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KypcoBas pa6oTta no aucuunnmHe «OCHOBbI ONTUManNbLHOro
yrnpaBrieHUA 3feKTponpuBoaaMmmny.
MeToaunyeckue ykasaHus

1. JluHeapusauumsna

1.1. Tloctpoiite TMHEAPU30BAHHYIO MOJIENb JIJIsl 3B€HA, KOTOPOE OMUCHIBAECTCS] HEIMHEUHBIM
mudepeHImanTbHBIM YpaBHEHUEM

2
T,— 4y — +Tdy+q2y -siny+¢q,y = kx (*)
dt dt

B HOMHHAIBHOM PEXXHME YCTaHOBHBINEecs 3HaueHne y =y’ =1.

[Ipe/INoNoKUM, YTO MBI 3HAEM YCTAHOBMBIICECS 3HAYEHHE X =X, COOTBETCTBYIOIIEE
3agaaHomy )’. BCIOMHHM, 4TO B YCTAHOBHBIIMMCS PEXHME BCE MPOU3BOIHBIE CHTHAJIOB
PaBHBI HYJIIO, IOOTOMY UMEEM

0 . 0 0 0
qz(y )Z-Slny +qy =hx. (D
[Ipenmnonoxum, 9T0 CUCTEMA HAXOUTCS BOJIM3H YCTAHOBUBIIIETOCS PEXKUMa, TaK YTO
y=y°+Ay, x:x°+Ax,

rae Ay u Ax — Masble OTKIoHeHUs. [logcTaBisist 5T BeIpakeHHs B UCXOIHOE ypaBHEeHHE (*),
[IOJIy4aeM

2 0 0
Tzd (y 2+Ay)+Tld(y +Ay)
dt dt

0 3 3 0 0 0
+q,(y" +Ay) -sin(y” +Ay)+q,(y +Ay) = k(x” + Ax)
BcnomuuMm, yto yO = const, a IPOU3BOJHAsA OT NOCTOSIHHOW BEJIMYHUHBI yo paBHa Hymo. [lo-
BTOMy HepBbIe JBa cJiaracMbIX ynpOH_IaIOTCHI

d’Ay
dt’

dAy

L—a+T—= +q,(y° +Ay) -sin(y’ +Ay) + ¢, (V" +Ay) = k(X" +Ax)  (2)

JlanbIie mpuIeTcsl BCNOMHUTB, YTO B OKPECTHOCTH TOYKH HETPEPHIBHOCTH X = a Jt00ast Oec-
KoHewHO auddepernupyemas GyHkuus f(x) MOXKeT ObITH MpejacTaBlieHa B BUae psna Teil-

Jopa:
flatin)= f(a)+f(2)(a)-M+%'f(”(a).m2 o z f‘“(a)

3neck 3amuchk [ (a) o3Hauaer k -yio mponsBoaHyo GyHKIMH f(X) B TOUKe X =a.

J1st mosTydeHus TMHEHHOM MOJIeNT MBI OTOpAChIBAET BCE cllaraeMble, coqepkamme Ax u
Ay B KBaI[paTC U B 60.]166 BLICOKOI71 CTCIICHHU, CYHUTAasd, YTO OHH OUYCHb MaJibl HpI/I MaJIbIX OTKJIO-

Henuax Ax . Torma
fla+Ax)~ f(a)+ fP(a) Ax, 3)
EnvHCTBEHHBII HEMTMHENHBIN YJIEH B BBIpAXKEHUH (2) 3TO
SO +A) = q,(»" +Ay)’ sin(y’ +Ay),  rae f(¥)=g,p siny.
Hcnons3ys mpubimKkeHHyI0 3aMeHbI (3), momydaem

SO +A) =q, (0" +Ay) -sin(y° + Ay) = ¢,(»°)’ sin Y’ + O - Ay, (4)



rae O — npousBoaHas Gyuxiuu f(y) B Touke y = y°:
0= 70" = @.30*) sin " + (") cosy*]=...
[ToxcraBuB paBeHCTBO (4) B (2), mmeeM (IpuOIHKEHHO! )

dAy+Td Y
dr* dt

Ucnons3ys paBeHCTBO (1) — ypaBHEHHE YCTAaHOBUBILETOCS PEKUMA — MOKHO COKPAaTHUTh JIBa

T, +q,(y°) -siny’ +0-Ay+q,y" +q,Ay = kx* +k Ax.

claraeMbIX B JIeBOi yacTi U k x° B JIEBOIL:
d’Ay dAy
—+T—
dt

Mpl nony4yuin auHeEHOe ;[H(b(bepeHuHaHLHoe YpaBHEHUE — JIMHEAPU30BaHHYIO MOJENb HEHU-
HelHoM crucTemMbl. OOBIYHO 3HAYOK MPUPALIEHUS HE CTABAT U 3aMMCHIBAIOT YPaBHEHUE B BUJIE

d? dy
df+ﬂg~wg+%w kx,

noapasymeBasd o x M y OTKIIOHCHHA CUTHAJIOB OT HOMHUHAJIBHOI'O pCiXKuMa. bonee HOIIpO6-

L—> +(Q+q)Ay = kAx.

T,

HO U CTPOro 00 ’TOM MOKHO mo4nTath B [1], c. 16-18.

1.2. Omnpesenure ycTaHOBUBIIEECS 3HAUECHHE X = X' .

B HOMMHa/IbBHOM (YCTaHOBHBILIEMCS) PEKUME BCE IPOU3BOIHBIE paBHBI HYMO. [Ipu 3TOM
(*) maer
3 _
g,y -siny+q,y = kx
3HadyeHue y =y, 3aJaHO, I0XTOMY Cpa3y HaXOJqUM

o_ (") siny’ +g" _

X=X

k
1.3. Tloctpoiite nepenaTouHy0 QyHKIHIO THHEAPU30BAHHOTO 3BeHA. Kak Ha3bIBaeTCs Takoe
3BEHO?
JInHeapu30BaHHOE ypaBHEHUE 3B€HA UMEET BUJ
d’ dy
T, dg}+T7+(Q+ql)y kx. (5)

d
BBogs oneparop nuddepeniupoBanus s = o 3anuuieM (5) B Buje

Is’y+Tsy+(Q+q)y =kx = (Ls*+Ts+0+q)y=kx.
[Tepenatounas pyukius (ITP) — 3TO OTHOMIEHHE BBIXO/1a K BXOJTY, TO €CTh
YW=y K .
X Is"+Tis+0+gq,

Mo3KHO CTpOUTH NepelaToOuHyI0 PYHKIIMIO U MHaYe, yepe3 npeodpa3oBanue Jlamnaca BXogHO-
r'0 U BBIXOJIHOTO cUrHaNOB (cM. [1, ¢.18-19]), uTro maet TOT ke pe3ysbTarT.

DT0 3BEHO BTOPOTO MOPSAKA, B 3aBUCHMOCTH OT KOpPHEW 3HAMEHATessl OHO MOXKET MpUHAI-
JICKATh K OAHOMY U3 IBYX THUIIOB:

e ecu KOpHU S§,, ypaBHeHus T,s” +T.s+Q+¢q, =0 BellecTBEHHBIE, 9TO ANEPUOINYECKOE

3BEHO BTOpOTO nopsiaka (cm. [1, ¢.29]);



® cCIIM KOPHU ATOTO ypaBHEHUsI KOMIUIEKCHO-COMPSKEHHBIE, 3TO KoJiebaTeIbHOe 3BEHO (CM.
[1,c.31)).

1.4. Haiinure uMIyabCHYIO XapaKTEPUCTUKY (BECOBYIO (DYHKITHIO) 3TOTO 3BEHA.
HmnynbcHas XapakTepUCTHUKa 3aBUCUT OT TUIIA 3BeHa. Eciu 3To aneproanyeckoe 3BeHO
BTOPOTO MOPS/IKA, TO EPEAATOUHYIO () YHKIIHIO MOXKHO MPEICTaBUTh B (hopme
W(s)= k :
(s +1)(Tys +1)
Y UMITYJIbCHAsI XapaKTepUCTHKa (WK BecoBas (GyHKIMS) umeet Bua [1, c.31]

(6)

w(t)zL elh—e’| t>0.
T,-T,

He 3a0ynpre, uto k, #k,a T, u T, B oOuiem ciydae omnyarores ot 7, u 7, .

1.5. PemmB nosnyueHHOE JIMHEHHOE Tu(depeHIaIbHOe YpaBHEHUE, HAIUTE TePEeX0HBIN
IIPOLIECC HA BBIXOJE JINHEAPU30BAHHOIO 3BEHA ITPH CTYIIEHYAaTOM BXOJHOM CHUTHAJIE
x()=1(¢).

IlepexoaHblil mpoluecc Npu CTYNEHYaTOM BXOJHOM CUTHAJE — 3TO MepexoaHas (pyHKIus.

Jli1st anepuoau4ecKoro 3BeHa BTOporo nopsiika ona umeet sua ([ 1, ¢.31])

t t

h(t) =k, I—Le 5 +Le L

, t>0.
L,-T,  T,-T,

1.6. Iloctpoiite u cpaBHUTE MEPEXOIHBIE MPOLECCHI B IMHEWMHOW W HEJTMHEHHOM crcTeMe npu
CTYTIEHYaTOM BXOJIHOM curHane x(¢)=1(¢).
JI1st IOCTpOEHUS IEPEXOJHOTO MPOLIecCca B HALEH JTMHENHOM CUCTEME MOKHO B IIPUHIIUIIE
WCII0JIb30BaTh BhIpakeHUe aJist A(t) .
JInst HEMMHEWHOM CUCTeMBI IPUIETCS YHCICHHO MHTErpUpOBaTh ypaBHeHue (*), mpeacra-
BHB €T0 B BHJIE CUCTEMBI JIByX YPAaBHEHHI MEPBOrO MOPSAIKA:
d_,
dt
& =Ty gy siny - 1)
2
Jlanbine npuMeHsieM J1r000i MEeTOT YUCIIEHHOTO0 HHTETPUPOBAHUS, HAIpUMeEp, METO Diijiepa ¢
HeOoybImuM 11aroM. B koHIie aToro ¢aiina npuBeneHa nporpaMmma Ha sizbike Matlab, xoTopas
CUMTACT U CTPOUT NIEPEXOAHBIE POLECCHl B HEJIMHENHOM U JIMHEMHOW CHUCTeMaX Ha UHTEpBaJIe
oT 0 1o 10 cexynn. Jlydiie cTpouTh NePEXOIHBINA MPOLIECC ISl OTKIOHEHUH OT YCTAaHOBUBIIIE-

rocst pexuma (x,,y,) . 03
He nmyraiitech, eciiu nepexoaHble MPOIecChl OyIyT ol
CWJIBHO oTinuaTbes. Hanpumep, 11 konedaTesbHOro o
3BCHA MOXKET IOy IHTECA TaK, Kak Ha PUCYHKE CTIpaBa SN . |
(cHHss NMHUS — HEeJIMHeWHas cucreMma, 3eleHas — JH- \ N\ —

HelHas). OTO TOBOPUT O TOM, YTO JIMHEAPU30BaHHAsS
MOJIETb TUIOXO OMMCHIBAET CBOMCTBA TAKOTO OOBEKTA.
OpnHako, eciy JTMHeapu3alysl BHIMOJHEHA PaBUIIBHO, oos|
KpUBbIE JIOJKHBI COBIA/IaTh HA HAYAIbHOM y4YacTKe. 0




2. Pa30MKHyTble CUCTEMBI

2.1. Onpenenute, Kakue NPOCTEUIIINE 3BEHbSI MOKHO BBIICJIUTH B COCTABE 3BEHA C MEepea-
TOYHOH (pyHKIMEH (3HaUeHUS KOIGGHULUECHTOB a, U b, ONPENeNAI0OTCs U3 TaOJIUIIbI 110

HOMEpY BapuaHTa)
as+a
W(s)=—F—-""—.
b,s” +b;s+b,

Jlyis TOrO, YTOOBI BBIIEIUTH MPOCTEHIINE 3BE€HBS, YUCIUTENb U 3HAMEHATENb IepeaToy-
HOW (PYHKIMH PacKIaIbIBAIOT Ha COMHOXHUTENH MEPBOTO M BTOpOro mopsiaka. K anemenrap-
HBIM 3BEHBSIM OTHOCSITCSI YCHJIMTENIbHOE, allepuoIndeckoe, KoiebdaTelbHOe, HHTErpupylomiee,
g depeHIupyoIIee 1 HEKOTOphIe Ipyrue, moapoOHO paccMoTpeHHbIe B [1, ¢.25-43].

[Tycts mepenarounas GyHKIUS UMEET BU]T

25 +3)s
Wi(s)= ( > ) .

(Bs+6)(s"+s+1)
Ee MoHO mpuBeCcTH K CTaHAAPTHOMY BUIY, PA3JIO’KUB HA COMHOXKUTEIN YUCIUTENb U 3HaAMe-
HaTeJb:

W (s) = ks + s k(T il)s ] .
(Tys +1)(Is” + 21545 +1) Ts+1 I7s” + 2145 +1

2
rne k=057, = gc; T,=05¢c; T,=1c;{ =0,5. Takum oOpa3zoM, 3Ta CHCTEMa BKIIIOYAET

YCHIIUTEIHbHOE 3BEHO C BBEJEHHEM IPOU3BOJHOMN, uaeanbHOEe MU (depeHIHpYoIIee 3BEeHO,
anepruoNYecKoe 3B€HO U KOoJeOaTeIbHOE 3BEHO.

2.2. Yemy paBeH KOd(PPHUIIMEHT YCHIICHHSI 3TOTO 3B€HA B YCTAHOBUBIIEMCS PEKUME?
B ycranoBuBIIEMCS peXKHMe BCE MPOU3BOHBIE PaBHBI HYJIIIO, TOATOMY KOA(PPHUIMEHT yCH-
nenus paseH W(0) (B nepenatounyto GyHKIHIO Hago noacTtaButh s = 0). Cum. [1, ¢.26 u 68].

2.3. SBnsercs nu 3BeHO ycToiuuBbIM? [louemy?

3BEHO SIBISETCS YCTOWYMBBIM, €CIIM BCE KOPHH 3HAMeHamesiss TIepelnaTouHor (GyHKIn
UMEIOT OTpHIATENbHBIE BEUIECTBEHHbIE YAaCTH (TaKUM KOPHSM COOTBETCTBYIOT 3aTyXarolllue
nepexoHblie npouecchl). Cwm. [1, c. 84-94].

2.4. SIBnsercs v 3B€HO MUHUMaJIbHO-(Pa30BbIM?

3BEHO SBIIAETCS MUHUMAIbHO-(A30BbIM, €CIIU BCE KOPHU uuciumens u 3HameHamens 1e-
penaToyHoi (PYHKIIMM UMEIOT OTpHUIaTeIbHbIE BEIIECTBEHHBIE YacTH. MUHUMANIBHO (a30BbIe
3BEHBS UMEIOT MUHUMAIBHYIO (TI0 MOJTYJTI0) (ha30BYIO XapaKTEPUCTUKY CPEId BCEX 3BEHBEB C
OJIMHAKOBBIMU aMIUIUTYJHBIMU XapakTepuctukamiu ([1, c. 41-42]).

2.5. Iloctpoiite acumnroruyeckyro JJA®YX 3toro 3BeHa.

[Ipenects norapuMuYecKuX YaCTOTHBIX XapaKTEPUCTHKH COCTOMT B TOM, YTO JUIS TO-
ctpoenust JIJADOUYX cuctemsl ¢ mepeaaToaHol GyHKIuei

W(s) =W (s)-Wy(s)-...W,(s)

MOKHO TipocTo ciokuTh JIAUX un JIOUX, moctpoeHHbIE ISl OTACNIbHBIX 3BeHbEB ¢ [ID
W.(s),i=1,..,n. bonee Toro, popma JIAUX 6mu3ka K Tak Ha3bIBAEMBIM aCHMIITOTHYECKHM
JIAUX — 5TO JIOMaHbI€ JIMHUY, HAKJIOH KOTOpPBIX MeHsieTcs ¢ marom 20 nb/nek. IToatomy 3a-
Jlada peraeTcs Tak:

e pa30uBaeM nepenaTovyHyro (GYHKIHIO Ha MPOCTEHIINE 3BEHbS,

e crpouM JIADYX st kaxa0ro U3 mpocTeninux 38eHbeB ([ 1, ¢.25-42]);

® CKJIaJbIBAEM UX.
[Toxpo6Ho 3TOT Mporecc pacnucad B [1] Ha c. 47-49.



2.6. Kaxkoit Hakion umeet JIAUX Ha HyneBoi yacTore? Ha OOJIBIINX YacTOTaX?

Haxnon JIAUX Ha HyneBOW yacToTe OmNpeAessieTcs TOJNBKO AU(QepeHIUPYIOUMMUA U
MHTErpUPYIOUIMMU 3BeHbsIMU. Eciiu cucrema nmeet n audpepeHunpyonux 3BeHbeB, HaKJIOH
oyner 20n nb/nek, Ans cUCTEMBI C 1 UHTETPUPYIOMUMHE 3BeHbs MU (—20n) nb/nex.

ITo3uunonHsle 3BeHbs (U1 KOTOpbIX a, # 0, b, # 0) uMerot HyneBoi HakioH. [logpoGHO
cM. B [1] Ha c. 25-42.

Haknon Ha BeICOKHX "acToTax paBeH (—20m) nb/nek, rae m — pa3HOCTh CTETICHEH 3HaMe-
HaTeJIs ¥ YUCIIUTENS TIepeIaTouHon PyHKIMY (TIogymanTe, moueMy Tak?).

2.7. 3anmummTe MOJIeTh 3TOr0 3B€HAa B BUjIE MU(DPEpEeHIINATHHOTO YPaBHEHUS.
3BEHO ¢ nepeaaTouHon GyHKIuen

a,s’ +a,s’ +as+a,

b,s® +b,s* +bs+b,

MOKET OBITh onrcaHo TudepeHITnATbHBIM ypaBHEHUEM

d_3y vh d_zy dy d’x d’x dx

+by=a,—+a,—+a,—+ay,x.
e tdr a7 Cdl Yar

Wi(s)=

b, +b,

Cwm. [1, c. 18-19].

2.8. 3anummuTe MOJETh ATOTO 3B€HA B IPOCTPAHCTBE COCTOAHUN. EAMHCTBEHHO JIM Takoe

IpeJicTaBiIeHue?

CocTosiHue — 3TO BEKTOP 3HAYEHUU, KOTOPBIM MOJTHOCTHIO OMpPEIEseT CUCTEMY B JIaH-
HBII MOMEHT. Takum 00pa3om, AJisi TOTO, YTOOBI HAWNTU PEAKIIMIO CUCTEMBI HA JIFOOON M3BECT-
HBII BXOJIHOM CHTHAJI, HAM JIOCTaTOYHO 3HATh €€ BEKTOP COCTOSHUS B HayaJIbHBIA MOMEHT
BPEMEHH.

Mopenb B MPOCTPAHCTBE COCTOSIHMN — 3TO cucTeMa auddepeHIInaIbHbIX ypaBHECHUI
MEPBOTO TMOPSAIKA, K KOTOPOH T0OABIEHBI CBS3M BEKTOpPA COCTOSIHHSI C BXOJIOM H BBIXOJOM
CUCTEMBI. {1 TMHEHHON CHCTEMBI OHA UMEET BH/]I

@:AerBu
dt (7)
y=Cx+Du

31ech X — BEKTOpP COCTOSIHUS (CTOJIOEIT), ¥ — BEKTOP BXOJHBIX CUTHAJIOB, ) — BEKTOP BBIXO-
na; A,B,C,D —u4nucinoBble MaTPULIbI COOTBETCTBYIOLIETO pa3Mepa.

[IpencraBneHue B MPOCTPAHCTBE COCTOSIHUN HE €JMHCTBEHHO M OMpEAEseTcss BBIOOPOM
BEKTOpa cOoCTOsTHUS (TopoOHO cM. [2, c. 107-109]). OHo ompenemnsercs ¢ TOYHOCTHIO JI0 TIO-
CTOSIHHOHM MAaTpHIIbI, 3TO 3HAYHT, YTO YMHOXAasi BEKTOP COCTOSIHHS Ha Pa3IMIHBIC HEBBIPOXK-
JICHHBIE MATPUIIBI MOYKHO TOJYYUTh CKOJBKO YTOJHO peanu3anuii (Mojeneit) B IpoCTpaHCTBE
COCTOSIHUI.

Jlis OJHOMEpHBIX CUCTEM (MMEIOIIUX OJUH BXOJ M OJMH BBIXOJ) CYLIECTBYET OYEHb
MPOCTOH €Ioco® MOCTPOECHUS MOETH B MPOCTPAHCTBE COCTOSHHUM MO TMepeaaToyHON (QyHK-
uud. [Tycts

a,s’ +as+a, Yy
s’ +b,s" +bs+b, u

W(s)=

HpeI[CTaBI/IM OTHOIIICHHUC X B BUJC

u
1
3 2 :
s*+b,s” +bs+b,

2
a,s” +a;s+a,

L= L2 oW (W), Z=T(s) =

z
9 _:VVZ(‘S):
u z u z 1 u

[Tepenatounas pynxuus W,(s) cooTBeTcTBYeT AU (HepeHIHaTbHOMY YPaBHEHHIO



d’z dz
y:azﬁ"'alE"‘aoZ: (8)
a W,(s) — ypaBHEHUIO
d’z d’z dz
W+bzﬁ+bla+bozzu. (9)
BBo/11 HOBBIE IEpEMEHHBIE COCTOSTHUS
‘= _dz . _d’z
LU a7 are
dx, dx,
U YYUTHIBAs CBSI3b MEXKy HUMHU s =X,, I = x,, u3 (8)-(9) momyuaem cucremy
dx, _
a7’
dx, _
d
dx
73 = —byx, —bx, —byx, +u
t
Y =ayx, +ax, +a,x,

KOTOpasi 3aliChIBaeTCsA B opMe MOJICIIM B IPOCTPAHCTBE COCTOSTHUM (7) ¢ MaTpUIlaMu

X, 0o 1 0 0
x=|x,|, A={ 0 0 1 | B=|0|, C=[a, a, a,] D=0. (10)
X, —b, —b b, 1

DTOT MOJIX0I MOXKHO PAaCIpOCTPaHUTh W Ha CIIy4ail mepenaToqHor (QYHKIIMH JIF0O0TO MOpsii-
Ka, OJTHAKO TIPH UCIOJIb30BAHUU OKOHYATENLHBIX (DOPMYII CIETYEeT MOMHHUTH:
e crapmuii KO3pUIMEHT 3HAMEHATEIs JOJKEH ObITh paBeH 1, eClii 3TO He TaK, YHCIIH-
TeJb U 3HAMEHATENb MepeAaTOUHON (GYHKIIMN HYKHO Pa3AeIuTh Ha 3TO YUCIIO;
® CTeNeHb YHUCIUTENs JODKHA OBITh HUKE CTENEHU 3HAMEHATEls, €CIId OHH PaBHBI,
HYXKHO BBIJIEJIUTH LIETYI0 4acTh (3TO OyzaeT Martpuua D) U CTpOro NpaBUIbHYIO IpO0b;
® MOJIeTb, COOTBETCTBYIOIIASI HETPABWIBHOW TepenaTouHol GyHKIUK (Y KOTOpPOMl cTe-
MIeHb YUCJIUTENS BBIIIE CTETICHU 3HaMEHATells1), He MOXKET ObITh Mpe/CcTaBiIeHa B CTaH-
JApTHOM NPOCTPAHCTBE COCTOSHUM.
Marepuain, cBsI3aHHBIN C TPOCTPAHCTBOM COCTOSIHUM JIy4Ille BCEro U3J0eH B [2]. MoxkHO
TaKke mocMotpeTs [1, c. 158-165].

2.9. Cpenaiite 0OpaTHBIHN Mepexo — OT MOJIENU B IPOCTPAHCTBE COCTOSIHUN K TIepe1aTOYHOM

byHKIAH.
[Tepexon OT MOENM B IPOCTPAHCTBE COCTOSTHUH K TIepeaTOYHON (DYHKIIUK OYEHB TPOCT.

C nomomipto oneparopa auddepeHimpoBatus Moaess (7) 3anumiercst B BUIE

sx = Ax + Bu

y=Cx+ Du
N3 nepBoro ypaBHeHHUs [101y4aeM

x=(sI—A)"'Bu,
rne / — eAMHUYHAs MaTpUIla, TOT/Ia U3 BTOPOTO CIIEAyeT

y=[C(sI—A)"'B+Dlu=W(s)u = W(s)=C(s[-A)"'B+D.

st monienu (10) monyuaem
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(s —A)"

| s’ +bs+b  s+b, 1

= -b s+bs s
3 2 0 2
s’ +b,s”+bs+1
2 : —b,s ~bs—b, s’
Tornma
1
sI—A)"'B=
( ) s*+b,s" +bs+1]
S
U oxoHuaTenbLHO
1 2
1 a,s +as+a
W(s)=C(s[—A)"'B= da, a, a,||s |=—=2 1 o
()= ) s> +b,s’ +bhs+1 [0 : 2] , | 8T +bs +hs+1
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DTOT MaTepuan u3noxeH B [2] Ha c. 96-100.

2.10. ITocTpoiiTe NEPEXOIHYIO XapAKTEPUCTUKY 3TOTO 3BEHA.

[TepexongHas XapakTepUCTUKaA — 3TO peaKUys Ha €AMHUYHBIA CTyNEHYaTbld cUrHai. J{ns
MPOCTEHIINX 3BEHHEB MEPBOrO M BTOPOTO MOPSAIKOB MOKHO MCIOJB30BaTh TaOIU4yHBIE (POp-
Myael (eM. [1, ¢. 25-42]) unm knaccuyeckue METoJbl perneHus auddepeHnanbHbIX ypaBHe-
HUH, Ui 60JIee CII0KHBIX CIIy4aeB MPOIlE BHIMOJIHUTH YUCICHHOE KOMITBIOTEPHOE MOJIEIHPO-
BaHMUE.

3. 3aMKHyTble cUcTeMbl

3.1. IlycTh 0OBEKT ympaBieHHUS UMEET MepenaTouHyo GyHKIu W (s), peryasarop — nepena-
TouHyI0 QyHKIUIO K(s), a U3MEepUTeNbHas CUCTeMa — MepeaaTounyto GyHKIu H(s).
HapucyiiTe THIIOBYI0 OJ0K-CXEMYy CHCTEMbI aBTOMAaTHYECKOTO PEryJIHpoBaHUs, 0003Ha-
YUB 3aJalOlMi curHan g(¢), curHay ynpasieHus u(f), peryaupyemblii curHan y(f),
BHEIIIHEE BO3MYIIIeHUE W(t), CHTHAJ oOpaTHOM CBsi3u f(¢), CUTHAJ OomuOKH e(?).

DTOoT MaTepuan usnoxeH B [1, c. 8, 54-59].

3.2. Tlpeanonoxwus, uro K(s) =k =const u H(s) =h = const, MOCTPOITE MepeIaTOUHBIC
¢bynkuuu (I1D):
G(s) orBxoma g(¢) k Beixoay )(f);
G,(s) orBxona g(t) x BeIxony u(t);
G,(s) orBxonxa g(¢) k BeIxony e(t);
G, (s) or BXOzma w(?) K BeIXOAY e(?).

Jly1s Toro, 4ToObI MOHATH, 0 KaKUX NEpeNaTOYHBIX (QYHKIUSAX HIET peub, HaJ0 HapHCO-
BaTh CXeMy (CM. MpeabIayIIee 3aiannue) u mouutats [1, c. 54-59]. Tam ke Ha c. 50-54 paccka-
3aHO, KaK MOCTPOUTH HYKHBIE MepelaTo4yHble (YHKIHMU 1O CTPYKTYPHOH CXeMe, UCHOJb3Ys
CTPYKTYpHBIE TPE0OPa30BaHMUS.



3.3. Hcnons3ys kputepuii ['ypBuna, onpeaenure, npyu Kakux 3HaAYCHUSIX kK U /i 3aMKHYyTast
CUCTEMA yCTONYUBA.

OtoT MaTtepuan uznoxeH B [1, c. 90-95]. [Topanok nelcTBUiA ClieayOIIHIA:

® T[IOCTPOUTH MEPENATOUHYIO (DYHKIIUIO 3aMKHYTOW CUCTEMBI (3TO yXKe CIEIaHO B Ipe-
JBITYIIEM 3aJJaHUN );

® B3TH IOJMHOM-3HAMEHATEJhb TOW MepenaToyHoN (GyHKIUH (3TO U €CTh XapaKTepH-
CTHYECKHH TTOJIMHOM 3aMKHYTOW CHCTEMBI) U TOCTPOUTH ISl HETO omnpenenutenu ['yp-
BHIIa, KOTOPBIE OyIyT 3aBUCETh OT k H /]

® CHCTEMa YCTOWYMBA, €CIIM BCE OHHU IIOJOKUTENBHBI, 3TO YCIOBHE JACT HEPAaBEHCTBA,
OTPaHUYMBAIOLIMUE I0IIyCTUMbIE UHTEPBAJIbI 3HAUEHUN k U /.

3.4. Tlpunsas h =1, BeiOepuTe k Tak, 4TOOBI 3a1Mac YCTOMYUBOCTH 10 aMIUTUTY/IE OBbLIT HE Me-
Hee 6 1b, a 3amac o ¢ase — He MeHee 30° (ucnonp3yiire IAOUX pasoMKHYTOM CHCTEMBI
0e3 perysiTopa).

VYBennuenune kodddummeHTa k paBHOCWIBHO J00aBIEHHUIO B KOHTYP YCHIMTEIHLHOTO
3BeHa. JTO He usmeHsem ¢hazosyio xapakmepucmuxy KOHTYpa, HO CIABUTAeT Jorapupmuye-
CKYIO aMIUTUTYAHYIO XapakTepucTuky (JIAUX) BBepx (npu k >1) wiu BHU3 (Tipu k <1) Oe3
usmenenus ee popmul. IIpu 3T0M U3MEHSIOTCS 3amachkl ycToitunBocTr. O TOM, KaK ONpeeuTh
3anackl ycroiunBocTy 1o JIADUYX, pacckazano B [1, c. 115-117].

ITopsinok neUCTBUH ClIeTyFOLIUN:

e noctpouTh JIADUX 3aMKHYTOr0 KOHTYpA; JUIsl YIPOILIEHUSI MOKHO CTPOUTH ACUMIITO-
trueckyro JIAUX BMecTo TOUHO# (MpU UCTIONH30BAHUN KOMITHIOTEPHBIX TPOTPaMM
Jydie paboTaTh ¢ TOYHOM KPUBOM);

®  ONpENeNUTh 3arachl YCTOWYUBOCTH 10 aMILTUTY/E U (ase;

e u3MeHHTH nojoxkenne JIAUX tak, uToObI 3amackl ObLUTH HE MEHBIIE 33JIaHHBIX (HY)KHO
MIPOBEPSTH KaK 3arac Mo aMIUTUTYJE, Tak U 3amac o ¢ase);

e Juis HaleHHOTro nostoxkenus JIAUX onpenennTs COOTBETCTBYIONIEE 3HAUEHUE JTOTOJI-
HUTEITBHOTO KO PHUITMEHTa YCUIICHHUS.

Homyctum, JIAUX moxHO moaHSTh Ha 12 1b. BcmoMHUM, 94TO YCHIIUTENBHOE 3BEHO ¢ KOA (-
¢buruenTom ycunenus k nogaumaet JIAUX na 201gk ab (cm. [1, c. 27]). Torma

20lgk=12 = k=10"*=3981.

3.5. TlocTpoiiTe mepexoaHbIi MPOIECC Ha BBIXO/E MPH BHIOPAHHOM 3HAYCHUU K .

VYka3zaHue: UCIOJIb3YyHTE KOMIBIOTEPHOE MOJIEIIMPOBAHNE B KAKOM-JTHOO MaKeTe.

3.6. OruennTte BpeMsl MEPEXOTHOTO MPOIIECCca U MepeperyIUpOBaHNe, MOKAKATE UX Ha Tpadu-
Ke.

OTOT MaTepuas moApoOoHo u3noxeH B [1, ¢. 111-112]. O6Ge >Tu BeTMUIMHBI ONPEIEITIOTCS
1o rpauKy.

Bpewms nepexomHoro mpomecca ¢, — 3TO BpeMsi, OCJIe KOTOPOTO OTKJIOHEHHE BBIX0/1a
CHCTEMBI OT YCTAaHOBUBIIIETOCS 3HAYCHUS HE MTPEBHIIIACT BETHIUHBI 5%.
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[lepeperynupoBaHue o — 3TO BEIMYUHA, KOTOPAsl MOKA3bIBAET (B MPOLIEHTAX) HACKOJIBKO
MaKCHMYM BBIXOJTHOTO CHTHaJIa BO BpeMs MEePEeXOHOro Impoiiecca O0Jblle YCTaHOBUBILIETOCS
3HAYEHHUS.

3.7. SIBnsercs nu 3aMKHYyTas cucteMa actatuueckoi? Ilouemy?

Cucrema Ha3bIBaeTCAd ACMAmMuyeckoll, €CIM B YCTAaHOBUBIIEMCS PEKHME 3HAUCHHE ee
BBIX0JIa PABHO 33J]aHHOMY (HET cTaTHuecKoi ommoOKu). J[ist Toro, uroOsl cuctema Obljia acta-
TUYECKOH, Hy)KHO, YTOOBI mepeiaTouHast (pyHKIUS MO OIIMOKEe HMMena MHOXKHUTENb § (Heallb-
Hoe nuddepennupyromiee 38eHo). [logpodHnocTu cm. B [1, ¢, 67-71].

3.8. Hcmons3yiiTe mponopiuoHaIbHO-UHTErpaibHbIi perynsarop (IT1-perynsTop) ¢ nmepena-
TOYHOU (pyHKIIHEH

k(s +a)

K(s)= mpu o =1.

C nomosto kputepus ['ypBuiia onpenennure, Kakue orpaHUYeHuUs JOKHBI ObITh
HaJIOKEHBI Ha k , 9YTOOBI cucTeMa OblIa ycToiunBOr. BriOepute koadgdunmeHt £ ,
00eCIeunBarOIINN YCTOMYMBOCTh 3aMKHYTON CUCTEMBI.

O mpocreitmnx perynstopax (II-, 1TW-, TIJ- u I[IM]J]) ayudme Bcero HamucaHo B
[2,c.201-209]. B 5TOM 3a/laHMU HYKHO MOCTPOUTH XapPaKTEPUCTUUYECKUIN MOJMHOM 3aMKHY-
TOUM CHUCTEMBI, OH OyAET TpeThero mopsaka (00bEKT BTOPOTO Mopsika + perynsrop 1-oro mo-
psanka). 3aTeM TpUMEHseTCS KpuTepuid ['ypBHIa JJd MOJIMHOMOB TPETHETO TOpsIKa (CM.
[1,c.92].

3.9. TloctpoiiTe nepexoaHbIi MPOoIEcC Ha BBIXOAE MU BEIOpaHHOM peryisitope. OueHuTe
BpeMs IIEPEXOTHOTO IpoLecca U epeperyInpoBaHue, OKaXKNUTE X Ha rpaduke.

Amnanorudso 3.5 (KOMIObIOTEPHOE MOJICIUPOBAHUE).

3.10.ITocTpoiiTe aMIINTYJHYIO YaCTOTHYIO XapaKTEPUCTUKY IIOJyYEHHOU 3aMKHYTOH CHCTe-
MBI ¥ OTIPEJICIINTE MOKa3aTelb KonebareapHoCcTH M .

HyxHo cnenats cienyromniee:

® TIOCTPOUTH NMEPeAATOUHYI0 (DYHKIIUIO 3aMKHYMOU CUCTEMBI OT BXOJa K BBIXOJY;

® TIOJICTaBHB S = j® , HANTH aMIUIUTYJHO-4YaCTOTHYIO XapakTepucTuky (AUYX) |W( j a))|
JUISL TIOJIOCHI YaCTOT, TJ€ OHA OTIMYAETCS OT HYJIS Ha 3aMETHYIO BEJINUMHY,

® OIpENEIUTh MAKCUMYM JTOU KPUBO;

® OMpEeNeNHTh NOKa3aTelb KOJIeOaTeIbHOCTH KaK OTHOIIIEHHE ATOT0 MaKCUMyMa K 3Ha-
yenuto AUX ipu o =0.

Teopus u3noxkena B [1, ¢. 117], mist mpakTHYECKO# peanu3anui He00X0IUMO IPUMEHe-
HUC KOMIIBIOTCPHBIX paC4YCTOB.

3.11.5BnsieTcst 11 3aMKHYTasi CUCTEMa acTaTUYeCKou 1o Bo3myuieHuto? [louemy?

CucteMa Ha3bIBACTCS ACMAmMu4eckoll o 603MyWeHUI0, €CITA B YCTAHOBUBIIIEMCS PEXKUME
3HAYCHUC €€ BbIXOJa PABHO 3a/IaHHOMY HE3aBUCUMO OT BO3MYIIICHUA (HeT CTaTUYECKOU
OIUOKY MPU HAJTUIUH MOCTOSTHHOTO BO3MYIIeHHs ). 711 TOTro, 4TOOBI cucTeMa Oblila acTaTh-
YECKOIl 10 BO3MYILEHHUIO, HY)KHO, YTOOBI IepeaTouHas (PyHKIHS 110 BO3MYIICHUIO UMela
MHOXHUTENb § (uaeanbHoe nuddepeniupyromiee 38eHo). [logpodHocT cm. B [1, ¢, 67-71].
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3.12.IlocTpoiiTe mepexoaHbIi mporecc Ha BeixoAe npu g(¢) =0 u cTyneH4yaToM BO3MYIICHUHU

F@O=101).

Amnanorudso 3.5 (KOMIObIOTEPHOE MOJICIIUPOBAHUE).

NuTepaTtypa:

1. Ilomos E.II. Teopus TMHENHBIX CHCTEM aBTOMAaTUYECKOTO PETYIUPOBAHMS U YIIPABICHUS.

M.: Hayxka, 1989.

2. Mupomnuk U.B. Teopust aBTomatuueckoro ynpasieHus. Jluneitnsie cucremsl. CII6.: ITu-

Tep, 2005.

3. I'yaBun I'.K., I'pede C.®., Canbrago M.J., [IpoektupoBanue cuctem yrnpasieHus. M.:

bunom, 2004.

Mporpamma Ha a3bike Matlab gna mogennpoBaHusa nepexogHoro npo-
Lecca B HeJIMHeMHOWN N NIMHEeMHON cuctemax (K 3agaHuio 1.6):

x0 = (g2*y073*sin(y0) + gl*y0) / k;
x = x0 + 1; % Bxom - eImMHMUHALA CTYIIEHb
% OTHOCUTEJIbLHO YCTAaHOBUMBIIETOCS BHAUEHUS
h = 0.001; % llar MHTEeTpPMPOBaHUSA
tt = 0:h:10; % MaccuB orTcueToB BpemeHu (0 - 10 c)
yN = []; % MaccuB IOJid BHAUYEHUM BHIXOIA
y = y0; v = 0; % HauaJjbHEE YCJIOBUA
[MKJI MHTETPUPOBAHUSA METOIOM DJijepa
IOJIS HEJIMHEMVHOM MOIeJIu
for t=tt
yN = [yN y]; % JoOaBMTb HOBOE 3HAaueHMEe y B MacCCUB
dy = v; % CumTaeM NPOU3BOIHHE
dv = (k*x - Tl*v - g2*y"3*sin(y)-ql*y) / T2;
y =y + dy*h; % OOHoBnfgeM 3HadYeHUsa Yy U V
v = v + dv*h;
end;
JInneapmuszaumuda
x = 1; % Bxom - eImMHMUHALA CTYIIEHb
Q = g2* (3*y0”2*sin(y0) + y0"3*cos(y)):
yL = [1; % Maccup IOJi9 3HadeHUM BHXOIA
y =0; v =0; % HyJeBble HauaJIbHBEIE YCJIOBUSA

IMKJI MHTETPUPOBAHMA MeTOIOM JOWuilepa
IOJI4 JIMHEMHOM MOIeJIu

~
Ik
~
Ik
=
e
=

uyTaeM IIPpOoM3BOIOHEIE

oDaBUTHL HOBOE 2HAUEHUE Y B MacCcCusn
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dv = (k*x - Tl*v - (Q+ql)*y) / T2;
y =y + dy*h; % OOHOBJgeM 3HauUeHUS y U V
v = v + dv*h;

end;
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