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3ATAHUE HA BBIITIOJIHEHUE KOHTPOJIBHBIX PABOT

B Metoanueckux ykazaHUsX MPUBEICHBI 3 KOHTPOJIbHBIE paboThl. CTyAeHTY
HEOOXO0UMO TPEJICTABUTh OTUET CO gcemu mpems KOHTPOJIbHBIMU paboTamu, BbI-
IIOJIHEHHBIMUA B COOTBETCTBUM C JAHHBIMH METOAMYECKMMH yKazaHusMu. Homep
BapHaHTa (POPMUPYETCS] COTJACHO IMOCIETHUM IBYM IdpaM HOMepa 3a4yeTHOU
KHUXKKH.

JIBe mocienHue Howmep JIBe mociennue Howmep
1 dpsl BapuaHTa 1 dpsl BapraHTa
3a4€THOM KHMKKHU 3a4€THOM KHMXKKU
01, 26, 51, 76 1 13, 38, 63, 88 13
02, 27,52,77 2 14, 39, 64, 89 14
03, 28, 53,78 3 15, 40, 65, 90 15
04, 29, 54,79 4 16, 41, 66,91 16
05, 30, 55, 80 5 17,42, 67,92 17
06, 31, 56, 81 6 18,43, 68, 93 18
07,32, 57, 82 7 19, 44, 69, 94 19
08, 33, 58, 83 8 20, 45,70, 95 20
09, 34, 59, 84 9 21,46,71, 96 21
10, 35, 60, 85 10 22,47,72,97 22
11, 36, 61, 86 11 23,48, 73, 98 23
12,37, 62, 87 12 24,49, 74, 99 24

Ecnu nBe nocneauue uudpsl 3auétHoit kumwkku 00, 25, 50 unu 75, To HOMEp
BapuaHTa — 25.

OT4Y€T 0 BHIMOTHEHHBIX KOHTPOJBHBIX Pab0Tax OJDKEH BKIIOYATh: THTYJIIh-
HBIM JINCT, YCIOBHE 3a7a9M ¥ TMOAPOOHYIO MPOIEAYPY PEUICHUs, aHAIOTUYHO TO-
My, KaK 3TO MPEACTABJICHO B MPHUMEpPaX BBIMOJHEHUS paboT. Bo Bpems 3ammThl
oTuéTa CTYACHT JOJKEH yMETh 00OCHOBATH MPEJCTABICHHOE B OTYETE PEIICHUE.
Ha tutrynpHOM nmcTe OT4€Ta O BBIMOJHEHWHU KOHTPOJIBHBIX PabOT HEOOXOAMMO
yKa3aThb (aMUIUIO0, UMS U OTYECTBO CTYJEHTa, HOMEp y4eOHO# Tpymimbl, HOMEp
BapUaHTA.

[Ipuctynas K BBIIOJHEHUIO KOHTPOJBHBIX pabOT, PEKOMEH]IYETCsl O3HAKO-
MUTBCS CO CJIEAYIOIUM y4eOHbIM TOCOOUEM:

Cotnukos, B. B. OcHoBBI Teopun ynpasieHus. ba3oBsiil kypc: yueOHOe 1mo-
cobue s CTyAeHTOB 3a04HOoi (opmbl 00yuenus / B. B. Cotnukos, JI. ®. Maka-
posa. — CII6. : CIToI'TU(TY), 2010. — 160 c.



KOHTPOJIbHAA PABOTA 1

Kontponbnas pabora Ne 1 coctouT u3 4-pIx 3aaHUil.

3apanme 1.1 OnepannonHoe UCYHCTICHUE

3anucath ypaBHeHHE B U300paxeHuu no KapcoHy B HMKENPUBOAUMBIX 3a-

JAHUAX:

Bapuanr 1.
Bapuanr 2.
Bapwuanr 3.
Bapuanr 4.
Bapwuanr 5.
Bapuanr 6.

Bapuant 7.
Bapuanr 8.

Bapuanr 9.

Bapwuant 10.
Bapuanrt 11.
BapuanT 12.
Bapwuant 13.
Bapuant 14.

Bapuanr 15.
Bapuanr 16.
Bapuanr 17.

Bapuanr 18.
Bapuant 19.
Bapuant 20.
Bapmuanr 21.

Bapuant 22.
Bapuant 23.

Bapuant 24.

Bapuanr 25.

ax + by = I flt)dt mpumyv.= 0uf(t) = 1(t).

ax+by =z(t—1) 4c mpury.=0.

-

ay = I f(t)dt mpur.v = 0uf(t) =™
3{(':-'5:' +hby':-'3:' =z (t- 1) mprRHy.= 0.

I flt)dt = ax + by “ npuw.y.= 0 u f(t) = 1(t).
ax” +by = zﬂl':t— U) mpEH v. = 0.

ax +by + I f(t)Jdt = 0 mpury.# 0.

c Jﬂfl':t]dt =x(t— 1) mpurv.= 0.

I f(ddt +x =y + ¢z mpuuYy. = 0.

X(t— T] + }-’“l:t— r] + z =0 opEHv. F 0.
CiO5 C']t-i-XmI:t—Tj =0 opuurYvy.= 0.

sin oot + X“(t— 1) =0 nprHY.* 0.
sinot 4+ cosot =x mpHREvV.= 0.
sinot+x—x (t—1) =0 mpuav.= 0.

I flt)dt =ax + by mpurv.#0n f(t) = U = const.
a;x" “4a,x =f(t—1) mpuEY.= 0.
a’x +c I f(t)dt =z(t— ) mpur v.#= 0uf(t) =U

z (t—1) = cosnt mpurYV = 0.

x (t—1)+ by = sinot mpaav.= 0.

X +y +sinot=1 mpuEHR V.= 0.

cos ot + I Udt =x (t— t)mpur.v.= 0,U = const.
0

d" 4+ x +y =10 mprrY.= 0.

1+ U=C4+e * rze U= const,

Lt

C = const.

sinot+x (t—1) = J 1(t)dt mv.=0.

o
d?x dx . d?y
wixt T e

mpHHEv.= 0.

Ka)KI[OC PCUICHUC MTOSACHUTD.



IIpumep BbINOJTHEHHUS] KOHTPOJIbHBIX 3axanui 1.1
JlaHO ypaBHEHUE BHJA:
a‘x+v =2z +cvy, npu H.y. = 0. (1)

3anmcaTh U300pakeHre ATOTO BhIpakeHus 1mo Kapcony.

B o6mem Buae nzobpaxenus: no Kapcony ypaBaenus (1) npeacraBum ciie-
ITyIIuM 00pa3om:

L(a’x+vy) = L(z" +cvy). (2)

Jlanee, Ha OCHOBAHUM T€OPEMBI CYNIEPIO3UIIUHU (2) 3aMUIIIEM B BUJIE:
La’x + Ly = Lz + Lcy.

Ha ocHOBaHWYU TEOpPEMBI TMHEHHOCTH:

La’x + Ly = Lz’ + Lcy.

Lcy = cLy = c¥Y(s).

Ha ocHoBanuu n300pakeHus Npon3BOIHOM:

Lz’ = sZ(s). (4)

Torna nzobpaxkenue nmo Kapcony ypaBaenus (1) 3anuiiem B BUE:
a*X(s) +Y(s) = sZ(s) + c¥Y(s). (5
JlaHO ypaBHEHHE BU/A:

cx(t—1)=by" +v. (6)

3anucath ero uzoOpaxxenue no Kapcony npu

B o6mem Bune nzodpakenne no Kapcony ypaBuenus (6) mpeacTaBuMo cie-
TYFOIITIM 00pa3oM:

L(ex(t—1)) = Lby" +y). (7)

Ha ocHOBe TeopeMbl CyIepro3uiiy ypaBHeHUs (7) 3alUIleM B BHJIE:
L(cx(t — T)) = Lby" + Ly. (8)

C Y4€TOM TCOPEMBI JIMHEWHOCTH ITO BBIPAXKCHUC IICPCIIUIIECM B BUC:
cLx(t — 1) = bLy" + Ly. (9)

Ha ocHoBanuu n3zo0paxkeHus (PyHKIUU C 3a1a3/IbIBAIOIIUM aPTYMEHTOM U

IPOU3BOHOM 3amuiiieM ypaBHeHue (9) B BUE:
ce”"X(s) = bs*Y(s) — bs*y(0) — bsy'(0) + Y(s). (10)
rae X(s) = L(x(}r — T))FG; Y(s) = Ly

VYpaBuenue (10) sBaseTcs pe3ynbTaToOM pELICHHs IPUMEPA.
6



bi (S

3aaHO ypaBHEHUE:
¥'(t—1) =ay, npu H.y.= 0. (11)

3anmcath ero nzoopaxkenue mo Kapcony mpu 1.y.= 0.

N3o6paxenue no Kapcony ypaBuenus (11) nepBoHayanbHO 3anuiieM B BU-

L(x”{t — T)) = L(ay). (12)
Ha ocHoBanuu nzo0paxeHus npous3BoaHoM (12) nepenuiieM B BUAE:
s?L(x(t—1)) = L(ay). (13)

Ha ocHoBanum wu3oOpakeHHs (QYHKIMH C 3ama3iblBaHUEM apryMeHTOM

ypaBHeHnue (13) 3anumiem B BUe:

s?e T X(s) = L(ay). (14)
Hcnonp3ys TeopeMy JIMHERHOCTH ypaBHenus (14) sanuinem B BUJE:
s?e ™X(s) = a¥Y(s), (15)

rae X(s) = Lx(t); Y(s) = Ly.
VYpaBaenue (15) sBiseTcst pereHueM UCXOTHOM 3aJ1auHu.

JlaHo ypaBHEHHE:
X"(t—1) =ay (16)

3anucath ero uzoOpaxenue no Kapcony npu

Pemrenue atont 3amaum ocymiecTsiisieM 1o cxeme peuienus 3aaauu Il ¢ yue-

TOM HEC HYJICBBIX HaYaJIbHBIX YCHOBHﬁ.

L(x"(t—1)) = L(ay).

s?L(x(t— 1)) —s?x(0) — sx'(0) = Lay.
s2e™*™X(s) —s?x(0) —sx'(0) = Lay.

s2e X (s) —s?x(0) —sx'(0) = a¥Y(s).

3anucath B u300paxkenusx no Kapcony npu ny = 0 ypaBHEeHuUE BUA:
t

 f(t)dt = oy’ (17)

|
[Tepenuiem 310 BhIpakeHnEe B m300paxkeHnu 1o KapcoHy B o01iem Bue:



t
L f(t)dt | = L(cy ). (18)
0
Ha ocHoBanum teopeMbl 00 M300pa)KEHUU WHTErpaia U TEOPEMbl JIMHEHHO-
CTH 3TO YpaBHEHHE MEPENUILIEM B BUJE:

oCs) _
=

cLy , (19)

rae o(s) = f(t) mo Kapcony.

Ucnons3ys Teopemy 00 H300pakeHUH MPOU3BOJIHOM, MOJIYYUM OKOHYA-
TEJIbHBIN pe3yJbTaT B BUJIE:

@CSEY(S). (20)
HpI/I 9TO BBIPAKCHHUEC 3alIMIIEMCA B BUIC:!
(s) S ..
LPT = ¢($Y(s) — s75(0) — sy (0) — 5y (0)). 1)

3aganme 1.2 O0mue NPUHIHUNBI CHCTEMHON OpPraHu3auuu

3ajganue tuma 1. 3anucaTh COOCTBEHHYIO mepenarounyro Qynkiuwo (I1D)
i 1udepeHIInalIbHOTO YpaBHEHUS:

3 2
Bapuanr 1. 7d—f+4i’;+x=ku
d*x d’x dx
Bapuanr 2. o 7?+d_+ =kf(t-7)
2
Bapuanr 3. 2fhf+4%+x=k D(t-1)
3 2
Bapwuanr 4. d—f+3df+@+x=kﬂ
dt dt dt dt
2 2
Bapwuanr 5. dx dx_,dy

dit " drdr



3amanwue Tuma 2. 3anucatbh 0000MCHHYIO TIepenaTouHyo QyHKiuio 11 audde-
PCHIIMATIBHBIX YPAaBHCHU.

3 2
Bapuanr 6. d—f+8df+@+x=ku
dt dt~ dt
Bapuanr 7. 3d—3x+7d—2x+ﬁ+x=lg‘(z—r)
dr’ dr*  dt

2 e
Bapmant 8. 29X 5%, o PU=T)

dt? dt dt
3 2
BapuanT 9. 64 f+2d f+x=kd—y
dt dt dt

3amanue Thna 3. 3anucath nuddepeHImanbHbple YPaBHSHUS 10 W3BECTHBIM
NepPeTaTOYHBIM (PYHKITUSIM.

K

B 10. WwW(s)=—————
aprant () 10s* + 25 +1

Ke™
55 +2s* +s5+1

Bapuant 11. w(s)=

Ke™

Bapuant 12. w(s) =17 eerl
N S

Ks

B 13. W(E)=———
aprart =S

Ks

B 14. wW(s)=——F7——
apHart ) S +s +s5+1

Y(s)
Ks®

Bapuaunt 15. w(s)=
P ) 35 + 257 +s5+1

Ks®

Bapuanr 16. W (s)=———5—7Y(s)
s +s5 +1
Ks®
B 17. =
apuaHT W (s) ST 10711 Y(s)
Ks®

Bapuant 18. w(s)= Y (s)

257 +2s* +s+1

Kse—TS
sttt +sT+s+1

Bapuant 19. w(s)= Y (s)
Ks*e™

S+t +s+1

Bapuant 20. w(s)=



3ajanue Tuna 4. YOpoCcTUTh CTPYKTYPHBIE CXEMBI

Bapuanr 21.

A 4

Wl @ Wz W3

Ws

Bapuanr 22.

X(s)

X(s)
"®— W, W, _® W3 >
W,
Ws
Bapuanr 23.
X(s)
-’® Wl Wz W3 >
W,
Ws
Bapuant24.
X(s)

_’® Wl Wz W3

A

Ws

10
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Bapuanr 25

—->®— W, W, ® >

W,

W,

IIpumepsbl BHINOJIHEHUSI KOHTPOJIbHBIX 3a1anuii 1.2

Ilpumep pewenusn 3a0anuii muna I

1) Mano nuddepennmanbHoe ypaBHEHHE CUCTEMBI YIIPABICHUS B BUJE:

dzx dx (1)

[TonyuuTts aJig HETO 0OOOOIIEHHYIO U COOCTBEHHBIE TIepeAaTOUHbIe (DYHKITUU.
Pemenue

3anumem ypaBHeHue (1) B nzobpakenusix no KapcoHy, 3aMeHUB onepaTop
mudpepeHInpoBaHUs P HA MEPEMEHHYIO S :

(55> + 35 + 1) X(s) = KY(s) 2)
Tax kak BeIpa)keHUe AJIs IepeJaTOuYHON (PyHKIIMK MOKHO 3alicaTh B BUJE
15 _ X(=)
W (S) - Y(s) (3)

TO U3 (2) MOKHO 3aMKCATh PEIICHUS:

- 00001IeHHas TiepeaaToyHas QyHKIINS:

W(s)= Y(s) 4)

55 +3s+1

- coOcTBeHHasl mepeaaTovyHasi PyHKIMsI, KOTOpas 3amucbiBaeTcs u3 (4) mpu
Y(s)=1:
B K
557 +3s+1

40 &)

11



Ilpumep pewrenusn 3a0anuii muna 2

2) Jlana o0o61eHHas nepeaaToyHas PyHKIUs B BUIE:

W (s)= Y(s) (6)

4s* +5+1

3anucath COOTBETCTBYIOIIEE el AudpepeHuanbHOe ypaBHEHUE.

Pemenue
VYuuteiBas ypaBHeHue (3), 3anuieM u3 (6) BeIpaKkeHue:

X(s)= Y(s) (7)

45 +5+1

OCBO6OI[I/IBH.II/ICI> OT 3HAMCHATCIIA, IIOJTYYHUM

(4s>+ s + 1)X(s) = KY(s) (8)
[IpousBess 3ameHy s Ha p , 3anuiieM (8) B onepaTopHor popme:
(4p® +p+ 1)X(p) = KY(p) )

d o
VYyuteiBas, 4To p = —» M IEPEXO/IS 0T ONEPaTOPHOU dbopmbl ypaBHeHus (9)

K OPUTHHAIY, II0Jy4YUM UCKOMOE PEILCHHE:

4_+_t+x =ky (10)
Ilpumep pewenusn 3a0anuii muna 3

1) Jlana coOcTBeHHas nepenaroyHas GyHKIHs B BUJIE:
K

W(s)=——H—o-—— 11
)= o v 41 (1
3anucaTh COOTBETCTBYIOIIEE el qudPepeHnanbHoe ypaBHEHHE.
Pemenue
VYuuteiBas (3) u (11), 3anumem
X(s) K (12)

Y(s) 10s*+5s>+1°

OTKyJa

K

X(§)=——F
() 10s” +5s% +1

Y(s) (13)

12



Janee, BBIMOJIHSS JIEUCTBUS, aHAJOTUYHbIEC JEUCTBUSIM C ypaBHEHUSIMHU (8,
9, 10) u3 nmpumMepa 2, MOJIyIUM peIeHue:
d’x d*x
Tt+tS—+x=ky
dt dt

10

Ilpumep pewenusn 3a0anuii muna 4

4) IlpuBecTH 3aJaHHYIO CTPYKTYPHYIO CXEMY K BHILY
X(S) = W) Y(S)

Y(s) 1 ? a4 5 3[\ X(s)
g Wy @ W, ? W; N2
A A
W,
Ws
We
Penienue

B cooTBeTcTBHM ¢ mpaBUiiaMH MpeoOpa3oBaHUsl CTPYKTYPHBIX CXE€M MOCIIe-
JIOBATEIBHOCTD ICUCTBUUN CIICAYIOIIAS:
1-i1 mar. IlepeHecs y3ein S ¢ BbIX0J1a 3B€Ha W3 Ha €ro BXO/I, MOJyYUM
Y(s) 1 2 4 X(s)

—> W, ® W, W;

A A

W,

W5

Ws

We

IIpu stom W, =W,

2-i1 war. 3seHo W, Bmecte ¢ W; u Ws npeAacTtaBuMm B BUJE 3B€HA, OXBAYECH-
HOTO OTPHUIATEIHLHOW 00paTHOM CBs3bI0. TOrma CTPyKTypHas cxema MpUoOpeTeT
BU/T

13



Y(s) X(s)

g W1 We ? Ws
A
W,
Ws
W,
[Mpu stom W,=——">—
P L+,

3-it mar. 3BeHbss W, u W3 3aMEHUM OJIHMM 3BEHOM C TlepeaTOYHON (DyHK-
HHCﬁ W9: W1 ' Wg .

Y(s) X(s)

—> Ws W3

W,

We

4-i1 mar. 3BeHbpst Wy u W,, BKIIIOUEHHBIE TIO0 CXE€ME€ OTPHUIIATEeIbHOM 00pat-
HOHW CBSI3U, 3aMEHUM OJTHUM 3BEHOM C MEepeaTouHON QyHKIHen

__
LW,
Y(s) X(s)

10

We

5-ii miar. 3BeHbst Wiy u W5 3aMEHUM OJIHUM 3BE€HOM C NEpenaToyHo GyHK-
e Wy = Wy Ws

Y(s) X(s)

—I>—>®— Wiq

We

6-i1 mar. IlapamnenbHO cOoeNMHEHHbIE 3BeHbA W), u Wy 3aMEHUM OJHUM
3BCHOM W12: W11 +W6

Y(s) X(s)
1 Wn [

Otkyna crnenyet paBeHCTBO X(s) = W(s) V(s). D10 pemienue 3aaauu.
14



3ananme 1.3 OQHOKOHTYpPHBIE CHCTEMBI YIIPABJIEHHUA. 3AKOHBI peryJiu-

poBaHus
Bapuanr 1.
Bapuanr 2.

Bapwuanr 3.

Bapuanr 4.

Bapuanr 5.

Bapuanr 6.

Bapwuanr 7.

Bapuanr 8.

BapuanT 9.

Bapwuant 10.

Bapwuanr 11.

Bapuanrt 12.

Bapuant 13.

Bapuant 14.

Bapmuanr 15.

Bapuanrt 16.

Bapwuanr 17.

Bapuanr 18.

Jns cxembl (pUCYHOK 2) onpenenuts Fy(s) B TuHaMHuKE.
Jlst cxembl (pucyHOK 2) onpenenuth Fys) B tuHamuke.

Jlnst cxembl (PUCYHOK 2) ONpPENeNuTh CTaTHUYECKYI0 OLIMOKY I10
yIpaBIISAIONIEMY BO3AeCcTBHUIO, 3aMeHnB Wp(s) Ha Wp(s) = K.

Jlist cxeMbl (PUCYHOK 2) ONpeAeIuTbh CTaTUYECKYI0 OMIMOKY MO BO3-
MYyLIAIOIEMY BO3IEUCTBUIO.

Jlig cxembl (PUCYHOK 2) ONpeaennuTh BeauuuHy X(S) B AMHAMUKE.

Jlnist cxembl (PUCYHOK 2) ONPENEeTUTh CTATHYECKYIO OIIMOKY, 3aMEHHB
W, (s) Ha mepenarounyto ¢pynkuuro [IHM-perynsaropa.

JI71st cxeMbl (PUCYHOK 2) ONpeIeTuTh CTATUYECKYIO OMIMOKY MpU  UC-
noJib3oBaHuu Jl—perymnsropa.

Jns cXeMbl (DHCYHOK 2) ONPENENUTh BEIHYUHY X4(S) B CTATHYECKOM
pexume npu ucnonp3oBanuu [ [—perynsaropa.

Jlia cxembl (PUCYHOK 2) ornpeaenuTs Benuuuny F(s) B cratnyeckom u
JMHAMHUYECKOM PeXUMe MpH HcIoyib3oBaHuu I1-perynsaropa.

B cxeme (pucyHOK 2) IepeHECTH CyMMAaTop ¢ BO3MYIIIEHUEM CO BXOJa
3BeHa ¢ mepenatounoil pynkmun Wio(s) Ha €ro BBIXOJ U ONPEACIUTh
n300pakeHUEe JUHAMHUUYECKOW OomuOKku cucteMbl. B kadectBe W, (s)
pUHATE Wy ().

B cxeme (pucyHOK 2) nepeHecTH CyMMAaTop C BO3MYILEHUEM CO BXOJ1a
3BeHa ¢ nepefarodHon ¢pyHkimein Wi(S) Ha €ero BBIXOJ U ONPEICIIUTh
N300pakeHue CTaTUYECKON OIMOKH 10 BO3MYIIECHUIO.

B cxeme (pUCyHOK 2) ompenenuTh CTaTUYECKYI0 OUIMOKY peryaupo-
BaHUS IpU ucnoib3oBanuu [1-perynsropa.

B cxeme (pucyHok 2) onpenenuth Ey(s) ans perynsaropa ¢ mepena-
To4HON (ynkumer Wy(s) = K.

B cxeme (pucynok 2) ompenenutb E«s) B ciaydae MCHOJIb30BaHUS
MU /I—perynsaropa.

B cxeme (pucynok 2) ompemenutb X(s) mpu ucnoib3oBanuu [1M-
peryisTopa.

B cxeme (pucyHok 2) onpenenuth n300pakeHHe ONTMOKH 10 BO3MY-
HIAIOIIEMY BO3JCHCTBHIO B TUHAMHKE IPH HCIIOJIb30BAaHUH U-
peryisTopa.

JUia cxembl (PUCYHOK 2) ONPEENUTh COCTABIISIONIYIO BBIXOJHOM KO-
OpAMHATHI IO BO3MYILIEHUIO TP UCIIONb30BaHuu - perynsropa.

Jiis cxembl (PUCYHOK 2) ONpeleauTh COCTABIISIONIYIO BEIXOAHOW KO-
OpAMHATHI MO YMNPABISIOIEMY BO3JIEHCTBUIO MPHU HCIOIb30BaHUU /[l-
perymusropa.
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BapuanT 19.  Jlng cucremsl (pUCYHOK 2) ONpPENEIUTh CTaTUYECKYIO OLIMOKY IpHU

ucnonbs3oBanuu [ /-perynaropa.

Bapuant 20.  Jlng cucrtembl (PUCYHOK 2) OINpPEAEIUTh CTATUYECKYIO OLIMOKY I10

YIIPaBJIAOIIEMY BO3ACHCTBUIO IPH UCIIOIb30BaHuu [1-perynsaropa.

Bapuant 21.  Jlns cuctembl (pUCYHOK 2) ONpeAeNuTh OMIMOKY PEeryiupoBaHUs IO

BO3MYILAIOIIEMY BO3JCHCTBHUIO IIPU HUCIIOIB30BAHUU WHTEIPAIBHOIO
peryisaropa.

Bapuant 22.  Jlns cucteMsl (pUCYHOK 2) ONpeAeNuTh OOIIy0 OIUMOKY peryirupoBa-

HUA B YCTAHOBUBIIEMCS COCTOSHUM IIpM HCHOJAb30BaHuU M-
peryisaropa.

Bapuanr 23.  JIng cuctemsl (pUCYHOK 2) ONpPEENUTh yCTaHOBHBILYIOCS OLIHMOKY

peryiupoBaHus Ipu ucnonb3zoBanuu I1-perynsaropa.

Bapuant 24.  Omnpenenutb B cucteMe (PUCYHOK 2) HM300paK€HUE ITUHAMUYECKOMN

omnOku npu ucnoias3oBanuu [1U-perynstopa.

Bapuant 25. B cucreme (puCyHOK 2) ONpeneauTh U300paKeHUs] TUHAMUYECKOU U

CTaTUYECKON OIIMOKM MO YHPaBISAIOIIEMY BO3AEHCTBHIO IPU UCIOJb-
3oBanuu lI-perymnsaropa.

Xona peieHus HeoOX0IUMO MOSICHUTb.
IIpumeps! BbINOJIHEHNS] KOHTPOJIbHBIX 3a1anui 1.3

3aoanue 1

B oaHOKOHTYpHOH cucCTeMe ONpeAeTuTh M300paxKEHUs] MEPEXOIHBIX IMPO-

LECCOB IO YIPABJISAIOIIEMY U BO3MYIIAIOUIEMY BO3AEUCTBUSAM. M3 JEKIIMOHHOIO
Kypca U3BECTHO, YTO

rIe

rac

X(S)=Xe(S) = XA(S) , (1)
X(S) — nzo0paxeHne BIXOJHOW KOOPIMHATHI CUCTEMBI,
X,(S) — n300paxkeHHE BBIXOAHON KOOPAMHATHI MO YNPaBIAOLIEMY BO3JEH-
CTBHUIO;
X/(S) — n300pakeHHe BBIXOJHOM KOOPAMHATHI IO BO3MYILAIOILEMY BO3/€ii-
CTBHIO.

X6 =y (5o prgs) )

1+ W (s) 1+ W (s)
W(S) — nepenarounasi GyHKIUS PA30MKHYTOW OJHOKOHTYPHOUM CHUCTEMBI;
X,(S) — n300pakeHue 3a1ar0IIeT0 BO3ICHCTBHUS,
F,(S) — n300paxenne BO3MYIIAIONIETO BO3ICHCTBHSI.

Ilpumep pewrenusn 3a0anun 1

JlaHa cTpyKkTypHasi cxema OJHOKOHTYPHOU CHUCTEMBbI
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F(s)

®— Wo(s)

W,(s) Xo(s)

Pucynok 1 — OnqHOKOHTYpHas cUcTeMa YIPABICHUS
K

Iyctes  W(s) :Tst;]erl — nepenaroyHas PyHKIUS 00bEKTa;
KT s+1
W,(s)= 75— MepenaTouHad ¢bynkuusa [TU-perynstopa;

n

F(s — u3o0pakenre BO3MYIICHHUS,;
X,(s) — n300pakeHME 3a1aI0IIETO BO3ACHCTBHUS.
Omnpenemnts Xy(s) u X((s).

@) X, ()= 13/ VI(/S()S)

W,(s)

o)

X,(s) B X, (s)=

W(s) = Wy(s), W,(s) — nepenarounas (QpyHKIHs Pa30MKHYTOH OJZHOKOHTYP-
HOU CHCTEMBI.

K, K anS +1
Torma W(s)=—— . U CJII€J0BATEIIbHO:
Ts"+Ts+1  Ts
K, (K, Ts+1)
X, (s)= E X, (s) 3)

(T, +Ts + DT s+ Ko (K, T,s+1)

OTO BBIpAKECHUE MPEJCTaBIsgeT coO0M M300paxkeHue X,(s) B nuHamuke. B
YCTaHOBUBULIEMCSI COCTOSHUU IIPU § — p X, (s) = 0. Tak kak Bce nepexoaHble Mpo-
1[ECChI 3aBEPIIUIUCH, TOJTyduM U3 (3)

Xo(0)=X,(0),

4yTO oTBeUaeT cBoucTBy [1M-perymaropa.

WO
@thwaﬂw

TOrJa BeIpaXKEHUE X/(S) B ITMHAMHKE
K (T,s* +Ts+1)Ts

(Tys* +Tis + D[(Tys* + Ts + DT,s + K (K, T, s +1)]
_ K,T,s

(T,s* +Tis + DTs + K (K, T, s +1)

X, (s)= Fy(s)

Fy(s)

B ycranoBuBmeMcs coctossHuu mpu s — p X4(S) = 0, X,(s)=0, 4ro coorBer-
crByet cBoucTBY [IM-perynsropa.
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3aoanue 2

B 0IHOKOHTYpHOH cUCTEME ONpPeNeTUTh OIIMOKY PEryJIMpPOBaHUS U OIINO-
KU PEryJupoBaHus MO YIPABISIOMEMY U BO3MYILAIOIIEMY BO3/IEHCTBHUIO.
O6mas ommOKa peryaupoBaHusl B OJJHOKOHTYPHOU CUCTEME OIpeesieTcs

o ¢hopmyiie
E(s)=E,(s) TE(s) , 4)
rae Eq(s) — omunOKa 1o ynpapisiomeMy BO3IEHCTBHIO;
E/(s) — omm0Ka 1o BO3MyILAOEMY BO3/IEHCTBHIO.

_ 1 AG)
Eg(S)—HW(S) X,(s) H Ef(S)_—l-i-W(S) F(s) (5)
_ WO(S)
E(S)_1+W(S)XO(S)+—1+W(S)F(S) (6)

B ciyuae, koraa onpeaensroTcs OmuOKy, Ipu
1) s =0 (umu p = 0) nosy4aeM CTaTUYECKYIO OIIMOKY WIIH €€ U300pakeHue;
2) s # 0 (umu p # 0) moaydyaem AMHAMUYECKYIO OIITMOKY MJIU €€ N300pakeHue.

Ilpumep pewenus 3a0anusn 2

JUist cucTembl, NMPUBEIECHHON HA PHUCYHKE 2, ONPEACNIUTh CTaTHUYECKYIO

K K
ommOKy, eciu Wy (s)= ]IS-IFI ; Wo(s)= Tzsil s W (s) :é - nepenarouHas GyHKIHUs
peryJsrTopa.
F(s)
X(s)
| Wils) Wo(s) * >
W,(s) Xo(s)

Pucynok 2 — Cxema OJHOKOHTYPHOM CHCTEMBI YIIPaBIICHHUS
Pewenue

Cratudeckyro oMKy MOXKHO OIIPeACIUTh 1o opmyie (6) .
1) Omnpenenum nepeaaToyHyro GyHKIMIO PA30MKHYTOW OJHOKOHTYPHOU
CUCTEMBI.
Wi(s) = Wio(s)Wao(s)Wy(s);
Wo(s) = Wio(s)W2(s)

C YU4CTOM HUCXOAHBIX NAHHBIX.
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K K, 1 KK,

W(s)= . —=
Iis+1 Ts+1 s (Iis+1)Ts+1)

TOT A

E(s)= ! Xo(s)+WO—(S)F

(s)
1+ W (s) 1+ W (s)

HOI[CTaBHHH HCXOOHbIC NJaHHBIC, HOHyLH/IM:
KIKZ
1 (Ts+1)(T,s+1)
E(s)= X, ST N,
() KK, 1@+ KK,

1+ - 1+
(Ts+1)(Ts+1) s (s +1)(Tos +1)s

F(s)

[Tocnenyromee npeoObpa3zoBaHKE TACT CICAYIONIUN pe3yibTarT:
E(s)= (Ts+1)(T s +1)s X (5)+ (Ts+1)(Ts+1)sK K,
(Ts+D)(Ts+1)s+K K, [(Tis+D)(Ls+1)s+ KK (Iis +1)(Ts +1)

F(s)

DTO BBIpAXXEHHE TMPEICTABISET CO00M M300paKeHNEe NUHAMUYECKON OIIHO-
ku. M300pakeHne crarnueckoit omuoku onpenenum, nmojaras s=0: £(0)=0.

CrnenoBaTenbHO, CTATHYECKAs OMMOKA PEeryTUPOBAHUS, UCXOS U3 CBONCTB
onepanMoHHOro ucuucienus, A = 0.

AHaOrMYHO MOXKHO ONPENENNTh F,(S) u EA(S).

3ananme 1.4 IlocTpoeHHe YaCTOTHBIX XapaKTePUCTHK U roaorpaga
Muxaiiosa

3amanue tuna 1. /{ns aBToMaTH4eCKOil CUCTEMBI pEryJIMPOBaHUs C Mepe/a-

TOYHOM (yHKIMeN Buga W (s) =

[ TIOCTPOHTH 9aCTOTHYIO XapaKTEPHCTHKY

B COOTBETCTBUU C TaHHBIMH TaOIHUIIBI 1.
ITosscHUTB X0 pereHus.

Tabnuna 1 — BapuanTsl 3ananmuii

Ne papuanra YacroTHasn T,c K
XapaKTePUCTHKA

1 OUX 5 2
2 OYUYX 2 5
3 OUX 4 3
4 AUX 5 2
5 AUX 2 5
6 AUYX 4 3
7 AUX 5 2
8 ADUYX 5 3
9 ADUYX 4 3
10 ADUX 6 1
11 ADUYX 2 1
12 ADUX 3 3
13 ADUX 2 1
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14 APUYX 6 2
15 PUX 1 1
16 dYX 4 5
17 PUX 10 5
18 dUX 2 4
19 AYX 4 2
20 AYX 2 5
21 APYX 4 3
22 APYX 6 2
23 APYX 3 3
24 APYX 4 5
25 APYX 5 3

3ajanue Tuna 2. Jig nepenatodyHoi pyHKIMM BUA
B k
T,s’ +T,s* +Ts+1

W(s)

nocTpouTh rojiorpad (kpuByr) MuxainoBa D( jw ) U ONPEneauTh YCTOHYUBOCTD
CUCTEMBI B COOTBETCTBUH C JaHHBIMU TaOIUIBI 2. [TosICHUTH X0/ peeHus!.

Tabnuna 2 — BapuanTsl 3a1anuii

Ne papuanrTa T:,c T,,c T;,¢c by

1 2 1 2 5
2 1 4 3 4
3 2 1 5 5
4 1 3 6 3
5 3 5 1 4
6 2 2 2 2
7 3 3 5 6
8 2 4 6 3
9 4 4 4 5
10 1 8 3 2
11 2 4 9 8
12 8 4 3 1
13 5 5 5 5
14 1 3 6 2
15 2 2 2 2
16 2 1 1 2
17 3 1 3 1
18 4 2 3 3
19 1 1 2 2
20 2 1 3 0.5
21 1 1 4 1
22 2 2 3 3
23 0.5 4 1 4
24 1 3 2 5
25 2 1 5 3
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IIpumep BbINOJTHEHUsSI KOHTPOJIbHBIX 3a1anni 1.4
Jana nepenarouHas GyHKIUS pa30OMKHYTOW CUCTEMBI BUJA

K

W)z ——
) T,s* +Ts+1

(1)

[Toctpouts ronorpad MuxaiaoBa sl 3aMKHYTOM cucTeMsl 1ipu 7, =2 c,
T:=3c, K=15, u onpeaenurb €€ yCTOMYMBOCTb.

Penienue

3anuiem s (1) XapakTepuCTUYECKH MOTMHOM 3aMKHYTOM CHCTEMBI

T,s +Ts+1+K =0 ()
3ameHsieM B HEM S Ha j@ , TIOTy4YUM
~-T,0" + jTo+1+K =0 3)
Brinenum u3 (3) BENIECTBEHHYIO U MHUMYIO COCTaBJISIOIIHE:
(p(a)):1+K—T2a)2} 4)
v(w)="To

Torna ananutudeckas 3anuch rogorpada Muxaitioa OyneT npeacraBpieHa
B BUJIE:

D(jo)=p(0)+ jv (@)
Jlnst pemaeMoro cityvasi oHa Oy/1eT UMETh BHI:
D(jo)=1+x-T,0" + jTw

I'papmueckoe nocrtpoenue D( jo ) OCYIECTBISIETCS IOTOUYEYHO B OCIX ¢(w),
yv(w) Ha OCHOBaHUM (4) IIpU N3MEHEHUH YacCTOTHI B 3a/laHHBIX Npenenax. ['ogorpad
MuxaiisioBa 1O3BOJISIET ONPENEIUTh YCTOMYUBOCTh CUCTEMBI HA OCHOBAHUM KpPH-
Tepusa Muxaiiosa.

Jlia penieHHs MOCTaBICHHOM 3aa4M ONPEIENNM ¢(w) U y(w) IS YETBIPEX
3HAYEHUN YaCTOTHI:

©=0 " glw)=6 w(@)=0

o=1 " glo)=4 v(w)=3

o =2 plw)=-3 w(w)=4

o =4 plw)=-26 o(w)=8

T S o
Crpoum rogorpad Muxaiinosa:

21



> *
ac an c c . = = i i 3 =1 F e
—35 —30—25—15 —10 -5 = v 15 =V = o)

Pucynoxk 3 — IN'omorpad MuxaiinoBa

Kak Buano u3 rpaduka, kpuBas MuxaiiioBa ya0BIETBOPSAET TPEOOBAHUSIM

Kputepust Muxanmnosa u, CJIeI0BaTENbHO, pacCMaTpuBaeMasi CUCTEMA YCTONYMBA.
AHaJIOTMYHO MOYKHO OIPEAEIUTh YCTONUYUBOCTh PA30MKHYTOM cuctemsl (1),
ToJIBKO B KadecTBE XapaKTEPUCTUYECKOTO IOJMHOMA HAJ0 PACCMOTPETH TOJIBKO

3namenarens (1), T.e. T,s” +Ts+1=0.
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KOHTPOJIBHAA PABOTA 2

KonTtponbsHas padota Ne 2 cocTouT u3 2-X 3aJ1laHHil.

3ananme 2.1 YcTOMYHMBOCTH CHCTEM YIIPABJICHUS

3aganue tuna 1. OnpenenuTs, Ha OCHOBaHUM Kputepus ['ypBuia, ycronyu-
Ba JIU CUCTEMA, €CJIA €€ XapaKTEPUCTHYECKOE YPaBHEHUE UMEET BUJ:

Bapuanr 1 S5p’ + p* +3p+4=0
Bapuanr2 6p°+ p+1=0
Bapuanr3 12 p* +10 p° +5p+1=10
Bapuanr4 6p’ +12 p° +4p+1=0
Bapuanr5 2p’+ p’+3p+5=0

Bapuantr 6 4p’ +4p* +2p+1=0

3aganue tuna 2. [IpoBepuTh cUCTEMY Ha yCTOWYMBOCTh. Eciin cucrtema He-
YCTOMYMBA, TO U3MEHUTH OJUH W3 NAPaMETPOB XapPaKTEPUCTUYECKOIO YPaBHEHUS
TakK, 4TOObI CHUCTEMa CTajia yCTOMYMBOW; €CITU CUCTEMa yCTONYMBA, TO MU3MEHHUTH
OJIMH U3 MapaMeTPOB XapaKTEPUCTHUECKOTO YPaBHEHUS TaK, YTOObI CHCTEMa CTaja
HeycTonuuBa. [10ACHUTE X0 permeHusl.

Bapuaur 7 p’+ p’+4p+1=0

Bapuanr 8 2p’ +4p*+7p+8=10
Bapuantr9 2p’ +3p’+4p+5=0
Bapuanr 10 3p° +7p°+2p+1=10
Bapuanr 11 5p° +6p°> +3p+2=0

Bapuanr 12 6p° +4p> + p+1=0

3amanue Tuna 3. OnpenenuTs TpaHUIly KosieOaTelbHOW yCTONYMBOCTH IO
napamerpy K.

Bapuanr 13 5p*+ Kp* +2p> + p+4 =0
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Bapuanr 14 4p° + Kp*+ p+5=0
Bapuanr 15 5p° +4p’> + Kp +1=0
Bapuanr 16 10 p° + p> + Kp +4 =0
Bapuaur 17 10 p° + Kp > +4p+5=0

Bapuanr 18 p’ +4p° +3p+ K =0

3aganue tuna 3. Onpenenuts rpaHULbl AIEPUOAUYECKON YCTOMUYUBOCTH T10
napameTpy K.

Bapuant 19 B+ K )p* + p>+4p> + p+10 =0
Bapuant20 (15 + K )p* +2p* + p+1=10
Bapuanr21 (10 + K )p* +3p  +2p+4 =0
Bapuanr22 (20 + K )p* +4p° +5p> +2p+1=0
Bapuanr 23 10 p* +12 p°> +4p+1+ K =0
Bapuant24 3p’ +4p’+3p+10 + K =0

Bapuant25 2p’+ pl+4p+15+K =0

3amanue tuna S. [TocTtpouTh 00JaCTh YCTOMYMBOCTH B IJIOCKOCTH OAHOTO
napameTpa (K) ajis CUCTEMBI, XapaKTEPUCTUUYECKOE ypaBHEHUE KOTOPOM HMeeT
BU/T

T,s*+Ts+K=0,
UCIOJIB3YS JAHHbBIE TaOIUIIBI 3.

Tabmuia 3 — BapuaaTtsl 3amanuii

No BapuanTa

~
(@]

o
(@]

1

(o] EN Ko NNV, J NS RUS ]| \9)
N WIN[RA | W|[—|W|S
W AN WIA[WI|N
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10

11

12

13

14

15

16

17

18

AN |hlnWnBDWI—= N[N |—

19

20

—
()

21

22

23

24

N W N[ WIN|NN[W[— WD

N0 |~ (O
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AJireOpanyecKuii KpuTepuii yCTONYMBOCTH

Kpumepuii I'ypeuya. ®opmynupoBka kputepus [ 'ypBuiia:
Cucrema ynpaBieHusi OyneT yCTOWYMBOM, €CIU €€ XapaKTepUCTUUYECKOE
ypaBHeHUE BUAa a,p" +a,p" ' +..+a, p+ a, = 0 HMEET BCE ONPEIECIIUTE-

au I'ypBunia A 1 %0 ONOXKUTEIBHBL, T.€.

aj as as .. 0

ag a2 a4 ... 0

L (-

Nx onpenenurens ['ypsuna cnenyer, yto A, = a,A

Omnpenenurens Ai — 1 TO3BOJISIET ONMPEACIUTh FPAHUILY KOJeOaTeIbHON yC-
TOWYHUBOCTH.
PaBenctBa a, = O u a, = 0 - TpaHUIBl ANIEPUOIUIECKON YCTOUUUBOCTH.

n

IIpumepsl BHINOJHEHUSI KOHTPOJIbHBIX 3a1aHuii 2.1

Ilpumep pewenusn 3ad0anuii muna I
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Omnpenenurs, yCTOMYMBA JIM CHCTEMA, €CIIH €€ XapPaKTEPHCTHYECKOE YPaB-
HEeHue uMeeT Bud: 4p° +2p +4 = 0.

Penienue

XapaKkTepucTUuecKoe ypaBHEHHE 2-TO MOPSAKAa U BCE €ro KO3 UIIUCHTHI
NoJIOKUTENbHBL. Clie0BaTeNbHO, HCCIIeAyeMasi CUCTEMA YCTOMYHUBA.

Ilpumep pewenus 3a0anuii muna 2

Hccnegyemast cucreMa MMEET XapaKTEPUCTHYECKOE YPaBHEHUE 3-TO MOpsI-
Ka BUJa:

S5pP+2p*+p+4=0,

rne 5=a,,2=a,l=a,

b

, 4 =a,.

JI7i yCTOMYMBOCTH CHCTEMBI HEOOXOIUMO, YTOOBI BCE €ro Ko3(h(GUIINEeHTHI
obun > 0 1 onpeaenurenb A, > 0

Penienue

NcxonHoe xapakTepucTUUecKoe ypaBHEHUE 3-r0 MOpsiiKa UMEET Bce Kod(-
dbunmenTsl > 0, clie10BaTeNbHO, IS OIEHKH YCTOMYMBOCTU CUCTEMbI HAJI0 OTMpe-
JIEJINTD 3HaK A, .

3anuieM onpeaenuTeb [ ypBulia 1y aHaTu3uPyEeMON CUCTEMBI:

740
Ay=1s510
024

Briaenum u3 Hee onpenenurens A, U ONPEIEINM €ro 3HaK:
A 242 2-20 <0
27 k5

CJ'IC,Z[OBaTeJII)HO, HCXOAHas CUCTEMA HCYCTOfI‘IPIBa.

Kpurepuii I'ypBuiia mo3BossieT onpeaeinTb I3MEHEHHE TapaMeTPOB UCXO/I-
HOT'O XapaKTepPUCTUYECKOT0 YPaBHEHUS, KOTOPBIE CIIETAI0T CUCTEMY YCTOMUHUBOMA.

Jliist Toro 9To0BI caenath A, > 0, MOXHO TOMEHSTh KO3(PPHUITUESHTHI UCXO/I-
HOT'O XapaKTePUCTUYECKOTO YPABHEHUSI.

Tak, caenas, Hanpumep, 3HadeHue a; > 20 , nonyuum A, > 0 u, cienona-
TEJNbHO, aHATIM3UpYyeMas cuctema Oy/ieT yCTOMYHUBOM.

OTOT K€ pe3yabTaT MOJyYUM, €CJIH, HAlpPUMEpP, B XapPaKTEPUCTUYECKOM
ypaBHEHUH, TIOJIOXKUTh a, = 1, a; > 4.
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Ilpumep pewenus 3a0anuit muna 3 u muna 4
IlycTh cucTeMa NMeET XapaKTEPUCTUUECKHUM MOJIMHOM BUA!
ayp'+ap’+a,p’+ap+a, =0,
rne a,=1,a,=10,a,=3,a,=?,a,=1.

HeoOxonumo omnpenenuTs 3HaYeHHE a5 , IPU KOTOPOM cUcTeMa OyJeT Ha-
XOJIUTHCSI HA TPAaHUIIe KOJIeOaTeIbHON yCTOMYMBOCTH.

Penienue

3anuiieM B 06H16M BUAC OIIPCACINTEIID 3TOU CUCTEMBI:
4y A oo
I
0 3 4, I}

I:IaaD iy

Loy =

Belaenum u3 3TOro OnpenesuTess OnpeneauTenb TPEThero nopsaka A; , B
COCTaB KOTOPOI'0 BXOAUT UCKOMBIN MapameTp a, , U IpupaBHsieM Az K HYJIIO:

3y i, 1]
Aj=|m m | =t
1] i

Brrancnnm onpenenurens Asj:

2 |y 3 |Gy 4
=(-1 —1 -1
Al

| _

0a a/a,a, ~a,a| ~aa,a;0a,| =aa,0, ~aa,a a0, =0

[Toxcrapisis 3HaueHus1 KOAQPUIIMEHTOB, MOTYYUM:

10-3a,-10-1-10 =, -1-a, =0

OTKkyna nojsydyaem KBaJpaTHOE YpaBHEHUE:
a,” =30a, —100 = 0.

Pemras xBaapaTHoe ypaBHEHUE OTHOCUTENBHO 4 5 , ITIOIY4YaEM:

a, = £11.2
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Benuunny a, = —11.2 orOpacbiBaeM, T.K. HaJIWYUE OTPUIATEIBHOTO KO-
3p¢unueHTa a, B XapaKTEPUCTUYECKOM YPAaBHEHUU CBUAETEIBCTBYET O HEYCTOM-
YUBOCTHU AHAIU3UPYEMON CUCTEMBI. 1103TOMYy B KadyecTBe pelleHHUs 3aayu IpHU-
HUMaeM a, = +11.2 .

CrnenoBaTenbHO, MPU 3HAYEHUU a, = 11.2 cuctema OyneT HaXOOUTHCS HA
rpaHule Koue0aTeIbHON YCTOWYMBOCTH.

Kpurepuii ['ypBuiia MoxeT UCIONBb30BATHCS JUIsl IOCTPOCHUS TPaHUIl U 00-
JaCTH YCTOMYUBOCTH.

[lycTh cyliecTByeT XapakTepUCTUUYECKOE YPABHEHUE HCIIOIb3YEMOM cUcTe-
MbI BUJA:

a,p" +a,p"'+.+a, p+ta,=0

Torna nns ompeneneHus anepuoOAUIECKUX TPAHUI] YCTOMYMBOCTA HEOOXO-
JUMO TOJIOXKUTh a, = 0 u a, = 0 , U pa3aenuTh UX OTHOCUTEIBLHO Mapamerpa,
COOTBETCTBYIOIIETO IPaHUIIE YCTONYMBOCTH.

st onpeneneHus KoseOaTenbHOM TpaHUIbl YCTOMYUBOCTH HEOOXOIUMO
pemnTh onpenenutesb A, = 0 U U3 HEro BBIACIHUTH MMapaMeTp, ONpPEeIsio-
Uil KoseOaTeabHyI0 TPAHUILy U SBISIIOUMACS (DYHKIMEH OHOr0 U3 mapameTpoB
obnactu ycroiuuBoctu. [locne dero, mojb3ysich NPaBUIOM «IITPUXOBKUY, OIpe-
JENUTHh 001aCTh YCTOMYMBOCTH B TTOCKOCTH 3aJJaHHBIX MTapaMETPOB.

Ilpumep pewenusa 3a0anuii muna 5

[Tepenatounass QyHKIIAS CTATHYECKOW aBTOMATHYECKONH CHCTEMBI PEryJiiu-
POBaHUSA B Pa30OMKHYTOM COCTOSIHUM UMEET BU/I:
: 1)
b
A+ Ts )1+ Tys )1+ Tys)

W (S) =
rne 1, = 0,2¢, T, =0,1c.

[TocTpouTh 0051aCTH YCTOWYMBOCTH 3aMKHYTOW CHCTEMBI B TUIOCKOCTH Tia-
pametpoB 1, u K.

Pemenue
1) Ucxons u3 mepenatouHoit ¢ynkiuu (1), xapakTepuCTHUYECKOE ypaBHe-
HUE 3AMKHYMOU CUCTEMBI UMEET BUI:

Q+Ts)1+T,s1+T,s) +K =0 .

HOI[CTaBJ'IHH B HCT'O UCXOJHBIC TaHHBIC 1 PACKPbIBasi CKO6KI/I, mojry4acm

0,02 T,s* + (0,02 + 0,37, )s> + (0.3 + T, )s+ K +1=0 2)
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2) Tlonaras a, = 0, w3 (2) 3armmmem 0,027, = 0, rorma 7, = 0 . Tak
kak I, = 0 , To pacnosio’keHHe 00JIaCTH YCTOMYMBOCTH OTHOCUTEIILHO HEe OIpe-
nenero. Iomaras a, = 0 w3 (2) 3ammmem K, +1 = 0. Orkyma K, = —1 . Ta-

KUM 00pa3oM, TPaHUIIbl AIIEPUOINIECKON YCTOWIMBOCTH OTPEICIICHBI.
3) Haiinem rpanuily kosie0aTteqbHOM YCTOWUMBOCTH. Tak kak (2) sBisieTCs
ypaBHEHHEM 3-TO TIOPSIKA, TO JJIsl OTHICKAHUS TPaHUIIBI KOJeOaTeIbHONU YCTOWYH-

BOCTH HEOOXOJUMO Pa3pelInuTh ONMPEACTUTEIb Ay OTHOCUTENBHO 1, W TOCTPOUTH
byukmuto K= f (T | )(MO)KHO HaobopoTt!).

3anumem s (2) ompenenutenb A, s OnmpeaesieHdus TPaHUIbl KoJieOa-
TEJIbHOW YCTOMYUBOCTH.
0,02+3T, K+1

A= =10
0,02T, 0.3+T,

3)

Pazpemas (3) orHOcUTENbHO K, MOTYy4YUM:
o 15T, )03+7,)
T, '
4) CtpouM 00JaCTh YCTOMYUBOCTH B TUIOCKOCTH mapameTpoB K u I, B co-
OTBETCTBHUH C 33JIaHHUECM.

3amaemcsa 3HaueHussMu 1, oT 0 10 0,6 (B 3aBUCMMOCTH OT KOHKPETHO pac-

CMaTpHUBaEMOro 00beKTa) U cTpouM KpuByro K = f (T | ), MPUBEAECHHYIO HUXKE.
K

1400 f
1200
1000
200 ;
600
400
200

Pucynok 4 — O6nactp ycTOMYUBOCTH 3aMKHYTOW CUCTEMBI B TUIOCKOCTH Ta-
pametpoB 1, u K

Jliist onpesienieHust 06J1acTU yCTOMYMBOCTH HEOOXOAMMO HAHECTU HITPUXOB-
Ky. 3 myHkTa (2) ciemyer, 4To IITPUXOBKA Ha OocsiX mapaMeTpoB K 1 T, HaHOCHT-

csl, KaK MoKa3aHO Ha pucyHke 4: kpuByro K = f (T 1) HAJ0 LITPUXOBATh BHU3,

WHaue anepuoandeckue rpanuinbl ycroitunBoctn 7, = 0 u K = —1 He OyayT Ta-
KoBbIMU. ClieoBaTeNbHO, 00J1aCTh, OrpaHUYEHHAs aepUOANYECKUMU U Kojeba-
TEJIbHOU rpaHULIen YCTOMYMBOCTH, Ooyner HMCKOMOHM.

29



3ananme 2.2 YacToTHBIE KPUTEPUH YCTOMYMBOCTH

Onpenenuth, yCTOWYMBA JU 3aMKHYTasl CHCTEMA, €CIM Pa30MKHYyTasl OIH-

ceiBaetcs nudhepeHInaIbHbIM YpaBHEHHEM BUIA
d’x d*x dx
— 7T, —+T —+a =b
2 U n 0 >

5 dr’

UCIIOJB3Ysl JaHHbIe Ta0auibl 4. [losICHUTH X0 pelIeHus.

Ta6nuna 4 — BapuanTsl 3a1aHuii

No BapuanTa Ty, ¢ T, ¢ T, ¢ a, bo
1 2 4 1 3 5
2 1 3 2 4 2
3 1 5 2 1 10
4 5 3 3 4 4
5 2 5 4 1 8
6 3 4 3 3 6
7 4 3 5 1 9
8 4 4 3 5 12
9 1 5 2 1 15
10 2 4 3 2 20
11 3 5 10 0,5 15
12 2 4 5 0,5 10
13 2 4 8 2 5
14 2 5 5 2 6
15 3 2 6 6 2
16 3 3 2 3 3
17 3 1 7 2 4
18 2 1 5 1 5
19 1 2 6 3 3
20 2 3 8 4 4
21 3 1 1 3 8
22 3 2 2 4 1
23 1 3 4 2 2
24 2 2 5 3 4
25 1 8 3 4 3

IIpumep BbINOJHEHUSI KOHTPOJIbHBIX 3aaHUi 2.2

Onpenenutpb, OyIET W YCTOMYUBOH 3aMKHYyTas CUCTEMa aBTOMATHYECKOTO
pETyJIUPOBaHUs, €CJIM B PA30MKHYTOM COCTOSIHMM OHA ONMHCHIBaeTCs nuddepeHIu-
AJIbHBIM ypaBHCHI/ICM BHUIA:

d’x d*x

@

5 dt’

dx
+le+a”x=boy (D)

Pemienune
1) HeoOxoaumo onpenenuts XapakTepucTuueckoe ypaBHenue cuctemsi (1)
Ip’+T,p*+T +a, =0 (1D
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Ilyctes T5=l1c, T,=2c, T5=3c, a,=2.
[IpoBepsieM yCTOHYMBOCTh Pa30MKHYTOM cucTeMbl. Tak kak Bce kKod(duim-

enthl (II) momoxuTenbHBI, TO €€ YCTOMYMBOCTH ONpEAeNsieM IO 3HaKy A,.
A,=2-3-1-2>0

CJIG,Z[OBaTeJII)HO, pa?:OMKHYTaH CUCTEMAa YCTOﬁqHBa.
2) IlpoBepsieM BBHITIOJIHEHHE YCJIOBHUS YCTOMYMBOCTH 3aMKHYTOH CHCTEMBI
moA arg[l + W(s)]Zig“’ JUISL CTaTMYECKOW CHUCTeMBbI, Tnae W(s) — aMIUIUTyaHO-
¢dazoBas XxapaKTepHUCTHUKA Pa30MKHYTOW cUCTeMBI, onpeaesemas u3 (1)
bO
Lp' +T,p* +Tp+a,

W, (5) = (111)

[Tonoxkxum by=20. Toraa, ucxons u3 oduwx mnpasui nocrpoernss ADY, no-
TY9IHM.

20(1-15,250°) B o(8—0,750°)
(1-15250°) + 8 —0.750") ’ (1-15250") + 2 (8—0,75")°

W, (jo)= av)

B (IV) nepBoe cnaraemoe BeHIECTBEHHAs! COCTABIISIOIIAsA, BTOpasi — MHUMAs
cocraisitonias ADOY (COOTBETCTBEHHO P(w) U O(w))-

[Tpunasas B paaraHax 3Ha4eHUs 1id ©OT 0 10 +oo, BBIYUCIAEM P(w) U Qo)
U TIOTOYHO, B KOOPAMHATHBIX OCAX P(w)-0(w), cTpouM ADY pa3oMKHYTOH CHCTeE-

MBEI.
KonndecTBO 3HaUCHUM » HE MEHEE YCTBIPEX, a JaJICC — UCXOAd U3 HEeo0Xxo-
AUMOCTH.

wc’! 0 0.05 0.1 0.15 0.25 0.3 0.4 0.5 10 o0
Plo) | 20 0
Ow) | 0 0
L?I:ful
—1.0 10 20 & |:Cn.;':|
II/ -5 Y.
[
‘\1 /‘/
\\_//
_-_|_I

Pucynok 5 — A®Y pazomknytoi cuctemsl (1)
W3 pucyHka BUIAHO, YTO BEKTOP [1 + I (jw)|HAYAIO KOTOPOTO JIEKHUT B TOUKE

(-1, jo), TPU U3MEHEHUU 4acTOThl OT 0 10 +o0, IOBOPAUMBAETCS HA YroJl paBHbBIN
HYJII0, a cooTBeTrcTBywomas W(s) He oxBaTblBaeT 3Ty TOYKYy, T.€.
Aarg [1 +W(j CO)]Z:OO =0 CnenosarenbHo, 3aMKHYyTas CHCTEMAa aBTOMATUYECKOTO
peryaupoBaHusi yCTOMYMBA.

31



KOHTPOJIBHAS PABOTA 3
KontposnbHas padora Ne 3 cocTtout U3 2-X 3agaHuil.

3amanue 3.1 Ynpap/isieMoCTh U HA0JIH01a€MOCTh

3aganue tuna 1. Onpenenuts, yrpasisema JIM CUCTEMA, €CJIM OHA 3aJlaHa
YpPaBHEHUSIMU:

X, =x; +3x, +2u, +3u, ,

Bapuant 1 |
X, =0+x, +0+4u, .
x, =0+5x, +3u, +5u, ,
Bapuanr 2 ]
X, =x, +2x, +4u, +0.
X, =4x, +4x; +5u, +5u, ,
Bapuant 3 ]
X, =2x,+x; +0+2u, .
x, =0+x, +2u, +5u, ,
Bapuanr 4 .
X, =5x, +4x, +0+3u, .
X, =x, +5x, +0+3u, ,
Bapuanr 5 ]
X, =0+4x, +3u, +4u, .
X, =2x, +5x, +2u, +2u, ,
Bapuanr 6 _
X, =%, +0+3u, +2u, .
X, =2x, +4x, +6u, +0,
Bapuant 7 :
X, =3x, +8x, +4u, +5u, .
x, =10x, +10x, +3u, +4u, ,
BapuanT 8 ]
X, =4x, +x, +u, +u, .
X, =8x, +2x, +u, +4u, ,
Bapuanr 9 ,
X, =0+x,+0+5u, .
X, =6x, +3x, +2u, +8u, ,
Bapuant 10 ]
X, =x, +x, +3u, +3u, .
X, =x, +4x, +0+4u, ,
Bapuant 11

X, =04+5x, +u, +u, .
32



X, =5x, +x, +2u, +3u, ,
Bapuanr 12 .
X, =3x, +3x, +5u, +4u, .

X, =X, +5x, +u, +5u, ,
Bapuanr 13 ]
X, =3x, +2x, +3u, +2u, .

3amanue Tuna 2. Onpeaenutb, HAOIIOIaeMbl JTU CUCTEMBI, €CIT OHH 33]1aHbI
cuctemamu ypaBHeHuil (14-25). PelieHust NOsSICHUTS.

X, =x; +3x, +2u, +3u, ,

Bapuanr 14 .
X, =0+x, +0+4u, .
B 15 X, =0+5x, +3u, +5u, ,
apuaHT
P X, =x, +2x, +4u, +0.
Bapuant 16 X, =4x, +4x; +5u, +Su, ,
X, =2x,+x, +0+2u, .
Bapuant 17 x, =0+x, +2u, +5u, ,
X, =5x, +4x, +0+3u, .
Bapuanr 18 X, =x,+5x, +0+3u, ,
X, =0+4x, +3u, +4u, .
Bapuant 19 X, =2x; +5x, +2u, +2u, ,
X, =x; +0+3u, +2u, .
B 20 X, =2x,+4x, +6u, +0,
apuaHT
P X, =3x, +8x, +4u, +5u, .
Bapuant 21 x, =10x; +10x, +3u, +4u, ,
X, =4x, +x, +u, +u, .
Bapuanr 22 X, =8x, +2x, +u, +4u, ,
X, =0+x,+0+5u, .
B 7 X, =6x, +3x, +2u, +8u, ,
apuaHT

X, =x, +x, +3u, +3u, .
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rac

X, =x, +4x,+0+4u, ,
Bapuant 24 )
X, =0+5x, +u, +u,.

X, =5x, +x, +2u, +3u, ,
Bapuanr 25 ]
X, =3x, +3x, +5u, +4u, .

IIpumepsl BbINOJTHEHUS] KOHTPOJIbHBIX 3aganuid 3.1

Ynpasnsaemocmo

OnpenennuTts ynpasisieMOCTh CHCTEMBI OIIMCBIBAEMON YPABHEHUEM BHJA!
= +a + +
= 4+ +
WNnu B BEKTOPHO-MAaTPUYHOM BHJIE:

=Ax+Bu,

AB = |
Tornma matpuiia yrpaBiisieMOCTH OyI€T UMETh BUI:
Y = |BAL

Teneps, eciu b # 0, To panr MaTpuilbl ynpaBiasieMocTu paBeH 2 U n=2. Cie-

A0BATCJIbHO, UCXOJHAasA CUCTEMA BIIOJHE YIIpaBJIsICMa.

Ecnu b=0, TOo paHr Matpulibl paBeH 1, To cucTeMa He BIIOJIHE yNpaBliiemMa —

OHa yIpaBJisieMa TOJIBKO I10 O,HHOﬁ KOOpAHHATC.

Haonrooaemocmo
Hmeem cucremy = = y=C +
3anuiieM ee B KAHOHUYECKOU (hopme B BUJIE:
X = X2
% =
v = Cx, +X,.
JIJ1s1 TaHHOM CUCTEMBI:
0 1 0+C C-1+40
CA=1C1|-| - - .
| | 0 0 0+0 0+0 0 Cl
TOrza

34



Ecnu C #0, To panr MaTpuiisl

(12.56-12.58) nabmomaema.

Eciu C = 0, To panr Martpuiibl

BITIOJIHC Ha6JIIOI[a€Ma.

CJICOA0BATCIIbHO CUCTEMA

cucrema (12.56-12.58) He

3ananme 3.2 Maremarnueckue Moaeau. CTpPyKTYPHBbIIi MeTO/

N300pa3uth CTPYKTYpHYIO CXEMY CHUCTEMBbI, MOJIEJIb KOTOPON OMHUCHIBACTCS
cucteMoit 1uddepeHInanbHbIX YPABHEHUIA:

X, =X,,
X, =X
Bapuanr 1 > 7V’

Xy =—x, —3x, +5x; +u,

V=X +X, =Xy

Bapuant 3
X, =x; +5x, —=3x; +5u,

y=5x+x, +2x;.

Bapuant 5

Bapwuant 7

Bapuant 9

Xy =—x, —5x, —4x; +2u,

y=2x+2x, -3x;.

X, =X,
X, =X,

Bapuanr 11 > ™°

Xy =-x, —5x, = Tx; +6u,

y=3x,—2x, +5x;.

X, =2x, +2u,
X, =x, +3u,

Bapuanr 1377 °°
Xy =—4x, —2x, —3x; +5u,

y=x.

X =Xy,
=X
Bapuanr2 °
X, =x; +3x, =5x; +2u,
Y=2x+x,+x;.
X =Xy,
X, =X
Bapuanr4 *
x; =3x, —3x, +3u,
y=4x +x, - 2x,.
X, =X,
X, =X
Bapuanr 6 T’
Xy =5x, +x; +8u,
y=3x+2x, +x,.
X, =Xx,,
=X
Bapuanr 8 Y’

Xy =2x, —3x, +5x; +u,

y=2x +2x, —4x;.

X, =Xy,
X, =X

Bapuanr 10 > 7’

Xy =x, —5x, +4x; +2u,

y=4x, +3x, +3x;.

X, =X,,
X, =X

Bapuanr 12 > 7%’

Xy =X, +x, +x; +5u,

y=x +x,—06x;.

X, =3x, +3u,

X
Bapuanrl4 ~°
Xy =4x, +2x, +3x; +3u,

y=x.

=3x; +2u,



X, =x, +4u,
X, =5x, +8u,
Bapuanr 15 7> 7

X, =4x, —5x, =3x; +4u,

y=x.

X, =2x, +5u,
X, =4x, +4u,
Bapuanr 17 ° ’

Xy, =x, +5x, +4x; +3u,

y=2x.

X, =2x, +3u,

X, =x; +10u,

Bapuanr 19

Xy, =—4x, +5x, +10x; +10u,

y=X.

X, =x,+3u,

X, =2x, +2u,
Bapuanr21 °

Xy =2x, —3x, —3x; +3u,

y=X.

x, =5x, +5u,

X, =3x, +2u,
Bapuanr 23 * T

Xy =X +Xx, =Xy +u,

V=X

X, =2x, +2u,
X, =4x, +3u,
Bapuant 25 *

Xy ==2x, —3x, + 5x; +4u,

y=Xx.

X, =5x, +4u,
X, =8x, +u,
Bapuanr 16 >

Xy =x, —6x, +3x; +3u,

V=X .

X, =4x, +4u,
X, =X, +u
Bapuanr 18 2 7

Xy =—4x, —2x, +3x; tu,

y=x.
X, =X, +2u,
X, =x, +3u,
Bapuanr 20 ">’

Xy =5x, +5x, +3x; +5u,

y=Xx.

x, =3x, +0.5u,

X, =5x, +1.5u,
Bapuanr22°* 7

Xy =-2x,—4x, = 5x; tu,

y=Xx.

X, =4x, +u,
X, =Xx;+u
Bapuanr24 > T’ 7
Xy =5x, —4x, +3x; +4u,

y=x.

ITosscHUTB, KaKOM BUJ MOJEIIA UCITOIb3YETCA U NOPSAOK ITOCTPOECHUS CTPYK-

TYPHOU CXEMBI.

IIpuMepsI BbINOJTHEHNS] KOHTPOJIbHBIX 3aaHui 3.2

N300pa3uTh CTPYKTYPHYIO CXEMY CUCTEMBI, MOJEIb KOTOPOU OMHUCHIBAETCA

cucteMoit 1uddepeHInanbHbIX YPABHEHUIA:

V=1x, +2x,.

IIpouHTErpupyem ypaBHEHUS COCTOSHHUS, MOJTYyIUM:



£, () = x,(0) + ]ﬂ(—z.xi 4 5x,)dt.
:

% (0) = %,(0) + | (—4x; + 33, + 2w,
0
vV =2x;+ 2x%,.

B cooTBeTCTBUU C 3TOM CUCTEMOM YPABHEHUW CTPYKTYPHYIO CXEMY HUCXOJ-
HOM CHUCTEMbI MOYKHO IIPEACTABUTH B BUJIE:

+3

-4

Pucynok 6 — NnmtrocTpaliust CTpyKTYpHOU CXEMBI K YPABHEHUSIM COCTOSIHUSI U BbI-
XoJ1a
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