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1. MaTemaTnueckoe onucaHmue CUCTeMbl. HepezlaTquaﬂ (l)yHKIII/lH

MaremaTudeckoe OnucaHue MOBEeJACHUE CUCTEMbI B CTATUYECKOM U JUHAMUY E-
CKOM pE&XHMaxX B BHUJE PA3TMUYHBIX MATEeMaTHYECKUX 3aBUCHUMOCTEH, CTEMEHHBIX U
muddepeHnanbHbIX YpaBHEHUH, OTPAXKAIOMIMUX C 33JaHHOM TOYHOCTHIO CBOMCTBA
CUCTEMBbI HA3bIBAETCS MAMEMAMUYECKOU MOOENbI0 TAHHOU CUCTEMBI.

[ToBeaenue 000 HEMPEPHIBHOW TMHAMUYECKON CUCTEMBI BO BPEMEHH MOKHO

OINMKCATh JJMHEUHBIM HEOJHOPOIHBIM (D (pepeHInaIbHBIM YpaBHEHUEM N-TO MOPSAKA

nddyt/(t) +a1ﬂ+a () =b. d v(t) dv(t)

rae V(t)- Bxogmoe BosnelictBue cucremsr; Y(t) - BeIXO#HAs BenmumHa, XapakTepu-

o ——=+0yv(t) (1)

3yromasa COCTOAHUC CUCTCMbBI B 3aBUCHUMOCTH OT BXOJHOI'O BOS,Z[GfICTBI/IH 1 COOCTBEH-

HBIX CBOWUCTB.
ITocrosinable KOA(DPUITUECHTHI ai,bj XapaKTEPU3YIOT CBOMCTBA KOHKPETHOM

CUCTEMBI M ONPEACNIAI0TCS, UCXOAS U3 (PU3NUECKUX, KOHCTPYKTUBHBIX U MPOYMX Ma-
pamMeTpOB CHCTEMBI.

[IpaBasg yactb ypaBHeHMs (1) ONUCBIBAET 8o3MyuUjeHHOe O8udceHue CUCTEMBI,
TO €CTh U3MEHEHHE COCTOSIHUS CUCTEMBI 10 BO3/€HCTBUEM BHEIIHUX (pakTopoB. Jle-
Basl 4acThb OIMCBHIBAET HEBO3IMYUjeHHOe C80000HOe O8UdCEHUe 3a CUYET BHYTPEHHUX
COOCTBEHHBIX CBOWCTB CUCTEMBI.

Pemenne nuddepeHnnanbHbIX YpaBHEHUH BBICOKUX MOPSAKOB MPEICTaBISET
CIIOKHYIO 3a7]aqy, MO3TOMY B TEOPUH YIIPABICHHUS TMPUMEHSETCS HHTETPaIbHOE Tpe-
obOpazoBanue Jlammaca. [IpeobpazoBanus mo Jlammacy oCHOBHBIX (DYyHKITUN, UCTIOJNb-
3yeMBIX B TEOPHH YIIPABIICHUS, IPUBEICHBI B TabuIe 1.

[Tpumensist npsimoe npeoOpaszoBanue Jlariaca k o0eum dactsam ypaBHeHus (1)

HpH HyJ'IeBI)IX HaYaJIbHBIX yCJ‘IOBI/IHX, nonyqaeM ypaBHeHHe CUCTEMBEBI B onepaTopHoﬁ
dhopme
(@,p" +...+a,p+ay)-y(p)=(b,p" +..+b p+by)-v(p), (2



/i€ p — KOMIUIEKCHas nepemenHas Jlamaca.

Tabmuma 1 — [IpeobpazoBanue mo Jlammacy

Bua pysnkuuu (opuruHa) N3o00paxenune pynkuun no Jlanjaacy

X(t) x(p)
ax(t) ax(p)
1(t) 1/p
1) 1

d"x(t) p" - x(p)
dtn '

P HYJICBBIX HAYaIbHBIX YCIOBHUIX
Jx®)-at X(p)lp
X(t £ 7) e’ - x(p)

OTtHoleHne npeodpazoBanus Jlammaca BBIXOIHON BEJIMYUHBI Y(p) K peodpa-
30BaHuto Jlaruiaca BXOJHOTO BO3ZCUCTBHS V(D) MPH HYJICBBIX HAYANBHBIX YCIOBHUSX

HA3bIBACTCA HepeoamoyuHoul pynkyuei

y(p) _bnp"+..+bp+b,
v(ip) a,p"+..+ap+a,

[lepenarounas pyukius, kak u quddepeHnnanbHoe ypaBHEHHE TTOJHOCTRIO OIpeie-

¢(p) = 3)

JIIET CBOMCTBA CUCTEMBI.

JIJist onmucaHus AUCKPETHBIX CHCTEM WJIM OINMWCAHWS JUHAMUKHA CHCTEMBI B
JTUCKPETHOM (hopMe CITY)UT aHanor nuddepeHInaIbHOT0 YPaBHEHHSI TIPHU TIPEICTaB-
nenuu nuddepennnana GyHKIUN pa3HOCTHIO

dx(t) o X(0)—x(¢-1)
dt AT -0

rae AT - Bpems aMcKpeTn3aiyu, onpeaeisionee IePHo OTCUeTa JUCKPETHBIX 3Ha-

xX(?), x(¢-1) -
AT (£), x( ) JICKPETHEIE

uennit Gpynxrmu X(t); ¢ - muckperHoe Bpems ! =

snayenns Gpynxuun X(t) B Momentsl Bpemenu ¢ U £ —1,




CootBercTBUE QYHKIMI B HEMIPEPHIBHOW M Pa3HOCHOW (hopMax MPHUBEACHO B

tabnuue 2. [IpeacrapneHue TUHAMHUKUA CHCTEMbI B Pa3HOCTHOM (hopMe Ha3bIBaeTCs

Pa3HOCTHBIM YPABHCHHUCM

yiO)=y(l—-n)+..+y(-D)+v(l—m)+..+v({ -1 +Vv(/), (4)

rzae N, M — KOJIMYeCTBO OTCUYETOB cABUra QyHKIIH Y, V.

Tabnuna 2 — PaznoctHas ¢popma npeicTaBiIeHUs HEMPEPHIBHBIX (QYHKITUH

Bua HenpepbiBHOM GyHKIMH Pa3nocrHas dopma
x(t) X(0), 0 =t/ AT
ax(t) a-x(?)
X(t+7) X(C£A),A=1lAT
dx(t) x(0) —x(¢ -1)
dt AT
d?x(t) X(0) = 2x(0 =)+ x(£ - 2)
dt? AT?
d3x(t) X(£) = 3X(¢ =1) + 3xX(¢ - 2) = x(¢ - 3)
3
dtS AT

Ilpumep. Onpenenuts nepenaTouHyro (GyHKIHMIO CUCTEMBI, 3a/IaHHON Mepesa-

TOYHOU (DYyHKIIHEH

34 dzz(t) _5 dy(;t_ 2) 4 y(t)=2v(t+3)—4 fv-dt.

HanwucaTts pa3HOCTHOE ypaBHEHHE CUCTEMBI.

Hcnonp3ys Tabmuiy 1, 3anumem muddepeHnnanibHoe ypaBHEHHE B Orepa-

TOpHOU (hopme

(3p* ~5p-e*" +1- y(p) = (26 ~4- ) V(p).

OTcrofa o onpeAesieHrI0 NepeaTouHoN QyHKIINH



2e%0 —4. 1

y(p) _ P _ 2p-e’” -4
v(p) 3p°-5p-e?*?P+1 p-(Bp°-5p-e*P+1)"

p(p) =

Wcnonp3ys Tabnuity 2, 3anuimeM auddepeHimaaibHoe YpaBHEHHE B Pa3HOCT-
HOU (hopme. M30aBuMCst OT MHTETpaNa B MpaBoil 4acTu, nmpoauddepeHIupoBaB 06e
YaCTH YPaBHECHUS
d3y(t d?y(t—2 v
YO g dY(t-2) dy®) v+
dt dt dt dt

Toraa nonydaem

5 Y() =3y(( -1 +3y(f-2)—y(¢-3) _

AT?
Yyl —2/AT)=2y(¢{ =2/ AT =)+ y(£ — 2/ AT — 2)
-5 . "
AT
N y(¢)—y(-1) _ 2v(£+3/AT)—v(£+3/AT -1) _av(0)
AT AT

HpI/IMGM BPCMA JUCKPCTU3ALIUN AT = 1, OKOHYATCJIbHO I10JIYy4YaCM pa3HOCTHOC

YpaBHCHHUEC
5 Y(0) —3y(l - +3y(t-2)—y(£-3)
AT?
y(£ =2/ AT)=2y(¢ =2/ AT 1) + y({ — 2/ AT - 2)
-5 . +
AT
G YO-YE=Y _VIHBIAT) —V(E+BIAT D) .
AT AT

y(¢)=25y(/-1) -yl —-2)-175y(¢—-3)+1,25y(¢/ —4) +
+0,5v(¢ +3) = 0,5v(¢ + 2) —v(¥).

2. CTpyKTypHasi cXxeMa CHCTEeMbI

JIrobas cucreMa MOMKET OBIThH MMpCACTABJICHA KaK B3dMMOCBA3aHHAA COBOKYII-

HOCTb YacTel, 3JIEMEHTOB, 3BEHbEB, ONPEACICHHBIM 00pa30M B3aMMOICHCTBYIOIINX

MEXly COO0M. DTUM OmpeensieTcs CTPYKTypa cuctemMbl. CmpykmypHas cxema cCu-



CTEMBI OTPaXKaeT OPraHMU3AIMI0 YacTeH CUCTEMBI, 00JIaAIONINX ONPEICICHHBIMU TH-
HAMUYECKHMMH CBOMCTBaMH, IYTEM YCTAaHOBJIEHHS MEXIYy HUMH B3aUMOCBS3EH.
CtpyKTypa M CBOMICTBa 3JIEMEHTOB OINPEAEIIAIOT UHAWBUIYAJbHbIE XapaKTEPUCTUKU
CUCTEMBI U IT03BOJISIOT paCCMaTPHUBATh €€ KaK LIEJJIOCTHOE 00pa30BaHueE.

Jlisl ynpoIieHus: aHaau3a CUCTEMBI U IIOCTPOEHMSI €€ MaTeMaTUYECKOW MOJENN
cUCTEMY JIF00OM CIIOKHOCTH PacCMaTpUBAaIOT KaK COBOKYIHOCTh TPEX BUAOB THUIIOBBIX
COE/IMHEHUH 3B€HbEB: MOCIIEA0BATEIBHOIO, TAPAJUIEIBHOTO M ¢ 0OPaTHOM CBA3BIO.

[Ipu nocredosamenvrom coeounenuu 3BEHbEB BBIXOJIHAS BEIMYUHA MPEIbIIY-
IIEr0 3BEHA SBJIAETCS BXOJHBIM BO3JEHCTBHEM mocieayromero (pucyHok 1, a). Ile-
peaatoyHass (QyHKIHS MOCIEAOBATEIBHOIO COEANHEHUS] 3BEHbEB PaBHA IMPOM3BEIE-

HHUIO IICPCAATOYHBIX ®YHKHHﬁ 9TUX 3BCHBCB
N
P(P) =0, (P)- 2, (P) - 0, (P) =] [ (P)- (5)
i=1

[Ipu napannenvrom coeounenuu 3BEHHEB BXOJHOE BO3JICUCTBHUE SIBISIETCS 00-
UM JIJI1 BCEX 3BEHBEB, a BBIXOJHAS BEIMYMHA SBJISIETCS CYMMOU BBIXOJHBIX BEJIH-
yuH 3BeHbEB (pUCyHOK 1, 0). IlepenaTounas QpyHKIMS MapayiebHOTO COCIUHEHUS
3BEHBEB PaBHA CyMME NEPENaTOYHBIX (YHKIIUNA ITUX 3BEHHEB
N
P(P) =9, (P) + 9, (P) + ...+ @, (P) = X @ (D). (6)
i1
Obpammuotui cesazvio (OC) Ha3BIBACTCS TaKOE COCIUHEHHUE 3BEHBEB, NMPU KOTO-
POM 4acTh BBIXOAHOW BEJIMYMHBI BO3BPAILAETCS HA BXOJ CHCTEMbI (puUCyHOK 1, B).
IIpu »TOM, eciiu BBIXOJHAS BEIMYMHA CYMMHUPYETCS C BXOJHBIM BO3JCHCTBHUEM, TO
obpatHas cBs3b mosioxkutenbHas (IIOC), ecam BbIYMTAETCS OT BXOJIHOIO BO3JEH-
ctBus, To orputarenbHas (OOC). IlepenaTounass QyHKIUS COCMHEHHS] 3BEHBEB C
0oOpaTHOM CBSI3bIO PaBHA

?,,(P)
17 0,,(P)- @o(P)

o(p) = (7)



1=v2 yn—lzvn
— 0,(p) P 9,(P)—> *++— @, (p)—>
a)
Y1 Vv
v Y2 ¥y B
> 9,(P) I 0
.2" Y '(Doc(p)
— mp)Jy“ 6)
0)

Pucynok 1 — TunoBeie coeTMHEHNS 3BEHBEB:

v

a) mocieaoBaTelibHOe; 0) MmapamuiebHOE; B) C OOpaTHON CBSI3bIO

Ipumep. Haiitn nepenatounyto (GyHKIIUIO CUCTEMBI, CTPYKTYpHasl cxema Ko-

TOPOH MpeICTaBIICHA Ha PUCYHKE.

?,(P)
@ (p)

LN%?—E 2,(P)%—] ()|
?5(P)

Briaenum B CTPYKTYpHOU CXEME KOHTYPBI ¢ TUIIOBBIMU COEAMHEHUSAMU. TaKkuMm

o0Opa3oM, JaHHasI cXema MOCJIEeI0BaTENIbHO Mpeo0pa3yeTcs B CIAEAYIOIIHE CTPYKTYPBI:

1. Kontyp ¢, (P) cocrout u3 mapamiensHo-
ro coenuHenus 3penbeB @ (P) c orpuma-

TenbHBIM BhIXOZIoM U @, () , crenoBarens-
HO, ero nepegaToyHast byHKIMsA

@, (P) =9,(P)—@.(P).

2. 3senps @, (P) u @3(P) obpasyior koH-
Typ C OTpHULIATENbHON O0OpaTHON CBS3bIO

@, (P), ero mepenatounas GyHKIUA

_ » (P)
7u(P) 1+¢,(p)-@:(p)

?,(p) [«
?s(P) 1 ’

- »,(p)

»;(P)

A

2. ’
—~ @y (P)

?,(P) |«

@s(P) 1




3. Kouryp @, (P) cocrour u3 mocnenopa-

TeNbHOTO coenuHeHust 3eHbe @, (P) u
®s(P), ero mepemartounas  (yHKIHS
@u (P) =, (P)- o5 (P).

3eenps @, (P) u @,(P) obpasyior kon-
Typ C TOJOXHUTEIbHOH O0OpaTHO CBS3BIO

®y (P), ero mepemarounas  (yHKIHs
?u (P)
1-ou (P) @, (p)

o (P) =

v

3. ! ?,(P)
- @ (P) .

[ToxcTaBnss MOJyYEHHBIE BHIPAXKEHUS B mocienanee @y, (P), OKOHYATEIHHO

HOJIy4aeM MepeaaTouHyro QyHKIHIO cucteMbl @(P) !

_ _ @ (P) _ @y (P) - 95(P) _
?(P) = (P) 1=, (P)-2,(P) 1=, () »5(P) 2, (P)
¢ (p) )
1+¢,(p) ¢:(p) 7:(P) _ @, (p)-»s(p) .
2P () (p) L2 (P)-2s(P) =i (P)- 2u(P)- 05(P)

_l+¢|(p)'¢3(p)

[2,(P) —2.(P)]- 95 (P)

@(p) =

1+[0,(p) — 2. (P)]-[25(P) — 0, (P) - 5 (P)]

3. CraTuveckasi XapaKTePUCTHKA CUCTEMBbI

PaboTa cucreMbl xapakTepu3yercsi IByMs pekuMamu. CTaTUYECKH pPEXUM

WM YCTAHOBHUBHICCCA COCTOAHHUC XAPAKTCPHU3YCT HCU3MCHHOC 3HAUYCHUC BBIXOI[HOﬁ

BCJIMYMHBI ¥y CUCTCMbI BO BPCMCHH IIPU KaKoM-1100 3HA4YCHUU BXOOHOI'O BOSIICIZ-

cTBU V. JIMHAMUYECKUN PEKUM WU TIEPEXOAHBIN MPOLECC XAPAKTEPUIYET MEPEXO

CUCTCMBbI U3 OJJTHOI'O YCTAHOBHBHIICTOCSA COCTOSIHUA B APYIOC IIPU KaKoM-JIH0O 3Haue-

HHUU BXOJHOTO BO3ACHCTBUSA V. XapaKTEPUCTUKU, ONPEACIAIONINE CBOWCTBA 3BEHBEB,

nux COGI[I/IHGHI/Iﬁ N CHUCTCMBI B ICJIOM B CTATHYCCKOM H JHHAMHYCCKOM PCIKHUMaAX

Ha3bIBAIOTCA, COOTBCTCTBCHHO, CTATUUYCCKUMU U JUHAMHYCCKHUMHU XApPaKTCPHUCTHUKA-

MHU.



3aBHCHUMOCTD BBIXOI[HOﬁ BCJIMYMWHBI 3BCHA NN CUCTCMbI Yi B YCTAaHOBHUBIIHNX-

Cs PEKUMaX OT Pa3IMYHBIX MOCTOSHHBIX 3HaYeHMH BXoaHoM Beanumubl V; (i=1..,N)

HA3bIBACTCSl CIAmMuU4ecKkoil xapakmepucmuxou (pucyHok 2). Cucrema co craTaye-

CKOM XapaKTEPUCTUKOM, OIHUCHIBA-

IOIIEAC  ypaBHEHUEM  IIpsAMOM Y 4
y=a-v+b, spagerca mmueitnoit !

| fC‘Wl
cucremoii ( f,, ma pucynxe 2). Eciu
CTaTUYECKasi XapaKTEPUCTUKA OIH- f!
CBIBA€TCSl MHOW 3aBHCHUMOCTBIO, TO Y

. . e¢n Pucynok 2 — Cratnyeckne XapakTEpUCTHKU
cucTeMa sBIseTca HemuHernoi ( T, L el L L oe
muneiinoit f,, u menuneitnoit f,, cucremsr

Ha pUCYHKE 2).

[Ipu ananuze cuctem (mpsmMas 3ajaya) CTaTUYECKUE XapAKTEPUCTUKU CTPOST
Ha OCHOBE M3BECTHBIX CTATUYECKUX XAPAKTEPUCTUK IJIEMEHTOB, BXOJISIIMNX B 3Ty CHU-
creMy (rpaduyecKuMu WIM aHAJTUTHYECKUMU Metoaamu). [lpu nmHeapuszanuu cu-
CTEMBI, peanu3alus HeoOXO0AUMON JINHEWHON XapaKTEPUCTUKU CUCTEMBI OCYIIECTB-
JsieTcs MOoA00pPOM CTAaTHYECKOM XapaKTEpPUCTHKU OJHOTO M3 3BEHBEB CHCTEMBI IPH
M3BECTHBIX XapaKTePUCTHKAX OCTAJIbHBIX 3BEHbEB (0OpaTHas 3a/1a4a).

JIns TONMy4YeHHs] CTaTHUYECKOM XapaKTEPUCTUKU CHCTEMBI, COCTOSINEN U3 Ma-

pPauICIIBHO COCAMHCHHBIX 3BCHLCB, B OI[HOﬁ YCTBCPTH KOOpI[HHaTHOﬁ IIJTIOCKOCTH

1 2 3
CTPOSAT XapaKTEPHCTUKH 3THX 3BeHbes 1., T, f. u 1.1 Pesymprupyromas xapak-

TCPUCTHUKA CHUCTCMBbI fcm HaxXoAWTCA KaK CyMMa XapaKTCPHUCTHUK COCTABJIIAIOIINX €C

1 2 3
3BenbeB 1., = f,, + T, +f, +.. (pucynok 3).
JIIst CHCTEMBI, COCTOSIIEN W3 IOCIENOBATENBHO COEIMHEHHBIX 3BEHLEB, BBI-

XOJHas BCJIMYMHA IICPBOro 3BCHA ABJIACTCA BXOAHBIM BOS}I@I‘/’ICTBI/ICM BTOpOIo y].: V2

1 2 3
U T.7. CTaTudecKkue XapaKTepPUCTUKHU 3BEHBHEB f,, fo, f. orkmageiBatorcs mocie-

JOBATENBbHO, KaXkAasi B CBOEH YETBEPTU KOOPAMHATHOU TUIOCKOCTH, PE3YJIbTUPYIOLIAs

XapaKTePHCTHKA CHCTeMBbI [, HaXoamTcs B mocieytomeil yeTBepTr (PUCYHOK 4).

10



__________________________ Touka Ha cTaTHye-
\ CKO XapakTepu-
|
|

CTHKE CHUCTEMBI fcm

Yo =YY+

yi<

Pucynok 3 — IlocTpoeHue cTaTHueCcKOM XapaKTEPUCTUKU CUCTEMBI
C MapajuIeIbHbIM COCIUHEHNEM 3BEHBEB

Y1 =V,
A

Touka Ha craTnye-
CKOM XapakTepu-

CTHKE CUCTEMBI fcm

Pucynok 4 — [locTpoeHue CTaTHYeCcKON XapaKTEPUCTUKU CUCTEMBI
C IIOCJIEOBATEIIBLHBIM COCAMHEHUEM 3BEHBEB

Cratuueckasi XapakTEpPUCTHKA 3aMKHYTON CHCTEMBI C 00paTHOM CBS3bIO0 HAXO-

IUTCS ClieAyronmM o0pa3oM (pucyHok 5). CTaTHYeCKyr0 XapaKTepPHCTUKY 3BEHA B
) n )

npsiMoii tier f,, OTKIAmBIBAIOT B EPBOM KBaJpaHTE, a 3BeHa oOpaTHOi csasn T,

BO BTOPOM KBajipaHTe. Uepe3 mpou3BOJIbHYIO TOUKY A; Ha CTATUYECKOM XapaKTepu-

np
CTHKC fcm IMPOBOJAT IPAMYIO A0 IMEPECCUCHUA €€ BO BTOPOM KBaAPaHTE CO CTATH-

(v [ oc
yeckoii xapakrepuctukoit f,, (Touxa B;). U3 Toukn B; omyckaloT meprneHANKymIsp

11



Ha och abcrucc (Touka repeceuenus: Cq). Jlmuny orpe3ka OC; OTKIaABIBAIOT OT TOY-

k1 A; Brpaso (mpu OOC) wiu BieBo (mpu [IOC). ITonyyennast Touka D; npunazie-

)KUT HUCKOMOM XApaKTCPHUCTUKE CUCTCMBbI fcm . AHaJIOrU4YHO OIIpCACIIAIIOT U APYTHUC

TOYKH XapaKTEPUCTUKH.

_______________ Touka Ha craTH4e-
CKOU XapaKTepu-

cTuKe cucTeMsl | em

_,——mmmmmm e ——— e ===

&
<«

Vv

oc

9 v, v

np

Pucynok 5 — [locTpoeHHE CTaTUYECKOW XapaKTEPUCTUKH CUCTEMBI
C oOpaTHOM CBS3BIO

4. BpeMeHHbIe TMHAMHYECKHE XapPAKTEePUCTHKHU

3aBUCHUMOCTh BBIXOJIHOM BEJIMYMHBI CUCTEMBI WJIM 3JIEMEHTA OT BPEMEHHU MpPH
MEePEX0JIe U3 OJHOTO YCTAaHOBHUBIIETOCA COCTOSIHUSI B IPYTO€ B PE3yJbTaTe MOCTYI-
JICHUSI Ha BXOJ THUIIOBOTO BO3/ICVCTBUSI HA3BIBACTCS 6PEMEHHOU OUHAMUUECKOU Xa-
pakmepucmukou. Ilpu uccieqoBaHUM JTUHAMHUYCCKUX CBOWCTB CHCTEMBI HamOoJiee
IIAPOKOE NPUMEHEHNE HAXOJSIT TUIIOBbIE BXOJHBIE BO3JACHCTBUS B BUJIE C€AMHUYHOU
CTYNEHYAaTON ¥ €AUHUYHON UMITYIbCHON (QYHKITHUI.

EnuandHOe cTyneHyaroe Bo3eiCTBIE OMUCHIBACTCS QyHKITUEH

0, mpu t <0;

v(t) = rae 1 — OTHOCHTENbHAS BEIMYMHA BXOTHOTO BO3JICHCTBHSL.
1, mput >0,

Peakuusi cuctemMbl Ha €IMHUYHOE CTYNEHYATOE BO3JCHCTBUE MPHU HYJIEBBIX Hayajlb-
HBIX YCIIOBHSIX Ha3bIBACTCS nepexoonoli xapakmepucmuroi N(t) .

EnunnyHOEe MMITyIbCHOE BO3/ICMCTBUE OMUCHIBAETCS (DyHKITUEH
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0, mpu t < 0;

v(t):<tl,npp10ststu, t, >0

u

O,mput>t,

rae t, — BpeMs A€UCTBUS UMITYJIbCA.

PeaKHI/I}I CUCTCMBbI HaA CIMHHUYHOC HUMIITYJILCHOC BO?)I[GfICTBPIC IIPpX HYJCBBIX Ha4YaJlb-

HBIX YCIIOBHSX Ha3bIBACTCS umnynscroi xapakmepucmuroi O (t) .

v(t) 4 v(t) 4
1
t, >0 -
«— I
0 > 0 . >
t t
h(t) A 5(t) A
0 > 0 >
a) t 6) t

PI/ICYHOK 6 — Hepexoz[Ha;I N UMITYJIbCHAA XapPaKTCPHUCTUKU CUCTCMBI

Hepexoz[Haﬂ U UMITYJIbCHAA XapPaKTCPUCTUKHU CBA3aHbI 3aBUCHUMOCTAMU

h(t) = [5(t)-dt;
_ dh®) (8)
50==1"

Ilpumep. OnpenenuTb UMITYJILCHYIO XapaKTEePUCTUKY CUCTEMBbI, €CJIM U3BECTHA

2cos@-t+2)

ee nepexoaHas xapakrepuctuka h(t) = =

B cooTBercTBHUM € 3aBUCHUMOCTHIO (8) BO3bMEM MPOU3BOAHYIO OT (PYHKITUU UM-

IIyJIbCHOM XapakTepucTuku h(t)

s(t) =3 _ (2005(3-t + 2))’ _ 2[cos@-t+2)] -5t—2c0s@-t+2)-(5-1) _

dt 5-t (5-t)°
30-t-sin(3-t+2)+10cos@-t+2
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5. HacToTHBIE XapaKTepPUCTHKHU

YacToTHBIC XAPAKTCPUCTHUKH OIIMCBIBAIOT BBIHYKIACHHBIC KOJICOAHMST Ha BHIXO-
A€ CUCTCMBbI, BBI3BBAHHBLIC TApMOHHWYCCKUMU BOSﬂeﬁCTBHﬂMH Ha €€ BXOJC. Ecau nHa

BXOJ  CHCTeMBI  TOJAETCSd  KOMIUIEKCHO€  TapMOHMYECKOE  BO3JCHCTBHE
— i(ot+pp) o
v(t) = A, -e 7, TO Ha BBIXOJE (POPMUPYETCSI TAPMOHHUECKOE BO3ACHCTBHE

C TO JK€ YaCTOTOM @ , HO C MHOM aMIUTUTYI0K A 1 (ha30BBIM CABUTOM ¢ .
OTHOLIEHNE BBIXOJHOW BEIMYMHBI CUCTEMBI K TapMOHMUYECKOMY (KOMILIEKC-

HOMY) BXOJIHOMY BO3JICMCTBHIO HA3bIBACTCS KOMILUIEKCHON YaCTOTHOW XapaKTepu-

ctukoit (KUX)

_y@® _ A el A e l@—e0)
V(t) AO . el(a)'t"‘q)o) A\)

OTtHo1IeHHE AMILIUTYObI BBIXOJHOTO BO3H€ﬁCTBHﬁ Ai K aMIUINTYC BXOJHOI'O

p(Jjw)

rapMOHUYECKOTO Bo3zeiicTBus A, npu m3MeHeHHH 4acToThl @[0;+00) HasbBaeTCs
aMIUTUTYI0-4aCTOTHOM XapakTepucTukoi (AUX)

A(w) = ::%Z)) (9)

PaznocTth (1)&3 MCKAY BBIXOAHBIM BO3I[€IZCTBH€M @, 1 BXOOHBIM IrapMOHHYC-

CKMM BO3J€HCTBUEM @ Ipu u3MeHeHuu 4acToThl @[0;+00) HaspiBaeTcs (aszo-

4acTOTHOM Xapaktepuctukoi (OYX)

p(@) = @, (@) — gy (). (10)
CnenoBarenbHo, BeipaxkeHrne KUX M0XHO peACTaBUTh B BUJIE
o(jo) = A(w)-e", (11)

KOTOpPOE TaK)Ke Ha3bIBACTCS aMIUTUTY10-(ha30-4aCTOTHON Xapaktepuctukoi (ADX).
s cuctemsl, onvcaHHoW nepenaroyHon pynkumii (3), ADOX MoxHO mpen-

CTaBUTh KaK COOTHOIIEHHE M300pakeHnii Dyphe BHIXOJHOTO M BXOJIHOTO BO3JECH-

ctBuid. [IoCcKONBKY CTPYKTypa BhIpaKeHUU NJisi mmpeodpazoBanuii Jlarmaca u dypee

OJIMHAKOBa M pPa3jIM4acTCs TOJBKO KOMIUICKCHBIMHM NEPEMCHHBIMH [P U jCl), BCC
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orepalu, MpoBOAUMbIE Hall M300pakeHusMu (pyHkuuu mno Jlammacy, MOXKHO OCy-
LIECTBJIATH HaJ u300paxeHussMu no dypeoe.

y(jo) _by-(jo)" +..+b, - jo+b,

W(io) " ajo) orajora, oM

p(jo) =

rae Re(w), Im(w) - COOTBETCTBEHHO, JEUCTBUTENbHASI U MHAMAsl YaCTOTHBIEC XapaKTe-

puctuku. Torma AUX n @YX cucteMsl onpenesaercs Kak

A(@) = /Re? (w) + Im?(w),
Im(w) (12)

(ﬂ((l)) = arctgm

[Ipn U3MEHEHUU 4acCTOTHI
@[ 0;+00) xoHel BekTOpa ¢(jw) ONMUCHI- Alm

BacT Ha KOMIUICKCHOM IJIOCKOCTH Kpu-

Aw,) “’l
BYIO, KOTOpasi Ha3bIBaCTCI 20002paghom

p(,) R
0 Re

cucteMbl (pucyHok 7). Ilpuuem mivHa

BEKTOPOB paBHa BelInynHe A(w), a yroi ¢
Pucynox 7 — [loctpoenue romorpada
MOJOXKUTEIBHOM JEMCTBUTEIBHOM OCBIO

COCTaBJISIET () .

Ilpumep. Omnpenenuts 4acToTHble Xapakrepuctuku (AUX, OUX, ADX) u
IIPOBECTHU aHAJIU3 CUCTEMBI, KOTOPas OMUCHIBACTCS MEPEeIaTOUHON (PyHKIMEN

o= P
[lepeiinem W3 BpeMEHHOW O00JACTH OMUCAHUS CUCTEMBI (MpeoOpa3oBaHMS
Jlanmaca) B 4acTOTHYIO 06macTs (mpeodpasosanne Pypre) P—> jo .
3(jw)? e _ —30° _g2i0
(jo) -2jo+4 (h-0°)-2jow '

p(jo) =

glo(®)

Tak kak HEOOXOIUMO BBIpA)KCHUE IIPUBECTU K BUAY (0(10)) = A(a)) » TO pasio-

—30° o
KM MHO>XHTEIb W (*) Ha ACHCTBUTENBHYIO 1 MHHMYIO YacTh, JUIS 3TOTO
-0°)-2jw
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YMHOKXHM YHUCIUTCIIb U 3HAMCHATCJIIb Ha KOMIIJICKCHO COIIPS’KCHHOC 3HAMCHATCIIIO

quCJIo

—30° —30° - [(4-0®)+2jo]  30* (0*-4)-6j°

(A4-0?)-2jo [A-0?)-2jo)l[(4-0®)+2jo]  (4-0%)?+40°

3

30° - (0® —4)
(4 — 0?)? +4o?

6w

Orcrona Re(w) = (4— 02 +40® "

, Im(w) =—

Takum oOpasom, s paccMaTpuBaeMoro MHOXKUTENS (*) M, UCXOMAS U3 BbIpa-

xeHuit (12), noxyyaem

. 30% - (0°-4) , 60> , 307 (0> -4)" +40° 302
A (o) = [( 2y2 7) + (= 2y2 7)" = 2)2 2 - 2y2 2’
(4-0%)* +4w (4-0?)? +4o (4-0°)" +40 N@E-0?) +40
B 60°
. (4-0?)* +40° —60° 20
w)=arct =arctg—————=-arctg——
v (@) : 30° - (w* —4) g3w2-(a)2—4) P

(4-0?)? + 4’

OkoHuaTenbHO nosryyaem BoipaxkeHue 11t ADX 3agaHHON CUCTEMBI

2 . 20
30 —j(4o+arctg—; 4)

piw) =K ()" = L o
-\/(4—61)2)2 +4w°

CootBeTcTBeHHO, BoipakeHus 11t AUX n @UX 3a7aHHON CUCTEMBI CIEAYIOLINE!

2
Alo) = 3w ’
\/(4—6()2)2 +4w°
. 20
—j(4w+arct 27)
pl@)=e o

[pu u3menennn yactothl @ [0;+00] momyunm 3HaueHMs YACTOTHBIX XapakTe-

puctuk (Tabmuna 3). ['paduku AUX, ®UX u rogorpad ADPX mokazaHsl Ha pUCYHKE 8.

Tabnuma 3 — YucnenHble 3Ha4eHUST YaCTOTHBIX XapaKTEPUCTHK CUCTEMBI

@, pan./c 0 05|10 | 15| 20 | 253035 |40 | 45|50 |+

A(w), otnen. | 0 | 0,05]0,23|056| 0,75 |0,62|044|031|0,23|0,18|0,14| O

(o), pan. 0 |-1,74|-3,41|-496| —0 |-11,1|-12,9|-14,7|-16,6|-18,5/-20,4 | —0
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Alo)

0,8 _ 06 r |m(0))
06 | | i |
04t [
| 02 r
02t i
I ' 0 I Re(o
O :I I I I . _0,5 \/ 0,5 ( )
0 2 4a) 6 8 }0 02t
@ pes ®, par/c )
. 8
¢ (@) , paj./c
0 :I T T T 1
s 10
-10 +
-20
-30
-40
0 ° 0) Pucynok 8— YacToTHbBIE XapaKTEPUCTUKU CH-

cremsbl: a) AUX; 0) ®UX; B) ronorpadp ADX

[Io 4acTOTHBIM XapaKTEPUCTUKAM MOXKHO CHENaTh CIEAYIOIIUE BBIBOJABI O
cBOMCTBax cucteMbl. Pabovast 0071acTh CUCTEMBI — MOJIOCOBAS B IMAMa30HE YacTOT OT
1 1o 4 pan./c (cnag AYX no 0,3 aMruTy 16l BXOAHOTO Bo3nencTBusl). [Ipu aToM cu-
CTEMa XapaKTEPU3YETCs PE30HAHCHOM YaCTOTOU @ pe; = 2 pajl., IPU KOTOPOU aMILIH-
Tyna koseOaHuii nocturaer makcumyma — 0,75 OoT aMIUMTYABI BXOJHOTO BO3JICH-
cTBUs. BbrixogHas BenmuuuHAa OTCTaeT Mo (paze OT BXOJHOTO BO3JCHCTBUSI BO BCEM
Jaria3oHe 4acToT, MPU 3TOM (Pa30BbIi CABUT MEXKY BBIXOJHBIM U BXOJIHBIM BO3CH-

CTBUAMMU PaCTCT C pOCTOM 4YaCTOTEI.
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6. YCTOMYMBOCTH CHCTEMBbI

B 3aMKHYTBIX TMHAMHUYECKHX CHUCTEMax IIPU BXOJHOM BO3JECHCTBUM B OOIIEM
cllydae BO3HUKAIOT KOJeOaHWs BBIXOJHON BENWYMHBI. JTH KOJEOAHHUS MOTYT OBITH
3aTyXallMMH, HE3aTyXaloUMHI U pacxoasmuMucs. [Ipu pacxopasieMes nepexon-
HOM IIPOLIECCE CHUCTEMA SIBIISIETCS HEPAOOTOCIOCOOHOM (MIET «B pa3sHOocy). [loaTomy
IIPU aHAJIM3E CUCTEM HEOOXOAWMO MCCIIEI0BAaTh TAKOE MOBEIEHUE CHUCTEMBI, CBA3aH-
HOM C TIOHATHEM «YCTOWYUBOCTH.

Yemoiiuueocms — 310 CBOWCTBO CHCTEMBI COXPAHATH COCTOSIHUE PAaBHOBECHE
Y, OyJy4d BBIBEJICHHON M3 3TOr0 COCTOSIHUS BHEIIHMM BO3JIEHCTBUEM, CHOBAa BO3-
BpalllaTbCsi K HEMY IPU CHATHUH BHEIIHETO BO3JEUCTBUA. Y CTOWYMBOCTDH SIBISIETCA
HEOOXOJIUMBIM YCIIOBHEM pabOTOCIIOCOOHOCTU CUCTEMBI.

[Tpu ompeneneHUM yCTONYMBOCTH CUCTEMBI pacCMaTpUBAETCSl €€ CBOOOJHOE
JBWKEHHUE IIPU PAaBEHCTBE HYJIIO BXOJHBIX BO3JCHCTBHI, TaKO€ BhIpa)KEHUE Ha3bIBa-
eTCSl Xapakmepucmuyeckum ypasrueruem. JIJisi CUCTEMBI € MepeaaToOuyHON (pyHKUMEn

(3) xapakTepucCTHUECKOE YpaBHCHHE UMEET BHU]I
an'pn+an—1'pn_l+"'+a1'p+aozo' (13)
Y CTOHYMBOCTh CHCTEMBI C XapaKTEPHUCTUYECKUM YPaBHEHUEM OIPEEeNIeTCs
teopeMort A.M. JlsmyHoBa:
1). Ecnu Bce KOpHM XapakTepucTHYecKoro ypashenus P; =Re;+jIm;, i=1.,n
UMEIOT OTPULIATENBLHYIO JeHCTBUTENBHYIO yacTh Re, >0, kK en, to cucrema ssnser-

Cs1 yCTOMYUBOM.

2). Eciiu xoTs1 ObI O/IMH M3 KOPHEH XapaKTepUCTUIECKOTO YPABHEHUSI HMEET MOJIOKU-
TEJbHYIO JIeUCTBUTENbHYIO YacTh Re; <0, i=1..,N To cucrema sABIsIeTCS HEYCTO-

YUBOMU.

3). [Ipu HaIMUYUU HYJICBBIX M YHUCTO MHUMBIX KOPHEH XapaKTEPUCTHYECKOTO ypaBHE-
nus Re, =0, Ken mpu ycnouu, 4To OCTANbHBIE KOPHU UMEIOT OTPULIATENLHYIO
neiictBuTenbHyro yacth Re, <0, 1=1..,N, cucrema HaXOOUTCA HA TPAHMIE YCTOM-

YUBOCTH.
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JUId yCTOMYMBOM CHUCTEMBI, pac- Dn Alm

CTOSIHU€ OT MHUMOM OCHU (TpaHUIIbI n
+—>
YCTOMYMBOCTH) N0 ONM>Kaiiero KOpHs o1
o H
(mapsl KOpHEW) Ha3bIBACTCS CMENeHblo Ps =
Ob6nacthb ) Re

yemouuueocmu 1) . HauOonbmwuii  yron YCTOMUNBOCTH

MEXKJy IIapoOM CONPSIKEHHBIX KOpPHEU

Ha3bIBACTCSI CMENneHvio KojebamebHo-

cmu 1. OBnacth, 0bpasoBaHHas MPAMOH PucyHOK 9 — YCTOWYHMBOCT CHCTEMBI
Ha PaCCTOSIHMM 1| M YIJIOM |l , OXBaThIBa- 1o JIAIyHOBY
01 BCE KOPHU XapaKTEPUCTUUECKOTO YPaBHEHHMS ABJIACTCA 001ACMmblo  YCMOWYU-

gocmu CUCTEMBI (PUCYHOK 9).
7. Kputepum ycroiitunBocTH

Pemenne XxapakTepuCTUYECKUX YPABHEHUN BBICOKMX CTEIICHEHN 3aTPYyIHUTEIIb-
HO, MIO3TOMY CYIIECTBYIOT METOJBI ONPEAEICHNS] YCTOWUYNBOCTH CUCTEMBI IO 3Ha4e-
HUAM KO3((PUIIMEHTOB ypaBHEHUS WA MO YaCTOTHBIM XapaKTEPUCTUKAM CHUCTEMBI,

Ha3bIBAaCMBIMU KpumepuAimu ycmoﬁqueocmu.

Anzeopauueckuii kpumepuii ycmouvueocmu Payca-I'ypeuya.
1. HeoOxoaumbIM YCJIOBHEM YCTONYMBOCTH CHUCTEMBI SIBISIETCS IMOJIOKHUTEIbHBIE
3HAQYCHUS BceX KOA(P(OUIIMEHTOB XapakTepucTudeckoro ypaBHeHus (13)

a, >0, i=1..,n. Ecnu xotsa 661 0uH U3 KO3(PGUIIUEHTOB MEHBIIE WK PAaBEH HY-

JI10, TO CUCTEMA 3aBEIOMO HEYCTONYMBasl.

2. HeoOxoIMMbIM U TOCTaTOYHBIM YCIOBUEM YCTOWYMBOCTU CHCTEMBI SBIISIETCS T1O-
JIOKUTENIbHOE 3HAUEHUE OMpPENEIUTENs, COCTABICHHOTO U3 KO3((UIMEHTOB Xa-
pPaKTEepUCTUYECKOTO ypaBHEHUs, Has3biBaeMoro omnpenenurenem [ypsuma. [lo
TJIaBHOW JAMAroHajIv OMpeAesuTeNs pacroiaraloTcs Bce Ko3QPUUUEHTHI 10 yObI-
BaHUIO OT dp; IO dg. B cTpokax kK03 UIIMEHTHI pacroiaraloTcs Mo yObIBAHHIO

qcpe3 OJUH. HYCTBIGE MCCTa 3aIll0JIHAIOTCA HYJISIMUA.
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a, a5 a . 0

a, a,., a., 0
Ar=l0 a, 0 0/>0 14)

a O

0 0 a, a,

Ilpumep. Onpenenutb YCTOMYMBOCTh CHCTEMBI, OIMMCAHHOM IEpPEeaaTOYHOM

2p+1
6p*+3p°-2p*+5p+4"

bynxumenn  ¢(p) =

XapakTepucTUYECKOE YPABHEHHUE UCCIIEyEMON CUCTEMBI
6p*+3p*-2p°+5p+4=0,
Koaddumment a, < 0, He06X0AUMOE YCIOBHE YCTOMYUBOCTH HE COOIMIOJAEHO, MOITO-

MYy CHUCTCMaA 3aBCIOMO HGYCTOﬁqHBa. HOK&)KGM 9TO, PCIINB OIIPCACIINTCIIb prBHI_Ia.

a 0 0
s & a, a, 0 a, a, 0
a, a, a, O 2 .2 2
Ap= 0 a a O =a;-fa; a 0j-a-0 a O0|=a,-8,-8-8,-8;-8 —a,-3 -a.
3 a, a, a, 0 a, a
0 a, a a

[ToacTasnsis 3HaueHus: KOAOPUITMEHTOB, MOTyYaeM

3 5 0 0
6 -2 4 0
A, = =3.(-2)-5-4-3°-4°-6-5*-4=-864<0.
0 3 5 0
0 6 -2 4

Tak kak onpenenurens ['ypeuna A, <0, To cuctreMa HEyCTOWYNMBA.

Yacmommuwtit kpumepuit Muxaiiniosa.
YacTtoTHas XapaKTepUCTHKA, OMKMCHIBAIOIIAS CBOOOHOE NIBI)KCHHUE CHUCTEMBI, Ha3bl-
Baetcs rogorpadhom MuxainoBa. Cuctema ¢ XapakKTepUCTHIECKUM ypaBHEeHHEM (13)

onuchiBaeTcs rogorpagom Muxaiinosa Buja

ou(jo) =2, -(jo)" +a,, (jo)""..+a,-(jo) +a, =Re(o) + jIm(w).  (15)
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Y CTOWYMBOCTh CHCTEMBI OMpeEeNseTcs moBefeHueM roporpada Muxaitnosa
Ha KOMIUIEKCHOW TJIOCKOCTH MPH BBITIOJHEHUU CIEIYIOMINX YCIOBUMU.
1). ITpu nocrosiuaOM BX0mHOM Bosaeiicteuu (@ = 0) rogorpad nomken HauMHATHCS
HAa I1OJIOKUTEJIbHON JEUCTBUTEIILHOMN ITOIYOCH.
2). Ilpu n3menernn wactotel @ [0;+o0] rogorpad momxken mocnenoBaTensHO 00X0-
JUThH B MOJIOKUTEILHOM HapaBiICHUHU (MPOTHUB YACOBOM CTPENKH) N YETBEPTEU KOM-
IJIEKCHOW IIOCKOCTH, TAE N — MOPAIOK XapaKTEPUCTUUECKOTO YPABHEHUSI.

Nz

3). Ilpu sToM rogorpad noKeH MOBEPHYTHCS Ha Yol PR

Ecnau xoTst ObI 0IHO U3 YCIOBUU HE COOJIIOAAETCS, TO CUCTEMAa HEYCTOMYHUBA.
Ecau ronorpad mpu cobiroaeHnr BceX YCIOBUM MPOXOIUT Yepe3 Hadaio KOOPAUHAT,

TO CUCTEMa HaXOJIUTCS Ha TPaHMIIC YCTOWYMBOCTH (pUCYHOK 10).

41Im
HeycroitunBas N =0
n=4
Ycrouupas
0 =0 Re
l/
Ha rpanuune ycroiun-
BoctH (N =3)

Pucynok 10 — YcToMYMBOCTh CUCTEMBI 110 KpUTEpH0 MuxaiaoBa

Ipumep. ViccnemoBaTb YCTOMYMBOCTH CHUCTEMBI, 3aJaHHOM IMEPENATOYHOU

3p’+4
2p* +4p®+10p®> +16p+2°

dynxuumeit @(p) =

XapakTepucTHdeckoe ypaBHeHHe cucTeMsl 2p°+4p°+10p° +16p+2=0,

cJIeJOBATEIILHO, rogorpad Muxaiisiosa OIMCHIBAETCS BBIpaKEHHUEM
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oy (j0)=2-(jo)* +4-(jo)’ +10-(jo)’ +16- jo+2=2-0" -4 jo’ -10-0* +16- jo + 2,
rie Re(w) =20* -100° + 2, Im(w) = —40° +160..

Kak caeacTBueM yclioBHsS YCTOMYMBOCTH CHCTEMBI, Tojorpad MuxaiiinoBa
JOJDKEH TIepeceKaTh OCH KOMIUIEKCHOH ITIOCKOCTH B CJICTYIOIIEM MTOPSIIKE

+ Re (mpu ® = 0); + Im; - Re; - Im; + Re u T.x1.

Touku nepeceuenus ronorpada ¢ 1eUCTBUTEIBHON OChI0 Re Halinem, ucxomas
m3 yenoust Im(w) =0, —4w° +16w = 0. OTciofa monydaeM 4acTOTHI, TP KOTOPBIX
MPOUCXOUT TMepecedeHre ¢ ochio @, =0, @, =2, cienoBaTeNnbHO, TOUYKU Tepeceye-
HUS UMEIOT KOOPIMHATHI (2;0) u (-6;0), T.K.
Re(w,) =2,Re(w,) =2-(2)* —10-(2)* +2 =-6.

AHAJOTMYHO HAXOJWM TOYKH IIe-
pecedeHus romorpada ¢ MHHUMOH OCBHIO 6,14
Im, UCXOISI u3 YCIIOBUS

Re(w) =0, 20" ~10w*+2=0. YacroTsl,

P KOTOPBIX MPOMCXOIUT MEPECECUCHUE C . >
ocero @, =04, w, =2,2, cnenosa-

TEJIBHO, TOYKH MIEPECCUECHUST HMEIOT KOOP-
muaatel  (0;6,14) wu  (0;-7,39), T.k.
Im(w,) =6,14; Im(w,) =-7,39.

-7,39

Pucynox 11 — I'ogorpadg Muxaiinosa
ITocnenoBaTenbHOCTD NEPECEUEHMS

ocelt co0ro1aeTes, 3HAUUT, paccMaTprUBaeMas CucTeMa ycToitunBas (pucyHok 11).

Yacmommnuwtit kpumepui Haiikeucma.
[Tpu paspsiBaHNN OOpATHOM CBSI3U 3aMKHYTBIX CHCTEM (PHCYHOK 1, 6) ¢ mepemaTou-

. (P)
1+ (an(p) '(poc(p)

Hoit dynkumeit P(P) = o0Opa3yeTcsi CTpYKTypa C MOCIIEI0BATEIb-

HBIM COEJIMHEHUEM 3BEHbEB @, (P) =@,,(P) - @, (P).
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3aMKHyTasi cucTeMa SIBJISIETCSl YCTOMYMBOM, €clii rogorpad pasoMKHYTOU CH-
crembl @,,,(jo) =, (jo) ¢, (jo) npu usmenennn yacrorsl @ [0;+0] He oxsarbi-

BaeT kputnueckyio Touky (—1; jO) ma kommexcHoit muockocty. JlaHHas TOUKa SBIIS-

eTCs TPaHUIIeH YCTOWYMBOCTH (PUCYHOK 12).

alm
HeycroitunBas

-1 A \ Re
Ap y

YcrounBas

Pucynox 12 — YcToiuuBOCTh CUCTEMBI 110 KpuTepuio HalikBucTa

VYcnoBust paboThl CUCTEM XapaKTEPHU3YIOTCS, B 00IEM cilydae, HecTallluoHap-
HOCThIO. [loaTOMY, Oyayud yCTOMUMBOM, CHCTEMa CO BpPEMEHEM MOXKET CTaTh He-
YCTOWYMBOM. ITO HEOOXOJAUMO YUUTHIBATH MPU aHAIU3E YCTOWYMBOCTH M OOECTICUH-
BaTh FaPAHTUPOBAHHYIO YCTOMUYMBOCTh CUCTEMBI ITPU M3MEHEHUM €€ MapaMeTPOB B HeE-
KOTOPOM Juarna3oHe. Takoe CBOMCTBO CUCTEMBI HAa3bIBACTCS 3ANACOM YCHIOUUUBOCIU.

I[To kputeputo HaiikBrcrta onpeaenstor (pucyHok 12):

a). 3amac yctoiunBocTd 1o amruintyae AA onpenensieTcss HAMMEHBITUM PaCCTOSHU-
€M OT KpUTHUECKON TOYKH JI0 TOUKH NepecedeHus rogorpada pa3oMKHYTONH CUCTEMBI
C JEUCTBUTEIBHON OChI0 KOMILJIEKCHOU IIOCKOCTH.

0). 3amac ycroiunBoCcTH 10 (haze A@ ompenenseTcss HAMMEHBIINM YIJIOM MEKIY OT-
pULIATEIBHONU JEMCTBUTEIBHON OCBIO KOMIUIEKCHOM IUIOCKOCTU U NPSIMOU B TOYKY

nepecedeHus rogorpada pa3oMKHYTOM CUCTEMBI C €IMHUYHON OKPYKHOCTBIO.



Ipumep. ViccnenoBarb yCTOMYMBOCTh 3aMKHYTOW CUCTEMBI, 3aJJaHHOU MEPe-

1
3p*°

’ -2p
y o (p) =P g0 (p) =
JATOYHBIMHU (1) HKIIUSIMHA np( ) I l ( )

OHpGI[eJ'II/ITL 3alia-

Chbl YCTOMYMBOCTH 110 aMIUIUTYI€ U (a3e.
[Ipu pa3pbiBaHUU 0OpAaTHOW CBSI3U 3aMKHYTOW CHCTEMBI MOJIYYUM Pa30MKHY-
TYI0 CUCTEMY C [I€PEIATOYHON (PyHKIMEN

O’Qp.e—zp. 1 _ 03 .g2p
4p+1 3p® p-(4p+)) '

@pag(p) =§0np(p)-§00c(p)=

Paziaoxum (me( P) Ha nepenaToyHbie (PYHKIUU TUITOBBIX 3BEHBEB, B TAHHOM

ClIy4aC Ha MHTCTPUPYIOIICC, HHCPIHUOHHOC 3BCHBA U 3BCHO 3alla3AbIBaHUA

0,3 . 1 03
P (P)=— =g = e
p-(4p+1) p 4p+1
[loacraBnsisi 4acTOTHBIE Xa-
PAKTEpUCTUKH THUIIOBBIX 3BeE-
HBEB, OIPENEIUM YaCTOTHYIO
05 1 M)
XapaKTEPUCTUKY PpPa30MKHY-
TOU CUCTEMBI AA
. T ) R
: 1 i 0,3
¢a3(]a)):_‘e 2. : _1’5 - =\ ( 015
’ g V160° +1 Ap

| -U,5 -
l'omorpad pasomkHyTOM CH- /
creMbl @,,,(J®) npu nsme- 1
Heruu yactotbl @ [0;+o0] He
OXBAaTBIBAET  KPUTHYECKYIO -1,5 -
touxy (—1; jO) Ha kKommmIekc- Pucynok 13 — Onpenenenne ycToi4nMBOCTH

3aMKHYTOU CHCTEMBI
HOM TJIOCKOCTH  (pUCYHOK

13), cnenoBatenbHO, 3aMKHYTasi CUCTEMa YCTOWYUBASI.
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Bamac  ycrodumBoctd 10 ammumdtyge cocraBusier  AA=0,45  wm

AA

T°100%=45%. 3anmac ycroituuBocTH 10 (ase cocraBusier A~ 20° wumm

Ap
360°

-100% ~ 5,6% .

8. [lepexoanblie nmpoueccol B cucreme. KauecrBo ynpapienus

VYcToiuuBOCTh SIBISIETCSI HEOOXOIUMBIM, HO HEIOCTATOYHBIM CBOWCTBOM CH-
CTE€MBbl YNPABICHUS, MOCKOIbKY B YCTOMYMBOM CHUCTEME MOIYT BO3HHUKATh OYECHBb
MEIIJICHHO 3aTyXarolllue, JUIMTENbHBIE MEepexXoAHble npouecchl. Ilepexoonsim npo-
yeccom HA3bIBACTCS W3MEHEHUE BO BPEMEHU COCTOSIHUE CHUCTEMBI, XapaKTEepPU3YIO-
meecss BBIXOAHBIM mapameTpoM Y(I) mpu m3MeHeHHHM BXOAHOTO BoszzeicTBus V(t).
Bo3nukaeT He0OXOAMMOCTh KOJIMYECTBEHHO OIIEHUTHh KauyeCTBO IMpoliecca yrpaBie-
HUS IIPU YCTOMYMBOM paboTe CUCTEMBI. AHAIIN3 KaueCcTBa YIPaBJICHUS 3aKIII0YAETCA
B ONpPENCICHUU KOJMYECTBEHHBIX I[OKA3aTEJIe, XapaKTEPU3YIOIIUX COOTBETCTBUE
peaIbHOTO U3MEHEHHS YITPaBIIeMOro mapaMerpa cuctemsl Y(t) 3aganHHOMY y (0).

[TokazaTenu kayecTBa ynpapiieHUus (pUCyHOK 14) kiiaccupuIupyroTcs Ha cTa-

t

ynp

tndyeckue Ay, nuHamudeckue Ay(t) u MHTErpagbHbIC _’.5)’('[) -dt ompeensieMbIe,

COOTBETCTBEHHO, B YCTAHOBUBILIEMCS yycm(tynp), nepexogHoMm th<t<t,, pexumax u
HAaKOIUICHHBIE 33 IIUKJI (TIEPHO) ynpasiieHus .

Cmamuueckoui omudkoii Ay Ha3bIBaeTCs OTKJIOHEHUE YIPaBISIEMOTo Mapa-
metpa cuctems! Y(t,.,) OT 3aJaHHOTO 3HAYEHHS Y B YCTAaHOBHBIIEMCS PEKHME

Ay =1y - y(tyen) | (16)
K ounamuueckum noxazamensim xa4yecTna ynpaBJIeHHUs] OTHOCSTC:
max

1. Makcumansvnoe ounamuueckoe omKkioHenue Y~ — HauOOIbINAs BEJIUYMHA OT-

KJIOHEHUS yrpasisieMoro nmapamerpa Yy(t) CHCTEMBI B IEPEXOTHOM PEIKUME

y™ = max[y(t)] (17)
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y(t) 4
Y1
A
Y3 +5%
) 4 Ay
y* / \ //\\ —— Y
J \ / AN —
\/ ﬂr
Y2
yITI ax
Yo
ol ¢, e 1
< Ly

PI/ICYHOK 14 — OHpeI[GJ'IGHI/Ie roKazarejiel KauecTBa YIIPaBJICHUA

2. Bpema ynpaenenus i epema nepexoonoz2o npouecca t,,, onpenensercs Kak
BpEeMsl OT Hayaja M3MEHEHHS BXOHOTO Bo3jaeicTBHs V() 10 MOMEHTa yCTaHOBHUBIIIE-
rocs pexuma Y., YCTAaHOBUBILUNICS PEKUM pPEalbHBIX IPOLIECCOB OLIEHHBAETCS
«TpyOKOM MEPEeXOHOTO IMpoIleccay, KOTopasl onpeaensercs auanazoHoM (+5%) us-
menenns Y(t) orHocurensHO Y . Bpemenem t,,, Ha3BIBACTCSI BPEMsl OKOHUYATENIbHO-
ro 3axoja napametpa Y(t) B «TpyOKy MepexoIHOTO MPOIECcCa.

3. Ilepepezynuposéanuem O Ha3bIBaCTCS OTHOCUTEIbHAS BEJIMYMHA OTKIOHCHUS
YIIpaBIIsIeMOro mapamerpa cucteMsl Y(t) OT 3aJaHHOTO 3HAYCHHUS Y

o= Y 100% wum
y

o :ﬁ-loo%_ (18)
Y1

4. Cmenens 3amyxanusa |/ onpeneaseT OTHOCUTENBHYIO BEJIMYHMHY 3aTyXaHHs KoJje-

OaHMil B CUCTEME U OTNIPEACIISIETCS KaK

W = Y1 — y3 (19)
Y1

5. Konuuecmeo Konebanuii B cucteMe 3a BpeMsl IepexoJHOTO Tporiecca N.
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K UHmMeZpalbHbIM noKazamenim KadyeCTBa ypaBJICHUA OTHOCATCA.
1. Hp}lM(l}l unmezpailbHan ouwiuoKka ONpCACIACTCA OJIs1 allICPpUOJUICCKHUX TICPCXO/I-
HBIX ITPOLCCCOB

t t

ynp ynp

= [y’ ®-y®]-dt= [sy()-dt (20)

2. Modynvnaa unmezpanvhaa owudKa ONpenensieTcs Uis KoyieOaTeNbHbIX IMepe-

XOIOHBIX ITPOLCCCOB

ynp

1= [loy()]-dt (21)

3. Keaopamuunasa unmezpanvnaa owiudka onpenensercs 1 KoaedaTenbHbIX Te-

PEXOIHBIX MPOIIECCOB

ynp

12 = [oy*(®)]-dt (22)

Ipumep. PaccuntaTh U NOCTPOUTH NEPEXOAHBIA MPOLECC B cUCTEME (IIPU HY-
JIEBBIX HAYaJIbHBIX YCJIOBHUSIX), 3aJJaHHOM repeaaTouYHOM dhyHKIIEH

2p-e* -4
p-(3p*-5p-e " +1)

I[P USMCHCHUHN 3a1ar0lICTO BO3I[€fICTBPI$I Ha OAHY OT-

p(p) =

HOCHUTENIbHYIO BeIMUuHy Y = 1 oTH.en. OnpenenuTts NpsiMble MOKa3aTeNn KauecTBa
Y MHTErpajJbHYyI0 KBaJAPAaTUYHYIO OLIMOKY.

IIpumeuanue: N HEYCTOMYMBOTO MEPEXOJHOTO MpOLIEcca, BPEMs EPEXOAHO-

ro npouecca onpenenuts 20 orcyeram.

Jlnst pacyera mMepexoJHOr0 Mpoliecca HEOOXOAUMO ONpPENETUTh Pa3HOCTHOE
ypaBHEeHHE cucTeMbl (cM. maparpad 1). s cuctemsl ¢ 3aqaHHON TepeaaTOYHON

GbyHKIMEH pa3HOCTHOE YpaBHEHHUE MOYyYeHO B mpuMepe naparpada | u uMmeeT Bua
y(¢0)=25y(/-1) -yl —-2)-175y(¢—-3)+1,25y(¢ —4) +
+0,5v(¢/ +3) —0,5v(¢ + 2) — v(¥),
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1€ B KadyecTBE BXOJHOI'O BO3JECHCTBUSA v(/) OepeTcsi 3adarolee BO3JEHCTBUE

V(¢) =y" =1 otn.en. Pacuer NIEPEXOAHOTO TpoIecca MpuBeeH B TaduIe 4, rpadux

NEePEXOAHOTO MpoIecca N300pakeH Ha pUCyHKe 15.

Ta6muma 4 — Pacder nmepexoaHoro mpoiecca

Pucynok 15 — I'paduk nepexoiHoro mpotecca

28

l y(£) 2,5y(¢-1) | -y(e-2) | -1,75y(¢-3) | 1,25y(¢-4) | 0,5v(£+3) | -0,5v(¢+2) | - v(¥)
0 -1 E\M 0 0 0 0,5 -0,5 -1
1 -3,5 =-TPR—0 0 0 0,5 -0,5 -1
2 -8,75 8,75 [= T 0 0 0,5 -0,5 -1
3 | -17,625 | -21,875 35 [=-TtH5) 0 0,5 -0,5 -1
4 | -31,4375 | -44,0625 [ 8,75 6,125 ['=-1*1,25 0,5 -0,5 -1
5 | -51,0313 | -78,5938 | 17,625 | 15,3125 -4,375 0,5 -0,5 -1
6 | -77,2344 | -127,578 | 31,4375 | 30,84375 | -10,9375 0,5 -0,5 -1
7 | -110,07 | -193,086 | 51,03125 | 55,015625 | -22,0313 0,5 -0,5 -1
8 | -148,934 | -275,176 | 77,23438 | 89,3046875 | -39,2969 0,5 -0,5 -1
9 | -191,893 | -372,334 | 110,0703 | 135,160156 | -63,7891 0,5 -0,5 -1
10 | -235,718 | -479,731 | 148,9336 | 192,623047 | -96,543 0,5 -0,5 -1
11 | -275,356 | -589,294 [ 191,8926 | 260,633789 | -137,588 0,5 -0,5 -1
12 | -304,027 | -688,39 [ 235,7178 | 335,812012 | -186,167 0,5 -0,5 -1
13 | -313,071 | -760,068 | 275,356 | 412,506104 | -239,866 0,5 -0,5 -1
14 | -292,426 | -782,679 | 304,0271 | 481,872925 | -294,647 0,5 -0,5 -1
15 | -231,14 | -731,064 | 313,0714 | 532,047424 | -344,195 0,5 -0,5 -1
16 | -118,584 | -577,851 | 292,4257 | 547,874969 | -380,034 0,5 -0,5 -1
17 | 54,08562 | -296,461 | 231,1404 | 511,74501 | -391,339 0,5 -0,5 -1
18 | 291,7618 | 135,2141 [ 118,5842 | 404,49572 | -365,532 0,5 -0,5 -1
19 | 592,9158 | 729,4046 | -54,0856 | 207,522373 | -288,926 0,5 -0,5 -1
20 | 946,6477 | 1482,29 | -291,762 | -94,649843 | -148,23 0,5 -0,5 -1

y(t)

750 -

500_ ymax

250 -

0 : : : -
-250 w b2
< tynp
-500 -




Hcxons U3 mepexogHOro mpouecca, BUJHO, YTO CUCTEMA XapaKTepU3yeTCs
PACXOIAITUMCS KOJIeOaTEIbHBIM PEKUMOM, TAKUM 00pa3oM, JaHHAs CUCTEMa SBJIS-
€TCsl HeyCTOMYMBOM. ['OBOPUTH O KayecTBE ymnpaBiieHHUs] HET cMmbicia. OJIHaKo, Mpu-
HUMas yCJIOBHE 3aJja4M JJI1 HEYCTOMYUBBIX CHUCTEM, OMPEACIIMM MOKa3aTeIn Kaye-
CTBa YyMpaBIICHUS JIJIsl BpEMEHHU MEePEX0HOro mpoiiecca paBHomy 20 orcuetam. [lpu

pelIeHnu 3a7aun ObUIO BRIOpaHO BpeMsl TUCKpeTu3anuu, paBHoe AT = 1 cek., Toraa

BpEMsI TIEPEXOIHOTO nponecca onpenensercs L, =0 AT =20-1cex =20 cek,

1. Cratnueckas ommbka Ay = |y - Y(tem)| = |1 —946,6| = 945,6.
2. MakcuManpHOE JMHAMHYecKoe oTKIoHeHne Y o = max[y(t)] = 946,6 ot.ex.

3. Bpems ynpasnenus t,, =t,., = 20 cex.

9466 -1

4. IlepeperynupoBanue O = u -100% = -100% — o | JTokasarens-

y

CTBO HEYCTOMYMBOCTU U HEPAOOTOCTIOCOOHOCTU CUCTEMBI.

Lynp

2 2
5. KBampaTianas MHTerpanbHas omubdka |~ = j5y (t)]-dt, JluckpeTHsIil aHajgor

KBaJPaTUYHOW MHTETPAJIbHON ONIMOKM MPU pacyueTe MEPEeXOJHOro IMmpoliecca B pas-

HOCTHOM (hopMe UMEET BU]T
(K
12=> [y (¢)-y()F,
i—0

rae /, — IMCKPETHOE BPEMsI, COOTBETCTBYIOIIEE OKOHUYAHUIO IIEPEXOIHOTO IIpoLecca.
Takum oOpazom, UCTONB3ys Tabauily 4, cyMMa OTKJIOHEHHI mapamMeTpa CUCTEMBI OT

3a[afOLIIET0 BO3AeiicTBIS 3a Bpems / = 20 cocrasisier 1% = -526,386.
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KonTpoabHasi npoBepka 3HAHUNI

KourpoanHoe 3axanue 1

a). Onpenenuth nepeaTouyHyro (PyHKIUIO CHCTEMBI, €CIM CHUCTEMa OIKCHIBAETCS
nuddepeHIraIbHBIM YpaBHEHUEM U 3allUCcaTh ypaBHEHHE B Pa3HOCTHOM (opme.

0). Jlana nepenatounas (GyHKIHs CUCTeMbI. BeIBeCTH ypaBHEHHE JUHAMUKUA CUCTEMBI
B A depeHnnanbHoN U pa3sHOCTHOM (popmax.

Bapuanmul 3a0anusn

3 2004
1, a). 5,2-%-12,3-% =v(t—2)+10,3-v(t);

2,3p%-e?P
47p —-12-e"+12

0). ¢(p)=

2 2
2, a). 3,5-Lt2+3)+2,3-0I yz(t):4’6_d V(t_2)+7,1-v(t+5);
dt dt dt
41-p*+37-e>°

0). = )
)- ¢ (p) 470°—12-p-e* 142

3 2
3, a). 7,2.%2—”_3,3.%:4,6,0' Vgt)+9’1_dv(t);

10,9-p®.e"? =37 p?
1,7p?+6,7p+4,2-e3"

0). ¢(p)=

2
4, a). 079V 56 VO g5 WD) 446, fvv-dt;

dt? dt dt
2 A+3p 17
6). p(p)=— =
)P = o 6 7p.e
2
5, a). 6390072 39 WD) 5 iy 469V g1 y),
dt dt
1,6-p*—3-p-e?°
0). = .
)- ¢ (p) p’-e”? +6,7p+4,3
d%y(t) dy(t —5) d3v(t)
6, a). —7,3- —47. 34-y(t-1)=6- ~9.v(t+7);
) dt? a y(t=1) dt® (t+7)
6.p3.ef3p_3.p2
0). = .
)P = e
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d’y(t-4) oo dy(t-5) .
7, a). 0,7-———5—=-6,5- 34-y(t)=-0,5- |v(t)-dt;
a) 7 34y =05 v
35-p°-2p*-e°?+0,7

0). = .
) 2(p) 12p°+6,7p-e % —59

8, a). 7.9- ddi(t) 117 d’é O _14.yt-2)=02.9V0

+0,9-v(t—3);

26-p*-e?+23.p°+1

0). »(p)= 14 02 6% 67p

9, a). 46 % 37. di; ® 0. di;(t)+94 V() = —2.9-v(t —4);

3,5
0). = : :
)- 2 (P) p-(41-p>-e*+6,7-p-2)

Ay o dy*-5 o . . d()
10, a). 3. e -9. e -2-y(t-1)=4. e +v(t-1);

6-p>+3-p°-e?P+12
8p*-e*P -7p+43-e°"

0). ¢(p) =

2
11, a). 3,2.dd>t'2(t)—2,3-dy(;t_5)=12-v(t—2)—0,3-v(t+2);

9,3p®-e%P +1
0,7p®-16-p-e?P+12

2
12, ). d? y(t) R y;:2—6)24,6 d v(t 2)

0). ¢(p) =

+6.1-v(t—5);

45-p*-e*P+57.e"°
47p*-12-p-e*"+0,2

0). ¢ (p) =

13, a). 62 ch 9Y=3) L 93. a YU 4.9 Vﬁt) 91 2.
dt dt dt
09-p*>-e**+37-p°

0). =
) o) = 6 TP 020

14, a). 04960+ o HO 5 HF _ 46 fu)-dt
dt dt dt

p*-e®P+17-p
7.2p%+4,7p-e*"

0). (p) =

15, a). 68-9Y0 g9 W5 5 1y 6.9V0 g ),
dt’ dt dt°
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66p 39pe

0)- ¢ (p)= —47p+23

16, a). ~7.3- ddyz(t)—47 dy(tt5)+34 y(t-1) = ddt(t)

6,4-p°-e°"+83-p

0). = :
) )= e 47

d’y(t-3) dy(t—3) .
17, 2. 7.4-v(t) = -65- |v(t)-dt
). 022 71525 24 74-y(t) =-65- [v(0)-dt
75-p®-2p*-e**+07-p
0). = .
A i 7 e P e
18, a). 9 dd{(t) +17- d‘(; Et) ~14-y(t-2)=0,2- OI"(t)+09 v(t-3);

28-p®-e?-93.p+1

0). =
)- 2 (p) 54-p°-e " -87p?

19, a). 06% 07O _56.H0 64 vity=0-vt-2):

Cdt? dt
0,5
0). =— : .
)- #(p) p-(01-p®-e% —-6,7-p°-2,3-p+1)
2 2
20, a). 33 OIBtlz(t)—9,4-dy (gttz_ 2)—2,9-y(t—1)=—1,4 d V(t)+08 v(t-1);

6,7-p°—6,3-p>-e>"+1,2

0). =
) (D)= g5 e 73 p1d3pe”

KourpoJsabHoe 3axanue 2

OnpenenuTs mepeaaTouHy0 (YHKIIUIO CUCTEMBI, CTPYKTYpHAsl cXeMa KOTOPOU
n300pakeHa Ha PUCYHKE.

Bapuanmui 3a0anusn

L ) y(p)
Ve o (p) T P—> ?,(p) —>0—>| ¢(p) ‘l_'

?,(P)
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(%—P ?,(p) —>XR—> 2:(p) —>

v -
ﬂ’ o (p) —>
> »,(p) |
- y(p)
l(ﬁ o(p) > ﬁ?—> #2(P) i—'
?5(p) ?,(P) |
v(p) ‘ y(p)
— »,(p) > 0,(p) > > ¢;(p)
JRACR
v(p) ~ ‘ y(p)
— > »,(P) > ,(p) — > ¢,(p)
> »,(p) |
AR, ®‘ »,(p)
v(p) - ‘ y(p)
EE— @s(p) —> ,(p) ——
»s(P)
?,(p) ‘_®<
v y(p)
ﬂ’ »,(p) —> ?5(p) —6‘?_’
?,4(P)
»s(P)

y(p)



10.

11.

12.

13.

v(p)

v(p)

y(p

»(p) ﬁ—» ?,(P) —<§“§>—>)

(03(p)

¢4(p)
2s(P) |e &

‘ y(p)
?,(p) > 9,(p) —>X—> (p)
> (04([3) |

v(p) 2£

‘ y(p)

?,(P)

34

L&
|

»,(P) T »,(p) —> »5(p)
—| 2,(p) |
v - | y()
ﬁ))—b p(p) I — ?,(P) —>—>| »:(p) _l_’
‘ ?,(P) |
v(p) Eib y(p)
— > 2, (p) >R »,(p)
?;(P) > 2,(p) |
v(p) ‘ y(p)
— > ?,(P) > »,(p) ?5(P)




14.

15.

16.

17.

18.

19.

».(p) —_’z:
(03( p) —

?,(P)

‘ y(p)

v(p)
—> (p4(p)
' (Ds(p) ‘J
?s(p) ®4
v(p) - ‘ y(p)
— o, (p) > 0,(p) —>X— ?5(p)
(P4(p) ‘—l
{X}:
v(p) i - ‘y(p)
—> ?,(p) > 0,(p) X ?5(p)
> ,(p) |
v " y(p)
% o (p) Q> 2,(p) ——=>X—> 2:(p) l—»
(04([3) > (Ds(p) '
v(p) % - ‘y(p)
—> »,(p) T ?,(p) —=>QQ—>| 2:(p)
—> 9,(p) |
v(p) y(
ﬁ» @ (p) |—=> ?,(P) —<§‘§>—p>)
(03([3)
@4(p)
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20. os(D) e
v(p) ‘ y(p)
—> (Dl(p) (Pz(p) —> > o,(p)

?,(P) |

A

v

v

KourpoJanHoe 3aganue 3

3aodanus 1-10: I'padmdeckuM METOJOM TMOCTPOUTH CTATHYECKYIO XapaKTepu-
CTUKY CHCTEMBI, €CJTH U3BECTHBI CTATUYECKUE XaPAKTEPUCTUKHU BXOMSIINX B CHCTEMY
CTPYKTYPHBIX 3BE€HbEB M UX coefauHeHue. 3adanus 11-20: Tpebyercs, 4ToObI cucTe-
Ma uMesa 3aJaHHY0 JTUHEHHYI0 CTaTHYECKYI0 XapakTepucTuky. OmnpenenuTs cTaTu-
YECKYIO0 XapaKTEPUCTUKY TMOKOTO 3B€HA B CTPYKTYpPE CHUCTEME, €CJIM U3BECTHHI CTa-
TUYECKHUE XaPAKTEPUCTUKU OCTABIINXCS 3BEHBEB.
Bapuanmul 3a0anusn

1. ITapannensHOE COEAMHEHNE 3BEHBEB:
24

e—0,5- !

y'=27-v+23, y’= y'=49-v*-6,9-v+21.

2. IlocienoBaTenbHOE COeAMHEHNE 3BEHLEB:

45v-64 1

1=37-In05-v; y*= : =,
y y 19-v2+2,4-v+48 y 39-v

3. CoeanHEHUE 3BEHBEB C OTPUIIATEILHON 0OpAaTHOM CBS3BIO:

-0,4
y? =7-v*+3-v*-5.v+6; y* _fAe ™
2-V
4. CoequHEHHE 3BCHBEB C MOJIOKHUTEIBHON 00paTHOM CBSI3bIO:
» 03V 405v—06 . 1
33-v1—-45.v+16 " v

5. [MapajuienbHOE COEAUHEHNUE 3BEHBEB:

; _In55-v,  , 05v'-04, y3_O,6~v
84-v+58 " e

4.v
6. ITociienoBaTENBLHOE COEIMHEHUE 3BEHBER:
2.4
1=-098Vv¥+53 y*=—""": Vv*=67-v’+11-.v-91.
y y In6,7-v y
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7. CoenuHeHre 3BEHBEB C OTPUIIATEIILHON OOPaTHON CBSI3BIO:
7,4

—_E .y 0. _35.y,
2437 Y

y”

8. CoeqnHEHNE 3BEHBEB C MOJIOKUTEIHLHON 00OPaTHON CBSI3BIO:

3 0,6 e 41V
59-v*—-0,7-v?’ Y =T

y” =

9. ITapannenpHOE COETMHEHNE 3BEHBEB:

. 55-v+l  , 85wv+44 . 06
4.3

— i 2 A y T ov A A"
6,4-v>-53 e2'4+24
10. HOCJIGI[OBaTeJII)HOG COCINHCHHUEC 3BCHLCB:

2,4

'=58V +51.v-47, y'=—""—
y Y 6,7-v> +1

.y =2-In(4,7-v* -6,1-v—+2]1).

11. [TapannenbHOE COETMHEHUE 3BEHBEB:
2,4

e—0,5- !

ycucm — 2,7‘V+2,3; y2 — y3 — 4’9,\/3 _6,9-V+2,1.

12. ITocimenoBaTeabHOE COEIMHEHNE 3BEHLEB:

45.v—-6,4 ) y3_ 1
19-v2+2,4-v+48’ 39-v

ycucm — 3’7'\/; y2 —

13. CoeauHeHue 3B€HbEB C OTPULATEINBHOM OOPATHOM CBA3BIO:

cucm oc 774 : 670'4'
y“" =-5.v+6;, y*©=——.
2.V
14. CoenrHeHNE 3BEHBEB C TOJIOKUTEILHON 00OPAaTHOM CBS3BIO:
1

ycucm — 0,3'V+2,6; yoc ——

V4
15. TTapannenbHO€ COETMHEHHE 3BEHBEB:

,_05:v' =04, i 06
84-v+58 " e ¥’

yL’qu — 4’5;

16. ITocienoBaTeabHOE COEAUHEHNUE 3BEHBEB:

2,4
In6,7-v

ycucm — —9,8V+5,3, y2 — : y3 — 6,7 -V2 +1,1V—9,1

17. CoenviHeHUE 3BEHBEB C OTPUIIATEIILHON 0OpaTHOM CBSI3bIO:
y“" =48.v—51 y”¥=2.¢% -35.v.
18. CoenmHeHME 3BEHBEB C MOJIOKUTEITLHON 00paTHOM CBSI3bIO:
41-v

y“" =-23+56-v; y¥=—r.
e

19. TIlapannenbHOE COETUHEHNE 3BEHBEB:

37



j_BSv+4d . o 06

aem = B55.v+1 = : =
y 6,4-v*-53 y eV +24

20. IlocnnenoBaTeIbHOE COSTUHEHNE 3BEHLEB:

2,4

wn =BlvV—47; Y =————;
d Y R

y*=2-In(4,7-v* —6,1-v—+2).

KoHTpoJIbHOE 3a/1aHHe 4

3aoanua 1-10: HaiftTu nepexoJIHyI0 XapakTEPUCTUKY CUCTEMBI, €CIIU UMITYJIbC-
Hasl XapaKTEepUCTUKa OMHUCHhIBAaeTCs ypaBHeHUeM Buja. [loctpouth 00e XapakTepu-
ctukd. 3aoanus 11-20: HailTh ©MIyJIBCHYIO XapaKTEPUCTHKY CHUCTEMBI, €CITU Tepe-

XO0aHas XapaKTCPUCTUKA OIIMCBIBACTCS YPAaBHCHHCM BH]IA. HOCTpOI/ITB 00¢e XapaKTe-

PHUCTHKH.
Bapuanmut 3a0anusn
2 3 2t -3t +6t> -7t
o) = - _ :
1. 6(t) e ta2 11. h(t) = ,
2. 6(t) = 4t% +5-sin(-t); 12. h(t) = 4t -sin*(2t* — 2t +1);
3. 5(t) = 4-cost+ ir?zt; 13. h(t) =10-e7%** +5-In(4t* + T +1);
3t? +6t—5
43342404 14, h(t) =—————;
4 5(t):4t 3-t°+2-t 6; 5o
10 )
sin“t
. 4 15. h(t) =————;
5. §(t) =2-sint + ; 4.cos(2t +1
(t) Ja_¢? (2t +1)
. h(t) = 6t° - arctg(4t + 2);
2t-e7 +4t* -5t 16. h(t) =6t"-arctg(dt +2)
6, 5(1:): ’ 2
3t 4°+2-In(t+2)

h(t) =
17. h(t) -

7. 6(t) =6-cost—2t + 23 X
t+9 18. h(t) = 6-sin(4t +1)-cos’t;

1-cos’t
8. 5(t) = ———+3t% 6t° +8t* + 6t° — 2t2
sin‘t . h(t) = ;
5
9. 5(t)=—— -5t +3t+4 2-arctg(2t +3
V1-t? 20.h(t) = eng +9),

4t +12t3 —6t2 + Tt

10.0(t) = 3
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KoHTpojanHoe 3aganue 5

Paccuntats u moctpouTh rpaduku YacTOTHBIX XapakTepuctuk (AUX, OUX,

A®DX) cucTeMbl, KOTOpasi ONMMKUCHIBACTCS MePEIaTOYHON (PyHKIIHECH.

Bapuanmul 3a0anusn

Hem)= 4,72F;§221;;2;+1; 1. e (p)= 5,9p28’—38|[,)12- p+1'e74p;
2. 0(p)= 5’112’2_'1%";& . 12, 0(p) = e
3 o(p)= p’ fg,;;puo; 13 (p(p)ZB,sz‘f;:-perz;
e

> Q(p):1,2-5p+1'5-0r,>2+1'e_6p; 159 ()= 2,5%§+1'4. s+1'ezp;
6. (p(p)=m-e*’; 16. ¢ (p) = 2p-(1§,’:. p+1)-e’3'5p'
7. <"<p>=pszF;+1'e‘3"i 17. o (p) = leffé;pﬂ-es’“;
8. o(p)= 0 18. ¢ (p) = 250D e

9. co(p):%; 19. co(p)=ofl'_p—£j;

10. ¢ (p) = 5,:-’8pp+1'84p; 20.¢ (p) :ﬁ-e‘“p.
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KourpoJabHoe 3axanue 6

HccnenoBarb yCTOMYMBOCTD CUCTEMBI, KOTOpPAas OIMCHIBACTCS IEPEAATOYHOU

dbyHKIMEH: a) KOPHEBBIM MeTo/10M; 0) 1o kputeputo Payca-I'ypBuiia u no Kpurepuio

Muxaiinosa; B) no kpurepuro HalikBucrta. OnpenenuTs 3amnac yCTOUYUBOCTH.

Bapuanmul 3a0anusn

_ p _ 1 :
o(p) = 4p*+56p? 1106’ > @) ¢(p)_0,4p3+5,8p2+2,3p+10,
p+1 3p?
o(p) = 6 = P '
2,4p* +1,6p° +3,7p? +p+06 ) o(p) 2,3p* +54p° +1,2p> +98p+6,2°
_ 2 L ,2p. 2
gonp(p) 56p+3,4 e 6) (an(p):4,2p2;-2|_1ip+1.e—3p;
7.4
(ﬂoc(p)—? ?,.(p)=32-(1+2p).
2p+1 . 6. a) — p+1
_ : : p(p) =
PP = s 1045 11 6.3p° +102p?+54°
3p? +1 6) _ p+1 :
_ o(p) = ’
#(p)= 14p* +208p° +135p° +4,2p+1' 9.8p* +6,5p° +4,3p” +21p+87
4,2p 6) _2p-@p+Y) .
_ : ?,,(P) = e
P (P)= 56p 135p123 ° ’ Sp+4
05
(Doc(p):_ (Doc(p):?'
2+3p 5p° -
o(p) = 7. a =
45p°+16p” +106p+04 ) oP)=5o +68p 1156
4p+1 -1
o(p) = P=
24.2p" +163p° + 37,97 +128p + 286" P(P) = 08p* +5p° +4)7 +35p+102
2
_ ; 3p+1
¢np(p) 6p+1 6) ¢np(p): 2p(p5p+4)’
04 .
%c(p)‘p—ﬂ'e - ?,.(p)=10p-e™*"
3p®+1
o(p) = ; -
12p® +4,6p2+104p +16 8. a) ¢(p)—01p +035pp +08p+10
p®+1
o(p) = 4p% —p? +1
6,8p* +0,8p° +4,6p° +23p+41 6) ¢“»:86p4+8pf+62p2+32p+16
12 _ ! ! !
PP = g 60 vap 1’ 24p
i’ KL TR
?,.(p)=5-¢"" PorepT
5
(ooc(p)__ p'
p
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2p® -3p+1 p’ -
_ : 14. =
9. a) o(p) p3+p2+p+1' a) o(p)= 2,1p%+6,4p? +41p+61
1 6p° -
6 _ : 6) o(p)=
) o(p) 207 +3p° 1957 18p 16 8,6p° +81p° +64p +32p+14’
2 6) ¢,,(p)= A4
6) §0n,g(|0)=6 L " 1602p ~23p Ry
¢ (p)_ 0,4 e_3p ¢oc(p)_ e 1+p
ST 15. = :
p+l 9 PP = g aspt 132p 41
10 6) p(p)=- gD 3p+5
' ? 2,5p*-0,2p® +3,2° 6) ¢(p)= 7 P+
10p+1 3,2p +45p -21p? +89p+26
6 - ; _
" 2
(3p+1> -
6) ¢,,(p)= T ; 0,.(p)=23-(2+ p).
23p+1
4p 16. = : ;
Po(P)=——— 2ol a) ¢(p) 36p* +21p®+45
B 3p+2 _ p _ 8p-1 -
11 a) w(p)_6,2p4+65p2+61’ ) o(p) 89p*-56p*+34p*-12p+78’
4p-3 2,4p-(53p-1) .
9 o=y P- §) 0, (P =" e
p*+6,1p° +7,3p° +p+6 P +4,
_ 215 . -3p. :E
6) ¢”p(p)_—314p+5’6 e y ¢0¢(p) p
4,7 p®-1
i = . 17 = ;
7(P)=5 T 9 )= T 6T+
3p?+2p-4 10p-1
12. a) ¢@(p)= ; o = ;
23p*+6,1p° +4p+1 ) #(P) 8p*+0,5p°—0,4p?+53p-21
3p® +1 3p-45
6 = - P :
) olp)= 41p* +8,2p° +53p* +24p+16 6) ¢"P(p)_2,5p.(2,5p+4,6)’
_ 42p ,gp_ — .e_lop
6) ¢,(p) 6507 535132 ° ?,.(P)=p s
25 18. ) ¢(p)= P -
Poc(P) =— , 10p® -5p? +8p+l
4p° - p
12+3p° 0) ¢(p)=
13. = _
a) ¢(p)= 5.4p° 1 61p° +16p+4 6,8p* +8,4p°-4,6p° +2,3p- Ry
42
5p - 6) 9, (D)=
6 — X ¢n p 1
) o(p) 24p° +36p°+9.7p° 182p 165 P 6,2p° +3,4p -2
12 25 -4
= ! - (ooc(p):_.e )
6) (onp(p) 2,6p+10’ p
= . “4p
Poc (P) 2514 ¢
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-3p+1
2p®+2p°—2p+1’
7 .
p*+pd+p’+p+l’
52
6,5p% +15"

19. a) o¢(p)=

0) ¢(p)=

6) ¢,(p)=

-p

-e

%Am=p_l

2p .

20. a) ca(p)—512p4_2p2+2,

10p+1 )
32p* +16p* +45p2 +9,2p+1’

-~ (B3p+4)) .
6) (”np(p)—z,G—pz'e
48p
2,8p+1'

0) ¢(p)=

?,.(P) =
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KoutpoanHoe 3aganue 7

JUIst cucTteM M3 KOHTPOJIBHOTO 3a7aHusl | paccuuTarh M MOCTPOUTH MEPEXO]I-
HbI€ MPOLECCHl (IPU HYJEBbIX HAYaJIbHBIX YCIOBHUSX) IPU U3MEHEHHMH 3a/aOLLIEro
BO3/ICHCTBHS HA OJHY OTHOCHTENBbHYIO Beqmuuay Y = 1 oTH.ex. ONpenemuTh mpsi-
MbIE€ IOKa3aTelM KauecTBa M HMHTETPAJIBHYIO KBajapaTHuHyro omuOKky. [Iposectu
CPaBHUTEJIbHBINM aHAIU3 JBYX CUCTEM.

Ilpumeuanue:. nns HGYCTOﬁqHBOFO MEPEXOAHOTO IIpoLecca, BpeMs IICPCXOAHO-

Ir'o 1mponcecca OonpcaciiuTb 20 orcueram.

Cnmcok peKoMeHyeMOi JIUTepaTypbl

1. Teopus aBTOMaTHYECKOTO yIpaBieHus: YueOHuk ais By30B / B.H. bproxaHos,
M.T". Kocos, C.II. [Ipotomonos u nip. - M: Beicmas mkosna, 2000. — 268 c.

2. MeToapl KJIaCCMYECKOW U COBPEMEHHON TEOPUH aBTOMATUYECKOTO YIIPaBIie-
uus / K.A. Ilynkos, A.W. bapkun, E.M. Boponos u np.; ITox pexn. H.JI. Erymo-
Ba. - M: MI'TY um. H.D.baymana, 2000. - 748 c.
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Mammnoctpoenue, 1985. 536 c.
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ranoB B.IO., I'munkoB I''M., KmumoBuukuii M.JI., Knumymkua A.K. — M.:
Meramnyprus, 1987.-270 c.
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