Yto Takoe Teopus ynpapjaeHus?

VYopasnenne — (QYHKIMS CIIOXKHBIX CHUCTEM, OOeCleyuBaomas JIOCTH)XKEHHUE
3amanHoN 1enu. Lleab — cyObeKTUBHBIM 00pa3 HECYIIECTBYIOIIETO, HO >KEJIaeMOro
COCTOSIHUA cucTeMbl. JIJisl TOCTHXKEHUs 1IeJIU cocTaBisieTcs miaH (mporpamma). [pouece
yIpaBiieHUs HEBO3MOXKeH 0e3 nepenaun u oopadotku uHpopmanuu. [Ipoueccel nepegaun
1 00paboTKu MH(OPMAIIMU OMKMCHIBAIOTCS C MOMOIIbIO CUTHANIOB. B Hamem kypce Oynem
U3y4aTh HENPEPhIBHBIE CUTHAIBI KaK (YHKIIMU OT BPEMEHH.

B camoM 00111eM BHjIE TIPOIIECC YIIPABICHHUS MOKHO OMKCATh CIEAYIOIIEeH CXeMOM:
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0 = f(X,U,F)

Y:fz(X)
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7 = £,U,Y,G)

YV — ynpasistoniee yCTporucTBO;

OV — 00beKT yrpaBieHus;

X — cocrosiHue 00BEKTa YIpPaBICHHUS;

Y — oOpaTHas CBs3b;

G — nnan (mporpamma);

U — curnan ynpasieHUs;

F — Bosmytmienus (HeOompine N3MEHEHHS, KOTOPhIE MOXXHO NU3MEPUTH).

Hanmpumep, npu mnonére pakeTbl OHa He JOJDKHA COUTHCA C 3aJaHHOIO Kypca.
3apaHee HEW3BECTHA CHJIA U HaIlpaBJeHUE BeTpa (BO3MYILEHHUSA), HO 3Has MO OOpaTHOU
CBSI3M COCTOSTHUE (KOOPIWHATBHI U CKOPOCTH) PAKEThl, MOKHO TOYHO PACCUUTATh MOBOPOT
pyst (CUTHAIT yIpaBieHUs ) sl TPOTUBOICHCTBHUS €r0 BIUSHUIO U BO3BPATy Ha MPEKHIOIO
TpPaeKTOpHIO (MporpaMmma).

HenpepsiBHbIE (QYHKIIMM MOXHO B OKPECTHOCTH JAaHHOW TOYKM 3aMEHHTH Ha
y4acTOK KacaTeJbHOM, NoJTydasi MpuOIMKEHHbIE 3HAUYEHUS 110 U3BECTHOU (hopmyIie
Y=Y +M'(x_xo)

ox
v=kx+b, k=tga

A

y=f(x)
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v




B nanbpHeWIeM U3I0)KeHUH OyIeM CUMTaTh, YTO AH(depeHIInaTbHbIC YPaBHCHUS B
CUCTEME Ha 00IIEl CXeME SABISIOTCH JIUHEUHBIMMU.
0O0o03HaUYUM

X(t) — BXOJIHOW CUTHAI

ED, _ﬂil y(t) — BBIXOJIHOM CUTHAJ

Torna oHu cBs3aHBI ypaBHECHHUEM
a,(O)y (O +...+a, ()Y (O)+a, () y(t) = b, (X" () +..+ b ()x'(t) + by ()x(2)
NPU HAYAIBHBIX YCIOBHSIX y(t))=y,, ) (t,)=y,,...»" " (,)=y,,. Ero perieHue ecthb

CyMMa CBOOOJHOTO W BBIHYXACHHOTO ABUXEHUH y(1) =y (t)+y,(t), TAE y () — pelleHue
OJTHOPOIHOTO ypaBHEHUS a,(t)y" (t)+...+a,(t)y'(t) +a,(t)y(t) =0 C UCXOTHBIMU HAYATBHBIMH
YCIIOBUSIMH, a y,(f) — pEIIEHHE HCXOAHOIO YypaBHEHHS C HYJIEBBIMH HaYaIbHBIMU
ycaoBusiMH  y(0) =0, y'(0)=0,...y" " (0)=0. B crannoHapHoii cucreme a;,b, — MOCTOSIHHbIE
BEJIMYMHBI (HE MEHSIOTCS CO BpeMeHeMm), Toraa A(PEeKTUBHO MPUMEHEHHUE
npeobpaszoBanus Jlamnaca.

O1o mnpeoOpazoBaHUE KaxI0M (YHKIMH OT BpPEMEHHM (HA3bIBAEMOW OpUTHHAIN)
cornocTaBisieT QYHKIHUIO OT KOMIUIEKCHOM MepeMeHHOM (Ha3pIBaeMOi HM300pakeHHe) Io

npasuny: f(t) <« F(p)= T f(He"dt .

[IpeobpazoBanue Jlaruiaca JMHEHHO W TO3BOJISIET WM30aBUTHCS OT HAXOXKICHUS
IIPOU3BOAHBIX, IIOTOMY YTO €CIIU f(¢) <> F(p), TO

f'(t) <> pF(p)-£(0)
() > p*F(p)— pf(0)- f(0)
F(p)

t
COOTBETCTBEHHO, I f(Odt <> —==.
p
0

[Mycte nano ypaBHeHHE a,y" (t)+...+a,y'(t)+a,y(t)=b,x" {)+...+bx'(t)+b,x(t) W
HAYaAIBHBIC YCIOBHS Y(4,)= y,, V'(t)) = ;5. Y (t) =y, , -

[Ipumenum npeobpazoBanue Jlamiaca, nmoayuum A(p)-Y(p)—-Q(p)=B(p)-X(p), TI€
A(p)=a,p"+...+a,p+a,, B(p)=b,p"+...+bp+b,, KOdDPUIMEHTH] (O(p) 3aBUCIAT OT

Ha4daJIbHBIX YCHOBHﬁ.

B(p) O(p)

CnenoBarenbHo, Y(p)=—">-X(p)+=%=, 3Has Y(p), NOPUMEHAIOT oOpaTHOE
A(p) A(p)
npeobpaszoBanue Jlaminaca u HaXoaAT y(7).
B wyacTHOCTHM, Npu HYJIEBBIX HAYAJIBHBIX YCIOBUSX y,=y =...=y,, =0 Oyaer
B
O(p)=0 u Y(p)=W(p)X(p), tne W(p)= % Ha3bIBacTCs IMepeaarovyHass (pyHKuus
P

CUCTEMBI.
DneMEeHTBbl CUCTEMBI YIPABICHUS NPUHATO HA3bIBaTh 3BEHbAMHU. Kaxxmoe 3BEHO
MOJIHOCTBIO 33J]a€TCsl CBOEH MepejaTOuHON (PYHKIIMEH, 3Hasi KOTOPYIO, MOYKHO BBIYHMCIIUTD
BBIXOJIHOM CUTHAJ MpU J000M BXOJHOM CHUTHAJIE.
TunoBsle 3BeHbs UMEIOT HauboJee MPOCThIE MepeaaToyHble PYHKIMKN (CTEIIEHU He
Oonee 2), Apyrue 3B€Hbs MOTYT pacCMaTpUBAThCS Kak KOMOMHAIIMN TUIIOBBIX 3BEHBEB.



[Ipu mocnenoBaTebHOM  COEIWHEHMHM  TepelaToyHble  (QYHKIMH  3BEHHEB
MMCPCMHOKAKOTCA.
X W, Z W, y
—> > —>

Z=WX,Y=W,Z=Y=W,W,X)=W,W)X
[lepenaTounas GyHKIMS NOCIEI0BATENBHOTO coequHenust W =W W,

HpI/I mapaJuICJIbHOM COCINHCHUHU TICPCAATOYHBIC (1)YHK]_II/II/I 3BCHBCB CKIaJAbIBAIOTCA.

X R W1 Y1 N

> W, "
Y2

Y, =WX,Y,=W,X,Y =Y +Y, =W, X + W, X =W, +W,) X
IlepenaTounas GyHKIMS NapasienbHOro coequuenuss W =w, + W,

Ecmu BBIXOI[HOﬁ CHUT'HAJI HOI[aéTCSI Ha BXOJ, TO 3TO HAa3bIBACTCA 06paTHaH CBi3b.
Ona MOXeET OBITh MOJOKHUTEIILHAS (KOFI[a OH CYMMI/IpyeTCSI) HJIX OTpULATCIIbHAA (KOFI[a

OH BBIYUTACTCH).

X C

* WA >
+ Yy
W, .
Y1
_ X W
Y, =W,Y,Y=WE,E=X+Y, >E=X+WWE EFW,WE=X=E= Y = X
1T W,W, L= W,W,
HepenaTquaﬁ (I)YHKI_II/ISI COCOIUHCHUA C HOJOKUTEIBLHOU O6paTHOﬁ CBA3BHO
__m
1-w, W,
[lepenaTounas GyHKIMS COSTUHEHUS C OTPULIATEIIHHON 00OpaTHOM CBSI3bIO
W

1+ WL,



XapaKTepl/ICTHKI/I THIIOBBIX 3B€CHbLEB

MHuoroo0Opa3ue BXOJHBIX CUTHAJIOB MOKET OBITh CBEICHO K CIEAYIOIIHUM TpPEM
OCHOBHBIM BHJIAM:
® MIHOBEHHBIM UMITYJIbC
® ¢IUMHUYHAS CTyNeH4yaTas QyHKIHS
® TapMOHUYECKUE KOJeOaHUs
OcTtanbHble BXOJIHbIE CUTHAJIBI €CTh KOMOMHAIIMS BbIILIECTIEPEUHCIICHHbIX.
Enunuunas crynenbka umeeT rpaduk

v

a
0,t<a

CootBerctBytomas Gopmyna 1(t —a) = {1 isq”

.. 1
E€ mpeobpaoBanue Jlamnaca ectsb 1(r) <> —.
p

Ecnu BXOqHOH cUTHANI €cTh €AMHUYHAsA CTyleH4yaTas QyHKIUs 1(¢), TO BBIXOJHOM
CUTHAJ A(f) HA3bIBAETCS MEPEXOJHON PYyHKIMEH 3BEHA.

W(p)

Tak kak 1(z) <> 1 , TO h(t) <> —==.
p p

FapMOHI/ILIeCKI/Ie KocOaHHsI UMEIOT BHU

v

U 3a/1a10TCs POpMYIION x(¢) = Asin(wt + ).



2 o
B o6o03HaueHusIX 4 - aMIUIMTyAa, @ - 4acToTa, a):?, T - mepuoja koyieOaHuit

(paccrosiHue MEXAy MaKCUMyMaMH), @ - aza (CABUT OTHOCUTENbHO Havajla KOOPJIUHAT).

["apMonnyeckue koiedanus yqo0Hee paccMaTpuBaTh HA KOMIUIEKCHOM TJIOCKOCTH:

x(t) = Ae’ " = Acos(wt + @) + jAsin(wt + @)

Torma Momynas u aprymeHT OyayT paBHBI |x(t)|:A, argx(t)=wt+¢. W B3ATHE
MIPOU3BOAHBIX YIIPOIIACTCA: % = jox(t).

Ecnu BXOIHOM cHrHajm MpejcTaBisieT co0OM TrapMOHWYEeCKHWe KoieOaHus, TO
BBIXOJHOW CUTHaJ B YCTAHOBHUBILEMCS PEeXHME TOKe OyaeT rapmonuueckum. Yacrtora
BXOJIHOTO M BBIXOJHOIO CHUTHaJIa OJWHAKOBA, HO aMIUIMTYAbl U (a3bl BXOJHOTO H
BBIXOJHOTO CHUrHaja pas3inyHbl. OTHOIIEHHE aMIUIUTYA U Pa3HOCTh (a3 3aBUCAT OT
4acTOThI BXOJHOTO CUTHAJIA.

IozacTaBuMm x(r)= A’ """ u y(1)=A,e

jlot+e,

' B YpaBHEHUE
a,y” () +...+ay' ({t)+a,y(t)=b,x" () +...+ bx'(t) +byx(t),
torna (a,(jo)" +...+a,jo+a,) y(t) = (b, (j©)" +...+b jo+Bb, ) x(¢), 3HAUHT y(1) =W (jw)-x(1).
Ecomu w(p) saBnsercs nepenatoyHoil ¢GyHKIMEH 3BeHa, TO W(jw)=P(w)+ j-O(w)
Ha3bIBACTCS KOMIUICKCHAs yacToTHas xapaktepuctuka (KUX). E€ moaynb u aprymeHT:

|W( jco)| = \/ P*(0)+Q°(w) = A(®) — aMILTUTYIHO-9acTOTHAs XapakTepuctuka (AUX),

argW (jw) = arctg% = ¢p(w) — pazouacTtoTHas xapakrepuctuka (OUYX).
w

Ecmu x(¢) = 4, sin(wt+¢,) BXOAHOW CHUTHAN, y(f)= A, sin(wt+¢,) BBIXOJXHOW CHTHAJ,

A
TO A(a)):A—y, p(w)=¢, —¢p,. TakuM 00pa30oM, YaCTOTHBLIE XaPAKTEPUCTUKH IIOJHOCTHIO

X

OTIPEIENISIIOT 3aBUCUMOCTh OTHOIICHHS aMIUIUTY/] U Pa3HOCTH (a3 OT 4aCTOThI BXOJHOTO
CUTHaJA.

st nmoctpoenust rpadpukoB AUX u ®UX ucnonbszyercs jorapudmuueckas mkaia
I @ .

Bennmuunna L(w)=20lg A(w) Ha3bIBaeTCs JIOrapudMHUUIECKOW aMIIUTYIHO-YACTOTHOM

xapakrepuctukoi (JIAYX). O6paTHast 3aBUCUMOCTD A(w) =10"""),

Jlekana — MHTEpBaj, 3HAYEHHUS HA KOHIAX KOTOoporo oTimuawTcs B 10 pas,
Hanpumep, (1; 10), (100;1000). Toraa gecaruunbie Jorapu@Mbl 3HAUCHUN OTIINYAIOTCS Ha
1. Hexana nenutcs Ha 20 nernuben, 1 menuben COOTBETCTBYET M3MEHEHHUIO aMIUIMTYIbI
npuMepHO Ha 12%. 6 n1b 5KBHBaJIE€HTHO yBEJINYEHUIO aMIIUTYAbI B 2 pa3a.

K
HNuTterpupyromee 3BeHO MMeeT MnepenaTounyio ¢yHkmuioo W(p)=—, rae K -
p

kod(ppunueHT ycunenus. Ero oCHOBHbIE XapaKTEPUCTUKHU:
[lepexonnast byukuus A(t) = Kt -1(¢)

KUX W(jm) =~ =N
jo

JTAUX L(w) =201g|K|-20lgw
DUX p(w)=-90°, K >0



NpeanbHbIi yCHIUTENb:
[lepenarounas ¢dynkuus W(p)=K

[lepexonnast byukuus A(t) =K -1(¢)
KUYX w(jw)=K

JTAUX L(w)=20Ig|K]|

OYUX ¢(w) =0, K >0

Anepuoanyeckoe (MHEPIMOHHOE) 3BEHO

K
[lepenarounas ¢dynkuus W (p)= ol rae T - oCTOsSIHHasE BpEMEHH.
+

t
[lepexonnas dbynkuusa h(t) =K (1 —e TJ

Ipu t=3T umeeMm e ~0,05, MO3TOMY yTpOEHHAsi MOCTOSHHAs BPEMEHH pPaBHA
BPEMEHU JOCTHKEHUsI cUurHainoM 95% ypoBHs. ['paduk BBITISIUT IPUMEPHO TaK:

MepexogHan dyHkyMA hit)
ANEPMOSHYECKITD 2EEHA

________________

Bpema, cex

l'opuzoHTanbHast JUHHUS COOTBETCTBYeT Koddduuuenty K, BepTukanbpHas -
3HauyeHuro 3T.

KUX W (jo) = K K . KTw

Tiow+1 - T’w” +1 _‘].Tza)z +1
JAUYX L(w)=201gK -20IgVT*w* +1
OUX ¢(w) = —arctg(Tw)

KoaedareanHoe 3BeHO

[lepenaTtounass pyHkuus W(p)= rae T - mocTtosHHas BpemeHu, & -

T*p> +2ETp+1°
KO3 (PUIIMEHT 3aTyXaHus.
[lepexoanas ¢pyHKUMA

—s! ; ;
h)=K|1-e T -{cos I=¢ t+ 6 sin 1=¢ t

1-&2 3T
p= BpCMs 3aTyXaHHUA —-.

Yacrora koneOaHui , mepuon Il =

2T
J1-¢’



JIAUX L(w)=201gK —101g(T*0* + (4> - 2)T° 0 +1)
2T¢w
dYX =— —_—
p(0) = —arctg = 5"
1282

Ecimu £<0,707, To Ha rpaduke JIAUX mnosBiaseTcs MakCUMyM IpH o, = -

b

BBICOTON H, =20lg , KOTOpBII Ha3bIBAETCS PE3OHAHCHBIN UK.

1
28 41-&2

3aMKHYTbIE CHCTEMbI

[TycTh nana nepenaroyHast GyHKIUs Pa30MKHYTON CHCTEMBI

U KN(p)

—=W(p)=

E L(p)

3aMKHyTasi CUCTeMa TOJIydaeTcs J00aBJIEHUEM €IWHUYHON OTpUIATEIbHOMN
oOpaTHOM CBSI3M, OXBATHIBAIOIIEH BCIO CHUCTEMY M IIO3TOMY Ha3bIBAa€MOW TJIABHOM
oOpatHo# cBsi3bt0. Toraa

1. I'naBHas nmepegaTouHas GyHKIIUS:

(p) == w —W(p) - (p)D(p), TO eCTh
O(p) = W(p) _  KN(p)
1+W(p) L(p)+KN(p)

2. IlepenaTounast GyHKUMS 1J1s1 OIIMOKHU:

q)E(P):g:G%U:l—@(p), TO €CTh
1 L(p)
@ = =
{P) = (o) T Lp) + KNG)

Hrak, 115 3aMKHYTOM CUCTEMBI B LIETOM U = D(p)G; E =0, (p)G.
Ilpumeuanne. Y obeux (yHKIUNA 3HAMEHATENh OJUHAKOBBIN L(p)+KN(p). D10
BAXKHO T UCCIIEAOBAHUS YCTOMYUBOCTH.



IHousiTHE YCTOHNYHBOCTH
Y CcTOMYUBOCTD O3Ha4YacT, 4YTO pCaKIusd CHCTCMbBI Ha JII000¢€ OTPAaHUYCHHOC
BOBHCﬁCTBHC TaKXEC ABJIACTCA OFpaHquHHOﬁ.

S /N

irmoitaueas Heyoroiiyasay

Ha neBom PUCYHKC HEOOJIBIIOE OTKJIOHEHHE [apukKa IpUBOAUT K HEOOIBIINM 3aTyXxa-
OIMKUM koneOanmsM. Ha IMpaBOM PUCYHKC HEOOIBIIOE OTKIOHEHHE [IapuKa IpUBOAUT K
HCOIPaHNYCHHOMY IBHKCHHUIO.

J11st TMHEWHBIX HEMPEPBIBHBIX CUCTEM YCTOMYMBOCTD (POPMYIUPYETCS TaK:
[Ipy 7100BIX OrpaHUYEHHBIX M3MEHEHUSX HayalJbHbIX YCIOBUWA CBOOOJHOE
JIBUKEHHE U3MEHSETC OrpaHu4YeHHo. TouHee:

Iycts y,(¢) — pemenue ypasuernus a, (t)y" (1) +...+a,(t)y'(t) + a,(t)y(t) =0
¢ HAYaNbHBIMHU YCIIOBUAME V(2,) =y, V'(t,) = yy,... " () =V, ;.

Cucrema yctoituuBa, ecnu Ve >0 36 >0: ‘Ay(i) (O)‘ <O=>Vt>0 ‘Ayc (z‘)‘ <&

Cucrtema acCUMOTOTUYECKH yCTOWYMBA, eciau 36 > 0: ‘Ay(i ) (0)‘ <6 =lim ‘Ayc (t)‘ =0
t—w

|

IIpy u3MeHeHMM HauyalbHBIX YCJIOBMHM He Oosiee yeM Ha &, rpauK HE BBIXOAMT 3a
MpEAEbl MYHKTUPHBIX TUHUU.



Pemenne nuueitnoro ypasuenus a, v (t)+...+a,y'(t)+a,y(t)=0 umeer Bus
S.t
y.() =), Cie ', Irae s, — KOpHU XapaKTepUCTUIECKOTO YPaBHEHUS

— n —
A(s)=a,s" +...+as+a,=0.
Ecnn Bce kopHu «ieBble», T.e. Res, <0, To pemeHue OyaeT 5KCHOHEHTOH c

OTpULOATCIbHBIM II0OKA3aTCJICEM CTCIICHU W IIPU f —> oo CTPEMUTCA K 0. Dt0 oO3HayaeT
ACUMIITOTUYCCKYTIO YCTOﬁqHBOCTB, CJICA0BATCIIBHO, OHO YCTOﬁqHBO.
Ecmu JII XOTA OBl OJHOTO §; BCPHO, 4YTO Re S; > O, TO PCIICHUC HCYCTOI‘/’I"II/IBO, TaK KakK

OHO HEOTPAHUYEHHO BO3PACTAET.
Muorounen A(s)=a,s" +...+a,s +a, — He 4TO UHOE, KaK 3HAMEHATEJb IEPEIaTOYHON
(yHKLNU, €T0 KOPHU SIBIIIOTCS NOIKOCAMHU NEPEJATOYHON (PYHKIHUH.

I'naBHoe ycj10BME YCTOMYMBOCTH JIMHEHHBIX CTAIIMOHAPHBIX CUCTEM

Cucrema ynpaBieHusl yCTOMYMBA TOTAa U TOJBKO TOrAA, KOraa
Bce moarwchl (KOpHM 3HaMeHaTeJs])) NEPeJaTOYHON (YHKIUM JIeKAT B JIeBOil
KOMILJICKCHOH IOJIYIITIOCKOCTH.

B Teopum ympaBieHHs pacCMAaTpHUBAIOTCS PA3IUYHBIE KPUTEPUH YCTOMYHMBOCTH,
MO3BOJISIOLIME MPOBEPSITH ITO YCIOBUE, HE BBIUMCISAS CaMUX KOpPHEH. DTO 00s3aTeNbHO,
€CJI CTENEHb MHOTo4JIeHa OosibLIe 3.

Heob0xoxumoe yciaoBue
Ecin Bce kopHu MHorowileHa A(s)=a,s"+...+as+a, 7nexar B JeBOH
KOMIUIEKCHOH TOJIYINIOCKOCTH, TO BCE €ro KOG GUIUEHTHI MOJOKUTENbHBL: Via, > 0.

3Ha‘II/IT, €ClIH XOTs OBl OAHNH KOE)(i)(i)I/ILII/ICHT OTpHHaTeHBHBIﬁ, TO CCTb «IIPABBIC»
KOPHH. OIIHaKO 9TOT0 YCJIOBUA HCAOCTATOYHO.

Ipumep. A(s)=s" +2s° +9s+ 68 =(s+4)(s* —2s +17) umMeer KOpHH 5, =+1+ 4.

Kpurepuii Payca-I'ypBuna
CoctaBuM 13  KO3(pPUIMEHTOB  3HAMEHaTeds  MepeAaToyHoul  (QyHKUMH

an—l an—3 an—S T O O
an an—2 an—4 O O
\ 0 a, a,; - 0 0
A(s)=a,s" +...+a;s +a, marpuny ['ypBuna G =
0 a, a,, 0 O
0 0 0 a, a,
a a an—l an—3 an—S
-1 -3
Beruncium ee munopel M, =a, ,, M, = ! ", M,=\a, a,, a,,,..M, :‘G‘
an n-2
0 a a

J1g yCTOHYHMBOCTH HEO0X0AMMO U 10CTATOYHO, YTOOBI Bee M. > 0.



OOpature BHMMaHWEe, TpU JBIKEHHMM BHU3 HOMepa KOd(h(UIIMEHTOB
YBEJIMYMBAIOTCA Ha 1, IpW ABMKEHUWH BOPABO — yYMEHBINAIOTCA Ha 2. HamomHIO, 4TO
MUHOP — 3TO ONPEEIUTENb (PparMeHTa MaTPHUIIbI.

B yacTtHOM citydae, koraa » =3, oJy4aem

0 a a, a, 0
M =a,>0, M,=|" ao =aa,—aya, >0, M,=la, a 0|=a,M,>0.
3 1
0 a, a,

= a,>0, a,>0, aa,—a,a,>0.

2 68

[Tpumep. A(s)=s’ +2s> +9s +68. Mzz‘1 9

‘ =18-68 <0, cUCTEMA HEYCTOMYMBA.

YacToTHBIE KPpUTEPUH OCHOBAHBI HA N3yueHUU u3MeHeHnuss KUX.
JluHusa Ha KOMIUIEKCHOM IIOCKOCTH, oOpazyemasi Toukamu W (j®) npu n3MeHEHUU

4acToThl @ OT 0 10 00, Ha3bIBaeTCs rojorpad.

n
Ecnu paccmatpuBath TONbKO 3HameHatens: A(jw)=a,-| [[(jo—s,)|, T0 apryment
i=1

NPOM3BEACHUS PAaBEH CyMME apryMEHTOB COMHOXHTENEeH d, = jo —s,, Te §, — KOpHH
A(s).
Ecim s, — NeHCTBUTEIBHBIA JIEBBIM KOPEHb, TO IPU M3MEHEHMH @ OT 0 1o oo

T
NpUpaIleHue aprymenra d, paBHo A = EE i | kBagpaHT.
Ecim s, — neWCTBUTENBHBINA IPaBbIA KOPEHb, TO NPU M3MEHEHUH @ OT 0 1o oo

T
NpUpALICHUE apryMEeHTa d, PaBHO A+ =5 WM -1 KBaJgpaHT.




Jl1s mapbl KOMILUIEKCHO-CIIPSDKEHHBIX KOPHEH §; ¥ §; CyMMapHOe IIpUpalleHue
A, +A,=x7=2A_ B 3aBucUMOCTH OT 3HaKa Res,. To ecTb Ha KaXIblii KOPEHb
+

OIATH OJUH KBAaJIpaHT.

Kpurtepuiit HaiikBucTa ucnonb3yercs sl ONPeIeSICHUs] yCTOWUYUBOCTH 3aMKHYTOM
CUCTEMBI 110 IEPeIaTOYHON (QYHKIIMH PA3OMKHYTON CUCTEMBI.

y _KN(p)
[Tycth mepenarounasi GyHKIUS pa3OMKHYTOH CHCTEMBI W (p)= (o) MMeeT 71, TIPaBbiX
p
MOJIIOCOB (KOpHEH 3HaMeHaTels).
[lpu 3aMBIKAaHUM CHCTEMBl EIMHHYHON OTPHUIATENbHOW OOpAaTHON CBS3BIO TJIaBHAS
W(p) _ KN(p)

nepenaTouHas GyHKus Oyner ®(p)= 1+W(p) L(p)+KN(p)

L(p)+KN(p)

L(p)
3aMKHYTOH M pa3oMkHyTou cucteM. Bekrop HaiixkBucra N(jw)=1+W(jw) coenunser

Oyukuus HaikBucrta N(p)=1+W(p)= paBHAa OTHOIICHUIO 3HAMEHATEJEN

TOYKy -1 ¢ rogorpadom pazoMkHyTOM cucTeMbl. [Ipu u3menenuu @ ot 0 10 o© BEKTOP
HaiikBucra nMmeeT mpupaiieHrue apryMeHTa paBHOE Pa3HOCTH MPUPAIICHUN apryMEHTOB
rojnorpadoB 3aMKHYTON M pPa30MKHYTOM cucTteM. Eciin 3aMKHYyTasi cucTeMa yCTOMYMBa, TO
y ee TmepenaToyHor (yHKIMM HET TMpaBbIX TOJIOCOB M 3Ta Pa3HOCTh paBHA 2n+

KBaJPaHTOB. (A -A, = 7)

Kpurepuit HaiikBucta: Jlyis yCcTOMYMBOCTH 3aMKHYTOHM CHCTEMbl HEOOXOIHUMO U
J0CTAaTOYHO, YTOOBI NpHU MU3MEHEHUU @ OoT 0 10 oo mpupalleHHe apryMeHTa BEKTOpa
HaiikBucra cocrasisuio 2n+ KBA/IPaHTOB, TJA€ 7 — YHCJIO MpAaBBIX [OJIOCOB

Pa30MKHYTOU CUCTEMBI.
B ygactHOCTH, ecii pa3OMKHyTas CUCTEMA YCTOWYMBA, n,_= 0 u ee ronorpad He AOMKEH

OXBATbIBATb TOYKY -1.

Ha neBom PUCYHKC YCTOﬁqHBaH CUCTCMA, Ha ITpaBOM HCYCTOﬁqHBaH.



Touka -1 umeer apryment @(w)=-180° u moaynp A(w)=1, 1.e. L(w)=0. Ilepeceuenue
rogorpaoM JEHCTBUTENb-HOW OCH JIeBe€ TOYKM -1 COOTBETCTBYET MEpPECEUEHUIO
rpadpuxom OUX nunun ¢ =-180° npu L(w) > 0. Ilepeceuenue rogorpagom eIUHUIHON
OKPYXHOCTH COOTBETCTBYeT mnepecedeHuto rpapuxkom JIAUX ocu abcuucc. Jta yacrora
Ha3bIBAETCs YACTOTOM Cpe3a @, .

Jlorapu¢pmMuyeckni 4acCTOTHBIN KPUTEPHH

Jlorapudmuyeckre 4acTOTHBIC XapaKTEPUCTUKU OIPEACISIOTCS ISl Pa30MKHYTOM
CUCTEMBI.

JI1st yCTOWYMBOCTH 3aMKHYTOM CHUCTEMBI HEOOXOIUMO W JOCTAaTOYHO, YTOOBI MPHU
usmMeHennn @ or 0 no @, uucno nepecevennii OUX nmuni @(w)=-180°+ 27

n

COCTAaBJIALJIO B CYMMC 7_'_, Tac l’l+ — 9HUCJIO IIPABBIX ITOJKOCOB paSOMKHYTOﬁ CHUCTCMBEI.

B yacTHOCTH, €ciu pa30MKHYTas CUCTEMA YCTONYMBA, n, = 0 u pu U3MEHEHUU @

or 0 no o, uucno nepecevennii ®UX munnii p(w)=—-180°+ 27 cHU3y BBEPX U CBEPXY

BHU3 JIOJKHO OBITH OJIMHAKOBO.

Hanpumep, BooO111e paBHO HYJIIO, T.€. HUKAKUX [IEPECEUEHU . DTO MILTIOCTPUPYETCS
PUCYHKOM Ha TMPEAbIAYIIEH CTPaHMIE, TOJBKO MBICIEHHO JOPUCYUTE €IUHUYHYIO
OKPY’KHOCTb.

Wrak, ecin pasoMKHyTas CUCTEMA YCTOWYMBA, TO 3aMKHYyTas CHUCTEMa YCTOWYMBA
TOI/Ia ¥ TOJIBKO TOI'ZA, KOT/a 4acToTa cpe3a wg, JIAUX pasoMKHYTOro KOHTypa MEHBIIE
4acTOThI M, (uutaercst omera-nu) JIOYX.
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YacToTa cpesa oq (1 — KpacHble JIMHMM) OONBLIE YACTOTHI M. JTa CHUCTEMA HE
ycTorunBa. Yacrora cpesa wgy (2 — CHHHE JMHUU) MEHBIIE YaCTOTBI My. JTa CHCTEMA
yCTONYMBA.



3anmac ycToHYMBOCTH

3anac yCTOMYMBOCTU MO aMIUIUTYyJE L OMpenaesser, Ha CKOJbKO JelHOen MOXKHO
(mytém yBenmueHus: kodpdunuenta ycwienus K) noausats rpadpuk JIAUX BBepX, 4T0OBI
3aMKHYTasi CUCTEMa OCTaBaJlaCh YCTOMUMBOM.

3anac ycTOWYMBOCTH MO ¢aze y ONpeaessieT, Ha CKOJIbKO TI'PaJyCOB MOMXHO
onyctuTh rpaduk ®UX BHU3, YTOOBI 3aMKHYTasl CHCTEMa OCTaBajlaCh YCTOWYUBOM.

I'paHuIa yCcTOWYMBOCTH COOTBETCTBYET CUTyallUH, KOIJa 4acToTa Cpe3a (. PaBHA
4acToTe .
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Cnesa ronorpa¢ HaiikBucra, cripaBa 4acTOTHBIE XapaKTEPUCTUKU PA30MKHYTOM CHCTEMBI

Pexomennyemble B pealbHBIX CHUCTEMax YIpaBICGHHMS 3HAYCHMs  3araca
yctounBocTu 6-20 1b o ammmutyae, 30-60 rpagycos no dase.

OcTanpHOE HAIIKCAHO B HOCO6I/II/I, B pa3aciiax «KpaTKUC CBCACHUA.



