NNPEAUCIIOBUE

Wznanne wnHacrosmero y4yeOHuKa s oOydeHus OakanaBpoB «Teopun aBTOMATHYECKOTO
ynpasinenus» (TAY) npoanKTOBaHO OTCYTCTBHEM B HACTOsILEE BpeMsl yUeOHMKOB M y4EOHBIX IMOCOOMIH,
B KOTOPBIX B JOXOIYHMBOM, SICHOW (opMme m3jarajics Obl JOCTATOYHO CJIOXKHBIM Marepuan mo TAY c
MOSICHEHUSIMM, pa300poM 3ajad, 3aJlaHusMU, BOIPOCAaMH M T.J. JUISl IIMPOKOIO Kpyra CTYIAEHTOB, I
KOTOpbIX TAY He sBnsieTcss NpOQUITbHBIM.

Wznaraemplii B ydeOHHMKE MaTepuail — pe3ysibTaT MOYTH TPHUILUATHICTHEH MeIarornyeckon
NeSTeNbHOCTH aBTOpa B MOCKOBCKOM 3HEpreTMYecKOM MHCTUTYTe Ha Kadeape VYipasieHuss u
MH(GOPMATUKH, KOTOPBIA CBSI3aH C MHOTOJIETHEH MEJarornyeckoil NesiTeIbHOCThIO BCEro KOJUIEKTHBA
Kadeaphl 1o MOBBIICHUIO YPPEKTUBHOCTH MpOIecca O0YUCHHUs CTYICHTOB.

IIpemyiaraeMblii B IIEpBOM 4YacTH MaTepHal IIOCBAILEH TEOPUM JIMHEWHBIX HEIPEPBIBHBIX
JUHAMHYECKHUX CHCTEM.

B 1-0if rnaBe NMpUBOJATCS OCHOBHBIC MOHATHS aBTOMATHKH: JAeTcsi KiIacCU(UKALUS CHUCTEM,
IPUBOJATCS NPUHLUIIBI U 3aKOHBI PEryJIMpOBaHMs, JAeTCsl IMPUMEP CHUCTEMBbl W TOJIXOIbl JJIf
JMHeapu3aluu 0ObEKTOB U CUCTEM.

Bo 2-0i1 rmaBe paccMaTpHUBAIOTCSI METOABI ONMCAHUS JIMHEWHBIX HENPEPBIBHBIX ITUHAMHUYECKHX
cucreM: JudQepeHMaTbHBIMU  YPAaBHEHUSAMHU, MEpeJaTOYHbIMM  (YHKLUUSAMH, YaCTOTHBIMH H
BPEMEHHBIMU XapaKTepUCTHUKaMU. [IpUBOIATCS MOHATHS TUMOBBIX THHAMUYECKUX 3BEHBEB, I KOTOPHIX
OIPOOHO PACCMOTPEHO HUX MAaTEeMAaTUYECKOE OMNMCAHME; NPUBOAMTCA NPUMEP ONMCAHUS CHCTEMBI
aBTOMATUYECKOT'O YIIPABJICHUS.

B 3-eii rmaBe paccMOTPEHO NPEICTABICHHUE CHUCTEM B BUAE CTPYKTYPHBIX CXEM, METOABI
peoOpa3oBaHus CXeM, IPUMEPHI TPEOOPa30OBAHMUS.

B 4-0if rnaBe u3naraeTcsl MOHATHE YCTOMYMBOCTH IOJIOKEHHUS PABHOBECHUS U JTUHAMHYECKOIO
mporecca B CUCTEME, NMPHUBOJATCS KPUTEPUHM yCTOWUYMBOCTH: anredpanueckue (I'ypBuia), yacTOTHBIE
(mpuHLIMD aprymeHTa, Muxaiinosa, HalikBucra, morapudMudecKkuil Kputepui).

B 5-0i1 rmaBe paccMOTpEeHBI MOIXOIBI K OIEHKE Ka4eCTBA CUCTEM: OITHOKH, MPSMBIE U KOCBEHHBIE
MOKa3aTeIn KauecTBa.

B 6-0if raBe paccMOTpeHbI METOJ CHHTE3a CHUCTEM I10 JOrapu(PMHUYECKUM XapaKTEpUCTUKAM U
METO]T MOJIAJIbHOTO YIIPaBJICHHUS.

JIOCTOMHCTBOM HACTOSLIETO M3JaHMs SIBISIETCS HaJIM4Yue BOMPOCOB I0 M3JaraéMoMy MaTepuaiy,
3aJIaHAI U IOAPOOHBIN pa30op 3a7aHU KaKI0TO THIIA.

ABTOp Osarogaput Bcex Kosuier kadenpsl YmnpasieHus u uHpopmatuku MOU, Tak win nHaue

YYaCTBYIOIIHMX B BBIITYCKC JaHHOI'O MaTcpuaa.
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OcHoeéHble NOHAMUA Teopuu asemomamuidecCKkozo ynpaejileHun

(3Hamb: ocHosHble nowsMUS  ABMOMAMUKU, MUNbL CUCMEM, NPUHYUNLL U 3AKOHbI
Pe2yIUposanus, — mMamemamuyeckue OCHO8bl U  NOOX00bl K  JuHeapuzayuu  o00beKmos
ABMOMAMUYECKO20  pecyIuposanus,  ymMems:  Cmpoums  (QYHKYUOHATbHbIE — CXeMbl U
K1accuguyupogames cucmemvl YNpagienus, ONpeoensmv YPAGHeHUs CMAMUKU — CcUucmem u
cmpoums ux cmamuiecKue Xapakmepucmuku, 61a0emy: npuemMamiu JUHeapuzayuu, OnucaHus
cucmem JIUHEAPU30BAHHBIMU VYPABHEHUAMU, ONPeOeleHUs 3HAYeHUUl CMAamu4yecKux Ouwubox,

6O03HUKAWWUX 6 cucmemax npu 6030eticmeuu ynpasjAiouwux U 603myumaromux BXOOHDBIX CMZHCZJZOG.)

1.1 W3 ucropum aBTOMATHKH.

ABTOMaTHKa B nepeBoJac C TIPCUCCKOro sA3bIKa  O3HA4YACT CaMOHeﬁCTBHe. HepBHe

CaMOJICICTBYIOIIME YCTAHOBKU OBLIM M3BECTHBI €Ille J0 Hallel 3pbl, Hanpumep, « Xpam CosHua » B

Erunre, B KOTOPOM JIBEpU OTKPBIBAIACH IPU IOSBICHUU IIEPBBIX JIy4€W COJHLA W 3aKPBIBAIACH IIPU

3ax04¢€ COJIHIA. .Hy‘lI/I COJIHIIa HAarpeBaJii BO3AyX B MCIIKAX, PACIIOJIOKCHHBIX Y L[Bepeﬁ XpamMa, MCIIKHU C

BO3AyXOM DpPACHIUPAINCh W YCPE3 CUCTEMY pPbIYaroB OTKPbIBAJIW ABCPU, IIPH 3aXOAC COJIHIA BCC

MIPOUCXOJUIIO B OOPATHOM TMOPSIJIKE.

B CpCAHUC BEKA IMPOKO UCIOJb30BAJIMCh BOASHBIC U BETPAHBIC MCJIBHUIIBI, TaK KC ABJIAIOIIUCCA

IMpUMEPOM CaMOI[CI\/’ICTBYIOHII/IX YCTAHOBOK; OO0 CEroAHAIIHCTO OHA B MY3€AX EBpOHI)I COXpPaHUJINCH

aHJIpoubl (MEXaHU3MBbl, UMUTHPYIOIINE PaOOTY JIt0/IeH, HallpUMep XYA0KHUKOB, IIMCLIOB U TP.).

Bce »tu MexaHu3Mbl paboTaiay MO Tak HAa3bIBAEMOMY PA30MKHYMOMY NPUHYUNY, 0O3HAYAIOLIEMY,

4TO pE3YyJbTaT BBIIIOJIHCHHOT'O I[CI‘/'ICTBI/ISI HC KOHTPOJIMPOBAJICH.

OCHOBY COBpEMEHHBIX CUCTEM aBTOMAaTHUECKOI'0 YIIPaBJICHHUS MOJIOKUIN JIBE paOOTHI:
a) Perynarop ypoBus Bojibl B kKoTie WM. Ilon3yHoBa.
6) PerynsTop ckopocTn MaxoBUKa MapoBoi MamnHbl J[xeliMcayYarra.

B perymsrope Jx. Yarra ckopocTh BpallleHUs NepeqaBalach Ha 3aclOHKY, PEryJIHPYIOLIYIO

nmogadyy mnapa B MAallMHY W IpPU MIPEBBIILICHUN SallaHHOfI CKOpPOCTH 3aCJIOHKa IMPUKpBIBAJIACh, a IIpU

yMCHBH.IGHHOﬁ CKOPOCTH — NPHUOTKPBIBAJIACh, TCM CaAMbIM PCryJINPYd CKOPOCTb BpAllICHUA.

OCHOBY COBPEMEHHOW TEOpPUH aBTOMATHYECKOro yrmpamieHus (AY) Ton0Xuiu paboThl,

AHAJIU3UPYIOIHE YCTOI\/’I'-II/IBOCTI) CUCTEM H MCETOJbI IIOBBIINICHUA HX KadyeCTBa (BI)IHIHel"pa)ICKOFO,

KOTOpBII\/'I nucciacaoBain YCTOI)’I‘{PIBOCTB MapoOBBIX MAIOIMH W MNOPCIIIOKHIT AUarpammy I ONpPEACTICHUS

YCTOMUUBOCTU PaboThl (Juacpamma Buvuunecspadckoeo). IlpobieMaMu yCTOWYHMBOCTH 3aHHUMAJIKCH:

Kyxosckuii, Boznecenckuii, JIsnyHos.



[{uonkoBckuii pa3zpaboTan YCTPOWCTBO YIpaBICHHUS pPyJaeM AUPHKAOSA, TOJOKHI Hadaio
pa3paboTKe aBTOMMIIOTA; MEPBBIA aBTOMHIIOT pa3pabotan bapanoBckwii; [laBbimoB B 1912 romy mepen
IpaXIaHCKOW BOMHOW pa3paboTan YCTPONCTBO CIEKEHHUS OpPYAUS 3a MOABMXKHBIMU M HEMOJBHKHBIMU

1essiMe (TIEPBYIO CIESIIYI0 CHCTEMY).

1.2 OcHoBHbIe NOHATHS aBTOMAaTUKH. DyHK1IHOHANBbHAsA cxema CAY.

HOI[ ynpaesjiernuem B HIUPOKOM CMBICIIE 3TOI'O CJIOBa IIOHHMMACTCA OpraHu3anusa KaKoro-Jinoo

mponecca st A0OCTHXKEHUA ITOCTaBJICHHOM Ociau.

Ilenu ynpasienus 6 mexHuuecKUx CucCmemax.

1. IlopnepxaHue 3a1aHHOTO Kypca Kopaldiisd, caMoJieTa UiIu APYroro cpeacTBa MepeiBUKEHUs.
2. [lonnepsxaHue TONIIMHBI TPOKATHIBAEMOTO METaJlIa.
3. [lonnepsxkanue cTaOUIBHOTO HANIPSKEHUSI U YaCTOTHI B CETH.

4, anaBneHHe PA3IMYHBIMU TCXHOJIOTHYCCKUMU ITPOLIECCaMU.

Omnpenenenue. TexHuueckue 0OBEKTHI, B KOTOPBIX MPOUCXOJAT MPOLECCHI, MOUIeKAIUe
YIIPaBIICHUIO, HA3bIBAIOTCS 00bEKMAMU YNPAGTIeHUL.

Ha oObexT ympaBieHHs IEHCTBYIOT BO3MYIIAIOIIME BO3ACHCTBHS, KOTOPBIC BBIBOIAT €T0 W3
3aJJaHHOTO pexuma. Jls Toro yToObl MOJAEPKUBATH 33aJaHHBIN peXUM Ha OOBEKTE YNpPABICHMS, OH
cHabxaeTcst pabouuM uiM ynpasisonmm opranom (PO). Bo3aelictBue Ha pabouunit opran MokeT ObITh
PYYHBIM WIIM aBTOMAaTHYECKUM. EcCIM 3TO BO3AEHCTBHE aBTOMATHYECKOE, TO BO3HUKACT cucmemda
A8MOMAMUYECKO20 YNPAaeIeHUs.

1.2.1 ¥Yupouwensas pyHkuuoHaanHasg cxema CAY.

1|5 L
BN vy =R oy —

YO

HC oC

Puc.1.1. Yrpomennas ¢pyakirnoHanbpHas cxema CAY



Y3 — 3aar01I1e BO3ACHCTBHUA |

Xy — yIpaBisOIIMUE BO3ICUCTBHUS;

VY — ympaBisieMble CUTHAIIBI;

Z — KOHTPOJIUpYEMbI€ BO3MYIIICHHUS,;

F — HeKOHTpoOJIMpyeMBbIe BO3MYILICHHUS,

VYV — ynpasausroniee yCTpoucTBo;

YO — ynpaBansitoiiuii opras;

OV — 00BEKT ynpaBieHUS;

BC - BepxHsis cBA3b — KOMIEHCUPYET HanOOJee CUIHHO BIUSIONINE BO3ICHCTBUS.

HC - Hwxusas cesazp (OC — oOpaTHast cBsi3b) — HMHGOpPMAaLMsg O BBIXOJHOW BEIUYMHE Y
nocrynaer B YY. YV no unpopmanuu, nocrynatomieii or BC u HC, BeipabaTbIBaeT ympaBisiONIni
cursan Xy.

1.3 Kuaaccudukamus CAY.

1. IIo nanuuuio anpuopnoii (0oonsimnoii) ungopmayuu.

a.) aJanTUBHBIC.

0.) OOBIKHOBEHHBIE.

B amanTuBHBIX cucteMax mojHas uHpopMmalus o6 o0bekTe oTcyTcTBYeT. E€ HeoOxoaumo cobupaTs B
nporecce GyHKIMOHUPOBAHUS 0OBEKTA.
[Tpuuunnel: 1. MaOM3y4eHHBIH CIOXKHBIA OOBEKT.
2. TEXHUYECKUE XapaKTEPUCTHKN 00BEKTa MEHSIOTCS B IIPOIIECCE IKCIUTyaTaIIH.
3. U3MEHSIOTCA YCI0BUS (YHKIIMOHMPOBAHUS OOBEKTA.
«Camonacmpauearowasica» CACTEMa — aJanTuBHasg cucreMa AY ¢  HU3MEHSAIOLMMUCS
napamMeTpamu yrpasisitorniero ycrpoictsa (YV).
«Camoopeanusyowjaaca» cUCTeMa — aJlaTUBHAs cucteMa AY ¢ U3MEHSIOUMMCS allfTOPUTMOM B
yrnpassioiieM yctpoicTtse (YY). B Takoii cucteme u3MeHsIETCsl CTPYKTYpa YIPaBIISIONIEro yCTPOUCTBA.

OOBIKHOBEHHBIC CHUCTEMBI:

Bea undopmanus o0 oObekTe ympaBiieHUS H3BECTHA 3apaHee M CHUCTEMa aBTOMAaTHYECKOTO
VIIpaBJICHUS] CTPOUTCS C YYETOM BCel HHPOpMAIINH.
2. ITo uucny 6x0006 u 6b1x0006.
a.) ogHoMmepHsbIe (1 Bxom, 1 BeIXOM).
0.) MHOTOMEpHBIE, TAKKE MX Ha3bIBAIOT MHOTOCBSI3HBIE (MHOTO BXOJIOB M BBIXOIOB).

B) CHUCTEMBI C HCCKOJIBKMMHU BXOAaMHU M1 OJHHUM BBIXOJOM



3. Ilo évinonnenuio npuHyuna cynepnosuuuu.

a.) TUHEWHbIE (BBIMOIHACTCS MIPUHITUIT CYIIEPIIO3UIIK) (puc.1.2).

0.) HeJTMHEHHBIC (HE BBITTOHACTCS IPUHIIUI CYIIEPIIO3UIIAHN ).

Xl(t) Yl(t)
—> CAY [—>

X1 (H)+Xa(t) Y (1)
— > CAY |(—>

Ya(t)
Xolt CAY |———

Puc.1.2. [lpunuun cynepno3unuu auHeHbx CAY

Y(t) = Yi(t) + Yo(t) - ycioBue BHIIOTHEHHS PUHIIAIIA CYIIEPITIO3HIIUH.

Jlunevinvie ~ CUCTEMbl  ONMUCBHIBAIOTCA  JIMHEHHBIMH  JupdepeHIUalIbHBIMU  ypaBHEHUSAMHU
(oObIkHOBEHHBIMU  AH(pepeHnnanbHbBIME, YpaBHEHUAMU C KOI((UIMEHTAMH, HE 3aBUCSIIUMH OT
BXOJITHOT'O CHTHAJIA).

Henunetinvle cucTEMBbI OITMCHIBAIOTCS HETUHECHHBIMHA I[I/I(b(bepeHI_II/IaJIBHBIMI/I YpPaBHCHUSAMMU.

4. Io éudy cuznanoe, delicmeyiouwux é cucmeme.

a.) HeNpephIBHbIE. A

3
>

Puc.1.3. [Ipumep HeNpepbIBHOTO CUTHATIA

0.) IUCKpETHBIE.

e

Puc. 1.4. [Ipumep 1UCKpPETHOTO CUTHAJA

.
>

5. ITo éudy cuznana ¢ CAY.

a.) JeTepMUHUPOBAHHBIH (onpeaeneHHbIN)(puc.1.5).

X(t)

t, t,
Puc. 1.5. [Ipumep neTepMUHIPOBAHHOTO CUTHANA

0.) ciydaiinelii (cToxactuaeckuii)(puc.1.6).



A X(®

W
Puc. 1.6. [Ipumep cnyuaitHOrO CHUTHaNA

6. ITo yenam unu 3adauam ynpasnenus.

a.) Cucmembl ONMUMATLHO20 YNpAGIEeHUs — 3TO CUCTEMBbI, padOTaOIIKMe HAWIYYLIIUM 00pa3oM Ipu
OTpeIeNICHHBIX YCIOBUIX. MICOMB3YIOTCS CUCTEMBI, ONTHUMANIbHBIE TI0 TOYHOCTH, IO OBICTPOJICHCTBUIO U
Ap.

0.) Oxcmpemanvhvie cucmemvl — 3TO CHUCTEMBI, B KOTOPBIX HEKOTOpPbIE IOKA3aTelIH KadyecTBa

MOAJEP>KUBAIOTCA MaKCUMaIbHbIMU (puc.1.7).

AQ & t

X
Puc.1.7. [loka3arens KauecTBa HIKCTPEMAIBHON CUCTEMBI
Q — MPOU3BOIUTETHHOCTD.

Llenp cucTembl - moJEp)KaHUE TOKa3arenst kKadecTBa (Q MaKCHMalbHBIM, OMNpENeNsis 3HAYCHHE
napamerpa X (ronoxxenne Q MeHsieTcs ¢ TeYCHHEM BPEMEHH)..

Pewenue.

Cuctema cHabkaeTcsl yCTpOMCTBOM aBTOMaTH4eckoro noucka (Y AII).

VAII nepuoandecku momaeT MpoOHBIE BO3NEHUCTBHS HAa OOBEKT B OJHY M JPYTYIO CTOPOHY OT
HEKOTOPOI Ha4aIbHON TOUYKH X,, CPAaBHUBACT MOJTyYSHHBIE 3HAUSHHsI KpUTepus kKauectBa Q, mpon3BoAMT
paGouuii 1mar B HY)KHOM HallpaBlIeHUM M, TaKUM OOpa3oM, OIpeaeNseT MOJOXKEHHE IKCTpeMyMa B
TEKYIIN MOMEHT BPEMEHU.

8.) Cucmemvt asmomamuyeckozo pezyauposanusi (CAP).

B cucremax aBromaruueckoro perynupoBanus (CAP) pemraercs 3amaua mojanepikaHus
BBIXOJIHOTO CHTHaJla 00BEKTa Ha 3aJlaHHOM YPOBHE WJIM M3MEHEHHUs €ro Mo HeKOTOpoMmy 3akoHny. Ilpu

3TOM 3aKOH MOXET OBITh HM3BECTEH 3apaHee, M3MEHATHCS IO 3aJlaHHOMY 3aKOHY MM OBITh 3apaHee



HEHM3BECTHBIM. [0 3TOMY MpPHU3HAKy CHCTEMbI AEISATCS HA CHCTEMBI CTAOWIIM3AIMH, MTPOTPAMMHOIO
YIIPABJICHUS M CIICASIINE CHCTEMBI.
1. Y(t) — const, cinemoBatenbHO naHHas cucrema — cucmema cmabunuzayuu (Y(t) —

BBIXOJHAas BeJ'II/I‘II/IHa).

2. 3akon wu3meHeHus Y(I) wW3BecTeH, ClEOBaTENbHO, 3TO CHCTEMa MPOTPAMMHOTO
YIIPaBJICHUS.
3. 3akon nm3meHenus Y (t) He U3BECTEH, CIIE0BATEILHO, OTO CIEIAIIas CHCTEMA.

1.4 TIpuHUMNBI ABTOMATHYECKOT0 PeryJIMpPOBAHNS, 3AKOHBI PeryJIUPOBAHMS.

1.4.1 IIpuHOUNOLI PeryJaupoBaAHNSA

1. Pa3oMKHYTBI# NPUHIUI (pecynuposanue no eozmyusenuio) (puc.1.8).

—
v AP oy |v

—>
PO

A 4

»

Xap

F
Puc. 1.8. [IpunnunuansHas cxema peFﬁIHpOBaHI/IH 10 BO3MYILEHUIO

AP — aBTOMaTHUYECKU PETYIISTOP;
Xap=1( Y3, Zg1)
rae Xap — PEryJupyOIINil CUTHAT aBTOMAaTUYECKOTO PETYIISITOPA,;
Y3 — 3ajaroiiee BO3IEHCTBUE;
Zg;1 ... Zgn— KOHTPOJIUPYEMBIE BO3MYIIAIOIINE BO3ACHCTBUS,
F — HEeKOHTpONMUpPYyEMbIe BO3MYIIICHUSI.
B xkauectBe Zp; BbIOMpaeTcs Hauboiee CHUIBHO JCWCTBYIOIIEE BO3MYIIEHHE, JEHCTBUE
KOTOPOTO B CHCTEME KOMIIEHCHUPYETCA.
HocTrouHncraa: Cucrema Bcerja ycToiunBa Npu yCTOHYMBOM OOBEKTE PETyIUPOBAHUS.
Henocrarku: Huskas tounocts CAP.

2. 3aMKHYTBIH TNpUHLIUN (pecyiuposanue no omkioHeHuro (C OTpULATEIBHONH 0OpaTHOM

cBs3b10) (puc.1.9). Zpy I ‘ ’ Zpn

v AP oy |v

—>
PO

A
I -

Puc.1.9. [IpuaIunuanbHas cxeMa peryJIMpOBaHUS IO OTKIOHCHHIO

v
\4




XAp:f(Yg,Y).

Xo = Y3(t) — Y(t) — curHam OTKJIOHEHHUS, WJIA OITHOKH

Y3 — 3aj1ato1ee BO3/1€HCTBHE.

Y — perynupyemas BeJIMYUHA.

HJocTrouncrBa: bosee BbICOKas TOUHOCTD, Y4EM B PA30OMKHYTOM CUCTEME.
HepocraTok: Cucrema MOXET CTaTh HEYCTOMUMBOM Jake MPU YCTOHYMBOM OOBEKTE.

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

Zp1 l l Zpn
\ 4 A\ 4

AP oy Y

“lro

A
I+

Puc.1.10. [TpuHiunuansHas cxeMa KOMOMHHUPOBAHHON CUCTEMBI

Xap =f( Y3, Zg1,Y).

XaAp — pErylnUpyIOIUNA CUTHAIL.
Y3 — 3a7aroliee BO3IeiCTBHE.
Zg1 — KOHTPOIUPYEMOE BO3MYIIIAIOIIIEee BO3ACHCTBHE.
Y — perynupyemasi BeIHYHUHA.
JlocTronHncTBa: TouHOCTB, O0JIEE BBICOKAS, YEM B 2-yX BBIIICONMUCAHHBIX CHCTEMAX.

Henocrarkn: Cuctema MOXeT ObITh HEYCTOMUYMBA NTPH YCTOHUNBOM OOBEKTE.

1.4.2 3akoHBI peryJupoBaHus.

3aKOHBI ABTOMATHYECKOI'0 PETYIUPOBAHUS — 3aKOHBI, 10 KOTOPHIM paboTaeT aBTOMaTUYECKUN
perynsTop (AP). 3akoHbI AeNATCA Ha TUHEWHbIE U HEJTMHEHHBIE.

JInHelHbIE 3aKOHEL.

X AP — f(X)

X — MOXET OBITh PA3INYHBIM.
X3

26

y

X0

10



1. IIponopuiroHanbHbIN 3aK0H perynupoBanus (“I17).

Xap = Kp*X

Kp — k03 purmenT ycusieHus perymsropa.

JloCTOMHCTBO perysTopa: mpocToTa.

HepocraTok perynstopa: B 3aMKHYTOH CUCTEME C TAKMM PETYJISITOPOM BO3HUKACT HEHYJIEBas
CTaTU4ecKas ommnoKa.

2. aTerpanbHblil 3aK0H perynupoBanus («1»).
t
Xap () =Ky [Ty - [ x()dz
0

Ku — k03 duiueHT ycuineHus nuterpaTopa.

Tu — nocrosinHas Bpemenu [C].

JlocTronHcTBAa:
e (Craruueckas ouMOKa B 3aMKHYTOM CHUCTEME paBHA HYIIIO.
e OTHOCHTEIbHAS IPOCTOTA.

HenocraTtok: 3aTsruBaeT nepexoJHOM MPOLECC B CUCTEME.

3. MponopunoHanbHO-UHTErpaibHbIN 3aKOH peryanposaHus («M»).

K t
X ap () =Kp -X(t)+_|_—”-_[x(r)dr

LA
JocTouncrBo: Hynesas cratnueckas ommoka.
Hepocrarok: 3aTsHYTHIN IEPEXOJHOM MpoIIeCC.

4. ITponopuroHaIbHO-UHTErpalIbHO-AH PG epeHIManbHbIi 3akoH perynupoBanus («IIU»).

t
X ap (1) =Kp ~X(t)+K—H-IX(r)df+Ka T, X1
Ty dt

K, — xoadpdunuent yeunenus auddepenuuaropa.
T, — nocrosiHHas Bpemenu nuddepeniaropa [C].

JlocTonHcTBAa:
1. HyneBas craTtuueckast onnoka.
2. [loBeIieHHOE OBICTPOCICTBHE.
Hepocrarku:

1. OTHOCHUTENBLHAS CIIOKHOCTD.

11



2. YXynlIeHHas IOMEX0YCTOWYUBOCTb.

Henunelinple 3aK0HBI PETYJIMPOBAHUS.

PeaJ'II/I3y10TC${ BBCACHHUEM B CHCTEMY HEJIUHEHHBIX CTaTUUECKHX PETYIATOPOB C peﬂeﬁHBIMI/I

XapaKTCPUCTHKAMU, IIPEACTABIICHHBIMH HHXKE.

1. UneansHoe (nByxmno3unmonHoe) pene (puc.1.11).
XAP

+B
A

Y

-B

Puc.1.11. XapakTepucTruka IBYXIIO3UIIMOHHOTO pelie

2. Tpexno3unimoHHoe perne (pese ¢ 30HOM HeUyBCTBUTEIBLHOCTH) (puc.1.12).

+B M X,p

-a

Y

-B
Puc.1.12. XapakTepucTuka TPEXIO3UIMOHHOIO pelie
3. JIByXIo3UIIMOHHOE pelie ¢ ructepesrcom (puc.1.13).

Xap
A

+B

Y

-B

Puc.1.13. XapakreprucTrka ABYXIIO3UIIMOHHOTO PEJI€ C THCTEPE3NCOM

4. Tpexno3unnoHHOE pere ¢ ructepesncom (puc.1.14).
Xap

+B A

Y

Puc.1.14.XapakTepucTHKa TPEXIO3ULHOHHOE PENE C TUCTEPE3IUCOM

12



HenuueiiHple 3aKOHBI pEryqUpOBaHHMs MOTYT OOECHEUUTh B CHCTEME KaueCTBEHHO HOBBIC
IIPOLIECCHI, TaK, HAIpHUMEp, MPHU PETYINPOBAHUU TEMIIEPATyphl MAcChl HEKOTOPOI'O BEIIECTBA MOYKHO

MIPUMEHATh KaK JIMHCHHBIC, TaK M HEJIMHEHHBbIC 3aKOHBI (pucC.1.15); HEMMHEHWHBIN 3aKOH PETyJIUPOBAHUS

O

VX
/ X
/ \ 3,\/ P \\\
Ysan [———f N &#%/Q’}
1]/ / N /
/ // \ // N //
/ _ —
// \ = \
/ 1 2
t

MO>KET 00€CIIeUUTh TOUHOCTD O/JIEPKaHUs TEMIIEPATYphl HA 3aJaHHOM YpOBHE.

Puc.1.15. IIpumep nepexomnoro mporecca peansHoit CAY
I'me: 1 — MUHEWHBIN PETyJIATOP C alePUOIUICCKHAM ITPOIIECCOM Ha BBIX0OJIe 00BEKTa.

2 — 0e3 aBTOMaTHU4YECKOro peryjinpoBaHusl.

3. — TMHEHHBIN PEryIsATOp C KOIeOaTeIbHBIM IPOLIECCOM Ha BBIXOJIE OOBEKTA.

4. — HEMMHENHBIN PErysaTOop.

y — BBIXOJIHas BEJIMYMHA Ipolecca, KOTOPYIO HaA0 MOAJEPKHUBATH HA YPOBHE Yia, (HampuMep,

TEMITEpaTypa MacChl BEIIECTRA).
1.5 Cucrema aBToMaTH4ecKoro peryjiupoanus (Ha npumepe CAP ckopocTu
BpAallleHNsl IBUTaTe]Isl MOCTOSIHHOTO TOKA C HE3aBHCHMbIM BO30Y:KIeHHUEM).

15.1 Crarnyeckas u actatuueckas CAP.

CucreMa aBTOMaTHYECKOI'O PEryjinpoBaHusd (CAP) CKOPOCTH BpalllCHUSA ABUTATECIIA ITOCTOSIHHOT'O

o= =
| 1 TT

TOKa C HE3aBUCUMBIM BO30YykaeHHeM (puc.1.16).

‘m‘

aU M:
Un[] VIIy | U } S :) H
W kT/
Usan oc. Ut

Puc.1.16. IIpuanunmansHas cxema cucteMsl peryanpoBanwst JI1T
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Up — HanpspKeHHe, MOCTyNarouee Ha BX0/l MOTEHIIMOMETpa.

Usza 1 — HampshKEHKE, 3a/1a1011ee CKOPOCTh BPALllCHUs ABUraTells.

PJI — peBepcuBHBIN aBHUTaTeNh, (BpalarOUIUHACA KaK IM0-, TAK U IMPOTHB- YaCOBOW CTPEIKH B
3aBHCHUMOCTH OT HOJISIPHOCTH BXOJHOI'O CUTHAJA).

TT" — Taxoreneparop (yCTpOHUCTBO ISl K3MEPEHUSI CKOPOCTU BPALLEHUS IBUTATEIS).

VIIVY — ycunurtenbHO-peoOpa3oBaTesibHOE YCTPOUCTBO.

H — narpy3ka win mpou3BOACTBEHHBI MEXaHU3M, CKOPOCTb KOTOPOTrO HAJA0 MOJICPKUBATH
ITOCTOSITHHOM.

U, — HampspKEeHUE Ha SIKOPHOI 0OMOTKE JBUTATEIIs.
@4, - CKOPOCTb BPALLEHUS JIBUTATEIS.

Urr — HanpspkeHue Ha Beixogae T1.

M¢ — MOMEHT COITPOTHUBIICHMS Ha BaLy ABUTATEIIA.

®p — AIEKTPOMATHUTHBIA TTOTOK BO30YKIEHUS TBUTATEIIS.
Pl — oObeKT ympaBieHwus.

VIIV+TI'=AP — aBTOMaTHU4eCKUI pEryasarop.

U 3,9 = @3, - 3anatowee BosjeiicTBue.

U

Uﬂw=Kn“@hij%a=§?Q
r

Uy = K7 - @y, - perynupyemast BennanHa.

M¢ — BO3MyI1aK01IE€E BO3ACUCTBHUE.

AU =U3z,y —Upp
Aa)@e =W340 — Wpg

- OIJ_II/I6K8., UKW OTKIOHCHHEC BBIXOJHOI'O CHIHalla CHCTCMbI OT

3aJar01Eero BO3ICUCTBHUS.
Urr — moaetcs yepe3 OTpUIaTeIbHYI0 OOpaTHYIO CBSI3b.

Henb cucrempl: CTaOuan3anusi CKOPOCTH BpAIICHUS JBUTATEIS.

PaccMOTpuM MOMEHT BpEMEHU tQ;

Bce curnainel noctosHHbL: U 2 , a)g6 U ?F M 8

HDG}IHOJ’IO)KI/IM, 49YTO B MOMCHT BPEMECHHU tl_MOMeHT COIIPOTHUBJICHUS YBCJIMYUNJICI CKAYKOM.

CurHassl U3MEHSIOTCS CIEAYIOUIMM 00pa3oM:
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M¢c - BO3pacTaeT CKaukoM (M3MEHsIeTCsS Harpys3ka); CieloBaTellbHO: ®,, - magaer, U —

nanaer, AU - Bospacraer, U, — Bo3pacTaer, clieIoBaTeIbHO BO3PACTET (@, , T.€ OCYIIECTBISACTCS
perynupoBaHue.

B mMomeHT Bpemenu t, IEPEXO/THBIE MPOLECCH B CHCTEME 3aKaHMBAIOTCS, M BCTAET BOMPOC,
Kakasi CKOpOCTh BpallleHHs] YCTAHOBUTCS B CUCTEME, T.€.
2 _ 0
[pu to > 1 Wpg <,=> Wy, ? PaccMoTpuM JBa 3aKOHA PEryJIMPOBAHUSA:

1. « Uy 3axon pecyiuposanus.

t
U,(t) = KH-jAU(r)dr
0

Jlng MmoMeHTa BpemeHH ty:

JHomyctum, 4TO a)aze * a)gg =AU #0=>U, - wusmenserca, uro mNpOTHBOPEYUT

IMPCAITOJIOXKCHUTIO 00 OKOHYAHUH MEPECXOAHBIX IMTPOLECCOB.

0

2
Enuncreennas touka crabmimmzanuu: g «»: @ e (0] D6

Omnpenenenue: Acmamuyeckou no 603MyujeHul0 Ha3bIBAETCS CHUCTEMA, y KOTOPOW BBIXOAHAS

BEJIMYMHA HE 3aBUCUT OT BO3MYIIEHUS (cTaTudeckas ournoka paBHa Hymo) (puc.1.17).

M2 Mk Mc

Puc.1.17. Harpy3ouHas XapakKTepHUCTHKA aCTATHIECKON CHCTEMBI

2. IIponopyuonaibHblil 3aKOH Pe2yiupo8atusl.

Ua :Ky'AU

[Tpenmnonoxum, 4To a)g . = wge = ommbka: A® = 0)026 — a)gg =0

= AU :UT]—'_UB’LZ() =0=

15



=>U, =0= w,, =0, 510 03Ha4aeT, 4TO IBUTATENH HE BPALIACTCS, CIICOBATEIBHO, HAIIC

2 0 o
MPEAIoJIOKESHUE HE BEPHO, () De W g H> € YICTOM BO3pacTarOIIeH ommbku AU |, monstho, uto

2 0
0y, <O, (puc.1.18).

0 A@p
Doe

1
D

2
Dy

/

Y

Mg Mé Mg, Mc

Puc.1.18. Harpy3ouHast XxapakTepHUCTHKa CTATUYECKON CUCTEMBI

Onpenenenue: Cmamuueckoti no 603MyujeHur0 Ha3bIBAETCSI CHUCTEMAa aBTOMAaTHYECKOTO
perynupoBanusi (CAP), y KoTopoil BbIXOJHAS BEIWYMHA YMEHBIIAETCS MPH YBEIUMYCHUH BO3MYIICHHS.
Cratudeckas ommlKa B TAKOH CHCTeMe HE paBHA HYIIIO.

CraTnueckue xapakrepuctuku CAP.

Onpenenenne: CTaTHUeCKUE XapaKTEPUCTUKU - XapaKTEPUCTHKHU, MOJYyYEHHBbIE B TOJOXKEHUHU

paBHOBECHS.
CraTHyecKkHe XapaKTepPUCTHKH JBUTaTe s mocTostnaoro Toka (JAIIT).

[Tpesxne ueM paccMaTpuBaTh CTaTUYECKHE XapaKTEPUCTHKU CHCTEMBI, CIEIYyEeT PacCMOTPETh

CTaTHYECKHE XapaKTEPUCTHKN 00BEKTa yrpaBiieHus — ABurareis nocrossuaoro Toka (JI1T) (puc.1.19).

CraTuueckue XAapPaKTCPUCTHUKH ABUTATCIIA IMTOCTOAHHOI'O TOKA.

Us  da ) ) lu

Puc.1.19. Cxema gBurartenst MOCTOSHHOTO TOKa
U, — HanpsDKeHUE Ha SKOPHOUW 0OMOTKE ABUTATEINS.
|, — TOK B IKOPHOM IIETIH.

®p — IIEKTPOMATHUTHBIN TTOTOK BO30YKICHUS.

@y, - CKOPOCTb BpAILlEHHsI JBUTATEIIs.
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M¢ — MOMEHT COIPOTHUBIICHUS Ha Bay.
[Ipu B3aMMOJEHCTBHM TOKA I M TOTOKAa @p Ha BaJly BOSHUKAET MOMCHT BpAILCHHS JBUTATEIIS
Mg, KOTOPBIN BPALLAET BAJl ABUIATENSA CO CKOPOCTBIO @y, .
@ys = F(Uq,Pp,Mc)
Ecin npenmonoxuts, uro @®g = CONSt, T.e. peakuueil sSKOpsS MOXHO TNpeHeOpeyb, TO
@y, = F(Uy,Mc)
1) Eciu Mc =0, To @y, = Ky, ‘U, (puc.1.20)
@ yg

A L---

R \ Hacrimenne cucteMel

Ua

S Mc
>

Puc. 1.20. PerynupoBouHas XapakTEpUCTHKA ABUTaTENs IOCTOSIHHOTO TOKA
2) Eciu ipeamnonoskuth, uto U, — CONSt, OTydrM JTHHEHHbBIE XapaKTePUCTHKH, TPUBEICHHbBIC Ha

pucynke 1.21

EcmmU,=0 = w,, =K -Mc

A

AN Ua:O Mc

Puc.1.21. Harpy3ouHble XapaKTEpUCTUKU ABUTATENS MOCTOSHHOIO TOKA
HIIT onwuceiBaeTcs JIMHEHHBIMA YPAaBHEHUSAMH, CIEAOBATEIbHO, B COOTBETCTBUU C MPUHLMUIIOM

CYIIEpIIO3NIINN MOXKHO 3altucaTb YpaBHCHHC CTaTUKH JABHUTaTCIIA IIOCTOSIHHOI'O TOKa:

Wpg :Kde ‘Ua _KC 'MC

Cratuyeckasi XapaKTepHCTHMKA CTATHYECKOW CHCTeMbl PeryJiHpOBaHUSl CKOPOCTH

BpalueHMsi ABUrarTe/isi NOCTOSSHHOIO TOKA.
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05 = Ky UG —Kc-Mc
Ul =Ky -AU

AU =U 4y -Upp
Urp = Kpp - 06

B ocnoBe nexur ypaBHenue cratuku JIIT, HO HanpspkeHHe Ha SKOPHOHW OOMOTKE JIBHTATessl B

. .. 11C
cratudeckoii cucreme popmupyercst cucremoit: U
Wpg = Kpg - Ky (U3zgg — K- wpe) — K - M
Wy = Kpg Ky "U g =Ky Ky - Kpp 0y, — K- M
@5 (L+ Ky Ky Kpp) = Ky KyU ;9 — KM ¢

_ KyeKy Uj— K¢ .
1+K@6’KYKTF 1+K06KYKTF

Wog

K = KoKy K7 — x0oddunment ycnaeHus pasoMKHYTO CHCTEMBI.

OKOHYATENHHO MOJIYYHUM YPAaBHCHUSA CTATUKHU CTaTUYECKON CUCTEMBI:

_ K _U3a0_KC_
1+ K KT[' 1+ K

D pg Mc

sa0 _ 0 _U3aa
@Dy _wde_K
r

Haiinem ctatudeckyro ommoky.

3a0 _

U K U K
Aa)deza)ag _~3a0 _ .2 3a0 , C

- KTF 1+ K KTF 1+ K

Wpe M C

Awgy = D3a0 Ky
® 1+K Ky 1+K

C

CraTuyeckue OIMIMOKHA CTaTUYECKOW CHCTEMBI

Mc
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WNHupekcsl: ¥V - 10 ynpasisiomeMy BO3AEHCTBHIO, B — 110 BO3MyIIAIOIEMY BO3IEHCTBHUIO.

Yro paer orpuuaresibHasg 00paTHas CBA3b (3aMBIKAHUE CUCTEMBI)?

[penmnonoxkuM, MOMEHT COMpOTHBICHUST H3MeHsercs oT 0 1o Mc = Awy, =—-KcMe - ans

pa3OMKHYTOﬁ CUCTCMBI, Aa)ag - IBMECHCHHUEC CKOPOCTH ABUTATCIIA.

I[HSI 3aMKHYTBIX CUCTEM CKOPOCTh U3MCHUTCS HA BCIINUMHY.

Awy, =—— M,
1+ K
Beisos: [1pu 3aMbIKaHUM CUCTEMBI CTaTHYECKast oMuOKa 1Mo Bo3MymieHuio yMmeHbInaercs B (1+K) pas.

[Toctpoum cratnueckue xapakrepuctuku CAP ckopoctu Bpamenust AT (puc.1.22).

W Z0ER HETYEC TEHTETEHOCTH
. / (T PeArEH0 H a0 TRTHUEC EDH CHC TEMET
ﬁ]a& Al L L L N S T S N
o .".".".".".'.".".".-'."."."."X.".".-’.-’."."."."."."
/ HreameHagac TaTHUE AR
2 CHCTEMA
= }'_"'.ﬁlr_:;s
At
E=k,
1
Pasommzc K
CEF p
pas
I L

Puc.1.22. Harpy3ounsie xapakrepuctuku CAP ckopoctu Bpammenus 11T
Ha pucynke npencraBiieHbl CTaTUYECKUE XAPAKTEPUCTUKU PAa3OMKHYTOW, CTaTUYECKOW U
aCTaTUYECKOM CHCTEM.

[To pucyHky MOXHO HaliTH KOY(PPHUIIUEHT YCHIICHHS PAa30OMKHYTON CTaTUYECKON cUcTEMBI K.
Aw
— P 14K

Aw®
08.

1.5.2 KomounupoBannasg CAP

Ha puc.1.23 npeacraBieHa npuHIKMIHAIBHAS cXeMa KOMOMHUPOBAHHOW CUCTEMBI PEryJIMpPOBaHUS

JABHUIaTCJIIEM ITOCTOSIHHOT'O TOKA.
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B M
]LU ‘
Us | YIIY U§>\J\ ? ¢> H
W

Us Unm U

Puc.1.23. [IpuHumnuanbpHas cxema KOMOMHUPOBAaHHOM cucteMsl perynupoBanus 1T
Kom6unuposannast CAP ucnonbe3yeT ynpasieHne 1o OTKJIOHEHHUIO U 110 BO3MYIIEHUIO. J[71s1 3TOro
B CHCTEMY J00aBIISETCS YCTPOWCTBO MPeoOpa30BaHMS MOMEHTa CONPOTUBIICHHS B HampsbkeHue Um —

naTarK MomeHTta (JIM):
Um =Km -Mc.
Jlo6aBnenue curnana UM 1o3BosisieT U3MEHATh OTKJIOHEHHE, ofaBaeMoe Ha YIIV:
AU :U3a() —UT[' +U|v| .
CraTnyeckue XapakTepucTuku koMOuHupoBannoii CAP

3anumiem ypaBHeHUs 35ieMeHTOB B CAP

( K
Wpe =Kpg'Ug —Kc-Mc

-

UK =Ky AU

AU =U,,y -Urr +Up
Um =Km -Mc

U =K - @y

B ocnoBe nexut ypaBHenue ctatuku JIIT, HO HampspkeHue Ha sIKOpPHOM OOMOTKE JIBUTATENs B
KOMOWHHUPOBAHHOU cHCTeME (POPMHUPYETCS CUCTEMOM: Uclf
Wpe = Kog - Ky U3a0 = Ky - 096 + Ky -Mc) =Ko - M¢
g =Kog - Ky *Usag = Ko Ky - K- g + Kog - Ky -Km -Mc — K¢ - Mc
@ge(L+ Koo Ky K1) = Koo KyU 509 — KM + Ky - Ky - Ky -Mc
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K = Ky Ky K7 — k03 dunment ycunenus pasoMKHYTO#H CHCTEMBI.

OKOHYATEIHHO IMMOJIYYHUM YPAaBHCHUSA CTATUKHU KOM6HHHpOBaHHOﬁ CHUCTCMBI:

o K Usw Kc—Kos Ky Ky .,
06 ~ C
1+ K KTF 1+ K
U
03" = 0g,=— 22
Krr
Haiigem cratudeckyro ommoKy.
U K U Kc—Ky, Ky -K
Awy, = wggd Wy = K3ad = . 23a0  IC 06 "Ny "RM Mc
Tr + K KTF 1+ K
1 U Ke—Ky, Ky -K
Awy, = 3ad C " Rosg Ny M Mc
1+ K KTF 1+ K

CraTuyeckue OIIMOKH KOM6PIHPIpOB8.HHOI>i CHUCTCMBI

1 Uy
Ay, -

6 1+R KTF

5 Ko-K,, Ky Ky
Aa)()ez ¢ ]_i](‘y C

HNupexcsl: ¥V - 110 ynpasisoIeMy BO3IEUCTBUIO, B — 110 BO3MyIaromeMy BO3AEHCTBUIO.

g’
{ = 15
ﬁﬁgﬂ __'-—___ KOMOBER) OF SFEAT
T CAP
_________ 5 )

- crarmueckaz CAP

T Me

Puc.1.24. Harpy3ounslie XxapakTepucTHKH komOnHupoBanHoH CAP ckopoctu Bpamenus AT
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Ha puc. 1.24 mnpencraBneHbl Harpy3o4Hble XapaKTEpUCTHKH KomOuHupoBanHoii CAP. B

xoMOuHMpoBanHOiH CAP BO3MOXHBI TPU peXHMMa: MONHAs KOMIEHcauus 1, npu KOTOPOM HAIpsKEHHE

Um nonHocTsio komieHcupyer passocts Hanpsokernit AU =U ;5 —U -, Henokomnencaums 2, npu
koropoit U mensire pashocrn manpsokennit AU =U, 5 —Up u nepexomnencauus 3, npu
koropoit U, Gonsie pasuoct Hanpsokernit AU =U ;5 —U .

1.6 JluHeapu3aums.
Jluneapuszayusa — 3aMeHa HEIMHEWHBIX YPABHEHUW Ha JIMHEHWHBIC IPOBOAUTCSA B Ipenenax
SaﬂaHHOﬁ TOYHOCTH W HUCIOJB3YCTCA MJISI UCCIICAOBAHUS JIMHEWHBIX cucTeM. B ocHoOBe JIMHCapUu3alnu

JICKUT pa3jioKeHne HEJTUHEHHOM XapaKTEpUCTUKH B pso Teinopa (puc.1.2.5).

y Ay
f (X +Ax) < Ay = aAx
f(Xo) f Ax
/7
| F
|
|
|
|
|
|
|
| X
X x% 4+ Ax

Puc.1.2.5. TIpumep nuHeapu3anuy HeJIMHEHHON QyHKIMN
PaccmoTpum Touky x° | BOIM3M KOTOPOM MBI XOTHUM IMOJYYUTh JIMHEAPU30BAHHOE

YpaBHEHHUE.

3aganum npuparieHue x0 4+ Ax

Pasznoxxenue B psan Teisiopa umeer BUA:

of (x)

2
f(x%+Ax) = f(xg)+ -Ax+1L(2X) AX? +
X=Xg 2 ox X=X
N g Y
F
[Ippy  nuHEapu3anuum  UCIOJIB3YETCS TOJIBKO JIMHEMHAs 4YacTb pPa3JjOXKEHHUs, T.€.

HEJIWHEWHas 4acTh PAa3JI0KCHUA F 0T6paCLIBaCTCH.

of (x)
OX

[Tosrydaem JIMHEapU30BAaHHOE yPAaBHEHUE. f (Xo + AX) —f (XO) = “AX
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of (X)
OX

Hcnonb3ys o0Oo3HaueHue a = ; TIOJIy4MM JIMHEapU30BAHHOE YPaBHEHHUE B

npupameHuax: Ay =a-Ax ;

[Ipu 5TOM Havano KOOpAMHAT NMEPeHOCUTCsT U3 ToukH O B Touky 0’.

1.6.1 IIpuMep MoJ1y4YeHHUsl JJMHEAPHU30BAHHBIX YPABHEHHI reHEPATOPA MOCTOSIHHOI0 TOKA HA

X0JIOCTOM XO1V.

OB s OB — oOMoOTKa BO30YKIEHUS.
1 I'TIT — renepaTop MOCTOSHHOTO TOKA.
R EB\’ IT'TIT Rucr — aKkTHBHOE  CONPOTHUBIICHHE
“ H Us WUCTOYHUKA TUTAHMSL.
§ Cr eg — OJC wuHCTOYHMKA  IIUTAHUSI
eB<_> Wis
(BO30OYX1€HU).
Rosr @os i, Ug — TOK W HampspKeHHE HAa OOMOTKE
BO30YKICHMUS.

Puc.1.26. Cxema rereparopa OCTOSIHHOTO TOKa

@p — DIEKTPOMATHUTHBIN MOTOK, CO37aBaeMblii 0OMOTKOM BO30OYKICHHUS.

(Wyg - CKOPOCTD, C KOTOPOH MOCTOPOHHMH JBUraTENb BPALIAET SKOPh FEHEPATOPA MOCTOSHHOTO TOKA.
e, — OJ1C reneparopa.

Rop — akTUBHOE CONIPOTUBIEHIE OOMOTKH BO30OYKICHUS

(g - YMCIIO BUTKOB OOMOTKH BO30YKICHHS.

VYpaBHenne 06MoTKHM BO30yxkneHus (puc.1.26).

. 0Dp (t
OB: 1) e, (t) = (Rycr +Rop) 15 (t) + @pp '#()
N
3/1C caMOMHIYKINH
/ Is
7

Puc.1.27. XapakTeprucTrka MeTiau rucrepe3nca oOMoTky Bo30yxaenus [ TIT
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3) I'll'T — uens reneparopa

er(t)=Cr-Pp(t)

Cr —kxo03(pGuIueHT MNpPONOPLUUOHAIIBHOCTH MEXAY HAMpsHKEHHEM U 3JEKTPOMArHUTHBIM ITOTOKOM
BO30YXKICHHUS.

VYpaBuenus 1-3 - sro omnmcanue I'TIT B Buae HenuHEWHBIX au((epeHInaNbHBIX ypaBHEHUH

(Tounee, ypaBHeHHs | U 3 — TUHEHHBIC, a ypaBHEHUE 2 — HEJIMHEHHOE CTaTHYECKOE YpaBHEHHUE).

1) Ecnu mupuHO# MeTH ructepesrca mpeHedpedb Helb3sl, TO JIMHEApH3alusl HEBO3MOXKHA, M IS
onucaHus TpeOyeTcs MpUBJICUYEHHUE alllapaTa aHAIN3a HEIMHEHHBIX CHCTEM.

2) Ecmm mumpuHa mneTnM rucrepe3uca Majia, TO JIByX3HAYHAs XapaKTePUCTHKA 3aMEHSETCS Ha
OJTHO3HAYHYIO (CPEIHIO0 JMHHIO TIETIIU THCTEPE3UCa).

PaccmoTpum 2 yyactka.

()3}

Henunetinas
30Ha

Henuneiinas
30Ha

IB

JInneinas

]
I
|
! 30Ha

Puc.1.28. Xapakrepuctuka o0MoTku Bo30yxaeuus ['TIT

1.6.1.1 MMonyuyenune suneapuszoBaHHbiX ypaBHenuii ['TIT nis padoueii Touku B

HeJVMHEWHOM 30He

{DE. &(DE,
Th - T/ alp
P .
| 1p
i3

Puc.1.29. JIuneapuzauus B HENMHEHHOM 30HE XapaKTEPUCTHKH 00MOTKHM Bo30OyxaeHust [ TIT
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[TosnyunM cucTeMy JMHEAPU30BAHHBIX YPAaBHEHMM, MCHOJb3Yysl JIMHEAPU30BAHHOE YpaBHEHHE B
[IPUPALICHUSIX.

3amnuiieM ypaBHEHUE CTallMOHAPHOM TOUkH (paboyeil TOUKH).

B cranuoHapHON TOYKE BCE BXOJbI U BBIXOZBI IOCTOSIHHBI, BCE IIPOM3BOIHBIE PABHBI HYIIIO.

3amnumieM 2-a ypaBHEHUS CTAI[HOHAPHOW TOYKH:

0 _p_;0
0 _ 0
Torzma curHamsl MOXKHO MPEICTABUTh KaK OTKJIOHEHHS OT CTALOHAPHON TOYKH:
ep(t) = eg +Aeg (1) Dy (1) = Dy + ADy (1)
e (t) =ep +Aep (1) ig () = ig +Aig ()
rie eg - pabouas Touka, a Aeg(t) - mpupaieHue ot 3Toit paboyeit TOUKH.

C ncrnosib30BaHNEM 3alMCAaHHBIX PABEHCTB, IOJYYUM:

0
e + Aeg (t) = Rg (i8 + Aig (1)) + wg d(@g +ADy (1))

dt
eg = Rgig
1) Aeg(t) = RgAig (1) + g %
. oDp (t
2’y Adg = aAig :a:%()
| .
B lig, &}

YpaBHEHUE IMHEAPU3ALNH, TPOBEAECHHOE IO TOKY;
3) ep +Aep (t) =Cp (D +Dp(t))
e? = Cfcbg
Aep (1) =CrADg(t)

VYpaBHenus 1°-3’ - 3TO IMHeapu30BaHHbIE YpaBHEHMs B MPUPALICHUSAX, ONUCBHIBAIOILINE PabOTy

reaeparopa noCToOAHHOI'0 TOKa BOJIM3U pa60qe171 TOYKH, JIeXKalllell B HEIMHEHHOM 30He.

1.6.1.2 ITonyuyenue uHeHbIX ypaBHeHuid I'IIT ¢ padoyeit Toukoii B JIMHEHHOM 30He.
2y @, =1k

—MHIYKTUBHOCTH OJJHOTO BUTKAa OOMOTKH B TEHUS.
LlB OCTb OJIHOTO a oOMo 030yx1e
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1"°) ep(t) = Rgig (t) + Ly wg dis (1)
. C o dt

Le
@ p ~4UCII0 BUTKOB 00MOTKH B036Y)K,Z[6HI/I$I.

Lg — MHAYKTUBHOCTh OOMOTKH BO30YKICHHS.

3") ep(t)=Crlyig(t)

C=C L}

VYpaBuenust 17-37- 9170 nuHeiiHbIe ypaBHEHUS, onuckiBaromue padory I'TIT B nuneliHoil 30He.
1.7 BbiBoabI

CamopeiicTByOIHe CHCTeMbl M3BeCTHbI € JaBHHUX BpeMeH (pa3a. 1.1) m crpositca mo
PAa30MKHYTOMY M 3aMKHYTOMY NPUHUMIY. 3AMKHYThI NPUHUMII JIEKUT B OCHOBE COBPEMEHHBIX
CHCTEM aBTOMATHYECKOr0 yNpPaBJICHHS, KOTOPbIe MOKHO NPeACTABUTHh (PyHKIIMOHAJIBHOMH CXeMOoii
(puc. 1.2). B Hacrosimiee BpeMsi pa3padOTAHO MHOMKECTBO CHCTeM  yIpaBJieHHS,
KJIaccupuuupyemMbIx Mo pasjnyHbiM npusHakam (pa3a. 1.3). B cucremax ucnoJib3ywresi TpU
NPUHLOHMIA PeryJiupoBaHusi (Pa3OMKHYThIH, 3aMKHYTbIi W KOMOMHHMPOBAHHBIN) M 3aKOHBI
peryJiupoBaHus, KaK JIMHEeHHbIC, TAK M HeJIuHeliHbIe (pa3a.1.4).

B cooTBeTCTBHM € 3aKOHOM peryJMpoOBaHusi (IPONOPLHOHAIBHBIM WJIM HHTErPAJbHBIM),
peajqn3yeMbIM B aBTOMaTH4YeckoM peryJsatope (AP) (pa3a.1.5), cucreMbl 1eITCA HA CTATHYECKHUE
n acratnyeckne CAP. Haubosee ynoOHbIM M pa3padOoTaHHBIM SABJISETCS aNNapar HCCJIeJOBAHHUS
JIMHEHHBIX CHCTEM AaBTOMATHYECKOIO YNPAaBJICHHS, KOTOpPble MOKHO TOJYYHTh, NPUMEHSs
JuHeapu3anuio (pasa. 1.6).

1.8 Bomnpocsi

1. IIpuBeauTe npuMepsbl CaMOJCHCTBYIOIIMX CHCTEM.

2. Kakue pa3pa0doTku moJI0KHIN HAYAI0 ABTOMATHYECKHM CHCTeMaM, padoTalommum
10 3aMKHYTOMY NPHHIHITY.

3. Kakoii Bo3Mymaommii CMrHaJ BbIOMpaeTcsi AJ1sl KOMIIEHCALMHU NPH peain3anun
PA30MKHYTOr0 NPUHIUIA YIIPABJICHHUS.

4. Ilepeuunciinre 10CTOMHCTBA U HEAOCTATKHM IPUHLMIIOB PeryJIMpoOBaHUs
(Pa30MKHYTOr0, 3aMKHYTOr0, KOMOMHUPOBAHHOIO).

S. Kakue cBoiicTBa BHOCAT HHTerpajbHas U A PepeHnnaIbHAsE COCTABJIAIOIINE

JuHeiinoro IIN/I 3akona peryiupoBaHusi.
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6. IlosicHuTe HAJIMYKeE CTATHYECKON OIIUOKH NPH MCIOJIb30BAHNH NPONOPIHOHATBHOIO
3akoHa peryanpoBanusi B CAP ckopocTu BpaleHusi ABUrare/isi nocrosHuoro roxa (AIIT).

7. IosicHUTE OTCYTCTBHE CTATHYECKOH OIIMOKH MPHU MCIIOJIb30BAHUN UMHTEIPAJIBHOIO
3akoHa peryaupoBanusi B CAP ckopoctu Bpamenus JITII.

8. Kakue cucreMbl aBTOMaTH4Y€CKOI0 PeryJiMpoOBaHUsl HA3bIBAIOTCH CTATHYECKUMHU H

ACTATUIECCKUMHA 110 BOSMYIICHHUIO.

1.9 3apanus

1. Haiiti BeIxoaHOM curHai Y ¥ CUTHA OmUOKK X0, BEIYUCIISAS CUTHAJIBI U3 YPaBHCHHM
3JIEMEHTOB MPHU CIEIYIONINX 3HaYeHHIX Kodduruentos, K1=2 K2=3 K3=5 K4=1

K5=4, ecnu Ha BXOJ CUCTEMBI ITOgaBars curHang X=1:

11 x Xo K2 Y
K1 —>
- K3
K4
K3
1.2.
K1 —>
K4 v
K2
K5 |
X Xo Y
1.3.
>O KL [— K3 >
A
_ — K2
K4 |
K5 [¢
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1.4,
X Xo K2
K1 —>
- K3
K4
K5
1.5.
K3 v
K1 >
K4
K2
% .
1.6. X Xo
=© Kl [— K3 > K4
A
: K2
K5 [¢

Ha cxemax ricionb30BaHbl 0003HAYECHHS CIIETYIONINX DJIEMEHTOB:

A) Cymmarop

Y

=Y =X1-X2

X1
X2

v



b) Ycunurens

B) O6parnas cBsi3b

X Y
K1

v

K2

Y

K1

"1+ KL-K2

2. 3aMeHHUTH HEJIMHEHHbBIE CTATUYECKUE 3JIEMCHTHI, OIIMChIBACMBIC 3aJJaHHBIMH HUXKC (bYHKIII/IﬂMI/I

JIMHEAPU30BAHHBIMU, HAWTH 3HaUeHUE Y B 33JaHHOM TOYKE !

21 Y = ‘2(e—X 1) + 0,5sin( X)

22.Y :3~In1+—X

B TOUKE X:0;

+ arctg(x) B Touke X=1,5;

23. Y =[2-arcsin( x) + 0,5sin( X)| & rouxe x=0;

)

24.Y =3- % + arctg(x) B Touke X=1;

)

25.Y =3- % + arctg(x) B Touke X=0.

Hcnonb3oBath paznoxeHre GyHKUIUN B PsIIbL:

X2 n
eX =1+ 2+ 2 AN,
n 2 n!
2 n
e X =1 XX on Xy
1 2 l
3 5 2n+1
Sin(X) =~ —2—+ 2 — ()12
1 3 s (2n+1)!

x3 3x5 3- 5x7

arcsin( x) = X +

+ + +
2.3 2.4.5 2.4.6-7
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tg(X) =X+ —+ —+—.
) 3 15 315
3 5 7 2n+1
X X n X
arctg(x) =x——+——-——+ -1
9% 3 5 7 D 2n+1
3 5 2n+1
I 1JF—X:Z( XX + i)
1- 3 5 2n+1
2 3 4
X X X nal X
In(1+X)=X——+———..... 1 +
( ) 2 3 4 D n

1.10 IpakTukym no riase 1.

1. Ilyctb 3a1aHa cxema CUCTEMBI B BUJIE:

S )
> KL — K3 >
N
K2
X5 X2
K5

A

K4

X4

1. 3anummeM psa paBeHCTB, OINHUCHIBAIOIIMX paOOTy »3JIEMEHTOB cXeMbl. [lns aTroro BBegem

0003HAYCHHS CUTHAJIOB Ha BbIXOJaX 5JICMCHTOB.

Xo=X — X5;
X1=Xo- KL
y=_ K3
1+K2.K3
X2=Y +Y K4
X5=X2-K2.

[TockoabKy B COOTBETCTBHH C 3aJaHUEM CIICyeT HaWTH CUTHaIBI XO U Y, TO CIEIyeT MOJACTaBUTH

pPaBEHCTBA B BBIpKEHUS 1711 X0 U Y.
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K3

Xo=X-X2-K5=X-Y-(1+K4)-K5=X — X1-(1+K4)-K5=

1+K2-K3
_X—Xo-Kl— 3 (14K4).K5:
1+ K2-K3
Paccunrtaem koapduruent npu curnane Xo:
K3 -(1+K4)-K5=2-15 [(1+1)-4=5

KL.— 2
1+ K2-K3 +3-5

Taxum oOpazom, TOTyIUIH X0 - (1 + 1,25) = X, 1.e. X0 2%

yo K3 yqo K3 kiixo=—K3  ki(x-x5)=
1+ K2-K3 1+ K2-K3 1+K2-K3
_ K3 k(X -x2. kD)= K3 K1 (X -1+ K4)-K2.Y)=
1+ K2-K3 1+ K2-K3
__ K3 kix—@eka)K2.— K3 K1y
1+ K2-K3 1+ K2-K3
YA+ A+ KA K2 — 3 ko K3 kgx
1+ K2-K3 1+K2-K3
Y 1+ K2:K3 ™
1+ (1+K4)-K2. 2 K1
1+ K2-K3
PaccunTtaem koauureHtT npu curnane X:
1 KK23 ks ' 1 25'2 12
+ . _ —+ . _ _
K3 5 =60 =0,131579
2 1+

3.5 16

2. Haiitu JIMHCAPU30BAHHOC COOTHOUMICHUC MCKIY BXOAHBIM U BBIXOAHBIM CUT'HAJIOM, IMOCTYIIAOIIUM

1+(1+K4)-K2.— KL 1+(1+1)-3-
1+ K2-K3 1+

Ha CTaTHYECKUI HEJTMHEHHBIN JIEMEHT, ONUCHIBAeMbIi (pyHKITMEH:
Y =2-In(1+ X) B rouke x=2.
Bocnonbs30BaBmNCh pa3iokEeHUEM B Psifl, IPUBEICHHBIM BBILIE, HAMIEM pa3JIOKEHHE!

2 3 4 n

X X X n+1 X

Y=2.In(1+ x)=2(X ——+ — ——..... -1 -
(1+x)=2( >t 32 (-1 .
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BbIeNnuB THHEHHYIO YacTh pasoxkenus, moxyuum Y =2 - X. Ilpu X=2, nonydaem Y=4,

1.11 Cnucok auTepaTypsbl

1. BoponoB A.A. OCHOBBI TEOPHH aBTOMATHYECKOTO YIIpaBieHUs, « JHEprus», 4.1 -1965.

2. Teopus aBromatuueckoro ynpasinenus/ [Tox pea. A.B. Herymmna. M.: Beicur. mik.,1982, 400 c.

3. Teopus aBromMaTuueckoro yrpasieHus: Y4e0. [l By30B o crern. «ABTOMAaTHKA U TEIEMEXaHUKa.
B 2-x u. Y.1. Teopus nmuHEHHBIX cUCTeM aBTOMaTHueckoro yrpasienus / H.A. babakos, A.A.
Boponos, A.A. Boponosa u ap. — M.: Beicur.uik., 1986. — 367 c.

4. TlerpoBa B.A., flronkuna T.B. MaTtemaTu4eckoe onrcaHue JMHEHHBIX HEPEPHIBHBIX CUCTEM
aBTOMAaTHYeCKOro ympasieHus. - M.: U3n-so MOU, 1992, 103 c.

5. Konocos O.C., XpuzomuroBa C.A. JlabopaTopusie paboTsl o Kypcy "OCHOBBI TEOPHH
aBromatuyeckoro ynpasienus". M.: U3a. MOU, 1994.-30c.

6. Kuwm JI.I1. Teopus aBromatuueckoro ympasinenus. T.1. Jluneiinsie cuctemsl.-M.: DUSMATIU3,

2010. -312c.

2 Mamemamuueckoe onucanue cucmem aémomMamuidecKo2o ynpaejienun
(3namv: ceoticmea npeobpazosanus Jlannaca, onpedenenue nepedamoyHvix GyHKyul,
YACMOMHBIX U BDEMEHHBIX XAPAKMEPUCMUK, ONUCAHUE MUNOBLIX OUHAMUYECKUX 36eHbES, YMEHb:
onpeoensimeb nepedamoynvie PYHKYUU no 1uHeluHbIM OUu@@eperyuanroHbim YpasHeHUsM 36eHbes U

cucmem, 4acmoniHbvle U 6pEMERHbLE XAPAKMEPUCMUKU, é1aoems: npuemamu nocmpoerus

HYacmonHblX U 6DEMEHHBIX xapaxmepucmuk.)

2.1 JIuddepennuanbHble ypaBHEHUsI.

Cucremsl aBToMaTuueckoro ynpasiieHus: (CAY) B o01ieM BHie MOTYT ObITh ONHMCAaHbl CUCTEMaMU
middepeHIManbHbIX ypaBHEeHHH. Tak, N-MepHas cuUcTeMa ¢ P BXOJAaMU U ( BBIXOJAaMH MOXET OBITh
OIMcaHa CUCTEMOM N TudepeHIaIbHbIX YpaBHEHUI TIEpBOTo MOpsaKa:

X = fl(xl, ey Xy, Uy, ...up)

.X.Z = fz(xl, ey X, Uq, u,p)

Xy = fn(xl, ey Xy Uy, ...up)

yl = gl(xll '--ﬁxn, ul, ...up)

Vg = 9q(X1, ey X, Ug, o Up)
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Ecmm  byHRIUU  f1, fo,..o0s fry G1ree oo ,gq- Hemunednble, To CAVY gBlsercs HEIMHEHHOM
CUCTEMOM, B IMPOTHBHOM cllydyae — JIMHEWHOH. JIMHeilHble cucTeMbl aBTOMATHUYECKOIO YIIPaBJICHUS
OIMCBIBAIOTCS] CUCTEMOM JIMHEHHBIX AU epeHnanbHbIX ypaBHEHUI:

X1 = Q11X1 + A1X3 + o+ QX + byguy + o+ bipuy

x.Z = adx1X1 + Ar2Xo + -+ AoxnXn + b21u1 + -+ bzpup

Xn = Au1Xq + ApaXy + o+ AppXp + by + - + bppu,
yl = C11x1 + C12x2 + + Clnxn + d11u1 + d12u2 + + dlpup

Vg = Cq1X1 + CqaXay + -+ CqnXn + dguy + dgouy + -+ dgpuy,
DTta cUcTeMa C TOCTOSIHHBIMH, HE 3aBHCAIIMMH OT  BXOJIHBIX/BBIXOJHBIX CHUTHAJIOB

KO3 (HUIIMEHTAMH MOXET OBITH 3alcaHa B BEKTOPHO MAaTPUIHON (hopMe B BHUJIC:

{5?=A9?+B-ﬁ
y=Cx+D-u

e A — KBajipaTHas MaTpUIa Pa3MePOM N ;

B — npsiMoyrosibHas MaTpuia pasmepom N p;

C — npsAMOYTONbHAs MaTpHIIA Pa3MepoM g ;

D — npsAiMoyToNbHAs MaTpHIIa pa3MepoM .

Ecin CAY — OoIHOMEpHAs, TO CHCTEMY JHMHEHHBIX JU((EPEHIMATBHBIX YPABHEHHH MOXKHO
HPUBECTH K OJHOMY YPAaBHEHHIO, CBS3bIBAIONIEMY BBIXOHON W BXOJHOM CHTHAJIBI B BUJIE:

Toy™@ + Ty @D 4+ o+ Ty D+ y = ke u™ + ke u™ D + o+ b u® + kgu

[Ipn ONMCAaHWM MCIONB3YeTCs CrenuantbHas (opMma, NPUHATas B TEOPHH ABTOMATHYECKOTO
YIIPaBIIEHHs], COTJIACHO KOTOPOH B JIEBOW 4acTH ypaBHEHHs 3alMCHIBAETCS BBIXOJHON CHTHAT CHCTEMBI
BMECTE C €ro mnpou3BOAHBIMH, CTCIICHU KOTOPBIX YMCHBIIAIOTCA CJI€BA HAIpaBO, B HpaBOP'I qacTu
YpaBHCHUA 3aIlMCbIBACTCSA BXOHHOI\/'I CUTrHaJl BMECT€ C €ro npou3BOAHBIMH, 3allMCAHHBIMH B TOM XK€
HOPSJIKE, TIPU 5TOM KO3()OHUIUEHT IPH BHIXOAHOM CHTHAJIE TIPUHUMAETCS PABHBIM €IUHHUIIE.

[pu peuennn cuctembl JudGepeHIMANTBHBIX YPABHEHHI HCIONB3YIOTCS METOJIbBI PEUICHHS,
TIO3BOJIAIOIIME MONYIHTh (OPMyYIy JUIsi OOIIETO PENIEHUs M YACTHBIE PEIIEHMs, 3aBUCALIME OT BUJA
BXOJHBIX CHUI'HAJIOB. 21.]-[5{ YHOPOIICHWA aHaJIN3a MPHUMCHAIOTCA pPa3jiMYHbIC MCTOABI OAHHMM M3 KOTOPBIX

ABJISIETCS UCIOJIb30BAHUE HEMIPEPBIBHOTO IIpeoOpa3oBanus Jlamaca.
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2.2 TlpeoOpa3oBanue Jlaniaca u ero cBoicTBa.

[lepenaTounsie GyHKINU UCTIONB3YIOT MpeoOpa3zoBanue Jlamnaca.

IIpeoGpasoBanue Jlamuiaca ero CBOMCTBA.

o0
dopmyia npeobpazosanms Jamraca: F(p) = J f(te pt dt
0

f (t) maseaercs opurunanom, a F(P)- usobpaxennem no Jlamacy, 4To 0TOGpakaeTCs CIIEAYIOMIM
obpazom: f(t)+F(p).
P — KOMIUICKCHAsI BeJINYMHA, Ha3bIBaeMas oneparopom Jlamaca.
[IpeodOpazoBanue Jlamnaca 3amensier peuieHue AupGepeHHANIBHBIX YpPaBHEHHH BO BPEMEHHON

O6J'IaCTI/I, pPEIICHUCM anre6pa1/1qec1<1/1x ypaBHeHI/Iﬁ B INIOCKOCTH p, 4TO obneryaer 3aavy aHaJIi3a CUCTEM.

CBolicTBa nipeoOpasoBannsg Jlamaca

1. JIune#HOCTH
L{afy (t) £ bf, (1)} = aF, (p) £ bF, (p)
F(p)=L{f()},

L - o603nauaer npeobpazosanue Jlammaca.

Takum o0pa3oM, npeodpaszoBanue Jlamnaca OT cymMMbl paBHO cyMMe TipeoOpa3oBanuii Jlamaca.
2. N300paxeHne nporu3BOIHBIX.

dO .
L{?}—pam f(0);

] % = p"F(p)—p" L £(0).. - £ 0).

d"f(t) N
[Ipu HynEBBIX HaYaJIbHBIX YCIOBUSX: L n =P F ( p)
dt

3. [IpeoGpaszosanue Jlamuiaca ot uaTerpana (M3o0paxkeHue nHTErpaja).

t
L{jf(f)dr}—@
p

0

4. N3o00paxenue Jlamaca ot GVHKIMY € 3aI1a3AbIBAKOIIMM apryMeHToM (puc.2.1).
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f(t)
f(t)

f(t—1)

T
Puc.2.1. [Ipumep ¢yHKIMHA C 3ana3ABIBAIOIINM apTyMEHTOM

N300paxkeHune oT GyHKINH C 3ara3IpIBAIONUM apr'yMEHTOM UMEET BU/I:

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

—PT
[ne e P7 - OIIEepaTop 3ara3/IbIBaHHUS.

5.TeopeMa O KOHCYHOM 3HA4YCHHU.

lim f(t)=lim pF(p)
t—o0 p—0

Ecmu npeacii CymecCTByeT, 5TO O3HAYaACT, UTO IMOBECIACHHUC (I)YHKI_II/II/I B 6CCKOHC‘-IHOCTI/I, OIIpCACIIACTCAH

MoBeJIeHNEM €€ N300paKeHHs B HYJIE.
2.3 Tlepenarounble GyHKIMH.

[lousatue nepenarounont GyHKIMA (puc.2.2).

Xax(t) CAY Xppix(t)

— > WP 5

Puc.2.2. Tlepenarounasi QyHKIHS CHCTEMBI
[epenarounoii dynkiueir W(pP) Ha3bpIBae€TCS OTHOIIEHHE W300paKECHHs BBIXOAHOIO CHTHAlla K
M300paK€HUI0 BXOJHOTO curHana no Jlamnacy npu HyneBbIX HadanbHbIX yenoBusax (HHY).
HHY — o3HavaroT, 4To BXOJHOM M BBIXOJIHOW CHTHANI BMecTe ¢ UX (N-1) MPOU3BOAHBIMU PABEH HYITIO.

1.HDI/IMCD MOJIYUYEHHUS IIEPEIaTOUYHON d)VHKHI/II/I.

[lepenatounas ¢pyuxuus [I'TIT.

Bozaeiicteyem oneparopom Jlammaca Ha mpaByld M JIEBYKO 4YacTh JIU(QEepeHIHATBHOTO

YPaBHEHHS.
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L{w Ay (t)} - L{KAeg}

BBenem 00o3HaueHus

L{Ae, (1)} = Er(p)}
L{Aeg (1)} = Eg(p)
T{pE(p)—2e(O)}+E,(p)=K-Eg(p)
Aer(0)=0

TpE(p)+E;(p)=K-Eg(p)
E-(p)(Tp+1)=K-Eg(p)

[Tonyuum nepeaaTounyo GyHKIHIO!

_Er(p) _ K
WP = Eg(p) Tp+1

2. IlpuMep noayyenus nepenaroynoi dbyakuuu (puc.2.3).

R L
iy _I_ U,
o »

Puc.2.3. RLC - nenouxa

ypaBHeHI/IH, OIMUCBIBAOIINE ITPOLECCCHI B RLC - LCIIOYKCE :

Uy (t) = i(t)R+ Ld (t) LU, (1)

: dU, (t
it) = c Y20
dt
TloacTaBsAs BTOPOE ypaBHEHHE B MIEPBOE, TIOTYIHM:
2
dU, (t dU,(t
Uq(t) =CR—=—= 2(t) +LC —g() U (t) - nmuneiinoe ypaBHeH#e «BXOI — BBIXOI.
dt

Kax ynomunanocs panee, B TAY npunsra cnenuainbHas ¢Gopma 3anucu JupepeHnanbHbIX
YPaBHEHHH, IPU KOTOPOH CJI€Ba 3aIIMCHIBACTCS BBIXOJHONW BMECTE C €0 IPOM3BOIHBIMU CUTHAII B
MIOPSAJIKE YMEHBILIEHUS CTETIEHN ITPOU3BOJHBIX, CIIpaBa BXOAHON CUTHAJ C €0 IPOU3BOJHBIMU B TOM XK€E

HopsiAKE, IPU ATOM KO3 (UIIMEHT MPU BHIXOAHOM CUTHAJIE IPUHUMAETCS PaBHBIM 1.
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Taxum 0Opa3oM, 3amuIIeM:
2
d“U,(t dU, (t
LC—Z()+CRA+U2(t) =U4(t)
dt? dt
[Tpumensis k ypaBHeHHUIO peoOpa3oBanue Jlammaca u mpearmnonaras HyJeBble Ha4albHbIC
YCIIOBHS, TOTYYHM:

(LCp2 +CRp +D)U» (p) =U1(p) , nnu nepenarounyro pynxumro:

Up(p) 1
U1(p) LCp?+CRp+1

W(p) =

2.4 YacrtotHble xapakrepucTuku CAY

KomruiekcHbii koaduiuerT ycwienus (puc.2.4)

XBx(t) Xeoix(t

ABX A BBIX

CAY t

N/ RN
¥z ¥z

Xpy (1) = Agx -sinwt Xppx (1) = Agpry (@) -sin(@t + @gg 1y (@)

Puc.2.4. Cxema npoxoxkaeHNs1 TapMOHUYECKOr0 cUrHana yepe3 CAY

Bocnonsszyemcst  popMmynoi 3171nepa:eja)t =CoSwt+ jSiNn wt u 3anmmiem BxomHOH u

BBIXOJIHOM CUTHAJI B KOMIUIEKCHOU popMme (uctonib3ys popmyiny Diinepa).

xgx (t) = IM{Agx e ?!} = |m{;€BbIX}

Xgaix (€) = IM{Agpy () - e (@1Hol@)} - |m{;€BbIX}

Bgenem nonsitue komisiekcHoro kodggummenrta ycuienus (KKY)

X BBIX

XBX

W(jow) =

Omnpenenenue:
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KKY — 510 oOTHOIICHUE BBIXOJHOI'0 CHUTHaJIa KO BXOJHOMY B YCTAHOBHUBIICMCS PCIKHUMC,

3alMCaHHBIX B KOMIUIEKCHOW (hopMe TpH MoIaue Ha BXOJ CUCTEMbI TAPMOHHYECKOTO CUTHaNa (puc.2.5).

Al
Agx(mmuna)
/ ).CBX
/ > +
ABI;IX/ T v

X BbIX

Puc.2.5. [Ipeacrapnenue rapMOHUYECKUX CUTHAJIOB HA KOMITJIEKCHOM MJIOCKOCTH
BekTopa BpaiaroTcs OpOTHB 4YacOBOM CTPEJIKM CO CKOPOCTbIO (), a CUTHAJ - 3TO IPOEKLUs

BCKTOPOB HAa MHUMYIO 4acCTb.

XBBIX ABbLX(w)_eJ(wH(/’(a)))

W(jo) = . = A(w) €17
N Agy el
XBX BX
Agprx (@)
rae A(w) =" "BbIX
pe Alw) Apy (@)
A(®) — 53T0 aMIUIMTYAHO-4acTOTHAas Xapakrepuctuka (AUX) - OTHOIICHHE AaMIUTUTY/IbI

BBIXOJIHOTO CUTHAJIA K aMIUTUTY/Ie BXOJIHOTO CUTHAJIa Ha ONPEeeICHHON YacToTe (¥ (TpHU Mojave Ha BXOJ

rapMOHUYECKOTO CHTHAJIa YaCTOThI ().
@(®) - ¢asosas wactorHas xapaktepuctuka (PUX) — pasHOCT (a3 MEXIy BBIXOAHBIM H

BXOJHBIM CUTHAJIOM IIpH IMOJa4Y€ HA BXOA rApMOHHUYCCKOI0 CUTHAJIa onpe):[eneHHoﬁ YaCTOThI.

Ecnu pa3noxuts nonydennoe Belpaxxkenue 1 KKY no hopmyne Diinepa, nomyuum:
W(jo) = Alw)(cosp(w) + jsinp(w)) = P(w) + jQ(w)

re : P(@) = A(®) COS (@) - BemectBenHas sactoTHas xapakreprcTika (BUX);
Q(w) = A(w)sin ¢(w) - muumas uactotras xapaktepuctika (MUX).

I'eomerpuueckas unreprperanus KKY (puc.2.6)
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T'ogorpad mensiercst ot
— _ MuHyc 6eck-tu 10 0

~
~
\\ 3epKanbHOE
N\
\

'/ O0TOOpaxKeHHe

Pl@) \
Q) TR =¥ (@) i
Aw) — |77 > W(jo)
Ot 0 no

Puc.2.6. I'eomeTprueckas HHTEpIIPETALM KOMILIEKCHOTO Ko duimenta ycunaeHus
Onpenenenne: ['eomerpuueckoe MecTo Toyek koHua Bekropa W (ja)) HazbIBaeTCs rogorpadom
(HaiixBucra), win amIuMtynHo-ga3oBoil xapakrepuctuko APX. Yacrora MeHseTcs B Juana3oHax:

—wo<@w<ooum 0<®<o0.Ucnonssyemble B TAY XxapakTepHCTHKH.

1). AUX — ammiuTyaHas yacToTHas Xapakrepuctuka. CTpouTcss B OObBIYHOM MaciuTabe ot
9aCTOTHI, MEHsIOIIIEics B nramasone ot 0 10 90 . Crpoures 1o Beipaxennio A(®) .

2). ®YX — daszoBas yacToTHas xapakTepucTuka. CTPOUTCS O BBIPAKEHHIO (0(60) B 0OBIYHOM
MmacmTale B 1uana3oHe 4actoT ot 0 1o O .

3). BUX — BemectBeHHass uyacToTHas XapakrepucTuka. CTpoUTCS O BBIPAXKEHHUIO P(a)) B
00BIYHOM MacHITabe B Juana3oHe yactoT ot 0 1o 0 .

4). MUX — MHMMas dacToTHas xapaktepuctuka. Ctpoutcst mo Beipaxernnio Q(®) B o6brarOM
MacimTale B 1uana3one 4actoT ot 0 1o o0

5). ADX — ammmrymHO-(azoBas xapakrepuctuka. Crpoutcs mo Beipaxenmio W (j@) ua
KOMIIIEKCHOI TIIOCKOCTH TIPH H3MEHEHHH 4acToT 160 oT 0 10 90 , 1160 oT— 0 00 O

6). JAUX — norapudmuyeckas aMmuTyaHo-4actoTHas xapakrepucruka: L(@) = 2019 A(w)

Crpourcs B norapudmMuyeckom Macutadbe npu U3MEHEHUH 9acToThl oT 0 10 0 (puc.2.7).

L(@w) p (=26)
40 +

207

0.1 1 10 100
-20+
-40+

Puc.2.7. Jlorapudmudeckas aMIUTHTYJHAS 9aCTOTHAS XapaKTePUCTHKA
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Heunben — norapudpMudeckas €IMHAIA U3MEPSHHS OTHOIIEHUS 2-X BETUYHH.

Jlekaaa — Auana3oH 4acToT, Ha KOTOPOM yactora u3MeHsiercs B 10 pas.

6). Acumnrormueckas JIAUX - L'(w) - s1o xapaxrepucruka, momyuennas us L (@)

anmpokcumanueii eé orpeskamu npameix ¢ Haknonamu: 0+ 20+ 40+ 60 syt Crnenyer 3aMeTHTB,
eK

910 JjorapupMuUecKuid MacmTald CHpsSMIISET KPUBOJIMHEWHBIC XapPAaKTEPUCTUKH, IOCIE YEro Takas
anMpOKCUMAIIUsI CTAHOBUTCS BO3MOKHOM.
7). JI®UYX — norapudmuueckas ((a3oBas yacToTHas xapakrtepuctuka. Crpoutcs B

noJsrynorapupmMuIeckoM Maciirade B auanazone 4actot oT 0 1o © (puc.2.8).

A o(0) — OO6bIyHBIN MacIITab
/2 4+
7/2 (1) ©) () 2 19()
0.1 1 10 100
- /2
— 7[ A

Puc. 2.8. Jlorapudpmuueckas ¢a3oBasi 4aCTOTHAsI XapaKTEPUCTHKA
2.5 Tunosble JMHAMHYECKHE 3BEeHbS

JluHAMHYeCKUM 3BEHOM Ha3bIBae€TCS HEKOTOpPOE YCTPOMCTBO, IHMOO CHCTEMa B IIEJIOM,
omuchiBaeMasi JUHEHHBIM TudPepeHIalbHBIM ~ ypaBHEHWEM WA  TEPeJaTOYHONM  (PyHKIHEH.
JlunaMuyeckue 3BeHbSIMU 00J1a1at0T ABYMsI CBOMCTBAMU:

OnHoHanpaBIeHHOCTh (Mepe/laya CUTHalla OCYLIECTBISIETCS B OJHOM HANpaBICEHUHM OT BXOJa K
BBIXOJly, T.€. BBIXOJ HE BIHUSAET HA BXOJ CUCTEMBI). THUNUYHBIM MPUMEPOM JUHAMUYECKOTO 3BEHA
SIBJISIETCSI TEPMONIapa — YCTPOMCTBO I U3MEPEHUS TEMIIEPATYPhI, COCTOSIIECE U3 ABYX METATIMYECKUX
IJIACTUH, OJWH KOHEI KOTOPBIX COEAUHEH M TIOMENIAETCd B HArperoe MPOCTPAHCTBO, a MEXIY
HECOCTMHEHHBIMU KOHIIAMU TIPU TOM IOSBIsETCS HampshkeHue (9.14.c.). EcrecTBeHHO, 3.7.C. HE BIUSET
Ha TeMreparypy.

XapakTepUCTUKU TUHAMUYECKUX 3BEHbEB HE MEHSIOTCS MIPHU UX PA3IMYHOM MOAKIIOYEHUHN IPYT K
npyry. IIpogemonctpupyem 3to Ha npumepe coequHeHns RLC — nenouku U aenuTens HanpsyKeHUs

(puc.2.9):
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L fa¥
W —o— ] o
Uy T C oy, > y
o {3 i O

Puc. 2.9. RLC - nenouka
Ecnmu 1memodyku coelmMHEHBI 4Yepe3 YCWIUTENh C OONBIIMM BXOJHBIM M MAJIBIM BBIXOIHBIM
CONPOTHUBJICHUEM, T.€. BTOpPAs LIEMOYKA HE Harpy>kKaeT MepBYI0, TO BTOPOE CBOMCTBO BBIMOJHSETCS, a B
MPOTHBHOM CJIy4ae — HET, YTO JIETKO IO0Ka3aTh, HAWJA MEepeaaToyHyr (YHKIMIO IMOCIIEI0BATEILHOTO
COCJIMHEHHUS IIETIOYCK U YOCIUBIINCH, YTO OHA HE paBHA IMPOU3BEIACHHUIO JIBYX UCXOMHBIX MEPEIaTOYHBIX
GbyHKIUH. TumoBsIMM ~ HA3BIBAIOTCSA  JWHAMHYECKHE  3BE€HBS, ONNCHEIBAEMBIC  JIMHECHHBIMHU
nuddepeHInaTbHBIMUA YPAaBHEHUSIMU WM NTepeIaTOUYHBIMU (DYHKIIUSAMHU HE BBIIIE BTOPOTO MOPSIKA.

2.5.1 Be3piHepuuoHHOE (MIPONOPLUMOHAILHOE) 3BEHO

[Ipumepsl: a) peayKToOp, y KOTOPOrOo OTHOIIEHHUE YIJIOBOM CKOPOCTH BpALIEHMsI BHIXOAHOI'O BaJla

. [0 .
K CKOPOCTH BpallCHUA BXOAHOT'O BaJla paBHO IIEPEAATOYHOMY UUCITY | p = —2 T.e.W ( p) =1 p ;

0) peraar (puc.2.10), 11 KOTOPOro BBIIOIHAETCS COOTHOLIEHHWE: [) - |1 = P2 - |2,

T.e. W(p) =&=|—1.
pr 12

Puc.2.10. Cxema pbruara

Taxum o6pazom, nepenaToyHas GyHKIHS O€3bIHEPIIMOHHOTO 3B€HA paBHa!

W(p)=K=Kel®=K+j-0

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

Puc.2.11. XapaxkTeprcTuku 0e3pIHEpLIUOHHOTO 3BeHa (rogorpad, AUX)
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3) BUX (P(w)) 4H)MUX (Q(w))
P(0)=K Q(®)=0
PUX (p(w))  @(w)=0

JlorapudmMuueckas aMIUTMTyqHast YacToTHast Xapakrtepuctuka (JIAUX) (puc.2.12)

L(w) =201y A(w) = 201g K

L(w)

L 201K

v

01 1,0 10 100 o

Puc.2.12. JIAYX Ge3bIHEpPIIMOHHOTO 3BEHA

2.5.2 Hurerpupviouiee 3BeHO

[Ipumepsr:
A) Ban, y KOoTOporo yros HmoBOpOTa CBA3aH C YIVIOBOM CKOpPOCTBIO BpAILEHUS HHTETPaJIbHBIM

t
cootromrennem: @(t) = Ico(r)dr ;
0

b) Konnencarop, 1isi KOTOPOro aKTHBHBIM CONPOTHBICHHEM IPOBOJOB MOXHO TpeHeOpeus (r=0)

(puc.2.13):

. dug
l:_ . IC_CT

Uc ——= =—1, (Uc- BBIXOZ; ic — BXOJ).

Puc.2.13 Cxema koHaeHcaTopa

VYpaBHEHUsI, ONUCHIBAIOLINE HHTETPUPYIOLIEE 3BEHO:

R-t t
y(t) = —fx(r)dr :KHJX(T)dr;
T 0 0

dﬁ(t) K (1)

K
Iepenarounas gyuxums: W (p) = —L
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o B
W(ja,):K_H _Kuye™ _Ku, J%:o_jK_H

Jo a)ej% o w
Ky Ku a
rae: P(w)=0 Qw)=-j—** A(w)=——— (@) =——
® ) 2
K= Kie™ j jo= eI
7
j
o A
+ A -
K

Puc.2.14 IlpencraBienue Ha KOMIUIEKCHOM IIOCKOCTH

HOCTpOI/IM YaCTOTHBIC XapAKTCPUCTHUKHU.

1). AMmuryaHas yactotHas xapaktepuctuka AUX (A(w)) (puc.2.15)

A(o )

Ku

1
Puc.2.15. AUX uHTErpupyoIero 38eHa

XapakTepUCTUKY MOKHO MOSACHUTh Ha mnpumepe: Eciam Ha konjeHcatop C monaaTh CUTHAm

HYJIEBOM yacToThl —=> Hanpsbkenue Uc pacrer 10 Oeckoneunoct. Ecimm @ - 0 =>Us — 0

2).®YX (@(m))— da3oBas yactoTHas XapakrepucTtuka (puc.2.16).

A ¢(@)

Y

Puc.2.16. ®a3oBast yacToTHas XapaKTEPUCTUKA HHTETPUPYIOIIETO 3BEHA
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3). AmmuryaHas ¢aszosas xapakrepuctuka ADX — (romorpad) (puc.2.17).

j

0A®

Puc.2.17. I'onorpad MHTErpUPYIOIIETO 3BCHA

4) BemectBennas yactorHas xapakrepucruka BUX (P (@) = 0).

5) MHuMas yacToTHas Xxapaktepuctrka MUX (Q(a)) ) (puc.2.18)

Q(w)
1

Ky -

Puc.2.18. MHUMas 4acTOTHAS XapaKTEPUCTHKA HHTETPUPYIOIIETO 3BEHA

6). Jlorapupmuueckas AUX (JTAUX) (puc.2.19)

L(w) = 20lg A(co)=20IgK—H:20Ig K, —20lg @
(0]

L(w)

40

0 06
20 | ~ oek

20IgK
1 f f
0.1 10- 100 o

20T

Puc.2.19. JIAYX uHTErpUpyIomero 3seHa

Haxon -20 16/nek, koaddumment yeunenus 20 19K, oTkinansiBaercs Ha yactote @ =1
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6). Jlorapupmuueckas pazopas yacrotHas xapakrepuctuka JIOUX (puc.2.20).

0.1 10 100

Puc.2.20. ®azoBas porapupmMudeckas 9acTOTHAS XapaKTEPUCTHUKA MHTETPUPYIOIIETO 3BEHA

2.5.3 HuepuuoHHOE 3B€HO

[Tpumepsr: A) reneparop nocrossuaoro Toka (I'TIT);

b) RC — nenouka Buaa (puc.2.21)

Z1(p) =R
R 1

Q_DTQ Zo(p)=——
C
i g

Ui pt: Us(p) Z5(p) 1
@ T 0 W(p):U1(p):Zl(p)+Zz(p):RCp+1

Puc.2.21. RC-ienouka (MHEPIIMOHHOE 3BEHO)

VYpaBHeHME, ONHMCHIBAIOLIEE UHEPIIUOHHOE 3BE€HO:

TM+y(t):K-x(t).

dt
K
[Mepenarounas pyukims: W(p) = ——
1+Tp
W(jo) = — Kel® — K .~ larctg(wt) _KQA-jal) _
1+ joT 14272 .elacg@t) 1, 272 1+ w?T?
K K
1+0°T? 1+ 0®T?
K
rne: P(w) = ———
() 1+ w?T?
. K
Q0)= i
() 1+ T2
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A(w)= —K
V1+T20?
p(w) = -arcg(75)
[TepeiineM K TOCTPOCHUIO YACTHBIX XaPAKTEPUCTHK.
1) AmmuntyaHas yactoTHas xapaktepuctuka AUX (A( @ ))(puc.2.22).
A(w)

1/:T

Puc.2.22. AUX nHepuroHHOTO 3B€Ha

2) dazoBas yactotHas xapakrepuctiuka DUX (o(w)) (puc.2.23)

@iy 4
al T i
. \\
-Z1
_® T
2

Puc.2.23. ®UX uHEPIIMOHHOTO 3BEHA

3) BemiectBennas yactotHas xapakrepuctuka BUX (P(w)) (puc.2.24)

K/2-

T |

Puc.2.24. BUX uHEpIIMOHHOTO 3BeHA
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4) Muumast yactotHas xapakrepuctuka MUX (Q(w )) (puc.2.25)

VA

K2

Puc.2.25. MUX uHEpIMOHHOTO 3BeHA

5). AmmnurynHas ¢da3oas xapakrepuctuka ADX (W( jo)) (puc.2.26)

45°

Alw) VYT =w

Puc.2.26. AOX nHEpIIMOHHOTO 3BEHA
T
I'onorpag Bxoaut B 0 mox yriom -7 5 » TAK KaK TIPH o0 o(w) = —E, A(w) =0

6) Jlorapudmideckas aMITyHas yactorHas xapakrepucrika JIAUX (L(®@) ) (puc.2.27)

W(a))z—K2 = g jardgot
1+ 0T

Alw) = K p(w) = —arctgwT
V1+ T2

L(w) = 20lg A(w) = 20|9L =20Ig K — 20Ig V1+ ?T?
V1+@?T?
L'(w) - acumnrotnueckas JIAUX.
1
@ = — - 49aCTOTa COIPSKEHU.
1.a)<% ol <1; a)ZT2 <<1
L (w)=20lgK -201g1; lgl1—0

2.a)>% @l >1° @°T2>1:
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Lo (@) =20lg K —20lg T =20lg K —20lg T —20lg @

XapakrepucTuka uet ¢ Hakiaonom —20 (o ocu @ ), npu 1/T - ckauka HerT.

L(w)

AL ~ 306

1 YT 10Noo 1000 o

L'(co) — actinzrar

Puc.2.27. JIAUX uHEpIIMOHHOTO 3BE€HA

7) Jlorapudmudeckas (aszosas uacrotHas xapakrepucriuka OUX (@(w) = —arctgwT ) (puc.2.28)

¢ (w)

yr

10 100 1000

—r/4

oy — ¥ ________________________________

Puc.2.28. JIOUYX nHEpIIMOHHOTO 3BEHA
2.5.4 KoaedareabHoe 3BEHO

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

0) ['py3, moaBenIeHHbIN Ha IpyxuHE (puc.2.29):

I'py3

/— IIpyxuna
/_

Puc.2.29. Ilpumep xonedbaTenpHOTO 3BEHA

YPaBHeHI/Ie, OIIMChIBAOIICC KoJie0aTeIbHOE 3BCHO:



124%y0
2
dt

[lepenaTounas GpyHKIMS KOJIeOATETLHOTO 3BEHA!

dy(t)

+ 26T ——=
det

+ y(t) = kx(t)

2
W (p)=— 2K =— K i 0<é<y oy ==
Tp®+25Tp+1 p°+2ian + o T

. K

W =

(Jo) A-T20%)+ j25Tw
. K 10

W(Jw)erw

1-T20%) + j2ETw = (1-T20?)? +4£%T20? -e1?
ede: A= \/(1—T2a)2)2 +4§2T 22

A

CO>% a)<%

.

1-T20? 1-T?20?

Puc.2.30. [IpencraBienre Ha KOMIUIEKCHON TNIOCKOCTH
25T w 1
arctg % W< —

1-Tw T
plo) = 25T w 1
T — arCtg ﬁ > —
P—Ta)‘ T

1) AMmuutyaHo-4actotHas xapakrepuctuka AUX (A(w)) (puc.2.31)

K

A(w) =

Alw)

/§=0
£=025 .
AWT) =

|
ZK | : PaccmoTpum pasHbie 3HaueHus &
£=1| §=0 £=025
| 0 £=01 ¢&=1
Oyax %

Puc.2.31. AUX koiiebaTepHOro 38eHa

JA-T202)? +4£2T 202

@y = — - PC30HAHCHAs] 4aCTOTA.
T
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1
OMAX =T 1-2¢ - Alomax) = max

2) dazoBas yactotHas xapakrepuctuka DUX .(o(w)) (puc.2.32)
=0.5 =1
(0((0) =—Q [Toctpoum nnﬂg 02 :g 0
0 YT %
oz R -t
2 £=05
-7

2) AwmrutyaHas (azoast

xapakrepuctuka ADX (W (jw))

(puc.2.33). I'ogorpad npuxoaut B
Hosb ot yriaom (— 7). [Ipu £ =0
rogorpad unet ot K no ocu, 3atem
npu @ =1/T - paspsiB u Bxoaur B 0

10 ICUCTBUTEIBHON OTPULATENBHON

OCH.

Puc.2.33. AD®X kosebarebHOro 38eHa

3) Jlorapudmuueckas aMIUIMTYAHAs YacTOTHAs XxapakTepuctuka JIAUX
(L(®)) (puc.2.34)
Alw) = K

JA-T20?)2 +4E2T 2092

K

L(w) = 201g = 20Ig K — 201 /(1T 202)? :

J-T202)2 1 4£27 22
BTOpHIM cllaraeMbIM 110J1 KOPHEM HpeHeOperaem.

Crpourcs acumnrorudeckas JIAUX:
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Yacrora conpsokenus - @ =1/T .

1) o<T; 0’T? <<1 npenebpecaem &°T?

Ly (@) = 201g K
2) w>1UT; 0’T? >>1 npenebpezaem1
Ly(w)=201gK -40lg 0T

L(w)

L(w)

0 \ 0 ~

20 | - 40

L'(w)

1 % N 100

Puc.2.34. JIAUX konebaTenbHOro 3B€Ha

4) Jlorapudmuueckas ¢azoas yactoTHas xapakrepuctuka JIOUX (puc.2.35):

p(w)

4 £=0.25

Puc.2.35. JI®UX konebaTeIbHOrO 3BEHA

2.5.5 3BeHo 3ana3zabIBaHUs

IIpumepsr:
A) InuHHas TUHUS; I
b) Konseiiep (puc.2.36)

Benmunna 3ara3/IbIBaHHA: |

T=—

\Y

I'me | —paccrosiHre MeK Iy JaTYMKaMH, O Q 'O

Puc.2.36. [Ipumep 3BeHA 3ama3apIBaHUS
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V — cKOpOCTb KOHBEHEPHO! JIEHTHI.

YpaBHeHHe, OIIMCBHIBAIOIIICC 3BCHO 3arla31bIBaHUA:
y(t) = Kx(t—17).
[TepenaTounast GyHKIUS:
W(p)=Ke™ ™ W(jw)= Ke 197 —Kcoswr - jKsin ot
P(w)=Kcoswr Q(w)=-Ksinwr
A(w) = K p(0) =-wt

1) Amrmuatyanas yactotHas xapakrepuctuka AUX ( A(a)) ) (puc.2.37)

> ()
Puc.2.37. AUX 3BeHa 3ama3abIBaHus

2) ®asoBas yacTtoTHas xapakrepuctuka OUX ((p(a)) ) (puc.2.38)

>

Y p(o)

Puc.2.38. ®UX 3Bena 3ama3gbIBaHUs

3) Awmmmrtyanas dasosas xapaktepuctiuka AD®X, W (jw) - rogorpad (puc.2.39)

w=37/(2) |’
w=rlt w=0
-
|/, «
' /
\a):ﬂ/(Zr)

Puc.2.39. A®X 3BeHa 3ama3abpIBaHUA
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2.5.6 HpeanbHoe u peanbHoe IuddepeHUNpYIONIHE 3BEHbS

1. Hoeanvnoe oughgpepenyupyrouiee 36eno
[Tpumepsr:

A) Bam, y KOTOporo yroia MoBOpOTa CBSI3aH C YIJIOBOM CKOPOCTBHIO BpallleHHUs HHTErpaibHbIM

t
coornomenmem:  @(t) =ja)(2')dr, a yrjoBas CKOpPOCTh CBsi3aHAa C  YIJIOM  IIOBOPOTa
0

do(t)

l mupdepennmansHbiM cootHomenuem: @(t) = ——=

dt

— C B) KOHI[GHC&TOp, IJIs1 KOTOPOI'0 aKTHUBHBIM COIIPOTHUBJIICHUEM IIPOBOJOB MOKHO

. Ug .
Ue npenebpeus (1=0): 1o = C—= (Uc- BXOZ; ic — BBIXO).

dt

Puc.2.40. Ilpumep naeansHOTO AU HEepeHITUPYIONIETO 3BeHA

VYpaBHeHue, onuchIBaroliee uaeanbHoe auddepeHupyromiee 3B€Ho:

dx(t)
t)=K—=.
y() ot
epenarounas Gpynxims 3sena: W () = M =Kp
X(p)

KomrekcHsli kodpurment ycunenns: W (jo)=Kjo=0+ jKo.

P(w)=0 Q(w) =Ko
Alw) = Ko o(w) :%.

1. AwmmutyaHas yactotHas xapakrepuctuka AUX ( A(a)) ) (puc.2.41)
A(w)

1

Puc.2.41. AUX uneanbrHoro nudGepeHIUpYIOLIEro 3BeHa
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2) ®asosas uacToTHas xapaktepuctika ®UX (@(®) ) (puc.2.42)
o(®) |

/2

Puc.2.42. ®UX uneansHOro qudGepeHIUpPYIONIeTo 3BeHa

3) AwmmurtyaHas daszosas xapaktepuctuka AOX(W (jw)) (puc.2.43)

b

0

A

Puc.2.43. A®X upmeanbHoro AuddepeHIMpyoIero 3BeHa

4) JlorapudmMudecKas aMILTATY/(Has yacToTHas xapaktepuctaka JIAUX (L(@)) (puc.2.44)

L(w)
40
00

02

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

20T

Puc.2.44. JIAUX uneansHo auddepeHippyoiero 3seHa

T
5) Jlorapudmudeckas dazoBas yacToTHas XapakTepuctuka JIOUX (@(w) = —):

2. Peanvnoe oughchepenyupyrouiee 36eno

HpI/IMCpBIZ A) KOHI(CHC&TOP, IJI1 KOTOPOI'0 aKTUBHBIM COIIPOTUBJIICHHUEM IIPOBOJOB HEJIb3s

l i TnpeHebpeus (r=0):
C

c—Cdd =Uc(t)=—= J.I (r)dr

Uc

Puc.2.45. Ilpumep peanbHOro qudQepeHInpyomero 3BeHa
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t
ut) =icMr+uc ) =i (M)r +é_|.ic(r)dr
0

CI‘ . dIC (t)
dt

+ic (t) = Cu(t) (i - Boixox; U(t) - Bxon)

YpaBHeHue, onuchIBalollee uaeanbHoe auddepeHnupyromniee 3B€Ho:

d t dx t

WO | O
dt dt
[epenarounas Gpynkuus 3sena: W (p) = j(((r;)) = TEE 1
KommiekcHbiit k03 uiinenT ycunenus:
W(io) = _Ki®__ Ko-e17/2 KT -0? L Ko
Tjo+1 J1,72,2 clarctg(@l) 117202 147202 '
2
KT o Ko Ko
P(a)) = j; Q(a)) = j; A(Cl)) = (D(Cl)) — = arctg(a)T)
® 1+T“w V14T 202 2

1. AwmmmutyaHas dactotHas xapakrepucrtuka AUX ( A(a)) ) (puc.2.46)

3

Ara)

T
0, 7O7R T

e
=

r at

Puc.2.46. AUX peansroro auddepennupyromniero 3seHa

2) dasopast yacroTHas xapakrepuctika ®UX (@(®) ) (puc.2.47)
aﬁ(m}u

o

oo

b
!

a T @

Puc.2.47. ®UX peansHOro nuddepeHInpyomero 3BeHa
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3) Awmmnurynnas dasosas xapaktepuctiuka AOX(W (jw)) (puc.2.48)

-
g Tt
Puc.2.48. A®X peanbHOro qudGpepeHnnpyroIero 3BeHa

4) JlorapudmMudecKas aMILIATY/(Has yacToTHas xapaktepuctika JIAUX (L(@)) (puc.2.49)

022
40 L(@) o6 oeK

T 20—

0ek

20 |

20, B} Ut

01 b 10-= 100 @
20T

Puc.2.49. JIAUX peanibHOro qudHepeHINPYIONIETo 3BeHa

5) Jlorapudpmuyeckas ¢azoBas yactoTHas xapakrepuctuka JIOUX (p(w)) (puc.2.50)

le(m.-f] Fy

by

s

e
=

0 I I e @

Puc.2.50. JIOUX peanpHoro muddhepeHnnpyomero 3seHa

2.5.7 Yunpyrue 3BeHbs

ITpumepsr: Cxema Ha omnepaiiionHoM yeuiurese (OnepanroHHbIN YCHIUTEIb — YCHIUTENb

MOCTOSIHHOTO TOKa ¢ O0NbIINM KO3(PGHUIIMEHTOM YCUICHHSI , OTPAaHMYEHHBIM BBIXOAHBIM HapPsyKEHUEM,
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OOJIBIIINM BXOAHBIM U MaJIbIM BbIXOJAHBIM COHpOTI/IBHCHI/ICM), TaKUM 06p330M CIIpaBCAJIMBBI HUKC

MPUBCACHHBIC COOTHOLICHUSA:

||

|| 7 Ry -1/ pC R
— 2(p) Z.(p) = —=+ 1 _ 1

Z1(p) o 1(p) Rl +1/ pCl 1+ pClRl
| | 7 (p) _ R2 -1/ pC2 _ Rz
U, Ill ] U 2 R2 +1/ pCZ 1+ pCZ RZ
2
_ W(p)zzz(p):R2.1+ PCiRy _ 1+ PTy

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

Puc.2.51. Mogens ynpyroro 3seHa

. 2+2 ,jarctg(wT;) 242
W(jw) =k LHIoT _ VIF@T Vg VMO jarctg(eT)-arctg(aT,)) _
1+ joTo ,l + a)2T22 e Jarctg(aT,) /1 + a)2T22

2
1+ w T]_Tz N .Ka)(Tl—Tz)

K

1+ 0?T} 1+ 0?T}
2 212
1+ T T -7 Y1+ o T
1+ w T2 1+ w T2 1+ T2

¢(w) = arctg(wTy) —arctg(wl»)

Yupyroe uarerpupyioiiee 3BeHo (T,>T;)(Ha onpeeIcHHOM JUara3oHe YacToOT BeJET ceOs Kak

MHTETPUPYIOIIEee 3BEHO)

1) Awmruarynnas yactorHas xapakreprucrtuka AUX (A(@)) (puc.2.52)
Afad
F

£
£T

1!
I

I
Puc.2.52. AUX ynpyroro HHTErpUpPYIOIIETO 3BEHA
2) dasoBas yactoTHas xapakrepuctuka OUX ((p(a)) ) (puc.2.53)
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Pia)

F 3

Y

5
2]

Puc.2.53. ®UX ynpyroro HHTErpHpYIOLIETO 3BEHA

3) Ammmurynnas daszosas xapakrepuctika AOX(W (jo)) (puc.2.54)

I 3
KT,
T.? -
]
v *
il ‘Jﬂ
il

Puc.2.54. AOX ynpyroro HHTErpupYIOIIETO 3BEHA

4) Jlorapumudeckas aMIIIATy Has dactoTHas xapakrepucruka JIAUX (L(®) ) (puc.2.55)

L(w) 00
N —20——
0 00 40 1 oex
oex 20IgK 96
20 L y 0_
oex
- : :
ur, o1t 10- 100 @
1T,
20T

Puc.2.55.JIAUX ynpyroro HHTETPUPYIOIIETO 3BEHA

5) Jlorapudmudeckas pazoas yactoTHas xapakrepuctuka JIOUX (@(@) ) (puc.2.56)

-

Wit

-x1
by

Puc.2.56. JIOUX ynpyroro HHTErpUpYyIOILETro 3BeHa
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Yupyroe nupdepenuupyromee 38eHo (T,<T;) (Ha onpeeICHHOM IUana3oHe YacTOT BEJCT ce0s Kak
g depeHIUPYoIIee 3BEHO)

1) Awmmuarynnas yactorHas xapakrepuctuka AUX (A(@)) (puc.2.57)

Afa

%
Puc.2.57. AUX ynpyroro quddepeHuupyroiero 3seHa
2) dazoBas yacToTHas xapakrepucrtuka GUX ((p(a)) ) (puc.2.58)

Pia}
2 /_\
‘ @

Puc.2.58. ®UX ynpyroro muddhepeHnnpyomero 3seHa

3) Ammmutyanas dasopas xapaktepuctuka AOX(W (jw)) (puc.2.59)

e

Puc.2.59. A®X ynpyroro nudhepeHInpyIonero 3seHa

4) Jlorapudmudeckas aMILTUTYIHAs YacTOTHast xapaktepuctrka JIAUX ( L(w)) (puc.2.60)

L(w)
40
T 2020 090
O% 20 ()eK aeK
oex | 20IgK
_—
R : :
ur, o 1 10- 100 @
T,
20T

Puc.2.60. JIAUX ynpyroro auddepeHIupyroIero 3peHa
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5) Jlorapudmudeckas hasopas yactoTHas xapakrepuctura JIOUX (@(®)) (puc.2.61)

Wit

i &

A

el

Puc.2. 61. JIOUX ynpyroro nuddepeHuupyomero 3seHa

2.5. HeMuHuMAJIbHO-(a30BbIe 3BEHb U X XaPAKTEPUCTHKH

Kak yxe ynomuHanoch, nepefaToysble GyHKIMN HEMUHUMAIbHO-(a30BbIX IMHAMUYECKUX
3BEHBbEB UMEIOT ITOJIOKUTEIbHBIE HYJIN WIN II0JIF0CA, BCIEJCTBUE YEro HapyLIaeTCsl OJHO3HAYHAas CBA3b
MEXy aMIUTUTYAHOHN U (pa30BON 4aCTOTHBIMHU XapaKTEPUCTUKAMHU.

PaccMOTpUM MHOXKUTENN YUCIUTEINS WM 3HAMEHATEISI C IPABBIMU KOPHAMH JUIsl IOCTPOCHUS UX
(ha30BBIX XapaKTEPUCTHK.

A) (1-pT)

3aMeHUM PHa @ ¥ 3anuiiem (1 - Ja)T) . Jlnis onpenenieHust aMIUIUTYIHOM U (pa3oBoit

YaCTOTHOH XapaKTCPUCTHUK MTPCACTABUM IOJTYUCHHOC BBIPAKCHUC HA KOMILJIEKCHOM MIOCKOCTH:

i 1 W3 pucynka BUAHO, 4YTO BEKTOP (1 - ja)T ) MOXHO IIPEJCTaBUTh B BUJIE €T0

l -
- » AMIUTUTYZBI ¥ a3kl 1+ a)ZT 2 e~ jarctgoT

-joT 7

B) (pT -1)
3amenuMm P Ha ja) U 3amuiieM (ja)T - l) . s onpeneneHust aMIuIUTyJHOU U (pa30Boit

YaCTOTHOM XapaKTEPUCTHUK MPEACTABUM IOJYYEHHOE BBIPA)KEHUE HA KOMIUIEKCHOM TIOCKOCTH:

joT 4 J U3 pucyHka BuHO, uto Bektop ( J@T — 1) MoxHO mpencraButs B Brje ero
[v\ i » AMIUIMTYZBI U (a3l 1+ a)ZT 2 e j(r—arctgwT)
-1 +
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B) (T2p2-2-&-p-T+1)

3amenum Pua @ u3anumem (1—T 2(02) — J2£ @l . VI3 pucynka BUIHO, UTO BEKTOP

A (1—T20)2)— J2& @T MoHO NpeacTaBUTh B BUJIE €T0
S aMIUTATYIBI U (Basbl B BHIE
o o< 2222 2 —io ()
—-jo (o
- J1-0? T2 1 (2. ¢.0-T)2 e 1
>4 arctgﬂ C()SE
1-T20? T
Pk (@) =1 25T w 1
7 —arctg——2——— w>=
P—Tzwﬂ T

2.6

IHocTpoenue JorapupmMuyecKuX YaCTOTHBIX XaPAKTEPUCTHK 110 MePeAATOYHOU
(pyHKUHMH PA30OMKHYTOM CHCTEMBI.

PaccmoTtpuM nporiecc nocTpoeHust JorapupMUUecKuX XapakTepUCTUK Ha IPUMEpPE 3aaHHOMN
nepeaToyHoON (PyHKIHMN CUCTEMBI, @ UMEHHO:

amno:
K(L+ pTy)?
W(p)= (+pTo) —
pPA+ pTy)-Q+28T3p+T5 p*)
K=100; TI=2c.

T2=0.5c. T3=0.02c. £=05.
JU1sl HOCTPOEHNUSI YaCTOTHBIX XapaKTEPUCTHK MeperieM K KOMIUIEKCHOMY KO3((QUITUEHTY

YCHJICHHSI, 3aMCHHMB |) Ha | @ U TIPEICTABUB KaKIbIH MHOXHUTEb B MOJSIPHOM CHCTEME KOOPIUHAT KaK
aMIUTUTYly ¥ COOTBETCTBYIOIIYIO ei (hazy:

W(jo) = K(1+ joTp)? o Aelagetie:
jo-(U+ joT)-U-T2w? + j26T0)  Agel?s - Ael®r . pgel?s

2
_ Ny e 190 +20;, ~04 —01 ~03)
AgA1A;

[Tepeuncium 3BEHBS U UX MPEACTABICHUE B CICAYIOIIEM MOPSIIKE:
0-K;

1- 1+ joTy);
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2- (L+ joTy)?:

3- (1-TL0? + j2£T30);
4- |o.

0) K =Kelo

+]

T >+

Puc.2.62(a). [IpeacraBiacHre Ha KOMILICKCHOM IIOCKOCTH

1) 1+ jaTy =12 + 0?T2 -eJarctg ol

Puc.2.62(6). IlpeacraBnenne Ha KOMITIEKCHON TUIOCKOCTH

2) 1+ jTy =12 + ©°T 2 e A9 T

Hpe,[[CTaBJ'IHeTC}I Ha KOMILIEKCHOH IIOCKOCTH aHAJIOTHYHO 3BCHY 1)
. TT
=

5 jo=we ?

tj

>
>

Puc.2.62(B). [Ipeacrarnenne Ha KOMITIEKCHOHN TUIOCKOCTH

HA-0?T2) + [25Tg0 = [(1- 0?T2)% + 45T20? -e19

-

25T
arctgﬂ o<t
1-T?w? T
) p= 2£T
7z—arctgﬂ 0>
P—Tzwz‘ T
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Teneps 3anuieM BeIpaskeHUs ISl aMIUTATY/bI M (pa3bl KOMILJIEKCHOTO KO3 (DUITMEHTa YCHUIICHUS

BCEIl CUCTEMBL:

K(y1+@’TF)?

Alw) =

¢(w) = 2arctgwT, —arctgoTy — % —Q

rae (0 - 3agaeTcs BeIpaxeHueM (*).
K=100; TI=2; T2=0.5; T3=0.02;
Crpoum JIAUX, JIOUX, ADX.

2.6.1 Hoctpoenne JIAYX

o1+ 0?T2 [+ T20?)? + pE?T20?

0.5.

3anuieM Belpaxkenue it JIAUX, nponorapupmMupoBaB aMIUIUTYAHYIO YACTOTHYIO XapaKTEPUCTUKY

cucremsr A(w):

L(w) =201y A(w) =201g K —201g @ — 20Ig \1+ (wTy)? +40lg \1+ (wT9)? —

20l J(1-T2w?)? +4£2T20?;

3amuieM 4acTOThI COIIPSKCHUS B ITOPAAKE UX BO3PACTAHUA:

wl:%l:o.s
0)22%222
w3=%3:50

N paccMoTpuM yuacTku acumnrorudeckon JIAUX:

0 yuacrok: @ < %l ol <1 wly <1

Lo(w)=20lg K -201lg @
1 —ii yuacrok:
1 1 1

<w<w — << —<—
“ 2 Ty To T3

C()T3 <1
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1 1 1
=>0>— 0<—, 0<—
T T T3

ol > oly) <1, wlz<l

L (w) =Ly —-20Ilg oTy =20Ilg K -20lg ®—20lg Ty =20lg K —20lg @ —20lg @ — 2019 Ty =

=—-40lg w+201g K
T
2-0i y4acTok
W) <W< w3
1 1 1
Tt T T3
ol >l ol >1, wlz<l
KT,
L5 (@) =L{(w)+40lg ®Typ =20Ilg K - 201g @ — 201g Ty + 401g @To =201g T +0lg w
1
3-il y4acToK.
KT,
L3(w)=L)(w)—40lg T3w=201g —2—4O|g @
Ty

Taxum oOpa3oM, BUIHO, uTo acumnroTuyeckast JJAUX coctout u3 4-x nNpsiMOIMHEHHBIX Y4aCTKOB
C HaKJIOHaMU, ONpPEIEICHHBIMU JJIS1 KQXKJI0TO y4acTKa B OTJEJIbHOCTH.

b

Ll

o

-Ja

03

20z
22 1 £
a l } } t -
o @, 1 W@ ia @ joo \%m

Puc.2.62 Acummrornueckast JJAUX

—40
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2.6.2 THocrpoenue JIOYUX

3anuiieM BeIpaskeHue Ui (Pa30BON YaCTOTHOW XapaKTEPUCTUKU:

2536{) 1 T
arctg ——— < — w) = —— —arctgwTy + 2arctgwTl, —
1 T320)2 T3 (0( ) 2 qoly qwly —@
¢ =
2
7 —arctg cT3® >—
‘1 ~T20? ‘ T3
T

3BeHbsI 3aMMCAHBI IO HOPSIIKY ClIeN0BaHu, T.e. — — — Hynesoe, — alClg@T — nepsoe u T.11.

(i)

f

T4+ —— —_ —_———

Puc.2.63. Jlorapudmuueckas gaszopasi yacTOTHas XapaKTEPUCTHUKA

Takum O6p8.30M, IMOCTPOUB (baSOBbIe YaCTOTHBIC XapaKTCPUCTUKHU OTACIIBbHBIX 3BCHLBCB U

npocymMMHpoBaB ux. [Tomydaem ¢a3oByr0 4aCTOTHYIO XapaKTEPUCTUKY 3aJaHHOU CUCTEMBI.

2.6.3 Hocrpoenne ADX.

[TocTpoeHne mpoBOAUTCS MO AMITUTYHONW YaCTOTHOW XapaKTEPUCTHUKE U 10 (a30BOM YaCTOTHOM

A@ )

XapaKTepUCTUKE. BU aMIIMTYTHOW 4aCTOTHOM
XapaKTepUCTUKH MPECTABIICH HA PUCYHKE 2.64:
OmnpenenyM 3HaYeHUS aMIUTUTYAHOM U (a30BON YaCTOTHBIX

XapaKTepUCTHK B HYyJI€ U Ha OECKOHEYHOCTH:

) A(0) = A(0)=0

() = —% o(e0) = -7

Puc.2.64. AUX cucteMsl

ITo moctpoenrbpM AUX 1 @YX MOKHO MpPeACTaBUTH BU AMIUTUTYIHON (ha30BON XapaKTEPUCTUKU

(puc.2.65):
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Puc.2.65 AD®X cucreMsl

2.7 Bpemennblie xapakrepuctuku CAY
BpeMeHHHe XAapaKTCPHUCTUKU — 3TO pC€aKIUH CUCTEM HAa TUIIOBBIC BXOIHBIC BOBHCﬁCTBHH.

2.7.1 TunoBple BXOJIHbIE CHTHAJbI H UX M300pakenus nmo Jlanjaacy

1. Enuanunsiii umnyssc (O - GyHkuus dupaka) onpeaensercss BBIPAKCHUEM:

o, t=0 °°
N S(t) = [s(r)dr =1

0, t+#0

b | -

[: Envauunblil nMIynsc rpaduyecky NpecTaBiseTcs B BUIE
puc.2.66:
-
o 7

Haiinem nzo0pakeHne eIMHUYHOTO UMITYJIbca 1o Jlamacy:
Puc.2.66. o- Q)yHKL[HsI Mupaka

L{5(t)} = j st)e Pldt = j st)e P Odt = j S(t)dt =
0 0
PeaKHHeﬁ CUCTCMBI Ha eI[PIHPI‘lHBIfI HUMITYJIBC SABJICTCA 6ecoeasn, ujid UMny1bCHaAA nepexm)mm

dynxuus W(t).

= 6(t) _ W) y = w(t) _

Puc.2.67. llepenatounas GyHKIHUS CUCTEMBI

Haiinem I/1306pa)KCHI/Ie CANHUYIHOTO UMITYJIbCA 110 Harmacy:

L} = jm)e Pt = ;e g | 1
- p 0 p
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B cooTBeTcTBUY C OnpeeneHrneM nepeIaTouHol GYHKIUN MOKHO 3aIiCaTh:

W(p) = tgvgg - SO w3 =W () = w) = LMW ()

Te |W(p) = L{w(t)} w(t) =L {W(p)}

2. Ejunnunas crymenyatas ¢pynxums (Gynxums Xesucaiina) 1(t) onpenensiercs Boipaxennem:

0, t<0
1(t) =
SR

Enunnynas crynenyaras GyHKIUs rpaduecKy mpeacTaBisiercs B Buae (puc.2.68):

4 1t

L J

i #

Puc.2.68. dynkuus XeBucaiiga
Peakuueii cuctemMbl Ha €IMHUYHYIO CTYTIEHYATYIO0 (DYHKIIUIO SIBIISETCS HEPEXO0OHAA PyHKUUA h(t)

(2.69).

1(t) h(t)

Puc.2.69. [lonyuenue nepexo1HoN GYHKIIUH CUCTEMBI

B cooTtBercTBHU C OmpeneneHreM Nepe1aTouHOi (GYyHKIIMN MOXKHO 3aMnCaTh:

W (p) = 'Eg((tt)); - Lf/‘(;)} = L{n()} = WT('O) = ht) = LV,

Haiigem cooTHOIIEHE MCKOY BECOBOM U HCpCXO,Z[HOfI (I)YHKL[I/IHMI/I, HUCXOJIsI U3 COOTHOIICHUM:

W)= L (o)} =L )
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dh(t)

OueBuaHo, uro |W(t) = T

t
h(t) = [w(r)dz
0

tn

3. Crenennbie dynxmun fp(t) = — ().
n

I/I306pa)KeHI/I5I 10 Hanﬂacy MO>KHO HAaWTH aHAJIOTHYHO OIpCaAbIAYIINM pacucTaM. Jlerko IIOKa3aThb,

1
aro L(f, (1)) = it
p

[IpencraBum n3o0paxxenus mo Jlamnacy GyHKIuil BpeMeH! B BUI€ TaOIHIIBI

Opurnnaiu HN3o00paxenue
5(t) 1
1(t) 1
p
t-1(t) 1
p2
t" 1
o -1(t) 0 n+1
™. 1(t) !
P+a
e .1(t) 1
p—c
e~ .sin( At) - 1(t) B
(p+a)? + B2
sin( At) - 1(t) B
p? + g

2.7.2 Crnoco0bl MIOCTPOCHHUS BPEMEHHBIX XapaKTEePUCTHK CHCTEM

1) DxcnepuMeHTaIBHBIN CIIOCO0 peaTn3yeTcs Moaavyei Ha CUCTEMY TUITOBBIX BXOJHBIX CUTHAJIOB.

2) Teopernueckuii criocoO (3aBUCHT OT UMEIOIIETOCS MAaTEMATHIECKOTO OTTUCAHUS)
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a) o auQQepeHInaIbHBIM YpaBHEHHM;
1. perieHne aHATUTUIECKUMHU METOIaMH,
2. ynucaeHHoe pemenue auddepeHnnanbHbX ypasHeHuid (Merona Ditnepa, Meton Pynre-
Kyrra u ap.)
B) 110 YAaCTOTHBIM XapaKTePHCTUKaM, HCToiib3ys P(@) u Q( @)

[Tony4eHne BpeMEHHBIX XapaKTEPUCTHUK IO YACTOTHBIM (BEIIECTBEHHON W MHUMO#T) XapaKTePUCTHKAM:
27 27
w(t) = — j P(w)coswmtdw = — .[Q(a))sin otdow,
T V4
0 0
P(@) — BemecTBeHHAs: YaCTOTHAS XapaKTEPUCTHUKA,
W(jw)=P(o) + jQ(w)

h(t) = jw(r)dr_—jp(a)) jcoswrdr da)_—jp(a))s'”“’t :——jQ(w)
()]

0 o

COS a)t

I') 10 CTPYKTYPHBIM CXEMaM.

[Tony4yeHue BpeMEHHBIX XapaKTEPUCTHUK M0 CTPYKTYPHBIM CXeMaM IPOU3BOJUTCSI B OCHOBHOM B
nakeTax MPUKIAJHBIX IPOrpaMM JJisl MOJCIMPOBAHUS IMHAMUUECKUX cucTeM( Harpumep, Matlab
Simulink u mp. )

3. ®dopmyna pa3noKeHHs.
Hcnosnb3yeM GopMyIny pasioKeHus [Uisl OIPeeTICHIs] OPUTHHATIOB 110 H300PaKCHHUSIM, HMEIOIINM BUI:
X(p)= 2Py (=B
p-A(p) Ap)

A(p)=ag - pn +aq - pn_l +...+ay=ag(p—p1):-(P—pP2)...(P— Pp) - moauuOM N-rO

MopsiaKa, B( p) - IOJIMTHOM M — IO MOpsIKa.

IIpu 3TOM caenaem NpearonoKEHUs:
A) cTeneHpb YMCIUTEIN MEHbIIIE CTENIEH! 3HaMeHaTess, T.€. Ipo0b MPaBUIIbHAS;

b) xopuu A(p) — mpocThie, T.€. HE KpaTHBIE;
B) ag # 0
Tora, Kak H3BECTHO, APOGHO-paLHOHAIBHOE BbipaxeHue X () MoKeT GbITh PasIoKeHO Ha IPOCTbIC

Ipoowu:
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B C C C
X(p) — (p) — 0 + 1 n
p-ag(p—p1)-(p—pPn) P P-P P— Pn
Co_ B G C Gy
p p-A(p) P—-P1 P-P2 P— Pn
O:B(IO)-ID_ Ci-p _Cz-p_._ Ch-p
p-A(p) p-p1 P-P2 P—Pn
HOJ‘Iy‘H/IJ'II/I TOXACCTBO, T.C. paBeHCTBO, CHpaBeI[J'II/IBOC HpI/I BCCX 3HAUCHUIAX p, HOBTOMy JJIA HpOCTOTBI
_ B(0)
A0) |

nonoxum P = 0. Torma Cq

Beimenum | — oe criaraemoe:

Ci _BMP Co_ &  Cja  Cx

p-pj P-A(P) P P-M P—Pj-1 P—Pj
_B(P)-(pP-pj) Colp—pj) Cn(p-pj)

= pAp) p p-Pn
Pj=p I
j= B(P) : i=1.n;, C; =eri),
p-A (P pop pi - A'(pi)
J
I _ . dA(p) _
OKaKEM, YTO COKpAICHUC MHOKHUTECIIA ( p - pl )paBHOCI/IJ'IBHO B3ATHIO ITPOU3BOAHOU :
P P=1D;
. dA
w(p) = 25
P P=D;

A'(p)=ag(p—p1)(P—P2)..(P—Pn);
A'(p)=ag(p—p2)...(P—pPn) +ag(pP—pP)(P— P3)--.(P—Pp) +...+ag(P— Pp)---(P— Pn-1)
A'(pi)=ag(p—p1)---(P—Pi—1)(P— Pj+1)---(P—Pn)

TakuMm 06pasom, H3obpaxerne X ( p) MOYHO MPEJICTAaBUTh B BUJIC:

B(p) BO) 1 I B(p) 1
X — — . . , OTKyZIa
D)= )~ A0) pﬂ%p-A(p) o p-pi

B(0) 0 B(p) ot B(O) & B(p)
t) = ——2 .t A ePlg) = At
0= 20 0 2 amln © 10 2w ) O
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Ormernm, aro opururans! Y (1) u X(t) ceszaus coorHoennem:

y(t) = dx(t)

OH TIpe/ICTaBIsIeT co00M mpou3BeeHue IByX GyHKIUN Bpemenu. Toraa

, I03TOMY Npoan(hepeHupyeM HOTy4YEHHbIH CUTrHaI X(t) 110 BPEMEHH, YYUTBIBAs, 4TO

z AE p; ePit1t) + 5(t) - x(0)

Bropoii unen Y(t) BO3HHUKAET TOJILKO KOTJ1a X(O) =0,

2.7.3 BpemeHHBIE XapaKTEePUCTHKHN THHOBLIX 3BEHLEB

2.7.3.1 Bbe3biHepyuoHHoe (NponopyuoHasnbHoe) 36eHO
W(p) =

BecoBas, MM UMITYIIbCHas! epexoHas PyHKLMs 3BeHa:
w(t) = LHW (p)} = LK =k - 5(1)

Mepexosmas bysis 3sea: h(t) = L’ ( ) L_l{%} —k-1(t)
I'paviku yHKIMI IPEICTABICHBI HA PHCYHKAX (pI/Ic.2.70):
4w * ho

1 Ks()

) K1(t)
{

»
»

t t

v

Puc. 2.70. BecoBast u nepexoanas GyHKIUHN OS3bIHEPLIMOHHOTO 3BEHA

2.7.3.2 Uumezpupyroujee 36eHO

W(p)=<
p

BGCOBaSI, HJIM UMITYJIbCHAas MEPEXO0JHAA CI)YHKI_[I/ISI 3BCHA:

w(t) = LHW (p)} = L‘l{%} — k1)

Hepexoasas pyskns spera: h(t) = L P) ép)} ek 3=kt
p°



I'paduku QpyHKIMI pencTaBaeHsl Ha pucyHkax (puc.2.71):
4+ w( 4 h(®

K1(t)

t t
Puc. 2.71. BecoBas u nepexoutas GyHKIIMH HHTETPUPYIOIIETO 3BCHA

v

2.7.3.3 UHepyuoHHOe 38€eHO

k
1+ pT

BGCOBaH, HJIM UMITYJIbCHAaA MEPEXOJHAA (bYHKIlI/IFI 3BCHA:

W (p) =

w(t)=L‘W(p)}ﬂ‘%ﬁ}wl{ KTy ke 1y

K eT1p)
UT+p T UT+p T

[lepexonnas ¢yHKIUS 3BEHA: h(t) =

L1 W(p), _ L1 k
L Ll e

p p(d+ pT)

Jnist BBIYMCIIEHUS EPEeXOAHOM (PYHKIIMM MOKHO BOCIIOJIb30BaThCs (POPMYITON pas3siosKeHUs WU
METOAOM HGOHpeJleJ'IeHHI)IX KOC)(l)(l)I/IHI/IeHTOB, B COOTBCTCTBUHU C KOTOpLIM HOJ'[y‘II/IMZ

k A B
p@+pT) p 1+ pT
[TpuBoas Kk 00IEMy 3HAMEHATENIO U IPUPaBHUBAs KOAPPHUIIMEHTH! YUCIUTENEH, TOTyYUM:

A=k, B+AT=0, B=—kT, — K ___K__K
p(l+pT) p 1+ pT

1 (IO) -1 _ ik /Ty
ht)=L{——}=L {p(1+pT)} { —} (k—ke """ )-1(t)

I'paduxu GyHKIMI TpeicTaBIeHbl HA PUCYHKaX (pI/IC.2.72):

A W(t) A h(t)

T

1
1
1
1
!

Puc. 2.72. BecoBas u nniepexoaHas (yHKIUM HHEPIIMOHHOI'O 3BEHA
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k — KosppuumeHt ycuneHus, xapakTepH3yIOIU yCUITUTEIbHBIC CBOWCTBA 3BEHA U PaBHBIH
OTHOIIEHHIO BBIXOJJHOI'O CUTHAJIA KO BXOJHOMY B YCTAaHOBUBILEMCS peKUME (TIpU M0Ja4€ HA BXOJ
IIOCTOSIHHOTO BXOJTHOT'O CUTHAJIA);

T — mocTosiHHAsE BpeMEHHM 3BEHA, XapaKTepU3YIOlas HHEPIIUOHHBIE CBOMCTBA (Ha pucyHke T1<T)).

2.7.3.4 KonebamenbHoe 36eHO

K K~a)§ _1
W = = =
(P) T2p2+2§Tp+l p2+2§a)0p+a)g “0 T
a) A
, Kaogyl-&?  —=0
-1 K0)0 -1 1-¢2
p% +2Eanp+ ECwf — &2 600 + g (p+§a10)2+(a)o /1_§2j
:K&e_f%tsin(a)m/l—gztj-l(t)
1- &2
w(t) A
Kle—at
t
T, vV

Puc. 2.73. BecoBast (hyHKIIMU KOJe0aTETHHOTO 3BEHA

27

woJ1—§2

t t
h(t) = jmm@dr-—j Kao . ‘gwﬁsm(mo.ql—gz-odr:-JSQQE-jeﬂlfgnﬁkdr

0+/1— éj 1-&° 0

K ot s 1-¢2
h(t)=| k — a—Saot | J1-E2 .t t\/i A(t
© { \/@ e sm[a)o E% -t+arctg > D ()

T =
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R

Be—at

h(t) A A,
K

Puc. 2.74. Ilepexonnas ¢GyHKIHS KOJIeOATEIEHOTO 3BEHA

Ty = 2—”2 A =Be % A, = Be?(L+T)
0)0\/1—§
—at
B 1
Al — € :eaTl :_In(Al) a)o 1_
A2 Be _a(tl +T1)
2
o= |(E)2+a? T
1 20

2.7.3.5 38eHo 3ana30vbieaHuUA

W(p)=K-e P? w(t) = L H{Ke PT}=Ks(t - 7)
h(t)=L { e  P? l}:K-L_l{l-e_pf}:K-l(t—r)
p p

A o(t)
Ko(t—1)
val ;t

Puc. 2.75. BecoBast ¢yHKINH 3BeHa 3ama3/IbIBaHUS
A h(®)

Y

Puc. 2.76. [lepexonHas (hyHKIMH 3BCHA 3aIa3 (bIBAaHHS



2.7.3.6 UdeanbHoe u peanvHoe duggepeHyupyroujue 38eHbA

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

BecoBas, wim umiynbcHas nepexoHasi pyHKIUS 3BEHa:

wit) = LW (p)} = L4k - py=k- d5(t)

, T.€. BecoBas (DyHKIIMS paBHa MPOU3BOJHOM OT O -

¢bynkuuun upaka.

Iepexonunas ¢pynxuus 3sena: h(t) = L { (p)} L_l{k} k-o(t)

I'paduku QyHKIMI pecTaBIeHB HA PUCYHKAX:

A W(t) A h(t)

k3(t) 1 ks

D

v
v

-ka(t)

Puc. 2.77. BCC\LBaH U niepexoiHas QyHKIUH HeaibHOro TU(GEepEeHIIUPYIOIETO 3BeHa
0) PeasibHOC J:[H(b(i)epeHuMpy}omee 3BEHO
(p)—
1+ pT

3aMeTuM, 4TO CTETIeHb YUCIUTENS IepeaTOuHON PYHKIIMK paBHA CTEIIEHU 3HaMEHATels, OTKYya
CJIETYET, UTO JIJIsI UCTIOIB30BaHUs (POPMYIIBI PA3I0KEHUS HY)KHO BBIJICIHUTH IETYI0 YaCTh APOOHO-
panroHaasHOTro BeipakeHust st W(P), moie/MB MOJTUHOM YHCIIATEIIS Ha MTOJTUHOM 3HAMEHATEIIs
nepenatouyHoi pynkuuu. Ho MOkHO HalTH NEpBOHAYATBHO MEPEXOAHYIO (DYHKITHIO U BOCIIONIH30BATHCS
COOTHOIIIEHUEM MEXAY EPEeX0IHOM U BeCOBOM (DYHKIIMSIMU 3BEHBEB, B35IB IPOU3BOIHYIO OT MEPEXOTHON
¢byskun 3BeHa. Takum 00pa3zom, nepexoHast GyHKIMs 3BEHa:

1 (p) -l kP -1 K K-t/T
ht)=L " {——}=L {m}— {m} T -1(t)
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BecoBas, wim umimynbcHas nepexoHasi pyHKIUs 3BEHa:

w(t) = agit) = —Tk2 e~!T .1(t) + 5(t) - h(0) = —Tize—“T A(t) + 5(t) ; .
Tpauku yHKLMI IPEICTABIEHb! Ha PHCYHKAX:
T T w
LA

D

-k/T?

Puc. 2.78. BecoBas u nepexonHas GyHKIIHMH peaqbHOTO A QepeHIINPYIOIIEero 3BeHa

2.7.3.7 Ynpyaue 368eHbA

k-(1+pTp)
W(p) =
1+ pTl
OTmeTHM, 9TO CTETIEHb YUCIUTENS MePeAaTOYHON (PYHKIIMK paBHA CTETIEHN 3HaMEHATENs, OTKy/1a
CIIEZTy€eT, UTO JIJISl HCTIOIBh30BaHUs (JOPMYIIBI PA3I0KEHHS HY>)KHO BBIJICITUTD LIETYI0 YaCTh APOOHO-
PallnOHAJIBHOI'O BBIPAKCHHUA IJIA W(p), IIOACJINB ITOJINMHOM YUCIINTECIIS HA ITOJIMHOM 3HAMCHATCIIA
nepeaarouHoit pynkiuu. [ToaroMy 1enecoodbpasHee, BOCIIOIB30BABIIMCH (POPMYIION Pa3IOKEHHS, HANTH

MepexoHyI0 GyHKIUIO 3BEeHa,

Ilepexoanas ¢pyHKIMS 3BEHA!

e = -1V Py -1 k@4 pToy 0 B(P)y _ -1,B(O) B(p) 1
O =t =t o) = YA A0 b A(p) P p+1}
T
B(p)=k-(L+ pTp); A(P)=1+ pTy; A'(p)=d’3—;‘”’=n; p1=—%

Taxum o0Opazom,
t t t

h(t) = (%er-e_n) A)=(k-k@-To /Tl)-e_i) A(t) = k(l—Tl_If—Tze I )-1(t)
-1 1
T
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BecoBas, wim ummynscHas nepexoHasi pyHKIUS 3BeHA

t
(t)_ﬁh(t) k(- 1) T -Ty T2

-Ty) _ KT
)+ () -h(0) =k 12— "2/ (T - 5 2) o~tT; . A) + S(t) - —2
T 1 1) T
a) Vipyroe muddepernuupyromtee 3seHo (To > Tq):
[Tepexonnas GyHkIUs BecoBas ¢pyHKIHS
A A
KTo/T, " W)
"‘. T KTIT, 8(1)
kK [ )
T, (

v

K(To-To)/T,°

Puc. 2.79. [lepexomnas 1 BecoBasi pyHKIIMU YIIPYToro AUQGepeHIIUPYIOIIero 3BeHa
B) Ynpyroe unterpupyroinee 38eHo (T1>T)):

A

h(t)

T.

k /
KT,/T,

w(t)

KT/T.5(t)
K(T1-To)/T4?

t

T, t
Puc. 2.80. [lepexomuas 1 BecoBast GyHKIIMH YIPYTOT0 HHTETPUPYIOMIETO 3BEHA

2.7.3.8 BpemeHHble xapaKmepucmuKu Heycmoliyueo2o 38eHa

3anuieM nepeaaToyHyro (pyHKIHIO HEYCTOHYMBOIO 3BEHA
k
W) =

BOCHOJ]LBYCMCSI N3BCCTHBIM COOTHOIICHUEM
1

= . ptat
-+ et(e),

OTKYy/la TIOJy4aeM BhIpaskeHHUE Il BECOBON (PYHKIUHU

w(t) = 1 {2 =

p-1/T

;eﬂztl(t)
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I -
t

Puc. 2.81. BecoBas ¢pyHKIIUS HEyCTOWIHBOTO 3BEHA

Jliis ompeniesieHuss TIepeXxoHOM (PYHKIIUU TPOMHTETPUPYEM BECOBYIO QYHKITHIO: h(t) = fotw(r)d‘[

Ay

Puc. 2.82. Tlepexomnast QyHKIIMK HEYCTOMYMBOTO 3BEHA

274 BpeMeHHbIE XapaKTEPUCTHKH JTUHAMHYECKHX 3BEHLEB

HOCTpOI/IM BPCMCHHBIC XapPaKTCPHUCTUKHN JIMHEMHOr0 IMHAMHAYECKOI0 3B€HA C 3alla3IbIBAaHUEM C

nepeaaTouHon (PyHKIMEeH:

2-1+p) _-o05p 't \a—05p
W = e =W e .
(P) (1+5p)A+2p) (P)
Bocnonb3syemcs Gpopmyinoit pasnoskenns mis 3ena W () = ig p; , JUISL KOTOPOTO MOYKHO
P
n .
sanmcatb B oOuiem Buze: h(t) = (B(O) +> B(,pl) ePit (),
AQ)  iZipiA (pi)

_ o B(pi) p;t _ .

w(t) = (O ——=e i)1(t) + &(t) - h(0) , rae n nopsok 3BeHa,pj.- HoMOCA MEPeAATOUHOM
i=1A (pj)

¢bynknuu (i=1..n).
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JIyis HAIEro 3BEHa: A(p):lop2 +7p+1; Al(p):20p+7; plz—%; 1

p2=—§.
B(p)=2p+2;
1
PL="3 p2=—%
B(p1) ~ B(py) =1
A(p)=3 Ap)=-3
8 Ot . t g Lo,

—(4+_ 5 5. L+ .2 _%. 5 2

h(t) (2+(_1/5)‘3e +(_1).(_3)e () = (2 3e +3e )L(t).
2

HOCTpOI/IM MEPEXOAHYIO (I)YHKLH/IIO 0e3 y4€Ta 3ara3AbIBaHus:
Fa5yxd

SrF 1

=

<43 T

23

231

LR

B

-&73F

Puc. 2.83. Ilepexoanas GyHKIMM AMHAMHYECKOTO 3BEHA

HCpCXOI{HYIO (I)YHKI_[I/IIO C YUCTOM 3ara3AbIBaHUA JICTKO MOJYUYUTh, CABUHYB IIOCTPOCHHYIO

XapaKTepUCTHKY BIPABO Ha BEJIMYMHY 3ana3jsiBanus — 0,5.

[Toctponm BecoByr0 GQYHKITHIO O€3 ydeTa 3ama3iblBaHus:

8 t t t

W (t) = (5e 54 13e 2).1(t) +0- 5(t) = (—e 5—%e 2y.1(t)
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BecoByto GpyHKIMIO C y4eTOM 3ara3/IbIBaHUs JIETKO MOJIY4YUTh, CABUHYB TOCTPOCHHYIO

XapaKTepUCTHUKY BIIPaBO HA BEJIMYMHY 3ana3abiBanus — 0,5.

w L)
jevis |

415

WIS

-5

Puc. 2.84. BecoBas ¢pyHKIIUS TMHAMAYECKOTO 3BEHA

2.8 BbiBoabI

JIuHelHbIe HeNpepbIBHbIE CHCTEMbI ABTOMATHYECKOr0 YINPAaBJIEHHA ONHCBHIBAIOTCHA
JIMHEHHbIMH U} depeHINANbHBIME  YPABHEHHAMH (00BIKHOBEHHbIMHM JH((epeHunaIbHbIMH
YPABHCHHMSAIMHM ¢ IIOCTOSIHHBIMHM, He 3aBHCSAIMMH OT BXOJHOI'O/BBIXOJHOI0 CHTHAJIOB
ko3 Ppuunenramu). Pemenne nuddepeHnuaabHbIX YPABHEHUH IM03BOJIAET MOJYYHTh CeMeiCTBO
(pyHkuuil (BBIXOAHBIX CHTHAJOB CHCTEMBI), ONpeAe/sieMbIX HAYaAbHbIMH 3HAYEHUSIMH CHCTEMBbI.
ITo mosty4eHHBIM pelIeHUAM (YACTHBIM CJIy4asiM) TPYAHO NPOBECTH AHAJIN3 3aBUCMMOCTH CBOMCTB
cUCTeMBI OT ee mapaMerpoB. IlodToMy B TeopuM AaBTOMATHYECKOIO0 YIPaBJIEHHS PpelLIeHUe
JIMHEeHHBbIX AU epeHIHATbHbIX YPABHEHUH 3aMeHseTCH pelieHueM ajaredpandyecKkux ypaBHeHM,
MOJIY4YeHHBbIX U3 AU depeHunaTbHbIX IPMMEHEHHEM HellpepbIBHOIO npeodpasoBanus Jlamiaaca. B
pasaene 2.1 npuBeaena ¢popmyJia npeodpazopanus Jlaniaca u ero 0CHoOBHbIE CBOMCTBA.

Ha 0a3e HenpepbiBHOrO npeodpa3zopanus Jlannaca B pazaene 2.2 ¢popmympyercsi NOHATHE
nepeIaTo4YHbIX (QyHKUMT W(p), JaeTcd ompeaejeHUe NMepefaTOYHbIX (PYHKUHMHA U NPUBOAATCHA

NpuMepsbl UX MOJIYy4YeHHUs I reHepaTopa noctosiHHoro Toka u RLC — nenouku (koJiedaTesbHOT0O
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KOHTYpa). [l aHa/imM3a CBOMCTB CHCTeMbl HCIOJIB3YIOTCS YACTOTHbIE XapPaKTePHCTHKH (pa3gen
2.3). B ocHOBe 4YaCTOTHBIX XapAKTePUCTHK JIEKHUT KOMILUIEKCHBIH KOI(PQUIUEHT YCHUJIeHHUS
W (jo) = A@@)-el ) = P(0) + jQ(w)

NOBeJleHHe KOTOPOro Hcc/eAyeTcsi HAa KOMILUIEKCHOH ILUIOCKOCTH (aMINIMTYAHO-(a3oBasi
xapakrepuctuka A®X), NocTpoeHHMeM AaMILUIMTYAHON YacTOTHOH XxapakrepucTuku (AYX) m
(¢aszoBoii yacroTHoii xapakrtepuctuku (PUX). [lns aHagau3a 4YACTOTHBIX XAPAKTEPUCTHK HAa
NMOJTHOM  YacTOTHOM  JMama3oHe MX crpoar B Jjgorapupmuyeckom (JIAUX) nm
noayinorapupmuyeckom (JIPYX) wmacwmrade. IlocTtpoeHue JiorapupmMu4YecKHX YaCTOTHBIX
XapAKTEePUCTHK YNPOLIAeTCsl NPH MNPeAcTABJICHHMH YMCIUTEIs] U 3HAMeEHAaTeJs NepeAaTOYHbIX
(pyHknuii B BHIe MHOXKHUTeJed (MepBOro MM BTOPOr0 MOPSIAKOB B 3aBHCHMOCTH OT KOPHeH
NOJHHOMOB: /IeiiCTBUTEIBLHBIX WJIH KOMILIEKCHO CONpPSLKEHHBbIX). B Teopum aBTOMaTH4eckoro
ylnpaBjieHHMsl  BBOJAUTCH  NOHATHE  MUNOGbIX  OUHAMUYECKUX  36€Hbeg,  ONMHUCHIBAEMbIX
auddepeHunaIbHBIME YPABHEHUSIMU He Bblllle BTOPOro nopsiika. B pasgene 2.4 paccMoTpeHbl
NpuMepbl M YacTOTHbIC XapAKTEPHUCTHKH THIIOBBIX JAMHAMHYECKHX 3BeHbeB. B paspene 2.5
NPeACTABJCH IPUMEpP MOCTPOCHHMS YACTOTHBIX XAPAKTEPHCTHK IO MepejaToOYHOH (YyHKIUH
PAa30MKHYTOH cHCTeMbl aBTOMaThH4yeckoro ymnpasieHus. Ilepenarounble GyHKUMH onpenessiioOT
NOBe/leHNe CHCTEeMbl, T.e. €¢ BpeMeHHbIe XapaKTepPUCTHKM (pPeaklMu HA eIMHUYHBIH MMIYJbC U
C¢IMHUYHYI0 CTYNeHYATYI0 (pyHKIHI0). BpemMeHHbIe XapaKTepHCTHKH THIOBBIX 3BeHbEB U CHCTEM
HCCIeAYIOTCSl B pasaede 2.6.

2.9 Bonpocsl

1. IepeuncanTe cBOiicTBA HempepbIBHOIO Npeodpasosanus Jlaniaaca. Kakas gpopmyana 3anaer
npeodpaszosanue Jlamnaca.
Ha3zoBuTe ¢BOMCTBA JIMHEHHBIX JUHAMUYECKUX 3BEHbEB U CHCTEM.
Kakue nuHaMu4yeckue 3BeHbs1 Ha3bIBAIOTCH MUHUMAJIbHO — H HESMHHUMAJIBHO - (DA30BbIMH.
YTo Takoe aMIUINTY/AHASI YACTOTHASI XapaKTePUCTHKA.
Yro Takoe (pazoBas 4YACTOTHAA XapPaKTePUCTHKA.
IIpuBennTe npumMepsbl HACAJIBLHOIO U PeajbHOro N depeHIUPYIOIIMX 3BeHbEB.

Kakum 00pa3oM MOKHO NPEACTABUTH YIIPYIrHe 3BEHbS HA (PU3HYECKUX MOJEJISAX.

© N o o~ D

Kakue BXogHble CHTHAJIBI HA/10 I0ABATh HA 00bEKThI YIIPABJIEHHUS 1/l MOJTYyYeHHs X
NepexXoJHbIX H BECOBBIX (MMIYJIbCHBIX NEPEX0JIHBIX) XaAPAKTePHUCTHK.

9. Kak cBsi3aHbl BecoBbIe (MMNYJIbCHBIE MEPEX0HbIE) H MePEeX0IHbIe XapaKTePUCTHKH.
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10. lajiTe onpenejieHne nepeaaTOYHbIX GYHKIMI H KOMIJIEKCHOT0 KO3¢ (UIIMeHTa yCHIIeHUS

3BCHbBEB UJIM CUCTEM.

2.10 3ananusn

1. Haiitu nzo6paxkenus mo Jlamiacy BpeMeHHbIX ()YHKITHI:

1.1.
1.2.

1.3.
1.4.

1.5.
1.6.
1.7.
1.8.

f(t) = 3e? 1(t)+ 1(t-2) +e™ sin(3t)1(t)+5(t)

f(t) = 3e2(t-1) 1(t-1)+3* 1(t-2) + e *Xsin(t)1(t)+5(t-2)1(t-2)

f(t) = 5e “P1(t-2) + 2*1(t-1) + e sin(t) 1(t)+2*5(t-3)

f(t) = 2*1(t-3) + 299 1(t-0.5)+ e2**sin(3(t-0.5))1(t-0.5)+ 10e "2 1(t-
2)+2%§(t-3)

f(t) = 1(t-0.3) + 5 e sin(3t)+ 1.0e? 1(t-2)+5*5(t-1)

f(t) = e D1(t-1)+ 3*1(t) +5 ¥ sin(3(t-3))1(t-3)+2*5(t-3)

f(t) = 10e™ ™9 1(t-10)+2*5(t-2)- 2*1(t-0.3) + 5 2" sin(3(t-0.5))1(t-0.5)
f(t) = 1(t-3) + 2e"%® 5in(3(t-0.8))1(t-0.8)+ e %2 1(t-0.2)+2.5%5(t-1)

2. Haiitu nepenarounslie GyHKIUN U IOCTPOUTH YAaCTOTHBIE XapakTepucTuku (AUX, ®UX, ADX,

acumnrorudeckue JIAUYX u JIOYX) 3BeHbEB, 3alaHHBIX MOJIEISIMHU:

2.1

C1 2.2

py)
w

R1 l

82




2.3 C 24 C1 R1
I I ]
| =
c2
1
L
R1
D 2o R2
25 R C 2.6 C1
|
—H |—h 1
1
2 -
L R1 R2
D}
| C2 ——=
C1
2.1 C1 . 28 |1
> 11
—H— -
1

A
|
 —

:|R2

—C2

R3

3. Haiiti nmepearoutsie GyHKINUH, OMPEACTUTh THII 3BE€HA, TOCTPOUTH YaCTOTHBIE XaPaKTEPUCTUKH
(AUX, ®UX, ADX, acumnroruueckue JIAUX u JI®UX) u Bpemennsie xapaktepuctuku (h(t), w(t))

Z,(p)
—
|
Z1(p)
—
I I
Ul I E ZBBIX

U,

3BCHBCB, 3aJaHHBIX MOACIISAMU C UCITIOJIb30BAHUECM
ONepalnOHHBIX yCHHHTCHeﬁI

Cxema onepayuonnoz2o ycunumeins npeocmasiena
Ha pucyHke. Kak yoice ynomunanoco, onepayuoHHbll
yeunumens npedcmasisaem co6ol ycunumens

NOCMOAHHO20 MOKA ¢ OONbWUM KOIPDuyuenmom
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YCUuiernus K u 6xoonwbim conpomueiieHuem Z U MAJIEHbKUM 6bIXOOHbIM conpomuejlieHuem Z

6X’ 6blX

Bcneocmeue amozco, npoxooswuil yepez conpomusienue Zl( P) mox | npomexaem u uepes
conpomuénenue Zo (p). Hanpsorcenue na evixooe onepayuonnozo ycurumens U 2 02PAHUYECHO U, MAKUM
o6paszom, nanpscenue Ha e2o 6xooe Uo [ K moocno cuumams npakmuvecku pasuviv nynio, m.e. éce
éxoonoe nanpsicenue Uq naoaem na conpomusnenue Zl( P), a us nomenyuansho 3azemnennoii mouxu

na exode ycunumens mevem mok |, popmupyrowuii nanpsincenue U o . Ilepedamounas gynryus

~Z3(p)
Z1(p)

npedcmaenennoii na pucynie cxemwt pasna W (p) = . OmpuyamenvHulil 3HAK YUUMbIBAEMCS 8

cxeme u eco MOJICHO He NPUHUMAMmMb 60 6HUMAHUE.

HJ’ISI 3aJlaHHbIX B Ta6n1/1ue CXEM BbBIIIOJIHUTD 3aJaHHUC, C(bOpMYHI/IpOBaHHoe BII 3

“ —{

3.1 3.2

Rt 1 ™
4|_’_. N Rs Ilc2
- e B

R

3.3
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—1 i
. R 1 Hhye,
RO —__
B R U
Ri
- 1
Rs
3.4 3.5
— —
| |
1 = 1 G
R
3.6 3.7
HpI/I BBIYUCIICHUAX UCITIOJIB30BATH CICAYIOIUC MapaMETPhI:
Rl R2 Rg R4 Cl CZ
500k 100k 50k 100k 2uF 1uF

4. Tloctpouts yactoTHble XapakTepucTuku (AUYX, OUX, ADX, acumnroruueckue JIAUX u JIOUX)

3BEHbEB, 33/IaHHBIX ME€PEIaTOYHBIMU (DYHKIIUSIMU:

1-0.1p 1+0.1p
1L W(p)=10——F-— 2W(p)=— =%
L WP =10"001p “2 WP =10 01p
0.1p-1 10(1+5p) —0.1p
43.W(p)=10 44 W(p)=—"—"¢
(P) 1+0.5p (P) 1+2p
45.W(p)= Me—O.Z P 46.W(p)= 40 5
1+0.12p +0.002p
p 1+0.2p
4.7.W(p)=10 4.8. W (p) =100
(P) 1+0.1p (P) (1-0.05p)p
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4.9. W (p) =100

1
0.05p-1

40
1-0.12p +0.002p?

410 W (p) =

7. TlocTpouTh BpeMEHHBIE XapaKTEePUCTHKH 3BEHbEB, IIPEACTABICHHBIX B TA0JIUIIE epeIaTOYHBIMH

GbyHKIHSIMU:
5.1 W(p)=—~"2P -02p 52 W(p)=—112P  o-01p
pd+5p) (p+1)(@2+5p)
53.W(p) = 10p e 03P 5.4.W(p) = 10U+2p) .-05p
1+2p)1+5p) pd+5p)
55.W(p)= 1+2p 5.6.W(p)=Le_IO
p(l+5p)(1+10p) p(1+10p)
5p _ 3(1+3p) o
5.7.W(p) = e P 58.W(p)=—— 2 g <P
(p) @+2p)1+10p) (P) p(1+10p)

8. TlocTpouTh YaCTOTHBIE XapaKTEPUCTHKHN CUCTEM, 33JaHHBIX TePeIaTOYHBIMH (DYHKIHSIMH:

2
6.1 W(p) = ; 50(1+20.5p) ' 62.W(p) = 10p(1+0.5p) .
P (L+2p)°(L+p+p°) (1+2p)1+5p)
2 2
6.3.W(p)=50(1+0é5p) (1+10p) 6.4 W(p) = 20L+0.5p+p )2
p=(1+2p) p L+2p)1+10p)
2 2
65.W (p) = 2200(1+2.5p) 6.6.W (p) = 10p“(1+ p) :
Pc@L+2p)°(1+10p) (1+3p)(1+10p)
__ 50(1+05p) 50(L+0.5p + p?)
6.7.W(p) = _ P+p
p2(L+ 2p)1+10p) WP = i 2p) e 10p)
~ 20(1+0.5p) 1000(14 50)2
6.9.W(p) = _ pd+5p)
p(L+ 2p)(1+10p)? R = 0 2p)e et D)
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6.11. W (p) = 100(L+5p)° 612, W (p) - 00P(L+5p)
6.13. W (p) = 100(1+5p) 6.14. W (p) = 50(l+0.5p)2
pA+0.2p)* L+ p+ p?) p*(@A+2p)(L+ p+ p?)
6.15. W (p) = 10p(+0.5p) 6.16. W (p) = — 50(1+0.5p)
@+2p)?@+ p+p?) p°(1+2p)(1+10p)
617, (p) = 0A+050+ P°) 6.18.W (p) = — i O9P)
p2(L+2p)(L+10p) p(L+2p)L+10p)
2 2
6.19. W (p) =00 p+5p) 6.20.W(p) = 100(1 +5p)

(1+0.2p)(L+ p+ p?)

p(1+0.2 p)2(1+ p+ p2)

. 3anmcaTh nepegaTovHble QYHKIMU U TIOCTPOUTS JiorapudMuiecknue (pa3oBble YaCTOTHBIE

xapaktepucTuku (JIOUX) u aMmintTyaHo-4acToTHbIE XapakTepucTuku (AUX) s

MI/IHI/IMaJ'IBHO'(I)a?»OBLIX CUCTEM, 3aJaHHBIX J'IOFapI/I(bMI/I‘{eCKI/IM YaCTOTHBIMHU

xapakrepuctukamu (JIAYX):

7.1

A L(w)

7.2

I ()
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7.9 7.10

L(w) 0

05 12 10 20 o 0

0,01 005 01 o0

2.11 IlpakTHKYM 10 rJIaBe 2.
1. Haiitu uzo0paxxenus o Jlamnacy BpeMeHHON (yHKIUH:
f(t) = 32V 1(t-1)+ 1(t) +e™ sin(3t)1(t)+5(t)

B cooTtBercTBUM cO cBoOlicTBaMu npeodpazoBanus Jlamiaca (pa3aen 2.1) u tabnurei
M300pakeHUi BpeMeHHBIX QyHKIHM (pa3znen 2.6.1) B cuimy cBOMCTBa IMHEMHOCTH U U300PaKEHUSI OT
(GYHKINU C 3aMa3/(bIBAIOLIIM apryMEHTOM 3alUILIeM:

e P 1 3

+ =+

S 41
P+2 P (p+D°+9

F(p)=

2. Haiitu nepenarounsie (yHKIIMU U TIOCTPOUTH YAaCTOTHBIE XapakTepucTuku (AUX, ®UX, ADX,
acumnrorndeckue JIAUX u JIOUX) 3BeHbEB, 3aIaHHBIX MOJICISIMU:

[TpeoOpasyem napanieabHOe COeTUHEHUE cOpOoTUBIeHus R2 n

C1
1 konyeHcaropa C1 (I) B axBuBajsieHTHOE
R1 | I I TI0 U3BECTHOMY ITPABHITY: «IPOOH B UUCIUTENE KOTOPOM
— ] y NPOU3BEIEHUE CONPOTUBIEHUI, a B 3HAMEHATEIIE X CYMMay,
R2 " R2-1/ pCl R2
u1 ::D U2 1eZ(p)=—o = P22 |
C2 R2+1/pCl p-R2-Cl+1
R3-1
R1 Z(p) Ananoruuno, Zy) (p) = 3:1/pC2 = R3 .
R3+1/pC2 p-R3-C2+1
— ]

[};@

89




3amenus conpotusnenus Z; (P) u Z), (P) u nepepucopas cxemy, 3anuieM HepeaaToqHyO

(O YHKIIHIO CXEMBI

R3
Ua(p) _ Z11(p) p-R3-C2+1

Ui(p) RI+Zi(P)+Zyu(p) gy, R2 . RS
p-R2-Cl+1 p-R3-C2+1

B R3-(p-R2-C1+1) 3
Rl-(p-R2-C1+1)-(p-R3:-C2+1)+R2-(p-R3-C2+1)+R3-(p-R2-C1+1)

W (p)=

B R3 . p-R2-Cl1+1
~ RL+R2+R3 R1-R2-R3-C1-C2 2+(Rl-(RZ-C1+R3-C2)+R2'R3-(-C2+C1)‘p+1
R1+R2+R3 R1+R2+R3

HCHOJ’ILSYH JaHHBIC, IPUBCACHHBIC B Ta6J'II/II_Ie, paccunuTacm KOB(i)(I)I/II_II/ICHTBI HepenaTquoﬁ
0,077-(0,2p +1)
0,0077- p? +0,215- p +1

(YHKIIUH ¥ 3aIHIIEeM TTOJTy4YEeHHOE BBIpAKEHUE: W ( p) =

Rl R2 R3 R4 Cl CZ

500k 100k 50k 100k 2uF 1uF

Haiinem nomoca nepenatouyHol GyHKINH, pa3IokUM XapaKTepUCTUYECKUI TOJIMHOM (3HaMeHaTeb

nepeﬂaTquoﬁ (I)YHKI_II/II/I) Ha MHOXXUTCIIM U TOCTPOUM YAaCTOTHBIC XapaKTCPUCTUKU ITOJTYUCHHOT'O

0,077-(0,2p +1) )
ANHAMHUYCCKOI'O 3B€HaA W ( p) = , AJI 9€Tr0 3aIIMIIEM KOMIIJICKCHBIN

(017p +1)-(0,045p +1)

KO3 (ULUEHT YCUJIEHUS B BUJIE
. 0,077-(0,2jow +1
W (jo) = 077-(02jo+1)  _
017 jo+1)-(0,045jw + 1)
2 .
_ 0,077 -(0,20)" +1 _ej-(arctgO,Za)—arctg0,17a)—arctg0,045a)) _ A(w)-ej¢(w)
J(0170)2 +1-+/(0,0450)2 +1

Paccunraem BeipaXkeHUE IS JTIOrapuPMHUUECKOI aMILTUTYTHON YaCTOTHON XapaKTEePUCTUKH (

L(ew) =20-lg A(w)):

() = 2019 0,077 + 2019/ (0,20)2 +1 — 201G/ (01 7)? +1 — 20Ig 1/ (0,0450)2 +1

Jlst moctpoenust acumnrorrdeckoit JIAUX pa3oObeM 4aCTOTHBIN JUANa3oH Ha YaCTOTHBIC TUAMTa30HbI U

3aMuIlIeM BhIPAXKEHUS ISl IMHEUHBIX aCUMITOT Ha KaxKJ10M yuactke JIAUX:

0) w<=1/0,2; Lo (0)=20-1g0,077=-22,27

90



1) (0>1/0,2) u (0<=1/0,17); L1 (0)=Lo - 20-1g0,17®
2) ®>1/0,17 L, (w)=L; - 20-190,045®
OtnnoxuB Lo (®) 1 ©3MEHUB HAKJIOHBI [TOCJIC YaCcTOT
L(w)
A

4 CONPSIKEHUS, TOCTPOUM acuMnToTudeckyro JIAUX:

01 1 o [epeiinem k mocTpoeHuto Jorapudmuueckoit (azonoit

4acTOTHOU XapakTepucTUkH (JIOUX):

o(w) = arctg(0,2m) — arctg(0,17w) — arctg(0,045w) .

AMIUIUTYHO-(a30Bast XapaKTepucTHKa cTpoutcs no AUX u

®YX. 3anumem 3nadenns A(®) B nauane (0=0) u B KoHLE

(@w=00) gacrotHoit ocu: A(0)=0.77; A()=0; ¢(0) =0; ¢(x) =-

o - 1.
/2 1 n306pazuM ADPX ¢ yueToM U3MEHEHHUs aMILIMTYAHOM (a30BOil YaCTOTHBIX XapAKTEPHCTHK
A ()

/2 b oo . 01
- !
1o ' - 0.0
: : 1 (O]
1 1 | :
0 e m— ; > - 0.0
0,1 ! Ty W 1)
| — 003
I A e ittt —
1
! — 0.0
| — 0043,
=TT S i —_ons
Fe( Wiwh)

3. Haiitu nepenarounsie GyHKINU, ONPEICITUTH TUT 3B€HA, TOCTPOUTH YaCTOTHBIE XaPaKTEPUCTUKH
(AUX, dUX, ADX, acumnroruueckue JIAUX u JI®UX) u Bpemennsie xapakrepuctuku (h(t), w(t))
3BEHA, 33/IaHHOT'0 MO/JIEJIBIO C MCII0JIb30BaHUEM orepalnoHHoro yeunurens (R/=5 Kom; R2=10
Kowm; C1=100 mxgh.; C2=200mx¢.). Haitnem conpoTHBICHNUS, SKBUBAICHTHBIE MTapajLIeTIbHO

COCOIMHCHHBIM PE3UCTOPAM U KOHACHCATOpaM, aHAJIOTUIHO

R, npuMepy B I.2:
— R1-1/ pCl R1
I Zy(p)= P~ _
1 RL+1/pCl p-RL-Cl+1
Cz
R2-1/pC2 R2
C Z(p)= o2 _
F R2+1/pC2 p-R2-C2+1
' 3amnuiieM mnepeaaTouHyo yHKIIHIO:

'A®X moctpoena ¢ ucrons3osannem Mathcad
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R2
Z”(p): p-R2-C2+1 R2 1+p-R1-C1
Z(p) R1 RlL 1+ p-R2-C2
p-R1-C1+1
10 1+05p _2-(1+0,5p)
5 1+2p 1+2p

W(p)=

C yueToM 3a/laHHBIX TaPAMETPOB

nomyaaem: W (p) =

JlaHHO€ 3BEHO — YIIPYyroe MHTErpUPYIOIIee, UIsl KOTOPOTO CTPOUM YACTOTHBIE XapaKTEPUCTUKHU:

A L(o) "
20 - 74

20 + ca —

[Ipu nocTpoeHnn BpEMEHHBIX XapaKTEPUCTUK CIEAYET

(g
rs OTMCTHUTB, UTO CTCIICHD YHCIIUTCIIA HGpGL[&TO‘IHOI‘/’I (byHKHI/H/I
N paBHa CTCIICHHU 3HAMCHATCIIA, T.C. OJIA HOCTpOCHI/IH BCCOBOP’I
= GyHKIMU HOPMYITY Pa3IOKEHUS UCTIONB30BATh HENb3s, a
_ﬁ_ M09TOMY CJIELYET MO0 BBIIEIUTH IIENYIO YacTh, MO/IEIUB

MIOJIMHOM YUCJINTEIIS Ha TOJIMHOM 3HaMEHaTelIs, JIN00

NEePBOHAYAIBHO CTPOUTH MEPEXOAHYIO (PYHKIMIO 3BE€HA, 3arucaB u300paxenue mno Jlamiacy:

L(h®) = H (p) =W (p)- = =2 EF05R) 1

p 1+2p p

Pa3noxxuB nonydeHHOE BhIpaXKeHHE Ha MPOCTHIE IPOOU U ONpeeanB KOI(PPUIIMEHTHI pa3ioKeHUs,

_2(+05p) 1 _A B _2 3
1+2p p p 1+2p p 1+2p

nomyaum: H(p) =W (p) - % . epetins k

t
BpemennbM Qyrkumsim, monyanm: N(t) = (2 —1,5e 2)-1(t). Haiinem BecoByto dpyHKuHmIO,
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npoxuddeperrmposas N(t) . Vaursisas to, uro N(t) mpencrasuser coboit mponssenerue yx

t
byuxumit Bpemenn, monyanm: W(t) =0,75-e 2 -1(t) +0,5- 5(t)

[Tonmy4yeHHBIH pe3ynbTaT JISTKO MPOBEPUTH CPaBHEHUEM C (hOpMyIaMH, IPEIACTABICHHBIMU B pa3Jiee

2.4.7 ¢ yuetom obo3nauyenuii: T1=R1Cy, To=R,C; , k=2.

ht)

0,5

4. Tloctpouth yactoTHbIe XapakTepucTuku (AUX, ®UX, ADX, acumnrornueckue JIAUX u JIOUYX)
10-(2p -1)

3BeHa, 3a/1aHHoro0 nepeaatounoi pynkuueit: W (P) = —————. Cieayer OTMETHTD, YTO

JUHAMHWYCCKOC 3B€HO OTHOCUTCA K HEMUHUMAJIBHO - (baSOBBIM 3BEHBSIM. 3alUIIEM KOMIIJIEKCHBIN

K03 (HULMEHT YCUIIEHHS 3B€Ha C yU€TOM MaTepHalla, U3J10KEHHOro B pa3f. 2.5:

W (jo)= 10-(2jo-1) 10- 1+ (20)?2 - eI (7-arctg20)
s jo 7

)= .
w-e 2 /1+(5w)2_e—1arct95a)
/ 2 i(r- _r
:10. 1+ (2w) .ej(ﬂ arctg2m 2+arct95a))
a)-\/1+(5a))2

NIAUX 1041+ (20)?
TakuMm oOpa3om, 3anuiemMm A(a)) = ;
w1+ (5w)?

o(w) = —arctg2m — % +arctgbw = % + arctgbw — arctg2w

v

-20
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ADX

P o) 10
' 1000
| A
b | oF jgt A e
i} .
0 | — > Im(W(jw)) = =
|:|J:|_ 1 1I|:| 100 —_— - 40 -20 0
2 -
— 5007
=M L
— 1000 3
- 1x10™
~50 Re(W(j-w)) 10

['paduky 4aCTOTHBIX XapaKTEPUCTUK MPECTABICHBI HA PUCYHKAX.

5. ITloctpouTh  BpeMEHHbIE  XapaKTEpPUCTUKHM  3BEHa  C  MepelaToyHor  (QyHKIUEi:

5-1+5 _ _
W(p) = u e p. 3aMeTHM, YTO MHOXUTEIb € P osnauaer 3aras/JblBaHue BPEMEHHOM
p-(1+p)
xapakTepucTukud Ha 1. [ToaToMy mocTporm BECOBYIO M MEPEXOAHYIO (DYHKIIMIO 3BEHA C MepeaaTOYHON
5-1+5p)

, @ 3aTeM CIBUHEM JTH XapakTepUCTUKH Ha | mo BpemeHu. Jlis

dymaneii W (p) =
p-(1+p)

5.(1+5p) 5+ 20
2-@+op) o Y
p-A+p) p 1+p

MIOCTPOEHHUSI BECOBOM (PYHKIIMM Pa3I0kKUM MEPEAATOUHYIO (QYHKIUIO HA JIBE:

3aITMIIEM COOTBETCTBYIOIIME (DYHKIIUK BPEMEHH: w ) =06+ 20e_t) 1(t).

w (1) [Moctpoum BecoByto ¢yHknuio W(t) ¢

| y4eToM  3ama3iapiBaHus. s mOCTpOeHHs
23 epeX0THOM byHKIIH MPOUHTETPUPYEM
20+ BECOBYIO (GyHKIHIO
151 . t,

h(t)=[w(r)dz=5-t-20e™" +20.
10 { 0
5 N300pa3um 3Ty (QyHKUIMIO Trpaduyecku ¢
a ' . y4eTOM 3ama3/IbIBaHusl.
i 2 f

_5 |
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k (t)
251
201

15+

10 ¢

6. IlocTpouM 4acTOTHBIE XapaKTEPUCTUKHU IO 33/1aHHOI MepeaaTouHON (yHKITNH:

50-p-(1+2p)

W = . 3anuiieM KOMIUIEKCHBIN KOO PUIIMEHT yCUICHUs

1+ p)?(1+0,2p)
50 jo-(1+ j-2- o)

W(jw)= U TPEACTaBUM €ro B BUJI€ aMITUTYAHOMN U (a30BOM

1+ j - ©)?1+j-02- o)
5001+ (20)°

(J1+ w2)2J1+ (0.20)2 |

L(@) = 201950 + 201y @ + 201 \/1+ (20) — 40Ig V1+ w? — 20Ig 1+ (0,20)°

YaCTOTHBIX XapaKTCPUCTUK: A(a)) =

o(w) = % + arctg2w — 2arctgw — arctg0,2w.

Jnst moctpoenust acumnroruueckoit JIJAUX HaiiieM 4acTOThI CONPSDKEHHS U Pa300beM OCh 4acTOT Ha

OTpesKu:
1) O<w<t Ly =L +20lg 20w
2 3) 1<w<5
Lo =20Ig 50 + 20lg @ L, =Ly — 40l
2) %<a)£1 4) =5
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L3 = L2 —20Ilg 0,2

JI®UX cTpouM 10 MPUBEACHHOMY BBIIIE BEIPAXKEHUIO.

L
t Lo Y i) JIOUX
a0 | JJAUX x
i} . - / ’\
T . x/2
T 40 / ! -20 L i
! i o !
| ! 1 |
/ | ' [0} | ! | m
o | 20 7 | L < > 0 L : ! >
0.1 05 1 S o 100 _ np 05 1 Q 10 100
/ \\\
T -xf2
[TosrydeHHbIC XapaKTEPUCTUKN PUBEICHBI HA IPUBEICHHBIX BHIIIE TpaduKax.
A®X npuBeneHa Ha rpauKe HIKE:
50
Im(W(j: '
m(W(j-w)) 100
— 207
— 407
- 50
0 Re(W(j-w)) 100
7. [To 3apannoi JIAUX BocCTaHOBUTH MEPEAATOUHYIO

¢byskuio u noctpouts JIOUX nu ADX.

N3 JIAYX naxoaum ko3 dunment ycunenus, pasusiid 100,
U yCTaHABJIMBAEM OTCYTCTBUE AU PEPEHIUPYIOMINX U
MHTETPUPYIOIIHNX 3BEHbEB (MHOXKHUTEIEH p B YUCITUTENE U

3HaMeHareJse nepeaarounoi Gpynkuun). OnpenenseMm

»  gactoThl conpspkenus, pasubie 0,25 u 1. [To n3mMeHeHUsIM

HAKJIOHOB Ha 4YaCTOTaxX COIPSXKCHHUA BOCCTaHABJIMBACM
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nepenarounyio dpynximio: W (p) =

100(L + p)

. [Toctpoum JIOUX, BOCIIONB30BAaBIINCH ACUMIITOTAMU

(1+4p)?
(0, -m,-1/2), coorBercTBytOMIMMH HakioHaMm JIAUX (0, -40, -20). JI®UX cTpouMm, COSAMHSIS CEPEAUHBI
0 100y ADX
100
1
501
Im(W(j- = ]
l( () 0 50 00
- 507
- 100
- 1006~

-5 Re(W(jw)) 100

2.12 Cnncok Jaureparypsbl

1.
2.
3.

BoponoB A.A. OCHOBBI TEOpUH aBTOMATHUYECKOTO yIpaBieHHs, « QHeprus», 4.1 -1965.

Teopus aBTomatuueckoro ynpasienus/ [lon pen. A.B. Herymmna. M.: Beicm. mik., 1982, 400 c.
Teopus aBToMaTH4eckoro ynpasieHus: Yueb. [1jst By30B 1o criell. «ABTOMAaTHKA U TEJIEMEXaHUKay.
B 2-x u. Y.1. Teopus nuHEHHBIX cUCTeM aBToMaTHueckoro ynpasiaeHus / H.A. babakos, A.A.
Boponos, A.A. Boponosa u np. — M.: Beicuruik., 1986. — 367 c.

MeTtoauueckue yka3aHus K IPaKTUYECKUM 3aHATUSAM 10 KypCcy «ABTOMaTHYECKOE yIpPaBICHHEY,
XapakTepucTuku 3BeHbeB U cucteM, Uxaptumsuiu JLII., becenun B.M., Xpuzonurosa C.A. — M.:
Mock.sHepr.usa-1, 1987. — 44c.

IlerpoBa B.A., AArogxuna T.B. MaTematnueckoe onrcaHue JIMHENHBIX HETIPEPBIBHBIX CUCTEM
aBTOMAaTU4eCKOro yrnpasyieHus. - M.: U3n-so MOU, 1992, 103 c.

Aronkuna T.B., Xpuzonutosa C.A., bouaun O.A. Ilpumenenne Mathcad nist pemenus 3agad Teopun
aBTOMaTHueckoro ympasieHus. Yue6. [loc. mo kypcy "OcHoBbl Teopun ynpasienus".- M.: U31-Bo
MDBMH, 2004, - 64 c.

UccnenoBanue CAY ¢ ucnonbzoBanueM npukiaanoro nakera MATLAB. JlaGopatopHsrii
npakTuKyMm: yueoHoe rmocodue / T.B. SArogkuna, C.A. Xpuzonurtosa, B.M. becenun u ap.- M.:
Wznarensckuii tom MOU, 2007. — 80 c.
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OcHoBbl Teopuu yrpasiieHus. JlabopaTopHsblii mpakTukyM: yaeoHoe nocodue / C.A. XpU30JIUTOBA,
T.B. SIronkuna, O.C. Komnocos, O.A. bouaun. — M.: U3garensckuii jom MOU. 2008. 72 c.
Kuwm [I.I1. Teopust aTomatuueckoro ynpasienus. T.1. Jluneitnsie cucteMsl.-M.: DUIMATIU3,

2010. -312c.
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3. Cmpykmypubte CXeéMbl cucmem aemomamuuecKozco ynpaejieHus

(3Hamb: snemenmvl cCMpyKmypHbIX cXeM, IKGUBALEHMHblE NEPEOAMOYHbIe QYHKYUU COeOUHEHUT
OUHAMUYECKUX 36E€HbeS, NPABUILA NPE0OPA308aHUS CIMPYKMYPHBIX CXEM, YMEMb: CIPOUmy
CMpPYKmMypHble cXembvl No TUHeUHbIM OUppepeHyuanIbHbIM YPAGHEHUAM, ONUCLIBAIOWUM CUCTIEMbl,
enadems: npuemamu npeoopa308aHUs CMpyKmypHsiX cxem.)

CtpykrypHass cxemMa — O3TO rpaduueckoe TMpEACTaBICHUE CHCTEM B BHUAC COCIUHEHUS

JUHAMHUYCCKHUX 3BCHLCB.
3.1 DJjeMeHTBI CTPYKTYPHBIX CXeM

Junamuueckoe 36eno (puc.3.1)

Xax(t) Xppix(t)

XBx(p) XBBIX(p)

Puc.3.1. [lunamudeckoe 3B€HO

W(p):);Lx((s)) X gore (P) =W(P) X 4. (P)

Junusn ceazu

»
»

X(p) X(p) W(p)=1

Puc.3.2. JInnug cBa3n

Cymmamop
A3

T, Y

R
L

b

Puc.3.3. Cymmarop
Y3en eéemenenua — 310 T0UKa, U3 KOTOPOU CUTHAJ NIEPEAAETCS HA IPYTUE YUACTKHA CXEMBI

x

-y
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Puc.3.4. Y3en BeTBiaeHUs

3.2 COGI[I/IHCHI/IC AUHAMHYCCKHUX 3BCHbBCB

IMocsieioBaTebHOE COEIMHEHHE — TaKOE, IPH KOTOPOM BBIXOJbI IPEIBIIYIINX 3BEHHCB

[I0JIal0TCA Ha BXOJbI Nocienyromux. CoeqMHEHNE MOXKET ObITh MPEACTABICHO CTPYKTYPHON CXEMOM

(17151 MPOCTOTHI M300pa3uM COeIMHEHUE U3 3-X 3BEHBEB):

I Wip) Wa(p) Ws(p) ¢

X:X1 Y1:X2 Y2:X3 Y:Y3
Puc.3.5. IlocnenoBarebHoe COSANHEHHE 3BEHLEB

JUi1st TOJTy4eHus SKBUBAJICHTHOM MepeaTouHON (DyHKIIMH 3alUIIeM BBIPAKEHHE IJIs1 BBIXOJHOTO

CHUraajia COCAMHCHUA:

Y(p) =W3(p) X3 =W3(p)W2 (p) X2 =W3(p)Wo (p)Wy (p) X1 =Wz (p)Wo (p)W1(p) X
W3K6(p) = lﬂ[Wi(p),
i=1

r71e N 4HCII0 MOCIEA0BATENBHO COEAMHEHHBIX TUHAMUYECKUX 3BEHBEB.
IIpasuno: Ilpu nocredosamenvHom coeourenuy nepedamounsie QYHKYuu nepemHoNCaromcs.

IlapajjeabHOe COeTHHEHHE — TaKo€, IIPpU KOTOPOM Ha BXOJAbl NUHAMHUYCCKUX 3BCHLCB

MMOoCTYNacT OJJUH U TOT KE BXOI[HOI\/’I CUTHaJl, a BBIXOJbI 3B€HbCB CYMMUHPYIOTCH. COC}II/IHGHI/IC MOXET

OBITh IIPEJCTABIEHO CTPYKTYPHON CXEMOH (JI1s1 MPOCTOTHI M300pa3uM COEIMHEHUE U3 3-X 3BEHbBEB):

Y
> Wl(p)
Y, Y
X Wap) | (s
Ys
> Wa(p)

Puc.3.6. [TapannenbHoe coeIMHEHNE 3BEHBEB
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n n n
Y(p) =2 Wi (p)X(p)=X(p) X W;(p) W,,6(P) = > W;(p)
i=1 i=1 i=1

IIpasuno: Ilpu napanienvrom coeounenuu nepedamounsvie QYHKYUuU CKiaobl8aomcs.

Coenuuenue ¢ 00paTHON CBA3LIO

I1C — npsAMas cBA3b OT BXOJa K BBIXOY 110 HAIIPABJICHUIO IIEpeadyl CUTHANA,
OC — oOparHas cBs3b OT BbIX0/1a KO BXOJy 10 JIMHUU Iiepeiadn (II0 CTPEJIKe).
Jns  ompeneneHuss SKBHBAJCHTHOW TMEpeNaTOYHON (YHKUIMM 3aluiieM COOTHOUICHUS,

CBA3BIBAIOIIMEC CUTHAJIBI B CXCMC.

—
XBx(p) Xo(p) TC XBbIX(P)
—— )— Wi(p) >
*
W2(p)
«—0QC

Puc.3.7. Coequrenne ¢ 00paTHOH CBA3bIO (+ MOJOXKHUTEIbHAsI 0OpaTHAS CBA3b, - - OTPHUIIATEIHHAS)

Cymmarop: Xg =X, 72

Junamuueckoe 380 Wy (P): X g e =W(P) Xg

JMunamuueckoe 3e10 Wo (p): Z =Wh (p) X 511

oncTapnsis ~ mepBoe M TOCTEAHEe  BBHIDAKEHME  BO  BTOPOE,  TOJNYUHM:
X gore =WL(P)(X g £Z) =Wi (P)(X o W2 (P) X g1x)

M3 coorromenis crenyer X g (1FW (D)W () =W (P) X g, o1iyna

Wi (p) |
13 Wy (p)W2(p)

Takum oOpazom, sxeusareHmuas nepedamounas QyHKyus coeOuHeHUs ¢ 0OPAMHOI C853b10 PABHA

W3K6‘( p) =

0pobu, 8 yuciumesne KOMopPou 3aNUCbIBAeMcs Nepe0amoyHas YYHKYUs npamou céa3u, a 6 3namenameine |
F npoussedenue nepeoamouHblix Gdynxyuti 8 KOHmype obpamuotl CB53U.
(- coomeemcmeyem nonoscumenvHoll 0Opamuoll ces3u, a + - OMPUYAMENbHOLL).

J1jis mpuBEICHHOW CXEMBI, BOCIIOJIF30BABIIUCEH MTPABUIIOM, 3aIMUIIEM NEPEIATOUHYIO (YHKITUIO OT

CHTHaja OIINOKHU (I/IJII/I OTK.HOHGHI/ISI) CUCTCMbI KO BXOAHOMY CUTHAJy, YYHUTbIBad, 4TO B HpHMOﬁ oemnu
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JSKUT JMHUA CBSI3U C TepefaTouyHoi ¢yHkuued 1, B KOHType OOpaTHOM CBSI3M OKAa3bIBAIOTCS IBa

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

[Ipy >TOM 3HaK «IUIIOC» B 3HAMEHATENIE COOTBETCTBYET OTPHUIATEIILHON OOpaTHOW CBsI3U, a

T0CIIEA0BATENBHO COeMHEHHbIX 3BeHa. Taknum obpazom, Wy (P) =

«MUHYC» - TIOJIO)KUTEIIBHOM 00paTHOM CBS3H.
Ilpumep nocmpoenus cmpykmypHoii cxemol

[TocTpouM CTPYKTYpHYIO CXEMy TI'€HEpaTopa IIOCTOSHHOTO TOKA, OIMCHIBAEMOTO CHCTEMOM
mudQepeHnranbHbIX YpaBHEHUI:

1) Aeg(t) =RpAig(t) + wg %
2’) ADp =aAig ;
3) Aer(t) =CrADg(t)
I[Ipeo6pasys ypaBHenus no Jlamiacy, momyaum:
Eq(P) =Rgl4(p) +We pP, ()
Dy (p) =2l (p)
E.(p)=cd,(p)

HpOXO)IfI OT BXOOHOI'O CUT'HaJIa KO BXOAHOMY, IIOCTPOUM CTPYKTYPHYIO CXCMY:
E I Dp Er

B
_>®_> 1/RB » a > C

v

A

Wq

WP Dy

Puc.3.8. Crpykrypnas cxema ['TIT

3anuceiBas SKBUBAJICHTHBIC MepeAaTOUHbIE (PYHKIIUH, TTOTYIaeM:
alRg _k
1+al/Rg-wg,-p 1+ pT

WFHT(p): ,Tae k:a/Rg, T:a/Rg-Wg.

3.3 IIpaBwia npeo0pa3oBaHMs CTPYKTYPHBIX CXeM
[IpennaznaueHsl aas npeoOpa3oBaHUs CIOXKHBIX MHOTOCBSI3HBIX CTPYKTYPHBIX CXEM B IPOCThIE
OAHOKOHTYPHBIC, TJIsI KOTOPBIX JICTKO 3alrcaTb NEPEAaTOYHBIC q)yHKI_[I/II/I, CBA3BIBAIOIIIHNE BBIXOJIHBIC U
BXOIHBIC CUTHAJIbl CUCTCMBEI. KpI/ITepI/IeM MMPpaBHUIIBHOCTHU MEPCHOCA ABJISICTCA HCU3MCHHOCTDb BXOJHBIX U

BBIXOJHBIX CUTHAJIOB CXCMBI.
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1. IlepeHoc TMHAMHYECKOr0 3BeHA 4Yepe3 y3ead MOXET mnpousBoautbes [lo w Ilpomus

HaIIPABJICHUS [IEPENa4Yy CUTHAJIA!

Y

’ 1.
— 3 WO
X Ilo Y

0) X y

Wp) |,
X
IIpotus
4—

T

Y

W(p)

v L,

X

_ Jwe T,

Puc.3.9. [Ipumep nepeHoca JUHAMUYECKOTO 3BEHA YEPE3 Y3Eell

IIpaBujo: mpH MEpeHoce IWHAMHYECKOro 3BeHa uepe3 y3en [lo/llpomus HampaBieHUS

nepeaayn CuUrHajla B OTXOAAIIYHO OT Yy3Jjla BCTBb CJICAYCT IIO6aBI/ITI) JUHAMHUYCCKOEC 3BCHO C

Ipamou/Obpamuoii nepenaToyHon GyHKIIMEH NePEHOCUMOT0 JMHAMUYECKOTO 3BEHA.

2. IlepeHoc AnHaMu4eckoro 3peHa 4yepe3 cymmarop Ilo/IIpotus HampaBieHus nepenayu

CUTHaJa:

6) X

Xy

Xz

W(p)

Y

W(p)

‘|

W(p)

X Y
— @—» W) L,

Puc.3.10. IIpumep mepeHoca TUHAMHYECKOTO 3BEHA Yepe3 CyMMAaTOP

IIpaBujo: npu nepeHoce TUHAMUYECKOrO 3BeHa uepe3 cymmartop [Ipomue/[lo HampaBleHUIO

nepeaayd CUrHajla B MOAXOJIIYI0 K CyMMaTropy BETBb CIEAyeT J00aBUTHh 3BEHO C IEpPeJaTOvHOM

bynkuueit Ipsamoi/Obpamuou nepeaaTouHon (yHKINN TePEeHOCUMOT0 JUHAMHYECKOTO 3BeHa

3. Ilepenoc cymmaTopa 4yepes y3edm:
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X
v Y 2
a) %o l
X1 Y _
— - X1 T Y

&

6) X i Xz f X
£ é@_, L.@_L.l_'@

IIpoTuB Y
4—

v

1

Puc.3.11. IIpumep neperoca cymmaTopa uepes y3einl

IIpasuio: [Ipu nmeperoce cymmaropa uepes y3en I[lo/[Ipomus HanipaBJICHUs TIepeadn CUTHAIA
B MOAXOJSIIYIO K CyMMaropy BeTBb  cjleayeT J00aBUTh  CyMMarop CO  3HAKOM,

Coenaodarowum/Hecosnaoarowum co 3HaKOM MEPEHOCUMOTO CyMMAaTopa.
3.4 Ilpumep npeodpa3oBaHusA CTPYKTYPHOM cXeMbl

3a,I[aHLI ,Z[I/I(i)(bepeHHI/IaJ'ILHBIe YpaBHCHUS, OITKUCBIBAOIINEC CUCTEMY:

1 XO:XGX_XGbDC
dXq dXO
2. TTi—=+ X1 =k —=
Vae ™1 gt
2
2d°X5 dXo
3. T +2&T9 —5+ X9 =ko X
2" 2 T2 2 =K2 X0
4, X4=k4(X1+X2—X5—XB)
dX3 dXj
5. Tg—=+ Xg3=kg(—=+ X
3 4t 3 =Ka( ot 1)
6. dxd%ZKG(X3+X4)

7. X 5= k5X GbIX
Wmes B Buny, uto nuddepeHmanbHple ypaBHEHUS OMKMCAHBI TAKUM 00pa3oM, 4TO B JIEBOH HX
YaCTH 3aITMCHIBAIOTCS BBIXOJHBIC CHTHAIBI 3JICMEHTOB CXEM, a B MPABOW YacTH — BXOJHBIC CHUTHAJIBI,

npeoOpasyem auddepeHnnanbabie ypaBHeHH 10 Jlamacy u HaleM nepeaaTtouHbie PyHKITUH.

1) —oe ypaBHEHHE COOTBETCTBYET CyMMATOPY;
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X1 Kk
XO T1p+1
Xo ko
Xo T#p?
2p +2§Tz+1

2) (Tip+1D) X1 =k Xg=>Wp(p)=

3) (T5p° +28T) +1)Xp =kp X g =Wa(p) =

X4
4) W =
) Ws(p) X1+ Xp— Xe
X3 k3(p+1)
5 (Tap+1DXa=Kk +1) X =W = =
) (Tap+1)X3=k3(p+1)Xy 3(p) Xy~ Tap+l
6) Xy =ko(X3+ Xg) > We(p)= oo K6
X3 + X4 P
X5
7) X5:k5xeb1x :>W5(p): :k5'
X8bl.x
HOCTpOI/IM CprKTypHyIO CXCMy, COOTBCTCTBYIOH_IYI'O HaﬁﬂeHHBIM HepeHaTOqHLIM (bYHKHI/IHM:
X,. Xo X, X Xguue

X
—( Wa(p) >(D— Wa(p) M C‘? o We(P) >
" / e We(o)

W3(p)

X3

Xsbzx W 1 ( p)

A 4

Puc.3.12. VcxonHast CTpyKTypHasi CXeMa CUCTEMBI

Jlnis mpeoOpa3oBaHus CXeMbl POU3BENIEM P JeHCTBUI:

A) nepenecem 3ero Wi () uepes 10 HANpAaBICHUIO NEpeJaud CHTHANA, TP 3TOM B

OTXOJAIIYIO OT y3J1a BETBb J100aBIIsIEM 3BEHO C IepeaTOuHON (QyHKIMen Wl( p) :

X
XKX XO X2 l

—Q Wa(p) %
s

X3

Wi(p)

Wi(p) o Ws(p)

Puc.3.13a. [IpeoOpazoBanHas 4acTh CTPYKTYPHOH CXEMBI

b) 3amensem mnapajuienbHO COCIUHEHHBIE 3BEHbSI C IMEPENAaTOYHBIMH (HYHKLIUAMHU Wl(p)n

W5 () sxBuBanenTHbIM 3BeHOM ¢ nepenarounoit pynxuueii Wy () +Wo (p);
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B) 3amensieM mocnenoBaTebHO COSAMHEHHBIC 3BEHBS C MEPEIATOYHBIMU () YHKIIHSIMHU Wl( p)H

W3 (p) oxBuBanenTHbIM 38eHOM ¢ nepenarounoit pynxuueit Wy (p) -W3(p);

B pe3ynbraTe 3TOro nojay4uM CTpYKTYPHYIO CXeMY B BUJIE:

de XO — l X6 X Xsux
_>® Wy(p)+ Wo(p) _,@ , Wa(p) SN QQ o Ws(P)
A

X
Xsmx \ ® WS(p) <

Wi (p)-Ws(p)

v

Puc.3.136. [IpeoOpa3zoBaHHas CTPYKTypHas cxema

I') Ilepenecem nuHaAMHYECKOE 3BEHO W4(p) yepe3 CyMMaTop 10 HAIMPABJICHUIO NEepeaadn
CHUTHaJIA U, CJIEIOBAaTENIbHO, J00AaBUM K BETBU, MOAXOAAIIEH K CyMMaTropy 3BE€HO C OOpaTHOM

nepegaTo4Hoil GyHKImii neperocumoro 3sena Wy (p), T.€. nonyunm cxemy, PeICTABIEHHYIO HUXKE:

X l X «
ng 0 —_— 8bIX
> (G VAP WP |, Wap) | |Ws(P) .,

X
X i Ws(p) |
Wi(p)-Ws(p) |_|1/Wa(p)

Puc.3.13B. [IpeoOpazoBaHHas CTPYKTYpHAs CXeMa

J1) O6beauHsieM CyMMAaTOPBI, 3aMEHsIeM TTOCIeI0BATEIbHO COeUHEHHBIE 3BeHbs Wy (p) nWg (p)

SKBHBaJICHTHBIM 3BeHOM ¢ nepenarounoii gpyuxuueii Wy (P) -Wg () ; 3amensiem nocnenosarensto

1
COEIMHEHHBIE 3BEHbSI C NIEPEATOUYHBIMU (PYHKIIUIMU Wl( p) ~W3( p) u \N—3KBI/IBaﬂeHTHHM

4
. . Wi (p)W3(p) .
3BEHOM C MepeIaTOYHON (PyHKIMEH W4 (p) ;IIpu 9 TOM mOTydaeM CTPYKTYpPHYIO CXEMY B BUJIE:
AYY
X,
X, Xo l Xanir
— Wip)+Wo(p) | % Wa(p) We(p) .
Xo
Ws(p) o
Ko W(p) Wa(p)/W.(p) _T e

Puc.3.13r. IIpeoOpazoBanHas CTpyKTypHas cxema
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’K) 3aMEHsIeM ITapalIeNbHO COeAMHEHHbIE 3BeHbsl ¢ nepegarounbvu dyrxumsvu Wy (P) +Wop (p) u

W1 (p)W3(p)
W4 (p)

W1 (p)W3(p) .
Wy(p)

3) 3aMmeHseM COEIMHEHHE C OOpaTHOW CBS3bI0 3BEHHEB C IIEPEIATOYHBIMU (DYHKIUSMH:

SKBUBAIICHTHBIM 3BeHOM ¢ nepenarounoi pynxuueit Wy (p) =Wy (p) +Wo (p) +

Wy (p) - Wg(p) u  Ws(p)oksupanentabiM ~ 3BeHOM ¢ [EPeNaToOuHON  (yHKImeii

Wy (p)=—Nalp)-We(p)
1+Wy(p) -Wg(p) -Ws(p)

TakuMm o0pa3om, B pe3yJbTaTe MOIYYaeM CTPYKTYPHYIO CXEMY:

Xs(p)
XBx(p) Xo(p) l XBbe(p)
_,Q_> W(p) —>®—> Wi(p) >

T

Puc.3.13a. [IpeoOpa3zoBanHas CTPyKTypHas cxema

HpI/IBeI[eHHaSI BBIIIC CTPYKTYPHAA CXEMa ABJIACTCA MUNOBOU CXeMol CUCTEMbl aBTOMAaTHYSCKOTO

yTIpaBJICHUSL.

3.5 [Ilepenarounbie pyHKIUM PA30MKHYTHIX H 3aMKHYTHIX CAY

[TpuBeneM eme pas munogyio CTpyKTYPHYIO CXEMY CHCTEM aBTOMAaTHYECKOTO YIPaBJICHUSA H

3arrueM nepeaaTo4YHbIC (pYHKHI/H/I, CBA3BIBAIOIIHNE €€ BXOAHBIC U BbIXOJHBIC CUTHAJIBI.

Xz(p)
Xy(p)  XolP) l Xe(p)
—»@—» Wl(p) —»@,—» Wll(p) »

T

Puc.3.14. TunoBas CTpyKTypHas CXeMa CUCTEMbI aBTOMAaTHYECKOTO PETYIUPOBAHUS

Ha cxeme: X p - PEryJpyeMas BeTU1HHa;
X y - YIpaBisiomee BO3/CHCTBHE;

X 0~ CHUTHAIl OIIMOKH, MJIM OTKJIOHEHHS,

X g - BO3MyIIatoIIiee BO3ACHCTBHE.
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[IpencraBieHHas TUIOBass CUCTEMA SIBJISIETCS JIMHEWHOW, Uil KOTOPOW BBIIOJHSAETCS MPUHIIUIT
CYINEPIIO3ULMH, O3HAYAIOUIEH, YTO peaKlys Ha CyMMY BXOJHBIX CUTHAJIOB SBJISIETCS CYMMOW peakLuid

Ha Ka)kJI0€ BXOJHOE BO3JACHUCTBHE, T.C.
6
Xp(P)=XF(p)+ X5 (p).
X %’( P) - peakiys cUCTEeMbI Ha YNPaBIISAIOLIEe BO3ACHCTBHE;

6 o
X p ( p) - p€aKkius CUCTEMBI Ha BO3MYIIIAOIICEC BO3ACUCTBHUC.

Xo(p) =X (p)+ X§(p), rae
Xg’ (p) - ommbka npu Bo3AEHCTBIY Ha BXOJIE YIIPABIISIOMIErO BO3IEHCTBYS;

8 o .
Xo ( p) - olIMOKa MpyU BO3JEHCTBUH HA BXO/IE BO3MYIIAIOLIETO BO3ACHCTBHUS.

[lepenaTounass QYHKUMS PA3OMKHYMOU Ccucmembl NO YAPAGAAIOUEMY B030€LCMEUI0

y :XP: :
W3 (p) ” W, (p) Wy (p)
0

[lepenaTounas GQyHKIUS pA30MKHYMOU CUCEMbL NO BO3MYUWAIOWEMY 8030€LICNEUIO "

X
W (p)=—>=-Wii (p):

[Tepenarounast QyHKUUS 3aMKHYMOU CUCTEMbL HO YRPABTAIOUEMY 8030eUCMBUIO .

vvy(p)zxr%: Wy (p)- Wy (p) _ Wg(P)
’ Xy 1+Wi(p)-Wi(p) 1+WJ(p)

[Tepenarounast pyHKIUSA 3aMKHYTONH CHCTEMBI IO BO3MYIIAIOIIEMY BO3/IEHCTBHIO:

Wf(p):xg— ~Wi(p)  _ Wp(p)

Xe  1+Wi(p)-Wii(p) 1+WJ (p)

[lepenaTouHas GyHKIMS OUIMOKH 110 YIPABJIECHUIO (AJ1 3aMKHYTOW CUCTEMBI):
Xd 1 1
Xy 1+Wi(p)-Wi(p) 1+W3 (p)

Woy(p) =

[Tepenarounast GyHKIIMS OMIMOKH 11O BO3MYIICHUIO (JIs1 3aMKHYTON CUCTEMBI):
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Xg _ Wi (p) _ Wi (p)
Xe  1+Wi(p)- Wi (p) 1+W3 (p)

WS (p) =

[TOCKOMIBKY 1711 BBIXOJHOTO CUTHAJIA CIIPABEIMBO COOTHOIIEHHE X p (p)=X E)/( p) + X g (p)

10 Moxno samicats X (p) =W5' (p) Xy, (p) + Wy (p) X4 (p). Te.

Wi (p)- Wi (P) B Wi (p)
1+W) (p)-Wy (p) " Y7 1+ W (p)-Wy (p)

Xp(p)=

X4 (P), otkyna MOKHO MOTYINT

BBIXOIHOM CHIHAII 3aMKHYTOH CHCTeMbl Xy )= L_l{X D (p)}

AmnHanorunyso, JUTSE CHTHaJIa OIIIMOKU: X 0 ( p) =X 3’ ( p) + Xg ( p) =

L Wi (p)

X = X
P oW (o) wy (o) P 1+WJ (p)

Xg(P)u ISt CHMI'Hana OIINOKH:

X () = LH{Xo (P}
3.6 BpIBOALI

CucreMbl  aBTOMATHYECKOI0  YNPAaBJEHHS  MOKHO  NPEACTABUTHL  COeJMHEHHEM
AUHAMUYECKHUX 3BeHbEB, T.e. CTPYKTYPHOIl cXeMOi, cocTosilieil U3 3J1eMeHTOB, NPe/ICTABJIEHHBIX B
pasgene 3.1. JIluHamu4yecKHe 3BeHbSI MOIYT ObITh COEJAMHEHbI Pa3JMYHBIM 00pa3oM:
MOCJIeI0BATEIbHO, Napa/uleIbHO, ¢ 00paTHOM cBs3bI0. B pasgene 3.2 mpeacraBjieHbI BHABI
COeJMHEeHUI W NPpHUBeJeHbI HUX JIKBMBAJICHTHbIC mNepenarodynbie QpyHknum. CioKHBbIE CHCTEMBI
aBTOMATHYEeCKOI0 YNpPaBJIEHUS] NPEACTABJSIOTCH B BHJe MHOTOKOHTYPHBIX CXeM, JJIfl aHAJM3a
KOTOPbIX HCOﬁXO}IHMO ONpPEaACJIUTb NEPECAATOIHLIC (l)yHKIII/II/I, CBA3BIBAKOIIINE BbBIXOJHbIC U BXO/JHbIC
CUTHAJIbI, YTO TpeldyeT nmpeo0pa3oBaHusi CTPYKTYPHBIX CXeM, NPABWJIA KOTOPBIX MPeACTABJIEHbI B
pazneae 3.3. Ilpumep mnpeoOpa3oBanusi cxemMbl npuBenaeH B pasaeae 3.4. B pe3syabrarte
npeodpPa3oBaHUil  CI0KHYH0 MHOINOKOHTYPHYI0 CXeMY MOKHO Mpeo0pa3oBartb B MPOCTYIO
OTHOKOHTYPHYIO (munogyio), 1Jjsi KOTOpoi no popmysiam, npeacraBjieHHbIM B pasjaesie 3.5, Jierko

3anucaTh nepeaaTouHblie PyHKIMH.

3.7 Bomnpocsl

1. Yro Takoe CTPYKTYpPHasi CXeMa CHCTeMbl ABTOMATHYECKOI0 YIIPABJICHHS.

2. Ilepeuyuncimre 3J1eMeHTBI CTPYKTYPHBIX CXeM H JaliTe HX XapaKTePHUCTUKH.
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3. Kakoe coeanHeHue Ha3bIBaeTcsl IOCIEI0BATEJbHBIM H KAaKOBa ero JIKBHBAJICHTHasi
nepeaaToyHas QyHKIHUS.
4, Kakoe coeamHeHune Ha3bpIBaeTcsi MNapa/uleJIbHbIM M KaKOBa €ro 3KBHBAJEHTHAasl

nepeaaToYHast QyHKIHUS.

5. Kaxkoe coennHeHnne Ha3bIBaeTCsl COeJUHEHHEM € 00PaTHOI CBA3bIO.

6 BbiBeauTe IKBUBAJIEHTHYIO NEPeIATOYHYI0 QYHKIUIO COeTUHEHUS ¢ 00PaTHOI CBA3BIO.

7. CdopmyampyiiTe KpuTepuii MPOBEPKH NMPABWIBHOCTH CTPYKTYPHBIX IIpeo0pa3oBaHMid.

8 CdopmyanpyiiTe NpaBUIO0 NMEPeHOCa TMHAMMYECKOr0 3BeHa 4Yepe3 y3es BeTBJeHUsl (Mo u

NPOTHB HanpaBJjeHus nepenaun curuana). [Ipuseaure npumep.

9. CdopmyampyiiTe npaBu/io nepeHoca JUHAMHYECKOT0 3BeHa Yepe3 cymMmaTop (1o U NpoTUB
HamnpaBJ/ieHHus nepeaayn curuaja). [Ipuseaure npumep.

10. CdopmyaupyiiTe npaBmio mepenoca cyMmaTopa 4epe3 y3el BeTBJeHHs (II0 M NpPOTHB
HanpaBJeHus nepenayn curiagna). [IpusBeaure npumep.

11. Kakas crpykTypHasi cxeMa Ha3bIBaeTCsl THIIOBOIA.

12 3anumure nepeaaTovHbie (l)yHKIII/II/I, CBSI3bIBAKOIIIME BbIXOJHOW CHUrHaJl THIIOBOM

X X

CTPYKTYPHO# cXeMbl P co BxoxnbiM

y.

13. 3anmmmure nepenarounnie PYHKIUH, CBA3LIBAIONIME THIIOBO CTPYKTYPHOIi cXeMbI XOco

X

BXOJHBIM y .

14. 3anmmmre mnepenarouynnie (QYHKOWH, CBA3HIBAIOIIAE BBLIXOAHOH CHTHAJ THUIIOBOW

X X

CTPYKTYPHOI CXeMBbI P¢ curnanom BO3MYLICHHsA ~ 6.

15. 3anummre nepegarouynbie (YHKUMH, CBS3LIBAIOIIME CHIHAJ OTKJIOHEHHs (OMIMOKH)

X

THIIOBOM CTPYKTYPHOM CXEMBbI xoc CUTHAJIOM BO3MYIUEHUSA

3.8  3Bapanus

1. TlocTpouTh CTPYKTypHYIO CXeMy IO 3aJaHHOH cucreMe audQepeHnnanbHbIX YpaBHEHHI,

OITMCBhIBAOIIUX 3JIEMCHTBI CUCTCMBEI.
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1.1
do
Tld_ +6 = kg (gx = Xgorr)
t
dxy
To—2 1 %) = koo
2 dt 2 =R
dX3
—2 =k
it
B _ ky(¥p + X3~ X5)
dt
X5 = Kg gy
T71=001 T, =01

k=5 k=10 k3=05 ky=7 ks=3

1.2

do
1E+§ kg (xgx —X4)
dx,

=koy(5-X
o 2(0-X3)
X3=k3X2

Ty ng;,lx + Xy = KaXp
X4 = Xgpy TX2
T1=001 T4=025
kj=5 ko=10 k3=05 kq=7

0=X, —X —X5

6X 6bIX

12grl )

X, = kle
Xy = k3X1
xebvc = X2 + X3
dx
4 _
T4 E + X4 - k4x6be

dx
TSd—t5+x5 =k.X,

T,=1 T,=01 T,=02 &£=05
k=1 k=2 k=10 k=15 k =5

14
O=X,—x

dx
Tld—thtx1 =k, (6-X,)

6blX

X, =K, X,

d’x
32 dt23 253 _k3X1

8bLX_X4+X5
X5 = Ks X,

T dditer =K, x,

T,=1 T,=2 T,=01 £=05
k=1 k,=2 k,=10 k, =15 k =5
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15
o0=X_—X_,.
dx,
dt
Xy = KeX

=0—X,

d*x  dx
TlF'i‘E = kl(é_ Xg)
Xs = KsX,

dx
T,—2+X, = k%

7 0%
dt

dx
T7d—t7=x2+x6

+ X = Ks (X, + %)

Xebe = XB + X7
Xg = Kg (X, + Xg)

1.6

0 =X, — %

dx,

T1E+ X =k (0-X,)
d’x, dx
T,—2+—2=Kk
o e
d’x. dx
T_3+_3:k
FTaRFT

d
Tsd_xtﬁers =KX,

Xs =Kgx

BbIX
dx,

T4E+ X4 = k4x3

Xehlx:x4+x5
T,=2 T,=1 T,=01 T,=075 T,=03

h=02 T,=2 T;=5 T,=05 k=3 k,=5 k=2 k=4 k=15 k=01
k=2 k,=5 k, =075 k=01 k =3 k,=1
1.7 1.8
X = kl(xex —X7) 0= X, —Xg

do dx
Tza+5=k2x1 Tld—t1+x1=k15

dxs d?x, dx
—2 =Kad 2, Y% _

dt 3 2 dt2 + dt _kZX].

dX4
Ty ekl 7,2 =k,
T6d;(t6_|_)(6:k65 xabLV:X4+X5

X5 = ks(xz + Xs)

Yoo = X5+ Xg dx
x5 =Kg(x3 + Xg) T4d—£‘+x4=k4~(x1+x2)

dx _
T7 d7t7 TX7= k7xebzx Xe = k6 X oo

T,=1 T,=05 T,=2 T,=0]1

Tp=01 Ty=025 Tg=1 T =03 ky=2 k=1 k,=2 k, =10 k, =15 k. =5 k. =05
ki=5 ko=10 k3=05 kq=7 ks=3 kg=15 o L
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1.9

d
T =5 )

T, (jj(ts +0=k,X
dx,
B
X, =X+ X

X, =k,0

X = ke

d?x
T3ﬁ+ )

TG(LXtGJr Xs = Ks (X +X,)

dx
T7d—t7+ X, = kX

6bIX

T,=01 T,=2 T,=025 T,=02 T,=15 k =4
k=2 k=3 k=075 k =05 k=15 k =5

1.10
0 =X, — X
o
dt
X, = k2X1
Xy = k4X1
d?x dx
2 3 3
_+2 _ 3
dt? T dt
d
Tsd—)f[5+x5 =k;0

+X =ko

T +X; = Ky (X, +%,)

X = X3+ X

BbIX

Tﬁ%+x6 = kqx

6bIX

T,=2 T,=01 T,=03 T,=05
k=3 k=5 k=2 k=4 k=15 k =01

2. TIpeoOpa3oBaTh CTPYKTYPHBIE CXEMBI M HAHUTH TIepelaTOUHbIC (PYHKITUH:

Xp XP Xo Xo.
Xy Xg Xy Xp

W5(p)

2.1
T X0 W2(p) Xp
— o
Xy {* W3 (p)
—4L W1(p) :O—oO_' —
—»| W4(p)
W5(p)
W6(p) |,
2.2. "
Xo W2(p) ®
Xy r | - l Xp
" oo OO0
»| W4(p)
W6(p) |,
W7(p) <
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23. Xs
Xo — Xp
Xy
,| Wi(p) .| W2(p) _.O—»W3(p) —
- [wap)

() W5(p)

\_/ ‘

1 W)
2.4, o _l Xg

Xp
Xy
A ’ L wip) W2 _,O__.O—.WS(p)
(- Q ®
W4(p)
T [wsk
W6(p) |¢
Xg
2.5. Xo B X0
W1(p) ( ),W3(p) . w4(p)
Xy " . v
W2(p)
W5(p)
W6(p) |«
Xo
2.6. Xy - Xp
W1(p) W2(p) L L_,{W3(p) >

Or

Wi4(p)

A 4

.

W5(p)
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2.7.
Xy

2.8.

Xy

2.9.

Xy

Xo %o
,| Wip) .| W2(p) W3(p) —

/LXB [wa)
< W5(p) |,
\_/
1 W)
X0 W2(p) |,
[_ —| % Xp
| - W4(p)
| W5(p) [,
W6(p) |«
T Xo Xo
W1(p) | W2(p) W3(p) _.O__>
4
W5(p) W4(p)
] XB /L
W6(p) ()
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2.10.

»| W6(p)
Xg
— Xp
| Wi(p) _.( ) | W3(p) » W4(p) —
W2(p)
W5(p)
WT7(p) [«

3.9 IIpakTukym no riase 3

1. TlocTpouTh CTPYKTypHYIO CXeMy IO 3aJaHHOH cucreMe audQepeHnnanbHbIX YypaBHEHHIA,

OIMUCBIBAIOIINX DJICMCHTHI CUCTCMBI.

2
led—§+251d_5+5: kl(xex _x6blx) 1)
dt dt

Xo =Ko0 (2)
X3 =k3o &)
Ty o + Xgpuy = Kg (X +x3 - x5) (4)
X5 =K Xgy )
T1=01 Ty=1 ¢&=05

k=2 kyp=3 k3=075 k4=05 ky=15

Ipeo6pazys ypasuerus (1) — (5) no Jlamacy, nonydum:

(T p? + 28T p + DS(P) = Ky (X (P) — X () (1)
X2 (p) =k25(p) (2a)
x3(p) =k3o(p) (32)
(T4 P +D)Xgpie (P) =K4(X2(P) + X3(P) —X5(P))  (4a)
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X5 ( p) = k5X6bDC ( p) (5a).
Benomunas npaBuiio 3anucu auGepeHInanbHbIX YPaBHEHUH, OMUCHIBAIOIIMX JJIEMEHTBI

CUCTCM aBTOMATUYCCKOI'O YpaBHCHHA (cnpaBa - BXOIIHOﬁ Curiajl ¢ MImpou3BOAHLIMHU, CJICBA —

BXOJIHOM CHUTHAJI C TIPOM3BOIHBIMHU ), 3AIUIIIEM TIEPEAATOYHBIE (PYHKIIHH SJIEMEHTOB:

o(p) ke

Wi (D) = - 1b
1(P) Xax (P) = Xgux (P) T p? +2£Typ +1 o
vvz(p)=X52(—(pp))=kz @)
W3(D)=%=k (@)
Xebzx(p) k4
W = = b
«(P) X2(p)+x3(P) = x5(p) T4p+1 “
Ws(p)=XXL'?)m=ks (5h)

CtpouM CTPYKTYpPHYIO CXEMY, UMes B BHUJY paclojO’KEHUE BXOJHOIO CHUTHAlla ClieBa, a

BBIXOJIHOTO — CIIpaBa B cucteMe. Takum o6pa3om, u3 ypaBHeHus (1a) ciaemyeT, 4To Ha BXOJ 3BEHA
(1b) mocrymaer pasHOCTb aBYX CHTHANOB (Xgp —Xg ), HOIydacMas HA BBIXOAE MEPBOTO
CyMMaTopa; curHai ¢ Bbixonaa 3BeHa (1b) momaercs ma 3Beno (2b) u (3b); cymma curnamos

X2 + X3 —XS MOCTYMACT HAa BXOJ BTOPOro cymmaropa, € BbIXxoJa CyMMaTopa CHUMACTCA CUT'HAJL

Xgppc» IOJABAEMBII Ha BXOJI IEPBOTO CyMMAaTOpa U Ha BXoJ 3BeHa (5b):

Xs5(p)
Ws(p) [«

5(n) X2(p) |—

XBX(p) ] ] XBBIX(p)
Wi(p) Wa(p) W.(p) >

\ 4

A 4

Ws(p)

X3(p)
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Xp Xp Xo Xo'
Xy Xg Xy’ Xp

2. TIpeoOpa3oBaTh CTPYKTYPHYIO CXEMY W HaWTH MepeaaTouHble QYyHKIIUN:

Xg
1. .
W1(p) ( ) W3(p) b——» W4(p) >
W2(p) l I
W5(p) |—
W6(p) |«

O0603HauuM CyMMaToOpbl, y3Jbl U KOHTYpbl OOpaTHOW CBSI3U, KOTOpPbIE Mbl Oy/I€M HCIIOIb30BaTh
IIPU CTPYKTYPHBIX IMPeoOpa30BaHUAX U HAHECEM UX Ha UCXOIHYIO CXEMY.

2.1. Ilepenecem nuHammueckoe 3BeHo WI1(p) dyepe3 cymmarop 3 1o HampaBiCHHIO Tepeaavn
curHana. Ilpu sToM B mpsIMOW LEeNM CUTHAJ HE WM3MEHMTCSA, a CUTHAJ BO3MYyLIleHuss Xp Ipoiaer
JOTIOTHUTEIIBHO Yepe3 Mocie0BaTeIbHO coequHeHHble 38eHbst W1(p) u W3(p). st Toro 4roObl cUrHai
HE W3MEHUJICS, €r0 HaJ0 MPOMYCTUTh Yepe3 3BEHO C mepenaTouyHor (QyHkmuei, oopaTHoi, T.e. yepes 1/

W1(p). O6beanHUB IBa MOCIEAOBATENBHO CTOSIINE CyMMaTopa 2 U 3, MOIydHM:

Xg
Xo

1/W1(p)
—¥ 2-3 Xp

W1(p) W3(p) > Wi4(p) >

W2(p) I I
W5(p) |—
W6(p) «

3ameHuM mocienoBaTenbHO crosinpe 3BeHbs WI1(p) u W3(pP) SKBHBaICHTHBIM 3BEHOM

W1(p) W3(p), coemunenne | u |l sxpuBanenTHBIMY 3BEHBAME ¢ TIEpeIaTOUHBIMU (QYHKIUAMU:

WIPWS(P) Wy, (py=— WA4(P)
1+W(p)W 2(p)W3(p) 1+WA(p)W5(p)

Wi (p)=
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N300pa3um Moyiy4eHHYIO CTPYKTYPHYIO CXEMY:

|
Xo
1/W1(p)
L1 =23 Xp
W|(p) > Wll(p)
Xy

W6(p) |«

OObeqMHUB TOCTEeI0BaTeIbHO coeauHeHHble 3BeHbs W, (p) u Wy (p), momyunm
SKBMBAJIEHTHOE 3BEHO C nepenarounoi pynkrmeit Wi(p)Wy(p) u n306pasumM CTpyKTYPHYIO CXEMY

B BUJIE: Xs

Xo

1/W1(p)
—v 2-3

Xp

Wi(p)Wi(p)

W6(p) ¢

Z[J'ISI HOHy‘ICHHOﬁ CXCMbI MOXKHO 3aI1ucCaTb Tpe6yeMLIe nepeaaToOYHbIC (l)yHKI_II/II/IZ

W1(p)W3(p) ~ W4(p)
Xp _ Wi(pWy (p) _ 1+W1(p)W2(p)W3(p) 1+W4(p)W5(p) _
Xy 1+ (Wi (pW6(p) 1, WIGW3(R) —  Wd() e
1+W1(p)W2(p)W3(p) 1+W4(p)W5(p)
_ WI(pW3(pW4(p)
1+WI1(p)W3(p)W 4(p)W 6(p)
Xp W (pW;(p) 1 —W3(p)W4(p)

Xg  1+W; (pWy (pW6(p) = Wi(p) " 1+ WI(p)W3(p)WA(p)W6(p)
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XO _ 1 _
Xy 1+W (p)Wy (PW6(p)
_ (L+W1(p)W 2( p)W 3(p))(L +W 4(p)W5(p))
(L+W1(p)W 2(p)W3(p)) - (L+W 4(p)W5(p)) + (W1 pIW 3(p)W 4(p)W 6(p))

Xo _ Wi(pWp(pW6(p) 1 _ W3(p)W4(p)W6(p)
Xg  1+Wi(p)W (pW6(p) WI(p) 1+W1(p)W3(p)W4(p)W6(p)
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5. HUccnenoBanue CAY c ucnonb3zoBanuem npukiaanoro nakera MATLAB. JlaGoparopHbrit
npakTukyMm: yueOHoe nocobue / T.B. Aronkuna, C.A. Xpuzonurosa, B.M. becenun u np.- M.:
Uznarenscknit mom MOU, 2007. — 80 c.

6. Kum JI.I1. Teopus aBromatudeckoro ynpasienus. T.1. JIuneitnsie cucremsl.-M.: DUSMATI' U3,

2010. -312c.

4. Ycmontuueocmov cucmem agmomamuiecKozo ynpaejiienun

(3Hamb: OCHO6HblE NOHAMUA U Kpumepuu ycmoimueocmu JUHEUHBIX cucmem, ymembs: npumMeHimo
mom uiu UHOU Kpumepud yCWlOZZHMGOCWlu 8 3A6UCUMOCINU OM NOCMABNEHHOU 3a0ayl U
UMernmuxcs 6 Haiuduu cpedcmepemeHuﬂ 361@61111/!,' 61a0embv. 0COOEHHOCMAMU NPUMEHEHRUA
Kpumepuee ycmoﬁqueocmu OJ151 MUHUMAIbHO — U HE MUHUMATIbHO QbGS’O@bl)C cucmem u cucmem,

Heﬁmpajszbzx 6 PA3OMKHYMOM COCWZOﬂHUU.)
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4.1. TloHsiTHE YCTOWYMBOCTH CHCTEM.

4.1.1. YcToWYMBOCTh HOJ0KEHUS PABHOBECUS

VY CTONYMBON HA3bIBACTCS CUCTEMA, KOTOPAask BO3BPALIACTCA B HCXOMHOE TOJI0KEHHUE T0CIE CHATHS
KPaTKOBPEMEHHOI'O BO3JCUCTBUS.

Cucrema Has3bpIBaeTCs HEUTpPanbHO YCTOWUYMBOM, €CIM TIOCIE CHSITHA KpPaTKOBPEMEHHOI'O
BO3/JCICTBUS OHA 3aHUMAET HOBOE ITOJIOKCHUE PAaBHOBECHS.

Cucrema HeycTOMYMBAsl, €CIU IIOCIIE CHATUSA KPAaTKOBPEMEHHOI'O BO3JEHCTBUS OHA YXOIUT OT
IIOJIOXKEHUS] PABHOBECHS.

OTO MOXXHO TPOJEMOHCTPUPOBATH HAa NPUMEPE MEXaHUYECKONM CHUCTEMBl: IIapuKa Ha

MOBEPXHOCTAX PA3HOTO MPOUIIS.

(3 — —
—~ -
YcroiuuBas cucreMa Helitpansnas cucrema HeycroiiunBas cucrema

Puc.4.1. [TonsiTHEe YyCTOMYMBOCTA MEXaHUUYECKOM CHUCTEMBI

Y CTOMYMBOCTh CHCTEMBI — HEOOXOJUMOE YCJIOBHUE JJIsi KaYeCTBEHHOW pabOThl aBTOMATHUECKOM
CHUCTEMBI.

KpatkoBpeMeHHBIM BO3/IEMCTBHE MOXKHO cuuTath §(t)-pyHkiuio Jlupaka, peakiueil Ha KOTOPYIo
ABIAeTCS BecoBas QPyHKIHs cucTeMbl w(t). TakuM 0Opa3om, MO MOBEACHUIO BECOBOM (DYHKIIMH MOKHO
CyOUuTh 00 YCTOWYMBOCTU CHUCTeMbl. [IposeMOHCTpuUpyeM 53TO Ha MpHUMepax IOBEACHHS BECOBBIX

¢byHKIMH cucteM

F “-I:t:} _“_l:t}JL “_l:t} A

%
.4 b ¥

t t t
YcroiunBas cucreMa HelitpansHo ycToiunBas HeycroitunBas cucrema

Puc.4.2. [Tonstre ycTOMYMBOCTH Ha MPUMEPE MOBEACHNS BECOBBIX (yHKImit CAY
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4.1.2. YcTOWUYHMBOCTH HPOLIECCA

Ecnn Bxomno#t curnan, neictBytomuii Ha CAY, uU3MEHsSIETCS BO BpPEMEHM, TO HET CMBICIIA
TOBOPHUTH O IOJIOKEHUH PaBHOBECHS, a HY)KHO TOBOPUTH 00 YCTOHYMBOCTH MPOIECCOB, MPOTEKAOIINX B

cucreme. Eciii BXOJHOM CHTHAI IIPU ONMKMCAHUK JTMHEHHON 0HOMEPHOM cucTeMbl (pasm. 2.1) u(t) = X (t),

umeer miobpaxkenne mo Jlamnacy Xe(p)=L{Xa(t)}= zgvzlﬁ 10 Y(P)=W(p) Xa(p) , Tme W(p) —

nepenaToyHas (yHKIUS CHUCTEMbI, KOTOPYIO MOXKHO MPEICTaBUThH APOOHO-pallMOHAIBHON (yHKIIMEH

B C . . N
W(p) = % = ?=1p_—;i = L{¥" c;ePit}. (p;,i = 1,..n - nmomoca nepenaTouHon QYHKIUH CHCTEMBL

qi,i =1,..N -mnomoca u300paXKeHUsI BXOJJHOT'O CUTHAJIA).

Peakiuio cucTeMbl Ha BXOJHON CHTHAI X4 (t) MOXKHO HaiiTH Kak oOpaTHOE IpeoOpa3oBaHue
Jlannmaca y(t)=L"{Y (p)}= L {W(p) Xu(p) }=
Zn+N

N ]
—f1-1gyn G . yN _diy_ j=1 4P
(U O p-p; <=1 p—qi} {(p—pl)(p—pz)---(p—pn)(p—ql)(p—qz)---(p—qw)

} = Yes (0 + Yoo ().

¥ (t) — CBOOOTHASI COCTABIISIFOILAS, OTIPEeIsieMast MOJ0CaMHU MepeaTOuHON (DYHKIIMEH CHCTEMBI;
Vs (£) - BRIHY)KICHHAS] COCTABJISFONIAS, ONpeAeIiseMas TOJF0caMi N300paKeHHsI BXOJHOTO CUTHAA.
C TouKH 3peHus MPOTEKAIOIIETO B CHCTEME IIPOIECcca, YCTOMYMBOCTh 03HAYAET 3aTyXaHUE CO

BpEeMEHEM CBOOOIHOM COCTABIIAIONIEH, T.€. lim;_ o Ve (£) = 0.
4.2. Heo0xoaumble U 10CTATOYHbIE YCJIOBUS YCTOMYMBOCTH CUCTEM

PaCCMOTpI/IM HeO6XOJII/IMI:>IC U JOCTATOYHBIC YCJIOBUA YCTOﬁqHBOCTH CUCTCMBI, OIMCHIBAEMOM

B(p)

nepenarounoi pyukuueii: W(p) = Tp)’ BECOBaA (bYHKIMSI KOTOPO MMEET BU:
> B()
p .
w(t) = ) ——=|,. eP* + h(0)6(t)
L A'(p) ™

N3 dopmynbl pasznokeHuss s BECOBOM (DYHKIIMHM BHUIHO, YTO YCTOWYHUBOCTH 3aBHCHT OT
MOJIOKCHHSI KOpPHEW XapakTepucThueckoro moiuHoMa A(p), KoTtopoe, B 0OIIEeM BHJIE, MOXHO

NpeACTaBUTh B BUAC AUATpPAMMBI:
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i

P:

P: P4 B

+

P

P:
Puc.4.3. BoaMoxxHOE pacmionokeHne Mo0CcoB rnepenatouHor pyakmmun CAY

Hpe,[[CTaBI/IB BCECOBYIO (I)YHKI_II/II-O B BUAC CYMMbI BCCOBBIX Q)YHKHI/II‘/’I, OIIpCACIIACMBIX KOPHAMHU

Pa3jInuHOro BUAA:

w(t) = z": w;(t) = z": C, ePit
i=1 i=1

PaCCMOTpI/IM BKJIag 7-r0 H 8-To KOpHA B BCCOBYHO CI)YHKI_II/II-O CHUCTCMBI, IIOCKOJIBKY 3TO
PAaCIIOJIOKCHHUC SBJISACTCA HanOoJee O6H_II/IM " U3 HCT'O0 MOXXHO ITOJYUYUTH BCC OCTAJIbHBIC COCTABJIAIOMINC

IIPUPABHUBAHUEM HYJIIO TE€X WIHA IPYIHX IMAPAMETPOB KOPHEM:

prg=atijf- Crmemyer OTMETHTB, 4TO KOIQQUIMEHTHI C7 g SBISIOTCS KOMIUICKCHO

COTPSIKEHHBIMH, KOTOPBIE B OOIIIEM BUJIE MOXKHO MPEACTAaBHT B BHae: ¥ T JO . Toraa
wyg = C,eP7t 4+ CgePst = (y +j8)e@HPt 4 (y — j§)el@ Pt = |C7,8 =Yy ij5|
= (y +j6)e* (cospt + jsinBt) + (y — j&)e* (cospt — jsinft)

Wy, g = e¥2(ycosft — Ssinft) = e*2,/y? + &2 (_
= 2e%/y? + §%cos(Bt + ¢)

1. p,=—a; B =0;

cosft —

sinﬁt)

y o)
VY2 + 62 VY2 + 62

wy(t) = Cie

2,3. D23 =—atjp
W, 3(t) = Cy 36~ cos(Bt + @)

4, p, =0; a=0p=0
wy(t) = Cy

5,6.p56 = £jP; a=0
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ws6(t) = Csgcos(Bt + @)
7,8. w;g(t) = C;ge~*cos(Bt + ¢)
9.pg = +a
wo(t) = Coe™
[IpencraBuM BKJIaJ KaKI0W COCTABISAIOUICH BECOBOM (PYHKIIMHM B BECOBYIO (DYHKIIMIO CHCTEMBI B

uenom (puc.4.4):

Puc. 4.4a. YcToiiunBbie M HEHTpaTbHBIE COCTABIISIONINE BECOBON (DYHKIIUH
Takum o6pazom, 1,2,3 cocTaBisroITUe SABISIOTCS YCTOMYMBBIMU;
4,5,6 — HEUTpPATBHBIMHU.
U3 pucynka BUIHO, 4TO

° JUTSl YCTOWYMBOCTH CUCTEMBI HEOOXOJIMMO U JOCTaTOYHO, YTOOBI KOPHH €€

XapaKTCPUCTHUICCKOI'O ITOJIMHOMA JICIKAJIN B JIEBOM YaCTH KOMILIEKCHOM IIOCKOCTH.

° Cucrema SIBJISICTCSI qUCTO HEUTPAILHOMU, €CIIn KOPHU eé

XapaKTCPUCTUYICCKOI'O ITOJIMHOMA JICKAT Ha MHHUMOM OCH.

° Cucrema sBisieTcsi HEUTpPaJIbHO  YCTOWYMBOW, €cld  KOpHU €€

XApPaKTCPUCTUICCKOI'0 IMOJIMHOMA JICKAT B JIEBOM YacTH KOMILUIEKCHOM IIOCKOCTH U Ha

MHHUMOM OCH.
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Puc. 4.46. HeycroiiunBble coCTaBISAIOUINE BECOBON (DYHKIIUH

W3 pucyHka BHJHO, UYTO CHUCTeMa HEYCTOWYMBA, €CIM XOTS Obl OJMH KOPCHb
XapaKTEPUCTHUYECKOTO TIOJIMHOMA JISKUT B IIPABON YAaCTH KOMIUIEKCHOU TUTIOCKOCTH.
4.3. Kpurepuu ycTOMYHBOCTH
Kputepuu mo3BoJsitoT UCCIIE0BaTh YCTOHYUBOCTh CUCTEMBI MO €€ HEKOTOPBIM XapaKTePHCTUKAM.
W3BecTHBI aniredpanveckue U 4aCTOTHBIC KPUTEPUH YCTOHUNBOCTH.
1) Anrebpanueckue (['ypBuua, Payca, D-pa3ouenust).

2) Yacrotubie (Muxaitnosa, HaiikBucra, torapuMudeckuii).

4.3.1. Kpurepuii ycroituupoctu I'ypBuna.

Ilo3BomseT cieauTh 3a YCTOI\/’I"II/IBOCTLIO CUCTCMBI I10 KOB(I)(i)I/II_II/IeHTaM eé XapaKTCPUCTHICCKOT'O

MOJINHOMA.
B(p)
Wp) =
T A
Alp) = app™ + a;p™ 1+ +ay
a; az as 0
a, a, au 0
_ a; as 0
An_ asg 0
0
an

[To rmaBHOW [MaroHaj W 3amMHMCHIBAIOTCS KOIPPHUIIMEHTH XapaKTEPUCTUYECKOTO TOJUHOMA,
HAaYMHAs C a,. DBBIIe TJIaBHOW JWAaroHadM WHAECKCH KOI()PHUIMEHTOB YBEIMYUBAIOTCSA, HIKE —
ymenbmatorcs. KoahuiuenTsl ¢ HeCcymecTBYIONIMMH HHACKCAMHU 3amuchiBatoTess kak — “07. U3
[JIaBHOTO OMpeneiuTens (OpMUPYIOTCS OIpeNeTUuTeNId MEHbIIEro MOpsSAKa BBIJCIEHUEM CTPOK H

CTOJIOIIOB B JIEBOM BEPXHEM YIITy TJIaBHOTO orpenenutens ['ypBuia, a MMEHHO!
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[Tocnennuii ompenenuTeNb MOXHO HAWTH pa3lIOKEHUEM TJIaBHOTO orpeaenuresns ['ypBuma mo
MOCIIEAHEMY CTOJIOLY:
A,=aq xA,_q.
Chopmynupyem KkpuTepuit ycroitunBocTH [ ypBuIa:

Jy1s1 yCTOWYMBOCTH CUCTEMBI HEOOXOIMMO U JOCTATOYHO, YTOOBI A U A; OBUIH OJTHOTO U TOTO K€

3naka (I=1-n) (s onpeaenéunoctu >0).

Cucrema HeyCTOMYMBA, €CJIM XOTS OBl 0IMH onpeaenuTens ['ypsurna <0.

Cucrema HelTpajabHa, €clM MOCHeAHUM omnpeaenuTenb = 0, YTO MOXKET NPOU3OUTU IMPHU ABYX

ycnosusix: A,= 0 npu a,, = 0,A,_;= 0. B nepBom citydae roBOpsT, 4YTO CUCTEMa HAXOAUTCS HA TPAHUILIC
arnepruoANYecKOil YCTOWYMBOCTH, @ BO BTOPOM — KOJieOaTeIbHOM.
Yacrtuele cnyyau (1-i1, 2-i u 3-if mopsaku).
1. n=1
A1(p) = app + a4
A= |a,]

a,>0a; >0

2. n=2
Ay(p) = aopz +ap t+a;
_lan O | _
2= ay a| a,a;
A= |a4]

gy, aq,a; > 0.
Taxum o6paszom, cuctema 1-ro u 2-ro nopsiika ycTonumBa, eciau K03 PUIreHTb

XapPaKTCPUCTHYCCKOTO IMMOJIMHOMA ITOJIOKUTCIIbHEI.

3. n=3
Az(p) = aop® + a1p* + ayp + a3
a; az 0
A: aO az 0
0 a4 a3
A1= |a1| > 0
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a, as
Az— |a0 a2| —alaz_a0a3 >O

Az;=a3zA,> 0.

VYcinoBue yCTOMYMBOCTH CHUCTEMBI 3-TO TOPSIAKA day, a4, a5, a3 > 0 U aa, — agas >0, T.€. BCE
KOA(DPUITMEHTHI XapaKTePUCTUUYECKOTO YPaBHEHHUS IOJOKUTEIbHBIE U BTOPOW ompenenuTenas ['ypBuiia
Oosb1Ie HYIS.

3agada. Jlna CAY, cTpykTypHas cxema KOTOpOMl mpejcTaBiieHa Ha puc.4.5. HAUTH NMpeaebHbIMA

KO3 pUIMEHT yCuieHus

Wo(p)

v

Puc.4.5. CrpykrypHas cxema 3aMkHyTOl CAY
[IpenenbHBIM Ha3bIBAETCS Tako KOA(D(PUIIMEHT yCUIEHHUS Pa3OMKHYTOM CHCTEMBI, TP KOTOPOM
3aMKHYTas CUCT€Ma HAXOAUTCA Ha IPaHHLE YCTOHUUBOCTH — Kieo. IlycTh mepematounas (yHKIMsS

Pa30MKHYTOM CUCTEMBI UMEET BUL:

W(p) = £

(1+pT)(1+pT)(1+pT3)’

Haiinem nepenaTouyHyio (yHKIMIO 3aMKHYTOH CHCTEMBl M 3allMIIeM €€ XapaKTepUCTUYECKUI

IIOJIMHOM!

k
_ W® _ OO0 _ k
W;(p) = +w,(p 1 T (A+pT)(A+pT,)(1+pTs)+k

00
A;(p) = 1+ pT)(A +pTo)(1 + pT3) + k
A,(p) =TT, T3p3 + (TiT, + T, T3 + Ty T)p?> + (T + T, + T3)p+ k+ 1

rne ag = T1T,T5, ay = (T1 T, + T,T3 + T1T3), az = k.

3anumem onpeaenutens ['ypBuiia, BBIIETUM ompeaenuTesu 1-ro, 2-To0 U 3-TO TOPSAKOB H

3alMuIEM JJI1 HUX YCJIIOBUA YCTOﬁqHBOCTHZ

a, az O a, a

A=lag a, O A=la>0 A= |a0 a2| >0 As=asA>0 ag>0
0 a a3

a; >0, i=1+3

a1a2 - a0a3 > 0
(k + DT T,T3 < (Ty + Ty, + T3)(Th T, + T, T3 + T4 T3)
101 1 _
k< T1T2T3 (T_1 + T_ + T_3) -1= Knpez).

2

[Ipoananusupyem noiaydeHHOE BbIpaKEHHE:
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l) Knped HC M3MCHUTCH, CCJIIM MOCTOAHHBIC BPCMCHHU YMHOXUTH WK Pa3AC/IMThL HA OAHO U TO KC

YHCIIO.

2) YCTOWYUBOCTD HE 3aBUCHUT OT Pa3MEPHOCTHU MOCTOSIHHBIX BPEMEHH.

3) Hauxynmas curyanus juist ycroitunBoctH, korna Ty = T, = T3:

37 (2) = 1 =8 = Kypeomin

4) HauOosiee yCTOWYMBOW SBJSETCA CHCTEMa, Yy KOTOPOM ITOCTOSIHHBIE BPEMEHH CHIIBHO
pa3anyarTCs.

4.3.2. IIpuHIMT APTrYMEHTA.

HpI/IHI_[I/IH ApTyMCHTA JIC)KKUT B OCHOBC YaCTOTHBIX KPUTCPUCB YCTOIZQHBOCTH.

HYCTB HU3BCCTCH XapaKTepI/ICTI/I‘leCKI/Iﬁ IIOJINMHOM PICCJ'ICI[y@MOfI CHCTCMBI:

A(p)=a0p" +a1p" " + ...+ ap_1p+an =ao(p— P)(P— P2)--(P— Pn).
Ine Pq, P2,-.., Pn- KOpHHU XapaKTEPUCTHYECKOTO MOTMHOMA.

PaccMOTpUM MOBE/IEHHE XapaKTEPUCTHUECKOTO TIOIMHOMA Ha KOMIUIEKCHOH IJIOCKOCTH, 3aMEHUB
puajo: A(jw)=ag(jo— p)(jo— p2)...(Jw— Pp) u pacemorpes noBeaeHue ero aprymeHTa:
n
Aarg A(jw) =ag Y Aarg( jo — pj) (s npeanonoxenun, uto ag >0).
i=1
U3  NONyY4eHHOTO  BBHIPAKEHHS  MOXKHO  3alHMCaTh  W3MEHEHHE  apryMeHTa:
- n -
Aarg A(jo) =ag Y Aarg( jo — pj)

=1
—0<W<O —00< @M<

0<w<w 0<w<ow
B mpunmune aprymenTa uccieayercs, KakoBo OyaeT mpupalieHue aprymMeHTa BEKTopa A(ja))
IPH Pa3IMYHOM PaCIOJIOKEHUU KOpHEH 1, P2,..., Pp-

PaccmoTpuM BO3MOKHOE PpACTONOKEHHE KOPHEW Ha KOMIUIEKCHOM IUIOCKOCTH (puc.4.6) B

MMPpCAIOJIOXKCHUHA, YTO | KOpHCﬁ JICKUT CIIpaBa OT MHHMOM ocu, a n-l - ciesa:
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m-l o i

+r -

/1

+‘IF’

T+

Puc.4.6. I3meHeHne N0JI0KEHUE BEKTOPOB Ja) — P} Ha KOMIUICKCHOH IIIOCKOCTH
Takum 06pa3om, N-l BEKTOPOB MOBEPHYIUCH HA YroJl +7 IPU K3MEHEHUHU YacTOThI OT -00 J10 o0 U |
BEKTOPOB — Ha YIr'oJI -T, T.€.
n
AargA(jw)=ag D Aarg(jo—pj)=(n-Nz+I(-7)=(n-2l)x

i=1
—0< W< —0< @M<

) n ) T T s
Aarg A(jo) =ag ) Aarg( jo — pi):(n—l)5+l(—5)=(n—2I)E
i=1 '

O<w<ow O<w<ow

4.3.3. Kpurepuii veroiiunsoctTu MuxainaioBa

SBnsgercs FeOMeTquCCKOﬁ HHTCpHpeTaHHeﬁ IIpUHIHUIIAa aprymMeHTa MW ONIpCACIIKICT YCJIOBHUC

YCTOMYHMBOCTH CHCTEMBI, T.€. OTCYTCTBHE KOpPHEH XapaKTEpUCTUYECKOTO ITOJIMHOMA B IPABOM YacTH

komiuiekcHoi iockoctH (1=0). Takum 06pa3om, sl yCTOWYIMBOM CHCTEMBI CITPABEIIMBO PABEHCTBO:

Aarg A(ja)):n%

O<w<w

IIponeMoHcTpUpyeM, Kak JODKEH BecTH cedst roporpad MuxaitioBa (reoMeTpudyeckoe MecTo

touek konua sekropa A(]®)mpn msmenenmn wactors: B amamasome O < @ <00) s YCTOMYMBOM

cuctemsl (puc.4.7).
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[
=

n=2z
D

n=3

\

Puc.4.7. [Ipumepsi rogorpadoB MuxaityioBa yCTOWYHBBIX CUCTEM

I —
p=d

Takum 006pa3oM, B COOTBETCTBHH C KpuUTeprueM MuxaiioBa cCUCTeMa YCTOWYHBA, €CIIH rogorpad
A(Ja)) npu usMeHeHuu dyactoT B auanazoHe O< @ <00 |, HaumHasch Ha JeHCTBUTENbHOI
MOJIOKUTETIBHOW OCH, 0OXOIUT MOCIEA0BATENbHO N KBAJAPAHTOB, IIe N- MOPSAIOK XapaKTEPUCTUUECKOTO
ITOJIMHOMA UCCIIEAYEMON CUCTEMBI.

4.3.4. Kpurepmnii yeroitunBoctu HalikBucra

[To3Bonsier cyauth 00 YCTOHYMBOCTM 3aMKHYTOM CHCTEMBl MO aMIUIMTYIHO — (a30BoH
XapaKTepUCTHKE Pa30MKHYTOM cucteMsl (romorpady HailikBucra), KOTOpas K TOMY K€ MOXET OBbITh

IMOCTPOCHA SKCIICPUMECHTAIIBHO.

C(p)’

PaccmoTpuM nepenaTtouHyro (QYHKIUIO Pa3OMKHYTOM CHCTEMbI B BUJE: Wp(p) =
B(p) - momunom crenenn m, a C(P)- cremenu n. TIpu 5TOM 13 ycIoBus GU3HUECKON peann3yeMOCTH

m<=n. [lepenarounyo QyHKIHIO MOXHO 3alHCaTh B BUJIE

Wp(P) _ B(p) _B(P) .
1+Wp(p) B(p)+C(p) A(p)

3aMKHYTOW CUCTEMBI CTETIEHU N.

W3(p):

ne A( p)- XapaKTEePUCTUUYECKUN TOJTUHOM

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

BeenieM B paccMotpenue dynkumo F(p) =1+ Wy (p)=1+
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Takum o6pasom, ¢yukuust F ([) cBsi3bIBacT XapaKkTepHCTHUECKHE MOIMHOMBI 3aMKHYTOM U

Pa30MKHYTOH CHCTEM IOPSAKOB, paBHbIX N. [Ipuvenum k pyukuun F (P) npusuun aprymenta:
AargF(jo) =Aarg A(jo) — AargC(jw)
—O<W<HO —O<W<HO —O<W<O
0<w<xo 0<w<ow 0<w<w
Kputepuii HaiikBucTa onpenenseT yCaoBUsl YCTOMUMBOCTH 3aMKHYTOM CHUCTEMBI, T.€. TaKUe, MpHU

KOTOPBIX B XapaKTEPUCTUUYECKOM MTOJITMHOME 3aMKHYTOM CUCTEMBI A( p) HET KOPHEH, JekKaUMX B IPABOMI

YacTH KOMIIJIEKCHOM IIIOCKOCTH. Torna
AargF(jo)=(n—(n-2D))z=I-2x
—0< W<

N

AargF(jo)=(n—(n-21) %=~ .27

I
2 2
0<w<w
Ha stux paBeHcTBax ocHoBaH kpurepuii HalikBucra. PaccMOTpuM €ro yacTHbIE CIIly4au:
1. Kpurepnii ycroiiumBoctn HajlikBucTa A1 YCTOHYMBOW B Pa3oOMKHYTOM
COCTOSIHMH CHCTEeMbI

(C(p) re umeer mpassix kopHeii, 1=0).

B aToM ciywae i1 yCTOMYHMBOM 3aMKHYTOM CUCTEMBI CIIPABEIJINBO PABEHCTBA:

AargF(jw)=(-n)z=0 Aarg F(jw):(n—n))%:o

—0< @< O
O0<w<oo

PaccMOTpHM, KaK JIOJKeH BecTH cebs BekTop F (j®) B 5tom ciyyae (puc.4.8):

1. Usmenenust aprymeHTa BekTopa | paBHBI HyIIO, CJ€IOBaTelIbHO, 3aMKHYTas
CHCTEMa, COOTBETCTBYIOIIAs IOCTPOCHHOMY BEKTOPY, YCTONYMBA.
2. Usmenenuss aprymenTta BekTtopa |l paBHBl -27m, ciemoBaTeNnbHO, 3aMKHYTas

CHUCTCMA, COOTBCTCTBYIOIIAA TIOCTPOCHHOMY BCKTOPY, HCyCTOﬁ‘lHB&.
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Puc. 4.8. IToBenenue BekTopa F ( J a)) MpU U3MEHEHUH 4acTOThI OT () 10 o0

Cnenyer OTMETUTh, 4TO 0OJIEE €CTECTBEHHO OIPENEATh YCTOMUMBOCTh 3aMKHYTOW CHCTEMBI HE

o F(ja)) , a o roxorpady HaiikBructa pa3oMKHYTOW CHCTEMBI Wp(ja)). B sTom cityyae n3MeHeHuUs

apryMeHTa cjelyeT paccMaTphBaTh OTHOCHTENbHO TOouku ¢ koopauHatamu (-1;J0) (puc.4.9). B stom
cinydae, rogorpad | He oxsareiBaeT To4ky (-1;J0)- 3amkHyTast cucrema ycrtoiumBas, a rogorpad Il —

OXBaTbIBACT — 3dMKHYTas CUCTECMa HGYCTOﬁHHBaH.

};JL .
We(iw)

\/

Puc. 4.9. IloBenenue BekTopa F ( j 60) MIPU U3MEHEHUH 4acTOThI OT 0 110 oo.
@Dopmynuposka Kpumepus Hatikeucma: Ecnum pa3oMKHyTas CHCTEMa YCTOM4YMBA, TO Ui
YCTOMYMBOCTA 3aMKHYTOHW CHCTEMBI HEOOXOIMMO W JIOCTATOYHO, YTOOBI Tojorpad pa3soMKHYTOU
CHCTEMBbI HE OXBaThIBAJ TOUKY ¢ KoopauHatami (-1,j0).
2. Kputepuii ycroiiuuBoctu HaiikBucra 11l HeyCcTOWYMBOW B Pa3oOMKHYTOM
COCTOSIHUM CHCTEMBI

B oToM ciyyae i1 yCTOMYMBOM 3aMKHYTOM CUCTEMBI CIIPABEJINBO PABECHCTBA:
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AargF(jo)=(n—(n-2D))z=I-2x

—0< W<

AargF(jo)=(n—(n-21) 2 =227

I
2

N

0<w<w
PaceMoTpuM, Kak noinkeH Bectu cebs Bexktop F (@) B atom ciryuae (puc.4.10):
_F. F 5
Fijw) -

s
B

Puc.4.10. IToBenenue BekTOpa F ( j a)) MpU U3MEHEHUHU 4acTOThI OT 0 10 oo

- -}

PaccMOTpHM, KaK JIOJKEH BecTH cebs BekTop F ( J a)) B 3TOM Clly4ae:

1. Bekrop | He oxBaTbiBacT Touky 0, ciaemoBareibHO, npu |#0 3aMkHyTas cucrema
HEYCTOWYMBA.

2. Bexkrtop Il oxBateiBaer Touky O (apryMeHT H3MEHSETCS Ha 3HAYEHUE 2T TPH
W3MEHEHUHU 4acTOThl OT () 10 o), clie10oBaTeNbHO, 3aMKHYTasl CUCTEMA yCTOMYMBA, €CIH YUCIIO

KOpHEHN XapaKTEepPUCTHYECKOTO IMOJIMHOMA Pa30MKHYTON CHCTEMBI PABHO 2.

Bollee eCTECTBEHHO OMpEAeIATh YCTOMUMBOCTH 3aMKHYTOH cuctembl He mo F(]®@), a mo
ronorpady Hafikucra pasomkryroit cucremsl W, (jw). B oToM ciiyuae u3MEHEHHE apryMeHTa Clieyer

paccMmarpuBaTh OTHOCHTENILHO ToukH ¢ koopauHatamu (-1;j0) (puc.4.11). B atom ciyuae, rogorpad | He
oxBaTbiBaeT Touky (-1;j0)- 3amMkHyTast cuctemMa HeycToiuuBas, a rogorpad |l — oxBareiBaeT — 3aMKHYTast
cucTeMa YCTOWYHMBas TpPU KOJIMYECTBE IMPABBIX IOJIOCOB MEPEJaTOuHOM (QYHKUIUU PA3OMKHYTOM

CUCTEMBI, PABHOM JBYM.
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Puc.4.11. Iosenenune rogorpada HaiikBucTa npu H3MEHEHUH 9acTOTHI OT 0 10 00

Dopmynuposka kpumepus Haitikeucma: Ecam pa3oMmMKHyTas cHCTeMa HEYCTOWYMBA, TO MJIs
YCTOWYMBOCTH 3aMKHYTOH CHCTEMBI HEOOXOIUMO ¥ JIOCTaTOYHO, YTOOBI rojorpad pa3oOMKHYTOM
CHCTEMbI OXBaThiBaJ TOUYKYy ¢ koopauHatamu (-1,j0) | pa3 npu uameHeHHH Y4acTOTHI OT -00 10 oo Wiu |/2
pa3 Mpu U3MEHEHUHU YacTOThI OT ) IO 0 B MOJIOKUTEILHOM HAlpaBICHUH, T.€. IPOTUB YACOBOW CTPEIKH,
rae | — umciio KopHe# XapakTepUCTHYECKOro TOJMHOMAa Pa30OMKHYTOH CHUCTEMbI B IMPaBOW 4YacTH
KOMILUIEKCHOM INTOCKOCTH.

4.3.5. Hpumepsl npuMenenus kpurepus HalikBucra.

Z[J'ISI BCEX paCcCMaTpUBACMBbIX CUCTEM IIPEATIOIAracTCsd CICAYIOLIAasd CTPYKTYpHasa cXeMa:

W, (p)

v

Puc.4.12. CtpykTypHas cxema 3aMKHYTOH CUCTEMBbI
[Ipumep 1. PazomkHyTas cuctema ycronumBa

PaccMOTpUM yCTOMYMBOCTE 3aMKHYTOM CHCTEMBI, CTPYKTYpHasi CXxeéMa KOTOpOW IpUBEJIEHA Ha

K
(pT1+1)(pT2+1)(pT3+1)’

pucynke. W, (p) = T, >T,>Ts

Haiigem moiroca HCpCI[&TO‘-IHOﬁ (I)YHKI_II/II/I pa3OMKHYTOﬁ CUCTCMbI U IIOCTPOUM AMIUIMTYAHYIO U

(baSOBy'IO YaCTOTHBIC XapaKTCPUCTUKH:

1 1 1

P1=—T_1: P2=—T_2’ P3=—T_3
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AW = e ey

A

A() it

-

® -3

Puc.4.13. AMiurynsas u (a3oBas 4aCTOTHbIE XapaKTEPUCTUKU

Jnist mocTpoeHus rogorpada onpenenuM HadalbHYI0 U KOHEUHYIO TOUKHU Togorpada:

w=0A(w) =K,p(w) =0w=m0A(w) =0,¢p(w) = —%n

i

K.rfzfg

Puc.4.14. T'onorpadsl pa30MKHYTBIX CHCTEM

K, - 3aMKHYyTas cucTeMa yCTOM4YHBa.
K,- 3aMKHyTas cucremMa HeyCTOMYMBA.

K3' 3aMKHYTas CUCTEMa Ha I'paHULIC yCTOﬁ‘-IPIBOCTPI.

IIpumep 2. PazoMKkHyTast cucTeMa HEYCTOMUMBas.
PaccMOTpUM yCTOHYMBOCTE 3aMKHYTOH CHCTEMBI ¢ TlepefaTounoi dynxmmeit W,(p), umeromeit

OJIH IIPaBbIi MOJIOC:

K
W (p) = (pn—l)(prz+1)(pT3+1)‘T1 > T >Ts
1 1 1 1
P1—T1, P2 = Tz’ pP3 = T3' =
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W..(i = =
p(0) = GO =D Gal, T DGeT, + 1)
Kel®
- /1 + (le)Zej(n'—arctg(le)) /1 + (wTZ)Zejarctg(sz) /1 + (wT3)Zejarctg(wT3)
K
Alw) =

V14 (@T)%/1 + (wT,)%/1 + (wT5)?
p(w) = —m + arctgwT; — arctgwT, — arctgwTs
AMIIIMTYHASE YaCTOTHAs XapaKTEPUCTUKA, KaK BUIHO U3 BhIpaxkeHus st A(®), He N3MEHHIIACH,

a Qa3oBas YaCTOTHAs XapaKTEPUCTHKA OIpeaeseTcss MHOxHuTeneM jwT; — 1, s KOTOpPOro MOKHO

3ammcarh amutyny u Gaszy: A = /(wT1)? + 1,9 = m — arctgwT,

v

Puc.4.15. IlonoxxeHnne BeKTOpa Ha KOMIUIEKCHOU MJIOCKOCTH
[Toctpoum rogorpad HalikBucTa M onpenenrm ycilioBUS YCTOWYHMBOCTH 3aMKHYTOM CHUCTEMBI JIJIS
Tpex ciydaes (a,b,C), T.e. i pa3HbIX mojoxenui Touku (-1,j0):

a) 3aMKHYyTasl cucTeMa HeycroitunBa (kputepuit Haiikucra).

n.il. F 3
il
e b) 3amkHyTast cucTemMa ycToHYHBa.
I’ *\ C) 3aMKHyTas CHCTeMa HEyCTOWYHMBa (OXBaThbIBaeT «-1» B
b
a A
: W o MOJIOKUTETFHOM HAIPABIICHUHN ).
I -1 vl o+
"h\-._.-rj
il

Puc.4.16. I'ogorpad HaiikBucra ucciaeayeMoi CUCTEMBI

ITpumep 3. PazoMKkHYyTas cUCTEMa HEUTPAILHO yCTOMYUBAsL. IIn.p

a) PaccMoTpuM yCTOMYMBOCTH 3aMKHYTOM CHCTEMBI C —o ) o+
p1 P2 —a|Ps3

nepenatounoit ¢ynkuumeit W,(p), umeromeit odun nonioc na ocu

opounam:

Puc.4.17. Ionoxenue moarocos Wp(p)
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W,(p) =
P p(pT; + D)(pT, + 1)
1 _
Pl—_T_1; Pz—_T_Z' P33 =

Pz 3aMEHSIEM HAa MAJICHBKUI OTPULATEIbHBIN IMOJIOC —:
K _ K/a
(»+ )T+ (Pl +1) (g +1)(pTy + D(pT, + 1)

W, (p) =

Wp(p) = lim w,'(p)

, K/a-el®
W,(jw) = ) i
V14 (wTy)2elarctgT) 1 + (wT,)? - /1 + (wT3)%e’2
K
Ap(w) =

w1+ (0T)%/1 + (wT,)?

T
p(w) = — 5 arctgwT; — arctgwT,

[TocTpoum aMIIUTYAHYIO ¥ (pa30BYIO YACTOTHBIEC XapPAKTEPUCTHUKU PA30MKHYTOM CUCTEMBI:

JL';JP{GJ/IJ .;:uip{@,l

*ﬂ;(m)‘]ﬂp(m)

k4

Puc.4.18. AMmuurynnas u a3oBas 4aCTOTHbIE XapaKTEPUCTUKHI

Iy
Ha pucyrkax myHKTHPOM TIpeZICTaBIIEHb] YaCTH XapaKTePUCTHK, oTHocsmuecs kK W), (jw).

[Toctpoum ammautynHo — (a3oByr0 XapakTtepucTuky (rojorpa¢ HaiikBucrta) m ompenenum

YCTOﬁQHBOCTB 3aMKHYTOI71 CUCTCMBI



Jlyra 6eckoHEeYHO OOJIBIIIOTO pajnyca JTHHOU g vi<w<

00) Ha3bIBACTCA JOIIOJIHCHHUECM B OECKOHEUYHOCTU. V — KOJ-BO

IIOJIFOCOB PA30OMKHYTOM CHCTEMBI HA MHUMOU OCH.

K
k4

B cootBercTBUM ¢ kpuTepueM HalkBHuCTa 11 HEUTpaIbHO

YCTOMUYMBBIX PA30MKHYTBIX CHCTEM (€ClIM pa3OMKHYTass CHUCTEMa
HEUTPaAJIbHO YCTOMYMBA, TO JUIsl YCTOMYUBOCTU 3aMKHYTOM CHUCTEMBI

HEOO0XOAUMO M JIOCTATOYHO, YTOOBI roJorpad pa3oMKHYTOH CHCTEMBI

N C JIOTIOJIHEHUEM B OECKOHEYHOCTH He oxBaThiBad T. (-1, j0)) mermaem

BBIBO/JIbI:
Puc.4.19. l'onorpad uccnenyemoit

CUCTCMBI

a) — 3aMKHYyTasi CUCTEMa yCTOWYUBA,
B) — 3aMKHYTasl CUCTeMa HEYCTONYHBA.
0) PaccMoTpuM ycTOHYMBOCTB 3aMKHYTOH CHCTEMBI C II€PeNaTOuHON QyHKIUEH W, (p), UMeroLIen

08a NOOCAa HA OCU OPOUHANN.:

i K
J W, (p) =
1 p)
iz 1 P (L4 pT) (1 +pT?)
+
S >
1
T
1
T ¢

Puc.4.20. TTonoxenue nostocoB Wp(p)

1 o1
br=—7 p°T? = -1 P23 = Ej° 7

Jlisa ompeneneHuss yCTOMUMBOCTH 3aMKHYTOM CHCTEMBbl 3aMEHMM MEpelaTOYHYI0 (QYHKIIHIO
Pa30MKHYTOM cHCTEeMbI OJIM3KOM K HEell mepeaaTouHol GyHKIHeH
K
(1+ pT))(1 + 2Tép + p?T?)

W, (p) =
Ouesnzno, aro W, (p) = limg,o W}’ (p).

v (%) (% ! .
Haiinem nomoca nepeaTounoii GpyHKimuy pa3oMkHyToit cuctemst Wy (p):

— 1 .
p1 T
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—TE + /Tzszz — T2 E 1
P23 = T2 Z_Fi]_\/l—fz
1
W, G0) Kelo O,w< T
a) = - - , (p =
: J1+ (wTy)2ejarctg(@T) (1 — »2T2)el Pk “ Tw> 1
’ T

1+ p?T?|j, = 1 — w?T? MOXHO NPEJCTABAUTH HA KOMILICKCHO# IIIOCKOCTH:
¢(w) = —arctgwT; — @i

1
w > =
T

~N |-

Puc.4.21. ITonoxxeHrne BEKTOpa Ha KOMIUIEKCHOM MJIOCKOCTH

[loctpouM aMIUIMTYAHYIO 4YacTOTHYIO, ()a30BYI0 YAaCTOTHYIO XapaKTEPUCTUKH Pa3OMKHYTOMN

CHCTEMBI H ee roforpad, oTMedas IIyHKTHPOM YJaCTKM XapaKTepUCTHUK, oTHocammecs kK Wy (jo).

) APl oyl
A ), Asfo) L
I|I AT {:' ﬁ]"
— ) e
W)
B —Ir
0 @ 39 I

Puc.4.22. AmmnutynHas v ¢pa3oBasi 9aCTOTHBIE XapaKTEPUCTUKU

[Toctpoum aMmmuTyqHO — (Da30BYI0 XapaKTEPUCTHKY PA30OMKHYTOH CHUCTEMBl U OINpeAeuM

YCTOWYUBOCTb 3aMKHYTOM CUCTEMBI 110 KpuTepuro HalikBucra.
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Puc.4.23. I'ogorpad uccneayeMoit CHCTEMBI
Kak BugHO U3 pucyHka, rogorpa¢ HaiikBucra BMecTe ¢ JOMOJHEHHEM B OECKOHEUHOCTH (Ayroif
OecKOHEYHO OOJIBIIOro pajnyca JJIHHON TT) OXBAaThIBaCT TOUKY ¢ KoopauHatamu (-1; j0), ciemoBaTensHo,
3aMKHyTasi CHUCT€Ma SBISETCS HEYCTOWYMBOW HpU JHOOOM KOod(pdUIMEHTe YCUIEHHS Pa30OMKHYTOMH
CUCTEMBI, T.€. IBIISIETCA CTPYKTYPHO HEYCTOWUYNBOM.
3aMKHyTasg CHCT€Ma HEYCTOWYMBa, TaK Kak rojaorpad pa3oMKHYTOH CHCTEMbI, BMECTE C
JOTIOJTHEHWEM B OECKOHEYHOCTH, OXBaThIBaeT Touky (—1,jo).
CucreMbl HEyCTOMYMBBIE HHU TIpH KakoM KO3(G(ULHEHTE YCUJIEHMS] Ha3bIBaIOTCS

CMPYKMYPHO HEYCMOUUUBLIMU CUCTEMAMU.

4.3.6. Oowas popmyaupoBka kpurepus HaiikBucra.

P e
+
—
I
= ¢
\ 4

Puc.4.24. Ilepexonp! uepes ACHCTBUTENBHYIO OCh TOA0TPadOM Pa30MKHYTOW CHCTEMBI

O61mas GopMyIUpOBKA:
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3aMKHymaﬂ cucmema yCI’l’lOIleI/tGCL‘Z, eciiu aﬂee6pauqec1<aﬂ cymma vHucaua nepexoaoe

20002pagom pazomkHymou cucmemsl (¢ 0ONOIHEHUEM 8 DeCKOHeYHOCMmU) Ompe3Ka OeliCmEUmelbHOl
l
ocu om -1 0o -0 pasna 5 0O<w<+m), [ (0 < w < +m)), 20e | — uyucno npaevix no0Cos

nepeoamoyHol QyuKyuu pasomkHymou cucmemol. (puc.4.24)

IIpuMep NpPHUMEHEHUA: PACCMOTPEHHBIM paHee IPUMEP C HEYCTOMYMBOM B Pa3OMKHYTOM

COCTOSIHMH cucTemon (puc.4.25):

B A
a 6 m
-1 -1 -1

Puc.4.25. Ilpumep npumeHenus oomieit hopmynupoBku Kpurepusi HalikBucra
Paccuntaem anreOpamyeckyro CcymMMy 4HCla IIE€pPEXOJOB OTpe3Ka JEUCTBUTEIBHOM OCHU

rogorpaoM pa3oOMKHYTOM CHUCTEMBI U MPOBEPUM BBHIMOJIHEHHE PABEHCTBA €€ YMCITY MPaBhIX MOJIIOCOB
I=1:

a) Y, = 0 — 3aMKHyTas CHCTEMa HEyCTONYMBA, TaK KaK YKMCIIO mepexonos paBuo 0,a [ = 1

a) ), = +% —> 3aMKHYTasl CUCTEMa YCTOMYMBA, TAK KAK YHCIO MEPEXOJ0B PABHO YMCIIY MPABBIX

l 1
IOJIFOCOB: — = —
2 2

1 o
B) Z = —E — 3aMKHYyTasd CHCTE€Ma HCYCTOMYHNBA, TaK Kak anre6panqecxa;1 CymMMa 4YucCiia

N |~
N

nepexonoB papHa-1: [ =1

4.3.7. JlorapudpMuyeckuii KpUTEPHii YCTOHYHBOCTH.

JlorapudmMuueckuii KpUTEpUl YCTOMUMBOCTH TTO3BOJISIET OMPEIETUTh YCTOWYMBOCTh 3aMKHYTOU
CUCTEMBI MO JIOTApU(PMUYECKHUM XapaKTEPUCTUKAM PAa3OMKHYTOH CHUCTEMBI U SIBISETCA, B OOIIEM,
nepeHeceHneM ooOmiei ¢opmynupoBku kputepuss HaifikBucrta Ha norapuMUUEcCKHe YaCTOTHBIE
XapaKTEPUCTUKH.

Takum oOpa3zom, kputepuil HalikBucta paccMaTpuBaeT YHCIO MEpPeXoAoB rojaorpadom

pa3OMKHYTOI>'I CHUCTCMBI OTpEC3Ka e CTBUTEIIbHOM oCH oT -0 A0 -1 , 4qTo O3Ha4vacT

Ap (w) >1 gop(a)) =47,237,£57.... Jlna norapudMUYECKUX XapaKTEPUCTHK 3TO O3HAYAET, YTO

L(®)>0 u pp(0)=+7+37457....
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[Tepexon cBepXy BHH3 OTpe3Ka JCHCTBUTENHHOW OCH O3Ha4aeT, 4yTo (a3oBas XapaKTePUCTHKA
MEPEeXOANT B HANIPABICHUH OT 00Jiee OTPHUIIATEIBHOTO 3HaYeHU (ha3bl K MEHEe OTPHUIATEIBHOMY, T.€. JUIS
(ha30BOM YACTOTHOH XapaKTEPUCTUKH PAa3OMKHYTOW CHCTEMBI 3TO PABHOCHIIBLHO TEPECEUCHUIO TPSMBIX
+ 7,237,257...8 HampaBneHuM cHU3y BBepX, M HA0OOPOT, OTPULATEILHOMY MEPEXOAy OyIAeT
COOTBETCTBOBATH IEpexo/] (ha30BOW YACTOTHON XapaKTEPUCTUKHU PA30MKHYTOW CHCTEMBI MIPSIMBIX CBEPXY
BHU3.

@opMyIUPOBKA KPUTEPHUS. 3AMKHYmMAs cucmem YCMOUYUBA, eclu aneedpauyeckdas cymma
yycna nepexooos (hazoeou HACMOMHOU XAPAKMEPUCMUKOU PAZOMKHYMOU cucmemvl (emecme ¢
00onoHeHuem 8 OECKOHeYHOCMU) Ha Y4acmKkax 4acmom, Ois KOMOpbuIX JI02apupmuyeckas amMniumyoHas
YACMOMHAsL XAPaAKmepucmuka noioxcumensvua, pasna /2, 20e | — uucno npasvix nontocos nepedamounotu
@DYHKYUU PA3ZOMKHYMOU CUCTEMDL.

JlononHeHne B OECKOHEYHOCTH [UIA JIOTapU(PMUYECKHX XapaKTEPUCTHK COOTBETCTBYET
JOTIOJTHEHUIO B OECKOHEUHOCTH sl ro0rpad)oB MPH UCIIOIB30BaHNUU KpuTepusi HalikBucra.

[IponemMoHcTpHpyeM 5TO Ha MpUMEpE MPHUBEACHHBIX HUXKE JOrapu(MUUYECKUX XapaKTEPUCTHK

(puc.4.26).

4

Liw )4

- -
o >
il
gyall o
i} -
il
—a, |
. F//—\R
] ‘l\\_’/ +I \

—F AT

Puc.4.26. [Ipumep npuMeHeHUs JIOTapu(pMHUUECKOT0 KPUTEPHUS YCTOMUYMBOCTH

JIsi IpUBEIEHHOTO BBIIIE TpUMEpa airedpandeckass cyMMa TepexofoB (a3oBoil 4acCTOTHOMU
XapaKTepUCTUKOM PAa3OMKHYTOM CHCTEMbl IpsMOi - paBHa (0 Ha ydacTKax 4YacToT, JUIsl KOTOPBIX

J'IOFapI/I(l)MI/ILIGCKaH AMIINIUTYAHAA 4aCTOTHAA XapaKTECPHUCTHUKA IMOJIOXKUTEIIbHA, CJICI0BATCIIbHO, 3aMKHYTasd
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CHCTEMBI YCTOMUYMBA B TOM CIIydae, KOT/a B MepelaTOYHON (QYyHKIUU Pa30OMKHYTOW CHCTEMbI HET MPaBbIX
TIOJIFOCOB.
4.4. BbIBOABI

YcToHYHNBOCTH — OCHOBHOE TPe0OBaHMe K CHCTeMaM aBToMaThn4eckoro ynpasieHusi (CAY).
IIpu »3TOoM caeayer pas3au4yaTbh YCTOMYHMBOCTH IOJIOKEHHSI PABHOBeCHSI M YCTOMYHBOCTH
BbIHYKIEHHOr0 mnpouecca (pasa. 4.1), cBsi3aHHbIe ¢ MOJIOCAMH TepeAaTO4YHoOl (yHKuHMH,
omucbiBawmeii CAY. B pasnesie 4.2 ncciie1oBaHO BJMSIHUE PACIIOJIOKEHHS MOJIOCOB HA XapaKTep
MepPexXoHOro Nnpouecca u NOKa3aHo Heo0XoAMMOe M JOCTATOYHOE YCJI0BHE YCTOHYMBOCTH CHCTEMBbI
(pacmoJioskeHue MOJIOCOB B JIEBOM 4YAaCTH KOMILIEKCHON IUI0CcKOCTH). JlIsi mpUMMeHEeHHMsI 3TOro
KPUTEPHUs HYKHO 3HATh 3HAMEHATE/b MepeJaTOo4YHol PyHKIUM (XapaKTepuCcTHYeCKoe YPABHEHHE)
CHCTEMBbI M OMNpeAeIATh ee IMOJICA, YTO 3a4YaCTYI0 ObIBAaeT CJI0KHO, NMO3TOMY HMCIOJIb3YIOTCH
Kputepun ycroitunBoctu (pasa. 4.3): anreopanyeckue (I'ypBuna, Payca) u yacrorHbie, B OCHOBY
KOTOPBIX I10JIOKeH NpuHIUN aprymenTa (Muxaiinosa, HaiikBucra, JJjorapupmudeckuii Kpurepui
ycroitunBoctu). Kpurepuii ycroitunBoctu I'ypBuna, B 0CHOBe KOTOPOIO JIe:KAT ONpee/MTeNH,
COCTaBJIEHHbIC M3 KO3I()(PUIHMEHTOB XaPAKTEPHCTHYECKOr0 YPaBHEHHMSl MCCJIEAyeMOH CHCTeMbl, M
NpUMepbl ero UCIoJIb30BAHMA NpeacTaBieHbl B pa3a.4.3.1. [Ipunuun aprymenTta cgopmMmyJupoBaH
B pa3a. 4.3.2.; ocHOBaHHbIIi Ha NpPUHLMIIE AaprymMeHTa KpuTepuii MuxaiijjoBa H3/105KeH B
pa3n.4.3.3.; kpurepuii ycroiuumBoctn HailikBuCcTa, NO3BOJAIIMEA CYIUTh 00 YCTOMYHBOCTH
3aMKHYTOH cucTteMbl 0 AD®X pasoMKHYTOH CHCTeMbl, H3/10:KeH B pasa. 4.3.4., a nmpuMepsl ero
npuMeHeHus — B pa3n.4.3.5.. O0mas ¢popmynupoBka kpurepusi HaiikBucTa 1 0CHOBaHHbI HA HeM

Jorapugmuyeckuii KpuTepuii ycToiiuMBoCTH U3jaarawres B pa3a.4.3.6. u 4.3.7.

4.5. Bomnpocsl

1. CdopmyaupyiiTe NOHATHE YCTOWYMBOCTH IOJOKEeHUSI PAaBHOBeCHMsl M TIpolecca B
JIMHEMHOM cUcTeMe aBTOMAaTHYeCKOIr0 yIpaBJeHUs.

2. Kak nomxHa BecTH cedsi BecoBasi (yHKUMA YCTONHYMBOMN, HEHTPaJbHO YCTOWYMBOW M
HEYCTOMYMBOM CHCTEMBI.

3. Kakoro Buaa mpomecchl B BecOBOW (YHKIHHM CHCTEeMbI BHOCAT JeiiCTBUTEJbHbIE
OTpHLATE/NbHBIE MI0J110CA, 1eHCTBUTEIbHbIE M0JI0KHTEIbHbIE I10110CA, JeKallue B JIeBOoil

YacTH U IPABOH YaCTH KOMILIEKCHOM IJIOCKOCTH.
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10.

Kakoro Buaa mnpomeccbl B BecOBOl (QYyHKIHM CHCTEeMbl BHOCAT KOMILJIEKCHO
CONMpsSKEHHbIE TMOJII0CA, JIeKalue B JIeBOH YacTH W MPaBOH 4YacTH KOMILIEKCHOM
IVIOCKOCTH.

Kaxoro Buaa npouecchbl B BeCOBOM (PDYHKIIMHA BHOCST IOJIIOCA, JIeKAIIHE HA MHUMO OCH.
Cdopmyampyiite kputepuii ycroitunBoctu I'ypBuna.

KakoBbl yc/10BUSI yCTOWYMBOCTH CHCTEM I€PBOr0, BTOPOr0 M TPeThero MOpsiiKka B
COOTBeTCTBHU ¢ Kputepuem ['ypBuna.

CdopmyampyiiTe NPUHUUI APTYMEHTA U COOTBETCTBYIONIUIT eMy KpuTepuii Muxaiijiona.
KakoBbl ¢opmyaupoBkn kpurepusi HaiikBucra aiasi yCTOHYMBBIX, HeHTPaIbHO
YCTOMYHBBIX U HEYCTOHYMBBIX B PA30MKHYTOM COCTOSIHMH CHCTEM.

Cdopmyaupyiite 06y ¢opmyaupoBky kpurepuu HalikBucTa M CBA3aHHBIH ¢ HUM

JorapupmuuyecKkuil KpuTepuili yCTOH4UBOCTH.

4.6. 3ananus

1. HCHOJ’ILSYSI HCO6XOI[I/IMBIG U JOOCTATOYHLBIC YCJIOBUA YCTOIZQHBOCTH, OIIPCACIINTD YCTOIZQHBOCTL

3aMKHYTBIX CHCTCM II0 3aJlaHHBIM B Ta6n1/1ue nepeAaTOYHbIM Q)YHKHI/ISIM PAa3OMKHYTBIX CHUCTEM U

MI0Ka3aTh BUJ] BECOBOM ()YHKIIMH CHCTEMBI.

1-0.1p 1+0.1p
1 W =10————— 2. W — =
L1 Wp(p) =105 01, 12 We(P) =15 010
0.1p-1 10(1-5p)
1.3. W =10——— 1.4.W =~
PP =100 50 P = )
10(5p -1 4
1.5. Wp(p) = 106p-1) 1.6. Wp(p) = 5
p 1+0.12p+0.002p
p 1+0.2p
1.7. W =10———— 1.8. W =100—— —
P(P) 1-0.1p P(P) (1-0.05p)p
1 4
1.9. Wp(p)=——"—— 1.10 Wp(p) = P 5
0.05p-1 1-0.12p+0.002p

2. Hcnonw3ys kputepuii ['ypBHIIa, ONMpeaenTh yCTOMYMBOCTS 3aMKHYTO# cucTtembl (st K=1) u

HalTH Kjjpe; 10 3a1aHHBIM NEPENATOYHBIM ()YHKIUAM PA3OMKHYTBIX CHCTEM:
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K1+ p)

1. Wp(p)=
p4+p3+3p2—p+1
K
5 pr+2p°+7p° +1
K
Wp(p)=———
3 p° +2p° +p+1
K
Wp(p)=———
4 p” +4p° +4p+1
K
Wp(p)=———
5 p°+p +p+15

3. Ucnonn3ys kpurepuit Muxaiinona,

10.

K
Wp(p)=———
p°+3.5p°+2p+7
Wp(p) =
p3+2p2+2p
K
P+ p +5p° +4p+1
K
Wp(p)=———5——
pT+p +p +p+1
K
Wp(p) =

0,01p* +0,05p% +01p? +2p +1

OIpCACIINTDb YCTOfIqHBOCTB SaMKHYTOﬁ CUCTCMbI JIA

Pa3OMKHYTBIX CUCTEM, IICPECAATOYHLBIC (I)YHKI_[I/II/I KOTOPBIX 3a/laHbI B Ta6n1/1ue K 3aJaHUIO 1.

4. OHpe,I[eJ'II/ITB yCTOI\/’I‘-II/IBOCTL u Knpen o KpUTCPHUIO HalikBucTa aj1s 3agaHHBIX nepeaaTOIYHBIX

(GYHKLINH pa30MKHYTBIX CUCTEM:

50(1+0.5p)

_ 10p(-0.5p)°

41.W(p)= 2.W(p)=
p?(L+2p)°(L- p+ p?) 12 W) (L+2p)(L+5p)*
201 2
4.3.W(p)=50(1+0é5p) (1-10p) 4.4.W (p) = 20(1+0.5p + p )2
P (L+2p) p 1-2p)1+10p)
2 2
45.W(p)= 2100(14‘2-5[3) 4.6.W(p)= 10p~(1+ p) >
p=(L+2p)“(0p -1 (1+3p)(1-10p)
_ 50(1-0.5p) 50(L+0.5p + p?)
4.7.W(p) = _ p+Pp
p2(L+2p)(1+10p) W)= 20N+ 100)
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49. W

(p)=—22L=25P) 10 (p) - 100PA+5p)°

p(L+2p)(L+10p)° (1-02p)(1+ p + p?)

5.

Omnpenenutsb ycroitunBocts M Kripen mo sorapudMuiaeckoMy KpUTEPHIO YCTOHYMBOCTHU AJIS 3JaHHBIX

nepesaToOYHbIX QYHKINI Pa30MKHYTBIX CUCTEM:

2
5.1 W(p)= 100(1+5p) ' 5.2.W(p)= 100p(25p—1) '
pl+0.2p)1+ p°) @+02p)“(A+p+p°)
100(1+5 50(1—0.5p)?2
53.W(p) = (2 P) 5 5.4.W (p) =— ( P) >
pL-0.2p) A+ p+p°) P (L+2p)1+p+p°)
50(1+0.5p)
5.5.W (p) = 10p(1+0.5p) 56.W(p) = —
1+2p)°@L- p+ p?) p“(1+2p)1-10p)
~ 2 20(1+0.5p)
5.7. W (p) = 520(1 0.5p+ p“) 58.W(p)= 5
p“(1+2p)(1+10p) pd-2p)(1+10p)
2 2
5.9. W (p) = 100p(1-5p) . 5.10. W (p) = 100@;5p) '
(1+0.2p)L+p+p°) p(0.2p-D)“(@A+p+p°)
4.7. IlpakTukyMm 1o rijase 4

I/ICHOJ'IBL’»ySI HCO6XO,Z[I/IMLIC U JOCTATOYHBIC YCJIOBUA YCTOI\/’I‘-II/IBOCTI/I, OIIpCACIINTD YCTOﬁQHBOCTB

3aMKHYTOﬁ CHUCTCMBI o 3aJlaHHOM nepez[aTquofI (bYHKLII/II/I pa3OMKHYTOﬁ CUCTCMBI:

21-2

Wp(p) = % . Hannem repeaaToOYHyro (GyHKIMIO 3aMKHYTOU CUCTEMBI
P +3p+2
W 2-4 2-4

Ws(p) = p(p) = P = P . Jlns ompeneneHns yCTOMYUBOCTH

1+Wp(p) p2+3p+2+2-4p p2—p+4

38.MKHyTOI71 CHUCTEMBl HalJeM IIoJIoca HCpCI[&TO‘-IHOfI d)YHKI_II/II/I, T.C. KOpHH 3HaAMCHATCIIA

nepeaaTouyHoN (YHKIIMK 3aMKHYTOW CUCTEMBI: p2 -p+4=0
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p e 1+tV1-4=1+ j\/§ . Tlomoca KOMIIEKCHO CONPSKEHHBIE C AeHCTBUTENBHOM YaCThIO B IPABOi

YaCTH KOMITJICKCHOM IJIOCKOCTH, ONPEISISIFOIINE PACXOISIIUICS KOJIeOaTeIbHBIN MPOIIECC B BECOBOM

(GyHKIMY, IpeICTaBICHHBIN Ha PUCYHKE:

wit)

2. Hcnonb3ys xpurepuil I'ypBula, ONpeNeInTh yCTOWYMBOCTh 3aMKHYTOHW CHCTEMBI M HAWTH Kipe, 1O

3aJJaHHBIM MIePEJATOYHBIM (DYHKIHSIM Pa30MKHYTBIX CUCTEM:

B K(p-2 y _
Wp(p) = 3 > . BamumieM mnepefaTovyHyr0 (QYHKIUIO 3aMKHYTOM cuctembl (mist K=1) u
p°+ p°+2p+3
OIIpeaeINM ee YCTOHYHUBOCTh o KPUTEPUIO I'ypBuna:
W 1-(p-1 -1
Ws(p) = b(p) =33 (p=1) =—3 pz . CocTaBUM  OMNpeJIEUTENb
1+Wp(p) p°+p“+2p+3+p-1 p°+p°+3p+2
1 2 0
Typeuna: A3 =1 3 0| u paccunraem snauenns onpenenureneit 1-ro, 2-ro u 3-T0 MOPSIIKOB:
01 2

1 2
Al=‘].‘>0, A2=1 3=3—2>0, A3=2-A9p=2-1>0. Takum o6pasom, BCe OIpEHEIUTEIH

I'ypBuna u ko3¢ ¢uueHT npu crapiieil cTeneHu, paBHBIM 1, MOJIOKUTENbHBI, CIEA0BATEIbHO, 3aMKHYTas

cucrema ¢ K=1 ycroitunBa. Haiinem Kmpen, msa yero ucnons3yem K npu 3anucu nepeaarouyHoi GyHKIHUN

3aMKHYTOU CHUCTEMBI
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W3(p)= Wp(p) _ K(p_l) _ p_l -
1+Wp(p) p+p2+2p+3+K(p-1) p+p?+p-(K+2)+3-K

1 3-K 0
IOCTPOEHUH onpeenuTeNeH: A3=]1 K+2 0 |, A= m >0,
0 1 3-K
3-K
Ay = L K42 =K +2-(3-K)=2K -1>0, orxyna crenyer, uro K 1omxn0 661Th Gonbie 0,5.
3-K 0
Az3=]1 K+2 0 |=(8-K)-Ay >0, orkyna ciemyer, uto K 10mKHO 6BITH MeHbIIE 3.
0 1 3-K

TakuM 00pa3oM, MOTY4UIIH, YTO AJISl YCTOMYMBOCTU 3aMKHYTOM cucTeMbl K I0KHO JiekaTh B Juana3zoHe OT
0,5 mo 3.

3. Hcnoub3ys kputepuii MuxaiinoBa, ONpeAeIuTh YCTOMYMBOCTh 3aMKHYTON CUCTEMBI I Pa30MKHYTON

CHUCTCMBI, Hepez[aTquasl (I)yHI(I_II/ISI KOTOpOﬁ 3aaHa B Ta6n1/1ue K 3a1aHHUIO 1.
K(p-1)
Wp(p) =

p3+p2+2p+3

3anumem NnepeaaTOIHYO (I)YHKI_[I/IIO 3aMKHYTOﬁ CUCTCMEI U €C XapaKTepI/ICTI/I‘leCKI/Iﬁ IMOJINMHOM:

-1
Ws(p) = 3 5 P A(p):p3+p2+p-(K+2)+3—K.
p"+p°+p-(K+2)+3-K

AW) =G W) - WPt (K+2) j-w+3-K
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K:=1

AAAS

AW =G - W) —w’t (K+2) j-w+3-K

101
5.
/ﬁl
IL(A(W)) —510 — 5 0 I
_5t
- 10"
Re(A(w))
K:=3
101

5_.

N

ImAW) - e 24 22 o
/ B

/ 4

Re(A(w))

3aMKHyTas cucreMa ycronumsa, npu K=0.5 u K=3 3amknyTas

CUCTEMA HAaXOJUTCS HA IPAHUIIE YCTOMYMBOCTH.

K:=0.!
AW) =G W) - WP (K+2)j-w+3-
101
5--
Im(A : = -
LTI /|0
/1
-10"
Re(A(w))

N3 moctpoeHHBIX TparikoB BUIHO, uTO npu K=1

4. Ompenenuth ycroitunBocTh U Knpen mo kpureputo HaiikBucrta ayis 3agaHHONM mepeaaTouyHoOM

(GYHKLIUU pa30MKHYTON CHCTEMBI:

3(1-0.5p+ p2)
p(L-2p)(1+10p)?

Wp(p) =

3anuiem BBIPAKCHUC IJII KOMITIJICKCHOTO I(OZ-)(I)(I)I/II_II/ICHTa YCUIICHHUA

ol
Pk (W) =1 0.5w
7T —arctg—

adl

arctg 0.5w w<l1

w>

1
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3. \/(1 ~w?)2 +(0.5-w)? . j-(—%—Z-arctglOw+arctg 2W—g, (W))
WL+ (2-W)2 - (y1+ (10 w)2)?

Wp(jw) = — A(w) - e JoW)

L(w) =20log 3—20log w —40log /1 + (1OW)2 —20log+/1+ (2W)2 + 20log \/(l—wz)2 +(0.5-W)2

Pa3o0bem "acTOTHBIN nuanazoH Ha 4 yJacTka:

0) w<1/10 2) 1/2<w<1

Lo(w) = 20log 3—20log w Ly (W) = Ly (W) — 20log 2w

1) 1/10<w<1/2
L3 (W) = Ly (w) — 40log 10w

3) w>1
L3 (W) =Ly (w) +40logw

u noctpouM acumnroruyeckyro JIAUX, zarem JIOUX u ADX?

L(w) 207
4 1.104
20
40
Im(W(w))
20 A
0 | W |-
! »
001 01 ! 70
-80 \ |
-20 !
- 50 Re(W(W)) 3 974x102
-60 . .
Jl1st oripesiesieHHsl yCTOMYMBOCTH 3aMKHYTOM CUCTEMBI
40 | .
npuMeHUM GopMynupoBKY Kputepust HalikBucra ams
HCYCTOI\/'I‘-II/IBOI‘/JI B pa30MKHyTOM COCTOsAHUHU CUCTCMBI, 4 UMCHHO
gy 001 01 05 e

«eCIM pa30OMKHYTas cuCTeMa HeyCTOMUNBA, TO AJII YCTOWYMBOCTH
3aMKHYTOM CHCTEMBI HEOOXOIMMO U IOCTATOYHO, YTOOBI
rogorpad pazoMKHYTOH CHCTeMbI 0xBaThiBasl Touky (-1,j0) 1/2 pa3
MIPOTHB YaCOBOM CTPENKH, T1ie | — YnCII0 MONIF0COB MepeIaToqHOM
(GyHKIIMU pa30MKHYTOM cUcTeMbl». B Hariem cityuae 1=1, T.e.
touka (-1,j0) momkHa ObITH OXBaveHa %2 pa3a MPOTUB YaCOBOM

CTpPEJIKU. JTO YCIOBUE HE BBITIOJIHAETCS, OTKY/1a CIEyET, UYTO
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3aMKHYTas CUCTeMa HEyCTOHYMBA MpH JII0O00M K03 puiimeHTe ycuneHus.

5. Omnpenenuts ycroitunBocTh U Knpen no jgorapuGMuyeckoMy KpUTEpUIO0 YCTOMYMBOCTH JJIs 3aJaHHON

nepeaaTovYHON (PYyHKIIMN PA30MKHYTON CHCTEMBI.
50(1+ 0.5p)
p2(1+2p)(1-10p)

3anuiem BeIpaXKCHHE IS KOMIDICKCHOTO KOd(h(PHUIIMEeHTa YCUIICHHS CUCTEMBI:

W (jw) = 50(1+0.5 jw) _ 501+ (0-5W)2 . | (-+arctglOw—arctg 2w-+arctg0.5w)
(W2 @+2jwW)a-10jw) w21+ (2w)2 {1+ (10w)>2

504/1+ (0.5w)?

w21+ (2w)2 {1+ (L0w)2 ’

W(p)=

Taxum o6pazom, A(W) =

o(w) =—r + arctglOw — arctg2w + arctg0.5w

Jns moctpoenuns acumnrorndeckoit JIJAUX pazoObem 4acTOTHBIN quamna3oH Ha 4 ydacTka, 3arucas

BBIPAXKCHUA IJIA KaKA0T0 Y4aCTKa B OTACIIBHOCTH:
A

0) w<1/10 L(w)

Lo (w) =20log 50 — 40log w .l
1) 1/10<w<1/2

L1 (W) = Lg(w) — 20log 10w

2) 1/2<w<2 ol

Ly(W)=L3(W)—20lbog2w e

201

60 —

3) w>2

v

L3(w) = Lo (W) + 20log w. 0

[ I | 4

0,5

[Toctpoum acumnroTuyeckyro JIAUX: 20

Hcnons3ys Beipakenue mist ®UX n acumnrotsl, moctponm JIOUX: -60

[Tpumenum norapupmMudecKuil KpUTepUil ycTOMUMBOCTH, UMES B -40

BUJIY, YTO Pa3OMKHyTas cuctema Heycronunsas (I=1) u

HewTpanbHas (V=2). J{yist TakuX CUCTEM JIOTapu(pMHUCCKHIT
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KPUTEPHA yCTOMYMBOCTH (POPMYIIUPYETCS CIEAYIONUM 00pa3oM «3aMKHYTasi CHCTeMa yCTOMYNBA, €CIIU

anrebpanueckas CyMMa 4HCIIa IEPEX0oA0B Jorapu(Muueckon

¢da3zoBoii yacToTHOU XapakTepucTuKoi (JIOUX) nmpsambix 4 o) We
+ 7r,£37...BMecTe C JOIOTHEHHEM B OECKOHEYHOCTH Ha
00l %1 o5 | 2 w
JMaTa3oHe 4acToT, pu kotopoM JIAUX nonoxurensHa, paHa /2 - 0 i —— >
| | |
v ] 1 ]
, | — 4KCII0 MpaBbIX MOMIOCOB MEPeIATOUHON QYHKIMH : ! ! !
H 1 ] ]
. e EEEEEEE e — - |- - 4
Pa30MKHYTO# cucTeMbl». [Ipu 3TOM nepexo cBepxy BHU3 Oepercs ! \:\\_/ !
% )
1 \ ydl
c BecoM (-1), a cuuzy BBepx — ¢ BecoM (+1). B Hamem cinyuae / ! !
-i‘t - - - ' R,
KOJIMYECTBO MEPEX0/I0B PABHO HYIIIO, IJIsl YCTOHYMBOCTH YHCIIO E
I
HIePEX0/I0B J0JIKHO ObITh paBHO 1/2=1. Takum 00pa3oM, 3aMKHYyTas 3o L :
crcTeMa HeyCTOMYUBA MPH JII000M K0d(DDUIIMEHTE YCHIICHUSI.
4.8. Cnucok JuTepaTypbl
1. Teopus aBromarnyeckoro ynpasienus/ [log pen. A.B. Herymmna. M.: Beicr. mik.,1982, 400
C.
2. Metoauueckre YykasaHHs K MPAKTUYECKHUM 3aHATUSM 10 Kypcy «ABTOMAaTHYeCcKoe

yIOpaBieHUE», YCTOWYUBOCTh JIMHEWHBIX W HENUWHEWHbIX cucteM, [epxkaBun O.M., Mxenbsckas B.A.,
Uxaptumsunu JLIT.,— M.: Mock.3Hepr.us-t, 1987. — 38c.

3. IlerpoBa B.A., SIronkuna T.B. Marematudeckoe ONHMCAHKWE JIMHEWHBIX HENPEPBIBHBIX CUCTEM
aBTOMATUYECKOro ympasiieHus. - M.: U3n-so MOMU, 1992, 103 c.

4, Aroaxuna T.B., XpuzonuroBa C.A., bouaun O.A. [Ipumenenne Mathcad miisa pemenus 3amay
TEOpHH aBTOMAaTH4ecKoro ympasieHus. Yueb. [loc. mo kypcy "OcHoBwl Teopuun ympasieHus".- M.: M3a-Bo
MDBU, 2004, - 64 c.

S. HccnenoBanne CAY ¢ ucnosnb3oBanueM mnpukiagHoro nakera MATLAB. JlaGopaTtopHslii
npakTukyMm: yueoHoe nocodue / T.B. Aroakuna, C.A. Xpuzonutosa, B.M. becenun u np.- M.: U3narensckuii
nom MOU, 2007. — 80 c.

6. Kum JI.II. Teopus aBromarmueckoro ympasieHus. T.1. JluneitHple cucrtemsl.-M.:

OU3MATI' U3, 2010. -312 c.
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5. Kauecmeo cucmem agmomamuueckozo ynpaejienusn

(3Hamb: npsimvie u KocsenHble NOKA3AMeNU KA4ecmea CUCIeM, YMENb: Onpeoeisine NOKa3amenu
Kauecmea no uMerowemycs Mamemamuieckomy OnUCaHuIo CUCmemMbl U OYeHUBAMb Ux GlusHUe Ha
CBOLICMBA CUCEMbL, HAX0OUMb NepedamoyHvle YHKYUU OWUOKU OM YAPABIAIOWESO U
803MYUAIOWE20 B030CUCMBUSL; 8TIA0EMb: MEMOOAMU HAXOICOEHUsL OWUUOOK CUCTEMbl NO
nepeoamoyHbviM OYHKYUSAM U CIMPYKMYPHbIM CXEMAM.)

YCTOWYUBOCTh — 3TO HEOOXOIMMOE, HO HEIOCTATOYHOE YCIOBHE (YHKIIMOHUPOBAHUS CHUCTEM
aBromatuueckoro ynpasieHus (CAY). Baxubim sBisiercs kauectBo CAY.

KauecTBO — KOMITJIEKC XapaKTEepUCTUK, oOecreunBaImuil TpedyeMble CBOMCTBA cucTeMbl. OHUM U3
OCHOBHBIX CBOMCTB SIBJIIETCS TOUHOCTh OTPAOOTKM THUIOBBIX BXOJAHBIX CUTHAJIOB. [IpogeMoHCcTprpyemM 3TO Ha

IIPUMEpPE TUIIOBOU CTPYKTYPHOH CXEMBI.

Xz(p)
Xy(p) ~ %olP) l Xs(p)
—»@—» Wl(p) —»@—» Wll(p) >

T

Puc.5.1. Tunosas crpykrypHas cxema CAY

I_ICJ'ILIO CUCTCMBEI ABJIACTCA OTpa60TKa 3aJaHHOT'O YIIPABJIAOMICTO CUT'HAJIAa C HanOOJIbIICH TOYHOCTEIO,

T.e. JIOOMTHCSA PABEHCTBA Xp(t) = Xy (t) wom, wHBEIMM CcTOBaMHM, MMHMMH3HPOBATh CHIHAl OIIMOKH
Xo () = Xy (1) = Xp (1) Berommmm, 410 Xo (1) = L XX, (p)}. a

1 Wi (p)
Xo(p)= Xy(p)+——————X,(p). Tounocts CAY ompenensercs Tem,
° 1+W, (p)-Wy (p) Y 1+WJ3 (p) ¢

HACKOJIBKO pa3jin4yaroTCsa praBJ'ISIIOH_H/II\/’I CHUTHAJI 1 CUTHAJI Ha BBIXOJC CHUCTEMBI. 3Ty 3aaa4y MOXKHO peiIaThb B
JUHAMHKE, BBOJSA B CHCTEMY AOOIOJIHHUTCIBHBIC KOPPCKTHUPYIOIIHEC YCTpOﬁCTBa WJIN B CTAaTHUKEC, AOCTUTaA

TOYHOCTH CHUCTEMBI B YCTAHOBHBHICMCA PCXKUME IIPpHU OTpa6OTKC THUIIOBBIX BXOJHBIX CHUI'HAJIOB, T.C.

Xo, yem = lIM Xq (t) mpn t —>c0.

5.1. To4HOCTb CHCTEM B YCTAHOBHMBILIEMCS pe:KUMe

Jlist onpesienienys OMMOKU CHCTEMbI B yCTAHOBHBIICMCS POXUME X ey = lim Xq (t) mpu t — o0

BOCIIONIb3YEMCs TEOPEMOIi O TIPEAeTbHOM epexofie Xg, yep = lim pXq(p) mpu p—0.
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Jlis ompeneneHHs YCTaHOBHMBILETOCS 3HAUEHHUS OLIMOKM TPEICTaBUM IepelaTovyHble (YHKIHUU B

cnenyromem sune: Wy (p) = BI—(p) ,rae Bj(0)=0; A (0)=0;

P - A (p)
B
Wiy (p)=— " ®)_ e B (0)=0; Ay (0)=0;
P~ - An(p)
U] — Pa3HOCTh YHMCJIAa WHTETPUPYIONIMX U JU(PPEpEHIUPYIONIMX 3BCHBEB B MEPEIATOYHON (DYHKIIHUN

W (p):

Uy — Pa3HOCTh YHUCJIa MHTETPUPYIOIIUX U AU(PepeHIupyIONNX 3BEHbEB B MEPEAATOUHON (PYyHKIHUU

Wi (p):

W3 (p) =W (p)Wy; (p) = B1 ()Bui (P) - 5(p) . Tae  L=U] U
pY - p - A(P)- A (p) PV -A(P)
BO) _ Bi@_, Bu)_
B(O)-‘#O A(O)-‘#O A(O)_kp AI(O)_kI A“(O)_k”

5.1.1. Ommnoéxu Mo vnpasJasgoueMy BO3IeHCTBHIO

) 1
X0, yem = M p-————— X (p)
T 50 14w (p)

1 _ 1 _ pY
1+WJ (p) 1+ B(p) pu+m'
pY A(p) A(Pp)

PaCCMOTpI/IM THUIIOBBIC BXOJIHBIC BOSH@ﬁCTBHﬂ n Hux I/1306pa)KeHI/I$I; npnu S5TOM OTI'paHUYIHUMCIA
CTCIICHHBIMHU BXOAHBIMH CUI'HAJIaMMU:

CrencHHbBIC BXOJHBIC CUT'HAJIbI

f(t) F(p)
1(t) 1/p
£1(t) 1p?
t"/n! 1/p™?

Ecnu ypoBeHb BXOJHOTO CHUTHAJa paBeH a, TO n3oOpaxkeHue mno Jlamnmacy Taxke yMHOXaercs Ha a,

; at” a
TaKUM O a3oM, ——— —+— .
P ’ n+1

n! p

154



Eciu N=0, To BXOAHBIM cUrHamOM sBNseTcs emuHuuHas crynenuatas ¢ynxuus 1(t) u mpu ero
0oTpabOTKEe BO3HMKAaeT craTtuyeckas omuoOka. Takum oOpasom, cmamuueckou owubKou 1O KaKOMY-THOO
BO3/ICIICTBUIO Ha3bIBaeTCsl OIIMOKA, BO3HMKAIOMIAs NpPU OTPabOTKE JTOr0 IOCTOSHHOTO BXOJHOTO
BO3JICHCTBHS.

Ecau n=1, To BXOAHBIM CHTHAJIOM SBJISETCS JHHEHHas Bo3pactatoinas ¢ynkius t-1(t) u npu ero
0TpabOTKE BO3HUKAET KMHETHYECKas ommubOka. Takum o0pa3zoMm, Kuxemuueckou OuwiuOKoU 1Mo KaKoMy-Tu00
BO3/ICIICTBUIO Ha3bIBAETCS OIIMOKA, BOSHUKAIOMIAS MPU OTPAOOTKE ATOr0 JIMHEHHO BO3PACTAIOLIETO BXOJIHOTO
BO3JIEUCTBUSL.

Eciau N=2, T0 BXOHBIM CHTHAJIOM sBIsieTCs KBamparnuHas dyHkims t2-1(t) u mpu ero orpaGorke
BO3HHUKAET OMIMOKa, KOTOpasi Ha3bIBACTCS OwUOKOL no yckoperuto. Takum o0pa3oM, owubKol no yCKOpeHuro
0 KaKOMY-JIMOO BO3JICHCTBUIO HA3bIBACTCS OIIMOKA, BOZHHUKAIOMIAS MPU OTPAOOTKE ITOT0 KBAJAPATHIHOTO

BXOJIHOT'O BO3JEUCTBUA.

a-t¥
[Ipumem B Ka4eCTBE BXOAHOIO YPAB/IAIOLIEr0 CHIHANA CUIHAN BUAA Xy (t)= — (L), s
7
KOTOpOro u3obpaxenue 1o Jlamnacy umeer s X y (p)= R Tora oumoKy 1Mo YIpaBICHHIO MOXHO
p
3amMcarh B BUJIE:
. 1 : 1 a
X0, yem = lim p-—-xy(p): lim p- . 1=
p>0 1+W3(p) p>0 4, P pt*
o B(p)
A(P)
] 1 ] pl) ) pl)+1 a
Iim p- Iim p = lim
1 1 1
[;—:JO 14 pY p“t [T:O pY +@ p“t FT;O p¥ + kp p“t
ov 4 B(P) A0)
A(Pp)

Kak BuaHo w3 mnpuBeneHHOH QopMyinbl, omMOKa HpU OTPaOOTKE CTENEHHOIO YHPaBIISAIOIIEro
BO3/ICUCTBUS 3aBUCUT OT YPOBHS BXOJIHOTO CHUTHala a, KOXPQHUIMEHTa YCHIEHUS Pa3OMKHYTOM CHCTEMBI U
COOTHOILEHUS MEXIY UH U .

Pe3ynbpTaT MOXKHO CBECTH B TaOIHILY:
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v
0 1 2 [Tpumevanus
0
Crarnueckas omuOKa 110
0 a/(1+kp) 0 0
YIPABJICHUIO
Kunernueckass ommOka 110
1 0 alkp 0
YIIPABJICHUIO
Ommbka 1o yckopeHuo (1o
2 0 0 a/kp
YIPABJICHUIO)
CAY C
CraTtnueckas AcTtaTuueckas
acTaTusMoM 2-
[Ipumeuanus | CAY no | CAY 1o
ro MOPsIIKA
YIPaBJICHUIO YIPABJICHUIO
YIPaBJICHUIO

BBenem HekoTOpbIe onpeaeIeHUs:

Cmamuueckou HazpiBaeTcss CAY, orpabaThIBaroIIasi IOCTOSTHHBIN CHTHAJI ¢ KOHEYHOU OIIMOKOM.

Kunemuueckoti naspiBaetcst CAY, orpabarbiBaromiasi JUHEHHO BO3pPACTAIONIMI CUTHAJI ¢ KOHEYHOMU
OLIMOKOH.

Cucmemoti ¢ acmamusmom 2-20 nopsoka HaszbiBaerca CAY, orpalaTbiBaronias JHUHEHHO
BO3pACTAIONINM CUTHAJ C KOHEUHOMN OIHUOKOM.

Cucmemoti ¢ acmamuszmom vL-20 nopaoka HazbiBaeTcs CAY, orpabaThiBarolias CTEIEHHON CUTHA L -
ro MOpAJKa ¢ KOHEUHOH OIIMOKOH.

KoneuHble 3HadeHHs OIIMOOK MPSMO MPONOPLHMOHAIBHBl YPOBHIO BXOAHOTO CHTHajla, OOpaTHO
MPOMOPLUUOHAIBHBI KOAPPUIIMEHTY YCUJIEHUSI pa30MKHYTON CHCTEMBI 1O yIpaBieHuto. [lpu cooTHomenuu v
> 1 ommOKa MPUHUMAET HYJIEBOE 3HAYEHHE, a MPU COOTHOIIEHUHU U < f/ OIIMOKa B YCTAHOBHUBIIEMCS PEXKUME
OeckoHeuHa, T.e. CcTeMa He OTpadaThIBaeT BXOJHOIO YIPABIISIONIEIO CUTHANA U OTKJIOHEHHE CO BpEeMEHEM
YBEJIMYUBAETCS.

Bennuuna o Ha3bIBaeTCS HNOpAOKOM acmamusmd NO YApAeleHulo W PaBHA pa3HOCTU 4YHCIa

UHTETPUPYIOMIUX U JTU(GGEPEHIUPYIONUX 3BEHBEB, JIEKAIIUX B LIENU OOpAaTHOM CBA3M MEXIY CHUTHAJIOM

OIMMOKH M YIPABJISIONIAM BXOAHBIM BO3/ICHCTBUEM, T.€. JISKAIIUX B WB’ (p).

156



5.1.2. OmuOKH N0 BO3MYIIAKIIEMY BO31eHCTBHIO

W
X0, yem = M, P “(yp) Xg(P)
’ p—0 1+Wp(p)

CBu(P) o, Bu(p) o, Bu(p)

Wi(p) _ P Ay (p) _ A||(I0):IO A (p)
1+wJ(p) 1, B(P) v, B(p) ov 4 B(P)
pY A(p) A(Pp) A(Pp)

PaCCMOTpI/IM THUIIOBBIC BXOJHBIC BO3MYIAIOMIHEC BO3I[CﬁCTBH$I n Hux 1/1306pa>1<eH1/151; npu 35TOM
OIpaHUYHUMCA CTCIICHHBIMU BXOJAHBIMH CUT'HAJIAMM:

Ecau YPOBCHb BXOJHOI'O0 BO3MYIIANOMICTO CHUT'HAJIA PABCH b, TO I/I306pa)KeHI/Ie 110 JIanJIacy TaKXKC

bt" b

yMHOXaeTcst Ha b, Takum o0pa3zom, T Tl

P

Eciu N=0, To BX0AHBIM BO3MYIIAIONIMM CUTHAJIOM SIBNISETCS euHIYHas crynenyaras ¢pynxmus 1(t)

U TpH €ro OoTpaboTKe BO3HHMKAET CTAaTUYECKas OMIMOKa 1O BO3MYIIEHHIO. TakuM o0pazoMm, cmamuuecKoll
owmOKol TO BO3MYILIAIOIIEMY BO3JEHCTBHIO Ha3bIBaeTCs OMIMOKA, BO3ZHHUKAIOIIAs MPU OTPAOOTKE ITOro
IIOCTOSIHHOT'O BO3MYIIIAIOILEr0 BXOIHOTO BO3IEUCTBUS.

Ecin N=1, To BXOAHBIM BO3MYIIAIONIMM CUTHAJIOM SBISETCS JMHEHHAs BO3pAcTaromas (yHKIHS

t-1(t) u npu ero orpaGoTke BO3HMKAaeT KMHeTHHeCKas OIMOKAa MO BO3MYIIEHHIO. Takum 06pasoM,

KuHemuyeckol  OwiuOKol TO BO3MYIIAIOIIEMY BO3ICHCTBHIO Ha3bIBaeTCS OMIMOKA, BO3HUKAIOMIAS TPHU

0TpabOTKe ITOTO JIMHEHHO BO3PACTAIOLIETO BXOJHOI'O BO3MYILAIOIIETO BO3ACHCTBUS.
— 2
Eciu N=2, To BXOJHBIM BO3MYIIAIOIIMM CHTHATIOM sBisercs kpaapatuunas gpyaknus -1(t) u npu

€ro oTpaboTKe BO3HMKAET OIIMOKa, KOTOpas Ha3bIBACTCS owubKoU no yckopenuro (10 BO3MYIIEHUIO). Takum
00pa3oM, owubKkol no yckopeHuio MO BO3MYIIAIOLUIEMY BO3AEHCTBUIO Ha3bIBAETCs OLIMOKA, BO3HUKAIOIIAS

npu OTpa6OTKe 9TOIr'0 KBaAPATHYIHOI'0 BO3MYIIAIOIICTO BXOAHOTO BO3JCHUCTBUA.
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b-t#

IIpuMeM B KaueCTBE BXOJHOIO YIPABISIOLIET0 CHrHalla curHan suna X4 (t) = — A(t) , non

KOTOpOro uzobpaxenue no Jamnacy umeer sua: X g (p)= . Torga ommOKy 0 BO3MYIICHUIO MOKHO

p,u+1
pUI.L(p)
i Wi (p) : Aj(p) b
& o=l (o) b
, yem 5550 1+Wpy(p) 5550 p0+@ p/,l-l-l
3aliucaTthb B BHUJIC: A( p)
Uﬁl.w .
= lim An© b _ Pk b
p5>0 p”+@ p“*t 050 pY+kp  pHtt
A(0)

Kak BuaHo w3 mnpuBeneHHOH QopMmyibel, ommOKa HpuU OTPaOOTKE CTENEHHOTO YHPAaBIISIOIIErO
BO3JICHCTBUS 3aBUCHT OT YPOBHS BXOJHOIO BO3MYIaiOIIero curHaia b, koadduimenta ycuieHus
Pa30MKHYTOH 110 BO3MYIICHHIO K| CHCTEMBI U COOTHOIICHHS MEKIY Uy U U .

Pe3yJ'IBTaT MO>KHO CBECTHU B Ta6m/1uy:

N 0 1 2 [Ipumevannus
Y7,
Crarudeckas onrnbka mo
0 b ki/([1]+kp) 0 0 boswyEHIIO
b ,k” / Kunernyeckas omuoOka 1mo
1 00 0 BO3MYILIEHHUIO
([11+kp)
b ,k” / O1ubKa 1Mo yCKOpeHUIo
2 00 00 (110 BO3MYILICHHIO)
([1]1+kp)
CAYc
CraTtuyeckas AcTaTtndeckas | acTaTU3MOM
[Mpumeganus CAY no CAY no 2-T0 nopsiaKa
BO3MYIICHUIO BO3MYIICHUIO o
BO3MYIICHUIO

KBazpaTHbIe CKOOKH YYHTBIBAIOT CHTYaImIo, koraa v =0, a u=0 (0°=1).
BBenem HEKOTOpEIE OTpeCTICHHS
Cmamuueckou 1o Bo3MylieHuto HasbiBaeTcs CAY, oTpabarhiBarolasi MOCTOSHHBINA BO3MYIIAIOMINN

CUTHAJI C KOHEYHOH OLIMOKOIA.
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Kunemuyecrxoti mo Bo3mymieHunio HasbiBaetcs CAY, orpabaThiBaromias JUHEHHO BO3PaCTAIOIIUN
BO3MYILAONIUI CUTHAT ¢ KOHEYHON OITMOKOM.

Cucmemou ¢ acmamuzmom 2-2o nopsioka (o Bo3MylieHHio) HaszbiBaeTcsi CAY, orpabaTsiBaromias
JUHEHHO BO3pACTAIONIUK BO3MYIIAIONINN CUTHAI ¢ KOHEUYHOHN OIMOKOM.

Cucmemou ¢ acmamuzmom vL-20 nopsoka (o Bo3MylieHHI0) HazbiBaeTcss CAY, orpabarbiBaromias
CTETIEHHOW BO3MYIIAIOLINI CUTHAI L - TO MOPSAIKA C KOHEUHOW OIIMOKOM.

Koneunble 3HaueHUs OMIMOOK MPSIMO MPOMOPLHMOHAIBHBI YPOBHIO BXOJHOTO CHTHajia, OOpaTHO
NPONOPIUOHATBHB KO3 (PHUIIMEHTY yCHIIEHUST pPa3oMKHYyTOW cuctembl 1o Bo3mymienuto (K)). Ilpu
COOTHOIIEHUH U} > 4 OWMOKa MPUHUMAET HYJIEBOE 3HA4YCHHE, a MPHU COOTHOIIEHWH U < 4 OImuOKa B
YCTaHOBUBIIIEMCS peXKUME OSCKOHEYHaA, T.e. CHCTeMa He OTpadaThIBacT BXOJHOTO YIPABJISIOIICTO CUTHAJIA H
OTKJIOHECHHE CO BPEMEHEM YBEITUYHBACTCSI.

BenuuuHa U Ha3bIBaeTC NOpPAOKOM acmamusma NO 603MYyWeHur0 W paBHA PAa3HOCTU 4HCIA

HHTCIpUPYHOIINX U I[I/I(bq)epeHHI/IPYIOH_II/IX 3BCHBLCB, JICXKAIINX B ICIIN O6paTHOﬁ CBA3U MCXKAY CUTHAJIOM

OIIMOKY ¥ BO3MYIIAIOIINM BXOJHBIM BO3JCHCTBHEM, T.€. JICKAIIHNX B WI ( p) .

5.1.3. IIpumep pacyera oMMOOK CHCTEMbI ABTOMATHYECKOI'0 VIIPABJICHNS.

PaccuntaeM omuOKM CUCTEMBI, IPEACTABICHHON CTPYKTYPHOM CXEMOIA:

X, Xo l Xg Xo
2
—»@—» —>{3}——>
p(L+5p)
P L
1+p

Puc.5.2. Crpykrypnas cxema CAY
st BEIUMCIIEHUS ONTUOKYM TIO YIPABJSIOMIEMY CUTHATY 3alHIIIeM MepeaTOYHy0 (PYHKIIUIO OITHOKH

10 YIPaBJIEHUIO:

Wy(p):xg(p): 1
0 Xy(P) 1+WJ (p)
WY (p)=—— 2P 2

p(L+ p)1+5p) (L+ p)A+5p)’
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y . 1 a a
Crartnyeckas omuOKa 1o ynpasienuio: Xg yem = I_m p- > —=
p—0 + p 3
(1+p)2L+5p)
y 1 a
Kuneriaeckas ommnoKa 1o ynpasieHuio: Xg yem = I|m p- > T =0,
p—>O p

+
1+ p)1+5p)

JIJist BBIYMCIICHHST OIIMOKHU 110 BO3MYIIAIOIIEMY CHTHATY 3aIHIIeM MepeAaTOYHyI0 (QYHKIIO ONIHOKH

10 BOSMYIICHUIO:

6, Xo(P) Wy (p) p
W _"0 _ 1 : W -
0 (P) Xs(P)  1+WJ(p) =T
P
8 _ 1+p _ p-(1+5p) )
Wo (P) = 2 @1+ p)A+5p)+2’

+
L+ p)L+5p)

_jm p.. P-+5D)
p—>0 @+ p)AL+5p)+2

p-(L+5p) b b

Kunernueckas ommbka 1o ynpasjieHUIO: XO ,yem = |I p- =—,

p—>0 1+ p)(l+5p)+2 p 2

Ommbka 1Mo yCKOpEeHHUIO: x& || p- (1 +5 p) b _
o= o @+ p)(1+5p) +2 ol

8
Crarnyeckast ommbKa 1Mo BO3MYIIEHHIO: Xg yem =

b_
p

TakuMm 00pa3zom, cucTeMa SIBJISETCS CTaTUYECKOW IO YNPaBISIOUIEMY BO3JECHCTBUIO M aCTaTUYECKOM

10 BO3MyHIaroneMy BO3IICI>10TBPIIO, YTO COOTBETCTBYCT IIPUBCACHHBIM PAHEC Ta6J'II/II_[aM.

5.2. To4HOCTH CHCTEM B IMHAMHYECKOM PeKHUMeE

5.2.1. BpemeHHBIE IOKA3ATEJIHN KAYeCTBA

OcHOBHOE YyCIIOBHE DPAOOTOCIIOCOOHOCTH CHUCTEM ABTOMATHUYECKOIO YIPABIEHMs 3aKIIOYAETCd B €€
ycTon4nBOCTH. OHAKO YyCTOMYMBOCTh —HE JOCTATOYHOE YCJIOBHE €€ IMPAKTHYECKOro npumeHeHus. Hapsgy c
9TUM BBIJIBUTAIOTCS OIpeAeNieHHble TpeOOBaHUs K KayecTBY IHIPOLECCOB peryaupoBaHus. Kommiekc
TpeOOBaHUii, ONPEIENAIONINX TOBEICHUE CUCTEMBl B YCTAHOBHMBILEMCS M IIEPEXOTHOM PEKUMax OTPabOTKHU

3aJJaHHOTO BO3JICHCTBUS OIPENENACTCS TOKazaTesIMu KadecTBa paboTsl CAY: mpsMbIMEA TIOKa3aTeIsIMU
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KauecTBa (OBICTPOJCHCTBHEM M XapaKTEpOM IE€PEXOJHOr0 Ipolecca), ONpeAeisieMbIMH IO IMEePEXOTHOMN
xapakrepuctuke CAY, KOCBEeHHBIMH (3allacaMH YCTOHYMBOCTH 10 aMIUIUTY/E U (pa3e), TOUHOCTHIO.
[Toka3arenu kauecTBa Ipolecca OTPAOOTKM BXOAHOIO BO3AEHCTBHs OyaeM paccMaTpUBaTh

IUISl CUCTEMBI, CTPYKTYpHas cXxema KOTOpoil u300pakeHa Ha pUCYHKE, TPUBEJICHHOM HIDKE.

Xs(p)

y(p)
Xy(p) Xo(P) ol Wi(p) Wi(p) >

Puc.5.3. Crpykrypnas cxema CAY

B muHamMudeckoM pexuMe TIOBEACHHUE 3aMKHYTOW CHCTEMBI ONPEIEISICTCS €€ YAAJICHHEM OT COCTOSIHUS
HEYCTOWYHBOCTH, KOTOPOE MOYKHO OIPENEIHTh 10 YaCTOTHBIM XapaKTePHCTUKAaM Pa30MKHYTOH CHCTEMBI (10
3aracaM yCTOWYHMBOCTH) WIIM BPEMEHHBIM XapaKTEPUCTUKAM 3aMKHYTOH CHCTEMbI (TIPSMBIM TTOKa3aTessiM
KaueCTBa).

5.2.2. 3anacsbl YCTOMYMBOCTH IO aMILIMTY/AEe U (ase.

3amMKHyTasi cUCTeMa JOJhKHA OBITh HE MPOCTO YCTOWYMBOM, a 001anaTh OMpeneleHHBIMH 3amacamMu
YCTOMYMBOCTH TO aMmIUTUTyAe U mo (asze. 3amac yCTOMYMBOCTH MO aMIUIATYJE OMpelesieTcs yaaleHHeM
rogorpada pa3oOMKHYTOU CHCTEMbI OT KpuTH4eckor Touk (-1;j0), a umenHo Benmmunnoir AA = 1-Agroe Ag—

3HA4YCHUC aMHHHTy,HHOﬁ YaCTOTHOH XApPaKTCPUCTHKU HA YACTOTEC g, ITPU KOTOpOfI (p((Dn):'TE.
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Puc.5.4. Onpenenenue 3amnaca yCTOMYMBOCTH 110 (aze y
u momyiio AA (1/Ay)

3amac ycToMYMBOCTH 1O (paze 0003HAYAETCS Y M OMPEAeseTcs Ha 4acTOTe Cpe3a Mg, IpH
KoTopoit amruntyaa A(w.) = 1, Takum 00pa3om, C y4eTOM OTPHIIATEILHOTO 3HaYCHUS O(®.),
y = 180"+g(w.),
rae ¢(w.) - 3Hauenue aprymenra Bekropa Wy(jw) mpu o = @..
N3o6paxennsie Ha puc.5.4 rogorpad Wp(jw) mokaspiBaeT, 4TO CUCTEMa B 3aMKHYTOM
COCTOSIHMM yCTOWYHMBa M 00yajaeT 3amacoM ycTonuuBocTH 1o ¢asze y > 0 u mo ammumaryne AA>0.
3anachl yCTOMYHMBOCTH MOXHO OINPEAEAUTh U MO JIOrapu(pMUUYECKHUM XapaKTepUCTHKaM, MpHU
9TOM JOTapu(PMUYECKHIA 3amac yCTOWYMBOCTH IO aMIUHTyne ompenensercs kak AL=0 - Lz = O-
20-1g(An) =lg(1/ Am ) > 0 nnsa ycroiuuBoi cuctemsl (1/Am > 1) (B gorapudpmuueckux eqununax L, =

20-1g(Ar)[nB]), rne A, - 3Hauerne Moayis Bektopa Wp(jo), apryMeHT KOTOporo paseH ¢ = -1 (puc.5.4).
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\ I.l-:-:_l
201gk
‘mlgk )
e -
=1 Igin
201gAs; AL= 201gL- >0
(Pla)
- s
. J'{ \"L.—— —--"'"/r -
3 Igo

Puc.5.5. Onpenenenue 3anaca ycroitunoctd 1o JIAUYX u JIOUX

Koadpduuuenr ycunenus, npu koropoM 3amkHyTass CAY HaxoauTcss Ha TIpaHule KosedarelbHOU
YCTOWYMBOCTH HA3bIBACTCS IPEAEIBHBIM Kiypep.

Ha ocHoBanuu kpurepust ycroiunoctu HaiikBrcra npenenbHblil KO3(D(GUIHUEHT YCUIICHUS! MOXKET OBITh
OIIPeJIeNICH COOTHOILICHUEM

Kipeo = K-(1/A).

[penenbublit kKodpPuimenT ycunenuss CAY MOXHO ONpENeiuTh MO JIOTApU(PMHUIECKHM YaCTOTHBIM
xapakTtepuctukam (puc.5.5.)
20°19Kpeo = 20-1gK — 20-1g A,.
Ecnu xo3p¢unmeHT ycuiieHusl pa30MKHYTOH CHCTEMBI MEHBIIE MpeeiabHoro Kodddumnmenrta
Kypeo, TO crcTEMA yCTOMYMBA U 00J1a[a€T 3aacoM ycToi4nBocTH (0 Gase, Moayiro). B mporusHOM ciayuae -
CHCTeMa HEeyCTOMYHBA.

5.2.3. Xapakrep nepexoaHoro npouecca u obicrpoaeiicreue CAY

Xapaktepuctuku CAY onpeaensroTcs 1Mo €€ peakIuy Ha eAUHUIHYIO CTYIIeHYaTyio (YHKIIHIO, T.€. 10
MEePEXOHON XapaKTepUCTUKe cUCTeMbL. [Ipu 3TOM onpenenstoTcs npsamvle nokazamenu Kaiecmea CUCmeMbl.

Bpema pecynupoeanus 1y, CIly’)XUT OCHOBHOMU XapaKTePUCTHKOW OBICTPOJCHCTBUSI CHUCTEMBI.
beicTponeiicTBe BBIUMCISETCS OT MOMEHTA II0JIaud BXOJHOTO BO3JCHCTBHSA, JO MOMEHTa, KOrjaa
otkimonenue ¢pyukuuu h(t) He BRIXOAUT 3a mMpeaesibl HEKOTOPOH 3amanHoi 30HBI £A (puc.5.6): h(t)-
h,.r <4, Tae A — 3Ha4YeHHe, ONpeAeNIeMOe 3aJaHHOH TOYHOCTIO cucTeMbl. OOBIYHO A 3amaeTcs B Ipeaenax

(3-5)% ot ycranoBusmIerocs 3HaueHus hy.r. = h(e) (puc.5.6).
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. i 1
hyer. = t'f‘ooh(t) = |!>|To P ‘Ws(p)‘gv

W, (p) .
rne W 3( P) = ————— - nepenarounas (yHKIHUS 3aMKHYTOI CHCTEMBL.
1+W,(p)
Y cTaHOBHBILIEECS 3HAYCHHE TIEPEXOAHOM (DYHKIMHK I CTaTHUeCKO# cucteMsr (V = 0):
W, (0) K et b0 5
T. - - ~ 1,rae -KO3 HIOUCHT YCHUJICHUA PA3OMKHYTOU CUCTCMBI,
14w, (0) 14k

(k >>1).

Jlist acraTuueckoii cuctemsl V = 1: hyer = 1, Tak kak  lim Wp (p) > .
p—0

Kak BugHO M3 puc.5.6, xapakrep MEpeXOoHOro IMpolecca MOXKET ObITh KO0JICOATEIbHBIM U

anepuonndeckuM. KonebaTelbHbIN MPOILIECC XapaKTepU3yeTCs:

1. Bpemenem perynuposanus ty,
2 MakcuManbHBIM IePePeryITHPOBAHUEM En=Nm-Nycm.
3. OTHOCUTEIBHBIM NIEPEPETYIUPOBAHUEM O
h., —h(co
_ i —h(e) _ o
=2 s by ~Lh, =h
h(e)

4. Bpemenem noctukeHust IEpBOro MakcuMyma - tp;
S, Yucom xonebannii N 3a Bpems peryaupoBanus tp;
6. TouyHOCTh 3aMKHYTON CHUCTEMBI A B YCTaHOBUBILIEMCSl PEKHUME, O KOTOPOM MBI yikKe

TOBOPHJIN PaHEE.
Takum 00pa3oM, NPsIMBIMU TOKa3aTeIsIMHU KauecTBa IMEPEXOJHOr0 Mpoliecca SBISIOTCA:
BpEeMsI PETyIUPOBAHUS 1y, IepeperyaIupoBaHue &, 6(Nm), BpeMs HOCTHKEHHMS IIEPBOTO MaKkcuMyMa ty, gucio
kose6aHuit N, TOYHOCTb CHCTEMBL. KOTOpBIE ONPEAEISAIOTCS HEMOCPEACTBEHHO TI0 IepexXoHON

xapakrepuctuke h(t).
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Puc.5.6. Ilepexomnas Gpyuxiwms h(t) u ee mapameTpsl
Jns anepuoauyeckoro nepexoHoro mpouecca MpsSMbIMHU IMOKA3aTesIMA KaueCcTBa SIBJIAIOTCS BpeMSs
peryJupoBaHMs M TOYHOCTh CHUCTeMbl. [lepexomnast ¢yHkuus cuctembl Nh(t) MoxkeT ObITH MMOJTydeHa

KJIACCHUECKUM METOJIOM 110 nepenarouHoit pynkimu CAY:

h(t) = L‘l[W—3F() Py

1
rae — - uzobpaxenue no Jlammacy eAMHUYHOW CTyneH4YaToM (QYHKIUU M HKCIEPUMEHTAJIbHO IS

peanpHOIl uccienyeMol cucTeMbl Wiau st ee Mojenu. [Ipu 3ToM Ha BXOA cHCTeMBbl (MOJENH) MOJAETCS
SIMHIYHBIN CKavyOK. Peakiius Ha BbIXO/IE U Oy/IeT ABIAThCS nepexoaHoi ynkmmeit y(t) = h(t).

5.2.4. KopHeBble H MHTErPAJbHbIC HOKA3ATEJIN KAY€CTBA CHCTEMbI

Kopnegvle nokazamenu xauecTBa XapakTEpHU3YyIOT YAAJIEHHOCTb IOJIIOCOB IMEPENaTOYHON (QYyHKIMU
CHUCTEMBI (3aMKHYTOM) OT MHMMOW OCH (TpaHHUIbl ycToWUMBOCTH). [Ipu 3TOM momagaHue MEHCTBUTEILHOTO
MOJIFOCAa HA MHUMYIO OCh O3HAYaeT rPaHuIly anepruoguYecKoil yCTOMYMBOCTH, a apbl KOMIUIEKCHBIX MOJIOCOB
— TpaHully KojebOaTenbHOW ycTolumBocTH. K KOpPHEBBIM TOKAa3aTeNsIM OTHOCATCS JBa TIOKAa3aTels:
YIQJICHHOCTh OJIMKaWIEro K MHUMOW OCH OTPHUIIATEIBHOTO (OTPHIIATENIBHBIX) MOJIOCOB OT MHUMOUW OCH —
cmenenv ycmoituugocmu (A) 1 MaKCUMaJIbHOE OTHOIICHWE MHHMMOM YacTH IMOJIOCA K €ro JCHCTBUTEIbLHON

4acTH — Koteoamenvrhocms (L) (puc.5.7).

p=max(tg Pmax)
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Puc. 5.7. KopHeBbie mokazaTtenu KauecTBa

CreneHp yCTOMYMBOCTM A MOXXHO HAaWTH 10 KPUTEPHIO YCTOWYMBOCTH ['ypBHIa Juis
XapaKTEPUCTUYECKOTO MTOJIMHOMA UCCIIETyEMOM CUCTEMBI

AD =a@-D"+a(p-D" 1+ +ap1(p— D) +ay

W ompenenenus 3HaUYCHUS A, MPU KOTOPOM CHCTEMA IMOMANAeT Ha TPaHUIly YCTOWYUBOCTH. CTETICHb
KOJICOATEIIBHOCTH CBHUJICTEIBCTBYET O HAIWMYMM KojebaHuid B cucreme, npu =0 — mporecc B cucreme
anepuoauIECKUil.

HHmezpaJlebte nokaszamejiy OCHOBAHBI Ha UCCIICAOBAHNUN UHTCIpaIa OT OIIMOKH CUCTEMBI E(t) HpI/I

co
5TOM MCIOJIB3yeTCsl HHTErpabHas KBaApaTHueckas ommoka: | 0 e?(t)dt nu6o B3BEIICHHYIO UHTErPAbHYIO
(o] o
KBaJ[PaTMYECKyI0 OIIHOKY | 0 (e2 (t) + t262(t) + -+ t2e®2(t))dt, MuHEME3AIMS KOTOPHIX MO3BOISICT

OLICHUTH KAa4ECTBO CUCTEMBI M HAMTH ONTHMAJIbHBIE apaMeTpbl CUCTEMBI.

5.3. BeIiBoabI

YcTOHYHNBOCTL — He J0CTATOYHOE YCJIOBHE HOPMAJIbHOIO0 (YHKIHMOHMPOBAHMS CHCTEM, IJIsI
KOTOPBIX Ba’KHBIM SIBJISIETCS KAa4eCTBO — KOMILIeKC TpeOoBanmii Kk cBoiictBam CAY. Oguum u3
OCHOBHBIX TpPe0OBaHHWIl SIBJIsIeTCS TOYHOCTH OTPA0OTKH YNPABJSIOLIEr0 CUTHAJA NPH HAJIUYUH B
cucreMe Bo3myuleHuii. B pa3nene 5.2 moka3aHo, 4TO CMTHAaJ OMMOKM CKJIAJAbIBAETCS U3 OMIUOKH OT
ynpasJjsiioniero curfaia (5.2.1) u om0k or Bo3mymammero curuaja (5.2.2). Ilpu a3tom ommoOku ot
YHPABJISIIOIIEr0 CHrHAJAa NPSAIMO NPONOPHHMOHAJBHBI YPOBHIO BXOJHOI0O CHIHaJa, OOpPaTHO
NPONOPUMOHAJILHBI KOG PUUMEHTY YCHJIeHUS Pa3oMKHYTOil cucrembl Kp (3a wuckiwodeHuem
CTATHYECKOH OMUOKH, 00paTHO MponopuuoHaiabHoii 1+Kp) u onpeaessiroresi COOTHOLIEHHEM MOPSAIKA
acTaTM3Ma CHCTeMbl 10 YNPABJEHUW V  (Pa3HOCTHM  KOJIHYECTBA  HUHTETPUPYKOIIMX H

¢ depeHIUPYOIIUX 3BeHbEB B KOHTYpe OOpPAaTHO#W CBSI3H) M NMOPSIAKA CTENEHHOI0 YNPAaBJIAKIIET0
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CUrHaJIa U (MPHU U=V - OIIMOKA KOHeYHAasl, IPU U>V - 0eCKOHEYHAs U PH U>V - paBHast HYJI10). Omulku
OT BO3MYLIAKONIEr0 CHTHAJIA MPSAMO MPONOPUHHOHAJIbHBI YPOBHIO BXOJHOIO CHIHAaJa, OOpPaTHO
NMPONOPUHOHAJILHBI KOI()P(PUUMEHTY YCHJIEHHS 3B€HbeB Pa30MKHYTOH CHCTEMbI, JeKAIIUX 10 TOYKH
Npwio:KeHusi Bosmyulenuss K| M omnpenensilorcsi COOTHOLIEHHEM MOPAJKA aCTATH3MA CHCTEMbI IO
BO3MYIIEHUIO V| (PA3HOCTH KOJMYECTBA HHTErpUPYIOMUX U JH(PepeHIUPYIOMINX 3BEHbEB, JIEKAIUX
0 TOYKH NMPUJI0KEHUs] BO3MYILEHHS]) H MOPSIAKA CTENEHHOI0 BO3MYIIAIOIIEr0 CUrHana p (mpu p=v; -
omu0Ka KOHe4YHasi, Ipu U>V| - 0eCKOHeYHasi U NPH U>V| - paBHas Hy ). B pasgene 5.2 pawres
ompeJe/ieHHs] CTATHYECKOH, KHHETUYeCKOH OmMHUOKM M OIMOKH 10 YCKOPEHHUIO, OmpeesiseMbIX
MOPSIIKOM BXOAHBIX cTeneHHbIX curHaioB (0, 1, 2) U cTaTH4YecKoi, aCTATHYECKOH CHCTEMbI H CHCTEMbI
€ aCTaTH3MOM V - I'0 MOPSIIKA, ONpe/Ie/isieMbIX B COOTBETCTBHHU ¢ mopsiikoM acraruzma (0, 1, 2...v). B
pazaeJie 5.2.3.pUBOAUTCS NPUMepP pacyeTa YCTAHOBHBIIEr0CH 3HAYEHHUS OIIUOKH.

B paspene 5.3 paccmarpuBaloTcsi mpsiMble IMOKa3aTeJM Ka4decTBa, ompejesisieMble MO BHIY
nepexoaHol GyHKUMH M KOCBEHHbIE NMOKA3aTe/Id, onpeaesisieMble M0 YACTOTHBIM XapaKTepHCTUKAM
Pa30MKHYTOH CHCTeMbl M BJIHUSIIONIME HA KAa4eCTBO PadoThl 3aMKHYTOH CHUCTEMbI B JMHAMHYECKOM

pexnme.

5.4. Bomnpocsl

1. Yemy paBeH NOpsIIOK aCTATU3MA [0 YIIPABJIEHHUIO.

2. Yemy paBeH MOPSA0K aCTATH3MA 10 BO3MYIIEHHUIO.

3. OT 4ero 3aBHCHT BeJMYHHA OIIHOKH OT YNPABJISIIOIIEr0 CUHTHAJIA, MPU KAKOM COOTHOIIEHUH
NMOPAJAKA ACTATHU3MA U NMOPSAIKA CTENEHHOI0 CUTHAJIA OIINOKA ABJIAETCH KOHEYHOM.

4. OT 4ero 3aBHCHT BeJMYHUHA OIIUOKH OT BO3MYUIIAIOIIEr0 CUTHAJIA, IPU KAKOM COOTHOILLIEHUH
NMOPAIKA ACTATU3MA H MOPSJAKA CTENEHHOr0 CUTHAJIA OIIUOKA SIBJISAETCH KOHEYHOM.

5. Kakasi omim0ka Ha3bIBaeTCsl CTATHYECKOH, KHHETHYECKOM, OIIMOKOIi 110 YCKOPEHUIO.

6. Kakasi cucTeMa Ha3pIBaeTCsl CTATHYECKOH, ACTATHYECKOI, CHCTEMOM ¢ ACTATH3MOM BTOPOI0
MOPSAAKA 0 YIPABJICHUIO.

7. Kakas cuctemMa Ha3bIBaeTCsl CTATHYECKOH, ACTATHYECKOIi, CHCTEMOI ¢ aCTATU3MOM BTOPOro
NMOPAAKA 10 BO3MYILECHUIO.

8. Ha3zoBuTe mpsiMble MOKA3aTeJIM KAYeCTBA CHCTEMBI.

9. IlepeuncanTe KOCBEHHbIE MOKA3aTe/IM KauyecTBa, onpe/esisieMble 10 aMIJIMTYAHO-(a30Boii

XapaKTepHCTHKeE.
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10. Ilepeuunc/jiuTe KOCBEHHbIE MOKA3aTeIH Ka4eCTBAa, oNpeaeseMble M0 JOrapupMuyecKum

XapaKkTepucTuKkam.

11. Kak onpeaeuTs npeaeibHblii KOAGPUUUEHT YCHIeHHS M0 aMILTATYIHO-(a30BOM

XapaKTepPUCTHKE, 10 JOrapu(pmMuuecKuM 4YaCTOTHBIM XapaKTepPUCTUKAM.

5.5. 3apanus

1. Jlns cucteMsl, MpeaCcTaBICHHON CTPYKTYPHOU CXEMOM, YOUThCS B YCTOMYMBOCTH, HAUTH

CTaTMYECKYI0, KHHETUUECKYIO OINOKH, OIINOKY 110 YCKOPEHUIO U MOPSIIOK acTaTu3Ma 1o

yIIpaBJICHUIO:
1.1. 1.2.
X
Xy 2(1 + 3p) Xp Xy 2(1 + 2p) Xp
p(1+ 2p) p(1+3p)
1| 3 |
D - -
1.3. 1.4.
X
Xy 2(1 + 2p) Xp Xy 2(1 + 2p) 5 Xp
(1+3p) 1+ 3p) (1 + 5p) g
3 B 3
D p -
1.5. 1.6.
X
Xy 2+2p) | | 5 Xp | Xy 2(1 + 2p) 5 Xp
(1+ 3p) p(1 + 5p) - 1+ 3p) p(1 + 5p) -
3 P 3p <




1.7. 1.8.
Xy 2p(1 + 2p) 5 Xp | Xy 2(1 + 2p) 5p Xp
(1+ 3p) (1+5p) g (1+ 3p) (1+5p) -
3 dl 3 gl
12 ) 1Y )
1.9. 1.10.
Xy 2(1 + 3p) Xp Xy 2(1 + 3p) Xp
p(1+ 2p) p(1+ 2p)
1+p |, 1+p
D ) 1+2p

2. Jlns cHCTEMBI, IPEICTAaBICHHON CTPYKTYPHOU CXEMOMH, yOeIUTHCS B YCTOWYMBOCTH, HAUTH

CTAaTUYECKYIO, KHHETHYECKYIO OIMOKH, OIIMOKY 10 YCKOPEHUIO U TIOPSIOK acTaTU3Ma 1o

BO3MYIICHUIO:

2.1.

Xy=0

2(1 + 3p) R
p(1+ 2p)

XB

A

Xp

2.2.

Xy=0

2(1 + 2p) Xp
p(1+ 3p)
3 -
XB
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2.3. 2.4,
% —| XB
Xy=0 2(1 + 2p) Xp 21+ 2p) 5 Xp_
(1+3p) (1+3p) (1+5p) g
3 P 3
_ P ) p A
XB
2.5. 2.6.
XB
X v Xp X
Xy=0 2(1 + 2p) 5 Xy=0 2(1 + 2p) 5 Xp
P E—— — —> - —_— >
(1+3p) p(1 + 5p) (1+ 3p) p(1 + 5p)
3 P 3p
XB
2.7. 2.8.
XB
X
Xy=0 2p(1+2p)| | 5 Xp 2(1 +2p) 5p Xp
(1+ 3p) (1+5p) g (1+3p) (1+5p) -
3 ) 3 <
p p D
2.9. 2.10.
XB
Xy=0 X Xy=0 % P
y= 2(1+ 3 p y= 2(1+3 Xp
( p) > ( p)
p(1+ 2p) p(1+ 2p)
_ - _
1+p 1+p |,
P 1+2p |

3. Haiitu omm0OKy, BO3HUKAIOIIYIO IPU BO3ACUCTBUH 3aJaHHBIX CUTHAJIOB YIPABJICHUS U BOSMYILCHHSI.
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3.1. 3.2.
XB X
X B Xy 2(1 + 2p) Xp -
Xy 2(1 + 3p) Xp p(1+ 3p) i
> —> —
p(1 + 2p)
3 «—
1 j _
p XB
Xy=(2+t+t)-1(t) Xp=1(t) Xy=(2+1)-1(t) XB=3-1(t)
3.3. % 3.4.
Xy 2(1 + 2p) Xp « —| Xs
(1+3p) g Xy 2(1+ 2p) 5 Xp
1+ 3p) (1+5p) g
; ) _
\ | 3
XB ; X
Xy=(2t+1)-1(t) XB=2-1(t) Xy=(2t+1)-1(t) XB=3-1(t)
35. o 3.6.
X
X loxp | Y 2+2) | | 5 X,
Xy 2(1 + 2p) 5 ., (1+3p) p(1 + 5p)
(1+ 3p) p(1 + 5p) -
3p
3 a
XB
Xy=(2t+1)-1(t) Xe=2-1(t) Xy=(2t+1)-1(t) XB=2-1(t)
3.7. 3.8. X
B
X % N
Xy 2p(1 + 2p) 5 XP | xy 2(1 + 2p) 5p Xp
(1 + 3p) (1+5p) —’<_ . > > (1+3p) (1 + 5p) g
3 « 3
D A ; <
XB
Xy=(2t+1)-1(t) Xp=2-1(t) Xy=(2t+1)-1(t) XB=2-1(t)
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3.9. 3.10.

XB
X % X X X P X
y 2(1+3 p y 2(1+3 p
(1+3p) S (1+3p) .
p(1+ 2p) p(1 + 2p)
_ . _

1+p 1+p |,

D 1+2p B

Xy=(2+t+t)-1(t) Xp=1(t) Xy=(2t+1)-1(t) Xe=1(t)

4. Tlo 3amaHHOH JIorapu(PMUIECKON aMIUTUTYTHON YaCTOTHON XapaKTePUCTUKE MUHUMAIBHO-(a30BOi
CUCTEMBI IOCTPOUTH JIOTapu(PMUUYECKYIO (Pa30BYIO YACTOTHYIO XapaKTEPUCTUKY, aMILIUTYTHO-
(ha3z0ByI0 XapaKTEPUCTUKY U OMPEICIUTh KOCBEHHBIE MOKa3aTeNln KayecTBa 3aMKHYTON CHCTEMBI:
Knpen, ocp, on, AA, Ar, vy, AL, Lz, a Takke KOHeUHbIe 3HaYSHHS OIIMOOK MO yIpaBiIeHUIO (A5

Knpen/2).

4.1. 4.2
\‘ L(w)
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4.4

4.3

L(w)

—40

-40

60

0,01

A L((D)

60 +

40 L

4 L)

A L(o)

A L(o)
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$ Lo 4.9
-40
0
40 - . : 40
i : -20
20 i i : 20
- -\ o0
: : | ®
0 —F+— e 0
0,1 025 1 10 \

4.10

-20

0,1 0,25

v

5. Haiitn IIPsAMBIC ITIOKA3aTCJIIUM Ka4€CTBA 110 HepexonHoﬁ (bYHKHHH 3dMKHYTBIX CUCTCM, IUIsSI KOTOPBIX B

Ta6J'II/H_[€ IIPHUBCACHA IICpCAaTOYHad Q)YHKHI/IH paSOMKHYTOﬁ CHUCTCMBI.

5.1.W(p):ﬂe_o'2|O 52.W(p) = 1t2p  ,-o01p
p(L+5p) (p+1(A+5p)
53. W(p) = 10p e 03P 5.4.W(p) = 10(L+2p) .-05p
(1+2p)1+5p) p(L+5p)
55 W(p)= 1+2p 5.6.W(p):ie‘Io
p(l+5p)1+10p) p(1+10p)
5p - 31+3p) -2
57.W(p) = e P 58.W(p)=———"g <P
(P) 1+ 2p)1+10p) (P) p(1+10p)
5.6. IIpakTukyM™m mo riase 5

5.6.1. JInst cucTeMsbl, IPEICTaBICHHOW CTPYKTYPHOU CXeMOH, yOeIUThCS B yCTOWYUBOCTH, HAUTH

CTaTHYCCKYIO, KHHCTUYCCKYIO OIJ_II/I6KI/I, OIJ_II/IGKy MO YCKOPCHHIO U MMOPAAOK aCTaTH3Ma 110 YIIPABJICHUIO:

Xy

X

2(1 + 3p) Xp

p(1+ 2p)

A

p+1

W, (p) =

3anuiieM nepeaToyHyko (PyHKIIHIO, CBSA3bIBAIOILYIO OMIUOKY

» cHUCTEMBI X CO BXOJHBIM CUTHAIOM Xy:

X(p)

1 1

Xy®) 1+wWp() | +

2(1+ 3p)
p(1+p)(1+ 2p)
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p(1+p)(1+2p) _ p(A+p)(A+2p)
p(1+p)A+2p)+2(1+3p) 2p3+3p2+7p+2

Wy (p) =

[IpoBepuM yCTONYMBOCTBL 3aMKHYTON CUCTEMBI 110 KPUTEPHUIO ['ypBHIIa, I 4ETO COCTaBUM OIIPEAECIUTEID

3 2 0
I'ypBuna 3-ro nopsaka: Az= (2 7 0| =2-4,; A,= B ; =21-4=17>0;, A=3>0.
0 3 2

Takum oOpazom, ag=2>0 u Bce onpenenutenu ['ypBuiia Moi0KUTEIbHBL, T.€. 3aMKHYTasi CUCTEMa yCTONYMBA.

1) Haiizem ctaTuvecKyro OUIKOKY, T.€. OMIMOKY, BOSHUKAIOIIYIO B CHCTEME TIPH [101a4€ eJHMHUIHON

o 1
cryneH4aToi GpyHkimu Ha ee BxoJ (n300paxenue mo Jlamiacy paBHO ;,) TaKuM 00pazom,

1 p(1+p)(1+2p) 1
n3o0paxkenue curuaia omnoku 1o Jlarumacy umeer sum: X =w?> o= .
p Yy n: X(p) 0 (p) p  2p343p%+7p+2 p

I[J'ISI HaXOXJACHUSA YCTAaHOBUBIICTOCA 3HAYCHUSA OIIINOKHU HMCIIOJIB3YEM TCOPEMY NPEACIBHOTO NIEPEX0oaa:

Xyer = limp - X(p) = lim _p(1+p)(1+2p) -1=
yer = OGP AW = P 2p3+3p2+7p+2 p

2) Kunernueckas omnoKka BO3HUKAET B SaMKHyTOﬁ CUCTCMC IIPpH I10AAa4Y€C HA BXOO JIMHEHHO
1
BO3PACTAONIET0 curHaia (n300paxenue no Jlamiacy paBHo ?,). Taxum 006pa3om, U300paXkeHre
p(1+p)(1+2p) 1
2p3+3p2+7p+2 p?’

p(1+p)(1+2p) 1 _ 1

2p3+3p2+7p+2 p? 2

oum6ku 1o Jaracy umeer sua: X (p) = Wy (p) - piz = Hcnone3ys Teopemy

TPEIENbHOTO MEPEX0/Ia, MOTYIUM: Xyer = limy,_op - X(p) = lim,_op -

3) s onmpeneneHus OMMOKU MO YCKOPEHUIO MO UM Ha BXOJ] CUCTEMBI KBAJPATUUYHOE BO3/ICHCTBHE

t2 1
BHUJA: xy(t) = n300paxkeHre KOTOPOTo PaBHO s Brruncaenue ommbOku gaer

p(1+p)(1+2p) 1 _ .
2p3+3p2+7p+2 p3 '

Xyer = lirnp—>0 p 'X(p) = lirnp—)O p-
4) Tlopsmok acTaTu3Ma IO YIPABICHUIO V PaBEeH Pa3HOCTH YMCIIA HHTETPUPYIOIINX U

mubdepeHIMPYIOIINX 3BEHBEB, JIEKAIIUX B KOHTYpe 00paTHOM! CBSA3M (OT CUTHAJIa OLIUOKH /10

BXOJIHOTO YIPaBJISAIOIIEro curuana), T.e. v=1. Ilopsaok acraTu3ma MOKHO ONPENEIUTh 0 MOPSIIKY

BXOAHOTO CUI'HajJia, IIpHU KOTOPOM OIIMOKa IMPUHHUMACT KOHCYHOC 3HAYCHUC, T.C. v=1.

5.6.2. JIns cucteMsbl, IpeICTaBICHHOW CTPYKTYPHOU CXeMOH, yOeuThCA B yCTOHYMBOCTH, HAUTH

CTaTHYCCKYIO, KHHCTUYCCKYIO OIJ_II/I6KI/I, OIJ_II/I6Ky MO0 YCKOPCHHUIO U MOPANOK aCTaTu3Ma 110

X BO3MYILECHUIO.
N 3aMKHyTasl CUCTEMa YCTOWUYNBA, YTO CIEAYET U3 MPEIbITYIINX
Xy=0 2(1+ 3p) _ip BBIYUCIICHUH 110 KpuTeputo [ 'ypBuma. [l BIYUCIeHUs OMIHOKH
p(1 + 2p)
1

A

p+1 175




110 BO3MYIICHHUIO 3aITUIIEM MepelaTOYHYI0 (DYHKIIHIO OT OIIMOKH K BOZMYILIEHHIO, 8 HMEHHO:

1 1
WB()ZX(p)= p+1  _ p+1 _ p(1+2p)
CP T Xe() T T+ Wp@) | |, 20+3p) _ p(l+p)(1+2p) +2(1+3p)

p(1+p)(1+2p)

1) PaccumTaem cTaTHYECKYIO OIIMOKY IO BO3MYILEHHIO (M300pakeHue 1o Jlamiacy ot eIMHUYHOM

. 1
CTYNEeHUYaTON (PYHKIUU paBHO ;):

p(1+ 2p) .1_0
p(L+p)(L+2p) +2(1+3p) p

2) Kunernueckas ommibka 1mo Bo3myIeHuo (H300pakerue 1o Jlamaacy ot JHHEHHO BO3PACcTaIOIIETo

Xyer = ngrg)p-X(p) = ngr(l)p-

1
CHTHA/a PaBHO —):
P

i X(p) = i p(1+ 2p) 1 1
= lim» - =lim»p " — = =
Yyer = P A = P (A + p) (1 + 2p) + 2(1 + 3p) p? 2

3) Ommbka 1o yckopenuto (n300pakenue o Jlarmiacy ot KBaapaTHYHO BO3PACTAOIIETO CUTHATIA
t? 1
xy(t) = —PaBHO F)'

i X() = I p(1 + 2p) 1
= . = . -— =00
yer = P AP = P S + p)(1 + 2p) + 2(1 + 3p) p°

4) Tlopsmok acTaTu3Ma Mo BO3MYIIeHHUIO V) paBeH 1. (Pa3HOCTH KoNHMYecTBa HHTETPUPYIOLIMX U

TG hepeHIMPYIOINX 3BEHBEB, JIEKAIIUX B KOHTYpE 00paTHOW CBA3HM OT CUTHAIA OIIMOKU IO CUTHAJIA

BO3MYHICHUSA U NOPAAKY CTCIICHHOTO CUI'HAJIa BO3MYILCHUS, IPpU KOTOPOM oInoKa MMpUHHUMACT

KOHEYHOE 3HAueHHE, T.¢. 1).

5.6.3.. HaiftTu ommOKy B 3a1aHHO# CHUCTeMe, BOSHUKAIOIIYIO ITPU BO3/ICHCTBUY 3a/IaHHBIX CHTHAJIOB

yrpaBiieHus: U Bo3myineHus (Xy=(2+2t)-1(t) XB=1(t)).
Xg 3anuiieM BeIpaXeHUE TSl OMTUOKH OT IBYX BO3/IEHCTBUA,
X _ MCIIOJIb3Ys NPUHIIUI CYNEPIO3ULIUU JUIs IUHEUHBIX CUCTEM:
X X
d 201 +3p) 3 X() = XY () + XB(p) = W ()X, (p) + WE®) X5 ()
p(1 + 2p) s 9
B Xy(p) =L{(2+20)-1(} = b + o7
1 « 1
p+1 | Xg(p) = L{1(1)} = »

p(1+p)(1+2p) 2 2 N p(1+ 2p) 1
23132+ 742 S P T pa )+ 2p) +2(1+3p) p

X(p) =X(p) +XB(p) =

OnpenenuM yCTaHOBUBILIEECS 3HAUEHUE OIINOKH, UCIOIb3Ys TEOPEMY O IPEIEIbHOM 3HAYCHHHU:



p(1+p)(1 +2p) NI p(1 +2p) 1
o 2 TP+ +2p) + 201+ 3p) B

)=1

Ter = P X =P G 2

Takum oOpazom, ommbKa B cucreme paBHa 1.
5.6.4. Ilo 3apanHOl NOTapuPMUUECKON aMIUTUTYJHON YaCTOTHON XapaKTePUCTUKE MUHUMAIBHO -
($a30BOIi cUCTEMBI TOCTPOUTH JIOTAPUPMHUIECKYIO (Pa30BYIO YACTOTHYIO XapaKTEPUCTHKY, AMIUIHTY/IHO -
($ha30ByI0 XapaKTEPUCTUKY U ONPEACIUTh KOCBEHHBIE MTOKa3aTed Ka4yeCcTBa 3aMKHYTONU CUCTEMBI:
Knopen, ocp, on, AA, Ax, vy, AL, Lrt, a Take KOHEUHbIE 3HAYCHUS OIIHUOOK MO YINPaBICHUIO (s
Knpen/2).

BoccranoBuMm nepenaTouHyto (QyHKITMIO Pa30MKHYTONH MUHUMAIBLHO (a3oBoi cucteMbl o JIAUX:

0,1(1+10p)3,
p2(1+20p)(1+3p)3

Wp(p) =

4 L)

3anuinem BeIpakeHue i (ha30BOM 4aCTOTHON XapaKTEPUCTUKHU:
¢(w) = —m — arctg20w + 3arctg10w — 3arctg3w
[Moctpoum JI®YX, yuursiBas acumntoTel 1 ADX B Mathcad. 13
[IOCTPOEHHBIX XapaKTEPUCTUK OIPENEIsEM, YTO CUCTEMA
HEYCTOWYMBA, 3HAYCHUE YACTOThI CPE3A Wy = 0,475, w; = 0,35;
y=-15% A;=1,74; AA=-0,74; Kupe;=0,057. Tlo HakIIOHY Ha I1EpBOM

Y4acCTKe JIAUX CJICAYCT CKAa3aTh, YTO CUCTEMA C ACTATU3MOM BTOPOI'O

MOps/IKa 10 YIPABJICHHUIO, CJICI0BATEIbHO, ONIMOKU JIJIs
K= Kupes/2=0,0285 cocraBuu:

CTaTU4CCKad — O, KHHCTHYCCKAA — 0, OIIMOKA I10 YCKOPCHUTIO —

L _3481/c?
K

(o)

! 0,01 0,05 0,1 03

-3m/2
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5.6.5. HaiiTu npsiMble moka3aTenu KadecTBa Mo MepexoAHOW PYHKIIMU 3aMKHYTON CHCTEMBI, IS

o . 3(1+2p)
KOTOPO# MpHUBECHA NepeaaTounas GyHKIHs pa3oMKHYTOH cucteMsl: Wp(p) = DLiD)
o 3+6p o
3anmiieM nepeaTounyro GyHKIUIO 3aMKHYTON cucTeMbl: W3(p) = rT— [Tosroca nepeaaTouHon

(GyHKIMY 3aMKHYTOU cHCcTeMBbl paBHBI P1=-0,46; p2=-6,54. /g noctpoeHus nepexoaHoi pyHKINH pa3inokuM

346p 1 _ A B
p2+7p+3 p p p+046  p+6,54"

u3o0paxenue nepexonHoit Gyuxuuu H(p) = Haiinem ko3¢ dunmeHThI

A,B,C meronom HeomnpenenenHsix kodppunuentos: A=1; B=-0,1; C=-0,9. [lepexoanas pyHkums 3agaercs
BoipakerneM: h(t) = (1 — 0,1e %46t — 0,9e~6>*t).1(t).Bpems perymuposanue t, = 2,1 c. — Bpems

BXOXICHUS B 30HY 2A. Cratuyeckas omuoKa paBHa HYJIIO.

hit)
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6. Cunmes cucmem agmMomMamu4ecKko20 ynpaeieHus

(3HaMb: munsl KOppeKkyuu u Memoduku Ux npumMeHerusl; ymemb: NPpUMEHAMb MBWZOOMKM

NOCMPOEHUs. KOPPEKMUPVIOWUX YCIMPOUCME 018 peuleHUs 3a0ay CUHme3a Cucmem ¢ 3a0aHHbIMU

nokasameyiamu Kkauvecmea, 6ﬂa0emb: npuemamu noCmpoerusl YaCcnonHblX Xapakmepucmuk u

BDEMEHHBIX XAPAKMepUCmuK 0Jisk pearu3ayuu Memooos Koppekyuu.)

6.1. MeTtoanl cunTe3za CAY

Hns abdexTuBHONW pabOTHI CHCTEMBI aBTOMATHYECKOTO YIIPaBJICHUS OHA JOJDKHA YAOBJICTBOPSTH
Tpe6yeMBIM I10Ka3aTc/IsIM KadyeCTBa, HpeI[BSIBJ'ISIeMBIM K TOYHOCTH, 6BICTpOI[€I>'ICTBI/IIO, IIJIABHOCTHU HpOTeKaHI/IH
B HEW NEPEXOJHBIX MPOLECCOB U T.A. Takyr CHUCTEMY HAaJ0 yYMETh CHUHTE3UpOBaThb. B Hacrosmiee Bpems
CYH_ICCTByeT MHOXCCTBO MCTOJOB CHHTC3a, OCHOBAHHBIX HAa BBCACHHC B CI/ICTeMy ClieouaJIbHbIX YCTpOﬁCTB,
HOHy‘II/IBH_II/IX HAa3BaAHUC KOppeKTI/Ip}’IOI_HI/IX.

6.1.1. Tunbl KOPPEKTUPVIOLIUX VCTPOIMCTB

Koppektupytomue  ycrpoiictBa (KY) genatrcs Ha  HEINIEKTPUYECKHME U DJIEKTPUYECKHE.
Hesnextpuueckne KY Moryr ObITh peanu3oBaHbl Ha ITHEBMOABTOMATHKE, T'MIPOABTOMATHKE M IIp.
OJeKTpUYecKrue, B CBOK OdYepelb, MOIYT OBbITh pealu30BaHbl Ha IEPEMEHHOM M IOCTOSHHOM TOKE.
DNEeKTpUUECKUEe YCTPONCTBA, paboTarolie Ha MOCTOSIHHOM TOKE, JIEJSTCS Ha JIB€ TPYMNIbl: aKTHUBHbBIE (C
KOA(p(UIIMEHTOM YyCUJIEHHS, OOJBIIMM €AWHMIIBI) U IMACCHUBHBIE (C KO33()ULIMEHTOM YCHUJIEHUS, MEHBLINM
enuHuIbl). IlaccuBHBIE KOPPEKTUPYIOIIUE YCTPOHCTBA PEAIN3YIOTCSl Ha MACCUBHBIX YETHIPEXIOJIFOCTHHUKAX,

QJICKTpHUYCCKAad CXCMa KOTOpPbLIX TIPCACTABJICHA Ha

Zalp) pUCYHKE.
| o [lepenatounas (YHKIMS — YeTBIPEXITONIOCHUKA
. _®__ 1I®e  __ Z®)
passa: W(p) =5 o = oy oz @) — B 5®)
Ua(p] Iip) Za(p) Us(p) B 3aBucuMoctu ot 3nemenToB KY memsres Ha KY
nudpepeHIupyIONero, HHTErPUPYIOMIET0 M HHTErPO-

(G GepeHIMPYIOLIETO THUIIOB.

Koppexmupyrowue ycmpoticmea oughgepenyupyioweco muna

1
A) | L) =55 L@ =R
C ___ZW® _ R _ pCR _ pTo
R W) = 2ornnm JgtR - 1+PCR  1+pTo’
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3BeHO — peanbHO auddepeHUpyromee, uMemIee ciaeayromue xapakrepuctuku (JIAUX, JIOUX,
ADX):

JIOUYX
L(w) JIAUX o@),
1T,
O L Il 1
01 L 0o 100 » 2z
20
20 T e |
1
. - .
-0 0 I /T i0 @
J @
—_—
o ADX
.
a I+
b)
ER
R _pct R, —p -
il AW = e B0 = R
1 Z>(p) R Ro(1+PCRy) 14pT
w — 2 — 2 — 2 Y _« .
C (p) Z1(p)+Z2(p) 1+5(1]R1+R2 Ry+R,+PCR{R; 1+0ocpT’
R, ok
T Ri+Ry
3BeHo — ympyroe muddepennupyromniee ¢ xapakrepuctukamu (JIAUX,
JIDYX, ADX):
- JIOUX
L(w) JIAUX Pla)
ﬁ F
T ‘ /_\
) 7
: @
0.1 100
-20 ADX
. ¢
A
g — X
/_\ F
L4 4 i +
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XapakKTEePUCTUKHN KOPPEKTUPYIOIINX YCTPOUCTB I[I/Id)d)GDGHHI/IDVIOH_IeF O TUIIA.

1) TpeOyrOT JONMOIHUTEIHFHOTO YCUIICHHSI HU3KOYACTOTHOTO YIIPABIISIOIIEIO CUTHAA;
2) PacumpsiroT 1oJI0Cy MPOIYyCKaHUs YacToOT;

3) IloBbImIatOT OBICTPOICHCTBUE CUCTEMBI;

4) VYXyIImarT NOMEXO03alHIICHHOCTh CUCTEMBI,

5) BrocsT onepexenue 1o dase.

Koppexmupyrowue ycmpoticmea unmezpupyrowe2o muna

=R, - 1 HPCRs,
R, Z1(p) = Ry;Z,(p) =R, +pC_ oc
1+pCR>
| | W(p) — Z>(p) — pC — 1+pCR; — 1+pT .
J_ c Z1(P)+Z2(p) R1+1+Z% 1+pC(Ry+Ry) 1+pT/d’
o= —22
R, Ry+R; —

3BeHO — ynpyroe uHTerpupymoiee ¢ xapakrepuctukamu (JIAUX, JIOUX, ADX):

L(o) JIAUX Flat g JIOUX
20 T =
ol 1T —_—HH-H-H-H-\_/::L:|
T : T T o
0.1 | 10 100 x|
20 + by
J & ADX
& 7
L
v +
A
&3
—
@

XaDaKTeDI/ICTI/IKI/I KOPPCKTUPYIOIINX VCTDOﬁCTB MHTCIpUPYIOUICTO THUIIA.

1) He TpeOyrOT TOMOTHUTENFHOTO YCHICHUS HU3KOYACTOTHOTO YIPABJISIONIETO CUTHANA;
2) CyXaroT 1oJIOCy TMPOIYCKaHUS 9acTOT;
3) INoHwxaroT OBICTPOACHCTBHE CUCTEMBI;

4) YaydmarT MOMEX03alUIEHHOCTh CUCTEMBI,
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5) BHocsar orctaBanue 1o ¢ase.

Koppexmupyrowue ycmpoticmea unmezpo-oughghepenyupyroweco muna

1
_.1?1
pCq R1 1 1+pCzR2
R Z = = : Z = R + — ==
1 1(p) TR, 1+pCiR:’ 2(p) 2T, v,
I I rCq
II 7 ( ) 1+pC2R>
— 2P _ pCz _
Cl Cz W(p) - - R 1+pCoRy
s Z1(p)+Z 1 1+PCaRy
1(0)+Z2(p) TipCiRy T ey
(1+pC1R1)(1+pC2R2) _ Q+pT)(1+pTz)
RZ C1R1C2R2p2+p(C1R1+C2R2+C2R1)+1 1+p(T1+T2+T)+p2T1T2 ’
3amerum, uto limy,_,o W (p) = lim,_, W(p) = 1
Haiinem nonroca nepeaarouHoi GyHKIIMA
—(T1+Ty+ D) A (Ty+To+ )2 —4T4 T, 1 1 o
Prp = —2 UCRLP 12, BBenem 0003Ha4eHusA T; = ——; T, = —— . C yueToM 0003HaYEHHUI
’ 2T1T2 P1 P2
(1+pTy)(1+pT: (1+pTy)(1+pT:
MOKHO 3anucaTtb W (p) = PT1)(A4RT;)  _ [L4+pTy)(1+pTy) [punumas, uto 7y < Ty < T, < T,, IOCTPOUM
1+p(T1+T2+T)+p2T1T2 (1+p11)(1+prz)
YaCTOTHBIC XaPaKTCPUCTUKH UHTETPO-
JIAUX
4 L(o) i epeHIMpyrOIIEro 3BeHa:
1, UT, UT, 1/, ® XapakTepUCTUKHU KOPPEKTUPYIOIIHUX
0 | | | >
! ! YCTPOUCTB MHTETPO-1u D HEepeHIIMPYIOIIEro THIIa:
1 1
] ]
! ! 1) He tpeOyroT  JOMOIHUTENBHOTO
) )
- T 1 1
20 : Lo : YCHJICHHSI HU3KOYaCTOTHOTO YIIPaBJISIONIETO
| | | |
] ]
E ; ; E CHTHAIa;
o(w)! : | |
i : ! : : 2) CyxaloT TOJIOCY  MPOIMYyCKaHHs
--e=-- Fommm e e = lm === I— = — — —
! | | | Y4acTorT;
| i ! |
)
! | Q) o
0 I | : /;/\?,\ - 3) INonmxaroT OBICTPO/ICHCTBHE
X T T T >
] ]
\/ ! l CHCTEMBI;
| |
1 ! ! 1
1 1
| i ! | 4) He usmenstoT
I R
MOMEX03aUIIEHHOCTh CHCTEMBI;
5) Ha pa3sHBIX YaCTOTHBIX JaHAra3oHax

BHOCSIT OTCTaBaHKE UJIU OIepekeHue 1o ¢ase.

HaubGomee wu3BEeCTHBIM U YacTO MNPUMCHACMBIM  ABJIACTCA CHUHTEC3 Ha OCHOBC YaCTOTHBIX

XapaKkTEepUCTHK: TPSAMOW M HWHBEPCHOW aMIUIUTYJHO-(A30BOH  XapaKTEPUCTHKH, JIOTrapu(PMHUUECKUX

YaCTOTHBIX XapakTepucTuk. Paccmorpum cuHTe3 CAY Ha oOCHOBE JorapuMHUUECKHX YaCTOTHBIX

XapaKTEPUCTHK.
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6.2. Cunre3 CAY no jorapupMudecKuM YaCTOTHBIM XapaKTePUCTHKAM
MeTton cuHTe3a MO Jorapu(PMHUUECKUM XapaKTEpUCTHKaM SIBISICTCS TpadUuecKuM, UTEPalMOHHBIM,
BBIIIOJIHSIEMBIM 10 3Taam:

1. Tloctpoenne IOrapuMUUYECKHNX UYACTOTHBIX XaPAKTEPUCTUK HMCXOJHOW, HECKOPPEKTHPOBAHHOMN
Pa30MKHYTOM CHCTEMBI M IIPOBEpKa €€ IOoKa3arejaed KadecTBa. Eciu mokasarenu KayecTBa HeE
YIIOBJIETBOPSIOT TPeOyEeMbIM, TO MEPEX0/I K ATairy 2.

2. HUcxona u3 TpeOyeMbIX MOKa3aTeliell KauecTBa B COOTBETCTBHM C PEKOMEHAALUSIMU U C YYETOM
UCXOIHBIX  JIOTApU(PMUYECKHX  XAPAaKTEPUCTHK MOCTpoeHHue  kemaemont, wminum JIAUX
CKOPPEKTUPOBAHHOW PAa30MKHYTON CHCTEMBI.

3. Haxoxnenue paznoctHoit JIAUX.

4. Tlo momyueHHoil pasHocTHOM JIAUX omnpeneneHue MeToAa BKIIOYEHHUS KOPPEKTUPYIOIIETO
YCTPOKMCTBA: MOCIIEN0BATEIBHOTO, MTAPAJUICTHLHOTO MU B IETTH OOPAaTHOM CBSI3H.

5. B cooTBeTCTBMM C BBIOpPAHHBIM THIIOM KOPPEKIIMH COIJIACHO MPUBOAMMON [ajiee METOJUKHU
noctpoeHue JIAYX KoppeKTUPYIOIIEro 3BEHA.

6. IlpoBepka ynoBieTBOpeHHUs TpeOyeMbIX MOKa3aTelell KayecTBa CKOPPEKTUPOBAHHOW CHCTEMBI,
BbIOOp KOPpPEKTHPYIOLIEro 3BEHAa, pacueT ero mnapamerpoB. Ecim mnokasaTenu kadecTBa He
YIIOBJIETBOPSIOT TPeOyeMbIM HJIM 3BEHO CIIOKHO peaju30BaTh, TO BO3BPAT K I.2 U MOBTOPEHHE
pacyeTos.

6.2.1. MeToabl BKJIOYEHHUS] KOPPEKTUPYIOIIHUX YCTPOiiCcTB

Koppekrupyromue ycTporcTBa JENATC Ha MOCIeA0BaTeNIbHbIC, TapAJUIeIbHBIE U YCTPOMCTBA B LIENHU

00paTHOM CBSI3U B 3aBUCUMOCTH OT X PacIOJIOXKEHHS B CUCTEME.

Ilocnedosamenvuvie KoppeKkmupyoujue ycmpoiicmea

PacnonararoTcst B mpsiMOii 1IeMU CUCTEMBI U, KaK MPaBHIIO, B €r0 3JEKTPUUYECKON 4YacTH BOJH3U C

U3MEPUTENIbHBIM yCTPOMCTBOM. CXema pacrojoKeHUs MOCIEA0BATENbHOIO KOPPEKTUPYIOIIETO YCTPOMCTBa

IIpecTaBlIeHa Ha puc. 6.1.

Xy Xp
W](y(p) Wnc(p) >

A 4

Puc. 6.1. [locnemoBaTenbHas KOPPEKIIHs
[lepenaTounass QyHKIMS Pa30OMKHYTOM CKOPPEKTHPOBAHHOW CHCTEMbl paBHA IPOU3BEICHUIO

nepenaTouHbIX QYHKIHMI 3BEeHBEB, PACHIONOKEHHBIX B KOHTYPE, T.e. Wi (p) = Wiy (p) - W, (p), oTkyma

We(j@) = Wiy (j@) - Wy (). Bepst Mosysu u iorapudmMupys, nosyqum cootHoutenue s JIAUX:
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201g|We jw| = 201g|Wiy ()| + 201g W, (), HIIH Lew(w) = Liy(w) + Lyc(w).
U3  mocnemnero  cootHomrenus — cheayer, 4T0  Lo(w) = Ly (w) = Le(w) — Lyc(w), Te.  JIAUX
KOppEKTUPYIOMIEro ycrpoiictBa paBHa paszHocTHOW JIAUX Ly(w), mpeacrapusitomeii coOol pa3sHOCTH
ckoppekTupoBaHHoi (xenaemoit) JIAUX u ucxonnoi (Heckoppektupoannoi) JIAUX.

Ilapannenvnvle KoppeKmupyrouue ycmpoicmea

PacnonararoTcst mapajiienibHO KaKoMy-THOO yCTPOUCTBY B MPSMOIl LIETIH CUCTEMbI (KeNaTelIbHO B €e

3IIEKTPUYECKOH yacTh). CxeMa pactosIoKEeHHs TapauieIbHOTO KOPPEKTHPYIOIIEr0 YCTPOWCTBA peICTaBIeHA

Ha puc. 6.2.

Xy Xp
WOXB(p) WHOXB(p) >

Wiyy(P)

Puc. 6.2. [TapannenbHas KOppeKLIUs

[lepenaTounas GyHKIUS pa3OMKHYTOW CKOPPEKTUPOBAHHON CUCTEMBbI 3aIIUCHIBAETCS B BUJIE:

W) = (Wosa0) + Wy ) - Woe ) = Wysa(0) - Woe @) - (14 5205 = W, () - Wo ).

IMepexos K KOMILIEKCHBIM Koo dunmenTam ycuiaenus, noiaydaem W, (jow) = W, .(jo) - Wy (j o)

Bepst Mmomynu u sorapudmupysi, monyunm: L. (w) = L,.(w) + Ly(w), T.e. pasnoctras JIAUX Ly (w)
npezcTaBiIsieT co0oil pa3sHOCTh CKOppeKTupoBaHHOM (kemaemoil) JIAUX W HecKOppeKTUpOBaHHOMN
(ucxonmuoit) JIAUX u cTpouTcs, Kak M TpHU MOcienoBaTenbHOM Koppekuuu. [lepematounas QyHKINS
NapajuIeIbHOTO KOPPEKTUPYIOIIETO YCTPOICTBA pacCUUTHIBACTCS 3aTeM MO (opmylie, oJydyaeMoil U3 paHee
npuBeieHHoro  cooTHomenus: Wy (p) = Wy (p) - (Wo(p) — 1), rne Wo(p) - nepenatounas ¢yHkuus,
BOCCTaHOBJEHHas 1Mo pazHocTHOU JIAUX Ly (w).

Koppexmupyrowue ycmpoiicmea é yenu 00pamuoil ceéasu

OxBaTbIBalOT ~ Kakue-mubO pAOOM  CTOSIIIME O3JEMEHTHl cUcTeMbl. (xema  pacroyIoKEeHUs

KOPPEKTUPYIOLIEr0 YCTPONHCTBA B IIEMTM 0OpaTHOM CBSA3M MPEICTaBIeHA Ha puc. 6.3.

Xy Xp

Wnoxn(p) _ Woxs(p) J

Wiy(P)

»
»

Puc. 6.3. Koppekrupytoriee ycTpoiCTBO B eI 00paTHON CBSI3U

[lepenaTounas GyHKIUS pa30MKHYTOW CKOPPEKTUPOBAHHON CHUCTEMBI 3aIIUCHIBAETCS B BUJIE:
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Woxs (D) — Woxe (D) Wioxs (D) — Wi (p)
1+Woxs(p)WKy(p) 1+W0xs(p)ny(p) W(; ®°

VVCK(p) = VVHOXB(p) '

[Tepexomst K KOMIUIEKCHBIM KO3 durmentam yeunenus, monydaeMm W (jw) = Wy (jo) /W, (jw).
beps momynmu u sorapudmupyst, nonyduM: L. (w) = Ly.(w) — Ly(w), T.e. pasHocrHas JIAUX
Ly(w)npencrasimsier co00il pasHOCT HECKOPpeKTHpOoBaHHO# (ucxomnoi) JIAUX W CKOPpEKTHPOBAaHHOM
(kemaemoit) JIAUX, T e. Ly(w) = —Lo(w) , KOTOpast CTPOMUTCS, KaK W TPH MOCIIEA0BATEIBHON KOPPEKIMU
BbiuntanueM JIAUX ckoppekrupoBaHHOM cucreMbl u3 JIAUX HECKOPpPEKTHMPOBAaHHOW CHCTEMBI.
[lepenarounas GyHKIMS KOPPEKTHPYIOLIETO YCTPOUCTBA B Il 0OPATHON CBSA3U PACCUUTHIBACTCS, UCXOIS U3
opmybl, mostyyaeMoii U3 panee npuBejieHHOro cootHoutenus: Wy (p) = 1 + Wy (p) - W (p). Ilepexons k
KOMILIEKCHBIM Kod(bdumuentam ycunenus, nonydaeM Wi(jo) = 1+ W (jo) - Wiy (jw). Bepsa monynu u
norapudmMupys, HoJTy4aem Ws(G)l = |1+ Wy (jo) - Wy G )|,
201g|Wg(j@)| = 201g|1 + Woxs (@) - Wiy (f@)| = Ly(@) = 201g|1 + Woyy (j) - Wiy ()|
AHanu3 ¢GopMyabl TTOKA3bIBACT, YTO HA JWAIA30HE YaCTOT, TPU KOTOPOM |WOXB(]' ) * Wiy (j a))| > 1,
T.e. Ly(w) > 0, enqununmeii MoxxHO mpenedpeds u Ly(w) = ZOlg|WOXB(ja)) . mygw)| = Loxs (@) + Lyy(w)
T.e. Lyy(w) = Ly(w)-Loygs(w). Ha muanasone 4acToT, Npu KOTOPOM W) - mwa)| <1,te Ly(w) <
0 ckoppeKkTHpOBaHHAsi CUCTEMa BEJIET ce0sl KaK HECKOPPEKTUPOBAHHASI U KOPPEKIHS HE paboTaer.
W3 BBIIIIE TPUBEICHHBIX COOTHOMICHUH SICEH aJITOPUTM TIOCTPOCHUS, 3aKITIOUAIOIIANCS B CIIETYIOIIEM:
1) Crpourtcs ucxoanas JIAUX pa3oMKHYTOW CHCTEMBI;
2) Crpourcst xenaemast JIAUX;
3) Ompenensercs JJAUX Ly (w), Kak pasHOCTh UCXOAHOM U xkemaemoit JIAUX;
4) BeiessieTcs qUAa30H 4acToT, Ha KoTopoM Ly(w) = 0 u mist vero ctpoutcst JJAUX smeMeHTOB,
OXBaTBHIBAEMBIX 00OPATHOI CBSA3BIO;
5) Crpoutcs Ly, (w) kak pasHOCTh Ly (w) 1 Loy (w);
6) BoccranaBiuBaercs nepeaaTodHas GYHKIHS KOPPEKTUPYIOIIEr0 YCTPOHCTBA, MOAOHpaeTCs
KOPPEKTHPYIOIIEe YCTPOHCTBO U PACCUUTHIBAIOTCS €T0 TTapaMeTpHI.
AHanm3 mepeaatouyHo (YHKIHHA CKOPPEKTHPOBAHHOW CHCTEMBI IS OMUCAHHOTO BHINIE CITydast

MO3BOJIACT MOJYYNUTh pCKOMCHAAIINHU 110 BBI60py 3BCHBCB, OXBAaThIBACMBIX 06paTHOﬁ CBA3bIO.

Woxs (p) * Waoxs (p) _ Wioxs (p)
++ Wo @Wy(p)  Wiy(P)

TakuMm o0pa3om, U3 MPUBEIEHHOTO COOTHOUIEHHUS ICHO, YTO OXBAThIBaTh OOPATHOM CBS3bIO HAJO

Wek (p) =

3BCHbs, BIUAHUEC KOTOPBIX HA CUCTEMY XKEJIATCIIBHO UCKIOYNUTD, T.€. 3BEHbS HCCTAIlTMOHAPHEBIC, C

HGHHHGIZHOCTSIMH, ¢ OOIBIINMU ITOCTOSHHBIMHU BPCMCHH U T.[.
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6.2.2. HocTpoenue JIAYX ckoppeKTHPOBaHHOI cucTeMbl (kenaemoii JIAUX)

[Toctpoenue xenaemoit JIAUX ckoppeKTUpOBaAaHHON CHCTEMBI OCYLIECTBIISIETCS C YUETOM
CJICAYIOIINX COOOPaKEHHI:

- HakJOoHbl y4acTKoB JIAUX B 0o0GiacTM HU3KHX M BBICOKMX YacTOT JJISI CKOPPEKTHMPOBAHHOM
CHUCTEMBI PaBHBI HAKJIOHAM COOTBETCTBYIOIIUX Y4acTKOB JIAUX MCXOIHOM CUCTEMBI;

- IPU TOCTPOCHUM HU3KOYACTOTHOTO ydacTka xemaemoil JIAUX cnemyer ydecTh koddduimeHT
YCUJICHUSI PA30MKHYTOW CHUCTEMBI, KOTOPBIH OIpEenseT OMMOKY CUCTEMBbl B YCTAHOBUBIIEMCS pEXHMeE, a
€ro HAaKJOH OIpPEIeNsieTCS CTENEHbI0 acTaTH3Ma CHUCTEMBbl V (V - pa3sHOCTh YHCIAa WHTETPUPYIOLIUX H
nuddepeHuupyOIUX 3BeHbEB). BennunHa yacToTsl cpe3a BeIOUpaeTcs ¢ yd€TOM COOTHOIIECHUS

- ther < knt/®d¢, Tie K=f(6). 3auacryro K npunumaercs pasusiv 4.

- Ha YacTOTe cpe3a o HakJIoH emaemor JIAUX HeoOXommMmo 3amaBaTh paBHBIM -2010/1eK.
[IpoTsEHHOCTH CPEAHEUACTOTHOTO yJacTKa CJIEBa M CIpaBa OT YacTOTHI cpe3a JoJDKHa ObITh paBHa 0.4 -
0.8 mekanmpl, 4TO MO3BOJUT OOECHEYUTH JOCTATOYHBIA 3amac yCTOWYUBOCTH MmO (a3ze u Tpedyemoe
KaueCTBO IIEPEXOJHOI0 IpoIiecca.

XKenaemas JIAUX cKOppeKTUPOBAHHOW CHUCTEMBI JOJKHA B BO3MOXKHO OOJIBLIEM JUAala3oHe YacTOT
copnazate ¢ JIAUX wucXogHON CHUCTEMBbI, 4YTOOBI HE YCIOXKHSJIACH pealu3alnus KOPPEKTUPYIOIIETO
ycrpoiictBa. Ecnu B kauectBe >xemaemolt JIAUX CKOppeKTHPOBAaHHOM CHCTEMBI MOXKET ObITh BbIOpaHa

tunoBas JIAUX, coOOTBETCTBYIOIIAsl CUCTEME, UMEIOIIEH TIepeaaTouHyI0 (PYHKIIMIO BHJIA:

k-(1+T,p)?
p-(L+Tp)* - L+ T3p)?

rae K>1; Ti>T>T3;0=1-2; =1 -2, To nns e€ 6oyee TOUHOTO OCTPOSHUSI MOKHO MCTIOIb30BaTh

Wp.ck ( p) =

HOMOI'paMMBbI CBSA3H I1apaMETPOB JJAUX paSOMKHYTOﬁ CUCTCMBI C IIOKA3aTCIIsIMHU KadeCTBa IIpoLECCa
YIpaBJICHHUA B 3aMKHYTOI71 cucteme. B stom CIydyac 1O 3aJaHHBIM BCIWMYUHAM 6BICTpOI[CI>iCTBH$I tpen

TIepeperyIupoBaHus 6 HaXOAIT M1/M: W M3/ .
TL [a6]

206 nek.

B
n

Puc.6.4. Tunosas JIAUX ckoppeKTUpOBaHHON CUCTEMBI
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I[Tpu noctpoennu xenaemoit JIAYX M0OKHO MCHONB30BATH U APYTHE HOMOTPAMMBI U TpaduKu, KOTOpbIE
JAI0T CBSI3b MEXKIY MapaMeTpaMH YacTOTHBIX XapaKTePUCTHK W IMoKazaressiMu kadectBa. 1o Buay Lck(m)
BOCCTAHABJIMBACTCS TepeaaTovHas (PyHKIMS CKOPPEKTHUPOBAHHON Pa3OMKHYTOW CHUCTeMbl M cTpouTcs JIOUX
Qcx(®). TTo morapudmuueckum xapaktepucTkaM Lcok(®) u @ () ompemenstor 3amachl YCTOMYMBOCTH H
OmMOKY B YCTaHOBHUBIIEMCS pexume. lIpsiMble mMoka3aTenn KadecTBa CHCTEMBI MOXKHO OIPEICIHUTH 10

MIEPEXO0THOM XapaKTEPUCTUKE, ITOCTPOCHHOM C MTOMOIIBIO0 MOJICIIMPOBAHNS 3aMKHYTON cUCTeMbl Ha DBM.

6.2.3. [IpuMepbI NOCTPOEHHUSI KOPPEKTHPYIOIIUX YCTPOHCTB

1) T'padrueckue MOCTPOSHHUS MPH MOCICIOBATEILHOW KOPPEKIMH MIPE/ICTABIICHBI Ha prC.6.5.

Lucy {ga)

Puc. 6.5. [Ipumep nocTpoeHust NOCIEA0BATEIBHOIO KOPPEKTUPYIOLIET0 YCTPOUCTBA

Hanee mo Buny HaiaenHoit JIAUX koppektupyromiero ycrpoiictBa (puc.6.5) ompenensercs
CTPYKTYpa U IIapaMeTpbl 3B€HA, BKIIOYEHHOTO B MIPSIMYIO LIEIb YIIPABICHUS.

2) Tlpm mnapajuleibHOH KOPPeKHHMH KOPPEKTHUPYIOIIEe YCTPOWCTBO BKIIIOYACTCS ITapajuIebHO

KakoMy-HHOYb yerpoiicTsy nexonnoit CAY. Wiy, (p) =Wy (p) - [W (p) —1].

COOTHOIICHUS IS JIOTapU(PMHUECKUX YaCTOTHBIX XapPaKTEPUCTHK CKOPPEKTHPOBAHHON Pa30OMKHYTOM
CHCTEMbl TPUBEICHBI BbImie. M3 HuUX ciueayeT mopsaok omnpenenenus JIAUX — mapamienbHOTO
KOPPEKTHPYIOIIEro YCTPOHCTBA, 3aKIIOYAIONIMNCS B TOCTpoeHUH Lo(®) mo ananoruu ¢ moctpoerueM Ly ()
Py TIOCIIEI0BATEILHON KOPPEKIIMKM, BOCCTaHOBACHHMH TepemarouHor ¢yuakuun Wo(p) mo Lo(w) wu
onpeneneHHN Wiy ().

3) [Ipu koppexkumu ¢ nomompbl odOpatHoil cBs3u (OC) KoppekTupymoliee YCTPOKWCTBO

OXBaTBIBACT OJIHO WJIM HECKOJBbKO YCTpoicTB mcxomHoii CAY. OObIYHO OOpaTHOHN CBSI3bIO OXBATHIBAIOTCS
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YCTpOﬁCTBa CHUCTCMBI, KOTOPLIC OGJI@.,[[&IOT HAMOOJIBUIMMH ITOCTOSHHBIMU BPEMCHHU W HMCIOT HCAOCTATOYHO

CTaOWJIbHBIC, HETMHEHHBIE XapAKTePUCTUKH.

B srom ciydae Taioke ucmosb3dyercs rpaduueckuii Meron Ha ocHoBe moctpoeHus JIAUX. 3amaua
CHHTE3a 3BEHa OOpAaTHOM CBSA3M pELIaeTCs HECKOJIBKO CIIOXKHEE, 4YeM B Cilydae I10CJIel0BaTeIbHOIO
KOPPEKTHPYIOIEro YyCTpoiicTBa. B COOTBETCTBUM C IpPUBEICHHBIMH BBIIIE COOTHOLIEHHSMH IPOBEICHBI
HOCTPOEHUsI, TpUBeeHHbIe puc.6.6, n momydena JIAUX KOppEeKTHPYIOIIErO YCTPOWCTBA B LIEMHM OOpaTHOM

CBsA3H.

LQ((:O)

Lum(((ﬂ')‘l— CK(®)

Puc.6.6. [ Iprumep moctpoeHust KOPPEKTUPYIOIIETO YCTPOKCTBA B IIETTH OOPATHOM CBSI3U
4) TlocTpoeHHEe KOPPEKTHPYIOUIHX YCTPOCTB CJIeAsieil CHCTeMBbI
Onucanue cneoauwieil cucmemol
Crnepsiiast cucreMa npegHa3HavyeHa il BOCIIPOU3BEACHHUS € 3a/1aHHON TOUHOCTHIO UCIIOJIHUTEIbHBIM
YCTPOMCTBOM BXOJHOT'O YIPABJISIIOLIETO BO3AECUCTBUS, U3MEHSIOLIETOCS 10 IPOU3BOJIBHOMY 3aKOHY.

OyHKIMOHANBHAS U MPUHIMIMATIBHAS CXEMbI CIesIIeld CUCTeMBbl MpelCcTaBieHbl Ha puc.6.7 u 6.8

COOTBETCTBEHHO.
Hcrounuk sHepruu
6.9 Uen Uy (1)
\ 4 A\ 4 \ 4
3amaroniee YeunnurensHo- HUcnonaurensHOE VYnpasisieMblit
o > ATYUK npeoOpa3oBaTeabHOE o
YCTPOMCTBO A JCTPOFiCTEO YCTPONCTBO O00BEKT
IIpuemHux

Puc. 6.7. ®yHknuoHampHas cxema CIeIsIIei CUCTEMBI.
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BxoHbIM yHpaBIIsSItOIIUM BO3JAEHCTBUEM B CUCTEME SIBJIIETCSI YTOJI IOBOPOTA 3aJAI0IIET0 Bajia @1 (t )
CBSI3aHHOTO C 3aJIaloluM yCTporcTBOM /I3. BhIXOHON BEMTWYMHON - YrOJ HOBOPOTA UCIOJHUTEIIBHOTO Bajia
@2 (t ), CBSI3aHHOTO C YIIPaBJIsIEMbIM 00 BEKTOM.

KpOMe YIpaBJIAOLICTO BOS,Z[GI;'ICTBPIﬂ, KOTOpOE ciacadamas CHCTEMa OOJDKHa BOCIIPOM3BOIUTE C

3alaHHOM TOYHOCTBbIO, Ha CHUCTEMY JEWCTBYET BO3MYUIAIOIIME BO3JACHCTBUS, HAlPUMEpP, MOMEHT

COLPOTHBIICHHSI Ha BaJly UCIONHATEIBHOTO yerpoiictea M, (t)m np.

EI:-[K

)

M1
Puc. 6.8. [lpuHiunmansHas cxema CIesieil CUCTEMbI

Dnemenmul cneoauwieil cucmemol
W3mepurenbHOEe ycTpoiicTBO B cucteme (puc.6.9) cocrout m3 cenmbcuna-gatynka CJI u cenmbcuHa-
npuemHuka CII, paboraronux B TpaHChOpMaTOPHOM pexume. PoTop cenbCcHHA-IaTYMKa MEXaHUYECKU

R

COEIMHEH Yepe3 TOHMKAIMIUK pexykTop P2 ¢ BalOM 3aal0IIero ycTpoicTBa —- , KOTOPBIH MOBOPAYMBAET
3

ero Ha yron ;. PoTop cenbcHHA-TIPHEMHHUKA COCAMHEH Yepe3 PeayKTop P ¢ BAOM HCIONHHUTENBHOIO

asurarens ]I KoTopslii IOBOpa4YUBAET €ro Ha YroJl @2 :
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OnHo(azHast 0OMOTKa CeNbCUHA-IaTUMKA MMOJKIF0YCHA K HICTOYHUKY NIEPEMEHHOT0 ToKa (puc.6.9).

Tok, mporekaromuii B ogHo(a3HOW O0OMOTKE JaT4HMKa, CO3JacT MyJbCHUPYIOIIEE MAarHUTHOE TOJIE,
KOTOPOE HABOJHUT B TPEX(a3HOH 0OMOTKE d/ICKTPOIBIKYIIME CUIBL € €, €3, COBMaJatolue no hase 1
OTIIMYAIOIIKECS M0 BelnynHe. BenuunHa 3Tux 3.7.C. onpeaensercs NoJ0KeHueM 0OMOTKH COOTBETCTBYIOLIEH
¢da3bl OTHOCHTENBHO OAHO(pA3HOH 0OMOTKHU aarynka. Tak kak TpexdasHble 0OMOTKH AATYUKA U MPHEMHHKA
COG/IMHEHBI MEXTy CO0O¥ IMHHEH CBSI3H, TO 110 000MM 0OMOTKAM M JIMHHUM CBSA3U TEKYT TOKHU (I, I, I3).
OTH TOKH, MPOXOJs MO OOMOTKE CHHXPOHH3ALUU MPUEMHHKA, CO3JAl0T MYJIbCHUPYIOIEe MarHUTHOE TOJIe,
KOTOpOE HaBOAUT B 0JHO(pA3HOM 0OMOTKE MPUEMHMKA 3.1. C.- BBIXOJHOE HanpsukeHnue npueMunka U cn - A

TOTO, YTOOEI B COIIACOBAHHOM IIOJIOKCHUH 3a4ar0Cro U UCIOJHUTCIIBHOI'O BAaJIOB HAIIPAKCHUC HA BBIXOAC

CCJIbCUHA-TIPUCMHHUKA PABHAJIOCH HYJIIO, POTOP CCIbCUHA-IIPUCMHUKA B HAYAJIbHOM IIOJIOKCHUU CABUTAKOT HA

90° OTHOCHUTENIBHO poTOpa CClIbCHUHA-JAaTYHKa.

Puc. 6.9. [IpuHiunuanbHas cxema CelIbCUHHOM Maphbl
Hanpsiokenne cenbcrHa-IpueMHHUKA ONPEIETAETCS

U, =U,sn0snwo,t=U,,snwo,t, e
Uy, =U,,sn 0
= aMIINIMTYJHOC 3HAUYCHUEC BBIXOJHOI'O HANPSAXKCHUA, MOAYJIUPOBAHHOC 110 CUHYCOUAAJIIBHOMY 3aKOHY

B 3aBUCUMOCTH OT yTIJIa pacCOrjiaCoBaHUs 9 = 61 - 62 ;

O)H — HECyllad 4aCToTa (‘-IaCTOTa HCTOYHHUKA ITUTAaHUA CCJ'IBCI/IHa-I[aT‘-II/IKa).

[Ipn n3MeHeHHUH HampaBiEHHS BpAIICHHUs POTOpa CEIbCHUHA-AaTYMKa (a3a BBIXOJHOTO HAMpPsHKEHUS

cebCUHA-TIPUEMHNKA u3Mensercs Ha 180°.
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YcunutensHo-ipeoOpazoBaTenbHoe ycTpoiicTBo YIIY coctouT m3 aemonynstopa M, Mmomynsitopa
M ¥ OTYIPOBOAHUKOBOTO (PA304yBCTBUTENLHOTO yeumuTesst Momaoctd YM ([>).

Jlemoodynamop — >IEKTPOHHBIN y3€ YCTPOUCTB, OTACISIONIMKA MOJIE3HbINH (MOAYIUPYIOIINA) CUTHAIT
OT HECYIIECH COCTaBIIAIOLICH.

Mooynsimop— yCTpOICTBO, H3MEHSIOUIEEC IapaMeTpbl HECYLIero CHTHaJla B COOTBETCTBUHU C
U3MEHEHHUSAMH TepeaBaeMoro (MHGOPMAIMOHHOTO) CHTHalla. DTOT MIPOIECC HAa3bIBAIOT MOAYIIALMEH, a
HepeJaBaeMblii CUTHAII MOy IUPYIOLLUM.

@Da3zouyecmeumenvhple ycuiumenu C TOTYNPOBOAHUKOBBIMU TPUOAAMH COYETAKOT CBOMCTBA
($ha304yBCTBUTEIBHBIX BBHITPSIMUTENEH C YCHIEHHEM MOIIHOCTH.

K BBIXOAY YCHIHMTEIHHO-TIPEOOPA3OBTENHLHOIO YCTPOWCTBA MOIKIIOYACTCS OOMOTKA YIPABICHUS

HCIIOJIHUTCIIBHOTO ABUIaTCid INICPEMCHHOIO TOKa C HCE3aBUCUMBIM B036Y)KIIGHI/IGM HI[ CKOpOCTI),

pasBuBacMasd HCIIOJIHUTCIIBHBIM JIBUTATCIICM, Q()G 3aBUCUT OT BCIMYWHBI HAIIPAKCHHA YIIPABJICHUA UGble

MOMCHTa COIIPOTHUBJICHUA HArpy3Ku MC’ NPUBCACHHOI0O K Baly JABUTATCJIA. C wu3MeHEeHHEM (1)3.3171
HAITPSKCHUA, HAIIPABJICHUC BPAIICHUA ABUTATCIIA U3MCHACTCS Ha MMPOTHUBOIIOJIOKHOC.

JlBuratens WMJI depe3 NOHMXKAIOIMIKA peaIykTop P ¢ TepemaTodyHbIM  dYdCIOM [ pCBA3AH  C

WCTIOJTHUTENIbHBIM ~ BaJIOM  (Harpy3kod) W  pOTOpOM  celbcuHa-TipueMHuKa. CKOpOCTh  BpalleHus
Q()e

p

HCIIOJIHUTCIJIBHOTO BaJla OIMPEACIIACTCA KaK Qz =

Paboma cneoaweit cucmemui

[Tpy M3MeHEeHUN YTIOBOTO IMOJIOKEHUS 33Jal0IIEro Bajla OT COTJIACOBAHHOTO IOJIOKEHUS (91 Z 92)
na pennmuuny O nossurcsa nanpsixenne U cn OTIPENIETIEHHOM (a3bl, P KOTOPOH Ha 0OMOTKY yrpasienus OY

moaacTCs HaAIPSKCHUC U BbIX

TaKHUM o6pa30M, YTO HCHOJHHUTEIIBHBIM Bajl Ha4dyHET BpalmlaTbCad B CTOPOHY
YMCHBIICHUS PAaCCOTTIaCOBAHUA 6 .B YCTAHOBUBIICMCA PCKHUME YIOJI paCCOTIaCOBaAHUA JOJIKCH OBITH paBCH
HYJIIO, €CJIN IIPUHATH, UTO BCC DJICMCHTEI CUCTEMBI HE O6J'IaJIaIOT 30HOM HCYYBCTBHUTCIBHOCTH.

B neiictBuTENBHOCTH YCTAaHOBUBIICCCA COCTOSIHUC HACTYIACT IMPU HCKOTOPOM OCTATOYHOM VYIJIC

paccoriacoBaHus, SABIAIOIIUMCA cmamu4eckou ouwubKol CUCTEMBI e BCJIIMYHUHA KOTOpOfI OIpECACIIACTCA

cm>
MMOrpeIIHOCTHIO CEILCUHHON CXEMEI HU3MCPCHHA, 3HAUCHUCM HAIIPSOKCHUA TpPOTraHUA JABUTATCIIA, 4 TAKKC
HCYYBCTBUTCIIbHOCTBIO APYTUX 3JICMCHTOB CUCTCMBI.

YcTaHOBUBIIEGECS 3HAYEHHWE YIJIa pPACCOTVIACOBAHUS TIPU PABHOMEPHOH CKOPOCTH BpAaIlCHHS

3a1atolICro Bajia nNpcACTaBIIACT coboit Kunemu4eckyro 0WU6Ky CUCTCMBI eKuH.
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HpI/I BpalICHUU 3aarolIero Bajia € MMOCTOSTHHOM CKOPOCTBIO HWCIOJHUTEIbHBIN Bal B YCTAHOBUBIICMCHA

peXuMe BpalaeTcsi ¢ TOM ke CKOpPOCThio. Tak Kak BpallleHUE MCIOJHUTEIHHOTO Baja 00€CleunBaeTCs Npu
onpezneneHHoM Hanpsokeaun U gupx » KOTOPOE MPOTIOPLMOHATIEHO YIJTy PACCOTIIACOBAHMS, CIIEOBATENBHO, YEM
00JbIIIe CKOPOCTh BpAIICHUS 3aalOIIEro Bajla, TeM OOJbIIE JTOKEH OBITh YroJd paccoriacoBaHUs, T.€. TEM
OombIie OyneT KHHeTHYeCKast OImnoKa GKW.

Cmamuueckue xapakmepucmuku u nepeoamoyunvie QYHKYUU CUCHEMDbL U ee ITNeMEHM 08

CraridecKkas XapaKTepHCTHKa n3MepurensHoro ycrpoiicrsa U, = f(0) npencraenena na puc.

6.10. Koodpuument ycuneHns U3MEPUTETHLHOIO yCTPOKCTBA Kg ONPENENSIETCS Ha HAYAILHOM YYacTKe IIpU

maneix yriax paccornacosanus (0 <10°), rne Uy =« - 0.

—-180°

Puc. 6.10. Cratnueckas XapakTepUCTHKA U3MEPUTEILHOIO YCTPOUCTBA

[lepenaTounas GyHKIUS U3MEPUTETHLHOTO YCTPOMCTBA

Ucn
Wu3M(p) = W()p) = Kusm

[TepenaTounyro (YHKIMIO YCHIUTEIHHO-TIPeOOpazoBaTebHOrO ycrpoiictBa YIIY ¢ 10CTaTo4YHBIM

HpI/I6J'H/I)KeHI/IeM MOXHO IPEACTaBUTh B BUIC

Ueblx( K c
Wy (p) = p) _ r
Un(p) 1+ pT),

rae K- kodpuuuent ycunenus YIIVY;
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T 27

yc - TIOCTOSHHAs BPEMEHH YCHIIUTEIbHOTO YCTPOHCTBA paBHa T ye =
H

rae f, - Hecymlas qacToTa.

Hepez[aTquaﬂ (byHKI_II/Iﬂ HCIIOJIHUTCIIBHOTO ABUIATCIIA 110 YIPaBJIAOIIEMY BOBI[GI\/'ICTBI/IIO C YUYCTOM,

qTo BBIXOI[HOﬁ BEJIMYMHOM SABJIIETCS yroi 906 HUMECT BUJ
b

0 K
Wagy (p) — 06 (p) — 08 ’
Uebzx(p) p(1+pTag)

U niepesaToyHasi pyHKIMsI IBUraTels 10 BO3MYIIAIOIIEMY BO31EHCTBUIO

_ eée(p) _ K,
W()”(p)_Mc(p)_ p(1+ pTy,)’

I'ne 1), — snekTpomexaHudecKas MOCTOSHHAS BPEMCHH;

K g — KOO(QOUIHMEHT yCUIIEHHUS II0 CKOPOCTH;

KM - K03(1)(1)I/II_II/I€HT MPpOINMOPHUOHAIIBHOCTH MEXKAY MOMECHTOM U CKOPOCTBIO BPAILCHUA ABUTATCIIA.

[lepenarounas pyHKIUS peayKTOpa

Wped(p): %2(p) = 1 =K

ede (p) lped

peo -

Ha ocHOBaHMM TOJNy4EeHHBIX MEpPENaTOYHBIX (YHKIHUH COCTaBIE€HA CTPYKTYypHAs CXeMa CiesIei
cucremsl (puc.6.11).

@1 ® Qns

K - Kyc Kc)eQ KOGQ 1 i
© | Tep+l ToaP+1 |

v

A\ 4
|
A\ 4

Puc.6.11. CtpykrypHas cxema ciensiieid CuCTeMBI

CormacHo CprKTypHOﬁ CXEMEC IIcpeaaToyHasn (I)yHKI_[I/ISI pa30MKHyTOI‘;I CUCTCMBI OTIPCACIIACTCA KaK

w ( ): 62(p) _ Ko
: O(p) p(+pTos)1+pT,.)
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rac K _I[06 OTHOCTH Cﬂeﬂﬂmeﬁ CHUCTEMBI 10 CKOpPOCTH omnpeaciasaeMmast KaK OTHOLLICHUC
QO 5

YCTAaHOBUBIICTOCA 3HAYCHUA CKOPOCTHU BpallICHUA UCIIOJIHUTCIIBHOTO BaJla K YIUIY paCCorjiaCoBaHud 9 ., T.C.

Q
Ko = ?2 = Ku3MKch06 ll [C_l]
p

Koppekuusa cneoawieit cucmemul

PaccMoTpuM  MOCTpOEHHE KOPPEKTHPYIOIIUX YCTPONCTB CIEIANICH CHUCTEMBI, TPH  CICAYIOIIHNX
napamerpax: Ko = 100c¢™"; kg = 608/c; i, = 120 ; Ty, = 0,05¢ ; T,;; = 0,5c.

Cdopmupyem TpeGoBanus K cucreme: Oy, < 0,01; 0 < 30%,; t, < 1,25¢;y = 409,

[Toctpoum norapudmuueckne XapakTepUCTUKH U TPOBEPUM CHCTEMY Ha YCTOWYMBOCTD U Ka4eCTBO.

L) N3 nocTpoeHHBIX XapakTEPUCTHK CIEAYET,

\ YTO  3aMKHyTas  CHCTeMa  HEyCTOMYMBa,

MOCKOJIbKY TIO0 JIOTapU(PMUUYECKOMU KPUTEPHUIO

YCTOIZQHBOCTH «anre6pa1/1qec1<a;1 CymMMa 4Yucia

IEPEeX0JI0B (hazoBoii 9aCTOTHOU

40 | T o .
XapaKTEpUCTUKON IMPAMOM —7 Ha JUana3oHe

gactot, s kKotoporo L(w)>0 paBuo -1», T.c.
N l
20 HApYIIEHO  YCJIOBME  YCTOMUMBOCTH = = 0

(uncmy  TpaBBIX  TOJIOCOB  TEPEIATOYHOM

(YHKIIUU pa30MKHYTON CUCTEMBI).

l Taxkum 06pa30M, CUCTEMa HYXIAaCTCA B

S

o(w)
s S W KOPPEKIIHH.

-60 [Toctpoum s ciensiiiel  CUCTEMBI
MOCJIEOBATENIHLHOE, napajuieIbHOe

KOppeKTUpymoliee YCTPOHCTBO u

KOpPEKTUPYIOIIEe  YCTPOMCTBO B LIENH
00paTHO# CBsI3H.
Ilocneoosamenvnas Koppekyus

Jlia noctpoenus xkenaeMoit JIAUX paccuntaem 4acToTy cpe3a CKOPPEKTUPOBAHHON CUCTEMBI 110

an
(opmyne: we, = t—ZlO. [IpoBeneM acCHMITOTY Ha CPETHUX YacTOTaxX HakJIoHOM -20 10/1ex yepe3 4acToTy
14

cpe3a, OTKJIaabIBast ciaeBa u cipasa 1o 0,5 nexaapl. CoeIMHUM OTPE30K ¢ YH4aCTKOM HU3KHX YaCTOT MCXOIHOU

JIAUX u, Takum o0pazom, moctpouM xemnaemyro JIAUX. Berunras ucxoanyio JJAUX u3 xenaemoi,

194



noaydaeM JIAUX mnocienoBareibHOT0 KoppekTupyomiero ycrpoiicta (Lxy(®)). Ctpoum JIOUX ¢ yaerom
HaKJIOHOB JIOTapU(PMUYECKON aMIUTUTYTHON YacTOTHOM XapakTtepuctuku. [1o JIOUX onpenensem
YCTOMYMBOCTB 3aMKHYTO CHCTeMBI i 3anac 1o (ase (y>40°). TOYHOCTh CHCTEMBI ONPEelIsieM 0

1

KOX(PUIIMEHTY yCUICHUS pa3oMKHYTOU cuctembl Ko = 100¢™" ¥ Mo HaKIOHY HU3KOYACTOTHON aCUMITTOTHI

(-20 16/mex o3HaYaeT HAIMYKME HHTEPUPYIOIIEro 38eHa u O, < 0,01).
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[To JITAYX KOppeKTUPYIOMIETO YCTPOHUCTBA Ly (@) 3aMUCHIBEM TIEPENATOTHYIO (DYHKIIHIO:

= _ _ (+05p)?
L(w) Wo(p) = Wy (p) = (1+5p)(1+0.05p)"
A
\ [lepenaTounas byHKIUSA

CKOPPEKTUPOBAHHOHN CHUCTEMBI Oy/IeT HMETh

100(1+0,5p)
p(1+5p)(1+0,05p)?’

sun: Weg(p) =
40 7] Hapannenvnasn Koppexyus
TapanensHOE KOPPEKTHPYIOIIEe
YCTPOHCTBO ONpe/IeNseTcs Mo HailieHHOI
2071 IIPH [OCIIE0BATEIBHON KOPPEKIIUH

Pa3HOCTHOH MepenaTOYHON QYHKIUU

0 Wy(p) B COOTBETCTBUH C MPUBEICHHBIM
paHee BBIpaKEHHEM:
Wiy (P) =W, (p) - [Wo (p) —1]
Ecnu napaiensHoe KOppeKTHpYIOIee
YCTPOMCTBO  MOJACOCAMHUTH K  LENHU
o) 4 MIOCJIEIOBATEIHHTO TOKa MEXTY
/2 nemoxaynaropoM (M) u  mMoxmynsTopoM
I M), o W;(p) =1m
—
Wy (p) = _ﬁiﬁ).%p) :
397 ]

Koppekuyusn 6 yenu oopamnoi céasu
J1is ipoBesieHus] KOPPEKIIUU B IIEMH 00paTHOM CBSI3M HEOOXOIMMO OMPEICTUTh 3BEHbsI, 0XBATHIBAEMbIC
00paTHOH CBsI3b10, B KAUECTBE KOTOPHIX PEKOMEHIOBAHO BHIOMPATh 3BEHBS, BIUSHUE KOTOPHIX HA TIOBEICHUE

CHCTEMBI JKEJIaTeIbHO HCKIIOUYMTHE. B KadecTBe TaKMX 3BEHHEB BI)I6epeM YCUIIUTEIIb WU ABUIaTCiib, T.C.

o Kq'i 100120
Woxs(p) = Wyc(@Wyp(p). Haiinem Ky, = erﬂ =—— = 200. Takum oOpasom, nepenarouHas
7]
(YHKIMS 2IEMEHTOB, OXBAaTHIBAEMBIX OOPATHOM CBSA3BI0, HMeET BUA: Woxs(p) = 290
YHKR ’ P ' A= Woxs (P (1+pTge) (A+pTyc)’

CrieryeT OTMETHUTS, YTO JIJIsl IOCTPOEHUS. KOPPEKTHPYIOLIETO YCTPOMCTBA B LIENU OOPATHOM CBS3H MOXKHO
BOCITOJIL30BaThCs XapakTepucTHkoi Ly(w) = —Lg(w), oTpa3uB ee oT 4acTOTHOU OcH. Loxg(w) cTpouTcs Ha

10 BBIIIE UCXOTHOM; TPOUTCS HA MaIa3o0He YacToT, AJIsl KOTOpOr > 0.
6 16 € ucxoaHo; Lyy(w) cTpouTCsa Ha Mana3oHe 4acToT, ortoporo Ly(w) = 0
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L(w)

40 |

20

o(w) 1

0,1

[EEG NI N <

/2 4

-1t

30w 7

da3oBasi 4aCTOTHAs XapaKTEPUCTHKA
HE  MEHseTCs 10  CPaBHEHHIO  C
HpEeAbIAYIIUMHU IOCTPOECHUSAMH, OCKOJIBKY
olpeeNaeTcs CKOPPEKTHPOBAHHOMN
JIAUX.

3anuiieM BbIpaXEHUE NEpeNaTOYHON

(YHKIMN KOPPEKTUPYIOLIETO YCTPOHCTBA:

K .
Wiy (p) = —ocb,

140,5p
Koc = 0,025
Koppektupytomiee YCTPOHCTBO
peasmsyercs ©Ha RC — memouke wu
IpeICTaBIsIeT coboit peanpHOE
muddepeHupyoiee 3BEHO,

IIOJICOEIMHAEMOE Yepe3 TaxOreHepaTrop B
LHenb IIOCTOSSHHOTO TOKa K  BBIXOAY
nemoaynsitopa (puc.6.8).

Ha puc.6.12 IIPEACTABIICHA

CTPYKTYpHasaA cCXE€Ma CKOppeKTHpOBaHHOﬁ

CHCTEMBI.
Qs
KyeKosg | Koo J1] 1 >
Kd@Q
Td@Q P+ 1

Puc.6.12. CtpykTypHas cxemMa CKOPPEKTUPOBAHHOMN CHCTEMBI
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6.3. MoaaabHoe ynpasjenue CAY

MopalibHOE yIIpaBJICHHE - YIIPABJICHHE, IPH KOTOPOM JOCTHTACTCS TPEOYEeMbIH XapaKTep MePeX0HBIX
IIponeCcCoOB 3a CUYECT o0ecrieyeHus HeO6XO,Z[I/IMOFO PaCIIOIOKCHUA KOpHefI XApaKTCPUCTUICCKOI'O IMOJIMHOMA Ha
KOMIUIEKCHOU TutockocTH. [Ipu aTOM 3amada CBOIUTCS K OMpeeNeHHI0 KOI((UIIMEHTOB COOTBETCTBYIOIINX
00paTHBIX CBSI3€H MO COCTOSIHHIO 00beKTa. ECIM mpu 3TOM HCHONB3YIOTCS BCE MEPEMEHHBIE COCTOSHUSA, TO
HOJ'Iy‘ICHHI:Iﬁ PEryJIATOp HA3BIBAIOT PETYIATOPOM COCTOSAHHS ITOJTHOI'O ITOpAOKA. C ero IIOMOIIIBKO MOXHO
00€eCIIeUnTh TI000€ KETaEMOE pacrpeaciiCHnue KOpHeﬁ XapaKTEPUCTUIYCCKOI'0 IMOJIMHOMA SaMKHYTOfI CUCTEMBI
Ha KOMIUIEKCHOM IIJIOCKOCTH M TEM CaMbIM I[O6I/ITBCSI JKCJIIACMOT'0 Ka4YCCTBA MECPCXOAHBIX IMTPOLECCOB.

PaccmoTrpuM 3aauy cCMHTE3a TMHEHHOTO 3aKOHA YIIPABJICHUS ULl IIOJHOCTBIO YIIPABIISIEMOM CUCTEMBI,

BaﬂaHHOﬁ OIMHUCAHUEM B IIPOCTPAHCTBC COCTOSIHUM:
X(t) = AX(t) + Bu(t), (6.1)

Y(1) = CX(¢). (6.2)

rae X(¢) € R"— Bexrop coctosnus; U(t) € R,— BxoaHOi u BbIxoaHOM curHansl, A — (N X N)-mMarpuna
k03¢ ¢punmentos, b — (n x 1) — marpuna Bxoxos, C — (p X N)-mMarpuna BbexonoB. [1ycTh 00BEKT sBISETCS
TIOJIHOCTBIO HAOJIOJAEMBIM U YIIPABJISEMBIM.

[MonHast ympaBiIIEMOCTh O3HA4YaeT CYyNIECTBOBAHWE OrPAHWYEHHOTO BXOJHOTO CHrHama U,
HIEPEBOJIAIIETO OOBEKT 32 KOHEYHBIH MHTEPBAl BPEMEHH M3 JIFOOOTO HAYaJIbHOIO COCTOSHHS Xg B JIOOOE
Hanepén 3aJaHHoe COoCTOsHuE X . Ecau Obl 00BEKT He ObLI IOJHOCTHIO YHPABISEMBIM, TO HENb3s
paccuMThIBaTh Ha TO, YTO 3aMKHYTOM CHCTEME, COAEpPXKaIlell 5TOT OOBEKT, MOKHO MpHIATh JHOOBIE
JMHAMUYECKHE CBOUCTBA, T.€. KeJTaeMO€e PACIIONOKEHHE KOPHEH.

VCI10BHEM TTOJTHOM YIPABISEMOCTH 00BEKTA SIBISETCS PABEHCTBO PAHIa €r0 MaTPHIIBI YIIPABIAEMOCTH
Qy mopsizKy N oGbekTa. MarpHIia yrpasisieMoCTH

BBIpaXKaeTCsl uepe3 napaMeTpbl 00bEeKTa :
Q, =|B:AB:A’B:A™B| (6.3)

Paccmotpum citydaif, Korjja Bce COCTaBIISIOIINE BEKTOPA COCTOSHUSL OOBEKTa YIPABIIEHUS JOCTYITHbI
HEMOCPEACTBEHHOMY M3MEpEHHI0. 3a7aya CBOJUTCS K OINpPENeIeHUI0 KOA(PPHUIMEHTOB 0OpaTHBIX CBSA3EH IO
COCTOSIHUIO OOBEKTA.

Ho mpexzae BO3HHMKAaeT BOMPOC O PACMOJOKEHUH KOPHEHM, K KOTOPOMY HYKHO CTPEMHUTBHCS. DTOT
BOIPOC PEUIatoT C Y4ETOM CBOMCTB KOHKPETHOI'O 00BEKTA, T. K. BUJ MEPEXOAHOIO MpoLiecca ONpeeseTcs He

TOJILKO MOJIFOCaMU (KOPHSMH), HO M HYJISIMU 3aMKHYTOW cuctembl. Eciiu nepenarounas pyHKIUS 3aMKHYTOH
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CUCTEMBI HE MMEET HYJICH, TO MPU BBIOOpE €€ XapaKTEPUCTUYECKOTO MOJIMHOMA MOKHO PYKOBOJICTBOBATHCS
CTaHIapTHBIMU (GopMamMu. Bo Bpemsi CHHTE3a CHCTEM MOJAIBHOTO YIPABICHHS HCIOJB3YIOT CTaHAapTHBIC
GopMBI  XapaKTEPUCTHYECKUX TOJIMHOMOB (duibrp barrepBopra, NOJIMHOM ¢  OMHOMHAIBLHBIMHU
KO3 PUIIMEHTAMU U TOJUHOMBI, KOTOPBhIE OOECICUNBAIOT MHUHHMHU3ALUIO HEKOTOPOTO ONTUMH3UPYIOIIETO
(GyHKIIMOHAIAa) U MHOTHUE JIpyTHE.

MeTton cTaHmapTHBIX KOI(DPHUIMEHTOB 3aKI0YaeTcs B 00ECIEYCHHH OIMHAKOBOCTH BCEX KOpHEH

XapaKTePUCTUYECKOTO ypaBHEHUS, TO €CTh JJsi OOECIEeUeHUs] «ONTUMAJIbHON» pEeakuuu KOPHU

XapaKTEPUCTHUICCKOI'0 YpaBHCHHA JOJIPKHBI OBITE PaBHBIMU @, .

Torna neBas yacTb XapaKTEpUCTHUYECKOro ypaBHEHMs oOpamaercs B OuHoM HbroToHa (S+a)O )",

pa3BopaunBasi ~ KOTOpBIM,  MOJy4aeM  CTaHJapTHble  (Kenaemble)  3HaueHUs  KoddduumeHToB
XapaKTepUCTHUUECKOTr0 ypaBHEHUS AUCKPETHOM MepeIaTouHOn QyHKIUH.
Takum o00pa3oMm, TMOMyYUM CTaHAAPTHBIE JAUCKPETHbIE OWHOMHUANBHBIE (DOPMBI, KOTOpBIE

ykasbiBatoTcs B Tabmune 1.

5+ wy
s% 4+ 2wys + w?
s+ 3wys? + 3wy s + w,?
s+ 4wys® + 6wylst + dwyls + wy?
S+ bwys* + 10w, ?s* + 10wy 3s* + bwy*s + wy”
S® + 6wys® + 15wy?s” + 20w, 3s® + 15w, *s? + 6wy’ s + w,®
s7 + Twys® + 21wy2s5 + 35wy 3s* + 35wy *s® + 21w, 52 + Tw,°s + awy

Tabnuna 1. BunoMuanbHbIe CTaHAAPTHBIE (OPMBI
Ha Puc 6.13 npuBosATCS peakuMy Ha CTYNEHYaToe BO3MYIIEHHWE CHUCTEM OT IMEPBOTrO O BOCBMOTO

nopsizika (110 0CH abCIHCe OTI0XKEHO 3HaYeHHE oy 1y).
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Puc 6.13. Peakiuu Ha cTyneHYaTOe BO3ACHCTBUE CHCTEM C ONHOMUAITBHBIMH KO3 (DHAIIMEHTaMHU.

BrixoaHble cUTHaiIbl PEryasTopa MOTYT OBITh MOJIaHBI Ha CUCTEMY B TEX K€ TOYKaX, Yepe3 KOTOphIe
MOTYT 10/1aBaThCsl U3BMEPUMbIE BHEILIHUE BO3/IEUCTBUS
CTpyKTypHasl CcXeMa 3aMKHYTOW CHCTEMBI, O00pa3yromeicss B pe3ylibrate, moka3aHa Ha Puc.6.14

b L W'(S):@ 2 C y'

Puc.6.14. CtpykrypHas cxema 3aMKHYTOH CHCTEMBI.

O0603Hayast 5TH BHEIIHUE BO3ACHCTBHS Uyepe3 V, a mxN -MaTpuIly NpeoOpa3oBaHus peryyisropa yepes

P, oJryqyacM IOJIHOC BOBHeﬁCTBHC Ha O0BEKT
u=v-Px. (6.4)

OO6wenunss ypaBHenus (6.1) u (6.4), mosyuum cienyroliee ypaBHEHUE 3aMKHYTON CHCTEMBI:

X@) = (4- BP)x(t) + Bv(t). (6.5)

201



Ecnu B o6mactu uzo0paxkenwuii o Jlamnacy ypaBuenus (6.4) u (6.5) paspemutb oTHOCHTEIBHO X(S),

TO MOJYYUM CJIICAYIOIIUC MATPUYIHBIC IICPCAATOYHBIC (byHKI_[I/II/I, OIMMCBIBAOIIUEC CUCTEMY:

X(s) _

W(S)ZU(S) (s-1 —A)_lB’ (6.6)
X(s) 4
cD(s):V(S)z(s-I—A+BP) B (6.7)

3ajaya COCTOMT B HAXOXAECHUM Takod (Mxn) - marpuubl P perynaropa, npu KOTOpOM 3aMKHYyTas
cucTeMa I0JIy4aeT Harepe 3aJaHHOE PaCIOI0KEHUE KOPHEH XapaKTepUCTUYECKOTO YPaBHEHMsI, UMEIOLIETO

BHU]I
det(sl-A+BP)=0 (6.8)

[IpencraBuM mnepenaTouHyro (QyHKIHIO OOBEKTa B JPYroM Buie. 3amucaB OOpaTHYIO MaTpHIly B

pa3BepHyTOI Popme U epeMHOKHUB e€ ¢ MaTpuliel B, momyuum

o 1 9(s)
W(s)=(sl-A)'B=2"0= = | (6.9)
F(s) F(s) gn(S)

3nech g(S) - MmaTpuiia-cromnber Nx1, a
F(s) = det(sl- A) (6.10)

- XapaKTepUCTUYECKHUM ITOJTMHOM.

XapakTepucTU4eckoe ypaBHEHHUE 3T0i cuctemsl (6.6), moayyaeTcsi IpUpaBHUBAHUEM K HYJIIO CYMMBI
U3 NPOU3BEJCHUS MepelaTOYHbIX (YHKUUH 3BEHbEB KOHTYpa, B3ATOIO CO 3HAKOM MHUHYC W €JUHMIBL. B

JaHHOM CJIydac:

PEE;H:O (6.11)

IlycTp XenaeMblii MOJMHOM 3aMKHYTOW CHCTEMBI H(p) = (S - al). . (S —a, ) [IpuBoas neByro

yacTh ypaBHeHHs (6.11) k oOmemy 3HaMEHATENI0 M YYUTHIBas, YTO MOJYYMBIIMIHCS YHCIMTENb DPaBEH

XapaKTepUCTHYECKOMY MoJuHOMY H(S) 3aMKHYTOM CHCTEMBI, IPUXOTUM K COOTHOIICHUIO:
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P-9(9)= H(9)~F(9)= > R,(5) 612

B 3TOM COOTHOILIICHWU HEU3BECTHOH SBIIETCS TOJbKO MaTpuia P. Matpuma-cronder g(S) BmecTe ¢
nonmHoMoM F(S), a Taxke moimHOM H(S), mpenompesesieHbl COOTBETCTBEHHO IapamerpaMu OObeKTa H
KeJaeMbIM PacIloJIOKEHUEM KOpHeH 3aMKHYTOM cuctemsl. [IpupaBHUMBas KO3(QQUIMEHTH! JIEeBOM U mMpaBoi
yacteil (6.12) mpu OAMHAKOBBIX CTEMEHSX P, MOJIy4aeM CHCTEeMy anreOpanyecKux ypaBHEHUH. M3 sroi
CHCTEMbI MOXKHO HAWTH BCE JIEMEHTBI MaTPUIIBI peryisTopa P, obecreunBaromiero 3aJaHHOE PaclooKEHUE

KOpHeli 3aMKHYTO# cuctembl. [1][2]

MeToaMKa pacyera mapaMeTpoB MOJAAJLHOI0 YIIPABJIEHHUS.

TakuM 00pa3oMm, pacdyeT W KOHCTPYHPOBAaHHUE MOJAIBHBIX PETYISITOPOB MOXKHO CBECTH K

MMOCJIEIOBATEILHOCTH ASHCTBUM, OITMCAHHON HIDKE.

1. I[MpencraBnsieM nepenaTounyro GyHKIHO 00bekTa B B (6.9).
2. Bhrauciisiem BeIpayKeHHE IS JIEBOM YacTu cooTHomeHus (6.12).
3. BeiOupaem jkenaeMoe pacrpeselicHHe KOPHEH XapaKTepUCTHYECKOTO YpPaBHEHHS, TO €CTh,

BBIOMPAEM JKeJIaeMylo CTaHIapTHYIO (hopMy XapaKTepUCTHUECKOTO MOJMHOMA 3aMKHYTONW CUCTEMBI.

4, Haxomum XapakTepucTHIeCKUi MOJUHOM C TOMOIIBI0 popmysibl (6.10).
5. BeruncisieMm BeIpaxkeHue IS paBoil yactu cooTHomenus (6.12).
6. [TpupaBHHBaeM K03 (GUIIMEHTHI IPU OJIMHAKOBBIX CTEMEHSX C MOJIMHOMOB, IMOJTYYEHHBIX Ha 2

M 5 marax, IoJly4aeM CHCTEMY YPaBHEHHW I ONpENEICHUs HEU3BECTHBIX IapaMeTpoB. Pemus ee npu

HN3BCCTHBIX OCTAJIBHBIX MapaMETpax CUCTEMbI, HAXOJUM ITapaMETPbl OATHOMCPHOTO MOAAJIBHOI'O PEryJIATOpa p.
6.4. [IpuMepsl NOCTPOEHUST MOJATbHBIX PEryJsiTopoB

BribepeM B kauecTBe HCCIEAYEMOM CUCTEMY, TOCTPOCHHYIO Ha ONEPALIMOHHBIX YCUIIUTENAX

RS
~ R1 R3 200K
‘ — el €z 5
200K
e R I 1]
R2 A3 R4 1.0U 1.0U
Al R6
T —C | o

64K 200K e
L 10K

Puc.6.15. Dnekrpudeckas cxema UCCIEAYEMOM CUCTEMBI.
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JlarHast cucTemMa MmpeACcTaBIIsIeT OO0 KolebaTeTbHOE 3BEHO C TepeaaTOYHON (YHKIUEH BUIA:

k
T?s +2éTs +1°

Wi(s) =

Paccuntaem NnepEaAaTOYHY IO (bYHKI_[I/IIO JJIA KaH(HOﬁ HYaCTHU CUCTCMBbI:

PaccMoTpuM nepByro 4acTh 3JIEKTPUUYECKON CXEMBI:

200K
C1

R4 1.0U
T 1 ~
64K >_

Puc.6.16. HuskodactotHeI GuiabTp. YacTh UCCIEAyEeMON CUCTEMEL.

7. = Rs
1714 pR:(

[Tepenarounas GpyHKIUSA 3TOro 3B€Ha Oy/ET paBHa:

Rs 200
R, 64
w, = =
V" 145sRC;, 1+02s

[TepenaTounas GyHKIUS 1715 BTOPOro 010Ka OyaeT BRIMISLIETh CIEAYIOINUM 00pa3oMm:

C2

_|

1.0U
A2

Puc.6.17. Unrerparop. YacTb ucciienyeMoil CHCTEMBI.

W — 1 1
27 14 SR,C, 0.2s
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Cucrema (puc.6.15) mpencrasiser coOoil KonebaTelpHOE 3BEHO, OMUCHIBAEMOE IEPeAaTOYHOM
(byHKIMEH:

k 1
T252 4+ 28Ts+1  0.0127s2 + 0.063s + 1

W(p) =

CMozenupyeM IMOJIydeHHOE 3BEHO M CHCTEMY, MPEICTABICHHYIO B BHJC MEPEIATOYHBIX (PYHKIUI B
nporpamMmuom nakere MatLab Simulink.
Cxema MOJEIHMPOBAHUSI CHCTEMBI B BHJE KOJEOATEILHOTO 3BEHA W B BUJAC CTPYKTYPHOH CXEMBI

nepesaToOYHbIX GYHKIIMHM SJEKTPUUECKOI CXEMBI MTPEICTaBICHbI Ha CIEAYIOIIEM PUCYHKE:

1
E '
0.012752+0.0835+1

Step® Transfer Fen18 D
Scope18
200/84 1 o
_' —
0.25+1 0.2s
Steps Gsain12 Transfer Fon14 Transfer Fen15

Puc. 6.18. Cxema MoaenupoBaHus Kak Koje0aTeIbHOTO 3B€HA C TapaMeTpaMu, BOCCTAHOBJICHHBIMH T10

MIEPEXOAHOMY IIPOLIECCY, U B BUAE CTPYKTYPHON CXEMBI IEPEJaTOUYHBIX (DYHKINN 3JEKTPUUECKONH CXEMBI.

B MporpaMMHOM IIAKETC Matlab moxnO Ha6J'IIOI[aTB, 4TO HIEPEXOAHBIC MPOLECChHI HAa BBIXOIC o0enx

CHCTEM TPAKTHYECKH HJCHTUYHBI (BpeMs perynupoBanus t,=2,1 C.):

Puc.6.19. Tlepexo/HbIe MPOIIECCHI, MTOTYYSHHBIC Ha BBIXOJIE CXEM MOJICITUPOBAHHUSL.
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CuHTe3 cHCTEM MOJAJBHOI0 YIIPABJIEHHS € OJHBIM BEKTOPOM COCTOSIHMSI.

I[J'IH CHHTE3a CUCTCMbI HCO6XOI[I/IMO paccuuTaTh MapaMETPhI PErysATOpa Ipr MUCII0JIb30BaHHUU ITIOJIHOT'O

BEKTOpa COCTOsIHMSL. MeToanKa Jyisl pacuéra MmpeicTaBieHa B MPEIbIIYIIEM pa3ee.
Paccuntaem napameTpel MOJAILHOTO perynsTopa 1 t, = 0.4(c):
1. [Ipencrasisiem mepeaarounyro GpyHKIU0 o0bekTa B Buje (6.9):

gs) 1 91(s)

W(S) = (SI —A)_lB = @ = %

gn(S)
3neck g(s) - marpuna-cronden nx1, a F(s) = det(sl — A) —xapakTepuUCTUUYECKHI TOJTUHOM.

Cucrema B oOnactu uzoOpakeHuit Jlammaca B BuAE CTPYKTYPHOW CXEMbl MEpeIaTOYHBIX (DYHKITHMA

NMECT BU.
U
200/84 1
—e—p| — - P
0.25+1 x1 0.2s X2
Step8 Gain12 Transfer Fcn14 Transfer Fcn15

Puc. 6.20. CtpykTypHas cxema CUCTEMBI.

CrpyKTypHasi cXxeMa ONUCHIBAETCS CIEAYIOIIEH CUCTEMOM:

) 1000 1000
X1 = 64 xZ_WU(t)_le
J.CZ == _le - 5x2

3anuiem cucteMy auddepeHuanbHbIX YpaBHEHUN B BUJIE MATPUYHBIX:

['me A-matpuna cocrosiHusi, B-matpuna ynpasnenus, C - MaTpuiia BbIXOJHOTO CUTHaja, X - BEKTOP

COCTOSAHHUA O6’beKTa, u- BCKTOD BOSHCﬁCTBHﬁ, KOTOPBIC MOT'YyT OBITH INOoJaHbI Ha 00BEKT CO CTOPOHBI, Y -

BEKTOpP BBIXOJHBIX cuUTHAIOB. COOTBETCTBEHHO B 4YMCIEHHOM Buue Matpuiia A, B, C OyayT BBITIAIETH

CIeyIOIUM 00pa3oMm:
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5 0 0
Y : 1
—=("—=—-B=Cc"——B
S
[IpencraBum nepenaToyHyro GyHKIHIO OOBEKTa B BUJIC:
1000
1 —\.(5 1 5s
W(p) = 1° Tez |- (D)= :
52+55—6223—5 5 s+5 (0) 52+55—%5 (25)
2. Bbruuciisiem BeIpasKeHHE IS JIEBOM YacTu cOOTHOIEHHS (6.12):

P-g(s) = H(9)-F(8) = R, )

Bribupaem jxenaemoe pacripeniesieHue KOpHEH XapaKTepHUCTUIECKOTO YpaBHEHHS, TO €CTh, BRIOMpaeM
KeJaeMylo CTaHIapTHYIO (OpMY XapaKTepUCTUYECKOTO MTOJIMHOMA 3aMKHYTOM CUCTEMBI.

[To MeTony cTaHmapTHBIX KO3()(UIIMEHTOB, pyKOBOJACTBYACh IpadMKaMU peakluil Ha CTyNeHYaToe
BO3/ICIICTBHE CUCTEM OT MEPBOTO JI0 BOCBMOTO MOPsiiKa U TpeOyeMbIM 3HAUEHHUEM BPEMEHHU PETyJIUPOBAHUSA,

BbIOMpaeM cTaHIapTHYIO (OpMy ITOJIMHOMA BTOPOTO MOPSJIKA:

H(s) = 5% + 2wys + w3

3. Haxoaum XxapakTepuCTHIECK i TIOTMHOM ¢ IOMOIIbI0 hopmyssl (6.10).
, 625
F(p) = det(sl —A) =s“ + 5s —5
4. BeruncrisieM BhipaxkeHHUe IS PaBoil 4acTH cooTHOMIEeHuUs (6.12).
n
5s
Zpigi(s) = (1 pz)( )
25
i=1
5. [TpupaBHHMBaeM KO3 (GUIIMEHTHI IPU OJWHAKOBBIX CTETEHSX C IMOJMHOMOB, MOJYYEHHBIX Ha 2,3

M 5 marax, Mojay4aeM CHUCTEMY YPAaBHEHMH Ul ONpPENENIEHHsS HEU3BECTHBIX NapameTpoB. PemuB ee mpu
M3BECTHBIX OCTAJIBHBIX MapaMETPax CUCTEMBI, HAXOIUM ITApaMETPbl OAHOMEPHOIO MOAAIBHOTO PETYJISATOPA p.

CnenaB npeoOpa3oBaHusl, MOJy4aeM CUCTEMY ypaBHEHUM:
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Pemras cucremy ypaBHEHUH, MOTy4aeM:

0.4wo—1 o
P(wy) = ( 0.0 4w2$ 31 25), OTKyJa U1 pa3HbIX 3HAYEHHUHM Wy MOXKHO MOJYYUTh 3HAUYCHUS
04w3+3.

K03 punreHToB 00paTHBIX CBsized. lJis TOro 4yToOBl BBIOIHSIIOCH YCIOBHE IO BPEMEHH PETYIHpPOBAHUS,

HYHO B35ITb Wy = 10.

P20) = (7.125)'

Koadduumenr Ha Bxome cHCTeMBI BbIOMpaeM, HCXOIs M3 YycioBus paBeHctBa Uy W v B
YCTaHOBUBLIEMCS PEXKUME.

PeaJ'II/ByeM CUCTCMY C MOJAJIbHBIM PETYJIATOPOM Ha ONCPANUOHHBIX YCUIIUTCIIAX.
RS

R1 R3 200K

-L__1 I i
200K =

o A | —
R2 A3 R4 1.0U 1.0U

U

Al R6 A2 R7

64K T o
ke 10K

200K

Rx1
60K RY
A7
20K Rx2
- 71K R1
A
10K

Puc.6.21. Dnekrpudeckas cXxemMa CUCTEMBI ¢ MOJIAIIBHBIM PETYIISITOPOM.

Koadurnments kln k2 0o0paTHOM CBSI3U pPeaJTU30BaHbl HA ONEPAIMOHHBIX ycuiauTensax A7 u A8.

Hcnonp3yrorcst Bappupyemble conpotuBiieHus Rx1 u Rx2.
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Ha BrIxone amekTpuyeckoil cxembl ¢ koddduimenTaMu oOpaTHOW CBS3H MOJATBHOTO PEryisiTopa

HEePEeXOAHbIN MpoIlecC UMEET B, IPEACTaBICHHBINA Ha pHc.6.22.

+ " AECS IIl -- Virtual Oscillograph - YT Mode

Principle of Automatic Control  Computer Control - Control System Companents  ACES Help
CH1 CH2
r Time [mS/DIV]
10 50
b:0bo.v:5.00 2™
8- - 10 J 200
1
57 ~
6 Je 400
25 600
4-
Time (5/DIV)
2
14 '8 13
p——
0- 1.2 J -20
0 ‘l \ ‘3']
5 08 40
4- .
— Parameters Setting
G-
j<:2.80. v--8.00] --£< --‘Z>
LR T =
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 16 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 '
Time(s)
Gain Adjust
Data Manager Input Signal CH1 CH2
d
I~ Save 7 Scan we.) dEm S BB
¥ Don't Save [~ Continue g :
Trigger Level i 5.0 X0.5- J X5 X0.5- J X5
.
[swe | petesn] ovet pestions 3 1 60 oz 0 e s

Puc. 6.22. TTepexoaHblii IPOIIECC IMEKTPUIECKOI CXEMBI C KO PHUIIMEHTaMU 00paTHON CBSI3H MOJIAIEHOTO
perynsTopa.
W3 nepexonHoOro mporecca MOKHO Cy/IUTh 00 OTCYTCTBUH IE€peperyIupoBaHus, IUIABHOCTH Ipoliecca
Y COKpAIIeHUH BPEMEHU PETYIMPOBAHUS 10 33JIaHHOTO 3HaYeHus, paBHoro 0,4 c. Ciaexyer OTMETUTh, YTO U3-
3a BIIUSIHUSA OOPATHBIX CBSI3€i BXOJHOW CUTHAJ TPEOYETCsl YCUIIHUT.

MojienupoBaHie CXeMbl ¢ MOAAIbHBIM peryistopoM B Simulink MatLab nmpoBoauTtcst B COOTBETCTBUH

co cxemoit (puc.6.23).

200/84 1 | |
» — P
Step2 Gain15 0.25+1 0.2s
Transfer Focnd Transfer Fon? Scopel

Gain13

Gain14

7.128

Puc.6.23. Peanuzarus cucremsl MonanbHoro ynpasinenus B Simulink MATLAB.
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Ha puc. 6.24 npencraBiieH nepexoJHON MPOLECC B CUCTEME C MOJAIBHBIM PErYISTOPOM, KOTOPBIH,

€CTECTBEHHO, COBIAJIACT C PE3yJIbTaTaMU MOJICTUPOBAHMS CXEMbI Ha ONEPAMOHHBIX YCHIUTENsX (puc.6.23).

Puc.6.24. TlepexoaHblii IpoIecC CUCTEMBI ¢ MOANIBHBIM peryisitopoM B Simulink MATLAB.

6.5. BeIBOABI

Juasi moBblmieHus1 3(PPEKTHBHOCTH PpadOTHI CHCTEM ABTOMAaTH4YeCKOI0 YIPABJICHHMS B HHX
BBOJATCA KOPPEKTHUPYIOIIHE YCTPOICTBa, KJacCH(PUKaNUs KOTOPbIX NpHBOAWTCS B pasgeie 6.1.1.
Hamu6osiee yacTo uMcnob3ylTes JIeKTpHUYecKHe KOPPEeKTHPYIOIHe YCTPHCTBA HA MOCTOSIHHOM TOKe,
OCHOBHbIE THIIbBI M XapaKTePHUCTHUKH KOTOPBIX NpeacTaBjeHsl B 6.1.1. B pa3a. 6.2 npuBoasTcst 3Tanbl
cuteda CAY mno JorapupMu4ecKHM 4YACTOTHBIM XapaKTEPHCTHKAM, OCHOBHBIMH M3 KOTOPBIX
siBJIsieTcsl mocroeHue kejaaemon JIAUX (ckoppeKTHMpPOBaHHOI) pa30MKHYTOH cucTeMbl (pas3n.6.2.2),
BbIOOpP MeTo/la MOAKJIIOYEHHS] KOPPEKTHPYIOLIEro ycrpoiicrea (mocienoBare/ibHOe, NapajLie/ibHOe, B
Henu oOpaTHON CBSI3M) W AJTOPUTMBI IOCTPOCHHS KOPPeKTHPYHOIMX YycrpoiictB. IIpumepsl
NOCJICI0BATEBHOM, MAPAJIEIbHON KOPPEKIHH U KOPPEKLHH B LieNd 00paTHOW CBSI3U NPHBEICHBI B
pa3a. 6.2.3. , rae mogpoOHO PpaccMOTpPeHbl BCe BHAblI KOPPEeKUMH I CcJelsilieil CUCTeMBbl,
NpeAHA3HAYEHHOH /I OTCJIEKMBAHMS YIJIa [OBOPOTAa 33JAI0LIEr0 BaJa HCIHOJHHUTEIbHBIM
YCTPOMCTBOM.

IIpp wuM3BecTHOM MaTeMaTH4eCKOM OINHMCAHMH JIMHEHHON cHCTeMbl /UIA TOBBIIICHHSA

3¢ (eKTUBHOCTH yIpaBJeHUA CHCTEMOH MOKHO HCIO0Jb30BATh MOJAJBLHOM YyIpaBJ/IeHHEe, KOTOpoOe
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MMOo3BOJIAET NMOMECTUTH MMOJIIOCA nepeuaT()quifl (l)yHKHI/II/I CHCTEMbI B 3apaHee 3aJaHHOC IMOJI0KCHHEC,
onpeaejasaeMoe 1o KeJaeMOMYy BPEMEHHM pPeEryjMpBaHus 3a CUYET BBCACHUSA OﬁpaTHLIX cBsi3eid 1Mo
nepeMeHHbIM COCTOSIHMSI cucTeMbl. B pa3n.6.3 paccmarpuBaercss Teopusi MOJAJBHOIO YNPaBJIEHHUS,
NMPUBOJUTCH AJTOPUTM NOCTPOEHHS] MOJAJBHOIO peryJjsitopa, a B pa3a 6.4 — npuMep mocTpoeHust
MOJAJIbHOT0 peryJjsaTopa Ijisd CUCTEMbI 2-ro nopsiika.

6.6. Bonnpocsl

1. JlaiiTe KPaTKYI0 KJIACCH(PUKALMIO KOPPEKTUPYIOLIMX YCTPOCTB.

2. H300pa3nTe KoppeKkTHpPYIOLIKE YCTPOcTBa AU depeHIHPYIOLIero THIIA U BbIBeIUTE HX
YaCTOTHBbIE XapAKTePUCTUKH

3. H300pa3nTe KoppeKkTHPYIOLIEE YCTPOICTBO HHTErPUPYIOIIEro THIIA U BbIBEJUTE €ro
YaCTOTHBIC XapAKTEePUCTHKH.

4. H300pa3nTe koppeKkTHpPYIOLIEe YCTPOICTBO HHTerpo-Aud depeHunpyomero Tuna u
BbIBE/JIMTE €ro YaCTOTHbIE XapaAKTePUCTUKH.

5. ITepeuncinTe 3TANBI CHHTE32 CHCTEM aBTOMATHYECKOI'0 YIIPaBJICHHUS 110
JorapupmMu4ecKuM XapaKTepUCTHKAM.

6. IIpuBeauTe AJArOPpUTM MOCTPOECHMS MOC/IEI0BATEIHLHOI0 U NAPAJIIeJIbHOT0
KOPPEKTHPYIOIIUX YCTPOMCTB.

7. IIpuBeauTe aArOpUTM NOCTPOCHHUS KOPPEKTHPYIOIIMX YCTPOHCTB B el 00paTHOI
CBSI3H.

8. Kakmue TpedoBanus npeabsaBIsOTCA K kegdaemoi JIAYUX Ha ydyacTKaxX HUKHHUX, CPEIHHUX
U BBICOKHX 4aCTOT.

9. OO0BbsicHUTEe HA3HAYECHHME M OCHOBHBIC 3JICMEHThI CJIesiIeil CHCTeMbl.

10.  ITpoaeMoHcTpMpYyiiTe NpUMep MOCTPOEHHS MOCIEA0BATEIbHOI0 KOPPEKTHPYIOLIEro
yCTpoiicTBa /11 32JaHHBIX B pa3jesie 6.2.3. napaMeTpoB cJiesileil CMCTeMBbI.

11. IIpoaemMoHcTpHpYiiTe NpUMMep NOCTPOEHUS NAPAIEIbHOI0 KOPPEKTHPYIOLIEr o
YCTPOMCTBA JIf 3aJJaHHBIX B pa3aede 6.2.3. napameTpoB cieasiniei cucreMbl.

12. IIponemoHcTpHpyiiTe NIpHMep NOCTPOSHHU KOPPEKTHPYIOIEr0 YCTPOUCTBA B LU
0o0paTHOI CBA3M IS 3aJaHHBIX B pa3aese 6.2.3. mapameTpoB cieasiieil CHCTeMBbI.

13. IIpuBeauTe CTPYKTYPHYIO CXeMY CJeAsilied CUCTeMbI 0e3 KOPPeKUHH U ¢ KOppeKIueil B
nenu oOpaTHoii CBA3M.

14. IIpuBenuTe aJropuT™M MOCTPOECHUSA MOAATBLHOIO PEryaaTOPa AJId JUHEHHON 0JHOMEPHOil

HeIpepbIBHOM CUCTEMBbI.
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15. IlpuBeaute mpuMep NOCTPOECHHUS MOJAIBHOIO Pery/siTopa 1JIsi O/IHOMEPHOMH

HelpepbIBHOM JTUHENHON CUCTEMBbI.

6.7. 3aganus

1. Ha pucynke npusenena JIAUX HeCKOppEeKTHPOBAHHON CHCTEMBl M OTMEUEHA YacTOTa Cpe3a

ckoppektupoBanHoin JIAUX.

HalTH IepeJaTO4YHbIe

(GYHKIMK  TOCIEI0BATENBHOTO,

napaujiCJibHOI'O

KOPPEKTUPYIOLIEr0 YCTPOWCTBA M KOPPEKTHUPYIOIIEro YCTPOMCTBAa B LIEU OOpAaTHOM CBSI3U, HUCXOIS W3

CIEeNyIOIUX TpeOoBaHM: KUHETHUYeCKas OIIMOKAa CKOPPEKTUPOBAHHOMW CHCTEMbl He OoJibllie OIIMOKU

MCXOJIHOW HECKOPPEKTUPOBAHHON CHCTEMBI, 3arac YCTOWYMBOCTH 10 (paze Gombiue mim paBeH 40 rpamaycos,

OTHOCUTEJIbHOE TIepeperyaupoanue okoio 40%.

. L(o)
\\-20
40 N\ 40
0 | o
0,1 1 wcp

CxeMbl ¢ KOppeKHHeﬁ MMPpEACTaBJIICHBI HHUXKC.

Ilocneoosamenvnasn Koppekuus:

_.O—b onp(p) — WHC (p)

T

Ilapannenvnas Koppexkyus:

—_— >

Wi ()

Wiop(P) —

v

Koppexuusa ¢ yenu oopammnoii

10 —

cea3u:

Wi (p)

1/10

WKOP (p)
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2. [lpu ycnmoBusx 3amaun | HAMTH KOPPEKTHPYIOIIEE YCTPOMCTBO B LieMM OOpaTHOM CBs3H,

MOJIKJIFOUEHHOE TaK, KaK IPEACTaBIECHO HA PUCYHKE.

A

\\-20

40

10 —»OE Wi () 1/10p .
Wip (p) [——

3. Tlpwm ycnoBum npeapayInei 3a1a4u HalTH KOPPEKTHPYIOIee YCTPOWCTBO B 0OpaTHOM
CBA3U, IOJKIIIOYEHHOE TaK, KaK IIPEACTABICHO HAa PUCYHKE.

10 —»(iwm ) 1/p :
Wiop () |[——

4. Tlpm ycnoBusax 3amayu | HaWTHU TOCJIENOBAaTEIbHOE M IMapauielIbHOE KOPPEKTUPYIOIIee

\\-Zoq)OﬁCTBO,

40 ‘ 40

0 l | s
0,1 1 100
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5. CrpykrypHas cxema 3amMmkHyTOoM CAY mpejicTaBieHa Ha pUCYHKE:

Wi(p) = Wa(p) —{ Ws(p) >

1 1
I Wap)E o Wa(p)=-
1+02p Ap) 1+ 0.045p ) D

Bri6paTh mocnenoBaTenbHOE U MapajljielIbHOE KOPPEKTUPYIOUINE YCTPOHCTBA TaK, YTOOBI 3aMKHYTas

Wi(p) =

CKOPPEKTHPOBaHHAs CHCTEMa YIOBIETBOPsUIA CICAYIOUIMM TPEOOBAHHSM: KUHETHYECKAs OMIMOKa MEHbBIIE
uiu paBHa (.02, oTHOCcUTENBEHOE TIepeperyaupoBanue He Oobiie 30%; 3anac ycTolWunBOCTH 110 (paze Gosibiiie
40 ©; Bpemst peryIupoBaHms OKOJo 2 C.

6. BrIOpath nociieioBaTeibHOe KOPPEKTUPYIOIIEE YCTPOMCTBO U YCTPOMCTBO B IIEMTU OOPATHOM
CBSI3U TaK, YTOOBI 3aMKHYTasi CKOPPEKTUPOBAHHAsSI CHCTEMA YIOBJICTBOPSUIA CIICAYIONUM TPEOOBAHUSM:
KHHEeTHYecKas onrbka Menbie v paBaa 0.01; oTHocuTenpHOE TIepeperynupoBanue He 0ombire 30%; 3amac
ycroiunBocTH 1o (haze Goibime 40 °. BpeMsi peryiaupoBanus okoiio 2 ¢. Koppekrupyromielr 00paTHON CBA3BIO

oxBatuth Wi(p) u Wa(p). CTpyKTypHas cxema MpeacTaBjieHa Ha pUCYHKE.

Wi(p) = Wa(p) —{ Ws(p) >

50 1

Wi(p)= ——: Wo(p)=————; Wis(p)=—

1(p) 1+02p 2(p) 1+ 0.05p 3(p) 0
1. JI1s cTpYKTYpHOM CXeMbl IPebIIyILEeH 3aJaul BbIOPATh MOCIIE0BATEIbHOE KOPPEKTHPYIOIIEE

YCTPOMCTBO U YCTPOMCTBO B LIENHM OOPATHOM CBSA3M Tak, YTOOBI 3aMKHYTas CKOPPEKTHPOBAHHAs CHCTEMa

YJIOBJIETBOPSUIA CIETYIOIUM TPeOOBaHUSAM: KMHETHUYECKas olrnOka MeHblie uiu paBHa 0.01; oTHocuTensHOE
0/. < 0.

nepeperyinuposanue He Oombine 30%; 3amac ycroiuuBoctd 1o (aze Oonbiie 40 ~; Bpems peryivpOBaHUs

okoJ10 2 ¢. Koppektupyroieit 00paTHO# CBsI3bI0 OXBaTUTh 3BeHO W1(pP).

50 1

WiD) = — > Wa(p)=—5— Wa(p)=—

iP)= 77 0.25p AP=17 0.035p (P) D
8. Jlist CTpYKTYpHO# cXeMbl peAbIAyILel 3aa4l BIOpaTh MOCIIEI0BaTEIbHOE KOPPEKTHPYIOLIEe

YCTPOMCTBO M YCTPOWCTBO B e OOPAaTHOM CBS3M TaK, YTOOBI 3aMKHYyTas CKOPPEKTUPOBAHHAs CHCTEMa

YIIOBJIETBOPSUIA CICTYIOIIUM TPEOOBaHUSIM: KHHETHUYECKas omrOKka MeHbIne wiu paBHa 0.01; oTHOcHTEBHOE
o/. > 0.

nepeperynupoBanue He Ooinbiie 30%; 3amac ycroitunBocTd 1no ¢asze Oonbiie 40 ~; BpeMsi peryiaupoBaHuUs

okoJ10 2 ¢. Koppektupyroieii 00paTHO# CBsI3bI0 0XBaTUTh 3BeHO Wao(p) 1 W3(p).
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Wip)= ——— W P E—
1(p) 1+ 02p 1+ 004p

9. Ha pucynke npusenena JIAUX HeCKOppEKTHPOBAHHON CHCTEMBl M OTMEUEHA 4YacTOTa Cpe3a
ckoppektupoBaHHoi JIAUX. HaliTh mnepenaTouHble (YHKIMH  KOPPEKTHUPYIOIIETO YCTPOMCTBA B IICHH
0o0paTHOM CBsI3U, UCXOMS U3 CIEAYIOIUX TpeOOBaHMIi: CTaTHUECKas OLIMOKAa CKOPPEKTUPOBAHHON CHCTEMBI
He OoJibIe OMMOKH UCXOTHOW HECKOPPEKTHPOBAHHOM CHCTEMBI, 3alac YCTOMYMBOCTHU 1O ¢aze Ooblie nin

pasen 40 rpagycoB, OTHOCUTENBHOE TiepeperyaupoBanue okoso 30%.

L(O)) -~
0
49 40
(Q)
0 l © I >
01 1 wcp 100
CTpyKTypHas cxema MpeCTaBieHa Ha PUCYHKE:
10 | W, (p) 1/10 R
Wicop () |——
10.  Ha pucynke npusenena JIAUX HeCKOPPEKTHPOBAHHOW CHCTEMbBI M OTMEYEHA YacToTa Ccpe3a

ckoppektupoBanHoi JIAUX. Haiitu nepemarounble (QyHKIUMM  MOCIEIOBATEIbHOIO U MapajljiedbHOIo
KOPPEKTHUPYIOLLIEr0  yCTPOMCTBA, MCXOAd U3  CIEAYIOIIMX  TpeOOBaHUM:  cTaTHYeckas  OIIMOKa
CKOPpPEKTUPOBAHHON CHUCTEMBbI HE OOJbIle OLIMOKM HCXOAHONW HECKOPPEKTHUPOBAHHOM CHUCTEMBI, 3amac

YCTOMUYMBOCTH 110 ¢aze MeHbIe uin paBeH 40 rpaaycoB, OTHOCUTEIBHOE MepeperyaupoBanue okoio 40%.
L(O)) 'y

0,1 1
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CxeMbl ¢ KOppEeKIUEH MpeICTaBICHbI HIKE.

Ilocneoosamenvnan Koppekyusa:

—()—

WKOp(p)

Wi (p)

T

Ilapannenvnan Koppekyus:

e

WKOp(p)

v

Wi (p)

11.

I[J'ISI CXEM, NPCACTABJICHHBIX HUIKC , IMOCTPOUTH MOAAJBHBIC PETYJIATPHI, OﬁCCHC‘-II/IBaIOHII/Ie

IUIaBHBIE (allepUOJUYECKHE) IEPEXOAHBIE IPOLECCH] C BpEMEHEM perynuposanus tp=1 c.

RS
~ RI1 R3 200K
’ — €1 2 Rs
e 200K | | | |
R2 A3 R4 1.0U 1.0U T3
Al R6 ,
200K 22 R7 A6
64K | } uo
200K —
4 10K _|__
a)
RS
Rl R3 200K
T ¥ ¥ s
200K
200K || N
R2 A3 R4 1.0U 1.0U -
Al R6
200K o R7 )
64K 100K w
= 10K
-
0)
RS
. RI1 R3 100K
’ — el 3 s
300K Ak 1 |
R2 A3 R4 1.0U 1.0U0 i
Al R6
200K oy R7 A6
100K I l 1401
200K  E—
L 10K _|__
B)
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12. Ins cxeM, NpencTaBIEHHBIX HIKE , TOCTPOUTH MOAJbHBIC PETyISATpPhbl, 00ECIIEUMBAIONINE IUIABHbIC

(aneproaMYECKUE) NEPEXOTHBIE IPOLIECCHI C BpeMEHEM peryaupoBanus t,=1 C.

Ne 1 2 3 4 5 6 7 8 9 10 11 12
Cxema a 0 B a 3] B a §) B a §) B
tp 0.2 0.4 0.6 0.8 0.5 0.2 04 0.6 0.8 0.5 0.3 0.3

6.8. [IpakTuKyM 1o riaBe 6

[TocTpouTh MOCIEAOBATENBHOE, MaPALICIBHOE KOPPEKTUPYIOIIEE YCTPOMCTBO M KOPPEKTUPYIOLIEE

YCTPOHCTBO B IIeMH OOpaTHOW CBS3W TPH 3aJJaHHOW JIOTapU(PMUYECKON aMIUIMTYIHOM YacCTOTHOU

XApaKTCPUCTHUKEC H 3aJaHHOM dYacToTe cpe3a CKOppeKTHpOBaHHOﬁ CHUCTEMBI, HCXOOA H3 Tpe6OBaHHﬁZ

KHHeTHYecKass omuoka #He Oonpme 0,01,

3arac II0

nepeperynupoBanne okoso 50%.

L(w)

s

\'20

daze Oompme 40 rTpamycos,

OTHOCUTCIBHOC

40 : -40
®
0 —e | =
0,1 1 wcp 100
Ilocneoosamenvnasn Koppekuus:
L(w)
100 ®
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Crpoum JIAUX CKOpPpEKTHPOBAHHOM CHUCTEMbI, MUCXOHs W3 TpeOOBaHMS TOYHOCTH Ha JHMAIA30HE
HU3KHMX 4acTOT, IPOBOJS HU3KOYACTOTHYIO aCUMITOTY TaK )K€, KaK B UCXOJHON CUCTEME, BHICOKOUACTOTHYIO,
UCX0/sd M3 TpeOOBaHUI K IOMEXO3AIUMIIEHHOCTH U CpEeJHE YaCTOTHYI0 — U3 TpeOOBaHUIl 3alaHHOIO
OBICTPOJCICTBUSA M IUIABHOCTH MEPEXOJHOI0 IIpolecca B CKOPPEKTHPOBAHHOM 3aMKHYTOM CHUCTEME B
COOTBETCTBUH C PEKOMEH/IAIIUSIMH, PACCMOTPEHHBIMU B pazjene 6.2.2

Boruutas JIAUYX HeckoppektupoBaHHOM cucteMbl u3 JIAUX CKOppEeKTUpPOBAaHHOM, MOTydaeM
JOTapU(PMHUUECKYI0O AMIUTUTYAHYI0 YAcCTOTHYIO XapaKTEPHCTUKY MOCIEI0BATEIbHOIO KOPPEKTUPYIOIIEro
ycrporctBa Ly (w). Ompenensist  wactotel  conpsokenus  wq = 0,056 u  w, = 0,063, nHaxonum

COOTBETCTBYIOIIIE YaCTOTHI COINPSDKEHHS W 3alMChIBa€M IEPEJaTOvYHYI0 (DYHKIHIO KOPPEKTHPYIOLIETO

(141,58p)(1+p)
(1+17,85p)(1+0,158p)"

ycrpoiictea W, (p) = Koppektupyromiee  ycTpOoHCTBO — peanu3yeTcsi  HUHTErpo-

T hepeHIUPYIOMUM KOHTYPOM.
[IpoBepum 3anac yCTOWYMBOCTH MO (hase HA Y4ACTOTE W¢, = 2,8, 3aNUCHIBas MEPENATOUHYIO (yHKIINIO

100(1+1,58p)
p(1+17,85p)(1+0.158p)(1+0.1p)

CKOPPEKTHPOBAHHOM cucutembl: W (p) = Y BBIpaXeHHE 1 (Pa30BOM 4YaCTOTHOM

XapaKTEPUCTHKH Q. (W) = —g —arctg(17,85w) + arctg(1,58w)— arctg(0.158w) — arctg(0,1w). Ha

4acToTe Wep = 2,8 Pu(w) mpuHUMaeT 3HaueHHE -133°, t.e. 3amac 1o ¢daze paBeH 47°, uto na 7° Gonbre
TpeOyeMoro 3HaAYCHHS.

OTHocuTeNbHOE TepeperyJupoBaHue MOXKHO TMOJNIYYUTh  MOCTPOEHHEM TMEepPexXOAHON (yHKIMH
3aMKHYTON CKOPPEKTHPOBAHHOW CHCTEMBI 0 (hopMyJie pa3iioKeHHs UM MoieupoBanrueM B Matlab.

3HaueHUe OTHOCUTEIHHOTO MEPEPETYIUPOBAHUS G COCTABISAET %o.

Ilapannenvnas Koppekuyus

CrpyKTypHasi cxema MOJIKJIFOUEHUS MapalyIeIbHOIO0 KOPPEKTUPYIOIIET0 YCTPOMCTBA PEICTaBlIeHa Ha

pPHUCYHKE.

10
TTp W (p) | 0p F—ms

A

— WKOp (p)

13 cTpyKTypHOU cxeMbl cienyeT, 9to W, (p)MOXHO HAMTH, BOCCTAHOBUB TEPEIATOUHYIO (DYHKIIHIO

100
p(1+p)(1+0,1p)’

Weelp(+p) 1
100 1+0,1p

HECKOPPEeKTUpOBaHHOM cucTembl 1o JIAUX, a umenno W, .(p) =

Woxs (p) =

218



Haiinem mnepenarounyio (yHKIHIO MapauIeIbHOTO KOPPEKTUPYIOUIETO YCTPOHCTBa 1O (opmylie
Wiy (@) = Wors(p) - Wo(p) — 1), mpummmas Wy (p), paBHOM HaiineHHOH mepenaToyHoil ¢yHKIUH

(1+1,58p)(1+p)
(1+17,85p)(1+0,158p) *

HIOCJICIOBATEILHOIO KOPPEKTHPYIOILETO YCTPOicTBa, T.e. Wy (p) =

15,43p(1+0,08p)
(1+0.1p)(1+0.158p)(1+17,85p)’

Beraucnsas W, (p), nomysaem W (p) = — MPEACTABIISIIONIETO COOOM

COEMHEHUE UHEPLUOHHOTO, PEATbHOTO U (HEPEHIIUPYIOIIETO U YIIPYToro HHTETPUPYIOIIETO 3BEHBEB.
Koppexuyusn ¢ uenu oopammnoit ceazu

CtpykTypHas cxema MOAKIIOUEHUS KOPPEKTUPYIOLIEro YCTPOHCTBA IPUBE/IEHA Ha PUCYHKE

10
1+0,1p ~ Woxs () 1p >

WKOp (p) -

Bocnonp3yemcsi mpoBeACHHBIMH paHee MOCTPOSHHUSIMU JIJIsl BEIOOpa KOPPEKTUPYIOIIETO YCTPOWCTBA C

. . 10
YYETOM EPEIaTOUHOM (QYHKIIMH 3BEHBEB, OXBAYCHHBIX 00paTHOM cBs3bto: W, (p) = e

L(w)

40

Q—

(]

.-t
-

Taxum o0Opa3om, a pe3ynbTaTe nocTpoeHus noirydeHa JJAUX KoppeKTHPYOLIEro yCcTpoicTBa B IIeNH

Kiey P

1+T

00paTHOMW CBS3U, IO KOTOPOMY MOXHO BOCCTAHOBUTH €T0 MEPENaTOuYHYI0 (PYHKIUIO: ka( p) = ,
P

Taec K[(y:0,633; T[(y:1,58.
[IpoBepUTL BEIMYMHY OTHOCHTEILHOIO IIEPEPETYIMPOBAHUSA MOXHO, mocrpouB h(t) mo dopmyme

paznoxenus, 1100 B mporpamMme Matlab MonennpoBannemM CKOPPEKTHPOBAHHON CHCTEMBI.
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