIX

JUHAMHN4YCCKHUX 3BCHBCB.

[Tpu 3TOM BO3MOXKHO HCHOJb30BaHue Tabmui; Dw- npeoOpa3oBanus, npen-
CTaBJISIOIIET0 CO0O0M pe3ysbTaT mocjaeaoBarenbHoro npuMmenenus k [1d npusenen-

Holi HenpepeiBHOM uyacth cucreMsl W(p) D -npeo6pasosanme ¢ moacranoBkoii
T
ePl =zuw- npeodpa3oBaHuUs.

Ilpumep

Ipumep 1.4. Paccmompum npumep nocmpoernus noeapu@mudeckux 119X
OUCKPEMHOU cucmembl, CMPYKmMYPHAsL cxema KOmopou npeocmasiena Ha puc. [.3:

[—e P k
T]p‘l']

A 4

\4

_>J_

P

Puc. 7.3
Pewenue:
Z-11®D cucmemul b6vi1a nonyyena panee.Ona umeem 6uo

T
kl1-e™
W(z)= =
z—-e'
T
Beedem obosnauenue:  d =e™  mozoa  W(z2)= kgl__ C? )
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1+w.

Buvinonanum nodcmaﬂoeky: Z =

1-w’

w=j175;
W) Mazd) _ Ka-dl-ia})
1+j/”t%_d 1+ jAT,—d+ jaT 4

1-jAT,

|<(1—o|)(1—T j;tj k(l—T jﬂ,j k(l—T j;tj
2 2 ~ 2

T (@+d)jaT,+1-d 1hdT L Tidel
1-d 2

20e TQZZM.
21-d

Ommemww, umo 6 duciaumeine Nnoay4€HHO2O B6blPpAJNCEHUA UMEEeMCCA HEMUHU-

Ma]leo-@aB’O@Oe 36€HO, YWmo munu4iHo ot aMCermelx cucmem.

] {p* A*

I 200gk \

Puc. 7.4

1+d T
1 d > 1, cneoosamenvno, T, > A
T

Daza yucaumens: arctg (— i%); 00— 5

Joeapugmuueckue 19X umnynvcuou cucmemvl npeocmasienvt Ha puc.(.4.
Kauecmeenno smu xapaxmepucmuku cosnaoarom ¢ JIAQYX nenpepvisHvlx 36eHbes,
Ymo no36oJisiem NPUMEHUMb OJisl UCCIe008AHUSL UMNYIbCHBIX CUCTEM XOPOUO pa3pa-

OOMAHHBLI YACMOMHBIL annapanit HenpepvleHblx cucniem.

70



[Tpu HeoOxomumoctu ompenenenust [TYX 3amknayTOi cuctemsl mo ADITYX
Pa30MKHYTOH, 1 HA00OPOT, BO3MOXHO MCIOJIB30BaHNE HOMOTPAaMM 3aMbIKaHHSI.

TaxuMm oOpa3om, i1 JUCKPETHBIX CUCTEM BBEACHBI MOHATUS YaCTOTHBIX Xa-
PaKTEpPUCTUK U PACCMOTPEHBI HEKOTOPBIE CIIOCOOBI UX noctpoeHus. C popmaibHOM
TouKH 3peHust ADPITYX AUCKPETHBIX U HEMPEPBIBHBIX CUCTEM COBMAJAIOT B TOM, YTO
BCE OHHM XAPAKTEPU3YIOT MPOXO0KJIECHHE TapMOHHYECKOIO CHUTHAIa 4Yepe3 CUCTEMY.
OpnHako cieyeT MOHMMAaTh, YTO MPHU 3TOM JJIsl JUCKPETHBIX CUCTEM MBI paccMaTpu-
BaJIM JUCKPETHBIM TAapMOHUYECKUN CUTHAJ, HE 3aTparuBas BOIPOC O CIEKTPE €ro He-
MIPEPHIBHON OrMOaroIe.

[Ipy IPOXOKIEHWH HENPEPHIBHOTO TI'apMOHUYECKOI'O CHUTHAja 4YacTOTHBIE
CBOMCTBA MMITYJIbCHBIX CUCTEM OYyIyT CYIIECTBEHHO OTJINYAThCS OT CBOWCTB HEmpe-
PBIBHBIX cHCTEM. PaccMOTpeHuI0 0COOEHHOCTEH YacTOTHBIX CBOICTB MMITYJIbCHBIX
cucTeM OyJIeT MOCBSIEHa CIeAYIoas Tema.

3aganus, peKOMeHA0BaAHHbIE JJIsl CAMOCTOSITEILHOI MPOPAdOTKH MO Ma-

Tepuajy naparpada 7

1) Jns nenpepulsnoil cucmemvl, NpeOCMAsGIeHHOU HA PUC. NOCMPOUNDb
JIAYX. Onpeoenumov 7 - uzobpadicenue OAHHOU cucmemsl, OJis KOMOPO2O NOCMPO-
umo JIITYX ouckpemnoii cucmemsl, CmpyKmypHas cxema KOmopou npedcmasiena Ha
puc. T = 0.01. Cpasnums nonyuenuvie nocapupmuyeckue 4acmomuvle XapaKmepu-
CIMUKU.

11 1
P J_LL > 02s+1 > 015s+1 >

w|—=

¥(t)

Puc. 7.5
2) s menpepulsnoil cucmemvl, NPeOCMABIeHHOU HA PUC. NOCMPOUNDb
JIAYX. Onpeoenumv 7 - uzobpadsicenue OaHHOU cucmemvl, OJisi KOMOPO20 NOCMPO-
umo JIITIX ouckpemnotl cucmemsl, CMpyKmypHas. cxema Komopotul npeocmaesniera Ha
puc. T = 0.005. Cpasnums noayuenHvle rocapupmuieckue YacmomHule XapaKmepu-
CIMUKU.

36 1 1
> J_LL »  00Is+1 ® 0015s+1 | °| 003s+1 v

Puc.7.6
JononnumenvHole 3a0anusi npedcmasnensvt Ha cmp. 127
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8. AHAIM3 YCTOMYHUBOCTH JIMHEIHBIX HMITYJILCHBIX CHCTEM

VYcTolunBOCTh SIBIIETCS BakHEHEH xapakrepuctukoi CAY, B pemaromei
CTETIEHU OIPEICIAIOIECH BO3MOKXHOCTD €€ MPAKTUYECKOTO MPUMEHECHMUS.

[TpoGiemMa ycTOHYMBOCTH OCOOCHHO aKTyalibHA JJISI 3aMKHYTBHIX CHUCTEM, TaK
KaK CTPEMJICHHE TOBBICUTH TOYHOCTHh CHCTEMBI 3a CUET YBEIMYCHHS KOdhdUIMeHTa
nepeaadn pa3oMKHYTON TETH TTPUBOINT, KaK MPABUIIO, K €€ BO30YKICHUIO U TTOTEPE
YCTOWYHUBOCTH.

bynem cuurats, uto auneinas UC ycmotiuusa mozoa u moyibko mozod, Ko20d
ee peaxkyusl Ha 1000e 02panuyeHHoe 8030elicmeue 02paHuyeHd.

COOTBETCTBEHHO, eciiu Hauoemcsi Xxoms Obl 0OHO 02PAHUYEHHOE GHEeUIHee B03-
Oelicmesue, peaxkyus cucmemvl HaA Komopoe He Oydem ozcpanuuena, mo maxas HC
HA3bl8aencs HeyCmouvUsoll.

OmnpenenuM yciioBus ycToMunBoCTH uHelHONH IC BO BpeMeHHOM 001aCcTH.
PaccMoTpuM moJsiydeHHOE paHee ypaBHeHHE JBUKeHHST MIC BO BpeMEHHOM
obnactu:

y[nT1=§o fkT]-wl(n - k)T

U IIPHUBCACM CI'O K 9KBUBAJICHTHOMY BUY:

n
ynT]= > wlkT]- f[(n-KJT]. (8.1)
k=0
[Ipenmnosioxum, 4TO BHEIIHEE BO3AECHCTBUE OTPAHUYECHO, T.€.
‘f[kT] <M, mmsiBcex k>0, (8.2)
MIPOBENIEM OIIEHKY BBIXOJHOTO curHana (4.28):
n n
yInT]< 3 WkT] - [f[(n-kJT] <M 3 jwfkT]. (8:3)
k=0 k=0

[Togaumas B mocnenHeM HepaBeHCTBe (4.31) BepxHMil peaen CyMMUPOBaHUS
710 00 (3TO MOXKET TOJIbKO YCUJIUTh HEPABEHCTBO), MOJIyUYUM

‘y[nT] <M i‘w[kT]I n= 011--- (84)
k=0

OueBunno, uro MIC Oyaer ycroituuBa, ecinu psij B mpaBoi yactu (8.4) cxo-

JUTCS, T. €. €CIIU
3 WkT] <o . (8.5)
k=0

Taxum obpazom, HC ycmotiuusa, ecau pso ouckpem gecosou @yuxyuu ITHY

abCconOMHO CXO00UMCH.
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B npuBenennoi popmynupoBke yciaoBue (8.5) sABISIETCS JOCTAaTOUHBIM.
[Tokxakxem HEOOXOIUMOCTH 3TOTO YCJIOBUSI HA KOHKPETHOM MPUMEPE.
[Ipenmonoxxum, uro yciaosue (8.5) He BHIOTHSAETCS, T. €.

S wkT] = . (8.6)
k=0

Torna MOXXHO HalTH OTPaHUYCHHOE BXOJHOE BO3/ACUCTBHE, IPH KOTOPOM pe-
aKIUs CUCTEMBI Oy/IeT HEOTPAaHUYSHHO BO3PACTAaTh.
[Tycth mpu puxcupoBaHHOM N:
f[(n—k)T]=M sign wlkT].

Torna

VIT]= 3" Msignw{kT]- wikT] =M 3 wiT] .
k=0 k=0

Cornacno ycnoBuio (4.33) nisa mob6oro Hanepes 3aganHoro uncia N Bcerna
MOYHO T0100paTh Takoe N, Korja:
y[nT]>N,
T. €. y[nT] HEOTPAaHUYEHHO BO3PAcCTaeT C POCTOM N, YTO CBUJETEIHCTBYET O He-

YCTOMYUBOCTU CUCTEMBI.

Takum 00pazom, abcontomuas cxooumMocms paoa OUCKPem 8ecO80U XapaK-
mepucmuku I[ITHY (8.5) sensemcs Heobxo0umvim u 00CMamoyHviM YCaosuem ycmoti-
yusocmu HC.
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9. OnpeneseHne TOUYHOCTHBIX XaPAKTEPUCTUK JIMHEHHBIX
HMITYJIbCHBIX CHCTEM

OmubKa CHUCTEMBI OMNPEICNIACTCS MepeIaTOYHON (QYHKIUEH Mo OImoKe
@ (s), mmu D@Jz), GopMoii BXOLHOTO CHIHAIA M €ro IPOM3BOLHBIMHU, 3HAYCHHS KO-
TOPBIX M3BECTHBI B TAKTOBBIC MOMEHTHI BpeMenu t=KT.

[Tpennaras, 4To U3BeCTHA OrMOArOIIast BXOJHOTO cUTHaja (oopasyromias g(t)),
OIIMOKY MOYKHO MPEICTABUTh B BUE PS/Ia:

£(KT) = c,g(KT) +%g(kT) +% G(KT) +...,

TJIE Co,C1,C2- KOIDPUITUEHTHI OMHUOOK.
[TpumeHsis Kk JTaHHOMY BBIpQXEHHUIO TIPSIMOE MpeodpaszoBanue Jlammaca, momry-
YUM:

() — G G2 *
E (p)—(co+ﬂ P+, P +...)G (p),

/i€ psili, CTOSAIIMNA B CKOOKAX, peACTaBIsAeT co00il paznoxenue 1D cD*g(p) B s IO

CTEIICHAM .
Torpaa, yunTsiBas nocieaHee 3aMe4aHue, MOKHO 3aliCaTh
d'®"(p) g
_ _ 0}
Ci - ( i )‘ -0 D & (O)’
dp p=0
i=012...

[Ipu omnpeneneHu XapaKTEPUCTUK TOYHOCTU JUCKPETHBIX M JIUCKPETHO-
HETPEPHIBHBIX CUCTEM BMECTO (QyHKIIUU cD*g(p) Oynem nonb3oBaThes [1D 3aMKHYTHIX
cucteM, 3anucaHHbii B Z- ¢opme kak Dz). Torna kodhUIMEHTHI OMMOOK MPH
MIPOU3BOJIBHOM | BBIYUCIISIOTCS 110 hopMyram

w=T(p),,= 7. (2)

7=ePT =1;

d . d dz dy d@.(z) do’,(z)
:—@ = —@ _— P :T
cl dp & (p) dZ 3 (Z) dp dX € dZ z dZ T (91)
2 2
i _d(. do, (z) dz_ . Td®g(z)+TZd @82(2) _g2[ .4 @82(2)+d®5(z)
dz dp )dp dz dp dp dz

Ecmu na Bxoq CAY mocTymnarT JUCKPETHBIC 3HAYCHUSI CUTHAJIOB, OTHOAro-
11asi KOTOPBIX HEU3BECTHA, BOCTIOIB30BAThCS 3alMCAHHOMN BhIIIEC (POPMYIION HENB34.

Jlyist pacyeTa OMMOKY B 3TOM CIIydae HEOOXOUMO BBIIOJTHUTH PA3JI0KEHUE
CUTHaJa OMUOKU &£[kT]| B PSAJl, HO TIO PA3HOCTSIM BXOJHOTO CUTHAJA, T.€. BOCIIOJIb30-

BaTbCA JUCKPECTHBIM aHAJIOI'OM 3TOI'O BBIPAKCHHUA:
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e[kT=¢,g[kT]+ % Ag[kT]+ % Ng[kT]+ % N g[kT]....
[Tpumensist mpsimoe Z-ipeoOpa3oBaHre K yKa3aHHOMY PsITy, C yI€TOM
n - i n H
A'g[kT] = Z(—l) i glk +n—i]
i=1
2{g[kT1}=Q(2);
2{Ag[KT]} = 2{gl(k + )T ~ g[kT]}= 2G(2) -G(2) = (- )G(2);
g(z)=[c, + 1 (z-1)+ o (z-1)° + 2 (z-1)°1G(2).
Psin, crosmmii B KBaapaTHBIX CKOOKax, SBJIISICTCS pa3jioKEHUEM (QYHKITHH
@, (z) o creneusm (z-1). KoapduimeHTs! psaa OyayT BEIYUCIATHCS 110 PopMyJie
_ d(i)CD z i
e =2y a0

dz' , (9.2)
i=0,1,2...

Kak ormedanoch B JeKIUAX, yI00HO KO3(POUIMEHTHI psiia ¢, HAXOIUTh ITy-

1

TEM JEJICHHsSI TTIOJIMHOMA YUCIIMTEIS HA MOJMHOM 3HAMEHATENs, PEJBAPUTENBHO T1e-
pelsg K HOBOM EpeMEHHON o =z — 1.

OpHuM U3 MyTel OnpenesneHns XapaKTEPUCTHK TOYHBIX, JUCKPETHBIX U JIUC-
KPETHO-HENPEPBIBHBIX CHUCTEM SIBISIETCA pacyeT Ko3()PHUIIMEHTOB 1O Jorapupmuye-
CKHM IICEBI0YACTOTHBIM XapaKTEPUCTUKAM.

J171s 3TOro HeoOXOAMMO BOCIIOJIB30BATHCA OMITMHENHBIM MTPEOOPA30BAHUEM:

1+w
7=——:
1-w
AT

W= J—.
2

3anuceIBas psil pa3ioKeHus nepeaaTounoi GpyHkiun Oy (W) mo creneHsm w,
MOJTy4YUM

~

e+ S S
E[w]=[c, + 1 W+ > w +...]G(w).
31ech
- dY (w) :
C. = —g, ZCDIg O .
=g ) (0) (9.3)

CBs13b K0P PUIMEHTOB Cj ¢ KOdPPULIUEHTaMU TOOPOTHOCTH:
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Koadduruents! ctatuzma U AOOPOTHOCTEH MOXKHO OMpPENEIUTh MO Tabiau-
aM, Wik TpapuuecKuM MyTeM IO JOTapU(PMHUUECKUM aMILTUTYAHBIM XapaKTepUCTH-

KaM:
2 _
D, =W, = T arctgw, ;
2 _
D, =w = T arctgwg.
HGPGXOIIH K OpUIrnHajJaM, MOZKHO 3aIINCaTb
£(1) = gn) &) &0
D D, D,
NI
2
e[kT] = glkT]  AglkT] AglkT]
D D, D,
Ilpumepor

Ilpumep 9.1. Onpederumsv owudxy 6 cucmeme, Z- nepedamounas GyHKyus
PA3OMKHYMO20 KOHMYPA KOMOPOU umeem euo

(z-0,4)(z+0,2)
(z-1(z+0,0)

HA 6XOO0HOU, TUHEUHO HAPACMAIOWUL CUSHAL.

W (z) =

Pewenue:
& (2) = 1 _ (z-D(z+0,)) .
’ 1. (2=04)(2+02)  (z-1)(z+01)—(2-04)(z+02)’
(z-1)(z+0,)
a=17-1
Z=a+]

yucumenn . o’ +11a;

snamenamens: 0,72+ 2.9a + 2a’®
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Lla +a?|0,72 + 2,9a + 2a°

.................. 1,52
C, =0;
c, =152...

Taxkum obpazom, ycmaHo8UBUIAACS OUUOKA!
_ C
e[kT]=Cog[kT] + jAg[kT] =1,52T

Onpedenum ycmano8usuLy1ocst OWUOKy ¢ UCNOIb308AHUEM MeopeMbl O npe-
0€eIbHOM 3HAYEeHUU peulem4amou QYHKYuu:

lim,__ e[kT]=lim, ,(z—De(2);

9(z )—( _1)2,
Tz (z-1)*(z+0) T(z+01})  T-11

*

= = ~152T.
(z-1)* 0-(z-0,4)(z+02) (z-0,4)(z+0,2) 0,6-12

Ilpumep 9.2. 3a0ana 7—nepedamounas QynKyus pazomKHymo20 KOHmMypa cu-

cmembl ¢ eOUHUYHOU OMPUYAMETbHOU 0OPAMHOU C8A3bI0:
k

W(z) = ;
(2) z2-0.37-2+0.02
8XOOHOU CUCHAIL:
6 z
F(z)=
@)=

Onpedenumn, npu KaKotl 8eauyuHe k, VCMAHOBUBUAACS OUUOKA 8 3AMKHYMOU
cucmeme Oyoem y0061emeopAmb HEPAGCHCMEY ey.y < 1. Oyenumv ycmouuusocmo
3AMKHYmMOU cucmemvl npu noayuernrom K.

Pewenue:

1 72 -0.372+0.02

D = =—
1+W(z) z2°—-0.372+0.02 +k

~0.37z+0.02  6(1-0.37+0.02)

z-1 77 —037z+002+k - 1-0.37+0.02+k
3.9

0.65+kK
3.9<0.65+k;

k >3.25;
2°-0.372+3.2=0

g[kT] = I|m(z 1)
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0.37++/0.372 -13.07
2

1.808 >1

>1

24

Cucmema neycmouyusea.

Ipumep 9.3. CmpyxkmypHas cxema cucmemvl umeem 6Uo:

r

L J

j’%)—'J— "1 g pil

Puc. 9.1

Haiimu maxoe K, npu komopom €ye, < 0,5 npu Qg = 2.

Ilpu nonyuennom K Hauimu nepeoamounyro QYHKYU0 3aMKHYmMoU cucmembsl u
oyeHums eé€ ycmouuusocms. T = 1.

Pewenue:
W(z):k-l_OI . d=e?=027 ;

z—d
W) k.73 .

z-—0.27
b, (2) = 1 _ z-0.27 ’

1+W(z) z-027+k-0.73
gcm[kT]:Iim-(z—l)-Z'Z- z—0.27 _ 2-0.73 <05:
4 21 z-1 z-027+k-0.73  0.73-(1+k)
1+k > 4;
k > 3.
z=-1.92

Cucmema neycmouuusa.

Ilpumep 9.4. Ilocmpoumsv xapaxmepucmuxu mounocmu L[CAY, cmpyxmyp-
Has cxema Komopou uzoopasxcena na puc. 9.2 na éxoonoe sozoeticmaue: g(t) =1.

Sex 9.08. z —4.08 -7 !
o | e %.08-2-408 |w[ ] | — >
£ =P T = 0257 +D
Puc. 9.2
Pewenue:
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1)  Heobxooumo navimu W(2) - pazomxnymoeo konmypa. C amoii yenvio

1-ePT 1
W 2)=1 . )
i (2) { p -(0.25- p+1)}’

W(Z) :W[[BM (Z) 'WHHTJ (Z) .

anee xax u 6 npedvioywux 3a0ayax.

onpeoenson.

Ilpumep 9.5. Onpedenumov Kod3¢huyuenmsr owubOK NO CKOPOCMU, YCKOpe-
HU0 U npouszeoonol yckopenus onsa LJCAY, umeroweti nepedamounyio ¢yukyuro 6
PABOMKHYMOM COCMOAHUU 8 8UOe
0.39-z-(z-0.84)-(z —0.486)
(z-1)-(z-0.905)- (z - 0.135)

W(z2) =

npu T = 0,05 c.
Pewenue:
Haiioém nepeoamounyro ¢ynkyuio cucmemvl 8 3AMKHYMOM COCHOSHUU OM-
HOCUMENbHO OUUOKU.
— 1 -
C1+W(z)
o, (2)= 23—32.0422+21.1622—0.1221 _
1.39z° —-2.56z° +1.321z - 0.1221
Ilo gpopmynam (9.1) onpeoenum:

2,(2)

co=0;
c1=005-256=0,128 - ¢,
¢, = (0,05) - 2,177 = 0,005 - ¢%;
¢3 = (0,05)° - (-570) =- 0,071 - .

Ipumep 9.6. Ilocmpoums xapaxkmepucmuxu mouHocmu yugpoeou cucmemvl
ABMOMamu4ecKo2o ynpasieHus, umeroujel nepedamoynyio YyHKyuio 8 pazoMKHy-

mom cocmosAHuu.
0.39-z-(z-0.84)

W(z) = ,
(2) (z-1)-(z—0.905)
ecuug(t) =2 -t*, T=0,05.
Pewenue:
1
D,(2) = ;
() 1+W(z)
72 —-1.905z +0.905 72 —-1.905z +0.905

d (z)= = ,
¢ ( ) 7?2 -1.905z +0.905+0.3922> —0.3276z 1.39z°> —2.232z +0.905
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c, =0;
(22-1.905)(1.392° - 2.23267 +0.905) - z* ~1.9052 +0.905) - (2.752 — 2.326)

c,=0.05 y —
(1.392 —2.232z+o.905)

0.00593
0.00389

2
C2:T2'Z d d)gz(z)z+d®£(z) ‘2:1_
dz dz '

=0.05 =0.076;

d’® (z) (0.4152-0.706)-(1.392 ~2.2332+0.905)
d’ (13927 - 2.2322 +0.905)’

(42°-3-6.2072° +2-7.52-4.04)-(0.4152° —0.7052+0.296 )
(1.392% - 2.2322 +0.905)' |

¢, =0.05%(5.34+1.52) = 0.017;

* . .o C .
¢ (1)=0(0)6+6(0%)
Ipumep 9.7. Buinoninums npedvloyujee 3a0amue, HO ¢ NOMOWBIO NCEBOOYA-
CMOMHBIX XAPAKMEPUCMUK.

Pewenue:
Iloocmasnsis 6 nepedamounyio gpynuxyuio W(z) coomnowenue

1+w
Z=——, NOAYYUM
1-w
0.39-1+W-(1+W—0.84j
W (W) = 1-w (1-w _039-(1+w)-(1+w-0.84+0.84-w) _
(1+w_1j(1+w_0_905j 2-w-(1+w—0.905+0.905- w)
1-w 1-w
_0.39-(1+w)-(1.84-w+0.16) _0.39-(1+w)-(11.5-w+1) _
2-w-(1.905- w+0.095) 2-w-(20.05-w+1)
20_328_(1+w)~(11.5-w+1)_ _

w-(20.05-w +1)
57-(1+w)-(115-w+1)
w-(20.2-w+1) '

Ilepexoost k ncesdouacmome W = | * A, cmpoum 102apu@muueckyro nceeoo-

W(w) =

YACMOMHYI0 XAPAKMEPUCMUK).

Ilpooondicas  HUZKOUACMOMHYIO 4ACMb  XAPAKMEPUCTMUKU ¢ HAKIOHOM
-20 0b/0ex u - 40 0b/oex 0o nepeceuenusi ¢ ocvblO0 ncesOOUACMOM, NOLYUUM COOM-
BEMCMBEHHO 8 MOYKAX nepecedenus 3HauyeHus 000pOmHoCcmell CUcmembl N0 CKOpo-
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cmu u yckoperuto A, = 0,72, 1, = 0,2. Ilepecuumaem nonyuenuvie 3naverus no gop-

mynam:

2 :
D, =—arclg 2, =241/,

2
D — * .
3 arctg 4 , 64}€2

Owubkra cucmemol
4.KT 4

g[kT]=7+a =0.0625+0.17 -KT .

3ananus, peKOMeHI0BaHHbIE JJIsl CAMOCTOSITEILHOI NPOPAdOTKH MO Ma-
Tepuaay naparpadga 9
1)  3aoana z—nepedamounas QynKyusi pazoMKHymMo2o0 KOHMypa CUCMeMbl C

eOUHUYHOL OMPUYAMETbHOU 0OPAMHOU CEA3bIO:
k

W(z) = ;
(2) 0,1z°-0.16-z2+0.01

BXOOHOUL CUCHA:
F(z) _2z :
z-1

Onpedenums, npu kaxou eeauuune K, ycmanosusuiascs omuoKa 6 3aMKHymou
cucmeme byoem y00671emeopsimy HepageHCmsy ey, < 0.5. Oyenumsv ycmotiuusocmo
3AMKHYMOU cucmemsl npu noayueHHom K.

2)  Onpedenums K03phuyuenmol owmubOK N0 CKOPOCMU, YCKOPEHUIO U NPO-
uzeooHotl yckoperus ons LJCAY, umeroweti nepedamounyro GyHKyuio 8 pazomMKHy-
MOM COCMOAHUU 8 UOE

0.55-z-(z-0.3)
(z-1)-(2-0.025)-(z-0.825)

W(z) =

npu T = 0,01 c.
HononnumenvHole 3adanus npeocmasiensvt Ha cmp.133.
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10. MeToabl NpOorpaMMHpOBaHHUA

PaccMoTpum BBIOOpP MEPEMEHHBIX COCTOSIHUSI CHHXPOHHBIX UMITYJIbCHBIX CH-
CTEM, 3aJJaHHBIX CBOMMHU Z- IEPEAATOYHBIMUA (PYHKITUSIMHU.

[IpakTrueckn yaoOHBIM IPUEMOM BBIOOpA IEPEMEHHBIX COCTOSIHUS SBIISICTCS
MIOCTPOCHUE CXEM MOJACIUPOBAHUS JUCKPETHOU CUCTEMBI, KOTOPHIE BKJIIOYAIOT B CE-
Os1 2JIEMEHTHI 33JIeP’KKH Ha TaKT U CyMMAaTophl. [Ipu 3TOM 3a mepeMeHHbIE COCTOSHUS
O0OBIYHO MPUHUMAIOT CUTHAJIBI HA BBIXOJAX DJIEMEHTOB 3a/ICP’KKHU HA TaKT.

CymiecTByIOT TpH BapuaHTa repexona ot z- [Id nuckpeTHol CUCTEMBI K CH-
CTeMe KOHEYHO-Pa3HOCTHBIX YpaBHEHUH. DTO CIOCOOBI PSIMOTO, MAPAIEILHOTO U
MOCJIE0BATENBHOTO TPOTPAMMHUPOBAHUSL.

PaccMoTpuM Bce 3TH CITOCOOBI Ha IpUMeEpe 3BeHA BTOPOTO MOPSIIKA:

B a(t)tchZ_i_ajL-tcxz_i_aZcx _Y(Z)

T x5 2 ucx ucx
b2’ +b“z+by  e(z)

W...(2)

ucx

10.1. Cnoco6 npsAMOro nporpaMMHupoOBaHUA.

[TpuBeneM paccMaTpuBacMyIO MEPEIATOUHYIO QYHKITUIO K HOPMaTH30BaHHO-
My Buy. C 3TOM 1eTbI0 BEIHECEM B YHCIIUTENE U 3HaMeHaTese KO UITUEHTHI TIPH
cJIaraeMbIX ¢ HAaHOOJBIIMMH CTETICHAMH | Jajiee pa3aeiiiM YHCIUTENb U 3HaMeHa-
tens W(Z) Ha 7%, momyqum:

ucx 2 ucx 1 -1 -2 ucx
Wucx(z): a?tcx ) 22+a12+a2 = a(L)tcx ) +alz—l+a22—2 = a(r/)tcxW(Z)’
by z°+bz+b, b 1+bz " +b,z by
l+az ' +a,z”
W(z)= 1+2z‘1+b22‘2
2

ITo onpenenenuto 11O:

(10.1)

B l+az " +a,27°
y(Z)_e(z)1+blz‘1+bzz‘2 - (Z)1+blz‘l+b22‘2(

BBenem HOBYIO nepeMeHHyto &(2):
1
Z)= ez, .
SO Q) (10.2)

E(z)=e(z)-bz7¢E(2)-b,27%&(2).
CoOTBETCTBEHHO, BBIXO/IHAS TIEpEMEHHAsI OyIeT paBHA:

y(z)=¢&(z)+az7E(z)+a,27%&(2);

1+az™ +azz‘2).
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Jlst 3Bena (10.2) BTOporo mopsijika BBEIeM, COOTBETCTBEHHO, JIBE (pa3oBbIe
nepeMeHHbIE EPBOTO MOPsIIKA:

x(z)=2"¢(z);
X, (z)=27¢(2)=2"%(2);

Tornma ypaBHeHMS U1l IPOMEKYTOYHOM IEPEMEHHON U BBIXOJAHOU IEPEMEH-
HOU OyJyT UMETh BUJ:

£(z)=e(z2)-bz7¢(2)-b,z7&(2);
y(z)=¢(2)+az7¢(2)+a,27°5(2).

VYuuTeiBas TeOpeMy 0 CMEIIEHUU apryMeHTa pelieTyaTonl PyHKIUU, BCIOM-
HIIM, 9TO YMHOYCHHE H300PaKEHIS Ha Z - COOTBETCTBYET CMELICHHUIO (3aIePKKe)
OpuUrvHaia Ha |1 TakT, a Ha z? - Ha 2 TaKTa.

Torga) cxeMy MoJIeTUPOBAHKS MOKHO MPEJICTABUTH B CIICYIOIIEM BUJIE
(puc.10.1).

—P al
5 [K] [K] X [K] K
e [K] NEE X A 2, y [K]
-b1<_
-b e
2
Puc.10.1.

B cooTBeTCTBUMU € MPABUIIOM, 32 IEPEMEHHbBIEC COCTOSHUSI BRIOPAHBI BHIXOIbI
3a7€pKKHU Ha | TakT.

YpaBHEHUS COCTOSIHUSI CUCTEMBI TTOJTYyYUM, TIEPEXOs OT U300PAKEHUM K pe-
IETYATHIM (YHKIIUASIM.

2-%(2)=£(2);
Z-%,(2)=2"%(2).

B urtore nmeewm:
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{xi[kﬂ]=—b1><1[k]—bzxz[k]+e[k] 103

X, [k +1] = x [K]

rae x [k +1]— 3HaueHns $Ha30BbIX IEPEMEHHBIX B IOCIEYIONHI TAKT BpeMe-

HU.
Tak kak:

y(z)=¢&(2)+az7¢(2)+a,272£(2).

U IIPU 9TOM, YUHUTbIBAsA PaHCC BBCACHHBIC IICPCMCHHELIC:!
y(z)=e(2)+(a,~b)x(2)+(a; ;)% (2);

Y [k]=(a —b)x[k]+(a, b)) x,[k]+e[k]. (10.4)

Takum oOpa3om, ypaBHeHus coctossHus npuaumarot By (10.3), (10.4), a
Matpuilsl A, B, C, D onpenensroTcst BEIpaKEHUSIMH:

() o)
C=(a-b a-b) D=(1)

Hanomuum, uro matpuist A, B, C, D onpenesisioT cucreMy pa3HOCTHBIX
ypaBHeHUH, 3kBUBaIeHTHBIX 1D (10.1):

x[k+1] = Ax[k]+Be[k];

y[K] = Cx[K]+ De[K].

ITpu 5TOM, Tak)ke HEOOXOIUMO MOMHHTE, YTO CHTHAJ €(Z) MoCTymaronmii Ha
BXOJI CHCTEMBI TIPUXOUT C YCHIIEHHEM, PABHBIM OTHOIIEHUIO KO3()(DUIIHEHTOB
ap/bg"™ mpwm crapimx cTeneHsx Z, KOTOpble ObLTH BRIHECEHBI TPH TIEPBOM IpeoOpa-

30BaHMH. Eciu yduThIBaTh 3TH KO3 GUITUCHTHI B YPABHCHUSIX COCTOSIHUS, TO MaTPH-
sl A, B, C, D OyayTt umets BuI.

aucx
b -b 0
A — ( bl 2 J , B — bgcx ,
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10.2. Cnioco6 mapaJuieJibHOr0 NPOrpaMMHUPOBAHMS.

Crioco6 MapaJuICJIIbHOIO IMPpOorpaMMHpPOBaHUS IIPCATIOIAracT IpCACTABIICHUC
HCXOIHOM TepeaaTOYHON QYHKIMH CYMMOM MepeIaToOuHbIX (YHKIUN 00JIee HU3KOTO
ImopsaaKa € IoCjaCaAyrommuMm Uux npeacTaBJICHUCM CXCMaMHU MOJCIIMPOBAHU:

W (z)=W,(z)+W,(z).

PaccMoTpuM npuMeHeHne crocoda napauieIbHOTO MPOrpaMMHUPOBAHHS Ha
IpHUMepe MepeaaToYHoN GYHKIIMH BTOPOTO MOPSIKA:

W(z)= z°+a,z +a,
z°+bz' +b,

[Tpenmookum, 9To XapaKTEPUCTUICCKOE YPaBHEHUE UMEET JIBa JCHCTBH-
TEJBHBIX pa3nu4HbIX KOpHS (B1,B2). B aTOM ciiyuyae ucxojnas nepenaroynas GpyHk-

1Y MOXKET ObITh IPEJICTABIIEHA CYMMOU COCTaBIISIOIIMX:
c
W (z)=1+ .
Z— 181 Z- :82

rac KOB(b(bHHI/IGHTBI C]_ , C2 PaCCUYUTBIBAIOTCA 110 CIICAYIOIIUM 3aBHUCHMO-

CTsAM:

G, :(az _b+(a1_b2)ﬂ1)/(ﬂl_ﬂ2);
C, :_(az_b+(a1_b2)132)/(:31_:82)'

Jlanee, aHaJoruYHO IEPBOMY CIIOCOOY:
¢z . 2
1-pz" 1-8z2"

H BBOJAT HOBBIC IICPCMCHHBIC!
-1

§(2)= 22 ()= we(2)

M

W (z)=1+

HepeMeHHBIC COCTOAHUA OHpCI[GHHIOTCH BBIpa)KeHI/ICM:
x(z)=2"4(2);
X,(2)=2"¢(z2).

CooTBeTCTBYyIOIIas CXeMa MOJICTUPOBAHMS pe/icTaBieHa Ha puc.10.2.:
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—| C,
E,[K]
e [k] 1
Z —e—>
x [K]
B,
s y [K]
— P -
E K] 2
1
il a1
b, |«
Puc.10.2.

PaznoctHBIC YPaBHCHUA CUCTCMBbI 6YIIYT HUMCTDb BHU:

x [k+1]= gx [k]+e[k];

X [k+1]= B, [k]+e[k]; (10.5)
Y [k]=cx [k]+c,x, [k]+e[k].

[Tpu 3TOM MaTpuIlsl Oy1yT UMETh BU:

i3y o)
c=(C, C,); D=(1).

JIOCTOMHCTBO 3TOTO CIIOCO0a COCTOUT B TOM, UTO MaTpHiia A NOdy4aeTcs aua-
rOHaJIbHOM, HO IPU 3TOM 4Hcia 31,8, MOTYT OKa3aThCsl KOMIUIEKCHBIMHU.

10.3. Cnoco6 nocJie10BaTeIbHOIT0 MPOrpaMMHPOBAHUS

OO01ast ero uaes 3aKI0YaeTCs B CIASAYIOIIEM:
YPaBHEHUIO CUCTEMBI B ONIEpAaTOPHOM (hOopMe 3anncy IPUAAETCS BU:

1-y2" 1-y,2
y(2)=[10Ee(r) |

U CXeMa MOJIEIMPOBAHUS COCTABIIAETCS KaK IIOCIEN0BATEIBHOCTE OJHOTHII-
HBIX KackaaoB (puc.10.3).
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%* 71 x,[K] >
1

B
2Kl K y [K]
a{%—» z* il > _Vz"é_’

Puc.10.3.
YpaBHEHUS COCTOSHUS CUCTEMBI IIPH 3TOM OYAyT UMETh BHI:

X [k+1]=Bx [k]+e[k];
X [K+1]= (B, —r)x[k]+ B, [k]+e[k]; (10.6)
Y [k]=(B—r)x[k]+ (B, —r2) % [k]+e[K].

Matpuist A,B,C,D OyayT onpenensitbes CAeAyIOMUMH BbIPAKEHUSIMU:

NI
Bi—-n B 1

C :(131_71 162_72); D:(l)'

Martpunua A npu 3TOM SABJISIETCA TPEYTOIbHOM.

CocraBnenue OJIOK—CXEMbl MOJCIUPOBAHUS JAUCKPETHBIX CHCTEM SIBIISIETCS
Ba)KHBIM dTarioM ux uccienaoBanus. C TOMOIIBI0 OJIOK — CXEMbI MOKHO PAaIlMOHAIBEHO
BBIOPATh MTEPEMEHHBIC COCTOSIHUS CHCTEMBI, a TaKKe MEPEUTH K OMHMCAHUIO THHAMHU-
KM CHCTEMBl B paMKax ammapara JUCKpeTHOro mpeoOpa3oBanus Jlammaca wm Z —
npeodpa3zoBaHusl.

10.4 MeTtoabl MNPOrpaMMHUPOBAHHUS /JIsl TeEPeIATOYHBIX (PYHKIUIA
BbICOKOI'0 NMOPSAAKA

Brlie Obuid paccMOTpEeHbl METOJIbI MPOTPaMMHUPOBAHUS JIJIsl MEpeaTOUYHON

¢bynkuuu (I1D) BTOpOro nopsika U Mpu yCIOBUH, €CIU KOPHU XapaKTEPUCTUYECKOTO
ypaBHEHUS pa3IMYHbIC U JelcTBUTENbHbIC. B o0iem ciaydae [1D uMeetr mpou3Bosib-
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HBIW MOPSAJIOK U KOPHU XapaKTEPUCTUUECKOTO YPABHEHHUS, KaK JEHUCTBUTEIIbHBIE, TaK
1 KOMIUICKCHEIE.
Homyctum 11D B 06meM ClIly4yae UMEET BU/L;

W(z)- a,2" +a,z" " +...+4a,
bz" +bz" " +..+Db,

[Ipsamoe mporpaMMHUpPOBaHUE

B cnyuae npsimoro nporpammupoBanust [1d npeobpasyercs k BUAY:

W(z)- a,+az +..+a,z"
b, +bzt+..+bz"

Jlasiee anropuT™ MNOJIHOCTBIO COOTBETCTBYET PACCMOTPEHHOMY BBIIIIE.

[IocnemoBaTenbHOEC NPOrPaMMHUPOBAHUEC

[Ipu nocnenoBatensHOM nporpammupoBanuu [1® pa3duBaercs Ha 371eMEH-
TapHbIE COMHOXKHUTEJIN MEPBOTO U BTOPOTO MOPSJIKOB:

W(Z):aoz”+alz”—1+_._+a aOHZ_% A AR
bpz" +0 2"+ Hb, by i Z— B0 2+ By 2+ By

Jlanee npeoOpa3yeM K OTpULATENbHBIM CTEIIECHSM Z:

aoH]- Vi 1ﬁ1+7112 +722
b, ial-Bz" =11+132jz +:B2j
n=n, +2n,.

[Ipu 3TOM mpeanonaraem, yTo Bce KOIPPUUUEHTH — ACHCTBUTENbHBIE YUC-
na.

Jlanee peanin3yercs BbIIIE PACCMOTPEHHBIN aJrOPUTM IS TOCJIEI0BATEIbHO-
ro IpOrpaMMHUPOBAHUS.

TpeOoBaHus kK TOUHOCTH peanu3anud KodGOUIHUEHTOB o, Bi, o), P1j, A2j, P,
OKa3bIBAIOTCS 371€Ch TAKUMH K€, KaK U B METOJE NMPSIMOTO MPOTrPaMMHUPOBAaHHUSL.

[lapamneasHoe mporpaMMHUPOBAHNE

[Tpu napamnensHom nporpammupoBanuu [1® pazdbuBaercs Ha 1neMeHTapHbIE
cjaraeMbl€ IIEPBOr0 U BTOPOIO MOPSIIKOB:

82" +a2" " +..+a, & CZ+Gy,
W( ) o 1+ Z 2 J :
2°+ B,,2+ 3,

byz"+bz" .. +b b ~z- ,B
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Jlanee aHAJIOIrHYHO npeo6pa3yeM K OTPHIIATEIbHBIM CTEIECHSIM Z:
n -1 -1
2, Gz +GyZ

W(R)= {1y

b, T1-p7 T+ pr+ By
n=n, +2n,.

[Tpu 3TOM mIpeamomnaraem, 9To Bce KOAOUIMEHTH — JIEHCTBUTEILHBIC YHC-
na.

CrpykTypHas cxema IuGpoBoro (uIbTpa B COOTBETCTBUU C NMPUBEICHHON
3aBHCHMOCTBIO MOXKET OBITh TIPEJCTABJICHA B BHUJIC NapaUICTLHOTO COCTUHEHUS de-
MEHTapHBIX ITUGPOBLIX GUIBTPOB (TIOPSIOK HE BBIIIE BTOPOTO).

Kak u mpu mocnenoBaTeabHOM MIPOrpaMMUPOBAHUH, TPEOOBAHMS K TOYHOCTH
BOCITPOU3BEJICHUST OTACIBbHBIX KOAI(DPHUIIMEHTOB 3/1eCh OKA3bIBAIOTCSI MEHEE >KECTKU-
MU TI0 CPaBHEHHIO C peaTM3aIeii METOIOM TPSIMOTO MPOTPAMMHUPOBAHUA.

Br160op TOTO MM MHOTO METOAa MPOTrPAMMHUPOBAHKS 00YCIOBJICH KaK MPaBH-
710 yaoOCTBOM peanm3aiiui B MU(PPOBOI 9aCTH CHCTEMBI U OMPEACISICTCS B KOKIOM
KOHKPETHOM Cllydyae WHAMBUIYaAJIbHO (KaK MPAaBUIIO B Pe3yJIbTaTe CpaBHEHUS Kade-
cTBa pemieHus). [log kadyecTBOM 3/1€Ch MOHUMAETCA U 00IIee KOTUYECTBO OTIIMYHBIX
OT HyJs KO3 PUIIMEHTOB (a 9TO 3HAYUT U 00I1I1ee KOJTUIECTBO OIepaluii), 1 4yBCTBU-
TEJILHOCTH XapaKTePUCTUK (PUIIbTPA K OKPYTICHUIO KOIPPUITUEHTOB.

3aiaHus, peKOMEHI0BaHHbIE VISl CAMOCTOATEIbHOI NMPOPA0OTKH 110 Ma-
Tepuaay naparpada 10
1. Cnocobamu nmapamieabHOTo, MOCIEI0BATEILHOTO U MPSIMOTO MPOrpam-
MUPOBAHUS TOJYYUTHh yYpaBHEeHUs cocTosiHust VC, 3amanHoi cBoel Z-riepeaaTouHoM
byHKIIHEH:
0.5z° -0.1z
W (Z) - 2 :
0.2z° +0.51z+0.16

2. CnocobaMu mapajjieNIbHOTO, MOCIEA0BATEIbHOTO U MPSIMOTO MPOTrpaM-
MUPOBaAHUS MOTYYnTh ypaBHeHUs coctosiHust C, 3amannoil cBoeit Z- nepeaaToyHoM
(byHKUHEH:

ZZ
W = .
(Z) 0.5z +0.16

Jlononnumenvhovie 3a0anusi npedcmasnenvt Ha cmp.131
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11. IlpeoOpa3oBaHHe KOHEYHO-PAa3HOCTHBIX YPABHEHHUIl
K KaHOHUYeCKUM (opmam

[IocTanoBKa 3aga4u

KoneuHo-pa3HOCTHBIC ypaBHEHUE COCTOSIHUS TUHAMUYECKOTO 00BEKTa:

x[k +1]= Ax[k]+ Bulk

y[k]=Cx[k]+ Dulk]

OBUIM MOJTY4YEHbl HA OCHOBE (PU3UUECKUX 3aKOHOB MJIM PACUETHBIX JAHHBIX C UCIIOJIb-
30BaHMEM MaTEMaTHYECKHX MOJeJIeH, MOTyuYeHHBIX TaK)Ke Ha OCHOBE 3aKOHOB (pu3u-
ku. [Ipu 3TOM Hcnonb3yeMble IepeMEeHHbBIE COCTOSHUS MPECTABIAIOT co00il (pakTu-
YECKHUE MEPEMEHHbIE 00BEKTa, TAK YTO ONMUCAHUE OOBEKTA B MPOCTPAHCTBE COCTOS-
HUN ObUI0O OOBEKTUBHO CBSI3aHO € (UBMYECKON peaibHOCThIO. BBen€HHbIE TakuM
CIIOCOOOM TEPEMEHHBIE COCTOSIHUS HE MEHSIIOT CBOETO (DU3MUECKOrO CMbICIAa U B
JUCKPETHOM BapUaHTE ONMCAHMUS.

B HEKOTOpBIX ciydasX, OJHAKO, II0JIE3HO BBECTU IIEPEMEHHBIE COCTOSHMA,
KOTOpbIE (POPMANBHO OMpPEAENIAIOTCS KaK JUHEHHAas KOMOMHALMS PAa3IUYHbIX (PU3HU-
YECKUX MEPEMEHHBIX COCTOSIHMS. Takoe MpeoOpa3oBaHUE BBIMOIHAETCS C LEIbIO MO-
JyYEHUs YPABHEHUHN COCTOSIHUS B ONPENEIEHHON KaHOHUYECKOU (hopme, YTO B psije
CJIy4aeB MO3BOJSET CYLIECTBEHHO YMEHBIIUTh YUCIO IMMAPAMETPOB, HEOOXOIUMBIX
JUI UX ONMCAaHUA, WK 00Jier4aeT oOHapyKEHHE HEKOTOPBIX CBOWCTB OOBEKTA U CHU-
CTEMBI.

Homyctu N- MepHBI BeKTOp X € X — sBisercs JIOIMTYCTUMBIM BEKTOPOM CO-
CTOSTHUSI HEKOTOPOM CHCTEMbI, UMEIOIIEH COOCTBEHHYIO Marpuily 4 pa3MepHOCTH
(nxn). Toraa ¢ MOMOIILIO HEBBIPOXKIACHHOW MATPHIIBI T MOXKHO OINPEACITUTh HOBBIN
BEKTOP

n=T-X
KOTOPBIA TAKXK€ MOKHO pPacCMaTpyBaTh, KaK BEKTOP COCTOSIHUS CUCTEMBbI B
HOBOM Gasuce 77 € 0. Nuorna, Hapsay ¢ matpuiied T ynoOHO ¢ BBIYMCIUTEIBHON

TOYKH 3PEHUs HCIOJIB30BaTh 00paTHyio Matpuy Q = T,
PaccMmoTpum npeoOpa3oBaHre CUCTEMBI YPaBHEHUI U3 OJHOTO TIPOCTPAHCTBA

X B Ipyroe 0 na MIPUMEPE AUCKPETHOU CUCTEMBI, ONIPEAECISIOIIEHUCS TOCTOSTHHBIMU
rapameTpamu:

x[k +1]= A-x[k]+ B-ulk
ylk]=C-x[k]+ D-ulk]

—_T1.
[ToxcraBuM BMECTO X[k] BEKTOP: x=T"71 , TIOJIyYUM:
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T glk+1]=A-T™ glk]+B-ulk]
ylk]=C-T*-5lk]+D-ulk]
nlk+1]=T-A- T 5k]+T-B-ulk]
ylk]=C T [k]+D-ulk]

BBeném 0003HaueHUA:

A=T-ATH
B, =T-B:

C. =C-TH
D, = D.

VYpaBHeHUE cuCTEMBbI B peoOpa3oBaHHOM Oa3uce:
nlk +1]= A -nlk]+ B, -ulk
ylk]=C, -7lk]+ D, -u[K]

OnpenenexHue :

KBanpatasie Matpuiibl A, 1 A TI0Z0OHBI, €ClM CyIIECTBYET TaKasi HEBBIPO-
XKJIeHHas MaTpuia T, 4To

A =T-AT™

3amMeyaHue:

Dnements! Matpurl, A, A, T B obmem ciryuae MOryT OBITH AEHCTBUTEIBHBI-
MU WJIM KOMIIJIEKCHBIMHU YHCIJIAMH.

V nByx mono6ubIX Matpul A n A xapakrepucTHyeckue MOTMHOMBI

PaBHBI |, CJIEZIOBATEIILHO, PABHBI UX COOCTBEHHBIE YUCIIA.

[Tocneanee yTBepKAeHNE MOKHO JT0Ka3aTh:

det(zE— A )=det(zE-T-A-T*)=det(T -(zE—- A)-T )=

=det T -det(zE - A)-det T = det(zE - A),

Takum 00pazom, XapaKTepUCTUICCKOE YPAaBHECHHE MATPHULIBI |, CIICIOBATEIb-
HO, €€ COOCTBEHHbIC 3HAUEHUSI HE 3aBHCAT OT 0a3uca MPOCTPAHCTBA COCTOSHUS. Y
ABYX MOJOOHBIX MATPHIl PaBHBI M CJEIbI U OMPEISIUTENH, IIOCKOJIBKY OHH Ompee-
TS0TCS KOAPGUIMEHTAMH XapaKTePUCTUIECKOTO YPABHECHHSI.

Ha npakTrke NpUMEHSIOT pa3inyHble KAHOHUYECKHE (OPMBI 3aIUCH ypaBHE-

HUU COCTOSIHUSA. PacCMOTpUM TpU BapHUaHTA:
— kaHoHuueckas gopma XKoprana;
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— KaHOHHWYecKas ¢popMma yIpaBisieMOCTH;
— KaHOHMYecKas (popMa BOCCTAHABINBAEMOCTH.

Kanounueckas gpopma ’Kopaana.

JlomyctM, Bce COOCTBEHHBIC 3HAUEHUS MEPEXOAHOW MATPHUIBI JTUHAMUYE-
CKOM crucTeMbl A B3aMMHO pa3In4Hbl. B 3TOM cilyyae ypaBHEHHS, ONUCHIBAOIIUE M1O-
BEJICHUE CUCTEMbI MOTYT OBITh IPUBEICHBI K KaHOHUYecKoU opme JKopoana:

X, [k +1]= A, -x,[k]+ B, -ulk
Y[k]: C, X [k]"' D, 'u[k]

z 0 ... .0
A — 0 z,
J Ce e — TaK Ha3biBaemas Marpuna JKopaana.
o0 . ...z

Z; — KOpHU XapaKTEpPUCTHYECKOTO YPABHEHHS.

XapaKTepI/ICTI/ILIGCKI/If/'I IIOJIMHOM MaTpHUIblI MOJKCT OBITH IMpCaACTaBJICH B BUAC!

n
det(zE — A)=det(zE—- A, )=T](z-z)

i-1
det(zE-A)=a, +a,z+..+a,,2" " +2" =0.

OCHOBHOE JOCTOMHCTBO KaHOHMYECKOU (hopmbl JKopaaHa: MUHMMaIbHOE KO-
JUYECTBO JIEMEHTOB (HEHYJIEBBIX) B MaTpHUIIE A;.

Henocrarku:

1) Jlns onpenenenust MaTpuIlsl B KaHoHMYeckoi popme XKopmana HeoOxonu-
MO BHauajie HAUTH KOPHHU XapaKTEPUCTHUECKOTO YPaBHEHUS, UM COOCTBEHHBIC UM C-
Ja Matpuusl A.

2) CoOctBennble ymcia matpuiibl JKopjgaHa MOTYT OBITh KOMILIEKCHO-
CONPSKEHHBIMU. B 3TOM cityyae Bce Mocienyromuye MaTpuIHble pacy€Thbl CTAHOBATCS
0oJiee CI0KHBIMU, MOCKOJBKY TaKXe OyIyT COAepKaTh KOMIUIEKCHO-COMPSKEHHBIE
qucna.

Bbluncienus MOKHO, OJHAKO, YIPOCTUTh MpEACTaBiIeHUEM MmaTpuilbl JKop-
JaHa WK €€ 4acT, BKIIIOYAIOIIEH KOMIUIEKCHO CONPSKEHHbIE COOCTBEHHbBIE YUCIIA, B
BU/JIE KBaJIpaTHBIX OJIOKOB. B 3TOM citydae Taxke MOJy4yaroT COOTHOILECHUS, KOTOPhIE
OyIyT BKJIIOYATh TOJBKO JEHCTBUTEIBHBIC YUCIIA.

Hanpumep, ecnu marpuna XKopaaHa COAEPKHUT TOJIBKO OTHEIbHBIE KOM-
MJIEKCHO COTPSDKEHHBIE TTapbl COOCTBEHHBIX 3HAYCHUH, HATIPUMED:
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Takum 00pa3om, Kaxjas rapa KOMIUIEKCHO-COMPSIKEHHBIX KOPHEH MOMKET

OBITH MpejicTaBIcHa OJIoKkaMu 2*2 Ha TJIAaBHOM JWaroHaiy, Ha3bIBAEMBIMU KJICTKAMHM

Kopnana.

Jio0yro cucTeMy KOHEYHO-PA3HOCTHBIX YPAaBHEHHM C Pa3IMYHBIMU COO-

CTBEHHBIMH 3HAUCHHUSIMU MOXKHO ITpeoOpazoBaTh K kKaHOHWYecKou ¢opme JXKopaHa:

X, =T-X ym X=T"X,=0-X,, e Q=T
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A=T-AT%:  A=QAQ;

B, =T-B;
C,=C-T
D, =D.

[Ipencrasmiss matpuily Q BEeKTOP-CTOIOIAMH, MBI TTOTYYHM:

Q=[0G 0]
qll qu qln
q q G20
Q= =] =] |
Fﬂe qnl qn2 qnn

-1
Torna ypaBHeHHE TpeoOpa3oBaHUSI MATPUIIL Aj =Q7"-A-Q wmoxno Tpen-

CTaBHUTb B BHUC:

A-Q=Q-A, wm:
A-[0,,0p 000 ] =00, G O ] A
2, 0 0 0]
0z 0 0
A'[qliqzv"’qn]:[q1'Q2’---1Qn]’ 2 ;
0 0 0 gz,

A- [ql’ SPYRY Qn]: [qlzl’ O2255-- qnzn]
W3 mociieiHero COOTHOIICHUS MOKHO CPOPMHUPOBATH YpaBHEHUS JIJIs pacyeTa
AJIEMEHTOB CTOJIOIOB () :

A-G =0z , 1=1,...n.

B nanHoM mMaTtpuyHOM ypaBHeHUU cTojioen J; # 0 Ha3bIBaeTCs COOCTBEHHBIM
BEKTOPOM MaTpPHIIbl A, KOTOPBI COOTBETCTBYET COOCTBEHHOMY 3HAYEHHUIO Z; .
W3 nmpuBEaEHHOTO BBIPAXKEHUS CIIEIYET, YTO

(zE-A)-q,=0 _

Tax kax onpezenutens nocneanero ypasterns  det(ZE—A)=0, 1o nan-

HOE YpaBHEHUE OMpeJessieT TOJbKO HalpaBlieHHe BEKTOPOB (. MIX BeTUYnHY MOXKHO
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BBIOMPATH MPOU3BOJIBHO U3 JOMOJTHUTEIBHBIX YCIOBHM, HalpUMEpP, TaK, YTOOBI OT-
nenpHbIe 37ieMeHThI B) u C] ObUIM paBHBI €MHHULIC WU HYJIIO.

Paccmompum npumep.

Omnpenenutb ypaBHEHUSI COCTOSTHUS B KaHOHUYEeCKOM popme Kopaana:
1) ¢ equHUYHBIMH eMeHTaMu MaTpuibl C; |

2) ¢ eIMHUYHBIMH DJIEMEHTaMH MaTpHIlbl B

JUISL CUCTEMBI, KOTOpasi 3aJjaHa CIEYIOIMMH YPaBHEHUSIMHU:

1 01 0 ]
x [k+1]=| -2 1 0]-x[k]+| 0 |-u[k]

0 1 2 0] |
yk]=(@ 0,0)-xk]  D=[0]

J

Pewenue:
IepBrbIii 3TAaN

Ornpenenenne KOpHEN XapaKTEPUCTUIECKOTO YPABHEHUS CUCTEMBI:
det(zE - A)=0

z-1 O -1
z-1 0 2 z-1
dett 2 z-1 0 |=(z-1 - =
-1 z-2) (0 -1
0 -1 z-2
=(z-1(z-2)+2=(2-22+1)fz2-2)+2=2"-22° +7-27° +42-2+ 2=
=2°-42>+52=0.
Haxonnm kopHH ypaBHEHHS:
z, =0;
Z, 3 HAXOJWM W3 YPaBHCHHSI z°—472+5=0. Z,, = 21~N-1=241j;
Z,=2+]; Z3=2-—]

Bropoii 3Tan

Onpenenenre cOOCTBEHHBIX BEKTOPOB, COOTBETCTBYIOIIUX KOPHSAM XapaKTepu-

CTHUECKOro ypaBHeHus 2, 22, %,

Ha ocHoBanuu npeoOpazoBaHus Mog00us:
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A=Q'AQ

A-Q=0Q- A |

[Ipeacrasmsis matpuiy Q — BEKTOP-CTOIOIAMH, TOTYIUM:
A-(0h: 8z Gs )= (0 01 05 ) A

(A' 0, A-Qp, A q3)=(q121,q222,q323)

dopmyna 15 pacuera MaTpuilbl Q 1o crondiam:

AGi =0z 3

(ZE-A)-q =0
CoOCTBEHHBIN BEKTOP, COOTBETCTBYIOIMN KOPHIO 21 = 0.
1 0 1Yaq, 0 +0;; =0
21 0|q,|=0 717 20u+G, =0
0 1 2)0y 0o +20;, =0

Ipumem %:1=1, torma %:=-1, %172, u, cooTBeTCTBEHHO:

O, 1
0, =0y |= 2
03, -1 _

2.2. CoGeTBeHHbIH BekTop s 22 =27+ )

1 0 1)a,) (G
-2 10 0 [=| Oz (2 + J)
0 1 2 O3, 03,

G, +0s, =Q12(2+ J)
_2q12 +0Qy, = q22(2+ J)
0y, +20; = q32(2+ J)
1
0, = —1+j

Amnanoruuno: % :1, torma %2 = 2+)-1=1+] ; O =0 (1) =1+ ] , T.€. 1+]

1
0; = _1_j

1
AHaJIOTUYHO ]

Takum 006pa3om, HOpMUPOBAHHAsI MAaTPHUIIA MPeoOpa3OBaHUMN Q paBHa:
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1 1 1 9, 0 O
Q:(Ch a, qs): 2 -1+ -1-j| 0 1P 0
-1 1+j 1-j )0 0 q;
e q|1’ qlz’ Ois - IIPON3BOJIbHBIC JUIMHBI BEKTOPOB ql, qz’ %,

Jlns onpenenenus amun d, %2 %3 pemons3yeM nomonHHTENBHEIE YCIOBHSL.

Tpernii 3Tam.
MacmradbupoBaHue MAaTPUIbI IPeoOpPa3oBaHUs.

3.1. JonmonuutensHbie yenosus: C, =(1 1 1)
C,=C-Q.C=( 0 0)
a P i3
(1 1 1):(1 0 0) 2q, (_1+ j)qlz (_l_j)qIS
—du (1+ j)chz (1_ j)q|3
(1 1 1):(q|1 Gz CI|3)
Q|1:1; ql2:1; 0 =1

1
3.2. JlonoJIHUTENBHBIE YCIOBUS: B; =|1
1

B,=Q7'B
2 1 _1
D@ 00, 51 151 1 53 ° 200
1=l 0 q; O |—=+—-j ——-=j —-—j| 0 |=|(1-3j)q;,
% % 1707100 "10 5! 10 10’ ( J.)q'_i
P ¥ B =l e e
10 10° 10 5° 10 10

—2; 0 :(1_3j); Qs :(l+3j)_

Hckombie ypaBHeHUs B KaHoHUUYeckoil hopme XKopnana nis ciydas 3.2.:

OTCI0/1a MOKHO OTPEIeTUTh: It =

0 O 0 1
x[k+1]=|0 2+j 0 |x[k]+|1|u[K]
0 0 2-] 1

y[k]=[-2 (1-8]) (1+3)]x[K]
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[IpeoOpa3oBanre KOMILJIEKTa MATPHI], OMUCHIBAIOUINX IWHAMUYECKYIO CH-
cTteMy B quckpeTHoM Bpemenu, A, B, C, D k kanonuueckoit opme Kopaana Moxer
OBITh BBITIOJIHEHO C TIOMOIIBIO CTaHAapTHBIX kKoMana Matlab:

sysl = ss(AB,.C,D)
[Jsys1,T] =canon(sys1," modal')
[AJ,BJ,CJ,DJ] ssdata(Jsys1)

B kanonmueckoit ¢opme “modal” marpuma A; uMeeT JUaroHaJIbHBIA BHII,
IIPUYEM Ha TJIaBHOM AMAroHalIW PacloJIOKEHbl JEHCTBUTENbHBIE KOPHU XapaKTepH-
CTHUYECKOT0 ypaBHEHHS, a KaXKJas mapa KOMIUIEKCHBIX KOpHEH o0pa3yeT 010k 2X2 Ha
IJIaBHOW JuaroHanu. Ecin, Hampumep cucremMa 4-ro Hopsiika HMMEeT KOPHH
a, v+ jo, ¥ — jo, .

y+loy=lo B 1o

a 0 0 O

0 0
A=l 7

0 - y» O

0 0 0 p
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Kanoanueckasi bopma vupapjasieMoCTH (CKAJAPHOE VIIPABJICHUE)

Kanonuueckoit ¢popMoit yrpapisieMOCTH SIBJISIETCS 3alIUCh YPABHEHUM COCTO-
SIHUSI TUCKPETHON CUCTEMBI B BUJIE:

0 1 ... 0 0
Xelkel]=| o | XalK]+ '(')'u[k]:ARxR[k]mRu[k]
-a, -4 ... —a 4 1

Y [k] =CeXg [k]+ DU [k] ,

rae: %0 &% - kod(GHUITMEHTE! XapaKTePHCTHYECKOTO YPABHEHHUS:

det(zE—A)=a, +a,z+..+a 2" +z" =0.

OcHoBHbIE CBOMCTBA 3TOM (HOPMBI 3aMKUCH 3aKITIOYAIOTCS B CIETYIOLIEM:

1) Matpunia A, HEBBIPOXKJEHA, MOCIEIHASA CTPOKAa MATPHIIbI OMPEAEIIETCS
KO3 puIMeHTaMu XapaKTepUCTUUYECKOr0 MOJIMHOMA CUCTEMBI. Bece ocTalibHbIE 3e-
MEHTBI PaBHBI HYJIIO 32 UCKJIIOUCHHEM | Ha JMaroHaau cipaBa OT TJIABHOM JWaroHa-
JIM.

2) Marpunia B, mMeeT Bce AJEMEHTHI paBHbIE HYJIO 3a UCKIIOYEHUEM I10-
CJIEJTHETO AJIEMEHTA, KOTOPBIM paBeH "1".

3) Marpuna npeoOpazoBanuss Q =T, KOTOpasl MO3BOJIIET HaAM Mpeodpa3o-
BaTh cHUCTeMy, ompeneinsemyio Habopom (A, B, C, D), B kaHoHHYeCcKy0 (hopMy
YOPABJISIEMOCTH, MOXKET ObITh BEIYHMCIIEHA PEKYPPEHTHO MO CTOJIOIAM:

X =Q- X :[ql’ qn]XR

Q'A-Q=A,
AQ:QAR’

0 1 0
Alg, a, ... d]=[a a0 .. q, 0 0

—a, —a .. —a,

[Ag, Ag, ... Ag]=[-08 %-0a ... Op—0Oua.)
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Tak kakx BCKTOP BR HN3BCCTCH: BR = O , TO MBI MOXXCM CHadaJla BbIYUCJINTD.

1
0
B=Q-B;=[q, ... q,] 0 =(, ¥ Jajuee MPOJOJDKHUTh MO OTJCIBHBIM CTOJIOAM:
1

q,=B

qn—l = Aqn + an—lqn

0, = Ag, +aq,

0 = Aql + ann

HOCJIGI[H}I}I CTpOKa CIYKHUT IJII KOHTPOJIA.

OHpCIIeJIGHI/IG MaTpHIbI Q npeamoJaaractT U3BCCTHBIM 3HAYCHHC KOZ)(l)(i)I/IHI/I-
CHTOB XapaKTCPHUCTHYCCKOI'O ITOJIMHOMA.

Kanoanueckasi hopMa BOCCTAHABJIMBAEMOCTH

Kanonuyeckass ¢gopma BOCCTaHaBIMBAEMOCTH JyaldbHa K KAaHOHHYECKOMN
dbopme ymnpasnsiemoctu. Ecnu Mbl moMetuM nHjekcamMu K MaTpuiibl U BEKTOp ITOM

bopMmBbL, TO A=A : B =Cxq ; C. =Bg . D =D,

Kanonnueckoit (popmMoil BocCTaHaBIMBAEMOCTH SIBJIIETCS 3alMCh YpaBHEHUUN

COCTOSHHA B BUAC:

0 _ao bo
X ketl=| T 0 T D e Y UK = A K]+ BU K]
0O ... 1 -a, b, .

Cr=[0 ... 0 1]

OcHOBHBIE CBOMCTBA ATOM (hOPMBI CIICTYIOIINE:
1) Marpunia HaOII0JaEMOCTH HEBBIPOXKIEHA, €CIM CHUCTeMa HalJrogaeMa.

PacrosiokeHue 3JIeMEHTOB B MaTpuile Ay COOTBETCTBYET TPAHCIIOHUPOBAHHOM MaT-

pune Agq.
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2) Ecnu cuctema 3amana mvabopom matpuil (A, B, C, D), To ¢ momomipio moj-
CTAaHOBKM QX, =X Q=T oOHa MOXeT ObITh MpeoOpa3oBaHa B KAHOHHUYECKYIO
dbopMy BOCCTaHABIMBAEMOCTH, TJIe¢ MaTpHIa npeodpasoBanuss Q MoXeT OBITH BbI-
YHCJICHA PEKYPPEHTHO TI0 CTPOKAM:

X=T-X

X =TX,

Torna, MOCKOJIBKY MBI 3Ha€M MATPHILy C, , TO MOXKEM 3aIHCaTh:

A =T AT

C,=C-T?

C.-T=C

Martpunel C, u C — MaTpuibl cTpoku. Torna 3amuceiBas Matpuity T mo cTpo-

KaM:

Takum 00pa3om cTpoka tn ompexensiercs anementamu Marpuus C: §, = C.

CJ]GI[YIOHIEUI CTpOKa MAaTpPpHIbI npeo6pa3013aHI/m OIIPCACIIACTCA COOTHOIICHHU-

em: 1 -A=AT .

OTtkypa ciaeayer, 4To:

t, 0 0 -a ||t
2 A — 1 0 - a1 t2
't 0 1 -a.,]|t,
't A at,
t, A _ t —at,
_tn A tn—l an—ltn

HpI/IpaBHI/IBaH MMOCJICAOBATCIIbHO CIIpaBa HAJICBO J3JICMCHTBI MaTpull B IIO-

CJIETHEM YPABHECHUH, MTOJTYUUM:

t =C,
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[Tocnennss cTpoka CIyKUT JJIs1 KOHTPOJIA TOYHOCTH BBIPAKEHUU.

OnemeHTHl &; , 1 =0, I, ... N-1 MaTpumbl A MOXXHO OIPEACITUTH C IIOMOIIBIO

det(zE-A
XapaKTEPUCTUYECKOTO MOJIMHOMA ( ) i ¢ noMmouplo anropurma dagneena.
DJeMEHTHI MaTpUIlbl B, BBIUHCIAIOTCS COMIACHO BBIPAKCHHUIO:

B,=T-B

K kanoHnyeckou (1)0pMe BOCCTAHABJIMBAEMOCTH cHCTeMa K — Pa3sHOCTHBIX

YpaBHEHUH, MPEICTaBICHHBIX B MATPUYHOU (hOpMe, MOXKET OBITh IpeoOpa3zoBaHa C

MOMOIIBIO CcTaHmapTHOH komaHael Matlab: canon ¢ mapamerpom “companion” — co-
MyTCTBYIOMIAs popma:

sys1 = ss(A,B,C,D)
[Ksys1,T]  =canon(sys1," companion'')
[A..B,C,.D,]= ssdata(Ksys1)

[ksys, T ] = canon(sysL, "companion”)
[A,By.Cy,D, |= ssdata(ksysl)
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12. CuHTe3 2JIrOpuTMOB HAOJIIOIEHMSI

[Ipy pemieHMM NPAKTHYECKUX 3a1ad YIpPaBICHUS METOJAMHU IPOCTPaHCTBA
COCTOSIHUSI 4acTO BCTPEYAIOTCS CIydad, KOT/a HE BCE NEPEMEHHBIE COCTOSIHUS OKa-
3BIBAIOTCA U3MEPSIEMBIMUA. ITO OOBIYHO MMEET MECTO B 00BEKTaxX C pacipeieICHHbI-
MU [TapaMeTPaMH, B CIIOKHBIX OOBEKTAX YIPABICHUS U TaK Jajee.

Jnst Toro 4ToOBI BOCIOJB30BaTHCA TEOPUEH MPOCTPAHCTBA COCTOSHUS ISt
YIpaBIEHUS] STUMH OOBEKTaMH, HEOOXOAMMO PacCUMUTHIBATh HEU3MEpPsSiEMbIE Iepe-
MEHHBIE COCTOSIHUS 00BEKTA 110 €r0 U3MEPSIEMBIM BXOJIaM U BBIXOJaM.

3ajauu, B KOTOPBIX MBI HE 3HAEM WJIA HE MOYKEM HEIOCPEACTBEHHO U3MEPUTh
BCE KOMIIOHEHTBI BEKTOpPA COCTOSIHUS, OTHOCATCS K KaTErOpHWH 3aJad YIPaBIICHUS
IIpY HEMOJHOW MH(popManuu. Pa3nuyaroT npu 3TOM AETEPMHUHUPOBAHHBIE U CTaTH-
CTUYECKHUE METObI OLICHUBAHUS BEKTOPA COCTOSTHUSI.

PaccMOTpuM CHHTE3 IE€TEPMUHUPOBAHHOTO HAOMIOAATENSI COCTOSHHS CHUCTE-
MBI TIOJIHOTO NOPAJIKA, KOTOPBIN 110 U3MEPEHUAM BXOJHBIX U BBIXOJHBIX ITEPEMEHHBIX
00BEKTa BOCCTAHABIMBAIOT BEKTOP COCTOSHUS O0BEKTa (IIOJHOCTHIO BCE N KOMIIO-
HEHT).

JlomycTtuM, 0OBEKT YIIpaBIEHUS ONMKUCHIBAETCS CUCTEMOW YpaBHEHUIA:

X[k +1] = Ax[k] + Bu[k]

y[k] = Cx[k] : (12.1)

VY o0bekTa p<n BBIXOAOB, N — MOPSIIOK OOBEKTA.
[Ipeanonaraercs, 4YTO BBIXOJAHbIE MEPEMEHHbIE O0BEKTA JIMHEWHO HE3aBHCH-
MBI, TaK 4TO paHr Matpuisl C paBeH p.

Hao6arwnartens Jlyen0eprepa nojiHoro nopsiaika

Nnes cuHTE3a HAOMIOJAIOINIETO YCTPOMCTBA, IpeaiokeHHoro Jlyenoeprepom,
OCHOBBIBAETCSI Ha MPEJTOI0KEHUH, UTO MaTpullbl A, B 1 C U3BECTHBI, TaK YTO 00b-
€KT, MOJIEJIb KOTOPOTO SIBJIIETCS YacCThIO HAOMIOJATENS, MOXKET ObITh MPOMOACIUPO-
BaH. Ha Mozenu o0bekTa Mbl U3MepsieM OLIEHKY BeKTopa cocTosHus X[K] u Haxoaum
BEKTOP:

ulk]=-K- )_([k]’

rae K — marpuia perynsaropa, ¢ HOMOIIbI0 KOTOPOTO MbI BO3JAEHCTBYEM KakK

Ha peajbHbI O0BEKT, TaK U HA MOJIENb.
HabmonaTens onucsiBaeTcs ypaBHEHUEM
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Xk+11= A, -%[K]+B, -ulk]+H, -yl (12 2)
3ajava 3aKJII0YaeTcsl B HAX0XKICHUH Takux matpul, A, B ,H, , npu kKoTopbIx

X[K] acumnroruueckn crpemutcs k X[K].

Breruutast ypaBHenue (12.2) u3 ypaBHenus (12.1), Mbl modaydyuM BEKTOp
OIMOKY OLIEHUBAHUS COCTOSHHUS:

AX[K] = x[k] = X[K];

AX[k +1] = AX[K] + Bu[k] - A, - X[k]-B, -u[k]- H_ - y[K] =

= AX[K]+Bu[k]= A -X[k]-B -u[k]-H  -Cx[k]=

= A, -X[K]- A, -X[K]- A, -X[K]+ (B~ B,)-u[k] + AX[K] - H,, - CX[K];

Ak +1] = A -AX[K]—(A—A —H_-C)-x[k]+(B—B,)-X[KI.
(12.3)
Jlnst Toro uto0Osl Bekrop ommOku AX[K] onenku X[K] acumnrormuecku crpe-

MWJICA K HYJIIO, JOJIKHBI BBIIIOJIHATBHCA CIICAYIOINNEC TPU YCIIOBUS:

A, =A-H, C;

B, =B;

AX[k +1] = (A—H, -C)- AX[K].
(12.4)

Cucrema, onucbiBaeMasi IMOCJIEIHUM YPAaBHEHHEM, JOJKHA ObITh yCTOMYMBOM
cucremon. CrenyeT OTMETHThb, YTO IPH BBINOJHEHUHU YCIOBUS BH =B BEKTOP

omnOku Ax[K] HeympaBiisiem, TO €CTh yIpaBisSIOIME BO3IECUCTBHUS HE MOTYT BIUSThH

Ha Cro BCJIIMYUHY.

Marpuna BH CUCTEMBbI BBIOMpAETCs TaK, YTOObI KOPHHU XapaKTEPUCTHUECKO-

IO YpaBHEHUS yJIOBJIETBOPSIINA YCIOBHUIO:

detZE-A+H, -C)= ]i‘l[(z z,), 2 <1’
IIPU 3TOM CUCTEMA SIBJISIETCA YCTOMUMBOM, U BEKTOp omOku AX[K] ctpemurcs
K HYJIIO IIPU K —> .
[Tocne moacranoBku BeipaxkeHuit (12.4) B ypaBuenue (12.2) mosyunm ypas-
HEHUE HAOIIOAaTelIs:
X[k +1] =(A—H,-C)-X[k]+ Bu[k]+ H, -Cx[k] =

= AX[K] + Bu[Kk]+ H , - CAX[K]. (12.5)
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MOoXHO 3aMEeTUTh, YTO HAOIIOJATENh MPEICTABIAECT COO0M MOJETh 00BEKTa,

Ha KoTopyro BosaelicTByer Bekrop ommOku AX[K]. CoorBercrByromas 6Gnok-cxema
npuBeneHa Ha puc.12.1.

X[k

ulk] Mk +1] (k]

—— B =

Y B ;1

Puc.12.1. bnok-cxema 00beKTa yrpaBieHUs U HAOIIOAATeNsI COCTOSIHUS.

ITosryuuM OCHOBHBIE COOTHOIIEHHUS I pacdyera InapaMeTpoB HaOJIONATeNs
IIOJIHOTO mopsiaka. Mrak, B cilydae BbIOOpa mapaMeTpoB HAOJIONATENsl B COOTBET-
CTBHM C PACCMOTPEHHOMU BBIIIE METOIUKOM:

A, =A-H,-C;
B, =B.

XapakTepucTUYECKUil OJIMHOM HabJroAaTeNst OyJ1eT UMETh BU/L;

Q(z) =det(zE-4+H, -C) :anﬂ,i 7',

h— (12.6)
brok-cxema cucTeMbl, peanu3yomas alropuT™M yIpaBiIeHUs Ha OCHOBE BOC-
CTaHOBJICHHOTO BEKTOpPA COCTOSIHUS, MPEICTaBIeHa Ha puc.12.2.

k k
Dl k] sik)
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Puc.12.2. biok-cxema cucTeMbl, peaau3yIolias aJropuT™ YIIpaBIeHus Ha OC-
HOBE BOCCTaHOBJICHHOT'O BEKTOpPA COCTOSIHHUSI.

INPUMEP. PaccMOoTpuM MPOCTON C BBIYUCIUTEIBLHOW TOUYKHA 3PEHUS TIPUMEDP
pacuera napaMeTpoB HAOIIOATENsI COCTOSHUS JAJII CUCTEMBI BTOPOTO MOPSIIKA.
[TycTh OOBEKT yIPABIICHHS ONUCHIBAETCS CUCTEMOIN YPaBHEHHUIA:

{x[k +1] = AX[K] + Bu[K]
yIk] = Cx[K] |

meA:(—ol 3, B:@,c:(z 0)

Heobxoaumo crnpoektupoBaTh 1UGPOBOM HAOIIOIATENb, KOTOPBIA BOCCTa-

HaBauBaeT nepeMeHnnle coctoguus X[K], X,[K] mo Beixomnoi nepemennoit Y[K].

[MudpoBoil HabIMOHATENb COCTOSIHHSI UMEET PACCMOTPEHHYIO paHee CTPYK-
TypHYI0 cxeMy. Ero ypaBHeHHE COCTOSIHUS 3aIIUILIETCS B BUJIE:

X[k +1] = A-X[k]+ B-u[k]+H, - C(x[K] - X[K])
XapakTepucTUYECKOe YpaBHECHUE HAOII01aTelsI UMEET BU/I;
detzE-A+H, -C)=0
Tak kak

0 1 h 0 1 2h 0 —2h 1
A_HHC: . nl .(2 O): . nl — nl

-1 1 h,, -1 1 2h, O -1-2h, 1
TO

z+2h, -1
det(zE—- A+ H,, -C) =det =(z+2h,)-(z-1)+1+2h,

1+2h, z-1
2" +(2-h,-1)-z+1+2-h,-2-h, =0

CopoektupyeM HaOII0gaTe b, UMEIOMIMN alepUOJUUECKYI0 PEaKIUI0, IPH
xoropori X[K] mocturaer smauenms X[K]3a n murepBanos kBanroBanms, rae N — mo-

psAnok oObeKTa yrpaBieHus (B paccMaTpuBaeMoM ciydae N=2). [[ns 3Toro HeoO6xo-
MO, 9TOOBI XapaKTEPUCTUICCKOE YpaBHEHNE HAOIIOJATENs UMEN0 BU/:

2% = 0,
uro gocruraercs mpu N, =0.5 u h,=0. Takum o6pasom, marpuma kod>¢h-

(UIIUEHTOB 3aMKHYTOTO HAOTI0IaTENs] UMEET BUJL:
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-1 1
A-H,-C=
-11

3anuiieM ypaBHEHHS COCTOsIHUA HaOroaaresns npu U[k]=0:

11 10
X[k +1] = (_1 J - X[K] + (o oj - X[K]

3aI[aILI/IM IIPON3BOJIBHBIC HAYAJIBbHBIC YCJIOBUA JIA 00BEeKTa YIIPaBJICHUA H

HAOIIOIATENIS:

)

Paccuuraem BCKTOPbI COCTOAHUA 00BEKTa YHPAaBJIICHUS U Ha6HIOI[aTeHﬂ:
ol G o o o)
-1 1)10 -1 , -1 1)\2 0 0)1\O 2
a5 ) GG o)
-1 1) (-1 -1 ’ -1 1)\2 0 0) (-1 -1
SR Py W R P B
-11) (-1 0 , -1 1) (-1 0 0) (-1 0 .

Kak BHIHO W3 NpPOBEIEHHBIX PACUETOB, NEPEMEHHBIE COCTOSHUS OOBEKTa
YIpaBJICHUS U HAOII0aTeNs] HAUMHAIOT COBMAIATh Yepe3 ABa TaKTa KBAHTOBAHUSI.

AJITOpUTM pacuyeTa MAaTpPUllbl 00PATHBIX cBs3ell Ha0aoaaTesa JlyenOep-
repa ¢ mOMOIbI0 CONPSKEHHON KAHOHUYECKOH (pOPMBbI EPEMEHHbIX COCTOSHUS

Jliis onipenienenus nmapamMeTpoB HaOmogaTesNsl MOCTYIUM aHAJIOTUYHO CUHTE3Y
perynaropa, TO ecTh CHavaja mpeoOpa3yeM ypaBHEHHE HaOJrogaTens K KaHOHUYe-
CKO# popMe BOCCTAaHABIMBACMOCTH:

X[k]=Q - Xg[K]; (12.7)
X[k +1] = AX[K] + Bulk]+ Hy - C[X[k] - X[K]]=
= Axk]+Bulk]+ Hp - y[k]-Hp - C - X[k] (12.8)

[IpeoOpa3zoBanne K KAHOHUYECKOUW (JopME BOCCTAHABINBAEMOCTH:
xglk +1]=Q1- AQ-xg[k]+ QL Bulk]+ Q% -H y-y[k]
~Q7'Hy -C-Q-xg[k]

BBeneMm 0003HaueHUS:
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Hug =Q ™ Hiy;

Cg =CQ;
Q™ -B=Bg; (12.9)
) 0 —ag ]
Ag _0la0= 1 1 0 -a
0 .. 1 —an-1]

(12.10)
Kanonuueckas ¢popma 3anucu matpuiibl C UIMEET BH]T
Cz=[0 .. 0 1].

yik]=[0 ... 0 1]-xg[k]

Takum 06pa30M, IIOJIYYUM YPABHCHHUC IJIA Ha6JIIOI[aTeJIH B KAaHOHMYECKOU
(bOpMC BOCCTaHAaBJIMBACMOCTH.:

0 .. 0 -ag—hpp | hyp |
1 ... 0 -a-h h
xg[k +1] = 17 HB2 ) a[k]+Bg -ulk]+| B2 . y[k]
0 .. 1 —ay_1—hugn L "HEn | (12.11)

XapakTepruCTUICCKOE YpaBHEHNE HAOIIOIaTEIIS

n-1_,.n
(ao+hHBl)+(a1+hH52)z+...+(an_1+hHBn)z +2z =0.
CpaBHuBasi KO3QQPUITMCHTHI 3TOTO YPaBHEHHSI ¢ KOIPPUITUCHTAMH KeJIaeMO-

r'0 XapaKTEPUCTUUECKOTO ypaBHEHHS (6), OMpeaesisieM mapaMeTpbl HabIroqaTers:
hygi =Bi—1—aj—1, i=12,..,n

Martpunia oOpaTHON CBsI3W HaAOMIOAATENs B €CTECTBEHHOM Oaszuce (MCXo-
HOM):

Hy =QHpp

rae Q — MaTpuia mpeodpa3oBaHK UCXOTHON CUCTEMBI YPaBHCHUN K KAaHOHHU-
4yecKkol (hopMe BOCCTaHABIMBAEMOCTH.

AnTOpuTMBI NIpeoOpa3oBaHUs MATPULbI K KAHOHUYECKUM (popMaM MOAPOOHO
M3JIOKEHBI B KHUTAX [0 MATPUYHOMY CUMCJIEHHUIO, & TAKKE IO MUKPOIPOLIECCOPHBIM
CHUCTEMaM U XOpOIIo peanu3yroTcs Ha DBM.

INPUMEP. PaccmoTpuM yXe NpPHUBEICHHBIM paHEe NpUMEp pacyera mnapa-
METpPOB HAOJIOIaTEIIsl COCTOSHUS /1JIsi CUCTEMBI BTOPOTO MOPSJIKA.

[TycTh OOBEKT yHpaBIICHHS OMUCHIBAETCS CUCTEMOM YpaBHEHHUIA:

{x[k +1] = Ax[k]+ Bu[K];
y[k] = CxX[K].
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re A=[_°1 ﬂ B=@,C=(z 0).

Heobxoaumo crnpoektupoBaTh IUGPOBOM HAOIIOIATENb, KOTOPBIA BOCCTa-
HABJIMBAET INepeMeHHble cocTosuus X [K],x,[k]mo BeixomHoii mepemennoi Y[K], ¢

HCIIOJIb30BaHUEM COIPSHKEHHON KaHOHUYECKOM (POPMBI IEPEMEHHBIX COCTOSHUSI.
3anuinem XapakTepUCTUIECKOE ypaBHEHUE O0BEKTa YIPABICHUS:

Z -1 2
det(zE — A) =det =2“-z+1
1 z-1

Takum o6pazom, 8, =1 u @ =—1. Marpuma A MoxeT OBITh IPHUBEIEHA K CO-

NpsSKEHHON KaHOHUYEeCKOH popme:

0 - dp 0 -
AB = =
1 - 1 1
Jns 3aMKHYTOTrO HaOIO1aTEIs:
0 —ap—hppy
Ag —Hpp-Cp =( H
1 —a—hyp2
Jlns cnydas anepruoIndecKor peakunu Hauaem:
—ap —hyg =0=hpg =—ap =-1
—& —hyg2 =0=hppy =—a; =1

Takum o6pa3zom:

ol

Martpuriia npeobpazoBanus Q B JaHHOM NMpUMepe paBHa:

(0 05
Q= 05 —-05

TOFI[a OKOHYATCJIHbHO HOquHM:
e —OHen = 0 05)(-1) (05
H=~"HB "l o5 —_05) 1) |0

Cunre3 Ha0/MI0/1aTENIsl COCTOSIHMSI IOHMKEHHOT0 MOPSIJIKA

Panee Obla paccMOTpeHa METOJIMKA CHHTE3a HaOJII0IaTelIsl TIOJTHOTO MOPSII-
Ka, KOTJia MOPSAKYA HAOMIOAATeNs U CUCTEMBI COBMaanu. B olmiem ciiydae, Tak Kak
I' BBIXOJHBIX TIEPEMEHHBIX SIBJISIOTCS JTUHEHHBIMU KOMOMHAITUSAMHU TIEPEMEHHBIX CO-
CTOSIHMS, HEOOX0IMMO BoccTaHaBImBath He Oomee '~ 1 cocrosmmit. Dta umes pea-
nu3yeTcs B HaOoaaresie mMoHMKEeHHOTo nopsiaka. Cienayer, 0JHaKo, OTMETUTh, YTO
npu omnpeneneHud ' mepeMeHHbIX COCTOSHUS HEMOCPEACTBEHHO MO HAOJI01aeMbIM
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BBIXOJIaM HMMEETCS MEHBIIIE BO3MOKHOCTEH B OOecTieueHHH TpeOyemMoul IMHAMUKH
HaOJr0IaTENS.

PaccMoTpuM QyHKIIMOHAIBHYIO CXEMY CHCTEMBI ¢ HaOJII01aTeIeM TTOHMKCH-
HOTO TIOPSIKA.

Ae+1] x[k] yk]
——N B ;L == € S
A
R;
wik+1] k] ~z X|k]

=N Bs 71 3 L

4

Puc.12.3. biok-cxema 00beKTa yNpaBieHUs U HaOIIOAATENs COCTOSIHUS TI0-

HWXXCHHOT'O IMOpsAJaKa.

HaGmonatens umeer mopsaok N—r . KommonenTsl N-MepHOro BekTopa X[K]
oOpasyrorcs uz N—I BoccraHaBIMBaeMbIX COCTOSHMI B Bujae Bekropa WK] m r -
meproro sBexropa Y[K].

HabGnrogaTennb MOHMKEHHOTO IOPSJIKA MOXET OBITh CIPOCKTHPOBAH C HC-
M0JIb30BAHMEM IPHHIIMIIA MTPEOOPA30BaHUS K CONPSIKCHHONW KaHOHHYECKOW (opme
MEPEMEHHBIX COCTOSHUSA. PaCCMOTPHM CHCTEMY € OJTHUM BXOJOM U OJTHUM BBIXOJIOM.

{x[k +1]= A-x[k]+B-u[K];

y[k] = Cx[K].

y[k] = Cx[K].

[TycTh cuctema siBisieTcst yrpaBiisgseMoil u HaOmogaeMoi. C MOMOIIBIO TIpe-
oOpa3zoBaHus

h[k]= Pxk]

cucTeMa Mpeodpa3yeTcsi K COMPSHKEHHON KaHOHUYECKON (hopMe MepeMeHHbIX
COCTOSIHUS

h{k +1] = A;h[k] + Bu[k] ’

rae matpuna A = PAP™ umeer Bun
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0 0 - 0 —ag
1 O 0 — a1

A:L: O 1 e O _a2
0 0 - 1 —ay 4

VpaBHEHHUE BBIX0/1a IPE0OPa3yeTCs K BUILY

yIK] = Coxk]

rme C,=CP*=(0 0 --- 0 1) — (Ixn) - marpuIa.

HabroaTesp MoIHOro MOPSIIKa I HCXOJHON CHCTEMBI OIMCHIBAETCS YPaB-
HEHUEM

X[k +1] = (A—QC)X[k]+ Bu[k] + Qy[k] ’

rac Q N (n Xl) - MCpHasA MaTpHlla. Ha6J'II-0I[aTeJII> IIOJIHOTO IMOopsAdKa HJIA CH-
CTCMBI, HpGHCTaBHeHHOﬁ B COHpﬁI)KGHHOfI KaHOHUYECKOM (bopMe, OIIKMCBIBACTCA ypaB-
HCHHCM

hik +1]= (A — KyC)h[K] + Byulk] + Ky y[k].

rie Q - (nx1) - MepHasi MaTpulla 0OpaTHOU CBSI3W HaOMrojaTesnd. Tak Kak
C,=0 0 --- 0 1), T03TO O3HAYAET, YTO

ylk]=hn[k],

TaK 410 HeoOXoauMocTh B Bocctanosiaenuu N [K] ormamaer. UroGwr BoccTa-

HOBHUTH OCTABIIHCCA (n—l) MNEPEMCHHBIC COCTOSHUA WU UMCTh BO3MOKHOCTH IMPOU3-

BOJILHO (DOPMHUPOBATH COOCTBEHHBIE 3HAYEHUSI MATPUILbl 3aMKHYTOIO HAOJ0JaTENs,

MTOJIOKHUM
1 0 0 —-B
0 1.0 -
M= = DO P2
0 0 1 -Bpy
0 00 1
Torma
1 0 0 B
010
M= BZ
0 01 Bpy
0 00 1

-1
DTO IPOBEPSETCS HENOCPEACTBEHHBIM BBEIYMCICHUEM ITpon3BeaeHns MM .
IIpeobpasyem Teneph cucremy ¢ nepemennsiMu coctosaus N(K) x cremyro-

el cucTeMe
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Wik +1] = Apw[K] + Bou[K]
ylk]=Cowik]

rne Wk]=M h[k].

Takum 00pazom:

Ay =MAM . By=MB. Co=CM ™+
| 00 - 0 -ag
100 -pB 1
| 10 - 0 -a
4|0 10 -p, 0
Ap=MAM =] =T e 01 - 0 -a
001 Bpgf., . . . .2foo
0 0:0 1 ' 0 0
00 1 —ay 4
00..-By -ag+an_1Ps
10..-B2 —ay+ap P2 100 B
01..=P3 —az+an1Ps 010 B2
............................................ 0 0 1 By
00...-Bn1 —an—2 +a3-1Bn1 0 OEO 1
00... 1 -ajg
00..-B1 -PiBn-ap+anPs
10..-B2  P1-Bn-1B2 —a +an_1P2
01..-B3 P2—-Pn-aPz—az+a,_1P3

00... 1 Ppi-apa
Marpuna C, umeer BUA:
Co,=(0 0 0 1)

2
00...-PBn-1 Bna-Bn-1—an—2 tapn_1Pn-

VYpaBHeHue HaOM01aTENsl B HOBOM 0a3uce UMEET BU/L;
Wk +1]= Ay - W[k] + By -u[k] + L - C5 - (Wik] — W[k])
Tak kak Y[k]=w,[k], W [k]=w,[k], To:

L-Cp-(Wk]-wlk])=0

CJICA0BATCIIbHO!

Wlk +1]= Ay - W[k] + By - u[k]

[IpeacTaBuM NoJiydeHHOE ypaBHEHHUE B CIEIYIOLIEM BU/IE:
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rmae:
W
W

wh=| 2
V_Vn—l )

Takum oOpazom:

WK +1] = Ay - WHK] + Ry - Wi [K] + By - u[K]

niim

Wik +1] = Ay - Wk]+ Ry - y[K]+ By -ulk]
XapakTepuUCTUUECKOE YPAaBHEHUE MATPULIbI Az :
det(zE — Ap)=z"L + B 1- 2" . 4+ Brz+ Py =0
BekTop cocTosiHMS, pacCUMTaHHBIA HaOIIOAATENIEM:

X[k]=(MP) - w[k]

INPUMEP. PaccmoTpuM yKe NPHUBEICHHBIM paHEe NMpUMEp pacyera mnapa-
METPOB HaOJI01aTeNsl COCTOSIHUA JIsl CHCTEMBI BTOPOTO MOPSAKA.
[IycTh OOBEKT yHpABICHHS OMUCHIBAETCS CUCTEMOIN YpaBHEHHUIA:

{x[k +1]= AX[K]+ Bu[K];
y[k] = CX[K].

rie Az(_ol ﬂ B=Gj,cz(2 0).

Heobxoaumo crpoekTupoBath 1nudpoBoit Habt0onaTe b MOHMWKEHHOTO TIO-

pAIKa, KOTOPBI BOCCTAHABJIMBAET NEPEMEHHYIO cocTosHus X,[K]mo BeIXOmHOM me-

pemennoit Y[K].
Matpuna P, mpeoOpa3yromas matpuily A B CONPSDKEHHYIO KaHOHUYECKYIO
dbopmy, UMeeT BUJI:

sty

3anumem B MaTPHIIbI A2 M1 CUCTEMBI BTOPOTO IIOpsAAKa:
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A, :[_Bl - _a0+al'61]

1 Pr—&
3nech dy,d; — KOA(p(UIHMEHTHl XapaKTEPUCTUYECKOTO YPAaBHEHUS! MaTpPHILIbI
A
z -1
det(zE—A)z‘ ]J:zz—z+1
1 z-

Takum ob6pazom, &, =1 u a =-1. [lapamerp B, ompenmensercs U3 Xapakre-
PHCTUYECKOTO YPaBHEHUS MATPHIBI A, :

Z+ [31 =0 .

s mosy4yeHus anepruoIMIeCKOro MPOoIecca MOJIOKUM 3, =0.

Hp€O6pa30BaHHBIﬁ Ha6JIIOI[aT€J'IB IICPBOI'0 IMOPAAKa OIIMCBIBACTCA YPABHCHH-
CM:

v_\ll[k+1]:,3\2-v_v1[k]+R2-y[k]+|.5;2-u[k]’

rac

Ag =By =0.

R2=—B12—ao+al'l31=—1;

ey B[ -5
0 1 2 0)l1) (o

Torna:

Wik +1]=—y[k] +2-u[k]

ITycts U[K]=0. 3amaguM mpomsBoibHBIE HAYAIbHBIE YCIOBUS IJIi OOBEKTA

YIPAB/CHNs U HAOIONATEIIS:
x[0] = [;j - W[0]=0.5,
Torma:
(%) )
yI0]=2. y[t]=0. y[2]=-2.
w'1]=-2. w'[2]=0.

0. -2 0
2] ] e

[Tocne npoBeaeHus: 0OpaTHOTO MPEOOPA30BAHUS MOTYUHM:
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x[k]=(MP) L. wik].

(5 B (5 2
w5, 742
wls GH)
(s 2

Kaxk BHUJIHO M3 PC3YyJIbTATOB, JOCTUIHYTasd OLUCHKA COBIIAJAacT C BEKTOPOM CO-

CTOSIHUSI OOBEKTA YIPABJICHUS Yyepe3 | meproj] KBAaHTOBAHMS.
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13. 3agaHus A5 CaMOCTOAITEILHOW PadoThI

13.1. OnpenesieHne BbIYETOB

1. Onpenenuts BbIUET QYHKITHH:

S

Fs)= cos(s) -

. Onpenenuth BEIYET @yHKHHH:
s+1

F(s)= (5_1) .

. Omnpenenutdb BbIYET GYHKIUU:
s-1
(s—D2(s+2)

. Onpenenuts BbIYET PYHKIUU:

F(s)

F(s)=

2s% +s
T s(Bs+1)
. OnpenenuTs BbIUET QYHKIINM:
F(s)= DD
s°(s+0.5)

. Onpenenuts BTOPYIO NPSIMYIO pa3HOCTb OT pelIeTYaToOn (PYHKIUU:

f[KT]=ap+a,*kT+a,*(KT)%

. Onpenenuts BTOPYIO NPSIMYIO pa3HOCTh OT peleT4aTon (PyHKIUU:

f[KT]=2*KT+0,4*(kT)%

. Omnpenenutsb MepByIo MPSIMYIO Pa3HOCTh OT PEMIETYATON (PYHKITUU:

f[kT]=ag+ar*kT+a,*(KT)2.

. Omnpenenutsb MepByIo MPSIMYIO Pa3HOCTh OT PEIIeTYaTON QyHKIUU:

f[KT]=2*KT+0,4*(kT)%

10.Onpenenuts NEpBYIO MPSAMYIO PA3HOCTH OT pelieT4aTon PyHKIUu:

f[KT]= ag - 2*KT - 1,4%(kT)>.

11, Haiitu opuruHan ajis QyHKIUN:

z2(z +1)

F(z)=
(2) (217

12.Haittu opurunan ajis QyHKIIuu:

Z
(z-1)%

F(z)=

13.Haittu opurunan ajis QyHKIuu:

Z2

F(z)zz—.
(z°-2z+1)

14.11o 3agaHHOMY U300paKEHUIO CUTHAJIA!
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Z2

( 2227+ 1)

MOJTyYUTh JICJICHUEM YHCITUTENS Ha 3HAMEHATEe b TIepBhIe IMATh Touek rporecca f[KT].
15.11o 3amaHHOMY M300paKEHUIO CUTHAJIa

2(z +1)

(z-1)°

IMOJYYUTDb ACJIICHUCM YHUCIIMTCIEA Ha 3HAMCHATCIIb IICPBLIC IISATh TOYCK IIPOLICCCa f[kT]

F(z)=

F(z)=

13.2. OnpenesieHue Z- nepegaToyHoil pyHKIUH

1. 3apaHa CTpyKTypHas CXe€Ma CUCTEMBI:

v

f
_’ﬁ?_’ 1 > OHII —» o,(lj;il
(OHII- sxcTpanonstop HyneBoro nopsijaka, T=0,2¢).

[Tonyunuts Z- nepenaTouHyro (PyHKIUIO 3aMKHYTOM CHUCTEMBI MO YMPABIISIO-
IEMY BO3/ICHCTBHIO.

2. 3ajgaHa CTpYKTypHasi CXeMa CUCTEMBbI:

f
’ |- |- K
_8T J_ > OHII | (TIp+1)(T2p+1)

[Tonyuuts Z- nepeaatounyro GyHKIHUIO 3aMKHYTON CUCTEMBI 110 OIIUOKE.

v

3. 3amaHa CTpyKTypHasi CXeMa CUCTEMBbI:

— | — DHI —> ooy, —>

p(0.2p+1)

Onpenenuth Z- nepeaaTouyHyro GyHKIIMIO CUCTEMBI.
4, 3amaHa CTpyKTypHasi CXeMa CUCTEMBI:

— 1

K
p>+2p+1

v

OHII

v

Onpenenuts Z- nepeaaTouHyro (YHKIIMIO CUCTEMBI.

S. [Tonyunts Z- mepeaaTroyHyro (yHKIHUIO CUCTEMbI C 3KCTPANOISITOPOM
HYJIEBOTO TIOpSAJKA, HEMNpepbhIBHAsT YacTh KOTOPOM HUMEET MepelaTOuHYIO
GyHKUHIO:
W(s)= > .
s(s+1)(s+10)
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6. Haiitu Z- nepenatounyio (yHKIHUIO JUCKPETHOW CHCTEMBI:

J_ > OHII T p(T,p+D)
1. Haiitu Z- nepenarounyio (yHKIIHUIO TUCKPETHON CHCTEMBI:
—> — K ___ —
J— p(T,p+1)(T,p+1)

13.3. PacueT nmepexoaHbIX MPOIECCOB B MMITYJIbCHBIX CHCTEMAX

1. PaccuuTarh nmepexoAHBIN MpoliecC B CUCTEME, 3aJJaHHOM cBoel Z- Tiepe-
JTATOYHOU (PYHKIIUEH:
5z-0,5
22 +122+032
Bxozuoii curnan g[kT]=2%, HauanbHble yCII0BHS HYJICBbIE.

W(z) =

2. Paccumrtarh 3HAYCHMS TIEPBBIX ISATH TOUYEK IMEPEXOTHOTO TIpoIiecca B
NC, 3amannoii cBoeit Z- nepenatouHoi GyHKIUEH:
z-0,7
22 +0,62+0,08
Ha BxoaHo# curnani, Z- u300pakeHre KOTOPOro UMEET BU/I:

W(z) =

G() =

ITPpHU HYJCBBIX HAaYaJIbHBIX YCJIOBHUAX.
1 2

3. TlomyuuTh aHANIUTUYECKOE BBIPAKEHHE /IS pacyeTa MepPexoqHOro Mpo-

1ecca B CUCTEMeE, 3aJJaHHOM CBOeH Z- mepelaTouHON (hyHKIUEH:
5

22 -122+036
Bxozuoii curnan g[kT]=2%, HauanbHble yCII0BHS HYJICBbIE.

W(z)=

4, Tlony4uTh aHAJTUTHYECKOE BBIPAKCHHUE JIJIS pacueTa MEpexoIHOro Mpo-
1ecca B CUCTEMeE, 3aJJaHHOM cBOoel Z- mepelaTOuHON PyHKIIUEH:
5z-05
22 +122+032
Bxonnoit curnan g[KT]=1+k, HauanbHbBIC YCIOBHUS HYJICBBIC.

W(z)=

5. Paccuurarh myTeMm JeNeHUs MOJIMHOMA YHUCIUTENS Ha MOJMHOM 3HaMe-
HaTeJlsd 3HaYEHUs TIEPBBIX MATU TOYEK nepexoaHoro mnpoiecca B C, 3aganHoi cBoeit
Z- niepeaTouyHol (PyHKITUEH:

5z2-05
22 +122+032
Bxonanoi curnan g[KT]=1+k, HauaabHBIC YCIIOBHUS HYJICBBIE.

W(z)=
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13.4. PacueT cBOOOIHOIO U BHIHYK/JAE€HHOI0 IBU:KEHU B ciCTeMe

1. Haiitu cBoOOIHOE IBM)KEHUE JTUHAMHYECKON CUCTEMBI, OITMCHIBAEMOM
YpPaBHEHHEM
X[k+2]-2x[k+1]+x[K] = 29[k],
glk] = 2¢
[IPYA HAYAJIbHBIX YCIOBUAX

x[0] =1; x[1] = 2.

2.  HaiiTu BeIHYXI€HHOE JBUKEHUE JTUHAMUYECKON CUCTEMbI, OITUChIBaE-
MOW YpaBHEHHEM
X[k+2]-2x[k+1]+x[K] = 29[K],
BO3HHUKAIOIIEE MOJI IEUCTBUEM BXOJIHOTO CUTHAJIA
gkl = 2"
IIPY HAYaJIbHBIX YCIOBUSX
x[0] =1; x[1] = 2.
3. Haittu peakunto IUCKpETHOW TMHAMUYECKOW CUCTEMBI, OIIUCHIBAEMON
YpaBHEHHEM
X[k+2]-5x[k+1]+6x[K] = g[K],
HA BXOJHOM CHUTHAJI
glk/ = I+«
[IPU CIAEAYIONIUX HAYAIbHBIX YCIOBUSX:
x[0] =1; x[1] = 2.

4, PaccumTaTh CBOOOJHYIO COCTAaBJISIIONIYIO JIMHAMHYECKOTO IIpoliecca,
Bo3HuKatomero B MC, moBeneHHE KOTOPOM OIUCHIBAETCS KOHEYHO-PA3HOCTHBIM
YpPaBHEHUEM:

X[k+2]-5x[k+1]+6x[Kk] = g[k+1]- 3g[K],
Ha BXOJHOM CHUTHAJI
glk/ =«
MIPU CIAEAYIONIUX HAYAIbHBIX YCIOBUSX:
x[0] =1; x[1] = 1.

5. Paccuurtarh BRIHYXJICHHYIO COCTABJISIONIYIO TMHAMHYECKOTO MPOIEcca,
Bo3HukKawmero B MC, moBeaeHrWe KOTOPOW ONHUCHIBAETCS KOHEYHO-PAa3HOCTHBIM
YpaBHEHHEM

X[k+2]-5x[k+1]+6x[K] = g[k+1]- 3g[k],
Ha BXOJHOM CUTHAJI
gkl =1

IIpn CJICAYIOMUX HAYaJIbHBIX YCIIOBUAX:
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X[0] =1; x[1] = 2.

6. HaiiTu aHanuTuyeckoe BbIpaXKEHHUE [Tl PELLIEHUSI KOHEYHO-Pa3HOCTHOTO
YPaBHEHUS
5x[k+2]-6x[k+1]+x[k] =0
[P CIAEAYIOIIMX HAYAIBHBIX YCIOBUSX:
X[0] =1; x[1] =-1.
7.  HailTn aHaNMTHYECKOE BBIPAXKEHUE JIJISl PEIICHHS] KOHEYHO-PA3HOCTHOTO
yPaBHEHUS
X[k+2]-4x[k+1]+4x[K] =k
IIPY CIEAYIOIMX HAYaJIbHBIX YCIOBUAX:
X[0] = 1; x[1] =O.
8. Haiitu ananutuyeckoe BRIpAXEHHUE JIJISI PEIICHUSI KOHEYHO-Pa3HOCTHOTO
YpaBHEHHUS
x[k+2]-4x[k] =2"
IIPH CJIEYIOUIUMX HAYAJIbHBIX YCIOBUAX:
x[0] = 0; x[1] =1.
9. HaiiTu aHanuTu4Yeckoe BhIpAXKEHUE JIJIsl PEILIEHUSI KOHEYHO-Pa3HOCTHOTO
YpaBHEHHUS
X[k+2]-9x[K] =k-1
[P CIAEAYIONIMX HAYAIBHBIX YCIOBUSX:
X[0] = 1; x[1] =2.

13.5. TlocTpoeHue MCeBAOYACTOTHHIX XAPAKTEPUCTUK JUCKPETHOM
CHCTEMBI

1. Tloctpouth norapudmuyeckue MCeBIOYACTOTHBIC XAPAKTEPUCTUKU HUM-
MyJILCHOM CUCTEMBI, 3aIaHHOM CBOeH Z-TiepeaToOuHON (PyHKIIUEeH

W(2) = z-0,2 .
(z+0,1)(z-0,4)

2. Tloctpouth norapuMuiecKre MCeBAOYACTOTHBIE XapakTepucTuku MC,

3aIaHHOM CBOEH Z-TiepeaTOuHON (PYyHKIIUEH:

B z-01
(z-0,2)(z-01)
3. Tloctpoutsh morapudmMuueckue nceBaouacToTHbIe Xapaktepuctuku UC,

W(z)

3a/IaHHOM CBOel Z- mepeaaTouHon (PyHKIHEH:

z-1)z
W(z):—g ) :
2°+2z2+1
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4. TloctpouTs NorapudMudecKue nceBaodacToTHbIe Xapaktepuctuku UC,
3a/IaHHOM CBOeH Z- mepeaaTouHon (PyHKIHEH:
2z+1
72 -27+1 '
5. Tloctpouts morapudMudecKue mceBaoYacTOTHBIC XapakTepuctuku UC,

W(z)=

3aJIaHHOM CBOEH Z- mepeaaTouyHoN QyHKITUEH:
W(z)-= (1—d2)(z—1) |
z° —d

13.6. AHAJIN3 TOYHOCTH JIMHEHHbBIX HUMITYJBbCHBIX CUCTEM

1. 3apana z-I1® pa3oMKHYTOr0 KOHTYpa CUCTEMBI C €IMHUYHOMN OTpHIIa-
TEJILHON 00paTHOM CBA3BIO

K
W((Z)=——.
(2) 2> 0,02
BxoaHOoM curHan
47
F(z2)=—:.
(2) 1

[Tpu xakoil BenuuuHe K, yCTaHOBUBILASICS OIINOKA B 3aMKHYTOM cucteme Oy-
IET YIOBJIETBOPSATh HEPABEHCTBY €., < 0,27 OLEHNUTHh YCTOMUUBOCTh 3aMKHYTOH CH-
CTEMBI IIPU NOJy4eHHOM K.

2. 3anana zZ-I1® pa3oMKHYTOr0 KOHTYpa CUCTEMBI C €TUHUYIHON OTpHIIa-
TEJILHON 00paTHOM CBA3BIO

W(z) = S S .
(z-1)(z-0,8)
BxoaHo# curHan
F(2) 2z

I

[Tpu kakoit Benuuune K ycTaHOBUBIIASACS OIMMOKA B 3aMKHYTOM cucTeMe Oy-
IET YAOBIETBOPATH HEPABEHCTBY €., < 0,17 OLeHNTh yCTOWYMBOCTD 3aMKHYTOM CH-
CTEMbI TPH MOJy4eHHOM K.

3. 3anmana z-1I®D pa3oMKHYTOr0 KOHTypa CHCTEMBI C €IMHUYHOW OTpHIla-
TEJILHON 00PAaTHOM CBA3BIO

K
W(z) = 3 .
z--0,32+0,02
BxoaHo# curnan
6z
F(z)=—-:.
(2) 1
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[Tpu xakoit BenuurHe K yCTaHOBHBIIASICS OIIMOKA B 3aMKHYTOI cucTeme Oy-
IET yIOBIETBOPATh HEPABEHCTBY €., < 1?7 OLIEHUTH yCTOWYHMBOCTh 3aMKHYTOH CH-
CTEMBI TP NOJy4eHHOM K.

4. 3apana z-I1® pa3oMKHYTOro KOHTypa CUCTEMbI ¢ €IMHUYHOW OTpHUIla-
TEJIbHON 0OPATHOM CBA3BIO

) P S—
(z-1)(z+0,2)
BxonaHo curnan
F(2) = 6z

(z-1°

[Tpu xakoii BenuurHe K yCTaHOBMBIIASICS OLIMOKA B 3aMKHYTOW cucTeme Oy-
IET yIOBIETBOPATH HEPABEHCTBY €., < 0,57 OLEHUTh YCTOMYMBOCTH 3aMKHYTOM CH-
CTEMBI IIPHU NOJy4EHHOM K.

5. 3agana z-I1® pa3oMKHYTOro KOHTypa CHCTEMBI C €IMHHYHON OTpHUIA-
TEJIBbHON 00paTHOM CBS3bIO
K

W (z) = .
(2) z2-0,6z+012

BxonaHoit curnain
f(t)=5, T=I.

[Ipu kakoii BennunHe K, ycTaHOBUBIIASICS OMIMOKA B 3aMKHYTOM cucteme 0y-
IET yIOBIETBOPATh HEPABEHCTBY €, < 1. OLEHUTh yCTOMYNBOCTD 3aMKHYTOW CUCTE-
MBI TIPHU NOJIy4eHHOM K.

6. 3amana z-I1® pa3oMKHYTOro KOHTypa CHCTEMBI C €IMHHUYHON OTpHUIlA-
TEJILHON 00PAaTHOMN CBA3BIO

K

W= D08

BxonHoi curnain
f(t)=2t, T=I.
[Tpu kakoii BennunHe K, ycTaHOBUBIIAsCS OMIMOKa B 3aMKHYTOM cucteme 0y-
IET YAOBIETBOPATH HEPABEHCTBY €., < 0,87 OLEHNTh yCTOWYMBOCTD 3aMKHYTOM CH-

CTEMBI TIPHU TOJTy4eHHOM K.
7. 3amaua UC:

S
i

[TapameTpbl CUCTEMBI:

v
v

S(p) b

|_
A 4

T=1; e,»=0,1; S(p) - nepenaroynas GyHKIHs 3KCTPALOIATOPA HYJIEBOTO
nopsijiKa,
f(t) = 4t.
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Haiitu K, OLIEHUTH YCTOMYMBOCTD CUCTEMBI.
8. 3amauna UC:

h 4

h 4
v

—»EET@& | — sp U

[TapameTpsl CUCTEMBI:

T=0,1; e,,,w=0,2; S(p) - nepenaTouHas HyHKIUSI SKCTPALOIATOPA HYIEBOTO
nopsaka; f(t) = 2.

Haiitn K, OLIEHUTH YCTOMYUBOCTD CUCTEMBI.

9. 3apmana UC:

f e y
_’i%_’ 1 > D

[TapameTpbl CUCTEMBI:

v

T=1; e,:,»w=0,1; S(p) - nepenaTouHas GHyHKUUS SKCTPANONIATOPA HYIEBOTO TO-
psKa;

f(t) = 4t.

Haiitu K, OIIEHUTh YCTONYMBOCTb CUCTEMBI.

a. 3apana UC:

f e y
L®T — | > oTES)

[TapameTpbl CUCTEMBI:

v

T=0,1; e,:,»w=0,2; S(p) - nepenatouHas (QyHKIMsA HKCTPANONIATOpPA HYIEBOTO
MOPSI/IKa,
f(t) = 2.

Haittu K, oLleHUTh YCTOMYUBOCTH CUCTEMBI.

13.7. Tlepexoa ot Z-nepenaTrouyHoii GyHKUMM K CHCTeMe PA3HOCTHBIX
yYPaBHeHHH (MeTo/Ibl MIPOrPaMMHPOBAHMS)

1.  Cnocobom mpsiMOro MporpaMMUPOBAHUS OMIPEACIIUTL YPABHEHUS COCTO-
saust UC, 3ajanHol cBoer Z- mepeaaTouHon QyHKIUEH:

5z—0,42°
0,3222 +1,22+10°

2.  CrnocoOoM mpsiMOTo MPOrpaMMHUPOBAHUS ONPEIETUTh YPAaBHEHUS COCTO-

W(z) =

saust UC, 3amanHoi cBoeit Z- mepenaTouHoi hyHKIIHEH:
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z-0,42°
0,222 +10°

3. CnocoboMm mapamuienbHOr0 MPOTrPaMMHUPOBAHUS TOJYYUTh YPABHEHHS

W(z) =

coctosinus VC, 3aianHoM cBOEH Z- mepeaTouHON (PyHKIIUEH:
-0,4z+10
z2°+2+016"

4. CnocoOoM MapauienbHOTO MPOTrpaMMHUPOBAHUS TMOJMYYUTh YpaBHEHUS

W(z) =

coctosinus VIC, 3aianHoM cBOEH Z- mepeaTouHON (PyHKIIUEH:
-0,4z+10
W (z) =— .
z2°+2+016

5. 3anana Z-nepenatouHasi GyHKIHS 0ObEKTa:
z+1

(z-1)%

3anucaTth MCTOAOM IIOCJIICAOBATCIIBHOTO IIPpOIrpaMMHUPOBAHUA YPAaBHCHHA CO-

W(z)=

CTOSIHUS 00BEKTA.

6. 3agana Z-mepenatodnas PyHKIUS 00BEKTa:
z+1

(z-1)(z+04)

3anucath METOJOM MOCJIE0BATEIBLHOTO MPOTPAMMUPOBAHUS YPABHEHUS CO-

W(z)=

CTOSHHUA 00BEKTA.

7. 3anmana Z-nepenatodHasi GyHKIMS 00bEKTa:

22+z+1

(z-1)(z+0.4)

3anucarh METOJIOM MAPaJIENBHOTO TPOrPAMMHUPOBAHUS YPABHEHHUSI COCTOSI-

W(z)=

HUA 00BEKTA.
8. 3amana Z-mepenartouHasi GyHKIMS 00bEKTa:
22 +1
(z+1)(2-04)

3anucarh METOJIOM MAPAIJIETBHOTO TPOTPAMMUPOBAHUS YPABHEHHS COCTOSI-

W(z)=

HUS 00BEKTA.

9. 3amana Z-nepenatouHas QyHKIHS 00BEKTa:

22+z+1
(z-1)(z+0.4)

3anucaTh METOJIOM MPSIMOTO MPOTPAMMUPOBAHUS YPABHEHUSI COCTOSIHUS 00b-

W(z)=

eKTa.
10. 3apmana Z-nepenatouHas QyHKIMS OOBEKTA:
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(z-1)z
22 +2z+1

3anucaTh METOI0M MPSMOT0 MPOrPaMMHUPOBAHUS YPABHEHUSI COCTOSIHUS 00b-

W(z)=

eKTa.
11. 3anana Z-nepenarounas GyHKIUS OOBEKTA:
2z+1
22 2741
3amucath METOIOM MapaIeIbHOTO MPOTPaMMHUPOBAHUS YPABHEHUS COCTOS-

W(z)=

HUS 00BEKTA.
12. 3apmana Z-nepenatouHas QpyHKIHS 00BEKTA:
Z

(z-1)%

3anucaTth MCTOAOM ITOCJICAOBATCIIBHOI'O ITPOIrpaMMUPOBAHNA YPABHCHUA CO-

W(z)=

CTOSIHUSI OOBEKTA.
13. 3apmana Z-nepenatouHas QyHKIMS 0OBEKTa:
z-1
(z-2)*
3amucaTh METOAOM IOCIICIOBATEIHFHOTO MPOTPAMMHUPOBAHMS YPaBHEHUS CO-

W(z) =

CTOSIHUSI OOBEKTA.
14. 3apana Z-nepenatouHas QpyHKIMS 0OBEKTa:
z-1
(z+1)?
3amucaTh METOIOM IMPSMOTO MPOTPAMMHUPOBAHUS YPABHEHUS COCTOSTHHS 00h-

W(z) =

eKTa.
13.8. AHAJIN3 TOYHOCTH JMHEHHBIX UMIYJIbCHBIX CHCTEM

1. 3apmana Z-nepenatouHass PyHKUIMS Pa30MKHYTOTO KOHTYpa CUCTEMBI C
OTpHUIIaTEIHLHOM 00paTHOM CBs3bI0 ( KO PUIIMEHT 00paTHOM CBsI3U paBeH 1):
W(z)= (z+0.1)(z-0.5) .
(z-1) (z-0.1)

PaccuuTaTh 3HaueHWE yCTAHOBHBIIEHCS ONIMOKW, BO3HUKAIOUIEH B CHUCTEME

IIPU IPOXOKAeHUU curHana g[kT] =2kT. Merox pacuera: Ko3(pHUIMEHTHI OITHOOK,
PACCUUTHIBAEMBIX JICJICHUEM MMOJIMHOMA YUCIUTEIS Ha TOJIMHOM 3HaMEHATEs.
2. 3agana Z-nepenaTouHas (PyHKIMS pa30OMKHYTOIO KOHTYypa CHCTEMBI C
OTpULIATEIBHON 00paTHOM CBA3BIO ( KO3 (dULIMEHT 0OpaTHOM CBS3M paBeH 1):
_ (z+0.1)(z-05)
(2-0.2) (z-0.1)

W(z
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Paccunrtarh 3HaYeHHE YCTAaHOBUBIIEHCS OUIMOKH, BO3HUKAIOIIEH B CHUCTEME
IpU NMPOXOXKIAEHUM curHaia g[kT]=2T. Meroxa pacuera: k03(pPUIMEHTHI OIUOOK,
paccUnThIBAEMBIX JICJICHUEM MTOJMHOMA YUCIIUTENS Ha ITOJIMHOM 3HAMEHATEJIS.

3. 3anmana Z-mepenatouHasi (yHKUHS Pa30MKHYTOT'O KOHTYpa CHUCTEMBI C
OTpHUIIATEILHOW 00paTHOM CBA3BI0 (KOA(DPUITMEHT 0OpaTHOM CBSI3U paBeH 1):
)= (z+0.1)(z-0.5)

22-09z-01

Paccuurarh 3HaueHHE yCTAaHOBUBILEHCS OLIMOKH, BO3HUKAIOIIEH B CHUCTEME

W(z

P MPOXOXKACHUM curHaita g[kT] =3kT. MeTox pacuera: K03hOUIIMEHTHI ONMTHOOK,
PaCCUYMTHIBAEMBIX JICJICHUEM MTOJIMHOMA YUCIIUTENIS Ha TTOJIMHOM 3HAMEHATEIIS.
4. 3amana Z-mepematodHas (QyHKIHS Pa3OMKHYTOTO KOHTYpa CHCTEMBI C
OTpHUIIaTEILHOM 00paTHOM CBs3bI0 (KOA(PdHUIIMEHT 0OpaTHOM CBSI3U paBeH 1):
)= (z+0.1)(z-0.5) .
(z-1) (z-0.1)

Paccuntath 3HaueHUE YCTaHOBHBIHGﬁCH OHII/I6KI/I, BOSHHKaIOIHGﬁ B CHCTCMC

W(z

MpU MPOXOXKAeHUH curHana g[kT]=2kT. Mertox pacuera: TeopeMa O NPEACIbHOM
3HAYCHHUH PEIICTIYATON (QyHKITHN.

5. 3amana Z-nepepatouyHas (YHKIMSI PA30MKHYTOT'O KOHTYpa CHUCTEMBI C
OTpHULIATEIHLHOM 00paTHOM CBA3BIO ( KOA(hdUIIMEHT 00paTHOM CBSI3U paBeH 1):
_ (z+0.1)(z-05)
" (2-02) (2-0.1)

PaccumnTath 3HaueHUE YCTaHOBHBmeﬁCH OI]II/I6KI/I, BO3HI/IKaIOHleﬁ B CHCTCMC

W(z

MpyA TPOXOXKJICHUU curHana g[kT]=2T. Meron pacuera: TeopemMa O NPEeACIbHOM
3HaYEHUH perieTyaTon QyHKIUH.

6. 3amana Z-nepenatouyHas (QYHKIMS PAa30MKHYTOTO KOHTYpa CHUCTEMBI C
OTpHULIATETLHOM 00paTHOM CBSI3bI0 (KO puImeHT oOpaTHOM CBsI3U paBeH 1):
(z+0.1)(z-0.5)

22-09z-01
PaccuuTaTh 3Hau€HME yCTAHOBMBIIEHCS OLIMOKM, BO3HUKAIOUIEH B CUCTEME

W(z)=

Npu OpoXoxxAeHuu curHaina g[kT]=3kT. Merox pacuera: Teopema O NpeaeIbHOM
3HaYEHUH perieTyaTon QyHKIUY.
7. 3apmana Z-nepepatouyHas (YHKIUSI pPa30MKHYTOIO KOHTYpa CHUCTEMBI C
OTpHUIIaTEILHOM 00paTHOM CBsI3bI0 (KO dHULIMEHT 0OOpaTHOM CBSI3U paBeH 1):
Koy(z+0.1)
22-09z-01
BXxonHo# crurHai mocTosHHBIM, paBHbIA 1. OnpenennTs, Npu KaKoW BEJINYUHE

W(z)=

Koy ycranoBuBIasgcs omuOKa B 3aMKHYTOM cucTeMe OyJeT yJIOBJIETBOPSTH Hepa-
BEHCTBY €, <1. OLICHUTh YCTOMYMBOCTb 3aMKHYTOW CHUCTEMBI IIPH NIOTy4eHHOM Koy.
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8. 3amana Z-mepenatouHasi (yHKUHS Pa30MKHYTOI'O KOHTYpa CHUCTEMBI C
OTpHUIIATEIHFHON 00paTHOM CBsI3bI0 (KOA(PUIIMEHT 00paTHOM CBSA3U paBeH 1):
Koy
(2-02) (z-0.1)

Bxoano# curnan noctosHHbiM, paBHbd 10. Onpenenuts, npu Kakoil Belu-

W(z)=

yrHe K0y yCTaHOBUBIIAsACA OIIMOKA B 3aMKHYTOM cucteme OyJIeT YAOBIETBOPSTH He-
PaBEHCTBY €,,<1. OLleHuTh YCTOMYMBOCTh 3aMKHYTOWH CHUCTEMBbl NPH MOIY4YEHHOM
Koy.

9. 3apana ctpyktypHas cxema UC:

f
Lo ]

TpeOyercs HaiiTu Takoe Koy, npu KOTOPOM YCTaHOBUBLIASICA OLIMOKA B 3a-

v

v

MKHYTOI cucTeMe OyIeT yAOBIETBOPATh HEPABEHCTBY €., <l. OLEHUTh yCTONYH-
BOCTh 3aMKHYTOM cHCTeMBbI mpu noiaydyeHHOM Koy. Ilpu pacuerax npunste 1T=Ic,
f=2t.

10. 3apmana crpykrypHas cxema UC:

f
—1%—» | —> DHII — —3

TpeOyetcst HaliTu Takoe Koy, Mpu KOTOPOM, YCTAHOBHBIIIAsICS OIMMOKa B 3a-

v

MKHYTOH CHCTeME OyIeT yIOBIECTBOPATh HEPABEHCTBY €., <l. OLEHHUTH YCTONYH-
BOCTh 3aMKHYTOM CHCTeMBI Ipu nosnydyeHHOM Koy. Ilpu pacuerax mpunsate T=Ic,
f=2t.
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13.9. AHa;In3 yCcTOHYMBOCTH JHHEHHBIX HMITYJIbCHBIX CHCTEM

1. JluHamMuYecKHe TPOIECChl B CHCTEME OIHMCHIBAIOTCA KOHEYHO-

Pa3HOCTHBIMHU YPAaBHCHUAMHU
X1[k+1] = 0.2x,[K] + 3.5%,[K] — u[K];
Xo[k+1] = 8.0x1[K] + 0.5x%,[K].

TpebyeTcst OlleHUTh YCTOMYUBOCTh CHCTEMBI M PACCUMTATH 3HAYCHHS BEKTO-
pa COCTOSIHMSI CHCTEMBI B ITEPBBIC TPH TaKTa KBAHTOBAHUSI.

Hauaneusie ycmoBus: X;[0]=0, x,[0]=0.

VYupaeisomee Bo3zaeicrue: U[K]=0,2K.

2. JluHaMHWYECKHE TMPOIECChI B  CHCTEME  OIMCHIBAIOTCS  KOHEYHO-
Pa3sHOCTHBIMHU YPaBHEHUSMH

X1[k+1] = 1.2x([K] + 3.5%,[K] — u[K]
Xo[k+1] = 0.5%;[K] + u[K]

TpebyeTcst OLlEHUTh YCTOMYUBOCTh CHCTEMBI M PACCUMTATH 3HAYCHHS BEKTO-
pa COCTOSIHUSI CHUCTEMbI B IEPBBIC TPU TaKTa KBaHTOBaHWsA. HavaabHble yCIOBHS:
X1[0]=1, x,[0]=0.

Ynpasnstoriee Bo3aericteue: U[k]=0,2.

3. JluHamMHYeCKHWE TMPOIECCHI B  CHCTEME OIHMCHIBAIOTCS  KOHCYHO-
Pa3sHOCTHBIMHU YPaBHEHUSMH

X1[k+1] = 1.2x1[K] + 3.5%,[K] — u[K];
Xo[k+1] = 0.5x;[K] —1.8 x,[K] + u[K].

TpebyeTcst OICHUTh YCTOMYUBOCTH CUCTEMBI M paCCUUTATh 3HAYCHHUS BEKTOPa
COCTOSIHHSI CHCTEMBI B TICPBbIC TPU TaKTa KBAHTOBAHHSI.

Hauaneubie yemoBus:  X1[0]=0, x,[0]=10.

VYupasnstoriee Bo3aeicteue: U[K]=0,2+0.1k.

4. JluHaMUYecKHe TMPOIECCHl B CHCTEME  OIMHMCHIBAIOTCS  KOHECYHO-
Pa3sHOCTHBIMHU YPaBHEHUSMH

X1[k+1] = 3.5%,[K];
Xo[k+1] = 0.5%:[K] —1.0 x,[K] + u[K].

TpeOyeTcst OIEHUTh YCTOMYUBOCTh CUCTEMBI M PACCUNTATh 3HAYCHHS BEKTOPA
COCTOSIHMSI CHUCTEMbI B IIEpBbIC TPU TakTa KBaHTOBaHWsA. HavanbHble YCIOBHS:
X1[0]=1, x,[0]=1.

VYupaeisoiee Bo3aciicreue: U[K]=1.

5. JluHamMHYeCKHE TPOIECCHI B CHCTEME OIHKCHIBAIOTCS  KOHEYHO-
Pa3sHOCTHBIMHU YPaBHEHUSMH

X1[k+1] = - 1.2x;[Kk] + 0.5%,[K] — u[k];
Xo[k+1] = 0.8x:[K] 0.1 x,[K] + u[k].
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TpebyeTcst OlleHUTh YCTOMYUBOCTh CHCTEMBI M PACCUMTATH 3HAYCHHS BEKTO-
pa COCTOSHUSI CHCTEMBI B IIEPBBIC TPU TAKTA KBAHTOBAHUS.

Hauaneusie ycmoBus: X;[0]=0, x,[0]=0.

VYupaeinsomee Bo3aciicreue: U[Kk]=0,2+0.1k.

6. JluHamMuuYecKWe TPOIECCHI B  CHCTEME OIMUCHIBAIOTCS  KOHCYHO-
Pa3sHOCTHBIMHU YPaBHEHUSMH

X1[k+1] = xo[K];
Xo[k+1] = X[K] + u[k].

TpeOyercst OLIEHUTh YCTONYHUBOCTh CHUCTEMBI M PACCUUTATH 3HAUCHHUS] BEKTO-
pa COCTOSHHSI CHCTEMBI B IIEPBBIC TPU TAKTAa KBAHTOBAHUS.

Hauaneusie ycmoBus: X;[0]=0, x,[0]=0.

Yupasistomee Bo3aeictue: U[K]=0.1K.

7. JluHaMHYECKHWE TPOIECCHI B  CHCTEME OIHMCHIBAIOTCS  KOHCYHO-
Pa3sHOCTHBIMHU YPaBHEHUSMH

X1[K+1] = 3.5%,[K] — u[K];
Xo[k+1] = 0.5x:[K] —1.8 x,[K] + u[K].

TpebyeTcst ONCHUTh YCTOMYUBOCTh CUCTEMBI M paCCUUTATh 3HAYCHUS BEKTOPa
COCTOSIHMSI CHUCTEMBbI B IIEPBbIC TpU TakTa KBaHTOBaHMsA. HavaabHble YCIOBHS:
X1[0]=0, x,[0]=0.

Yupasistomee Bo3aericteue: U[K]= 1.0 - 3.5x,[K] .

8. JlumamMuuecKWe TPOIECCHI B  CHCTEME OIHMCHIBAIOTCS  KOHCYHO-
Pa3sHOCTHBIMHU YPaBHEHUSMH

X1[k+1] = 3.5%,[K] — u[K]
Xo[k+1] = u[K]

TpebyeTcst ONCHUTh YCTOMYUBOCTH CUCTEMBI M paCCUUTATh 3HAYCHHUS BEKTOPa
COCTOSIHHSI CHCTEMBI B TIEPBbIC TPU TaKTa KBAHTOBAHHSI.

Hauaneueie ycnmoBust:  X;[0]=0, x,[0]=0.

Ynpasistomee Bo3aeicteue: U[K]= 1.0 - X;[K].

9. JluHaMHYECKHWE TPOIECCHI B  CHCTEME OIMHUCHIBAIOTCS  KOHCYHO-
Pa3HOCTHBIMHU YPAaBHEHUSIMH

X1[k+1] = 1.2x,[K] + 3.5%,[K] — u[k];
Xo[k+1] = 1.8 x,[K] + u[K].

TpebyeTcst OllEeHUTh YCTOMYUBOCTh CHCTEMBI M PACCUMTATH 3HAYCHHS BEKTO-
pa COCTOSIHMSI CUCTEMBI B IIEPBBIC TPH TaKTa KBAHTOBAHUSI.

Hauaneubie yenoBusi:  X1[0]=0, x,[0]=10.

VYnpasnstomiee Bozaercteue: U[K]=0,2+ x,[K].

10. [IluHaMu4ecKHe TIPOLECChI B CHCTEME OINKCHIBAIOTCS  KOHEYHO-
Pa3HOCTHBIMHU YPaBHEHUSMH

X1[k+1] = 3.5%,[K] — u[K];
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Xo[k+1] = ul[K].
TpeOyercsi OLIEHUTh YCTOHYHUBOCTh CHUCTEMBI M PACCUUTATH 3HAYCHUS BEKTO-
pa COCTOSHHSI CHCTEMBI B IIEPBBIC TPU TAKTA KBAHTOBAHUS.
Hauaneusie ycmoBust:  X;[0]=0, x,[0]=0.
Yupasistomee Bo3aericteue: U[K]= 1.0 - X1 [K]- X2[K].
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3AK/IIOYEHUE

B yueGHOM nocoOun paccCMOTPEHbI IPUMEPHI PELIEHUS 3JIEMEHTAPHBIX TPaK-
TUYECKUX 3a/lay, CBSI3aHHBIX C aHAJIM30M JIMHEHHBIX JAUCKPETHBIX CUCTEM (CHUCTEM C
KOMIIBIOTEPHBIM YIIPABIEHHUEM), KOTOPBbIE MOTYT CIYXXKUTh 0a30il Ui AalbHEHIIEro
M3Y4YEHHS 3TOrO0 BECbMA MHTEHCUBHO PA3BHMBAIOIIETOCSA HAIPABICHUS CUCTEM yIIPaB-
JeHUs. AKTYyaJIbHOCTh JAaHHOTO IMOCOOMSI BO3PACTaET B CBSI3U C MEPEXOJOM Ha HOBBIE
®I'OC u pa3BUTHEM KOMIETEHTHOCTHOTO IMOAXO0Aa K MOCTPOSHUIO Y4eOHOTO Mpo-
necca. B nmocoOuu npeacraBiieHbl 3alaHusl JIs1 CAMOCTOSATEIbHON pabOThl, KOTOPbIE
TaK)K€ MOT'YT OBbITh MCIIOJIb30BaHbl U JUIs1 (GOPMHUPOBAHUS TECTOBBIX 33aJaHUI JUIsl Te-
KyIIETO M UTOIOBOT'O KOHTPOJISI 3HAHUM CTYJEHTOB IO COOTBETCTBYIOIIUM pa3zeiiaM
Kypca «KoMIbprOTEpHOE yIIpaBiIe€HUE MEXATPOHHBIMUA CUCTEMAMI.

COBpEMEHHBIN CHEKTP MNPUIIOKEHUNA KOMITBIOTEPHBIX CHCTEM YIPaBJIECHUS
BECbMa LIMPOK, O3TOMY IpaKTUYECKasi paboTa SIBISETCS HEOOXOAUMBIM yCIOBUEM
IIIyOOKOT0 U3y4EeHHSI METO/IOB aHaJIM3a U CUHTE3a CUCTEM YIPABIECHUS U MOATOTOBKH
CHELMATMCTOB COOTBETCTBYIOMIMX MPOpUICH.

B nanpHeiieM miaHupyeTcs BBITYCK COOTBETCTBYIOIIUX MTOCOOMH (BTOpast U
TPEThsl 4aCTH), OPUEHTUPOBAHHBIX Ha PELICHUE 3ajad aHaju3a U CUHTE3a JUCKPET-
HBIX CUCTEM YIpPaBJEHUS (CUCTEM C KOMIIBIOTEPHBIM YIPABIEHUEM) BO BPEMEHHOM
oOnacTu.
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