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1 Jlexunst Ne 1. Beenenue. O6mue nonsitust o nemneiinsix CAP

Conepxanne JeKUHH: OO IOHATHS, BH/IbI HEIMHEIHBIX 3BEHBEB H HX
CTaTHYecKHe XapaKTEPHCTHKH, NEPEXOJIHBIE NPOLECChl B HENMHEMHBIX cHCTeMax
aBToMaTHUECKOTO perynuposatis (CAP).

Lt TeKUMN: H3YSHTS HTHHCHHbIE 3BCHbA H OCOBCHHOCTH POLCCCOB B
nenuneiinsix CAP.

1.1 O6uwue ceenenust

Heuneiinoii CAP HashiBacTcs cHCTeMa, B KOTODOF XOTd Gbl B OJHOM 3BCHE
HApYIIAETCH JMHEIHOCT CTATHYECKOT XapakTepHCTHKH IIH €CTh 060e Jpyroe
HapyIlleHHe JIMHeIHOCTH YpaBHEHHH JIMHAMHKH 3BCHa: NPOH3BEJCHHE (IIEPEMHO-
KeHHe), UacTHOE (Je/ICHHE) NepEeMEHHBIX IIH HX TIPOSBOHBIX; KOPEHb, KBAIAT
1w Gollee BICOKas CTeMCHb NIepPeMeHHONE; Ti0Gas Apyras HelHHeliHas CBA3b nepe-
MEHHBIX W HX IIPOH3BOJIHBIX.

HeMHEHHEIMH MOTYT GBIT Taloke CHCTEMBI ¢ TIEpEMeHHBIMH NapaMeTpaMH,
© pacrpe/Ie/IEHHBIMH NapaMETPaMH, ¢ 3alla3/IbiBaHHEM, HMITYJIbCHBIC H HH(POBbIC
CHCTEMBI, €c/Ii B HIX HADYINAETCS JMHEHHOCTS ypaBHeHHU| JMBAMUKIL.

TIpu Hcere0BaRMH, pacuete H ciTese CAP HYKHO HMETb BBHIY, U4TO Hai-~
Gollee MOHO pa3spaGoTAHBI TEOPHS W PASIHUHBIE MPHKIATHBIE METOMsI ISl OOBIK-
HOBEHHBIX JIMHEHHBIX cHCTeM. [103TOMy B MHTEpecaX MpOCTOTHI pacueTa BCerja
JKellaTeIbHO (TaM, IZIe 3TO JIONYCTHMO) CBOJHTH 3ajady K Takoil opme, 4ToObI
MaKCHMAJILHO HCIIOIE30BATh METOIbI HCCIIC/(OBAHMS TAKHX CHCTEM.

OjHaKo 5To BOBCE HE 3HAUHT, UTO NIPH NPOCKTHPOBAHKH HOBBIX CAP Hy’KHO
CTPEMHTBCS K OOBIKHOBEHHBIM JMHEHHEIM cHCTeMaM. COBEpIICHHO 0UEBHJHO, YTO
OBBIKHOBEHHbIE JIMHEHHbEIE CHCTEMbI 0G/IA/IAIT OrPAHHYEHHBIMH BO3MOKHOCTSMH.
Be/ieHie HEIMHEHHbIX 1 0COBHIX THHCIHBIX 3BCHBCB (C IICPEMCHHEIMH BO BPCMEHH
KOIpQULHEHTAMH, ¢ PACTIDECTEHHBIMH APAMETPAMH, C BPEMEHHBIM 3aNla3/IbiBa-
HHEM) MOKET NpHJATH CHCTeMe TyUlIHe KauecTsa. OCOBCHHO GOraThiMi BOIMOK-
HOCTSMH 0B/Ia/AI0T CHCTEMBI CO CIELHANBHO BBE/ICHHBIMU HENHHEHOCTAMH U JiHCc-
KPETHBIE CHCTEMbI, B TOM YHCIIE ¢ WHAPOBEIMH BbITHCTHTETBHBIMH YCTPOCTEMI,
 TaKoKe aaNTHBHBIC CHCTEMBI.

1.2 BujIb! M THIBI HEJIHHEIHBIX )JIEMEHTOB H 3BEHbEB

TlepeunciTuM BH/IbI HETHHEHHBIX 3BEHBEB:

- peteiinoro Tuma;

- ¢ KyCOUHO-IIHHEIiHO/ XapaKTepHCTHKOI;

- ¢ KpHBOJMHEHHOI XapaKTEpHCTHKOI J0GOro 0YepTaHus;
- HePeMHOKHTEb H JICTHTE b CHIHATIOB;

- Jormeckoe,
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- HepeMeHHOI CTPYKTYPI.

Pasuuaior cmamuueckue n ounamuseckue Hetuneiinoctn. Tlepsbie onuch-
BAIOTCA HEJMHETHBIMH ANTeOPANUECKHMH YPABHEHHUSMH, @ BTOPbIC — HeJHHEHHbI-
M udepeHHaTbHBIME ypaBHEHHAMH. CTaTHUECKHE HENHHEIHHBIC JJICMEHTHI
MOYXKHO NIPE/ICTABHTh B BUJIE HEIMHEIHHBIX CTaTHUECKHX XapakTepHcTHK (CX).

JIuHaMuUecKHe HEMHEHHOCTH MPOSBIAIOT Ce0fl TONbKO B IMHAMHKE, T. €.
IpH H3MCHEHHH BE/HUMH BO BpeMeHH. Take HETMHEHHOCTH 3aBUCAT OT NPOM3-
BOJIHBIX COOTBETCTBYIOIIHX BEJIHYHH 110 BpeMeHH. CTaTHUECKHE JKe HETHHEHHOCTH
HpOSIBIAIOT ceBsl KaK B CTATHKE, TAK H B IMHAMHKE.

B npakTiKe pasuuaioT HETHHEHHEIE YIEMEHTE ¢ 21a0KOl HEAUHETHOM, Ky~
COuHO-TUNEHON W KYCOUHO-NOCMOANHON XapaKTepHCTUKamH. Bee Henmmueiibie
XapAKTEPHCTIKI MOTYT GbITh PavIelicHbl Ha 0OHOIHAUHbIC 1 HEOOHOIHANHBIE (IO~
203naunvie). HeoHo3HAUHasl XapaKTePHCTHKA MOJYUaeTCs, eCIH, HalpHMep, pH
YBEJIHUCHHH BXOJIHOTO CHIHalla BBIXOJIHAs KOOPJIMHATA H3MEHACTCA 110 OJIHOM 3a-
BHCHMOCTH, a IPH yMeHBLICHHH — 110 JApyToii 3aBHcHMocTH. UacTo Takie XapakTe-
PHCTHKH HA3BIBAIOT 2UCMEPEIUCHBLMIL.

B aBTOMaTHUECKHX CHCTEMAX IIHPOKO PaclpoCTPaHEHBI CleyIOIe muno-
Gble cmamuueckue HeuneloCM I, OTTHIAIONIHECS OT PEATBHBIX KyCOUHO-THHEH-
Ho¥i anmpoKcHUMalMei: 30Ha HeuyecmEumebHOCMY, 02panutenue (Hacoiuyenue),
Mepmeniii X00, 2ucmepesuc, rogm, ynop, OuooHas xapaxmepucmuxa (udearsusiii
GuInpAMUMEnS), K6aHMOBaHUE NO YPOBHIO, UOEANbHOE pene (cyxoe mpenue), pene ¢
30Ol HEHyBCMBUMENLHOCIN, pene C 2UCMEPEIUCOM, pere ¢ 30HOll Hewyscmel-
measHoCmu U 2ucmepesucom u Ap.

Cratiieckue HelMHEHHOCTH MOTYT GBITh HenpepbisHsLMU WIH penetinbiul,
nemnessiMU 2uCmepesuCHbIMU WIH nemuessiu onepexcaiougum. Tlpocmeriuumu
HeuneliHbIMU HTeMenmaM SBISIOTCA CTATHYECKHE (De3bIHEpYUONHbE) OJHO3HAU-
HbIE HEJMHEHHOCTH.

Crpykrypa 1 ypasHenue nemimeiinoii CAP B obiem clyuae MOryr GHITh
OueHb CHOKHBIMU. CTelleHb CIOKHOCTH 3ABHCHT OT KONHYECTBA, BUAA H MeCTa
BKITIOUCHHUS HEIMHCIHBIX HIeMEHTOB. OJIHAKO GOMBIIMHCTBO CHCTEM, BCTPEUaio-
WIXCA B IPOMBIILICHHOI aBTOMATHKE, COJICPKHUT 00N CYNIECTROHHO HCHHEHi-
HBIil JIeMEHT.

B ynpaeisiomux ycTpoiicTBaX aBTOMATHYECKHX CHCTEM, HApsy ¢ peleiiHbl-
MH 7IeMEHTaMH, HaCTO HCTIONB3YIOTCA TaK HasbiBaeMble 0codbie nenuneinocmu. K
HHM OTHOCSTCS NEPEMHONCUMEIN CUZHATOS, INEMENMbL T02UECKUE W C Nepemen-

ot cmpyxmypoit.
1.3 Cocrasenne ypasnennii neanneiinbix CAP

TIpaKTHUECKH Bee CHCTEMBI YPABICHHS, CTPOTO FOBOPS, ABISIOTCH HEHHeTi-
HBIMH, T.€. OIUCHIBAIOTCS HEMHEHHBIMH ypABHEHHSMM. JIMHETHbIE CHCTEMBI ABIS -
10TCs HX JIHHEIHbIMH MOJ/ISMIH, KOTOPbIE HOIYUAIOTCS yTeM 0GbI4HOI AUNeapl-
3ayuu, COCTOSIEH B PasIoKeHHH HelMHEHHBIX yHKumii B psx Teilnopa n ot6pa-
CHIBAHHH HEJIMHEHHBIX claraeMbiX. OJHAKO Takas JIHHEApH3allus HE BCEra BO3-
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MoxHa. Ecii HeMHeliHOCTB JonyckaeT 06BIMHYIO JIHHEapH3aIHIO, TO TaKas HEJH-
HElHOCTL HA3HIBACTCH HeCyujecmsennoii. B IPOTHBHOM Cllydae HeNMHEHHOCTD Ha-
3biBaCTCH cywyecmeennoti. CyleCTBCHHBIMI HEHHEHHOCTAMI 06/1alaloT, HAIpH-
Mep, perteiiHbie dements. Jlake B Tex clyuasx, KOra oGbHas THHeapH3aIMs
BOSMOKHA, YACTO HA KOHEYHOM TaNle HCCIEIOBAHMS MOKET MOTPEGOBATECH pac-
CMOTpeHHUe HeXOAHOI HeUHEHHOI MoIeTH.

OBuuii MeTo1 cocTaBiIcHus ypaBHCHHIl HemHeiiHOl CAP cocTonT B ciiety-
tomem. CHavala NPOM3BOMTCS JIMHEAPH3ALUs BCEX 3BEHBEB CHCTEMBI, JUISl KOTO-
PBIX 3TO JOIIYCTHMO, KPOME CYIIECTBEHHO HEJMHEHHBIX 3BeHbeB (Wallle BCero ojl-
HOTO-JIBYX). 3aTeM COCTABIAIOTCS YPABHEHHS STHX IOC/IEHHX 3BEHBEB C JOMYCTH-
MBIMH YNPOIICHUAMH HX XapaKTEpHCTHK. B pesyibrate moiyuaercs cHcTema JH-
HEllHBIX YPaBHEHHH M OJIHO-JBA HEIMHEHHBIX ypaBHCHWIl, HAIpHMeEp, KYCOUHO-
ciiHbe. B COOTBETCTRIM ¢ 5THM 0GOBUIEHHYIO CTPYKTYPHYIO CXeMy HElHHeii-
Hoii CAP ¢ OJIHHM HETMHETIHBIM 3BEHOM MOXHO TIPE/ICTABHTD B BUJIE 3aMKHYTOTO
KOHTYPA, COCTOSIIETO H3 5TOT0 HEMHEHHOTO 3BEHA 1 THHETHO YacTH CHCTEMBL.
TIpu 5ToM JuHEliHaS 4ACTh MOKET HMeTh CTPYKTYPY J10G0ii CIIOAKHOCTH (¢ 0Bpat-
HBIMH CBS3SMH H T. IL).

Yacto npu mcciesioaniu Hemmmeiinbix CAP HelHHEHHOCTS oNHCHBaCTCH
HETOCPE/ICTBEHHO 3aBHCHMOCTBIO METY BBIXOJHOI X2 H BXOJHOMH X| BeHUHHAMH

= Fx). (O]

Takasi 3aBHCHMOCT TIHCYIIa CTaTHUCCKHM HemmHeiinoctsM. Ho mmorza
NPUXOJMTCS HCCle/0BaTh HeluHeliHble nddeperimabHble 3aBHCHMOCTH, HMEl0-

1Lue, HANpHMEp, BHI
= F, px), %= Fi(a) + Fapx). [#)

‘Takue 3aBHCHMOCTH NIPHCYILH IMHAMHYECKHM HEIMHEHHOCTSM.

Ecimi cicTeMa COEpXKHT HECKOJIBKO CTATHYECKHX HEIHHEHHBIX 3BEeHBEB, CO-
JMHEHHBIX APAIICTHHO, NOCIE/IOBATELHO IIH BCTPCUHO-TIAPALICIBHO (¢ 0GpaT-
HOIi CBA36I0), TO HX MOKHO 3aMEHHTH OJHOI Pe3yIbTHPYIOWEH (SKBHBAICHTHON)
CTaTiecKoli XapaKTepHCTHKOl JUTA YNIPOLICHHSA AHATH3A H pactieTa HelHHeHHO
CAP.

1.4 OcobennocTn npoueccos B Heanueiinbix CAP

HeuHeiiHble CHCTEMBI 110 CPABHEHHIO ¢ JIMHEIHBIMU 06/IANAIOT PSIOM NIPHH-
LMMHATEHEIX OTIHYHL. B 4ACTHOCTH, TAKHMH OT/IHUHAMH SBIAETCH CEylolllee:

- He BBINOJIHACTCA NPHHIMI CYNEPIO3HIHH, H HCCIIE/0BAHHE HEHHEHHOM
CHCTEMBI TIPH HECKOJIBKHX BO3/IiCTBHSAX He/Ib3s CBOJMTH K HCCIIEIOBAHHIO NIPH OJI-
HOM BO3/ICHCTBHH;

- YCTOIYHBOCTb M XapaKTep INEPeXOIHOTO MPOLEcca 3aBHCAT OT BEJTHUHHBL
HaUAIBHOTO OTKIOHEHHS OT NI0/IOKEHHS PABHOBECHS;
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- U HKCHPOBAHHBIX BHCIHHX BO3CHCTBHSAX BOSMOKHBI HECKOIBKO (HHO-
Ila i GECKOHEUHOE MHOKECTBO) 010K eHHi PABHOBECHS;

- BO3HHKAIOT CBOGO/IHbIE YCTAHOBHBIINECS NPOLECCHI, HAIPHMEP, aBTOKOJIE-
GaHms, KOTOPbIE B MHETHBIX CHCTEMAX HEBO3MOIKHI.

VHHBepCATBHEIX AHATHTHUECKHX (MATEMATHYECKHX) METO/IOB HCCIEIOBAHMS
HEJIMHEIHBIX CHCTeM HeT. B mpoliecce pasBHTHA TEOPHH aBTOMATHYECKOTO YNpaB-
nenmst (TAY) Gbuli paspaGoTaHb pasiHUHbIC MATEMATHYECKHE METO/IbI aHATH3A 1
cuHTesa HenmHeiiHbX CAP, Kaktbiii U3 KOTOPBIX PHMEHHM JUIS OMPEIE/IEHHOrO
Kiacca cucTeM i 3azad. LS HecneoBaHms HennHeiHbX CAP HauGosiee MHUPOKo
HCTIONB3YI0TCs MeTobl (a30Boii uiockocTH, dyHKumii JlamyHoBa, rapMOHHUECKOH
HHCApH3ALIHH i A6COTIOTHOI YCTONMHBOCTH, KOTOPbIE PACCMATPHBAIOTCH B CICY~
tomux Jekumsx. JlioGoe ncenesosanne Golee WIM MeHee CHOKHBIX HEMHEHHBIX
CAP, KaK NpaBIIo, 3aKAHUNBACTCH MATEMATHUECKHM MOJCTHPOBAHHEM, KOTOPOE
SBIISCTCS OJIHUM M3 YHHBEPCATBHBIX HEHANUMUYECKUX METOOB HCCIIE/IOBAHHS.

Kak yske GbLIO OTMEUEHO, MPOLecch B HeuHeiinbx CAP HMeloT Leltbiii pst
‘ocobenHoCTeil, He BeTpevaromuxcs B inneiinbiX CAP. Braronaps stomy jake Bor-
POC YCTOIUHBOCTH 3/1eCh CTAHOBHTCS 3HAUNTEIIbHO Gollee CHOKHEIM. Kpove cTpyk-
Typbt CAP 1 3HaueHuil e& NapaMeTpoB /Uil yCTOHYMBOCTH NIPOLECCa, B OTIHYHE OT
HeiineIX CAP, HMeIOT 3HAYCHHE TAKIKe H HAUaTbHbIE YCIOBHS. BosMokeH HOBbIi
BILIl yCTAHOBHBLICTOCS IPOLIECCA - AGMOKOAEGANIA, T. €. YCTOHMHBLIE COBCTBEHHBIC
KoJIeGaHHs ¢ TIOCTOAHHOI aMILTHTY/I0i TIPH OTCYTCTBHH BHEUIHHX KOJeOaTe bHBIX
BosneiicTaHii. Kor/ia B CHCTeMe BOSHHKAIOT aBTOKOIIEBaHHS, TO OCTOSHHOE 3Haue-
HHE YTIPABIISEMOFi BE/HUHHE CTAHOBHTCS HEBO3MOSKHBIM.

B ofiliem ciyuac Ha II0CKOCTH NapaMeTpoB HeuieiiHoii CAP MoryT 6uiTh
He /1Ba Bl oBaCTeil (YCTOIMMBOCTH 1 HeYCTOIMMBOCTH), Kak B mHciiHEX CAP,
a ropasjio Gombie:

- 0BIIACTH YCTONMMBOCTH C MOCTOSHHEIM 3HAYCHHEM YIPABISEMOF (BBIXOJI-
HO¥i) BeTHUHHBL;

- o6acT aBToKoNeGamHii;

- 0621aCTL HEYCTONMHBOCTH CHCTEMBL;

- 0BJIACTH CIIOKHBIX CITyuaeH.

JlononHuTe by HHGOPMAIIHIO MOXHO NouepmHyTs B [1 - 12].




