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Jlexmsg 1

1. Ocnoenvie nonamusa Teopuu aemomamuueckozo ynpaeieHus
1.1. U3 ucropuu apromatuku. Jleknus 1.

ABromaTtuka (camojeiictBue mo-rpeuecku). IlepBble camozelcTByromKE YCTAaHOBKU ObUIM
M3BECTHBI €l1lIe /10 Hallel 3pbl, HanpuMmep « Xpam Connua » B Erunre.

CpenHue Beka: MeNbHMLBI (BOASIHBIE M BETPSIHbBIE), aHAPOMIbI (MEXaHHW3MBbl, UMHUTHPYIOILNE
paGoTy IroJei, Hanmpumep XYAOKHUKOB, IHCLOB M 1p.). Bce 3Tu MexaHu3Mbl paboTaid IO
Pa3OMKHYTOMY IIPUHIIUILY.

OCHOBY COBpPEMEHHBIX CUCTEM aBTOMAaTHUYECKOI'0 YIIPaBJICHHUS MTOJIOKUIN 2 pabOThI:

a) Perynsarop ypoBHs Bobl B koTie [lon3yHoBa.

0) Perymnstop ckopocT MaxoBHKa mapoBoii MamuHbl J[k. Yarra.

B nocnepneM ycTpoWCTBE CKOPOCTb BpallleHHs IEpeaBajlach 4epe3 pPEeryjsTop Ha 3aciOHKY,
PEryJIMPYIOILYIO II0J1a4y [Iapa B MaIIUHY.

OcHoBy coBpeMeHHON Teopuu AY mojaoXuiu padoTkl BeliHerpaackoro, KOTOpelid Hcciaea0Bail
YCTOMYMBOCTh MApOBBIX MamuH. Takke MpobieMaMu YCTOMUMBOCTH 3aHUMANUCh: JKyKOBCKHH,
Bosuecenckuit, JIsnyHOB.

[{unonkoBckuii pa3paboTan YCTPOMCTBO YHPABICHUS PyJeM JAUPUKAOIS, TOJOXKUI Hadaio
pa3paboTke aBTommiora.l-ii aBTOmMIOT paspabortan bapanoBckuii. JlaBeimoB B 1912 romy mepen
TPaKJIAHCKOW BOWHOW pa3paboTan yCTPOMCTBO CIEKEHUS OPYAHS 3a MOJABMIKHBIMH M HETOJIBHKHBIMU

uemnsimu (1-as ciensmias cucrema).

1.2. OcHOBHbIE NOHATHS ABTOMATUKU. DyHKIIMOHAJbHAA cxema CAY.

Ilox YIIPpABJICHUEM B HIUPOKOM CMBICIIC 3TOIO CJIOBA MMOHUMACTCA OpTraHU3alluA KaKoro-Iu00

mnmponecca sl IOCTHXKCHUSA IMOCTaBJICHHOM IIEIIH.

Ilenu ynpasieHus 6 mexHuuecKUX CUCHMEMax.

1.IToanepxkanue 3aaHHOTO Kypca KopabJuisi, caMoJieTa Wil APYroro CPeICTBA MepeIBUKCHUSL.
2.ITonneprkanue TONIIMHBI TPOKATHIBAEMOTO METAJLIA.
3.ITopnepkanue cTaOUIBHOTO HAMTPSDKEHUS U YaCTOTHI B CETH.

4.anaBneHHe PA3INYHBIMU TCXHOJIOTHYCCKHUMU IIPpOHcCCaMu.

Onpeuenelme. TexHuueckue OG’BCKTLI, B KOTOPBIX HPOUCXOIAT TIIPOLCCChI, IMMOJICIKAIINC

YIpaBJICHUA HA3bIBAOTCA 00BbeKTaMH YIIpaBJICHUA.



Ha o0bekT ynpaBineHust 1eHCTBYIOT BOSMYIIAIOIINE BO3ACHCTBUS, KOTOPBIE BBIBOASAT €r0 U3 33aHHOTO
pexxuma. s Toro 4toObl MOANEpKHUBATh 33JaHHBIA peXUM Ha OOBEKTE yNpaBlIeHUs, OH cCHaOXaercs
paGouum mnu ynpasisiomum opranom (PO). BosaelictBue Ha pabounii opra MOXeT ObITh PYYHBIM WIN
aBTOMaTnyeckuM. Ecnu 3TO BO3AEHCTBHE aBTOMAaTHYECKOE, TO BO3HHMKAET CHCTEMa aBTOMATH4YECKOIO
yIIpaBJICHUS.

1.2.1. Yuopomenuasg dyukuuoHajabuasa cxema CAY.
I Z
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Y3 X oy £
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Puc.1.1. Yopomennas pyaknuonansHas cxema CAY

Y3 — 3a1at01uii BEKTOP;

Xy — YIpaBIISIOIIEE BO3ICHCTBUE;

VY — ynpaBisieMblil CUTHAIT;

Z — KOHTPOJIUPYEMbIE BO3MYILEHHUS;

F — HeKOHTpoOJIUpPyEMO€e BO3MYILICHHE;

VYV — ynpasausoniee yCTpoucTBo;

YO — ynpaBnsitomuii opra-;

OY — 00bexT ynpaBieHus;
B.C. BepxHsis cBsI3b — KOMIIEHCUPYET HanOoJiee CUIIBHO BIUSIONINE BO3AECHCTBUS.
H.C. Hwxnsas cBsa3p (OC — oOpaTHast cBsi3b) — HMH(OpPMaLUs O BBIXOAHOM BenuunHe Y

nocrynaer B YY. VY no unpopmanuu,, nocrynatomeid or B.C. u H.C. BbipabaTsiBaeT ynpaBisromuit

curHan Xy.

1.3. Knaccupuxkanusa CAY.

1. Mo nanuuuro anpuopnoii (0oonsimnoii) ungopmayuu.

a.) aJanTUBHBIE.

0.) OOBIKHOBEHHBIE.




B amanTuBHBIX cucTeMax mosHas uHpopmaius 06 o0bekTe oTcyTcTByeT. E€ HeoOxoaumo cobupaTs B
nporecce GyHKIMOHUPOBAHUS 0OBEKTA.
[Tpuumnel: 1.MamOM3y4eHHBINA CI0KHBIA OOBEKT.
2.TeXHUYECKHE XapaKTePUCTUKU 00BHEKTa MEHSIIOTCS B IPOIIECCe IKCILUTyaTal[|H.
3.M3MEHSIOTCS YCIOBHS (DYHKIIMOHUPOBAHUS O0OBEKTA.
«CamMoHacTpauBaromascs» CUCTeMa — ajanTuBHas cucreMa AY ¢ HM3MEHSIOUIMMHUCS MapaMeTpaMu
yropasistoiero ycrpoictsa (YVY). B Takoit cucteMe U3MEHsIETCsl CTPYKTYpa YIPaBIISIIOIIETO YCTPONCTBA.

OOBIKHOBEHHBIE CUCTEMBIL:

Bes unpopmanus o0 oObekTe yHpaBieHHs HM3BECTHA 3apaHee M CHCTeMa aBTOMATHYECKOI'o
YIIpaBJICHUS! CTPOUTCS C yYETOM BCel HHpOpMaInu.

2. ITo uucny 6x0006 u 6b1x0006.

a.) ogHomepHsbie (1 Bxo, 1 BeIXOM).

0.) MHOTOMEpHBIE, TAKXKE WX HA3bIBAIOT MHOTOCBS3HBIE (MHOT'O BXOOB M BBIXO/IOB).

B) CUCTEMBbI C HECKOJIbKUMH BXOJIaMH U OJTHUM BBIXOJIOM

3. o ebinonnenuio npunyuna cynepno3uyuu.

a.) TMHEWHbIE (BBIIOIHACTCS NPUHIUN cyneprno3uuun) (puc.1.2).

0.) HeNMHEeNHBIE (HE BBIMTOJIHACTCS IPUHIIUI CYNIEPIO3UIIIH).

Xa(t) Ya(t)
—> CAY [————>

Xa(t)+Xa(t) Y(t)
— > CAY >

\

Xa(t cay RO

Puc.1.2 IIpunuun cynepno3uuuu JuHeHHbIx CAY
Y(t) = Yi(t) + Yo(t) - ycroBue BRINOTHEHHS IPUHIIAIIA CYTTEPITIO3HITHH.

Jlunetinble  CUCTEMBl ~ ONUCBHIBAIOTCS  JIMHEHHBIMM AU PepeHInanbHbIMU  YpaBHEHUSMU
(0ObIKHOBEHHBIMU A ((PepeHINaNbHBIMU . YPaBHEHUSAMHU C KOX(G(HUIMEHTaAaMH, HE 3aBUCSIIUMH OT
BXOJIHOTO CUTHAJIa).

Henuneiinvle cicteMbl ONUCHIBAIOTCS HEMUHEHHBIMU AU depeHIInaTIbHBIMA YPaBHEHUSIMHU.

4. Ilo 6udy cuznanos, deiicmeyouux ¢ cucmeme.

a.) HenpephIBHbIE.
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Puc.1.3. HenpepbIBHBIN CUTHAT

0.) TUCKpPETHEHIE.

.

Puc. 1.4. TuckpeTHslil curnan

5. ITo éudy cuznana ¢ CAY.
a.) JeTepMUHUPOBaHHBIN (onpeaeneHHbIl)(puc.1.5).

X(t)

t 4 6

Puc. 1.5. [lpumep neTepMUHUPOBAHHOTO CUTHAJIA

0.) ciydaiinblii (cToxacTuueckuii)(puc.1.6).

A X(@®

o [
\/\/t

Puc. 1.6. [Ipumep ciydaiiHOro curHa€a

6. ITo uensam unu 3adavam ynpaenenus.

a.) Cucmema onmumanvHo2o ynpasieHusi — 3TO CUCTeMa, padoTarolias HauiIydlIuM oOpa3oM Mpu
OTIpe/ICTICHHBIX YCIIOBUSX. BBIBAIOT CHCTEMBI ONTHUMAIIBHBIC IT0 TOYHOCTH, 110 OBICTPOJACHCTBHIO H JIP.

0.) OxcmpemanvHvle cucmemsl — 3TO CHCTEMbI, B KOTOpPBIX HEKOTOpbIE IOKa3aTeld KauecTBa

MOJIEP>KUBAIOTCA MaKCUMaIbHbIMU (puc.1.7).



>
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Puc.1.7. Tloka3zaTens KayecTBa IKCTPEMATbHON CUCTEMBbI

Q — MpoU3BOIUTEIHHOCTD.

Tpebyercst moaaepKUBaTh MOKa3aTellb kKadecTBa Q MaKCHUMAaIbHBIM, OTIPECIisisa 3HaUeHUE X.
Pewenue.
Cucrema cHabxkaeTcst yCTporcTBOM aBToMatuyeckoro rmoucka (Y AII).
YAIIl nomaer mpoOHBIE BO3ACWUCTBUS HAa OOBEKT B OAHY U JIPYI'yl0 CTOPOHY OT HEKOTOPOH
HAYaJIbHOW TOYKH, HAIIpuMep t; 1 TakuM 00pa3oM OIpeIessieT MOJI0KEHHIE SIKCTPEMyMa.
8.) Cucmemvt asmomamuyeckozo pezyauposanusi (CAP).

B cucremax aBromarmueckoro perynupoBanusi (CAP) pemaercs 3amaua mojaep:KaHus
BBIXOJIHOTO CHTHaja OOBEKTa Ha 33aJlaHHOM YPOBHE WJIM M3MEHEHHS €ro 10 HEKOTOpoMmy 3akoHy. [Ipum
ATOM 3aKOH MOXET ObITh M3BECTEH 3apaHee, M3MEHATHCS 10 3aJlaHHOMY 3aKOHY HIJIM OBITh 3apaHee
HEW3BECTHBIM. [l0 3TOMy MNpH3HAKY CHCTEMBI JACISATCS HA CUCTEMbI CTAaOWIIM3alliU, MPOrPaAMMHOTO
YIPaBICHUS U CICISIINE CUCTEMBI.

1. Y (t) — const, cienoBatensHo maHHas cuctema — cucmema cmadunuzayuu (Y(t) —

BBIXOJHAas BeJ'II/ILII/IHa).

2. 3akon w3meHeHus Y (I) M3BeCTEH, CIIEMOBATENBHO, 3TO CUCHEMA NPOSPAMMHOO
VNpasieHus.
3. 3akon u3meHenus Y (1) He U3BECTEH, ClIe0BATEILHO, 3TO CIACIAIIAs CHCTEMA.
Jlextms 2

1.4. [IpyHIUNBI ABTOMATHYECKOI0 PEeryJMpPOBaHUs, 3AKOHbI PeryJHUPOBAHUSI.

Jexnus 2

1.4.1. IIpuHIHUOBI PErvJIMPOBAHUS
1. Pa3oMKHYTBI# NpUHIUT (pecynuposanue no eozmyujenuio)(puc.1.8).

I—

v AP oy |v

—> > »

PO
I

Puc. 1.8. [IpyHnunuanbsHas cxeMa peryJupoBaHys 0 BO3MYILIEHUIO

AP — aBTOMaTUYECKHI pErysTop;



Xap=(Y3,Zp1)
rae Xap — peryJupyrolyil CUTHAII aBTOMaTUYECKOIO PETYIIATOPA,;
Y3 — 3a7aroriee BO3ICHCTBHE;
Zp1.. Zgn— KOHTPOJIMPYEMbIE BO3MYIIAIOLINE BO3ACHCTBHUS;
F — HeKOHTpoOJIMpyEeMbIe BO3MYILICHHUS.
JocrouHcrna:
Cucrema Bcerja yCTOWYMBA IPH YCTOHYHMBOM OOBEKTE PETYITUPOBAHUS.
Henocratku:
Huskas rounocts CAP.
2. 3aMKHYTBI TOpPUHLUI (pezyruposanue no omixioHeHuio (C OTPUIATENHLHOW 0OpaTHOMN

cBs13b10)(puc.1.9).

Zp1 ‘ I | Zpn

& AP oy Y

PO

7}
I+

Puc.1.9. IlpuHnunuansHast cXeMa perylIupoBaHus 110 OTKJIOHEHHUIO

Xap=f(Y3,Y).

Xo = Y3(t) — Y(t) — curHam OTKIOHEHHSI WIIK OIIMOKH

Y3 — 3a7aroliee Bo3IeiCTBHE.

Y (t) — peryaupyemast BelTuuuHa.

JloctonHcTBa: bosee BBICOKast TOYHOCTbh, HEXKEIU B PA30OMKHYTOU CHCTEME.
HenocraTok: Cuctema MOXET cTaTh HEYCTOWYUBOI J1aXke NMPU YCTOMYUBOM OOBEKTE.

4. Pa30MKHYTO-3aMKHYTBIA IPUHIUIT PETyIUpoBanus (kombunuposannsiil)(puc.1.10).

ZBp1 l l Zgn
\4 A\ 4

Y3 AP oy |v

“lro

A
I+

Puc.1.10. ITpuanumuansHas cxemMa KOMOMHUPOBAHHOM CUCTEMBI

Xap =f( Y3, Zg1,Y).




XAp — PETYNHUPYIOIINNA CUTHAIL.
Y3 — 3ajaroliee BO3IEHCTBUE.
Zg1 — KOHTPOJMPYEMOE BO3MYIIAIOIIEE BO3ICHCTBHE.
Y — perynupyemasi BETHYHUHA.
JocrouHcrna:
TouHOCTB, O0JIEE BBICOKAS, YEM B 2-yX BBIIICONMUCAHHBIX CUCTEMAX.
Henocrarku:

Cucrema MOXET ObITh HEYCTONYMBA [TPH YCTOMYUBOM OOBEKTE.

1.4.2. 3aK0HBI PeryJIupoBaHu.
3aKOHBI aBTOMATHUYECKOTO PEryJIHpPOBAaHUS — 3aKOHBI, IO KOTOPHIM pabOTaeT aBTOMAaTUYECKUI

perynarop (AP). 3akoHbl fenarcs Ha TMHEHHBIE U HEIMHEHHBIE.

JInHelHbIe 3aKOHBL.
XAP = f(Xo)

X — MOKET OBITh Pa3JIAIHBIM.

-

X3
26
y
Xg = AX

1. IIponopuiroHanbHbIM 3aK0H perynupoBanus (“I17).

Xap = Kp*X

Kp — KO3pOUIMEHT YyCUIIEHHS perysTopa.

JIOCTOMHCTBO Peryisaropa: mpocToTa.

Henocrarok perynaropa: B 3aMKHYTOH CHCTEME C TAKUM PETYJISITOPOM BO3SHHKAET CTATHYECKast
ommoKa.

2. HTerpanbHblil 3akoH perynupoBanus («1»).

t
X ap(t) =Ky [Ty - [X(2)d7
0

Ku — k03¢ GuIMeHT ycuiieH!s] MHTerpaTopa.

Tu — nmocrosinHas Bpemenu [C].



JlocTOMHCTBA:
e (Crarnueckas omurOKa B 3aMKHYTOHM CHCTEME paBHa HYJIIO.
e OTtHOCHUTENBHAS TPOCTOTA.

Henocrarok: 3aTsaruBaeT nepexoaHOM NpoLecc B CUCTEME.

5. IlponopiuoHanbHO-UHTETpaJIbHBIN 3aK0H perynupoBanus («I11»).

K t
X ap(t) = Kp .X(t)+T—”-jx(r)dr

a0
JIoCTOMHCTBO: HyneBas cratudeckast ommoka.
Henocrarok: 3aTsSHYTHIN MEPEX0IHOM MpoIecc.

4. [IponopuroHaIbHO-UHTETpaIbHO- I hepeHInanbHbIi 3akoH peryaupoBanus («I[TU1»).

t
K
X ap () =Kp - x(t) + =L Ix(r)dr+]<a T, ax(t)
Ty ¢ dt
K, —xoapdumment ycunenus nuddepenmuaropa.

T, — nocrosiHHasi BpeMeHu [C].

Jocrouncrra:

1. HyneBas crarudeckas omuoOKa.

2. IloBbIlieHHOE OBICTPOICHCTBHE.
Henocrarku:

1. OTHOCHTENbHAS CIIOKHOCTD.

2. YXyqiieHHas NOMEX0YCTOWYUBOCTb.

HenunelHbple 3aKOHEI PEeryIMPOBaHUS.

1. UneanvHoe (aByxmo3uiimonHoe) pene (puc.1.11).
XAP

+B
A

~y

Puc.1.11 XapaxTepucTuka IByXHNO3ULUOHHOTO peie

2. Tpexmo3uImoHHoe perne (peme ¢ 30HOM HeuyBCTBUTENbHOCTH )(puc.1.12).



+B A Xup

-a

Y

-B
Puc.1.12. XapakrepucTuka TpeXmno3uIOHHOI O pene

3. JIBYXIIO3UIIMOHHOE pelie ¢ rucrepe3nucoM (puc.1.13).

+B  Xar
A

-a a

Y

-B

Puc.1.13. XapakrepucTuka IBYXIO3UIOHHOTO pelie C THCTEPE3UCOM

4, Tpexno3unmoHHOE pere ¢ ructepesrucom (puc.1.14).
AP

+B A

-B

Puc.1.14.XapakTeprucTuka TpeXNO3UIHUOHHOE pele ¢ THCTEPEIUCOM

Henuneitnple 3aKOHBI peryjiupoBaHusa MOT'YT 00eCIIeYnuTh B CHCTEME Ka4YeCTBEHHO HOBEIC

nporueccsl (puc.1.15):

11



t) VAR
y(® / N/
// \ ::/ 4 /~ \\\
Y3an ____/ F’Tjé ~ LA \—‘r/"}(\;\/——
/ // \\ / N //
/ N -
/ / \ \
/ 1 2
t

Puc.1.15. IIpumep nepexomnoro mporecca peansHoit CAY
I'ne: 1 — nuHeWHBIN perynsTop 2.
2 — 0e3 perylnupoBaHus.
3. — nuHEeHHBIH perynsrTop 1.
4. — HETMHENHBIN PEryIsaTOop.

Y — BBIXOJHAasl BCJIHWYHUHA IIpOLECCa, KOTOPYIO HAAO MOAACPKUBATL HA YPOBHE Y3 (HaanMep,

XUMHYECKHUH MPOLIECC).

1.5. CtaTnyeckasi CHCTeMa aBTOMaTH4YecKOro ynpapjienusi Ha (mpumepe CAP
CKOPOCTH BpAallleHHsI IBUTATEIS MOCTOSTHHOTO TOKA ¢ He3aBHCHMBIM BO30Y K/IEHUEM).

Cucrema aBromaruyeckoro peryiaupoanusi (CAP) ckopocTu BpalieHus ABUraTess IOCTOSIHHOIO TOKa

C HE3aBUCUMBIM BO30yk1eHueM (puc.1.16).

®s¢ —PI ¢ — T
M.

]AU
| vy | U > A H

Uo \T/ /
WL[B

Us

‘N|

0.C. U T

Puc.1.16. I[IpunnunuansHas cxema cucteMsl perynuposanus JIIT
Up — HanpspKeHHe, MOCTyHaromiee Ha BX0 T TOTEHITMOMETPA.
U3 — Halps’KCHUC, 3a1ar0EC CKOPOCTh BpallICHUA ABUTATCIIA.

PJ] — peBepcUBHBIN JBUraTENb.

12



TI" — TaxorenepaTop (YCTpOICTBO /Ul H3MEPEHUS CKOPOCTH BpAIICHUS JBUTATENS).

VIIY — ycunurenbHO-IpeoOpazoBaTeIbHOE YCTPOMCTBO.

H — Harpy3ka uiam HpOU3BOJCTBEHHBIM MEXaHU3M, CKOPOCTh KOTOPOIO HaJ0 IOAJIEP/KUBATH
IIOCTOSIHHOM.

U, — HanpspKeHUe Ha IKOpHOW OOMOTKE JABUraTelIsl.

@ e - CKOPOCTb BPALLICHUA ABUTATCIIA.

Urr — HanpsokeHue Ha Beixoze TT.

M¢c — MOMEHT COIIPOTHUBIIEHUS HA Bally IBUTATEIIsL.

@p — 31EKTPOMArHUTHBIN MOTOK BO3OYKIEHUS ABUraTEIs.

Pl — oObeKT ympaBineHus.

VIIY+TI'=AP — aBTOMaTH4eCKUil perynsaTop.

U; = w3 - 3agaromiee BO3eiiCTBHE.

Uz =Ky 03 =03 _Ys
Ko

U =Ky -y, - peryaupyemMasi BeJIM4HMHA.

M¢ — Bo3My1IaK011IE€E€ BO3ICHCTBHE.

- OHII/I6Ka, HNJIN OTKIIOHCHUEC CUCTCMBI.
Awde =03 — Wy
UTF — [NOAAacCTCs 4CpE3 OTPULATCIILHYIO 06paTHy}0 CBA3b.

Henb cucrempl: CTaOuan3anusi CKOPOCTH BpaIleHUs JBUTATES.

PaccMoTpuM MOMEHT BpeMeHH f.

Bce curnanel NOCTOSHHBL UC? , a)g6 U ?r M 8

IIpeanonoxum, YTo B MOMEHT BPEMEHH tLMOMeHT CONIPOTHUBJICHUSA YBCIIMYHNJICA CKAYKOM.

CurHaibpl U3MEHSIOTCS CIETYIOIKUM 00pa3oMm:

Mc - BO3pacTaer ckauykoMm (MU3MEHseTCs Harpyska), CleloBaTelbHO: ®,, - maxaer, U —
nanaer, AU - Bospactaer, U, — Bo3pacraer, clieoBaTeIbHO BO3pPAcTEeT ®,, , T.€ OCYIIECTBISETCS
peryiaupoBKa.

B momeHT BpPEMCHHA t2 NEPCXOAHBIC MPOLECCHI B CUCTCMEC 3aKAHYMUBAKOTCA, U BCTACT BOIIPOC,

Kakagd CKOpPOCTb BpallICHUA YCTAHOBUTCA B CUCTEMC, T.C.

t, >t 0l <203

13



1. «U» 3axon pecyriuposarius.

t
U, () =Ky - [AU(r)dz
0

Jlst MOMeHTa BpeMeHH 1!

JlonmyctuMm, 4To wdze * a)gg =AU =0 :>Ua - BO3pacTacT, 4YTO MNOPOTHUBOPEUHUT

MIPEIIOJIOKECHHUIO 00 OKOHYAHUHU TIEPEXOTHBIX TPOIIECCOB.
EnunHcTBeHHAas TOUKa CTaOMIIN3AINN:

Hns «»: a)§8 = a)ge

OH[}@Z!GJ’IGHHGI AcraTndeckoi 10 BO3MYUICHUIO HAa3bIBACTCA CUCTEMA, Y KOTOpOﬁ BBIXO/JHAasd

BEJIMYMHA HE 3aBUCHUT OT BO3MYIIIEHUS (CTaTudeckas omuoka paBHa Hyt0)(puc.1.17).
A

M
M2 ME c
Puc.1.17. Harpy3ouHast XapaKTepHCTHUKA aCTATUUECKONH CUCTEMBI

2. HDOnODMUOH(lﬂbelﬁ 3AKOH pe2yiupoearusl.
U, =Ky -AU

ITpeamnonoKum, 4To 0)026 = a)g6 = ommbka: Aw = wazg — a)gg =0

jAU ZUTT _U3Aﬂ=0:’>

= Ua =0= WDyg = 0, 9TO O3HAYACT, YTO ABUTATCIIb HC BpAllACTCs, CIICAOBATCIIBHO, HAILIC

2 0 .
MMPEANOJIOKCHUC HEC BEPHO, U a)ag * 0)06 ", C y4C€TOM BO3pacCTaronIcnu OIIMOKH AU , IOHATHO, YTO

2 0
@, < a)ag(pnc.l.18).

A Dos
0
Doe ,
, —;\
Doe \
Mg Mé Mc

Puc.1.18. Harpy3zouHasi XapakT€pHUCTHKA CTATUYECKON CHCTEMBI

14



Onpenenenue: CTaTUYECKOM 110 BO3MYILEHUIO HA3bIBAETCSI CHCTEMA aBTOMATUUECKOT0 PEryIMpOBaHUs
(CAP), y xoTopoli BbIXOAHAsl BEJIMYMHA YMEHBILIAETCS NPU yBEIWYEHMM BO3MyIlleHHs. CraTtmyeckas
omuOKa B TAKOM CUCTEME HE paBHA HYIIIO. Jlexuust 3

1.5.1. Ctrarnuyeckue xapakrepucTuku craruyeckoii CAP. Jlexkuus 3

Onpenenenue: CraTHYECKUE XapaKTEPUCTHKH - XapaKTEPUCTHUKH, TOJTYYEHHBIE B TIOJOKECHUHU
paBHOBECHS.
Crarnueckue xapakrepuctuxu JAIIT.
[Ipexxne uem paccMaTpuBaTh CTaTHUYECKUE XapaKTEPUCTUKU CHCTEMBI, CIEIYyeT pPacCMOTPETh
CTaTHYECKHE XapaKTEPUCTHKN 00BbEKTa yIpaBieHus — ABurarels nmocrosaHoro Toka (JII1T)(puc.1.19).

Cratnueckue XapPaKTCPUCTHUKH ABUTATCIIA ITOCTOAHHOI'O TOKA.

Us  do oy

Puc.1.19. Cxema naBuraTens NOCTOSHHOTO TOKa

U, — HampspKeHHe Ha SIKOPHOM OOMOTKE JIBUraTelsl.

|, — TOK B IKOpHO# LeTIH.

@®p — 3JIEKTPOMArHUTHBIN TOTOK BO30YXK/IE€HUS.

@, - CKOPOCTb BpPAIIIEHUS JBUTATEIS.

M¢ — MOMEHT COITPOTHUBIICHUS Ha Bay.

[Tpu B3auMOIeHCTBHH TOKA iz M ToToKa Dp Ha Bary BOSHUKAeT MOMEHT BpalleHHs ABUTATENS M p.
0y = F(Ua, Pp,Mc)

®g = const, ecitu peaknueit SKOpst MOKHO IpeHebpeub, To @y, = (UL, M¢)

1) Eciiu M =0, T0O @4, = K,, -Ug (puc.1.20)

D yg

A o---

L7 \ Hacsimenune cucteMbr

Ua

.

Puc. 1.20. PerynupoBouHas XapakTepHCTHKA JIBUTATeNs MOCTOSHHOTO TOKA

15



2) Eciiu npennonoxuTs, uto Uy — CONSt, mosy4duM JIMHEHHBIE XapaKTePUCTHKH, TIPUBEICHHBIC HA

pHUCYHKE
D pg

Ecm U, =0 :>C€)06 :_KC.MC

v U=0 Mc

Puc.1.21. Harpy3ouHble XapakTepUCTUKU ABUTATENsl HOCTOSIHHOTO TOKA

JIIT onuceiBaeTCs JUHEWHBIMH YPaBHEHUSIMH, CJICIOBATEIIbBHO, B COOTBETCTBUHM C IPUHLIMIIOM
CyNEPHO3UIIMM  MOKHO  3alMCcaTh  ypaBHEHHE  CTATUKW  JIBUTaTelIsl  MOCTOSIHHOIO  TOKa:
a)as=Kag'Ua—Kc'Mc (*)

Crarnueckasi XapaKTepUCTHKA CTATHYECKOH CHCTEeMBbl PeryJHpPOBaHHSI CKOPOCTH BpaIeHUs

JABHUTraTe I MOCTOAHHOIO TOKA:

P

05 = Kos US —Kc-Mc
Ul =Ky -AU

AU =U ;4 —=Ugr

U = K - 0pg

"

B ocuoBe nexut ypaBuenue crtatuku [IIT, HO HampspkeHHe Ha SIKOPHOW OOMOTKE JBUTATENS B

" " C
cratnyeckoi cucreme popmupyercs cucremoit: U
@ =Kpg - Ky (U3 —Kpp -@y5) —Kc-Mc
Wy = Kpg Ky U9 — Ko Ky - Kpp -0y — Ko - M

@6 L+ Ky Ky K ) = Ky KyU ;9 — KcM ¢

0. = Ky Ky U, — K¢ M
% 14K, KyKg ° 1+K,KyK;p C
H_J
K

K — ko3 dpunmenT ycuneHus: pa3oMKHYTOH CHCTEMBI.

OKOHYATEIHHO MOJIYYHUM YPAaBHCHUSA CTAaTUKHU CTaTUYECKOM CHCTEMBI:

_ K .U3a<)_ KC.
1+ K KTF 1+ K

300 _ 0 _U3aa
Wpg = Wpg=

@ pg M |
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Haiinem ctaTndeckyro ommoky.

U U K
Aa)b@ :a)ge —Wpg = 3 K —3 + < MC
Ky 11K Ko 14K

1 U K
Aa)()g = 3 + ¢ M C
1 + K KTF 1 + K CTaTI/ILIeCKaH OH_II/I6Ka CT&TH‘ICCKOﬁ CHUCTCMBI
1 U
Aa)gg 1+ K K -
Owubka I: r
B C
Aoy = M
% LK ¢

WNupaexcel: y - o ynpapisooIeMy Bo3IeHCTBUIO, B — 110 Bo3MyIaroiemMy BO31eHCTBUIO.

Yro gaer oTpunarelbias o0paTHas CBA3b (3aMBIKAHNUE CHCTEMBI)?

[Ipenmnonoxum, MOMEHT conporuBieHus usMeHserca or 0 no Mc = Awy, =—K-Mqo - i

paSOMKHYTOﬁ CHUCTCMBI, Aa)()g - KIBMCHCHHUC CKOPOCTH ABHUI'AaTCJIA.

Z[J'ISI 3aMKHYTBIX CUCTEM CKOPOCTh U3MCHUTCS Ha BCIIMYMHY.

K¢
Ao = _1+[(MC

BLIBOEI HpI/I 3aMBIKAHUU CHUCTEMBI CTaTHYCCKAs OIIMOKA I10 BO3MYIICHUIO YMCHBIIIACTCS B (1+K) pas.

[TocTpoum craTudeckue XapaKTepUCTUKHU 1O BbIpaxkeHuto (**)(puc.1.22).

Dyg 30Ha HEYYBCTBUTEILHOCTH
220 / (1 peasbHON acTaTUYECKOM CUCTEMBI)
Ope 11T ‘/‘fTT‘fTT7‘7‘77777777‘/T‘/T77777‘7‘7‘7‘77‘/
7777177777707 7777777777171 N 177777777
/ UneanbHast acTaTHUCCKAas
€ cUCTEMa
ACO()G

K>Ky

Pa3oMkH. K,
CAP.

Mc

Puc.1.22. Harpy3ounsie xapaktepuctuku CAP ckopoctu Bpamenwust 1T
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Aw pas. } 5
=1+ K, oTkyna M0okHO HaiiTH KO3 PUIMEHT yCUIIEHHUS Pa30MKHYTON cucTeMbl K.

Ao’
08.

1.6. Jiuneapu3anus. BoiBoJ ypaBHeHMii reHepaTopa NMOCTOSTHHOIO TOKA ¢ padoyei

TOYKOWM B HeJIMHEHHOM 30He.
Jluneapuzayus — 3aMeHa HEIIMHEWHBIX YPaBHEHHMM Ha JIMHEHHBIC, IPOBOAMUTCS B IIPEAENaX 3aJaHHOU

TOYHOCTH M HCIOJB3YETCA IOJId HUCCICOOBAHHA JIMHEWHBIX cHCTEM. B OcCHOBe JIMHCapUu3aluu JICKUT

pasioKeHUE HEIIMHEHMHOW XapaKTEPUCTHKU B pso Tetinopa (puc.1.23).

y \y
f(Xo +AX) = Ay = aAXx
f(xo) —

X

© x4 Ax
Puc.1.23. ITpumep nuHeapu3aiy HEIUHEHHON ()yHKIIMA
0 o
PaCCMOTpI/IM TOYKY X, BOIM3U KOTOPOU MbI XOTUM IIOJTYYHUTD JIMHCAPU30BAHHOC YPABHCHUC.
0
3anagum npupaiieHue x - + Ax

Pasnoxenue B psan Teiniopa umeer BUA:

2
F (0 4 AX) = £ () + X -Ax+1L(2X) AXZ +
X=Xp 2 ox X=X
-
F
HpI/I J'II/IHCapI/I?;aHI/II/I I/ICHOJ'H)?.yeTCf[ TOJIBKO HHHCﬁHafI qacThb pa3HO)KCHI/I$[, T.C. HeJ’[I/IHCI\/’IHaﬂ

yacTb pa3ioxeHus F oropaceiBaercs.

of (x
onyuaem nmuneapuszopannoe ypasnenue. f (Xg +AX) — f(Xg) = (x) “AX
0 X=X,
of (x)
Ucnonb3ys o6o3HaueHMe & = 3 ;  TONy4MM JIMHEApU30BAaHHOE YpaBHEHHE B
X
X=X,

npupanieHusx: Ay =a-Ax

[Ipu 3TOM Hayano koopaAuHAT nepeHocuTess U3 Touku 0 B Touky 0.
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1.6.1. IIpuMep MoJ1y4YeHHsl JJHHEAPU30BAHHBIX YPABHEHHUI FreHEPATOPA MOCTOSIHHOI0 TOKA HA

X0J10CTOM XOA1V.

OB — 06MoTKa BO30YKIECHUS.

OB Ds I'TIT — renepaTop NOCTOAHHOTO TOKA.
j\ [ Rucr — axkTHBHOE COIPOTHBJICHHE
Rucr H Is T MCTOYHHMKA UTAHUSL.
Us § eg — OJIC wucroyHuWKa THUTAHUS
Cs (—) ‘ Wi o (BO30OYKIEHUSA).
o ‘ is, Ug — TOK W HampsyKeHHE Ha
1)

0817708

00MOTKE BO30YKICHHUS.
Puc.1.24. Cxema reHepaTopa MOCTOSHHOTO TOKa

@p — IEKTPOMArHUTHBIN TIOTOK, CO3/1aBAEMbIii OOMOTKOM BO30YKICHHS.

®,, - CKOPOCTb, C KOTOPOI MIOCTOPOHHUI JBUTATENb BpallaeT IKOPb T€HEPATOPA TOCTOSHHOTO TOKA.
er — DJIC reneparopa.

Rop — akTHBHOE CONPOTHUBIEHINE OOMOTKH BO30YKICHUS

@,y - YUCIIO BUTKOB OOMOTKHU BO30YKICHHUS.

YpaBHeHMe 00MOTKH BO30Vxkaenus (puc.1.25).

OB: 1) e, (t) = (Rycr +Rop) -15(1) + @0p ~—8®§(t)

H_J

3/1C caMOMHIYKINH

2)@3 = f(iB)
q)B

Puc.1.25. XapakreprucTuka neTiau rucrepesrca oOMoTku Bo30yxkaenus [TIT

3) I'TIT — uens reneparopa

er(t)=Cr-@p(1)

Cr —x03(¢(UIHEHT NPOMOPIUOHAIBHOCTH MEXAY HANpsHKEHHEM M 3JIeKTPOMArHUTHBIM TOTOKOM
BO30YKICHHUSI.

VYpasaenus 1-3 sto onucanue I'TIT B Bune HenmuHeiHbIX TuddepeHIMaTbHbIX ypaBHEHUH (TOouHEe,

ypaBHeHUs | U 3 — IMHEWHBIE, @ ypaBHEHHUE 2 — HEIMHEWHOE CTAaTUYECKOE YPaBHEHHUE).
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1) Ecnu mupuHO# nemim rucrepesuca mpeHeOpedb Helb3sl, TO JIMHeapu3alis HEeBO3MOXKHA, U IS
onucaHus TpedyeTcs MpUBJICUYCHUE alapaTa aHAJIN3a HEIMHEHHBIX CHCTEM.

2) Ecnu mmpuHa meTnM THUCTEpe3dca Maia, TO JBYX3HAuHas XapaKTePUCTUKA 3aMEHSETCS Ha
OJTHO3HAYHYIO (CPEIHIOI0 JIMHUIO NETIH FUCTEPE3HCa).

Paccmotpum 2 yuactka.

Ds

Hennneiinas
30Ha

Henunetinas
30Ha

IB

JIuneinas
30Ha

.Puc.1.26. Xapakrepuctrka 00MoTku Bo30yxaenus ['TIT

1.6.1.1. Ilonyuenue nuneapusosannvix ypasuenuit I'llT ona paboueit mouku 6
HeUHEeUuHOU 30He

Puc.1.27. Jluneapuzanus B HEIMHEHHOM 30He XapaKTepUCTUKK 00MOTKH Bo30yxaeHus [ TIT

O ~Ds
oY L— T/ AlB
|
1 |

I IB

[TonyunM cucTeMy JMHEAPU30BAaHHBIX YPAaBHEHHMH, MCIOJb3Yys JIMHEAPU30BAaHHOE YPABHEHHE B
MpUPALICHUSIX.
3anuieM ypaBHEHHE CTallMOHAPHOM TOUKH (pabouell TOUKH)
B cranmonapHoi ToOUke BCE BXOJIbl U BBIXObI IIOCTOSIHHBI, BCE IPOU3BOIHBIE PAaBHBI HYJIIO.

3anumeMm 2-a YpaBHCHUA CTaHHOHapHOﬁ TOYKU:
0 _ -0
0 _ 0

Tor)1a CHUTHaJIbl MOKHO IPCACTaBUTh KaK OTKIIOHCHHUA OT CTaHHOHapHOﬁ TOYKH:
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ep(t) =eg +Aeg (1) Dy (1) = Dy + ADy (1)
er(t) =€} +Aep (1) ig (t) =ig + Aig (t)
rae eg - pabouas Touka, a Aeg(t) - npupaineHue oT 3Toi paboyei TOUKH.

C ucroJpb30BaHNEM 3alTMCaHHBIX PaBEHCTB, IIOJIYYHUM:

. d(DF + ADy(t
e + Aeg (t) = Ry (i3 + Aig (1) + g 9 thB(»
l') AeB(t): RBAlB(t)‘Fa)B%
i o0Dp(t
2) ADg =alAlg > a= A VpaBHeHHE JTMHEAPU3aAIUH, IPOBEAECHHOE 110 TOKY;
| B | 0 @0
BB
3’) ep +Aer (1) =Cp(Dp +Dp(t))
ey = Crdp
Aer (t) = CADg(1)
VYpaBHenust 1°-3’ - 3T0 JMHEapuU30BAHHBIE YPABHEHMsI B NPUPAILEHUSAX, ONUCHIBAIOIINE padbOTy

TeHepaTopa MOCTOSTHHOTO TOKa BOJIM3W paboueit TOUKH, JIeKallel B HeJIMHEWHOH 30He.

1.6.1.2. Ilonyuenue nunennvix ypasuenuit I'lIT c paboueii mouxoii 6 1uHeHol 30He.
1-
2”) ®B = LBIB

LlB — WHJIYKTUBHOCTBH OJIHOTO BUTKAa OOMOTKH BO30Y KIECHUS.

: dig (t
17) e (t) = Rgig (t) + Log (E;It( )
——
Ls
@®p-4UCII0O  BUTKOB 0OMOTKH BO30YKIECHHUS.

Lg — MHIYKTUBHOCTH OOMOTKHU BO30YKICHHS.
2 1 H
37) er(t)=CrLgig(t)

C=C,L}

VYpaBuenus 17-3”31o nuHelHbIe ypaBHEeHUs, onucbkiBaromue padoty I'TIT B nuHelHOM 30He.
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Jlekusa 4
2. Mamemamuuecxoe onucanue cucmem asmomamudecCKoZo ynpaejilenus

2.1. CpoiicTBa npeodpa3zoBanus Jlannaca. Jlekuus 4.

[lepenaTounsie GyHKINU UCTIONB3YIOT MpeoOpa3zoBanue Jlamnaca.

IIpeoGpasoBanue Jlamuiaca ero CBOMCTBA.

o0
dopmyia nipeobpasosanus Jlannaca: F(p) = I f(t)e PLgit
0

f (t) maswBaercs opurunanom, a F(P)- uso6paxenuem mo Jlammacy, 4to oToOpa)kaeTcs CleyrOIIM
obpazom: f(t)+F(p).
P — KOMILIEKCHAs BeIM4MHA, Ha3biBaeMas onepatopoM Jlamnaca.
I[Ipeo6pasopanue Jlannaca 3aMensieT perenue audQepeHuanbHbIX ypaBHEHHI BO BpeMeHHOH 0671acTy,

pernieHreM alreOpandeckix ypaBHEHUH B IMJIOCKOCTH P, YTO 0OJIETYaeT 3a1auy aHalIu3a CHCTEM.

CBoricTBa nipeoOpasoBanns Jlamnaca

1. JIunelHHOCTh
L{af; (t) £ bf, ()} = aF, (p) £ bF, (p)
F(p)=L{f(t)}, coel oboznauaem npeobpazosanue Jlaniaca.

Takum o6pazom, mpeoOpazoBanue Jlammaca OT cyMMbI paBHO cymMMe npeoOpa3oBanuii Jlammaca.

2. H306D&)K6HI/IC INpON3BOJHBIX.

df (t) .
LG
d"f(t - -
L —n() =p"F(p)-p" 7t F(0)...- F"L(0).
n
Tpu HyNeBBIX HAYATBHBIX yclnoBusx: L % = pnF(p)
t

3. HDCOGD&SOB&HI/IC Jlamjaca oT MHTerpaaa (I/I306Da)KCHI/Ie HHTErpaja).

F(p)
f(z)d
{j() } ;

4. N300paxenue Jlammaca oT QVHKIIMA € 3a0a3AbIBAIOIIMM apryMmeHToM (puc.2.1).
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fi(t)
(1)

f(t—7)

Puc.2.1. Ilpumep QyHKITNH ¢ 3aTa3IbIBAIOIINM apTyMEHTOM

N306paxenue oT GyHKIHMH C 3aMa3AbIBAIOIIUM apryMEHTOM UMEEeT BUJ!

L{f(t-2)}=e"P"F(p),

p

I'ne e P’ - oneparop 3anaszasiBanus.

5.TeopeMa O KOHCYHOM 3HA4YCHHUU.

lim f(t) = |in‘(1) pF(p)
p—

t—o0

Ecan npeacii CymeCTByeT, 9TO O3HAYACT, UYTO IMOBECACHUC (byHKI_II/II/I B 66CKOH6‘IHOCTI/I, OIIpCACIIACTCA

IIOBCACHUCM eé I/1306pa)KeHI/I$I B HYIJIC.
2.2. llepenaTounbie GyHKIUMN.

[Tousarue nepenarounoil GyHkMU (puc.2.2).

XBX(t) CAy XBle(t)

Puc.2.2. TlepenaTouynast yHKIUS CHCTEMEI

IMepenatounoii ¢ynkmeii (W(p)) Ha3bBaeTCs OTHOIIEHHE HW300paKEHHs BBIXOJHOTO CHUTHANA K
M300paKEHUIO BXOJHOTO CUTHama 1o Jlamnacy mpu HyleBbIX HadanbHbIX yenoBusx (HHY).
HHY — o3Ha4aroT, 4To BXOJHOM M BBIXOJHOW CHTHAII BMeCTe ¢ UX (N-1) MPOU3BOAHBIMU PaBEH HYITIO.

1.ITpumep mmonyueHUs mepenaTouHon HVHKIINH.

Ilepenarounas ynkuums [I'TIT.
TdAe
TF + Aer = KA@B

BoszeiictByem oneparopom Jlamsaca Ha paBylo U JIEBYIO 4acTh JU(PPepeHIINaTIbLHOI0 YpaBHEHUS.
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L{% L Aey (t)} - L{KAeg}

BBenem 00o3HaueHus

L{Ae, (1)} = Er(p)}
L{Aeg (t)}=Eg(p)
T{pPE(p) —2Ae,(0)}+ E,(p) =K-Eg(p)
Ae(0)=0

TPE(p)+Er(p)=K-Eg(p)
Er(p)(Tp+1) = K-Eg(p)

[TonyunMm nepenaTouHyro GyHKIHIO:

_Er(p) K
Wip= Eg(p) Tp+1

2 ITpuMep nonyuyenus nepenaroynoit dyakuuu (puc.2.3).

A L
Ui _I_ o,
o o

Puc.2.3. RLC - nenouxa
YpaBHenwus1, onuceiBatomnue nmporecchl B RLC - nmemouke :

Uy(t) =i(HR + L$+U2(t)
dU, (t)
dt

[Toncrapinsist BTOpoe ypaBHEHHE B IIEPBOE, MTOTYUHUM:

i(t) =C

2
Uy (t) = cr2Y20 ) cd7U2(t)
dt dt?2

+U 5 () - nuneiinoe ypaHeHue «BXo/1 — BHIXO.I.

B TAY npunsta crienuanbsHast popma 3anucu auddepeHnnanbHbIX ypaBHEHUH, TPU KOTOPOI
CJIEBA 3aIIMCHIBACTCS BBIXOJHON BMECTE C €r0 MPOU3BOIHBIMU CUTHAII B ITOPSIIKE YMEHBIIECHUS CTEIICHU
MIPOU3BOJHBIX, CIIPABA BXOIHOM CUTHAJI C €r0 IPOU3BOAHBIMH B TOM K€ NOPAJIKE, P ITOM

KO2(DPUIIMEHT TPH BBIXOHOM CHUTHAJIE MPUHUMACTCSI paBHBIM 1.
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Taxum 0Opa3oM, 3amuIIeM:

2
{82050 | Lo dU(0)
dt? dt

[Ipumensis k ypaBHEHHIO IpeoOpa3zoBanue Jlamnaca u npeanosnaras HyJIeBble HAYaJIbHbIE

+U2(1) =U4 ()

YCJIOBHSA, TIOJTYYHM:
(LCp2 + CRp +1)U 5 (p) =U1(p), unu nepeatounyro GpyHkmmio:

Ua(p) _ 1
U1(p) LCp?+CRp+1

W(p) =

2.3. YactoTHble xapaktepuctuku CAY

KomruiekcHbii koaduiuerT ycwienus (puc.2.4)

XBx(t) Xbix(t)

ABX ABbIX

CAY t

N "L\
¥z iz

Xgy (1) = Agx -sinot Xgpre (1) = Agpry (@) -sin(@t+ @ gy (@)
Puc.2.4. Cxema mpox0oxaeHHUs rapMOHUUECKOTro curHajia yepe3 CAY

Bocmonb3yemcest hopmysoit Ditnepa: ¢!’ =cos wt + jSinwt wu 3amuiieM BXOAHOW M BBIXOIHOMN

jot

CUTHaJ B KOMILIEKCHOH opme (ucmonb3ys hopmyiny Ditnepa).

xgx (t) = Im{Agx e '} = ImJ x gprx

Xgprx €)= IM{Agg y (0) - e @O} = imd x gy

Beenem nonsitue komisiekcHoro koaggummenta ycuenus (KKY)

X BbIX

XBX
Omnpenenenue:

W(jo)=

KKY — 3T0 OTHOIIEHME BBIXOJHOTO CHUTHaja KO BXOJHOMY B YCTAHOBUBIIEMCS DPEXKUME,

3aMMCaHHBIX B KOMIUIEKCHOM (popMe MpH To1aue Ha BXOJT CHCTEMbI TApMOHUYECKOTO CUTHaNIA (puc.2.5).
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Al
Agx(mmuna)

/)
>+,
/
Appix T

[ ]

X BbIX

Puc.2.5. IlpencraBneHure rapMOHUYECKUX CUTHAJIOB Ha KOMITJIEKCHOI MIOCKOCTU

BeKTopa BpallaroTCs IIPpOTHUB 4acoBOK CTPCIKH CO CKOPOCTBIO @, a4 CUIHaJl - 3TO IPOCKIHUA

BCKTOPOB HAa MHUMYIO 4aCThb.

XBBIX _ Agpy (@) -1 (@H0(@)

i) = - .plr(@)
W(jo)=-; A el =A(w)-e
XBY BX
rae A(w) = Agrix (w%BX (©)
A(®) — 3TO aMIUIUTYyIHO-4acTOTHas xapakrtepuctuka (AUX) - OTHOIICHHE AaMIUIUTY/bI

BBIXOJHOI'O CMIHajia K aMIUIMTYAC BXOJHOI'O CMIrHajia Ha OHpCI[CJICHHOfI H4aCToTC @ (HpI/I moJgadyec Ha BXO/[
rapMOHHUYE€CKOI'o Curdaja 4aCToTbl @ )

¢(®w) - daszoBas uacrotHas xapakrepuctuka (PUX) —pasHocTh (a3 MeXIy BBIXOAHBIM HU

BXOJHBIM CUTHAJIOM IIpU IMOAAa4Y€ HAa BXOA rApMOHHUYCCKOI'0 CUTHAJIa OHpCI{CHGHHOﬁ YaCTOThI.

Ecnu paznoxuts nonydennoe Belpaxxkenue 11 KKY no dgopmyne Diinepa, nomyuum:
W(jw) = Aw)(cosp(w) + jsing(w)) = P(w) + jQ(w)

rae : P(w) = A(w) cosp(w) - BemecTBeHHas yacTOTHAs Xxapakrepuctika (BUX);
Q(w) = A(w)sin p(w) - Munmas yactoTHas xapaktepuctuka (MUX).

I'eomerpuueckas unreprperanus KKY (puc.2.6)

Tonorpad mensiercst ot
\\MI/IHyC o6eck-ti 10 0

~
\\ 3epkaipHOE

\'/ orobpaxenne
\
Plw) \

o) T

<
§

Puc.2.6. 'eomeTprueckast HHTEpIIpETalUs KOMIIEKCHOTO KO3 UIeHTa yCHIIeHNs
Omnpenenenue: I'eomerpuueckoe MecTo Touek KoHua Bekropa W(j®) HasbiBaeTcs roforpadom

(HaiixBucra), ninu aMmintTyaHo-(ha3oBoil xapaktepuctukoit ADX.
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YactoTa MeHseTcs B auanazonax; —® <@ <®© ygy 0<o <o

Hcnonb3yembie B TAY XapakTepuUCTHKH.

1). AUX — ammumTygaHas 4YacToTHas XapakTepucTuka. CTpOWTCS B OOBIYHOM MaciiTabe oOT
4acTOThl, MeHstoMeiicsa B quana3one oT 0 1o o« . CtpouTtcs 1o BelpaxkeHHo A(w).

2). ®UX — das3oBasd 4yacToTHas XapakrepucThka. CTpOHTCS MO BBIPAXKEHHIO ¢(w)B OOBIYHOM
MaciiTabe B auarnazoHe 4actot ot 0 1o *.

3). BUX — BemectBenHas dyactoTHas Xxapakrepuctuka. Crtpoutcs mo Belpakenunio P(w)s
00BIYHOM MacIITade B quana3oHe 4actor oT 0 1o .

4). MUX — MHuMas yacTOTHas xapakrepuctuka. Ctpourcs no BblpaxkeHu0 Q(w) B 0OBIMHOM
Maciitabe B Auarna3oHe 4actot ot 0 1o o«

5). A®X — ammumtynHo-(a3zoBas xapakrepuctuka. Crtpoutcst mo BeipaxeHnro W(jw) Ha
KOMIUICKCHOM TIOCKOCTH IMPU U3MEHEHUH YacToT 00 oT 0 10 o0 , 100 OT — 00 00 0.

6). JIAUX — norapudmudeckas aMIIuTy JTHO-4aCTOTHASI XapaKTePUCTHUKA!

L(w) =20lg A(w)

Crpowutcs B torapuMuyeckoM Macurade mpu u3MeHeHHH 9acToThl oT 0 1o © (puc.2.7).

L(@) A (16)
401

2071

0.1 1 10 100
20+
404

Puc.2.7. Jlorapupmudeckass aMIUTHTYTHAS. YACTOTHAS XapaKTEPHCTHKA

[[eun6ena - J'IOI‘apI/I(I)MI/ILIeCKaSI CANHUIA U3MCPCHHUA OTHOICHUA 2-X BEIMYHH.

[[eKaz[a — Anana3oH YaCTOT, Ha KOTOPOM YaCTOTa U3MCHACTCS B 10 pas.

L'(w) L(w)
6). Acumnroruueckas JIAUX - - 9TO XapakTEepUCTHKA, IOJIyYCHHass W3
00
0+20+40+60...—
anmnpokcuMaluen e€ oTpe3kaMu MPsSMbIX C HAaKJIOHAMH: Jex | Cremyer 3aMETHTb, UTO

jJorapu@MuUeckuii Macimtad CcopsMIIeT KpPHUBOJIMHEHHBbIE XapaKTepUCTHUKH, IIOCJIE€ Yero Takas
anIPOKCUMAINsI CTAHOBUTCS BO3MOKHOM.
7). JI®UX — sorapudmuyeckas (a3oBas dyacToTHas xapakrepuctuka. Crpoutcs B

noJyjorapupmMuueckoM Macutade B quana3one 4actot ot 0 1o ®© (puc.2.8).
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OObIYHBIN MacITad

A p(@) —
/2 +
(-1) (©) M) 2) lg(w)
0.1 1 10 100 @
-7/2
x|

Jlexkmus 5
Puc. 2.8. Jlorapudmuyeckas (pa3oBasi 4aCTOTHASI XapaKTEPUCTHKA

2.4. TunoBble TMHAMHYECKHE 3BeHbA. Jleknud 5.

JluHaMMYeCKUM 3BE€HOM HAa3bIBAE€TCS HEKOTOpPOE YCTPOMCTBO, JMOO CHUCTEMa B ILEJIOM,
omuchiBaeMas JIMHEWHBIM JauddepeHnanbHpIM — ypaBHEHUEM WM [EePelaTOuHON  (yHKIHEH.
JluHamMuueckre 3BeHbsIMHU 00JIaJatoT ABYMsI CBOMCTBaMH:

OpHoHanpaBlieHHOCTH (Mepeaaya CUrHaia OCYLIECTBIIIETCS B OJJHOM HaIlpaBIEHUU OT BXOJa K
BBIXOAY, T.€. BBIXOJ| HE BJIMSIET HA BXOJA CHUCTEMbI). THUIMYHBIM MPUMEPOM JTUHAMHYECKOI'O 3BEHA
SBIIETCS TEPMOIApa — YCTPOMCTBO Ui U3MEPEHHUS TEMIIEPATYPhI, COCTOSIIEE U3 JBYX METaNTNYECKUX
IUIACTUH, OJUH KOHEI KOTOPBIX COEAMHEH W IIOMELIAeTCS B HArperoe MPOCTPAHCTBO, a MEXKIY
HECOEIMHEHHBIMU KOHLIAMH IIPU 3TOM MOSBIsSETCS HamnpsbkeHue (3.4.c.). EcrecTBeHHO, 3.4.C. HE BIUSET
Ha TeMIIepaTypy.

XapakTepuCTUKN JUHAMUYECKUX 3BEHBEB HE MEHSIOTCS IIPU UX PA3JIMUYHOM MOAKIOUYEHUHN JPYT K
npyry. IlpogemoHcTpupyeM 310 Ha npumepe coenuHeHns RLC — nenouku u AenuTens HanpsHKEHHs

(puc.2.9):
L
—c
. T

Puc. 2.9. RLC - nenouka
Ecnm 1nemoykyn COeMWHEHBI 4Yepe3 YCHUIUTENh C OOJBIINM BXOAHBIM W MAaJIBIM BBIXOJIHBIM

R

o

iy

-
I

L]
&
£

COTPOTHUBIICHNEM, T.€. BTOpas IIETIOYKAa HE HArpyXaeT MepBYI0, TO BTOPOE CBOMCTBO BBITIOJHIETCA, a B
MPOTHBHOM CJIydae — HET, YTO JIETKO IMOKa3aTh, HAWJs MepeaaTouyHyr (DYHKIMIO MMOCIIEI0BATEIBHOTO

COCIMHCHUA LCIIOYCK U y6CI[I/IBIJ_II/ICB, YTO OHa HC paBHA MPOU3BCACHUIO JIBYX HCXOJHBIX MEPCAATOUHBIX

GyHKIHH.
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TumnoBsIMHU Ha3bIBAKOTCA JAUHAMHUYCCKUC 3BCHBbBA, OIINCBhIBACMBIC JIMHEHHBIMH

Qg QepeHInanbHBIMA YPaBHEHUSAMU, HITH NTEPEIATOYHBIMU (DYHKIIMSAMHU HE BBIIIE BTOPOTO MOPSAIKA.

2.4.1. Be3pIHEepUMOHHOE (IPONOPLMOHAILHOE) 3BEHO

[Ipumepsl: a) peayKTOp, Yy KOTOPOrO OTHOLIEHHUE YIJIOBBIX CKOPOCTEW BpAIlEHUsI BBIXOJHOTO Bajla

. a .
K CKOPOCTH BPAICHHsI BXOJHOTO Bajla PABHO Mepe/aTouHOMy dnciy I = 2 reW(p) =i D’
1

0) peryar (puc.2.10), a18 KOTOPOro BBINOJHAETCA COOTHOLIEHME: [ - |1 = P2 |2,

TeW(p):&ZI—l »
P12

Puc.2.10. Cxema pbruara

Taxum o6pazom, nepenatounas GyHKIHS O€3bIHEPIIMOHHOTO 3BE€HA paBHA!

W(p)=K=Kel®=K+j-0

1) A®X (romorpad HaiikBucra): 2) AUX (A(w))
K= Ke™ A(w)
A
j K
+ » o
K

Puc.2.11. XapakrepucTuku O0e3IHEPIMOHHOTO 3BeHa (Togorpad, AUX)
3) Bux (P(@)) a4y mux (@),

P(0)=K Q(w)=0

PUX (p(@))  @(w)=0
Jlorapudmuueckast aMIUIMTyIHast yacToTHas XapakTepuctuka (JIAUX) (puc.2.12)

(L(©) =201g A(w) =20Ig K
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L(w)

\
L 201K

v

0,1 1,0 10 100 o

Puc.2.12. JIAUX Ge3bIHEpLIMOHHOTO 3BeHA
2.4.2. UuTerpupyiouiee 3BeHO

IIpumepsr:
A)Ban, y KOTOporo yroja IOBOpPOTa CBfi3aH C YIVIOBOM CKOPOCTbIO BpAIEHUS] HHTETPaIbHBIM

t
cootnouennem: @(t) = J o(r)dr;

0
b) Konpgencarop, uis KOTOPOTO aKTHBHBIM COIMPOTHBIICHHEM IMPOBOJOB MOKHO MpeHeOpeus (r=0)

(puc.2.13):

—— C T

SRS
|

duc 1. :
— = —Il¢ (Uc- BBIXOZI; Ic — BXOJ).

dd C ¢

Puc.2.13 Cxema koHzaeHcaTopa

Uc

YpaBHEHHUsI, ONUCHIBAIOLINE HHTETPUPYIOLIEE 3BEHO:

Kt t
y(t) = T g x(r)dz =K j Oj x(z)dz;

dy(t) _
T = KHX(t) .

[epenarounas ¢pynkmus: W(p) = Ku

Ky Kuel® Kk, g K
Wjoy= = Kue Ko i% g8
jo 7 o ®

K
me: P(@)=0 Qo) = —jKTH A(w)=714 (0(@):_%
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Ky= Kye™° j . jo= e
Z

K

Puc.2.14.IIpencraBnenre Ha KOMIUIEKCHOW IIJIOCKOCTH

HOCTpOI/IM YaCTOTHBIC XapAKTCPUCTHUKHU.

1). AmmmurynHas gactotHas xapakrepuctuka AUX (A(w)) (puc.2.16)

A(o)

Ky

1

Puc.2.15. AUX uHTErpupyOIIero 3BeHa

XapakTepuCTUKy MOXHO MOACHUTh Ha npumepe: Eciau Ha xonzaeHncatop C moaarh CUTHajd HyJIEBOM
4aCTOTbl — HAIPSIKCHUC UC pacTeT a0 OECKOHEYHOCTHU {petn. nacT BUIUMO O CXEME€ 3aMCIICHUA
UHTErPUPYIOIIETO 3BeHA }.

Ecmm @0 >0 =>U: -0

2).®YX (¢(w))— da3oBast yactoTHast Xapakrepuctuka (puc.2.17).

A o(0)

Y

Puc.2.16. ®a30Bas 4acTOTHAS XapaKTEPUCTHKA HHTETPUPYIOIIETO 3BEHA
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3). AMmuutyaHas (aszoBas xapakrepuctuka ADPX — (rogorpad) (puc.2.18).

0 A®©

0

Puc.2.17. T'ogorpad uHTErpUpyIOIIero 38eHa
4).BemecTtBenHas yactoTHas xapakTepuctuka BUX (P(w) = 0).

5) Muumas yactoTHas xapakrepuctuka MUX (Q(@)) (puc.2.19)
Q@)
l.

Ky -

Puc.2.18. MHMMas 4acTOTHAs XapaKTEPUCTHKA HHTETPUPYIOIIETO 3BeHA

6). Jlorapupmuaeckas AUX (JIAUX) (puc.2.20)

L(w) = 20lg A(a))=20IgK—H=20Ig Ky —20lge
[0

L(®)

40

06
20 | ~ oex

20IgK
T f f
0.1 10- 100 o

20T

Puc.2.19. IAYX nHTErpupyIomero 3seHa
Haxson -20 16/1ek, ko durment yeunenus 20 1Ky otknanpiBaercs Ha yactore @ =1

6). Jlorapudmuueckas gazonas yactoTHas xapakrepuctuka JIOUX (puc.2.21).
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l
01__37/ 10 100
2

Puc.2.20. ®a3oBas J'IOFapI/I(i)MI/I‘{eCKaSI YaCTOTHAA XapaKTCPpUCTHUKAa UHTCTPUPYIOIICTO 3BCHA

2.4.3. UHepliMOHHOE 3BE€HO

[Tpumepsr:
A) reneparop nocrosinHoro toka (I'TIT);

b) RC — nenouka Buaa (puc.2.21)

Z1(p)=R
= _ 1
Z,(p) °C
Loy Uz (p) Z,(p) 1
L 2 i — 2 — 2 —
1-::: T (P) Ui(p) Z1(p)+Z2(p) RCp+1

{2

Puc.2.21. RC-nenouka (MHEPIIIOHHOE 3BEHO)

ypaBHeHI/Ie, OIMUCBIBAOIICC NHEPLHUOHHOC 3BCHO!

dy(t
T y()4—ya)=l<.xa)
K
[Mepenarounas ¢pynkmus: W (p) =
1+Tp
W(ja)) _ _ KeJO _ K 'e—jarctg(a)t) _ K(l— ja)T) _
1+ joT /1+agT2_ejmamwo 14 02T 2 1+ w2T?2
K _ ] K
1+0°T? "1+0°T?
K
rne: P(o) = ————
1+ 0°T?
. K
Qe)=-i—==
1+0?T?
A(w) = K

\/1+Tza)2
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p(0) = —arcty (7/5)

[Tepeiinem K MOCTPOEHUIO YACTHBIX XapPAKTEPUCTHK.

1) AmmumatyaHas yactotHas xapaktepuctuka AUX (A( o ))(puc.2.22).

Alw)

1(/\/%< B

JT
Puc.2.22. AYX UHepLUOHHOTO 3BE€HA
2) ®azoBas yacrorHas xapakrepuctuka PUX (¢ (w) )(puc.2.23)

@fﬁ’,}JL_r
al T

N

a
=
= —
=

h

Puc.2.23. ®UX uHEpIIMOHHOTO 3BEHA

3) BemectBennas yactotHas xapakrepuctuka BUX (P( o ))(puc.2.24)

K/2-

Puc.2.24. BUX uHEpIIMOHHOTO 3BEHa

4) Muumas yactotHas xapakteprctuka MUX (Q(@ ))(puc.2.25)

yT

K2

Puc.2.25. MUX nHEpUHOHHOTO 3BeHA

5). Ammutyanas ¢aszosas xapaktepuctiuka ADX (W( jo ))(puc.2.26)
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45°

a0) YT =ow

Puc.2.26. A®X uHepIIOHHOTO 3BE€Ha
T
I'onorpad Bxoaut B 0 mox yriaom -7 5 » TaK KaK MpH p(o) = —E, Alw) =0

6) Jlorapudmudeckas aMIIUTyAHAas yacToTHas Xapaktepuctuka JJAUX ( L(®@) )(puc.2.27)

W(a)) — K2 - .e—jarctga)t
1+o°T

A(w) = K p(w) =-arctgoT
V1+ 0?T?

L(e) = 201g A() = 2%% ~ 201K — 201G\ 1+ 02T 2
+ @

L'(®) - acumnroTnueckas JIAUX.
1
@ = - 4ACTOTA CONPMKCHMS.
1.a)<% ool <1, a)ZT2 <<1
L (@) = 201gK - 201g1;  Igl—0
2.a)>%. ; ol >1; w°T? >1; npenebpezaem 1

L, () = 20IgK —20Iget = 201gK —201gT — 201ge

Xapaktepuctuka ujer ¢ HakiaoHoMm —20 (1o ocu @ ), ipu 1/T - ckauka He OymeT
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L(w)

AL ~ 306

14T 10N00 1000 o

L' (o ) - acumnm

Puc.2.27. JIAUX uHEpUMOHHOTO 3BEHA

7) Jorapudmudeckas daszosas yactoTHas Xapakrepuctuka ®UX (@(w) = —arctgwT )(puc.2.28)

» (o)
/T

10 Y00 1000 »

-r/4
-7/2

Jlexuns 6
Puc.2.28. JIOUX nHEpIIHMOHHOTO 3BE€HA

2.4.4. KoaedaTeabHoe 3BeHO. Jlekus 6.

[Ipumepsr:
a) RLC — nenouka, npeacTaBieHHas B 2.2.

0) ['py3, moaBemieHHbIH Ha ipyxuHe (puc.2.29):

/— IIpyxuna
/_

I'py3

Puc.2.29. IIpumep kosredaTeIbHOTO 3BEHA
YPaBHCHI/IC, OIIMCBIBAIOIIICC KoJie0aTeIbHOE 3BEHO:

2
ng_ylz(t)+2§TM+ y() = kx(t)
i dt

[lepenarounas GpyHKIUsA KOJIeOATENILHOTO 3BEHA!

2
K Ko
W(p) = 0

1
T2p2+2¢’rp+1 p2+2§coo +co02

X 0<&<l a)O:T




K

W(jo)=
( A-T20?)+ j25To
. K el0

W(jo) = PWT;

1-T202)+ j26To = |(1-T20?)2 + 42T 202 .19
20e: A=J(1-T202)? +4£2T 202

A

0> o<l

.

1-T2p? 1-T202  *

Puc.2.30. [IpencraBienne Ha KOMIUIEKCHOM MIIOCKOCTH
arctg % o< i
1-T“0 T
p(0) = 25T o 1
7 —arctg o>
1-T20? T

1) AmmutynHo-uactoTHas xapaktepuctika AUX (A(m))(puc.2.31)
A() = s

JA-T20?)? +4£2T 202

®g = — - PE30HAaHCHas 4acToTa.
T

AWT) = %

PaccMoTtpuM pasHble 3HaYeHUS &
&=0 & =0.525
£=01 ¢=1

J1-2¢ - A(wp ) = max

1
Q)M Z?

Puc.2.31. AUX konebaTensHOTro 3BeHA
2) da3oBas yactotHas xapakrepuctuka DUX .(¢(w))(puc.2.32)
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E=05->¢=1

p(w)=—¢@ [ocTpoum ,I[J'If[é: 025520

0_ ]/T 0]
7Z N 521
2 =05
-7
4 oz
¢

Puc.2.32. ®UX konebaTrenpHOro 3BEHA

2) Awmmmryanas dasoas xapakrepuctiuka ADX(W( jo) )(puc.2.33)
I'omorpad NpuxoauT B HOJIb
nox yrioM (— ). [lpu

: =0
A\

L & =0roporpad uzet ot K 1o ocu,

3areM nipu @ =1/T - pa3pbis u
BxoquT B 0 o aeficTBUTENbHOMN
c=un OTPHUIIATENILHON OCH (TeHEpaTop

HEe3aTyXaroluX KoJeOaHui).

—_—

Puc.2.33. AD®X konebarenbHOro 38eHa

3) Jlorapudmudeckas aMIIUTyaHAs yacToTHas xapakTepuctuka JIAUX (L(@) )(puc.2.34)
K

JA-T202)2 1+ 42T 2?2
K
JU-T20%)2 1 4£2722

BTOpLIM CJIaraCMbIM I1OJI KOPHEM npeHe6peraeM.

A(w) =

L(w) = 201g = 20IgK —20Ig\/(L-T 202)? ;

Crpoutcs acumnroruueckas JIAUX:

Yacrora conpsokenus - @ =1/T .

1) o <YT; 0’T? <«<1 npenebpeza ew »°T?
L, (@) = 201gK

2) o >1T; 0’T2>>1 npenebpeza e 1
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L,() = 201gK —401ge T

L(®)
) L
40 \ . - (@)
20 | -40
L'(w)
| ~

1 }/ Y 100
T
Puc.2.34. JJAUX konedaTeanrHOro 3BEHA

4) Jlorapudmudeckas ¢a3oBas yactoTHas xapakTepuctuka JIOUX (puc.2.35):

(o)

0 /T 2

Puc.2.35. JIOUX koiiebarensHOro 3B€HA
2.4.5. 3BeHo 3ana3abIBaHUA

IIpumepsr:

A) JlnuHHAasT TUHUAS

b) Kongeiiep (puc.2.36)
Benuunna 3ana3abiBaHus:

W I
T=—
— Vv

I'ne | —paccrosiHre MeX Iy AaTYNKaAMH,

| V — ckopOoCTh KOHBEHEPHOI! JIEHTHI.

O O O

Puc.2.36. [Ipumep 3BeHa 3ama3bIBaHUS
ypaBHeHI/Ie, OITNCBhIBAIOIIIEC 3BCHO 3aIl1a3/IbIBaHUA:
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y(t) = Kx(t —7).

[Tepenatounas GyHKIMs:

W(p)=Ke™P*

W(jo)=Ke 19" =Kcoswr - jKsinor
P(w) =Kcosor

Q(w) =—Ksinor

Aw)=K
p(0) =-0T
1) Ammnuryasas gactotHas xapaktepuctuka AUX (A(@))(puc.2.37)
A A(w)
K

> )
Puc.2.37. AUX 3BeHa 3ama3gbIBaHUs

2) ®aszosas yacToTHas xapakTepuctuka ®UX (@(®) )(puc.2.38)

y (@)

Puc.2.38. ®UX 3Bena 3ama3apiBaHusS

3) AwmmmryzaHas ¢asoBas xapakrepuctuka AOX, W(jw) - rogorpad (puc.2.38)

o =37/(2z) |’

w=rlt v =0

PR

o =r/(27)

Puc.2.38. A®X 3BeHa 3ama3apiB

2.4.6. UneaabHoe u peajbHoe 1 depeHIupyIolue 3BeHb

1. Hoeanvnoe oughgpepenyupyrouiee 36eno
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IIpumepsr:

A) Ban, y KOTOporo yroja IOBOpOTa CBf3aH C YIJIOBOM CKOPOCTBIO BpAaLICHHUS HHTETPATBHBIM

t
COOTHOIICHUECM: gﬂ(t) = Ja)(’l’)d’l— , a yriioBas CKOpPOCTb CBsiA3aHa C yriom IIOBOpPOTAa
0

do(t)
dt

B) KOHI[CHC&TOP, I KOTOPOro aKTHUBHBIM COIIPOTHBJICHUEM IIPOBOAJOB MOXXHO

nmuddepenrmansaeM cootHomennem: @ (t) =

l e npeneopeus (r=0):

— c du
BE Ic=C —= (Uc- BXOm; ic — BBIXOR).

dt

Uc

Puc.2.39. [Ipumep uaeansHoro quddepeHnnpyoIiero 3seHa

YpaBHeHHe, ONUCHIBaIOIIEE HaeaabHOe MU dHepeHIupyroIee 3BEHO:

dx(t)
t)=K—=.
y(®) it
epenatounas Gpynxius 3sena: W (p) = w = Kp
X(p)
Kommnexcnsiit kooddurment yeunenns: W (jo) = Kjo =0+ Ko .
P(w)=0
Q(w) =Ko
A(w) = Ko
/4
w)==—.
() =7
1. Amnutyasas gactotHas xapaktepuctuka AUX (A(@) )(puc.2.40)
A(o)
K
2]
1

Puc.2.40. AUX uneansHoro nuddepeHIupyonero 3seHa
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2) ®aszosas yacToTHas xapaktepuctuka ®UX (@(@) )(puc.2.41)
o(0) |

/2

.
>

Puc.2.41. ®UX naeanpHOTO U GEepeHINPYIOMIETO 3BeHA
3) Ammmrynnas dasosas xapakrepuctiaka ADX(W( jo) )(puc.2.42)

to

0

A

Puc.2.42. A®X unealieroro nuddepenuupyromero 3seHa
4) Jlorapupmuyeckas aMIUIMTyHAs yacToTHas xapakTepuctuka JJAUX (L(@) )(puc.2.43)

L(®)
40
06

02

20 L oex
20IgK
1 f f
0.1 10- 100 @

20T

Puc.2.43. JIAYX uneansHO qudQepeHInpyIOIero 3BeHa
T
5) Jlorapupmuueckas pasoas yactoTHas xapakrepuctuka JIOUX (@(w) = E )

2. Peanvnoe oughghepenyupyrouiee 36eno

HpI/IMepHZ A) KOHI[CHCaTOp, AJIL KOTOPOI'0 aKTUBHBIM COIIPOTUBJICHUEM IIPOBOAOB HEJIb3s

l i TpeHeOpeus (r=0):
C

: du 1t
ic = Cd—tC:>uC(t) :Eglc(r)dr

Uc

t
U(t) = ig (O)F +Ug (t) = ic (O)F +éjic(r)dr

Puc.2.44. TIpumep peanbHOTO TUQGEPEHIUPYIOMETO 3BeHA
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Cr- dl;t(t) +1i¢ (t) = Cu(t) (i - Bexom; U(t) - Bxon)

YpaBHEHHE, OMHUCHIBAIONIEE UeaIbHOe nudepeHupyromniee 3B€HO:

T dy® . y(t) = k O

dt
[epenarounas Gpynkuus seena: W (p) = Y(p) = Kp
X(p) Tp+1
KomriekcHsli Koaq)(bHuHeHT YCHIICHHS:
Tja) 1 /1+T2a,2 jarcg(@T) 117202 14T 202
KT -0 Ko Ko T
P(a))zﬁ Q@) = ———: Alo) =———=: plo) =" —arctg(aT).
+T 1+T“w V14T 202 2

1. Ammurynsas gactotHas xapakrepuctuka AUX (A(@))(puc.2.45)

-

Afa)

=T
8, 7078 T

h 3

AT &

Puc.2.45. AUX peanbHoro auhhepeHIupyoIero 3seHa
2) ®aszosas yacToTHas xapaktepuctuka ®UX (@(®) )(puc.2.46)

oy

o

sl

i
i

g 1T @

Puc.2.46. ®UX peanpHOTO MU (HEPEHIMPYIOMIETO 3BEHA
3) AwmmmmrynHas dazoas xapakrepuctika ADX(W( jo) )(puc.2.47)
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&

-

o T

Puc.2.47. A®X peanpHoro nudepeHIupyomero 3seHa

4) Jlorapudmuueckas aMIUIUTyHAas yacToTHas xapakTepuctuka JJAUX (L(@) )(puc.2.48)

0 00
L(w) E
T 20—
oek
20 |
2019Ks T
o1 Y 1 100 Z
20t

Puc.2.48. JIAUX peanbHoro audhepeHInpyoImero 3peHa
5) Jlorapudmudeckas dazosas yactoTHas xapakrepuctuka JIDOUX (@ (@) )(puc.2.49)

':?:'?l('::i‘].--’:I Fy

by

P

o

COOTHOIICHHA:

T a

Jlexums 7

Puc.2.49. JI®UX peanpHOTO MU HepeHIMPYIONIETo 3BEHa

2.4.7. Yupyrue 3BeHbs. Jlekuus 7.

[Mpumepsr: Cxema Ha ornepaiiioHHOM ycunuTesne (OnepaioHHbIH YCUITUTEb — YCUIIUTEIb TTOCTOSIHHOTO
TOKa ¢ OOIBIINM KOA(P(PHUIIMEHTOM YCHUIICHUS , OTPAHUYEHHBIM BBIXOIHBIM HANpsKEHUEM, OOJIbIINM

BXOJAHBIM U MAJIBIM BbIXOJAHBIM COIIPOTUBJICHUCM, TAKUM 06p3.30M CIIpaBCAJIMBBI HUKC ITPUBCICHHBIC
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| |
| | 5 Ry -1/ pC R
2(p) Z =1 L - L
zp) 1(P) Ry +1/pCy 1+ pCiRy
| Zy(p =2 P2 R
l 2 = =
3 J, Ry +1/pCy 1+ pCyRy
— w22 _Re 1rpCiRy 1+ 9T,

= Z1(p) Ry 1+pCyRy 1+ pTy

Puc.2.50. Mogens ynpyroro 3BeHa
. 2+2 ,Jarctg(oT,) 2+ 2

W(jo) =k 1rieT _ Vel e U Ve jarcg(eT,)-arcg (aT,)) _
1+ joTy 1+ a)2T22 e larctg (aT,) 4+ a)2T22

2 —_—
K1+(0 ;_1-22 n jK (O(Tl 2T22)
l+o T2 l1+ow T2
1+ 0°TT, o(T -Ty) YL+ 0°T?
P@) =K== 12 Q@)=KTL 2 A@) =K —=
1+ 07T, 1+ 0T, N+w T,

p(w) = arctg(wTy) —arctg(wT))

Yupyroe unrerpupyioiiee 38eHo (T,>T;)(Ha onpeeleHHOM JHana30He YacTOT BEACT ce0s Kak

MHTETPUPYIOLIEE 3BEHO)

1) Amnutyasas gactotHas xapaktepuctuka AUX (A(@) )(puc.2.51)

Afa)

K\
T,

Puc.2.51. AUX ynpyroro HHTErpUpPYIOIIETo 3B€HA
2) ®aszosas yacToTHas xapakTepuctuka ®UX (@(®) )(puc.2.52)

al

Wi}

F 3

Y

sl
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Puc.2.52. ®UX ynpyroro HHTErpupyoLIETro 3BeHa
3) Ammmutyanas dasosas xapakrepuctuka AOX(W ( jw) )(puc.2.53)

J ok
KT,
f} &
-
K/ +
i ‘d__fﬂ
til

Puc.2.53.A®X ynpyroro UHTErprupyOLIETO 3BEHA
4) Jlorapupmuueckas aMILIMTyHAs yacToTHas xapakTepuctuka JJAUX (L(@) )(puc.2.54)

(@) ot
40 S —20—
020 ] de
oex 20IgK
06
20 | y 0—
oex
/{ [l [l
1I I I W
T, (01 10- 100
T,
-20T
Puc.2.54.JTAUX ynpyroro HHTETpUpPYIOIIETO 3BeHa

5) Jlorapudpmuueckas pasosas yacToTHas xapakrepuctuka JIOUX (@(@) )(puc.2.55)

ol

i 4

-
2

Puc.2.55. JI®UYX ynpyroro HHTErpUPYIOIIETO 3BEHA
Yupyroe nupdepenuupyromee 38eHo (T,<T)(Ha onpeaeieHHOM JAUaNa30He YaCTOT BEIET ce0s Kak

g depeHnupyrolee 3BeH0)

1) Ammuryasas gactotHas xapaktepuctaka AUX (A(@))(puc.2.56)
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Afay

=,
TE’

7

e
Puc.2.56. AUX ynpyroro auddepennupyromero 3seHa
2) dazoBas yacToTHas xapakrepuctuka PUX (@(@) )(puc.2.57)

D}

‘ @

Puc.2.57. ®UX ynpyroro auddepeHIupyroiero 3seHa
3) Ammmutynnas dasopas xapaktepuctuka AOX(W(jw) )(puc.2.58)

ril
g o0

[~

£ ﬁ.‘.’f}"‘

T

I ¥

Puc.2.58. A®X ynpyroro nuddepeHIMpyoIero 3BeHa
4) JlorapuMuyeckas aMILTMTYHAs YacToTHas xapakTepuctuka JJAUX (L(@) )(puc.2.59)

L(w)
40
T 2097 092
0 00 oex oex
oex 20+ 20IgK
e
1} i i
v, o2t 10- 100 @
1T,
20T

Puc.2.59. JIAUX ymnpyroro nudQepeHIupyIomero 3seHa
5) Jlorapudmudeckas dazosas yactoTHas xapakTepuctuka JIDUX (@ (@) )(puc.2.60)

47



i}

LI %

A

il

Puc.2. 60. JIOUX ynpyroro nuddepeHunpyomero 3seHa

2.5. IlocTpoenue JorapupMuyecKuX YaCTOTHBIX XapaKTEePUCTHUK M0 NepeaaTOuYHOoi

(pyHKUMH PAa30OMKHYTOM CUCTEMBI.
PaccmoTpum mporiece mocTpoeHust Iorapu(PpMUIECKUX XapaKTepUCTHK Ha PUMEPE 3aJaHHOM

nepeaToyHON (PyHKIMU CUCTEMBI, @ UMEHHO:

K1+ pT»o)2
Hauno: W(p) = (L+ pT2) 5>
PA+ pTy) - A+25T3p+T5p%)
K=100: T1=2c. T2=05¢. T3=002c. £=0.5.

JUJ1st TOCTPOCHNUST YaCTOTHBIX XapaKTEPUCTHK MEepeiIeM K KOMIUIEKCHOMY K03 duimeHty
YCUJICHUSI, 3aMCHUB P Ha J@ ¥ NIPEJCTABUB KAXIbIi MHOXKUTEIb B TIOJIIPHOM CHCTEME KOOP/IMHAT KaK

aMILUIUTYly ¥ COOTBETCTBYIOIIYIO el (azy:
. j 2]
jo U+ joTy)-U-Tio? + j26Tz0)  Agel?s - Ael? . pge s

W(jo) =

2
_ PoA; 0 1 (@0 +20, =04 —p1~¢3)
AsA1A3
Hepe‘{I/ICHI/IM 3BCHbA U UX HpeI[CTaBJIeHI/Ie B cneny}omeM nopsmKe:
0-K:
1- 1+ joTy);

2- (1+ joT,)?:

3- (1—T32a)2+j2§T3a));
4- jo.

0) K =Keld

+]

.
>

I
Puc.2.61(a). [IpeacraBnenue Ha KOMIUIEKCHON TUIOCKOCTH
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D)1+ jol; = 1/12 + a)2T12 .glardg T,

Puc.2.61(6). IIpeacrasnenue Ha KOMIUIEKCHO IIIOCKOCTH

2) 1+ jiTy =12 + ©°T 2 -eJardg e

[IpeacrasnsieTcss Ha KOMILJIEKCHOM MJIOCKOCTH aHAJIOTUYHO 3BEHY 1).

T
=

8 jo=wme 2
]

+

>
>

Puc.2.61(B). [IpencraBnenne Ha KOMIUIEKCHOU TIOCKOCTH

aa—w%§)+p§@w=Ja—wﬁgﬁ+4a§w?ew

-

2
arctg% a)sl
i 1-T%w T
Q= 2
ﬂ-_arctg& C()>1
1-T2p? T

Tenepb 3aIMMIIEM BBIPAKCHUSA U aMIIIUTYAblI U (1)8.3131 KOMIIJICKCHOI'O KOB(I)(l)I/II_II/IeHTa YCUJICHHUA BCeH

CUCTCMBI:

K(y1+0°T/)?

Alw) =

o1+ 0°T2 |1+ T20?)? + p£2T20?

p(w) = 2arctgwTy —arctgoTy — % -

T1e (0 - 3a7aeTcs BeIpaxeHueM ().

K=100; T1=2; T2=0.5; T3=0.02; &=05.
Crpoum JIAUX, JIOUX, ADX.
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2.5.1. HHocTpoenne JIAUX

3anumiem Beipaxxenue st JIAUX, nponorapudMupoBaB aMITUTYIHYIO YACTOTHYIO XapaKTEPUCTUKY

cucrembl A(@):

L(w) =201g A(w) = 201g K — 201g @ — 201g y/1+ (@T;)? +401g 1+ (0T5)? —

2019 [1-T20?)? + 42T 202

3amuiieM 4acTOThI COIIPSIKCHUS B IOPAAKE UX BO3pACTAHUA!

a)lz%l:O.S
@9 :%2 =2
a)gz%s:so

N paccmotpum yuactku acumnrorudyeckoi JIAUX:

0 yuacrok: @ < %1 ol <1 oTy <1

Lo(w) =201gK —201g @

1 —ii yuacrok:

1 1

01 <O <o) —<o<—<—

1 Ty T3
1 1 1
>00>—) 0O<—, 0O0<—
T T T3

ol > olr <l wolz<l

L{(0) = L§ — 20lg @T; = 201g K — 20lg w — 201g wT; =201g K — 20lg w — 20lg w — 201g Ty =

=-40lgw + 201g —

K
T

2-0if y4acTok
Wy <0 <3

1 1 1
T Ty T3
a)Tl >l; a)Tz >l; a)T3 <1

72

K
L5 (@) = L{ (@) + 401g @T, = 201g K — 201g @ — 201g Ty + 401g T :ZOlgT—2+OIga)

3-il y4acToK.
2

KT,
L3(w) =Ly (w)—401g T30 = 20|g—2 —40Ilg o

TiT5
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Taxum oOpaszoM, BUIHO, uTo acumnroTuyeckast JIJAUX coctout u3 4-x npsiMOIMHEHHBIX Y4aCTKOB
C HAKJIOHAMH, OIIPEJIEIICHHBIMH JUUISl KaXKI0TO y4acTKa B OTJAEJIBHOCTH.

b

L))

N

-2
—20
Jg F N : ‘"’a
. \ o
! 1
2Nz E ! 1
204 TNFT 0 . :
' : I — 0
: | |
n -+ |
1 | 1 1

By

ol @, ] @z i ek TV \rﬂ

Puc.2.62 Acumnrornueckas JJAUX

2.5.2. llocrpoenue JIOUX

3anuieM BelpakeHHe Ui (pa30BON 4aCTOTHOM XapaKTEPUCTUKHU:

2lTam

arctg 230 o< —

1-T20? T3 7

3 p(w) =———arctgoTy + 2arctgoTy — ¢

P = 2
2ET30 1
T —arctg ————— >—
‘1 ~T20? ‘ T3

T
3BeHbs 3aMCaHbl 10 TOPAKY CIIEI0BaHM, T.€. — — — HyJeBoe, — alCtgwT — mepBoe u T.1.

Puc.2.63. Jlorapudgmuueckas azoBast 4acTOTHask XapaKTepUCTUKA
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Taxum 00pa3oM, mocTpouB (ha30BbIe YACTOTHBIC XaPAKTEPUCTUKU OTACTBHBIX 3BEHbEB U

npocymMmupoBaB ux. [Tomydaem ¢azoByro 4aCTOTHYIO XapaKTEPUCTUKY 3aJaHHOU CUCTEMBI.

2.5.3. llocrpoenue ADX.

[TocTpoeHne mPOBOIUTCS MO AMIUTUTYAHON YaCTOTHOM XapaKTEPUCTUKE U MO (ha30BOM YaCTOTHON
XapaKTEepPUCTUKE. BUT aMIIIIUTyTHON 4aCTOTHON
A@) XapaKTEePUCTUKHU MPEACTABICH Ha pUCYHKE 2.64:
(2]

XapaKTePUCTHK B HyJIe U HA OECKOHEYHOCTH:

A(0) = A(0) =0

p0)=-7  p)=-x

Puc.2.64. AUX cucteMbl

ITo moctpoerabiM AUX 1 @YX MOKHO MPEACTABUTh BUJI aMILTUTYIHON ()a30BOM XapaKTEPUCTUKH
(puc.2.65):

()

™)

Puc.2.65 A®X cuctemsl
Ha ¢azoBoit xapakrepuctuke u Ha ADX 3Be3109KaMi OTMEYEHBI COOTBETCTBYIOIINE YaCTOTHI.

Jlexuns 8
2.6. Bpemennbie xapakrepuctuku CAY. Jlekuus 8.
BpeMeHHBIe XapPaKTCPUCTHKHU — 3TO pC€aKrsa CUCTEM Ha TUIIOBBIC BXOAHLIC BOSI[CfICTBI/I?[.

2.6.1. TunnoBLIe BXOAHLIE CUTHAJLI H MX H300paxkenus no Jlanjaacy

1. Enunnunelii ummyinsc (O - GpyHkuus Jupaka) onpenensiercs: BhIpaKeHHEeM:

_ 0
e s =1 t=0 [o(x)dr =1
b 0, t#0 e
C EnvHu4HBI UMIYIbC TpagyuecKu NpeICTaBIsIeTCs B BUIE
puc.2.66:
-
! F

Puc.2.66. 6-¢pyukuus Jupaka

OmnpenenyM 3HaYCHUS aMIUTUTYAHOM U (pa30BON YaCTOTHBIX
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Haiinem n3o0paxeHne eTMHIYHOTO UMITYIIbca 1o Jlariacy:
0 0" 0"
L{s()}= [st)e Pdt= [s(t)e POdt= [s(t)dt=1

0 0 0"

Peakuueit cucrempl Ha €IMHUYHBINA UMITYJIBC SIBJISIETCA 6€C08AA, UNU UMNYIbCHAA NEPEXOOHAs

dynxuus W(t).

u=50 [ o y=w(®) _

Puc.2.67. Ilepenarounast GyHKIHSI CUCTEMBI

Haiinem I/1306pa)KeHI/Ie CANHUYHOT'O UMITYJIbCA 110 JIarUIacy:

L)} = Jl(t)e P - je Pt = e_g :%

B cooTBeTcTBUY € OnpeneneHneM nepeaaTouHol (pyHKIIMH MOKHO 3aIiCaTh:

Hw(®)} _ Hw()} _ _ -1
W(p) = 0y 1 = LHw()}=W(p) = w(t) = L {W(p)}

Te W (p) = L{w(®)} w(t) = L"H{W (p)}

. Enunuunas cTynenyaras ¢pyakuus (bynknus Xesucaiina) 1(t) onpenensercs seipakenuem:

0, t<0
1(t) =
®) {L t>0

Enunnunas crynendaras GyHkius rpadpudecku npeacrasisercs B Buje (puc.2.68):

4 It

L J

0 #

Puc.2.68. ®dynknus Xepucaiiga
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(2.69).

Peakiueit cucteMbl Ha EIMHUYHYIO CTYNICHYATYIO (DYHKIIUIO SIBIIsiCTCS. nepexoonasn ynkuusa h(t)

1(t) h(t)
L WP

Puc.2.69. Iony4yeHnne nmepexoTHOH QYHKIIUN CHCTEMBI

B cooTBeTcTBUU € OnpeeneHneM nepeaTouHoi (pyHKIIMH MOKHO 3aIuCaTh:
L{h()}  L{h(t)} W(p 1, W(p)

W(p) = = = lht)}=—")=>h{t) =L {—}
L{it)y 1/p p p

Haiinem cooTHomeHne MEXIy BECOBOI U MEPEXOAHOHN (PYHKIMSAMH, UCXOJIS U3 COOTHOIICHUM:

w(t) = LYW (p)} h(t) = LY (P) (p)}

t
OuesuHo, uto |W(t) = % h(t) = J.W(T)d‘[

tn
3. Crenennsie dyuxunn fy(t) = - J1(1).
n:
N300paxenus mo Jlaruiacy MOKHO HAWTH aHAJIOTMYHO MPEbLAYIINM pacueTaM. JIerko mokasars,
1
aro L(f, (1)) = 1
P
[IpencraBum n3o0paxenus no Jlamiacy ¢GyHKIMI BpeMEHU B BUJIE TaOIUIIbI
Opurunan H3o6paxkenne
50 1
1(t) 1
p
t-1(t) 1
2
P
t" 1
nl (t) pn+1
e~ .1(t) 1
P+
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e .1(t) 1

e~ .sin(A) - 1(t) B
(p+a) +p°

2.6.2. Cnoco0bI MOCTPOCHUS BPEMEHHBIX XapPAKTEePUCTHK CHCTEM

1) DKcriepuMeHTaIbHBIN CI0CO0 peanu3yeTrcs Mogauei Ha CUCTEMY TUIIOBBIX BXOJAHBIX CUTHAJIOB.
2) TeopeTtnueckuii crocod (3aBUCUT OT UMEIOIIET0CsS MaTEMaTHUECKOTrO OTUCaHNs)
a) o qudpepeHIaTIbHBIM YPaBHCHUSM;
1. perieHne aHATUTUIECKUMHU METOJIaMH,
2. yncnenHoe peuienne auddepennnanpHeix ypaBaenuit (Merox Diinepa, Merox Pynre-
Kyrra u ap.)
B) 10 YaCTOTHBIM XapaKTEePUCTHKaM, UCoJb3ysa P(@ ) u Q(®)

[TonydyeHne BpeMEHHBIX XapaKTEPUCTHUK MO YACTOTHBIM (BEIIECTBEHHON M MHUMOI ) XapaKTepUCTHKAM:

w(t) = %O])‘P(a)) cosotdo = %o}Q(w)sin otdo,
0 0

P(®) — BelecTBeHHAs: YaCTOTHAs XapaKTEPHUCTHKA,

W(jo)=P(®) + jQ(w)

sin ot cos wt

a

do.

t 0 t o0
h(t) = J.a)(r)dr:g J.P(a)) Icoswrdr do =E IP(w)
Ty )

0 70 0

I') IO CTPYKTYPHBIM CXE€MaM.

do=-2 [Q(0)
70

[Tomy4yeHre BpeMEHHBIX XapaKTEPUCTHK 110 CTPYKTYPHBIM CXEMaM MPOU3BOJUTCS B OCHOBHOM B
nakeTax MPUKJIaJIHBIX MPOrpaMM I MOJICIIMPOBAHUS THHAMHUYeCKHX crcTteM( Hanpumep, Matlab
Simulink u mp. )

3. ®dopmya pa3noKeHHUs.

I/ICHOHB3yeM q)OpMy.TIy Pa3JI0KCHUA JJIs1 OIIPCACICHHUA OPUTMHAJIOB 11O I/I306pa)KeHI/I$IM, UMCIOLIIUM BU.

__Blp) _B)
= TP T

A(p)=ag-p" +ay - ph1 +..+ay=ag(p—p1)-(pP-P2)...(P— Pp)- nomom n-ro

nopszka, B(P) - momuaom m — ro nopsxa.

IIpu 5TOM caenaeM IpeaIoIOKEHHS:
A) cTerneHpb YMCIUTEN MEHbIIIE CTENIeH! 3HaMeHaTes, T.€. Ipo0b MPaBUIIbHAS;

b) xopuu A(p) — mpocThie, T.€. HE KpaTHBIC;
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B) ap #0

Tora, KaKk H3BeCTHO, APOOHO-panoHanbsHOe Beipakerne X () MOXKeT GBITh pa3IoKeHa Ha IPOCTHIE

Ipoowu:

X(p) = B(p) _Co, G Cn
paglp—p1)-(p—prPn) P P-M P—Pn

Co_ B(p G Co Ch

P pP-A(P) P-P1 P-P2  P-Pp

COZB(IO)-IO_ Ci-p _Cop  Cp-p

p-A(p) pP-P1 P-P P— Pn
HOJIYLII/UII/I TOXIACCTBO, T.C. paBCHCTBO, CHpaBeI[JII/IBOG HpI/I BCCX 3HAUYCHUAX p, HOI—)TOMy JJIA HpOCTOTBI
_ B(0)
-0l

nonoxkum P = 0. TornaCp

BLI,I[eJ'II/IM j — 0€ CJIaracmoc:

Ci _BMP C_ &  Cja  Cjn
p-pj P-A(P) P P-Ppr  P-Pj1 P-Pja
C__B(p)-(p—pj)_Co(p—pj)_Cn(p—pj)

7 p-A(p) p P - Pn
Pj=p i #
j= B(P) : I=1.n; Ci:LF,)i),
P-A(P) p=p. pi - A'(pi)
J
it b . dA(p)
OKaXkKeM, YTO COKpamnieHne MHOKHUTeN ( P — Pj) paBHOCHUIBHO B3STHIO IPOU3BOAHOM ;
dp P=Dp;
. dA
NOBREa
dp P=D;

A'(p)=apg(p—p)(P—p2)--(P—Pn);

A'(p) =ag(p—p2)...(P—Pn) +ag(pP—pP)(P— P3)...(P—Pp)+...+a9(P— P1)-.(P— Pn-1)
A'(pi)=ag(p—P1)---(P— Pi—1)(P = Pit+1)--(P— Pn)

Taxum o6paszom, uzobpaxenne X () MOKHO NpeACTaBUTE B BHJIE:
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X(p) =

, OTKyJ1a

B(p) :B(O)_1+§ B(p) 1
p-A(p) AQ) p ;Zp-A(P)|Pi P—Pj

w0 = 2@ 1)+ 7 BE | optgqy - BO 5 BO) |y g

A0) i—1P-A(P)[Pi A(Q) = p-A(P)[P;
Otmerum, uto opurusans Y(t) u X(t) casans coornomenuem:
_dx(t)

, osToMy Tipoudepernupyem nomydenssiii curaan X(t) mo spemenn, yuureisas, uto

y(t) it

OH TIpeJICTaBIsAeT cO00H mpou3BeeHue NByX GyHKIu Bpemenu. Toraa

" B(p) Pt
)= P e Pt )+ 5() - x(0
y(t) ElA(p) o € (t) +4(t) - x(0)

Bropoii wien Y(t) Bosanxaer Tomsko xorga X(0) = 0.

2.6.3. BpeMeHHbIE XAPAKTEPUCTUKH THIIOBbIX 3BEHbEB

2.6.3.1. be3biHepyuoHHoe (MponopyuoHasnbHoe) 38eHO
W(p) =k

BecoBasi, WM UMITYJIbCHAS TIEpeXOHas (PYHKLHS 3BEHA:
w(t) = LW (p)} = LK} =k - 5(t)

Mepexomas dyskuus 3sena; h(t) = L_l{v%} = L_l{%} =k-1(t)
I'paduky GyHKLMI IPeCTABICHE! Ha pUCYHKaX (puc.2.70):
+ w * no

+ k3

) K1(t)
¢

»
»

t t

v

Puc. 2.70. BecoBas u nepexoaHast yHKIMHU OE3bIHEPIIMOHHOTO 3BEHA

2.6.3.2.UHmezpupyroujee 36eHO

w(p) =¥
P



BecoBas, wim umimynbcHas nepexoHasi pyHKIUs 3BEHa:

w(t) = LW (p)} = L‘l{%} ~Kk-1)

[epexonnas dynkuus 3sena: h(t) = L_l{w} = L_l{LZ} =k-t-1(t)
P P
I'paduku pynkmuit mpencraBieHbl Ha pucyHkax (puc.2.71):
A w(t) A h@®

K1(t)

v

v

t

Puc. 2.71. BecoBas u iepexofHast GyHKIIHH HHTETPUPYIOIIETO 3BEHA

2.6.3.3.UlHepyuUOHHOE 36€HO

k
W =
(P) 1+ pT
BeCOBaH, HJIN UMITYJIbCHAA IMEPEXOJHAA (I)YHKI_[I/IH 3BCHA:
t
. G, Kk g, KIT kg, 1 k
w(t) = L1 i A B I (LI P S et
(t) W(p)} {1+pT} {1/T+p} - {1/T+p} - (t)

L-LVp)y k
{ } {pa+pT9

Jj1g BbIYMCIIEHUS TEpEXOAHON (PYHKIIUM MOXKHO BOCIIOIb30BaTHCS (OPMYIION pa3ioKeHus Uin

epexonnas pynxuus 3sena: N(t) =

METOAOM HCOHpC}IGJ’IeHHHX KOC)(l)(l)I/IIII/IeHTOB, B COOTBCTCTBUU C KOTOpI)IM HOHy‘II/IMZ
k A B
pd+ pT) p 1+pT

[TpuBoas Kk 00O1IEMy 3HAMEHATENIO U IPUPaBHUBAs KOAPPHUIIMEHTH! YUCIUTENEH, TOTyUUM:
k 3 k kT
pl+pT) p 1+ pT

A=k, B+AT =0, B=-KkT,

Q=L P =L =L - (ke T

I'paduxu GpyHKIHMI MpencTaBaeHbl HA pUCyHKax (puc.2.72):
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A h (t)

Tz

Puc. 2.72. BecoBas u mepexonHast GyHKINH HHEPIIMOHHOTO 3BEHA

k — KosdduineHT ycuneHus, XxapaKTepU3yIOIUi yCUITNTEIbHBIC CBOMCTBA 3BEHA U PABHBIN

OTHOIICHHIO BBIXOJHOI'O CUIr'HaJla KO BXOAHOMY B YCTAaHOBHUBHIEMCA PEXUME (HpI/I moaa4dyc Ha BXO/J

T — nmocTosiHHAsI BpEMEHHU 3BEHA, XapaKTePU3YIOIas HHEPIMOHHBIC CBOMCTBA (Ha pucyHKe T1<T>)
Jlexmus 9

MOCTOSSHHOTO BXOJHOTO CHUTHAJIA);

2

K'a)o

K
T2p2 +25Tp+1  p2 +2800p + @l “0
, Kogy1— &2 a)OZ
KG)O _ L_1< '\/1—5 _
2
(p+§0)0)2+(0)0\/1—§2)

2 2
oy t o,

2.6.3.4.KonebamenvHoe 38eHo. Jlekyusa 9.

=

W(p) =

J

w(t) = L1
p% +2L0gp+EC0f - &7

%0 St sin(wowt) -1(t)

1-£2

A\ 4

Tx

Puc. 2.73. BecoBas ¢pyHKIMN K07€0aTEIILHOTO 3BEHa
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27

T = %
1 wovl—fz
t Ka)o - a) t
h(t) = |w(z)dz = : ot sin(wg - \1- &2 Ddr———————-e ar
frrce - [ ! he s

2
h(t)={k K_ gt sm(a) 1-£2 -t +arctg 1_5 N-l(t)

|

h(t)

D @ﬁ
K

/

ViV

_ Be—at

Puc. 2.74. IlepexoaHast HpyHKIUH KOJIeOaTEIEHOTO 3BEHA

Tl = 2—7[ Al = Be_ml A2 = Be_“(tl +T1)
wpy1- &2
atl
A Be = a=2inll)  ap-e2-F
A2 Be_a(1+ 1) T1 A2 T]_
oy = (2—7[)2+052 T:i
T 3l

2.6.3.5. 38eHo 3ana3dvbieaHuUsA
W(p)=K-eP"
w(p) = L HKe PT}=Ks(t-1)

h(t) = L‘l{Ke‘pT -%}= K- L‘l{%-e—pf}: K -1t -7)

sin frdr
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A o(t)

Ko(t—7)

T >t

Puc. 2.75. BecoBast hyHKIIUM 3BCHA 3ama3 IbIBaHUS

A h(®)

T

.

Puc. 2.76. [lepexonHas pyHKINH 3BCHA 3aMa3AbIBAaHAS

2.6.3.6. MdeanbHoe u peanvHoe OughgpepeHyupyroujue 36eHbs

A) UneanpHoe auddepeHIupyroiiee 3BeHO
W(p)=k-p

BecoBasi, wim uMiyibcHast iepexoiHast QyHKIUS 3BeHA:
_ _ 00 (t
w(t) = L2 ()} = LMKk - py =k af)
¢bynkun Jupaka.

[epexonnas ¢pynxuus 3sena: N(t) = L_l{v%} = L_l{k} =k-o(t)

, T.€. BecoBas (DyHKIUs paBHA IPOU3BOIHOM OT O -

I'paduxu GpyHKIUI IpecTaBIeHbl HA PUCYHKAX:

A W(t) A h(t)

kS (t) kst

D

v

v

k(1)

Puc. 2.77. BecoBas u nepexoHast pyHKINU HIEaIbHOTO TU(GPEPSHIMPYIOIIETO 3BeHa
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0) PeanpHoe muddepennupyromiee 38eHO
w(p)=SE
1+ pT
3aMeTuM, 4TO CTENCHb YHCIUTEIS IIepeJaTOuHON (QYHKIIMU paBHA CTEIICHU 3HAMEHATEIIS, OTKY/Ia
CIIEIIYET, YTO JUIsl KCIIOIb30BaHMs (POPMYJIIBI Pa3I0KEHHS HYXKHO BBIICIUTH LETYI0 4aCTh APOOHO-
panMoOHAILHOTO BhIpaXkeHust 11t W(P), MOISTUB MOJUHOM YHCITUTENS Ha TIOJIMHOM 3HAMEHATEIIS
nepeaarouHoi GpyHKuu. Ho MOXKHO HalTH epBOHAYAIBHO MEPEXOHYIO (YHKIIUIO U BOCIOJIB30BATHCS
COOTHOIIIEHUEM MEX]y IEPEXOTHON U BECOBOM (PYHKIIMSIMU 3BEHBEB, B3SIB IPOM3BOIHYIO OT TIEPEXOIHOM
¢ynkuuu 3BeHa. Takum obpa3om, nepexoanas GyHKIUs 3BEHA:
n) =L Py o KRy Ky Kt g
P p(l+ pT) d+pT) T
BecoBast, wim umiyibcHas nmepexoiHasi QyHKIUs 3BeHa:
oty  k
ot T2

I'paduku QyHKIMI TpeIcTaBICHBl HA PUCYHKAX:

w(t) = e~ T .11) + 5(t) - h(0) = —Lze—” T A1)+ 50)- 5.
T T

3 hoy * we)

Wt

D

kiIT

-k/T?

Puc. 2.78. BecoBas u nepexoHast pyHKINU peasbHOro Iu(PEepeHUPYIOIIETo 3BeHa

2.6.3.7. Ynpyaue 38eHbA

w(p)~ K+ PT2)
1+ pTl
OTMeTHM, 9TO CTENEeHb YUCITUTEINS MepeaToOuHON (YHKIIUYA paBHA CTEIIEHU 3HAMEHATEIsI, OTKY/1a
CJIENTYET, UTO /ISl UCIIOIB30BaHUs (POPMYIIBI PA3I0KEHUS HY)KHO BBIJICIHUTH IETYI0 YaCTh APOOHO-
panroHanbHOTO BeipakeHus st W(P), moieuB MOJTUHOM YHCIIUTENS Ha TOJTUHOM 3HAMEHATEIS
nepenatouHoit pynkuuu. [losTomy nenecoodpasnee, BOCIONB30BABIINCH POPMYIION pa3IoKEeHHsI, HAUTH

Nepexo/IHyt0 QyHKIUIO 3BEHA,
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[lepexonnas ¢pyHKIMS 3BEHA!

1 W k-(1+ pT 1. B L B(0 B 1
= P g R By 1 B0y B, BB 2y
par P’ pA) A0 A ()™, L
T
oA 1
B(R)=k-(+ pT)i A(p)=1+pTai A(p)= Pl omyy p =
op T
Takum o6pazom,
t ot B L
=+ 2 e Tya = (k- To T e T)a0 =ka- 12 e T
-~ . T 1
Tl
BecoBasi, uny UMIY/Ib5CHAS epexoqHas (pyHKIMs 3BeHa:
t
(t)_ah(t) k-2 2 T s -n) - kT2 e T 4 5 K12
T T T} T
a) Ynpyroe auddepenumpyromee 3seto (To > Tq):
[lepexonnas GyHKIUSA BecoBas ¢yHkius

1 ha +ow
KT/T, © ©

\ + KTITL8(Y)

« L D

v

K(To-To)/T,°

Puc. 2.79. BecoBas u nepexoaHas GyHKIUU YIPYTroro JudQepeHIupyoero 3BeHa

b) Yupyroe unrerpupyroiee 38eH0 (T1>T)):
[Tepexomnas GyHKIHS BecoBas ¢pyHK1IuS
1+ nhe w(t)

T.

kK [7
; KT/ T.5(t
KT,/T, / AT:(1)

K(T1-To)/T4?

t
T t
Puc. 2.79. BecoBas u nepexoanas GyHKIMK YIIPYroro HHTETPUPYIOIETO 3BEHA ' 63



2.6.3.8. BpemeHHble xapaKmepucmuKu Heycmoliyueo20 38eHd

3anuieM nepeaaToyHyro (pyHKIHIO0 HEYCTOHYMBOIO 3BEHA:

Wip) =—

nT-1

BOCHOJ’IB?)yeMCfI N3BCCTHBIM COOTHOLICHUEM

_L = g*%1(§)

n—g
OTKYyJIa MOJTy4YaeM BbIpaskeHHUe JJisi BeCOBOU (DYyHKIUU:

wi() =L {2} = Zevatyy

p—1/T T

W{t}i

e

0 -
t

Puc. 2.80. Becoast GpyHKIINM HEYCTOMYMBOTO 3BEHA

Jlna onpenenenus mepexoaHoi (pyHKINN TPOUHTETPHUPYEM BECOBYIO (D YHKITUIO:

n(s) = [ widdr

Aoy

-

0
Puc. 2.81. IlepexonHast pyHKITHH HEYCTOWIMBOTO 3BEHA

Jlexusa 10

2.6.4. BpeMeHHbIE XaPAKTEPUCTUKH AMHAMUYECKHUX 3BeHbeB. Jlekuus 10.

[TocTporM BpeMeHHBIE XapaKTEPUCTUKH JUHEHHOTO TMHAMUYECKOTO 3BEHA C 3ala3/IbIBAHUEM C
nepeaaTouyHon (hyHKIMEeH:

w(p)= 2P

— e—05p :Wl(p)e_OSp
@+5p)1+2p)
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B(p)

Bocnonb3yemcst popmystoii pasnoxenus ais 3sena W (p) = , JUIs1 KOTOPOT'O MOKHO

A(p)
B(O) . < B(pj) p;t
3ammcath B obmieM suze: (t) = , (),
mem suze: N(t) (A(O)+i§1piA(pi)e ()
w(t) = (Zn:Me Pit )1(t) + o(t) - h(0), rae n mopsok 3BeHa,pi.- OMOCA MEPEIATOUHOMN
i=1A (pj)

bynknuu (i=1..n).

JIJ1s1 HAIlIeTo 3BEHa: A(p)=10p2+7p+1; A'(p)=20p+7; P1 =—%; Po = L

B(p)=2p+2;
1
=-= 1
P1 5 P2 =—7
; 2
B(p1)=§ B(py) =1
. A(p)=-3
A'(p)=3 ®)
. s Lo, ot
ht)=Q2+—2 e 5+ = ¢ 201 =(2-2e 5+Ze 2)(t).
(-1/5)-3 .3 3 3
2
[Toctpoum nepexoanyto GyHKIUIO Oe3 yueTa 3ana3IbIBaHUs:
Rh'YE) .

Puc. 2.82. Tlepexoanast GyHKIUHN IMHAMUYECKOTO 3BEHA

>
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[epexoaHyro GYHKIUIO C yU€TOM 3ama3bIBaHUs JIETKO MOIYYUTh, CIBUHYB IIOCTPOCHHYIO

XapaKTEepUCTHKY BIIPaBO Ha BEJIMUYMHY 3ana3abiBanus — 0,5.

[Toctpoum BecoByro GyHKIUIO O€3 yUyeTa 3ana3/ibIBaHusl:

8 t t t t

= (5o 5. 1.2y sty (85 _5 .72y
W (t) (Se S+—5e D)UY +0-6()=(e e 2)10)

BecoByto GpyHKIMIO C y4eTOM 3aria3/IbIBaHus JIETKO MOJIY4YUTh, CABUHYB TOCTPOCHHYIO

XapaKTepUCTHUKY BIIPaBO Ha BEJIMUYMHY 3ana3asiBanus — 0,5.

Wt
fevis |

815 &

ST S

S35

Puc. 2.83. BecoBast ¢hyHKIMH AUHAMHUYECKOTO 3BEHA

3. CmpykmypHble cxempl CUCHEM ABMOMAMUYECKO20 YRPABIEHUA

CtpykTypHas cxema — O3TO TpaduyecKoe TPEJCTaBIeHHEe CHUCTEM B BHJE COCIUHEHUS

JUHaAMHWYCCKUX 3BCHLCB.

3.1. DuaeMeHTHI CTPYKTYPHBIX CXeM
1. Junammudeckoe 3BeHO (puc.3.1)

Xax(t) Xgpix(f)

sz(p) XBHX(p)

Puc.3.1. Ilunamuueckoe 3BeHO
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W(p)=>§fL((p‘;) X goue (B) =W (D)X g (P)

2. Jluaud cBs3u

[
»

X(p) X(p) W(p)=1
ruc.3.Z2. JIuaug cBA3u
3. Cymmarop
v
E} r

™
F

b

Y(p) = X1(p) = X2(p)

Puc.3.3. CymmaTtop

4, VY3en BETBIECHHUSA — OTO TO4YKa, U3 KOTOpOﬁ CUTHAJI ICPEAACTCA Ha APYTIUC YUACTKH CXCMbI

£

b

I ' I

Puc.3.4. V3ein BeTBaeHus

3.2. CoeanHeHHE ITUHAMHYECKHNX 3BEHLEB
1. HOCJ’IC}IOBﬂTEJ’[LHOC COCIMHCHHE — TAKOC, HpI/I KOTOpOM BBIXOJbI HpeI[BII[yH_II/IX 3BCHLECB ITOJAKOTCSA

Ha BXOJbI ocneayonmx. CoeAMHEHHE MOKET ObITh MPECTABICHO CTPYKTYPHOM cXeMOil (Iis

MIPOCTOTHI U300pa3uM COECUHEHHE U3 3-X 3BEHBEB):

| Wi(p) Wa(p) W) ¢

X:X]_ Y1:X2 YZ:X3 Y=Y3
Puc.3.5. [TocimenoBarenpHOE COEANHEHNE 3BEHBEB

J11g mostydeHus: 5KBUBaJIEHTHOW NepeaToOuyHON (QYHKIIUY 3alUIIEeM BbIpa)KEHUE /711 BBIXOJIHOTO CUTHAIIa

COCIMHCHUA:

Y (p) =W3(p) X3 =W3(p)W3 (p) X2 =Wz (p)Wo (p)W; (p) X1 =Wz (p)W (p)W; (p)X
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n
W3K6( p) = HWi (p).
i=1

I'me n 4ucno nocnenoBaTeNbHO COSAMHEHHBIX JUHAMUYECKUX 3BEHBEB.
IIpasuno: Ilpu nocnedosamenvHom coeouneHuy nepedamounsie QyHKYUU nepemHoNCaromcs.

2. IlapajjeabHoe COeTMHEHHE — TaKoC, IIpHU KOTOPOM Ha BXOJbl JMHAMUYCCKHUX 3BCHLECB ITOCTYNACT

OAHWH U TOT XKC BXOHHOfI CHUIrHall, a BbIXO/JIbl 3BCHBCB CYMMMUPYIOTCA. COCIII/IHCHI/IC MOXET OBITh

MIPEJICTABICHO CTPYKTYPHOU cxeMoi (J1s1 IPOCTOTHI U300pa3uM COEAMHEHNE U3 3-X 3BEHBEB):

Y1
»| Wi(p)
Y, Y
X
Y3
o Wa(p)

Puc.3.6. ITapamienpHoe COCTUHEHUE 3BCHBCB

n n n
Y(P)=2Wi(P)X(P)=X(P)2Wi(P)  Waie(P)= 2 Wi(P)

IIpasuno: Ilpu napannenvrom coeounenuu nepedamoyHvle QyHKYuu cK1aobl8arOmcsl.

3. CoeauHeHue ¢ 00PATHOH CBA3HIO

_—

[1C — mpsiMas cBsI3b OT BX0/1a K BBIXOAY 11O
XBx(p) Xo(p) 1c XBbIX(P) p Y
W HaIpaBJICHUIO Mepeaun CUTHAA;
_,®_> 1(p) >
OC — obpaTHas cBS3b OT BBIXOJA KO BXO/Y 110
t

JUHUH TIepeayu (10 CTPEIIKe).
Jns onpenenenus SKBUBAJIEHTHOM ITEPEAaTOYHON

Wa(p) < (GYHKIIMM 3aIIUIIEM COOTHOILIEHUS, CBSI3bIBAIOIINE
CUTHAJIBI B CXEME.

«—0C

Puc.3.7. Coemunenue ¢ 00paTHOM CBSI3bIO

Cymmarop: Xg =X, t7Z
Junamuueckoe 38en0 Wi (P) 1 X g =Wi(P) X g
Jlnnammueckoe 38eno Wo (p): Z =Wo (p) X g0
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1) Aeg(t) = RgAig(t) + o

HOIICT&BJIHH MEPBOC U MOCICAHEC BBIPAKCHUC BO BTOPOC, IMOJTYyUUM:

Xeox =W (P)(Xgx £Z) =Wy (P)(X gr W2 (P) X gx:)
U3 cootrowenns cnepyet X g, (LFWi(P)Wo (p)) =Wj(p) X, oTkyRa

Wi (p) |
1FWi(p)W2(p)

Taxum 00pas3oM, axeusarenmuas nepedamounas yHKyus coeOuHeHUs ¢ 0OPAMHOLL C8:3b10 PAGHA

W3K6( p) =

Opobu, 8 uucaumene KOMOPOU 3aNUCHIBAENICS NEPeOamounas QYHKYUS NPAMOLL C6:3U, d 8
snamenamene 1 F npouseedenue nepedamouHvix QyHKYUll 6 KOHmMype 0Opamuoul Ces3u.

Jjig ipuBEICHHOM CXEMbl, BOCIIOJIb30BaBUINCH MPABUIIOM, 3aMUIIEM [TEPEeIaTOUHYIO (PYHKIIHIO OT
CHTHaJIa OIMOKHY (MM OTKJIIOHEHHS) CUCTEMBI KO BXOJHOMY CHTHAITy, YUYUTBIBAs, YTO B MPSMOH IIeTIH

JICKUT JIMHMSL CBSI3U C MEPENATOUHON pyHKIMEN 1, B KOHTYype 0OpaTHOM CBSI3U OKa3bIBAKOTCS /1Ba

Xo(P) _ 1 .
Xee (P)  1FWi(p)W2(p)

HpI/I 9TOM 3HAK «IIIHOC» B 3HAMCHATCIIC COOTBCTCTBYCT OTpI/IHaTeHBHOﬁ 06paTHOﬁ CBs3H, a KMUHYC»

T0CIIE0BATENBHO COeaMHEeHHbIX 3BeHa. Takum obpazom, Wy (P) =

- TIOJIOKUTEJILHOU 0OpaTHOM CBS3H.
[IpuMmep nocTpoeHust CTPYKTYPHOM CXEMBI
[TocTpouMm CcTPyKTYpHYIO CXEMY I'€HepaTopa MOCTOSHHOTO TOKA, ONHUChIBAEMOI0 CUCTEMON
muddepeHIMaTbHBIX YpaBHEHUI:
dA®D;(t)
dt

2) ADg = aAig ;

3) Aey(t) =C AD (1)

Hpeo6pa3y>1 YpaBHCHHUA 11O Hannacy, MMOJIyYnM:
E¢(P) =Rs14(P) + W, pd,(p)

D, (p)=aly(p)

E.(p)=c®,(p)

[TIpoxonast OT BXOJTHOTO CUTHAJIA KO BXOJAHOMY, IIOCTPOUM CTPYKTYPHYIO CXEMY:

Es

—»(—] VR,

I B @B E[‘
Cc

A 4
A 4
v

WP Dy

Puc.3.8. CtpykrypHnas cxema ['TIT
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3anuceiBasi ’KBUBAIICHTHBIC NTEPEIATOUYHbIC ()YHKIHH, TIOTY4aeM:
alRy _k
1+al/Rg-w,-p 1+ pT

WF]YT(p): , Tae k=a/R6, TZa/RG'Wg.

3.3. IIpaBuia npeoOpa3oBaHusl CTPYKTYPHBIX CXeM
HpeI[HaSHaLICHBI AJid YOPOHICHHUA  CIOXKHBIX MHOIOCBA3HBIX CTPYKTYPHBIX CXEM K IIPOCTBIM

OOAHOKOHTYPHBIM, JIA KOTOPBIX JICTKO 3allMCaTh NCPCAaTOYHBIC (I)YHKI_II/II/I, CBA3BIBAIOIINEC BBIXOJHBIC U
BXOIOHBIC CUTHAJIbl CUCTCMBI. KpI/ITepI/IeM MMPaBHUJIIBHOCTHU MEPCHOCA ABJIAACTCA HCU3MCHHOCTb BXOJHBIX U
BBIXOJHBIX CUTHAJIOB CXCMBI.

1. IlepeHoc AMHAMMYECKOI0 3BEHA Yepe3 y3eJ MOKET IIPOU3BOINUTLCA Ilon Hpomue HaITpaBJICHUA

Iepeaaun CUrHaja: T Y
a) Y W(p)
Y
» W(p) ‘ > | | W(P) >
X o Y X
—_
1
6) X y W(p)
we |, T —— W) R
X X Y
IIpotus
4—

Puc.3.9. [Ipumep nepeHoca TMHAMHYECKOTO 3BE€HA Yepe3 y3ell
IIpaBuJjo: npu nepeHoce TMHAMUYECKOro 3BeHa yepes y3en I[1o/I[Ipomus HanipaBieHUs Tepe1adn
CUTHAJIa B OTXOJISAIIYIO OT y3JIa BETBb CJIEIYET 100aBUTh TUHAMUYECKOE 3BEHO C [Ipamoi/Oopamnoti
nepeaaToyHON PyHKIMEH MepeHOCUMOTr0 TMHAMHYECKOTO 3BEHA.

2. IlepeHoc AMHAMMYECKOI0 3BEHA Yepe3 CYMMATOP HO/HpOTI/IB HaITpaBJICHUM IICpEaAavIn CUTHAJIA:

X,
X
N
W(p
—»@—» — = o) ® Y
X IIpoTus Xy
4—
le XZl
0) X W) Y _ W(p)
- -n I Y
— > —>
Ilo
—_—

Puc.3.10. [Ipumep nepeHoca AMHAMHUUECKOTO 3BEHA Yepe3 CyMMarTop
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IIpaBuJIo: py nepeHoce JMHAMUYECKOTO 3BeHa yepe3 cymmarop /Ipomuse/I1o HanpaBiIeHUIO NIEpeaadn

CUTHAJIA B MOJXOSAIIYIO K CyMMAaTOpy BETBb ClIEAyeT J00aBUT 3BEHO C NepeaToOuHON pyHKInen
Tpsmou/Obpamnoti nepenaTouHon (PyHKIIUU IEPEHOCUMOT0 TUHAMUYECKOTO 3BeHA

3. Tlepenoc cymmaropa yepes y3ei:

v 1
a) % l @
X1 Y X1 T
L ? Xl
6 % X, l )
= K> i:, .__I+
IIpoTus Y
<—

Puc.3.11. [Ipumep mepeHoca cymMmmaTopa gepes y3el

IIpaBuo: [Ipu nepenoce cymmaropa uepes y3en [lo/IIpomus HanpaBiaeHUs Mepeadu CUTHala B
MOJIXOJSIIYI0 K CyMMaTOPy BETBb CIeAYeT 1I00aBUTh CyMMATOpP CO 3HAKOM,

Jlexmus 11
Cosnaoarowum/Hecosnaoarowum co 3HAaKOM MEPESHOCUMOTO CyMMAaTopa. 1

3.4. Ilpumep npeodpa3oBaHusi CTPYKTYPHOI cxembl. Jlekuus 11.
3anansl nudhepeHnuaibHbIe YpaBHEHUS, OMUCHIBAIOIINE CHCTEMY:

1 XO = Xex - X@bzx

dXy dX
2. T + X1=k
T
2 d Xz dX»
3. To + 2Ty —=+ Xo =ko X
02 T2 2 =K2Xp
4. Xgq=Kg(X1+ X9 —Xg5—-Xp)
dX3
5. T3—+ Xg= k3(—+ X1)
dt
6. dxﬂZk(;(X3+X4)
dt
7. X5 =KgXgx

Wwmes B BuAy, uro nuddepeHiuanbHble ypaBHEHHs OMMCaHbl TAKUM 00pa3oM, YTO B JIEBOW UX YaCTH
3aIIUChIBAOTCA BBIXOAHBIEC CUTHAJIBI 3JIEMEHTOB CXEM, 4 B npaBoﬁ YYaCTUu — BXOAHBIC CUT'HAJIBI,
npeoOpasyem auddepeHnnanbabie ypaBHeHHs 1o Jlarutacy u Haiiziem nepenaToyabie QyHKITHH.

1) —oe ypaBHEHHE COOTBETCTBYET CyMMATOPY;
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X1 kg
2) (Tip+D X1 =k Xn=>W = =
) (Mp+DX1=kXg 1(p) Xo Tipil

Xy ko
Xo TZp?
2p +2§|-2+1

3) (T£p? +2£T) +1) Xy =kyXg =Wy (p) =

X4
4) W =
) Wy (p) X+ Xy~ Xe
X3 kz(p+1
5) (r3p+1)X3=k3(p+1)X1:>W3(p): Xi’: '?;E_Fl)
6) pX =k6(><3+><4)3W6(|0)=M=k—6
« X3+Xg P
X5
7) X5 =K5X gy :WS(p):X—ZKS'
6blX

HOCTpOI/IM CTPYKTypHYIO CXCMy, COOTBeTCTByIOHIYIO HaﬁﬂeHHBIM HepeHaTOT-IHI)IM (bYHKIII/ISIM:
X
sz XO X2

_|® W,(p) _,@_, Wi(p) L,@_’ Ws(p)
'y

i / \ * Ws(p)

ol Wa(p) <

Xs

XSle

v

Xswx W 1(p)

Puc.3.12. VcxonHast CTpyKTypHasi cXemMa CHCTEMBI

Jns npeoOGpa3oBaHusl CXeMbl IPOU3BENEM DSl ACHCTBHI:
A) nepenecem 3seno Wy (P) uepes 10 HAIPABJICHUIO NIEPEIaYu CUTHAIIA, IIPU 3TOM B OTXOIALIYIO OT

y371a BETBb 100aBIseM 3BeHO ¢ nepenarounoil gpynxumeit Wy (P) ;

Xs
sz XO XZ l
X1/ \
Wi(p)
X3
Wy(p) o Ws(p)

Puc.3.13a. IIpeobpa3oBanHas 9acTh CTPYKTYPHOH CXEMBI

B) 3ameHsieM napaiienbHO COeIMHEHHbIE 3BeHbs ¢ nepenatounsivu dyrkiumsamu Wy (P) u

W, (p) oxBuBanenTHBIM 38eHOM ¢ iepenatounoii pynxumeit Wy (p) +Wo (p) ;
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B) 3amensieM mocnenoBaTenbHO COCTMHEHHBIC 3BEHBS C TIEPEIaTOYHBIMH (PYHKITUSIMU Wl( p) 51

W3 (p) oxBuBanenTHbIM 38eHOM ¢ nepenarounoii pynxumeit Wy (p) -W3(p);

B pe3ynbpraTe 3TOro noiay4uM CTpYKTYPHYIO CXeMY B BUJIE:

Xor Xo

_>®

XG bIX

Wi (p)+ W, (p)

lxg

L g W.(p)

X4

Wi (p)-Ws(p)

1
C 3 Wis(p)
\ Xs A

XSle

W;(p)

v

Puc.3.136. [IpeoOpazoBanHast CTpyKTypHas cxema

I) Ilepenecem nunamuueckoe 38eno Wy (P) gepes cymmarop 10 HAIIPaBJICHUIO Mepelayll CUTHaIa

U, CIIeZIOBATENbHO JOOABUM K BETBU, MOJAXOAAIIEH K CyMMaTOpy 3BEHO ¢ 00paTHOM Mepe1aToOuHOMl

dynxumii nepenocumoro 3sena Wy (P), T.€. momyunm cxemy, NpeCTaBIeHHYIO HIKE:

X %o

_>®

XSle

X(fblx

Xe
W(p)+ Wa(p) _,@_, N W,(p) R Wi(p)
Xs
W
Wi(p)-W3(p) || 1/Wa(p) 5(P)

[
»

Puc.3.138. [IpeoOpa3oBanHas CTpYKTypHast cxeMa

I[) O6I>C,Z[I/IH}ICM CYMMATOPbI, 3aMCHACM ITOCIIECAOBATCIIbBHO COCANHCHHBIC 3BCHbA

Wy (p) nWeg ( p) sxBuBanenTHbIM 38eHOM ¢ nepenatounoii Gpynxuueii Wy (P) -Wg () ; samensiem

TOCIIENI0BATENBHO COEMHEHHBIE 3BeHbs ¢ nepenarounbiv Gyrkumsva Wy (P) -Wa (p) u

Wi (p)W3(p) |

1
W4 (p)

HKBHUBAJIEHTHBIM 3B€HOM C MEepeAaTOYHON (yHKIHEH

IIpu 3TOM NOTy4aeM CTPYKTYPHYIO CXEMY B BUJE:

X Xo

_>®

Xmﬂx

Wi(p)+ Wa(p)

‘|

[

W4 (p)

| Wa(p) We(p)

»

Wi(p)-Ws(p)/W4(p)

|

>

XSle

Xs

W;(p)

v

Puc.3.13r. IIpeoOpazoBanHas CTPYKTYpHas cxema
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’K) 3aMeHsIEM MapaJIENbHO COSAMHEHHBIE 3BeHbs ¢ nepenarounbivu Gyrkumsvu Wy (p) +Wo (p) u

Wi (p)W3(p)
Wy (p)

Wi (p) =W (p) +Wo(p) +

HKBUBAJIECHTHBIM 3BEHOM C MEPEIaTOYHON PyHKIHEH

Wi (p)W3(p) |
Wy(p)

3) 3aMeHsIeM coeIMHEHUE ¢ 00PaTHON CBSA3bIO 3BEHBEB C MEPEeIaTOUYHBIMU (DYHKIIUSMU:

Wy (p) -Wg(p) u Wg(p) sxBrBanenTHbIM 3B€HOM C NepeaToOUHO# QyHKIMET

Wy(p) We(p)
1+Wy(p) -We(p) -Ws(p)

Takum oOpa3om, B pe3yabTaTe MOIy4aeM CTPYKTYPHYIO CXEMY:

Xz(p)
sz(p) XO(p) l XBblx(p)

—»@—» Wi(p) —»@—» Wi(p) >

Puc.3.13 1. IlpeobpazoBanHas CTpyKTypHasi cxema

W (p) =

[TpuBeneHHas BbIllIE CTPYKTYpHAsi CXeMa SIBJISIETCS] MUnogou cxemol CUICTEMbl aBTOMaTHYECKOTO

YIIPABJICHUS.

3.5. IlepeanaTrounbie GyHKIUH PA30MKHYTBIX H 3aMKHYTbIX CAY
HpI/IBe,Z[eM CIIC pa3 TUIIOBYIO CTPYKTYPHYIO CXEMY CUCTEM aBTOMATHYCCKOI'O YIIPABJICHUA W 3alTUIICM

NepeAaTOIHBIC (bYHKHHH, CBA3BIBAIOIINEC €€ BXOAHBIC U BBIXOAHBIC CUT'HAJIBI.

Xz(p)
Xy(p)  Xo(p) l X»(p)

—»@—» Wi(p) —»@—» Wi(p) >

Puc.3.14. TunoBas CTpyKTypHasi cCXeMa CUCTEMbI aBTOMaTHYECKOTO PETYITUPOBaAHUS

Ha cxeme: X p - Peryupyemas BemuyHiHa;
X y - YTpaBIsioniee BO3/IEIICTBHUE;

X 0 - CUTHAJI OIUMOKH, MJIM OTKJIOHEHHUS;

X 4 - BO3MyILAIOLIEE BO3ACHCTBHE.

Hpe}ICTaBHeHHaﬂ THUIIOBass CUCTEMA SABIIACTCA J'II/IHGf/iHOf/i, JUTSA KOTOpOfI BBIITOJHACTCS MPUHIAIL
CYHEpIO31ulnu, 03Haqarome1?1, 4TO pCaKlusd Ha CYMMY BXOJAHBIX CUTHAJIOB ABJIACTCA CyMMOfI peaKLII/Iﬁ

Ha KaXX10€ BXOJHOC BOSHCﬁCTBHC, T.C.
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Xp(p)=XF(p)+Xp(p),
X %(p) - EaKIMs CUCTEMBI Ha YIIPABIISIONIEE BO3ICHCTBHE;

6 y
Xp (p) - peakuus cucTembl Ha BO3MYyIIAKOIEE BO3AEHCTBHE.

Xo(p)=XJ(p)+ X5 (p), rae
Xg (p) - onmm6xa pu Bo3EiicTBIM Ha BXOJIE YIPABJIAIONIET0 BO3AEHCTBHUS;

6 o o
X - omrnOKa mpu BO3JCHUCTBHNH HA BXOJ€ BO3M aromero BO3aCUCTBUA.
o

[Tepenarounas GyHKIUS pa3oMKHYMOU CUCMEMbL HO YNPABGTAIOUEMY 8030EUCTBUIO .

Yoy P Wi (o).
W3 (p) ” W, (p) -Wy; (p)
0

[Tepenarounast QyHKUUS pa3oMKHYMOU CUCTEMbL NO GO3MYUWAIOUEMY 8030€UCMBUIO "

X
WS(D)=X—p=—Wu(p):

6

[Tepenarounast GyHKUUSA 3aMKHYMOU CUCTEMbL NO YRPABTAIOUEMY 8030eUCMBUIO "

Wy(p):xg: Wi (p) - Wy (p) _ W (p)
’ Xy 1+Wi(p) Wy (p) 1+WJ(p)

[lepenaTouHas GyHKIUS 3aMKHYTOM CUCTEMBI 110 BO3MYILAIOIIEMY BO3JIEHCTBUIO:

ng(p)zxg_ -Wy (p)  _ Wp(p)

Xg  L+Wi(p)- Wy (p) 1+WJ (p)
Iepenarounas GpyHKIMs OMIMOKHU MO YIIPABJIEHUIO (JUIs 3AMKHYTOM CHCTEMBI):
XJ 1 _ 1
Xy L+Wi(p)-Wii (P) 1+WJ(p)

Woy(p) =

[Tepenarounast pyHKIUS OMIMOKU MO BO3MYILEHUIO (JUI1 3aMKHYTOH CHCTEMBI):

Xo _ Wy (p) _ Wy (p)

Wg (p) == -
o (P) Xe 1+Wi(p) Wy (p) 1+WJ3 (p)

[1OCKONIBbKY [1Js1 BBIXOJJHOTO CUTHAJIA CIIPABEIIMBO COOTHOIIEHHE X p (p=X [)J/( p)+ X ?) (p), o

moxHo sarmcats X () =W (p)X y(P) +WS ()X, (p), re.
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Wy, (p)
1+W) (p)-Wy (p)

BBIXOIHOM CHIHAII 3aMKHYTOH CHCTEMbI X py = L_l{X D (P}

_ Wi(p)-Wy (p)
Xp(p)_1+Wl(p)-Wu(p

X4 (P), oTkyna MOXHO MOILyInTE

)Xy(p)—

AHaJ'IOFI/ILIHO, JJIs1 CUIrHaJia OIIINOKH:

Xo(p)=XJ () + X&E(P)=Xo(p) = . Wi (p)

Xy (p
1+W, (p)-Wy (p) 1+WJ (p)

Xg(P)n s

curnana ommbku: Xq (t) = L_l{X o(P)} Jlexus 12

4. Yemoiiuusocmsb cucmem asmomamuyueckozo ynpaejienusn
4.1. IlonsaTue ycroitunBocTu cucrem. Jlekuus 12.

Y cToM4nBOi Ha3bIBACTCS CHUCTEMA, KOTOpas BO3BPAIIACTCA B UCXOAHOC ITOJIOKCHHUEC ITOCIIC CHATUSA
KpaTKOBPECMCHHOI'O BOS,Z[GfICTBPIH.

Cucrema Ha3bBIBacTCS HeﬁTpaHBHO YCTOIZQHBOP’I, CCJIM IIOCJIC CHATHA KPAaTKOBPCMCHHOT'O
BO3I[CI71CTBH$I OHa 3aHMMAcCT HOBOC IMOJIOKCHUEC PABHOBCCHUS.

Cucrema HEeyCTOWUYMBAs, €CIIU TIOCIIE CHATUS KPaTKOBPEMEHHOI'O BO3/ICHCTBUS OHA YXOIUT OT
IIOJIOKCHU S PaBHOBECHSI.

9T0 MOXHO IpOACMOHCTPHUPOBATH HA ITPUMEPE MEXaHUYECKON CUCTEMBI: 1rapukKa Ha

MOBEPXHOCTSAX PA3HOTO MPOQHIISL.

(o — g
~7 e
YcroiuuBas cucreMa Helitpansnas cucrema HeycroiiunBas cucrema

Puc.4.1. TloHsTHE YCTOMYUBOCTH MEXAHUUYECKON CHCTEMBI

Y cTONUNBOCTh CHCTEMBI — HEOOXOAUMOE YCIOBHE /ISl KAUECTBEHHOM paboThl aBTOMAaTHYECKOM
CUCTEMBI.

KpaTkoBpeMeHHBIM BO3/IeHCTBHE MOKHO cunTaTh &(t)-pynkiuio Jlupaka, peakuueil Ha KOTOPYIO
ABIETCS BecoBast QyHKIUs cucteMbl wip). Takum 006pasoM, 110 MOBEIEHUIO BECOBOH (DYHKIIMH MOXKHO
CYAMTh 00 YCTOHYMBOCTH cUCTeMBIL. [IpoeMoHCTpUpyeM 3T0 Ha MpuMepax MOBEICHHs BECOBBIX

byHKIMH cucteM
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Fs W[t}

wit)$ wit)}

> \ »
t t t
VYcroitunBas cuctema HeiitpasibHo ycTolunBas

HeycroiiuuBas cucrema
Puc.4.2. IlonsTHE YyCTOWYMBOCTH Ha MPUMEpPE MOBEACHHS BeCOBHIX (yHKunit CAY

4.2. HeoO0XxoauMble M 10CTATOYHbIE YCJIOBHSI YCTOHUYNBOCTH CHCTEM

PaccmoTpuM HEOOX0AUMBIE U JOCTATOUHBIE YCIOBUS YCTOWYMBOCTH CUCTEMBI, ONTMCHIBAEMON
o o Blgl o
nepenarounoi Gpynkuumeii: Wip) = iy Becosad (GyHKIHS KOTOPOH MMEEeT BHI:
" B()
T _— — it =
i=1

N3 popmyssl pa3iioxkeHus sl BECOBOM (PYHKIIMH BHIHO, YTO YCTOMYHUBOCTH 3aBUCHUT OT

MOJIOKEHHSI KOPHEH XapaKTepuCTHYeCcKOro mojuaoMa A(pP), KOTopoe, B 00IIeM BHIE, MOXKHO
MIPEJICTAaBUTh B BUJE TUATPAMMBI:

i

P:

Py P

o o —

P:

P:
Puc.4.3. Bo3amMoxxHOE pacrosiokeHne MojtocoB nepepatounoi pynkuuu CAY

Hpe,[[CTaBI/IB BE€COBYIO (I)YHKI_II/IIO B BUJC CYMMBbI BECOBLIX (I)YHKI_II/II‘/’I, OIPCACIIACMBIX KOPHIMU
pPa3iIn4HOTO BUJA:

w(t) = i w;(t) = i C ePit
i=1 i=1

PaCCMOTpI/IM BKJIaJ 7-TO U 8-ro KOpH: B BECCOBYIO (I)YHKI_[I/IIO CHUCTCMBI, ITOCKOJIBKY 3TO

pacrioyio’keHue sBJseTcs Haubosee OOLUMM U U3 HETO MOYKHO MOJYYHUTh BCE OCTAJIbHBIE COCTABIISIONINE
IIPUPABHUBAHUEM HYIIO TE€X WINA APYIHX ITAPaMETPOB KOPHEM:
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P, g=a+jp- Cnenyer OTMETHTB, YTO KOI(QPUIUEHTBI C7 g ABIAIOTCS KOMILIEKCHO
y - i)

CONPSKEHHBIMH, KOTOPBIC B 00IIIEM BHIC MOXHO MPEJCTAaBUTh B BHIe: ) t j5 . Torma

Wog = C;eP7 + CgePst = (y + j8)elatiBlt 4 (y — j8)ela Bl = |C, o =y + ;3|
= (y + j&)e* (cosft + jsinfit) + (y — j&)e™ (cosft — jsinfSt)

A a5 a
wyg = e¥2(ycosft — dsinfit) = et 2,/y? + &2 (_% cosfit — f:sinﬁt)
\II.}(& + 6"; \Il.}f.c + 6;
= 2e®.y?+ §%cos (Bt + @)
1. pL=—a
=0

wy(t) = Cye™ =t

23, paa=—azxjf

wy3(t) = Co3e™ % cos (Bt + @)

4, pa =0 =0 =0
wa(t) = C,

5,6. Pz = jB5,; a=10
wee(t) = Czecos (Bt + @)

7,8. wygl(t) = C;ze ™% cos (ft + @)
9.p5 = +a

wglt) = Cqe™

[MpencraBuM BKIIAJ KaXKI0HW COCTABISIONIENH BECOBOU (PYHKIIMH B BECOBYIO (DYHKIIUIO CHCTEMBI B

uenom (puc.4.4):

SN @ v

Puc. 4.4a. YcroiiuuBble 1 HEWTpAJIbHBIE COCTABIISIONINE BECOBOH (DYHKIIMH

Takum obOpa3zom, 1,2,3 cocTapmstoniue BISIFOTCS YCTONUNBBIMU;

4,5,6 — HEeUTPATLHBIMH.
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N3 pucyHka BUIHO, 4TO

® I YCTOWYHMBOCTH CUCTEMBI HEOOXOMMO U JOCTATOYHO, YTOOBI KOPHHU €€

XapPaKTCPUCTUICCKOI'0 MOJIMHOMA JICIKAJIN B JIEBOM YacTU KOMILJICKCHOM IIOCKOCTH.

Cucrema SBIISICTCS YUCTO HeﬁTDaHBHOﬁ, €CJIM KOpHHA eé XapaKTCPUCTHIECCKOT'O ITOJIMHOMA

JIeKaT Ha MHUMOI OCH.

Cucrema gBIIICTCS HEUTpaIbHO VCTOfI‘IHBOﬁ, €CJIM KOpHHU eé XapaKTEPUCTUICCKOI'O

HOJIMHOMA JIEKAT B JIEBOI YaCTU KOMIUIEKCHOM INIOCKOCTH Ha MHUMOI OCH.

wit) @

©®

Puc. 4.46. HeycroliunBbie COCTaBIISIOIINE BECOBOW (PYHKIIMU

) PUCYHKA BUJHO, YTO CUCTCMA HGVCTOfIqHBa, €CJIU XOTs1 OBl OJIWH KOPCHb

XapPaKTCPUCTHYCCKOT'O IMTOJIMHOMA JIC)KUT B npaBoﬁ YaCTH KOMINUIEKCHOM IIJIOCKOCTH.

4.3. Kputepuu ycToOi4nBOCTH
Kpurepun mo3BossOT HCCIIEI0BATh YCTOHYMBOCTD CHCTEMBI IO €€ HEKOTOPBIM XapaKTePHCTHKAM.
N3BecTHBI anireOpanyeckre U 4aCTOTHBIE KPUTEPUU YCTOMYHUBOCTH.
1) Anrebpanyeckue (I'ypBuua, Payca, D-pa3ouenust).

2) YacrtotHble (Muxaiinosa, HalikBucra, torapumuyeckuii

4.3.1. Kpurepuii veroiunsoctu I'vpBuua.

Ilo3BomseT cneauTs 3a yCTOI\/'I‘{I/IBOCTLIO CHUCTEMEI 110 KOB(I)(pI/ILII/ICHTaM et XapaKTCPpUCTUICCKOT'O
IIOJIMHOMA.

B(p)
I w
Wipl = ——
) Al
o - m—1
Alp) = app™ + oy p + -+ ay
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Ilo rnaBHOM JAuaroHajin 3aIliMChbIBArOTCs KOB(b(bHL[HeHTBI XapaKTECPUCTHYECCKOI'O IMOJIMHOMA,

HauynHas ¢ &1 . BeImie rmaBHOM nuaroHan Kod(Q(QUIMEHTHI YBEIMYUBAIOTCS, HUKE — YMEHBIITAIOTCS.
KoaddurmenTs! ¢ HeCyIeCTBYOIUMHU HHIASKCAMH 3aliChIBatoTCs kKak — “0”. V3 riiaBHOTO
onpeaenuTeNs GOPMHUPYIOTCS ONMPEISTUTEITN MEHBIIETO TOPSAKA BBIICIICHHEM CTPOK U CTOJIOIIOB B
JIEBOM BEPXHEM YTy TJIaBHOTO omnpeaenutens ['ypBuiia, a uMEHHO:

A= gy

A;= [jg a:]
o

1 Oz O
Ao= |Gy Q7 O
0 o o

HOCJ’I@I{HI/Iﬁ OIpCACIINTCIIb MOXKXHO HaWTH PAa3JI0KCHUEM I'NIABHOT'O OIIPCACIINTCIIA prBI/II_Ia 110

nocjeHeMy CTOJIONY:
|:'|= i i = .‘I.| n—1
Cdhopmynupyem kputepuii ycroitunsoctu I'ypBuna:

Z[J'IH YCTOMYHUBOCTHU CUCTEMBI HeO6XOI[I/IMO n 10CTAaTO4YHO, YTOOBI o: U4 OBLIH OJHOI'O M TOI'O K€

3Haka (I=1-n) (s onpeaenéunoctu >0).

Cucrema HeyCTONYMBA, €CJIM XOTS OBl OIMH onpeaenuTens ['ypsura <0.

Cucrema HEUTpadbHA, €CIU MOCACIHUMN ONPCACIIUTCIIb = O, YTO MOXKET HpOPI3OI>iTPI IIpu IBYX

yCIOBUAX: &4,=0 mpu &, = 0.4,_,= 0. B nepBoM ciydae roBopsT, 4YTO CUCTEMA HaXOAUTCs HA TPAHULE
anepuoINYeCKON YCTOWYUBOCTH, @ BO BTOPOM — KOJIeOATEIIHHOM.

Yacrtuble cayyau (1-i1, 2-if u 3-i nopsaakn).

1. n=1

T
Aj\pl = app + oy

2. n=2
" '
A\pl =ayp -+ ap +a;
a Q
.1'.-=[ = o, a
2= lay, @, 107
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1= gy
I::. I:-'_ . ﬂ: ? I:I
Taxum oOpa3zom, cuctema 1-ro u 2-1o nopsiaKa yCTOH4MBA, €CIH KO PUIMEHTHI

XapaKTECPUCTHYCCKOI'O IMOJIMHOMA ITOJIOKUTCIIbHEI.

3. n=3
s B 7
Al\pl =gpp™ +oup” +o;p + s
gy g 0O
J: ﬂ: I::: l:l
0 ey o
A,=la, =0
= lay, @, = Qi0; —Gplly =

VcioBre yCTOWYMBOCTH CHCTEMBI 310 TIOPAAKA Gp. &y, 0. 8z = 0 a0, —aza; = 0 e Bece
KO3 PHUIIMEHTHI XapaKTEPUCTUICCKOTO YPaBHEHHS ITOJIOKUTEIILHBIC M BTOPOM ONpeeuTeNb [ ypBHIIbI
OosbIIe HYJIS.

3amaua. Jlna CAY, ctpykTypHasi cxema KOTOpOH npejcTaBieHa Ha puc.4.5. HallTH peaebHbIN

KO3 (OULIUEHT YCUIICHHUS

W

Puc.4.5. crpykrypnas cxema 3amknyToid CAY
[IpenenbHbIM Ha3bIBaETCS TAKOM KOAPGHUIMEHT YCUIECHH, IPU KOTOPOM 3aMKHYTasl CUCTEMA
HaXOJHUTCS Ha TPAHU YCTOWYMBOCTHU — Koo, IlycTh mepenaTounas QyHKIMSA pa30OMKHYTOW CHCTEMBI

HMEET BUI;

sarl o
i 'x_E,I =

Arphdl+pld + 25z,
Haiinem nepenatounyro GyHKIIHIO 3aMKHYTOW CHCTEMBI U 3aITHIIIEM €€ XapaKTePUCTHICCKUI

ITOJIMHOM:

! J
T4F — — —
Wipl = = =
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—_—— A L — _— _— .
. :

-_ I I ) I ) ) ) ) - ) I I |
Aglp) bl P Lig L7ig 1 .-IE _le.f—;-—at..lﬂ—l'f—l

rz[eﬂ:=;l_-'_a.l_:a.l_zylﬂ-' =I::J.I_:J.I_:_J. i _J.I_-'J.E:I I:E=|i':.
3anuiem onpenenuress ['ypBunia, BbIICIUM ONPENeanuTeNd 1-ro, 2-ro0 U 3-T0 MOPSAJIKOB U

3aluMIICeM AJId HUX YCJIOBUA YCTOI\/'I‘-II/IBOCTI/IZ

o, & U
I a; O
A= |ap @ fo=lal=0 4= |20 fi=a,>0 ay=0
1 1 i [ i 3 2= e
0 o, o o
a; = 0i=1+3
Qy0y — Ggig = 0
(k+ 1 T\LLT < (T, + T + L) T\Ts + LT + T,T.)

[Ipoanann3upyeM MOIYy4EHHOE BBIPAKECHUE:!
1) Kjpeo HE MBMEHHTCS, €CIIH IIOCTOSIHHBIC BPEMEHH YMHOKHTD WIIH Pa3/IelIUTh Ha O/THO U TO JKe

YHCJIO.

2) YCcTOWYUBOCTb HE 3aBUCUT OT Pa3MEPHOCTHU MOCTOSIHHBIX BPEMEHHU.

3) Hauxypmmas cuTyanus Jjsl yCTOWIMBOCTH, Korma 1; = 1z

o |

! Ilk_.: I —1l=8= Knped min
4) Haunbomnee yCTOMUMBOM SBISIETCS CHCTEMA, Y KOTOPOH MOCTOSIHHBIE BPEMEHU CHIIBHO

pa3IuYaroTCs.

JI 13
4.3.2. lIpuanun aprymenta. Jlexknus 13. CHHs

HpI/IHI_[I/IH ApTYMCHTA JICKKUT B OCHOBC YaCTOTHBIX KPUTCPHUCB YCTOI\/’I"II/IBOCTI/I.

[1ycTh M3BECTEH XapaKTEPUCTUYECKHUM ITOJTMHOM MCCIENYEMOU CHCTEMBI:

n n-1
A(p)=app +&p " +..+an_1p+an=2ap(p—p)(P—p2)--(P-Pn).
I'me P1,P2,-.+y Pp- KOPHH XapaKTEPUCTUIECKOTO TIOTMHOMA.
PaccMmoTpuM nosefieHNE XapaKTEPUCTUUECKOTO IIOJTMHOMA Ha KOMIIJIEKCHOH IIIOCKOCTH, 3aMEHUB

puajo: A(jo)= ao(ja) - pl)(ja) - p2)(Ja) - pn) M pacCMOTPEB MOBEJCHHUE €T0 apryMEHTa:

n
Aarg A(jo) =ag Y Aarg( jo — pj) (s npeanonosxenun, uto ag > 0).
i=1
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13 MOJIYYCHHOI'O BBIPAKCHUA MOKHO 3alIMCaTh USMCHCHUC apryMCHTA:

n
Aarg A(jo)=ag Y Aarg( jo — pj)
i=1
—oo< < —0o< <0
O<w<w O<w<wm
B nmpuHIMIE apryMeHTa HcCleyeTcs, KakoBo 6y eT npupaiienue aprymenta sekropa A( J@) mpu

pasIM4YHOM PACIONOKEHUU KopHEH [P1, P2,..., Pp.

PaccmoTpuM BO3MOXKHOE pacIionoKeHne KopHel Ha KOMITJIEKCHOM TI0cKocTH (puc.4.6) B

NPEATONIOKECHUH, 4TO | KOpHEH JISKUT cripaBa OT MHUMOM ocH, a N-l - ciesa:

u-l 4 ]

+r

+‘IF

=

¥ 4

Puic.4.6. VisMenenue nonoxenue BekTopos | (0 — [)j Ha KOMIUIEKCHOM TITOCKOCTH

Takum 06pa3om, N-l BEKTOPOB MOBEPHYIIUCH HA YTOJ +7 IIPH U3MEHEHUH YacTOTHI OT -00 J10 0 U |

BCKTOPOB — Ha yYToJ -7, T.C.

n
Aarg A(jo)=ag > Aarg(jo — pi)=(n-Dz +1(-7)=(n-2)7x

=1 ;
—0< W< —0< W<

) n . Vs pis V4
AargA(jo) =4ay ZAarg(Ja)— pi)=(n—l)5+l(—5)=(n—2l)5

i=1 '
O<w<wm O<w<wm
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4.3.3. Kputepuii veroiiunBoct MuxaijoBa

SIBnsieTcs reOMEeTpUYECKON HHTEPIPETALMEN IPUHLIMIIA APIYMEHTA U OIIPENEIISAET YCIOBUE
YCTOMYMBOCTU CUCTEMBI, T.€. OTCYTCTBHE KOPHEH XapaKTEPUCTUYECKOT O TIOJIMHOMA B IIPAaBOM YacTH

komrutekcHoM trockoctH (1=0). Takum 0Opa3oM, 1S yCTORYHMBOM CHCTEMBI CITPaBEUIHNBO PABEHCTBO:
. V4
Aarg A(jo) = nE

O<w<w

[TponeMoHCcTpUpYeM, KaK T0JKEH BeCTH ceds rogorpad Muxaiinosa (reOMETpUIECKOe MECTO TOUYECK

xonna Bekropa A( J@) npu n3smenennn yactoTsl B auanasone 0 < @ < 00) 114 ycToWUMBOM CHCTEMBI

(puc.4.7). 5
F 5
F 5
l}z:
—
p=J
—~
=73
xhhahkﬁﬂ%+

Puc.4.7. Ilpumeps! rogorpadoB MuxaiaoBa yCTOWIHBEIX CHCTEM

Takum oOpa3om, B COOTBETCTBUH € KpuTepreMm MuxaiiioBa cucTeMa yCTOMUMBA, €clii Toaorpad
A(j®) npu usmenenuu gactor B quanazone 0 <@ < o0 , HaunHasCh Ha JeHCTBUTETBHOM
TTOJIOKUTEITFHOU OCH, 00XOIUT IMOCIIEIOBATEIILHO N KBAIPAHTOB, T/Ie N- TIOPSA0K XapaKTEPUCTHICCKOTO
MOJINHOMA UCCIIEeTyeMON CUCTEMBI.
4.3.4. Kpurepuii ycroiiunBoctu HajikBucra

[To3BomnsieT cyauTh 00 yCTOMYMBOCTH 3aMKHYTON CHCTEMBI M0 aMILTUTYAHO — (ha30BOH
XapaKTepUCTHKE Pa30MKHYTOM cucTeMbl (roorpady HalikBucra), KoTopast K TOMY € MOXET ObITh

IMOCTPOCHA SKCIICPUMEHTAIIBHO.
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C(p)’

Paccmotpum nepenatounyio pyHKINIO pa30MKHYTON CUCTEMBI B BUJIE: Wp (p)=
B(p) - nomuom crenenn m, a C(P) - crenenu n. Ipu 5ToM 13 ycnoBus GU3NUECKOH peaqn3yeMoCTH

m<=n. Ilepenatounyroo QyHKIHIO MOXHO 3allUCaTh B BUEC

Wy (p) _ B(p) :B(p)
1+Wp(p) B(p)+C(p) A(p)

3aMKHYTOW CUCTEMBI CTEIIEHU N.

,rae A(p) - xapakrepucTuueckuii IOIMHOM

Ws(p):

B(p) _ A(P)
C(p) C(p)

Takum obpaszom, Gpyaknus F (P) ceassiBaer xapakTepucTudeckue MOIMHOMBI 3aMKHYTOMH U

Baenem B paccmotpenne dpyakumo F(p) =1 +Wp (p)=1+

PA3OMKHYTOH CHCTeM HOpAIKOB, paBHEIX N. [Tpumennm k pynxmuu F (P) npusmun aprymenra:

AargF(jow)=Aarg A(jo) — AargC(jw)
—0O<W<K<HO —WO<KW<KHOD —OOKWKO

O0<w<owo 0<w<w O<w<ow

KpI/ITepI/Iﬁ Haiixksucra OMpEACIICT YCIIOBUA yCTOﬁ‘IHBOCTH 38.MKHYTOI71 CUCTCMBI, T.C. TAKUC IIPHU

KOTOPBIX B XapaKTCPHUCTUICCKOM ITIOJIMHOME SaMKHYTOﬁ CHCTCMBbI A( p) HECT KOpHeﬁ, JIC)KAIIuX B npaBoﬁ

4aCTH KOMIUIEKCHOM IUI0CcKOCTH. Torna
AargF(jo)=(h—-(n-2))z=1-2x
—0O< W<
N

AargF(jo)=(—(n-21)ZE =1 .27
2 2
0<w<w
Ha sTux paBencrBax ocHoBaH kpurepuil HalikBucra. PaccMOTpHUM €ro 4acTHbIE Cily4au:
1. Kpwurepnii ycroitunBoctu HajikBucra 115 ycToi4nBOii B pa30MKHYTOM COCTOSIHUM
CHCTEMBI
(C(p) me umeer npassIx xopHeit, 1=0).

B sTroMm cnyuae it yCTOMYHMBOM 3aMKHYTOM CHCTEMBI CITPABEIIIMBO PABEHCTBA!

AargF(jo)=(n-n)z=0 Aarg F(ja))=(n—n))%=0

— o<W <©
O<w<ow
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PaccmoTpuM, Kak noimkeH BecTH cebs Bextop F (@) B atom ciydae (puc.4.8):

1. M3menenus aprymeHTa BekTopa | paBHBI HYJII0, CIIE0OBATENBHO, 3AMKHYTasl CUCTEMA,
COOTBETCTBYIOIAsl IOCTPOEHHOMY BEKTOPY yCTOMUHMBA.
2. W3menenus aprymenta Bektopa |l paBHbI -2, criegoBaTenbHO, 3aMKHYTasi CUCTEMA,

COOTBETCTBYIOIAsl TOCTPOCHHOMY BEKTOPY HEYCTONYMBA.

Fljw)

Puc. 4.8. IloBeneHue BexTOpa F ( j a)) IPY U3MEHEHUH 9aCTOTHI OT 0 110 00
Cremyer OTMETUTH, YTO OOJIee €CTECTBEHHO ONPEACISATh YCTOMUYMBOCTh 3aMKHYTOW CUCTEMBI HE
no F(jw), ano ronorpady Haiiksucra pazoMKHYTOM CHCTEMBI W, (jo). B otom ciydae usmeHenuu
apryMeHTa Clie/lyeT pacCMaTpUBaTh OTHOCHTENBHO TOUKH ¢ koopauHatamu (-1;j0)(puc.4.9). B atom

ciydae, rogorpad | He oxBarbiBaeT TouKy (-1;J0)- 3amMKHYyTas cucrema ycToiunsasi, a rogorpad 11—

OXBAaTbIBACT — 3daMKHYTas CUCTEMaA HGYCTOﬁHHBaﬁ.

F‘JL .
Wo i)

Puc. 4.9. Tlosenenue Bextopa F ( J &)) IPY U3MEHEHHUHU YacToThl OT 0 10 oo,
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Dopmynuposka kpumepusi Havikeucma: Ecnu pa3oMKHyTasi cicTeMa YCTOHYMBA, TO JUIS
YCTOMYMBOCTH 3aMKHYTOM CHCTEMBI HEOOXOIMMO U IOCTATOYHO, YTOOBI ro1orpad pasoMKHYTOH

CHCTEMBI HE OXBaThIBaJ TOUKY ¢ KoopauHatamu (-1,j0).

2. Kpurepuii ycroiiunBoctu HaiikBucra /151 HeyCTOHYMBOIM B pa30MKHYTOM COCTOSIHUHU
CHCTEMBI

B sTOoM cityuae 111 yCTOMYMBOM 3aMKHYTOM CUCTEMBI CITPABEIJIMBO PABEHCTBA!
AargF(jo)=(h—-(n-2))z=1-2x

—0< W<

AargF(jo)=(n—(n-21))~% =

I—-27z
2 2

O<w<w

PaccMOTpuM, Kak 1oikeH BecTH cebs Bextop F (@) B atom ciyuae (puc.4.10):
.I-,iJL
Fiiw) -V

B

Puc.4.10. IloBenenue BexTopa F ( ] a)) HpY U3MEHEHHUHU 9acTOThI OT 0 10 0

-

N

PaccMoTpuM, Kak 1omkeH BecTu cebs Bektop F (@) B oM cryuae:

1. Bexkrop | He oxBaTtbiBaeT Touky 0, ClieIoBaTENbHO, MpH |£() 3aMKHYTast cHCTEMa HEYCTOHUYHBA.
2. Bekrop Il oxBarbiBaer Touky 0 (apryMeHT U3MEHsETCS HA 3HAUCHHE 27 TIPU N3MEHEHU T
4acToThl OT 0 10 00), ClIeJ0BAaTENIbHO, 3aMKHYTasl CUCTEMa YCTONYMBA, €CIIH YUCI0 KOpHEH

XapPaKTCPUCTHYCCKOT'O ITOJIMHOMA paSOMKHYTOﬁ CHUCTCMbI PaBHO 2.

BoJiee eCTECTBEHHO OMpPEENaTh YCTOHIMBOCTh 3aMKHYTOi cucteMsl He o F (@), a mo
ronorpady Haiiksucra pazomknytoii cuctembl W, (j@) . B oTOM cityuae n3meHeHue

apryMeHTa CIIeAyeT pacCMaTPpUBaTh OTHOCUTENBLHO TOYKH ¢ Koopaunatamu (-1;j0)(puc.4.11).

B stom cnyuae, romorpad | He oxBathiBaeT Touky (-1;J0)- 3amMKHYyTas cucTeMa HEYCTOWYHMBAS,
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arogorpad |l — oxBaThIBaeT — 3aMKHYTasi CUCTEMa YCTOMYMBAs MPH KOJIMYECTBE MPABBIX

TOJIFOCOB MePeIaTOYHON (PYHKIIUU Pa30MKHYTOM CUCTEMBI, PABHOM JIBYM.

1 weiiw
f‘ﬂ"m‘-—{\_
i B T
I

k.

\ ) +

N

Puc.4.11. IToBenenue ronorpada HaiikBucTta npu n3MeHeHHH 4acToThl oT O 10 ©
Dopmynuposka kpumepus Hatikeucma: Ecin pa3oMKHYTasi CUCTEMa HEyCTONYMBA, TO JUIsS
YCTOWYMBOCTH 3aMKHYTOW CHCTEMBI HEOOXOIMMO U JOCTATOYHO, YTOOBI ToA0rpad pa3oMKHYTOM
CHCTEMbI OXBaThIBaJ TOUKY ¢ koopauHatamu (-1,j0) | pa3 npu u3mMeHeHHH 4aCTOTHI OT -00 10 o0 Witk |/2
pa3 Npu U3MEHEHUH 4acTOThI OT () 10 00 B MOJIOKUTEILHOM HaIlPaBJIEHUH, T.€. IPOTUB YaCOBOM CTPEJIKH,
rae | — uncino kopHei XapakTepucTHYECKOro MOJIMHOMA PA30MKHYTOW CHCTEMBI B TIPABOM 4acTh
KOMILUIEKCHOM INTIOCKOCTH.

Jlexnus 14
4.3.5. Ipumepbl npuMenenus kpurepus Haliksucra. Jleknus 14.

Jlj1g Bcex paccMaTpUBAaEMbIX CUCTEM MPEATNOIaraeTcs cleayrolas CTpyKTypHas cxema:

W, (p)

v

Puc.4.12. CrpykTypHas cxema 3aMKHYTOH CUCTEMBI
[Ipumep 1. PazomkHyTas cucrtema ycTonymBa

PaccMoTpuM ycTOMYNMBOCTE 3aMKHYTON CUCTEMBI, CTPYKTYPHAsl cCXeéMa KOTOPOM IIpHUBEIEHA Ha

K
{pri+1]{prz+1](pra+1]’T1 >L>1T

pucynre. W,(p) =

Haiinem nomoca nepenatodyHoil pyHKIMH Pa30MKHYTOM CUCTEMBI U TOCTPOUM aMILTUTYIHYIO U

($a30ByIO YaCTOTHBIE XaPAKTEPUCTUKH:
1 1 1
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K

Alw) = J1H T 1+ (0h,) 1+ (0T)®

A

A(®) @)

F

2

\

\ 4

A

-3y

Puc.4.13. AMmnrtyaHas u ¢pa3oBas 4aCTOTHbIE XapaKTePHUCTHUKH
Jlist moctpoenus rogorpada onpeaeTuM HaqallbHYI0 U KOHEUHYIO TOUKH rojorpada:
w=0A(w)=K,p(w)=0

w=0 A(w) =0, p(w) =37

Puc.4.14. T'omorpadsl pa30MKHYTBIX CHCTEM

K, - 3aMKHyTasl CHCTEMa yCTONYHBA.
K,- 3aMKHyTasi CHCTEMa HEYCTOMYNBA.

Kﬂ- 3aMKHYTasi CUCTEMA Ha I'PaHUIC YCTOﬁqHBOCTH.

IIpumep 2. PazoMKkHyTast cucTeMa HEYCTOMUUBASI.

PaccMoTpuM yCTOHYHMBOCTD 3aMKHYTOH CUCTEMBI C IepeaTouHoi GyHKIMen m'; (p), umeroeii

OJIVH IIPaBbIH IOJIOC:

K
W) = (pri—ljr:prz+1:1r:pr3+1j’T1 > L >1
1 1 1,
M=oy P2 =~ P = — .4 =
o T, "3 T,
K
Wi = =
WUe) = o T D o D eT, £ 1)
Kel®

T T - —— . - — . -
N, 1+ [mle‘eﬂ” rzr-crg'\c..ll",_}}ﬁ 1+ (ELJT:)‘EJEFG:EI‘NT:}N'I 1+ (mTaj&E}E?'Gfg'\mrs}
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K
V14 (@) 14 (wT)31 + (eT,)?

p(w) = —m + arctgwT, — arctgwT, — arctgwT;

Alw) =

AMIUTUTYTHAsE YaCTOTHASL XapaKTEPUCTHKA, KaK BUIHO U3 BeIpakeHus it A(®), He H3MEHUIIACh,

a (ha3oBasl 4aCTOTHAsl XapaKTEPUCTUKA ONPENENIAETC MHOKUTENEM jwT; — 1, JUI1 KOTOPOrO MOXKHO
—_—
3amucath aMmuTyay u ¢pasy: 4 = J{wT1)* + L@ = 7 —arctgwT,

j

v

Puc.4.15. [lonoxxeHne BEKTOpa HA KOMIUIEKCHOM IIOCKOCTH

[TocTpoum ronorpad HaitkBucTa u onpeenuM yCiaoBHs YCTOMYMBOCTH 3aMKHYTON CUCTEMBI JIJIS
Tpex ciydaes (a,b,C), T.e. i pa3HbIX mojoxenui Touku (-1,j0):
a) 3aMKHyTas cucTteMa HeycToluuBa (kpurepuii HalikBucra).

Wl )
— b) 3amkHyTas cucrema ycTol4uBa.
P PN C) 3aMKHYTasi CHCTeMa HEYCTOMYMBa (OXBaTHIBAET «-1» B
Fi \
a 4 \ MOJIOKUTEIHLHOM HAIIPABIICHUN).
! vVe© .
I -1 vl o+
““-._.-r"

Puc.4.16. T'ogorpad HaiikBucta ncciemnyeMoi CUCTEMBI

IIpumep 3. PazoMkHyTas cucTreMa HENTPaIbHO yCTOMYMBAs.

a) PaCCMOTpI/IM YCTOUYUBOCTDb 3dMKHYTOU CUCTEMBI C IICPCAATOYHOU (I)YHKI_II/ICI/I 1’1’; (p),

UMEIOLIEN 00UH nOIIOC HA OCU OPOUHAM .

K 1
" (p) = p(pT; + 1) (pT: + 1) fnp
1 1 o—eo 4 >+
p1=—T—1, p2=—T—2, p; =0 py Py —a|Pa
P's 3aMCHsAEM Ha MAJICHbKHMI OTPHULIATENIbHBIN IOTOC —dt:
w, () = K K/a

(p+a)(ply + 1)(pT; +1) [:% + 1)(pTy + 1)(pTy 4 Puc.4.17. Monoxenne nomocos Wp(p)

W, (p) = lim W, (p)
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K/a-el®

LI‘HF’ Umj - = - r f T =
J1+ (wTy)2elaretalaT) 1 4 (wT,)? - /1 + (wl,)?e’2
K
A'F' (m:] = i G )
l:l'.?ﬁ",'l 1 + (CL-"T:L]‘M" 1 + (CL?T:]‘
T
@y (ew) =— >~ arctgwT; — arctgwT,

[TocTporM aMITUTYAHYIO U (Da30BYIO YACTOTHBIC XapAKTEPUCTUKH PA3OMKHYTON CHCTEMBI:

JL';prrm/IJ .;Jip{@l

*ﬂgj(m)‘]ﬂp(m)

il -3y

Puc.4.18. AmmmutyaHas u pa3oBas 9acTOTHBIE XapaKTEePUCTHKH

Ha pucyHkax myHKTHPOM IIPE/ICTABIEHB! YACTH XapAaKTEPUCTHK, OTHOCAImMeCs K W' (jew).

[TocTpoum aMmuIuTyIHO — (ha3oByIO XapakTepucTHKy (roporpad HaiikBucra) u onpenenum
yCTOfI‘IHBOCTB SaMKHYTOﬁ CHUCTCMBbI

Jlyra 0eckoHE4HO OO0JBILIOT0 pajguyca JITUHOM

bl g

- v {0 < w < ©0) Ha3pIBAETCS JIOMOJHEHHUEM B OECKOHEYHOCTH. V —

KOJI-BO ITOJJIOCOB pHSOMKHYTOﬁ CHCTE€MBI HA MHHMOM OCH.

B cooTtBercTBHM ¢ kpuTeprueM HalikBucTa 11 HEUTPAIBHO
YCTOMYMBBIX PA30MKHYTBIX CUCTEM (€CJIH pa30MKHYTasi CHCTEMa
HEUTPAIIbHO YCTOMYMBA, TO JJI1 YCTOMYMBOCTH 3aMKHYTOM CUCTEMBI
! HE00XO0IMMO U JJOCTATOYHO, YTOOBI TOAOTpad pa30OMKHYTON CHCTEMBI

’ C IOTIOJTHEHUEM B OECKOHEUHOCTH He oxBaThiBai T. (-1, j0)) nemaem

R BBIBOJIBI:

Puc.4.19. Togorpad nccnemyemoit cucTeMbl a) — 3aMKHYTasl CHCTEMa YCTOHHBA,

B) — 3aMKHYTasl CHCTEMa HEYCTONYMBA.
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6) PaccMOTpUM yCTOMYHBOCTD 3aMKHYTOI CHCTEMBI ¢ riepeaarounoil Gpynkumeit Wy, (p), nmeromreit

08a noCca Ha ocu OPOUHAM.:

K
] W, = —
| »®) (1+pT)(1+p*T?)
’rT ¢
+

1
T

1

jT [0)

Puc.4.20. INonoxenune momocoB Wp(p)

1 o ., 1
p1=—E paTaz_l p:,ﬂ = —|_—J-;

Jlist onipeiesieHusl yCTOHYMBOCTH 3aMKHYTOM CUCTEMBI 3aMEHUM TEePEIaTOYHYIO (PYHKIIUIO

Pa30MKHYTOH cHCTEMBbI OJIM3KOM K HEll mepeaaTouHol GyHKIHeH
K

(14 pT,) (14 2Tép+ p*T?)
Ouesuano, uto W, (p) = lim,._, W, (p).

W, (p) =

~ 9 9 f .
Haiiziem nomoca nepenatounoil GyHkiuu pasomkHyToit cuctemsr W, (p):
1

Py =—7
—T¢+£T%?—T7 :-i- 1 -'1—&_“
- = — =___ ' — _ £
P2z T2 T }T*\-
0 ﬂil
o S ==
W, (jeo) = L @) = T

J1+ (wT)Zeioreta(ell (1 — 2T 2)eion

1+ p°T?|,, =1 — @”T? MOXHO IIPEICTABUTH HA KOMILIEKCHOH IJIOCKOCTH:

o(w) = —arctgwT, — @,

I
=R

1
== it
T

Puc.4.21. Ilonoxxenne BeKTopa Ha KOMIUIEKCHOH INIOCKOCTH
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[TocTpouM aMIUTUTYJHYIO YaCTOTHYIO, ()a30BYIO YACTOTHYIO XapaKTEPUCTUKU Pa30MKHYTOM

CHCTEMBI U €€ TOJI0Tpad, OTMEUast MyHKTHPOM Y4aCTKH XapakTEPUCTHK, OTHOCsmmecs K W, (j @).

A;,(m),ﬁp(m)

Puc.4.22. AmMmurynHas u ¢pa3oBasi 4aCTOTHBIE XapaKTEePUCTUKH

i

_ o
F 9
—a
Wi,
-
¥ e -

1), @)

[Toctpoum aMmauTyqHO — (Da30BYIO XapaKTEPUCTHKY PA30MKHYTOM CHUCTEMBI U ONPEIEIIUM

YCTOMYMBOCTh 3aMKHYTOM CUCTEMBI 110 KpuTepuro HalikBucra.

T F

X
j m

N i
-f
s, P
\\ /
. %
o L

Puc.4.23. T'ogorpad uccnemyemMoi CHCTEMBI
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Kak BugHO U3 pucyHka, rogorpad HaiikBucra BMecTe ¢ 10MONHEHHEM B OECKOHEUHOCTH (Iyroi

0ECKOHEUHO OOJBIIIOTO Paryca JUIMHOM T) OXBAaThIBACT TOUKY ¢ KoopauHatamu (-1; j0), ciemoBaTenbHO

3aMKHYTasi CUCTEMa SIBJISIETCS] HEYCTOMYMBON TPH JIF0OOM KO3 (P PHUIIMEHTE YCUICHUS PAa3OMKHYTOM
CUCTEMBI, T.€. IBISETCA CTPYKTYPHO HEYCTOWYUBOM.
3aMKHyTas CUCTeMa HEYCTOHYMBA, TaK Kak rogorpad pa3oMKHYTOW CUCTEMBI, BMECTE C
JIOTIOJTHEHHEM B OECKOHEYHOCTH, OXBaTbiBaeT TOUKy (—1,jp).
CucTeMbl HEyCTOMYMBBIC HH MTPHU KaKOM KO3 (HUIIEHTE YCHIICHHUS Ha3bIBAIOTCS

CMPYKMYPHO HEYCMOUYUBIMU CUCTIEMAMU.

4.3.6. Oomas dopmyanposka kpurepus HaiikBucra.

A\ 4

Puc.4.24. Tlepexons! uyepe3 AEHCTBUTENBHYIO OCh TOIOTPadOM pa30OMKHYTOM CHCTEMEI

OoOmast hopMVyIMPOBKA.:

3aMKHymaﬂ cucmema ycmoﬁtmeaﬂ, eciu aﬂee6pauqea<aﬂ Cymma vucia nepexodoe

20002pagom pazoMKHymou cucmemsol ( ¢ OONOIHeHUeM 8 OeCKOHeUHOCMU) Ompe3Ka OeticmeumelbHOU

ocu om -1 0o -0 pagHa =

&

(0 < w<4x), L(—w < w< +wx)), 20e | — uucio npasvix nonocos

nepeoamoyHol QyHKYuU pazomMKHymotu cucmeml. (puc.4.24)

[IpuMep npUMEHEHU: PACCMOTPEHHBIN paHee MPUMEP C HEYCTOMYMBOM B PA30MKHYTOM

COCTOSIHMH cucTeMoit (puc.4.25):
E

\ 4

Puc.4.25. Ilpumep npumenenus obuield popMyanpoBKu kpurepusi Haiiksucra

Paccunrtaem anredpandeckyro CymMMy YHCIia IEPEX0I0B OTPE3Ka ACHCTBUTEIHLHON OCH
rojgorpadoM pa3oMKHYTOH CHUCTEMBI U TPOBEPUM BBINIOJIHEHHNE PABEHCTBA €€ YMCITY IIPABBIX MOJIIOCOB
I=1:
l

a) £ =0 — 3aMKHYTas CHCTEMa HEyCTONUYMBA, TaK KaK YMCIIO TIepex010B paBHO 0,a 1
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1 .
a) X = 4+ - — 3aMKHYyTas CHCTEMa YCTOIUMBa, TaK KaK YUCJIO MEPEXOJ0B PABHO YHCITY MPABBIX

ITIOJIFOCOB:

B) X = —

Ba |

[

— 3aMKHYyTas CHCTEMa HGYCTOﬁqHBa, TaK KaK aJIre6pqueCKa;1 CyMMa 4ucjia

B | =

nepexojoB paBHa-1: [ =1 Jlexmus 15

Ba |

ba | e

4.3.7. JlorapudmMudyeckunii Kpurepuii yeroiiunBocTu. Jlexkuus 15.

JlorapudMuueckuii KpUTEPUA YCTOMYMBOCTH ITO3BOJIET ONPEACIUTh YCTOWUYNBOCTh 3aMKHYTOM
CHCTEMBI 10 JIOrapu(PMUYECKUM XapaKTEPUCTUKAM PA30MKHYTON CUCTEMBI U SIBJIIETCS, B OOIIEM,
nepenecenueM oodmiei popmynupoBku kputepust HallkBucTa Ha orapuMUIecKue 9acTOTHBIE
XapaKTEPUCTUKHU.

Taxum oOpazom, kputepuit HalikBructa paccMaTpuBaeT YUCIIO EPEX00B rojgorpapom

paSOMKHYTOﬁ CUCTCMBI OTPC3Ka ﬂeﬁCTBHTCHBHOﬁ OCH OT -0 10 'l, YTO 03HA4acT

Ap (0) >1 Pp (@) =—m,—37,—57.... Jlna norapuMuyecKnx XapaKTEPUCTUK 3TO 03HAYAET, UTO
Lw)>0 u ¢p(@)=—7,—37,-57....

Hepexoz[ CBCPXY BHU3 OTPE3Ka HeﬁCTBHTeHBHOﬁ OCH 03Ha4acT, 4TO q)aSOBaH XapaKTCpUCTHKA

NePexXoauT B HAIIPpABJIICHUH OT Ooiee OTPHULATCIIBHOI'O 3HAUYCHUA (1)3.3]:1 K MCHCC OTPHULIATCIIBHOMY, T.C. IJIA

(ha30BOI YaCTOTHON XapaKTEPUCTUKU PA3OMKHYTOW CHCTEMBI 3TO PAaBHOCHUIILHO TIEPECEUCHHIO MPSIMBIX

— 71,—37,—57T...B HapaBJIEHUN CHU3Y BBEPX, M HA000POT, OTPULIATEILHOMY IIEPEXOLy OyaeT

COOTBETCTBOBATH Mepexo/1 (ha30BOM YaCTOTHOW XapaKTEPUCTUKU Pa3OMKHYTOW CUCTEMBI MPSIMBIX CBEPXY

BHMU3.
®opMyIUPOBKA KPUTEPUS: 3AMKHYMAs CUCeEM YCMOUYUBa, eclu aneedpauieckas Cymma

yucia nepexo0os pazosoli 4acmomHuol XapaKkmepucmuKkou pazoMKHYmou cucmemsl (emecme ¢

00noHeHuemM 8 OeCKOHeUHOCMU) HA Y4acmKax 4acmom, OJisi KOMOPbIX JI02apUupmMuyeckas amniumyondas

YACMOMHAs XapaKkmepucmuka noiodxcumensvua, pasta /2, 2oe | — uucno npagvix nonocos nepedamouotl

@dyHKYUU PA3ZOMKHYMOU CUCTEMDL.

JlonosnHeHNEe B OECKOHEYHOCTH COOTBETCTBYET JIOMOJHEHUIO B OECKOHEUHOCTH AJIs Toforpados
IIPU UCTIOJIb30BaHUM Kputepus HalikBucra.

[IponeMoHCcTpHUpYyeEM 3TO Ha MpUMepe MPUBEIEHHBIX HUXKE JOrapuPMHUUECKUX XapaKTEPUCTUK
(puc.4.26).
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Puc.4.26. [Ipumep mpuMeHEHHUS TOTapUPMUIECKOTO KPUTEPHSI YCTOHIUBOCTH

J1Jis MpUBEICHHOTO BBIIIE TIpUMEpa alnredpandeckas CymMma rmepexoaoB (pa3oBoil 4acTOTHON
XapaKTepUCTUKON pa30MKHYTON cHCTeMBbI IpsAMOM -7t paBHa () Ha yJacTKax 4acTOT, /Uil KOTOPbIX
JorapupMuUecKas aMIUTUTYIHAsl YaCTOTHAsI XapaKTEepUCTHKA MTOJIOKUTENbHA, CIIe0BATENIbHO, 3aMKHYTast
CUCTEMBI YCTOMUYMBA B TOM Ciy4ae, KOI/la B IepelaTOuHON (PYHKIIMM Pa30MKHYTOM CUCTEMBI HET IPaBbIX
MIOJIFOCOB.

5. Kauecmeo cucmem agmomamuueckozo ynpaejienun

Y CcTONYNBOCTD — 3TO HEOOXOIMMOE, HO HEJJOCTATOUHOE yCI0BHE (GYHKIIMOHUPOBAHUS CUCTEM
aBTomarunyeckoro ynpasiyieHus (CAY). Baxubim siBisercs kauectBo CAY.

KauecTBo — KOMIIJIEKC XapaKTEpUCTHK, OOeCTIeunBaroLuii TpedyeMble cBOICTBA cucTeMbl. OTHUM
U3 OCHOBHBIX CBOMCTB SIBJISIETCS] TOYHOCTh OTPAaOOTKH TUIOBBIX BXOAHBIX cUrHaJoB. [IpogeMoHcTprupyem

9TO Ha IIPUMEPE TUIIOBOM CTPYKTYPHOM CXEMBI.

Xz(p)
Xy(p)  XoP) l X(p)

—»@—» Wi(p) —»@—» Wu(p) >

Puc.5.1. TunoBas ctpykrypHas cxema CAY

[{enbto cucTeMsl SIBIISETCA OTPAOOTKA 3a/JaHHOTO YIPABIISAIOLIET0 CUTHAIA ¢ HAauOOIbIIen

TOYHOCTBIO, T.€. IOOUThCS PABEHCTBA Xp = Xy (t) wu, uEBIME CTTOBAMHM, MUHMMH3HPOBATH CUTHAT
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oumbku Xg (t) = Xy ® - Xp (t). Benomuum, uto Xq (t) = L_l{Xo (p)}.a

)+ Wy (p)

Xy
1+W, (p)-Wy (p) 1+WJ (p)

HACKOJIbKO pa3In4aroTCAd ynpaBJISIIOIJ_II/If/'I CUTHAJI U CUI'HaJI Ha BBIXOAC CUCTEMBI. 3Ty 3ala4y MOXHO

Xo(p)=

X4 (P). Tounocts CAY onpesensiercs Tem,

peuiaTth B AMHAMUKE, BBOJA B CUCTEMY JOIMOJHUTCIIBHBIC KOPPCKTUPYIOIIHEC YCTpOﬁCTBa HJIK B CTATHKC,

A0CTUrast TOYHOCTH CUCTEMBI B YCTAHOBHUBIIEMCA PEXKHUME IIPU 0Tpa60TKe THUIIOBBIX BXOJHBIX CUTHAJIOB,

T.e. Xo,yem = lim X (t) mpu t — 0.

5.1. ToyHOCTH CHCTEM B YCTAaHOBUBIIIEMCSI PEKUME
Jlnst onpezenien st OuMOKK CHCTEMbI B YCTAHOBUBIICMCS PeskuMe Xg yem = lim Xo (t) mpu

t — coBocnonb3yemes TeopeMoii 0 npeneNbHOM NEpexoie Xy, = lim pXo(p) upu p — 0.

Jliig onpesiesieHnsl yCTaHOBUBLIETOCS 3HAUEHUS OIIMOKY IIPEICTaBUM MepeAaTOYHbIE (PYHKIINH B

cnenytomem suze: W (p) = _Bilp) ,tme By (0)=0; A (0)=0;

p” - A (p)
W (p) = UB“(p) ,rae By (0)=0; Ay (0)=0;
p - Ay (p)

U — pa3HOCTh YMCIIa UHTETPUPYIOMUX U U] PepeHInpyIOMNX 3BEHBEB B IEPEAATOUHON

dyrrwn Wy (p);

Uil — Pa3HOCTb YHUCJIa UHTETPUPYIOMIHNX U AP PEepeHIupPYIOLUINX 3BEHbEB B IEPEAATOUHOMN

bymxmn Wy (p);

WJ (p) =W, (p)Wy; (p) =— I?J(p)B"(p) = UB(p) ,TIe V=D| + )|
P - -A(p)- A (p) P -A(P)
B(0O)=0 A(0)=0 @:kp BI—(O):k| B”—(O):k
A0) A (0) Ay (0)
5.1.1. OmmoKH o ynpapJsioeMy BO31eHCTBHIO
. 1
X0,yem = 1M Xy (p)
P S0 1wi(p)
1 _ 1 _ pY
1+Wy(p) 14 B o B(R)
pVA(p) A(p)

PaCCMOTpI/IM THITIOBBIC BXOJIHBIC BOS)IGf/iCTBHSI n ux I/I306pa)KGHI/I$I; IIpH 5TOM OTpaHUYINMCA

CTCIICHHBIMH BXOJHBIMH CUTHAJIaMM:
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CrerneHHBIE BXOJHBIC CUTHAJIbI

f(t) F(p)

1(t) 1/p

t1(t) Up?

t"/n! 1/p™*

Ecnu ypoBeHb BXOTHOTO CHTHAJIA paBeH a, TO H300paxeHue 1o Jlamiacy Takke yMHOXKaeTcs Ha d,
at" a
TakuM obpazoM, —— + ——.
n! P n+1

Eciu N=0, To BxomHbIM cHTHATIOM siBNIseTC equnuunas cTynendaras pynxuus 1(t) u npu ero
oTpaboTKe BO3HUKAET cTaThuuecKas omuoka. Takum o0pa3oM, cmamuueckotl ouudOKotl mo KakoMy-muoo
BO3JICHCTBUIO HA3bIBACTCSI OMIMOKA, BOZHUKAOIIAS ITPH OTPAOOTKE 3TOTO TIOCTOSIHHOT'O BXOTHOTO
BO3JICUCTBHUS.

Ecmu N=1, To BXONHBIM CUTHANOM sABJIseTCA TuHelHas BospacTaromas ¢pyaxmus t-1(t) u mpu ero
oTpaboTKe BO3HUKAET KMHEeTHYecKas ommnoka. Takum 00pazom, KuHemuueckol ouudKoul no Kakomy-
160 BO3JCHCTBHIO HA3bIBAETCS OIIMOKA, BOSHUKAIOIIAS TIPU OTPAOOTKE ATOrO JTMHEHHO BO3PACTAIOIIETO
BXOJITHOT'O BO3/JICHCTBUA.

Ecinu N=2, To BXOJHBIM CHUI'HAJIOM SIBJIETCS KBaApaTUdHas (QyHKIMS t2 1(t) u npu ero
0TpaboTKe BO3HUKAET OLIMOKA, KOTOPasi Ha3bIBACTCS 0wiUbOKOU no yckopenuto. Takum o6pa3oM, owubkoi
10 YCKOpeHUro TI0 KaKoMY-TTH00 BO3JICHCTBUIO Ha3bIBaeTCs OMMOKA, BO3HUKAIOIIAS TPU OTPAOOTKE ITOTO

KBaApaTUIHOI'O BXOJHOI'O BOSI[GI\/’ICTBI/ISI .

a-t#
[IprMeM B KauecTBE BXOJHOIO YIPABJISIIOLIETO CUTHAIA CUTHAJ BUJA Xy (t) = 0 (L), s
7!
a
KoToporo nsobpaxenue no Jlariacy umeer sux: X y (p) = P Torzna ommbKy Mo yrpaBiIeHHIO
P
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MOXHO 3annucaTb B BUJIC:

XO,ycm:ump' y ‘Xy(p):wﬂp' lu ,3+1:
p—0 1+Wp (p) p—>0 4, P p
o, B
A(p)
. 1 a . p . opvtt a
m p . = m p- . = Lmj .
p—>0 4, p” p'u+1 p—>0 p” +7B(O) p'u+1 p—0 pY + Kp p'LHl
ov 4 B(P) AQ)

Kak BuaHO 13 npuBeneHHoM Gopmybl, onrOka npu oTpaboTKe CTETIEHHOTO YIIPABJISIOIIETO

BO3CHCTBUS 3aBUCHT OT YPOBHS BXOJHOTO CUTHAJNA ¢, KOO PHUIIMEHTA YCHIICHHS PA30MKHYTOH CHCTEMBI

1 COOTHOLLICHHUA MCKAY VU L.

PGSYJ'ILTaT MOKHO CB€CTHU B Ta6J'II/II_[y1

L
0 1 2 ITpumeuanus
1)
CraTtuueckas omuoKa 1o
0 al(1+k,) 0 0
YTIPaBIICHUIO
Kunernueckas ommoOka 1o
1 o0 a/kp 0 YTIPaBIICHUIO
Omnbka 1Mo yCKOpeHHIo
2 0 0 a-/kp (TI0 ympaBieHUIO)
CAVYc
Crarnyeckast | AcTaTudeckas | acTaTH3MOM
[Mpumevanust CAY 1o CAY no 2-T0
YIPaBICHUIO | YIPaBICHUIO HopsiKa
YIIPaBIICHUIO

BBCI[GM HEKOTOPBIC OMPCACICHUA:

Cmamuueckou Ha3piBaeTcss CAY, orpabaThiBaroliasi MOCTOSIHHbIN CUTHA ¢ KOHEYHOH OIIMOKOM.

Kunemuuecroii nazpiBaetcst CAY, oTpabarbiBaroias JMHEHHO BO3PACTAIOLINI CUTHAI C

KOHEYHOU OLINOKOH.

Cucmemoti ¢ acmamusmom 2-20 nopsoka HazpiBaetca CAY, orpabarbiBaroias JIMHEHHO

BO3PACTAIOIINI CUTHAJI C KOHEUHOW OIIMOKOM.

Cucmemoti ¢ acmamusmom L-20 nopsaoka HazbiBaercs CAY, orpabareiBaromiasi CTeeHHOM

CHUTHAJI L - T'O IMopsJaKa € KOHCYHOM OIMOKOIA.

Koneunbie 3HaUeHHS OMIMOOK MIpsAMO NMPONOPHUOHATIBHBI YPOBHIO BXOAHOI'O CUTI'HAJIA, O6paTHO

MPONOPIHUOHATILHBI KO3()(DUIIMEHTY YCUIICHUS PAa30MKHYTOM CUCTEMBI 110 yrpasieHuto. [1pu
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COOTHOILIEHUH U >  OIINOKA MPUHUMAET HYJIEBOE 3HaYCHHE, a IIPU COOTHOLIEHUH U < 4 OIINOKa B
YCTaHOBHUBILEMCS pexuMe OeCKOHEYHa, T.€. CUCTeMa He 0TpabaThIBaeT BXOJAHOIO YIIPABIISIIOIIETO
CUTHAJIa U OTKJIOHEHUE CO BPEMEHEM YBEIUUNBACTCA.

BenuunHa L Ha3bIBACTCS NOPAOKOM acmamusma no ynpagienuio 1 paBHa pa3HOCTH YKcIia

MHTETPUPYIOUINX U AUPPEPEHIUPYIONIUX 3BEHBEB, JIKAIIUX B IIEMH 00paTHON CBA3M MEXKIY CUTHAJIOM
OIMOKY ¥ YIPABIISIONAM BXOJHBIM BO3JICHCTBUEM, T.€. JICKAITUX B WB’ (p).

5.1.2. OmmMOKH 10 BO3MVIIAIOIIEMY BO3A€iiCTBHIO

: W
% o = m Iy ()
’ p>0 1+Wg(p)

~ Bu(p) v—-v, B (p) o, B (p)

Wi (p) _ P Au(p) _ An(p) _ An (p)
1+WJ(p) 14 B v, B v Blp)
p“A(P) A(P) A(p)

PaCCMOTpI/IM THUITIOBBIC BXOJHBIC BO3SMYIIAOIINEC BO3IIGI7[CTBPI$I 1 ux I/I306pa)K€HI/I$I; IIpu 3TOM
OrpaHNM4uMcCsd CTCIICHHBIMU BXOAHBIMU CUTHAJIAMMU:

Ecan YPOBCHBb BXOJHOI'O BOSMYIIAIOMICTO CUI'HAJIa PABCH b, TO I/1306pa)KeHI/Ie 110 ﬂarmacy TaKKC

bt" b
YMHOXACTCA Ha b, TaKUM 06paSOM, _—
n! D n+1

Ecmu I’IZO, TO BXOJHBIM BO3MYIIAOIIHUM CUTHAJIOM ABJIACTCA CAUMHHUYHAA CTylICHUYAaTas (1)YHKHI/I$I

1('[) Y TIPH €T0 OTPa0OTKE BO3HUKAET CTaTHUeCcKas OolnOKa Mo BO3MYyIIeHHI0. Takum oOpazom,
cmamu4eckoll ouuoOKo o0 BOMYIIAONIEMY BO3/ICHCTBUIO HA3bIBAETCS OIIMOKA, BOSHUKAIOIIAS MIPH
0TpaboTKe ATOT0 MOCTOSHHOTO BO3MYIIIAIOIIETO BXOHOTO BO3ACHCTBHS.

Ecmu n:]., TO BXOJAHBIM BO3MYIIAIOIIUM CUTHAJIOM SBJISACTCA JIMHEMHas BO3pacTaromas (bYHKI_II/IH

t-1(t) u ipu ero oTpaboTKe BO3HUKAET KMHETHUYECKAs OUTMOKA 110 BO3MYIIEHHUIO. Takum o6paszoM,
KUHemuyeckou owuoOKol M0 BO3MYIIAIOLIEMY BO3ACHCTBUIO Ha3bIBAETCS OIINOKA, BOSHUKAIOIAS [IPU
0TPabOTKE 3TOT0 JUHEHHO BO3PACTAIOIIEr0 BXOJHOTO BO3MYIIAIOIIErO BO3JCHCTBH.
— 2
Ecnu N=2, To BXOIHBIM BO3MYIIAIONIMM CUTHATIOM siBiisieTcs kaapatuunas gyakuus t-1(t) u

IIPH €r0 OTPabOTKE BOSHUKAET OIIMOKA, KOTOpask Ha3bIBACTCS 0wubKol no yckoperuio (1o BO3MYIICHHIO).
Taxum 00pa3oM, owubkou no yckoperuro o BO3MYILAIOIIEMY BO3JICHCTBHUIO HAa3bIBAETCS OIIMOKA,

BO3HHUKaromas npu 0Tpa60T1<e 9TOr0 KBaaApaTUIHOro BO3MYIAIOIICTO BXOJHOT'O BOB}IGﬁCTBHSI.
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b-t“

IIpuMeM B KauecTBE BXOJHOIO YIPABIIAIONIETO CUTHAIA CUTHAN BUaa Xg ()= — 1(t), mna

KOTOporo u3obpaxenue o Jlammacy umeer Bux: X g (p)= W Toraa ommoOKy M0 BO3MYILEHUIO

P

MOXKHO 3a11ucaThb B BUAC:

o By (p)
- Wy (p) : Au(p) b
x¢ = limp-—L X _(p)= lim p- - =
P e wWE) T p5o o+ B0 pt
A(p
v, +1_ By (0) .
v, +
= lim Ap@ b P Tk ;tt)+1

v BO) purl B gk, p
A(0)

Kak BugHO 13 mpuBeieHHON (OPMYITBI, OIIMOKA MPH OTPAOOTKE CTEIICHHOTO YIPABIISIONIETO

p—>0 p

BO3/ICHCTBUS 3aBHCUT OT YPOBHsI BXOJHOTO BO3MYILAIOIIET0 CUrHaia b, koadduimenTa ycuneHus
Pa30MKHYTOH 110 BO3MYIIEHHUIO K| CHCTEMBI M COOTHOIICHHUS MEXKIY U U AL .

Pe3ynbTaT MOKHO CBECTH B TaOJIMILY:

N 0 1 2 IIpumeuanus
Y7,
CraTtuueckas OIIMoOKa 1o
0 bki/([1]+kp) 0 0 BosMylLeHITO
b _k” / Kunernyeckas omumoka 1o
1 0 0 BO3MYILEHUIO
([1]+kp)
b ,k“ / OmmbKa 1Mo yCKOpeHUI0
2 0 0 (110 BO3MYIIIEHHUIO)
([1]+kp)
CAVYc
Craruueckas AcTtaTtudeckasi | acTaTH3MOM
TIpumeuanus CAY 1o CAY 1o 2-T0 mopsiIKa
BO3MYIICHHIO BO3MYIICHHIO o
BO3MYIICHHIO

KBanpaTHble CKOOKHM YUHTHIBAIOT CUTYaluto, koraa v =0, a v;#0 (0021).

BBeneM HekoTOpHbIE ONpeieNieHus:
Cmamuueckou o Bo3MyIeHHI0 HazbiBaeTcss CAY, orpabaThiBaromias MOCTOSHHbIH

BO3MYIIAIONINN CUTHAT ¢ KOHEYHOU OIIMOKOM.
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Kunemuuecroti mo Bo3mytieHuto HazpiBaeTcsi CAY, oTpabaThiBaroIas TMHEHHO BO3paCTaIONINI
BO3MYIIAIONINNA CUTHA C KOHEYHOH OIMMOKOM.

Cucmemoti ¢ acmamusmom 2-20 nopsioxa (1o Bo3MyIieHuo) HazpiBaetcss CAY, orpabaThiBaromas
JTUHEIHO BO3paCTAIONINI BO3MYIIAIONINI CUTHAIT ¢ KOHEYHOH OITHOKOM.

Cucmemotl ¢ acmamusmom vV-20 nopsoka (1o Bo3myieHuro) HaszbiBaeTcss CAY, orpabarpiBaromias
CTETIEHHON BO3MYIIAIOUINHA CUTHAI L - TO MOPSAKA ¢ KOHEYHON OLIHOKOIA.

Koneunple 3Ha4eHHS OMIMOOK MPSIMO MPOTIOPIIMOHATBHBI YPOBHIO BXOHOT'O CUTHAJIA, 00OpaTHO
PONOPIMOHATILHBI KO3(D(DHUIIMCHTY YCHICHHS PAa30MKHYTOM cucTeMsbl 1o Bo3mytneHuto (K;). Ilpu
COOTHOILECHHUH Uy > 4 OIIMOKA MPUHUMAET HYJIEBOE 3HAYCHHUE, a IPU COOTHOIIECHUH Uy < /1 OIIMOKa B
YCTaHOBHBILIEMCS PeKUME OECKOHEUHA, T.€. CUCTeMa HEe OTpabaThIBAET BXOAHOTO YIIPABIISIOIIETO
CUTHaJa U OTKJIOHEHHUE CO BPEMEHEM YBEJINYMBAETCS.

BenuunHa vy Ha3bIBaeTCs nOpsAOKOM acmamuzma no 603MyuweHuro U paBHa pa3HOCTH YuciIa

UHTErpUpyOmHX U AuddepeHnnpyomumx 3BeHbEB, JSKAIUX B HENH 00PaTHOM CBS3HU MEX/y CUTHAJIOM

OLIMOKHU ¥ BO3MYIIAIOIINM BXOJHBIM BO3JCHCTBHEM, T.€. JICKAIIUX B WI (p) . Jlexius 16

5.1.3. lIpumep pacyeTa oMIMOOK CHCTEMbI ABTOMATHYECKOI0 yripaBJjenus. Jlekuus 16.
PaccuntaeM ommOKu CUCTEMBI, IPEACTABIEHHONW CTPYKTYPHOM CXEMOI:

Xy XO l XB XP
2
—»@—» —»{5%—»
pd+5p)
P e
1+p

Puc.5.2. CtpyxtypHas cxema CAY
Z[J'ISI BBIYKCJIEHHS OIIINOKHU T10 YIIPABJAIOIECMY CUTHATY 3alIUIICM NTEPEAAaTOYHYO (1)YHKI_II/II-O

OLIMOKY 1O yNPaBJIEHUIO:

X y
Woy(p): o(p): 1

Xy(P)  1+WJ3 (p)

2 2

Wy (p) = L .

pA+ p)@+5p) @+ p)AL+5p)

y : 1 a_a

Cratuyeckas omrOKa 1o yrnpaBJIeHUIO: Xo, yem = Llrﬂ p- ) '625,

p—0 +
1+ p)L+5p)
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1 a

Kunernueckas ommbka no yrnpaBieHUIO: Xé{ yem = »I—Im p- 5 T = 0 ;
p—0 + P
(1+ p)d+5p)

J1yis BbIYMCIICHHS OIIMOKH 110 BO3MYIIAIOIIEMY CUTHAITY 3allMIleM MepeaaTouHyo (yHKINIO

OIMOKY TI0 BO3MYIIIEHUIO:

v X0(P) _ Wy (p) _ P
WO(p)_Xg(p)_1+W3’(p)' W||(|0)—1+IO
P
8 _ l+p _ p'(1+5p) )
Wo (P)= 2 L+ p)(L+5p)+2°

—+
1+ p)d+5p)

p-(L+5p) b
Cratuyeckas omrbka 1mo BO3MYIIEHUIO: XO ,yem = |I —=U;
p—>0 (1+ p)(1+5p)+2 p
6 p-(1+5p) b b
Kunernueckas omubKa 1o ynpapieHHUIO: Xo, yem = |I p- =—;

p—>0 (1+p)(1+5p)+2 p 2

Ommbka 1o yc OpPCHHIO: X = || p I (1 5 p) b
yCK nu 0, ycm

Taxum o6pa3om, cuctema ABIISETCS CTATUYECKOM MO YIpaBJIsSIOLIEMY BO3JEHCTBUIO U

acCTaTMYECKOM 110 BO3MYLIIAOIEMY BOBHGﬁCTBHIO, 4YTO COOTBETCTBYCT INPUBCACHHBIM PAHECC Ta6J'II/II_[aM.

5.2. ToOYHOCTH CHCTEM B JTUHAMUYECKOM peKUMe
BPEMeHHLIe noxKasaTeJiu KayecrBa

OcHOBHOE ycJI0BHE PabOTOCHOCOOHOCTH CHCTEM aBTOMATHUECKOTO YIPAaBIICHHS 3aKITIOUAETCS B €
ycroiunBocTH. OJJHAKO YCTOMYMBOCTH -HEIOCTaTOYHOE YCIIOBHE €€ PAaKTUUecKoro npumeHeHus. Hapsny c
STUM BBIJIBUTAIOTCS OIpENEICHHbIE TpeOOBaHMs K KAadeCTBY MPOIECCOB peryaupoBaHus. Komruiekc
TpeOOBaHU, ONMPENEeNSIONNX MOBEJCHUE CHCTEMbl B YCTAaHOBUBIIEMCS M TMEPEXOJHOM pEKHMax
OoTpabOTKH 3aJ[aHHOTO BO3JEHCTBUS OMpeneNnseTcs MokazaTelsiMu KadecTBa paboTel CAY: mpsiMbIMu
TOKa3aTessiMi KadecTBa (ObICTPO/ICHCTBHEM M XapaKTEPOM TEPEXOTHOTO MPOIIecca), ONMpeaeIsieMbIMU 110
nepexoqHoi xapaktepuctuke CAY, KOCBEHHBIMHU (3allacaMyd yCTOWYMBOCTH TO amruutyne u (dase),
TOYHOCTEIO.

[TokazaTtenm kadecTBa Tmporecca OTpPaOOTKM  BXOJHOTO  BO3JCUCTBHUS  OyaeM
paccMaTpuBaTh JJIs CHCTEMBI, CTPYKTYpHasi cXxeMa KOTOpoil m3o0pakeHa Ha pucyHke. lIpuBeneHHOM

HMKC.
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Y(p)

Puc.5.3. Crpykrypnas cxema CAY
B nuHaMudeckoM pekuMe TOBEIACHHE 3aMKHYTOM CHUCTEMBI OMpEACTsSeTCs €€ YAaJCHHEM OT
COCTOSIHUSI HEYCTOWYMBOCTH, KOTOPOE MOKHO ONPE/EIUTD 10 YaCTOTHBIM XapaKTePUCTHKAM Pa30MKHYTOU
cucTeMbl (TI0 3armacaM yCTOWYMBOCTH) WJIM BPEMEHHBIM XapaKTEPUCTUKAM 3aMKHYTOH CHUCTEMbI (TIPSMBIM
MOKa3aTeJIsIM KauyecTBa). Tlexuus 17
5.2.1. 3anmachl YCTOMYMBOCTH IO amMIiuTviae u ¢ase. Jlexkuus 17.
3aMKHyTasi CUCTEMa J0/DKHA OBITh HE IMTPOCTO YCTOMYMBOM, a 001a/1aTh ONpeIeICHHBIMH 3ariacaMu

YCTOWYMBOCTH I10 aMIUIUTYZE U 10 ¢ase. 3anac yCTOHUYMBOCTH IO aMILIUTY/IE OIpPEeNsieTcs ee yaalcHue
rojiorpad)a pa3oMKHYTOH CHCTeMbI OT KpuTHueckoit Touku (-1;j0), a umeHHo BennunHo AA = 1-Agrme

Ay — 3HaUYCHNE aMIUTUTYAHOH 9YaCTOTHON XapaKTEPUCTHKU HA YACTOTE My, IPH KOTOPOH ((Wr)=-T.

Puc.5.4. Onpenenenue 3amaca ycTORIUBOCTH IO (pase Y
u mozyimio AA (1/A,)

3amac ycToH4uBOCTH 1O (aze 0003HAYAETCS Y U OMpEAeNsieTCs Ha 4acTOTe Cpe3a (M,
pu KoTopoit ammntyaa A(w.) = 1, Takum 00pa3om, ¢ y4eTOM OTPUIIATETBHOTO 3HaUYeHUS (M),
v = 180+ o(w0), (2.1)
rae ¢(m.) - 3HaueHue aprymenta Bekropa Wy(jo) npu o = o..
N300paxkennsie Ha puc.2.2 romorpadp Wp(jo) TmOKa3pIBaeT, 4YTO CHCTEMa B
3aMKHYTOM COCTOSTHUM yCTOWYHMBA M 00JajaeT 3amacoM YCTOHYMBOCTH 1o ¢aze y > 0 u mo

ammuutyne AA>0.
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3anachl yCTOMYMBOCTH MOJKHO OINpPEISTUTh M MO JOTapUPMUUECKHM AT XapaKTepHCTHKaM, MPHU
3TOM Jlorapu(pMUUYECKUI 3amac yCTOMYMBOCTU MO aMIUIMTyae ompenensercs kak AL=0 - Ln = O-
20-1g(An) =lg(1/ Amn ) > 0 anst ycroitunBoit cucremsl (1/An > 1) (B morapupmudeckux emquHumnax L, =
20-19(Ar)[ab]), rae A, - 3HaueHune Moxyiist Bekropa Wp(j®), apryMeHT KOTOporo paBeH ¢ = -1t (puc.2.2).

Lix)
201gk
101gk )
e : -
| : Igto
! \ 201gA=; AL=201gl>0
P(o) LY
1 s y
__R “\_‘é:‘:__ _--.'__,-"’_ :/_"\\&: .
ig ] | T lgm

Puc.5.5. Onpenaenenue 3anaca ycroiunsoctd 1mo JIAUX u JIOUX

Koappunment ycunenus, npu koropoM 3amkHyTass CAY HaxoIuTcs Ha IpaHule KojeOaTeabHOU
YCTOMYMBOCTH Ha3bIBACTCA NPENETBHBIM Kiypep.
Ha ocHoBanun kputepusi yctoiunBoctu HalikBrucra npeaenbHblil KO3Q(UIMEHT YCUIICHUS MOYKET

OBITH OIPEETIEH COOTHOLIEHUEM
Kipeo = K+(1/A).

[Ipenenpubiii kKodhduimeHT ycrmieHus CAY MOXKHO ONMPENeIUTh 10 JOrapu(pMUIECKHUM YaCTOTHBIM
xapakTepuctukam (puc.5.5.)
209K ypeo = 20-1gK — 20-1g A,
Ecin  kosdduiment ycuneHus pasOMKHYTOH CHCTEMBl MEHBIIE MPEAeIbHOTO
k0d(hpunuenTa Kypey, TO CHCTEMA ycTOWYMBA M 001afaeT 3a1macoM ycToiuuBocTH (10 dase, Moaymo). B
MIPOTUBHOM CITy4yae - CUCTEMa HEyCTONYHMBa.

5.2.2. XapakTep nepexoaHoro npoiecca u obicrpoaeiicreue CAY
Xapaktepuctuku CAY ompenensroTcs 1Mo €€ pPeakiud Ha €IUHUYHYIO CTYMEeHYaTyro ()YHKITHIO,

T.€. TI0 MEPEXOIHOM XapaKTepucTuke cucteMsl. [Ipu 3TOM onpeaenstoTcs npsamsie nokazamenu Kaiecmasda
cucmemul.

Bpems peeynuposanusi  t, CIOy)XUT OCHOBHOM XapaKTEPUCTHKON OBICTPOAEHCTBUSI CUCTEMBL.
bricTponeiicTBue BBIUMCISIETCS OT MOMEHTA IMOJA4YM BXOJHOTO BO3JCUCTBHS, 10 MOMEHTAa, KOT/a

oTkiIoHeHue pynkinuu h(t) He BBIXOMHUT 3a Mpejesibl HEeKOTOpo#l 3amaHHO# 30HBI £A (puc.5.6):
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h(t)-h,.r <4, roe A — 3Ha4eHHe, onpeaenseMoe 3alaHHON TOUHOCTBIO cucTeMbl. OOBIMHO A 3aj1aeTcs B

npenenax (3-5)% ot ycranoBuBIerocs 3HaueHus hy.r. = h(eo) (puc.2.4).

- . l
Myer. = fim h(®) = im p-Wa(p)-
W, (p)

rne W 3( P) = —————— - nepenarounas (pyHKIHUSA 3AMKHYTOIH CHCTEMEL.

1+W,(p)
Y cTaHOBHBILICECS 3HAYCHHE NIEPEXOAHOM DYHKIMK [T cTaTndeckoit cuctemsl (V = 0):
W, 0k
yeT. — -
1+W,(0) 1+k

(k >>1).

Jlnst actatudeckoit cuctemsl V= 1: hy.r = 1, Tak kak  lim Wp (p) > .
p—0

Kak BumHO U3 puc.5.6, xapakrep nepexogHOro mporecca MOXeT ObITh KOJIe0aTeIbHBIM U

~1rae K-xo>dpduiment ycuieHus pasoMKHYTOH CHCTEMBI,

anepuoandeckuM. KomebaTeapHBIN POIecC XapaKTepU3yeTCs:
1. Bpemenem perynupoBaHus tp;
2. MakcUMaJbHBIM IIepeperyIupoBaHueM &n=Nm-Nycm.

3. OTHOCHUTENBHBIM NEPEPETryIUPOBAHUEM O
—N(o0
gt b
h(0)
4. BpemeHeM JHOCTHKEHHUS MEPBOT0 MaKCUMyMa - tp;
Yucnom xonebanuit N 3a Bpemst perynuposanus ty;
TO4YHOCTE 3aMKHYTOM CHUCTEMBI A B YCTaHOBHUBIIEMCS PEXUME, O KOTOPOM MBI YK€ TOBOPWIIN
paHee.
Takum oO6pa3zom, IpAMBIMU NTOKA3aTEJISIMU KauyecTBa MEPEXOJHOr0 MpoIecca SIBISIIOTCS:
BpeMsi peryiupoBanus t,, mepeperyaupoBanue &m, o(Nm), BpeMs TOCTHKEHUs MEPBOTO MakCUMyMma tm,

yucio kosiebanuit N, TOUHOCTH CHCTEMBI. KOTOPBHIE OINPEAEISAIOTCS HEMOCPEICTBEHHO IO MEPEXOIHOU

xapakrepuctuke h(t).
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hn #

tp .
Puc.5.6. Ilepexoanas dhyukums h(t) u ee mapamerps
JIiisi anepuoMYecKoro IMEepeXoJHOro IMpolecca MPSAMBIMU IMOKAa3aTeIsIMH KadyecTBa SBIISIOTCS

BpeMsi PEryJHpOBaHHs W TOYHOCTh cuUcTeMbl. IlepexomHas ¢ynkius cucrembl h(t) mMoxer ObITh

MOJIy4eHa KIaCCHYECKUM METOJIOM T10 nepeaaTtoynoit pynkuuu CAY:

h(t) = L‘l[W—?’F() 2

1 . .
rgpc —- I/1306pa)KeHI/Ie 10 Harmacy CAMHUYHOU CTYIICHYATOU (bYHKI_II/II/I U OKCIICPUMCHTAJIbHO JIA

peanbHOI uccineyeMoi cucteMbl WK Uit ee Mojenu. [Ipu 3ToM Ha BXoJ cUCTEMBI (MOAENIN) OAAETCS

SIMHUYHBIN CKaYOK. Peakiius Ha BbIX0JIe U OY/IeT SIBIIATHCS mepexoanon ¢pynkmumeit y(t) = h(t).
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