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BBE/IEHUME

B MeroamdecknxX ykaszaHHAX ONMHCAHA IOCICAOBATEIBHOCTH BBI-
TOJIHEHHs JOMAIIHEro 3a/laHus, 1elb KOTOPOrO COCTOUT B TOM, YTOOBI
IIPUBHTH CTYACHTaAM HABBIKH HCIIOJIB30BAHHA METONOB TEOPHH aBroma-
THYECKOTO PEryJIHpPOBaHMA H YIPABICHHSA NPH NPOEKTHPOBaHWH JH-
HAMHUYECKHX THApPO- W mHeBMocucteM [1]. Jns storo BeiOpaHEI aBeE
CHCTEMEL craﬁnnmaunn € IPOCCEJIBHBIMH THAPOINPHBOJAAMH. Marema-
THYECKHE MOJIENH CHCTEM IIPEICTABICHEBI B JIMHEHHOM BHJIE.

B nomaiunHeM 3alaH|K MPEUIOKEHO CHAaYala ¢ OMOIIbIO Jlorapud-
MHUYECKHUX aMIUIATYAHBIX U ()a30BBIX YACTOTHBIX XapaKTEPUCTHK Pas3o-
MKHYTBIX KOHTYPOB CHCTEM IPOBEPUTH YCTOHYHBOCTh M3Y4aeMOH CH-
CTEeMBI IIPH 3aJ@HHBIX [IPEHOJaBaresieM IapaMerpax. Taxkas cHCTEMa,
KakK IpaBuiIo, OyneT HeycToW4uBoi, YToOb! cAenars CHCTEMY YCTOHYH-
BO#, CIIeflyeT MPOBECTH CHHTE3 KOPPEKTHPYIOLIEro 3BeHa. 3aTeM, IUIA
OCBOEHHUS OCHOBHBIX METOJIOB MCCIIeIOBaHUsA YCTONIMBOCTH JINHEHHBIX
CHCTEM, K CKOPPEKTHPOBAHHOM CHCTEME HYXHO NPHUMEHHUTL KPUTEPHi
HaiikBucta, HCHoNs3ys aMIUIHTYAHO-(a30BYI0 YaCTOTHYIO XapaKTepH-
CTHKY Pa3sOMKHYTOTO KOHTYpa CHCTEMbI; KpuTepuil Muxaiinosa; Kpu-
Tepuii I'ypeuna. B 3akimouenne, nocie pacyera Ha 9BM nepexonsoro
npouecca, HeOOXOAMMO HaAMTH 110Ka3aTeNy KauyecTBa PeryJIHpoBaHus.




1. CTPYKTYPHBIE CXEMbI CHCTEM

B nomamseM 3ajaHHK JODKHB! OBITH IIPCBEICHbl PACUETHI CHCTE-
Mbl aBTOMAaTHYECKOTO PETYJIHPOBAHMA YIIOBOA CKOPOCTH Bajia JIBHIa-
Tesns (puc. 1) miu cucTeMbl cTaOMIM3aLKMH YINIA HAKIIOHA TIAaT(HOPMEI K
NOPH3OHTAJILHOH IIOCKOCTH (pHuC. 2).
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PerynupyeMsiM 06BEKTOM B MepBO¥H CHCTEME (CM. PHC. ) ABnseTCH
npurarens J[B. UysctBuTensHbli onement U3 perynsaropa usmMepser oT-
KIOHEHHE YITIOBO#H cKOpOCTH () Basia ABUTaTeNs OT 3a/JaHHOIO 3HA4YeHHA
o ¥ co3naeT ynpasnsioniee BosgefcTBre Ha raapopacnpeaenutens I'P,
KOTOPBIH, B CBOK ouepeb, ynpasiser rujpouwmsapom [Tl Bexon-
Hoe 3Beno I'l] coeauHeHo ¢ pery/MpylommM OpraHoM, KOTOPBIM Cly-
HKUT 3a1BHoKKa (3aa8) asuraresis. [Ipy n3MeHeHUH HAarpy3KH Ha JBHra-
Tenb (M3MeHeHnH My) YITIoBas CKOPOCTh Balla IBUTATEId OTKIOHASTCH
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ot §2g. Perymnsarop, ynpagiss OTKPBITHEM 3a(BHXKH, T0JDKEH TaK H3Me-
HHUTh NPUTOK SHEPrOHOCHTEIA K JABUraTel0, 4To0bl OB BOCCTAHOBIIEH
YCTaHOBHBILHICH pexxum paboTEl ABUraTeNs U ¢ TpedyeMoit TOUHOCTEIO
ocymiecTB/IeHa CTabMIHzalus YITIOBOH CKOpPOCTH Bana asurarend. [[s
obecrneueHus yCTOHYHBOCTH CHCTEMBI PEryasTOp CHaOKeH OTPHIIATENb-
Hoit obparHo# cBs3pi0 OC.

Bo BTopoii crcTeme (cM. puC. 2) peryaupyeMbiM 00BeKTOM ABISET-
ca riardopma I, yron ¢ HaKJIOHA KOTOPOM K TOPH30HTAJIBHOMN ILIOCKO-
CTH yCTaHaBJIMBaeTCA IpH moMoim ruapomuauaapa ', UyBcTBHTEE-
HBIM DJIEMEHTOM, W3MEPSIFOLIMM OTKJIOHEHHE & OT 3a[aHHOr0 3HAYEHHS
80, CITy)KUT THPOCKOIINYE CKMIA HaT4uK yriia J1Y. Dnexrpudeckuii CHrHa
¢ Beixoda JIY cHavana yCHIHMBaeTCs SJEKTPOHHBIM yCHIIHTENneM DV, a
3aTeM II0CTYIaeT Ha BXO,1 ANEKTpOruaparindeckoro ycunurens 31Y, B
KOTOPOM AJIEKTPHUYECKHH TOK mpeobpasyeTcs B IepeMellieHHe 30JI0THH-
Ka THApopacipeesdTens, YIpapisomero raapoummaapom. J{ng kop-
PEKTHPOBAaHHS MHHAMHYECKHX XApaKTePHCTHK CHCTEMBI MapasielbHO
¢ 1Y moxer ObITh IMOAKITIONEH AATYHK yIiIoBoii ckopoctu AYC. [eii-
CTBHE BHEITHHX BO3MYILEHHI NPEACTABIEHO CKOPOCTBIO U H3MEHEHHS
IOJI0KEHHA OTIOPBI THAPOIMIHHpA.

[Tpn onpeneneHHEBIX IOMYIIEHHAX, HE IIPOTHBOPEYAIHX 0CHOBHEIM
(H3HYECKHM [IPOLIECCaM, KOTOPBIMH CONPOBOKIAETCS PEryIHpOBaHHe
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PAcCMOTPEHHBIX BEIIIE CUCTEM, U1 HUX MOKHO IIOIYYHTh CTPYKTYpPHBIE
CXEMBI, COCTABJICHHBIE H3 THIIOBBIX JHHAMHYECKHX 3BEHBEB.

Jlns mepBo# cucteMsl (M. pHc. 1) mpuMeM, 4TO CaMOpETryIHpOBa-
HHE JBHraTelis MaJio | [03TOMY B CTPYKTYPHOH CXeMe JBHIaTelb MOX-
HO TPEACTaBUTh MHTETPUPYIOLIMM 3BEHOM C MOCTOSHHOH BpemeHH T,
(puc. 3). Kpome TOro, yCIOBHMCS, YTO IIPH TOCTOSHHOM CHIle, HEOOX0-
JHUMOM JUI U3MEHEHHA OTKPBITHSA 3aJIBHKKH JIBUTATEIIs, H MaJIoil Macce
3aIBHIKKH Ieperaj NaBjieHns B THAPOLHIMHAPE MOKHO CYHTATh I10CTO-
SHHBIM BO BPEMEHH M HE YYMTHIBATH CKMMAEMOCTh pabodei KHIKOCTH
B IOJIOCTAX THApPOLHIHHAPA. B 3TOM Cityuae nepenarouHyo GyHKIHAIO
THAPOLHIHHAPA TAKXKE MOMKHO ITPHBECTH K nepena‘roqﬂoﬁ CE))’HKLIHI-’I HH-
TErpUpyIOLIEro 3BeHa ¢ MOCTOSHHON BpeMeHu Tr.
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YyBCTBUTENBHBIN JIEMEHT PEeryIaTopa, BEINOIHEHHBIH B BUJIE LIEH-
TpoOEXHOTO JIaTYMKA YITIOBOM CKOPOCTH Baja JBUIaTeNs, MOXKHO OIH-
caTh mepefarodHON (yHKIHMeH KoaeGaTebHOro 3B€HA C MOCTOSHHOH
BpemenH T, ¥ KO3()(UIIHEHTOM OTHOCHTEIBHOTO JAeMI(pHpoBanHus (p.
H3-3a HaTHYMA B 3aMKHYTOM KOHTYpE MOMHMO Ko0JjieOaTelIBsHOroO 3BEHa
JIBYX MHTETPHPYIOIIMX 3BEHBEB CHCTEMa OyneT CTPYKTYPHO HEyCTOH-
YHBOH, O3TOMY HMHTErpHpyIoLlee 3BEHO, COOTBETCTBYIOIIEE I'HJIPOLIH-
JIMHJIPY, JIOJDKHO OBITH OXBAYEHO OTPHLATENBHOH OGpaTHOH CBSA3bLIO.
Hawubonee mpocto Takyio obpaTHy:o CBA3b OCYIIECTBHTh C MOMOIIBIO
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IPONOPLMOHANIBHOTO 3BeHa ¢ Koa(duuuentom ycunenns K, . Torma
MO MpaBHJIaM 9KBHBAJICHTHBIX NpeoOpa3oBaHMH CTPYKTYPHBEIX CXe€M
HepefaTouHy0 (GYHKIHIO HHTErPHPYIOIIEro 3BeHA C OTPHLATENLHOM
o0paTHO# CBsI3bI0 MOXHO 3aMEHUTH IlepeaTouHol GyHKUueH anepuo-
JIMYECKOTo 3BeHa

Kocl
Wr = —
1 Iy
rae Ko.cl = K_sTPI: K.
o.c o.c

Jlonymenus, 03BONAIONIHAE ONYYHTh CTPYKTYPHYIO CXEMY BTOPOi
CHCTEMBI C aHAJIOTHYHBIMH IIEPBOH CHCTEME THHAMHYECKMMH 3BEHBAMH
(cM. puc. 2), cOCTOAT B cliepyroleM. J{aTuiK yria, u3MEepAIONHHA OTKIIO-
HeHue IaThopMBbl OT TOPU3OHTANBHOH MI0CKOCTH, SABISETCA HACTOIb-
KO OBICTPOEMCTRYIOLIHM, YTO €r0 MOXKHO CUHTATh [IPONOPLHAOHATBHEIM
3BEHOM ¢ ko3¢ dunuentom ycrienns K;s (puc. 4). D1neKrpoHHBIN yCH-
JIUTEJIb BMECTE C BJICKTPOTHAPABIHYECKHUM YCHIITHTEIIEM I10 CBOHM JAHHA-
MHYECKHUM XapaKTCPHCTHKAM OJIM3KH K aneprHoAHYCCKOMY 3BCHY nep-
BOTO MOPAJKa C NOCTOAHHOH BpemenH Ty y ¥ k03 dULHEHTOM ycuiie-
Hus K.
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IIpu nepemenieHuy IaTGOPMBl Ha BBIXOJHOE 3BEHO T'MIPOLMIHH-
Ipa AefcTByeT NepeMeHHas BO BpEMEHH HarpysKa, B CBSI3H C YeM, B OT-
JIMYHE OT TIEPEOH CHCTEMBI, TIPH BBIBOJIE [TepeaTOYHON yHKIHH THAPO-
[AIHHPA HY)KHO YYUTHIBATH CKMMaeMOCTh paboueil XUAKOCTH B €ro
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nonocTsx. ITo3ToMy rEApOUHIMEAD ¢ 1aTHOpPMOH ONMHCHBAET MEpesa-
touHas QyHKUMA, O0BEAMHAIONAs epelaToIHble QyHKIMH noCTe/I0Ba-
TeAbHO COEJIMHEHHBIX 3BCHBEB: HHTEIPUPYIOILETO 3BEHA ¢ IIOCTOAHHOM
BpemeHH T} 1 xo/1e6aTesIbHOTO 3B€Ha, HMEHINEro NMOCTOAHHYIO BpeMe-
11 Ty ¥ kK03 PHUAEHT OTHOCHTENIBHOrO AeMnprupoBanns ;. [Tpeobpa-
30BAHME JIMHEHHOTO [MEPEMEIEHHA BBIXOJHOTO 3B€HA H/IPOLHIHHIpa
B YIOJI TIOBOPOTA ILIATGOPMBI YYUTHIBAIOT C TOMOIIBIO KOG PUIHEeH-
Ta K.

CpaBHuBas M300paXkeHHbIE Ha PHC.3 MW 4 CTPYKTYypHBIE CXEMBI,
JIETKO 3aMETHTh, YTO OHHM UMEIOT OJMHAKOBEIE 3AMKHYThIE KOHTYDEI,
KaX/IbIi M3 KOTOPHIX COCTOMT W3 MHTErpPHPYIOUIEro, KojebarenbHoro,
TPONOPIMOHAIBHOTO U ANMEPHOXMYECKOTO IEPBOIO MOPs/IKA 3BEHBEB.
YCTOHYHMBOCTh, KA9€CTBO W TOYHOCTh PETYIMPOBAHHMSA TAKUX CHCTEM C
ACTATHYECKHMH YIIPaBisSeMbIMA 00BEKTaMH MOTYT ObITh PacCUHTaHbI
Mo eaMHOM METOMMKE, IPHYeM BbIUHCIeHHA OymyT HMMeTh OJMHAKO-
BYIO CTEIEHb CIIOKHOCTH HE3aBUCHMO OT TOID, KaKas M3 JBYX CHCTEM
paccMarpugaercs. CieyeT Takke 3aMETHTh, YTO TPUBEIEHHBIE BBILIC
CTPYKTYpHBIE CXEMbI OXBATHIBAIOT HOCTATOYHO MIKPOKUA KPYT IHIpaB-
JTAYECKHX M MHEBMATHYECKHX YCTPOHCTB, MareMaTHYecKHe MOJICIH
KOTOPBIX OJIM3KH K JIMHEHHBIM HETIPEPhIBHBIM CHCTEMAM.

BenesicTere MHCTPYMEHTAIBHBIX MOTPENIHOCTEH, 3aBUCAIMX OT
TOYHOCTH W3rOTOBJIEHHS W COOPKH 3JIEMEHTOB CHCTEM, JEHCTBHA CHII
CYXOrO TPEHHS ¥ APYTHX NPHYKH, 3HAYEHHA YCTAHOBUBIIUXCS OLIMOOK
GyIyT OTIMYATECS OT PACCYHTAHHBIX 110 JTHHEHHBIM MOEIIM. ITO OT-
nuuue GyfeT TeM MeHsblue, eM OnnKe CTaTH4ecKHE XapakTepPHCTHKH
PEIBHBIX 3IEMEHTOR K JIHHEHHBIM.

2.3AJIAHUE JJI51 PACYETA CHCTEMBbI

B nansHefinieM cucTeMa aBTOMATHYECKOTC PEry/IHpOBaHKS YIIOBOH
CKOPOCTH Basia IBUTATellsl AMEHYCTCsl CHCTEMOH A, a cHCTeMa aBTOMa-
THYECKOH CTaGHIM3aIMH ToNoKenns marhopMer — cuctemoii b. Bua
CHCTEME!I M 3Ha4eHHs BCeX HeoOXOAMMBIX 1jid pacyera napamerpos
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yKa3bIBaeT [penojiasare.1b. 3HAUYSHHS 1apaMeTPOB COOTBETCTBYIOT Oe3-
Pa3MEpHEIM IIEPEMEHHBIM, KOTOPHIE 0JDKHBI OBITH BBIOpaHBI HCXOMA H3
CJIEIYIOIIHX COOTHOIUEHHIA:

= Y = ) == — M
Q=—; 0= Mpg=My= )
Qo do 8 Mpax
- v -
T = i Tp= ; =
Vmax Umax Emax

B 3THX cOOTHOMIEHHAX UepTOi cBepxy 0603HaueHk! Ge3pa3MepHEIe Be-
nuYuHEL, AHAeKCaMH «0» M «max» OTMEYeHbl HOMHHAJIbHEIE H MaKCH-
MaJIbHEIC 3HAYSHHS NMepeMEHHBIX.

[Tpu BEIMOJIHEHHH TOMALTHETO 3ananus Tpebyercs:

1. ITocTpouTs JorapiudMuyecKie aMIUTUTYIHbIE U (Da30BblE YACTOT-
Hele xapakrepracTHkH (JIAX u JI®X) Bcex 3BeHbEB, BXOJAMIUX B CTPYK-
TYPHYIO CXEMY CHCTEMBI.

2. IlpoBepuTh YCTONYMBOCTD CHCTEMBI TI0 JIOTapHPMHUUECKHM aM-
MUIMTYIHBIM M (ha30BBIM “aCTOTHBIM XapaKTEPHCTHKAM €€ Pa3OMKHYTOIO
koHTypa. Eciiu npH 3a1aHHBIX [1apaMeTpax CHCTeMBbl He o0ecneunBaroT-
Csl pEKOMEHJIyeMble 3aracel 1o Gase U 10 aMILIATYe, TO HEOOXOIHMO
MPOBECTH KOPPEKTHPOBAHHE CHCTEMBI. [[7151 KOpPEKTHPOBAHHA CHCTEMBL
A B perynarop clefyer BBECTH OTPHLATEIBHYI0 M30APOMHYI0 00par-
HYIO CBA3b H ONpEEHTS NOCTOAHHYIO BpEeMeHH 310 cBa3u. Cucremy
b MOXHO CKOPEKTHPOBATH AOMOIHUTEIBHBIM JIATYHKOM YITIOBOH CKOPO-
CTH, KOTOPOMY B CTPYKTYPHOH CXeMe COOTBETCTBYeT A epeHunpyo-
IIee 3BEHO, COSTMHEHHOE Mapajlie/lbHO ¢ MPONOPLUHOHANBHEIM 3BEHOM,
onuchiBarOIKM AaTtdrk yriua. [locrosuuyto Bpemenn quddepeHuupyro-
IIETr0 3B€Ha HaXOAAT MO0 Pe3y/IbTaTaM KOPPEKTHPOBAHMS CHCTEMEI,

3. JIns oCBOEHHA OCHOBHBIX METOJIOB aHa/IM3a YCTOHYHBOCTH JIH-
HEHHBIX CHCTEM IPOBEPUTH YCTOHYHBOCTE CKOPPEKTHPOBAHHOM CHCTE-
MBI TI0 KpuTepusm Haliksucra, Muxaiinosa 1 I'ypsuna.

4. Paccuutars Ha 3BM nepexoanslit nporiecc, BEI3BaHHBIH eTHHHY-
HBIM CTYIEHYATBIM BO3ASHCTBHEM HAa CHCTEMY, H ONPEIENIHTh 4aCTOT-
uelie xapakrepuctuki (JIAX n JIOX) 3aMKHYTOH CHCTEMBL.




3. MOCJIEJOBATEJIBHOCTH PACYHETA
U OCHOBHBIE ®OPMY.JIbI

3.1. Jlorapudpmuyeckne aMILIMTYAHbIe H (azoBbie
YaCTOTHbIE XAPAKTEPHCTHKH 3BEHbEB CHCTEMbI

Kak Ob1710 0T™MEUEHO BBILIE, CTPYKTYPHEIE cXeMbl cucTeM A u b co-
JepiKaT JTHHAMHYECKHUE 3BEHbA OJIMHAKOBOIO BHJIA, IPUYEM 3TH 3BEHbS
otHOocATCA K THNOBBIM. JIAX 1 JIOX Taknux 3B€HBEB MOKHO MOCTPOUTH
110 PACCMOTPEHHOM B Kypce NeKIIUi MeTo/THKe, B COOTBETCTBHHU C KOTO-
pOH 11 anepHoIMYecKOro 3BeHa NMEepBOro NMopsaKa U KonedaresbHOro
3BCHA CHauasia BBIYHMCIISIOT CONPATalOIMe YacTOThl U Ha Oymare ¢ mo-
aynorapuMUYECKOH CEeTKOH MPOBOAAT HU3KOYACTOTHYH U BBICOKOYA-
CTOTHYIO aCHUMIITOTHI IIPH K03 QUIMeHTaX yCHICHHs, PABHBIX €IMHHILE
[1]. 3areM o rpadukaM MOMPaBOK B OKPECTHOCTH KKIOH compsraro-
e yactotel HaxoaaT Touku camux JIAX. Ecnu kakoe-nu6o omHO U3
3BEHBEB WM 004 3BE€HA UMEIOT OTIHYHBIE OT eIHHUIIBI KO3 (D PUIIHEHTHI
ycmierust K, to ocu yactor JIAX 3THX 3BeHBEB NOIXKHEI OBITH CMe-
menst Ha 201g K Bru3 (mpu K > 1) unu Beepx (npu K < 1). JIAX
MHTETPHPYIOIIETo 3BeHa NPeCTaBIgeT cO00H NPAMYI0, HMEIOIIYIO Ha-
kion —20 ab/nek u mepecexarnyd OCh 4aCTOT B TOUKE, JUIsi KOTOPOH
3HaueHHEe YaCTOThl PABHO OTHOILIEHMIO €HHUIIB! K IOCTOSHHON BpeMe-
HH 3BeHa. JIOX anepHOaMYeCKOro 3BE€HA MEpPBOro Mopsaika u Koieba-
TEeJIbHOTO 3B€HAa MOKHO MOCTPOMUTH 10 TOYKAM, BRIYHCIIHTEL MX KOOPJIH-
HATHI 110 (hopMyJIaM, IPUBEAEHHBIM B Kypce nekiuil. KoopauHaTs! To4ek
JI®X pHTErpHpyOUIEro 3B€Ha HAXOAHTE He HYXHO, TAK KakK 5Ta Xapak-
TEPUCTHKA ABIAETCS IPSIMOM, TPOXOAsIei napaliebHo OCH YacToT Ha
PAcCTOSIHUH, PaBHOM —7 /2.

Kpome Toro, sorapudmMuyeckie aMILTUTYIHbIE U (a30Bble 4acTOT-
HbI€ XapaKTEePUCTHKH arlepHOIHYECKOTo 3B€HA MIEPBOro NOPA/IKA, a TaK-
)Ke KoJieDaTeTbHOrO 3BeHa MOJIe3HO MOMY4HUTh ¢ oMompo 9BM.
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3.2. IlpoBepka ycTOHYHBOCTH 3aAMKHYTOH CHCTEMBbI
no JorapupmMuyecKoi aMIJIMTYAHOH XapaKTePHCTHKe
u Jorapupmuyeckoii GpazoBoil xapakTepHucTHKe
ee Pa30MKHYTOr0 KOHTYpa

Pa3oMkHYyTEIE KOHTYpHI cucTteM A U B conepxar mo Tpu mnociemno-
BATEJILHO BKJIIOYEHHBIX THIOBBIX 3BeHa (puc. 5). Cnoxue JIAX u JIGX
OTUX 3BEHBEB, MOJTYYHM XapPAKTEPUCTUKH TS KaXKIOro pasoMKHYTOTO
KoHTypa. Ha puc. 6 npusenenst JIAX u JIOX oTnenbHBIX 3BE€HBEB CH-
crembl A. Tam ke mokazans! JIAX u JIOX pazoMKHYTOr0 KOHTYpa TakoH
CHCTEMBI IIPH 3HAYECHHUAX NapaMeTpoB, obecneyuBaomux Tpebyemele
3arackl YCTOHYHBOCTH 110 aMIUIUTye U 1o ¢ase. Eciau 3anace! ycToi-
YHBOCTH 110 aMIUIMTYZIE ¥ 11O (a3e OKaKyTCA MEHBIIE JONYCTHMBIX, TO
ClIelyeT CKOPPEKTHPOBAThH CHCTEMY B COOTBETCTBHH C I1.2 3afaHMA.

K K 1
> P > ocl » — | .
T's® +20,T,s +1 T.s+1 T.s
) a
Koi K
> KK > > >
Tys+1 T,s I7s*+26,T,s+1
17}
Puc.5

Ha puc. 7 nokaszan pasOMKHYTBIH KOHTYP CHCTEMBI A IOC/IE€ BBe-
[eHWUs OTPULATEIBHON M30APOMHOM 0OpaTHON CBA3M, KOTOpas OXBa-
THIBAET AlCPHOAHUYECKOE 3BCHO IIEPBOro mnopsAika, COOTBETCTBYIOIMIEE
HEHArPy)KeHHOMY THAPOIMJIHHAPY C KECTKOH OTpHIaTe]bHO#H obpar-
HO# CBSA3bEO OT BBIXO/IHOI'O 3BEHA K 30JI0THUKY THIAPOPACIpeIe/IHTeIA.
M3oppomuas obparHas CBsi3b OMKCHIBAETCA MEpelaTodHON QYHKIHEH
peansHoro aupdepeHiEpyIonero 38eHa ¢ NOCTOSHHONW BpeMeHH T.
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Lw) JIAX pazoMkHyTO#H cHCTEME

L,(®)

i

L, —3anac N\ lgw
110 AMILTHTY1e

(pp(m} ‘Pr I(m} 'g w
—

PR,
JIOX pasomkHyTO#H
CHCTEMBbI

Puc. 6

IlpoBens 3KBHBaNEHTHOE MPeOOPAa30BAHME YIACTKA CTPYKTYPHOH cXe-
MBI, 0OBEJIEHHOTO Ha PHC. 7 LUTPUXOBOM JTHHHEH, HAXOLHM

Koc1(Txs + 1) )
Sf*',‘T,--ls2 -+ [(1 -+ Ko‘cle)Tx -+ Trl] s+1'

Hf[ﬁ(s) =

e Wea(s) — nepenarousas GyHKIHA HeHATPyXeHHOTO FHAPOLIHIHH-
Apa, OXBAaueHHOTO KECTKOH H H30APOMHOM OOPATHBIMHU CBA3AMH.
3HaueHHe MOCTOAHHON BpeMeHH T} MOMKHO OHITh BHIGPAHO TAK,
4TOObI CKOPPEKTHPOBAHHAS CHCTEMA MMENa EBICOKHE MOKA3aTelH Ka-
uecrsa. [lng aroro xenaemas JIAX CHCTEMBI B OKPECTHOCTH YaCTOTHI
cpesa JloJpkHa HMeTh HakioH —20 nb/nek, a npu 3HaYeHUsIX YACTOT

12

K,

T2s? +20 Ts +1 |

1331

Puc.7

wx = 1/Ty ¥ wp, OrpaHAYMBAIOIMX yKa3aHHbIHA yyacTox JIAX, opau-
Hathl Ly W Ly MOTYT ObITh paBHBEl COOTBETCTBEHHO +16 b u —16 ab
(puc. 8).

YKa3aHHOE yCJIOBHE MOXKET ObITh BBIIIONIHEHO, €CIIH MOJIIOCH [epe-
AaTouHOH QyHKUHH (1) GynyT e CTBHTEILHBIME OTPHIATEIBHBIMA YH-
CIIaMH, T. €. €CJIH

[(1 + Ko.clec) Tx + Tr1]2 > 4TxTrl-

Torna mepenatouHy:o GyHKIHO (1) MOKHO NPHBECTH K BHIY

-Ko.cl(sz + 1}
(T1s+1)(Tas + 1)’ @)

Weo (S) =

TJIE 3HaUYeHHs OCTOAHHBIX BpeMenH 1) u T, onpenendioTcs U3 COOTHO-

1
weHHiH T = — u Tp = —.
w1 a2
Wcnonp3ys cBolicTBa KOpHeil KBaAPATHOIO YPaBHEHHS, TOTYYEHHO-

ro NPUPABHHBAHUEM K HYIIIO 3HAMEHATe s riepefaToyHoi gynkuuu (1),
Haxoaum

o 1 1+ K 0.C IK K

JK rl :—"; w1+w2_wkzm!

wiw2 T

OTKY/1a ClleffyeT

(w1 + wp — Wy )wy — wiwy

K
wiwaKoc1

13




L(w),
nb

14

--20 nb/nex

Puc. 8

Brruucnus no ¢opmyne (3) 3naueHue Ky, Heobxogumo ybemuTsb-
¢, 4To 3anac 1o ¢asze Oyuer ONU3KUM K PeKOMEHIYEeMOMY 3HaYEeHHIO.
C aroii nenbio crpost JIAX n JIOX cKOppeKTHPOBAaHHOH pa3OMKHYTOH
cucreMbl. OOMuU BU/I TAKHX XapaKTEPUCTHK NOKa3aH Ha pHuc. 8.

Iloce KOppeKTUPOBAHHS CHCTEMBI b CTpyKTYpHast cxema ee paso-
MKHYTOrO KOHTYpa Gyner Takol, kak Ha puc. 9. O6renuHeHHas nepeaa-
To4HaA QYHKIHS IPOIOPLKOHAIBHOTO 3BEHA | NTAapaIIENBbHO BKJIIOUEH-
HOro ¢ HUM I depeHHpYIOIIero 36eHa HMeeT BH]L

Wa(s) = Kig(Tms + 1), (4)
rae Tnl = Tn/Ki,j.
> Kw' £} l o K& S
Tys+l| | Ts| |T2%+20,Ts+1 :
Puc.9

Jlis onpeneneHnds TMOCTOAHHOW BpeMeHH T KOPPEKTHPYIOIETO
3pena Ha JIAX u JIOX pa3oMKHYTOTO KOHTYpa HEKOPPEKTHPOBAHHOM
cuctembl b nyxno gononaurensao nocrpouts JIAX u JIOX dopeu-
pYIOILEro 3BeHa mepeoro nopAnka (puc. 10), iMeromero nepearoyHyo
dbynkmI0

Wu(s) = Tus + 1. (5)

ITpu 3TOM conpsATaroIIyIo 9acToTy

1
Wnpl = "T—l (6)
i

JKeJIaTeabHO BEIOPATh TaK, YTOOBI B OKPECTHOCTH YaCTOTEI CPE3a HAKJIOH
JIAX pa3zoMKHYTOrO KOHTYpa CKOPPEKTHPOBAHHOH CHCTEMBI COCTaBIIAI

15




—20 nB/nek, a 3anackl no aMmuIKHTyAe U 1o dase 61 661 paBHBI pe-
KOMEHlyeMbIM 3HaueHuAM. [1o BeIOpaHHOM YacTOTE Wy M COOTHOIIE-
HHIO (6) BEIYMCIIAIOT IIOCTOAHHYIO0 BpeMeHH 71, UToOk He yClomKHATE
nepenatounyo GyHKIHIO (4), ZONYCKaeTCs YMEHbIATh Ty U yBETHYH-
BaTh (.

L(w)

-~

lgw

3n

-2n

Puc. 10
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3.3. Pacyer ycTOHYHBOCTH CHCTEMBI 110 PAa3HBIM
KPHTEpHAM

Kpurepuit Halfixsucra. IIpy nposepke yCTORYHBOCTH CHCTEMBI 110
KpuTepuro HalikBrcra HeOOXOAMMO IOCTPOHTEL aMIUIMTYIHO-(a30BYI0
YACTOTHYIO XapakTepucTuky W (jw) pasoMKHYTOro KOHTYpa CHCTEMEL.
Takas xapakTepHCTHKA MOXET OBITh [10/1y4€Ha B Pe3y/IbTaTe II0ACTaHOB-
KM s = jw B nepenarounyio dynkuuio W (s), kotopas onpenensercs
[0 IEPEIaTOUHBIM (YHKIMAM BXO/ISIMX B CHCTEMY 3BeHbEB. B paso-
MKHYTBIX KOHTYpax cucteM A u b 3BeHbs BKIH0YEHBI TOCIIe0BATeNbHO,
€CJIH CHCTEMBI HE KOPPeKTHpOBauck. Eciiu cucTeMbl O5UIH CKOPPEKTH-
POBaHBI, TO [TOC/IE/IOBATEILHOE COSJHHEHHE 3B€HBEB MOKHO TOTYYHTh
[OCJIE NIPUBE/ICHNS YYAaCTKOB CTPYKTYPHBIX CXEM € KOPPEKTHPYIOIMMH
3BEHBAMH (Ha puc. 7 1 9 00BeieHbI IUTPUXOBEIMH JIHHHAMHA) K OJHOMY
IKBHBAIIEHTHOMY 3BCHY.

i1 nocnenosare/IbHO COeIMHEHHIX 3BEHBEB [IEPENaTOuHY 10 PYHK-
mmio W (s) HaXoIAT NEepeMHOKHB I1EpPeaTOYHbIe (YHKLHAH THX 3BE-
ubeB. Koopaunarel P(w) 1 Q(w) aMmnutynHO-¢a30B0# 9acTOTHOH Xa-
paktepucTuki W (jw) Moryr 66T TakKe BEIYKCIEHB Ha DBM.

Jpyroii cnoco6 mocTpoeAns aMIIHTYIHO-(Ha30BOI YaCTOTHOM Xa-
paxtepuctiku W (jw) coctouT B TOM, 4T0 110 JIAX pasoMKHYTOrO KOH-
Typa CHCTEMBI JUIA PsJia YacTOT w BBIYACIAIOT 3Hauenus A(w) u wis
9THX e yactoT no JIAX Haxomsar 3HaueHus o(w). s BeIYHCIEHHS
A(w) Clly®HT COOTHOLIEHHE

Liw)

20 °
3nauenns A(w) ¥ @(w) SBRISIOTCS NOISPHBIMH KOOPJAWHATAMH
W (jw), xotopas He AomKHA OXBarkiBath TOuKy (—1;j0), Tak kak pa-
30MKHYTEIE KOHTYpbI cMcTeM A u b HeHTpasbHO ycTOHYMBEI, a caMH
CHCTEMBI 3[ECh IMPOBEPAIOTCA YK€ MOCJE TOro, Kak ObUia ycTaHOBIIE-
Ha ux ycroHuupocte mo JIAX u JI®X. Yrobbl myume npeacraBuTh
cebe TECHYI0 CBA3b PACCMOTPEHHBIX BbIIE METOIOB NPOBEPKH YCTOH-
YHBOCTH CHCTEM I10 YACTOTHBIM XapaKTCPUCTHKaM, T10JI€3HO, [TOCTPOHB
W (jw), naiitu 3anacel 1o aMmnnutyse a1 no ¢gase 1 yGeAuTHCS B TOM, 4TO
OHH COBMaJAioT ¢ panee nonydeHHsIME 10 JIAX 1 JIOX 3anacamu. [{ns

lgAlw) =

17




npumepa Ha puc. 11 gana AOYX pa3oMKHYTOIro KOHTYpa HEKOPPEKTH-
POBAaHHOH CHCTEMBI A,

Jjo !

Puc. 11

Kpurepuii Muxaiinosa. /i upumesenus kpurepus Muxaiinosa
HEOOXOMMO HMETh XapaKTEPUCTHYECKOE YPABHEHUE 3aAMKHYTOM CHCTE-
MBI, ITO ypaBHEHHE MOXKHO HAUTH, IPUPABHAB HYIIIO 3HAMEHATEJIb I1e-
penaTouHO¥ QyHKIMH 3aMKHYTOH CHCTEMBI, WIIH, YTO JIaeT TOT ke pe-
3y/bTaT, IPUPABHAB HY/II0 CyMMY IOJHHOMOB 3HAMEHATENA U YHC/IHTE-
JIA [IepelaTo4HON QYHKIMH Pa30OMKHYTOM CUCTEMBI.

3aMKHYTYI0 HEKOPPEKTHPOBAHHYIO CHCTEMY A MOXKHO ONHCATh Iie-
penaroyHoi (yHKIHe

Wa(s)
@ e ] 7
Als) 1+ Wa(s)Wyup(s)We(s) 7
1 Ky
= 5 = s We =
e Wa(s) Ok Wap(s) T332 1 20, Tps + 1 1(s)
_ Ko.cl
Tr‘ls +1

[Tepenarounoit Gpynkumn (7) COOTBETCTBYET XapaKTEPUCTHUECKOE
ypaBHEHHE
1 4+ Wa(8)Wyp(s)Wra(s) = 0. (8)
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Honcrasus B ypaenenwe (8) mepenarodnsie OYHKUHHA OTHEIBHBIX
3BEHBEB U BBIIOIHHUB COBIYHEIE IPE0OPA30BAHMS, TTONYUUM

ass® + azs® + ags? + a1s + ag = 0, (9)

e aq = Ty rng; ag = Ta.Tp(Tp + ZTrICp); az = Tn(TI‘I + 2Tp<p);
ay =15, ap = KpKo.::l-
Ilpu s = jw neBas yactsb ypaBrenus (9) MOXET OBITH NpEeACTaBJICHA
KOMITJIEKCHON QyHKIM2H
D(jw) =X +j2Z, (10)

rae X = aqw? — agw? + ag; Z = w(a; — a3w2).

Wsmensis B pyrkunn (10) w or 0 mo +o0, cneayer HOCTPOHUTH Ha
KOMIUIEKCHOH MIIOCKOCTH roziorpad Muxaiinosa, KOTOpEIi TIpH YCTOM-
YHBOH CHCTEME JOJDKSH HAYMHATHCA HA NOJOXKHTEABHON YacTH meii-
CTBHTEJIHOH OCH H B EalpaBJICHAH IPOTHB XOJa 94COBOH CTPEJIKH IPo-
XOAHUTE YePe3 YETHIPE KBAAPAHTA KOMIUIEKCHO! ILIOCKOCTH (pHc. 12).

Ilpu cKOppEeKTHPOBaHHOH CH-
creMe A B NepeNaTouHON (yHK-
uun (7) cnenyet 3amernts Wi (s)
Ha Wia(s), a 3arem ¢ yuerom
CcooTHoIIeHHus (2) B TOH ke mo-
CJCAOBATENILHOCTH HAWTH (yHK-
unto D(jw) u moctpouts rofo-
rpad Muxaiinosa.

s 3aMKHYTOW HEKOPPEKTH-

JZ

0 X

BT

POBaHHOI cHCTeMEl B umeem: Puc. 12
B (9) B Wr.n(s) (ll)
BV ST KisWry(s)Wen(s)’
Kﬁs Kw
Wen(s) = ? " oy i1
rae Wr.u(s) Tos(Tac?s? + 26.Tes 7 1) Wry(s) Trys+1

O6mwmii BHA XapaKTEePHCTHYECKOTO yPaBHEHMs 3aMKHYTOH CHCTe-
MBI U KOMIUIEKCHOH ¢ynxumuu D(jw), onpenenseMslx 110 mepesaToy-
HOM ynkuuu (11), OymeT TakuM Xe, KaK Uil HEKOPPEKTHPOBAHHOMN
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cucteMsl A, OTIHYME COCTOUT B 3HAYEHHSIX KOIPDHIMEHTOB, BXOIS-
wux B ypasaenus (9) u (10). B nauHom ciydae

a4 = TETPTP-Yi a3 = TuT (T + 2Ty Cu); a2 = To(Try + 2Txln);
a1 =Ty ap = KisKyiKse.

Ecim cucrema b 6b11a CKOppeKTHPOBaHa, TO B [IEPENATOYHON (yHK-
uuk (11) xoapdunment yeunenus K5 ciemyer 3aMeHHTsL Ha mepea-
TOUHYH QyHKUHIO (4). [Ipu 3TOM H3MEHNTCA 3HaUYeHHEe KO3 PHIMEHTa
ai.

B ocrassHOM mpoBepka YCTOWYHBOCTH CHCTEMBI B 110 KpHTEPHIO
MuxaiioBa BEIONHACTCS TaK e, KAK CHCTeMBI A,

Kpurepuit I'ypeuua. CornacHo xpurepuio [ypBHua, cHcTema
YCTOHYHEA, €CNIU BCe KOIQ(HIMEHTE! ee XapaKTepUCTHYECKOTO ypaB-
HEHHA [OJIOKHUTENBHB M ONpPENETHTENHN, COCTABIEHHEIC H3 ITHX KO-
spdunnentos, Gompme Hyns. 3HaueHHs KOI(DPUIHEHTOB H3IBECTHEI
U3 pacyeTa YCTOWYHMBOCTH CHCTEMEI 110 KpuTepnio Muxaiinosa, a nid
COCTABJICHHS OIpeeInTENeH ClelyeT NPUMEHHTh PaCCMOTPEHHBIN B
Kypce Jnekuui anropurs [1,2].

3.4. PacuyeT nepexoJiHoro npoiecca, JorapupmMuvecKux
AMIIMTY{HOH H YaCTOTHOMH XapaKTepHCTHK
3aMKHYTBIX CHCTEM ¢ nmomMombio IBM

MaremaTHueckoe ONMHCAHHE DPACCMATPHBAEMEIX CHCTEM MOXKHO
NPEACTaBUTh cHCTeMaMH [ubdepeHUnansHEIX ypaBHEHHH, 3alHCcaH-
HeIMH B opme Komrn, Tak, U1 CKOPPEKTHPOBAHHOH CHCTEMBI A T10CIe
nepexoja OT IepeaTouHbIX GyHKuuii k quddeperunansHeM ypaBHe-
HHAM HMEEM:

gzig—%ﬂﬁ; (12)
dz

F0 (13)
%% = —%"—Q —~ %EPB& - —T—%zp; (14)
Y o n - T g (15)
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dzx . KK._ KKKO.C_ 1 KK =
7 T N (ﬁ+ Tr)z“' K

HanGonee kommakTHOM H ynoGHOM (OpMOMN 3anucu MaremarHye-
CKOH MOJIENH TIDH BHITONHEHHA PACYeTOB IIEPEXOAHEIX IPOLECCOB Ha
OBM sagnsercs sexropuas gopma [1].

Maremaruueckoe onucaHue B BEKTOPHO#H GopMe NPOU3BOIBLHOM CH-
CTEMBI 7-TO OPAJIKA C YHCIIOM BXOJIOB 771, YHCJIOM BBIXOMIOB 7" COCTOHT
U3 JIByX YpaBHEHUI:

BEKTOPHOTO JU(EepPEHIHANBHOIO YPABHEHHS COCTOAHHS

dx

= =Ax+Buy; (17)
BEKTOPHOT0 a/reGpandeckoro ypaBHeHHs BBIX01a

¥y = Cx + Du, (18)

T U = [Ujus. .. Upn|T — BEKTOp BXOHBIX BEIUUHMH; Yy = [1yz. ..
.. yr)T — BekTOp BBIXORA; X = [T1%3. .. Zn]T — BekTOp cocTOAHHS;
A — kBajiparHas Marpuna (n, n); B — npsamoyronshas Marpuna (n, m);
C — npamoyronsnas marpuua (7, n); D — npsmoyronsHas marpuna
(r,m).

PaccMarpuBaeMbie cucTeMBI A U B UMEIOT 110 OHOMY BXOAY H BBI-
XOMY, MO3TOMY Ul HUX m = 1 ur = 1.

Jl1s CKOPPEKTHPOBAHHOMN CHCTEMBI A 7 = L, T9 = Zp, T3 = T,
Ty =Y, T5 = Zg.

M3 ypasHenwii (12)—(18) Haxonum:

B=[j 00 00];0:[1 0000]; D=0

T.
- 1 =
0 e 0
0 0 T
0 0 1 0
-K, -1 =2
A=| 7 T oL . ¢
P P p
0 __1 0 “Ko.c "'_1
T T T
o K o _EHoo (1 K«
L T: T: T« T:) |
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J1st onyyeHus NepexoHOro MpoLecca Ha BXOA MONAIOT CTYIIEH-
yaToe eJMHHYHOE BXOAHOE Bo3AeHcTBHEe u = My(t) = —1(t), yemy
COOTBETCTBYET

My(t) =1 npu t < 0;
My(t) =0 npu t > 0.

Havanbneie yenosus: ¢ = 0; 21 = Q = —Goer, T2 = Zp = Koc;
23 =0 = 024 =Y = 1, x5 = Z = 0. MogenMpoBaHue 1o ypas-
HeHuAM (17), (18) moxeT ObITh IpoBesieHO Ha DBM B pa3iM4HBIX NaKe-
TaxX NpUKIaaHbIX porpamm. Ha puc. 13 npusejien nprumep mepexoano-
TO npouecca, NoIy4eHHOro ¢ nomobio nakera « MBTVY» [3].

-0.02

-0.04

Puc. 13

Jnst ckoppeKTHPOBaHHO# cicTeMbl b B pe3yiisrare npoBeJeHHS OIH-
CaHHBIX BBHINIE AEHCTBHIL I10ydYaeM MAaTPHIBI H BEKTOPEI TOIO JKe pas-
Mepa, UTO M JIjIs CHCTeMEI A.

Ty =0; T4=0p.
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Henynessie ko3 duimneHTs MaTpuubl A:

2Cu
aiz=1; a3 =1; a2 = —73; a3 =—7;
T2 7
a, _'——‘1“' agg = 2Cn.
32 — IE: 33 = TL}
Qg = — Kse KviKiﬁ_ P TaKoi e = :_]_-‘
4 TrT;_%, 41 Try y U42 Try y G42 T[y

B=[1000];C=[100 0];D=0; u=v-=1(t).

HauaipHble yCIIOBUA HYJIEBEIE.

Ilo nmomyyeHHOMY OEPEXOAHOMY TIPOLECCY CIEAYeT OIMPEETHTh
HauOOJIBITYI0 NUHAMHYESCKYIO OIMOKY H BpeMs IEPeXOQHOTO MpoLec-
ca.

Ha OBM Taxxe ¢ kCnoiab30BaHUEM CTPYKTYPHOH CXEMBI CHCTEMBI
A wnu b nyxnr0 HaiiTH JIAX u JIOX 3aMKHYTOH CHCTEMEL.

4. O©®OPMJUIEHHUE BbIITOJTHEHHOT'O 3AJIAHUSA

Odopmnernoe noManigee 3aJjaHie JOJKHO COLNEPXKAaTh: CTPYKTYp-
HBIE CXEMBI CHCTEMBI, HCXOHbIE JaHHbIE JUI pacyeTa, pe3y/bTaThl pac-
YeTa CHCTEMBI C TabIHIlaMy ¥ TpauKaMy, MPUBEAEHHBIMU B COOTBET-
CTBYIOIIMX IYHKTaX HACTOALIMX METOMYECKHX YKa3aHu#, Bee crpann-
1Bl CIIEYET MPOHYMEPOBATh U COPOIIIOPOBATE B TETPA/b C THTYJIBHBIM
JIKCTOM, Ha KOTOPOM HY/KHO YyKa3aTh Ha3BaHUE 3aJaHuA, GaMHIIHIO H
MHHUIMAIB! CTY[EHTa, a Takxke uHjaekc rpynnel. K opopmiueHnomy 3a-
JAaHUIO CIIElyeT MPUIIOAUTE oMy4eHHs Ha 3BM rpadux nepexoHo-
TO mpolecca, o KOTOPOMY JIOJDKHEI OBITh OIpeieIeHb: JUHAMHYECKas
ommubKa, ycTaHOBUBINAACSA OIIHOKAa M BpeMs PEryJHpOBaHUS, a TAKKe
paccuuransble Ha 9BM JIAX u JIOX 3aMKHYTOH CHCTEMEL.
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